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biomenuuna inxeHepis (bMI) € onHiero 3
HaMOJIOJIIMX rajy3eil inkeHepHoi Hayku. Criep-
LIy iHXKEeHepHa, a 3roJoM i OiojloriyHa peBOJIIOLIl
y MEIUIMHI O€3ITOBOPOTHO iHTErpyBajd iHKEHE-
piB i TEXHOJIOTIB y CHUCTEMY OXOPOHM 3I0pOB’S,
3pOoOMBIIM HOBY mHpodecito 0ioMEeIUIHOro iHxKe-
Hepa 11 HeBil’eMHOI0 YacTHHOIO. Binrak Oyio 3a-
MMOYaTKOBAaHO JMCKYCiIO IIOA0 3MicTy, hopM i Me-
toaiB ocBitu 3 BMI. Tox Ham3BuyailHO aKkTy-
aJIbHO OOTOBOPUTHM IIOTOYHMI CTaH 1 TEHIEHIIil
po3BUTKY OCBiTHhOro BMI-nipocTtopy B CIIA,
€C Ta B YKpaiHi, BU3HAYUTU NPOOJIEMHI acleKTH
Ta MEPCIEeKTUBU YKpaiHCbKOI BUILOI OioiHXeHep-
HOI1 OCBITH.

¥V Hawiii AuckKycii MU MOCIyroByBaTUMEMOCH
HalOiIbLI 3arajibHUM Bu3HaueHHsM BMI sk 3a-
CTOCYBaHHS iHXXE€HEPHUX MPUHLMUIIB i METOMAIB Y
MmeaunuHi [1]. Jiass oOroBopeHHST OCBITHIX acmek-
TiB BMI Bapro nam’sitatv, 110 CydacHi JOCSIT-
HeHHs y (i3ulli Ta TeXHIUHMX HayKax BiIKpuBa-
JOTh IIIJIKOM HOBi MOXJIMBOCTI y “po06oTi” 3 0io-
JIOTIYHUMU CUCTEeMaMHU, a BiAKpUTTS y Oiojorii
KiHUug XX — novatky XXI cTonitrs 6e3ayibrepHa-
TUBHO TpaHCHOPMYBaJIM MEAULIMHY B OiomMeau-
LIMHY, a MEIWYHY iHXXEHEepilo — B OioMenuuyHy
iHXKeHepito. Y Halliii AUCKyCii He OyaeMo rimbo-
KO 3aHyproBaTucs B aHHaiu bMI Ta BinnoBimHoro
OCBITHBOIO HAIpsIMy — 3yINMHUMOCS Ha TEHIEH-
LiX OCTAHHIX ABOX IECATUIITh.

IIybnikauii 3 mpobjiem ocBitH y rainy3i BMI
3a OCTaHHi 15 pokiB cBigyaTh MpPO MPOJAOBXKEHHS
IHTEHCMBHOIO OOrOBOPEHHS SIK INIOOANIbHUX, TakK i
perioHaJlbHUX TEeHACHLIN i mpobyemM y Wil cdepi.
3a3HauMMO, 10 iHILiIOIOTh TAKOTO POAY IMCKYCii
daxiBui K i3 po3BUHYTUX KpaiH [2—7], TaK i 3
KpaiH, 1o po3BuBaloTbes [8—13]. ILlg tema € ak-
TyaJIbHOIO i A1 YKpainu [14, 15].

Jlo nutanHa npo “moxo/keHHsa” OloMeaHvHOI
imxkenepii. O4eBUIHO, 1110 3MIiCT OCBITHIX Iporpam
i3 IMAroToBKU (axiBLiB IJIs OyIdb-sSIKOI Taly3i BU-
3HAYAETHCS TepeayCciM 3MiCTOBOIO 00JIaCcTIO BilIO-
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Biomedical engineering (BME) is one of the
"youngest" fields of engineering science. Engineer-
ing and then — biological revolutions in medicine
have irreversibly integrated engineers and technol-
ogists into the system of healthcare, making a new
profession of biomedical engineer its essential part.
Thus, the discussion on the contents, forms, and
methods of BME education was launched. We
therefore consider extremely appropriate to outline
the current state and tendencies of BME educa-
tional sector in the USA, EU, and Ukraine, and
to define the issues and prospects of the BME
higher education in Ukraine.

In our discussion we will operate with the
most general definition of BME which means the
application of engineering principles and methods
in medicine [1]. To discuss the educational aspects
of BME properly, it is worth keeping in mind that
modern achievements in physics and technical
sciences open entirely new possibilities in "work"
with biological systems, while the discoveries made
at the end of XX — beginning of XXI century ir-
reversibly transformed medicine into biomedi-
cine, and medical engineering — into biomedical
engineering. In our discussion we are not going to
dig deep into the history of BME and correspond-
ing educational field — we turn our attention to
the last two decades.

Papers concerning the educational issues in
the BME field, published for the last 15 years,
prove the continuity of intensive discussing both
global and regional tendencies and issues in this
area. Note that such discussions are initiated by
experts from the developed countries [2—7] as well
as from the developing ones [8—13]. This issue is
also of great interest in Ukraine [14, 15].

"Origins" of biomedical engineering. It is clear
that the contents of academic programs for any
knowledge area are defined by the contents of the
corresponding sphere of professional activity. In
particular, the instructional design of the academic
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BimnoBigHOi cdepu mpodeciiiHoi AisibHOCTI. To-
My 3MiCTOBMM Au3aiiH HaBYaHHS MalOyTHiX 0io-
MEIWYHUX iHXEHepiB Ma€ BimoOpaxaTu akTyaslb-
HUI cTaH PO3BUTKY rajiysi. ['oBopsiun mpo ykpa-
THCBKMIA OCBITHIM IIpOCTip: 4M OyB L€l NPUHLIUIL
peaiizoBaHMiA paHille ¥ 41 JOTPUMAHO MOro Cho-
rogHi? s BiaMmoBiAi Ha 1€ Malike pUTOpUYHE
3alUTaHHS TMpOoaHaJi3yeEMO XapakTep 3MiH yKpa-
THCHKOTO 3aKOHOAABCTBa 1IOAO BUILOI OCBITU 3a
ocTtaHHi 25 pokiB (Ta6:. 1). o 2006 poky B YKpa-
ini BMI sax ocBiTHROro HampsiMy He iCHyBaJjio, a
poboTy OiOMEIMYHMX iHXEHEPiB Ha MiANPUEMCT-
Bax i B yCTaHOBaX, y 3akjalax OXOPOHM 310pPOB’s
BUKOHYBaJIM (paxiBili, sIKi 3M00yBajIu OCBITY 3a Ta-
KMMU HampsiMaMM ITiATOTOBKM, SIK IpUKJIagHa ¢i-
3MKa, eJIeKTPOHiKa, eJIeKTPOHHI arapaTtu, aKycTo-
TeXHiKa, Mmpujiagu Tollo. Beaukum mporpecun-
HUM KPOKOM CTayio BimokpemieHHS B 2006 p. ca-
MOCTiHHOTO HampsiMy MiArOTOBKWA OaKajaBpiB
“OioMennyHa iHXeHepiss” (B paMKax raaysi 3HaHb
“OioTexHonorisI”’). 3a YOTMPU POKM OyJIO 3aTBEp-
IKEHO U mepeslik CIeliaIbHOCTE ISl IiAroTOB-
KM MaricTpiB 3a BignoBigHMM HampsiMmoM. OTxe,
came 2006-i1 pik ciif BBaXaTH BiAIIPaBHOIO TOY-
ko ¢opMmyBaHHs1 BMI sk caMocTiiiHOro ocBiT-
HBOTO HampsiMy B YKpaiHi i, BiAIMOBiIHO, Moyat-
KOM JMCKYCii 11040 3MiCTOBOrO HalOBHEHHS
nmporpaM IMiAroTOBKM OiOMeAUYHUX iHXKEHepiB.
Pa3zom i3 TUM migroroBKa criewiaiicTiB HalBUILIO1
KBanmidikauii (KaHAUAATIB i JOKTOpPiB HayK) 10
2015 poky mnpoBoaMIacsl 3a OKPEMOI HOMEHKJIa-
TypOlO CHELiadbHOCTEH, Yy SKiil 11 GloMeaUYHOI
iHXeHepii He OyJ0 BHUIIJIEHO OKPEeMOTo Miclsl.
ITig yac pedopmMu BUILOI OCBITH, SIKa po3rodyaia-
cs nipuiiHATTSIM 2014 poky HOBOI penakilii 3ako-
Hy Ykpainu “IIpo Buuly ocBiTy”, OyJO CYTTEBO
MEePENISIHYTO MEpesliK Taly3eid 3HaHb i cHeliaib-
HOCTe, 3a SKUMM 3OiICHIOETLCS MiATOTOBKA 3110-
OyBauiB BuIOi ocBiTh. Cepen iHIIOrO Ll mepe-
mK 2015-Tro pokKy cTaB €IMHUM i CITUIBHUM IS
BCiX PiBHiB BMIIOI OCBiTM, BKJIIOUAIOYM OCBITHHO-
HayKOBMIA i HAYKOBMIA piBHi.

