Bropas IlIkoaa Mo/10abIX yueHbIX « MOHMTOPUHT PUPOIHBIX U
TeXHOTeHHBIX cucTem» 16-18 Hosopsi 2020 r. [lepmb

Bropoe undgopmannonHoe coodeHne

ITepMckuit dhenepanbHbBIN UCCIIETOBATEILCKHAN IEHTP Y PaIbCKOTO OTAeeHHs Poccuiickoit akaneMuun
Hayk oOBsiBisieT o mpoBeaeHuu ¢ 16 mo 18 nHosiOpst 2020 roma Bropoit [Ikosbl MONOABIX yYEHBIX
«MOHUTOPHHT TPUPOAHBIX W TEXHOTEHHBIX CHUCTEM», KOTOpas OpraHu3yercss npu (uHaHCOBOU
nonepxkke Poccuiickoro HaydHoro (hoHIa B paMKax BITIOTHEHHs ipoekTa Ne 19-77-30008.

[Iporpamma ILIKoIBI, BKITFOYAOMIAS JICKIMH BEAYIIHX POCCHICKHX W 3apYOCKHBIX CIICHHATHNCTOB,
pasmemiena Ha caiire https://www.icmm.ru/nauka/konferentsii m B npuiIoKeHHH K JaHHOMY
coobuieHuo. [IporpaMma MoXeT ObITh TOTIOHEHA.

3asiBKka Ha yyacTuHe

Peructpanus yuacTHUKOB 00si3aTeIbHa, OCYILIECTBISETCS B peskuMme on-line Ha caifre 10 10 HOsIOps

2020 1.

OpFaHI/IBaHI/IOHHHﬁ B3HOC JIA YYaCTHHUKOB HE IPCAYCMOTPCH.

MecTto npoBeaeHuna
IIpu ounoM yuacTuu:

[lIxoma mpoBogutcs B 1. Ilepmu Ha Gaze [IDUIL] YpO PAH mo aapecy: yn. Akagemuka
KoponeBa, . 3¢ MMPOKHUBAHWECM B I'OCTUHUIAX I'OpoJa, CBECACHHUA O KOTOPLIX MOXKHO HauTH II0
aeKTpoHHOMY azpecy http://hotel.perm.ru/. OwmnnaiiH-kapTa ropojga JOCTYIIHA Ha caiTe
http://perm.2gis.ru/

Wudopmanus o TUCTAHIIMOHHOM y4yacTHH Oy/eT BbICIaHA 3apETHCTPHUPOBAHHBIM YYAaCTHHKAM
IO3HEE.

BaskHble gaThI:

10 nosiops 2020 r. — Tperbe WHGOPMAITMOHHOE COOOIIECHHE, COJNEpIKaIlee MPOrpaMMy padOThI
IIIxoumr;
10 10 nosiops 2020 r. — peructpanus ygacTHUKOB [1IKoITbI.

KonrakrTbi:

[TdUIL YpO PAH

yn. Axanemuka Koponesa, a. 1
OTBETCTBEHHBIN CEKPETAPh
IOpnosa Haranust AnekceeBHa
yurlova@icmm.ru

Ten. +7 (342) 237 83 20


https://www.icmm.ru/nauka/konferentsii
http://hotel.perm.ru/
http://perm.2gis.ru/

IIporpamma Jexkuuii

Bropoii IIIko/b1 M0J10ABIX Y4eHBIX « MOHUTOPUHT NPHUPOIAHBIX U
TeXHOTeHHBIX cucTem» 16-18 nosiops 2020 r. Ilepmsb

I'etman Auexcanap ®@exopoBuy

npodeccop, TOKTOp TEXHHUECKUX HayK, Jaypear NMpeMHU
CM CCCP B obnactu HayKu B TeXHUKH. ABTOp okoJio 300
Hay4YHbIX pabor, BKIrouas 35 wu3oOpereHuii, Gonee 10
HOPMATHBHBIX JOKYMEHTOB B 00JlacTU 0€301macHOCTH
aTOMHBIX 35ekTpoctaniuii (ADC), 9 MmoHOTpadwmii.

CucreMHasi KOHIENIUSI IPOYHOCTH H
NpUMepsI eé IPUMEHEeHHs B AaTOMHOM
JHepreTuKe

Cucremnas konuenuuss mnpoyHoctu (CKII) ocHoBaHa Ha TPUMEHEHUHU METOIOJIOTUU
CHCTEMHOTO TIOJIX0/a K mpoOsieMe oOecreuyeHuss TPOYHOCTH W TO3BOJISIET 00ECTIeUnTh
MPOYHOCTHYIO HAJIS)KHOCTh Ha MPUHITUIHAILHO 00Jiee BBICOKOM YPOBHE.

D¢ HeKTUBHOCTH TAKOTO MOAX0/1a MHOTOKPAaTHO NOATBEPIK/I€HA IIPU PELIEHUH OTJENbHBIX 3a1a4
skcruryataiu ADC 1 Jpyrux 00bEKTOB TEXHUKH.

[lInpoxkoe BHenpenue CKII B coBpeMeHHON TEXHHWKE, Ha HaIl B3TJIAI, UMeEeT
00IIerocyJTapCTBEHHOE 3HAYCHHE, TaK KaK IMO3BOJIMT CYIIECTBEHHO (HA TOPSAKH) TOBLICHTH
YpPOBEHb MNPOYHOCTHOM HAAEKHOCTH, @ 3HAYUT CBSA3AHHBIA C HEW  YPOBEHb TEXHUYECKOU
0€30MMacHOCTH.



