MwuHucTepcTBo 0bpa3oBaHus 1 Haykn Poccuiickon Meaepalian

(DeAepaAbHOe rocyAapcTBeHHOe DioAXeTHOe Hay4Hoe y4pexaAeHue

TEXHOAOMMYECKNN NHCTUTYT
CBEPXTBEPABIX N HOBbLIX
YITNEPOAHBIX MATEPUWAAOB
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f‘”"” (.é% DepepanbHoe locypapcrsenHoe bromkerHoe HayyHoe Yupexpenue
i\%"‘.}% «TeXHONOrnYecKnil MHCTUTYT CBepPXTBEpPAbIX
e W HOBBIX YrNepoAHbIX MaTepuanosy»

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

Opranu3aumoHHo-npaBoBas ¢opma TUCHYM - G6ropxeTHoe
yupexaeHue. BeaomcTBeHHaA npuHagnexHoctb — MuHucTepcTBO
obpa3zoBaHua u Hayku Poccuiickoin Qepepaumu.

B CTPYKTYPY UHCTUTYTA BXOAAT Clepyloline noppaspeneHua:

—_

. 0T8en CTpyKTYpHBIX MCCneaoBaHuii
« JlabopaTopua cnekTpanbHbIX MCCNea0BaHNMiA
- Jlabopatopua 3neKTPOHHO! MUKPOCKOMMM
- Jlabopatopua peHTreHOCTPYKTYPHOTO aHann3a
TeopeTuyeckaa rpynna
2. Ot@en pocTta MOHOKpMCTannoB
- Jlabopatopua razodasHoro ocaxaeHus anmasa
« Jlabopatopua ¢u3myeckux CBOICTB HAHOCTPYKTYP
[pynna pa3paboTku u UccnesoBaHUiA aKyCTOINEKTPOHHbIX
YCTPOICTB Ha OCHOBE anmasa
3. 0Tpen KOHCTPYKLMOHHbIX 1 QYHKUMOHANbHBIX HAHOMaTepuanos
« Jlabopatopua QyHKLMOHANbHBIX HaHOMaTepuanos
- Jlabopatopua C(MHTe3a HOBbIX CBEpPXTBEpAbIX MaTepuanos
« Jlabopatopua QuU3NKO-MeXaHMUeCKnX U3mMepeHnit
OTaen uccnenoBaHuA QU3NKO-MeXaHMYeCKUX CBOICTB
0TA€n HOBbIX XUMWYECKUX TEXHONMOTWA U HAaHOMaTepuanoB
OTaen o6pa3oBaTenbHbIX NpOrpamm
Kadenpa MOTU (TY) - «Ou3nka u XUMUA HaHOCTPYKTyp»
BcnomoratenbHble nogpasaenenns

| 4 W .
Hupekmop OT6HY TUCHYM, npogpeccop,
JoKkmop (hu3uKo-Mamemamuyeckux Hayx

Bnapgumup [laBbigoBuy bnaHk.
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06beanHAIT pecypcbl NoApa3AeNeHnin MHCTUTYTa:

« Llentp KonnektuHoro nonb3oBaHua (LIKM) Hayunbim obopynoBanuem OTBHY TUCHYM «lccnefoBanna HaHOCTPYKTYpHbIX,
YIePOAHbIX 1 CBEPXTBEPAbIX MaTepuanosy.

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

- CoBmectHaa nabopatopua TUCHYM-CUMEHC «OyHKumMOHanbHble 1 KOHCTPYKLMOHHbIE HaHOMAaTepuanbi».

OcHoBHas 3apjaua OFBHY «TexHonornyeckmit MHCTUTYT CBEPXTBEPALIX W HOBbIX YINEpPOAHbIX MaTepuanos»
(TUCHYM) — co3maHue HOBbIX MaTepuanoB. [inA 3TOro B MHCTUTYTe MPOBOAUTCA BeCb KOMMAEKC HeobXxopumbix pabor,
YT0 BKMIOYAET TaKWe CTafuM, Kak:

« MONCKOBbIE WCCNENO0BAHS;

* OMbITHO-TEXHONOTMYECKME W OMbITHO-KOHCTPYKTOPCKME PaboThl;

. aTTecTauMA W CepTUdUKAUMA MaTepuanoB W W3eNuil, 3aKpenneHne W nepefjaya aBTOPCKUX NpaB Ha 0ODBEKTbI
UHTENNEKTyanbHol Co6CTBEHHOCTH;

+ paboTbl, (BA3aHHble C MPOABIKEHMEM MPOAYKTOB HA PbIHOK.

WnctutyT o6najaer TexHomorueid MoAy4YeHMA MOHOKPUCTAaNI0B anmasa Becom [0 7 Kapal, He UMewLnX
NPUPOAHBIX aHanoros (0cobouncTbix, NernpoBaHHbIX 1 MONYNPOBOAHMKOBBIX). B HacToAwee BpemA TexHomorus
BHeapAeTCA B NPOM3BOACTBO.

TUCHYM BepeT paboTbl MO C03AaHMI0 KOHCTPYKLMOHHBIX HAaHOMATepuanoB CnefylowWwux cucTem: meTann, MeTann-
yrepoA, YrnepoA-yrnepod, a TakKe HAHOCTPYKTYPUPOBAHbIX KepamuK. Ye nonyyeHbl Matepuanbl C yHUKANbHbIMU
MeXaHWyecKUMM CBOWCTBAMMW: CMNAaBbl HAa OCHOBE aMOMWHMA, TWTaHA, LWPKOHUA; TBepAble CNfaBbl Ha OCHOBe
TiC-ZrG; ynorpatsepable dynneputbi; kepamuku B-Si.N,, UO,. Tlosyuexbl Takke HOBbIE HAHOCTPYKTYpUPOBAHHbIE
TepMOINeKTpUYecKUe Marepuanbl Ha 6ase BiTe,.

loctaHoBnennem [lpaButenbctea N¢ 498 8 2007 rofy WHCTUTYT ONpefeneH TONOBHOW OpraHu3aumein no
HanpaBneHnt «KOHCTPYKUMOHHbIe HaHOMaTepuanbl» B pamkax (OefepanbHoii LeneBoil nporpammbl  «Pa3Butne
NHOPACcTPyKTYpbl HaHoUHAycTpuu B Poccuiickoit Oepepaumn Ha 2008-2010 rodbi».

TUCHYM npuaaetr 6onblioe 3HaueHWe Koomepauuum C POCCUACKAMU U 3apyOeXHbIMI MHCTUTYTaMK, TaKUMU
kak KypuaToBckuii HayuHbiit ueHTp, WHcTuTyT Kpuctannorpadum PAH, TWPEAMET, Yuusepcuter r. Ymea (lLUBeums),
Yuusepcutet 1. Mawnuectep (Benukobputanua), Jlabopatopua kpuctannorpaduu Axkagemun Hayk Opanuum u papg
APYruX HayyHo-TexHonornyeckux ueHtpos Poccum, Asctpun, Tepmanum, CIUA, Anonun.

Kagpbl — ocHoBHOW pecypc moboro yupexgexua. B 2008 rogy Ha dakynbrete MonekynApHoi U OMONOTMYeCKo
du3nkn MoCKOBCKOro (U3MKO-TEeXHUYECKOTr0 WHCTUTYTA co3faHa kadeapa «Ousmka u xumua Havoctpyktyp». TUCHYM
onpedened 0a30B0il OpraHu3auuer, oCyLecTBAANLENA NOArOTOBKY MarucTpoB no Hanpasnexuto 010600 «[puknagHble
maTemaTika u Qusnka» no marucrepckoir nporpamme 010630 «Xumuueckaa QGusmkar.

Pa3paboTkn MHCTUTYTa Harpax<AeHbl NpU3amu pAfa MPECTUKHbIX BbICTABOK:
« (CepebpAHas mefanb 27-ro MexzayHapoAHOT0 canoHa uHHOBauwii, MeHesa, 1999.
- 3onotas Mefanb 5-ii MexayHapogHoi cneuuanbHoli BbictaBki Jlabopatopuadkcno 2007, Mocksa, BBL, 2007.
« 3onotad Medanb 7-ro MexayHapogHoOro canoHa MHHoOBauui u uuBectuumin, Mocksa, BBLI, 2007.
« [lunnom n meganb Il MexpyHapoaHoit BbicTaBku U KoHrpecca «[lepcnektuBHble TexHonoru XXI Beka», Mocksa, BBL, 2008.
« [Junnom MexayHapogHoii BbictaBku V13meputensHoro 06opyaoBanua u TexHonoruii, Mocksa, LIBK «3kcmouentp», 2008.
« [lunnom V MexayHapogHoit BbicTaBKu HanouHayctpum NTMEX 08, 3mauue [lpasutenbctBa Mocksbl, 2008.
« [Junnom XII Metepbyprckoro mexayHapogHoro dkoHomuueckoro dopyma, C-Metepbypr, «/leHskcno», 2008.
+ [lunnom MexayHapoaHoit BbictaBkn 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-ii MexgyHapoaHoil BbicTaBki u3obpetennii Ha brmknem Boctoke IIFME-2010, 3nb-Kyseiit.
« [lunnom n mepanb 9-it Cneumanu3upoBaHHoii BbicTaBki «Jlabopatopua Jkcno», Mocksa, 2011.
« [lunnom IV Cneumann3npoBaHHON BbICTaBKI NpUOOPOB 11 CPEACTB KOHTPONA, U3MepeHuid, ucnbitaHuit «Ikcno Kowtponb 2012».




& OTOHEN CTPYKTYPHbBIX UCCIELOBAHUN

3aeqywownit othenom npodeccop, A.¢.-m.H. bnank B.AA.
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TUCHYM ﬂaﬁoparopua CNeKTPalibHbIX UcCNefoBaHuun
3aeaytownit nabopatopueii K.¢.-m.H. lenncos B.H.

NlaGopaTtopua 3NeKTPOHHON MMUKpPOCKONUM
3asenytownit nabopatopueii a.¢.-m.H. KynbHuukuia b.A.

Haﬁopa'ropml PEHTIeHOCTPYKTYPHOro aHanusa
3aBeaywownin nabopatopueir K.¢.-m.H. Monakos C.H.

TeopeTnyeckas rpynna
Pykosoautens rpynnsl K.¢.-m.H. Copokun I.B.
E—— — I —— = -
OyHpameHTanbHble UCCNef0BaHUA
« (OyHpameHTanbHble WCCENOBAHUA BELECTBA B KCTPeMANbHbIX YCNOBMAX MpPU CBEPXBbICOKMX AABNEHUAX €O CABUrOBON
Aedopmaumeii: Ga3oBble NpeBpaLLeHs MaTepuanos, nepexos K HaHOpPa3MepHbIM CTPYKTypam Nof BO3AEACTBUEM BbICOKOr0
AaBNEHNA U CABWIA.
« lccnepoBanna onTuyeckux CBONCTB aiMa3oB, B TOM UMCIe IernpoBaHHbIX 60pom 1 a30ToM.
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MpuknagHble nccnepoBanua
+ WccnepoBanua onTUYECKIX 11 CTPYKTYPHBIX CBOWCTB alMa30B 1 YTNePOAHbIX HAHOCTPYKTYP.
« CepTuduKaLMA CUHTETUYECKIX U MPUPOSHBIX aIMA30B.
+ HaHonutorpadua Ha anmasax: co3gaHue NOBEPXHOCTHbIX CTPYKTYp C BEPTUKANbHLIMM pa3mMepamit B HeCKONbKO AeCATKOB
HAHOMETPOB.

Wcnonb3yemble meToauKN
« CnekTpockonua Kone6atenbHbIX Nepexoaos:
* (NEeKTPOCKONNA Pe30HAHCHOr0 KOMOUHALMOHHOTO pacceaHns;
= ¢ypbe-cnektpockonua UK-nornoweHna n oTpaxeHns.
« (nekTpockonuaA 3NeKTPOHHbIX NepexoaoB:
= doTONMUHECLeHLNA;
= [lornoweHne B YO — Bugumom — 6nvxknem UK ananazone;
= JneKTpoHHblii KPC.
« OnTnyeckne nccneaoBaHnA B YCI0BMAX HU3KKMX U BbICOKIX Temnepatyp (5 — 700 K).
« PenTreHoBcKkMe MMKpoanGpakTomeTpua 1 Tonorpaua.
+ JNeKTPOHHO-MUKpOCKOMMYecKine nccnefoBanua Ha npubope JEM-2010 npocBeumBatouiero Tuna ¢ EDS npucraskoii
(3neMeHTHbIN aHanu3).
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PaspabomarHaa u uszomoesientas 6 TMCHYM 08u20sas iMasHAA KAMEDA BbICOKO20 OAB/EHUS C JTEKMpONPUBO0OM.
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BaxHeiiwne HAay4Hble U nNpukKnagHblie fOCTUXEHUA

Bnepevie nonyyensl y2nepooHsie

5500 || JIYKOBUYHbIE CMPYKMYpbl Npu

5000 030elicmauu BbICOKUX 0d/IeHUl U
c0suz080li Oeghopmayuu Ha 2pagum 8
a7IMA3HbIX KAMEPax BbICOKO20 OAB/IEHUS.
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3500 Memodom KomOUHAYUOHHO20 paccesHus
3000 l 8ema NoKasaHo, Ymo NosyyeHHole
500 1000 1500 2000 2500 | | Y/iepoOHble JlyKo8uybl umetom
KPC cagur, cm™ ¥ cmpykmypy dynnepeogozo muna.

