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1 O06ue cBeIeHU M OCHOBHBIE IMOHATHSA.

OCHOBHBIE XaPAKTEPUCTUKHU U TPeOOBAHUA, PeAbIABJsieMbIe K U3/1e-
JUAM MamInHocTpoenusi. Kpurepuun padorocnocod0HoCTH.

Bce coBpeMeHHbIE KOHCTPYKIIMH, MAlIUHBI, TPUOOPHI U COOPYKEHUS W3-
rOTaBJIMBAIOT WJIM CTPOSIT MO 3apaHee pa3pabOTaHHBIM MpoekTaMm. B mpoekte
YKa3bIBAIOTCS BCE pa3Mephl 3JIEMEHTOB KOHCTPYKIIMI U JieTajaeil MaliuH, HeoO-
XOAUMBIX JUJISl U3TOTOBJICHUS, UX MATEPHUAJIbI, @ TAKXKE ONMKUCAHUE TEXHOIOTUU. B
POIIECCE MPOCKTUPOBAHUS OMPEAEISAIOTCS pa3Mepbl AETaleh, BXOASIIUX B CO-
CTaB MAIlIMHbI, KOTOPBIE 3aBUCST OT Psifia yCIOBUM U 00CTOATENHCTB, B TOM YUCJIE
OT CBOMCTB MaTepuaja U3JIeJIUs U OT IPEANOIaraéMbIX BHEIIHUX BO3/ICMCTBUIM.

JIro0as mMammHa Wi KOHCTPYKIIMS JTOJDKHA 00J1a1aTh HAJEKHOCTHIO TIPH
AKCIUTYaTaluu U ObITh SKOHOMUYHOM.

DKOHOMUYHOCTh B 3HAUUTEILHON MEpPE OMPEAECTAETCS PACX0I0M MATEPH-
aja, MPUMEHEHUEM MEHee NEePUIUTHBIX KOHCTPYKIIMOHHBIX MaTepUalioB, BO3-
MOHOCTBIO M3TOTOBJICHUS JeTajeil Mo HauOojee MPOrPECCUBHBIM TEXHOJO-
rusiM. Haze)xkHOCTh KOHCTPYKIIMU O00ECIIeYnBACTCS, €CIIU OHA COXPAHSIET NpoU-
HOCMb, HCECMKOCMb U YCMOUYUBOCMb TIPU TAPAHTUPOBAHHOMN JOJITOBEYHOCTH.

Ilpounocms - 3TO0 CIOCOOHOCTH AJIEMEHTa KOHCTPYKIIUU COMTPOTHUBISATHCS
paspyuienuro Ipu AEUCTBUYM HA HEE BHEIIHUX CUJI (HArpy30K).

Kecmkocms - ciocOOHOCTD 3JIEMEHTA KOHCTPYKITUU COMTPOTUBIIATHCS Oe-
Gopmayuu.

Ycmoituueocms - CBOMCTBO CUCTEMBI COXPAHATH CBOE HAYAIBHOE paGHO-
8ecHoe NoJlodCeHue TP BHEITHUX BO3/ICMCTBUSX.

Jlonzoseeunocms KOHCTPYKIIMU COCTOUT B €€ CIIOCOOHOCTU COXPAHSTH He-
00XOMMBIE IJI5 KCIUTyaTallui CBOMCTBA B TCUYCHHUE 3apaHee IPETyCMOTPEHHOTO
OTpE3Ka BPEMEHH.

Kuaaccudukauuss BHEIIHUX CHJL.

BHemnue cunbl, IEMCTBYIOIIUE HA DJIEMEHT KOHCTPYKUMH, MOAPa3ECIs-
I0TCSl Ha 3 TPYMIIbI: COCPEIOTOYEHHBIE CUIIbI, pacipeeiCHHbIE CHIIbl U 00BEM-
HBIE WJIA MACCOBBIE CHUJIBI.

CocpeoToueHHbIE CUIIbl — CHUJIbI, JIEUCTBYIOIIUE HA HEOOJBIINX y4acT-
KaxX MOBEPXHOCTH JACTAIH (HaIpuMeEp, JaBJICHHUE IIAPUKA APUKONOAIIUITHUKA
Ha BaJl, JaBJICHUE KOJIeCa Ha PEJIbChI U T.I1.).

Pacrnipenenennpie CUibl TPUIIOKEHBI K 3HAYUTEIBHBIM YYaCTKaM IMTOBEPX-
HOCTH (HampuMmep, JaBjeHUE Tapa B MapomnpoBojie, TPyOoIrpoBoe, KOTJIE, JaB-
JICHHE BO3/yXa Ha KPbUIO camoJjieTa U T.1.).

OOBbeMHBIC UM MAaCCOBBIE CHITBI IPUJTOKEHBI KaXK/IOM YacTHIIe MaTepuaia
(HampuMep, CUJIBI TSHKECTH, CUITBI MHEPIIUHN ).

OcHOBHBIE TOIYIICHUS.



[Ipeanonaraercs, 4ToO Bce MaTepuasbl 00J1aJal0T TAKUMH CBOMCTBAMU, YTO
MOT'YT CUMTATbCS OJHOPOJHBIMH, CIUIOIIHBIMU, W30TPOIHBIMH, AHU3O0TPOII-
HBIMH, J1Ie(POPMUPYEMBIMH, YIIPYTUMHU.

O0HOpOOHbIMU HA3BIBAIOTCS MaTE€pHUalbl, KOTOPbIE UMEIOT OJMHAKOBBIC
CBOKMCTBA BO BCEX TOYKAX TEJIA.

CnaownblmMy Ha3bIBAIOTCSA MaTEPHUAIbI, Y KOTOPBIX HEMPEPBHIBHO 3aII0JHEH
OTBEIEHHBIN UM 00BEM.

H3omponnvimu HA3bIBAIOTCS MaTepHalbl, KOTOpble 00JaJaloT BO BCEX
HaIIPABJICHUAX OJUHAKOBBIMU CBOMCTBAMHU.

AHuzomponnbimMuy Ha3bIBAIOTCS MaTEPUAJIbl, CBOMCTBA KOTOPBIX B PAa3HBIX
HAIPABJICHUAX PA3JIUYHBI.

HHepopmupyemocmoro Ha3bIBA€TCSI CBOMCTBO TEJ U3MEHSTH CBOM Hadajlb-
HbIE pa3Mepbl U (opMy O] ACHCTBUEM BHEIIHEN HArpy3KH.

Ynpy2zocmuvio Ha3pIBa€TCSA CBOMCTBO TEJ BOCCTAHABJIMUBATH CBOU IEPBOHA-
yasbHbIe (POPMY U pa3Mephl MOCIE CHATHUS HATPY3KHU.

IToMuMO paccCMOTPEHHBIX BBIIIE JOMYIICHUN BBOJUTCS PSAJI TUIOTE3, MO3-
BOJISIFOIUX 3HAYUTEIBHO YIIPOCTUTH PACYET.

Ilpunyun nezagucumocmu deiicmeus cui (IPUHLNI CYTIEPIIO3UIUN): Pe-
3yJlbTAaT COBMECTHOTO BO3/IEUCTBUS HECKOIBKUX CUJI paBEH CyMMe (anredpanye-
CKOM MJIM F€OMETPUUYECKOM ) PE3YIbTATOB BO3AEHCTBUS KaXK10M U3 HUX B OT/IEJIb-
HOCTH.

Ilpunyun Cen-Benana (MpyUHIUT JJOKAJBHOCTH): HA JJOCTATOYHOM yAaJie-
HUU OT MECTa MPUJIOKEHUS HArPY3KU KOHKPETHBIN CIIOCO0 OCYIIECTBIECHUS ITOU
HAarpy3KHd MOKHO HE YUUTBHIBATb.

T'unomesa bepuynnu (runotesa IJIOCKUX CEYEHUM ): MONEPEYHbIC CEYSCHUS
Opyca, JII0CKHEe U HOpMaJbHBIE K OCH Opyca 0 MPUJIOKEHHS K HEMY Harpy3KH,
OCTAarOTCA MIIOCKMMHU U HOPMAJIBbHBIMU K €TI0 OCH IPU JCUCTBUU HATPY3KHU.

YnpoumeHus B reoMeTpu pPeajibHOr0 00beKTa.

Bce sneMeHThl KOHCTPYKIIUH, YCIOBHO JIENSATCSA HA TpU TUma: Opyc, mia-
CTHHY, 000JIOUKY.

bpycom na3biBaeTcs 3JI€MEHT, JJIMHA KOTOPOTO 3HAYUTENBHO OOJIbIIIE €ro
IIOIIEPEYHBIX pa3MepoB. [ eoMeTpuuecKkoe MECTO TOYEK, COBNAJAOIINX C LIEH-
TpaMH TSDKECTH TUIOLIAJCH TMOMEpPEeUHbIX CEeYeHUil Opyca, Ha3bIBACTCS OCHIO
opyca. bpyc, paboTarIMil TPU PACTSIKEHUU, Ha3bIBACTCS CHIEPHCHEM, TIPU U3-
rule — fanKoil, Ipu KPyuYeHUU — 6AIOM.



Puc. 1
DJIeMEHT KOHCTPYKIIUM, OOpa30BaHHBINA JBYMSI MOBEPXHOCTSIMU, OTCTOSI-
IIMMU APYT OT JpyTra HA MAJIOE PACCTOSHUE, HA3bIBAETCA 000104KOMU.
O6onouka, cpeIMHHAS TTOBEPXHOCTh KOTOPOM MPEACTABISICT COOON TIIOCKOCTbD,
Ha3bIBACTCS NJAACMUHOI.
DJIEMEHT KOHCTPYKIIMU, Pa3MepPbl KOTOPOTO BO BCEX HAMPABICHUSIX MaJo

OTJIMYAKOTCA IPYT OT APYTra, HA3bIBACTCS MACCUBOM.

BuyTrpeHHue cuiibl. MeToa ceyeHu .

Buaytpu noboro Marepuasia UMEIOTCS BHYTPEHHHE MEXATOMHbBIC CHUJIBI.
Ecnu x TBepnomy Teny (puc. 1,a) mpuiIoKUTh BHEIIIHUE CUJIBI, TO OHO OyJAET Je-
dbopmupoBatbcs. [Ipu 3TOM U3MEHSIOTCS PACCTOSIHUS MEXIYy YacTUIlaMU Tea,
YTO B CBOK) OY€peJb NPUBOJUT K MU3MEHEHUIO CUJ B3aUMHOTO MPUTSIKCHUS
Mexay HUMU. OTCrOJIa, KaK CIEACTBUE, BOSHUKAIOT BHYTPEHHUE ycunud. [
ONPEJECICHNS BHYTPEHHUX YCUIMHM UCIIOJIB3YIOT METOJ ceueHus. [ 3Toro temo
MBICJIEHHO PAaCCEKAIOT MNIOCKOCTHIO U PACCMATPUBAIOT PABHOBECHE OJHOM U3 ETO
yacter (puc. 1,0). Metoa cedeHuil MO3BOISET BBISIBUTH BHYTPEHHUE CHIIOBBIC
(bakTopbl, HO JJIsl OIEHKH MPOYHOCTH HEOOXOJMMO 3HATh BHYTPEHHHE CHUJIbI B
000 Touke ceueHus. C 3TOM 11eJ1bI0 BBEAEM YHCIIOBYIO MEPYy HHTECHCUBHOCTH
BHYTPEHHHUX CHJI — HAIIPSKCHUE.



IlonsiTue 0 HANMpPsKeHUAX. BblIeINM B CeUYeHHE IUIOMIAAKY Pa3MepoM
AA. PaBHOJEHUCTBYIONIAsA BHYTPEHHUX CHUJI, ACHCTBYIONIMX HA IJIOMIAJKY paBHA
AR, MOyIb KOTOPO# 3aBUCUT OT pa3Mepa BbIJICIICHHOM TuIomaaku. PaBHoaei-
cTByrolyt0 AR paznoxxum Ha aBe coctapisitoniye: AN - HanpaBIEHHYIO TTO HOP-
MaJiy K 1iomajake u AT - 1efCTBYIONIYIO MO TUIOIIAJIKE.

AR
OTHolIEHHE — = pcp Ha3bIBACTCA CPCAHHUM HAIIPSKCHUCM I10 IIOIIAAKE

AA. Bektop cpeaHero HampspKEHHs! COBIIAIAET MO HAIpPaBJICHUIO C BEKTOPOM
paBHOeHcTBYIOIIEH AR .

[Tpu ymenbiiennu maomaaku AA U3MEHSI0TCS KaK MOYJIb, TaK U HalpaB-
JIeHHe paBHOJEHCTBYOIIEH AR, @ BEKTOP P, MPHOIMKACTCS K HCTHHHOMY 3Ha-

YEHUS 3HAYEHUIO HANPSDKEHUST P B 3aJaHHOM TOYKE.
HuciioBoe 3HaUEHNE UCTUHHOTO HANPSIKEHUsI BBIPAXKACTCSA PABEHCTBOM

|o—limA—R
M0 AA

. AN
OtHomeHre |jm —— = G HAa3bIBAETCSI HOPMAJIbHBIM HAMNPSIKECHUEM, a OT-
AA—0

. AT
HOIIICHUC Ilm —— = T Ha3bIBACTCs KaCaTCIbHbIM HAIIPSKCHHUCM.

AA—O

3aBHCHMOCTb MEKAY P, G U T UMeeT BH P =\ o° +1° .

Buasl nepopManmoHHBIX COCTOAHMU. B pe3ynbrare npuBeICHUS BHYT-
PEHHUX CWJI K LEHTPY THKECTU CEUEHHUs, B OOIIEeM cilydyae MOoJIy4aeMm IIEeCTb
BHYTPEHHUX CUJIOBBIX (DAKTOpOB: MpoaosibHYt0 cuiy N, MonepedHble CUJIbI
Q, u Q,, kpyTsiumii MomeHT T u nsrubarontye Momentsl M, u M, (puc. 2).

B 3aBucuMOCTH OT IEMCTBYIONIUX BHYTPEHHUX CHJIOBBIX (DAKTOPOB pa3iu-

4aroT BUJIBI HATPY>KEHUs Opyca.
Pacmsaocenue — corcamue — Korga B IMONEPEYHOM CEUYEHHM JIEMCTBYET

TOJIBKO TIpoAoJibHasg cuia N .
Yucmolil cosue — KOrjaa B IONEPEYHOM CEUYEHUH JEHCTBYET TOJBKO MOTIe-

peunas cwia Q, wm Q,.
Kpyuenue — xorjga B MONEpPEYHOM CEUCHHUM JICHCTBYET TOJBKO KPYTSIIUI

MOMEHT T .
Lpsamoti wucmoiil u3eu6d — KOraa B MONIEPEYHOM CEUYEHUHU JAEHCTBYET TOJIHKO

nsrubaromuii Momenr M, nmm M, .
IIpsmou nonepeunsviii uzeubd — KOrja B MONEPEUYHOM CECYEHHUM JCHCTBYIOT
TOJIBKO nonepedHas cuina Q, u usrubarommit Moment M, nnu Q, u M,.
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2 PacrsiskeHHe-cokaTHe

HopmaabHas cuia. [Ipu pacTsokeHnn WM ckaTue B MONEPEYHBIX CeYe-
HUSAX Opyca BO3HUKAET TOJBKO OJIMH BHYTPEHHHI CHUIOBOM (haKTOp — HOpMaJb-
Hasg cuna N (puc. 3). bpyc uMeer nBa XxapakTepHbIX y4yacTka. s onpeaeneHus
HOpMalIbHOM cmiibl N Bocmosib3yeMcs MeTonoM cedeHus. Ha paccrosHun Y,

IPOBEJIEM CEYEHHE HA NMEPBOM YyUaCTKE U PaCCMOTPUM PaBHOBECHE OTCEYEHHOU
gacTu (puc. 4). Hopmanenyto cuny OyzieM Bcerza mokasblBaTh OT CEYEHUS, YTO
OyJeT COOTBETCTBOBATH PACTsHKEHUIO Opyca.

