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NMPEAMBYJIA/PREAMBLE

PO3POBJIEHO/ELABORATED:
KepiBHUK rpynu/Team leader:
Tumocpees Bonogumup IsaHoBuY, A.T.H., Npogecop, npopecop Kapeapu eNeKTPOHHOI iHXeHepil
Volodymyr TYMOFIEYEV, Dr. Sc., Professor, Professor, Electronic Engineering Dept.
YneHu rpynu/Team members:
Opnos AHaTtonivi TUMOQiioBnY, K.T.H., pogecop, npogecop Kapeapu MikpoeneKkTpPoHIKu
Anatoliy ORLOV, Cand. Sc., Professor, Professor, Microelectronics Dept.
Bepbuubkuii Bonogumup Fpuroposuy, 4.T.H., npogecop, npopecop kagpenpu MIKpOEeNeKTPOHIKN
Volodymyr VERBITSKYI, Dr. Sc., Professor, Professor, Microelectronics Dept.
[1pokoneHko Kopivi BacunbosuY, A4.T.H., Mpogecop, Npogecop Kapeapn enekTpoHHOI iHxeHepil
Yuriy PROKOPENKO, Dr. Sc., Professor, Professor, Electronic Engineering Dept.
TaTtap4yk AMUTpo AMUTPOBMY, A.T.H., AOLEHT, Npopecop Kagpenpn MikpoeneKTpOoHIKU
Dmytro TATARCHUK, Dr. Sc., Docent, Professor, Microelectronics Dept.
KasmipeHKo BikTop AHaToniioBUY, K.T.H., AOLUEHT, AOLUEHT Kageapyn eNeKTPOHHOI iHxXeHepil

Victor KAZMIRENKO, Cand. Sc., Docent, Assoc. Prof., Electronic Engineering Dept.

NOroa>XeHO/AGREED:
HaykoBo-MeToAnYHa KoMicia yHiBepcuTeTy 3i cneuianbHOCTi 176 Mikpo- Ta HAHOCUCTEMHa TexHiKa

Q . —
(npoTtokon Ne£ Big «CE» _CH 2024 p.)

The Scientific and Methodological Commission of the University on speciality 176 Micro- and
Nanosystem Engineering

minutes of meeting Ne 2 oft5.05 20 24)

I Monosa HMKY-176 Bonoaumup TUMODEEB / Chairman of the SMCU-176 Volodymyr
TYMOFIEYEV

MeToau4yHa papa KMl iM. Iropsa Cikopcbkoro (MpoToKon Ne_-z Biu/é’f/«fMW

The Methodological Council of Igor Sikorsky Kyiv Polytechnic Institute (minutes of meeting Ne a of

F 05 2024 o

Q/ZZ% MeTofun4Hoi paaun AHaTonit MEJIbHUWYEHKO / Chairman of the Methodological
Coun&itAnatoliy MELNYCHENKO
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BPAXOBAHO/CONSIDERED:

anpobaduito Ta haxoBy eKCNepTu3y CTENKXONAepiB:

A. l. EBTYyLIEHKO,

3aBifyBay Bigainy isvkun i TexHoorii PoToeNneKTPoOHHNX Ta MarHiTOaKTMBHUX MaTepianis,
IHCTUTYT Npobnem maTepiano3HaBcTBa iM. |. M. ®PpaHueBnya HauioHanbHOT akageMil Hayk YKpaiHu;
K..-M.H., C.0.

. M. Mopo3oBcCbKa,

MpoBioHWIN HayKOBUI CMiBPOBITHUK, BiaAin QisMKn MarHiTHUX ABULL,

IHCTUTYT piznkm HAH YkpaiHu

O..-M.H., C.H.C.

PeueHsii-Biarykn ctenkxongepis oaatoTbCs.

approval and professional expertise of stakeholders:

A. |. Yevtushenko,

Head of the Department of Physics and Technology of Photoelectronic and Magnetoactive Materials,
Institute of Materials Science Problems named after I. M. Frantsevich of the National Academy of
Sciences of Ukraine;

Ph.D, Senior Researcher

H. M. Morozovska,

Leading researcher, Department of Physics of Magnetic Phenomena
Institute of Physics of the National Academy of Sciences of Ukraine
Dr.Sc., Senior Researcher.

Stakeholders’ reviews & suggestions attached
Esonouia OMN/Evolution of the EP

2016 p. - 3aTBEPAXXEHO OCBITHLO-HAaYyKOBY Nporpamy goktopa dinocodii «Mikpo- Ta HAHOCUCTEMHaA
TexHika»

2021 p. - NnporpamMy 3aTBepaXeHo OJ19 NPOXOAXKEHHSA NMpoueaypn akpeauTaLii 3 ypaxyBaHHAM
BiAryKiB CTENKXONAEPIB

2022 p. - BBeAEHO ONCLUMJIIHW aHI NiINCbKO MOBOID Ta PO3LUMPEHO Nepenik BUbipkKoBUX ANCLWMAIH
2023 p. - BpaxoBaHO NepeHeCceHHs creuiasbHOCTI A0 ranysi 3HaHb 17 EnekTpoHika, aBToMaTu3auis
Ta eNIeKTPOHHI KOMYHiKaLil Ta 3MiHy Wugpy crneuianbHOCTI Ta CTaHA4AapPT BULLLOI OCBITU 3a
crieuianbHicTiO

2016 - the educational and scientific program of the doctor of philosophy "Micro- and nanosystem
technology" was approved

2021 - the program was approved for the accreditation procedure taking into account stakeholder
feedback

2022 - subjects in English were introduced and the list of optional subjects was expanded

2023 - the transfer of the specialty to the field of knowledge 17 Electronics, automation and
electronic communications and the change of the code of the specialty and the standard of higher
education by specialty are taken into account
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1. NIPO®JIb OCBITHbOI MPOrPAMWU/ EDUCATIONAL PROGRAMME PROFILE

1 - 3aranbHa iHdopmauina/General information

MoBHa Ha3Ba 3BO Ta HaBYasbLHOro
nigpo3ainy/Full name of Higher
education institution and
faculty/institute

HauioHanbHU TEXHIYHWUNA
yHiBepcuTeT YKpaiHu
«KWIBCbKUI MONITEXHIYHNN
IHCTUTYT iMeHi Irops
Cikopcbkoro», ®akynbTeT
eNIeKTPOHIKK

National Technical University
of Ukraine «lgor Sikorsky Kyiv
Polytechnic Institute»,
Faculty of Electronics

CTyniHb BULLOT OCBITW Ta Ha3Ba
KBanidikauii/Higher education degree

CTyniHb gokTopa dinocodii
OOKTOp inocodii 3 Mikpo- Ta

PhD Degree
PhD in Micro- and Nano-

and qualification title

HAHOCUCTEMHOI TEXHIKMN

system Engineering

OdiuinHa Ha3Ba OM/Educational
programme official title

Mikpo- Ta HaHOCUCTEeMHa

Micro- and Nanosystem

TexHika Engineering

Tun gunnomy Ta obcar Ol/Diploma
type and EP scope

Ounnnom pokTtopa dinocodii,
OCBiTHS cknagoBa 0
KpeauTis EKTC 3
npoBefeHHsM BJIaCHOIro
HayKoBOIro JOCNig>KEeHHS Ta
0hOpPMSIEHHSA NOrO
pe3ynbTaTiB y BUrnagi
ancepTauil, TEPMIH
HaB4YaHHSA 4 POKKU

PhD diploma, O credits ECTS
with scientific research in the
form of a dissertation,
training period 4 years

HasaBHicTb akpeguTauii/Prior
accreditation

AkpeguntoBaHo HA34BO,
cepTudikaTt 5331 Big
2023-07-04 pincHunnm oo
2027-07-01

Accredited by NAQA,
cetificate No 5331 from
2023-07-04 valid to
2027-07-01

LUunkn, pieeHb BO/Education cycle, level
of HE

HPK YkpaiHn - 8 piBeHb
QF-EHEA - TpeTin unkn
EQF-LLL - 8 piBeHb

NQF of Ukraine - 8 level
QF-EHEA - 3 cycle
EQF-LLL - 8 level

MepepnymoBu/Prerequisites

HasBHICTb CTyneHs MaricTpa

Master Degree

dopmun 3006yTTa ocBiTU/ Forms of
Education

O4yHa (peHHa); O4Ha (aHrn);

full-time; full-time;

MoBa(u) BnknagaHHs/Language (s) of
instruction

YKpaiHCbKa, AHrincbKa

Ukrainian, English

IHTepHeT-agpeca po3miweHHsa O /URL
of the educational program

https://osvita.kpi.ua/176_ONP

D_MNST

2 - MeTa ocBiTHbOI nporpamu/Educational programme purpose

MigroToBka axiBuiB BULLOI KBasidikauii 3
MiKpPO- Ta HAHOCUCTEMHOI TEXHIKN, MIiKpoO- Ta
HaHOENEeKTPOHiIKM, BioMeanyYHOi eNeKTPOHIKN,
30aTHUX BMPilLyBaTU KOMMJIEKCHI npobnemun B
ranysi npogecinHoi Ta AoCNigHNLbKO-
iIHHOBaALINHOI AiSNIbHOCTI, @ TaKoXX pPO3B’'A3yBaTu
CKJIaOHi cneuyiani3oBaHi 3aBAaHHA, NegarorivyHol
Ta HayKOBO-iHHOBAUINHOT AiaAbHOCTI, WO
nepenbaya€ 30iNCHEHHSA MIXKKYNbTYPHOI
B3aEMOAIl 3 NpeAcTaBHNKaMMN aKaLeMi4YHOI Ta
HayKOBO-TEXHI4HOi CAi/IbHOT B YMOBax
BCcebiyHOro NpodecinHoro, iHTeneKTyasbHOro,
CoUiasibHOro Ta TBOPYOro PoO3BUTKY 0COBUCTOCTI
B OCBiTHbO-HayKOBOMY CEpPEnOBULL.

