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HAHOTEXHOJIOrUM POAOM U3 ATOMHOM
MPOMbDILIJIEHHOCTH

NANOTECHNOLOGY ORIGINATING

FROM NUCLEAR INDUSTRY

BbICOKOTEXHONOrNYeCKUn Hay4HO-UCC/IeaoBaTebCKUm
MHCTUTYT HeopraHuyeckux marepuasnoB UM. akap. A.A.boyBapa
(BHUMHM) - oguH M3 BegylMX Hay4YHO-UCCIeA0BaTE/IbCKUX
LLeHTPOB U rosoBHas opraHusauus lockopnopauuu "PocaTtom"
no npo6neMaMm MaTepuasioBeAeHUsI U TeXHOJIOTUA SiAEpPHOro
Ton/AMBHOrO uMkna. B pamkax "Pocatoma” BHUUMHM Bxogut
B CTPYKTYpY TOM/IMBHOW KOMMaHuu "TBIJT". UHCTUTYT, KOTOPbINA
B Aekabpe 2015 roga oTnpasgHyeT 70-1eTHUA tobunen, — poBec-
HUK aToMHol oTpacau. CoTpyaHuku HUW-9 - Tak BHUUHM
HasbiBanCsA A0 Hayana 1970-x rogos — y4acTBOBa/IM B CO34aHUU
SIA,@PHOrO LWWTa CTpaHbl, aTOMHOro $G/10Ta, aTOMHOW 3HEPreTUKMU,
KoCMMYeckomr TexHUKU. CoBpeMeHHoe siepHoe Tonmeo aJist ASC,
N1e,0K0/10B U MOABOAHDIX JIOAOK, a TAKXKe Hay4HO-MCcC/1efoBaTe lb-
CKMX peakTopoB NpOM3BOAMUTCS Ha npeanpusTusx "TB3J1" no Tex-
Honoruam, paspa6otaHHbiM BHUMHM. 27 coTpyaHUKOB UHCTU-
TyTa cTanu naypeatamu JIeHUHCKOW npeMuu, 160-T1 NpUcyXaeHa
FocypapcTBeHHas npemus, 530 Harpa)kaeHbl opaeHamMu U meaa-
namu. MNMpusHaHuem 3acnyr u poam BHUMHM B pa3Butumn Hayku
M TEXHUKU CTa/I0 MpUCBOeHMe emy cTaTyca [ocyaapcTBEHHOro
Hay4Horo ueHTpa P®.

Banenmun Gopucosuy NeaHos, 0okmop Momumo pas3paboTku spepHOro TOMMBA, MaTepuasnoB Ans
MexHUYeCcKUx HayK, 3acAy>KeHHbll 0es-  aTOMHbIX PeakTOpOB U TEXHO/IOrMiA nepepaboTku pagvoaKTMB-
meAb HayKku P®, 2eHepanbHbill OUPeKmMop  HbIX OTXOA0B, UHCTUTYT 3aHMMAETCS LUMPOKUM KPYroM MaTtepu-

BHUWHM um. A.A.boysapa anosepgyeckux npobnem. B yactHoctn, B 2006 rogy Bo BHUMHM
Valentin Ivanov, Doctor of Technical ~ 6bin co3gaH LIeHTp HAHOTEXHO/IOTMI W HaHOMAaTepuasoB [
Sciences, Honored Scientist of the Russian ~ Pocatoma. O BbICOKOTEXHO/OIMYHbIX paspaboTkax MHCTUTYTA
Federation, General Director of VNIINM 0N Pas3/INYHbIX OTpac/ier SKOHOMMUKWN paccKasas reHepasibHbiv

avpekrop BHUMHM B.B./MBaHoB.

A.A.Bochvar High-technology Research Institute of Inorganic Materials (VNIINM) is one of the leading
research centers and the parent organization of the state corporation Rosatom working with material sci-
ence and nuclear fuel cycle technologies. In the framework of Rosatom, VNIINM is part of the fuel company
TVEL. In 2015, the Institute will celebrate its 70th anniversary, so it has the same age as the nuclear industry.
The staff of the Research Institute 9, as VNIINM had been called until the early 1970s, participated in the
creation of the nuclear shield of the country, nuclear fleet, nuclear energy, and space technology. Today, the
nuclear fuel for nuclear power plants, icebreakers, submarines, and research reactors is manufactured at the
enterprises of TVEL using the technologies developed by VNIINM. Twenty-seven employees of the Institute
became laureates of the Lenin Prize, 160 were awarded the State Prize, 530 were awarded orders and med-
als. The role and merits of VNIINM in the development of science and technology were recognized when it
acquired the status of the State Scientific Center of the Russian Federation.

Besides the development of nuclear fuel, materials for nuclear reactors and technologies for process-
ing radioactive waste, the Institute is engaged in researching a wide range of material science issues. In
2006, VNIINM established the Rosatom Center for Nanotechnology and Nanomaterials. VNIINM's General
Director, V.B.lvanov, told us about high-tech innovations of the Institute used in various sectors of the
economy.
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BajieHTHH bopHCOBHY, KaKHe HAallpaB/IeHHUs HayYHO-
TeXHHYECKOH [esITeIbBHOCTH HHCTHTYTa CBS3aHBI
C pPa3BHTHEM POCCHHCKOH HAHOHMHAYCTPHH?

TepMUH "HaHOTEXHOJIOTUH' He B ITOJTHOHM Mepe Gopma-
JTM30BaH, II03TOMY LieJIecoo6pa3HO OTHECTH K 3TOH 0b1a-
CTH He TOJIBKO ITPOEKTHI I10 CO3JAHHUIO U UCII0Nb30BAHUIO
06BeKTOB C pa3MepaMu MeHblIe 100 HM, HO U HaIlpas-
JIeHU I, B KOTOPBIX IPUMEHSIIOTCSI TUITHYHBIE [JIS HAHO-
HMHAYCTPUH IIOAXOABI U pellleHUsI. [IOMHMO SIIepHBIX
TeXHOJIOTHI MBI pa3pabaTeiBaeM CBePXIIPOBOJSIIHE
MaTepHaJIbl, pelleHus Ha 6a3e HAHO6ePUIIHSI, KOMIIO-
3UTHBIE HAHOMAaTePHaJIbl, BBICOKOIIPOUHbIE HAHOCTPYK-
TYypPHBbIe 3IeKTPOIIPOBOAA, IIHPOKHH CIIEKTP TEXHOJIO-
rUi 06paboTKHU IIOBEPXHOCTH, a TAK>Ke IIOPOIIKH JJIS
afTUTUBHBIX TEXHOJIOTHH.