MaJjioBuuko AJjiekceil AJleKCAHAPOBUY

JIOKTOp TEXHUYECKHMX HayK, 4ieH-KoppecnoHaeHt PAH,
HayuHbli pykoBogutens OULl «Egunas reodusmueckas
cnyx6a PAH», Begymmii crnemmamuct B obiactu
MOHUTOpPHUHTA pazHOMacHITaOHbBIX CEeUCMUYECKUX
MPOLECCOB. 3acnyXeHHbIA nesaTenb Hayku PD. Unen Bropo
Otpenenus Hayk o 3emne PAH, npencemarens Hayunoro
coBeta PAH mo npobnemam npukiagHoil reou3uku; diieH
Poccuiickoro  3kcmepTHOro  coBera IO IPOTHO3Y
3eMJIETPSICEHHUI, 4JieH pOCCUCKOM 4acTu
KoopaunanmonHoro komMuTeTa B paMKax pealu3aluu
Cornamenust  mexnay  I[IpaButensctBoM  Poccuiickoi
®denepaunun u [ToaroroBuTenbHOU KOMUCCHEN
Opranm3anuu 1o J[oroBopy 0 BceoObeMITIONIEM 3allpelieHUH SAepHbIX ucnbiTanui (JIB351).

PazHomacmiTabHbIi ceiicMOJIOrHYeCKUd MOHUTOPUHT MPUPOIHBIX
U TEXHOTeHHBIX CEMCMUYECKHUX MPOoLeccoB HA Teppuropuu Poccuiickoi
Denepaunu

PaccmoTpeno cTaHOBiI€HHME U Pa3BUTHE MHOTOYPOBHEBOM CHCTEMBI CEHCMOJIOTMYECKUX
HaOmoneHuit Ha Tepputopun Poccuiickoit ®deneparmu. OmucaHa CTPYKTypa, COCTOSHHE H
TeHAcHIMH ee pa3BuThsi. CHopMyTupOBaHbI HOBBIC HAMPABICHUS Pa3BUTHSI HHCTPYMEHTATbHOU
CEIICMOJIOTUU U HOBBIE 33/1a4H, PEIIEHHUE KOTOPHIX CTAJO BO3MOXHBIM Ojlarogaps BHEAPEHUIO
0oJiee COBEPIIICHHBIX CPEJCTB MHCTPYMEHTAIBHBIX HAOMIOEHHH (C IIMPOKOM TOJIOCOM 4acToT U
OOJIBIIIUM TMHAMHYECKUM auarna3zoHoM). [IpuBenensl mpumepsl 3QPEKTUBHOTO HCIIOTH30BAHUS
[IMPOKOTOJOCHBIX HU(POBBIX CEMCMONOTHYECKUX JaHHBIX JJIs HU3YYCHHUS OCOOEHHOCTEU
[NIyOMHHOTO  CTPOEHHUs  pa3pe3a  CEHCMOAKTHBHBIX  PETMOHOB M MPOTHO3WPOBAHUSA
reOJUHAMUYECKOH OOCTAaHOBKM Ha JIOKAJIBHBIX OOBEKTaX IO pe3yJbTaTaM MOHUTOPUHTA
MPUPOTHON ¥ TEXHOTCHHOW CEHCMHUYHOCTH Ha Pa3IMYHBIX MACIITA0OHBIX YPOBHSIX.



batemko Biaagumup AHjapeeBuY

Axanemuk PAH, poktop Qu3MKo-MaTeMaTHUECKUX
HayK, npodeccop, 3aBEeAYIOMINN kadeapou
MaTEMaTHUYECKOT O MOJIETTUPOBAHUS Kybanckoro
FOCYJAapCTBEHHOTO  YHUBEPCUTETa,  PYKOBOJIUTEIb
HaIpaBJI€HUNM MaTeMaTHUKM M MexaHuku HOxHoro
HayyHoro uneHtpa PAH, Jlaypear I'ocymapctBeHHOI
npemun  Poccuiickonn  ®epepauuu. IIpeacrasisier
Kybanckoli ~ rocygapCTBEHHBI  YHHUBEPCHUTET B
Accoumanuu  uHCTUTYTOB  ceiicmonorun  CIIA.
Harpaxnen nByms 3070ThiMU MepansiMa  HaydHo-
IIPOMBILUIEHHOM NanaTel EBpocoro3a.

MexaHUKO-MaTeMaTH4ecKoe MOACJIUPOBAHUEC HCKOTOPLIX IIPUPOJIHBLIX U
TEXHOICHHBIX IIpoHEeCCOB

Meton OIIOYHOTO DJJIEMEHTa KaK HOBOE BBICOKOTOYHOE CPEACTBO MaTEeMaTHYeCKOIO
MOJICIUPOBAHUsA, co3lMaHHOe B Poccuu. Meron OJI0OYHOrO 3jIeMEeHTa Kak MaTeMaTHYeCKUi
ammapar, ONUPAIOUIMICS Ha MaTEeMaTUKy BBICOKOTO ypoBHs. lIpumeHenune meronga 604HOTO
3JIeMeHTa B Haykax o 3emuie. OOHapyKeHHE HOBOTO THIIA 3eMJICTPSICCHUH, HE ONMMMCAHHBIX PaHEee,
Ha3BaHHBIX «CTapTOBBIMU, KOTOPELIC MOXHO MMPOTrHO3UPOBATE. Briasnenune HOBBIX
peIBECTHUKOB ITyHaMu. OOBsICHEHHE MPUYMUH OTCYTCTBUS I[YHAMH MPH HEKOTOPBIX CHIIBHBIX
3CMIICTPACCHUAX B MOPEC W BO3MOKHOCTU BO3HUKHOBCHHUSA I[YHAMHU HOAXKE IIPpU cna6mx.
[Ipumenenue Metoga OJOYHOTO BJIEMEHTA JUIS HWCCIECIOBaHUS SIBICHUS «CYOAYKLIHUU» -
MMPOABUIKCHUA MOPCKHUX .HI/ITOC(bepHBIX INIMT IO KOHTHUHCHTAJIbHBIC. HpI/IMeHeHI/Ie MeToaa
OJIOUHOTO D3JEMEeHTa B MpodJieMe TMPOYHOCTH TOJ3EMHBIX COOPYXKEHHH, CoJepKaliux
COBOKYITHOCTH TapaJuIeNbHbIX MTONEH. [IpumeHenne merona G104HOro 3jeMeHTa B mpolieme
MPOYHOCTH TPEUIMHOBAThIX Tel. OOHapyeHHe TpEelIMH HOBOTIO THUIIA, paHee HE OMHMCAHHBIX,
JOMONMHAIONMX — TpemuHsl  ['puddurca. O AONOTHUTENHHOM MEXaHU3ME pPa3pyLICHHS
MaTepuanoB. MeToJ 6J104HOTO 3JIEMEHTa B HEKOTOPBIX BOMPOCaX KIUMATOIOTHH.