Training of highly qualified specialists in micro-
and nanosystem engineering, micro- and
nanoelectronics, biomedical electronics, capable
of solving complex problems in the field of
professional and research-innovative activities,
as well as solving complex specialized tasks,
pedagogical and scientific-innovative activities,
which involves implementation of intercultural
interaction with representatives of the academic
and scientific and technical community in the
conditions of comprehensive professional,
intellectual, social and creative development of
the individual in an educational and scientific
environment.
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3 - XapakTepucTuka ocBiTHbOi nporpamu/ Educational programme characteristics

NMpenmeTHa obnacTb/Subject area

O6’eKT Aif/IbHOCTI: Qi3NYHI Mpouecu i aBuLLa,
Ha SKUX 'PYHTYETbLCA BUPOOHNLTBO Ta
PYHKLIOHYBaHHSA MiKPO- Ta HAHOCUCTEM;
TEeXHOJIOTi4YHI MpoLLecH iX BUrOTOBJIEHHS,
NPUHUWMW Oii, npunaan, NpUCcTpoi Ta CucTemMm
MiKpO- Ta HAHOCUCTEMHOI TEXHIKWU, BKJHOYao4Nn
MiKpO- Ta HaHocucTeMun Giomean4dHoro
MPU3Ha4YeHHs, MoAei MiKpO- Ta HAHOCUCTEM.
Uini HaB4yaHHs: HabyTTSa 30AaTHOCTI
NMpOoAyKyBaTuK HOBI igel, po3B’'A3yBaTu
KOMMAEKCHI npobnemu npodecinHoi Ta
AOCNiAHNLUbKO-iIHHOBALMHOI OisitNbHOCTI y cdepi
MiKpO- Ta HAHOCUCTEMHOI TEXHIKN
3aCTOCOBYBaTM METOA0JIOri0 HAayKOBOI Ta
rnenaroriyHol gis/ibHOCTi, BAKOHYBaTW BNACHiI
HaYKOBi OOCNiO)XEHHS, pe3y/ibTaTu SKUX MaloTb
HayKOBY HOBM3HY, TEOPETUYHE Ta NPaKTUYHE
3HAYEHHS.

TeopeTnYHMYi 3MICT NpeaMeTHOI obaacTi:
hyHOaMeHTaNbHI NpMHUMNK NobynoBu Ta
PYHKLiOHYBaHHSA MiKPO- Ta HAHOCUCTEMHOI
TexHikn, MoaentoBaHHsA 06’eKTIB Ta NpoLecis,
o B HMX BiabyBatlOTbCS.

MeTonun, MeTOANKN Ta TEXHOJIOTII:
[OoCNig)XeHHs npoueciB y Nnpunagis Ta
MPUCTPOSAX MIKPO- Ta HAHOCUCTEMHOI TEXHIKN,
BMMIpPIOBaHHA XapaKTepucTMK MaTepianis,
06’eKTiB Ta CTPYKTYP; METOAMN (hi3NYHOTO,
MaTeMaTUYHOro i KOMN'IOTEPHOro
MoentoBaHHSA 06'eEKTIB Ta NpoLeciB
€/IeKTPOHIKM, aHani3y gAaHuX, MiaaHyBaHHS
EKCMepuMEHTIB, CyYaCHi LN pPOBi TEXHOOTI.
IHCTpyMeHTU Ta obs1aaHaHHA: KOHTPOJIbHO-
BMMIiplOBa/sibHa anapaTypa, CrneuianizoBaHe
TexHosoriyHe obnagHaHHSA Ta OCHaLLLEHHS,
nporpaMHi 3acobn onsa aHanisy, po3paxyHKy Ta
MOOeNoBaHHS NPOLECiB, KOHCTPYOBaHHSA
MPUCTPOIB MiKPO- Ta HAHOCUCTEMHOI TEXHIKMN,
BKJIKOYAO4YM NpUCTpOI i cnctemm biomegnyHoro
MPU3HAYeHHSs, MPOEKTYBAHHS | TEXHOOrIT
BUIOTOBJIEHHS MIKPO- i HQHOCUCTEMHOI TEXHIKMN
MoABINHOI0 NPU3HAYeHHH..

Object of activity: physical processes and
phenomena on which the production and
functioning of micro- and nanosystems are
based; technological processes of their
manufacture, principles of operation, devices,
devices and systems of micro- and nanosystem
technology, including micro- and nanosystems
for biomedical purposes, models of micro- and
nanosystems.

Learning goals: acquiring the ability to produce
new ideas, to solve complex problems of
professional and research-innovative activity in
the field of micro- and nanosystem technology,
to apply the methodology of scientific and
pedagogical activity, to carry out own scientific
research, the results of which have scientific
novelty, theoretical and practical significance.
Theoretical content of the subject area:
fundamental principles of construction and
functioning of micro- and nanosystem
technology, modeling of objects and processes
occurring in them.

Methods, techniques and technologies: research
of processes in devices and devices of micro-
and nanosystem technology, measurement of
characteristics of materials, objects and
structures; methods of physical, mathematical
and computer modeling of electronic objects and
processes, data analysis, planning of
experiments, modern digital technologies.
Tools and equipment: control and measuring
equipment, specialized technological equipment
and equipment, software tools for analysis,
calculation and modeling of processes,
construction of micro- and nanosystem
technology devices, including devices and
systems for biomedical purposes, design and
manufacturing technology of dual purpose
micro- and nanosystem equipment..

OpieHTauisa OM/Aspect

OcCBiTHbO-HayKOBa

AKLEHT Ha NpoeKTyBaHHSA, NobynoBy Ta
MporpamMyBaHHSA i3 3aCTOCYBaHHAM
iHbOPMaUINHNX TEXHONOrN CyYaCHUX
€NEeKTPOHHUX MIKPO- i HAHOMPW/aAiB Ta CUCTEM,
BKJItOYat04YM BiomeanyHi, po3pobneHHs,
MPOeKTYBaHHSA i BUPOOHNLITBO €/IEKTPOHHUX
npunagie i cnctem disnyHoro ta 6iomeanyHoro
MPU3Ha4YeHHs, MiKpo- Ta HAHOCUCTEMHOI
TeXHiKK, a TaKoXX iX eKcrnayaTauito, TeEXHiYHe
obcnyrosyBaHHSA i MOAepHi3aUito

Scientific educational

Emphasis on the design, construction and
programming with the use of information
technologies of modern electronic micro- and
nanodevices and systems, including biomedical,
development, design and production of
electronic devices and systems for physical and
biomedical purposes, micro- and nanosystem
equipment, as well as their operation,
maintenance and modernization.

OcHoBHUM ¢pokyc ON/Main focus



3arajibHa 0CBiTa 3a cneujianbHicTi0O «Mikpo-
Ta HAHOCUCTEMHa TexHiKa».

AKLIEHT Ha OO0CAiOXEeHHS, po3pobnieHHs,
BMPOBag)XeHHSA Ta 3aCTOCYBaHHA CyYaCHMUX
eNeKTPOHHUX MIKPO- i HaHOMpWIagiB i
CUCTEeM, METOLIB | TEXHOJIOrIN 1X
BUIOTOBJIEHHSA 3 BUKOPUCTAHHAM CyYaCHUX
IHOpMaLIMHNX TEXHOJIOT I, BKJHOYAO4M
eNIeKTPOHHI MIKpPO- i HAHOCUCTEMM
BiomegnyYHOro NpU3Ha4YeHHs.

Mporpama 6a3y€eTbCA Ha CyHaCHUX HAaYKOBMX
NOJIOXKEHHAX i3 BpaXyBaHHAM
CbOrOJHILLHBOr0 CTaHy PO3BUTKY MiKpPO- i
HAHOENIEKTPOHIKKN, MIKPO- i HAHOCUCTEMHOI
TEeXHIKW, OPIEHTYE Ha aKTyaJibHi HANPAMKN
LOCNIOXKEHb, Y paMKaXx SKMUX MOXJIMBa
nogasblua npogecinHa Ta HayKoBa Kap'epa:
IHhOpMaLiHi TeEXHOJOTiT MPOEeKTYBaHHS
npunagie i CUCTEM MiKpoO- i
HAHOENIEKTPOHIKK, 3aCTOCYBaHHA Cy4aCHUX
HaHOMaTepianiB | TEXHOJIOrIN B €/IeKTPOHILL,
nocnipXeHHs BioHaHoCUCTEM (3aranbHa,
TeopeTunyHa Ta NpukiagHa).

Kno4oBi cnosa: MiKpo- i HAHO Npunaau,
HAHOCUCTEMMWN, HU3bKOPO3MIpHI cucTemu,
eNeKTPOHHI biomegnyHi cnctemu i
TexXHOoNOori.
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General education in the specialty "Micro- and
nanosystem engineering".

Emphasis on research, development,
implementation and application of modern
electronic micro- and nanodevices and systems,
methods and technologies of their manufacture
using modern information technologies,
including electronic micro- and nanosystems for
biomedical purposes.

