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OBILIAA XAPAKTEPUCTUKA PABOTHI

AKTYyaJIbHOCTH TeMbl HccJeqoBaHusi. B ocHoBe mpennaraeMbix MeTOJI0B LU(POBOIA
HSKOHOMHUKHU JUIS TOBBIIIEHUS KOHKYPEHTOCIIOCOOHOCTH NPOAYKLIHMH TEKCTUJIBHON M JIETKOM
npombinienHoctd (TJIII) Ha cragum opraHu3anuu €€ MPOU3BOJICTBA JIEKUT KAYECTBEHHAS
OLICHKAa W CHUCTEMHBI aHanu3 (YHKIHMOHAIbHBIX, MOTPEOUTENbCKUX, SKCIUIyaTAallMOHHBIX U
JIPYTUX CBOWMCTB 3TOM MpOoAyKIuU. TeXHWYECKHUM armapaToM ISl pa3paldaThiBa€MbIX METOJIOB
CIIy’KUT MaTEMaTH4YECKOE MOJECIMPOBAHUE, KOMIIBIOTEPHOE NPOrHO3UPOBAHUE, YHCIICHHBIE
METOJIbl U METOABl ONTUMU3AUN (YHKIIMOHAIBHBIX, 1e()OPMALMOHHBIX, BOCCTAHOBUTEIBHBIX H
penakcalvoHHbIX CBOMCTB MatepuasioB TJIII.

AKTYyalnbHOCTh PabOThl COCTOMUT, MPEXJE BCEro, B HEOOXOJUMOCTH MPOEKTHUPOBAHUS U
CO3MaHMsl HOBOM KOHKypeHTocrocoOHoi mnpoaykuuu TJIIT Poccum, obGnamaromieit 3amaHHOM
(bYHKIIMOHATBHOCTHIO u TpeOyeMbIMH HKCIUTYaTallMOHHO-TIOTPEOUTEIbCKUMU
XapaKTEepPUCTUKaMHU. AKTYaJbHOCTh pelIaeMOW 3aJayl YCHJIMBAETCS TAKXKe IMPOJOJDKAIOIIUMU
CBO€ JCHCTBHE MEXKIYHAPOJHBIMM CAHKLIMSIMU W YYETOM TOrO, YTO 3HAYUTEIbHAs 4YacThb
nponykuuu TJIII sABisercss npoayKUWeW [ABOMHOIO HAa3HAYEHUs W IPEJHA3HA4YEeHA ISt
UCTIOJIb30BaHMSI B LEJAX MOBBIIIEHUS 000POHOCTIOCOOHOCTH cTpaHbl. [lonrMepHble TEKCTUIIbHBIE
MaTepuajbl U KOMIIO3UThI Ha MX OCHOBE CIY’KaT OCHOBOH [JIsi KOPIYCOB KOCMHMYECKHX H
OAJUTMCTHUUECKUX paKeT, MOJBOAHBIX JIOJOK M TJIyOOKOBOJAHBIX ammapaTtoB. CoBpeMeHHOE
apMeiickoe OOMYHAMPOBAHME M CHEIOJEeKJa Pa3IMYHOrO0 HAa3HAUYEHHUs, K (PYHKIHMOHAIBHOCTU
KOTOPBIX MPEIBSBIAIOTCS OIpeeeHHbIe TpeOoBaHus, - 3T0 Toxke npoaykius TJIII. [Tpoxykuus
TJHI ucnonb3yercs B CyJOCTPOCHHM, aBTOMOOMJIECTPOCHHM, MApallIOTOCTPOEHUU U JIPYTUX
00J1aCTsIX TEXHUKH.

[IpoBeneHHbIE HCCIENOBAaHUS BBINOJIHEHBI € y4yeToM '"CTpaTeruu pas3BUTUS JIETKOU
npoMbiiuieHHocTH  Poccun  Ha  mepuon o 2020 roma", cormacHo IlocraHoBieHHIO
[IpaButensctBa Poccun ot 07 aBrycra 2015 r., u (B cocraBe KOJJIEKTHBA anpoOUpPYIOIICH
opraHu3aiuu - YTpasiswoolieil komnanuu "YalKoBCKUIM TEKCTHIIB") TOJYYUIIN BBICIIYIO OIEHKY
HKCHEPTHO-HAYYHOro coolmiecTBa Hamiero rocynapctBa B Buie [Ipemun IlpaBurenbctsa
Poccuiickoit @enepanuu B obmactu Hayku U TexHuku 2019 roga "3a HayyHOoe 00OCHOBaHHE U
pa3pabOTKy HOBBIX MHHOBALIMOHHBIX TEKCTHJIBHBIX MATE€pPUAJIOB, CIELOACKIbl, YHU(DOPMBI U
COBPEMEHHBIX TEXHOJIOTMM WX MW3TOTOBJICHUS JUIsl PEHIeHUs 3a4ad MMIIOPTO3aMEICHUS "
(Pacnopsixenue npaBurensctBa Poccuiickoit @eneparuu ot 29 Hosiopst 2019 . No 2846-p).

Pa3Bute COBpEeMEHHONW SKOHOMHKH CTpPaHbl HEBO3MOXXHO 0€3 MPOEKTUPOBAHUS H
CO3JaHMs  HOBOM  WHHOBanMOHHOW  mpoxaykuuu  TJIII, obnamatomeit  TpeOyembIMU
(GyHKUMOHANBHBIMA CBOMCTBAMH, TaK KaK »93TO CYIIECTBEHHO BIMSET Ha COLHUAIbHYIO,
HPKOHOMHUYECKYI0O M HHTEIJICKTYaJbHYI0 0€30MacHOCTh CTpaHbl, a TaKXKe YKpeIUsIeT ee
000poHOCTIOCOOHOCTH. Pa3BUTHE M MCHOIB30BaHHUE MEPEIOBBIX METOJOB HU(POBON HIKOHOMUKU
JUISL pelieHusl TOCTaBJICHHON 3a/1auu Mo yJydlleHuto kadectBa npoaykuuu TJIII cnocobcTByer
MOBBIILICHUIO €€ KOHKYPEHTOCHOCOOHOCTH, TMO3BOJISAS 3HAYUTENBHO YMNPOCTUTh U YCKOPUTH
IIPOLIECC UMITOPTO3aMEILEHUS.

Huccepraumonnas  padoTa BRNOOHANACE B PAMEKAX  TFOCYJAPCTREHHONOD  3a7aHHA
MunucTepcTBa HAYKH H Beiciiero obpazopanus PO B cdepe HayuHO-TEXHHUCCKOH ACATENBHOCTH
(npoexkr Ne  FSEZ-2020-0005) no 7teme: "Paipaborka MeTOZOB  MATEMATHYECKOTD
MOJCTHPORAHKA M KAYECTRCHHOTD AHANINA BAIKOVIPYIO-TUIACTHYECKHX CROVCTE NMOHMEPHBIX
TEKCTHIBHBIX MATCPHANOE ABOAHOIO, TEXHHYECKOID H MEAHUMHCKOID HATHAYCHHMA € LENLID
MPOSKTHPOBAHHA W3 HHX HOBBIX  KOHKYPEHTOCHOCOOHBIX — WINENMH € YIYHILEHHLIMH
IKCITYATAUHOHHBIMH ¥ QYHKUHOHANBHLIMH XAPAKTCPHCTHRAMH",

Crenenb pa3pa0oTaHHOCTH TeMbl HccJed0oBaHusl. PenieHue 3agaund MOBBILEHUS
KOHKypeHTocnocoOHocTH npoaykuuu TJIII B neproa npoaokeHus ASHCTBUS MEKTyHApOIHBIX
CAHKIIMH, SBJISIETCS OJHOW M3 BaKHEHIIMX MpoOsieM oTpaciau. 3ajadya KaueCTBEHHOW OLIEHKU
IKCIUTyaTallMOHHBIX M (QYHKIMOHATBHBIX CBOMCTB (DPDC) marepmanoB u um3genuit TJIII B
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npouecce MPOEKTUPOBAHKS M OpPraHU3alliy UX ITPOU3BOJICTBA SIBJISETCS BECbMA CIIOKHOM, B CHITY
TOT'0, YTO €€ PELIEHHE MOXKET IPEIOoIaraTh HE TOJbKO 3KCIEPUMEHTAIIBHOE UCCIIE0BAHNE YiKE
UMEIOLIUXCSl 00pa3loB YKa3aHHbIX MATE€pUANOB W HU3JEIMI, HO M MPOBEACHHE OLEHKH HX
(GyHKIMOHANBHOCTHU JJIsl CIIy4aeB, KOTAa YCIOBUS AKCILTyaTallud 3TUX MaTEpHalIOB U WU3JETUH B
71a00paTOPHBIX YCIOBUAX BOCCO3/1aTh JOCTATOYHO CIIOKHO WJIM HEBO3MOXHO. B Takom ciyuae
uccnenoBanue u nporaozuposanne O®IC marepuanos u uzgenuit TJIIT moxer ObITH IPOBEIECHO
TOJIbKO Ha OCHOBE MAaTeMaTHY€CKOI'0 MOJEIMPOBAHUS U KOMIBIOTEPHOTO MPOrHO3UPOBAHUS HX
nu(ppOBBIX aHANOroB. HarisnHeIM mpuMepoM TOMY SIBJISIETCSl M3yYEHHE U MPOTHO3MPOBAHUE
(GyHKIMOHANBHBIX ~ CBOWMCTB, HANpUMEpP, TaKUX TEKCTWIbHBIX MaTepuajioB, KOTOpbIE
NPUMEHSIOTCS IPU APMHUPOBAHUU KOPITYCOB OAIITUCTUYECKUX U KOCMHUYECKUX PaKeT.

ABTOpY auccepTalMi NPHUHAJIEKUT MHHOBALIMOHHAS WJES MPOBEJIECHUS KaueCTBEHHOIO
aHajau3a BUPTyalbHBIX oOpasnoB MarepuanoB u wusnenuid TJIII Ha ocHOBe mnpuMeHEHUS
MHPOPMAIIMOHHBIX TEXHOJOTUMH, a TakXke METOJO0B CHCTEMHOro aHaiau3a. MeTojsl
kadecTBeHHOTrO wuccinenoBanuss ®OC marepuanoB u uznenuit TJIII akTuBHO pa3BUBAIOTCS B
HayyHoil mkosne CIIGI'YIIT/I, Bo3riaBisieMol aBTOpPOM AMCCEPTAIIMM W BHECEHHOW B PEECTP
HAy4YHbIX U Hay4yHO-nieAarornyeckux kol Cankt-IlerepOypra.

[IpoBeneHne KayeCTBEHHOTO aHajiM3a BUPTYaJbHBIX OOpPa3lOB MaTepUalOB U H3JAEIHH
TJIII craHOBHUTCA BO3MOXHBIM B CHIy H30MOpdHU3Ma (B3aMMHO-OJHO3HAYHOTO COOTBETCTBHS)
YCTaHOBJIEHHOTO MEKy KaueCTBEHHBIMHU (DYHKIIMOHAJIBHBIMHU XapaKTEPUCTUKAMH MATEPUATIOB U
m3nenuid TJIII M uX KONMYECTBEHHBIMM OHKCIUTyaTalMOHHBIMU IapaMeTpaMHy, IOJy4aeMbIX
MaTeMaTU4YECKUM MOJEIMPOBAHUEM U KOMIBIOTEPHBIM MPOTHO3UPOBAHUEM HKCILTYaTallHOHHBIX
MPOILIECCOB M3Y4YaeMbIX MaTEpUaiIoB. JTO 3HAYUT, YTO 3ajadya Mo kayecTBeHHOU oneHke DIC
matepuanoB U uzaenuid TJIII Oyner pemena, ecian yaacTcess HATH U30MOPQU3M, CBSI3bIBAIOLIUI
KOJIMYECTBEHHBIE MapaMeTpbl MAaTEMAaTUYECKOM MOJENH JKCILTyaTallMOHHBIX IPOLIECCOB ATUX
MaTepHaloB ¢ UX KauyeCTBEHHBIMH (DYHKIIMOHAJIBHBIMH XapaKTepucTukamu. Hampumep, mpu
MOJIETMPOBAHUM AKCILTYaTAllMOHHBIX MPOLECCOB 3aIUTHON CHELOAEKIbl, MOKHO IMapameTpy,
OTBEYAIOIIEMY 3a MUIACTUYHOCTh U3JIeNus (BEIMYMHE MJIACTUYECKOU AedopMaliuu) MoCTaBUTh BO
B3aMMHO-0/IHO3HAYHOE COOTBETCTBHE KAaYECTBEHHYIO XapakTEepUCTUKY KoMdopTHOcTH. Toraa
ONTUMAIBHYIO (M0 KPUTEPUI0 KOM(POPTHOCTH) F€OMETPUUYECKYIO CTPYKTYPY U KOMIIOHEHTHBIN
COCTaB paccMaTpUBAEMON CHEOJAEK bl MOKHO HAWTU MYTEM ONTHUMH3ALMHU 3KCIUTYaTallMOHHBIX
napamMeTpoB MaTeEMaTH4YECKOM Moze (TI0 KpUTEPUIO HAUOOJIbIIEeH MIACTUYHOCTH).

AHaJOTMYHBIMU HCCJEOBAaHUAMHM B IUJJaHE TOBBILIEHUS KOHKYPEHTOCIOCOOHOCTH
marepuanoB U uzaenuil TJII Ha craguu ee MpPOEKTUPOBAHUS U OpPraHU3alMU MPOU3BOJCTBA B
CIIOI'VIIT]] 3anumanucek emunos A.B., Baruep B.U., Makapos A.I'., EropoBa M.A., Eropos
N.M., llIsankuua A.M., Koo6saxosa O.B., Kimmosa H.C.

Heas padoTsl COCTOMT B pa3paboTke METOAOB HUGPOBON KOHOMHUKH IO TMOBBIIICHUIO
KOHKypeHTocnocoOHocTH mponykiuu TJIII Ha ocHOBe KpUTEpHEB W METOJOB Kaue€CTBEHHOM
OLIEHKHU €€ (PYHKIIMOHAJIbHBIX U 3KCILTyaTalluOHHBIX CBOMCTB.

OCHOBHBIMM 3aJa4aMM MCCIIEJOBaHUS, PELIAEMbIMU B IUCCEPTALNH, SBIISIOTCS:

- pa3zpaboTka METOIOJIOTUM MaTemarudeckoro mojaenupoBanus ®OC maTepuanoB u
n3nenui TJIII;

- pa3paboTka METOJIOJIOTUU YUCIEHHOTO MporHo3upoBaHuss ®OC MarepuaaoB U U3IETUN
TJIIT;

- pa3zpaboTka oreHouHbIX kpurepueB ®IC marepuanos u uznaenuit TJIIT;

- pa3paboTka MeToJI0B cucTeMHOoro aHaiuza ®OC BUpPTyanbHbIX HU(PPOBBIX 00pa3LoOB
MarepuanoB u u3aenui TJIII;

- KOMIIBIOTEpHU3ALMsS METONOB YHUCIEHHOrOo npor’o3upoBanus DPIC martepuanoB u
u3nenun TJIII;

- KOMIIbIOTEpU3aIMsl METOJA0B cucTeMHoro aHanuza ®OC BupTyanbHbIX LU(POBBIX
oOpasioB matepuanoB u uzaenuit TJIII;



- IIOJIy4YEHHE IPAKTHUYECKUX PEKOMEHJIALMK 110 ONTUMAJIBHOW CTPYKType U
KOMIIOHEHTHOMY COCTaBy IIPOEKTHPyeMbIX MarepuanoB u wusgenun TJIII  3amannHOrO
(yHKIHOHAIBHOTO Ha3HAUYEHHUS.

MeTogoaorns o MeTodsl  Hecaerosanun.  [IpopeacHHOe  AHCCEPTALHOHHOE
HCCAEN0BAHKE ONUPAETCA HA COBPEMEHHBIE NPEICTABICHHA, Pa3paboTKH W NONOKEHHA, KOTOPLIE
MPUMEHAIOTCE B MATEMATHYCCKOM MOACAHPOBAHMH, TCKCTHABHOM MATCPHANOBEACHHH W B
cHcTeMHOM  asanuie, Monons3oBanuck TAKKE  PAVIHYHBIE  MHHOBALMOHHBIE  METOLI
MEHEEMEHTE  KAYECTEA  NPOIYKUHH,  ONTHMHIAUKH,  BRIYHCIHTENLHON — MATEMATHEH,
BAIKOYNPYTOCTH NOJIHMEPOR, & TAKKE COBPEMEHHBIE HHPOPMALIHOHHLIE TEXHOIOMHH M METO/bI
HHPPOBOH IKOHOMHKH.

Coorsercrene ancceprauun  [lacnopry wmayamoii coneumaibnocTn. J[lHccepraims

cooTBeTcTRYET nyHkTam [llacnopra wnayunoill cneuwanswocTn 05.02.22 Oprannsanmns
npouisoacTsa (no orpaciaM) BAK Munobpuaykn Pd:

2. Ilil'}[ﬁﬂﬁﬂl‘ﬁﬂ METOOOR H CPCICTR .'Ili]l.'tiﬂ'l'-‘.'l'*rll-}HDr'D NMPHAEICYCHHA H HCNONBIOBAHHA
MATCPHAILHO-TEXHHYCCKHX PECYPCOB B OPraHH3aUHIo NPOHIBOJACTBCHHBIX NPOLECCOB.

3. Paspabotrka METOMOB M CPEACTE  HHMOPMATHIAUHH MW KOMILIOTEPHIALNH
NPOHIROACTRECHHBIX NMPOLSCCOR HA BCEX CTAOHAX.

4. MoaeauposaHHe H ONTHMHIAUHA NPOHIBOACTBEHHBIX NPOLECCOB. JKCNCPTHLIE
CHCTEMB! B OPrAHH3IALHH NPOHIEOICTRCHHBIX MPOUCCCOR.

