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BUOMEANLIMHCKUE NMPUJIOXKEHNSI CKAHVUPYIOLLEA NOH-MPOBOASLLENA
MUMKPOCKOMNMUM

A.M.leBuyk®, H0.E.Kopues?, N.B.FopenkuH 2, A.C.Epodees?, N.Hosai?,
W.B. AMUHCKM>*°
!Imperial College London, W12 ONN, United Kingdom
2 000 «MeagnuMHCKNe HaHOTeXHONOrMK», r. Mocksa, yn. Ctpouteneii 4-5-47
3 Queen Mary, University of London, E1 4NS, United Kingdom
4 MrY nmenm M.B. JlomoHocoBa, JIeHnHckue ropsl A.1, cTp. 40
5 000 HIMM “LieHTp nepcneKTUBHbIX TEXHONIOrnii>»

CkaHvpytowas unoH-nposoasiias mukpockonus (CUMM) — 310 noppasgen C3M, B
KayecTBe 30HAA Y KOTOPOro MCMOMb3YeTCS HaHOKanuANAap C 3MEeKTPOAOM  BHYTPW.
M3mMepeHnsi npoBOASTCA B XKMAKOCTM, PacCTOsiHME [0 MOBEpPXHOCTV onpenensiercs
BE/IMYMHON WMOHHOrO TOKa, MPOXOAsALWEero 4epe3 ocTpue HaHokanunnspa [1,2]. CUMM
MO3BOJISIET NPOBOAUTL HECKOHTAKTHYIO BM3yanu3aumio OAMHOYHBIX HGEnKoBbIX KOMMIEKCOoB
B KuBblX Kknetkax [3]. CkaHupyilolwas MOHHass MUKpOcKonusi 06safaeT  BbICOKOM
paspeLuatoLienn CrnocobHOCTBIO BU3yanu3aumm 6GUONorMyecknx KIeToK B npouecce MX
Xu3HeaesTenbHOCTM [4], a Takke npeaocTaBnsieT BO3MOXHOCTb KOMOMHMPOBaHWUSA C
APYrMMU MeToAaMu (yHKLMOHANBbHOMO WM AMHAaMMYECKOro B3auMOLENCTBUS C KeTKamu
(PucyHok 1).
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PrcyHok 1. KoHdbopMaumoHHbIE M3MeHeHUs OAMHOYHBIX 6E/IKOBbIX KOMMIEKCOB
MeMOpaHHbIX YacTuL, Ha MOBEPXHOCTM 3KBAaTOPUANbHOrO CErMeHTa crepmaTo3onaa kabaHa.
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[2] Y.E.Korchev et al. M. J. Lab, Biophys. J. 73, 653 (1997).

[3] A.ILShevchuk et al., Angew. Chem. Int. Ed Engl. 45, 2212 (2006).

[4] P.Novak et al., Nat. Methods 6, 279 (2009).

BIOMEDICAL APPLICATIONS OF SCANNING ION-CONDUCTANCE MICROSCOPY
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! Imperial College London, W12 ONN, United Kingdom
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We have recently pioneered the development of an array of new and powerful
biophysical tools based on Scanning Ion Conductance Microscopy [1, 2] that allow
quantitative measurements and non-invasive functional imaging of individual protein
complexes in living cells (Figure 1) [3]. Scanning ion conductance microscopy and a
battery of associated innovative methods are unique among current imaging techniques,
not only in spatial resolution of living and functioning cells [4], but also in the rich
combination of imaging with other functional and dynamical interrogation methods. These
methods, crucially, will facilitate the study of cellular functions at nanoscale in health and
disease.

0.0 nm 0.0 nm
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178.4 178.3 nm
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Figure 1. Conformational changes in molecular complexes of intramembranous
particles of the equatorial segment domain in boar spermatozoon plasma membranes.
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BMOCEHCOPHASA CUCTEMA HA OCHOBE MOHHO YYBCTBUTEJIbHOIO
MOJIEBOIO TPAH3UCTOPA AN ONPEAENEHUSA NECTELNAO0B

Ky3sHeuos A.E.
®rbY HMK «TexHonornueckmii ueHTp» MUIT, MockBa, Poccus
e-mail: A.Kuznetsov @ tcen.ru

[JaHHas paboTa MOCBALEHA PACCMOTPEHMIO COBPEMEHHBIX TEHAEHUMI B PasBUTMK
MHTErpasibHbIX XUMUYECKMX WM BUOXMMMYECKMX CUCTEM AN COBPEMEHHON MEAMLMHCKOW
OMArHOCTUKM.



CoBpeMeHHasi MeAMUMHCKas AnarHoCTMKa BbiABUraeT psag TpeboBaHWU K MOBbILEHMIO
YyBCTBUTENBbHOCTM,  CENEKTUBHOCTM UM CKOPOCTM  MPOBOAMMBIX  AHANUTUYECKUX
uccnegoBaHuid. OAHUM M3 HampaBneHWM MO PeLIeHUIo 3afadu HaJeXHOW 3Kcnpecc
[AMArHOCTUKN ABASAIOTCS pa3paboTkM B 06nact MUKPOMIOUAHBIX CUCTEM MOMYYMBLUMX
obwme HasBaHue «nabopatopusi Ha uune». KoHuenuusi «nabopaTopusi Ha uune»
noApasymMeBaeT pasMelleHne BCeX HeobXOAMMbIX 3NMEeMEHTOB W peakTMBOB  ANS
npoBefeHNsl aHanusa no cxeme «BBOA obpasua — Mony4yeHWe OTBeTa» B HeHOsMbLIOM,
4acTo 0AHOPA30BOM NpucrocobneHnn. B HacTosiIwmMe BpeMsi B AaHHOW obnactv pa3paboTok
Ha nepBblii NNaH BbIXOAAT NpobneMbl UHTErpaLuun 371EMEHTOB MUKPOMIOUAHON CUCTEMBI,
oTBevaloLumx 3a NpobonoaroToBKy M TpaHCNOPT Npobbl, C cucTeMaMn AETEKTUPOBAHUS,
cxemamn 06paboTku M BbiBOAA CUrHana. C TOYKM 3PEHUs WHTEerpauuv pasivyHbIX
NMOACUCTEM B OAHOM YCTPOMCTBE NEPCNEKTUBHBIM BbIMISANT COBMELLEHNS MUKPOMIIOMAHBIX
CUCTEM C  TexXHoNormsamMn OpPMUPOBAHWUSA  PasnMYHbIX  MUKPO- W HAHO3NEMEHTOB
MCMOMb3yeMbIX B COBPEMEHHON MUKPO- M HAHO3/IEKTPOHMKE. Mcnonb3oBaHWe pasnnyHbiX
MWKPO- U HAHOCTPYKTYP, MHTErpUPOBaHHbIX CO CXeMOM 06paboTKM CUrHana, BCTPOEHHbIX B
MUKPO(IIOMAHbIE  CUCTEMbI,  OTKPbIBAET  HOBble  BO3MOXHOCTM B CO3[aHUU
ABTOMaTU3MPOBAHHbIX BbICOKOYYBCTBUTE/NbHBIX MHTErpasbHbIX aHANMMTUYECKUX CUCTEM AfS
MEAMLMHCKON AMArHOCTUMKW. B nogobHOM WHTerpanbHOM cucTeMe, MUKpodnionaHas
cncTema, OTBevalowas 3a TPaHCMOpT aHanu3upyemoro obpasua, HaxoauTcs Ha
NMOBEPXHOCTU KpUCTannia, B COCTaBe KOTOPOro HaxoAAaTCs MacCMBbl YYBCTBUTESNbHbIX
3/MIEMEHTOB, MMelowWwyMe cneumduyeckne LeHTpbl CBA3blBaHMS. B kauvectBe mnpuMepa
peanusaumm  nopobHbIXx  paspaboTok  OyAayT  paccMOTpeHbl  pe3ynbTaThl  Hay4HO-
uccneposatenbckux pabot npoBoauMbix B HMK «TexHONOrMYecKkuit LeHTp» B AaHHOM
HanpasfeHnn (pucyHok 1), B TOM uucne: paspaboTaHHble MeToAbl (HOPMUPOBAHUS
MUKPOMIIIOMAHBIX CUCTEM Ha MOBEPXHOCTU MHTErpanbHOM CXeMbl U MOAXOAbI K MHTErpauum
MukpodionaHblx  cucteM ¢ KMOM  TexHonoruel; noaxoabl K  (hOPMUPOBaHMIO
YYBCTBUTE/bHbIX 3/IEMEHTOB U (PYHKLMOHANM3aLUMN MX MOBEPXHOCTU C LENbio CO3AaHus
CeNleKTUBHbIX LIEHTPOB CBS3bIBAHUS.



PucyHok 1 — ®oTorpacdus npoTtoTUna WMHTErpasbHOM — aHalMTUYECKON CUCTEMbl C
KPEMHMEBLIMM HAHOCTPYKTYpPaMM B KA4yecTBe YyBCTBUTE/bHbIX 3/IEMEHTOB B COCTaBe
Kpuctanna, paspabotaHHoi B HIMK «TeXHONOrM4eckuii LLeHTp»



BIOSENSOR MICROSYSTEM BASED ON ISFET FOR PESTICIDE DETECTION

Kuznetsov A.E.
SMC «Technological Center», MIET, Moscow, Russia
e-mail: A.Kuznetsov @ tcen.ru

This article reviews recent advances on integral chemical and biochemical systems for
modern point-of-care diagnostics.

State-of-the-art point-of-care diagnostics imposes technological challenges on
analytical study such as high sensitivity, selectivity and measurement rates. One of the
solutions for proximate analysis is development of microfluidic systems called «Lab on
Chip». «Lab on Chip» concept implies the occurrence of all required elements and reagents
for «inlet-response» analysis in small, usually disposable device. In recent years the
challenges on integration of detectors and signal processing circuit with different
microfluidic components performing sample preparation has attracted increasing attention.
In this way integration of different microfluidic subsystems with micro- and nanostructures
fabricated by integrated circuit industry promises development of advanced high sensitive
and selective automated integral analytical systems for health care. In such integral system
microfluidic subsystem performing probe transfer locates on surface of electronic chip. This
electronic chip contains array of nanostructure sensitive elements with high selective
binding sites. As example of this concept the resent results of research work from SMC
“Technological Centre” will be discussed (figure 1). These results include developed
methods for fabricated microfluidic systems on the surface of integrated circuit with
approaches of integration this method with CMOS technology, approaches of fabrication
sensitive micro and nanoelements and functionalization of elements surface for creation
high'_s'_glective binding

~4
“

.

Figure 1 — picture of developed in SMC «Technological Centre» prototype integral
analytical systems containing silicon nanostructures as sensitive elements
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TEXHONIOMMY PEKOH®OUTYPUPOBAHWUS UHTENNIEKTA ABTOHOMHbIX CUCTEM
AN UHOOPMALIMOHHOTO OBLLECTBA

MaBenbeB Cepreii AnekcaHApPOBUY
MoCKOBCKMi1 roCyAapCTBEHHDbIH YHUBEPCUTET NPU6OPOCTPOEHHS N
nHdbopmaTukn (MIryrnm)

Mpu NpoekTMpoBaHMN aBTOHOMHBIX cucTeM ynpasneHns (ABCY) n MobunbHbix po6oToB
BCe Oonblue BHUMaHWS YAENSETCA BONPOCaM YBENMYEHUS CPOKOB MX CNyXObl B YCIOBUSX
MHOr03aAa4HoCT! U AMHAMUYECKM MEHSIIOLIMXCS MapaMeTpoB BHeLHel cpeabl. OgHUM K3
NepCrnekTUBHBIX HanpaBieHUi, CNOCOBHbIX 3HAYMTENBHO YBENNYMBATbL XKU3HEHHbIN LMK
ABCY, SBNsSeTCs NpUMEHEHWE TEXHONOTUN peKOHMUrypauum MWHTennekTa Ha OCHOBe
3 EKTUBHBIX BbIYMCIIUTENBHBIX CTPYKTYP.

PekoHdurypmpoBaHme uHTennekTa faeT [AOMOMHUTENbHYIO CTeneHb cBo6oAbl B
ONTUMM3aLMM  CTOMMOCTM  CUCTEM, WX 3HepronoTpebneHuns, Npou3BOAUTENLHOCTH,
HaZIeXXHOCTK, CTOMMOCTM W BPEMEHW MNpOEeKTUPOBaHWs, U TakuM obpa3oM rubkoctn B
uenoM. B ToM uwncne, yxe nocne Havana (yHKUMOHWMPOBaHWS cucteM. Hanpumep, npu
MOSIOMKE OAHOr0 M3 ABYX MaHUMyNSTOPOB KOCMUYECKOro annapaTta, B Cllydae NpuMeHeHus
TEXHOMOMMN  AUCTAHLUMOHHON PeKOHMUIypauum WHTENNeKTa, MOSIBSETC BO3MOXHOCTb
nobopoTbCs 32 €ero XMBYYeCTb W MPOAO/DKEHME UCMONMb30BaHWs annapaTta  Ans
BbIMO/IHEHUST MUCCUK. TMOKOCTb — BakHeWwwmi dakTop, onpeaensiowmii pa3paboTky u
(PYHKUMOHMPOBaHWE BbIYNCAUTENbHBIX CUCTEM CerofHs u B 0603puMomM byayluem, B CBA3M
C COKpaLLUeHNeM BPEMEHM, BbieNsieMbIM Ha NPOEKTUPOBAHUE M MOCTOSIHHO MEHSWMMUCS
cneundukaumaMm  nNpoekTa. YYeT TakuMx BaxHbIX (aKTOpoB kak 3(dEKTUBHOCTb
MCNoNb30BaHNA pecypcoB " 3HepreTuyeckomn OMTUMaNbHOCTM fAenaiot
peKOHdUrypupyeMble BblUnCeHns elle 6onee akTyanbHbIMU.

