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HAHOCTPYKTYPHBIE MATEPHUAJIbI U HAHOTEXHOJIOT'UU B
ATOMHOM TEXHUKE

[IpeacraBieHi pe3yabTaTd IOCHTIHKEHHS, PO3POOKH Ta BUKOPHUCTaHHS HaHOMATepialliB B siIEpHUN eHep-
reTuli Ta TexHilui. HaBeneHo OCHOBHI BIACTHBOCTI HAHOCTPYKTYPHHUX MatepiaiiB. Po3risHyTo mepcnek-
TUBU CTBOPEHHS HAHOCTPYKTYpHHX MaTepialliB i MOKpHUTTIB KOHCTpyKuiHuX enementiB AEC 3 mokpa-
[IEHUMH MEXaHIYHHMH BJIACTUBOCTSMH (TBEPAICTh Ta MILHICTH), MiABHIIEHUMH KOPO3iiHOIO Ta pajia-
uiitHoto crifikictio. ChopMynp0BaHO OCHOBHI MPOOJIEMH, IO BUHUKAIOTH MPH PO3POOLi AucIiepciiHo-
3MIHEHUX OKCHIAMHM CTalled, CTBOPEHHI Ha METaJuHii YM KepaMiuHii OCHOBI HOpYBaTHX 1 KapKacHUX
CTPYKTYp, QinbTpiB Ta MeMOpaH, po3poOLi HAHOCTPYKTYPHUX HAANPOBIAHUKIB, CTBOPEHHI HAHOKOMIIO-
3UTHHUX MOKPUTTIB Ta MarHiTHUX MaTepialis.

The review of results of the investigations, researchers and using of nanomaterials in nuclear energetic
and engineering are presented. The basic properties of nanostructure materials are adduced. The perspec-
tives of creating of nanostructure materials and coating for constructive elements AES with increasing
hardness and strength, increasing corrosion and radiation stability are considered. The principal problems
which arise under under elaboration of strengthening oxide disperse steels and porous ceramics, frames,
filters and membranes, elaboration of nanostructure superconductors and magnetic nanocomposites,
nanocomposite coatings are considered.

B sanepHoll sHEpreTUKE U A/IepHON MPOMBIILUICHHOCTH OYEHb BaXKHA MpooIie-
Ma MOJEPHU3ALMH TOIUIMBHBIX U KOHCTPYKIMOHHBIX MATEPHUATIOB JJIsi AKTUBHOMU
30HBI ANEpHBIX peakTopoB [l, 2]. HaHOTeXHOJNIOrMKM B MOCIEAHEE BpPEMS CTAIH
MPUMEHSTHCS MPAKTUYECKHU BO BCEX c(pepax HOBEHIIMX TEXHOJIOTUI U TIO CYTH Jie-
Ja MPEeBPATWINCH B MEXKIUCIUIUIMHAPHYIO 00J1aCTh HAYKH U TeXHUKU. B aToMHOMI
OTPACIIM HAHOTEXHOJIOTUH MPUMEHSIINCh NMPU CO3JAHUM TOIUIMBHBIX U KOHCTPYK-
AOHHBIXX MAaTEpPUAJIOB Ha OCHOBE KAUYECTBEHHOTO M3MEHEHMSI CBOWCTB MaTepua-
JIOB TPH TEepeX0Jie B HAHOMETPHUYECKHUI Jauarna3oH pasMepon [3, 4]. CyOMukpoH-
HbI€ 1 HAHOKPUCTAJUINYECKNE METALUIMYECKHE U KEPAMUYECKUE MAaTEPUAIIBI IIUPO-
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KO HCIIOJB3YIOTCSA B HACTOSIIIEE BpeMsl B KaUECTBE KOHCTPYKIIMOHHBIX 3JIEMEHTOB
U (PYHKIMOHAJIBHBIX CJIOEB B COBPEMEHHBIX MUKPO3JIEKTPOHHBIX YCTPOMCTBAX, Jie-
TaJsIX aBUAKOCMHYECKON TEXHUKH, a TAK)KE B KaUYE€CTBE U3HOCOCTOMKUX MOKPHITUI
B 00pabaThiBarolel MPOMBIIIIIEHHOCTH [5].

