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PYKOBOOCTBO

O «HINU HAH benapycu
no mMatepuanoBeneHnio»

TEHEPAINBbHbIV
NNPEKTOP

ABnaeTtcA oOHUM U3 BedyLUMX YYEHbIX
B obnactm ¢usnKM TBEPOOro Tena.

MoCBATUN CBOIO HayuHylo Kapbepy
nccnenoBaHuio HaHOpPa3MepPHbIX
MarHUTHbIX CTRYKTYP.

Moo ero pyKkoBOOCTBOM U Mpw
HenocpeacTtBEHHOM  yyacTuun  6bin
BbIMONHEH Uenbii pag ¢yHOaMeH-
TallbHbIX W NPUKNagHbIX  pabor,

denociok Banepuint Muxainosuy

3acny)XeHHbI OeATenb HayKu,

pesynLTaTtoM KOTOpbIX CTano 6onee uneH-koppecnoHaeHT HAH benapycu,
400 HayuHbIX Ny6nMKaunn. [OKTOP PUIMKO-MaTeMaTUYECKUX HayK,
npogeccop

Ten.; +375-17-322-27-91

e-mail: fedosyuk@physics.by
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HALLA NMCTOPUNH

Y wuctokoB cosgaHuA WHcTUTYTa UMUMKW TBEpOoro Tena W nonynpoBOoaHWKOB
(8 2007 r. npeoBpazoBaH B [ocynapcTBEHHOE HayuHO-MPOU3BOACTBEHHOE
obbeguHeHne «HayuyHo-npakTMUeckuini LeHTp HauuoHanbHoOM akageMmn Hayk
Benapycun no MatepvanoBefeHuio») CToAN BblOaloLWMIACA yUeHbl-MaTepuanosen —
akageMnk Hukonai Hukonaeemuy Cupota. HaumHasa npakTMUecKkM ¢ HynA, oH
cosfan KpYMnHbli, XOpOLWO W3BECTHbIM B MUpe HayuHbld ueHTp. [puexas u3
Mockebl B MuHck, B 1956 rogy HH. Cupota usbupaetca akagemukoMm AH BCCP
u B AHBape 1959 ropa ¢ 6narocnoeeHnsa U npu nogaepwke AD. Modde opraHmayet
camocToATenbHbIN otaen npu Mpeangnyme AH BCCP - Otoen ¢usmkmM n Xummum
TBEPOOro Tena v MNonynpoBOAHUKOB, KoTopbii 5 Hos6pA 1963 roga MocTaHoene-
Huem Coseta MuHucTpoe BCCP npeobpazyetcA B VIHCTUTYT PU3MKK TBEpOOro
Tena WM MNonynpoBofHWKOB. B camMble cxatble Cpokn 6binv chopMMpOBaHbI
HanpaBneHus HayuHol peAaTtenbHocT WHCTWTYTa, KOTOpble BO MHOMOM OCTaloTCA
aKTyanbHbIMW WU B HacToALLEe BPpeMA. R

Cwpora Hukonai Hukonaesuy

Axkanemuk AH BCCP
OupekTtop ¢ 1963 no 1975 IT.

K HWM oTHOCATCA OMHaMWMKa KpUCTanIuueckon
pelueTkn, TepMogMHaMUKa KpucTanios, ¢uaMKa
MarHUTHbIX MaTepuanoB, ©&u3auKa MnonynpoBoL-
HUKOB, ©®W3KMKa pPagMaUMoOHHbIX BO3OEWACTBUN,
dU3nKa BbICOKUX [OaBNEHWI U CBEpPXTBEPAbIX
MaTtepuanos, $U3nKa CBEPXMNPOBOOHWUKOB U CBEPX-
UMCTbIX METASSIOB, a TaKXKe POCT KPUCTaNoB, aKTu-
BALUMOHHbBIA M XUMUYeCKWI aHanusbl. CospaHHaA
MatepuanbHo-TexHuYeckaa 6asa WHctutyta no
pAgy nosvumic 6bina yHUKanbHoi. B 1964 rogy
BBedeHbl B CTPOW KPWUOTreHHble YCTAHOBKM,
BrnepBble B benapycu nonyumslLne XUOKWIA renvia
v Bogopof. CobpaHbl ycTaHOBKW O Uccneno-
BaHWA B CWUJIbHbIX MarHWUTHbIX MOMAX MPU HU3KKNX
Temneparypax.

5 Hawa mnctopua




PaspaboraHa opuruHanbHas annapaTypa BbiCOKOro
[aBneHus, NO3BONMBLLIAA OCBOWTb CUMHTE3 anmasa u
Kybuueckoro Hutpuga 6opa. 3anylieHbl YHUKanb-
Hble YCTAHOBKM MO BbIpalUMBaHUIO KPUCTaNNIoB M
CWHTE3Yy MaTepuanoB B BUAE KEPaMUKM U TOHKMX
nneHok. Yxe B 1963 rogy MHCTUTYT cTan ronoBHowm
opraHuzauuneir B CCCP no npobneme XMMU4eCKOM
CBA3MW B Kpuctannax. Ero passuBanu Bbigawolimecs
pykoBogutenu. lupexktopomM MHcTUTYTa 6bin aKkage-
Mk HAH bBenapycn Bopuc bopucosuu Boiiko —
3acnyXeHHbln geAtenb Hayku BCCP, naypear
[ocynapctBeHHOW npemMuu. Ero npeeMHUKOM cTtan
akagemuk HAH benapycu Hukonaw Muxannosuu
OnexHoBWyY, 3acyXeHHbIN neAatenb  Hayku
Pecnybnuku Benapycs.

PaspaGoraHHble MeToabl pacuera ANeKTPOHHOWM
MAOTHOCTM MO3BONWMKU MOCTPOUTL €€ KapTbl ONA
KPUCTan/oOB C PasfnUYHbIMA TUMaMKU MEXaTOMHOTO
B3aMMOOEWCTBUA W MOMYyUUTb HOBbIE CBEOEHMA O
npupoge xvMmuueckon ceAsu. Hukonait Cupota 6bin
OOHWM W3 WHULMATOPOB cTpouTenbcTBa B benapycu
MccnenoBaTenbCKOro aToMHOTO peakTopa, uto obec-
MeuymMno WUccnegoBaHWA Ha COBPEMEHHOM YPOBHE B
obnacty MarHWTHOW  HelTpoHorpaduW, pagua-
LUMOHHbIX BO3OENCTBUI W aKTMBALMOHHOTO aHanuaa.
Pabotbl no pagvaumoHHoW ¢usmKe TBepporo Tena
MPUYBENM K CO3OaHUI0 TEXHOMOTUMIA C  MHOro-
UUCNEHHBIMK MPaKTUYECKUMN  MPUMEHEHUAMMU.
PasBuTtas 6asa no pocTy KpUCTannoB Nossonuna no-
nyyaTb BbICOKOCOBEPLUEHHbIE NasepHble 3NEMEHTDI.
C MOMOLLbI0 TEXHWUKU BLICOKUX OABMEHWIA U TeMne-
paTyp NPOBOOMAWCHE KOMMMEKCHbIE MCCNenoBaHWA
CUHTE3a CBEPXTBEPObIX MaTepuanoB: MOCTPOEHLI
¢dasoBble guarpammbl B CUCTEME  «OaBlEHWe-
TeMnepaTypa», BbIACHEHbI MEXaHW3MbI 06pasoBaHUA
KpUCTannoB anmasa u Kybuueckoro Hutpuga 6opa.

bornko bopuc bopucosuy  OnexHoBuu Hukonain Muxannosuu
Axkanemunk HAH Benapycu
Oupektop ¢ 1975 no 1993 . [upektop ¢ 1993 no 2004 rr.

Axkagemuk HAH Benapycu

371 paboTbl Nernu B OCHOBY MPOW3BOLCTBA CBEPX-
TBEpObIX MaTtepuanoB B pecny6nuke. Beog B
OelicTBME aTOMHOMO peakTopa Mo3BONUA  pas-
BEPHYTb WCCNEOOBaHWA C MCMONb3OBaHUEM Oud-
paKkunm HeATpoHoB. BbiNM nocTpoeHbl  ¢asoBble
Auarpammbl MarHUTHOMO COCTOAHWUA CUCTEM TBEPObIX
pacTBOPOB Ha OCHOBE TENMypWOoOB, CENeHUOoB,
cynbGUOOB NEPEXOHbIX ANEMEHTOB W YCTAHOBMEHDI
MEXaHW3Mbl MX MarHuTHoro ynopsgouyeHusa. Kpuo-
FEHHble  YCTAaHOBKWM TMOCAYXWMW OCHOBOW Ans
uccneqoBaHUii MPUM HU3KKMX TeMnepatypax. MNoctpo-
eHa ¢usMuecKan MofdeNb MPOTEKaHUA TOKa B runep-
MPOBOOHWKE W3 BbICOKOUMCTOrO antoMUHKUA, MoKasa-
Ha BO3MOMHOCTb FEHEpauMu CUMbHBIX MarHUTHbIX
nonell B ManoraGapuTHbIX cucTeMax ONA KOCMU-
yeckux arnnaparoe. MNocne otkpbiTMa BTCI B MHCTK-
TYyT€ CUHTE3MPOBaAHbl HOBbIE CBEPXMPOBOOHMKMK C
Temnepatypoil nepexopa 120 K, paspabortaHbl MeTo-
bl UX NONyYEeHWA B BUOE KEPaMUKK, MNEHOK U MOHO-
KpucTannos. ViccnegoBaHuA B o6nactv GusnKku nony-
NPOBOOHWKOB Aanu 60NblLON MPaKTUUECKUIA BbIXog,
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HALIA NCTOPUH

SKenosnuma «Hatpuii-rpadpeHoBbIi akKyMynAaTop»

OcHoBHble HanpaBneHua Hay4HoW, Hay4YHO-TEXHUUYECKON
1 MHHOBaUMoHHoW geatenbHoct HILL no marepuano-
BeOEeHWNI0 BKNOYAIOT U3yueHue CTRYKTYPbI M GU3UUECKNX
CBOWCTB KOHOEHCWPOBaHHbIX cpef, co3faHWe HOBbIX
MarHUTHbIX, CEerHEeTOANEKTPUUECKUX, MOMynpoBOaHK-
KOBbIX, CBEpPXMPOBOOALLMX W CBepXTBepObiX MaTepu-
anoB U KOMMO3UTOB, HENUHENHOOMTUYECKNX KPUCTANIOB,
HaHoMaTtepuanoB U HaHOCTPYKTYP, paspaboTKy KU OCBO-
eHWe B NPOW3BOACTBE HOBbIX BUOOB KOHKYPEHTOCMNO-
cobHon npoaykuuu. B obnactn ¢dyHOoameHTanbHbIX M
npWKnNagHbiX HayuyHbiX wWccnegosBaHun B 2024 roay
paspaboTaHa TexHoNorMaA U TeopeTuyeckn obocHoBaH
MEeXaHU3M YMyulleHWA SNeKTPUUYECKUX W MarHWUTHbIX
CBOWCTB HOBbIX 3MEKTPOKEpaMUUYECKUX MaTepuanoB ¢
MeTacTabunbHOW CTPYKTYPOW Ha OCHOBE CNOMHbIX
OKCUMOOB MepexofHbiX MeTannoe, BOCTPeboBaHHbIX
COBPEMEHHOW MWKPO3INEKTPOHHOW NMPOMbILLNEHHOCTbIO.

8 Hawa ncropusa

Bnepebie npu Temneparypax 6-300 K goctoBepHo
onpegeneHa WWPKUHA 3anpeLueHHOW 30HbI U ycTa-
HOBMNEHbl MEXaHU3Mbl U3NnyuaTtenbHOW peKoMbuHa-
UMW B TOHKUX MNEeHKax MPAMO30OHHOIO MOoMynpo-
BOOHWKOBOIro coegunHeHua Cu.ZnSnSes co CTpyK-
Typou kecteputa. lpeqnoxeH W pas3BUT HOBbLIA
MeTo nofy4yeHua rpadeHa U POLACTBEHHbIX eMmy
YrNepoaHbIX CTRYKTYP, UCMONb3yeMbIX ONA co3ga-
HWA KOMMOHEHTOB KaToOOB W aHOO4OB B HaTpuu-
MOHHbIX aKKyMYNATOpax, Pe3ncTUBHbIX 3NeMEHTOB
Ona  rubkux  Harpeeatenel, TenIooTBOLALLMX
aneMeHToB B anekTpoHuke. B MHctutyTe aktuBHO
npoBoOUTCA MOMNUTUKa MO YNPOUEeHWIo CBA3N
¢dyHOaAMEHTanbHOM  HaykM W MNPOM3BOACTEA.
B 2023 - 2024 ropgax BbINOMHEH KPYMHEWWWin B
uctopun HAH benapycn KoHTpaKT ¢ poccUitcKon
KoMNaHuen Ha cymmy 6Gonee 20 MUNNMOHOB
OONnapoB No cosfaHnio MHOMOCNOWHbIX  MarHuTo-
MAMKUX NOKPbLITUA ONA 3KPaHUPOBaHWA OT 3NEKTPOo-
MarHUTHbIX MOMEX Y3MOB  MWKPOINEKTPOHUKM
paKeTHO-KOCMUUECKOWN TEXHUKW.

SJ"IEKT]DOME MTMHWTHbIE 3KpPaHbl



YcTaHOBKa BbICOKOMO flaBNeHWA A8 CUHTe3a
MOHOKPWUCTannoe anMas3oe

CozpgaHHble B LUeHTpe 3aNneKTpoMarHMTHble 3KpaHbl
obecneunBaloT SNIeKTPOMarH1MTHy0  CoOBMeCTMMOCTb
ANEKTPOHHbIX )’CTpOI;ICTB M MCNoNb3ywTCA Ha KOCMU-
YeCKMX annapaTtax MexayHapoaHoro ypoeHA.

Pa3BuTbl HOBble TEXHOMOIMMWU CUHTE3A CBEPXTBEPObIX
MaTepuanoB, C UCMONb30BaHUEM KOTOPbIX BbINycKaeTcA
obpabaTbiBaloWMin MHCTPYMEHT, NPUMEHSAEMbIN Ha Beay-
LLMX MaLLUMHOCTPOUTENBHBLIX MPEANPUATUAX CTPaHbI.

[OnAa 3akpblTMA noTpe6GHoCcTEN HaUMOHaNbHOM 3KOHO-
MUKW B 06GpabaTbiBalolLeM MHCTPYMEHTE Ha 6a3e LeHTpa
cozpgaH VHXMHUPUHIOBbI CEPBUCHBIN LIEHTP MO CBEPX-
TBEPALIM MaTepUanam.

Pa3paboTtaHa 1 OCBOEHa TEXHONOMMA BbINyCKa KOMMO3k-
LUMOHHOTO MarHWTOMATKOro Matepuana WM M3genqin Ha
€ro OCHOBE — MarHUTOMpPOBOL4OB ANA TpaHCHOPMaTOpOB.,
LOpOCCenei, aNeKTpoaBuraTeneil U aneKTporeHepaTopoB.

OtpacneBaa nabopaTtopua paguauUMoHHbIX BO3-
nencteui HIMU no matepnanoBegeHuio B TECHOM
B3aumMogencteun ¢ OAO «MHTterpan» ABnaetca
YacTblo TEXHONOMMYECKON LIENoYKKU MponsBoacTea
MUKPOCXEM W WCMbITaTeNlbHOW NNOLAAKON Ha
YCTONUMBOCTb K MOHU3UPYIOLLIEMY U3NYYEHUIO.

B ueHTpe ycnelwHo BedyTcA HayuyHO-TEXHWUYECKWe
paboTbl NO co3maHWio HaTpuiA-rpadeHOBbLIX aKKy-
MYNATOPOB A7 9NeKTpoTpaHcrnopTa.

B 2024 rogy 3aBeplueHa pa3paboTka KOMNOHEHTOB
W co3daH NPOoTOTUMN HaKOMWTENbHOro YCTPOWCTBA.
CosfnaHHble akKyMynAaTopbl cTabunbHO paboTaloT B
OuanasoHe Temnepatyp ot -20 go +40 °C, uto
WCKNouaeT HeobXxoAMMOCTb B CUCTEMax TepMope-
rynvpoBaHms.

CornacHo  pesynbratam MeperoBopoB ¢
KUTaWCKMMW KONneramu, CyLecTByeT NepcrnexkT1ea
CcO3aH1A COBMECTHOro MpeanpuaTAa Mo rnpous-
BOLCTBY aBTOHOMHbIX WCTOUHWKOB 3NEKTPO-

3HEPIrMM Ha OCHOBE HaTPUEBDbIX 6aTape|F|.




HALUA MCTOPUNH

B 2004 rogy 17 aBrycta Ha OOMKHOCTb FeHepanbHOro OMpeK-

Topa MHctutyTa 6bin HazHaueH Penociok Banepuin Muxaiinosuu,

B 2007 rogy WHctuTyT npeobpasosaH B [ocynapcTBeHHoe
Hay4HO-NPOU3BOACTBEHHOE o6beaunHeHne «HayuHo-
npaktuuecknin ueHtp HAH benapycu no matepuanoseneHuio».

B HacToAlee Bpemsa MHCTUTYT o6nagaeT BbICOKMM HayuHO-
TEXHUYECKMM  MOTEHLIMANIOM, MMEET COBPEMEHHYID HayuHo-
vccnenoBatenbckyo 6asy, HoBellune o6pasubl SKCrnepuMeH-
TanbHOro U MPOM3BOACTBEHHOrO 060PYAOBaHMA.

VIHCTUTYT nogOepvBaeT aKTMBHOE Hay4HO-TEXHUYECKOe
COTPYOHWYECTBO C OpraHusauuMaMn GamxHero W pOanbHero
3apybeXxba.

