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change (less than 20%) in its effectiveness. According to the scientific standards proposed by
Natan [4] our PSi-based SERS substrate appears to be homogeneous and stable materials.

We carried out a series of experiments on the estimation of detection limit, defined as the
minimum concentration of the analyte compound which can be detected using the given method.
SERS spectra were measured for a row of Ag-PSi samples on which rhodamine 6G molecules
were adsorbed over a 2 h period from solutions with different concentrations. The solutions were
prepared by successive dilution, starting from the initial, most concentrated solution (1x10 6 M).
As can be seen from Fig. 3 good quality SERS signals for rhodamine 6G can be observed with
concentrations as low as 100 pM. Upon a further decrease of the concentration the signal / noise
ratio was practically too low to be exploitable. Upon further decrease in the concentration, we
observed only the background signal. A detection limit of such an order of magnitude was also
achieved when using CuTMpyP4 as the analyte. We should point out that such sensitivity of Ag-
PSi substrates we prepared according to the optimized procedure is rather high. For comparison,
the detection limit of rhodamine 6G on PSi substrates silver-coated by thermal decomposition of
silver [5] is two orders of magnitude worse.

Also we studied by SERS the chlorin es, which is known as photosensitizer for the cancer
treatment. During the treatment of oncological diseases by PDT, accumulation of the
photosensitizer not only occurs in tumors, but also in other organs and tissues. Therefore, it is
important to be able to monitor the photosensitizer concentration after a PDT treatment in order
to minimize the damage to the organism The bands of Cs6 can be identified in SERS spectra for
samples soaked in analyte solutions at concentrations down to 1 pM. Thus, SERS-active
substrates Ag-PSi are promising for the detection of trace amounts of Ce6, that makes them
possible to be used for the control of the photosensitizer concentration.

As a result of optimization of the procedure for the formation of nanostructured silver films on

the surface of mesoporous silicon we have prepared substrates having a high level of
enhancement of about 108 times for the SERS signal. The data obtained demonstrate the

detection limit for the tetrapyrrollic compounds of 1-10-10-- 10-12 M. Thus SERS-active

substrates based on silvered porous materials are promising for detection and study of complex
organic compounds.
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npothuns «nNpsiMbIM BblpaliMBaHMeM» 06e3 MCNO/b30BaHUS JOPOrocToALLein (opMmoobpasytoLLeit
OCHAaCTKW, COKpaLlias CTagum TeXHONOrMYecKoin NoAroToBKM NPOM3BOACTBA, HaunyyLnM 06pasom
YL0BNETBOPSET TPE6OBAHUIO CHUXXEHUSA MaTepuanbHbIX Y TPYAO0BbIX 3aTparT.

TpaguunoHHbIE TEXHONOTMW  «NPAMOr0  BblpaliMBaHUA» feTaneil peanusyoTcs B
OCHOBHOM 4718 OMpefefieHHbIX MaTepuanoB U  (OPMUPYIOT MJOCKUE HENPOTSXKEHHbIE
MOBEPXHOCTHbIE  C/IOW. MepcneKTUBHbLIM npeacTaBnseTcs MCNoNb30BaHWE  HOBbIX
KOHCTPYKLMOHHbLIX MaTepuanos, B TOM 4uMcie KOMMNO3ULUOHHBIX, CAOUCTbIX, C (hOPMUPYEMbIM
rpagMeHToM CBOMCTB. B pesynbTaTe TpebyeTca MpUMeHEHWEe HOBbIX TEXHONOTWWA CO3L4aHus
CnoeB M COOPKWM W3LENUIA, UCMONb3YHOLWNUX pPasnyHble UCTOYHWKWM 3HEpPrun. 3TO B CBOKO
oyepedb CTaBUT 3afayn pacnpepeneHnMs NOTOKOB 3HEPrUM He TONbKO MO 3afaHHOMY KOHTYpY
WM NOBEPXHOCTU, HO MO rNy6uHEe M NNOTHOCTM pacnpefeneHns, a Takxe no Gopme umnynbca
3HEpruv B LENOM.

