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CTPYKTYPHAS MOAENb B PEONOIMMY KOHCTPYKLIUA
0.C. Cadakoe

IlpuBeaen cxaTbiii 0030p Pa3sBUTHS OJHOr0 M3 HAYYHbLIX HanpasJieHuil Kadeapbl
«IIprKkNagnas MexaHHka, THHAMHKA M NPOYHOCTL maman» Y0YpI'Y. 310 — moje-
JIMPOBAHNE MHKPOHEOAHOPOAHOr0 Heynpyroro AedOpMHpOBAHUS H pa3pylueHHs
KOHCTPYKUHOHHBIX MAaTEepHAJIOB H MaKpoMoJeaupoBaHie HA 31O OCHOBE Heynpy-
roro neOpMHPOBAHKS KOHCTPYKUMIA (HeoxHOpOXHOE HanpsKeHHOo~
ledopmupoBanHoe cocTosiHMe). B cBaA3suM co coemudmukoid 0630pHoit paGoThi Mbl
3neck usberaem moapoGHOCTEH, KOTOPbIE NIPH MeJIHUH MOKHO HAHTH B Npujarae-
MOM cONcKe JUTEPATYphl (BLHIOJHEHHOM B XPOHOJIOTHYECKOM MOPANKEe H BKIIIO-
qaiomem Gosiee panHHe 0030pnl [21, 24, 34, 35]).

1. IIpouHOCTHBIEC pacueThl HEYNPYrHX KOHCTPYKI M

AXTyanbHOCTb NpobieMbl CBS3aHa ¢ HEOOXOAUMOCTBIO pa3pabOTKH MPAMOTHBIX METOJOB pacuer-
HOM OLieHKHM NPOYHOCTH KOHCTPYKLIHI, BHINOMHEHHBIX U3 IUIACTHYHBLIX MaTeprasoB. JI0 CHX Op Takue
pacyeThl BeAyTCS Yalle BCero [0 YCIOBHIO HEMPEBIEHHS MAKCHMATBHEIM HANPMKCHUEM B KOHCTPYK-
LUY IOITYCKAeMOH BEeJUYHHBI. ECTECTBEHHO, 3Ta BEIMMUHA — ¥ JUISl XPYIIKOM, H [UI4 TJTIACTHYHON KOHCT-
PYKIHU — HE BBIXOAMT 32 NpeJesT YIPYrocTH U pacyeTsbl JOCTATOUHO NPocThi. OAHAKO pa3pylIeHUe KOH-
CTPYKUMH U3 MAACTHYHOrO Marepuaia oObIYHO NPOUCXOAUT [IPH 3HAUUTENBHEIX MACTHYECKUX Aeop-
Mauuax. MckioyeHne cocTaBisoT NMoTeps KECTKOCTH (B YACTHOCTH, YCTOHUHBOCTH) M YCTAJIOCTh Ma-
TepHaNa [1py OONLLIOM YUCIIE NOBTOPAIOLIMUXCS BO3AEHCTBHH, HE BRIXOAALIMX 3a Mpeaes YIPYTrOCTH.

[lpaBunpHEE B TAKHX CTy4asX, NO-BUAMMOMY, HCIIOAB30BATh OCHOGHOU KPUTECPUM NMPOYHOCTH — HE
0 HanpMKeHHUAM (BHIMUCIIAEMOH PEaKIHH KOHCTPYKIIHH), & 110 BHEIMHEMY 3a7aBaeMOMYy [PH IKCILUTya-
Tauud Bo3aedcTBUo. HanpuMep, npu JeHCTBHM Harpy3kd P BBOIAT NOHsATHE Kod(pdHLMeHTa 3anaca
npouHocTH n=PyP (Py — pacuemnoe 3HaueHne pa3pyllalomed Harpy3k) U YCIOBAE MPOYHOCTHA 3aru-
ChIBaIOT B BUAE 1 2{n)], rae [n]~ HopMaTHBHBIH K03hULIMEHT, NPU3BAHHBIA KOMIIEHCHPOBATh HEU30EXK-
Hble omubku pacuera. Ha 310 yciioBHe NpOYHOCTU NOJIE3HO B3IVISHYTh C IPYTO# CTOPOHBI: OHO 3KBHBA-
JIEHTHO YCNIOBUIO

[n] P2 Py (1)

OHO 03Ha4aeT, 4TO B NMPOYHOCTHOM pacdere Harpys3ka Ha KOHCTPYKLHIO JoJKHa ObITh 3a7aHa B (7]
pa3 Cosplie AEHCTBUTENbHOM KCIyaTaUMOHHON HArpy3KH; KOHCTPYKLHS IIPOYHA TOJLKO B CIyvae,
KOrJa H 3Ta Harpyska (1o pacuery) He paspyLUMT KOHCTpyKuMIo. Takum obpazom, BenuuuHa [#] ycTa-
HABJIMBAET COOTBETCTBUE MEXKIY PACUCTHBIM M ACHCTBUTEIRHBIM 3HAUEHHEM pa3pylualolleld HarpyskH;
OHa O0OBIYHO 3aMEeTHO BbIIE €MHHULIBI, YTO FOBOPUT O HEOMPABAAHHOM ONTHMYU3ME PacyeTUNKOB, KOTO-
pBIi KOMNEHCHPYETCS Bhipaxkenuem (1).

YcIoBHE MPOHHOCTH MO MaKCHMAlbHbIM HANPSLKEHHAM, O KOTOPOM MBI YTIOMHHAJM BHavaje, cie-
AYET 13 JaHHOTO NpPH BBITIONHEHHH B pacueTHOH MOJIG/IH ABYX YC/IOBHH!

a) MAKCUMAaJIbHOE HANPSXKEHHE TPOMOPLMOHAIEHO HArpys3Ke;

0) NMPUHATO, YTO KOHCTPYKLHUA Pa3pyHINTCA, €CIH B €€ JHHCTBEHHOM TOYKE HANPMKEHHE JOCTUTa-
€T NPEAEIbHOTO 3HAYECHHUS.

[lepBoe ycnoBre OTBeHaeT WJACANbHO YIPYTOH WM CTaTHYECKH ONPENENMMON 3aJa4de, BTOPoe —
TOJILKO CTaTHYecKH onpenenumoit depme. B apyrux ciry4asx Takod pacHeT He ONpaBaaH. 3aMeTHM, 4TO
cama TeXHHKa OMbIMHO20 YCTAHOBIICHHS 3HAUEHU [#1] He M03BONAET FOBOPUTD, YTO PACHET [0 YNIPYTHM
HaTIPSDKEHUSIM MJIET «B 3ar1ac NPOYHOCTHY.

PaspylueHue CTaTHYECKH HEOMNPe/IENMMON HEynpyTrod KOHCTPYKUMH ONpelenseTcs BCel HeTopreR
pa3BUTHS HEYTNPYTUX HeopMarmii 1 06bIYHO TpeOyeT pacdeTa ux 3Bomouuu. s npoBeieHus Takoro
pacueta TpeGyeTcs peINTh CleAyIOLIHe OCHOBHBIE TIPOOIeMBbI:

¢ MoaearpoBaHye aehOpMaLIOHHOrO NIOBEICHUS HEYNIPYToro Marepuana (Ipu H30TEPMUYECKOM U
HEU30TEPMUYECKOM HArpY:KEHHU, TIPOCTOM M CJIOKHOM HANPSXKEHHOM COCTOSIHHH, IMPONOPLHOHATIBHOM
¥ HeNMPONOPUMOHANBHO, C BRIASPKKAMHK UK 6e3).

e MoaennpoBaHHe NOBEAEHHUS HEYNIPYTHX KOHCTPYKLHH.
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* MonenrposaHHe HaKOIWIEHHA NOBPEKAESHUEH W 00pa30BaHMs TPELIMH MAJIOLUKIOBOM YCTANOCTH.

* MogenrpoBaHHe Pa3BUTHS TPELMHBI (CTaus JKUBYYECTH).

e Moaenuporadre pa3pylIeHUs AeTald (OLeHKa KPHTHIECKON JTHHBI TPEILHHEI).

Bce st npobsieMsl He TOJIBKO CYLIECTBEHHO YCIOKHSAIOT 33144y OLIEHKH [POYHOCTH KOHCTPYKLIMH,
HO M TIOKa elle JaleKo He 1O KOHUaA pelueHsl. He yaMBUTENBHO CTpeMieHHE pacueTYHKOB OGOMTH 3TH
TPYAHOCTH.

2. Monesn cpenst

2.1. PazmuuaroT Tpu noaxona K MaTeMaTHYECKOMY MOIEIMPOBAHHIO: SMITMPHYECKUH (HemocpeacT-
BEHHOE ONUCAHHE JAHHBIX IKCMEepHUMeHTa), peHoMeHonornyeckuii (GopMyIHpOBKa THIIOTE3 O CBOMCT-
Bax 0OBEKTA U MX MOC/IENYIOLAs TPOBEPKA) ¥ OHTONOTMYECKUM (TIPEANOJIOKEHHE O CKPBITHIX MEXAHU3-
Max SIBI€HUS M MOJAEIMPOBAHNE STHX MEXaHH3MOB).

Tlpu MoenupoBaHUH NIOBEJEHUS YIpYy2020 MaTepHaa BIoJiHe yao6eH SMIUPHUECKUH MyTh, HO Uit
HEyNpyroro Tejia OH BEAET K MPaKTUYECKH HeNpeooluMbIM TPYAHOCTSIM B CBA3U CO CIOKHOCTLIO U
MHOTOIVIAHOBOCTEIO ABNCHHA, PEeHOMEHONIOTHYECKUH MyTh (HANpHMep, MOAEIb WACAIHHO IacTHue-
CKOHM MM HACANBHO BA3KOH CPelBl) MO3BOJAET TOMYHYUTH MPUOIUZHTENBHOE OMMCAHHE HEYNPYIHUX
CBOVICTB MarepHajia, HO B GONBLIOM HMC/IE CHTYalMi MOJEIb OKA3bIBAGTCA UPE3MEPHO MPHUMHUTHBHOM.
Hakoneu, oHTONMOrH4eckuii nyTe o0CLIAET CYUIECTBEHHO JIy4LIHEe Pe3yIbTaThl, HO HACTONBKO IPOMO3-
JOK, YTO 3TH MPOFHO3b! MOKa OCTAOTC 00ELIaHHIMM.