JBonioLusa SNeKTPOHHbIX cnekTpoB KPC 60pHbIX KNacTepoB B 1erMpoBaHHbIX 6opom
KpUCTannax anmasa B 3aBUCUMOCTH OT KOHLeHTpaLum 6opa.

BnepBble 06HapyXeHbl 3NeKTPOHHbIE Mepexoabl Mex.y aKLenTOpHbIMI YPOBHAMN HOPHBIX KNacTepoB B NErMpoBaHHbIX
6opom anmasax.
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Nla6opaTopua 3NeKTPOHHON MUKPOCKONUM
3aseaywownin nabopatopueit 4.¢.-M.H. KynbHuukun B. A.
e — — B = - .

06opynoBaHue naboparopuu:

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

+ MpocBeunBatowuit InekTpoHHbIN MuKkpockon JEM 2010 ¢ npuctaBkoil AnA IHepro-aucnepcuoHHoro aHanusa (EDS)
XapaKTepucTuyeckinx CNeKTPoB U NPUCTaBKOI ANA CNeKTPOCKONNN NoTepb IHeprin 3nekTpoHoB (EELS) n ana nonyyeHus
3HepreTuyeckn GpunbTpoBaHHbIX n306paxennit (EFTEM) — GIF Quantum;

+ lmeetca Takxe oﬁopy,qosaHme ONA NPpUroToBJieHNA 06pa3u03 ANA NPOCBEUYNBALOLLETO 3NEKTPOHHOT0O MUKPOCKONA.

HanpaBneHnua Hay4HbIX nccnefoBaHuid

WccnepoBanuns yrnepoaHbiX HAHOCTPYKTYp

TUCHYM umeeT 60nbLoil ONbIT B 06MAaCT CUHTE3a PA3NUYHBIX YIIEPOAHBIX HAHOCTPYKTYP (HAHOTPYOOK, HAHOBOJOKOH,
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 ONTUMU3ALMIA YCIOBMIA
CMHTE3a YIepoAHbIX HAHOOOBEKTOB, a KPOMe TOT0, OHI MO3BONAIT 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 pAJe CJyyaeB AeNaTb BbIBOAbI 0 XapaKTepe XUMUUECKNX (BA3el MeX Ay aToMaMu
yrnepoza.

UccnepoBaHusa HaHoYacTUL, METANNOB, CNNABOB, KepaMMUKH,
a TaKKe APYrux HaHOKPUCTaNANYeckux 06bEKTOB U HeyrnepoAHbIX HaHOTPY6oK

HaHOKpI/ICTaJ'IﬂbI TaKUX MaTePNanoB WUCNOJb3YOTCA B CAMbIX Pa3JINYHbIX 3dafayaX, Hanpumep, C034dHME KOMMO3UTHbIX
MaTepunanos CNEPCNEKTUBHbIMU MEXAHNYECKUMU U SIEKTPOHHbBIMU CBOWCTBAMN, KaTanuTUYeCKNil POCT yriepoAHbIX U Apyrux
HaHOCTPYKTYP. ”pO(BeLII/IBGIOLI.I,aﬂ 3N1IEKTPOHHAA MUKPOCKONKNA BbICOKOTO pa3peLleHna n nm¢pa|<uvm 3N1eKTPOHOB NO3BONAKT
HanTy, npeacTaBuTb U ONUCATb Pa3jinyHble AQ(I)EKTbI KpI/ICTaJ'IJ'II/ILIeCK0|7| peLueTkin (ﬂeq)eKTbl YNaKoBKU, ABOWHUKOBAHWe,
CTPYKTYPa MEX3EPEHHbIX TPAHUL, ANCIOKaALUN 1 Apyrme), d B HEKOTOPbIX CTy4aAX YKa3dTb UX BIUAHNE Ha (BOIICTBA MaTtepuana,
BJINAHNE Ha npoLecc npn nx ncnoib30BaHNUN B KaTaJINTUYECKOM POCTE.
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OzpaneHHas u 3aKkpyyeHHdas HaHompybka cocmasa OzpaneHnas Hawompy6ka cocmasa 6op —a3om-yenepoo.
6op-azom-yz2nepod Myaposvie y30pbl.

WccnepoBaHne anmasa, HaHoanmasa u HEKOTOPbIX APYrux MaTepuanos

Anmas aBnsetca YHUKANbHbIM MaTepUanom, o6nagatwLnm BbIAAWLNMNCA MEXaHUUECKUMM, XUMUYECKUMU 1 3NIEKTPOHHbIMU
(BOWCTBaMN. ﬂOI’IVIpOBaHVIe d/IMa3a Pa3NInyHbIMU 3JIEMEHTAMW B PAAE CNydYaeB NO3BOJIAET YyNpPaB/iATb HEKOTOPbIMU U3 3TUX
(BOICTB. llccnefoBaHme yacTuy anmasa HaHoanMasa MeTOAOM I'IpOCBelWIBaIOI.I.I,EVI 3J'IeKTp0HHOl7I MUKpocCKonun BblCOKOTO
pa3pelleHnsa, a TakKKe NpUMeHeHNA MeToAa CMEKTPOCKONUI NOTEPb SHEPTUN 3N1EKTPOHOB MNO3BOJIAET AHANII3NPOBATD BINAHNE
Jleq)eKTOB B aiMa3e n NOCTOPOHHUX npmmeceﬁ Ha pa3jinyHblie ero (BOJiCTBa. [lomumo 31oro, B na60paTopvw| nposoamIncb
TaKXe nccnenoBaHua HATPUaa 6opa N Apyrux TBepAblX MaTepunanos.
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W306paxeHue, nomyyeHHoe C BbICOKUM pa3pewieHuem:
a) anmas, Mexnsockocmuele paccmoaHua pasHel 0.206 HM;
b) noncdeiinum, mexnnockocmuole paccmoanusa pasHel 0.206 Hm u 0.218 HM;
¢) M00enuposaHue BbiCOKO20 papelieHus mo20 Xe CeyeHus J0HcOelnuma




TeopeTuueckasa rpynna
Pykosogutenn rpynnbl K.¢.-M.H. Copokun M. B.
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Teopetuyeckaa rpynna TUCHYM-a aBnsAetca TBOpPYECKUM KONIEKTUBOM
MOOABIX YYeHbIX, aCNMUPAHTOB U CTYAEHTOB, PYKOBOAMMbIM KaHANAATOM
du3nko-matematinyecknx Hayk CopokuHbim [laBnom bopucoBuyem.
HayuHas rpynna 6bina obpa3oBaHa AnA npoBefeHnA GyHAAMEHTaNbHbIX
nccnefoBaHnit B 06mactn HoBblX MatepuanoB. OCHOBHOW 3ajaueit
rpynnbl ABNAETCA TeopeTUyeckoe WUCCAeA0BaHUe CBOWCTB Pa3NUYHbIX
Me30- W HaHopa3MepHbIX MatepuanoB. OCHOBHbIM WHCTPYMEHTOM
TEOPeTUYECKOro McCneA0BaHNA ABNAETCAKOMNbITEPHOE MOAENNPOBaHMe
C MCNOMb30BaHMEM LUMPOKOr0 CNEKTpa CyLiecTBYIOLMX TeopeTUyecKnx
mertogoB (ab initio, nonysmnupuueckue metoabl, Knaccuyeckue
MOTEHLWaNbI).

OcHOBHble HanpaBeHNA HaYYHbIX UCCNeA0BaHMUI:
« lccnenoBanme HOBbIX CBEPXTBEP/bIX MaTepUanos;

« MccnepoBanme cBOICTB HAHOCTPYKTYP Ha OCHOBE aNMa3a;

L8 S e—— ——

« V3yueHme CBOIICTB HOBbIX HaHOMATepHanoB ¢ NepCrIeKTUBHBIMY CBOVICTBAMU;
- MonnepKa SKcrepuMeHTaNbHbIX UCCTeS0BaHMIA. Modene ynbmpameépdozo gynnepuma

B pacriopsxeHun rpynnbl HaXOAUTCA BbICOKOMPOM3BOAMUTENbHbII BblUMCIUTENbHBIA Knactep «T-Mnatdopmbl» Ha 6aze T-Blade 1.1
(2.94 TFLOPS) ana npoBeeHna MoAenMpoBaHNA CBOICTB MaTepianoB ¢ NOMOLLbIO CMIELaNU3NPOBaHHOT0 NPOrpaMMHOro obecneyeHus.

B viiLLLRALLL  dliEREREE
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,Ela!aneHme, [Ma
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3asucumocme 0asseHua ¢azo8020 nepexoda om 06paAMHOL BuiyuciumensHbili knacmep
MOJIWYUHBI CBEPXMOHKUX A/IMA3HbIX NJIEHOK «I-[Tnamgpopmebl»




A5y OTAEN POCTA MOHOKPUCTANI/IOB

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

TUCHYM Haﬁopa'ropml ra30¢a3uoro ocaXaeHua aimMmasa
3aBeqywownin nabopatopueir K.¢.-M.H. Kopuunos H.B.

naGopaTopuﬂ (I)VIBI/I‘IECKVIX CBONCTB HAaHOCTPYKTYPp
3aBepytownit nabopatopueii a.9.-M.H. Byra C.I.
Fpynna pa3paboTku u uccnefoBaHUil aKyCTOIEKTPOHHDbIX YCTPONCTB Ha OCHOBe ajimasa
PykoBogutenn rpynnbl npogeccop, A.¢.-M.H. Copokun B.M.
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HanpaBnenus pa6or
- Pa3paboTka 1 co3paHue annapatypbl BbICOKOTO JaBNEHISA U CUCTEM YNPABIEHNA TEXHONOTNYECKUMIA NPOLLECCAMIA CUHTE3a,
TepMobapuyeckoil 00paboTKN U CekaHuA CBEPXTBEPAbIX MaTepUanos.
- (oBepLIEHCTBOBAHME TEXHONOTMI NONYYEHMS KPYMHbIX MOHOKPUCTANIOB a/iMa3a €O CMeLnabHbIMU CBOICTBAMM.

c COBepLIJEHCTBOBaHI/IE TeXHOMOTNiA nonyyeHna noaNKpuCTaInyeCcknx n romo3nnTakCanbHbIX ajiMa3HbIX NJEHOK METOAO0M
ra3o¢a3Horo 0CaXaeHuA.

- (oBepLUEHCTBOBAHME TEXHONOTUM TepMObapuuecKkoil 06paboTKKM CBEPXTBEPALIX MaTepPUanoB.
« 3roToBneHne n3penuii 3agaHHoil Gopmbl 3 NPUPOAHDIX 1 BbIPALLEHHBIX AIMA30B.
« WccnenoBaHue CBOMCTB MHOTOCOIHBIX a/IMa3HbIX CTPYKTYP.

[naBHoOW 3apjaueii OTAeNa ABNAETCA CMHTE3 KPYMHbIX MOHOKPUCTANNOB anmasa, He UMeWMX NPUPOAHBIX
aHasOroB: BbICOKOUNCTBIX M MPELM3NOHHO NernpoBaHHbIX MONYNPOBOAHMKOBbIX. PaboTbl MPOBOAATCA Ha POCTOBBIX
yCTaHOBKax C0OCTBEHHON pa3paboTKi.

OgHum u3 nepcnekTUuBHbLIX HaﬂpaBHEHMVI OEATESIbHOCT  ABNAETCA COBEPLIEHCTBOBAHWE METOAA MONYyYeEHUA
MOHOKPUCTAJUTUYECKIUX aJIMa3HbIX MIEHOK CMHTE30M U3 ra3oBoit ¢a3b|.

—

MOHOKPM(TaﬂﬂbI ajimasa

BbICOKOUUCTbIN
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YHusepcanvbHele pocmosble cneyuanusupoganHele ycmavosku YPC-01/B. |
MMapameTpbl pocToBBIX NpoOLLECCOB: !

Nlanenne 5 — 7 IMa Temnepatypa 1250 — 1600 °C Bpema go 300 uacos NIernpoBaHHblil




W3penuna U3 BbICOKOUNCTBIX MOHOKPUCTANNIOB anmasa

CBOIICTBA BbICOKOUMNCTDIX
MOHOKPUCTaNNoB anmasa:

+ pasmep 2o 8 mm;

+ KOHUeHTpauua asota 0,5 — 2,0 ppm;

« TennonpoBoAHOCTb A0 2200 Bt/(m-K);

» [MaNa3oH ONTUYECKO NPO3PAYHOCT OT 225 HM [0 25 MKM;
* BbICOKOE COBePLUEHCTBO KPUCTANANYECKOIi CTPYKTYpbI;

+ HU3KNIl ypoBeHb NoMMHeCLeHLmMm (OTHOLIEeHNe
NHTeHCcMBHOCTI cnekTpa KPC BTOpOro nopagka K
NOMUHeCLeHTHOMY GoHy ~15 — 30);

« YAeNbHOe INeKTpUYecKoe conpotuaneHue Boite 10 Om-cm;
+ TeepaocTb He meHee 105 Mla.

