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1. BBEJEHUE. OBIIIAA XAPAKTEPUCTHUKA PABOTbI

AKTYyaJIbHOCTh TeMbl HcCJel0BaHusl. Pa3paboTka METOAOJIOIMH KauyeCTBEHHOI'O
aHaIM3a ODKCIUIyaTallMOHHBIX CBOWCTB IIOJMMEPHBIX TEKCTWIBHBIX MaTEpPHAIOB IS
IPOEKTUPOBAHUSA W3JEIMA 3aJaHHOW (YHKIHMOHAJIBHOCTH CHOCOOCTBYET PpPa3BUTHIO
HAllMOHAJIbHOW SKOHOMUKH PErHOoHOB Poccnu u cTpaHsbl B 1IEJIOM, TaK Kak €€ COBPEMEHHOE
JanbHEeIIee COBEPIIEHCTBOBAHUE HEBO3MOXXHO 0€3 pacIIMpSIOIErocss HCHOJIb30BaHUS
NOJINMEPHBIX TEKCTUJIBHBIX MaTEPHUAIIOB.

B ocHoBe  paspabarbiBaeMOW  METOJOJIOTMM  KAueCTBEHHOTO  aHajM3a
DKCIUTyaTallMOHHBIX ~ CBOMCTB  IOJIMMEPHBIX  TEKCTWIBHBIX  MAaTEpPHAIOB IS
IPOEKTUPOBAHUS W3JIEIUM 3alaHHON (PYHKIIMOHAIBHOCTH JIC)KUT KauyeCTBEHHAs! OLEHKa U
CUCTEMHBIN  aHanmu3  (QYHKIHOHAIBHBIX,  MOTPEOUTETHCKHUX,  JehOPMAIIMOHHBIX,
pelaKkCalrOHHBIX U APYTHX CBOMCTB 3TUX MAaTEPUAIIOB.

Texnuueckum  ammapaToM Ui pa3paOaTbiBaeMOM  METOJOJIOTMH  CILYXKHUT
MaTEMaTUYECKOe MOJIETUPOBAHUE, KOMITBIOTEPHOE MPOTHO3UPOBAHUE, YUCIEHHBIE METO/IbI
U METOJbl ONTHUMH3aUUU (PYHKUHMOHAIBHBIX, Je(OPMAIIMOHHBIX, BOCCTAHOBUTEIbHBIX U
penaKkcalMOHHBIX CBOMCTB MOJMMEPHBIX TEKCTHUIIBHBIX MAaTEPHUAIIOB.

AKTYyallbHOCTh palOThl COCTOMT TaKXe€ B HEOOXOAMMOCTH MPOECKTUPOBAHUS U
CO3JaHUsl HOBOM KOHKYPEHTOCHOCOOHON MpOAYKIIMM TEKCTUIBHOM U JIErKOM
npomMblnuieHHOCTH Poccnn, obnanaroien 3ajaHHo (PyHKIIMOHATIBHOCTBIO U TPEOyeMbIMU
HKCIUTYaTallMOHHO-TIOTPEOUTENIbCKUMHA ~ XapaKTePUCTHUKaMHU. AKTYyaJIbHOCTh pelIaeMoi
3a/1a4v YCUIIMBAETCS U IPOJOJDKAIOIIMMHU CBOE IEMCTBUE MEXKyHAPOJHBIMU CAHKLIUSAMU, &
TAaK)K€ y4E€TOM TOrO, YTO 3HAYWTEIbHAS YaCThb INPOAYKLIHMHM TEKCTWJIBHOM M JIErKON
IIPOMBIUICHHOCTH SIBJIIETCS NMPOAYKIMEN JIBOMHOIO HA3HAYEHUS W IIPEJHA3HAYECHa IS
MCIOJIb30BaHUs B LEJIAX MOBBIMIEHUSI 000POHOCIIOCOOHOCTH CTPAHBI.

[TonuMmepHbIE TEKCTUIIBHBIE MAaTEPUAJIBI CITYXKaT, HAIIPUMEDP, OCHOBOM JJIs1 KOPITYCOB
KOCMUYECKHUX U 0AJNIMCTUYECKHUX PAKET, MOJABOIHBIX JIOJOK U IITyOOKOBOAHBIX anmapaTosB.
CoBpeMeHHOEe apMelcKoe OOMYHIMPOBAaHME U CHELOJEkAAa PA3TMYHOIO HA3HAYEHUS, K
(YHKIIMOHATBHOCTH KOTOPBIX MPEABABISAIOTCS OMPEICIICHHbIE TPEOOBAaHUS - ATO TOXKE
OPOAYKIHUS TEKCTUIBHON U JIETKOW MTPOMBIIUIEHHOCTH.

[Iponykuuss TEKCTWJIBHOM W JIETKOM NPOMBIIIJIEHHOCTH  HCIOJB3YETCS B
CYJIOCTPOE€HHUH, aBTOMOOMIIECTPOCHHH, TAPAITIOTOCTPOEHUH U APYTUX 00JIACTAX TEXHUKHU.

Pa3BuTre cCOBpeMEHHOW 3KOHOMHUKH CTpaHbl HEBO3MOJKHO 0€3 MPOEKTHPOBAHUA U
CO3JaHUsI HOBOW MHHOBAaLlMOHHOM NMPOAYKIMH TEKCTWIBHON U JIETKON MPOMBIIIJIEHHOCTH,
oOnanaromiedt TpedyeMpIMU (YHKIMOHAIBHBIMA CBOMCTBAMM, TaK KaK 3TO CYIIECTBEHHO
BJIMSIET HA COLMAIBbHYIO, SKOHOMUUYECKYIO U MHTEUIEKTYaJIbHYIO0 0€3011aCHOCTh CTPAaHBbI, a
TaK)Ke YKpeIUIsieT €e 000pOHOCIIOCOOHOCTb.

Pa3BuTHie M HUCHOJIB30BAaHUE MEPEAOBBIX METOJIOB LMPPOBOM SKOHOMMKHU IS
pelIeHus MOCTABICHHOM 3alaud MO YJIY4YIIEHUIO KAadyecTBAa NPOLYKLHU TEKCTUIBHOW M
JIETKOM MPOMBIIIJICHHOCTH M TIOBBIIICHUIO €€ KOHKYPEHTOCIIOCOOHOCTH TMO3BOJISET
3HAYUTEIBHO YIPOCTUTh U YCKOPUTH IPOLIECC UMIIOPTO3aMEILEHUS YKa3aHHOM MPOTYKLIMH.

[IpoBeneHHbBIE B TUCCEPTALIMU UCCIIEI0BAHNS COOTBETCTBYIOT «CTpaTeruu pa3BUTHUS
JIETKOM MpoMBINUIEHHOCTH B Poccuiickoit @exaepaiuu Ha niepuoa 10 2025 rogay.



Crenenb pa3padOTAHHOCTHM TeMbl MCCJIEAO0OBAHUA. 3ajada IPOBEIACHUSA
KAUECTBEHHOW OLIEHKM OKCIUTyaTal[MOHHBIX CBOWCTB MOJIUMEPHBIX TEKCTHJIBHBIX
MaTepUAJIOB SIBJISIETCS JOCTATOYHO CJIOKHOM, TaK KaK 3a4acTyIO MPEAINOIaracT He TOJIbKO
UCCJIEIOBAHUE MMEIOLUXCS 00pa3lioB TEKCTUJIBHBIX MATEpUajoB, a HUMEET Jel0 C
MCCJIEIOBAHUSIMU MTPOTHOZUPYEMBIX (PYHKIIMOHAIBHBIX CBOMCTB YKa3aHHbBIX MAaTEPHAJIOB HA
OCHOBE MaTEMaTHYECKOT0 MOJIETMPOBAHUS X IKCILTyaTallMOHHBIX POLECCOB.

B HayuHOI1 JIuTEepaType MO TEMATHUKE JUCCEPTALMU JOCTaTOYHOE MECTO YIENISIETCS
mpoOsemMe UcCleJOBaHUS Ka4eCTBA MaTEPHUAIIOB, O] KOTOPHIM OOBIYHO TIOHMUMAETCSI Ha0op
HEKOTOPBIX CBOMCTB, KOTOpbIE OOYCJIOBIMBAIOT MPUTOJHOCTh 3THUX MAaTEepUaloOB IS
UCIIOJIb30BaHUs, a TAK)KE€ COOTBETCTBHE OINPEAEIECHHBIM MOTPEOHOCTSIM B 3aBUCUMOCTHU OT
CBOETO (PYHKIIMOHATBHOI'O Ha3HAYCHHUSI.

B HayuyHO# nuTeparype NOoHsATHE KauecTBa MaTepHalla Ui U3AeNns HE TOHUMAETCs
TOJIBKO B CMBICII€ TOTO, YTO OHH SIBJISIFOTCS HAaWJIy4dIIUMU. B yacTHOCTH, MOJ MOHSITHIMU
KaueCTBEHHbIX MJIM BHICOKOKAYECTBEHHBIX MATEPUAIIOB U U3/I€TTNI MIOHUMAETCS HAMITyIliee
YIOBJIETBOPEHUE OATUX MaTEpPUAJOB M U3JEIUN 3aJaHHBIM  SKCIUTyaTallHOHHBIM
noTpedHocTsIM. ClieyeT Takke 3aMeTUTh, YTO MOJI CBOMCTBAMHU MATE€pUAJIOB U HU3ACIUN
HAJ0 MOHUMATh HUX OOBEKTUBHBIE OCOOEHHOCTH, KOTOPBIE MJOJIKHBI TPOSBISATHCA B
nporecce 3kcmuryatauud. Kpome TOro, m3ydaemble CBOWCTBA MATEPUATIOB U M3IEIUN
3a4acTyl0 3aBUCAT OT 33JaHHOTO (DYHKUMOHAJIBHOTO HA3HAYEHMsI, TO €CThb OJUHAKOBBIE
MaTepHabl U U3JEH MOTYT 00J1a/1aTh pa3auYHON (DYHKIIMOHATEHOCTHIO.

Hanpumep, HEKOTOPBIN UCCIIENyEeMbI MaTepUall, MalO MPUTOJHBIA [ KaKUX-TO
YCIIOBUM SKCIUTyaTalliy, MOKET OBbITh MACAIBbHBIM JUIsl IPYTUX YCIOBUN IKCILTyaTalluu U
HaoOopoT. CienyeT Takke 3aMETUTh, YTO CBOWCTBA MaTEpUaIOB U U3JCIUNA TOJKHBI, I
yI00CTBa MX HCIIOJB30BAHUS, XapaKTePU30BaThCs Oe3pa3MepHBIMU BEIUYHMHAMH. XOTS,
KOHEYHO €, YKa3aHHbIE CBOMCTBA MAaTEepUajoB M HU3JACIUNA MOTYT 00JalaTh pazIudyHOU
(GYHKIIMOHATBHOCTHIO. B KauecTBe MpUMepOB CBOMCTB MaTEpUaIOB M U3ACIUNA Pa3TUIHON
(YHKIIMOHATBHOCTH MOKHO TPHUBECTH: DIEKTPUUECKHE, TEIUIOBbIE, MEXaHHYECKUE,
ONTHYECKUE, XUMUYECKHE, TEOMETPUUYECKHE, (DU3NUECKUE U APYTHE.

Bormpoc uccienoBanus Ka4eCTBEHHBIX CBOMCTB MaTE€pPUAJIOB SIBISIETCS HEPOCTHIM B
CWJIy HEOJAHO3HAYHOCTHM CaMOro MOHATUS oleHKU "kauyecTBa"'. Cpeam HcciieqoBaTesen
BCTPEUAIOTCS pa3HbIE MOAXObI, 3a4aCTyI0 KOPEHHBIM 00pa3oM OTIUYAIOIIMECS APYT OT
npyra. Hanpumep, Bo BiiaanBoCTOKCKOM TOCyJapCTBEHHOM YHUBEPCUTETE YKOHOMUKHU U
cepuca U B HoBOCHMOMPCKOM TEXHOJOTHUYECKOM YHHUBEPCUTETE MPU KaueCTBEHHOM
UCCIICOBAHUM MAaTEpUalIOB M W3JEIUHA TEKCTUIBHOM M JIETKOM MPOMBIIIJIEHHOCTH
INPUMEHSIETCS CUCTEMHBIA IMOAXOJ, 3aKIIOYAIOLINICS B OLEHKE CBOWCTB MATEPHAIOB U
U3JICNIN B CBA3KE ''Marepuas — uzaenue’, KOTOPbIH OCHOBAaH Ha OCHOBOITIOJArarouieM
UH(OPMAITMOHHOM MPUHIUIIE U3YYEHUS UX KU3HEHHOTO IHKJIA.

[IInpokoe pacnpocTpaHeHHE MOTYYUI METOJT UCCIAEAOBAaHUS KaYECTBEHHBIX CBOMCTB
MIOJIMMEPHBIX MaTepUajJOB Ha OCHOBE IPOTHO3UPOBAHUS HX BSI3KOYIPYIOCTH C
WCIIOJIb30BAaHUEM OIPEACIAIONINX COOTHOIIEHUN BSI3KOYNPYTOCTH C HWHTErPajJbHBIMHU
anpamu  PabotrHoBa FO.H., BmepBble mnpemsiokeHHBIM — ydeHbIMH — MHcTUTyTa
MamunoBenenuss PAH um. A.A. bnaroHpaBoBa. AHQJIOTMYHBIE METOJbI, HO C
UCIIOJIb30BAHUEM  JIPYTUX  ONPEACISIOIIUX  COOTHOLIEHWH  BSI3KOYNPYTOCTH  C
uHTerpanbHbiMu  siapaMu  KontyHoBa M.A., NpUMEHSIOTCS Yy4Ye€HbIMH MOCKOBCKOIO
roCyapCTBEHHOI'0 TEXHUYECKOTO yHHBepcuteTa uMm. H.D. baymana.

Cpean ydYeHbIX HaXOJAT TakKe NPUMEHEHUE METOAbl, OCHOBaHHbIE Ha
OMPENENSAIOIUX COOTHOIICHUSIX C MHTErpajibHbIMH siapamu Aolens, Pxanunpsina A.P.,
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I'aBpunbsika C., Heramu C. u nip.

KauecTBEHHBIMM ~ UCCIENOBAHUSIMU  BSI3KOYNPYTMX  CBOWCTB  IOJMMEPHBIX
TEKCTHJIbHBIX MaTepUaoB 3aHUMatoTcs Takxke B CankT-IleTepOyprckom rocyaapcTBeHHOM
YHUBEPCHUTETE MPOMBINIICHHBIX TexHoJoruid u nu3aiiHa (emunoB A.B., Makapos A.l'.,
[lepebopoBa H.B. u np.), rme 3a mnocnegHue 1Ba AecATHIETHS CHOPMUPOBAIUCH
CJIeyIOIME Hay4HbIe IIKOJbI, BKIOYEHHbIE B PeecTp BeQylIMX HAy4dHbIX M HAy4YHO-
negarornyeckux  mkon  Casnkr-  IlerepOypra, y4yeHble  KOTOPBIX  3aHMMArOTCS
VCCJIEIOBAHUSIMU B JAHHOM HaIlpaBJICHUU:

- «MaTtemaTnueckoe MOJEIMPOBAHUE M CHUCTEMHBINH aHaIWu3 JAe(popMariOHHBIX
CBOICTB MOJMMEPHBIX MaTepuanoBy» (pykoBoauTens npod. Makapos A.l'.) u

- «Pa3paboTka KpUTEpHEB U METOAOB KaYECTBEHHOM OLEHKU (PYHKIIMOHAJIBHBIX U
DKCIUTYaTallMOHHBIX CBOMCTB MATEPUAIIOB TEKCTUIBHOM M JIETKOW IPOMBIIIJIEHHOCTH
(pyxoBoautensb npod. [Tepedopora H.B.).

Kpome »storo, Hayunas 1ikosna, BosriaBisemass mnpod. IlepeGoposoit H.B.
«Pa3zpaboTka W TpUMEHEHHWE METOJOB IU(GPOBOM HKOHOMHKM IO MOBBIIICHUIO
(GYHKIHOHATIBHOCTH M KOHKYPEHTOCTIOCOOHOCTH MOJIMMEPHBIX TEKCTUIBHBIX MATEPUATIOB U
MPOEKTUPOBAHUID MATEPUAJIOB ONTUMAIIBHOW MAaKPOCTPYKTYPbI», B paMKax KOTOpPOH
IIPOBOJUIIOCH IUCCEPTAIMOHHOE UCCeA0BaHue, Oblia oTMeueHa rpaHToM [Ipesunenta PO
JUTsl TOCYTapCTBEHHOM MOIEPKKU BeAyux HayuyHbIX mkoa Ne HIII-5349.2022 4.

O0beKkTOM  JAHUCCEPTALNMOHHOIO  HCCJIEIOBAHMS  SIBIIIOTCS  IOJIMMEPHBIE
TEKCTUJIbHBIC MaTepUaNbl U U3/ICTUS U3 HUX Pa3IMYHOTO (PYHKIIMOHATBHOTO HA3HAYCHHUS.

IIpeamerom AUCCEPTALMOHHOIO HCCJIeIOBAHUS SABJIFOTCS METO/IbI
MaTeMaTHYeCKOro MOJEIUPOBaHUsA, LU(POBOrO TMPOTHO3UPOBAHUS M KAYECTBEHHOI'O
aHaJIM3a SKCIUTyaTallMOHHBIX CBOMCTB MOJIMMEPHBIX TEKCTHJIBHBIX MAaTE€PUAJIOB U U3/1EIIUN
U3 HUX PA3IUYHOTO (PYHKIIMOHATILHOTO HAa3HAYCHHUS.

HUcnoab3dyembie B padore MeToAbl uccaenoBanusa. OCHOBOW TEOPETUYECKOTO U
METOIOJIOTUYECKOTO UCCIEA0BAHNS IBUJINCh COBPEMEHHBIE NPEICTABICHUS, MTOJIOKEHUS U
pa3paboTKu, NMPUMEHSIEMbIE B CHUCTEMHOM aHAJIM3€, MAaTeMAaTHYE€CKOM MOJEIMPOBAHUU,
TEKCTUJIBHOM MaTepuanoBeacHuu. [IIMpoKo MCHONB3yIOTCS TaKXKE pPa3jMyHbIE METOIBI
OLEHKM KayecTBa MATEPHAJIIOB, BBIYUCIUTEIBHOM  MATEMATHUKH, ONTUMH3ALNH,
BA3KOYIPYTOCTH MOJIMMEPOB, HUH(OOPMATUKU U KOMITBIOTEPHbBIE TEXHOJIOTUH.