Hacko/bKo 6JIH3KH K IIPOMBIIIIEHHOH CTaIHH paboTsl
B 06/1aCTH CBEPXITPOBOISIIIHX MaTePHAJIOB?
CBepXIIPOBOAHHUKMY IIPUHATO OEIUTh Ha HHU3KOTEM-
nepatypHsle (HTCII), KoTopble 0671a1al0T HYI€BbHIM
3JIEKTPUYECKUM COIIPOTUBJIEHHMEM IIPH TeMIIepaType
SKHIKOTO T'e/IKs, U BBICOKOTeMIlepaTypHble (BTCII),
paborarmue Ipu TeMmIepaType KHAKOro a3oTa.
ITpomeskyTo4uHOe monokeHue mexxay HTCIT u BTCII
3aHuMaeT gubopus maruus (MgB,), KOTOpBIE IIPU-
obpeTaeT CBepXIIPOBOASIIKEe CBOMCTBA IIPHU TeMIlepa-
Type SKHKOro Bofopoza. YeM BhllIe pabodas TemIie-
paTypa CBepXIpOBOAHMKA, TEM MEHbIIe 3aTPATHl Ha
KPHUOreHHYI TeXHHUKY IIPU ero 3KCIIIyaTalluu.
TexHO/MIOrUs MPOMBIIIJIEHHOTO IIPOM3BOACTBA
HTCII pa3paboTaHa HAaOIUM HHCTHUTYTOM U BHEAPeHaA
Ha YerelIKOM MeXaHHUYeCKOM 3aBOfie, KOTOPBIH BBIIIY-

COMPETENT OPINION

CTHJI 0KOJI0 220 T CBePXIIPOBOJAHUKOB /I MeKAyHa~
ponHoro tepMosagepHoro peakrtopa MTIP. Takke
HTCII ucrmonb3yoTcsa B MeAHUIIMHCKHUX TOMOorpadax.
K coskaneHHMI0, HAallla MeJIULIMHA J0JIT0e BpeMs 06X0-
AWJIACh UCKIIOYHUTEIBHO HHOCTPAHHBIM 060pynoBa-
HHeM, a IPOHU3BOJCTBO OTeYeCTBEHHBIX IPUOOpOB
3TOr0 THUIIA TOJIbKO HaUMHaeT Pa3BHUBaAThCA.

B obnactu BTCII BemyTcst pa3paboTKU BTOPOTO [TOKO-
JIeHHs MaTepuanoB. K BHeAPeHUIO B IIPOMBILIJIEH-
HOCTb Haubosee 6THM3KH OTPAaHHUYUTENH TOKA, KOTO-
phle 3aIHIIAIT JIeKTPHUYEeCKHe MAIIUHBI, HAIIPU-
Mep B 3KeJIe3HOLOPOKHOM TPaHCIIOPTe H/IH METPO,
OT IOBPEXJAeHHUS IIPHU KOPOTKHX 3aMBbIKAaHHSAX.
OrpaHHYHTe/IH TOKa Ha 6a3e CBepXIIPOBOASIIUX MaTe-
PHAJIOB I10 CBOEMY OBICTPOMEFCTBUIO CYIeCTBEHHO
IIPeBOCXOASAT OOBIUHBIE YCTPOMCTBA. [IPUHIUI
PaboTBI OCHOBAH Ha TOM, YTO IIPH IIPEBbIIIEHUH yCTa-
HOBJIEHHOIO0 KPHUTHUYECKOr0 3HAUYEHHUS CHJIBI TOKA
BTCII-371eMeHT TepsieT CBEpPXIIPOBOJSIII e CBONCTBA,
M COIIPOTHBJIEHHE CeTH Pe3KO0 yBenuuuBaercs. Takue
TOKOOTPAHUUMTEIH y>Ke pa3paboTaHbl, [eo 3a Ux
BHEJIPDEHHEM.

XoTs B paMKaX Ipe3HJeHTCKOH IPOrpaMMBbI
I'K "PocaTom" mONKHA 3aBEPIIUTH B TeKyIleM TOLy
KPYIIHBIH IIPOEKT, Pe3y/IbTaTOM KOTOPOIo CTaHeT pas-
paboTka 060pyIOBaHUS U TeXHOJIOTHUU [JIsI IIPOK3-
BogcTBa BTCII-TpoBO#OB AIMHOM 40 1 KM, IPUXO-
AUTCSI KOHCTATHPOBATh, YTO IIOKA B 3TOM 06/1aCTH MBI
OTCTaeM OT SPYTHX Pa3sBUTHIX CTpaH. Cyas 1o HHGOP-
MaIlMH, IIOCTYIAIOIel U3-3a pybeska, CBepXIIpOBO-
OHUKHU HaXOAST Bce 6oslee MIMPOKOe TP MeHeHHe Kak
B SHepreTHKe, TaK U B BOEHHOH TeXHHKe, B YaCTHO-

Valentin Borisovich, what direc-
tions of scientific-technical activ-
ities of the Institute are associ-
ated with the development of the
Russian nanoindustry?

The term "nanotechnology” is not
fully formalized yet. Therefore, it
is advisable to associate this area
not with only projects of creat-
ing and using items with the size
of less than 100 nm, but also the
areas where typical nanoindustry
approaches and solutions are used.
Besides nuclear technology, we are
developing superconducting mate-
rials, solutions based on nano-
beryllium, composite nanomateri-
als, high-strength nanostructured

wires, a wide range of surface pro-
cessing technologies, and powders
for additive technologies.

How close is the work in the field of
superconducting materials to the
industrial stage?

