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JIns MaremMaTrudecKoro OMMCaHUs MPOLECCOB, MPOTEKAOIIUX B II0-
POJIHOM MAacCHBE BCIEJCTBUE MPOBEJCHUS BHIPAOOTOK, B MEXaHUKE TOp-
HBIX MTOPOJ UCTIOJIB3YIOT, KaK MPABUIIO, COOTHOIIEHHSI MEXAHUKHA TBEPJIOTO
nehopMUPYEMOro Teia: TEOPUU YIPYTOCTH, MNIACTUYHOCTU U MOI3YUYECTH.

2.1. DnnemeHTApHBIII 00bEM NMOPOJHOT0 MACCUBA

OCHOBHBIM B MEXaHHKE TBEPAOro e(OopMUPYEMOTO Tella SIBISETCS
IPEANOJNIOKEHUE O TOM, UTO paccMaTpuBaeMas Cpelia JIUIIEHA CTPYKTYPhI
1 00JIaJlaeT CIUIOLIHOCTBIO C HEMPEPBIBHBIM PACIPEACICHUEM BEIIECTBA,
TaK HA3bIBAEMbI KOHTHHYYM. JTa TMIIOTE3a MO3BOJISIET CUUTATh HaIps-
XKeHUs U aedopMaliuy HerpepbIBHBIMU U AuddepeHpyemMbiMu GyHKIIH-
AMU KOOpJIHMHAT Touek Tena. [Ipeamonaraerca Takxke, 4TO JIFOObIE JOCTaA-
TOYHO MaJlble, T.H. dJIEMEHTapHbIE, 00bEMBI pacCMaTPUBAEMOM Cpelbl 00-
Jaal0T OJAMHAKOBBIMU (PU3MKO-MEXaHUYECKUMU cBoicTBamu. [Ipumenu-
TEJIbHO K MEXAHUKE FOPHBIX MOPOJ TAKUM T'MIOTETUYECKUM CILUIOIIHBIM U
OJIHOPOJHBIM TEJIOM SIBIISIETCSI MOPOJHBIN MAacCUB, BMEIIAOIINUNA TOPHBIE
BBIPAOOTKH.

OnmHako peanbHBIN
MOPOJHBIM MAacCHUB, Kak
npupoJHas cucrema, 00-
JJaJjaeT BBICOKOM CTelle-
HbIO  HEYINOPAI0YEHHO-
CTH, B KOTOpOW B 3aBH-
CUMOCTH OT pPa3MeEpPOB
U3y4aeMou obJsactu
MOYHO BBIJICTTUTH
(puc. 2.1) detbipe Mac-
MTAaOHBIX YPOBHS HEO-
HopoaHoctu [49, 50]:

1. Muxkpockonu-
YeCcKHil: cpeia paccMar-
pUBaeTCI Ha  YpPOBHE
KPUCTAJJIOB, pa3Mep He-
OJHOPOJHOCTEW COCTaB-

nstietr 108 — 107 m.

Puc. 2.1. YpoBHU HEOJHOPOAHOCTH B IOPOJIHBIX 2. CyGMaKpocKo-
MaccuBax: | — MUKPOCKONTMYECKHUH; 2 — CyOMaKkpo-
CKOIMYECKHUI; 3 — MAaKpPOCKOTTMYECKUI;

4 — MeracKOIM4ueCKui

NUYECKHUii: cpena pac-
CMaTpUBaeTCsl Ha YPOBHE
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AJIEMEHTAPHOT0 00bEeMa JIMTOJOTUYECKON pPa3HOCTH, pa3Mep AJIEMEHTOB
HEOJHOPOAHOCTEH cocTaBusgeT 107° — 1072 .

3. MakpockonM4YecKMi: cpella pacCMaTPUBAETCS HA CTPYKTYPHOM
YPOBHE, pa3Mepbl HEOTHOPOIHOCTEN cocTaBisaoT 1072 — 10! m.

4. Merackonu4ecKMu: Cpella pacCMaTpUBACTCS KAK CIIOXKHOCTPYK-
TypHOe 0oOpa3oBaHue, 00iafaroIee TEKCTypoil M HaXOIsIIuecs Mo Aeu-
CTBHEM TPABUTALIMOHHBIX M TEKTOHMYECKHX CHJI. PazMmep 31eMEeHTOB He-
OJTHOPOJIHOCTEH cocTaBisieT 6osee 1,0 m.

[lepBbie nBa ypoBHS M3y4yaeT (hU3MKA TOPHBIX MOPO/I, a JABA MOCIEIY-
IOIIHUX — ATO MPEAMET UCCIIEIOBAHUN MEXAHUKHU TOPHBIX MOPOJ.

Ha makpocKomu4ecKoM YpOBHE TOpHbIE MOPOJAbI 001aJar0T BHYT-
pEeHHEW HEOTHOPOAHOCThI0. OHU coJepKaT MOJUKPUCTAIIIBI MUHEPATOB
pa3HON KPEmOCTH, MUKPOTPEIIUHBI, TIOPHI, BKIIOUYCHUS U Apyrue nedex-
ThI, IPUBOASIIME K MECTHOW KOHIICHTpALMU HampsikeHuil. OHAKO, MO-
CKOJIbKY 3THUX MHUKPOJI€(he€KTOB OU€Hb MHOTO, TO B CHJIYy CTaTUCTUYECKUX
3aKOHOB B OJJHUX U TE€X K€ YCIIOBUSIX OTHOCUTEIIbHBIE TEPEMELICHUS TO-
yeKk peanpHoro aedopmupyemoro tena (B u Bi) OynyT HpaKTHYSCKH
COBNAJIaTh C MEPEMEIICHUSIMU COOTBETCTBYIOMMUX TO4YeK (4 U A1) OJHO-
ponHoit moaenu (puc. 2.2). IIpu 3TOM, 4eM MEHbIIIE pa3Mepbl MUKPO/Ie-
GeKToB U 4yeM HX OoJibllle, TEM MEHbIIEC MOTPEIIHOCTh, CBA3aHHAS C
MPUMEHEHUEM METOJIOB MEXaHUKHU CILJIONTHOMW CpeIbl.

P1
Pi
A \/,Ev;v;v
« Qs e O
S . N
P> N\ Pi+1 P2 XTI\ N T Pit

N\, o B NG
A1l G G957 DTy
2 SO DM SN .

Pi Pi

a) 0)

Puc. 2.2. Ognopoanas (a) u HeogHopoaHas (0)
MOJEIN TTOPOJHOU CPEIbI
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N3 cka3aHHOrO BBIIIE CIEAYET, UTO AJIEMEHTAPHBIN 00bEM MOPOJAHOTO MAacCHBa
JOJI2KCH OBITh JO0CTAaTOYHO MaJIbIM, YTOOBI BEITIOIHSIIACH HCXOOHAadA IPCAIIOCHIIKA O
CINIOIIHOCTHU CPCIAbl U, B TO KC BpPCM:A NOCTATOYHO 6OJII>IHI/IM, YTOOBI OH O6JI3I[&J'I
BCEMHU YCPCIHCHHBIMHA CBOMCTBaMH HN3Yy1aCMOTO 00BeKTa Ha CY6MaKpOCKOHI/I‘-ICCKOM
ypoBHe. Takoil 3jeMeHTapHbIi 00beM Ha3bIBAIOT (pM3MUYecKH MaJjbiM. ETo MOXHO
IMpCaACTaBUTb B BHUIC KYGa, HMCIOIICTO COOTBCTCTBYIOIICC YHCIIO rpaHeﬁ u p€6€p.
I'panb Takoro Kkyomka oOpa3yeT 3JieMeHTAPHYI0 IJIOIIAAKY, a peOpo — 3j1eMeHTap-
HYIO [JUIHHY.

