MWHUCTEPCTBO HayKu 1 BuICLIEro obpa3osBaHng Poccuinckon Meaepauim

(DeAepaAbHOe rocyAapcTBeHHoe DloAXeTHOe Hay4YHOe Y4peXxaeHue

TEXHOAOTMYECKNWN WHCTUTYT
CBEPXTBEPAbBIX N HOBbIX
YINEPOAHBIX MATEPUWAAOB
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OepepanbHoe locypapcreentoe biogxernoe Hayunoe Yupexpgenune

‘.C;\‘; «TeXHONOrnYecKnii MHCTUTYT CBepPXTBEPAbIX

V. U HOBbIX Yr/IepoAHbIX MaTepuanoB»

WHcTuTyT 6bIN OCHOBaH B 1995 rogy kak HayuyHo-TexHuyeckuii
ueHtp «CBepxtBepable matepuanbi» (HTL CTM), a B 1998 roay
peopraHu3oBaH B «TeXHONOrMYEeCKUiA WHCTUTYT CBEpXTBEpAbIX K
HOBbIX yrnepogHbix matepuanos» (TUCHYM).

Opranu3aumoHHo-npaBoBas ¢opma TUCHYM - G6ropxeTHoe
yupexpaeHne. BepomcTBeHHaA npuHagnexHoctb — MuHucTepcTBO
Hayku n Bbicwero obpazoBaHua Poccuiickoit Oepepauun.
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B CTPYKTYPY UHCTUTYTA BXOAAT cChepylolue noapasaeneHua:

1. OTRen CTPYKTYpHbIX UCCNef0BaHUIA
« JlabopaTopua cneKTpanbHbIX MCCeA0BaHNi
- JlabopaTopua 31eKTPOHHOI MUKPOCKOMMUN
- JlabopaTopua peHTreHOCTPYKTYpHOro aHanu3a
- Teopetnueckas rpynna
2. OTpen pocta MOHOKpUCTanios
- Jlabopatopua razodasHoro ocaxaeHus anmasa
« Jlabopatopua ¢u3myeckux CBOICTB HAHOCTPYKTYp
- [pynna pa3paboTkn u nCCnefOBaHNA AKYCTOINEKTPOHHDIX
yCTPOICTB Ha 0CHOBE anmasa
3. 0Tpen KOHCTPYKLMOHHbIX 1 QYHKUMOHANbHBIX HAHOMaTepuanos
- Jlabopatopua QyHKUMOHANbHbBIX HaHOMaTepUanos
- JlabopaTopua cuHTe3a HOBbIX CBEPXTBEpAbIX MaTepuanos
« Jlabopatopua QuU3NKo-MexaHMueCkux U3mepeHnii
4. Otpen uccnefoBaHuA QU3MKO-MeXaHUYeCKUX CBOICTB
5. 0T18en HOBbIX XUMUYECKMX TeXHONOTMI W HaHOMaTepuanoB
6. Otpen obpa3oBaTe/bHbIX Nporpamm
i
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Hayueili pykosooumens OIBHY TUCHYM,

npoceccop, 00kmop (u3UKo-Mamemamuyeckux HayKk
bnank Bnagumup [laBbigoBuy.

. Kadegpa MOTU (IY) - «Ou3nka u Xumna HaHOCTPYKTYp»
. BcnomoratenbHble noapasgeneHus

[ - Wi
Hupexmop OT6HY TUCHYM,
KaHOUOam mexHUYecKux Hayk
TepentbeB Cepreit AnekcaHapoBuy.
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06beanHAIT pecypcbl NoApasAeNneHnin MHCTUTYTa:

« Llentp KonnektuHoro nonb3oBaHuA (LIKIM) Hayunbim obopynoBanuem OTBHY TUCHYM «lccnepoBanna HaHOCTPYKTYPHbIX,
YINePOAHbIX U CBEPXTBEPAbIX MaTepuanoB».

« HayuHo-obpa3oBatenbHblil LeHTp «DuU3MKa U XMMMUA HAHOCTPYKTYp».

- CoBmectHaa nabopatopua TUCHYM-CUMEHC «OyHKumMOHanbHble U KOHCTPYKLMOHHbIE HaHOMAaTepuanbi».

OcHoBHas 3apava OFBHY «TexHonornuyeckmit MHCTUTYT CBEPXTBEPAbIX W HOBbIX YINEpPOAHbIX MaTepuanos»
(TUCHYM) — co3maHue HOBbIX MaTepuanoB. [inA 3TOro B MHCTUTYTe MPOBOAUTCA BeCb KOMMIEKC HeobXxopumbix pabor,
YTO BKMIOYAET TaKWe CTafuM, Kak:

« MONCKOBbIE WCCNENO0BAHS;

« OMbITHO-TEXHONOTMYECKME U OMbITHO-KOHCTPYKTOPCKME PaboThl;

. aTTecTaumMAa W CepTUQUKAUMA MaTepuanoB U W3enuil, 3aKpenneHne W nepefjaya aBTOPCKUX NpaB Ha 0ODBEKTbI
UHTENNEKTyanbHol Co6CTBEHHOCTY;

« paboTbl, (BA3aHHblE C MPOABIKEHNEM NPOAYKTOB HA PbIHOK.

WnctutyT o6najaer TexHomorueid nonyyeHMA MOHOKPUCTaNI0B anmasa Becom [0 7 Kapal, He UMewLynX
NPUPOAHBIX aHanoros (0cobouncTbix, NernpoBaHHbIX 1 MONYNPOBOAHMKOBBIX). B HacToAwee BpemA TexHomorus
BHeapAeTCA B NpPOM3BOACTBO.

TUCHYM BepeT paboTbl MO C03AaHMI0 KOHCTPYKLMOHHBIX HAaHOMaTepuanoB CnefylowWwux cuctem: meTann, MeTann-
yrnepoA, YrnepoA-yrnepod, a TakKe HAHOCTPYKTYPUPOBAHbIX KepamuK. YKe nonyyeHbl Matepuanbl C yHUKANbHbIMU
MeXaHWyecKUmMu CBOMCTBAMMW: CMNAaBbl HAa OCHOBE aMOMWHWA, TUTaHA, LWPKOHUA; TBepAble CNfaBbl Ha OCHOBe
TiC-ZrG; ynorpatBepable dynneputbl; kepamuku B-Si.N,, UO,. Tlomyuexbl Takxe HOBblE HAHOCTPYKTYpUPOBAHHbIE
TepMoINeKTpUYeCcKie Marepuanbl Ha 6ase BiTe,.

loctaHoBnenunem [lpaButenbctea N 498 8 2007 rofy WHCTUTYT ONpefeneH rONOBHOW OpraHu3aumein no
HanpasneHnw «KOHCTPYKUMOHHbIe HaHOMaTepuanbl» B pamkax (OefepanbHoil LeneBoil mporpammbl  «Pa3Butne
NHGPACcTpyKTYpbl HaHouHAycTpuu B Poccuiickoit Oepepaumn Ha 2008-2010 rogbi».

TUCHYM npuaaetr 6onblioe 3HauyeHWe Koomepauuum C POCCUACKAMU U 3apyOeXHbIMI MHCTUTYTaMK, TaKUMU
kak KypuaToBckuii HayuHbiil ueHTp, WHcTuTyT Kpuctannorpadum PAH, TWPEAMET, Yuusepcuter r. Ymea (LLUBeums),
Yuusepcutet 1. Manuectep (Benukobputanua), Jlabopatopua kpuctannorpaduu Axapemun Hayk Opavuum u papg
APYruxX HayyHo-TexHonornyecknx ueHtpos Poccum, Asctpun, Tepmanum, CIUA, AnoHun.

Kagpbl — ocHoBHOW pecypc moboro yupexgexua. B 2008 rogy Ha ¢akynbrete MonekynApHoi U OMONOrMYeCKoi
du3nkn MoCKOBCKOro (U3MKO-TEXHMYECKOTO WHCTUTYTA co3faHa kadeapa «Ousmka n xumua HaHoctpyktyp». TUCHYM
onpedened 06a30B0il opraHu3ayuer, oCyLecTBAANLENA NOArOTOBKY MarucTpoB no Hanpasnexuto 010600 «[puknagHble
maTtemaTika u ¢usnka» no maructepckoit nporpamme 010630 «Xumunueckaa Qusmkar.

Pa3paboTkn MHCTUTYTa Harpax<AeHbl NpU3amu pAfAa MPECTUKHbIX BbICTABOK:
« (CepebpAHas mefanb 27-ro MexayHapoAHOT0 canoHa uHHOBauwii, MeHesa, 1999.
- 3onotas Mefanb 5-ii MexayHapogHoit cneunanbHoli BbictaBki Jlabopatopuadkcno 2007, Mocksa, BBL, 2007.
« 3onotad Medanb 7-ro MexayHapogHoOro canoHa MHHOBauui u uuBectuumit, Mocksa, BBLI, 2007.
« [lunnom n meganb Il MexpyHapoaHoit BbicTaBku U KoHrpecca «[lepcnektuBHble TexHonorm XXI Beka», Mocksa, BBL, 2008.
« [Junnom MexayHapogHoii BbictaBku V13meputensHoro O6opyaoBanua u TexHonoruii, Mocksa, LIBK «3kcmouentp», 2008.
« [lunnom V MexayHapogHoit BbicTaBku HaHouHaycTpum NTMEX 08, 3mauue [lpasutenbctBa Mocksbl, 2008.
« [Junnom XII Metepbyprckoro mexayHapogHoro dkoHomuueckoro dopyma, C-Metepbypr, «/leHskcno», 2008.
+ [lunnom MexayHapoaHoit BbictaBku iENa 2008 “IDEEN-ERFINDUNGEN-NEUHEITEN", Nurnberg, 2008.
« [louetHblit 3HaK Jlaypeata 11-ro MexayHapoaHoro gopyma «Bbicokue TexHomoruu XXI Beka», MockBa, 2010.
+ 3onotas meganb 1 gunnom 3-it MexgyHapogHoil BbicTaBki u3obpetennii Ha brmkwem Boctoke IIFME-2010, 3nb-Kyseiit.
« [lunnom n mepanb 9-it Cneumanu3upoBaHHoii BbicTaBkN «Jlabopatopua Jkcno», Mocksa, 2011.
« [lunnom IV Cneumann3npoBaHHOR BbICTaBKI NpUOOPOB 11 CPEACTB KOHTPONA, U3MepeHuid, ucnbitaHuit «Ikcno Kowtponb 2012».




3aBepytownit otaenom npodeccop, A.¢.-m.H. bnank B.[A.

& OTAEN CTPYKTYPHbIX UCCIELOBAHNN

“TMCHVME ﬂaﬁoparopua CNeKTpalibHbIX uccnenosanuﬁ
3aeaytownit nabopatopueii K.¢.-m.H. lenncos B.H.

NlaGopaTopua 3NeKTPOHHON MUKPOCKONUM
3asepytownit nabopatopueii a.¢.-m.H. Kynbuuukuia b.A.
Ha6opa'ropm| PEHTIeHOCTPYKTYPHOro aHanusa
3aBeaywownin nabopatopueir K.¢.-m.H. Monakos C.H.

ﬂaﬁoparopua TeopeTnyeckoro monenmpoBaHna HoBbiX MmaTepuanoB
3aBeaywownin nabopatopueir a.¢g.-m.H. Copokun M.B.
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OyHaameHTanbHble UCCIEA0BAHNA
OyHpameHTanbHble UCCNEN0BAHNA BEILECTBA B IKCTPEMANbHbIX YCNIOBMAX MPU CBEPXBBICOKUX AABNEHUAX CO CABUrOBOI
Aedopmaumeii: Ga3oBble NPeBPaLLEHUs MATePUANOB, NMEPEX0A K HAHOPa3MePHbIM CTPYKTYpaM MoJ BO3AENCTBUEM BbICOKOIO
[aBNEHIA U CABWTA.
WccnenoBaHms oNTUYECKNX CBOCTB aiMa30B, B TOM YIAC/IE IErMPOBAHHbIX H0POM 1 a30TOM.

MpuknapHble nccnepoBanuna
ccnepoBanma onTUYeCKIX U CTPYKTYPHBIX CBOMCTB aliMa30B U YrAepoAHbIX HAHOCTPYKTYP.
CepTudMKaLMA CUHTETUYECKIX U NPUPOLHBIX AIMA30B.
HaHonutorpadua Ha anmasax: CO34aHue NOBEPXHOCTHbIX CTPYKTYp C BEPTUKANbHLIMU pa3mMepami B HeCKONbKO AeCATKOB
HaHOMETpOB.

Wcnonb3yemble meToauKN
CnekTpockonnA KonebatenbHbIX NepexofoB:
*  (NEeKTPOCKONNA Pe30HAHCHOr0 KOMOUHALMOHHOTO pacceaHNns;
= ¢ypbe-cnektpockonua UK-nornoweHna n oTpaxkeHns.
CneKTpoCKONUA 3NEKTPOHHbIX NepexofoB:
= (QoToNMUHECLEHLMA;
= [lornowenne B YO — Bugumom — 6nxnem UK ananazone;
= JneKTpoHHblii KPC.
OnTuyeckne nccnenoBaHmA B yCI0BUAX HU3KNX 1 BbICOKMX TemnepaTyp (5 — 700 K).
PeHTreHoBCKME MUKPOANGPaKTOMETpUA 1 Tonorpadua.
INeKTPOHHO-MUKpOCKONUYecKine nccnefoBanna Ha npubope JEM-2010 npocseumatoutero tuna ¢ EDS npucraskoii
(3neMeHTHbIN aHanus).
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PaspabomarHaa u uszomoesientas 6 TMCHYM d8u20sas aiMasHAA KAMEDA BbICOKO20 OABTIEHUS C JTEKIMpONpUBOOOM.




BaxkHeiwne HAay4Hble U NpuKnagHblie fOCTUXKEHUA

V Bnepabie nonyuensl yenepooHvie

5500 JIyK0BUYHbIE CMPYKMYypbl npu

5000 030elicmauu BbICOKUX 0d/IeHUl U
§4500 c08u2080li Oeghopmayuu Ha epagum 8
§4000_ a7IMA3HbIX KAMEPAx BbICOKO20 OAB/IEHUS.
Emo Memodom KomOUHAYUOHHO20 paccesHus
53000 (8ema NoKasaHo, Ymo NosiyyeHHvle

500 1000 1500 2000 2500 l yenepooHble J1yKosuybl umerom
KPC cagur, cm™ ¥ cmpykmypy ynnepeHogozo muna.

3BonioLusA SNeKTPOHHbIX cnekTpoB KPC 60pHbIX KNacTepoB B lerupoBaHHbIX 6opom
KpUCTannax anmasa B 3aBUCUMOCTH OT KOHLeHTpaLum 6opa.

