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AHHOTALIUA

VYyebHoe mocoOue COACPKUT MaTepuasl Uil M3y4YeHUs OO0y4arolUMHUCS
OCHOBHBIX TeM Yy4eOHBIX guciuiinH «CONpOTHUBIEHHE MaTEPHAIIOB» H
«CrnenuanbHble  BOMPOCHI  CONMPOTHUBIICHUS MaTEpPUATOB», I  3aKPEIUICHHS
YUTAEMOT0  Kypca  JIEKIIMH, CaMOCTOSITEIbHOTO  BBIMIOJHEHUS  JIOMAIllHUX,
KOHTPOJBHBIX U pacyeTHO-Tpauueckux padoT, MOATOTOBKH K TEKYIIEMY KOHTPOJIIO
YCIIEBAEMOCTH U MPOMEKYTOUHOM (MTOTOBOM) aTTECTALINH.

[TocoOue mpemHa3HaueHO ISl CTYNIEHTOB BceX ¢opM oOydeHus (OYHOM, OYHO-
3a0YHOM, 3a0YHOM) TEXHUYECKUX HAMPABJICHUN TMOJATOTOBKU (CHEIMATILHOCTEN),
M3YYaIUX JUCHUILTMHBI «COMPOTUBIICHUE MaTepuanoBy, «CrielinaibHble BOMPOCH
CONPOTHUBJIEHUSI  MarepuasioB», «Mexanuka», «TexHuueckas  MEXaHHUKa»,
«Teopernueckass MeXaHUKa I ApXUTEKTOPOB», «CTpoUTelbHAsT MeXaHWuKa ISt
ApXUTEKTOPOB», B YACTHOCTH, ISl CTYJCHTOB, OOYyYalOIIUXCA MO HAMNpPABICHUSIM:
08.03.01 — CrpoutensctBo; 07.03.01 — Apxutektypa; 07.03.02 — PexoHCTpyKIIHS U
pectaBpanus apxutektypHoro Haciueaus; 07.03.04 — I'pagoctpoutenbctBo; 23.03.03
— DKCIUTyaranusi TPaHCIIOPTHO-TEXHOJOTHYECKUX MAIIUH U KOMIUIEKCOB; 29.03.04 —
TexHomnorus Xya0kecTBeHHONW 00paboTku MaTepuaioB u crnenuaibHocTsM: 08.05.01
— CrpoutenbcTBO YHUKaNbHBIX 3aaHuM; 08.05.02 — CTpouTeabCTBO, IKCILTyaTallus,
BOCCTAHOBJICHME W TEXHUYECKOE MPHUKPHITUE aBTOMOOWIIBHBIX JOPOT, MOCTOB M
toHHenel; 21.05.01 — Ilpuknagnas reoxe3us; 23.05.01 — HazeMHble TpaHCIOPTHO-
TEXHOJIOTUYECKHUE CPEICTBA.

Hacrosiiiee yue6HOoe mocoOue COCTOUT U3 TPEX YacTe.

Conepxanne mocobust cooTBeTcTByeT DefepalbHbBIM — TOCYAapCTBEHHBIM
oOpa3oBaTeNbHBIM  CTaHAApTaM  BBICHIETO  00pa3oBaHUS 10  TEXHUYECKUM

HampaBJICHUsIM TMOJArOTOBKM (crenuanbHOCTsM), U «lIpumepHoit mnporpamme
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U CITUTIIINHBI "ConpoTuBieHUE MarepuaioB", Mockaa, 2012 roja,
PEKOMEHJIOBAHHOW  y4EOHO-METOAUYECKUM OOBECIUHEHUEM BBICIIUX  YYCOHBIX

3aBesieHuit Poccutickoit denepaiyiu mo oOpa3oBaHuIo B 00JaCTH CTPOUTEILCTBA.

ABTOp
KaHJ. TeXH. HayK, npodeccop kadeaps

«ComnpotuBnenne marepuasioB» Epemun B./1.
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HPEAUCJIOBUE

CompoTuBiIcHHE MaTEepUAIOB — Hayka O TMPOYHOCTH, IKECTKOCTH W
YCTOMYMBOCTH OTACTBHBIX DJEMEHTOB KOHCTPYKIIM, WIPacT BaXXHYI pOJb B
po(heCCUOHATLHON MOITOTOBKE WHKEHEPOB JIFO00M CIICITUATBHOCTH.

ComnpoTuBJICHHE MaTepHUaiOB — OJHA W3 CJOXKHBIX Y4YEOHBIX IUCIUILINH,
U3Y4aeMbIX CTYJICHTaAMU TEXHUYECKUX HAMpPaBJICHUM MOATOTOBKHU (CHEIUATBLHOCTEMH).

CamocTosiTenbHas padboTa OOydYarOUIUMXCSl SIBJISIETCS OJHUM M3 BaKHEHIIMX
BOIIPOCOB B YCJIOBHSIX pealn3alldd KOMIIETEHTHOCTHOM MoJieiau o0pa3oBaHUs. ITO
CBSA3aHO HE TOJIBKO C MOCTOSHHBIM YBEIUYEHUEM JOJIU CAMOCTOSTEIHLHON PadOTHI
MpH  OCBOCHUHM YYEOHOW IUCIUIIMHBL, HO W C COBPEMEHHBIM ITOHUMaHHUEM
00pa3oBaHMsl KaK )KU3HEHHOU CTPaTEruu JINYHOCTH.

JUist ycBOeHMsI Marepuana 3TOM JUCUUILIMHBI HEOOXOIMMO 00s3aTeIbHO
COCTaBJISITh KOHCIICKT JICKIIMA M HAYYHTHCS CAMOCTOSITENBHO pemaTh 3afaun. Ecim
Opy pEIICHUHd 3a7a4 M OTBETaX Ha BOMPOCHI JUISI CaMOMPOBEPKH BO3ZHUKHYT
3aTPyAHCHUS, CIICIYET BOCIOJIB30BAThCS MMEIOMMMHUCS B y4eOHWKAX W Y4IEOHBIX
MOCOOMSAX YKa3aHUSAMHM W PEIICHUSMH, a TaKXKe OOpaTHTHhCS 3a KOHCYJbTAllMEH K
IIPETo1aBaTelIo.

HeoOxoaumo Takke OCHOBATeIbHO pa3o0paThCsi B BBIBOJAX OCHOBHBIX
BhIpaKeHU W (opmyn, oOpaimias mpu 3TOM 0CO00€ BHHUMAaHHE Ha (PU3NUYECKYIO
CYIIHOCTh pacCMaTPHBAEMBbIX BOIPOCOB M HA JIONMYIICHUS M OTPAHHYCHHUS, KOTOPBIC
JICJTAFOTCS B TIPOIIECCE BHIBOJIOB.

B ycnoBusx MOCTOSIHHO COKpAIAIOMmIerocsi B YYEOHBIX IUIaHAX BpPEMEHH,
OTBOJMMOTO Ha ayJWTOPHOE HW3yYEHHWE OTHUX JUCIUIUIMH, M B TO € BpeMs
HeoOxoauMocT GOpPMUPOBAHUS Y OYAYIITUX UHKEHEPOB 0A30BOTO 00beMa 3HAHHM O
IPOYHOCTH, JKECTKOCTHM W HAJCKHOCTH TMPOCKTUPYEMBIX M HaXOJANIUXCS B
OKCIUTyaTalliil 3AaHUA W COOPYKEHHH, BaXXHO O00ECHeuuTh O0ydJaromuXcs
MOCOOMsAMH, HEOOJBIIMMHU IO O00BEMY, HO OXBATHIBAIOIIMMU OCHOBHBIE Pa3/eibl
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3HaHUU B COOTBETCTBUU C 3a7auaMu (OPMHUPOBAHUS Y 00yUaAIOUINXCA HEOOXOAMMBIX
HAaBBIKOB pAacyeTOB Ha MPOYHOCTb, JKECTKOCTh W YCTOMYMBOCTb 3JIEMEHTOB
KOHCTPYKIIUH.

VYyebHOe mocodre COCTOUT U3 TPEX YacTel.

B nepBoif yactu mocoOusi aHANU3HPYETCS HAIPSKEHHOE COCTOSHUE Tella U
M3JIATal0TCsl METO/BI pacyeTa Ha MPOYHOCTh U JKECTKOCTh 3JIEMEHTOB KOHCTPYKIIHIA,
UCTBITHIBAIOIIMX MPOCThIE BUABI AePopMaliii, MO JOIMyCKaeMbIM HaNpsIKEHUSIM U
MpeieIbHBIM COCTOSTHUSIM.

Bo BTopoit wactu y4eOHOTO MOCOOHMS paccMaTpUBAIOTCS METOMBI pacueTa Ha
IPOYHOCTH U KECTKOCTh 3JIEMEHTOB KOHCTPYKIUH, paOOTaOMX Ha U3THO.

B Tperpeit uwactu mocobus paccMaTpuBaIOTCS BOIPOCH pacdyera Opyca Ha
CJIO)KHOE€ CONPOTHBIIEHUE, HA YCTOMYMBOCTh, a TaKXKe 3aJjauid y4yeTa JTUHAMUYECKHX
Harpy30K B COPOTUBJICHUH MaTEPUAJIOB.

YuebHoe mocobue ConepKUT MaTepuan JJis U3yYeHUsl CTYJEHTaMU OCHOBHBIX
TEM CJCAYIOMMX YIeOHBIX TUCIUIUIUH KadeIphl:

— COINPOTHUBIICHUE MaTepUasoB;

— CIIeLIMATIbHBIE BOIIPOCHI CONPOTHUBIICHUS MATEPUAJIOB;

— MEXaHUKa;

— CTpOHTENbHAS MEXaHHKA JJI1 apPXUTEKTOPOB;

— TEOpEeTUUYECKasi MEXaHUKa JIJIsl apXUTEKTOPOB.

[TocoOue mpenHa3HaueHoO ISl CTYJIEHTOB Bcex GopM oOydeHus (OYHOM, OYHO-
3a04YHOM, 3a04YHOI) TEXHUYECKMX HAMNpPaBJICHUNA MOATOTOBKU (CHEUUATIBLHOCTEH), B
YaCTHOCTH, JMJI CTYACHTOB, oOywatouiuxcs mo HanpasieHusm: 08.03.01 —
CrpoutensctBo; 07.03.01 — Apxurekrypa; 07.03.02 — PexkoHCTpyKIus H
pecraBpanust apxurektypHoro Hacieaus; 07.03.04 — I'pagoctpoutensctBo; 23.03.03
— DKCIUTyaTanusi TpaHCIIOPTHO-TEXHOJOTUYECKUX MAIIuH U KoMIuiekcoB; 29.03.04 —

TexHoyorus: Xy10°kKeCTBEHHOM 00paboTku MaTepuanoB u crenuanbHocTsIM: 08.05.01
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— CtpoutenscTBO YHUKaNbHBIX 3AaHuM; 08.05.02 — CTpouTeNnbCTBO, 3KCILTyaTalus,
BOCCTAHOBJICHHE U TEXHMYECKOE NPUKPBITHE ABTOMOOWIIBHBIX JOpPOT, MOCTOB M
tonHeneu; 21.05.01 — Ipuknagnas reoxesus; 23.05.01 — HazemHble TpaHCIIOPTHO-
TEXHOJIOTMUECKHUE CPENCTBA, JIA 3aKpeIJICHUs] YUTAaeMOro Kypca JIEKIMH, IS
HOJATOTOBKU K TEKYIIEMY KOHTPOJIO YCIEBAEMOCTH M IPOMEXKYTOUHOM aTTecTalluu
oOy4Jaronuxcsi, Mpyu CaMOCTOSITEIBHOM BBINOJHEHUU JOMAIIHHUX, KOHTPOJBHBIX H

pacyeTHO-Tpaduueckux pador.
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TEMA 9. CJIO’KHOE COITPOTHUBJIEHUE

9.1. O6umue nousitus. I'pynnsl c10:KHOT0 CONPOTUBJIEHUS

Ha mpaktuke wacTto BCTpedaroTcs cilydaw, KOTJa B pPe3yibTaTe ACHCTBUSA
BHEIIHEW Harpy3kd B IIONEPEUHBIX CEUEHUSX Opyca OJHOBPEMEHHO BO3HUKAET
HECKOJIKO KOMIIOHEHTOB BHYTPEHHUX YCHIIAM.

B »stom cnywyae roBopAT, 4ro Opyc HaXOAMUTCS B YCIOBUSX CIIOXHOIO

COIIPOTUBJICHUA.

Onpedenenue. K CHOKHOMY COINPOTHUBICHHIO OTHOCATCA TaKUE€ BUIbI
nepopmainuii Opyca, Mpu KOTOPBIX B €ro MOMEPEYHBIX CEUEHUSX OIHOBPEMEHHO
BO3HHMKAET HE MEHEE JIByX BHYTPEHHHUX CUJIOBBIX (PaKTOPOB.

B stux ciyyasix co3maroTcss KOMOMHAIIMU MTPOCTHIX BUAOB AedopMaliuii: Kocoi
u3ru0 /TUIOCKUH M3ru0d B JIBYX INIOCKOCTSIX OJIHOBPEMEHHO/, BHEIICHTPEHHOE
pacTshKeHHE WM CKaTue [IeHTPabHOE pACTSHKCHUE WU CKAaTHE C TUIOCKUM
M3ruOoM/, OTHOBPEMEHHOE JICHCTBUE IIOCKOTO M3rMda ¢ KpyYCHUEM U TaK Jaliee.

B oOmeMm cnydae HarpyxeHuss Opyca B TONEPEYHBIX CEUEHUSX MOTYT
NEHCTBOBATh ILIECTh BHYTpeHHUX cuioBbIX ¢(aktopoB N, Qy, Q, M,, M, M,
CBSI3aHHBIE C YETHIPbMS MPOCTHIMH Je(POpPMalUSIMHU — IEHTPAIBHBIM PACTSIKEHUEM
(cxkatuem), CABUTOM, MJIOCKUM (UMCTBIM) U3TMOOM U KPYUEHHUEM.

CoBMecTHOE JEHCTBHE YKa3aHHBIX YCWIMH NPUBOAUT K HANPSKEHHOMY
COCTOSIHHIO, KOTOPOE MOYKHO MOJYyYHUTh CYMMHUPOBAHUEM HAIPSHKEHHBIX COCTOSIHUIA,
BBI3BAHHBIX KaX0i MpoCTOr Aedopmalirieil B OTIeIbHOCTH.

City4au CI0KHOTO COMPOTUBIICHUS MOKHO Pa3AeiINTh HA ABE FPYIIIIHIL.

K nepeoti epynne oTHOCATCS Cllydau, IPU KOTOPBIX B OMACHBIX TOYKax Opyca
HampsDKEHHOE ~ COCTOSIHME  SIBJISIETCS.  OJIHOOCHBIM,  JIMOO  IpHUOJMKEHHO
paccMaTpuBaeTcsd Kak OJHOOCHOE B CBSI3M C HE3HAYUTEIbHBIM BIMSIHUEM Ha

ITPOYHOCTH KAaCaTCIbHbBIX HaHp}I}KCHHﬁ.
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K mepBoil rpymnme npuHaanexaT KOCOW H3TMO, BHELIEHTPEHHOE pacCTsKEHHE
(cxkaTHe), COBMECTHOE JICHCTBUE U3rHOa U IIEHTPAIBHOTO pacTshkeHus (cxatus).

B osmom cayuae Ona  pacuema Ha NPOYHOCMb NPUMEHAIOM  NPUHYUN
He3a8UCUMOCTMU OeUCMBUsL CUIL.

B ciny4asx CIOXHOTO CONPOTUBIICHUS, OTHOCSIUMXCA KO 6MOpOU 2pynne, B
OINACHBIX TOYKax Opyca BO3HHKAET IUIOCKOE HAIPSDKEHHOE COCTOSHUE M PacyeT Ha
IIPOYHOCTb, BBIIIOJHACTCA C NPUMEHEHMEM TEOpUM IIPOYHOCTH, TaK Kak B ITOM
Cly4ae NMPUHLMI HE3aBUCUMOCTH IEUCTBUS CHJI IPUMEHSITDH HEJIb3S1.

Ko BTOpo#i rpymme oTHOCATCS W3rHO C KPyYEHHEM, LIEHTPAJIbHOE PACTSKEHUE
(cxatme) C KpPY4YCHUEM, IICHTPAIBHOE paCTsHKCHHE (CKaThe) ¢ H3rUOOM |
KPYYEHUEM.

B ciydae npumeHeHHs IPUHLINAIIA HE3aBUCUMOCTH JCHCTBUS CUJI, B pacyeTax Ha
CJIO’KHO€ COIIPOTUBJICHUE YCIOBUMCSI OTHOCHUTEIJIBHO IPABUJIA 3HAKOB.

9.2. IlpaBuja 3HAKOB AJisl BHYTPEHHHUX yCHJIUIA
MPH CJIOKHOM CONMPOTHBJIEHHHU

IIpasuno 3uaxos. I3rmbaronmii MOMEHT CUHUTAETCS IOJIOKUTEIBHBIM, €CJIM OH

BBI3BIBACT PACTATHBAIOIIUC HAIIPSKCHUA B TOYKaAX nepBoﬁ UCTBCPTHU HpHHﬂTOfI

CHCTEMbI KOOPAMHAT MOIEPEUYHOro ceueHus opyca (crepxkus) (puc. 9.1, a).

@) &) &)
. Ezr"‘? ﬁx}gﬂ
- 4 "
a O/ 1 4y e
s —+X % 7 |- H{
My=0 =0

=0 /

Puc9.1
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Illpasuno 3naxos. Ha mom@anke, HOpMaidb K KOTOPOW COBMNAHAET C

TIOJIOXKHMTEIBHBIM HampasiieHueM ocu X (puc. 9.1, 0), momepeyHasl cuia CUUTACTCS
MOJIOKUTENIbHOM, €ClIM OHAa HAaIpaBlieHA B CTOPOHY MOJIOKHUTEIBHOTO HaIpaBiICHUS

COOTBCTCTByIOHICﬁ OCH.

