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MauynsaHcbkui OnekcaHap BikTopoBud, 4.T.H., AOUEHT, npogecop Kagpeapy MiKpoenekTpoHiku/
Oleksandr MACHULIANSKYI, Dr. 5c., Docent, Prof., Microelectronics Dept.
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AdineHko KOpivi BikTopoBuY, K.T.H., AOUEHT, AOUEHT Kageapu MikpoenekTpoHiku/ Yurii DIDENKO,
Cand. Sc., Docent, Assoc. Prof., Microelectronics Dept.

KoBanb BikTopis MuxavinisHa, K.T.H., AOUEHT, AOUEHT Kagpeapu MikpoeneKTpoHiku/ Viktoriia KOVAL,
Cand. Sc., Docent, Assoc. Prof., Microelectronics Dept.

Obyxosa TeTsiHa HOpiiBHa, K.T.H., AOLUEHT, AOUEHT Kageapun mikpoenekTpoHikun/ Tetiana OBUKHOVA,
Cand. Sc., Docent, Assoc. Prof., Microelectronics Dept.

Opnos AHaTonivi TUMOQIiioBUY, K.T.H., AOUEHT, Npogecop Kapeapu MikpoenekTpoHiku/ Anatolii
ORLOV, Cand. Sc., Docent, Prof., Microelectronics Dept.
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Hanna SHEVLIAKOVA, PhD, Senior Lecturer, Microelectronics Dept.

NOroa><eHo / AGREED:

HaykoBo-MeToAUYHA KOMiCia yHiBepcuTeTy 3i cneuianbHOCTi "G5 EneKTpoHiKa, eneKTPOHHI
KOMYHiKauii, npunaaobyaysaHHA Ta pagioTexHika" / The Scientific and Methodological Commission
of the University on speciality "G5 Electronics, electronic communications, instrument engineering
and radio engineering" (npoTokon / minutes of meeting Ne5/2026 Bia / dated 01.06.2026)

onosa HMKY-GS / Head of SMCU-G5

m / Serhii NAIDA
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MeToanvHa papa KMl im. Iropa Cikopcbkoro / The Methodological Council of Igor Sikorsky Kyiv
Polytechnic Institute (npoTokon / minutes of meeting Neg Bin / dated £24. £52026)

[onosa n4Hoi paau / Head of the Methodological Council

TeTaHa XXEJIACKOBA / Tetiana ZHELIASKOVA
BPAXOBAHO / CONSIDERED:

®axoBy ekcnepTuUly cTenkxonaepis Ta pekomeHaauii HMB KMl iM. Iropsa Cikopcbkoro::

- C.B. MamMuKiH, B.0. lnpekTopa “IHCTUTYTY di3nKn HaniBnposiAHUKIB iM. B.€.Jlalwwkapbosa HAH
YKpaiHu",K.d.-M.H.

- I.C. I'puHb, AupekTop TOB “Mponor Cemikop”.
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- B.l. CTagHuK, 3aCTynHMK rofoBu NpasBiiHHA 3 NMTaHb BUpobHuuTea MpAT «IMo BupobHULTBY
iHCYNiHiB «lHOap»

- M. B. Kyxap, OupekTtop TOB «HaykoBo-BUpobOHMYE NiaNpneEMCTBO «TepMikc». Bigryku
daxisuis HaB4anbHo-MeToAnYHoro Bigainy KIl im. Iropa CikopcbKoro.

- 0.C. Noe3yH, OnpekTop TOB "AB-ABIOHIKA".

Biaryku cgaxisuis HaB4anbHo-meTogmyHoro Bigainy Kl im. Iropsa Cikopcbkoro

Biarykm Ta noba>kaHHSA BUMYCKHUKIB Ta cTyaeHTiB Ol «Mikpo- Ta HaHOeNeKTPOHiKa»
Biarykm Ta noba>kaHHA poboTonaBUiB.

MocTtaHoBy KabiHeTy MiHicTpiB Ykpainu Big 21 ntotoro 2025 p. No 188 "[1po BHECEHHS 3MiH A0
nepeniky ranysemn 3HaHb i cneuiaNbHOCTEN, 3a SKMMU 3AINCHIOETLCA NiAroToBKa 34006yBaYviB BULLOT
Ta (haxoBoi NnepenBmLLOi OCBITK ",

Haka3 MiHicTepcTBa OCBiTU | Hayku YKpaiHu Big 31.12.2025 No 1734 «[po 3aTBepaXXeHHS
MeToANYHNX pEKOMEHZaL i Wono BigNOBIAHOCTI OCBITHIX Nporpam creuiasbHOCTAM, 3a AKUMU
34INCHIOETBLCA NiAroToBKa 3400yBaYviB BMLLOI OCBITW, Ta AeTasli30BaHUM rany3am MixxKHapoaHoi
CTaHAapTHOI Knacudikauii ocsiTu ISCED-F 2013 Ta onucis npegMeTHMX obnacren
cneuianbHOCTEN, 3a AKMMUM 34INCHIOETLCA NiIAroTOBKa 3406yBaYviB BULLOI OCBITU».

Haka3s KTl im. Iropsa Cikopcbkoro Bifg 18 6epesHsa 2026 p. Ne HOI/215/26 «[Mpo nnaHyBaHHA Ta
opraHisauito ocBiTHbOro npouecy 2026/2027 H.p.».

Haka3s KIl iM. Iropsa Cikopcbkoro Big 29 TpaBHsa 2026 p. Ne HO1/479/26 «[po BHECEHHS 3MiH 40
Haka3y Bif 18.03.2026 Ne HO1/215/26 «IMpo nnaHyBaHHA Ta opraHisauito oCBiTHbOro npoLecy
2026/2027»

Professional expert evaluation by stakeholders and recommendations of the Educational
and Methodological Department of Igor Sikorsky Kyiv Polytechnic Institute:

¢ S. V. Mamykin, Acting Director of the V. Lashkaryov Institute of Semiconductor Physics of NAS
of Ukraine, PhD in Physics and Mathematics;

H. S. Hryn, Director of Prolog Semikor LLC;

V. |. Stadnyk, Deputy Chairman of the Board for Production at PJSC “Indar” (Insulin Production);
M. V. Kukhar, Director of Research and Production Enterprise “Termiks” LLC;

0. S. Povzun, Director of AV-Avionika LLC.

Feedback from specialists of the Educational and Methodological Department of Igor Sikorsky Kyiv
Polytechnic Institute.

Feedback and suggestions from graduates and students of the Educational and Professional Program
“Micro- and Nanoelectronics”.

Feedback and suggestions from employers.

Resolution of the Cabinet of Ministers of Ukraine dated February 21, 2025, No. 188 “On amendments
to the list of fields of knowledge and specialties for which higher and professional pre-higher
education applicants are trained”.

Order of the Ministry of Education and Science of Ukraine dated December 31, 2025, No. 1734 “On
approval of Methodological Recommendations on the alignment of educational programs with
specialties under which higher education applicants are trained, and with the detailed fields of the
International Standard Classification of Education ISCED-F 2013, as well as descriptions of subject
areas of specialties under which higher education applicants are trained.”

Order of Igor Sikorsky Kyiv Polytechnic Institute No. NOD/215/26 dated March 18, 2026, “On the
Planning and Organization of the Educational Process for the 2026/2027 Academic Year.”

Order of Igor Sikorsky Kyiv Polytechnic Institute No. NOD/479/26 dated May 29, 2026, “On
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Amendments to Order No. NOD/215/26 of March 18, 2026, ‘On the Planning and Organization of the
Educational Process for the 2026/2027 Academic Year."”

EBOJIIOLLIA OCBITHbOI MPOrPAMU / EVOLUTION OF THE EDUCATIONAL PROGRAMME

Kadenpy MikpoenekTpoHikMn 3acHoBaHO 1952 p. Kadenpa 34iNCHIOE NiAFrOTOBKY hbaxiBLUiB 3a TpbOMa
PiBHSAMN BULLOI OCBITK 3a crneuianbHICTIO «MiKpO Ta HaHOCUCTEMHa TexHika». Ol gpyroro
(MaricTepcbKkoro) piBHA BMULLOT OCBITU “Mikpo- Ta HaHOeNeKTPOHiIKa” 3a cneuianbHicTo 153 MikpoTa
HaHoCMCTeMHa TexHika (8.05080101 Mikpo- Ta HaHOEJIEKTPOHHI Npuaaan i NpuUCcTpoi, Wngp i HasBa
3a Mepenikom-2010) 6yna akpegntoaHa B 2013 Ta 2018 poui.

MNepernsg i oHoBsieHHS Ol 3AiNCHIOETLCSA Yy 3B A3KY i3 3MiHAMWN Y YAHHOMY 3aKOHOZABCTBI YKpaiHu,
BPaXOBYIO4YM O0CBI4 3aKOPAOHHUX OpraHisaLlin oCBiTHbLOro npouecy (pekoMmeHgauin, MogesibHUX,
3pa3KoBUX OCBITHIX Mporpam, Tow0), BiANOBIOHO A0 CTpaTerii pO3BUTKY YHIBEPCUTETY,
HaLiOHaNbHUX | Mi>KHaApPOAHWX rany3eBuX CTaHOapTIiB, 3 ypaxyBaHHAM MNPOMoO3uLin CTENKXoNaepis
Ta 3p06yBadis BO.