Manchao He

Professor Manchao He is currently an Academician of Chinese
Academy of Sciences (CAS) and Argentine National Academy
of Engineering (ANI), Professor at China University of Mining
and Technology, Beijing (CUMTB), the Director of State Key
Laboratory for Geomechanics and Deep Underground
Engineering (SKLGDUE) in Beijing, China. He is the
President of the Chinese Union for Mining Innovation (CUMI)
and the President of the Chinese Society for Rock Mechanics
and Engineering (CSRME).

Prof. Manchao He mainly engaged in the research of Rock
Mechanics and Engineering, including soft rock large
deformation mechanism and control, mining technologies,
rockburst mechanism, landslide, active fault stability analysis,

i monitoring and control, etc. Especially focus on the invention
of the novel energy-absorbing bolt / anchor with a NPR (Negative Possion’s Ratio) structure, as
well as their applications in the Mining Engineering. The bolt, called as “HE-bolt” in the world,
can exhibit extraordinarily large elongation at very high working resistance to the external load,
and also have an ideal elastic—plastic behavior. It has been applied successfully in many practical
projects, which makes a significant contribution to disasters control.

A new technology for prediction and monitoring of landslides

In order to study landslide behavior and seek landslide forecasting precursors, various techniques
have been developed. An unconventional idea about forecasting geo-disasters such as the
earthquakes and landslides was proposed based on the mechanics of double block system (DBS).
The central point of the mechanics of DBS is the measurement of the forces acting on the surface
that separating the two blocks of a geological body, the relation of which should obey the
Newton’s laws (referred to as Newton’s forces). The Newton’s force monitoring system
(NFMS), consisting of the in-situ measurement, remote sensing and indoor monitoring, was
developed. The key instrument of the NFMS is the constant-resistance and large-deformation
(CRLD) bolt/cable incorporated with a negative Poisson’s ratio (NPR) structure, referred to as
CRLD or NPR bolt/cable because of its unconventional performance that make measurement of
the Newton’s forces possible in the seismically active faults. Fundamentals of the mechanics of
the DBS, experimental results on the NPR bolt/cable and its applications in forecasting the geo-
disasters are presented.



Purmant Muxaua bopucosuy

Kanmumar  Qusuko-mareMaTH4ecKHMX  Hayk,
CTapIIMi HAy4YHBIH COTPYAHHK JIabOpaToOpuu
MarHUTHOTO CTPYKTYpHOro aHanu3a WHcturtyra
¢usuku meramioB YpO PAH r. ExarepunOypr.
OOnacTp HayyHBIX HMHTEpEcOB: pa3zpaboTka
HOBBIX METOJIOB U CPEICTB KOHTPOJIsSI (pa30BOrO
COCTaBa, CTPYKTYphl M MAarHUTHBIX CBOWCTB
W3JIeIMA W3 ayCTEHUTHBIX CTaJled W CIUIaBOB.
OcCHOBHbIE PE3yJbTAThHI: MOJYYEHBI aTEHTH PO,
pazpaboTaHbl M BHEApPEHbI B TMPOU3BOACTBO
npuOOpHI ceMelncTBa «DeppUTOMETPOBY,
MO3BOJIAIOIINE OMNpeAesaTh (a3oBblii cOCTaB U
CBOWCTBA KOHCTPYKUHUI CIIOXKHOW (OpMBI B
JIOKQJIbHBIX 30HAaX KOHTPOJs. ABTOp MOHOTpaduu
«Pomp  poccuiickol  HayKM B CO3JAaHUHU
OTEYECTBEHHOT' O ITOJABOJHOTO drotan,
noGenuBIICH B KOHKYypce accouuanuu
kauronsaareneir Poccun (ACKHU 2009) B HomuHanuu «JIydiiee n3manue mo eCTeCTBEHHBIM
HayKaM, TEXHUKE U MEJIULIUHE)

CoBpemMeHHbBIE METOIbI M CPEICTBA HEPA3PYIIAKOIET0 KOHTPOJIA
(a30B0Oro cocraBa, MATHUTHBIX U YJICKTPUUYECKUX CBOMCTB M3/1eTU I
U3 AYCTEHUTHBIX CTaJIell U CIUIABOB

