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OmpeneneHre (GU3NKO-MEXaHUYECKMX CBOMCTB
MaTepuajioB — BaxKHasl COCTaBJIsOIIAsl pa3paboTKu
U3IeIUi PaKTUYECKHU BO Bcex chepax HaAyKU U TeX-
HUKU. Takue rccienoBaHus HEOOXONUMBI MIPU pa3-
paboTKe TMOJMMEPHBIX MATPUKCOB — OCHOBBI IS
¢dbopMUpOBaHUS UCKYCCTBEHHBIX OPTaHOB U TKaHEM,
Ha KOTOPbIE BHICAXKUBAIOT KYJIbTYPbI KJIETOK [1]. st
OLICHKM MeXaHWYeCKHUX CBOWCTB MaTepHajioB MaT-
PMKCOB UCIIOJIb3YIOTCSI UCTIbITATEIbHbIE YCTAHOBKU,
MU3MepsIolIe HaIpsKeHUsI B MaTepuajie B 3aBUCHU-
MocTH oT ero pedopmanmn [2]. IIpomecc popmupo-
BaHUsI pa3pbIBOB B MATPUKCE U UX pACTIPOCTpAHEHUE
pyU PacCMOTPEHUM Ha MUMKPOYPOBHE, Aaxe s
UIEHTUYHBIX MaTepUaaoB, MOTYT KapAWHAJIbHO pa3-
JINYAThCS B 3aBUCUMOCTHU OT MOP(OJIOTUYECKUX OCO-
OeHHocTell maTpukca. M3-3a ClOXHOU reoMeTpuu
MaTprKca HEBO3MOXKHO KCITOJIb30BaTh MPOCTHIE MOJIe-
JIU MEXaHWUKU pa3pylleHU 1151 OTTMCaHUs TIPOUCXOs-
LIMX TIpoLieccoB. JlonmonMHUTeNbHAs BU3yaau3alusl Mo-
MOTaeT PeLNUTh 3a1a4y KAYeCTBEHHOTO U KOJTMYECTBEH-
HOro oOInucaHusl Tipolecca aAeOpMUPOBAHUS U
pa3pbiBa TOIOJOTUYECKU CJIOXHBIX BOJIOKHUCTBIX,
ryouarbiX WM TUIEHOYHBIX CTPYKTYp. B cuity 6oib-
1IO# TTyOMHBI PE3KOCTU B PACTPOBOI 2JIEKTPOHHOMN
Mukpockonuu (POM) (B oTianaure oT CBETOBOM MUK-
POCKOIIMH) BO3MOXHO TOJIydYeHUE XOPOIIO C(POKY-
CUPOBAHHOTO U300paXkeHUs B IIMPOKOM /Mana3oHe
ToJuH obpasua [3]. OrpannyeHueM POM sBiser-
cs TpeboBaHUE 3JIEKTPONPOBOANMOCTA 00BEKTA MC-
cllieloBaHus, OJHAKO B COBPEMEHHBIX PacTPOBBIX
BJIEKTPOHHBIX MUKPOCKOIAX 3Ta MpobjieMa peliaeT-
CsI C TIOMOIIBIO “yXyOIIeHNsT” BaKyyMa 1 HaITycKa BO-
JISTHBIX TTapOB B KaMepy Mpubopa, UTo CHUMAET 3apsif
C MOBEPXHOCTH OoOpasra. DTOT METOH MOJYyYWa Ha-
3paHue EPOM (POM B pexxuMe ecTecTBEHHOM cpe-
nw1) [4]. OnHako ucnonab3oBane EPOM tpebyeT nmo-
HUKEeHUS TeMIeparypbl oopasiia.