IIpasuno 3naxos. IlpofosbpHas CHJIa CUUTACTCS IOJIOKUTEIBHOW, €CIIM OHA
pactsruBaromas (puc. 9.1, B).

lIpasuno 3nakog. KpyTSalMidi MOMEHT CUHUTAETCA IOJOKUTEIbHBIM, €CIH OH

HaIpaBJICH 110 YacoBoi ctpenke (puc.9.1, B).

OcHoBHBIC (OpMYIBI ISl  ONpENeNCHUS HaNpPSHKCHWH, COOTBETCTBYIOIINC
MIPUHATHIM HANPaBJICHUSAM OCEH KOOPAHWHAT, MPHU MPOCTHIX BHIAX ACHOPMHPOBAHUS
Opyca (cTepxHs), KaK U3BECTHO, UMEIOT BU/I:

e [[eHTpanbHOE paCTsIKEHUE UIIH CIKATHE

o,=c=N/A (9.1)

e KpydeHue Kpyrioro cTepHs

,=Mpll, (9.2)
o [[nockuii (YMCTHIN) OTIEPEUHBIN U3THO:
— B mIockoctu X0y
o,=o=M,yll, (9.3)
— B uiockoctu X0z
o,=0=M/l, (9.4)
[Tpu pacueTax Ha CIIOKHOE COMPOTUBICHHE (nepsas epynna) 0ObBIYHO HCXOIST
W3 MPUHIMIA HE3aBUCUMOCTH JCUCTBUS CWII (BIUSHUEM Jedopmaliiii, BhI3BaHHBIX
OJTHOM W3 TPHUJIOKEHHBIX K YIPYroil CUCTEME HArpy30K, Ha pPacCIOJIOKCHHE, H,
CJIEIOBATENILHO, HAa PE3YNbTAThl JCHCTBUS OCTAJBHBIX HATrPy30K MpeHeOperaror),

KOTOPBIN CIIPAaBEATUB MPU MabIX JehOopMaIusix.
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YupasJienne nuppoBbIX 00pa3oBaTeIbHbIX TEXHOJIOTHIA

COINPOTHUBJIEHUE MATEPUAJIOB
CHELHUAJIbHBIE BOIIPOCHI COMPOTUBJIEHUS MATEPUAJIOB (Yacts |11)

Ilpunyun muezasucumocmu Oelcmeusi Cul NO360JseM HPUMEHAMb CHOCOO
CIIOJHCEHUSL OCUICMBUSL CU.

B o6miem ciydae CIOKHOTO CONPOTUBIEHUA, (opMmyia i HOPMAIbHBIX
HaMpPsHKCHUN UMEeT BUJ

c=N/A+M,y/1,+M,z/1, (9.5)

9.3. Kocoii u3rud

9.3.1. BoiBoa (popMyJIbl HOPMAJIBLHBIX HANPSKEH U
IPU KOCOM M3ruode

Jlo cux mop Mbl pacCMaTPUBAIIU TUIOCKUH (YUCTBIN) MONEpEeUHbId U3rud, Korjaa
IUIOCKOCTh JIEUCTBUS HATPY30K (CUIIOBas TUIOCKOCTD) COBIAJana ¢ OJJHOM M3 IIIaBHBIX
IEHTPAJIbHBIX ocel wuHepuuu. Jlebopmanus Oalkud TpU 3TOM MPOUCXOIUITIA B
IJIOCKOCTA JIEUCTBUS M3rMOAloOIero MOMEHTa, BO3HHMKAIOIIETO B IOMNEPEYHOM
CeYeHUM OajKku, a HeWTpajbHAas OCh COBIMAJaja C TJIABHOM OChIO MHEPIUMU U ObLIa
NEPHEHIUKYJIIPHA K CUIOBOM MIOCKOCTH.

Onpeodenenue. W3rmbO Ha3pIBa€TC KOCBIM, €CJIH IUIOCKOCTH JIEHCTBUSA

CyMMapHOTO M3TrM0aroero MOMEHTA, BO3HUKAIOUIErO B IONEPEYHOM CEUCHUU
OaJIk, HE COBIAJAET HU C OJIHOM M3 TJIaBHBIX TuiockocTel uHepuuu X O Y wmm X O z

(puc. 9.2)

¥ Cunosai HACCHOC D

OF—T
7\
Puc. 9.2
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YupasJienne nuppoBbIX 00pa3oBaTeIbHbIX TEXHOJIOTHIA

COITPOTUBJIEHUE MATEPHUAJIOB

CHELHUAJIbHBIE BOIIPOCHI COMPOTUBJIEHUS MATEPUAJIOB (Yacts |11)

[Tpu xocom m3rube HeWTpalbHAs OCh (HYyJIeBas JIMHUSA), B OTJIMYHE OT IJIOCKOTO
MOTIEPEYHOr0 M3ruoda, JISKUT B TJIOCKOCTH, HE COBIAAIONICH ¢ MEePIEeHIUKYIIPOM K
CHJIOBOH INIOCKOCTH.

Paznuyarot 1Ba Buia KOCOTO U3THOA MI0OCKUL U NPOCMPAHCINGBEHHBIL.

[Tpu mmockoM KocoMm M3ru0e BHEITHUE CUJIbI ICHCTBYIOT B OJTHOM IJIOCKOCTH, HE
COBIIAJIAlONIEH C TJIABHBIMU IUIOCKOCTSIMM WHEPUMH. DTa IUJIOCKOCTh HAa3bIBACTCA
CUNOBOU NJIOCKOCMbIO, A JIMHUA €€ IMEePECEYEHUs] C IUIOCKOCTBbIO TMOMEPEYHOTO
CeUeHMs OAJIKU — CUI0BOU TUHUELL.

[Ipyu mpoOCTpaHCTBEHHOM KOCOM HU3TrHO€ BHEIIHUE CHUJIbI JIEUCTBYIOT B pPa3HBIX
MJIOCKOCTSIX.

O0603HauUUM Yepe3 dr yrojd MEXIYy CHIOBOW JMHUEH W TJIaBHOW BEPTUKAIBHOM
ocwio Y (puc. 9.2).

IIpasuno 3nakos. Yron ar OyaemM cuuTaTh MOJOKUTEIBHBIM TPH TMOBOPOTE

CUJIOBOM JIMHUU OT OCH YIIPOTHUB YaCOBOU CTPEJIKH.

Kak B ciydyae mpocCTpaHCTBEHHOTO, TaK M B CiIy4ae IUIOCKOIO KOCOro M3ruoa,
HanOoJiee 1eIeco00pa3HO UX TPUBOJUTH K JIBYM IJIOCKUM MPSIMBIM U3rudam.

Takum o0Opa3zom, KOCOM M3rMO MOXHO paccMaTpuBaTh KaK COYETaHHE JIBYX
IUIOCKUX  TONEPEeYHBbIX  M3rMOOB, BBI3BAHHBIX  W3TMOAIOIIMMU  MOMEHTaMU
OTHOCUTEJIBHO TJIABHBIX LIEHTPAJIBHBIX OCE MHEPLHUH MOMEPEYHOr0 CEYEHHMS], TO €CTh
CYMMapHbId M3rHOaromuii MOMeHT M, AEUCTBYIOUIMI B CEUEHMHU OalKd, MOMKHO
pa3NIoKUTh Ha JBa usrudarommx mMomeHra My um M, nelcTByrommx B TIJIaBHBIX
IJIOCKOCTSX MHEPIUU

M, =M-sina.; M,=M-cosa;, (9.6)
rae

M=\/M?+M] — CyMMapHblli HU3rMOarOIMiA MOMEHT B PacCMAaTPUBACMOM

MOTIEPEYHOM CEUYCHHH Opyca.
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YupasJienne nuppoBbIX 00pa3oBaTeIbHbIX TEXHOJIOTHIA

COITPOTUBJIEHUE MATEPHUAJIOB

CHELHUAJIbHBIE BOIIPOCHI COMPOTUBJIEHUS MATEPUAJIOB (Yacts |11)

OTtcroa, yrojl @ MOHO BBIPA3UTh YE€pe3 OTHONIEHUE N3THOAIONTUX MOMEHTOB
tgar =M, /M,. (9.7)

Ecnu nsrubaromue momentel My 1 M, uMeroT oquHaKOBBIE 3HAKH, TO YIoOJl dr
MOJIOKUTENICH. B 3TOM cilyuae cuioBas JUHUS MPOXOJIUT Yepe3 MEPBYI0 U TPETHIO
yeTBepTH Mockoctu y O Z.

ITpu nnockom kocoM u3rube BHyTpeHHue ycunus My, M,, Q,, Q, onpenensrorcs
OJJHUMH M TEMH K€ Harpy3kamu, JIEHCTBYIOIIUMU B CHJIOBOM IIJIOCKOCTH,
CJIeOBATEIbHO, SBIISAIOTCS 3aBUCUMBIMU. [IpH 3TOM yrojl @ He MEHSETCS 10 JJIMHE
OaJIKH.

[Ipr mnpocTpaHCTBEHHOM U3rM0e BHYTPEHHHE YCHIMS HMEIOT PpPa3IudHbIC
3aKOHBI M3MCHEHHUS 110 JUIMHE Oalikk, TaK KaK OMNpPEIeNIIIOTCS OT Harpysok,
NEUCTBYIOIIUX B Pa3HbIX IUIOCKOCTSAX. [Ipu 3TOM yron @ Takke HM3MEHSIETCS 0
JUTHHE OaJIKH.

Jlns ompeneneHus HANPSPKEHUH OT Ka)KJIOr0 MOMEHTa B OTACIBHOCTH MOYKHO
BOCIONIb30BaThcst  (opmynamu (9.3 u  9.4), mNONyYEHHBIMH JUISI  TUIOCKOTO
MOTIEPEYHOT0 U3ruda.

Hcnonb3yst mpuHIUIT HE3aBUCUMOCTH JICHCTBHS CHJI, MOXKHO HAaImMCaTh OOIIYIO
dbopMyy TSI OTIpeACIICHUS] HOPMATbHBIX HANPSDKCHUH MPU KOCOM U3TH0e

o=M,y/l,+M,z/1, (9.8)

uim ¢ yueroM (9.6)

y-cosa z-sina,
I I

z y

c=M- (9.9)

[To popmymnam (9.8 u 9.9) MoXHO ompeAeIUTh HOPMAILHOE HAMPSIKEHHUE MPU
KOCOM U3TH0€ B MPOU3BOJILHON TOUYKE MOMEPEYHOT0 CEUCHHSI OATKHM C KOOpIMHATAMU

yucz
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YupasJienne nuppoBbIX 00pa3oBaTeIbHbIX TEXHOJIOTHIA

COITPOTUBJIEHUE MATEPHUAJIOB

CHELHUAJIbHBIE BOIIPOCHI COMPOTUBJIEHUS MATEPUAJIOB (Yacts |11)

Ilpu xocom uzeube HOpMANbHLIE HANPANCEHU O USMEHAIOMCS NO JTUHEUHOMY
3AKOHY.

Ecnim B aTux QopMynax yduThIBaTh 3HAKW W3rHOaronmero mMomenra M u
KOOpJMHAT Y U Z, TO (OPMYJbI TMO3BOJSIOT OMNPENEATh HE TOJBKO YHCICHHOE
3HAYCHHE HOPMAJIbHOT'O HANPSIKEHUS 6, HO U €r0 3HaK.

IIpasuno 3naxos. N3rudarommuii MoMeHT M cumTaeTcs IMOJIOKHUTSIBHBIM, €CITH

OH BBI3BIBACT PACTSKEHUE B TOUKAX MEPBOM YETBEPTH MPUHATON CUCTEMBI KOOPAUHAT
norepevyHoro ceuenus oanku (puc. 9.1, a).

JIist HaXOXKIeHUS HaWOONBIINX HAMPSHKEHWH HYKHO 3HATh KOOPJIMHATHI
omacHbIX ToueK. /[l 9TOro HeoOXOAMMO BHAyajle YCTAHOBUTH IOJOKECHUE
HEUTpanbHON OCH (HYJIEBOM JIMHKMM), a 3aT€M TOYKU, HauboJiee yJajJeHHbIE OT TOM
JUHUY.

9.3.2. XapakTep ¥ noJioxkeHue HelHTPaJbLHON ocH (HYJ1eBOW JTHHUH)
NPHU KOCOM HM3ruode

[Tonoxenue HeTpampbHON OcH (HYJEBOH JIMHUM) IPU KOCOM HM3rMOE€ MOKHO
YCTaHOBUTbH, €CIIM NMPUPABHATH HYJIIO HANPSDKEHHS B TOUKAX, TPUHAAJIEKAIIUX 3TON
JIMHUMY.

O003HaYUM TEKYIIHMEe KOOPAMHATHI HYJICBOM JIMHUU Yepes Yo U Zo. (puc. 9.3).

Hynesas
N TR Y
-2 0
1
s
N AL
Z—:L
+
SF
w5, N i
ag Ay
JHE
o(yz) e
Puc. 9.3

16



YupasJienne nuppoBbIX 00pa3oBaTeIbHbIX TEXHOJIOTHIA

COITPOTUBJIEHUE MATEPHUAJIOB

CHELHUAJIbHBIE BOIIPOCHI COMPOTUBJIEHUS MATEPUAJIOB (Yacts |11)

Tornaa, npumenss popmyamy (9.8), momyunm
O-= Mz'y()/ Iz + My'ZO/ Iy= 0

OTKyJda HaXO0JuM

Yo _ My
ZO Iy'MZ
150051
Yo_ _IzMy
Zp Iy-M

OOo3Hayass yroJ HakKJIOHA HEUTpadbHOM oOch  (HYJEBOM JIMHHH) K

I‘OpH3OHT8JIBHOI>i IJIABHOM OCH Z ucpes a,, II0JIYyIUM

_ 1My
tgao - Iy b MZ.
CrnenoBarenbHo, yauThiBas (9.7)
tga, =—:—ZtgaF (9.10)

y
Mpl mosydrsid  ypaBHEHHE HEHUTpabHOM OCH (HYJIEBOW JHMHHH) TPH KOCOM
u3rude B BUJIE YPABHEHUS NPSIMOM, TPOXOASIIEH Yepe3 Hayallo KOOPIUHAT.
3HaK MUHYC B MOJYYEHHON (pOopMyJie yKa3bIBaeT Ha TO, UTO HyJeBas JUHUS IO
OTHOLIECHUIO K CWJIOBOW JIMHUM IPOXOAUT Yepe3 JBE JpPyTHMe YETBEPTH OCEU
KOOpAUHAT.

IIpasuno 31Haxkos. YTOI @, OTKJIAIBIBAETCS OT TOPU3OHTAIBHOMN IJIaBHOW OCHU Z B

Ty K€ CTOPOHY, YTO U YTOJ & OT BEPTUKAILHOU rJIaBHOM ocH Y.

AHnanuzupys Gopmyny HEUTpalbHON ocH (HYJIEBOUM JIMHUM) NMPU KOCOM H3THOe
(9.10) maxomuMm, YTO B OTJIMYHE OT IUIOCKOTO IOMNEPEYHOTO H3rHba MpU KOCOM
u3ruoe (IMIOCKOM WJIM NMPOCTPAHCTBEHHOM) HyJieBash M CHJIOBas JIMHUU B 0OILEM

ciaydae (koraa |, # 1,) He OyAyT B3aMMHO IIEPIIEHIUKYISAPHEL

VYribl MeXAy 3TUMU JIMHUSMHU TeM OOJbllIe OTIMYAIOTCS APYT OT ApPYyTra, 4em

OoublIIe pasHuna MExKAy ABYMA I''IaBHBIMW MOMCHTAMUW MHCPINUU.
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YupasJienne nuppoBbIX 00pa3oBaTeIbHbIX TEXHOJIOTHIA

COINPOTHUBJIEHUE MATEPUAJIOB
CHELHUAJIbHBIE BOIIPOCHI COMPOTUBJIEHUS MATEPUAJIOB (Yacts |11)

Tak, HarpuMep, B IpsAMOyronsHOM ceuennu |, > |y, cnenosaTtensHo, ay > ar. ITO
O3Hay4aeT, YTO HEUTpajibHas OCh (HyJeBas JIMHUS) OTKIOHAETCA OT NEPIEHIUKYIIIpa
K CHJIOBOW IUIOCKOCTM B CTOPOHY TOW TIJIaBHOW IIEHTPAJIbHOM OCH HHEPLHHU
IOTIEPEYHOI0 CEYEHUsl OalKM, OTHOCUTEIBHO KOTOPOH MOMEHT HHEPLHMH HMEET
MeHbIee 3HaucHue (puc. 9.3).

HyneBas nvHus OyneT NEepIEHANKYIIAPHA CHIIOBOM TosbKO ipu |, = |y, TO ecTs,
KOTJla TJIABHBIE IIEHTPAJIbHbIE MOMEHTHI WHEPIUH TIOMEPEYHOTO CEUeHUs Oalku
onuHakoBbel. HO B 3TOM cityyae, Kak M3BECTHO, JIIOOBIE LIEHTPAIbHBIE OCU CEUEHHUS
SBIISIIOTCS TJIABHBIMH.

CrnenoBaTensHoO, 1UIs IONEPEUHbIX ceueHUi Oanky, y koTopsix |, = |y (kpyrioe
CeueHHe, MPaBIILHBIA MHOTOYTOJILHUK, KBaJIpaTHOE CEYCHUE U T.]I.) SIBJICHHE KOCOTO
M3ruda noyly4uTh HEIb3sl.

