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MIIK GO1L 1/16,
GOIN 33/44
YCTPOMCTBO KOHTPOJISI HATIPSDKEHUI B MOHOJINTHOM
I[TOJINMEPHOM MATEPUAJIE

H3obperenne oTHOCHTCS K 00JIaCTH M3MEPHUTENBHOM TEXHUKH, B 9aCTHOCTH
K CPEeACTBaM KOHTpOJIA HalpsHKEHHYM B MOHOJIMTHOM ITOJHMEPHOM MaTepHale, H
MOJXET OBITh HCIIONB30BaHO IIPH OMpPENENeHHH (PU3NKO-MEXAaHMIECKOTO COCTOSHHUA
MOHOJIUTHOTO IIOJIMMEPHOrO MaTepHana, OONajaloIlero Ibe30EKTPUIECKHM
3¢pQexToM M INPUMEHMIOIErocs, HANpUMEp, JUIA OCTEKICHMA 3JaHUM,
COOPYXECHHH, TPAHCIIOPTHBIX CPEACTB H T.1.

W3pecTHEIE  YCTpOHCTBa KOHTPOJIS HampsOKeHHH B  MOHOJHTHOM
NOJIMMEPHOM ~ MaTepuaje OCHOBaHBI Ha M3BECTHHIX CHOco0ax KOHTpOJIs
HanpsDKEHUH IONMMEPHBIX MaTepHaioB, OCHOBHBIMH U3 KOTOPBIX ABJIAIOTCS:

- CIocoObl, OCHOBAHHBEIE Ha HCIOJB30BaHHH YJIBTPa3ByKOBEIX BOJH IS
KOHTPOJIsI HaIpsUKEHHH nonuMepHBIX MatepuanoB [[Tat. 2601388 Poccuiickas
denepanus, MITK G0IN29/04. YneTpa3ByKoBOii crioco6 U3MEpPEHHs BHYTPEHHHX
MEXaHW4YEeCKHX HanpsokeHMH. Asropel: CremanoBa JLH., Kyp6Gatros A.H.,
Tenutunos E.C.; mareHtoobnamarens: DenepaibHOe  roOCYAapCTBEHHOE
OloKeTHOe 06pa3oBaTeNIbHOE YUYPEXIEHHE BHICIIEr0 INpPodeCCHOHANBHOTO
obpasoBanusa "CHOMpCKHMH TrOCYAapCTBEHHBI YHMBEPCHTET IyTed cooOmeHus"
(CT'VYIIC); 3asB1. 27.06.2016; ommy61. 10.11.2016];

- CcIoco0Bl, OCHOBaHHBIE Ha H3MEHEHHH IapaMeTpPOB ONTHYECKOTO
u3nydenus [['ypeBma JLE. VIMMepCHOHHO-ONTHYECKHH METOHN HCCIEIOBAHHU,
HU3MEPEHUSA M KOHTPOJII BHYTPEHHEH TIE€OMETpHHM M3JENUH H3 IPO3padHbIX
MaTepuaiioB // DnexTpoHHas TexHUKa. Cep.6. MaTepuaisl. — 1982, Bem.12. C. 63-
64];

- croco6sl, OCHOBaHHEIE Ha HCIIONB30BaHHH IIEE303JICKTPHYECKOT0 OTKIMKA
Ipu BO3AeHCTBUH Ha oOpasen BHemHe#d cumiel [W. Steinmann and D. Pico
Polymeric Sensor Fibers Based on a Piezoelectric Polymer and Metal

Alloy/Carbon Nanotube/Polymer Composite for Structural Health Monitoring //
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Chemical Engineering Transactions. Vol. 60. PP. 7-12. Sep. 2017. DOI:
10.3303/CET1760002].

V3BeCTHBIE QHAIOTH YCTPOMCTBA KOHTPOJA HANPSKEHHH B MOHOJHTHOM
IIOJIMMEPHOM MaTepHalie OCHOBAHEL:

- Ha YCTpO#WCTBE MJIi YIBTpa3ByKoBOro KoHTpons [[lar. 2297627
Poccuiickas ®epepamusa, MIIK GOIN 29/04, GOIN 29/26 YerpoitctBo s
YJIBTPa3ByKOBOro KOHTpojd. ABTopel: Kypouxun A.C., Bonmixur A.X.,
MoropkoB  I''A.,, BuaorpamoB C.I'., mnateHTOOGNanaTeny: aBTOPEI;
3anB1.19.12.2005; omy6n. 20.04.2007. BroxNell]. Cyte wu306perenns
3aK/II09aeTCA B TOM, YTO YCTPOKCTBO I yJIBTPa3ByKOBOIO KOHTPOJIS COHEPIKHT
HanpaBJIsIOIHEe KOjleca M 3aKpEIUICHHBIM BHYTPH LIMHBI Ha Bajly, IO KpaifHei
Mepe, OJMH YJIbTpa3ByKOBOW npeoOpa3oBaTeib, IIPH 3TOM INMHA BEIIIOJHEHA U3
aKyCTHYeCKH IpO3pavyHOro MaTepualja H pasMeIlleHa C 3a30pOM BHYTPH
OXBaTBIBAIOLIEr0 €€ 3KpaHa C BHIIOJHEHHBIM B IIOCIIEHEM OKHOM JIsi KOHTAaKTa
Yyepe3 HEro LIMHEI ¢ MCClenyeMbIM u3nenueM. Hampapisiomnye Kojeca ocIMH HX
BpallleHHA 3aKpeIUICHBl Ha OJKpaHe H OKHO 5KpaHa pacIlOJIOXKEHO MEXIy
HaMpaBIIAIOIMMH KOJIECAMH, YJbTPa3ByKOBOH IMpeoOpa3oBaTelib PacIOONKEH B
IOJIOCTM INMHEl, INPH 3TOM HAapyXHas IOBEPXHOCTh YJBTPa3ByKOBOI'O
npeobGpa3oBarels CONpsHKEHa C MOBEPXHOCTBIO IOJOCTH LIMHEI, YIBTPa3BYKOBOM
npeoOpa3oBaTeNb YCTaHOBJIEH C BO3MOXHOCTBIO €ro IIOBOPOTA OTHOCHTENIBHO
OKHAa 3KpaHa, IIpUYEM B DSKpaHe BBIIOJIHEHO HANpaBJfoNlee IMPOIOIrOBaTOE
OTBEPCTHE, Yepe3 KOTOPOE NPOIyILEH Ball, a IIMHA BHIIOJNHEHA CO ChepuyecKoi
Hapy>KHOH [IOBEpXHOCTBIO u3 31aCTUIHOTO Keneobpa3Horo
KpEeMHHHOPraHH4YeCKOro KOMIIayH/Aa, IU1acTHGHUIHPOBAHHOTO
KPEMHUHAOPIraHUIECKON XKUIKOCTHIO.

- Ha cniocobe W3MepeHHs HAINpPSKEHHH B MOJIOM H34EJIHH M TOJNINMHEI €ro
CTEHKHM IOJAPHU3ALUMOHHO-ONITHYECKAM METOAOM M YCTPOMCTBE [UIA €ro
ocymectBienus [Ilat. 2373504 Poccutickas @enepamua, MIIK GO1L 1/24, GO1B
9/00 Crioco6 m3MepeHHs HaNpsHKEHHH B MOJIOM H3JCIMH M TOJNLIMHEI €r0 CTEHKH

HOJIIPU3ALMOHHO-ONITHYECKUM METOJOM H YCTPOHCTBO IUIA €r0 OCYIIECTBJICHHS.
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Asropsi:  I'ypesmu JLE, Huxomamues B.A., ITapxomenxko C.U.;
nateHTOOOIaNnaTeNb: DefepanbHOE IOCYJAapCTBEHHOE YHHTAPHOE NpEApPUSTHE
"Hayuno-npoussozcrsenHoe npexmpustae "Hictox"; 3assi.22.06.2007; omy6u1.
20.11.2009. Brom.Ne32]. CyTh H30GpeTEHH s 3aKIOYaeTCsA B TOM, YTO YCTpO#CTBO
ANA  H3MEPECHWS OKPYXHBIX HalpsOKEHHH CTEHKH B IOIOM  HM3IelHH
NOJSIPU3ALUOHHO-OIITHYECKMM METOJIOM, BKIIOYAaeT HCTOYHHMK CBETa, BaHHY C
NpO3pavHBIMUA  CTEHKaMH,  3alOJIHEHHYI0  MMMEPCHOHHOM  >KMAKOCTEHIO,
MONAPU3ATOP H aHAM3aTOp CBETa, pPACIOJIOKEHHBIE COOCHO, IIPH 3TOM
NOJIPHU3ATOP CBETa PACIONIOKEH BHYTPH BAaHHBI C IPO3PAaYHEIMH CTEHKaMH,
3aI0JIHCHHOM HMMEPCHOHHON XHIKOCTEIO.

