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MOI[EJII/IPOBAHI/IE IIPOI_IECCOB HE(I)OPMAIII/II/I
n PABPYIIIEHI/UI HA. ME3OYPOBHE '

B pabore ﬂpCI{CTaBHeH HOBBII, EMUHBIA nonxon K 3aja4aM Mouennponaﬂm npoueccos
medpoOpMalUn M PaspyLICHHS MaTepualoB cO CITOHON BHyTpeHHell CTPYKTypoit Ha '
PA3HBIX MACIITAOHBIX YPOBHSX. ITOKa3aHO0, ITO ONMCAHKE B PAMKax MaKpOCKOIMIECKUX
- )EHOMEHOJIOTHYECKAX MOJCNCH 0KA3bIBAETCS SIBHO HEJOCTATOMHBIM, 0COGEHHO B TeX
CIy4asix, KOTjja CyleCTBeHHBIMU OKa3bIBAIOTCS JOKANLHLIC SHAYCHUS napamMeTpoB K He-
OIHOPORHOCT BHYTpeHHero crpoenitst. C no3uumi Gpu3uIeckoll Me30MeXaHIKH PaceMOT- ¢
| peHbl METOJHYECKHE ACHEKTDI NaHHOH NpOGNEMBI, OCOGEHHOCTH MOCTPOEHHUS ONpexe-.
JNSOIIHX COOTHOLIGHH 7T ONMMCAHHMS TUIACTHYECKHX AeOpManuil, YINTHIBAFOLIMX
BKJIafbl B CONPOTHBICHAE TEYCHUS C MUKPO- X ME30MACIITAGHBIX YDOBHE, Paccmorpena
3ajaua MOJICTTMPOBAHAS . IOBECHUS IPENICTABUTENLHOTO Me3006heMa Marepuaia, i
/KOTOpOTO SIBHO' BBE[ICHA B PACCMOTPEHME cTpyKTypHask HeogHoponHocTh. Ilpennoskena
pocTas MOJellb, MO3BOMISIONIAs HHTETPANBHO YYecTh. BOSMOXHbIE NOBOPOTHI ME30-
¢hparMenToB (3epeH, TBEPAKIX BKJIIOYEHHH 1 T.J.); 0OYCIOBIECHHbIE asomounen BHYT- ..
PEHHel MIKPO- X ME3QCTPYKTYPbI HArPYXaeMoro MaTepuana. .
OTMeyeHa KI0ueBast POlb ME3OCKOMMIECKOTO MaCIITaGHOTO ypomm [Jist ‘aHaNH3a
. ocoBenHocTelt oKanTu3anuy Aedopmanuit u MOJIETUPOBaHUsE O—€ NPH GOIBUINX CTEHEHSX
'mxac'rnqecmx neq)opmaurm Hpe}ICTaBJIeHbl pCBYHbTa'I‘bI MOPENbHEIX pacquOB u- uX
'aHaJma

1 BBenenme. CymeCTByeT pﬂn 3anaq MexaHnKn u qmam(u neq)opmnpyeMoro TBEPAOTO
TeNa, a TakKe Pl MATEPHATOBE[IECKHX npoGieM, KOTOpble HE MOTYT. GBITh ycnenmo
pEICHDI B ‘paMkax TpPajUIMOHHEIX, [IOXO/[OB, Pa3sBUTEIX B 9THX 06acTsIX.

~ "Dr0 mpexpe Bcero NpodaeMa KOHCTPYHPOBAHUS: HOBBIX MATCPHANOB, ne@opmaum u
paapymexme MaTepI/IaJIOB C Pa3NMYHBIME [OKPBITHAME, CBS3AHHBIE 3ajla4i IIPOTHOCTH 1
nsMeHeHnﬂ B porecce AeOpMHEPOBAHIS cryKkeOHbIX xapaKTepnc'mK CI)YHKHI/IOHaJII:HBIX
MaTepnanos u Ma’repnaHOB 7151 9NEeKTPOHUKH.

, Bce oTu 3a7iaun 00BEAMHACT TO, UTO B fipouecce ux pememm KaK 3aflaq MEXaHUKH,
- HeOOGXOIMMO TAaKKe paccMaTpuBaTh 3aJau 3 BONIOLHN X BHyTpPEHHEil CTPYKTYpbI, H3Me-
HEHHS CBsA3eH MeX]y -COCTABIMIOIUMY BTIEMEHTaMN, M MX BIMSAHAS HA cnyxkeGHblE B
(byHRUEORANBHBIE CBOHCTBA: MaTephana. oy - '

OKa3anoch, 9To IPUHIMIAATEHOE 3HaYeHne MpH oroM (ocoGem{o s pememm npoGie-
MBI npquocm) UrparoT BHYTPEHHWE TPAHMIBI pasjelia COCTaBIAIOMHUX CTPYKTYPHBIX
3JIEMEHTOB, a TaKXe pasIIIHbIe (bnznqecxne npoueccm, Ko'ropme pasamaaro'rcx B
HpUrpaHudHbIX OOTACTIAX.

Taxum 06pa3oM, - AeOPMUPYEMbII MaTepuan non Harpysxon SABIAETCS cnoxmon,'
KaK npasuwio, nepapaneCKn oprannsoBaHHon cnc'remou snemeHTOB paznmx MacHITa-
‘6oB [1-3]. :

- Ora cucrema 3BOJ‘IIOIIPIOHI/IpyeT B XOfi¢ HaI‘py}KeHI/Iﬂ - ananmpye’rca K npnnoerHmM
- Bo3pEHCTHAM, a 2IEMEHTDI e BHYTPEHHETO CTpOCHI/Iﬂ - MnKpoc'rpyKTypa - cnocoGHa K
camooprannsaunn :

HeHCTBI/ITeJILHO, ecia Ma’repuan AT Koncrpyxum cnocoﬁnbl l'IpOTHBOCTOﬂTI: n:pnno—
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JKEHHBbIM BO3HCﬁCTBHﬂM, HE pa3pymiasch U HE TepsaA CBOHX q)y_HKL(I/IOHaJ'H)HI)IX CBOMCTB,

MOZKHO I'OBOPHTH, UTO MaTepHal, Kax cucreMa, ‘anam‘npyeTCﬂ K BHENTHUM HarpyskaMm.

TpapuIuOHHO aHAH3 YHPYrOIUIaCTHYIECKOTO epOPMUPOBAHUS HATPY>KAEMBIX marepua-

JIOB NPOBOJUTCA C HOSI/IHI/II/I KOHTI/IHyaJIbHOI/I MexaHuku. Takon Ioaxon IIO3BOJI$I6T MOlIe—
JNUPOBATH JIG(I)OpMaI_[I/I}O A pa3spymieHue MaTEpHUAIIOB B paMKax MaKpOCKOI'II/I’LIeCKOI‘O onuca-

HEsl, MCNONB3ys B pacyeTax yCpeJHeHHble (DH3MKO-MEXaHWIECKMe NapamMeTphl (Ipenern.

TEKYYECTH, NPENeN NPOIHOCTH U T. I.). OrH napaMeTpm TaKXKe HMEoT Cyry6o Maxpo-
CKOIMYECKHH CMBICIT. N
- C npyI"OI/I CTOpOHbI HaKOH.TIBH O4YEHDb 6OJIBI[IOI/I SKCIIepI/IMeHTaJIbHLII/I MaTepI/IaJI o n3y-

YEHHUIO 9BONOUAN BHYTPEHHEHR MUKPOCTPYKTYPBI HATPYKEHHBIX MATEPHAIOB, OCOOEHHO
’

METaINIOB, DTO IO3BOIKIO MPUBIETbh TEOPHIO JUCIOKAUNH K aHAITU3Yy MHOTHX 0COOeHHOC-
TE# IUIACTIECKOTO AepOPMUPOBAHHS ¥ AHANK3Y TAKUX SBICHUA KaK neq)opMaupmHHoe
yUpOUHEHHUE, ¢hopmupoBaHre CyGCTPYKTYP B. IpOLECCe necpopMausz CTaJUHHOCTh MaKpO-
CKONMYECKHX KPHUBBIX TEYEHHs B CBS3H C eson}ounen BHYTPCHHEH MHIKPOCTPYKTYPHI

. T

OnHaxo, npnBJqueHne TONBKO MAKPOCKOIMYECKOTO aHamu3a (Korna npOCTpaHCTBeHHme _
MacTabkl HEOIHOPORHOCTE! BHYTPEHHETO CTPOCHMS CPaBHHMBI C MEXXaTOMHBIME PacCTOsI- -

HESIME WITH Pa3MEPaMU OTHENBHBIX IHCIOKAIMH) OKa3anoch sBHO HEOCTATOYHBIM IS
TIOCTPOCHHS! IIONHOLEHHOM TEOPHH, TIO3BOIIIOIIEH CBA3ATH MAKPOCKOIHUYECKYIO negopma-
IMIO C BHYTPEHHUM CTPOEHMEM MaTepuana. B -mociepuue rofpl CTano OYeBHAHBIM, YTO
Halle MOHUMAaHKE IIEeMEHTAPHBIX aKTOB fiepopMaluy H2a MEKPOYPOBHE. H, CAMOE IIaBHOE,
X HHTEPNPETAIHs IPH NePexofie K MAKPOONMCAHUIO OKA3AIICH He BIOJTHE IPABHIBHBIMA X
ONpeJevsUICH HEBEPHOH cxeMol edopmuposanus [2—7]. Crajia OUeBHIHON NPHHIAIHAIb-
Hasl HEBO3MOXHOCTE HCIOCPEICTBEHHOTO nepexona oT MI/IKpOOIll/IcaHI/IH K MaKpOCKOIIHA-
YeCcKOMH cpenomeﬂonornn :

HesepHbiM, IIpexkfe BCero, 0kasanoch TO, YTO MaKPOCKOIMYECKast nnacrryeckas fedop-

‘Manus CBSI3BIBANACh TONBKO C TpaHCJ'IFIHI/IOHHbIM IBHKEHUEM neq)opman;nonnmx nedex-

TOB-— KpPICTa.TIJIOI‘paq)I/I‘ICCKI/IMI/I C,IIBI/II‘aMI/I B sToMm cnyt{ae YCJ'IOBI/IC COXpaHEHI/Iﬁ CIIIIOIIHOC-
TH OGCCHB‘II/IBaeTCﬂ OHPCHCHGHHOH caMoopraHmauﬂen TOJIBKO TpaHCJTSIIII/IOHHbIX Mo[q
HC(bOpMaHI/II/I HCI/ICTBHTGHBHO BCC H3BCCTHLIC CXEMBI HJIaCTI/I‘IECKOI/I IIB(I)OpMaI.II/II/I Kpucramu-

n0B (Bumona — Xunna, Teftnopa, 3akca, Koxe}mopcbepa) NIPEACTABIAIOT COOOH pasinuIHbIE

KOMGI/IHaHI/II/I KpI/ICTaJIJIOI‘paq)I/I‘IeCKI/IX CJIBI/II‘OB u BBO]IHT B paCCMOTpCHI/Ie CnegoBaTeIbHO,

: TOJIbKO Tpchns[mm

- C'Ipyroit CTOPOHBDI, MHOTTE sch)eKTbI nnac'rlmnoc*m, OCOGEHHO npu paanme crene-
HsiX feopMaiyil, He HaXONAT OOBSCHEHNUH. C HO3AIKH TEOPHH JUCIOKAUMI.. ST0; IHPOKO
W3BECTHBIE. IBIICHUS cpopanOBaHnﬂ M JBMIKEHMS KaK LEIOT0 O0BHEMHBIX CTPYKTYPHBIX
97eMeHTOB ~ Ne¢hOpMaMOHHBIX foMeHoB [8-10], hopMupoBaHHE MHKPO- ME30- M MaKpo-
HOJIOC CABHIA. [11, 12]; apneHus c6p0c006paaoBaHn51 u nBOﬁHHKOBaHm{ passnTné yéTofI—
YHBBIX CBUI'OBBIX OJIOC NPH yCTaJOCTHOM HarpyXCHUH X 1.1, XapakTepHO# 0COOeH-

+ HOCTBIO ne(bopmam/m, upn KOTOpOI/I Ha6monaro’rc;1 nepeqncnem{ble SABIICHUA, SIBIIAETCS

BBICOKAsl CTENEHDb JIOKAJIU3alHuy, COIIPOBOXKAaEMas IIOBOPOTAMHA KPI/ICTB.JIJIOI'paq.)I/I‘IeCKOI/I

pewerk [8, 13]. Ha MUKpPOCKONHYECKOM YPOBHE NPOLECCH ONPENENSIOTCS Y2Ke HE OTACHIb-.

. HbIMM JUCJIOKAIIUAMH, a KOppeJIXI_[I/IHMI/I MEXKNY TUCITOKaITMOHHBIMI a}IcaM6II$lMI/I Koppens[-

¥ B PACIONOXKCHAN mECIOKANAi U [IPX MX ABIDKEHHMA OKa3bIBalOTCSl OYEHD BEJIUKH [8, 14].

Hpﬂ TaKOM KOPPEITHPOBAHHOM '[IBHXXCHUN OTACIbHBIC YaCTH KPHUCTAJIJIIOB: OKAa3bIBArOTCA

CMCIICHHBIMHA npyr OTHOCHUTEJBHO Apyra Ha 3HAUYUTENBHbIE, 110 CPaBHEHUIO C MEXATOM-

HBIMHE, PAacCTOSHHS, 2 BECh KPHCTAII OKa3bIBAaeTCsl pa3GUTBIM Ha OTHeNbHble O6HEeMBI
'ME30CKOINMYECKOro Macmraba,. - . o _—

,Taxum 06pa3soM, TONEKO KOHTHHYATBHOE MaKPOCKOHI/I‘IeCKOC onucaHue, faxke C IPHBJIE-
qenneM TEOpMH AUCAOKAUMHA, B IPUHIMIE HE CIOCOOHO ONMCATL PEATBbHBIE MEXAHA3MbI
ILIaCTHYECKOM flechOPMANME ¥ PA3PYIEnns 6e3 NPUBIEUCHUs JONONHUTENLHOR HHPOP-

Manum. Takon- HeOﬁXOIH/IMOI/I I/IHC][')OpMauI/ICI/I 06 HCXONHOM CTPOCHHMHU MaTepHaja U 3BOJIO-

nyun| 1non HanySKOI/I ero BHYTpeHHeI/I CTPYKTYPBI SBJSIIOTCS. ).IaHHbIG O IIOBECJACHHUU,
HallpUMeEp, OTJEINBHBIX 3€PEH METANIOB, HX B3aI{IMO,IIeI/ICTBI/I$[X JaHHBIC O NOBECACHUN

1o - : Co e
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B L
BHyTpeHHI/IX rpamzm MeXY paananLIMn CTPYKTYPHBIMY 3JEMEHTaMH, HH(popMaus 00 -
oGpasoBaHnn HOBBIX CTPYKTYPHBIX 9IEMEHTOB B XOJI€ necbopmnpoaannx (BO3HMHOBEHHUE «
SYEHCTOI, TIONOCOBOI, 6n0tmon | T.J1. CyOCTPYKTYp). .

. Bee nepetmcnenume OpHUMEpPBI OTHOCATCA K CprKTypHBIM aneMeHTaM BHYTPEHHETO
CTpOGHHfI, X3paKTepHbIE MaciTabsl KOTOPBIX CYLIECTBEHHO -DONbINE, UEM, HAIpHMEp,
pasMep OTHENbHOH JUCIOKAIUH, HO HE SBISIOTCS MAaKPOCKONMIECKUMHY. MagpouacTuua

_ JOMKHA COJIEPATD B ce6e JOCTATOYHO MHOTO NOAOOHBIX CTPYKTYPHBIX 9JIEMEHTOB, YTOOBI
ObITO BO3MOXKHO KOHTHHYaIBHOE cbeHOMeHonomqecxoe onycaHue B paMKax MEXaHHKH
CHJIOIIIHbIX cpen. v

TpyruMu CIOBaMH, B. TEOpHIo JIOJI}KCH ObITh. BBE[ICH l'IpOMe)KYTOlIHbII/I MaCIIITaﬁHBII/I
YPOBEHBb PacCMOTPEHUs, GONBIIMIL, IeM 'MAKPOCKOIIYECKHH, HO HE SIBJISLEOLIIACA MAKpO-
MacHITaOHbIM, qubmaxomnn peanbﬂoe CTpOEHHE MaTepHaia , IPEX/e BCero, Haludie
BHYTPEHHUX TPAaHUL ¥ HEOFHOPONHOCTD (bU3MKO-MEXaHHIECKUX XapAKTEPHCTUK. ITO —
Me30ypoBeHb. OO bekTaMu H3YIECHIST HA ME3OYPOBHE OyRyT yxKe uncnoxaunom{me aHcamO-
71 ¥ Me3006beMbI KOHEUHBIX Pa3sMEpOB.