AHauMoHaIbHBII MccIenoBaTeNbeKuii LeHTp “KypyaToBeKuit
uHcTUTyT” , Poccusi, Mockaa.

bI/IHcTMTyT kpuctauiorpaduu um. A.B. [llyoHnkoa @HUILL
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HMccnenoBaHusi MEXaHMYECKMX CBOMCTB pas3iny-
HBIX MaTepHajioB in situ meromamu POM/EPODM
TIPOBOIMIINCE paHee [5—7], HO MpaKTUUECKH TOJIBKO
IS “TBEpHOOTENbHBIX 00pa31oB. B HacTosIIei my0-
JIMKALIMM MIpeAcTaBlIeHa CO3MaHHas HaMU yCTaHOBKA
JUIT MEXaHMYEeCKMX WMCHBITAHWM in Situ IMOJIMMepoB
(XOTSI BO3BMOXHBI JIIOOBIE APYTUE MaTepUaIbl) B Ka-
Mepe pacTPOBOIO 3JIEKTPOHHOIO MUKpPOCKOIIa Versa
(Thermo Fisher Scientific, CIIIA), paboTaomiero B
pexume EPOM.

OOmumii BUA yCTaHOBKM B KaMepe pacTpOBOTrO
3JIEKTPOHHOTO MUKPOCKOIIA IIPEICTaBIeH Ha pUc. 1.
OcHOBa YCTaHOBKM — METaJUIMYECKUI KapKac st
duKcalm odpasia, COBMEILEHHBII CO CTOJTUKOM 2
st EPOM. Ha kapkace pa3zMelnieHbl HeITOABXKHBIN
3axuM I 1151 00pa3loB, IIArOBLIN SJIEKTPOIBUTATEIh
(3) CTN28-0601-30 (ToAuto, KuTait) ¢ TOYHOCTBIO
mara 50 MKM, CITocoOHBII epeMeliaTh BAOJIb OJHO-
ro HampaBJIEHUS YIIOP, Ha KOTOPOM ITOC/IEOOBATEIIb-

Puc. 1. YcraHoBKa BHYTPM KaMepbl PacTpPOBOIO 3JIEK-
TPOHHOTO MUKPOCKOITA. / — HEMOABIKHBINA 3aXKUM; 2 —
cromuk mist EPDM-3KkcniepuMeHTOB C BO3MOXHOCTBIO
oxJIaxaeHMsI 00pa3iia U peryJanupoBaHUs BIaXKHOCTH Cpe-
IIbI; 3 — MOTOp C IMOABUKHBIM 3JIEMEHTOM, HA KOTOPOM
3aKpeIieH TEH30METPUYECKMIT TaTIYMK 4 CO BTOPBIM 3a-
XUMOM 5.
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Puc. 2. a — rpaduK 3aBUCUMOCTH Harpy3KH OT IepeMelleHHs PU PACTSKEHUU BOJIOKHUCTOTO HETKAHOTO 00pa3iia MoJIKIaK-
tuna (ITJIA); 6—r — n3obpaxeHust, IOJy4eHHbIC B pACTPOBOM 3JICKTPOHHOM MUKPOCKOIIE, COOTBETCTBYIOIIIE MOMEHTaM /—3
BKCIIEPUMEHTa, IMOKa3bIBAIOIINEe U3MEHEHHE HAITPABJICHUST BOJIOKOH.

HO 3akpeIlleHbl TeH30MeTpu4YecKMii maTtyuk (4)
F28082210068-100N (Tecsis, Mumusa) u BTOpoii 3a-
XuM 5. B ycTaHOBKEe MOXHO HCCJIeAOBaTh 0Opa31ibl
TOJIIIUHOM 10 7 MM, IJISI 4ero ObLIU pa3dpabdoTaHbI
CMEHHBIE 3aXXMMbl C BEpPTUKaJbHOI (Qukcaluei
YACPKUBAIOIINUX JIEMEHTOB. JIJ1s1 KaXXa0ro U3 3aKu-
MOB IPEAyCMOTPEHO ABa TUIa (PUKCATOPOB IJIsI IIPO-
BeJICHUS UCITBITAHUI Ha pacTSKEHME U YIIOP JIJIST KC-
TIBITAaHUI Ha cXaTue.