- Ha YCTPOMCTBE, pealu3ylOmUM CI0CO6 Hepaspyllaiomero KOHTpPOA
AeTaled X3 TOJNHUMEpPHBIX KOMIIO3MIMOHHBIX MatepuanoB [Ilat. 2488772
Poccuiickas ¢enepauns, MIIK GO01B11/16, GO01L1/24, GO1N21/88. Cnoco6
HEpa3pyINaroIlero KOHTPOJIsA JeTalnelf K3 IOMUMEPHBIX KOMIIO3HLHOHHEIX
MatepranosB. Asrope: OrHeB 10.0., Bepnuwes O.IIl; mnarenToo6nanareip:
QegepajibHOE [OCYAapCTBEHHOE aBTOHOMHOE OGpPa3OBATENBHOE YUPEKLECHHE
BBICIIIETO HPOQeccHOHaNbHOro o6pasoBaHus "J{allbHEBOCTOYHEIR (eepaabHbIi
yHusepcuret"; 3asei. 13.09.2011; omy6m. 27.07.2013]. Cyrs wu306perenus
3aKI0YACTCA B TOM, YTO B KOMIIO3MIMS, HCIONb3yeMass I (OPMHPOBAHHSA
KOHTPOJIMPYeMOr0  O0BEKTa, CONEPKHT CTEKIOBONOKHO, KaK MaTepHal,
QHAIOTHYHBIM WCIOJIB3YEMOMY B KadecTBe HAIONHUTENS Il (OPMHPOBAHMA
KapKacHOX MaTpPULE! JeTald, KOTOpoe MONKIIOYEHO K HCTOYHHKY CBETa.
CTeKnoBOMOKHO BBINOJIHEHO B BUJE LENBHBIX OTPE3KOB JUIMHOM, GONbIeH MIHHEL
A€Taly, KOTOPhIE pasMEINEHbl C II€PECCYECHHEM TPAeKTOPHH BEPOSTHOIO
¢opmuposanus nedexTos, B o6beMe AeTanu, He MOABepraromeMcs o6pabotke. O
HaIMIUK fieQeKTa CyIAT IO OTCYTCTBHIO IIPOXOXKIEHHS CBETOBOrO JIyda HIIH
CHIDKEHHIO IPKOCTH HCXOAAIIETO CBETOBOrO ITOTOKA.

- Ha YCTpOMCTBE BOJIOKOHHO-ONTHYECKOrO JaT4¥Ka OOBEMHOro
HampsokeHHOro coctosHus [Ilar. 2643692 Poccmiickas denepamms, MIIK

G01B11/00, GOIL1/16. BOIOKOHHO-ONTHYECKHH  JATYHK  OOGBEMHOrO
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HaNPKCHHOro COCTOsiHMA. ABTOpel: IlaHpkoB A.A., IaTeHTOOONIamaTes:
(enepansHOEe rocymapcTBeHHOe OGIOIKETHOE OGPa30OBAaTENBHOE yUpeXICHHE
BeIclIero  oOpasoBaHus "IlepMCKME  HAUMOHANBHEIA  HCCIIEOBAaTEbCKHUIA
TIONUTEXHAYECKUM yHUBepcuTeT"; 3asaBi1. 04.04.2017; omy6n. 05.02.2018]. Cyts
H300pETEHHA COCTOMT B TOM, YTO BOJIOKOHHO-ONTHYECKHM NAaTYNK OOBEMHOro
HanpsHDKEHHOTO COCTOSHHA CONEPIKHT IbE303IEKTPUYECKUH 3IIEMEHT, KOTOPHIH
NIOMEICH BHYTPh MPOTAKEHHOro KapKaca, BHYTPH KOTOPOTO TaKXe pa3MelLleHEI
APYTHE H3MEPHTEIBHBIE 3JIEeMEHThl. Kakaplii H3MEpHTENBHBIM  3IIEMEHT
JOIOJIHUTENIFHO BKIFOYAET BOJIOKOHHO-ONTUYECKUN CBETOBOJ, BBITOJIHEHHBIM C
BO3MOXXHOCTBIO  NMOAKIIOYEHMs K  HM3MEPHUTENbHOMY  YCTPOMCTBY, /Ba
YIIPaBJISIOLIMX HENPEPEIBHBIX 31EKTPOAA, AIEKTPOIIOMHHECIEHTHEIN 3JIEMEHT.

- Ha YCTpOHCTBE /s OIpeAENIeHNs OCTATOYHBIX HANpPsHKEHHH B AETallgX C
3JIEKTPONPOBOAHBIMH MOKpEITHAMHE [ITat. 2412428 Poccuiickas denepamus, MITK
GO1B 5/30, GO1L 1/06. YcTpoiicTBO A ONpefeNICHHUs OCTATOYHBIX HAIIPSKEHHUH
B JeTaliX ¢ OJJIEKTPOIIPOBOJHBIMHM MOKpHITHAMH. ABTOpH: MBanoBa T.O.,
I'puruenxko MM, TIlatikun AJ., Kpaitnukos AB., Ilapes B.U,;
nateHTooOnanarens:  OTKpeITOe  aKMOHepHOe  oOmectBo  "MockoBckoe
MalllMHOCTpPOUTENIbHOe IpeanpuiaTiHe uM. B.B. UepHsimena"; 3assi. 14.08.2009;
omy6n. 22.02.2011], BeI6paHHOrO B KadecTBE NPOTOTHUIIA YCTPOMCTBA KOHTPOJS
HalpsHKCHHH B MOHOJMTHOM NOJMMEpHOM Martepuaie. IIporoTun yctpoiicTsa
KOHTDOJISL HAaNIpsDKEHHI B MOHOJIMTHOM ITOJIMMEPHOM MaTepHalle COOEPKHUT JATIUK
nedopmaruy obpasua, a Takke TPEXIIEKTPOAHYIO JJIEKTPOJHTHIECKYIO BaHHY C
KaTOJIOM, 3JIEKTPOJIOM CPaBHEHHs M FOPH3OHTAIBHO PAacHoJIOKEHHEIM 00pa3ioM B
JepkaTene B KayecTBe aHOJa; HCTOYHHUK TOKA, B Ka9€CTBE KOTOPOI'O HCIIONB3YIOT
IIOTEHLIMOCTaT; NpeobpasoBaTens AedhOpMalMM; CTOHKY HHCTPYMEHTAIBHYIO C
IIPUBOJOM Jepxarens oOpasia, OCHOBaHHE KOTOPOH  BEIIOJHEHO W3
HEMETAUIMYECKOTO MaTepHalla; KOMITBIOTEP; y3€l YIVIOBOTO II€pPEeMELICHHUS;
MEXaHMYECKHH IPHUBOJ] FOPH30HTAIBHOIO IepEeMeEIleHH; yIIMHUTENs 00pasia;
MHKPDOMETPUYECKMI IPHBOJ, BEPTHKAIBHOIO IEPEMEILECHHS; YBEIHYHTEJIb,