OTxe, ocTaHHI Ha ChOTOAHI 3MIHM 3aKOHO-
JABCTBAa 1100 HOMEHKJIATYpU OCBITHIX CHELiaJib-
HOCTeH cTajau CepiO3HUMM BMKIMKOM ISl BUILIOI
IIKOJAM YKpaiHM, SIKUK nepeadadyaB Cepiio3HY
TpaHc¢OpMallilo OCBITHIX MporpamM, IO MOBHOIO
Mipol0 CTOCyBasIocs I crnewliaabHOCTI “bioMenny-
Ha iHXeHepis”. Y 1bOMY CEHCi BapTo 3yNUHU-
TUCS Ha Takux oOcraBMHax. HagiTb i3 1MosiBolO B
2006 po1i B oCBITHROMY TIpocTopi YKpainu BMI sk
OKpeMoro HampsimMy 3akjagu Builoi ocitu (3BO)

program for future biomedical engineers must re-
flect the real state of the field's development.
Speaking about the Ukrainian educational space:
Was this principle realized earlier and is it fol-
lowed through today? In order to answer this al-
most rhetorical question, it is worth to analyze the
character of changes in Ukrainian legislation in
terms of higher education, which happened for the
last 25 years (Table 1). Until 2006 there was no
BME educational field in Ukraine. The functions
of biomedical engineers at enterprises and health-
care institutions were conducted by workers, who
obtained education in such fields as applied
physics, electronics, electronic instrumentation,
acoustical engineering, instrumentation, etc. A big
step forward was the separation of an independent
field of study for bachelors "biomedical engineer-
ing" (in scopes of the field of knowledge "bioengi-
neering") in 2006. Within 4 years the list of spe-
cialties for training of masters in the correspond-
ing field was also approved. Thus, 2006 we may
consider the starting point of BME becoming an
independent educational field in Ukraine and con-
sequently — the beginning of discussion concern-
ing the contents' formation of academic programs
for future biomedical engineers. At the same time,
the training of experts of the highest quality (PhD
and Doctor of Sciences) in 2015 was conducted
according to separate nomenclature, which didn't
include biomedical engineering as a separate field.
During the reform of higher education, beginning
with the approval of a newly amended version of
the Law of Ukraine "On higher education”, the list
of fields of knowledge and specialties, according
to which the training of students of higher edu-
cation establishments (HEEs) is conducted, was
revisited considerably. This list as of 2015 was the
only and unified for all the levels of higher educa-
tion, including the scientific and academic levels.
So the last changes in today's legislation con-
cerning the nomenclature of academic fields of
study were a serious challenge to the institute of
higher education of Ukraine, envisaging a serious
transformation of academic programs, this trans-
formation also fully covered the specialty "Bio-
medical engineering”. Taking this into account it
is worth to dwell on this topic a little bit more.
Even with the emergence of BME in the
educational space of Ukraine in a form of separate
academic field higher educational establishments
continued to train experts in the adjacent fields
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Tadmmua 1: IMoctym ocBitu 3 6ioMeanyHoi iHXeHepii B Ykpaini (1997—2015 pp.)

1997 pix 2011 pix 2015 pik
. . | 2006 pix (Gakanaspar)’ 2010 pik (marictparypa)? (acmipaHTypa Ta Lo - . s
(bakanaBpar i maricTpaTypa) JOKTOpaHTypa)* (yci piBHi BUIIOT OCBITH)

Hamnpsam niaroToBku

l'any3p 3HaHb

Hanpsam niaroroBku

l'any3p Hayku
Ipyna cneyianvrocmeii

T'any3b 3HaHb

Enekrponika
Dizuuna ma Giomeduyna
eNeKmpoHiKa

Enekrponni anapatu
bBiomexuiuni ma meduuni
anapamu i cucmemu

AKycToTexHika
Meouuni akycmuuri ma
bioakycmuyHi npusraou
i anapamu

Ipunanu
Meouuni npusadu
i cucmemu

biomexunika ma 6iocymicni
mamepianu

Inghopmauyitini mexnonoeii
6 biomeduyuni

bionoriuni Ta MeguuHi
MpUJIaan i cucTeMu

Texniyni HayKn
Padiomexnixa ma
meneKoMyHiKayii

MennyHa Ta GiojoriyHa
iHopMaTHKa i KibepHeTuKa

Menuusni HAyKu
Kniniuna meduyuna
TpacmiaHToJIOrIs Ta
LITY4YHi OpraHu

MeauyHi HayKu
Teopemuuna meduyuna
biomexanika

MenuuHi HAyKu

Teopemuuna meduyuna
MenuuHa Ta GiojoriyHa
iHopMaTHKa i KibepHeTHKa

CneuianvHicmo Hanpsm nideomoexu CneuianvHicmo - . Cneuianvhicmo
CrieliaJIbHICTh
IIpuknagna dizuka BiorexnoJoris Biomennuna inxenepis TexHiuni HAYKH Ximiyna Ta OGioimkeHepis
Meouuna ghizuxa biomeduuna inxcenepis biomeduuna inxncenepis Ilpunaou biomeduuna inxcenepis

Tocranosa Kab6inety Minictpis Ykpainu Bin 24 tpasHs 1997 p. Ne 507 “TIpo mepesik HanmpsMiB Ta CIEL{albHOCTEN, 3a IKUMU 3IIACHIOETHCS MIATOTOBKA (haxiBLiB y BHINMX HaBYAIBHUX
3aKJIajiax 3a BiMIOBITHUMM OCBiTHBbO-KBaJTi(DiKaLlIMHUMU PiBHAMU .

MMocranosa Ka6inery Minictpis Vkpainu Bin 13 rpyansa 2006 p. Ne 1719 “IIpo mepestik HampsMiB, 3a SKMMU 30i/CHIOETHCS IIATOTOBKA (haxiBLIiB Y BUILMX HABYAJIbHUX 3aKJIafax 3a OCBITHBHO-
KBamidikamitHuM piBHeM 0OakajaBpa”.