CoBMecTHO C 3apyBekHbIMW YHMBEPCUTETAMM W HayUHbIMW
LieHTpaMK BegyTcs paboTbl MO CO3[aHWI0 NEPCTEKTUBHbIX MaTe-
puanoB ONA CrUHTPOHWKM WU MarHUTOSMNEKTPOHWKK, BKIOYas
MyNbTUDEPPOMKU U CTPYKTYPbl C TMIAHTCKMM MarHWToCOomnpo-
TUBINEHUEM.

C poccuiickMMW MapTHepamy, BKMYaa BedyliMe HayuHble
LUEHTPbI W MNpeanpuaTMA 060POHHO-NPOMBILLNIEHHONO KOMIM-
neKca, Pa3BMBAKTCA TEXHONMOMMW 3aLUMUTHbLIX MOKPbLITMIA OnA
KOCMWUYECKOW U aBWALMOHHOW TEXHUKMW, CO3[Oal0TCA MarHWTo-
nnasMoHHble MeTamarepuanbl M HaHOCTPYKTYpbl OnsA UHOpa-
KpacHbIX CBETOQMOMOB.

10 Hawa NCTOPUA

depociok Banepuint Muxaiitnoguu

YctaHoBnEeHbI NpPoJvHble OENO0BblE KOHTAKTBl C NMpO-
MbIlWWNEHHBIMKW NPpenpUATUAMK B obnactu nepcnex-
TUBHbIX paspaﬁoTOK, BK/IIOUWaA CTeNCc-TexXHoNnornn,
HOBble TUMbl aKKyMyNATOPOB U KOMMO3UTHbIE MaTe-
pWanel onAa pasnnuyHbix omacneﬁ NPOMBILLNEHHOCTH.

HayuHaa peAtenbHOCTb LieHTpa Takke NpoABnaeTcA
B opraHM3auMm  KpynHbIX  MeXOyHapoOHbIX
KoHdpepeHumn. B 2025 rogy npowna TpaguuMoHHan
Xl MewpgyHapooHas  HayuHas  KoHdepeHuusa
«AKTyanbHble npob6nemMbl GU3NKKA TBEpPOOro Tenas.
O6bliee unMCno 3aperucTpUpoBaHHbIX YYaCTHUKOB
KOHdpepeHUMn cocTaBuno 298 uenoBek, U3 KOTopbIX
159 BbIBpanu oHnawH-dopmMar, a 139 npucytcTBo-
Banu ouHo. B pamMkax MeponpuATMA Take 6bl1o
npencrasneHo 368 OoknNagos, cpeau KoTopbix 233
Teauca 1 135 NonHoUEeHHbIX cTaTen.



MHY «MHCTUTYT TEXHUUECKOW aKyCTUKU
HNO «HMU HAH bBenapycun no martepuanoBegeHwWio» npen- HAH Eenapycu»
cTaBnAeT coboi KpyrnHoe obbeduHeHWe, B COCTaB KOTOPOro
BXOOAT 7 HayuYHbIX U NPOW3BOACTBEHHbIX OpraHv3auuii, uto obec- ﬂMpBKTOp . PyﬁaH“K Bacunwii
rneyvBae NonHbl UMKN OT dyHOaMeHTaNnbHbIX UCCnegoBaHui 0o Bacunbesuy,
BHeOpPeHWA roTOBbIX TEXHONOMUN.

MHY «®PU3NKO-TEXHUYECKMIA UHCTUTYT
HAH benapycu»

HupekTop — 3aneccku Butanuia
[eHHagbeBWY,

OOKTOP PU3MKO-MaTEMATUYECKUX HaYK
Ten.: +375-17-367-60-10

e-mail: v.zalesski@phti.by

[HY «IHCTUTYT MeXaHWUKKN MeTanmno-
nonuMepHsix cuctem um. B.A. benoro
HAH benapycu»

HupekTop — Kpusorya Opwuii
MuxanoBuy,

[OKTOP TEXHUUYECKMX HayK, OOLEeHT
Ten.: + 375-232-34-06-41

e-mail: mpri@mpri.org.by

'HY «MIHCTUTYT TEXHONOrMK METaN/oB
HAH benapycu»

[upekTop — XXuranos AHatonuu
HukonaeBuy,

OOKTOP TEXHUYECKMX HayK, OOLEHT
Ten.: +375-222-64-93-27

e-mail: info@itm.by

[OKTOP TEXHUUYECKMX HayK, QOLIEHT
Ten.: +375-212-33-19-41
e-mail: luyda@physics.by

HY «MHcTUTYT NpuknagHon Gpusnku
HAH benapycu»

[upekTop - Xendeu Muxann
INbBOBWY,

[IOKTOP TEXHUUYECKUX HayK, npodeccop
Ten.: +375-17-357-67-94

e-mail: kheifetz@iaph.bas-net.by

Py «®eppur»

NunpekTop - LLlambanes Buktop
Hukonaesuy,

KaHauOoat GU3nKo-MaTeMaTM4eCcKnX
HayK

Ten.: +375-17-379-13-21

e-mail: info@ferrit.by

PIIYT «Onkepm»

[upekTop - LLlenkoBckuin Anekcen
MuxannoBuy

Ten. +375-17-284-11-55

e-mail: 2841155@bk.ru




CTPYKTYPA O PAHU3AL NN

B MHcTUTyTe pabotaet 152 ven., 3 HUX 1 uneH-koppec-
noHdeHT, 1 akagemuk, 7 OOKTOpoB HayK, 40 KaHOu-
natoB Hayk W 47 MonofblX yuyeHblx. MHbopmaums
aKTyanbHa no coctoaHuto Ha 09.03.2026.

Na6opatopusa Teopun TBepHOro Tena

INa6opaTopus oKCUOHbIX MaTepuanos

Jlabopartopua $pU3nKU BbICOKUX OaBNeHUIA
CBepXTBEPObIX MaTepuanoB C OnbITHbIM
NpPOU3BOOCTBOM

OtpacneBas nadoparopus paguaunuoHHbIX
BO30eMACTBUIA

INa6opaTtopua GU3NKN MarHUTHbIX
MaTepuanos

12 CTpyKTypa opraH1sauum

OdyHoameHTanbHble U NpUKNagHble  MccnenoBaHuA
M0 «HMU HAH Benapycu no MatepuanoBeneHuio»
ocywectenAwTcA B 10 HayuHblx nogpasgeneHunax
(nabopartopuax 1 oTaenax), cpenu KoTopbix:

INa6opatopusa PU3UKO-XMMUUECKNX
TexHonorum

Jlaboparopua GpU3NKKU MarHUTHbIX MNIEHOK

lNa6opatopusa ONTUUYECKOIN CNEKTPOCKOMNUM
nonynpoBOAHWUKOB

INa6opatopusa GpuU3nKM NONynpPOBOOHUKOB

INa6opatopua aNeKTPOHHOW KepaMuku




Kpyroeasa guarpamma HarnsagHo OEMOHCTPUPYET pac-
npegeneHne  KoYeBbIX HarpaBneHwit  HayyHow
peatenbHocTh LleHTpa. lMpoueHTHoe cooTHoLleHWe
MoKasblBaeT MPHUOPUTETHbIE TEMaTWKK, Takue Kak

MatepuanoBegeHe (30 %), uWHXeHepua (26 %),

KOMMbloTepHble TexHonorkn (16 %) 1 1a.

B MIHCTUTYTe OeicTByeT acnvpaHTypa U AOKTopaHTypa
no cneumansHoctAM 0 1.04.07 - ¢pusnka KoHOEHCHUpPO-
BaHHoro coctoAHuAa K 01.0410 - ¢durauka nonynpo-
BOAHWKOB; paboTaeT COBET MO 3aliMTe OMccepTauuii
[ 01.06.01.
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% 30%

16%
® MatepunoBegeHve m Guznka
m VHeHepua u Xnmua
B XUMMUecKasn MHXeHepusa = Buoxumuma
= KomnbloTepHble TeXHONornm Marematuka
® OHepreTvka Hpyroe

EkerogHo HayuHble cotpyaHukuM LieHTpa ny6nukyiot B
MEXOYHapOOHbIX PELEH3UPYEMbIX XKypHanax OKofo
250 HayuHbIx paboT, MHOEKCHPYEMBIX B 6a3e OaHHbIX
Scopus.

370 [OEeMOHCTpUpYeT CTabunbHO BbICOKUIA BKnag
HaLLero MHCTUTYTa B MUPOBYIO HayKy O MaTtepuanax.
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HAI'PALDI

CoTpyaHukamn WHcTtuTyTa nonyyeHbl 8 rpaHTos MNpesnaeHTa Pecnybnnkmn Benapycs,
25 crvneHouit mMonopbiM yueHbiM MpeauaeHTa Pecryénuku Benapycs, 6 Monoapix

yUeHbIX CTanu naypearami NpemMun nMeHn akagemnka Y. Andeposa, 7 uenosek —
naypeatbl KoHKypca «100 Mmonogpix TanaHtoB HAH Benapycus».

1980 r. locynapcreerHan npemmua BCCP 3a umkn pabot «MccnenoBaHne 1 paspaboTka Me-
TOOOB MCNONMb30BaHWA Haﬂy'-leHHI;I B TEXHONOrMu nonynpoeooHUKOBbIX I'IpMSOpOB W X BHeOpe-
HWe B NPoW3BoaCTBO» (aBTopckuin Konnekme: .. KopliyHos, H.H. Koconanog, B.A. Conoayxa)

1990 r. locynapceerHas npemus BCCP  3a  MoHorpadwuio «OTpaweHue cBeta oT
yoap p P pa
YCUNMBAIOLWX W HENMWMHEWHbIX cped» (aBTopckuii konnektue: b.b. borko, HC. Netpos)

1992r. locynapcteeHHan npemusa BCCP 3a uvkn pa6oT «Pa3paboTka Hay“HbIX OCHOB CUHTE-
3a cBepXTBepdbiX WHCTPYMEHTanbHbIX Marepuanoe» (aBTopckuii konnektne: AM. MasypeHko,
A.A. NayceHko, B.B. Huuunop, 3.6. Pakuukuii, M.A. Koanoeckwid)

1997 r. Npemus npesnoeHTos Akanemuii Hayk benapycu, YkpauHsl 1 MongoBsl npucyaeHa
3a paboty «lexHonorua nonyyeHus, GUanyeckme CBoOMCTBa M NPUMEHeHWe NonynpoBOaHUKO-
BbIX KpucTannoB coefuHeHwit rpynnsl A2B5» (aBTopckuin konnektue: AY. LLener, BM. TpyxaH,
COBMeCTHo ¢ cotpyaHukamu HAHY 1 AHPM)

2001 r. Npemus uMeHn akapemuka B.A. Kontiora 3a pa6ory «MccnepnoBaHue ABAEHWA
KONOCCanbHOrO MarHUTOCOMNPOTMBAEHUA B Cynbduaax d-anemeHToB» (aBTOPCKUIA KONNEKTUB:
', Makoeeurkuin, K.N. Axywkesny)

2004 r. locynapcteeHHan npemua Pecny6nvkv benapych 3a LUMKA pa6ot «MarHuTHble

CTPYKTYPbl W $U3nUecKme CBOMCTBA MHOMOKOMMOHEHTHbIX CUCTEM C NEPEXOAHbIMW W PeaKo-

3eMenbHbIMW aNeMeHTaMu, paspaboTka HOBbIX MarHUTHbIX MaTepuarnos, cosfaHue 1 Npouseoa-
CTBO 3MIEMEHTOB W YCTPOWCTB 3MEKTPOHHOM TEXHUKIW> (aBTOpcKMiA KonnekTus: M. MakoBeukuii,
I"A. Tosop, B.M. PoixroBekuit, M.O. TposHuyk, BM. denociok, B. H. Lam6anes)

2014 r. Npemua Andeposckoro doHga 3a pabory «MHorocnoiHble NNeHoYHble, HaHopas-
MepHbie N KOMNO3WLUMOHHBIE Marepanbl 017 3KpaHWpPOoBaHWA yCTpOl:ICTB MHKpOSﬂeKTpOHHOﬁ
TEXHWKM OT MarHWTHbIX W SMEKTPOMArHUTHbIX MNOMe eCTeCTBEHHOro WM MCKYCCTBEHHOro
npoucxowgeHns (AB. TpyxaHos)

2015 r. Npemua Poccuitckoit akageMum Hayk v HauvoHaneHo# akagemuu Hayk Benapycu sa
umkn pabot «Matepuanb! U NNeHOYHbIE reTePOCTPYKTYPbI A1A YCTPOWCTB CIMHTPOHWKKU 1 Mar-
HOHWKW» (aBTOpCKMI KonnekTne: B.M. ®enociok, AW. CrorHuia, A.B. TpyxaHoe; B.M. HoeoTtopLeg,
B.A. Keuko, C®. MapeHkuH - MHCTUTYT 06LUei U HeopraHuueckuii xummun uM. H.C. KypHakoBa,
r. Mocksa, P®)

2015 r. Mpemua umeHn BA. Konmiora 3a pabory «3neKTpoHHbIE U MarHWTHble dasoBble
nepexofel B KatmoH-aHWOH BaMeLLléHHbIX XanbkoreHngax MapraHua» (aBTOpCI{Mﬁ KONNeKTHUE:
"W, Makogeukuin, KW. Anywkesuny, AW, lManac, O.9. JemmnaeHko)

2016 r. NMpemua mern BA. Konmora 3a pa6ory «Onmuieckan CrieKTPOCKOMNUA W 3MeKTPOH-
HafA HaHocTpykTypa Ge/Si ¢ Monexkynamu ua KeBaHToBbIX Touek Ge» (aBTOPCKUIA KONNEKTUE:
AB. Myapbiia, B0, XunBynesko)
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2016 r. locynapctenHan npemus Pecny6nuku benapych 3a pa6oty «PaspaboTka 1 opra-
HW3aUWA NPOMbILLNEHHOIO NPOW3BOLOCTEa 3KCNOPTHO-OPUEHTUPROBaHHbBIX MUKPO3NEKTPOH-

HbIX W3OEenuit ABOMHOMO K creunansHoro HasHaueHWin Ha OCHOBE CO3fjaHWA COBPeMeHHbIX

METOO0B MNPOeKTUPOBaHWA NonynpoBOOHWMKOBbLIX TEXHOMOrMIA 1 BbICOKOTOYHOMO aHanut-

yeckoro n c6opodHoro o6opyaoBaHua» (aBTopckuin konnektme: CC. [paBunkoB 1 npegcta-

BUTENW OpYrux opraHusauuii)

2019 r. Mpemua umern Axagemuka XN, Andéposa ana Monoasix yuéHbix HAH Benapy-
€U 3a UmKN paboT «OnNTMMU3aLMA YCNOBWIA CUHTE3a 3NEKTPOXMMUYECKNX YHKLMOHAaNbHbIX
MaTepuanoB A8 NpakTMYeckux NpuMeHeHnit» (. Tuwkesny)

2020 r. Npemus nmenn Akapemuka XM, Andéposa ana Monoabix yuéHbix HAH Benapy-
cW 3a uuKn pabor «Koppenauua ycnoBui 3MeKTPOXMMWUYECKOTO CUHTE3a, CTPYKTYPbI W
dYHKUMOHANBHBIX CBOWCTEB HaHOCTPYKTYPUPOBaHHbLIX MaTtepuanoe ANA NPakTMYecKux
npuMeHennin» (T, 3ybapb)

2021 . Npemuna uveHn Axagemuka Y. Andéposa ana Monogbix y4énbix HAH Benapy-
CW 3a uMKN paboT «PaspaboTka M CUHTE3 HOBbIX MYNBTMPEPPOMOHbIX FETEPOCTRYKTYP C
dyHKUMoHanbHbiMM CBY  xapakTepucTukamy, BocTpeBoBaHHbIMWM [N MNPaKTUYECKOro
NPUMMEHEHNA B Ka4decCTBe HOBbIX 3MeMeHTOB 6a3bl MarHOHWKW W MWKPO3NEKTPOHWUKWN=
(A.N. Cepokyposa)

2021T. Npemua CotozHoro rocygapcTea 3a paspaboTKy 1 co3faHue BbICOKOahdeKTVB-
HbIX CUCTEM BJ'IeKTDOMaI'HHTHOIﬁ 3alWTel, HOBOIo NoKoneHWA 0atTdyuKoe NoTOKOB KOCMKUYecC-
KUX MPWBOPOB C YNyulEeHHbIMWM 3KCMNyaTaLMOHHbIMKN XapaKTepUcTUKamMu» (aBTOPCKUIA
konnektue: CC. [pabunkos, AB. Tpyxaroe; HW. Myxypos - [HINO «O3[1T»; H.J1. bopogkoea,
O.M. Kopabnes, B.A. Kotuoe - UKW PAH, r. Mocksa, P®)

2023 r. Mpemua uMeHn Akanemmka XM, Andéposa ana Monogsix yuéHblx HAH Benapy-
CW 3a UMKN pabot «PaspaboTka TeXHONOrMM CUHTESa, KOMIIEKCHOE uccnegoBaHue ¢aso-
BbIX MpeBpalleHnii 1 GU3NUYECKUX CBOWCTB MarHUTHbIX MaTEpPManoB Ha OCHOBE CIOMHbIX
OKCHAOB NepexofHblX MEeTaryioB U KOMMO3WULMOHHBIX HaHOCTPYKTYP B MOHO- W MOMWU-
KpUcTannuueckux coctoaHuax» (AJ1. Xenyakesuu)

2023 r. Mpemua HAH Benapycu B 06n1acTi G1aUKO-TEXHUUECKNX 1 TEXHUUECKUX HaYK 33
paboty «dasoBble NpeBpaLleHUa B CNaBax, Coaepallyx peaKoseMenbHble SNeMeHTbl co
CTPYKTYPHBIM, 3NEKTPUYECKUM U MarHUTHbIM YMOPAQOYEHUEM, NEPCNEKTUBHBIX /1A peanu-
3aUMM B YCTPOWCTBaX MMWKPOSMEKTPOHWKK» (aBTOpckuin Konnektms: AM. Xusynbko,
KW. Anywikesny)

2025 r. MNpemua ColosHoro locyaapcTsa MOMOObIM YUEHBIM 3a LMK paboT «Puanueckue

W 3MEKTPOXUMUYECKME TEXHOMOMMKN CUHTE3a HU3KOPa3MepPHbIX GYHKLMOHANbHbIX MaTepua-
T0B U CTPYKTYP ANA CUCTEM CEHCOPUMKW» (aBTopckuiA KonnekTue: T.W. 3ybaps, [1.W. Tuwikeeny;
M B. Ky6acos, AB. TypyTuH - YHuBepcuteT Hayku 1 TexHonoruint MMCUC, r. Mockea, P®)

2025 r. Mpemua umern Akagemuka Y., Andépoa ana Monoaix yuéHeix HAH Benapy-
CW 3a UMKN paboT «PaspaboTka METOAOB CUHTESA W YCTaHOBNEHWE 3aKoHOMepHoCTeln dop-
MWPOBaHWUA CTPYKTYPbl M GU3NUYECKMX CBOWCTB HOBbLIX MarHUTHbIX MHOFOKOMMOHEHTHbIX
cucTeM C nepexoaHbiMW W peaKo3eMenbHbIMU 3feMeHTaMu, BOCTpe6oBaHHbIX ANA cosna-
HWUA U3Oenuii U YCTPOWCTB 3NEKTPOHHOM TexHUKm» (IC. PuMckuii)

AL

StartupAward

Pagnv&.\u:uﬂcn
S S

MOJ10/1bIM YYEHbIM

nt
‘?"E.'IEFA.'T }IAH P;!\TOPMQ CUPHYC
o %,
& A 3

A 4
| ;Af’i —

Takke HalMMK coTpyoHUKamu nonyderbl: OpaeH Oteuectsa Il ctenenn (B.M. ®enociok, 2019 r), Megans ®paHubicka CKapbiHbI
(B.M. denociok, 2004 r; OB. UrHateHko, 2023 r; A.B. TpyxaHog, 2023 r.), Menanb «3a Tpynossle 3acnyrus» (CC. [pabuukos, 2023 r),
HarpydHbii 3Hak uM. Y.M. WUrhatosckoro (BM. ®epociok, 2019 r), Megank «[lyuwmii Monogon yueHbii - 2021» CogpyxecTea

Hesaeucumbix locygapcTe 3a BkNag B paseutve Hayku W obpasoeaHua (AB. CraHumk, 2021 r). MHctuTyT 3aHeceH Ha
Pecny6nnkaHckyio gocky Moyerta B 2013 . u gocky Moueta HAH Benapycu B 2012, 2015, 2016, 2017, 2018, 2022, 2024 ..