CocTaBuM yclOBUE paBHOBECHUS HA OCh Y
N, -F =0, orkyma N; =

IIpoBeaem Ha BTOPOM ydacTKe CEYEHUE Ha paccTOsIHUM Y, . PaccmarpuBas
paBHOBecHue oTceueHHOH 4yactu, noaydaeM N, = F. Crpoum smropy HOopmaib-

HBIX CHUII.
HOpMaJ'IbHLIe HaNPAKCHU. I/ICXOI[H N3 ONpCACIICHUS HaAIPSIXKCHUA,
MOKHO 3a1imucarTrb
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Puc. 3

Puc. 4
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I1€ G — HOPMaJIbHOE HAIPSHKEHUE B MIPOU3BOJIbHON TOYKE CEUEHHS.
CornacHo runote3e bepHyiu (runoTe3a MiIOCKUX CEUYEeHH) BCe MPOAOIbHBIE
BOJIOKHA Opyca 1epopMHUPYIOTCS OIMHAKOBO, & 3TO 03HAYAET, YTO HAIPSKEHUS
B IIONEPEYHBIX CEUYCHUSAX OJUHAKOBBI, T.€. G = CONSt .

B sToM cimyvae nomyyaem



N ZGJ. dA, otkyna GZE.
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PaccunThiBast HanpsHKEHUS B KAXKJOM CEUEHUU, CTPOUM SIIOPY HOPMalb-
HBIX HaIPSHKEHUH.

N .
GOZ_’ 61:

A

N N
-, GZZ_

N .
BN Gl/ = '
Al A2 A2

IMepememenus u aedpopmamun. [Ipu pactsokenun Opyca amuHOM | ero
JUIMHA yBEIWYMBaeTcs Ha BenmuuHy Al , a ero nuamerp d ymeHbIIaeTcs Ha Be-
anunny Ad (puc. 5).

Benmuunaa Al HaspiBaercs aOCOMIOTHOW TPOOJIBHON nedopmanmeid, a
Ad — abGconroTHOM oniepedHol Aedopmaruei.

O crenenu nedopMupoBaHUsl Opyca HENb3sl CYAUTh MO 3HaueHusM Al u
Ad , Tak KaK OHH 3aBUCSAT HE TOJBKO OT JCHCTBYIOIINX CHII, HO U OT

d — Ad
R ] F
oo — - -
l _d |
| + Al
Puc. 5

HayaJIbHBIX pa3MepoB Opyca. Jlna xapakrepuctuku nedopmaiuu Opyca BBO-
JSTCS TIOHATHSI OTHOCUTENIbHAS TPOJ0JIbHAS AedopMaliusi € U OTHOCUTEIbHAsS
nornepeyHas aedopmanus €', KOTOPbIe PACCUUTHIBAIOTCS 110 3aBUCHMOCTAM

Al -, Ad
E=—; € =—.
| d
!
€ .
OTtHomieHne | = — HaszbIBaeTcs Kod(phuimeHToM nonepeyHon aepopma-

€
i win ko3 dunrentom Ilyaccona.
J11st GOJIBIIMHCTBA MAaTEPUAJIOB B CTAIUM YIPYTOi 1eOpMALIH BBITTOJIHS-

€TCsl COOTHOLIEHHUE, PeICTaBIsIonee coO0 MaTeMaTuueCKoe BhIpAXKEHUE 3a-
koHa ['yka



o = Eg,

rae E —xoadduimeHT nponopiuoHaIbHOCTH, KOTOPBIN MOJTyYHIT HA3BaHUE MO-
IyJIsl YIIPYTOCTH IEPBOTO POJia.

[ToacTarsis B BeIpakeHHUE 3aKkoHa [ 'yKa G U €, TOTyYUM 3aBUCUMOCTb JJIsI
OTpe/ICJICHUS] A0COIIOTHOTO YJITTMHEHUS Opyca

N Al NI
— =E—, orkyma Al = —.
AT EA
[IpousBenenre EA Ha3bIBaeTCsi KECTKOCTbIO Opyca MpU PACTIKEHHUU
(coxkatunm).

Omnpenenss mepeMeIeHus KaKI0ro CEUeHHS, CTPOUM SIIOPY MPOI0IbHBIX
niepeMelleHni ceueHuit Opyca (puc. 3).

NI NI
Al, =0; Aly =—2: Al, = Al + Al Al,, = —2: Al = Al, +Al,.
0 10 1 0 10 21 2 1 21
EA EA,
PaGoTa BHEIIHUX CHJI M IOTEHIMAJIbHAS JHeprus Aedopmannu.
BHe]_HHI/Ie CUJIBI HpI/I Harpy)I(CHI/II/I COBeleaIOT pa60Ty Ha BBI3BIBACMBIX
uMu niepemenieHusx. Padbora BuenHux cui W nojiHOCTbIO TIpeoOpa3yeTcs B Mo-

TEHIIMATBHYI0 SHepruio Aedopmaruu U nmpu cTaTUYECKOM Harpy>KeHUHU.

1_.. N7
2 2EA

VY nenpHas moTeHIMaIbHAs SHEPTUS JeopMaliuu, HAKOIIJICHHAsI B € IUHUY-
HOM 00BbEME, OIIPEACIISIETCS 110 3aBUCUMOCTH:

U NAlI 1
—=_——=—-0¢.
V. 2AI 2

/Inarpamma pacrsikeHusi. OCHOBHbIE MeXaHUYECKHE CBOIICTBA MaTe-
puaJjia.

HeoOxoaumeble cBeieHUs O Pa3IMUHBIX MEXaHUUYECKUX CBOMCTBAX MaTEpH-
aja MoJiy4aroT SKCIEPUMEHTAIbHBIM yTeM. CaMbIM paclpOCTPAHEHHBIM SIBJISI-
€TCsl UCIMBbITAHUE Ha pacTshkeHue. VcnblTaHue MpOou3BOIAT HA pa3pbIBHOM Ma-
IIMHE cTaHAapTHOTO oOpasia. [Ipu HarpyKeHUur CHUMAIOT MOKa3aHUE PaCTsITH-

10



BaIOIIIEH CUJIBbI U JUIMHY 0Opasiia. 3aTeM CTPOUTCS YCIOBHAs AUarpaMma pactsi-
KEHUSI B KOOpJIMHATaX € W G . HampsikeHue B CEUCHUU ONPEJIEIISIOT M0 3aBUCH-

MOCTH
F

c=—,
A

rae F —cuna HarpyxeHus;
A — TuIomaab MoNepeyHoro ceueHus oopasia.

OTtHocuTenbHas TuHEHHas AedopMalus ONpeaeseTcs U3 BhIPaKEeHUs

e=—,

rae Al =1, —| —otHOCHTENBEHOE yANMHEHHE 00pa3na;
| — mcxomHas mIMHA 00pa3Ia;
|, — nummHA 0Opasua B JaHHBI MOMEHT OTCUETA.

Jluarpamma pacTsKEHUsS JJIsl IUNIACTUYHBIX MaTEpUaioB UMEET BUJI, MOKa-
3aHHBIN Ha puC. 6.

Ha nuarpamme pacTsKe€HHUS MOKHO BBIJCIUTh YEThIPE XapaKTEpHBIC
y4acTKa.

VYyacrtok AB — yudactok nmponopimoHaibHOCTU. Ha 3TOM yyacTke BbINOJ-
HseTCs 3aKOH ['yka

o=c¢E.

Y

Puc. 6

11



VYyactok BC — momanka texkydect. Ha aToM ydactke HaOmromaeTcs
MOJI3y4eCcTh MeTaslia - yIJIMHeHUE 00pa3ia 0e3 u3MeHeHus Harpy3ku. Hampsixke-
HUE, IIPU KOTOPOM IIPOUCXOAUT TEUCHUE 00pa3iia, Ha3bIBAETCS MPEIEIOM TEKY-
4eCTH U 0003HAYAETCH GO ..

Yuactok CB — y4acToK ynpoyHeHus. Ha 3Tom y4yacTke I JajJIbHEUIIETO
yIJIMHEeHUs 00pa3iia He0OX0IMMO YBEJIMUUTh Harpy3Ky.

B touke D mpowucxonut o6pa3zoBaHue meiiku u Ha yuyactke DE mpowncxo-
IUT MECTHOE yJJIMHEeHHe oOpasua. HampspkeHuwe, mpu KOTOpoM oOpasyercs
IIeliKa, Ha3bIBAETCS IIPEJEIIOM IPOYHOCTU M 0003HaYaeTcs G, .

Jomyckaemble HanpsizkeHust. Ha yyactke AB UMEIOT MECTO YIIPYTHE Jie-
dbopmanum, T.e. CHATHS Harpy3Kku oopaszell OyJeT UMeTh IepBOHAYAIbHBIC pa3-
Mephbl. [loaToMy st etaiieil, U3rOTOBJIEHHBIX W3 IUIACTUYHBIX MaTEpUalIOB,
JECUCTBYIOIINE HANIPSHKEHUS HE TOJDKHBI IPEBBINIATH HANIPSKEHUS TEKYYECTH G
. C 3TOH LeNIbI0 BBOJSAT MOHSTHUS JIOITYCKAEMBIX HAIMPSKEHUH, KOTOPBIE PacCyu-
THIBAIOTCS 110 3aBUCUMOCTH:

[o] = 22

[s]

rie [s]— momyckaemblit K03 HUIHEHT 3am1aca IPOYHOCTH, KOTOPEIH 3aBHCHT OT
Ha3HAYEHUS JIETAJIU, TOYHOCTH PacyeTHBIX (OPMYIT U psia Apyrux GhakTopoB.
YciaoBHe NPOYHOCTH U KECTKOCTH KOHCTPYKIMH.
[IpoyHOCTH KOHCTPYKITUU OYyIeT 0OecIieueHa, eciii MaKCUMaJIbHOE Hampsi-
KEHUE B HEW He OyeT MPEBIIATh JIOMYCKAeMOT0 HAMPsIKEHUS

Jly1st Opyca, HCTIBITHIBAIOIIIETO HAIIPSDKEHUS PACTSHKCHHUS, YCIIOBUE ITPOYHO-
CTH OyJIeT UMETh BHI:

GZ%S[GF)]

VYcnoBue KECTKOCTH MPU PACTSKEHUU Opyca OyAeT OnpeensiTbCs 3aBUCH-
MOCTBIO

Al =N o [Al],
EA

rie [Al]- nomyctumas nepopmarus Gpyca.

12



3 FeOMeTquecmle XaAPaAKTEPUCTUKU IINIOCKHUX CeYeHHUH

CraTnyeckne MOMEHTHI ceueHHs. J[r00oe ceueHue Opyca uMeeT ornpeze-
JICHHYIO T€OMETPUYCCKYI0 (hOpMY | ILIOImaas (puc. 7).

Brigennm B ceueHune aieMeHTapHYo Tiomanky dA , mojgokeHne KOTOpoi
OMpPEeICICHO KoopauHaTaMu X v Y. CTaTUYEeCKUM MOMEHTOM CEUYEeHUsI S Ha3blBa-
€TCSl MHTETPaJl 1O IJIOIIAJAH MPOU3BEACHUS JIEMEHTapHOU
IUIOIIA/IKA HAa paccTosiHuE 10 ocu. CTaTUYECKUE MOMEHTBHI CEYEHUS OTHOCH-
TEIHHO OCel X U Y OYyT COOTBETCTBEHHO PaBHbI

S, :IdA- Yi Sy :IdA-x.
A A

Omnpenenenue meHTpa TsKeCTH cevyeHusi. CTaTHUECKUE MOMEHTHI ceye-
HUS OTHOCUTEIIBHO OCEH MPOXOSIIUX Yepe3 LEHTP TSHKECTU PaBHbI HYJIIIO, MO-
ATOMY MX UCIOJIB3YIOT JI ONIPEACICHUS KOOPANHAT IIEHTPOB TAKECTU CEUCHUS.
J{71s1 5TOrO MPOBOASAT BCIIOMOTATENBHBIE OCU X U Y U KOOPAUHATHI IIEHTPA TsKE-
CTU CEUECHUSI OMPEACISAIOT 110 3aBUCUMOCTSIM:

S S
y . X
Xe =— Yo = —.
AT A
y
/ dA
X .
p
y
X
Puc. 7

MomeHTbl HHepUUN cedyeHust. OCeBbIM MOMEHTOM WHEPIUU ceyeHus |
HA3bIBAETCA MHTETPaJ MO IJIOMIAAU TPOU3BEACHNUS SJIEMEHTAPHOM TTOIAIKN Ha

13



KBaJpaT paccTosiHuA 10 ocu. OcCeBble MOMEHTHl MHEPIMU CEYEHHUSI OTHOCH-
TEIBHO OCel X U Y OYIyT COOTBETCTBEHHO PaBHbI

I, =[dA-y?; 1, =[dA-x%.
A A

HOJIHpHBIM MOMCHTOM HHCPIHHN CCUCHUA | Ha3pIBaeTCH HHTCTPAJl 110

p
IJIOIIAM MPOU3BENICHUS DJIEMEHTAPHOM TUIOIAJIKK HA KBaApaT PaCCTOSHUS J10
Hayajao KOOpAUHAT.

|, = [dA-p?.
A

2 _y2 2 _
YuutsiBas, 4to p° = X" +y°, nomyqaem |, =1, +1,.

[TosmApHBIT MOMEHT MHEPILMU CEUYECHUS PABEH CYMME OCEBBIX MOMEHTOB
WHEPLIUU CECUCHUS.
LleHTpOOEKHBIM MOMEHTOM UHEPLMHU CeYeHHs |, Ha3bIBACTCS MHTErpal

O TUTOIAIA MPOU3BEICHUS JIEMEHTAPHOU TIOMIAKK Ha PACCTOSHUS 10 OCEH.

Ly = [dA-X-y.
A

Ecnu ceuenre nMeeT oCh CAMMETPHUH, TO IEHTPOOEIKHBI MOMEHT HUHEP-
LMY CEYECHHS PABEH HYJIIO.

OmnpenesieHHe MOMEHTOB MHEPIUU NMPOCTHIX reOMeTPUYECKHX (PUryp.
PaccMoTpum onpeneneHrss MOMEHTA UHEPIIMU MIPSIMOYTOJIBHOTO CEYEHHSI OTHO-
CUTEIILHO OCH, TIPOXOIAIICH uepe3 HEeHTp TskecTH (puc. 8).