TN A ..., — T A
YyscmeumenbHoili 371eMeHm
damyuka ynempaguonemogozo
u3/1yyeHus

TN TS
Conna & c6opke ¢ paboyum >1emeHmMom
U3 MOHOKpucmanna anmasa

.. == TR A
ercmepHu U3 MOHOKpucmanna aamasa
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lipumeHeHne:

ONTUYeCKMe OKHA ANA Na3epos;
AATYNKN YNbTPAdUONETOBOTO 11 NOHNU3NPYIOLLMX
U3MyYeHNi, BbICOKOIHEPTeTUYECKIX YacTuL;
3NeMeHTbl ONT03EKTPOHHbBIX NPUHOPOB;

anMa3Hble HaKoBaNbHN ANA UCCNEA0BaHUA CBOICTB
BeLecTB 1 $a30BbIX NePEX0A0B NP CBEPXBbICOKNX
(mo 2,5 Mbap) nasneuuax;

TENNOOTBO/AbI ANAA INEMEHTOB INEKTPOHNKIA;

NIl CKAaHNPYIOLLMX 30HA0BbIX MUKPOCKOMOB;
NOANOXKM ANA FOMO3NUTAKCMANbHOTO BbipalLNBaHusA
MOHOKPUCTANNNYECKMX aNIMA3HBIX NEHOK;
0BENNpPHbBIE U3enns;

conna ana ruapoabpasnBHoil pesku.

—
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Onmuyeckoe 0KHO 0n14 Jlasepos

m— S — ===
HakosaneHu u3 8bicOKOYUCMbIX MOHOKpUcmasios aamasa
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W3penua us nonynpoBoAHUKOBbIX MOHOKPUCTAJUIOB a/iMa3a
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(BoicTBa NONYNPOBOAHNKOBBIX MpumeHenne:
MOHOKpPUCTaNNoB anmasa: *  BbICOKOUYBCTBUTENbHbIE JATYNKI TEMTIEPATYPbI;
« pasmep A0 8 mm; « anoabl WotTkK;

« JJaTYMKM PACxoAa XUAKOCTeil 1 ra3oB;

« ManoNHEpLMOHHbIE HArpeBaTeNbHbIE HEMEHTI;

« UMbl CKAHNPYHLLMX 30H0BbIX MUKPOCKOMOB;
0,1-10° Om-cm; « MOANOXKM AN1A TOMOINUTAKCUANIbHOTO BbIPALLNBAHUSA

« LBET 0T CBETNO-T0Y60r0 [0 YEPHOTO; MOHOKPUCTaNANYECKIX aNIMa3HbIX MNEHOK;

« 10BENMPHbIE U3enus;

« MUKDOXMDYPTUYECKUe N1e3BUS.

« JHeprua noHusauun akuentopa 0,19-0,37 3B;

* YAENIbHOE SNEKTPUYECKOE CONPOTUBJIEHNE

« CopepxaHue bopa go 300 ppm.

l’ YyscmeumesnbHble 3nemeHmbl 0aMyuKo8
' memnepamypei:
a) Mampuya yyscmeumenbHbix 31emeHmos
0amyukos memnepamypbl, U320MmoeeHHas
2pynnoeLIM MemodoM U3 NacmuHbl
CUHMeMUYecKo20 MOHOKpUCMANa anmasd,
J1€2UPOBAHH020 GOPOM.

. 6) AmazHbil MAnoUHepYUOHHbIL
yyscmeumenbHblii 3neMeHm damyuxa
0) | ¥ memnepamypsl pasmepamu 0,5x0,5%0,2 mm.

6 |

a) Mukpoxupypeuyeckoe nesgue u3
YepHo20 anMasa.

6) KopnycuposatHoili anmazHoili
0uod lommku.

Tepmobapuueckan o6pa6oTka NpMpPOAHBIX KPUCTANNIOB anMasa

e T e — S — ————————

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

f Bnuanue

|| mepmobapuyeckoli

‘ o6pabomku Ha okpacky
npupooHsIX KpuCcmManios
anmasa:

a) ljsem do obpabomku.
' 6) Llsem nocne
% 06pa6omku.
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ﬂaﬁopa'ropml rasoq)asuoro ocaXaeHua aiimMmasa
3aBeqywownii nabopatopueil K.g.-M.H. Kopuunos H.B.
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OnHUM 13 nepcneKTUBHBIX HanpaBNeHWin AeATeNbHOCTM UHCTUTYTA ABNAETCA COBEpLIEHCTBOBAHWE MeToAa MonyyeHus
NMoAM- U MOHOKPUCTANNNYECKNUX anMasHbIX NMAEHOK CuHTe3om W3 rasoBoit dasbl (Chemical Vapor Deposition, CVD).

HanpaBnenua pa6or

« (oBepLUeHCTBOBaHME TeXHONOTMIA AONMpoBaHUA (a30ToM, 6opom, Gochopom) roMoINUTaKCUANbHBIX MOHOKPUCTANANYECKNX
anmasHbix CVD cnoes B LensAx pa3BuTiAA 0CHOB NPUMEHEHIA aIMa3a B KaueCTBe MaTepuana ana aeKTPOHNKN.

« [lonyyeHue be3aedekTHbIX FOMOINUTAKCUANBHBIX MOHOKpUCTaNAMYeckux anmasHbix CVD cnoes.

« (oBepLeHCTBOBAHME TEXHONON BbICTPOro POCTa MOHOKPUCTANNMYECKNX U NOAMKpUCTananyeckux anmasHbix CVD nnactuu.

- Pa3pabotka Texxonoruit nonyyenna CVD anmasa AnsA ncnonb3oBaHusA B KaueCTBe KOHCTPYKLMOHHOTO MaTepuana, B YacTHOCTU
ANA YCTPOWCTB PEHTTEHOBCKOM ONTUKY.

« (OBepLIEHCTBOBAHME TeXHOMOMNA Ta30(a3HOr0 O0CAKAEHUA Kak MONUKPUCTANAMYECKUX, Tak U TFOMOINUTAKCMANbHbIX
MOHOKPUCTaNNNYeCKIX aIMa3HbIX MIEHOK Ha NOA0XKKaAX U3 IernpoBaHHOro 6opom anmasa.

(BoiictBa CVD anmasHbIX NAACTUH U NNEHOK:
« TonwmnHa MOXeT BapbupoBaTbCA 0T efieHuL, A0 COTeH MUKPOH.
« Pa3mep nonukpucrannnueckux CVD anmasHbix nnactud go 50 mm (anametp).
« Pa3mep moHokpuctanaunueckux CVD anmazHbIx nnacTH onpeaenseTca pa3smepom NoAn0XKKN (B Hawwem cyyae A0 8 Mm).
- ComepxaHue a3oTta meHee 1 ppb.

————-——.“ .
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— e ea— YyscmeumenbHble 3nemeHmsl 0amyuKos
Yemanoaka cunmesd aamMaza UOHU3UPYIOWe20 U3/TYYeHUs U3 MOHOKpUCMAN/I08

u3 2a3080il gzl Plassys BJS 150. (VD Ha ne2uposaHHbix anmMasHbiX NOOMOXKAX
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Na6opaTtopna ¢pusnyecKnXx CBOMCTB HAHOCTPYKTYP
3aBepytownit nabopatopueit A4.¢.-M.H. Byra C.I.
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OcHOBHble HanpaBneHus pa6or

1. Pa3paboTka TexHONOrMYECKNX 0CHOB U3rOTOBAEHMA MHOTOCTOMHBIX CTPYKTYP Ha 0CHOBE CUHTETUYECKOT0 MOHOKPUCTAA anmasa

2. Pa3paboTka KOHCTpYKLMM 3NEeMEHTOB 3MeKTPOHHOM KOMMOHEHTHO 6a3bl anMa3HOil CUN0BOI U BbICOKOUYACTOTHOI
3NeKTPOHUKI HOBOIO MOKOMEHNA.

3. WccnepoBanne anekTpodusmyeckinx, TPAHCMOPTHLIX CBOWCTB MONYNPOBOAHUKOBbIX CUHTETUYECKUX MOHOKPUCTanioB
anmasa, B TOM Yuc/Ie Npy ONTUYECKOM 1 NOHU3NPYIOLLEM BO30YXAeHUN.

4. PazpaboTka uncneHHbIX MoAeneli AnA pacyeTa XxapakTepuCTUK 3NeKTPOHHbIX NpUBOPOB Ha 0CHOBE CUHTETUYECKOTO aNMa3a.

5. WcenepoBanua anekTpodusnyeckux CBOMCTB KOMMO3ULMOHHbBIX HAHOCTPYKTYPUPOBAHHBIX GYHKLNOHANBHBIX MaTepUanos,
TaKIX KaK TepMO3IEKTPUYECKIE CMNaBbl, NernpoBaHHble pynnepeHom (. u apyrue.

6. ccnefoBanne HaHopasMepHbIX 3GdeKTOB B HOBbIX 3NEKTPOHHbIX MaTepuanax, Takux Kak Tononornyeckne n3onaTopbl i ap.

MeToauku uccnepoBanmii

1. U3mepenue snektpoconpotusnenna 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 uncne npu oNTuYeCKoM BO30YKaeHNM.

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

3. U3mepeHune cTaTyeckux 3NeKTPUYECKUX XapaKTepUCTUK AUOAHBIX U TPUOAHBIX CTPYKTYp. [lManasoH n3mepAaembix
HanpsxeHni ot 1 HB go 400 B, Tokos o1 1 A no 10 A.

4. WccnepoBaHue LeHTPOB 3axBaTa B MONYNPOBOAHMKAX CTPYKTYpaXx MeTodamu TOKOBOW M €MKOCTHOW CNeKTPOCKONuM
rnyboKux ypoBHeli npu Bapuawum temnepatypbl o1 77 go 800 K.

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

TexHOnornyeckue BO3MOXHOCTH

1. OopmupoBaHNe KOHTAKTHBIX U AMINEKTPUYECKUX CTPYKTYP METOAOM NPAMOii M 06paTHOI GOTONNTOrpadum C MUHUMANbHBIM
pa3mepom 3ieMeHTa 10 1 MKM.

2. MarHeTpoHHOE HanbiNeHne MeTanaMyecKinx NOKPbITARA C KOHTPONEM TONLWMHBI B Anana3oHe oT 1 4o 1000 HMm.

3. OcaxpgeHne OKCMAHBIX U HUTPUAHBIX MOKPbITUIA (B Tom umucne high-k) TonwmHoi Ao 2 MKM MeTOAOM PeakTUBHOTO
BbICOKOYACTOTHOTO HaMblNEHUA.

4. (QopMupoBaHMe KOHTAKTHbIX MNOLWAAO0K C NOMOLLbI 0TXKra A0 800 °C MeTananyecknx n MHTEpMeTanamyeckinx noKpbITIi
B YCNOBUAX BbICOKOTO 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).

3 e — e
[Ipumepsl cmpykmyp u320mo8/eHHbIX ¢ NOMOWbK AUMOPAGuUU U peakmugHo2o uoHHo20 mpasneHus (PIM)
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"0ﬂy‘IEHHbIe pe3ynbratbl

1. Pa3pa60TaHa KOHCTPYKLMA 1 0CBOEHA TEXHOJIOTUA U3TOTOBJIEHNA BbICOKOBONbBTHDIX 6blCTpOﬂ€I7ICTByIOLIJ,VIX paanalnoHHO-
cToitknx anonoB LUOTTKIM Ha 0CHOBE CUHTETUYECKMX MOHOKPUCTanoB anMa3sa.

OcHoBHbIE Xa PaKTEPUCTUKN ANOAO0B:

— « 0obpatHoe HanpsxeHue, Uobp, > 1000 B
= - CpepHuii mpamoii Tok, Inp, > 2 A
« ToK yTeuku npu Uobp = 1000 B, < 100 mkA

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

‘Iitl‘l!ikl

* BpemA BOCCTAHOBNEHKA, MeHee 10 Hc

— e — e — ————

Juodsl llommku Ha ocHoBe CuHmMemMuyYecko20 aamasa

2. UccnenoBaHbl 9J'IEKTp0(I)I/I3l/1‘{ECKVIE (BoMcTBa CMHTeTUYeckux HPHT MOHOKPUCTANNOB ajiMa3a JIerMpoBaHHbIX 60p0M.
YcTaHoBNEHa B3aMMOCBA3b mexnay an. CBOWCTBAMUN 1 YyCNoBUAMM CHTE3A. OI'IPEAGJ'IEHbI ONTUMaJIbHbIE NapaMeTpbl CUHTE3a
aJiIMa30B ANA 3JIEKTPOHHbIX I'IpVIMeHeHVIﬁ.

"?E 1 02‘:‘ l | T : lp"*. 3 500 ppm
O, 1a] —*— Acceptors (Boron) ! | ; 3 o
Iy 107 == Donors (Nitrogen) I 1 T 3 e
= y 1 e I 3 ]

_g 1084 |/1 ———————— 15ppm
E 17 1 residual hil:rogsn : : : : ]
§ 10§ HPHT la c?iamond"'. :‘_..: =y 0.5 ppm
c 16 : L | i I ! ]

o 10 " v/ Fre a i L g 150 ppb
o , ! ' g I 3
0 4015 : ral-) fﬂgl LT3

10 : B - TS e R

i — i -— I 1"' et i

= 14 H g :-l g ‘: I I E '5 1

10 --5--:’3:" 5%-1" '?'“E'i 0.5 ppb
E .nt2 f ; §' i §' @

10 4. .,.",-3 - ,'! .' +——— 0.05 ppb
10 10 10 10 1 6
Boron content in source mixture, at %
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VM3MeHeHue npumecHo20 cocmasa nosynpogooHUK08020 AnMazda Npu yeenuyeHuu codepxaus 6opa 8 pocmosoli cmecu.