BnepBble 06HapyXeHbl 31eKTPOHHbIE Mepexoabl Mex.y aKLenTOpHbIMI YPOBHAMN HOPHBIX KNacTepoB B NErMPOBaHHbIX
bopom anmasax.
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Jl6oliHuK 8 HaHoYacmuye KpemHuA. OmopuposanHas 00HOCMeHHAA HAHOMpyG6Ka.




Nla6opaTopua 3NeKTPOHHON MUKPOCKONUM
3aseaywownin nabopatopueit A4.¢.-M.H. KynbHuukun B. A.
e . = L
06opynoBaHue naboparopuu:

+ CKaHupylowWwnit IneKTpoHHbIil mukpockon JEM 7600F ¢ npuctaBkamu and 3Hepro-AnCnepcmoHHOro U BOAHOBOIO
aHanu3a (EDS n WDS) xapakTepucTnyeckux CneKTpoB XMMUYECKIX INEeMEHTOB;

+ MpocBeunsatowmit anekTpoHHbIN MuKpockon JEM 2010 ¢ npuctaBkoil AnA IHepro-gucnepcuoHHoro aHanu3sa (EDS)
XapaKTepucTuYecknx CNeKTPOB 1 NPUCTABKOIA ANA CNEKTPOCKONUI NoTepb 3Heprin InekTpoHoB (EELS) n ana nonyyenua
3HepreTnyeckn GpunbTpoBaHHbIX n306paxennii (EFTEM) — GIF Quantum;

+ lImeetca Takxe 060py,q03aHV|e ONA NPpUroToBsieHNA 06p&3LI,OB ANA NPOCBEUYNBAIOLLETO INEKTPOHHOT0O MUKPOCKONa.

- e = L — —

HanpaBneHnua Hay4HbIX nccnefoBaHuid

WccnepoBanus yrnepoaHbiX HAHOCTPYKTYp

TUCHYM nmeeT 60nbLoil ONbIT B 06MAaCT CUHTE3a PA3NUYHBIX YIIEPOAHBIX HAHOCTPYKTYP (HAHOTPY6OK, HAHOBOJIOKOH,
yTNepodHbIX NYKOBUYHBIX CTPYKTYp (OHWMOHOB) W Apyrux). lpocBeunBaiowas 3NeKTPOHHAA MUKPOCKONMA MO3BONAET
nccnenoBatb MOpdOIOrI0 TaKUX CTPYKTYP, 0COGEHHOCTI UX CTPOEHMS, 0COOEHHOCTI KaTanuTUYecKoro pocta HaHOTPYOOK U
HaHOBOMOKOH, Pa3NIMYHOTo poa AedeKTbl. Pe3ynbTaTbl TakuX UCCIEA0BAHNIA 0COOEHHO BaXKHbI A ONTUMU3ALMI YCOBMIA
CMHTE3a YIepoAHbIX HAHO0OBEKTOB, a KPOME TOT0, OHI MO3BONSAIT YCTAHOBUTb C(BA3b MEXAY CTPYKTYPOil U CBOWCTBAMM
OTAENbHOT0 YrNepoAHOro 06beKTa i MaKpoCKOMMYeCKUMM CBOICTBAMI MaTepuana u3 3Tux 06bekToB. CNeKTpoCcKonua notepb
SHeprun 3NeKTPOHOB MY 3TOM NO3BONAET B pAe CJyyaeB AeNaTb BbIBOAbI 0 XapaKTepe XUMUYECKNX (BA3€l MeX Ay aToMaMu
yrnepoza.

UccnepoBaHusa HaHoYaCTUL, METANNOB, CNNABOB, KepaMMUKH,
a TaKKe APYrux HaHOKPUCTaNANYeCckuX 06HEKTOB U HeyrnepoAHbIX HaHOTPY6oK

HaHOKpI/ICTaJ'IﬂbI TaKNUX MaTePNanoB WUCNOJb3yOTCA B CAMbIX Pa3JINYyHbIX 3afadyaX, Hanpumep, Co34aHNE KOMMO3UTHbIX
MaTepunanos CNePCneEKTUBHbIMU MEXAHNYECKUMU U IIEKTPOHHbBIMU CBOWCTBAMW, KaTanuTUYeCKNil POCT yriepoAHbIX U Apyrux
HaHOCTPYKTYP. ”pO(Be‘WIBaIOLI.I,aﬂ INEKTPOHHAA MUKPOCKONKNA BbICOKOTO pa3peLleHna un nm¢pa|<uvm 3JIEKTPOHOB MO3BONAKT
HanTH, npeacTaButb U ONUCATb Pa3jinyHble ﬂ,ed)EKTbl KpI/ICTaJ'IJ'II/ILIeCKOVI peLueTkin (ﬂe(bEKTbl YNaKoBKU, ABOWHUKOBaAHUe,
CTPYKTYpPa MEX3EPEHHDbIX TPAHUL, ANCNOKaALUN 1 npyrme), d B HEKOTOPbIX CTy4aAX YKa3aTb UX BIIUAHNE Ha (BOICTBA Martepuana,
BJINAHNE Ha npoLecc npn nx nCnoib30BaHNUN B KaTaJINTUYECKOM POCTE.
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OzpaneHHas u 3aKpyyeHHds HaHompybKka cocmasa Ozpanennas Hawompy6ka cocmasa 6op —a3om-yenepoo.
6op-azom-yznepood Myaposeie y3opei.

WccnepoBanne anmasa, HaHoanmasa u HEKOTOPbIX APYrux MaTepuanos

Anmas aBnsetca YHUKANbHbIM MaTepUanom, o6nagatwLnm BbIAAWLNMINCA MEXaHUUECKUMM, XUMUYECKIMU 1 3NIEKTPOHHbIMU
(BOWCTBaMN. [lonmposaHme d/iMa3a Pa3NInyHbIMU 3JIEMEHTAMW B PAAE CNydYaeB NO3BOJIAET YyNPaB/iATb HEKOTOPbIMUN U3 ITUX
(BOICTB. llccnefoBaHme yacTuy anmasa HaHoanMasa MeTOAOM I'IpOCBeLIVIBaIOI.I.IEVI 3J'IeKTp0HHOl7I MUKpoCKonun BblCOKOTO
pa3peleHnsa, a TakKe NpUMeHeHNA MeToAa CMEKTPOCKONUIU NOTEPb SHEPTUN 3NEKTPOHOB MNO3BOJIAET AHANI3NPOBATDL BINAHNE
Jleq)eKTOB B aMa3e n NOCTOPOHHUX npmmeceﬁ Ha pa3jinyHble ero (BOJiCTBa. [lomumo 31oro, B na6opaTopvw| nposoamincb
TaKXe nccnenoBaHua HATPUaa 6opa N Apyrux TBepAablX MaTepunanos.
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W306paxeHue, nomyyeHHoe C BbICOKUM pa3pewieHuem:
a) anmas, Mexnaockocmuele paccmoaHua pasHel 0.206 HM;
b) noncdeiinum, mexnnockocmuele paccmoanusa pasHel 0.206 Hm u 0.218 HM;
¢) M00enuposaHue BbiCOKO20 papelieHus mo20 Xe CeyeHus J0HcOelnuma
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Haﬁoparopua TeopeTuyeckoro monenupoBaHua HoBbiX Mmatepuanos
3aBepytowuii nabopatopueit A.¢.-M.H. Copokun M. B.
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Teopetnyeckaa rpynna TUCHYM-a aBnsAeTca TBOpPYECKUM KONNEKTUBOM
MOJOAbIX YYeHbIX, aCNMUPAHTOB U CTYAEHTOB, PYKOBOAMMbIM KaHANAATOM
du3nko-matematinyecknx Hayk Copokunbim [laBnom bopucoBuyem.
HayuHas rpynna 6bina obpa3oBaHa AnA npoBefeHnA GyHAAMEHTaNbHbIX
ncenefoBaHnii B 06mactn HoBbIX MatepuanoB. OCHOBHOW 3ajaueit
rpynnbl ABNAETCA TeopeTUyeckoe WUCCAeA0BaHUe CBOWCTB Pa3NUYHbIX
Me30- W HaHOpa3MepHbIX MatepuanoB. OCHOBHbIM WHCTPYMEHTOM
TEOPeTUYeCKoroMccneAoBaHNA ABNAETCAKOMNbITEPHOE MOAENNPOBaHMe
C MCNOMb30BaHMEM LIMPOKOr0 CNEKTpa CyLiecTBYIOLMUX TeopeTUyecKunx
metogoB (ab initio, nomysmnupuueckue metoabl, Knaccuyeckue
MOTEHLWaNbI).

OcHoBHble HanpaBneHNA HayYHbIX UccneoBaHMil:
+ lccnenoBanme HOBbIX CBEPXTBEPAbIX MaTep1anos;

« MccnepoBanme cBOICTB HAHOCTPYKTYP Ha OCHOBE aNMa3a;
+ M3yueHne CBOICTB HOBbIX HAHOMATEPUANOB C NEPCNEKTUBHbIMM CBOCTBAMY; Y 0
- TMonpepKa SKcrepuMeHTaNbHbIX UCCTeS0BaHMIA. Modens ynbmpameépdozo gynnepuma

B pacniopsxeHun rpynnbl HaXOAUTCA BbICOKOMPOM3BOAMUTENbHbII BblUMCIUTENbHBIA Knactep «T-Mnatdopmbl» Ha 6aze T-Blade 1.1
(2.94 TFLOPS) ana npoBeeHna MoAeNUpoOBaHNA CBOICTB MaTepuanoB ¢ NOMOLLbIO CMIELaNU3NPOBaHHOT0 NPOrpaMMHOro obecneyeHus.
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3asucumocme 0asnerus Gasoso2o nepexoda om 006pamHoli BoryucnumenvHbiti knacmep
MOJIUYUHBI CBEPXMOHKUX GTIMA3HBIX NJIEHOK «T-llnamgpopmbi»
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W OTAEN POCTA MOHOKPUCTANNIOB

3aBefyloWnii  0TAENOM K.T.H. TepenTbes C.A.

‘T"'CHVME Haﬁopa'ropml ra30¢a3uoro ocaXaeHua aimMmasa
3aBeqywownin nabopatopueir K.¢.-M.H. Kopuunos H.B.

naGopaTopuﬂ (I)VIBI/I‘IECKVIX CBONCTB HAHOCTPYKTYPp
3aBepytownit nabopatopueii 4.9.-M.H. Byra C.I.
Fpynna pa3paboTku u uccnefoBaHUil aKyCTO3IEKTPOHHDbIX YCTPONCTB Ha OCHOBe ajimasa
PykoBogutennb rpynnbl npodeccop, A.¢.-M.H. Copokun B.M.
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HanpaBnenusa pa6or

- Pa3paboTka 1 co3paHue annapatypbl BbICOKOTO JaBNEHIs U CUCTEM YNPABIEHNA TEXHONOTMYECKUMIA NPOLLECCAMIA CUHTE3a,
Tepmo6apuyeckoil 06paboTKy 11 CNeKkaHna CBepXTBEPAbIX MaTepuanoB.

C COBepLIJEHCTBOBaHVIe TEXHONIOrnM nonyvyeHna KpynHbIX MOHOKPUCTANI0B aiMa3a Co cnelnanbHbIMK CBOMCTBAMM.

C COBepLIJEHCTBOBaHI/Ie TEXHONOTNiA nonyyeHna NnoaNKpUCTaInyeCcknx n romo3nnTakCanbHbIX ajiMa3HbIX NJIEHOK METOA0M
ra3o¢a3Horo 0CaXaeHuA.

- (oBepLUEHCTBOBAHME TEXHONOTUM TepMObapuuecKkoil 06paboTKM CBEPXTBEPALIX MaTepPUanoB.
- I3roToBneHne n3penuii 3agaHHoil Gopmbl U3 MPUPOAHDBIX 11 BbIPALLEHHbIX ATIMA30B.
« WccnenoBaHue CBOMCTB MHOTOCTOIHBIX afIMa3HbIX CTPYKTYP.

[naBHoOW 3apjaueii OTAeNa ABNAETCA CMHTE3 KPYMHbIX MOHOKPUCTANNOB anmasa, He UMEWMX NPUPOAHBIX
aHasoroB: BbICOKOUNCTBIX M MPELM3NOHHO NernpoBaHHbIX MONYNpOBOAHMKOBbIX. PaboTbl MPOBOAATCA Ha POCTOBBIX
yCTaHOBKaxX C0OCTBEHHON pa3paboTKi.

OgHum u3 nepcnekTUuBHbLIX HaﬂpaBHEHMVI OEATESIbHOCT  ABNAETCA COBEPLIEHCTBOBAHME METOAA MONYyYeEHUA
MOHOKPUCTAJUTUYECKUX aJIMa3HbIX MJIEHOK CMHTE30M U3 ra3oBoit (I)a?:bl.

MOHOKPM(TamIbI a/ima3sa

&

.

BbICOKOUUCTbIN

YHusepcanbHble pocmosble cneyuanusuposarHeie ycmanosku YPC-01/B.

&

TR

MapameTpbl pocTOBBIX NPOLECCOB:
NlaBnexne 5 — 7 [Tla Temnepatypa 1250 — 1600 °C Bpema go 300 uacos NIerMpoBaHHbI




W3penna u3 BbICOKOUNCTbIX MOHOKPUCTANNIOB anmasa

CBOINCTBA BbICOKOUYMNCTbIX
MOHOKPUCTaNNoB anmasa:

+ pasmep 2o 8 Mm;

+ KOHUeHTpauua asota 0,5 — 2,0 ppm;

« TennonpoBoAHoCTb A0 2200 Bt/(m-K);

+ [Mana3oH ONTUYeCKOil NPO3PAYHOCTI OT 225 HM [0 25 MKM;
* BbICOKOE COBEPLUEHCTBO KPUCTANANYECKOI CTPYKTYPbI;

+ HU3KNIA ypoBeHb NoMMHECLeHLmMM (OTHOLIEeHNe
NHTeHcMBHOCTU cnekTpa KPC BTOpOro nopaaka K
NOMUHecLeHTHOMY GoHy ~15 — 30);

« YAeNbHOe INeKTpUYecKoe conpotuaneHue Boite 10 Om-cm;

+ TBepaocTb He meHee 105 [Mla.