BeiaenuM anemenTapHyto miomaas dA Ha pacCTOSHUU Y OT IEHTPAIbHON
ocu X, tommuuHoi dy. CoriacHo onpeneseH!I0, OCEBOM MOMEHT MHEPLUH OT-

HOCHUTEJIBHO OCH X. PaBCH

l,, = [dA-y2.
A

14



dy
<X F

Puc. 8
B namem ciyuae snementapnas miomaab dA = b - dy. [loacrapnss 3Have-

HUst A ¥ U3MEHSsS TPpeiesbl MHTETPUPOBAHMS, MTOTyYaeM

h h

2 by3§ bh3
. = [y°bdy == =—"—.
" Ihy =" 12

- )

AHaIOrMYHBIM o6pa30M oIpCACIIAIOTCA MOMCHTBI HHCPLHHUH IIJIOCKOI'O CC-
YCHMUA.

y

Puc. 9
Ecnu u3BecTeH MOMEHT MHEPUUM CEUYEHUS OTHOCUTEIBHO OCH MPOXOMsi-
e yepe3 IEHTP TAKEeCTH (pUc. 9), TO MOMEHT MHEPITUH OTHOCUTEIILHO JIPYTOM
napayuIeIbHON OCH, OTCTOSIIECH Ha paccTosHUM d , onpeaenseTcs mo Gopmysie
[ITerinepa

. =1, +Ad?.

X Xe

15



Ecnu cedyeHne MMeeT CIOXKHYI0 TeOMETpUYecKyto (popMy, TO ero pa3ou-
BalOT Ha MPOCThIE PUTYPHI U €0 MOMEHT MHEPILIMHM PACCUUTHIBAIOT, KAK CyMMY
MOMEHTOB UHEPIIUHU OTJIETBHBIX PUTYD.

Havinem 3aBUCMMOCTB MEX1y MOMEHTAMHU UHEPLIMA OTHOCUTEIBHO OCEH X,
Y ¥ MOMEHTaMU UHEPLMHA OTHOCUTENILHO OCEH U,V, IOBEPHYTHIX HA YTOJI O, . YTOII
Ol CYUTAETCS IMOJIOKUTEIIBHBIM, €CIIA TOBOPOT OCYLIECTBIISIETCS U IIPOTUB 4aCO-
BOU CTpeKU. [lycTh KOOpAMHATHI 3JIEMEHTAPHOM IUIOLIAAKHU 10 IOBOPOTA — X, Y
, mocJte moBopoTa — U,V (puc. 10).

N3 pucyHka cienyer:

U= XCcoSa + ysina; VvV =Yycosa—Xsina.

Puc. 10
B sTom cinyuae

16



l, = JudA=[(ycosa —xsina)?dA =
A A

2 in2 ; .
=1ycos”a+1,sin”a-1I, sin2a;

l, = [v?dA=[(ysina+xcosa)?dA =
A A

ia2 2 ; .
=1ysin“a+1,cos” a+l,, sin2aq;

l,y = [uvdA = [ (xcoso + ysina)(ycosa — xsino)dA =
A

—1
=X Ysin20+ 1., cos2o.
2 X

I's1aBHBIE OCH MHEPLUH U IVIABHbIE MOMEHThI HHepuuH. C H3MECHEHNEM
yIJla I0BOpPOTa Ocel o Kaxkaas u3 BeauuuH |, u |, MeHsercs, a cymma ux ocra-
eTcs Hem3MeHHOHN. Cle10BaTeNbHO, CYIIECTBYET TAKOE 3HAYEHHUE OL = Oy, IIPU
KOTOPOM MOMEHTBI HHEPIIMH JOCTUTAIOT SKCTPEMAIIBHBIX 3HAYEHU, T.€. OJUH U3
MOMEHTOB MHEPLUU JAOCTUTAET CBOEO0 MAKCUMAJIBHOI'O 3HAYEHHUS, B TO BpeMs
ApYyroii MOMEHT MHEPLMH NPUHUMAET MUHUMAJIbHOE 3HadueHue. Jljig Haxoxe-

HUs 3HAYEHUs O, BO3bMEM IEpPBYI0 IPOU3BOJHYIO OT |, M mpupaBHsiem ee

HYJIIO:

dl, 5 : 21 si

do I, cosa,sina, + 21 sina, cosa,, — 1, cos2a, =0,
21,

oTkyaa tg2o, = :
I, — 1y

Herpyano moka3ath, 4TO 1EHTPOOEKHBIA MOMEHT OTHOCUTEIIBHO OCEH,
MIOBEPHYTHIX Ha YroJI Oy, PaBEH HYIIIO.

OcH, OTHOCUTEIHHO KOTOPBIX IEHTPOOEKHBIH MOMEHT WHEPIMU pPaBeH
HYJIF0, & OCEBBIE MOMEHTHI MHEPLIMU NPUHUMAIOT 3KCTPEMAJIbHbIC 3HAYCHMUS,
HA3bIBAIOTCS TJIAaBHBIMU OCSIMU. ECIM 3TH OCHM SIBJISIIOTCSA TakKE€ U LIEHTPaslb-
HBIMH, TO OHM Ha3bIBAIOTCS TJIABHBIMU LIEHTPAJIbHBIMHU OCSIMHU.

OceBble MOMEHTBHI MHEPIMHU OTHOCUTEJIBHO TJABHBIX OCEW HA3bIBAKOTCS
IJIaBHBIMU MOMEHTaMHM MHEpUMHU. ECiM ceyeHrne umMeeTr 0Cb CHMMETPHH, TO 3Ta
OCb BCErJa SIBJISCTCS OAHOM U3 TJIABHBIX LIECHTPAJIbHBIX OCEU MHEPLIMU CEUCHUS.

17



MoMeHT CONpOTUBJIEHUSI ceueHusi. MOMEHT CONMPOTUBIIEHUSI CEUCHUS
OTHOCHUTEIBHO OCH IIPEJCTABIISIET COOOH OTHOIIIEHHE MOMEHTA MHEPITUH OTHOCH-
TEJLHO JTAHHOM OCH K PACCTOSHUIO JI0 HauboJiee yAaJIeHHON TOUYKU CEUCHUS OT
JTOM K€ OCH.

MoOMEHT CONMpOTHUBIICHUS MPSMOYTOJIBHOTO CEYEHHUs, N300paKEHHOTO Ha
pucC. 8, OTHOCUTEIBHO OCH, MPOXOASAUIEN YEPE3 LEHTP TSHKECTH, PABEH

bh?
| R 2
WX _ Xc _ 12 :bh .
“ Ymx N6
2

[TonstpHBIA MOMEHT CONTPOTHUBIICHUS MTPEACTABISET COOON OTHOILIEHUE IO~
JSIPHOTO MOMEHTA MHEPLUUU K HAUOOJIbILIEMY PACCTOSIHUIO OT LIEHTPA TAKECTU
CedeHus 10 HanboJiee y1aJeHHOW TOUYKH CEYEHUS

_ P
W, =

P rmax

4 Teopusi HANPSIZKEHHOT0 COCTOSTHUS.

BeIpexxem W3 HanpspKEHHOrO Tena B OKPECTHOCTU HCCIENYyEMOW TOYKH
IPOU3BOJILHO OECKOHEYHO Mallbli Mapasuienenunen. Ha rpansx napamienenu-
neaa OyayT JedcTBOBaTh HOpMAaJIbHBIE U KacaTelbHble HanpshkeHus. Hampasie-
HUE HOPMAJIbHBIX HANPsHKEHUH COBMAJAET C HAIIPABICHUEM BHEILIHEW HOPMAaJIH.
KacarenbHble HalpsKEHUs pa3yIoKUM Ha COCTABJISIIOIINE, TAPAJLIECIbHBIE OCSM.

HanpsikeHHbIM COCTOSIHUEM T€JIa B TOYKE HA3bIBAIOT COBOKYITHOCTh HOP-
MaJIbHBIX M KaCaTEIbHBIX HAMPSKEHUN, JEHCTBYIOIINX MO BCEM IIJIOMIAIKAM CO-
JepKaIMM JaHHYIO TOUKY.

O0603Ha4YeHUST HOPMAJTBHBIX HAIIPSDKEHHUM coAep kaT OAWH HHACKC - HaMe-
HOBAaHHUE OCH, KOTOPOH MapaljIeIbHO TJaHHOE HampspkeHue. B o0o3HaueHnn ka-
CaTeJIbHBIX HAMPSKEHUN UCTIOJIB3YIOTCS JIBa MHJICKCA: MEPBbIM COBNAAAET C UH-
JEKCOM HOPMAaJIbHOTO HAMNPSIKEHUS, JECUCTBYIOLIECTO IO JAaHHOMW IUIOLIAJKE, a
BTOPOM - HAMMEHOBAHME OCH, KOTOPOW NapajIeIbHO HaHHOE KacaTelbHOE
HarnpsKEHHUE.

18



Puc. 11

HopmanbHOe HampsKEHHE G CUMTAECTCA ITOJOKUTEIBHBIM, €CIM OHO
HaIpaBJICHO OT IUTomaaku. KacarenbHOoe HanpsHKEHUE T CUUTAETCS MOJIOKH-
TEIHHBIMH, €CJIM U300paXKaIOMIUA €r0 BEKTOpP CTPEMUTCS BpalllaTh Mapaiesne-
MUTIE]] TI0 YaCOBOM CTPEIKU OTHOCUTEIHHO JIF00OM TOUKe, JiexKaIlell BHYTpH Ta-
paienenunena. OTpunaTeIbHBIMU CYUTAIOTCS HAMPSKEHUST 00paTHBIX HAMpaB-
JICHU.

\4

P
——7y

yz yz
/

Puc. 12

3aKOH MAPHOCTH KacaTeJIbHbIX HANPsKeHWii. 3aKOH MapHOCTH Kaca-
TEJIBHBIX HAIPSHKCHWH YCTAHABIIMBACT 3aBHCHMOCTh MEXKJYy BEIMYMHAMHU H
HAIPABJICHUSMH TIAp KAcaTCJIbHBIX HANpPSOKEHUH, ACHCTBYIOIIMX IO B3aHMMHO
MEPICHIUKY/IIPHBIM TUTONIAKaM 3JIEMEHTAPHOTO Mapaljie/IeInIIe a.
PaccmoTpuM aneMeHTapHbIi apaienenures pasmepos dx, dy, dz (puc. 12).
3anuiieM ypaBHCHHE PaBHOBECHs MapajuleieuIea B BUIe CYMMbl MOMEHTOB
OTHOCHUTEIIBHO OCH X, TTOJIYYHM:

— 1,,0xdydz — 1, dxdzdy = 0, OTKyZ1a IONy4aeM T, = —Ty,.
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AHaJIOTUYHO MOKHO IIOJIYYHUTh T —T T,, = —T

Xz X"

xy = " Tyx

DTO U €CTh 3aKOH MAPHOCTHU KACATEIbHbBIX HAITPSKEHUM.

KacarenbHble HanpsKeHUs MO0 ABYM B3aUMHO NEPIECHAUKYJIPHBIM ILIO-
1IaJIKaM PaBHBI 110 BEJIMYMHE U TPOTUBOMOJIOKHBI IO 3HAKY.

I'naBHbIe UIOIIAAKYM U TJIaBHbIe HANpPsakeHUs. PaccMoTpuM JBE B3a-
MMHO-IEPHEHAUKYIAPHBIC TIOMAAKH C KacaTeNbHBIMU HANPSDKCHUAMH T, W

Tyx- COIacHO 3aKOHY MApHOCTH KacaTeNbHBIX HANPSXKCHWH 3HAKU T, U Ty,

IIPOTHUBOIIOJIOKHBI. HOBTOMY, CCJIM INIOAJAKY C HAIIPS’KCHUCM T IMoBOpavu-

Xy

BaTh JI0 COBIAJACHHS C IUIOMIAJKON C HAIPSHKEHUEM T TO 00sA3aTENBHO

yx>
HAWIETCs TaKoe IOJI0KEHHUE IIomanky, koraa t=_0.
[Tnomanku, Mo KOTOPLIM KacaTeJIbHbIE HANPSHKEHUS PaBHBI HYJIIO, Ha3bl-
BArOTCA [NIABHBIMU, @ JIEHCTBYIOLIUE T10 3TUM IUIOIIAIKaM HOPMAaJIbHbIE HAIps-
YKEHUs - TTIaBHBIMM HaIIPSDKEHHUAMU.
I'maBHbIe HampshKeHHs O0O3HAYAIOTICA Gy, G,,05, IPUIEMG; =G, = O4.

DneMEeHT, BbIICICHHBIN MTaBHBIMU TUIOMIAKaMU, W300paxeH Ha puc. 13.

} °1
|
62<— o
Gy
o /
of

Puc. 13

Bujbl HANPSIZKEHHOT0 COCTOSTHMSI Tejla. B 3aBUCMMOCTH OT KOJIM4YeCcTBa
JNEHCTBYIONTUX TJIABHBIX HAIPSOKCHHUH Pa3andyaloT TPU BHUJIA HANPSHKECHHBIX CO-
CTOSTHUH: TUHEHHOE, TIJIOCKOE 1 00bEMHOE.
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O
o> o))
—~—— — ——— ——
o> o))
O, /

61* Gl* G]_*

3] R
a

Puc. 14

JIuHellHOe HANPSKEHHOE COCTOsHHe. JIMHEMHBIM WM OJHOOCHBIM
HAa3bIBACTCA HAIPSIKEHHOE COCTOSIHHE, NMPH KOTOPOM JBA M3 TPEX TJIABHBIX
HaNpsHKEHUH paBHBI HYJIO (puc. 14,a).

Onpenenum HanpsKEHUs, BO3HUKAIOIIUE B HAKIIOHHOM ceueHun AB , HOp-
MaJjib K KOTOPOMY IIOBEPHYTA HA Yrojl O. K HAIIPABICHUIO Cj.

3a MOJIOKUTEIBHOE HAIIPaBJIEHUE OTCUETOB yTIila oL MPUMEM HAIpPABIICHHUE
IIPOTUB YaCOBOU CTPEJIKH.

B o0111eM cityyae B HAKIIOHHOM CEYE€HUH OYTyT J€HCTBOBATH KAK HOPMaJlb-
HbIE€ HAIIPSDKEHUS G, , TAK U KacaTeIbHbIE HAIIPSHKEHUS T, .

VX 3Ha4eHUs ONpEEInuM U3 yCIOBUS PAaBHOBECUS HU)KHEN YaCTH.

[TpoexTupys Cuiibl Ha HAPABJIEHUA G, , UMEEM:

6,A, —o;Acosa =0,

YYUTBIBAA, UTO A, = ——, NOJIYy4aeM G, =O; cos® a.
CoSa

Puc. 15
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W3 cyMMBI IPOEKIUI CUIT HA HANPaBJIEHUS T, UMEEM:

O, .
T, = 713|n 20

IL1ockoe HaNPSAKECHHOE€ COCTOSITHUE. [Imockum nnn ABYXOCHBIM Ha3bIBa-

€TCsI HANPSDKEHHOE COCTOSIHHUE, TIPH KOTOPOM OJTHO M3 TPEX IJIaBHBIX HampsoKe-
HUW paBHO HYJHO (puc. 14,0).