3. OtpabotaH meToA MexaHWUYecKol NOAMPOBKM, OTMbIBKI 1 NOCAEAYIOLLEro KOHTPONA anMa3HbIX NAACTUH ANA NOAYYeHNA
TNAZKO U YNCTOI NOBEPXHOCTY, NOAXOAALLE ANA SNEKTPOHHbIX NPUMEHEHNIA

4. Pa3paboTaH MakeT noneBoro TpaH3ucTopa ¢ 3aTBopom LLIoTTKYM Ha 0CHOBE CMHTETMYECKOro MOHOKpUCTaNna afiMasa.

5. CoBMecTHO ¢ nabopatopueil GYHKUMOHANbHBIX HAaHOMaTepuanoB pa3paboTaHbl W UCCe0BaHbl KOMMO3MLUOHHbIE
HAHOCTPYKTYPUPOBAHHbIE TEPMO3JIEKTPUYECKIME MaTepUasbl HOBOTO TUNA Ha 0CHOBe CNaBoB Bi-Sh-Te ¢ dynneperom C .
lonyyeHo noBbiwweHre Ko3pduuMeHTa KauecTBa TepmodnekTpika ZT Ha 30-70% B WMPOKOM Auana3oHe Temneparyp.
06HapyeH SQGeKT «pe30HaHCHbIX» KOHUeHTpawuit GynnepeHa C  C 3aXBaToM A0 6 3NEKTPOHOB Ha MoNeKyNy hynnepeHa.
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3asucumocme KoHyeHmpayuu c80600HsIX 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 MeETOAbI W3MepeHWUs TennonpoBOAHOCTM W TEMNOEMKOCTU CUHTETUYECKOr0 MOHOKPUCTanfa anmasa B
Auana3oHe Temnepatyp 2 - 400 K.

— R e
Cmpykmypel 8 Oepxamenax 014 UCCIe008AHUA MeN0eMKOCMU U MenaonpogooHoCMU aamMasa
NepcnekTBHbIe pa3paboTKM Ha OCHOBEe CMHTETUYECKOrO anmasa

1. ConHeyHo-cnenble AeTeKTopbl YNbTPaduoNneToBoro AuanasoHa (CNekTpanbHblii Auana3oH MeHee 250 HM), B TOM
yucne MaTpuuHble.

[lo30Bble [eTeKTopbl PEHTTeHOBCKOr0 M3MyyeHns W raMma-KBaHTOB, B TOM YMC/ie MaTpUyHble.
CnekTpomeTpuyeckne AeTeKTOpbl WOHU3UPYILUX W3NYYeHUIA C BbICOKMM 3HEpreTUYeckum paspelueHuem.
[leTekTopbl CYETHOrO TMMA ANA U3MEepeHus MAOTHOCTU NOTOKA MOHW3MPYIOLLEro W3nyyeHus.

. CeHcopbl TemnepaTypbl WMpoOKoro AuanasoHa ot 77 fo 800 K.

AKycTo3neKkTpuyeckue GuUALTPLI, NUHUM 3adepxkn U pe3oHatopbl (BY-amanasoHa.

. Cunosble 6ObicTpogeicTBytowme fuoabl LoTTKm.

. CunoBble 1 BbICOKOUYACTOTHbIE MOMEBble TPAH3UCTOPbI.

. 0gHo- n wunpokononocHble reHepatopbl (BY Ananasona.

. dNeMeHTbl OnepaTUBHOI NaMATH.

. ABTOHOMHbIE WCTOYHMKM MUTaHUA C BAMTENbHBIM CPOKOM CNYXObI.

-_—
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Na6opaTtopna ¢pusnyecKnx CBOMCTB HAHOCTPYKTYp

Fpynna pa3pa6oTku u nccnepoBaHuni

AKYCTO3/IEKTPOHHDIX YCTPOﬁCTB Ha OCHOBe adJ/iMa3a
Pykosogutenn rpynnbl npodeccop, 4.9.-M.H. Copokun B.M.
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AKyCT03NeKTpOHHble ycTpoilcTBa Ha o00beMHbix (OAB) u noBepxHocTHbIX ([TAB) akycTMyeckux BONMHAX aKTUBHO
NCNONb3YITCA ANA CO3AAHMA AKYCTUYECKUX Pe30HATOPOB, reHepaTopoB, dQGEKTUBHbIX CEHCOPOB W np. 3ajayamu
rpynnbl  ABAAKTCA pa3paboTka IKCMepPMMEHTaNbHbIX YCTAHOBOK, aKyCTOINEKTPOHHbIX CTPYKTYyp, MpOBefeHue
IKCMEPUMEHTOB MO  UCCNIe0BAHNIO  (U3MYECKMX CBOWCTB KPUCTAMIOB U  CIOMUCTbIX CTPYKTYp, MOAeNnpoBaHue
PacnpoCTPaHeHNA aKyCTUYECKUX BOSIH B KpUCTannax, B TOM UMCiie B YCIOBMAX KOHEUHbIX BHELIHUX BO3[EACTBMUIA.

OcHOBHble HanpaBneHus pa6or

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

« Co3panne MNAB ycTpolicTB Ha ocHoBe cnouctoi cTpykTypbl “BILM/AIN/anma3”;

« Pa3paboTka BbICOKOUYBCTBUTENbHBIX CEHCOPOB HA OCHOBE aKYCTOINEKTPOHHbIX Nbe303NeKTPUYeCKIUX CTPYKTYp ANA aHanu3a
ra30BOro C0CTaBa, HaMbleHUA CBEPXTOHKNX MNEHOK U T.N.;

- Pa3paboTka TexHONOrMM HaMblIEHNA TOHKNX Mbe303NeKTpUYeckux nieHok cocrasa SCAl, N ¢ uenbio npumenenns 8 (BY
Nbe303eKTpuYeckux npeobpasosarensx;

+ WccnepoBanna akycTUYecknx CBOIWCTB MaTepuanoB W Nbe303NeKTPUYECKMX CNOMCTBIX CTPYKTYP W WX 3aBUCUMOCTI OT
[1aBieHusA, TemnepaTypbl U T.0.;

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

060pynoBaHue

MeTtoauku

MeTtoa AnuHHOrO wumnynbca  (yctaHoBka  RAM-5000)
NPUMeHAETCA ANA U3MEPeHNit CKOpoCTel aKkyCTUYEeCKUX BOJH B
Avana3oHe 20 — 200 Ml ctoyHocTblo He Xyxe 0,1%. TpumenatTca
TOHKNe 00pa3ubl B BUAE MAACTUH TONWMHOA He meHee 1 MM.
AKycTMUeckMX  BOMHbI  B030YXAaloTCA  Nbe3o3neKTpuyeckue
npeobpa3oBatenu u3 kBapua X- n Y-cpe3oB, a Takxe 36° n 163°
Y-cpe3bl Hnobata nuTnA.

ImnynbcHbIi 3X0-meTo (reHepatop BuaeoumnynbcoB AVRK-
2-B, ocumnnorpada DPO71254B) wcnonb3yetca ANA TOUHBIX
n3mepeHuii ckopocteit OAB, a Takxe UX U3MeHeHNil B pe3ynbrate
BHELLUHIX BO3/eNCTBMIA (FaBNeHune, TemnepaTypa, INeKTpuyeckoe
none) B 06pa3Lax MOHOKPUCTAN/IOB.

W3mepenna  AYX, OYX w  Apyrux  XapakTepucTuk
aKYCTOINEKTPOHHbIX  YCTPOWCTB  MPOU3BOAATCA  BEKTOPHBIM
aHanu3atopa ueneit E5071C u paboueid cranuun M150, paboune
yactotbl 300 My — 20 I'Tu, Temnepatypsl o1 20 fo 300 °C.

TemnepatypHble  UCCNEOBAaHUA  aKyCTUYECKUX  CBOWCTB
3KCnepuMeHTanbHbIX 00pa3uoB Npou3BOAATCA C  MOMOLLbIO
yctanosku Quantum Design B guanasone temnepartyp 4 — 400 °K.

T A . 0
Ananuzamop ueneti E5071C, pabouas cmanyusg M-150
u mecmupyemoe ycmpoticmeo: OAB-pe3oHamop
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Paspabomka koHcmpykmopckoli 0oKymeHmayuu
0AB-pe3oHamapa & cpede AutoCad

Pesynbratbl

lonyueHbl ynpyrue NOCTOAHHbIE 2-T0 MOPAAKA CMHTETUYECKOrO
MOHOKpUCTanna anmasa tuna lla. U3 u3mepeHuii 3aBUCUMOCTEIl
ckopocTeii OAB 0T 0fHOOCHOr0 laBNIeHNA BNiepBble onpedeneHbl ynpyrue
NOCTOAHHblE 3-r0 NOpAAKa anmasa
(o3paHbl  JKCmepuMeHTanbHble  06pasubl  komno3uTHblx  OAB-
pe3oHaTopoB co cTpykTypoit “Me1/AIN/Me2/anma3” ¢ pekopaHoO
BbICOKUMM pe30HaHCHbIMI YacToTamm 20 20 [Ty n napameTpom KauecTsa
Qxf < 10° IMTy. Ha ocHoBe faHHbIX 06pa3L0B C03aHbl IPPEKTUBHBIE
CEeHCOpbI AABNEHUA U TeMNepaTypbl.
XapaKkTepucTukn noayyeHHbIX CTPYKTYp:
« lllepoxoBaToCTb aMa3HoI NOAN0XKKM Ra < 15 Hm;
« TouHOCTb OpuMeHTaLuM Kpuctannorpaduueckux rpaueii e bonee 10’;
« TonwuHa nbe3o3nekTpuyeckoii nnenku AIN B agnanasone ot 0,5 Ao

5,5 MKM;
 TonwmHa MeTannnyecknx nneHok B ananasoxe ot 100 go 300 HMm;
« PabotocnocobHocTb 0T -100 go +600 °C;
« PabotocnocobHocTb B AManasoHe oaHoocHoro Aasnenua ot 0 4o 10 MMa;
« 06nactb pabounx yactot: 300 Ml - 20 My,
Pa3pabotaHbl 06pa3ubl 0AB ceHcopoB maBnexua, pabotocnocobHble B
nHTepsane aasnenuii go 10 Ma
Pa3paboTaHbl 3KcnepumeHTanbHble 06pasubl [MAB-pe3oHaTopoB 1
NUHNIA 3aepKKi Ha 400 - 1600 MIy
Pa3paboTaHbl 3kcnepumeHTanbHble 06pa3ubl MAB-ceHcopoB faBneHua
Ha OCHOBE MOANOXeK M3 anma3a, pabotocnocobHble B MHTepBane
Aasnennit o 150 Ma
MAB- n OAB-ceHcopbl faBneHUA Ha CIOUCTBIX Mbe303MeKTPUYecknx
CTPYKTypax Ha OCHOBE afMa3a WMeKT KOHKYPEHTOCMOCOOHble
XapaKTepuUCTUKM U MOTYT ObITb NCNONb30BaHbI ANA U3MePEHUIA BbICOKNX
11 CBEPXBbICOKMX JaBMEeHNiA

TN A - . = R v . — TN -y
0AB-pe3oHamop Ha nodnoxke 0AB-pe3oHamopsl Ha anmasHou [1AB pe3oHamop Ha anmasHol noonoxke.
U3 CUHmMemuyecko2o No0IOXKOU CO CNOXHOU Pe3onanc Ha 418 Mly —
MOHOKpUCManna anmasa KoHueypayuel 31ekmpo0os [1AB mooa Panes (R),

566 Mly — [MAB moda (e3asbl (R,)
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mcnw 3aBepytowmii 01AENOM K.T.H. Mepdunos C.A.

Haﬁoparopml (I)YHI(I.IMOHalIbeIX HaHoOMaTepuanos
3aBeaywownint nabopatopueii A.¢.-M.H. Monos M.IO.

na6oparopml CUHTEe3a HOBbLIX C(BepxTBepAbIX MaTepuanos
3aBepytownin nabopatopueil K.T.H. MospHakos A.A.

Na6opatopua Gpu3NKo-meXaHNYECKUX U3MepeHui
3aBepytowan nabopatopueii K.¢.-M.H. JibeoBa H.A.

HanpaBneuus pa6or

- HaHodparmentauma n mopudukauna obbeMHbIX MaTepuanoB YrnepofHbIMA HaHOKNAcTepamu AnA ynyyleHus
dn3nyecknx, MexaHnyecknx n QyHKUMOHaNbHbIX (BONCTB. (TPYKTYpHbIe UCCIef0BaHUA B3aUMOAEIACTBIUA YINEPOAHbIX
HaHOKNacTepoB M $a3oBbiX NepexofoB NpU NPeccoBaHUM W CnekaHuu. [pomblluieHHble NPUMEHEHUA YrNepoAHbIX
HaHOKNacTepos;

« HPHT unccnepoBaHus HaHopa3mepHbix MaTepianoB. (nekaHue 06bemMHbIX 00pa3loB Kepamuk, $pa3oBble Nepexobl U
XUMUYECKIE PeaKLu NpU BbICOKUX AaBEHUSX;

« PaboTbl no cMHTe3Y M NPUMEHEHUAM (BEPXTBEPAbIX MaTepuanos (anma3 1 Kybuuecknii Hutpug 6opa);

+ WccnepoBaHue TPAHCMOPTHBIX, KaJIOPUMETPUUYECKUX W  MeEXaHUYeCKnX CBOWCTB  KOMMAKTHbIX HAHOCTPYKTYPHbIX
METaIoyrnepoaHblX Matepnanos;

- Pa3pabotka meToank paboTbl ¢ HAHOCTPYKTYPUPOBAHHBIMMU, BbICOKOAKTUBHBIMI, METAcTabUbHbIMI MaTepuanamu;

« (034aHne YCTaHOBOK ANA MOAYYeHUA METanioyrNepoAHbIX KNacTepoB B YCIOBUAX BbICOKMX [aBEHWU, CABUTOBBbIX
Aedopmaunit 1 Temnepatyp.