N3 dopmyasr (9.10) Taxke ciemyer, 4TO IMOJIOKCHHWE HYJIECBOH JIMHUU HE
3aBUCHUT OT BEJIMYMHBI U3THOAOIIETO MOMEHTA.

B oOmem cnydae cioxHOro (IPOCTPAHCTBEHHOr0) H3ruda yIyibl HAaKJIOHA
HYJIEBBIX JIMHUW BIOJIb OCHM OajKud HE OCTAIOTCSl MOCTOSTHHBIMH, a W3MEHSIIOTCS B
COOTBETCTBHU C M3MEHEHUEM COOTHOILEHUS BEIMYMH M3rubarommx MoMeHTtoB My n
M;, KaK 3TO clelyeT U3 BhIPAKEHUS

Yo Iz'My
gog=—=— ——.
&ho Zg I,'M,

Cnedosamenvho, 8 obwem ciyyae CIOHCHO20 (NPOCMPAHCMBEEHH020) uzeuba

U302HYmMas ocb OAIKU npeodcmasisiem cooou NPoCMpaHCMEEHHYI0 KPUBYIO.

M
[Ipu muocKOM KOCOM M3rMO€ OTHOIIEHHWE U3TrMOAarolUX MOMEHTOB M—yztg Qe

z

MOCTOSIHHO M0 JIMHE Oanku, nmostomy u3 Belpaxenus 9.10 cienyer, uro yron «

TAaKXE IIOCTOAHCH.
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YupasJienne nuppoBbIX 00pa3oBaTeIbHbIX TEXHOJIOTHIA

COINPOTHUBJIEHUE MATEPUAJIOB
CHELHUAJIbHBIE BOIIPOCHI COMPOTUBJIEHUS MATEPUAJIOB (Yacts |11)

9.3.3. Yci10Bre NPOYHOCTH MPH KOCOM H3rude

HauOosnpiive HanpsokeHHs BO3HUKAIOT B TOYKaxX IOMEPEYHOrO CEYEeHMUS,
HauOoJee yIaJCHHBIX OT HYJIEBOU JIMHUU (OTaCHBIE TOUKH).

Jlis momepeyHbIX Ce4YeHUH Oanku TUMa NPSIMOYTOJIbHUKA WM JBYTaBpa,
UMEIOIIUX JBE€ OCH CHUMMETPHUM, HaAuOOJbIIME 10 a0CONIOTHOM BETUYHHE

HaIpsHKEHUS 1EIeco00pa3HO BBIYUCIATH MO (hopmyie

= Myl | Myl
%=t (9.11)

Ha puc. 9.3 mnokazan BujA D3HOI0pbl HOPMAJBHBIX HANpPsXKEHUH s
IPSMOYTOJILHOTO CEYEHUs IIPH TON0KUTEIBHBIX 3HaYeHHAX My 1 M.

B orom cinyuae HauOONbLIME PACTATHBAIOIIME o, U CKUMAIOIIKE o’
HaIPsDKCHHS BOBHUKAIOT B IBYX YIJIOBBIX TOUKAaX CEUCHHMS (OIMacHBIC TOUKH).

VYcnoBre NpOYHOCTH MO HOPMATBHBIM HAMPSHKEHUSIM 1O Memody 00Ny CKAeMbLX
HanpsoiceHull TIPU KOCOM M3THOE, NIl 0aJOK C paCCMOTPEHHBIM THIIOM MOMEPEUHBIX
CEUCHUI, UMECT BUJT

M
O, :‘W—yh%ﬁ[a], (9.12)

y z
d B CJIy4ac IMPOMU3BOJIBHOI'O ITOIICPCYHOI'O CCUCHUA

M
—z + I\I/lz v <[o]. (9.13)

Iy

Unﬁ =

IIpr mpocTpaHCTBEHHOM H3rH0€ ITOJO0KEHHE OIACHOTO CEUCHHS HE BCEra
ABJISETCS OYEBHIHBIM, TaK Kak M3rmOaromme MoMeHThl My m M, BO3HMKAlOT OT
NENUCTBUS PA3IMYHBIX HATPY30K U HE 3aBUCST APYT OT ApyTa.

CrnenoBaTeNbHO, B OJTHX CIydasxXx HEOOXOAMMO TPOBEPATH MPOYHOCTH B
HECKOJIBKHX ceueHusax Oanku, rae My m M, uMeror HanOospime 3Ha4eHuUs.

BenuunnHa pomyckaeMbIX HampskKeHUW [oO] Ha3HayaeTcs B 3aBUCUMOCTH OT
Marepuana, U3 KOTOPOTO M3roToBIeHa Oanka. JlJis XpynmKkoro marepuaia B Ka4eCTBeE
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YupasJienne nuppoBbIX 00pa3oBaTeIbHbIX TEXHOJIOTHIA

COINPOTHUBJIEHUE MATEPUAJIOB
CHELHUAJIbHBIE BOIIPOCHI COMPOTUBJIEHUS MATEPUAJIOB (Yacts |11)

[o] HEOOXOIMMO TpUHUMATB JOITyCKaeMOe HAIIPSDKEHUE Ha PAaCTSHKECHUE.

[Tonp3ysiCh  yCclOBHEM TMPOYHOCTH TMPH KOCOM H3rHOE 10 HOPMAaJIbHBIM
HAMPSOKECHUSAM 110 METOAY JomyckaeMbix Hampspkenuid (9.12 wim 9.13) MoxHO
penaTh IPUMEHUTEIBHO K KOCOMY U3rHOy M3BECTHBIC HaM TpH THIIA 3a/1a4:

1). IIpoexmmnwvii pacwem. B 3TOM cllydae W3BECTHBI BHCIIHSS Harpy3ka H

MaTepHuaja JJIEMEHTOB KOHCTpYKIMU [o]. [lo 3amaHHOW Harpys3ke ONpeAeIIsioT
HauOONbIINHI n3rudaronuii MoMmeHT M (1o smrope U3rudarIMX MOMEHTOB).

[TonGop ceuenmii mpu KOCOM H3TrHOE SBISETCSA 3adadyeil 0oJiee CII0XKHOHM, YeM
[IPH TIJIOCKOM TOMEPEYHOM U3THOE.

Ycnorue npounocta (9.12) mpuHUMAET BUT

_[Msinag| |Mcosa| -
O, = W, + W, - [o], (9.14)
NN
M (W .
o :\ATZ’(W;"S'” aF|+COS(ZF]S[G]. (9.15)

N3 ycnous mpouynoctu (9.15) HaxomaT BenmuumHYy TpeOyeMoro MOMEHTa

COTIPOTHUBIICHUS TTOTIEPEYHOTO CEUYCHHUS 110 (hopmyJie

M| (W, .
W@%{VT;-|S|naF|+COSaF]. (9.16)

Heo6xonumo cHauana 3agatbes otHomenuem W, /[ Wy, a 3areM HaxoIuTh
CEYCHHE METOJIOM MOo00pa.
Hampumep, 17151 IpsIMOYTOJIBHOTO CEYCHUS

Wz _ b-h?6 h

Wy 6-h-b2 b

2). Onpedenenue Oonyckaemou Hacpys3ku (hecyweu cnocobrnocmu). B 3tom

ClIy4ae M3BEeCTHBI pa3Mmepsl nonepednoro ceuenus (W, u W) u MmaTepuan 3neMeHTOB

KOHCTPYKIIUH [ 0].
20



YupasJienne nuppoBbIX 00pa3oBaTeIbHbIX TEXHOJIOTHIA

COITPOTUBJIEHUE MATEPHUAJIOB

CHELHUAJIbHBIE BOIIPOCHI COMPOTUBJIEHUS MATEPUAJIOB (Yacts |11)

N3 ycnosus npounocty (9.15) HaxoaaT HAUOOJBIIYIO JOMYCKAEMYI0 BEJTHUHUHY

I/IBFI/I6aI-OI[IeI‘O MOMCHTaA.

W, -[o]

B . 9.17
<(VVZ /Wy)SinozF|+coso¢F (9.17)

|MH6

[To wHaiiieHHOMY JONMyCKaeMOMY 3HAYCHHIO H3rHOaromero MoMeHTa |M,]
ONPENEIIAETCS JOIYCKaeMOE 3HAUEHNE BHEIIHEN HATPY3KHU.

3). Ilpogepoumnviti pacuem. B 3TOM ciy4ae H3BECTHHI BHEUIHSISI HArpy3Ka,

pasmeps! nonepeunoro ceuenust (W, u Wy) 1 matepuan 371eMeHTOB KOHCTPYKIUH [0o].
TpeOyeTcst onpenenuTs HauOOJIbIlIee HOPMATBHOE HANPSHKEHHUE, BOSHUKAIOIIEE
B AJIEMEHTAX KOHCTPYKIIMH, U CPAaBHUTh C JOMYCKAE€MbIM HAMNPSHKEHUEM, TO €CTh

IPOBEPUTH BBHITIOJHEHUE YCIIOBUs IpouHocTH (9.15)

M (W, .
O = VTZ-|smozF|+c05aF <[o].

z y
9.3.4. Onpenenenue gepopmManuii Npu KOCOM U3ruode

Jlns onpenenenusi nmporuOboB B Oanike, paOoTaromie Ha KOCOM M3rud, CHOBA
BOCIIOJIb3yEeMCSI PUHIIMIIOM HE3aBUCUMOCTH JIEUCTBHS CHIL

Tak kak Kocoi u3rMO TpEeACTaBIAeT COOOM coyeTaHWe JBYX TUIOCKUX
MONEPEYHbIX HW3rHOOB, TO TNEpeMelieHus B Oalkax OpH KOCOM H3rMOe MOryT
ONPENENATHCSA TEMU K€ METOJIAMHU, YTO U TIPU MIIOCKOM U3THOE.

Jlist aToro HeoOXoAMMO MACHCTBYIOIIME Ha OaiKy Harpy3kd pasjiokKUTh Ha
COCTABJISIIOLIME, TApAJIJIEIbHbIE TJIABHBIM OCSAM Y U Z, U ONPEACIUTh MO OTAEIBHOCTU
pOTuObI V U W TI0 HalpaBJICHUsAM 3TUX oceid (puc. 9.4).

[TonHbI (CymMMapHBIi) TPOTUO B MPOU3BOJIBHOM CEUCHUH OaJIKM MOKHO HaWTH

KaK T€OMETPUYECKYI0 CYMMY MPOrHOOB, BBI3BAHHBIX COCTABIISIIOIIMMU CHJIaMU (pHC.

9.4)
f=VvZ + w2 (9.18)
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Puc. 9.4

VYron f Mexay HampaBlIeHHEM CyMMapHOro mporuda (MmIocKocTh aedopmMariim)

f 1 BepTHKaILHOM TJIaBHOM OCBIO Y, OyzeT paBeH (puc. 9.4)
w
tgp =— (9.19)
v
AHaTOTUYHO MOTYT OBITh HAMICHBI U YTJIBI TOBOPOTA CEUCHHM OaJTKU.
OnpenenuM nporuObl it OaJIKu JyIMHOW € ¢ 3a]eJJTaHHBIM KOHIIOM, Ha JIPyTOM

KOHIIC KOTOpOfI IPHIIOKCHA BHCIIHAA COCPCAOTOYCHHAA CHJIa F nmoa yriomMm or K

BEPTUKAJIBHOH ri1aBHO# ocH Y (puc.9.5)

cuiaoeasn
JIUHUA JIUHUA

T~ nepemewienui
-~
y

HeumpanovHasn
JAUHUA

o

y
) /

Puc. 9.5
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Kak w3BectHo, BenmuuHy mnpornba f Ha CcBOOOZHOM KOHIIE JKECTKO
3aleMJICHHON Oanmku JHOHW ¢ TO OCHM Y OT BHEWmIHEH cuibl F mpu miockom
momnepevyHoM u3ruoe (puc. 9.6) MOXKHO BBIUHUCIUTH O TaOMMYHON (GopMmye (cMm.

CIIPaBOYHBIC TAOJIUIIBI)

=
>
[
I
I
I
/
I
/
/
/
/
/
/
/
/
A
—t
v

A
Y

Puc. 9.6

_F-3
"~ 3El,

(9.20)

Paznoxxus BHemHIo0 cuity F Ha nBe coctaBmstomue F, u Fy, Haiinem otaensHo
o popmysie (9.20) mporuObI W ¥ V OT 3TUX COCTABJISIOIINX.

Ot cocrasmsromeit cunsl Fy = F:cosa nporu0 vV Ha cBOOOAHOM KOHLE OaJKH 110
ocH Y paBeH

v = Fy'€3 _ F-cosa-3
3El,  3El,

(9.21)

[Tporu® W Ha TOM jK€ KOHIIe OalIkM OT cocTraBisiomei cuisl F, = F-Sina
HaITpaBJICH 110 OCH Z W PaBEH
_Fpf®  Fsina#3
~ 3El,  3EIl,

(9.22)

[Tomubid (cymmapsbiil) mporud f B 3ToM ceueHMM Oaiki MOXKHO HaWTH Kak

reOMETPUYECKYI0 CyMMY IPOTHOOB, BBI3BAHHBIX COCTaBIAOIMMHU cuiamu Fy, u F;,

(9.18)
f=VoT T w?
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YCTaHOBMM  HAmpaBJICHHE  CYMMapHOro  mepemermieHuss  (IUIOCKOCTH
nedopMalum) mpu KOCOM H3ruoe.

[Ipy mmockoM KOCOM HM3THOE €ro HM30THyTas OCh (IJIOCKOCTh AeopMaliiu),
NPEJCTABISIET COO0H TIIOCKYIO KPHUBYIO, PAcloOJIOXKEHHYI0, OJHAKO, HE B IIOCKOCTH
JEeNCTBUS CUJT (CUIIOBOM IUIOCKOCTH).

OnpenenuM 3Ha4YeHHWE yria f HaKIOHA JTOTO IMepeMemieHus: (MIOCKOCTH

neopmalui) K BEpTUKAILHOU TTIaBHOU ocH Y (puc. 9.5)

w  Fp'l, F-lp-sinap Iy sinag I t

tgﬂ:;_Fy-Iy_F-Iy-cosap_ Iy - cosafp _Iy 9ar
Takum obpazom
I
tgf =— - tgag (9.23)
Iy

Ota dopmyna unentuyHa ¢ dopmyrnoit (9.10) aist ompeneneHus: MOJOKECHUS
HEUTpaAJIIbHON OCH MPU KOCOM U3THbE, TO €CTh

tgoo = tgp

WIH

ao — ﬂ .

CrenoBateibHO, npu NI0CKOM KOCOM useube noamwiii npoeud f nanpaenen
NepneHOUKYISAPHO K HEUmpaibHOU (HYl1e8ou JUHUU), d U30SHYMAs OCb OAIKU He
nedxicum 6 cunosot niockocmu (puc. 9.5).

OTKJIOHEHHUE MOJHOTO MPOruda OT CHIIOBOH MJIOCKOCTH OyJeT TeM OoJibllie, YeM
Oonbure oTHomexnue I,/ 1,

Taxum obpazom, npu Kocom uzeube niockocmv degopmayuu He coenaoaem c
CUNI0BOT NIOCKOCMbIO, 4 3HAYUMENLHO OMKIOHAEMCs OM Hee 8 CMOPOH)Y NIOCKOCMU
HauMeHbULell JHcecmKocmu OaIKu.

DTO 00CTOSATEIHCTBO O6’I)}ICHSIGT, Imo4ycmy TaKOM M3THO HA3BIBACTCS KOCHIM.
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Korma |, =1, (xpyrmoe cedenne, nmpaBHiIbHEI MHOTOYTOIBHUK H T.JI.) HOJHBIA

mporu6d (TUIOCKOCTh JedopMaliii) JISKUT B CHJIOBOM IIOCKOCTH. B 3THX cirydasx
KOCOW U3rM0 HEBO3MOKEH.

9.4. BHeneHTpPeHHOE PACTSKEHUE UJIM CKATHE
OpychbeB 00JIbIIOH KECTKOCTH

9.4.1. BoiBoa (popMyJibl HOPMAJIBLHBIX HANPSIKEHUH

MHorue 3JeMEHThl CTPOUTEIBHBIX KOHCTPYKIHMI  (KOJOHHBI, CTOWKH,
MAacCCHUBHBIE ONOPbl MOCTOB M Jp.) HAaXOJITCS NOJ BO3ICHCTBUEM BHEUIHUX
C)KMMAIOILIMX CWJI, PUJIOKEHHBIX BHE LIEHTpa TsbkecTu cedeHus. Hampumep, Oanka
MIEPEKPBITHS, ONMUPAIOIIASACS HA KOJOHHY, IEPENAcT HATPy3Ky € SKCLEHTPUCUTETOM €
U, CJEI0BaTEIbHO, B IPOU3BOJIBHOM ceueHUU |-l KOJIIOHHBI BO3ZHHKAET MPOJO0JIbHAS

ciwia N = F n usrubaromuii Moment, paBubiii M = F-e (puc. 9.7).

enf’

|~

i~
T
i
i
i
i
i
i
i
|
i
i
i
i
i
i
i
i
i

Puc. 9.7

BrenienTpenHoe pacTsbkeHHe (CKaThe) CTEp KHS TPENCTaBIIIeT CO00M Takou
BUJI IepopMariiu, Tpu KOTOPOM PaBHOACHCTBYIOIIAs] BHEIIIHUX CHJI ICUCTBYET BIIOJIb
pAMOM, MAPAJUICITBHON T€OMETPUUECKOM OCH CTEPXKHs, U IMPUIIOKEHA BHE LIEHTpA
TSXKECTU MOMEPEYHOTO CEUCHUS.