B0O3MOXHOCTW PEKOHMUIypUpPYyeEMOro MHTENIeKTa MOMYT HaUTW NPUMEHEHNE BO MHOMMX
oTpacnsx, U MNo Mepe pa3BUTUS TEXHONOMMMA AaHHbIN CMUCOK, BEPOSTHO, MPOAOIKUT
paclumpaTbea B yayliem (pucyHok 1).
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MepcnekTUBHBIE 0BMAcTH NPUMEHEHWS
PEKOHUTYPUPYEMOTO MHTENMEKTa

[
MoBbliLeHWe Sq)q)eKTVIBHOCTI/I ncnonb3oBaHUAa OI'ITI/IMI/IGaLlI/Iﬂ NPON3BOANTENBHOCTU
W KU3HEHHBIX LJUKNOB aBTOHOMHbIX CUCTEM cneynannsnpoBaHHbIX yCTp0I7ICTB
I [
I'IpmMeHeHme
Bbicokonpous-
WceneaosaHus aBTOMaTM3M-
BOAWMTENbHbIE
Kocmuueckue TPYAHOZOCTYM- POBaHHbIX WHTennektyane- Tenexkommy- Baumra D )
neene,
[l0BaHNS HBIX PEFMOHOB CpeAcTB B HOE OKpyIKeHne HuKaLuu MHbOpMALK ONNEKTHBHONO
3emnu IKCTPEMATbHBIX
nonb3oBaHus
cuTYaLusix
PekoH durypu- Saralon Ynpasnenue
nyBokoBoaHbIE o HeCcaHKLMOHU-
CnyTHUKN 3emnu MoxapoTylueHne YMHBIA fOM pyemble cucTeMammn B
nceneaoBanns poBaHHOro
cpeAcTBa CBA3N peanbHOM BpeMeHu
AocTyna
SO TEEEIE] BuinonHeHue
MesknnaHeTHble A K'ﬁllKVI o CnaceHue Ha ATOoMOBMNBbHOE BopToBble KpunTtorpadu- "ObnayHas”"
annapartel b Boze ocHalleHne CUCTEMbI CBS3N Yeckix 06paboTka AaHHBIX
AHTapKTUKKM
anropuTMoB
SIS WcecnepoBanus B ABapuu Ha WHTennektyanbH
nceneaoBaHus "
IX npo as BoiToBas
AaneHero
30HaX o6 bekTax TexHuka
Kocmoca

PucyHok 1. Haubonee nepcrnekTMBHble 0611acT MPUMEHEHUSI PEKOH(UIYpUpyeMoro
WHTENNEeKTa

Ha cerogHsilWHWI AeHb yXe Aoka3an CBOo 3(MPEKTUBHOCTb U LUIMPOKO MCMOSb3yeTCst
NpUHLUMN  PEKOHMUIYPUPYEMBIX BbIYMCIEHWIA MPU CO34aHWM  BbICOKOMPOU3BOAMTENBHbIX
BbIUNC/IUTENbHbIX CUCTEM.

[Opyroin nepcnekTuBHOW 06MacTblo MPUMEHEHUSI PEKOHMUIYPUPYEMOro MHTenneKTa
ABNSIOTCA AaBTOHOMHbIE CUMCTEMbI YNPaBNEeHUs, KOTOpbIE YXe YNOMUHANNCh, U B YaCTHOCTU
MObUnbHble  pobOTbl, WUCMOMb3yeMble B Pa3fIMYHbIX  OTPac/sX  MPOMbILLIEHHOCTY,
TpaHCropTa M B 3ajayax, FAe HernocpeACTBEHHOE yyacTWe 4YenoBeKa HEBO3MOXHO MIN
CBSI3aHO CO 3HAYUTENbHBIM PUCKOM. Ha npakTuke Hepeaku cryvaun, Korga BCNeacTsue
M3MeHEeHUs1 yCnoBuii paboTbl, M3MeHeHus Uenel ABCY M cnocoboB WX AOCTUXKEHMS,
BO3HMKaeT  HeobXoaMMOCTb B MOAMMUKALMKM  WMHTENNIEKTyanbHbIX  anropuTMOB.
Mcnonb3oBaHne pekoHMhUrypupyemMoro MHTeNNeKTa Mo3BONsSieT pewartb 3Ty npobnemy u
noBbIWAaTb 3PHEKTUBHOCTb UCNONb30BAHNSA TakUX aBTOHOMHbIX CUCTEM.,

Ewe oaHOM akTyanbHOM 06nacTblo MpUMEHeHWUs peKOoHbUrypupyeMbixX anmnapaTHbIX
CPeacTB SIBNSIOTCS BCTPOEHHblE aBTOMATWU3MPOBAHHbIE YCTPOWMCTBA WHTENNEKTYaNnbHOro
OKPYXXEHMS, BCe LWMpe BHeapseMblX B HacTosiee BpeMs. DyHKUMOHANbHBLIN CPOK
XKM3HEHHOrO LMK TakUX aBTOMATM3MPOBaHHBLIX YCTPOMCTB, Kak MpaBWo, AOCTATOYHO
npoAokMTeneH n gocturaet ot 5 ao 50 net. OaHAKO, TEXHONOrMKM Pa3BMBAKOTCA ropasao
6bICTpee, npeTepnesas CyleCTBEHHble u3MeHeHns B pamkax 0.5-5 net. Takum obpasom,
annapaTHble peLUeHUs, WCMOoMb3yeMble B aBTOMAaTM3MPOBAHHbIX YCTPOMCTBaxX, MOryT
ycTapeBaTb, @ BCe BO3MOXHOCTU HOBbIX TEXHOIOMUIA UCMOb3YIOTCS UMW HE B MOSIHOM Mepe
WM Aaxe He UCMOSb3YHOTCS BOBCE.

PaccmoTpM noppobHee TexHONOrMM, nNpUMeHseMble B 3ajadax pekoHdUrypauum
WHTENNeKTa aBTOHOMHBIX CUCTEM ynpaBieHns u MobunbHbIX poboToB (PUCYHOK 2).
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OremeHTHas 6asa BbluUCTIUTENe, NPUMEHSEMbIX N8 peanuaaLlmn pekoHQUTyPUPYEMOro HTeNneKkTa

Bblyncnutenu c
peKoHhUrypu-
pyembimMu
MHC)OP MaLMOHHbIMM
NOTOKAMM

MporpamMmMupyemble
noruyecke
MHTerpanbHble
CXeMbl

Bobluncnutenu ¢
rmbpuaHoi
apXUTEKTYpPOI

LinchpoBble
npoLjeccopbl
cUrHanos

Opyrue
npoLjeccopbl

Bblyucnutenu Ha
namaTu

Cnocobbl peanusauny MHTENNEKTYaNnbHbIX METOA0B yNpaBneHns

YnpaBneHue no
npeLieaeHTam

ApanTuBHble HEYETKUE WcKyccTBEHHbIE
CUCTEMbI HENPOHHbIE CETU

BKenepTHbIE CUCTEMBI Opyrve

YcnoBus pekoHdUrypaLuy UHTennekTa

MameHeHne cnocoboB AOCTMKEHUA LiENK

WNameHeHune ycnosuid
BHelLLHel cpeabl HobaBneHne/sameHa
ofopyaoBaHus

CmeHa muccum

OTras yact obopyaoBaHus

YPOBHU yNpaBneHWs pekoHUrypaLuen UHTennekra

TaKTMyeckuin OnepayuoHHbIiA

CTpaTernyeckuii

PucyHok 2. Knaccudukaums TEXHONOMUM, MPUMEHSIEMBIX B 3afladyax peKOHdUrypauum
VHTenneKTa

Bbibop 3anemeHTHOM 6asbl  onpegensieT  MacwTtab  MWHUMANbHOrO  3NEMeHTa
KOHUrypaumm B cucteme. Ans cucteMmbl Ha 6ase CTaHAapTHBIX MUKPOMPOLIECCOPOB Takow
MacwTab 6yaer Haubonee KpynHbiM (OTAEMbHLIM MWKPOMPOLECCOp), B TO BpeMsi Kak
nporpamMMupyeMble  slormyeckne  uHTerpanbHole  cxembl  (MJINC)  npegocTasnsioT
BO3MOXHOCTb Hambonee rnybokon pekoHdUrypauumM Ha ypoBHE OTAENbHbIX NOrMYecKnX
BeHTWUnNen. [ipyrue BapuaHTbl UCNONb3yeMOW 3NeMEHTHOW 6a3bl 3aHMMAIOT NPOMEXYTOYHOe
nonoxexnne. B 3aBMCMMOCTM OT CMeKTpa pelaeMblX 3a4ady MOXeT OblTb BbIFOAHO
MCNONb30BaHWe  pas3nnyHblX  MacwTaboB  3neMeHTOB  KOHdwurypauuu. Hambonee
YHVBEPCasbHbIM peLleHMeM B TakoM Cilyyae SIB/SOTCS CUCTeMbl Ha 6ase BbluMciuTenei ¢
rMB6pUAHON apXUTEKTYpPOMN.

CBOM OrpaHUYeHus BHOCUT CMOCOb peanu3auuu WHTENNeKTa B aBTOHOMHOM cucteme
ynpasneHus. Tak, PeKOHMUrypupyeMblil UHTENNEKT Ha 6a3e WCKYCCTBEHHOW HEMPOHHOM
cetn MoxeT 6biTb 6onee 3ddekTmBHO peanusosaH npu nomowwm MJINC, ponyckarowmx
Havbonee peTanbHble M3MEHEHUS B KOHUrypauuu. [ns aganTUBHBIX HEYETKUX CUCTEM
6onee npeanoyvTUTENBHOM MOXET OKa3aTbCs MMOpUAHAs apxuTeKkTypa, AN 3KCNEepTHbIX
CUCTEM - BBIYMCIIUTENN Ha MaMmaTh, U T.4. B kaxaom cnydae ans onTMManbHOro Bbibopa
BapuaHTa peanusaumv pekoHPUrypupyeMoro uHTennekTa HeobxoauM TuaTenbHbIM aHanus
0XnZaeMbIx yCoBuin paboTbl U BHYTPEHHUX 0COBEHHOCTEN KOHKpeTHO ABCY.

[N aBTOHOMHbIX CUCTEM C PEKOH(MUIypuMpyeMbIM WMHTENNEKTOM, B YacTHOCTU ANS
MO6UNbHBIX  POOOTOB, BAXHYD pOfb WrpaeT TakkKe peanusauus  ynpasneHus
peKoHdUrypaumeir CUCTEMbI, TaK KaK pelleHne O PeKoH@Urypaumm MOXeT NpUHUMaTbCS
aBTOMAaTMYeCKM B COOTBETCTBMM C 33faHHbIM HabopoM KpuTepueB. YnpasneHue
peKoHdurypaumeir CUCTEMbl, TakMM 06pasoM, [O/KHO OCYLLECTBASATbCS COBCTBEHHBIM
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WHTENNeKTyanbHbIM  anropuTMoM, B 0OWEM Cilydyae OT/IMYHBIM - OT  WCMOMb3YEMOro
OCHOBHbIM WMHTennekTom ABCY. Bblbop peanusaumm WHTENNEKTYyanbHOro YynpasieHus
peKoHdUrypaumeir CUCTEMbI MOXET OMNpeaensTbCs OXWAAEMbIMU YCNOBUSIMK ee paboThl,
[OCTYMHBIMWA BbIYMCIUTENBHBIMU PeCcypcaMu 1 06LLei CTeneHbio aBToMaT3aUmmn CUCTEMBI.

Cpepv ycnoBuii pekoHdurypaumm mHtennekta ABCY MOXHO BblAenuTb Takue oblme
rpynnbl, Kak CMEHa MUCCUU CUCTEMbI, U3MEHEHME YCNIOBUIA BHELLUHEN cpeabl U U3MeHeHWe
CnocoboB AOCTUXEHUS NMOCTAB/IEHHON e, Cpeay KOTOPbIX MOXHO BblAENWUTb aBapuMHbINA
oTKa3 4actm 0obopynoBaHUS M LUTATHYIO CMEHY 4YacTu anmnapaTHOro MaM NporpaMMHOro
MHCTpPyMeHTapus. Hambonbluas cTeneHb aBTOMaTM3auMmM CUCTEMbI AOCTUraeTca npu yyete
BCEX MEpeYNCNeHHbIX YCNOBUIM, 4TO, OAHAKO, He B KaXaoM c/lyyae MoxeT ObiTb
LenecoobpasHbiM.