SMocranosa Kabinery MinictpiB Ykpainu Bin 27 cepmnsa 2010 p. Ne 787 “Ilpo 3aTBepIKEHHS MEPENiKy CIELialbHOCTEM, 3a IKUMM 3OIACHIOETHCS MIArOTOBKA (aXiBLUiB y BUILUX HABYAIBHUX
3aKjaax 3a OCBITHbO-KBaTi(hiKallitHUMM PiBHSMMU CIIelliajicTa i marictpa”.

“Hakas MiHicTepcTBa OCBITH i HayKH, MOJIOMI Ta criopTy YKpainu Bix 14.09.2011 p. Ne 1057 “TIpo 3atBepmxkenHs [lepesiky HaAyKOBMX CIEL{abHOCTEH .

STlocranosa Kab6inery MinictpiB Ykpainu Bix 29 ksitHs 2015 p. Ne 266 “IIpo 3aTBepIOKEHHs IEPEiKy rajy3eii 3HaHb i CIELiaIbHOCTEN, 3a IKMMU 3IIACHIOETHCS MIATOTOBKA 3100yBayiB BUIIOI
ocBiTu”.
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Table 1: Progress of biomedical engineering education in Ukraine (1997—2015)

1997 2006 (Bachelor degree)? 2010 (Master degree)? 2011 (all levezl(s)losf higher
(Bachelor and Master degrees) & & (PhD and Doctor of Sciences)* e ducation)Sg

Field of study

Field of knowledge

Field of study

Field of science
Group of specialties

Field of knowledge

Electronic instrumentation
Biotechnical and medical
devices and systems

Acoustical engineering
Medical acoustical and
bioacoustic apparatus and devices

Instruments
Medical devices and systems

Radiotechnics and
telecommunications
Medical and biological
informatics and cybernetics

Medical sciences
Clinical medicine
Transplantology and
artificial organs

Medical sciences
Theoretical medicine
Biomechanics

Medical sciences
Theoretical medicine
Medical and biological
informatics and cybernetics

Specialty Field of study Specialty Specialty Specialty
Applied physics Biotechnology Biomedical engineering Technical sciences Chemical and biologica
Medical physics Biomedical engineering Biomedical engineering Devices engineering
Biotechni d bi bl Biological and medical Biomedical engineering
Electronics fotechinics and biocompanibie devices and systems
Physical and biomedical materials
electronics IT in biomedicine Technical sciences

"Decree of the Cabinet of Ministers of Ukraine dated May, 24, 1997 "On the list of fields of study and specialties, according to which the training of students of higher educational establishments

on the corresponding academic levels is conducted".

2Decree of the Cabinet of Ministers of Ukraine dated December, 13, 2006 No. 1719 “On the list of fields of study, according to which the training of students of higher educational establishments

on the academic level of bachelor is conducted”.

3Decree of the Cabinet of Ministers of Ukraine dated August, 27, 2010 No. 787 “On the list of fields of study, according to which the training of students of higher educational establishments on

the academic levels of specialist and master is conducted”.
4Order of the Ministry of Education of Ukraine dated September 14, 2011 No. 1057 “On approval of the List of scientific specialties”.

SDecree of the Cabinet of Ministers of Ukraine dated 29 April 2015 No. 266 “On approval of the list of fields of study and specialties, according to which the training of students of higher educa-

tional establishments is conducted”.




po 2015 poKy mpomoBXyBajld ToTyBaTW (DaxiBIIiB
3a CIIOpiZHEHUMHU HampsgMamMu (mpukiaagHa ¢izu-
Ka, €JeKTpOHiKa, eJIeKTPOHHI amapaTu, aKycToO-
TeXHiKa, IpuiIagu Tolo). Takoro poay OCBITHi
IporpaMy MOIJM abo TpaHC(hOpPMYBaTHUCS B IIPO-
rpamu 3 BMI, a6o 3anumutuck y “TpaguuiitHux”
raiay3sx 3HaHb (30kpema, EjekTpoHika Ta Teje-
KOMYHiKallii, ABTOMaru3allis Ta TMpWIagooymy-
BaHH#, IlpuponHudi Hayku). Y mepiioMy BUIIaI-
Ky BimOyBajoCsl CyTTEBE OHOBJIEHHSI BCiX LIMKJIIB
MiATOTOBKM 3M00yBadviB, HacaMIlepel — LUKy
npodeciiiHoi miaroroBku. Taki OCBiTHI MporpaMu
Maiu, (QakTUYHO, 3MIiHUTH CBOIO TapagiurMy:
amke y BMI “3aMOBHMKOM” Oyab-SIKOTO iHKe-
HEPHOTO YW TEXHOJOTiYHOIO DPillIeHHSI € >XWBUMA
00’ext. I Takuii XuBMI 00’€KT (Hacammepenm —
JIIOAWHA, TALiEHT) € He “OKpeMMM BMIIagKOM”, a
roJOBHOIO (irypoio, misg 3ad0BOJIEHHS TOTPeO
SIKOI 1 peasli3yloThCsl BilMOBiAHI PO3pPOOKU. Y
IIbOMY CEHCi BaXXIIMBUM € TMTaHHS (GOpMyBaHHS
npeamMetrHoi obnacti BMI, sgxa Oyma Om 1mo306aB-
JieHa “aTaBi3MiB” Ta yBiOpana © HalHOBITHilL AO-
CSITHEHHs OioJiorii 1 (yHIaMeHTaJbHOI MEAULIU-
Hu. OcTtaHHS 0O0OCTaBMHA MOTPEOYyE OKPEeMOro o0-
TOBOpPEHHSI.

Hanpamn oiomeqmanoi’ imxenepii ta “mpoo.re-
mua” mpeamerHoi obiaacti. BMI e, 6e3 cymHiBy,
nosidizeTnyHow, 30ipHOIO, Taly3310, sIKa yBiOpa-
Jla B cebe O3HaKM OiJblll yCTaJeHUX HaIpsMiB
[14, 16]:

o XimiuHoi (6ioximiunoi) inxceHepii (MOJEKY-
JIsIpHA, KJIIITMHHA, TKAHWHHA iHXXKEHepis, 6iomare-
piajau TOLLO);

® eNeKMPU4HOI ma eNeKMPOHHOI IHJICeHepii
(GioesleKTpOHHA iHXKEHEpisl, ONTUKO-eJIeKTPOHHA
IHXXEHepisl TOILO);

o Komn tomepHoi iHxcenepii (GioMeaUUHI 30-
OpaxeHHs, 6ioiH(opMaTrKa TOI110);

o mexaniyHoi iHxceHepii (OGiomexaHika, 6io-
TPaHCIMOPT TOLO).

CHiBBiIHOIIIEHHS Pi3HUX OJIOKiB mpodeciii-
HOI IIATOTOBKM B OCBITHIX Iporpamax — IUCKY-
CiliHe TMTaHHS, sIK€ € BimmosigadbHicTIO 3BO,
npore Oyab-sika OCBiTHS TIporpama 3 BMI wmae
nependayaTd OCBITHI KOMIIOHEHTH, 1110 (OpMy-
I0Th KOMIICTEHTHOCTI 3 ycix TIepelliueHnX Harps-
MiB. ['oBOpSTYM TIpO HOPMATUBHUI KOHTEKCT, Bap-
TO MaM’sITaTH, 1110 B YKpaiHi creuiaabHicTh “bio-
MeIMYHa iHXeHepis” BimHeceHa 10 Tajy3i 3HaHb
“XimiuHa Ta OioiHXeHepiss”, 110 YiTKO BM3HAYae
MPiOPUTETHICTh 6io0riYHOI (0i0iHXKEHEPHOI) KOM-
TTOHEHTH.
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(applied physics, electronics, electronic instrumen-
tation, acoustical engineering, instrumentation,
etc.). Such academic programs could be trans-
formed into programs with BME or stay in "tradi-
tional" fields of knowledge (as in Electronics and
telecommunications, Automation and instrumen-
tation, natural sciences). In the first case, there
was a substantial renewal of all the cycles of edu-
cation, first and foremost — the cycle of profes-
sional training. These academic programs have ac-
tually changed their paradigm, as in case of BME
the "customer" of any technological or engineering
solution is a living object. And such living object
(first and foremost this is a person, patient) is not
a "separate case", but its central figure, whose
needs are to be satisfied with the corresponding
developments. In this case the formation of BME
subject field was of utmost importance, as it
should be devoid of any "leftovers" and consist of
the state of the art achievements of biology and
fundamental medicine. The last circumstance re-
quires additional discussion.