B npou3BOJIbHOM MNONEPEYHOM CEUYECHUHU CTEPKHA MPU ITOM OJHOBPEMEHHO
BO3ZHUKAIOT TMPOJIOJbHAS (pacTSITUBArOIas WM CKUMAFOIIAs) CHJIa U M3THOAIOIINNA

MOMCHT, IIIIOCKOCTH ,HeflCTBI/ISI KOTOpPOI0 HEC COBIAAACT HHU C OI[HOﬁ N3 TJIaBHBIX
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IUDIOCKOCTEW MHEPUUU CEYCHUSA. B TIONepedyHoOM CEYEeHUM CTEPKHS MOXKET
JIEACTBOBATh TAK)KE U ITONIEPEYHAs CUJIA.

BHEEeHTpEeHHO PacTAHYTBIM WM CKATBIM CTEPKEHb, IIPU PAcCdeTe KOTOPOTO
MOXKHO HE YYMUTBIBaTh JONOJHUTEIbHBIC HW3rMOAIOIINE MOMEHTBI, pPAaBHbBIC
IOPOU3BEJICHUSM NPOAOJIBHBIX BHEIIHUX cuil F Ha nporuObl V, Ha3bIBaKOTCA
JcecmKkuMuy, a CTEpPKEHb, MPU pacyeTe KOTOPOro HMX HEOOXOJMMO YUHMTHIBATH —
2UOKUMU.

[lycTh Ha cTep:KeHb IPOU3BOJIBHOIO CEUYECHHUSI IEUCTBYET OJHA BHEIIHAs cuia F,

napajuiesibHas ero npoaosibHOM ocu (puc. 9.8).

Puc. 9.8

KoopanHaTel TOUKHM OPUIOKEHUS CUIIBI OTHOCUTEIBHO IIIaBHBIX LIEHTPATbHBIX
oceil 0003HAUMM Yepe3 Y H Zj, a PacCCTOSHHE JTOM TOYKH JIO IIEHTPA TSHKECTH
CEUCHUSI, Ha3bIBAEMOE IKCIIEHTPHUCUTETOM, — YEpE3 e.

Kak n3BecTHO U3 TeOpETUUECKOM MEXaHUKH, JIJIsI JTFOOOTO MOMEePEYHOTO CEUCHUS
JEUCTBUE BHEIEHTPEHHO IPUJIOXKEHHOW Cuiibl F MOXXHO 3aMEHUTH AEHCTBUEM
HOpMasTbHOUM cuiibl N = F, NpUI0KEHHOM B LIEHTPE TSHXKECTH CEUCHMS, U JICHCTBHEM

IBYX M3rudaromux MoMeHToB My 1 M, (ITpaBui1o napasIenbHOro MEPEHOCa CUIIBI).
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Takum 00pa3oMm, HamNpPsOKEHWST B TPOWM3BOJIBHOW TOYKE CEYCHHS OyIayT
CKJIaJIbIBAThCS U3 HANPSHKECHUN IEHTPAJTIBHOTO PACTSHKEHUS OT MIPOIOJIBLHON CHIIBI
N = F u HanpsbkeHuil uuctoro uzruba ot nzrubaromux MomMeHToB My 1 M,.
Hcnonb3yst mpuHIUN HE3aBUCUMOCTH JICHCTBUS CHJI, MOXKHO HaIlMCaTh OOIIYIO
dbopmyny WIS ONpenesieHUs HOPMAJbHBIX HaNpPsHKEHUM TpU  BHELCHTPEHHOM

PACTSKEHUH (COKATUH) CTEPIKHS

o=ty Moy By (9.24)

[Ipu 3TOM

Mz:F'yF’ M :F'ZF! N:Fl I :A'i21 I :Alzz (925)

y y y z

[Tpeobpasyem dopmyay (9.24), noacrapmnsis 3HadeHus (9.25)

azﬁ-(1+

- 2+ —) (9.26)

is iy
I[To dopmyne (9.26) MOXHO ONpEeAECTUTh HOPMAJIbHOE HANpPSHKCHUE B
IIPOU3BOJIBHOM TOYKE TOMEPEYHOTO0 CEUCHUsSI CTEP>KHSA C KOOPAMHATAMH Y M Z TIPH
BHEI[ECHTPEHHOM PacTsDKCHUH (CHKATHH).
CrnenoBatenbHO, popMyIia i ONPEETICHHs HAMIPSKEHUHN MPU BHEIIEHTPEHHOM

pactsbkennn npuaumaet Bua (N = + F)

F Ve Y Zp-Z
SR A ] 27
UA(-l_ierijj 0.27)
[Tpu BHenenTpernoM cxatuu(N = — F), COOTBETCTBEHHO
O-E(lu_J (9.28)
A [ Iy

JIist HaxXOXJeHUST HaWOONBIINX HAMPSHKEHUHW HYXKHO 3HATh KOOPIUHATHI
omacHbIX ToueK. [l »Toro HeoOXOaWMO BHaAyaje YCTAaHOBUTH IOJIOKEHHE
HEUTpaIbHOW OCH (HYyJIEBOW JIMHUM), a 3aT€M TOYKH, HauboJiee yAaJIeHHbIE OT ITOU

JIMHHU.
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9.4.2. HeiiTpanbHasi och (HyJieBasi JIMHUS) NPH BHEHIEHTPEHHOM
pacTsKeHMU WU c:kaTuM. Ee mosioxkenue u cBoiicTea

[lonoxenue HeUTpampHOH oOcH (HYJIEBOW JMHUM) TPU BHELEHTPEHHOM
PacTsDKEHUU WIN CKAaTUU MOKHO YCTaHOBUTH, €CJIUM MPUPABHATH HYJIO HAINPSKEHUS
B TOYKaX, PUHAICKAIIUX 3TON JIMHHH.

O003Ha4YMM TEKYIIME KOOPAUHATHI HYJICBOM JTMHUM Yepe3 Yo U Zg (puc. 9.9).

Frrcamens ol

Hyneeas nunus

Frcamen ol

Eciu st koopauHathl mojcTaBUTh B ypaBHeHue (9.26) u yuecTb, UTO
HaMpsOKEHUST B TOUKAX HEUTpalibHOM ocH (HYJIEBOW JIMHUU) PaBHBI HYJO, TO TOCIE

cokpaienus Ha BenmunHy N / A mosiy4uMm ypaBHEHHE HEUTPaIbHOM OCH

(1+ 2o + j—g-zo)zo (9.29)

y

[To 3TOMyY ypaBHEHHIO MOYKHO OIPEACIINTh OTPE3KU, OTCEKAEMbIE HEUTPAIIBHON
OCbI0 (HyJIEBOM JIMHHUEI) HAa OCSAX KOOPAUHAT.

O0603HaYMM 3TH OTPE3KH 10 ocsiM Z U Y (puc. 9.9) COOTBETCTBEHHO uepe3 a,
u a.

ITonaras B aToM ypaBHeHuu Zp = 0, Yo = @y, MOIy4nM
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YF —
1+ i—z-ay—O

z

Touno Taxxe ms cinyqas Yo = 0, zg = a, umeeM

1+ +Z.a,=0
Ly

Pemass »tM ypaBHEHMs, MOJYyYUM OTPE3KH, OTCEKAEMbI€ HEUTPAJIbHOW OCBHIO
(HyneBoil JMHMEN) Ha OCAX KOOPAMHAT, MPU BHEIEHTPEHHOM pPACTSKCHUU WIU

C)XXaTuu

i2 iZ
a,=——1; a =—- (9.30)

z

Ye Zg
BwmecTe ¢ TeM MOXHO pelmuTh U 00paTHYIO 3aJa4y, BEIPa3uB KOOPAUHATHI TOUKH
IOPUJIOKEHUST CUIIbl F Mpu 3aJaHHBIX OTPE3KaxX, OTCEKAEMbIX HEHTPaJIbHOW OCBIO Ha

OCiAX KOOpAUHAT

.2 i2
Vr=- ;—y zp == (9.31)

OTMeTHM 3aBUCUMOCTD BEJIMUMH Ve U ay, a TaKXKC zg U dz.
Ecnu cuuny F npulodIIcums 6 novke ¢ KoopduHamaMu a; U ay, mo Hedmpaﬂbﬂaﬂ
OCb omcedem onmpe3Ku Ha ocix Koopdunam, PpasHble COOMBEMCMBEHHO Zg U V.

CBoiicTBa HelTPaJbLHON 0CH (HY/1€BOM JMHUH) IPH BHEIIEHTPEHHOM
PaCTSIZKeHUH (CKATHH)

OTMETUM HHTEpPECHbIE 3aBUCMMOCTH MEXIY MOJIO)KEHUEM HEUTpaNbHOW OCU U
COOTBETCTBYIOIIEH €1 TOUKOM MPUII0KEHHSI BHEIIHEH cuiibl F:

a) TOYKa MPUJIOKEHHS CHiibl F (MOJII0C) M COOTBETCTBYIOIIASI € HEWTpasbHas
oCh (HyJeBasi TMHHSI) HAXOAATCS MO pa3HbIC CTOPOHBI OT LIEHTPA TAKECTU CCUCHUS,
TO €CTh HEUTpAJIbHAS OCh (HYJICBAs JIMHUS) ITEPECeKaeT KOOPINHATHBIC OCH B TOUKAX,
MPUHALIEKANMX KBaJIpaHTy, MPOTHUBOMNOJIOKHOMY TOMY, B KOTOPOM HaxXOJIHUTCH

TOYKA IIPUITOKCHHA CUJIbI F,
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0) npu NpuOIMKEHUN TOUYKH IPUIIOKEHUS CUJIbl F K LIEHTpY TSHKECTU CeueHus,
HEeWTpaibHas OCh (HyJIeBas IMHUS) YAAISIETCS OT HETo;

B) IPU YJAJIECHUU TOUYKHU NPUIOKEHUS] CHIbl F OT LEHTpa TSKECTH CeueHus,
HeWTpaibHas OCh (HyJeBas JIMHUS) MPUOIMKACTCS K HEMY;

T) TOJIOKEHHE HEUTPaNbHOW OCH (HYJICBOH JTMHUHU) HE 3aBUCUT OT BEIUYMHBI
cuisbl F;

1) €ClIM TOYKa NPWIOKEHUS CHJIbI PACIOJaraercss Ha OJHOM M3 TJIaBHBIX
[EHTPAIBHBIX OCEH CEeYeHUs, TO HEUTpanbHas oOCh (HyJeBas JUHHS) OyIeT
IIEPIICHINKYJIAPHA 3TOU OCH;

€) NpU BHEUEHTPEHHOM pAaCTSHKEHUU (CKaTHM) HEWTpanbHas och (HyJeBas
JIMHUS) MOXKET MEPECEKaTh MOMEPEYHOE CEUCHHUE CTEPXKHS (JIBE OMACHBIC TOUKH) WU
HaXOJUTKCA 3a €ro npejaeaaMu (0Ha ormacHas TOUKa);

) TIpU BpallEHUU HEUTPAIbHOM OCH BOKPYI KAaKOW-TMOO TOYKU MOMEPEYHOro
CEUYEHMS] CTEpPKHS, TOUKA MPUIIOKEHUS BHELIEHTPEHHOM cuibl F mepememaercs mo
NPSIMOU JIMHHH (J1emma).

JIist onipeesieHnst MOJI0KEHUSI OMTACHBIX TOYEK B CEUYEHUU CIEAYET MapajuieabHO
HEUTpaJIbHON OCH (HYJIEBOU JIMHWUK) TPOBECTH KacaTeJIbHbIE K KOHTYPY CEUEHUSI.

TakuMm myTeM HaxoIAT TOYKU CEUYEHHMs, paCIlOJIOXKEHHBbIE MO0 00€ CTOPOHBI OT
HYJIEBOW JIMHUU U HarbOoJee yJaleHHble OT Hee, KOTOpbIE U OYIyT OMAaCHBIMHU.

B namem npumepe HellTpanabHasi OCh (HyJIeBasi JMHUS) NEPECEKAET MONEePEeyHOe
CEUCHUE CTEpP)KHs, MOITOMY HMMEEM JIBE€ OIACHble TOYKH — ITO TOUkHM 1 u 2,
HaXOJISIINECS B PACTAHYTON U C:kaToM 30Hax (puc. 9.9).

9.4.3. Pacuer Ha NPOYHOCTH CTEPKHEH U3 MJIACTUYHBIX
U XPYNIKHX MAaTepPHAJIOB

HauOomapmme HAIIPpsSOKCHUA BO3HHUKAIOT B TOYKAaxX IIOIICPCYHOIO CCUYCHHA

CTEpPIKHSI, Han0oJiee yAaICHHBIX OT HYJIEBOH JIMHUH (OMACHBIE TOYKH).
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VYciaoBre MPOYHOCTH IO HOPMAJIBHBIM HANPSKEHUSIM 10 Memody 0ONYCKAEMbIX

HanpsiceHuti TPU BHEIIEHTPEHHOM PaCTsHKEHUH (C)KaTHUN) UMEET BUJT

_N VE'Y Zp'Z
Omax — e (1 + 52 f—z) <|[o] (9.32)
Z y

@opMyna crpaBeyiMBa B cllydae ACHCTBUS CKUMarowed cuwibl F, ecin HeT
OTMACHOCTH BO3HUKHOBEHUS MPOJO0JBHOTO U3ruba (moTepu YCTOUUUBOCTH).

Pacuer Ha mnpoyHOCTh Opyca, CXATOr0 WM PACTSIHYTOIO BHELEHTPEHHO
MPWIOKEHHBIMU TPOJOJIbHBIMA BHEIIHUMHM CHJIaMH (TO €CTh MpPU OTCYTCTBHH
MOMEPEYHBbIX CHJI), MPOBOJAUTCA HauboJiee MPOCTO, TaK KaKk B O3TOM cliydae
BHYTPEHHHUE YCWJIMS OAMHAKOBBI BO BCEX IMONEPEUHBIX CEUEHUSX KaXKJIOTO y4dacTKa
cTepkHs. 11 CTep>KHS C MOCTOSIHHBIMH pa3MepaMHu CEYEHHUs B MpEAenax Kaxaoro
y4acTKa BCE CEUYEHUs SABIISIIOTCS PAaBHO OMACHBIMU. JlJIs CTEpKHS C MEPEMEHHBIMU
MONEPEYHBIMU pa3MepaMu OMACHBIM B MpeJieyax KaXJI0ro y4acTKa sBIIIETCS CEUCHUE
HaMMEHBILIETO pa3Mepa.

[Ipy HamMuuu B TMONEPEYHBIX CEYEHUSX CTEPXKHS TMONEPEYHbIX CHUJl,
M3rudarole MOMEHTHl HENPEPhIBHO M3MEHSAIOTCS IO JJIMHE CTepkHS. B cBs3u c
ATUM, OMNPEJEICHUE OIMACHOIO CEYEHUsS CTAHOBHUTCS Oosee CioxkHbIM. OOBIYHO B
TaKMX CJydasX MPOBOASIT TPOBEPKY MPOYHOCTH, ONpPENENsisi HOpMalbHbIC
HaANpPsDKEHUS B PsiJie CEYEHUH U COTOCTABIISASA UX C IOMYCKAEMbIMU HANPSHKEHUSIMU.

[Ipy mnyactuyeckoM wmaTepuane g TPOBEPKH MPOYHOCTH JIOCTATOYHO
ONpENEIUTh HANpPSHKEHUS B TOYKE € HAMOOJbIIMM MO a0CONIOTHOM BEJIMYMHE
HOPMAJIbHBIM HaIlPsHKEHUEM.

[Ipu  xpynmkom  Marepuanse  HEOOXOAUMO  ONPENENTUTh  HAUOOJBIIHE
PACTATUBAIOILNE U CKUMAIOIUE HAITPSHKEHUS.

[Tonb3ysch ycIOBUEM MPOYHOCTH MPHU BHELIEHTPEHHOM DPACTSHKEHHH (CYKATHM)

0 HOPMAJIBHBIM HANPSDKEHUSIM [0 METOMYy JONycKaeMbix HampspkeHuin (9.32)
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MOXXHO peIllaTh MPUMEHUTEIBHO K BHEUEHTPEHHOMY PACTSKEHHIO (CXKATHIO)
M3BECTHBIC HAM TPH THIIA 3a7a4:

1). Ipoexmuwiti pacuem. B 3TOM cilydyae WM3BECTHBI BHEIIHSS Harpy3ka F u

MaTepHaj 3JICMEHTOB KOHCTPYKIINH [ o].
[TonGop cedenwnii mpu BHEIICHTPEHHOM PACTSKEHUU (CKATHH) SIBJISICTCS 3a1aueit

0oJiee CIIOKHOM, UeM MPU LIEHTPATHHOM PACTSHKEHUU (CHKATUH).

2). Onpedenenue Odonyckaemou Hazpysku (Hecyuieiu cnocodornocmu). B >ToM
CIydae W3BECTHBI pa3Mephl IIONMEPEYHOTO CEUEHUS ¢ MaTepHal JJIEMEHTOB
KOHCTPYKIIUH [ a].

N3 ycnosus npounocty (9.32) HaxoaaT HAUOOJBIIYIO JOMYCKAEMYI0 BETHUNHY
npoosibHOM cuitbl [N].

[To HaliieHHOMY JONYCKaeMOMY 3HAYeHHIO MNpojoibHON cuibl  [N]
OTIpeIeNIsIeTCs IOMyCKaeMoe 3HaueHHe BHelTHeH Harpy3ku [F].

3).IIposepounviti_pacuem. B 3TOM cilydyae W3BECTHBI BHEIIHsS Harpyska F,

pa3Mephl OMEePEUHOTO CCUCHUS U MaTepHall SJIECMEHTOB KOHCTPYKIUH [0o].