KOHTaKTHYIO cepy JaTduKa AedhopMalyy; My3sIpEKOBEI YPOBEHE.
4



IIpuBeseHHOe B Ka9eCTBE IPOTOTHIIA YCTPONCTBA KOHTPOJS HANPSDKEHHH B
MOHOJIUTHOM MOJIHMEPHOM MaTepHalle UMeeT pAA HeHoCTaTKoB. OCHOBHBIMH
HENOCTaTKaMH SBJISIOTCA:

- OTCYICTByeT BO3MOXHOCTb KOHTPOJS H3MEHEHHMHE B CTIPyKType
MOHOJIMTHOIO IOJIMMEPHOr0 MaTepHasa, IMPOMCXOIAIIMX B HEM NPH BHENIHHX
MEXaHHICCKUX BO3JSHCTBHSAX, NMPHUBOMAINMX K BO3HHKHOBEHMIO HANpSDKEHHH B
MOHOJINTHOM IOJMMEPHOM Mateprajie. Bo3HHKaioIKUe H3MEHEHHS B CTPYKType
MOHOJIUTHOT'O MOJUMEPHOro MaTepHaja MOryT IPHBOAUTH K CHIDKEHMIO Ipejesa
€ro IpPOYHOCTH. IJTOT HENOCTATOK JeNaeT HEBO3MOXHEIM MPOrHO3MPOBaHUE
NPENCTOSAIIEr0  paspymIeHHS MOHOJIHMTHOIO IIOMMMEPHOTO MaTepuaia 1o
pe3ybTaTaM U3MEPEHHS BO3HHKAIOIINX B HeM HaIpsHKCHUM;

- HeoOXOMMMOCTE pa3sMEINCHHA MOHOJIMTHOIO IOJAMEPHOrO MaTepualna B
CIe[HaIBHOM YCTPOHCTBE MJIsi H3MEPEHHsS OCTaTOYHBIX HANpSIKEHWH, YTO He
II03BOJIICT KOHTPOJHPOBATh COCTOSHME rabGapUTHBIX H3JENHH H3 MOHOJHTHOrO
IIOJIMMEPHOI'O MaTepHalia B IPOLlecCe UX SKCILUTyaTallHH.

Texunueckass mpoGneMa 3aKIO4YaeTCss B CO3JaHHH YCTPOMCTBA KOHTpPOJISA
HanpsDKEHHH B MOHOJMTHOM IIOJIMMEPHOM MaTepHaie, o6ecreunBaromero
BO3MOXXHOCTb KOHTpOJISI HM3MEHEHHH B CTPYKType MOHOJMTHOTO MOJHMMEPHOTO
MaTepyaja, a TaKXe BO3MOXHOCTb KOHTPOJISA HampsKeHHH B H3ACIHAX U3
MOHOJIMTHOT'O ITOJIMMEPHOI'0 MaTepHalia B IIPOLIECCe €ro 3KCILTYaTaLHH,

Texuudeckuii pesynpTaT 3aKiOdaeTcs B OOECIEYEHHH  KOHTPOIS
U3MEHEHHH B CTIPYKType MaTepHajla 3a C4YeT OIHOBPEMEHHOTO H3MEPEHHUS
NBE303JICKTPHYECKOTO OTKIMKA M MEXaHH4YecKod Ae(opMallii MOHOJHUTHOIO
IIOJIMMEPHOT'O MaTepHalla Ha BHELTHEE MEXaHUIECKOe BO3/ICHCTBHE.

Texunmyeckuit pe3ynpTaT B YCTPOMCTBE KOHTPOJS HANpsDKEHHH B
MOHOJIUTHOM IIOIMMEPHOM MaTepHalle, coJepXkalleM MAaTduK JedopMaluy,
JOCTHTraeTcsi TEM, YTO YCTPOHCTBO KOHTpOJS HAaNpPSDKEHHH B MOHOJHTHOM
IOJMMEPHOM MaTepHale JOIOJHUTEIBHO COAEPXKHUT OJIOK npeaBapHTEIBHOM
06paboTKH CHrHala, BEIXOJ KOTOPOTO COSAMHEH C BXONOM YCHIJIMTENs CHTHAJAa,

BbIXOJl KOTOpPOro COC€AHMHCH C BXOAOM IIEpBOro ananoro—un@ponoro
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npeobpa3oBaTens, BBIXOJ KOTOPOTO COEJMHEH C MEPBEIM BXOJAOM GIIOKa
o6paboTku HHpOpMANHH, [Ba JIEKTPONA U3 IIPOBOMAILETO MaTEPHANA, K KOKIOMY
U3 KOTOPBIX IOACOEAUHEHBI [0 OAHOMY IIPOBOJHUKY, APYro# KOHEI[ KaXHOro u3
IPOBOAHHUKOB COEJHMHEH C NEPBEIM M BTOPHIM BXOJAaMH YCHJIMTENS HAIpSDKEHHS,
BBIXOA KOTOpDOrO COEAMHEH C BXOAOM BTOPOIO  aHAIOro-LHU(POBOro
npeobpasoBaTelis, BBIXOX KOTOPOIrO COEAMHEH C MEPBEIM BXOAOM O6J0Ka
06paGoTKH MHGOPMAIMH, BEIXOX KOTOPOIO COeIHMHEH C 6J0KOM OTOGpaxeHus
uHbOpMaNuK, NpudYeM BXOX O6lOKa mpeaBapuUTENbHOM 06paboTKH CHrHaNa
COEJIMHEH C BBIXOOM JlaTduKa AedopMarum.

Ha ¢ur.] wusobpaxeHa CTpyKTypHa# CXeMa YCTPOKWCTBA KOHTpOJIS
HanpsHKeHHH B MOHOJMTHOM IOJMMEPHOM Marepuane, Ha ¢ur.2 usobpaxeHa
CTPYKTYpHas CXeMa YCTPOHCTBA KOHTpPOJSA HaIpsXKEHHH B MOHOJIHUTHOM
IIOJIMMEPHOM MaTepHale, Ilie SIeKTPOALl pa3sMeleHbl Ha UCCIEAYEMOM OGBEKTE,
Ha ¢ur.3 npeAcTaBIeH IrOPUTM paGoTel Gioka 06paboTke HHbOpMAIMH
YCTPOMCTBa KOHTPOI HAaNpsHKEHUH B MOHOJMTHOM MOJHMEPHOM MaTepHaie, Ha
¢ur.4 npencrapIeHs! THIIOBBIE 3aBHCHMOCTH Ibe3oHanpsxeHus 13 - U(e), cuibl
OTK/IMKa obpasiia Ha BHemmHee BospeiictBue 14 - P(g), koadduupenta 15 - y(e)
IVl UCTIBITaHUM Ha pacTshKeHUe, Ha (Ur.S NpeAcTaBlIeHE! THUIIOBEIE 3aBHCHMOCTH
nse3oHanpspkerus 13 - U(e), cunbl oTkiIHKa 00pa3sia Ha BHEIHee Bo3aeiicTaue 14
- P(¢), xoapdunuenTa 15 - y(e) ang ucneITaHui Ha H3rub.