Y 2021 p. byna po3pobneHa i 3aTBepaxeHa oHosseHa OIMN piBHA MaricTpa «Mikpo- Ta
HaHOoeNIeKTPOoHiKa» 3a cneuianbHicTO0 153 «Mikpo- Ta HAHOCMCTEMHa TexHika». HoBy pepakuito O
«MikpO- Ta HaHOEeNIeKTPOHiKa» 3aTBepa)KeHo ByeHoto pagoto yHiBepcuTeTy (npoT. No 3 Big
15.03.2021 p.) Ta BBeaeHo B aito Haka3om pektopa No 40H/89/2021 Big 19.04.2021 p. BpaxoBaHo
3MiHM 00 3aKOHY YKpaiHu «[1po BuLLy ocBiTy», Haka3 No7/70 Big 07.04.2020 poky KTl iM. Irops
Cikopcbkoro «Mpo 3aTBepaxeHHA MoNoXKeHHS NPo po3pobreHHs, 3aTBEPAXKEHHS, MOHITOPUHI Ta
nepernspg ocBiTHiX nporpam B Kl iM. Iropsa Cikopcbkoro» Ta CTaHOapT BULLOI OCBiTK 3a
creuianbHicTio 153 «Mikpo- Ta HAHOCUCTEMHa TexHika» rajaysi 3HaHb 15 «ABTOMaTM3aUida Ta
npunapnobynysaHHA» AN ApYyroro (MaricCTepcbkKoro) piBHSA BULLOT OCBITU, 3aTBEpA)KeHOro Hakasom
MinicTepcTBa 0CBiTU | Hayku YKpaiHm 20.11.2020 p. No 1447.

HauioHanbHe areHcTBO i3 3abe3neyeHHs aKoCTi BMLLOi ocBiTK 06.07.2023 p. akpeagnTysaso
OHOBJIEHY OCBITHbO-NpOdecinHa nporpama “Mikpo- Ta HAaHOENEeKTPOHIKa"” Apyrun (Marictepcbkuin)
piBeHb BULLOI ocBiTU(CepTudikaT akpeauTauii OMNM No 5387, gincHuin po 01.07.2028). OHoBNEHA
peaakuito OIIM 3aTBepa)xeHo BuyeHoto pagoto yHiBepcuTeTy (nNpoT. Nol0 Big 13.12.2021 p. Ta
BBELleHO y Aito Haka3oM pekTopa NoHOH/75/2022 Big 15.02.2022 p. B oHoBneHin OMNM nepenbayeHo
MOXXJIMBICTb OUCTAHLUINHOMO HaBYaHHS, BHECEHO Ha3BM Mporpam NoABinHOro AMnaomMy, B paMkax
AKNX CTYOEHTW MOXYTb ogHo4YacHo 3a06yBaTu ocBiTy B KIl imM. Iropsa CikopCbKoro Ta 3akopAoHHOMY
3BO, a Tako)X BHECEHO A0AATKOBY BUMOrY OJ19 HaBYaHHSA iHO3E@MHUX CTYAEHTIB LWOoA0 BOJIOAIHHSA
0ep>KaBHOK/aHI NiNCbKOK MOBOI Ha PiBHI HEe HUXYe B2. KpiM Toro, oHOBAEHO nepernik 3arajibHuUX Ta
(haxoBUX KOMMETEHTHOCTEN, @ TaKOX NMPOrpaMHUX pesynbTaTiB HaBYaHHSA, AKi 6inbl NOBHO
OMUCYOTb 3HAHHA Ta HAaBUYKW, IKi 00ePXXYIOTb BUNMYCKHMUKK gaHoi OMMM. Takox 6yno 36inbLeHo
KiNIbKiCTb OCBiTHIX KOMMNOHeHTIB Ol 3 UMKy NpodecinHOI NiArOTOBKY, WO AaCTb 3MOry CTyAeHTaMm
OTpUMaTN AOAATKOBI TEOPETUYHI 3HAHHA Ta NPAKTUYHI HABNYKUN, NiABULLYIOYN CBill PiBEHb SAK
axiBuiB 3i crneuianbHOCTi MiKpo- Ta HAHOCUCTEMHA TeXHiKa.

Y 3B'S13Ky 3 NepeHeCceHHsaM CrneLuiasbHOCTI A0 iHWOI iHWOI ranysi i NpUCBOEHHS 1 iHWOro Kogy 6yno
po3pobsieHO HOBY NpOrpamMy 3a cneuianbHicTio 176 Mikpo- Ta HAHOCUCTEMHA TEXHIiKa, AKY
3aTBepn)keHo ByeHoto pagoto yHiBepcuTeTy (NpoT. Nol Big 23.01.2023 p. Ta BBEAEHO Y A0
Haka3om pekTtopa NoHOH/165/2023 Big 17.05.2023 p.

Y 2025 poui 6yno 3miHeHO Ha3By creuialbHOCTI Ha G5 EnekTpoHika, eNeKTPOHHI KOMYHiKalLlii,
npunanobynyBaHHA Ta pafgioTexHika 3rigHo 3 NocTaHoBo KabiHeTy MiHicTpiB YKpaiHu Big 21
notoro 2025 p. No 188 lNpo BHECEHHS 3MiHM 00 nepeniky raiysen 3HaHb i cneuiasbHOCTEN, 3a
AKNMW 34INCHIOETLCA MigroToBKa 3006yBayiB BNLLOI Ta (haxoBOi NepeaBULLLOl OCBITH.

3a pe3yfibTaTaMu rpoMaacbkoro obroBopeHHs nporpaMu BignoBigHO 40 peKkoMeHaauin 6yno
PEKOMEHA0BAHO 3BepHY TN Binblue yBarm Ha BUBYEHHSA €1eKTPOHHUX CUCTEM MOABINHOMO
MpU3HaYeHHsA.

3 MmeTot0 3abe3neyvyeHHsA GKOCTi BULLLOT OCBITW, BAOCKOHAIEHHS cucTeMn NiarotoBku 3006yBadis
BULLLOT OCBITK 3a pe3ysibTaTaMu MOHITopuHry OMM y 2026 poui i3 3any4eHHAM Pi3HUX rpyn
CTENKXO0J14EpPiB BPaxoBaHO iX NPono3unuii wono niasmuweHHs piBHA NPakKTUYHOI NiArOTOBKN.
PekomeHaUii Bpax0oBaHO WJAAXOM OHOBJIEHHSA TabopaTOPHOro NPakKTUKYMY OCBIiTHIX KOMMOHEHT Ta
PO3LLUNPEHHS MOXKIMBOCTI MPOXOAXKEHHA NepenannaoMHOT MPaKTUKN Ha MigNpPUEMCTBAX iy
HayKoOBMX yCTaHoBax. BpaxoBaHO MosioXXeHHSA MeToANYHNX peKkoMmeHpauin MOH YkpaiHu wono
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OHOBJIEHHS OMNUCIB NpeaMeTHOI 06nacTi cneuianbHOCTI G5 ENnekTpoHika, eNleKTPOHHI KOMYHiKaLlii,
npunagobyanyBaHHA Ta pagioTexHika 3 MeToto 3abe3neyvyeHHs BiANOBIAHOCTI OCBITHLOI NporpamMm
Mi>KHapoOHin cTaHOapTHIN Knacudikauii ocsiTn ISCED-F 2013. NMornnbneHo cniepobiTHULTBO 3
TexHiYHUM yHiBepcuTeTOoM M. [ipe3feH (M. Ope3aeH, Himevy4ynHa) Ta LleHTpanbHO0 LWKoNOO JlioHa
(M. JlioH,®PpaHuy3bka Pecnybnika).

Takox BignoBiaHoO Ao Haka3y Kl iM. Irops Cikopcbkoro Bif 29 TpaBHA 2026 p. Ne HOL1/479/26 «[Mpo
BHECeHHS 3MiH A0 Haka3y Big 18.03.2026 Ne HO[I/215/26 «[1po naaHyBaHHSA Ta opraHisauito
OCBiTHbOro npouecy 2026/2027» 6yno gogaHo nenaroriyHy NpakTuky obcarom 2 kpegntn y 3
ceMecTpi Ta OHOBJIEHO (DaxXOBi KOMNETEHOCTI | NPOrpamMHi pesynbTaTu HaBYaHHSA 05 NiACUNEHHS
nefaroriYyHMX KOMNeTeHTHOCTeMN.

The Department of Microelectronics was founded in 1952. The department trains specialists at three
levels of higher education in the specialty “Micro- and Nanosystem Engineering.” The Educational
and Professional Program (EPP) of the second (Master’s) level of higher education “Micro- and
Nanoelectronics” in the specialty 153 “Micro- and Nanosystem Engineering” (8.05080101 Micro- and
Nanoelectronic Devices and Systems, code and title according to the 2010 Classification) was
accredited in 2013 and 2018.

The review and updating of the EPP are carried out in connection with changes in the current
legislation of Ukraine, taking into account the experience of foreign educational organizations
(recommendations, model and exemplary educational programs, etc.), in accordance with the
university development strategy, national and international sectoral standards, and with
consideration of stakeholders’ and students’ proposals.

In 2021, an updated Master’s-level EPP “Micro- and Nanoelectronics” in the specialty 153 “Micro- and
Nanosystem Engineering” was developed and approved. The new version of the EPP “Micro- and
Nanoelectronics” was approved by the Academic Council of the university (Minutes No. 3 dated
15.03.2021) and enacted by Rector’s Order No. 40H/89/2021 dated 19.04.2021.