Tpebyercst onpenenuTh HaOOJBIIIEE HOPMAILHOE HANPSDHKEHHUE, BOSHUKAIOIICE
B JJIEMEHTaX KOHCTPYKIIMH, W CPAaBHUTH C JIOITyCKaeMbIM HAaIPsSHKCHHUEM, TO €CTh
MPOBEPUTH BBHITIOJHEHUE YCIIOBUs mpouHocTH (9.32)

9.4.4. sinpo ceuenusi. [locTpoenne sapa ceyeHus

HetitpanpHast och (HyjeBas JIMHHSA) B OOILIEM ciydae IMPH BHELEHTPCHHOM
PaCTSDKEHUH (CHKaTHUH) MOYKET MPOXOJAUThH U BHE CEUCHUSI.

JleficTBuTenbHO, eciu cuia F mpuiokeHa B IEHTpPE TSAKECTU CEUYEHHUS, TO
HYyJIEBasl JIUHUS MPOXOJUT B OCCKOHEUHOCTH, TaK KaK HANpPsDKEHUS B 3TOM cllydae
pacnpeielIeHbl [0 CEUCHUIO pasHomepro (IEHTPATBLHOE PACTSHKEHUE HITH CHKATHE).

[To Mepe yBenuueHUs: KOOPAMHAT TOYKHU MPUIIOKECHUS CHUJIbI, HyJIEBas JIMHUS

6yI[CT HpI/I6J'II/I}KaTBCSI K CCUCHHIO Y IIPU HEKOTOPOM ITOJTOKCHHUH TOYKH IIPHUITOKCHHA
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BHEIITHEN CUJIbI BIEPBBIE KOCHETCS KOHTYpa ceueHusd. [Ipu nanpHeleM yBennueHuu
AKCIICHTPUCUTETA HEUTpasabHasl JIMHUA TiepeceueT ceueHue. [Ipu 3ToM HOopMasbHbIE
HaIpPsHDKEHUS B CEUCHUH OYAyT PACTITUBAIONIUE U CKUMAIOIIHE.

[IpencraBisier uWHTEpeC HAWUTH Takyl0 OOJACTh PACHOJIOKEHUS TOUYEK
NPWIOKEHUS! CUiIbl F, IpU KOTOPBIX B MONMEPEYHOM CEHYEHHH CTEPKHS HAMPSKEHUS
OyIlyT OJIHOTO 3HAKA.

OTO BaXHO JUIsl CTEPXKHEH TIOXO COMPOTHUBIISIONIMXCS PACTSHKEHUIO (OETOH,
KUpIIUYHAs  KJajgka, 9yryH) Jlns KOHCTpYKIMI M3 Takux MaTepHalioB
MIPEAMOYTUTENBHO, YTOOBI MPU BHEIEHTPEHHOM CkaTuu ¢ < 0, To ecTh, YTOOBI
HYJIEBas JIMHUS HE MIEpPECEKaIa KOHTYP MONEPEYHOTO CEUEHUSI.

J{1s 5TOr0 HEeO0OX0AMMO, UYTOOBI YE M Zg HE OBLIM OBl CIWIIKOM OOJBIINMH, a
ATO O3HAYAET, YTO TOYKA MPHJIOKEHUS CUJIbI JIOJDKHA OBITh B 00JACTH OJIM3KON K
HavyaJly KOOpAUHAT (LIEHTPY TSHKECTH MOMEPEYHOTO CEUCHUS).

Takast 00J1acTh HA3bIBACTCS AOPOM CEUEHUSL.

Onpedenenue. SIapoM cedeHWs Ha3bIBAETCS BBIMYKJIas, 3aMKHYyTas 00JIacThb,

pacrnoJioKeHHasi BOKPYT IIEHTpa TSHKECTH CEYEeHHs, BCE TOYKH KOTOpOM o0jagaroT
CBOKCTBOM: €CJIM TOYKa IMPUJIOKEHUS BHELICHTPEHHOM CHJIbI MOINAJAET HA TPaHULLY,
aub0 BO BHYTPh sipa CEUEHHUs, TOrZa BO BCEX TOYKAaX IOMEPEYHOIO CEYEHHUs
HOpMaJIbHbIE HAPSLKEHMs OyAYyT OJTHOTO 3HaKa.

Snpo ceuyeHus sBISIETCS BBINYKJIONH (UIYpoOM, MOCKOJIbKY HEHTpaibHBIE OCU
JOJKHBI KacaThCsl KOHTYpa (DUTYpHI U HE TepeceKath ero.

3Has (opMy M pa3Mmepbl sapa CEUYEHHUS, MOXKHO, HE BBIYUCISS BEIUYUHY
HaIIPsKEHUH, 110 DKCLIEHTPUCUTETY CKMMAIOLIEH CUIIbI yCTaHABIMBATh, BOSHUKHYT B
NONEPEYHOM CEYEHUU PACTATUBAOLIME HAMIPSYKEHUS WU HET.

JUis moCTpoeHus siipa CeYeHHUs HeoOXOAMMO OOKaTaTh MONEPEYHOE CEeueHUe
CTEpPKHS HEWUTPAIBbHBIMA JIMHUSAMH, KacaTEJIbHBIMA K CEYEHUIO, NPU ITOM

KOOPAMHATHI BEPIIUH sI/ipa CEUCHHUS BRIYUCIAIOTCS 1o hopmyiam (9.31)
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i2 i
= = (9.33)

rae

Y4 U Z; — KOOPJIMHATHI BEPIIUH f]Ipa CEUCHUS.

[Ipu mocTpoeHnu siAapa ceUeHUs: MPUMEHSETCS JIEMMA, KOTOpasi TOKa3bIBAET, KakK
COCAMHSIOTCS MEXK]Ty COOOU BEPIIIMHBI S/Ipa CEUCHUSI.

Jlemma. Ilpu BpamieHUM HEUTPATbHOM OCH BOKPYr KaKOW-IMOO TOYKH
IIOIIEPEYHOr0  CEYEHMsS]  CTEPXKHs, COOTBETCTBYIOLIAS  TOYKA  MPHUIOKECHUS
BHEIIEHTPEHHOM cwibl F mepememaercsi BIOJIbL HEKOTOPOW BIIOJHE OINpeeICHHON
IIPSMOM.

[TocTpoum sA11po cedeHus g NPSIMOYTOJIBHOTO MONEPEYHOTO CEYEHHUS CTEPIKHS,

umerorero ocHoanue b u Beicoty h (puc. 9.10).

v Y4 I

o=

i i
v I

— p —>

Puc. 9.10

Breruncinum reoOMCTPpHUICCKUC XapaKTCPHUCTUKHU JIIsL MpAMOYIT'OJIBHOT'O

IMOIICPECUHOI0 CCUCHUA CTCPIKHA

bh? hb3
3 3 2 2
A=p-h l=2h (kb o 23 R 2 Iy Tz b
v 12 Y 12’ %2 4 bh 12’7 Y A bh 12
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CHELHUAJIbHBIE BOIIPOCHI COMPOTUBJIEHUS MATEPUAJIOB (Yacts |11)

OOkartaeM 10 XOAy YacOBOM CTPEJIKHM TIOTIEPEUYHOE CEUCHHUE CTEPIKHS
kacaTenbHbIMU HeWTpanbHbiMu ocsimu |1, 111, =11l u V-1V, cooTBeTcTBYIOIITME
UX TMpeeabHOMY TOJIOKEHUI0. OJTO OyIyT KacaTelbHbIE, COBMEILEHHBIE CO
CTOpPOHAMH NPSIMOYTOJIbHUKA.

[IponymepyeM #X B IOCIEIOBATEIRHOM TMoOpsAnke. JUIsI Kaxaod U3 3ITUX
KacaTeJIbHBIX HEUTpabHBIX ocell o (opmyie (9.32) HaitieM COOTBETCTBYIOIIYIO €i
TOYKY IPUJIOKEHUS CUJIBI (BEPILUHY S/Ipa CEUEHUS).

[TonydyeHHBIE TOYKU COEIUHHUM OAHY C JPYrod B TOM K€ TOPSAKE, B KaKOM
IPOHYMEPOBaHbl KacaTelbHbIE HEUTpanabHbie OCH. [lomydeHHBIE KOHTYp H
OTPaHUYMBAET SJIPO CEUCHUS.

Heumpanvnaa oce 1-1. Ins kacatensHolt |-l oTpe3ku, oTcekaemble Ha OCAX

KOOpJIMHAT, OYyT paBHbI
-1 — . -1 —,0h
a; =, a, = + >

Koopaunatel BepmMHBI spa CEUYCHHS, COOTBETCTBYIOIIEH KacaTenbHOM |-,

onpeaenum 1o ¢popmyite (9.32)

2 h- 2 b
yI:_l_Z:_l_:_ﬁ' ZI—_l_y_ 1_—0
51 -1 ’ 1~ -1~ -
ay +g 6 ay o
Heumpanvnas oco l-11. JIng xacarensnoit |I-11 oTpe3ku, oTcekaembie Ha ocax

KOOpPJIUHAT, OYyT PaBHbI

b
-1 — . -1 —
a, =+ o Ay = =0,
Koopaunatel BepiIvHBI siipa ce4eHUs, COOTBETCTBYrouel kacarenbHou |I-1,

ornpenenuM 1o ¢popmyie (9.32)

N
N

i2 h i
I — Z - 12 — 0 11 Yy -
_— e — e = Z —_—  ———
Va o1 . , A =1l

S

N

|
N o[t

I
ol

+
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Heumpanvnaa ocw 1ll-111. JIna kacatensnoit |1l orpe3ku, orcekaembie Ha

0CSIX KOOPAMHAT, OYAyT paBHbI
h
ar-ur — .. mr-mr — _ h
a, =,  ay =7
Koopaunatel BepIuHbI sijjpa cedeHus, COOTBETCTBYomel kacarensHon 11111,

omnpenenuM 1o dpopmyie (9.32)

N

2 0 2 b”
yl=__1z_ = _ 12 S LU —__ Y - _T2_
g Q1T ) 5’ P =TT o

Heumpanvnaa oce IV-IV. JIns xacarensHoit IV-IV otpesku, oTcekaembie Ha

OCSIX KOOPJIUHAT, OYIyT PaBHbI
— b -
alv-v = _ 2. alV=lv = oo,
Koopaunatel BepuivHbI siipa CEYeHHs, COOTBETCTBYIOIIEH KacaTenbHou V-1V,

ornpenenuM 1o dpopmyie (9.32)

o
N

2

2 h” i = b
yIV:_ lz _ =_12 = - V= _ Y 12 — 4 2
q a:{,V_IV 0 ) q aéV—IV _% 6

[To moMy4eHHBIM KOOpAWHATAM BEPINWH SIpa CEUEHHUS, COOTBETCTBYIOITUX
kacarenbHbM |-1 = V-1V, cTpoum sinpo ceuenus. st 3TOT0 MoJy4eHHBIC TOUKH
| + IV coenunsiem oTpe3kaMu NMpsSMON OAHY C IPYTOil MO0 XOAY YACOBOM CTPENKH, KaK
OBLTM TIPOHYMEPOBAHbI KacaTelIbHbIe HEUTpajbHbIe OCH. [loydeHHBIH KOHTYp W
OTPaHUYMBAET PO CeUeHUs. Takum o0pa3oM, SAPO CEUSHUs IS MPSMOYTOJIBHOTO
MOTIEPEYHOr0 ceueHust OymeT nMeTh BuI pomoda (puc. 9.10).

[Ipu mocTpoeHWM sapa CEYCHHS MOXKHO HCITONIB30BaTh CHMMETPUYHOCTH
MOTIEPEYHOTO CEYCHUS CTEPIKHS.

Onucannolii.  cnocob6 nocmpoenus A0pa cedyeHus Ha3vléaemcs MemoooM

obKamxu nonepevHoco cedeHusl CmepoICHA KacamejlbHbIMU Hel/?mpa]lebl]I/lu OCAMU.
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9.5. CoBmecTHOe AeiicTBHe H3rnda U HEHTPAJILHOIO
PACTSI’KEeHHUs] WM CKATHS

9.5.1. PacueT Ha MPOYHOCTH

Ha mnpakTuke 4acTto BCTpewaroTCs Ciydad, KOrja Ha CTEPKEHb JIEUCTBYIOT
OJIHOBPEMEHHO IIONIEPEYHBIE W IPOAOJBbHBIE Harpy3ku. IIpu sToM mnpononbHbIE
Harpy3Ku MOTYT ObITh IPUJIOKEHBI BHELICHTPEHHO.

Onpeoenenue. Ecnu Ha 0anKy AEHCTBYIOT CHJIbI, IEPECEKAIOIIUE €€ OCh, HO HE

JeXKallke HA B OJJHOM M3 IVIABHBIX MVIOCKOCTEH WIIM JIEKAIUE B PA3HBIX IIOCKOCTSIX
MHEPIUHU, TO Mbl UMEEM CJIOXKHBIN (KOCOI) U3ru0d C LHEHTPAIbHBIM PACTSHKEHUEM WM
COKATHEM.

CrnenoBaTenbHO, B OOILIEM ClIydae B MONEPEUYHBIX CEYEHUSAX OANKH BO3HUKAIOT
usrudaromue MoMeHTel My u M, B IByX miockocTsx, nonepeynsie cuisl Qy u Q,, a

Takxe rmpoaosibHas cuia N (puc 9.11).

Puc. 9.11

[IpeneOperass KacaTelbHBIMH HAIPSKEHUSIMUA OT TIOTMEPEYHBIX CHJI, MOYKHO
CUHTaTh, YTO HAMPSHKEHHOE COCTOSHUE B OMTACHOM TOYKE OY/IET JIMHCHHBIM.

[IpuMeHss TPUHIUMIT HE3aBUCUMOCTH JCHCTBUSA CHJ, MOIXYIUM (GOPMYITY IS
ONPENECICHUSI HOPMAJIBHOTO HANPSDKEHUS B IPOM3BOJBHOM TOUYKE MONEPEYHOIO

cedyeHus Opyca ¢ KoopAuHaTaMu 'y U Z
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o=+ Loy+—2.7 (9.34)

Ecnu B »TOM hopMysie yuUTHIBaTh 3HAKM BHYTPEHHUX YCHIIMI U KOOpJUHAT Y U
Z TOYKH, B KOTOPOM BBIYMCIISIIOT HAMPSHKEHUS, TO OHA TMO3BOJISIET OMpPEACATh HE
TOJBKO YHCIIEHHOE 3HAUCHUE HOPMAIBHOTO HAMPSIKEHUS 6, HO U €r0 3HaK.

Ilpasuno 3naxos. I/ISFI/I6aIOH_[Hﬁ MoOMeHT M cuwnTaercs ITOJOXXHUTCIIbHBIM, CCJIM

OH BBI3BIBACT PACTSHKCHHE B TOYKAX IEPBOM YETBEPTH IOIMEPEYHOTO CEUCHHS OaaKu
(puc. 9.1, a).

Ilpasuno 3nakos. Hponoanaﬁ cmwita N cuuraercs HOHOX(HTGHBHOﬁ, CCJIn OHa

pactsruBatomas (puc.9.1, B).
YcaoBue MPOYHOCTH IO HOPMAJIBHBIM HAMPSDKEHUSM 10 METOAY JOITYCKaeMBIX
HAMPSHKCHUH TP COBMECTHOM JIEHCTBUM M3TH0a M IEHTPAIBHOTO PACTSHKEHUS WU

CXXaTusa UMCCT BU

_N M My
G=- +WZ+Wy§[G] (9.35)

B ciywae mockoro uzru6a ToybKo B ri1aBHOM Tuiockoctd X O Y ¢ pacTsikeHUEM

(cxatuem) Tpex wieHHas hopMyIia MpeBpaIacTcs B AByX WICHHYIO

_N_ M
o=+ <[d] (9.36)

Otu GopMyibl MPUMEHSIOT MPU pacyeTe Ha MPOYHOCTh IUIOCKUX paM M apokK
MaJjoil KpuBU3HBL. ONAaCHBIMU B 3TOM Cllydae SIBJSIOTCS TE€ CEUEHHUs, TIE JEUCTBYET
HanOONbIINI N3Tr10AIOIINI MOMEHT.

JUis  HaxoXXIeHWsT HAuOONbIINX HANpsHKEHUH HYXKHO 3HATh KOOPJIMHATHI
OomacHbIX Touek. Jlig s3Toro HeoOXOAMMO BHayalle YCTAHOBUTH IMOJIOKEHUE
HEUTpaJIbHOM OCH (HyJIEeBOM JIMHUM), a 3aT€M TOYKH, HauboJiee yAaJIeHHbIE OT 3TOU

JIMHUMU.
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[TonoxxeHne HeUTpalbHOW OCH (HYJIEBOM JIMHHUM) MPU COBMECTHOM JCHCTBHUU
u3rnba W IEHTPATbHOTO PACTSKEHUS WIM CXKaTHUS MOXHO YCTaHOBHUTH, €CIH
MIPUPABHATH HYJIIO HAMIPSDKEHUS B TOUKAX, IPUHAJICKAIINX TON JTUHUU.

Ilpu coemecmnom Oeticmeuu uzeudba U YEeHMpPAIbHO20 CHCAMUS NPUMEHSIMb
NONYyUeHHble  QOPMYIbl  MOMNCHO JUWbL K KOPOMKUM — CMEPHCHAM  OONbULOLL
HCeCmMKOCMU, MAK KAK 8 CIyuae MOHKO20 ONUHHO20 CMEPIHCHS 803MONCHA Nomeps
YCmMou4u8oCmu.