2.2. Pap paboT pycekux H 3apyOexHbIX HCCIIeloBaTelIel MoacKas3an enle OfHY BO3MOXHOCTE MO/jie-
JMPOBAHHA PEONIOTHUECKUX CBOHCTB MaTepHAsIOB, JIEXKALIYIO Ha rpaHHLEe MexXny (eHOMeHOomorueil u
OHTOJIOIMEN U COUETAIOLRYIO JIyHLIHME CTOPOHEI TOH U Apyroi. DToT Noaxo, CBS3aHHbIH ¢ MOJIeIMpOBa-
HIEM MUKPOHEOOHOPOOHOCMU CPElbl, Jall CEPUIO PEOJIOTHYECKUX MOJeliel, KOTopble BNOCIeJCTBUH
Obl11 Ha3BaHB! CTPYKTYPHBIMH.

['unoresa 00nOpOOHOCHIU TIEXUT B OCHOBE COBPEMEHHOH MEXaHMKH CILIOLIHOHN cpelsl U B 0OMb-
IIHHCTBE Pa3/JIcNIOB MeXaHHKH COBEPUIEHHO HeOOPEMEHMTENbHA, OQHAKO B NIPOUECCAaX Heynpy20zo ne-
HOpPMHPOBAHUA, KAK TMOKA3bIBAKOT HCCACI0BAHHA, peanbHas HEOTHOPOJHOCTH Cpedbl (MHKPOHEOTHO-
POAHOCTH) OKA3bIBAETCA ONHUM U3 Hanbonee 3HaYaIuXx GaKkToOpoB.

CTpyKTypHbIE MOJENH, B OTJIMYHE OT OHTOIOrHYECKHX, MOACTHPYIOT MUKPOHEOIHOPOJHOCTD (op-
MAIU306anHO, B TIPETIONIOKEHHH, YTO OHa 110 CBOel NMpUpoe He OTAMYAETCS OT KOHCTPYKUHMOHHOH He-
ofiHOpoAHOCTH. CuuTaeTcs, YTO 3/eMEHTapHbIH 0OBEM OJHOPOINHON CIUIOIHON cpeapl paboraer mo-
100HO HEKOTOPOH KOHCTPYKUHMH, COCTaRAEHHON u3 noasneMeHToB (I10), Kak-TO CBA3AHHBIX MEXIY CO-
Goit u HapeneHHblX ((HEHOMEHOJOrMYECKH) HEKOTOPBIMH AOCTATOYHO MPOCTHIMH PEOJIOrMYeCKUMHU
CBOMCTBaMH. DTH CBS3H U 3TU CBOICTBA U OTJIMYAIOT OAHY CTPYKTYPHYIO MOAEIE OT JApPYFoH.

2.3. Vicxoauelil BapHaHT CTPpYKTypHO#H Mojenu [1-5], npeyioxkeHHslit B Hauux padorax (B Aailb-
HeHLEeM 3Ta MOZE/b HA3bIBAETCS 0d30601), NOCTPOSH T10 MPUHLIKMITY MAKCUMAIbHON NpocToTsl. [Ipy ee
MOCTPOCHHH HaMK BHAuase CTABWIACKH 33a4a TONbKO OUepPTHThL KpPYI C80UCHIS CPElbl, KOTOPBIE MOTYT
ObITH OMMCcaHbl TakuM O6pazoM. [Ipeanonarajiock cONOCTaBUTL OTH CBOKMCTBA ¢ peaibHbIMHU (B J1abopa-
TOpPHUH Kadeapbl TPOU3BOAUIMCH UCTIBITAHKUA MHOIMX METAINO0B, OONIbLISH YaCThIO KapONpPOYHbIX CIUIa-
BOB) M JIMIIB 3aTE€M ONPEAEIUTE IyTH COBEPUICHCTBOBAaHMA MoAenH. B 6aszoBoi moaeny, nogobxo Mo-
nenu beccenunra [6], Tensopel pedopmanyit I1D cuuratoTes oguHaKOBBIMM U PaBHBIMH TEH30pPY [e-
dopmanuu anemeHTa obbeMa. Hanpsokenue mocnenHero Beiqucnsercs kak cpendee no [13. Ceoiicrea
13 nonaratoTcs uaeansHsIMA (KMeaibHas IUIACTHYHOCTD, YCTAHOBHBILASCS NOA3YYECTh) K H30TPOIHbI-
MH B €BHATOPHOM NpocTpaHcTBe. TeM cambIM cBoiictBa kKakaoro I10 xapakrepusyroTes ero peojaoru-
4ecKoH QyHKumen

P4 =Fa) @)

~ 3aBHCHMOCTBIO MHTEHCHBHOCTH CKOPOCTH Heynpyro# nedopMaLiy OT MHTEHCHBHOCTH HaTpsxKe-
Husl. 31eck k£ — Homep [13. B otnuume ot Monenu [6], peonoruueckas ¢ynxums [10 e orpannuusaercs
creneHHbM 3aKoHoM. Ham yzaanock paspaboTaTh TEXHHUKY MASHTHOHKAIMHA MOAEIH IPYU IPOMU3BOJIBHOM
Buze Fy — ecu cuM1aTh 3TH PYHKUMU NTOAOOHBIMM:

Fy = F(oy/zy). (3)
3nect F' — «peonornueckas GpyHkiyst Matepuanay (P®), koahppuuuenTs z; — «tapaMeTpbl IPOYHOCTH
[1D» — upentuduuupyrome 13 korncrantel. Iogobue (3) npunaro B 6a3oBoil Mogenu. OT Buaa pyHK-
unuu F 3aBUCHUT, sIBAAETCA MAaTepHal CKICPOHOMHBIM MM PEOHOMHBIM, WM Heynpyras aebopmaius

Cepus «Maremaruka, nsnka, XnMus», BbINyck 4 89



dusuka

NPENCTABJET CyMMY II1acTHYeCKoH AeopMmaumu H Aedopmauun noasydectd. [IponzBoasHoCTs PO
Chilpasna BaXHYIO poib B Ja/bHEHIIEH 3BOMIOUHMH TEOPHH — He TOMBKO U1 ONHCaHMA AedopMalmoH-
HbIX, HO U IPOYHOCMHBIX CBOHCTB.

2.4. PacueTHbIl ¥ TEOPETUYECKUH AHAIN3 NOKA3a/IH, YTO Mpedebhble XapaKTePUCTHKH OIHOPO-
HOM (MeanpHOH) MOJIEM M HeOAHOPOAHOK (6a30BOH) pH oAHOM U Toil ke PO OZUHAKOBEI: NPH BHI-
JEPXKKAX C MOCTOSHHBIM HATIPSXKEHMEM CKOPOCTH YCTAHOBHMBLIGHCS MON3YUYECTH OAWHAKOBLI, NMpPH Je-
(OPMHPOBAHUM C TIOCTOSHHOH CKOPOCTHIO NPEAe/bHBIC HANPSKCHUS ONUHAKOBEI (B 0GOMX Clyvasx
HalNpHKEHME U CKOpOCTh Aedopmanmu onpeaenstores PO). Ho B octanbHOM (NpH HeCTALHMOHAPHOM
HarpyXeHHH, TO €CTb NPAKTHYECKH BCErAa) 3TO [BE PasIU4HbIC CPERbl: ¢ namManelo O NPEABICTOPHH H
6e3. Beuay npeaenbHOH MpocToTh! 6a30BOH MOJIETH OHA MPEACTAaBIIsAeT, [0 CYTH, OJHLIM OTYET O TOM,
KaK Ha MoBe/leHHe Cpefibl BIMseT €€ HEOXHOPOAHOCTD.

B o0wux yeprax 370 BIHSHHE XapaKTepU3yeTCs 3aBHCHMOCTBIO TEKYIIETO 3HAYEHMS Npejena Te-
Ky4eCTH OT NPEeALICTOPHM — U OT TUIACTHYECKOM, U OT BA3KOH AedopMariuii, a TakKe 3aBHCHMOCTHIO Te-
KyLIEH CKOPOCTH MOM3Yy4eCTH (KpoMe TEKYLIEro 3HAYEHHs! HAaNPSDKEHMs) OT NPEAbICTOPUM — U OT Iila-
CTHueckol, 1 oT Ba3kol aedopmaumu. M nnactudeckoe, u BA3KOe Heynpyroe [eGOpMUPOBaHUE «YTI-
pounseT» cpeay (yMeHbLIaeTcsi CKOPOCTb MOJI3YHECTH, BO3PACTAET Ipefes TeKYy4eCcTH), HO 3TO YIIpoy-
HEHUE aHW30TPOITHO. CMEHA 3HAKa HArpy3KH OOHAPYKHT, YTO CKOPOCTE IMON3YYECTH YBEITHUMIACH, 4
npesesi TeKy4ecTH ymeHslumics. IlonoGHbie 3 (heKThl XapaKTepU3yIOT TEPMHHOM «AHM30TPOITHOE YII-
pouHeHue» (ero ke HasblBalOT deghopmayuonnvim). Takum 06pa3oM, U3BeCTHAS fiepBas CTaJHus Ha KpH-
BOM MON3y4ecTH OTHOCUTCH K 3TOH sxe rpymnne 3¢ dexToB. CTPYKTYpHas MOAENb NO3BOJISET OTYETIIHBO
YBWIETb. YTO 3T 3()(EKThI, Ha3bIBaeMble Taloke dPdexTaMy NaMIATH MaTepHasa OT NPEbICTOPUH Ha-
IPY>KEHNUS, CBA3aHbl C NiepepacrpeieeHHeM MHKPOHANPSOKEHUH B Cpelie B CBA3M C HEOAHOPOJHOCTEIO
MHKPONAACTUUECKUX JedopManyii (TEPMUH «MHKPO» 3[eCh OTHOCHTCS HE K BeJMYMHE HANpsHKeHHH
win nedopMaiui, a Kk «senuuuHe» [13).

