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KOMMbIOTEPHbIA AU3ANH NMOJIMMEPHbBIX KOMMNO3UTOB
TEXHUYECKOIo " MEGULUMNHCKOIro HASHA4YEHUA

Paccmompeﬂbz nepcneKkmuest U pe3yabmamaol uccaedosanuil asmopoe 6 aKkmydaibHom uMemcaucuunﬂuHapHOM Hay4-
HOM HAnpaeieHuu — KOMNbOmepHom duzaiine qbyHKL{uOHa./lebLX NOAUMEDPHBIX KOMNO3UmMoe ¢ 6ucnepCHb1Mu u e6o-
JNOKHUcmbIMU Hanoanumenamu. Tlokazanot COBpeMEHHble npe@cmaeﬂeﬂuﬂ 0 MexXaHu3max ae(ﬁopmuposaﬂuﬂ, mpe-
HUA U pa3pyuteHus noaumepos, a maxkace docmudicenust MEXAHOXUMUU, OUOMEXAHUKU U HAHOMEXHOAO2UIL.

Karoueevte caosa: noaumepnvie KoMno3umot, apmuposanue, NPOHHOCMb, 0ehopMamMuU8HOCHb, Me30MEeXAHUKA,
KOMNbIOmepHblil OU3atiH, 0emanu MAuiuH, UMHAGHMAMbl

BBenenne. AKTyaTbHbIM MEXIUCIUATUIMHAPHBIM Ha-
YYHBIM HallpaBJICHUEM SIBJISICTCSI CO3MaHue (hYHKIIMO-
HaJIBHBIX TTOJIMMEPHBIX KOMIIO3UTOB C TUCIICPCHBIMU 1
BOJIOKHMCTBIMU HATIOJTHUTEISIMU HA OCHOBE MPEICTABIC-
HMIT 0 MeXaHM3Max Je(OpMUPOBAHUS, TPEHUS U pa3py-
IIEHUST TTOTMMEPOB, KoMmbloTepHoro nusaiiHa (KJI)
CTPYKTYPbI ¥ HAHOTEXHOJIOTHIT MOTUMDUITMPOBAHUS Ma-
TepranoB. Pa3paboTK KOHCTPYKLIMOHHBIX U (DYHKIINO-
HaJIBHBIX (AHTU(PUKIIMOHHBIX, 0MOCOBMECTUMBIX M T. I1.)
MUKPO- ¥ HAHOKOMITIO3UTOB Ha TTOJIMMEPHOI OCHOBE C
MIPUMEHEHNEM METOIOB BHICOKOSHEPIeTUIECKON MO~
ukarmm BxomaT B [lepedyeHb MPUOPUTETHBIX HAYIHBIX
HarpasineHuii Pecriyoimukn benapych: «@usnka, Xumust
1 MeXaHUKa MIOBEPXHOCTU; MEXaHNKa alalTTUBHBIX MaTe-
pUaIOB M KOHCTPYKIIWI, YIIPABJICHNE CTPYKTYPOM U CBOM-
CTBaMH ITOBEPXHOCTH, B TOM UHCJIC HAa HAHOCTPYKTYPHOM
YPOBHE» 1 OTHOCSITCS K UUCITy KPUTUISCKUX TEXHOJIOTHIA
denepanpHOTo yposHst Poccuiickoit Denepariyiv. DT ne-
CJICIOBAHUSI pa3BUBAIOTCS BO BCEX TIEPEIOBBIX CTpaHaX 1
HX Pe3y/IBTaThl HAXOMST OBICTPOE M IIMPOKOE TTPUMEHE -
HHE B TEXHUYECKUX U METULIMHCKIUX TTPUIIOKCHUSIX.

BricokoMoneKynsipHble COeTUHEHUST (TTOTUMEPhI
1 2JIaCTOMEPHI), KaK MPaBUIO, HE TIPUTOIHBI 71T He-
MMOCPEACTBEHHOTO UCITOJIb30BAaHMSI B KAUECTBE KOHCT-
PYKIIMOHHBIX JIM0O (DYHKIIMOHAJIBHBIX MaTEePUAIOB.
BBeneHnemM opraHMYecKMX M1 HEOPraHWYECKMX HATTOM-
HUTENe/MOT(MUKATOPOB MOKHO CYIIECTBEHHO IT10-
BBICUTh (DM3UKO-MEXaHNYECKUE XapaKTePUCTUKU U
peaan30BaTh CBOMCTBA, HE MPUCYIIHE 0a30BOMY Ma-
tepuany. OnMHaKo 10 HelaBHEro BpeMEHH TaK1e MaTe-
pUaloBeTYECKUE PEIICHUST ObUTM SMIIMPUYECKUMU, a
MOJIeJIbHbBIC TTPEACTABICHUS MEXaHUKH MaTepUajioB He
HaXOIWJIM TIPUMEHEHUS B MHXKCHEPUU TTOJIMMEPHBIX
KOMITO3UTOB. B mocnemHue rogbl METOIBI MEXaHUKU
(KoTopasi B 3aBUCMMOCTH OT OOBEKTa MCCACIOBAHMS
MMO3UIIMOHUPYETCA KaK BBIYMCIUTEIbHAS MEXaHUKa,
(usnyeckas Me3oMexaHnKa, MUKPO- 1 HAaHOMEXaHU-

Ka, OMoMexaHMKa, TeOMeXaHWKa) TTIO3BOJIWIN ITOTOUTH
K 0oJiee OCMBICJIEHHOMY, OBICTPOMY U ¢ MUHUMAaJIbHbI-
MU 3aTpaTaMU CO3IaHUIO MaTepHUaIoB C 3aJaHHBIMU
cBoiictBaMu. [IpencraBisieTcsi, UTO pa3BUBaeMbIit aB-
TOpaMM MEXIUCIUTUTMHAPHBIN TTOAXOM B BUIE KOM-
neioTepHoro au3aitHa (KJI) MoXXHO UCITOIb30BaTh 11T
pelIeHusT LIeJ0TO pPsiaa MpodJeM:

- XOTs UCIOJIb30BaHNEe HAHOPAa3MEPHBIX HATIOJTHUTE-
JIEWi ¥ BBICOKOSHEPTETUYECKOTO BO3ACMCTBUS Ha IO~
JIMMEPHYIO MaTPUILy CHOCOOCTBYET 3HAYUTEIbHOMY
MOBBIIICHUIO (PM3UKO-MEXaHUICCKUX XapaKTePUCTUK
TUIACTUKOB, TPAIULIMOHHbBIE y3KOTEMATUYECKME UCCIIE-
JIOBAHMS TOKA HE MO3BOJIMJIM BBISICHUTb MEXaHU3M
yrpouHeHus. HyxxHa apdekTruBHas 1 HaydHO-000-
CHOBaHHasl METOMOJIOTHS Pa3pabOTKU MUKPO- M Ha-
HOKOMITO3UTOB, peau3yloliasi IPUHLIMIT «OT 3adaH-
HBIX CBOMCTB — K TpeOyeMO CTPYKType»;

- 1151 oGecrieueHrst COBMECTUMOCTHU MaTPUIIbI M HATIO -
HUTEJIS, B OOBIYHBIX YCIIOBUSIX HE B3aMMOICHCTBYIOIIIMX,
KaK IpaBUjIo0, IPUMEHSIOT HEe BCEraa 3KOJIOTUYECKU
0e3yIpeYHbIe XUMUIEeCKHE TeXHOIOTUH. [lepcreKTrB-
HBIM SIBJISICTCST MEXaHOXMMUWYECKUIT MeToI, 00ecIeyn-
BaOIIUI YCUJICHHUE CBSI3U MAaTPUIIBI C HATIOJIHUTEJIEM 1
OIHOBPEMEHHO YIIy4IIIEHUE TEXHOJIOTUIECKIX CBOMCTB
MIPU MaJIbIX KOJIMYECTBAX PEAareHTOB;