3amada 0 BO3MOXHOM BEJIWYMHE MOTPEIIHOCTH, IOJYy4YaeMOW BCIE-
CTBUE 3aMEHBI PE€aJIbHON HEOJHOPOJHOM CPEAbl OJHOPOAHOW CIUIOLIHOM
MOJIelbto, ObLIa moctaBiieHa U pemieHa @.C. Scunckum B 1887 r. [51]. B
pe3yJbTaTe €€ PeIIeHUs ObLIO YCTaHOBJICHO, YTO BEIMYMHA BO3MOXKHOU
OIIMOKU 3aBUCUT OT XapaKTEPHBIX pa3MepoB uccieayeMon obsnactu L u
pasmepoB { criararomux ee 3JeMeHTapHbIX yacTul] (00beMoB). CorjaacHo
teopun @.C. SIcuHCKOr0, Cpely MOKHO CUMTATh UJCATLHOU (CILIOUIHON U
OJHOPOJHOM), €CJIM UMEET MECTO HEPABEHCTBO

%>a? 2.1)

r7€ & — HEKOTOPOE JOCTATOYHO OOJIBIIIOE YUCIIO, BHIOPAHHOE C TAKUM Pac-
YETOM, 4TOOBI IIPH NIPUHATOM CTEIIEHM TOYHOCTH BEIMYMHA @' ObLIa 3HA-
YUTELHO MEHBIIIE SIUHUITBI U €10 MOYKHO OBLJIO OBl MPEHEOPEUb.

[To3aHee, MPUMEHUTENIHHO K MeTajiaM, ObUTH MOCTaBJIEHbI CIEIIUAITh-
HBIE OIBITHI, KOTOPHIE TTOKA3aJ1, YTO MPOBOJIOKA U3 OCOOOM CTaJIM C SICHO
BBIPAKEHHOW 3€PHUCTON CTPYKTYpPOH MMEET IO JJIMHE BIOJIHE MOCTOSH-
HbIE CBOMCTBA, €CJIM KOJIMYECTBO 3€PEH B €€ MOIMEPEUYHOM CEUCHUHU CTaHO-
ButTcs 0ouibie 30.

Jpyrumu ombpITaMu ¢ MeTajiaMy ObUIO YCTAaHOBJIEHO, YTO MPU U3MeE-
peHun aedopMaruii TEH30pe3UCTOpaMU C MaJlod 0a30i TOKa3aHUsl UX
CTAHOBSTCA CTAOMJIBLHBIMH, €CJIM B mpenenax 0a3pl HaxoauTcs Ooinee 10
3€pEeH CTPYKTYPHI.

K.B. Pynneneiit u IO.M. Jlubepman [11], pemas cnenuaibHO MO-
CTaBJICHHYIO JJISl 3TOW 1[eJIM CTaTUCTUYECKYIO 3a7auy, ONpeNeauin, YTo
¢ BeposTHOCTHIO 0,98 rpaHb AjeMeHTapHOTO0 00beMa MecYyaHuKa JI0JDKHA
UMETH Pa3Mep OKOJIO 29 MM M COIEpKATh HE MEHEE & 3EpEH.

B Hacrosiiiee Bpemsi HEPEAKO UCHOJIB3YIOT KiIacCU(PUKAIUIO 0caa0y-
HbIX MOpPOA MO KpymHOCTH 3epHa, npemnoxennyro MI'H AH CCCP
(taba. 2.1) [11]. B 370l sxe TabIHIe IPUBEACH OPUCHTUPOBOYHBINA pa3Mep
BJIEMEHTAPHOW TUIOIAJIKH.

Pasmep L uccnemxyemoit 06macty B 3aa4aXx MEXaHUKH TOPHBIX MOPOJI,
KaK IIpaBujIo, Ha TOPSAI0K OOJbIIe pa3MepoB BhIpaOOTOK U paBeH 40-50 M.
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Bemnunaa a! s BBIPAOOTOK, 3aJI0KEHHBIX /AK€ B TaKOW HEOJTHOPOIHOU
MopoJie, Kak KOHTJIOMepaT, B COOTBeTCTBUM ¢ Tabm. 2.1 pasHa 0,012, B ap-
ruute — 0,005, 4To 3HaUYUTEILHO MEHBIIE €MHUIILI, KaK TOTO U TpeOyeT
teopusi . C. ScuHckoro.

Tabmuma 2.1.
Pa3mep aneMeHTapHOU MIOMAAKA TPUMEHUTEIBHO
K OCaJOYHBIM MMOPOJaM

HammeHoBaHUE ITOPOIBI Cpennmii pa3mep 3epHa, MM | L, MM
Konrnomepar 10,0 67
I'paBenut 1,0-10,0 6,7 — 67
[TecuaHuk KpymHO3EPHUCTHIN 05-1,0 3,3—-6,7
Ilecyanuk cpeaHE3EPHUCTHIN 0,25-0,5 1,7-3,3
ITecuaHuk MEIKO3EpPHUCTHIN 0,1-0,25 0,7-1,7
AJEeBpOJIUT KPYIMTHO3EPHUCTHIN 0,05-0,1 0,3-0,7
AJIEBPOIUT MEJIKO3EPHUCTHIN 0,01 - 0,05 0,1-0,3
Aprusiur 0,01 0,1

Takum oOGpazom, Ipu M3yYCHUH MEXaHWMYECKHX SBIICHHUH, MPOTEKaro-
KX B IOPOJHOM MAacCHBE BOKPYT BBIPAOOTOK, BIIOJIHE OOOCHOBAHHO
MO>XHO TIPUMEHSATHh COOTHOIICHHMSI MEXaHHKH TBEPAOTo Je(opMUpPyEeMOTO
Tejla, OCHOBAHHBIC HA THUIIOTE3€ HEMPEPHIBHOM OTHOPOTHOM CPE/IBI.

[Tepexon OT CyMaKpOCKOIHWYECKOTO YPOBHS HEOIHOPOIHOCTEH IO-
POJTHOT'O MacCHBa K MaKpO- U METaCKOITMYECKOMY BBITIOJIHSICTCS HA OCHOBE
ydera macirabHoro g dekra (cMm. § 1.6).

2.2. HanpsizkeHHO-1e(OPMUPOBAHHOE COCTOSIHUE
MOPOIHOT0 MACCUBA

Teopust nanpsizkenuii. [IpyHuMas BO BHUMaHHE TUIIOTE3Y 00 OJIHO-
POIHOCTH M HENPEPHIBHOM PACIpPEACIICHUH BEIIECTBA, BBIICIUM B AehOp-
MHPOBAHHOM MOPOJHOM MAacCHBE, KOTOPBI HAXOJIWUTCS B PaBHOBECHH,
POU3BOJIBHYIO TOUKY A (X, Y, Z).

MpEIcneHHO paccedeM paccMaTpuBaeMblii MACCHUB INIOCKOCTBIO, ITPO-
XOoJsUIel uepe3 TOUKy 4 Ha JBE 4acTU U OTOPOCHM OJHY M3 HHUX (pHC.
2.3.). IIpu 3TOM 17151 TOTO, YTOOBI OCTABIIASICSA YAaCTh OCTAaCh B COCTOSI-
HUU PaBHOBECHS K IUIOCKOCTHU CEYEHUS] HEOOXOAUMO MPUIIOKUTh HEKOTO-
pble BHYTPEHHUE CHIIBI Py, PACIIPEIEICHHBIE 110 3TOMY CEYECHMUIO U OTpa-
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KaloIMe JEHCTBHE OTOPOIICHHON YacTH MOPOJHOTO MAcCHBA Ha OCTaB-
mytocsi. BeanunHa, xapakrepu3ylomiasi HHTEHCHBHOCTL pacrpeaesie-
HHUS1 BHYyTPEHHHUX CHJI, HA3bIBAETCS HANIPSIKEHHEM.