5. NMossiuenne KavecTsa H KOHKYPEHTOCNOCOOHOCTH NPOAYKLHH, CHCTEMBl KOHTPOIA
Ka4eCTRA M CEPTHRHKALMK NPOIYKLLHH.

10. Paspaborka METOA08 W CPEACTB MOHMTOPHHIA NPOHIBOACTBEHHBIX M COMYTCTRYKOLIMX
NPOLECcCOB.

11. PaspaboTka METOA0BE W CPEACTE NIAHHPOBAHHA M YNPABICHHA NPOHIBOJCTBCHHLIMK
NPOLECCAMH H HX PEIYVIBTATAMM,

Hayunan HOBHIHA AHCCEPTAUROHHON PADOTEI COCTONT B

- paspaboTke HOBBRIX MaTematHueckux smogened O30 marepuanos w wigeanin T,
KOTOpBIE SIBJISIOTCS HEOOXOJUMBIMH JJIsi ONpPEEICHUS KOJIMYECTBEHHBIX SKCIUTyaTallMOHHBIX
XapaKTEPUCTUK 3TUX MaTEPUAJIOB;

- YCTaHOBJEHHUU U30MOppU3Ma (B3aUMHO-OJTHO3HAYHOTO  COOTBETCTBUS)  MEXKIY
KOJIMYECTBEHHBIMH JKCIUTYaTAlMOHHBIMM XapaKTepUCTUKaMU MatepuanoB U usaenun TJIII n ux
KAUeCTBEHHbIMU (YHKIMOHAIbHBIMU CBOWCTBAMM C LEJIbI0 BO3MOXHOCTH MPOBEACHUS
ONTUMM3ALUU ITUX CBOMCTB;

- pa3paboTKe METOJOB UHWCIEHHOTO MPOTHO3UPOBAHUS HKCIUIyaTallMOHHBIX CBOWCTB
BUPTYaJIbHBIX IU(POBBIX 00pa31ioB MatepuanoB u uznenuit TJIIL;

- pa3pabotke oneHoYHbIX KputrepueB D®IC marepuanoB u uspenuid TJII ¢ yuerom
YCTAaHOBJIEHHOTO  HM30MOp(H3Ma  MEXIy  KOJIMYECTBEHHBIMH  OKCIUTyaTallMOHHBIMU U
Ka4yeCTBEHHBIMH (DYHKIIMOHAJIBHBIMU XapaKTEPUCTUKAMU 3TUX MAaTEPUAIIOB U U3/IENINH;

- KOMIIBIOTEPHOH peann3aluy METOA0B YMCIEHHOT0 nporuo3upoBanus ®IC maTepuanon
u u3aenuit TJIILI;

- pa3paboTke MeTOoA0B cucTeMHOro aHanm3za POC BUPTyalbHBIX IU(POBBIX 00pPa3IOB
marepuanoB u usgenuun TJIII;

- KOMITBIOTEPHON peau3aliid METOJOB CHCTEMHOr0 aHajan3a (yHKIMOHAIbHBIX CBOWCTB
BUPTYaJIbHBIX LHU(POBBIX 00pa3oB MaTteprasioB u uzaenuii TJII;

- TNOJYYEHUU MPAKTUYECKUX PEKOMEHJALMKA 10 ONTUMAJIBHOM CTPYKType U
KOMIIOHEHTHOMY COCTaBy IIPOEKTUpPYeMbIX MarepuanoB u wusnenund TJII  3aganHON
(bYHKIIMOHATBHOCTH.

Teopernyeckas 1 NpaKTHYECKAs 3HAYMMOCTb Pa0O0ThI.

Teopernueckass 3HAUYUMOCTh JAMCCEPTAMOHHOW pabOThl COCTOMT B  pa3paboTke
METOJIOJIOTUM U KPUTEPUEB KAYECTBEHHOW OLEHKM (PYHKIMOHAJIBHBIX CBOMCTB MAaTEpUAlOB U
w3nenuit TJITI, xotopas crama BO3MOXXHOW Onarojgapsi MetojamM HU(PPOBONH SKOHOMHUKH T10
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NEepexoy OT HUCCIEIOBAHUN 3KCIEPUMEHTANIBHBIX 00pa3lioB yYKa3aHHBIX MaTEpUaIoB U U3JEIHM
K WX BHUPTyaIbHbIM 1HU(}poBeIM aHasoraM. Kpome Toro, Omarogaps yCTaHOBJICHHOMY
U30MOPPU3MY  MEXKIY KOJMYECTBEHHBIMH  JKCILUTyaTallMOHHBIMM  XapaKTEpPUCTUKAMH U
KaueCTBEHHbIMU (PYHKIIMOHAJILHBIMU CBOMCTBAMM M3y4Yae€MbIX MaTEpHalIOB, CTAJI0 BO3MOKHBIM
IIPOBEJICHNE ONTHMHU3ALMU F€OMETPUUYECKON CTPYKTYpPbl U KOMIIOHEHTHOI'O COCTaBa Ha OCHOBE
pa3pabOTaHHBIX KPUTEPHEB KaueCTBEHHON OLIEHKH ()YHKIIMOHAJIBHBIX CBOMCTB 3TUX MAaTEPUAJIOB.

OcHoBHasl MpakTUYeCKasi 3HAUMMOCTh IPEJICTABICHHOW pabOThl COCTOMT B BO3MOXKHOCTHU
MOJIyYEHHUsI TMPAKTHUYECKUX PEKOMEHIALMM [0 ONTUMAIBHOW CTPYKType ¥ KOMIIOHEHTHOMY
coctaBy mpoektupyembix wuzfaenuii TJIII 3amaHHOro (GyHKIHMOHANIBHOTO HA3HAYEHUS, YTO
CYILIECTBEHHO IMOBBIIIAET KOHKYPEHTOCIIOCOOHOCTh ATHX HM3ACTHI M BHOCHUT BKJAJ B pEIICHHE
3amaud o umnopro3amenieHuto npoxykuuu TJII, 4to 0cobeHHO Ba)XKHO B MEPUOJ JAEHCTBUS
MIPOIOJHKAIOIINXCS MEKTyHAPOIHBIX CAaHKIIUH.

IHos10:xeHNs1, BBIHOCHMbIE HA 3ALIUTY:

- pa3paboranHble HOBbIe MartemaTuueckue mojenun ®OC marepuanoB u mzaenuit TJII,
ABIIAIOIIMECS HEOOXOIMMBIMU  JUIsl  OMNPENEICHHUs] KOJIMYECTBEHHBIX AKCILUTYyaTallMOHHBIX
XapaKTEPUCTUK 3THUX MATEPUAIIOB;

- YCTaHOBIICHHBIH HM30MOP(PH3M MEXAY KOJHMUYECTBEHHBIMH OKCIUTyaTallHOHHBIMU
xapaktepuctukamu matepuasnioB u uznenuid TJIII u mx xauyecTBEHHBIMH (HYHKIIMOHATHHBIMHU
CBOMCTBAMH, IO3BOJIAIOUIMN OCYHIECTBUTH IEPEXOJ] OT HCCIEAOBAHUS OSKCILTyaTallMOHHBIX
XApaKTEPUCTUK - KOJUYECTBEHHBIX MapaMETPOB MATEMATUYECKUX MOJEIEHN - K MOCIEAYIOLEMY
UCCIICZIOBAHUIO (PYHKIIMOHAJIBHBIX CBOMCTB YKa3aHHBIX MaTepHajOB M U3JCIUH — uX
KAaueCTBEHHBIX XapaKTEPUCTUK;

- pa3paboTaHHbIE METOJIbl PACYETHOI'O MPOTHO3UPOBAHUS IKCIUTYAaTAllMOHHBIX MPOLIECCOB
BUPTYaJIbHBIX ITUGPOBBIX 00pa3noB matepuanoB u u3genuii TJIII, mo3Bomsitomue 3aMeHUTH
AKCIIEPUMEHTAIIBHBIE UCCIIEJOBAHUS ONBITHBIX 00pa3lOB yKa3aHHBIX MAaTEPHUATIOB M U3LEIUNA UX
BUPTYaJIbHBIMU LIU(POBBIMU aHAJIOTAMU, YTO CYIIECTBEHHO COKPAILlAa€T TEXHUKO-3KOHOMUYECKUE
3aTpathl, CBA3aHHBIE C BBIIIYCKOM COOTBETCTBYIOIIMX OINBITHBIX MAPTUN MATEPUAIIOB U U3JICIINN;

- pa3paboTaHHblE KPUTEPUU KAYECTBEHHOM OIEHKH (PYHKIIMOHATBHBIX CBOMCTB
MarepuanoB U usgenuit TJIII, cinykamme oCHOBOM I IPOBEACHUS ONTUMU3ALUU CTPYKTYPBI U
OIpe/eNIeHNs HAWIy4IlIero KOMIIOHEHTHOIO COCTaBa MPOEKTHPYEMBIX MATEpUAlOB M W3JETUI
TJIII, 3amanHoro PyHKIIMOHAIBHOTO Ha3HAYEHNS,

- pa3zpaboTaHHbIE METOJIbI CUCTEMHOTO aHanu3a (yHKIUOHAIBHBIX CBOMCTB BUPTYaJIbHBIX
1 poBbIX 00pa3oB MaTepuanoB U u3aenuit TJIII Ha ocHOBE MpUMEHEHUSI METOAOB IU(PPOBOI
HSKOHOMMKHU U COBPEMEHHBIX NH()POPMAIIMOHHBIX TEXHOJIOTHIA;

- pa3paboTaHHBI KOMIUIEKC YHHBEPCAJIBHOTO MPOrPaMMHOrO OOECHedeHUus 1o
KOMIIBIOTEPHON pealu3aluyd METOJOB YHMCIEHHOTO IPOTHO3MPOBAHUS 3KCIUTYaTallMOHHBIX
cBoiicTB MaTepuanoB u uzaenuid TJII, MeTo0B cucTeMHOro aHanu3a (PyHKIIMOHAIBHBIX CBOMCTB
UX BUPTYaJIbHBIX IU(POBBIX 00pa3lOB U METOAOB OINpPEAENICHUS ONTUMAJIBHON CTPYKTYpPBl U
HaWJIy4llIero KOMIIOHEHTHOI'O COCTaBa MPOEKTUPYEMBIX MAaTEPUAIOB U U3AECIUM.

CreneHb /J10CTOBEPHOCTH pe3yJbTaToB. Pa3paboTaHHbie B JucCepTallid METOMAbI
kauecTBeHHOTo aHanmm3a OOC wmarepuanoB u wuzgenuit TJIII Obum ompoGoansl B 3A0
"TEKCTWJIb-MHBECT" B 2019 rony ¢ moarBep:kaeHUEM CBOEH MOJHOW pabOTOCTIOCOOHOCTH.
Ha ocHOBe nmpuMeHeHus: 3TUX METOAO0B ObUIM MOJyYEHBI MPAKTUYECKUE PEKOMEHIALNN B YACTH
npoekTupoBanus Mmatepuano u u3aenuii TJIII, obmanaromux Tpedyemoit GyHKIIMOHAIBHOCTHIO.

Meronbl  KaueCTBEHHOM  OLIGHKM  (YHKIHMOHAIBHBIX  CBOMCTB  MHHOBAIIMOHHBIX
TEKCTWJIbHBIX ~MAaTE€pHaJIOB, CHEIOJCKAbl W YHU(POPMBI C TIEIbI0 TOBBIIICHUS HX
KOHKYPEHTOCTIOCOOHOCTH OBbUIM OMpPOOOBaHbI B BeAyIIell TeKCTWiIbHOM kKommanuu PO VYK
"HallKOBCKMU TEKCTWIb'", TJI€ MOJYYWJIM HAWBBICIIYIO TPABUTEILCTBEHHYIO OIIEHKY B BHUJIE
[Tpemuu IpaButenscrBa B o6mactu Hayku u TexHuku 2019 rona (Pacnopsixenue [IpaBurenscTBa
Poccuiickoit ®eneparuu ot 29 Hosiopst 2019 . No 2846-p).
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Anpobaumn  pesyawTaros  paborsi.  Peayaerarel  auccepranmonHoi  paboTh
AOEMTANBBLTHCE HA HAYYHLIX H HAYHYHO-TEXHHYECKHX EDHEb{‘[]l:FIILHHI PALTHYHEX _}’[?{!E-I{Eﬁ, B TOM
umciae wa: Mesayuapoanoil nayunoi kondepedunn "CoBpeMeHHBIE TCHACHUMK PAIBHTHA
XHMHH M TEXHOAOIMM NOAMMepHeix Marepuanos”, "MemayHapoisoM HAyUHO-NPAKTHYECKOM
cemuHape "BonokHa ¥ BONOKHHCTHE MATEPHAIL CHEUHANLHOTD HadHavenus. Hccnenosanus u
pazpaboTkn”, Memxaynapoanoii  maysno-texunveckoll  kondepenunn  "Hunosaumonnsie
HANPARICHHAA PAIBHTHA HAYEH O TOITHMEPHBIX BOMOKHHCTLIX H KOMITOSHIHOHHBLIX M.E.TE‘[]HH..'EE]‘[",
Memayuapoanoil Hayuno-npakTuyaeckoi kondepenunn "Mogean HHHOBALMOHHOMD PAIBHTHA
TJIN na Gaze wurerpaunn yHupepcuTerckoil saykn # uuaycrpun ObPAZOBAHHE-HAYKA-
MPOHUIBOJACTBO", MemaynapoanoMm HayyHo-TeXHHYecKoM cumnoanyme "Cospemennsie
HHEHEepHBIE npodieMsl Kmouesslx oTpaciaci npomsiunennocth”, "Cankr-llerepbyprexkoi
accamBnen MonoaelX YyueHsX M cneumanucros”, Beepoccuiickoil nayunoil kondepeHuMn
MOTOABRX YaeHsX "Hunoeaunn Mononexnoi Haysu".

ABTOp [MCCEPTAUMOHHOTO HWCCIACNOBAHHA  HEOJHOKPATHO ARAANACE noDeaHTEneM
KOHKYPCOB IPAHTOB, NPOBOAMMEIX KOMHTETOM N0 Hayke W Beiciueid wxone [lpasurenscrsa
Cankr-lTlerepbypra, rpasros PODH, a Takse ona ssnserca naypeatom lpemun [Mpasurenscrna
Pocemitckon Peaepaunn B obnactr nHaykw ® texuuxn 2019 ropa, aaypearom  [lpemun
[Tpasurenscrea Cankr-Ilerepbypra 2016 roga B  oDaacTH  HAYYHO-NEAANOTHYCCKOH
AearensHocTH. Hayunas kona, BOICMABIAEMAN ABTOPOM JMCCEPTALMM, BHECEHA B peecTp
BEAYLIMX HAYMHBIX W HAyuHO-negarornieckny wkon Cankr-lerepbypra.

ABTOp nuccepranuu uMmeet nHaeke Xupia no sepcun PUHIL] paBusiii 41.

ITyosmkanuu. Ilo pesynabraTam aucceprauumoHHoro uccienoBanuss B 2016-2020 rr.
(nmocne 3auTel KaHAaaTckoi auccepraumn) onybaukoeada 141 vayunaa pabora (B TOM wMcne
8 - Oe3 coaRTOPOR), W3 KOTOPLIX 38 - B HANAHHAX, BXOOAIIHX B MEKIYHAPOAHEE Daikl HAYUHOTO
uutuposanus Web of Science wam Scopus, 12 - B peUcHIMPYCMBIX HAYYHBIX HILAHMAX W3
"IMepeans BAK" (e sxomsmmx 8 Web of Science wan Scopus). [lomumo storo, couckarenem
JAPErHCTPHPOBAHO 8] CBHASTENLCTRO O FOCYAAPCTEEHHON perucTpauny nporpams ans JBM s
Deaepaneioii cayade no uHTeekTYANbHOA cobereennocty PO (8 tom wmcne 7 - Oe3
COaBTOPOB).

Crpykrypa n obsem ancceprammn. [lHccepranms cOCTOMT W3 BBEICHHA, NEBATH 114,
JAKMOYMCHHA, CNHCKA JuTepatypsl (322 HauMeHOBaHMA) W ABYX npuaomendi. OcHosHOe
colepanne auccepraumn (De3 cnucKa JIMTEpPATYPRl M NPHIOKEHHil) winomeno ua 263
CTPAHHLAX MAIIHHOTTHCHOTD TEKCTA, WUTKCTPHPOBRAHO 65 pHCYHKAMH H cofepsuT 39 tabnm

COJAEPXAHME PABOTHBI

Bo BBREICHHNM 1AM !,'I‘E-DCHDB&HHE AETYAUTBHOCTH HaYYHOID HANPpaBRICcHAA 1No ],'.'rﬂ'l'pﬂ.ﬁﬂTiﬂ'.'.‘
METOA0B UHIPOBOI IKOHOMHKH N0 NOBLILEHHID KOHKYpeHTocnocobHocTH npoaykuuu TJI na
CTAAHH OPraHHIaAUMH €€ NPOWIBOACTEA, COOPMYIHPOBAHLI CTENEHb pa3paboTaHHOCTH TEMb
HCCNIENOBAHMA, UEAH W JA0a4Y¥  HCCIEA0BAHMSA, METOAONOrHS M METOAL  HCCAEN0BAHHA,
COOTBETCTEBHE aHccepTaumn [lacnopry HaydHOH CNEUMaNLHOCTH, HAYYHad HOBH3IHA padoThI,
TEOPETHHECKAA H NPaAKTHYECKAA IHAYMHMOCTL [IEE'E'I-TH, NIVIOEEHHA, BRIHOCHMEIE HAa FALIHTY,
CTENEHbL JOCTOBCPHOCTH PE3YALTATOR M anpobalHa pesyiabTaTon paboTsl.

B nepsoii raase naerca 0030p AMTEpaTYphl NO TEMATHKE IHCCEPTALIMM, ONHCLIBAKTCA
npodnaeMel, CBAIAHHBIE € NPOBEAEHHEM  KAYECTBEHHHLIX  OUEHOK  PYHKUHOHANBHO-
NOTPEOUTENLCKHX H AKCIAYATAUHOHHLIX CBOHCTE matepuanos TJITT.

Mexannim pemenns 3a1aq B oDNacTH  KAYMECTBEHHBLIX OUEHOK  (PYHKUHOHANBHO-
NOTPeOHTENBCKHY M JKCIUIYaTauHOHHLIX ceoilcTe marepuanor T wocutT xoMnnexcHii,
CHCTEMHBI # MHOrOUeneBoil xapakTep. OH KacaeTes HECKOILKHX HANPABACHMHA MCCIEe10BAHMIL:
OT MNPOBEIEHHA  JKCNEPHMEHTAIBHLIN  HCCIENOBAHHIT 10  paipaboTKH M NPHMEHEHHA
KAYCCTRBCHHBIX H CITHMHZAHOHHBIX KEPHTCPHCR Ei]}’HHLlHDHﬂJIhHE-HDTPEEHTHJIhEHHK H
IKCILTYATAUMOHHBIX CBOMCTE yKazaHHmX Matepuanos. [lposeseHue KauecTREHHBIX OUEHOK
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PyHEIHOHANBHO-NOTPEOHTENLCKHX W JKCTAYaTAUMOHHKIX cBoilcTe matepuanos TJI1 wmeer
B HOC CTRATErHYCCKOC SHAYMCHHE, TaK Kk 3T0 OHO CITYARHT OCHOBORA I8 COAIAHHA MAdTCPHATOR,
obnanawmed Soablieil KOHKYPEHTOCNOCOOHOCThIO,

B rase pacCMaTpHBEANKITCH TAKHE BONPOCH BHCAPCHHA METOIOR I[H:[Ip[m[}ﬁl AKOHOMHEH H
COBRPCMUEHHBLX EOMITBHYTCDHBIX TEXHOMOrHH B NpoBCICHHE KAYCCTECHHBIX CLEHOE
PYHEUHOHANBHO-NOTPEOHTENECKHX W IKCNAYATALHOHHLIX cBOiicTe marepwanos TJI1, «to
NOIBONHCT HAHTYUYIITHM nﬁpﬂ'il‘.l.".l OCYVINECTBHTEL pPEILICHHE NOCTABAEHHON 34049 MOBLIIEHANA

KauecTBa UCCIIENYyEMbIX MaTEPUAJIOB.