OO6nacTu npUMEHEHUsI HAHOTEXHOJIOTUI B aTOMHOW HEPTeTUKE OXBAThIBAIOT
MPaKTUYECKU BECh KPYT MPOOJIEM SEPHOTO TOTUIMBHOIO LUKIIA:

e (Co3aHne HOBOTO SIIEPHOrO TOIUIMBA C HAHOAOOABKAaMHU, JUIsl aKTUBHOMU 30-
Hbl ADC. Co3nanuie HOBOTO Kiacca ypaH-muryTonueBoro okcuanoro (MOKC) To-
wiuBa. OCBOEHUE TOPUI-ypaHOBOTO IUKJIA.

e CoszaHue HAHOAMCIEPCHBIX MATEPHAIOB KOHCTPYKIIMOHHOTO U ()YHKIIHO-
HaJnpHOTrO Ha3HaueHud. [lucnepcHo-ynpounenHsie okcuaamu (AYO) depputhHo-
MapTEHCUTHbBIEC CTAJIH.

e lccrnenoBanue u pa3paboTka MaTepuanoB Jis OBICTPHIX PEaKTOPOB U OY-
OyIIUX peakTopoB 4-oro nokojenus. MccienoBanue paaualiiOHHO-UHYIUPOBAH-
HOM MHKPOCTPYKTYpbl. MUKpPOCTPYKTYpHBIE MpEACKa3aHUsI BO3MOXKHOCTH MPO-
JUICHUSI CPOKa SKCIUTyaTallMi PeaKTOPOB: KOPIlyca, BHYTPUKOPITYCHBIE CTaJIH.

e HanomemOpaHbl 1 HAHOPUABTPHI 11 TeXHONOTUN oOpateHus: ¢ OAT

e Pa3paboTka METPOJIOTHYECKOTO OOECIeUeHUs HCIO0JIb30BaHUS HaHOMATe-
pHUaoB JJisl SIAECPHBIX YCTAHOBOK.

e Hanopatuuku nu HanoceHcopsl Ayt ACY TII ADC. IloBelmeHne TaKTUKO-
TEXHUYECKUX XapaKTEPUCTUK CUCTEM Oe30macHOCTH U oxpaHbl ADC

e HanocTpykTypupoBaHHbIC MaTepHalibl OiaHkeTa u cteHku TP.

e HaHocTpyKTypHbIE CBEPXITPOBOJIHUKH.

e HaHOKOMIIO3UTHBIE MaTEPPHUAIIBI U TOKPHITHUS.

SlnepHoe TOIUIMBO ¢ HAHOMETPUYECKUMHU CTPYKTYpaMH. DHEpreTrudeckas
CTpaTerus mpeaycMaTpUBaeT MOCTENEHHBIN BBOJT HOBBIX SIIEPHBIX SHEPTOTEXHOJIO-
ruii Ha OBICTPBIX HEUTPOHAX C 3aMBIKAHUEM SJIEPHOTO TOIUIMBHOIO IMKJA C
MOKC-tomnuBoM. M3 Bcex TUIOB OBICTPBIX PEAKTOPOB MPOMBIIIJIEHHO OCBOEH-
HBIMU Ha CETOJIHA SIBJIAIOTCSI PEAKTOPHI C HATPUEBBIM TeIuioHOcUTeNeM. OIHUM U3
ycioBul nosbliieHus 3¢ pexTuBHOCTH paboThl ADC sBisieTCs yBEIUYEHUE ri1you-
HBI BBITOpaHUd siAepHOro ToruinBa. [is obecrieueHust rayOOKUX BBITOPAHUN TOII-
JMBa HEOOXOAMMO CO3J]aHHUE KPYMHOKPUCTAIIIMYECKUX CTPYKTYP SJEPHOTO TOII-
JIMBa C KOHTPOJIUPYEMOU NOPUCTOCTHIO.