YnpaBneHue pekoHbwurypauvein wuHtennekta ABCY MOXET OCYWeCTBAATbCS Ha
CTpaTernyeckoM ypoBHe, Mogpa3yMeBalolleM MOCTaHOBKY oblwmx uenel B xoge paboTbl
CUCTEMbI, TaKTUYECKOM YPOBHE YMpaBfieHWs, NoApa3yMeBaloLWeM BblI6Op ONTUMANbLHOro
cnocoba pelleHnsi KOHKPETHOW Lenu, U OnepauvoHHOM YPOBHE, MoApa3yMeBaloLleM
reHepaumio ynpaBnsitolmMx KOMaHa CPeacTB B3aUMOAEWCTBUS CUCTEMbI C BHELLHEN Cpesov.
B obweM cnyyae, YeM Bbllle ypoOBeHb YNpaBfeHUs PeKkOoHdbUrypaumnen MHTennekTa, Tem
KpynHee MoXeT 6biTb MacwTab MMHUMANbHOMO 3neMeHTa KoHdurypauun. Kpome Toro, ans
pasHbIX YPOBHEN ynpaBneHust MoryT 6blTb MPUMEHEHbI pasfnyHble Crocobbl peanv3auunm
WHTENNEKTyasbHbIX METOAOB YNpaBfeHWsi peKoHdUrypaumen.

TECHNOLOGIES OF RECONFIGURABLE INTELLIGENCE OF AUTONOMOUS
SYSTEMS FOR INFORMATION SOCIETY

Pavelyev Sergey Aleksandrovich
Moscow State University of Instrument Engineering and Computer Sciences
(MGUPI)

Designers of modern autonomous control systems (ACS) and mobile robots pay more
attention to increasing their efficiency in multitasking applications and dynamically
changing environment. Reconfigurable intelligence is one of the prospective technologies in
this area.

Reconfigurable intelligence offers additional level of freedom in optimization of system
costs, energy efficiency, performance, reliability, design time and flexibility in general.
Additionally, this optimization can be performed on a fully functional system.

Reconfigurable intelligence can be applied in different areas, which will be further
expanding in future with development of new technologies (Fig. 1).
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Potential areas of application
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Fig. 1. Potential areas of application of reconfigurable intelligence

Today ACS implemented with the usage of artificial intelligence and fuzzy logic are
becoming ever more common in various fields of industry, transport and different tasks
where direct involvement of the operator is impossible or too dangerous. In practice
however quite frequent are the cases when due to changes of working conditions, changes
of the goals of ACS and methods of their achievement it becomes necessary to modify
intellectual algorithms of ACS. In some cases when ACS is used in remote or hard-to-reach
terrain (ocean depth, in space, etc.) immediate access to it can take a lot of time, be very
costly or at all impossible. Remote modification of intelligence will allow to solve this
problem and to raise efficiency of usage of ACS.

Classification of technologies used for realization of reconfigurable intelligence is
presented on Fig. 2.
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Element basis

Digital signal
processors

Field programmable Processors on

Dataflow processors| Hybrid processors
gate arrays memory

Other processors

Intellectual control methods

Adaptive fuzzy systems | Artificial neural networks Expert systems Precedent control Other methods

Reconfiguration criteria

Change of target acquisition means
Change of external
environment parameters

Change of target

Addition/change of equiment Partial malfunction

Reconfiguration control levels

Strategical Tactical Operational

Fig. 2. Technologies used for realization of reconfigurable intelligence

Prospective element basis for intellectual ACS are field-programmable gate arrays
(FPGA) which represent a platform for creation of high-efficiency reconfigurable digital
circuits and devices with low project time and costs. Inner structure of modern FPGA can
be modified in real time which allows creation of devices with fast reconfiguration of
executable functions on their basis.

Remote modification of the intelligence of ACS implemented on the basis of
reconfigurable computing technologies and FPGA is estimated to increase the life cycle of
autonomous control systems in certain applications by 15-20 %.

In the framework of the developed method reliability of FPGA reconfiguration process
is reached with the help of multidomain architecture. The multidomain FPGA architecture
allows upgrade of software and hardware directly during device runtime. ACS constructed
on the basis of the developed method can provide reliable loading of new FPGA modules in
the active device, performance check of the loaded module and switch to usage of the new
FPGA module without influencing performance of current critical functions of the device.
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SJIEKTPOAbl HA OCHOBE HAHOPASMEPHbIX KAMWIAAPOB ANA
MOHUTOPUHIA AKTUBHbIX ®OPM KMCJ/TOPOAA PSAOM C MEMBPAHHOU UN
BHYTPU XXUBbIX KJIETOK

N.B. Fopenknn'? A.C. Epocdees’? U.B. imunckmii'?, E.B. CBuagepckasn’,
10.E. Kopues>*
1 MockoBckuii rocyaapcTBEeHHbI yHMBepcuTeT uMeHn M.B. JToMOHOCOBa,
119991, JleHuHckue ropsbl, 1, MockBa, Poccuiickas ®egepauus
2 000 «MeanuUMHCKME HaHOTEXHONOrMKM», 119311, r. Mocksa, yn. CTpouteneii
4-5-47, Poccuiickasa ®enepauus
3 pivision of Biomedical Sciences, St George's University of London, London
SW17 ORE, United Kingdom
4 Department of Medicine, Imperial College London, W12 ONN, United Kingdom

HaHokanunnsipbl MOXHO WCMONb30BaTb A4S Pa3MyHbIX LUenel, B TOM u4ucie
CKaHupyioLas WOH-NMPOBOASALLAsS MMKPOCKOMMWS, MO3BONSIOWAs Mnony4atb u3obpaxeHue
XKMBbIX KNETOK C HaHOMETPOBOW TOYHOCTbIO, KONMYECTBEHHOW [AOCTaBKM BellecTBa K
MOBEPXHOCTU XKMBOW KNETKU. DYHKLUMOHANM3MPOBAHHbLIN HAHOKANUANSP MOTEHUMAsbHO
MOXHO MCMOJIb30BaTh Kak BbICOKOCENEKTUBHbIN BHYTPUKIETOYHbIV CEHCOP.

B paHHOM paboTe Mbl pa3paboTanu Cnocod M3roTOBMEHWs, XapaKTepu3auuuM |
(yHKUMOHANM3auumM YrnepoaHbIX HaHO3MEKTPOAOB Ha OCHOBE HAHOKaMWIMSPOB ANS
BHYTPVK/IETOYHON fAeTeKkuuM BewecTB. bblna mnokasaHa BO3MOXHOCTb MPOW3BOACTBA
HaHO3/1eKTPOAOB B (hopMe AmMcKa, Yel paanyC MOXHO TOYHO KOHTPOSIMPOBaThb B AManasoHe
5-200 HM. ®DYHKUMOHANM3aUMs 3TUX HAHO3MEKTPOAOB MSIATMHOW MO3BOSMMA ONpeaensTb
B6M3M 1M BHYTPU KNIETOK MENAHOMbI Y MeNIaHOLMTOB YPOBEHb aKTUBHbIX (OPM KUCITOpPOAa.

Bbina nokasaHa BO3MOXHOCTb  BHYTPUKIETOYHbIX  M3MEPEHU C  MOMOLUbO
pa3paboTaHHbIX HAaHO3MEKTPOAOB Ha Ky/bTypasbHbIX KIETKax MenaHoMbl. MenaHOCOoMbI,
HaxoAslumMecs B KNeTKax MenaHOMbl, BMECTO 3alyuTbl KIETKM OT OKCMAATMBHOrO CTpecca,
npoayuupytoT cBoboaHble paaukanbl. B xoge NPOHVMKHOBEHMS HAHO3MEKTpoAda B KIETKY
TOK pe3KO BO3pacTaeT, MoCne Yero BbIXOAWT Ha MOCTOSIHHOE 3HAayeHWe K YPOBHIO BbILLE,
YeM WU3MEpeHHOMY B K/IETOYHOW cpede. KreTka MOXET BblAepXaTb HECKOJSIbKO
NPOTBIKAHUNA, W KaXXAbl pa3 3MEeKTPOXMMUYECKUE CUTHaNbl, W3MEPEHHbIE BHYTPU U
CHapyXu KNeTku, oTnamyaloTcs. [lonyyeHHble pe3ynbTaTbl AEMOHCTPUPYIOT MoTeHuuan
MCMONb30BaHUs  (PyHKLUMOHANM3NPOBAHHbIX HAHO3MEKTPOAOB B KayecTBe CeHcopa Ha
aKTMBHble (DOPMbI KUCNIOPOAA B MENIOHOMHbIX KIE€TKax U MenaHouuTax.

MpoeKT OTHOCUTCA K MPUOPUTETHOMY HarpasieHunio «XXuBble CUCTEMBI».

Onsa panbHemwero pasBuTUsS NpoekTa HeO6X0AWMbl JOMOSHUTENbHbIE MHBECTULMM Ha
CO3fjaHne KOMMEPYECKOro NPOAYKTa U NPOABMKEHNS €ro Ha PbIHOK.

MpoekT BbINONHeH B pamkax OLIM (MK N214.512.11.0084 ot 20.06.13).
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NANOPIPETTE BASED ELECTRODE FOR INRA-/EXTRACELLULAR
MEASUREMENTS OF REACTIVE OXYGEN SPECIES

Peter Gorelkin'?, Alexander Erofeev'? Igor V. Yaminsky'? Elena V.
Sviderskaya®, Yuri E. Korchev*
1 Lomonosov Moscow State University, Leninskie Gory, Moscow, 119991,
Russian Federation
2Medical Nanotechnology, Stroiteley Str. 4-5-47, Moscow 119311, Russia
3 pivision of Biomedical Sciences, St George's University of London, London
SW17 ORE, United Kingdom
*Department of Medicine, Imperial College London, W12 ONN, United Kingdom

Presenting author: Petr Gorelkin; p.gorelkin@nanoscopy.ru

Nanopipettes have been used in different applications with integration into Scanning
Ion Conductance Microscopy (SICM): high resolution topographical imaging of living cells,
quantitative delivery of molecules to the surface of living cells. Additionally, nanopipette
probes still hold great promises as intracellular biosensors.

Here we describe the fabrication, characterization, and tailoring of carbon
nanoelectrodes based on nanopipette for intracellular electrochemical recordings. We
demonstrate the fabrication of disk-shaped nanoelectrodes whose radius can be precisely
tuned within the range 5-200 nm. The functionalization of the nanoelectrode with platinum
allowed the monitoring of oxygen consumption outside and inside of melanoma cell.

We applied the nanoelectrode to perform intracellular measurement in cultured
melanoma cells. Melanosomes found in melanomas, instead of protecting the cell from
oxidative stress, produce free radicals. Upon penetration of the melanoma cells the anodic
current quickly increases followed by equilibration to a level above the one measured in
the cell media. A cell can withstand multiple penetrations and we measured a substantial
difference between the electrochemical signal measured inside and outside the cell. We
believe these results show the potential of functional nanoelectrode to probe endogenous
species into melanoma cells and with further improvements they may allow the study of
oxidative stress in melanomas.

Project is concerning to priority direction “Life systems”.

Additional investments are required on current stage of the project for commercial
product development and market promotion.

Project was supported by Russian Ministry of Education and Science (State contract NQ
14.512.11.0084).
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MPO3PAYHbIE HAHOCTPYKTYPUPOBAHHBIE TOHKMWE KJIACTEPHBIE NJIEHKW C
YMNPABJISEMbIMM CBONCTBAMMU

Kyuepuk A.O., Kytposckas C.B., ApakensiH C.M., Ocunos A.B.
BnagnMupckuit rocyaapcTBeHHbI yHuBepcuTeT uM. A.l'. n H.l. CToneToBsblx,
Poccuiickan ®epepaums

JlazepHasi abnsaums TBepabIX MULLIEHEW B XMAKON Cpefe LUMPOKO UCMOSb3yeMblii METOA
M3roTOB/IEHUSI HAHOYACTUL, Pas/IMYHbIX COCTABOB TaKuMX Kak MeTansibl, CraBbl, OKCUABI,
kapbvabl, rMapoKcMaoB v T.4. B T0 e Bpemsi 605blIOe NpenMyLLecTBO METOAA SBASETCS
BO3MOXXHOCTb NOBTOPHOro 061yyYeHnst Nosly4aeMblX HAHOMaTepUanos, KOTOpble MOryT 6bITb
NpyYMeHeHbl Ans JanbHelwen moandukaumm nx pasmepos, GopM M cocTaBoB. JlaszepHas
abnaumsa WMPOKO NpUMEHsieTCs M pa3paboTaHbl  MEeToAbl AN CMHTE3a MeTanIMyeckux
HaHOCTPYKTYp, Takux, kak 301010 (Au), cepebpo (Ag), Hukenb (Ni) n meab (Cu) nam mx
CnnaBoB. BuMeTannuMueckme CTPYKTypbl 3TUX MeTannoB 061agaloT  yyudlleHHOW
(pr3MyecKon U XMMUYECKON CTabWUBHOCTBIO U CENEKTUBHOCTBIO CBOWCTB MO CPaBHEHUIO C
OJHOKOMOHEHTHLIMA  CTPYKTYpamMu. BuMeTannumuyeckuin KOMMIEKC MO3BONSET M3MEHSTb
ONTMYecKue CBOMCTBA B 3aBMCMMOCTM OT pasMepa M cocTaBa HaHodactuy. OTaenbHbIM
HanpaBfieHWeM perynmpoBaHusi (U3NYECKUX CBOWCTB TaKMX HAHOCTPYKTYp sIBNsieTCs
obpazoBaHue KNacTepoB C U3MeHsieMoln Mopdonornen.