[ ., — T A
YyscmeumenbHoili 371eMeHm
damyuka ynempaguonemogozo
U3JyyeHus

he e =
Conna & c6opke ¢ paboyum >1emeHmom
U3 MOHOKpucmanna anmasa

ercmepHu U3 MOHOKpucmanna anmasa

S — == he e .
HakosaneHu u3 8bICOKOYUCMbIX MOHOKpuUcmasios aamasa

MpumeHeHne:

OnTUYeCKMe OKHA ANA Na3epos;
AATYNKN YNbTPAdUONETOBOTO 11 NOHN3NPYIOLLMX
N3MyYeHNii, BbICOKOIHEPTeTUYECKIX YacTuL;
3NeMeHTbl ONT03NEKTPOHHbBIX NPUHOPOB;

aNMa3Hble HaKoBaNbHN ANA UCCNEA0BaHNA CBONCTB
BeLecTB 1 $a30BbIX NEPEX0A0B NP CBEPXBbICOKNX
(no 2,5 M6ap) naBnenusx;

TENN00TBOAbI ANA NEMEHTOB INEKTPOHUKMY;

NIl CKAaHNPYIOLLMX 30HA0BbIX MUKPOCKOMOB;
MOANOXKM ANA FOMO3NUTAKCMANbHOTO BbIpalLNBaHNA
MOHOKPUCTANNNYECKMX aNIMA3HBIX NIEHOK;
0BENNPHbBIE U3enns;

conna ana ruapoabpasnBHoil pesku.

Onmuyeckoe 0KHO 0n14 Jlasepos




W3penua us nonynpoBoAHUKOBbIX MOHOKPUCTAJUIOB a/iMa3a

— e —————

(BoicTBa NONYNPOBOAHNUKOBBIX MpumeHenne:
MOHOKpPUCTaNNOoB anmasa: *  BbICOKOUYBCTBUTENbHbIE JATYNKI TEMTIEPATYPbI;
« pasmep A0 8 mm; « anoabl WotTkK;

« JJaTYMKM PACxoAa XUAKOCTeil 1 ra3os;

« MaNoNUHEPLMOHHbIE HArpeBaTeNbHbIE H1EMEHTI;

« UMbl CKAHNPYHLLMX 30HA0BbIX MUKPOCKOMOB;
0,1-10° Om-cm; « MOANOXKM AN1A TOMO3NUTAKCUANbHOTO BbIPALLNBAHUS

« LBET 0T CBETNO-T01Y60r0 [0 YEPHOTO; MOHOKPUCTaNANYECKIX aNIMa3HbIX MNEHOK;

« 10BENUPHbIE U3enus;

« MUKDOXMDYPrUUEecKue Ne3BUs.

« 3Heprua noHusauun akuentopa 0,19-0,37 3B;
* YAenbHOe 3NeKTpuyecKoe ConpoTuBNEHMe

« CopepxaHue bopa go 300 ppm.

YyscmeumesnbHble 3nemeHmbl 0aMYUK08
memnepamypbi:

a) Mampuya yyscmsumenbHbix 31emeHmos
0amyuKkos memnepamypel, U320MmoeeHHas
2pynnoeLIM MemodoM U3 NacmuHbl
CUHMeMUYecKo20 MOHOKpUCMANA anmasd,
J1€2UPOBAHH020 GOPOM.

6) AMazHbIl MAnoUuHepYUOHHbIL
yygcmeumenbHblli 37eMeHm 0amyuKa
memnepamypel pasmepamu 0,5x0,5x0,2 mMm.

E 6) ’]

a) Mukpoxupypeuyeckoe nesgue u3
YepHO20 anMasa.

6) KopnycuposatHoili anmazHoili
0uod ommku.

Tepmobapuueckan o6pa6oTka NpMpPOAHBIX KPUCTANNOB anMasa

—_— "

PaspabotaHHas B oTZene TexHonorus Tepmobapuueckoii 06paboTKM MO3BOAAET U3MEHATb WCXOAHYIO KOPUYHEBYHO
OKpacKy HeKOTOPbIX TUMOB MPUPOAHBIX KPUCTanioB Becom [0 20 KapaT Ha GecuBeTHyl, GaHTa3niiHO-KenTylo, 3eneHyio,
PO30BYl0, OpaHXeBylo 1 ronybytw, ynyywaa ux notpebutenbckie CBOIACTBA.

V Bnuanue

|| mepmobapuyeckoli

‘ o6pabomku Ha okpacky
npupooHsIX Kpucmanios
anmasa:

a) ljsem do o6pabomku.
! 6) Llsem nocne
4 o6pabomku.
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OaHum 13 nepcnekTUBHbIX Hal'lpaBJ'IeHI/II7I ACATENbHOCTU WHCTUTYTA ABNAETCA COBEPLUEHCTBOBAHNE METOAA NOJyYEHUA

Haﬁopa'ropml rasoq)asuoro ocaXAaeHua aiimasa
3aBeqywownii nabopatopueil K.0.-M.H. Kopuunos H.B.

el - .

MoAM- U MOHOKPUCTANNNYECKNUX anMasHbIX NMAEHOK CuHTe3om u3 rasoBoit gasbl (Chemical Vapor Deposition, CVD).

HanpaBnenus pabor

0 COBEpLI.IEHCTBOBaHVIE TEXHONOT i JonnpoBaHnA (a3oToMm, 60p0M, (I)OC(I)OpOM) rOMO3MNTAKCUaNbHbIX MOHOKPUCTATUYECKNX

anmasHbix (VD cnoeB B Lenax pa3BuTKA 0CHOB NPUMEHEHNA aJiMa3a B KayeCTBe MaTepuaa ana 3NeKTpoOHUKN.
. HOH)NGHI/IQ 6e3ﬂe¢6KTHbIX rTOMO3MUTAKCUANbHBIX MOHOKPUCTATNYECKIX aJTIMA3HbIX (VD cnoes.

« (oBepLUEHCTBOBAHME TEXHOOTMI ObICTPOr0 POCTa MOHOKPUCTANMUECKNX U NOAMKpUCTanAnyeckix anmasHblix CVD nnacTun.
- Pa3pabotka TexHonoruit nonyyenna CVD anmasa AnA ncnonb3oBaHusA B KaueCTBe KOHCTPYKLMOHHOTO MaTepuana, B YacTHOCTU

ANA YCTPOICTB PEHTIEHOBCKOI ONTUKM.

9 COBEpLIJEHCTBOBaHME TEXHONOT Wi ra30¢a3Horo OCaXAEHNA KaK MNONNKPUCTaNANYyecknx, Tak W TOMO3NUTaKCUAJIbHbIX

MOHOKPUCTaNIMYECKUX aJIMa3HbIX NNEHOK Ha NOAN0MKaX U3 JIETPpOBAHHOIO 60p0M da/iMa3sa.

CBoicrBa CVD anma3HbIX NAACTUH U NNGHOK:
« TonwmnHa MOXeT BapbupoBaTbCA OT efeHuL, A0 COTeH MUKPOH.

- Pa3mep nonukpuctannuyeckux CVD anmasHbix niacTuH 4o 50 Mm (anametp).

« Pa3mep moHokpuctanaunueckux CVD anmazHbIx nnacTH onpeaenseTca pa3mepom NoAN0XKKN (B Hawem cyyae A0 8 Mm).

- CopmepxaHue a3oTa meHee 1 ppb.
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YemaHoska cuimesa anmasa
u3 2a30e0l ¢azel
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YygcmeumesnoHole 3neMeHmbl 0aMYuKos
UOHU3UDYIOWe20 U3My4eHUs U3 MOHOKpUCMAnIo8
(VD Ha nezuposarHbix anmazHbIX NOONOXKAX
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Na6opaTtopna ¢pusnyecKnx CcBOMCTB HAHOCTPYKTYP
3aBepytownit nabopatopueit A.¢.-m.H. Byra C.I.
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OcHOBHble HanpaBneHus pa6or

1. Pa3pabotka TeXHONOrNYECKNX OCHOB M3rOTOBAEHNA MHOTOCNOMHbIX CTPYKTYP Ha OCHOBE CMHTETUYECKOTO MOHOKPUCTaA anMa3a

2. Pa3paboTka KOHCTpYKLMM 3NEMEHTOB 3M1eKTPOHHOW KOMMOHEHTHOI 6a3bl anMa3HOi CUN0BOI U BbICOKOYACTOTHOI
3NEKTPOHNKI HOBOTO MOKONEHUA.

3. UccnepoBanne 3nekTpodusnyecknx, TPAHCMOPTHBIX CBOWCTB MONYNPOBOAHUKOBbIX CMHTETUYECKUX MOHOKPUCTaNNoB
anmasa, B TOM Yuc/ie Npy ONTUYECKOM U NOHIU3NPYIOLLEM BO30YXAeHUN.

4. Pa3paboTka uncneHHbIX MoAenei ANA pacyeTa XxapakTepuUCTIK INEKTPOHHBIX MPUOOPOB Ha OCHOBE CMHTETUYECKOTO anMasa.

5. WccnepoBanna 3nekTpogu3nyeckinx CBONCTB KOMNO3NLMOHHBIX HAHOCTPYKTYPUPOBAHHBIX QYHKLNOHANbHBIX MaTepUanos,
TaKuX KaK TePMO3JIEKTPUYECKHE CTNIaBbI, NernpoBaHHble dynnepenom C u apyrue.

6. UccnepoBanne HaHopasmepHbIX 3Q$eKTOB B HOBbIX 3NeKTPOHHbIX MaTepuanax, Takux kak TOnonornyeckine U30NATopbl 1 ap.

MeToauku uccnepoBaHmii

1. U3mepenue snektpoconpotusnenns u J4C Xonna B ananasoxe ot 0,1 MOm go 200 [Om npu Bapuayum Temnepatypbl 0T
1,8 K 10 800 K n mariutHom none o 9 Tn, B ToM unucne npu oNTuYECKOM BO30YKAeHNN.

2. W3mepeHue Tenn0eMKoCTY 1 TenNONPOBOAHOCTY TBEPAbIX TeN B AnanazoHe Temnepatyp ot 1,8 K o 400 K.

3. U3mepeHune CTaTyeckux INeKTPUYECKMX XapaKTePUCTUK AUOAHBIX M TPUOAHbIX CTPYKTyp. [lana3oH umepsaembix
HanpsxeHni ot 1 HB go 400 B, Tokos o1 1 A no 10 A.

4. WccnepoBaHue LeHTPOB 3axBaTa B MONYNPOBOAHMKAX CTPYKTYpax MeTodamu TOKOBOW M €MKOCTHOW CMeKTPOCKONuM
rnyboKux ypoBHeli npu Bapuauum temnepatypbl o1 77 go 800 K.

5. WccnegoBaHme MexaHU3MOB penakcaL i U TPaHCMOPTa HepaBHOBECHbIX HOCUTENel 3apAAa MeToA0M U3MepeHua IdphekTa
Xonna npu onTuyeckom Bo36yxaeHun.

TexHonornyeckue BO3MOXKHOCTH

1. OopmupoBaHNe KOHTAKTHBIX M AMNEKTPUYECKUX CTPYKTYP METOAOM NPAMOii M 06paTHOI GOTONNTOrpadun C MUHUMANIbHBIM
pa3mepom 3eMeHTa 10 1 MKM.

2. MarHeTpoHHOE HanbiNeHne MeTanaMyecKinx NOKPbITAA C KOHTPONEM TONLWNHBI B Anana3oHe oT 1 4o 1000 HMm.

3. OcaxpgeHne OKCMAHBIX U HUTPUAHBIX MOKPbITUIA (B Tom uucne high-k) TonwmHod Ao 2 MKM MeTOAOM PeakTUBHOTO
BbICOKOYACTOTHOTO HamblNEHUA.

4. (QopMupoBaHMe KOHTAKTHbIX MNOLAAO0K C NOMOLYbI 0TXKKra Ao 800 °C MeTanaMyecknx u MHTEpMeTananyecKinx noKpbITIi
B YCNI0BMAX BbICOKOrO Bakyyma (meHee 10 Top).

5. PeakTuBHOE NOHHOE TPaBNEHNE NONYNPOBOAHNKOBbIX MaTePUANOB, TOM UNC/e CUHTETUYECKOTO a/IMa3a, C UCNOJIb30BaHUEM
lwupokoro cnektpa rasos (Ar, 0., H,, CF,, SF6).

[Ipumepsl cmpykmyp u320mo8/eHHbIX ¢ NOMOWbK AUMOPAGUU U PeakmugHo20 UoHH020 mpasneHus (PIM)




HOHyHEHHbIE pe3ynbratbl

1. Pa3pa60TaHa KOHCTPYKLMA 1 0CBOEHA TEXHOJIOTUA U3TOTOBJIEHNA BbICOKOBONbBTHbIX 6blCTpOﬂ€I7ICTByIOLIJ,VIX paanalnoHHO-
cToitknx anonoB LUOTTKIM Ha 0CHOBE CUHTETUYECKMX MOHOKPUCTanoB anmMa3sa.

OcHOBHbIe XapaKTepucTukn anonoBs:

— - obpatHoe Hanpsxenue, Uobp, > 1000 B
= - CpemHuii mpamoii Tok, Inp, >N
« ToK yTeukn npu Uobp = 1000 B, < 100 mkA

« MpAMoe najeHue Hanpsxenua npu Inp = 2 A, < 4 B
+ [uanasoH pabouux Temnepatyp ot -60 go 250 °C

;li[]._“!kku

* BpemA BOCCTAHOBNEHKA, MeHee 10 Hc
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Juodsl llommku Ha ocHoBe CuHmMemMuUyYeCKo20 aamasa

2. UccnepnoBaHbl 9J'IEKTp0(I)I/I3I/1‘{ECKVIE (BoMCTBa CMHTeTUYeckux HPHT MOHOKPUCTANNOB ajiMa3a JIerMpoBaHHbIX 60p0M.
YcTaHoBNEHa B3aUMOCBA3b mexnay 3. CBOICTBAMU 1 YyCNOBUAMMN CUHTE3Q. OI'IPEAGJ'IEHbI ONTMaJIbHbIE NapaMeTpbl CUHTE3a
aJiIMa30B ANA 3JIEKTPOHHbIX I'IpVIMeHeHVIVI.

"?E 1 om l | I : IF-'-I‘ 3 500 ppm
—e— Acceptors (Boro H : ]
'{10‘91 pHos (B "]'--,---:------- R {50 ppm
g ]
©10" . R 315ppm
s - i
‘ﬁ 10" == “:- ~--+-40.5ppm
§10°1 o Lot T e
(4] - H i PR
wansl T 4T ]
T 513 N
T oanl4 : -
"::110 | ;'E%'} 0.5 ppb
' @
£ 13 1 H ' w
=10 4. .,.",-3 - -,'z ~r——— 0.05 ppb
10 10 10 1 6
Boron content in source mixture, at %
R —

VM3meHeHue npumecHo20 cocmasa nosynpogooHUK08020 AnMazda Npu yeenuyeHuu codepxanus 6opa 8 pocmosoli cmecu.