BMEF fields and 'issues” of the subject field.
BME is, undoubtedly, a polyphyletic heterogene-
ous field, which is comprised of peculiarities of
more traditional fields [14, 16]:

o Chemical (biochemical) engineering (mole-
cular engineering, cell engineering, and tissue en-
gineering, biomaterials, etc.);

o FElectrical and electronic engineering (bio-
electronic engineering, electrooptic engineering,
etc.);

o Computer engineering (biomedical imagery,
bioinformatics, etc.);

o  Mechanical engineering (biomechanics, bio-
transporting, etc.);

The issue of the ratio between various parts
of professional training in academic programs is
still controversial, as it is the responsibility of
HEE, but any academic program shall envisage
educational components, that form the skills set of
all the aforementioned fields. Speaking about the
legislative context it is worth to remember that in
Ukraine the specialty "Biomedical engineering" is
a part of the field of knowledge "Chemical and bi-
ological engineering", which set a clear priority of
biological (bioengineering) component.

Various configurations of content blocks of
academic programs form different basic BME spe-
cializations (which correspond to specific profes-
sional tasks on a world labour market): Biomedical
electronics; biomechatronics; biomedical instruments
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PizHa koHdirypaliisg 3MicToBUX 0JIOKiB OCBiT-
HiX mporpaM ¢opmMmye pi3Hi 6a30Bi cheuiatizariii
BMI (gki BiamoBigaroTh creliaJli3oBaHUM 3aB-
JaHHSIM MpodecioHaliB Ha CBITOBOMY PUHKY
mpaiii): OioMeanMyHa eJIEKTPOHiKa; OioMexaTpOoHi-
Ka; 6ioMeIMYHi iHCTpYMEHTH; OioMaTepiaiu; KJi-
TUHHA, TKAHWHHA Ta T€HETWYHa iHXXeHepis, 0io-
MexaHika; OiOHiKa; KJIiHIYHA iHXKEHEepis, MeIuJHi
300pakeHHsI; peaOiiTalliiiHa iHXeHepis; 0ioHaHO-
TEXHOJIOTIi; HEIipOHHa iHxXeHepis [16].

Hapazi npenmetrna o6macte BMI sk ocBiT-
HbO1 Tajy3i B YKpaiHi BM3HAUa€TbCS CTaHAApPTOM
Bulloi ocBith (CBO) st BiANMOBIZHOTO piBHSA
BUILOI OocBiTU. B3arani — yu motpioni CBO? fAkiuo
peanizoByBat Mozenb aBToHoMii 3BO y Bigkpu-
TOMY CYCIiJIBCTBI 3 BUIBHUM PUHKOM OCBITHIX ITO-
CIYr i pUHKOM Impaui, To morpeou y CBO, tum
Oibllie 0OOB’SI3KOBUX OO BUKOHAHHS, HeMae. Pa-
30M i3 TUM Yy Ilepion rMMOMHHUX TpaHcdopMaliit
BUILIOI OCBITH, $IKi po3moyanucsl B YKpaiHi B
2014-my poui, dyHkuionyBanHsg CBO e Bumpas-
JaHUM. 3aro4yaTKOBaHi 3MiHM CTOCYIOThCSI, 30K-
pema, iMIUIeMeHTalil MPUHUMIIB aBTOHOMIl YHi-
BEpPCUTETIB i CTYOEHTOLICHTPUYHOCTi, 3aIlpoBa-
JDKEHHSI KpallMX CBITOBUX IIPAaKTUK aKpeauTallil
OCBITHIX mporpamM, CTBOPEHHSI HOMEHKJIATypu ra-
JIy3eil 3HaHb i creuiaJbHOCTEN de novo. AprymeH-
TOM, IO CBiTYWUTb Ha KOPHUCTb (DYHKIIIOHYBaHHS
inctutyty CBO y cepelHbOCTPOKOBI MEPCIEeKTH -
Bi, € I HEIOCKOHAIICTh PUHKY OCBITHIX ITOCIIYyT Ta
KPM30Bi SIBUIlA HA PUHKY Ipaui B YKpaiHi [17—
19]. VYci sramani obcTtaBUHU pOOJISATH OCOOJMBO
BaXXJIMBUM i BiamoBiganbHUM (OpPMYBaHHS Bimro-
BimHux CBO. Ix Micis — He TinbkM 3adikcyBatn
CTaH peyell y BITYM3HSHINA radysi, aje W CTUMY-
moBatu 3BO 1o BuKIamaHHS TNPUHUMUIIB Haki-
OUIbII Cy4aCcHUX i MEPCHEKTUBHMUX TEXHOJIOTIH.
Tak, HampukiIan, 3alyCcKy BCiX BITYM3HSHUX 0i3-
HEC-TIPOEKTIB i3 TKAaHMHHOI iHXEHepii Iepe-
IyBajo HaBYaHHS Ta CTaXKyBaHHsS BiANOBiTHMX
cniBpoOITHUKIB y TpodinbHux UeHTpax y CILHA
ta KpaiHax €C. Ha xanb, ykpaiHcbki 3BO i Hay-
KOBi YCTaHOBM HE€ 3MOIJIA 3a0€3MEYrTHU BiANOBI/-
HY HaBYaJIbHO-METOAMYHY 0a3y.

BBaxkaemo BKpali KOPUCHMM pO3IMOYaTH
JOWCKYCilo 1100 YAOCKOHAJIEHHS BXe 3aTBepIKe-
Hux CBO 3 BMI nng 6akanaBpChbKOro Ta Maric-
TepcbKoro piBHiIB. Taka AucKycisd Mae OyTH IIU-
pokolo, TpogeciitHo Ta HecmilHow. BMI, sk i
Oynb-sIKa rajaysb OisIBHOCTI, 110 IOB’d3aHa 3
OXOPOHOIO 30POB’sl, € AyXe UYTJIUBOIO N0 pery-

biomaterials; cellular, tissue and genetic engineer-
ing; biomechanics; bionics; clinical engineering;
medical imagery; rehabilitation engineering; bio-
nanotechnologies; neural engineering [16].

For now, the subject area of BME as an aca-
demic field in Ukraine is stipulated by the Stan-
dard of higher education (SHE) for a correspond-
ing cycle of education. Do we really need SHE? If
we implement an autonomous model of HEE in
an open community with a free market of educa-
tional services, and labor market, there will be no
need in SHE as well in such SHEs, obligatory for
following. At the same time, during the period of
transformation of higher education, started in
2014, the restrictions imposed by the SHE are jus-
tified. The changes touch the sphere of imple-
menting the principles of universities' autonomy
and student-centric approach, implementation of
the best world's procedures of accreditation of
academic programs, creation of nomenclature of
fields of knowledge and specialties de novo. The
argument in favour of functioning of SHE institute
in the middle-term perspective is the imperfection
of the market of educational services and crisis
events on the labour market of Ukraine [17—19].
All the aforementioned circumstances stipulate the
importance and high level of responsibility when it
comes to the formation of corresponding SHEs.
Their mission is not only to pinpoint the state of
things in the domestic field, but also to stimulate
HEE:s to teach the principles of the most modern
and promising technologies. For example, the
launch of all domestic business-projects in the
sphere of tissue engineering was preceded by the
studies and internships of workers responsible in
special centers of the US and EU countries. It is
pity that Ukrainian HEEs and scientific facilities
were not able to provide a suitable scientific and
methodological background.