MepcrnekTBHLIM  CMOCO6OM  MONyyYeHWss BUMeTannMueckMx KnacTepoB  ABNSETCS
nasepHoe obpasoBaHMe KOMOUAHbLIX CraBoB. B 3ToM paboTe Mbl MCMONb30Banu MeTOA
BO3JEWCTBUA HEMPEPbLIBHOTO N1la3epHOr0 M3MyYeHWUst C YMEpPEeHHOW WHTEHCMBHOCTBIO B
Xuakoctun (Bofe, 3TaHone u T.4.). PopMupyeMble KONNOWUAHbIE CUCTEMBI BblI MOTyYeHbl
BO3A€e/iCTBMEM BONMOKOHHOro nasepa (A = 1,06 Mkm, I ~ 10° BT / cM?, T = 10 MuH). Pasmep
4yacTuL B KOMJIOMAHOM pacTBope cocTaBnsieT oT 5 o 100HM B 3aBMCMMOCTW OT YC/IOBUM
Bo3gelicTeus. Mocne 3Toro ABe KOMIOMAHbIE CUCTEMBI U3 pa3HbIX METasoB CMeLIMBanuch
M HaHOYaCTMLbI OCAXAAMCb HA CTEKNSHHYIO MOASIOXKKY ABYMS Pas3fIMyHbIMW METOAAMM:
Na3epHO-MHAYLIMPOBAHHBIM TEPMOOCAXKAEHMEM METa//IMYeCKMX 4YacTuL, M3 KOIIOMAHOrO
pacTBopa M OCaXXAEeHWUs YacTuL U3 Masiol Kanav Konsionaa.

Mopdonornyeckne CBOWCTBA OCaXAEHHBIX KIAcTepoB 6biM MCCeAoBaHbl C NMOMOLLbIO
aTOMHO-CUI0BOM MUKpocKkonuu (ACM), CKaHWpYIoLLe 3N1eKTPOHHON Mukpockonuu (P3M) u
npocBeyMBaloLLelt 3NeKTPOHHOM Mukpockonuu (M3M). Bbino yCTaHOBMEHO, YTO CMEKTPb
NPONYCKaHMsi MOMTyYeHHbIX CTPYKTYpP 3aBUCUT OT KOHLEHTPaLMW HaHO4YacTuL 30510Ta M
cepebpa B KONMOUAHOM pacTBOpe, U OT MOPdONOr1M CBOMCTB OCAXAEHHOIO C/0S.
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TRANSPARENT NANOSTRUCTURED THIN CLUSTER FILMS WITH CONTROLLED
OPTICAL PROPERTIES

Kucherik A.O., Kutrovskaya S.V., Arakelian S.M., Osipov A.V
Stoletovs’ Vladimir State University, Vladimir Russia

Laser ablation of solid targets in the liquid medium widly used method for fabrication
nanostructures with various compositions such as metals, alloys, oxides, carbides,
hydroxides, etc. At the same time a great advantage of the method is the possibility to re-
irradiate the suspended nanomaterials that can be applied to further modify their size,
shape, and composition. In the past two decades, with the rise of nanoscience, laser
ablation has been broadly applied and developed for the synthesis of metal nanostructures
such as gold (Au), silver (Ag), nickel (Ni) and copper (Cu) or their alloys. Bimetallic
structures of these metals have improved physical and chemical stability and selectivity
compared with isometric structures. The bimetallic complex is related to change the optical
properties, in particular transmission and absorption, depending on the nanoparticles (NPs)
size and composition. Separate direction of controlling the physical properties of such
nanostructures formation of clusters with variable morphology.

Promising method of obtaining bimetallic clusters is the laser formation of colloidal
alloys. In this work we used method of action of CW-laser radiation with moderate
intensity in liquid (water, ethanol, etc.). Colloidal systems formation were obtained by CW-
laser (A = 1.06 um, I ~ 10° W/cm?, t =10 min). Particle size in the colloidal solution is
approximately 8 nm. After that, two colloidal systems were mixed and NPs were deposited
on the SiO, substrate by two different methods: laser-induced thermal deposition of metal
particles from colloidal solution and deposition of particles from small drop of colloid.

The morphological properties of deposited clusters were investigated using atomic
force microscopy (AFM), scanning electron microscopy (SEM) and transparent electron
microscopy (TEM). It was found that the transmission spectra of the resulting structures
depend on the concentration of gold and silver nanoparticles in the colloidal solution and
from morphology properties of deposited layer.

This study was performed within the design part of a government contract for research
work with VISU #16.440.2014/K and RFBR grant #N? 13-02-91057.
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AJTIOMOMATPUYHBIE KOMMO3MUWOHHBIE CMJ1IABbl C HAHOPASMEPHbIMU
®A3AMU ANA N34ENNN ®YHKLUOHAJIbHOIO HASHAYEHUSA

Mandunos A.A., NMpycos E.C., Keunn B.A.
BnagnMupckuit rocyaapcTBeHHbI yHuBepcuTeT uM. A.l'. n H.l. CToneToBsblx,
Poccuiickan ®epepaums

JocTurHyTbil 33 nocnegHue  AeCSTUNETUS  MPUPOCT  MEXaHUYeckux U
3KCMyaTaUMOHHBIX CBOMCTB METa/IMYeckux MaTepuanoB 6bin 06ycnoBieH B OCHOBHOM
pa3paboTKoi CniaBoB C HOBbIM XMMMYECKUM U a3oBbiM cOCTaBOM. OAHaKo B nocnegHve
rogbl 6bi1M paspaboTaHbl HOBble HanpaB/ieHWs! MOBLIWEHWUSI CBOMCTB (hyHKLMOHANbHBIX U
KOHCTPYKLMOHHbIX mMaTepuanos 3a cyer dopmmpoBaHus cybmukpo- "
HaHOKPUCTaNIMYECKOM  CTPYKTYpbl. epcrnekTMBbl MPUMEHEHWS HaHOMaTepuanos B
MaLUMHOCTPOEHUN CBSI3aHbl C TeM, YTO MeTa/MyeckMe MaTtepuasnbl C HAHOCTPYKTYPOW,
BK/IIOYas asloMOMATpUYHble HaHOKOMMO3MTbI, 06nadaloT 3HauuTenbHO 6onee BbICOKMMU
(pU3MKO-MEXQHMYECKMMM M 3KCMyaTaUMOHHBIMM  CBOWCTBAMW B CpaBHEHUM C
TPaAMLMOHHBIMX MaTepuanamu.

OCHOBHbIMM MEeTOAaMM MOyYeHWs MaTepuanoB C HAHOPa3MEepHbIMW 3IEMeHTaMu
SABNSIOTCA  KOMMAKTMPOBaHWE  MOPOLIKOB,  KpUCTanau3auus  aMopdHbIX  CMIaBoB,
WHTEHCMBHAs nnacTudeckass fecdopMauus M HaHeceHWe MOKpbITMA. B TO e Bpems,
Haunbonee yHuBepcanbHbIMU SBASIOTCA XMAKOMA3Hble TEXHOOrMKU, CPABHUTENBHO Nerko
afanTupyeMble K YCIOBMSIM AEWCTBYIOWMX MPOM3BOACTB W MO3BOMSIOLME MOSyYaTb
n3genus pasnnyHoi KoHbUrypauum n Maccol. OgHaKko BBOA HaHOYacTWL, B MeTannyeckme
pacnnasbl NPeACTaBASET 3HAYUTENbHblE TEXHOOrMYecKne TPYAHOCTU BCNEeACTBUE UX
KOarynsiumm, OKUCNEHUS 1 MI0XOW CMauMBaEMOCTUN XUAKMMU MeTanaMmu.

PaspaboTaHHas aBTOpamMu xuakodasHas TEXHONOrMs CUHTE3a antoMOMaTPUYHBIX
HaHOKOMMO3UTOB OCHOBaHa Ha MEXaHOaKTMBAaLMKM Kepamuyecknx HaHodactuy SiC (40 HM)
n AlLOs (15 HM) C nopowkamMu TWTaHa M HUKens C nocneaylowmMm 6pukeTupoBaHMeM
Mosly4yeHHOW CMecM W BBOAOM B MaTpWUYHbIA pacnfiaB. JK30TEPMUYECKME peakuuu,
npoTekawowme ¢ obpa3oBaHWEM WHTEPMETANIMAHBIX apMupylowmx ¢as npyv BBeAEHUU
KOMMO3ULMOHHBIX GPUKETOB B anlOMUHWEBLIA PacniaB, CO3AAlOT YCIO0BUS ANS Jydllero
CMayMBaHMS N YCBOEHMS 3K30ME€HHbIX HAHOYaCTUL,.

YCTaHOBNEeHO, 4TO BBOA B KOMMO3WUMOHHblE pacnnaebl cuctem Al-Ti n  Al-Ni
3K30reHHbIX HaHouyactuy B  konuvectee  0,1-0,2%  oka3blBaeT  MONOXUTENBbHOE
mMoauduumpylollee BAMsSIHUE Ha Mopdonornio, obbemMHOe copaepXxaHve W pasMepsbl
3HAOrEeHHbIX MHTEPMETaIUAHbIX da3: hopMa BKIOUEHWI CTaHOBUTCS Bonee OKpyrion, ux
KOMIMYECTBO YBENNYMBAETCS, @ CPeAHUN pa3mep yMeHbluaetcs ¢ 18-20 MkM 0 6-8 MKM.
MpeanonaraeTcsi, 4TO HaHOYaCTMUbl, pacrnonarascb MO rpaHvMuaM 06pasyoLmnxcs
WHTEpMETanNnAoB, NpenaTcTeyloT Anddy3unM  anioMUHUS  BHYTPb  06pa3oBaBLUMXCS
anommHnaos AlcTiy n AlLNiy, orpaHnuMBas Ux pocT 1 3amMeanss npouecc cpactaHus B 6onee
KPYMHblE BKIOYEHNS.

OAHUM M3 NPUMEPOB  WCMONb30BaHWSi pa3paboTaHHbIX MaTepuanos  SBASETCH
Npou3BOACTBO U34enui, paboTaloWwmx B YCIIOBUSX MHTEHCMBHOMO M3HOCA M MOBbILLEHHbIX
TeMmnepatyp. WHTEHCMBHOCTb W3HALWMBAHUA NMTbIX 06pa3LoB W3  anoMOMaTPUYHBIX
KOMMO3WLUMOHHBIX CMiaBoB, MOAMMULMPOBaHHbIX HaHoyactuuamu, B 8-10 pa3 MeHblue B
CpaBHEHWM C MaTpU4YHbIM CniaBoM. Hapsgy c 3TuM, pa3paboTaHHas TexHonorus
KOMIMIEKCHOrO apMMPOBaHWs antoMUHUEBBIX CMIABOB HAHO- Y MMKpOpasMepHbiMu dasamu
No3BoNsieT CO3AaBaTb B 3aBUCUMMOCTM OT MpeabsiBNsieMblx TpeboBaHWI >XapoCTOMKME,
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BbICOKOAEMMNMUPYIOLIME, 3NEKTPOTEXHUYECKME, aHTUMDPUKLMOHHbIE WU  (PUKLMOHHBIE
MaTepuarbi.

CAST ALUMINUM MATRIX NANOCOMPOSITES FOR FUNCTIONAL
APPLICATIONS: SYNTHESIS, STRUCTURE AND PROPERTIES

Panfilov A.A., Prusov E.S., Kechin V.A.
Vladimir State University named after Alexander and Nikolay Stoletovs, Russian
Federation

The gain of mechanical and operational properties of metal materials reached for the
last decades was caused generally by development of alloys with new chemical and phase
composition. However the new directions of increase of properties of functional and
constructional materials due to formation of submicro- and nanocrystal structure were
developed in recent years. Prospects of application of nanomaterials in mechanical
engineering related to the fact that metal materials with nanostructure, including
alyumomatrichny nanocomposites, possess much higher physicomechanical and
operational properties in comparison with traditional materials.