Cranm ¥ cmjaBel ayCTEHUTHOTO M ayCTEHMTHO-(QEPPUTHOrO Kilacca, IMpPUMEHSEMble B
COBPEMEHHOI MPOMBIIUIEHHOCTH, COCTaBISIOT 3HAYUTENIBHYIO JIOJNI0 OT BCEX HCIOJIb3YEMBIX
MaTepuainoB. Takue wmaTepuanbl HMEIOT B CBOEM OOJBIIMHCTBE BBICOKHE >KapOINpOYHbIE
CBOWCTBA, CTOMKOCTb K KOPpPO3MHM, BBICOKME IUIACTUYECKHE CBOWCTBA B COYETaHHU C
MEXaHMYECKON MPOYHOCThI0. B MarHUTHOM OTHOLIEHUH OOJBIIMHCTBO TAaKUX MAaTepUalioB
MPOSIBIISIIOT TAapaMarHUTHBIE CBOWMCTBA, YTO BAXHO IS MHOTUX OOBEKTOB CO CTPOTUMHU
TpeOOBaHUSIMU K MarHUTHOW 0OcTaHOBKe. TpeOyeMblii ypOBEHb JKCILIyaTallUOHHBIX CBOWMCTB
oOecrieunBaeTcsi COOIOJICHUEM 33aJJaHHOTO COJiepKaHus (pa30BOro cocTapa, B MEPBYIO OYepeab -
dbepputHoit dasbl (o-aza). Tak ke B mporecce SKCIUTyaTalldM H3JCIUN MPH BO3ACHCTBHU
BHEIIHUX HANpPsDKEHUH, MPUBOISAIIUX K Je(OPMUPOBAHUIO, BOZMOXKHBI CUTYallUU €IIe OIHON
¢a3el - MapreHcuTa Jedopmanuu (o'-a3pl), KOTOpas MOBBIMIACT CKIOHHOCTh MaTepualia K
3apOKJICHUIO W Pa3BUTHIO IMPOIIECCOB TpenmHooOpa3zoBanus. Hepaspymaromuid (IpruOOpPHBIiA)
KOHTPOJIb COJIepPKaHUs, Kak (DeppUTHOIN COCTABISIONIEH, TaK U MAPTEHCUTHOU (ha3bl B TOTOBBIX
M3ACNUSAX M3 AYCTEHUTHBIX CTajedl SBJISIETCA TOCTATOYHO CIIOKHOW 3agadeil. st mMHOrmx
U3JICIIMA U3 AYCTCHUTHBIX CTAJIEW OJHOM M3 BAXKHBIX XAPAKTEPUCTHUK SBIIETCS 3aJaHHOE
«MaJIOMarHUTHOE» COCTOSIHME MaTepHualla M3JEIHi, TP KOTOPOM OTHOCHUTENIbHAs MAarHUTHas
IPOHMIIAEMOCTh [ HE mpeBblmaer 3HadeHud p < 1,10. IIpubopoB a1l JTOKAIBHOTO KOHTPOJIS
TaKoro cocrosinusa B Poccun He Mpon3BoasATCA.

B noknane mpencTraBieHBl COBPEMEHHbBIE METOJABI M CPEICTBA HepaspyIIAlolero KOHTPOJI,
NO3BOJISIOIINE M3MEpATh (a3oBbIi cocTaB M TpeOyeMble CBOWCTBA, Kak B IIpolecce
IIPOM3BOJICTBA, TAK M BO BPEMS 3KCILTyaTallud TOTOBBIX U3EIIHIA.



AnToHoBckas ['aauna HukosiaeBHa

JIOKTOp TEXHMYECKHX HAyK, 3aB. JaOOpaTOpUe CEHCMOJIOTHH
@denepalIbHOTO  HCCIIEI0BATENBCKOIO LIEHTpa KOMIUIEKCHOIO
n3ydeHuss Apktuku (r. ApxaHrenbck). OOnacTb HaydHBIX
UHTEPECOB: CEUCMUYECKUN MOHUTOPUHT 3amnagHoro
apKThueckoro cektopa P®, reogmHamuka TUIaTGOPMEHHBIX
TEppUTOpUH, O0OCIeIOBaHWE  WHXEHEPHBIX OOBEKTOB H
pa3paboTKa CEMCMHYECKUX METOIO0B 10 MX MOHHTOPUHTY. ABTOP
u coaBTop Oonee 120 HayuHBIX paboT, 3 MoHorpaduii. Umeer 3
MaTEHTA.

MOHUTOPUHT NPUPOAHBIX U TEXHOTCHHBIX OMACHOCTEHN CeiCMUYEeCKUMMU
MeToaMM, B TOM 4yucJie B yciaoBusix Kpaitnero Cesepa

B cBs3u ¢ muaHupyembIM yBEJIWYEHHEM TEMIIOB IPOMBILIUIEHHOIO OCBOEHUSI APKTHYECKOIO
peruoHa M, Mpexkae BCEro, ¢ pa3BUTHEM JOOBIBAIOLINX, NepepadaThIBAIOMINX M TPAHCIIOPTHBIX
oTpacied OHUM U3 aKTyalbHBIX HANpPaBICHUN ABIAIOTCA pabOThl MO OOECIeueHUIo
0e30macHOCTH  (YHKIMOHMPOBAHUS  COOTBETCTBYIOIIMX  IMPOM3BOACTB. M3BecTHO, 4YTO
NPUPOJHBIE MpoIecchl 3aHuMaroT 12% cpeau OCHOBHBIX MPHUYMH aBapuil Ha MOPCKHX
TpyOONpPOBOJaxX, K HUM OTHOCATCS: 3eMJIETPSICEHUS, OIOJI3HU, 00BaJIbl, SK3apauus u ap. Crnadble
COOBITHA W WX BTOpUYHBIE 3(P(DEKTHI, MPOU3OMICANINE B TpEAeiiax pa3MeleHus OOBEeKTa,
OpUBOAAT K aBapusM. He CTOMT wuCKmouaTh NOJOOHBIX HETaTHBHBIX IIPOIECCOB U HA
ApPKTUYECKHUX TEPPUTOPHSIX, KOTOPBIE, C TOUKH 3PEHUS CEHCMOJIOTHH, BEChbMa CKPOMHO HW3Y4EHBI.

Bo300HOBIIEHHE M YCTaHOBKA HOBBIX CEMCMUYECKHUX CTAHLUI CO3/1any ONaronpusTHBIE YCIOBHS
JUISL PETHCTPAllMM W JIOKAlMM HU3KOMAarHMTYAHBIX 3€MIIETPSACEHHUH I HEKOTOPBIX PaliOHOB
EBpasuiickoil ApKTUKM. VY YYEHBIX [OSBHUJIACh BO3MOXKHOCTb OLIEHUTH IPOSIBIICHUS
COBPEMEHHOM c/1ab0il CeICMUYHOCTH M UCIIONIB30BaTh ATH JaHHBIE Ul MTOCIEAYIOIINX T'€0JI0ro-
TEKTOHMYECKHX M TI'€OJMHAMUYECKHX BbIBOJOB. Kpome TOro, HcIosib30BaHHE COBPEMEHHOU
CEHCMOJIOTHYECKOM anmaparypsl U IPUMEHEHUE TTACCUBHBIX CECMUYECKUX METOIOB OTKPBIBAET
HOBBIE TIEPCIEKTHBBI MO0 M3YYCHHUIO COCTOSHUS PAalOHOB pasMelIeHHs MH(PPACTPYKTYpHI, YTO
BECbMa aKTyaJIbHO B YCJIIOBHSAX U3MEHSIOLIETOCs KIMMaTa.