We deem it highly useful to start the discus-
sion concerning the improvement of the already
approved SHEs in BME for bachelor and master
cycles of higher education. This discussion shall be
wide, professional and meticulous. BME just like
any other healthcare-connected sphere of activity
is very sensitive to regulatory policy both on the
national and international levels.

That's why it would be efficient to design the
contents of the academic programs for them to
provide the implementation of engineering and de-
sign works with BME objects with various technical
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JISTOPHOI TOJITUKA — $IK Ha HalliOHAJbHOMY, TaK
i Ha MixXHapogHoMy piBHi. Tomy, Hanpukiaa, Oy-
JIo O JOLIIBHO Y HOPMAaTUBHOMY 3MICTi IiATOTOB-
KM 3100yBayviB IepeadayMTd peajlizallilo iHXe-
HEPHUX, KOHCTPYKTOPCHKMX Ta IHIIUX poOIT 3
o6’ektamu BMI 3 goTpuMaHHSM pi3HUX TEeXHid-
HUX perIaMeHTIB, 1110 CTOCYIOTBCSI 6Cb020 Tiepelli-
Ky BiImoBigHUX 00’€KTiB (y T.4. TexHiYHOro per-
JJAMEHTY 1100 MEIMYHUX BUPOOIB IJIs1 JiarHoOC-
TUKM in vitro, TeXHIYHOTO perjaMeHTy IIOoAO0 aK-
TUBHUX MEIWYHUX BHUPOOIB, $Ki IMIUIAHTYIOTb,
Toio). HatomicTe BapTo mpubpaTu 3i CTaHOApTY
MOCUJIaHHS Ha JepKaBHi CUCTEMM cepTudikailii
MPOAyKIlii Ta aTecTalil BUPOOHMILITBA, sKi Oyau
ckacoBaHi B YkpaiHi B 2017 poui B pamkax Ipo-
LeAyp rapMoHi3allili YKpaiHChKOTO 3aKOHOJaBCTBa
i3 3akoHogaBcTBOM €C. OKpiM LIbOro, BBaxKaEMO
3a HeoOXigHe MTOMOBHUTU (PaxoBi KOMMIETEHTHOCTI
3[aTHICTIO OpraHi3oByBaTWM BUPOOHULTBO, 30epi-
TraHHs i TPaHCHOPTYBaHHS MEAMYHUX BUPOOIB Ta
iHmmx 00’extiB BMI, a TakoxX BHECTU BiAMNOBiIHI
3MiHM ¥ [0 HOPMATUBHOIO 3MICTy IiATOTOBKU
3nobyBauiB. Hapazi y CBO piBHs GakanaBpa y
¢dopMyIIOBaHHI TIpeAMETHOI 00JIacTi OO0 00’€KTiB
BUBYEHHS Ta JiSIJIBHOCTI cepell iHIIOro BiTHECEHO
i BUPOOHMLTBO MEIMYHOI TEXHIKM Ta BUPOOIB
MEIUKO-0i0JIOriYHOTO MpPU3HAYEHHS, TMPOTe Bil-
MOBiIHI KOMIIETEHTHOCTi He IepeadayeHi.

OcBiTHI nporpamu 3 OlomMeanyHOI IHXXKeHepII:
CIlIA, €C 1a Ykpaina. ]Ins aHanizy OCBiTHBOTO
npoctopy CIIA B ramy3i BMI ckopucraemocs
mannMm Accreditation Board for Engineering and
Technology (ABET), incrutyuii B CIIA, 1o
MpPOBOAUTH AKPEAUTALlil0 OCBITHIX Iporpam y ra-
JIy3i NPUKIAOHKWX i OPUPOTHUYMX HaAyK, obumc-
JIIOBAJIbHOI TEXHIKM, iHXEHepii Ta iHXEHEPHUX
texHoJjoriii [20]. Otxe, y 0a3i nanux ABET wmic-
TUThCs iH(hopMalis 1po 132 ocBiTHI mporpamu
yHiBepcutetiB CIIIA ©6akajiaBpCbkOro piBHSI 3a
HanpssMoM “Bioengineering and Biomedical Engi-
neering” (puc. 1). BaxauBum € Toil akr, 1110
Maiixke 4YBEepTh 3i 3rajaHMX OCBITHiX Hporpam
OiJIBIIIOI0 MipOIO OpiEHTOBAHI Ha 0iOJOTIYHY KOM-
noHeHTy (cyOHamnpsiM “Bioengineering”). Ilepe-
BaxkHa OLIbIICTD (82 %) 3 yciX OCBITHIX IIporpam
Oyau BIIepllie aKpeAUWTOBaHi (3aCHOBaHi) micis
2000-ro poky (puc.2). CTpiMKMIA PiCT KiIbKOCTi
OCBITHIX Iporpam 3a ocTaHHi 20 pokKiB €, oueBU/I-
HO, HACIIiIKOM IPOPMBHUX BIIKPUTTIB y Gi3nlii,
Oiojiorii Ta iHXEHEPHUX HayKaxXx HaIlpuKiHLi
XX CTOJTTS.

Innov Biosyst Bioeng, 2021, vol. 5, no. 1

regulations, covering all the range of correspond-
ing objects (including the Technical regulation for
medical devises for in vitro diagnostics, Technical
regulation for active medical devises, used for im-
plantation, etc.) At the same time, it would be re-
levant to remove from the standard all the refer-
ences to the certification systems which were can-
celled in Ukraine in 2017 in scopes of the proce-
dure of harmonizing the Ukrainian legislation with
the EU one. In addition, we think it would be ef-
fective to broaden the list of skills set with the
ability to organize the production, storage, and
transporting of medical products and other BME
objects and add necessary amends to the legislative
framework of the curriculum contents. At this
moment the bachelor's cycle SHE in the part of
introducing of the subject area, the objects of
studying and research activity there is the produc-
tion of medical equipment and products of medi-
cal and biological purpose among other clauses,
but corresponding skills sets are not defined.

Academic biomedical engineering programs in
the USA, EU, and Ukraine. With the view to ana-
lyze the educational space of the USA in BME
field we may use the data of the Accreditation
Board for Engineering and Technology (ABET),
the US institution, dealing with accreditation of
academic programs in the sphere of applied and
nature sciences, computation, engineering and en-
gineering solutions [20]. Thus, the database of
ABET contains information about all the 132
bachelor academic programs of the USA in the
field "Bioengineering and Biomedical Engineering"
(Fig. 1). It is important to mention the fact that
almost a quarter of the mentioned academic pro-
grams was biology-oriented to its major extent
(subfield "Bioengineering"). The majority (82%) of
these academic programs got their first accredita-
tion (were founded in) after 2000 (Fig.2). The
swift growth of the number of academic programs
within the last 20 years is, obviously, the result of
major breakthroughs in physics, biology, and engi-
neering sciences at the end of the XX century.