Bo BTopoii riaBe paspabarbiBaeTCsi METOAOJOTHS MAaTEMaTUYECKOTO MOAEIUPOBAHUS
AKCIUTyaTallMOHHBIX TIpolieccoB MatepuainoB u uzgenuii TJIII. OcHOBHBIMHU 3KCIUTyaTallMOHHBIMHU
nponeccamu MarepruaiioB u nznennid TJIII aBnsrores penakcanus u nonsydects. i peanuzanuun
BO3MOXXHOCTH  IMPOTHO3UPOBAHMS  JKCIUIyaTAllMOHHBIX  IPOIIECCOB  HEOOXOAMMO UMETh
aJICKBaTHbIE MATEMATUYECKUE MOJEIN YKA3aHHBIX IIPOLIECCOB.

Marepuansl u uzgenus TJII, B cuny cBoell pa3HOOOpa3HOMl MUKPO U MaKpOCTPYKTYPHI,
OTJIMYAIOTCS OT JPYTHX MATEpUaAIOB M M3ICIUN IIHMPOKUM CIEKTPOM CBOUX BO3MOXKHBIX
AKCITYyaTallUOHHBIX CBOMCTB, 4YTO JOJDKHO OBITh YYTEHO Ha CTagud MaTeMaTU4YecKOro
MozenupoBanus. Ilpy sToMmM, MareMarudeckue MOJIEIH, AOCTATOYHO XOPOLIO CIIyXKalue Uit
ONMCaHUs NMPOLECCOB pellaKCalliy U MOJI3Y4eCTH OqHUX Marepuanos u usaenuii TJIII, coBceM He
NOAXOMAAT JUIsl ONMMCAHUS ATUX MPOLECCOB y JAPYTHMX MaTEpHAOB M M3AENUN, JUO0 HpU UX
ONMCAHUU JAI0T 3HAYUTENbHYI0 TOTPEIIHOCTb.

s manpHeunmero pas3utus poccuiickort TIIII, mpousBogdiied U NPOCKTUPYOUIEH
TEKCTUJIBHBIE MaTEpUAJIbl W M3JEIUSA PA3JIMYHOIO HA3HAYEHMs, KaK TEXHUYECKOro, TaK U
ObITOBOr0, HeoOXxoauma pa3paboTKa METOJOB  MOJECIHMPOBAaHUS UM MPOTHO3UPOBAHMS
BCECTOPOHHUX CBOMCTB 3TUX MaTepuasoB U uznenui. [locnennee Bpemsi HaMeTHIIaCh O3UTUBHAS
TEHJCHLIUS KOMILJIEKCHOIO Pa3BUTHUS U COBEPLICHCTBOBAHMS OTEUYECTBEHHBIX Ipou3Boacts TJIII
C YYETOM WMHHOBALMOHHBIX MeTOJ0B M3yueHus ®OC marepuanoB u uznenuit TJIII Ha ocHoOBe
NepeoBbIX NH()OPMAIIMOHHBIX TEXHOJIOTHUM.

[Tocnenyroniee yCKOpeHHE TEXHUYECKOTO M HayYHOTO MPOTpecca, TAKXKE KAK U pelIeHue
3aJ]aud 1O TOBBIIIEHUIO KOHKYpeHTocnocooHocTu npoaykuuu TJII, sBistorcs cBoeoOpazHbIM
JIOKOMOTHUBOM I Pa3paOOTKH HOBBIX WHHOBAIMOHHBIX TEXHOJIOTHI TMPOBEACHUS HAYUYHBIX
MCCJIeIOBaHUN B 4aCTU MOJAEIMPOBAHUS U nocienyrouero nporsosuposanus ®IC matepuanon
u usgenuit. B cuiy ckazaHHOro, akTyaldbHOW sBIsETCA 3ajada pa3pabOTKU  HOBBIX
MAaTEMaTUYECKUX MOJENEN [UI1 ONMCAaHMUS OKCIUIyaTallMOHHBIX IIPOLECCOB KaK HOBBIX
paszpabarpiBaeMbix MarepuanioB u wusnenuit TJIII, Tak W And TOBBIMIEHHWS TOYHOCTH B
ITPOTHO3UPOBAHUY ITUX IPOLECCOB IS YK€ UMEIOIINXCS MaTEPUAIOB U U3ICITUN.

Pa3paboTka mMaTeMaTHYECKUX MOJENEeH peNaKCallMOHHO-3KCIUTYyaTallMOHHBIX IMPOLIECCOB
MartepuanoB u uznenuid TJIII siBnsgercss oHUM K3 TIIaBHBIX 3B€HbEB M3yueHus ®OC yka3zaHHbBIX
MaTepUajOB U U3JEIUH, TaK KaK Ha OCHOBE JTHUX MOJEJIECH MOXHO B IIOCIEAYIOIIEM Kak
IIPOTHO3UPOBATh PEJIAKCALMOHHO-3KCITyaTallMOHHbIE CBOMCTBA MATEPUAIOB U W3ACIIHMM, TaK U
MPOBOJIUTh KAYE€CTBEHHYIO OLEHKY UX PIC.

UccnenoBanue ®IC marepuanioB u uznenuii TJIIT MoXHO OCYIIECTBIATh MOCPEACTBOM
MOJCIIMPOBAHUS U IIPOTHO3UPOBAHMS IBYX OCHOBOIIOJIATAIOIIMX JKCIUTYaTallMOHHBIX IIPOLIECCOB
ATUX MATEPUAJIOB U U3JENHM, B YACTHOCTH: PEIAKCAIMOHHOTO U MOJI3YyYECTH.

IIponieccrl penakcanuy, TakXke Kak M MOJI3y4EeCTH, UMEIOT APYr OT Apyra OTIUYMS IO
CBOEH MPUPOJIE, OJHAKO, TOMOIHSIIOT IPYT Ipyra U SBJSIOTCS B3aUMOOOPAaTHBIMU.

YyuThIBas TO, YTO 3HAYEHUE MOAYJIS penakcauuun E,, = o, / & (rne o, - HANPSDKCHUE, & -

nedopmanus, ¢ - BpeMsl) OrpaHMYEHO CBOMMH acuMnroTamu £y n E :
E_<E _<FE

nmojrydacm, 4YTo I MATCMATHYCCKOIO MOJCIUPOBAHUA PCIIAKCAIIUA MOKHO HCIIOJIB30BaATh
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HEKOTOpbIE HOPMHPOBaHHbIE QYHKIMH (0, allPOKCUMUPYS HWMH YyKa3aHHBIA MOJIYJIb
penakcaIum:

Egr=Ey—(Ey—Ex)Pg- (2)
B kadecTBe HOPMHUPOBAaHHBIX (DYHKIIUH IS amMpOKCHUMAIIUH MOJIYJISI pETaKcaluu B
JCCepTaIMU BEIOUPATUCH:
(p=l+larctg Llni - 3)
2 bn ll
dbyukius HAJI (HopMupOBaHHBIN apKTaHTEHC Jorapudma),
1 t

—in— 2
1 Cln T -
= — e 2dz- 4)
0= _Ioo

¢bynkuua B (uHTErpan BEposSTHOCTH),
1 1 1 4, t

= = == —in—||- 5
@ T — 1+e_Al”; S| 1 ih S in— )
T
yuuma I'T (runepbonutecknii Tanresc) o
f K
p=1-e \T/ - ()

ihyukiuma ©K (Koaspayma).
r.‘:'r_.'lL"L'f.-.' 'hh" i.]'”. 1 _||:, = MAPAMETPE HHTCHCHBHOCTH PCldkCAlHOHREX MPOLHECCOR, .I'|| -
HOPMHPYROLLIEE BPEMA, T - BPEMA PENAKCALHHA.

AHEL]IOI‘I/I‘-IHO IMOJYy4YaroTCA MaTCMAaTHICCKUEC MOJCIIN IJIA IIponecca IMoJI3ydCCTH.

YuuteBas TO, 4TO 3HadeHMe nojammBocth D, =&, /0 OrpaHMdeHO  CBOMMH
acumnTotamu Dy u D, :

Dy<D_,<D_, (7)

MoJlydyaeM, 4YTO JJs MaTeMaTH4eCKOrO0 MOJCIHPOBAHUS TOJI3yYECTH MOKHO HCIIOJIb30BATh
HOpMHUpOBaHHbIE PyHKIMHU @ (3) - (6), aNIPOKCUMUPYST MU YKa3aHHYIO MTOJIATIUBOCTb:

D01:D0+(DOO—D0)¢Jt. (8)

B stom caydae y dbynkuii (2) - (6): bn, a,, 4, k - mapaMeTphl, XapaKTepHU3YIOIIHE
WHTEHCHUBHOCTbD IMOJ3YUYECTH, T - BPEMS MOJI3y4YECTH.

Cnenyer 3aMeTHTh, UYTO MapaMeTphl MPOIECCOB pENaKCAUM U TMOJ3YYECTH HUMEIOT
onpeneneHHbId Guznueckuit cMpicia. Ha ocHOBE ATHX mapaMeTpoB B TJiaBe 5 (A1 peslakcalluu) u
B TmaBe 6 (mig mon3ydectd) OyayT pa3paboTaHbl KPUTEPUH KAauyeCTBEHHOM OIEHKH
COOTBETCTBEHHO PENAKCAIIMOHHO-IKCIUTYaTaI[MOHHBIX H Je(hOpPMAIIMOHHO-3KCIUTYaTallMOHHBIX
CBOWCTB MartepuanoB u n3aenun TJIIL.

B Tperbeii riaBe pa3pabaThIBAlOTCS METOJbl  YHCJICHHOTO MPOTHO3UPOBAHUS
AKCIUTyaTallMOHHBIX MporeccoB marepuasioB W u3aenuid TJIII. OTaenbHO BBIACHSIOTCA THUIIBI
HauoOoee pacpoCTpaHEHHBIX AKCILTyaTallMOHHBIX MPOIECCOB: penlakcaloHHO-
AKCILUTYaTalIMOHHBIA U Je(hOPMAIIMOHHO-IKCTLTy aTaI[AOHHBIN.

UucneHHoe MpPOTrHO3UPOBAHUE DKCILUTyaTallMOHHBIX MPOIECCOB MaTEPHANIOB M U3JETUMN
TJIIT ocymiecTBisieTcss Ha OCHOBE OIPEICTAIONIMX WHTErPaIbHbIX COOTHOIICHUN HEITWHEUHOMN
BSI3KOYIIPYTOCTH  YKa3aHHBIX MaTepuayioB W u3fenuid Ttuna bosbiMana-Bonbreppa ¢
WCIIOJb30BAHMEM  MATEMaTUYECKUX  MOJENEel  pelnakCallMOHHO-IKCIUTYaTallMOHHBIX U
nedopMalMOHHO-IKCIUTYaTallUOHHBIX MPOIIECCOB, MPEIOKEHHBIX BO BTOPOU TJIaBe.
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IIporuosuposanue penaKkCcalMOHHO-IKCIUTYaTallUOHHBIX, nepopmMaloHHO-
DKCIUIYaTallMOHHBIX M  JKCIUIyaTallMOHHO-BOCCTAHOBUTEIBHBIX IIPOLIECCOB MaTEpHalIOB U
uznenunit TJIII nmeer cTparernyeckoe 3Ha4eHHE NMPU ONPEAETICHUH PYHKIMOHATBHOCTH TOT'O WU
“HOTO Matepuana wim uzaenus TJIIL.

C yuderoM CKa3aHHOTO, MHTErPAJIBHOE ONPEIEIAIOLIEE COOTHOLICHUE HEIMHEMHON
penakcaunu marepuasioB u uznenuit TJI umeer Bun:

t
O-t=Eogt_(Eo_Eoo)'jga'(”;:;t—ﬂde ’ (9)
0

AHQJIOTUYHO, HHTETPAJIbHOE OIPEICISIONniee COOTHOIICHUE HEIUMHEHMHOW MOI3y4YecTH
MarepuainoB u uzaenaui TJIII umeer Bua:

t
gt:D05t+(Doo _Do)',[o-ﬁ'¢(’7;t—6’d9' (10)
0
3IleCB: @;t - HHTCTPAJIbHOC AAPO pellakCallur, COOTBCTCTBYIOIICC MaTeMaTHUeCKOUN

MOJICJIN PCIIaKCAIMOHHOT'O ITpOoHccca, q)é_ ; — HHTCTPAJIPHOC AAPO MOI3Yy4CCTH, COOTBCTCTBYIOIICC

MaTEeMaTU4YECKON MOJIEIIN MPOLECCA MOJI3YUECTH, MPEIJIOKECHHBIX B IIABE 2.

[IpoBeneHue HaAEKHOW OIEHKU JKCIUTyaTallMOHHBIX CBOWCTB MAaTE€PUAIOB W M3JEIIHI
TJII xenaTenbHO TPOBOAUTH C  HCIONb30BAaHUE MHGOPMAIIMOHHBIX TEXHOJOTHUH U
KOMITBIOTEPHBIX MporpamMM. OJTO Hauboyiee NPUEMIIEMbId BapUaHT, TaK KakK TIO3BOJISIET C
HanOOJIBIIIEH TOYHOCTHIO MPOBECTH OLIEHKY YKA3aHHBIX CBOMCTB U3y4aeMbIX MaTEPHUAJIOB.

B rnaBe 3 Obui pa3paboTaHbl TakkKe KOMIIBIOTEPHBIE aJTOPUTMBbI MO PAaCYETHOMY
MPOTHO3UPOBAHUIO IKCIUTYaTallMOHHO-PEIAKCAIIMOHHBIX U KCILTyaTaIl[MOHHO-1e(POPMaAIMOHHBIX
rpoueccoB MarepuayioB u uzaenuit TJILL.

HccnenoBanne 3KCIUTyaTAllMOHHBIX CBOWCTB HM3y4YaeMbIX MartepuanoB u uzaenuid TJIII
3aBUCHUT OT OOJIBIIONO YMCIIa BCEBO3MOKHBIX YCIOBHIA:

- OT CTEMEHU TOYHOCTH SKCIIEPUMEHTAIIBHO MOJTYUYEHHBIX JAHHBIX [IPU UCCIIEAOBAHUY;

- OT CTETICHH aJIEKBATHOCTU MaTEeMAaTHUECKOTO U (PU3UIECKOTO MOJICITUPOBAHUS;

- OT CTEIMEHU ONTUMAJIBHOCTH UCTIONIB3YEMbIX MaTEMAaTHYECKUX MOJICIICH;

- OT YJIJa4HOT'0 BHIOOpA METOJIMK PACYETHOI'O MPOTHO3UPOBAHMUSI.

YBeNIUUUTh TOYHOCTh YMCIEHHOTO IPOTHO3MPOBAHUSA SKCIUTYaTAlIMOHHBIX IIPOLIECCOB
u3y4aeMbIx MaTepuanoB 1 uzaenuit TJIIT MokHO pa3TMuHBIMH CIIOCOOAMU, B TOM YHUCIIE:

- WUCTHONB3YyS I WU3MEPEHUU TMPHU TPOBEACHUU HKCICPUMEHTAIBHBIX HCCICAOBAaHUMN
M3MEPUTEIILHOM alnapaTypbl MOBBIIIEHHON TOYHOCTH;

- YBEJIMUMBAs YKUCIIO TPOBOJIUMBIX HKCIIEPUMEHTAIBHBIX UCCIEIOBAHUI;

- TIOBBINIAS PEMPE3CHTATUBHOCTh JKCIEPUMEHTA, MPOBOJS €ro ¢ OOJBIINM YHUCIOM
MaTepHuasoB.

B To e Bpewms, adbTEpPHATUBHBIM CHOCOOOM TMOBBIIIEHHUS TOYHOCTH YHUCICHHOIO
MIPOTHO3UPOBAHUS IKCILUIyaTallMOHHBIX IPOLIECCOB M3y4yaeMbIX martepuanoB u uznenuit TJIII,
MOTYT SIBJISITBCSL METOJIbI, pa3paboTaHHBIE HA OCHOBE MPUMEHEHHS KPUTEPUEB ONTHMAIBHOCTH
MAaTEMaTHYECKOr0 MOAECIUPOBAHUS IKCILUTYATAllMOHHBIX CBOMCTB 3THX MaTEPUAJIOB.

Pa3paboranHble B 4YeTBEPTOil TIJlaBe KPUTEPUU ONTUMAIBHOCTH MAaTEMaTHYECKOTO
MO/JICTTMPOBAHUS AKCILTyaTAlIMOHHBIX CBOMCTB MaTtepuainoB U uzaenui TJIIT HocAT nHTerpanbHbIi
XapakTep M MOTyT OBITh TOJYYEHbl W3 OMNPEACNSIONIMX COOTHOIICHUH, OIMMCHIBAIOIINX
AKCIUTyaTallHOHHBIE TPOLIECCH] YKA3aHHBIX MAaTEPUAJIOB.

Pa3zpabarbiBacmbie KpUTEpUU ONTUMATBLHOCTH MaTeMaTHYECKUX Moenei
AKCIUTyaTallMOHHBIX TIpolieccoB MaTepuaioB W wusnenuid TJIII Obutm co3maHbl Ha OCHOBE
MHTETPAIbHBIX  ONpPENENAMMNX  cooTHoumeHui  bonbimana-BoneTeppa,  MO3BOJISIFOLIMX
MIPOTHO3UPOBATh IKCIUTyaTALlMOHHBIE TPOLIECCHI U3yYaEMbIX MAaTEPHAIIOB.

Ha mnpaktuke peanuzanus KpPUTEPUEB ONTUMAIBHOCTH MAaTEMAaTHUUYECKUX MOJeNeH
AKCILTyaTallMOHHBIX MpolieccoB MaTepuanoB U uzaenuid TJII crankuBaetcs ¢ 0oibuM 00beMOM
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YUCJICHHBIX BBIYHMCIICHHH, B CHJIy YEro BO3pacTacT PoJib WH()POPMAIIMOHHBIX TEXHOJIOTUH, 0e3
KOTOPbIX HE OOOWTHCh TpU  ONTUMAJIBLHOM  MOJICIMPOBAHUM U  MPOTHO3UPOBAHUU
AKCIUTyaTallHOHHBIX CBOMCTB U3y4a€MbIX MaTEPUAJIOB.