- [Tna3meHHass 00paboTKa XUMUYECKN MHEPTHBIX Ha-
MOJIHUTEICH 1 KaTlCyIMpOBaHe aKTUBHBIX HATTOJIHU -
TeJleil HAaHOMMOKPBITUSIMU TIO3BOJISIET CO37aBaTh BhI-
COKONPOYHbIC U OMOCOBMECTUMBIE KOMIIO3UTHI
MEIUIIMHCKOTO0 Ha3dHaueHUs. Takas MomuduKaims
BhINMycKaeMbIX B Poccuiickoit @eaepanmu u Pecrnyosm-
Ke benapych moaMMepHbIX BOJOKOH, HUTE U TKaHeu
BOCTpeOOBaHa B IIPOM3BOJCTBE KapAMOMMIUIAHTATOB,
SHJIONIPOTE30B, ITOBHBIX U TPUKOTAKHBIX MaTEPUAIOB
IJ1s1 XUupypruv. Ho MHTYUTUBHBIN BBIOOP YKJIAIKM ap-
MUPYIOIINX BOJOKOH, TTapaMeTpOB HAHOMOKPHITUN 1
TEXHOJIOTMYECKIX PEKMMOB IMepepadoTKU KpaiiHe Head-
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(hekTHBeH; aJIsTEPHATUBHOM SIBJISIETCSI pacyeTHasl Ofl-
TUMU3ALUS CTPYKTYPbl UCXOJsI U3 TPeOYyeMbIX (DPUK-
IIMOHHO-MEXaHUYECKNX CBOMCTB C MOCJENYIOIen
BCECTOPOHHEN aTTecTallueil nmojaydyaeMblX MaTepua-
JIOB MO TEXHUYECKUM U MEIULIMHCKUM IMOKa3aTeIsiM;
- Cepbe3Holl mpobieMOli HAHOTEXHOJIOT U SIBJSIETCS
CMOHTaHHBIN MpoLECC arioMepaluy AMCIEPCHOTO Ha-
MOJIHUTEJISI BCAEACTBUE OBICTPOTO YCUJIEHUS MTOBEPX-
HOCTHOTO B3aUMOJIEHCTBUS C YMEHbIIIEHUEM pa3Mepa
yacTull. DTO aKTyalu3upyeT MPOBeAEcHUE Me3oMexa-
HUYECKOI0 aHaI13a KOHKYPUPYIOIIMX MPOLIECCOB pa3-
pylIeHUs U arjloMepaluy YacTULL HAITOJHUTEIS;

- IIpumeHsieMble B y3/1axX TPeHUS MOJUMEPHbIE KOM-
MO3UTHI MOJABEPTalOTCsSl BBICOKUM CUJIOBBIM U TEMIIE-
paTypHbIM Harpy3kam, puyeM Ux TpuOOTEXHUUECKHUE
XapaKTEPUCTUKU HE BCeraa KOppeaupyloT ¢ Gu3nko-
MexaHuuyeckumMu. TakuM oOpa3zoM, aHTUDPUKIIUOH-
Hble KOMITO3UThI AJOJKHBI pa3padaTbiBaThCsl HA OCHO-
B€ KOMIIJIEKCHOTO aHaJiu3a MpolecCOB TpeHUs,
neOopMUPOBAHUS U pa3pyLIEHUSI.

JlaHHas CTaThsl MTOCBSIIIEHA PELIEHUIO YKAa3aHHBIX
po6JieM B pyciie 001l TeHASHIIMU — pa3padOTKe KOM-
MO3UTOB, UCXO/S1 U3 TPeOyeMbIX CBOMCTB, MyTEM «KOH-
CTPYUPOBaHUSI» («KKOMITBIOTEPHOIO AU3aiiHa») CTPYKTY-
pPbI IPU aKTUBHOM MPUMEHEHUN B MaTepualoBeIeHUN
MeXaHUKO-MaTeMaTUYeCKUX MOJe/ieil MaTepuaaoB u
BUPTYaJbHBIX MEXaHUYECKUX UCMbITaHU#. B cTaThe
00001IEHbI pe3yJIbTaThl ABTOPOB, MOJYyYEHHbIE 3a MOC-
JieMHre 2 Tojia TIPU BBITIOJTHEHUU MpoekToB bPOD®U n
samanuii [ KITHU «Mexannka», BKitodast pa3aen «buo-
MeXaHUKa», OTpaXkKeHHBIe B MyomKamusix [1—21], Ko-
TOpBIe, KOHEYHO, TIPEICTABIISIOT JIUIITH MAJTyIO YacTh 13-
BECTHBIX JINTEPATYPHBIX CCHIIOK 110 JAHHOI TeMaTHKe.

MeXIUCIUNIMHAPHBIA MOIXO0/ B KOMITbIOTEPHOM /I~
3aifHe MHKPO- 1 HAHOKOMIIO3UTOB. ATIEKBATHOCTb METOI0B
MeXaHNKH HA MUKPO- M HAaHOYpPOBHe. B HacTosiiliee Bpemsi
M3BECTEH PSII padOT 3aITaqHOEBPOTICICKIX, POCCUICKIX
M OEeJTOPYCCKUX MCCIIeIOBaTe I, IOCBSIIEHHBIX TeOpe-
TUIECKOMY 1 9KCITCpUMEHTAIEHOMY OITMCAHIIO MEXaH! -
YECKUX CBOMCTB MUKPO- M HAHOKOMITO3UTOB. OmHAKO
TpeIIOKeHHBIC B HUX TCOPETUUECKIE TTOIXOIbI TMe-
10T psii HEAOCTAaTKOB. B yacTHOCTH, MpY MCTIOJIb30BA-
HUM pacIIPOCTPAHECHHBIX B MEXaHNKE KOMIIO3UTOB
METOIa CaMOCOTIJIACOBAHUS M CTATUCTUICCKOTO TTOJI-
Xoa He ymaeTcs y9ecTh BIMSHUE pa3Mepa U pOpPMBI
BKJIIOUEHU. [1J1 uccaenyeMbIX MaTepraaoB XapakTep-
HBI BBICOKHE TPAAUEHTHI CBOMCTB Ha IpaHUIIAX pase-
na (as, 9To YCIOKHSICT ITOIYIeHNE PACUCTHBRIX Olle-
HOK Je(OpMaIIMOHHO-TIPOYHOCTHBIX XapaKTepUCTUK
CTaTUCTUYCCKUMU METOIAMM MEXaHNKI KOMIIO3UTOB.