B nexuu 6yayT paccMOTpEHBI CIIEAYIOIINE BOIIPOCHL:

— CEHCMHMYECKHII MOHUTOPHUHT 3anmagHoro cekrtopa Poccuiickoit ApKTHKY;

— BO3MOXHOCTH  celicMHueckoro  o0OOpyJoBaHHMS  [JI1 ~ MOHHUTOPUHTa  OCHOBAHUS
YKEJIE3HOJJOPOKHBIX MyTel B palioHaX CO CIOKHBIMU IPYHTOBBIMHU YCIOBUSIMH;

— celicMu4deckue crocoObl 00CIeI0BaHUS aHTPOTIOTEHHBIX 00BEKTOB Pa3IMYHOTO HA3HAUCHUSI.



Meabnauk OJier IayapaoBuy

UneH-KOppeCcnoHIeHT PAH, 3aBeqyromui
naboparopueid  obmieit  rugpomexanukun ~ HUU
MEXaHUKH MOCKOBCKOT0 rOCYJIapCTBEHHOTO

yHuBepcurera uM. M.B. Jlomonocosa. Jlaypear
npemun uM. M.B.JlomonocoBa (2008) 3a riuki paboT
«[IpumeneHnne  METOMOB  THAPOMEXAaHUKA  H
METPOJIOTUH K HW3YYEHHI0O MEXaHU3MOB I[OabeMa
MarMbl W BYJIKAaHHYECKUX H3BepkeHui». OOmacth
HAay4YHBIX HWHTEPECOB: THUIPOMEXaHMKA, MEXaHHUKa
MHOro()a3HbIX cpell, AMHAMUKa BYJIKAaHUYECKHX
W3BEPKECHUH.

MartemMaTH4yeckHe 321a4¥ MOHUTOPUHIA BYJIKAHUYECKUX U3BePKeHU I

W3BepkeHHEe ByJIKaHa — CIOXKHBIA (U3UKO-XUMHUYECKHH TPUPOIHBIN TpoIecC, H3YUYCHHE
KOTOPOTO COMPSDKEHO C OINpENEeJEHHBIMU TPYAHOCTSIMU, CBS3aHHBIMH C HEBO3MOXKHOCTBIO
HEINOCPEJICTBEHHOTO HaOMIOEHUSI TMPOIECCOB, MPOUCXOISAIIMX B BYJIKaHO-MarMaTH4eCKOU
cucreMe. B cBA3M C 3TUM Ui MOHMMAaHUS MEXaHW3MOB BYJKaHHYECKUX H3BEP)KEHHM, OILICHKH
MapaMeTpoB M OIMACHOCTH KOHKPETHBIX BYJIKAaHOB HEOOXOAMMO MOCTPOCHHE MaTeMaTHUYeCKHX
MoJienelt UIsl MHTepIpeTallii JaHHbIX TOJeBbIX HabmoaeHuil. B nokmazne Oyzaer cnenan o030p
METOJIOB MOHUTOpPUHIA BYJIKAHOB, JIaHHBIX, TOJy4aeMbIX B TIPOIECCe W3BEPKEHUU U
MaTeMaTHYECKUX MOJIEIel Pa3IMYHbIX aClIeKTOB aKTHBHOCTHU BYJIKaHOB.

HHTtepripeTanuss NaHHBIX TIOJEBBIX HAOJNIOACHHWI CBs3aHA C peIIeHWEM OOpaTHBIX 3ajad.
Crneundukoii MOHMTOPHUHTA MPUPOIHBIX IPOILIECCOB SBISAETCS HEIOCTATOYHO TOYHOE 3HAHUE
(GU3MYECKUX CBOMCTB MarmMbl M BMEIIAOIIMX TOPOJA, a Takke HEOoOXOJMMOCTh YydeTa
B3aMMOJICHCTBUS PA3JMYHBIX 4YacTed cHUCTEMbl. Hampumep, B3auMOAEHCTBUE TEKYIIEH I10
KaHaJly MarMbl C TEOTEPMaJIbHOW CHCTEMOW, JaeT CYIIECTBEHHBIM BKJIAI B Jehopmaliuio
MOCTPOMKHM BYyJKaHa, a HyKJIealus Ny3bIpbKOB Tra3a MOPUBOAUT K JUIMHHONEPUOIAHBIM
BYJIKAHUYECKHM 3emiieTpsceHusM. [losTomy 0€3 meTaqbHOro MOJETUPOBAHHUS (PU3MUECKHUX
MPOIIECCOB YacTO BO3HHMKAET OIMMOOYHAS MHTEPHpPETAIUsl NaHHBIX, MOJYYCHHBIX B IpOIECcce
MOHHUTOPHUHTA.



MmuxaiisioB BajgenTun OJierosuu

Unen Ilpesunnyma PAH, HauanpHuk otnena Hayk o
3emute. ['maBHBIA HAay4HBIN COTPYIHUK JlabopaTopun
KOMIUIEKCHOM TE€OJMHAMUYECKOW HHTEPIPETALUU
HA3€MHBIX W CIIyTHHKOBBIX JAaHHBIX V OTtneneHus
MaremaTrueckoil TreoU3UKH W TEOMH(POPMATHKU
Wucruryra pusuku 3emiu um. O.1O. IlImunra PAH

Unen-koppecnonnenr PAH, moktop  ¢wusuko-
MaTeMaTHYeCKuX Hayk, mpodeccop. Crenmuanuct B
o0macTi TeOoPU3NKH, TEOJUHAMUKH, YHCICHHOTO
MOJICTTUPOBAHUS,  HCIIOJNIb30BAHUS  CITYTHUKOBBIX
TEXHOJIOTHI B Haykax o 3emuie. ABTop Oosee 120
HAy4YHBIX paboT, B TOM 4Mcie Tpex MoHorpadui, 1
MaTeHTa.

