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"MNporHo3 Hay4HO-TEXHOJIOrMYeCckoro pasBuTus
Poccum Ha nepuop, 0,0 2030 roga”, yTBepXKAeHHbIN
MpaButenbcTteoM P® 3 sHBaps 2014 ropa, onpepe-
JINN NPUOPUTETHBIE HAYYHbIe 33441, 60/IbLUIMHCTBO
U3 KOTOPbIX UMEOT MEXANCLUMNINHAPHBIN U COLUANbHO
OPUEHTUPOBaHHbIM XxapakTep. CaHKT-INeTepbyprckui
rocyAapCTBEHHbIN 3/1eKTPOTEXHUYECKUIA YHUBEPCUTET
"IDTU" (CM6IMTY) B pamKax peanunsaLmm HarpasneHus
"TexHONOrM1 NPeBOCXOACTBA U 06yyeHue A4S cepytowen
reHepauum YenoBeyeckoro kanurtana" cpopmmposan
nporpamMmy Asis obecnevyeHus rno6asnbHOM KOHKYPEeHTOo-
CNoCco6HOCTU By3a B 06/1aCTH NPOPbIBHbIX TEXHO/IOT UM,
WMHHOBALMOHHOM NPOoAYKLMU U NPOopeCcCUOHANIbHO OpUeH-
TUpPOBaHHbIX 06pasoBaTe/bHbIX YC/Iyr. B kayecTBe ogHOro
13 NPUOPUTETOB 6bIJ1I0 ONpeAeIeHo pasBUTME MEXANC-
LMI/IMHAPHO Hay4HO-06pa3oBaTesibHOM N1IaTGOopMbI
"BuoTexHocdepa”. B HacTosLen Ny6MKaLnum U3noXeHbl
6a3o0Bble HanpaB/ieHUs ee peannsauum.

CHOBHasl QyHKUHUS Iu1aTopmbl "BUOTeXHO-

chepa” - peanusanus MeXAHUCUUITHHAP-

HBIX HCClenoBaHuH [1] U 0o6pa3oBaTenbHOrO
npolecca sl obecriedyeHUs Pa3BUTHS COLIUAJIBHO
OPUEHTUPOBAHHBIX OHMOMeIUIIMHCKUX TeXHOJIO-
ru# [2] (cM. guarpaMmy), BRJIO4Yasi IPoQUIAKTHUKY
COILlMabHO-3HAUHUMBIX 3a607eBaHUMN, IepCOHANU-
3MpPOBaHHYIO MeJUIIMHY, 3aMellleHHe yTPaueHHbIX
OpPraHoOB, a TaKXke pacuupeHHe QYHKIHMOHATBHBIX
BO3MOXKHOCTEH 4YeJI0BeKa.

OCHOBHBIE IIONOXKEHHUS IIaTPOPMBI, a TaKXKe
HallpaB/leHHUs HCCAeJOBaHUN U pa3paboTok dop-
MHPOBATHCh C yUeTOM JeHCTByomero "[IporHosa
Hay4HO-TeXHOJIOTHYeCcKoro pasBuTus PO Ha mepuos
mo 2030 roma" u, 6e3ycnoBHO, "IIPHOPUTETHBIX
HaIlpaBJIeHUMN Pa3sBUTHUS HayKH, TEXHOJOTUH U TeX-
HUKHU PO". AHAIN3 JaHHBIX PYKOBOASLIMX JOKYMeH-
TOB I103BOJIMJI OIpelle/IUTh Haubolee 3HAYHUMBEIe
obImeHallMOHA/NbHBIE 3aJlaul B paMKax cHOpMHU-
POBAHHOTO Ha IepPCHeKTHUBY CTPAaTerHueckoro BeK-
TOpa Hay4YHO-TeXHOJIOTUUeCKOro Pa3sBUTUS Poccuu
(Tabn.1).
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IMPLEMENTATION OF INNOVATIVE
POTENTIAL OF THE UNIVERSITY:
AN INTERDISCIPLINARY
PLATFORM BIOTECHNOSPHERE
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The Scientific and Technological Development
Outlook for the Russian Federation up to 2030
approved by the Russian Federation Government
on 3 January 2014 identified priority scientific
objectives, most of which are interdisciplinary

and socially oriented ones. The Saint Petersburg
State Electrotechnical University "LETI" (ETU) to
implement the priority "Technologies of Excellence
and Training for the Next Generation of Human
Capital”, a programme to ensure the global
competitiveness of the university in the field of
advanced technologies, innovative products and
professionally oriented educational services.
Promotion of the Biotechnosphere interdisciplinary
research and educational platform was determined
as one of the priorities. This publication sets

out the key directions for the programme
implementation.

to conduct interdisciplinary research [1] and deliver

education to ensure the development of the socially
oriented biomedical technologies [2] (see chart) including
prevention of the socially significant diseases, personalised
medicine, the replacement of lost organs and the enhanced
human functional capabilities.

The main provisions of the platform as well as the
research and development priorities were created
with due account for the existing Scientific and
Technological Development Outlook for the Russian
Federation up to 2030 and certainly the Priority Areas
of Science, Technology and Engineering of the Russian
Federation. A review of guidance documents to reveal
the most important national objectives following the
generated strategic vector for scientific and technological
development of Russia (table 1).