The program is based on modern scientific
provisions taking into account the current state
of development of micro- and nanoelectronics,
micro- and nanosystem technology, focuses on
current research directions, within the
framework of which a further professional and
scientific career is possible: information
technologies for designing devices and systems
of micro- and nanoelectronics , application of
modern nanomaterials and technologies in
electronics, research of bionanosystems
(general, theoretical and applied).

Keywords: micro- and nano-devices,
nanosystems, small-sized systems, electronic
biomedical systems and technologies.

Oco6nusocTi ON/Features



OCBIiTHbO-HayKOBa Nporpama BKJIOYaAE
dyHOaMeHTaNbHi HaBYabHi AUCUMNNIHM Ta
0O0OAaTKOBI ANCUMNAIHKW, SKi MOoranbnioTb
3HaHHA 3i cneuianbHMX PO34inis
pyHAaMeHTaNbHUX Ta npodecinHo-
OPIEHTOBAHMX ANCUMUMAIH 3 HAHOENEKTPOHIKK Ta
HaHOTEexXHOoNOorin i 3abe3nevyoTb AOCAIAHULbKI
KOMMEeTEHTHOCTI 419 no4abLloi HayKOBOI,
BMKNa[aLUbKoi Ta yNpaBiHCbKOI OiafIbHOCTI 3
OopraHizauii HayKOBUX OOCAiAXKEHb.

MpeameTHa cepa Nnporpamu opieHTOBaHa Ha
30aTHICTb pPo3B’A3yBaTW KOMIJIEKCHI 3a4a4i Ta
npobnemu y ranysi aBToMmaTum3auii Ta
npunagobyanysaHHA Ta cneudianbHOCTI «Mikpo-
Ta HAHOCUCTEMHa TexHika», Wo nepenbavae
OCBOEHHS OCBITHIX KOMMNOHEHTIB | HAabyTTH
MPOrpaMHNUX KOMNETEHTHOCTEN 3
HaHOTEXHOOriN | HAHOENEKTPOHIKW.

Mporpama CTBOPIOE YMOBMU, LLIO 3abe3neyytoTb
peasnizauito Mi>XxHapoaHOI MOBINbHOCTI 3 MiKpO- i
HaHO e/IeKTPOHIKN Ta HAHOTEXHOJIOT N y
NPOBIAHUX YHiBEpCUTETaX CBIiTY, CTaXXyBaHHSA Ta
OTPUMaAHHSA MOABINHOrO AMNMJOMY OOKTOpa
inocodii B yHiBepcuTeTax ®paHuii, benbrii,
Himev4nHu, Icnanii, gnoHii, MisgeHHoi Kopei 3a
y3rog>xeHumu nporpamamu. Peanizauis
nporpamu nepepnbayace 3anyvyeHHs 40
ayANTOPHUX 3aHATb NpodecioHaniB-NpPaKkTuUKIB,
eKCnepTiB ranaysii CTaKyBaHHA B iHO3EMHUX
YHiBEPCUTETax-NapTHepPaXx 3 BUKAa4aHHAM
cneuancunniH aHrnincbKo MOBOIO.
Mporpamoto nepeabayvyeHo y paMkax BUBipKoBMX
OUCLMNMJIIH HaBYaHHSA | OTPUMaHHA cepTudikaTiB
3 NiLeH30BaHNX CUCTEM aBTOMAaTU30BaHOIoO
MpoeKTyBaHHS Mikpo- i HaHocxem CADENCE.
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The educational and scientific program includes
fundamental educational disciplines and
additional disciplines that deepen knowledge
from special sections of fundamental and
professionally oriented disciplines in
nanoelectronics and nanotechnology and
provide research competences for further
scientific, teaching and managerial activities in
the organization of scientific research.

The subject area of the program is focused on
the ability to solve complex tasks and problems
in the field of automation and instrumentation
and the specialty "Micro- and nanosystem
engineering", which involves the development of
educational components and the acquisition of
program competencies in nanotechnology and
nanoelectronics.

The program creates conditions that ensure the
implementation of international mobility in
micro- and nanoelectronics and
nanotechnologies at the world's leading
universities, internships and obtaining a double
diploma of a doctor of philosophy at the
universities of France, Belgium, Germany, Spain,
Japan, and South Korea according to agreed
programs. The implementation of the program
involves the involvement of practicing
professionals, industry experts and internships
in foreign partner universities with teaching of
special disciplines in English.

The program envisages, within the framework of
selective disciplines, training and obtaining
certificates from licensed CADENCE systems for
the automated design of micro- and
nanocircuits.
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4 - NMpupaTHiCTb BUNYCKHUKIB A0 NpaueBsiallTyBaHHA Ta noganbworo HaB4yaHHsA/ Eligibility
of graduates for employment and further study

MpupaTHicTb A0 npauesnawTyBaHHA/Eligibility for employment

MpaueBnawTyBaHHA Ha NocagaX HayKOBUX i
HayKOBO-MNefaroriyHMx npauiBHMKIB B HAYKOBUX
yCTaHOBaX i 3aKJlagax BULLOI OCBITU, @ TaKOX
Ha Nocagax NMpauiBHUKIB HaMBULWLOI KBasidikaLii
Yy DOCNiAHNUBKUX, MPOEKTHUX,
KOHCTPYKTOPCbKUX N iHLWIWX YCTaHOBaX i
nigpo3ainax nianpueMCTB.

BunyckHUKM MOXXyTb NpautoBaTy Ha
nianpmemMcTBax Byab-aKoi opraHi3auinHo-
npaBoi OopMM Ha nocagax (3rigHo
knacudikaTopa npodecin Ykpainm OK
003:2010):

2149 - MpodecioHann B iHWNX raay3ax
iHXKeHepHOoi cnpasu.

2149.1 HaykoBi cniBpoBiTHUKMK

2310 - Buknapadi 3akiafiB BULLOT OCBITU
2351 - MNpodecioHann B ranysi meTonis
HaBYaHHS.

2359.1 - HaykoBuin cniBpobiTHUK, HayKOBWIA
CMiBPOBITHUK-KOHCY/IbTAHT.

Mporpama HaJa€ MOXJMBICTb, OKPIiM ANUMNJIOMY
OOKTOpa ginocodii, oTpuMaHHA cepTudikaTiB
Mi>KHapOOHMX KOMMaHin, po3pobHuKiB
nporpaMHuX i anapaTHUx 3acobis, 30kpema,
CADENCE.

Employment in the positions of scientific and
scientific-pedagogical workers in scientific
institutions and institutions of higher education,
as well as in the positions of highly qualified
workers in research, design, construction and
other institutions and divisions of enterprises.
Graduates can work at enterprises of any
organizational and legal form in positions
(according to the classification of professions of
Ukraine DK 003:2010):

2149 - Professionals in other fields of
engineering.

2149.1 Scientific employees

2310 - Teachers of higher education institutions
2351 - Professionals in the field of teaching
methods.

2359.1 - Research associate, research
associate-consultant.

The program provides an opportunity, in
addition to the Doctor of Philosophy diploma, to
receive certificates from international
companies, software and hardware developers,
in particular, CADENCE.

MNopanbwe HaByaHHA/Further study

3006yTTS HayKOBOIro CTyneHs JOKTopa Hayk Ta
3p06yBaTn 0OOaTKOBI KBanidpikauii B cuctemi
OCBIiTWN OOPOC/INX, MPOAOBXEHHS OCBITU B
NOKTOopaHTypi Ta/abo y4yacTb y
MOCTAOOKTOPCLKUX NporpamMax.

Obtaining a Doctor of Science degree and
obtaining additional qualifications in the adult
education system, continuing education in
doctoral studies and/or participating in
postdoctoral programs.



9/21

5 - BuknapaHHsA Ta ouiHloBaHHA/Teaching and assessment

BuknapaHHa Ta HaBYaHHA/Teaching and studying

BuknapgaHHA Ta HaBYaHHS BKJIOYaAE:

-NIeKLUiNHi, NPaKTUYHi Ta CEMiHApPCbKi 3aHATTH,
KOMM'I0TEePHI MpakTuKyMu, nabopaTopHi
poboTu, NPaKTUKN, IHTEPAKTUBHI BOPKLLOMW;

- Y4acCTb Y HAaYKOBMX, HAYKOBO-TEXHIYHNX
Mi>KHapoOHMX Ta

MiXKAMCUMNAIHAPHNX KOH(EPEHLISX, CeMiHapaX,
npoeKTaxX, TPEHiHrax;

- caMocCTinHa poboTa 3 BUKOPUCTaHHAM
MEeTOAUYHNX Ta HAayKOBUX iIHOPMaLLIMHNX
oxepen,

- yyacTb y rpymnax 3 po3pobkun [ocniaHNLbKNX
MPOEeKTiB;

- KOHCY/IbTalii 3 HAyKOBO-NegaroriyHnMun
npauiBHUKaMW.