Superconductors can be divided into
low-temperature (LTSC), which have
zero electrical resistance at the tem-
perature of liquid helium, and high-
temperature (HTSC), operating at
the temperature of liquid nitrogen.
In an intermediate position between
LTSC and HTSC, there is magnesium
diboride (MgB2), which acquires
superconducting properties at the
temperature of liquid hydrogen. The

higher the operating temperature of
the superconductor, the lower the
cost of cryogenic equipment during
its operation.

The technology of industrial man-
ufacture of LTSC was developed by
our Institute and implemented at
the Chepetsky Mechanical Plant,
which has produced about 220 tons
of superconductors for the interna-
tional thermonuclear reactor ITER.
In addition, LTSC are used in medi-
cal tomography. Unfortunately, our
medicine has long been using exclu-
sively foreign equipment, so the
domestic manufacture of devices
of this type is just beginning to
develop.
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CTH, [JI YMeHbIIeHHUsI MACChl U rabapHUTOB 3/1eKTPO-
06opymoBaHU S IIOABOAHBIX JIOJIOK.

INomumo BTCII, B CIIIA, MTanuu U OPYrUx CTpaHax
Pa3BHBAIOTCS CBEPXIIPOBOASIIIHE MaTepHasIbl Ha 6aze
nubopria MarHUsI, KOTOpbIe XapaKTePU3YIOTCS OTHO-
CUTEeJIPHOMU JlelIeBH3HOM, TeXHOJIOTUUHOCTBIO IPOK3-
BO/JICTBA M XOPOIIMMM TeXHHYECKMMHU I1apaMeTpaMH.
B mrpomiom rofy st BcTpedascsi ¢ Kapio Py66ua, naypea-
ToM HobeneBCcKOM MPeMHH, U OH CUUTAeT CBepPXIIPo-
BOJHUKH Ha 6a3e qubopuia MarHus Ype3BbIYANHO
[IePCIeKTUBHBIM HaIlpaBeHHeM. DTOT MaTepHal yKe
Ccepyac r1o3BoJjisieT co3maBaTh JIOII AJHMHOM B HECKOJIBKO
COTeH KHJIOMETPOB, KOTOphle MOTYT IlepefaBaTh
MOCTATOYHO BBhICOKHE TOKHU. CieyeT OTMETUTH, UTO
BHHHHM mMeeT xopolrre HapaboTKH B 0671aCTH IIpU-
MeHeHHUs fub0opHaa MarHUs, U IIPU He0bX0AMMOCTH
MBI MOKEM B KOPOTKHE CPOKHU JOBECTH 3Ty TEXHOJIOTHIO
JI0 IIPOMBIILIJIEHHOK CTaAUH, HO [TI0KA Ha TOCYIapCTBeH-
HOM YPOBHE aKLIEHT AejlaeTcs Ha pa3suTuu BTCII.

ITo MoOeMy MHEHHIO, 3a CBePXIIPOBOIAIIMMU MaTe-
puanamu Oyayiee 37eKTPOTEXHUKH, II09TOMY B HEr'0
1esecoobpa3sHO MHBECTHPOBATh HoybIle CPefCTB,
HICKaTh HOBBIE 0671aCTH IPHMeHeHHsI, PeaTHn30BbIBaTh
IIHJIOTHBIE TIPOeKThI. EC/iH 33 pybeskoM BeyTCsl UCIIBI-
TaHUs, co3maeTcss obopyroBaHMUe, HAaKAIIIIMBAETCS
NpaKTHYeCKHH ONBIT B CO3JAaHHUH IIPOBOJHHKOB,
B KPUOTeHHKe U JPYIUX CMeXXHBIX 06J1aCTIX, TO
B POCCHH, K COKaJIeHHUIO, 3TOM TeMaTHKe IIOKa He
yIOeJIsieTcs JOJIKHOTO BHUMAHK . XO0TS KMEHHO y Hac
CBEpXITPOBOJMMOCTH 06€CIIEUHT KOJIOCCATIBH YO0 9KOHO-
MHIO, IPUHKMMas BO BHUMAaHHe PACCTOSSHU A, Ha KOTO-
phle mepegaeTcs 31eKTPO3HePrus.

Eme ogHa pa3paborka BHUHHM B cdepe 31eKTpO-
TEeXHHUKH —~ HAHOCTPYKTYPHbIe CBEPXITPOYHbIE 3J/IeK-
TponpoBoga. B KakHX 06/1acTSIX OHH MOTYT GBITH
BOCTpe6oBaHBI, H KaK COOTHOCHTCSI HX CTOHMOCTD
C IeHaMH Ha 06BIYHbIe JIEKTPOIIpoBoAa?
CBepXIIpOUYHBIe IIPOBOZA IIPeCTABIISIOT COOOM Mes-
HYI0 MaTpHILLy, COepKalIyIo AeCSITKU ThICSY HHUObHe-
BBIX HUTeH. TaKok IIPOBO, IMeeT 371eKTPOIIPOBOLHOCTb
o 75-80% OT 371eKTPOIPOBOAHOCTH BBICOKOUYHCTOM
MeJIH IIPY ITPOYHOCTH Ha YpOoBHe CTaiH — 10 1500 MIla.
Bo3MoskHBIe 06/71aCTH IIPUMEHEHHUs — TaM, I/ie JIeK-
TPOIIPOBOAA B ITPOLIeCCe SKCIUIYAaTaALIMH IT0JBEePraroTCs
BBICOKMM MeXaHHWYeCKHMM HarpyskaM. Hampumep,
B KOHTAaKTHBIX IIPOBOJAX [/ BBICOKOCKOPOCTHOTO
SKeJIe3HOMOPOSKHOI0 TPAHCIIOPTa. IIpy CKOPOCTSX I10e3-
1oB 6oee 300 M/4 KOHTaKTHBIE IIpoBOAA U3 O0OBIYHBIX
MaTepHaIoB O4YeHb OBICTPO BBIXOAST M3 CTPOS, eCIH
JKe KCII0JIb30BATh HAIIM BBICOKOIIPOYHBIE IIPOBOAA,
TO U CPOK CJIY>KOBI Oy[IeT BbIIE, K YHC/IO OIIOP MOXKHO
YMEHBLIUTb.