Z\

Puc. 2.3. CxeMa K BBIBOZY BEITMUUHBI HAIIPSIKEHUS

BriaenuM B OKpPECTHOCTH TOYKH A 3JIE€MEHT AF TIIOMaan CEUYECHUS.
[TycTh v — BHEWIHSSI HOPMAJIb K 3JIeMEHTY 1uiomaan AF. O003HaYuM yIJibl,
00pa3oBaHHbIE HOPMAJBIO C OCSMHU KOOPAMHAT YEPE3 i, Oy, 0. KOCUHYCHI
ATUX YIJIOB HA3bIBAIOTCS HANPABJISIIONIMMHU U 0003HAYAOTCS, COOTBET-
cTBeHHO, uepe3 |, m, n. BayTpeHnue cuiibl P, 3aMeHUM TI1aBHBIM BEKTOPOM
AP,, nipusioxxeHHbIM B Touke A. OtHomenue AP, k AF XapaktepuszyeT
CPEIHIOI0 UHTEHCUBHOCTH PACIpPEAECICHUs BHYTPEHHUX CHJI [0 paccMart-
prBaeMoM 3eMeHTapHoU miomanke. [Ipu ctpemiternn AF K HyJIIO peaesn
OTHOIIIEHUSI MUMEET BIOJHE OMNPEACIICHHOE 3HAYECHUE, HA3hIBAEMOE MOJI-
HBIM HaINpsKeHHEeM P, B TOUKE A MO IUIOMAAKE C HOPMAJIBIO V'

p, = "mAFA—P—Vﬂ)' (2.2)

s manpHEMIIero paccMOTpPEeHHUs IefiecooOpa3HO BBECTH B pac-
CMOTPEHUE JIBE COCTABJISIOIINE TTOJHOTO HAMPSKEHUS p,:. IPOCKIIUIO BEK-
Topa P, Ha HOpMaJlb V K IJIONIAJKE, T.€. HOPMAJIbHOE HANPSIZKEHUE 0, U
MPOEKIIMI0 BeKTOpa P, Ha MJIOCKOCTh dJIeMEHTapHOM Tiomanku AFi — ka-
caTejIbHOE HANPSIZKEHHUE T,.

OueBUHO, 4TO Yepe3 TOUYKY A MOXKHO IMPOBECTH MHOMKECTBO pa3-
JIMYHO OPUEHTUPOBAHHBIX MIOMAN0K AFj. Kaxxa0# U3 MIOMIA0K COOTBET-
CTBYET CBOM BEKTOp MOJHOTO HampsbkeHus P, COBOKYIMHOCTbh BEKTOPOB
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HaIpPSHKEHUH BO BCEX IUIOMIAJKAX, MPOXOASIIMX YE€pPE3 pacCMaTPUBAEMYIO
TOYKY, TOJTHOCTBHIO XapAKTEPU3YET HAMPSHKEHHOE COCTOSIHUE B 3TOM TOUKE.

HanpsikeHHOE COCTOSHUE B TOUKE A MOXKET OBITh OIIPECICHO TAKXKE
3aJJaHHUEM BEKTOPOB HanpsikeHuu Py, Py, P; B TpeX B3aMMHONIEPIICHAUKY-
JISIPHBIX TUIOIIA/IKAX, MPOXOIAIINX Yepe3 3TO ToUKy (puc. 2.4). Ilepeceka-
ACh, 3TU IJIOIIAKU 00pa3yOT HEKOTOPYIO MPSIMOYTOJIbHYIO CUCTEMY KO-
OpJIMHAT.

Puc. 2.4. O603Ha4YeHE KOMIIOHEHTOB HAIPSKEHUSI HA KOCOM MPOU3BOJIBHO
OPUECHTUPOBAHHOM TUIOIIAIKE

[lonHoe HampspkeHue, Hanpumep, Px B KOOPAWHATHOM IIOCKOCTH
y0z, T.e. B IUIOIIAJIKE C HOPMAJIBIO X, B OOIIEM CITyyae pacKia/lbIBacTCs Ha
TPU HANPSDKEHUsI, NAapajuIeNIbHbIE OCAM KOOPAWHAT: HOPMAaJbHOE HAmps-
KEHHUE Ox U WU KAacaTeJbHbIC HAIPSIKEHUS Txy, Txz. DTH COCTABJISIOIINE
Ha3bIBAIOT €II€ KOMIIOHEHTAMHU HanpsDKeHHs. MHIEKCHl y KacaTeabHBIX
HAIPSOKEHUM O3HAYaroT: MEPBBIM — KOOPAMHATHYIO OCh, HOPMAJBHYIO K
paccMaTpuBaeMOM IUIOIIAJIKE, BTOPOM — KOOPAMHATHYIO OCh, KOTOPOWU
paccMmaTpuBaeMasl COCTABIISAIONIAs KaCaTEeJIbHOTO HAIPSKEHUS MapaJlIeIIb-
Ha. TakuM 00pa3oM, UMEETCsl TPU KOMIIOHEHTa HOPMAJIBHOIO Ok, Oy U O3
Y 1IECTh - KaCaTEJIbHOTO HANIPSHMKEHUH - Tuy, Tyx, Txz, Toxs Tyzy Tay-

3Has BEIWYMHBI W HANPABJICHHUS HOPMAJbHBIX M KacaTEJIbHBIX
HaIIpSDKEHUM B TPEX B3aMHOIIEPIEHIUKYJISAPHBIX IUIOMIAAKAX, KOTOpBIE
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OPUHUMAIOTCS 32 KOOPJAWHATHBIE IOCKOCTH, MOXHO BBIYMCIIUTH HAMNps-
KEHUS B JI000H IJIOIMIAIKE, TPOXOIAIIEH Yepe3 paccMaTpUBaEMYIO TOUKY,
€CJIM M3BECTHBI HANPABIIAIOIIME KOCUHYCHI |, M, N HOpMau v K 3TOH IJI0-
Ia/IKe TT0 OTHOIIEHUIO K BHIOPAaHHBIM OCSIM.

Nrak, monHoe HanpskeHue P, MOKHO pa3iioKUTh Ha COCTABJISIONINE,
napasuiesibHble KOOPAUHATHBIM OCsM X,, Yy, Z,. Torna u3 yciaoBus paBHO-
Becus nupamubl ABCO noilydyuM ClIeIyOIUe BbIPaKEHUS ISl COCTaB-
JSIFOIIUX TIOJIHOTO HaNpshKeHus P, B HAKIIOHHOW rpaHy MUPAMUbL:

X, =ol+7,m+7_n
Y, =t l+0,m+7m (2.3)
Z, =t l+7,_m+o.n
[TonHoe HanpspkeHue P, Ha HAKIIOHHOM TUIOIIAAKE OTIPEIEIUTCS Ye-
pE3 CBOM COCTABIISIONIHE CIETYIOIUM 00pa3oM:
_ 2 2 2
P =JX2+Y2+Z2. (2.4)
Takum 00pa3oM, HANPSHKEHHOE COCTOSHUE B MPOU3BOJILHOW TOYKE
MOPO/IHOTO MacCHBa CUYHMTACTCS YCTAHOBIICHHBIM, €CIIM WU3BECTHBI JICBSITh

KOMITOHEHTOB HAIPSIKEHUM, U3 KOTOPBIX, B CHIIy 3aKOHA MAPHOCTH Kaca-
TEJbHBIX HANPSDKEHWH (7,, =7, ; 7. =7_, U T.JI.) HC3aBUCUMBIMH SIBJISIOT-

yx 2 z

CS IIECTb.

B reomexaHnke 4acTo MCIONB3YIOT HHOE MPEACTABIEHUE O pacmpe-
JEJICHUU HANPsDKEHUN B IOPOJHOM MaccuBe. [l 3TOro B OKPECTHOCTHU
UCCIIEYEMOM TOYKHU BBLICISIOT MPSMOYTOJbHBIN MapaJUIe/IeIuIe, TPaHu
KOTOPOTO TapasulebHbl KOOPAUHATHBIM IIOCKOCTSM (puc. 2.5). Ha rpa-
HSX MapaJuieNienunea n300paxxaroT COCTABIISIIONINE KOMIIOHEHTHI HAMpSsi-
#eHusl. KOMIOHEHThI HaNpsKeHUs Ha NapajjieIbHbIX TPaHIX paBHbI, €CIU
PacCTOSTHHE MEXKAY HUMH CTPEMUTCS K HYJIIO.

MOHO H0Ka3aTh, YTO HANPSHKEHHOE COCTOSHUE B TOUKE HCCIIEHYe-
MOTO TeJla €CTh HEKOTOpas BEJIWYMHA, HE 3aBUCAIIAs OT BHIOOpa KOOPAH-
HaTHBIX Ocell [25]. DTa BeIMUYrMHA HA3bIBACTCS TEH30POM HANPSKEHMS, a
KOMITOHEHThI HANPSKEHHOTO COCTOSIHUS - KOMIIOHEHTAMH TeH30pa. bo-
Jiee CTPOro€ OMPEAEIICHUE MOHITUSA «TEH30P» PACCMATPHUBAETCS B CHELH-
aJBbHOM pa3/ielic MATEMATUKU — TEH30PHOM HCUYUCIICHUMU.