NOAPA3OEJIEHNYH

ITaboparopua GU3NKN MarHUTHbIX MIIEHOK

3aBefyioLLm nabopatopumn

®epociok Banepuih Muxannosumu
3acny)KeHHbIVi AeATeNb HayKu,
uneH-koppecnoHaeHT HAH benapycy,
OoKTop PU3.-Mart. HayK, npodeccop

Ten.: +375-17-356-11-85 e-mail: fedosyuk@physics.by

C3OM-1306parkeHne Matepuana MHorokpuctanbHbi KOpnyc
Ha OCHOBE BMCMYTa W antoMUHKA

NabopaTtopus NPOBOAUT TEOPETUUECKUE W 3KCMEPUMEHTaNbHbIE
uccnenoBaHuAa B 06M1acTi MarHeTUsMa TOHKOMMEHOUHbIX Marepu-
anoB, M3yuasd YCNoOBWUA CUHTE3a, CTPYKTYPY M (YHKUWOHaNbHble
CBOWCTBA HAHOCTPYKTYPUPOBAHHbIX, KOMMO3WULMOHHBLIX U MHOro-
CIOWHbIX NNEHOK Ha OCHOBE METanNoB rpynmbi Fe 1 CNoXHbIX OKcK-
noB. KnoueBbiM HanpasneH1eM ABNAETCA paspaboTKa TEXHONOMMIA
W MatepvanoB A8 CO30aHWA MHOrOCMOMHbBIX U KOMMO3WULIMOHHBIX
CTPYKTYP, MNpedHasHaueHHbIX OMA 3aliWTbl  Pafno3eKTPOHHOM
annaparypbl, OT BO30EACTBUA 3MEKTPOMAarHUTHbIX M3MyUYeHWA.

16 MNMoppazgeneHuns

MapannenbHo BemyTcA MCCrneqoBaHWA Mo
CUHTE3Y, aHanMay CTPYKTYpPbl U OMTUMU3aLMUK
3 PEKTUBHOCT KOMMO3ULIMOHHBIX U reTepo-
reHHbIX MaTepuanoB [Ons paguauyoHHON
3aLUMTLI.

Yeunusa cdokycrpoBaHbl Ha Matepuanax Ha
OcHOBe BOMbdpamMa M MX KOMBUHaAUMI C
BMCMYTOM, Mefbto, rpadeHoM, nonnuMepamMn 1
oKcuaamu.

Lenbto pa60T ABNAETCA co3faHue nokanb-
HOW paduauuoHHOW 3allUTbl 3NEKTPOHHbIX
KOMMOHEHTOB KOCMWUUECKON annaparypbl OoT
MOHU3UPYIOLLWX U3NYyYEeHWA nyTeM onTuMu3a-
UMK CoCTaBa, BHYTPEeHHEero ctpoeHwuAa u Mac-
COFa6apMTH bIX XapaKTepUCTUK MaTepranos.

BayHbiMm HanpaeneHemM OeATENbHOCTY Takxe
ABNAETCA paspaGOTKa METOOOB WOHHO-NYyJe-
BOM MHX¥eHEeEPWK, COBMECTMMbIX CO CTaHOapT-
HbIMW MWKPO3NEKTPOHHbBIMKM TEXHONOMMAMMK.

OTu MeTodbl HanpaeneHbl Ha ¢opMUpoBaHWe
HaHOpa3MepHbIX CNIOEB METaNSIOB 1 METano-
OKCWOOB Ha pasfnYHbIX MOANOXKaxX 4na Npu-
MEHEHWS B MEPCMNeKTUBHbIX YCTPOMCTBaX
MarHWTHOW Y CMMHBOSTHOBOW CMMHTPOHMKM.



Na6opatopua Teopumn TBEpAOro Tena

3aBegyowmnin naéoparopum
Canko Anekcangp lNetposuy

[lokTop ¢u3-mar. HayK

Ten.: +375-17-378-12-14 e-mail: saiko@physics.by

INa6opatopusa NPOBOQNUT MEPEAOBbLIE TEOPETUUECKNE UCCNENOBaHUA
B 061acTh KBaHTOBOW GU3UKM U GOTOHUKN. OCHOBHbIE HanpaBneHus
BKJTIOYAIOT M3yYeHWe AWCCUMaTUBHOM AWHaMWUKKU KyGUTOB, MOAENW-
pOBaHWE KBaHTOBLIX TPaH3UCTOPOB WU pa3paboTKy TEOPETUUECKUX
OCHOB [ONA YMNpaBneHWs CBETOBbIMWU UMMYyNbCaMU B HENMMHENHbIX
cpegnax.

Oco6oe BHWUMaHWe yOenseTcs
ncenenoBaHuio ONToMexaHUYeCKnX
cUcTeM, HeNnMHENHOW TeparepLoBo
onTMKe W  paspaboTke HOBbIX
METOLOB XapakTepusauumn
Matepuranos.

HayuHanA neAatenbHOCTb oxBaTbiBaeT
Kak d¢yHOaMeHTanbHbie acrneKTbl
KBaHTOBbIX  ABMEHW, TaK W
npvKnagHble 3afaud  nasepHomr
[WarHOCTUKW N ONTOTEHETUKM.

Bknrouan Hn3yueHune ANEeKTpo-
MarHUTHbIX npoueccoe B
MarHeTnKax.

CneKTpbl reHepauumn 60KoBbIX
Monoc BbICOKOronopsaKa
ONTOMEXaHUUYECKOW CUCTEMBI

MOHEHHpOBaHHe NPOXoXOeHNA BUXpeBbIX UMMYNbCHbIX
Ny4yKoe B HENMUHENHBIX cpenax
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NOAPA3OEJIEHNYH

I aﬁOpaTODMﬂ OKCUOHbIX MaTepuanoB

3aBeqyoLLmi naboparopun
KapnuHckuin OMutpuin Bnagumuposuy
[okTop $un3-Mart. HayK, OOLEHT

Ten.: +375-17-378-28-14 e-mail: karpinsky@physics.by

Be,ALISi,0,]

18 MNMogpazpeneHus

-
-
- -

Nabopatopua NpoBOONUT KOMMAEKCHbIE UcChne-
[oBaHWA B obnacTy GyHKLUMOHAaNbHbIX OKCUaO-
HbIX MaTtepuanoB, o6beauHAA dyHOaMeHTanb-
Hyl0 HayKy W nNpuKNagHble paspaboTku.
B cdepe dyHOameHTanbHbIX MCccnegoBaHWii Mbl
M3ydaeM B3aMMOCBA3b MeXOy KpucTtannuyec-
KOW CTPYKTYPOW M CBOWCTBaMW CNOMHbIX OKCKU-
0OB ONA co3faHWvA HOBbIX MaTepuanoB Ons
CMUHTPOHWUKY, a TaKXe 3aHMMaeMCH POCTOM U
aHanuM3oM  MOHOKPWCTaNMoB ANA  MUKpPO-
ANEKTPOHUKW,

Ha npuknagHom ypoBHe nabopatopua cneum-
anuaupyeTca Ha paspaboTke TEXHONOrMA U
MENKOCEPUIHOM NPON3BOACTBE CUHTETUMECKUNX
OparoueHHbIX KaMHel, Takux Kak uaympyn u
candup, a TaK¥e MOHOKPUCTaNNoB anA nasep-
HOWN TEXHUKM.

BaHbim HanpaeneHWemM ABNAETCA co30aHue
HOBbIX (bYHKLI,MOHaﬂbeIX KEpaMWK C Nepcnex-
TUBHbIMKW  MarHUTOTPaHCNOPTHbIMKM - W NbE30-
3NeEKTPHUUECKUMK CBOWCTBaMK 1 MogepHW3auna
oﬁopynosaH WA ONA UX BblpallMBaHWA.



Ia6opatopus GU3NKN BbICOKNX JaBneHumn
N CBEPXTBEPLbIX MaTepunarsnos C ONbITHbIM
NPOU3BOLCTBOM

3aBeqnyloLmin nabopatopun 5
WrHateHko Oner BnagumMupoBuy
KaHouoar ¢us-Mar. HayK, OOUEeHT

Ten.: +375-17-369-11-87 e-mail: Ignatenko@physics.by

Kpuctannuueckasn
CTPYKTypa anmasa

NabBopatopmA cneunannaupyetca Ha WCccnenoBaHUAX W TEXHOMOrMAX B 06nactu
cBepxTBEpObIX MaTepwanoB. OcHOBHOe HanpaeneHuWe paboTbl — cosfaHue U
MoaMPUKALMA CUHTETMYECKMX anMa3oB W Kybuueckoro HWTpupa 6Gopa c
MCrioNb30BaHWeM aKcTpemasbHbiX fasneHwin no 8 [Mla u Temneparyp no 3000 K.
HayuHble coTpyoHuKM naGopaTopuy 3aHUMalTCA CUHTESOM MOHOKPWUCTANNOB
anmasa metogamu HPHT (High Pressure High Temperature) u CVD (Chemical Vapor
Deposition) BecoM fo 5 kapar.

Tun laA Tun lab

[ononHutensHo npoBoaaTcA

uccnenosaHuA B obnactu moaudm-
Kauuu CBOWCTB Kpuctansnos
MocpencTBoM  pPasnuuHbIX MocT-

pocToBbIx 06paboTok. Kpome Toro,
B Nabopatopuu CUHTE3MpPYIoTCA No-
POLLKM KyBUUYecKoro HUTpuaa Gopa
W anMasa pasfityHoln 3epHUCTOCTH

W KOMMO3ULMOHHbIE MaTepuarnbl Ha
nx ocHoBe. TakvMM o6pas3om obec-
rneumMBaeTcA MNOMHbIA LUWMKN Ucene-
JoBaHWiA - OT pyHOaMeHTanbHbIX
NpoLeccoB KpucTannusauum no

BHEOPEHWA NOTOBbIX TEXHOMOrWKW B
pasnuuHbIX 06nacTAx HayKu 1 nNpo-
MbILWNEHHOCTH.
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NOAPA3OEJIEHNYH

Jlabopatopus GU3NKN MarHUTHbIX
MaTepuanos

3aBeqnyowmin nabopatopumn
YXenyokesunu AnexkcaHgp JlaproHoBuY

Kanoupar ¢ouna.-Mart. HayK, OOLUEeHT

Ten.: +375-17-272-23-37 e-mail: zheludkevich27@physics.by

COM-CHUMOK KOMMO3MUWMOHHOIO
MarHUTOMAMKOro Matepuana

NaGopatopua npoBognT  ¢yHOAMEHTanbHble W NpPUKNagHble
uccrneqoBaHMA B 06nactv  MarHUTHbIX MaTepuanoB M HaHo-

CTPYKTYP.

YueHblie CHUHTE3MPYIOT HOBble MarHMTHblE MaTepWanbl, BKNO4YaA
WHTEpMETaNNNYEeCKne CcoeduHeEHWA, MyanM(beppOHKM N TOHKWE
nneHkn. A TaKkxe H3y4aloT X CTPYKTYPHbIE, MarHUTHbIE W TpaHC-
NOPTHbIE CBOWCTBa B 3KCTpeManbHblX YCNOBUAX. Ocoboe BHUMa-
HWEe yOoenaeTcA Martepuanam C rMraHTCKMM MarHMToKanopuyeCcKmnm
3¢¢6KTOM W KonoccanbHblM MarHUTOCONPOTUBNEHWUEM.

20 MoppazgeneHus

B npuknagHoi cdepe nabopartopus
paspabatbiBaeT KOMMOHEHTbLI OnA
MEOULMHCKON  TEXHUKM (MarHWUTO-
Tepanus), 3MNEKTPOTEXHUYECKINE
W30eNMA Ha OCHOBE KOMMO3ULMOH-
HbIX MaTepuanoe, HarpeBaTenbHble
SNEMEHTBI U CreuuanMsnpoBaHHoe
o6opynoBaHue ana CUHTE3a
$pyHKUMOHANBHbLIX MaTepUanoB.

MccnenoBaHua oxBaTbiBaloT NOMHbIA
unKn — o1 CMHTE3a MaTepwranoe 0o
CO30aHWA NoTOBbIX YCTpOﬁCTB,




Croika ynpasneHua

OrpacneBas nadopatopus pagnaunoHHbIX
BO30EVNCTBUN

3aBegyioLui nadoparopun
Pumckui Mpuropun CemeHoBMY
KaHauoat ¢ua-mar. HayK, OOLEeHT

Yckoputens 9J1B - 8
[unanasoH sHepruin, MaB - 1,0-25
MoluHocTb B nyuke, KBT - 90
MakcumanbHbIA TOK Nyuka, MA - 50

Yckoputens Y3I1-10-20C
[wana3soH aHeprui, MaB - 1,0-10,0
MouHocTb B nyuke, KBT - 25

Ten.: +375-17-378-12-38 e-mail: g.rymski@physics.by MakcumanbHbIl TOK nyuka, MA - 40

Kopnyc

OneKTpoHHas NyluKa

== SneKTpof BBICOKOro
— HanpsmeHnAa

YckoputeneHas
/7
i Tpy6Ka

BeinpaMutensHan

— cexuwnna

BbiBOAbI NEPBUUHON O6MOTKK

: MarnuTtopaspagHbii
1 Hacoc

i Paaseprka

BbinyckHoe ycTpoiicTBo

Cxema yckoputens anektpoHos 3/1B-8

OrtpacneBas nabopaTtopuA MPOBOOUT KOMMMEKCHbIe unccne-
OoBaHWA B o6nactm paguauuoHHoN GU3MKKM TBepOblX Ten,
yoenaa ocoboe BHUMaHWE TaKUM Matepuanam, Kak nony-
NPOBOOHUKM U CErHETOSNEKTPUKM.

CoTpyoHUKW naGopaTopuyv  U3yyaloT BAWAHWE ramMa- 1
2NEKTPOHHOro 06NyYeHUA Ha CBOWCTBA NONynpoBOAHMKOBBIX
CTPYKTYP M paspabaTtbiBaloT MeTodbl MOBbILUEHUA paava-
LIMOHHOW CTOMKOCTU 9MEKTPOHHbIX KOMMOHEHTOB, NpefHasHa-
UeHHbIX ANnA paboTbl B YCMOBUAX NOBbILEHHOW paguaumnu,
B TOM Uncne O/18 KOCMUYECKUX annaparos.

BakHbIM HanpaBneHWeM ABNAETCA KOMMbloTEPHOE MOAENUPO-
BaHWe [O030BbIX HarpysoK C [MOMOLIb0  MPOrpamMMHOro
komnnekca Geant4 n paspaboTka 9KPaHOB OOMNONHUTENBHOW
pagnauMoHHONM 3aLlunTbl.

NaGopaTtopua TaKKe 3aHUMaeTCA MNPUKNadHbIMU 3afauamy,
BK/IOUAR  paguauMoHHylo  06paboTKy — MaTtepuancB U
ucnbitaHne  3OPEKTMBHOCTM  padvalMOHHON  3alluThbl
ANEKTPOHHbIX YCTPOWCTB.
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NOAPA3OEJIEHNYH

Iaboparopus GU3NKO-XUMUUYECKUX
TEXHONOrUM

3aBenyouinin nadopatopumu
PaszaHoB Vrops BnagnmMuposuy
Kangunoar ¢pus-mar. Hayk

Ten.: +375-17-370-13-01 e-mail: razanau@physics.by

CHUMKM NPOCBEYMBAIOLLEN SNEKTPOHHOM MUKPOCKOMUK
ManocnolHoro rpadeHa

Nab6opatopuA cneumnanuanpyeTca Ha NepefoBbiX MCcnegoBaHUAX B
obnactu yrnepogHbIX MaTepuanoB W MaTepuanoB 0N SHEPreTuKu,
co3gaBas TexHonorMu Ona ycrordmsoro éygyuwero. Mbl dokycu-
pyemca Ha dU3MKe U XMMWUM HOBbIX YIMEepodHbIX MaTepuasnos, pac-
KpblBafg WX MoTeHUMan ONA BbICOKOTEXHOMNOMUYHbIX MNPUMEHEHWUIA.