9.6. CoBmMecTHOe eiicTBHE U3rHda U KPyYeHUst

9.6.1. HanpsizkeHus IPY COBMECTHOM JlelicTBUU M3ruda
U KPY4YeHHS KPYIJIOI0 CTePKHHA

Ha npaktuke kpyueHHe cTep:KHEH 4acTo compoBoxkaaercss urubom. C Takum
CJIOKHBIM BUIOM Je(hopMallui MPUXOJUTCS BCTPEUYAThCs, HAIPUMEP, PU pacuere
BaJIOB, KOTJIa CHJIBI, IIEPEIAIOIIHECS Baly, HE IPOXOJAT YEPE3 €ro OCh.

PaccMoTpuM HamnpskeHHO—1e(hOPMUPOBAHHOE COCTOSIHUE CTEPKHS, B CEUECHUSAX
KOTOPOTO JEHCTBYIOT KaK M3ru0arolue, Tak U KpyTAIue MOMEHTHI.

HanpspokeHHo—1e(opMUpPOBAaHHOE COCTOSIHUE TPU OJHOBPEMEHHOM H3rube u
KPYUYEHUH CTEpP>KHEW OOJBIION KECTKOCTH, MOYKHO OMNPENENITh KaK COBOKYIHOCTb
HaIpsOKEHHO—Ie()OPMUPOBAHHBIX ~ COCTOSIHMM,  OOYCJIOBJIEHHBIX  HM3THOOM  H
KpY4eHHEM M HE3aBHUCSIIUX OJIHO OT jApyroro. Takum oOpazom, B JIFOOOM TOYKe
CEUYEHHS] HOpMaJIbHbIe HAIPSHDKEHUS JTOJDKHBI ONPEACNAThCS 10 popMyIie il ciaydas
TOJIbKO W3ruba CTEep)KHS, KacaTesbHble HANpSXKEHUS — KaK CyMMa KacaTellbHbIX
HaANpPsHDKEHU OT U3ruda u KpyyeHusl.

OmnpeneneHHOE TaKUM 00pa30M HAIPSKEHHOE COCTOSTHUE CTEPIKHS OTJIMYAETCS
OT TaKOro >K€ MNpuU M3rude TOJbKO BEIMYMHONW M HANpaBJICHUEM KacaTeIbHbIX
HanpspkeHuil. [1o3ToMy riaBHbIE HANPSXKEHUS HEOOXOIMMO OMPENENsiTh M0 TEM Ke

dopmyinam, uro u pu u3ruode (8.36), To ecth
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0'1=%+%\/02+412; c,=0; 03=%—%\/0'2+42'2 (9.37)
PaccmoTpum coBmecTHOE naeMcTBHE W3rHOa M KPYYEHHs] CTEPXKHSI KPYIJIOTO
IMOTICPCUHOI'0 CCUCHM.
OnHOBpEeMEHHOE JEHUCTBUE KPYUYEHHUSI C M3rMOOM dYallle BCEro BCTPEYaCTCs B
pa3IMYHbIX JeTalsax MaiuH. Hanpumep, koneHuaTsiid Bai (puc. 9.12) BocnpuHUMaeT

3HAYUTEIbHBIE KPYTALIME MOMEHTHI U, KPOME TOr0, OH pabOTaeT 1 Ha U3THO.

L
% =G
k—ﬂ—qwz
B_u

@ A

Puc. 9.12

Tak kak Bal HMeEET Kpyrjio€ ImIoInCepeYHOC CCUYCHUC, TO [Ba I/I3FI/I6aIOH_II/IX

MOMCHTAa MOXXHO CBC€CTH B OAHH CYMMapHBIﬁ MOMCHT

MH=1/M5+MZZ, Mk:Mx (938)

Bo3Hukawomme B CEUEHHWH HaANpsHKEHUST MOTYT JIOCTUTaTh 3HAYMTENIbHBIX
3HaY€HUH, MO3TOMY HEOOXOJUMO TMPEIBAPUTEIBHO OIpPENEIUTh KaKkoe U3
HanpsDKEHU MpeAcTaBisieT OOJbIIYI0O OMACHOCTh C TOYKM 3pPEHUs HapylIeHUs
ITPOYHOCTH.

Onpenenum HauboJIee HArpy>KEHHBIC YaCTUIBI (ONTACHBIC TOUKH).

Ha ocHoBanuu paHee moiydeHHBIX (GOpMYN ISl ONpeneseHuss HOPMaJbHBIX U
KacaTeJIbHBIX HAaIPsDKEHUH NpU M3rMOe, a TakKe KacaTelIbHBIX HANpPSHKEHWH MpH
KPYy4YE€HUU UMEEM

o =—M“'y; z'u=—Qb'SIZ ; TK=Mf"0 (9.39)

z z o
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CrnenmoBatesbHO, TS OTACHBIX ToueK (puc. 9.13) Oynem umeTsh

a)

Puc. 9.13
| y=r. 7,=0;, o,=0,,, =M IW,;
=r. 7, =T =M_/W,.
=0. o0,=0, 7, =1, =4Q/3A
| V=0 0,20 1, Q 0.40)
p=r. r.=7, =M_IW,

I1l. y=0. 0,=0;, 7,=1,, =4Q/3A, p=0; 7 =0

Haubonee narpyxxennoi Oyaer wactuia |, Tak kak KacaTeabHbIE HAMPSHKCHUS
P U3rude UrparoT BTOPOCTENCHHYIO pojib. Kaxkoe u3 HanpsHKeHUM, JEHCTBYIONTNX
B Touke | Bama, MOXKET OBITH MEHBIIIE JOMYCKAaeMOTO JIJIsi COOTBETCTBYIOIIETO BHUA

nedopmanmii. OTHAKO OJTHOBPEMEHHOE HMX JEHCTBHE MOXKET OKa3aThCS OMACHBIM C

TOYKH 3pEHHUS TOTEPU MPOYHOCTU. [[1 OUEHKH OJHOBPEMEHHOTO JACHCTBUSA
HalpsOKEHUN 6, U T, BbICIUM y HauOoyiee omacHOW TOUYkH |, smeMeHTapHYyIO

YaCTHUILy B BUJIC TPEYroJibHOW npu3MbI(puc. 9.14).

Puc. 9.14.
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BI)II[GJ'IGHHBIﬁ QJICMCHT HAXOAUTCA B INIOCKOM HAIIPAKCHHOM COCTOAHUH,

CJICOOBATCIIBHO,
JMZ+M?2
o0 =TeaZ Jor vdz?, 0, =0 oy = e VT (9.41)
‘ 2 2 2W 2W

u 41

OTOT chydaid CIIOXKHOTO COMNPOTUBIEHUS (COBMECTHOE JEUCTBUE H3THOa U
KPyYeHHs]) OTHOCHUTCS KO BTOPOHM Tpymnme H pacyeT HEOOXOJUMO BECTH C
MPUMEHEHUEM Meopuil NPOYHOCMU.

9.6.2.IlpuMeHeHMe TeOPHii MPOYHOCTH K pacyeTy KPYIJIbIX CTep:KHel,
padoTaIMX HA COBMECTHOE AelCTBHE U3ruda U Kpy4YeHUs

[IpumMensisi pa3iMyHble TEOPUH MPOYHOCTH, MOJIYHaEM CIEAYIOUIUE PACUETHBIE
dbopMyIIbl I pacdeTa KpYIJIbIX CTep>KHEW, paboTalomux Ha COBMECTHOE JCHCTBUE
U3ruda u Kpy4yeHusl.

H3BecTHO, YTO

o, 1 4 ad® M M. M
O .=—L+=.Jo?+47?, 0,=0. W ="' g ="n 7 =—"r=_"x
BT T Ne e R "3 “TwWTTW 2w

o |5 meopus npodvrnocmu — neopus HAUOOILUUX HOPMATIbHbIX HClnD}ZOfceHuZZ.

Nmeem (5.1)

CrnenoBaTenbHO, YCIOBUE TPOYHOCTH MO MEPBOI TEOPUU IPOYHOCTH UMEET BU]L

Mu+12\N”V| " +Mk S[O'] (942)

e |- meopus npounocmu — meopus HaUOOALUUX TUHEUHBIX 0eDOoPMAUULL.

Nmeem (5.6)

0, — 1O, S[O'];

M, 1 [M? M} M, 1 |M? M}
+= st4d—S—u —— st A—5 .
2w, 2\w, 4w, 2w, 2\W; AW
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CrnenoBartesibHO, YCIOBUE TPOYHOCTH 110 BTOPOIM TEOPUHU IPOUYHOCTH UMEET BUJT

V%(l_T’UMH+1+T’u1/MHZ+Mk2JS[0] (9.43)

u

o |ll-5 meopus npovrHocmu — meopusl HAUOONLUIUX KACAMEIbHBIX HClI’lDﬂOfC@HMIZ.

Nmeem (5.10)

0,—0,; < [G]

M, +MP+M? M, — M} +M? <[o]
- S |0
2\/\/1/[ 2\N]/[ .

CrnenoBaTenbHO, YCIOBUE TPOYHOCTH 110 TPEThE TEOPUU IPOYHOCTH UMEET BH/T

MM o] (9.44)
W

"
o |V-5 meopus npoO4YHOCmu — dHEpceMuU4eCKas nmeopusl.

Nmeem (5.20)

\/012+0'32—0'1-0'3 S[G].

1
ol = E -(Mj +2M, M2 +M? +M? +M§)

1
ol = E -(Mj—zMu M2+ M? +M5+Mj)
1
0,03 =4W2 (MMZ_ME_ME)

u

zvvi-\/2juj+2j\4j+2M,3+ML;2 —M?2+M? s[a].Mi-1/4Mj+3M§ <[o].

u 44

CrnenoBaTenbHO, YCIOBUE TPOYHOCTH 110 YETBEPTOU TEOPUU MMPOUYHOCTH UMEET

BUJT

2 2
VM, HOTSM, 1] (9.45)

W

u
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Bce monmyuennsie pacueTHble (OPMYIBI MO PA3IUYHBIM TEOPUAM MPOYHOCTH

MOYHO 3aIliCaTh B OOIIEM BHUIE
_ Mp
o, = Wn <[o] (9.46)

rIe
Gp— pacueTHoe (IIPUBEJCHHOE) HAIPSKEHHE;
M, — pacueTHblil (IpUBEJCHHBII) MOMEHT, 3HAUCHUE KOTOPOTO OIpeNeNseTcs 110
dopMyiaM B 3aBHCHMOCTH OT BBIOPAHHOM JIJIS pacdeTa TEOPUH MPOIHOCTH.
OTtH HOPMYIIEI HIMEIOT BH]T
M,=0,5-M, +0,5-{/M2 + M2 — nepsas meopus npouHocmu;
M, = % ‘M, + %',/ M2 + M2 — emopas meopus NPOUHOCMU,
(9.47)

M, = MZ + MZ — mpemuvsa meopus npounocmu;

M, = \/ MZ + 0,75 - M% — yvemsepmas meopus npourocmu
Kaxk usBecTtHoO, 13 ycinoBus npodHoctd (9.46) BeITEKaIOT TPH BUIA 3a/1a4:

a). Ilpoexmuuii pacuem. 110 3aaHHON HArpy3Ke ONPEETSAIOT BEIMUYUHY PACUETHOTO

(mpuBeneHHOr0) MoMeHTa My, B 3aBUCHMOCTH OT BBIOPAHHOMW Ul pacueTa TEOpHH
NPOYHOCTH, W U3 YycioBus mpouHoctd (9.46) HaxomAT BEIUYHMHY TpPeOyeMoro

MOMCHTaA COIIPOTHUBJIICHUA

3
w sy M
u [O_] u 32
U TMaMeTpa KPyrjioro Baja
32M
d>3 > (9.48)
7lo]
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0). Onpedenenue donyckaemou Haepysxu. Perienre BTOpoil 3a1a4il CBOJUTCS K

ONPENICIICHUIO TPY30IMOJBEMHOCTA KPYIJIOTO CTEPKHS (HaXOXKACHUE HArpy3Kd, MpHU
JEUCTBUM KOTOPOM pacueTHble (NPUBEACHHBIC) HAIPSKEHUS B OMNACHOM CEUYCHHUH
pPaBHBI JIOMYCKAEMbIM HarpsbkeHusiM). [1o W3BeCTHOMY 3HAYEHHIO OCEBOIO MOMEHTA
conpotusiieHuss W, H JIOIycKaeMOMY HampspDKEHHUIO [o] ompenensioT HanOOJbIIyIO
BEIIMYUHY JIOIyCKAEMOM HArpy3Ku
[M,] <W, - [0] (9.49)
Ilo wHaiinenHomy 3HaueHuto [M,] ompenensercs pomyckaeMoe 3HAuCHUE
BHEIIHEU HArpy3KH.

B). [IpoBepounsiii pacyer. [lo wu3BectHbIM 3HayeHmsmM M,, M,, W,, [o]

MIPOBEPSIOT BHIMOJIHEHUE YCIIOBHsI TpoYHOCTH (9.46)

M
O'Z—p<[0']
p WI/I_

IIpn pacuere cTepKHEW KPYTJIOro MOMEPEYHOTO CEYEHHs Ha COBMECTHOE
JIENUCTBUE M3TMOa M KpydeHUs OOBIYHO TOJIb3YIOTCSI TPEThEH U YETBEPTOU TEOPUSIMHU
IIPOYHOCTH.

[IpuBeneHHbIE POPMYIIBI MPUMEHUMBI U K CTEPXKHSIM KOJIBLIEBOTO MOMEPEUHOTO
CEYEHUs.

3HayeHne M, ompenensercs B ONACHOM cedyeHuu Bana. Ui ompeneneHus
HamOoJiee OMACHOTO CEYEHUS Baja B TE€X CIIydasiX, KOI/la €ro cpasy TPyAHO yKasaTh,
CTPOUTCA 3II0pa PaCUETHBIX /TpUBEICHHBIX MOMEHTOB/
(Mpar 5 My Mirs M My).

Taxkum obpazom, pacuem CmMepPHCHA KpY21020 MNONEPEYHO20 CeYyeHUs Ha

coemecmHoe oelicmsaue uzeuba u KpyyeHus no @opme cognaoaem ¢ paciemom

cmepoiCHell Ha NIOCKUL U32UO.
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Ilpu smom, 6 pacuemnyro gopmyny emecmo uzsudaroueco MoOMeHma 6xooum

npueedeimblﬁ MOMEHRM, e6elUdUHad Komopoco 3s3asucum om u3eu6a}0u;ezo u

KpymAaueco MOMERMOoeE, d maKkace om npuHﬂmoﬁ ons pacdema meopuu npo4HoOCmu.

10.

11.
12,

13.

9.7. KOoHTpOJIbHBIE BONPOCHI /IJIsl CAMOIIPOBEPKH 10 TeMe
«CJ105kH0€ CONPOTHUBJICHUE)

Kakue Buapl nepopmanum Ha3bIBatOTCS CIIOKHBIM COITPOTUBIIEHUEM?
Kakue cnoxusie Buabl gedpopmannu Bel 3HaeTe?

Kakoli mpuHIMI TIOJOXKEH B OCHOBY pacueta Opyca Ha CIO0XHOE
COIIPOTHUBJICHUE?

Korma mMoXHO NTPUMEHSATH NPUHLMI HE3aBUCUMOCTH JCHUCTBUS CUJI B
pacyeTax Ha CJIOKHOE CONIPOTHUBIIEHUE?

Kakue cnydaun cioKHOTO0 CONPOTUBIICHUSI OTHOCSITCS K TIEPBOM rpyIie?
Kakue cnydaun cio’HOT0 CONPOTUBIICHHUSI OTHOCSTCS KO BTOPOM rpymme?
Kakue npaBumia 3HaKOB JJIs BHYyTPEHHUX YCUJIMM MPUHSTHI IPU pacyeTax
Ha CJIOKHOE COTIPOTHUBJICHUE?

Kakue TOUKM TOMEpEeYHOro ceueHusi CTepxkHsS (Opyca) Ha3bIBAOTCS
OTNIACHBIMU?

Kaxkoii n3rub Ha3bIiBaeTCst KOChIM?

[To kaxoil hopmysie onpenensieTcss HOpMalbHOE HAMPSKEHUE MPU KOCOM
u3ruoe?

Kak onpenensieTcst Hoj0)KeHHE OMACHBIX TOUYEK MPU KOCOM U3Truoe?

[To kakoi Qopmyse ompeaensieTcs MOoJ0KEHUE HEUTPaIbHOM OCH TpH
KOCOM u3ruoe?

[To xakoit dopmyrne onpenensercs MOJ0KEHUE MIOCKOCTH epopmanuu

pu KOCOM HU3rude?
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14,

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

217,

[To kaxoit (opmyne ompenensercs BEIHMYWHA TMOJTHOTO (CyMMapHOTO)
nporuda rnpu KocoM u3ruoe?

Kakoit Bung gedopmammm Opyca Ha3bIBaeTCSd  BHEICHTPEHHOM
pPaCTSHKEHUEM WITU CKATUEM?

[Io xakoit QopMmyne omnpenenasieTcss HOPMajJbHOE HAIPSKEHUE MpU
BHEIICHTPEHHOM PACTSKEHUH WIIA CKATUH?

Kakoil mpuHIMn wucnonb3dyeTrcs Juisi BbiBoAa (HOPMYJIbl HOPMAaIbHOTO
HaIpPSHKEHUS B CITydae BHELICHTPEHHOTO ACHCTBUS CUJIIBI?

Kak omnpenensiercss MOJOKEHHE OMACHBIX TOYEK MPU BHELIEHTPEHHOM
PACTSKEHUU WU CHKaTUU?

[To kakoi Qopmyse ompeAesnsieTcs MOJ0KEHUE HEUTPabHOW OCHU MpU
BHEIICHTPEHHOM PACTSKEHUH WIIA CIKATHU?