The changes to the Law of Ukraine “On Higher Education,” Order No. 7/70 dated 07.04.2020 of Igor
Sikorsky Kyiv Polytechnic Institute “On Approval of the Regulations on the Development, Approval,
Monitoring, and Revision of Educational Programs at Igor Sikorsky Kyiv Polytechnic Institute,” and
the Higher Education Standard for specialty 153 “Micro- and Nanosystem Engineering” (field of
knowledge 15 “Automation and Instrumentation”) for the second (Master’s) level, approved by the
Order of the Ministry of Education and Science of Ukraine No. 1447 dated 20.11.2020, were taken
into account.

On 06.07.2023, the National Agency for Higher Education Quality Assurance accredited the updated
Educational and Professional Program “Micro- and Nanoelectronics” at the second (Master’s) level
(accreditation certificate No. 5387, valid until 01.07.2028). The updated version of the EPP was
approved by the Academic Council of the university (Minutes No. 10 dated 13.12.2021) and enacted
by Rector’s Order No. HOH/75/2022 dated 15.02.2022.

The updated EPP provides for the possibility of distance learning, includes the names of double-
degree programs under which students may simultaneously study at Igor Sikorsky Kyiv Polytechnic
Institute and a partner foreign university, and introduces an additional requirement for foreign
students regarding proficiency in the state language/English at a level not lower than B2. In addition,
the list of general and professional competencies as well as program learning outcomes was updated
to more fully describe the knowledge and skills acquired by graduates of this program. The number
of educational components in the professional training cycle was also increased, enabling students
to obtain additional theoretical knowledge and practical skills, thereby enhancing their qualifications
as specialists in Micro- and Nanosystem Engineering.
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Due to the transfer of the specialty to another field and assignment of a new code, a new program
was developed under specialty 176 “Micro- and Nanosystem Engineering”, which was approved by
the Academic Council of the university (Minutes No. 1 dated 23.01.2023) and enacted by Rector’s

Order No. HOH/165/2023 dated 17.05.2023.

In 2025, the name of the specialty was changed to G5 “Electronics, Electronic Communications,
Instrumentation and Radio Engineering” in accordance with the Resolution of the Cabinet of
Ministers of Ukraine dated February 21, 2025, No. 188 “On Amendments to the List of Fields of
Knowledge and Specialties for which Higher and Professional Pre-Higher Education Applicants are
Trained.”

Based on the results of public discussion of the program, and in accordance with recommendations,
it was suggested to place greater emphasis on the study of dual-use electronic systems.

In order to ensure the quality of higher education and improve the system of training students, the
monitoring results of the EPP in 2025, with the involvement of various stakeholder groups, took into
account their proposals to enhance practical training. These recommendations were implemented
through the updating of laboratory practice components and the expansion of opportunities for pre-
graduation internships at enterprises and research institutions. The programme was also updated in
accordance with the methodological recommendations of the Ministry of Education and Science of
Ukraine regarding revisions to the subject area descriptions for specialty G5 “Electronics, Electronic
Communications, Instrumentation Engineering and Radio Engineering” to ensure compliance with
the International Standard Classification of Education (ISCED-F 2013). Cooperation with Technical
University of Dresden and Ecole Centrale de Lyon has also been further strengthened.

Furthermore, in accordance with Order No. NOD/479/26 of Igor Sikorsky Kyiv Polytechnic Institute
dated May 29, 2026, “On Amendments to Order No. NOD/215/26 of March 18, 2026, ‘On the Planning
and Organization of the Educational Process for the 2026/2027 Academic Year,’” a Teaching Practice
component worth 2 ECTS credits was introduced in Semester 4. In addition, the programme-specific
competencies and learning outcomes were updated to strengthen students’ pedagogical
competencies and teaching skills.
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1. NPO®JIb OCBITHbOI MPOrPAMM / EDUCATIONAL PROGRAMME PROFILE

1 - 3aranbHa iHdopmMauia / General information

HauioHanbHUN TEXHIYHWIA

MoBHa Ha3Ba 3akKJlady BULLOI OCBITU Ta yHiBEpcuUTeT YKpaiHu National Technical University
HaB4asbHOro nigposainy / Full name of| «Kniscbkuin nonitexHiyHmn |of Ukraine «lgor Sikorsky Kyiv
higher education institution and faculty IHCTUTYT iMeHi Irops Polytechnic Institute»
/ educational and scientific institute CikopcbKoro» Faculty of Electronics
dakynbTeT eIeKTPOHIKN
. . . CTyniHb MaricTpa Master Degree
CTyniHb BULLOT OCBITK Ta Ha3Ba : . .
. - o Ly MaricTp 3 eNneKTpOoHiIKN, Master of Electronics,
OCBIiTHbLOI KBanigikauii / Higher . . ; .
: . eNeKTPOHHUX KOMYHiKauin, | electronic communications,
education degree and education . . X
2 . npunagobynyBaHHA Ta instrument engineering and
qualification title : : . : .
panioTexHikun radio engineering

OdpiuinHa Ha3Ba OCBITHLOI Mporpamu /
Educational programme official title

Mikpo- Ta HaHoenekTpoHika | Micro- and Nanoelectronics

Tun gunnaomy Ta o6car oCBiTHLOI Ounnnom maricTpa, 90 Master diploma, 90 credits
nporpamu / Diploma type and KpeauTtis EKTC, TepMiH ECTS, training period 1 year
educational programme volume HaB4YaHHSA 1 pik 4 micaui 4 month
IHhOpMaLLs MPO aKpeauTaLLilo / AkpeguntoBaHo HA34BO, Accredited by NAQA,
Accr(—:PditaLéion ipnforrr?at'?on ol%lthe ceptudikaT 15074 Big cetificate No 15074 from
educational brogramme 2025-06-21 pgincHnm oo 2025-06-21 valid to
prog 2028-07-01 2028-07-01
. " . . HPK YkpaiHn - 7 piBeHb NQF of Ukraine - 7 level
e el Foboat®" | QRENEA- apyrn e | QF-EHEA -2 ycl
ycie, 9 EQF-LLL - 7 piBeHb EQF-LLL - 7 level

MNepepnymosun / Prerequisites

HasaBHICTb CTyneHs

Bachelor Degree

bakanaspa
®opmm 3006yTTA oCcBiTK / Forms of . . T )
Education O4Ha (geHHa); AlyanbHa; full-time; dual;
MoBa(un) BuknagaHHs / Language(s) of YKpaiHCbKa Ukrainian
instruction
IHTepHeT-aapeca po3MillleHHS ) . .
0CBiTHbOI nporpamu / URL of the https.//osv:\’sla.I\Illqlzlléua/GS_OPP

educational programme

2 - MeTa ocBiTHbOI nporpamu / Educational programme purpose

MigroToBka NpodecioHana, 34aTHOro
BUpPiLIYBaTWN CKAAAHI 3aaadi i npobnemn B cdepi
€/1IeKTPOHIKM, MIKPO- Ta HAHOCUCTEMHOI TEXHIKN
Ta 34iMCHIOBATW iIHHOBaUiNHY NpodecinHy
OiNbHICTL, CNPAMOBaAHY Ha MAigHY Ta
e(heKTUBHY MpaLito B yMOBax CTajloro
iHHOBALiMHOI0 HAayKOBO-TEXHIYHOIr0O PO3BUTKY
CyCninbCTBa Ta popMyBaHHSA BUCOKOT
afanTuMBHOCTI 3400yBaYviB BULLOI OCBITU B
yMOBax TpaHcdopMaLii puHKy mpali 4yepes
B3aemMoito 3 poboToAaBUAMY Ta iHWIMMMN
CTENKXONAEepPaMN.

Preparation of a professional capable of solving
complex tasks and issues in the field of
electronics, micro- and nanosystems
engineering, and conducting innovative
professional activities aimed at fruitful and
effective work in the conditions of sustainable
innovative scientific and technical development
of society, and forming high adaptability of
higher education applicants in the conditions of
labor market transformation through interaction
with employers and other stakeholders.
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3 - XapaKTepucTUKa OCBiTHbOI MporpamMm

/ Educational programme characteristics

NMpenmeTHa obna

cTb / Subject area

O0’eKTN BUBYEHHA Ta AiANBHOCTI - Qi3NYHI
npouecu i sBuLLa, Ha AKUX F'PYHTYETLCS
PYHKLiOHYBaHHSA MIKPO- Ta HAHOCUCTEM;
TEeXHOJIOriYHI MpoLecH iX BUrOTOBJIEHHS,
NPUHUWAN fii, CKNagHi cncteMmun Ta npunagmn
MiKpPO- Ta HAGHOCUCTEMHOI TEXHIKN.

LLini HaB4YaHHA - HabyTTs KOMMeTeHUin,
HeobXioHWUX ANs OoCNiAXKeHHS | po3pobneHHs
HOBITHIX Ta BUKOPUCTAHHS iCHYOYMNX
TexHoNorin, MaTepianiB Ta NpuaaaiB Mikpo- Ta
HaHOCUCTEMHOI TEXHIKW, TX KOHCTPYIOBaHHA,
BUIrOTOBJIEHHS, BUNPOBOBYBaHHSA, ekcrayaTauil
Ta MoAaepHizauil.

TeopeTU4YHMA 3MiCT NnpeaMeTHOI obnacTi -
hbyHOaMeHTaNbHI NpMHUMNK NobynoBun Ta
PYHKLiOHYBaHHA CKNaAHOI MiKpo- Ta
HaHOCUCTEMHOI TeXHIKN; MeTOAN MOoAes0BaHHS
06’ekTiB Ta Npouecis, WO B HUX BiAbyBalOTbLCS;
BN1IaCTMBOCTI MaTepianiB; 0cobnnBoCTi
TEeXHOI0rYHUX NpoLEeciB.