Y paMkax nporpamMmm peanizyeTbCA HaB4YaHHS, 3
OpIiEHTAUIE Ha TeMY BNIAaCHUX OOCAIOXKEHb
acnipaHTa, 3 MOXXJIMBICTIO Y paMKax nporpam
MOBiNbHOCTI 3 iIHO3EMHUMW YHIBEPCUTETAMMU-
napTHepaMn BUKOPUCTaHHSA CyYacCHOI
nabopaTopHOi i ekcnepuMeHTaIbHOI 6a3u 3
HaHoTexHonorin. NepepbayeHo WKMpoke
3aCTOCYBaHHS iIHHOPMALINHO- KOMYHIKaUiNnHNX
TexHonorin (e-learning, oHNanH-nekuil,
ONCTaHUiNHI KypCKn) 3a OKPEMUMIN OCBITHIMU
KOMMOHeHTamu. NoBHOLiHHa NiagroToBKa Ao
OOCNiAHNUBKOT Ta BUKNafaubKoi AiafbHOCTI 3a
creuianbHicTo 3abe3nevyyeTbCs WASXOM
3aJlydeHHs acnipaHTiB 4O HayKOBO-A4OCAIAHOT
poboTu i OCBITHLOrO Npouecy Kadenp
MiKpPOENEeKTPOHIKN | eNeKTPOHHOI iHXXeHepil.
Anpobauis pe3ynbTaTiB HayKOBUX A0C/iOXXEHb
30iNCHIOETBLCH Y paMKax KoHgepeHLin,
ceMiHapiB, 30KpeMa, LWOoPiYHOI MiXKHapoOHOI
KOHg)epeHLii «ENeKTpoHiKa i HaHOTEeXHOoOorii»
(ELNANO) 3 nybnikaLi€eto cTaTen y HayKoBO-
MeTpun4Hin 6a3i SCOPUS.

Teaching and learning includes:

-lecture, practical and seminar classes,
computer workshops, laboratory work, practices,
interactive workshops;

- participation in scientific, scientific and
technical international and

interdisciplinary conferences, seminars, projects,
trainings;

- independent work using methodical and
scientific information sources;

- participation in research project development
groups;

- consultations with scientific and pedagogical
workers.

Within the framework of the program, training is
implemented, with a focus on the topic of the
graduate student's own research, with the
possibility of using a modern laboratory and
experimental base on nanotechnology within the
framework of mobility programs with foreign
partner universities. Wide use of information and
communication technologies (e-learning, online
lectures, distance courses) is foreseen for
individual educational components. Full
preparation for research and teaching activities
in the specialty is provided by involving
graduate students in the research work and
educational process of the departments of
microelectronics and electronic engineering.
Approbation of the results of scientific research
is carried out within the framework of
conferences, seminars, in particular, the annual
international conference "Electronics and
Nanotechnology" (ELNANO) with the publication
of articles in the SCOPUS scientific-metric
database.

OuiHloBaHHA/Assessment

BignoBigHO 00 T0N0XXEHHA NPO CUCTEMY
OLiHIOBaHHA pe3yabTaTiB HaB4YaHHA B KTl im.
Irops CikOpCbKOIro OLiHIOIOTbLCS YCHI Ta
MNCbMOBI eK3aMeHu, ToLO.

In accordance with the Regulation on the system
of evaluation of learning results at KPI named
after Igor Sikorsky's oral and written exams are
evaluated, etc.
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6 - NMporpamMHi kKoMmneTeHTHOCTI/Programme competencies

IHTerpanbHa KoMmneTeHTHicTb/Integral competence

34aTHICTb NpoAyKyBaTW HOBI iAei, po3B'a3yBaTu
KOMMNEKCHI npobnemun npogecinHoi Ta/abo
OOCNIAHNUBbKO-IHHOBALINHOT AisNnbHOCTI y cdepi
MiKpO- Ta HAHOCUCTEMHOI TEXHIKK, 3aCTOCOBYBaTU
MeTOo40/10ril0 HayYKOBOI Ta NefarorivyHoi
OiSNbHOCTI, MPOBOANTN BNlaCHE HayKOBE
OOCNIAXKEHHSA, pe3y/ibTaTh SKOro MaloTb HayKOBY
HOBU3HY, TEOPETUYHE Ta NPaKTUYHE 3HAYEeHHS.

The ability to produce new ideas, to solve
complex problems of professional and/or
research and innovation activities in the field
of micro- and nanosystem technology, to
apply the methodology of scientific and
pedagogical activity, to conduct own
scientific research, the results of which have
scientific novelty, theoretical and practical
significance.

3aranbHi komneteHTHOCTI (3K)/General competencies

3[0aTHICTb A0 abCTPaKTHOro MUCNEHHS,

Ability to abstract thinking, analysis and

3K01 . X
aHanily Ta cuHTesy. synthesis.
3K02 30aTHICTb A0 nowyky, obpobneHHs Ta Ability to search, process and analyze
aHanily iHpopMauii 3 pi3HUX gxxepen. information from various sources.
3K03 3paTHICTL npauiosaTy B MPXHApOAHOMY Ability to work in an international context.
KOHTEKCTI.
3K04 3AATHICTL A0 NJIaHYBAHHA Ta yNpaB/iHHA Ability to plan and manage scientific projects.
HaYKOBUMU MPOEKTAMM.

;maTH'CTb AOTPUMYBATUCL ETUKA . | Ability to observe research ethics, as well as

3K05| BOCNIAXEHb, @ TAKOX NPaBWI aKaAeMiqHOI

006poYvYeCcHOCTi B HAYKOBUX OOCNIAXKEHHAX Ta
HayKOBO-MNefarorivyHin gisnbHoOCTI.

the rules of academic integrity in scientific
research and scientific-pedagogical activity.

3K06

34aTHICTb CNiIKyBaTUCSA iIHO3EMHOKO MOBOIO B
06cs3i, ocTaTHbOMY A1 NMPeAcTaB/IEHHA Ta
0broBopeHHs pe3ybTaTiB CBOEI HAYKOBOI
pob0oTK B YCHi Ta MMCbMOBIN OpPMI, a TakKoX
015 MOBHOI0 PO3YMiHHSA iHLLOMOBHMKX
HayKOBUX TEKCTIB 3i creuiaJbHOCTI.

The ability to communicate in a foreign
language in an amount sufficient to present
and discuss the results of one's scientific work
in oral and written form, as well as to fully
understand foreign language scientific texts in
the specialty.

daxosi komneteHTHOCTI (PK)/Professional competencies

®KO

30aTHICTb BUKOHYBATUW OPUTiHabHI
DOCNiAXeHHs, [ocAaraTn HayKOBUX
pe3yfbTaTiB, fKi CTBOPIOIOTb HOBi 3HAHHSA Y
chepi MiKpo- Ta HAHOCUCTEMHOI TEXHIKN Ta
OOTUYHUX MDKONCUNNIHAPHUX HanpaMax i
MOXYTb ByTn onybnikoBaHi y NpoBigHUX
HayKOBUX BUOAHHSAX 3 €IeKTPOHIKN Ta
CYMIDKHUX rany3en.

Ability to perform original research, achieve
scientific results that create new knowledge in
the field of micro- and nanosystem
engineering and related interdisciplinary areas
and can be published in leading scientific
publications in electronics and related fields.

®KO

30aTHICTb pO3BMBATU TEOPETUYHI 3acaawu,
CTBOPIOBATW i 3aCTOCOBYBATU Cy4acHi 06'ekTK
i Npouecn MiKpo- Ta HAHOCUCTEMHOI TEXHIKN.

Ability to develop theoretical principles, create
and apply modern objects and processes of
micro- and nanosystem technology.

®KO

30aTHICTb BUKOPUCTOBYBaTU Cy4YacHi
iIHCTPYMEHTM Ta MeTOAWN AOCAIAXKEHHS,
MeTOoAN MOLENOBAaHHS, aHani3y gaHUx Ta
onTuMi3auii, CUCTEMUN NPUNHATTS PilLIEHD,
undgposi TexHonorii, 6a3n gaHnx Ta iHWi
eJIeEKTPOHHI pecypcu, cneuianizoBaHe
nporpamHe 3abesneyeHHsA 4N9 AOCAIOKEHHS
06’ekTiB i MpoueciB Mikpo- Ta HOHAaCUCTEMHOI
TEeXHIKN.

The ability to use modern research tools and
methods, methods of modeling, data analysis
and optimization, decision-making systems,
digital technologies, databases and other
electronic resources, specialized software for
the study of objects and processes of micro-
and non-system engineering.

®KO

30aTHICTb iHiuitoBaTK, po3pobnaTtn i
peanizoByBaTU KOMMJEKCHi iHHOBaUIiNHI
MPOEKTN B chepi MiKpo- Ta HAHOCUCTEMHOI
TexXHiKM Ta A0OTUYHI 40 HEel MiXAncUunnaiHapHi
nPoeKTW, NigepcTBO Nig Yac ix peanisauil.

Ability to initiate, develop and implement
complex innovative projects in the field of
micro- and nanosystem technology and
related interdisciplinary projects, leadership

during their implementation.
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®KO

30aTHICTb 34iNCHIOBAaTU HAayKOBO-NeaarorivyHy
OiSNbHICTb Y BULLIA OCBITi 3 BUKOPUCTAHHAM
HOBITHIX NegaroriyHMx Nigxonis i MPakTuK, y
TOMY YUCJi iIHHOPMALINHNX TEXHONOTIN,
3acobiB MysibTMeia y HaBYasIbHOMY NPOLLECI
05 YKpaiHOMOBHOI Ta iHLLOMOBHOI ayANUTOPIi,
YPi3HOMaHITHIOBaTN METOAVNKMN BUKNadaHHSA 3
METO Kpalloro CApUNHATTS MaTepiany.

The ability to carry out scientific and
pedagogical activities in higher education
using the latest pedagogical approaches and
practices, including information technologies,
multimedia tools in the educational process for
Ukrainian-speaking and foreign-speaking
audiences, to diversify teaching methods in
order to better perceive the material.

®KO

30aTHICTb opraHizoByBaTu, 3abesnevyBaTh i
KOHTpPOOBaTW NiATPUMAHHA HAaYKOBOI Ta
npodecinHoi KBanidikaLii KONeKTUBY Ha
CBIiTOBOMY pPiBHi HAYKOBUX Ta iHXXEHEepPHUX

OOCArHEeHb B cepi po3pobkun Ta ekcnayaTauii
npunaais i NPUCTPOIB MiKPO- Ta
HaHOCUCTEMHOI TEXHIKMW.