JIJIs TIJIOCKOTO HAIPSKEHHOTO COCTOSIHHS Pa3iIMYaroT JIBE 3a/laddl — Ipsi-
MYI0 U 00paTHyto. B mpsimoii 3aade rpaHsiMu paccCMaTpUBaeMOro 3JIEMEHTA SIB-
JISIIOTCS TaBHbIE omanku (puc. 16,a) . UzBectunl 6120, 62#0, 3= 0 u Tpedy-
€TCSl ONIPEACIUTh HANPSDKCHUS Co M T M Op M T HAa MPOU3BOJIBHBIX TUIOMIAIKAX.
B oOpatHoii 3agadye M3BECTHBI HAIMPSKEHUS HA JBYX B3aMMHO MPOU3BOJIBHBIX
NEPIEHIUKYIISIPHBIX IJIOAAKAX Ox, Oy, Tyx U Txy U TPEOYETCS ONPEAEIIUTD MOJIO-
JKEHHE [NIABHBIX TIOMIA0K ¥ BETHINHBI ITTABHBIX HAPSKCHHIA,

Puc. 16

Ipsimasi 3agayva. [Iis pemeHus 3Toi 3a/1a4i BOCIOIb3yeMCS IIPUHIIUIIOM
HE3aBHUCHMOCTH JCHCTBUSA cui. [IpencTaBuM IIOCKOE HAMPSKEHHOE COCTOSIHHE
B BHJIC CYMMBI JIBYX HE3aBUCHUMbIX JTMHCHHBIX HAIIPSHKEHHBIX COCTOSIHHI: TIEPBOE
— IIpH IeHICTBUH TOJIBKO HANIPSHKEHUH Gy, BTOPOE — IIPU JEHCTBUH TOJIBKO HATIPS-

KEHUH C,. OT KaXKI0ro U3 HANPSHKEHUN ©; U G, HANPKEHUA G, U T, B IIPO-
U3BOJIbHOM IIIOIIAKE PABHBI
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T .
G, =06,C08°a, G, =0, cosz(oc + Ej: o, sin’ a,

_O

T, =—SIN2a, T, =%sin(2a+gj =—%sin 20L.

Takum 06pa3zom, CyMMHUPYs HalIPSHKEHUS, BOSHUKILIKE MTPU KaXKIOM JIH-
HEWHOM HAaNPSKEHHOM COCTOSIHUU, ITOJIYYUM

. O, —O .
6. =0,008°a+0G,siN%a; 1. =-t "2sin2a.
o 1 2 o 2

OnpenenuM HanpsKEHMs, JEWCTBYIONIUE HA IUIOMIAJKY C YIJIOM HaKJIOHA

T
B=oa+ > TO €CTh NEPIECHAUKYIISIPHYIO K IUIOMIAJIKE O .

. O, —O .
oy =0, 8iN°a+0,C08° a, Tz =-—2——2sin2a.
p p 2

CymMupyst HOpMalabHbIE HAPSKEHUS, JEUCTBYIOIIUE 10 MTPOU3BOJIbHBIM
B3aMMHO TEPICHAUKYJISIPHBIM IUIOMIA/IKAM, OJIYYUM

G, + Oy =0y + G, =const.
CpaBHHBas BEMYMHbI KaCaTEIbHBIX HAPSUKCHMUI, HIMEEM T, = —T

OoOpaTtHas 3agava. OnpeaenuM CHavalla HanpsiXKEHUsI Ha HAKJIOHHOM ILI0-
IaJKE, HAKJIOHEHHON K MCXOJHOW, MpHU 3aJaHHbIX HANpPSKEHHUS] Ha JBYX B3a-
MMHO MNPOU3BOJIbHBIX MEPHNEHANKYISPHBIX IUIOMIAIKaX Ox , Oy, Tyx U Txy (pHC.
16,0).

Pazpexxem mapamienenunen miIOCKOCTbIO, HAKJIOHEHHOM MOJT YIJIOM O K
BEPTUKAJILHON TPaHHU, OTOPOCHUM JIEBYIO YaCTh U PAaCCMOTPUM paBHOBECHE Mpa-
BOW YACTH.

Ecnu 0003HaunTh uepe3 dA mromiaar HaKJIOHHOK IpaHu, TO IUIOIAIN Bep-
TUKAJHLHOW U TOPU30HTATIBHOM TpaHeit OyIyT COOTBETCTBEHHO paBHBI AACOSOL U
dAsina.

CrpoekTupyeM CHIIbI Ha HAIIPABJICHUSA G, U T,
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c,dA—1,dAsinacosa - o dAsinasina + 1, dAcosasino —

—o,dAcosacosa =0;
1, dA -1, dAsinasino + o dAsinoacosa — t,,dAcos o CoS o —

—o,dAcosasina =0.

Coxkpainast Ha dA U yUUTBIBAsL, 4TO Ty, = —T,,, IOJIYYaEM

G, =G, Cos® o + o, sin? oL — Ty, SIN 20,

Gy —Oy .
T, =— - SIn2a + t,, COS 20
2

(0]

JIns1 OTBICKaHUSI 3KCTPEMAIBHOTO 3HAYECHUS! HOPMAJIBHOTO HAIPSKEHUS
npoauddepeHupyemM G, 1o o.

do,

da

= —20, cosasina + 2c, Sina.cos o — 21, COS 20, =
o

Gy — Oy .
—ZTsm 200 + 21, COS 200 = —21

DKCTpeMyM HANpsDKEHUS] G, JOCTUTAETCS HPH TeX YIJIax o, MPH KOTOPBIX
do,

o —21, =0. Otcroga cinenyer, 4T0O HOPMAJIBHBIC HANPSKEHUS JOCTUTAIOT
o

OKCTPpEMYMaA Ha TCX ILIOIIAJAKaAX, I'’IC KAaCATCIbHBIC YCKOPCHUA 06pa1ua10TC51 B
HYIJIb. Ot IUIOIIAAKH HA3bIBAIOTCS I'NIABHBIMHU, a4 HAIIPSAKCHHA, BOSHUKAIOIIHUC Ha
HHUX — I'N'TaBHBIMHU HAIIPSKCHUAMMN.

Hpe;:monaraﬂ, 4TO I'NIaBHBIC IIOINAAKKW HAKJIOHCHBI K UCXOJHBIM IIJIOIIAA-

KaM Ha yroJl O, IOJy4aeM

2

T

G, — O,

y
HOJ’Iy‘-IeHHOMy PaBCHCTBY YAOBJICTBOPAIOT ABa 3HAYCHUA YyIJIa Oy, OTJIH-

garormmecs Ha 90°. Takum o6pasom, naHHas GOpPMyIIa OIPEAEISET ABE B3aUMHO
MEePHEHIUKYJISIPHBIC TUTOIIAIKH, HA KOTOPBIX HOpMaJIbHBIE HANIPSKCHUS TIPUHHU-
MarOT SKCTPEMaJIbHbIC 3HAUCHUS. Y YUTHIBAsI, YTO CYMMa HOPMaJIbHBIX HaIpsIKe-
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HUUW TI0 IBYM B3aMMHO NEPNEHINUKYISIPHBIM ILUIOIAKAM MOCTOSIHHA, TO Ha OJ-
HOM TUTOIaKe OyAET AeMCTBOBATh MAKCUMAIBLHOE HOPMAIBHOE HAMPSIKEHUSI, a
10 IPYroM — MUHUMAJIBHOE.

Mopayny rinaBHbIX HANPSHKEHUN ONPEAENSIOT MO 3aBUCUMOCTH:

O max =¥i%\/(cx —Gy)2 +4r)2(y :

min

O0beMHOe HanpsizKeHHOoe cocTosiHMe. OOBEMHBIM UITH TPEXOCHBIM Ha3bl-
BaeTCs HAIpPSHKEHHOE COCTOSIHHE, MPU KOTOPOM BCE TPH TJIaBHBIX HANPSKEHUS
OTIUYHBI OT HyJs (puc. 14,B). 111 00bEeMHOT0 HANIPSHKEHHOT'O COCTOSIHUS CIIpa-
BE/JINBO PABEHCTBO

O000mennsIii 3akoH I'yka. O6001eHHbIM 3aK0H [ 'yKa npeacTaBiseT co-
00i1 CBSI3b MEXKY HANPSHKEHUSMU U AepopMalusaMu B ciaydae 00bemMHoro. OH
MOET OBbITh MOJIy4YeH Ha OCHOBaHWM 3aKoHa ['yka Jjisi TMHEHHOro HampsiKeH-
HOT'O COCTOSIHMSI M IPUHIIMIA HE3aBUCUMOCTH JIEUCTBUS CHUII.

[IpeacraBisiss 00beMHOE HAIPSHKEHHOE COCTOSIHUE B BUAE CYMMBI TPEX JIU-
HEHHBIX HANPSXKEHHBIX COCTOSIHUM, U YUYUTHIBAs, UTO MPU JIMHEHHOM HaIpPsKEH-

c c
HOM COCTOSIHUHU € = E ue =ue= ME, BBIpKEHHUS 17151 1eopMaIii B HaIpaB-

JICHUU JCHCTBUS TJI1aBHBIX HAMPSOKEHUH OyIyT UMETh BUJL:

€ zl[51 — (o, +03)}

E
1 .
€ = E [02 - H(G3 + 51)]’
1
€3 = E[Gs - H(Gl +52)]-

OTU BbIpaKEHUS! HOCAT Ha3BaHUE 0000wenHo2o 3akona I yka, 3anucan-
HOTO JIJIs1 TJIaBHBIX IJI0IAA0K. JleopManiuu €1, €2 U €3, B HAPABICHUH TJIaBHBIX
HaAMPSKEHUN HA3BIBAIOTCS 21A8HbIMU 0ehOPMAYUIMU.

5 Teopuu npoyHocTH

Teopuu npoyHocTu. B Kax101 T€OpUH MPOYHOCTH UCIIOJIB3YETCS OIpe-
JIEJICHHAs] TUIIOTE3a MPOYHOCTH, KOTOpask MPEJCTABIAET COO0M MPEANOIOKEHUS
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O MPEUMYIIECTBEHHOM BJIUSHUU HA IPOYHOCTH MaTepualia Toro Wik HHOTO (hak-
TOpa.

HaunbGonee BaxxHbIMU (hakTOpaMu, CBSI3aHHBIMU C BO3HUKHOBEHUEM OTac-
HOI'O COCTOSIHHSI MaTepuaia sIBJISIFOTCSA: HOPMaJbHbIE U KacaTelIbHbIC HalpsKe-
HUSI, IMHEHBIE AedopMaluy U TOTEHIIMANIbHAS YHEPTUS AehopMaliviu.

DOKBUBAJICHTHBIM HaIPsHKEHUEM Ha3bIBAC€TCS HAIPsKEHUE, KOTOPOE Clie-
IyeT co37aTh B paCTHYTOM 00pasIie, YTOOBI €ro HAMPSKEHHOE COCTOSTHUE CTAJIO
PABHOOIIACHBIM 33JITAHHOMY HAIPSXKEHHOMY COCTOSIHUIO.

3aMeHss CII0KHOE HANPSIKEHHOE COCTOSIHUE YKBUBAJICHTHBIM JIMHENHBIM,
[I0JIy4aeM BO3MOKHOCTb UCIIOJIB30BATh MPH CIIOKHOM HANPS)KEHHOM COCTOSIHUH
YCIJIOBHUE MPOYHOCTHU MPU IPOCTOM PaCTSHKEHUU:

Oy S |_GpJ.

I'mnore3a HaMOOJBIINX HOPMAJBHBIX HANPSKEHMH. OTa THUIOTE3a
Obina BeiIBUHYTA ["anuneem 1638 rogy u HOCUT Ha3BaHUE NIEPBOM TEOPHEH TPOYU-
HOCTH.

B ocHOBY Teopun HauOONbIIMX HAPSHKEHUH MOJI0KEHA TUIIOTe3a O Ipe-
MUMYIIECTBEHHOM BJIMSIHUM HAWOOJBIIMX MO a0COJIOTHOW BEJIUYMHE HOPMAallb-
HBIX HaIPSIKEHUM.

CoryacHO 3TOW TEOpUH MPOYHOCTH ONACHOE COCTOSIHUE MaTepuajia Mpu
CJI0KHOM HaNpsKEHHOM COCTOSIHMM HACTYIaeT TOr/a, KOorjaa HauOousbliee 1o
MOJYJIIO TJIABHOE HANPSDKEHUN JOCTUIAcT NMPENEIbHOTO 3HAYCHMS Ul 3a/1aH-
HOTO Marepuaa Ipy MPOCTOM PACTSIKEHUN (CKATUH). Y CIIOBUS IPOYHOCTHU IIPU
PACTSKEHUU U CKATHUU UMEIOT BU/L:

O, =01 < |_GpJ WM G, , =03 < [Gm].

OKB

DTa Teopusi MPOUYHOCTH AACT MOJOKHUTEIbHBIC PE3YyJIbTAThI JIMIIb JJIs HE-
KOTOPBIX XPYIIKUX MAaTEPUATIOB.

I'mnore3a HauOOJbIINX JHHEHHBIX Aedopmannii. DTa runore3a OblIa
BbIJIBUHYTa MapuoTToM B 1682 rony 1 HOCUT Ha3BaHKE BTOPOM TEOPUU TPOUHO-
CTH.

CornacHo TaHHOM TEOPUHU MTPOYHOCTH OMACHOE COCTOSIHUE MaTepuaia npu
CJI0KHOM HAamNps)KEHHOM COCTOSIHUM HACTymaeT TOrJa, Korja HauOoJbIIee 1o
MOJYJIFO OTHOCHUTEIIbHAS JUHEHHas aedopMarus J0CTUTaeT MpeaeIbHOrO 3Ha-
YEHUS TIPU IPOCTOM PACTXKCHUU WIIA CKATHUMU.
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MakcumanbHble OTHOCUTENbHBIE AedOopMaIliu COTJIaCHO 00O0OIIEHHOMY
3akoHy ['yka omnpenensitoTcst Ipu pacTsH>KEHUU U CKATUX COOTBETCTBEHHO IO 3a-
BHUCHUMOCTSIM:

1 1
Emax = &1 = E[Gl _H(Gz +03)]; Emax = ‘83‘ = E[Gs _H(Gz +51)]-

[IpenenbHOE 3HaUEHUE OTHOCUTEIBHOM JAe(OopMaliii IPH PaCTKEHUN

Otkyna nosyyaem
6, — (o, +03)]=0,.

Torna yciaoBus mpOYHOCTH MPH PACTSHKEHUH U CKATUN UMEIOT BHI:
G =[01—1(0; +03)I<|0, | 0,4 =[og —n(o, +01)] <[00 ]

OKCIepUMEHTaIbHAsl MPOBEPKA JTAHHOW THUIIOTE3bl BBISBUJA PAJNl CYIIIe-
CTBEHHBIX HEIOCTATKOB, IIOATOMY OHA HE IPUMEHSETCS JJIs1 PACUETOB.

I'mnoTe3a HanMOOJBLIIUX KacaTeJbHbIX. JTa THUIOTE3a OblIa BHIIBHHYTA
Kynonom B 1773 roiy 1 HOCUT Ha3BaHUE TPETHEU TCOPUU MTPOYHOCTH.

CornacHo TaHHOM TEOPUHU MTPOYHOCTH OMACHOE COCTOSIHUE MaTepuaia npu
CJIO’)KHOM HaNpPsI’KEHHOM COCTOSIHUM HACTYyIaeT TOr/ia, KOT/1a HauooJIblllee Kaca-
TEJIbHOE HANPSIKECHUE JTOCTUTAECT 3HAYCHHUS, IPEIEIBHOTO ISl JAaHHOTO MaTEpH-
ana.

[Ipu 00beMHOM HAMPSKEHHOM COCTOSTHHUH

G; — O3
Tmax 2

Y ciio0BuEe NPOYHOCTH MO TPETHEN TEOPUU MPOYHOCTH UMEET BHU]T

— o
T _51203 S[r] l pJ

=-——, W1 O, =G — O3 S[Gpj.