22 MogpazgeneHus

KnioueBbiM HanpaBneHWeMm sBNAETCA pa3paboTka
MHHOBALMOHHBIX PEeLleHWn ONsA 3NeKTPOXUMM-
YECKMX HaKomnuTenen SHeprun: Mbl CTPEMUMCA
MOBbICWTb €MKOCTb, CKOPOCTb 3apaga M [onro-
BEYHOCTb YCTPOWCTB.

Mbl pa6otaeM Hag cosfaHWeM BblCOKOadpdeK-
TUBHbIX  CYMEPKOHAEHCATOPOB,  aKKYMYNATOPOB
U TMEPUAHBIX CUCTEM.

Halum yueHble CUHTE3UPYIOT HAHOCTPYKTYPUPOBaH-
Hble MaTepuanbl, MCronb3ys MeTodbl HaHOTEXHO-
NOTWIA, W CO30aloT Ha WX OCHOBE KOMMO3WTbl C
NPEeBOCXOoOHbIMU YHKLMOHANbHbIMW CBOWCTBaMMU,
OTKPbIBaA HOBble BO3MOMXHOCTM [N MPOMbILL-
NEHHOro NPUMEHEHUSA.

[padeHoBas neHa
HW3KOW NNOTHOCTU

CynepKoHOEHCATOPHbIN
Moaynb




Ila6opatopua onTUYECKON CNEKTPOCKOMNU
Oco6oe BHWMaHWe yOensetcA

nonynpoBoaHMUKOB

mcenenoBaHMio MEXaHU3MOB U3ny-
3aBefyouinin naboparopun yatenbHOM  peKoMbuHauuu B
)‘KHByanO BaﬂHM HMMTPHEBH‘-I MPAMO30HHbLIX MOAYNPOBOAHUKAX
KaHouaat Gus-Mar, HayK, OOLeHT M paspaboTke HoBbIX GpoTo-KaTanu-

TNYECKUX CUCTEM.

Ten.: +375-17-367-00-32 e-mail: zhivulko@physics.by

Hawm HayuHble coTpyaHWUKM onpe-
nenat dyHOaMeHTanbHble OnTK-
yeckue napameTpbl U npupoay
DedeKToB B LUIMPOKOM Kiacce Ma-
TepuanoB — OT KMaCCUYEeCKUX
KPeMHWEBbIX CTPYKTYP 00 coBpe-
MEHHbIX NEePOBCKUTOB.

MN306parkeHne NonepeUHoro ceyeHms WsobpaeHne noBepxHOCTU

MHOroCnolHOM HaHOCTPYKTYpbl Ge/Si YNopAAOYEHHbIX KBAHTOBbIX TOYEK
Ge B dopme NpAMOYrofibHbIX Konew,

B pamkax aToro HanpaeneHua Mbi
COBEpLUEHCTBYEM OMTUYECKUE Me-
ToObl OWarHOCTUKKU ONA cos3faHuA
COMHEYHbIX 3MEeMEHTOB U OMTo-
QNEKTPOHHbIX YCTPOWCTB C Ynyu-
LEHHbIMMW XapaKTepUCTUKaMMA.

INa6opatopma NPOBOAWT KOMNEKC-
Hble WccrnedoBaHWA B obnactv
ONMTUYECKON [OMArHOCTUKKA Mony-
MPOBOOHUKOB WU  OW3NEKTPUKOB
ONA GOTOSHEPTETUKA W OMTOSNEK-
TPOHUKMN,

C3M nzobparkeHune nonepeyHoro
ceveHua nneHkn Cu,ZnSnSe,
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NOAPA3OEJIEHNYH

INabopatopusa GpU3nKn NonyrnpoBOgHUKOB

3aBenyoLnin nadopatopumn
MpemeHok Banepuii ®ennkcosuy,
[okTop ¢us.-mar. HayK, npodeccop

Ten.: +375-17-240-02-49 e-mail: gremenok@physics.by

INa6opatopua 3aHUMaETCA Mony-
UeHMeM WU  WUccnepoBaHWEM
MEeTanIMYecKux, nonynpo-
BOOHWMKOBbLIX WM OKCMOHbIX
MNEHOK, BKMIOUaA CTPYKTYpbl
Ha WX OCHOBe, ANA MUKPO- U
OMTO3MEKTPOHUKMN.

24 MogpazgeneHus

COM-CHUMOK TOHKOMMEHOUHOIO
COMNHEYHOro anemMeHTa

OcHoBHble ycunuAa cocpenoToYeHbl
Ha nonyvyeHun n U3yvyeHMn CBOWCTB
NepcneKTMBHbIX COeQUHEHWIA TPYNMN
12-1-IV-VI4 v HIHIV gna npumeHeHua
B ¢oToBONLTaMke U reHepauuu
Bogopoaa.

WccnepoBaHus  HanpaeneHbl  Ha
COBEPLUEHCTBOBAHWA  TEXHOMOrWiA
M ynyyleHus XapaKTepUCTHK
MaTepuarnos.

Mbl cozgaeM TOHKWE NNeHKW GyHK-
UMOHanbHbIX MaTepuanoB W KOMM-
NEKCHbIE MOKPbITUA ONA COMHEYHbIX
3MNEMEHTOB, a TaKXKe paspabaTbiBaem
MPOTOTUMbI  YCTPOWCTB, TaKue Kak
NHPpaKpacHble GOTONPUEMHUKN,



Ilaboparopusa 3NeKTPOHHON KeEpaMUKN

3aseqyloLuviA na6oparopun WccneposaHus HanpaeneHbl Ha
bnusHioK JTlogmMuna AnexkcaHapoBHa MOMCK HOBbIX MaTepuasnos M
COBEpLUEHCTBOBaHWE  TeXHO-
norvi nonyyveHWs matepuanos
Ten.: +375-17-374-09-41 e-mail: luyda@physics.by W roToBbIX N3AENUA ANA papyo-
ANEKTPOHUKKM WU OpPYrux otpac-
nei NpoMbILLNEHHOCTU,

Nabopatopua 3aHUMaeTcA pa3paboTKor U
WUCCNENOBAHWEM HOBbIX KEPaMUUECKUX
dYHKUMOHaNbHBIX ~ MaTepuanoB  AnA
3NEKTPOHHOW NMPOMBILLNIEHHOCTH.

3 OcHoBHble ycunma cocpenortodeHbl Ha
SN co3gaHnM U U3yvyeHn CcerHeToaneKTpu-
SR YeCKMX, OUNIANeKTpuyeckKnx wn  rMbeso-
ANEeKTPUYECKUX MaTepuanoe Cc ynydlleH-
HbIMW XapaKTepUCTUKaMK.

Oco6oe BHUMaHWe yaenseTca paspaboTke
TEPMOCTaBUNMBHbBIX BbICOKOUYACTOTHbIX
i ve KepaMUUYECKUX MaTEpPUanoB.

BegetcA  uMsyveHWe  MepcrieKTUBHbIX
rMEPUOHbIX  CTPYKTYP TWMa CerHeto-
3MEKTPUK-CBEPXMPOBOAHMK.

2
1. TeMnepaTypHble 3aBUCUMOCTU [MINEKTPUUECKON MPOHULIAEMOCTH
SEINBTOXRIPmON _ MUKPOCTPYKTYpa KepaMUUECKIX
2. TemnepaTypHble 3aBUCUMOCTY AM3NEKTPMUECKOM NPOHULIAEMOCTH 1 MaTEPUANIOB C PasNUHbIMM
TaHreHca yrna auanexkTpuyeckux notepb CBY-matepuanos ¢ BbICOKON SNEKTPODUINUECKIMM CBONCTBAMU 25

TEPMOCTabUNbHOCTBIO




OCHOBHDbIE
PASPABOTKW

Matepuanbl ¥ TEXHOSIOMMU 3NEKTPOMarHUTHOW
3aLlMTbl MOCTOAHHbBIX, HU3KOUACTOTHbIX U

MMNYIbCHbIX 3NMEKTPOMarHUTHbIX nonen

Poct Tpeb6oBaHWI K 3NEKTPOMarHUTHOM COBMECTUMOCTH,
MUHMATIOPU3aLMM KOMMOHEHTOB W YCTOMUMBOCTM K BHELUHWM
3NEKTPOMarHUTHbIM  BO3AENCTBUAM O6ycnaBnuBaeT Heo6-
XOOMMOCTb paspaboTku 3PPEKTUBHBIX, TEXHOMOTUUHBLIX W
KOHCTPYKUMOHHO afanTupyemMbiX SKpaHUPYIOLLMX MaTepuanoe.

OneKTpoMarHuTHble
aKpaHbl

MNocTosiHHbIE MarHWTHble NoNA W HW3KOYACTOTHOE 3MEKTPOo-
MarHuTHoe nanyueHue apdeKTUBHO 0CnabnAalTCA 3a cUeT LWYHTU-
poBaHuA. Takow MaTepuan «nepeHanpaenaeT» None , CHUXaa ero
BO3[eNCTBME Ha YYBCTBUTENbHbIE NIEMEHTbI 3a 3KPaHOM.

MarHuTHbI
MoTOK

anHLI,HFI WYHTUMpOBaHWA MarHMTHOIO NoToKa

MHorocnoliHbie 3KpaHbl cofepwar Ccnou ¢ pasfnyHbIMW
dUanMUecCKMMn CBOMCTBAMU - MarHUTHbIMW, SNEKTPOMNPOBOLA-
LMW 1 ON3NEKTPUUECKUMM.

Ka)kobli cnoii oTpakaeT Wan MorfoliaeT onpeaeneHHyo
yactb SMWU n cHUaeT WHTEHCUMBHOCTL MOMA Mo Mepe Npo-
XOXOEHUA uepes CTPYKTypy. TakoW nopxon nossonser
adPEeKTUBHO 3KPaHUPOBaTh LUMPOKWIA AManasoH YacToT Npu
MUHMManNbHOW TOoNnwmHe 1 Macce.

MHorocnoliHana cTpyKTypa
Ha ocHoBe cuctembl Ni-Fe/Cu

26 OcHoBHble pa3paboTku




Martepuarnbl U TEXHOMOrnN PaanaLMoOHHON 3aLLnTbI
OT LUMPOKOTO CNEKTPa MOHNU3NPY-
IOLLIMX U3MYUYEHMI KOCMUUECKOTO

NPOCTpaHCTBa

CoBpeMeHHble paanosneKTpoHHble cucte- DC
Mbl W annapaTtypa, Ucronb3yemble B aBua-
KOCMWUYECKOW, aTOMHOWM TeXHWUKe, aKcnya-
TUPYIOTCA B YCNOBUAX BO3AENACTBUS LLINPO-
KOMo CMeKTpa MOHU3UPYIOLLINX U3MYUEHWIA. MpaduToBbIif
Mbl M3rotaBnvBaeM crinasbl, KOMNO3WLM- HarpeBaTenb
OHHble MaTepuarbl, MOKPLITUA HA OCHOBE

BonbgpamMa, BUCMyTa, TUTaHa U MNONUMEPOB.

Mmnynee| 1

KoMmnosauumnoHHble MaTtepuans! Ha ocHoee W-C, W-nonumep
n cuctembl W

00—,

(o

006 002 o2 [111:]

4 A /A KoHreliHep BbICOKOrO

nasnexHua (CaCoO,)

Cnnagbl Ha OCHOBe BONbdpamMa U3rotas-
NMBalOTCA HalWM yCOBEpPLLUEHCTBOBaH-
HbIM MeToOOM ropAdYero u3ocTatu-
YeCKOoro npeccoBaHuA.

3arotoBKa W13 BoMbdpaMOBOro NopoLLKa
noMeLLaeTcs B repMeTUUHYIO Kamepy, roe
nof OeWCTBMEM BbICOKOrO OaBneHWA U
TemnepaTtypbl MPOUCXOAUT paBHOMepHoe
yrnnoTtHeHwe Matepuana. bnarogaps yco-
BEPLUEHCTBOBAHUIO  TEXHONIOMMKM, Ham
yoanocb B 3HayuTeNbHOW CTerneHu

YMeHbLLWTb CKOPOCTb CMHTE3a C 2 YacoB
00 3 MUHYT.

Komnoautbl Ha ocHoBe Bonbdpama U Meam 0eMOoH-
CTPUPYIOT BbICOKYIO W YCTOMUUBYIO addeKTUBHOCTb
SKPaHUPOBaHWA B LUMPOKOM OManasoHe 3Heprumn
Tomupmia, cu ramMma-usnyyeHus. [axke Npu cpaBHUTENBHO Manon
TOMWKUHE MaTtepuan obecrneuvBaeT 3HauMUTENbHOE
CHWXEHWE WHTEHCUBHOCTWM W3NYyUYeHWUs, 4To Mofd-
TBEPXOAETCA OaHHbIMU MO UETbIPEM XapaKTePHbIM
paouoHyknuoaM. Taxkaa cTtabunbHOCTb U YHUBEP-
canbHocTb genalT Komnosutel W-Cu HaaeHbIM
peleHUeM ONa 3agay pagualyoHHOW 3aluvTbl B

Tomuuka, oM TanmHa, cM SNEeKTPOHUKeE.
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CeepxTBepable Matepuarnbl U UHCTPYMEHTbI

Bl sirihesis capsule

Anvils
; [ e
‘ innner (x6) B e s
- Outer andls

outer (x8) Bl Rusber daphragm
steel B +yarouic ot
P— [ Fressure vesse:

Cxema 6ecnpeccoBoro annaparta Tuna paspesHan coepa (BAPC)

Mbl paspabatbiBaeM U NPOM3BOOUM CBepxTBepble MaTepu-
anbl U WHCTPYMEHTbl Ha WX ocHoBe. OCHOBY COCTaBnAOT
NopoLUKK KyBuyeckoro HUTpuaa 6opa (KHB) n cuHtetMueckoro
anMasa, CUMHTe3upyeMble Mo OpUrMHanbHbIM TEXHOMOMMAM B
cuctemax Mg-B-N u Li-B-N. 311 Matepuanbi xapakTepusyorcs
YHWUKanbHbIM COYeTaHWeM CBOMCTB: nopoluku KHB neMoHcTpu-
pytloT TepmocToikocTs go 1400°C 1M TennonpoBoOHOCTb
300-450 Br/mK, a anmasHble nopolukn Mapok ACI15-ACI25 n
ACB5-AC125 coxpaHAaIT BbICOKYIO MPOYHOCTL MNPW 3KCTpeMa-
NbHbIX Harpyskax. Ocoboe BHUMaHWe YyOeneHo cosfaHuio
KOMIMO3WLIMOHHBIX CBEPXTBEPObIX MaTepuanoB Ha OCHOBe
anMasa u KHB. AnMasHble KOMNO3UTbI [OCTUraloT MUKPOTBEP-
poctu 84 [Ma npu TpewwmHoctonkoctn 105 MMa-MY%2 B TO
BpeMA KaK KOMMosuTbl Ha ocHoBe KHB couetalor TBepOocTb
50 [Tla ¢ pekopaHow TpelumMHocTolKocTelo 16 MIMa-MY/2 Su
Martepuanbl cnyar OCHOBOW ONnf NPousBoAcTBa Ne3BUMHOIo
WMHCTPYMEHTa, MPEeBOCXOMsALLEero TpaguUWOHHbIE aHanoru B
3-15 pas no croiKocTu.

28 OcHoBHble pa3paboTku

PazpaGotaHa npoMbllNeHHas Kamepa
BbICOKOro [AaBneHus, obecreunBaioLias
CUHTe3 Npu gaenenusax go 6 Ma u Temne-
patypax go 2700 K ¢ HOMWHamnbHbIM
pecypcom 2000 paboumx LIMKNOB.

MpounaBoacTBEHHAA NporpaMMa BKIloYaetT

anMasHble WnudoBantHbIE Kpyru, Tpy6-

yaTble cBepna ana o6paboTku cTekna, no-
nvpoBanbHble MacTbl U CreuUannuaupo-
BaHHbIW WHCTPYMEHT Ons paboTbl ¢ 3aka-
NEHHBIMW CTanAMW, TUTAHOBLIMU CrNaBamu
W HannaBneHHbIMU MOBEPXHOCTAMU. Tex-
HOMOMUK NO3BONAIOT 06pabaTbiBaTh AeTanU
C rasorepMUUYECKUMW NMOKPBLITUAMKN CUCTE-
Mbl Ni-Cr-B-Si ¢ nonyyeHnemM nosepxHocTn
BbICOKOrO Knacca TOUHOCTM.