JlucriepcHO-yNIPOYHEHHbIE OKCHAAMHU (PeppPUTHO-MAPTEHCHUTHbIE CTAJIU.
VBenuuenne 3pPeKTUBHOCTU PabOTHI U CPOKA CIYKObI MEPCHEKTUBHBIX PEAKTO-
POB Ha OBICTPHIX HEUTPOHAX TPEOYET MOBBIIICHUS CTETICHU BBHITOPAHUS TOILIMBA /10
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18 — 20 % 0e3 cHWKEHHS MapamMeTpoB TermoHocuTens. [lpu pemeHuu 3Tou mpo-
0JieMbl BO3HUKAE€T HEOOXOJIMMOCTh CO3JaHUs HOBOIO KJlacca paJualliOHHO-
CTOMKMX METAJUIMYECKUX MAaTEPUaJOB, YNPOUYHEHHBIX HAHOYACTHULIAMHU OKCHJOB
METAJIJIOB. DTU MaTepHaIIbl JOJIKHBI YIOBIETBOPATH TAKUM TPEOOBAHUSIM

® KMETh HU3KYIO MOJI3ydecTh IpH Temreparypax a0 970 K u crabunbHOCTH
pa3MepoOB, I0JTOBEYHOCTh ~ 9 JIET;

e 00J1a1aTh BBICOKOW PAaJMAallMOHHON CTOMKOCTBIO K HEUTPOHHOMY OO0iIyde-
Hut0. Jlo3a o0nyuenus: ~ 250 cHa;

e o0ecreuuTh pagualldOHHYI0 CTOMKOCTh Marepuaia 00O0JOYKU MPHU MOBHI-
HICHHBIX XapaKTEPUCTHUKAX KAPOIPOUHOCTH;

® UMETh BBICOKME MeXaHM4eckue cBoicTBa npu 970 K — npenen nmpoynoctu
> 300 MlIa, npenen anurenbHOM npouynoctu >120 Mlla;

e 001a7aTh BBICOKMM COIMPOTUBIECHUEM KOPPO3UU M XMUMHUYECKYH) COBMEC-
THUMOCTb C TOILUIUBOM.

Co3manue M HMCHOJIb30BAHUE HOBOTO Kjlacca (PeppUTHO-MAPTEHCUTHBIX pa-
TUAIMOHHO-CTOMKUX CTAJIEM, YIPOUHEHHBIX YAaCTUIAMU OKCUJOB HAHOMETPOBOTO
pasmepa (JAYO-ctanu), COOTBETCTBYET IIOOANBbHON 3a7adye CO3JaHUsl KOHCTPYK-
HUOHHBIX MATEPUAJIOB, YIPOUYHEHHBIX BBICOKOAMCIEPCHBIMM HEMETAJUIMYECKUM
yacTuIlaMu (HaHo4dacTuilamu). Bneuatisroniue xapakrepuctuku Y O-cTaneit kak
[0 MEXAHWYECKHM CBOMCTBaM, TaK U MO PAJUALMOHHON CTOMKOCTH IMO3BOJSIOT
IJIAHUPOBATh KCTOJIb30BAHUE MOJOOHBIX CTajeil B TEPMOSJIEPHON SHEPreTUKE B
KauecTBE MaTepuasa NepBOi CTEHKU U OJaHKeTa TEPMOSIIEPHOTO PEaKTopa.

Hanokapkacsl 1 mopucrasi HaHOKepaMuKa. BaxHpIM HanpaBiIeHUEM B Ha-
HOTEXHOJIOTUSIX SIBIISIETCS CO3J]aHUE U3 PA3IMYHBIX (PYHKIIMOHAIBHBIX MAaTEpUAIOB
MOPUCTBIX HAHOKAPKACOB C TOJIIMHOW CTEHKM OTAEHbHbIX mop 10 — 100 uM n
pasmepom stueiiku 1o 1000 HM, HampuMep HaHOKapkaca W3 OepUJUIUsSl C HU3KOU
IJIOTHOCTBHIO.

HanomemOpanbl u HaHoQuILTPBLI. Metainueckue o0ObEMHBIE HaHO-
(GUNbTPHI NEPCIEKTUBHBI JJIS1 UCTIOIb30BAHUS B CUCTEMAX BOJIONOATOTOBKU U OYU-
CTKM TemioHocuTenst peaktopoB ADC. HanomeMOpaHbl, HaHO(DUIBTPBI, HAHOKA-
TaJIU3aTOPBI UCIIOIB3YIOTCS B TexHOJorusx odpamenus ¢ OAT u PAO, B cucremax
BOJIOIIOATOTOBKU M OYMCTKHU TEIIOHOCUTENEH, JOKUTAHUSA PATUOIUTAYECKOTO BO-
I0pOJ1a, TOHKOM OYKMCTKM BO31yXa M TEXHOJOTHMYECKUX Tra30B. ONbITHO-
MIPOMBIIIJICHHBIE YCTAHOBKU C WCIOJIb30BaHUEM HAHO(MUIBTPALMUA MCIOJIB3YIOTCS
JUTSL IepepabOTKU KUAKUX PAAUOAKTUBHBIX OTXOJIOB, OUYMCTKHU T'a30B OT paguoaK-
TUBHBIX a3PO30JIEH.