The ability to organize, ensure and control the
maintenance of scientific and professional
qualifications of the team at the world level of
scientific and engineering achievements in the
field of development and operation of devices
and devices of micro- and nanosystem
technology.

®KO

30aTHICTb 3aCTOCOBYBaTU MeTOAM aHanily,
MaTeMaTU4YHE MOAEJSIOBAHHS, BUKOHYBATK
$i3NYHi Ta MaTEMATUYHI EKCMEPUMEHTN NpU
npoBeneHHi HayKOBUX OOCNiAXKeHb B obnacTi
MiKpPO- Ta HAGHOCUCTEMHOI TEXHIKN.

Ability to apply methods of analysis,
mathematical modeling, perform physical and
mathematical experiments when conducting
scientific research in the field of micro- and
nanosystem technology.

®KO

30aTHICTb YAOCKOHANOBATU iCHYHOMI i
po3pobaATN HOBI METOAN i TEXHONOTII,
nporpamMHi i anapaTHi 3acobun Mikpo- i
HaHOCUCTEMHOI TexHikn 6iomeanyHoro
MPU3HaYeHHs.

Ability to improve existing and develop new
methods and technologies, software and
hardware of micro- and nanosystem
technology for biomedical purposes.

®KO

30aTHICTb AOCAIOXKYBaTU NEePCNeKTUBHI
HanNpPsMKW PO3BUTKY rasysi, TBOPYO
BUKOPUCTOBYBATW HOBIi MeTOOMN i TEXHONOTIT
CTBOPEHHSA NMpUIaAiB i MPUCTPOIB MiKPO- i
HaHOENIEKTPOHIKN, Cy4aCHUX
MiKpOENeKTPOHHUX iIHPOPMALINHNX CUCTEM.

The ability to explore promising areas of
industry development, to creatively use new
methods and technologies for creating devices
and devices of micro- and nanoelectronics,
modern microelectronic information systems.
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7 - NMporpamMHi pesynbtTatn HaB4aHHA (MPH)/ Programme learning outcomes

[PHO

MaTwn nepepnoBi KOHUENTyasbHi Ta

MeTOA0JI0TiYHi 3HaHHSA 3 MIKpO- Ta

HAHOCUCTEMHOI TEeXHIKN i Ha MeXi
npegMeTHUX rajsysen, a TakoXX OOCNiAHNUbKI
HaBWUYKN, LOCTATHI ANA NpoBeOEeHHS HayKOBUX
i NPUKNaAHMX AOCAIOXXEHb Ha PiBHI OCTaHHIX
CBITOBMX OOCAMHEHDb 3 Bi4MOBIAHOIO HaNpsMmy,
OTPUMAHHS HOBMX 3HaHb, iX BUKOPUCTAHHSA Y

BJIACHUX O0CNIOXKEHHSAX Ta BUKNAOALbKIN
npakTuui abo npodecCinHin JianbHOCTI.

To have advanced conceptual and
methodological knowledge of micro- and
nanosystem engineering and at the border of
subject areas, as well as research skills
sufficient to conduct scientific and applied
research at the level of the latest world
achievements in the relevant direction, obtain
new knowledge, and use it in one's own
research and teaching practice or professional
activity.

[PHO

BinbHO Npe3eHTyBaTn Ta obrosoptoBaTy 3
daxiBusaMu i HedaxiBUAMMK pe3ysbTaTun
nocnigeHb, HAyYKOBI Ta NMpuKAaaHi npobnemun
MiKpPO- Ta HAHOCUCTEMHOI TEXHIKN AEepP>XaBHOIO
Ta iHO3eMHOI MOBaMU, ONPUJIIOAHIOBATY
pe3ynbTaTu OOCAIAXKEHb Y HayKOBUX
ny6bnikauisx y NpoBigHMX MiXKHapOooHMX
HayKOBUX BUAAHHSAX.

Freely present and discuss with specialists and
non-specialists the results of research,
scientific and applied problems of micro- and
nanosystem technology in national and foreign
languages, publish the results of research in
scientific publications in leading international
scientific publications.

l1PHO

BmiTn chopmynioBaTn i nepesipaTu rinoTesu,
BUKOPUCTOBYBaTK ANA 06rpyHTYBaHHSA
BVWCHOBKIB HaJIe)XHi AOKa3un, 30KpeMa,

pe3yfbTaTh TEOPEeTUYHOro aHanisy,
eKCcrnepuMeHTanbHUX AoCNiAXeHb, Pi3NYHOro,
MaTEMaTUYHOIro Ta KOMM'IOTEPHOro

MOLEeIIOBaHHSA, HasBHI AaHi 3 niTepaTypHMX

nxxepen.

To be able to formulate and test hypotheses,
use appropriate evidence to substantiate
conclusions, in particular, the results of
theoretical analysis, experimental studies,
physical, mathematical and computer
modeling, available data from literary sources.

rPHO

CUCTEMHO MUCINTK Ta 3aCTOCOBYBATU TBOPHiI
30i6bHOCTi 00 hbopMyBaHHS MPUHLUMOBO HOBUX
inen, byayBaTu i gocnigxxyBaTn i3nyHi,
MaTeMaTU4Hi i KoMn'tloTepHi moaeni 06’ekTiB
Ta NPOLECiB MIKPO- Ta HAHOENEKTPOHIKN,
MPOMOHYyBaTK Crocobun po3B’'A3aHHSA
rnocTaBiieHUX 3a4ay, Ko MeTogun ix
BUPILLEHHS He BiAOMI.

Systematically think and apply creative
abilities to the formation of fundamentally new
ideas, build and research physical,
mathematical and computer models of objects
and processes of micro- and nanoelectronics,
propose methods of solving problems when
the methods of solving them are not known.

T1PHO

MnaHyBaTK i BUKOHYBaTU eKCriepuMeHTanbHi
Ta/abo TeopeTunyHi focnig)XeHHs y caepi
MiKpPO- Ta HAHOCUCTEMHOI TEXHIKU, OOTUYHUX
Mi>XKONCUUMIHAPHNX HanpsMmis 3
BUKOPUCTAHHAM Cy4YaCHUX Teopin, MeToaiB.,
crneuianizoaHoro obnagHaHHA Ta
OCHaLLEeHHS, 3 LOTPMMAHHSAM HOPM
aKageMivyHol i npodecinHol eTuKK, LnpoBux
TEXHONOrIN, KPUTUYHO aHani3yBaTK
pe3ysabTaTh BAAaCHUX OOCNIAXKEHD i
pe3ynbTaTu iHWNUX OOCAIAHNKIB Y KOHTEKCTI
yCbOro KOMMJIEKCY Cy4aCHMX 3HaHb 040
aocnipxysaHoi npobnemu.

Plan and carry out experimental and/or
theoretical research in the field of micro- and
nanosystem technology, related
interdisciplinary areas using modern theories,
methods, specialized equipment and
equipment, in compliance with the norms of
academic and professional ethics, digital
technologies, critically analyze the results of
own research and the results of other
researchers in the context of the entire
complex of modern knowledge regarding the
investigated problem.

[PHO

Po3pobnatu Ta gocnigKyeaTun i3nyHi,
MaTeMaTU4Hi i KOMN'IOTEePHI Moaeni NPoLeCiB i
cucTeMm, e(peKTUBHO BUKOPUCTOBYBATU TX 414

OTPUMaHHSA HOBUX 3HaHb Ta/abo CTBOPEHHSA
iHHOBALiMHNX NPOAYKTIB Y MiKPO- i
HaHOCUCTEMHIN TexHili Ta AOTUYHUX
MiKANCUMNAIHAPHUX HanpsaMax, y HayKoBO-

Develop and research physical, mathematical
and computer models of processes and
systems, effectively use them to obtain new
knowledge and/or create innovative products
in micro- and nanosystem technology and
related interdisciplinary areas, in scientific and

pedagogical activities.

neparoriyHin AignbHOCTI.
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rPHO

OpraHi3oByBaTK Ta KepyBaTK
OOCNiOHNLUBKOLO, iIHHOBALMHO Ta
iIHBECTUUINHOM AisnbHICTO, 6i3HEeC-NnpoekTamMmn
Ta BUPOBHMYMMM npouecammn y cepi Mikpo- i
HaAHOCMCTEMHOI TEXHIKX 3 ypaxyBaHHAM
TEXHOJIOTIYHNX MOKA3HUKIB, BUMOI PUHKY,
iICHYIO4NX CTaHaapTIB,
KOHKYPEHTOCMPOMO>XHOCTi HayKOBOI Ta
iHXKeHepHOoI MpoayKLUil.

Organize and manage research, innovation
and investment activities, business projects
and production processes in the field of micro-
and nanosystem technology, taking into
account technological indicators, market
requirements, existing standards,
competitiveness of scientific and engineering
products.

lPHO

3acToCOBYBaTU CyYaCHi iIHCTPYMEHTH i
TexHoNorii nowykKy, 06pobneHHs Ta aHanily
iH(hopMaLii, 30KpeMa, CTaTUCTUYHI MeToaun

aHanisy naHux senukoro obcary Ta/abo
CKNaAHOI CTPYKTYpW, crevuianizoBaHi 6a3m

OaHUX Ta iHhopMaLiHi CMCTeMU, BKAKOHAUM
biomegnyHi eNeKTPOHHI CUCTEMMN.