2

Bo MHOTMX NpakTUYECKUX CIIydasX TPETh TEOPHUs MPOYHOCTHU HAET YJI0-
BJICTBOPUTEIIBHBIE PE3YJIbTATHI.
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IToxcrasiisas 3Ha4EHUs TJIABHBIX HOPMAJIBHBIX HAIIPSYKEHUN, BBIPAKEHHBIX
yepe3 HOPMAJIbHBIE U KacaTeJIbHbIE HANPSIKEHUS, I10JIy4aeM

I'mnore3a >Heprum popmousMeHeHusi. JTa TUNOTE3a ObLIa BBIABUHYTA
benbrpamu B 1885 rogy u ['ydepom B 1904 roay u HOCUT Ha3BaHHE YETBEPTOM
TEOPUH MPOYHOCTH.

CornacHo TaHHOM TEOPUH MPOYHOCTH OMACHOE COCTOSIHUE MaTepuaia npu
CJIO’)KHOM HaNpPsI’KEHHOM COCTOSIHUM HACTyIaeT TOrJa, Korja yjejbHas MOTEH-
[UAJIbHAsSI SHEPTUSI U3SMEHEHUST POPMBI JOCTUTAET MPEAETBLHOTO JJIsl TAHHOTO Ma-
Tepuaa 3HaYCHHUS.

[Ipy 00bEMHOM HANpPSHKEHHOM COCTOSIHUM YJEJIbHasl IMOTEHI[MaIbHas
SHEPTUsi U3MEHEHUs (OPMBI, BRIpAXKEHHAS Yepe3 INIaBHbIC HAIIPSKEHU S, OTIpeie-
JISI€TCSl CIEAYIOIIUM YPAaBHEHUEM:

1+
Ug 26—;[(61 —6,)° +(0, —03)* + (o3 _51)2]-

[IpenenpbHOE 3HAYEHUE MPU MMPOCTOM PACTIKEHUU

I+p o
P
Ubpen = 3g O

YcaoBue NpOYHOCTH B 3TOM CITy4ae UMEET BUJL:

1 2 2 2
GaKB:\/EI:(Gl_GZ) +(52_53) +(53_51) ]S[Gp]

HOI[CTaBJ'I}I}I 3HA4YCHMU: I''IABHBIX HOPMAJIbHBIX HaHpﬂH(GHHﬁ, BBIPpA’KCHHBIX
4CPpEC3 HOPMAJIBHBIC N KACATCIbHBIC HAIIPSXKCHU A, I10J1y4acM

_ -2 2
G,, =VO +31°.

I'mnore3a mpouynocTu Mopa (nsatass Teopusi mpouyHocTH). ['mnoresa
IPOYHOCTH MoOpa NO3BOJISAET YUECTh PA3JIMYUE B CBOMCTBAX MaTepualia Ipu pac-
TSOKCHUM U CKaTuu. Ee MOXKHO TMOJyduTh MyTeM MOAUGDUKAIMHN THUIIOTE3bI
HanOOJBIINX KacaTEIbHbBIX HAIIPSKECHUM.

YcinoBue MPOYHOCTH MO TUITOTE3¢ Mopa UMEET CIeayIOINN BU/I:
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6 YncThlil CABUT

HanpsiskeHuss npu YMcTOM cABUre. YUCTHIM CABUIOM HA3bIBAIOT TAKON
BUJ] HATPYKEHUSI, IIPU KOTOPOM B €T0 MOIEPEUYHBIX CEUCHUSIX AEUCTBYET TOJIBKO
noriepeunas cuia. CIBUT, Kak BUJ HArpYy>KEHHUsI, BCTPEYACTCS PEAKO U UMEET Me-
CTO B 3aKJICTIOYHBIX ¥ CBAPHBIX COCTMHEHHAX.

Puc. 17

[Tpu unctom casure (puc. 17) B OKpECTHOCTH TOUKH MOKHO BBIACIHUTH 3JI€-
MEHTApHBIN MapajijieenuIe] ¢ OOKOBbIMU T'PAHSIMU, HAXOASITUMUCS O] JICH-
CTBUEM OJIHUX JIMIIb KACATECJIbHBIX HAMPSIKECHUI.

BuyTpeHHsis nonepeyHasi cuia MNpu YUCTOM CIBUTE ONPEAEIISIETCS METO-
JIOM ceueHuil. Pacnipenenenne kacaTelbHbIX HAMPSIKEHUN IPUHUMAETCA PABHO-
MEpPHBIM M TOTAA CBA3b MEKIY MONEPEUYHOU CHIJIOW M KacaTeIbHBIM HAIPSKE-
HHUEM UMEECT BUJL:

Q= jrdA;r =const; Q = TtA, oTkyna T = %
A

[Ipu yncTOM CIBUre€ BOZHUKAET IJIOCKOE HANPS)KEHHOE COCTOSTHUE, TOT 1A
HAMPSDKEHUS, IEUCTBYIOIINE HA TJIOMIAIKE COCTABIISIOLIEN YTOJl 0. C BEPTUKAIIb-
HOW MCXOJHOM TJTOIIAIKOW PaBHBI:

G, =TSin2a; T, =—TCOS20.

KacarenbHble HaNpspKeHMs, MOKa3aHHbIE Ha puc. 17, o abCcooTHOM Be-
auyuHe OOJbIle KacaTeIbHBIX HAIPSOKCHUH IO JIOOBIM JPYTHM ILIOIIAIKAM.
CnenoBaTenbHO, OHU SABJIAIOTCA SKCTPEMAIBHBIMH, 4 IUIOMIAAKH, O KOTOPHIM
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OHH AEUCTBYIOT — IJIOIIAAKAMU CABUra. Tak Kak 10 9TUM IIIOINAJAKaM He Jei-
CTBYIOT HOPMAJIbHbIE HANPSDKEHMsI, TO HUX Ha3bIBAIOT IUIOLIAJKAMH YHUCTOIO
C/IBHra ¥ 00pa3yIoT C TIIABHBIMH ILIOIIA/KAMH YIIIbI, paBHbIe 45°.

Hoxcrasmsis yron o =45°, nonyuaeM G, =T = T -

CnenoBatenbHO, IPU YUCTOM CIBUTE [VIABHBIE HAIPSKEHUS U IKCTPEMallb-
Hbl€ KacaTelIbHblE HANpsDKEHHs paBHBI JIpyr Apyry. lloacraBuB B ypaBHEHUs

3HAYEHHUS YIIOB O, U O, = o +90°, momydaem

(6} =—0

o = TSiN20.; Gy, = tsin(2a, +180°%) = —tsin 204; ©, oy
[Tpu uncTom cBUre HopMasibHbIE HAMIPSHKEHUSI HA JIFOOBIX JBYX B3aUMHO
NEPIEHAUKYIISIPHBIX IUIOIIAAKAX PaBHBI IPYr APYry MO MOIYIIO U IPOTUBOIIO-
JIOKHBI 110 HAIIPaBJICHUIO.
JMedopmanun npu yucroMm casure. [Ipu yuctom casure JuinHbI pedep
AJIEMEHTAPHOI0 Napajleelunea He U3MEHSIOTCS, @ U3MEHSAIOTCS JIMIIb YIJIbI

MEXy OOKOBBIMH TpaHsAMH. [lepBOHAYAILHO MPSIMBIC YIIIbI CTAHOBSATCS PAaB-
aeivm 90° +y m 90° —y (pmc. 18).

b
T
- o
h T ’II T ’II
II 0 II
; y—-90 >
F \/<7,\ v+ 90°
T

Puc. 18

Bemnmunna & HaspIBaeTcsl a0COJIIOTHBIM cIBHTOM. OTHOIIEHHE aOCOIIOT-
HOTO CJIBUTA O K PACCTOSHUIO MEXKJY MPOTHUBOTMOJIOKHBIMUA T'PaHSIMHU Ha3bIBa-
€TCs OTHOCUTEINIbHBIM cABUTOM. [Ipu Mainbix aedopmanusx umeeM

S
wvzv=ﬁ,

T.€. OTHOCUTEIBHBIA CIABUT PABEH YTy CIBUTA.
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VYroxa capura y NponopluoHajeH KacaTelbHBIM HaIpshKeHUsM. Marema-

TAYECKAS] 3aBUCUMOCTb MEX]Y YIJIOM CIBUTAa U KAacCaTEJIbHBIM HaIPSKECHUEM
Ha3bIBAETCA 3aKOHOM ['yka mpu ciBure.

T =7G,

rae G — k03dGUIMEHT TPONOPIMOHAIBHOCTUA WK MOJTYJIb YIIPYTOCTH BTOPOTO
pona.

O0bemHan nedopmMannsi 1 NOTEHIMAJIBHAS HepPrus npu casure. OT-
HOCHUTEJIbHOE U3MEHEHUE 00BbEMa TIPU CABUTE OTpeeisieTcss 3 00bEMHOrO 3a-
KoHa ['yka

9:1_?“(GX+Gy+GZ)

Benuuuna 0 He 3aBUCHUT OT TOI'O, KaK B OKPECTHOCTHU TOYKH BBIACIICH 3JIC-
MeHTapHBIﬁ NapaJICICIIMIIC. Tak kak IIpHu YUCTOM CABHUIC OOKOBBIE I'PaHU BbI-
ACJICHHOI'O 3JICMCHTAPHOI'O IMapaJUICIICIIUIICAA ABJIAIOTCS INIOMIAAKAMK YU CTOI'O

casura, 0 6, =6, =6, =0. Torga oTHOCHTENBHOC M3MEHEHHE 00BEMA NPH

yuctoMm casuru 0 = 0.
[Tonnas yaenpHas MOTEHLMAIbHAS DHEPIUA U paBHA CyMME yA€IbHOM I10-
TEHUMAJIbHOW JHEPIUU M3MEHEHUs 00bEéMa U s M YJEIbHOH IMOTEHIMAIBbHON

YHEPIUH H3MEHEHHS HOPMBI U,
u= U06 + U(b .

VYuuThIBas, YTO MPU YUCTOM CABUIEG; = T Op =0; G5 =— 10~

T max’
Jy4daeM

1-2n .
6E

1+
I+p( 2
" 3E (e

I+p »

2 —O+O+Trzmx):?'[max,

max

+0+1
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1+p o 1+p »
u:0+?rm =?rmax .

PaGora npu yucroMm casure. B pesynpraTe nedopManiu BbIIEIEHHOTO
napajenenumneaa padoTra CHiibl OyJIeT ONPEAETIATHCS MO BHIPAKEHUIO

rae T —cuiia, AeiCTBYIOIIAs Ha TPpaHb Napaljiesienuneaa.
Ee Benuuuna Oyner paBHa
T =1bl =7,,bl,

rae | —pasmep napamienenumneaa B HalpaBlIeHUH, IEPIICHANKYISIPHOM YEPTEKY
(puc. 18)

VuuteiBas, 4to & = yh = é h= %m‘x h, nony4aem

T Bl T 2 hbl _ 2.V

2 G 2G 2G

Tak kak paboTa CUJIBI IPU CTATUYECKOM JIEHCTBUY YHCIICHA paBHA MMOTEH-
UHAIBHOW SHEPTUU, UMEEM

U=W :M_
2G

VY nenpHasi IOTEHUMAIBHAS YHEPTHUS B 3TOM CIIy4ae paBHA
2 2
U _ Tmaxv _ Tmax

V 2GV  2G

[IpupaBHMBasl MOJYYEHHBIE BBIPAXKECHUS IS YACIbHOW MOTEHUIHAIBHOU
SHEPTUH, MOJIYy4aeM COOTHOLICHUE

1+Hr2
E ™ 2G°
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OTKY/1a TIOJIy4aeM CBSI3b MEXK]Iy MOAYJIEM YIIPYTrOCTH MepBoro poaa E u mony-
JIeM YNpyroctu BToporo poja G

E

G=2(l—+u).

/ Kpy4yenue

KpyueHnem Ha3bIBatOT TaKOW BUJI HATPYKEHHS, KOT/Ia B IONEPEYHBIX CE-
YeHUsX Opyca BOSHUKAET TOJBKO OJIMH CHUJIOBOM (DAKTOpP — KPYTSIIUA MOMEHT.
Bbpyc, paboraroiieii Ha KpydeHHE Ha3bIBaeTCs BajoM. [Ipu kpyueHuH Baja ero
MOINEPEYHBIE CEUYCHUS MOBOPAYMBAIOTCS PYr OTHOCUTEIBHO JIpyra, Bpamasich
BOKPYT OocH Opyca.

T

Puc. 19

Hanpsizkenus v nedopmanuu npu kpydyenuu opyca. Ilox neiicteuem
BHEIITHETO CKPYYMBAIOIIET0 MOMEHTA, MIPUIIOKEHHOTO Ha TIPaBOM KOHIIE Opyca,
JIEBBIN KOHEI] KOTOPOTO KECTKO 3aKperuieH, Opyc Oyaer 3akpyuuBathbcs. Boine-
JUM U3 Opyca 3JIeMeHTapHBIA UIMHAP JuiiHOW dX (puc. 19). Byaem cuurars,
YTO JIEBOE ceueHue Opyca kecTko 3akperieHo. [lon nefictBuem KpyTsiero Mo-
MeHTa T IpaBoe CeYCHHUE MOBEPHETCS Ha HEKOTOPBIN yros d¢.

N3 puc. 19 BuanO, yto dS =y -dX = p-d@, OTKyma moxyyaem

_do

y_dx

P.

N3 nanHO# 3aBUCUMOCTH BUIHO, YTO YT'OJI CJIBUTA Y U3MEHSETCS 10 pajv-
yCy BaJia 10 JIMTHEHOMY 3aKOHY.
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Hedopmartiust 6pyca pu Kpy4eHUH XapaKTepU3yeTcsi OTHOCUTEIbHBIM YT-

d T
JIOM 3aKpy4yuBaHus 0 = =?  Cornacuo 3aKkOoHy [ 'yka npu ciBure, uMeem y = G

dx
. OTKyna noiryyaem:

T = d—(pGp = 0Gp.
dx

W3 naHHOM 3aBUCUMOCTU BUJIHO, UTO KaCATEIbHbBIEC HAIPSYKECHUS U3MEHS-
IOTCS 110 PAJINYCy 0 JIMHEWHOMY 3aKOHY.

dA

Puc. 20

[Ipu kpyueHun Bce BHYTPEHHUE CUJIbI, PACHPEICIICHHBIE 110 MTOMEPEYHOMY
CEUYEHUIO, TPUBOJIATCS K OJHON COCTaBIISIIONIEH - K KpyTAlleMy MOMeHTY. Kaca-
TEJILHbIC HAIIPSKEHUS TIEPIICHANKYIISIPHBI paJnycaM, MPOBEACHHBIE Yepe3 TOUKU
ux neuctBus (puc. 20). Kpytsimuit MomeHT T B ceueHnu Opyca onpenesnseTcs mno
YPaBHEHUIO

T = IprpdA,
A

rAe p —IUIeYO DJIEMEHTAPHOU CUJIBI.
IloncraBisis 3HaUeHNE KaCaTEIBbHOIO YCKOPEHUS, ITOJTyYUM

T = [6Gp?dA =6GI, :d—‘Pelp.
A dx

DJIEMEHTapHBIN yTOJI 3aKPYyUYHBaHUS

T -dx y Tl
, & TIOJIHBIN YroJI 3aKpy4HuBaHus Opyca ¢ = o

p p

do =
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MakcumanbHOE KacaTellbHOE HAMPSKEHUE B MOTIEPEYHOM CEYEHUHU Opyca
OyJeT onpenensiThCs MO 3aBUCUMOCTH:

T T T
Tmax =err’r‘ax = 7 Prmax ZI—ZVT.
)

IP P

P mex

Takum 00pa3om, MaKCUMaIbHOE KacaTeIbHOE HAMPSKEHHUE B IMOMEPEYHOM
ceueHuH Opyca paBHO YaCTHOMY OT JIEJICHUS KPYTSIIEro MOMEHTA Ha MOJISPHBIMA

MOMEHT COTPOTUBIICHUSI.
PacuyeTnl HA POYHOCTh U KECTKOCTH MPHU KPYYEHUHU. Y CIOBUE MPOY-

HOCTH IIPY KPYYEHUH UMEET BUJL

= <[]
Wp
Y caoBue )XECTKOCTH TP KPYUEHUU
_ T [o]
¢ Gl i =P
Jlnst Opyca Kpyriaoro CeUeHus 3TH YCIOBUS UMEIOT BU]I
16T 32T]
T=—=<|7} = < .
[} o Ry o]

Cond?