OTBET O [IOCTOBEPHOCTHM MPOTHO3UPOBAHUSA  PEIAKCAIMOHHO-3KCILTyaTAlMOHHBIX
npoueccoB MarepuasioB u  uzgenud TJIII  Moxker parb KpUTEpUMd  ONTUMAIBHOCTHU
MaTEMaTHYECKOr0 MOAECIUPOBAHUS ITUX ITPOLECCOB, 3aIMCAHHBINA B BUJIE:

t .
max X ln_ '1 —)mu’l, (11)
1 0.T] T,
rac: T - BCJIMYMHA IMOJHOTIO BPEMCHHU IMPOTHOZUPOBAHUA PCIAKCALIMOHHO-3KCILTYAaTAlITMOHHOT'O
npouecca, ;((ln (¢/7, )) - MHTerpanbHas GyHKIUS KPUTEPHs, KOTOpas UMeeT BUI:

t
t
2| In— |=EyDoy + [ DygEp4—pd0 - (12)
Ts '
0
[IpuBeneHHBIM  KPUTEpPUM  ONTHUMAJIBHOCTHM  MAaTEMaTU4YECKOrO0  MOJEIMPOBAHUSA

penaKkCcalMOHHO-IKCIUTyaTallMOHHBIX MpolieccoB maTepuanoB u uzfaenuit TJIIT (11) momydaercs
u3 ypaBHeHus (9) neneHueM nocineaHero Ha G npu O = CONSt :

t
' —
EyDg + IDO'QEg;t—HdH =1, (13)
0
!/
rJIe: E st = OE &t / 0 (li’l (f / I )) - MIHTETpajIbHOE PEJIaKCAIMOHHOE SPO.
CyTb KpuTepusi ONTUMAIbHOCTH MaTEMaTUYECKOTO0 MOJIETUPOBAHUS PEIaKCallMOHHO-
AKCIUTyaTallMOHHBIX TporeccoB MarepuanoB u wm3faenuid TJIII cocrour B TOM, 4TO, mHpHU
!
HaWJIy4llleM BbIOOpE MHTErpalibHOTO siapa E &t W, COOTBETCTBEHHO, MOJYJI pejaKkcaluu E f >
neBast yacTh ypaBHeHUs (13) uMeeT MUHUMAaIbHOE OTKJIIOHEHHUE OT 3HAUYCHHUS "eIUHULIBI".
. '.:'r_.

- . h — {4
—l—.df-‘:.

I i — 1
adiHga

Pucynoxk 1 - [Ilpumep mnpaktuyeckoro mnpuMeHeHus kputepus (13) onrumanbHOCTH
MaTEMaTUYECKOTO MOJIECIMPOBAHMS PeNlaKCAIIMOHHO-3KCIUTYaTallMOHHBIX MPOLIECCOB MAaTEPUAJIOB
u m3nenuit TJIII ¢ penakcarmonnoit gynkiueit HAJI (a) u ¢ dynkmueit UB (b) mist TekctuimbHOM
noaudUPHON HUTH 83 Tekc

Ha puc. 1 npuBenen nmpumep npakTuueckoro npumMeHeHus kpurepus (13) ontumanbHOCTH
MaTeMaTU4YeCKOTO MOACIMPOBAHUS PelaKCAIMOHHO-3KCILTyaTallMOHHBIX MPOIIECCOB MaTEPUAIOB
u maenuit TJIII ¢ penakcaunonnoi ¢pyunkuueit HAJI (a) u ¢ pynkuueit UB (b) nnst TekcTuinbHOM
oI UPHON HUTH 83 TEKC.
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OTBEeT O JOCTOBEPHOCTH TPOTHO3UPOBAaHUS JAehOpPMaAIlMOHHO-IKCILTyaTaIlMOHHBIX
npoueccoB marepuanioB u  w3aenun  TJIII  ,MokeT pmare KpUTEpUM  ONTHUMAJIbHOCTH
MAaTEMaTHYECKOr0 MOAECIMPOBAHUS YKa3aHHBIX MPOLIECCOB, 3AITMCAHHBIN B BUJIC:

t )
max |\ x| Imn— |—1|—> min, (14)
tGI:O,T:| Tg
rac: T - BCJIMYHUHA ITIOJIHOI'O BpeMCHI/I HpOFHOBI/IpOBaHI/IH I[e(1)OpMaLII/IOHHO—BKCHHyaTaHI/IOHHOFO
nporecca, )((ln (t/ T, )) - UHTEerpajibHask QYHKIMS KPUTEPUs, KOTOpas UMEEeT BUJI:

t
! /
2| In—|=D,Ey + [E gD, ,_4d0. (15)
T, 7
S e, Wi
- [T . - I - —— &
L7 ; .__'t" L " I—'r“'r.-'r'.':: r”'. !.Ii]u "._:'.ll.:'-."'] . —a— 100
l P i —— 132
— 15
e o— - seeenadaMans
s S i T
il S - o Ty
;o - @4 -
e !
h iy
o -2 10 ¥ N H ki 5 ) i v ! Zi el
a b
Pucynok 2 - Ilpumep mnpakTUdyeckoro mpuMeHeHus kputepus (16) onTumManbHOCTH
MaTeMaTH4eCKOro MOJEIUPOBAHUS nehopMalMOHHO-IKCILTy aTaIlMOHHBIX MIPOLIECCOB

matepuanoB u m3nenuit TJII ¢ nepopmarmonnoit pyukmueit HAJI (a) u ¢ dyukaueit B (b) mis
TEKCTUJIbHOM MOAMI(PUPHON HUTH 83 TeKC

[IpuBeneHHBIM  KPUTEPUM  ONTUMAJIBHOCTH  MATEMAaTHYECKOTO  MOJACIHMPOBAHMS
nedopMalMOHHO-IKCIUTyaTallUOHHBIX MporieccoB MatepuanoB u uznaenui TJII (14) nomydaercs
n3 ypaBHeHus (10) geneHrem nocieIHero Ha € TIPU € = CONS? :

t
DyEg +[EggDly.sgd6=1, (16)
0
re: Dé-t =0E, / 0 (ln (t / l; )) - HHTETpaIbHOE 1e(OPMAITIOHHOE SIPO.

CyTp KpuTepus ONTHUMAIbHOCTH MaTeMaTHUYECKOro MOJAEIUpOBaHUs JedopMaIiMoOHHO-
AKCIUIyaTallMOHHBIX TporieccoB MarepuanoB u wusaenuit TJIII cocrour B TOM, uTO, IpHU

4
Hanujydmem BI)I60pe HHTCTpaJIbHOT'O sAapa Do-t H, COOTBETCTBCHHO, ITIOAATIMBOCTH Dat , JICBasd

4yacTh ypaBHeHUs (16) uMeeT MUHUMAaJIbHOE OTKJIOHEHUE OT 3HAaYeHU "eTUHUIIBI".

Ha puc. 1 npuBeneH npumep npakTUUECKOro npuMeHeHus: kpurepus (16) ontumanbHOCTH
MaTEMaTU4YECKOro MOJIEJTMPOBAHMS nepopMaMOHHO-IKCIUTY aTalIHOHHBIX IIPOLIECCOB
martepuainoB u uzaenuit TJII ¢ penakcaunonnoit ¢pyunkuueit HAJI (a) u ¢ pynkuueit UB (b) ms
TEKCTUJILHOM oIud(PUpHOM HUTH 83 TEKC.

[Ipaktuyeckoe npumeHeHue kpurepueB (13) u (16) onTUMaAIbHOCTH MaTEMaTUYECKOTO
MOJICIUPOBAHUSA  PEJIAKCAlMOHHO-OKCIUTyaTalMoOHHbIX  (puc. 1) wu  nmedopManmoHHO-
AKCIUTyaTallMOHHBIX ~mpoleccoB MarepuanoB u  wumsfgenuit  TJIII  (puc. 2) mnoxa3wiBaeT
MPEUMYIIIECTBO penakcanmoHHod u  aedopmanmonnor Qynkumit HAJI mepen UB s
MPOTHO3UPOBAHMSI YKa3aHHBIX MPOLIECCOB TEKCTUIIHLHOM MonmudPpupHOit HUTH §3 TEKC.
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Oto - OeccrnopHbli apryMeHT B mojib3y BblOOopa ¢yukuuun HAJL B kadecTtBe
HOPMHUPOBAHHOW pelaKcalMoOHHON U 1e()OopMalMOHHON (PYHKIMHU MPH OLIEHKE COOTBETCTBEHHO
pEeTaKCalMOHHO-3KCILTYaTalIMOHHBIX 151 nehopMaluOHHO-IKCILTy aTAllMOHHBIX CBOWCTB
TEKCTUIILHOM oaud(PupHOM HUTH 83 TEKC.

Hcnonb3oBanue Ha npakTuke kpurepueB (13) u (16) BO3MOXKHO JHIIb MPU MPUMEHEHUN
WH(OPMAIIMOHHBIX METO0B IU(PPOBOI SIKOHOMUKH U3-32 3HAYUTEIILHOTO 00beMa BEIYUCIICHUH.

B nsaTol rnaBe mnpuBoAATCS pa3pabOTaHHBIE KPUTEPUM KAueCTBEHHOW OICHKHU
pernaKkCcalMoOHHO-IKCIUTyaTallMOHHBIX CBOMCTB MarepuasoB u uzaenuii TJIII. B wactHocTH, ObLTH
pa3paboTaHbl ClieyIoUIe KPUTEPUU KaUeCTBEHHON OLEHKU pelaKCallMOHHO-IKCILTYyaTalluOHHBIX
cBOMCTB MarepuasioB u usnenuit TJIII, mcnosb3yromme napaMeTpbl MaTeMaTUYECKOM MOJEIIN
peTaKCalMOHHO-3KCIUTYaTallMOHHBIX TPOLECCOB MaTepruaioB u uznenuii TJIII.

R1. HWHTeHCHMBHOCTH BOCCTaHOBJIEHUs wmarepuasioB u wu3genud TJIII nocne wux
sKcIutyatauuu. bespasmepHas BemunHa

a;=b,=b,, (17)
XapaKkTEPU3YET CTENEHb MHTEHCHUBHOCTH BOCCTAaHABIMBAEMOCTH MarepuanoB W uznermuii TJIII
II0C/IE UX DKCIUTyaTaluu. Benmuunna ; paBHa mapameTpy CTENEHH MHTEHCHBHOCTH PENaKCalliH,

KOTOPBIM OTBEYAET 3a CBOMCTBA BOCCTAHOBJICHUs ()YHKIIMOHAIBHBIX CBOMCTB ATUX MaTEpPHAJIOB,
a;20.

C YMCHBIICHUCM BCIMYNHBI CZ] , BOCCTAHOBJICHUC MAaTCPHAJIOB IIOCJIC WX OKCILTyaTallun
yckopserca. M, HaoOOpOT, NIpU yBEIWYEHWH BEJIWYUHBI (;, IPOLECCHl BOCCTAHOBJICHUS
MaTCpHUaJIOB IIOCJIC HUX JKCIUIyaTalluu 3aMCIJIAIOTCA. To €CTh, CCIIN > 2;,, TO Marepuai ¢

HOMEpOM /1 BOCCTaHABJIMBAETCS IOCIIE CBOEH IKCIUTyaTaluu ObICTpee, YeM MaTepuai ¢ HOMEpOM
k.

BBenennslii kpurepuili uMeeT 0coOyr0 3HAYMMOCTb, KOTJa HAJ0 OLEHUTb, Ha CKOJIBKO
OBICTPO BOCCTAHABIIMBAIOTCS 3KCIUTyaTallMOHHbIE CBOiicTBa MaTepuanoB U uznenuid TJIII, mocne
UX DKCILUTyaTalUu.

Yacto ObIBaeT BaXKHbIM, 4YTOOBI MaTepuajg IOCIE€ €ro JKCIUTyaTallMu OBICTPO
BOCCTAHAaBJIMBAJl CBOM (DYHKLHMOHAJIBHBIE XapaKTEPUCTUKU M OBbUI TOTOB K MOCIEAYIOLIEH
DKCIUTyaTaluH.

R2. Crenenp BoccTaHaBauBaeMocTH MatepuanoB u wusgenuid TJIII mocne wux
sKcIuTyatanuu. bespasmepHas BenmnunHa
:E—OO (18)

E,+E,
XapaKTEepU3yeT CTEIEHb BOCCTAHABIMBAEMOCTH MarepuanioB u wusnenuu TJIII mocne ux
SKCIUTyaTanuu, o, = 0.

a;

ITpy ManeHbKUX 3HAYEHUAX BEJIMYMHBI (5 , BOCCTAHABIMBAEMOCTh MATEPUAIIOB U U3JIEIIUM
TJIIT mocne ux sKkcrutyatanuu ObiBaeT Oojee mojHoW. M, Ha000pOoT, Mpu OOIBIIUX 3HAYCHHUSIX
BEJIMYUHBI (Y, , BOCCTaHABIMBaeMOCTh MarepuanoB v usaenuii TJIII nmocne ux skcmmyaranuu
ABIAETCA MeHee moyHo. To ecth, ecnMm ;> &y,, TO MaTepual C HOMEPOM 7

BOCCTaHABJIMBAETCS MOCJIE CBOEH dKCIUTyaTalluu 00Jiee MOJHO, YeM MaTepuall C HOMEPOM k..

N3 popmyinsl (18) cneayer, 4To MaTepuan UMEET MOJHOE BOCCTAHOBJICHHE MPU HYJIEBOM
3HAYEHUH MOJYJIs Bs3koymnpyrocta £, =0.

BBenennsiii kputepuii UMeeT 0CO0YI0 3HAUUMOCTb, KOT/Ia TPEOyeTCsl OLIEHUTh, HACKOJIBKO
JIOJITO UCCJIEAYEMbI MaTepruall MOKET COXPAHATh CBOM (PyHKIIMOHAJIbHBIE CBOWCTRBA.

R3. B03MOXHOCTb MHOTOKPAaTHOTO BOCCTaHOBJEHHS MarepuanoB W wu3genud TJIIT B
Mpolecce UX dKCIUTyaraluu. be3pazMepHas BenMunHa
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;=20 (19)
&p

XapaKTEPU3YET BO3MOKHOCTh MHOTOKPATHOI'O BOCCTAaHOBJICHUSI MartepuayioB u usaenut TJIII B

nporecce MX dKCILTyaTaruu, a3 =0 . 3xecs, &, - OKCNCPUMEHTAJILHO MOJyYCHHAs pa3phIBHAs

nedopmManus B IPOLEHTAX, &) - HEKOTOPOE HOPMHpYIOIEe 3HaYeHUe AepopMaluy, HalpHMep,
80 = ]0% .
Jdus  Manelx 3HaueHWd o3, Marepuansl u  uspenus TIII oOiamaror OonbIIEH

CIOCOOHOCTBI0O K MHOTOKPAaTHOMY BOCCTAHOBJICHHIO CBOMX (DYHKIIMOHAJIBHBIX XapaKTEPUCTUK B
npouecce dkcmuryaranyu. M, Hao60poT, npu OONBIIMX 3HAYEHUAX BEIMYMHBI (3, MAaTEpHAJbl U

m3nenus TJIII oGnamaroT manoi CHOCOOHOCTHIO K MHOTOKPAaTHOMY BOCCTaHOBJICHHIO CBOHX
(GYHKIIMOHAIBHBIX XapaKTEPUCTUK B MPOLIECCE IKCILUTYaTalUH.

BBenennsiii kputepuii IMeeT 0COO0YI0 3HAUMMOCTb, KOTJa HAaJl0 OLEHHUTh, KAK MHOTO a3
MOTYT BOCCTaHAaBJIMBaTh CBOM JKCIUTyaTallMOHHbIE CBOWCTBA Marepuanbsl W uznenus TJIII B
MIPOLIECCE IKCILTyaTallUH.

R4. BpemeHnHoe  BOCCTaHOBJIEHHE  (PYHKIIMOHAIBHO-NOTPEOUTEIBCKUX  CBOMCTB
MarepuanoB U usgenuit TJIII mocne ux skcruryaTaldyi. BOCCTAHOBIICHUS MAaTEPUAIIOB U U3IECIUI
TJIIT B mporiecce ux 3KCIUTyaTanuu. bezpasmepHast BennurnHa

-
a,=-% (20)
i
XapakTepusyer BpeMs BOCCTaHaBJIMBAEMOCTH GyHKIIMOHATBHO-MTOTPEOUTEIIbCKUX

XapakTepucTuk MartepuanoB u usgenuil TJIII mocnme mx skcmmyataumu, oy =0. 3peck: ¢ -

HEKOTOpPOE (DUKCHPOBaHHOE 0a30BOE€ BpPEMEHs, MCIOJB3YIOIEECS JUIi HOPMHUPOBaHMS, K
npumepy: t; =600c, Tg - ycpemgHEHHOE pElaKCalMOHHOE BPEMEHs, KOTOPOE MOXKET OBITh

BBIYHCIICHO C TIOMOIIBIO (POPMYITBL:
&£
— 1 ?
fo= L (o de 1)

&,—¢&; g,

rae: & M &, - COOTBETCTBEHHO HIKHAS M BEPXHSS TIPaHMLBl HMHTEpBala HCCIELYEMbIX
nedopmanuii: ¢ ele;, ¢, ].

C yMcHbIIEHMEM  BENMYMHBI  (f,, MAaTE€pHal TIOCIE CBOEH  DKCILTyaTaluH
BOCCTaHaBIUBaeTCa ObicTpee. M, HaoOOpoT, 4yeM OoJblIE 3HAYEHHE y, TEM MEHAJICHHEE

BOCCTaHABJIMBAETCS MATEPUAIT ITOCIIE CBOEH SKCILTyaTallUu.

BBenennslii kpurepuii umeeT 0co0y10 3HAUUMOCTh, KOT/Ia HaJI0 OLICHUTh, KaK ObICTPO WK
Kak MEJICHHO BO BPEMEHHM BOCCTAHABIMBAECTCA TOT WJIM HMHOM MarepHal I0CIe CBOEH
DKCIUTYaTalluH.

RS5. YcroituuBocts mMarepuanoB u uznenuit TJIII k. MHOTOKpaTHOMY BOCCTaHOBJICHHUIO
CBOMX (PYHKIIMOHAJIbHO-TIOTPEOUTENHCKUX CBOWCTB MOCJTE WX OJKCIUTyatanuu. bespasmepHas
BEJIMYMHA

oy =L (22)
E)-E,
XapaKTepu3yeT YCTOMYMBOCTh MaTepuainoB U uzaenuit TJIII k MHOrOKpaTHOMY BOCCTaHOBJICHHIO

cBOUX (PyHKI[HOHAIBHO-MIOTPEOUTETBCKHX CBOMCTB MOCHIE UX IKCIUTyaTaluu, o5 = 0.
Ilpn maneHBbKHMX 3HAYECHUAX BEIMYMHBI (5, Matepuansl W msaenus TJIII obGmagaror

0oJbIIeH YCTOMYMBOCTHIO K MHOTOKPAaTHOMY BOCCTAHOBJICHHIO CBOUX (PYHKIMOHAJIBHO-
MOTPEOUTENILCKUX CBOMCTB TMocie HKcruryaranuud. KM, HaoOOpoT, mpu OONBIIUX 3HAYEHUSX
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BEIIMYMHB (5, Marepuanel u w3genus TJIII oOmamaroT MeEHbIIEH yCTOWYHMBOCTBIO K

MHOTOKPAaTHOMY BOCCTAaHOBJICHHIO CBOMX (DYHKIIMOHAIBHO-TIOTPEOUTENHCKAX CBOWCTB TOCTE
DKCIUTYaTalH.