B otpene pa3pabatbiBaloTcA M COBEPLUEHCTBYIOTCA MeTOAbl MONYUYeHUA arperatoB W KnacTepoB B CMCTeMax meTann-
HaHoyrnepoa (dynnepeHbl, OHUOHbI, rpadeHbl, HAHOTPYOKM, HaHOanMa3sbl). PelwarwTca 3ajauM NONyYeHUA OAHOPOAHbIX
FOMOTrEHHbIX CMeCeil HaHOYaCTUL, Pa3HOTO COCTaBa, HAHOYACTUL, MOKPLITHIX rpadeHoBbIMK 060N0YKaMU (OHMOHAMK) U
(03JaHMA KNacTepoB W3 MoneKkyn QynnepeHa W MeTannoB, KOHCOMMAALMN MONYYEHHBIX KOMMO3ULMIA.

OfHUM M3 OCHOBHbIX COBPEMEHHbIX (MOC060B
npuMeHeHnA KHB ABNATCA ABYXC/OiHbIe
nnactuibl  KHb-TBepabit  cnnas.  Cnoit  KHB
XapakTepusyeTcA  HanUuMeM  XecTKoro  Kapkaca
u3 3epeH, obnagalowmx BbICOKOW TBEPAOCTbIO,
N3HOCOCTOMKOCTbIO, TeNnnonpoBOAHOCTbIO. [loAnoxka
W3  TBEpAOr0  cnnaBa, obnajaowas  BbICOKON
NPOYHOCTbIO Ha U3rnb, ocywecTBnAeT 3PeKTUBHYI0
noAAepxKy pabouero Cnoa MHCTPYMeHTa B nmpouecce
06pabotku.

TexHonornyeckune npoLeccbl nonyyeHns
ABYXCNOWHbIX NNAcTuH, pa3pabotaHHbie B OTBHY
TUCHYM,  no3BonakT nonyyatb Ha 060pyAoBaHMK

POCCMIACKOTO MPOM3BOACTBA U3JENUA AUAMETPOM [0
Jsyxcnolineie nnacmursl KHb-meepobiti cnaas. 14 MM 1 BbICOTOM 0 16 MM.
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Ha60paropua (I)YHKI.II/IOHalIbeIX HaHOMaTepuanos
3aBeqytowuii nabopatopueit A.¢.-M.H. Monos M.IO.
—_ L = T

06nacTb MHTEpecoB
- HoBble yrnepopgHble Mmatepuanbl, BKIOYaA HAHOQPArMeHTUPOBAHHblE U  MOAVUQULMPOBAHHbIE YINEPOAHbIMU
HaHOKNacTepamu MaTepuanbi.
- Matepnanosegenue, ¢usnka TBepAoro Tena, Gu3nKa BbICOKUX JaBNeHNI, MeXaHuKa TBepAoro JeGopMUpoBaHHOro Tena,
(BepxTBepAble MaTepuanbl i Kepamuka.
+ KombuHaumnoHHoe pacceaHme (BeTa B yrNepoAHbIX HAHOKNACTEPHBIX MaTepuanax u KOMMOo3nTax Ha X 0CHOBe.
« TpaHcnopTHble CBONCTBA TBEPAbIX TeN.

06wue pesynbratbl
- O6HapyeH 3pdeKT GopmMpoBaHMA yNbTPaTBEPAOro ynneputa npyu KatanuTudeckoin peakuun 3D nonumepusauum C .
- Paspabotana KoHuenuua MoandUUMPOBAHHBIX U HaHOGPArmeHTMPOBaHHbIX dynnepeHom (  MaTepuanos, CBOWCTBA
KOTOPbIX ONPe/ensTCA KoHUeHTpaumeil C , pasmepamin HaHOKPUCTANIOB U CBA3AMYU MeXy HUMMA 1 C .
« [lonyyeHbl HOBble MaTepuanbl C CyL|eCTBEHHO YNYYLLIEHHBIMI TPAHCMOPTHLIMM I MEXaHNYeCKUMI CBOICTBAMM.
« Matepuanbi n MeTOAMKM UX CMHTE3a MOTYT UCNONB30BATHCA B NPOMbILUNIEHHOCTH.

Katanutuyeckuii cuHTe3 ynbTpatBepaoro gynnepura

[laBneHue CMHTE3a yNbTPAaTBEPAOro Gynneputa Npyu MCMONb30BaHMIA KaTann3aTopa NoHUXaeTcs bonee yem B ABa pasa.
TaK, B yCNOBUAX CABUTOBbIX AedopMalLluil Mpu KOMHATHO TemnepaType AaBneHue noHuxaerca ¢ 18 po 7 IMa; ¢ poctom
Temnepatypbl HabNwIaeTCs JanbHeilee NOHNUKEHUE NaBNEHNA CMHTE3a.

" e . E
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Anma3sHble HakoBanbHI, fedOPMUPOBAHHbIE NPU CUHTE3e YNbTpaTBepAoro dynneputa: (a) 06w BUA HakoBanbHu, (6) X 3000

a) ®omozpagpua undewmopa Bukkepca,
U320MO08J/IEHH020 U3 ylbmpameepoo2o Gynnepuma

6) M306paxeHus omneyamkos, C0eNAHHbIX 3MUM UHOEHMOPOM Ha
epanu (111) 6e3azomHo2o anmasa (¢ codepxanuem aszoma 0,3 ppm)

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



MopanduunpoBaHHbie n HaHopparmeHTUpoBaHHble dpynnepeHom (. maTepuanbl

l’ Ana HaHocmpykmypuposaHHo20 AnMOMUHUA,
L ®m g moduuyuposarrozo ( , docmueHym meopemuyeckui npeden
6+ e’ 082080l NpoYyHOCMU
. B Al 93% (crnas)
= 54 ® Al995% Mpumep:
g"" g & ” 3aBUCMMOCTb TBEPAOCTU HAHOCTPYKTYPUPOBAHHOTO aNIOMUHNA,
%_3. L e, moanduunposanHoro (., ot pasmepa 3epHa. Haubonbuwas
2 5 BennunHa TBepaoctM H and AI-C60 pocturaet 7 [Ta, uto
- 1 : ® o . _ cooTBeTcTBYET npeaeny Tekyyectn T = 0.33 H = 2 [Tla.
i . " A : . i Mpu 3Tom TeopeTuyeckaa CABUrOBaA MPOYHOCTb anlMUHUA
0 28 40 60 80 100 Takxe coctaBnaet t™theor = G/(10-15) = 2 ITla (cpBUroBbIii
CIHHUH pasMcp 3C€pHa, HM
p P i ¢ moaynb anommuuna G = 27 Ma).

MoauduumpoBaHHbie N HaHOGparmeHTUPOBaHHbIE YrNEePOAHBIMU HAHOKNAcTepamu
Tepmo3neKTpuyeckue matepuanbl Ha ocHose Bi,Te, u Si-Ge.
+ [lonyueHbl KOMNO3UTbI, COCTOALYNE U3 HAHOKPUCTANSIOB TEPMOINEKTPUUECTO MATePUANa, MOKPbITbIX CloAMI Monekyn C,
WA NHBIMI YTNIePOSHBIMU HAHOKAACTEPAMN.

0

« YrnepofHble CIONCTbIe CTPYKTYPbl MPENATCTBYIOT PeKPUCTaNN3aLmMu HAHOKPUCTANIOB NPU CNeKaHMU.
« 06HapyXeHo M3MeHeHIe 3NEKTPOHHBIX TPAHCMOPTHbIX CBOMCTB
(KoappuumenT 3eebeka S, 3neKTPONPOBOAHOCTD 0, NOABUKHOCTD 1) 33 CueT I deKTa KBAHTOBON NOKaNM3aLmK.

B nonyyeHHbix HaHOKOMMO3WTax Habnipaetca HesaBUCMMAA Bapuauua napametpoB S, 0, k u, Kak pesynbrar,
AOCTUTAETCA yBeNuyeHue TepmosneTpuueckoi 3ppektuBHoctr ZT = S?0T/k Ha 20%.

2 MaTepmanbl N METOAUKN UX CUHTE3a MOTYT NCMO0Nb30BaTbCA B NPOMbILLIEHHOCTH.

a——
(a) - CneueHHble 00BeMHble 00pA3ybl MePMOIIEKMPUYECK020 HAHOCMPYKMYPUPOBAHHO20 Cniasa Si-Ge;

(6) - 3nekmpoHHAs MUKpOCKonUA HAHOCMPYKMYPUPOBAHHO20 MePMO3/IeKmPuUYcKkoeo cnaasd Si-Ge
0 cpedHUM pazmepom 3epeH 10-20 Hm;

(8) - Havokpucmannel Bi-Sb-Te, nokpeimeie C 3
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na6oparopuﬂ CUHTE3a HOBbLIX CBepXxTBepAabiX maTepuanos
3aBefywowuii nabopatopueil K.T.H. Mo3aHakos A. A.
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HanpaBneuus pa6or
- Pa3BuTie 1 yCOBEpLIEHCTBOBAHIE annapaTypbl BbICOKOTO AABNEHNA.
- (CoBepweHcTBOBaHNe MeTofoB HPHT cuHTe3a (BepxTBepAblX W YNAbTPaTBEPAbIX MaTepuanoB C 3afaHHbIMM
XapaKkTepucTMKamu U UCCnefoBaHMe UX CBOMCTB.
- Pa3paboTka MeTOAOB 11 TEXHONOTIi MONYYEHNA HOBbIX HAHOCTPYKTYPUPOBAHHBIX GYHKLMOHANBHBIX U KOHCTPYKLMOHHBIX
MaTepuasnoB C ynyyLeHHbIMIN CBOACTBAMMY.
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B T — obnacmu ycnoguii cunmesa Cmpykmypa memacmabuneHol ¢azel Sb.Te..
paz gynnepuma C,; B cepedune snemenmapHol Aueliku 8UOHbI
conuxennvie cnou Tel-Te2.
MonyuyeHHble pesynbraThi

CotpyaHuKM nabopatopuu coBMecTHO ¢ apyrumu nogpasaenequamu OFbHY TUCHYM BbinonHunu nuoHepckyto paboty no
NoNyyeHuto U MCCIeloBaHIio CTPYKTYpbI 11 CBOICTB CBEPXTBEPAbIX U ynbTpaTBepAbix ¢a3 u3 dpynneputos (. n C, .

CuHTe3mpoBaHbl Npu BbICTPOM OXNaXAeHUM noce BO3AeiACTBIA BbICOKUX AaBneHuii (4 [Tla) u Temnepatyp (600-700 °C)
HOBble MeTacTabubHble $pa3bl TenNypua0B CYpbMbl 1 BUCMYTa, ABAAKLLNECA HaMbONEee BaXXHbIMYM TePMO3IEKTPUKAMI BOAU3N
KOMHATHOW TemnepaTtypbl. MeTogamm peHTreHOBCKOW NOPOLUKOBOI AUpaKunn onpefeneHa KpucTanamyeckaa CTpyKkTypa
nonyyeHHbIX a3, B KOTOPOI COXPAHAETCA CNOMCTAA CTPYKTYPa, HO U3MeHsAeTCA yepeoBaHue cnoes. l1og BAMAHMEM BbICOKOTO
AaBneHuA aToMHble cnon conmxaiotca u mexay cnoamu Te-Te obpa3syeTca meTannnyeckan cBasb. HoBble ga3bl obnagatwt
(BepXnpoBOAALLNMI CBOIACTBAMMU.

MonyyeH cBepxTBepAblii KOMNO3MLNOHHBIA MaTepuan (nateHT PO N°2491987, npuoputet 17.11.2011, ony6aukoBaHo
10.09.2013) Ha ocHoBe yrnepoaa n 60pa, KOTOpbIii MOXeT NPUMEHATbLCA B KaueCTBe annapaToB BbICOKOT0 AABNEHNA, PeXYLLUMX
NHCTPYMEHTOB C BbICOKO N3HOCOCTONKOCTbIO U 3N1€MEHTOB UHCTPYMEHTOB AnA bypeHus.

lMonyueH yrnepoa-a3oTHblii Matepuan (nateHt PO N°2485947, npuoputet ot 03.11.2011, onybnukoato 20.06.2013),
KOTOpbI/i MOXeT ObiTb WCMONb30BAH ANA M3rOTOBNEHUA AeMNOMPYIOLWUX 31eMeHTOB, amMOpTU3aToOpoB, Map TpeHus u
N3HOCOCTOMKNX AieTaneil MUKPOMEXaH3MOB.