ITocTpoeHue 3MIOP KPYTAMIMX MOMEHTOB. KpyTsiyii MOMEHT B CEUEHUU
Opyca omnpeensercss MeToJIoM ceueHuil. [1o MOTyr0 OH YHCIIEHHO CEeUYeHUs pa-
BEH aJireOpanvecKoil CyMMe BHEIITHUX MOMEHTOB CJIEBA MJIU CIIpaBa OT CEUCHUS.

Bpyc pazOuBaeTcs Ha y4acTKe M Ha Ka)K/IOM y4acTKe MPOBOJUTCS CEUCHUE

(puc. 21).
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©

Puc. 21

B kaxaom cedeHun onpenensaercs KpyTAIU MOMEHT, a 3aTEM CTPOUTCS
AMIOpa KPYTALIMX MOMEHTOB. i citydasi, n3o0paxkeHHOro Ha puc. 20, KpyTs-
1€ MOMEHTBI B ceUeHUsX 1 1 2 Oy1yT paBHBI

Tzl :Tl; TZ2 :Tl _T2.

8 ILliockuii u3ruod

OcHoBHbIE NOHATHS U onpeAenaeHus. B otinuue ot nedpopmanmu pacts-
KEHUS-CKATUSA M KPYUCHHS U3THO MPEACTABISIET Takylo Aedopmaliuio, mpu Ko-
TOPOM MPOUCXOIUT UCKPUBJICHUE OCcH MpsiMoro Opyca. Ocbro Opyca Ha3bIBaeTCs
reOMETPUYECKOE MECTO TOUEK IIEHTPOB TSHKECTEH MONepeyHbIX ceueHui opyca.

Ecnu B ceuenun 6pyca IelcTBYeT TOIbKO OJWH U3ru0aromuii MOMEHT, TO
U3ru0 Ha3bIBAETCS YUCTHIM. ECiu B MONEpevHbIX CEYEHUAX KPOME N3rH0aroIero
MOMEHTa JIEHCTBYET U MONEpeyYHasi CHJIa, TO U3rU0 Ha3bIBACTCS MOMEPEUHBIM.

bpyc, pabGotatomuii Ha n3rud, Ha3zpiBaeTcs Oankoil. M3rub HazpiBaeTcCs
MJIOCKUM, €CJIM OCh Oanmku mocie aedopmManuu ocTaeTcsl MIOCKOoW juHueil. B
IIPOTUBHOM CIIy4ae UMEET MECTO KOCOM U3IrHo.

B HacrosieM pasnene paccMaTpUBaeTCs MIIOCKUN MPSMOMN U3ruo0.

HopMmaJsibHble HANIpsizKeHU s TPU YUCTOM NPAMOM u3rude. Tak kak HOp-
MajbHbIE HANpPSKEHUSI 3aBUCSIT TOJBKO OT M3TrMOAIOIIMX MOMEHTOB, TO BBIBOJ
(GOpMyIIBI 7151 BBIYUCICHUSI G MOYXHO MPOU3BOIUTH PUMEHUTENBHO K YUCTOMY
M3THOY.

CraTtunyeckas 3aga4ya o0 IJIOCKOM u3ruoe. 3rubaromunii MOMEHT B CEYEHUU
MpeCTaBIsieT cO00 CyMMy MOMEHTOB BCEX 3JIEMEHTAPHBIX BHYTPEHHUX HOP-
MaJIBHBIX CHJI G -0A, BO3HUKAIOIIUX Ha JIEMEHTAPHBIX IUIOMIAAKAX MOTeped-
HOTO cedeHus 6anku (puc. 22), OTHOCUTEIbHO HEUTPAIBHOU OCU
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M, = IcydA
A
y
amre
.ﬁ’/////dA
/\3’
\/ X
Puc. 22

JlaHHO€ BBIpaKEHUE MPEICTABIIIET COOON CTATUYECKYIO CTOPOHY 337241 O
TUIOCKOM H3TH0eE.

OnHaKo ero Helb3s UCIOJIBb30BATh JJIsl ONPEICIICHUS HOPMAJIbHBIX HAIPSI-
YKEHUI, TaK KaK HEU3BECTEH 3aKOH PACIIPEACIIEHNUS HAIIPSXKEHUM 110 CEYECHUIO.

I'eomeTpuyeckasi CTOpOHA 3a1a44 O IJIOCKOM U3rude. Beinenum nByms
HOMEePEYHBIMU CEUCHUSIMH dJIeMEHT Oanku JuHou dz (puc. 23). [Toa Harpy3koit
HEWUTpabHAasl OCh UCKPUBJISIETCA (PanyCc KPUBU3HBI P ), @ CEUCHUS IOBOpAYHBa-

IOTCSI OTHOCHUTEILHO CBOMX HEHUTpanbHBIX JUHUK Ha yron dO. JlnmmHa oTpeska
BOJIOKOH HEUTPAIBHOTO CJIOSI TPU 3TOM OCTAETCS HEU3MEHHOMU

dz=p-do.

Puc. 23
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OmnpenenuM AJIUHY OTpe3Ka BOJOKOH, OTCTOSIIETO OT HEUTPAIIBHOTO CIIOS
Ha pPacCTOSHUM Y

dz, = (p+y)de.

OTHOCHUTENBHOE YJIMHEHUE B 3TOM Cllydae OyaeT

. dz,—dz  (p+y)dz y
dz p-dz P

y

3aBUCHUMOCTh € = — OTPAKAET F€OMETPUUYECKYIO CTOPOHY 3aJa4yH O IJI0C-
P
KOM M3rube, U3 KOTOPOH BUAHO, 4TO AehOpMaIi MTPOI0THHBIX BOJOKOH U3Me-
HAIOTCS IO BBICOTE CEYEHHUS 10 TUHEMHOMY 3aKOHY.
Pdu3uyecKkas CTOPOHA 3a4a4M O IJIOCKOM u3ruode. Mcnons3ys 3akoH

['yka mpu 0ceBOM pacTsSKEHUH, TIOJTydaeM
c=Eec=E X.
p

[ToacTaBuB B BhIpaKEHHE, OTPAXKAIOIIEE CTATUYECKYIO CTOPOHY 3a/1a4d O
IUIOCKOM M3ru0e, 3HaUeHUE G, MOJydyaeM

M. = [oydA=[EY ydA=C [y2da= "1,
y icy !\py p!\y s

OTK nal—Mx
TR,

1
[ToncraBuB 3HAUEHHWE — B UCXOJHYIO (POPMYJTy, MOJTydaeM
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JlaHHOE BbIpaK€HUE OTpakaeT (PU3MUYECKYIO CTOPOHY 33/Jaud O MJIOCKOM
U3ruode, KOTOpoe JaeT BO3MOXHOCTh PacCUMTaTh HOPMAJIbHbBIE HAMIPSKEHUS 110
BBICOTE CEYECHUS.

XOTsl 3TO BBIpAXKEHHE MOJIYUEHO I CIIydasl YUCTOro u3ruda, HO Kak Io-
Ka3bIBalOT TEOPETUYECKUE U DKCIIEPUMEHTAIbHbBIE MCCIEA0BAHUS, OHO MOXKET
OBITh UCIIOJIB30BAHO U ISl INIOCKOTO MOMEPEYHOr0 U3ruoa.

HeitTpaabHas Junus. [looxxeHue HEUTPAIbHON JMHUU OIPENEIIUM U3
YCJIOBHS pAaBEHCTBA HYJIIO HOPMAJIbHOM CUJIBI B CEYEHUAX OAJIKU MPU YUCTOM U3~
rude

N:jodA:j'\I/'XydA.
A

A X

Tak xaxk M, #0u |, # 0, To HE06X0aUMO, YTOOBI HYIIIO OBLI PABEH HH-

Terpa j ydA . JlaHHBIN HHTETpa MPEACTABIACT COOOM CTATUYCCKUIt MOMEHT Ce-
A

YEHUS OTHOCUTEIBHO HEUTPATIbHOM OCH. Tak Kak CTaTUYECKU MOMEHT CEYCHUS
PaBEH HYJI TOJBKO OTHOCHUTEIBHO ULEHTPAJIbHOW OCH, CJIEI0BATEIBHO,
HEUTpaJibHas JIMHUS TIPHU TUIOCKOM M3TMO€ COBMAAAET C IJIaBHOM IEHTPaTbHOU
OCBIO MHEPIIUU CEUCHUS.

KacareabHble HanpsizkeHus. KacarenbHble HaNPpsyKEHUs, KOTOPBIE BO3-
HUKAIOT B CEUEHUSIX OAJIKU TMPHU IJIOCKOM MONEPEYHOM U3TUOe, ONpeaestoTcs
0 3aBUCUMOCTH:

QS
T= X0 ’
bl,
rae Q — momnepedHasi cuiia B pacCMaTpUBaeMOM CEUEHHUH OallKH;
S,, —CTaTHueCKUi MOMEHT IUIOIAJM OTCEUYCHHOW YacTH CEYEHHs OTHOCHU-

TEIbHO HEUTpaNbHOM OcH OalKH;
b —mupuHa ceueHus B paccMaTpUBaEMOM CJIOE;
|, —MOMEHT MHEepLUYU CeYEeHUsI OTHOCUTEIbHO HEUTPAIbHOMN OCH.

KacarenbHble Hanps>KEHWsI paBHBI HYJIIO B KPaWHUX BOJIOKHAX CEYCHUS U
MAaKCUMAJIbHBI B BOJIOKHAX HEUTPAIBHOTO CIIOSI.

Pacyer 0ayiok Ha npoyHocTh nmpu m3rude. [Ipounocts Oanku Oyjaer
obecrnieueHa, eciu OyayT BBIMOJHITHCS YCIOBUS:

O max = [G]; Tmax = [’E]
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MakcuMmalibHbIE HOpMaJIbHBIE HANPSIKEHUSI IPU U3TrMOE BO3HHUKAIOT B Ce-
YEHUSX, TJIC IEMCTBYET MaKCUMAaJIbHbIN M3rHOarouii MOMEHT, B TOUKaX cede-
HUS HanOoJiee yJajJeHHbIX OT HEHTpaIbHON OCH

MakcumMalibHbI€ KacaTeIbHbIC HAITPSYKEHUS] BO3HUKAIOT B CEYEHUAX OAJIKH,
r7ie ICUCTBYET MaKCUMallbHas MONepeyHas cuia

QuuSeo

max
bl

KacarenbHbie HaNpsKEHUS T OOBIYHO MAaJIBI 110 CPABHEHUIO C G, U B

max
pacucTax, KaK IIpaBHJIO, HC YYHUTBIBAIOTCA. HpOBepKa 10 KaCaTCJIbHBIM HalIps-

KEHUSIM TTPOU3BOIUTCS TOJIHKO ISl KOPOTKHUX OaJIoK.

IocTpoenne 3MOpP NMONMEPeYHbIX CHJI U M3rHOAIIUX MOMEHTOB. [Ipu
pacdeTe OaJIOK Ha TPOYHOCTH HEOOXOUMO 3HATHh XapaKTep U3MEHEHHS U3ruda-
IOIET0 MOMEHTA U TOIMEPEYHON CHUJIbI BAOJL OCH OAJIKM M 3HATh MOJOKECHHE
omacHoro ceueHus. C 3TOH 1EIbI0 CTPOSIT AMIOPHI MOMEPEUHBIX CUIT U U3THOaI0-
IIIUX MOMEHTOB.

Honepeynast cuna Q, B CCUCHUH YUCIICHHO PaBHA areOpanvecKoi cymme

BCEX BHEITHUX CHJI CIIpaBa WJIM CJIEBA OT CCUCHUSI.
N3rubaromuit MomeHT M, B C€YEHUU UYHUCIEHHO paBeH anreOpanyeckoi

CyMM€E MOMEHTOB BHEIIIHUX CHUJI CIIPABA WU CJIEBA OT CECUCHUS.
Ecnu BHemHsS cuia CTpEMUTCS MTOBEPHYTh OTCEUYEHHYIO YaCTh MO Yaco-
BOM CTPEJKE OTHOCHUTEIIBHO PACCMAaTPUBAEMOTO CEYEHHS, TO NONEPEYHAsl CHJIa
NoJIOKUTENbHA (pHC. 24).
N3rubarommii MOMEHT OYyJIeT MOJOKUTEIbHBIM, €CJIM MPU TEUCTBUU MO-
MEHTA BHEIITHUX CHJI OajKa UCKPHUBIISICTCS BBIMTYKJIOCThIO BHU3 (pHC. 25).
= Q>0 Q<0
F

Puc. 24
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2T D

[TocTpoeHue 310p MONepeyHbIX CUIT U U3TUOAOIIIMX MOMEHTOB PacCMOT-
PUM Ha KOHKPETHOM MpUMEPE.

[TycTh Ha OaJIKy JEWCTBYET BHEIIHUN M3THOAONMA MOMEHT M = 6kH - M
u BHemrHsA cua F =12xH, | = 1m. Onpenenum peakiuu B oropax A u B. Co-

CTaBUM yPaBHCHUS PABHOBECHS MOMEHTOB BCEX BHEIIHHUX CUJ OTHOCHUTEIBHO
omop A u B

M, =0, —F-1+m+Rg-3=0;XMg=0; —R,-3+F-2l+m=0,

OTKyJ1a

_ F-I—m:12-1—6:2KH; R, = F-2I+m:12-2-1+6

R
B 3| 3.1 3| 3.1

=10xH.

41



R <«
Aol F 2 m S Rg
A v B
L | A
| | |
Z, Z, L3 |
>
Hl S |
Qy
+
| [T M,

Puc. 26

[IpoBenem ceueHus Ha KaXJAOM XapaKTEPHOM Y4YacTKe W OINpPEIeIUM 3Ha-
YEHHs IIoNepeyHO critbl Q1 usrubarowero momenra M, .

B ceuenun 1

lpu z; =0m; Q. =10xkH; M,; =10-0 =0xH - Mm;
npu z; =1 =1Im; Q; =10xkH; M,; =10-1=10xH - m.

B ceuenun 2

Ipu z, =0m, Q,, =10-12=-2xkH; M,, =10-1=10kH - ™m;
npu z, =l =1Im; Q,, =—-2xH; M,, =10(1+1)—12-1=8kH-m.
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B ceuenuu 3
Qy3 :_RB; ng = RBZ3; 0< Zy <l.

lpu z; =0; Q3 =—Rg =—2xkH; M3 =2-0=0kH-m;
npu z3 =1 =1m; Q3 =—2xkH; M3 =2-1=2xkH ™.

[To MOIyYCHHBIM 3HAYCHHUSIM CTPOMM SITIOPHI TIONIEPEUHBIX CHJI ¥ U3rH0a-
IOIUX MOMEHTOB (pHc. 26).