CepxnpoBojsiliie HAHOCTPYKTYPHMPOBaHHble MaTepuajbl. Co3naHue
CBEPXIPOBOJISIIIIMX MAaTEPUATIOB B BUJI€ HAHOCTPYKTYPHBIX CBEPXIPOBOJHUKOB SIB-
JSIeTCSl IPUMEPOM pa3pabOTKH, U3HAYAIBHOM 1IENbI0 KOTOPOU SIBIUJIOCH MOJIyYEHUE
00BbEMHBIX HAHOCTPYKTYPHUPOBAHHBIX MaTepuaiioB. B pesynbrare mepexona Kk Ha-
HOMETPUYECKUM CTPYKTYpaM yAaJIOCh B HECKOJIBKO pa3 YBEIUYUTh TOKOHECYIIYIO
CIIOCOOHOCTh CBEPXIIPOBOJIHUKOB, UTO IMO3BOJIMJIO CO3/1aTh MOIIHBIE MarHUTHBIE
CHUCTEMBI U SKOHOMUTH 1pu 3TOM A0 30 % 3eKTpOIHEpPrum.

MarnuTHble HAHOKOMNO3UTBI. B HacTosIIee BpeMsi MPOU3BOIUTENN MPOSB-
JISIFOT TOBBIIIEHHBIM MHTEPEC K HAHOKOMIIO3UTHBIM MarHutam. [Ipexne Bcero, HO-
BbIE€ MAarHUTHBIE MAaTEepHUANIbl MCHOJB3YIOTCS B MajorabapUTHBIX, CBEPXCKOPOCT-
HBIX 3JIEKTPOJBUTATENSAX U TeHEpaTOpax Jjis aBUAKOCMHUUYECKOM, aBTOMOOUIILHOM U
npudopoCcTpoUuTeNIbHOM oTpacieil. Tak, Ha ocHoBe 3 dekra Buranaa Opuin co3na-
Hbl MAarHUTHBIE MUKPOKOMITO3UTHBIE MaTepualbl Ha ocHOBe ciaBoB Co — Fe — Nb
u Fe — Ni. Pazpaborana TeXHOJIOrHs MOJIyYEHUs] HAHOKPUCTAIUNIMYECKUX MarHUT-
HBIX MaTepHUalioB METOJOM IIEHTPOOEKHOro paclbuleHUs paciuiaBa. HaHokpu-
CTAJUIMYE€CKUE MAarHUTHBIE MaTEepUaIbl IPEBOCXOAIT U3BECTHBIC (DEPPUTHI 1O Mar-
HUTHOW 3HEpruu B 6 — § pas.

Hanomatepuansl B cucremax 0e3omacHoctu. JlocTuxeHnus B o0JacTu Ha-
HOMAaTEpUaJIOB U HAHOTEXHOJOTUU OTKPHIBAIOT HOBBIE BO3MOXHOCTHU JIJISl TOBBI-
IICHUS XapaKTePUCTUK CUCTEeM 0e30MacHOCTH, BOCTPeOOBaHHBIX phiHKOM. Hanbo-
Jiee MEPCHEKTUBHBI TaKWE HAIPaBJICHUS] MCIOJIb30BaHUSI HAHOTEXHOJOTUM B CHC-
TeMax 0€30MaCHOCTH: HAHOJIATYMKHU HA PA3JIMUHBIX (PU3UYECKUX MPUHIUNAX: TyH-
HEJIbHbIE TATYMKU JABJICHUS; HHTEIUICKTYa IbHbIE JATYUKU «yMHAs MbUIbY JJIS 0X-
paHbl TPAHUIl U IEPUMETPOB OOBEKTOB; JATUYMKHU OOHAPYKEHUS MTOKAPOB.