CyIeCTBEHHBIM [ NOHEMAHUsL JIMANPYIOIIX MEXaHA3MOB nnacmqecxoro ne(bopano—

BaHus Ha paSBI/ITbIX craguasax ne(bopMamm n HOCJICIIy}OIHEI‘O Pa3spymIcHs Ha ME30YPOBHE *

ABISETCS TO, ITO CKOPPEITUPOBAHHOE TIOBEAECHHE IePEKTOB Ha MUKPOYPOBHE NPUBOMUT Ha
Me30-, 8 TakXe MAKPOYPOBHAX K. CHINLHON JIOKaNH3al1y nedopmanun [1, 2, 8, 14].
Hanparumsaetcs BBIBOJ, UTO JIOHSTHE CILIONIHO! CPefibl, CTPOTO TOBOPSl, HENPAMEHUMO K

ITACTHYECKH ﬂe(i)OpMI/IPOBaHHbIM TeJlaM. prrI/IMI/I CIIOBaMH, IIOCTpOEHUE KOHTHHyaJILHOI/I :

TEOpHH YIPYrONMIACTHIECKOTO TENA; OXBATBHIBAIOIIEH BECH CIEKTP SIBJICHHH IIACTHYHOCTH,
CTPOTO TOBOPsI, HEBO3MOXHO [14-16]. [leAcTBATENIBHO, MIACTHIECKASL nefbopMaunﬂ Ha
MUKPOYPOBHE ECTh JIBIDKEHIE PaspbIBOB — ue(peKTOB CTPYKTYpBI, KOTODbIE npn BLIXOJIE Ha
IPaHuLbl KPACTAIOB 00pa3yloT CTYNeHbKI. C camMoro Hadaja IacTaYecKOi ne@opMamm
HET Opolecc pa3pmxne}m;1 KPUCTANJIOB M HAKOIJICHUs B HEX Mnxpoaecnnomﬂomen

PA3IMIHON (PU3MIECKOl TPUPOBI. ITOT HPONECC ABIAECTCA cBOEOOpa3HOW akKOMOparuei -

Ha MAKPOYPOBHE IPH aKTHBHOM Harpy:KEeHHH KPHCTAIIIOB, CIOCOGHBIX K OrPaHMYEHHOMY
popmomsmereHnt0. C Jpyroif CTOpOHbI, Ha ME30YPOBHAX HJIET. IPOLUECC o6pa3oBaHus ME30-
(parMeHTOB pasIHUHbIX MacinTabos. DT 06 beMHbIE CTPYKTYPHBIE 3JIEMEHTBI OKa3bIBa-
Yorcs cnabo e OPMEPOBAHHBIME BHYTPH IO CPABHEHHIO C.OGNACTAMHA NOKAIM30BAHHOH
nedopmanyy, KOTOpbIe UX PasAesioT. BenymumMu ‘aKKOMOJAIMOHHBIMA POLeccaMi Ha
ME30yPOBHE - Hapﬂny ¢ mracTHIeckoil fedopManueil Me3006BEMOB SBIAIOTCS TaKXKe-
IOBOPOTEI 3THX OGBHEMHBIX CTPYKTYPHBIX 3JEMEHTOB I HAKOIICHHE nospemne}mn y3Ke'

ME30CKONNIECKHX MaCIHTa6OB - MeSOTpemI/IH, KOTOpre 06p33y10TCﬂ KaK IOXa3bIBaeT

omwIT [6, 8, 13, 17], Ha rpannuax cq)opanOBaBmMXCﬂ (bparMeHToB, YacTo cneuyﬂ o NyTH
Jorroc JNOKANM30BAHHOTO CABAIa. 'BBIXOJ] 3TOTO Mpolecca Ha MaKpOypOBEHDL — hOpMHPO-

: BaHUE MAKpOIOJIOC JIOKATM30BaHHOM fedopMaruy i MAKpOTPEIIHH O3HadaeT TJIO0ANBHOE,
paspymenne obbekTa — rno6anm{y10 no'replo CABUIOBO yCTOI/I‘II/IBOCTI/I ‘o6BexTa KaK
gemoro. . :

OpHO# W3 TIABHBIX TPHIMH CYIECTBEHHO Heounopon}xoro paanrlm npouecca [IacTHye-

. CROTO Nle)OpMHEPOBaHiIsl Ha MUKPO-, ME30- I MAKPOYPOBHSIX' SIBIISIFOTCS HEOfIHOPOXHOCTH
BHYTPEHHETO CTPOCHHS MATEPUanoB (KaK HCXOJIHAs HEOAHOPONHOCTE, TaK I nproGpeTeHHas
. B XOfIe ILTACTHIECKOTrO Ile(bOpMIZ[pOBaHI/Iﬂ) IPHBOJSHIINE K BOBHHKHOBCHHIO MEKPO- Me30- I
MaKPOKOHueHTpaTopOB HanpsuKeHuit, [[pyroit IpAIAHOA BOSHUKHOBEHS KonueHTpaTopOB
HANPsXXECHAH SBIACTCS .OIPAHMIEHHOCTD ‘(hopMOU3IMEHEHHsT KPUCTATIIOB HA MUKDO- u
Me30ypoBHSX [1— 6, 8]. dusmyeckas NPEpOAaA KOHIIEHTPATOPOB Hanp;m(emm PasnIYHbIX
‘MacmTaGoB M HX pOJb B (POPMAPOBAHUI HeonHopom{on I7aCTHICCKOH necbopMaulm
" MIAPOKO OGCYKIAIOTCA B JIATEPAType [1-6, 8].

PasroMacmTabHas jOKamu3anms feopManyi sBISCTC HEOT"I)CMJIeMOI/I u Hanﬁonee
XapaKTepHON JepTOH IIaCTHIECKH flehOpMEPYEMBIX TEJ ellle B IOTOMY, UTO HECMOTPS Ha
obunue u GONBIIOE pa31{006pa3ne CTPYKTYPHBIX e(EeKTOB pasmmnon ¢pusmaeckoi
TIPHPOMBI, CHJIBI CBS3M B TBEPAbIX Telnax Bce XKe CTONb BENHKH, 4TO OOpasel Npu
Harpyxemm HE MOXKET IOTEPATH CIBUTOBYIO yCTOIrIKII/IBOCTB cpa3y BO BCEM CEYECHUH.

v
N . -
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IToTeps CJIBI/II‘OBOI/I yCTOMYMBOCTH B HarpyxaeMblx TBEPABIX" TEN peannayeTCﬂ Kaxk
NOCNEe{OBATENLHEI NIPONECC TOKANbHOH NOTepH CIIBATOBO YCTOI/I‘II/IBOCTI/I Ha MHKpPO-,
Me30- ¥ MaKPOYPOBHsX: 00pa3oBaHue U [BIKEHHE AHCIOKAIMHA HA MHKPOCKONMIECKOM:-

: ypOBHe €CTb IPOLECC NOKANBHOM NOTEPH CABHIOBOM yCTOWYMBOCTH KPHCTAITHYECKON

PeILeTKOM, JOKaIbHAs noreps CABUIOBOM YCTOHYMBOCTH Ha Me30yPOBHE — OOpa30oBaHueE

Me30I10J10C TOKANH30BaHHON AedopManun u GopMuUpoBanre GIOKOB Ha ME30ypOBHe 1,

HaKOHEI, 00pa3oBaHue MIEeHKH, Kak nporece I‘JIOGaJIbHOI/I NoTepH CJ.IBI/II‘OBOI/I YCTOHYHBOCTH .

06pa3n;0M B 1eyioM [4, 6].

. Takum 06pa3oM, IUTaCTHIECKAs neQ)opMamm ecThb MHOI‘OCTaJII/II/IHI)II/I MHoroypOBHeBbm
npouecc [1-6, 8]. BsaumopeiicTBre U Pa3MHYHBIE KOPPEISUHAE MHOTOUHACIEHHBIX CTPYKTYD-
HBIX 9JIEMEHTOB Pa3HbIX MACIITA00B, KK YKe-MMEIONINXC B HCXOAHOM MaTepHuale, Tak I
chOpPMHEPOBABIIHXCA B npouecce ILACTHYECKOTO NiehOPMUPOBAHMS (Cy6CprKTypr) IIpHUBO-
JIAT K OTPOMHOMY 9KCIIEPHMEHTANILHO HAGIMORaeMoMy pa3noo6pa3mo CBOWICTB MaTepnaJIOB
OT XpyNKOTO IOBEIEHHs [iO CBEPXILTACTHIHOCTH.

HecoMHEHHO, YTO pa3nuiHble KOMOHHAIMM: CABATOB K II0BOPOTOB Ha ME30YPOBHE anA
, Pa3HOOGPA3HBIX CIIOCO0AX CIOXKHOIO HATPYXEHUA M PA3NMIHBIX IYTAX JehOPMUPOBAHUS

(opMEpYIOT COOTBETCTBYIOINYIO CHENAPHIECKYIO MaKPOCKOIIHIECKYIO ne(bopMaumo
MMeHHO 9TO 0GCTOSTENBCTBO HE NO3BONISAET ONUCATH CIIOXHOE. HArPyXeHite, OCHOBBIBAsICh
TOJHKO HA PE3yNbTaTaX ONBITOB Ha IPOCTOE HArpyKeHHe (CIBUT | pacTsKEHHE — CKATHE );
aus KOTOpLIX peanu3yercs uHasi KOMOMHAIMS CABUIOB U IIOBOpOTOB a CJIeIlOBaTe.TII:HO
MaTepual IPOSBIAET U IPYroe CONPOTHBIECHHE NPHITOXEHHOM HATPY3KE. - S ’

Pusnueckas Me3oMexaHuKa MaTepuainos [1-8] kak pas u. 6a3npye'rc51 Ha nepeqncneHme
BbIIIe (hakraX, KOTOpPhIE IIO3BOJII/IJII/I ccpopMernpOBaTb cnenyfoume OCHOBHbIe nonoxenm
sroro nopxopa [1,4, 6,71 -

1. Heq)opMI/Ipyemoe TBEpIIOE TEJO eCTb MHOTOYPOBHEBAs, nepapanecxn ‘OpPTaHH30-
BaHHAs CHCTEMA CTPYKTYDHBIX 3JEMEHTOB PasHBIX MaciTaboB, B KOTOPOH MIaCTHIECKast
feopmaris pasBUBACTCs KAK CAMOCOTIIACOBAHHDI npouecc norepu CHBHTOBO yc'rontm-
BOCTH Ha Pa3NMYHbIX MACINTAGHBIX YPOBHAX: MHKPO, ME30 H MaKpO; - S

2. SJIemeHTaprIMn HOCHTEIAMU nReopmanmin Ha ‘ME30YPOBHE BBICTYNAIOT 06 BeMIbIE
CTPYKTYDHBIE SIIEMEHTBI KOHCUHBIX PasMepOB (3epHa, cy63epHa, KOHIJIOMEPATHI 3€PEH, -
}II/ICJIOKaHI/IOHHI:Ie ﬂqemm TBepmﬂe BKIIOYEHUS U T.J.). CxeMa X anKeHnﬂ €CTh,

CIIBI/II‘ + oBopot"; ‘ : ' ‘ y

3. Benyman MEXaHU3MaMH, KOHTponnpy}omnMn ne(popMaumo Ha M630yp0BHe SIBISL-
IOTCSL IPOLECCh 06p330BaHI/ISI AMCCANATABHBIX cy6CprKTyp u cpparMeHTaum Jle(i)OpMI/I—,
pyeMor'o MaTepuana. s

T4 ‘BHyTpennme’ IPaHHUIIBI paspena CprKTypm,Ix 9TEMEHTOB UIPAIOT HPHHIMNKATHHYIO
pois B pasBUTHH Heom{opom{on ue(bopMamm TBEPHBIX TEI. B 9ACTHOCTH OHH BI)ICTyHaIOT
‘KaK MEe30KOHIIEHTPATOPBI, HANPSDKEHHH;

5. Paspymenue ecrb 3aBepmiaromast c'ra)m;{ J];ed)opMI/IpOBaHI/IH - MaKpocxonymeCKaﬂ
. TOTEPSL CBUIOBOH YCTONYIMBOCTH, KOINA npoueccm AOKAIASATHEH Ile(bOpMaD;I/II/I u cpparMeH—
TAIUY BBIXOMIT Ha MaKPOMaCII]Ta6HbII/I yPOBCHB. ‘

- Ilpn MOpenMpoBaHME NPOLECCOB AepopManin 1 paapyme}mﬁ TBepJILIX TeJ oTH
OCHOBHBIE MOJOXKEHIS B 3aBHCHMOCTH OT IIOCTaHOBKH 3a;1afm unenel nccnenoaamm MOI‘yT
ObITH NPHHATEI BO BHUMAaHUE B PaMKH KaK yxe cymecmyronmx TaK I cneunanbﬂoi

‘ paspaﬁoTaHHHx MO)ICJIGI/I i ‘ /

2. MacmraGubie n. CprKTypHBIe ypoBHI ne(popmnpyemoro MaTepna.na. Ocoﬁemloc'm
omicamm nedmpmamm HA MHKPO- M€30- i MAKPOYPOBHAX. Il afeKBaTHOrO ONHCAHUS
npoueccos fedhOpMAlAM | PaspyUIEHHUs, COTTTACHO MOAXONY (PH3MUECKON MEe30MEXaHUKH,
‘HEOOXOIMMO OJHOBPEMEHHOE H B3aMMOCOTTaCOBAHHOE PACCMOTPEHHE TPeX MacIITaGHBIX -
YpOBHEIt: MEKPO, Me30, & Makpo [1-8], aist KOTOPBIX IIOJI}KHI:I 61)1'1*1; Pa3BATHI IPUHIMIILA-
JBHO Pa3Hble METOJIbL HCCTIENOBANMA. | '

9Tto HOJIOXEeHHEe MOXKET OBITH 0600HOBaHo, HanpnMep, c nosnmm CHCTEMOIOTHY [18],
KOTOpOI/I H3Y4alOTCA 06 BEKTHI, KAK CIOKHBIC HEPAPXHYECKH OPTaHH30BAHHBIC CHCTEMBIL.
Ba)KHeHIIIPIMPI u3 nepapxnn SIBIAFOTCS. IPOCTPAHCTBEHHO- MaCI.UTa6Ha$I KOTOpas 0Tpa>1<aeT'
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OpraHU3aIHIO ¥ NPOCTPAHCTBEHHOE PACIIONOXKEHHE COCTABIIIOIMX 3IEMEHTOB H3y9aeMOro
00bexTa, 1 PYHKUHOHANbHASL HEPAPXHS, OTPAXKAKOI[As CHCTEMY CBSI3EH MEXNY OT/eIBHBI-
MH 9dCTSIME U IpaBuiia ux GpyHKymoHnposanust. Hexuil BuIeNeHHbIIH st H3YJEHNs OGBEeKT
npepcrasiseT 0 (HyneBo#) spyc HIM Me30MaclTaGHRIA YpOBEHb B IPHHATOHR 37eCh
TEPMUHOTIOTHH, —1-1t sipyc — MHKpOMaCIIITa6HBII/I YPOBEEE —.9TO YPOBEHb MHKDPOCKOIH-
YecKOH oprasmsanun 00beKTa, +1-1 Spyc — MaKpOypOYpOBEHb — YPOBEHb UHTErPABHBIX
XapaKTEPUCTHK B CBOMCTB 061)eKTa KakK IEJI0ro, KOTOpbIe OH HpOS[BJIﬂeT B cpene CBOETO
(PYHKUMOHUPOBAHHSL. ,

TIoHSITHE CTPYKTYDHBIX ypOBHeI/L MMEET HECKOIBKO MHOM CMBICIT. Ha KaX[[OM MacITAG-
HOM yYPOBHE MOXKeT ObITh BBEJICHA. B PACCMOTPEHNE CBOSl CHCTEMA CTPYKTYPHBLIX YPOBHEH —
CTPYKTYDHBIX 37€MEHTOB, . ‘OTPAXAIONUX PEATBHYO BHYTPEHHIOK oprannsaun}o KOHerT—
HOTO MaTepHasa Ha COOTBETCTBYIOIEM, MACIITAGHOM ypose.