9 CnoxxHOe cOnpoTUBJIEHHE

IlonsiTHe 0 CJI0KHOM CONPOTHBJIEHUH. K CI0KHOMY CONPOTUBIICHUIO
OTHOCSITCSl TAKH€ BUJbl HArpy>KeHUs1 Opyca, MpU KOTOPBIX B MOMEPEUHBIX CEYe-
HUSIX BO3HUKAIOT OJHOBPEMEHHO HE MEHEE JIByX BHYTPEHHUX CHUJIOBBIX (paKTo-
poB. UckiroueHneM sIBISIETCS MOMEPEYHBIN M3TU0, KOTOPBIM HE MPUHATO pac-
CMaTPUBATh KAK CIIy4ail CJI0KHOTO COPOTUBIICHHUS, XOTSI B CEYEHUSIX BO3HUKAET
U3ru0arolMii MOMEHT U MOIepevHasi Cuiia. ITO CBS3aHO € TEM, YTO B OOJbIINH-
CTBE CJIy4asX pacueTbl Ha IPOYHOCTh U KECTKOCTh MPOBOJATCS O€3 yueTa BIIHsI-
HUE [ONIEPEYHOU CUJIBI.

Cnydan CII0)KHOTO CONPOTUBIICHHS MOYKHO CJIIOBHO Pa3JI€UTh Ha JBE
IPYIIIBI.

K nepBoii rpyI1ire 0OTHOCATCA TaKKUE CIIy4dau CJI0KHOTO COPOTHUBIICHHUS, KO-
Ir7la B OMACHBIX TOUKax Opyca Hanps>KEHHOE COCTOSIHUE SIBJISIETCS] OJJHOOCHBIM. B
ATy TPYIITY OTHOCAT KOcoil u3rud (puc. 27,a), u3rud c pacrsskenuem (puc. 27,0),
BHELICHTPEHHOE pacTshKeHue-cxxartue (puc. 27,8) U ap.

[Ipu xocom u3rube ycnoBre NpOYHOCTH UMEET BU:

_ M X M y
O max _I—ymax +I—Xmax < [Gpl

X y

VYciaoBue MpoOYHOCTH MpU U3TMOE € pacTsbKeHHeM, MpeHeoperas Aeil-
CTBHEM NONEPEYHBIX CHII, UMEET BU/L:
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Puc. 27

M
I

X

Omax =

ymax +%S [Gp]'

X

Ko BTOpO# rpyniie OTHOCATCS Takue Cilydau CJI0KHOTO COMPOTUBIICHHUS,
KOTI'/Ia HANPSHKEHHOE COCTOsTHUE ABJIsieTcs TiockuM. Hanpumep, u3rud ¢ kpyue-
HUeM (puc. 28).

s cnydas Harpy»KeHus, OTHOCAIIEHCS K IIEpBOM TPYyIIIE, B OTIIMYUE OT
BTOPO IpyMIibl, HET HEOOXOIUMOCTH B MPUMEHEHUHU TUIIOTE3 MPOYHOCTH.

MN3rnd ¢ kpyyenmem. Ha mpakTuke 4acTo BCTPEUAOTCS CTEPKHU KPYT-
JIOTO ¥ HEKPYTJIOT'O CEYEHUS, ITOJBEPKEHHBIE OJJTHOBPEMEHHOMY JEHUCTBHIO KPY-
TAIIMX U U3rUOAIOIINX MOMEHTOB.

TakoMy Harpy>K€HUIO I10IBEPKEHBI BAJIBI MALLIMH U MEXaHU3MOB U MHOTUX
APYTUX KOHCTPYKILIUM.

Jnist pacyeTa Opyca HE0OOXOAMMO B MEPBYIO OUEPElb YCTAHOBUTH OTIACHBIE
cedyeHust. J[Jig 3Toro HEOOXOJMMO MOCTPOUTH AMIOPHI U3TUOAIOIINX U KPYTAIIUX
MOMEHTOB (pHuc. 28).
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T,
g 4 ~ DS
R _ : A — A
“AB f _Mx T _Te
F G_WX T_VTP
4
M,
T

Puc. 28

Haunem ¢ Toro, 4ro, MoOJb3ysACh HMPHHIIMIIOM HE3aBUCUMOCTH JICHCTBHUS
CHJI, OTIPECIIM OTICTLHO HAIPSHKCHHSI, BOSHUKAIOITUE B Opyce MpH KPYUEHUH,
Y OTJEIBHO TP U3rHoe.

OT KpydYeHHs B MOMEPEYHBIX CEUCHUSAX Opyca BO3HHKAIOT KacaTeIbHBIC
HAPSDKCHUS, IOCTUTAIOIINE HANOOJIBIIEr0 3HAYCHUS B TOYKaX KOHTYPa CEUCHHSI

[Ipu u3rube B MOMEPEYHBIX CEUCHHSIX Opyca BO3HHKAIOT HOPMaJbHBIC
HANPSOKCHUS, JTOCTUTAIONIME HauWOOJIBIIEr0 3HAYCHUS B KpPaWHHMX BOJOKHAX
Opyca

W KacaTelbHbIC HAIpPsOKEHHUs, JAOCTUTAIONIME HAWOOIBIIEr0 3HAYCHUS Y
HEUTPAIILHOM OCH, U ompeesieMbie Mo Gpopmyie XKypaBckoro

stxo
T=—7.
1,b
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OTHU HaNPSKEHUs 3HAYUTEIIbHO MEHBIIE HAMPSIKEHU OT KPYTSIIETO MO-
MEHTAa, T03TOMY UMU IIPEHEOperaror.

OmnacHoe ceueHnue Opyca OyIeT y 3aJ1eIKu, T1ie ICUCTBYIOT MaKCUMaJIbHbIE
HaMpsKEHUsS OT U3ruoda v kpyueHus. OnmacHbIMU TOYKaMu OyAyT TOUkd A u B .

PaccMoTpuM HampsiK€HHOE COCTOSTHME B HamOoliee omacHOW Touke A
(puc. 29). Tak Kak HAMPsHKEHHOE COCTOSIHUE JIBYXOCHOE, TO JJI TPOBEPKU MPOY-
HOCTH MPUMEHSIET OJIHY U3 TUIIOTES.

T
—
c ' c
T
%
T
Puc. 29
IIprMeHUM TPETHIO TEOPHUIO POYHOCTH
G, =Vo° +41° < [Gp].
M X Te
Y4uTeIBas, 4T0 G = U T=——,0Jy4yaem
X 2WX
JME +T7

Otcrona it mog0opa CeYeHUsT HaX0IUM TPeOyeMblii MOMEHT COTIPOTUB-
JICHUS

W>TTVMX2+T82'

L >
Op

[Ipu mpoBepoUHBIX pacueTax, Korja JuaMeTp Bajla W3BECTEH, KO3 duiu-
€HT 3araca MPOYHOCTU S BBIUUCISETCA 10 hopmyJie
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10 YcTOoiUYMBOCTD CKATBIX CTEPIKHEI.

YcroiuuBbie U HEYCTONYUBBIE (DOPMBI PABHOBECHS.

CobnroneHue ycnoBui MPOYHOCTH U )KECTKOCTH €I11€ HE TapaHTUPYET CIIo-
COOHOCTU KOHCTPYKUHUW BBIIOJIHATD, IPEAHA3HAYEHHbIE UM (DYHKIIMHU B SKCILTY-
aTallMOHHBIX pekuMax. Hapsiay ¢ BBINOJIHEHMEM yCIOBUN ITPOYHOCTH U KECTKO-
CTH, HEOOXOIUMO 00ECIEUNUTh U Y CMOUYUBOCMb KOHCMPYKYULL.

IIpu HEN3MEHHON CXEM€ HArpy>KeHUs, N0J YCTOMYMBOCTHIO IOHUMAETCS
CBOMCTBO CIIOCOOHOCTHU CHCTEMBI COXPaHATh CBOE MEPBOHAYAILHOE PaBHOBEC-
HOE COCTOSIHHE. 3HAUYEHUS BHEIIHHUX CHWJI, NPH KOTOPBIX MPOUCXOIAUT IMOTEPS
YCTOMYHUBOCTHU, HA3BIBAKOTCA KPUMUUECKUMU .

PaccmoTpuM aiiMHHBIN TOHKUN cTepeHb (puc. 30,a) Harpy>KEHHbIN Oce-
BOM CcxkuMatolen cwioid F . B aToM citydae BO3MOXHBI iB€ (hOPMBI paBHOBECHS
CTEpKHSI: MPSMOJIMHENHAsd U KpuBoiHHeiHas. [Ipyu Manbix 3HaueHusIx cuiibl F
CTEPKEHDb CKUMAETCS, OCTaBAsICh NPSIMOIUHEWHBIM. ECIIM €ro BBIBECTH U3 MOJIO-
KEHUSI paBHOBECHS, TO TIOJI ICMCTBUEM YIIPYTHX CHJI CTEPKEHb, MOKOJIEOaBIINCH
OKOJIO TIOJIO’KEHHUSI PaBHOBECHS, MPUMET HayalbHyl0 QopMmy. B aToM ciyuae
YCTOMUMBOM sIBIIsieTCS ipsimoninHeitHas popma (puc. 30,a).

Ecin yBenMunTh CKUMAIOILYIO CUIy F, TO mpu HEKOTOPOM €€ 3HAYECHUH
OTKJIOHEHHBI OT BEPTUKAIBHOIO MOJIOKEHHUS CTEPIKEHb HE BO3BPATUTCSA K IIEP-
BOHAYaJIbHOMY ITOJIOKEHHUIO 10 YCTPAHEHHIO ITPUYMHBI, OTKJIOHUBIIEW ero. B
ATOM CiIy4yae yCTOMYMBOM SIBIsIETCA KpUBOJIMHEHHas Gopma paBHOBecusi (puc.
30,0).

3HaueHue CUJIbl, IPU KOTOPOH NepBOHavYalibHas (hopMa paBHOBECUS YIIPY-
roro Tena CTAaHOBUTCS HEYCTOMYMBOM, HA3bIBAETCA KPUTHUYECKOM CHIIOW.
Haumenbiiee 3HaueHNE COKUMAIOIIEN CUIIBL, TP KOTOPOM CXKATBIN CTEPKEHD TE-
pSieT CIIOCOOHOCTh COXPAHATh MPSIMOJIMHEIHYI0 (OpPMY YCTOHYHBOTO paBHOBE-
CHsl, TaK JK€ Ha3bIBAIOT KPUTUYECKOH CUIION 1 0003HA4a0T F, .

F<F,

F>F,

Puc. 30
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Omnpenenenue KpuTHIECKOH cuiibl. @opmysia Jiuepa. Paccmorpum pe-
IIEHUE 3a]1a9K 00 YCTOWYMBOCTH CIKATOrO CTEpXkHs cunoit F, y kotoporo oba

KOHIIA 3aKperuieHbl mapHupHo (puc. 31). CrepikeHb HCKPUBHUIICS TaK, YTO B Ce-
YeHUU Z Mmporud cocTaBui Y.

F e y o -

Kp

Puc. 31

3anuceiBas AuddepeHnnanbHOe ypaBHEHUE YIPYTOW JUHUN OaJIKH, U
OTPaHUYUBASCH PACCMOTPEHUEM TOJIBKO MAJIBIX TIEPEMEIICHHUH, IMEEM:

Ely"(z)=M,(2),

rae |, =, — MUHMMaabHBI MOMEHT UHEPLIUH CEUECHHUS.

Wzrubaronuit MomeHT My (Z), neHCTByIOIMMI B MONMEPEUYHOM CEUYCHUHU
CTEPKHS, PACIOJIOKEHHOTO Ha PACCTOSHUM Z OT Hayaja CHCTEMbl KOOpJWHAT,
Oyner paBeH

M, =—-F_Y.

X Kp

[Ipu monoxuTenbHOM TPOTHOE B BHIOPAHHOM CHCTEME KOOPJWHAT 3HAK
“MUHYC” 03HA4YaeT, YTO MOMEHT SIBIIIETCS OTpuIlaTelbHbIM. Juddepenimans-
HOE ypaBHEHHE U30THYTON OCH OAJIKU B HAMPABICHUH MUHUMAIIBHON )KECTKOCTH
B 9TOM cliy4ae OyJeT UMETh BU/I:

Elin Y +F,y=0.

2 .
O6o3Hauas — - = k*, monyuum nuHeitHoe quddepeHIuanbLHoe ypaBHeHUe BTO-

X
pOTO MOpsiJIKa OTHOCUTENBHO IIporuda y

y”+k2y -0
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OGriee perieHre JaHHOTO YPaBHEHUSI UMEET BUJT

y = Acoskz + Bsinkz

rae A u B — moctostHHbIE HHTETPUPOBAHUS.
[TocTrosiHHBIE MHTETPUPOBAHUS ONPECIISEM U3 YCIOBUN PaBEHCTBA HYJIIO IMPO-

ri0oB CTepHs Ha ornopax. B atoMm ciydae umeem: npu =0, y=0, A=0; z=I, y=0,
Bsinkl = 0. ITocnennee cooTHomenue cupapemiuBo mpu Kkl = zn (n — mo6oe

1EJI0¢ YHCIIO).

in
Otkyna k = — , ¢ y4eToM MPUHATOTO paHee 0003HAUYCHHUS, TTOTYUUM

N I =1
Kp I 2 )

MuHHMAIIBHOE IEUCTBUTEIBHOE 3HAYEHUE KPUTUYECKOM CHJIBI MOJTYUUTCS

npu N=1.

\
B

.
M=2 =05 pu=07

Puc. 32
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Bausinue crmoco00B 3aKpen/ieHiusi KOHIOB CTEPKHA HA KPUTHYECKYIO
cury. @opmyiia Didiepa nojaydeHa Juisl ciydasi IMapHUPHOTO 3aKPEIJIEHUS KOH-
OB CTEP>KHS, KOT/1a MOTEPs YCTOMYMBOCTU MPOUCXOUT MO OJHOM MOJIYBOJIHE.
Jlist pyrux ciy4aes 3akpervieHus: opmyia Ditepa mpuHUMAET BUT

2|

:TC minE

F
Kp 2
(ul)
rae 4 — Ko3OPUIUEHT NPUBEACHUS JJIMHBI, 3aBUCSIIHNN OT crioco0a 3aKperIeHuUsI
KOHIIOB CTep>kHs (puc. 32).
Kputnueckoe HanpsiKeHUE paBHO
Fy n’Ely, n’Eif, n°E  n°E
T2 TTA T W2A () 2T )2
K K ul

: i y
rae Iy, = rz\” — MHHUMAJbHBIA pauyc UHEPLUY;

|
A= M— — TUOKOCTH CTEPIKHSI.

min

Ipeneast npumennmoctu popmyast Jisepa. [Ipu BeiBoge hopmyIibl
JUTISl KPUTUYECKUX CUJT M HAIIPSDKEHUH, UCIIOIh30BaAIOCh NpUbImkeHHoe nudde-
pEHIIMAIbHOE YpaBHEHHE HM30THYTOW OCH Oasku, KOTOpO€ ObLIO IMOIY4YEHO B
MPEANONIOKEHUH, YTO MaTepUall CTepXKHS nogunHsercs 3akony ['yka. Takum 06-
pa3om, ¢popmMyiy Dilsiepa MOKHO MPUMEHSTh TOJIBKO ISl 3HAYSHHUM Hampske-

HHM, MEHBIIUX WJIM PABHBIX IIPEIEIy MPONOPLUUOHAIBHOCTH

nE .
oTKyaa A > |—— . Takum obpa3zom, popmyia Ditaepa MOKET IPUMEHATHCS IIPU

an

n’E

an

YCIIOBHH, 9TO A 2 A, =

B ClIydasiax, Koraa THOKOCTD CTCPIKHA A<A KPUTUYCCKOC HAIIPAKCHUC

npen
onpeaCisICTCA 110 SMIITMPUICCKUM 3aBUCHUMOCTAM. B YaCTHOCTH, d.C. Scunckuit
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MPEIOKUIT CIETYIONIYI0 (DOPMYITY ISl KPUTHYECKUX 10 YCTOMYUBOCTH HaIpS-
JKEHUM:

G =a-— bA,
raed,b — moCTOsHHBIC BEIMYMHBI, 3aBUCSINNIE OT MaTepraa CTCPIKHI.