Eme omHa HMHTepecHas 06/7acTb NMpUMeHe-
HUS ~ CBEPXMOIIIHEIE 3JIeKTPOMATrHUThl. MarHUTHEIE
II0JIS1 BRIIIE HeCKOJIBKHUX AeCsATKOB Tecia IPUBOAAT K
BO3HHKHOBEHHIO BBICOKMX BHYTPeHHH X HAIIPSIKeHHH,
KOTOpBle 6YKBaJIbHO Pa3phIBAIOT IIPOBOAA U3 06BIU-
HBIX MaTepHaJioB, a HaIll¥ BHICOKOIIPOYHbIE [IPOBOJA
BBLAEPKUBAIOT MAarHUTHYIO HHAYKIMIO 10 100 Tecia
Y BbILIE, ~ 5TO IOATBEPAMUIIN, B YACTHOCTH, HUCIIBITA~
HU4, IpoBeZleHHbIe B JIoC-AJ1aMOCCKOM HaIlMOHAIBHOU
nabopatopuy MHUHHCTePCTBA 3HepreTUKy CIIA.

CBepXIIpOYHbIe IIPOBOZA TAKKe MOTYT IIPUMEHAThCS
B aBHALIMOHHOM M KOCMHYECKOM TeXHHKe, B JIDII,

In the sphere of HTSC, the insti-
tute is developing the second-gen-
eration materials. The closest to the
industrial implementation are the
electric current limiters that pro-
tects electric machines, for exam-
ple, a railway or metro train, from
damage by short circuits. Electric
current limiters based on supercon-
ducting materials are greatly supe-
rior in their performance to conven-
tional devices. The working princi-
ple is that, in case of exceeding the
critical current, the HTSC element
loses its superconducting proper-
ties, and the resistance of the net
work is increasing dramatically. The
electric current limiters of this type
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have already been developed and
the serial production is to be imple-
mented as soon as possible.
Although, in the framework of
the presidential program, Rosatom
should complete a major proj-
ect this year, which will result in
development of equipment and
technologies for production of HTSC
wires with the length of up to one
km, we have to admit that in this
area we are behind other devel-
oped countries. According to the
information coming from abroad,
superconductors are more and more
widely used in power engineering
and military technology, in par-
ticular, to reduce the weight and

dimensions of electrical equipment
in submarines.

Besides HTSC, the USA, Italy
and other countries are developing
superconducting materials based
on magnesium diboride, which are
characterized by relatively low cost,
ease of production and good tech-
nical parameters. Last year, [ met
with Carlo Rubbia, a Nobel laureate,
and he believes that superconduc-
tors based on magnesium diboride
are a very promising direction. This
material is used in the creation of a
transmission line with the length
of several hundred kilometers,
which can transfer high currents.
It should be noted that VNIINM has




B CHMCTeMaX Pe30HAaHCHOM IlepefjlauyM 3/eKTPO3Hep-
THH U T.I1. YTO KacaeTcss HX CTOMMOCTH, TO IIOKa OHA B
HECKOJIbKO Pa3 BbIlIe, YeM Y OOBIUHBIX 3/IeKTPOIIPOBO-
JIOB, IIO9TOMY Peub HJIeT O CIlelIMaIbHbIX 06/1acTSIX, I7Ie
TpebyeTcst HCKIIOYHTeIbHAS TPOYHOCTh. [K "PocaTom”
HOA/IeP>KKBaeT 3TOT IIPOeKT, U, COITIaCHO OM3HeC-TI/IaHy,
K 2019 rozy OH IOJI’KeH BBIMTH Ha 6e3y6bITOYHOCTE.

Cospanupie BHUHMHM mnopomkH s 3D-mmeyaTH
MO’KHO CYHTATh MPOAYKTOM HAaHOTEXHOIOTHE!
Pa3Mephl YaCTHUL] TAKUX IIOPOIIKOB — 0T 10 70 30 MKM,
HO B HX IPOM3BOACTBe INPUMEHSIOTCS HPHEMBI,
TUIIMYHBIE /IS HAaHOTeXHOJIOTUH, TeM boJiee 4TO
B COOTBETCTBHUHU C COBpeMeHHBIMHU TpeboBaHUIMHU
3TH YaCTULI LO/IKHBI UMeTh CPepruUecKyo GpopMmy.
Ceryac B cTpaHe 6yM afAUTUBHBIX TeXHOJIOIUH,
HO [IOKA HeT YeTKOIro IIOHUMAaHHS, IAe UX 11e1eco0-
OpasHoO HUCIIONb30BaTh. MBI pa3paboTanu yHHUKAJb-
Hble [IOPOIIKH U3 Hep>kaBellen CTalu, a/IIOMUHUS,
THUTAaHA U APYTUX KOHCTPYKLIMOHHBIX MaTepHUaJIOB, a
TaK>Ke UX cMecel. ECTb Uier OpraHH30BaTh IIPOH3BOJ-
CTBO 37IeMEeHTOB TOIIJIMBHBIX COOPOK PeaKTOPOB U APy~
rux getaned. [loka TecTHpyeM IIporpaMMHOe obecrie-
YeHHe U [Io/Iy4aeM IepBble 3D-MOJe/H.

KakHX pe3y/IbTaToOB yAAIOCHh JOOGHUTHCS B 06/1aCTH €O3-
HOaHHUS GyHKIIHOHATBHBIX H 3alllUTHBIX IOKPBITHI?