IIpuMeHeHHe CIYTHUKOBBIX TEXHOJIOT Ui NPU PelleHUu 32424 reopu3uKu 1
reoIHHAMUKH

CoBpeMeHHBIE CITYTHUKOBBIC TEXHOJOTHH TMO3BOJIIIOT C BBICOKOH TOYHOCTBIO PETHCTPUPOBATH
CMCIICHHUST 36MHOM MOBEPXHOCTH M TEXHOTEHHBIX 00BeKTOB. LIIMpPOKO HMCHONB3YIOTCS JAaHHBIC
I00ANBbHBIX HABUTAMOHHBIX CHYTHUKOBBIX cucteM GPS u I'NIOHACC. Meronsl panapHOi
CIIYTHHUKOBOHM MHTEp(EPOMETPUH ITOKA YTO MPUMEHSIOTCS B HAIlIEH CTpaHe 3HAYUTEIBHO PEXe.

[TyreM 00paboOTKM NBYX KOCMHYECKHX CHUMKOB, BBIIIOJHEHHBIX C MPUMEHEHHEM paJapoB C
cuHTe3upoBanHoi ameprypoii (PCA unatepdepomerpusi, SAR), MOXKHO ONpEAETIsATh CMEIICHUS
3eMHOH MOBCPXHOCTHU MPOU3OMICAIINEC 3a BpEMA MCKAY TOBTOPHBIMU CbCMKAMMU. DTO MO3BOJISIET
UCCIICIOBATh aKTUBHBIC T€OAMHAMUYECKUE MPOIIECCHI, B TOM YHCJIE CBS3aHHBIC C BYJKaHU3MOM,
3CMIICTPACCHUAMU, ITPOBOAUTH MOHUTOPHUHT OIIOJI3HCBLIX IMPOLICCCOB, CMCH_IGHI/II\/'I TEXHOI'CHHBIX
00BEKTOB, MPOCAZOK B 00JACTAX pa3pabOTKU PYIHBIX U HEPTETa30BBIX MECTOPOKACHUHN U T.I.

B nacrosiiiee Bpems 00Jbloe pa3BUTHE MOTYYal0T METOJIbl aHAJHM3a CepUil palapHbIX CHUMKOB
— TEXHOJIOTUM YCTOMUYUBBIX OTpakaTesled. OTH TEXHOJOTMH MO3BOJSIOT CIEAUTH 34
CMEIIECHUSAMU OTHAEIbHBIX IUIOIIAJOK, YCTOWYMBO OTPAKAIOUIMX paJapHbIX CIIyTHUKOBBIX
CUTHAJI, ¥ ONPEAETIATh CMEILEHHS Ha YPOBHE B NI€PBbIE MUJUIUMETPHI B TOJ.

Crnymareny mO3HaKOMSTCA C pabOTAIONIMMU B HACTOSIIEE BPEMS CITYTHUKOBBIMU CHCTEMaMHU, C
OCOOEHHOCTSIMU PaJIapHON CHEMKH C Pa3JIMYHOMN UTMHOW BOJIHBI, C TEXHOJOTHUAMH 00pabOTKH, C
IPOTPAaMMHBIMU TTaKETaMH, METOJAAMU COBMECTHOH HMHTEpHpETallld pa3IMYHBbIX HA3eMHBIX H
CIYTHUKOBBIX JAHHBIX M HEKOTOPbIMHU pe3ynbraramu mnpumenenus PCA untepdepomerpuu,
nosyueHHbIMU B D3 PAH 3a nocnennue 15 ner.



" Pradere Christophe

Institut de Mécanique et d'Ingénierie de Bordeaux France, 12M-
département TREFLE - transfert fluide énergétique Directeur de
Recherche

Multispectral infrared as a tool for heat and mass
transfer studies

In the first part, the study of Non Destructive Testing and
Evaluation on multiscale heterogeneous solid materials will be
presented in order to demonstrate the ultra-capacity of these tools
to offer an understanding and characterization of materials

Then, in second part, the previous method has been extended to the study of multispectral heat
and mass transfer in microfluidic systems. In fact, the recent development of the Fast Infrared
Imaging Spectroscopic Technique (FIIST) allows simultaneous acquisition of temperature and
concentration fields, using a non-intrusive method and also Thermal Imaging Velocimetry (TIV).
In this work, the exothermic acid-base reaction between sodium hydroxide and hydrochloric acid
is performed in a co-flow microfluidic chip of high aspect ratio. This configuration makes it
possible to obtain laminar flows where the mixture of the species is then only due to a radial
diffusion process and advection. Mass diffusion cone makes out since water transmittance is
increased in presence of the ion pair of Na* and CI". Both heat and mass diffusivities are
estimated from the logarithmic parabolas method, originally developed for thermal transfer but
applied here also in the mass transfer case since the diffusion transport equation which is similar
in both cases.

Finally, in a last part, the beginning of thermospectroscopic tomography will be presented with
imaging system that is able to measure transient temperature phenomena taking place inside a
bulk by 3D tomography. This novel technique combines the power of multispectral waves and
the high sensitivity of infrared imaging. The tomography reconstruction is achieved by the 3D
motion of the sample at several angular positions followed by inverse Radon transform
processing to retrieve the 3D transient temperatures. The aim of this novel volumetric imaging
technique is to locate defects within the whole target body as well as to measure the temperature
in the whole volume of the target. This new-fashioned thermal tomography will open research
perspectives in the non-invasive monitoring techniques for volume inspection and in-situ
properties estimations.