Heap auccepTAMOHHOIO HCCIAECA0BAHMA COCTOMT B IIPUMEHEHUHU METOJOB
MaTEeMaTHYECKOr0 MOJEIUPOBAHUS U IU(PPOBOTO MPOTHO3UPOBAHUS IKCILUTyaTAIIHOHHBIX
IPOLIECCOB MOJIMMEPHBIX TEKCTUJIBHBIX MaTEpUajOB W M3ACIUN U3 HUX Ui pa3pabOTKu
METOJIOB KAUE€CTBEHHOM OLIEHKH 3KCIUTYyaTallMOHHBIX CBOMCTB 3TUX MATEPUAJIOB U U3EIHH,
a TaKk)Ke MOBBILIEHUS CTETIEHU UX KOHKYPEHTOCIIOCOOHOCTH.

JUis TOCTUKEHMSI TIOCTABJICHHOM 11e7T ObUIH pelleHbl CIeAYIOUINe 3aJaYu:

1. Pa3ButHEe METOHOJIOTMM MATEMATUYECKOTO MOJEIUPOBAHUS M KOMIIBIOTEPHOTO
IIPOTHO3UPOBAHUS IKCILTyaTAllMOHHBIX ITPOLECCOB MOJUMEPHBIX TEKCTUIIBHBIX MAaTEPUATIOB
Y U3EMUHN U3 HUX PA3JIMYHOIO HA3HAYEHM S, KOTOPAs CIIy>KaT OCHOBOM JIJISl IPOEKTUPOBAHUS
HOBBIX KOHKYPEHTOCIIOCOOHBIX MAaTepuajoB M HU3ACIUNA TEKCTUIBHOM H  JIErKOM
MPOMBIIUIEHHOCTH 33/IaHHOM (DYHKIIMOHATBHOCTH.

2. Pa3paboTka KpUTEpHEB JOCTOBEPHOCTH MATEMAaTHYECKOTO MOJEIUPOBAHUS
AKCILTyaTAllMOHHBIX ITPOLIECCOB IMOJIMMEPHBIX TEKCTUIIBHBIX MAaTEPUAIIOB U U3/1EIINN U3 HUX
pa3IMYHOrO (PYHKUIMOHAJIBHOTO HAa3HAYEHUS, KOTOpBIE SBISIOTCS IOATBEPKACHUEM
MIPABOMOYHOCTH TPUMEHEHUS Pa3BUBAEMON HAYYHOU TEOPUH.



3. Pa3zpa0oTka HOBBIX MAaTE€MaTHYECKUMX MOJEJEH 3KCIUIyaTallUOHHBIX IPOLIECCOB
IIOJINMEPHBIX TEKCTUJIBHBIX MAaTEpPHAIOB M M3JEIUM W3 HUX, KOTOPBIE I103BOJISIOT
MOJEIMPOBaTh M IPOTHO3UPOBATH YKA3aHHBIE IPOLECCHl MAaTEpUaAlOB PAa3IM4YHOIO
(YHKIIMOHAJILHOTO Ha3HAUEHUSI.

4.  Pa3paboTka  HOBBIX  KOMIBIOTEPHBIX  METOJOB  IPOTHO3UMPOBAHUS
HKCILTYaTALMOHHBIX MTPOLIECCOB MOJIMMEPHBIX TEKCTHUIIBHBIX MATEPUAJIOB U U3/IEIUN U3 HUX
pa3aMYHOr0 (PYHKIMOHAIBHOTO HA3HAUYEHMs, KOTOpBIE SIBISIOTCS HHCTPYMEHTOM
U pOBU3AIMH TPOTHO3UPOBAHUS YKa3aHHBIX MPOIIECCOB ATUX MATepUaAIOB U U3JEIUN U
MO3BOJISIFOT  OCYLIECTBJISITH IEPEXOJl OT MCCIEI0BAaHUs JKCILTyaTallMOHHBIX CBOMCTB
peaNbHBIX IOJMMEPHBIX TEKCTWIBHBIX MAaTEpPHAIOB K HCCIEAOBAaHUIO CBOWMCTB HX
BUPTYaJIbHBIX IU(PPOBBIX IBOMHUKOB.

5. Pa3paboTka UWHTErpajgbHbIX KpPUTEPUEB NPaBAONOAOOUS  PE3YJIbTATOB
KOMITBIOTEPHOTO ~ MPOTHO3UPOBAHUSI  IKCIUIYyaTallMOHHBIX — MPOLECCOB  MOJIMMEPHBIX
TEKCTHJIbHBIX MaTepUaJIOB U U3JIETUN U3 HUX Pa3IMYHOro (PyHKIIMOHAIBHOIO Ha3HAYEHUS,
KOTOpbIE SIBISIIOTCS MOJATBEPKACHUEM JIOCTOBEPHOCTU IMPOBOJUMOIO MaT€MATHUYECKOTO
MOJICJIMPOBAHUS U MOCIEAYIOMIEro UG POBOrO MPOTHO3UPOBAHUS 3TUX MPOLECCOB.

6. IlpoBeneHume KOMIBIOTEPHOW  peaM3ald  HWHTETPAIBHBIX  KPUTEPHUEB
npaBAONoOAOOUs  MPOTHO3UPOBAHUS  AKCIUIYyaTallMOHHBIX  MPOLIECCOB  MOJHMMEPHBIX
TEKCTUJIbHBIX MaTEPUaAIOB M U3JEIUNA U3 HUX PA3IMYHOrO (PYHKIIMOHAIBHOTO Ha3HAUYEHUS
B BUJIE AJITOPUTMOB U IIporpamm Juisi OBM, KOTOpBIE SBIIOTCS TEXHUYECKUM CPEICTBOM
IOJITBEPKJIECHUS IOCTOBEPHOCTHU pa3padaThIBAEMbIX METOJIOB U MOJIEIIEH.

7. Pa3zpaboTka HayYHBIX OCHOB M METOJJOJIOTUU CUCTEMHOIO aHAJIN3a U KaU€CTBEHHOM
OLICHKU JKCIUTyaTallMOHHBIX CBOMCTB IMOJMMEPHBIX TEKCTHJIBHBIX MATEPUATIOB U U3ECIHN
U3 HUX Pa3IMYHOIO (PYHKIIMOHAJIBHOIO HA3HAUYEHHs, HA OCHOBE KOTOPBIX MOTYT OBITh
MOJIy4eHbI IPAKTUYECKNE PEKOMEHIALMH 10 MPOEKTUPOBAHUIO MOJIMMEPHBIX TEKCTHIIbHBIX
MaTepHalioB U U3JIeTuH, 001aaromuX TpeOyeMbIMU (YHKIMOHATBHBIMH CBOMCTBAMMU.

8. Pa3paboTka JIOKadbHBIX M OOOOIIEHHBIX KPUTEPHEB KAYECTBEHHON OLEHKH
AKCILTYyaTAllMOHHBIX CBOMCTB MOJIUMEPHBIX TEKCTUJIBHBIX MATEPUAJIOB U U3JEIUN U3 HUX
pa3nuuHOro  (YHKIMOHATHLHOTO HA3HAYEHHUS, KOTOPHIE SIBISIFOTCS MPAKTHUYECKUM
UHCTPYMEHTOM JJIs1 onipeiesieHus: QyHKIIMOHATbHOCTH YKa3aHHBIX MaTepUasoB.

9. IlpoBeaeHre KOMIIBIOTEPHOU peann3aliy JOKaIbHBIX U 0000IIEHHBIX KPUTEPUEB
KAUECTBCHHON OLIEHKM OKCIUIyaTallMOHHBIX CBOWCTB ITOJIMMEPHBIX TEKCTHJIBHBIX
MaTepUajoB W M3AEIUNH M3 HHUX Pa3IMYHOrO (YHKIMOHAJIBHOTO HA3HAYEHUs B BUJIE
QITOPUTMOB M Tporpamm s OBM, koTopble SBIAIOTCS LMPPOBOM peanu3anueil
IPAKTUYECKOIO0 MHCTPYMEHTA IO OINPEAEICHUI (PYHKIMOHAIBHOCTH HCCIEAYEMBIX
MaTepHaoB.

10. Pa3paboTka HOBBIX METOJOB CHCTEMHOIO U KadeCTBEHHOI'O aHalIM3a
AKCILTYyaTAlIMOHHBIX CBOMCTB MOJMMEPHBIX TEKCTUJIBHBIX MATEPUATIOB U W3JAEIUNA U3 HUX
pa3nuyHOro (PyHKIMOHAJIBHOTO HAa3HAYEHUS, HAa OCHOBE KOTOPBIX IMPOU3BOAUTCS
KOPPEKTUPOBKA (PYHKIIMOHATBHOCTH HCCIEAYEMbIX MAaTEPUaJIOB.

11. [IpoBeaeHnE KOMIIBIOTEPHOM peannu3aluy METOJOB CUCTEMHOTO U KAYECTBEHHOTO
aHaJIM3a SKCIUTYyaTallHOHHBIX CBOMCTB IMOJMMEPHBIX TEKCTHIBHBIX MATEPUATIOB U U3JEIHMA
U3 HUX Pa3IMYHOro (yHKIIMOHAIHLHOTO Ha3HAYEHMs B BUJE aIrOPUTMOB U IPOrpaMM st
OBM, kotopas sBisiercs LUGPOBOM peann3anuedl MNPaKTUYECKOTO0 HHCTPYMEHTa IO
MPOBEICHUIO KOPPEKTUPOBKHU (QYHKIMOHATBHOCTH UCCIEAYEMbIX MaTEpUAIIOB.

12. Pa3paboTka MNpPaKTUYECKUX PEKOMEHJAUNA IO MPOEKTUPOBAHUIO HOBBIX
MOJIMMEPHBIX TEKCTUJIBHBIX MATEpUATIOB M U3JIETUN W3 HUX Pa3IMYHOTO Ha3HAYEHHS,
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obnagaronmx 3aAaHHON (PYHKIIMOHAIBHOCTBIO, KOTOPBIE SBJISIOTCS OCHOBOM ISl CO3/1aHUS
KOHKYPEHTOCIOCOOHO! MPOIYKIIMH C 3aIaHHBIMUA CBOMCTBAMH.

Hayuynasi HoBM3Ha pa0OTHI 3aKII0YAETCS B PA3BUTUU METOAOJIOTUN KaYeCTBEHHOTO
aHaju3a SKCIUTyaTallMOHHBIX CBOMCTB IOJMMEPHBIX TEKCTHJIBHBIX MATEPHUANIOB C LIEJIBIO
pa3pabOTKK MaTEMAaTUYECKOTO U IU(POBOIo ammapara OlEHKH UX Ka4yecTBa, YBEIUUYCHUS
CTETICHU KOHKYPEHTOCIIOCOOHOCTH, CHWXCHHS BPEMEHHBIX, TPYIOBBIX U PECYPCHBIX
U3JICPKEK TPOU3BOACTBA, YIPOUIEHUS W YCKOPEHHUs Mpoliecca MNPOEKTUPOBAHUS
TEKCTHJIBHBIX ~ HM3JENUA  3aJaHHOW  (PYHKIIMOHAILHOCTH MW  PEIIeHUS 3aJad  TI0
MMIIOPTO3aMENICHUIO0 TEKCTUIILHON MPOAYKIIUU.

B nuccepraruu 66111 pa3paboTaHbI:

- HOBbIE MaTEMAaTUYECKHIE MOJICIIN PEIAaKCAIIMOHHBIX U JIe()OpMAIMOHHBIX MPOIIECCOB
MOJIMMEPHBIX TEKCTUIIBHBIX MATEPUAIIOB U U3JICJIUNA U3 HUX PA3IMYHOIO (DYHKIIMOHATIHLHOTO
Ha3HAYEHUs, HEOOXOJWMBbIC ISl TOJYy4YeHHUsS OIICHOK KaueCTBEHHBIX XapaKTePUCTHK
YKa3aHHBIX MaTE€pUaIOB U WU3ICIINH;

-  KOMIIBIOTEPHBIE METOJIbI OMNpEJECHUs TMapaMeTPOB PEIAKCAIMOHHBIX U
ne(opMaIMOHHBIX MPOLIECCOB MOJUMEPHBIX TEKCTUIBHBIX MAaTePUATIOB U U3EIUN U3 HUX
Pa3IMYHOTO (PYHKIIMOHAIBHOTO HA3HAYCHMSI, SIBJISIFOLIMXCS OCHOBOM ISl JaJIbHEHIIEro
U(PPOBOro MPOTHOZUPOBAHUS YKA3aHHBIX MPOILIECCOB ATUX MaTEPUATIOB U U3ICITUN;

- UHTErpaJibHble KPUTEPUU JIOCTOBEPHOCTH MATEMATHYECKOIO MOJEIUPOBAHUS
peaKcanMoOHHBIX U Ae(OPMAIIMOHHBIX TPOLIECCOB MOJUMEPHBIX TEKCTUIHHBIX MATEPUAJIOB
U U3JIETINI U3 HUX Pa3InyHOTO (YHKIIMOHAIHHOTO HA3HAYCHUS;

- KpPUTEpPUU KAUYECTBEHHOW OLEHKU OHKCIUIyaTallHOHHBIX CBOWCTB MOJMMEPHBIX
TEKCTHJIBHBIX MaTePUAJIOB U U3JIEIUM U3 HUX PA3IMYHOTO (PYHKIIMOHAIBHOTO Ha3HAUCHMUS;

- 1u$poBbIE METOAbl MPOTHO3UPOBAHUS PENAKCAIMOHHBIX U Je()OpMaAIMOHHBIX
MPOIIECCOB TMOJIMMEPHBIX TEKCTUJIbHBIX MAaTEPUANIOB M HU3JACIUM U3 HUX Pa3IUYHOIO
(YHKIITMOHATTLHOTO HA3HAYCHUSI, SIBJISIONIMECS OCHOBOWM [Jii TMPOBEICHUS CUCTEMHOTO
aHajau3a U KaUeCTBEHHOW OIIEHKU (PYHKIIMOHAJIBHBIX CBOMCTB 3TUX MaTEPUAIOB U U3CIIHI;

- METOJIbl CHCTEMHOI'0 aHajiM3a M Ka4eCTBEHHOW OIEHKH peNaKCallMOHHBIX U
ne(opMalMOHHBIX MPOLIECCOB MOJUMEPHBIX TEKCTUIBHBIX MAaTePUATIOB U U3EIUN U3 HUX
pa3sTUYHOTO (PYHKITMOHAIBHOTO Ha3HAYCHHS;

- KOMIIBIOTEPHBIEC AJITOPUTMBI U MPOTPAMMBI MO peaIM3alui METOAOB CUCTEMHOTO
aHalM3a ¥ KAueCTBEHHOW OIEHKH pEeJaKCAlMOHHBIX M JIe(OpMAIMOHHBIX MPOIIECCOB
MOJIMMEPHBIX TEKCTUIILHBIX MAaTEPUAJIOB U U3JEIUIA U3 HUX PA3IMYHOTO (PYHKIIMOHAIBHOTO
Ha3HAYECHUSI.

Pe3ynbTaThl guccepraliii MMEIOT NPAKTHYECKYK) 3HAYMMOCTb, TaK KaK OHHU
MO3BOJISIIOT:

- TNPOBOJAUTH MAaTEMaTUYECKOE MOJEIUPOBAHUME W LUQPPOBOE MPOTHO3UPOBAHUE
Pa3JIMUHBIX HKCIUTYaTAllMOHHBIX MPOIECCOB MOJUMEPHBIX TEKCTUIIBHBIX MAaTE€pUalioB U
U3JIeTTUI U3 HUX PAa3IMYHOTO (DYHKIIMOHATIHFHOTO HA3HAYCHUS;

- MEpeXOAUTh OT UCCIEAOBAHUS SKCIUTYaTAl[MOHHBIX MPOIECCOB PpPEabHBIX
MOJUMEPHBIX TEKCTWJIBHBIX MATEPHATIOB U M3ACJIHI U3 HUX K UCCIEAOBAHUIO MPOIECCOB
BUPTYaJIbHBIX IIU(PPOBHIX TBOMHUKOB YKa3aHHBIX MAaTEPUATIOB U U3JIEIIHI;

- IOJIy4aTh MPAKTUYECKNE PEKOMEH 1AM B YACTH HAUJTYUIlIEH JIMHEWHOW TNIOTHOCTH
1 KOMIIOHEHTHOTO COCTaBa IMOJUMEPHBIX TEKCTUJIbHBIX MaTEpUaJOB U W3JICNIUNA W3 HUX,
obOsagamux TpedyeMol (yHKIIMOHATBLHOCTBIO, UTO SIBJISICTCS OCHOBOM ISl CO3JaHUs
HOBOI KOHKYPEHTOCIIOCOOHOM MPOIYKIINU;



- IPOBOJUTH CUCTEMHBIM M KAYECTBEHHBIM AHAIN3 JKCIUIyaTallHOHHBIX CBOWCTB
HOJIMMEPHBIX TEKCTUIIBHBIX MAaTEPUAJIOB U U3AEJIMH U3 HUX PA3IMYHOTO (PYHKIIMOHAIBHOIO
HA3HAYCHHUS.

Kpome »tOoro, Onaromapss KOMIBIOTEPU3ALUKA KPUTEPUEB KAUECTBEHHOH OLICHKHU
penaKkcalroOHHBIX U Je(hOpMaIIMOHHBIX TPOILIECCOB MOJIMMEPHBIX TEKCTUIBHBIX MAaTEPUATIOB
Y U3/1€JIMI U3 HUX MOSIBUIICS MEXaHU3M IMPAKTHYECKOT0 NPUMEHEHUS YKa3aHHBIX KPUTEPUEB
C LIEJIBIO YIIYYIIEHUS KAYECTBA UCCIIEYEMBIX MATEPUAIIOB U U3/I€IINI, a TAK)KE MOBBIILICHUS
UX KOHKYPEHTOCIIOCOOHOCTH.