BakHBIM OTIITIMIEM MUKPO- 1 HAHOKOMITO3UTOB OT
COHIIBUY-KOHCTPYKIINA [ 1] 1 iMCriepCHO-HAMOJHEHHbIX
MaTtepHraioB ThIa acaasrodeToHa [ 13], mprMeHsIeMbIX
B MaIlIMHOCTPOCHUH U CTPOUTEIIBCTBE, SIBIIIETCS OOJIee
BBIpasKEHHAS POJIh MEK(a3HOTO CJI0s1, TOKATM30BaHHO-
TO B IIPUTPAHUIHOM 00beMe ITOJIMMEPHOI MaTpUIIBL. B
3TOI1 CBSA3M OBIIN Pa3pabOTaHbl HOBBIC TIOAXOIBI K OTIH -
CAHMIO HAHOKOMIIO3UTOB [2—6], B T. 4. Ha OCHOBE Ye-
ThIpex(a3HOI MOAEIIN ITyTeM PEIIcHUS YpaBHEHU Te-
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OpUU YIIPYTOCTU JIs1 KAXKI0M KOMITOHEHTBI MaTepuaia
MpU 00BEMHOM U CIBUTOBOM JiepopmupoBaHuu [3]. st
ornpeneeHrs] KOHCTAHT 3TUX PELIEeHUl COCTaBJsIeTCS
CHUCTeMa YPaBHEHU C y4eTOM Hepa3pbIBHOCTHY CMellle-
HUI W HaMpsDKEHWI Ha MexX@a3HbIX TpaHUIaX; orpa-
HUYEHHOCTU HaMpsSKEHU; yCIOBUIA Ae(DOPMUPOBAHUS
U 9HEPreTUYEeCKOro MpuHIMMNa romoreHu3anuu. Ieo-
METpUYeCcKMe U MEXaHWYEeCKUe mapameTpsl ¢as3bl, MO-
NEeJIMPYIOLIEH MPOMEXYTOYHBIN CJTO, OMpPEeNestoTCs
Ha OCHOBE TeOpUH (ppakTaTbHOIO ycuieHus. B pe3yib-
TaTe yaaaoCh MOJYyYUTh AETATbHYIO KAPTUHY HAMPsIKEeH-
HO-1e(OPMUPOBAHHOIO COCTOSTHUS MeX(ha3HOTO CJI0sI
U IPUTPAHUYHOTO 00beMa MaTPULIbl, HAUTU paCUETHbIE
3aBUCUMOCTH 3((HEKTUBHBIX YITPYTUX CBONCTB U Mpe-
Jiesia TeKy4eCTU KOMIO3UTa OT O0BbeMHOM J0JIM HATIOJ-
HUTEJIS U CPeHEro panuyca BKitoueHuii. Conocrasie-
HUE Pe3yJIbTaTOB C SKCIIEPUMEHTOM MOKa3aJ10 BHICOKYIO
TOYHOCTb MPOrHO3UpPOBaHUs [4].

CrpykTypupoBaHue MaTepuaja, Kak ooparHas 3a-
Jaya MexaHuku. /{u3ailH martepuajioB U UHXKEHEPUs
KOMIIO3UTOB Ha OCHOBE KOMITBIOTEPHOIO MOJAEIUPO-
BaHUsI SIBJISIETCS HOBOW JUISI MaTepUaloBeIeHUST TeX-
Hosiorueit. BaxxHo, uTo MeTogaMu (pu3n4ecKoil Me30-
MexaHUKM [2—9] Ha OCHOBE slueeK NMEPUOIUIHOCTU B
MacuiTabe OTaeIbHbIX ApMUPYIOLIMX BKJIIOUEHU A, TTOP
U TIpUJIeraloniero oobeMa MaTpullbl U Mexda3Horo
cJiost (pUcyHOK 1) ebiuucasgiomes MexaHUUECKUE XxapaK-
TEPUCTUKU MaTepuasia (MOIYIr YIPYroCTU, MPeaesbl
TeKY4eCTU U MPOYHOCTHU). OHU SBJISIIOTCS UCXOIHBI-
MU TaHHBIMU ITOCIIEAYIOIIETO MAaKPOMEXaHUUECKOTO
aHanmM3a n3neaust (MOKPHITHS, IeTaIN, KOHCTPYKIIAN )
C YIETOM peaslbHOI TeOMETPUHN 1 SKCIITYyaTalIMOHHBIX
Harpy3ok [10—13, 17—21].

[TpyHIATTAATEHBIM SIBIISIETCS PAa3Ie/ICHUE 3a1a9 KOM-
MBIOTEPHOTO IM3aiiHa MaTepUAIOB Ha IBE TPYIIITHI — IIPsI-
MbIe 1 obpaTHble. O0patHbIe 3amaun K] cxomHbI ¢ Tpa-
JTUITMOHHBIMU 3aIa9aMH OTITUMATBHOTO TIPOEKTUPOBAHMS
KOHCTPYKLIMIA. B 3amauax onmTMMHI3aIliA OTHICKBACTCS
SKCTpeMalTbHOE 3HaYeHNE (DYHKIIAW IIEJIM U PEIICHUEM
SIBJISTIOTCST TTapaMeTpPhl, OTBEYAOIINE JJOKAIBPHOMY WA
mobanbHOMY 3KcTpemyMy. B pamkax KJI matepuanon
OTBICKMBAETCS HE 9KCTPeMaIbHOE, a 3apaHee 3aJaHHOe
3HavYeHNe (PyHKIMN 1ear. OTH! 1 Te XKe 3HaYeHUS (hyH-
KIIMH TIEIN TOCTUTAIOTCS TIPU PA3TNIHBIX COUCTAHUSIX
VIIPABIISIIONINX TTapaMETPOB ¢ BO3MOXKHOCTBIO BEIOOpA
HamboJjIee TIPUEMIICMOTO PEIICTITYPHOTO U TEXHOJIOTH-
YeCKOTo BapraHTOB. [1p1 3TOM BO3MOXKHO ITOJTyJICHHUE
HE OJIHOM, a NByX 1 Oosiee 3(h(HEeKTUBHbBIX XapaKTepHC-
THK C 3aJaHHBIMU 3HAYCHUSIMM.

B yactHocTH, no anroputmy KJI 6buiu mipoBene-
HBI pacdyeThl 3 (PEKTUBHBIX XapaKTePUCTUK (MOIYJIST
YIIPYTOCTH U TIPEAETBbHON JedOopMaliuy pa3pyLieHUs
IACTICPCHO-apMUPOBAHHOTO KOMITO3UTA TP PACTSI-
xxeHnn). CoBMEIIEHNEM TTOIYICHHBIX 3aBUCUMOCTEH
HalimeHa 00J1acTh (PUCYHOK 2), OIIpeaeIsonIas Cpe-
HUN pagnryc BKIIOUCHU 1 CTEIICHb HAITTOJTHCHUS IS
TIOJTYYCHMST 3aJaHHBIX 3HAUCHUI YeThIpeX 3(pDeKTrB-
HBIX XapaKTEPUCTUK, YTO ITO3BOJISICT IaTh KOHKPETHBIC
PEKOMEHIAIINH IT0 COCTaBY KOHKPETHBIX KOMITO3UTOB.



HAYYHBIE HHCTHUTYTbI HAH BEJIAPYCH

Tun maTepuana

Cxema CTPYKTYpbI

CTpYKTYpHBIii 3J1eMeHT
(Ayeiika MepuoJIMYHOCTH )

3aKpLITONOPHCTHII

I'panyMpoBanubIi

Jucnepcho -
HANOJIHEHHBIH

Pucynok 1 — Me3ocTpykTyps! 1 stueiikn nepuoananoct B K/I marepuanon

[Ipu u3meHeHun MaciuTada aHaIU3a «IPOSIBIISIET-
csl» MIPUCYIIAasl MaTepualaM CTPYKTYypa, U yrpaBjieHue
3G (HEKTUBHBIMU XapaKTePUCTUKAMU MaTEPUAJIOB €C-
TECTBEHHO OCHOBBIBATH HA U3MEHEHUU 3TOM CTPYKTY-
pHI BBeleHUEeM HaroHuTenei. K yrnpasnsronmm mna-
pamMeTpaM OTHOCSITCS: CTETIEHb HATIOJTHEHUST; Pa3MephI
u (hopma BKITIOUEHUI; YPOBEHb MeX(ha3HOTO B3aMO-
nevictBus (aare3ust) [S—7].