MarBuenko FOpuii I'puropneBuyu

J.1.H.,, mpodeccop, 3aBemyIOMUNA  OTACIOM IPOYHOCTH,
KUBYUYECTH u 0e30MacHOCTH MalluH Hucruryra
MamHoBeneHus: uM. A.A. bimaronpaBoBa PAH. 3aciykeHHBII
nesTenb Hayku Poccuiickoit @enepanyn. 3aBeayronuii 6a30Boit
kadenpoir «PakeTHas TexHUKa» MOCKOBCKOTO 00JIaCTHOTO
TEXHOJIOTHYECKOT0 YHHUBepcuTeTra. B kauectBe mpodeccopa u
HAyyHOTO  JKCIEepTa  HEOJHOKpPATHO  MpHUIJaIlajics B
YHUBEPCUTETHI W  HAYYHO-HCCIIEIOBATEIbCKUE  HHCTUTYTHI
Anrnmun, ®panuuu, Anonun, HWramum, Oxuoit Kopen,
CnoBennn u Taumnmanma. OOnacTh HAyYHBIX HWHTEPECOB -
MPOYHOCTh, MEXaHWKAa pa3pylICHUs, >KUBYYECTb, peCypc u
0€30MacHOCTh MAaIIMH U KOHCTPYKIIMI B CHIIBHO MOBPEXKIECHHBIX
COCTOSTHUSIX B YCIIOBHUSIX IKCTPEMaJbHBIX (PU3UKO-MEXaHUUYECKUX
BO3JICUCTBUHI U KOPPO3UOHHO-AKTUBHBIX CPEL.

YnpaBJ/ieHue ;KMBY4eCTbI0 B MO/IeJISIX U KPUTEPHSX COBPEMEHHOH MeXaHUKHU
pa3pyuieHust

[Ipenynpexxaenue paspylieHuil U odecrieueHre 0€30MaCHOCTU CIOXKHBIX TEXHUUYECKHX CHUCTEM
Ha COBPEMEHHOM »JTalle pa3BUTUS HAyKd BO MHOTOM OIIpeJeNseTcs] ajanTanueil OCHOBHBIX
MIOJIOKEHUH COBPEMEHHOM TEOPUH YIPaBJIEHUS K MIOCTAHOBKE M PEIICHUIO MPOOJIEM )KUBYUECTH.
B kauecTBe 0AHON M3 OCHOBHBIX 3aJjau TEOPHUM YIpaBieHHs B MpodiiemMax Oe30MacHOCTH,
pecypca M >KMBYYECTH CIEAYET paccMaTpHUBaTh 3aJaudy aHajdu3a KUHETUKH IOBPEXKIECHUN M
pa3pylIeHni TEXHUYECKUX CUCTEM Ha MOJIEIbHOM MM (PU3NYECKOM YPOBHE.

OOmast MOCTaHOBKAa M PpEIICHHWE CHCTEMHBIX (YHAaMEHTAIbHBIX M MPHKIATHBIX 3a]1ad
0€30I1aCHOCTM M pHCKa OOBEKTOB MAIIMHOCTPOEHUS OCHOBaHAa Ha Y4Y€Te HUX HpAMOU
KOJIMYECTBEHHON CBSI3M C IIOCTAaHOBKOM 3aJad MPENyIPEKACHUsS Pa3pyLICHUW U YIpaBICHUs
pecypcoM, B  KadecTBE COCTaBHOM 4YacTH KOTOPOrO MOIYyT OBITb  PacCMOTPEHBI
TPEIMHOCTOMKOCTD, )KUBYYECTh U HAIEKHOCTD.

OO00CcHOBaHBI pacy€THO-IKCIIEPUMEHTAIIbHBIE MOAXOAb! K aHAIN3Y )KMBY4YECTH U O€30I1aCHOCTH
MallluH ¥ KOHCTPYKUUH, BKIIOYAIOIIKE: KOMIIJIEKCHBIN aHAJIN3 IIPOYHOCTH, PECYPCa, )KUBYUECTU
u 0e30IaCHOCTH; MHOIONApaMeTpU4YeCKUe MOJEIN U KPUTEPUHM HEIMHEHHON MeXaHMKH
pa3pylIeHUs Ha PA3JIMYHBIX MAacCIITA0HO-CTPYKTYPHBIX YPOBHSX; METO/bl AKCIIEPUMEHTAIBHOTO
OIpEIENIEHUs XapaKTEePUCTUK MEXaHUKHU Pa3pyLIeHHs Ha HECTAHIAPTHBIX 00pa3lax U 3JIeMEeHTax
HaTypHBIX KOHCTPYKLIMM; MOHUTOPUHI U AUArHOCTUKA ITOBPEXKACHUN U paspyLICHUH, JTOKALUs
TPEUIMHONOJOOHBIX Ae(eKTOB; (PU3MKO-MATEMaTHUECKOE M HMHUTALMOHHOE MOJECINPOBAHMUE;
WH)XEHEPHO-TEXHOJIOTMYECKUE aACHEKThl COBPEMEHHOM JBYXIIAPAMETPUYECKONM MEXaHUKHU

paspyuieHusl.



Thierry PALIN-LUC

Thierry Palin-Luc is Deputy Director of the Institute
of Mechanics and Mechanical Engineering (12M) in
Bordeaux (France), a joint research unit with
Bordeaux University, CNRS, Arts et Metiers
Institute of Technology and Bordeaux Polytechnic
Institute. He is working on high cycle multiaxial
fatigue of metals since 1993 and on the development
of fatigue strenght criteria and fatigue life
calculation methods for variable amplitude loadings.
For helping engineers to solve the difficult task of
the transferability of data from the lab to real

i L] : components he has proposed several non local high
cycle fatigue models and concentrated his researches on both the effect of the manufacturing
process on the fatigue strength of metals and on the gigacycle fatigue. Indeed, since 2007, he is
working on the fatigue of metals in very high cycle fatigue regime.