2.5. ConocTaBneHue ¢ IKCNEePUMEHTaMH 110Ka3ajl0, YTO IJisl aAeKBATHOTO OMMUCAHMsA U JUarpamm
TIOBTOPHO-TIEPEMEHHOTO 1e(hOPMUPOBAHHSL, ¥ KPHBBIX HOJBYYECTH MPHU NPAKTHUYECKH MPOH3BONBHOI
MCTOPUH HAIPYXEHHS BO BPEMEHM OocmamoyHo 6a30BOH MOJIENN — €CITH MaTepHal LHKINYECKH cTabu-
JEH, TO €CTh OTCYTCTBYIOT u30mponHoe YNPOYHEeHHE WIHM pasyrnpouneHue [8]. AIeKBaTHOCTb MOAEIY
JIO CHX TOp TpEBBILIAET U3BeCTHbIE (PEHOMEHOJIOrHYeckue NOAXOMEL. JTO TO3BOJISET MOJaraTh, 4T0
MUKPOHEOJHOPOAHOCTE HEe NPOCTO BIMACT Ha Ae(opMalMOHHbIE CBOMCTBA MATE€pPHAJIOB, HO €€ pOnb
OKa3bIBaeTCs OMNpenesifioliell B OCHOBHLIX 3QeKTaxX MamsTH Cpelbl O MPeabICTOpUU HarpykeHus. Ma-
TEPUaIbHBIM HOCHTEJIEM ATOH NaMATH ABJISIOTCS MUKporulacTHuyeckve aedopMmalyin. 3aMeTHM cpasy,
YTO COBEPLIEHHO aHATOTMUYHbBIE CBOICTBA OOHAPY)KHMBAIOTCS U Y KOHCTPYKLHMIA ¥ 110 COBEPILEHHO aHalo-
T'MYHBIM MPHHUHAM.

2.6. BaxxHas ponb MUKpPOHANPAXKEHUH B PEOJIOTHYECKUX CBOMCTBAX OCOOCHHO 3aMETHO HpOsIBISET-
cs B adexrax menponopyuonanvrnozo Harpyxenus — rnipu 3aganuu I1D npocrefiiero cpoiicTea uae-
aJIBHOH TMJIACTMMHOCTH C TOBEPXHOCTBIO TeKyuecTH Muzeca [9], [10]. OGnapyxuBaercss W3MeHeHHe
«MOBEPXHOCTH TEKYYECTH» — €€ OPMBI U Pa3MEpOB, HEOPTOTOHAJIBHOCTh NPUpALLEHUs HEYNIPYroH ne-
¢dopmaunK K 9TOH MOBEPXHOCTH (NPH COXPaHEHNH YCTOMYHMBOCTH MaTepuana), kpocc-adpdexrt bayinn-
repa U Apyrue 3aKOHOMEPHOCTH, HaOIrofaeMble B UCOBITAHUAX M MPAKTHUECKH He noanaromuecs de-
HOMEHOJIOFHYECKOMY OTIMCAHMUIO.

2.7. Micnonb3opanyue MOJENH MO3BOJIET onlpelesnsTe P MaTepuanos He TOABKO MO JAaHHBIM yCTa-
HOBMBLUEWCS TIOI3YYECTH, HO W MO KPUBBIM HEYCTAHOBMBLIEHCS MOA3YYECTH, KPUBBIM Je(OpMHpPOBa-
HHUs, kpuBeIM penakcauyu [18]. EctecTBeHHO, nuana3oH apryMEHTOB IPH 5TOM OKa3bIBA€TCS 3HAuH-
TENBHO LIIMPE, YEM B CTAH/IAPTHBIX HCTIBITAHHUAX Ha YCTAHOBHMBILYIOCA MOJI3y4yecThb. brio obnapysxketo,
YTO MPAKTUYECKH BO BCEX CTAISAX OTYETVIMBO PA3jIM4alOTCA ABa (B JOCTYITHOM AUl HALUMX SKCTIEPHMEH-
TallbHBIX YCTAHOBOK AMANA30HE CKOPOCTel) MEXaHU3Ma TION3Y4ecT! [22], UTO MOXHO OTPa3UTh BbIpa-
XKCHUAMHU

F=4,"+ 4,67 wm F = Aiexp(B,0) + A, exp(B,0) 4)
— B 3aBUCHMOCTH OT TOT'O, B KaKOM LIKaje — NoMynorapudMuueckoi win ABOHHON JorapuMHUYECKON ~
JAaHHble OILITOB JIyYllle JOkKaTcs Ha OMmuHeHHyto kpuBylo. O6a MexaHH3Ma UMEKOT OTHYETIMBO peo-
HOMHBLI XApaKTeP, TO €CTh ITO JBa BU/A [013yYeCcTH. MBI NoJlaraeM, 4to Heynpyras Aedopmauus Bee-
Iria pEOHOMHa, a CKiiepoHoMHad fedopmalms NpeACTaB/seT JIMIIb HAeaTU3aLyo (YacTo BecbMa yaob-
HYI0) peaibHOTO [MOBEAEHUsI MaTrepyaiia. JTO CTAHOBHTCS ITOYTH OYEBUAHBIM [IPH PACCMOTPEHMH Tep-
MOQUTYKTYalMOHHOTO Me€XaHu3Ma Heynpyroi aedopmanim.
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Haxke npn HOpManbHOM TeMIepaType MaTepHalibl PEOHOMHBI, XOTS 3/eCh yao0Hee BBECTH Iipe-
NeJbHOE 3HAYEHHE HaNpsKeHHs M OrpaHHYHTh NOA3Yy4YecTh (COOTBETCTBYIOLUMM BhIOOpoM P®) nmnsb
HeDOBIIMM AMATIA30HOM B OKPECTHOCTH 3TOro 3HaveHus. JTo oTHocuTes k I19; ans mMomend B uesiom
Mbl OOHApYKHMBAEM OrPaHHYEHHYIO PEOHOMHOCTD [IPAKTHHECKH NpH Mobom HanpskeHHu. Takum obpa-
30M BEChbMa aJEKBATHO OTPAXKAETCA ABJEHHE LUKIIMHYECKOH MOM3YyYeCTH (M UMKIMYECKOH pesiakcaumu)
1pY HECUMMETPHYHOM MSIrKOM (3KECTKOM) LHKJIMYECKOM HarpyxeHuu [7].

2.8. BayxneHiuym 3Tarom pasBUTUs MOAX0Aa GbU10 00001IeHAE MONEN Ha HeU3OMepMULecKoe Ha-
rpyxkenne. M 31ech npocrefiiee JOMyLIEHHE O TOM, YTO C TEMIIEPATYPOH H3MEHAETCA NULIb PEOIOry-
yeckas QyHKUUA (M KOHCTAHTBI YNPYrocTH) MPUBEITO K MOTYYEHHUIO OTHOCHTEIBHO [MPOCTOM, HO BITOJHE
aZleKBaTHOH /1A METa/IM4ECKHX crnaBoB (co cTalmwibHOM CTpyKTYpoif) Moxenu [12]. BeiscHunock, 4ro
B Beipa)KeHUIX (4) OT TeMIIepaTyphl CYLIECTBEHHO CHJIbHEE 33BUCAT MHOXHTENH A,, YeM OCTAJIbHLIE.
7O, Ha HaLl B3MJIs, MOATBEPIKIAET, YTO ciaraeMsie B (4) COOTBETCTRYIOT (DH3MUYECKU PA3NUUYAIOLIAMCS
MeXaHH3MaM Heyrnpyroro aedopMUpoBaHUs (BO3MOXHO, BHYTPU3CPEHHOMY WII MEXK3epPeHHOMY CMe-
UIEHWIO aTOMOB) H Y4aCTKM PEOJOrMYeCKOH QYHKIMK C pa3i4HbIMU HAKIIOHAMH OTBEHAIOT npeobnana-
HMIO OJIHOTO MEXAaHU3Ma Haj ApyruM. [lozke Ans onucaHus HaKOIJIEHUS MOBPEKACHHOCTH, IIPUBOAAILEH
K MaJIOUMKIOBOH YCTanocTH, Obl1a NOCTPOEHA MOJIEITb, B KOTOPOH GUrypHUpYIOT [Ba BUIA MOBPEXKIEHHO-
CTH, OTBEYAIOWIHME ITHM BYM MeXaHW3MaM. DKCIepuMeHTalIbHAas TIpOBepKa MoKa3aia XOpOUIyio aieKBat-
HOoCTb Moaenu [16, 20]. loGasum, uTo HeMsOTEpMHUYECKOe HEynpyroe AedopMUpOBaHHE, KaK U HEIpo-
NOPUMOHANILHOE, QEeHOMEHOJIOTHUECKH HE YaeTCs OMUCATh CKOILKO-HHOYAb KOPPEKTHO.