MeTroauku TMpOBEIECHHS KA4eCTBEHHOW OLICHKM OKCIUIYaTallMOHHBIX CBOMCTB
MOJUMEPHBIX TEKCTWIBHBIX MATEPUANIOB W U3JeNIUi U3 HUX npumeHsuch B 3A0 «HIIII
«AHA», AO «CAJIIOT», OO0 «IIK® «lIlerpo-Bact» U Ha JOpyrux HPOMBIILICHHBIX
npeanpusatusx Cankr-IlerepOypra u CeBepo-3anannoro peruona Poccun, 3aHuMarommxcs
MIPOEKTUPOBAHUEM M M3TOTOBJIEHUEM TEKCTUIIBHOM NMPOAYKIUH, TI€ MOATBEPAUIN CBOIO
MOJIHYIO Pa0OTOCIIOCOOHOCTh. DKOHOMUYECKH 3PPEKT NPUMEHEHHS YKa3aHHBIX METOJIUK
BBIpA3WJICs B COKpAlIEHUM BPEMEHUM Ha pa3pabdO0TKy, BHEAPEHUE U MPOU3BOJACTBO
otnenpHbIX u3genuid (ot 7 go 11%), 4To B CBOIO oOdYepenb O0ECHedyusio BBICOKYIO
3¢ ()EKTUBHOCTh MJIAHUPOBAHUS W YIPABICHUS MaTe€pUATbHO-TEXHUYECKUMU PECypCaMu
NPEANPUATHUS.

[lo pe3ynbraraM MNpUMEHEHHsI pa3pabOTaHHBIX B AMCCEPTAlMM METOAOB OBLIU
c(OopMyJIMPOBAHBI TPAKTUUECKHE PEKOMEHJAIIUH [0 KOMIIOHEHTHOMY COCTaBY U JJMHEHHON
IUIOTHOCTU TPOEKTUPYEMBIX IOJUMEPHBIX TEKCTUJIBHBIX MaTepHalioB, 00JIaJaronInX
TpeOyeMbIMU (PYHKIIMOHAIbHBIMU CBOMCTBAMH, KOTOPbIE ObUIM OTPa’KE€HbI B TEXHUUECKON
JOKYMEHTAUU IPEANPUATUI 1JIs1 IPUMEHEHHSI HAa IPOU3BOCTBE.

Martepuansl  TUCCEPTALMOHHOIO  HCCJIEIOBAaHUS  Takke OBbUIM  YaCTUYHO
NPEACTABICHbBl B KOJUIEKTHBHOW padore wmosoabix ydeHbix CIIOI'YIIT mo Tteme
«IloBbllIEHWE  KOHKYPEHTOCHOCOOHOCTH  NPOAYKUMH  TEKCTHWJIBHOW M JIETKOU
IPOMBINIJICHHOCTH Ha OCHOBE MOJETHPOBaHUS W LU(poBH3AIUHU €€ (yHKIIMOHATHHO-
DKCIUTYaTallMOHHBIX CBOWCTBY», yaoctoeHHou IIpemum IlpaButensctBa Poccuiickon
®denepanuu B 00J1aCTH HAYKU U TEXHUKH 11 MOJIoAbIX yueHbix 2020 roga. B wactHoCcTH, B
paMKax BHEAPEHHs] ATOW padOThl, OBUIM MOJYy4YeHbl akThl OT mnpeanpustuii OAO
«l"apnuaHO-KpyxeBHass kommanus», OO0 «Hopackm»y, OO0 «IIK Cnoprxayc» c¢
SKOHOMHYECKUM d(PdexkTom B pazmepe 704,5 MiH. pyo.

Teopernueckass 3Ha4UMOCTh padoThl. Pa3paboTaHHBIE MaTEMAaTUYECKUE MOJAEIU
DKCILTYyaTAllMOHHBIX IIPOLIECCOB MOJMMEPHBIX TEKCTHIIBHBIX MATEPUAJIOB U U3JIETIUI U3 HUX,
a TaKk)Ke CO3JaHHblE HAa MX OCHOBE METOJBI ONPEICICHUS W KAYECTBEHHOW OLCHKH
pEJIaKCAllMOHHBIX U 1€(OPMALIMOHHBIX CBOMCTB YKa3aHHBIX MAaTE€pUAJIOB, LEJI€CO00PA3HO
IIPUMEHSATD Ha CTAAUSAX IPOSKTUPOBAHUS ITUX MATEPUAIIOB M U3JIEIUH C LIEJIBIO YIIy4IICHHS
UX KauecTBa U MOBBIIICHNUS KOHKYPEHTOCIIOCOOHOCTH.

Pa3paboTannbie KpuTepUM KauyeCTBEHHOW OIIGHKH DSKCIUTYyaTallHOHHBIX CBOWCTB
MOJIMMEPHBIX TEKCTUIIbHBIX MAaTEPHAIIOB M U3/I€TIUI U3 HUX CITY’KaT IPAKTUYECKON OCHOBOM
JUISL YIIYYIIEHHS] KauecTBa YKAa3aHHBIX MATEpPUAIIOB M HU3ACIINNA, a TAKKE MOBBILICHUS UX
KOHKYPEHTOCIIOCOOHOCTH.

Pa3paboTanHble HMHTErpajbHBIE KPUTEPUU JOCTOBEPHOCTH MaTEeMaTHYECKOTO
MOJETUPOBAHUS IKCIUTYaTAllHOHHBIX MPOLECCOB MOJMMEPHBIX TEKCTHIIBHBIX MATEPUAJIOB U
W3CIUM W3 HUX TMO3BOJSIOT BBISBIATH IEPCIEKTUBHBIE MATEMATUYECKUE MOJCIIH,
HaWJIy4dlIuM 00pa3oM CIOCOOCTBYIOIIME PEHICHUIO0 3a]ad [0 KaYeCTBEHHON OIIEHKe
CBOMCTB YKa3aHHBIX MAaTEPUAJIOB U U3JEINI pa3InuHON (QYHKIMOHAIBHOCTH.
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IHonoxkenus, BBIHOCHMMBIE HA 3amUTy. Ha 3amury BeiHOCATCS:

1. PaspaboraHHble MaTeMaTUYECKHME MOJEIM pElaKcallud ¢  MOJI3yYeCTH
MOJIMMEPHBIX TEKCTUIILHBIX MAaTEPUAJIOB U U3JEIHUIA U3 HUX PA3IMYHOTO (PYHKIIMOHAIBHOTO
Ha3HAYEHUS — OCHOBHBIX 3KCIUTyaTallMOHHBIX MPOLIECCOB 3TUX MATEPUATIOB U U3IETUN.

2. Pa3zpaboTtanHbie 1IU(PpPOBBIE METOJBI OINpEETCHUs MapaMeTPOB pejlakcallud U
MOJI3YYECTH NOJUMMEPHBIX TEKCTWIBHBIX MAaTEPUAIOB U H3JEIWN U3 HUX Pa3IUIHOTO
GYHKIIMOHATBFHOTO HA3HAYCHUS.

3. Pa3paboTaHHbIe HWHTETrpajbHbIE KPUTEPUH JTOCTOBEPHOCTH MATEMATHYECKOTO
MOJICJIMPOBAHUS PEJIAKCALIMU U TOJ3YYECTH MOJMMEPHBIX TEKCTUJIBHBIX MATEPHUAJIOB U
W3EIUN U3 HUX PA3JIMYHOIO HA3HAYECHUS.

4. PazpaboTanHble JOKaJIbHBIE W OOOOIICHHBIE KPUTEPUM KAu€CTBEHHOW OIICHKU
AKCILTyaTallMOHHBIX MPOILIECCOB MOJUMEPHBIX TEKCTHIIBHBIX MATEPUAIIOB U U3JICIIUN U3 HUX
pa3IMYHOro (YHKIIMOHATBHOTO Ha3HAYCHUS.

5. Pazpaboranubie uppoBbIe METOAbI MPOTHO3UPOBAHUSI pEJIaKCAIlUU U TTOI3YYECTH
MOJIMMEPHBIX TEKCTUIBHBIX MATEPUAIIOB U U3JICJIUNA U3 HUX PA3IMYHOTIO (DYHKIIMOHATIHEHOTO
HA3HAYCHMUSI.

6. Pa3paboTaHHble METOABI CHUCTEMHOTO aHajlvM3a U KAueCTBEHHOW OIIEHKHU
peaKkCcalMOHHBIX U Ie(POopMaIIMOHHBIX TTPOLIECCOB MOJUMEPHBIX TEKCTUIBLHBIX MAaTEPUATIOB
U U3JIETINI U3 HUX Pa3IMYHOTO (DYHKIIMOHATIHLHOTO HA3HAYEHUS.

CreneHb J0CTOBEPHOCTH Pe3yJIbTATOB.

JI0CTOBEPHOCTh MOJEIIMPOBAHUS U MPOTHO3UPOBAHUS IKCILTYaTALMOHHBIX CBOMCTB
MOJIMMEPHBIX TEKCTUIILHBIX MaTEPUAJIOB U U3JICIUM U3 HUX PA3IMYHOTO (PYHKITMOHAIBHOTO
Ha3HAYCHUS [POBEPSAIACH IKCIIEPUMEHTAIBHBIMU U aHAUTUTUYECKUMU METOJaMHU.

DKCIepUMEHTalbHAsA TMPOBEPKA JOCTOBEPHOCTH PE3YIbTATOB MOJEIMPOBAHUS U
MPOTHO3UPOBAHHUS IKCIUTYaTAIHOHHBIX CBOMCTB MOJUMEPHBIX TEKCTUIBHBIX MAaTEPUAIOB U
U3JIETTUH W3 HUX DPA3IUYHOTO (PYHKIIMOHAIBHOTO HA3HAYEHHWS OCYIIECTBISUIACH MYTEM
CpPaBHEHHUS MPOTHO3UPYEMBIX 3HAYEHUI C PE3yJIbTaATaAMU KOHTPOJIBHOTO AKcniepuMenTa. [1o
pe3yJibTaTaM TAKOTO CPABHEHUS BEJIMYMHA OTHOCUTEIIBHOTO OTKIIOHEHUS ITPOTHO3UPYEMBIX
3HAYEHUH OT IaHHBIX SKCIIEPUMEHTA HE MpeBbIiiana Beauununy 15% 11st Bcex uccieayembix
B pabOTEe MaTepUalioB U U3JEIUN TEKCTUIBLHON U JIETKON MPOMBIILUICHHOCTH, YTO SIBJISIETCS
TEXHUYECKHU JOMYCTUMBIM.

AHalMTH4YeCKass TMpPOBEpPKa JIOCTOBEPHOCTU PE3YJIbTATOB MOIECIUPOBAHUA U
MIPOTHO3UPOBAHUS SKCILTYaTAIMOHHBIX CBOMCTB MOJUMEPHBIX TEKCTUIIBHBIX MAaTEPUAIOB U
U3JIeNTUN U3 HUX Pa3IM4HOro (PYHKIIMOHAJIHLHOTO Ha3HAYEHUS OCYIIECTBIISIACh HA OCHOBE
NpUMEHEHUs1 pa3pabOTaHHBIX B AMCCEPTALUA MHTETPAIBbHBIX KPUTEPUEB JOCTOBEPHOCTH
MaTeMaTUYECKOTO MOJICIIMPOBAHUS PENAKCALIMHU U MOJI3YYECTU MOJUMEPHBIX TEKCTHIIBHBIX
MAaTepUaJioB M M3JECIUKA W3 HUX pPA3IUYHOTO HazHaueHus. llo pesympraram Takoro
CPaBHEHHUSI BEJIWYMHA OTHOCHUTEIBHOIO OTKJIOHEHHS NPOTHO3UPYEMBIX 3HAYEHUHW OT
JTAHHBIX DKCTIEPUMEHTA HE mpeBblmana BenmmunHy 10% nis Bcex ucciaeayeMbix B pabote
MATEPUAJIOB U M3JICIIMN TEKCTUJIBHOW W JIETKOM MPOMBIIUIEHHOCTH, a TaKXe ISl BCEX
MIPUMEHSAEMBIX B JUCCEPTALUA MATEMATUUECKUX MOJICIIEH.
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CoorBercrBue  auccepranum  Ilacmopry  HayyHoOM  CHeHUAJBHOCTH.
HuccepranrionHass paboTa BbINOJHEHAa B pamkax [lacmopra HayyHOW cCHenuaIbHOCTH:
2.6.16. TexHosorusi MpoOU3BOJICTBA M3JICJINI TEKCTUIBHOM M JIETKOM MPOMBIILICHHOCTH
BAK Muno6pHayku P® 1 cCOOTBETCTBYET CIICIYIOIIUM €TO IMTyHKTaM:

2. IlpoekTupoBaHME CTPYKTYpbl MU TPOTHO3ZUPOBAHME IIOKA3aTEJEHd CBOMCTB M
Ka4eCTBA BOJIOKOH, HHTEW, MaTepuajJoB M HU3ACIMM TEKCTUIBHOM M  JIETKOU
MPOMBIIILIEHHOCTH.

4. IlpoexkTrpoBaHUE W OpPTAHHU3AIMS TPOU3BOICTBA MAaTEPUATIOB, 00ECIIEUNBAIOIINX
BBICOKME  JKCIUIyaTallUOHHBIE  TOKA3aTeIM  M3JEJIUA  TEKCTWIBHOM W JIETKOU
MPOMBITIUICHHOCTH ¥ MX KOHKYPEHTOCTIOCOOHOCTb.

7. LudpoBoe NpOTrHO3MpPOBAHUE, MATEMATHYECKHE METOMbI, HH(POPMAIIMOHHEIC
TEXHOJIOTUU MOJICIMPOBAHUS TEXHOJIOTMYECKHUX MPOIECCOB MEPBUYHON 00paOOTKH ChIPHSI,
OpTraHu3allii TMPOM3BOJCTBA M WM3TOTOBJICHUS BOJIOKOH, HUTEH, MAaTEpHUATIOB U W3ACIUHN
TEKCTUJIBHOM U JIETKOW IPOMBILLJIEHHOCTH.

8. TexHOIOTHM MUMHUTAIMOHHOTO MOJICIMPOBAHUS TU(PPOBBIX JTBOMHUKOB BOJOKOH,
HUTEU, MaTepUAIIOB, U3JEIHUH JIETKOW MPOMBIIIJIEHHOCTH U YeJI0BEYECKUX (PUryp.

9. Pa3zpaboTka 1iupoBbIX MOENEH MPOU3BOJICTBA BOJOKOH, HUTEH, MaTEpPUaAIOB U
W3AEIUN TEKCTUILHOM Y JIETKOW MPOMBIIIUIEHHOCTH.

13. Pa3paboTka ONTUMAJIBHBIX CTPYKTYp, KOHCTPYKIIMI, MaTepuaioB U W3AETUN
TEKCTUJILHOM M JIETKOW MPOMBIIIJIEHHOCTH JJI CHHKEHHS 3aTpaT Ha OPraHU3alMI0 MX
MIPOU3BOJICTBA, IOBBIIICHUS Ka4yeCTBAa NPOJYKIMKM W ONTUMM3AIMU TIpolecca paboThI
TEXHOJIOTUYECKOT0 000PY10BaHMUS.

15. PazpabGoTka mporieccoB BbIOOpa, NPUMEPKH, OICHKM KadyecTBa U3JEIUi
TEKCTUJILHON U JIETKOW MPOMBIIUIEHHOCTH U OLIEHKH CBOMCTB MAaTEpHUaJOB B PEallbHOW U
uudpoBoii cpene.

19. Pa3paboTka HOBBIX MaT€pUaJIOB, 00ECIICUNBAIOIINX BHICOKHE KCILTyaTallUOHHbBIC
CBOWCTBA U3JIEJINNA TEKCTUIIBHOW U JIETKOM ITPOMBIIIEHHOCTH.

26. MeTo1bl CUCTEMHOI'O aHAJIM3a CBOMCTB (POPMBI M MATEPUAJIOB B MPOEKTUPYEMBIX
M3AENUAX TEKCTHIBHOM U JIETKOW MPOMBIIUIEHHOCTH.

29. Crangaptuzamusi, cepTU(UKAIUSA, OpraHU3aIys MPOW3BOACTBA U YIIPABICHUE
Ka4eCTBOM MATEPHUAIOB U U3AECIUNA TEKCTUIBHOW U JIETKOM MTPOMBIIIJIEHHOCTH.

AnpoOauus pe3yabTratoB padoTbl. Pe3ynbTaThl, MOJTyYEHHBIE B JUCCEPTALIUH,
JNOKJIQJIbIBAJIUCh COMCKATEJIEM Ha MEXAYHAPOAHBIX H BCEPOCCHUMCKUX HAYYHBIX
koH(pepenuusax: «Bcepoccuiickas HayuHas KOH(EpEHIMs MOJOJBIX YUYEHBIX C
MEXTyHApPOIHBIM ydacThueM «MHHOBamMu MostoaexxHou Haykm» (2017-2023 rr. — r. CaHKT-
[TerepOypr, CIIGI'YIITH), MexayHapoaHblii  HAy4YHO-TEXHUYECKUUW  CHUMIIO3UYM
«CoBpeMEHHbIE HWHXXEHEpPHbIE MPOOJEMbl KIIOYEBBIX OTpACICH MPOMBIILIIEHHOCTI
(r. Mocksa, PI'Y um. A.H. Kocsiruna, 2021 r.), «III MexnyHnapoansiii Kocbiruackuii
®opyMm «CoBpeMeHHbIE 3a/1a4u MHKEHEPHBIX Hayk» (T. MockBa, PT'Y uM. A.H. Kocbsiruna,
2021 r.), 1, III m IV MexnyHnapoanas HayuyHas KoHQepeHuus «V/IHHOBallMOHHbBIE
HaIlpaBJICHUS Pa3BUTUSL HAYKH O TMOJMMEPHBIX BOJIOKHUCTBIX M KOMITO3UIIMOHHBIX
matepuanax» (r. Cankr-IlerepOypr, CITOI'YIIT/, 2021-2023 rr.).