Kakumu cBoiicTBamu o0JjajaeT HelTpaibHas OCh (HyJIeBasl JIMHUS) TPU
BHEILICHTPEHHOM PAaCTSKEHUU (CKaTUH)?

UTto Ha3bIBAETCS SIAPOM CEUCHUS?

B kakux ciiydasix He00OX0JUMO CTPOUTH PO CEUCHHUS?

Kakoii Bun nedopmanmm Oajku Ha3bIBAaCTCS COBMECTHBIM JICHCTBHEM
U3ruda v MeHTPATBLHOTO PACTSHKEHUS HITA CKATHUS ?

[To xakoil Qopmyne omnpenenseTcss HOPMAIbHOE HAMPSIKEHUE MpU
COBMECTHOM JICUCTBHUM W3ruba ¥ IIEHTPAJIBHOTO PACTSDKCHUS WA
coKaTus?

Kak omnpenensercss MOJ0KEHUE HEUTPAIBHOW OCH IPU COBMECTHOM
JIEUCTBUU M3TUOA U TIECHTPAILHOTO PACTSHKCHUS WIIH COKATHSA?

Kak omnpenensiercs mMojoXeHWE OMACHBIX TOYEK MPU COBMECTHOM
JIEUCTBUN M3TUOA U TICHTPATILHOTO PACTSHKCHUS WIIH COKATHSA?

Kakue BHyTpeHHHE YCWIIMS BO3HUKAIOT B TMONEPEUYHBIX CEUCHUSIX

CTEpP>KHS [P COBMECTHOM JIEUCTBUM U3rMOa U KpyUeHUs?
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28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

[To kakoit QopMyie ompenenstoTcs YHCICHHBIC 3HAYCHUS TJIaBHBIX
HaIpsHKEHU IpU COBMECTHOM JCHCTBUUM M3ruda v KpydeHus?
Hanummre ¢popMyity yciaoBHs MPOYHOCTH IO TMIEPBOM TEOPUN TPOYHOCTH
JUTSL pacueTa KpYyTribIX CTEPKHEH, paboTaloluX Ha COBMECTHOE JIEHCTBHUE
U3ruda u KpyyeHusl.

Hanumure ¢hopmyiy ycinoBHs IPOYHOCTH 110 BTOPOW TEOPHH MPOYHOCTH
JUISL pacyeTa KpYIJIbIX CTEp’KHEH, padOoTalolUX Ha COBMECTHOE JAeCTBHE
U3ruda u KpyyeHusl.

Hanumure @opmyny ycioBHs TpPOYHOCTH 1O TpPETbel Teopuu
OPOYHOCTH JJII pacuera KpyriblX CTEepXkKHEHW, paboTarommx Ha
COBMECTHOE JIEMCTBHE U3TH0a U KPYUEHHUS.

Hanummre ¢opmyiay ycioBUsS HPOYHOCTH IO YETBEPTOH TEOpUHU
OPOYHOCTH JJIi pacuera KpyriblX CTEepXkHeHW, paboTarommx Ha
COBMECTHOE JIEHCTBHE U3rH0a U KPyUEHHUS.

[lo xakoit  dopmyrne  ompenensieTcss  BEJIUYMHA  PACUYETHOTO
(IpUBEIEHHOI0) MOMEHTA 10 MIEPBOM TEOPUU MPOYHOCTH?

[lo xakoit  dopmyne  ompenensieTcss  BEIWYMHA  PACUETHOIO
(MpUBEIEHHOT0) MOMEHTA IO BTOPOM TEOPHUH MPOYHOCTH?

[Io kakoil  ¢opmyne  ompenensieTcss  BEIUYMHA  PACUETHOTO
(IpUBEIEHHOI0) MOMEHTA MO TPEThEN TEOPHUH MPOYHOCTHU?

[Io xakoil  ¢opmyne  ompenensieTcss  BeIUYMHA  PACUETHOTO
(MpUBEIEHHOI0) MOMEHTA IO YETBEPTOM TEOPUH MPOYHOCTHU?

Kakue Tpu Tuma 3agad BBITEKAIOT U3 YCJIOBUS IPOYHOCTH JUIS pacyeTa
KpPYTJIBIX CTEpKHEH, padoTaronMX Ha COBMECTHOE JIEWCTBHE M3ruda u
KpyueHus?

Kakumu TeopusiMu MPOYHOCTH OOBIYHO TOJB3YIOTCS MpPH pacuere

KPYTJIBIX CTEP>)KHEW Ha COBMECTHOE JCHCTBUE U3rMba U KpyUueHus?
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TEMA 10. YCTOUUYHABOCTb HEHTPAJIBHO CXKATBIX CTEPKHEM

10.1. OcHOBHBIC MOHATHUSA

Bo MHOrmx cnydasx NpOEKTUPOBAHUS HMHYKEHEPHBIX COOPYXKEHUH OOBIYHBIX
pacdeToB Ha MPOYHOCTH OBIBAET HEJOCTATOYHO MAJISL TOTO, YTOOBI MOJYYUTH MOJTHOE
OpeCcTaBlIeHUEe O pPabOTe COOpYyKEHHUs. BbIsicCHEeHHMEe TOro, 4YTO HaIpsHKEHUS HE
MPEBOCXOAT JOIMyCKaeMoro (IpenesbHOr0) 3HaYeHusl, €Ile HE IMO3BOJISET CHENATh
BBIBOJ] O 0€30IIaCHOCTH AKCIUTyaTalluu COOPYKEHHUS.

DTO0 BBI3BAHO TEM, UTO Hapsy C MpOoOJIEMOIl MPOYHOCTH CYLIECTBYET Mpobdiaema
YCMOUYU8oCmu COOPYKEHUS UITU €ro AJIEMEHTOB.

Onpedenenue. YCTOMYMBOCTH — 3TO CBOHCTBO COOpPYKEHHUS OKa3bIBaTh

CONPOTUBJICHUE ITOCTOPOHHUM CIy4YalHBIM BO3JECHCTBHSIM U CaMOCTOSITEIBHO
BOCCTAHABIIMBaTh CBOE IMOJIOKEHHE U (opMmy paBHOBecHus B Je(OpPMHUPOBAHHOM
COCTOSIHUH, KOTJ]a CIIy4alHbIE BO3ACHCTBHS UCUE3ALOT.

[lepexon coopykeHHSI W3 YCTOMYMBOTO COCTOSIHUSI B HEYCTOMYHMBOE YacCTO
Ha3bIBAKOT nomepeu ycmouyugocmu. 1'paHuIly 3TOro Iepexoja Ha3bIBAKOT
KPUTUYECKUM COCTOSIHUEM COOPY>KEHHS, a COOTBETCTBYIOIIME HArpy3Kh —
KPUTUYECKUMH.

[lotepss yCTOWYMBOCTH MOXET OBITH JBYX BHJOB: NOTEPS YCTOMYMBOCTHU
MOJIOKEHUSI U TOTeps YCTOMYMBOCTH (POpPMBI paBHOBECHS B Je(HOPMUPOBAHHOM
COCTOSIHUMU.

10.2. IToTepst yCTOMYHUBOCTH MOJI0KEHUS

Ilomeps ycmouyugocmu nonodiceruss OTHOCUTCS K CIIy4daro, KOrJa COOPYKEHHUE B
LIEJIOM HE MOXET JAJIE€ COXPAHATh CBOE NMEPBOHAYAIBHOE MOJIOKEHUE U BBIHYKAECHO
€ro U3MEHHUTh, KaK, HalpUMep, MPU ONPOKUABIBAHUM MOATNOPHOW CTEHBI, MIIOTHUHBI,

BOJIOHANIOpHOM OairHu, OalleHHOro KpaHa W Jp. B 3ToM ciiydae mpoMCXOAUT
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HapylIeHUE PAaBHOBECHs BHEIIHHUX CWJI, JEUCTBYIOIIMX HA COOPYKEHHE, KOTOPOE
BOCCTAHABJIMBAETCS JIMILb B HOBOM €0 MOJIOKEHUU.

Jl5is Toro, 4ToObl OTYETIUBEE MOHATH YCTOWYMBOCTD IMOJIOKEHHSI COOPYKEHUH,
paccMOTpUM IIapuK Ha 1HE BorHyTou cdepnr (puc.10.1, a), Ha BepIIMHE BBITYKION

cheps (puc.10.1, 6) u Ha ropuszoHTaIRHOM MOBepxHOCTH (prc.10.1, B).

Puc.10.1

Coo01muM mapuKy CKOJb YTOJIHO MaJioe€ Ha4aJlbHOE MEePEeMEIEHNE U CKOPOCTb.
[Tonoxxenue miapuka Mocjae 3TOro M300pa3uM MYHKTUPOM. YOepeM MPUYHHY €ro
NEePEMEILICHHS U PACCMOTPHUM MOCJIEIEHUCTBHUS.

B cinydae a) paBHOBecus He OyJeT, MOCKOJIbKY HAKJIOHHAS PEAKIUs TIaJKOU
BOTHYTOU Cepbl HE MOXKET YPAaBHOBECUTH BEPTUKAIBLHYIO CHUITY Beca.

PaBHonelicTByIOIIas Beca M peakiyu OyAeT HampaBlieHa B CTOPOHY HCXOIHOTO
MOJIOYKEHHUS 1IApUKA U OH HAYHET BO3BpalllaThcs K HeMy. [Ipu 3TOM, CKaThIBasiCh MO
chepe U3 OTKIOHEHHOTO TIOJIOXKEHUA, MAapHK OyIeT NMPHOOpeTaTh KUHETUYECKYIO
SHEPTUI0, Onarogaps KOTOpPOW OH TEpPEKaTUTCA dYepe3 HMCXOJHOE TOJIOKCHHE Ha
JPYTYIO CTOPOHY C(ephl, a 3aTeM HaYHET ABUTATHCS B 0OPATHOM HAIMPABIICHUU.

Takum oOpa3zom, mapuk OyJeT COBepIIaTh JIBIKEHUE OKOJIO HCXOAHOTO CBOETO
noyioxkeHus: Ha gHe cdepbl. TpeHue OyaeTr MOTIOMATH IHEPTHUI0, YTO, B KOHIIC
KOHIIOB, MMPUBEAET IIAPUK K €r0 UCXOTHOMY TTOJIOKEHHUIO.

Bce 3T0 cBUAETENBCTBYET O TOM, YTO TOJIOKEHHUE IIapUKa HAa JHE BOTHYTOM

chepsl ycmotiuusoe.
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OnpedeﬂeHue. Ecau Teno IIpHU BCAKOM OTKJIOHCHUH CIIOCOOHO BO3BpalaTrbCsa B

HCXOJHOE COCTOSTHUE, TO OHO YCTOWYHBO.

B cnyudae 6) paBHOAEHUCTBYIONIAST pEaKIMK TIaJKOW BBITYKJIOW cdepbl U Beca
mapuka OyJIeT HalpaBjeHa OT HCXOAHOTO €T0 MOJIOKEHUS U MIapHK Cpa3y )K€ HAaUHET
KaTHTHCS IO c(pepe JasbIlie OT HCXOTHOTO TTOT0KEHUS.

DTO O3HAauaeT, 4YTO TMOJIOKEHUE IIAapUKa Ha BEPIIMHE BBIMTYKION chepsl
Heycmouyusoe.

B caydae B) peakmus riaakoi MIOCKOCTH XOTS W MOXKET YPAaBHOBECHUTH CHITY
Beca MIapuKa, HO HayajgbHAs KMHETHYECKas SHEPTUS B MICATbHBIX YCIOBHUSIX HHUUEM
HE MOXXET OBITh TOTAIlIeHa, W MAaPUK OYJIET ABUTATHCS JTAIIbIIIE.

CrnenoBaTeNbHO, TOJOKECHHUE IMapuKa Ha TJAIKOH TUIOCKOCTH B HJICATBHBIX
YCIIOBUSX TaKxKe OyJIeT Heycmouuusoe.

Ecnm ke B kauecTBe HayaJdbHOTO BO3MYIICHHS NPHHATH TOJBKO HAadYaIbHOE
CMEIIIeHNe, TO MIApUK Ha TJIOCKOCTH TMOCIE CMEHICHHUS OCTAHETCS Ha CBOEM HOBOM
MECTe.

Takoe nosiokeHHe MapuKa Ha3bIBAIOT OE3PA3IUYHBIM.

10.3. IToTeps ycroituuBocTH (P)OPMBI pABHOBECHSI
B 1e()OpMHPOBAHHOM COCTOSTHUM

llomeps ycmotiuusocmu opmel pasnogecusi 6 0eq)opmMupo8anHOM COCMOSHUU
cmepoicHs OTHOCUTCS K CTy4aro, KOTja rnmepBoHavdaibHas GopMa gedopmaruu Tel, y
KOTOPBIX XOTS OBbI OJTHO U3 TPEX U3MEPEHUN MaJo MO CPABHEHUIO C IBYMS JAPYTHMH,
COOTBETCTBYET MajbIM HAUaJIbHBIM HAarpy3kam oImpeaeneHHoro Buga. Ilpu
HEKOTOPOM 3HAYEHUU ITUX HArpy3o0K (popma paBHOBECHUSI CTAHOBUTCS HEYCTONYHBOM
U BBIHYXKJICHA TMEpPEeXOIuTh B JpPyrylo (opMy, Ka4eCTBEHHO OTIWYHYIO OT

IIEpBOHAYATILHOM.
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Hacrymaer pasBerBieHue (Oudypkaius) TEOPETHUYESCKH BO3MOXKHBIX, IIO
KpaitHeil mepe, 1ByX (hopM paBHOBECHS, O/IHA U3 KOTOPHIX HEYCTONUNBA.

PaccMaTpuBasi HENpepbIBHBIN MPOIECC HATPYKEHUS,, MOXKHO 3aMETUTh, YTO B
YIOPYTUX CHCTEMax Mepexo] mpu OudypKanuu U3 yCTOWIHMBOTO COCTOSIHUS B JIPYroe
MPOUCXOIUT cpa3y ke ¢ OONbIIMMHU MEPEMEIICHUSAMH, YTO CBUJETEILCTBYET O €r0
OMACHOCTH.

Yto0Bl paccMOTpeTh 00Jiee NETanbHO SIBJICHUE «IOTEPs YCTOMYMBOCTH (POPMBI
paBHOBecUs J€(OPMHUPOBAHHOTO COCTOSIHUSL CTEPKHS», HEOOXOJUMO MOMHHUTH, YTO
OOBIUHBIE IPUEMBI PACYETOB COOPYKEHUI Ha MPOYHOCTH MPEIOJIaraloT COXpaHEHNE
ONPEEICHHOT0 HAYaJIbHOTO BUAA Je(opMaluy BILUIOTh JO MOMEHTA, SBIISIOLIErOCs
OMAaCHBIM JJIsl IPOYHOCTU JAHHOTO MaTepuara.

B omnpeneneHHbIx ciyyasix, €II€ 0 IOSBICHUS pa3pylIaoIIed Harpy3ku
HayanbHast ¢opma 1ePOPMUPOBAHHOTO COCTOSIHUSA CTAHOBHUTCS HEYCTOMYMBON H
MEPEXOIUT B APYTYIO hopMmy.

Ora HoBasg ¢opMa CO31aeT B 0JJIEMEHTE COOPYKEHHUS JIONOJHUTEIIbHbIE
HanpsOKEHUs, He MPEAyCMOTPEHHBIE OOBIYHBIM PAacue€TOM Ha MPOYHOCTb, U MOXKET
OKa3aThCsl, YTO ITH JOTMOIHUTENIbHBIEC HAMPSKEHUS BBI30BYT pa3pylleHue MaTepHuasa
AJIEMEHTA COOPYKEHMsI MPU HArpy3Kax MEHEE JOIYyCKaeMbIX MO0 OOBIYHOMY pacyeTy
Ha MPOYHOCTH ISl IEpBOHAYAIBLHON (DOPMBI paBHOBECHSI.

10.4. ITpoao/ibHBI U3rHbd MPSAMOr0 CTEPKHSA

ITorepss Hecymielt CHOCOOHOCTH IIEHTPATBLHO — CXKATOTO CTEPXKHS MOXKET
POU30UTH HE TOJIBKO MOTOMY, UYTO OyAET HapyllieHa MPOYHOCTh Marepuayia, HO U
MIOTOMY, 4YTO CTEpPKEHb IO BJIUSHUEM BHEIIHUX CHJI HE MOXKET YCTOMYUBO
COXpaHsTh Ty popMy, KOTOopas emy Obljia AaHa MPU U3TOTOBJICHUH, WU, KaK TOBOPSIT,

NoTepsieT yCTOUYUBOCTb.
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[loaTomMy i HangeKHOM pabOThl KOHCTPYKLMHA HEAOCTATOYHO, YTOOBI €e
AJIEMEHThI OBLUTU TPOYHBI, HEOOXOAUMO, YTOOBI BCE JIEMEHTHI KOHCTPYKLIHMH ObLIN
TaKK€ YCTOMYMBBI U IPU JEHCTBUM BHEIIHUX HArpy30K MOIJIM UMETH TOJIBKO OJHY
dbopMy paBHOBECHS, COOTBETCTBYIOILIYIO XapaKTepy X OCHOBHOH Aedopmarvu 1o
NEUCTBUEM BHEIIHUX CHIL

[IpsmonuHeitHass ¢opma paBHOBECHS YIPYrOoro CTEpPXKHSA, 3alIEMIIEHHOrO
HVDKHAM KOHLIOM U Harpy>K€HHOTO CBEPXY LEHTPAJIbHO IPUIOKEHHOW CKUMAIOILEH
CUJIOM, MPU HEKOTOPOM 3HAYECHUM 3TOW CHUJIbI, MOXKET OKa3aThCsl HEYCTOMYMBOU U
CTEPKEHb PE3KO UCKPUBUTCHL.