Apply modern tools and technologies for
searching, processing and analyzing
information, in particular, statistical methods
for analyzing data of a large volume and/or
complex structure, specialized databases and
information systems, including biomedical
electronic systems.

[PHO

Po3pobnatu Ta peanizoByBaTu HayKoBi Ta/abo
iIHHOBaULiNHI iIHXXEHEPHi NPOEKTU, AKi OaloTb
MOXJIMBICTb NEPEOCMUCINTI HasiBHE Ta
CTBOPUTW HOBE LiNicHe 3HaHHA Ta/abo
npodecinHy NpakTUKYy i po3B’'A3yBaTn 3HaYYLLi
HayKOBi Ta TeXHOJIOri4YHi npobnemMmun Mikpo- i
HAHOCMCTEMHOI TEXHIKX 3 BpaxyBaHHAM
iHXXeHEepHUX, couiarbHNUX, EKOHOMIYHUX,
€KOJIOTiYHUX Ta NMPaBOBMX aCMeKTIB.

Develop and implement scientific and/or
innovative engineering projects that provide
an opportunity to rethink existing and create
new integral knowledge and/or professional
practice and to solve significant scientific and

technological problems of micro- and
nanosystem technology, taking into account
engineering, social, economic, environmental
and legal aspects.

l1PH1

Bu3HavyaTu akTyanbHi HAYKOBi Ta NPaKTUYHI
npobnemu y cepi MiKpo- i HQHOCMCTEMHOT
TexHiku, rNMBoKOo pPO3yMiTu 3arabHi
NPUHLNAN Ta METOAMN MIKPO- i HAHOCUCTEMHOT
TEeXHIKW, @ TaKOXX MeTOA0JI0ri0 HayKOBUX
0OoCnig>XeHb, 3aCTOCYBaTH iX Y BJIACHUX
OOCNig>KeHHaX y cdepi MiKpo- i
HaHOCUCTEMHOI TEXHIKM Ta Y BUKJadaLUbKii
npakTuu,i.

Identify current scientific and practical
problems in the field of micro- and
nanosystem engineering, deeply understand
the general principles and methods of micro-
and nanosystem engineering, as well as the
methodology of scientific research, apply them
in one's own research in the field of micro- and
nanosystem engineering and in teaching
practice .

MPH1

OpraHizoByBaTWu i 34iNCHIOBATK OCBITHIN
npouec y cgepi Mikpo- i HAaHOCUCTEMHOT
TeXHiKn, NOro HaykoBe, HaBYasibHO-
MeToOMNYHE Ta HOpMaTMBHE 3abe3neyeHHs,
po3pobnsaTN i BUKNanaTu cneuianbHi
HaBYaJiIbHi ANCUMNNIHN Yy 3aKNagaX BULLOI
OCBITW.

To organize and carry out the educational
process in the field of micro- and nanosystem
technology, its scientific, educational-
methodical and normative support, to develop
and teach special educational disciplines in
institutions of higher education.

l1PH1

3acTocoByBaTV 3HAaHHA OCHOB aHani3y Ta
CUHTE3Y Y pi3HMX NpeaMeTHUxX obnacTax,
KPUTUYHOrO OCMUCSIEHHS 1 PO3B’A3aHHS
HayKOBO-A0CNiIAHMX npobnem, po3yMiTu
hinocodpChbki KOHLEnNLiT HayKoBOro
CBiTOrNAAYy, POJib HAyKW, MOACHIOBATMK il BMAMB
Ha CycninbHi npouecu, BMiTU GOPMYtOBaTH i
nepeBipATU rinoTesn, BUKOPUCTOBYBATU A4
06rpyHTYyBaHHS BUCHOBKIB HalleXXHi AOKas3u,
3HATW METO0JI0T 0 HAYKOBUX AOCHIAXKEHb Y
npegMmeTHin obnacTi.

Apply knowledge of the basics of analysis and
synthesis in various subject areas, critical
thinking and solving scientific and research
problems, understand the philosophical
concepts of the scientific worldview, the role
of science, explain its influence on social
processes, be able to formulate and test
hypotheses, use appropriate evidence to
substantiate conclusions, to know the
methodology of scientific research in the
subject area.

[PH1

BukopucToByBaTu Cy4acHi MeToau i
TEeXHONOril HAYKOBOI KOMYHiKaLil yKpalHCbKOO
Ta iHO3eMHUMU MOBaMU, YNTaTU Ta PO3YyMITH

Use modern methods and technologies of
scientific communication in Ukrainian and
foreign languages, read and understand

iHLLOMOBHI TEKCTU 3a CrneLuianbHICTIO.

foreign language texts by specialty.
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8 - PecypcHe 3abe3nevyeHHsa peanisauii nporpamu/ Resource provision for programme
implementation

KappoBe 3abe3neuyeHHsn/Staffing

BionoBigHO 00 KaApOBUX BUMOI LLOA0
3abe3nevyeHHs NpoBaA>XEeHHS OCBITHbLOI
niSnbHOCTI ang BignosigHoro piBHA BO (oo
JliueH3inHNX yMoB), 3aTBEPOXEHUX
MocTaHoBow KabiHeTy MiHicTpiB YKpaiHu Big
30.12.2015 p. Ne 1187 B 4MHHIN penakuii.
Peani3zauis nporpamu 3abe3nevyeTbCcs
3aJ/lydeHHAM KadpiB HanBULLOI KBanidikauii 3
HayKOBMMW CTYMEHSMN Ta BYEHUMMN 3BAHHAMMU,
BKJIIOYAOYM 3aNyYE€HHS BUKIadadiB 3
3aKOPOOHHUX YHIBEPCUTETIB-NapTHEpPIB, fAKi
MaloTb BEJINKUIM OOCBiO HAaBYaJIbHO-METO4NYHOT,
HayKoBO-A0CNiaHOI poboTwn Ta BianoBigatoTb
KBajlidpikauii BiANoBigHO A0 cneuiasbHOCTI Ta
3a3HaYeHMX KagpoBMX BUMOT.

In accordance with the staffing requirements for
ensuring the implementation of educational
activities for the corresponding level of HE (up to
the Licensing conditions), approved by the
Decree of the Cabinet of Ministers of Ukraine
dated 12.30.2015 No. 1187 in the current
version.

The implementation of the program is ensured
by the involvement of highly qualified personnel
with scientific degrees and scientific titles,
including the involvement of teachers from
foreign partner universities who have extensive
experience in educational and methodological,
scientific research work and meet the
qualifications in accordance with the specialty
and the specified personnel requirements.

MaTepianbHo-TexHi4yHe 3ab6e3neuyeHHna/ Material-technical support

BigpnoBigHO 0O TEXHOJIOMIYHUX BUMOT LLOO0
MaTepianbHO-TEXHIYHOro 3abe3neyeHHs
OCBITHbOI AiANbLHOCTI BignoBigHOro pisHsa BO (oo
NiueHsinHnx ymoB), 3aTBepaxeHux MocTaHOBOIO
KabiHeTy MiHicTpiB YKkpaiHu Big 30.12.2015 p. Ne
1187 B 4MHHIN pepakuii

HasiBHa cneuianizoBaHa cepTudgikoBaHa
nabopaTopia 3 aBTOMaTN30BaHOIroO
MPOeKTyBaHHSA MiKpo- i HaHocxeM, o6nagHaHa
nporpamMmHum 3abesnedyeHHam CADENCE, 3
MO>XXJIMBICTIO OTPUMaHHSA KBaniikauinHmnx
cepTudikaTiB BUpobHMKa.

In accordance with the technological
requirements for the material and technical
support of the educational activity of the
corresponding level of HE (before the Licensing
conditions), approved by the Resolution of the
Cabinet of Ministers of Ukraine dated 12.30.2015
No. 1187 in the current version

There is a specialized certified laboratory for the
automated design of micro- and nanocircuits,
equipped with CADENCE software, with the
possibility of obtaining manufacturer's
qualification certificates.

IHdbopMauinHe Ta HaBYaNbLHO-MeTOoAUYHe 3abe3neueHHs/ Information and methodical support of the
educational process

BionoBigHO A0 TEXHOMOrYHMX BUMOI LLOAO
HaB4YaJ/IbHO-METOONYHOro Ta iHopMaLiNnHOro
3abe3neyeHHs OCBITHBLOI AiSNbHOCTI
BianosigHoro pisHa BO (oo JliueH3inHux ymoB),
3aTBepa)xeHux NoctaHoeoto KabiHeTy MiHicTpis
YkpaiHu Big 30.12.2015 p. Ne 1187 B YMHHIn
penakuil, a Takox:

- HasIBHICTb €N1EKTPOHHOI0 pecypcy
YHiBEpCcUTETY i Kachedpn eneKTpoHHOI
iHXKeHepil, AKNN MICTUTb HaBYaJIbHO-METOONYHI
MaTepiaam 3 gUCUUMAiH HaB4YalbHOrO MNjaaHy, B
TOMY YUCJIi Y CUCTEMI ANCTaHUINHOIr0O HaBYaHHS;
- HasBHICTb AOCTyny Ao 6a3 gaHMx NepioanyvyHnx
HayKOBMX BMAaHb aHIiINCbKOKO MOBOIO
BianoBigHoro abo criopigHeHoro npointo.