MeToaun, METOONKN Ta TEXHOMOrIT
BUMIipPIOBAHHSA Ta MOOEJIIOBAaHHSA XapaKTePUCTUK
MaTepianis, npuiaaie, NPUCTPOIB i CUCTEM,;
njaHyBaHHS eKCrepuMeHTIB i 06pobku ix
pe3ynbTaTiB.

IHCTpyMeHTM Ta oGnapgHaHHA - Npuiagn Ta
MPUCTPOI MIKPO- Ta HAHOCUCTEMHOI TEXHIKMN,
KOHTPOJ/IbHO-BMMIipIOBasibHa anapaTtypa,
cneuianizoBaHe TexHosOriYyHe obnagHaHHA Ta
OCHalLleHHS, NporpaMHi 3acobun ons
pO3paxyHKiB NapaMeTpiB, XapaKTEPUCTUK,
MO[OE/II0BaHHSA Ta NporpaMyBaHHS,
po3pobsieHHA Ta BeOeHHS KOHCTPYKTOPCbKOI
OOKyMeHTaUil.

Objects of study and activity include physical
processes and phenomena on which the
functioning of micro- and nanosystems is based,;
technological processes of their manufacturing,
principles of operation, complex systems, and
devices of micro- and nanosystems engineering.
Educational objectives involve acquiring
competencies necessary for researching and
developing advanced and utilizing existing
technologies, materials, and devices of micro-
and nanosystems engineering, their design,
manufacturing, testing, operation, and
modernization.

The theoretical content of the subject

area encompasses fundamental principles of
construction and operation of complex micro-
and nanosystems engineering; methods of
modeling objects and processes occurring within
them; properties of materials; characteristics of
technological processes.

Methods, methodologies, and technologies of
measurement and modeling of material
characteristics, devices, instruments, and
systems; experimental planning and processing
of their results.

Tools and equipment comprise devices and
instruments of micro- and nanosystems
engineering, measuring equipment, specialized
technological equipment and facilities, software
tools for parameter calculation, characteristics,
modeling, and programming, development, and
maintenance of design documentation.

OpieHTauina ocBiTHLOI Nnporpamm / Scope

OcCBiTHbO-NpoOdECiNHa

Education and Professional

OcHoBHUM (POKYC OCBITHb

oi nporpamum / Main focus

OcCBITHS nporpamMa cripsMoBaHa Ha PopMyBaHHSA
y 3000yBa4viB KOMNETEHTHOCTEN HEOBXiAHNX
Anga: HabyTTam JOCNiAHNUBKUX HAaBUYOK ANs
peani3auii HayKoBOI | BUKJladaLubKoi Kap'epu;
0OCnig>KeHHs, po3pobsieHHs HOBITHIX Ta
BUKOPUCTaHHSA iICHYOYMNX TEXHOJIOTIN,
MaTepianis Ta Npuaagis Mikpo- Ta
HaHOCUCTEMHOI TEeXHIKWN; KOHCTPYIOBaHHS,
BUrOTOBJIEHHS, BUNPoboBYBaHHSA, eKcrayaTaLlis
Ta MoAepHi3auia BMpobiB Mikpo- Ta
HaHOCUCTEMHOI TeXHIKW.

Kno4oBi cfioBa: MIKpPO- i HaHOENEeKTPOHHI
npunagnm i KOMMOHEHTU, HN3bKOPO3MIpHI
CTPYKTYpPU, HAHOCUCTEMU, MIKPOEJIEKTPOHHI
iH(bopMaLinHi cncrtemMu.

The educational program aims to develop
competencies in learners necessary for:
acquiring research skills for pursuing scientific
and teaching careers; investigating, developing,
and utilizing advanced and existing
technologies, materials, and devices of micro-
and nanosystems engineering; designing,
manufacturing, testing, operating, and
modernizing products of micro- and
nanosystems engineering.

Keywords: micro- and nanoelectronic devices
and components, low-dimensional structures,
nanosystems, microelectronic information
systems.

Oco6MBOCTi OCBITHLO

i nporpamm / Features
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Mporpama 6a3yeTbCcA Ha OCHOBI BUMOT
€BpPONencLKOI paMKM KBaniikauin gns
HaBYaHHSA BNpoOoBX XnUTTA EQF-LLL(European
Qualifications Framework for Lifelong Learning)
Onsa peanisauii Mi>kHapogHoi MOBiINbLHOCTI 3
OTPUMAHHAM MOABINHOIO

OVNIOMY YHIBEPCUTETIB 3a ABOCTOPOHHIMU
0OroBOpaMu OCBITHA NporpamMa y3rog)XyeTbCcs 3
yHiBEpCMTETaMU-NapTHepaMu. Lioynmm €
Oorosopu 3 TexHiYHMM YHIBEPCUTETOM M.
Ope3neHa (Himev4unHa) i Kopencbknm
YHiBepcuTeTom TexHonorin M. Ceyn (Pecnybnika
Kopes) Ta LleHTpanbHio LLUKonoto JlioHa
(PpaHuy3bka Pecnybnika)

MepepnbayeHa MOXNAMBICTb peanilauil AyanbHOI
OoCBIiTW.

MNepepnbayeHa HayKoBO-AOCAIiAHA NpaKTUKa, 3
MeTo 3abe3neyeHHsA yMOB NigroToBKM axisus
B peajibHOMY cepeoBuLLi ManbyTHbOI
npodecinHol AisNbHOCTI.

The program is based on the requirements of
the European Qualifications Framework for
Lifelong Learning (EQF-LLL).

To facilitate international mobility and obtain a
double degree through bilateral agreements, the
educational program is aligned with partner
universities. Currently, agreements are in place
with the Technical University of Dresden
(Germany), the Korea University of Technology
in Seoul (Republic of Korea), the Ecole Centrale
de Lyon (France).

The possibility of implementing dual education is
provided.

Research internships are included to ensure the
preparation of professionals in real-world
environments for their future professional
activities.

4 - MpupaTHICTb BUNYCKHUKIB 0,0 NpaueBNaluTyBaHHA Ta NOAANbLUIOro HaB4aHHA /
Eligibility of graduates for employment and further study

MpupaTtHicTe po npauesnawTtyBaHHA / Eligibility for employment

BignosigHo no KnacudikaTtopy npodecin (OK
003:2010)

2144 - MNpochecioHanun B ranysi eNeKTPOHIKK Ta
TeneKoMyHikauin

2149 - MpodecioHann B iHWMNX ranyssx
iH>)XeHepHoi cnpaBu:

* iH)XeHep 3 Hasarog)XeHHsa n sunpobysaHb;
* iH)XeHep 3 opraHisauii ekcnayaTauii Ta
PEMOHTY;

* iHXXeHep 3 NaTEeHTHOI Ta BUHaxXiAHNLbKOI
poboTu;

* iHXXEeHep 3 PEMOHTY;

* iHXXeHep i3 BNPOBaA)XE€HHS HOBOI TEXHIKN 1
TEeXHONOorii;

* iH)XeHep i3 cTaHOapTu3aLii Ta 9KOCTI;

* iH)XXeHep-40CNiAHUK;

* iHXXEeHep-KOHCTPYKTOP;

* iHXXeHep-TexHonor;

* iH)XeHep 3 NigroToBkn BMpobHMLTBA.

According to the Classifier of Professions (DK
003:2010):

2144 - Professionals in the field of electronics
and telecommunications

2149 - Professionals in other fields of
engineering:

- Commissioning and testing engineer;

- Operation and maintenance engineer;

- Patent and invention engineer;

- Repair engineer;

- New equipment and technology
implementation engineer;

- Standardization and quality engineer;

- Research engineer;

- Design engineer;

- Technology engineer;

- Production preparation engineer.

Mopanbwe HaByaHHA / Further study

MaricTp 3 MiKpo- Ta HAHOCUCTEMHOT TEXHIKMN MaE€
NMpaBo NPOAOBXUTU HAaBYaAHHA Ha TPETbOMY
OCBiTHbO-HayKOBOMY PiBHi BMLLOT OCBITW Ta
3000yBaTy 0OAATKOBI KBasihikaLuil B cuctemi
OCBITU AOPOCIUX.

A master's degree holder in micro- and
nanosystems engineering has the right to
continue their education at the third level of
higher education and acquire additional
qualifications within the adult education system.
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5 - BuknapaHHA Ta ouiHioBaHHA / Teaching and assessment

BuknapaHHa Ta HaBYaHHA/Teaching and studying

Jlekuil, npakTNU4Hi Ta CeMiHAPCbKi 3aHATTS,
KOMM'tOTEepPHI MpakTuKyMu i nabopaTopHi
pob0oTu; KypCOBi MPOEKTN; caMoCTinHa poboTa
Ha OCHOBI MigPYYHUKIB, HaBYasIbHUX MNOCIOHUKIB
Ta KOHCMNEKTIB NEeKLiN; KOHCyIbTal,il i3
BUKNaga4YaMu; efeMeHTN QUCTaHUInHOro
(OHNanH, eNeKTPOHHOr0) HaB4YaHHS;
NMPOXOA>KEHHS MPaKTUKN Ha MPOoQifibHMNX
MignpMEMCTBaAX Ta B HAyKOBO-AOCAIAHUX
yCTaHOBaXx; NiAroToBKa KBanidikauinHoi
poboTu.