[ononHUTENBHO OCBOEH BbIMYCK BbICOKO-
NpouHbIX nopolwkoB KHBE ¢ npoctpaHcT-
BeHHbIM dakTopoM popmbl 1,3-1,6 1 nonu-
Kpuctannuyeckmnx nopolkos KHB wwupo-
Koro ¢pakumoHHoro coctaea (50/40-
2000/1600). [nAa noBbilleHWs agresvu
paspabotaHa TEXHOMOrUA  HaHECEHWA
aMopdHbIX MOKPBITUIA Ha MOPOLLKK anmasa
n KHB MeTtogoM ocaxkgoeHus MeTtannoB 13
BOOHbIX pacTBopoB. Bca npogykuma coot-
BETCTBYET MEXOYHapOOHbIM CTaHgapTam
KauecTBa W YCMEWHO MPUMEHAETCA B
2aBTOMOGUNECTPOEHUU, aBUALIMOHHOW NPOo-
MBILUIEHHOCTU U CTPOUTENBHOM KOMIIEKCE,

AnMasHbIil NOPOLLOK



Benopycckuii nsympyan. CvHTes GpyHKLMOHaNbHbIX MOHOKPUCTaNNOB
N KepaMUKK: OT I0BENTMPHbIX MaTepuanoB A0 fla3epHbiX TEXHOMOMIA

HayuHo-npakTtuueckuii UueHtp HAH Benapycu no martepuanoBedeHUo ABMAETCA
BEOYLUMM MPOU3BOOUTENEM CUHTETUUECKUX MOHOKPUCTANNOB C YHUKaNbHbIMA
xapaktepuctukamu. Crneumanuctol LieHTpa paspabotanu TEXHONOrMI0 BblpalmBa-
HWUA U3YMPYOOB M3 BbICOKOTEMMEpPATYpPHOro ¢nioca, MO3BONAAIOLWYI nony4yaTb
KaMHU C OMTUYECKUMK CBOWNCTBaMUW, MaKCUMaNbHO NMPUBAMKEHHBIMU K MPUPOOHBIM
aHanoram ua Konymbuu, 3ambum u Poccun. lNMpeonpuatie npeanaraeT MNOMHbINA
UMKN 06paboTKKM — OT CUHTE3a OO0 OrpaHKu No MHOMBUAYaNbHbIM TPeGoBaHUAM
3aKasumka.

¢ &« © © o

NaGopaTtopna OKcWUOHbIX MaTepuanoB LleHTpa crneuvanusupyetcs Ha Menko-
CEPMUITHOM MPOMW3BOACTBE CUHTETUYECKMX OParoLeHHbIX KaMHeW, BKiovas UayM-
pyabl, PY6UHbI, candupbl M anekcaHOpWTbl, a TaKkXKe co3daHun GYHKUMOHaNbHbIX
MaTepuasnoB ONA BbICOKOTEXHOMOMMUHBIX OTpachnel. MapannenbHo ¢ 10BeNMpHbIMMI
KaMHAMKW nabopatopus NMPOW3BOAWUT aKTUBHbIE WM HENWHEMHO-OMTUYECKUE MOHO-
KpWcTannbl ONA Na3epHOW TEXHUKK U paspabaTbiBaeT GpyHKLMOHaNbHbIE KepaMUKK
C MEepCneKTMBHBIMU MarHUTOTPaHCMOPTHBIMU CBOMCTBaMW W BbICOKMMM MapameT-
pamMu NMbe300TKNWKA /17 COBPEMEHHOW SNEKTPOHUKM.

¢ &§ © © o0

LleHTp coueTaeT ¢pyHOaMeHTanbHble ccnenoBaHua B 061acTu MaTepuanoBeneHus
C MpaKTMYecKon peanu3auueil pas3paboToK, npeanaras Kak BenvpHylo npo-
OYKUMIO BbICLLENO Ka4ecTBa, TaK U crieuvanvanpoBaHHbie Matepuarnbl 4na BbICOKO-
TEXHONOTMYHbBIX OTPacnei MPOMbILLNEHHOCTM.

Xumunyeckas dopmyna:
Be,AlSi O, Cr

LiBeT: cBeTno-seneHbIn,
3eN1eHbIN, TEMHO-3eNeHbIn

[neoxpownam: seneHbin /
YeNTo-3eneHbIn

PnoopecueHUMnA: HET

Mokasatenb npenoMneHus:
1,6568-1562

MnoTtHocTk: 2,65 r/cm?®

Teepooctb (Mooc): 8
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MeToauka nogaBneHuns AexorepeHunn ona ynpasieHud Ky6MTaMI4

PaspaboraHa MeTogMka nogaeneHus

5 04
nekorepeHumMM  ocumnnAaumine - Pabw,

a)

BbI3BaHHOM HeOHOPOAHOCTbIO

MWKPOBOMNHOBOro nons. Teopetnyeckn ) 00

NoKa3aHo, 4To AOorofHUTENbHaA OeKo- g :

FEPEHLMA, OrpaHuuMBaloLan BpemaA x = C—— -
MaHUMNYNMPoBaHWA  KYGUTOM, MOXET V¥ 04 Bes PY nona | PY rie P

6biTb  3pPEKTMBHO nNojaBneHa npw . | P4 none
peanusaumm pesoHaHca Pabwu. [laHHan 0 80 t,mkc O 80 t,mxc O 80 t MKc
MeToMKa Bbina ycnewHo npuMeHeHa Ocuunnaumu Pabu, Bo3by<aaemble 0QHOPOOHbIM (cepble NUHUM) 1
npu otnagke pabotbl  WMMYNbCHOMo HeoOHopoOHbIM (KpacHble n 3eneHble nuHuK) MB nonem 6e3 PY nons (a)
CMeKTpoMeTpa MarHWTHOro pesoHaHca W C pe3oHaHCHbIM (6) U HepesoHaHcHbIM (B) PY nonem

Ha NV-ueHTpax B anMase.

OnucaHbl MHOI’O(])OTOHHble nepexonbl, 3036ym.qaeMbte MUKPOBO-
NIHOBbIMW U PagMo4yacTOTHbIMK NMNONAMU MeX Oy OBaxObl «00EeTbIMW»>
COCTOAHMAMW CNMMHOBbIX KY6HTOB.

WHT., OTH. en.

; [MonyueHHble aHanUTUUYEcKUe BblpaXkeHus OnA curHanos IMP
-150 0 MosBoONWAN  3HAUMTENBHO  YBENWYUTL TOYHOCTb  WM3MEpPEHUA
A/2m KL aMMANUTYObl MUKPOBOMHOBOTO MOJIA B PE30HATOPE.

) wl = wrf 35 0B "
: lMpenckasaHHbIn apdeKT MHBEPCUM NMHUKM MNOrNOLWEHUA 6bin
E 3KCrnepuMMeHTanbHO MoATBepPXAeH OpYruMKU uccnegoBaTtenamu,
£ YTO Nerno B 0OCHOBY HOBOIo KannbépoBouHoro ctaHgapta ansa 3M1P-
OKCNepUMEHT
= ) CNEeKTPOCKOMUW.
34335 34344 tr tf t, 5
B, MT of
MHBepcua curHana npu Pabu pesoHaHce 1 onpe- i a)
neneHve aMnnuTyabl MMKpoBOAHoBoro nonsa 8 3lMP Ot
crneKTpocKonuu Ha ocHoee P1 LeHTpoB B anMase W
§-2|
Paspa6oTaHa TeopeTuyeckas MofesSlb HEeNMHENHbIX ONToMexaHn- ¢ 2 b)
yeckux cucte. MNonyyeHbl aHanUTUUYECKWe BbipaXeHWUa OnA aMmnnun- 0
TyObl OMTUYECKOro MofA W MoKasaHa BO3MOXHOCTb peanusaumu
KBaHTOBbIX addexToB: GOTOHHOW GNOoKafbl, Konnarnca W BO3POXK- 21
OeHusa KonebaHui. On 200n 400 ¢
BnusaHue HenuvHelHocTEN Ha OENCTBUTENbHYIO
30 OCHOBHblEe pa3p360'n{;1 YacTb aMnnnTydbl ONTUYECKOro nona npu

Pa3nnyHbIX CKOPOCTAX penaxkcauunn.



3aluTHble AKPaHbl K KOpPMyca OOMNOMHUTENBHON pa,El,MaLI,MOHHOﬁ 3alunThbl

PaspabotaHbl nepcneKTueHble Matepuarnbl U TEXHONOrMK ANA paguauyMoHHON 3alunTbl B
YCNOBUAX MOBbILWIEHHOW paguauMoHHOW Harpysku., CosfaHbl KOMMO3UTHbIE CUCTEMBbI
Bonbdpam-Menb, CoueTalolme BbICOKYIO MNoTHOcTs 14-17 r/cM® ¢ TeNnNonpoBOAHOCTHIO

no 400 B1/(m-K).

CoszgaHbl MHOroOCnoWHble retepo-
CTPYKTYpPbI, KOTOpble o6ecneunBalot

KOMIMNEKCHYIO 3alUMTy, OCNabnan KaK «

NepPBUYHOE UOHU3UPYIOLLEE U3NYyUe-
HWe, TaK U BTOPUYHOE, BOZHUKaKOLLEE
npwv ero B3aumMogencTBMU C BellecT-
BOM. PaspaboraHa  TexHonorua
paguaumMoHHON 06PaboTKM KpeMHU-
€BbIX MNAacTUH C AUOOHbLIMU U TPaH-
SUCTOPHbIMKA  CTPYKTYpaMu  OnA
nonyyeHus TpebyembiX MO TEXHU-
yeckuMm ycnoeuaMm (TY) anexTpu-
UECKUX MapameTpoB NONynpoBOA-
HWKOBbIX MPUGOPOB.

TexHonorua obecrneuuBaer Lene-
HarnpaBneHHoe W3MEeHeHWe U Kop-
PEeKTUPOBKY ANEKTPUUECKNX
CBOWMCTB (HanpseHue Npobos, ToK
yTeuKy, KoadOULMEHT ycuneHus)
yHe chopMUpPOBaHHbIX OUOOHbLIX U
TPaH3WCTOPHbBIX CTPYKTYP. 3NeKT-
POHHbIE KOMMOHEHTbI, 06paboTtaH-
Hble MO JaHHOW MeToOMuKe, KpUTKU-
UECKM BaKHbl ANA KOCMWUYECKOM
oTpacnu. B KocMmmuuyeckoMm npocT-
paHCTBE Ha MUKpOCXeMbl BO3fen-
CTBYIOT UHTEHCUBHbIE NMOTOKW 3apA-
YEHHbIX YacTuLl (NPOTOHbI,ANEKTPOo-
Hbl) U ranakTMueckre KocMuYecKne
nyum.

TexHonorus NoseongeT NoBbICUTh PAAUALIMOHHYK CTOMKOCTL MonynpoBOOHUKOBbLIX NpW-
60pOB, UTO HanpAMYylo BAMAET Ha HAOEXHOCTb U OONroBeYHOCTL 6opTOBOro 06opyao-
BaHWA CMYTHWKOB, TENEKOMMYHUKALUMOHHbBIX annapaTtoB U HayuHbIX cTaHuMi. MeToauka
MOXET HalTW MNpPUMEHeHWe W B [OpPYrMxX BbICOKOTEXHOMOIMMUHbIX oO6nacTax, rge
npenbABNATCA 0cobble TpeboBaHWUA K 3NEKTPOHWKE: pagnaLlMOHHO-CTOMKanA 3NeKTpo-

HWKa, poToHMKa U1 MEMS-npunbopsbl u a.p.
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TexHonorua noBTOPHONO LMKITMUYECKOTO OCaMOeHUs-pachblieHnn
C NMocCTeNEHHbIM YMEHbLUEHVEM TOSLLMHBI OCaXaaemoro crnos ans
nony4yeHna cybHaHoOpa3MepHbIX YPOBHEN MMaaKocTh o6pabaTtbiBa-
eMbIX NOBEepPXHOCTEN

Metog HOHHO-J"Iy'-IeBOFI nnaHapuzaumm nNoOBEepPxXHOCTWU CerHetToKepamMuku
OCHOBaH Ha UMKNIMYECKOM Mnpouecce ocaxeHWa 1 pacnbineHna Marepuana.

Ha nepBoM 3Tane Ha NoOBepXHOCTb NOANTOMKK HanbiNAeTcAa Cnown Marepuana,
MOeHTMYHOro no cocTaBy MNOONMOXKeE , TONLLWHON npPUMEPHO B MONOBUHY
ncxoaoHom LIEPOX0OBaTOCTH. B npouecce ocaxneHusa HabngaeTca npenMmy-
wecTeeHHOE 3anonHeHwe BnaguH pen be¢a, MNOCKONbKY mMatepuan cnon3aet

C3M nz3obparkeHuna nonepey-
HOrO CeUYeHNA NNEeHKM 3oM0Ta
Ha MoBEPXHOCTU Noanoxkn GaN  CEHHOMO Cnos.

Bnarogapa yrnoBoit aHW30TpOoNMKu kKoadpuuMeHTa pacrbifieHWs BbiCTynarwoLme
YacTM KPWUCTalNIMTOB PacnblNATCA MHTEHCUBHEE MIOCKMX Y4YacTKOB, B TO
BPEMA KaK BnaguHbl Ha MpaHWLUax KpUCTaIMTOB OKasblBaloTCA SKpaHWpPOBaHbI.

370 NpuBOOWT K O6LUEMY Crna)KMBaHWUO penbeda MOBEPXHOCTH, OOCTUralo-
LEeMY MaKcuManbHoro apdeKTa Npu TPEXKPATHOM MPUMEHEHWUW LKA,

MoBTOpPEHWE LIMKIOB C NOCTENEeHHbIM YMEHbLIEHMEM TOMLUMHBI OCa)KOaeMoro
Cnosi NMo3BONAeT OO0CTMUb CyBHaHOpPa3MepPHOro YPOBHSA MagKkocTi o6pabaTbl-
BaeMoW MOBEPXHOCTY.

TexHONOrMYeCKUn MPOLIECC OCYLUECTBMNAETCA C WCMOMb30BaHWEM WOHOB
Kucnopopa ¢ aHepruein 16 k3B 1 nnotHocTbio Toka 0,25 MA/cM? uto obecne-
UMBaeT CKOPOCTb HaHeceHWsA criakupatowiero cnos 0,2 MKkM/u. PacnbineHue
3TOro CNos NPOU3BOOUTCA CO CKOpocTbio 0,8 MKM/U NMyYKOM MOHOB KUcnopoaa
c sHepruen 04 kaB m nnotHocTbio Toka 0,2 MA/cM? lMNocne nnaHapusaumm  Ha
MOAroTOBNEHHYIO MOBEPXHOCTE HAHOCUTCA GepPPOMarHUTHasA rMneHKa.
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C BEPLUMH BbICTYMNOB, KOTOPbIE NPU 3TOM NPaKTUYEeCKWU He pacTyT.

[anee NPOM3BOONUTCA WOHHO-Ny4YeBOe pachblfieHne NOBEPXHOCTU NYy4YKOM
WOHOB KWCnopoda, BpeMA KOTOPOro npeBblliaeTt BpemMAa pacnbineHnAa HaHe-

100 aM

B00 aMm

C3M mnzobparkeHne rone-
[PEUHOTO CEUEHUA PELLETKM
MarHUTO-TNa3MOHHbIX
KpWUCTanmnoe nocne
$pUHULIHOTO TPaBNeHWA



MHOFOd)yHKLI,MOHaﬂbeIe MaTtepuasbl Ha OCHOBE rpBCI)eHOI'IO,EtOSHOFO yrnepoga

Paspa6oraHa TexHonoruws cwHTe3a rpadpeHonogo6HOro
yrnepoga — ABYMEPHOro HaHoMaTtepuana — OCHOBaHHasA Ha
aKkchonmauum npupogHoro rpaduta. TexHoNorma CuHTe3a
OCHOBaHa Ha 06pasoBaHWM W MOCnenylolWeM paspyLueHU
COeAVHEHUI BHEOPEHWUA aMMMaKaTOB LLENOYHbIX METaNoB,
uyto obecreurBaeT BbiCOKOE CTPYKTYPHOE COBEPLUEHCTBO
npoayKTa Mpw HU3KOW ce6ECTOMMOCTU W OTCYTCTBUM TOKCUY-
HbiXx OTXojoB. Martepuan HaxoguT MHOrOGYHKLMOHaNbEHOE
NMPUMEHEHWE B KauyecTBE apMUpYyloWEd W NpoBOOALEn
[o6GaBKKU B MOMMMEPHbIE KOMMO3WTbI, OCHOBbI AN1A HaKonuTe-
nei aHeprumn U pereHepupyemMoro copbeHta HedpTeNPOOYKTOB.

OOHWUM U3 KNIOYEBBIX MPUMEHEHWIA CTaNo co3daHne W3HOCOo-
CTOMKMX KOMMO3WUTOB Ha OCHOBE MonuypetaHa ¢ Oo6aBKoM
rpadeHonogo6Horo yrnepoga. BeegeHue Becero 2% no6aBku
NOBbILLAET abpa3nBHYI0 M3HOCOCTOMKOCTL MaTepmana Gonee
yem B 50 pas, uto NO3BOMAET UCMONb30BaTL ero Ana ¢yre-
POBKW TPyGONPOBOLOB, TPAHCMOPTUPYIOLMX KOPPO3UOHHO-
aKTUBHblE cpedbl C abpasvMBHbIMK YacCTULIAMM.

OpHoBpeMeHHO paspaboTaHbl TMOKWEe HarpeBaTenbHble ane-
MEHTbI Ha TKaHEBOW OCHOBE C MPOBOQALUMM MOKPbITUEM W3
rpageHonogo6Horo yrnepogda v ¢groponnacra.

CHUMKM pacTpOBOK 2MEKTPOHHOM MUKPOCKOMUK
rpapeHOBbIX HAHOMAACTUHOK

CoeguHeHne
3 BHEOPEHNA
MpupoaHblit War 1 B i
rpaduTt Sk
XnMMnueckue
peareHTbI
®e
7 }® o
i 3@
LWar 2
/ [a3bl
lpadeHo-
nono6HbLIA
4 yrnepon

\

Cxema cuHTe3a rpadeHonogobHoro
yrnepoga

3™  aneMeHTbl COXpPaHAaloT rMBKOCTb npu
Harpeee OT HW3KOBOJIbTHbIX WCTOYHWUKOB
NMUTaHMA W MNPpUMEHAKTCA B chneuonexie

C MOOOrpeBoM, CUCTEMax aHTMobnene-
HEHWA W TMporpeBa  TEXHOMOTMYECKOTO
o6opynoBaHus.

Bce paspaboTki OTIMUaIoTCA 3KONOMMUECKon
6e30MacHOCTbI0 U XOpoLuei MacluTabupye-
MOCTBIO MPOU3BOACTBA.
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PecTpyKTypupoBaHHbIV rpadut N KOMMNO3UTbl Ha ero OCHOBE

PecTpyKTypupoBaHHbIi  rpaduT npencrasnaer coboill WHHoBa-
LMOHHbBIA yrnepofHbli Matepuan, nonyyaemblii NMPoONnM3oM coegu-
HeHWI BHegpeHWa B rpaduTe B 3aMKHYTOM obbeMe.