Uem BblIE YCTOMYMBOCTH MaTepuaioB u wusnenud TJIII k  MHOrokpatHomy
BOCCTaHOBIICHHIO CBOMX (DYHKIIMOHAIHHO-MIOTPEOUTENBCKUX CBOMCTB MOCJE IKCIUTyaTalliu, TeM
MEHBIIIEE BIHMSHUE MOTYT OKa3aTh (DaKTOPhI BHEIIHETO BO3JCUCTBHS HA 3TU MaTepHAIIbI
(TemmnepaTypa, BJIAXHOCTh, paAguanus W T.J.) B IUIAHE CHIDKEHHS HUX BOCCTAaHOBUTEIHHBIX
coiictB. HyneBoe 3HaueHnme BemuuuHbl o5 =( o03HayaeT abGCOMIOTHYIO YCTOHYMBOCTB

Marepuasa K ero MHOTOKpaTHOMY BOCCTaHOBJICHHIO IIOCJIE DKCIUTY aATaLlUH.
HemanoBaxkHyro posib B KauyeCTBEHHOM OLICHKE PENaKCallMOHHO-IKCILUTYaTallMOHHBIX
cBoiicTB MaTepuanoB u uzaenuit TJIII urpaer HopmupoBaHHas penakcanuonHas pynkuus HAJT -
OCHOBA MAaTE€MaTU4YECKOM MOJENM YKAa3aHHBIX CBOMCTB, KOTOpas SIBIIETCSA, B CBOIO O4YEpelb,
UHTerpaqbHOW (QyHKUMeH 1 pacopenenenuss Komm, koropoe o6nagaer CBOHCTBOM
aIIUTUBHOCTHU.
B cuny cka3aHHOro, 4YHMCIEHHBIE 3HAYEHUs I1IAPAMETPOB MATEMAaTUYECKOW MOJEIU

penakcanum u3ydaeMbIX MarepuanoB u mipenmit TJIIIL, a mmenno: E,, E,, b,., 7, Taxxke

JIOJKHBI TIOAYUHATHCS BEPOSITHOCTHOMY 3aKkoHy Komm. Pa3peiBHas xapakrepuctuka &, , XOTA U

HE SIBJIETCS MapameTpoM pernakcanuu marepuanoB u m3aenui TJIII, HO mogumHeHa 3aKoHY
Komm, Tak kak OHO 10CTaTOYHO OJIM3KO K HOPMAIBHOMY.
Orcrona ciemyer, 4To U NPEUIOKEHHBIE B KpuTepuax R1-R5 semuuunnl @, a,, a3, a4,

05 TaK e NOAYMHEHBI 3aKkoHy Kommn.
[TosToMy siBRsieTCs 11€71€CO00pa3HBIM PACCMOTPEHHE HOBOW COCTABHOW pelaKCallMOHHO-

BKCHHyaTaHHOHHOﬁ BCJIIMYNHBI

BKJIFOYAIOLIEH B ce0s BCE BBINICIEPCUHCICHHBIC BEIMYUHBI &, Q,, O3, Oy, (5 U TAKKE
SIBJISFOILEICS pacIipee/ICHHOM M0 BEPOATHOCTHOMY 3aKOHY KoIIi, B CHITy €ro aJInTHBHOCTH.

Y4uTeiBasi CBOMCTBA BEMYUH ), Oy, (3, Oy, 05, MOXKHO YTBEpHKIATh, YTO M UX CyMMa
- BEJIMUMHA Ap MOJKET OBITh TOJIbKO HEOTPHIIATEIHHOM: Ap >().

AnHanu3upysi pacCMOTpeHHble KpuTepuu RI1-RS5 kauecTBEHHOW OLICHKH pelakCcaliOHHO-
AKCIUTYyaTallMOHHBIX CBOMCTB MaTepuanoB U uzaenud TJII, MOXHO 3aMe€TUTh, 4TO IS BCEX
BBEJICHHBIX BEJIMYMH &), (5, O3, 0y, A5, QyHKINOHAJILHBIC CBOWCTBA YKA3aHHBIX MATEPUAIIOB

TEM JIydlI€, 4€M MCHBIINC 3HAYCHUA IIPUHUMAIOT YKA3aHHBIC BCIINMYWHEBI 0{1 ) 0{2 , CZ3, CZ4 , a5 ,
TO €CTh, YEM MCHBIIC 3HAYCHUC COCTaBHOM peJIaKCElHI/IOHHO-BKCHHyaTaHHOHHOﬁ BCINYHNHBI Ap .

Otcrona, HampuMmep, clenyeT, YTO Hawilydmed (yHKIHMOHAIBHOCTHIO OyJeT obOiagarhb
TaKOW MaTepuai, A7 KOTOPOrO pesaKCallMOHHO-3KCIUTyaTallMOHHAS BEJIMYMHA UMEET HYJEBOE
snauenue: A, =0 . Onnaxo, B IPUPOJIE TAKUX MATCPUANIOB HE ObIBACT.

Ananu3upysi CKa3aHHOE, IIOJIy4aeM aHAJIUTUYECKYI0 (OpMy 3alucH JUIsl TEpPBOTO
KPUTEpHs ONTHUMU3ALMUHN PENAKCALMOHHO-IKCIUTYaTallMOHHBIX CBOWCTB MAaTE€pUaJIOB U H3IECIUI
TJII:

N N

DAy Doy +ay +ay +ay +as;) o

el = = A, —> min, (24)
N N

rne: k - HOMep oOpasia Mmarepuana, App - 3HAYCHHE PEIAKCAIMOHHO-OKCILIYaTalMOHHOM

BeJIMYMHBI kK - 1O obOpasma martepuana, N - 00beM BBIOOPKH (YHCIIO B3STHIX 00Opas3IoB), Ap -
YCPEIHEHHOE 3HAUCHUE JIUISl PEIaKCAlMOHHO-OKCIUTy aTallMOHHBIX BEJTMUNH Apk .
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B cnydae xe, eciid Ipu KayeCTBEHHOW OLIEHKE pPEJIaKCAlMOHHO-3KCILTyaTalluOHHBIX
cBoiicTB matepuanoB u u3aenuit TJIII HeoOXOAMMO BBIACIUTH TJIABEHCTBYIOIIYIO POJb OJIHOM
WJTU HECKOJIBKUX BEJIMUYUH U3 MHOKECTBA

A={a;, a5, a3 04,05}, (25)
b0 ke, Ha0OOPOT, POJIb KAKOH-TO OJIHOM WM HECKOJIBKUX BEIWYMH M3 3TOTO MHOXKECTBa
MaJio3HAaYWTeNbHA, TO HaumboJiee YMECTHBIM OyJeT BTOPOM KpUTEPUN ONTHUMHU3ALNHU
pETaKCallMOHHO-3KCIUTYaTallMOHHBIX CBOMCTB MarepuasioB W wu3faenuid TJIII, B KOTOpBIi
BEIIMYUHBL (), O, Q3, Oy, Ol5 BXOIAT C COOTBETCTBYIOIIMMU BecaMu A;, A, Az, A4, As,

MHOKCCTBO KOTOPBIX MOKHO 3aIllMCaTh B BUJIC:
A:{//L]://i’Z’//i_?:ﬂﬂ!/l_S}‘ (26)

Ananutuyeckass Qopma 3amucH BTOPOTO KPHUTEPHUs ONTUMH3ALUHM  PEJIaKCAlMOHHO-
DKCIUIyaTallMOHHBIX CBOMCTB MarepuainoB u uznenu TJII umeer Bun:

N N
A
DA D (Aap+Ayay A5 as + Ay oy + A asy)
k=1 k=1 7 )
= = A — min, 27
~ v ; (27)

rac: A - BerHI/Iﬁ HHACKC y PCIAKCAIMOHHO-9KCINTYaTallMOHHBIX BCJINYHUH A , IOKa3bIBACT, YTO

BEJIMYMHBI ;, O, (3, Qy, O5. BXOAAT B OLICHOYHBIM KpUTEpHH (26) BMECTE CO CBOMMH
BE€CaMH /1], 12, /13, 14, /15

Hapsiny ¢ adHamuTudeckoir QopMoil 3amuMcu  BTOPOrO0  KpUTEpUS  ONTHUMHU3ALUU
pENIaKCallMOHHO-OKCIUTYyaTallMOHHBIX CBOMCTB MarepuanioB u w3aenuin TJIIT (25), ObiBaer
yno0HOW M BekTOpHas (opma ero 3ammcu. Tak, momaras, yto A (25) m A (26) - ectb
MATUMEPHBIE BEKTOPA, MOJIyYaeM BEKTOPHYIO ()OpMY 3allUCH BTOPOTO KPUTEPHUS ONTHUMHU3AILNHU

peNaKCallMOHHO-3KCIUTYaTal[MOHHBIX CBOMCTB MatepuanoB u uzaenui TIIIL:
N

D (A -4)

k=1 = Aﬁ —> min - (28)
N

Takum o0pa3oMm, pa3zpaboTaHHbIE TIEPBBIA W BTOPOW KPUTEPUU ONTHUMH3AINH
penaKkCcalMOHHO-IKCIUTyaTallMOHHBIX CBOMCTB MarepuainoB u uznenuit TJIII BkimrodaroT B cebs,
KaK COCTaBHbIC YACTH, YacTHbIE Kputepuu R1-RS.

CnenoBarenbHO, pa3paboTaHHblE B TJIaB€ S5 KPUTEPUM KAYECTBEHHOW OIICHKHU
pPETaKCalMOHHO-3KCIUTYaTallMOHHBIX CBOWCTB MartepuanoB u wusnenui  TJIII  mo3BonstoT
OLICHUBATh (PYHKIIMOHAJIBHOCTh MATEPHUAJIOB U JaBaTh PEKOMEHAAIMU MO ONTHUMHU3AIMNHN HX
peJlaKCcallMOHHO-3KCIUTYaTallMOHHBIX CBOMCTB C LIEJIbIO MOBBIIIECHUS (DYHKIIMOHATBHOCTH.

B mecroii riaBe mnpuBOASTCS pa3pa0OTaHHbIE KPUTEPUU KAYECTBEHHOW OLIEHKH
nedopMalMOHHO-IKCIUTyaTallMOHHBIX CBOMCTB MaTepuanoB U uznenuii TJIII. B wactHOCTH, OBLITH
pa3zpaboTaHbl CIEQYIOIINE KpPUTEPUU Ka4eCTBEHHOMN OLICHKH nedhopMaIMoOHHO-
DKCIUIYaTallMOHHBIX CBOWCTB MarepuasioB W wm3aenui TJII, wmcnons3yromme mapaMeTpbl
MaTeMaTU4YecKo Monaenu aedOopMallMOHHO-3KCIUTYaTalMOHHBIX MPOLIECCOB MAaTEepUaloB U
m3nenun TJIII.

D.1. HUnrencuBHocth naedopmupoBanuss marepuanoB u uzaenuii TJIII B mporecce ux
AKCIUTyaTauuu. bespasmepHas BenTuynHa

Br=b,=b,, (29)

XapakTepU3yeT HHTEHCUBHOCTH Ae(OPMHUPOBAHNUS MATEPHAIIOB IIPH dKCIUTyaTaunu, f; >0.

[Ipn ymeHblmieHMM Benu4uHBl f3;, nedhOpMHpOBaHHE MaTepualoB B IIpolecce
SKCIUTyaTaluu yckopsiercs. U, Hao0OpOT, Npu yBENUYEHMH BEIMYUHBI [3;, MPOLECCHI
neopMHpOBaHUSL MaTepUajoB B MPOLECCe HUX SKCIUTyaTallMu 3amenssitorca. To ecTh, eciu
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Bix > By, » TO MaTepuan ¢ HOMEpOM 71 Je(pOPMHUPYETCs IPH CBOCH DKCILTyaTaluy ObICTpee, YeM

MaTepuasn ¢ HOMEpOM K.
OTOT KpUTEpUil UMeeT 0CcOoOYyI0 3HAUMMOCTh, KOTJa Ha/l0 OLEHUTh, HA CKOJBKO OBICTPO
MOXET POXOAUTH AehopMupoBaHue MatepuaioB u uzaenuit TJII B mporecce ux sKCIuTyaTarum.
D.2. Crenenp nedopmupyemoctu wmatepuasnoB u wu3zaenuit TJIII B mpouecce ux
AKCIUTyaTauuu. bespasmepHas BeIuuruHa

D
Pr=—"""— (30)
D,+ D,
XapakTepu3yeT CTeneHb nedopmupyeMocTn MatepuanoB u wmsaenuii TJIII B mpomecce
sKcIuTyaTanud, 5, 0.

[Ipn ManeHbKHMX 3HAYCHMSAX BEIMYUHBI [3,, 1e(OPMUPYEMOCTb MATEPHAIIOB M HM3IEIUH

TJIIT B mporecce WX SKCIUTyaTtanuu ObiBaeT Oosiee monHOM. M, HaA000poT, mpu OOIBIINX
3HAUCHUSAX BEMMYUHBI [3,, nedopmupyemocts MmarepuanoB u mzaenuii TJIIT B mporecce ux

3KCIUTyaTalluy sBISeTCs MeHee mosHol. To ects, ecmu S5, > [, , TO MaTepuaia ¢ HOMEPOM 7

nedopMUpyeTCsl B MMPOLIECCE CBOEH IKCIUTyaTanuu 0oJiee TMOTHO, YeM MaTeprall C HOMEPOM K..
N3 popmysl (30) cneayeT, 4To MaTepual UMEET MOJIHOE 1e(pOPMHUPOBAHKE TIPH HYJICBOM
3HAUCHHHN Ha4YaIbHOH ynpyroi noparnmusoctu Dy = 0.

DTOT KpUTEPHIA UMEET 0COOYIO0 3HAUMMOCTD, KOT/Ia TpeOyeTCsl OLIEHUTh, HACKOJIBKO MOJTHO
UCCIIelyeMBI MaTepuanl MOXeT 1e(hOopMUPOBATLCA MIPU CBOEH AKCILTyaTalii. Yem MeHee MOJIHO
MOMKET JACPOPMHPOBATLCE MATEpHAN (HANPHMEP, OJCKIa), TeM MeEHee¢ KOM(pOpTeH OH npH
'.’I'HEI].'I}'H'[HLI.HH.

D.3. BoamokHOCT MHOMOKpaTHOTO JedopMMposanns marepuanos W winenwii TJII »
NMPOLECCE HX FKCTTYATAlLHA, EE?-FJH"-I-ME].’?I]IHH BETHYHHE
_%

B = (31)
':T,':'
XAPAKTEPHIYET BOIMOKHOCTE MHOTOKPATHOMD aedopMupoBanna Matepuanoe v winenwii TJII B

NPOLECCE HX IKCIUTYATALHH. 3neck: ﬂ..ﬁ = JHAMCHHE PAIPBIBHOMD HANDAKCHHA, Fq - HEKOTOPOL

(PHKCHPOBAHHOE IHAYEHME HANPAKEHHS, NPHMEHAIOWIEECH 118 €r0 HOPMUPOBAHKA, HANPHMED,

Ilpn ManeHbKHX 3IHAYCHHAX BEnHuMHbl ff; marepmans u wanenun T obnanawr

Ooabliel  cnocoDHOCTRIO  BLUAEPHHBATE MHOTOKPATHBIE ASOPMALMOHHLIE BO3IACHCTBHA B
npouecce ceoell dxkcnayatauun. M, waoGopor, npu GOnbIIMX IHaveHwsx  BenwuUuHb [T
marepuansl ¥ wiaenns TJITN obaanaot manod cnocobHOCTRIO BBIEPAHBATE MHOTOKPATHLIE
AeQopMALMOHHBIE BOSACHCTEHA B NPOLECCE CBOCH 3IKCILTYATALHM,

Fror KpuTepwilt umeeT 0co0YI0 3HAYHMMOCTB, KOILA HANO OUEHHTE BOIMOMKHOCTH
HCCNIEIYEMOTD  MaTepHana MHOTOKPATHO BeUICPEHBATE NeOpPMALHOHHLIE BOYISACTEHA B
NPOLEcee CBOCH IKCIUTYATALIHK.

D.4. Bpemenusie aedopmaunoHnsie BofedcTeHd Ha marepHansl W winenws TJII s
NPOLECCE HX MECTLTYATALIHH, HE'EI]'.'IH']-ME]JHHFI BCITHYHHA

B, =2 (32)
J
XAPAETEPHIYET BPCMA .'IE{I]GDHHU.HGHH'DF{T BOIIEHCTEMA HA MaTepHan MpH 3ECTTYATALIHH, 3nech:
[; - BenMuMHa Ga30BOTD BPEMECHH, NPUMEHACMOTO IS HOPMHPOBAHHA, Hanpumep, [ =600 ¢,

T, - YCPEIHEHHOE 3HAYCHHE JeQOPMALMOHHOID BPEMEHH, PACCHMTHIBAEMOTO M0 CHSLYHILEH
popmyne:
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o9 ,"%"” rd % (33)

o,—0 o,
27 01/00

T, =

rac: GI n 02 - COOTBCTCTBCHHO HWXKXHAA W BCPXHAA TpaHUIBI HMHTCPBAJIa MCCICOYCMbBIX
Hanpsbkenuit: o €[, 0,], f,20.

C ymeHblueHHeM BenuuuHbl [3,, Marepuan ckopee pedopmupyercs B Ipolecce
skciuryatanuu. W, HaoGopoT, deM Ooibmie 3HaueHue [3,, TeM MeUICHHee MaTepHal

nedopMUpPYETCsI B MPOLIECCE IKCIITYaTaI|H.

BBeneHHbIl KpuTepHil IMEET 0CO0YI0 3HAYMMOCTh, KOTJIa HaJI0 OLIEHUTh, KaK OBICTPO HIIN
KaK MEJUICHHO BO BpeMeHHM JedopMUpyeTcss TOT WJIM WHOM Marepuana B IHpolecce CBOeH
IKCILTY aTallHH.

Eciu B kauectBe MarepuanioB u uzaenuid TJIII BeiOupaeTcst oaexna, TO MpU MEHBIIMX
3HaYEHUAX O, OHA ObICTpee AedopMupyercs, odecreunBas OONBIINK KOMPOPT IIPH €€ HOCKE.

D.5. YcroituuBocTth MatepuanoB u uzaenuit TJIIT k MHOrokpatHoMy 1eOpMHUPOBAHUIO B
IpoLecce uX dKCIuryarauuu. bespazmepHast BenuunHa

Ps = % (34)
o] o
XapakTepPU3yeT yCTOWYMBOCTh MarepuanoB u  u3genud  TJIII k= MHOrokpatrnomy
ne(popMUPOBAHHUIO B IIPOLIECCE UX AKCILTyaTarmy, S5 =0 .

[Ipn MaleHBKHMX 3HAYCHUSX BEJMYMHBI 5, Martepuansl u m3penus TJIIT oGmagaror

OonblIeH YCTOMYMBOCTBIO K MHOTOKPATHOMY J1€(OPMHUPOBAHUIO B MPOLECCE MX IKCILUTyaTalUH.
U, nHaoGopor, npu OonbIINX 3Ha4YCHUsAX BenuuuHbl S5, Matepuans! u usnenus TJIIT obnanaoT

MEHbIIEH YCTOMUYNBOCTHIO K MHOTOKPATHOMY J1e(hOPMHUPOBAHUIO B IPOIIECCE UX IKCILTYaTaI|H.
Yem Bble yCTOMYMBOCTH MaTepuanoB u wm3genmuit  TJIII k  MHOrokpatHomy
Ne(OPMUPOBAHUIO B IPOLECCE MX HKCIUTyaTallMM, TEM MEHbIIEE BIMSHUE MOTYT OKa3aTh
(akTOphl BHEUIHETO CHJIOBOTO U Ae(POpPMALMOHHOIO BO3ACUCTBUS HAa 3TH MaTepuaibl B IJIaHE
CHIDKCHMSI MX (yHKUHOHAIbHBIX cBOWcTB. HyneBoe 3naueHne [s =() o3HauaeT abCOIIOTHYIO

YCTOMYMBOCTH MaTepurasa K MIOBTOPHOMY J1€(pOPMHUPOBAHUIO.