The educational process includes lectures,
practical and seminar sessions, computer labs,
and laboratory work. It also encompasses
coursework projects, independent study based
on textbooks, educational materials, and lecture
notes, consultations with instructors, elements
of distance learning (online, electronic),
internships at specialized enterprises and
research institutions, and preparation of
qualification works.

OuiHloBaHHA / Assessment

OcBIiTHIN Npouec 3a nporpamoto nepenbayvace
NOTOYHUI Ta CEMECTPOBUNA

KOHTPOJIb Y BUIS4i MOTOYHOrO ONUTYBaHHA,
KOHTPONbHUX pobiT, nabopaTopHUX 3BITIB,
pedepaTiB i Npe3eHTauil, 3aikiB i eK3aMeHiB
BiANOBIAHO A0 NoN0XKeHHSA

Npo CUCTEMY OLiHIOBaHHSA pe3ynbTaTiB
HaB4YaHH4 B Kl iM. Iropsa CikopCbKoro.

The educational process according to the
program includes continuous and semester
control in the form of ongoing assessments,
quizzes, tests, laboratory reports, essays, and
presentations, as well as credits and exams in
accordance with the Regulations on the
Assessment System of Learning Outcomes at
Igor Sikorsky Kyiv Polytechnic Institute.
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6 - NMporpamMHi KoMmneTeHTHOCTI / Programme competencies

IHTerpanbHa KOMMNETEHTHICTb

/ Integral competence

30aTHICTb PO3B'sI3yBaTW CKAaAHi 3adavi Ta
npobnemu nig Yac NpodecinHoi JiSNbHOCTI y cdepi
MiKpO- Ta HAHOCUCTEMHOT TeXHiIKM abo y NpoLeci
HaBYaHHS4, Wo nepenbavae NpoBeneHHS
nocnigxxeHb Ta/abo 34iNCHEHHSA

iHHOBaLiN Ta XapaKTepn3yeTbCA KOMIMJIEKCHICTIO Ta
HEBU3HA4YeHIiCTIO YMOB i BUMOT .

The ability to solve complex problems and
issues during professional activities in the
field of micro- and nanosystems engineering
or during the learning process, which involves
conducting research and/or implementing
innovations, is characterized by complexity
and uncertainty of conditions and
requirements.

3aranbHi komneteHTHocTi (3K)

/ General competencies

3K |3paTHicTb 00 abCTpPaKTHOro MUCJIEHHS, Ability for abstract thinking, analysis, and
01 |aHanisy Ta CMHTe3y synthesis
3K |3paTHicTb cninkyBaTuUCa gep»xaBHoto MoBot  |Ability to communicate proficiently in the state
02 |9K yCHO, TaK i MMCbMOBO language both orally and in writing
3K . . . . . . .
03 30aTHICTb CNiJIKYBATUCH iIHO3EMHOIO MOBOIO Ability to communicate in a foreign language
3K |3paTHiCTb MpoBOANTM OOCAiOXEHb Ha The ability to conduct research at an
04 |BignNoOBiOHOMY pPiBHI appropriate level
. The ability to search for, process, and analyze
3K |3paTHicTb o nowyky, obpobneHHs Ta inf ion f . h i
05 |aHanisy indopmaLli 3 pisHix mKepen information from various sources. The ability
' to generate new ideas (creativity)
3K |3RaTHICTL reHepyBaTh HOBI I4€l The ability to generate new ideas (creativity).
06 |(KpeaTMBHICTb)
3K . L .
07 HaBun4ykun mMixkocobucTicHOI B3aeMogii Interpersonal skills
30aTHICTb CNifIKyBaTUCA 3 NnpeactaBHukamu |The ability to communicate with
3K |iHWnx npodecinHnxX rpyn pi3HOro piBHA (3 representatives of other professional groups at
08 |ekcnepTaMu 3 iHLWWX raay3en 3HaHb/BNAIB different levels (with experts from other fields
€KOHOMIYHOI AiANbHOCTI) of knowledge/types of economic activities)
daxosi komneteHTHOCTI (PK) / Professional competencies
30aTHICTb epeKTUBHO BUKOPUCTOBYBaTU The ability to effectively utilize complex
CKNajHe KOHTPOJIbHO-BUMipiOBasibHE, monitoring and measuring equipment,
oK TexXHONOorivyHe Ta gocnigHnubke obnagHaHHa |technological tools, and research apparatus in
01 |MPY DOCNiAXKeHHAX Ta BUPOOHULTBI the research and production of materials,
MaTepianiB, KOMNOHEHTIB, Npunaais i components, instruments, and devices of
MPUCTPOIB MiKPO- Ta HAHOCMCTEMHOI TeXHIKM |micro- and nanosystems technology for
Pi3HOMAHITHOrO NPU3HAYeHHS various purposes
BFaTH'CTb 3AMICHIOBAT TECTYBAHHA Ta The ability to perform testing and diagnostics
®K |piarHoCTuKy nNpunagiB Ta obnagHaHHA, a ) .
; ) of instruments and equipment, as well as
02 |Tako)x 06pobaeHHs | aHani3 oTpUMaHUX . ) .
: processing and analyzing the obtained results
pe3ynbTaTiB
oK 30aTHICTb aHanisyBaTu Ta CMHTE3yBaTuU The ability to analyze and synthesize micro-
03 MiKpO- Ta HAHOENEKTPOHHI cncTtemmn pisHoro |and nanoelectronic systems of various
MPU3HaYeHHS. purposes
30aTHICTb po3pobnsaTu, obrpyHTOBaHO The ability to develop, rationally select, and
®K |BnbumpaTtu i BUKOPUCTOBYBaTK CyyHacHi MeToawm |utilize modern methods for processing and
04 |06pobku Ta aHanizy CMrHaniB B MiKpoO- i analyzing signals in micro- and nanoelectronic
HaHOENEKTPOHHUX Npuiagax Ta cCucTemMax devices and systems
30aTHICTb aprymeHTyBaTu BUbip MmeToaiB The ability to justify the selection of methods
oK pO3B’A3aHHSA CKNagHUX 3agad i npobnem for solving complex problems in micro- and
05 MiKpO- Ta HAHOCUCTEMHOI TEXHIKM, KPUTUYHO |nanosystems technology, critically evaluate

OUiHIOBATW OTPUMaHI pe3ysbTaTuh Ta
apryMmeHTyBaTW NPUNHATI pilLeHHSA

obtained results, and rationalize decisions
made
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3[1aTHICTb KOPUCTYBATUCSA Cy4aCHUMN
CUCTEMaMMU MOLIYKY Ta aHasi3y HayKOBO-

The ability to use modern systems for
searching and analyzing scientific and

oK s . L :
06 |TEXHi4HOI IHCb.OpMaLI,II, NPOBOANTY NMATEHTHUM technical information, conduct pateqt
MOWYK i OC/igXKeHHA Ta 34iNCHIOBaTU 3axuCT |searches and research, and engage in
iHTeseKTyasibHOI BJ1aCHOCTI intellectual property protection
30aTHICTb po3pobnsAaTu | peanizoByBaTu Ability to develop and implement scientific
oK H_ayKOBi Ta/abo iHHOBau,il?!Hi NpoekTn y cchepi |and/or innovative pro_jects_in the field of micro-
07 |MiKPO- Ta HAHOCMCTEMHOI TeXHIKM, @ TaKoX and nanosystem engineering, as well as
OOTNYHI o Hel MmixagncumnniHapHi npoekTun, |related interdisciplinary projects, and to carry
34iNCHIOBATU NefarorivyHy AisnbHICTb out teaching activities.
oK 3ﬂ,aTH!CTb CTBOpPIOBATH !—IOBi dI)yHKLI,iIOHaJ'IbHi The.ability to create new fgnctional materials,
0g |MaTepianu Ta npunaay i cMcTeMm Mikpo- Ta devices, and systems of micro- and
HaHOCUCTEMHOI TEXHIKM Ha iX OCHOBI nanosystems technology based on them
30aTHIiCTb NnepeabayaTn, aHanisyBaTu Ta The ability to predict, analyze, and describe
@K |onncyBaTuK HOBI iBMLLA Ta npouecun y new phenomena and processes in materials
09 |[maTepianax i KOMANOHEHTaX MiKpo- Ta and components of micro- and nanosystems
HaHOCUCTEMHOI TEXHIKK technology
oK 3,£l,aTHiCTI? 00 po3pobsieHHsA By3n_i_B, npnnauis i |The ability to ldevelop nodes, devices and
10 |CCTEM MIiKpO- Ta@ HAHOCMCTEMHOT TeXHIKM systems of micro- and nanosystem technology

HOBOIro (hyHKLIiOHaIbHOrO NPU3HAYeHHS

of a new functional purpose
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7 - NMporpaMHi pesynbtatyu HaB4aHHA (MPH) / Programme learning outcomes