YCTpPOACTBO KOHTPOJSA HANpsHXKEHHH B MOHOJUTHOM ITOJHMEPHOM
Mmarepuaine, H300paxeHHOe Ha Qur.l, comepXUT AaT4uK AedopManuu 1, BBIXOX
KOTOPOIrO COEIHHEH C BXOJAOM OlloKa mpeaBapUTeNsHONU 00paGoTKH curHana 2,
BBEIXOJ] KOTOPOIrO COEAMHEH C BXOJIOM YCHIIMTENIi CHTHaja 3, BEIXOX KOTOPOIoO
COEIMHEH C BXOJAOM IIepBOro aHayoro-nupposoro mnpeobpaszoBarens 4, BEIXOX
KOTOPOIr0 COEJMHEH C NEPBEIM BXOJOM Oioka 00paloTKm MHGpopManuu 5, 1Ba
3MEKTPOJIa U3 IPOBOASIETO MaTepuaia, - IIEPBhIH AJIEKTPOX 6 H BTOPOI JIEKTPOL
7, K K&XXIOMY U3 3JI€KTPOJIOB, IEPBOMY 6 ¥ BTOPOMY 7 HOACOESAMHEHEI II0 OJHOMY
IIPOBOAHMKY 8, Opyroli KOHEN KaXAOro M3 NPOBOAHHKOB 8 COEJMHEH

COOTBCTCTBCHHO C IICPBBIM ¥ BTOPBIM BXOIOaMH YCHIIMTEJIA HAMPSIKCHHS 9, BEIXOA
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KOTOPOro COEAHHEH ¢ BXOJIOM BTOPOI'O aHAJIOro-mudpoBoro npeobpasosarens 10,
BBIXOJ{ KOTOPOro COEAHHEH CO BTOPEIM BXOJIOM G10ka 06paboTkn HH(popMauy 5,
BBIXOJ] KOTOPOT'O COEUHEH ¢ 6110kOM oToOpaxkeHus nHdopManuy 11.

YCTPOHCTBO KOHTPOJIsi HANpHKEHHH B MOHOIMTHOM ITOJIHMEPHOM
Marepuaie, u300paxeHHOe Ha (Ur.2, COOEPXKUT AaT4uK medopManuu 1, BEIXOJ
KOTOPOIr'0 COENHHEH ¢ BXOJOM 6iloKa IpeaBapUTeNbHOM 00paGoOTKH CHrHaua 2,
BBIXOA KOTOPOTO COEIMHEH C BXOJOM YCHIIHTEN CHTHala 3, BEIXOZ KOTOpPOIO
COEIUMHEH C BXOAOM IIEpBOrO aHAJIOro-uu(poBoro mnpeobpaszosarens 4, BEIXOX
KOTOPOIr'O COEIHHEH C IEPBEIM BXoAoM Onoka o6paboTkm mHGOpManum 5, xBa
9NIEKTPOJIa U3 MPOBOJIALIETO MaTepHaa, — IIEPBBIH MeKTpox 6 U BTOPOH NEKTPOx
7, X XaXOOMy M3 37€KTPOJoB 6 U 7 IOICOEAWHEHH! 110 ONHOMY IPOBOILHHUKY 8,
APYroii KOHEI KaXX0ro U3 IPOBOJHHUKOB 8 COEAMHEH COOTBETCTBEHHO C IIEPBEIM U
BTOPBIM BXOJaMH yCHINTEJS HalpsDKEHUs 9, BBIXOA KOTOPOTO COEHUHEH C BXOAOM
BTOpOro aHanoro-1u¢poBoro npeodpasosatens 10, BEIX0OJ KOTOPOrO COEAUHEH CO
BTOPBIM BXOZOM Giioxa 06paboTku MH(}OpPMAIMK 5, BEIXOX KOTOPOrO COEIHHEH C
GmokoM oToOpakeHusa HHpopMarmu 11, sMeKTpoibl mepBelii 6 H BTOpOH 7
pa3MelieHbl Ha HcclenyeMoM oObekTe 12 M 3akpelUieHBl Ha HeEM IIyTEM,
HallpyuMep, NOAKIICHKY.

bnox mnpenBapurenpHON 00paboTKM curHaja 2, yYCHIMTENb CHIrHama 3,
TIIEpBhIM aHAIOro-UU(poBoii npeobpasosarens 4, 610k 06paboTkK HHPOpPMaIHH 5,
YCUNIHTENB HalpsDKeHUS 9, BTOpo# aHanoro-uudposoit npeobpazosarens 10, 6ok
orobpaxeHus HHbopMauuu 11 MMeOT cHCTEMy 3JEKTpONHTaHHSA, KOTOpas Ha
¢ur.1 u ¢ur.2 He npeAcTaBIeHa.

O6BexToM HCCIeNOBaHUS MOXET OBITH MOHOJMTHBIA MaTepHal, KOTOpHIi
IPOSIBIIAET IbE303JIEKTpUdeckne cBoHcTBa. Hampumep, 310 MOXeT OFITH
MOHOJIMTHBIH Tmpo3paunslii noiukapbonar [bo6una E.A., I'mmapmeesa JLA.,
Hammnaes MLII. OmnpeneneHue MeXaHWYECKMX HAaNpPsDKCHHM, BO3HHMKAIOIIUX B
IOJMMEPHBIX CTeKIax B nponecce skcmuryataumu // UBJI. 2018. Ne2 (49)],
nonuBuHMNIMAeHOTOpUA [Conjugated polymers. Processing and application. Edited

by Terje A.Skotheim, John R. Reynolds. 2007. CRC Press is an imprint of Taylor
7



& Francis Group, an Informa business. 1693 p.], NOMMEPHAst KOMIIO3MIHS C
HANIONHUTENEM M3 Marepuana, o6/Najalomero Nbe303MeKTPUYECKHM ddhdexTom
[Kiran Kumar Sappati, Sharmistha Bhadra Piezoelectric Polymer and Paper
Substrates: A Review// Sensors 2018, 18, 3605; doi:10.3390/s181 13605].
PaccmotpuM pa6oTy ycTpoifcTBa KOHTpONS HANpSKEHHH B MOHONMTHOM
TIOTMMEPHOM MaTepHajle Ha IPHMePe MOHOJIMTHOTO IPO3PaYHOro MoNHKapGoHara.
MOHOIMTHEI TIPO3payHbI MOMMKAPGOHAT MOXET OHITH HCIIONB3OBAH U1
OCTEKJICHHsA KaOWHEI JIETATENBHOTO amlapaTa, HapHMep, BEpPTONeTa [ITeTpoBa
I'H., Beiinep 3.4., Ileppunosa J.H., Pymsannesa T.B. IToxapo6GesomacHsre
JIATBHEBBIC TEPMOILIACTEI U TepModyacTomnactsl // Tpynet BUAM Nell. 2013]. B
Tponecce SKCIUTyaTallid MOHONMTHBIA [IPO3padHEIN MOTHKapGOHAT moaBepraeTcs
Pa3IUIHBEIM BHEIMHUM BO3AECHCTBHAIM, HallpUMep, MEXaHMYECKHM IO JeHCTBHEM
Haberaromero Bo3aymHoro noroxa [Msanos JI.A., 3tokur B.C., Konockos A.A.
OneHka BIHMSHMS HECTAMOHAPHEIX J03BYKOBEIX BOSAYIUHEIX IIOTOKOB Ha
MEXaHWYECKHE H IKCIUTYaTallHOHHEIE CBOHCTBA OIE€MEHTOB KOHCTPYKIMH
BO3JyIIHOTO TpaHcnopTa // TeXHMKO-TEXHONOrHYecKHe NpobleMBl cepBuca
Ne2(44). 2018. C.16-20], ynsrpacduoneroBoMy 06IydeHHIO [ren, I'. Xumus u
¢usuxa nonmuxapGonaros: [nep. ¢ aurn.] / T, Iuen. - M. : Xumus, 1967. - 232 c.].
Bosbimas 4acTs BHEMIHHX BO3AEHCTBHI PHBOJUT K HAKOIUIEHHIO HANPIKEHHUH, a
TaKke M H3MEHCHMH B CTPYKType MOHOIHTHOIO IIPO3PayHOro NOJHKapOGoHaTa
[Anmua M. A6en Anb-3o6aiizne., Yurapesa IO. A. ®pakranbHas MOIeNh HAKOIUICHUS
MOBpEeKJeHHN B TBepAsIX Tenax // Hayka m Texnuka. 2014, Ne6.]. Do, B CBOIO
O4€peNs, IPABOAUT K U3MEHEHHIO IPOYHOCTH U IPEeNa MPOYHOCTH MOHOIUTHOTO
NpO3pavHOro mMojMKapOoHaTa, MCIIOAE3YEMOr0 [UII OCTEKIEHHS KaOHHEI
netaTenpHOro ammapata. Ilo 3Tolf mpuumMHe HEOOXOAWMO CO3aTh TAaKOH METOX
KOHTPOJI HaNpsDKEHHA B MOHOJIMTHOM IIPO3paiHOM IONHKapGoOHaTe, KOTOpEIH
TO3BOJIIET KOHTPOJNHPOBATh W3MEHEHUS B €r0 CTPYKTYpe, IPOUCXOAALINE IIPH
BHEIIHAX BO3NCHCTBUAX. VISMEHEHHSA B CTPYKType MOHOJIMTHOTO IPO3PavyHOro
NoMKapOOHaTa 3aBUCAT OT KOMILIEKCA BHEIUHMX BO3NEHCTBHM HAa MaTepHan