Takxe, Kak B Cllydae Kauye€CTBEHHOM OIIEHKH pPEIaKCAllMOHHO-3KCIUTyaTallMOHHBIX
npoueccoB MarepuasioB W uznenuit TJIII, HemanoBaxHyr pOJb B KAaYECTBCHHOM OLIEHKE
ne(hOpMaIMOHHO-IKCIUTYaTallMOHHBIX ~ CBOMCTB  MarepuasioB u m3aenuid  TJIII  urpaer
nedopmannonnas ¢yukuuss HAJI - ocHOBa maTeMaTWuecKoW MOJIENTH yKa3aHHBIX CBOWCTB,
KOTOpas SBJISIETCS, B CBOIO Oouepeib, MHTerpaibHOM dyHKIMeH pacnpenenenus Koiu, kotopoe
XapaKTEPU3YETCs] CBOMCTBOM aJIIMTUBHOCTH.

B cumiy cka3aHHOro, 4YHMCJIEHHBIE 3HAYCHUS IapaMETPOB MaTEMAaTUYECKOM MOJEIU

IOJI3y4eCT! n3ydaeMblx MmatepuanoB u mapermuit TJIN, a umenno: D,, D, b, ., 7, Takxe

JOJDKHBI ITIOJYUHATHECA BECPOATHOCTHOMY 3aKOHY Komm. PaBpBIBHaH XapakTepuctuka o, , XO0TA U

HE SBJIICTCS IapaMeTpoOM MoJ3ydecTH MarepuanoB u usnenuid TJIII, HO mogumHeHa 3aKkoHY
Koy, Tak Kak OHO JTOCTaTOYHO OJIM3KO K HOPMAIbHOMY.

Orcrona cnenyer, uyro B kpurepusx D1-D5 semmumust f;, S,, B3, P4, Ps Toxe
HOIUUHSIOTCS 3aK0Hy Korin.

B cumity CKa3aHHOTrO, [EIeCO00pPa3HO PacCMOTPETh HOBYIO COCTABHYIO 1e()OpPMAIHOHHO-
SKCIUTYaTallHOHHY IO BETHIHHY

By =0+ B+ B3+ By + Ps. (35)
BKJIIOYAIONIYI0 B ce0s Bce BbILIENepedncicHusie Benuuuusl f;, B>, B3, By, Bs n Takke
SIBIISIFOLILYFOCS PACTIPE/ICIICHHOM 110 BEPOSITHOCTHOMY 3aKoHy Koriu, B CHITy €ro aJyIMTHBHOCTH.
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YuursiBas coiictsa Benuuut S, 35, B3, By, Bs, MOXKHO yTBEpKIaTh, 4TO U UX CyMMa
- BelnuuHa B; MOXKeT OBITh TONBKO HEOTpHIATENbHOI: B, = 0.

AHanuzupys paccMoTpeHHble kputepun D1-D5 xauecTBeHHOW OLEHKU Je(OpMAaLMOHHO-
SKCIUTyaTallMOHHBIX CBOMCTB MarepuanoB u u3menuit TJIII, MOXKHO 3aMeTHTh, 4YTO ISl BCEX
BBEJICHHBIX BenuuuH [, [, B3, By, P, QyHKIHOHAIbHBIE CBOWCTBA yKAa3aHHBIX MATEPHAIIOB

TEM JIydIlle, YeM MEHBIINE 3HAUCHHs NPHHUMAIOT yKa3aHHbIe Benwuunsl [, B>, B3, By, Bs,
TO €CTbh, YeM MEHBIIIEC 3HAUCHHE COCTABHOM JIe()OpPMALIMOHHO-IKCILTYaTallMOHHON BEIIMYUHBI B .

Otcroma, Hampumep, CleayeT, YTO Hauiydmied (yHKIIMOHAIBHOCTHIO OyaeT 00J1anath
TaKoW Marepual, JUisi KOTOporo AedhopMaliOHHO-IKCIUTyaTal[MOHHAs BEJIMYMHA UMEET HYJIEBOE
3HauyeHue: B, = (. Onnako, B IpHPOJE TAKUX MAaTEPHAIOB HE OBIBAET.

AHanmm3upysi CKa3aHHOE, IIOJIy4aeM aHAIUTUYECKYI0 (GOpMy 3alucH ISl TIEPBOTO
KPUTEpHUsT ONTHMH3AINH J1e(HOpMaIMOHHO-IKCILTYyaTallMOHHBIX CBOHCTB MAaTepUATIOB U HM3CIIHMA
TJIT:

N N
D By 2 (B + Bok + B + Bak + Bsi ) o
k=1 _ k=l = B; — min » (36)

N N
rae: k - HoMep oOpasua marepuana, By - 3HaueHHe eOpMalMOHHO-IKCILTYaTal[MOHHOM

BEIMYMHBI K - TO oOpasua Marepuana, N - 00beM BBIOOPKH (YMCIIO B3ATHIX 00pasuos), B, -
YCPEAHEHHOE 3HaueHue s ie(OopMallMOHHO-IKCILTyaTallHOHHbIX BENUYUH By .
B cayuae ke, ecnu Npu KayeCTBEHHOW OIEHKE AeQOpMalMOHHO-IKCILTYaTallMOHHBIX

cBoiicTB MatepuasioB u u3aenuii TJIII HEoOX0oAMMO BBIIETUTH TVIABEHCTBYIOIIYIO POJb OJHOM
WJIM HECKOJIBKUX BEJIMYMH U3 MHOKECTBA

B={8;. 5. Bs. By, Bs (37)
1160 ke, HaoOOPOT, POJIb KAKOM-TO OJHON HIIM HECKOJBKHX BEJIMYMH M3 DTOr0 MHOKECTBA
MaJIO3HAYMTEIbHA, TO HaWbOJee YMECTHBIM OyIET BTOPOH KPHUTEPHH ONTHMH3ALHH
nehOpMaIMOHHO-IKCIUTYaTAllMOHHBIX  CBOWCTB MarepuanioB u wu3nenmii TJIII, B KoTopbId
Benmmuussl B, B, B3, By, Bs BXOIAT ¢ COOTBETCTBYIOIMMHU BecaMu A;, A, Az, A, As,

KOTOPBIE MOYKHO 3alMCaTh B BUJIE:
A={2;, 25,23, 4, A5} (38)
AHanutuueckass ¢gopma 3amuCHd BTOPOTO KPUTEPHUS ONTUMHU3ALMH JehOpMalliOHHO-
AKCIUTyaTallMOHHBIX CBOMCTB MaTepuasioB u uznenuit TJIIT umeer Bux:

N N
A
DB DBty Pox+ A3 Bak + Ay Bu + s Bsi)
k=1 _ k=1 = A" — min, (39)
N N P

rae: A - BepXHUH MHIEKC Yy Je(OpMalMOHHO-IKCILTyaTal[MOHHBIX BEIMYUH B, IOKa3bIBaeT,
uto Benuuussl B;, B, B3, P4, s BXOIAT B OLEHOUHBII KpuTepuil (38) BMecTe co cBOMMU
B€CaMH /1], 22, /13, 24, 25

Hapsiny ¢ ananutuyeckoir (OpMOH 3amucH BTOPOTO KPHUTEPHUS  ONTHMH3AINH
nedopMalMOHHO-IKCIUTyaTallUOHHBIX CBOMCTB MmatepuanioB u wuzfaenuit TJIT (39), OwiBaer
ya100HOM 1 BEKTOpHAas ¢opMa €ro 3amucu.

Tak, nonarast, uro B (37) u A (38) - ecTh MATUMEPHBIC BEKTOPA, MOTy4aeM BEKTOPHYIO

dbopMy 3amucH BTOPOTO KPUTEPHUS ONTHMH3ANUU J1ehOPMAIMOHHO-IKCIUTYaTAIlMOHHBIX CBOWMCTB
MarepuanoB u m3aenun TIIIL:
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Iﬁ:}(/lk By)

=Bj—>min- (40)
N

Takum o0pa3om, pa3zpaOoTaHHbIE TIEPBBIA W BTOPOW KPUTEPUU ONTHUMH3AINH
nehOpMaIMOHHO-3KCIUTYaTAIlMOHHBIX CBOMCTB MaTepuanoB u m3aenuit TJIII Bkirouaror B ceds,
KaK COCTaBHbIC YAaCTH, YacTHbIE Kputepuu D1-DS35.

CnenoBarenbHO, pa3paboTaHHble B TJlaBe O KPUTEPUM KAYeCTBEHHOW OIICHKHU
nehOpMaIMOHHO-IKCIUTYaTAIlMOHHBIX  CBOMCTB MarepuanoB u wsaenuit TJIII mozBomsitor
OIICHUBAaTh (PYHKIIMOHAIILHOCTh MaTEPUAJIOB M JaBaTh PEKOMCHIAIMHA IO ONTUMHU3AIMMH WX
ne(hopMaIIMOHHO-3KCIUTYaTallMOHHBIX CBOMCTB C LIEJIbI0 MOBBIIIECHUS (DYHKIIMOHATBLHOCTH.

B ceapmol riaBe paccMaTpuUBarOTCS METOJAbl YHUCJIECHHOTO ONPEACNICHHS] CIEKTPOB
BPEMEH penakcaluu U 3amna3fpiBaHus MmartepuasnioB U wuzaenuit TJIII. 3HaHue crexkTpos
pelaKcauuy W 3ama3/JblBaHUs IO3BOJSIET OTBETUTh HA HEKOTOPHIE BOIPOCHI, CBS3aHHBIE C
MPOTEKAHUEM PEJIAKCAIMOHHBIX U Je(OPMalMOHHBIX MPOIECCOB. B YacTHOCTH, OHU JalOT
OTBETHI HA BOIPOCHI O CKOPOCTHU U JUIUTEIBHOCTH MPOTEKAHUS YKa3aHHBIX IPOLECCOB.

B rmaBe paccMOTpeHBl Takke METOAbl TpadUUYecKOro IMOCTPOEHUS KPHUBBIX CIIEKTPOB
BpPEMEH pellakcaluu u 3amas3apiBanus marepuanoB u usgaenuid TJIII. Tlo dopme 3TuX KpHUBBIX
MOXHO TakKXe MOJyYUTh MHGOPMAIMIO O MPOTEKAHUM PEJIAKCAIMOHHBIX U Je()OpMallMOHHBIX
nporeccoB MatepuanioB u uzaenuii TJIII, a, ciegoBaTenbHO, M 0 QYHKIIMOHATBHOCTH YKa3aHHBIX
MaTepuaos.

B rnaBe pemaercs 3amada ONpenciieHUs AHAIUTHYECKUX BHJIOB CIEKTPOB BpPEMEH
penakcauuy W 3amna3iblBaHUs MO MHTErPaJIbHBIM SIIPAM PEIAKCAIMA W TMOJ3Yy4eCTH C
HopMmupoBaHHBIMU GyHKIUIMU HAJI u I'T.

O yHKIMOHAIIBHO-PEJIAKCALIMOHHBIE CBOKMCTBA MarepuainoB U msaenun TJIII orpaxarorcs

MHTCTPAJIBHBIM AAPOM PCJIAKCALUU Fgp, CBA3b KOTOPOT'O CO CIICKTPOM pelIaKCalluu H &7 MOKCT

OBITH BhIpaXkeHa (opMyII0ii:
o0

7 —1x _ _
J.Hg;-e dx =—=ry, (4D
0
KOTOpas COOTBETCTBYeT mpeoOpasoBanuio Jlammaca, rie pelmakcalMoOHHBIH cmektp H o7
BBICTYIIACT KaK OPUTHMHAJL, @ PENAKCAIMOHHOE AP0 7 - KAK H300paXKeHHe.

[TpubnkeHus: HOPMUPOBAHHOTO PENAKCAIIMOHHOTO CIIEKTpa MOXKHO IOJYyYUTHh 10
bopmynam:

- awg , —
Hi="8 =g =rg|l | 42
Sint Dt ﬂt:? (42)

npu k=1 u

e 1 dH;_

Hy=Hy1=— d1k~]§ : (43)

N N l=(k-1)F

npu k> 2.

I'paduueckas ¢popma npUOTMKEHUNH  PEIAKCAIIMOHHOTO  CIEKTpa  TEKCTUIILHOMN
nonudpupHO HUTH 83 TEKC MpuBEIEeHAa Ha pHUC. 3, U3 KOTOPOro BHJHO, YTO Tpaduku
PEJTAKCAITMOHHOTO CIEKTPa B MEPBOM U B JCCSITOM MPUOIIKEHUSX TOCTATOYHO OJU3KH APYT K

APYTY.
910 IMpoucxoauT BBHAY TOIO, 4YTO HpI/I6JII/I)KeHI/I$I PCIaKCAllUOHHBIX CIICKTPOB Hk

JOCTAaTO4YHO 6BICTpO CXOOATCA K CBOMM NPCACIbHBIM 3HAYCHUAM H &7 » KOTOPBIC M SBJIIOTCA

HMCKOMBIMH PEJIAKCAIlMOHHBIMU CIIEKTPAMH.
Ha puc. 3 ucnons3oBana jgorapudpMudeckas mkajia NpuBeI€HHOTO BPEMEHU
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LAY LY L) By L

Te n Te h
KOTOpas B HESABHOM BHJE COJIEPKHUT Ae()OPMALMOHHYIO (DYHKIIHIO fg]g = ln(t] / 2'8), KOTOpas

(44)

18°

OTBCYACT 34 I[G(bOpMaI_II/IOHHO—BpeMCHHYIO AaHaJIOT'HIO.

001 14 005 -
H, ¢/
0,04 - "‘,
0,015 - /'\
Illl
0,03 - .! \
001 - ‘; h )
0,02 4 I v
|'IlI Iq..
0,005 - i
001 < i
T 3 T
0 —t——t—t—+—1 In 0 ', . { in—
60 40 - ] W 4 0 T 0 -10 ] 10 0 g
Pucynok 3 - Ipaduueckas  dpopma Pucynox 4 - I'paduueckas  ¢opma

OpUOMIDKEHUH  PENaKCalMOHHOTO  CHEeKTpa MNpHUOIMKEeHUH AeQOopMalMOHHOTO  CIIEKTpa
TEKCTHJIbHOM MOAMA(PUPHOW HUTH 83 TEKC TEKCTWIbHOM mnonuddupHO HUTH 83 TeKC
(mepBoe mpubmmxenue H; - cromnas nunus, (mepBoe mpudamwkenue Qg - CIUIONMIHAS JIMHHUS,
necsitoe npubnmxenue Hyg - myHKTHp) necsitoe npuodamkenne Qg - MyHKTHP)

B cuny ckazaHHOro, MOXHO CYMTaTh, YTO PENAKCALMOHHBIE CHEKTPBI SIBIISIIOTCA
00OOIIIEHHBIMH, TO €CTh COOTBETCTBYIOT BCEMY HAYallbHOMY JIMAlla3oHy JACHCTBUS
HEpa3pymarmero aeGopMUpOBaHMs, HAa KOTOPOM MPH MAaTEMaTUYECKOM MOJCIUPOBAHUU
peraKkCalMOHHBIX MTPOILIECCOB MPUMEHSIACH AehOpMallMOHHO-BPEMEHHAS AaHAJIOTUSI.

PenakcannoHHble CHEKTpbl € OOJBIION TOYHOCTHIO OMHUCHIBAIOTCS CBOUMH TMEPBBIMU
NpUOTMKEHUSIMU, B CUJIy TOTO, YTO BCE MX CIEAYIOUIME MPUOIMKEHUs JOCTATOYHO OBICTPO
CXOIATCS K IIPEACIIBHOMY 3HAYEHUIO PEIAaKCALMOHHOIO CIIEKTPA, YTO YIIPOILAET 3a1ady.

Takum o0pa3oMm, penakCallMOHHBIE CIEKTPhl 3aBHUCAT OT OJHOTO E€IWHCTBEHHOTO
napamMeTpa MaTeMaTHUYecKOM MOJENM  peJakcalud -  CTPYKTypHOro  Kod(duiumeHTa
VHTEHCUBHOCTH penakcauuu b, ., KOTOpBII BMecTe C BHIOpaHHOW HOPMHPOBAHHOU

penaKkcanuoHHON QyHKIHUENH (., MOTHOCTBIO 33/1aI0T X Pacpe/ieIeHHeE.
CTpyKkTypHBIA KO(QQUUMEHT b,. , B CBOIO OYepelb, YHCIEHHO paBeH Jorapudmy

HOPMHUPOBAHHOI'0O BPCMCHH MOJYypCIaKCalluh, TO CCTb BPCMCHHOMY TIICPUOAY pCIIaKCalluU
IMOJIOBMHBI 4YaCTUL MaTcpHraa. I[pyrI/IMI/I CJIOBaMH, ITIOJIOBHMHA PCIIAKCAIIMOHHOTO IIponccca ¢

nedopMalieii £, OCYIECTBISETCS 33 BPEMS [ € [t',t"] , TIe ln(t’/ 2'5) =-b,,. , ln(z‘" 2'5) =b,, .

OyHKIMOHATBEHO-AePOpMAIOHHBIE CBOMcTBa MaTepuanoB u u3aenuii TJIII orpaxatorcs
MHTETPATbHBIM SIPOM 3ala3/blBaHHUs 7y, CBA3b KOTOPOIO CO CIEKTPOM 3ala3/bIBaHUsA Qﬁ
MOXET OBITh BBIpaXKeHa (POpMyJIOii:

o0

Iga?'e_tx‘dx:%:Vm’ (43)

0 dt
KOTOpasi COOTBETCTBYET MpeodpazoBanuio Jlammaca, rae cnekTp 3amna3ablBaHus QO.; BBICTYIIaeT
B POJIM OPMTHHAJIA, & S/IPO 3aMa3AbIBAHUS ¥y BBICTYINAET B POJIH N300paKEHHS.

[TpubnxeHuss HOPMUPOBAHHOTO AeHOPMAIMOHHOTO CIIEKTPa MOJyJaroTes 1Mo hopMyiam:
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=_70l _ »' :; , 46
Sint Pot oTt:? (46)
npu k=1 u
- 1 dO,_
O = k-1 =7 d1k~] % : (47)
- DTl —(k-1)7
npu k> 2.

I'papuueckas ¢opma mnpuOIMKEHUN  1ePOPMAIMOHHOTO  CHEKTpa  TEKCTUJIbHOMN
nonudGupHO HUTH 83 Tekc mnpuBeAeHa Ha puc. 4, Ha KOTOPOM BHIHO, UYTO TpaduKH
ne(hOpMAaLIMOHHOTO CIIEKTPa B EPBOM U B AECSITOM MPUOIMKEHUSIX TOCTATOYHO OJIM3KH.