In accordance with the technological
requirements for educational, methodical and
information support of educational activities of
the corresponding level of HE (before the
Licensing conditions), approved by Resolution of
the Cabinet of Ministers of Ukraine dated
12.30.2015 No. 1187 in the current version, as
well as:

- the availability of an electronic resource of the
university and the department of electronic
engineering, which contains educational and
methodological materials from the disciplines of
the curriculum, including in the distance learning
system;

- availability of access to databases of periodical
scientific publications in English of the relevant
or related profile.
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9 - AkapeMiyHa MobinbHicTb/Academic mobility

HauioHanbHa kpeauTHa MobinbHicTb/National credit mobility

HauioHanbHa MOBINbHICTL: MOXJ/IMBA, 3@ YMOBU
yKaageHHs BignosigHux yrog Mixk Kl im. Irops
Cikopcbkoro Ta 3akjlagaMu BMLLOT OCBIiTK
YKpaiHu, acnipaHTu iHWNX 3akaaais BULLOI
OCBIiTW MOXYTb 3a/lyq4aTUCb A0 CMiJlbHUX
HayKOBUX KOH(pepeHUin, ceMiHapiB, NiTHIX WKiN
3a Nporpamoto gokTopa ginocodii gns
hopMyBaHHSA 3arasbHUX Ta CrieuiajibHMUX
(dhaxoBMX) KOMMETEHTHOCTEN

National mobility: possible, subject to the
conclusion of relevant agreements between KPI
named after Igor Sikorskyi and institutions of
higher education of Ukraine, postgraduate
students of other institutions of higher education
can participate in joint scientific conferences,
seminars, summer schools under the Doctor of
Philosophy program for the formation of general
and special (professional) competencies

MixxHapoaHa kpeauTHa MobinbHicTb/International credit mobility

YKnageHo yroauv npo rnoABinHi Aunaomu
DOKTOpIB (hinocodii 3a Mi>kHapoaHUMMU
nporpamMmamMm, BKJlOHal04M Nnporpamy
Epa3myc+, 3 yHiBepcunteTamm-napTHepamu:

1. KU Leuven, Leuven (Belgium), Double Ph.D.
Degree, the doctoral programme in Engineering
Science

2. The Université de Lorraine (France), Double
Ph.D. Degree, Doctoral School IAEM
(Informatique, Automatique, Electronique,
Electrotechnique, Mathématiques)

3. The University of Granada, (Spain), Double
Ph.D. Degree, PhD program on Information and
Communication Technologies (ICT) at University
of Granada

4. Graduate School of Engineering Science,
Osaka University (Japan), Double Ph.D. Degree,
«Advanced Research in Mechanical Science and
Bioengineering»

5. Technische Universitat Dresden (TUD),
Germany, double degree prsogrammes based
on the «Electronic devices and equipment» and
“Technologies and Means of
Telecommunication”

Agreements on double diplomas of doctors of
philosophy under international programs,
including the Erasmus+ program, have been
concluded with partner universities:

1. KU Leuven, Leuven (Belgium), Double Ph.D.
Degree, the doctoral program in Engineering
Science

2. The Université de Lorraine (France), Double
Ph.D. Degree, Doctoral School IAEM
(Informatique, Automatique, Electronique,
Electrotechnique, Mathématiques)

3. The University of Granada, (Spain), Double
Ph.D. Degree, PhD program on Information and
Communication Technologies (ICT) at the
University of Granada

4. Graduate School of Engineering Science,
Osaka University (Japan), Double Ph.D. Degree,
"Advanced Research in Mechanical Science and
Bioengineering"

5. Technische Universitat Dresden (TUD),
Germany, double degree programs based on the
"Electronic devices and equipment" and
"Technologies and Means of
Telecommunication"

HaB4yaHHs iHO3eMHuXx 3p06yBaviB BO/Study of Foreign applicants of HE

HaB4yaHHS iHO3eMHUX 3006yBadviB BO, ki
onaHoBytoTb Ol 3a NnporpamMamMy Mi>KHapoOHOI
akKageMivyHoi MobifIbHOCTi, HaBYaHHA MOXXe
MPOBOANTUCH aHININCbKOI abo yKpaiHCbKOLO
MOBOIO, 3@ YMOBM BONOAiIHHA 3006yBavYeM MOBOIO
HaBYaHHS Ha PiBHI He HuxX4e B2.

The training of foreign higher education
students who master the OP under international
academic mobility programs can be conducted
in English or Ukrainian, provided that the
student has a command of the language of
study at a level not lower than B2.
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2. NEPEJIIK KOMMOHEHTIB OCBITHbOI MPOrPAMWU/COMPONENTS of EDUCATIONAL

PROGRAMME
dopMa
KpeguTiB | nigcymMkoBoro
Kopn/Code OcBIiTHI kOoMMoOHeHTU NporpamMu/Components EKTC/ECTS| koHTponto/Final
credits |control measure
form

HOPMATWBHI ocBiTHi koMnoHeHTU/Required (standard) components

HaB4anbHi gucumnniHn a8 oBONOAIHHA 3arajbHOHaYKOBUMU (hinocopcbkmMin) komneTeHTHoCTAaMuU/Disciplines for
mastering general scientific (philosophical) competences

H o1 CDIJ'IIOIC(':)CbeKI 3acafum HayKoBoi aisnbHOCTI / Philosophical Foundations of Scientific 6.0 3anik / Final test
Activities

HaByYanbHi aucumnniHm ansa 3006yTTa MOBHUX KoMneTeHTHocTel/Disciplines for acquiring language competences

H02  |iHosemHa MoBa Ans HaykoBoi gisnbHocTi / Foreign Language for Scientists | 6.0 | 3anik / Final test

HaB4anbHi gucumnniHm ansa 3006yTTa rAanbuHHMX 3HaHb 3i cneudianbHocTi/Disciplines for acquiring in-depth
knowledge of the specialty

H 03 HaHomaTepianu Ta MeToam ix gocnigxeHHs / Nanomaterials and methods of their 4.0 3anik / Final test
research
H 04 Mikpo- Ta HaHOKOMMNOHEHTW i cucTtemu / Micro- and nanocomponents and systems 4.0 3anik / Final test
H 05 MO,D.eﬂIOBaHH.ﬂ npmauis MiKpO- i HaHoenekTpoHiky / Modeling of micro- and 4.0 3anik / Final test
nanoelectronic devices
H 06 'rl;(aeﬂgggrerr:atgi:hﬁg/:i)Kgpyo- Ta HAaHOCUCTEMHIl TexHiui / Theory of signals in micro- and 4.0 3anik / Final test
HaB4anbHi gucumnniHn onsa 3006yTTA YHiBEpcasbHMX KOMNeTeHTHocTel gocniaHuka/Disciplines for the acquisition
of universal competences of the researcher
HO07 IOpraHi3.auiﬂ HIaYK‘OBO-iHHOBaLI.WIHOT nisnbHocTi / Organization of Scientific and 4.0 Exsamen / Exam
nnovative Activities
H 08 MpodecitHa neparorika / Professional pedagogy 2.0 3anik / Final test
H 09 MeparoriyHa npakTuka / Pedagogical Practice 2.0 3anik / Final test
BUWBIPKOBI ocBiTHi komnoHeHTW/Elective components
BnbipkoBi KOMMOHEHTU LMKy npodeciiHoi niarotosku/Professional training cycle
B 01 OcCBIiTHIn koMnoHeHT 1 ®-KaTanory / Educational Component 1 from P-Catalogue 6.0 Ek3ameH / Exam
B 02 OCBITHIn KOMNOHEHT 2 ®-kaTanory / Educational Component 2 from P-Catalogue 6.0 Ek3ameH / Exam
3aranbHuii obcar HopMmaTuUBHUX KoMnoHeHTiB OlN/Total scope of the required 36
components:
3aranbHuii obcar Bubipkosux komnoHeHTiB Ol/Total scope of the elective 12
components:
O6csar ocBiTHIX KOMMNOHEHTIB, W0 3abe3neyytoTb 3400yTTA KOMNETEHTHOCTEN
BM3Ha4veHnx CBO/Total scope of the educational components aimed at acquisition of 0
competencies specified in the Higher Education Standard:
3ATAJIbHUIA OBCAr OCBITHBLOI MPOMPAMW/TOTAL SCOPE OF THE EDUCATIONAL
PROGRAMME 48
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3. CTPYKTYPHO-JIOIN4YHA CXEMA OCBITHbOI MPOrPAMU/STRUCTURAL-AND-LOGICAL
SCHEME OF THE EDUCATIONAL PROGRAMME

ceMecTp ceMecTp cemMecTp CEMECTp
semester semester semester semester
DistocodebKi 3acajik HayKOBOT AisUILHOCT] 4 HaHomarepiaiu ta ) : Mikpo- ta N
Philosophical principles of scientific activity MEeTO/H X JJOC/I/KEHH A HAHOKOMIIOHEHTH i CHCTEMH

[HO2eMHa MOBa AJI9 HAYKOROI JIISITRHOCTI
Foreign language for scientific activity

KOpraHisauiH HayKOBO-
iHHOBaLIHHOI AiJBLHOCTI
Organization of scientific

\and innovative activities

'SR

Nanomaterials and

\ methods of their research /

/

Mo/ietoBaHHSA TPUIA/IIB
MIKpO- | HAaHORJIEKTPOHIKH
Modeling of micro- and

_ nanoelectronic devices

N

/

( [IpodeciitHa nesparorika
Professional pedagogy

-
)

|

[ [eparoriuHa npaKTHKa

Pedagogical practice

-

Micro- and nanocomponents
\_ and systems J

\

Teopist curHasin y Mikpo- ta
HaHOCHCTEMHIH TexHilli
Theory of signals in micro-

@nd nanosystem technology J,

OcBiTHIM KoMITOHEHT 1
iz @-xarasory
Elective Subject 1
from P-Catalogue

OcBITHIH KOMIOHEHT 2
i3 P-katasory
Elective Subject 2
from P-Catalogue
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4. HAYKOBA CKJIAOOBA/SCIENTIFIC COMPONENT