MOryT NpEeACTaBIATh COOOH: H3MEHEHHE MOJIEKYIAPHOH MAacCHl BCIIEICTBHE
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paspbiBa MOMTMMEPHBIX MOJIEKYI IO NEHCTBHEM, HAalIpHMep, CONHEYHON pafHalyH
[Toscrowor B.A. KommiekcHOe MOAENMpPOBAaHHE XapakTEPHCTHK CTAPEHHMS
monuMepHeIX Matepuanos // Bectumk MITY wum. H.D. Baymana. Cep.
“Mammnsoctpoerne”. 2007. Ne3. C.3-22]; mosiBIeHHe MHKpOTpemMH (HampuMep,
NpH MEXaHHYeCKAX NedopMalusax IOf NeHCTBHEM HaGeraiomero BO3AYLIHOTO
NIOTOKA Ha JICTaTeNIBHBIA anmnapar), HEBHAMMBIX HEBOOPYXKEHHBIM B3IJIAZIOM U He
YXyAIIAIOMKUX TPO3pavYHOCTh MOHOJHTHOIO IPO3pavHOro IojukapGoHaTa
[Kumanos A. B., I'opuna W. H., Cyukos C. I'., Cenudonos A. B., Cyuxos [I. C.,
Huxonaesues B. A. MHHOBaIMOHHEIH Hepa3pymarOmuii METOA YIBTPa3BYKOBOTO
KOHTPOJIA HAaHO- M MHKPOTpPEIIMH H JepeKTOB B JmucToBoM cTekie // NBI-
technologies. 2010. Ne4]

B paccMaTpuBaeMOM YCTpOMCTBE KOHTPOJIA HAlpSKEHHH B MOHOIHTHOM
NOJIUMEPHOM  MaTepHajlie  MCMONB3YeTCA  Ibe303NIEKTPUUecKHi  3ddexT.
ITse3oanexTpudeckuil 3 ekT B IOIMMEPHBIX MaTepHalax M3BECTeH, IOAPOGHO
HCCIIENI0BaH U OIyOIMKOBaH, HApHMep B HCTOYHMKAX JiutepaTypsl [L. Vertuccio,
L. Guadagno, G. Spinelli, P. Lamberti, V. Tucci, S. Russo Piezoresistive properties
of resin reinforced with carbon nanotubes for health-monitoring of aircraft primary
structures // Composites Part B. 107. 2016. PP. 192-202; W. Steinmann and D.
Pico Polymeric Sensor Fibers Based on a Piezoelectric Polymer and Metal
Alloy/Carbon Nanotube/Polymer Composite for Structural Health Monitoring //
Chemical Engineering Transactions. Vol. 60. PP. 7-12. Sep. 2017. DOI:
10.3303/CET1760002; JIymefikun I'.A., JxymanGaes X.[. ITsezoaddexr u
9NeKTpeTHEIH 3ddexT B monumepax. // Ilmact. maccer. 1977. Ne 10. C.7-9]. B
OCHOBE I1h€303JICKTPUYECKOro d¢deKra B MONHMEPHBIX MaTepHalaX JIEXKHT
HOJIApU3alMsd  IOJMMEPHOr0 MaTepuajla IPH BHEITHEM MEXaHWYEeCKOM
Bo3zekcTBuH. Tlonsgpu3anus MpOUCXOAUT BCIISACTBHE CMEIIEHAA OSAPHEIX IPYIIIT
IIOJIMMEPHEIX MOJIEKYJI OTHOCHTENLHO CBOEro IojioxkeHus pasHoBecus [H. Nalwa
Ferroelectric Polymers // Marcel Dekker, Inc., New York, 1995. — 895 c.;
Mareppamos A.M., lllepman M.J1., Jlecueix O.[., Kopuarun A.I'., Typsiues B.U.

6] NpHAPOAC IIOJAPpHU3AMH H IIHE30JJICKTPHYECTBA B COIOJHMEPEC BHHHIIHICH-
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¢Topuna u TetpadropsTuneHa. // Bricokomonekyi. coen. Cep. A. - 1998. T. 40. Ne
6. C.982-987]. MoJeKyIsl MOHONHTHOIO IpO3pavHOro NojiuKap6oHaTa cozepxar
TIOJIPHBIE TPYIIIBI, HAIpUMEp, aToMEI kucnopona O u CHz rpynnsl [IlIxemn I
Xumus u pusuka nommxapGonaros. Ilep. ¢ anri. Iloxa pen. I'.C.Konecuukosa. M.:
Xumus. 1967. 232c.; Cmuprosa O.B., Epodeesa C.B. INomaxap6onarter. M.:
Xumus. 1975. 288c.]: xummuueckas bopMyna TuUmoBOro MOHOMHTHOrO

IIpO3pavHoro nomukapbonara (momu 6ucdenon-A-kap6onar) CAS 24936-68-3:

‘n’"’o 2
O~=C
{-0 ' AH; -);

IlepBeiii  smexTponm 6 u  BTOpOIL 9NEKTpOA 7 pacHnoJIOXKEeHBI Ha
TIPOTHBOIIOJIOXKHBIX CTOPOHAX HCCIIEyeMOoro 06bekTa 12 Apyr HanpoTHB Apyra H
- 38KPCILICHBl II0 IOBEPXHOCTH HCCIeNyeMoro o0bekTa 12, Hampumep, myTeM
NOJKJICHKA TOHKOH IIOJOCKM HPOBOJAINETO MeTallla, HanpuMmep, Mexu [A. M.
Yanenit, B. A. imatpues, M. A. Iasneiino, O. M. ITaBneitno, M. C. Cadonos 06
0COGEHHOCTAX CBApPHBAaHHA M Pa3pyIICHHS IOBEPXHOCTH CHIBHOTOYHEIX CIIOMCTEIX
KOHTaKTOB HMIyJLCHBIME Tokamu // DOM. 2016. Ne6.]. ®opmy ® pasmeps!
IIEpBOro 3NeKTpoAa 6 M BTOPOro 3JEKTpoAa 7 BEIGMPAIOT B 3aBHCHMOCTH OT
hbopMbI B pa3MepoB HccienyeMoro obbekTa 12, a TakKe MCXOOi M3 THIIOBEIX
MEXaHWIECKHX  feQopMauwi, BO3HHMKAIOIMX IPH €ro  IKCILIyaTALHH.
OKCIEpPUMEHTATLHEIE HCCIIENOBAHAS [OKA3aIH, 4TO, HANPUMeEp, WIS IUIOCKOTO
obpaslja MOHOJHTHOrO HpO3pPadHOro moiukapboHata pasmepamu 0.1x0.1 M,
3aKpeIUICHHOTO II0 CBOEMY II€PUMETpPY, OJIEKTPOJ MOXET MMETh pasMephl
0.01x0.08 M. Ilepseii anektpon 6 m BTOpOH snexTpon 7 TakuM oGpasom
pasMeIaoT Ha MPOTHBOMOJIOKHEIX CTOPOHAX HCCIIEAYEMOro 00BEKTa, YTOOBI OHH
pacmoJyarajuch ApyT HalpOTHB Apyra.