CuHTe3 ocylLecTBNAETCA U3 MOPOoLIKa NpupoaHoro rpaduta 6es
CBA3YIOLMX BELLECTB U BbICOKOTEMNEPATYPHON rpadutnsawm, uto
obecneunBaeT yHUKamnbHbIe XapaKTepUCTUKM Matepuana.

KoMmnosuLIMoHHan caHaBUY-CTRYKTYpa
KnioueBoii ocoBeHHOCTbIO ABMAETCA BO3MOXHOCTb YNpaBneHus anOMUHWIA — rpaduT — Meab

NNOTHOCTBID — OT MNEerkux rpaduToBbIX NeH 00 NNOTHbIX 3aroTOBOK
Cc nnotHocTelo mo 2 r/cm® Matepuan OeMOHCTPUPYET BbICOKYIO
AHU3OTPONUIO CTPYKTYPb! M UCKNIOUUTENBHYIO TENNONPOBOAHOCTL B
nnockocty, gocturaiowyw 500 Bi/(MK), uto npeBocxogwuTt
nokasartenu Meau.

PecTpykTypupoBaHHbIA rpadput nerko noggaercd MexaHUUYecKon
obpaboTke U MNO3BOMAET cos3faBaTb LeTanu CNOoXHOW ¢opMbl,
BKNOYaA KOMMO3WUTbl C MeTanfnamu B BUOE COHOBUUY-CTPYKTYP U
cUcTeM «A0pPO-060MouUKa»,

PecTpykTypupoBaHHbIA rpadur,
Matepuan HaxoauT NpUMeHeHWe B BbICOKO3PPEKTUBHBLIX CUCTEMAaX apMUPOBaHHbLIA MeOHO NeHoMW,
Tennooreofa [ONA SNEeKTPOHUKKM, aHTUPPUKLIMOHHDBIX KOHTaKTHbIX W ncxofHaa MegHas neHa
nnowankax U rpadpuToBoit OCHACTKE ANA METANNYPrvuyeckux Mnpo-
ueccoB, obecrneunBas HaOexHyl paboTy B 3SKCTpemarbHbIX
IKCNNyaTaLMOHHbIX YCNOBUAX.

34 ochosbie paspaboTkn




MopucTble MeETaNIMUEeCKne CTPYKTYypbI

PaspabotaH KOMMNeKCc MeTofoB CUHTE3a NOPUCTLIX U HAHO-
CTPYKTYPUPOBaHHbIX METaNIMUYECKMX MaTepuanos.

TexHonorusa nosBonsAeT TOHKO HacTpauBaTb Mopdonoruio
1 MOPUCTOCTb MaTepuarnos.

MeTogbl OCHOBaHbl Ha PAa3NOXEHWW OpPraHUYecKUx conen
METanNoB Ha TEKCTUMbHbIX TemMnnaTax, 3NeKTPOXMMUYECKOM
COOCaXXOeHUM MeTannoB C MocnedylWuM yoaneHuem
PacTBOPMMbIX KOMMOHEHTOB, a Take G$opMUPOBaHUK
MepapxX1MYecKnx CTPYKTYP C UCMOob30BaHWEM My3blPbKOBOMO
Temnnara.

KnioueBbIM NpenmMyLLIECTBOM ABNAETCA BO3MOXXHOCTb CO3f1a-
HWUA MaTepuanoB ¢ MHOMOYPOBHEBOW MEPAPXUUECKON CTPYK-
TYPOIA, CoueTaloLLei pasnnyHble YPOBHWU MOPUCTOCTM.

Paspa6oTtaHHbie MeToabl 06ecneymBaloT TOUHOE yrnpaBneHue
apPXUTEKTYPOI NonyyaemMbix MaTepyanos.

CTPYKTYpa, NoflyuyeHHasa Ha QrHaMUUYECKOM
My3blpPbKOBOM Temnnare

OcHoBHOE MpUMEHeHWEe OaHHble CTPYK-
TyPbl HaxoOAT B CO3[aHWW KanunnapHo-
NOPUCTbIX 3NEMEHTOB ANA TENNOOOMEHHbIX
YCTPOWCTB — NapoBbIX Kamep W TennoBblx
TPy6, a TaKXKe B KauecTBe HocuTenen Kara-
NN3aTOPOB W PYHKLUMOHANBHbIX MOKPLITUN,
roe TpebyloTcA KOHTpOnupyembie Mopuc-
Tble CTPYKTYPbI C Pa3BUTON MNOBEPXHOCTbIO.

Mopuctaa MenHasa CTPYKTYpa, nonyyeHHaa  opuctaA MegHas CTPYKTYPY, MeaHble HaHOBONOKHa
C MCMNONb30BaHUEM TKAHEBOIo TeMrnnara  MnofyyeHHaa METOOOM CreKaHusA 35




KBaHTOBbIE TOUKU U TOHKOMMEHOUHbIE CTPYKTYPbI O/19 COJIHEYHbIX

3J1IEMEHTOB U Manyaneneﬁ

| 300K qpf — 30,0 W/em?

— 92 W/cMm?
3,0 W/em?

Si

TO

l, arb. units

Ly
0/ D8 D9 10 W 12 13
E eV

CnekTpbl doToNOMUHECLIEHLIMW HaHO-

cTpyKTyp Ge/Si ¢ KBaHTOBbIMW TOUKaMK

Konbuamn Ge, CHATbIE NPWU KOMHAaTHOW

Temnepatype ~ 300 K ona pasnuuHon

MNOTHOCTW MOLLIHOCTU la3epHOoro
nanyueHus c A = 532 HM

B o6nactm doToBOonbTanku paspabaTtbiBaloTCA CONHEUHbIE
aneMeHTbl Ha OCHOBE MHOIMOKOMMOHEHTHbIX NOMynpoBoa- L

HWKOB — XanbKOoNWpWTa N KectepuTa.

MccnenoBaHua BKOOYAOT ONTUMMU3aLMI0 TOHKOMNNEHOYHOIO
CHMHTE3a W aHalnn3a MexaHW3MOB KpncrannooﬁpasoaaHnﬁ.
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Paspa6otka nepenoBbIX NonynpoBOAHMKOBbIX MaTepuanos v
CTPYKTYP ANnA GOTOBONLTAUKM U ONTOSNEKTPOHUKU BKMIOYAET
nccnegoBaHWE W COBEPLUEHCTBOBAaHWE CBETOU3NMYUaoLLUX
3NeMeHTOB WHpaKkpacHoro gvanas3oHa Ha OCHOBE HaHo-

cTpyktyp Ge/Si.

B atmx cTpyKTypax KBaHTOBble TOUKW W KOMblL@ repMaHvsa B
CoYeTaHWW C HaHouacTMLaMK 30/10Ta U cepebpa obecneun-
BalOT 3KCUTOH-MIa3MOHHOE B3auUMOOEeWNCcTBME, 3HAUUTENbHO
MOBbILLAOLLEE KBAHTOBbIN BbIXOM U3MNYYEHWUSA NPy KOMHaTHON
TeMmneparype.

CdopmupoBaHHaa reoMeTpusa HaHOCTPYKTYP MOOTBEP-
[aeTcA MeTodamMn aTOMHO-CUNOBOW W MPOCBEuUBatoLLEN
3NEKTPOHHON MUKPOCKOMMUM,

I, a.u.

240 K
07 08 09 10
E, eV

doronoMUHECLIEHLMA TOHKOM MAEHKU Cu,ZnSnSe,
B WHTepBane Temneparyp 6 — 240 K




KBaHTOBble TOukn Ge/Si U TOHKOMIEHOUYHbIE XallbKOMUPUTbI

5
10 Ocof6oe BHWMaHWe yoenAaeTca U3ydyeHuio NioMUHecueH-

THbIX CBOWCTB MaTtepmanos.
104}

|, au.

10° agg

2
N 1 i i'.ll

090 09 10 105
E eV

CTUMynUpoBaHHOE U3nyYeHne TOHKOIN NMAEHKK
CulnSe2, cHatble npu Temnepatype ~ 10 K
UMMYNbCHBIM Nazepom ¢ A = 337 HM
C pPasnMUHOI MNNOTHOCTA MOLLHOCTH

3adukempoBaHHbIl 3ddeKT CTUMYNMPOBaHHOro Uanyue-
HUA B nneHkax CulnSe, oTKpbiBaeT NMepcnekTvBbl ANs
OWarHOCTMKM W CO3[daHWA HOBbIX OMNTOSMNEKTPOHHbLIX
YCTPOWCTE.

102

Onmnmueckasa QOuarHOCTUKa KpeMHWEBbIX MaTepuanoB npen-
CTaBnqaeT TpeTbe KNnyeBoe HanpasneHue.

Paspa6arbiBaloTca MeTofbl KOHTPONA KavecTBa MOHO- U MoNu-
KPUCTaNNMUECKOro KPeMHWUA ONA COMHEUHbIX SMEMEHTOB W
aMUTaKCcHanbHbIX CTPYKTYP ONA MUKPO- W OMNTO3MNEKTPOHUKM.

KomnnekcHbIi noaxon obecreunBaet cosfgaHWe KOHKYPEHTO-
CNOCOGHbIX peLueHWr B o6nacti BO306HOBNAEMOW SHEPTETUKH
1 COBpPEMEHHbIX MHPOPMaLMOHHbIX TEXHONOTUNA.

WHTer PanbHble MUKPOCXEMBbI
Ha KpeMHWK
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[MOBKUe CoMNHeUHble aN1IeMeHTbI Ha METaINTIUYECKUX (I)OJ'IbFaX

PaspabotaHbl rMbKkue CofHeuHble 31eMEHTbl Ha OCHOBE TOHKWMX
nneHok Cu.ASn(S,Se)s(A = Zn, Ni), roe TpaguuMOoHHbIe CTEKNAHHbIE
NOANOXKN 3aMeHeHbl MeTannuyecknmu donbramm U3 MonubaeHa,
TaHTana unu TuTaHa.

TexHonorua BKNYaET MHOrO3TarHbI CUHTE3 POTOAKTUBHbIX CIOEB ’ A
MeTodaM1 MarHETPOHHOMO HanbINeHUs, XUMUYECKOro ocaxaeHua 1
ceneHusaumn/cynbGupmnsanLmm  C KOHTPONEM CTEXUOMETPUM W . Sn
Mopdonoriu.

[ononHutenbHble 3Tanbi npegycMartpyuBaloT HaHeceHne aHTUMoTPa-
HatoLwmx FIOKprTHﬁ n 3auuTHoe JNaMUHUpOBaHWe T[OTOBbIX
3N1EeMEHTOB.

JlabopatopHble 06pasupbl OEMOHCTPUPYIOT CTabuibHble XapakTe-
PUCTUKW NpPU MeXaHWYECKOM W3rnbe, 4TO MEpPCrneKTMBHO ONfA
MHTErpaumMmM B MOPTATUBHYID 3MEKTPOHUKY W TMBKWe cUcTembl
3HeprocHabXeHuA.

MneHka nocne MoHHo- KpucTtannuueckas cTpyKTypa
OcaxpeHHasn nneHka CdS nnasMeHHol 06pPaGoTKM Cu,ASn(SSe),

38 Ochostbie paspaboTkn




PyHKUMOHanNbHasA KepaMuKa: NbesoanekTpuueckue n CBY-marepuarnbl

PaspaboTtaHbl Nbe3oKepaMuyeckve Mate-
puvanbl Ha OCHOBE LUMpKOHaTa-TUTaHaTa
ceuHua (LTC) anA M3rotoBNeHMA LWMPOKOro
CMeKTpa W3OEenuili  pasnuuHbIX GopM U
pa3mepoB.

PazpabotaHa anMooKcnaHasn
KepaMuKa C MOBbILLEHHOW 3NeKTpH-
YeCKON N MexXaHMUYeCKOoM NPOUHOCTbLIO,
obnagawuwas pPaguonpo3pPauHoCTbio
B LUMPOKOM 4acTOTHOM auanasoHe,

CospgaHbl  OManNeKTpUUecKue mMartepuanbl
ona  CBY-TexHUMKM C [OU3NEKTPUYECKON
npoHuuaemoctolo £ = 6,5 — 180 n TaHreH-
COM yrma [OW3aNEeKTPUUECKUX MoTepb
tgd < 0,0005, coxpaHsaioLme CTabUNbHOCTb
napameTpoB B TeMMNepaTypHOM OnanasoHe
ot -60 no +120 °C.

PaspaboTaHbl cTep)HeBble W30oNA-
TOpbl ANA aHTeHHbIX cUcTeM, pabo-
TalolWmMx B AvanasoHe paguvoBOSH OT
KUNOMETPOBbLIX [0 OeKaMeTPOBbIX.
311 us3genus BbiOePXKUBAIOT PaspbiB-
HOe ycunue cebille 4,5 TOHH.
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KoMno3nunoHHble MarHUTOMArKue MaTtepuarsbl

PaspabortaH KOMMO3WUWOHHBIA MarHUTOMArKWIA Matepuan Ha OCHOBe
KancynMpoBaHHbIX OKCUOHbIMW  MOKPbITUAMW MUKPOUACTUL, ¥enesa,
pasfgeneHHbIX HaHopasMepPHbIMK U30NUPYIOLWNMMK cnoamMi. [laHHbIA MaTe-
pvan obnagaeT yHUKanbHbIM COYETaHWEM BbICOKOIO yOeNbHOro aMeKTpo-
conpotuenexmns (10° — 10* Om-CM), HUSKUX BNEKTPOMAarHUTHbIX MOTepb,
KoTopble B 15-2 pasa HWKe, YeM Yy 3NEKTPOTEXHUYECKON CTanu, U 3Haun-
TENbHOW MarHWTHOWM MHOYKUMEW HacbiweHusa go 21 Tn. O cBolcTBa

MO3BONAKT CO3[aBaTb NEKTPOTEXHUYEeCKKe nagenna ¢ yMeHblleHHbIMKX B

NATb pa3 MaccoraGapuTHbIMW MapaMeTpaMu W pacluupuTb pabouni

YacTOTHbIN guanasoH go 10° - 108 .

Wcnonb3oBaHWe KOMMOSUMUMOHHOMO Matepuwana o6ecne-
UMBAET BO3MOXHOCTL OTKasa OT TPaAULIMOHHOWM 3MeKTPOo-
TEXHWYECKOW CTanu, CHWXaeT TPeGOoBaHWA K CcuUcTeMam
oxNayKOeHWA 6narogaps HEBOCMPUMMUMBOCTM K WHOYK-
LMOHHOMY HarpeBy U NMO3BONAET fgocTurate Beicokoro KM,
(98 %) c yoenbHoM MoLlHoCTbIo 12-18 KBT/Kr.

CpaeHuTeNbHbIA rpaduk
SNEKTPOMarHUTHbIX NOTEPb

' 3
300
Cnnae
Somaloy-700
[
%_ 200
m
=
o
5
= 100 OnekTpoTexHuyeckas cranb
—__—__-_—//
Halu KoMNo3WUMOHHBIW MaTepuan
0 =
05 1,0 18 20

MHaykums, Tn
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CnpeccoBaHHbIN cTaTop
ona aeuratena bIJ1A

TexHonorus NPOM3BOACTBa, OCHOBaHHaA Ha MeTomax
NMOPOLUKOBOM MeTannyprin, Aenaetcs 6e30TX0QHON U
akonoruyeckn 6GesonacHoW. [pu aHanoruuHbix ¢
NyywuMKn  3apy6GeXHbIMA - aHanoramyu 3MeKTPOMarHuT-
HbIX XapaKTepUCTUKax, MpPeOcTaBneHHbI MaTepuan
obnagaet TPEeXKpaTHbiM MPEWUMYLLECTBOM MO CTOW-
MOCTH, a TaKXKe afanTUBHOCTBLIO: B 3aBUMCMMOCTM OT
Tpe6oBaHUI 3aKasuvKa BO3MOXHO CO3faHue MaTepu-
anoe, ONTMMU3WPOBaHHLIX ONA PaboTbl KaK B HU3KO-
YacTOTHOM, TaK U B BbICOKOUYACTOTHOM OuanasoHax.

O6nactb NpUMeHeHWs pas3paboTKKM OXBaTbiBaeT LMPO-
KW CMEKTP 3MEKTPOTEXHUUECKUX U3OENMI: OT KOMMaK-
THbIX SMIEKTPOMOTOPOB [ANA GbITOBOWA TEXHUKW, 3NEKTPO-
WHCTPYMEHTa M GeCnUNOoTHBIX NeTaTenbHbIX annapaTtoB
[0 MOLLHBIX MPOMBILLAEHHBIX CUCTEM, BKOUAA SNEKTPO-
reHepatopbl Of1A 3NEKTPOMOGUNEN U CENbCKOXO3ANCT-
BEHHOI TEXHWKK, BbICOKOYACTOTHbIE Npeo6pasoBaTteni
N ceppevyHuKU TpaHcdopmaTopoB. Ha ocHoBe matepu-
ana ycriewHo W3roToBneHbl GyHKLUMOHaNbHbIE KOMMO-
HEHTbI, TaKue Kak ctatop ana anektpomotopa BINA n
3y6bA ONA MOCTPOEHUA cTatopa MOTOp-Koneca, Mog-
TBEPXKOAOLWME ero NpPaKTUUYECKyo 3HaUMMOCTb.