Kak uumcma m BEKTOpPBI, TEH30PHl MOYKHO CKIQAbIBATh, YMHOXAaTb.
Tak, CyMMOHM ABYX T€H30pPOB SIBJISIETCA HOBBIM T€H30pP, KOMIIOHEHTHI KOTO-
pOro paBHbBI CyMMaM COOTBETCTBYIOIIMX KOMIIOHEHT CJIAra€MbIX TEH30POB.
YMHOXUTH TEH30pP HA YUCIIO — 3HAYUT YMHOXXHUTh HA 3TO YMCIIO KaXJbIU
U3 €r0 KOMIIOHEHT.
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Puc. 2.5. O603HaueHre KOMIIOHEHTOB HaIPSIKEHUI
Ha rpaHsix JIEMEHTapHOTO Ky0a

Tenzop HampskeHUs 3amuchiBaeTcss B GOpME CIEIYIOMIEH CUMMET-
PUYHOUN MaTpPHUIIbI

OxTxyTxz

Tzxtzy01
Ecnu BBecTH MOHATHE O CPEHEM, WIA TMAPOCTATHYECKOM, HAMPS-

KCHHUN

Ocp = %(GX +oy +GZ), (2.6)

TO TCH30P HAIIPSKCHUA MOKHO IMPEACTABUTH B BUAC CYMMBbI JIBYX COCTAaB-
JIAOIIUX:
TH = _E_|+ .[_l (27)

rae T, - HIApOBOii TEH30P, PaBHBIM

94



Tep 0 0
T2 =0 Tep O |, (2.8)
0 0 Oep

u [, - ieBUATOP HANIPSIZKEHU I, PaBHbBIN
Ox “%p Txy ¥xz

A, = Tyx Oy~ Ocp Tyz| (2.9)

Tzx tzy 9727 %¢p

[ITapoBoil TeH30p B OOIIEM HAMPSIKEHHOM COCTOSIHUM 00€CIIEUNBAET
yMeHbllIeHHe (yBeauueHue) oobema aedpopMUpyeMoro tejaa 0e3 u3Me-
HeHUs GOPMBI, a IEBUATOP — UBMEHEHHE eT0 (POPMBI.

Cuctemy KOOpAMHAT BCErja MOXHO H3MEHUTh TaKUM 00pazoMm,
YTO HAaNPaBJICHUS KOOPAUHATHBIX OCEH COBNAAYT C TUHUSIMU JAEUCTBUS
TaKUX HOPMAaJIbHBIX HAMNPSKEHUH, NMPU KOTOPHIX KacaTeJIbHbIC HAIp -
KEHUS paBHbI HYJI0. DTU HANPSOXKEHUS] HA3bIBAIOT TJIABHBIMHM U 000-
3HAYAIOT 01, 02, 03. lIpruuemM, noapazymeBaeTcs, 4To 61>02>03.

['maBHBIC HANPSDKEHUS B TOYKE 01, 02, 03 MOXHO BBIYHCIINUTH, 3HAs
NEBSITh KOMIIOHEHT HANPSHKEHUS NPU MPOU3BOJBHON OPUEHTAIMUA CUCT e-
MBI KoopAuHat. Tak, HapUMep, JJIs1 ONPEJCICHUS BEIUUUHbBI 01 CIEAYET
MPUPABHATH HYJIIO OIPECTUTEIb

Ox =01 Txy Txz

Tzx Tzy 0770y

Pa3zBepHyB ATOT ompeaeinuTelb B CTPOUYKY, IMOJYUYUM KyOHUYECKOe
YPaBHEHHUE C OJJHUM HEU3BECTHBIM 071’
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3_( %2 ( 2 2 2
01—0'X+C7y+02 l+O'Xdy-l-O'yGZ+GZGX—TXy—TyZ—TZX l—

(2.11)

( ) 2 2 2)_0
— GXO'yGZ+ TXyTyZTZX—GXTZy—GyTZX—GZTXt = V.

Kosppuuuents! npu o;,o, ¥ CBOOOAHBIN wieH B ypaBHeHuu (2.11)

HA3bIBAIOTCS, COOTBETCTBEHHO, NMEPBbIM, BTOPLIM U TPETbUM HHBApPH-
aHTaMHM TEH30pa HanpsKEeHUs U 0003HavarTcs Ji, J,, Js.

IlepBbiii nHBapuaHT J; Ha3bIBacTCs JIMHEUHBIM. OH XapakTepuszyeT
U3MEHEHHE 00beMa BEIIECTBA B OKPECTHOCTH MHBapHaHTa J, U OMpeaess-

€T BO3MOXHOCTh IEPEX0/ia Tea B IJIACTHUYECKYI0 00s1acTh. Mu3ec moka-
3aJ1, 4TO IUIACTUYECKAs TEKYy4YeCTh HACTYMAeT, €CJIIM BTOPONM WHBAPUAHT
TE€H30pa JI€BUATOpPA HANPSIKECHUN JTOCTUTAaCT HEKOTOPOW KPUTHUYECKOU BeE-
JINYWHBI, XapAKTEPHOM JJIs TAHHOTO TENa:

J, =k?, (2.12)
rae K - KoHCTaHTa marepuana, KOTopasi paBHa OpeAeiay TEKy4eCTH MpHU
YUCTOM CJIBUTE.

Tpetuit ”HBapUaHT TaK)Ke UMEET OMPEIeTICHHbIN (PU3NUECKUI CMBICIL.

Teopus nedopmanmii. Ilog aedhopmaimmeit MOPOAHOTO MaccHBa
MOAPAa3yMEBAOT M3MEHEHUE B3aMMHOTO IIOJOXKEHHUS €ro Toudek. Ilo-
IPEKHEMY MOJIAraeéM, YTO MOPOJHAS CpeAa SIBIAETCA CIUIOIIHOW U OJHO-
poanoii. Torma B m000M €€ TOUKE HAXOAUTCS MaTepUalibHAs 4YacTHIIA.
[TycTh KOOpAMHATHI 3TOM YacTULbI OYIyT X, Y, Z. B ipouecce aedopmupo-
BAHUA MOPOJHOW Cpelbl paccMaTpyuBaeMasi 4YaCTHIA MOJYYHUT MEpeMeIIe-
HUS U, V, W TI0 HalIpaBJICHUSIM KOOPJAMHATHBIX OCEU X, Y, Z U B PE3YJIbTaTE
OyZleT UMEeTh KOOpAWHATHI X+U, Y+V, z+ W. B 0o0mem ciiyyae nepemenie-
HUA U, V, W MEHSIFOTCS OT TOYKH K TOUKE U MOATOMY ABJISIOTCA QYHKIUAMU
KOOpJUHAT X, Y, Z.

UccnenoBanue aedopmanuii HaYHEM Ha IIpUMeEpe ABYXMEPHOM 3aj1a-
yu 1Iockor pedopmanuu. [log miockoi nedgopmaiiueit OyieM mOHUMATh
TaKOW YaCTHBINA cityyall 1epOpMUPOBAHHOTO COCTOSIHUS, IPU KOTOPOM BCE
YaCTHUIbI, HAXOAUBIINECS NEPBOHAYAIBHO B OJHOM IIJIOCKOCTH, OCTAHYTCS
nocie aehOopMUPOBAHUS B TOM ke TIOCKOCTU. [Ipenmonoxum, 4To KOop-
JTMHATHBIE OCU BBIOPAHBI TaK, UTO OCH X M Y JIeXKaT B TUIOCKOCTH aedopma-
run. Torga W=0, a BeTUIMHBI U U V HE 3aBUCAT OT KOOPAWHATS Z.

PaccmotpuM manblii npsiMmoyrosibHbIM 35emMeHT ABC/{ Henedopmu-
POBaHHOM MOPOHOM cpebl co ctoponbl dX u dy (puc. 2.6).

[Tocne nedopmanuu sneMeHT 3anumaet nonoxkenue A'B'C'J['. C reo-
METPUYECKOM TOYKH 3PEHHS Pa3InyaloT JBa OCHOBHBIX Tuma aedopma-
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IHAM: JIUHEHMHYK — U3MCHEHHUE NEPBOHAYAIBHOM JIMHBI — U YIVIOBYK) —
U3MEHECHUE BEJIWYMHBI MEPBOHAYAIBHO HpsiMoro yria. IlpoponbHas ne-
dbopmanus 0603HavaeTcsi OyKBOU &, CIBUTOBAs — .