Fatigue strength of metals and fatigue life calculation for long and very long
life: what is known and what are the challenges

In service, most of the mechanical components or structures are submitted to cylic loading. To
avoid failure of such systems, engineers have to design them against fatigue crack initiation (and
then propagation). For short lifetimes (in low cycle fatigue, LCF) regime, up to ~10° cycles)
macroscopic plasticity is responsible of crack initiation. For longer lifes (i.e. in high cycle
fatigue, HCF) up to approximatively 10" cycles, the key role of microplasticity at the grain scale
is now well established. Very promissing results have been obtained in literature with polycristal
plasticity and critical plane based or energy based approaches. In the two previous regimes (LCF
and HCF) cracks initiate at stress concentrators and at the surface of metals with a scenario
where persistent slip bands are the precusors of crack. But for very long life, named gigacycle
regime (that is beyond 10° cycles) when very low cyclic load level is applied (the stress
amplitude could be ~0.3 times the material yield stress) fatigue crack initiation occurs in the core
of the material whereas it is at the surface for higher load levels (in LCF and / or HCF). In
gigacycle fatigue, non-metallic inclusions are often crack initiation triggers, but internal crack
initiation occurs also without any inclusion (in titanium alloy for example). Consequently the
mechanism of crack initiation is not so clear. There is no model able to explain why crack
initiation shifts from the surface to the core of the material when the cyclic load level is
decreased. Some ways for future researches are proposed to progress in the understanding of this
open question.



Jlomakun EBrenunit Bukroposuu

MIy HUMEHH M.B. JlomoHocoOBa, MexaHuKo-
MaTeMaThdeckuii  ¢gakynbTeT, OTneneHne MeXaHUKH,
Kadenpa teopun mnactuyHocTH, 3aBeqyrounIuii kadenpoiu,
wieH-koppecrionnenr PAH. comemmamucr B 0o01acTu
MEXaHHUKH Ne(POPMHUPYEMBIX CpPEel, MEXAHUKU Pa3pPYIICHUs
M MEXAaHUKH KOMIIO3UTHBIX MarepuasioB. UYnen bropo
Hayunoro coBera PAH mo Mmexanwke aegopMHpyeMOro
TBEpPAOro Tena, uwieH OkcneptHoro coerta BAK
MunobOpHayku Poccun mo maTeMaTHKe M MEXaHUKE, YICH
DKCIEePTHOTO coBeTa Poccuiickoro dbonma
byHIaMEHTaIbHBIX HCCIe0BaHUM, YJIeH
nucceptaimoHHbIX coBeToB npu MI'Y um. M. B. JlomonocoBa u MHCTUTYTE MalIMHOBEIECHUS
PAH.

HenuneiHnoe gepopMupoBaHue TOPHBIX MOPOA U COCTOSIHME MPeEAeTbLHOI0
paBHOBeCHUSA

ITpu uccnenoBaHUM CBOMCTB IOPHBIX MOPOA HPOSIBIAETCS 3aBUCHUMOCTh MX JAe(OpMallMOHHBIX
XapaKTEPUCTHK OT BUJA HAMPSHKEHHOTO COCTOSIHUS, KOTOpoe (popMupyeTcs 1moJ AeHCTBUEM TeX
WIM WHBIX Harpy3ok. /laHHas 3aBUCHUMOCTB OIPEAEISAETCS B 3HAYUTEIBHOM MEpE HaIudueM
MHUKPOTPEIIMH, TOpP, PA3TUYHOrO poja AePEeKTOB, OCOOCHHOCTSIMH CTPYKTYPHOTO CTPOCHHS H
IPOSIBIIAIOTCA, KaK IPaBWIIO, IPU JOCTAaTOYHO BBICOKOM YPOBHE HaNpsDKEHUH B 00JacTu
HenuHeHoro  nedopmupoBanus. lloBegeHHe MHKpPO-HEOIHOPOJHOCTEH  CYHIECTBEHHBIM
00pa3oM 3aBHCHT OT XapaKTepa BHEIIHUX Bo3aeicTBHA. Kpome TOro, B JaHHBIX Cpeaax
IPOIIECChl CIBUTOBOTO M OOBEMHOTO Je(OpPMHUPOBAHUS B3aMMOCBS3aHBI, MPUYEM HapaMeTphl
9TOM B3aUMOCBSA3M 33aBUCAT OT BHUJA HANpPSHKEHHOTO COCTOSIHMSA, M CIBUTOBBIE JAehopMaiiu
MOTYT BbI3BaTh PACKPBITUE MUKPOTPELLIMH U T10OD.

[lpoBeneH aHanM3 OCHOBHBIX 3aKOHOMEPHOCTECH IMOBEIEHHS TOPHBIX IOPOJ Ha OCHOBE
pe3yJabTaTOB JKCIEPUMEHTAIbHBIX HCCICNOBAHMN CBOWCTB PAa3JIMYHBIX TOPHBIX IOPOX.
[IpensioxkeHBI OMPEACNSIONINE COOTHOIICHHUS JJISI ONUCAaHWs OOHApY>KEHHBIX 3 (HEKTOB.
[IpogeMOHCTPUPOBAHO XOPOIIIEE COOTBETCTBHE MEXKIY TEOPETUYECKUMHU 3aBUCHUMOCTSIMU H
pe3yabTaTaMu AKCIEPUMEHTAIBHBIX HCCIeqoBaHUi. [IpeacTaBieHbl peneHns 3a1a4 MEXaHUKH
PaspymicHud U UCCICAO0BAaHO PACKPBITUC TPCIIUH B YCJIOBUAX CABUIA.

Jlns pemieHus 3a1a4y NpeieabHOr0 paBHOBECHS U ONIPEIETICHUS 3HAUEHU I NIPEIEIIbHBIX HAIPy30K
c(OpMYIMPOBAHO YCJIOBHE IUIACTUYHOCTH B  COOTBETCTBYIOIIEM OOOOIEHHOM  BHJE,
INPUMEHUMOM JUIsl IOMPOKOro Kiacca marepuasioB. [IpemioxkeH MeTon MOCTPOEHHs MOJIeH
CKOpPOCTEH TMEPEMELICHNUN, XapaKTepHU3YIOINUX JuiaaTaHcuio cpeasl. [IpopeMoHcTprpoBana
CyLIECTBEHHAas] 3aBUCUMOCTb 3HAQUYEHHMM NPENEIbHBIX HArpy30K OT YYBCTBUTEIBHOCTH
IUIACTUYECKUX CBOMCTB CPEe/bl K BUly HAIIPSKEHHOT'O COCTOSTHUS.