Bs160op cocTaBa KOMMO3UTOB B paccMaTpuBae-
MBIX TIPUMEPAX MPOBOAMIIN 1O MTPUBEASHHON HUXE
enquHOM cxeMme (CM. TaKXe PUCYHOK 3), TOHMMAast
MOJ KOMNbIOMEPHbIM QU3AUHOM MAmMepuanoe OCHO-
BaHHYIO Ha CTPYKTYPHO-(YHKIITMOHAIHLHOM aHaJM -
3¢ TEXHOJIOTHUIO, BKITIOYAIOIIYIO IBA OCHOBHBIX 2Ta-
ma (ypoBHEW pacCMOTPEHUSI CTPYKTYPhl MOXET
OBITh HECKOJIBKO):
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CTeneHb HanonHeHusa

01 02 03 04 05 06 07 08 09 1
CpeaHWil paguyc BKNIOYEHUN

PucyHok 2 — O061acTb 3HAYeHU, HEOOXOAUMBIX /LIS OJTyYeHUs
3HAYeHHHl YeThIpeX 3()(HeKTHBHBIX XaPAKTEPUCTHK

I. Me3omMexaHHYeCKHii aHAJIN3:

1) aKcriepuMeHTaIbHOE HcciienoBaHue parMeHTa Ma-
Tepuana;

2) cxeMaTu3alus CTPYKTYpbl B TIPEICTaBUTEIIHHOM
o0beMe MaTepuaa;

3) mocTpoeHue CTPYKTYPHOTO 2JIEeMEHTa «HAMOJIHU-
TeJb — MeX(a3HbIi CJIO — MaTpuUlla»;

4) BBIBOJl OMPEACJISIIONIMX COOTHOIIEHUI I CTPYK-
TYPHOTO 2JIEMEHTA U MPEACTaBUTEILHOTO 00beMa;

5) aHaIU3 3aBUCUMOCTU (PU3NKO-MEXaHUUYECKUX Xa-
PAKTEPUCTUK OT COACPXKAHUS U BUIA HAITOJHUTES.

II. MakpomMexaHU4YeCKUid aHAIM3:

6) TBepAOTEIbHOE MOACTUPOBAHUE U ITOCTPOCHHUE PaC-
YEeTHOW MOJIEJIN U3IETUS;
7) YUCTIEHHBIN aHAJTU3 HAMPSIKEHHOTO COCTOSTHUS,
8) yncaeHHbIN aHaIu3 1eOPMUPOBAHHOTO COCTOS-
HUS;
9) BepubuKalysg pacueTHON MOIEIN MO SKCIIEPUMEH -
TaJIbHBIM JTAHHBIM;
10) onTMM3aLMs cocTaBa KOMITO3UTa (MaTepuaso-
BEIYECKOE PEUICHNE) U KOHCTPYKIIUY U3eUs (MHXKe-
HEpHOE pellleHre) M0 TPYIIe KpUTepreB KauecTna.
ITpu pelieHnu psina HayYHO-TEXHUYECKUX 3a/1a4,
BKJIIOYAst MEAULIMHCKUE TTPUITOKEHUS, aBTOPaAMM IO~
Ka3aHO, YTO KOMITBIOTEPHBIU AU3aliH MaTepUaaoB
paBHO3((dEKTUBEH B IIIMPOKOM THAIa30HE JUCIIEp-
CHOCTU HAITOJIHUTEJS: OT HAHO- U MUKPOMETPOB
(yapTpagucriepcHble HATTOJTHUTEIN, MAKPOMOJIEKYJIbI
TMOJIMMEPOB, OMOJIOTUYECKIE KIETKHU) 10 MUJJTUMET-
POB M CAHTUMETPOB (rpaBuii, eOeHb) (CM. PUCYHOK
2). Yuer peanbHOIl reoMeTpun, n1edhopMalliOHHbBIX
CBOWCTB M B3aMMOJEUCTBUSI KOMIIOHEHTOB METOAA-
MU (pr3NUECKON ME30MeXaHUKHU MO3BOJISIIOT aleKBaT-
HO MOJEeIUpoBaTh NehOpMUPOBAHNE U pa3pylLIeHUE
MUKpPO- U HAHOMITO3UTOB, a 3aTeéM MPOTHO3UPOBATH
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MPOYHOCTHBIE U TPUOOTEXHUYECKNE XapaKTEPUCTH -
KW U3MEJIMSI HAa €r0 OCHOBE.

3HaYUTEIbHYIO YaCcTh Pe3yJIbTaTOB COCTaBUJIU
npwioxenus KJI maTtepuanaoB K uccieqOBaHUIO TPU-
OOMEXaHUYECKUX CBOMCTB MUKPO- U HAHOKOMITO3U-
ToB (Ha mpumepe CBMIID) [14—16]. Tak, 6bL10 U3Y-
YeHO BJIUsSHUE HaHOBOJOKOH Al,O, u yriepona,
HaHOTOPOLIKOB Men M oKcuaa KpeMuus SiO, Ha pu-
3UKO-MEXaHUYECKUE U TPUOOTEXHUYECKNE CBOMCTBA
CBMIIB. YcraHoBAEHO, 4YTO MOAUGULMPOBAHUE
CBMIID HaHOBOJIOKHAMU Y HAHOYACTULIAMU B MaJIbIX
oobeMax (0,1—0,5 macc. %) 3aMeTHO IOBBILIAET Je-
(hopManMOHHO-TTPOYHOCTHBIE CBOICTBA U B 3—6 pa3
YBEJIMUUBAET U3HOCOCTOMKOCTh B CPABHEHUU C UCXOI-
HBIM MoiuMepoM; HaHoBojiokHa (C u Al O,) Benen-
CTBUE 0OJIbLLIEH MI0IAAN MOBEPXHOCTU 3(D(PEeKTUBHEE,
yem HaHovyacTuusl (Cu u Si0,), hopMUpyIOT Ha T0-
BEPXHOCTH TPEHUS TJICHKY MepeHoca, o0ecreurnBaro-
111y BBICOKYIO U3HOCOCTOMKOCTh U HU3KUU KO Pu-
LIMEHT TPEHUS; MPU BBEACHUM HAHOHAMOJIHUTEIEH
dopMupyeTcs yropsiioueHHast (JlaMesuisipHas) HaiMO-
JIEKyJISIpHasi CTPYKTypa MoJiMMepa U TOHKasi yCTOHYu -
Bas IJIeHKa (GPUKIIMOHHOTO MEPeHOCca; MeXaHUYeCcKast
AKTUBALIMS CBSI3YIOLIETO U HATTOJTHUTES CITOCOOCTBYET
PaBHOMEPHOMY paclpeeIeHUIO HATTOJHUTES U CITy-
SKUT JOTIOJTHUTEbHBIM CITOCOOOM MOBBILIEHUS (hPUK-
LIMOHHO-MexaHuueckux cBorictsB CBMIID. Onpene-
JITIOIIYI0 POJib B abpa3MBHON M3HOCOCTOMKOCTU
HaHOKOMM03uTOB Ha ocHoBe CBMII® urpaet pasmep
3epHa abpas3uBa 1 cOpMUpPOBABIIASICS HaIMOJIEKY-
JISIpHAsl CTPYKTypa; IMpH adpa3rBHOM W3HAIIMBAHUHN
TIOJIOXKUTEIbHAS POJIb HAHOHAIIOJHUTEIEH KaK TBep-
JOIt CMa3KW, HUBEJIMPYETCSI HECOPa3MEPHOCThIO HAHO-
HAITOJTHUTEJICH 1 3¢pHUCTOCTH abpa3uBa; abpa3uBHasS
M3HOCOCTOMKOCTh MUKPOKOMITO3UTOB Ha OCHOBE
CBMIID yBennuuBaercst 1o 16—18 pa3 npu HamoJ-
HeHuu noimmepa MukpoyactuuamMu AIO(OH) n AL O;
abpa3uBHaS N3HOCOCTOMKOCTh KOMITO3UTOB Ha OCHO-
BE CTPYKTYPHO MOAN(MPUIINPOBAHHON MAaTPUIIHI SKBH-
BaJICHTHA M3HOCOCTOMKOCTA MUKPOKOMITO3UTOB Ha
ocHoBe ncxomHoro CBMII3D; onpenesionyio poib B
M3HOCOCTONKOCTH MUKPOKOMITO3UTOB Ha OCHOBE
CBMIID urpaet cOOTHOIIEHUE pa3MepOB YaCTUI]
MUKPOHAIIOJIHUTEJIS 1 3epHa abpas3usa. [1pu 6auzoc-
TH pa3MepPOB MUKPOHAIIOJTHUTEIICH 1 aOpa3UBHBIX 3¢-
PEH M3HOCOCTOMKOCTh MaKCHMaJTbHA.