Tax, Ha ypoBHE MUKPOCKOITMIECKOTO PACCMOTPEHILS 9TO MOLYT 61:1'1*5 aTOMbI BHenpeHHﬂ,
BedeKThI CTPYKTYPhI (BaKaHCHH, III/ICJIOKaIII/II/I) Ha MeaoypOBHe 3TO AUeHKH; GIIOKH, 3epHa,
TBep/bIe BKIIOUEHUS 1 T.[. : :

MaxkpoypoBeHb — 9TO yPOBEHL OCPEHEHHOTO ONUCAHMSE I/IHTeI‘paJIbHO y(melBa}onmn
BKITafibL B MAKPOCKOIIIMIECKHE NPOLECChl AeOpMAlii ! Pa3pyLIeHHE C MYIKPO- ¥ ME30yPOB-
Heit [3]. Makpockonuieekue MexaHnIeCKne XapakTePUCTHKH MaTepHuajioB ONpeeIeHb! U3,
MAKPOCKOIMIECKUX 3KCIEPAMEHTOB, W HMCHHO. OHM UCTIONB3YIOTCA B Pa3IIIHBIX pacqe'rax-
TPOBOJUMbIX B DAMKaX TPaJUIMOHHOTO ONHCAHNS MEXaHUKY CIUIOIIHbIX - cper,
~ Ilonsarme MesocxonmleCKoro YPOBHs IPHOGPETAET KIOUEBOE 3HAYEHHE, ECIM MBI XOTHM

yUECTh BIIHMSHHE BHYTpEHHEH CTPYKTYpLI MaTepuajia Ha pasBUTHE MAaKPOIPOUECCOB U
H3yYHTb PA3BUTHC COOBITHI B JIOKANBHBIX 00 BeMax CpefIbl, TSt KOTOPBIX XapaKTePUCTHKIE
IIPOLECCOB MOTYT CYIIECTBEHHO OTJIMYATHCA OT CPEJHUX MAaKPOCKONHYECKHUX BEIMUMH.

OcoBeHHO BasKHYIO PO ME3OCKONMYECKHH YPOBEHD U3YUEHHs HMEET IPH MOJIETTUPOBAHHH
MEXaHH3MOB, ILIACTUYECKOTO de(bopMHponaHHﬂ u paspymenus [3, 19, 20, a Takke NpH
pelIeHIH IPOGIIEM, CBS3aHHbBIX ¢ (Pa3OBBIMH IIepexXOjiaMit, CTPYKTYPHbIMU npeBpam;eHnﬂMH

U XUMHYECKHMMUE PeaKIEsIMH, IPOTEKaIOMUMH TP HATPYKSHUH TBEPHBIX TEll. .

' ITpu TEOPETIIECKOM ONVMCAHKUN | MOJe TP OBAHMHA ne(popMaum)Hme IPOLECCOB HA "
. ME30YPOBHE MOTYT OBITh HCIONL30BAHLI METOfIBI 'KOHTHHYaJIbHOH MexaHuku [3, 19-21].

HpuRIENHATBEHOE OTIUINE OT TPAAUIHUOHHOrO PACCMOTPEHMS 3AKITFOUAETCs NPEKJIE BCETO

B TOM; UTO OO'bEKTOM U3YUEHHS -HA ME30YPOBHE SABIAETCA ME300OHEM ‘Marepuana, B KOTo- g
- POM B SIBHOM BHJIE€ PACCMATPHBAIOTCS BCE 3HAUMMBIE JIEMEHTBI BHYTPEHHETO Me30CcTpoe-
HUSl. DTH 3JEMEHTBI JOMXHBI HIMETDH SIBHO BBIDAXEHHBIE BHy’I‘peHHI/Ie TpaHMIb] U CIENH-
(puueckne (I)I/IBI/IKO—MGX&HI/I‘ICCKI/IC xapaKTcpnc'rnKn :

BBonATCS TaKKe -NOHATHE IIpCJICTaBHTeJILHOFO Me30061>ema Hpenc'raBnTeanbm
Me3000beM HOIZKEH COfIePXXaTh JOCTATOMHOE. I NPOBEEHUS YCPEAHSHNUS. KONUIECTBO
CTPYKTYPHBIX. QIIEMEHTOB. CriepoBaTeNbHO, IPECTAaBUTEIbHBIM Me3000beM 00pasyeT
MaKpOYaCTHIY ~ TOYKY KOHTHHyyMa KOHTHHYaIbHOA MEXaHWKA CO CPEJIHUMH IO STOMY
Meaoofh,eMy napaMeTpaMn mopynem IOnra, pefieniom Tekydects u -1 CyIECTBEHHO, UTO
CyMMAapHbiil BHyTPEHHIA MOMEHT NIPEACTABATENLHOTO Me3006'beMa paBeH HYIIIO.- ‘BuyTpn
Xe Me3000beMa [i7Is ero nojodnacrell B 00MEM Ciryyae CyIeCTBYIOT HECKOMIIEHCHPOBAH- -
Hble BHYTPCHHHE MOMEHTEI, IO3TOMY Ha Meaoypom{e CHEAYeT BBOAUTH KPOME CHUITOBBIX
TAKKe i MOMCHTHBIE Hampspkenns [1,3]. . -

‘B cuy 60BN Heonpenenem{ocwf MOMEHTHBIX HapaMeTpOB uenecoo6pa31{o paCCMaT- ;
pnna’rb yHpOIEHHBIE MOJENH, KOTOPBIe O3BOJISIOT PEAM30BaTh CXeMy AehOpMIPOBAHUs”

"chBHr + nosopor”, T.e.’ yqecn HE3aBUCHEMbIE [IOBOPOTHI Me30(h)ParMeHTOB 6e3 SIBHOTO
BBE/IeHHs MOMEHTHBIX HAIPSKEHHH 1 M3TUOOB KPYTeHHET [3,5,7].

Taxum oGpa3zom, METONONOT s (busmueckoil Me3oMexaHUKH NpeAnonaraer OJ:(HOBpeMeH—
_ HOe H CaMOCOIIIACOBAHHOE PACCMOTperHE AehOPMAMOHABIX POLECCOB OJHOBPEMEHHO Ha
"TpPeX MacIITaGHBIX YPOBHSX. ITOT IOAXOJ NpPEAIONAraeT SBHOE .pacCMOTPEHHE BCex
'3HAYAMBIX CTPYKTYPHBIX 3/IEMEHTOB Ha KaXJ[OM MacmTaCHOM YPOBHE M yYeT IPOLECCOB
CaMOOpTaHU3aLy BHYTPEHHER CTPYKTYPhI B XOfIE nedopMUPOBAHHS, & TAKKE ANANTAIMIO
MaTepHrala Kak CHCTEMBI K IIPUIOKEHHBIM HaTpy3kaM. B 2ToM cMbIciTe paspymeHne Win
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noreps MaTepHaJIOM'q:tyHK'uI/IOHaJILHLIx CBOMCTE, TOGaNbHAs MOTEPS C)],’BI/II‘OBOfI yCTOH-
WHUBOCTY O3HAYAET €ro JalbHeHIIyio HeCHOCO6HOCTL ananTHpOBaTbCﬂ K BHEITHUM
BO3NCHCTBHSIM. et envmien i s

Crenuuxa MEXaHH3MOB IUTACTHYECKOTO )Ie(bopMI/IpOBaHI/IS{ Ha Ka)K}IOM MaciTabHOM
YPOBHE OMNpefeNsieT i crennuIecKue METObI MOAeTUPOBaHus fAe()OPMAHOHHBIX IIPOTeC-
COB Ha MHKPO-, ME30-~ I MAKDPOYPOBHSIX.

Ha makpoypoBre InacTudeckas fedopmManis Harpy:KaeMoro MaTepnana npennonaraeT
MmoBoe, HEOOXORAMOE st COXpaHEHHs! CIUIOMIHOCTH, (hOPMOM3MEHEHHE CPENb] NOf ACHCT-
BUEM MPWIOXKEHHBIX CHJI (IO Havalga pa3pymienus). OTO (pOpPMOU3IMEHEHHE — yHpPYro-
mIacTuueckas Aedopmanus — oGecnetmaaeTcx c})nanlleCKHMn MeXaHH3MaMH Ha MHKpPO- K
Me30ypoBHaX. TakuM 06pa3oM, Hd MAKPOYPOBHE H3YJaeTCst necbopanyeMbm KOHTHHYYM,
7 BO3MOKHO HCHONB30BAHHME BCEX CYNIECTBYIOLIAX CPEACTB H-METONOB KOHTHUHYalbHOR
MEXaHHKH B PaMKax (peHOMEHOIOTHIECKHX MOJieNel ¥ YCPETHEHHBIX MaKPOCKONMAIECKIX

- (pu3HKO-MEXaHHYECKUX N1aPAMETPOB. .
Ha MuxpoypoBHE IPOMCXOMST JUCKPETHBIE cnsnrn B ONpEJeNCHHBIX HAIIPaBIICHUSX
(cucreMax CKONBXKEHHs). Benuunna 9TUX MHKPOCABHIOB ONpEJeNIeHa MOJYIeM BEKTOPa
Broprepca. Bosbie ycnexy B MOIETMPOBaHuy AehOpMaLKil HA MEKPOYPOBHE JOCTHIHYTHI
IPH WCIONB30BAHUK METOJOB MOJEKYIIPHOM W 3JIEMEHTHOU MHAMUKH [22-24], B OCHOBY
KOTOPBIX IIONOXEHBI ANCKPETHBIE METO[bI ONUCAHMUS — U3YYAETCs CHCTEMA JUCKPETHBIX
B3aMMOJGICTBYIOIIHAX YaCTHIL: B pamkax pa3BuBaeMOro HOAXofa No0ble Pe3yIbTaThl OTHO-
CHTEJTbHO NOBEICHHs. 1 9BOIOLAI MEKPOCTPYKTYPBI HATPYXKaeMOLO MaTepuaia hopmyiiu-
PYIOTCS B TEPMUHAX MaKPOCKOIHMYECKHX (IO CPAaBHEHHIO C MEKPOYPOBHEM) IapaMeTpOB.
HanpuMmep, B TepMHHAX, KOHTHHYaJLHOH TEOPHWY [UCIOKANMA [Nl ONHCAHUS CPeTHHX
ckopocreit fedopMannii HHIMBIAYaNLHEIX JaCTHI ME3000BEMOB [3, 7]. BTO cBs3aHO C
HEOOXOMOCThIO JalbHeHRnero paccMOTpeHuA necpopanOBaHHﬂ Ha Me30- 1 MaKpoyp0B—
HfX Ha OCHOBE METOOB KOHTHHYalIbHOH MEXAHUKH.,
MesoypoBenb, KaK NPOMEXYTOUHOE CBA3YIOUIEE 3BEHO, NMEET CBOM cneun@uqecm&e
_oco6enHocru. C opHoMH CTOPOHBI, 3/1ECh RONYCTHMO ONHMCAHME NOBEACHH Marepuana Kak
. CIUTOIIHOM Cpefibi, a.C APYTroff — OCTAIOTCs CYIIECTBCHHBIMU NPOABJIEHHS AUCKPETHOCTH
MHKPOCHBUTOB 1 OTPaHMYEHHOCTH (POPMOM3MEHEeHUs: Me303TeMenToB. Kak crejcraue fist
ME3006BEMOB, CYMECTBEHHBIMI MOTYT OKa3aThCsl HECKOMIICHCHPOBAHHBIE BHYTPEHHUE MO-
MEHTBI, IPUBOJALINE K IOBOPOTAM HHIMBHAYaTLHBIX (PPATMEHTOB. Monennpona}me 3TOro
npouecca: MO3BONACT peanmoBaTb B pacuerax cxeMy Ae(OpMHpOBaHMsI "CIBHUT + IO-
BOpOT".

~ Taknm 06pa3oM, Ha ME30YPOBHE OO BEKTOM U3y IECHUs SBISIIOTCS. ME3000bEMBI MaTEPHa-
71a, TAE ABHO YUUTBIBAOTCS KaK 3HAYUMBIE 3JIEMEHThI ME30CTPOEHHS, Tak U HX B3aMMO-
NEeHCTBIs, CMELIEHNs!  IOBOPOTHI, @ TAKYKE CIIOCOGHOCTD K hOPMOU3MEHEHHIO. BHYTpEeHHSIS
nedopManus STHX Me303JTEMEHTOB OOecHeduBaeTCs (PUIMICCKUMH MEXaHHIMAMH,
Pa3BUBAIOIIAMUCA Ha MHKPOYDPOBHE — IIOTOKOM necpopMaImOHme JnederTos. B cBoto
OUepesk, KaK yxKe OTMEUanoch, IIPE/ICTABUTETBHBI ME3000EM SBISIETCS MAKPOUACTHIICH
MaTepuana ¥ OGNajaeT BCEMH bu3NKOMEXAHUIECKUMU XapaKTEePUCTHKAMHE, KOTOpre
npncyum MaTepuany Kak MEKpOOOBEKTY.

3. Ienu padorei. OcHOBHAs 3afaya npenc"rannﬂemon padoThl COCTOUT B UIITIOCTPAIHN
M3JIOKEHHBIX BhIIHE HAEH Ha npocrmx npuMeEpax. B COOTBETCTBUH C STHM cTaBaTc;I
CIeyIoNIe KOHKPETHBIE eI,

I. OnmcaTs MAaKPOCKONMYECKYIO neq)opmaumo (Ha Me30- 1 MaKpoyPOBHSIX) KaK peJjakca-
IMOHHBIA npouecc. 3anucaTh perakcalOHHOE ONPEENAION|ee YPABHEHHE C IUCITOKAIMOH-
HOJ KMHETHKOMH 3aCTHYECKUX CBUIOB Ha MEKDOYPOBHE H BBIIOJNHUTH B KAYECTBE HPH-
MEpOB MOJICTTUPOBAANE G—€ ANArpamMM NpH PaCTSKEHHH CTep3KHEH ¥ 9BONIONHA ILITOCKHX
BOJTHOBBIX (PPOHTOB NP YAAPHOBOTHOBOM HATPYXEHUH MIACTHH.

2. CMoJeTIpoBaTh HEOHOPOAHYIO fedopManHio Ha: Me30ypOBHE, PHHAMAsL BO BHEMa-
HIE IUCIIOKAHOHHYIO MHAMBKY Ha MEHKPOYPOBHE.