Iyoankamuu. [lo pe3ynbraraMm AHCCEPTAIMOHHOTO MCCIEAOBAHUS OMYOJIUKOBAHO
137 nayunbix paboT (B Tom uucie 12 6e3 coaBTOpOB), U3 KOTOphIX 70 — B BEAYyIIUX
pelieH3upyeMbIX HayuHbIX u3anusax u3 «llepeuns BAK» (B Tom uucie 46 — u3 kaTeropuu
K1 u 24 — u3 xareropuu K2), 37 cBUAETEILCTB O TOCYJAPCTBEHHOM PErUCTpaIliy MPOrpamMm
g OBM B Pocnatenre.
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2. OCHOBHOE COAEPKAHUE PABOTbI

B nmuccepramuum  pa3pabaThIBalOTCS  HAay4dHbIE OCHOBBI M METOJOJIOTHS
MAaTEMAaTHYECKOTO MOACIMPOBAHUS M KAYECTBEHHOTO aHAJIN3a YKCIUTYyaTallHOHHBIX CBOMCTB
MOJIMMEPHBIX TEKCTUIBHBIX MAaTEPHATIOB U U3JCIUN U3 HUX PA3IUYHOTO HA3HAYCHUS, YTO
MPOJUKTOBAHO PA3BUTHUEM M BO3PACTAIONIUMHU TMOTPEOHOCTSAMU PA3IMYHBIX OTpacieu
SKOHOMMKH, B YaCTHOCTH: MCIULIMHEIL, aBHACTPOCHHS, CyIOCTPOEHUS,
aBTOMOOHMJICCTPOCHMS, 000OPOHHOM, TEKCTUIILHOM, JICTKOM 1 MUIIEBOM IMPOMBIITUICHHOCTH.

[Iepen oTe4eCTBEHHOM TEKCTUIILHOM M JIETKOM MTPOMBIIIIEHHOCTHIO, 3aHUMAIOIIICHCS
MIPOU3BOJICTBOM MAaTEpHaJOB W M3ACIHA Pa3IMYHOr0 OBITOBOIO M TEXHHYECKOTO
Ha3HAYCHUs, B HACTOSIIEE BpPEeMs BCE 4Yallle BCTAIOT 3aJa4d KOMILIEKCHOTO Pa3BUTHS
MPOU3BOJICTBA Ha 0a3e COBPEMEHHBIX METOJIOB MCCJIEJAOBaHHUS CBONCTB MaTEpHUAJIOB C
WCIIOJIb30BaHUEM MEPEIOBBIX MH(OOPMAIIMOHHBIX TEXHOJIOTHH.

Yckopenue HAay4YHO-T€XHHYECKOTO nporpecca u TTOBBIIIICHUE
KOHKYPEHTOCIIOCOOHOCTH  MPOAYKIIUM TEKCTWJIBHOM M JIETKOM MPOMBIIIJIEHHOCTH
CIIOCOOCTBYIOT pa3pabO0TKe HOBBIX MEPCHEKTUBHBIX MHHOBAIIMOHHBIX TEXHOJOTUM HAYUYHBIX
UCCIIEIOBAaHUM B 00JIACTM W3Y4YEHHS] U NPOTHO3UPOBaHUSA (YHKIIMOHAIBHBIX U
AKCIUTyaTallMOHHBIX CBOMCTB YKa3aHHBIX MAaTEPHUAJIOB.

HoBble MeTonbl HcCClIENOBaHUS W KA4eCTBEHHOI'O aHajau3a JKCIUTyaTallMOHHBIX
CBOMCTB MOJIMMEPHBIX TEKCTUJIBHBIX MaTEpUAIIOB M U3ACIMH W3 HUX Pa3IMIHOTO
Ha3HAUYCHUs pa3pabaThIBAINCh HAa OCHOBE MAaTEMaTHUYECKUX MOJICNIeH perlaKCariMOHHBIX
MIPOLIECCOB M MPOLIECCOB MOJI3YYECTH - OCHOBOIIOJIATAOIINX BA3KOYIIPYTUX MPOIECCOB ATUX
MaTepuaaoB. Bompockl Ka4eCTBEHHOTO aHAIM3a SKCILTYaTal[MOHHBIX CBOMCTB MOJIMMEPHBIX
TEKCTUJILHBIX MaTEPHUAJIOB 1 U3JIeJIMI U3 HUX OMHMCaHBI B MyOonukamnusx [6, 8, 13, 15, 16, 18,
19, 22, 25, 29, 35, 37, 45, 53, 65, 68, 71, 77, 78, 94, 96, 97, 99, 101, 102, 103, 107, 110,
116, 117].

[TomydyeHHbIE pE3yAbTaThl JUCCEPTALMM HAMNPABICHBI HA CO3JAHHE HOBBIX
MOJUMEPHBIX TEKCTHJIBHBIX MaTEpPUaJOB W M3JEIUN W3 HUX PaA3IMYHOrO Ha3HAUYCHUS,
MPEBOCXOAIINX 3apyOe)KHbIE aHAIOTH MO (PYHKIIMOHAIBHBIM M OSKCIUTyaTallMOHHBIM
XapaKTEPUCTUKAM.

Pe3ynprarel auccepraniMi  3HAYWTEIBHO COKPAIIAIOT BPEMEHHBIE W TEXHUKO-
SKOHOMHUYECKHUE W3JICPKKU MO MPOECKTUPOBAHUIO HOBBIX IMOJHUMEPHBIX TEKCTUIBHBIX
m3aenuid. CHWXKEHHE YKa3aHHBIX M3JEPKEK JIOCTUTAeTCAd 3a CYEeT HWHHOBALIMOHHOTO
nepexojia OT KOJWYECTBEHHOM OIEHKU HSKCIUTyaTallUOHHBIX CBOWCTB M3y4aeMbIX
MaTepuaJioB K Ka4eCTBEHHOW OIICHKE HMX (PYHKIIMOHAIBHBIX XApaKTEPUCTUK Ha OCHOBE
METOI0B IU(PPOBOI SKOHOMHUKHU M ITyTEM MOCTPOSHUSI N30MOP(HBIX COOTBETCTBUN MEKIY
HUMHU. OJTO TIO3BOJISIET 3aMEHHUTh MPOBEACHUE HSKCIEPUMEHTAIbHBIX HCCIEIOBAHUMN
ONBITHOW TApPTUU MOPOAYKIHMH KOMIBIOTEPHBIM MOJEIMPOBAHUEM U  JTAJIbHEUIIINM
WCCJICIOBAHUEM CBOWCTB BUPTYAJIbHBIX MH(PPOBBHIX 00Pa3lOB HM3y4aeMbIX MAaTE€pPHAJIOB,
obOnamaronux TpedyeMoi hyHKIIMOHATHHOCTHIO.

Takoil mepexoJ OT HUCCIENOBaHMs CBOMCTB peabHBIX 00pa3LOB MaTepHaNOB K
WCCJICIOBAHUIO CBOMCTB WX BUPTYAJbHBIX IU(POBBIX JIBOMHHKOB CTAJl BO3MOKHBIM
WCKIIIOUUTENILHO Oarofaps yCTaHOBIICHHWIO H30MOphH3Ma MEXKIY KOJUYECTBEHHBIMH
rapamMeTpaMl MAaTEeMaTHYECKUX MOJEIEH SKCIUTyaTallMOHHBIX CBOMCTB MCCIIEIYEMbIX
MaTepUaJiOB U UX KaYECTBEHHBIMH (DYHKIIMOHATBLHBIMU XapaKTEPUCTUKAMU (HAIPUMED - B
CJIy4ae CIELOJICK bl — KOJTUYECTBEHHOMY MMapaMeTPy, XapaKTePU3YIOIMIEMY MIJIACTUYHOCTb,
M30MOP(PHO COOTBETCTBYET Kaue€CTBEHHAS XapaKTEPUCTUKA KOM(DOPTHOCTH U T.1.).
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ITpoBoaMMBIE HCCIIEOBaHMUS TaKOro KJiacca SBISIOTCS HE3aMEHUMBIMM, KOT/Aa,
HaIpUMep, HEJIb3s1 CO3/1aTh aJIEKBATHBIE YCIOBHUSI 111 OCYILIECTBIICHUS SKCIIEPUMEHTAIbHBIX
UCCIIEJOBAaHUM (HampuMep, NpHU U3YYEHHUU DKCIUIyaTallUOHHBIX CBOMCTB OOIIMBKHU
KOCMHYECKHX PAKET BO BPEMSI MX IOJIETa B KOCMOCE U T.J1.).

B pesynbrarax, molydeHHBIX B JUCCEPTAIlMH, 3aWHTEPECOBAHbI MHOTHE OTPACIH
IPOMBIIIJICHHOCTH, B TOM 4YHCIIE: METUIMHCKas (Tpu pa3paboTKe 3alUTHON OJIEHKIbI
Bpauell M MEIUIIMHCKOTO TMEepCcOoHala, HampuMmep, OT KOPOHaBUPYCHOW HHGEKINHU, NPU
pa3paboTKe  XHUPYPrMUECKHX  TEKCTWJIBHBIX  HMIUIAHTAaTOB, MpH  pa3paboTke
TUMOAJUIEPTEHHBIX IIOBHBIX CaMOpaccachlBAIOIIMXCS MaTepHalioB, MpHU pa3paboTKe
MaTepuajoB JJs 3alUThl OPraHOB JbIXaHUSA U T.J.), aBUacTpoeHue (mpu pazpaboTke
KYIOJIOB apalIOTOB, MAPAIIIOTHBIX CTPOM, CIIELOAEKIbl MUIOTOB U T.A..), CYJOCTPOECHUE
(mpu pa3paboTKe MOTMMEPHBIX KaHATOB, MAPYCOB, CHEIOASK b, TUHEH, ITHYPOB U T.1.),
aBTOMOOUJIECTpOoeHHUE (TIPU pa3pabOTKe MaTepUaioB JJisi OOIIMBKH CAJOHOB M CUACHUU
aBTOMOOWIICH, CIEIOJICKAbI BOAUTENEH W MepCoHaia, MCIHOIB3YIOIIETO aBTOMOOWIH, B
3aBUCUMOCTH OT €ro (yHKUMOHAJIBHOCTH U T.A.), OOOpoHHast (mpu pa3paboTke
OOMYHIMPOBAHUS U 3alUTHO-MACKUPOBOYHOW OJNIEKABI JJISI JIMYHOTO COCTaBa, IPHU
pa3paboTKe TEKCTHJIBHOM apMaTypbl [UJIsl pakeT, JIeTaTeldbHBIX almapaToB H
NPOTUBOPAKETHBIX YIPABISIEMBIX CHapsAI0B, TpHU pa3paboTKe OpPOHEKUIIETOB, MPHU
pa3pabOoTKe OTrHE3alIUTHBIX KOCTIOMOB M T.J.), CTPOHUTENbCTBO (IIpH pa3padboTke
re0TEKCTUIIbHBIX MAaTEPUANIOB, IIPU pa3pabOTKE OIJIETOK BAHTOBBIX KPEIIEHUH MOCTOB, U
pa3paboTKe U30JIALMOHHBIX MaTEPUAIIOB, TP pa3pabOTKEe YTEIUIUTENEH, TENION30ISILIMU U
T.J1.), TEKCTUJIbHAS (TIpU pa3pabOTKe OJ€XK/Ibl, B TOM YUCIIE CIELIMATILHOTO Ha3HAYCHMUSI, IPU
pa3paboTKe TKaHEW, IIHYpOB, HETKAHBIX MAaTEpUaJOB U T.I.), Jerkas (mpu pa3paboTke
NOJIMMEPHBIX ~ TEKCTUJIBHBIX  MaTepuasioB aisi  OOyBHM, UIBEHHBIX MaTEepHAJIOB,
MCKYCCTBEHHBIX KOX M T.J[.) U UIIEBAs MPOMBIIIIEHHOCTH (IIPU pa3pabOTKe CIELOAEHKIbI,
npu pa3paboTKe TEKCTHJIBHBIX TNHINEBBIX (OpPM Ui BBIEYKH, MpH pa3paboTke
GUIBTPYIOMNUX MaTEPUANIOB, TIPU Pa3pabOTKe YIAKOBKH U T.JI.)

2.1 Mexanu3M pelieHusi 3a4a4 B 00JIaCTM KA4YeCTBEHHON OLECHKU
(PYHKIHOHAJIBHBIX U IKCILUIyaTAUOHHBIX CBOMCTB MOJUMEPHBIX TEKCTHJIbHBIX
MaTepHUaJIOB M U3AeJUN U3 HUX PA3JIMYHOI0 HA3ZHAYECHUS

Mexanu3m penieHus 3a7ad B 0071acTH Ka4eCTBEHHBIX OICHOK (DYHKIIMOHAIBHBIX U
OKCIUTYaTAlMOHHBIX CBOWCTB MOJMMEPHBIX TEKCTUJIHHBIX MATEpUANIOB M M3ACIMNA U3 HUX
Pa3IMYHOTO Ha3HAYEHHSI HOCUT KOMILJICKCHBIN, CHCTEMHBII U MHOTOIIEJIEBOM XapakTep.

OH KacaeTcs HECKOJNbKUX HAIPaBIECHUA HCCIEJOBAHUN: OT MPOBEIACHUS
HKCIEPUMEHTOB /10 pa3pabOTKM W TPUMEHEHHS KadeCTBEHHBIX W ONTUMHU3AIMOHHBIX
KpuTepreB (PyHKIMOHAIBHBIX U SKCIUTyaTallHOHHBIX CBOMCTB M3YYaeMbIX MaTEPHAJIOB.

[IpoBeneHne KadyeCTBEHHBIX OLICHOK (DYHKIMOHAIBHBIX M OKCILTyaTallMOHHBIX
CBOMCTB MOJIMMEPHBIX TEKCTUJIBHBIX MAaTEpPUaJIOB W W3ACIUNA M3 HUX Pa3IUYHOTO
Ha3HAYCHHs UIMEET BaXKHOE CTPATETMYECKOE 3HAUCHUE, TaK KaK 3TO SBJISETCS OCHOBOM /st
CO3/IaHUs MaTepUajoB, 00aAaromen 00JblIeld KOHKYPEHTOCTIOCOOHOCTBIO.

Bonpocel MOBBIIIEHHS KOHKYPEHTOCIIOCOOHOCTH  MOJIMMEPHBIX  TEKCTUIIBHBIX
MaTEepUasIOB M U3ICTUI 13 HUX Pa3IMYHOTO Ha3HAYCHUS OMUCAHBI B MyOauKanusx [2, 4, 7,
10, 32, 33, 36, 38, 43, 54, 58, 66, 74, 79, 81, 90].
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2.2 Pa3paboTka KpUTepHEB KAaYeCTBEHHON OLEHKH PeJIaKCAlMOHHO-
IKCIJIYAaTAUMOHHBIX CBOWCTB MOJUMEPHBIX TEKCTHJIbHBIX MATEPHAJIOB U
U3/1eJIUi U3 HUX Pa3JIMYHOr0 Ha3HAYeHUs

B nuccepTanuu pemieHbl BONPOCHl pa3pabOTKU KPUTEPUEB KAaueCTBEHHOW OLEHKH
(YHKIIMOHATIBHBIX U SKCILTyaTallHOHHBIX CBOMCTB MOJUMEPHBIX TEKCTUIBHBIX MaTEPHATIOB
Y U3EJIMM U3 HUX Pa3IMYHOrO0 HA3HAYEHUS HA OCHOBE MAaTEMAaTUYECKOTO MOJAEIUPOBAHU,
(G pPOBOro NPOrHO3UPOBAHUS U ONITUMHU3AIIMH YKA3aHHBIX CBOICTB.

PazpaboTaHHble KpPUTEPUHU SIBISIIOTCS OCHOBOIOJIATAIOMIMMU  JJI  YIYUIICHUS
KA4eCTBA IIOJMMEPHBIX TEKCTUJIBHBIX MAaTE€pUAIOB M U3JAEIMA M3 HUX PaA3JIMYHOIO
Ha3HA4YCHUs B YCIOBUAX UMIIOPTO3aMELICHUS.

Bormpocsl pa3paboTKu KpUTEpPUEB KaYECTBEHHOM OIEHKU (DYHKIIMOHAIBHBIX H
DKCIUTYaTallMOHHBIX CBOMCTB IOJUMEPHBIX TEKCTUJIBHBIX MAaTEPUAJIOB U M3JEIUN U3 HHUX
pa3IMYHOrO Ha3HAuYeHUs onucaHbl B myoOnukanusax [14, 17, 23, 28, 40, 41, 46, 48, 51, 55,
60, 61, 63, 69, 70, 73, 80, 82, 85, 92, 95, 98, 112, 113, 118, 119, 130, 131, 132, 133, 134,
135, 136, 137].