K nepsomy anextpomy 6 M BTOpOMy 3JeKTpoay 7 H3 IIPOBOMSILETO
MaTepuala JIOOBIM HM3BECTHEIM CIOCOGOM IIOJCOENHMHEHE COOTBETCTBYIOLIHE
KOHIbI TPOBOAHAKOB 8. IIpoBoxHKKH 8 mpencTaBIAOT COGOM, HapUMep, MEIHEIE
nposona Mapkn HELUKABEL UL/CSA, maxomsmuecs B msomsuun (IOCT
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31947-2012). Ilocne 3a4MCTKM MpOBOjAa, ocymecTBaseMoit no I'OCT 23585-79
KOHeIl KaXJOro NPOBOAHHKA 8 IPHKIEHBACTCS K COOTBETCTBYIOIUMM IIEPBOMY
JIEKTPOAY 6 U BTOPOMy ONEKTPOLY 7 M3 IPOBOASAIIETO MaTepuana C
HCIIONIB30BAHMEM K€ BBICOKOH anekTponpoBomumoct (Mapku «Kontaktoly),
HanoNHEeHHBIM YacTHIiaMu cepebpa. B kauecTBe yCHIUTENS HAPKEHAS 9 MOKET
OBITE MCIONE30BaH OIEPALMOHHBIA MAIOIIyMAIIH ycunurens ADA4625-2,
MUHUMAaJIbHBIH Ko dunment YCHIICHHUS 130 ab [URL:
https://www.analog.com/media/en/technical-documentation/data-
sheets/ADA4625-1-4625-2.pdf]. Jina ymensmenus kos¢pduuuenTa II[yMa B COCTaB
YCHIIUTENA HANPKeHUA 9 BKIIOYEH NMOBTOPUTENb HANPSIKEHHs, BEINONTHEHHEIH HA
nonesoM Tpansucrope 2N3819 [Turme V., Illenk K., ITomynposomHmkoBas
CXeMOTeXHHMKa, mep. ¢ HeM., M. 1982]. Bropoit ananoro-uupposoit
nmpeoOpasosarens 10 MoxeT G5ITh mocTpoeH Ha MukpocxeMe AD7771 (tun SAR),
uMeromuid 12 paspaoB ¢ IOCIENOBAaTENBHOM AammpoKCHMalueili CHrHaia.
CoenuHeHye yCHIMTENS HANPMKEHHS 9 C TAKAM BTOPHIM AHANOTO-IH(POBEIM
npeoGpasosarenem 10 obecreunBaeT orHoueHHe cHrHAN/myM >80 1B [JIpsuxoB
A.B., T'opkynos A.A., JIaGo3ux A.B., Muponos C.M., ITanuenxo B.5L., ®upcos
B.A., IlgetkoB I'.O. ABTOMaTH3amMs MCCIIEHOBATENHCKOrO KOMILIEKCA s
paszieIeHAd H30TOIOB B aTOMHOM Iape J1asepHbIM MeTonoM // IIpu6ops! u TexHUKa
okcrepumenta.  2018. Ned. C.81-89]. Dro mosBomter obecmeunTs
YROBIETBOPUTENIFHOE BBIACNICHHE IIOJIE3HOTO CHUTHAa, 4 MMEHHO HaNpshKeHHe
NbE303JIEKTPHYECKOro OTKIIHKA, Ha (GoHe meiicTByromux mrymoB [Backakos C.U.
PanporexHudeckue nenu u CHTHaIB: YueGHuK. 3-¢ m3n., mepepab. u gom. M.:
Beicmas mxona, 2000].

OnHOBpeMEHHO C 3THM Ha IIOBEPXHOCTH HCCIeIyeMoro oOmexta 12
pacnonoxeH gar4uk Aedopmanuu 1. Jarunk nepopmanuu 1 npeacrapiser coboi,
HampuMep, ONTHYECKOe BOJIOKHO C BCTpPOeHHO#H pemerkod Bperra [Capbaes B.C.,
Cmepros A.A., Tauposa JLIL, Ceneseres B.A., Coxonos C.B., Byiimuctpiok I'.41.,
MsoroB B.M., PoroB AM. Hccienosanue nedhOpMHPOBAHHOTO COCTOSHHUS

KOHCTPYKIMH M3 KOMIIO3HMIMOHHBIX MAaTE€pPHAlOB C IIOMOINBIO BOJIOKOHHO-
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ONTHYeCKMX jaT4nkoB // Becthuk MITY mm. H.D. Baymama. Cepus
«MammHoctpoenue». 2011, NeSP]. [laramk nedopmamum 1 kpemutcs Ha
MIOBEPXHOCTh HCCIeAyeMoro obbekra 12 B obnact, riae Bo3MOXHA HanOOIBLIAA
MeXaHnIecKas AepopMauys (HampuMmep, pacTsDKEHHE) B IPOLECcce SKCILTYaTalHH
ucciepyeMoro obvexra 12. Takodi matauk nepopmammm 1 Kkpemmres K
HCCIIelyeMoOMy 00BeKTy 12 myTeM NMOAKIEHBAHKA, HAPHMED, C HCIOIB30BAHAEM
SIOKCHIHOro Kies. blok npensapuTenpHOM 06paGoTKH CHrHana 2 MpenCcTaBIAeT
coGoii 6110k nMpeoOpa3soBaHKA ONTUYECKOrO CHUTHaNA (C ONTHYECKOro BOJOKHA CO
BCTPOSHHOH peleTko# bperra) B aneKkTpuyuecKuit CUrHai. JToT 610K MOXKET OBITH
BBITIOJIHEH, HAlpUMEp, IO cXeMe, NpeAnoxeHHo# B pabore [Shin C.S., Chiang
C.C. Fatigue damage monitoring in polymeric composites using multiple fiber
Bragg gratings // Int. J. Fatigue. - 2006. - Vol. 28. No. 10. -P. 1315-1321]. Buok
npeBapuTeNbHO! 00paGOTKH CHrHala 2 NOTONHHTEIBHO COAEPKHT HMCTOYHHK
ONTHYECKOTO HM3Iy4YeHUd, HallpUMeEp, IOMyNPOBOAHHKOBEIM JIa3ep, H TEM CaMBIM
¢opmupyer soHmupyroumii curHan [Mamiorms C.A., Ba6aes O.I.-O.
OKCIIEPUMEHTAbHOE  HCCIIENOBaHHe JENOJAPU3ALAN  JA3€PHOTO  W3TydeHUs
3NIEMEHTaMH BOJIOKOHHOM onTuku // KommbiorepHas omruka. 2017. Ne3.].
Ycunurens curaana 3, MOXeT GBITh BHIIOIHEH KaK M yCHIIMTENb HaNPKEHUs 9, ¢
HCIIONIE30BAHAEM MAJIOIIYMSIIIEro onepanionHoro ycumurens ADA4625-2 [URL:
https://www.analog.com/media/en/technical-documentation/data-

sheets/ADA4625-1-4625-2.pdf]. TlepBsiit ananoro-undposoit npeobpasosatens 4,
KOTOpbI MOXeT ObTh BHINONTHEH KaKk M BTOPOH aHAIOro-ImuQgpoBoro
npeo6pasosarens 10 1 moctpoeH Ha MukpocxeMe AD7771 (tun SAR). Curaaisi ¢
aHaIOroBo-IM(poBEIX npeobpasopareneii 4 u 10 nocrynaoT u 06pabaTsIBaroTCs B
6moke 06paGoTku HH(pOpMANMH 5, mNpencTaBNsMIOmMEM coboH, HampHMep,
3anporpaMMHUpOBaHHBEIH MHKpOKOHTpoiulep ATmega8 [Bapanosa Enmsasera
Muxaiinosna, I'maromes BrnagucnaB Makcumosuy, Illemaxun KoHcTaHTHH

Muxaiinosua IIporpaMmmupoBanre MEKpOKOHTpoIiepa Ha s3bike Cu // W3Bectus
Tynl'Y. Texnnueckue HayKH. 2013. Ne9-2, URL:

https://ww1.microchip.com/downloads/en/DeviceDoc/Atmel-2486-8-bit-AVR-
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microcontroller-ATmegaS_L_datasheet.pdt]. Beixon  6Gmoka  o6paGorku
MHOOPMAIMH 5 COEMHEH C BXOJOM GIIOKOM HHAuKauuK 11, nmpencraBmnsomum
coboi  rpadpmueckmit  mucrier = MT-12232A [JotoB  Anexcangp
XKunxoxpucrammyeckue HHAMKATOpH! IIpousBoiacTtBa MOJIT // KoMIOHEHTHI W
Texuonoruu. 2002, Ne19]

PaccMorpum paboty ycrpoiicTsa KOHTpPOJIA HaNpsKEHHH B MOHOJHUTHOM
TIOMHMEPHOM  MaTepHaie, NpeACTaBleHHOro Ha ¢ur.l u ¢ur.2 c ydetom
BRITIOTHEHHUS aropHTMa paboTsl 6110Ka 06paboTku mHGOpMaLwy 5 1Mo ¢wur.3.