BbICOKO3)PEKTUBHBIE MUKPOSNEKTPOHHbIE U MAarHUTO3NEKTPOHHbIE

CTPYKTYpPbl Ha TOHKUX MIEHKaxX

BepxHWin KOHTaKT

HixHwmia
KOHTaKT

Moonoxka

MarHuTouyBCTBUTENBHbIE MHOIOCOWMHbIE CTRYKTYPbI
Ha OCHOBE METaNNOKCUAHbIX COeaNHEHWIA

HaHoc:pr

AHanusupyemoe
BELLECTBO

[MnasMoHHO-aKTUBHbIE CEHCOpPHbIE 2NEeMeHTBI
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CospgaHbl MarHUTOUYBCTBUTENBHBIE MHOTOCNONHBIE CTPYK-
Typbl Ha ocHoBe Sr.FeMoOgs AnA CUHTPOHHBIX NPUMEHe-
HWI ¢ MarHuToconpoTueneHem 30% npu 4 Ku 15% npu
300 K. Bbicokasa temnepatypa Kiopu (~420 K) o6ecneun-
BaeT pa6oTy NMpW KOMHaTHbIX Temnepatypax, a 30HHaA
CTPYKTYpa OaéT NpaKTUUYECKM NMOMHY CIWHOBYKD MONAPWU-
saumio. Mnowanb aneMeHTa coctasnaet 800 MKMZ npu
pabouyem T oke 1-1000 MKA 1 MHOYKUMK HacbiweHus ~1 Tn.

PaspaboTtaHbl Nna3mMoHHbIE HaHOCTPYKTYPbl Ha KpeMHW-
€BbIX NOANOXKaxX C MeTannuueckuMu aeHgputamu (Ag,
Au, Cu) ona ycuneHUs pamMaHOBCKOIO CUrHana, OeTekTw-
pylolme BelecTBa B KoHUeHTpauusax go 107 monb/n.
[aHHble HaHOCTPYKTYPbl CNoco6Hbl MOEHTUOUMUKMPOBATL
HECKONbKO COTeH MoneKkyn Bellectsa. PaspaboTtka 3auim-
weHa OByM#A nateHTaMmu.

PaspabortaHbl rMbKkue 3reKTPoTEXHWUECKUE YCTPOWCTBa
Ha MONUUMMUOHBLIX MOLMOXKax, co3daHHble Mo WOHHO-
TpexkoBoW TexHonoruu. MWKpoUHOYKTOPbl, MWKPOTPaHC-
dopmaTtopbl U MWKPOKOHOEHcATopbl [OeMOHCTPUPYHOT
cTabunbHble XapaKTepUCTUKN B UaCTOTHOM AuanasoHe 0o
11U, KoHeTpyKumMA Ha rmbKoil ocHOBe NO3BOMAET UCMOSb-
30BaTb 3NEeMEHTbI Ha CNOXHOMNPODUAbHBIX U MOABWMXKHbIX
NOBEPXHOCTAX, yMeHbLLUAsA MaccorabapuTHble MokasaTtenu.
MoHHOo-TpeKkoBaA TeXHONOMNA CoKpaTuia YMcno onepawumi
Nno CcpaBHEHWIO C TPaOULMOHHbIMKU MeTogaMn. [TpoToTunbl
co3faHbl Ha MMOKUX NONMUUMUAOHbLIX MIEHKaxX ¢ MeOHbIMU
Tpekamu, chopMUpOBaHHbIMKM METOOOM BGECKOHTaKTHOIo
ocawgeHua. MukpouHOykTop obnagaer [o6pOTHOCTLIO
okono 7/ Hauactote 0.5 Tu, KoadPruMeHT cBA3KM TpaHC-
$opmatopa cocraBnaet 90%, a MUKpPOKOHOEeHcaTop UMeeT
crabunbHyo emkocte 05-06 nd® po 11Tu. Paspabotka
3alluLLieHa OBYMA NaTeHTaMu.
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HALWE OBbOPYOOBAHWE

CuHTes n ﬂpOGOI’IO,EI,I'OTOBI-(a MaTepumnasnonB

[MnaHetapHan waposas MenbHULa BM6pro
MNnaHeTapHaa wWwapoBaa MenbHUULa BM6pro npenHas-
HaueHa [ON1A CBEPXTOHKONO U3MeNbYeHUA U MexaHu-
YeCKOro JnernpoBaHuUA pPasfinyHbIX MaTepuanoB B
naéoparopHblx  ycnosuAx. O6opymoBaHMe obecne-
uMBaeT MosyyeHne MOPOLIKOB C pa3MepoM vacTul
00 HaHOMETPOBOro [uarnasoHa 3a cuyeT KoMOGuHauuu
LUeHTpobeXHbIX cun n cun Kopuonuca. Knioueble
OCOB6EHHOCTU MeNbHULbI BKMIOYaloT LMbpPOBOe yrpas-
NTeHne CKOPOCTbI0 BPaLLEHWA U BpeMeHeM 06paboTKu,
PEBEPCHbIVI PeXUM PaboTbl O/1A NOBbILLEHUA OQHOPOL-
HOCTW MOMOMa, a TaKXe BO3MOXHOCTb PaboTbl B UHEpP-
THOW aTMocdepe.

[MnaHetapHan wapoBas MenbHULa Retsch PM-200
MenbHuua npencraBnaer coboi BbICOKOIPPEKTUBHOE
060pynoBaHUe 19 CBEPXTOHKOro U3MenbyeHns pasnmu-
HbIX MaTepuanoB OO0 KOMIOUOHOW TOHKOCTU. MenbHuua
obecneumBaer MoslyyeHWe uYactul, pasMepoM MeHee
1 MKM 6narogaps yHUKanbHow nnaHeTapHon cxeme OBu-
YEHUA pPa3MOSibHbIX CTaKaHOB, CO3[aloLlelt BbICOKUE
3Heprum usMenbyeHusa. KnoueBbiMU NpenMylliecTBamu
YCTaHOBKM AABNAIOTCA MporpaMMupyeMbli peBepc Bpa-
LLLeHUs, aBTOMaTUYECKUI KOHTPOSb BPEMeHU N CKOPOCTU
06paboTKK, a TaKKe PYHKLNA oOxXnaKaeHua Npu anuresb-
HbIX UMKNax paborbl.
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OnekTporneub MydpenbHaa Nabertherm

[Meub  obecneuMBaeT  BbICOKOTEMIEpPaTypPHbI
CUHTE3 U TepMOObpaboTKy MaTepuasnioB B BO3-
oywHon artmocdepe po 1400°C. Ob6opynoBaHue
nogaepXXuBaeTr nporpaMmupyemMble UUKIbl Har-
peBa U OXJlaHEeHUA, UTO rapaHTUpyeT TOUHOe COb-
niofleHne TexHosornyecknx napametpos. MpuMme-
HAETCA [N CUHTe3a OKCUOHbIX MaTepuasnos,
OTXKUra KepaMuK 1 NOLroTOBKM 06pasLoB.

MNeub Kittec CB 300 S

MpoMmbiLneHHasa nevb Anda TepMoobpaboTKn MaTe-
puanoB c nporpamMmupyemMbiMn pexxnMamn Harpe-
Ba 1 oxnaxpgeHusa. [puMeHAeTcA ONA onkura
MeTannoB, 06paboTKM KepaMUKU W CUHTe3a
PYHKUMOHaNbHbIX MOKPLITUIW. OCHalLleHa CUCTEMOW
TOYHOrO KOHTPOSA TeMnepaTtypbl 1 BO3MOXHOCTbIO
paboTbl B KOHTponupyemown atMocpepe. Obecne-
UnBaeT paBHOMEPHbIN Harpes U BOCMNPOU3BOOU-
MOCTb pesynbratoB [Ona  uccnenoBateflbCKUX
M NPOU3BOACTBEHHbIX 3a0ay.

BakyymHas neub TIA-1800-300

lNeub Onsa o6paboTKU MaTepuanoB Npu TeMmnepa-
Typax fo 2000°C B BakyyMe UM KOHTPONUMpyeMou
atMocdepe. OcHalleHa KaMepoW TPEX30HHON
CUCTEMOW Harpesa U NporpaMMUpyemMbiM KOHTPO-
neMm Temneparypbl. O6ecneunBaeT paBHOMEpPHbIN
HarpeB C¢ TouHocTblo +5°C. [peOHa3HaueHa OnA
CneKaHus KepamuKW, TepMoobpaboTKM CnnaBoB
M cUHTe3a PyHKLIMOHaNbHbIX MaTepuanos.
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CunHTes 1 npobonoaroroBka MatepuanonB

BakyyMHas Tpy6uatas neub Ortus
CneunanuanpoBaHHoe 06opynoBaHWe ON1A  BblCOKO-
TeMnepatypHo 06paboTKM TOHKOMMEHOYHbIX MaTe-
puanoB B KOHTPONMMpPYEMbIX cpefax: BaKyyme, UHep-
THOM (Ar) NN aKTMBHOW XanbKoreHHoW aTtMmocdepe.
Meub Mo3BONAET MPOBOOUTL CUHTE3 U ODKUI MaTe-
puano npu Temnepatrypax oo 1000 °C ¢ npeunan-
OHHOWM TOYHOCTbLIO KOHTpONA +1 °C.

BakyyMHas TexHonornyeckasa ycraHoOBKa
MpeoHa3HaueHa O MarHETPOHHOro HarbifieHns B
BaKyyMe TOHKWUX TNEeHOK MeTanioB U OKCUOOB,
BK/IOYass MHOIOCMOMHbIE CTPYKTYpPbl, Ha pasfuuyHble
NOLJSTOMKN (CTEKIO, KPEMHUI, MeTannmueckmne Gonbrm
n ap.) ViMelotcs cucteMbl MOHHO-TTyYeBOW OUMCTKU U
KBapLEBOro KOHTPOS,

BbICOKOTOUHaA yCTaHOBKa COBMELLEHUA U
akcnoHnpoBaHua MDXN-25D4 B komnnekte

C MofyneM HaHeceHuA pesncta MD-SC5H5150
MpuMeHseTca ona GopMUPOBAHMA MUKPO- W HAHO-
CTPYKTYP Ha pasfiuyHbiX MNOOJSIOKKaX. YCTaHOBKa
obecneunBaeT NpPeumn3noHHoe CoOBMELLIEHNE U SKCMO-
HUPOBaHWE C MUHUMAalbHBLIM Pa3MepoM anemMeHTa
0o 2 MKM. PabotaeT C nognoxkamv ouaMeTpoM Oo
150 MM 1 nogaepyUBaeT aBTOMaTUYECKYIO 3arpysKy
06pa3LoB.
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[anbBaHUYecKaa NUHUA

CneumanuanpoBaHHas YCTaHOBKa [N  3NEKTPOXMMU-
Yeckoro  ocawaeHusa  QyHKUMOHaNbHbIX MOKPbITUN.
O6opynoBaHMe MNO3BOMAET oOcaaaTb  MeTannnyeckue
cnown, BKmwuaa crnaebl Ni/Fe n Ni 50/50. [JluHusa
NPUMEHSIETCA ONA CO3[aHUA 3aLUUTHBIX, M3HOCOCTOMKUX
N MarHUTHbIX MOKPbLITUA Ha Pas3NUUHbBIX MOMSIOXKKAX.
ObecrneunBaeT  KOHTPOMb  TOMALUMHDI, cocTtaBa "
CTPYKTYPbl OCa)kJaeMblX CNOEB.

[eHepaTop »uakoro asora LPLN-40

Manbln  XWOKOCTHbIA  a30THbIM annapar  KOPOHOUHOro
™na LDH ucnonb3yeTr xonogusibHbIM NpoLuecc ¢ MHOro-
SMIEMEHTHbIM pereHepaTuBHbIM CMeLLaHHbIM XJlafareHToM
MRJT, OCHOBaHHbIA Ha LMKIe OXNaXOeHua C apoccenu-
poBaHueM. XnagareHTbl C BbICOKOW, CpefHel U HU3KOW
TemrnepaTypor KuneHus nogbéupaiotcA B 3aBUCUMOCTU OT
TpebyeMomn KOHEeYHON  Temnepatypbl  OXMaXOeHWA
CUCTEMbI, HaUMHaA OT TeMrnepaTtypbl OKpyXaloLlen cpefp.

YcraHOBKa [BOVHOIO NOH HO-1yYyeBoro

paCI'IbIJ'IeHMFl/Oca)K.EI,eHMH

MpenHa3HaueHa s nonyyeHUa HaHopa3MepHbIX MeTanv-
YECKUX MJIEHOK C BbICOKOW OOHOPOAHOCTLIO Ha PasNUYHbIX
nognoxkax. OcaxfeHue ocyllecTBNSeTCA pacrnblieHnem
MeTanIMyecKon MuLlenn (umncroton 99,99%) noHamu aproHa
C 3Hepruen 1,2 k3B B BaKyyMHOW KaMepe. YCTaHOBKa TaKxe
No3BOSMAET MNPOBOOUTL WOHHO-lyYyeBOe MaHapu3auuio
NOBEPXHOCTU C [OOBefeHNEM LLepOXoBaTOCTU OO HaHO-
pa3MepHOro YpoBHS.




CuvHTE3 1 Npo60oMnoaroToBka Matepuanos

YcTaHOBKa 1a3epHon pesKku
CneunanuanpoBaHHoe o6opyaoBaHve ONd npeuu-
3MOHHOW 06pPaboTKM MaTepuanoB B NabopaTOpHbIX
ycnoBusax. YcTaHoBKa obecrneuvBaeT BbICOKOTOUHYIO
pPe3Ky MeTalnIMUecKnx, KepaMmuyecKnx 1 KOMMNO3UTHbIX
3aroTOBOK C MUHUManbHOW 30HOM TEePMUUYECKOro
BNUAHWA.

YcTaHOBKa 01 CUHTE3a MOHOKPWCTa/1oB

anmasa merogom MPCVD

O6opynoBaHMe npegHasHadeHoO ONA  MNonyvyeHus
MOHOKpPUCTaNNMUUYecKnx anmasHbix NiacTuH guaMmeTpom
He MeHee 50 mMMm. CucteMma ocHaueHa CBY-reHepato-
POM MOLLHOCTLIO 6 KBT ¢ pa6ouert uactoton 2450 MIL
1 CTabUNBbHOCTLIO BbIXOOHOW MOLLUHOCTU +0,1%.

[MopaBnUUecKuin Kyéuyeckum npece
MNpumeHseTca OnAa GopMUPOBaHMA MUKPO- U HaHO-
CTPYKTYP Ha pasnuuHblX MOANOXKaxX. YCTaHOBKa
obecneunBaeT NPeLn3MOHHOEe COBMELLIEHNe N 3KCMo-
HUpPOBaHWEe C MUHWUMAlbHbIM pPa3MepoM 3feMeHTa
0o 2 MKM. PabotaeT ¢ Mog/ioKKaMu OMaMeTpoMm a0
150 MM 1 noaopepuBaeT aBTOMaTUUYECKYIO 3arpysKy
06pa3uoB.
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AHanus cTpyKTypbl, $a30BOro 1 XMMUYECKOro cocTaBa

NHdpakpacHbin Pypbe-cnekTpoMeTp

Perkin Elmer Spectrum Two

KoMnakTHbIi MHpakpacHbiit Pypbe-cneKTpoMeTp, npeqHas-
HauyeHHbI 41 KAYeCTBEHHOMO U KOMUYECTBEHHOIO aHanuaa
OpraHMYecKux U HeopraHuyeckux BellecTs. [lpuctaBka ogHO-
KpaTHOro HapyLleHHOro MOMHOMo OTPa)XEHUA C afiMasHbIM
KpuctannoMm UATR Two no3eondaeT NpoBoauTb aHanu3 obpas-
LIOB B TBEPOOW, YXMOKOM U NacToobpasHon Gpopme.

AHanuzatop yaenbHon nosepxHoctu BSD-PMT1
MNpenHazHaveH ONA U3MepeHUa yaenbHOW nnoLlanm noBepx-
HOCTW, O6bEMa W pacnpeneneHus no pasmepy rnop MeToqoM
rasosov agcop6buun. lNpubop No3BonAeT NPOBOOUTL aHaNn3
MUKPOMOPUCTbIX, ME3OMOPUCTLIX 1 MaKPOMOPUCTbLIX 06pa3L 0B
C BbICOKOW pa3spellaiolleit CrocobHOCTbIO: MUHUMaNbHbIN
pasmepoB nop — 0,35 HM. BSD-PM1 obecneunBaeTt aBToMaTu-
YecKylo 06paboTKy [OaHHbIX, BbICOKYIO TOUHOCTb M BOCMNPOU3-
BOOWUMOCTb pe3yrnbrartos.

CUHXpPOHHbLIN TepMoaHanusatop STA2000
lNpenHasHauveH AN KOMMMEeKCHOro uccrnefnoBaHnsa ¢asoBbix
nepexonoB, yaenbHOW TeMoTbl U USMEHEHUI MacChl TBEPObIX
M NOPOLLKOO6Pa3HbIX Matepuanos. [pnbop paboTtaeT B Anana-
30He Temnepatyp or 25 o 1000°C 1 no3BoONSAET O LieHUBaTb
TennoBble 3ddeKTbl 1 MAaCCOBbIE UBMEHEHUA B OHOM 3KCne-
pumeHTe. [lManasoH wW3MepseMoM Maccbl obpasua — 0o
3000 wMr. O6ecneunBaeT aBTOMaTUYECKYID pPerncTpauuio
KpWUBbIX «TEMMOBOW MOTOK — Temrneparypa» W onpegeneHue
ToueK pa30oBbIX Nepexonos.
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AHanns cTpyKTypbl, $a30BOro 1 XMMUYECKOIo COCTaBa

CneKTpoCcKOoNUUeCcKnin KOMMNeKc Ha 6ase
MoHoxpomaTtopos MP-23Y, MP-12
YcTaHOBKa 1A HepaspyLUaloWero KOHTPOons nosny-
NPOBOOHUKOBBLIX MaTtepuanos. [NpoBoaut namepe-
HUA ¢$oToNOMUHECLIEHUMW, NPOMNyCKaHUA W oTpa-
»eHuna B ananasoHe 200-3000 HM npu Temnepa-
Typax 5-300 K. OcHalueH nazepamu 405-980 HMm,
no 2000 MBT) M BbICOKOUYYBCTBUTENbHbIMW OE€TEK-
TopamMn Hamamatsu. O6ecrneunBaet cnekTpanbHoe
paspelueHve nyuwe 1A. MpuMeHaetcsa ans onpe-
OeneHua OonTUYEeCcKUX CBONCTB U fedeKToB B Nosy-
NPOBOOHUKOBBIX CTRYKTYpaXx.

