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BBenenune

Mexanuyeckoe ABOWHUKOBAHHE IMPEACTaBISET COOOM 3aKOHOMEpPHYIO IEepeopHUeHTa-
LIUI0 KPUCTAJJIMYECKON PEIIeTKU MOJ AEMCTBUEM MEXaHMYeCKOM Harpys3ku. ATOMHas Ie-
pecTpoiika KpUCTAIITNYECKON PEIIETKH MPU TBOMHIUKOBAaHUH MPOUCXOAUT C COONIOICHUEM
OTIPENIeICHHBIX KPHUCTAIIOTPa(UIECKNX COOTHOIICHWH, NMPU 3TOM aTOMBl B COCEIHUX
IJIOCKOCTSIX MEPEMEIAIOTCS HA PACCTOSIHUS, PAaBHBIE JTOJISIM ITapaMeTpa pemeTku [1].

[IpoOnema paspylieHus MaTepuanoB, HEOJHOKPATHO PACCMOTPEHHAs JJIsl pa3fIMuHbIX yc-
JIOBHIA MEXaHMUYECKUX HCIIBITAHUM, MPEACTABISIET COOOM CIIOXKHBIN KOMIUIEKC HAyYHBIX U TEX-
HUYECKUX BOMPOCOB. ITO 00YCIIOBJIEHO, PEXKAE BCETO, TEM, UTO pa3pyLIEHHE — «IIPOLIECC KH-
HETUYECKUH, CTATUCTUYCCKUHM, MHOTOCTQAMMHBIA W MHOroMacmTaOHbl» [1]. OmHON W3
HanOoJiee BaKHBIX CTaUM B pa3sBUTHM Pa3pyLLEHUS ABJIAETCS CTaJMsl HAKOIUICHUS TOBPEXKIe-
HHIA, HA KOTOPOM MMEET MECTO JUCIOKAIIMOHHOE (DOPMHUPOBAHUE 3aPOABIILIEBON MUKPOTPEIIH-
HbI [1]. AKTUBHYIO pOJIb B 3apOXKICHUM TPELIMH UTPAET MEXaHWYECKOE IBOMHUKOBAHUE, KOTO-
poe MPHUBOAUT K KOHLEHTPALMHU BBICOKOTO YPOBHS HANpsDKEHWH Ha TpaHULAX pasena
«IIBOMHHK — MaTEPHHCKUI MaTepUa», CO3AIOIINX OJIaroNpusTHBIE YCIIOBUS ISl 00pa30BaHUS
TpeluMH. MexaHn3Mbl, BbI3bIBAIOIINE PAa3pyLIEHUE NPY JBOMHUKOBAHMU, B HACTOSILIEE BpEMs
BBISICHEHBI emie HemoctarouHo [1], [2]. Tloatomy pa3paboTka METOIOB pacuera HampsHKEHHO-
ne(hopMUPOBAHHOTO COCTOSIHUS ABOMHUKYIOIIUXCS MATEPUAIIOB SIBIISIETCS aKTyalbHOM.

Lenbto naHHOW pabOTHI SIBISIETCS CHMHTE3 MaTEMAaTHYECKOW MOJENH Ui pacueTa |
rpaduueckoil BU3yanu3alMil HOPMAIbHBIX KOMIIOHEHT HampsbKeHUH B nedopmupyemMoMm
TBEP/IOM TeJle IPU HATMYUU B HEM JIBOMHHKA.

ITocTanoBka 3axa4un

Ha puc. 1 cxemaTtnuecku npeacTaBieH KJIMHOBUIHBIA ABOWHUK y MOBEPXHOCTHU JIBOM-
HUKYIOLIerocs: MaTepuana. J[nuHa aBoWHMKA — L, a ero mupuHa y yctbs — H. @opmy rpa-
Hun onumeM Gynkmuamu () n  f,(§). HanpaBum ock X BOOIb MOBEPXHOCTH KPHUCTAI-

J1a, a OCh Y NEepIeHUKYIIAPHO €1, BIOJIb HAIIPABIICHUs Pa3BUTHUS JBOMHUKA.