OTO HPOMCXOAWT BBUAY TOTO, YTO HPHOMIDKEHHS Ie(GOpPMalMOHHBIX CIEKTpoB ()

JOCTAaTO4YHO 6BICTpO CXOOATCA K CBOMM NpCACIbHBIM 3HAUYCHUAM ng, KOTOPBIC U ABJIAIOTCA

HUCKOMBIMH J1e(hOPMAITMOHHBIMU CIIEKTPaMHU.
Ha puc. 4 wucnonp3oBana mnorapudmudeckas oO0O0OIICHHas IIIKajda HOPMHPOBAHHOTO
BpEMEHU

t t t t
Ih—=In—+In-L=ln—+ 1,

To h To h
KOTOpasi B HESIBHOM BHUJIE COJEPKUT CUJIOBYIO (YHKIIUIO fU]G = Zn(tl / Z'O_), OTBEYAIOIIYIO 3a

(48)

19°

CHJIO-BPEMEHHYIO aHAJIOTHIO.

B cuny ckazaHHOro, MOXXHO CUMTaTh, 4YTO Je(OpPMAIMOHHBIE CIEKTPHI SBISIOTCS
O0OOIICHHBIMH, TO €CTb COOTBETCTBYIOT BCEMY HadaJlbHOMY JMana3oHy JAeWCTBUs
HEpa3pyLIAOLIEro HamnpsyKeHUs, Ha KOTOPOM IIPpU MATEMAaTUYECKOM  MOJEIUPOBAHUU
ne(hOpMAaLIMOHHBIX MTPOLIECCOB MPUMEHSIIACH CUIIO-BPEMEHHAs aHAJIOTUSI.

JedbopmanoHHble CHEKTPbl ¢ OONBIIONH TOUHOCTHIO MOTYT OBITh OMHCAHbI HaWJEHHBIMU
NEPBBIMU MPUOIMKEHUSMHU, B CHJIy TOTO, YTO BCE UX CIEAYIOIIME MPUOIMKEHHUS JOCTaTOYHO
OBICTPO CXOIATCSA K TMPEAETbHOMY 3HAYCHHIO 1e()OPMAIMOHHOTO CHeKTpa. Tak Kak IepBbie
npuOIKeHus:  1eOpMallMOHHBIX  CHEKTPOB  ONPENENSIOTCA  3HAYEHUSIMU  CTPYKTYPHBIX
K03 HUIHEHTOB HHTEHCUBHOCTH MON3YUYECTH b, , TO 3TO yIPOLIACT PELICHHE 3a1aUH.

CrpyxTypHbiii ko3 duimestr b, ,, B CBOIO Ouepellb, UYUCIEHHO DaBeH Jorapudmy

HOPMHUPOBAHHOTO BPEMEHH MOy 1e(hOpMUPOBaHUs, TO €CTh BpEMEHH, 32 KOTOpPOoe 1e(hOpMUPYIOT
MOJIOBUHA YaCTUIl MaTepuana. J[pyruMu cioBaMM, MOJIOBMHA AePOPMALMOHHOrO Ipolecca ¢

Harpy3Koi O, OCyIIECTBIIIETCS 3a BpeMs [ € [l",t"] ,rae (1)1, )==b,q, In(t"/7,)=b,).

B BocbMoOJi ri1aBe ONMUCHIBAaIOTCS pa3pabaThiBacéMble METObI MPOBENEHUS CHUCTEMHOTO
aHain3a (PYHKIMOHAJIBLHO-PEIAKCAMOHHBIX U (YHKIHMOHAIbHO-AE(OPMALIMOHHBIX CBOMCTB
MarepuaioB u u3aenui TJIIT.

KayecTBeHHO OIEHUTh (YHKIMOHAIbHO-PEIAKCAIIUOHHBIE CBOMCTBA MaTEpHUaJOB U
uznenuii TJIIT MOXXKHO TOJIBKO ¢ MPUMEHEHHEM COBPEMEHHBIX MH(POPMAIIMOHHBIX TEXHOJOTHH C
MO3UIIMI CUCTEMHOTO aHaln3a yKa3aHHBIX CBOMCTB. Ha (QyHKIMOHATBHO-penaKcalmoOHHbIE
CBOMCTBA M3ydaeMblx MarepuanoB 1 uzaenuid TJIIT oka3piBatoT BIMSHUE MHOXKECTBO Pa3IMYHBIX
(bakTOpOB, BKJIaJ KOTOPHIX U HEOOXOAUMO OLIEHUBATh C CUCTEMHBIX O3ULIUH.

3Hanre (DYHKIIMOHATBLHO-PEIAKCAIMOHHBIX CBOWCTB MatepuanoB u wusnenuwii  TJIIT
MIOMOTaeT IMPOBECTH IICJICHANPABICHHBIA CpPAaBHUTEIBHBIM OTOOp OOpa3LOB yKa3aHHBIX
MaTepHaioB, 001a1aomuX TpedyeMbIMU (DYHKIIMOHATBHBIMU XapaKTEPUCTUKAMHU.

I'1aBHBIMM XapaKTEpPUCTUKAMU PEIaKCALMOHHO-IKCIUTYaTallMOHHBIX CBOMCTB MaTE€pUaJIOB
n u3nenun TJIII ABstroTes mapaMeTpbl MaTEeMAaTUYECKUX MOJEIIECH PENaKCallMOHHBIX IIPOLIECCOB
OTUX MAaTE€pPHajoB, CPEAW KOTOPLIX TPH KOHCTAHTBI: MOXYJbL YyOpyroctu £E,, MOAYyIb
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BSI3KOYNIPYTOCTH E,, , TApaMeTP HHTCHCUBHOCTH peJlakcaluu b, ., a Takke o1Ha QYyHKIUSI

ne>

h
- fglg =In—, (49)
Te
3a/1a1011ast pacipeeeHue BpEMEH PelaKcaluu {z'g } , WM UX CPEIHEE 3HAUCHHUE:
&
_ 1 2
Tog=—|1,de- (50)

&,=¢€; £,

30€eCh: &; M &, - HUKHSA U BEPXHsA IPaHMLBI MHTEPBAJIa NCCIIEy EMBIX Ae()OpMAIid.

[Ipn npoBeneHUMM KAayeCTBEHHOW OIEHKM (DYHKIIMOHAJIbHO-PEIAKCAIMOHHBIX CBOWCTB
MarepuaioB W wu3genud TJIII meTrogamMm CUCTEMHOrO aHaiW3a, MO CPABHEHHUIO 3HAYEHMM
[1apaMeTpOB UHTCHCUBHOCTEH PEJIAKCALIMOHHBIX ITPOLIECCOB dTUX MATEPUAIOB, MOKHO BBIICHUTH
HACKOJIBKO OBICTPO MOTYT MPOXOJUTH YKa3aHHBIE MPOIIECCH Y Pa3HBIX MAaTEPUAJIOB.

OTBeT Ha BONPOC O CTEMEHH IMOJHOTHI MPOXOXKACHUS PETAKCALlMOHHBIX MPOLIECCOB Yy
MarepuasioB n u3aenui TJIII MOXHO MONy4YUTH, ONPEAEINB ACUMITOTUYECKUE 3HAYCHUS JUISA
penakcanmoHHoro moayns £, n E, n ucnonab3oBaB GpopMyiry i onpeaeneHus kodpdunuenta

CTEIICHHU peJlaKCalyu:

K pen, =EOE—E°°-100%. (51)

0

bonbiiee 3HaueHue kod(DQUIMEHTa CTENIEHU peslaKcallii COOTBETCTBYET OoJiee MOITHON
CIIOCOOHOCTH MaTepHalia K peJlakCarlyH.

I'maBHBIMU XapaKTEPUCTUKAMU nedopMalnOHHO-IKCILTy aTAllMOHHBIX CBOICTB
MarepuaioB u  w3genud  TJII  sgBasitoTcs  mapaMeTpbl  MaTeMaTUUYECKHMX — MOJEINEH
ne(OpPMAIIMOHHBIX MPOIECCOB 3THX MAaTEPUANIOB, CPEAM KOTOPBIX TPU KOHCTAHTHI: HadadbHas
HOAATIMBOCTE Dy, KBa3MpPaBHOBECHAs IOJATIMBOCTL D rapaMeTp HMHTEHCUBHOCTHU

o0 2

noJj3ydectu b

e > & TAKKE OJTHA QYHKIHS

4

} fala =In—, (52)
TO_
3aj1arolas pacrnpeaecHie BPEMEH 3ara3IbIBaHHsI {Ta } , WIHM UX Cpe/iHee 3HAUYCHHE:
o / o
_ O 2070 o
T, =—20 . [ t5d—" (53)
o,—0 o
27 "1/ % 0

3ILeCBI O; U O, - HHXKXHIA U BEPXHssl paHUIla HHTCpBala HCCICAY CMbIX HaHpH)KeHPIfI.

[Ipn mpoBeneHMM KadeCTBEHHOW OIGHKH (DYHKIIMOHAIBHO-Ie(POPMAIIMOHHBIX CBOWCTB
marepuanoB W wu3genuu TJIII merogamMu CUCTEMHOrO aHaiW3a, MO CPAaBHEHHIO 3HAYCHHM
napaMeTpoB HWHTEHCHUBHOCTEH Je(OpPMAIMOHHBIX TMPOIECCOB ITHUX MATEPHUANIOB, MOXKHO
BBISICHUTH HACKOJIBKO OBICTPO MOTYT MPOXOJUTH YKa3aHHBIC MPOIIECCHI Y PA3HBIX MaTEPUAJIOB.

OTBeT Ha BONPOC O CTEMECHH IOJTHOTHI MPOXOXKIACHHUS JIe(POPMAIMOHHBIX MPOIECCOB Yy
MarepuanoB U m3aenud TJIII MOXHO monyduTh, ONMPENEIUB ACUMITOTUYECKUE 3HAYCHUS IJIS
nopatauBocty D, u D, ¥ ucnons3oBa GopMyiy Ui onpeieneHus KodGGHLUEHTa CTENEeHH
nedopMupoBaHuUs:

D -D,
ke, = ——2-100%. (53)
D,
Bonwsmiee 3nauenue koddduimeHta creneHu aehOPMHPOBAHUS COOTBETCTBYET Oolee

MOJTHOM CTIOCOOHOCTH MaTepuaia K Ae()OpMUPOBAHUIO.
[Ipu mpoBeneHHM CUCTEMHOTO aHaiuu3a Jae(OopMalMOHHO-IKCILTyaTalldOHHBIX CBOWMCTB
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matepuanoB u uzaenuid TJIIT MoXHO mpoaHaAIM3UPOBATH Pa3NIOKEHHUE MOJHOM nedopmaruu Ha
COCTaBJISIIOLIKE €€ YIPYTHUE, BA3ZKOYNPYTHUE U TUIACTUYECKUE KOMITOHEHTBHI.

VYKa3aHHOE PAa3JIOKEHUE MOMXKHO TOJYYHTh KAK OHKCIEPUMEHTAIbHO - Ha OCHOBE
CUCTEMHOI'0 aHaJiu3a JAHarpaMM pACTSDKEHUS, TaK W C HCIOJIb30BAHHUEM KOMIIBIOTEPHOIO
MIPOTHO3UPOBAHUS JUATPAMM PACTSHKEHUS - HA OCHOBE YHUCICHHBIX METO/IOB.

CucTeMHBIN aHAIM3 COOTHOIIEHHUS] KOMIOHEHT YIPYroi, BA3KOYNPYTrOd M IJIaCTHYECKOU
nepopManuu  MO3BOJISIET  MOJYYUTh  TMPEACTABICHHSA O  BHYTPEHHHX  MEXaHHU3Max
nedopMupoBaHUsI MATEPUATIOB.

[IpoBeneHne CHUCTEMHOIO aHaliW3a B YacTH COOTHOILIEHHM KOMIIOHEHT YNPYIoi,
BS3KOYNPYrol H  IUTACTUYECKON JedopManuu  SIBISETCS HEOOXOIMMBIM Ha  CTaauu
TEXHOJIOTUYECKOTO otbopa 00pas1ioB MaTepua’os, 00J1a1ar0IHnX 3aIaHHBIMHU
(GyHKUIHOHANBHBIMUA CBOMCTBaMH, U Ha CTa/IMM MPOU3BOJICTBA - C LEIbI0 HEIOMYIIEHUS BBIITyCKa
00JaIaloINUX HEXENATEIbHBIMUA CTPYKTYPHBIMU U3MEHEHUSIMU MaTEPHAIIOB.

[Ipu mnpoBeneHMHM SKCIEPUMEHTOB B pEeXHME JAePOpMallMOHHO-BOCCTAHOBUTEIIBHBIX
MIPOLIECCOB, OBLIO YCTAHOBJIEHO, UTO y MatepuanoB u uzaenuid TJIII B Hauane sToro mpouecca
npeodiaalT BA3KOYNPYTO-TUIACTUYECKHE CBOWCTBA, 3HAYMMOCTh KOTOPBIX CHHXKAETCS C
yBeIu4eHueM AedOpMUPOBAHUS MaTEpUaOB, KOTJla OHHU YCTYNAlOT CBOE MECTO YIPYTUM
CBOMCTBaM.

OOBSACHUTH 3TO MOXKHO TEM, YTO B Hadayie nepopMHUpOBaHMS MaTepuaia B ATOT MPOIECC
BKJIIOUAIOTCSI TeoMeTpuueckre (akTopbl B BUAE IMOCTENEHHOTO CTPYKTYPHOTO pacTSITMBaHUS
pemetku. M Tonbko, Korjga reomeTpuyeckue (pakTopbl B BUAEC HM3MEHEHHUS MaKpPOCTPYKTYPbI
MaTEepHaIOB HCYEPIBIBAIOTCS - B JAehOPMAIMOHHBIA TPOIECC MOJAKIIOYAIOTCS  CaMu
MAaKpOMOJIEKYJIBI MATEPUATIOB.

Pa3paGoTtanHble METOJbl CHUCTEMHOIO aHajdu3a pPEeNaKCallMOHHO-IKCIUTyaTallMOHHBIX U
nehopMaIIMOHHO-9KCIUTYaTallMOHHBIX CBOMCTB MarepuanoB u uznenuit TJIII, a taxke meromb
CUCTEMHOTO aHaJln3a JIIsl KAYECTBEHHOU OIEHKU (DYHKIIMOHATHLHO-BOCCTAHOBUTEIHHBIX CBOMCTB
ATUX MaTEepPHaJOB M COOTBETCTBYIOIIME KOMIBIOTEpHBIE TporpamMmbl st OBM mo3BossitoT
pemaTe MIAPOKAM KJAacc 3aJady IO ONPENENICHUIO SKCIUTYaTallMOHHBIX CBOWMCTB YKa3aHHBIX
MaTepHaJiOB, a TAKXKE [0 KAYECTBEHHOW OIIEHKE UX (PYHKIIMOHATLHOCTH.

B neBsiTOii riaBe onucaHoO MPaKTHYECKOE MPUMEHEHHE pa3pa0OTaHHBIX B JIUCCEPTAIMU
METO/IOB IU(POBOM SKOHOMHUKM TIO TOBBIINICHHIO KOHKYPEHTOCIIOCOOHOCTH MAaTEpHAIOB U
n3aenuit TJIIT.

[Ipoananu3npoBaHbl peIaKkCcalMOHHO-IKCIUTY aTallMOHHbIE U nehopMalOHHO-
JKCIUTyaTallMOHHBIE CBOMCTBAa MarepuanoB W wuszgenu TJII, B yacTHOCTH: pa3iauyHBIX
TEKCTUJIBHBIX HHTEH, TEKCTUJIbHBIX JICHT, TEKCTUJIbHBIX TKaHEW, TEKCTWIbHBIX LIHYPOB U
TEKCTUJIBHBIX KAaHATOB, OTJIMYAIOLIUXCS IPYT OT JIPyra KOMIIOHEHTHBIM COCTaBOM, CTPYKTYPOH,
JIMHEWHOM IIJIOTHOCTBIO U Pa3pbIBHBIMU XapaKTEPUCTUKAMU.

[IpuBeaeHsl TpUMEPHI MPAKTHUYECKOTO TMPUMEHEHUs pa3paboTaHHBIX B JUCCEpTALUU
METOJIOB pacueTa peaKCallmOHHO-IKCILTyaTallMOHHBIX U J1e(hOpPMAIIMOHHO-3KCIUTYaTallMOHHBIX
MMapaMeTPOB-XapPAKTEPUCTUK YKA3aHHBIX BBIIIE MATEPHUAIIOB.

B rnaBe Takxe mpuBOAATCS MPUMEPhl KAUECTBEHHOW OLEHKU (PYHKIIMOHAIBHBIX CBOWCTB
MarepuanoB u uznenuid TJIII, a Taxke BapuaHTBl MCHOJIB30BAHUSI HA MPAKTUKE KPUTEPHUEB
KaueCTBEHHON  OIEHKM WX  PEJIaKCAIllHOHHO-3KCIUTYaTallMOHHBIX U JeQOopMaIriOHHO-
SKCILTY aTallHOHHBIX CBOMWCTB.

HnA TEKCTHALHBIX HHTEH, TEXHHYECKHE XapaAKTePHCTHKH KOTOPLIX NpHBEieHs B Tabn, 1,
ObUIH ONpeeiteHBl PENAKCAIHOHHO-IKCTIAYATAUHOHHBIE NAPAMETPLI-XAPaKTePHCTHEH (Tadn. 2) u
AedopMALHOHHO-PEIAKCALIHOHHLIE NAPAMETPBl XapaKTepHCcTHRH (Tadn. 3).