The number of bachelor BME academic pro-
grams of the countries of EU and UK is 102 posi-
tions (according to the data by Institute of Bio-
medical Technology, Greece [21]), 15% of which
are specializing in bioengineering. As opposed to
bachelor programs, the master academic programs
(145 positions) are characterized by a wider range
of specializing, i.e., many of them are focused on
separate branches of BME, for example [21]:



Innov Biosyst Bioeng, 2021, vol. 5, no. 1

11

—

= biomeduuna inxcenepis = bioinycenepis

Pucynok 1: BakanaBpcbKi OCBITHi MporpaMu yHiBepCHUTETiB
CIIA 3a nampsimoM "Bioengineering and Biomedical Engi-
neering”, mo akpeautoBadi ABET, CILA
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Pucynok 2: KinbkicTh 0axkajnaBpCbKMX OCBiTHIX IMporpam
yuiBepcuteriB CIIIA 3a nampsimom "Bioengineering and Bio-
medical Engineering", 1o akpenutyBanucsi ABET y pisHi poku

bakanaBpcbki OCBiTHi Tporpamu kpaiH €C
ta CnonmyyeHoro KopodmicTBa 3a HanpssmMom BMI
Hamiuyoth 102 nmo3uuii (3rigHo 3 gaHuMu Institute
of Biomedical Technology, I'peuis [21]), 15 % 3
SIKMX MaloTh OiOiHXXEHEpHY cIpsiMoBaHicTh. Ha
BiIMiHy Bia GakajaBpCbKMX, MariCTepcbKi OCBiTHi
nporpamu (145 mo3uliiil) xapakTepu3yOThCsl LLIUP-
LM CIIEKTPOM CIIELiali30BaHOCTI — 3 HUX YMMa-
JI0 TaKux, 10 chOKYCOBaHI Ha OKPEMHX HaIps-
max (creuianizauisix) bBMI, nanpuknan [21]:

e Bioelectronics and Nanotechnology (benb-
rist, Hasselt University);

e Biomaterials and Tissue Engineering (®iH-
nstHpisi, Tampere University);

e Biomedical and Acoustical Engineering
(IMonbmia, West Pomeranian University of Tech-
nology);

e Biomedical Materials and Devices (ITopty-
ranisi, Universidade de Aveiro);

e Biomedical Micro- and Nanodevices (®Din-
nsHais, Tampere University);

e Biomedical, Biomechanics and Bioelec-
tronics Engineering (CnonyuyeHe KopousiBcTBO,
Brunel University London);

e Bionics Engineering (ITamis, University of
Pisa);

—

= Biomedical Engineering = Bioengineering

Figure 1: Bachelor academic programs of the US universities
with the subject area "Bioengineering and Biomedical Engi-
neering”, accredited by ABET, USA
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Figure 2: The number of bachelor academic programs of the
US universities with the subject area "Bioengineering and
Biomedical Engineering”, accredited by ABET in different
periods

e Bioelectronics and Nanotechnology (Bel-
gium, Hasselt University);

e Biomaterials and Tissue Engineering (Fin-
land, Tampere University);

¢ Biomedical and Acoustical Engineering
(Poland, West Pomeranian University of Tech-
nology);

e Biomedical Materials and Devices (Portu-
gal, Universidade de Aveiro);

e Biomedical Micro- and Nanodevices (Fin-
land, Tampere University);

o Biomedical, Biomechanics and Bioelec-
tronics Engineering (United Kingdom, Brunel
University London);

e Bionics Engineering (Italy, University of
Pisa);

¢ Biotechnology and Bioengineering (Spain,
Universidad Miguel Hernandez);

¢ Computational Biomedical Engineering
(Spain, Pompeu Fabra University);

o Industrial Bioengineering (Italy, University
“Tor Vergata” of Roma);

o International Biometrics (Optics, Vision,
Image and Multimedia) (France, Université Paris-
Est Créteil);
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¢ Biotechnology and Bioengineering (Icna-
Hisg, Universidad Miguel Hernandez);

e Computational Biomedical Engineering
(Icnanist, Pompeu Fabra University);

e Industrial Bioengineering (Itamis, Univer-
sity “Tor Vergata” of Roma);

e International Biometrics (Optics, Vision,
Image and Multimedia) (®pannig, Université
Paris-Est Créteil);

e Medical Physics and Clinical Engineering
(Ipnangist, Trinity College Dublin);

e Molecular Bioengineering (HimeuuuHa,
Technische Universitit Dresden);

e Nanomedicine and Structural Biology
(®panmis, Institut Polytechnique de Grenoble);

e Prosthetics &/or Orthotics Rehabilitation
(Cnonyuyene KopomiscrBo, University of Strath-
clyde Glasgow).

B VYxpaiHi ocBitHi nporpamu 3 BMI peari-
3yl0Thcsd y 12-Tu yHiBepcuTeTax (Tadj. 2), mpuyo-
MY MaricTepchbKi mporpamu, Ha KIITaJIT CUTYyallil B
yHiBepcuterax €C, Takox Oinbll auBepcUdiko-
BaHi 3a TEMaTUYHOIO CHPSIMOBAHICTIO.

CTpyKTypa OCBIiTHIX IpPOrpaM pPO3BUHYTUX Kpa-
1H IAKPECIIoE HEAOCKOHAIICTh peai3oBaHOol Hapa3i
B YKpaiHi cuCTeMM OOOB’SI3KOBUX 1O BWKOHAHHS
CBO, amxe Hemalla yacTKa OCBITHiIX IIporpam Yy
kpaiHax €C, CnonyyeHomy Koposnisctsi ta CIIIA
(0co0JMIMBO y BUIAAKY MariCTepChbKUX Mporpam) Mae
BUpPaXXCHUI MIKTaTy3eBUI XapaKTep, KOJM Iporpa-
Ma OXOIUIIOE 3HayHi OJIOKM TIpeAMETHMX Tay3eid
TakuxX creuiaabHocTel, sk “biomenuyHa iHXeHe-
pisi”, “biorexHosnorii Ta GioiHxeHepisa”, “ITpuknan-
Ha ¢izuka Ta HaHoMatepiaau”, “Komi’'ioTepHi Ha-
yku”, “Enexkrponika”, “TexHoJjorii Meau4yHOi mia-
THOCTMKM Ta JIiKyBaHHsI” Tollo. Takoro pomy OcBiT-
Hi mporpamMu Majid 6 Mi3epHi 11aHCKU OyTU aKpeau-
ToBaHUMHU 3 00Ky HallioHajabHOro areHTCTBa i3 3a-
0e3revyeHHs! SIKOCTi BULIOI OCBITH.

BigzHauumo, 1110 raayseBi HOpMaTUBHi JOKY-
MeHTU [22] nependavyaloTb MOXJIMBICTb akpeauTa-
il TaK 3BaHMX MIKIMCLUMILIIHAPHUX OCBITHIX IPO-
rpaM. Ilpore, 3Bakaroun Ha BUMOTM 3aKOHY YKpa-
iHu “Ilpo Bully OCBITY” 1100 OOCSITiB AUCLMILIIH
BiJIBHOTO BHMOOpPY 3 OOKY CTYIEHTIiB Ta BUMOTHU ca-
mux CBO 1mono MiHiManbHMX OOCSTIB iX peatizallii
B OCBITHIX mporpamax, MpWHIIIT MiKIUCIIUILTIHAp-
HOCTI HE Ma€ IIAHCiB Ha MPaKTUYHY peali3alliio.

l'oBopsium nmpo xapakTep YKpaiHChbKUX OC-
BiTHiX mporpam 3 BMI, BapTo 3BepHyTU yBary Ha
Te, 110 He Bci MOXUIMBI crieniamizanii bMI mipen-
CTaBJIEHI B OCBITHbOMY MpPOCTOpi YKpaiHu. “BHy-
TPIIHI” TTPUYMHU LBOTO € IIiIJIKOM OYEBUIHUMU

Innov Biosyst Bioeng, 2021, vol. 5, no. 1

o Medical Physics and Clinical Engineering
(Ireland, Trinity College, Dublin);

e Molecular Bioengineering (Germany, Tech-
nische Universitat Dresden);

e Nanomedicine and Structural Biology
(France, Institut Polytechnique de Grenoble);

e Prosthetics &/or Orthotics Rehabilitation
(United Kingdom, University of Strathclyde Glas-
gOW).