The main function of the Biotechnosphere platform is

BIOTECHNOSPHERE. MAGNITUDE

AND RELEVANCE OF THE ISSUE

A review of the relevance and magnitude of the
problem to be solved within the framework of the



BMOTEXHOC®EPA. AKTYAJIbHOCTb

W MACLUTABHOCTb MPOBJIEMbI

AHaIU3 aKTYaJIbHOCTH M MacIITabHOCTH NpobieMsl,

pelllaeMoM B paMKax Hay4yHO-00pa30BaTeIbHOM ILIAT-

dopmel "BruoTexHocdepa”, O3BOJIMII ONPELENTUTh P,

CUCTEMHBIX TEeHAEHLUN. B yacTHOCTH, GopMUpYyeTCs

YCTOMYHBBII CIIPOC HAa HOBOE Ka4eCTBO JKU3HHU, BKIIIO-

Yasi BO3MOKHOCTb KOMITEHCAIIUY YTPaYeHHbIX GYHKIIHM

OpraHW3Ma IyTeM TPAHCIUIAHTAIIUK HCKYCCTBEHHBIX

OPraHOB U CO3/IaHHe JPYsKeCTBeHHOro MHTepderica "deno-

BeK —~ MHPOPMALIMOHHAs Cpefia” HOBOTO ITOKOJIEHHS.
O611ye TeHAEHLIMH B [IPeIOCTABIEHUH MeIULIMHCKHX

YCIIYT OIIpefessIoTCs IPOQHIAKTHYECKON HAaIllPaB/IeHHO-

CThIO, IIepCOHANM3ALIMEN, peann3alyer 6HOMeaUIIUH-

CKOTO MOHHUTOPHHIA B IOMAIIHUX YCIOBHSX B COYETA~

HUH C COBpeMEHHBIMHU HHPOTeIeKOMMYHHUKALIMOHHBIMHU

CHCTeMaMH (TeJleMeIULIMHA). [IpK 3TOM 0TMedaeTcst pac-

IIpoCTpaHeHUe bosle3Hel MeraronucoB (6oIbIINX TOPo-

IOB), XapaKTepHU3YIOUIUXCS A/UIEPIrUYeCKUMH [1ATOJIO-

TUSIMHU, 3a6071eBaHUSIMHU, CBSI3AHHBIMH C HU3KHUM YPOB-

HeM rurvedsl (0ome3sHsIMU HUIIKX), U HeLOCTATOYHOH

3G eKTUBHOCTBIO MEP I10 IIPeayIpeskKIeHUI0 HHPEKIMOH-

HBIX 3a60/I€BAHHI, A TAKKe CAaMOJIedeHHeM ITPU HU3KOM

YPOBHe JIOBEPHSI K 0QUIHUATBHON MeIUIIMHE.
3HAYUTeNIbHAS JUHAMUKA PIHKOB OIIPEENISIeTCs CIIPO-

COM Ha HOBbIe HEHHBAa3HBHbIE TEXHOJIOTMH JUATHOCTHKH,

MHTerpaluen 6MonHOPMalIMOHHBIX, TeHHOHMHKeHep-

HBIX U GapMalieBTUYeCKHUX TeXHOJIOTHE C JOCTHKeHHeM

BO3MO>KHOCTH IIePCOHAIHM3ALIMH TePaIrleBTHYeCKOTo BO3-

JIeHCTBUSI, Pa3BUTHEM TE€XHOJIOTUH afipeCHO JOCTaBKU

JIeKapPCTBEHHBIX CPELCTB, POCTOM CIIPOCa Ha OPraHbI

Yl TKAaHU JJIsI 3aMelleHUs YTPaueHHBIX QYHKIIHH,

Taxke C/lefyeT OTMETUTh TEH/IEHIIHIO K Pa3BUTHIO
KYJIBTYPBl X TeXHOJIOTMI MOJEIUPOBAHUS C Peann3sa-
I[Mell ¥ KOHTPOJIeM ITPOLIeCCOB Ha aTOMHO-MOJIEKY/ISp-
HOM YPOBHe, MHTe/UIeKTyaIM3al[i1 U OBICTPOM afamTa-
LMK MOJIEKY/ISIPHBIX TPOU3BOZICTB [I€PCOHATH3UPOBAH-
HOH ITPOYKLIMK TPAHCIUIAHTO/IOTMH U "YMHBIX ' JIEKAPCTB.

B 11€710M, MOSKHO BBLIEJIUTD CJIeAYIONIHeE 061eMUpo-
Bble HAIIpaB/IeHUs HAyYHO TeXHOJIOTMYeCKOr0 Pa3BUTHS
B chepe BHOTEXHONIOT I ;

e MHOroMacITabHoe MOIEeINPOBAHHE CIOKHBIX 6H00D-
FaHUYeCKUX CUCTEM, BHeJPeHHe HOBbIX MaTepPUAIOB
HICKYCCTBEHHOTO ¥ CHHTETHYECKOT0 IIPOUCXOKIEHHS,
BOCITPOM3BOASIIUX OT/AeNIbHbIe QYHKIIUK 61006BeK-
TOB, Pa3BUTHE METOZIOB OHOMHGOPMATHUKH 151 TeHOM-
HOTO, TPAHCKPUIITOMHOTO U IIPOTEOMHOI0 aHATH3a;

¢ JHATHOCTHUKYMEBI in vitro Tuma "nabopaTopuul Ha
yurie" - GHOCEHCOPBI K GMOYHIIBI, 06/1aJAI0IHe BBICO-
KO CeJIeKTUBHOCTBIO U 6THM3KOM K MU3BECTHBIM aHa-
JTUTUYEeCKUM MeTOZAM YyBCTBUTETBHOCTBIO B COYe-
TAHUHM C IIPOCTOTOM IKCIIIyaTallMH M SKOHOMHUYe-
CKO¥ IOCTYITHOCTBIO /1151 MCII0JIb30BAHMUSI B IOMAIIHUX
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Tabauya 1. Komnaekc 3a0ay npu peaauzauuu meponpusimuli
HAY4HO-MexHoA02UYecKo20 paseumus Poccuu

Table 1. Complex of tasks for the scientific and technological devel-
opment of Russia

HanpaBneHus, meponpusaTus

Directions, measures

o CTpaTterm4eckmmn BEKTOp — Tex-
HONOTMYEeCKNI NPOPbIB;

*  dyHOaAMeHTaNbHble NCCefoBa-
HWS Y NpOrpammbl C AINTENb-
HbIM "rOpPU30OHTOM" peanum3aumu,

° MpUKNALHbIE NCCIEA0BAHMUSA
C NPUOPUTETOM peanusanmm
Ha 6a3e TeXHONOrMYecKnx
ni1atpopm B paMKax LiesieBbIx

KoppekTrpoBka TP,

NepCreKTHBHBIX * [OMHAMUYHbLIN TPaHChep TeXHO-
° JIOTUIA C NPaKTUYeCKUM BHeApe-

HamnpaB/EHUI HayKK HUeM pa3paboTok.