3. OTpaboTaH MeTO MeXaHWUYecKoil MONMPOBKM, OTMbIBKI U MOCNEAYIOLIEr0 KOHTPONA aNnMa3HbIX NNACTUH ANA NoayYeHus
TNAZKOoI U YNCTOI NOBEPXHOCTM, NOAXOAALLE ANA INEKTPOHHbIX NPUMEHEHNIA

4. Pa3paboTaH MakeT noneBoro TpaH3ncTopa ¢ 3atBopom LLIoTTKM Ha 0CHOBE CMHTETMYECKOro MOHOKPUCTaNna afiMasa.

5. CoBMecTHO ¢ nabopatopueil QYHKUMOHANbHBIX HAaHOMaTepuanoB pa3paboTaHbl W WCCNef0BaHbl KOMMO3MLMOHHbIE
HAHOCTPYKTYPUPOBAHHbIE TEPMO3JIEKTPUUYECKIME MaTepUasbl HOBOTO TN Ha 0CHOBe CnnaBoB Bi-Sh-Te ¢ dynneperom C .
MonyyeHo noBbiweHne KodpduumeHTa Kauectea TepmodanekTpuka ZT Ha 30-70% B MpOKOM Anana3oHe Temneparyp.
06HapyeH QGeKT «pe30HaHCHbIX» KOHLeHTpawnii GynnepeHa C  C 3axBaToM A0 6 3NEKTPOHOB Ha MoNeKyNy hynnepeHa.
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3asucumocms KoHyeHmpayuu c80600HbIX 3asucumocme Ko3gppuyuesma kavyecmea
Hocumeneli 3apada (Obipok) om KOHYeHmpayuu mepmossekmpuka ZT cnnasos Bi, Sb, Te -C_ om

pynnepena C, 6 cnnase Bi, Sb, Te-C memnepamypbl npu pasnuyHelx koHyeHmpayusx C,;

6. 0TpaboTaHbl MeTOAbI W3MepeHUs TennonpoBOAHOCTM W TEMI0EMKOCTU CUHTETUYECKOrO MOHOKPUCTanfa anmasa B
Anana3soHe Temnepatyp 2 - 400 K.

SARARRALL

t

T A . - e
Cmpykmypel 8 Oepxamenax 044 UCCIe008AHUA MeN0eMKOCMU U MenaonpogooHoCMU aamMasa

"epCIIEKTMBHbIe pa3pa6on(u Ha OCHOBE CMHTeTNYeCKoro aimasa

1. ConHeyHo-cnenble AeTeKTopbl YNbTPaduoneToBoro AuanasoHa (CNekTpanbHblii Anana3oH MeHee 250 HM), B TOM
yucie MaTpuuHble.

. [lo30Bble AeTeKTOpbl PEHTreHOBCKOTO W3MYYeHUA U ramMMa-KBAHTOB, B TOM YWCe MaTpUUHbIe.
CnekTpomeTpuyeckne AeTeKTOpbl WOHU3UPYILYNX W3NYYeHUIA C BbICOKMM SHEpreTUYeckum paspelueHuem.
[leTekTopbl CYETHOrO TMMAa ANA U3MepeHUs MAOTHOCTU NOTOKA MOHM3MPYIOLLEro M3lyyeHus.

CeHcopbl TemnepaTypbl WNpOKOro AuanazoHa ot 77 go 800 K.

AKycToaneKkTpuyeckue GuUALTPLI, NUHUM 3adepxkn W pe3oHatopbl (BY-auanasoua.

CunoBble 6GbicTpogeicTByowme Auoabl LoTTkn.

(unoBble M BbICOKOYACTOTHbIE MOMNEBble TPAH3UCTOPbI.

OgHo- u wupokononocHble reHepatopbl (BY ananasona.

. JNnemeHTbl OnepaTUBHON NaMATU.

2

3.
4.
5.
6.
7
8.
9.
0

1

1
11. ABTOHOMHbIE WUCTOYHUKU MUTAHUA C ANUTENbHbIM CPOKOM CJ'Iy)K6bI.




NaGopaTtopna ¢pusnyecKnx CcBOMCTB HAHOCTPYKTYP

Fpynna pa3pa6oTku u nccnepoBaHuni

AKYCTOI/IEKTPOHHDIX YCTPOﬁCTB Ha OCHOBeé adJ/iMa3a
Pykosogutenb rpynnbl npodeccop, A.0.-M.H. Copokun B..

— L — = - .

AKyCT03NeKTpOHHble ycTpoilcTBa Ha o00beMHbx (OAB) u noBepxHocTHbIX ([TAB) akycTMueckux BONMHAX aKTUBHO
NCNONb3yKTCA ANA C03AaHMA aKyCTUYECKUX Pe30HATOpPOB, reHepaTopoB, Q(eKTUBHbIX CEHCOPOB W Mmp. 3ajayamu
rpynnbl  ABAAKTCA pa3paboTka IKCMEpPMMEHTaNbHbIX YCTAHOBOK, aKyCTOINEKTPOHHbIX CTPYKTYyp, NpoBefeHue
JKCMepPUMEHTOB N0  UCCNefoBaHMIo  QM3MUeCKUX CBOWCTB  KPUCTanioB W CNOUCTbIX CTPYKTYp, MoZAenupoBaHue
PacnpoCTpaHeHNA aKyCTUUYeCKUX BOMH B KpUCTannax, B TOM YuCie B YCIOBUAX KOHEUHbIX BHELIHUX BO3JeACTBUIA.

OcHOBHble HanpaBneHus pa6or

« (o03paHue sKkcnepumeHTanbHblx 00pasLos OAB-pe3oHaTopoB, paboTocnocobHbix Ha YactoTax 1- 20 [My;

« Co3panne MNAB ycTpolicTB Ha ocHoBe cnouctoi cTpykTypbl “BILM/AIN/anmas”;

« Pa3paboTka BbICOKOUYBCTBUTENbHbIX CEHCOPOB Ha OCHOBE aKyCTOINEKTPOHHbIX Nbe303N1eKTPUUYECKNX CTPYKTYp ANA aHanu3a
ra30BOro C0CTaBa, HanbleHUA CBEPXTOHKNX MNEHOK U T.N.;

- Pa3paboTka TexHONOrMM HaMbUIEHNA TOHKNX Mbe303NeKTpUYeckx nieHok cocrasa SCAl, N ¢ uenbio npumenenns 8 (BY
Nbe3031eKTpuYeckux npeobpasosarensx;

« WccnepoBanna akycTUYecknx CBOIMCTB MaTepuanoB W Nbe303NeKTPUYECKX CNOMCTBIX CTPYKTYP W WX 3aBUCUMOCTI OT
[1aBIeHuA, TemnepaTypbl U T.0.;

- Teopetnyeckue u 3KkcnepumeHTanbHble nccnenosanua (BY 3atyxanua B cnonctbix cTpykTypax tuna “Me1/AIN/Me2/anmas”.

060pynoBaHue

MeTtoauku

MeTtoa AnuHHOro umnynbca  (yctaHoBka RAM-5000)
NpUMeHAETCA ANA U3MepeHunii CKOpOCTell aKyCcTUYecKX BOMH B
Avana3oHe 20 — 200 Ml ctoyHocTblo He Xyxe 0,1%. [TpumenatTca
TOHKMe 00pa3ubl B BUAE MAACTUH TONWMHOA He meHee 1 MM.
AKycTMYeCKuX  BOMHbI  B036YXAaloTCA  Nbe3o3neKTpuyeckune
npeobpa3oBatenu u3 kBapua X- n Y-cpe3oB, a Takxe 36° n 163°
Y-cpe3bl Hnobata nuTnA.

ImnynbcHbIi 3x0-meTon (reHepatop BuaeoumnynbcoB AVRK-
2-B, ocumnnorpada DPO71254B) wcnonb3yetca ANA TOUYHBIX
n3mepeHuii ckopocteit OAB, a Takxe UX U3MeHeHNil B pe3ynbrate
BHELLUHWX BO3/elCTBUIA (FaBNeHue, TemnepaTypa, JNeKTpuyeckoe
none) B 06pa3uax MOHOKPUCTANIOB.

W3mepenna AYX, OYX w  Apyrux  XxapakTepucTuk
aKYCTOINEKTPOHHbIX  YCTPOWCTB  MPOU3BOAATCA  BEKTOPHBIM
aHanu3atopa ueneit E5071C u paboueid cranuun M150, paboune
yactotbl 300 My — 20 Iy, Temnepatypsl o1 20 g0 300 °C.

TemnepaTtypHble  UCCNEOBAHUA — aKyCTUYECKUX  CBOICTB
3KCnepuMeHTanbHbIX 00pa3uoB Npou3BOAATCA C  MOMOLLbIO
yctanoBku Quantum Design B guanasone temnepartyp 4 — 400 °K.

TR AR . =
Ananuzamop ueneli E5071C, paboyas cmanyusa M-150
u mecmupyemoe ycmpoticmeo: OAB-pe3oHamop
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Paspabomka koHcmpykmopckoli 0oKymeHmayuu
0AB-pe3oHamopa & cpede AutoCad

Pesynbratbl

MonyueHbl ynpyrue NOCTOAHHbIE 2-T0 MOPAAKA CMHTETUYECKOrO
MOHOKpUcTanna anmasa tuna lla. W3 u3mepeHuii 3aBUCUMOCTEIl
ckopocTeii OAB 0T 0AHOOCHOrO laBNIeHNA BNiepBble onpedeneHbl ynpyrue
NOCTOAHHbIE 3-r0 NOpAAKa anmasa
(o3paHbl  JKCmepuMeHTanbHble  06pa3ubl  komno3uTHbix  OAB-
pe3oHaTopoB co cTpykTypoit “Me1/AIN/Me2/anma3z” ¢ pekopaHo
BbICOKMMM pe30HaHCHbIMI YacTotTamu 20 20 [Ty n napameTpom KayecTsa
Qxf < 10° IMy. Ha ocHoBe faHHbIX 06pa3L0B C03AaHbl IPPEKTUBHBIE
CEHCOpbI AABNEHUA 1 TeMNepaTypbl.
XapaKkTepucTukn nonyyeHHbIX CTPYKTYp:
« |llepoxoBaToCTb aAMa3HOI NOAN0XKKM Ra <15 Hm;
« TouHoCTb OpueHTaUmMu Kpuctanaorpaduueckux rpaneii He onee 10’;
« TonwuHa nbe3o3nekTpuyeckoii nnenkn AIN B agnanasone ot 0,5 ao

5,5 MKM;
o TonwmHa MeTannnyecknx nneHok B Ananasoxe ot 100 go 300 HMm;
« PabotocnocobHocTb 0T -100 o +600 °C;
« PabotocnocobHOCTb B Anana3oHe ofHoocHoro aasneHus ot 0 o 10 Ma;
« 06nactb pabounx yactot: 300 Ml - 20 My;
Pa3pabotaHbl 06pa3ubl 0AB ceHcopoB maBnexua, pabotocnocobHble B
nHTepsane aanenuii fo 10 Ma
Pa3paboTaHbl 3KcnepumeHTanbHble 06pasubl [MAB-pe3oHaTopoB 1
NUHNIA 3agepKi Ha 400 - 1600 MIy
Pa3paboTaHbl 3KcnepumenTanbHble 06pasubl MTAB-ceHcopoB gaBnexua
Ha OCHOBE MOANOXeEK M3 anma3a, pabotocnocobHble B MHTepBane
Aasnennit go 150 Mla
MAB- n OAB-ceHcopbl faBneHUA Ha CIOUCTBIX Mbe303eKTPUYecknx
(TPYKTypax Ha OCHOBE afMa3a WMeIT KOHKYPEHTOCMOCOOHble
XapaKTepUCTUKM 1 MOTYT ObITb NCNONb30BaHbI ANA U3MePEHUIA BbICOKNX
11 CBEPXBbICOKUX JaBMEeHNiA

TR & ., — A AT e, — N ST e, T —
0AB-pe3oHamop Ha nodnoxke 0AB-pe3oHamopsl Ha anmasHou [1AB pe3oHamop Ha anmasHol noonoxke.
U3 CUHmMemuyecko2o No0NIOXKOU €O CNOXHOU Pe3onanc Ha 418 Mly —
MOHOKpUCMaAnna anamasa KoHueypayuel 31ekmpo0os [1AB mooa Panes (R),

566 Mly — IMAB moda (e3asbl (R,)
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' N OYHKUWOHANIbHbIX HAHOMATEPUATOB

“TUcHYM 3aBepylownit 0TAeNOM K.T.H. Mepdunos C.A.
llaﬁoparopml (I)YHKI.IMOHalIbeIX HaHoOMaTepuanos
3aBeaywownin nabopatopueii A.¢.-mM.H. Monos M.IO.

naﬁoparopml CMHTEe3a HOBDLIX C(BepxTBepAbIX MaTepuanos
3aBepylownit nabopatopueii K.T.H. MosgHakos A.A.
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HanpaBneuus pa6or

+ HaHodparmentauma n mopudukauma o6bEeMHbIX MaTepuanoB YrnepofHbIMUA HaHOKNAcTepamu AnA ynyyweHus
dM3MYeCKMX, MeXaHUueckinx U GyHKUMOHANbHBIX CBONCTB. (TPYKTYpHblE NCCNEA0BAHNA B3aUMOAEACTBUA YINEPOAHbIX
HaHOKNacTepoB M (a3oBblX NepexofoB NpU MPeccoBaHUM U CnekaHuu. [poMbllAeHHble NPUMEHEHUA YTNEePOAHbIX
HaHOKNaCcTepoB;

« HPHT unccnepoBaHus HaHopa3mepHbix MaTepuanoB. (nekaHue 00beMHbIX 00pa3loB Kepamuk, $pa3oBbie Mepexobl U
XUMUYECKIME PeaKLu NpU BbICOKUX JaBNEHUSX;

« PaboTbl N0 CMHTe3y 1 NpUMEHeHNAM CBepXTBEpAbIX MaTepuanos (anmas u Kybuuecknin HUTpUg bopa);

+ WccnepoBanue TPAHCMOPTHBIX, KaJIOPUMETPUYECKUX W MeXaHUYEeCKnX CBOWCTB  KOMMAKTHbIX HAHOCTPYKTYPHbIX
METaI0yrnepoaHblX MaTepPnUanos;

: Pa3pa60TKa MeToANK pa60TbI C HAHOCTPYKTYPUPOBAHHbIMU, BbICOKOAKTUBHbIMU, MeTacTabunbHbIMM Matepunanamu;

- (037aHne YCTaHOBOK ANA MOAYYeHUA METaNNoyrnepoaHbIX KNacTepoB B YCIOBMAX BbICOKUMX [AaBNEeHWiA, CABUMOBbIX
Aedopmaunit 1 Temneparyp.