HanokoMno3uTHbICe NOKPBITUA. MHOTOCIOWHBIE KOMIIO3UIIMOHHBIE ITO-
KPBITUSL YCIEUIHO MPUMEHSAIOTCS ISl YJIYUYIIEHUS U pacliupeHus (pyHKIHOHAIb-
HBIX BO3MOXKHOCTEW MHOTHX MatepuayoB. [lepexon Ha HaHOoMacmTad OTAEIbHBIX
AJIEMEHTOB TaKUX MOKPBITUI MO3BOJIUI BEINTH HA MPUHIIMITUATBLHO HOBBIN YPOBEHB
AKCIUTyaTallMOHHBIX CBOMCTB. I[IpuMepoM SBISAIOTCA TMOJyYEHHBIE M HCCIIEe-
JIOBAaHHBIC HOBBIE THUIIBI HAHOKOMIIO3UTHBIX TMOKPBITUM HAa OCHOBE CHCTEM
TiCrN / Ni— Cr — Fe — Si — B u TiAIN / Ni — Cr — Fe — S1 — B, nony4yeHHbIX TyTeM
KOMOMHAIIMY TJ1a3MEHHO-/I€TOHAIIMOHHOTO, BAKYYMHO-/TyTOBOTO M1 MarHETPOHHOTO
METOJIOB OocaxkieHusl. B pe3ynbTaTe MpOBEICHHBIX UCCIEAOBAHUM SJIEMEHTHOTO U
($a30BOro coctaBa MOBEPXHOCTH TUOPUIHBIX MOKPBITHI, a TakKKe H3MEPEeHUM
TBEPJIOCTU ¥ KOPPO3UOHHOM CTOMKOCTU B arpeCCUBHBIX Cpefax, 00OHapy>KeHO 3Ha-
YUTEIBHOE TMOBBIMICHHE (PU3UKO-MEXAHUUECKUX M XUMHUYECKHUX CBOMCTB MOBEPX-



HOCTH IIPU HAHECEHUH MOKPBHITUII KOMOMHUPOBAHHBIMU METOJaMHU.

B nonydeHHbIX KOMOWHHMPOBAHHBIX MOKPBITUSIX (POPMHUPYIOTCS MEIKOIMC-
nepcHbie ¢asnl: B TBepaoM pactBope TiCrN pasmep 3epeH 2,8 + 4 HM, a CpeIHUM
pasmep 3epeH misa pasel TIAIN 18 + 24 aM. HaHOKOMITO3UTHBIE TTOKPBITHS Ha OC-
HOBe T1— Cr — N u Ti — Al — N 00manaroT BBICOKUMH TBEPAOCTHIO U MOAYJIEM YII-
pyroctu. OOHapyKEHO MOBBIIIEHNUE TBEPIOCTU KOMOMHUPOBAHHBIX TOKPHITUH MPU
JOCTATOYHO BBICOKOM 3HadueHMM monayis ympyroctu: H = 32 + 1,1 I'lla npm
E = 320 £+ 20 I'lla gns nokpeitust Ha ocHoBe TiCrN; H = 20.8 + 1.8 I'lla nipu
E =342 + 18 I'Tla ans mokpeiTust Ha ocHOBe T1AIN.

[TonyueHHble THOPUAHBIE TOKPBHITUS UMEIOT BBICOKYIO KOPPO3UOHHYIO CTOM-
KOCTb K KHCJIBIM U IIEJIOYHBIM CPEJIaM.

Kopposuonnas croiikocts TiAIN / N1 — Cr — B — Si — Fe B coneBom pacTBope
pPEe3KO BO3pacTaeT (Ha TpU MOPSIKA BBIIIE, YEM CTOMKOCTH MOJJIOKKH U3 HEepKa-
Beroniel ctanu u Ha 2 nopsanaka, yem st TiCrN mokpbITus).

Hanecenne Tonkux HUTpUAHBIX MOKPBITUM TiCrN u TiAIN Ha mopomikoBbIit
MOJACJION MPUBOAUT K 3HAYUTEIHLHOMY YMEHBIICHUIO U3HAIIMBAHUS MOBEPXHOCTHU
KOMITIO3UTHOTO MOKPBITUS MPU TPEHUU IUIUHJIpA MO MIOCKOCTH B TEXHUUYECKOM
Ba3elIMHE 3a cUeT (a30BBIX IPEOOpPa3OBaHU.
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