A TG « Strategic vector — a technologi-

The adjustment of the cal breakthrough;

PN EIEES « fundamental researches and

of science and programs with long-term hori-

technology zon of implementation;

e applied research with prior-
ity of implementation based
on technological platforms
in the framework of special
programs;

e dynamic transfer of technolo-
gies and practical implementa-
tion of developments

e CucTema rocyaapcTBeHHbIX
3aKynok;

Copunposarie 1 peecnlyoie Aporp
| CopmCTesa e rpnecros
: POHbI 6M3Heca.
'clj'hefortma(;clon Ofdthe « Public procurement;

omestic deman .

the investment programs of
state-owned companies;

e co-financing of projects by
business

for high technology

* HoBble npodeccroHalibHble
CTaHAapTbl M TpeboBaHuUs
K KBaAMbUKALUM CeunanncTa,
BOCTPE6OBaHHbIE BU3HECOM;

* TMOKWNIM PbIHOK TPYAA C BO3MOXK-
HOCTbIO peann3aLm HOBbIX NPO-
deccroHanbHbIX CTaHAAPTOB;

* TMPUHATME NPABOBbLIX AKTOB A1
obecneyeHns AUCTAaHLNOHHOMO

MpodeccmoHanbHO- 06pazoBaHms;
OpWEeHTUPOBaHHOE * BO3POX[IEHME LLIKOSbHOM
obpasoBaHue npodopueHTaumm.
Professionally-oriented ¢ New professional standards
education and requirements for staff

qualification, demanded by the
business;

e aflexible labour market with
the ability to implement new
professional standards;

e theadoption of legal acts to
provide distance education;

e therevival of school guidance
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YCIIOBUSIX, A TAKKE C HHTeP)erCcoM 1Sl HHTerPalluu
B MHPOPMAIIMOHHBIE CEeTH, 0becIieurBaOII e IIPefo-
CTaBJIeHHe AUCTAHLIOHHBIX MeIULIMHCKUX YCIIYT;

« KOMOHMHaTOpHasi MOJTEKY/IsIpHAs CEeHCOPHKA, B TOM
YKC/Ie Ha OCHOBe allTOMEPOB [Jisg Co3maHUs 3Pdex-
THUBHBIX CPEJICTB JHATHOCTUKU U aHAIM3a CTaTUCTHU-
YeCKUX U JUHAMUYECKUX GaKTOPOB I1aTONOIMYeCKHX
COCTOSIHUI,

¢ IepCOHAIH3HUPOBAHHAS MeJUIIMHA, OPHEeHTHPOBAH-
Has Ha CUCTeMaTHYeCKyI0 HHANUBUAYAJIBHYIO IPOdU-
JTAKTHUYeCKYI0 IMATHOCTHUKY 1 6OMHPOPMAIIHOHHEIE
METO[Ibl B TEHOMHBIX, [IOCTTEHOMHBIX U ITPOTEOMHBIX
TEXHOJIOTHSIX C JOCTIREHHEM BO3MOSKHOCTH I1ePCOHA-
JIM3AIUHU "pelierTa’ TepareBTUYecKoro Bo3IeHCTBI S,

e OMOMH>KeHepHBle TeXHOJIOTHH, BKJIIOUAs pereHe-
paTHUBHBIE U KJIeTOYHBle TeXHOJOTHU, HEOPraHH-
YecKHe U OPraHHuYecKre MaTepUaIbl HESKHUBOTHOIO
IIPOMCXOKIEeHUsI, 6H03aMenaloI e UMITIAHThI IS
HaIlpaB/JIeHHON pereHepaliiu U TPAHCIUIAHTALUU
OPraHOB U TKaHeH;

* TeXHOJIOTHH aJPeCHOH JOCTaBKH JIEKAPCTB HA OCHOBE
HCKYCCTBEHHBIX HAHOKJIACTEPOB OPraHUYeCKOH
Y OPraHO-HeOpPraHUYeCKOU IIPUPOLIBL;

¢ 6HOMHOGOPMALIMOHHBIE TEXHOJIOTHH, [TOBBIIIAOIIHE
"TOYHOCTE JHUATHOCTHUKH, 3GOEeKTUBHOCTH JIeUeHUS
U €ro IepcoHaK3aIHIo.