In Ukraine the academic BME programs are
implemented in 12 universities (Table 2), and not-
ably the master's programs just as those in the EU
and more diversified in terms of subject division.

The structure of academic programs of deve-
loped countries highlights the imperfections of
Ukrainian system of obligatory SHEs, as a great
part of academic programs in the EU, UK, and
the US (especially in case with master programs)
clear interdisciplinary character, when the pro-
gram covers substantial blocks of subject fields of
such spheres as "Biomedical engineering", "Bio-
technologies and bioengineering"”, "Applied physics
and nanomaterials”, "Electronics”", "Technologies
of medical examination and treatment”, etc. Such
kind of academic programs have small chances of
obtaining accreditation from the National Agency
for Higher Education Quality Assurance.

It should be mentioned that subject regulato-
ry documents [22] envisage the possibility of ac-
creditation of so-called interdisciplinary academic
programmes. But taking into account the require-
ments of the Law of Ukraine "On higher educa-
tion" concerning the number of optional discip-
lines, that students can choose, and the require-
ments of SHE concerning the minimal amount of
their presence in academic programs, the interdis-
ciplinary principle cannot be implemented to its
full extent.

Speaking about the nature of Ukrainian BME
academic programs it is worth to note that not all
possible subject fields of BME are realized in the
Ukrainian educational space. "Internal" reasons
are quite obvious (a substantial number of aca-
demic programs are the "descendants" of pro-
grams, dealing with electronics and instrumenta-
tion), but this situation requires corresponding
state policy concerning the support, development
of BME in Ukraine and pro-active approach of
business (employers) and trade unions.

The performed review of academic programs
urges us to discuss the issue of uniqueness of
academic programs. It should be mentioned that
the uniqueness of an academic program is not an



Innov Biosyst Bioeng, 2021, vol. 5, no. 1 13

Tadamus 2: YKpaiHChKi OCBITHI mporpamu 3 6ioMeaIn4yHOI iHXeHepil

3akJjaa BUILOI OCBIiTH BumnyckoBa kadenpa OcBiTHI mporpamu

BiomeanyHa iHxeHepist (6akanaBp,

nokTop (dinocodii)

[HTeNneKTyanbHi IITYYHI IMIIJIAaHTU Ta MEAUYHI
amapaTd B OioiHKeHepil (MaricTp)

BiHHMIIbKMIT HalLliOHAJIBHUI TEXHIYHUN YHiBEPCUTET Biomenmunoi imxxeHepii

Jep>xaBHUI BUILIMI HaBYAJIbHUI 3aKJIall

” " . . S » biomennuHoi iHxkeHepii BiomennyHa iHxXeHepis (6akaiaBp)
IIpura3oBCbKUil 1ep>KaBHUN TEXHIYHMI YHiBEpCUTET

[epkaBHUII BUIIMI HaBYAJIbHUI 3aKJIal

” " . L » KBaHTOBOI eneKTpOHiKN biomeanyHa iHxeHepist (6akanaBp)
YXropoAchKuii HalliOHaJbHU YHIBEPCUTET

bioMeanyHuii KoM’ IOTUHT (OakaiaBp)

HepxaBHuii yHiBepcuTeT “2KUTOMUpPCHKA MOMiTeXHiKa” bioMeanyHoiI iHXeHepii Ta TeJeKOMYHiKallil FioMenuana imkenepis (MaricTp)

HauioHanpHUit aBialiitHUil yHiBepCcUTET BiokibepHeTHKM Ta a€pOKOCMIUHOT MEIUIIMHU BiomennyHa iHxeHepis (6akanaBp, MaricTp)

biomenuuHa iHxkeHepis (O0akanaBp)
BioMeanyHa iHdopMaTHKa Ta pamioeeKTpOHiKa
(6akayaBp, Marictp)

HamioHanbHuii aepoKOCMIYHMI YHIBEpPCUTET PagioenexTpoHHUX Ta OiOMEeIMYHUX
iM. M.E. 2KykoBcbKoro “XapKiBCbKUi1 aBialliiHUI1 iHCTUTYT” KOMIT’ I0TepM30BaHMUX 3aCO0iB Ta TEXHOJIOTii

MenuuHa iHXeHepist (GakayiaBp, MaricTp)
BiomeanuHoi iHXeHepii PereneparuBHa Ta 6ioapmalieBTUUHA iHXeHEepist
TpaHcsuiitHol MeTu4YHOI OioiHXKeHepil (bGakajaBp, Marictp)

BioMeanyHa iHxeHepis (mokTop (inocodii)

HauioHanbHUI TeXHIUHUI YHiBEpCUTET YKpaiHU
“KUIiBChKUM MOMITEXHIYHUIN iIHCTUTYT
imeHi Iropsa Cikopcekoro”

BioMeanyHa iHxeHepist (iHTepHET peueii)

. . €T . L EnextpoHHUX 3aco6iB iHbopMalLiiiHO- (bakanaBp)
HauionanbHuit yHiBepcutet “JIbBiBCbKa MOJITEXHiKa , w . . .
KOMIT' IOTEPHUX TEXHOJIOTii biomenuyHi Ta MenMYHI anapaTtyv Ta CUCTEMU

(MaricTp)
Opecbkuii HalliOHAJILHUI MOJITEXHIYHUI YHiBEpCUTET 3arajabpHol Ta MeauuHoi (izuku bioMenunuHa iHxeHepis (6akayiaBp)
TepHOIMIBCHKUIT HAIlIOHAJIBHUN TEXHIYHUN YHIBEPCUTET . . biomennuHna inxkeHepis (O0akajaBp, MaricTp,
. . bioTexHiyHMX cucTem .
imeHi IBana IMymost JIOKTOp (inocodii)
XapKiBCbKMIA HalliOHAJbHUI TEXHIYHUI YHiBEpCUTET bioMmennyHoi iHXeHepii Ta TeOPEeTUYHOI BiomeanuHa iHxeHepist (6akaniaBp,
cizbcbkoro rocrogapcersa imeHi Iletpa Bacuienka €JIEKTPOTEXHIKHU JIOKTOP (pistocodii)

biomenuyHa iHxeHepis (b6akajnaBp, MaricTp)
XapKiBChbKMI HALlIOHAJIBHUI YHIBEPCUTET padioeIeKTPOHIKHI biomennunoi iHxeHepii OpromnennyHi TEXHOJIOTII Ta iHXeHepis

(GakayiaBp, MaricTp)
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Table 2: Academic programs in biomedical engineering in Ukraine

Innov Biosyst Bioeng, 2021, vol. 5, no. 1

Higher Educational Institution

Graduate Chair

Academic Programs

Vinnytsia National Technical University

Biomedical engineering

Biomedical engineering (bachelor, PhD)
Intellectual artificial implants and medical
instruments in bioengineering (master)

State Higher Education Institution
"Pryazovskyi State Technical University"

Biomedical engineering

Biomedical engineering (bachelor)

State Higher Educational Institution
"Uzhhorod National University"

Quantum electronics

Biomedical engineering (bachelor)

Zhytomyr Polytechnic State University

Biomedical engineering and telecommunications

Biomedical computing (bachelor)
Biomedical engineering (master)

National Aviation University

Biocybernetics and aerospace medicine

Biomedical engineering (bachelor, master)