OaHuM M3 TakUX KPUTEPHUEB SIBISETCS pa3paOOTaHHBIM KpUTEPUN ONTHUMHU3ALUU
pENTaKCAIMOHHBIX MPOLECCOB MOJUMEPHBIX TEKCTUIIBHBIX MAaTEPUAJIOB U U3AECIUM U3 HUX
Pa3JIMYHOIO HA3HAYCHHUS:

RS IES —
NZApkZNZ((ZH{+0(2k+0£3k+064k+a5k)=/1p—)mln, (1)
k=1 k=1

KOTOpBI HOCUT OOO0OIIEHHBIH XapakTep (31ech: /N - YHUCIO HUCCIEAyeMbIX 00pa3lioB

MaTepI/Iana) M BKJIIOYAaeT B ceOs OIITUMHU3AINIO 110 IIATH JIOKAJIBbHBIM KPHUTCPHUAM
peIaKCallMOHHBIX IMMPOICCCOB YKA3aHHBIX MAaTCPUAJIOB, 4 UMCHHO, I10:

- KPUTEPHIO HMHTCHCHBHOCTH BOCCTAaHOBJICHHS MaTepHalla IOCJIC SKCILTyaTallliu
(a) = b ne )

- KPUTEPHIO CTENEHM BOCCTAHABIMBAEMOCTH MaTepHaja I0Cle SKCILIyaTalluu
(a,=E,/(E,+E,);

- KPUTEPHUIO BO3MOKHOCTH MHOTOKPATHOTO BOCCTAHOBJICHUS MaTepHalia B IpoIecce
SKCIUTyaTanuu (o3 = (100%)/8p);

- BPEMCHHOMY KPHUTCPUIO BOCCTAHOBJICHUS (YHKIIMOHAIBHO-TIOTPEOUTEIBCKUX

CBOMCTB MaTepHaia rnocie skcruryarauuu (Xy = T /t 1);
- KPUTEPHIO YCTOMYMBOCTH MaTeprala K MHOTOKPATHOMY BOCCTAHOBIICHHMIO ITOCIIE
skcryaramun (A5 = B /(EO -k ))_

2.3 MaremaTu4eckoe MOJEJHMPOBAHUE  PEJAKCAIMOHHBIX  TPOLECCOB
MOJTMMEPHBIX TEKCTWJIBHBIX MATEPHAJOB M W3JAeJMii M3 HUX Pa3jIHIHOTO
(PYHKIMOHAIBLHOTO HA3ZHAYEHHS

Bce nepeuncienHbie 3/1ech IepeMEHHBIC SBISIOTCS TapaMeTpaMu MaTeMaTHIeCKOH
MOJIETIM PeNlaKCallMOHHOTO TpoIlecca MOJUMEPHOTO TEKCTHIBLHOTO MaTepuaia, KoTopas
MPEJCTaBIACT CO00M O0OOOIIEHHYIO PENaKCAIMOHHYI0 KPHUBYIO, aIlMPOKCUMUPYIOITYIO
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SKCIIEPUMEHTAIbHOE CEMEHCTBO MOy penakcanuu (puc. 1):
Eg[ :EO_(EO_Eoo)wgta 2)

rac

gogt=0,5+arctg(ln(t/fg)/bng)/7r - 3)

HOpPMHUpOBaHHas penakcauvoHHas ¢yHkuus HAJI (HOpMHpOBaHHBIA apKTaHTE€HC
jorapudma), SBISIIOMIAsICS HMHTErpaibHONM (YHKIMEH BEPOSTHOCTHOTO pacHpeesICHuUs
Kommn.

Ha pucynke 1 npuBeaeHa cxema TMOCTPOCHUS MATEMATUYECKOM MOJEIH
PETAaKCAllMOHHOTO TMPOLIECCa YCIOBHOIO IMOJUMEPHOTO TEKCTWIBHOTO Marepuana. Yrto
KacaeTcsi KOHKPETHBIX MPUMEPOB IOJUMEPHBIX MATEPUAIOB U TEMIEpPaTyp, TO OHU
npuBeAeHBI B padorax: [3, 5, 11, 20, 21, 24, 26, 27, 30, 34, 39, 50, 56, 62, 64, 67, 75, 76,
83, 84, 86, 88,91, 108, 114, 120, 121, 122, 123].

Pucynok 1 — CxeMa mocTpoeHHsT MaTEMaTHYECKOHM MOJAENIH PEeJaKCallHOHHOTO
Ipolecca yCIOBHOIO IOJMMEPHOTO TEKCTUJIBHOTO MaTepuaja Ha OCHOBE
anIpoOKCUMAalMU  3KCIIEPUMEHTAJIBHOIO  «CEMEWCTBa»  MOAYJS  peJlakcaluu

0000IIIeHHOW peTaKCallMOHHON KpUBOi £ (s,t)

Monayne penakcauumu:

E =0,/¢, 4)
HUMECT ABA ACUMIITOTUYCCKHUX 3HAUCHUS .
EO - ll}’l(’)l Eetﬁ
—
E =limE. )
o~ lim Ey
t—0
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I[pyrI/IMI/I napamMeTpaMmmn MaTEMaTUYECKOM MOJCIN pElIaKCAllMOHHOI'O IIponecca
IMOJMMCPHOTO TCKCTUJILHOI'O MaTCpualia TAKKC ABJIAIOTCA:

T¢ - QyHKIMS BpEMEH peaKcaiui,

b, o - XapaKTepuCTUKa HHTCHCUBHOCTH PEIAKCAIHH.
3/1eCh UMEIOT MECTO CIIEAYOINE 0003HAYECHHUS:

& - nepopmarnus,

O, - HallpsDKEHUE,

! - Bpems,

[, - HOpMHpYIOIIEe BpeMs,
T¢ - CpelHee pellaKcallMOHHOE BPeMsl, OIpeiessieMoe 1o popmyie:
&
— -1 7 .
Te=(6,-¢,) - [1pde> TR (6)

o

€] - HaMeHblIIee 3HAUECHHE U3 HHTEPBAJA HCCIIEyEeMBIX Je(hOopMaIni,

&) - HanboJbllice 3HAYCHUE U3 MHTEPBAJIa UCCIEAYEMbIX ne(opMariuii;

2.4 Paspaborka KpUTEepHMeB Ka4eCTBEHHOH OLEeHKH AedopMannoHHO-
JIKCIIYATAHMOHHBIX CBOMCTB IOJHUMEPHBIX TEKCTHJIbHBIX MAaTEPHAJIOB M
U3JeJIMi U3 HUX Pa3JMYHOr0 Ha3HAYeHUA

Jpyrum U3 Takux KpUTEPHUEB SIBISIETCS pa3paOOTaHHBIA KpUTEPUN ONTUMU3ALMU
nehopMaIlMOHHBIX MTPOILIECCOB MOJMMEPHBIX TEKCTUIILHBIX MaTepUANIOB U U3JIEIUIN U3 HUX
Pa3IMYHOr0 HA3HAYEHUSL:

1 1 — ,
ﬁzBa’kZWZ(ﬂlk*‘ﬂzk"'ﬂ%+,B4k+,35k):Bd — min, (7)
k=1 f=1

KOTOPBIN TaK)Ke€ HOCUT 00OOILIEHHBIN XapaKTep U BKIIOYAET B CE€0sl ONTUMM3AIUIO 10 MATH
JIOKaJIbHBIM KPUTEPHUSM JIe(pOpMaIMOHHBIX MTPOLIECCOB YKAa3aHHBIX MAaTEPHAIOB, & UMEHHO,
1o:

- KpUTEpPUIO HHTEHCHUBHOCTH Je(OpPMHpOBAaHMS MaTepuana B Ipollecce
skcrunyatanuu (S =b, . );

- KpUTEpHIO CTeNeHH AeGOopMHPYeMOCTH MaTepuana B IpolLecce IKCIUTyaTaljuu
(ﬂZ :Do /(Do +Doo));

- KPUTEPHIO BO3MOKHOCTH MHOTOKPATHOTO 1e(OPMHUPOBAHHS MaTepHalia B IPOIIecce

sxenyaramu (f3 =0,/ 0),);

- BPEMEHHOMY KpUTEPHUIO 1e(hOpMallMOHHBIX BO3JCHCTBHI Ha MaTepHall B Ipoliecce
skcutyatanuu ( B, =7, /t;);
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- KPUTEPUIO YCTOWYMBOCTH MarepHajia K MHOTOKPATHOMY J1e()OPMHUPOBAHHIO B
nporecce 3kcrutyaramuu ( fs =D, / (DOO -D, )),

2.5 MaremaTuyeckoe MOJeJHPOBAHNE  PEJAKCANMOHHBIX  MPOLECCOB
MOJUMEPHBIX TEKCTHJIBHBIX MATEPHAJOB M H3JAeJMil W3 HHUX Pa3JIUYHOIO
(pYHKIHOHAJBHOIO HA3HAYEHUS

[lepeuniciieHHbIe 37€Ch TMEPEMEHHBIE SIBIISIOTCS TapamMeTpaMH MaTeMaTU4eCcKOu
Mozaenu naedopmManmoHHOTO Tporecca (MOJM3YYeCTH) TOJUMEPHOTO TEKCTHIIBHOTO
MaTepuaia, KoTopas MpeACTaBisieT co00il 0000IeHHYI0 aeQOopMalMOHHYI0 KPUBYIO,
aNIPOKCUMHUPYIOIIYIO SKCTICPUMEHTAIEHOE CEMEHCTBO TIOJIATIAMBOCTH (pHC. 2):

Dy =Dy +(Dyy =Dy Jpy. ®)

rIe

(oat:0,5+arctg(ln(t/ra)/bn0)/7r - )

HOpMUpOBaHHas AepopmaronHas ¢pyakuus HAJL;

Ha pucyHke 2 npuBezeHa cXxeMa MOCTPOEHUs MaTeMAaTUYECKOH MOJIENIN YCIOBHOTO
NOJINMEPHOTO TEKCTUIILHOTO MaTepHaIa.

Urto kacaeTcss KOHKPETHBIX MPUMEPOB MOJMMEPHBIX MAaTePUATIOB U TEMIIEpaTyp, TO
OHM TIpHWBEACHBI B paboTax: [3, 5, 11, 20, 21, 24, 26, 27, 30, 34, 39, 50, 56, 62, 64, 67, 75,
76, 83, 84, 86, 88,91, 108, 114, 120, 121, 122, 123].

Pucynok 2 - Cxema MOCTpOEHHMsI MaTeMaTH4YeCKOW Mojenu JehOopMarmOHHOTO
mnpouecca (IOJI3y4eCTH) YCIOBHOIO IOJMMEPHOIO TEKCTWJIBHOIO MaTepuana Ha
OCHOBE  aIMIPOKCUMALUA  HKCIIEPUMEHTAJIbHOTO  «CEMEWCTBa»  MOJATIMBOCTH

0000111eHHOH AeopMallMOHHON KPUBOM D(G,t)
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IlomaTiauBoOCTE:

D_ =¢/0, (10)

HUMCCT ABa aCUMIITOTHMYCCKHUX 3HAUYCHMUA:

D, :ling Dy,
—
, : (11)
Doo =lim Dcyt
t—>o0

JpyrumMu mapaMeTpamMu MaTeMaTHUeCKOW MoJenu AeQOopMaioHHOTO IMpoliecca
NOJINMEPHOTO TEKCTUIILHOTO MaTEpHaIa TAKKE SABIISIFOTCS:

T, - pyHKLUS BpeMeH 3amna3ablBaHus (II0JI3y4ecTH),

bng - XapaKTepUCTHUKa HUHTEHCUBHOCTH J1e(hopMHUpOBaHUS,

T, - cpennee nedopMaIMOHHOE BPEMS, OTIPEAEIIEMOE TI0 GopMyIe:

_ 62/00 O 12
2'0260/(02—61)- [ 75d—> (12)
"1/0-0 %0

Trac.
G] - HAUMCHBIICC 3HAYCHNC U3 HHTCPBAJIa UCCICAYEMBIX H&Hpﬂ)KCHHﬁ,

O, - HauOoJIbIlIee 3HAYCHUE U3 UHTEPBAJIA UCCIIETYSMbIX HAMIPSIKCHUH.

2.6 IIporHo3upoBaHHe PpeJaKCAUMOHHBIX M Je()OPMALHMOHHBIX NPOLECCOB
NOJUMEPHBIX TEKCTHJIbHBIX MAaTePHAJOB M M3JAeJHil M3 HHMX Pa3JINYHOIO
HA3HAYeHUs!

JUJisi IpOrHO3MPOBAHMS PEJIAKCAIIMOHHBIX MPOILECCOB MOJIMMEPHBIX TEKCTUIIBHBIX
MaTepUalioB U W3JAENUN U3 HHUX PA3IMYHOIO Ha3HA4YEHMs Mpeiaraercs HCIOoIb30BaTh
OMpeNeNsIoNlee HHTErpajibHOe ypaBHeHHE bonblimMaHa-Bonbreppa ¢ pa3audHbIMU
WHTETPATTLHBIMU SAPAMH:

t
Oy :EOEI_(EO_EOO)'J‘EQ‘(D:Q;Z‘_QGIH, (13)
0
rue:
@y - SIPO PEIIAKCALIUH.

AHaHOTI/I‘{HO, HJs1 IIPOTrHO3UPOBAHUA ,Z[C(bOpMaHI/IOHHLIX MpoHcCCOB YKa3aHHBIX
MaTCpUaJIOB, IMPpeAJIaracTcCs MCI0Jb30BATh YPABHCHHC

t
gt:Doo-t+(Doo _Do)'jgﬁ '§0’0';t—6’d‘9, (14)
0
rac.:

@,_, - AApo 3ana3ablBaHus (TOI3y4eCTn).
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! !
B kauectBe mnogsiHTerpanbHbix saep P, D5, MoxkHO BbBIOpaTh, HaNpuUMep,

MPOU3BOIHBIEC OJTHOM U3 CIAEAYIOMIUX HOPMUPOBAHHBIX (DYHKITHI:

a'-n(t/z) >
1 " —z“/2
- . dz - 15

WB (uHTErpasl BEpOATHOCTEN ), XapaKTepU3Yy IO HOPMAILHOE pacpeieICHUE;

o :é(lﬂh(flnﬁ)}{“(inl ; (16)

I'T (runepOonwyeckuii TaHTEHC), OINUCHIBAIOIIMA BEPOSTHOCTHOE paclpeneicHue,
JIOCTaTOYHO OJIM3KOE K HOPMAIBHOMY PaclpeeIeHUIO;

k
o =1-e T (17)

OK (bynkmus Konwspayiia), He oOnamaromnias IeHTPaIbHO-CUMMETPUUHBIM TpauKoM, B
otanune oT UB u I'T, HO nmeroiasi OTHOCUTENIBHO MPOCTON aHATUTUYECKUNA BU/I,

got=0,5+arctg(ln(t/2')/bn)/7z ; (18)

HAJI (HOpMHpOBaHHBIN apKTaHreHC Jiorapudma), XapakTepu3yIolleld pacrpeeieHue
Ko, o6nanaroniee CBOWCTBOM aJINTUBHOCTH.

%
---------------------------- 14 - - o~ SRR G

— OyHrUMA HAT
- = = ®dyHrKUKMA MB
—x— OyHKUMA [T T
--o-- dyHKUMA K

(£
— & 1 s
== . —+—10 —t—t—t—t—t—+—+—+— :b—ﬁnt—
5 4 3 2 A 0 1 2 3 4 5 7 7
Pucynox 3 - I'padukum HOpMUpPOBaHHBIX (GYHKIHUH, TMPUMEHSIEMBIX IS

anmpoKCUMAIMK PENaKCAlMOHHBIX U J1e(POpPMAlMOHHBIX CEMEUCTB H3y4aeMbIX
MOJIMMEPHBIX MATEPUAJIOB U U3IEIHM.

31ech UMEIOT MECTO CIEAYIOIIME 0003HAYEHNSI HOPMUPOBAHHBIX (DYHKITUI:
NB — unTerpan BepositHoctei (15);
I'T — runiep6bosmmueckuii Tanrexc (16);
OK — ¢pynknusa Konspayma (17);
HAJI — HopMupoBaHHBIN apKTaHTeHC Jiorapudma (18).
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351eCh:

a,, Ak, bn — MapaMeTpbl UHTEHCUBHOCTH pEIaKCallMOHHBIX U Je(hOpMaIlMOHHbBIX
MPOLIECCOB COOTBETCTBEHHO, XapaKTEPU3YIOIME CKOPOCTH YKa3aHHBIX MPOLIECCOB,

t/T — npuBeneHHOE BpEMSI.

Hanuuwue HCCKOJIbKHUX MaTEMAaTH4YCCKHUX Moneneﬁ pCirakCannOHHbIX u
I[e(l)OpMaI_II/IOHHI)IX MMpOoICCCOB MOJIUMCPHBIX TCKCTUJIbHBIX MAaTCPpHUAJIOB U I/ISI[GJ'II/Iﬁ N3 HUX
pa3iINdIHOTO Ha3HAYCHUA, B KOTOPLIX IIPUMCHAIOTCA PAa3HLIC ITOABIHTCIPAJILHBIC (1)YHKI_[I/II/I,
OIIpaBJdaHO U IMO3BOJIACT IIOJYYaTh pE3YyJbTAaThl IIPOTHO3a, HE3ABUCAIINUC APYT OT ApPYyra.

Bribop B KauecTBE OCHOBbI MaTEMAaTUYECKUX MOJENEH pElaKCallMOHHBIX U
ne(OpMAIIMOHHBIX MPOIIECCOB MOJIUMEPHBIX TEKCTUIIbHBIX MaTepuanoB pynkuuu HAJI ne
CIly4aeH, TaK KaK BEpOATHOCTHOE pachpenenenue Komm, uHTErpaspHOM (yHKUIMEH
pacmpezieieHusi KOTOPOTO OHa sIBJsIeTCA, 00JiafjaeT CBOWCTBOM  aJJIUTUBHOCTH,
XapakTepU3ymoLIerocss TEeM, YTO CyMMa XapaKTEpUCTHUK, pACIPENEIICHHBIX IO
BEPOSTHOCTHOMY 3aKOHY Komm, Takke MMEET CBOMM pacCIpeIelICHUEM BEPOSTHOCTHOE
pacnpenenenue Komm.

Bonpocel MaremMaTHueckoro MOJEIUPOBAHUSA OKCIUTYaTallMOHHBIX MPOLIECCOB
MOJIMMEPHBIX TEKCTWJIBHBIX MAaTE€PUAIOB W M3JCIWA W3 HUX PA3JIMYHOTO HAa3HAYCHUS
omucaHsl B myonmkamusix [3, 5, 11, 20, 21, 24, 26, 27, 30, 34, 39, 50, 56, 62, 64, 67, 75, 76,
83, 84, 86, 88,91, 108, 114, 120, 121, 122, 123].

JI1s1 OLIEHKH 3KCILTyaTallMOHHBIX CBOMCTB MOJIMMEPHBIX TEKCTUIBHBIX MAaTEPUAJIOB U
V3AEIUNA U3 HUX PA3JIMYHOTO HA3HAYCHMS BBIIOJHEHUE 3TOr0 NPaBWJIA YPE3BBIYAWHO
BOXXHO, TaK Kak JIIOOOW CIIOKHBIM TEKCTUJIBHBIM MaTepHall MPEJCTaBIseT COOOMU
COBOKYMHOCTh 00Jie€ MPOCTHIX TEKCTHJIBHBIX MAaTepuajoB (HUTU COCTOAT W3 BOJIOKOH,
TKaHW U3 HUTEH U T.71.). [loaToMy, eciin XapaKTepuCTUKN KaueCTBEHHBIX CBOMCTB OoJiee
«TPOCTOrO» MaTepuaia OyayT TMOMUYUHATHCS BEPOATHOCTHOMY pactpezaenenuro Ko,
ATOMY K€ paclpeleleHUuI0 OyayT MOJYMHEHBI M XapaKTEPUCTUKU OOJiee «CII0NKHOTOM
MaTrepuraa.