M3yyeHne MeTOA0B MOMy4YeHMs AeTaneid mawnH 6e3 (Gopmoo6pasylolleli OCHACTKM,
onpegeneHvie o6nacteid pauMOHaNbHOrO MPUMEHEHUA CUHTE3UPYEMbIX W3AeNui MNo3BOMUN
KnaccmuumpoBaTb NpPoLeccbl 0nepaTMBHOr0 MakeTUpoBaHMUA Y NPOU3BOACTBA U BbILENNTb TpU
OCHOBHbIX HanpaBneHUs pPa3BUTUA METOAOB MOCMOWHOIO CWUHTE3a W3[e/INil, CBA3aHHble C
npuMeHeHWeM: 1) KOHUEHTPUPOBAHHLIX TMOTOKOB 3HEPrMM B  KayecTBE WCTOYHWKOB
(hopmo06pa3oBaHus; 2) pasMyHbIX BULOB U POPM MaTepuanos 3aroToBKuW: 3) pacnpefeneHus
MOTOKOB 3HEPrvM Mo MNOBEPXHOCTU U rnybuHe obpabaTbiBaeMoro o6bekTa.

B pe3ynbTaTe npy NpOeKTUPOBAHUM TEXHO/IOTUU MOCIOAHOIO0 CMHTE3a MPUMEHAIDTCA Kak
MeTOAbl  MOJlyYeHUs  feTaneld U3 KOHCTPYKUMOHHbIX — MaTepuanoB,  WUCMNOJb3yloLine
KOHUEHTPUPOBaHHbIE MOTOKW 3HEpruu, TakK W MeToAbl aBTOMatusauum U ynpasiaeHus
npoueccaMn onepaTMBHOINO MakeTMpPOBaHUA U NPOM3BOACTBA U3LENNIA.

Pa3fmuna MeTo0B aBTOMaTM3auMM W ynpasieHUs MnpoueccaMy MOC/MONHOro CUHTe3a
u3genuii onpegensaTcs NpUMeHseMbIMU paboynmm opraHamm YCTaHOBOK [Ansi 06paboTku,
TPaHCMOPTUPOBKM 7 KOHTpONS N3aenuii. ans TEXHONOT WA, NCMOMb3YHLLNX
KOHLEHTPMPOBaHHbIe NOTOKN 3HEPruu, afropuTMbl MOCTPOEHUSA M34eNns 3aBUCAT OT paboyero
UMKMa npouecca, nocnegytowein COOpKn n OKoH4YaTeNbHOW 06paboTKM U3aeNniA.

AHanu3 ¢ nos3uuuii MCNonb30BaHUA KOHLEHTPUPOBAHHbIX MOTOKOB 3HEPTMW B KayecTBe
NCTOYHNKOB  (hOPMOO6Gpa30BaHUS (nepBoe  HanpaBneHnMe  pas3BMTKUS)  OCOBEHHOCTEN
TPaAWLMOHHBIX MeTOLO0B MNOMy4YeHUs peTane MawwnH 6e3 ¢opmoobpasyroLlell 0CHaCcTKK
ctepeonutorpadmein  (Stereolithography Application - SLA), CenekTMBHbIM Na3epHbIM
crnekaHvem (Selective Laser Sintering - SLS), nocfoiHON 3aiMBKON 3KCTPYLUPYEMbIM
pacnnasom (Fused Deposition Modeling - FDM), nocnoiiHbiM opmupoBaHuem Mofenein u3s
nuctosoro martepuana (Laminated Object Manufacturing - LOM) u gpyrumu npoueccamu
Mo3BO/IUN PacCMOTPETb YacTHble W BbIAENUTb 06WMe MNPUHLUMLI MOCTPOEHUSA PasUUHbIX
METOZO0B TEXHO/IOrMIN NOCMONHOT0 CUHTE3A.