3. Cesasarh AecOpMalHIO HA. MAKPOYPOBHE C PAa3BHTHEM JI€(POPMAUMOHHBIX NPOLECCOB

Ha MHKPO- H ME30YPOBHAX 1 (hOPMUPOBaHAEM CYGCTPYKTYpP B XOJie HATrPYKEHHUL.
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s pemerI;l HOCTABEHHBIX 3agay IIOCJIeJIOBaTeJIBHO paceMoOTpIM Bonpocm MOJICJ'II/IpO—
BaHIs! lepOpMALHU HA PA3NHYHBIX CTPYKTYPHbBIX: ypOBHﬂX

4. Mukpoyposens. Ha MUKPOCKONHIECKOM yposge obecneunBaeTcs ;ue(bopMauI/m dpar-
MEHTOB- ME3OCTPYKTYPbl, B:-TOM YHCJIE€ M AKKOMOJAIMOHHAs, NIPM HX CMEIIEHUSAX U
IOBOPOTAX. DeMeHTapHLIME HOCHTEIAMHE ILTACTHUECKON nedOpMAIHE Ha 9TOM YPOB-
He BBICTYNAIOT pasiuIHbIE uecpeKTbI CTPYKTYPBI: BAKaHCHM, NUCTOKAUMH H [MCKIA-

HaIuy.

IInactigeckas necpopmam/m Ha MnKpoypom{e B paMKaXx pa3BUBAEMOrO IIOJXOjia,
ONUCBHIBACTCA C KOHTHHYAIBHON TOUKH 3PEHHSL. PaCCManI/IBa}OTCﬂ HE WHIMBUYAIbHBIE
uecpeKTbl CTPYKTYPBI, @ JUCIOKATIAORHO-IICKTMHALIMOHHBIH KOHTHHYYM. Omucanue nose-
IleHUs] WHIMBHYaTbHbIX ne(peKTOB MOXKET OBITH IIOCTI/II’HyTO APYFHME METONAMH, Hanpn—.
Mep, METOAiaMi MONEKYISIpHOH NUHAMEKH. .

s m3oTponmHON cpepsl 6e3 BHYTPEHHUX MOMGHTOB OIIPEACISAIOIIHE ypaBHeHne
3aIUIIeM, Cieays [3], B penaxcaunom—ton (bopMe

7»9‘,8,,+2u(s —e,’;) ] RN  “ " o €))

3}1er NOJHBIE CKOPOCTH neq)opMaum/I 8 eCTh' CyMMbl HX YOPYrux £ ‘n IL1aCTHYECKIX

coCTaBIAOMEAX; 0° =el o6 beMHas nedopmanms, a &7 =gl +£2, +eb'=0 cormacko

IOCTYJaTy O IJIACTHYECKOM HECKUMAEMOCTH A€(POPMHEPYEMOTO MaTepHala.

Taxum 06pasoM, MmIacTHIECKAs necpopMaupm PaccMaTpHBAeTCS Kak peTaKkCanuOHHbIA
NPOUECC: B PENAKCANMOHHBIX ONPENENAOMMX ypaBHEHHAX (1) npnpamemm CHJIOBBIX
HANPSKEHHH IPONOPUMOHATLHBI IPUPAIEHUSM NOHBIX AeOpMAIIKil, a PeTaKCHPYIOT OHH
[0 Mepe Pa3BUTHs IUIACTUYECKUX COCTABISIOIIMX. necpopMamm, KOTOPbIE MOTYT GbITH
ONMCAHBI 3a[laHHEM COOTBCTCTBy}OH.(I/IX KHHETHK I CKOpOCTeI/I MIACTHIECKAX ne(i)opMa—

’

it 8” Y ,
PaCCMOTpI/IM B.Ka4ECTBE npnmepon JiBE 3a/jaun ynpyronnacmquKoro ne(bOpMI/IpOBaHI/Iﬂ,
JIJ'I?[\ pEIEeHHsT KOTOPBIX’ SQ)cpeKTHBHMM OKa3aI0Ch NPUBJIEIEHAE MI/IKpOCKOHI/I‘IeCKOI‘O
HOJXO0Ma, — HCIOJTb30BaHNEe KMHETHIECKHX ypaBHCHI/II/I OIACHIBAIOIEX IBONIOLIIIO FHCIOKE-
IIOHHOTO KOHTHHYYMa IIPH BBIYACIECHIN CKOPOCTEH INTaCTHICCKUX CHBAIOB [25]: ‘

. MopenupoBaHue 0—€ AEarpamMM IpH OJHOOCHOM HAIPYXEHHH CTPEKHEH.

2. MonennpOBaHne nponecca PACHPOCTPAHEHHS LIOCKHX YIPYTOMIACTHYCCKIX BOJIH npu
YIapPHOBOJHOBOM HarpyXXeHHH METaJIJIOB. : : : ' ,

Panee Gblna npepiioxXeHa MHKPOJIEHAMHUIECKAs MOJIETH omuCcaHms nnacq‘nqecxoro
TEYEHMs MATEpHUANa C JUCTOKAIMOHHOA KHHETHKOM sl CKOPOCTH ITACTHYECKUX CIIBUTOB.
(3, 25, 26], xoTopast NpUMeHeHa B HACTOILEl PaboTe sl BBIYUCIEHNUs! CKOPOCTH IJaBHOIO
TUIACTHIECKOTO CIBATA 1 BKNAJA B HANPIKEHHE TEUCHMS ¢ MUKPOYPOBHS. Penakcanmonnas
¢opma 3anmuch onpeuenmoumx ypaBHeHun (1) s cyyas o;moocnoro HaI‘py}KeHI/Iﬂ
CTerHen nanHmaeT BHJ{ S .

G = ( “pr) ,62=53=0 - : | (2)

,I‘IIC Gl — CKOpOCTI) I/IBMGHCHI/ISI HaHPH}KCHI/IH 8| et CKOpOCTb TOHOH }qu)OpMaIII/II/I 'YI

I‘JIaBHbII/I HJIaCTI/IIIeCKI/II/I CHBUT (y” /2 (&P - )) E — - moaynb, ¥Onra. Taxoi nogxox
no3BonseT TakxKe ytIeCTB CKOPOCTHYIO ‘IyBCTBHTeHLHOCTL MaTepuana. [Ipupamenne
HATPSKEHUS. B (2) G,dt mPONOPIMOHATHEHO npnpamenmo MOTHOMN aecbopMaum/I e,dt a
PelakCupyoT HaHpﬂ)KEHHﬂ o Mepe paanTm nnacmqecxnx CIBHTOB yl dr. TaKI/IM 06pa—

30M, B KaXJIOM KOHKPETHOM CITydae Hed)OpMI/IPOBaHI/Iﬁ Bpra6aTbIBaeTc;1 JEHAMAIECKOE
papHoBecue, OoTpaxKallIee yCIOBHs HArpyXeHus, ¢ OIIHOI/I CTOpOHI:I u peaKumo Marepua-

n1a, ¢ gpyroi. -

/
Wi3BecTHO, 4T0 BO' MHOTHX cnyqaﬂx Ha HavaJIbHBIX aTanax TACTHIECKOTO necpoplvmpo—

.BaHI/I}I MeSOCprKTypa MaTepnana He -pacT 32METHOTO BKJ’[aIIa B IINaCTHYCCKOE TG‘ICH\IIIC B

115



9TOM CJIy4dac MOXHO OI‘paHI/I‘II/ITBCﬂ YUCTO MHKPOCKONKUIECCKUM ONUCAHUEM, KOITa H3ME-
HEHUA npeTepneBaeT JII/ICJIOKaHI/IOHHbII/I KOHTHHYYM B LETOM. B pacueTax UCnoJIib30BalIOCh
IMHPOKO U3BECTHOE B cbnsnxe I'IJ'IaCTI/I‘IHOCTH ypaBHEHUE OpOBaHa

P = NG DSV T sign(r) . @

s —-—'T,'_"CI”. '

Kuneruueckue ypaBHeHI/m [3 25, 26],. 3aua}oume 3BOJIIOIHIO JII/ICJIOKaIII/IOHHOI‘O
KoHTHHYyMa B (popmyne OpoBaHa, [O3BOJISIOT YUECTh HCTOPHIO HATPYKEHUs W ONMCATh
HemjleanbHblil 9¢dexT Baymunrepa npu cMeHe 3Haxa Harpyxenus [7]. Takum obpasom,
aKKOMOJal[HOHHAs ITacTHUYECKasd ne(popMauI/m Ha MHKPOYPOBHE oOGecrneduBaercs:
H3MEHEHHEM CKANSPHOM INIOTHOCTH AHCIOKAUWH ‘N, M0OJNH IONBHKHBIX RECTOKAUWH f 1
CKOPOCTH MX KOIJNEKTHBHOTO.fJBIXeHHs V [25, 26] B (3), rne g — OpHEHTANMOHHDI
MHOXHTENb, b — MOJyIb BekTOpa Broprepca; T = 1/,(0; — 0y) = 1/,6, — nmeficTpyromee
CABHTOBOE panpsokenne (G, = 0 B CllyJae OJJHOOCHOTO Harpy:KeHms); Tq — PaBHOBECHOE
TEKyIee pe3ylbTUpPYIOLIee CONPOTHBIEHHE CHIBHI'Y, KOTOPOE OyeT 3a0aHo HIDKE OIpefe-
JeHHBIM, 06pPa30M C yUETOM H3MEHEHHsl BHYTPEHHEH  CTPYKTYpPBI MaTepHaia; Tps —
HaKOIJICHHBIE BHyTpeHHne HANPSKEHUs; Tv — TEKyIee (a¢pPexTuBHOE) neHCTByfom;ee
HaIpsKEeHHE. :

B xuHEeTHYECKOM ypaBHEHHH (3) BBE[EHO pacnpeesieHue ne(bopmaunom{blx JxeqbeKTOB

1O HATIPSKEHHSIM CTapTa Ty, UTO NO3BOJAET OMHUCHIBATE B TOM 9HCIIe ¥ MEKPOILTACTAIECKHE
pedopmamum [27, 28], Kor,ua NPHIOKEHHBIE HANPSKEHUs HUXKE MaKpocxonnquKoro
Tpefiena TEKyIecTH:

P=Xav M%’=ng(v">f<v”)B(r)v.-'(fc,rs;)sign(m o @

3peck Vi(T, 'cs,) CKOpOCTh ABHXCHHA i-# (paxiuu uncnoxam/m, si — HANPXXKCHHE crapTa.
i-i hpaxmun nncnoxaunn BepoATHOCTb JBIKEHMs! -1 (DpaKuui CTOKAUHi IPA HaNpsiKe-
HUSX T ONpejenseTcs Bpra}KeHPleM (HOpMaJ‘[bHLII/I 3aKOH PacHpefeNeH It B IIPUBE/ICHHOM
npuMmepe): J

Tsi

CR@= | o, ¢=8jﬁexP[;fo—rx,~] L

2
i 25 -

TTORBIKHBIME JUCTOKANUAMH [P HANPSKCHAR T 6yAyT Te, Ik KOTOPBIX Ty;< T, O —
flicriepcns B 3aKOHe pacnpefielienus. Bexuauna T NPHOOPETAET CMBICH CPEHETO B 3aKOHE
' pacnpefie/IeHus 1 ONpefieNseT MAaKpPOCKOUMUECK It Ipefien TeKydecTn. Kak GyjieT NOKa3aHo
_ HIDKE, B IIPOLECCE HATPYKEHHs: T() ONPEAEISAETCS ¢ yIETOM JalbHOACHCTBYFOTINX BHYTPEH-
HUX HANPSDKEHMH Tys, OTPAKAIOIINX BKIAJl B HAIPSDKCHUE TETEHUS ¢ MIKPOYPOBHS OT JIeca
JIICTOKAIMI, 8 HA Pa3BUTHIX CTA[IAAX IUTaCTHYECKOM JedOpMaIm — ¢ yIETOM 9BOIIOUUH
Me30CTPYKTYp, Tp PACTET, €CM MaTepuai obnafaeT ne(bopmalmonm)m yOpOYHEHUEM.

CriepyeT mMeTh B BHAY, 9TO TEKyllee HaNPXEHAE T COCP3KHUT TaKXKe U HEPABHOBECHYIO
COCTaBJIAIOMIYIO, KOTOPast OCOGEHHO BEJMKA NPH BBICOKOCKOPOCTHOH fiedpopManu. B npes-
_TaraeMoM HOJIXOfi€ 9Ta HepaBHOBeCHa;{ COCTABIIAIOMIAs ONPENENsIETCs 3AKOHOM pelaKca-
LjH, T.€. KOHKPETHOH KHHETHKOI1, OTpeeNsIOmen anomoumo JHCTOKATOHHOTO KOHTHHY-

yMa ¥ CKOPOCTY IUTACTHIECKUX C/IBUTOB yP.
B HaCToslm;en pa60Te A onpejeneHust IIaJIbHOIIeI/ICTByPOH_H/IX BHYTPEHHUX HaIpsDKEeHWH
ACIONB30BAACh XOPOIIO E3BecTHAS B (PU3UKE TIIACTHIHOCTH 3aBUCHMOCTD Tjs = - opb N

rae’|L — MOJyJIb CIBHTA, & 3HaquHe KOHCTAHTHI OL 7151 GONBIINHCTBA MaTepI/IaJIOB HaXOJWUTCS
B Ipefierax 0,2-0,5 [29].
. Jdnsa onpenenem/m IJIOTHOCTH neq)eKTOB N(y?), nonu MOJBYKHbBIX nncnoxamm f(y) 1 mx
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CKOpOCTelt V{(T, Ty;) HCHOMB30BANACH NONYSMIMPUIECKHUE 3aBHCHMOCTH. HpI/I‘[eM B BLIpa—

- XKCHUH JJISL INTOTHOCTH ,[IHCJ[OKaI_[I/II/I ’Yp 3aMeHanach Ha KYMYJ'[SITI/IBHy}O HHaCTI/I‘IG‘,CKy}O HG—A

dopmanumio 5§ fo b Idt YTO IIO3BONHUNO YIECTD 1—1e06paTyIMOCTL HaKOIJIEHHOH macTaYec-

KOH necpopMammnpn CMeHE 3HaKa HarpyXEHHs: _ \

’ , AN J@=1)/c, npm Yrstt ;
N=N* +(N0+N -N" )exp , N’ =+ , _— (6)
glb, o npr TST e

e Ny — HAvYATbHASA NIOTHOCTD JANCIOKALMIA; N* - npene'ni.Ho MOCTHK¥UMAsI MIOTHOCTD
neexToB mpu ne<bopanOBaHm/I KOHcTaHTa A IIpOHOp[II/IOHaJIbHa BEJIMYNHE, OOPATHOM
cBOGOAHOMY npoGery AUCIOKAUME MEXNY 'aKTaMH Pa3MHOXEHHS; N’ — mroTHOCTE
}mcnoxauun 33 CHET HX FETCPOreHHOTO 3aPOXKIEHNS,; 7" — noporopoe 3HAYEHHE CBUTOBOTO
HANPSKEHMS, [IPH KOTOPOM BO3MOXKEH npouecc TeTEePOTEHHOrO 3aPOXEHNs neteKTOB; ¢ —
MaTepHaIbHas IOCTOAHHASL. e

~ Amanora4so, B BBIPAKEHAN [1Ist OTTH IIOJ_IBI/I)KHI)IX [CITORATLHI: -

.

glb:

F=1" 4 - f*>expy ype) ; @

¢

e fo — HaYaTpHas JIOJis TIOAIBMXKHBIX nedexTos; f — NpeieTbHO JOCTHXHUMAs OIS IO~

BUKHBIX neq)eKTOB, KOHCTaHTa B nponopuuoHaimbHa BelimuuHe, 06paTHOR Ipobery
mECToKaigil’ 0. 3akpemreHus. [Qnd ydera pasnuauus B conponmnennn ABUKECHHUIO
ACITOKALWA NPY: IPIMOM |- O0paTHOM HAaFpYXEHHU B Bmpax{enne AISL JOITH [OMIBYKHBIX

'ne(beKTOB BBORHTCA peBepanHaﬂ ITACTHYECKASL ne(bopmamm vh.