TakuM oO6pa3oM, MCITOJIB30BAaHNE COBPEMEHHBIX
aHAJTUTUICCKUX U DKCIIEPUMEHTAIbHBIX METOIOB
OLICHKU CBOMCTB M BBIOOpA COCTaBa KOMITO3UTOB JIJIST
KOHKPETHOTO TIPMMEHCHUSI, B OTJIMUNE OT TPaTUII-
OHHOTO IJTUTEILHOTO U MPUOIM3UTEIHFHOTO TTOmoopa
MaTepHaia Io CIIpaBOYHUKAM, a TAaKXKe HeIocpe-
CTBEHHBIN BBIXO HA ONITUMAJIBHBIC PELIeTITYPhI MaTe-
puaia 1 YIIpaBlIeHUE CBOMCTBAMM SIBJIICTCS pellaio-
UM TIPEUMYIIIECTBOM TEXHOJIOTUU KOMITBIOTEPHOTO
IU3aifHa U MHXCHEPUH MaTepHaioB.

Pa3paboTka HOBBIX BBICOKO3()(PEeKTHBHBIX MOJIH-
MEPHbIX KOMIO3UTOB M HAPOJAHOXO03SIICTBEHHOE 3HA-
yeHne pe3yasTaToB padoTbl. KoMIIBIOTEepHEBIIM TU3aiiH
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Pucynok 3 — KoMnbroTepHsIii 1u3aiiH MATEPHAJIOB HA PUMEpPE ONTHMHU3AINH COCTABA CTEKJIOHANOIHEHHOTO MOIMAMHIA
M KOHCTPYKUMH NAHEJIH 1oJa

MaTepHuayioB KaK MEKIUCIUIUTMHAPHBIA M MHOTO-
YPOBHEBHIN ITOIXO ITOKa3ajl CBOIO 3(P(PEeKTUBHOCTH
B Pa3JIMYHBIX 00JTACTAX MaTepHaIOBEeICHNUS U MHXKE-
HEpUU MOJTUMEPHBIX KOMIIO3UTOB.

Texnuyeckue NPUI0ZKCHUA

3anmMTHbIe IUIMTHI 1S THAPO3JIeKTpocTanmmii. Co-
BMecTHO ¢ 3A0 «ITommHUT» (. MOCKBa) BBITTOTHS -
etcs ipoekT ¢ OAO «DenepanbHast THAPOTEHEPUPY-
tomas komnaHnusi — PYCI'MJIPO» o u3rotoBieHU1o
«[1TUT MOHOJIUTHBIX U3 BBICOKOCTPYKTYPUPOBAHHO-

o aHTHAATe3MOHHOTO (hYyTepOBOYHOIO MaTepuaa
BCA®-PTI'».

B cooTBeTCTBUM € penienTypoii, pa3paboTaHHOU B
N®IIM CO PAH metomamu K1, 0bu1M chOpMyIHpoO-
BaHbI TeXHUYeCKUe ycaoBus 2246-012-16426899-2012
(BBemeHHI BIIepBHIC, CpoK BBemeHUs: ¢ 1.04.2012 1).
Hactostie TY pacipocTpaHSIOTCS Ha TTATHI (JIUCTHI)
MOHOJIUTHEIC M3 BEICOKOCTPYKTYPUPOBAHHOTO aHTHAI-
re3anoHHOTO (pyTepoBouHoro marepuaia BCAD-PT
(Tl (hyTepoBOYHBIe) «Borar, n3roraBnmBacMbIe
METOIOM TOPSIYETO TPEeCCOBAHUS IJIST IIPUMEHEHUS B

153



ISSN 1995-0470. MEXAHUKA MAITUH, MEXAHU3MOB U MATEPHAJIOB. 2012. Ne 3 (20)—4 (21)

TUIPOMAITMHOCTPOSHUY U THIPOCTPOUTETHCTBE B T -
POKOM JMara3oHe TeMIepaTyp Mpy BO3IEHCTBUN J1aB-
JIEHWIA, aOpa3uBOB, BJIarv U COJTHEUHOTO U3JTyICHUSI.

MmMeeTcs cornacue Ha NMPOBeIeHUE OTIBITHBIX pa-
0OT 110 UCITOTb30BAHUIO TTOJIMMEPHBIX TUTAT JJIST aHTH -
JIeJIOBOM 3alIUTHI B [1a3aX 3aTBOPOB 1 30HE MTpUMep3a-
Hus 3aTBOpoB Ha CapatoBckoit u Kurynesckoii ['DC.
B Hacrosimiee Bpemst 3AO «I[ToAMHUT» U3rOTOBUIO
OTBITHBIE MAPTUU TAKUX TUIACTUH U YyCTAHABIMBAET UX
Ha yKa3aHHbBIX TUIPO3JIEKTPOCTAHIIUSIX.

JleTam MammH 17151 padoThI B ATPECCHBHBIX cpefax. [1o
3aMpocy MPOU3BONCTBEHHBIX KoMMaHUi TannaHaa Tpedo-
BaJIOCh U3rOTOBUTH IIIECTEPHU BaJIOB, 00ECTICUMBAIOIIINX
repeMelMBaHKe arpeCCUBHBIX XKUIKOCTEM B TEXHOJIOTH -
YeCcKMX BaHHaX. M3 apMUpOBaHHOTO YacTUIIAMU OKCHIA
amomrHusi CBMIID ontumanbHOro coctaBa Obuld W3-
TOTOBJIEHBI LLIECTEPHU (PUCYHOK 4 a, 6), UMEIOLLIE BHYT-
pPEHHUE METAJUTMIECKME BCTABKH JUTSI KPETUIEHUS K BaJTy
U OCTaJIbHYIO YacTh, BBIMTONIHEHHY0 U3 CBMITD-Mux-
pokommio3uTa. [IpoBeneHHbIE UCTIBITAHUS TTOKA3aJIn
BBICOKYIO XMMUYECKYIO CTOMKOCTD IIIECTepeH W HeoO0-
XOIMMBI YPOBEHBb MPOYHOCTU U UBHOCOCTOMKOCTH.