[Tycte moBepxHOCTH AchopmupyeTcss B Touke O BIOJIL OCH Y COCPEIOTOUYCHHON HOP-
MaJIbHOM Harpy3koi P, mepleHIuKyJIIpHON IOBEPXHOCTH, U TAHI€HIIUAIbHON COCPENOTO-
yeHHOU Harpy3koil Q. Toraa B ynpyrom mojaymnpocTpaHCTBE OyIyT AEHCTBOBATH HOPMab-
HbIE HAINPSKEHUS], KOTOPBIE MOTYT OBITh OmpeesieHs! o ¢popmynam [2], [3]:

e (v o 2[ X (P+0)],
Gxx(an’)——; m ;
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e (v )2 Y (P+0)
ny(x,y)— T (x2+y2)2 ) (1)

Hanpsixenus, co3naBaemble KIMHOBUAHBIM JIBOWHUKOM, MOYKHO PACCUUTATh U3 COOT-
HormeHus [2]:

oi"(x,y)= o} (x,¥)+ 0} (x, ) 2)

rae Gg)(x, y) U cl(]?)(x, y) — HampsiKeHHsI, KOTOpbIe, KaKk 3TO ObUIO MOKa3aHo B [2], co3ma-

FOTCSl KQKJIOM T'PAaHUIIEH JIBOWHMKA U ONPEACIAIOTCS ¢ IMOMOIIBI KPUBOJWHEWHBIX UHTE-
IpaJioB:

Gl(;) = Iplcg’o)ds; (3)
Ly
ijz) = I pzof.jz’o)ds, 4)

Ly,

rne L,n L,,— npodpunu NBOMHMKOBBIX I'PaHUL]; p, U P,— IUIOTHOCTH JBOWHUKYIOIIUX

JUCIIOKAIMIi Ha JIBOMHMKOBBIX TPAHULIAX; ol y 520

i ; — OIPEHEISIOTCS U3 COOTHOIIICHHIA,

MIPUBEJICHHBIX B [2].

N
Vv

Puc. 1. CxemaTnuHOE 00bEMHOE U300paKEHNE KIIMHOBHHOTO JIBOMHMKA
y nehopMupyeMoii cocpeToTOUeHHON Harpy3KOil MOBEPXHOCTH TBEPAOTO TEIa
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JIBOMHUKYIOIINE AUCIOKALUU SBISIOTCS YaCTHUHbIMU nuciokauusmu [oknu [4], [5].
ITosTomy ux BekTop broprepca b MOXKHO pa3noXXuUTh HA BUHTOBYIO by M KpPaeBylo by, co-
CTaBJISAIOININE, HAIIPABJICHUE KOTOPHIX MPUMEM TaKWM, KaK 3TO moka3zaHo Ha puc. 1. Torma
BhIpakeHHs (3) U (4) MOKHO CBECTH K OIPE/ICIICHHBIM WHTErpajiaM Buaa [2]:

L

o!(x,y)= [N1+(£E) (&) o) (x. y.E)de: (5)

0

L

o®(x,y)= [{1+(£(E) P, (&) o (x, . )de. (©6)

0

3nech & — mapameTp UHTETPUPOBAHUS.

IIpu puKCHpPOBAHHBIX MCTOYHMKAX BHYTPEHHUX HANPSHKEHUH B YHNPYTroM MOIyIpo-
CTPAHCTBE CHPABEAJIUB MPHUHLHUII CYHNEPHO3HILNHU, COTIACHO KOTOPOMY pPE3YJbTUPYIOLIHE
HanpsDKeHUs: B J1e(OPMHUPYEMOM COCPENOTOYEHHOW Harpy3KOH IOJIyIpPOCTPAHCTBE IPH
HAJINYUU Y IOBEPXHOCTH JIBOMHMKA, MOTYT OBITh HaiJIeHbI 1O clieAyomel popmyIe:

o;(x.y) =0 (x.»)+ 0y (x, ). (7)