[ns  noBbllWeHWA KayecTBa [MOBEPXHOCTU (OPMUPYEMOr0 U3LeNIUA U CHUXKEHUS
LNVTENBHOCTY MPOLEeccoB MakeTuposaHua u npoussoactea (SLA, SLS, FDM, LOM wu gp.) ¢
nosvynii BUAOB W (HOpM 3aroTOBOK MPUMEHSAEMbIX MaTepuanoB (BTOpPOe HanpasfieHue
pasBMTuUA) pPacCMOTPEHO pauuoHanbHoe pas3bueHMe Ha CNOW, C YYETOM OLEHKM KayecTsa
MOBEPXHOCTW, 3aBUCALLEA OT (opMbl u3genus. AHanu3 pasbmeHUs B pasNMUHbIX MeTogax
MOCMOMHON0  CUHTe3a  06ecrneymBaeT BbI6GOP  Hambonee  palUMOHaNbHbIX  MPOLLECCOB
MaKeT1pOBaHWUSA U NPOU3BOACTBA KOHKPETHOIO M3L4enus.

Pacuetr o06Wero kKonuuyecTBa CNOEB MO3BOMIAET OLUEHUTL 3PEPEKTUBHOCTL MpOLEcca,
BbIOMPaemMoro A8 MOC/MOMHOrO CUMHTEe3a U3fenus 3afaHHoOl (opMbl OLHMM U3 Npeaiaraemblx
metogoB (SLA, SLS, FDM, LOM wu gp.). Bepuukauns mofenn nocnoiHOro CUHTesa faeT
BO3MOXHOCTb MPOBEPUTbL YA0B/NEeTBOPeHWe Tpe6OBaHMI K TreOMeTPUYECKUM MapameTpam
KayecTBa C/I0XXHOMPOPUIbHBIX MOBEPXHOCTEN, 3a/10XKEHHbIX B KOMMNbIOTEPHYIO MOE/Nb U3AeNuns.
PerynupoBaHme TOMNUWWHbLI CMOS W yrna «pasfenku» €ero KPOMOK MO03BONSET YNpaBnsTb
reoMeTpMyecKMMK napamMeTpamum KayecTBa CNOXHOMNPOPUILHOW MNOBEPXHOCTM U BHOCUTb
KOPPEeKTUPOBKM B Haya/ibHbl BbIGOP MeTofa OnepaTvBHOIO MakeTUpOBaHWA WM NPOU3BOACTBA.
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MpoBepkKa cuensieHns cnoes M3fenns B page cnydyaes TpebyeT, MOMUMO OnpefeneHns naowagn
X NEPeKPbITUA, TaKXKe aHanm3a penbeda NaoCKOW Uan CNOXHONPOPUIbHON NOBEPXHOCTMN.

AHann3 JOCTMXXMMOCTM TOYHOCTU (POPMUPOBAHMUA MOBEPXHOCTER C MNO3ULUIA BAUAHUA
MNAOTHOCTA MOLLHOCTM MNPUMEHAEMbIX KOHLEHTPUPOBAaHHbIX MOTOKOB 3Heprun (TpeTbe
HanpaBsfeHne pasBUTUA) TMO3BONMAET pPeKOMeHAoBaTb pPAL  WCTOYHWKOB  3HEpPrun  Ans
NCMO/Mb30BaHNSA B PACKPOMNHOM 060pya0BaHUMN.

MpakTuyecky HenpepbIBHbIA pAL N0 NAOTHOCTU MOLHOCTM 06ecrneymBarOT chepytouine
TEXHONOrNMYeCcKMe NCTOYHUKN: ra3oBoe njaaMsa U njasMeHHas ayra; ceapoyHas gyra v UCKpoBble
pas3psanbl; HenpepbIBHbIA U UMNY/NbCHO-NEpUoLMYecKnii nasepbl. OCO6bI MHTEpPeC BbI3bIBAKOT
NOTOKM abpasmBHbLIX 4YacTuy, peannsytoline nNpu B3amMMOAENCTBUM BbICOKOHAMOPHON CTpyM C
NMOBEPXHOCTbIO NPOLECChbl aHaNOrnyYHble M3HalWWBAHUIO W BbiKpaWMBaHWUIO MPU UHTEHCUBHOM
TPEHUY 1 NpupaboTKe.