st cuuThIBaHUSI AAHHBIX TEH30METPUYECKOro
JlaTyrKa ObUIO CKOHCTPYUPOBAHO YCTPOICTBO Ha OC-
HOBE MUKpPOKOHTpoJiiepa ATmega328 Ha njiate, COB-
mectuMoii ¢ Arduino (Mtanus) (ynpasisitolas ria-
Ta ¢ COOCTBEHHBIM MPOIIECCOPOM, TTaMATHIO U KOH-
TaKTaMM) U aHAJIOro-1InppoBLIM IpeoOdpa3oBaTeieM
HX711 ¢ ycunurenem curHaia. [IlpenycMoTpeH KOH-
TaKT 00pasIia ¢ OXJIaXKIaIoINM YCTPOHCTBOM. Takke
OBUIO pa3paboTaHO IIpOorpaMMHOE OOecIieYeHue,
TO3BOJISTIONIEE TTOMKITIOYAThCS K YCTPOUCTBY 1O TT0-
cJemnoBaTeTbHOMY TTOPTY. BBOI IIMHBI yripaBieHUS 1
TOJIyYeHUST MAaHHBIX OCYIIECTBIISIETCS Yepe3 IITar-
HBIN BAKYYMHBIN pa3beM MUKpocKoria. MoxXHo 3a1a-
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BaTh CKOPOCTh PACTSKeHUs! (WM CKaTUsT), KOTOPYIO
MPUHSITO ycTaHaBIUBaTh paBHoi 100% wiu 250% ot
HavyaJ bHOM IJIMHBI 00pa3iia B MUHYTY (4TO [UTsI CTaH-
JApTHBIX O0pa3lloB COOTBETCTBEHHO COCTABJISIET
10 MM/MWH Uu 25 MM/MUH).

IMocne 3agaHus HEOOXOAUMBIX TapaMeTPOB U Ha-
Yyajia 9KCIeprMeHTa JaHHbIe 3aMTUChIBAIOTCS U OTOO-
paxaroTcsl B Bulle TpaduKa 3aBUCHUMOCTU Harpy3Ku
(H) ot nepemellieHus (B MWUIMMETPax) B pealbHOM
BpeMeHU. JIJ1s1 oMHOBpPEMEHHOTO TToJTydeHUs aedop-
MAaIIMOHHBIX HAaHHBIX W PETHCTPAIlMd MUKPOGDOTO-
rpaduit obpaserr pacTATUBACTCS WIIM CKMMaeTcs Ha
BBIOpaHHOE pAacCTOSTHHE B Auamna3oHe oT 50 MKM 1o
20 MM, IpU4YeM B IIpoliecce SKCIIepUMEHTa JIBIDKE-
HYE OCTaHABJIMBAETCS Ha BpeMs, HEOOXOMMMOE IS
TMOJIyIeHUST M300paxkeHUsI, TOCJIe Yero IBIKEeHHE
BO300HOBIIsIeTCSI. BO BpeMsi 0CTaHOBKM MPOUCXOAUT
penakcainusl Matepuasa, 9YTO BBI3BIBACT IOSBICHUE
“munel” Ha rpaduke (puc. 2). dna Bepuduxkamum
TMOJIYYEHHBIX Pe3yJbTaTOB aHAJOTMYHBIE OOpa3Ilbl
ObUTM TIPOTECTUPOBAHBI HA TTOBEPEHHOM YCTAaHOBKE
INSTRON 5965, B peaynbrare ObLIO BBISBJICHO BbI-
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COKO€ COBITaJICHHE MEXaHMYECKUX XapaKTEePUCTHK.
Heobombl0ii pa3dpoc nposBIsIcs U3-3a UHIUBUILY-
aJIbHBIX 0COOEHHOCTE ITOJIMMEPHBIX I'yOUYaThIX U HE-
TKaHbIX 00pPa3IlIoB.
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