MYIbTUAUCLUNAUHAPHBIA HAYYHO-
OBPA30BATE/IbHbIA K/IACTEP "BMOTEXHOC®EPA"
dopMmupoBaHHUe Ha 6a3e By3a KOHKYPeHTOCIIOCOOHOTO
MYJBTHUAUCLUIIMHAPHOIO MeJHUKO-TeXHUYEeCKOIo
Hay4uHO-0b6pa3oBaTenbHOr0 Kiacrepa "BroTexHochepa”
OCHOBAHO Ha CHCTEeMHOM MHTeTpallid UHPACTPYKTYp-
HOTO, HayYHOT0, HHPOPMAIITHOHHO-aHATUTUYECKOT 0
M KaJpOBOT0 ITOTEHIIUAJIOB B pAMKax KOMIIJIEMeHTap-
HOT'O Pa3BUTHSI JeHCTBYIONHUX Hay4YHO-06pa3oBaTes-
HBIX IUIaTGOPM [3], LIeHTPOB IPEBOCXOACTBA M TPAHC-
depa TeXHOJOTUM AJISI MPOBeLeHHsl KOMIITIEeKCHBIX
MeXIUCLUIIMHAPHBIX IIPOPBIBHBIX HCCIeNOBAHUM
U pa3paboTok B obnacTu 6MOHUYECKUX U bHuoMeu-
IIUHCKHUX CHCTeM, IPOTOTHIIMPOBAHUS HAayKOeM-
KOM IPOAYKLMH U BOCIUTAHUS NPOdeCcCHOHATBHOH
STUTHL.

B ocHOBe pa3sBUTHUS B PaMKax BhIIIeyKa3aHHOTO
KJacTepa HAay4YHO-HCCIeL0BaTeNbCKON U 06pa3so-
BaTe/lbHOM MesiTeIBHOCTH M, B IIePBYI0 O4Yepenb,
HampaBieHUs "BuomMequIUHCKHUE U BHOHUYeCKHUe
CHUCTeMBl U TeXHOJIOTHUH s obeclieueHUs KU3He-
HesiTeTbHOCTH Ye0BeKa M PACUIMPeHUs ero GyHK-
LIHOHATBHBIX BO3MOKHOCTEN", JIEXKUT COBOKYITHOCTb
6a30BBIX MONIOKEHUH, ONPeeNsoMHUX B Ka4ecTBe
IIPUOPUTETOB MHHOBAIIMOHHOIO Pa3BUTHUS PyHIA-
MeHTalTbHble MEKAUCLUIIIMHAPHbBIE UCCIeI0BAaHUS,
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MpodunakTnka
MepcoHannsnposaH- counanbHo
Hag MegunumnHa 3HA4YUMbIX
Personalized 3abonesaHui
medicine Prevention
of socially
significant diseases
CoumnanbHo-
dur3nko- OpPMEHTMPOBaHHbIE
XYMUYecKme 6rOMeanLMHCKME MHdopma-
TexHonornm TexXHOMornn LIMOHHbIe
Physico- Socially oriented TexHonornu
chemical biomedical Information
technology technology technology
broHunyeckne
TexHonornm
Bionic
technology
Pacwmnpenuve
3amellierne OYHKLUMOHANbHBIX
VAUTZERISALED BO3MOKHOCTeVA
Cpretslel) Yenoseka
The replgcement Extending
of missing the functionality
organs of human

Karouesble HanpasaeHus passumus couuanbHo-
OpUEHMUPOBAHHbIX 6UOMEIUUUHCKUX MexHoAo2ul

Key areas of development of socially-oriented biomedical
technologies

Biotechnosphere scientific and educational platform
made it possible to identify a number of consistent
trends. In particular, there has been a higher
demand for new quality of life including the ability
to compensate for lost functions by transplantation
of artificial organs and creation of the user-friendly
"man-information environment" interface of a new
generation.



MYJBTUAUCIUIUIMHAPHYI 06pa3oBaTeNlbHYIO Iapa-
OUTMY, MEKOTPAC/IeBYI0 HHKEHEPHYIO e TeNbHOCTh
Y COLIMA/IbHO-OPHEHTUPOBAHHbIE TEXHOIOTHH.

JUIst IOCTHIKEeHUSI ITOCTABJIEHHOM LIeJIM MIPeAIosa-
raeTcsi peaan3anus QyHIAMeHTATbHBIX HCCIe0Ba-
HUU, SIBASIOMUXCS 6asrcom st 6yymiux TeXHOIO-
THUH [IPeBOCXOACTBA C IPOrHO3UPYEeMBIMH BBICOKOH
KOHKYPEHTOCIIOCOOHOCThIO U COLIMATIBHO-9KOHOMHU-
yeckor 3¢ HeKTUBHOCTHIO, IIPOBeleHHe ITPHUKIATHBIX
HCCIeIOBAaHUN, OPUEHTHPOBAHHBIX HAa HAKOIUIEHHUE,
CHCTeMaTH3alHI0, CeJIeKIMI0 3HAHUMN B MEKIUCIIH-
IJIMHAPHBIX 06/1aCTAX BOCTPEOOBAHHBIX TEXHOJIOIH-
YeCcKUX HHUII C 3KCIpecc-TpaHchopmanuent pazpabo-
TOK OT HCC/Ie[JOBATeIbCKOM CTAJUU K ITPOH3BOACTBEH-
HOM (BK/IIOYAs IPOTOTUIIMPOBAHKE HayKOEMKOH IPO-
OYKLHHU), a TAaKKe OpMHUPOBaAHKE HOBOK IeHepalluu
npodecCHoHaNbHOM MUTHL Kak 6asuca ais obecreyve-
HUS KOHKYPEHTOCIIOCOOHOCTH OTe4eCTBeHHOM Hay4-
HOM NPOAYKL MU, TPaHCepa TeXHOIOTHI U IIpefo-
CTaBleHUs NpodecCHOHATbHO OPUEHTHUPOBAHHBIX
06pa3oBaTeNIbHBIX YCIYT.