B otaene paspabatbiBaloTcA U COBEpPLIEHCTBYIOTCA METOAbl MONYYEHUA arperatoB M KnacTepoB B cMCTeMax MeTa-
HaHoyrnepod (dynnepeHbl, OHWOHBI, rpadeHbl, HAHOTPYOKKM, HaHOanMa3bl). PewwaloTca 3afaunm NoONyYeHUA OFHOPOAHbIX
TOMOreHHbIX CMeceil HaHOYACTUL Pa3HOr0 COCTaBa, HAHOYACTUL, MOKPLITbIX rpadeHoBbIMU 060M0uKamMKu (OHMOHAMK) U
C03[aHNA KNacTepoB M3 Monekyn ¢ynnepeHa U MeTaanoB, KOHCONMAALMIA MOMYYEHHBIX KOMMO3NLMIA.

OgHAM 13 OCHOBHbIX COBPEMEHHBIX (MOC000B
npuMeHeHna KHb  aBnawtca  ABYXCIOiiHbIE
nnactuibl  KHb-tBepabit  cnnaB.  Cnoi KHB
XapaKTepu3yeTcA  HanMumem  XecTKoro  Kapkaca
U3 3epeH, o6najawwWwmx BbICOKOW TBEpPAOCTbI,
N3HOCOCTONKOCTbIO, TennonpoBOAHOCTbI0. [Moanoxka
n3 TBepRoro (nnaBa, obnajawlaa  BbICOKON
NPOYHOCTbIO Ha U3rnb, ocywiecTBAeT 3PPeKTUBHYI0
noajepxky pabouero cnos WHCTpymMeHTa B mpouecce
06pabotkn.

TexHonornyeckune npoweccbl nonyyeHns
ABYXCNOWHbIX NAacTuH, paspabotaHHbie B OTBHY
TUCHYM,  no3BonAwT nonyyatb Ha 060pya0BaHMN

POCCUACKOTO NMPOM3BOACTBA U3/ENNUA AMAMETPOM [0
Jesyxcnoiineie nnacmusl KHb-meepdbiii cnias. 14 MM 0 BbICOTOM 0 16 MM.

A L —]




Ha60paropua (I)YHKI.II/IOHalIbeIX HaHOMaTepuanos
3aBeqyowuii nabopatopueit A4.¢.-M.H. Monos M.IO.

06nacTb MHTEpecoB
- HoBble yrnepogHble Matepuanbl, BKIOYaA HAHOQParMeHTUPOBAHHbIe U  MOAUQULUPOBAHHBIE  YTNEpPOAHbIMIA
HaHOKNacTepaMu MaTepuansl.
- MatepuanoBesenue, usnka TBepAoro Tena, pumka BbICOKNX JaBNeHNIA, MeXaHuKa TBePAOro AedopMUPOBAHHONO Tena,
(BEpPXTBepAble MaTepuanbl U Kepamuka.
- KombuHawLMoHHOe pacceaHme (BeTa B YINePOAHbIX HAHOKNACTEPHBIX MaTepuanax 1 KOMNo3uTax Ha UX 0CHOBE.
- TpaHcnopTHble CBOICTBA TBEPAbIX TeN.

06wwue pesynbratbl
- 06HapyxeH 3pdeKT GopMMpoBaHNA YNbTPATBEPAOro dynneputa npyu Katanutuyeckoin peakuun 3D nonumepusaumn C .
- Pa3pa6otaHa KoHuenuusa MoAuGUUMPOBAHHbIX U HAHOGParMeHTUPOBaHHbIX GynnepeHom C  MaTepuanos, CBOICTBA
KOTOPbIX 0NPeaensiTCa KoHueHTpaumeil C,, pasMepami HaHOKPUCTANOB U CBA3AMM Mexay HiMu 1 C, .
« [lonyyeHbl HOBble MaTepyanbl C CyL|eCTBEHHO YNYULIEHHBIMI TPAHCMOPTHBIMM I MEXaHNYECKUMIA CBOICTBAMM.
« Matepuansl u MeTOAUKN UX CUHTE3a MOTYT UCMOIb30BATbCA B NPOMbILUIEHHOCTH.

Katanutuuecknit cuHTe3 ynbrpaTeepaoro gpynnepura

[laBneHue cuHTe3a ynbTpaTBepAOro Gynneputa npu MCNONb30BaHUI KaTann3atopa NOHMKaeTca bonee uem B Ba pasa.
Tak, B ycnoBuAX CABUTOBbIX AepopmaLmii Npu KOMHATHOW TemnepaTtype AaBneHue noHmxaetca ¢ 18 po 7 IMa; ¢ poctom
TemnepaTypbl HabNKAAETCA fanbHelillee NOHUKEHNe JaBNEHNA CUHTe3a.

AnmasHble HakoBanbHI, fedOPMUPOBAHHbIE NPU CUHTE3e YAbTpaTBepAoro dynneputa: (a) oblwmii BUA HakoBanbHu, (6) X 300

'7
a) ®omozpagpua undewmopa Bukkepca,

U320MO08/IEHH020 U3 ylbmpameepoo2o Gyanepuma

6) M306paxeHus omneyamkos, C0eNAHHbIX 3MUM UHOEHMOPOM Ha
epau (111) 6e3azomHozo anmasa (¢ codepxanuem aszoma 0,3 ppm)

npu Hazpyske 3 H (8epxHull pucyHok)
U 2 H (HuxHuii pucyHok).




MopuduumnpoBaHHbie n HaHopparmeHTUpoBaHHble dpynnepeHom (. maTepuansi

; } JAna HanocmpykmypuposanHo2o anwoMuHus,
1 ®nm ."-_. moduuyuposarrozo C , docmueHym meopemuyeckui npeden
64 _— 0820800 NpoYHOCMU
| et B Al 93% (cnnas)
S 5] ® Al99.5% .
=] Mpumep:
§4' o L] . 3aBNUCUMOCTb TBEPAOCTU HAHOCTPYKTYPUPOBAHHOTO aniMUHMA,
%3- u me, moanduunposanHoro (., ot pasmepa 3epHa. Haubonbuwas
E N . BennunHa TBepaoctM H and AI-C60 pocturaet 7 [Ta, uto
] ° e o ' C00TBeTCTBYeT npedeny Tekyyectu 1 = 0.33 H= 2 [la.
" : . : . : Mpn 3Tom TeopeTUyeckaa CABUTOBAA NPOYHOCTb ANMUHMA
0 28 40 80 80 100 TaKkxe coctaBnaet t*theor = G/(10-15) = 2 [Tla (caBurosbliit
P PAsMCp 3EpHa, HM ©  mopynb anomMuHua G = 27 Ma).

MoauduumpoBaHHbie N HaHOGparmeHTUPOBaHHbIE YrNEPOAHBIMU HAHOKNAcTepamu
Tepmo3neKTpuyeckue matepuanbl Ha ocHose Bi,Te, u Si-Ge.

0 HOHYLIeHbI KOMMO3UTbI, COCTOALLNE N3 HAHOKPUCTA/JIOB TEPMOJIEKTPUUECTO MaTepuana, NOKPbITbIX JIOAMU MOJTEKYN (60
VI WHBIMW YyTnepoaHbIMU HaHOKNACTepaMu.

« YrnepofHble CONCTble CTPYKTYPbl MPENATCTBYIOT PeKPUCTaNN3aLmMu HAHOKPUCTANIOB PN CNeKaHMU.
« 06HapyXeHo M3MeHeHIe 3NEKTPOHHBIX TPAHCMOPTHbIX CBOWCTB
(Ko3ppuumenT 3eebeka S, 3neKTPONPOBOAHOCTD G, NOABUKHOCTD 1) 33 CueT 3 dpeKTa KBAHTOBON NOKaNM3aLMK.

+ B nonyyeHHbix HaHOKOMNO3WTax Habnipaetca HesaBUCMMAs Bapuauua napametpos S, o, k u, Kak pesynbrar,
AOCTUTAETCA yBeNMyeHue TepmosneTpuyeckoii 3ppektuBHocTr ZT = S?0T/k Ha 20%.

o MaTepmanbl N METOAUKN UX CUHTE3a MOTYT NCMO0Nb30BaTbCA B NPOMbILLNEHHOCTH.

(a) - CneyeHHole 06BemMHble 06pasybl MepMo3TeKmMpuUYecko20 HAHOCMPYKMypupoBanHozo cnaasa Si-Ge;

(6) - 3nekmpoHHAsA MUKpOCKONUA HAHOCMPYKMYpPUPOBAHHO20 MePMO3/IeKmPuYckoeo cnaasd Si-Ge
0 cpedHumM pazmepom 3epeH 10-20 Hm;

(8) - Havokpucmannel Bi-Sb-Te, nokpeimeie C )




.

Jla6opaTopm| CUHTE3a HOBbLIX CBepXxTBepAabiX maTepuanos
3aBefywowuii nabopatopueil K.T.H. MosaHakos A. A.
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HanpaBnenus pa6or
- Pa3BuTie 1 yCOBEPLIEHCTBOBAHIE annapaTypbl BbICOKOTO AaBNEHNA.
- (CoBepweHcTBOBaHNe MeTofoB HPHT cuHTe3a (BepxTBepAbIX 1 yNbTpaTBEpAbIX MaTepuanoB C 3afaHHbIMU
XapaKTepucTMKamu 1 uccnefoBaHue UX CBOWMCTB.
- Pa3paboTka MeTOA0B 11 TEXHONOTWiA NONYYEHNA HOBBIX HAHOCTPYKTYPUPOBAHHDBIX QYHKLIMOHANIbHBIX U KOHCTPYKLMOHHBIX
MaTepuanoB C ynyulleHHbIMIA CBOCTBAMM.
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conuxenHvle ciou Tel-Tel.
MonyyeHHble pe3ynbraTbi

CotpyaHuKM nabopatopuu coBMecTHO ¢ apyrumu nogpasaenequamu OF6HY TUCHYM BbinonHunu nnoHepckyto paboty no
NoJTyueHnio 1 NCCe0BaHMI0 CTPYKTYPbI 1 CBOWCTB CBEPXTBEPADIX U ynbTpatBepabIx ha3 u3 dpynneputos € n C, .

CuHTe3mpoBaHbl Npu 6bICTPOM OXNaxAeHuu Noce BO3AeiACTBIA BbICOKUX AaBneHuii (4 [Tla) u Temnepatyp (600-700 °C)
HOBble MeTacTabunbHble Ga3bl TeNAYpUA0B CypbMbl U BUCMYTA, ABAAKLNECA HaNbOIee BaXHbIMU TepMO3NeKTpUKamMu B6nn3u
KOMHaTHOil Temnepatypbl. MeTogamn peHTreHoBCKON NOPOLLKOBOW AUQpaKLMN OnpefeneHa KpUCTanauyeckasa CTpykTypa
nonyyeHHbIX a3, B KOTOPOI COXPAaHAETCA CNIOMCTAA CTPYKTYPa, HO M3MEHAETCA uepejoBaHIe (10eB. 104 BANAHNEM BbICOKOTO
AaBNeHNA aToMHble cnou conmxanTca u mexay cioamu Te-Te obpasyetca metannuyeckas cBa3b. HoBble ¢pa3bl obnapaiot
(BEPXNPOBOAALMMN CBOWCTBAMN.

MonyyeH cBepxTBepAblii KOMNO3MLNOHHBIA MaTepuan (mateHT PO N°2491987, npuoputet 17.11.2011, ony6aukoBaHo
10.09.2013) Ha ocHoBe yrnepoaa u 60pa, KOTOpbIii MOXeT NPUMEHATbLCA B KayeCTBe annapaToB BbICOKOT0 AaBNEHNA, PeXYLLMX
NHCTPYMEHTOB C BbICOKOI N3HOCOCTOIKOCTbIO 11 31eMEHTOB UHCTPYMEHTOB AnA bypeHua.

Monyyen yrnepon-a3otHbiii Matepuan (nateHt PO N°2485947, npuoputet ot 03.11.2011, ony6nukosano 20.06.2013),
KOTOpbI/i MOXeT ObiTb WCMONb30BAH ANA M3rOTOBAEHUA AeMNOMPYIOWNX 3NeMEeHTOB, amMOpTU3aToOpoB, Map TpeHus u
U3HOCOCTONKIX AeTaneil MUKPOMeXaHu3MoB.

Mopanbl 3a89BKu:

Ne 2012152827/05 ot 07.12.2012 Ha cnocob nomyuyeHns CBepXTBEPAOro KOMMO3WLMOHHOTO MaTepuana Ha
0CHOBe dynnepeHa, KOTOpbliA MOXeT OblTb UCMONb30BAH ANA M3rOTOBNEHNA WHCTPYMEHTOB ANA ropHoAobblBaloLe,
KamHeobpabatbiBatoLen n MeTannoobpabaTbiBatoLLeit NPOMbILLAEHHOCTH.

N2 2013143992 0101.10.2013 Ha cnocob nonyyeHuna cBepxTBepAOro MaTepuana Ha 0CHOBe yrnepoaa 1 6opa, KoTopblit

MOXeT 6bITb UCMONb30BaH ANA U3rOTOBNEHMSA pexywmnx UHCTPYMEHTOB, NHCTPYMEHTOB ANA 6ypeHVIﬂ, d Takxe Apyrux
I'Ipl/lMEHEHI/IVI, rae HeobxoAMMa BbICOKAA N3HOCOCTONKOCTD.




CoTpyaHuKM nabopaTopui NPOBOAAT IKCMEPUMEHTI 0 MOYYEH N0 ONbITHBIX 00pa3L0B NOPOLLKOB CBEPXTBEPAbIX MaTepuanos
¢ TpebyembIMiU MOPPONOTMYECKUMI XapaKTEPUCTUKAMU, MArHUTHBIMM M HEMArHWUTHbIMI CBOWCTBAMM, MOBbILEHHON
TePMOCTONKOCTbIO.

Mpou3BOANTCA ONpeAeneHIe CBOMCTB: CTAaTUYECKOI 1 AUHAMMYECKO NPOYHOCT, MOPPONOTIN, TEPMOCTORKOCTI NOPOLLKOBbIX
matepuanoB ATTectaunsa cBepxTBepAbIX MaTepUanoB: Wand- u MUKPOMOPOLIKOB afMa30B (MPUPOAHBIX U CUHTETUYECKMX) W
Kybuueckoro HuTpuaa 6opa B COOTBETCTBUM C CYLLECTBYIOLMMU CTaHAAPTAMI.