YCIpOHCTBO KOHTpOJNS HANPSKEHMS B  MOHOIMTHOM IIOJTMMEPHOM
MaTepHale roToBo K paboTe MOCIEe BKIIOYEHHS HCTOYHUKOB 9NIEKTPHYECKOro
NHTaHud, KoTopele Ha ¢wur.l u ¢ur.2 He mnokasauel, I[lociie BKITIOUECHMS
SNICKTPHIECKOTO MHWTaHUA, B ONOK 00paGoTKM HHpOpMamuM 5 3arpyxaercs
TIporpamMma, COTJIacHO aNropuT™My, IpUBEIEHHOMY Ha ¢ur.3.

IIpy BHEIIHeM MeXaHMYECKOM BO3AEHCTBHH Ha HCCIELYEMBIlt MOHONHTHEI
TIPO3PavHEIH MONHKapGOHAaT, MPUBOAAIIEM K BOSHHKHOBEHHIO B HeM AedopMarTHii
(Hanpumep, nedopMamMM  pacTKEHMS M usruba) OH  NpoABIAET
Ibe303NIeKTpHIeckre cBolictBa [H. Nalwa Ferroelectric Polymers // Marcel
Dekker, Inc., New York, 1995. — 895 c.]. Bcnencrsue »stToro Ha
TIPOTHBONOJIOXKHBIX MOBEPXHOCTAX MOHOJMTHOTO IPO3PavHOro MOIMKapGoHaTa
BO3HMKAeT pasHOCTh moreHHuanoB [Xin Lu, Hang Qu, Maksim Skorobogatiy
Piezoelectric Microstructured Fibers via Drawing of Multimaterial Preforms //
Scientific Reports, 2017. Ne7. art.Ne2907 DOI:10.1038/s41598-017-01738-9],
KOTOpYI0 HM3MEPSIOT ¢ IOMOIIBIO DACIONOXEHHBIX Ha YacTH MOBEPXHOCTH
MOHOJINTHOrO IMOJUMEPHOr0 MaTepuana MepBOro 3IeKTpoaa 6 M BTOPOro
dneKTpoaa 7 M3 NpPOBOAAINErO MaTepHana, COEJUHEHHBIX IIPOBOJAMH 8 ¢
yoewmrenem  HampsokeHus 9. IlomydenHelf  Takum  ofpasoM  curman
NBE303/IEKTPUICCKOrO OTKINKA YCHJIMBACTC YCHIMTENEM HANpPKEHHS 9 o
OU(POBEIBAETCA  IyTeM  HCIONE30BAHHSA  BTOPOTO aHaJIOTrO-IIU(POBOTO
npeoGpasosarens 10. ITocne 4ero omudpoOBaHHBIA CHrHAT MOmaeTcsi B GIIOK

obpabotku mHdopMamum 5. OJHOBPEMEHHO C 3THM B OIOK o6paboTku
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HHOQOPMAllMH 5 MOCTYNaeT CHTHAI o ReopMaiuy, NONYYEHHBIH C OaT4dKa
Aedopmanun 1, npeobpa3oBaHHENI B SJIEKTPHYECKHH CHrHaal B Gloke
Tpe/BapUTeNEHOH 00paboTKH CHTHANA 2, YCHJIEHHEIH B YCHIMTENe CHTHANA 3 H
OLH(POBAHHEIN B IIEPBOM aHAIOrO-H(YPOBOM npeoGpasoBareie 4.

B 6noke obpaborke wHbOpMamuu 5 anroput™ 1o ¢ur.3 peanusyeTcs ¢
HCTIONB30BaHHEM JO0Oro A3bIKa MpPOrpaMMHpOBaHMs. B  Hauane pa6otsr
ITOPHTMa yCTaHABIIMBACTCA HOMEDP W3MepeHHs n=0, IZle N — HaTypambHEIA pAx
UHCeN, a CIeHYIOmHM JCHCTBHEM 3alaeTCs HOMep TEeKYIIEro H3MepeHHs Iio
¢opmyune n=n+1. B ciyuae n=1 cursan o nsesonanpsxernn U(e;), ABIsIONmitcs
dynkuumelt Mexammdeckodt nmedopMmarmUM € M 3HAYEHHE MEXaHHYECKO:
AedopManuu € 3amMCHIBAIOTCA B HaMATH Gioka o6paboTku HWH(popMarmu S,
HanpuMep, BO BCTPOSHHOM IamATH MuKponporeccopa ATmega8 (U; u g -
3HAYCHHA IBE3OHANPMKEHH U MEXaHHMYEeCKOH nedopMaluu COOTBETCTBYIOIIHE
HOMepy u3MepeHns n=1). ITocie 3TOro, BHINOIHEHNE ANTOPATMa IIPOJOIDKAETCS C
MeTKH «1». B ciydae n=2 anroput™ BBIIONHAET Te XK€ ASHCTBHA, a B IIAMATEH
Gnoxa obpaboTkn wuHGOpMauuH 5, HampuMmep, BO BCTPOGHHYIO IIaMAT
Mukpomnpoueccopa ATmega8, sanuceiBator 3Hauenus Ux(ex) u & (U; H & —
3HAYCHHUS NbE30HANPMKEHAS M MEXaHH4YeCKoH RedopMaluu COOTBETCTBYIOIIHME
HoMepy u3MepeHus n=2). Ilocie 3T0ro, BEINONHEHNUE ANTOPUTMA MPOOIDKAETCS C
METKHM «1» ¥ 1OCNe NMPOBEpKHM HEBBINIONHEHUS YCIOBHS N<=2 OCYIIECTBISETCS
BBIYHCIIEHHE 3HAYeHHs KO3QDHIMEHTa ¥, 1o dbopmyre Yoz= Un-1(€n1) — Un2(en2)
(rae Un.1, &1 ¥ Yy — 3HAUCHUS OBE30HANPSKEHUS, MEXaHIYECKOH NedopMaLuy 1
Ko3(dHILHeHTa COOTBETCTBYIOMINE Homepy usMmepenus n=n-1; Up, €2 ¥ Yp2 —
3HAQYCHUA Ibe30HANPsDKEHUs, MEXaHWIeCKOH Jedopmanuu U KodpdHIUEHTa
COOTBETCTBYIOIIME HOMEPY HM3MepeHHs n=n-2). I[locie dYero BEINONHAETCA
IIPOBEpPKa BBINOJIHEHHSA YCIOBUA N=3 U €CJIH YCJIOBHE BBINOJHACTCS, BEIIIOTHEHHE
aJIrOpHTMa NPOAOIDKACTC ¢ METKH «1». Ecimyu ycnoBre n=3 He BBHIOJHSAETCSH, TO

AJITOPHTM IIEPEXOOHUT K IIPOBEPKE OJHOBPEMECHHOI'O BEIIIOJIHEHUS yCJIOBI/Iﬁ

Y1/ ¥1<0.1, €n0-2< €n-1, €n-2 — En1 # 0 ¢))
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Ecmu ycnosus (1) ONHOBpeMEHHO HE BHINMOJHSIOTCA, TO BBIOJTHEHUE
QIrOpHTMa MPOAOIDKAETCA ¢ MeTKH «1». Ecim ycnosus (1) BEmomHsoTcs
OZTHOBPEMEHHO, U ¥=0.1, T0 B 6110ke 0TOOpakenusa HHGopManwu 11 oTo6paxaercs
uHbopmanus  «IIpenympexaeHne O BO3MOXKHOM paspylICHAM» H3ZENHs W3
MOHOJIUTHOTO MONMHUMEpHOro Matepuana. [locie 4Yero BHINONHEHME anropHTMa
3aKaHYMBAETCS A0 €ro Nepe3alrycka olepaTopoM, IpH HEO6XO MMOCTH.