P'.K 3MicT HaykoBoi poboTu acnipaHTa dopMa KOHTPOJIIO
MigroTOBKMN
Bubip Temun ancepTauii acnipaHTa, dopMyBaHHS
iHOMBIAYyanbHOro NnaHy poboTun acnipaHTa; 3aTBepO)xeHHsa ByeHoto panoto
1 BUKOHAHHS Mig KEPIBHULTBOM HayKOBOI0 haKynbTeTy, 3BiTyBaHHA NPO Xif
KepiBHMKa gucepTauinHoi poboTn; NiarotoBka Ta BUKOHAHHSA iHOAUBIAYaNlbHOro NjaaHy
nofaHHA 00 APYKY He MmeHwe 1 nybnikauii 3a acnipaHTa ABiyi Ha piK
TeMolo gucepTauii BiagnoBigHO YNHHNX BUMOT .
BWKOHaHHA Nig KepiBHULTBOM HAayKOBOIO , .
: AR i 3BiTyBaHHS MPO Xif BUKOHAHHS
KepiBHMKa gucepTauiinHoi poboTu; migroToBka Ta . .
2 : iHOVBIiAYasIbHOro NJIaHy acnipaHTa
nogaHHS 00 APYKY He MeHwe 1 ny6nikauii 3a BiYi Ha DIK
Temo gmucepTauii BignoBigHO YNHHNX BUMOT . A P
BWKOHaHHA Nig KepiBHULTBOM HAayKOBOIO . .
\ o o 3BiTyBaHHSA NPO XiA BUKOHAHHSA
KepiBHMKa guncepTauinHoi poboTun; niarotoska Ta . .
3 . iHOMBIAYaNIbHOrO NJaHy acnipaHTa
nofaHHs OO0 OPYKY He meHwe 1 nybnikauii 3a nBiYi Ha pik
Temoo ancepTauii BiANOBiAHO YNHHNX BUMOT. P
3aBepuleHHs gucepTauinHoi poboTun, nigBeneHHsa 3BiTyBaHHSA NPO Xid BUKOHAHHSA
nigcyMkiB woao nybnikauin (He MeHLe TPbOX) 3a IHAUBIAYaNbLHOro MjaHy acnipaHTa
4 TeMolo gucepTauii BianoBigHO YNHHNX BUMOT . OBiYi Ha pik HagaHHSA BUCHOBKY MNpo
MopaHHSA LOKYMEHTIB Ha MOMepenHio eKCrNepTU3y HayKOBY HOBU3HY, TEOPETMYHE Ta
ancepTauil. MPakKTU4YHEe 3HAYEeHHS pe3y/ibTaTiB
ATecTauis ancepTauii. 3axmcTt PhD gncepTtaduil.
;’(rezlplng The content of the graduate student's research work Form of control
Choqsmg a 'tOp.ICI for a graduate student's dlssertatlon,. Approval by the Academic
forming an individual work plan for a graduate student; Council of the faculty. reportin
1 execution of a dissertation work under the supervision of Y, rep 9
o i X C on the progress of the graduate
a scientific supervisor; preparation and submission for TR )
A L : student's individual plan twice a
publication of at least 1 publication on the topic of the
. o . . year.
dissertation in accordance with current requirements.
Dissertation work under the supervision of a scientific Reporting on the progress of the
2 supervisor; preparation and submission for publication of rapduategstudent'z ingdividual
at least 1 publication on the topic of the dissertation in glan twice a vear
accordance with current requirements. P y
Dissertation work under the supervision of a scientific Reporting on the progress of the
3 supervisor; preparation and submission for publication of rapduategstudent'z ingdividual
at least 1 publication on the topic of the dissertation in glan twice a vear
accordance with current requirements. P y
Completion of the dissertation work, summing up of Reporting on the Iprpgr'e§s of the
o . graduate student's individual
publications (at least three) on the topic of the lan twice a vear Providing a
4 dissertation in accordance with current requirements. P y 9

Submission of documents for the preliminary
examination of the dissertation.
Certification

conclusion on the scientific
novelty, theoretical and practical
significance of the dissertation
results. PhD thesis defense.
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5. ®OPMA ATECTALLII 30,06YBA4IB BULL,Oi OCBITU/ THE FORM OF ATTESTATION FOR
DEGREE PURSUERS

ATecTauis 3006yBayiB BMLLOI OCBITW 3a OCBITHbO-HAYKOBOIO MPOrpamoto crieuiaibHOCTi 176 «Mikpo-
Ta HAHOCUCTEMHA TexXHiKa» NPoBOANTLCA Yy (POPMi 3aXUCTy AnUcepTauii Ta 3aBepPLUYETLCA BUAAYEID
O0OKYMEHTa BCTAHOBJIEHOI0 3pa3kKa Npo NPUCYOAXKEHHS CTyneHs AoKTopa disiocodii 3a
cneuianbHICTIO «MiKpO- Ta HAHOCUCTEMHa TEXHIKa».

OuncepTauis Ha 3006yTTA CTyneHs AokTopa dinocodii Mae 6yTn CaMOCTIMHUM PO3rOPHYTUM
0OCNIOXKEHHSM, WO MPOMNOHYE PO3B’'si3aHHA KOMMAEKCHOT Nnpobsiemun B chepi Mikpo- Ta
HaHOCUCTEMHOI TeXHiKM abo Ha il MexXi 3 iIHWKMN CcreuiasibHOCTAMU, Ta pe3yibTaTu AKOro MaloTb
HayKOBY HOBM3HY, TEOPETMYHE Ta NPaKTUYHE 3HAYEeHHS.

O6cAr OCHOBHOIO TEKCTY AMcepTaLii Mae CTAaHOBUTU: MiHIManbHUN - 4,5 aBTOPCbKUX apKyLUiB,
MaKCMMasIbHUN - 8 aBTOPCbKUX apKyLWiB (OAWNH aBTOPCbLKNI apKyL AOPiBHIOE 40 TUC. APYKOBAHUX
3HaKiB, BpaxoBylO4u Undpmn, po3aisioBi 3HAKN, MPOMIXKKM MiXXK cnoBaMu, Ons APYKOBAHOro TEeKCTY 3a
YMOBU 0hOPMIEHHS AUcCepTaLii 3 BUKOPUCTaHHAM TEKCTOBOro pegaktopa Word, wpndT - Times
New Roman, po3mip wpudpTty - 14 pt).

KBanicikauinHa poboTa nepeBipAETLCA Ha NMaariaT Ta pa3oM 3 BiagrykaMu Ta peueH3iamu
ONPUIIDOHIOITLCA Ha oiLinHOMY CanTi YHiBepcuTeTy O BilbHOrO AOCTyny.

ATecTauis 30iNCHI0ETLCA BiAKPUTO i ny6ivHo.

Attestation of students of higher education in the educational-scientific program of specialty 176
"Micro- and nanosystem engineering" is conducted in the form of a dissertation defense and ends
with the issuance of a document of the established model on awarding the degree of Doctor of
Philosophy in the specialty "Micro- and nanosystem engineering".

The dissertation for obtaining the degree of Doctor of Philosophy must be an independent
comprehensive study that proposes a solution to a complex problem in the field of micro- and
nanosystem engineering or on its border with other specialties, and the results of which have
scientific novelty, theoretical and practical significance.

The volume of the main text of the dissertation should be: minimum - 4.5 author's sheets, maximum
- 8 author's sheets (one author's sheet is equal to 40 thousand printed characters, taking into
account numbers, punctuation marks, spaces between words, for the printed text, provided that the
dissertation is written using text editor Word, font - Times New Roman, font size - 14 rt).

The qualifying work is checked for plagiarism and, together with feedback and reviews, is published
on the official website of the University for free access.

Attestation is carried out openly and publicly.
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6. MATPULA BIAMNOBIAHOCTI MPOrPAMHUX KOMMNETEHTHOCTEA KOMMOHEHTAM
OCBITHbOI MPOrPAMU/COMPLIANCE MATRIX OF PROGRAMME COMPETENCIES WITH
PROGRAMME COMPONENTS

H 01|H 02|H 03|H 04|H 05|H 06|H 07|H 08H 09
3K01| X X| X | X | X
3K02 X | X | X[ X]|X|X]| X
3K03 X X
3K04 X | X | X | X
3K05| X X X
3K06 X
PKO1 X | X[ X ]| X
®K02 X X
®KO03 X | X[ X ]| X
PKO4 X X
®KO5 X | X | X
®K06 X X X | X
PKO7 X | X[ X ]| X
PKO08 X | X
®K09 X | X
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7. MATPULUA 3ABE3NEYEHHA MPOrPAMHUX PE3YJIbTATIB HABYHAHHA BIANOBIAHUMU

KOMMOHEHTAMU OCBITHbOI MPOrPAMN/ COMPLIANCE MATRIX OF PROGRAMME
LEARNING OUTCOMES WITH PROGRAMME COMPONENTS

H 01|H 02|H 03|H 04|H 05|H 06[H 07|H 08|H 09
MPHO1 X | X[ X[ X X | X
MPHO2 X X | X | X
rMPHO3 X X
rPHO4 X | X
rPHO5 X | X
MPHO6 X X | X | X[ X ]| X
npPHo7| X X | X | X
rPHO8 X | X
rPHO9 X | X
nrPH10| X X X | X
MPH11 X | X | X
MPH12 X X
MPH13| X X | X
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