Mukpockon Confotec MR350 gnanamepeHus

CNEeKTpPOoB KOMOBWUHALIMOHHOIo pacceaHna cBeTa
YcTaHOBKa [N HepaspyLualoLLero aKcrnpecc-aHa-
nusa MatepuanoB METOLOM PaMaHOBCKOW CMeKTpo-
ckonun. ObopynoBaHue MO3BoONAET UOeHTUOULU-
poBaTb XUMWYECKWUIA COCTaB, KpUCTanIM4eckylo
CTPYKTYPY W MOMNeKynsapHble CBA3WM B Ob6pasuax.
KoMmnnekc obecneunBaeT U3MepeHUsa B CreKTpa-
nbHoM auanasoHe 200-2000 cM™ ¢ BbICOKMM pas-
pelwieHneM. OcHalleH aBTOMaTtUUeCKOW CUCTEMOW
$HOKYCUPOBKM 1 BOSMOXKHOCTBIO KapTorpaduposa-
HUA noBepxHocTu. [lpuMeHaeTca Ona aHanuaa yrne-
poOHbIX MaTepuanos, MonuMMepos, ¢apMaueBTU-
YeCKUX Cy6CTaHLMIA U QYHKLIMOHANBbHbBIX MOKPbITUA.
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AHanms MUMKPOCTPYKTYPbI U MOPGONOornm NoBEPXHOCTH

CKaHUpYIOLWNIA 9NEKTPOHHbIV MUKPOCKONM
Carl Zeiss EVO 10

MosBonAer u3yyaTb MOBEPXHOCTb O6Pa3LOB B LUMPOKOM
OuanasoHe YyBeNuYeHW C aBTOMaTUYecKoW (GOKYCMPOBKON
n crabunusaumenn n3obpaxkeHns. OcCHaLleH [OeTeKTopamu
BTOPUYHBIX W OGPaTHOPACCESHHbIX SMEKTPOHOB, obecneuun-
BalOLWMX MOMyYeHNe KOHTPACTHbIX M306paXKeHu penbeda u
9NEMEHTHOro cocTaBa.

Ontnyecknn mukpockon MNITAHAP EM6339
MNpuMeHseTcs ONA HepaspyLUaloLlero KOHTPOIA MUKPOCTPYK-
Typbl MatepuanoB. O6ecrneunBaer BbICOKOKaUECTBEHHYIO
BU3yanu3auuio B NpoxofsLleM U oTpaXeHHOM CBETe C yBeNu-
yeHneM go 50 000x. OcHalieH cucteMmon undppoBor BU3ya-
nms3auumn Y NpPeunsmMoHHbIM NpeaMeTHbIM CTONTMKOM C Koopau-
HaTHOW pa3MeTKoW. [1o3BONAET NPOBOAUTL JIMHEWHbIE U YITOo-
Bble U3MepeHMA C MUKPOHHOW TOUHOCTLIO.

MporpaMMHo-annapaTHbI KOMMIEKC No aTOMHO-
cunosoi Mukpockonun NTEGRA PRIMA

MHorodpyHKLUMOHaNbHbLIN NporpaMMHO-annapaTHbii KOMMIeKC
no ACM pOns BbINONHEHWA Haubornee TUMWUHbLIX 3aday B
061acTi CKaHupyloWwen 30HOOBOW MUKpockonun.  Wmeet
BCTPOEHHYI0 OMTUUYECKYIO CUCTEMY C paspeLleHnemM 5 Mn u no-
nem 3penHnsa 2000x370 MKM, C MOMOLLLbIO KOTOPOW BO3MOXHO
KOHTPONUPOBaTh MPOLIECC CKaHMPOBAHWUA B peXunMme peasnb-
Horo BpemeHu. OcHalleHa CUCTEMON MO3ULIMOHUPOBaHNA Ha
PYUHBIX MUKPOMETPUUYECKUX MO3ULIMOHEPAX.
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WccnepoBaHne MarHUTHbIX CBONCTB

MarHutometp Gryogenic Ltd 14T

CeepxnoBodALUA MarHATOMETP AN U3MepeHUn MarHUTHbIX
CBOWCTB MaTepuanos B rnonax oo 14 Tn u temneparypax 6-400 K.
OcHalleH cucteMon aBToMaTM4eCKon CMeHbl 06pa3LIoB N KpUo-
CTaTOM 3aMKHYTOro uukna. lNpumeHsaeTca Ona muccrnenoBaHus
CBEPXMPOBOAHMKOB, MarHUTHbIX HaHOMaTepuaroB M OKCWUOOB.
O6ecneunBaeT MM3epeHUs HaMarHUYeHHOCTW, KPUBbLIX rUCTe-
pesunca n MaHUTHON BOCMPUUMUYUBOCTHU.

YctaHOBKa N8 U3yYeHUA TemnepaTypHbIX 3aBUCK-
MOCTeW yaesibHo HaMarHMYeHHOCTU U MarHUTHOW
BOCMNPUUMUYMBOCTU MOHOEPOMOTOPHbLIM METOOOM

B HEMNPEPbIBHOM peXxume

CneunanuanpoBaHHbIA KOMMMEKC ONnA NpeLeH3UOHHbIX U3Me-
peHuit HaMarHUYeHHOCT U MarHUTHOW  BOCMPUUMUMBOCTU
NoHOEepoMOTOPHbIM -~ MeTogoM. O6opynoBaHue paboTtaeT B
TemMneparypHoM pAauanazoHe 80-1000 K npu MarHUTHOM
none 0,86 Tn.

YcraHoBKa Onf sMepeHus MarHUTogMHaMUUYeCcKnx
conctB DX-2012SA

YcTaHOBKa npefHasauyeHa ONn8 W3MepeHua OUHaMUUYECKMX
MarHWUTHbIX MapaMeTpoB: O6LMX MOTepb, KO3PLIUTUBHOW CUSbI,
OCTaTOUHOM HaMarHWMYeHHOCTW, MarHUTHOM MPOHMLIAEMOCTH,
WHOYKTMBHOCTM W [OBPOTHOCTM B YaCTOTHOM [uarna3oHe
oo 1 Mlu,
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ABTOMBTI/I:BMpOBaHHaﬂ cucreMa MOHUTOpPUHIa
CMNeKTpPoB U TOMNOJSOMMUA MOCTOAHHbIX MarHUTHbIX

N HUBKOYACTOTHbIX SNIEKTPOMArHUTHbIX nonewu
ABTOMaTU3NpPOBaHHbIN  U3MEpPUTENbHbIM KOMMNEKC  Ons
aMnIUTyOHO-BEKTOPHOro aHanusa MHOYKUUN MOCTOSAHHBIX
1 NepeMeHHbIX 3NeKTPoOMarHUTHbIX nonewn. Cuctema npo-
BOAUT u3aMepeHusa B auanasoHe 0,05-10 000 mKIn npu
vactotax 0-10 klu. lNpeoHasHaueHa ONA KapTUpOBaHUA
NPOCTPaAHCTBEHHbLIX pacrpefeneHnini  MarHUTHbIX Monen
1 aHanusa ux crnekTpanbHoOro cocrasa.

YcTaHOBKa-UCTOUHUK TPEXKOMIMOHEHTHOIO

MOCTOAHHOIO N NepeMeHHOro MarHUTHOroO MnoJsiA
KanubpoBaHHbI UCTOUHUK ONA CO30aHUA OLHOPOOHbIX
MOCTOAAHHbIX U NepeMeHHbIX MarHUTHbIX Mosier. YCTaHOBKa
obecneymBaeT HeOOQHOPOOHOCTL Nonsa MeHee 0,3% B pabo-
ueM obbeMe OuameTpoM 6 cM npu yactotax 0-1000 [,
OcHalleHa ceptudukatoM Kanuéposku Pryrn «BHUUM
uMm. L. MeHpeneeBa». [puMeHaeTca ona rpagyvmpoBKu
OaTYMKOB MarHUTHOrO MOfMA, MCCNENOBaHUA  MarHUTO-
YYBCTBUTENbHbIX MaTepuanoB U NpoBeaeHnsa BOCNPON3BO-
OUMbBIX MarHUTHbIX U3MepPeHUA.
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VccnepoBaHne MexaHNYeCcKnx CBOMNCTB

[Mpodunomerp SMT-5000 3D Identation and

Scratch Tester

YHMBepcaanaﬂ CUCtemMa a14a KOMMNeKCHOro MexaHM4eCKoro
TecTpupoBaHua MaTtepmanoB. O6opydoBaHue MO3BoOMAET
nposoaute 3D-NpodunoMeTpmio NoBepPXHOCTH, HaHOUHOEH-
TMpoBaHWe W CKpeTy-TeCTpupoBaHne B aBTOMaTU4eCKOM
pexume, YcTtaHOBKa NnPUMEeHAETCA O/17 onpeneneHnd Mexa-
HUYECKUX XapaKTepUCTUK: TBEepPOOCTW, MoOdyna Yrpyroctu,
anre3mm I'IOKprTPIFI M N3HOCOCTOMUKOCTMU. OCHaLLI,EHa BbICOKO-
TOUYHbIMM OaTyMKaMK HarpyskKamm U cucTtemMomn nasepHoro
CKaHWpPOBaHUA TMOBEPXHOCTU. MCFIOJ'Ib3yeTCFI ona uccneno-
BaHUMN TOHKWUX MNEeHOoK, I'IOKprTI-"Il;I, KOMMO3UUWMOHHbLIX N Kepa-
MUYECKUX MaTepranos.

PaspbiBHaa MawwmHa KASON WDW-5

YHuBepcanbHasa aneKTpoMexaHuyeckas paspbiBHas MalluHa,
npegHasHavyeHHasa ana UCMbITaHUI MaTepuanoB Ha pacTake-
Hue, owatne u u3rnbé. MakcumManbHaa TecToBafa Harpyska
coctaBnseT 5 KH. [pnbop obecneunBaeT paspelleHue nepe-
MeweHna go 0001 MM M WMPUHY [OuanasoHa CKOPOCTen
HarpyxeHua (0,005-600 MMm/MuH), pabouyee NPOCTPaHCTBO
MalinHbl No gnuHe - 800 MM. WcnbiTbiBaeMble 06pasubl
MOryT 6biTb METanIMUeCKUMU, HEMETaNNIUYECKUMK, KOMMO-
3UTHBIMW. YNpaBneHue 1 o6paboTka pe3yrnsratoB NPoucXoaaT
C nomolupbio UMppPOoBOIN U3MEPUTESTBHON CUCTEMbI U Crielua-
NN3UPOBaHHOIo NPOrpaMmMHOro obecrneyeHus.
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WNccnepoBaHue TEPMNYECKUNX CBOWCTB

Kamepa Tenna-xonoga ESPEC Bench-Top SU-261
KnuMmatnueckada Kamepa AMOHCKOroO Mpou3BOACTBa ON18 UCHbl-
TaHUW MaTepuarioB U KOMMOHEHTOB B 3KCTpeMasibHbIX Temre-
paTypHbiX ycnoBuax. O6opynoBaHWe nofaepKmMBaeT Temnepa-
TYpHbI OMana3oH ot -60°C pgo +80°C B pabouen Kamepe
ob6beMoM 225 n. Kamepa oOcCHalleHa cUCTeMOW BO3MyLUHOrO
OXNaXkOeHUaA U obecneurBaeT CKOPOCTb M3MEHEeHUs Temnepa-
Typbl 00 3,2°C/MUH Npu Harpeee M 21°C/MUH Npu oxnageHuu.
ABTOMaTU3NPOBaHHOE YyMpaBfieHne Mo3BoOMAeT MNpPorpaMMmnpo-
BaTb ClOXHble TeMnepatypHble UUKNbl. [lpuMeHserca Ons
TEPMUYECKUX  UCTIbITAHUIA 3NEKTPOHHbLIX KOMIMOHEHTOB, Mare-
puanoB U roToBbiX u3nenuin. Mcnosnb3dyercs B UCCnenoBaHUAX
TeMnepaTypHON CTabWIbHOCTK, YCKOPEHHbIX PeCypPCHbIX WCrbl-
TaHUAX U KOHTPOMNE KauecTBa NpodyKuu.

AHanuaartop TemrnepaTypornpoBogHOCTU U TeMno-
nposogHoctn Netzsch LFA 467 HyperFlash

Mo3Bonser NpPoBOAUTb M3MEpPeHUA TeMrepaTypornpoBOLHOCTU
MeTOLOM Na3epHoN BenbilwKK. MNprbop npegHasHayueH ans uccne-
[OBaHUA Tennodpusnyeckux CBOWCTB MaTepuanoB B Temrepa-
TYPHOM [uanasoHe OT KOMHaTHOW Temriepatypbl o 500°C B
atMocdepe azora. LFA 467 MicroFlash o6ecneumBaeT aBToMaTu-
YyecKoe BbluncneHne KoadpduLmeHTa TeMrnepaTypornpoBOLHOCTU.
OnpepneneHne yOenbHON TeNOeMKOCTU BOSMOXHO MPW UCMOSb-
30BaHUM 06pa3LOB-3TaNlOHOB, BblUUCIIEHWE TEeNnnornpPoOBOLHOCTH
BO3MOXHO C UCMOMNb30BaHWEM W3MEPEeHHOW NMM60 TabnNnMYHOMN
BeNNYMHbI YOEeNbHOW TENNOeMKOCTH.

<
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VcnbitaHua Ha paonaunoHHYIO CTOMKOCTb U SNIEKTPO-
MarHMTHy1t0 COBMECTUMOCTb

KoMnnekc oueHKu SﬂeKTpOMaFHMTHOI?i CcCOBMEeCTUMOCTH
O6opynoBaHne pabortaeT Ha OCHOBe peBep6epaLnoHHOro
MeTtofa C WCMonb3oBaHWeM MOMOCKOBOW NUHUK, co3aaBas
Hanps)keHHocTb nonsa pgo 200 B/M Bu4acToTHOM AuanasoHe
80 Ml - 2 [Tu. KoMnnekc namepsieT apheKTUBHOCTb  3KpaHU-
poBaHUA MaTepuanoB, MNpPoOBepseT YCTOWUMBOCTb  paguo-
SNEKTPOHHOW annapatypbl K 3MeKTPOMarHUTHbIM NoMexamMm u
MMNYNbCHbIM Bo3dencTBUAM. OcHalleH BbiCOKOUYBCTBUTESb-
HbiMM gatumkamu (005 B/M) u cuctemon popmmpoBaHuMA
UMNYNbCOB anuTenbHocTbio oT 30 Hc. ABTOMaTM3UpOBaHHOE
ynpaBneHue obecneunBaeT BOCIMPOM3BOOUMOCTb pesynLTaTtoB
MCnbITaHUIA 06pPa3LOB Pa3NMYHbIX rA6apUTOB.

IlnHenHbIn yckopuTenb anexkTpoHoB JJ1B-8
YHuBepcanbHbI yCKOpUTenb 18 HayuHbIX WUCCReqoBaHUA W
paguaumoHHbIX TexHonorun. O6opynoBaHue reHepupyeT NyyvyoK
3NEeKTPOHOB C 3Hepruen 1-25 MaB u Tokom go 50 MA. Ycta-
HOBKa MpuUMeHAeTCA ON1A paanauMOoHHON 06paboTKn MaTepu-
anoB, cTepunusauumn MeOUUMHCKUX u3genun, mopubukaumum
nonMMepoB W MonynpoBoaHMKoB. [lo3Bonser nNpoBoaUTb
nccneqoBaHWA  pafuaLlMOHHOW  CTOMKOCTU  3MEKTPOHHbIX
KOMMOHEHTOB U pa3paboTKy HOBbIX pagnaLlNOHHO-CTOMKMUX
Marepuanos.
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JInHenHbIN ycKoputenb anekTpoHoB YOIT-10-20C
CoBpeMeHHbI ycKopuTenb [O/1A paguaunoHHOM 06paboTKn
MaTtepuanos 1 ¢yHOoaMeHTanbHbIX nccnegosaHuin. O6opyno-
BaHWe reHepupyeT MyyoK SMEeKTPOHOB C aHepruen 5-7 MaB
npu MowHoctu oo 10 kBTt YcraHoBKa npedHasHaveHa Onsa
cTepunusaumMm  MeOuuUUHCKUX  u3genui, mMogudukauum
CBOWCTB MaTepuarnoB U NpoBefeHNA paanaumoHHbIX SKCre-
puMeHTOB. [lo3BONSAET OCYLLECTBNATb TOUHBLIA KOHTPOSb
napameTpoB SMEKTPOHHOIO U3NyyeHUs [ONA HayuHbiX WU
TEXHONMOrnyecKmx 3agau.

lamMma-ycTaHoBKa «/ccnenoBatenb» Ha Co%°
MopgepHuanpoBaHHasa raMMa-yCcTtaHOBKa 4118 paauaLloHHOM
06paboTKN MaTepuanoB M HayuHbIX uccnenosaHmn. O6opy-
0OBaHMe OCHaLLEeHO WCTOYHUKaMM y-M3MyYeHUs Ha OCHOBE
Co% un kamepoit o6nyyeHnsa guametpom 150 MM. YcTaHoBKa
npuMeHseTcA OnAa  Moaudukaumm  GUINKO-XUMUYECKUX
CBOWCTB MaTtepuanoB, WUccnenoBaHui B obnactm pagua-
LUMOHHOIO MatepuanoBefeHMa W 06paboTKM  pasfUUHbIX
nsgenuin. NosBonsaer NpoBoOuTL CUCTEMaTUUYECKME Ucchne-
0OBaHUA BO3OEWCTBUMA WMOHUIUPYIOLLEro WU3NyyeHusa Ha
Martepuarsibl 1 3M1EeKTPOHHbIE KOMIMOHEHTbI.
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