®

@paKuI/m nncnoxaum[ I/IMelOI]II/IG OD;I/IHaKOBbIe HaIIPsIXKEHUA CTapTa TS,, JIBI/I)KYTCSI C

Vi = Y (1 - N/N ) npn CMeHe 3HaKa (’c Ths)

, OJ.II/IHaKOBI)IMI/I CKOpPOCTSIMHI V,, TeM OOJIBIUNMY, ‘ICM OoJnbIIe pasHuua Me}KIly HaIlpﬂ}KeHI/IeM

CTapTa n JIEI/ICTBy}OH.II/IM CIBUI'OBBIM HaHpH)KEHI/IeM T ) )
)

, Vof—(Si)—z npu I‘clzrgi : - g t
V=g 1 (ST ' E Lo L O
o ~ mpm Itl<Ty . IR
3nech ST-. = (It - 1,)/B, B — koo purmenT TOpMO)KeHI/Iﬂ Vo — CKOPOCTb bacnpOCTpa—

HEHUA CJIBI/II‘OBOI/I BOITHBI.

'

TaKI/IM 06pa30M npennaraeMaﬂ SaBI/ICI/IMOCTb IIIst CKOpOCTI/I IUIaCTI/IlIECKI/IX CJIBI/II‘OB 'Y

B BKTIOUAET B ce0s1 HCTOPHUIO HATPYKEHMS, CBA3AHHYIO C 9BOJNIONHEH IH/ICJ'IOK&HI/IOHHOFO KOH-
THHyyMa. HpenCTaBneHHbIe YPaBHEHHS OTPAXAIOT TOT (HaKT, ITO H IPH MAIBIX BO3MYIIE-
'HESIX HAXONATCS neq)opMauHOHHme necpeKTLI KOTOpre npnBonxT K MI/IKpOH.TIaCTI/I‘IECKI/IM :

ReopMaIisim.

- B xauecTBe IpHMepa | Ha bur. 1 HpI/IBeJIeHbI pesyanaTm pacqua (5 [K6ap] € [%] Juar-
pamMm MATKOM CTaTl IPH. Pa3HBIX CKOPOCTSX- ;(eQJopMHPOBaHn;{ B CPaBHEHHUH C :—)Kcnepn—'
menTamu [30]: Ng=2-108 em'; a =101 em%; b =25 10‘ oM; Vo = 3,25:10° CM/C

IpyrHM DPEMEPOM SBISIETCS YIAPHO-BOTHOBOE HATPYKEHHE METAIIIOR. Bq)(beKTm HJIa-
CTHYECKOTO TeUeHHs (pellakcalys YIpyrux NPEABECTHHKOB, 3BOIONMS Hecraunonapmﬂx
BOJTHOBBIX (DPOHTOB, OCOGEHHOCTH PasTPy3KH — ee ynpyromsxonnacrnqecxnn xapakTep)
0COBGEHHO -SIPKO NPOSIBISIOTCS DK Harpyxceﬂmx METAJJIOB yAapHbIMI BOJIHaMI/I CpaBHI/I-
TEJBHO MAJbIX aMILTHTYJ O < 10I'TTa.

CucreMa ypaBHEHHH, 'ONUCHIBAIOILAST paCHPOCTpaHeHI/Ie B 6apo'rp01mon cpene TakmX
ITOCKHX ynpyronnacmqecxnx BOJIH BKIIIOYAeT B ceOs -

¢

: ‘ | - o . 17



U T
670 . a2
4,05 07

ypaBHEHUE JJBIDKCHHAA - .

poy /'a{=80, lox j / | L o ()]
ypaBHEHHE HEPa3pBIBHOCTH o . 4 . . S S
€ _au,/ax V1oL, V=polp ' ‘ : a R (11)

3pech po e p — HaYANbHAS ¥ Texymaﬂ HJIOTHOCTI/I 82 = 83 ='0; u; — MaccoBas CKOpOCTI:,
Uy = u3 =0, & 0y = 03 # 0; x — marpamxeBa KQOPAUHATA;  — TEKYIIEE BpEMSL.
. 3aMbIKaeTCsA CHCTEMA penaKcaunom{mM ypaBHEHHEM COCTOSHUS, 3anafoumM CBSI3b MEXK-
1y TeH30paMu Hanpﬂxemm u nedpopmanmit 61 = f(€;). :
KOMIIOHeHTa TEH30pa HaHpSI)KeHI/II/I O} pasbuBaeTCs Ha [IAPOBYIO U IIGBI/IaTOpHy}O qacTH: -
=-P + Sy, rne P — cpepuee HaBnenue; S| — [euBaTOp HANPSKECHUH.

TaK Kax aMIIJII/ITYJII)I HeACTBYIOMAX HANPSXEHUA CPaBHATEIBHO MAJTBI, mm OnuCaHus
-IapoBoO# ‘IaCTI/I HANPSDKEHMH KOPPEKTHO BOCIOIB30BATECS 6ap0Tpong1M ypaBHeHUEM P =
=P(p).B aHHOH paGoTe MCIIONB30BANACH KYOMIeCKasi 3aBUCAMOCTb!

P=af+a;0” +a0’ o S N ¢ )
e 0 — 06 BeMHAS ne@opMamm Koaq)cpHuKeHTbl ai, az, as onpenene}ml 9KCIIEPUMEH-
TANBHO JIJm MHOTHX MaTepnanon [31, 32].
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' CpBHroBbie HANPSIKEHMS. MOTYT GBITH HAIEHbI M3 OIPE/CAIOIETO yPAaBHEHIS pelakca-
[MOHHOTO THIIA, KOTOPOE HECKONBKO OTIMYAETCH OT (2) B CHITY OXHOMEPHOCTH necdop-
Mallym: ‘ -

CS.=gueE -29hy | ()
rJie |1 — MOJ[yJTh CHBHIA.

CKOpOCTh HAKOIUIEHHA necopmanuit onpejensieTcs 3afanueM QYHKINA JiIsl CKOPOCTH
ITACTHYUCCKHX CABATOB Y, KaK i B IpebIayeM cryuae. o

‘Ha ¢ur. 2 HpHBéﬂ,eH anMep pacueTa (CIUTONIHAs JIMHUS) PACHPOCTPAHEHHSL IITOCKOH
yHApHOR BONHBI HHTEHCUBHOCTDIO 2,1 'na A16061-T6 B cpaBHEHHH C 9KcuepuMenTamu [33]
(toukm): u; [MM/MKC] — t [MKC]. _ . , o ’

Kunernueckue ypasHenus (3)-—(9) M03BONAIOT NPABHIBLHO OIHCATh KAK, ¢opMy BOJHBI
garpyxenust (UT. 2, @), TAK U IBONOUUIO HECTAMOHAPHBIX BONHOBBIX (ppOHTOB 1O Mepe
X pacnpocTpaHeHus Briay6h Marepuana (¢ur. 2, b), a TaKXKe MPaBHILHYIO PETAKCALIHIO
CABUrOBBIX HANPSKEHMIA T B yIIPYrOM NPEIBECTHEKE (KPHBast /) U BO (ponTE yAapHOR BOIN-
ubr (xpusasi 2) ¢ur. 2, b) [7, 27, 28, 33-36], x [vm]. o - :

5. PeakcalHoNHbIe ONpeesIoue ypasHeH s ¢ 3aBUCHMOCTAMH /15 BpEMEH pesaKca-
mun. [ pemenwst 2D u 3D 3ajay Ha Me30- H MAKPOYPOBHSX, 8 Takxe TIpH pelleHun 3a5at
IPUKIA{HOTO. XapaKTepa YIOOHO nepedopMyIMpoBaTh NONyYEHHbIE ONPE/ICTISIONIIE YPaB-
HEHHs B TEPMIHAX BPEMEH PeJIaKCal(ii. : o .
" B MoJielb BBOASTCS [iBe (DYHKI[EM BPEMEH PETaKkCAllH f,1. ¥ I,y (MiI GONMbINE B 3aBUCH-
MOCTH OT YHC/a YPOBHEH), KOTOPBIE CBA3AHDI C PASHBIMU (PUIMICCKUMH MEXaHM3MAaMI, B
[laHHOM Clyyae C pa3BUTHEM IUIACTHYECKUX fedopMaluil, OOyCIOBIEHHBIX 3IEMEHTap-
HBIMI HOCHTENSMH pasimunsix Macmra6os. Torga 7 =vh +v5h,, rae 7{ — rpancis-

[IMOHHAS COCTABJAIONIAsl CKOPOCTH IITACTHIECKUX CABHUIOB, & Y7, cBs3aHa ¢ pasBATHEM
JOKaIH30BaHHOMN TINACTHIECKOM necopmanun Ba Me30ypOBHE, B TOM YHCNE C oGpa3zoBa-
HrieM GTOKOB MX NEPEMEIIEHUAMHE ¥ IOBOPOTAMH. VMeeTcs B BUjy, 9TO Yk 0OycmoBneHa, B
OCHOBHOM, 0Ga30BBIM H AKKOMOJAIMOHHBIM CKONBXCHHEM 'Ha' paHHUX CTafuiXx
IIACTHIECKOTO TEUCHNUs, B TO BPEMS, kak Yh, oOycinoBieHa KOIITEKTABHBIMA 3(pdeKTaMu K

orpaxaeT 0ojiée MO3IHME CTafHU ITACTHIECKOrO 'g:eq’emm; ISl KOTOPOTr'O XapaKTEePHbI

IOBOPOTBI (pparMEHTOB ME30CTPYKTYpHI [3, 7, 25]. Teneph MOXHO 3anucaTh '

o ’ ;! ’7

. T omepyeo|a TTTo T—Tp ‘ ,

T=uE —2y7) =W & — - _ (14)
\ - utpl . sz'

TIpennoxXeHHbIH croco6 yueTa BKIATOB B IJIACTHISCKUNA CIBUI, BHOCHMBIN 3I€MEHTAP-
. HBIMU HOCHTEISMHE [UIACTHIECKON fehOopManyy PasHbIX MAcIITa0oB [, IO3BOJIAET OMUCATDH
IWTACTHYECKYIO IepOpMANHIO KaK PelaKCaldOHHbIA npouecc. OH IPOCT B péanna‘aunn_n
JIETKO MOKET ObITh CBA3aH C PEATbHBIMU (PU3NIECKUMU NPOUESCCAMHE, PAa3BUBAOIIIMIC Ha
pasHBIX CTPYKTYPHBIX YPOBHSX Yepes 3ajanue (pyHKUMIA COOTBETCTBYFOIIHX BpEMEH pesiak-
cauym (HanpuMmep, OBICTpas pelaKcanys HanpsokeHuit Bo (ppoHTe yiapHOl BOMHE! (f,1) 1
MeJIICHHAs peJlakcalysi IPH BBIXOJE Ha NMONOUKY (f;2), KOTOpbIE 06YCIOBIEHB] PA3HBIME
* (pE3MIECKUME MEXaHA3MAMIL ) ' ’ '

s pereHus: MEOTOMEPHbIX 3a[{ad pellakCalldOHHO® ypasuenue (13) MoxeT GbITH 0606-
IIEHO B BUJE ) : T

P~

; 0
1~0,/g,

15
o (15)

. €y
sii—zu,eij“gszi‘sry

IIpw nanucanuu ypasHeHmi (15) molaranoch, YTO BCE KOMIIOHEHTBI TEH30pa
HANPSKEHHAH PENAKCHPYIOT CXOAHBIM 00pasoM B COOTBETCTBHH C 3aKOHOM peJIaKcaliy,
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3aNMCAaHHOM JUIsl BTOPOTO MHBAPMAHTA HANDPSIKEHHH G;. DTOT 3aKOH ONpENEITeH U3 OHO-
MEpHBIX PacieToB (G; = 27T A7 ITOCKON BOJIHBI), IPAMEPBI KOTOPBIX IIPHBEJCHBI BIIIE.
6. Me3oyposens. [[51s1' MOJIeTIPOBAHHS IPOLECCOB ehOpPMAaIT Me3006HEMOB BOCIIONE-

3yEMCA IIOJNYYECHHBIME BBILIE pE3yJbTaTaMU. HpI/I pelwieHuy 3ajady B JUHAMHUYECCKON .

NOCTaHOBKe GyAeM HCHONb30BAThL ONpENeNAIOIUe YPABHE NSl B PENaKCAMOHHOM (hopme
(1), (15) ¢ cOOTBETCTBYIOMIMMI 32 BHCHMOCTSIMY JJIsL BpeMeH penakcauuu [25, 35]. ,
PaccMOTpUM TONBLKO ABYMEDHBIE PACYETHl B THHAMHYECKOH ¥ KBa3HCTATHYECKON IIO-
CTAaHOBKAX KaK JIist IIOCKOHANPSKEHHOIO COCTOSIHMS, TaK M 1l IUIOCKO# Aedpopmarmu. B
[3, 19, 20] npuBefeHb! Bce OCHOBHBIE ypaB}{eHI/m 4 OGCYXEHBI CHOCOOB! MX PELIeHHs. '
Cucrema HAMITTEeCKUX ypaBHeHnn At IIBYXMeprIX ILTOCKHUX 33j1a HMeeT cnenyfouum
BH]I.
YpaBHEHHS IS CKOPOCTEH ne(bopMaLmn i CKOpOCTeI/I NOBOPOTA:

PRCL 'é--_% ¢ =1 %_Fa“ : : C
0w M T gy Y T 2l e ooy » . i
C \ : . .
. ‘ ou, . ' : o ‘
b, =i, =1 S _Oe | | : )

© ™ o 2lox 9y

THe €, =h/h = [ IUIOCKOTO HANPSKEHHOTO COCTOSHUS; €,. = 0 — LIS ITOCKOMN medop-

MalWH. ;
YpapueHus ABIKEHAS B TUIOCKUX Koopm/ma'rax X, y: :
% =. do,, 00, 0 du, _ dG,, 90,
ot ox  dy T ot ox ay . oo
. “ - 7 : . ol . oy, ’ .-
,QXY_—GYX=M’ M:JQZ—T‘;Z_-F;& N ‘ : (17)
S;paBHe}m‘e HepaspblB‘Hoc'm: ‘
Viv= Ep+Ey +Ey, o ' : ) ’ (18)
YpaBHeHI/I}I COCTom—m;{ (onpenenmom;ne ypaBHeHI/Iﬂ) N
G = G +6 '
A A |0 mpu &’ =0 ' ? o
o} ==0j = : o (19)
: ' oF (grad(e”)) npu e’ =0 : - :
—P8; +s;, &; =€ +e,’;, é,lj’.=7&s,.j .
DS*‘*‘ =2u/ &, - LV 20, Dsy _gufe LV —2UAs » (20)
o TP BTy T S gy Ay
D.fx‘, | : Ds, . 1V L
Dt = 2u€xy l’l“?"sx)” DL;Z =2 €, ~§V —2UAs,, .
rae G-,— —P +5.=0 — IIJUI INTOCKOTO HAMPSKEHHOTO ' COCTOSIHI/IFI S22 = ~(Sxxt Syy) — AT

ITOCKOM ne(popmaunn DsyjfDt =§;; = @51 + 550 — 3HaYeHNe NPOU3BOAHON SymaHa (Tod-

Ka BBEPXy O3HAYAECT NPOM3BOJHYIO NO.BPEMEHH); A - CKaJmprm napaMeTp B TEOpUHA
ILTACTHYECKOTO Teqe}{m

\
\

2 s, +25% 452 = %12 ‘ o : @1



'
A B

* 31eck X, y — IPOCTPAHCTBEHHbIE KOOPJMHATDI; Uy — CKOPOCTb B HANPABICHUM X; Uy —
CKOpOCTL B HAIIPABIIEHHH ; Oy, Oy, Oy Oz — KOMIIOHEHTBI TEH30pa CHIIOBBIX HaNpsKEHUI;
Wz, My.«* KOMIIOHEHTB! TEH30Pa MOMEHTHBIX HANPSKEHHUI; Sy, Syys Syys Sy — AeBHATOP
HANPSDKEHU; €, €y ew, €;; — KOMIIOHEHTBI TeH30pa fieopMarun; P — rUIpOCTATHIECKOE .
nasierue;-V = po/p — OTHocheJIbem 00'beM; L —MOJLyJIb CABUra; /I — TONIINHA IIACTUHbI;
Yo~ HavaIbHOE 3HAUCHHE npefiesia TeKyuecTH; J — MOMEHT MHEPIHMH IACTHI| CPELBL, Onst
onpenenennﬂ (byHKmm NaBAEHUS TAKXe HCIOJb30BATIOCh ypaBHeHne (12)." Ons pacuera

| IACTHYECKOTO TeYeHNs: IPUMEHSUTACH JTUG0 IPOLENypa IPABEEHIS K. MTHOBEHHOMY KpYyry
TeKy1ecTH Museca, 11606 penakcanuoOHHas! chopma onpeseIAoumx ypaBHeHnn (15).