IIpu paccMoTpeHMH citydas MPSIMOJIMHEHHBIX JBOWHUKOBBIX T'PAHUI], KaK 3TO ObLIO
NOKa3aHo B [2], pyHKIHUU fl(ﬁ) u f, (&) OyIyT UMETh BUJ:

0-4(1-%) ®)
e)=-4[1-) ©

PesynbTaThl 1 HX 00CyKAeHHE
Paccmotpum pacripesienieHie HOpManbHBIX KOMIIOHCHT G, U G, TCH30pa HANPsHKCHNH

Ipy  CIEAYIOIUX CcXeMax Je(OpMHUPOBaHUS MMOBEPXHOCTH COCPEIOTOYCHHOW HArpy3KOU:
1) P=0; Q=0 (puc. 2); 2) P=100 H; Q=0 (puc. 3 u 6); 3) P=0; O =100 H (puc. 4 u 7);
4) P =50 H; O =50 H (puc. 5 u 8). [lpumem: H = 19 mxm; L = 100 Mxm; b, = 0,124 1w,

rae b, — MOAyIb KPacBOi COCTaBISIONIEH BekTopa broprepca 4acTHYHOM JBOHHUKYIOUIEH

TUcToKarmu; ajst xenesa: a = 0,248 um [2] (3aech a — MeKaTOMHOE PacCTOSIHUE).
JIuHeliHas MIIOTHOCTh JABOMHUKYIOIIUX JAUCIOKALMM HAa JBOMHUKOBBIX I'DAaHULAX OII-
penensiercst mo Gpopmye [2]:

H

p
-1

Toraa momyunm: p=3,9-10° M . B (5) u (6) IpuMeM 3TOT apaMeTp MOCTOSHHBIM.
Ha puc. 2 nokazaHo pacrnpeneiacHie HOPMAJIbHBIX KOMIIOHEHT TE€H30pa HANpPSKCHUU
y KIMHOBHJIHOTO JBOMHUKA IPU OTCYTCTBUM BHewHel cuibl (P = 0; O = 0). HaGmonaetcs
CUMMETPHYHAs KOH(Urypanus nosied Hanpspkenui. [lpu 9ToM G, TIONOKUTENBHBL Y OJ1-
HOM M3 I'paHMI] IBOMHMKA U OTPULIATEIBHBI — y Apyrou. Jlokanusanus HanpsHKeHUN Mpo-
UCXOAUT y BEPUIMHBI U HA I'paHULAX JBOMHMKA. BHYTpH JBOIHMKA HANpsSKEHHUS] HEOAHO-
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POIHBI U MAaKCUMAaJbHOE 3HAUEHHUE JOCTUTalOT y BepIIMHBL. OONacTh CxKATUS U pacTshKe-
HUS y BEPIIMHBI JIBOMHMKA HAONIONAeTCsl B Clyyae HaNpsOKEHUH G . OTH HaNpsKEHMS

3HAKONEPEMEHHBI 10 OTHOLIEHMIO K ocu OY.

B ciyuyae neicTBHs Ha IOBEPXHOCTb HOPMAIBHOM COCPENOTOYEHHOW HArpysKu
P =100 H (puc. 3) npu HaTM4MK KIMHOBUIHOTO IBOMHUKA C HEKOT€PEHTHBIMU I'PaHULIAMHU
cutyanus MeHseTcs. CyIecTBEeHHOE HCKaKEHUE NI0JIy4al0T HOPMaJIbHbIEC HANIPSKEHUS G

(puc. 3, a). Jlokanusauus HANPSHKEHUH G, TPOMCXOAMT B MECTE [IEHCTBHSA CUIIbL, [I€ OHO

UMeeT OTPHUIATeNIbHOE 3HAUYCHUE HAIPSHKEHUMN, MOBBIIIACTCS OOIIM YPOBEHb CIIBUTOBBIX
HANPSOKEHUH y TBOMHUKOBOM TpaHMIIbI, 2 MAKCUMaIbHOE 3HAYEHUE JOCTUTAETCS y BEPIIU-
HBI ABOMHMKA (puc. 3, 6). Habmomaercs HecumMMeTpudHash KOHGUTYpamys TOJIeH Hampsi-
YKEHUH, C TIOJIOKUTEIIBHON 00JIaCThIO CTIpaBa OT JBOMHUKA U OTPHUIIATEIILHON — CIIeBa.