DyTepoBoYHbIE IIMTHI I pyAocnyckoB. Cepbes-
HBIMU TIPOOJIEMaMM SKCTUTyaTalluK PYAOCITYCKOB SIB-

JISTIOTCST CUJTBHBIN a0pa3uBHBIN M3HOC METAJUTMYECKUX
HaIpaBJIIONINX U TIpUMep3aHue TTOPOIBI TIPU TeM-
neparype Huxe 0 °C, 4To TPUBOJAUT K 3aKPBITUIO BbI-
XOJHBIX OTBEPCTHI, OCTAHOBKE MOOBIYM PYIbI U He-
00XOJMMOCTH OYMCTKU PYIOCTIYCKa BIJIOTH 1O
WCTIOJIb30BAaHUST B3PBIBYATHIX BEIIECTB, YTO B YCIIOBH -
SIX IIAXTHI SIBJISIETCS KpaiiHe onmacHbIM. TeXHUYeCcKuM
pelIeHneM SIBJISIETCSI MCTIOb30BaHNe (hyTEPOBOYHBIX
TUIUT (PUCYHOK 5) U3 MaTepuasa ¢ HU3KOM aare3uei
1 KO3(pDUIIMEHTOM TpeHUs TPU JOCTATOYHO BBICO-
KO TIPOYHOCTH U TETUIOTIPOBOTHOCTH.

DTO NPUBOAMT K 3a/1au€ KOMITBIOTEPHOT'0 AN3aiiHa 110
ONpeneSIeHUIO CONEePXKaHUST HATIOJTHUTEIS 1S TIOTyYEeHUS
TpeOyeMbIX 3HAUCHUIT YeTbIpeX 2(PGhEKTUBHBIX XapaKTe-
PUCTUK (CM. PUCYHOK 2). [71s1 TOpHOOOOTraTUTETbHOTO
kombOuHaTa (. Muphbiii, AK «Anpoca») OblIM paccurTa-
HbI ONTUMAJTbHBIE COCTaBbI AUCTIEPCHO-HATTOTHEHHBIX IT0-
JIMMEPHBIX KOMITO3UTOB Ha ocHoBe CBMIID un Ha 3A0
«[TonmuHUT> (. MOCKBA) BBIMTYIIIEHA OMBITHAS MAPTUS
(~ 200 M?) pyTEePOBOYHBIX IUTUT AJIsI PYAOCITYCKOB.

OnrtruManbHOe cofiepXKaHue HATTOJTHUTES, OIIpeae-
sneHHoe Metonamu KJI Matepuanos, obecreurBaert mne-
pepacripeieJieHre TeMIepaTypHOro MoJisk B Mpoliecce
TOpSTYero MPecCoOBaHMSI 11O TOIIMHE TUTUTHI 25 MM; CO-
3MIaHUE OJHOPOIHON HAAMOJIEKYJISIPHON CTPYKTYPHI;
JIeiCTBUE YaCTUI] HATTOJIHUTEJsSI B Ka4eCTBE LIEHTPOB
KPUCTAJUTA3ALIMK U YMEHbBIIIEHHE pa3Mepa MOJTMMEPHBIX
Jlamesieit; CMa304yHOe JEMCTBUE YACTHULL HAIIOJHUTENS U
HX apMUPYIOLIYIO (DYHKIIUIO C Iiepenaveii HarpsoKeHU
Ha MoJMMepHYyIo MaTpuity. [1pu aKcryaTaly minThl
MOKa3aIu KPaTHOE MOBBIIIEHUE pecypca paboThI pyaoc-
ITyCKOB B CPABHEHU Y C UCXOJHBIMU. AHAJIOTUYHO ObLTH
paspaboTaHbl (yTepOBKHU JIPar st JOOBIYH ITOPOJIBI CO
JTHAa BOJOEMOB € 3(pheKToM TOBBIIIEHUST pecypca pa-
00TbI KOHBEIHEPHOTO 0OOPYIOBAHMS 3 CYET CHUKEHUS
ruapoabpa3sMBHOTO U3HOCA.

HamnosnHennbIe N0 MMepHbIe KOMITO3UTbI 1151 XMMHYEC-
Koii mpoMbmiLieHHOCTH. [ToymrerpadTopatiieH (ITTMOI)
B UCXOIHOM BUJIE 00J1aAaeT HU3KOW N3HOCOCTOMKOCTBIO
U TEIJIONPOBOJHOCTBIO, MOABEPKEH XJIANOTEKYyYeCTU 1
TpeOyeT CTPYKTYpPHOU MoaupuKammi. ABTOPCKIAM KOJI-
JIEKTUBOM BBITIOJTHEHBI PACUYETHI ONTUMAIBHOTO 00hEeM-

Pucynok 4 — Jleramn mammn n3 CBMIID-komno3uToB

154

Pucynok 5 — ®@yrepoBouHbIe IIIMTHI PYIOCHYCKOB
u3 CBMIID-KomMno3uTos
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Horo conepxkaHus B [ITMD HanoHUTENST B BUIE TT0-
pollIKa Meau U MUKPOBOJIOKOH 0a3anbTa. Matepuan
MPUMEHEH B YIJIOTHEHUSIX ObICTPOIEHCTBYIOIINX aBa-
PUIHBIX KJIalIaHOB BHICOKOTO JABJICHUS PeakTopa It
CHUHTE3a MOJIUATUIIEHA BICOKOTO JaBIeHHUs 3aBO/a M0~
quatuneHa OO0 «ToMckHepTeXUM» (ToUepHee Npe-
npusitue OAO «CUBYP»), yTo mo3B0OIMIO TPUMEHUTh
00paboTKy neTajieil Ha OOBIYHBIX METATIOPEXYIIUX
cTaHkax 0e3 UCIMOJb30BaHUS aJIMa3HbIX U TBEPAO-
CIUTaBHBIX PE3LIOB U (hpe3. MUKPOKOMITO3UT UCTIOb-
30BaH W UId 3aMeHbl MatepuaioB ¢pupmbl BOLLER
Hochdrucktechnik GmbH (ABcTpus) yrioTHeHU
IITOKOB KOMIIPECCOPOB BBICOKOTO NaBjieHus. B mirar-
HOM peXMMe KJIaraH peakTopa HaXOMUTCS TMOA Jeii-
CTBUEM IOTOKA 3TUJIeHa Tipu AaBiaeHuu 220 MIla u
temneparype 330 °C. IIpoMblllIeHHbIE UCTTBITAHUS
nokKasajiu, YTO MpUMEeHEHUE pa3pabOTaHHBIX UMIIOP-
TO3aMellAoIIUX MAaTepUATIOB MOBBICUJIO PEecypc YII-
JIOTHEHU MO CpaBHEHUIO ¢ TpoToTUIOM B §...10 pas.