3710 06yCNOBMO, B 32aBUCUMOCTM OT pellaembliX 3afay, 4OCTaTOYHO aKTUBHOE NPUMeHeHne
B pacKpoWHOM  0060pyAOBaHWW:  ras3oniaMeHHbIX,  MJa3MeHHbIX,  31eKTPOUCKPOBbIX
(3p03MOHHBIX), Nas3epHbIX UCTOYHUKOB 3Heprun (puc.l). AnbTepHaTUBY 3TMM UCTOYHWKAM B
60/1bWIOM Ananas3oHe MAOTHOCTM MOLLHOCTWM ANSA LWKMPOKOro Kpyra 3agay MoryT obecneynTtb
rmapoabpasnBHble MOTOKN BbICOKOCKOPOCTHOM BOLHOW CTPyM.

+/-0,1nT +/-l«cm» +/-5310

PucyHok 1- Mcnonb3oBaHne KOHLEHTPUPOBAHHbIX MOTOKOB 3HEPTUM B PACKPOMHOM
06opyf0BaHUN.

B HauunoHanbHOW akagemun Hayk bBenapycn HIMO  «LeHTp» CNpoeKTUpPOBaHbl 1
BbINYCKAKTCA aBTOMATU3MPOBaHHbIE KOMM/IEKCbl MAa3MeHHON pe3kn. Komnaekcbl MO3BONSOT
BECTW 00paboTKy B BO3AYLIHOW cpeae, a TakxXe B BOAHOW cpefe (puc. 2) AN CHMXKEHUS
pa3MepoB 30Hbl TEPMWUYECKOro BAUAHWS BO3Me pe3a. Komnnekcbl npefHasHayeHbl A
MCNOMb30BaHMA Ha MNPeanpuATUAX  pas/IMYHOro  npouna  AeAaTeNbHOCTM, Tpebyrowmx
BbICOKOTOYHOr0 packpos IMCTOBbIX MaTepnanos.

MepcneKkTMBOW pa3BUTUA PacCKpPOMHOro o06opynoBaHUs, COrnacHoO LOCTUraemMoin TOYHOCTU
ANs onpefeneHHon ToNWmnHbl Matepunana (cm. puc.l), B 3aBUCMMOCTW OT MAIOTHOCTU MOLLHOCTK
NCTOYHUKOB 3HEpruu, ABNSeTcA LOOCBalleHWe KOMMJIEKCOB M/Ia3MEeHHOM pe3Ku nasepHbIMU
NCTOYHUKAMWN, YTO CYLLECTBEHHO MOBBLICUT MNPOU3BOAUTENBHOCTL, 06ecneynmBas BbICOKYHO
TOYHOCTb 06pabOTKM Ha LWMPOKOM AMana3oHe TOMWMH NMMCTOBLIX MaTeprasnos.

PUCYHOK 2 - ABTOMaTU3MPOBAHHbIN KOMMJEKC nnasMeHHoW pe3kn KIMP-02.
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HoBasi paspaboTtka HIMO «LleHTp» - aBTOMaTU3NpOBaHHbIA KOMMIEKC rmapoabpasnBHOi
pe3kn. OCBOEHHbIA Ha NPOU3BOACTBE aBTOMAaTM3MPOBAHHbLIA KOMMIEKC NpeAHasHayeH Ans
(MrypHOro n NMMHENHOro packpos NUCTOBbIX MaTePManoB C MOMOLLbI BOAHONM CTPYM BbICOKOIO
[laBneHuns ¢ nobaeneHnemMm abpasuea.