Pa3paboTannpie  KpUTepUM  KAYECTBEHHOM  OIIEHKHM  PEJIAKCAIMOHHBIX U
nehopMaIIMOHHBIX MTPOIIECCOB MOJMMEPHBIX TEKCTUIBLHBIX MaTEPUATIOB U U3JIETUIN U3 HUX
pPa3IMYHOTO HAa3HAYEHMs, TakKKe, KaKk W pa3pabOTaHHbIE HAa HUX OCHOBE OOOOIIEHHBIE
KpUTEpUH onTUMHU3auu 3TuX CcBOUCTB (1) u (7), MO3BOJSIOT, HE TOJBKO OIIEHUBATH
KAueCTBCHHBIC XapAKTEPUCTHKU HW3Y4Yae€MbIX MATEpUaJOB, HO U OCYIIECTBIATh HX
ONTUMU3ALINIO, TOOUBASICH YIIYUIICHUS] (PYHKIIMOHATHHOCTH.

2.7 I/IHTeraJIbele KPpUTECPpUH AOCTOBEPHOCTH u OIITUMAJIBHOCTH
MATEMATUICCKOT0O MOJACIHUPOBAHMA HW MNPOrHO3UMPOBAaHMA PpeEJaKCaluu H
MoJIBy4€CTH MOJHUMEPHBIX TEKCTHJIBbHBIX MaTepuajioB H n3)1e.111/1171 U3 HHX
PA3INYHOI0 HA3HAYCHU A

B auccepraumu Takxke pa3paboTaHbl MHTETpajibHbIE KPUTEPHUH AOCTOBEPHOCTH U
ONTUMAIIBHOCTH  MAaTEMaTUYECKOTO  MOJEJIMPOBAHMS  DKCIUIyaTallMOHHBIX  CBOMCTB
MOJIMMEPHBIX TEKCTUJIBHBIX MAaTE€pUAJOB M W3ACIMM M3 HUX Pa3IMYHOIO HA3HAYECHUS, B
OCHOBE KOTOPBIX JEXKAT WMHTETPAJbHBIE ONPEACISIONINE YpaBHEHUs TuUna bosbiMaHa-
BonabTeppa penakcanimoHHBIX U 1e(hOpMallMOHHBIX MPOIIECCOB YKa3aHHBIX MAaTEPUAIIOB.
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[IporHo3upoBaHre M MCCIEIOBAHUE SKCIUTYaTAI[MOHHBIX CBOMCTB MOJUMEPHBIX
TEKCTWIbHBIX MAaTEpPUAIOB W M3JCJIMI U3 HUX PA3JIMYHOrO HA3HAYEHHUS CYIIECTBEHHO
3aBUCHUT OT pa3HbIX (haKTOPOB, CPEIU KOTOPHIX: TOYHOCTh AKCIEPUMEHTAIBHBIX JaHHBIX,
aJICKBaTHOCTh (DU3MYECKOM M MaTEeMaTHYEeCKON MOJENH, ONTUMAaJbHBIM BBIOOp MeToja
MaTEMAaTHYECKOro MoJienupoBanud. [loBbIIEHHWE TOYHOCTH HKCIEPUMEHTA MOKHO
OCYIIECTBUTD MOCPEACTBOM HCIOJIB30BaHMs 00JIee TOYHOM armapaTyphl 11 U3MEPEHUH, a
TAK)K€ YBEIMYCHUEM YHUCIA DJKCIEPUMEHTAJIbHBIX MCIBITAHUN JUISI  TOBBILICHUSA
pEeNPE3EHTAaTUBHOCTH JAHHBIX SKCIIEPUMEHTA.

AJNbTepHATUBHBIM myTeM MTOBBIIIICHUS TOYHOCTH MIPOTHO3UPOBAHUS
AKCIUTYaTaIllMOHHBIX CBOWCTB MOJIMMEPHBIX TEKCTUJIbHBIX MAaTEpUAJIOB U U3JICIUNA U3 HUX
Pa3IMYHOTO0 HA3HAYCHUS SBJISIETCS METOJI ONTUMM3AIMKM TMapaMeTPOB MaTeMaTHUYECKOU
mozenu. [lpm MoaenupoBaHMM W MPOTHO3UPOBAHUU SKCILTyaTAllMOHHBIX IPOIIECCOB
MOJMMEPHBIX TEKCTHJIBHBIX MAaTEPUATIOB W M3JEIUNA U3 HUX PA3IMYHOTO HA3HAYEHHS C
UCIIOJIb30BaHUEM ompenenstomux ypaBHenuit (13) u (14) Bo3HHUKAaeT BOMPOC O
JIOCTOBEPHOCTH U HAJEAKHOCTU TAKOTO MOJICIIMPOBAHUS U TPOTHO3UPOBAHUS.

Bomnpockl  gocToBepHOCTH IM(POBOTO MPOTHO3UPOBAHMS HKCILUTyaTallMOHHBIX
MPOIIECCOB TMOJUMEPHBIX TEKCTUJIBHBIX MAaTE€pUAJIOB M HU3JACIUM U3 HUX Pa3IUYHOIO
Ha3HA4YEeHUs omucaHbl B nyonukauusx [1, 9, 12, 31, 42, 44, 47, 49, 52, 57, 59, 72, 87, 89,
93,100, 104, 105, 106, 109, 115, 124, 125, 126, 127, 128, 129].

OuLeHKy CTeNeHU JOCTOBEPHOCTH  MOJACIUPOBAHUM U IPOTHO3UPOBAHUU
AKCIUTYyaTaIlMOHHBIX MTPOIIECCOB MOJIMMEPHBIX TEKCTUIBHBIX MATEPUAJIOB U U3JICIIUNA U3 HUX
Pa3IMYHOTO HA3HAYEHUS! MOXHO TMOJYYUTh MPUMEHsS pa3pabOTaHHbIE WHTErPabHBIC
KPUTEPUU ONITUMU3ALNYU PEIIAKCAIIMOHHBIX TTPOIIECCOB:

max‘)((lnt/rd)—l

— min
(€[0.7] ’ (19)

" OIITUMU3AlINN1 ,He(i)OpMaHI/IOHHI)IX IMpoHecCCOB:

max Z(lnt/rg)—l‘ — min (20)

rae: 1’ - monHOe BpeMs MPOTHO3UPYEMOTO TIPoIiecca,

}((lnt/ Ta) uy (hlt/ T g) - UHTETPaJIbHbBIE (PYHKIUH:

t
){(h’l t/ra) = EoDat + ,[DGHE;;t—Hde ) (21)
0

t
Z(Zn t/Tg) = DoEat + J.EgHDtly;t—Hd‘g. (22)
0

Pa3paboTanHbple KpUTEPUU ONTUMU3ALMH PETAKCAIIMOHHBIX M JAe()OpMaIMOHHBIX
IPOLIECCOB MOJUMEPHBIX TEKCTHJIBHBIX MAaTEpPHAIOB W M3ACIWA M3 HUX Pa3IU4HOIrO
HazHaueHus (19), (20) nmonmydenbl u3 ypaBHeHMs (13) mpu NOCTOSIHHOM 3HA4Y€HHUH
HAIPSDKEHUS o = const:

t
EyDy+ [ Dpg By df =1, (23)
0

rae:
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& =0OE,, [0(In(t/1;)),

v U3 ypasHenus (14) npu nocTosHHOM 3HaueHnu aepopmamun € = CONSt:

t
DoEgt + .|. ESHDIG,T—H do =1, 9
0
rie:
Dy, =0Eq [8(In(t/;)) .
£ P f o Mla
/ .\ i ——1% [ J DE +j E.D. .df -8
2 = B o -0
-l /| In— anaf T IDO'(?E (:/{9 :—_3% Yy w [ :;gg
) X — ) — 158
...... eduHuYa e eduuuua

1 { S e SR PP PR

09 - 09 -
!
- In—
i T¢
-30 -20 -10 0 10 20 30 -30 -20 -10 0 10 2 30
a b
Pucynok 4 - Ilpumenenue kputepuen (19) - (a), (20) - (b) ¢ dyukueir HAJI
TEKCTHIIBHOI TaBcaHoBOH HutH 114 Teke mpu Temmeparype 1 = 20°C
£,% ( P
1% 7 == D,Ey + [EgD g8 . Mila
A T vty TR 0 ——i8
My A I = Fo D+ [DogErpgdd T3 1 ——109
|\ : ( ol J . (] +134
o o gdutuya — 158
------ edunuya
[ I LT T PR TR R PP PPERRYY /3 EpY PSP T TR PRI RPrr 1 TR e
09 09 -
lnL /f’ll—
Ty Te
0 20 N0 0 10 2 30 30 20 10 0 10 20 30
a b

Pucynox 5 - Ilpumenenne kputepues (19) - (a), (20) - (b) ¢ ¢ynknueinr B x

o o _ 0
TeKCTHUIIbHOM aBcaHoBOM HutH 114 Tekc mpu Temneparype 1 = 20°C

Unes pa3pabOTKH KpUTEPUEB ONTUMH3AIMKA MATEMATHUYECKOTO MOJCIUPOBAHUS
pEaKCaIMOHHBIX U Ae(OPMAIIMOHHBIX TTPOIIECCOB MOJUMEPHBIX TeKCTUIIHHBIX MAaTEPHUATIOB
U W3CTUHA W3 HUX PA3JIMYHOTO HAa3HAYCHHUS OCHOBaHA Ha TOM (akTe, 4TOo, yeM Oosee
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!
yAa4HbIM OyI€T BBIOOP HHTETPATBHBIX SAEP qDL;t u $5., (a, cnenoBarenabHo, U 00Jiee TOUHOE
omucanme D_, M E,), TEM OTKJIOHEHMS JEBBIX 4YacTed paBeHCTB (23) m (24) or
«eIMHUYHBIX)» 3HAYEHUHN OyJIeT HAUMEHBIITUM.

Ha puc. 4 u puc. 5 npuBeaeHsl rpauKd WHTETPANbHBIX (YHKIIHIA Z(lnt/ TO,) "

;((lnt/ T, ) , COOTBETCTBYIOIIHNE MOABIHTETPATBHBIM (YHKIIHSIM Q;t U (Dé;t, (15) u (18) nna

pasnuuHbIX 3HadeHuit nedopmauuu € u Hanpsxenus O 1IpU NPOrHO3MPOBAHUU
pellaKCallMOHHBIX M J1e(hOPMALMOHHBIX TPOIECCOB TEKCTUIHHOW JIABCAHOBOM HHTHU

o o _ o
nuHelHo# miotHocTH 114 Teke npu Temmeparype 1 =20°C .

[IpuBenennsic Ha puc. 4 U PUC. 5 PE3yNbTATHl BU3yaJIbHO MOKA3bIBAIOT HEKOTOPOE
npeumyiiectBo  gynkumun HAJL mnepen ¢ynkumeir WMB npu wmomgenupoBanuu u
MPOTHO3WPOBAHUM  IKCIUIyaTaI[MOHHBIX  MPOIECCOB  MOJMMEPHBIX  TEKCTUIIBHBIX
MaTepHaJiOB, YTO B JATBHEHIIIEM MOATBEPKIACHO U IKCIIEPUMEHTATIBHO.

[Tpu npuMeHeHUH 711 MOJIETUPOBAHKS U JATBHEHIIIETO MPOTHO3UPOBAHUS (PYHKITUU
HAJI otHOCHTENBHAS TOTPEITHOCTH MPOTHO3UPYEMBIX 3HAUCHUI HE MPEBBINIACT BEIIMUYNHY
B 6% (puc. 4). A npu NpUMEHEHUH JJIs1 MOJASTUPOBAHUS 1 JAJbHEHIIIEr0 MPOrHO3UPOBAHUS
dbyaknun MIB oTHOCHTENbHAS TOTPEIIHOCTh MPOTHO3UPYEMBIX 3HAUCHWUW HE MPEBBIIIACT
BenuuuHy B 10% (puc. 5).

N3BecTHBIC MaTEeMaTHUECKUE MOJIEIH IKCILTyaTaI[MOHHBIX IPOIIECCOB MOJTUMEPHBIX
TEKCTHJIBHBIX MaTePHAJIOB HE BKJIFOYAIOT B Ce0s MPOBEPKY HA IOCTOBEPHOCTH. B 0OCHOBHOM,
JIOCTOBEPHOCTh  MOJICIMPOBAHUS TPOBEPSICTCS HA OCHOBE CTETNICHH COBMIAJACHHS
PEe3yABTATOB MOJICTUPOBAHUSI C SKCTICPUMEHTOM.

BenuunHa OTKIOHEHMS OIIPCACIIACTCA IIO CPABHCHHIO JAHHBIX OJOKCIICPHUMCHTA C
JaHHBIMHU IIPOTHO34a, IIOJTYYCHHBIMU IIPpU IIPUMCHCHHUHU MATCMATHYCCKUX MOI[G.]'IGI\/JI.

3amMeTHM, 9TO OTKJIOHEHHE OT dKCIEpUMEHTa Ha BennuuHy He 6omee 10% sBiseTcs
OYECHb XOPOIIMM pE3yJbTaTOM, TaK KaK TEXHUYECKH JIONMYCTUMBIM 3HAYCHUEM
OTHOCUTEIBHON MOTPEIIHOCTA MPU MPOTHO3UPOBAHUM HKCIUTYaTAllMOHHBIX MPOLECCOB
apisieTcs BennurHa B 20%.

Pa3paboTanHbpie KpUTEpUM ONTUMHU3AIMM MAaTEMAaTHUYECKOTO0 MOJEIMPOBAHUS
penaKkcalMoOHHbIX U 1e(OpMaIMOHHBIX MTPOIIECCOB MOJUMEPHBIX TEKCTUIIBHBIX MaTEPUAJIOB
U U3JCNIUA U3 HUX pa3nuyHoro HaszHadeHus (19), (20) mo3BossItOT OTBETUTH HA BOIPOC O
BbIOOpE Haunbojee JOCTOBEPHOM MAaTeMaTHYECKOW MOJEIU YKa3aHHBIX MPOIECCOB, YTO
HEMAJIOBAXKHO [IJIsl MOCTEAYIOMIEro MU(POBOro MX MPOTHO3WPOBAHUS M KAu€CTBEHHOMU
OIIEHKH IKCILTyaTallUOHHBIX CBOMCTB U3y4aeMbIX MaTEPUAJIOB.

[Ipumenenue  pa3pabOTaHHBIX  MHTETPAIBHBIX  KPUTEPUEB  ONTUMAJIbLHOCTHU
MaTEMaTUYECKOTO0 MOJICIMPOBAHUS PETAKCAIIMOHHBIX M J1e(OpPMAlMOHHBIX MPOIIECCOB
MOJUMEPHBIX TEKCTWJIBHBIX MATEpPUAIOB W M3JEIWA W3 HHUX Pa3JIMYHOIO Ha3HAYEHUs
MOKAa3aJI0 11eJ1eCO00Pa3HOCTh MCMOJIB30BAHMS TPHU OIEHKE JKCILTyaTal[MOHHBIX CBOWCTB
TUX MaTepUuajoB BEpPOSITHOCTHOro pacmpenenenus Ko, o6iagaroiiero CBOMCTBOM
aJIUTUBHOCTU XapaAKTEPUCTHK.

A 3TO sBISIETCSI OCOOCHHO aKTyaJbHBIM TMPU HCCIEAOBAHUM SKCIUTyaTallMOHHBIX
MPOIIECCOB MAaTepUaiOB, MPEACTABIAIONIMX M3 Ce0Sl CJIOXKHbIC AJJUTUBHBIC CHUCTEMBI,
KAKOBBIMH SIBJISIFOTCSI MAaT€pUalIbl TEKCTUIIBHOM U JIETKOU MPOMBIIIICHHOCTH.

[IpuBeneHHbIE KPUTEPUH ONTHUMHU3AIMHA PEITAKCAIMOHHBIX M Je(popMarmOHHBIX
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MIPOIIECCOB TMOJHUMEPHBIX TEKCTUJBHBIX MAaTE€pUAIOB M HU3ACIUM M3 HUX Pa3IUYHOIO
HazHadyeHus (19), (20) mo3BOJISIFOT MPOBOJUTH TAKKE OLIEHKY AKCIUTyaTallMOHHBIX CBOMCTB
ATUX MaTepPHUasoB Ha CTAJUU UX IPOCKTUPOBAHMUS.

CrnenyeT TakKe 3aMETUTb, YTO IIpaKTUUECKas peaau3anus pa3pabOTaHHBIX
KPUTEPUEB ONTUMM3AIIUU PEIIAKCAIIMOHHBIX U JIe(POPMAIIMOHHBIX MPOIIECCOB MOJIUMEPHBIX
TEKCTUJIbHBIX MaTepUalioB M W3JEIUd W3 HUX paziauuHoro HaszHaueHus (19), (20)
mpeanonaractT OONbIION 00BEM BBIYMCISHHM, a 3TO BO3MOXKHO TOJBKO Ha OCHOBE
HCITOJIb30BAaHUS COBPEMEHHBIX MU(MPOBBIX KOMIBIOTEPHBIX TEXHOIOTHM.

Bompockl, kacaromuecs pa3pab0TaHHBIX KPUTEPHEB ONTUMHU3AIMN PEIAKCAITMOHHBIX
1 1e(OpMaIMOHHBIX IIPOIIECCOB IMOJUMEPHBIX TEKCTUILHBIX MaTEPHUAIIOB M U3CIIHHN U3 HUX
Pa3IMYHOT0 Ha3HAYCHUs MPUBECHBI B myOnukamusx [14, 17, 23, 28, 40, 41, 46, 48, 51, 55,
60, 61, 63, 69, 70, 73, 80, 82, 85, 92,95,98, 112, 113, 118, 119, 130, 131, 132, 133, 134,
135, 136, 137].