[IpononsHas nedopmaius OMpenenseTcss Kak Mpeaea OTHOIICHHS
WU3MEHEHUS JUIMHBI OTPE3Ka Ao K €ro NepBOHAYaIbHOW UTMHBI AL, T.€.

. Ao
= lim —, 2.13
&=lim— (2.13)
nim
¢ =lim A A4 (2.14)
AL—0 Aﬂ
ou
Y‘ oy @y
my -
g HEE
g | 1
| |
| |
u | o | J,
B | C Wit
I A loy
d ou
ly - = dx
!
A Al dx i
y
' _
0| =x X

Puc. 2.6. CxeMa K BbIBOAY COOTHOIICHUN MEXIY KOMIIOHEHTAMU
nepemenieHuit u nedopmanuit

Bripaxas miuabl otpe3koB Al u A/] yepe3 U u dX u npeHeOperas

BEJIMYMHAMU BBICIIETO MOPSAKA MAJIOCTH JJIA IPOJAOJIbHOM AedopMariuy B
HaIpaBJICHUHU OCH X, OCJe Mpeo0pa3oBaHUi MOJIYUYUM, YTO

&, =—. (2.15)



YtoObl ompenenuTh aedopMaliuio CABUTa, PACCMOTPUM HCKaKCHHUE
nepBoHavYaIbHO npsmoro yria BA/[. Hedbopmanus ciBura xy B Touke A
ONPEJECINUTCS KaK U3MEHECHUE BEIIMYMHBI yTJIA MEXIY ABYMs 3JIEMEHTap-
HbIMU OTpe3Kamu AB u A/[, nepBoHaYaIbHO MAPAIIIEIbHBIMU OCSIMH X U Y.

N3 reoMeTpruyecKoro pacCMOTPEHUS MTOTYyYUM

81/ 6u
2.16
v ay (2.16)

JIist TpexMepHOM 3a71a4i KOMIIOHEHTHI IepopMalivii MOTYT OBITh MO-
Jy4eHbl aHAJIOTUYHBIM 00pa3zoM. OHU OyIyT paBHBI:

L ov o ow
7 dx &y = dy & dz '’
y (2.17)
o ov , ow w ou
i T T T a Ty T e

OTH COOTHOIIEHUS W3BECTHHI MOJ Ha3BaHueM ypaBHeHuil Komu.
[lecTb BEAUYUH &x, &y, €z, Vxys Vyz» Y2x, HA3BIBAIOTCS KOMIIOHEHTaMH J1eop-
manuu. dedpopmanmu casura, kak cieayet u3 (2.17), obmagaor cuMMeT-

pHeH’ T.C. 7/xy :yyx; yzx :7/xz u T‘H'
TeHnzop nmedopmannu TaKKe 3alUCHIBAETCA B BUAE CHUMMETPUYHOU
KBaJAPaTHOU MaTPULIbL:
gxxj/xyyxz

Ta = yyxgyyyyz (218)
7zx7/zygzz

ITo aHamoruy C HaNps)KEHUSIMU MOXXHO BBECTH B PacCMOTPEHHUE
MOHATHE O cpeHer nedopMalmu:

J )
Ecp :5 Ex tEy téz).

Torna TeHzop aedopmanuu, NOJ0OHO TEH30PY HAINPSHKEHUS, MOYKHO
TAKXKE PA3JIOKUTH HA IIAPOBOM TEH30p AeopMalMil 1 1eBUATOP J1e-
hopmanmii:

T,= P+ | (2.19)

[ITapoBoii TeH30p AedhopMaIy NpeACTaBIseT CO00M CASTYIONTYIO
MaTpHUILy
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e 0 0

T.=0 &n30 (2.20)

0 0 ¢pp

a aeBuaTop aedopmarinii ¢ 10CTaTOUYHOU JIJIs pacu€TOB TOUHOCTHIO BBI-
TJISIIAT TaK:

EXTERY Ty Txz

Yzx Vzy €77 éRg

[TepBhIii XapakTepu3yeT BEIUUYUHY 00BEMHOTO paclIupeHus (CHkaTus),
BTOPOii — (hopMOn3MEeHEHHE 00beMa B OKPECTHOCTH PacCMaTPUBAEMOM
TOYKHU CPELBI.

CBsa3b MeKAy HanpsokeHusiMu u jAedopmanusimu. Bcee Tena,
HaXOJSIIMECS B HANPSKEHHOM COCTOSIHUH, MOdy4YaroT Aedopmaruio. 3a-
BUCUMOCTh MEXAY Jepopmanuei U NpuiIoKEHHON CUJION BIIEpBbIE Oblia
chopmynupoBana ['ykoM IpuMEHUTEIBLHO K TOHKOMY CTpeXHI0. B ciydae
00BEMHOI'0 HANPSIKEHHOTO COCTOSIHUS 3aKOH ['yka dopMmynupyercst cie-
IYIOIIMM 00pa3oM: B JIH00O# TOYKe CIUIOMIHON cpeabl KAKIAbIA U3 IIe-
CTH KOMIIOHCHTOB HANPSKEHUH SABJISCTCH JUHEHHOU (PyHKUMeN wie-
CTH KOMIIOHEHTOB JAe(OopMaliu, H HA000POT. DTO MOJIOKECHUE HA3bIBA-
eTca 0000 eHHBIM 3aKOHOM ['yKa M 3anuChIBaeTCs TaK:

Ex :% Oy —,u(ay +O_zﬂ’
1:

£y =¢|0y —,u(O'Z +O'X) ] (2.22)
1

&z :E|:GZ —,LI<UX +Gy) :l

CocraBnsifonue TEH30pPOB HAMpsDKeHUsT U AedOopMalliu  CBSI3aHBI

MEXTy COOO0M CIIEAYIONTUMH JIMHEHHBIMHA 3aBUCUMOCTSIMU
o 0
T, :GTO , (2.23)
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N.=2G/[ (2.24)
Bripaxxenue (2.23) Ha3bIBalOT 3AKOHOM YNPYroro usMeHeHusi 00be-
Ma, a BeIpakeHue (2.24) - 3aKOHOM yIPYyroro usMeHeHus1 (popMbl.

2.3. Buabl HATIPSZKEHHOT'0 COCTOSTHUSA

W3 nmpenpiaymero maparpada cieayer, 4To B CaMOM OOIIEM cliydae
HaIpPsKEHHO-1€(OPMUPOBAHHOE COCTOSIHUE BBIJEICHHOTO JIEMEHTAPHOTO
o0beMa B OKPECTHOCTU PacCMATPUBAEMON TOYKU XapaKTEpU3yeTCs HaJlU-
YUEM JICBITH KOMIIOHEHTOB HANPsDKEHUN W JEBSITH KOMIIOHEHTOB Jieop-
Manuii. Takoe HampssKeHHO-1ehOPMUPOBAHHOE COCTOSIHHE, KaK YKE€ OT-
MEUYAJIOCh, HA3bIBAETCA 00 bEMHBIM.

Pemienne 0O0bEMHBIX 3a7a4 J1ake TOJBKO C MPUMEHEHHWEM METOOB
TEOPUH YHPYTOCTU COMPSIKEHO CO 3HAYUTEIBHBIMH MAaTE€MAaTUYECKUMU
TpyaHocTsiMH. [loaToMy pemieHne 000l TeOMEXaHWYEeCKON 3ajadyu
HAYMHAIOT C aHalin3a OCOOCHHOCTEW HANPSKEHHO-AE()OPMUPOBAHHOTO CO-
CTOSIHUSI JUISl TOT'O, UTOOBI YIIPOCTUTh UCXOHYIO PACUETHYIO CXEMY U IIPH-
BECTH €€ M0 BO3MOXHOCTH K TAK Ha3bIBAEMOM IUIOCKOW 3a7aye, Korja BCe-
ro JIMIIbL JIBA KOMIIOHEHTA HaNpsHKEHUNM U JIBa KOMIIOHEHTa AedopMaruii
3aBUCST OT KOOPAUHAT TOUEK TENA.