MBI TpeIIoYrTaeM HCII0NIb30BaTh 60/Iee ITHPOKHH Tep-
MHUH - 06paboTKa IT0BepXHOCTH, KOTOPasi paAHUKaIbHO
MeHSseT CBOMCTBA KOHCTPYKUMHU. MHCTUTYT ob1amaeT
MaTeHTaMH U MHOTOYHCIeHHBIMU HOY-Xay B 3TOH 06/1a-
CTH. B Ipor3BoziCcTBe IpUMeHsieTcs: boree fecsaTKa Tex-

COMPETENT OPINION

HOJIOTUH 006paboTKY, HAIlpHMep XOJI0LHOE Ta30AHHA-
MHYecKoe HallblJIeHHe U MarHeTPOHHOe PacIblIeHHe.
B 3aBHUCHMOCTH OT [TIOBEPXHOCTH U [TOCTaBIeHHBIX 33/1a4
MOTYT HAaHOCHUTLCSI KEpaMUYeCKHe, MeTal/InuecKue,
KOMIIO3UTHBIe U JPyTrue MaTepHalbl. B pesynbTaTe
06paboTKH IIOBEPXHOCTH ITpHobpeTaeT Tpebye MBIk KOM-
I1JIEKC XapaKTepUCTUK, HAIlpHMeP SKapOCTOMKOCTb UIIU
SKapOMPOYHOCTh, MeXaHHUYECKYI0 H3HOCOCTOMKOCTD,
XMMHYECKYI0 CTOMKOCTb, aHTUQPUKIIMOHHBIE CBOU-
CTBa, KOPPO3HMOHHYIO CTOMKOCTb, PaAHOIOIJIOIIEHHE,
3JIEKTPOM30/IALHS U T.II. IIoMHUMO pelleHHsI Malll-
HOCTPOMTEJIPHBIX 3a/1a4, [I0CTeIIeHHO HaKaIl/IMBAeTCs
OIIBIT U B APYIUX 00/IACTAX. B 4aCTHOCTH, OUeHb HHTe-
PeCHBII IIPOeKT peann3yeTcsl COBMECTHO C POCCHICKO
KOMITaHHeH, pa3paboTaBiler MeIULIMHCKIE [IPOTe3bl
Ta306epeHHOro CyCcTaBa, KOTOPBIE 10 YPOBHIO 6H0COB-
MEeCTHMOCTH He UMeIOT aHAJIOTOB B MHpe. KocTb 65ICTPO
CpacTaeTcs Co ClelHaIbHbIM IIOPUCTBIM IIOKPBITHEM
IIpoTe3a, YTO YBeIMYKBAeT CPOK CJIYsKOBI ITOC/IeTHETO.
Hapetock, 4TO B 9TOM rofly MBI JoBeJleM 3TH PaboTsl 10
OIIBITHO-TIPOMBIIIIEHHOM CTaIUH.

Takke B HAIIKX IIJIaHAX CO3JaHHEe KOMIIAaKTHOTO
IIepeHOCHOr0 060pyIOBAHUS 151 HAHECeHU I IIOKPBI-
THI, KOTOPOe CMOXKeT HalTHU IpUMeHeHHe B CAMBIX
pasHbIX chepax, Hanpumep B XKKX - 715 BOCCTaHOBIIe-
HUs TPYO.

KaxkHe ellie ITpoeKThbI peaTn3yIoTcs B HHCTUTYTe?

HHTepecHOe HampaBJeHHe - CO3/laHHe H3JeNlul
13 HaHOOepHJ/UIKS, B YaCTHOCTH, BaKyyM-TIIOTHOM
bonbru U MUH3 A7 GOKYCHPOBKH PeHTTeHOBCKHUX
nyden. [IJ1s1 U3TOTOBJIEHU I INH3 TPebyeTCst BBICOKOUM-

good experience in the field of mag-
nesium diboride application, and
if necessary, we can very promptly
bring this technology to the indus-
trial stage, but so far at the state
level, the emphasis is on the devel-
opment of HTSC.

In my opinion, the future of elec-
tronics is about superconducting
materials, so it is advisable to invest
more in this area, to seek new fields
of application and to implement pilot
projects. While in other countries
they conduct tests, create equip-
ment, accumulate practical experi-
ence in the creation of the conduc-
tors, in cryogenics and other related
areas, in Russia, unfortunately, this

subject is not yet properly addressed,
although the superconductivity will
provide enormous savings in our
country specifically, considering the
distances over which electricity is
transmitted.

Another development of VNIINM in
the field of electrical engineering
is nanostructured high-strength
electrical wire. In what areas can
they be used and how does their
cost compare to the prices of con-
ventional electricity cables?

High-strength wires are made of a
copper matrix containing tens of
thousands of niobium filaments.
Wires of this type have a conductivity

of up to 75-80% of the electrical con-
ductivity of high-purity copper with
the strength of steel of up to 1500
MPa. The possible areas of applica-
tion are the electrical lines that are
subjected to high mechanical loads.
For example, contact wires for high-
speed railroads. When the speed of
a train is over 300 km/h, the contact
wires from conventional materials
are very easily damaged. If you use
our high-strength wires, the service
life will be longer and the number of
wire supports may be reduced.
Another interesting area of appli-
cation is high-strength magnets.
The magnetic fields of a few doz-
ens of Tesla lead to high internal
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CTBII 6epUJITUH C HAHOCTPYKTYPOH, IIpefoTBpalialo-
I[eH paccedBaHMe H3aydeHUs. CHCTeMa TUH3 B IIPH-
bopax peHTreHOIyOpeCLieHTHOTO aHA/IK3a [T03BOMIsIeT
I0/1y4aTh Iyd MUKPOHHOTIO IMaMeTpa /I/1 KCC/Ie/loBa-
HUS 00BEKTOB Ha yPOBHE, 6/1M3KOM K MOJIEKY/ISIPHOMY.
Pa3paboTaHbI TEXHOJOIHMH MIIUPOBKHU U IIOJTHPOBKHU
IIOBEPXHOCTHU OepU/IIHeBoi QONbIH.

HHTepecHbIe pe3ybTaThl JOCTUTHYTHL B 06/1aCTH
CO3/IaHH S BHICOKOHEPreTU4YeCKHMX MarHHUTHBIX MaTe-
pHanoB. HAHOTeXHOJIOTMH B COYeTaHHU U C TeXHOIOT ek
"CTPUI-KACTUHT" MO3BOJISIOT MONy4YaTh MarHUTHBIE
CIIABBI C yHHUKAIbHBIMU CBOMCTBAMMU JIJ151 ITPOU3BOJI-
CTBA 3/IeKTPOJIBUTaTe/Iel, [eHepaTOPOB, COeIUHUTENb
HBIX MY}T, JATUUKOB, GUIBTPOB U APYTUX U3,

IToTMTHKA HMIIOPTO3aMeIlleHH s [IOMOraeT B pa3BH-
THH HHCTHTYTa?