Peanusanus B JIITU miatdopmer "BruotexHocdhepa”
IpefIoaaraeT UCCIef0BaTeNbCKY0, HHXeHEePHYIO
1 06pa3oBaTeNbHYIO NeSTelbHOCTD 110 CAeYIIINM
HaIPaBIeHUSIM:
 MOJEKYJISIPHBIA JAH3aHH HCKYCCTBEHHBIX

IIPOTEHMHOBBIX CHUCTEM 151 OGMOCEHCOPHUKHU

Y TPAHCIIJIAHTOJIOTUU;

« 6GMOMHMeTHYeCKHe MaTepHalbl, OHOKOMIIO3UTHI,
3D-6uomneyars;

* MyJAIbTUKOMIIJIEKCHBIE MHUKPOIIATPOPMEL
("maboparopuu-Ha-uume") nsi 6MOMOIEKYISIPHON
3KCIIPeCC-IUArHOCTUKH MaTOTOTHYEeCKUX COCTOSI-
HHH U [IaTOTeHHBIX UHQEeKIIHH;

¢ HHTe/JIeKTyalbHble TKaHU ("yMHas omexxaa’) Ais
MepCOHANBHOTO HEMHBA3UBHOIO MeIUKO-610I0-
TUYEeCKOro 3KCIIPecc-MOHUTOPUHTA;

¢ MHKpPO- U HAHOCHCTeMBI HOMETpPHUUECKOH HUIeH-
TUQUKALMH IMYHOCTH;

e 6HMOHHUYecKHe POOOTOTeXHUYECKHE CHUCTEMHI,
BKIIO4Yas OuomnomobHble M aHTpomoMopdHBIe
YyCTPOMCTBA, UCKYCCTBEHHBbIe OPraHbl U KOHBEp-
reHTHBbIe (TUOPUIHbBIE) CHCTEMBl HA OCHOBE HHTe-
rpauuu 6M006beKTOB U TeXHUUYECKUX MHUKPO-
Y1 HAaHOCUCTeM;

e MHGOpPMAIMOHHbBIE TeXHOJOIUH HOIOJIHEHHOMN
Y BUPTYaIbHON pPeasbHOCTH OGMOMeIHUIIMHCKOTO
Ha3HayeHUsd.

IIpu nmpoBefseHHY pyHIAMEHTATbHBIX HCCIeL0BaA-
HUU IPUOPUTETAMH CTAHYT MOJIEKYJISPHBIN AU3AHH,
Iporecce caMoobpaboTKy M caMOOpPraHH3aLUU
MaKpPOMOJIEKYT U HAZMOJIEKY/ISIPHBIX CUCTEM; Mojie-
JTUpPOBAaHMUeE U CUHTEe3 UCKYCCTBEHHBIX OPraHHUYeCKUX
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General trends in the provision of health services
are determined by the preventive orientation,
personalisation, biomedical monitoring at
home combined with the latest information and
telecommunication systems (telemedicine). There
has been recorded a spread of megacity diseases (in
big cities) characterised by allergic diseases, diseases
associated with poor hygiene (poor people diseases),
and the lack of effective measures to prevent infectious
diseases as well as self-treatment with a low level of
trust in the official health care system.

Much of the market dynamics is determined by the
demand for new non-invasive diagnostic technologies,
integration of the bioinformatic, genetic engineering
and pharmaceutical technologies with an option of
the personalised therapeutic effects, the development
of technology for targeted delivery of medicines, an
increased demand for sites (organs and tissues) for
replacement of the lost functions.

It should also be noted the tendency towards
the development of the modelling culture and
technologies to implement and control processes at
the atomic and molecular levels, intellectualisation
and rapid adaptation of molecular production to
personalised transplantation products and "smart”
medicines.

In general, the following global trends in the
scientific and technological development in the field
of biotechnology can be highlighted:

« multi-scale modelling of complex bio-organic
systems, the introduction of new materials of
the artificial and synthetic origin that reproduce
certain features of biological objects, the
development of bioinformatic methods for the
genomic, transcriptomic and proteomic analysis;

* invitro diagnostic tools such e.g. a lab on a chip -
biosensors and biochips with high selectivity and
close to the known analytical methods sensitivity
combined with ease of use and affordability
for home use as well as with an interface for
integration into information networks to ensure
the provision of health services remotely;

e combinatorial molecular sensing also including
aptamers to create effective means of diagnosis and
analysis of the statistical and dynamic factors of
pathological conditions;

+ personalised medicine focused on the systematic
individual preventive diagnostics and bioinformatic
methods in the genomic, post-genomic and
proteomic technologies to allow for personalising a
therapeutic intervention ‘recipe’;

« bioengineering technologies including regenerative
and cell technologies, inorganic and organic
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OBPA3OBAHMUE

1 OpraHO-HeOpraHHM4YeCKUX HaJMOJIeKY/ISIPHBIX KOM-
MO3ULKN - QYHKIHUOHAIBHBIX CpeJll, XapaKTepu-
3YIOIHUXCS CBepX60/bIION HHPOPMALIHOHHON eMKO-

CTBIO, BBICOKOM Y eTbHON 3HEeProHACHIIeHHOCTBIO,

CeJIeKTUBHOCTBIO K BHEIIHUM BO3JeHCTBUSIM, acCo-

LIMaTUBHOCTBIO U pacIIpe/ie/IeHHOCTHIO IIPOLIeCCOB

06paboTky MHPOPMALIMH; TEXHOJOTHHU CHHTe3a 61o-

MHMeTHYeCKUX MaTepPHaJIOB, KMHUTHUPYIOIIUX CTPYK-

TypHO-MaTepHaJ/IbHYI0 OPTaHHU3aIMI0 OTHeJbHBIX

371eMeHTOB 6uocrcTeM U 6a30Bble IIPUHIIUITHI Bellle-

CTBeHHO-3HEpPreTHUYeCKUX U HHPOPMAIIHOHHBIX IIPO-

11eccoB, obecreYMBaOMUX UX GYHKIIOHHUPOBAHHUS.