[Ipu peiicTBUM HA MOBEPXHOCTh COCPEAOTOUEHHOM KacaTenbHOol cuibl QO = 100 H npu
HaJIMYUU KIMHOBHMIHOTO JBOMHUKA (PHC. 4) HANPSDKEHUS. G, TAKKE JIOKAIU3YIOTCA B 00-

JacTH JEHUCTBUS COCPEAOTOUYEHHOM HArpy3Ku ¢ 0Opa3oBaHHWEM JBYX yYaCTKOB MOJIOXKHU-
TEJIBHBIX M OTPULATEIbHBIX HANPsKeHUH (puc. 4, 0). MckaxkeHus HanpsHkeHUH G B 9TOM

Cly4ae MEHBbIIE, YeM IIPHU JEHUCTBUM HA IIOBEPXHOCTh HOPMAJIBHOM COCPENOTOYCHHON Ha-
rpy3ku (puc. 4, a).
Ha puc. 5 npuBenens! pe3ynbrathl pacuera paclpe/ieieHUs HANPsDKEHA G, U O,

npu P =50 H; O = 50 H. Hanpsbkenust G, JOCTHrar0T MaKCHMAIbHOTO 3HAYCHHS B MECTE

NENCTBHUS COCPEAOTOUCHHOM HArpy3Ku (puc. 5, 6). [Ipu 3TOM aHHBIC HATIPSKCHHS] YMEHb-
MM CBOU 3HA4YE€HHUs C YAAJICHHUEM OT YCThsl ABOMHMKA. Pacnipenenenue HanpsokeHud o

UMeeT OCOOCHHOCTh Y BEPIIMHBI IBOMHMKA, IJI€ HAOMIOIAeTCs 00JIaCTh YepPEIOBAHUS CxKa-
TUA U pacTsikeHus (puc. 5, a).

IIpu cpaBHEHUM OJIyYEHHBIX PE3YJIbTATOB C KIIACCUYECKMMH pacueTaMu II0JIEH Harps-
KEHUI B YIPyroM IOJYyIIPOCTPAHCTBE, 1€POPMUPYEMOM COCPEAOTOUECHHOM HAarpy3Kou MpH
OTCYTCTBHH y TMOBEPXHOCTH JIBOMHUKA (pHC. 6, 7, 8), CTAHOBUTCS OYEBUIHBIM, YTO HAJIMUUE
JIBOMHMKOBaHUS CIOCOOCTBYET KOHIIGHTpPAIMM BBICOKOIO YPOBHS HANpsDKCHUI BAAIM OT
IIOBEPXHOCTH, IZl€ C MO3MLIUN KIACCUYECKUX IPEACTABICHUN JIOKAJIU3ALUKM HalpsHKCHUN
ObITh He 10JKHO. OTCYTCTBHE yUeTa HalpsKeHUH, 00yCI0BIEHHbBIX ABOMHUKOBAHUEM, IIPU-
BOJUT K OIIMOKaM pacueToB. A TaK KaK JIOKaTH3aIUsl HANPSHKEHUH Ha IBOMHUKOBBIX TPAHU-
1[aX MOKET MPUBOJUTH K 00pa30BaHUIO TPEILMH, TO UCIIOJIb30BAaHUE KIACCUUECKUX METO/I0B
pacyera HampsHKEHHO-IE()OPMHUPYEMOTO COCTOSHUS, OOYCIIOBICHHOTO COCPEIOTOYEHHOMH
Harpy3KoH, B Cily4ac IBOMHUKYIOLIUXCA MaTePUAJIOB IIPUBOJUT K HEIIPOTHO3UPYEMOMY pas-
PYLLEHHUIO, YTO HEKEIATEIIbHO B CIIy4ae TEXHUYECKUX CUCTEM, K KOTOPBIM MPEAbIBIISIOTCS
BBICOKHE TpeOOBaHUs K CTENIEHU HAISKHOCTH.
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Puc. 2. PacipenieneHrne HOpMaNbHBIX HAMPSDKEHUH y KIIMHOBUAHOTO TBOMHUKA,
HaXOJSIIIErocs: y Heie(hopMUPYEMOM TTOBEPXHOCTH:

a—o,  (Mla);6-c (Mlla)
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Puc. 3. Pacupenenenre HopMaibHbIX HAMPSHKEHUH y KIMHOBUIHOTO JBOMHMKA, HAXOSIIETrOCs
y MOBEPXHOCTH, 1ehOpMHUPYEMOI HOPMAITLHON COCPEIOTOYCHHON HATPY3KOH P:

a—o,  (Mla);6- o (Mlla)
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Puc. 4. Pacupenenenre HopMaibHbIX HAPSHKEHUH Y KIIMHOBUIHOTO JBOMHMKA, HAXOISAIIETOCs
y TMIOBEPXHOCTH, 1e(hOpMHUPYEMOH KacaTeIbHON COCPEeHOTOYCHHOM HArpy3Koi O:

a-o_ (Mla);6- o (Mlla)
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Puc. 5. Pacnipenenenue HanpspKeHUH y KIMHOBUIHOTO IBOMHUKA IPU AEHCTBYOIEN
B TouKke O COCpPEeIOTOUCHHON HOpMaIIbHOW Harpy3Ku P U COCPpeIOTOYCHHOM
KacaTelbHOW Harpy3ku Q:

a—o,  (Mla);6- o  (Mlla)
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Puc. 6. Pacnipenenenue HOpMaJIbHbIX HAIPSDKEHUH Y TOBEPXHOCTH,
neopMHEpyeMOil HOPMAITbHOM COCPEIOTOYCHHOM HATrpy3Koi P:

a—o,  (Mla);6- o  (Mlla)
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Puc. 7. Pactipenienenue HanpsHKeHNH Y TIOBEPXHOCTH, Ae(popMupyemMoit
COCPEIOTOUEHHOM KacaTelbHOW Harpy3koit Q:

a—o,  (Mla);,6- o  (Mlla)
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Puc. 8. PactipesieneHue HaNpsDKEHUH Y MOBEPXHOCTH, Ae(hOpMHUPYEMO COCPEOTOUEHHON
HOpMaJIbHON Harpy3koil P 1 cocpeloTOUeHHOM KacaTeNnbHOW Harpy3koi Q:

a-o, (Mla);6- o  (Mlla)
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3akiarouenne

B pesynbrare pazpaboTaH METOJ] pacueTa HOPMAIBHBIX KOMIIOHEHT TEH30pa HampsoKe-
HUI B 1eOpMUPYEMOM COCPEOTOUYCHHON HArpy3KOM TBEPJOM TeJie MPH HAIUYHH B HEM
OCTAaTOYHOTI' O [[BOI\/JIHI/IKa C HCKOFepeHTHLIMI/I FpaHI/IHaMI/I. HpOBeI[eHHLIG pacquH ITOKa3a-
JIM, 9TO JIOKAJTU3aIUsl HOPMAJIbHBIX KOMIIOHEHT TCH30pa HANPSHKCHUN IPOUCXOTUT B MECTE
JEHCTBHUS COCPEOTOYCHHBIX CHII, UTO BEACT K TIOTEPE CHMMETPHUH B KOH(PUTYPAIMH TTOJICH
HANpPsHKCHUH Y KJIMHOBUIHOTO JTBOWHUKA TI0 CPABHEHHIO CO CIIy4aeM OTCYTCTBUS JICHCTBHS
BHEITHUX CHJI. Y CTAaHOBJICHO, YTO HAIMYUE JIBOWHUKA B Je(hOPMHUPYEeMOM YIIPYTroM IOJTY-
NPOCTPAHCTBE MPUBOJUT K KOHIICHTPAIIMU ONACHBIX B IUIAHE Pa3pyIICHUS HANPSOKECHHUH B
HETIPOTHO3UPYEMBIX KIIACCUYECKIMH METOaMH 00IacTsIX.
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