H.E. Zhukovsky National Aerospace University
Kharkiv Aviation Institute

Radio-electronic and biomedical computer
devices and technologies

Biomedical engineering (bachelor)
Biomedical informatics and radio electronics
(bachelor, master)

National Technical University of Ukraine
"Igor Sikorsky Kyiv Polytechnic Institute"

Biomedical engineering
Translational medical bioengineering

Medical engineering (bachelor, master)
Regenerative and biopharmaceutical engineering
(bachelor, master)

Biomedical engineering (PhD)

Lviv Polytechnic National University

Electronic instruments of information
and computer technologies

Biomedical engineering (Internet of things)
(bachelor)

Biomedical and medical instruments and systems
(master)

Odessa National Polytechnic University

General and medical physics

Biomedical engineering (bachelor)

Ternopil Ivan Puluj National Technical University

Bioengineering systems

Biomedical engineering (bachelor, master, PhD)

Kharkiv Petro Vasylenko National Technical
University of Agriculture

Biomedical engineering and theoretical
electrical engineering

Biomedical engineering (bachelor, PhD)

Kharkiv National University of Radio Electronics

Biomedical engineering

Biomedical engineering (bachelor, master)
Orthopedic technologies and engineering
(bachelor, master)
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(BiguyTHa KilnbKiCTh aKTyaJbHMX OCBIiTHiX MHpo-
rpaM € “HalllaikaMud”’ TMporpaM ITiArOTOBKU 3
€JIeKTPOHIKM Ta MpWIagoOyayBaHHS), MpoTe Taka
CUTYyallisl BUMAara€e BiJIIOBIIHOI I€p>KaBHOI IOJi-
TUKHW IIOA0 MIATPUMKHM Ta po3BUTKY bMI B Ykpa-
iHi, a TaKOX aKTMBHIilIOiI Mo3ulii 6i3Hecy (pobo-
TONABLIB) i MpodheciitHUX CIiJIOK.

IIpoBeaeHMiA OrJIsAm OCBITHIX HporpaM CHo-
HYKAa€ Hac OOroBOPUTW W MUTAaHHS YHiKaJlbHOC-
Ti/OCOOJIMUBOCTI OCBITHIX mporpam. 3a3Ha4yuMo,
10 YHIKaJbHICTb OCBITHBOI IIpOrpaMy HE € KpH-
TepiEM OILIIHIOBAaHHSI SKOCTI OCBITHBOI MHpOrpaMu
3TiJHO i3 3aKOHOAABCTBOM YKpainu [22]. BoaHo-
yac mig yac akpeauTallil OCBITHiX mporpaM 3 OOKYy
HanioHanbHOro areHTCTBa i3 3a0€3MeYEeHHs SKOC-
Ti BMIIOI OCBITH IIPU OLIIHIOBAaHHI MPOEKTYBAHHS
Ta LiJeill OCBITHIX MporpaM IepeadayeHO BU3HA-
YeHHSI 1X OCOOJMBOCTEl abo YHiKaJbHOCTEH (3a
HasiBHOCTi) [23]. BanaHc TMMOBOCTi/yHiKaIbHOCTI
y (opMyJIIOBaHHI 1liJIeil MporpaMu Moxke 3ajexa-
TU Bin i1 mpeameTHoi cdepu, Micii 3BO, 6aueHHs
po3pobOHuKiB [23]. OueBMAHO, 1[0 NpeIMeTHa
CIIPSIMOBAHICTh OCBITHBOI IIPpOrpaMM HE MOXe
BBAXKaTUCSI €AMHOI0 O3HAKOIO YHiKaJbHOCTI (0C0O0-
quBocTi). Tak, Hanpukaan, 59 3i 102 ocBiTHix
nmporpaM yHiBepcureTiB kpaiH €C ta CrnosydyeHo-
ro KoponisctBa MawoTh Ha3By “Biomedical Engi-
neering” Ta OXOIUIIOIOTh BCi HAyKOBO-iHXEHEpHi
acCIleKTU Tally3i. YHIKaJbHICTb KOXHOI KOHKpET-
HOI OCBITHBOI NPOrpamMy BU3HAYAETHCS KOMIIJIEK-
COM XapaKTepUCTHUK 3a KOXHHMM i3 KPUTEpiiB il
OLIiHIOBaHHSI.

Ha mnamy aymKky, 3a ocTtaHHi 15 pokiB B
YKpaiHi BiZOyBCsS MOMITHHMIA IMO3UTUBHUU IOCTYH
y Tajy3i BUILOI OCBITH 3 0iOMEIWYHOI iHXKEHEpii,
110 aJIpECYEThCS HE TUIBKW 0 MOSIBU OKPEMOI Bifl-
MOBiAHOI CHeLiaJIbHOCTI, ajie W 11 BiZHECEHHS 10
raaysi 3HaHb “XiMmiuHa Ta GioiHxXeHepis”. OcraH-
Hs oOCTaBMHA Ma€ BKpall BaXXJIMBE iI€OJIOTiYHE
3HAYeHHs1 UIs1 (hOpMYBaHHS 3MIiCTy MpeaMeTHOI
ob6macti BMI. 3aranbHi pucu y xapakTepi OCBiTHiX
nporpaMm i3 BMI B YkpaiHi Ta B pO3BUHYTHUX Kpa-
iHax Oarato B YoMy 30iramThcsl. Xoda y BMILIi
IIKOJi B YKpaiHi MpeacTaBlIeHO HE BCi croemiai-
3amii bMI, mo icHyloTh y cBiTi. He B ocraHHIO
yepry IOAAIbIIMA TPOTPECUBHUIN MOCTYN Ii€i
OCBIiTHBOI Tally3i TOB’sSI3aHMUI i3 MOIEpHi3alli€o
CBO, a Takox i3 1ijJecnpsiIMOBaHOIO IEPKaBHOIO
MOJIITUKOIO, CIIPSIMOBAHOIO HAa MiATPHUMKY Ta pPO3-
BUTOK Tajiy3i, aKTUBHOIO ITO3UIIi€I0 Oi3HeCy, Ipo-
(eciitHux acolialiil Ta iHIIUX CTEHKXOJAEPiB.
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evaluation criterion of academic program's quality,
as it is stated in Ukrainian legislation [22]. At the
same time, during the accrediting process from the
National agency for Higher Education Quality As-
surance the process of defining the academic pro-
grams' peculiarities or unique features (should
there be any) is also envisaged [23]. The balance
of generic character/uniqueness in formulating the
targets of the academic program may depend on
its subject area, HEE's mission, the creators' visi-
on [23]. It is clear that subject focus of the academic
program cannot be deemed as the only sign of un-
iqueness (distinctiveness). For example, 59 out of
102 academic programs of EU and UK universi-
ties are titled "Biomedical engineering” and cover
all scientific and engineering aspects of the field.
The uniqueness of each academic program is de-
fined by the set of characteristics, stipulated by
evaluation criteria,

In our opinion, for the last 15 years, there
was a substantial positive shift in the sphere of
BME higher education, which is proven not only
by emergence of a separate subject field but also it
being a part of field of knowledge "Chemical and
bioengineering". The last circumstance has an ex-
tremely important ideological value for the forma-
tion of the contents of BME subject area. General
traits in the contents of BME academic programs
in Ukraine and developed countries coincide to a
great degree. Even though the list of BME special-
ties, present in Ukraine, isn't the same list of
BME fields, existing in the world. Last but not
least, further progress of this sphere of education
is closely connected to the renovation of standard
of higher education and set state policy, aimed at
support and development of the sphere; to the
pro-active approach of business, professional asso-
ciations, and other stakeholders.
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