B IpUKIAIHBIX UCCAL0BAHUSIX NIPUOPUTETHEIM
byneT co3maHUe ClelyIoUUX PelleHUH: UCKYCCTBeH-
HBIX OPTaHOB, obecredyHBaIOIUX 3aMellleHHe ecTe-
CTBEHHBIX CHUCTEeM H/IH yTPaueHHBIX QYHKIIUH; [1ep-
COHAJIBHBIX CEHCOPHBIX CHCTEM MJISl 3KCIIpecc-Aua-
THOCTHUKHU 3abomeBaHUM, UHPeKUUM, PYHKIHO-
HaJIPHOTO COCTOSIHHSI OPTaHM3Ma U ero 61oKoppeK-
LMK ; KOHBEPTeHTHBIX KOMIIJIEKCOB Ha OCHOBE UHTe-
rpallMu CO3/laBaeMBbIX Ue/I0OBeKOM HCKYCCTBEHHBIX
HeOpraHWYeCKHX CUCTeM H 00BbeKTOB bHoopraHuye-
CKOM NPHUPOABI; OBHOHHYECKUX POOOTOTeXHUYECKHUX
CHUCTeM J[JISl pacIIMpeHUs] QYHKIMOHATBHBIX BO3-
MOXKHOCTEH desl0BeKa; JpY>KeCTBEHHOIO IIOMUPYHK-
LIMOHAJIBHOI'0 aJalITUBHOTO YeI0BeKO-MalIMHHOTO
nHTepderica A1 obecrevyeHUs UHAUBUYalbHON
KOM)OPTHOI cpe/ibl OOUTAaHUS U QYHKIIHOHUPOBA-
HHUS YesloBeKa.

B JI9TH yske paspabarsiBaercs 6osblnas HOMEH-
KJIaTypa NPOAYKI UK MeAHKO-6HOTOrHUecKOro
Ha3Ha4eHHS:

* QJTOPUTMBI U IIPOrpaMMHBIe CPeCTBa TOIOJIO-
THYeCKOT0 KOAUPOBAHUS IeIHBIX ITOTHUMePOB
Y HCKYCCTBEHHBIX 6eIKOoB [4,5];

* KOJUIOWJHBle MAaTHUTHBIE HAHOKOMITO3UTHI /151
aZilpecHOMN NOCTAaBKH JIeKAPCTBEHHBIX CPEACTB
U yJIy4lleHHUs UX papMaKOKHMHETHUYEeCKUX 1apa-
MeTpos [6];

¢ kyjacTep rubkor mevatu 3D-6MOMMIINTAHTOB
U 6ro3aMeIaloux MaTepuaios [7];

e MHHHUATIOPHble HHTeTPUPOBAHHBIE IVIATGOPMBI —
"nmabopaTtopuu Ha YuIe" s KIIpecC-UAeHTUU-
KallMH [IaTOTeHHBIX MUKPOOPraHU3MOB U TeCTU-
POBaHHUS UX YYBCTBUTETBPHOCTH K aHTUMHUKPO6-
HBIM IIpenapaTam [8];

* IOpPTAaTHBHAs CHCTeMa Ha OCHOBe "nabopaTtopuu
Ha 4YHIe" KAalHU/UJISPHOTO THIIA AJIS IKCIIpecc-
KOHTPOJS pa3Mepa, MOABUKHOCTH U arpera-
TUBHOM YCTOMYHMBOCTU MAarHHUTHBIX HaHOYA-
CTHI] AJIS1 alPeCHON NOCTAaBKU JIeKapCTBEHHBIX
CpPelCTB M BBICOKOYACTOTHOM TepalHU HOBOOO-
pasoBaHUMU [9];
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materials of the non-animal origin, bio-
substituting implants for the guided regeneration
and transplantation of sites;

 targeted drug delivery technologies based on
artificial nanoclusters of the organic and organic-
inorganic nature;

+ bioinformatic technologies that enhance the
"precision” of diagnostics, treatment efficiency
and personalisation.

MULTIDISCIPLINARY SCIENTIFIC AND EDUCATIONAL
CLUSTER BIOTECHNOSPHERE

Creation of a competitive university-based
multidisciplinary medical-scientific-technical
educational cluster Biotechnosphere is based on
the consistent integration of the infrastructure,
scientific, informational and human resource
capacities in the framework of the complementary
development of existing research and educational
platforms [3], centres of excellence and technology
transfer for the integrated interdisciplinary
research and breakthrough developments in
the field of bionic and biomedical systems,
prototyping high technology products and
educating professional elite representatives.

For the above cluster, at the core of development
of the research and educational activities and,
above all, the area of the Biomedical and Bionic
Systems and Technologies for Human Life and
Extending Human Functionality there is a set of
basic provisions setting out the interdisciplinary
research, multidisciplinary educational
paradigm, inter-branch engineering activities and
socially-oriented technologies as the fundamental
innovation development priorities.

To achieve this goal it is intended to conduct
basic research to provide the basis for the future
superiority technologies with the foreseen
high competitiveness and socio-economic
efficiency, conduct applied research focused on
accumulation, systematisation, the selection
of knowledge in interdisciplinary areas of the
requested technological niches with rapid
transformation of developments from a research
stage to production (including prototyping high
technology products) as well as the creation of a
new generation of professional elite to ensure
competitiveness of the national scientific
products, technology transfer and the provision of
career-oriented educational services.