Onmuvnzanus achaasTo0eToHA 1151 JOPOKHBIX IOKPbI-
THii. KauecTBo 1 10JroBeUHOCTh TOPOXKHBIX TOKPBITHIA HA
OCHOBE OUTYyMa, MUHEPATIBHOIO MOPOILIKA, TIecKa U 11e0-
H& onpenessieT 3(pheKTUBHOCTb TPAHCIOPTHBIX KOMMY-
HUKaluii. B 3Toi1 cBsI3M Mo-TNipeskHeMY aKTyaJlbHO OIpe-
JieJIeHVe ONTUMATBHOTO COCTaBa acPanbTro0eTOHa, UCXOS
U3 TpedyeMbIX 3(DHEKTUBHBIX XapaKTepUCTUK. B pamkax
Pa3BMBAaEMOro MHOTOYPOBHEBOro MoneaupoBaHus [13],
acanbrodbeToH paccMaTpUBANICS, KAK MHOTOKOMITOHEH-
THBII KOMITO3UT MaTpuyHas a3a KOToporo (acdansro-
BSDKyIIIee) caMa SIBJISIETCSI MUKPOKOMITIO3UTOM (CMEChIO
OMTYMa 1 MUKPOHATIOTHUATEJICH: TTeCKa, Pe3MHOBOI KPOIII-
K1 ¥ MUHEPATBHOTO TTOPOIIIKA), a HATIOJTHUTEIEM CIIey-
FOILIETO Pa3MEPHOTO YPOBHS SIBIISLICS IIOCHB. XOTS (hpak-
YIS IIeOHST IMeeT 3HAYMTETbHBIC A0COTIOTHBIC pa3MepHI,
METOII KOMITBIOTEPHOTO AM3aifHa COXpaHsIeT CBOIO 3 heK-
TUBHOCTb, T. K. KOJIMUYECTBO TBEPABIX YACTUII B paccMaT-
pUBacMOM TIPEICTABUTEIIHbHOM O00beMe achalsIo0eTOHA
JIOCTATOYHO BEJIMKO (PUCYHOK 6).

JList anpoGaliM pacyeTHBIX COCTaBOB ac(ayibTo-
0cTOHA OBIIN TIPOBEACHBI CTCHIOBEIC MCITBITAHNUS 00-
pasioB, U3roToBIeHHBIX B benmopHUU (1. MuHCK),
Ha MaJIOIIMKJIOBYIO ycTalocTh. MmeHTn(dUKAIms Mo-
JIeJIV MaTepuraa jIsl Pa3INnuyHbIX CTaIUN YCTaIOCTHO-
TO TIpo1iecca MO3BOJIWJIA OTIEPATUBHO OIIEHUTH JIerpa-
IaInio MaTepualia, MMUTHAPYS 3KCITyaTallMOHHBIC
ycoBus. JlaHBI peKOMEHIALINK IT0 BEIOOPY COCTaBa ac-
(hanprobeTOHA MO KPUTEPUIO YCTAIOCTHOM TTPOTHOC-
TH, B YaCTHOCTH, HAiIEHO ONITUMAaJIbHOE TO0OaBICHIE
PE3MHOBOM KPOIIKH, TTOJYYAaeMOil TIPU PEeIUKIMHTE
ABTOMOOMJTGHBIX IIIHH.

[TomyyeHHBIC JaHHBIC BOLIIM B M3MEHCHMS CTaH-
nmapta Pb CTb 1033-2004 «Cwmecu acdaasTro0e TOHHbBIE
TIOPOKHBIC, a3pOIPOMHBIC 1 achansro0eToH. TexHM-
YeCKUe YCIOBUSI» U OYAYT YITCHBI B OTPACIIEBBIX METO-
IYECKUX JOKYMeHTax. [IpuMeHeHne pa3paboTaHHbBIX
METOIVK ITO3BOJISET ITOBBICUTD Ie(DOPMAITTOHHO-TIPOY-
HOCTHBIC XapaKTepUCTUKH ac(arbTo0eTOHA, UTO CIIO-
COOCTBYET YBEJIMICHUIO CPOKA SKCIUTyaTallly, M CHU-
3UTh IIPU 3TOM CeOCCTOMMOCTH paboT (BKIOUas

Pucynok 6 — Pacnpeesienne HanoJHUTE IS B 00beMe
achansTodeToHa: ¢ — UCXOMHAS CTPYKTYPA; 6 — CXeMaTU3UPOBAHHAS
CTPYKTYpa; 8 — TBEPAOTEIbHASI MOJIEITb;
ble — KOHEUYHOBJIEMEHTHAsT MOJIEITb

CTOMMOCTbh MaTe€pUaioB) MO YCTPOMCTBY MOPOKHBIX
MOKpBITHI. OXumaeMblil 3Q(MEKT Ha MPEeIImPUITUIX
JIOPOXHBIX X034 cTB Pecrydnuku benapycs u Poccuii-
ckoit Menepamnuu coctapisieT He MeHee 225 nosut. CIIA
Ha 1000 M? TOKPBITHSI.

TexHoJiorusi nepepadOTKH OTXO0B B JUCIEPCHBIE
HAMNOJIHUTEIN CTPOUTENbHBIX MaTepuauoB. BaxxHoii
IPOOIEMOI IBISICTCS YTUAN3AIMUS OTXOIOB IIPOM3-
BOACTBA XMMUUYECKHUX 3aBOIOB W BTOPCHIPHSI Poc-
cun u benapycu. AHanm3 HanpssKeHHOTO COCTOSI-
HUS TPaHYJIMPOBAHHOTO MaTepualia MCIOJb30BaH
MpW M3YUYCHHUHU Tpollecca ero NUCIePTUPOBAHUSI
oA ICUCTBUEM HAIIPSKEHUI CXKaTus M caBura [2]
(pucynok 7). ITomygaeMbie B cMecUTeIe-TUCTIEP-
ratope [17] mopoliku B Bujae HEHTpaJIu30BaHHOTO
docdhorumnca ncmoanrizymorcad Ha OO0 «bakyp
Ipyrm» (r. Tomenb) Tpy U3TOTOBIEHUY UCKYCCTBEH-
HOTO KaMHS, TeTIJION3O0JISIINHN U BI3KUX apMUPYIO-
WX ¥ BSOKYIIUX HATIOJTHUTEJICH KJIeeBBIX COCTABOB,
IITIATJIICBOK M KOJIePOBOUYHBIX nacT «VIGA», obma-
TAOIINX ITOBBIIIEHHON aare3meil, MPOYHOCTHIO,
yIapHOU BSI3KOCTBHIO M 3KOJOTUIHOCTHIO, 3¢ dheK-
TOM 3KeJIe3HCHUSI moBepXHOCTH. I1o pemenuio Co-
BMUHa Pecnybiuku benapych miaHupyetcs pac-
MupeHne obbeMa mepepabOTKM B YKa3aHHEBIC
MaTepuaibl hocdorunca [oMerbCKOTO XUMUUECKO-
ro 3aBoja (HAKOIUIEHHOE KOJMYECTBO yKa3aHHBIX
OTXOHOB B OTBajax IpeBbimaeT 20 MIIH T) 10 1 MJIH
T BTOJI, a TAKKE ITPOU3BOIACTBO YCTAHOBOK «CMECH -
TeJb — AUCTIepraTop» 1Js morpeduteneit B Pecrny6-
nuke benapych U Ha 5KCHOPT.
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Pucynok 7 — Cxema (@) v pe3yabTaThl aHam3a (6) npouecca AUCIePruPOBAHNMST; BHEIIHMIA BUL (6) CMeCUTeNsl — JUCIIepraTopa;
thocdorunc 10 u nocie nepepadoTku (2, d)

MenuumncKue pUIoKeHus

HartotHeHHBIE TTOJTMMEPHBIE KOMITO3UThI HA OCHO-
Be OMOCOBMECTUMBIX IMTOJIMMEPOB M 3J1aCTOMEPOB,
Bxmouast [ITOD, CBMIID, nonuyperan u monuadu-
PBI, GJIM3KIE JKUBBIM TKAHSIM 1 ITO MEXaHUIECKUM CBOW-
ctBaMm [20], MOTYT OBITH MCITOIB30BAHBI JIST CO3MAHUS
MacCCOBBIX M YPE3BBIUATHO TOPOTMX KapAMOUMILIAHTA-
TOB, BHJOIMPOTE30B U JAPYTUX COIMATBHO 3HAUMMBIX
MEIULIMHCKUX u3mennii [17—21] (pucyHok 8).