The main methods of receiving materials with nanodimensional elements are
compaction of powders, crystallization of amorphous alloys, intensive plastic deformation
and application of coatings. At the same time, the most universal are the liquid-phase
technologies which are rather easily adapted for conditions of operating productions and
allowing receiving products of various configuration and weight. However, input of
nanoparticles in metal melts presents considerable technological difficulties owing to their
coagulation, oxidation and bad wettability by liquid metals.

The liquid-phase technology of synthesis of aluminum matrix nanocomposites
developed by authors is based on mechanical activation of ceramic nanoparticles of SiC (40
nm) and Al,O; (15 nm) with powders of the titan and nickel, their subsequent briquetting
and input in the matrix melt. The exothermic reactions proceeding with formation of
intermetallic reinforcing phases at introduction of composite briquettes in aluminum melt
create conditions for the best wetting and assimilation of exogenous nanoparticles.

It is established that input in composite melts based on Al-Ti and Al-Ni systems of
exogenous nanoparticles in number of 0,1-0,2% has the positive modifying impact on
morphology, volume contents and sizes of endogenous intermetallic phases: the form of
inclusions becomes more roundish, their quantity increases, and the average size
decreases from 18-20 microns to 6-8 microns. It is supposed that nanoparticles settling
down on borders of the formed intermetallic compounds prevent diffusion of aluminum in
the formed aluminide AlcTiy and AlNiy interface, limiting their growth and slowing down
process of accretion in larger inclusions.

One of examples of use of the developed materials is production of details working in
the conditions of intensive wear and increased temperatures. Intensity of wear of cast
samples from the aluminum matrix composite alloys modified by nanoparticles is 8-10
times less in comparison with a matrix alloy. Along with it, developed technology of
complex reinforcing of aluminum alloys with nano- and micro-sized phases allows to create
the heat-resistant, high-damping, electrotechnical, antifrictional or frictional materials
depending on requirements.
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PAAVOMMMYHHbBIWA MPENAPAT C BETA-U3JTYYAIOLLMM PAAUON30TOMNOM
JIIOTELNIA-177 ANA TEPAMUM 3JTOKAYECTBEHHBIX HOBOOBPA3OBAHMWIA,
TMNEP3KCNPECCUPYIOLLNX HA MOBEPXHOCTU KJIETKU OHKOMAPKEP
HER2/NEU»

HypramHoB P.®., NMpowuH M.A., CemeHoB A.H., YyBunun [.10.
®depepanbHoe rocyfaapcTrBeHHoe 6ropkeTHoe yupexaeHme «HaunoHanbHbI
uccnenoBaTenbCKuii LeHTP «KypuyaTOBCKMIA MHCTUTYT>»

BuokoHbloraT npeacTaBnsieT cobon HaHOpasMepHyl 6enKoBYI0 KOHCTPYKUMIO, B
MOMEKYNSPHbIA ~ COCTaB  KOTOPOW  BXOAAT — FyMaHM3MpOBaHHble — crneunduyHble K
oHkonornyeckomy mapkepy HER2/neu muHu-aHTuTena scFv 4D5 B KauecTBe 3nemeHTa
LieneBoii AOCTaBKM B OMyxosb; xenatopbl DTPA, obpa3yiolme npoyHble XMMUYeckue CBs3v
C paavoHyknuaoMm Lu-177; npowu3BOAHbIE YeN0BEYECKOro CbIBOPOTOYHOrO anbbymuHa
(YCA) B KauvecTBe 6enkoBoV MNAThOPMbl ANA pa3MeLeHWst aHTUTEN W XenaTUpYHoLMX
areHToB. bnaropaps yno6HbIM sinepHO-bU3NYecKnM xapakTepuctukam Lu-177 u ceoicTBOM
aQHTUTEN CeneKkTUBHbIM 06pa3oM B3aumogeicTBoBaTb € HER2/neu-nonoxvrensHbiMu
pakoBbIMM  KNeTkaMmu,  paspaboTaHHbli  paguodapmnpenapat  (POM)  no3sonser
3¢ deKTMBHO NPOBOAUTL Tepanuio 3/10Ka4YeCTBEHHbIX 06pa3oBaHuii 6e3 MnoBpexAeHUs
300pOBbIX TKaHEM Kak Ha paHHel, TaKk M Ha Mo3gHel CTaguu OHKOMOrUYECKOro
3abonesaHuns. CocTaB M TEXHOMOMNSA NPOM3BOACTBA 3alUMLLEHbI MAaTEHTaMMU.

SYNTHESIS OF LU-177 BASED RADIOIMMUNE BIOCONJUGATE AND
INVESTIGATION OF ITS STABILITY IN PHYSIOLOGICAL SOLUTIONS

Nurtdinov R.F., Proshin M.A., Semenov A.N., Chuvilin D. Y.
Federal State Budget Institution “"National Research Centre “Kurchatov
institute”

Bioconjugate is a nano-sized protein construction which includes humanized HER2-neu-
associated mini-antibodies scFv 4D5 for target delivery, DTPA helator for Lu-177 binding
and modified human serum albumin (HSA) molecules as a platform for antibodies and
helators. Due to physical and chemical characteristics of Lu-177 and the property of
antibodies to interact specifically with HER2/neu cells developed conjugate gives a lot of
advantages in cancer treatment on both early and metastatic stages. Composition and
production technology are protected by patents.

23



BUOTEXHOJIOrMYECKUE NMPOAYKTbI AN MEAULINHDI

Meposa H.B.
AHO «<UMBUUT»

BrononuMepHble NpoAyKTbl MPOYHO BOLWWM B MEAWLUMHY B BUAE MEAULMHCKUX U3Aenuii
HaumHas oT 6axun M 3aKaHuMBasi BbICOKOTEXHOMOMMYHLIMW  UMMAHTaTaMu  ANs
pereHepaTMBHON MeauuMHbI. He3aBMCMMO OT Kiacca NOTEHLMANbHOro pucka Bce usgenus
[OMKHbI 6bITb 6e30nacHbl B CBOEM MpuMeHeHuu. [poBoAs aHanu3 pucka npUMeHeHus,
opMupyeTcs nporpaMMa [OOKIMHUYECKUX WCMbITaHWA, CBsi3aHHas C  6uonornyeckoi
OLEeHKON. MccnenoBaHWsi MPOBOASTCS OMUPasiCb Ha MeXAyHapoAHble CTaHAapTbl cepuu
10993 «OueHka 6MONOrMYeckoro AeCTBUs», KOTOPbIE HA HACTOSLLMIA MOMEHT BK/IOYAIOT B
ceba 22 yactv. [aHHas cepusi CYATAETCA <«ropu30HTaslbHbIM» CTaHAApTOM, TO eCTb
06513aTeNbHbIM AN BCeX rpynn MeauUMHCKUX U3Lenunii U 3aTparnmBaeT Bce NoTeHUMasnbHble
pUCKM,  TaKMe  KaK  annepreHHoCTb,  MMMYHHOTOKCMYHOCTb,  KaHLEPOreHHOCTb,
reHOTOKCMYHOCTb U T.4. [aHHbIi CTaHAAPT NPUHAT NPaKTUYECKU BO BCEM MUPE U MO3TOMY
NO3BOSISIET CTaHAApPTU3MpoBaTb TpeboBaHWsA 6e30MacHOCTU K M3AeNWsM He3aBUCMMO OT
CTpaHbl pa3paboTumka.

PRECLINICAL STUDIES OF BIOTECHNOLOGY PRODUCTS FOR MEDICINE

Perova N.V.
Autonomous Non-Commercial Organization "IMBIIT"

Biopolymer products have become part of medicine in the form of medical products
ranging from shoe covers and finishing with high-tech implants for regenerative medicine.
Regardless of the class of potential risk, all products have to be safe in its application.
Through the use of risk analysis, the program generated pre-clinical trials related to the
biological assessment. Studies are being conducted based on the international standards of
series 10993 "Biological Evaluation", which currently includes 22 pieces. This series is
considered a "horizontal" standards, that is a must for all groups of health care products
and covers all potential risks such as allergenicity, immunotoxic, carcinogenicity,
genotoxicity, etc. The standard adopted by practically all over the world and therefore
allows to standardize safety requirements for the products irrespective of the country of
the developer
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AHTUMUKPOBHDIE U AHTUTPUBKOBbBIE HAHOCTPYKTYPUPOBAHHbIE
NMOJIMMEPHbBIE MOBEPXHOCTH

KoopauHaTtop — AOKTOp MeaMUMHCKMX Hayk FaiigapoBa Axa XanuaoBHa.
TOY Mepsbiit MockoBckuit FocyaapcTBeHHbIt MeaUUMHCKNMA YHUBEPCUTET UM.
WU.M. CeueHoBa, MockBa

MpencraBneHHble 6MonomaTepumanbl C HaHOCTPYKTYpPUPOBaHHOM noBepxHocTbio (HCI),
obnajawowme aHTUMUKPOOGHBIMM UM @HTUIPUOKOBLIMM  CBOMCTBaMM,  MOJSyYeHbl C
NpYMEHEHWEM  MOHHO-NNIa3MEHHOW  TEXHOMOrMu C nocnegywowen Moaudukaumen
nonMMepoB HMONOrMYECKN aKTUBHBIMW OPraHNYECKUMKU MPOU3BOAHBIMM dynnepeHa [60].
Ana dopmuposanns HCIM ucxoaHble nonuMepHble MaTtepuansl, obpabaTbiBanv MOHaMm
XUMUYeckn akTuBHoM cmecu (O,+N,). JanbHeiwyo Moaudukaumio chopmmupoBaHHbix HCI
nNpoBOAUAN B ABe CTaauu. [epBas — HaHeceHWe yrneBoAOPOAHbIX MeHOK (TonwmHa 5-120
HM) WOHHO-M/IA3MEHHbIMM MeToAaMun. BTopas — HaHecenue ynneponupponnanHoOB
MeToAoM spin  coating. [na  uccnepoBaHus  U3MKO-XMMUYECKUX  XapaKTepUCTUK
MCNONb30BaHbl: aTOMHO-CMNOBAs MWKPOCKOMWUS, 3MNEKTPOHHAas  CNeKTpockonus  Ans
XMMWUYECKOr0 aHanu3a, u3MepeHue KpaeBblX Yr/I0B CMayvMBaHUSl M pacyeT NoBEPXHOCTHOM
3Heprun. MccnegoBaHue aHTUMUMKPOGHOM akTuBHocTM (AA) nonumepoB ¢ HCM um
MOAMMULMPOBAHHBIX ~ OpraHWYecKMMM  Npov3BOAHbIMKM  dynnepeHa nNpoBOAMAM  Ha
rpamnonoxutensHblx (Staphylococcus aureus ATCC 29213) u  rpaMoTpuUaTeNbHbIX
(Escherichia coli ATCC 54383 u Pseudomonas aeruginosa ATCC 27853) 6aktepusix u
rpubax (Candida albicans) anniMkaumMoHHbLIM METOAOM.

Mcnonb3oBaHue npeanaraeMbix TEXHONOTUIA OTKpbIBAET 60blUMe BO3MOXHOCTU ANst
CO3AaHNS  MHOrOQYHKUMOHANbHBIX MOMUMEPHBIX M34eNU MEeAMLMHCKOrO Ha3HadeHwus,
KOTOpble KpOMe LeneBblx CBOMCTB 6yayT obnapaTb M 3aAaHHbIMU aHTUMUKPOGHBIMU U
AHTUrpMOKOBLIMM XapaKTepucTMkaMnm MO  OTHOWEHUIO K  LUMPOKOMY  CMeKTpy
MWKPOOPraHW3MOB.

Mpobnema BHYTPUOONbHUYHBIX  MHdeKLUI B nevyebHOo-NpodunnakTnyeckmx
yypexaeHusix 0CTaeTCsl OAHOW U3 CaMbIX aKTyaslbHbIX B MPaKTUYECKOM 34paBOOXpaHeHWM.
Cpean Hecrieunduyecknx CpeacTB ee npeaynpexaeHns OrpoMHOEe 3HayeHue uMmeeT
npodunakTuyeckass  Ae3nH@eKuus,  HanpaBfieHHass Ha  CHWXKEHWe  MWKPOOHOM
06ceMeHeHHOCT 06bekToB 60NbHUYHON cpeabl. OfHako, Ae3VH(EKUMOHHbIE CpeacTBa
ABNAIOTCA  6buoumaHbiMM - areHTtamy,  TpebyloWwMMM  MOCTOSIHHOMO  BHUMaHMS K
TOKCUKONIOTMYECKMM acnekTaM AesuHdbekumn ans obecniedeHus 6e30macHOCTM ntogen,
KOHTaKTVPYIOWMX C TakMMM MpenapatamyM Kak B npouecce MX npodeccMoHanbHOro
NPUMEHEHWS, TaK M NaLMEHTOB CTaLMOHapOB € obpalleHneM 0cob0ro BHUMaHUS Ha OXpaHy
6epeMeHHbIX JKEHWMH W JdeTed. B cBA3M C 3TUM, AN MeaMUMHCKMX CTauMoHapoB
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NpeacTaBnsAeTCcad BeCbMa aKTyas/lbHbIM  MPUMEHEHUe mMaTepunanos obnapatowmx
aHTMMMKpOGHOVI AKTUBHOCTbIO, HO He coaepxawmnx B CBOEM COCTaBe HU XUMUYECKUX
peareHToB, HN TAXENbIX METANN0B.