Implementation in LETI of the Biotechnosphere
platform involves the research, engineering, and
educational activities in the following areas:



* HCKYCCTBEHHBIH CEHCOPHBIN TeKCTUIIb C Ta/IbBAHU-
YeCKUM U OIITHYECKHUM TOIOJIOTUYeCKUM KOAHUPO-
BaHUeM [10];

e MIOpPTAaTHUBHAs, UHTETPUPOBAHHAS B TeKCTHJIb
CHCTeMa HeMHBAa3UBHOM PerucTpaliuy JUHAMUKHU
COBOKYIIHOCTH QHU3MOJIOTUUECKHUX IIapaMeTpOoB
("ymHas omesxpma”) [1;

e IMOPTAaTHBHBIM MaJof030BbIM MUKPOPOKYCHBIH
PeHTreHOAHAaTHOCTUYeCKHUH KoMIleKc [11];

« 6uopoboTOTeXHHUUYECKHe CHCTeMBl Ha OCHOBe
HHTerpallu MOTOPUKH HAaCeKOMBIX KM HCKYC-
CTBEHHBIX CEHCOPHO-TeJl1eKOMMYHHUKAIMOHHBIX
MUKpoMozyer [12].

CoBOKYIIHOCTh 0a30BBIX KPUTepHeB, Olpene-
ASOUHUX NIPUOPUTETHBIE MeJAHKO-TeXHHUYECKHe
M 3KCIJIyaTallUOHHBIE XapaKTePUCTHUKH CO3/aBa-
eMOM HayKOeMKOM NPOAYKLUHH, BKIIOYaeT MHHU-
ATIOPHOCTb, MOOHUJIBHOCTh, ABTOHOMHOCTH, 3HEp-
ro3¢PpexKTUBHOCTP U MHPOPMALIMOHHYIO €MKOCTD,
HHTerpUPYyeMOCTb, YHUQHUKALINIO, KOHOOPMHOCTD
1 OOCOBMECTUMOCTD.

99 deKTUBHOCTh MHHOBALIMOHHOMN NPOAYKLHUHU
npexrnonaraercs 06ecmeduTs ¢ y4eTOM AOMUHUPO-
BAaHUS [IPU OLI€HKe NMOTPebUTEeTbCKUX KauecTB, 6a3u-
PYIOIIKXCS. HA ee MHTe//IeKTya/IbHOM HMHHOBALIMOH-
HOM II0TeHIIHaJle, & TAKKe COL[MATBHON 1 0D0POHHOM
3HAYKUMOCTH; BO3MOXHOCTH HUHTeIPallUu B MHUPO-
BOe pasfeneHHe TpyJa IIPU BHYTPeHHel U BHeIIHeH
3aIMUTe Pea/iM30BAHHON B IIPOAYKLMH UHTEIEeKTY-
AJIPHOM COBCTBEHHOCTH ; PE3KOr0 BO3PACTAHUS 3HAUH-
MOCTH BKJIaJla YeJI0OBeUeCKOT0 KalKuTajla B Co3JaHHe
IIPOLYKIIUH C BBICOKUM YPOBHEM HHTeJIeKTYyalbHOMU
COCTaBJIAIOIIECH.

NMPOPBIBHBIE TEXHONOIUN U KAYECTBO
YENOBEYECKOIO KAMUTANIA

"Msrko cuaomn” s Iepexona B IIeCTOM TeXHOJO-
TUYeCKHH YKIaJ, OGHHUM K3 6a30BBIX HaIlpaBile-
HUI KOTOporo, be3ycnoBHO, bynet "6uorexHochepa”,
SIBJISIIOTCSI IPOPBIBHBIE MHHOBALIMOHHBIE TeXHOIOTHH
M Ka4eCTBO YeJI0BeYeCKOro KalMuTala.

[IpOpBIBHBIEe TEeXHOJOTHH XapaKTepH3YIOTCS
HeIlpeABUJEeHHOCTbIO, HHTE/IEKTYaJbHBIM IIPeBOC-
XOZICTBOM U, KaK IIPaBU/IO, MY/IbTUAUCIIUIIIMHAPHO-
CTBbIO, YTO obecreYrBaeT UX HOBU3HY U KOHKYPeHTO-
CII0CO6HOCTh HayKO@MKO ITPOJTYKIHH .

KavecTBO 4enoBedeCcKOro KamuTaaa obecrednBa-
eTCsl B paMKax KOHIeNIMH 06pa3oBaHUS AJIS CIIedy-
I0llel TeHepauuu. Ee oCHOBOIIOIAraoMmasi TeHEH-
LUl - JOCTHKEeHUe, COXPaHeHHe U Pa3BUTHe KOMIIe-
TeHI[UH Yepe3 eCTeCTBeHHOHAYYHYI0 GyHAAMeHTalb-
HYI0 COCTaB/ISAIONIYI0 00pa30oBaHHUS B paMKax MeX-
OUCLUIIMHAPHOTO IIOAXO0AA U NPOodeCcCHOHATbHON
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« molecular design of artificial systems for
the protein systems for biosensors and
transplantology;

» biomimetic materials, biocomposites and 3D
bioprinting;

« multi-integrated micro-platforms (lab-on-a-chip)
for biomolecular rapid diagnosis of pathological
conditions and disease-causing infections;

« smart tissues (smart clothes) for personal, non-
invasive biomedical express monitoring;

e micro- and nano-biometric identification;

+ bionic robotic systems including biosimilar
and anthropomorphic devices, artificial organs
and convergent (hybrid) systems based on the
integration of biological objects and technical
micro- and nanosystems;

+ information technologies of the augmented and
virtual realities for biomedical applications.

In conducting fundamental research top priority
will be attached to the molecular design, the
processes of self-treatment and self-organisation
of macromolecules and supramolecular
systems; modelling and synthesis of artificial
organic and organic-inorganic supramolecular
compositions - functional environments
characterised by very large-scale information
capacities, high specific energy saturation,
selectivity to external influences, associativity and
distributed information processing; biomimetic
material synthesis technology that simulate the
structural and material organisation of individual
elements of the biological systems and the basic
principles of the real-energy and information
processes that ensure their functioning.