Mopanbl 3a9BKu:

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

N22013143992 0101.10.2013 Ha cnocob nonyyeHna cBepxTBepAOro Matepuana Ha 0CHOBe yrnepoza 1 6opa, KoTopblit
MOXeT ObITb CNONb30BaH ANA U3rOTOBAEHUA PeXYLUMX UHCTPYMEHTOB, MHCTPYMEHTOB AnA OypeHuns, a Takxe Apyrux
NPUMEHEHWIA, TAe Heo6XoanMa BbICOKAA U3HOCOCTONKOCTb.
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NlaGopaTopua PpusnKo-mexaHMYeCcKMX U3MepeHuni
3aBefylowan naboparopueil K.0.-M.H. JibBosa H.A.

| e = -

OnpepeneHue CBOICTB: CTaTUYECKOI U AUHAMUYECKOI NPOYHOCTM, MOPYONOTAN, TEPMOCTOINKOCTY NOPOLUKOBbIX MaTepuasnoB
ATTecTauna (BepxXTBEpAbIX MaTepUanoB: WANG- 1 MUKPOMOPOLLKOB aMa30B (MPUPOAHBIX 11 CUHTETUYECKNX) 1 Kybuueckoro
HUTpUAa 60pa B COOTBETCTBUM C CYLYECTBYHLMMI CTaHAAPTaMK.

1. Ycranoska DiaTest-S komnanuu Vollstadt Diamant ana nu3amepeHua npouyHOCTI NOPOLLKOB CBEPXTBEPABIX MaTepPUanoB OT
150 MKM npu CTaTUYeCKOM HarpyKeHuu.

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

2. YctanoBka DiaHeat ana Tepmmueckoii 06paboTki matepnanos B HepTHON aTMoCdepe.
MakcumanbHas Temnepatypa 1150 °C.

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

4. Ycranoska [1[1A-33 and usmepexua ctaTuyeckoi NPOYHOCTU NOPOLLKOB CBEPXTBEPAbIX MAaTEPUAN0B 3ePHUCTOCTbIO 0T 40
MKM 10 150 MKM.

5. YcranoBka Re.TEK.s.a.s., Diamond Comparative Friability Tester ana onpeaenenns nokasatensa AUHaMNUYeCKol NPOYHOCTH
ANIMa3HbIX WANGNOPOLLKOB.

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

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

8. YcraHoka YAC2M ans onpenenenna abpasuHoil CNoco6HOCT MUKPOMOPOLUKOB CBEPXTBEPAbIX MaTepUanoB COrnacHo
F0CT 9206-80.

9. OnpepeneHne NNOTHOCTI METOAOM FMAPOCTATUYECKOTO B3BELLINBAHNA.
Wcnonb3ytoTca nabopatopHble aHanuTUUecKne SNEKTPOHHble Becbl dupMmbl «KepH» (f[epmanua) n npuctaBka Gupmb
«Captopuyc» (fepmatus), mogenb 770-60, suckpetHoctb otcueta 0,01 mr, npesensi gonyckaemoit norpewHocty 0,1 mr,
knacc TouHocti no FOCT 24104-88 — nepBbiit.

Yemaroska DiaTest-S nekmpoHHble gecbl (upmbl «KepH»
komnaxuu Vollstadt Diamant u npucmaska gupmel «Capmopuyc»
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gy OTAEN UCCIEQOBAHUA
>  OU3UKO-MEXAHWYECKUX CBOWUCTB

TUCHYM 3aBeyownit oTAenom K.¢.-M.H. Ycennos A.C.
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Hanpasnenus pa6or oTgena
- Pa3paboTka 1 pa3BuTMe HOBbIX NOAXOAOB K U3MeEPeHU0 GU3MKO-MeXaHNYeckuX CBOICTB MaTepuanoB Ha HaHOMacLTabax.

o Pa3pa60TKa N C03[1aHliE HOBbIX I'IpVI60p08, d TaKXe ConyTCTBYHOLEro Um nporpammHoro obecneyeHna u MeToauK,
obecneynBawLLX BO3MOXHOCTb MCCNeN0BaHNA CBOINCTB MaTepuanoB Ha pa3fiiyHbIX maclTabax: ot HAaHOMETPOBbIX 10
MaKpoCKonuyeckunx.

- Pa3Butue metponoruueckoil 6asbl AnA obecneyeHUs efNHCTBA U3MEPEHUiA GU3UKO-MEXaHUUECKNX BEANUMH HA Pa3HbIX
MacLuTabHbIX yPOBHAX.

« (o3paHue MeTPOoJIOrnyecknXx Kommnnekco u H0pMaTMBH0-MET0£I,I/I‘{ECKOI7I 0a3bl ana obecnevyeHns eauHCTBa M3M€pEHl/1I7I
npu aTTeCTalnn coctaBa, CTPYKTypbl 1 (BOWCTB KOHCTPYKLMNOHHbIX 1 ¢yHKLI,VIOHaJ'IbeIX HaHOMaTepuanoB, MexaHNn4eCcknx n
TpVI6OJ'IOI'I/N€CKI/IX (BOWCTB HaHOMATEPWUanoB 1 NPoAyKUNN HAHOUHAYCTPUN.

- KomnnekcHble uccnegoBaHna QU3MKO-MeXaHWYeCKUX CBOWCTB LUMPOKOTO pAfAa MaTepuanos: OT CBEpXTBEPAbIX [0
NONNUMEPHbIX, UCCNE0BAHNE MEXaHUYECKNX CBOWCTB TOHKMX MNEHOK U MOKPbITHiA. [poBeaeHUe U3MepeHuii NOKanbHbIX
NEKTPUYECKIX CBOWCTB NOBEPXHOCTM 06Pa3Li0B.

Mpumensaemble MeTOAUKHN

o MOHGJ’II/IpOBaHI/Ie ¢I/I3I/ILIeCKI/IX npowueccoB metoagom
KOHEYHbIX 3JIEMEHTOB

« [podunometpua
« ATOMHO-CnnoBas MMKpoOCKonus
« lI3mepeHne mexaHnuecknx CcBONCTB
« HaHotpmubonorua
Uccnepyemble cBoiicTBa
« Penbed noBepxHOCTH, NapameTpbl LIEPOXOBATOCTH
- TBepAoCTb N0 MeToAy BOCCTAHOBIEHHOTO 0TNEYaTKa
- TBepAoCTb N0 MeTOAY CKNepoMeTpum

- TBepaocTb n moaynb ynpyroctu (I0Hra) no metogy
NHCTPYMEHTANIbHOTO UHAEHTUPOBAHIA B COOTBETCTBUN

IS0 14577 w TOCT P 8.747-2011

- KapTbl pacnpepenenua mexaHuyeckix cBoicTB Ha
MOBEPXHOCTI 06pa3LioB

« 06bemHble KapTbl pacnpeseneHna MexaHnyeckinx CBoiCTB
B NPUNOBEPXHOCTHOM CJ0€

« AAresuoHHble CBOICTBA TOHKIUX MOKPbITUIA

« HectkocTb MUKPOKOHCTPYKLMIA ¥ MIMC/HIMC ycTpoiicTe
« MexaHuyeckaa HaHonuTorpadma

+ TpewmnHoCcToinKoCTb

-3D

" Wi HaHomeepdomep
- |13H0COCTOMKOCTD Canupyrowui  HaHomeep

+ KoadppuuneHt Tpenns

e e




06opynoBaHue

KonTakTHblit npopunometp «Mpodpu 130», Poccua

[ina cHATMA npodunnorpamm 1 ux nocneaytueii 06paboTKoil ¢ BbIYMCIEHNAMI NapaMeTpoB LwepoxoBatocTu cornacHo MOCT

2789-73 n 1S0 3274 ncnonb3yetca npodunometp mogenn 130 (3asog MPOTOH-MUIT).

lpopunomemp modenu 130
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llanenv ynpaenenus, npogunb penbega,napamempsl Wepoxo8amocmu

3oHgoBas HaHonabopatopusa «Nuterpa Mpuma», Poccna

[laHHblii npu6bop npeacTaBnAeT co6oii HaHoNabopaToputo, NO3BONAWLLYI0 UCNONb30BaTh A0 40 M3MEPUTENbHBIX METOAUK,
B UNCNO KOTOPbIX BXOAMT TaKXe MONyueHue noTeHUmMana noBepxHocT MeTonom 3oHaa KenbBuHa. OcHOBHOIA 11 Hanbonee
YacTo UCMONb3YeMOii METOANKON ABNAETCA CKaHMPOBaHUE Peibeda MOBEPXHOCTM, KOTOPble MOXET ObiTb 0CYL|ECTBIIEHO B

KOHTaKTHOM AN NONYKOHTAKHOM pexume. Pa3mep oKkHa cKaHupoBaHuA ot 5x5HM o 100x100MKM.
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« (KaHupylowme HaHoTBepAOMepbI cemelicTBa «HaHoCkaH», Poccua

Mpubopbi cepun “HanoCkaH” peanu3yioT Lenblii pas MeToOANK, N03BONAKLL X TPOM3BOANTb KONNYECTBEHHYIO N KaUeCTBEHHYI0
xapaktepu3saumto o6pa3uos. C nomowbto npubopa “HaHoCkaH-3[1" B nabopatopui NpoBOAATCA U3MEPEHNA TBEPAOCTU U
MOZAYNA ynpyroctv 06pasLoB, KOTOpble MOTYT ObITb BbIMOHEHbI C UCMNONb30BaHNEM METOAMK HAHO ! MUKPOUHAEHTUPOBAHNA,
cKnepomeTpuu (M3mepeHne TBEPAOCTI) M CMNOBOI CMEKTpOCKomun (M3mepeHne Mogyna ynpyroctu). Takxe npoBogATca
N3MepeHUA TOMWMHbI MOKPbITUIA, KauyeCTBEHHAA XapakTepusaunma WX aAre3MOHHON MPOYHOCTM, W3HOCOCTOMKOCTH.
Bo3moxHo npon3BeaeHne nsmepexua ko3pduumnenta penna.flpubopel ABnawTca paspabotkoint OTBHY TUCHYM, uto aenaet
BO3MOXHbIM UX NepCOHaNM3aL 0 B COOTBETCTBIN C Tpe6OBaHNAMY KNMEHTa Ui 0CO6eHHOCTAMN U3MepeHIna 06pa3LioB.

# B B ¥ ¥ OB 5 B R OB RO

TN e

Ckanupyrowul HaHomeepdomep HanoCkaH-3/] [paguk cuna Hazpyxenue - 2ny6uxa 0
MHO020YUK/I08020 YKA/bIBAHUS,

CUHAA KpUBAA - NAABNIEHHbIU KBAPY, YepHAs - cmarnb.

06beKTbl M 0611acTH UccnefoBaHMil

c HaH0(I)a3HbIE N KOMNO3UTHbIE MaTepuanbl;

« YnbTpagucnepcHble TBepAble CMNaBbI;

- HoBble cBepxTBEpAbIE MaTePUanbl;

« HaHOKOHCTPYKLMOHHbIE MaTepUanbl;

- MonynpoBoAHMKOBbIE TEXHONOTWM;

- Matepuanbl aBTOMOOUIbHOI NPOMBILLNEHHOCTH;
« WHXeHepHble npunoxexus;

« MeguuMHCKNE NPUNOXKEHNS;

« AnMma3sbl 1 anMasHble NOPOLLKY;

« YcTpoilcTBa XpaHeHUA UHGopmaLuK;

+ MuKpo- 1 HaHo3NeKTpOMeXaHNYeCKnecncTemMl h, ggm
_ (M3MC n H3MCQ);
0 8MPa
©« [loKpbITUA ANA CHUKEHUA U3HOCA. . .
T e ., O

Tomozpamma mModyna ynpyzocmu
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f{?@“} OTAEN HOBbIX XUMUYECKUX

N\ 7 TEXHONOTMN U HAHOMATEPUAJIOB

TUCHYM

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

HanpaBnenus pa6ot

Otaen co3maH B 2009 rody Ans NpoBedeHUs HayuyHO-WUCCNEAOBATENbCKUX PaboT M MpUKMajHbIX pa3paboTok B

06MacTn XUMNYECKUX MeTOAO0B C03[aHuA HAHOCTPYKTYP W TEXHONOrUW NPUMEHEHUA HAHOMaATEPUAnoB. B uvactHocTh,

B 06MmacTb WCCNes0BaHMIE BXOAAT YrNepojHble HAHOTPYOKU U
HAHOHWTU, MONMMEP-YINEPOAHbIE, KEPaMO-yrNepoAHble U MeTam-

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

MeTopbi

B ortaene npoBopATcA Kak 3KCnepumeHTanbHble paboThl, Tak
N MaTemaTuyeckoe MoJenMpoBaHue npoueccoB. Bepetca co3pauue
KOMM/IEKCa KCMepUMEHTaNbHbIX YCTAaHOBOK, MpeAHAa3HAYEHHbIX ANA:
* (MHTe3a HAHOCTPYKTYpP XUMUYECKUMI MeToaMu, B TOM yucne
meTtogom CVD;
* NCCNef0BAHMA KaTaNUTUYeCKUX CBOICTB HAHOCTPYKTYp B
npoueccax, BaXXHbIX ANA XUMUUYECKOIA TEXHONOTIK;

e NcCnenoBaHnA Tepmuyeckinx, NOBEPXHOCTHbIX U
aﬂC0p6LI,I/IOHHbIX (BOIACTB CNHTE3UPOBAHHbIX HAHOCTPYKTYP;

T A . =

e NOJIYyYEHNA KOMMO3UTHbIX MaTePUAJIOB Ha 0CHOBE

[lunomuas ycmaroska INFRA GTL, paspa6omanas
CUHTe31POBAHHbIX HAHOCTPYKTYP.