1. Ycranoska DiaTest-S komnanuu Vollstadt Diamant ana n3mepeHua npoyHOCTI NOPOLLKOB CBEPXTBEPABIX MaTepPUanoB OT
150 MKM npu CTaTUYeCKOM HarpyeHuu.

HomuHanbHblil paa Harpy3ok: 0...2000 N;
MakcumanbHaaa Harpy3ska: 2300 N.

2. YcranoBka DiaHeat ana Tepmmueckoii 06paboTki matepranos B MHepTHON aTMocdepe.
MakcumanbHas Temnepatypa 1150 °C.

3. JneKTpOMarHuTHbIN BankoBblii cenapatop IBC-10/5 ana cyxoro pasaenenus cnabomarHUTHbIX MaTepuanos Ha MarHUTHble
W HEMarHUTHblE KOMMOHEHTbI.

4. Ycranoska [1[1A-33 and usmepexua ctaTuyeckoi NPOYHOCTU NOPOLLKOB CBEPXTBEPAbIX MAaTEPUAN0B 3ePHUCTOCTbIO 0T 40
MKM 0 150 MKM.

5. YcranoBka Re.TEK.s.a.s., Diamond Comparative Friability Tester ana onpeaenenna nokasatens AUHaMNUYeCKol NPOYHOCTH
aNMa3HbIX WANGNOPOLLKOB.

6. Cenapatopbl npoceuBawowme Retch, CM3. Habop cut ana pacceBa U CMTOBOTO aHanu3a MOPOLIKOB CBEPXTBEPAbIX
matepuanos B cootBeTcTBUM ¢ [OCT 9206-80, 1SO 565, FEPA.

7. (enapatop BMOpAUMOHHBIA MOAEPHU3NPOBaHHbI nabopatopHblit (B/IM (Bubpocton) AanAa pasaeneHna yactuy
(BEPXTBEPAbIX MaTepuanoB Ha GppakLiuy B 3aBUCUMOCTH OT UX GOPMbI.

8. YcraHoka YAC2M ans onpenenenna abpasuBHoil CNoco6HOCT MUKPOMOPOLUKOB CBEPXTBEPAbIX MaTepuanoB COrnacHo
[0CT 9206-80.

9. OnpepeneHne NNOTHOCTI METOAOM FMAPOCTATUYECKOTO B3BELLINBAHNA.
cnonb3yoTca nabopatopHble aHanuTUyecKine SNeKTPOHHble Becbl pupmbl «KepH» (fepmanuna) n npuctaBka Gupmel
«CapTopuyc» (fepmatus), mogenb 770-60, suckpetHoctb otcueta 0,01 mr, npeensi gonyckaemoit norpewHxocty 0,1 mr,
knacc TouHocti no F0OCT 24104-88 — nepBblit.

T — 0
Yemaroska DiaTest-S nekmpoHHble gecbl (upmbl «KepH»
komnaxuu Vollstadt Diamant u npucmaska gupmel «Capmopuyc»
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5 ON3MKO-MEXAHUYECKMX CBOWICTB

“TucHym 3aBepytowmit 01A€N0M K.0.-M.H. YcemHos A.C.
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Hanpasnenus pa6or otgena
Pa3paboTka u pa3BuTe HOBbIX MOAXOA0B K M3MePeHIN0 GU3NKO-MeXaHNYecKux CBOACTB MaTepianoB Ha HaHOMacLTabax.

Pa3pa60TKa N C03[1aHliE HOBbIX I'IpVI60p08, d TakKxe ConyTCTBYHLEro Um nporpammHoro obecneyeHna u MeToauK,
obecneynBarwLLnX BO3MOXHOCTb MCCNeN0BaHNA CBOICTB MaTepKanoB Ha pa3fiiyHbIX maciTabax: ot HaHOMETPOBbIX 10
MaKpoCKonuyeckunx.

PasBuTie mMeTponornueckoii 6asbl A obecneyeHna efnHCTBA U3MEPEHNI PU3NKO-MEXaHNYECKIX BENNYMH HA PasHbIX
MacCLTabHbIX YPOBHAX.

Co3naHue MeTpONOrnyeckux KOMNNEKCOB 1 HOPMATUBHO-METOAMYECKO 0a3bl ANA 00ecneyeHna equHCTBa U3MepeHuii
My aTTecTalymmn COCTaBa, CTPYKTYPbI 1 CBOACTB KOHCTPYKLIMOHHBIX M GYHKLMOHANbHBIX HAHOMATEPUANOB, MEXaHUYECKIX U
TpUboNOrMYecKnx CBOICTB HAHOMaTePUANoB 1 NPOAYKLMIA HAHOUHAYCTPUN.

KomnnekcHble uccnefoBaHna QuU3MKO-MeXaHUYeCKX CBOWCTB LIMPOKOTO pAda MaTepuanoB: OT CBEPXTBEPAbLIX A0
MONMMEPHbIX, NCCNIEA0BaHME MeXaHNYeCKUX CBOICTB TOHKMX MAEHOK W MOKpbITHiA. [IpoBeseHne 3MepeHnii NOKanbHbIX
INEeKTPUYECKINX CBOICTB MOBEPXHOCTH 06pa3Li0B.

MpumeHsemblie meToaUKM

MOﬂGJ’II/IpOBaHVIe ¢I/I3I/ILIECKI/IX npowueccoB metoagom
KOHEYHbIX 3JIEMEHTOB

podunometpus
ATOMHO-CinoBas MUKpockonus
/13mepeHme MexaHnuecknx CBONCTB
HaHoTpubonorus

Uccnepyemble cBoiicTBa
Penbed noBepxHoCTH, NapameTpbl LLIEPOXOBATOCTH
TBepAoCTb N0 MeToAy BOCCTAaHOBIEHHOIO 0TNeYaTKa
TBepA0CTb N0 MeToAy CKnepomeTpun

TBepaocTb u Moaynb ynpyroctu (l0Hra) no metoay
NHCTPYMEHTANIbHOTO UHAEHTUPOBAHIA B COOTBETCTBIN

150 14577 w TOCT P 8.747-2011

KapTbl pacnpeaeneHuns mexaHuyecknx CBOICTB Ha
NoBepXHOCTYM 06pa3LoB

06bemHble KapTbl pacnpeseneHus MexaHuuecknx CBOICTB
B NPUNOBEPXHOCTHOM CJ0€

Anre3noHHble CBOICTBA TOHKMX MOKPBITHIA

KectkocTb MUKpoKOHCTpyKLniA  MIMC/HIMC ycTpoiicTe
MexaHuyeckaa HaHonuTorpadua

TpewuHoCTolKOCTb

W3HococTOlKOCTD

KoadpuumeHT Tpenns
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06opynoBaHue

KonTakTHblit npopunometp «Mpodpu 130», Poccua

[ina cHATMA npodunnorpamm 1 ux nocnenytueii 06paboTKoil ¢ BbIYMCIEHNAMI NapaMeTpoB WwepoxoBaTtocTu cornacHo MOCT
2789-73 n 150 3274 ncnonb3yetca npodunometp mogenn 130 (3asog MPOTOH-MUIT).

Enpodmnuuem Hogend 130 5[
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lpopunomemp modenu 130 [lanens ynpasnexus, npogunb penvega,napamempsl wWepoxoeamocmu

3oHpoBas HaHona6opatopusa «Nuterpa lMpuma», Poccna

Nlaunblit npubop npeactasnAet coboit HaHonabopaTopuio, NO3BONAILLYI UCNONb30BATb A0 40 U3MepUTENbHLIX METOAMK,
B UMC/IO KOTOPbIX BXOAUT TaKKe NonyyeHue noTeHyMana noBepxHOCTM metoAoM 30HAa KenbBuHa. OCHOBHOW W Hambonee
4acTo UCNoMb3yeMoli MeTOAMKON ABNAETCA CKaHUPOBaHMe penbeda NOBEPXHOCTH, KOTOpble MOXET ObiTb 0CYLLeCTBAEHO B
KOHTaKTHOM AN NONYKOHTAKHOM pexume. Pa3mep okHa ckaHupoBaHuA ot 5X5HM o 100x100MKM.

. > _a L e— =
30Hdosaa Havonabopamopusa «MHmezpa [puma»




« (KaHupywowme HaHoTBepAOMepbl cemelicTBa «HaHoCkaH», Poccua

.

Mpubopbi cepun“HanoCkaH” peanu3yioT Lenbiii pas MeToOANK, N03BONAKLL X TPOM3BOANTD KONNYECTBEHHYIO N KaUeCTBEHHYI0
xapaktepu3saumto o6pa3uos. C nomouwbto npubopa “HaHoCkaH-3[1" B nabopatopui NpoBOAATCA U3MEPEHNA TBEPAOCTU U
MOZAYNA ynpyroctv 06pasLoB, KOTOpble MOTYT ObITb BbIMOHEHbI C UCMNONIb30BaHNEM METOAMK HAHO ! MUKPOUHAEHTUPOBAHNA,
cKnepomeTpuu (M3mepeHne TBEPAOCTI) U CMNOBOI CMeKTpockomun (u3mepeHne Mogyna ynpyroctu). Takxe npoBogATca
N3MepeHUA TOMWMHbI MOKPbITUI, KauyeCTBEHHAA XapakTepusaunma WX aAre3MOHHOA MPOYHOCTM, W3HOCOCTOMKOCTH.
Bo3moxHo nponsBeaenne nsmepenua ko3pduumnenta penna.flpubopel ABnawTca paspabotkoit OTBHY TUCHYM, uTto aenaet
BO3MOXHbIM UX NepCoHaNM3aL 0 B COOTBETCTBIN C Tpe6OBaHNAMM KNMEHTa Ui 0C06eHHOCTAMN U3MepeHIna 06pa3LioB.

Ckanupyrowul HaHomeepdomep HanoCkaH-3/]

06beKTbl M 06M1acTH UccnefoBaHmil

HaHoda3Hble n KOMNO3UTHbIE MaTepUansbl;
YnbTpagmcnepcHble TBepAble CNaBbl;

HoBble cBepxTBepAble MaTepuansi;
HaHOKOHCTPYKLNOHHbIE MaTepuanbi;
lonynpoBoAHUKOBbIE TeXHONOTMY;

Matepuanbl aBTOMOOMALHOIA NPOMBILLAEHHOCTH;
UnxeHepHble npunoxeHus;

MegnunHcKne npunoxenns;

Anmasbl 1 anmasHble NOpoLLKN;

YcTpoiicTBa XpaHeHua nHpopmaumu;

MuKpo- 1 HaHO3NEKTPOMEXaHNYECKNeCUCTEMbI
(M3MC 1 HIMOQ);

ToHKMe neHku;

[oKpbITUA ANA CHUXKEHUA U3HOCA.

[paguk cuna Hazpyxenue - 2ny6uxa 0n

MH020YUKJ108020 YKaJlbleaHuA,

CUHAS Kpueas - njaesieHHvlli K8apy, 4YepHas - Cmasb.

h, gm

Elastic modulus

0 8MPa
-l
P __ .. =

Tomozpamma modyna ynpyzocmu




Ve OTAEN HOBLIX XUMUYECKUX

s
S

TEXHONOTMN U HAHOMATEPUAJIOB

3asedylowwuii 0TAeNoM A.X.H. Mopakosuy B.3.

HanpaBneHus pa6ot

Otgen co3maH B 2009 rody Ans NpoBedeHUs HayuyHO-WUCCNEAOBATENbCKMX PaboT M MpUKMajHbIX pa3paboTok B

06MacTn XUMUYECKUX METOAO0B C03[aHuA HAaHOCTPYKTYP W TEXHONOrUW NPUMEHEHUA HAHOMATEPUANoB. B uvactHocTh,

B 06MmacTb WCCNes0BaHMIE BXOAAT YrnepopHble HAHOTPYOKU U
HAHOHWTU, MONMMEP-YINEPOAHbIE, KEPaMO-yrNepoAHble U MeTamn-

yrnepoAHble KOMMO3UTbl KOHCTPYKLWOHHOIO U ¢yHKL|,I/IOHaJ'IbHOF0
Ha3Ha4yeHus.

MeTopbi

B otnene NnpoBoAATCA KaK 3KCNephmeHTalibHble pa60Tb|, Tak
N MaTemaTnyeckoe MojeNnpoBaHne npoLeccoB. Bepetca co3paHme
KomMmnjieKca 3KCNEPUMEHTANIbHbIX YCTAHOBOK, NMpeaHa3Ha4YeHHbIX AnA:

* (MHTe3a HAHOCTPYKTYpP XUMUYECKIUMI MeToaMu, B TOM yucie
meTtogom CVD;

* UCCNe0BaHUA KaTaNMTUYeCKUX CBOCTB HAHOCTPYKTYp B
npoueccax, BaXHbIX ANA XUMUYECKOIA TEXHONOTUM;

* UCCNe0BAHUA TEPMUYECKIX, MOBEPXHOCTHBIX I
aACOPOLMOHHDBIX CBOIICTB CUHTE3MPOBAHHBIX HAHOCTPYKTYP;

' = . D—=
[lunomuas ycmaroska INFRA GITL, paspa6omanas
8 omoesie HOBbIX XUMUYECKUX mexHonoul u
Hanomamepuanog TUCHYM no 3aka3y [asnpom

+ MONYYeHUA KOMNO3UTHbIX MaTepnanoB Ha 0CHOBE
CUHTE3UPOBAHHBIX HAHOCTPYKTYP.

MexaHu3mbl pocTa MHOTOC/IOMHBIX CTPYKTYp

Kpoto n Makkeit,
Nature (1988)
T —

MopakoBuy,
Carbon (2001)
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COBPEMeHHbIe BO3MOXHOCTN MOAeNnpoBaHNA reTeporeHHbIX KaTalnTuyeckmnx
npowueccoB U 0CHOBHbIe HanpaBJ/ieHNA COBpeMeHHOro pasBuUTuA

' KBa3uromoreHHblit nogxon
K MOAENMPOBaHUI0 MOPUCTOI Cpeabl

lpocToTa onucanua.

CpaBHUTeNbHO HebOMbLIMeE BLIYMCIUTENBHBIE 3aTPaTbl.
OrpaHuyeHHoe MNpUMEHeHWe B  CIyyadAx Manoro
OTHOLUEHNA XapaKTepHOro pa3mepa annapara k pasmepy
rpaHynbl KaTanu3aTopa.

HeB03MOXHOCTb OMUCAHMA JIOKANbHOMO M3MeHeHUs
NHTepecylLLMX NapamMeTpoB.