ANTI-MICROBIAL AND ANTI-FUNGAL NANOSTRUCTURED POLYMER SURFACE

Doctor of medical science Gaidarova Azha Halidovna.
Sechenov First Moscow state medical University, Moscow

Presented bioiomaterialy with nanostructured surface (NSS), which have anti-microbial
and anti-fungal properties, obtained with the use of ion-plasma technology with
subsequent modification of polymers with biologically active organic derivatives of fullerene
[60]. For formation of CNP starting polymeric materials treated with a mixture of reactive
ions (02 + N2). Further modifications formed NSP conducted in two stages. The first - the
application of hydrocarbon film (thickness of 5-120 nm) by ion-plasma methods. The
second - application fulleropirrolidins by spin coating. To study the physical and chemical
characteristics are used: atomic force microscopy, electron spectroscopy for chemical
analysis, measurement of contact angles and the calculation of the surface energy.
Investigation of antimicrobial activity (AA) polymers with IPV and organic modified
fullerene derivative was performed on Gram-positive (Staphylococcus aureus ATCC 29213)
and Gram-negative (Escherichia coli ATCC 54383 and Pseudomonas aeruginosa ATCC
27853), bacteria:.nd fungi (Candida albicans) application method.

The use of the proposed technology opens up great opportunities for building rich
polymeric medical products, which in addition will have the desired properties, and given
anti-fungal and anti-microbial properties against a broad spectrum of microorganisms.

The problem of nosocomial infections in health care settings remains one of the most
important in practical public health. Among the non-specific means of preventing it is
crucial prophylactic disinfection, aimed at reducing microbial contamination of objects
hospital environment. However, disinfectants are biocidal agents, requiring constant
attention to the toxicological aspects of disinfection to ensure the safety of people in
contact with these drugs in the course of their professional applications, hospitals and
patients with special attention to the protection of pregnant women and children.
Therefore, for medical hospitals it is quite topical application materials having antimicrobial
activity, but does not contain in its structure any chemicals or heavy metals.
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HOBAS1 METO0J10TA NNEYEHNA OCTEONMOPO3A C UCMOJIb3OBAHUEM
ANNNOTEHHOI 0 rMAPOKCUANATUTA

Bonoga J1.T., Hedpbenosa U.®., Mucapesa E.B., Bnacos M.10., Cragnep E.P., FOY
BMO «Camapckuit FocyaapcTBeHHbI MeanumnHckuit YHuBepcutet PocsgpaBa»,
Camapa

Mpy noTepe KOCTHOW MacCbl BeCbMa MEPCMEeKTUMBHBIM MPEACTaBNSIETCS MOUCK HOBbIX
CnocoboB BBeAEHMS KaNbLMii coAepXalluux npenapaTtoB MPOSIOHIMPOBAHHOIO AENCTBUS B
opraHv3m 60/1bHOro OCTEONOPO30M.

B UOMB CamI'MY npeanoxeH n 3anateHToBaH B Poccun (nateHTsl PO N2 2168998 u
N2 2219933) HOBbIV CNOCO6 NeYeHUs 3TOW NaTonorMM, Npeanonaratowwmii UCNoNb3oBaHNe
ANS KOPPeKUMM MpOLECCOB YCUIEHHOW pe30opbunm KOCTHOW TKaHW WU BOCCTaHOBNEHMS
pa3pyLUEHHbIX  CTPYKTYPHbIX ~ 3/1EMEHTOB  KOCTM  BHYTPUMBbILWEYHbIE  WMHBEKLUK
HaHOCTPYKTYPUPOBAHHOrO  MWHEPANbHOrO  KOMMOHEHTa  KOCTW - afloreHHoro
rngpokcuanatuta  (FAM). TAM — 370 npoaykT 6e30TX0AHOro  MpOM3BOACTBA
AEMUHEPann30BaHHbIX KOCTHBIX UMMIAHTaToB MO OpUrMHaMbHON MeToanke «Jlnonnact»®
(naTeHT PO N2 2373943).

Llenb: paspaboTka n obocHoBaHne 6e30nacHOCTU U 3PHEKTUBHOCTM B AOKIMHUYECKMX
UCMBITAHMSIX Ha KMBbIX CUCTEMAX HOBOM METOAONIOMMM JleYeHusl 0CTeonopo3a ¢
MCMNoNb30BaHWEM anioreHHOro rnapokcmanaTura.

Matepuanbl 1 MeToabl. KOMNMEeKC JOKIMHUYECKUX UCCNeaoBaHuiA npoBedeH in vitro u
in vivo. O6bekToM uccnefoBaHuin sBnsncs FAM, NoNyYeHHbI U3 KOCTHOWM TKaHW 340POBbIX
kpbic. C noMoLbto 1abopaTopHbIX METOAOB U PacTpPOBOM 3/IEKTPOHHOW MUKPOCKOMUM Obin
M3y4eH ero XMMUYEeCcKuin cocTas.

Ha «kynbType pepmanbHbix ¢dubpobnactoB kpbic 4-10 naccaxa wccneposanu
anoreHHbin FAM Ha UWMTOTOKCMYHOCTb. [N OUEHKM MOPMONOrMYECcKUX XapakTepuCTUK
(pmbpobnactos, uMx NponUPUPaTUBHONW aKTUBHOCTM U COCTOSIHUS KyNbTypanbHOW cpeabl
MCNONMb30BaH KOMMJIEKC OMOXMMUYECKMX, TUCTOXUMUYECKUX U MOP(POMETPUYECKUX
METOA0B.

DKCNepUMeHTbl BbiNOMHeHbl Ha 200 camkax 6enbix nabopaTopHbIX KpbiC. XKMBOTHbIE
6binn pasgeneHbl Ha YeTblpe rpynnbl. B nepBoi rpynne cospaBanacb MMNoO3CTPOreHHas
MoAenb ocTeope3opbumun, MyTeM [ABYCTOPOHHEN OBapuO3KTOMUM. Bo BTopyw rpynny
BOLL/M XMBOTHbIE C OBApMO3KTOMUWEN U OAHOKPATHbIM BBEAEHWEM B MbILULLY aifloreHHOro
FAM. TpeTbsi rpynna — 340pOBble XMBOTHble C WMHbekuuel FAM. YeTBepTyio rpynny-
KOHTPOJb COCTaBW/IN 340POBbIE XWNBOTHbIE.

KpbIC BbIBOAWIM U3 3KCMEPUMEHTa Yepe3 1 Mecsl nocne BeeaeHus annoredHoro AT,
Y BCEX XMBOTHbIX 3abupanu KpoBb, cepAue, MedeHb, MOYKK, JIerkue, CeNneseHky,
MBILIEYHYIO M KOCTHYIO TKaHu, NpoBOAMIN BUOMETpUUECKOe M3MepeHne KOCTel Kpbic. [ns
OLeHKN MeTabonmaMa KOCTHOM TKaHu B CbIBOPOTKE KPOBW KPbIC ONpeaensiun cogepxaHune
cB0o60AHOrO M 6enKOBOCBA3aHHOrO OKCUMPONMHa (Mapkepa KonnareHa), aKTUBHOCTb
LwenoyHoi cocdoTasbl, coaepxaHue kanbums u HeopraHudeckoro docdaTa.

CTpYKTYpHO-(PYHKUMOHaNbHbIE  U3MEHEHWs TKaHei  uccnegoBanM € MOMOLUbIO
obemopdonornyecknx, BMOXMMUYECKMX U TUCTOXUMUYECKUX METOAOB. PacnonoxeHnvie un
npouecc ybbiBaHus TAM B MblWEYHOW TKaHW M3yyancs Ha pacTpoBOM 3/1EKTPOHHOM
MMKpOCKOne.

PesynbTaTbl. XuMMUYeckui aHanu3 ruapokcuanaTuta rokasan HaaMume B HeM:
Kanbuus, docdopa, MarHus, xenesa, umMHka, kobanbta, XpoMa, cepebpa v OpraHM4ecKoro
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KOMMOHEHTa — XOHAPOUTUHCYyNbdaTa. B wuccnepoBaHusix Ha  KynbTypax KETOK
LIMTOTOKCMYECKUI 3(DDEKT He BbISIBEH.

Y XMBOTHbIX C MMMNO3CTPOreHHOM MOLENbI0 OTMeYanu XapaKTepHble FMCTONormyeckme
npusHakn octeopesopbumn. [locne BBefeHns annoreHHoro [AM B MblLy BbISBUAK
CHWKEHME uMCna OCTEOKNacToB, 3aMefsieHMe MpoueccoB pe3opbuun v akTuBM3aumm
nponudepaumn  octeobnactoB.  ITM  U3MEHEHWS  COMPOBOXAANMNCb  CHUXXEHWEM
KOHLUEHTpaumMn  cBOBOAHOMO  OKCWUMPONMHA B CbIBOPOTKE  KpPOBM  KpbiC.  Bce
MopdoniornyeckMe  Mpu3Haku — pereHepaumn KOCTHOM TKaHW KOppenupoBann ¢
61OXMMMYECKMMI MOKA3aTeNIMU MHTEHCMBHOCTWM 3TOr0 npouecca. B XWM3HEHHO BaXHbIX
opraHax He 6bi710 06Hapy>XeHO OTIOXKEHUI AEn03UTOB KasbLusi, @ TaK Xe NaToormyeckux
CTPYKTYPHbIX U3MeHeHui. Bokpyr annoreHHoro AN He ccopMmupoBanach CoefeHUTEeNbHO-
TKaHHas kancyna. OTMeyeHO MocTeneHHoe ybbiBaHue rupapokcuanatuta 6e3 HapyleHus
CTPYKTYPbl MONEpPeYHO-M0/1acaToi MbILUEYHON TKaHW.

Takum 06pasoM, npeanoXeHHass MpUHUMNWANBHO HOBasi METOAONOrus  JleveHus
0CTeonopo3a C MOMOLLbIO CO3AaHWUA 3KTOMUYECKOro AErno asyloreHHoro ruapokcuvanatuta
sBnsieTcs 6e3onacHbiM M 3dEKTUBHLIM METOAOM BOCCTAHOB/IEHWUSI KOCTHOW TKaHW npwu
MOBbILLEHHOM ee pe30pbumnm, Bbi3BaHHOW HAOreHHbIMU (hakTopamMu.

NEW METHODOLOGY OF OSTEOPOROSIS TREATMENT USING ALLOGENIC
HYDROXYAPATITE

Volova L., Nefedova I., Pisarev E., Vlasov M.., Stadler E.,
"Samara State Medical University"”, Samara

When bone loss very promising seems to be finding new ways of introduction of
calcium-containing drugs prolonged action in the Osteoporosis patient's organism.

In Samara State Medical University proposed and patented in Russia (Russian patents
# 2168998 and # 2219933) new way to treat this pathology involving the use of correction
processes enhanced rezorbtion bone and reconstruction of the structural elements of dice
intramuscular injections nanostrukturirovannogo mineral component of bone-allogennogo
hydroxyapatite (Hap). HAP is- a product of non-waste production of demineralized bone
implants according to the original method of "Lioplast» ® (RF patent number 2,373,943).

Objective: to develop and substantiate the safety and efficacy in preclinical tests on
living systems new methodology for the treatment of osteoporosis using allogen
hydroxyapatite.

Materials and methods. Complex of preclinical studies conducted in vitro and in vivo.
The object of the research was the HAP derived from bone healthy rats. Using laboratory
techniques and scanning electron microscopy was studied by its chemical composition.

In the culture of dermal fibroblasts of rats 4-10 passage examined allogeneic GAP
cytotoxicity. To assess the morphological characteristics of fibroblast,s their activity and
status of the culture medium used complex biochemical, histochemical and morphometric
techniques.

The experiments were performed on 200 female white laboratory rats. The animals
were divided into four groups. In the first group created hypoestrogenic model
osteoresorption by bilateral ovariectomy. A second group of animals with a single injection
of ovariotomy and allogenic muscle in GAP. The third group - healthy animals injected with
HAP. The fourth group included healthy control animals.
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The rats were taken out of the experiment 1 month after the introduction of allogeneic
HAP. In all animals were taken blood, heart, liver, kidneys, lungs, spleen, muscle and bone
tissue was performed biometric measurement bones of rats. For evaluation of bone
metabolism in the rat serum were determined content of hydroxyproline free and protein
(a marker of collagen), alkaline phosphatase activity, calcium and inorganic phosphate.