Mel mpopabateiBaeM bosiee gecsiTKa COIIALIeHUE, B TOM
YKCIe C IpeJIPUSATUSIMU aBUAKOCMHUYECKOM OTPACIH
u BIIK, Ho 3¢ deKT oT peanu3al MU 3TOM MOTUTUKU
Mor 651 66T U1 6omble. [lepBas mpobreMa - HeoCTa-
TOK UHQOPMALIMH O MOTEHIIMATbHBIX BO3MOKHOCTSAX
3aMellleHHUsI MHOCTPAaHHBIX IIOCTABIIMKOB. Bropas ripo-
6eMa cBsS3aHa C OTCYTCTBHUEM Yy 3aKa3YHKOB CPeJCTB
Ha HHAOKP - BceM HY>KHBI TOTOBbIE K BHEIPEHHIO TeX~
Hosoruu. K coskajieHHIo, HauTHU JeHbrd Ha HHUOKP He
BCeI/Ia y/IaeTcsl, Tak KaK COOCTBEHHBIX CPe/ICTB Y MHCTH-
TyTa HeT, MHUIIMATUBHbIE TEMBI YK€ HeCKOJIbKO JIET
IIPOBOAUTH He yaercs, a B [K "PocaToM” IeHCTBYIOT
OYeHb JKeCTKHe IIpaBuJia, B COOTBETCTBHUU C KOTOPhIMU
HMHBeCTULIHOHHBII ITPOEKT JI0JIKEH OKYIIHUThCS He borlee
4YeM 3a TPH rofia. 3HaUKMMBIH IIPOPBIB 32 TAKOH CPOK

MOYKHO CZIe/IaTh TOJIBKO eCJIU y3Ke IIOATOTOBJIEH PHIHOK
Y Ha pa3paboTKy ecTh CIIpoc. A eC/IH pbIHKA HET, TO
B TPU rofia YIOKUThCS OUeHb CJI0KHO, TaK Kak obpasers

NPOAYKLMH HYKHO YCIIeTh He TOJIBKO II0/Iy9YHTh U Cep-
TUQHULIMPOBATH, HO M 'PACKPYTHUTE .

B moricke pMHAHCHPOBAHUSA AJI51 HAIIHX I[IPOEKTOB,
B TOM YHCJIe B 06J1aCTH CBEPXIIPOBOLHUKOB, II0ZAeM
3a5BKU B MUHOOpHAyKH, Tpobyem paboTaTs ¢ poHIOM
"CKOJIKOBO", HO TaM O4YeHb BBICOKAsl KOHKYpeHLI S,
MHOIO HIOAHCOB IIPH IIPUHSATHH pelleHUH. TeM He
MeHee 60peMcs 32 KKABIN ITPOEKT, 33 KAKABIN 3aKa3.

Hackombko 3¢ppeKTHBHO COTPYAHHYECTBO C IPYyrUMH
Hay4YHO-HUCC/IeJ0BAaTe/IbCKHMH yUPeXXIeHHSIMH, PoC-
CHHCKHMH H HHOCTPaHHBIMH?
B Poccuu, B TpagHLIMOHHEIX /151 BHMHMHM obacTiax,
CBSI3aHHBIX C pa3paboTKOM s1IePHOTO TOIIMBA, OYeHb
I[IJIOTHO B3aHMoneI71CTByeM c apyrumu HHM, BXoms-
IMUMHU B cTPYKTYypy K "PocaTom". B chepe cBepxIpo-
BOJSIIMX MaTeprajoB coTpyaHu4daem ¢ HUHD DA,
HHUT®A, a Takske HULL "Kyp4aToBCKHUE HHCTHUTYT
IJie yCTAHOBJIeHA [IepBas OIBITHAS THHUA I10 IIPOM3-
BozaCcTBY BTCII BTOpOro moxkojeHUs. B HEKOTOPHIX
HaIlpaBJeHH X, HAIIPUMep B IIPOM3BOACTBe HaHObe-
punnus, Mbl GaKTHUYECKH eIMHCTBeHHbIE Ha PhIHKe,
[103TOMY KOOIIEPHUPOBATHCS II0KA He C KEM.
MeskIyHapOOHBIX IIPOeKTOB Ceruac peaqn3yeTcs
maJio. B obnactu HTCII, Kak y>Ke OBIIO CKa3aHO, MBI
y4acTBOBaIH B ITpoekTe UTIP, a B pazpaborke BTCII,
HaBepHOe, C HAMH II0Ka He OYeHb HUHTEPeCHO COTPYA-
HHMYaTh, TaK KaK BeAyIIKe MHOCTPAHHbIE KOMIIAHUH
Y MHCTUTYTHI B CBOMX MCCIEOBAHUAX YIIIH JOCTA~

tensions, which literally tear the
wires from conventional materi-
als and our high-strength wires can
withstand a magnetic induction
of up to 100 Tesla and above, which
was confirmed, in particular, by
the tests conducted at Los Alamos
National Laboratory of the U.S.
Department of Energy.

The high-strength wires may also
be used in aviation and space engi-
neering, transmission lines, reso-
nant transmission, etc. As for their
cost, while it is several times higher
than the cost of conventional wir-
ing, but there are special areas
that require exceptional strength.
Rosatom is supporting this project
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and, according to the business plan,
it should reach break-even by 2019.

Can the powders for 3D printing
created by VNIINM be considered a
product of nanotechnology?

The particle size of such powders is
10 to 30 pm, but their production
uses techniques that are typical for
nanotechnology. Moreover, in accor-
dance with the modern require-
ments, these particles should have
a spherical shape. Now, the coun-
try is experiencing a boom in addi-
tive technologies, but it does not
have a clear understanding of their
appropriate use. We have developed
unique powders of stainless steel,

aluminum, titanium and other
structural materials, and their mix-
tures. There are ideas on organizing
the manufacture of the fuel reac-
tor assemblies and other items. For
the time being, we are testing the
software and making the first 3D
articles.