2.9. Ilpu ananuze pacnpenenenus nanpspkenuit B I1D nipu nponopyuonaisnom Harpyxeuuu 6aso-
BoH Mozenu Obl10 o6HapyKeHo ero nofodue pacnpeseneHH o IPH HaualbHOM Harpyxenuu. OTciona
caeayroT rpuHuui Masunra u ero o6001eHNe Ha HeM30TePMHUECKOe HarpyKeHue BA3KOro Marepuana
[14, 28]. 310 0ob00wWEeHue npexcTaBiseT ypasHenue cocrosnus (YC) B mapamerpax Bcero aHcamoOns
[13. Ono notpeGopano BBeAEHUs ABYX HORBIX NMapaMeTPOB COCTOSAHUS MaTepuaia (S — OTHOCHTENbHbIH
cymmaphblfi Bec 1D, BomeALINX B CYL{ECTBEHHO Heynpyroe AeOpMUPOBaHHE U § — UX OTHOCUTEbHAS
Harpy>KeHHOCTb) U CIEUHMATBHBIX NPABHJI HAMATH O Npe/IbICTOPHH, ONpelesiseMblX 3HAYEHHAMM ITHX
1apaMeTpoR W MMO3BOJAIOIUMX HatTH {S, s} Mo guarpamMmam aehOpMHPOBAHMA Ha ILIOCKOCTH {& oF.
Oka3zanock, 4TO TeKyllee 3HaYeHHE CKOPOCTH HEYTIpyroil nedopmMaiui OAHO3ZHAYHO OIpeacaeTcs 3TH-
MH MapaMeTpaMH H TEKYIUM 3HA4EeHHEM TeMIIEpaTypbl — eciau npenedpedp UX HeOOMbIIUMH OTKIOHE-
HuAMH OT YC, NPUBOIAIIMMH K UKITHYECKOHM monsyuecTy. M3 onHOro ypasHeHHs COCTOAHMA ¢ €MHBIX
NO3HULMHA Mbl TONTyyaeM KpHBEIC JAS(QOPMHUPOBAHMS M KpPHBbBIC NMON3YYECTH NPH NPOH3BONBHBIX MNpO-
rpamMMax MOBTOPHO-NIEPEMEHHOIO HArpYy)KEHWsA, BKIIIOYasd HeusoTepMuueckoe. CONOCTaBACHHE 3THX
KPUBBIX MEXIY cOOOH BBIABUIO CHCTEMY 3aKOHOMEPHOCTEH, CBA3LIBAIOIIMX OBICTpOE HEYTIpyroe ne-
(OpPMHpPOBAHHUE M TOJN3YYECTb MPH BBIACPIKKAX, XapaKTepH3YIOLIMX OIpeelIeHHOe nodobue KPHUBbIX,
HazBanHyo npuHuunom rogodus (I11). Mmenno ¢ nomowpio I ynaercs a1 upentudukanydu mone-
I KOHKPETHOIO Marepuasa UCIoNb30BaTh HEYCTAHOBUBIIYIOCS I0I3YHECTh HAM PENAKCALHIO, WK Ha-
IPY’>KEHHE C MOCTOSHHOW CKOPOCTBIO AeOPMALIMM WM HAaNpsbKeHMs. DTO MO3BOJIKIO PACIIMPHTL JHa-
Na30H aprymeHTOB PO, BbIABISEMON 3KCIIEPHMEHTANBHO U, B YACTHOCTH, OOHAPY)KHTh [Ba MEXaHH3MA
nonasydecty (1.2.7).

2.10. CtpyxrypHas MOAENb OKa3ajlach HCKIIOYHTENBHO yOOOHBIM HHCTPYMEHTOM I PEIUEHHA
npoGeMbl ONUCAHUS HEYNPYroro AeGpopMUpPOBaHUs pusuvecku anuzomponuerx cpel. Jns obpraHoro
(peHOMEHONOrMYeCKOro MoAXo/a (C BBEACHHEM BHYTPEHHMX N1apaMeTPOB COCTOSHHUS M ONPEeIAIOIHX
GyHKUMA U1 HUX) 3aa4a onucaHus 1edopMalMOHHON aHU30TpoNyH Ha GoHe pu3ndeckoil npakTHYe-
cku Hepaspewruma. Ho B cTpykTypHO#t Moznenu moganemMeHTs! He obnanaroT AehopManoOHHONW aHHu30-
tponueti. ClienoBaTenbHO, JOCTATOUHO OTKA3aThCsl OT NocTynata u3otpormyu ang [10 u BBECTH coOT-
BETCTBYIOLIME MOBEPXHOCTh TEKYyUECTH — IS CKJIEPOHOMHBIX CBOKMCTB M NMOTEHLHAN MOJIZYHUECTH — A
peoHoMHBIX. Tem caMbiM BBOAMTCA (U3UUECKas aHU3OTPOIMsA, a AeQOpMAaLUMOHHAas MOJy4aeTcs agTo-
MaTnuecku, Gnaropaps copMectHol pabore nakera I13 ¢ pamyinyaomyMuUcs 3HAUCHUAMY KO3 OHUMEH-
Ta MPOYHOCTH z. PazpaboTaHbl KOHKPETHbIE BAPHAHTHI [MOTECHIUAIOB IIACTHYHOCTH M IOJ3Y4ECTH B
[IECTUMEPHOM TIPOCTPAHCTBE HAINpPSHKEHUH s MaTepUalioB OPTOM3OTPOMHBIX (COOTBETCTBYHOUIMX
cUMMeETPpHH Kyba — ecii U30TPOIHIO CPABHUBATL C CUMMeTpHell cdepsl), TPaHCBEPCAIBLHO H30TPOTHBIX
(LHAMHAWYeCKas CUMMETPHS ), OPTOTPOITHEIX (CUMMETpHS CIIYedHoro Kopobka). Maeonorus nocrpoe-
HHUS TIOTEHLHATIOB HaclleflyeT nochyiam uzomponuu A.A . WnbrolrHa, KOTOPhIH B aHH30TPONHBIX TeNlax
MIEPEXOJMUT B [OCTYNATHI CuMMenpuy: NOTeHLHAIbl IACTUYHOCTH M NO3ydecTH 0OnaparoT TOM ke
CUMMeETpHeli, UTO u noTeHuuan ynpyzocmu [29, 31].
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duzunka

K coxaneHuto, OTCYTCTBHE KCIIEPHMEHTAIBHBIX JJAHHBIX HE T03BOIWIO BEPH(HIMPOBATH MOAEIID,
IMonaraem Bce ke, UTO TaKOH MOAXOJ MO3BOJNHT TOMYYHTH Pa3yMHBIE Pe3YJIBTATE MPH MUHUMAJILHOM
YCJIOXHEHHH MOJEH,

2.11. Ina onMcaHus u30mponHOz0 YNPOYHEHUs, CYLIECTBEHHO BJIMSIOUIErO Ha CBOMCTBA HEKOTO-
PBIX MaTePHAIOB Ha NEPBbIX HUIUIAX HarpyxeHus, 6azosas mozenb Gbula YCIO0XKHEHa BBEACHHEM 3aBH-
cMOCTH F 0T mapameTpa Y AKBHCTa TIOA3IEMEHTA (M TIO3[HEE €Ie OT BPEMEHH — JUIS OTPAXKEHHs CHA~
THSl H30TPOMNHOIrG ynpo4yHeHus npu eblaepxkkax)[11]. [Iposepku mokaszanu, 4To Takoe onucaHde Kop-
PEKTHEE, YeM BBEJCHHUE 3aBHCHMOCTH AHiarpaMMbl ie(hOPMHPOBAHUS OT HOMEpPaA LHUKJIA.

2.12. UnTepecen npuMep MCIONIL30BAHHA CTPYKTYPHOH MOMETH Ul MOJEIMPOBAHHS KOHCTPYKLIM-
OHHOr0 2paghuma, KOTOPLIH KOATOe BpeMs cuHTanca Xpynkum. edopMarws, npu koTopoi rpadur pas-
pylaeTcs, ACHCTBUTENBHO A0BOJILHO MaJjia, HO yripyras U miactudeckas nqedopMaiiiH MpH 3TOM UMEIOT
OZIMH MOPANOK, ¥ MOJIE/b TMHEHHON yNPYroCTH COBEpIIEHHO He anexkBaTtHa. beuta paspaboTaHa cTpyk-
TypHas Mozesb rpaduTa, KoTopas obJjafana cAeayrOHMH 0COOSHHOCTAMM: PA3HOCOMPOTHBISEMOCTD
Ha PaCTAKEHUE M CXKATHE; HEIHHEHHOCTh YNPYTHX CBOHCTB; BAHAHHE HAKATUIHBAEMOrO MOBPEKACHHA
Ha AedOopMauHOHHble CBOICTBA; KBA3UCTATHUSCKUH KPUTEPHM paspyuleHus; GpU3HdYecKas aHH30TPONus
(TpancBepcalbHas M30TPOMUA, TO €CTh UWIHHAPHYECKas CHMMETPUs AeOPMaltHOHHBIX CBOWCTB, CBS-
3aHHag ¢ OCOOEHHOCTAMM TEXHONOTHMH H3TOTOBIEHHs rpadHTa U, B OTJIHUME OT 0OBIMHON TpaHcBep-
CalbHOM W30TPOIHHU, XapaKTePH3YIOWAACAd OJMHAKOBBIMHA CBOMCTBAMHU IMPU CIBUrax BAONEL M MOMEPEK
OCH UMWJTMHADPA). DKCNEPUMEHTAIBHOE OIpe/ie/IeHHe KPHTEpHs CTATHUSCKOr'0 paspylUueHUs MOKa3alo,
4TO COOTBETCTBYIOLIEE DKBUBAJIEHTHOE HANPSDKEHHWE IPH CII0KHOM HarpykeHHH, KpoMe KBaApaTHYHO-
ro, COAEPKHT U JIMHEHHOE 110 HAMpPOKEHHUIO ciaraemoe [41].