2.8 IlndpoBbie MeTOoABI NMPOrHOZMPOBAHUS W METOAbI CHCTEMHOI0 aHAJIM3a
pPeJIaKCALUH U MOJI3Y4eCTH MOJUMEPHBIX TEKCTHWIbHBIX MATEPUAJIOB M 31Ul
U3 HUX PA3JIMYHOI0 (YHKIHOHAIBHOIO0 HA3HAYCHUA

B nuccepranum npuBeaeHa Takke mudpoBas pean3alys KpUTeprueB KaueCTBEHHON
OIICHKH JKCIUTyaTallMOHHBIX CBOMCTB MOJIMMEPHBIX TEKCTUJIBHBIX MAaTEPUAIOB U W3ACIUN
Y3 HUX Pa3JIMYHOTO HA3HAYCHUS.

[IpoBeneHne KauyeCTBEHHOM OIIEHKH OHKCIUTyaTallMOHHBIX CBOMCTB MOJMMEPHBIX
TEKCTWIBHBIX MATEpHaIOB U M3JCIUM W3 HUX Pa3IMYHOIO HA3HAYEHUS OINMUPAETCS Ha
WCIIOJIb30BAaHNE COBPEMEHHBIX HMH(GOPMAIMOHHBIX TEXHOJIOTHUM C TpPHUBJICYCHUEM
KOMIIBIOTEPHOU TEXHHUKHU.

JIns  mpakTUYeCKOW  peanu3alvd  MPEJIOKEHHBIX  METOAOB  OMpeeicHUs
peNaKCcarMoOHHBIX U Ae(OPMAIIMOHHBIX TTPOIIECCOB MOJUMEPHBIX TEKCTUIIHLHBIX MAaTEPHAJIOB
Y U3 U3 HUX PA3IMYHOTO Ha3HAYEHUS, a TAKKE KPUTEPHUEB UX KAUECTBEHHOU OLICHKHU
ObUIM pa3pabOTaHbl COOTBETCTBYIOIIME KOMIIBIOTEPHBIE aJITOPUTMbI M MHPOrpaMMHOE
oOecIrieucHue.

Ha puc. 6 mnpuBeneH npuMep KOMIBIOTEPHOTO alIrOpUTMa, IO3BOJISIONIETO
OTIPENICNIATh peJaKCcallMOHHbIE M JedOpMallMOHHBIC XapaKTEPUCTUKH TOJHUMEPHBIX
TEKCTWIBHBIX MATEPUAJIOB M U3JACIMN U3 HUX PA3JIMYHOTO HA3HAYECHUA JJISI OLUECHKU HX
Ka4eCTBECHHBIX CBOMCTB.

[IpakTueckoe  NTPUMEHEHHUE  HUHTETPAIBHOTO  KPUTEPHUS  ONTUMAJIBbHOCTH
MaTeMaTHYECKOr0 MOJCIUPOBAHUS peNaKCAIlMOHHBIX M Je()OPMAIIMOHHBIX IPOIECCOB
MOJIMMEPHBIX TEKCTUIIBHBIX MAaTEPUAJIOB U U3ICJIUN U3 HUX PA3IMYHOTO HA3HAUYCHUS TAKKE
HEBO3MOXKHO 0€3 HCIOJIb30BAHMSI KOMIBIOTEPHOW TEXHUKH BBHUAY OOJBIIIOT0 4YHCIA
BBIYMCJICHHUH.

[lopToMy KOMIIBIOTEpHAs peanu3alus KpPUTEPUEB KAYECTBEHHOW  OLICHKU
AKCIUTYaTallMOHHBIX CBOMCTB MOJUMEPHBIX TEKCTUIIBHBIX MaTepUANIOB U U3JIEIUNA U3 HUX
Pa3IMYHOTO HA3HAYEHUSI WrpaeT BAXKHYID POJIb MJid PEIICHUS IIOCTABICHHBIX B
JTUCCEepTallMM 3aJlady — CO3JaHUs TOJHUMEPHBIX TEKCTHJIBHBIX MaTEpHAIOB, 00JIaaroIIuX
OTIpEICJICHHBIM HA0OPOM KaueCTBEHHBIX ()YHKIIMOHATBHBIX M AKCIUTYyaTallMOHHBIX CBOMCTB.
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[Ipudop "Penakcomerp HanpsokeHuii" [Tpubop "Penakcomerp aepopmanuii”

' v

DKkcrepuMeHTaNIbHOE "ceMEeNnCTBO" DKCIEepHMEHTAIbHOE "'CEMEHCTBO"

penakCcaluu MOJI3Y4YCCTH

——

BBoa sxcriepuMeHTaIbHbIX JaHHBIX B DBM

(06paboTKa IKCIICPUMEHTATbHBIX "CEMEHCTB"

peaKcaluy U MON3YYECTH)

l

Bp160p HOpMUPOBAHHOH PENAKCALUOHHON QYHKUNU

u Qynkuuu nonsydectd (HAJI, UB, I'T, K u gp.)

l

Onpeze..eHue napaMeTpoB penakcauuu (£,, £, b,,., f€1 c)

U TTapameTpoB nomsyuectd (L,, Dy, b5, fala)

OnpeaeneHHe KOHTPOJIBHBIX TOUEK U CpaBHeHHe Pe3y/IbTaToB PacyéTa ¢
HaHECEHHE MX Ha SKCTIEPHMEHTAIBHBIC Pa3THYHBIMH HOPMHUPOBAHHBIMH
"ceMeiicTBa" penakcauuy 1 (QYHKLMAMY pEAKCALHH H
TOJ3Y4YECTH T0JI3y4eCTH
Y

JlanbHeimee HCMIOMB30BAHHE PACUETHBIX TAPAMETPOB
PENAKCALMH H TO3YIECTH TS NPOrHO3UPOBAHHA

BA3KOYIIPYTHX COCTOSHUH HCCIEAYEMOro MaTeprajia

Pucynox 6 - Aixroputm nporpammsl st 9BM 1o onpenieneHnto pernakcaluoHHbIX
1 1e(GOpPMAIMOHHBIX XAPAKTEPUCTUK IMOJIMMEPHBIX TEKCTHJIBHBIX MAaTEpUAJIOB U
M3AEJHUN U3 HUX Pa3IMYHOTO Ha3HAYEHUS
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KommnbroTepHas peanuzanusi pa3padOTaHHBIX METOJOB MO3BOJISIET MPOBOAUTH, KAaK
BCECTOPOHHEE HCCIIEAOBAHUE HKCIUIYaTallMOHHBIX CBOMCTB IOJHMMEPHBIX TEKCTHIIBHBIX
MaTepuajioB M H3LAEIAUNA W3 HUX PA3JIMYHOIO HA3HAYEHUS, TAK M OCYIIECTBIATH
MEpPOTPUATHS 110 LIeJICHAIPABICHHOMY TEXHOJOTHYECKOMY 0TOOpY 00pa3lioB MaTepUasoB,
o0JaaroNIMX HaUTy4IIUMU (DYHKIIMOHATIbHBIMU CBOMCTBAMU.

Bonpocel koMIbI0TepHOM peann3auy pa3paboTaHHBIX BEIYUCIUTENIBHBIX IPOTpaMM
OTPaXKEHBI B CBUAETEIHCTBAX O TOCYAAPCTBEHHON peructpanuu nporpamm g OBM [101
- 137].

JIns  rpynmel  TEKCTWIBHBIX ~ MaTepUalioB  (TEKCTUJIBHBIX HHUTEH  Pa3HOro
KOMITOHEHTHOTO COCTaBa U PA3JIMYHON JIMHEMHOM ITUIOTHOCTH; TEKCTUJIbHBIX JIEHT Pa3HOU
JIMHEWHOW IIJIOTHOCTH II0 OCHOBE U IO YTKY; TEXHUYECKUX TKAaHEW Pa3HOU JIMHEHWHOU
IUIOTHOCTH MO OCHOBE M MO YTKY) PAaCCMOTPEHO MNPAKTHYECKOE MPUMEHEHHE METOJIOB
ONpEeNEeICHUs]  PENAKCAlMOHHBIX W JAe(OPMAIlMOHHBIX  MPOLECCOB  MOJMMEPHBIX
TEKCTUJIBHBIX MATEpPUANIOB W W3ACIHM W3 HUX PaA3JIMYHOIO HA3HAYEHHUs, a TaKKe
MIPAKTUYECKOE MPUMEHEHUE KPUTEPUEB KAYECTBEHHOW OLICHKH PEJIAKCAIMOHHBIX U
nehopMaIlMOHHBIX MTPOLIECCOB MOJMMEPHBIX TEKCTUIIBHBIX MAaTEPUANIOB U U3JEIUN U3 HUX
PAa3IMYHOrO HA3HAYECHMS.

Ha ocHOBe MeTO10B OIpeesieHHs PeJIaKCAIMOHHBIX U 1€(OPMaLlMOHHBIX MPOLECCOB
MOJIMMEPHBIX TEKCTWIBHBIX MATEPUAIOB U U3JCIUIA U3 HUX PA3TMYHOTO Ha3HAYCHUS OBLIO
IOPOBEJCHO  OMNpENEICHUE  YHCICHHBIX  PEJaKCalMOHHbIX U Je()OopMallMOHHBIX
XapaKTEPUCTHUK YKa3aHHBIX MaTEPUAJIOB.

Haiinenneie peJlaKcalMOHHbIE u nedhopMalioHHbIE XapaKTEPUCTUKU
UCIIOJB30BAIMCh B KPUTEPHUAX KAYECTBEHHONW OLIEHKM JKCIULYyaTallMOHHBIX CBOMCTB
MOJMMEPHBIX TEKCTUJIbHBIX MaT€pUaliOB U M3IEIUN U3 HUX PA3TUYHOTO HA3HAYEHUS IS
IPOBEJACHNs] YKA3aHHOW KA4eCTBEHHOW OLEHKM OJKCIUIyaTalMOHHBIX CBOMCTB JTHX
MaTepraJIoB.

1o pe3ynbraTaM NpUMEHEHUS KPUTEPUEB KAUECTBEHHON OLIEHKU PEJIAKCAlMOHHBIX U
neOpMaAIMOHHBIX MPOIECCOB MOJMMEPHBIX TEKCTHIBHBIX MaTEPHATIOB U U3AETUI U3 HUX
pa3IMYHOrO0 Ha3HAaueHWs ObUIM  IOJY4YEHbl PEKOMEHJAIMU [0  HalpaBJICHHIM
UCIIONIb30BAaHUSl HCCIEAYEMBIX MaTEpHalioB TOTO WJIM HMHOTO (PYHKIIMOHAIBHOTO
Ha3HAYCHUS.

Bonpockl B uacTM peKOMEHIAIMl 1O TMPOEKTUPOBAHUIO U TPOU3BOJICTBY
NOJMMEPHBIX TEKCTUJIBHBIX MAaTE€pPHajOB M M3ACITUN W3 HUX Pa3TUYHOrO Ha3zHAYCHHS
oTpakeHbl B myOukamusx [2, 4, 7, 10, 32, 33, 36, 38, 43, 54, 58, 66, 74, 79, 81, 90].

[IpumeHeHre  KpuTepueB  KAYECTBEHHOW  OICHKM  PEIaKCAllMOHHBIX U
ne(OpMaLMOHHBIX MPOLECCOB MOJMMEPHBIX TEKCTHIIBHBIX MAaTEpUAJIOB U U3JENUN U3 HUX
Pa3IMYHOTO HA3HAYCHHs OTKPBIBACT MYTH K CO3JAaHMIO O0Jiee KaYeCTBEHHON TEKCTUIIHLHOU
NpOAYKIMH, 00Janaonel 60biIel KOHKYPEHTOCTIOCOOHOCTHIO.

26



3. 3JAK/IIOYEHHUE. OCHOBHBIE BbIBO/IbI

1. Pa3zpaboTaHHble MaTEMATUYECKUE MOJIETHN PEIAKCALMOHHBIX U 1€(DOPMALIMOHHBIX
IIPOLIECCOB TOJUMEPHBIX TEKCTWIBHBIX MAaTEpPHAIIOB U M3ACIUNA HM3 HUX Pa3IM4YHOIO
(YHKIMOHAJIBHOTO HA3HAYEHMs SIBJIAIOTCS. OCHOBOM i pa3palOTKU KayeCTBEHHBIX
KPUTEPHUEB OLIEHKU IKCILTyaTAlMOHHBIX CBOMCTB YKa3aHHbBIX MATEPUAIOB U U3IEIIHM.

2. PazpaboTanHble Ha OCHOBE MaTEMaTHUYECKOI0 MOJCIUPOBAHMS PEIaKCAIIMOHHBIX
U 1e(OpMaAIIMOHHBIX MPOIIECCOB MOIMMEPHBIX TEKCTUIBLHBIX MATEPHUAJIOB U U3JIEIHHA U3 HUX
METO/Ibl ONPEIEIICHHSI TAPAMETPOB-XaPAKTEPUCTUK ITUX MOJENEH MO3BOJISIOT MPOBOINUTH
OLIEHKY 3KCIUTyaTallHOHHBIX CBOKMCTB MU3y4a€MbIX MATEPUAIOB U U3IEIHM.

3. PaspaboraHHble KpUTEpUM KAYECTBEHHOW OLICHKH PpEJIaKCAlMOHHBIX U
nehopMaIMOHHBIX MPOLIECCOB MOJIMMEPHBIX TEKCTUIIBHBIX MAaTEPUATIOB U U3JIETUN U3 HUX
Pa3IMYHOr0 Ha3HAYEHUS MTO3BOJISIIOT TPOBOIUTH OTOOP YKa3aHHBIX MAaTEPUAJIOB U U3/IETUN
[0 KPUTEPUSM HAWIYUIIEr0o COOTBETCTBUSA HUX PEIAKCAUOHHBIX M Ae(OPMAIMOHHBIX
CBOMCTB 3a/IaHHOMY (pYHKIIMOHAIBbHOMY Ha3HAYEHUIO.

4. Pa3paboTaHHble JOKaJIbHbIE U 00OOLIEHHBIE KPUTEPUU OLIEHKH PElaKCallMOHHBIX
U 1e(pOpPMaLIMOHHBIX CBOMCTB MOJIMMEPHBIX TEKCTHJIbHBIX MAaTE€PUAJIOB U U3JIETUN U3 HUX
Pa3IMYHOr0 Ha3HAYEHUs MO3BOJISIOT MPOBOJUTH OLUEHKY (DYHKIIMOHAILHOCTH M3y4aeMbIX
MaTepUaIoOB U U3ACIUN.

5. Pa3paboTaHHble Ha OCHOBE MAaT€MaTUYECKOTO MOJAEIUPOBAHUS METOJIbI
U(GpPOBOro MPOTHO3UPOBAHUSl PEJIAKCALIMOHHBIX U JAe(POPMAIMOHHBIX IPOLIECCOB
IOJIMMEPHBIX TEKCTUJIBHBIX MAaTEPHAIIOB M H3JAEIUNA M3 HUX PA3JIMYHOIO Ha3HAYEHUS
NO3BOJISIIOT C JOCTaTOYHOW CTENEHBIO TOYHOCTH IPOrHO3UPOBATH PEJIAKCALMOHHBIE H
nepopMalMOHHbIE CBOMCTBA YKa3aHHBIX MaTepUalOB U U3EIUH.

6. PazpaGoTanHble HHTErpajbHblE KPUTEPUU MPaBAONOAOOHS MATEMAaTHYECKOTO
MOJICJIMPOBAHUSl PEIAKCAMOHHBIX UM J1e(OpPMAIMOHHBIX MPOIECCOB IMOJIMMEPHBIX
TEKCTHJIbHBIX MaTE€pUalOB W H3ACIUA M3 HUX pPa3IMYHOrO HA3HAYEHUS SBIISIOTCS
TEOPETUYECKUM TMOATBEPKIECHUEM JOCTOBEPHOCTH MAaTEMaTUYECKOIO0 MOJEIUPOBAHMS U
(G pPOBOr0 MPOTHO3UPOBAHUS YKa3aHHBIX MPOIECCOB 3TUX MaTEPHANOB, YTO TaK¥Ke
NOJATBEPKIAETCS KOHTPOJIbHBIM 3KCIIEPUMEHTOM.

7. KommbroTepHasi peanu3aius METOJIOB ONPEIEICHUS TapaMETPOB-XapaKTEPUCTHK
MaTeMaTHYECKUX MOJIEEeH peaKkCallMOHHBIX U 1e()OpMallMOHHBIX IPOIIECCOB MOTMMEPHBIX
TEKCTWJIBHBIX MaTEpPHAIOB W H3ACINKA K3 HUX PA3IMYHOIO HA3HAYCHMS IIO3BOJISIET
ABTOMAaTU3MPOBATh PAacUET YKa3aHHBIX XapaKTECPUCTHK.

8. KomnbloTepHass peanu3anusi JIOKaJIbHBIX W OOOOILUEHHBIX KpUTEPHUEB
KayeCTBEHHON OLIEHKU PEJIAKCAllMOHHBIX U Je(OPMALMOHHBIX MPOLECCOB MOIMMEPHBIX
TEKCTWJIBHBIX MAaTEpUAIOB W M3JEIMM M3 HUX pa3IMYHOTO HA3HAYCHHUS SBIIETCS
NPaKTUYECKUM UHCTPYMEHTOM JUIsl aBBTOMAaTU3HUPOBAHHOIO HAXO0XK/IEHHS PEJIaKCALIMOHHBIX
U 1e()OopMalIMOHHBIX CBOMCTB 3TUX MaTEPUAJIOB.

9. KomneroTrepHas peanu3alys HUHTErPAIbHBIX KPUTEPUEB JOCTOBEPHOCTH
MaTeMaTHYECKOr0 MOJICJIMPOBAHUS PENAKCAUMOHHBIX U Je(OPMALMOHHBIX IPOILIECCOB
NOJIMMEPHBIX TEKCTUIBHBIX MAaTEPHAIIOB M H3JAEIUNA M3 HUX PA3JIMYHOIO HA3HAYEHUS
ABIIIETCSA TPAKTUYECKUM HWHCTPYMEHTOM JUIsi BbIOOpa HawiIydllled MaTeMaTH4eCKou
MOJIEJIN YKA3aHHBIX IPOLECCOB ATUX MATEPUATIOB.