K mpumepy, MoaurbuKaIus mpoTe3a KjiarnaHa cep-
na «[raHuke» aHTUGPUKITMOHHBIM 3JIEMEHTOM Ha
ocHoBe [IT®D-komITo3MTa (CM. PUCYHOK 8 a) obec-
rmeynsa poTabebHOCTh M CAMOYCTAaHOBKY KJIallaHa B
SHEPTeTUIECKU BHITOITHOM ITOJIOKEHWH, YITyqIast Toc-
JleoniepamoHHy0 reMonuHamMuky [38, 40]. DTa unes
WCITOJIb30BaHa B CEPUITHOM TIPOM3BOICTBE YKa3aHHBIX
kaprnuoripote3oB Ha [HITO «[Tnanap» (. MuHck).

TpyKoTaXHbIe TIOTMMEPHbIC UMITTAHTATHI (CM. PH-
CYHOK 8 0) [UTsI TUTACTVKY HOCOBO TIEPETOPONIKH, POTO-
BHIIBI 71232 M SKCIIAHTATHI VTSI JICYCHUST BADMKO3HOTO
pacipeHusi BeH, pa3pabOTaHHbIE HA OIMBITHO-TIPOU3-

a 7] @

BozacTBeHHoI 6a3ze BI'TY (. ButeOcK) ¢ MCnoib30BaHU-
eM Me30MEXaHMYEeCKMX MOJIEJICH TPUKOTaXKa, PEKOMEH -
JTOBaHbI K ITIPOU3BOICTBY, & UX IIPUMEHEHKE MIO3BOJIIIO
OTKA3aThCs OT 3aKYIOK aHAJOIMYHBIX JOPOrOCTOSIIUX
MMITOPTHBIX M3e/1ii. B paMKax MHHOBALIMOHHOTO ITPO-
ekTa (3aka3uuk HITO «LlenTp», . MUHCK) OpraHu3y-
€TCSI OIBITHOE IIPOU3BOICTBO XUPYPTUUECKUX HUTEH,
MOAU(PUIIMPOBAHHBIX HAHOPa3MePHBIM (DTOPITOIN-
MEPHBIM ITOKPBITUEM.

IIpote3 cTpeMeHU BHYTPEHHEIO yXa Ha OCHOBE
IIT®D ¢ HaHOpa3MepHBIMHU YacTUILIAMU cepedpa 1
aIMa30IT0I00HBIM IMTOKPHITHEM [19] (cM. pHCYHOK 8 8)
B HACTOSIIIIEEe BpeMsl ITATCHTYETCsI M IIPOXOAMT KIIMHU -
yeckue ucrbiTaHus (T. [omenp).

B pamkax BBITIOJTHEHUS TIpoekTa MUHIIpoMTOpra
Poccuiickoit Deneparivin pa3padbaTbIBarOTCsS MaTEPUATIbI
LTSI SHAOMPOTE30B ISICTHO-(haJIaHTOBBIX U [IPOKCUMAIb-
HBIX MeXK(aTaHTOBBIX CYCTaBOB (CM. pUCYHOK 8 2). [Ton-
rotoBiieHbl TY 9391-001-91443648-2011 Ha «Marepuan
TMOPUCTBIN KepaMUYeCKUI ¢ KanbLiniipochaTHBIM U
CBMIID noKpbITUSIMU 17151 U3TOTOBJICHUS] MEIULIMHC-

-,

2 J

Pucynok 8§ — VIMIianTaThbl 3 noJIMMePHBIX KOMIIO3UTOB: ¢ — UCKYCCTBEHHBIN KiamnaH cepaia |18, 21]; 6 — meaummmHcKuii Tpukotax [21];
6 — TIPOTE3 CTPEMEHU BHYTPEHHETO yXa JUlsl cTaneIomniactuku [19]; e — sHaonpote3sl Ta300€IpeHHOr0 CycTaBa;
0 — MexdaTaHTOBbIH cycTaB TUIa SR
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HAYYHBIE HHCTUTYTbI HAH BEJIAPYCH

KUX VUMITIAHTATOB», TNTAHUPYEMBIii B TIPOU3BOICTBO Ha
3A0 «buomMeauimHckye TexHonoruu» (r. Mocksa). B co-
TPYAHUUYECTBE C MEAMIIMHCKUMU CIIEIUAIUCTAMU TTPO-
BOJISITCSI NCCIIEIOBAHMS TI0 M3TOTOBJIEHUIO TIOJIMMEPHBIX
MMOKPBITUI MMIUIAHTATOB T'OJIOBOK IIeiKu Oenpa (CM.
PUCYHOK 8 0) U 3arIaHUPOBAHO TMPOBEJEHUE UCITbITA-
HUI pa3pabOTaHHOTO MpoTe3a in Vivo.

3akimouenue. PazBrBaeMoe aBTOpaMK M U3JIOKEH-
HOE B CTaThe¢ HAyYHOE HaIlpaBJieHUe Ha CThIKE MaTe-
puUaoBeIeHUsI, MEXaHUKHU, TPUOOI0TUM U MHGbOpMa-
IIMOHHBIX TE€XHOJIOTUM — KOMIIBIOTEPHBIN NU3aliH
MaTepuaioB, — OCHOBAHO Ha IMPUHILIMIAX (PU3UUECKOU
Me€30MeXaHUKU 1 MHOTOYPOBHEBBIX METOaX pacyera.

INpuMeHeHre KOMITBIOTEPHOTO JAM3aiiHa MaTepua-
JIOB TIO3BOJIMJIO CO3/IaTh HOBBIE TTOJIMMEPHBIE MUKPO- 1
HaHOKOMITO3UTbI, 00JIaIat0II1e BBICOKO IIPOYHOCTHIO,
M3HOCOCTOMKOCTBIO (TIPEBHIIIAIOIIEH N3HOCOCTOMKOCTD
MaTPUUHBIX MaTepuasoB B 3—6 pa3) U OMOCOBMECTH-
MOCTBIO; a TAKXKE BHICOKOHEPTETUUECKHUE TEXHOJIOTUN
TTOJTyYeHUST TIOJTMMEPHBIX KOMITO3UTOB U TUCTIEPCHBIX
HATOJHUTEJIE MUKPO- U HAHOPa3MEPHOTO YPOBHSI.
PazpaboraHHbie MaTepualibl, U3 U TEXHOJIOTUU
(achanbrobeTOHbI AJT51 TOPOKHBIX MOKPBITUIA, PyTepo-
BouHbIe TIUTHL Ut [OC U pynocnyckoB, AeTald Ma-
IIWH; KapAXO- W SHIOMNPOTE3bl, IIIOBHBII MaTepral u
TPUKOTAKHbIE SKCIUIAHTATBI; KPYITHOTOHHAXKHBIE TEX-
HOJIOTMW TIOJTYYeHUsT MUKPO- M HAaHOHAITOJTHUTEIIEH )
BOCTPeOOBaHbI B POMBIIIJIEHHOCTH M 37IpaBOOXpaHe-
Huu benapycu u Poccuu.
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Shilko S.V., Pleskachevsky Yu.M., Panin S.V., Lyukshin B.A.
Computer-aided design of polymer composites for technical and medical applications

Prospects and results of author’s studies in an actual and interdisciplinary research suxh as computer design of functional
polymeric composites with disperse and fibrous fillers are considered. Modern views on mechanisms of deforming, friction
and destruction of polymers, as well as achievements of mechanochemistry, biomechanics and nanotechnology are involved.
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