2.13. IIpYHUMIIHANLHO HOBOE pelleHHe MPHIINIOCH NPHHATL IPH MOAENHPOBAHUH MEPMONIACINOE
[42]. Ecim pansiie pasbpoc cBoitcts Mexxay 1D xapakrepusoBajicss OZHUM MapaMeTPOM IPOUYHOCTHY
Zk, TO 3[€Ch Mbl BLIHYK/IEHb! ObUIH 100aBUTH TeMIepaTypHbiH napameTp 1. OT0 OBIJIO CBI3aHO ¢ OOHA-
PYKEHHbIMH MPH aHAJIHA3E SKCMePUMEHTANbHBIX JAHHBIX ABYMS oOcTosATenbCcTBaMH. Bo-MepBbiX, oKas3a-
J0ck, YTO CcBOMCcTBOM monobus (3) 3mech He OOOMTHCH; MOAZIEMEHTHI NPHLUIOCL pa3JeNiMTh Ha JBe
rpynnsl ¢ 3aMETHO oTiavyaroumMucs PO (aByxdasnas cpena). s koHTpacTHOCTH OfiHY M3 (a3 Mbl
CUMTaeM CKJIEPOHOMHON. BO-BTOpbIX, C POCTOM TeMIIEpATYPhl COOTHOIIEHUE «BECOB) (a3 MeHseTcs,
Marepualn cTaHOBMUTCS Bce Ooniee Ba3kuM. [ing onmcanus 3Toro Oblia BBeJeHA cBOs s Kaxjaoro IO
BenuunHa 1, — Temneparypa, npu kotopoit I10 nepexonut B Apyryio ¢azy. Ilpu rouckax myrteit uaeH-
TUHUKALMKY MOJIeIH BO3HUKIIA cepbesHas npobnema onpezenenus QyHKUHUN MIIOTHOCTH pachpeeeHus
¢ AByMs aprymMeHTaMu. Jlns ee peteHus HeoOX0 UMbl TOAPOOGHBIE HKCIIEPUMEHTAIILHbIE HCCIEAOBaHHA
TpH NOBTOPHO-NIEPCMEHHOM HEU3OTEPMHUYCCKOM HArpy>K€HHHU C HpOBCpKOﬁ TUIIOTE3 CTHOCHUTCIILHO Xa-
pakTepa 3TOH PyHKuuHU. MIMEOIMXCS TOKA JAHHBIX COBEPLICHHO HEAOCTATOYHO JaXe TS NpUOIHKEH-
HBIX KAHCCTBCHHBIX ITPOTHO30B.

3. Moaenn KOHCTPYKIHI

3.1. TlapanensHo ¢ MOAGMMPOBAHIEM MaTepuana (M HOCTEIIEHHO ero BRITECH:AN) Mbl Belu paboThl
MO0 MOJEJIMPOBAHHUIO KOHCMPYKYU, TO €CTh T, HaXOASIIMXCA B HEONHOPOAHOM HAanpsIKEHHO-
aehopMUpOBaHHOM cocTosHuM. [Ipu aHanu3e pasnuvHbIX MyTeH PElUEHUS KpaeBOH 3a4a4M HEYNPYyroro
nedopmMHupoBanus (BHaYasle — B FEOMETPHYECKH JIMHEHHOM IIOCTAHOBKE) HaM I10Ka3a/10Ch BO3MOKHbIM
CBECTH YMCJICHHBIE METOABI K OJHOM CXEMe: MAaTPHMHON MOJENH KOHCTPYKLIMH, B KOTOPOH BCE mepe-
MEHHbIE 1 KOHCTAHTBI (POPMY/TUPYIOTCA B BHAC MaTpul. [l MOCTPOEHHA TAaKOH MOENH MO PasHbIM
NpUYMHaM BHIOPaH METO/ CMEIUEHHI: reOMEeTPUYECKHe COOTHOIIEHHS CTPOSITCS Ha OCHOBAHNM KHHEMa-
THYECKHMX TUIOTE3, YCJOBUS PABHOBECHsi — Ha OCHOBE MPHHLMIA BO3MOMKHbBIX NEpeMELIeHH , MaTpH-
Hble «u3MUecKUe» ypaBHEHWss OCHOBAHBI Ha MCKYCCTBEHHOM pasjelicHnM AeopmalMi £ Ha cnarae-
Mble 9, p, ¥ — TEIUIOBLIE, HEYIIPYrHe W yNpyrue. Pacuersr BeAyTcs maraMu no BpeMeHH HarpyKeHus, HO
MCKOMBIMY SBJISIOTCS HE npupaujenus HanpsOkeHuH U Jie(opMalyi, a UX mexyujue 3HaueHus; TONbKO
Heynpyras jedopMauus onpenenseTcs kak CyMma npupamenuit. [ins pacuera nocneanel uenone3yer-
cq B OCHOBHOM 0a30Bas CTpyKTypHas Mozens [15].

3.2. Kak oTMeuanoch, IpakTHYECKOMY HCTIONb30BAHMIO [TPOUHOCTHBIX PACUETOB, OCHOBAHHBIX Ha
MOJIe/IsIX HEYNPYToil Cpejibl, MEIIAeT HX OTHOCHTEJILHO BBICOKAs TPYAOEMKOCTh. ECTeCTBEHHO, 3TO OT-
HOCUTCS Y K JaHHOW MOJIeiH KOHCTpYKunH. OJHAKO CYIIECTBYIOT Y)KE H €Hl€ OThICKHBAIOTCS ITyTH yC-
KOPEHHS TAKHUX pacueTOB. DTOT MPOLUECC MOXKHO Ha3BaTb MAKPOMOOEUPOGaHUeM — MOJECINPOBAHUEM
MoZen. B kauecTBe opuruHana s MOJETIMPOBAHHS MBI HCIONIb3yeM MaTpH4HYIO MoAenb. Makpomo-
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JENUpPOBAHUE, KAK U OOBIYHOE MOJENMPOBAHHE, MOXET OBITh SMITUPUYECKMM, (EeHOMEHOTOTHYECKHUM
WM OHTONOTHUECKUM, TpebyeT aHanusa MOICITNPYEMOro 0OBbEKTa U IKCIIEPUMEHTANBHLIX HCCIeJ0Ba-
HUH, HO IKCITEPHMEHTBI [IPOU3BOATCA HE B 1a60paTopuy, a Ha KOMITbIOTEpe.,

3.3. Jlng aHaiu3a NoBeJeHHUS KOHCTPYKUMHU OblIa pa3paOoTaHa geKmopHas UHMepnpemayus Mart-
PHYHOM KOHCTPYKLHMM — NPEJACTABJIEHHE MAaTPHL-CTONIOLOB AedopMmaumii &, », 8, p B BUJIE BEKTOPOB A-
MEPHOTO €BKJINOBA IPOCTPAHCTBA D, METPHKA KOTOPOrO MMEET YHEPreTHUECKHH CMbIcH (r-£ — paboTa
HANPAKEHUH, OTBEYAKOIMX YNpPYrum gedopmanuaMm r, Ha gedopMaunax &£). YCIIOBHE COBMECTHOCTH
pehopMatuii 03Ha4aeT MpPUHAUIEKHOCTb BEKTOpa & m-MepHomy noanpocrpadHctsy C (m<n). Octans-
Hble BEKTOPbI MOTYT ObITh HECOBMECTHBIMU; OHH PACKJIabIBAIOTCS Ha OPTOTOHANBHBIE (COBMECTHLIE»
«CamMOypaBHOBELUEHHbIE) COCTaBAMIOWME (HANTpUMep, r = 7.+ r,). M3 ycoBuit pasHoBecuHs cliexyer oi-
HO3HA4YHAA 3aBUCUMOCTb BEKTOpA 7, OT TEKYIIHMX 3HaueHui obobmeHnbIx cun (. Koncrpykuus uz uae-
anbHO BA3KHX [1O MoxkeT paccMaTpuBaTees Kak Oonee cloxHas WACANbHO BA3Kas KOHCTPYKLIKSA, 110J1a-
raem, 4To CKOpOCTh HEyNpyrol AedopMaLiny 3aBUCHT OT ¥ H HOPMAaJIbHA TOBEPXHOCTSIM PABHBIX [OTEH-
LHaI0B MoA3y4ecTH. [loTeHIMaN HeHTPalIbHO CAMMETPHYEH M ABAAETCS BbITYKJIbIM.

3.4. Ananu3 noseaeHUss KOHCTPYKLMH BBIABWI T€ )K€ CBOMCTBA NedhOpMallHOHHOTO aHH30TPONHOIO
yNpo4HeHHUs, 4TO HabmopanMch M B CTPYKTYPHOH MOJENH; OHH CBA3aHBI C 3BOJIIOLHEH BexTOpa
r, = -8, — p,, HEynpyras cocTaBJIfIOIas KOTOPOrO 3aBUCUT OT IPEABICTOPUM W OITPEACNSAET «AMSIThY
KoHCTpyKuHH. JTlofoe HeCOBMECTHOE M3MEHEHHE BEKTOpPA p BEAET K TAKOMY H3MEHEHHIO Fy, KOTOPOE
OTBEYAET YMeHbUeHUI0 nomenyuala nonzydectd. C 3TUM, B YaCTHOCTH, CBA3aHBI MEPEXO] W3 HecTa-
LIMOHAPHOH MOJI3Y4ECTH B CTAUMOHAPHYIO W CTa0WIN3aLMs [IOBEACHHA KOHCTPYKLMH NPH LUIUTHYECKOM
Harpy>xeHHu. Eciiyd B CTPyKTYpHOH MOZE/IM MaTepHala umeercs uoeainvro ynpyeui 11D (a nMeHHO K
TAKOMY BBIBOAY Mbl NPUXOLNM, aHATM3NPYS SKCIIEPHMEHTAIbHbIE KPHBbIE JS(OPMHpPOBaHUs U MON3Y-
4ECTH HA yuacTKax /I0 Ha4yasla 3aMETHOrO HAKOIUIEHHUS MOBPEKIACHHOCTH Wil NOTePH YCTOHUHBOCTH), TO
crauunonapHelil unkmrdeckuit npouece (CLTT) npy peryaspHoM HArpy>KeHWM BCerAa NpeAcTaBifeT 3Hd-
KonepemenHoe HEYNpyroe nehopMUpoBaHHe (BO3MOXKHO, ¢ HCUE3alonle MajbiM pa3MaxoM p) Ha ¢omne
OOHOCTOPOHHE HakonaeHHol HedopMalluy, pocT KOTOpOH ApeKkpaTuics (BO3MOXHO, yepe3 O4eHb 60JIb-
woe 41es0 uukiaoB). [Ipy mManpix M3MEHEHUAX MOLY/IA YIIPYTOCTH ¢ M3MEHEHHEM TeMIepaTypbl pa3Ma-
xn Heynpyro aedopmauuu B 06beMax KOHCTPYKUMH («UHKJIHYECKAs» HacTh PEaKLMH KOHCTPYKLHH)
MAaJIO 3aBHCAT OT MOCTOSHHBIX COCTABNAIOUIUX HAIPY3KH H TEMIIEPATypPbl; 3TO MOXKET ObITh HCTIOJIH30Ba-
HO [UISl YTIPOLIEHUS PaCUETOB.