What results have been achieved in
the field of functional and protec-
tive coatings?

We prefer to use a broader term: sur-
face treatment, which implies a rad-
ical change in the properties of the
structure. The Institute possesses
patents and expertise in this field.
In production, we use over a dozen




TOUHO fajleko BIepe[. OMYTUMO U BIHSIHUE CaHK-
UK - OTHOLIeHMe K HaM 3alaJHbIX KOJUJIeT CTajIo
3aMeTHO X0JIOLHee.

HackoIbKO OCTPOH SIBIsSIETCS TPobieMa IoAT0TOBKH
Hay4YHBIX H IIPOH3BOACTBEHHBIX KaJPOB?

HenocTaTOYHBIN ypOBeHb MOATOTOBKU MOJIOMABIX
KaJpoB [/1s1 TAKKUX MHCTUTYTOB, KaK Halll, KOHEYHO,
oueBHuIeH. Hampumep, 4ToObI CTaTh KBATUUIIU-
POBaHHBIM TeXHOJIOTOM I10 IIPOK3BOJCTBY SepPHOr0
TOIIJIMBA, BEIITYCKHUKY By3a, IIOJIy4HUBIIEMY TOTIBKO
oburve 3HaHUS, TpebyeTcs, KAK MUHUMYM, IISTh JIeT.
A TOTOBBIX KaJIPOB JJI51 Y3KOCIIeI[MaIbHBIX 0bs1acTen
B HBIHEIIHUX YCJIOBUSIX B IIPUHIIMIIE OBITh He MOXKeT,
[IOTOMY 4TO, eC/IM HHBEeCTHUIIUI He XBaTaeT Ja’ke Ha
Ppa3BUTHe CAaMOM TeXHOJIOTUH, TO Ha IIOJTOTOBKY CIIe-
LIMAJIMCTOB JJ151 Hee CPeJICTB TeM boJlee He HAMIETCS.

KaKoBBHI IJIaHBI 110 Pa3BUTHIO HAYyYHO-TEXHHYeCKOH
HesiTeTIbHOCTH HHCTUTYTa?

Pa3BHUTHE HHCTUTYTA BO MHOTOM 3aBHCHUT OT TOTO, KaK
roCyIZapCcTBeHHas IIONUTHKA IIOALEeP>KKH HHHOBALIUH
OymeT peanM30BBIBATHCS HA MPaKTUKe. ECIM HOBEIe
TeXHOJIOTUH CTAaHYT BOCTpeGOBaHbI, TO U MBI bymem
pa3BUBaThCsA. MHoroobemarmomux pa3paboTox, KOTo-
pble JOCTATOYHO OBICTPO MOTYT BBITh OBEIEHBI [0 IIPO-
MBIIIVIEHHOTO BHEJPEHHU S, Y HAC MHOKECTBO, BOIIPOC
TOJIBKO B Pa3BUTHH CIIPOCA.

Co CBOEHM CTOPOHBI MBI JOJKHBI 06eCIedUuTh
COOTBETCTBHME HAIIMX Pa3paboTok Tomy, 4YTO B
IpaskIaHCKOM KOfeKce Ha3BaHO "eMHOM TeXHOJO-
ruen”. 3To 3HAUMUT, YTO BCe HOBBIE IIPOEKTHI OyayT

COMPETENT OPINION

IpeAyCMaTPUBATh CO3/IJaHMe KOMILJIEKTA JOKyMeHTa-
LIUH, LOCTATOYHOTO, YTOOBI TEXHOJIOr U ObIIa pPeaiu-
30BaHa TaM, I'Jie B HeHM eCTh HeoOX0JUMOCTb.

Kak Ha Ball B3I/Is11, MOXXHO NMOBBICHUTD 3 PeKTuB-
HOCTB ITOAJ€P’)KKH HHHOBAILIHMH, H KaK I0JDKHA 6BITH
OpraHHM30BaHa CBsI3b MeKYy Hay4YHbIMH HCCIeJ0Ba-
HHSIMH U PBIHKOM?

Ham He XxBaTaeT TaK Ha3blBaeMOI'0 CUCTeMHOIO Map-
KeTHUHTA. I 3aHUMAJICSl H3y4eHHeM 3TOH I1pobieMBbl
emle B Hayajie 1990-X romoB, 3HAKOMHMIJICS C SITIOHCKHUM
OIIBITOM, C OIIBITOM MEKIYHaPOAHBIX KOHCAJITHHIO-
BBIX KOMIIAHHUI. DTO CJIOKHEHIIas CUCTeMa, KOTopast
[IPOrHO3MPYeT U IJIAHKUPYeT pa3BUTHEe PHIHKOB Ha
rofnl Briepes,. MHHOBALIMU JOJIKHEI [10C/IeIOBATE/ILHO
IOBOOUTHLCS OT MU [0 PBIHKA, IIpUYeM KOHeUHas
CTafMs 3TOro IMpollecca — He BBIIIYCK TOTOBOTO IIPO-
IyKTa, a opMHPpOBaHMe CIIpoCca Ha Hero.