' Peanmsaums B pacueTax peajibHBIX CHCTEM CKOJBXEHHS: B COOTBETCTBHM C CHMMETpHE
H3y4aeMbIX KPHUCTJUIOB 11 AKTHBA3ALAN HEKOTOPBIX W3 HAX (MJIH BCEX) I HATPYKEHHH
SABIISIETCS IPE3IBBIYARHO’ TPYAOEMKOI POGIEMOit 1 Tpe6ye'r paCCMOTpeHI/IS{ 3ajaym B 3D
nocranoske. OHAKO 2D pacyeTs! MOTYT OKa3aTbCs [OJNIE3HBIME JITISL MMMUTALMH HOBefe-
"HHSl peanbHBIX KpI/ICTaJ'[.TIOB C OTPaHHYEHHBIM YHCITOM AKTHBHBIX IIOCKOCTEH, CKOTBKEHSL.
Tax Ha ¢ur. 3, a IpejCTaBIeH o6pa3eu, cocTosmmi U3 Tpex 3€peH, 3aKIOYEHHbIX B Goree
XeCTKYI0 pamKky. XKecTkas Pamka IO3BOIAET CMOJICIIPIpOBaTb CTECHEHHBIE YCTOBHA

. iecbopmanuy. HpeJICTaB.TIeHHbIC Ha (UT. 3 Pe3yTBTATHI Gbun nonyyens! B [20] npu aBHOM

BBE[ICHUN B pacieT CHCTeM CKOJbXeHus. 3ajjaua pelrexa B KBa3UCTaTHIECCKOH IJOCTaHOBKE.

Kaxpoe 3epHO HMeeT "TONBKO OfiHY aKTHBHYIO CHCTEMY CKOJbXeHus (Ha ¢ur. 3, a, n; —

HOPMAJIH K TTOCKOCTSAM CKOIII))KGHI/ISI) Ha dur. 3, b ipeCTaBIe Db N3OTHHIN KOMIIOHEHTBI

neq)opMaImH 822 npu pacmmemzm M630061>ema BJIOJTbOCH X, [cM]. 3aMKHy’I‘OCTL W30IHHAN

MEX]y COCEJIHUMH NONOCAMH CKONBKEHHs CBUJETENBCTBYET: O HAIMIHH HOBOpOTOB

HOJIOGJT&CTGI/I KpPHCTa/Ia BHYTPH H30MMHUN. ITO OfMH U3 NPOCTHIX HPAMEPOB, KOTOPBIHA

SIPKO J€MOHCTPUPYET, KaK PE3KO BOSpaCTaeT 'HEOJHOPOJHOCTD fehopMaiimy (IOsBIIeHIE

"IOMOC TOKATH30BAHHOTO CABMIa H pa3sBUTHE IOBOPOTOB) NPK YCTOXHEHHN CHCTEMBI (Halu-

une 6a30BOH CHCTEMBI CKONBKEHHS U, KaK CIEACTBUE, 3alpeT Ha om-xoponnyro nedopma-

LHIO, pasiniue (pu3nKO- MEXaHIIECKUX XapaKTepI/ICTI/IK A 3epeH pasnon OpHeHTa-

Lm). - :

M63006’56M cocTosI u3 MHOI'HX 3epeH pearnpyeT Ha Harpyxcenne o6pasoBa1meM
CHCTEMBI B3aMMHO CONPSIKEHHBIX HOJIOC JoKam3oBanHOro casmra {7, 37]. Hpnqu, B pac-
gerax pa6ot {7, 37] Kaxxoe 3epHO HMEO MHUBHIYANbHbIH IpEen TeKyIeCTH, T.¢e. pas-

- penieHa jiro6as, HeoOxopuMast sl aKKOMOJALHH neq)opMaum C@opm&posann% upu-
pyFoLIge NOJOCh! CABUTA, BAOJIHL KOTOPHIX OT/ENbHbIE GIIOKA CMEIAKOTCS KaK Tenble. DTH
6roKH cojlepXaT GOJBIIOE KONMIECTBO 3€pPEH. BHYTpH OHH AeOpPMUPYIOTCSL TaKXKe
HEOHOPOHO, U B [aJbHEHIEM BO3MOXHO cbopMHpOBaHue foiiee MENKHUX (bparMeHTOB '
KOTOpbIE HA30BEM CTPYKTYPHBIME 3neMenTamu fedpopmamimn (COMT) u3-3a ux cnoco6ﬂoc'm
CMEIAThCS M NOBOPAUMBATECA KaK IENble, KAYECTBEHHO W3MEHS TeM CaMbIM 06myro
KaanHy necbopmaunn B 3TOM Xe Me3006beMe, HO HOJBEPTHYTOM Bosnenc'rsmo yOapHOR
BOIHBL [7], peanmnsyeTcs CHcTeMa I0JI0C JIOKAIM30BAHHOTO CI[BUI'A, IIOpO)KJleHHaS[ noBo-
pOTaMu OTHENBbHBIX 3epeH G0 Me30061>eM013, OKDY>XaIOLUX TPOHHBIE CTBIKH 3€PEH. DTH
HOBOPOTBI 0c06eHHo APKO OpOABISIOTCA' B IIONSIX CKOPOCTEH (71 -

Bce npoBejieHHbIe PACYETh! i NIPEICTABICHHbIC APEMEPHI SPKO lIeMOHCTpI/IPYIOT HEOJHO-
POIHOCTE Pa3BUTHs MIACTHYECKUX ehopMarmi B Me3006GbeMax CTPYKTYPHO- Heom{opou—
HBIX Cpeft ¢ 06pa3oBaHKMeM OIOKOB Pa3siHYHBIX PasMepoB. . .

ITpouecc o6pasosanus COJI HocuT YHEBEPCAIbHBIA XapakTep. B 060 CprKTypHo—
HEOJIHOPOJHO| cpefe AehOpMaLMs HA ME30YPOBHE Pa3BMBACTCS KAK CYIy0o JOKAJbHBIA
TPOLECC U COCPEIOTOUEHA, B OCHOBHOM, B Y3KHUX 30HAX, IOKPbIBasi BECh 06pa36u cHCTeMaMHu
COTPSIXEHHBIX OTOC. [IPHUMHON 0OPA30BAHMS STHX. IOTOC JTOKAIM30BAHHOTO CABATA SIBIIS-
©TCsl CTPYKTYPHasi HEORHOPOJHOCTb MaTepHana, NPeXK/e BCEro, HATMIue BHYTPEHHIX rpa—
HHII, KOTODBIE SIBJISIOTCS ME30KOHIIEHTpaTOpaMu HanpstxeHuit. Hanmune onpeneneHupIx
CHCTEM CKOTBXCHHS ¥, KaK Pe3yNbFaT, OrPaHNYEHHOCTL (POPMOM3MEHEHHUSL; SIBISIETCS APY-:
TUM . BaXXHEHTIEM (haKTOPOM ¢opmupoBanua Gojee MeTKOMACIITaGHBIX I0JI0C JIOKANu3a- - '
IUH YK€ BHYTPH ()parMeHTOB, Haan/IMep, BHyTpn 3epeH NOJTHKPUCTAIIIOB.
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MonennpOBaHHe nponecca o6paaoBaHm CBH TOKA3aJ10, YTO ITOT HPOUECC npoxo;mT
HECKOIIBKO CTajHit: :
1. Ha crapum ynpyroro Harpyx(elmﬂ B CTPYKTYpHO- HGOIIHOpO)IHOM MaTepuaie 3a cuer
" KOHUEHTPATOPOB . ME3OCKONMMYECKHUX MaclITaboB paannqnon cbnzuqecxon npnpomﬂ '
(popMHpyeTCsl HCOFHOPOAHOE NOTIE HANPSKCHMUI.

- 2. 3areM Ha HAYANBLHOI CTaJUK Pa3BUTHSI ILIACTHIECKOM pedopMaIyy B HanpaBneHI/mx
MaKCUMANbHBIX KACATEIbHBIX HANPSIKEHHH, (MX OpHWeHTAIHUsA ONpEjeeHa CTPYKTYpPHOMH
HEOJHOPOJHOCTHIO MATEPHANa HA ME3OYPOBHE M YCIOBHAMY HATDYKEHH) q)opmnpy}OTca
_IIOJIOCHI JIOKATH30BAHHOTO CiBUTa. B 06/1acTsAX, OrpaHHYEHHBIX [1070CAMH JIOKATH30BAHHON
nedopmariim sHyTpu COJI, MaTepHan OKasblBaeTcs cinabo AeOpMUPOBAHHBIM.

" 3. JanmbHeiimee redOpMHUpOBaHHE NPHBOJUT K HAPACTAHUIO JOKANH30BAHHOM IUTACTH-
YEeCKOH neq)opMam/m U CMEIIeHISIM | IIOBOpoTaM GI10K0B (Me3006eMOB) MaTepuana. Bech
Me3000'beM MaTeprana OKa3bIBaeTCs paB6I/ITbIM ua 6moku (C3M). OcoGeHHO ApKO ITOT
TIPOUECC NPOSIBIISETCA B [OJISAX CKOpOCTeH. VIMEHHO 10 H3MEHEHIAM CKOpOCTEH cmemeﬁnn n
110BopoTOB BpisIBIstoTCst COJL. .

4 Paspyurenue MaTepuana B anbHEANIEM IPOUCXOUT TIO. rpaHnuaM ccbopanOBaanx—
C# GITOKOB. TnapHy1o poiss B 00pasoBaHuU MesoTpenmn UrpaloT HOBOPOTHI GiI0KOB.

BrinonnéHAbIE MOJIETBHBIE PACUETHI KatIeCTBeHHo xopomo COTTACYIOTCS C C—)KCIIepI/IMeH-
TAJBHBIMI JAHHBIMH [6, 38, 39].

7. Mopaeas cpensl, YUMTHIBAIOWAS NOBOPOTHI KOHEUHBIX 06'LeMOB MaTepnana Ha Me30-
ypoBue. Mopielib cpefpl ¢ HE3aBHCHMbIMH NOBOPOTaMH, B KOTOPO# 'yUTEHBI KaK cpmosme,
TaK U MOMCHTHBIE HANPSKEHHs, a TEOPHUs necdopmarmit Kpome HechMeTpanoro TeH30pa
neq)opMaan BBOJIUT B PacCMOTPEHHE u3rHOBI — KPyYeHHs,, paccMOTpeHa Hamu B [3, 5, 7).
Ilpy penIeHun JUHAMAYECKHX 331ad COOTBETCTBYIOLIUE ONpPEfeNsIOUE COOTHOUTEHUS
JOIKHBI OBITH 3aMMCAHBl B PENAKCAMOHHOM (popMe, TaK Kak PeaKCAMOHHBIE IPOUECChL
MOQTYT OKa3aThCsl CyLIECTBEHHBIMH, MX yIET ocoGeHHo BaOKEH [IPH YAAPHO-BOJHOBOM HArpy-
XeHuu Matepuanos [3, 37, 38, 40, 41]. »

B xauectse I/IJIJI}OCTpaIII/II/I npuBefeM IpEMep pacyeTa FTACTHYECKO necpopmaunn Me30-
“o6beMa [JIs, CIydask TUIOCKOH necpopmam/m B cuny 60nbIIO# HEONPEAETIEHHOCTA B ompe-
NeNeHMH TICIEHHBIX 3HAUCHHUH TapaMeTpOB /Il MOMEHTHBIX MOJelel, pacCMOTPHM TIPO-
CTYIO ‘MOA€Nb, KOTOpAsl NIO3BOJISET YUECTh HE3ABHCUMBIE IOBOPOTDI MeaocpparmeHTOB KO-
HEUHBIX Pa3MepOB 6e3 SIBHOTO pacyera MOMEHTHDIX HANPSUKEHAN M M3TUOOB KPYICHUH.

Cucrema ypasuenuit (16)—(21) nossomser KOPPEKTHO ONMCHIBATEH HE3aBUCHMBIE IIOBOpO—

. 761 ), KOHEUHLIX Me3006'beMOB, HE PACCYUTHIBAsI IBHO ITH IOBOPOTHI M MOMEHTHBIE

HAMNPSDKCHUsl, €CIH £CTh (husmyeckme cooOpaskenus A onpenene}mﬂ aHTI/ICI/IMMeTpI/I‘IHOI/I
LcocTaBrstome CHIIOBBIX Hal'lpﬂ)KeHI/II/I (19) u cpenaHb! COOTBETCTBYHOMINE AOTOBOPEHHOCTH
IIO OIpefeNeHIo cKopocTel nedopmanniy paBHeHMn (16)."MomeHnTHas Teopust YIPYTrOCTH,
KaK TaKoBas, CO3aBaach KaK MONbITKA METOAAMH KOHTHHYaJbHOH TEOPUH yNPYroCTH
yecTb neynpyrue 3¢hexThl, CBI3aHHBIC C HATMIUEM BHYTpEHHEH CTPYKTYpbI MaTepnana u
ee SBONMIOUMA HA HAYANbHBIX STaNaX HATPYXeHWsI. BeCKOHETHO Maible TOUKH TAKOIO

" KOHTHHYYMa HMEIOT LIECTh CTENeHel CBOGOABI: TPH CMEINEHHUs! (MM CKOPOCTH u;) U TPH
'HE3aBHCHMBIX [IOBOPOTA L, OTIMYHBIX OT O;, KOMIIOHEHTBI KOTOPOrO €CTh KOMIOHEHTHI
Jorotii. B neHCTBUTENLHOCTH HA ME30YPOBHE NPOMCXOMNAT NOBOPOTBI M CMEICHUS Meso-

(parMeHTOB, KOTOpPBIC HMEIOT KOHEUHbIE pa3Mepbl, H KOTOPbIE, KaK TAKOBBIE, ABHO
BBOJIATCA B PACCMOTPEHHE NPH MOJEIMPOBAHMN NOBEJICHHs HATPYKaeMbIX ME300OBEMOB.
T10BOPOT W CMeIIeHne KOHEUHOro (hparMeHTa, a Takke ero feOopMaIis . HOTHOCTBIO
onpefiesIeHB! €ro nonem ckopocrei. IlosTomy feopmaiun Takux Me30(parMeHToB MOTYT .
6BITH Onpenieliensl ypasHeHusiMu (16); KOTOpBIE ABJNAIOTCS KOPPEKTHBIMY Ha YNPYFOH
crapuu. ITo Mepe pa3BuTHS [UIACTAIECKOrO TEUEHHs HApaCTAeT HEONHOPOAHOCTD MIACTH-
yeckolt fehopManu BHYTPH, OTAETBHbIX (bparMeHTOB “HMX OTPAHAYCHHASl CIIOCOGHOCTD K
bopmMOn3MEHEHNUIO, PasIHILsl PUSHKO- -MEXaHHYECKHX NapaMeTpPOB sl Pa3HbIX (pparMeH-
TOB ¥ HX B3aI/IMOJleI/ICTBI/I$I npyr ¢ npyrom SIBIISFOTCSL npnthaMH Hapac'ramm He3aBUCHMBIX
"HOBOpOTOB ' - h

122 ' .