3.5. HazranHbIe U JApyrue BbiSBICHHBIC OCOOEHHOCTH TMOBENECHUSA KOHCTPYKLMH, B TOM uHCie B psi-
Jie YaCTHBIX CUTYALHH, [TOCKA3aIl HECKOJIbKO Hanpasienul MakpoMoaeanposatus. OQHO U3 HUX CBS-
3aHO C YMEHBIICHUEM CHIeneHU NOOGUNCHOCMY KOHCTPYKLMH m. B MH)KEHEPHBIX pacHeTax OCHOBHYIO
posnb urpaet aehOpMHUPOBAHKE 110 HECKONBKMM Haubosee akTyalabHbIM GopMam aedOpMalHOHHOK MOA-
BMIKHOCTH, TOTJA Kak >kejaHue 1oapodHee OMUCaTh 3BOJIOLMIO HEYNPYTrHx AedopMmalliid 3acTaBiaseT
YBE/IMYHBATL pasMepHOCTb 7 moJiei nedopManyn. [lpu ucrnonb30BaHUK METO/1a KOHEUHBIX 3JIEMEHTOB
(MKD) »1i ase BequuuHbl OOBIYHO TeCHO CBsA3aHbl. ONHAKO B MAaTpUYHOH MOJEIH KHHEMaTHUYECKHe
runoressl (hOPMYJIMPYIOTCS HE3aBHCHUMO OT JHCKPETHU3aLMH MOJIeH HAUPMKEHHH W MPH COXpPaHEHMH
pasMepa 1 4ucio m MoxeT ObITh cuiibHO cHibkeHo [13, 19]. Ta xe uaes ucnonssyercs B MoauduKanym
MKD3 [17]: npomsBenst cepuro NMPOOHBIX pacdeToB, HAXOAWM HECKONIBKO HauboJee CyHIECTBEHHBIX AMf
JaHHOM KOHCTPYKLIMH M U1 IAaHHOTO BUJA HAarpy:KEHHA NoJieH JedopmMaiyil, U OCHOBHBIE PacyeThl BEACM
B CHJIBHO COKpALUEHHOM COBMECTHOM INpPOCTpaHcTBe (m=3—6). bonee TOro, BO3MOKHO NpPEaBapuTE/IbHOE
OpTOHOpMHpOBaHKe Oa3uca 3TOrO MPOCTPAHCTBA, TOTJA MATPHLA JKECTKOCTH KOHCTPYKLMHM CTAHOBHTCA
eIMHUYHOM 1 pellieHne KpaeBoi 3aauH He TpedyeT pelieHHs CHCTEMb! areOpanIeCcKnX YPaBHEHHH.

3.6. Jipyro#l myTb YnpoIEHHS PacyYeToB CBA3aH CO CHWKEHHEM pPA3MepHOCIU MATPHLL-CTONOLoB
MepEMEHHbIX HarpskeHui v gedopmauuil #. JOBONLHO THNAYHA CHTYalMs, KOrfa JeTanbs paboraer
YNpYro, KpoMe HEKOTOPOW 30HBI TIOBBUIEHHBIX HanpskeHHH. MaTpu4Hb aHANlM3 [OKa3biBaer, 4To
BMECTO BCEH KOHCTPYKLIMM JOCTATOYHO PACCMOTPETh 3TY 30HY, NPHUYEM B KAYeCTBE BHEIIHErO BO3ACH-
CTBMA BLICTYNAET UCTOPUA DUKMUGHBIX HATIPHKCHHUH B TOH 30HE (TaK B TEOPHH IMPUCNIOCOOIZEMOCTH
Ha3bIBAIOT HANPAXKEHHS B JTMHEHHO-YNPYrod KOHCTPYKLMH TOH K€ F€OMETPHH NpH TOH ke Mporpamme
W3MEHEHWS Harpy30K M TemrepaTyp). Peluus npeaBapuTenbHO TEPMOYIPYTYIO 3aiady (UCTOpHIO QK-
THBHBIX KehopMalKi BO BCel KOHCTPYKLMH), BBIAEIISIEM YacTh €€, OTHOCAUIYIOCS K Heynpy20u 30He, ¥ ¢
MCNOAB30BAHMEM NPEABAPHUTEIbHO HAMACHHON MaTpUUb! BIHSHUA HEYNpPyrod aehopMaluy pacCyMThl-
BaeM KHHETHKY JedOpMHpPOBaHHs Heynpyro# 3oHbl. [lpakTiHueckas peanysanusa METOJMKH BapbUpPYeT-
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dusnka

CA B 3aBHCHMOCTH OT KOHKpeTHO# 3aja4u. [lpenensHeiv ee ciydaeM spisercs roaxon Heiibepa pacue-
Ta N0 GUKTHBHOMY HAINpPXKEHUIO B OOHOWU — OTIACHOM — TOYKE KOHCTPYKLIHH,

3.7. Boablas 4acTh HEYTIPYTHX PAacHETOB OTHOCHTCS K LIMKJIMUECKOMY HarpyxeHuio. Paz6upas ka-
XKIbIH LMK/ HA COTHH [UAroB, MPOCYUTHIBAIOT 3BOMIOLMIO HEYNPYIUX JeopMaiuii, H3IMEHSIOLIMXCS OT
LUMKIA K LMKITY 10 TeX NOp, NOKa 3TH M3MEHEHHsS NepecTaHyT ObITh CYHICCTBEHHBIMM (JOCTHIKEHHE
CLIT)- unoraa B TedeHHe coTeH uMiioB. OHAKO B ps/le CIIy4aeB M3 aHAIH3a MOJEAH CPEbl MOYKHO
NOAYUUTh Quinveckue ypashenus, XapaKTepH3yIOllUe MOBEACHHE MaTepHana B crmabuiuzupoeanHom
LuKie. Ecny ux JONONHHUTL CTATUYECKUMH H Fr€OMETPHYECKUMH, TO MOXKHO MOJYUYHTH HOJIHYIO CUCTEMY
YPaBHEHUH UL npamMozo pacuema, MAHYIOWETO HadanbHEIE, NepexonHsle uuknel {27, 37]. dna mpo-
cTeiimero ciyyas OpICTPOro LMKJIMYECKOTO HEW3OTEPMMYECKOrO HAIPY>KEHHs MEXIY ABYMS 3KCTpe-
MaibHbIMH COCTOAHWUAMM HArpy3KH H TEMIIEPATYPbl U3 aHANW3a CTPYKTYPHOH MOJENH IOIyYeHbl TaKHe
¢usnueckue ypasienus. Pacyer CLIT ¢ ux noMOIeIO CBOAUTEA K PEIICHHUIO KPacBOM 3aaaus /id ABYX
IKCTPEMAbHbIX MOMEHTOB LMK/IA UTEPALIMAMM 110 OJHOBPEMEHHOMY ONpeJe/eHHIO ABYX MOJeH Heyn-
pyroi neopMaluu B SKCTPEMaNIbHbIX COCTOSHHUAX KOHCTPYKUMM (MeTOH ABYX cocTosHuii). Eciam e
npeneOpeys BAUSHUEM TEMIIEPATYpPbl HAa YIPYTHe CROHCTBA KT M3MEHEHHE TEMICPATYPhbl B LMKIIE HE-
CYWECTBEHHO, TO pacueT eule Nnpoie. JTo ABa NOC/eA0BaTebHbIX PACUETA: AMlsi PA3MaXoB HaNpsHKeHUH
u AedopmMannii — no 3afaHHbIM pa3MaxaM Harpysk — M 3aTe€M i OJIHOCTOPOHHE HAKOIUICHHBIX Je-
(popmaumi — no CTATHYECKOMY BO3ISHCTBHIO H 0 pazMaxaM, HaHACHHBIM B NpebiAylieM pacyere (Me-
TOA ABYX pacueroB). [Ipu BrosHe KOppexTHOM ONMCAHUM METelNb TIACTHYECKOro FHCTepe3nca pacuer
YCKOPSIETCS Ha MOPSIAKH.