In applied research emphasis is put on
the creation of the following solutions, i.e.
artificial organs ensuring replacement of the
natural systems or lost functions; personal
sensor systems for rapid diagnosis of diseases,
infections, functional state of the organism
and its bio-correction; converged systems
based on the integration of artificial human-
made inorganic systems and objects of the
bio-organic nature; bionic robotic systems for
extending the functionality of a human; friendly
multifunctional adaptive human-machine
interface to ensure the individual comfortable
environment and the functioning of a human.

LETI has been developing quite a range
of products of the medical and biological
applications:
 algorithms and software for topological coding

chain polymers and artificial proteins [4,5];
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OBPA3OBAHMUE

Tabauua 2. Mampuua 80cmpebo8aHHOCMU MeduKo-mexHUYeckux UccAedosaHul U pazpabomok 8 CouUabHO 0pueHmMuUpo8aHHoU MeduluHe
Table 2. The matrix of the demand for medical-technical research and development in socially oriented medicine

HanpassieHUs Me AUKO-6M0/10rNYeCcKUX UCC/Ief0BaHNI U pa3paboTok
Areas of biomedical research and development

"YMHasn
opgexpa” -
TeKCTU/b
Smart
clothes -
textile

Monekynsp-
Has 3Kcnpecc-
ANArHocTuKa
in vitro

Monekynsp-
Has AuarHoc-
TUKa U Tepanus
in vivo
(xonnounabi)
Molecular
diagnosis and
therapy in vivo
(colloids)

UckyccTBeH-
Hble OpraHbi —
6uoneyarb
Artificial
organs - bio-
printing

3D-mopenu
6uoobbeKToB
(opraHos) -
AOMNONIHEeHHas
peanbHOCTb
3D models

of biologi-
cal objects
(organs) -
augmented
reality

Monekynsp-
HbIA AU3alH
Molecular
design

CoumnanbHo-
OpPMEHTUPOBAHHbIE
6uomepmuUHCKME
TexXHoJIorum

Socially oriented bio-
medical technology

("na6opatopus
Ha yune")
Molecular
express diag-
nostics in vitro
(lab-on-a-chip)

MpodunakTmka
COLMANBbHO 3HAYUMDbIX
3abonesaHum + + + + 4 0
Prevention of socially
significant diseases

[NepcoHann3npoBaHHas
MeguLmHa + + + + + +
Personalized medicine

3amelleHue
YTPaYeHHbIX OpraHoB
1 GYHKLNNA

The replacement of
missing organs and
functions

PaclumpeHmne
DOYHKLNOHANBbHbIX
BO3MOXHOCTEN
yenoBeka
Extending the func-
tionality of human

+— HenocpeACcTBEHHOE BIMSHWE, O — OMNOCPeA0BaHHOe BAUSHME
+—direct influence, o —indirectinfluence

OpPHEeHTAallMU, OCHOBAHHON Ha HempepblBHOCTHU || ¢ colloidal magnetic nanocomposites for targeted
u MobunpHOCTH 0bpa3oBaHUsA. B KauecTBe obmieHa- drug delivery and improvement of their
IIMOHATBHOM 3aJjauM OIIpe/ie/ieH Iepexoj oT obyde- pharmacokinetic parameters [6];

HUS K BOCTIUTAHUIO TUYHOCTH.  acluster of flexible printing 3D bioimplants and

B JI3TH B paMKax peanusanuu pabor, ompene- bio-substituting materials [7];

JIeHHBIX Hay4Ho-ob6pasoBaTenbHOU IaTdopmont || « diminutive integrated platforms - lab-on-a-
"BruoTexHocdepa”, mocTpoeHa MaTpHLa Harubosee IIpo- chip for express identification of the pathogenic
IPEeCCUBHBIX M BOCTPeOOBaHHBIX MeJUKOOHONIOTHYe- microorganisms and testing their sensitivity to
CKUX HMCCTe0BAaHHUI U pa3paboToK B COI[UATBHO OPH- antimicrobial agents [8];

@HTHUPOBAHHOHU MepunuHe (Tabn.2). + a portable system based on the lab-on-a-chip
capillary type for rapid control of the size,
mobility and aggregate stability of magnetic
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« a portable and textile-integrated system for
non-invasive recording of the dynamic set of
physiological parameters (smart clothes) [1];

+ a portable X-ray microfocus low-dose diagnostic
unit [11];

« biorobotic systems based on the integration of
insect motility and artificial sensory-telecom
micromodules [12].

The basic criteria for determining the
priority medical, technical and operational
characteristics of developed high-tech products
include diminutiveness, mobility, independence,
energy efficiency and data capacity, integrability,
harmonisation, conformity and biocompatibility.

It is expected to ensure the efficiency of
innovative products taking into account dominance
in the evaluation of consumer properties based on
their intellectual innovation potential as well as
the social and defence significance; the possibility
of integrating into the global division of labour
with the internal and external protection of
intellectual property in the products; raising the
importance of the human capital contribution to
the creation of products with a high intellectual
proportion.

BREAKTHROUGH TECHNOLOGIES

AND QUALITY OF HUMAN CAPITAL

The "soft power" designed to move to the sixth
technological mode, one of the basic directions
of which will surely be biotechnosphere,
is represented by breakthrough innovation
technologies and the quality of human capital.
Breakthrough technologies are characterised
by unexpectedness, intellectual superiority
and usually multidisciplinarity to ensure their
originality and competitiveness of high-tech
products.

The quality of human capital is ensured within
the concept of education for the next generation.
The fundamental trend lies in achieving,
preserving and fostering competencies through
the fundamental natural-science component of
education within the interdisciplinary approach
and professional orientation based on the
continuity and mobility of education. Transition
from education to bringing up a character is
defined as a national goal.

In LETI as part of the work determined by
the Biotechnosphere research and educational
platform a matrix of the most advanced and
popular biomedical R&D outcomes in the socially
oriented health care was set up (table 2). |
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