O6UHO, YTO POCCUMCKUN YaCTHBIN OHM3HEC IOUTH
He y4acTBYyeT B BeHUYPHBIX IIPOeKTaX B 06JIaCTH IIPO-
MBIILJIEHHBIX TEXHOJIOTHI, a TOCYAaPCTBO JelaeT 3TO
He caMbIM 30 deKTHBHBIM obpa3zoM. el B HalleHn
CTpaHe MHOXeCTBO, HO, YTOOBI MX Peasn30BBIBATH,
IOoKHA OBITH CO3[JaHa CHCTeMa, KOTOpasi I103BOJISIIA
6bI HAXOOUTH cpencTtBa U Ha nposeneHue HHUOKP, u
Ha MapKeTHHTI. Korja HHHOBALlMHU Ha Jejle HAYHYT
AKTHBHO BHEJPSITHCS, B BBIUIPhIIIE 6yAyT K Hay4YHO-
HCCIe0BaTeIbCKHe OpraHMU3aluK, U IIPOMBILIIEH-
HOCTb, U 5SKOHOMHUKA CTPAHBI B LIeJIOM. [ |

Criacu60 3a MHTEPeCHBIH paccKas,
C B.B.MBaHOBBIM becenoBas [1.10.Tynunux

treatment processes, for example,
cold gas-dynamic sputtering and
magnetron sputtering. Depending
on the surface and objectives, the
coating can be ceramic, metal, com-
posite and of other materials. As a
result, the surface has a desired set
of characteristics, e.g., heat resis-
tance, mechanical wear resistance,
chemical resistance, friction prop-
erties, corrosion resistance, radar
absorption, electrical insulation,
etc. In addition to solving engineer-
ing problems, we gradually accu-
mulate experience in other areas. In
particular, a very interesting project
is being implemented jointly with
the Russian company that developed

medical hip implants, the biocom-
patibility of which has no equivalent
in the world. The bone quickly fuses
with the prosthesis that has special
porous coating, which increases its
service life. I hope we will bring this
work to a pilot stage this year.

Besides, we have plans to create a
compact portable device for coating,
which can be used in various fields,
for example in the housing sector to
restore pipes.

What other projects are being
implemented in the Institute?

Another interesting direction
is the creation of products from
nano-beryllium, in particular, the

vacuum-tight foil and lenses for
focusing x-rays. The lenses need to
have elements from high-purity
beryllium with nanostructure pre-
venting dispersion of radiation.
The lens system in the x-ray fluores-
cence devices is used for obtaining
a micron diameter beam for study-
ing items at a level close to molecu-
lar. We have developed a process of
abrading and polishing the surface
of the beryllium foil.

We have achieved interesting
results in the field of high-energy
magnetic materials. The nanotech-
nology in combination with the
"strip casting" technology is used to
obtain magnetic alloys with unique
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properties for the production of elec-
tric motors, generators, couplings,
sensors, filters and other products.

Does the policy of import substitu-
tion help in the development of the
institution?
We are working on more than a
dozen agreements, including,
agreements with companies in the
aerospace industry and the military
industrial complex, but the effect
of the implementation of this pol-
icy could be better. The first prob-
lem is the lack of information on
the potential substitution of for-
eign suppliers. The second problem
is the lack of customers for R&D,
because everybody needs technolo-
gies that are ready to be introduced.
Unfortunately, it is not always pos-
sible to find the money for R&D
because the Institute does not have
its own funds. The new initiatives
have not been proposed for several
years, whereas Rosatom has very
strict rules, according to which an
investment project must be repaid in
not more than three years. A signif-
icant breakthrough can be done in
three years’ time only if the market
is ready and there is a demand for
the innovation. If there is no mar-
ket, then it is very difficult to com-
ply with this term, because you need
time not only to develop a product,
but also to certify and to advertise it.
When looking for funds for
our projects, among which is the
field of superconductors, we sub-
mit applications to the Ministry of
Education and try to work with the
Skolkovo Fund, but the competi-
tion is very high there, and there are
many nuances in making decisions.
However, we struggle for every proj-
ect and for every customer.

How effective is the cooperation
with other research institutions in
Russia and abroad?

With respect to the traditional
areas of VNIINM related to the
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development of nuclear fuel, we
closely interact with other Russian
research institutes within the struc-
ture of Rosatom. In the field of
superconducting materials, we coop-
erate with the Efremov Institute,
Scientific Research Institute of
Technical Physics and Automation,
and Kurchatov Institute, which has
the first pilot production line of sec-
ond-generation high temperature
superconductors. In some areas, for
example, in the production of nano-
beryllium, we are unique on the
market, so there is nobody to cooper-
ate with.

There are few international proj-
ects. In the field of LTSC, as it has
already been mentioned, we par-
ticipated in the ITER project and in
the development of HTSC. Perhaps,
so far it is not so interesting to coop-
erate with us because the lead-
ing foreign companies and institu-
tions have gone far enough in their
research. We can feel impact of sanc-
tions, too, because our western col-
leagues became noticeably colder in
the relationship with us.

How acute is the problem of train-
ing scientific and production
personnel?

Of course, in such institutions as
ours it is obvious that the level of
young specialists is insufficient. For
example, a university graduate, who
received only general knowledge,
needs at least five years to become
a qualified technologist in the pro-
duction of nuclear fuel. It is impos-
sible to have a ready specialist for
the specific fields under the current
conditions, in principle, because if
the investment is not enough for the
development of the technology, it is
even less enough for training.

What are the plans for the develop-
ment of scientific and technologi-
cal activities of the Institute?

The development of the Institute
largely depends on how the state

policy of innovation support will
be implemented in practice. If
new technologies become highly
demanded, then we will develop. We
have many promising innovations
that can be brought to commercial
production very fast. The only issue
is the development of demand.
From our side, we must ensure
that our developments comply with
what the Civil Code refers to as "uni-
fied technology". It means that all
new projects will include the cre-
ation of sufficient documentation
packages so the technology may be
implemented where it is needed.

How do you think you can improve
the effectiveness of innovation sup-
port, and how should the relation-
ship between scientific research
and the market be organized?

We lack the so-called systemic mar-
keting. I was studying this problem
in the early 1990s, when I learned
the Japanese experience, the expe-
rience of international consulting
companies. It is a very complicated
system, which predicts and plans
the development of markets for the
years ahead. Innovation must con-
sistently be brought from concept to
market, and the final stage of this
process is not the finished product,
but the demand for it.

It is a shame that the Russian
private businesses are practically
not involved in venture projects in
the field of industrial technologies,
and the state is not doing it in the
most efficient manner. There are
many ideas in our country, but for
their implementation, the country
needs a system that helps people to
find the money for R&D and market-
ing. When the innovation is actively
implemented, the beneficiaries are
research organizations, the indus-
try, and the economy as a whole. W

Thanks for the interesting story.
The interview was taken by Dmitry
Gudilin