Structural and functional changes of tissues were studied using common
morphological, biochemical and Histochemical methods. The location and process HAP
decrease in muscle tissue was investigated in raster electronic microscope.

The results. Chemical analysis showed the presence of hydroxyapatite in it: calcium,
phosphorus, magnesium, iron, zinc, cobalt, chromium, silver and organic component is
hondroitinsulfat. Studies on cultures cells cytotoxic effect is not identified.

In animals with gipoéstrogen model noted characteristic histological signs of
osteoresorption . After the introduction of the allogen HAP in the muscle revealed a decline
in the number of osteoclasts, slowing resorption processes and intensifying proliferation of
osteoblasts. These changes were accompanied by a decline in concentrations of free
oksiprolin in the serum of rats. All morphological signs of bone regeneration was correlated
with biochemical indicators of the intensity of this process. In the vital organs have been
found deposits of calcium deposits, as well as pathological structural changes. Around the
allogen HAP is not formed connective tissue capsule.

Thus, the proposed new methodology for the treatment of osteoporosis by creating a
ectopic repository allogen hydroxyapatite is a safe and effective method of restoring bone
tissue at high its resorption induced by endogenous factors.

HAHOCTPYKTYPbI )11 TPAHCMOPTA JIEKAPCTBEHHbIX BELLLECTB
(HaHO M MMKPO3MY/IbCUU AN UHKANCY/IMPOBAHUS JIEKapCTBEHHbIX NpenapaTos)

HOpTos E.B., Koponesa M.10., Mypawosa H.M., Mypagosa A.T".
PoccMicKMii XMMMKO-TEXHOIOrMYEeCcKuii yHuBepcutet um. [1.U.MeHngeneeBa

Ona pasHbix BewWwecTB U cnocoboB BBeaeHUs TPebyloTCs HOCUTENW C pas3InYHON
CTPYKTYpOM W CBOWCTBaMM, CPeau KOTOPbIX CBOE MeCTO 3alMyT HEeNMMOCOMHbIe
HaHOCTPYKTYypbl Ha OcHoBe (OChONUNMAOB: JNIELMTUHOBLIA OpraHorenb MW XuAkue
Kpuctannbel pochonnnuaos. MpOCTPAHCTBEHHAs CTPYKTypa JIELUMTMHOBOIO OpraHorens
NOCTPOEHa M3 LWIMHAPUYECKMX HAHOYACTWL, - MULEN NeUMTUHA AWAMETPOM 2-3 HM U
ONMHON [ecaTKM HM. B renb MOXHO BBOAWTb JeKapCTBEHHble npenapatbl (BOAO- U
MacnopacTBouMbIe).

Xugkue kpuctannsl dochonmnuaos obnagatoT LWMPOKOM 06nacTbio CyllecTBoBaHus. B
XUAKUE KPUCTa/ibl MOXHO BBOAUTb OT AECATbIX AONEN A0 HECKOJbKMX MPOLEHTOB Macso-
1N BOAOPACTBOPUMbIX OMOMOrMYECckn aKTVMBHBIX BelecTB. 3TO NO3BONSET CO3A4aBaTb
NleKapcTBeHHble CPeAcTBa MPOJIOHMMPOBAHHOMO AeNCTBUS. JIELUMTUHOBLINA reflb U XUAK1e
Kpuctannbl  poconMnmMaoB  MOXHO  MOMy4YaTb Ha  OCHOBE  PacnpoCTpPaHEHHbIX
docdonmMnmaHbIX KOHLEHTpaToB, 6e3 UCMoNb30BaHNSA CIOXHOro 060pyAOBaHMS U AOPOrMX
peareHToB.

[lucnepcHble CUCTEMBbI, COCTOSILLME M3 MArHUTHBIX HAaHOYaCTUL, CTabunmM3MpoBaHHbIX
NMOBEPXHOCTHO-aKTUBHLIM  BELLECTBOM, W AUCNEPCUOHHOW Cpedbl HaxoAsT  LUMPOKoe
NpYMeHeHWe BO MHOMMX OTPACcNsiX Hayku v npoMmbiwneHHocTn. Covetas B cebe cBOWCTBa
MarHUTHOrO  MaTtepuana u TeKyyecT, OHM 06nafaloT MHOTMMWM  BaXKHbIMU
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XapakTtepuctmkamu. [ucnepcum Hanouactuy, Fe304 moryT 6biTb NOMyyeHbl Ha OCHOBE
Pa3fIMYHbIX ANCNEPCUOHHBIX CPeZ, B TOM YMCIE M HETOKCUYHBIX 4719 OpraHn3Ma YyesoBeka.

Ona ueneBol [OCTaBKM NEKapCTBEHHbIX MpenapaTtoB MOryT 6biTb MCMOSb30BaHbI
HaHOKOHTEMHEPbl HAa OCHOBE HaHO3MYyNbCUWA. Takue HaHO3MYyNbCUM CTabunusnpyoTcs
cMecsiMU HenoHoreHHbix MAB: MAB ¢ Huskum 1B ans ctabunusaumm obpaTHOW aMybCUn
n MAB c BbicokuMm 1B ang crabunusaumm nNpsiMOM HaHO3MYNbCUMK, MOSTyYaeMon Mpu
uHBepcun a3 B obpaTHoW 3Mynbcun. Kannu aucnepcHol dasbl B Takux HaHO3MYbCUSIX
MOKPbITbl 060/104KON € reneobpasHoii U TBepA006Pa3HON CTPYKTYPONA.

Konnovpocombl npeactaBnsitoT coboM  MMKPOKanCysbl, KOTOpble MOJyyYaloT Mpu
apcopbumm  HaHoO4acCTML, Ha MOBEPXHOCTM Kanefb B 3Mynbcun. M3MeHss pasmep
HaHOYaCTUL, MOXHO KOHTPOIMPOBATbL NMOPUCTOCTb NOBEPXHOCTM KOTOMAOCOM U CO3AaBaThb
npenapaTtbl C KOHTPO/MPYEMOW MPOAOIIDKUTENBHOCTBIO AEUCTBUSI.  KOHTPO/MPOBATb
NOPUCTOCTb 060104KM.

HaHokancynsl, coaepxaiume NpOTUBOBOCMANNTENbHBIE, AHTUIMCTaMUHHbIE,
QHTMOKCMAAHTHbIE, HEMpOMpOTEKTMBHbIE Npenapatbl W Ap., NEpCneKTUBHbI  ANs
MCNonb30BaHWs B MeanuuHe v dapmaueBTuke Ans obecneyeHus MpoSIOHrMPOBaHHOMO
[efiCTBUS  NIeKaCTBEHHbIX MpenapaToB M yMeHblueHus Mobo4yHoro 3ddekta OT ux
MCMosb30BaHus.

NANOSTRUCTURES FOR DRUG DELIVERY
(nano- and microemulsions for encapsulating drugs)

Yurtov E., Koroleva M., Murashova N., Muradova A.
Mendeleev University of Chemical Technology

Carriers with different structure and properties are required for delivering of different
substances and for various methods of drug administration.

Non-liposome phospholipid nanostructures can take their place among them. Lecithin
organogel and phospholipid liquid crystals can serve for drug delivery.Lecithin organogel
exists in the oil- and lecithin-reached region of phase diagram of the system lecithin — oil —
water. The structure of lecithin organogel is built from long cylindrical nanoparticles —
lecithin reverse micelles with diameter of 2-3 nm and length of tens of nanometers. The
gel may contain vegetable oils and medicines (oil- and water-soluble).

Liquid crystals of phospholipids have a wide region of existence; they may contain
comparable amounts of water and oil. The structure of lamellar liquid crystals is based on
the phospholipid molecules bilayer. The viscosity of the liquid crystals depending on the
composition varies from a few to hundreds of Pa*s. This allows you to create medicines
with prolonged action.

Lecithin organogel and phospholipid liquid crystals can be prepared on a base of
common phospholipid concentrates, without using of complex equipment and expensive
reagents.

Dispersion systems consisting of a stable suspension of magnetic nanoparticles in a
appropriate carrier liquids have been widely used in various areas of science, industry and
medicine. Owing to a combination of fluidity and magnetization, its possess many
important properties Dispersion of nanoparticles Fe304 have been produced on the base of
various liquids, including practically nontoxic.
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Nanocontainers based on nanoemulsions were developed for drug delivery. These
nanoemulsions stabilized by the mixtures of nonionic surfactants contained surfactants
with low HLB (to stabilize the W/O emulsion) and surfactants with high HLB (to stabilize
O/W nanoemulsion). Droplets in these nanoemulsions are covered with gel-like or solid-like
shells. As a result the stability of such colloid systems towards Ostwald ripening is
enhanced in a large extent.

Colloidosomes are microcapsules prepared by adsorption of the nanoparticles on the
surface of oil or water drops in emulsions. These colloid systems are promising as drug
carriers by variation of the nanoparticle sizes and as consequence the control of membrane
porosity. Decorating of colloidosomes by nanoparticles of different nature, for example,
magnetic nanoparticles, permits to implement the targeted delivery to the affected organ.

Nanocapsules containing anti-inflammatory, antihistamine, antioxidant, neuroprotective
drugs, etc., are promising for usage in the medical and pharmaceutical practice, as they
provide a prolonged action of drugs and reduce their side effects.

BMOCOBMECTUMbIE MHOFOKOMMOHEHTHBIE HAHOCTPYKTYPHbDIE
MOKPbITUA ANA MALLMHOCTPOEHMA U MEANLINHDI

A.B. WtaHckuii, ®unoHoB M.P,, E.A. JleBawos, K.A. Kynuos, ®.B. KuproxaHues-
KopHees, H0.C. MNMoroxes, A.H. LleBeiiko,
HUTY «MUCuC»