OnTuMi3yBaTn KOHCTPYKLiT CMCTEM, NPUCTPOIB

Optimizing the designs of systems, devices,

MPH g . and components of micro- and nanosystems
Ta KOMMOHEHTIB MiKpO- Ta HAHOCUCTEMHOI ;
03 T R technology, as well as the manufacturing
TEXHIKN, @ TaKOXX TEXHOJIOTII IX BUFTOTOBJIEHHS ;
technologies
dopMyoBaTU | pO3B’A3yBaTW CKAaOHI . . . .
. i ) ; . |[Formulating and solving complex engineering,
iHXXeHepHi, BUpobHMYi Ta/abo HayKoBi 3aavi d o
. . manufacturing, and/or scientific problems
nig 4ac NpoeKTyBaHHSA, BUTOTOBJIEHHS i . . .
. 4 " during the design, production, and research of
[1PH |pocnif»eHHs MiKpo- Ta HAHOCUCTEMHOI . .
. X ; micro- and nanosystems technology of various
01 |TexHikKu pPi3HOMaHITHOro NpuU3Ha4vYeHHA Ta . "
purposes, as well as creating competitive
CTBOPEHHSA KOHKYPEHTOCMPOMOMXHMUX ; : .
: : . developments and implementing the results in
po3poboK, BTiIeHHSA pe3ynbTaTiB y 6i3Hec- . .
business projects
npoekTax
BusHa4aTu Hanpamu, pos3pobnaTu i - . : .
; P Po3p . Defining directions, developing, and
peanizoByBaTW MPOEKTN MOAEPHIi3aLil . . ; N
. . implementing projects for the modernization
lPH |Bnpo6bHMLTBa MiKpPO- Ta HAHOCUCTEMHOI :
. ) of micro- and nanosystems technology
02 |TexHiKn 3 ypaxyBaHHAM TeXHi4YHUX, . o2 ) .
. . production, considering technical, economic,
€KOHOMIiYHKMX, NPaBOBUX, COLiasibHMUX Ta . .
. X legal, social, and environmental aspects
€KOJIOMiYHNX acneKTiB
3acTocoByBaTu creyiasni3oBaHi . o
. Applying specialized conceptual knowledge,
KOHLUenTyasbHi 3HaHHS, WO BKAKYalOTb . ; A
; . including contemporary scientific
CyYacHi HayKoBi 3000yTKN, @ TaKOX KPUTUYHE T .
rpPH OCMUCNEHHS CydacHX NpobneM y cdepi advancements, and critically analyzing
04 : ; modern issues in the field of micro- and
MiKpPO- Ta HAHOENEKTPOHiKK, ANs i .
, .~ .. |[nanoelectronics to solve complex professional
PO3B'A3yBaHHA CKJagHMX 3a4a4y NpogecinHOi tasks
OiaNbHOCTI
BinbHO CMifiKyBaTUCA AEP>KABHOIO Ta Fluently communicating in both native and
iHO3eMHOI0 MOBaMW YCHO i MMCbMOBO AN foreign languages orally and in writing to
[1PH |o6rosopeHHA npogecinHmnx npobaem i discuss professional issues and activity results
05 |pe3ynbTaTiB AiANLHOCTI ¥ chepi Mikpo- Ta in the field of micro- and nanoelectronics, as
HaHOeNeKTPOHiKKM, Npe3eHTauii pe3ynbTaTiB |well as presenting research findings and
Oocnig»XeHb Ta iHHOBALiIMHMX NPOEKTIB innovative projects
Po3pobnatu Bupobu Ta KOMMNOHEHTU MiKpo- Ta |Developing products and components of
HaHOCMCTEMHOI TeXHIKN, BpaxoBylodi BuMorn |micro- and nanosystems technology, taking
[TPH |00 iX XapaKTepUCTUK, TEXHONOTIYHI Ta into account requirements for their
06 |pecypcCHi 0bMeXeHHs; BAKOPUCTOBYBATU characteristics, technological, and resource
CYYacCHIi IHCTpyMeHTU aBToMaTuM3auii constraints; utilizing modern design
MpPOeKTyBaHHA automation tools
fPH Po3B’s3yBaTu 3agavi CMHTe3y Ta aHanisy Solving problems related to the synthesis and
07 npunagis Ta NPUCTPOIB MiKPO- Ta analysis of micro- and nanosystems
HaHOCUCTEMHOI TEeXHIKW technology devices and instruments
36upaTun HeobxigHy iHhopMalito, . I . D
P AHy iHdOpMaLL : Gathering essential information from scientific
[TPH |BUKOPUCTOBYOYM HAaYKOBO-TEXHIYHY . .
. A and technical literature, databases, and other
08 |niTepaTypy, 6a3n gaHuX Ta iHWIi o)xepena, . .
: L sources, followed by analysis and evaluation
aHanizyBaTn i ouiHtoBaTK ii
3abesnevyBaTu AKicTb BUpobHMUTBA; obmnpaTmn|Ensuring production quality; selecting
fPH TEXHONOrii, WO rapaHTyloTb OTPUMAHHSA technologies that guarantee the desired
09 HeobXioHVX XapaKTepucTuk TBepaoTiNnbHUX |characteristics of solid-state devices; applying
MPUCTPOIB; 3aCTOCOBYBATU CyYacHi meToau modern methods of micro- and nanosystems
KOHTPOJIIO MiKpO- Ta HaHOCMCTEMHOI TexHikn |technology control
3abesnevyBaTu NPodECINHNN PO3BUTOK Ensure the professional development of team
YJIeHiB KOJIEKTUBY 3 ypaxyBaHHAM CBiTOBOro |members, taking into account international
[TPH |pocBigy i BMMOr 40 nepcoHany B cgepi best practices and personnel requirements in
10 |po3pobku Ta ekcniyaTauii Mikpo- Ta the field of the design and operation of micro-

HaHOeNIeKTPOHHUX CUCTEeM, 34iINCHI0BATH
nefaroriyHy AissbHICTb

and nanoelectronic systems, and carry out
teaching activities.
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Docnig»xyBaTm Npouecn y Mikpo- Ta
HaHOEJIEKTPOHHMX CUCTEMAX, Npuiagax n

Researching processes in micro- and
nanoelectronic systems, devices, and

[MTPH |KOMMNOHEHTaX 3 BUKOPUCTAHHSAM Cy4YaCHUX components using modern experimental
11 |ekcnepuMeHTaNbHUX MeToAiB Ta obnagHaHHs, |methods and equipment, conducting statistical
30iNCHIOBaTN CTaTUCTUYHY 06pobKy Ta aHani3 [processing and analysis of experimental
pe3ynbTaTiB eKCrnepnMeHTiB results
ByayBaTh | AOCAIIKYBATH (i3nUHI Building and researching physical,
nePH |PYAY - y ! A mathematical, and computer models of
MaTeMaTU4Hi i KoMn'toTepHi moaeni 06’ekTiB ; \ ;
12 o ; objects and processes in micro- and
Ta NMpoueciB MiKpo- Ta HaHOENIEKTPOHIKN .
nanoelectronics
KepyBaTu cknagHumm pobovynmMmmn npouecamm . . .
PYE A P pout y Managing complex workflows in the field of
chepi BupobHULUTBaA Ta/abo gocnigxXeHb . .
! production and/or research of micro- and
MIiKpPO- Ta HAHOEJIEKTPOHHUX CUCTEM, . - :
rPH 06'EKTUBHO OLIHIOBATY PE3yNbTATH nanoelectronic systems, objectively evaluating
13 |, ) Y the results of team and individual efforts, and
DiSNIbHOCTI KONIEKTUBY Ta OKPEMUX - . .
. : determining measures for improving
npauiBHUKIB, BU3Ha4YaTN 3aX04N LLOAO
et . performance
NMOKpaLWEeHHS pe3ybTaTiB AiAIbHOCTI
KoopanHysaTu poboTy KOJIEKTUBIB -
PANHY P y Coordinating the work of teams of performers
BWKOHaBLIB A/151 MPOBEAEHHSA HayKOBUX o .
: to conduct scientific research, design,
[PH |pocnipg»XeHb, NPOeKTYyBaHHSA, po3pobreHHs, . : .
: development, analysis, calculation, modeling,
14 |aHani3y, po3paxyHKy, MOOEIIOBaHHS, : ; .
, production, and testing of micro- and
BMPOOHMLTBA Ta TECTYBaHHA MiKpo- Ta
. . nanosystems technology
HaHOCMCTEMHOI TeXHIKN
3abe3nevyyBaTun 3aXUCT iIHTeNEeKTyasIbHOI L .
; N . . Ensuring intellectual property protection and
[1PH |BnacHOCTi, KOMepLiani3auito pe3ysbTaTiB T e
. M : " commercialization of results from scientific
15 |HaykoBO-LOC/iAHOI, BUHaXiOHNLbKOT Ta ; : . S
g . research, inventive, and project activities
NMPOEKTHOI AiANbHOCTI
MpoBoanTn BUNPOoByBaHHA, Conducting tests, experimental, and
fPH eKcrnepumeHTasibHi Ta TeoOpPEeTUYHI theoretical research on the properties of
16 [OCNiAXeHHS BacTUBOCTeN MaTepianis, materials, nanostructures, and technologies,
HaHOCTPYKTYp Ta TEXHOJOrin, KOMNOHEHTIB Talas well as components and devices of micro-
NPUCTPOIB MIKPO- Ta HAHOCUTEMHOI TEXHIKMK and nanosystems technology
3acTocoByBaTW 3HaHHSA | PO3YMiHHA 0N Applying knowledge and understanding to
ineHTuikauii, popmynoBaHHA | BupiweHHa  |identify, formulate, and solve technical
fPH TexHiYHUX 3a4a4 MiKpo- Ta HAHOCUCTEMHOI problems in micro- and nanosystems
17 TexHiKnN, BUKOPUCTOBYHOHYM BiAOMI meToOn, technology, utilizing known methods,

NPOBOAUNTU PO3PaxXyHKN Ta NMPOEKTYBaHHSA
CTPYKTYpU npunagis Ta npucTpoiB Mikpo- Ta
HaHOEeNeKTPOHIKK

conducting calculations, and designing the
structure of micro- and nanoelectronic devices
and instruments
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8 - PecypcHe 3abe3ne4yeHHna peanisauii nporpamm / Resource provision for programme
implementation

Kappose 3abe3neuyeHHs / Staffing

BignosigHo 8o JliLeH3inHNX YMOB NMPOBadXEHHS
OCBITHbLOI OiA/IbHOCTI, 3aTBEPAXEHUX [MOCTaHOBOIO
KabiHeTy MiHicTpiB YkpaiHu Big 30.12.2015 p. Ne
1187 B YNHHI pepakuii.