10. IlpakTudeckoe TpPUMEHEHUE JIOKAJIBbHBIX U  OOOOIIEHHBIX KpPUTEPHUEB
KAUEeCTBEHHOM OLEHKH PENAKCAMOHHBIX U J1€(QOpPMALMOHHBIX CBOMCTB MMOJIMMEPHBIX
TEKCTHJIbHBIX MaTepUaoB U U3JEIUN U3 HUX PA3TMYHOIO HAa3HAYEHHS, CITY>)KUT OCHOBOM
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JUTSL TPOEKTUPOBAHUSI HOBBIX MOJIMMEPHBIX TEKCTUIILHBIX MATEPUAJIOB U U3JIENIUN U3 HUX C
3aJlaHHbIM ~ HAa0OpOM  (PYHKIMOHAJIbHBIX  CBOMCTB,  OOJIaalOIIMX  IOBBIIIEHHON
KOHKYPEHTOCTIOCOOHOCTHIO.

11. Bce pa3zpaboTaHHble B AMCCEPTALMKA METOAbl IPOLUIH YCIEUIHYIO anpoOaluio Ha
OTPACIICBBIX MPEANPUATUIX U B MPODUIBHBIX HAYYHO-HUCCIEIOBATEIbCKUX OpraHU3aIrsIX
Cankr-IletepOypra u CeBepo-3amnagHoro peruoHa, 3aHUMAIOIINXCSl POCKTUPOBAHUEM U
MPOU3BOJICTBOM IMOJMMEPHBIX TEKCTHJIBHBIX MATE€PUAJIOB U U3JICIUNA U3 HUX PA3IUYHOIO
(GYHKIIMOHATFHOTO HA3HAYEHUS.
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MaTepUajJoB TEXHUYECKOTO Ha3HaueHusl. CBUAECTEIBCTBO O FOCYAapCTBEHHON PETUCTpAlluU
nporpammsl 1711 OBM Ne 2017660118 ot 14.09.2017

103. Ilepeboposa H.B., Knumosa H.C., Ko3no A.A., bypsk E.A. KauecTBeHHbII
aHanmm3  J1e(hOpMaIMOHHO-IKCIUTYaTal[MOHHBIX  CBOMCTB  TOJUMEPHBIX  TEKCTUIBHBIX

MaTepHanoB TEXHUYECKOro Ha3HaueHUsl. CBUIETENBCTBO O TOCYJAPCTBEHHOM pErucTpaluu
nporpammsl 1711 9BM Ne 2017660122 ot 14.09.2017

104. IlepedbopoBa H.B., Kucenes C.B., UYwuctsaxkoa E.C., Kmumosa H.C.
[IporHo3upoBaHue  penaKkCcalMOHHO-3KCIITYyaTallMOHHBIX CBOMCTB MOJINMEPHBIX
TEKCTHJIbHBIX MAaT€PUAJIOB TEXHUUECKOT0 Ha3HaueHUsl. CBUIETEIHLCTBO O TOCYIapCTBEHHOMN
peructpanuu rnporpammsl 11 9BM Ne 2018612848 ot 01.03.2018.

105. Tlepebopoa H.B., BeperennukoB E.A., Maxkapo A.I'., Kmumora H.C.
[Iporno3upoBanue GyHKIIMOHATBHO-e(HOPMAITHOHHBIX CBOICTB MTOJIMMEPHBIX
TEKCTHJIbHBIX MAaT€PUAIOB TEXHHYECKOTO Ha3HaueHUs. CBUIETEIHLCTBO O TOCYIapCTBEHHOMN
peructpanuu nporpammsel 1t 9BM Ne 2018612843 ot 01.03.2018

106. Tlepedopoa H.B., BeperennukoB E.A., Maxkapo A.I'., Kmumosa H.C.
[Iporno3upoBanue penakcanmoHHO-AehOPMAITHOHHBIX CBOWCTB MOJTUMEPHBIX
TEKCTUJILHBIX MAaTEPUAJIOB TEXHUYECKOTO Ha3HaYeHHsI. CBUIETENBCTBO O TOCYIapCTBEHHON
peructpanuu nporpammsel 1t 9BM Ne 2018612703 ot 22.02.2018.

107. ITepeboposa H.B., Kucener C.B., Uuctsaxosa E.C., Knumosa H.C. IIpoBenenue
CPaBHUTEJIPHOTO aHaJIM3a PEIaKCAIlMOHHO-IKCILTyaTallMOHHBIX CBOMCTB TOJMMEPHBIX
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TEKCTHJIbHBIX MAaT€pPUAJIOB TEXHUUECKOTO Ha3HaueHusl. CBUIETENHCTBO O TOCYIapCTBEHHOMN
peructpanuu nporpammsl 1jist 9BM Ne 2018612704 ot 22.02.2018.

108. Kmumosa H.C., JlurBunoB A.M., Ilepebopoa H.B., Kucenes C.B.
MopenupoBaHrue  AKCIUTyaTallMOHHO-AE(OPMAIMOHHBIX  IPOILIECCOB  IMOJIMMEPHBIX

TEKCTHJIbHBIX MaTepHrasioB. CBUIETENBCTBO O FTOCYJAPCTBEHHON PErucTpaluu nporpaMmel
st O9BM Ne 2021660037 ot 22.06.2021.

109. Kmumosa H.C., JlurBunoB A.M., IlepebopoBa H.B., Kucenes C.B.
[TporHo3upoBaHue  SKCIUTyaTallHOHHO-AC(POPMAITMOHHBIX  MPOLECCOB  MOJIMMEPHBIX

TEKCTHJIBHBIX MaTepHaIOB. CBUAETENBCTBO O TOCYJaPCTBEHHON PETUCTPAllMU IPOTrPaMMBI
st OBM Ne 2021660231 ot 23.06.2021.

110. Kmumosa H.C., JlurBunoB A.M., IlepebopoBa H.B., Kucenes C.B.
KauecTBeHHast OIlCHKA JKCILUTyaTallMOHHO-AS(HOPMAIMOHHBIX IPOIECCOB IMOJTMMEPHBIX

TEKCTHJIbHBIX MaTepHrasioB. CBUIETENHCTBO O TOCYJAPCTBEHHON perucTpanuu nporpaMmmel
st O9BM Ne 2021660224 ot 23.06.2021.

111. Knmumoga H.C., JluteunoB A.M., [Tepedopora H.B., Kucenes C.B. Cuctemusrit
aHaJIN3 DSKCIUIyaTallMOHHO-AE(POPMALIMOHHBIX IIPOLIECCOB IOJUMEPHBIX TEKCTUIIBHBIX
MarepruasioB. CBUAETENBCTBO O TOCYIaPCTBEHHOM perucrpaunu nmporpaMmmsl st OBM Ne
2021660232 ot 23.06.2021.

112. Kmumosa H.C., JlurBunoB A.M., Ilepebopoa H.B., Kucemer C.B.
[IporHocTuyeckas OIeHKa KCIUTyaTalluOHHO-1e(DOPMAIMOHHBIX MPOIECCOB MOTUMEPHBIX
TEKCTHJIbHBIX MaTeprasioB. CBUIETEIHCTBO O TOCYJAPCTBEHHON PETUCTPAIIUU TPOTPAMMBI

it OBM Ne 2021660038 ot 22.06.2021.

113. Kmumosa H.C., JlurBunoB A.M., Ilepebopoa H.B., Kucemes C.B.
Onrumuzarnus JKCIUTYaTallMOHHO-Ie(POPMAITMOHHBIX IIPOIICCCOB MOJTMMEPHBIX

TEKCTUJIbHBIX MaTepuanoB. CBUIETEIBCTBO O TOCYAAPCTBEHHOW PETUCTPALIMU ITPOTPAMMBbI
st OBM Ne 2021660225 ot 23.06.2021.

114. JlutBunoB A.M., KmumoBa H.C., IlepebopoBa H.B., Kozior A.A.
MonenupoBaHue  IKCIUTyaTallMOHHO-PENAKCAIIMOHHBIX  MPOILECCOB  TOJUMEPHBIX

TEKCTUJIbHBIX MaTepuanoB. CBUIETEIBCTBO O TOCYAAPCTBEHHOW PETUCTPALIMU ITPOTPAMMBbI
st OBM Ne 2021660042 ot 22.06.2021.

115. JlutBunoB A.M., Kmumoa H.C., IlepebopoBa H.B., Kozior A.A.
[IporHOo3upoBaHrE  AKCILUTYyaTallMOHHO-PENAKCAIIHOHHBIX  IMPOIECCOB  MOJTMMEPHBIX
TEKCTHJIbHBIX MaTepraioB. CBUIETEIBCTBO O TOCYJAPCTBEHHON PETUCTPAIIUU IPOTPAMMBI

it OBM Ne 2021660036 ot 22.06.2021.

116. JluteunoB A.M., Knumosa H.C., [lepebopoBa H.B., Ko3nos A.A. KauectBenHas
OLICHKA JKCIUTyaTallMOHHO-PEJIAKCALIMOHHBIX IPOLIECCOB IOJIUMEPHBIX TEKCTUIIBHBIX
MatepuasioB. CBUAETENBCTBO O TOCYJaPCTBEHHOM peructpauuu nporpammsl st OBM No
2021660230 ot 23.06.2021.

117. JIntBunoB A.M., Knumosa H.C., ITlepeboposa H.B., KoznoB A.A. CucreMHbIi
aHaJIu3 OKCIUTYyaTallMOHHO-PEIAKCAIMOHHBIX IPOLECCOB MOJHMMEPHBIX TEKCTHIBHBIX
MarepruasioB. CBUAETENBCTBO O TOCYJaPCTBEHHOM perucrpaunu nporpaMmmsl st OBM Ne
2021660041 ot 22.06.2021.
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118. JlutBunoB A.M., Kmumoa H.C., IlepebopoBa H.B., Koznor A.A.
[IporHocTryuecKas OIEHKa IKCILTyaTallMOHHO-PEIaKCAIIMOHHBIX MPOIECCOB MOJIMMEPHBIX

TEKCTHJIbHBIX MaTepHrasioB. CBUIETENHCTBO O TOCYJAPCTBEHHON PerucTpanuu nporpaMmel
st O9BM Ne 2021660686 ot 30.06.2021.

119. JluteunoB A.M., Kniumora H.C., [Tepe6opora H.B., Ko3nos A.A. Ontumu3zarus
HKCILTYaTallHOHHO-PEIaKCAIMOHHBIX MOJIMMEPHBIX TEKCTHJILHBIX MaTepuanoB.

CBHUAETENBCTBO O rOCYAApPCTBEHHOM peructpauuu mporpammsel 1t O9BM Ne 2021660099
ot 22.06.2021.

120. IlepebopoBa H.B., Barmep B.M., Kmumoa H.C., JlutBuHoB A.M.
MaremaTrnyeckoe MOJETMPOBAHNE PEIaKCAIIMOHHBIX PEKUMOB MOJUMEPHBIX MAaTEPUATIOB.

CBHAETENBCTBO O IOCYJAPCTBEHHOM peructpanuu nporpamMmsl st O9BM Ne 2022661890
ot 28.06.2022.

121. TIlepe6opoa H.B., Barmep B.M., Kmumoa H.C., JlutBuHor A.M.
Matematuyeckoe MoJieTMpoBaHre 1ePOPMAMOHHBIX PEXUMOB IMOJTUMEPHBIX MATEPUATIOB.

CBUIETENBCTBO O TOCYAAPCTBEHHOW peructpaunu nporpammel mist OBM Ne 2022662404
ot 04.07.2022.

122. TIlepebopoa H.B., Barmep B.M., Kmumoa H.C., JlutBuHor A.M.
MaTteMaTuyeckoe  MOJCIUPOBAHUE  BOCCTAHOBUTCIBHBIX  PEKUMOB  IOJMMEPHBIX

MatepuasioB. CBUAETEIBCTBO O TOCYIAPCTBEHHOM perucTpanuu nporpammel s OBM
Ne 2022662683 ot 06.07.2022.

123. Ilepe6opoa H.B., Barmep B.M., Kmumoa H.C., JlutBuHoB A.M.
MatemaTtuyeckoe MOJCIUPOBAHUE BSI3KOYIPYTUX CBOWCTB TMOJUMEPHBIX MAaTE€pPUAJIOB.

CBUIETENBCTBO O TOCYAAPCTBEHHOM peructpanuu nporpammel aiist I9BM Ne 2022661960
ot 28.06.2022.

124. Kmumoa H.C., JlutBunoB A.M., Kwuceaes C.B., Kozmos A.A.
[Iporno3upoBaHue penakCalMOHHBIX PEXUMOB OJMMEPHBIX MaTepuanoB. CBUAETENbCTBO
0 TOCYyapCTBEHHOM perucrpanuu rnporpammsl 17t 9BM Ne 2022662885 ot 07.07.2022.

125. Kmumoa H.C., JlutBunoB A.M., Kuceres C.B., KozmoB A.A.
[Iporuo3upoBanue ne(opMalimoOHHBIX PEKHUMOB MOJIMMEPHBIX MaTepuasoB.

CBHUIETENBCTBO O TOCYAAPCTBEHHON peructpaunu nporpammel it 9BM Ne 2022662191
ot 30.06.2022.

126. KmumoBa H.C., JlutBunoB A.M., Kucenes C.B., KozioB A.A.
[IporHo3upoBaHWe  BOCCTAHOBUTEIBHBIX  PEKHUMOB  IOJHMMEPHBIX  MaTEepUaJIOB.

CBUIETENBCTBO O TOCYAAPCTBEHHOM peructpauuu nporpammel mist I9BM Ne 2022663115
ot 12.07.2022.

127. Kmumoa H.C., JlutBunoB A.M., Kucenes C.B., Koziop A.A.
[Iporno3npoBaHue BSA3KOYIPYTUX CBOMCTB MOJMMEPHBIX MaTepuayoB. CBUAETEIBCTBO O
roCyJ1apCcTBEHHOM peructpanuu nporpammsl 1ist IBM Ne 2022661893 ot 28.06.2022.

128. IlepebopoBa H.B., Barmep B.M., KmumoBa H.C., Tomamesuu A.C.
[Iporno3upoBaHue IKCILTYyaTallMOHHBIX MPOLIECCOB TEXHUYECKUX TKaHEe. CBUIETEIBCTBO
0 rOCyAapCTBEHHOU perucrpanuu nporpammsl 1t 9BM Ne 2023661129 ot 29.05.2023.
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129. TIlepebopoa H.B., Barmep B.M., Kmumora H.C., Tomamesuu 5.C.
[IpornosupoBanue QPyHKIIMOHAIBHBIX MPOLIECCOB TEXHUYECKUX TKaHel. CBUAETENBCTBO O
rocyIapCTBEHHOM peructpanuu nporpammsl 111 I9BM Ne 2023661128 ot 29.05.2023.

130. Ilepe6opora H.B., Baruep B.M., Makapo A.I'., Knmumora H.C. Pacuer
nokKaszareyied KauyeCTBEHHOM OIICHKH Je(pOpMAIlMOHHBIX CBONCTB TEXHHUYECKUX TKaHEH.
CBHIETENBCTBO O rOCYAAPCTBEHHOM pervcrpaunu mporpammsel Juist O9BM Ne 2023663833
ot 28.06.2023.

131. Ilepebopoa H.B., Baruep B.U., MakapoB A.I'., Kmumoa H.C. Pacuer
IIOKA3aTeJled Ka4eCTBEHHOW OLIEHKM PEIAKCALMOHHBIX CBOWCTB TEXHUYECKMX TKaHEH.
CBHUAETENBCTBO O FOCYAApPCTBEHHOM peructpauuu mnporpammsel s O9BM Ne 2023663686
ot 27.06.2023.

132. Ilepe6opora H.B., Baruep B.M., Makapo A.I'., Knumoa H.C. Pacuer
[I0Ka3aTrejaed KadyeCTBEHHOM OLICHKU BA3KOYIIPYIMX CBOMCTB TEXHUYECKUMX TKAaHEH.

CBUIETENBCTBO O TOCYAAPCTBEHHOW peructpauuu mporpammsl 11t OBM Ne 2023663739
ot 27.06.2023.

133. Ilepebopora H.B., Baruep B.M., Makapo A.I'., Knmumoa H.C. Pacuer
[MOKa3aTejel KaueCTBEHHOM OIIEHKH BOCCTAHOBHUTEJIBLHBIX CBONMCTB TEXHUUECKHX TKaHEH.

CBUIETENBCTBO O TOCYAAPCTBEHHOU peructpauuu rnporpammsl 1t 9BM Ne 2023663640
ot 27.06.2023.

134. EropoBa M.A., EropoB N.M., Tomamesuu .C., KnumoBa H.C. Pacuert
[IapaMeTPOB MATEMATUYECKUX MOJEJIEH PEIaKCAllMOHHBIX IPOLECCOB TEXHUYECKUX
TkaHed. CBHUAETENBCTBO O TOCYAAPCTBEHHOW perucTpanuu mnporpammbl s OBM Neo
2023663639 ot 27.06.2023.

135. EropoBa M.A., EropoB N.M., Tomamesuu .C., KnumoBa H.C. Pacuert
napaMeTpoB MaTeMaTHYECKUX MOJIeJied BOCCTAHOBUTEIBHBIX MPOLIECCOB TEXHUYECKUX

TKaHed. CBHAETENBCTBO O TOCYAAPCTBEHHOW pETHCTpanuu nporpammbl 1 OBM Ne
2023664167 ot 03.07.2023.

136. IlepebopoBa H.B., Komoaun A.A., KmumoBa H.C. Pacuer napametpos-
XapaKTEPUCTHUK MATEMaTUYECKUX MOJIENIEH pPEeNaKCAllMOHHBIX MPOLECCOB IMOIMMEPHBIX
TEKCTHJIBHBIX MaTepHaioB. CBUIETENBCTBO O FTOCYJaPCTBEHHON PErucTpauuu nNporpaMmmel
11 OBM Ne 20236638350t 28.06.2023.

137. IlepebopoBa H.B., Komogun A.A., Kmumoa H.C. Pacuer mnapametpos-
XapaKTEPUCTHUK MaTEeMaTHYECKUX MOJIENEeH BSI3KOYIMPYTUX MPOIECCOB MOJIUMEPHBIX

TEKCTUJIbHBIX MaTepuanoB. CBUIETEIBCTBO O TOCYAAPCTBEHHOW PETUCTPALIMU TPOTPaMMBbI
st OBM Ne 2023663839 ot 28.06.2023.
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