HekoTopble 3 deKkTbl HEBO3MOXHO ONUCaTb B pamKax
3T0ro0 noaxopa.

| MNpamoe mopenupoBaHue NOpUCTON Cpeabl

(noHoe onucaHue, 0CHOBaHHOE Ha Ucnonb3oBaHuu CFD
BbIYMCTUTENBHBIX MAKETOB.

3HaunTenbHble BbIYNCIUTENbHbIE 3aTpaThl.

Xopowo onucbIBAWTCA Cyyall Manoro OTHOLIEHUA
XapaKkTepHoro  pasmepa annapata K pasmepy
rpaHynbl KaTanu3atopa, a Takxe MOpucTaa cpeda co
CTPYKTYPUPOBAHHOI yNaKoBKOW rpaHy.

TouHoe onucaHne NOKANbHOTO N3MEeHeHNs
NHTEpecyIoLL X napameTpoB.

Pa3Butue TexHonorun cuHtesa Ouwepa-Tponwa

1-0e nokoneHue

2-0e NoKoJieHne

3-e noKoneHue 4-o0e nokKosieHne

A

A

= N
;—»— - rops(h
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1930-50-e 1950-80-e 1980-90-e 2000-e
Rurchemie, Kellogg, Shell, Exxon, CompactGTL
“ARGE’", Sasol Sasol BP, Sasol Oxford Catalysts,
INFRA GTL
(TISNCM)

Yeenuyexue yaeﬂbHOﬁ MowHoCmuU peakmopa — nymo K NnogblWeHU 3KOHOMUYHOCMU npoyecca.




/<G>y UEHTP KOMNEKTUBHOIO N0JIb30BAHWA
N HAY4YHbIM ObOPYAOBAHUEM
OrbHY TUCHYM
HAYYHO-UCCIIEAOBATE/IbCKAS
W TEXHONIOTMYECKAS BA3A

Pykosogutens LKM OrBHY TUCHYM K.¢.-m.H. Mpoxopos B.M.
_— | — — _____ PN

Lentp konnektmBHoro mnonb3oBauuA (LK) HayuHbim o6opynoBaHuem «lccnefoBaHus HaHOCTPYKTYPHbIX,
yrnepoaHbIX W CBEpXTBepAbIX MaTepuanos» co3faH B AxBape 2004 roga. OH BXOAMT B COCTAaB BCePOCCUIACKOW CeTH
LK.

MpuoputetHo LKM OFBHY TUCHYM obecneunBaet pocTyn K WUCCNe[OBAaTENbCKOMY U TeXHONOTMYECKOMY
o6opynoBaHuio B pamkax OUMN «Pa3sutue nHdpacTpykTypbl HaHwomugyctpuu B Poccuiickoin Oefepaumn Ha 2008-2010
roAbl» U MeponpuATUiA NpoduNbHbIX GedepanbHbIX LeneBblX Nporpamm.

KM obbeanHaeT pecypcbl oTaena CTPYKTYpPHbIX WUCCAeA0BaHUA, oTAena QuU3NYeckux CBOICTB HAHOCTPYKTYp,
oTAena MCCNefoBaHNi  (M3MKO-MEXaHNYeCKUX CBOICTB, OTAeNa CWUHTe3a HOBbIX CBepxTBepAblx Matepuanos. LKI
OCHaLleH COBPEMEHHbIM JOPOrocToAWMM 000pyAOBaHNEM, a TaKXe OpUriMHanbHbIMKU mpubopamu U MeToAMKAMI,
co3naHHbiMin B TUCHYM ana peweHna cneumanbHbIX 3ajayv.

HanpaBnenua npo6nemHO-0pMeHTUPOBAHHBIX U NpUKNaaHblx uccnepoanuii LUKM  ckoHUeHTpupoBaHbl B 06nacty
(BEpXTBEPAbIX 1 YrAepoAHbIX MaTepuanoB, B TOM uucne HaHOCTpyKTypHbix. LKI wm3rotaBnusaer (cuutesupyer)
pa3paboTaHHble 3aKa3yMKOM WAM B NoApasfeneHuAX WHCTUTYTA KOHCTPYKLUOHHble, QYHKLMOHANbHbIe, (BepXTBepAble
N HaHOCTPYKTYpHble MaTepuanbl Ha YHMBepCanbHOi ycTaHoBKe cuHTe3a YCY-01/A (aasnenne go 13 [fla, Temnepatypa
fo 2500 °C). [na cunTe3a, Tepmobapuueckoir 006paboTKM M McCNefoBaHW HaHOMATepPUanoB WCMOMb3YKTCA TaKxke
caBuroBble anmasHble kamepol DAC-24 (nanenue go 100 [Tla, Temnepatypa go 1500 °C).

S — — —

TexHonornueckoe o6opynoBaHue LK
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Yemanoska YCY-01/A ona mepmobapuyeckoli Komnnekc naseproli o6pabomku Ha ocHoge
00pabomku u CuHMe3a KpynHblX MOHOKPUCMANN08 nuKocekyHOH020 nasepa Lumera 0na pasmepHol
anmasa, ceepxmeepobix U HaHOCMPYKMypupoBaHHbIX pe3Ku, 3amoyku U u320moeseHus u3denud

mamepuanos u 06pabomku HaHoKOMNO3umos. U3 c8epxmeeépobix Mamepuasnos.




Ananutuyeckoe o6opyaoBanue LIKI
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(nekmpoghomomemp (ary ucnose3yemcs
O/ peweHus Wupoko2o Kpyea
cnekmpoghomomempuyeckux 3aday.

OH obecneyusaem cHamue cnekmpa
o ckopocmoto 24000 HM/MUH 6
duanasone 190-1100 Hm ¢ paspeuieHuem

komnakuu HORIBA Jobin Yvon Inc. 1,5 um. lpubop omnuuaemcs 8bicoKoli
Wemouukom 8o36yxdarousezo ceema Yy8CmeUmebHOCMbH, CMabLIbHOCMbI0

cnyxum nasep STABILITE 2017 | Oeyxyiegoll cemsl, WUpOKUM
Komnanuu Spectra-Physics. e e == (uanasoHom uzmepeHuli (200-800 Hm).

VIHmezpaneHas onmuyeckas cucmema
019 ONMUYeCKUX CNeKkmpanbHbIX
uccnedosaruli 8 duanasoxe
memnepamyp om 5 do 800 K.

Yemawoska 0nA nonyyeHus cnekmpog
KOMOUHAYUOHHO20 paccesHus cgema
(KPC) ¢ cucmemoli nooasneHus
8030yX0arowe20 u3y4eHus Homy-
¢unempamu. YcmaHoska co30aHa Ha
6aze cnexkmpomempa TRIAX series

B T e e ——

(TpyKTypHble UcCnefoBaHNA MeTOAaMU PeHTreHoBcKoil audpakuun n NIMBP

TN A .,
Penmeenosckuli dugppakmomemp
TETA ARL X'TRA
(Thermo-Electro, CLUA-Ieeiiyapus).

Ve /A .,
PermeeHosckuli ougpakmomemp
U monozpaguyeckas cucmema
Ha ocHose 18kBm ucmoyHuka
C 8paAWAUUMCA GHOOOM.

[pocBeunBaloLLnit INEKTPOHHDIN
MUKPOCKON BbICOKOTO pa3peLLeHus
(g0 1,4 &) JEM-2010, npou3BoACTBa

dupmbi Jeol, Anonua.




DOu3nko-mexaHuveckmne u JNIeKTpuyeckue nccnenoBaHna

NanoScan Compact

Ana uccnedosanuli penvegha, cmpykmypel, MexaHuyecKux cgolicme noeepxHocmeli
meepdbiX U C8epxmaepdbix MAmepuanos ¢ HAHOMempo8bIM paspewleHuem UCnoab3yemca
CKaHupyrowut 30H008bI0 Mukpockon-HaHomeepdomep «HawoCkaw» (paspabomka TUCHYM).

SN W W
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Mukpockon OLIMPUS BX-5T1 (finoxus Boicokoyacmommbili umnysibCHbIl akycmuyeckud
Mukpockon (Ouanason 25100 Mly)

Takxe MCnonb3ylTca CKaHUpywwmnii 30H80BbIN Mukpockon Ntegra Prisma Basic (HT-MAT, Poccua), mawmna ana
mexaHuueckux ucnbitanii 1958 Y10-1 (moaepHusuposana B 2008r), yctaHoBka ana onpegenexna nnotHoctu KERN
model 770-60, metannorpaduueckoe obopyaosaHue Struers ¢ mukpockonom METAM PB-21.

lccnepoBaHmA 3nekTpUYeCkMX XapakTepuCTUK MaTepuanoB BedyTca Ha YyctaHoBke u3mepenua 3[C Xonna
B MarHutHom none po 2T, B AuanazoHe Temnepatyp 10-800 K, u ycTaHoBKe MCCNEeAOBaHMIA BOJbTAMNEPHBIX
XapaKTepucTuK (B TOM Yucne, NP HU3KMX TemmepaTypax W B MarHUTHOM none).

[ina Tennodmamyecknx uccneaoBaHnii ucnonb3yetca TtepmorpaButometp TAG-24 (Setram, OpaHuus)

C momeHTa opranmzaumn LKM TUCHYM npepoctaBun cBou ycnyrn 6onee uem 20 HayyHbIM OpraHu3auMAm
B Poccun n 3a pybexom.




@ KAOEQLPA MOTH (IY)
ALY «OUSUKA U XUMUA HAHOCTPYKTYP»

3asepytowunint kKadegpoit npodeccop a.¢.-m.H. bnank B.[.
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Kadenpa co3paHa Ha dakynbTete monekynapHoi n 6uonornyeckoint pusnkn MOTU npukaszom pektopa Ne37-1 ot 24.01.2008r.
basosoii opranuzaumeit onpeaenex THCHYM. Kadeppa ocywiecTBnAeT NoAroToBKYy CTyAEHTOB N0 HanpaBneHuio

BAKAJTABPUAT
HanpasneHwue Mpodunb
03.03.01 ’ MpuknagHble maTemaTrka 1 pusmka | Xummuyeckaa pusmka 1 CBOMCTBA HAHOCTPYKTYP
MATNCTPATYPA
HanpasneHnune CneuwnanbHOCTb

03.04.01 ‘ MNpvknagHble MaTeMaTnKa 1 Gr3mka @ Xummyeckasa pursmka

Yye6Haa nporpamma

bakanaBpuart

YyeOHble ANCLUNNINHDI:

+ BBeneHune B peHTreHOCTPYKTYPHbIIA aHaNN3;

- BBeneHue B pu31Ky KOHAEHCUPOBAHHDBIX Cpef;

+ OcHOBbI CKaHUpYtOLL el 30HA0BOI MUKPOCKONUM;

+ Ou3nKo-xumnyeckme CBONCTBA HAHOMATEPUANOB;

+ KBaHTOBO-XuMMYeCKoe MoJennpoBaHue CTPYKTYpbl 1 CBOWCTB TBEPAbIX TeN;
+ JNeKTPOHHAA MUKPOCKONUA.

. Marucrparypa

YyebHble ANCLLUNAUHDI:

« (TpyKTypHble GopMmbl yrnepoaa;

« Ou3uka TBepaoro Tena;

+ HaH037eKTpoHHbIe YCTPONCTBa;

+ JKCnepuMeHTabHble MeTobl NCCNef0BAHNA HAHOCTPYKTYP;
+ Ou3nKa u Xummua yrnepoaHbIX HAHOCTPYKTYP;

+ (Ou3nyeckme 0CHOBbI POYHOCTY (BEPXTBEPAbIX MaTepuasnos.

Mnan noAroToBKM cneyuanucTos

HayuHo-uccnepoBarenbckas pabora:
« IV kypc (6akanaBpuart) — 540 yacos;
« V, VI kypcbl (Maructpatypa) — 1512 vyacos.

AyautopHble 3aHATUA:

. - bakanaspuat — 306 vaca;

« Marucrparypa — 330 yacos;

(" - 3awuta 6aKkanaBpcKoil BbINyCKHON KBanUUKALMOHHON PaboThl B
.~ 8cemectpe;

|« 3awuTa marucTepckoii gucceptauum B 12-om cemectpe.




HAYYHO-O0BPA3OBATENIbHbIN LEEHTP
«QU3UKA U XUMUA HAHOCTPYKTYP»

= g TR

HayuHo-o6pa3oBatenbHblit LeHTp «Ou3nka u xumua HaHocTpyktyp» (HOL) co3pan [pukasom no TUCHYM ot
27 oktAbpa 2008 r. N° 36-0. Monoxexue o HOL yTBepxaeHo gupektopom TUCHYM n pektopom MOTU 01.09.2008 r.

HOL ocywectBnAeT QyHAamMeHTanbHble W MNPUKNAAHblE HAY4Hble WCCNeJOBAHNA, A TaKXe WHHOBALMOHHYI0
[eATeNbHOCTb MO LWMPOKOMY CMEKTPy HanpaBneHuii B 061acTU HAHOTEXHONOTUA U  APYyrMM MPUOPUTETHBIM
HanpaBneHUAM M KPUTUYECKUM TEXHONOTMAM Pa3BMTUA HAyYHO-TEXHOMOrMYeckoro komnnekca Poccum.

HayuHo-TexHuyeckaa M WHHOBAaUMOHHAA pJeATenbHocTb B HOL| ABnAKTCA HeoTbemnemoli COCTaBHOW YacTbio
npowuecca NOArOTOBKM BbICOKOKBANMOULMPOBAHHBIX CMELNANUCTOB UM HAyuyHO-Mefarornyecknx KajpoB BbiCLeid
kBanudukauum, ocywecrenaemoii Ha kadpespe MOTU «Ousuka u xumma HaHocTpyktyp». TUCHYM agndaetca 6a3oBbim
nHctutytom MOTH.

OCHOBHblE HanpaBJ/ieHUA Hay4YHO-uccnepoBaTeNbCKux pa6or

« (Du3nKo-maTemaTnyeckue Mogenu 06pa3oBaHnA 1 NoBeAEHNA HAHOCUCTEM.

« (OyHaameHTanbHble 3aKOHOMEPHOCTI U MeXaHU3Mbl GOPMUPOBAHINA HAHOCTPYKTYPHbIX COCTOAHNI B TBEPAbIX Tenax npu
WHTEHCUBHDBIX BHELIHMX BO3AENCTBUAX.

« (BOICTBA M QYHKLUM HAHOCTPYKTYP, CyNpamMoneKys, HaHOKPUCTANNOB, CBEPXPELLETOK, KBAaHTOBbIX TOUEK.

«  Ou3nKo-xummuyeckme CBONCTBA HAHOMaTepUaNoB.

+ MeToabl MOAENNPOBAHNA MPOMbILLIEHHbBIX HAHOTEXHONOTMYECKIX NPOLeCCOB.