Tak, Harpumep, €Cau TOHKYIO IJIACTUHY, HAXOIAIIYOCS B COCTOSSHUU
PaBHOBECHUS TMOJ JCUCTBUEM BHEIIHUX CHUJI, HArPY3UTh PAaBHOMEPHO pac-
NPEICICHHBIMHA 10 TOJIIMHE YCHIHSIMH, MPUIOKEHHBIMU K €€ TPaHHUIIE
NapajuielIbHO TUIOCKOCTH IUIACTHUHBI, TO KOMITOHEHTBHI HaIpsKEHUN
O7:T7x:Tzy Ha 00enx MOBEPXHOCTAX IUIACTUHBI OyJIyT paBHBI HYJIIO H

MOKHO TIPEIOJIOKUTh, YTO OHHM PAaBHBI HYIIO W BHYTPU IUTACTHHBI
(puc. 2.7).

q

l

0 0
X X

Y Y

Puc. 2.7. Ilnockoe HanpsixK€HHOE COCTOSTHUE
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Takoe HampsKeHHOE COCTOsSIHHME OyAeT ONpenensiThCi TOJIBKO KOM-
MOHEHTAMHU HAaIpPsHKEHUN Ox:0y:Txy U HA3HIBACTCS IJIOCKHM HAmNps-

KEHHBIM cOCTOsiHMeM. J[0Ka3aHO, YTO B TOHKHUX IJIACTUHAX BCE TPU HeE-
M3BECTHBIE KOMIIOHEHTHI HAMPSDKEHUN HE 3aBUCST OT KOOPAUHATHI Z, a SIB-
JISIFOTCA TOJBKO QYHKIIUAMU KOOpAUHAT X U Y.

[1nockoe Hanps>KEHHOE COCTOSHUE HE SBIISICTCS XapaKTePHBIM IS 3a-
na4 reomexaHuku. Ho ympoienus, moio0HbIe MPUBEACHHBIM BBIIIE, BO3-
MO>XHBI U B IpyTOM TIPEACIHbHOM cllydae, KOorja pa3Mep Tejla B HalpaBJie-
HUU OCU Z OYEHb BEJIUK.

D10 MOTyT OBITh, HAIPUMED, MOJANIOPHAS CTCHKA WU JIJIMHHAS TOPH-
30HTaJIbHasA BbIpaboTKa (puc.2.8.a,0). O4eBUIHO, UTO €CIIU MBI OYJIEM pac-
CMaTpUBaTh HaIPSKEHHO-AE(HOPMUPOBAHHOE COCTOSHUE MAcCCHUBa BOKPYT
BBIPAOOTKM Ha JOCTaTOYHOM YAAJICHUU OT €€ TOPIIOB, TO BCE CEUCHMUS,
NEPIEHANKYISIPHBIC MPOI0JIHHOM OCH BBIPAOOTKH Z, OyIyT HAXOJIUTHCS B
OJIMHAKOBBIX YCIIOBHUSIX.

) 6)
0 X
0 =
57;? N § X
Y\

!
Y
Puc. 2.8. ITnockoe neopMupoBaHHOE COCTOSHUE

KomnoneHThl mepeMenieHnii U U v He 3aBUCSAT OT KOOPJAWHATHI Z W
ABJSIOTCS GyHKIMAMU KoopauHAT X u Y. IIpoaosibHBIE TIepeMeIeHus @
IpU 3TOM pPaBHbI HyJIKO. Takoe HANpsHKEHHOE COCTOSHUE HA3bIBACTCS
IJIOCKOM nedopmanmei.

[IprHMMas Bo BHUMaHuEe coOoTHOMEHHME (2.18), momyuum

ov Ow ou Ow ow
= =0, yyy=—+—=0, g, =—=
oz oy 0Z OX 0z

IIpomonbHble HATIPSDKEHKMS G, MOXKHO IOJIy4YMTh, UCIIONbL3Ysl 3aKOH ['y-
Ka (2.22).

0.
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oy —,ukax + O'y)= 0,
WITH
o7 = ,u(ax +ay).

OTU HOpMaJlbHbIE HAMPSHKEHUST ACHCTBYIOT 1O BCEM IMOIEPEYHBIM Ce-
YEHUSM, JOCTATOYHO yAAJICHHBIM OT TOPIIOB BBIPAOOTKH.

Takum oOpa3oM, 3ajada O IUIOCKOHW Aedopmalnuu, Kak M 3ajada o
TUIOCKOM HAIpsi’KEHHOM COCTOSIHUHU, CBOJUTCA K OMPENEICHUIO KOMIIO-
HEHTOB HANPSUKEHUH Oy, Oy U Tyy, KaK bynkumit X u Y.

DT0 00CTOATENHCTBO, KaK OyJIeT MOKa3aHo Jaliee, CYIIECTBEHHO YITPO-
I1aeT 3aJja9y ¥ TIO3BOJISET MOJIYYUTh €€ PEIICHUE B 3aMKHYTOM BHJIE, TO €CTh
B BHJIC KOHCUHBIX (DOPMYIL.

OaHOOCHOE HAMPSIKEHHOE COCTOSTHUE XapaKTEPHU3YETCs OJHUM KOM-
MIOHEHTOM HAIPsHKCHUH U COOTBETCTBYIOIIUM €My KOMITOHEHTOM Jiedop-
Mmanuu. OHO pean3yeTcsl B CTEP)KHEBBIX cHCcTeMaX. B 3amagax MeXaHUKH
MOJI3EMHBIX COOPYKEHUU TaKOe HaIpsKEHHO-AC(HOPMUPOBAHHOE COCTOS-
HUE BCTPEYACTCS IMPH pacueTe KOHCTPYKIIMH Kperu TOPHBIX BBIPAOOTOK,
paznuuHbIX Pepm, Oaok.

2.4. IndppepenunanbHbie ypaBHEHUsS] PABHOBECHS

PaccmoTprM paBHOBECHE MAIOro JIEMEHTAPHOTO MapajuIeNIeUIEaa C
pa3MepamMu BIOJb oceli X U Y COOTBETCTBEHHO Ax, Ay, b ¥ TONIIUHOM,
PaBHOU €IUHUIIE.

O003HauYMM IUIOHIAJKH, HA KOTOPBIX JEUCTBYIOT HANPSKEHUS, NHICK-
camu 1,2,3,4. C yueToM W3MEHEHUS HANPSHKEHUNA B IMTPOCTPAHCTBE, HAIPSI-
KEHUs, HAIIpUMep, Ox Ui TpaHeid | u 3, He CTporo paBHBI APYr JIPYTY.
CuMBONBI Ok, Oy, Tyy, OTHOCATCS K T.O (X,Y) B IIEHTpE MPSMOYTOJIHLHUKA Ha
puc. 2.9.

3HaueHUs HaNPsKEHUN MocepeIMHe TpaHel OyjieM 0003HayaTh 4yepes
(ox)1, (0x)3, 1 1.1. [TocKONBKY TpaHW MPSIMOYTOJIbHUKA MaJbl, TO YCHIIHS,
NPWIOKEHHBIE K HUM, ONPEIEIATCA IMyTEM YMHOXEHHUS COOTBETCTBYIO-
IMX HaNpPsHKEHUM HA IUIOIIAAb TPAHEW, IO KOTOPBIM OHU JEUCTBYIOT.
MaccoBble CHIIbl B JAHHOM CJIy4ae UMEIOT TOT K€ MOPSAOK, YTO U HaIps-
xeHus. O003HaUMM KOMIIOHEHTBI MacCOBBIX cuil uepe3 X u Y, Torjia ypas-
HEHUE PaBHOBECHS CHUJI, AEHCTBYIOIIMX MapajuieIbHO OCU X, OyAeT UMETh
BU/I:

(ox 1Ay —(ox )gAy + [rxy ), Ax = zxy ), Ax+ Xaxay =0,
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WJIH, TIOCJIE JICJICHUS BCEX WICHOB ypaBHEHUS Ha AXAY,

(Gx)l—(gx)3+(fxy)2_(rxy)4 L X =0. (2.25)
AX Ay

~
Q

<

N

x---

(0x); | 0y _ ’ (%),
3 X 1

(T yv)3 y (1: vx) ]

Ay

(o),

(6v);

y

Puc. 2.9. K BoiBOAY mudPepeHnanbHbIX ypaBHEHU PaBHOBECHUS B
CUCTEME MPSIMOYTOJIbHBIX KOOPAWUHAT