PesynsTaThl pacyera BENHYHH &), 5, 3, Oy, @5 N8 TEKCTHABHEIX HHUTEH NMPHBEIEHE

B Tabn. 4.
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Tabnuua | - TeKCTHABHEIE HHTH W HX TEXHHYECKHE Xa AdKTEPHCTHEH

YenosHoe KoMnoveHTHLII Tuneiinan Paiprignas PaspripHoe
oDOAHAYEHHE COCTAR MIOTHOCTE, Teke | nedopmanna, Ye | nanpaxenne, ['Tla
J-19 Tlancan 19 0.8 0,56
J1-57 Jlascau 57 9.6 0,69
J-114 TNancan 114 9.5 0,81
H-17 Hurpou 17 13,1 0,78
H-34 HuTtpou 34 12,8 0,92
H-51 Hurpon 51 12,3 1,04
K-91 Kanpon 9] 13,2 0,98
K-149 Kanpon |49 13,1 1,07
K-187 Kanpou |87 12,7 1,12
C-32 CBM 32 2.6 3,21
C-56 CBM 56 4,3 3.34
C-98 CBM 03 2.3 3.41
Tabnuua 2 - TeKCTUIbHbIE HUTU M X PENIaKCALIMOHHO-3KCIUTyaTallMOHHbIE TapAMETPHhI-
XapaKTEePUCTUKU
YcnosHoe E,, ITla E,. ITla I/bys 7..c
0003HaueHUE
JI-19 13,7 4,6 0,13 138
JI-57 13,9 4,3 0,11 135
JI-114 14,2 4,1 0,10 131
H-17 7,0 2,4 0,34 108
H-34 7,2 2,3 0,31 104
H-51 7,5 2,1 0,29 101
K-91 3,9 1,5 0,42 193
K-149 4,1 1,4 0,41 178
K-187 4,2 1,2 0,39 162
C-32 1,7 0,6 0,72 418
C-56 1,6 0,7 0,70 407
C-98 1,4 0,8 0,67 395
Tabnuma 3 - TekCTHIbHBIE HUTH U UX Ae(OpPMaIIMOHHO-IKCIUTyaTallHOHHBIE TTapaMeTphI-
XapaKTEePUCTUKH
Jooue | o s | o0 | hg |
JI-19 0,074 0,22 0,17 178
JI-57 0,072 0,23 0,14 174
JI-114 0,071 0,24 0,13 169
H-17 0,15 0,42 0,44 139
H-34 0,14 0,43 0,40 134
H-51 0,13 0,48 0,37 130
K-91 0,26 0,67 0,54 249
K-149 0,24 0,71 0,53 230
K-187 0,23 0,83 0,50 209
C-32 0,59 1,67 0,93 539
C-56 0,63 1,43 0,90 525
C-98 0,71 1,25 0,86 510
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Tabnuua 4 - Benmuunel @, 5, a3, Ay, A5 A0S TEKCTUIBHBIX HUTEH

YcioBHOE _E, _% _Ig _Ey B 2
oGosnauerme | 1 bns |2 E,+E, “ &, “ t “ E,-E, Ap= ;ai
JI-19 7,69 0,25 1,02 0,23 0,51 9,70
JI-57 9,09 0,24 1,04 0,23 0,45 11,0
J-114 10.0 0,22 1,05 0,22 0,41 11,9
H-17 2,94 0,26 0,76 0,18 0,52 4,66
H-34 3,23 0,24 0,78 0,17 0,47 4,89
H-51 3,45 0,22 0,81 0,17 0,39 5,04
K91 2.38 0.28 0,76 032 0,63 436
K-149 2,44 0,25 0,76 0,30 0,52 4,27
K-187 2,56 0,22 0,79 0,27 0,40 4,24
C-32 1,39 0,26 3,85 0,70 0,55 6,74
C-56 1.43 0,30 4,00 0,68 0,78 7.19
C-98 1,49 0,36 4,35 0,66 1,33 8,20

Ha ocnose npusenenns kpurepues R1-R5S kauecrseHHOH OUEHKM penakcalHOHHO-
IKCIIVATAUHOHHBIX CBOHCTE marepuanos W wigenwit T k TekcTHabHbIM HETAM (Tadn. 4),
MOGEHO CIOENATE CNEIYIMIHE BHIBOE,

|. Hamnyuied HHTEHCHBHOCTRIO BOCCTAHOBACHHA MaTepranos ¥ wiaennid TJIT nocae nx
IKCIUIYATALHH 001A028T TEKCTHILHAR HHTE -3, ¥ KOTOPOH MHHHMANBHOE SHAMEHHE BEIHYHHE
a;: a;=1,39. Hanxymmeii - Texkctuasaas wumk Jl-114, v KoTopoil MakcHManbioe IHadeHHe
a; = 10,00,

2. Hanhyuinel creneHsio BOCCTAHABAHBAEMOCTH Matepuanos v wiaeani TJII nocne ux
IKCIUIVATALHH O0NAA0T Cpazy TpH 00bEKTa: TEKCTIIbHAA HHTL JI-114, TekcTiabHas HuTe H-51
H TeKcTHILHAA HHTE K-187, y KOTOpPLIX MHHHMANEHOE IHAYMECHHE BENHUMHE &, o, =022,

Hamxyaweii - rekcrunetas uuts C-98, y KoTOpoi MAKCHMANBHOE 3HAYCHHE &> = (1,36 .

3. Haunmyunield BO3MOKHOCTBIO MHOTOKPATHOTO BOCCTAHOBJICHUSI MaTEPUAIIOB M M3JIEIIHI
TJII B mporecce MX 3KCIUTyaTaluu 00JafaroT cpa3dy Tpu oOBeKTa: TeKCTWiIbHas HUTH H-17,
TekcTuiapHass HUTh K-91 u tekctmibHasg HuTh K-187, y KOTOpBIX MHUHHMAajabHOE 3HAYEHUE
BeIMUUHBl ¢3: a3 =(0,76 . Hauxynmeii - tekctunpHas HUTH C-98, y KOTOpOH MaKCHMallbHOE
3HaueHue a3 =4,35.

4. HaunyuymuM BpEMEHHBIM BOCCTaHOBJICHHEM (PYHKIIMOHAIBbHO-IOTPEOUTEIBCKUX
cBoiicTB MarepuaynioB u usnenuii TJIII mocie mx skcrutyaranuu o0ianarT cpasy JBa OObEKTa:
TekcTuinbHasg HATH H-34 w TexkcrwibHas HuTh K-5, y KOTOpBIX MUHHUMAabHOE 3HA4YECHHUE
BenuuuHbl &y : oy =0,17 . Hauxynmmm - TekctunabHas HUTh C-32, y KOTOPOH MakcCHMallbHOE

3Hauenue ay =0,70.

5. Hamayumeit yeroiumsocTeio marepuanos w wigenwid T k  muorokpatHomy
BOCCTAHOBNSHHED CROHX 11"}'HHHI1E'IIHEL.'IE-HL‘I—!IWDEﬁHTE.’IhCHHH CBOHCTB MOC/E HX IKCIIYaTaALlHH
obnagaeT TekCTHWibHas HHTe H-51, ¥ KOTOPOH MHHMMANLHOC 3IHAMCHHE BCAHMMHBL X!
as =039, Hanxymuoedi - tekctunenas wnte C-98, v KOTOpOR MakcHMansHOe IHAYCHHE
as=133.

Peaynwtatw pacuera senvwumn G, ., f;, B, f5 1na TekcTHARHBIX HHTEH NpHBEIEHE

B Tabm. 5.
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Tabnuua 5 - Bemuuunst f3;, 35, B3, By, Bs Ansd TEKCTHIBHBIX HUTEH

YcnoBHOE —b __ D, B = %0 _Ts __ Db, B, = 2
obo3HaueHne Br=bug | F2= D,+ D, 3 o) Pa= t Fs= D, -D, d= Z_Z]'B’
JI-19 5,88 0,25 1,79 0,30 0,51 8,72
JI-57 7,14 0,24 1,45 0,29 0,46 9,58
JI-114 7,69 0,23 1,23 0,28 0,42 9,86
H-17 2,27 0,26 1,28 0,23 0,56 4,61
H-34 2,50 0,25 1,09 0,22 0,48 4,54
H-51 2,70 0,21 0,96 0,22 0,37 4.47
K-91 1,85 0,28 1,02 0,42 0,63 4,20
K-149 1,89 0,25 0,93 0,38 0,51 3,97
K-187 2,00 0,22 0,89 0,35 0,38 3,84
C-32 1,08 0,26 0,31 0,90 0,55 3,09
C-56 1,11 0,31 0,30 0,88 0,79 3,38
C-98 1,16 0,36 0,29 0,85 1,31 3,98

Ha ocnose npumenenns kpurepues DI1-D5 kavectrennoit oueHkH aedopMalHoOHHO-
IKCMAYATALUHOHHLIX CcBOHcTE matepuanoe W waaenwi TJI k rekcTHiabHbiM HETAM (Tabn. 5),
MOHO CACNATE CNEIYIOUIHE BhIBO/IAL.

1. Hawnywiweli wuuTeHcHBHOCTBIO AedopmupoBanus matepuanos w winenwii T B
MPOUECCE HX IKCIIyaTaumu obnagaer TekcTHAbHA HuTe C-32, ¥ KOTOPOH MHHHMANLHOE
snagenwe senwumnm M, f, = 1,08, Hamxymmeii - tekcrunsnas wute JI-114, v kotopoii
MAKCHMATLHOE 3Hauenne f, =7,69.

2. Haunywwed crenensio aedopmupyesocti matepuanos n maneaunii TJI 8 npouecce mx
IKCIUTYATAUMH 00nanaeT TekcTHabHas HHTE H-51, v KoTopoil MHHHMANLHOE IHAYEHHE BETHYHHE
.0 f,=0,21. Hanxymmeii - rekcrunbnas wute C-98, y KOTOpOH MaKCHMANBHOE IHAYEHHE
B, =036,

3. Hamny4ineil Bo3MOKHOCTEI0 MHOTOKPATHOTO AS(GOPMHPOBAHHA MATEPHAIOB W HIAEIHI
TJIT B npouecce wx axkcnayarauuyd obaanaer TekcTHasHan HATL C-98, v KoTOpoil MUHHMANEHOE
sHadenme senmanasl By F;=0,29, Hanxymweii - tekcrwasHan wute JI-19, y kotopoil
MAKCHMaIBHOE 3Hauenne F; = 179

4. Hamnyqmusm BpemeHHpM 1eQopMalHOHHBIM BOICHCTBHEM HA MATEPHANLI H HIIEIHS
TJI1 8 npouecce ux sRcnayataudy oDIAAAI0T cpaly ABa 0DLEKTA: TeKcTHILHAA HUTE H-34 »
TEKCTHABHAR HHTE H-51, ¥ KOTOpHLIX MHHHMANbHOe 3Hauenue senwunnm f,: G, =022,
Hanxymuomm - Tekctnasias uus C-32, y KoTopoil makcumansioe suauenwe G, =0, 90.

5. Hawaywweid ycroRumsocTeio matepuanos u winennd TJIT k muorokparHomy
nedopumuposannio Matepuanoe v witenuwid TJIT B npouecce wmx sxkcnayataumm obnanaer
TeKcTHAbHAA HHTE H-31, y KOTOpoil MHHMManbHOE 3HaveHwe penwumnw G 0, =037
Hauxymueii - rexcrinsnan nute C-98, v kotopoil Makcumansnoe snauenne fF, = 1,3/,

[Ipu 3TOM, HaO UMETH B BUAY, YTO AHATU3UPYEMbIE PEIaKCAMOHHO-IKCILUTYyaTallUOHHBIE
1 neopMalMOHHO-IKCIUTyaTalluOHHbBIE CBOKCTBa MaTepuaioB u uzaenui TJIII, nammyumme mo
OJIHOMY KPUTEPHUIO, MOTYT IOJY4YHUTh XyALIYIO OLIEHKY M0 APYTrOMY KPUTEPHIO.

B cumy o»atoro, unenecooOpasHO TNPUMEHSATh KOMIUIEKCHBIE KPUTEPUH  OLICHKH
pEeNaKCaMOHHO-IKCIUTYaTallUOHHBIX U J1€(OPMAlMOHHO-IKCIUTYaTallUOHHBIX ~ CBOWCTB
marepuainoB U wuzneauit TJIII, koTOpble YYMTHIBAIOT KAYECTBEHHYIO OIIEHKY A3THUX CBOMCTB
yKa3aHHBIX MaTEPUAJIOB I10 HECKOJIBKUM UMEIOIIUMCS KPUTEPHUSIM OJJHOBPEMEHHO.
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BbIBO/IbI

1. ITapameTpbl-XapaKTEPUCTUKU MPEIOKEHHBIX MAaTEMAaTUYECKUX MOJIeNiel peaKkcallMOHHO-
AKCIUTyaTAIMOHHBIX U Je(hOPMAIMOHHO-IKCILTYaTallMOHHBIX CBOMCTB MatepuanoB u uznenuit TJIII,
KaK KOJIMYECTBEHHBIC XapaKTEPUCTHKHU ITUX CBOMCTB, SBIISIOTCS OCHOBOM TSl pa3paO0TKH KPUTEPHEB
HMX Ka4eCTBEHHOM OIICHKHU.

2. Meroapl  YUCIEHHOTO MPOTHO3MPOBAHUSI  PEJIAKCAIMOHHO-IKCIUTyaTallUOHHBIX U
nehopMaImoOHHO-IKCIUTYaTallMOHHBIX TIpolieccoB MatepuanoB u uznaenuit TJIII ciyxat ocHOBOM st
nepexona K MOHPPOBOMY KOMIBIOTEPHOMY QopmaTy AWHAMHYECKOH (BO BpEMEHH) OIICHKH
AKCIUTyaTallMOHHBIX CBOMCTB YKa3aHHBIX MAaT€pUAJIOB.

3. Pa3paGoraHHbIe MHTETpabHbIE KPUTEPUU TOYHOCTH MATEMAaTHYECKOTO MOJIEITHPOBAHUS
penaKcaluoOHHO-3KCIUTYaTallMOHHBIX U JIe(hOpMaIMOHHO-IKCIUTYaTallUOHHBIX TPOIECCOB MAaTEPUAIOB
n usgemuit TJIII 1mo3aondr0T OmpenenuTh CTENEHb aJeKBATHOCTH TAKOTO MOJEIUPOBAHUS U
ONTUMHU3HPOBATH BBIOOP CaMHX MATEMAaTHYECKUX MOJICTIEH C IeNbI0 JOCTIKCHHSI HauOOJbIICH
TOYHOCTHU TaKOTO MOJEIUPOBAHHUS.

4. Jlns Ka4eCTBEHHOW OIICHKH PEJIaKCAI[MOHHO-IKCIUTyaTAIlMOHHBIX H JehOpMaIlMOHHO-
AKCIUTyaTallMOHHBIX CBOWCTB MarepuasioB W wuzfaenud TJIII mnpennmoxeHo AecATh JIOKAIbHBIX
KPUTEPUEB U YETHIPE MHTETPUPOBAHHBIX KPUTEPHSI KOMIUIEKCHOM OIIEHKM yKAa3aHHBIX CBOMCTB 3THX
MaTepHUaoBs.

5. IlpennaraeMble METOAbLI OIpPEAECICHUS CIEKTPOB BPEMEH pelakcallid U BPEMEH
3anaszabiBaHusg matepuanoB U uznenuid TJIII mo3BoNSIIOT NpPOSCHUTH BHYTPEHHUE BPEMEHHBIE
MEXaHU3MbI PeJIAKCAIMOHHO-IKCIUTYaTallUOHHBIX U 1e(OPMAIIMOHHO-3KCILTYyaTaI[AOHHBIX MPOIECCOB
YKa3aHHBIX MaTepUajoB, 3HAHHE KOTOPHIX SBISETCS OCOOCHHO BAXKHBIM TIPHU TMPOCKTHPOBAHUHU
TeKCTWJIBHBIX HW3JCIUN, TMOABEPTaOMIMMCS OBICTPOMEHSIOIIMMCS BO BpPEMEHHM CHIIOBBIM U
nehOopMaIMOHHBIM BO3ICHCTBHSM.

6. [lepexoa OT KOJIMUECTBEHHOM OIIEHKH AKCIUTyaTallMOHHBIX CBOMCTB MAaTEPUAIIOB U U3JIEIUI
TJIIT k KaueCTBEHHOW OIEHKE (PYHKIIMOHATBHOCTH 3TUX MaTEPHAJIOB OCYIIECTBISIETCS MMOCPEICTBOM
MIPEIOKEHHOTO U30MOpdu3Ma (B3aUMHO-OTHO3HAYHOT'O COOTBETCTBUS) MEXKY KOJIMYECTBEHHBIMHU
rapaMeTpamMy YKa3aHHbIX MaTEMaTHYECKUX MOJEIEM M KA4eCTBEHHBIMU XapaKTEPUCTHUKAMHU
(YHKIIMOHAILHOCTH 3THUX MaTEpPUAJIOB.

7. [llpeanowenyslie  METOAL  BRIYHCICHHS  PENaKCAUMOHHO-IKCTUTYATALHOHHEIX W
NehOPMALHOHHO-IKCILTYVATALUHOHHLIY.  CBOACTE matepuanos #®  wigenwid  TJIT  wenecoobpazno
NPHMEHATL HA CTAAHH HX NPOCKTHPOBAHHA H OPraHH3IaALMN HX NMPOHIBOACTEA C UENBK NOBLIILICHHA
KOHKYPEHTOCNOCOOHOCTH  NPOSKTHPYEMOH  TEeKCTHABHOA NPOIYKIHH W KOHTPOJIEM 13a  ee

NPOHIBOICTEOM.

8. PazpabGoTaHHble MaTeMaTWYECKHME MOJEJIM HKCIUTyaTallMOHHBIX CBOMCTB MaTepHalioB U
menenmmit  TJIII w mpemnokeHHBIH M30MOpPHU3M  STUX CBOWCTB C  (HYHKIMOHAIBHBIMHU
XapaKTePUCTHUKAMU YKa3aHHBIX MAaTe€pHaJIOB TO3BOJSIOT MPOBOAUTH KAaYECTBEHHYIO OLICHKY
(GYHKIIMOHATEHOCTH BUPTYAIBHBIX IU(GPOBBIX 00pa3lioB MPOEKTUPYEMBIX MAaTEPHAIOB, HE TpUOeTas
K IOPOTOCTOSILIEMY BBIITYCKY OIBITHBIX MAPTHH MPOTYKLIUHU U K HATYPHOMY IKCIIEPUMEHTY.

9. PazpaboTtanHbie (GPOBBIE METOIBI KOJMYECTBEHHOMN OICHKH SKCILTYyaTallHOHHBIX CBOMCTB
npoektupyembix MmatepuanoB u uzgenuid TJII, Tak ke kak M MeTOAbl KaYyeCTBEHHOW OLEHKU HX
(GYHKIIMOHAIBHOCTH, TTO3BOJISIIOT OCYIIECTBIISITh CHCTEMHBIH KOHTPOJIb 3a KadeCTBOM CaMHUX
MPOEKTUPYEMBIX U3/ETUH U 3a BBIITYCKOM T'OTOBOM MPOAYKIMH 331aHHON (PyHKIIMOHATIBHOCTH.

10. IlpakTudeckoe NpUMEHEHHE pa3padOTaHHBIX B AHCCEPTAIIMH METOJOB IM(PPOBOI
HKOHOMHUKH I10 TIOBBIIIEHUIO KOHKYpEHTOCcTIocoOHOCTH MaTepuaioB 1 uzaenuil TJIII ssasercs

OCHOBOH N8 NPOEETHPOBAHHA H OPpradd3audHy npoH3IB0a0CcTES HHHOBALHOHHOH NpOOYELHH" C
FAIAHHBIMM Ll]:i HELHOHAIBHBMHE  A4pPAKTCPHCTHEAMHE H ¢ 3304dHHBIME - 3ECTAYATALHOHHBIMH
CBOMCTBAMM.

11 PH"I-FI'L‘lt_'I':."E'.l‘ll‘lHl.' B AHCCCPTALIMH METOAbI KOJHYECTBEHHOM OUEHKH ARCTUIY A TRAUHUHH LY
caoiicTe marepuanor W winenuin TJII 0 kawecTpeHHBE METOAR OUEHKH HX (QYHKUHOHANLHOCTH

ObUTH YCIEIIHO anpoOHpOBaHbl HA BEAYIIUX OTPACIEBBIX MPEeaNnpHUiATHsIX Poccuu u mokaszaau CBOIO
IIEPCIEKTUBHOCTb.
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