K

; : : ! ) : -

B HecHMMeTpIIHOI YIPYTOCTH BBOJSTCS B paCCMOTpe}II/Ie HechMeTpntIHme CIUIOBBIE

Ojj # Oj; © MOMEHTHBIE |i;; # |L;; HAIPSXKEHHs], KOTOpbIE YITEHE B yPABHEHIAX (16) (21). Mns
npnpamemm CHIJIOBBIX HANPSKEHUH MOXKHO 3allBCaTh o -

S (22)

G=p) o :
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/e (POPMANBHO BBE[ICHBI B PACCMOTPEHAE HECHMMETPHIHEIE CKOPOCTH fiechopmanuu ¥ j;
KAK HEKOTOPbIE 0GOGIIEHHBIE KOOP/IMHATDI, /sl KOTOPBIX Yy T ¥ (i) €CTh CHMMETpPUUHAs

U aHTHCHMMETpUYHasn Co(_:TaBJTSﬂOU.H/Ie: .
Vi = €ji — (= Op)ey; ‘ : : . (23)

3nech €;; — oGbIuHas CHMMETPHYHAS nedopmansi, zafannas (16); ey — Ten3op Jlepm—~
UUBUTDI. o : . T

Takum oGpazom ' . . : -

T = “(Qk*‘ “’k)ekﬁ @
a npnpameﬂm HeCI/IMMeTpI/I‘{HbIX COCTaBJISTIOIIAX TEH30Pa CHIOBBIX HanmeeHmI OKAXYTCS
PaBHBIME ~

1

54 = 20(Q, - 0oy ' o : (25)

,U;Jm paccmanHBaeMoro CIIydast ITOCKOM nedaopMaunn HOIYIAM

1y =0,y = 218y —20(Q35 — ), Gy =G, = 2H812 "‘20‘(93 @3) - ‘ . (26)

VuuTeBas, uTo ©®) = — /28u /0xP €apr KaK KOMIIOHEHTBI rotir, n npennonaraﬂ, 9TO Hesa-

BUCHMBbIE HOBOpOTbI IIpOIIOpIIHOHaJI])HbI rpa;meHTy HaKOHJIeHHOI/I IIJIaCTI/I‘IeCKOI/I ne(popma—

wan & = Y efel HE3aBACAMBIX TIOBOPOTOB Qk, sanumem

’

Q =—Ay 40P /9xPe s,

3nech Ag ABIAOTES (HAKTHIECKH HANPABISAIOMIMY KOCHHYCAMH, ONPENEIIIIOIIMY OPHEH-
Tauuo B IPOCTPAHCTBE MIHOBEHHOH OCH Bpam€HMsi KOHEUHOro Mesodparmenrta. dna
paccMaTpuBaeMoro Ciydas INOCKOH AechopManyy nonydaeM

'

Q, = (A, 08P / 9x — A,0e? / dy) ‘ ' @7

Koaddmuent o B (22) u (26) onpefenseT BeTHYHHY OTKIOHEHH:A CHIOBBIX HAIPIKEHUH OT
CHMMETPHYHON YIPYTOCTH ¥ OTpaxkaeT (paKkTHIECKH HEJOCTATOYHYIO aKKOMOJALMIO COOT-
BETCTBYIOIIETO Me30(pparMeHTa, HallpuMep 3epHa, KOTOpas BO3HUKIA B CHIY HEJOCTATOY-
HOTO YHCIIa aKTHBHBIX CHCTEM CKOJIBXEHUS M KOTOPas 4aCTHYHO KOMIEHCUPYETCS MOBO-
poroM. K He3aBHCHMBIM OBOPOTAM NPHBOJMT TAKXE M HATAYUE BHYTPEHHETO ABIKEHMS -
Ha MEKDOYPOBHE: IOTOKH JAUCIOKALMH, OCOGCHHO 3¢PHOIPAHIYHBIE TOTOKH, T.€. BHYTPH -
KpHCTAIIA MOJl AeHCTBAEM NPHIOXEHHBIX HATPY30K pabOTAEeT BHYTPEHHMA "MOTODP", 3a-
CTaBIAIOIIHA KPUCTAIT WIH €TO YACTh NPOKAThIBATHCH 10 cocenaM. DTO BaXHO OTMETHTD B
CBSI3M C TeM, UTO M Ge3MOMEHTHasl TEOpHs, KOTa O; = Oj;, TAKXKe MOXeT NPUBECTH K
noBopoTam (¥, = %5, rot & # 0) KOHEIHBIX OOBEMOB, OTIMIAIOIINXCS (PU3UKO-MEXaHITIeC-
KHMH XapaKkTepUCTHKAMIL OT OKpy3Kaloliell cpefibl, TONBKO 33 CYET HEOJHOPOIHOCTH HOJI
HaNPSKEHUH, EACTBYIOEro Ha ero IOBEPXHOCTb. ’ L
JleiCTBUTENBHO, TECTOBBIE PACUETHI MOKA3AINM, UTO MpeIokKeHHas MOJENb XOpOLIO -

HMHTHPYET MOBEIEHIE KPUCTAIIIOB, 1151 KOTOPBIX aKKOMOJalMOHHas-lepopMalus B CONpSi-
SKEHHBIX CHCTEMAX CKONbKEHHs HEJOCTATOYHO passuta. Ha ¢ur. (4) npusejeHs! pesyib-
TAThl TAKUX PACUETOB, BHINONHEHHBIX IO 3TOH Mojenu, pnsa "caupeuua” (dur. 4, a),
BHYTPEHHsIS1 IPOCIOIKa KOTOpOro aMeeT "cun" "+ A" mubo "= Ay" ("+" maeT caBur BIPaBO
4 DOBOPOT SJIEMEHTA 110 IacOoBOY cTpeike (¢ur. 4)), a "—" AaeT CABUT BIEBO U IOBOPOT
3JIEMEHTa IIPOTHUB YaCOBOH CTPENKH: : »

1,3 — O6prumas cpena 6e3 BHYTPEHHUX MOMEHTOB Gyp = Op(; 2 — cpejla ¢ BHYTPEHHUMHE
HEKOMIICHCHPOBAHHBIMI MOMEHTaMH (T, # Oy); b — meopMupoBanHasn cerxa; ¢ — Toye
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CKOpOCTGI/I Ha cpnp 5 a moxasaHa KapTa 06pa3ua ¢ OGBLITHOM HIACTHYHOR Mannuen
cnocoGHon K IIPOM3BOJIEHOMY q)opmonaMeHeHmo KaK TOTO TPeOYIOE T IpHIOKEHHBIE Ha-
‘rpyaxn (C OGBIYHBIM KPUTEPHEM MIACTHIHOCTH Museca), u ¢ BKITIOYCHUEM, AN KOTOPOTO '
Koaq)(pnunenT o =+ 0,001 M6ap. ‘Ha ¢wur. 5, 6 IOBOPOT BKIOYEHHS TIPH pac'rﬂxemm 06-
pasua ofpasyeT CKIafKu B MaTpuue (IOKasaHa fecdopmanus £°). DT pacqubI KavecT-
BEHHO XOPOIIO MIIIOCTPHPYIOT PeanbHbIe NPOLECCH IOBOPOTOB KOHETHBIX 06'bEMOB fle-
- (pOpMEpPYEMOro’ MaTepHaa Ha yriibl OT AONEi rpagycos fo [IECSTKOB IIPH: TITyGOKHX CTe-
nenax nedopmammii, KOTOpBbIE OKCIEPHUMEHTAILHO H3Y4aNuch B [1, 2,8, 13]. Crenyroummit
HEOOXOUMBIH IIAT — ONpefelieHue NapaMeTpos, onpenenﬂ}oumx OTKJIOHEHHE TEeH30pa
.+ HATPSDKEHH OT CI/IMMCTpI{I‘IHOI‘O Ha Me3oypOBHe 1o ,uaHHLIM :-)KcnepnmeHTOB hus peaJILHbIX
MaTepI/IaJ'IOB .
8. MakpoyposeHb. Ha MEIKpOCKOIII/I‘IeCKOM ypom{e OIMCAHMS, KaK yXKe ynomnﬂanocr,
BBIille, MCIONB3YIOTCSt METOABI KOHTI/IHyaJIbHOI/I MEXaHMKH. BKnanM C MHKPO- H ME30YpOB-
_Hell B iehOpMALMORHDIH NPOIIECC MOTYT GBITH YUTEHbI B COOTBETCTBYIONMX ONPENEISIO-
UUX yPaBHEHUAX Yepe3 3ajaHue CKOPOCTeHd MIacTHIECKHX CABHUroB (3, 7, 25] (ypaBHeHm h
), (3) mwin (13)) lIapes BKJIaJibl B COI‘[pOTI/IBJIeHPIe MaTepnana CABHTY. )
Conporusienne CIBUTY HA MEKPOYDOBHE onpenenze'rcsx 9BOIIOLHCH III/IC.TIOKaU,'I/IOHHOI"O
KOHTHHYYMa, a Ha ME30ypOBHE — IBONIOUHEH ME3OCTPYKTYPhI I q)opMHpOBaHneM HOBBIX .
,Meaocy6CprKTyp L ,
ITosToMy npu MouennpOBaHnn o€ fmarpamMM Hpu GONBINNX - crenedsx pedopma-
UMM HEOOGXOAAMO YIECTh He TONBKO SBONIOUKIO BHYTPEHHEH MUKPOCTPYKTYPhLI MaTepHa-
na, HO W OGPa3OBaHHE DPABTHIHBIK CY6CTPYKTYp, a TAKXKe WX BKIAJBI B HANDSKEHUE
TeueHMs. DTH NPOUECChl 0OPa30OBaHus ' CYOCTPYKTYD Pa3BHBAIOTCA I MOZIE AP YIOTCA Ha
ypOBHE M63OCKOHI/I‘ICCKOI‘O MacmTa6a JI09TOMY 3[ECh ncnonbayeTc;I "TEPMIH | MG3OCY6-
CTPYKTYpBI".
' Bkuap HGOJIHOPOIIHOCTCI/I BﬂyTpeHHen CTPYKTYpBI B Mexammecxne CBOIfCTBA MaTepHana
M3yJaeTcsl B KOHTEKCTE IIMPOKO” H3BECTHOTO COOTHOLICHH VT HalpSDKEHWsT TEYEHMUS,
ONUCHIBAEMOTO YPaBHEHHEM THIIA Xonmna — HeT‘Ia Ko'ropoe A CJIBI/IFOBOI‘O HalIp/KEHIS
3ammmeM B BUE: :

Th =Ty + T, +KD‘”2

. , o8)
e K- napameTp ynpOtIHeHnﬂ aD- cpemmn I[I/IaMCTp 3epHa

B .Gonee obmem cnyqae Ans Hanpmenns{ TEYEHUs. MOXKHO 3aIII/ICElTB cneuy}omee ypaB- ’
HeHne 7 _ ‘

IO~TO+I,,3+ZKL""" Cos e ' e ‘(29,)'
i (3 K - KoacpcpnuneHTbl xapaKTepnsyiomne CTEIEHb ne(popMaImOHHoro prO‘IHeHI/ISI
. MaTepuana, BI3BAHHOTO BITHSTHIEM COOTBETCTBYIOWIEH Mesocy6c'rpyKTypm L;— xapaxTep-
{ HbIe pa3Mepel (popMI/Ipy}oumxcsx HEOJHOPOHOCTEH, a. m; MOTYT H3MEHATHCS 0T 0, 25 )10
3HAYEHMI, NPEeBbIIAIOIINAX enmmuy [42]. ) .

Hcnonb30BaHNe JONONHATENIBHBIX CIaragMbIX B Bbxpax(emm IS HAMPSKEHAS 'retleHMﬂ ,
Matepuaia dusmaecku oTpaxaeT TOT (HAKT, UTO SBONIOUs JEeEKTHON CTPYKTYpPBI Ha -
MEKDOYPOBHE W 06pa3OBaHme ME30CYGCTPYKTYP IPUBOJIAT K NEPEPACIpPEeICHHIO0 nonen
'HANPSKEHHH B ME3000/bEMaX MaTEpUana, IPOTHBOAEHCTBYOIIMX IPAIOKEHHON Harpy3Ke :
Kax cnepcTsue, H3MEHSIOTCS. MEXaHIIECKAE XapakTePUCTHKH HPEACTaBATENBHOR MAKPO-.

“wacrumpl. TIpaBoMepHOCTD TaKOTO MOAXO/A 3KCIEPUMEHTAIHHO nonTBepxnaeTcx Hanpu- '
Mep, HCCIeOBAHUAMH JLE. Myppa [42]..

‘B nacrosmei pabore MOJIeNIMpYeTCs, Mpolece Harpymennﬂ ayCTeHKTHOH cranu. B
9KCepUMeNTax [43, 44] nnacTuaeckoMy ne@opanOBaHnm IOJ{BEPTaiCh MOHOKPHUCTAILIBI
aycreHHTHOR cTanit. KonmdecTBeHHBI M KaUeCTBEHHbIN AHATN3b] II0KA3aIIH, YTO XapaKTep-
HBIC JI7Ts1 CTagMy Pa3BUTON IUIACTHYECKOH AedopMalus CyOCTPYKTYPhbl HMEIOT CIOKHbBIA
XapaKkTep 7 MOTYT ObITh pasfielieHbl Ha TPH THINA B 3dBHCHMOCTH OT CTENEHH OGXATHs

7
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Kpnc'ramra smem'raﬂ cy6CprKTypa nonocopas cy6crpyKTypa cpparMeHTnpOBaHHax
CyOCTpyKTYpA.. :
© DOsomonus Me30CYGCTPYKTYp B IIPOLECcce nnaCTntIeCKon ne(popMam/m CONPOBOXAETCS
H3MEHEHHEM-YMEHBINEHMEM XapaKTEPHBIX pa3sMEPOB “HEOJHOPOAHOCTEH, KOTOpbIE B
HEKOTOPBI! MOMEHT BBIXO[AT Ha HACBIMEHHUE: d, dy — TEKYUIMA U KPUTHIECKHH pa3Mepbl

AUCTOKAIMOHHBIX S9EEK; S, §x — TEKYIee I KPHTHMECKOE PacCTOSHAE MeXxy cy6rpaHuamMn
HOJOCOBOH CYyOCTPYKTYpPSI; [, Iy — TeKymnn w KpI/ITIzItIeCKI/II/I paBMepr 6J10KOB cpparMeH- '

THPOBAHHOH Cy6CprKTypr o N

WssecTno, w4to Amsl pUKCAPOBAHHBIX 3Haqemm BEHTHH ne(bopMaupm HapaMeprI
006pa30BABIINXCS CYGCTPYKTYP MOUMHSIIOTCS ypasrenusM (28), (29). OHAKO 3TH COOTHO-
LICHNS] HENOCPE[ICTBEHHO HEBO3MOXKHO HCIOTB30BATh B KOHKPETHBIX pacierax, B KOTOPBIX
nracTHyeckas nedopMals HENPEPHIBHO HApacTaeT IO Mepe Harpyxenus obpasua, a,
CIIEJOBATEIbHO, ¥ HENPEPHIBHO MEHAIOTCS NapaMeTphbl 00pa3yromuXCsa ‘Me30Cy6CTPYKTYp
(d, s, ). Heo6xonumo nepedopMymapoBaTh ypagHerus (28), (29) Tak, 4To0bI ObUI ONMUCAH
nponecc 3Bon}oiuzm cyGCTPYKTYp NO°Mepe YBeNHMUEHHs ITACTHIECKOR JehopManuu B
COOTBETCTBHH C SKCIEPUMEHTAITHHBIM coorHoweHneM (29). B ‘ :