8 omoesie HOBbIX XUMUYeCKUX mexHonoul u
Hanomamepuanog TUCHYM no 3aka3y [asnpom

MexaHu3mbl pocTa MHOTOCIOMHBIX CTPYKTYp

Kpoto n Makkeit,
Nature (1988)

MopgakoBuy,
Carbon (2001)
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COBPEMeHHbIe BO3MOXHOCTN MOAeNnnpoBaHNA reteporeHHbIX KaTalnTuyeckmnx
npowueccoB U 0CHOBHbIe HanpaBJ/ieHNA COBpeMeHHOro pasBuUTuA

KBa3uromoreHHblil nogxon
K MOAENMPOBaHUI0 MOPUCTOI Cpeabl

« [lpoctota onucauua.

« (paBHuTENbHO HEbONbLUNE BbIYNCANTENbHbIE 3aTPATbI.

« OrpaHuyeHHoe npUMeHeHWe B  CJIyyaAx Manoro
OTHOLUEHNA XapaKTepHOro pa3mepa annapara k pasmepy
rpaHynbl KaTanusatopa.

+ HeB03MOXHOCTb ONUCAHUA NOKANbHOTO U3MEHeHNA
NHTepecylLLMX NapamMeTpoB.

+ HekoTopble 3¢deKTbl HEBO3MOXHO 0NMCaTb B pamKax

' 3T0r0 NoAxopa.

Mipamoe mopenupoBaHue MOPUCTOil cpepbl

« (0XHOE oMmMcaHme, 0CHOBAHHOE Ha ucnonb3oBaHun CFD
BbIYMC/TUTENBHBIX MAKETOB.

+ 3HaunTenbHble BbIYMCIUTENbHbIE 3aTpaThl.

« Xopowo OnNMCbIBAKTCA Cyyan Manoro OTHOLIEHMA
XapaKkTepHoro  pas3mepa annapata K pa3mepy
rpaHynbl KaTanusatopa, a Takxe MOpuUCTaa cpeda co
CTPYKTYPUPOBAHHOIA yNaKoBKOW rpaHyi.

« TouHoe onucaHne NIOKANbHOTO N3MEeHeHUs

‘ NHTepecyIoLL X napameTpoB.

Pa3Butue TexHonorum cuHtesa Ouwepa-Tponwa

1-0e nokoneHue 2-0e NoKoJieHne 3-e noKoneHue 4-0e nokKosieHne
;—»— dﬁ'l’rops(h
reacto‘rj

A

A

. ==
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 yaeanoﬁ MowHocmu peakmopa — nymso K NnogblWeHU 3KOHOMUYHOCMU npoyecca.
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/<> UEHTP KOJINEKTUBHOIO NOb30BAHUA
N\ HAY4YHbIM ObOPYAOBAHUEM
e OrbHY TUCHYM
HAYYHO-UCCNEAOBATE/IbCKAS
U TEXHONOTMYECKASI BA3A

Pykosogutens LKM OrBHY TUCHYM k.¢.-m.H. Mpoxopos B.M.
| R B -

Lentp konnektmuBHoro nonb3oBaHua (LIKM) HayuHbim o6opynoBaHuem «lccnefoBaHus HaHOCTPYKTYPHbIX,
yrnepodHbIX W CBEPXTBepAbIX MaTepuanos» co3faH B AxBape 2004 roga. OH BXOAMT B COCTAaB BCePOCCUIACKOW CeTH
LK.

MpuoputetHo LKM OFBHY TUCHYM obecneunBaer pocTyn K WUCCNe[OBATENbCKOMY U TEXHONOTMYECKOMY
o6opynoBaHuio B pamkax OUMN «Pa3sutue nHdpacTpykTypbl HaHomugyctpuu B Poccuiickoii Oefepaumn Ha 2008-2010
roAbl» U MeponpuATUiA NpoduNbHbIX GedepanbHbIX LeneBblX Nporpamm.

LK obbeanHaeT pecypcbl oTaena CTPYKTYpHbIX WUCCAeA0BaHUA, oTAena QuU3NYeckux CBOICTB HAHOCTPYKTYp,
oTAena UCCnefoBaHuii GM3NKo-MeXaHWUYeCcKux CBOWCTB, OTAeNa CWHTe3a HOBbIX C(BepxTBepAblx Matepuanos. LKI
OCHaLleH COBPEMEHHbIM [JOpPOrocToAWMM 000pyAOBaHNEM, a TaKXe OpUriMHanbHbIMKU mpubopamu 1 MeToAMKAMI,
co3naHHbiMin B TUCHYM ana peweHua cneumanbHbIX 3ajayv.

HanpaBneHua npo6neMHO-OpUeHTUPOBAHHBIX U NPUKAaAHbIX uccnefoBannit LKI - ckoHWeHTpupoBaHbl B 06nacTyn
(BEPXTBEPAbIX 1 YrAepoAHbIX MaTepuanoB, B TOM uucne HaHOCTpyKkTypHbix. LKI wm3rotaBnusaer (cuutesupyer)
pa3paboTaHHble 3aKa3yMKOM WM B NoApasfeneHuAX WHCTUTYTA KOHCTPYKLUOHHble, QYHKLMOHANbHbe, CBepXTBepAble
N HaHOCTPYKTYpHble MaTepuanbl Ha YHMBepCanbHoii ycTaHoBke cuHTe3a YCY-01/A (aasnenne go 13 [fla, Temnepatypa
fo 2500 °C). [na cuuTe3a, Tepmobapuueckoir 006paboTkM M MCCNefoBaHWI HAHOMATepPUanoB WCMOMb3YKTCA TaKxke
caBuroBble anmasHble kamepol DAC-24 (nanenue go 100 [Tla, Temnepatypa go 1500 °C).

— e  —— — =

TexHonornuyeckoe o6opynoaHue LK

Yemanoska YCY-01/A ona mepmobapuyeckoii Komnnekc naseproii o6pabomku Ha ocHoge
00pabomku u CUHMe3a KpynHbiX MOHOKPUCMAN08 nuKocekyHOH020 nasepa Lumera 0na pasmepHoli
anmasa, ceepxmeepobix U HAHOCMPYKMypupoBaHHbIX pe3Ku, 3amoyku u u320moeseHus u3denul

mamepuanos u 06pabomku HaHoKOMNO3umos. U3 8epxmeeépobix Mamepuasnos.
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Ananutuyeckoe o6opyaosanue LIKI

OnTuyeckue uccnefoBaHNA meTogamu KP('(I’I@KTPOCKOI'IMM, (I)OTO!'IlOMMHMCI.IEHI.IVIM U onTuyecKoro nornoilieHuA

e A
Yemanoska 0nAa nonyyeHus cnekmpog
KOMOUHAYUOHHO20 paccesHus cgema
(KPC) ¢ cucmemoli nooasneHus
8030yX0arowe20 u3J1y4eHus Homy-
¢unempamu. Ycmanogka co30aHa Ha
6aze cnexkmpomempa TRIAX series
komnanuu HORIBA Jobin Yvon Inc.
YcmoyHukom 8036yxoarwezo ceema
anyxum nasep STABILITE 2017
Kkomnaruu Spectra-Physics.

T A
PermeeHosckuli ougppakmomemp
U monozpaghuyeckaa cucmema
Ha ocHose 18kBm ucmoyHuka
C 8pAWAOWUMCA GHOOOM.

. =

—_—
(nekmpoghomomemp (ary ucnosb3yemcs
0/ peweHus Wupoko2o Kpyea
cnekmpoghomomempuyeckux 3aday.

OH obecneyusaem cHamue cnekmpa
0 ckopocmoto 24000 HM/MUH 6
duanazone 190-1100 Hm ¢ paspeuieHuem
1,5 um. lpubop omnuuaemcs 8bicoKoLi
Yy8CmeUmMebHOCMbH, CMabUIbHOCMbI0
08yX/1y4e80li CXembl, WUPOKUM
duanazoHom usmeperuli (200-800 Hm).

TR e

e
VHmezpaneHas onmuyeckas cucmema
0718 onmuyeckux cnekmpanbHbix
uccnedosanuli 8 Quanasoxe
memnepamyp om 5 do 800 K.

T A

. =
Penmeenosckuli dugppakmomemp
TETA ARL X'TRA

(Thermo-Electro, CLUA-Ueiiyapus).

., =
[pocBeunBaloLL it INEKTPOHHDIN
MUKPOCKON BbICOKOTO pa3peLLeHus
(mo 1,4 &) JEM-2010, npou3BoACTBa
dupmbi Jeol, Anonua.




Du3nko-mexaHuveckmne u JNIeKTpuyeckue nccnenoBaHmna
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Ana uccnedosanuli penvegha, cmpykmypel, MexaHuyecKux cgolicme noeepxHocmeli
meepobixX U c8epxmeepdbix MAmepuanos ¢ HaHOMemposbiM paspewieHuem Ucnosb3yemcs
CKaHupyrowuti 30H008bII Mukpockon-HaHomeepdomep «HawoCkaw» (paspabomka TUCHYM).

w F- 4 N —e— & F- 4 N e
Mukpockon OLIMPUS BX-51 (finoxus Boicokoyacmommbili umnysibCHbIl akycmuyeckud
Mukpockon (Ouanason 25100 Mly)

Takxe MCnonb3ylTca CKaHUpywwmnii 30H80BbIA Mukpockon Ntegra Prisma Basic (HT-MAT, Poccua), mawmna pns
mexaHuueckux mcnbitauii 1958 Y10-1 (moaepHusuposana B 2008r), yctaHoBka ana onpegenenua nnotHoctu KERN
model 770-60, metannorpaduyeckoe 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 Tennodmmyecknx uccneaoBaHnii ucnonb3yetca TtepmorpaButometp TAG-24 (Setram, OpaHuus)

C momeHTa opranmzaumn LKM TUCHYM npepoctaBun cBou ycnyru 6onee uem 20 HayyHbIM OpraHu3aumAm
B Poccum u 3a py6exom.



T KAOEAPA MOTH (TY)
SN «QUUKA U XUMUA HAHOCTPYKTYP»

3aseyownit kKageapoit npodeccop A.¢.-m.H. bnank B.AA.

e

B g .

Kadenpa co3paHa Ha dakynbTete monekynapHoi u 6uonornyeckoit pusnkn MOTU npukaszom pektopa N237-1 ot 24.01.2008r.
basosoii opranuzaumeit onpeaenex THCHYM. Kadeppa ocywiecTBnAeT NoAroToBKY CTYAEHTOB N0 HanpaBneHuio

BAKAJIABPUAT
HanpasneHwue Mpodunb
03.03.01 ’ MNpuknagHble MaTeMaTrka 1 Gr3mKa | Xumnyeckas Gr3MKa 1 CBOMCTBA HAHOCTPYKTYP
MATNCTPATYPA
HanpasneHnune CneuwanbHOCTb
03.04.01 ‘ MNpvknagHble MaTemMaTnka 1 Gr3mka | Xummyeckasa pursmka

Yye6HaAa nporpamma

bakanaBpuar

YyeOHble ANCLUNINHDI:

« BBeneHue B pEHTFEHOCTPYKTYPHbIiA aHaNN3;

« BBeneHue B pU3MKy KOHAEHCMPOBAHHDIX CPeA;

« OCHOBbI CKaHUpyloLLeil 30HZ0BOI MUKPOCKONMM;

« OuM3MKO-XMUMNYECKIe CBONCTBA HAHOMATEPUANOB;

« KBaHTOBO-XuMMUeCKoe MOZIeNMpOBaHiIe CTPYKTYPbI 1 CBOWCTB TBEPABIX TeN;
« INeKTPOHHAA MUKPOCKONMA.

Marucrtpartypa

~ Yue6Hble gucumnnuubl:

« (TpyKTypHbIe GOpMbI yrnepoaa;

« Ou3nka TBEpAOro Tena;

+ HaH037eKTpoHHbIe YCTPONCTBa;

B - JKkcnepumeHTanbHble MeToAbl UCCNE0BAHNA HAHOCTPYKTYP;
+ Ou3nKa u Xummua yrnepoaHbIX HAHOCTPYKTYP;

+ (Ou3nyeckme 0CHOBbI MPOYHOCTY (BEPXTBEPAbIX MaTepuasnos.

Mnan noAroToBKM cneyuanucTos

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

AyautopHble 3aHATUA:

. - bakanaspuat — 306 vaca;

« Marucrparypa — 330 yacos;

+ 3awmTa 6akanaBpCKoi BbIMYCKHOI KBaNnuKaLnoHHoI paboTbl B
8 cemecTpe;

+ 3awmTa MarncTepckor ancceptaumm B 12-om cemectpe.
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HAYYHO-O0BPA3OBATENIbHbIN LEHTP
«QU3UKA U XUMUA HAHOCTPYKTYP»

HayuHo-o6pa3oBatenbHblit LeHTp «Ou3nmka u xumua HaHocTpyktyp» (HOL) co3pan [pukasom no TUCHYM ot
27 oktAbpa 2008 r. N2 36-0. Monoxexue o HOL yTBepxaeHo gupektopom TUCHYM n pektopom MOTU 01.09.2008 r.

HOL ocywectBnAeT QyHAamMeHTanbHble W MNPUKNAAHble HAYYHble WCCNeJOBAHNA, A TaKXe WUHHOBALMOHHYI0
[eATeNbHOCTb MO  WNPOKOMY CMeKTpy HanpasneHuii B 00MacTU HAHOTEXHOMOTMIA W APYTMM MPUOPUTETHBIM
HanpaBneHUAM M KPUTUYECKUM TEXHONOTMAM Pa3BMTUA HAyYHO-TEXHONOrM4yeckoro komnnekca Poccum.