3.8. Ecnun nHarpyxkenune 6mm3ko k nponopuuonanssomy Q,=F()Q* (Q* — KoHcTaHTsL, ! — Bpems)
WK K UMKITHYECKH MPONOPLUHMOHAIBHOMY, KOria [PONOPLHOHAIBHO H3MEHSACTCS TOJBKO epeMeHHas
COCTaBNAIOMAs BO3ACHCTBHA), TO /U1 KOHCTPYKLIMM BBIMOJHAIOTCA COOTHOINGHMS NMONOOHs, YACTHBIH
cliyyall KOTOPBIX NPEACTABAAET NPHHUMI NOA0OHs, 00HapYKeHHBIH NIpX aHaj3¢e TOBEJICHNUS CTPYKTYp-
nol mozenu (I111, n.2.9). Miameuenus nons HanpspKeHUH nocie pesepea NpakTHYSCKH NMOJ00HO 0XHOMY
U3 noJiel HanpsKeHuit rpy 6a3MCHOM Ha4YanbLHOM HarpyXXeHuu. B cTpykTypHOH MOxeny 3To MO3BOMMUIO
nepeHTH OT ypaBHEHUI COCTOAHMS Uil TIOAIEMEHTOB K YPAaBHEHUAM COCTOSHUA JUls dNleMeHTa o0beMa.
B kOHCTpyKLMH Taxke BO3MOJKHA WHTerpalus: BMECTO pacueTa Mosel HanpskeHuH v nedopmaumi
MOYXHO HCTIOJIb30BaTh YPaBHEHHE coCTOAHMSA, (GopMynHpyemoe B mapameTpax OOOOIIEHHBIX CHI H
06o6ueHHbIX KoOpAHHAT. C €ro MOMOIBIO MOIYT OBITh ONMCAHBI ITPOLECCHI AeOPMHPOBAHIA KOHCT-
PYKUHH MPH Pa3rpy3kax, HOBbIX HATPYXKEHHUAX, BbIAepikKax U T.4. B mybnukauuy Ha oty Temy [32] Obl-
ny npeadokeHsl ABa BapuaHTa YC — i MSTKOro (CHJIOBOFO) ¥ JUIs JKecTKoro Harpyxxenus. Ilocie-
ZYIOLHE UCCNE]OBaHUs MOKa3aid, 4yTo OoNiee aKTyadbHBI BapvaHT — U1 CHIOBOTO HarpyXeHHs — B
MPUBENCHHOM BHAE, K COXaNEHHIO, HekoppekteH. [IpasuibHas dopmynuposka YC tpebyer BeneHus
YCNOBHOrO KMHEMATHYECKOTO MapameTpa w — Hanpumep, w=¢,J% , rae q,— o6o61ieHHbpIe KOOPANHATBI
KOHCTPYKUHH, Dta 06001enHas «o0o0umenHas KOOpAHaTay T03BOJSET BHIYHCIATE PabOTy BHEIIHHX
cun dA no $opmyne dA = F-dw. bazucnas kpupas gedopmuporanus F=f{w) nomxua OpiTe NonyyeHa
fpy BbIOPAaHHOM MMOCTOSHHOM 3HaueHUW dw/dt=v,. EcTecTBeHHO, 3T0 TpebyeT crenyanbHOro pacuera
KOHCTPYKUMH; B 3TOM W COCTOWT MieHTHduKaua obobmenHol Monenu. Jlanee nns 3aflaHHON UCTOpUH
Harpyxenus £(f) ucrnionszyercsa YC:

aw,/dt=DsY K~ w /WK wy=w —F/K, K=f(0), fx)=dfidx, w,=w-w, s=icts,, (5)
rae d(s) — PO marepuana, npuseneHHas Kk Oe3pasMepHOMy BHIY, HHAEKC 7 OTMEYaeT 3HAYeHHE rapa-
METpa B MOMEHT TIOCJIEAHETO peBepca, k — rapamerp, onpeeseMbld TeKyIUMK 3SHaYCHHAMY U3MEHE-
HUH W, 0 F=F-F, (u3 seipaxenus F,= xflw,/K)) v NpaBAaMu MaMATH — TaKHMH e, Kak ¥ mist YC
marepuana [21].

3.9. Hpusenennoe YC ¢ npasuia naMAaTH OTIHHAIOTCA TONBKO 0003HAYEHHAMH OT COOTBETCTBYIO-
IHX COOTHOLIEHHH i MaTephana. DTo NOACKa3biBacT HOBYIO BO3MOXKHOCTE: UTOOLI HE NPOrpaMMHpO-
BaTh YC 1 CIOXHBIE TIPaBMJIA IAMATH, B MHTETPaLM MOKHO CENaTh Mar Ha3aj ¥ cHoBa BecTH 10D -
HO YoKe /ISl ToJlyueHus cTpykTypHoit motenu konetpykuun (CMK). Ona otnmuaercs ot 6a3oBoil Mo-
ey ToNbKo obo3HaueHus MU (W~g F~0; wy~p, K~E). Ee WaeHTHUKALMS NPOU3BOAUTCS [0 KPUBOH
F=Alw) Tax xe, xax uaenruduxaupns 6a3oBok Moxenu no kpusoit nedopmuposanns. Ho ecin mozaens
marepuana rofiutes s a1o6oro pacuera KOHCTPYKLMHK U3 aToro Matepuana, To CMK roaures Tonsko
ANl IAHHON KOHCTPYKUMM MPH AaHHOM BHAe Harpyxenus (Q¥). TIpu H3MeHEHHH CUTYAIlH HeOOX0AuM
HOBBIH HACHTHDUKALNUOHHBIH PACHET — OJIHOKPATHOE HArpy>KeHHe — [s OJy4YeHHs HOBOIi KpUBOH £
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3.10. HeckonbKo WHasa CTPYKTYpPHAA MOZAEIH KOHCTPYKIIMHY MOXKET OBITh M0JlydeHa claeayoumm 00-
paszoM. Ecity Kaxabli aleMeHT 00beMa AeTand Moaeaupyercda naketom u3 N 10 ¢ secamu g; u napa-
METPaMU «IIPOYHOCTHY Zi, TO I13 mMoxxHO 06BegHHHTE He 10 dneMeHTaM o0beMa, a 1o HoMepaum k. To-
ria KOHCTPYKL{MS NPEACTAHET B BUJE NapaiIesIbHOTo IaKeTa U3 N nogkoHctpykuui (ITK) u3 uaeansHo-
ro marepuaia, 3aHHMaroero Becb o0bem Jetanu. Paccuuras nosegenue oaHoit ITK (Hanmpumep, co
3HAUYCHUEM KO UIMEHTA IPOYHOCTH, PABHBIM /), U3 COOGPaskeHHH N0I00MsS MOXKHO IpeIcKa3ath Io-
BeEeHWE OCTa/IbHBIX (NIPU Harpyske, B z; pa3 Gonee BbIcOKOMU, edopManum Bo Beex Toukax 1K B z; pas
BblLIE). DTOT MPHEM Mbl MCIIOJIB30BANH NPH pacyeTax ¢ noMowbto nakeros MKD, B koTopsie He yaaer-
sl BKJIOYHTD CTPYKTYPHYIO MoAenb [43]. B 4acTHOCTH, TaKUM MyTeM MOKHO TOJy4aTh AHarpammy fe-
(GopmMupoBaHua MaTepHana He M3 WCMBITAHMH 00pasLoB, a W3 HCMBITAHUH KOHCTPYKUMH (HalpuMep, U3-
rub Ganku: auarpamMma A¢(hopMHpPOBAHHS HAEAIbHO IIACTHYECKOH DKM B KOOPAMHATAX «MOMEHT —
KPHBH3HA» XOPOLIO M3BECTHA). ITO MO3BOJIAET, HANIPUMEpP, OLCHHBATE BJIMSHUE TEXHONOTHH U3rOTOB-
NEeHWst IeTaU Ha CcBoiicTBa Marepuana.

3.11. Cpasy HeckoJbKO myTell MaKpOMOJeTMPOBanHs NIepEeCeKaOTCs Ha 3a/aue O pacyeTe JeTalH ¢
30HOH KOHLEHTpAaUWU HanpsikeHnH (Makpomozesb cinaboi touku konerpykuuu — MCT). C ofHoit cTo-
POHBI, BBHAY JIOKAIM3aLKMK HEYNpYro# AeopMaliy B OKPECTHOCTH ONACHOM TOUKU JETANH X, MOXKHO
ucnosb3oaTe noaxon HeitGepa (n. 3.6), B KOTOPOM BHELIHee BO3feHCTBYE CBOAWTCS K (PUKTHBHOMY
HAMPs2KEHWIO B TOYKE Xy C Apyrod CTOPOHBI, MO TOH ke MPUYMHE MaJIOCTH 30HbI Heynpyrux gedopma-
UMA TP AOCTATOYHO TPOM3BOJILHOW UCTOPHM BHELIHMX Harpy3oK (W TeMriepaTypHbIX NoJeH) HCTOPHS
(QHKTHBHBIX HANPAKEHUH B TOUKe Xy ONM3Ka K MPOMOPHUOHANIBHOH. 3TO O3HAYaeT BO3MOKHOCTH Tepe-
xona k obobmeHHbIM koopauHatam (1. 3.8). B kauectBe mapamerpa Harpyskd F, TakuMm oOpasom,
JI0JDKHA BBICTYNUTE CKalApHad Mepa GUKTUBHOIO HAIpSKEHUS B Xy, (MU, YTOOBI BPEMEHHO ONMYCTHUTD
3aBUCHMOCTBb MOJY’Isl YIIPYFOCTH OT TEMIIEpaTyphl, CKalspHas Mepa ynpyroi nedopMauuy) — UHTeH-
CHBHOCTb TEH30pa, YMHO)KEHHas Ha 3HaKk Haubomnee CyllecTBEHHON KOOpAMHATHI TeH3opa. B kauecTse
KMHEMaTHYeCKOro nmapaMeTpa w Mbl oObIYHO Opasy CKaJsipHyIO Mepy YIPYromacTHieckoi aedopma-
uuu B ornacHoi Touke [23, 26, 36, 38]. Mcnone3ys kpuBYIO Ae(OPMHUPOBaHUS, C TIOMOWBIO (JOPMYIIbI
Heitbepa (u1u ee moaudukaumii) nonydany gurpammy F=fw) 1 nanee asst 3alaHHOIO BHEHIHEro BO3-
AeiCTBHS, MEPeCHUTAHHOrO B UCTOPHIO F(f), Haxoauau uctopuro aedopmauud w(r) u3z YC (5). 3Has
KpUBYIO 1e(DOPMHPOBAHKA MaTepUasia M UCTOPUIO Jedopmanivii, MOBTOPHBIM pacyeTOM HaXOOMJIM HcC-
TOPHIO HEeyNnpyrux aAedopmanui, HeoOXOIUMYIO 1 OLEHKH paboToCNOCODHOCTH AeTaNH.