Ecnu Tenepbh yMEHBIIUTH pa3Mepbl AJIEMEHTAPHOTO Mapalijiesenue-
na, moyokuB AX—0 u Ay —0, TO, COTJIaCHO ONPEICIICHUIO MPOU3BOTHOM,

oy h—\o oo
IPEIEI BBIPAKEHUS ( X)lA ( X)?’ OyIeT paBeH a—x, a BTOPOM WICH
X X
81Xy
ypaBHeHuUs (2.25) cTaHET paBHBIM v AHaJIOTUYHBIE BBIPAKEHUS MOJTY-
y

YHUM, POCIUPYS BCE CUIIBI HA OCh Y,
Takum o6pa3zoM, OyieM UMETh

oo. OT
X+ Xy+X:O,

OX oy

(2.26)
ooy Oty
Yy~ ¥ v -o
oy OX
D10 ¥ ecTh ABa auddepeHInanbHbIX YpaBHEHUSI PaBHOBECHUS JJIs
JBYXMEPHOM MIOCKOU 3aJauM.
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[IpakTyeckn BO BCEX 3a/lauaX N€OMEXaHWKH €JUHCTBEHHOW Macco-
BOW CWJIOW SIBJISIETCA BEC TOpHBIX nopoh. Torna, HampaBuB och Y BHU3 U
0003HaYMB 4Yepe3 )y O0OBEMHBIM BEC TOPHBIX Mmopoxd (y = 709 ), TOJIy4UM

ypPaBHEHHUS PABHOBECUS B CIEIYIONIEM BUJIE:
oo, OTy oo OTy
X, X _ 0: Yy X
OX oy oy OX
OdyeHb MHOTHE 337]a4d MEXaHUKH TOPHBIX MOPOJ] yI00HO peliaTh B MO-
JsipHOU cucteme koopauHat (I, 6), B KOTOpOH KOMIIOHEHThI HAMPS>KEHUM

UMEIOT 0003HAYCHUS Of, 09 U Tro. (puc. 2.10).

0

y =0. (2.27)

X

<
\\\ 16 ((59)4

y

Puc. 2.10. K BeiBony AnddepeHumanbHbiX ypaBHEHUI paBHOBECHS
B MOJISIPHBIX KOOPJMHATAX

Mexny HanpsKeHUsMH, 3aIIUCAHHBIMU B TIOJISIPHOM U MIPAMOYTOJIbHOU
CUCTEME KOOPAMHAT, CYLIECTBYIOT CIIEIyIOUIME (DYHKIIMOHAJIBHBIE COOT-

HOIICHUA
2 :
O =0y COS™ 0+ oy sin
.2 2 :
=0y Sin 0+ay cos Q—ery sin &cos o, (2.28)

2 O+ 2er sin &cosd,

%9

T = (Gy —ox)sin «9C0$6’+rxy(0032 0 —sin? j

[Toncrapmss (2.28) B (2.27), monyuum auddepeHimaibHoe YpaBHEHNE
paBHOBECHS B MOJISIPHOM cHUCTEME KOOpPAUHAT
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0 ot oy — O
O-r+£ ro ' ‘9+ysin0:0,
o r 06 r

(2.29)

180'0 Grre Zfre

— + + +ycosf =0.
r o0 or r

B ciaydae monsipHO-cuMMeTpudHO# 3anauu (7r¢—0) U Mpu OTCYTCTBUH

MaccoBbIX cui (y=0) ypaBHeHus paBHOBecHs (2.29) CBOIATCS K OJHOMY,

0oJee mpocToMy

0 (2.30)

2.5. YpaBHeHHe COBMeCTHOCTH Aedopmanuii

OnpeneneHne KOMIIOHEHTOB HANPSHKEHUH, BO3HUKAIOUIUX BOKPYT
TOPHBIX BBIPa0OTOK, SIBJIAETCS OJTHOM M3 OCHOBHBIX 3a/1a4 MEXaHUKHU TOp-
HBIX TTOpoJ. B ByxMepHOil 3ajaue HEOOXOAUMO JI 3TOTO PEMIUTh AU(-
(depeHumanbHble ypaBHEeHUd paBHOBecus (2.27) wim (2.28) Takum oOpa-
30M, YTOOBI YAOBJIETBOPSUINCh TPAHUYHBIE YCIOBUS. OHAKO 3aMETHUM, YTO
KOMIIOHEHTOB HAINpPSHKEHUN TPU, a YpaBHEHUN paBHOBECHUS — JIBAa, TO €CTh
3a/1aya SIBJSIETCA CTaTUYECKH HeonmpeaeanuMon. YToObl MOMy4YUTh €€ pellie-
HHE, HE0OOX0MMO PacCMOTPETh YIPYTYIO Aeopmaliuio Tena.

CootHomeHnsa Ko npyuMEHUTENBHO K IIOCKOM 3aJadye UMEIOT Clie-
YOI BUI:

_ou, _ov ou  ov

gx—ﬁx, Ey—g; 7xy:5+&1 (2.31)
ou ov v ou u ov
0 "0 T ar v "o Y077 vao (&:32)

3aMeThM, 4TO TPU KOMIIOHEHTa AePOpMAIMK BBIPAXKAIOTCS Yepe3 JIBE
¢yHKIMK U ¥ V, TO €CTh OHU HE MOTYT BBIOMPATHCS MPOU3BOJIBHO: MEXKIY
KOMITOHEHTaMu JiepopmMaluy 0JKHA CYIIECTBOBATh OMpe/eiIeHHasT B3au-
MOCBSI3b. {7151 TOro, 4TOOBI YCTaHOBUTH €€, PoaudPepeHIIpyeM ABAKIbI
nepBoe u3 ypaBHeHui (2.31) mo Yy, BTOpoe 1o X, a TpeThe OJIMH pa3 1o X, a
BTOPOM - IO Y 1 MOJIYYHM CJIEAYIOILIEE BhIPAXKECHHUE:
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azgx (’325y - 827xy
5 T 5 = :
oy OX OXoy
Huddepenunanpbaoe cooTHomieHue (2.33) Ha3bIBacTCS ypaBHEHHEM
coBMecTHOCTH Aedopmanuii. OHO NOJDKHO YJOBJIETBOPATHCS TMPH IOJ-
CTaHOBKE KOMIIOHEHTOB jAedopmaiiuii, 4ToObl 00ECIIEYUTh CYIIECTBOBAHUE
(GyHKIMI U ¥ V, CBI3aHHBIX ¢ KOMIIOHEHTaMu Jedopmalnuii ypaBHEHUSIMHU
(2.33).
®u3nvecKn yCI0BUE COBMECTHOCTH AedopMariuii MOXHO OOBSICHUTH
ciaeayromuM obpazoMm. Eciu npsMoyroipHy IUIACTHHY YCJIOBHO pasie-
JUTh Ha MAaJICHbKUE MPSIMOYTOJBHUKHA JIMHUSIMH, NapaJICIbHBIMUA €T0
CTOpPOHaM, a MOTOM AehOpMHUpPOBaTh €€ B 3aUKCHPOBATH 3TH Jedopma-
IIMU, TO, BBIPE3aB 3aTE€M MajeHbKHE 1e(OPMUPOBAHHBIE MTPSIMOYTOJIBHUKH,
CJI0KUTh WX OOpAaTHO MOXKHO TOJBKO 3HAas 3aBUCHMOCTb, COIJIAaCHO KOTO-
poi nedhopMaliy nepeiaroTcs OT OJTHOTO MPSIMOYTOJIBHUKA K CMEKHOMY C
HUM. JTa 3aBUCUMOCTb U €CTh YCJIOBHUE COBMECTHOCTH AchopMariuii.
Hcnonws3yss COOTHOIIEHUS 3aKkoHa ['yka [jid HCClIeIyeMoro BHJIA
IJIOCKOTO COCTOSIHUS, YCIOBHE COBMECTHOCTH MOXXET OBITh TIEPEIHCAHO B
HanpspkeHusax. C He3HAYUTEIbHON TOTPEIIHOCTHIO U I TIJIOCKOU Aedop-
MaIliM, W ISl TJIOCKOTO HAIPSIKEHHOTO COCTOsIHUS [43] ypaBHEHHE COB-
MECTHOCTH, BBIPAKEHHOE 4YE€pe3 KOMIOHEHTHI HAIpPSHKEHUM, MPU OTCYT-
CTBUH MAaCCOBBIX CHJI HUJIM UX IMOCTOSHCTBE MMEET BU/I

(2.33)

2 2
0 0
% oy +oy)=0, (2.34)
ox% o2 ( X y)
or 52
rae ;+? - onieparop Jlamiaca.