HayuHo-TexHnyeckaa M WHHOBAaUMOHHAA pJeATenbHocTb B HOL| ABnAKTCA HeoTbemnemoli COCTaBHOW YacTbio
npouecca MOATOTOBKM BbICOKOKBaNUGULMPOBAHHbIX CMELUANNCTOB UM HAYYHO-MeJArornyecknx Kaapos BbICLIel
kBanudukauun, ocywectenaemoin Ha kadpegpe MOTU «Ousuka u xumma HaHocTpyktyp». TUCHYM agndaetca 6a3oBbim
uuctutytom MOTH.

OCHOBHble HanpaB/ieHUA Hay4YHO-UccepoBaTeNibCKux paﬁoT

« (Ou3nKo-maTemaTnyeckue Mogenn 06pa3oBaHnA 1 NoBeAEHNA HAHOCUCTEM.

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

« (BOWCTBA U QYHKL N HAHOCTPYKTYP, CyNpamoneKyn, HAaHOKPUCTaNO0B, CBEPXPELLETOK, KBAHTOBbIX TOUEK.

« Ou3mnKo-xummuyeckue CBOINCTBA HAHOMaTepUaNoB.

+ MeToabl MOAENNPOBAHNA MPOMbILLEHHBIX HAHOTEXHONOTMYECKIX NPOLeCCOB.

- Pa3paboTka M c03haHMe 3NEKTPOHHbIX HAHOYCTPOACTB HA OCHOBE WCKYCCTBEHHbIX anMa30B: OJHO3NEKTPOHHbIE,
0NT03NEKTPOHHbIE, CBEPXNPOBOAALLME; CUHOBAA INEKTPOHMKA, CEHCOPbI, 610AaTUMKN, KBAHTOBbIE TeHepaTopbl.

« BblcoKOTOUHbIE MeToAbl U NMpubOpbl ANA W3MEPEeHUIA MeXaHUueckux, NeKTPUUECKUX U MArHUTHbIX XapaKTepucTuk
HaHOCUCTeM.

« BblcokoTouHaAa n3meputenbHaa n 06pabdaTbiBaloLLAA TEXHUKA ANA HAHOTEXHONOTNYECKNX NPOLECCOB.

+ 3aKOHOMEPHOCTI 1 MeXaHU3Mbl ANPPY3MOHHO-KOHTPONMPYEMBIX MPOLLECCOB B 06BEMHBIX HAHOCTPYKTYPHBIX CUCTEMAX.

« [ln3aiiH HOBbIX TUMNOB CBEPXTBEPAbIX HAHOKOMMO3UTHbIX MEHOK.

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

- Pa3paboTka npUHLMNOB CO3AAHNA HOBbIX KePaMMUeCKMUX TOMOTEHHbIX U KOMNO3ULUOHHbIX MaTepuanoB ¢ HaHoGa3Hol n
HaHOKPUCTANNNYECKOI CTPYKTYPOId.
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CoBmecTHO ¢ AproHckoit HaunoHanbHoi nabopatopueit
n (ranpdopaosckum LieHTpom JlnHeliHbix yckoputeneit
Munucrepctea 3vepretukn CIIA TUCHYM nposogut
paboTbl Mo pa3paboTke 3INeMEHTOB pPeHTreHOBCKOIA
ONTUKM HOBOTO MOKONEHWA AnA paboTbl B MOLLHbIX
Myykax CUHXPOTPOHHBIX WCTOYHMKOB. B HactoAwee
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- U3rOTOBMEHbl MAACTUHbI  aAMa3a  MOMHOCTbIO

(BOOOAHbIE 0T [edekToB ¢  KodhpPuuneHtom ]
0 1 (R(x)»=991%+0.4%

oTpaxeHus = 99.2%, 6AU3KUM K TeopeTuyeckomy ;I
npejeny, uTo  OTKPbIBaeT MepcneKTUBy WX
MCNONb30BAHWA B KayecTBe 3epkan pe3oHatopa 094
ANA CO3JaHNA Na3epa Ha CBOGOJHBIX 3NEKTPOHaX
OCLUNAATOPHOTO TUN;

1(x)

- 8x10%
< TOHKWe anMa3Hble MNACTUHbI ObITM UCMNONb30BaHbI

B KaueCTBe MOHOXPOMATopa, YCTaHOBNEHHOTO
MeXay ABYMA OHAYNATOpaMU, B IKCMEpUMEHTaX
M0 MONYYeHW BnepBble B MUpe TeHepauuu
KOTePeHTHOr0  PEHTreHOBCKOTO n3nyyeHus
O[HOMPOXOAHOTO N1a3epa Ha CBOOOAHbIX INeKTPOHaX;
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+ paspabotax n N3roToBMeH rMopUaHbIN
MOHOXPOMATOp «anMa3-KpeMHuii» C MpefenbHo
Manol cnekTpanbHoi wupuHoit 0.25 m3B u
BbICOKOI CNeKTpanbHON 3dGeKTUBHOCTbIO = 65%
ANA  CMeKTPOCKOMMM Heynmpyroro pacceanns ¢
JHepreTMyecknm paspewennem < 0.1m3B;
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*  U3rOTOBAEH MOAYNb, COCTOAWMA MOMHOCTBIO M3 . e
aNIMa3HbIX  KOMMOHEHTOB, ANA  MCNONb30BaHWA
Ha  KaHanax  CMHXPOTPOHHbIX  WCTOYHMKOB
O[IHOBPEMEHHO B KauecTBe AeNUTeNs myuyka W
ABYXKPUCTAIbHOTO CMIEKTPOMETPA.

Kosgpgpuyuenm ompaxeHus peHmzeHo08ck020 u3jyyeHus
¢ JHepeueli 13k3B cuHmemuyeckozo anmasza npou3goocmsad
TUCHYM ¢ muHumaneHeiM ypogHem Oegekmos
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(xema Jiasepa Ha 80600HbIX 2JIeKMpPOHax ¢ Uchosib308aHuem MOHOKpucmaaia us CUHmemu4eckoeo aamasa
onAa (pOpMUpOBaHUﬂ umnynibca MOHOXpOMAamu3upo8aHH020 peHMeeH08CK020 Ny4ka
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/] COBMECTHAA NNABOPATOPWA TUCHYM-CUMEHC
&P  «OyHKuMOHanbHble U KOHCTPYKLMOHHBIE
HaHOMaTepuanbI»

PykoBoautenb K.¢.-m.H. Mpoxopos B.M.

SIEMENS

CoBMeCTHble Hay4yHO-nccnenoBatenbckune p860TbI M0 KOHCTPYKUWOHHbIM HAaHOMaTEPUaNamM BeAyTCA C 2007 ropa.

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

Lenb coBmectHoii nabopatopuu TUCHYM-CUMEHC obecneynBatb yno6cTBO NpoBefeHUA COBMECTHbIX HayuHbIX
NCCNefoBaHMA M Pa3BUBATb OTHOWEHWA MeXAy CTOPOHaMW BO BCeX cepax AeATeNbHOCTM, NpeACTaBAALLIUX
B3aWMHbBIA WHTEPEC, B YACTHOCTY:

* COTPYAHWYECTBO B 00M1ACTU HAHOYTNEPOAHBIX 11 MOAMGUUMPOBAHHBIX HAHOYINEPOAOM MATEPUANoB, a TakXKe B APYrux
001aCTAX COrNAaCcHO B3aUMHOI JOrOBOPEHHOCTH;

e MNOATOTOBKA N noAAepXKa UHXEHEPOB N yYeHbIX B obnactn HAHOCTPYKTYPUPOBAHHBIX MaTEPUAJIOB.

[Modnucarue coenaweHus.
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OBLUEPOCCUNCKAS OBLLECTBEHHAA OPTAHU3ALMUA CNELUANNCTOB B
OBJIACTIA YTNEPOAA U YINEPOAHBIX MATEPUANOB «YINIEPOAHOE OBLUECTBO»

- .
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Obwepoccuiickasa 06WeCTBEHHAaA OpraHM3auna CneuuanucToB B 06nacT yrnepoga M YrnepoAHbIX MaTepuanos
«YrnepogHoe 06wecTBo» topugnueckn 6Obina opopmneHa 8 aAnBapa 2004 roga. K 3Tomy BpemeHnnm yxe 0Obino
NpoBedeHO 2 MeXAyHapoAHbIX KOHOepeHLuM Mo yrnepoAHoit Tematuke. lpesupeHTom YrnepogHoro obwecta B 2014
r.obin u3bpaH npodpeccop AsgeeB B.B., a reHepanbHbiM cekpetapem opraHusauuu npodeccop bnawk B.J. B 2004 -
2006 r.r. Ha 6a3e MI'Y Gbin npoBegeHsbl 3-4, 4-A  5- MexAyHapoaHble KoHdepeHuMn «Yrnepod: QyHAaMeHTanbHbie
npobnembl Hayku, MatepuanoBefeHne, TEXHONOTUAY.

B 2009 ropy [Mpe3naentom YrnepoaHoro O6bwectBa 6bin m3bpaH npodeccop bnank B.J. , a [leHepanbHbiM
cekpetapem 0O6wectBa — npodeccop Asmees B.B. B 3tom e rogy Obina npoBefeHa 6- MexAyHapogHas
KOH(pepeHUna no TpaauuMoHHoi TemaTtuke Ha 6aze TUCHYM B r. Tpouuk mockoBCKoil obnacTu.

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

B 2011 wu 2013 rogax YrnepoaHbim 06wecTBOM 6bin OPraHM30BaHbl CeMUHAPbI MOMOAbIX YYEHbIX Ypanbckoro
n LleHtpanbHoro pernoHoB B ropofax [llepmb u 3eneHorpag (AHApeeBka) mo Teme: «YuacTue MOMOAbIX YYEHbIX B
dyHAaMeHTaNbHbIX, MOUCKOBbLIX U NPUKNAAHBIX WCCNEAOBAHUAX MO CO3AAHNK HOBbIX YINEpOAHbIX U HAHOYTNepOoAHbIX
matepuanos» noj pykoBoactBom akagemuka PAH AHumdeposa B.H.n un.-kopp. PAH Koctukosa B.U.

Ha Kaxpoi KoHdepeHUMM [AenawTca nneHapHble, CEKLWOHHbIE U CTEHAOBblE AOKNaAbl, MPOBOAATCA Kpyrnble CTOMbI
W AUCKYCCMA MO aKTyanbHbIM nNpobnemam HayuHbIX WMCCNefO0BaHUA, OPraHU30BbIBAKTCA KyNbTypHble MPOrpamMmbl.
YuacTHUKamMu KoHepeHUnin ABNAITCA KpynHble yueHble Poccum n 3apybexHbix cTpaH, 6onblioe BHUMaHWe yaenAaetca
yuyacTuio B KOHGepeHumax Monofblx yueHoix Poccun.
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PABOTA B CUCTEME MEHEAMMEHTA KAYECTBA (CMK)
e R — =g -

C uenbl nOBbIWEHNA KayecTBa pa3paboTok M obecneyeHns BO3MOXKHOCTM COTPYAHMYeCTBA ¢ MuHUCTepCTBOM
o6opobl Poccum B 2006 rogy 6bino npuHATo pewenne o co3paHum B TUCHYM cuctembl meHeaXMeHTa KauecTBa
(CMK) (Mpuka3 ot 20 anBapa 2006 r. N® 2/1-0). B pekabpe 2006 r. komuccua 22 LHUUW Muno6opoHbl Poccun
no pesynbtatam nposepkn CMK OFY TUCHYM cpenana 3akmioueHne uto Aeitcteyiowas B ONY «TUCHYM» CMK
cootBeTcTByeT TpeboBaHmam [OCT PB npwm pa3paboTke 3neKTpoBaKyyMHbIX famn, NpuOOPOB W3MepeHUA [aBNeHUA U
Temnepatypbl U U3Jenuii KBaHTOBOW 3nekTpoHuKkn u pekomengosana 0C CMK npu OIYN 22 LUHUUW Bbigats TUCHYM
3aKknioueHne 0 HanuuMu Ha NpeanpuAaTAN YCNoBUIA, HeobxoAuMbIX AnA obecneyeHuA BbINONHeHUA [0CyAapCTBEHHOTO
060poHHOro 3akKasa.

B panbHeilwem B MHCTMTYTe NpoOBOAWAAcb MOCTOAHHAA pabota no coepiweHcTBoBaHuio CMK. B pe3ynbrate
nposefeHHoi pabotbl B 2012 r TUCHYM Bbigan ceptudukat N° (BC.01.411.0051.12 ot 13 wiona 2012 r. B Cucreme
A00poBONbHON cepTuduKaumum «BoeHanektpoHcept» Ha cootBetctBue CMK npeanpuatna tpebosanuam [OCT PB 15.002-
2003 n PO B 319.015-2006.

B 2013 r. B (BA3M C pacwupeHnem obnactm npumeHeHna pa3paboTok WHCTUTYTa npoBedeHa pa6oTta no AopaboTke
pokymentaumn CMK u nonyuen ceptupukatr Cuctembl 06poBonbHON cepTudukaumm «BoeHHblit pernctp» No BP
31.1.6483-2013, ynoctosepawwnin, yto CMK OFBHY TUCHYM pacnpoctpaHaiowancs Ha pa3paboTky v 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 ctaHaaptoB CPMM BT, cpokom AeiictBua ¢ 20 centabpa 2013
no 19 centabpa 2016 r.

B Hactoawee Bpema >¢dexktuBHoctb (MK OFBHY TUCHYM noatBepxaeHa Tpema ceptudukatamu CJIC
«InekTpocept N «BoeHHbIi perncTp.
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