IIpotiecc HOPMAPOBAHHS ¥ IBONIONAK Mesocy6CprKTyp B_XO[le IJIACTHYECKQIO
nedopMHEPOBAHHUS ONUCAH B HACTOSILEH pa60Te C NO3UIUHA CHHEPTETHKH [7] 3710 03HAYAET,
YTO IUTACTHYECKast IehOPMALHS COMPOBOXKAAETCS POLECCAMH CAMOOPTaHU3AIMA BHYTPEH- ~
Hell CTPYKTYpBI MaTEPHANA W 00pa30BaHUEM CYGCTPYKTYP' (TUEHCTBIX, [OMOCOBBIX, GI0Y-
HBIX).. DTOT ‘IPONUECC ONHUCAH KAaK BEPOSTHOCTHBIH, T.€. B COOTBETCTBHH C'IAaHHBIME
9KCIEepUMEHTOB [43, 44] paccuuTLIBAETCA BEPOATHOCTH CYW[ECTBOBAHUS TOH MIIM HHOM
Me30CyOCTPYKTYPBI, a BKIaJ B HANpsKEHHe TEYCHUS TPONOPIIOHATEH 9TOH BEPOSTHOCTH.
ITpouecc 3BOMIONME BHYTPEHHE CTPYKTYPbI CBS3aH CO CTAaAHHHOCTHIO KPHBOH TCUCHUS
marepmaina [45]. Ilpn 9TOM KpaiiHe BaskKHO, UTO BEPOATHOCTH CYIIECTBOBAHUS ONpeje-
JEHHOH CyOCTPYKTYPBI IIPH TaKOM onucamm OJIHOBDEMEHHO ONPENENSICT U TO, YTO NPH -
NAHHOH cTeneHH feopManuy "BbIKHBAIOT', T.€. OKa3bIBAIOTCSA HauGOIee BEPOSTHBIMA .
(pparmemm CYGCTPYKTYp OIpPEfeIeHHOTO xapaKTepHoro pasmepa. Ha cur. 6 nokasama
SBOJIOIHUS XapAaKTEPHBIX PA3MEPOB CYGCTPYKTYD B 3aBHCHMOCTH OT CTENEHH AehopMalim
aaa crama X17H14M3B; Touku — OKCNEPHMEHTANBHDBIC namHbie [43, 44], cluTomHble TH-
HUH — PE3yJIbTaThl PacueToB: @ — Cpefnuit pasmep a[MkM]; b — cpejHee pacCTOSHIE MEX/Y
Cy6TpaHMIIaMH TIONOCOBOI CyGCTPYKTYPBI § [MKM]; ¢ — cpemnm pasMep 6II0KOB (hparMeHTH-
POBaHHOH CyGCTPYKTYphl. PU3HUecKH 3TOT (PAKT YCTAHOBICH 9KCIIEPUMEHTANBHO, a
MaTeMaTHdecKH OOOCHOBaH YNOBIETBOPEHHEM ypaBHeHusM Tuna Xonna-~Ilerua.
“Cka3aHHOE MO CYTH H COCTABISET (PEHOMEHONIOIHIO CHHEPTETHUECKOTO MOMIX0/a, KOT/a
IIPOUCXOJHUT q)opanOBaHHe cyﬁchyKTy'p B X0Jie AehopManum, ¥ 1O Mepe pocTa CTEIEHH
nepopmanyu CpefiHuil XapakTepHBIA pasMep COOTBETCTBYOUIAX \CyGCTPYKTyp CIAHOBATCA
MEHBIIE I MEHbIIIe, IPHOIIKAsCH K KpI/ITI/I‘IeCKOMy 3HAYCHHUIO.

Mt npepcrasienns cbyHKumI BepOﬁTHoc'ren cymec'rBOBamm Me30cyGCprKTyp GBIJI
Bbl6paH 9KCIOHEHIUATBHBIN 3aKOH paclpeieNeHus, KOTOPbil, KaK IOKa3alll PacuyeThbl

o [x6ap] — € [%] pumarpamme! (¢ur. 7), a TakXe BEPOATHOCTEH CYIECTBOBAHHUS COOT-
BETCTBYIONIUX Me30CcyO6CTPYKTYp. ((ur. 8) M XapakTEepHBIX pasMepoB (POPMHPYIOIIAKCA
HCO,[IHOpOIIHOCTeI/I (cur. -6), ‘okazanca HamboIee aJeKBATHBIM JI7Isl ONHCAHUs 3BOIIO-
»unonnpy}om;en B XOJi€ ILTACTHIECKOTO Ae)OPMIPOBAHHS BHYTPEHHEH CTPYKTYph! H3ydae- -
MOTO Ma'repnana Taxum 06pa30M, (Zb}’HKLU/II/I BeposiTHoc'ren P,(y”) MOryT OBITH IpefCTaB-
JEHBI B BUJIE, ‘
¥’ § o . L s . .
PO = | Ajexplh, (v”—v” )dy” o o ‘ (30)
Y’Z '

W

‘e y + ,7» - napameTpm B 3aKOHe. pacnpe,uene}mﬂ,\ KOTOpBIE, KaK GyneT OKa3aHo faliee,

HGHOCpenCTBeHHO CBSI3AHDI ¢ XapaKTepI/ICTI/IKaMI/I Mesocy6CprKTyp
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Bxyajpl cy6CTPYKTYD B KPUBYIO TEUEHHsI ISl C{BUTOBOIO HALIPSIKEHHS T 3aIIUIIEM

%=%+K¢“+zmﬁw% | : €Y

Tlopnurerpansuas pyrxmus B (30) eés cpyHKmm 3afjalomas IOTHOCT BEPOSITHOCTE,
"B JJAHHOM cllyyae B. 9KCIOHEHIMAJIBbHOM 3aKOHEe pacnpepenenus. COOTBETCTBYIOIIHE
MHTETPajibl HE 3aJaK0T ROMI0 HAOMIONAEMOR j-i Me30CyOCTPYKTYPBI 110 OTHOMICHHIO K
ApyruM Me30cy6CprKTypaM, a HMEIOT CMBICH BEPOSITHOCTEH CYIECTBOBAHUS ME30-
. CyOCTPYKTYp Ha COOTBETCTBYIOIWIEH CTaiMH IUIACTUYECKOTO Ae(OPMHUPOBAHHSL B TOM
KOHTEKCTe, UTO WX NOSBICHAE W 3BONMIOLMS CONPOBOXK/AIOCTSI NOBLIHIEHIEM HANPAKEHUL
TeueHus. JIOHATHO, YTO HEKOTOPBIE ME3QCYOCTPYKTYPhI MOTYT COCYIIECTBOBATD C upyrnMH
q)nr. 8): 1, 2, 3 — siuencras, IOI0COBas I/I(ﬁﬁpaI‘MeHTI/IPOBaHHaﬂ CyOCTPYKTYDBI.

TIO npejTOXKEHHO BbINIE CXeMe GBLTH PACCYMTAHBI 3aBHCHEMOCTH HATDSXKEHHH OT
nedopManyi B yCIOBHAX KBA3UCTATHYECKOTO HATPYXEHWs NPH NOCTOSHHOH CKOPOCTH

NnoNHOH AedopManuu ¢” =const. Ha pa‘cquHo\ﬁ O—€ juarpaMMme ayCTEHUTHOH CTamu
X17H14M3B (cur. 7) 9eTKO NpOCIeKUBAETCS CTafHIHOCTh KPUBOM TeueHnsa [45], koTopas
TaKKe KOJIMUECTBEHHO COITIACYETCs C 9KCHePUMEHTAILHON 3aBUCHMOCTBIO Ipefielia TeKy-
YeCTH OT BENNYHHbBI IpeABapUTeTbHOH nehopmanun [44]. .

Paccunranuble BEPOATHOCTH CYLIECTBOBAHUs COOTBETCTBYIOIIMX ME30CyOCTPYKTYp
(¢ur. 8) HAXOMATCS B XOPOIIEM COTIACHH C 9KCNIEPUMEHTANBHEIMA IAHHBIMA NO UHTEPBa-
JIaM UX CYLIECTBOBAHUS Ha ocU AedopManuy i NO3BOSIOT, C OJHOH CTOPOHBI, COTIacOBaTh
PACUYETHYIO. KPUBYIO TEUCHS C 9KCICPHUMEHTAIBHOH (TEMHbIE TOUKH Ha ¢ur. 7), a, ¢ ApYroi
CTOPOHBI, CBA3aHBl C IBONIOUKEH CPEHETO XapPAaKTEPHOTO pa3Mepa COOTBETCTBYIOIIEH
Me30cy6eTpykTypel (dur. 6). B 06iacTax ¢ XOpoIO pa3BUTOH SUEHMCTOH CTPYKTYpOH
HaywHaeT (POPMUPOBATHCS JIOJIOCOBas CTPYKTypa, a Ha )OHE IIOJIOCOBOM CTPYKTYPBI
o6pasyercs (parMenTHpOBaHHAs CyGcTpyKTypa. Tak suemcras CTpyKTypa HaudHAET
chopMmpOBaThCA, KOra NonHas fAedopManus JOCTATAET NPUGIH3UTENEHO 5%, A IONO-
COBOIT ¥ (hpArMEHTHPOBAHHOM Me30CYGCTPYKTYP 9TH 3HaYeHus paBHbl 15% u 45% cooTseT-

CTBEHHO (BennuuHb! Y'. B 3aKOHE pacCIpefeNeH s IMEIOT CMBICIH CTCIHEHEH NNacTHYecKOl
: j ‘ .
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,
fedopManuy, NPH KOTOPBIX HAUMHAETCs (POPMHUPOBAHME TOH MM MHOH Me30CyOCTPYK-
TypbI). 3HaUCHHE A (cpennee Mx ='1/\ n gucnepcust Dx = 1/A%), ¢ opHO# CTOPOHBI, XapaKTe-
PU3yeT MHTEpBaJ CyIECTBOBAHHMA, COOTBETCTBYIOMIEH Me30CyGCTPYRTYPBI, @, C Ipyrou
CTOpOHBI, ABIAETCA NapaMeTPOM B 3aBUCHMOCTH Jlst XapaKTf;pHOI‘O pasMmepa HGOIIHOPOII—
HOCTEH.

DBOMIONHUSE CPETHUX XapaKTEPHbBIX pa3Mep0B o6pasyromuxcst B xone IITACTHYIE CKOTO

nehOpMHpOBAHHS MesocyGCprKTyp (¢pur. 6) xopomro cormacyercs ¢ OKCIICPUMEHTaMHI [43-.

46]. Tak MUHAMATLHBIA AMaMeTp AYEeK B JAHHOM CIIyJae OKa3bIBAJICH PpaBHBIM MpUOIA-

auTensHo 0,2 MKM NPy Ha4YanbHO HabmogaeMoM 3Hadennn d = 0,7-0,8 MKM. BMeCTe C 5THM,

SKCIIepI/IMeﬂTaJ'IbHLIe RaHHble [42-44] [aloT KpPHBYIO, X0po1ro annpOKcuanyemyfo 9KCHO-
HEHIMaTbHOM 3aBUCHMOCTBIO KaK [l INAMETPA SIEEK OT CTENeHH HCTHHHOM ,ue(popMaum/I
TaK ¥ AJisl IONOCOBOH ¥ GNOYHOMN cy6CprKTyp ITosToMYy, CKOPOCTb U3METHLIEHHS ME3O-
cyOCTPYKTYD B 3aBHCHMOCTH OT NIacTHUYecKOH fedopMmanny (akTAIECKH onpenenﬂe'r B

- ypapuenun (31) Bup ¢dyukuun pacnpenenenus (30). Takum 06pasom, TeKymuit pasMep

COOTBETCTBYIOIEH Me3ocy6c'rpyKTypbl Lij(Ly=d, Ly =s, L3= ) XOpOIIO annpOKCHMHEPYETCs
TOH 3Ke CaMOi SKCIOHEHIMANbHOH 3aBI/ICI/IMOCTbl0 KOTOPOH 3afaroTcs cpyHKumI
IIJ'[OTHOCTeI/I BeposlTHoc'ren B (30): .

Lj = Kjxj exp[—lj(v” "'Yl-.J* )+ Lj* o T L . (32)

r;[e K- Macurra6ume Kosq)cpnuneHTm nepeBonsmme K IPUHATON CHCTEME usmepennﬂ

COOTBETCTBYIOMIEH HEOJIHOPOJIHOCTH (d - MM, 5 ~ MEM, [~ A); Ljx — KpI/ITI/IIIeCKI/II/I pasmep.

COOTBETCTBYIOIIEH HEOIHOPOJHOCTH.
HNrax, NOCTPOEHO pellakCalllOHHOE ONpefeNsiolee ypaBHeHne (2) (3) (13) KOTopoe B

‘ paMKax Q)CHOMCHOJ'IOI‘I/I‘ICCKOI‘O Iogxoja, IIO3BOJAET pacCuuTaTh COl'IpOTI/IBJICHI/IC Maxpo-
JacCTUALbI H.TIaCTI/I‘ICCKOMy TECUCHALO ’CO B 3aBHCUMOCTH OT CTCIICHH necpopMaum/I B MOI{CJII/I

YUTeHBI BKTIa/bl, BHOCEMBIE B KpI/IBYlO TEYEHUs: C MUKPO- U ME30YPOBHEH B COOTBETCTBUN ¢
¢opmupoBaKTeM U aBomon;neH MHKDO- Meaocy6c'rpyKTyp .

CKOpOCTh M3MeHEHUs (H3MENBYEHNS) xapaKTeprlx pasmepOB cyGCprKTyp o Mepe

HapacTaHw! CTeleHn aedpopmanmi (32), onpeaenser Takke CKopocTh yBEJTHUCHUS BHYTpEH-

Monenb SABNAETCA npenCKasaTeanon Ecnu w3BecTHa Kpm;a;[ TEUYeHNs1 C YETKO BLIpa—
KEHHOMN CTaJII/II/IHOCTb}O TO ee NPEeJCTaBICHAE C HCIONb30BaHUEM 31 NO3BONSAET NONYIATh
3aBHCHMOCTH JJIsl- pa3MepoB (hparMenToB Me30cyGeTpykryp (32). 1, Ha060p0T, 1O M3BECT-
HBLIM 3aBHCHMOCTSIM- XapaKTeprIX pasmMepoB -cOPMUAPOBAHHBIX Mesocy60prKTyp oT
CTeneHn IJTACTHYECKOH iépopManin MOXKET GbITh BOCCTAHOBIIEH BHJ| KPUBON TEUEHHU.

3akmouenne. PaSBI/IT IOAXO0f, KOTOPLIH no3BONIACT MOJIETUPOBATh YIPYTOMIacTHIEC-’

Ky10 nedbopManmo 'HATDPYaeMBIX MaTepyUajoB, IPHHAMAs BO BHHMAHIE CYIECTBEHHBIE
OCOOEHHOCTH €r0 BHYTPEHHETO CTPOCHHUS Ha Pa3HBIX CTPYKTYPHBIX YPOBHIIX. ITokazaHa

'HFIX TPaHuI, a CHIEOBATCIEHO | COQTRETCTBYIONEE YECITIEHHE CONPOTHBITCHMs MaTepHana
©cmpury. . :

KJI109eBask PONb ME30YPOBHsL B paann'nm HEONHOPOJHOM MIACTHIECKOM iehopMalmy 1

IOCIENYIOUIETO PA3PYIIEHHUsE MATEPUANIOB.
- O6CcyXaeH OfHH U3 BO3MOXHBIX BapnaHTOB IIOCTPOCHUS onpenenﬂmmeFO‘ypaBHeHnﬂ,

. y‘II/ITbIBa}OHIeI‘O HU3MCHCHUA BHYTpeHHCI/I MHKPO- 1 . MSBOCTPYKTYP " UX BKJIaJaOB B MaKpO- ’

CKOIIMYECKHH. netpopMaU;MOHHbm nporuecc. ITogoGibie’ onpejesnsiomye ypaBHEHNs: MOTYT.
OBITB 3q)c})eKTnBH0 I/ICIIOJILBOBaHBI npn pememm pa3mx1tmmx 3aav npm{nannoro xapak-

‘,Tepa

. B. 3aKTI0UeHHE, XOUY no6naroaapnTL COprnHHKOB u acrmpaHTOB I/IHCTnTyTa husnkm

npormocm u Marepuanoseenus CO PAH, npuHABIINX yIaCTUE B BHIIOJIHEHAN PICIETOB:
-O.. erenaﬂosa, H. IO CMOJmHa I0.11. CTecl)aHOBa P P. Banoxonosa B.A. POMaHOBy,

B.[. IlImuxka. | \ .
-PaBora 6p1a nomepx{al{a Poccnncng q)OHIlOM q)ynnaMeHTaanmx nccnenOBaHpm

' '(rpaHT .Nb 96-01- 00902) ‘ oo R
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