B nonspHO#l cucTemMe KOOpAMHAT YPABHEHUE COBMECTHOCTU MOKET
OBITH 3aMKMCAHO CIEAYIOIIUM 00pa3oM:

? 10,1 0

ord ror 2 gp2

MoKHO MoKa3aTh, 4TO B Cly4ae MOJAPHO-CUMMETPUUYHON PaCUETHOMU

cxeMbl ypaBHeHUs (2.34) u (2.35) CBOAATCS K MIPOCTOMY BBIPAKECHUIO
Oxtoy=0r+0, =2p,

(O'r +0'9)=O. (2.35).

TZIE p — UHTEHCUBHOCTh BHEIIHEW HArPy3KHU.

VYpaBHEHHsT paBHOBECHS M COBMECTHOCTH JedopMaiuii MO3BOJISIOT
peluTh 3a7a4y 00 OmpeaeeHUd KOMIIOHEHTOB MOJISI HANPSKEHUI B 3a-
MKHYTOM BUJIE.
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NHTepecHO OTMETUTH, UTO TOJIyYEHHbIE YPABHEHUSI HE COJIEpkKAT Me-
XaHUYECKUX XapaKTEPUCTUK MaTepHayia. DTO 3HAYMT, YTO paclpeecHue
HaIpPsOKEHUM B JTI00BIX 00BEKTaX, €ciiu (popMa UX U BHEIIHUE YCUIIUSI COB-
najarT, OJUHAKOBBI JJIs JIIOOBIX M30TPOIHBIX MaTepuayioB. JlaHHOe 3a-
KIIFOYeHHEe 001agaeT OonbIoN BakHOCTBHIO. Kak OymeT mokaszaHo jgaiee,
JUISl HEKOTOPBIX MPO3PAvYHbIX MAaTEPUATIOB, TAKUX KakK IEJUTYJIOW[, arap-
arap, *eJaTUH U Jp., HAMPSIKEHUS MOKHO OMPEIEIUTh dKCIEPUMEHTAIb-
HO, MCIOJIb3YS MOJSPU30BAHHBIN CBET, & 3aTEM MEPEHOCUTh MOJYYCHHBIC
pe3yJIbTaThl HA TaKue K€ Mo popmMe 0OBEKThI, HO CIICJIAHHBIE U3 JAPYroro
MaTepuaia, HalpuMmep, CTajld, TOPHON MOPOJIBI U T.I1.

2.6. 'pannyHbIe yC10BUA

YpaBHEHUsT paBHOBECHUS NOJDKHBI YAOBIECTBOPATHCA BO BCEX TOYKAX
ucciaeayeMoro Tena. Ilpu MOCTMIKEHUMH TpaHUIl OOJACTH KOMIIOHEHTHI
HaAMPSKEHUN TOJDKHBI ObITh TAKMMU, YTOOBI OHM HaXOJWJIUCh B paBHOBE-
CHHM C BHEIIHMMH CWJIaMH, NPWIOKEHHBIMU K TpaHuie. B cuiry 3toro
BHEIIHUE CHJIBI MOXKHO PaccMaTpuBaTh KaK MPOJIOKEHUE BHYTPEHHHUX
HAIPSKEHUM.

PaccMoTpuM Mallyr0 TpEYTOJIBHYIO NPU3MY, TAKYHO, YTO €€ THIOTEHY3a
COBMNAJAET ¢ rpanuneit tena (puc 2.11).

Puc. 2.11. K onpeneneHnio rpaHUYHbIX YCIOBUM
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O003HaYnM Yepe3 X W Y KOMIIOHEHTHI ITOBEPXHOCTHBIX CUIT P, OTHE-
CEHHBIX K €IMHULIEC ITOBEPXHOCTU B 3TOM TOUYKE I'PAHULIBI. Y DPABHEHHUS PaB-
HOBeCHsI OyIyT UMETh BUJL:

Y:|0X+mrxy, Y :m0y+|ryx, (2.36)

rae |, m — HampaBsoIKe KOCHHYChI HOPMAJIA vV K I'PaHUIIE.

B wactHOM citydae paccCMOTpEHHUsI paBHOBECHS MPSIMOYTOJIBHOM TIj1a-
CTUHKH KOOPIAWHATHBIC OCH OOBIUHO HAIPABISAIOT MapajlIeIbHO TI'paHsSIM
IJIACTUHKA M TpaHW4YHbIe ycioBusA (2.36) MOXHO ympocTuTh. IlycTs,
HaIlpUMEpP, OJHA M3 CTOPOH IIACTHHKH IMapajuielibHa OCH X, TOTAa HOP-
MaJlb v Ha 3TOW YacCTH IrpaHUILl OyjaeT mapamieiabHa ocu Y; orcroma 1=0,
m=1. YpaBHenus (2.36) B 3TOM ciTyuae MpUMyT BU/I;

X = TTyy Y = toy. (2.37)

npuyeM 3HaK (+) Oepercss B TOM cily4ae, €ClIu HOopMajib Vv MpPOBEJACHA B
CTOPOHY TOJIOKUTEIBHBIX 3HAUYCHU Y; B IPOTHUBHOM Cliydae OepeTcs 3HaK
(-). 3 mocneauux Gopmys1 BUAHO, YTO KOMIIOHCHTHI HANPSOKEHUH Ha Tpa-
HUIIC paBHBI KOMIIOHCHTaM MOBEPXHOCTHBIX YCHJIMH, OTHECEHHBIX K €H-
HULIE TUIOLIAIA TPAHULIBI.

buozpagpuueckan cnpaska

1. Scuncknii, ®equkc CranuciaaBopuu (1856-1899) —
PYCCKUI WHXKEHEpP, M3BECTHBIM CIEHHAJIUCT B 00JacTU
CTPOUTEIIBHOM MEXaHUKU. ABTOpP TMPHUKIATHON TEOPHUHU
YCTOMYMBOCTH CKATBIX CTEPKHEM.

2. Musec, Puxapa (1883-1953) — wu3BecTHBIM HEeMEIKHIA
YUEHBI, MaTEMaTUK U MeXaHUK. OCHOBHbIE pabOThl OTHO-
CATCA K NIPUKIATHOW MEXAHUKE, TEOPUU BEPOSITHOCTEN H
a’poarHaMUKe. ABTOp (PEHOMEHOJOTUYECKON TEOPUU MPOY-
HOCTH TBEPABIX TE.
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Konmponvuvie éonpocwt u 3a0anus
1. Yro Ha3bIBaOT «(HU3NUYECKH MAJIBIM JIEMEHTAPHBIM 00be-

2. Buem cytb cootHomienus ®.C. Scunckoro?

3.  HazoBuTe BUIbI HANIPSKEHHOTO COCTOSHUA.

4.  YTo TaKoe «TEH30p HAIPSKEHUS» U «TEH30p AchopmaIum»?

5.  CdopMmynupyiiTe «3aK0H yIIPyroro u3MeHEeHHs o0beMa» U «3a-
KOH yIPYroro U3MeHeHUs (PopMBD».

6. 3anumwure 06001meHHBIN 3aK0H ['yka u cooTHommeHus Komu.

7.  YeM oTiM4aeTCs MIOCKOHAMPSIKEHHOE COCTOSIHUE OT TUIOCKO-
nehopMUPOBAHHOTO?

8.  3anummuTe ypaBHEHHE PAaBHOBECHS B MIPSMOYTOJIBHON CUCTEME
KOOPAMHAT, (B MOJISIPHOH).

9. B ueM cocTouT GMU3UICCKUIA CMBICI yPaBHEHUS COBMECTHOCTH
nedopmartuii?

10. Kak ¢popmynupyroTcsa rpaHUYHBIC YCIOBUS B 3a7a4ax reomexa-
HUKH?

11. Kak ucnosib3yroT Ha PaKTUKE (PaKT OTCYTCTBHS B YPABHEHUAX
PaBHOBECHS ITPOYHOCTHBIX U Ie(POPMAIIMOHHBIX XapaKTEPUCTUK?
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