Jlist TONTBEpXKACHNA PaKTHIECKOM PEealn3yeMOCTH JaHHOTO H306peTeHus
OBLTHM POBENEHB! SKCIIEPHUMEHTATBHEIE HCCIIEOBAHMA.

PesynbTaThl 5KCIIEpUMEHTOB NpPHBEACHH Ha ¢ur.4 u ¢ur.5, roe IIPUHSITEI
ycnoBHEIE oGo3HaweHus: 13 — U(e), 14 — P(g), 15 — y=y(¢), tme U(e) —
Nbe3oHANpskeHue, P(g) — cuna oTKIMKa HcciegyeMoro o6pasna MOHONHTHOIO
TMPO3PaYHOro NOJMKapOOHATa Ha BHEIIHEE MEXaHHYECKoe BoszeicTeHe, Y(E) —
KO3(QHUIIHEHT, XapaKTepH3yIOMiA BENIMYWHY M H3MEHEHHE MEXaHWYECKHX H
MBE303NIEKTPUIECKUX CBOMCTB MCCiefyeMoro Marepuana. Ha ¢ur.4 npusenens:
3KCIIepUMEHTaNbHEIe rpaguku 3aBucuMmocteii U(e), P(€) u y=y(g) npu ucnbiTaHuy
06pa3LoB MOHOIHMTHOTO IIPO3PaIHOrO MONKMKAPGOHATA Ha PacTKEHHE, Ha ¢ur.5 —
IIPH UCHBITAHWH HA U3THO.

3KCHepI/IMeHTLI IIPOBOJAHUIIHCH Ha  HUCHHITaTENILHOM MalllMHE  OJIA

MEXaHU4YeCKUX HCNbITaHui Shimadzu no cxeme, npuBeneHHOH B paGore.
IIbesonanpsxenne U(e) m3Mepsiocs BonsTMerpoM B7-78/1  (Bxommoe
conpotuBieHne ~10 I'OM) c morpemmHocTsi0 u3MepeHuit He Gomee 10%.
PesynuraTel u3Mepennit cuibl oTkiKa P(€) o6pasna Ha BHeLIHee BO3NEHCTBHE H
BeIMYHHA JehopMalMH € ONpPENENICh C HCIONb30BAHHEM IPOTPAMMHOIO
obecrievenuss TRAPEZIUM X, yuYHTHIBAIOIIETO NapaMeTpsl OGpasLOB.
IorpemHoctu u3mepenuit P(e) u € He npesbimanu + 5%. O6pasipsl HarpyXalucs
co ckopoctsio 0,5 MM/MMH (And pacTsKeHHA), SMM/MEH (s H3ru6a).
IIpe3onanpsbkenne, nedopMalMs M CHIa OTKIMKAa HM3MEPIHCh B IpoIecce
HarpyxeHust o0pasioB.

Xapaxtep H3MEHEHHA NapaMeTpa Y=y(€) HOKa3bIBaET €r0 CYIIECTBEHHOE

CHIDKCHHE (Ha NOPSAJOK BENMYMHBI) K MOMEHTY NOCTH)KEHHS MaKCHMyMa CHIIEI
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oTknuKa P(€), KOTOpEIH XapaKkTepusyeT IpefeN NPOYHOCTH HCCIETYEMOTo
Mareprana. JTo OTMEYaeTcs Kak Ul MCIIBITAHMMI Ha PaCTsDKEHHE, TaK M Ha H3rub
o0pasloB M3 MOHOJHTHOTO IPO3PayHOro monukapOoHaTa. TakuM o6pa3oM, B
3KCIICpHMEHTaX NpPH YMEHBIUCHHH Ha NOPSAAOK BEIMYHHEI Y=Yy(g) HabIOAanIoCh
CHIDKCHHE NIPOYHOCTH H3JENHUs ¥ NPHOIIKEHYe MOMEHTa ero paspymenus. Takoe
noBefieHre KOI(QQHUUMEHTa, XapaKTEpH3YIOIEro BeNHYMHY | H3MeHEHHe
MEXaHMIECKHX H ITbe303JICKTPUYECKHX CBOMCTB HCCIEAYeMOro MaTepHaia, Y
MOXHO OGBACHHUTH CyIIECTBEHHEIMM HEOOPAaTHMBIMH U3MEHEHHSMH B CTPYKType
Marepualia, HalpuMep, HauyaJloM TpelHHOO0Opa30BaHus.

Takum o6pa3oM, yCTpOHCTBO KOHTPONIA HANpPSKEHHH B MOHOIHTHOM
NIOTMMEPHOM MaTepHale II03BOJIAET YYECTh M3MECHEHHA B CTPYKType 3TOrO
Marepualla B CIPYKType MarepHala 3a CYeT OINHOBPEMEHHOIO H3MEpEeHHS
IIbE303JICKTPUIECKOr0 OTKIMKA M MEXaHW4YecKoi aedopMaliyi MOHOJIHTHOIO
IOJIMMEPHOr0 MaTepHala Ha BHEIIHEe MEXaHHYECKOe BO3JCHCTBHE, a Takke
OCYLIECTBIATh KOHTPOJIb HAIPSDKEHHH B MOHONIMTHOM IIOJIMMEPHOM MaTepHale B

Iponecce €ro 3KCIuryaTalnuy.
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©®OPMVIJIA U30EPETEHUSA

YCTpOHCTBO KOHTpONS HANpSXEHWH B MOHONHTHOM ITOJIMMEPHOM
Marepuaje, coiepxamee JaT4MK AeOpMalMM, OTIHYAIOMEECS TEM, YTO
AOTIONHUTENIBHO CONEPXKHUT OJIOK IpeABapHTeNsHOM 06pabOTKH CHIHasa, BEIXON
KOTOpOro COCIMHEH C BXOAOM YCHIIHTEIIS CHIHalla, BEIXOA KOTOPOTO COEQUHEH ¢
BXOZIOM II€PBOTO  aHAIOro-UU(POBOro Ipeobpa3oBaTelNs, BHIXOJ KOTOpOro
COSIMHEH C IEPBEIM BXONIOM Oioka 06paGoTku MHGbOpMamuy, 1Ba 3IeKTpona u3
TIPOBOMAIICTO MaTepyaia, K KaXNOMY H3 KOTOPEIX MOJCOEAUHEHH MO OJHOMY
TIPOBOHAKY, APYTOH KOHEI K&XAOTr0 W3 MPOBOJAHHKOB COETMHEH C IIEPBEIM H
BTOPBIM BXOJaMH yCHJIUTENI HalPSDKEHHS, BEIXOA KOTOPOrO COSHAMHEH C BXOIOM
BTOPOTO aHANIOro-UEGpoBOro mpeobGpasoBaTens, BEIXOA KOTOPOrO COEAMHEH C
EpPBEIM BXOZOM Giioka 06paGoTKM HH(OPMALHH, BEIXON KOTOPOTO COEAHHEH C
610koM oToGpaxeHHs MHGOPMALMM, NPHYEM BXOL 6J0Ka IIpeBapUTENBHOM

00paboTKH CHrHAJIA COSIMHEH C BEIXOZIOM JaTIHKA e OpMALHH.
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