- Pa3paboTka M c03haHMe 3NEKTPOHHbIX HAHOYCTPOACTB HA OCHOBE WCKYCCTBEHHbIX anMa30B: OJHO3NEKTPOHHbIE,
0NT03MEKTPOHHbIE, CBEPXNPOBOAALLME; CIUHOBAA INEKTPOHMKA, CEHCOPbI, 610AaTuMKN, KBAHTOBbIE TeHepaTopbl.

« BblcoKOTOUHbIE MeTOAbl U NMpubOpbl ANA W3MEPEeHWiA MeXaHUYeckuX, NeKTPUYECKUX U MArHUTHbIX XapaKTepucTuK
HaHOCUCTeM.

+ BbicokoToyHas n3meputenbHaa n 06pabatbiBatoLLan TeXHUKA ANA HAHOTEXHONOTMYECKIX NPOLIeCCOB.

+ 3aKOHOMEPHOCTI 1 MeXaHU3Mbl ANGPY3MOHHO-KOHTPONMPYEMBIX MPOLLECCOB B 06BEMHBIX HAHOCTPYKTYPHBIX CUCTEMAX.

« [ln3aiiH HOBbIX TUNOB CBEPXTBEPAbIX HAHOKOMMO3UTHbIX MEHOK.

« (034aHNe HAHOCTPYKTYPHbIX CNAABOB 1 HAHOKOMNO3UTOB C YHUKANbHBIMIN MeXaHUYeCKUMM CBOCTBAMM.

- Pa3paboTka npuHUMNOB CO3AAHNA HOBbIX KEPaMMUeCKMX TOMOTEHHBIX U KOMMO3ULNOHHbIX MaTepranos ¢ HAHOPa3HOIA 1
HaHOKPUCTANNNYECKOI CTPYKTYPOI.
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AnmasHble MOHOKpPUCTanibl ansa pEHTI'EHOBCKOi"I ONTUKN

CoBmecTHO ¢ AproHckoit HaunoHanbHoit nabopatopueil
n (ranpdopaosckum LieHTpom JlnHeliHbix yckoputeneit
Munucrepctea 3vepretukn CIIA TUCHYM nposoaut
paboTbl Mo pa3paboTke 3INeMEHTOB pPeEHTreHOBCKOIA
ONTUKM HOBOTO MOKONEHWA AnA paboTbl B MOLLHbIX
MyyKax CUHXPOTPOHHBIX WCTOYHMKOB. B HactoAwee
Bpema TUCHYM aBndaetca nuaepom B NpouU3BOACTBE
a7IMa30B NpefeNbHOro COBepLIEHCTBA, Ha 6a3e KOTOPbIX
ObinM noayyeHbl ciepyloLime yHKanbHble pe3ynbratbl:

N3roTOBAEHbI  MAACTUHbI  anMa3a  MOMHOCTbI
(BOOOAHbIE 0T [eekToB ¢  KodhpPuuneHtom
oTpaxeHua = 99.2%, 6nuU3KUM K TeopeTmyeckomy
npegeny, uto  OTKPbIBaeT  NepcneKkTMBy — UX
NCNONb30BaHNA B KauyecTBe 3epKan pe3oHaTopa
ANA CO3[aHMA Nnasepa Ha CBOOOAHbBIX INEKTPOHAX
OCLMANATOPHOrO TMNQ;

TOHKME anMmasHble MAACcTUHbI 6bIIN UCNONb30BaHbI
B KauecTBe MOHOXPOMATOpa, YCTAHOBMEHHOTO
MeXAy ABYMs OHAYNATOpaMU, B KCMEepUMeHTax
N0 MONyyeHWd BnepBble B MUPe TeHepaLun
KOTePEHTHOTO  PEHTIEHOBCKOTO  U3MyyeHUs
0HONPOXOJHOTO Na3epa Ha (BOOOLHBIX INEKTPOHAX;

pa3paboTaH n N3roToBMEH TMOPUAHDIIA
MOHOXPOMATop «anMa3-KpeMHuii» C MpefenbHo
Manol cnekTpanbHoi wupuHoit 0.25 m3B u
BbICOKOW CNeKTpanbHOil IQPeKTUBHOCTLI = 65%
ANA  CMeKTPOCKOMMM Heynpyroro pacceanns ¢
JHepreTyecknm paspewennem < 0.1m3B;

N3roToBJieH Moaynb, COCTOALIMA MONHOCTBH U3
dJIMa3HbIX KOMMOHEHTOB, A4 WCNO0JIb30BaHUA
Ha KaHaaX CUHXPOTPOHHbBIX NCTOYHUKOB
O0HOBPEMEHHO B KauyecTBe Aenutenda nyyka Mu
ABYXKPUCTAJIbHOr0 CNEKTpOMETpa.

T
5 10 15

25 0

L~ 11/ 1y (1= A

0.4 E-E (meV)
1
o
&
0.0+
-40 -20 0 20 40 60
E-E (meV)
] ¢ [0
] (R(X))=99.1%+0.4% L
10 —I ‘
0.9 3
0.8

- 8x10%

UG - Iogg1/ g (1-A)
o
[e)Y
1

F7x104
I p I
= 04+
& ]
E L 6x104
0.2 I
b F 5x10%
0.0 L—
T T T T T Ifo
-4 =2 0 2 4
x (mm)

b e E—

Kosgpgpuyuenm ompaxeHus peHmzeHo08ck020 u3/yyeHus
¢ JHepeueli 13k3B cuHmemuyeckozo anmasza npou3goocmead
TUCHYM ¢ muHumaneHeiM yposHem Oegpekmos
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Onmuyeckas cxema 2uGpUOHO20 MOHOXPOMAMOPA C PeKOpOHO MAsoli CNeKMPANbHOL YyBCMBUMENbHOCMbIO
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(xema Jiasepa Ha 80600HbIX 2JIeKMpOoHax ¢ Ucnosib308aHuem MOHOKpucmania us CUHmemu4eckoeo aamasa
onAa tl)OPMUpOSGHUﬂ umnyneca MOHOXpOMamu3upo8aHH020 peHMeeH08CK020 Ny4ka
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/ (\ COBMECTHAA NABOPATOPUA TUCHYM-CUMEHC
lﬁ?/“ «DyHKUMOHANbHbIE U KOHCTPYKLNOHHbIE
HaHoMaTepuanbi»

Pykosogutens K.¢.-m.H. lpoxopos B.M.

SIEMENS

CoBMeCTHble Hay4yHO-nccnenoBatenbckune p660TbI N0 KOHCTPYKUWOHHbIM HAaHOMaTEpPUaNamM BefyTca C 2007 ropa.

[ —
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30 maa 2008 roga mexay TUCHYM wu Siemens Aktiengesellschaft (Siemens AG) 6bino moanMcaHo pamoyHoe
cornawenne 06 opraHusayun B TUCHYM nabopatopun «CoBmectHas nabopatopus TUCHYM-CUMEHC «OyHKunOHanbHble
N KOHCTPYKLMOHHbIE HAHOMaTepuanbi»».

Lenb coBmectHoii nabopatopuu TUCHYM-CUMEHC obecneunBatb yno6cTBO NpoBefeHUA COBMECTHbIX HayuHbIX
NCCNefoBaHMA 1M Pa3BUBATb OTHOWEHWA MeXAy CTOPOHaMK BO BCeX cepax [AeATeNbHOCTM, NpeACTaBAALLIUX
B3aWMHDBIA WHTEPEC, B YACTHOCTY:

e COTPyAHUYECTBO B obnactu HaHOYrnepoaHbIX U MOAVI(I)I/ILlVIpOBaHHbIX HaHOYrnepoaoM MaTepPnanoB, a TakXKe B APYyrux
06/1aCTAX COTNACHO B3aUMHON JI0r0BOPEHHOCTK;

e NOATOTOBKA N NoAAePXKa UHXKEHEPOB N yYEHbIX B obnactn HAHOCTPYKTYPUPOBAHHBIX MaTEPKAJIOB.

[Modnucarue coenaweHus.




OBLUEPOCCUNCKAA OBLLECTBEHHAA OPTAHU3ALIUA CNELUANINCTOB B
OBJIACTU YINEPOOA W YINEPOAHBIX MATEPUANOB «YINMEPOJHOE OBLLECTBO»
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Obwepoccuiickasa 0bWeCTBEHHAaA OpraHM3auna cneuuanucToB B 06nacT yrnepoga M YrnepoAHbIX MaTepuanos
«YrnepogHoe 06wecTBo» topugndeckn 6bina opopmneHa 8 anBapa 2004 roga. K 3Tomy BpemeHnm yxe 0Obino
NpoBedeHO 2 MeXAyHapOAHbIX KOHepeHuuM mo yrnepoAHoit Tematuke. lpesupeHTtom YrnepogHoro obwecta B 2014
r.obin u3bpaH npopeccop Aspees B.B., a reHepanbHbiM cekpetapem opraHusauuu npodeccop bnawk B.J. B 2004 -
2006 r.r. Ha 6a3e MIY Gbin npoBegeHsbl 3-4, 4-A  5- MexAyHapofHble KoHdepeHuMn «Yrnepos: QyHAaMeHTanbHble
npobnembl Hayku, MatepuanoBefeHne, TEXHONOTMA».

B 2009 ropy [Mpe3naentom YrnepoaHoro O6bwectBa Obin m3bpaH npodeccop bnank B.J. , a [leHepanbHbiM
cekpetapem 0O6wectBa — npodeccop Asmees B.B. B 3tom e rogy Obina npoBefeHa 6-A MexAyHapogHas
KOH(GepeHUna no TpaauumoHHoi TemaTtuke Ha 6aze TUCHYM B r. Tpouuk mockoBcKoil obnactu.

B 2010 ropy coBmecTHO ¢ Bnagummpckum rocyfapcTBeHHbIM yHuBepcutetom B . Cy3panb 6bina nposedeHa 7-A
MeXAyHapoaHaa KoHdepeHuuA «Yrnepod: QyHAaMeHTanbHble npobnembl Hayku, maTepuanoBefeHue, TEXHONOrnA», a
B 2012 B . Tpouuk Ha 6a3e OIBHY TUCHYM 8- mexpyHapoaHas KoHdepeHuus.

B 2011 w 2013 rogax YrnepoaHbim 06wecTBOM 6binM OPraHM30BaHbl CeMUHAPbI MOMOAbIX YYEHbIX Ypanbckoro
n LleHTpanbHoro pernoHoB B ropofax [llepmb u 3eneHorpag (AHppeeBka) mo Teme: «YuacTue MOMOAbIX YYEHbIX B
dyHAAMeHTaNbHbIX, MOUCKOBBLIX U NPUKNAAHBIX WCCNEAOBAHUAX MO CO3AAHNK HOBbIX YrNEpOAHbLIX U HAHOYINepOoAHbIX
matepuanos» noj pykooactBom akagemuka PAH Anumdeposa B.H.n un.-kopp. PAH Koctukosa B.U.

Ha kaxgoit KOHdepeHUNN AenaiTca NNeHapHble, CEKLNOHHbIE N CTeHAOBbIE JOKNAfbl, NPOBOAATCA KPYrable CTOMbI
N AUCKYCCMA MO aKTyalbHbIM nNpobnemam HayuHbIX WMCCNefO0BaHUA, OPraHU30BbIBAKTCA KyNbTypHble MPOrpamMmbl.
YuacTHUKamu KoHepeHUnin ABNAITCA KpynHble yueHble Poccum n 3apybexHbix cTpaH, 60nblioe BHUMaHWe yaenAaetca
yuacTuio B KOHPepeHUMAX MONoAbIX yueHbix Poccun.
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PABOTA B CUCTEME MEHEAXKMEHTA KAYECTBA (CMK)
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C uenbl NOBbIWEHNA KayecTBa pa3paboTok M obecneyeHns BO3MOXKHOCTM COTPYAHMYECTBA ¢ MuHUCTepCTBOM
o6opoHbl Poccum B 2006 rogy Obino npuHATO pelwenne o co3daHum B TUCHYM cuctembl meHemkMeHTa KauecTsa
(CMK) (Mpuka3 ot 20 anBapa 2006 r. N° 2/1-0). B pekabpe 2006 r. komuccua 22 LHUWW Munob6opoHbl Poccun
no pesynbtatam nposepkn CMK OFY TUCHYM cpenana 3akmioueHne uyto Adeitcteyiowas B ONY «TUCHYM» CMK
cootBeTcTByeT TpeboBaHmam [OCT PB npu pa3paboTke 3neKTpoBaKyyMHbIX Namn, NpubOPOB W3MepeHUA [aBAeHUA U
Temnepatypbl U U3Jenuii KBaHTOBOW NeKTpoHuKN u pekomengosana 0C CMK mpu OIYN 22 UHWUWW Bbigats TUCHYM
3aKknioueHne 0 HanuuMu Ha NpeanpuaTAN YCNoBUIA, HeobxoauMblX AnA obecneueHuA BbINOAHeHUA [0CyAapCTBEHHOTO
060poHHOro 3akKasa.

B panbHeilwem B MHCTMTYTe NpoOBOAWAAcb MOCTOAHHAA pabota no coeplweHcTBoBaHuio CMK. B pesynbrate
nposefeHHoi pabotbl B 2012 r TUCHYM Bbigan ceptudukar No (BC.01.411.0051.12 ot 13 wiona 2012 r. B Cucreme
A006poBoNbHON cepTuduKkaumum «BoensnektpoHcept» Ha cootBetctBue CMK npeanpuatua tpebosanuam [OCT PB 15.002-
2003 n PO B 319.015-2006.

B 2013 r. B (BA3M € pacwupeHnem obnactu npumeHeHns pa3paboTok WHCTUTYTa npoBedeHa pa6ota no AopaboTke
pokymentaumm CMK 1 nonyuen ceptupukat Cuctembl 06poBoNbHON cepTudukaumm «BoeHHblit pernctp» N BP
31.1.6483-2013, ynoctosepawwni, yto CMK OFBHY TUCHYM pacnpocTpaHaiowancs Ha pa3paboTky u npou3BOACTBO
npoaykuun no knaccam EKMC: 1010, 1015, 1020, 1025, 1030, 1035, 1310, 1315, 1320, cooTBeTCTByeT TpebOBaHUAM
FOCT 1SO 9001-2011, TOCT PB 0015-002-2012 w ppyrux ctanaaptoB CPMM BT, cpokom peiictBua ¢ 20 centabpa 2013
no 19 centabpa 2016 r.

B Hactoawee Bpema >¢dexktuBHoctb (MK OFBHY TUCHYM noateepxaeHa Tpema ceptudukatamm CJIC
«InekTpocept™ N «BoeHHbIi pernctp.
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