Peanizauia nporpamn 3abe3neyyeTbCcsa 3asy4eHHAM
KagpiB HanBuLL Ol

KBaslidhikauii 3 HAyKOBMMMK CTyneHAMN Ta

BYEHUMW 3BaHHAMMU, BKJIOYAIOYM 3aJlyHEHHS
BUKJIa4a4iB 3 3aKOPAOHHUX YHIBEpPCUTETIB-
napTHepIB, AKi MalOTb BEJIMKUIA AOCBIL HaBYasIbHO-
MeTOAWNYHOI, HayKOBO-

nocnigHoi poboTw Ta BignosigatoTb KBaNidikauii Bian
OBiHO A0 CneuiasbHOCTI Ta 3a3HAa4YeHNX KaapoBUX
BUMOT.

According to the Licensing Conditions for Educational
Activities, approved by the Cabinet of Ministers of
Ukraine on December 30, 2015, No. 1187, in the
current edition:

The implementation of the program is ensured by
attracting highly qualified personnel with academic
degrees and titles, including the involvement of
lecturers from partner foreign universities who have
extensive experience in educational, methodological,
and scientific research activities and meet the
qualifications corresponding to the specialty and
specified staffing requirements.

MaTepianbHO-TexHiYHe 3ab6e3neuyeHHn / Material-technical support

BionosigHo 00 JliLeH3inHNX yMOB NMPOBaA>XXeHHS
OCBITHbLOI AiAIbHOCTI, 3aTBepAXeHnX NocTaHOBO
KabiHeTy MiHicTpiB YkpaiHu Big 30.12.2015 p. Ne
1187 B YMHHIN pepakuil.

BukopucTaHHsa obnagHaHHS, nabopaTopHoOi Ta
ekcrnepuMeHTasnbHoiI 6a3n Kadeapun
MiKPOEJIEKTPOHIKN.

According to the Licensing Conditions for Educational
Activities, approved by the Cabinet of Ministers of
Ukraine on December 30, 2015, No. 1187, in the
current edition:

Utilization of equipment, laboratory, and
experimental facilities of the Department of
Microelectronics.

IHdpopMauiiiHe Ta HaBYaNbHO-MeToAUYHe 3abe3neyeHHs / Information and methodological support of the educational
process

BionosigHo 0o JliLeH3inHNX yMOB NMPOBaa>XXeHHS
OCBITHbLOI AiAIbHOCTI, 3aTBepAXeHUX NocTaHOBO
KabiHeTy MiHicTpiB YkpaiHu Big 30.12.2015 p. Ne
1187 B YMHHIN pepakuii, a TaKoX:

1. 3abe3neyeHicTb 6ibNiOTEKN BITYN3HAHMMU Ta
3aKOPOOHHUMU PaxXOBMMUN NepiogNnYHNMN BULAHHAMN
BignoeiaHoro abo cnopigHeHoro npodinto, B ToMy
YUC/i B eNeKTPOHHOMY BUINa4i.

2. HasBHicTb goctyny Ao 6as3 gaHux nepiognyHunx
HayKOBUX BMAaHb aHMNiNCbKOK MOBOIO BigMOBIAHOIO
abo cnopigHeHoro npodinto.

3. HasBHicTb odilinHoro Be6-canTy 3aknany ocCBiTw,
Ha SIKOMY pO3MilleHa OCHOBHa iHopMaLia Npo noro
DiFNbHICTb (CTPYKTYpa, NiueHsii Ta cepTudikaTtn npo
aKpeauTauito, 0OCBITHA/OCBITHbO-HayKoBa/
BUOaBHWYa/ aTecTauinHa (HayKoBUX Kaapis)
OiSNbHICTb, HaBYa/lbHi Ta HAYKOBi CTPYKTYPHI
niapo3ainy Ta ix cknapg, nepenik HaB4albHUX
ONCUMNAiH, NpaBuaa NPUNOMy, KOHTaKTHa
iH(bopMauin).

4. HasiBHICTb e/IeKTPOHHOIr0 pecypcy 3aknany ocCBiTH,
AKMA MICTUTb HaBYaJlIbHO-METOAMNYHI MaTepiann 3
ONCUMNIH HaBYasIbHOr O MJaHy, B TOMY 4Y1CJi B
CUCTEMi ANCTAHLiNHOIro HaBYaHHS.

According to the Licensing Conditions for Educational
Activities, approved by the Cabinet of Ministers of
Ukraine on December 30, 2015, No. 1187, in the
current edition, as well as:

- Availability of the library with domestic and foreign
professional periodicals of the relevant or related
profile, including in electronic format.

- Access to databases of periodical scientific
publications in English of the relevant or related
profile.

- Presence of the official website of the educational
institution, containing basic information about its
activities (structure, licenses and accreditation
certificates,
educational/scientific/publishing/certification (of
scientific personnel) activities, educational and
scientific structural units and their composition, list of
disciplines, admission rules, contact information).

- Existence of an electronic resource of the
educational institution containing educational and
methodological materials on the disciplines of the
curriculum, including in the distance learning system.
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9 - AkapemMiyHa MobBinbHicTb / Academic mobility

HauioHanbHa kpeguTHa MobinbHicTb / National credit mobility

Mo>knmBa, 3a yMOBU YKNaAeHHS BigNOBiAHMX
yrog.

Possible, subject to the conclusion of
appropriate agreements.

MixxHapoaHa KpeauTHa MobinbHicTb / International credit mobility

MOo>XXNMBICTb YK/IaaHHSA yrod Npo Mi>XHapoaHYy
akageMivyHy MobinbHicTb (Erasmus+ K2),
noaBinHe AMNJOMYBaHHSA y cniBnpaui 3
TexHiYH1M YHiBepcuTeTOoM M.[lpe3aeHa
(HimevumHa), Kopencbknm YHiBEPCUTETOM
TexHonorin m. Ceyn (Pecnybnika Kopes).

The possibility of concluding agreements on
international academic mobility (Erasmus+ K2),
dual degree programs in cooperation with the
Technical University of Dresden (Germany), and
the Korea University of Technology in Seoul
(Republic of Korea).

HaB4yaHHA iHO3eMHUX 3800yBay4iB BULLLOI OCBiTH /

Study of foreign applicants of higher education

HaB4yaHH$ iHO3eMHUX 3006yBadviB BO, ki
onaHoBytoTb Ol 3a NnporpamMmamMy MiXKHapogHOI
akageMivyHoi MobisIbHOCTI, HaBYaHHSA MOXXe
MPOBOANTUCHL aHIMINCbKOO abo yKpaiHCbKO
MOBOIO, 3@ YMOBM BONOAiIHHA 3006yBavYeM MOBOKO
HaBYaHHS Ha PiBHI He HYxX4e B2.

Foreign HEI applicants studying under
international academic mobility programs may
be educated in either English or Ukrainian,
provided that the applicant possesses language
proficiency at a level not lower than B2.

10 - NMpouenypa NnpucBOeEHHA npodecinHiux kBanicgikauin / Procedure for awarding
professional qualifications

He nepenbayeHo NpuCBOEHHS NpodecinHoi

KBanidpikaw,ii

He nepenbayeHo NpUCBOEHHS NMpodecinHol
KBanigikauil
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2. MEPEJIIK KOMMOHEHTIB OCBITHbOI MPOrPAMMN / COMPONENTS of EDUCATIONAL

PROGRAMME
kpennis | S oro
Kogn/Code OcBiTHI kOMNoHeHTW nporpam/Components EKTC/ECTS Acy Final
credits KoHTposto / Fina

control form

HOPMATWBHI ocBiTHi komnoHeHTU/Required (standard) components

O60B’5A3KOBi KOMMOHEHTW LMKY 3arasbHoi nigrotoBkun/General training cycle

IHTenekTyanbHa BNACHICTb Ta NaTEHTO3HaBCTBO /

3001 |ntellectual Property and Patent Science 3.0 3anik / Final test
3002 ?S:g::lqLi-:\)ra?:i?iggigzéri?\gogg.dc;aezﬁ;%Iggilsgggh]s/tainable Development 2.0 3anik / Final test
3003 e o e KoMl
3004 | g of Start.up Projects 30 | 3ani/ Final test
0O60B’sA13KOBIi KOMIMOHEHTW LMKy NpodecinHoi niarotoeku /Professional training cycle
Mo 01 erials and Nanotechnologies 40 | 3anik/ Final test
1002 | b nced o Nanoscale and Quantum Effects 40 | 3anix/ Final test
1o 03 Efeecgg:igHSzecr?s%CrCs)pm ! 4.0 Ek3ameH / Exam
10 04 MpoekTyBaHHS HaNiBNPOBIAHNKOBUX MPUAALIB Ta iIHTErpasbHUX MiKpocxem / 50 Exsamen | Exam

Design of Semiconductor Devices and Integrated Circuits

MpoekTyBaHHS HaNiBNPOBIAHUKOBUX MpUAadiB Ta iHTerpaabHUX MikpocxeM. Kypcosuin
1o 05 MPOEKT / 1.0 3anik / Final test
Design of Semiconductor Devices and Integrated Circuits. Course Project