OpaHako, Mojp3yach NPUHUMOOM 1ioa00us (1. 3.8), MaxkHO npoLeRypy ewie yrpocTutb. Bmecto ae-
dbopmaii B ONacHOM TOYKE B KauecTBE KMHEMATHUYECKOro MapaMeTpa MOXKHO B3ATb CyMMy w=F+P,
rae P — ckalsipHas Mepa Heynpyro#t feopManny B TOUKE Xg. 3Has KPUBYIO Ae)OPMHPOBAHHS MaTepHa-
na u ucnoapsya dopmyny Heiibepa, HeTpyOHO MONYYHTH ITOT BAPHAHT KPHBOH J1e)OPMUPOBAHHS KOH-
crpykumH. [lanee B pacuere no YC BenuuuHa w, cpasy NpeACTaBIsSeT HCKOMYIO HEYNpYryro aedopMa-
uMio (MoayJ/b K Mpy 3TOM paBeH efrHHULE).

3ameTum, 4To npy Hatuuuk nakera MKD ucrons3osats Gopmyny Heiibepa Her Heo6x0AMMOCTH.
s onpenenenus kpuroit F=f{w) MoxxHo vcrnionb3osat MKD, 3agaB MaTepualt HEJIMHEHHO-YIIPYTUM C
HYXXHOM Auarpammoil nedopmuporanus. Psa pacueros ¢ po3pacTaroLleil Harpy3KoH OnpenesuT KpUBYIo
J Gosiee HateKHO, HEM M3BECTHBIE MOIU(UKALHH.

EcrtecTBenHo, umes kpusyio f, MoxHo BMecTo Y C UCNONIB30BATH CTPYKTYPHYIO MOAEb KOHCTPYK-
LMK, pacyueT OMATh CBENETCs K pacuery 1o 6a3oBoil mMonenu. B cnyyae HensoTepmudeckoro aeopMu-
poBaHus, Korjaa kpome ucropun F(f) 3apaercs neropus temnepartypsl 7(x, 1), pacuer no 6a3osoH Mone-
nu 3ameTHo Gonee ynodeH. Hakoneu, eciiy 4Mea0 ONacHbIX ToHeK Oonblle OAHOM, TO M1 JaHHOM JeTa-
M MOXKHO TIOCTPOMUTH HECKOJIBKO HE3aBUCHMBIX MAaKpOMOZENEH, UTOOLl OLEHUTE IIPOYHOCTE KAKAOH
OnacHo#M 30HBI B OTAENBHOCTH. ONHAKO eciM Heynpyrue AehopMaly B PasHbIX 30HaX BAMAIOT [pyr Ha
Apyra, To npejyaraeMas MOAeb MOXET OKa3aThbCsA HEBEPHOM.

4. Masonukja0Bast yeTajJoeTh H )KHBYYECTh

Mgl OTMEHA/H, YTO CTPYKTYPHAsS MOJENs B OTJIHYKME OT OHTONOTHMYECKUX MOAesel He oToOpakaeT
peaibHbIE MEXaHW3Mbl AehOPMMPOBAHMS MOJUKPHCTAJUIMMECKHMX MATEepHaoB, OHA JIMIUL MOMOTaer
YBUJIETb HEKOTOPbIE CpefiHecTaTUcTHIeckne 3akonoMepHocTH. Korza Op10 nomyyeHo BecbMa yHHBEpP-
cajlbHOe YpaBHEHME COCTOSHMA, XapaxTepusylollee IUIACTUYHOCTE W IIOJI3y4eCThb TNpPH TOBTOPHO-
nepeMeHHOM Harpy»KEeHMH, ¢ Bhiiepkamu 1 Ge3 (1. 2.9), cTano 04eBHIHO, YTO BbISBICHHBIC TaKuM 00-
pasom rapaMeTpbl COCTOSHUS S U §, ABAsIONKecs apryMeHTaMu B YC, AeHCTBUTE/IbHO WMEIOT OTHOLUE-
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H{e K Hanbosee BAXHBIM CPEARMM XapaKTEPHCTHKAM, ONpPeeNAOLIHM COCTOSHHE MaTepHaia. BosHHk-
na HAeKAA, YTO 3TH MAapaMEeTPhl MOTYT ONPEAENATh He TOJBKO MOJI3Y4ECTh, HO U HAKOIUIEHHE ITOBPEX-
neHud B MaTepuane. bosee TOro, nocne BHIABAEHHS JABYX MEXAHH3MOB (1. 2.7) Heynpyroro aehopMH-
pOBaHMs (U B CBSI3U C UMEIOLIEHCA B JITEpAType HHPOPMANKEN) MBI NPEATIONOKUIH, UTO KAKIOMY Me-
XaHW3MY TIOJI3y4ECTH COOTBETCTBYET ONpeAeTeHHas NOBPEKAECHHOCTh. Mexanusmy, npubamkarouemy-
¢l K CKIEPOHOMHOMY Ae(OPMHUPOBaHHIO (/I KPaTKOCTH MBI €0 Ha3bIBaeM ILIACTHYECKHM) COOTBETCT-
ByeT HeoDpaTHMOE HakolUleHHe NOoBpexaeHul, 6osiee BAIKOMY — HacTHYHO obGpaTtuMoe («3ane4uHBa-
HUe» Npu MON3Y4eCcTH B Cxkatue). beuia paspaboTana TeXxHHMKa HMISHTHOUKALNHA MOMENH, MPOBEJESHE]
9KCNEePUMEHTANIbHBIC UCCIICROBAHUA NPY MaNOUMKIOBOH ycranoctd (MLY) — B ToM umcne Heusorep-
MHYECKHE, ¢ BBIACPIKKAMH; aleKBATHOCTL MOZETH (3a paspylieHHe IPUHUMANIOCH TTOSBJIEHHE TPELMHBI
AnuHol 1.,.1,5 MM) Okaszanace BNOJHE YAOBNETBOPHTENLHOH [25, 30].

B cBa3u ¢ HCTIONB308aHUEM NAPAMETPOB COCTOSTHHUS, XapaKTePHBIX JJIS IMPOMOPIMOHANBHOIO Harpy-
xenus, monesis MILY opuenTupoBaHa Ha mporiopuyoHanbHOE HarpyxeHHe. B nociendee Bpems seaerc
pabota no obobweHmo moaemn MILY Ha HenponopuHOHaNbEHOE HArpyKEHHE W Ha CONBIIOE YHMCIIO LiHK-
nos, BmecTo nnacthyeckux AedopMalHi Mbl AHATH3MPYEM THIIOTETHYECKHE MHKPOIUIACTHUECKHE [e-
dopmauuy (Heynpyrue aedopMaLvy, BOZHUKAIOILHE MPU HaNPSPKEHHSIX, CYLIECTBEHHO MEHbIIMX Tpeena
TEKy4€eCTH); MAEO0JI0TUS MOAEIIHN B ONIpeIeNiecHHON Mepe Hacnemyercs U3 mogen MITY.

Ty xe monens MY MbI npeanosnaraemM UCIoNb30BaTh U T OLEHKH HBYYECTH KOHCTpYKUHA [33,
39]. Iloutu oueBnano, 4TO B MOMEHT 00pa30oBaHHA YCTANOCTHOH TPELIMHBI MATCPHAN B €€ OKPECTHOCTH
TAKXKE 3aAMETHO MOBPeXJEH, W MPU NHOCAEAYIOWEM HUKINYECKOM HArpy>XeHWH ero MOBPEeXJEHHOCTh
rpojonkaeT pacT (TeM GoJiee UTO B yCThe TPELIMHBI BO3HUKAET 3aMETHAS KOHLICHTPALHS HaMpPsoKeHU I
H, IIaBHOE, Heynpyrux aedopMaumil). MoXKHO NPeaNoIOKHTh, YTO MPOJABMKEHHE YCThs TPELMHB! 0
HOBOH TOYKH JETANN oNpenesisercs TeM xe, 4yto U ana MUY, kpurepuem: noppexICHHOCTL MaTepHalia
(onpenensemas TeM e, YTO U paHee, YpaBHeHUEM COCTOSIHHA) B 5TOH TOUKe JOCTHraeT (BO3MOXKHO, TO-
FO JK€) KPUTHUECKOTO 3HaueHHs. B 3ToM cityuae mns pacueTra CKOPOCTH pOCTa TPEIUHHEI HEOOXOAHMO
MPOCYHTHIBATE 3BOMIOLMIO HEYNpPYrux AeopManrii M HaKOIUIEHMs IOBPEXICHMI Ha Beell mpeinona-
raeMoi TPaeKTOpHH pasBHUTH TPEIMHEL. DTO BECbMa rPOMO3JIKas Npoueaypa, oxa eue dosee, yeMm pac-
et MLLY, HyxaaeTcs B MaKpOMOJENUpOBaHKH; NoceAnssa paboTa elle Brepeau. 31eck HeoOX0 MBI
TEOpeTHYeCKUH aHain3, pacueTHble HCCIeNOBAHWS, COOTBETCTBYIOLUMH aHAIHU3 3KCIEPUMEHTANBHBIX
JaHHbIX W, BO3MOXKHO, UCIMOIB30BAHHME /i COKpaUleHUs TPYAOEMKOCTH PacHeTOB COOTHOLICHHI aBTo-
moaenbHocTH W nofobus noneit HJIC B okpecTHOCTH pacTyuie TpetHHbl. MOKHO HaleAThCH, HTO H B
3TOH paboTe OyAeT nonesHa CTPYKTYpHAs MOZeAb Cpelbl.
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