11 IIpoYHOCTH NMPH NMEPEeMEHHbIX HATIPSIZKEHUAX

MexaHu3M YCTAJOCTHOIO paspylieHusi. B mpouecce skcruryaranuu
OOJBIIMHCTBO J€TANCH MAaIlIMH U MEXaHU3MOB MOJIBEPTaloTCs IUKINYECKU U3-
MEHSIOIIAMCS. BO BpEMEHM BO3JEHUCTBUAM. HecMoTps Ha TO, 4TO 3HAYEHUE BO3-
HUKAKOUIMX B JCTAAX MAIllMH MAaKCHUMAaJbHBIX HANPsHKEHUN MEHbIIE Mpeiena
MPOYHOCTH, CITYCTSI HEKOTOPOE BPEMSI IPU ICMCTBUU MEPEMEHHOTO HAPSIAKECHUS
B HUX BO3HUKAIOT TPEIINHBI, U OHU Pa3pyILLIAOTCA.

Hauano paspyuieHuss HOCUT 4MCTO MECTHBIN Xapakrep. MUKpoTpeluHa
00pa3yeTcsi B 30HE MOBBIIICHHBIX HANPSXKEHUH, 00YCIOBICHHBIX KOHCTPYKTHUB-
HBIMH, TEXHOJIOTHYECKUMU WIH CTPYKTypHbIMH (hakTopamu. [Ipu mMHOrOKpaTt-
HOM M3MEHCHUU HANPSIKEHUN KPUCTAJUIBI, PACIIOJNIOKEHHBIE B 30HE MUKPOTpE-
IIMHBI, HAYUHAIOT Pa3pylIaThCs, U OHA MPOHUKAET B TIyOb Tela.

KoHTakTupyemble TOBEPXHOCTH B 30HE 00pa30BaBILIEHCS TPEIIMHBI UCIIbI-
THIBAIOT KOHTAKTHOE B3aUMOJICHCTBUE, B PE3YJIBTATE YETO NPOUCXOIUT UCTUPA-
HUE KPUCTAIJIOB, @ TOBEPXHOCTU MPUOOPETAIOT BHEUIHUIN BHUJI MEJIKO3EPHUCTOM
CTPYKTYPBL.

[Tonepednoe ceyeHue B pe3ybTaTe Pa3BUTHUS TPEIIUHBI OCIA0ISIETCS U Ha
ITOCJIEHEM JTalle MPOUCXOAUT BHE3ANTHOE paspylieHue. M3imom npu 3ToM nmeet
XapaKTEPHYIO TOBEPXHOCTh C YACTHIMU HEMOBPEKICHHBIMU KPUCTAJIIAMH.
[Iporecc mOCTENEHHOTO HAKOIUICHUS TTIOBPEXKICHUN B MaTepualie noj Aeu-
CTBUEM MEPEMEHHBIX HAMPSIKEHUM, TPUBOISIIUX K pa3pyLICHUIO, HA3bIBACTCS
yemanocmbio. CBOUCTBO MaTepuala MPOTUBOCTOATh YCTAIOCTH HA3bIBAETCS
BbIHOCIUBOCMDBIO.

OcCHOBHBIC XapPaKTEPUCTHKHM HHMKJIA M npeaena ycraiaoctu. [lpu
PACCMOTPEHHUH MEPUOANICCKON IMMKINYECKON HAarpy3Kd OOBIYHO OTpaHWYMBA-
IOTCS CHHYCOWJAIBHBIM 3aKOHOM HW3MCHCHHMs HampspkeHui (puc. 33) Bpems
uKia koroporo T, ...
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Puc. 33

CpezLHee HaIIpsAZKCHHUC W aMIUINTyda IMCPEMCHHOI'O HAIIPSZKCHUSA HHKIIA
OIIPCACIIAIOTCA 110 3aBUCHUMOCTAM

MaKCI/IMaHI)HOC U MUHHUMAJIBHOC HaprDKeHI/Iﬂ IMUKJIa paBHLII
Omax =Om T Oar Omin =0y —Oa-

JIJist XapaKTepUCTUKH IUKJIOB HATPY>KEHHS UCTIONB3YIOTCS KOAhDHUITUEHT

G min
aCI/IMMeTpI/II/I IIUKJIa f=——.
O max
ECJII/I r = —1, TO ITUKJI HA3bIBACTCS CI/IMMeTpI/IIIHBIM.

Ecmu r # —1, TO MK Ha3bIBAETCS ACHMMETPUYHBIM.
Ecmm r =0, To UK Ha3bIBACTCS MYJIbCAIIMOHHBIM.

Hawnbomee pacrpocTpaHEeHHBIMHE SIBJISIOTCSI UCTIBITAHKS B YCIOBHSIX CHM-
METPUYHOTO IHKIa. [Ipr 3TOM 00BIYHO HCTIONB3YETCS MPUHIIAIT YUCTOTO U3ruda
Bpainaromerocs oopasma (puc. 34).

F F

Puc. 34

I[J'I}I WCOBITAHUN B YCIOBUAX HCCHMMCTPHUYHBIX HHUKIIOB HMCIIOJIB3YIOTCA
o0 CIICOUaJIbHBIC MAaIllMHBI, 00 XKe BBOJATCA AOIIOJIHUTCIIBHBIC
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Puc. 35
npucnoco6aeHus. Tak, HampuMep, MOKHO Ha HCTIBITYEMOM 00pa3iie YCTAaHOBHTH
IpYy’KUHY, CO3JAI0IYI0 IIOCTOSHHOE PACTSKEHUE 00paslia ¢ HaIPSKEHUEM G, .

Bo Bpems ucnbITaHus Ha 3TO HANPSHKEHUE HAKIIAIBIBACTCS HAIMPSKEHUE OT W3-
ruda, MEHSIOIIEeCs M0 CHMMETPUYHOMY HUKITY. [IyTeM MHOTOKpATHBIX UCIIbITA-
HUM ONpeesieTcss YUCIIO IIUKIOB, KOTOPOE BhIIEPKUBAET 00pasel] 10 pa3pylie-
HUS , B 3aBUCUMOCTH OT BEJIMYMHBI HAIPSDKCHUSI G B TIOTIEPEUYHOM CEUEHUU 00-
pasia. J1a 3aBUCUMOCTh UMEET BUJI KPUBOM, ITOKa3aHHOU Ha puc. 35.

Kak moka3pIBalOT OMNBITHI, YTO /JiA OOJBIIMHCTBA YEPHBIX METAJIOB
MO>KHO OTIPENENUTh TaKOe HanOoJIbIllee MAKCUMAIIbHOE HANIPsKEHUE, MPU KOTO-
pPOM MaTepual He pa3pyllaeTcs Mpu JII0OOM Yucie HUKIOB. Takoe HanpsHKeHue
Ha3bIBAETCS npedesiom yCmaiocmu, Wl npeoeiom bIHOCIUBOCHIU.

ITpenen BeIHOCIMBOCTH 0003HAYAETCs 4epe3 G, , IlIe UHACKC I COOTBET-

cTByeT Koddduimenty nukina. [Ipenena BBIHOCIMBOCTH JISI CUMMETPUYHOTO
LIMKJIa UMEET 0003HAYEHUE G_j, IS IIyJbCUPYIOLIETO - G .

JI71s IBETHBIX METAJUIOB M ISl 3AKAJICHHBIX JI0 BBICOKOW TBEPJOCTH CTAJICH
HE yJaeTCs YCTAaHOBUTH TAKOE YMCIIO ITUKIIOB, BBIJIEPIKAB KOTOpOe, 0Opaselr He
paspymuics Obl B manmbHE#meM. [1oaToMy B mMOTOOHBIX CITydasx BBOJIUTCS TO-
HSITUE YCJIIOBHOTO MpeJieia BHIHOCIUBOCTH. 3a YCI06HbLU Npedeil 8bIHOCIUBOCTU
MIPUHUMAETCA HANpPSKEHUE, MPU KOTOPOM oOpasel] CIocoOeH BBIICPKATh 107
ITUKJIOB.

Tak kak ompeneneHue Mpejesia BEIHOCIUBOCTH SIBJISIETCS TPYAOEMKOM
oriepaleid, Mo3TOMY €ro ONMPEEIIAIOT M0 AMIUPUUECKUM (HOopMysiaM depes u3-
BECTHBIC MEXaHUUYECKHUE XapaKTEPUCTUKHU MaTepuania.

OOBIYHO CUMTAETCS, YTO IS CTajeH IMpeaen BRIHOCIUBOCTH IIPU M3THOE
COCTAaBJISIET MOJIOBUHY OT Ipeeia MPOYHOCTH:

o, ~(04..05)c,.

JI71 BBICOKOIIPOYHBIX CTAJIEN MOKHO ITPUHSAT:
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G4~ 400+%GB.

JIJ1st IBETHBIX METAJUIOB IIPE/iesl BRIHOCIUBOCTH U3MEHsAETCs B OoJiee IIu-
POKHUX Mpeienax:

o, ~(0,25...05)c,

AHaTOTUYHO UCTIHITAHUIO HAa YUCTHIA M3rU0 MOXHO BECTH UCIIBITAHUE HA
KPYUYEHHE B YCIOBUAX UUKINYECKH U3MEHSIOLINUXCS HAPsSKEHUU. B aToM ciry-
yae:

1, ~(0,2..03)o,

@akTOopbl, BIAUAKIIAE HA CONPOTHUBJIEHHE YCTAJOCTHOMY
pa3pemenuio. Ha BenmuunHy npejena BBIHOCIMBOCTH BIUAIOT: (hopMa eTam,
KauyecTBO 00pabOTKK MOBEPXHOCTH, a0COJIFOTHBIE pa3MepPhl JeTalu, BU IUKIA
M3MEHEHUs HaNpsOKEHUH, 4acToTa ITMKJIOB, AKCIUTYTAllMOHHBIE U Ipyrue (ak-
TOPBI.

Bnusuaue ¢opmbl neranu (KOHIEHTpAIMK HANPSHKEHUM) yIUThIBaeTcs I dex-
TUBHBIM KO(PHHUIIMEHTOM KOHIICHTpAIlUU

G _1k T 1k

I7ie G_; - IpeJiesl BRBIHOCIMBOCTH CTAaHIApTHOTO 00pa3na Mpy UCTIBITAHUH HA U3~
ruo;

G_y; - Ipe/ieN BEIHOCIMBOCTH 00pasiia MpH UCHBITAHUHM HA U3TH0 ¢ KOHIIEHTpa-
TOPOM;

T_, - Ipe/eN BEIHOCIMBOCTH CTAaHIAPTHOTO 00pasia Ipu UCHBITAHUH Ha Kpyde-
HUE,

T_4, - IPEIeN BEBIHOCIMBOCTH 00paslia MpH UCTIBITAHWN Ha KPy4eHHE C KOHICH-
TPaTOPOM.

Biusinue aOCOIIOTHBIX Pa3MEPOB YUHTHIBACTCS MACIITaA0OHBIM (PaKTOPOM
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rac G_,, — IIpEaci BBIHOCIMBOCTH 06pa3ua 3aIaHHOT'O pa3MEpa IMpu UCIILITAHUH

Ha U3THuo;
T_y, — IPeJes BBIHOCIMBOCTH 00pasla 3aJaHHOrO pa3Mepa NpH UCHBITAHUM Ha

Kpy4ueHue,

UYewm Oouibiie pazmep 00pasiia, TeM Mpejiesl BRIHOCIUBOCTH HUXKE.
Brnusinue kauectBa 00pab0TaHHOM MOBEPXHOCTH YUUTHIBAETCSA KOADPUIIHEHTOM
Ka4yecTBa MOBEPXHOCTH

o] T4

rlie G_y, - Ipees BBIHOCINBOCTH 00pa3lia ¢ 3alaHHOU 00paOdO0TKOM IIOBEPXHOCTH

IpY UCTIBITAHUM Ha U3THO;
T_;,~ IPEIeNl BBIHOCIMBOCTH 00pa3la C 3aJaHHONH 0O0pabOTKON MOBEPXHOCTH

IPU UCTIBITAHUU HA KPyUYEHUE.

[Ipu 3TOM yuuTHIBaeTCS BIMSIHUE MEXaHUUECKOU (ToueHue, NIIupoBaHuE,
NOJINPOBKA, HAKaThIBaHUE, ApOOECTpyliHas 00paboTKa), TEepMUUYECKON (3aKalKa,
OTMYCK), XUMUUYECKOHN (a30THUPOBAHUE) U JPYTrUX BUAOB 00paOOTKH MOBEPXHO-
CTH.

Onpenesnenue KO3 (PUIMEHTA 3211ACA IPOYHOCTH.

[Ipu cuMMeTpUYHOM LUKIJIC HANPsKeHUH Kod(PPUIIMEeHTHI 3amaca mpoy-
HOCTH 110 HOPMAaJILHBIM M KacaTeIbHBIM HAMPSOKCHHUSIM BBIYUCIISIOTCS TI0 3aBH-
CUMOCTSIM:

[Ipu cmoXKHOM HaMPSHKEHHOM COCTOSIHHH KO3((HITMEHT 3amaca MmpoYyHo-
CTH BBIYUCIIACTCS IO OpMYIIE:

nGnT

Nz +n?

[Tpu HECUMMETPUYHOM MUKJIE HAPsHKEHUH KOA(DPUITMEHTHI 3amaca mpoy-
HOCTH ONPEAEISAIOTCA MO 3aBUCUMOCTSIM:
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C_4 T

(o) T

Gmax +WGGm
orrc T

Trex TWiTm

Il Y, Y, — DMIUMPUYECKHE BEJIMYUHBI, ONPEJIEIIEMbIE HA OCHOBE 00pabOTKH
HKCIIEPUMEHTAIIBHBIX TAHHBIX.

[Tpu co’kHOM HANPSDKEHHOM COCTOSIHUMH, BO3HUKAIOIIEM, HATIPUMED, TIPU
KPY4YE€HHUH C U3ruoom, Ko3QUUUEHT 3amaca MIPpOYHOCTH ONPEEISAETCS MO AMITU-
puueckoit popmyiie I'ada u Ilommapaa

nGnT

Nz +n?
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OraBjieHue

1 OO0mre cBeIeHns U OCHOBHBIE NOHATUS

2 PacTspkeHne — coxaTue

3 'eomeTprueckue XapaKTEPUCTUKU IIJIOCKUX CCUCHHM
4 Teopun HAIPSIKEHHOTO COCTOSTHUS

5 Teopuu npOYHOCTH.

6 UucThIN cABUT

7 KpyueHnue

8 Ilmockuii nu3rud

9 CnoxHoe CONpOTUBIIEHUE

10 YcToiunuBOCTh CTEpKHEMN

11 ITpoYyHOCTH U MEPEMEHHBIX HAIIPSIKEHUSAX
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