MHOrOKOMMOHEHTHbIE HAaHOCTPYKTYPHblE MOKPbLITUS Ha OCHOBE KapbuaoB M HUTPUAOB
NepexoAHblX MeTansioB  SBNAIOTCA  MEPCneKTMBHbIMM - MaTepuanaMmum  Ans  pasfnyHbIX
usgenuii, paboTalolMx Mpu BbICOKMX TeMmnepaTypax, TaKuMX KakK BbICOKOCKOPOCTHOM
pexywuii 1 obpabaTbiBalOWMA MHCTPYMEHT, Mpecc-hOpMbl, MeXaHUYecKMe KOMMOHEHTbI
u3genuii  aBTOMOOGW/IBHOW, a@BMAUMOHHOM UM KOCMWUYECKOM  MHAYCTpUM.  BaxkHbiMK
CBOWCTBaMW, KOTOpble HEOBXOAMMbI ANSl TaKWX W3AENWI, SBASIOTCS BbICOKasi TBEpAOCTb,
TepMuyeckasl CTabunbHOCTb, Xapo- M KOPPO3WOHHasi CTOMKOCTb, @ TaKXe Y/yyleHHble
CaMoCMa3bIBaloLiMe XapakTepucTuku. [paBuibHbIM BbIGOpP 3MEMEHTHOro M ¢ha3oBoro
cocTaBa NO3BONSET YAOBNETBOPUTbL 3TUM TpeboBaHusAM. Halwm uccnepoBaHus nokasanw,
yTO MHOIOKOMMOHEHTHbIE HaHOCTPYKTYpHble NOKPbITUS c YAyYLLEHHBIMU
MHOFOQYHKLMOHANbHbIMA ~ XapaKTepUCTUKaMK  MOryT  6biTb  MOMyYeHbl  MyTem
MarHeTPOHHOTO  PacrblIEHUS!  KOMMO3WLUMOHHbIX ~ MULLUEHEN, MOJyYEHHbIX METOAOM
CaMopacnpoCTPaHAIOLLErocbl  BbICOKOTEMMNEPATypHOrOo CuHTe3a. B paHHOM  poknage
NpeAcTaBNieHbl  3KCNepUMeHTaslbHble  UCCNEeA0BaHMS  PasfIMyHbIX  MHOMOKOMMOHEHTHBbIX
HaHOCTPYKTYPHbIX MOKPbITUM, NpeAHa3HaYeHHbIX ANS U3AeNui, NOABEPralowmXCs TPeHUo
W WM3HOCY MpuW MOBbIWEHHbIX TeMrepaTypax. OnucaHa KOHUenuWsi HaHOKOMMO3ULMOHHOM
CTPYKTypbl TMNa «rpebeHka», koTopas obecneunsaeT BbICOKYIO TBEpAOCTb cBbilwe 37 Ma
N TepMuMyeckylo CTabwunbHOCTb B LIMPOKOM WHTepBane Temnepatyp 25-13000C.
WccnepoBaHo — BAMSIHME  aniOMMHMS M XpoMa Ha  Tpubonoruuyeckue  CBOWCTBA,
)KapPOCTOMKOCTb, YCTaNnOCTHYIO MPOYHOCTb MPU  LMKIIMYECKUX, YAAPHO-ANHAMUYECKMX
ncnbiTaHnsX Ha Bo3ayxe u B pactBope NaCl, a Takke 3M1eKTPOXMMUYECKUe XapaKTepUCTUKN
nokpbiTvin TICN u TiSICN. OnucaH HayuHblii MOAXOA, HAMpaBfiEHHbIA HAa CHWXEHWe
KoapduumeHTa TpeHusi 6e3 U3MeHeHUs TBEPAOCTU U U3HOCOCTOMKOCTU 3a CYET BBeAEHMS
camocMasbiBalollencs a3kl B COCTaB  MOKPbITMS.  [puBedeHbl  pe3ynbTaThl
NPOU3BOACTBEHHBIX UCMbITAHWI PEXYLLErO MHCTPYMEHTA.
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Bo BTOpPOM YacTu nekuun onucaH HOBbIM MOAXOA K KOHCTPYMPOBAHWUIO NMEPCNEeKTUBHbIX
MHOTOQYHKLMOHaNbHbIX ~ BMOAKTUBHBIX ~ HAHOCTPYKTYpHbIX — nmneHok  (MBHM)  ans
MEeTas/IMYeCKUX U MOSIMMEPHbIX MMMNAHTaToOB. [NEeHKV ocaxaanu mnyTeM MarHETPOHHOMo
pacnblieHnsl, B TOM 4ncnie Npu OAHOBPEMEHHOM MOHHOM MMMIaHTauuM, KOMMO3WULMOHHbIX
mMuweHen TiC0.5+X wu (Ti,Ta)C+X {rae X=CaO, Ti02, ZrO2, Si3N4, Ca3(P04)2, wu
Cal0(P0O4)6(0OH)2}. Wcnonb3oBaHMe pasnMYHOM aHANIMTUYECKOM TEXHWKU MO3BOSIMNIO
uccneposaTe MOpAONOrMio, pasMep 3epeH, TEeKCTYpy, LepoXOBaTOCTb MOBEPXHOCTU M
(bazoBbIfi cocTaB nneHok. Takxke 6binn onpeaeneHbl pas/iMyHble XapakTEPUCTUKN MIEHOK:
agresvss K pasnnyHbiM - MOASIOXKKaM, TBEpPAOCTb, MOAy/b  YMNpyrocth, Ynpyroe
BOCCTAHOBMIEHNE, YCTANIOCTHass MPOYHOCTb, CMAyMBaEMOCTb, 3apsf  MOBEPXHOCTH,
3M1IEKTPOXMMUYECKNE XapaKTEPUCTUKM, KOIDPULMEHT TPEHME U CKOPOCTb M3HALLMBaHUSA B
pasnnuHbiXx cpepax. buocoBMecTMMOCTb M OMOAKTUBHOCTb  MIEHOK  M3yyann B
3KCMepuMeHTax in vitro n in vivo. [lonyyeHHble pe3ynbTaThl Mnokasanu, 4to MBHI
obnapaloT koM6MHaUMeN BbICOKOW TBEPAOCTM, aAre€3vViOHHOM W YCTalloCTHOW MPOYHOCTH,
MOHWXEHHbIM  MOAYNEeM YMNPYyrocTh, HU3KUM KOIMDPUUMEHTOM TPEHWUS U  CKOPOCTbIO
M3HALUMBaHWS, BbICOKON KOPPO3MOHHOW CTOMKOCTbIO B COYETaHMM C BbICOKMM YPOBHEM
6rocoBMecTUMOCTH M BMOAKTUBHOCTM, YTO AeNaeT UX NepCneKTUBHBbIMU TOHKOMIEHOYHbIMU
mMatepuanamm AN MOAMMUKaLUMM  MOBEPXHOCTM  METaNNIMYecknx U MOUMEPHBbIX
UMMIAHTaTOB.

BIOCOMPATIBLE MULTICOMPONENT NANOSTRUCTURED FILMS FOR
MECHANICAL ENGINEERING AND MEDICINE

D.V. Shtansky, Filonov M.R., E.A. Levashov, K.A. Kuptsov, Ph.V. Kiruykhantsev-
Korneey, Yu.S. Pogozhev, A.N. Sheveiko,
NUST «MISIS»

Multicomponent nanostructured films based on refractory transition metal carbides and
nitrides remain the material of choice for a wide variety of high-temperature tribological
applications, such as high-speed and dry cutting tools, press-forming tools, mechanical
components of automobile, aircraft, and space industry. High hardness, thermal stability,
corrosion-, and oxidation resistance, as well as improved solid lubrication are important
properties which are required for such applications. A proper choice of element and phase
compositions allows meeting these requirements. Our previous work has demonstrated
that multicomponent nanostructured films with enhanced multifunctional properties can be
deposited by sputtering of composite targets produced by self-propagating high-
temperature synthesis. Here we present experimental studies of various multicomponent
nanostructured films with emphasis on the high-temperature tribological applications. The
concept of the “comb” like nanocomposite structure, which shows a very high thermal
stability in the temperature range of 25-13000C with hardness well above 37 GPa is
presented. The influence of Al and Cr on the high-temperature oxidation resistance and
tribological performance, fatigue failure under dynamic impact tests both in air and NaCl
solution, as well as electrochemical behavior of TiCN and TiSiCN films is described. An
approach to decrease the friction coefficient without influence on the hardness and wear
resistance by the incorporation of solid lubricant phase into hard films is demonstrated.
The results of cutting tool tests are also reported.
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In the second part of the lecture, a new approach to design perspective multifunctional
bioactive nanostructured films (MuBiNaFs) for metallic and polymer implants is described.
MuBiNaFs were deposited by magnetron sputtering and ion implantation assisted
magnetron sputtering of composite targets TiC0.5+X and (Ti,Ta)C+X {where X=CaO,
TiO2, ZrO2, Si3N4, Ca3(P04)2, and Cal10(PO4)6(0OH)2}. The film morphology, grain size,
texture, surface roughness, and phase composition were examined using a combination of
various microanalytical techniques. The films were characterized in terms of their adhesion
to various substrates, hardness, elastic modulus, elastic recovery, fatigue, wettability,
surface charge, electrochemical characteristics, friction and wear both in air and under
physiological and biological solutions. The biocompatibility and bioactivity of the films were
evaluated by both in vitro and in vivo experiments. The results obtained show that
MuBiNaFs possess a combination of high hardness, adhesion and fatigue strength, reduced
Young’s modulus, low wear and friction, high corrosion resistance with high level of
biocompatibility, bioactivity, and biostability that makes MuBiNaFs promising candidates as
protective films on the surface of metallic and polymer implants.

MEAWLIMHCKUE YCTPOMCTBA HOBOIO NOKOJIEHUSA

CytypuH M., ®unoHos M.P.
HUTY «MUCuC»

CEPAEYHOCOCYAUCTbI CTENNEP

"1 HoBOE MOKOMEHWE XMPYPrUYECKMX — CLUMBAOLLIMX
VHCTPYMEHTOB, MO3BONSAKOIWMX 6bICTPOE BbINOJHEHME
COCYANCTBIX onepauui, BKJltOYas obxoaHoe
KOpOHapHOe  LUYHTMpOBaHWe, 4Yepe3  Hebonbluuve
MpoKonbl B TPyAHOW  K1eTke, C MNpUMEHEHUEM
CBEpXYNpYrux CLUMBAIOLWMX CKOBOK

WHCTPYMEHT ANA YAANEHWUSA KAMHEA U3
MOJIbIX OPFAHOB «TPAJ1»

YCTpPOMCTBO OCHOBAaHO Ha WCMOMb30BaHUM CMMaBoB C  NamaTbio  (opmbl U
CBepXynpyroctu, 4tobbl obecneynTb NpocTon M 3(hEKTUBHBIN METOA 3axBaTa KaMHel.
3T0 TaKkKe no3sonseT 0cBobOAUTL kaMeHb Npu ero HenpaeubHOM 3axsaTe. Tpan Gyaer
0Cc06eHHO 3P HEKTUBHBIM NPU UCMONb30BAHUN B Y3KWUX U AedOPMUPOBAHHbBIX KaHamax.

MEDICAL DEVICE TECHNOLOGIES

Suturin M., Filonov M.R.
NITU «MISIS»

CARDIO-VASCULAR STAPLER

Cardio-vascular stapler for coronary bypass surgery on a heart, plastic surgery of the
aorta at the aneurysm and other vascular and gastrointestinal surgery.
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The device design allows for both open and endoscopic surgery of the chest through
punctures (punctures not invasive and quickly overgrow).

Successfully tested on animals.

The market is estimated at 1.5-$ 2 billion a year

1. Abnormally high SME and TWSME parameters are realised after LTMT with
moderate strain and further training through B2® R®B19’ —transformation: the recovery
strain (16.6%) in aging hyperequiatomic Ti-50.7% Ni alloy and TWSME value eTW = 4.5%
in equiatomic Ti—50.0%Ni alloy. The hypothesis of the mechanism of additional recovery
strain is additional martensitic transformation, which develops after the resource of B2®
R®B19"-transformation is exhausted.

2. The maximum recovery strain (r = 16.6%) in Ti—50.7%Ni alloy is provided by
recrystallised fine-grained structure with the grain size < 5 mm obtained as a result of
600°C, 1 hr annealing after LTMT. The maximum recovery strain in Ti-50.0%Ni alloy (er =
10.4%) is provided by the mixed structure (polygonised and recrystallised) obtained as a
result of 450°C, 30 minutes annealing after LTMT. The maximum TWSME value eTW =
3.6% in Ti-50.7%Ni alloy corresponds to the recrystallised structure after annealing at
700°C, 20 minutes. The maximum TWSME value eTW = 4.5% in Ti-50.0%Ni alloy
corresponds to the fine-grained recrystallised austenite structure (annealing at 500°C, 30
minutes).

3. The thermomechanical training modes, creating abnormally high effects under
loading and cooling through B2® R®B19’ —transformation in the constrained state using
bending scheme in both alloys determined:

the recovery strain er =16.6% in Ti—50.7%Ni alloy is realised under loading with 18%
of total strain in B2-phase, then cooling, exposure, unloading at 196°C and subsequent
heating;

the TWSME value eTW= 4.5% in Ti—50.0%Ni alloy is realised under loading with 16%
of total strain in B2-phase, then cooling, exposure and unloading at 0°C and further
heating up to 100°C.

Medical device equipment and technologied created in cooperation of MISIS and
Company «<ENDOGENE» Melbourne, Australia

SUPER ELASTIC EXTRACTOR «TRAWL>»
Super elastic Extractor "Trawl!" for extracting stones from the hollow organs.

The original solution of the extractor and the
use of memory shape alloy for the manufacture of
the working parts allows to capture and extraction
of concrements particularly in complex cases,
including narrow and abnormally convoluted
ducts, where the Dormier basket cannot be used.

A constructive solution to enable the release
of the captured stones through elementary
calculus manipulation, which is impossible from
the application of existing known traps.

The product has the potential to displace
Dormier basket from the market
A simple and inexpensive product is ready for clinical trials.

The market is estimated at $0.5 billion a year.
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1. Abnormally high SME and TWSME parameters are realised after LTMT with
moderate strain and further training through B2® R®B19’ —transformation: the recovery
strain (16.6%) in aging hyperequiatomic Ti—50.7% Ni alloy and TWSME value eTW = 4.5%
in equiatomic Ti—50.0%Ni alloy. The hypothesis of the mechanism of additional recovery
strain is additional martensitic transformation, which develops after the resource of B2®
R®B19"-transformation is exhausted.

2. The maximum recovery strain (r = 16.6%) in Ti—50.7%Ni alloy is provided by
recrystallised fine-grained structure with the grain size < 5 mm obtained as a result of
600°C, 1 hr annealing after LTMT. The maximum recovery strain in Ti-50.0%Ni alloy (er =
10.4%) is provided by the mixed structure (polygonised and recrystallised) obtained as a
result of 450°C, 30 minutes annealing after LTMT. The maximum TWSME value eTW =
3.6% in Ti-50.7%Ni alloy corresponds to the recrystallised structure after annealing at
700°C, 20 minutes. The maximum TWSME value eTW = 4.5% in Ti-50.0%Ni alloy
corresponds to the fine-grained recrystallised austenite structure (annealing at 500°C, 30
minutes).

3. The thermomechanical training modes, creating abnormally high effects under
loading and cooling through B2® R®B19’ —transformation in the constrained state using
bending scheme in both alloys determined:

the recovery strain er =16.6% in Ti—50.7%Ni alloy is realised under loading with 18%
of total strain in B2-phase, then cooling, exposure, unloading at 196°C and subsequent
heating;

the TWSME value eTW= 4.5% in Ti—50.0%Ni alloy is realised under loading with 16%
of total strain in B2-phase, then cooling, exposure and unloading at 0°C and further
heating up to 100°C.

Medical device equipment and technologied created in cooperation of MISIS and
Company «<ENDOGENE» Melbourne, Australia
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