®di3nKo-ximia noBepxHi /

116 06 Physical Chemistry of Surfaces 4.0 3anik / Final test
OCHOBM HayKOBOI Ta NefarorivyHoi fisaAbHOCTI / . .
no o7 Fundamentals of scientific and pedagogical activity 4.0 3anix / Final test
ro 08 npaK.TMKa / 12.0 3anik / Final test
Practice
BuKoHaHHA MaricTepcbkoi gncepTauii /
o 09 Completion of the Master's Thesis 16.0 3axuct / Defence
Mo 10 flenaroriyHa npakTuka / 2.0 3anik / Final test
Pedagogical Practice
BUWBIPKOBI ocBiTHi komnoHeHTW/Elective components
BnbipkoBi KOMMOHEHTW LMKy npodeciiHoi niarotosku/Professional training cycle
OCBITHIn KOMNOHEHT 1 ®-KaTanory /
1B 01 Educational Component 1 from P-Catalogue >0 Eksamen / Exam
OCBITHIn KOMNOHEHT 2 ®-KaTanory /
g 02 Educational Component 2 from P-Catalogue >0 Ek3amen / Exam
OCBITHIn KOMNOHEHT 3 ®-kaTasnory /
18 03 Educational Component 3 from P-Catalogue >0 Ek3samen / Exam
OCBITHin KOMNOHEHT 4 ®-kaTasnory / . .
18 04 Educational Component 4 from P-Catalogue 4.0 3anik / Final test
OCBIiTHin KOMMNOHEHT 5 ®-kaTasnory / . .
18 05 Educational Component 5 from P-Catalogue 4.0 Sanik / Final test
3aranbHui obcar 060oB’a3K0BMX KOMNOHeHTIB / Total volume of the required 67
components:
3aranbHuin obcar BnbipkoBnx komnoHeHTIB / Total volume of the elective components: 23
O6cAr 0CBITHIX KOMMOHEHTIB, WO 3abe3nevyoTb 3400yTTA KOMNETEHTHOCTEN
BM3Ha4YeHMX CTaHAapToM BuLLOi ocBiTK / Total volume of the educational components 44
aimed at acquisition of competencies specified in the Higher Education Standard:
3ATFAJIbHWIA OBCAT OCBITHLOI MPOrPAMU / TOTAL VOLUME OF THE EDUCATIONAL 90

PROGRAMME
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3. CTPYKTYPHO-JIOINYHA CXEMA OCBITHbOI MPOrPAMU / STRUCTURAL-AND-LOGICAL
SCHEME OF THE EDUCATIONAL PROGRAMME

| ot e e s T et e e R S B S T e T T e T T T O s P e ey fhaotacky o bicbpr e e T LS SR T S SS as
1 cemectp | 2 cemecTp | 3 cemecTp
1 I
[IpakTH4HMI Kypc 1IHO3eMHOI MOBH JIs JUIOBOT KOMYHIKAaIIii / _>:
Practical Foreign Language Course for Business Communication
i
MapKeTHHT cTaprai ! Inrenexryansna BJIaCHi?:TL
npoekTis / Marketin I Ta MTATCHTO3HABCTBO —>»
gf Start-up Projectsg ! Intellectual Property
! and Patent Science
I
1
®i3uK0-XiMisl TOBEPXHI / : OcHoBH imKeHEpii Ta
Phy51cal Chemlstry of P TEXHOJIOI11 CTaJ0ro
Surfaces Eomey / Fundamentals of
ngineering and Technology
of Sustainable Development s
OcHOBHM HayKOBOI Ta -
neB;(arorquoi' TSLTRHOCTI / > HPaKTHII()a/ Pedagogical
asics of Scientific and  _y| ractice
Pedagogical Activity v
A
[IpoekTyBanus
HAMIBIPOBITHUKOBUX

HpUJIaiB Ta IHTETpaTbHUX
MikpocxeM. Kypcoruii >
npoekt / Design of
Semiconductor Devices
and Integrated Circuits.
Course Project

OcBiTHI# KOMITIOHEHT |
3 ®-Karanory /
Educational Component 1
from P-Catalogue

[Ipakruxka / Practice

l

OcBiTHIHI KOMIIOHEHT 2

[IpoekTyBaHHA ;
HaIIi]_PHprT%[HHKOBHX 3 O-Karanory / Bukonanusi MmarictepchKol
NPHTAIB Ta IHTErPATbHUX Educational Component 2 HeetATil [ Cathnletion of
- / Desion of from P-Catalogue Ly el pe
MIEROERe Saifi o the Master's Thesis

Semiconductor Devices
and Integrated Circuits

Enexrponni cencopu /
Electronic Sensors

T4 KBAHTOBHX ¢(PEKTax /
Devices Based on Nanoscale
and Quantum Effects

ITpunaau Ha HaHO%\(!BMipHHx

Hanomarepianu ta
HAHOTEXHOJIOTIT /
Nanomaterials and
Nanotechnologies

(OCBITHI KOMITIOHEHT 3
3 ®-Karanory /
Educational Component 3
from P-Catalogue

OcBITHIH KOMIIOHEHT 4
3 ®-Karanory /
Educational Component 4
from P-Catalogue

OCBIiTHI# KOMIOHEHT 5
3 ®-Karanory /
Educational Component 5
from P-Catalogue
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4. ®OPMA ATECTALLIi 340B5YBAY4IB BULLLOi OCBITU / THE FORM OF ATTESTATION FOR
DEGREE PURSUERS

ATecTauisa 3406yBayiB BULLLOT OCBITW 3a OCBITHbO-NPOgECINHOK NPOrpaMoto NPOBOANTLCA Yy hopMmi
3aXUCTy KBanidhikalinHoi poboTn Ta 3aBepLUYETLCA BUAAYE ALOKYMEHTa BCTAaHOB/IEHOrO 3pa3ka
MpPo NPUCYO)XXEHHSA NOMY CTyMeHs «MaricTp» 3 NMPUCBOEHHAM KBafliiKauii «MaricTp 3 eNeKTPOoHIKK,
€NEeKTPOHHNX KOMYHiKauin, npunanobynyBaHHSA Ta pafioTEXHIKM» 3@ OCBITHbLOIO MPOrpamolo
«MiKpo- Ta HaHOENIeKTPOHiKa».

ATecTauif 34INCHIOETLCA BiAKpUTO i nybniyHo. MNepeBipka KBanigikauinHol poboTn 34iNCHI0ETLCA
3rigHo "MonoxXxeHHsa Npo cucteMy 3anobiraHHa nnariaTy, habpukauii, hanscudikauii B Kl im. Irops
Cikopcbkoro" Ta nicns 3axucTy PO3MilLLYETbCSA B €/IEKTPOHHOMY apXiBi HAYKOBUX Ta OCBITHIX
MaTepianie YHiBepcuTeTy A4 BiNbHOro AOCTYNY Ta NiCAA 3aXMUCTY PO3MILLYETLCA B perno3uTopii HTb
YHiBEepCcUTeTY ANA BiIbHOr0 AOCTYnNy.

The accreditation of higher education graduates under the educational-professional program is
conducted in the form of defending a qualification work and concludes with the issuance of a
document of the established sample awarding them the degree of "Master" with the qualification of
"Master of Electronics, electronic communications, instrumentation and radio engineering" under the
educational program "Micro- and Nanoelectronics."

Attestation is carried out openly and publicly. The qualification work is checked in accordance with
the "Regulations on the system for preventing plagiarism, fabrication, and falsification at Igor
Sikorsky Kyiv Polytechnic Institute and after defense is placed in the NTB repository of the university
for free access.
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5. MATPULA BIANOBIJHOCTI NPOrPAMHUX KOMMNETEHTHOCTEA KOMMOHEHTAM
OCBITHbOI MPOrPAMU / COMPLIANCE MATRIX OF PROGRAMME COMPETENCIES WITH
PROGRAMME COMPONENTS

30 01|30 02(30 03|30 0410 0110 02(10 03|10 04|10 05|10 06|10 07|10 08|10 09|10 10
3K 01 X X X
3K02| X X X
3K 03 X X
3K0o4| X
3K 05
3Ko6| X X X X X X X
3K 07 X
3K 08 X X
PK 01 X X
PK 02
®K 03
@K 04
@K 05 X X X X
®K 06| X X X X X X X X
®K 07 X X X X X X
®K 08 X X
®K 09 X X
®K 10 X X X

X X X X

XXX >
XXX > |X

>
<
<
>

>
XXX

x| <[>

X

>
>

>
>
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6. MATPULA 3ABE3NEYEHHA MPOrPAMHUX PE3YJIbTATIB HABYHAHHA BIANOBIAHUMMU
KOMMNOHEHTAMU OCBITHbOI MPOrPAMMN / COMPLIANCE MATRIX OF PROGRAMME
LEARNING OUTCOMES WITH PROGRAMME COMPONENTS

30 01|30 02|30 03|30 04|10 01|10 0210 03|10 04|10 05|10 06|10 07|10 08|10 09|10 10
lPH 03 X X X X
nPHO1| X X X X X
nPH 02| X X X X X X X
[PH 04 X X X X X
nPH 05| X X X X X X X X X X X X X
lPH 06 X X X X
rPH 07 X X X X
lPH 08 X X X X X X X
rPH 09 X X X X
MPH 10 X X X
MPH 11 X X X X X
MPH 12 X X
MPH 13 X
MPH 14 X X X
nPH 15| X X
MPH 16 X X X X X
nPH 17 X X X X X X
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