MocnegHmmn paspaboTKaMy Hay4YHO-NMPOU3BOACTBEHHOTO Pecny6MKaHCKOro YHUTapPHOro
npeanpuatus HMO «LleHTp» ABNAOTCA 5-TM KOOPAWHATHble MOpTa/bHble MaHUMYNSATOPSI,
obecneunBaroLLMe pe3Ky Nof yrioMm KpUBOMUHENHbIX NMOBEPXHOCTE MOBOPOTHLIMU FO0BKaMM

(puc. 3).

PucyHok 3 - Cuctema pe3ku nof yriomMm KpUBONUHENHbIX MOBEPXHOCTEN Nna3MeHHO
ro/I0BKOWA

370 no3BONsSeT NPOBOAMTL pasfenky W MNOAFOTOBKY KPOMOK Mepej CBapOYHbIMU
onepaumsMmn, CyLLeCTBEHHO paclIMpPsieT TEXHOMOrMYecKne BO3MOXHOCTM KOMMJIEKCOB Mpu
06paboTKe TONCTONMUCTOBbLIX 3ar0TOBOK W B COOTBETCTBMM C PacCMOTPEHHLIMU CXEMaMU
MOC/MONHOro pa3bueHns N CUHTe3a 06bLEKTOB, 06ECMeUYMBaAET NEPEXOS K LMPOKOMY NPUMEHEHUIO
«MPSAIMOro BblpalMBaHMa» NYTEM IUCTOBOrO packpos n C60pKN U3Lennii.

BNNAHWE YNbTPA3BYKOBOW OBPABOTKWN HA MEXAHUYECKUWE
CBOWCTBA YNIbTPAME/IKO3EPHUCTOIO HUKENSA
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Y nbTpasBykK aKTUBHO BO3JeicTBYeT Ha MUKPOCTPYKTYpPY nofunkKpucTanna,
B3aMMOfeiCcTBYA C JetheKTaMu KpUCTan/MYecKoid peweTkn. B paboTax, MOCBAWEHHbIX
KOMMbIOTEPHOMY MOJENIMPOBaHUIO BO3JENCTBUA YNbTPa3BYKOBbIX KO/iebaHWi Ha [edeKTHYH
CTPYKTYpY MeTasifioB, MOKa3aHO, 4YTO YNbTpasByK CMOCOOGCTBYET YBE/IMYEHUIO MOLBUXXHOCTU
AMCNOKAUMOHHLIX aHcambneli [1], camoopraHusaumyM AUCNOKALWOHHbIX aHcambnen mu
NpUBEAEHNI0 AWCNOKauMiA B HUX K YCTONYMBBIM KOHUrypauusam [2], nonepeyHomy
CKONbXEeHWO [3], yBe/IMYEHUIO NAOTHOCTM BakKaHCWid [4] n T.4. B pe3ynbTaTe M3MEHAKTCA U
MaKpoCBOWCTBa MaTtepuana, 4TO MOATBepXAaeT pAL 3IKCNepUMEHTaNlbHbIX AaHHbIX [5-8].
BaXXHbIM 3KCNepUMeHTabHbIM Pe3ynbTaToOM SBSAETCA YBe/MYEHUe TEPMUYECKOW CTabunbHOCTH
YM3 Hukens, nogsepruytoro M4 kpyueHuem, nog gelictenem Y30 [9]. NccnepoBaHue 6bino
MPOBeeHO ANS MIOCKUX 06pasLoB, UMEKLWNX AuamMeTp He 6onee 1 cM. CHUXEHNe BHYTPEHHUX
HanpsbkeHuin, Habnogasweecs B pabote, 06bIYHO CNOCOOCTBYET U U3MEHEHUIO MEXaHUYEeCKUX
CBOWCTB. [03TOMY npeAcTaBiseT MHTepec NPOBECTU NOA06HbIe uccnefoBaHus A1 06beMHbIX