CnenoBarenbHO, YNpPYyrui  CTEpKEHb HauyHET paboTaTb Ha COBMECTHOE
JCHCTBHE IEHTPAILHOTO CXKATHUs M ITocKoro m3ruda (puc.10.2).

I Tl

e
Puc.10.2

Onpeodenenue. IloTepss yCTOMUMBOCTH NPSIMOJIUHEHHON (OpPMBI paBHOBECHS

HEHTPAIBHO CKATOTO MPSMOT0 CTEP>KHS Ha3bIBAETCS MPOJIOJIbHBIM U3THOOM.

DTOT TepMHUH YCJIOBEH, TaK KaK 37€Ch peub UJET HE O MPOBEPKEe HA WU3TU0, a 0
IPOBEpPKE HA YCTOMUHUBOCTH MPSMOIMHEHHONU (POPMBI CTEPHKHSI.

OnbITBl MOKa3bIBAIOT, YTO MPU LEHTPAIBHOM CXATHUU CYIIECTBYET Takas
BEJIMYMHA CHUJIbI, IIPU KOTOPOW, IOMHUMO YKOPOYEHHUS CTEpXKHS, BO3HMKAET
BO3MOXHOCTh HMCKPUBJICHUS (BBIMYYMBAHUS) CTEP>KHSA B IUIOCKOCTH HaWMEHbILIEH

KCCTKOCTH.
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Takoe cocTOsSTHME OTHENBHOTO CTEPXKHS WM KOHCTPYKLHMH B LEJIOM, IpH
KOTOPOM BO3MO>XHO TOSIBIEHUE HECKOJIBKUX (OPM yCTOHYMBOIO paBHOBECHS,
Ha3blBaeTCsl  Oe3pa3iMuyHbIM  pPAaBHOBECHEM, a BHEWIHAS cuja (Harpyska),
COOTBETCTBYIOIIAsl O€3pa3IMUHOMY PaBHOBECHIO, HA3bIBAETCSI KPUTUUYECKOIA.

Onpedeﬂeﬂue. HanmeHnsbliee 3HaueHuE LHCHTPAJIIBHO HpPIJIO)K@HHOﬁ C}KI/IMaI-OHleﬁ

cuibl F, mpu KOTOpoil mepBOHAYallbHas MpPSMOJMHEHAas (QopMa paBHOBECHUS
CTEPKHSI CTAHOBUTCS HEYCTOMYNBOM, HA3bIBAETCS KPUTHUUECKOW CUIION.
[lepexoa K KpUTUYECKOMY 3HAYEHUIO CUJIbI F poncxouT BHE3aHO.
[losiBeHne npoAOABLHOTO U3rKbda OMACHO TEM, YTO MPU HEM MPOUCXOAUT OUYEHb
CWJIBHOE HapacTaHHE MPOruO0B MPHU MajOM HapacTaHUU COKUMAIOLLIEH CHUIIBI.
[IporuGel 1 Harpy3Ku CBA3aHbI MEXK]Ly COOOI HETMHEWHON 3aBUCUMOCTBIO.

Onpeoenenue. 1loTepro yCTOMIMBOCTA CO CMEHOM (DOPMBI J1e(OPMHUPOBAHHOTO

COCTOSIHMS Ha3bIBAIOT IIOTEPEN YCTOMYMBOCTH IIEPBOr0 poja.

Onpedenenue. Ilotepelt ycTOWYMBOCTH BTOPOTO POJa MPHUHITO HA3bIBATh MEPBOE

peaenbHOe COCTOSTHUE CUCTEMBI 110 HECYIIEeH coCOOHOCTH, KOT/ia MpH AajibHEHIIeM
YBEIIMUYEHUU HArpy3Kd PAaBHOBECHME MEXKIY BHEIIHUMHU W BHYTPEHHUMH CHJIAMH
HEBO3MOXHO. OHO BO3MOYHO JIMIIb IIPU YMEHBLIEHUU HArpy3KH.

[Torepst ycTOMYMBOCTH BTOPOrO POJA MOKET MPOUCXOJIWTh KAK CO CMEHOWU
nepBoHavanbHOU (GopMbl AehOPMUPOBAHHOIO COCTOSIHUA, Tak W 0€3 Hee, Kak B
YIPYIOH, TaK U B YIIPYIO — IJJACTUYECKON CTaAUH.

3amayell yCTOMYMBOCTH COOPY>KEHHI SBIISIETCS MX PACUeT, IJIaBHBIM 00pa3oM,
Ha YCTOMYMBOCTH IIEPBOTO pOJa.

Takum o06pazom, uccied0o8anHue HANPANCEHHO20 COCMOAHUSL  DJIeMEHMO8
KOHCMPYKYUU, UCX00S1 MOAbKO U3 HAUAIbHLIX, COOMBEMCMEYIOWUX MATbLM
Hazpy3Kkam, U008 oeghopmayuu, 8 OMOEIbHbIX CIYUAAX A6HO HeOOCMAMOYHO.

B stux cinyyasx HEOOXOAUMBI JTOMOJHUTENbHBIE UCCIIEIOBAHUS YCTONUYHNBOCTH

HavyaJIbHOU (hOpPMBI paBHOBECHS B 16(DOPMUPOBAHHOM COCTOSIHHH.
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HOHGpG‘IHLIE? CCUCHMS CKATBIX CTGp}KHeﬁ JOJIDKHBI Ha3HA4YaTbCA HC U3 YCJIOBI/Iﬁ
IMPOYHOCTHU OT LCHTPAJIBHOI'O CiKATHUA, a U3 YCJIOBI/IfI TOro, YTOOBI CXXHMAromuc
HAIIPSKCHUA OBLIN MEHBIIIC KPUTHYCCKHX Hal'[piDKeHHﬁ

F
o<o, =TKP, (10.1)

NN

Fy
F<F, — F<-2 (10.2)

ny

rac

Ny, — K03 UIMEHT 3amaca Ha yCTOMYUBOCTb.

10.5. YcToitunBocTh 1e)OPMUPOBAHHOTO COCTOSIHUSI IEHTPATbHO
CHKATBIX CTEPIKHEH

10.5.1. ®opmy.a Jiistepa AJsi onpeaeeHUs KPUTHYECKOH CHIIbI
CKATOr0 CTEP KHA

JUist uccneqoBaHUsl YCTOMYMBOCTH PAaBHOBECHS YIPYTMX CHCTEM OOBIYHO
UCIIOJIB3YIOT METOJ OWNJEpa, OCHOBAHHBIM HA aHAJIM3€ Pa3BETBICHUS BO3MOXHBIX
(opM paBHOBeECHUS YIIPYTOM CUCTEMBI.

Pemenue 3a1aun yCTOMUMBOCTY ITPOBOAUTCS TP CIAEAYIOIINX MPEANOCHUIKAX:

— CXKaTblil CTEp)KEHb JODKEH HMMETh COBEPIICHHO NPSIMOJMHEHHYIO (opmy,
Marepuall OIHOPOAEH, a CKUMAIOIas CHJla MPUJIOKEHA CTPOrO B LIEHTPE TSHKECTH
NONIEPEYHOTO CEYEHUS;

— IOoTeps yCTOMYMBOCTH OTOXKIECTBISIETCS C  BBINOJHEHHEM  YCIOBUH
CYILIECTBOBAHMS HOBBIX (JOPM PaBHOBECHS, CKOJIb YTOJHO OJIU3KUX K UCXOTHOM.

IIpn pacuere MHKEHEPHBIX COOPYKEHUM KPUTHUYECKAs HArpy3Ka NMPUHUMAECTCA
3a MpeIeNIbHYIO (OMacHYI0), MO0 KOTOPOW M Ha3HAYaeTCs 3amac yCTOMYMBOCTH.

[Ipu pemenHun 3agauv yCTOMYMBOCTHM HAarpy3ky HEoOXOJMMO 3aJaBaTh CoO

CTETEHbIO JeTanu3alu Ooyiee BBICOKOW, YeM IMpH pEUIeHHH OOBIYHBIX 3ajad
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CONPOTUBJIEHUS MaTepuasoB. HeoOXoauMo yka3aTb HE TOJBKO BEIWYUMHY U
HaIpaBJIeHUE CHUJIbI, HO TaKXe€ M XapaKTep €€ MOBEJICHUS B MPOIECCE OTKIOHEHUS
CUCTEMBI OT UCXOJHOTO MOJIOKEHHSI PABHOBECHS.

Paccmotpum mMeton Diliepa Ha mpUMeEpe IEHTPAIBHO CXKATOTO, HICATbHO

npssmoro ctepxkus (puc. 10.3).

/ s
j —F—x (25"
=3 :
AL

—x— i J

Puc. 10.3

[Ipu ManbIx CKUMAIOIIUX CUJIaX MpsSMOJIUHENHast opMa paBHOBECHUSI CTEPKHS
ABIsAETCA ycToMuMBOM. IIpm cuimax, npeBBIIAIOIINX HEKOTOPOE KPUTHUYECKOE
3HAYEHUE, OHA CTAHOBUTCS HEYCTOWYNBOM.

[Ipenmnonoxum, 4TO0 MOA AEHCTBUEM CWIbl F, BelTWunMHAa KOTOPOW HECKOJBKO
npeBbIIAeT Fyp, CTEPIKEHD C IAPHUPHO 3aKPEIUIEHHBIMY KOHLIAMH CJIETKa U30THYJICA
B IUIOCKOCTH X O Y. Eciiiu B CEUEHUSAX CTEPKHS BO3HUKHYT HM3THMOAIONINE€ MOMEHTHI,
CIIOCOOHBIE yEpX aTh CTEPKEHb B H30THYTOM COCTOSHHH, TO TI€pBOHAYaIbHas
nuHelHas (opma paBHOBECHS CTEPKHS OKaXKETCs HEYCTOMUHBOM.

CrienoBartenbHO, NPU KPUTHYECKON CHJIE HApSIAy C MCXOAHOW MPSMOJUHEWHOU
dbopmoii paBHOBeCHST Kak OBl BO3MOXKHA CMEXHas, BecbMa OJu3Kasg K HeH
KpUBOJIMHEIHAs (popMa.

OTHECEeM UCKPUBIIEHHYIO OCh CTEPKHS K MPSAMOYTOJIbHOM CUCTEME KOOPAUHAT C
HA4YaJIOM HA JICBOM KOHIIE cTepxkHA. [Ipenamnosoxkum Takke, 4TO KpUTHYECKasl CHJIA
F.,, HE BBI3BIBACT B  CTEp)KHE HANPHKCHUH, NPEBBIIIAIONMX  IIPEIEI
MPONOPLUUOHAIBHOCTA, MW PACCMAaTPUBAIOTCS TOJBKO MaJble OTKJIOHEHUS OT

MPSIMOJIMHEWHON (DOPMBL.
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PaccMoTpuM pou3BOIbHOE CEUEHUE HA PACCTOSHUU X, TIE
M ==Fo Vo -
Torma, mnpubmmwkenHoe audQepeHuanbHOe ypaBHEHHE U30THYTOH OCH

(ynpyrotii muann) crepxas (8.49)

"o M FKP

Vi = =— Vi)
=1 (0

31ech

Imin — HAUMEHBIIINKA OCEBOM MOMEHT MHEPIIUHM CEUCHHS CTEPIKHS OTHOCUTEIHHO
[JIABHOW IIEHTPAJIBHOW OCH, COOTBETCTBYIOIICH HAIMPABICHUIO HWCKPUBIICHUS
CTEPIKHS.

BBens o6o3Hauenue

k?=F,/El ;, >k=./F,/El (10.3)

min Y
OJIyYUM
V(”X) + kZV(X) = 0 (10.4)
OO6muit  uHTerpan  audg@epeHIraNTbHOTO  ypaBHEHHMS  TPEACTaBISETCS
rapMOHUYECKON (DyHKIIHEH

V() = Csinkx+ Dcoskx (10.5)

[Toctostaabie C 1 D q0mKHBI OBITH HAMIEHBI U3 TPAHUYHBIX YCJIOBHIA:
1) mpux=0: — v=0;
2) ipux=1. — v =0.
W3 mepBoro ycnous cienyet, uto D = 0.
N3 BTOpPOrO yCIoBuUs CIEAYyET, 4TO
C-sinkl=0 (10.6)
DTO ypaBHEHHE UMEET JBA BO3MOKHBIX PEUICHUS

C=0 wm sinkl=0.
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B nepBom caydae mnomyuaerca, uro npu C = D = 0 nepememeHus V)
oOpamaroTcss TOXJIECTBEHHO B HOJb, U CTEPKEHb, CIEJOBATEIbHO, HMEET
MPSIMOJIMHEHHYIO (hopMmy.

Bo BTOpOM ciyuae

sinkl=0. >kl =7,27,37,+-nz,— (N=123+-).
Tak kak | 20, kl#0 (kak HEe COOTBETCTBYIOIIUE (PUIUICCKOMY CMBICITY 33/1a4H),
IPUHUMAEM
kl=nz (n=1, 2,.....) (10.7)
CrnenoBaTelibHO,
k2% =n?z2 —k? =n’*z? /12 = F | El ,. — F, =n?z2El , /12

M3 mnoiay4eHHOro COOTHOIIEHHUS BBITEKAET, 4YTO HUMEIOTCS OEeCunCICHHbIE
3HaueHus Fy, NpH KOTOPBIX MOTYT CYILECTBOBaTb M30THYTHIE (DOPMBI PaBHOBECHS
CTEePIKHSI.

HaumeHnbliiee 3HaYeHHE KPUTHUECKOW CHIIbI mojydaercs nmpu N = 1 u kl = 7,
Korma

2
/2 =| .
kp |2

(10.8)
Orta QopMyna BrHepBble Oblla TmoiydeHa akaaemukoMm IlerepOyprckoit
Axanemun Hayk Jleonapgom Oiinepom B 1744 roxmy, mosroMy kputhueckas cuna ki,
Ha3bIBAETCA TAKKE DUIEPOBOM KPUTHUECKON CUIIOM.
Ecnu uneHTpanbHO CkMMaroniasi Cujia MEHbIIE KPUTHUYECKOW, TO BO3MOXKHA
TOJIKO TpsAMOJIMHEWHas (opMa paBHOBECHS, KOTOpas B 3TOM Ciydae SIBISETCS

YCTOWYUBOM.

10.6. Pacuer cikaThIX cTep:KHEH HA YCTOMYHBOCTD.
@®opmMa U30THYTOI OCH CTEPKHA

VYpaBHEeHUE HM30THYTOW OCH CTEpXKHS MPU MalbIX JAepopManusx HMeEEeT BU

(10.5)
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Vi, = Csinnlx .
(X) |

[Ipu n = 1 cTepkeHb U3rnbaeTcs Mo MOJIYBOJIHE CUHYCOUbI ¢ MaKCUMAIbHBIM
nporudom
Vix) = C.
[Ipu mr000M TIENOYMCICHHOM 3HAYCHWH N yOpyras JIMHAS — CTEPIKHS
1300pakaeTcsd KpUBOU B BUJE N MOIYBOJIH. MakCUMyM V(y) IMEET MECTO IIPU TaKOM

3HAUYCHHUHU X, JIsSI KOTOPOTO

TO CCTb

dv Nz Nz Nz
—=C-—cos—x=0.—->cos—x =0.
dx | | |

Hanmenbiniee 3HaueHne apryMeHTa, Mpu KOTOPOM KOCHHYC PaBEH HYIO, OyneT

n/ 2. Torna

l
Ecom n =1, 1o X =, a MAKCUMYM V(x) IMEET MECTO IIOCPETMHE CTEPIKHS.

W3 monyuenHbix ypaBHeHmid n pucynka (10.4) cimemyer, yTo N mpeacTaBiiseT
co0Ol 4YHUCIO TOJYBOJH CHHYCOW[BI, PACMoOjaralolMxcs Ha JUIMHE H30THYTOIO

CTEPIKHSI.

WNrak, mOIydeHO MHOXKECTBO 3HAYEHWW KpUTHUYECKUX cwil. Kaxnon
KPUTHUYECKON CHUJIE COOTBETCTBYET CBOsl popma paBHOBecwHs. [Ipu »ToM HE0OX0AMMO
OTMETHTh, YTO PaBHOBECHE, COOTBETCTBYMOIIee MepBoil ¢opme msrumba (n = 1),
ABIIIETCS yCTOMYMBBIM, a BCEM OCTaJbHBIM, TaK HAa3blBAEMbIM BBICOKHM

KpUTHYECKUM criiaM (N = 2,3, ...), — HEYCTOMYHBBIM.
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FKP
Kp Kp
\ s L A v -
F— [}OE\ OO§\ Ooﬁ\
‘\ \ \
\ /
] |/
/ /

Puc. 104

JIisi WMHXKCHEPHBIX pacueTOB BAXKHO YCTAHOBUTH YCWIHE, TpPU KOTOPOM
KOHCTPYKITUSI TIEPECTaeT OBbITh pabOTOCIIOCOOHOM, TO €CTh MPAKTHUUYECKHN WHTEpEC
MPECTABIIsICT HAaUMeHbINas (repBast) Kpurudeckas cua (mpu N = 1 u Kl = 7) (10.8)

2
7°El i,
kp |2

[Ipu BBIBOmE 3TOM (opMynbl Dijepa ObUIO YCTAHOBIEHO, YTO CTEP>KEHb
[IAPHUPHO ONEPTHIM MO KOHIAM, M3rHOaeTcs MO CHUHYCOWJE, a HAaWTH YHCIEHHOE
3HaYeHUe MPOruOOB HE YJaNoch (MOCTOSIHHAs WHTerpupoBaHus C OCTaloCh He
HaliieHa). DTO CBSI3aHO C TEM, YTO paccMarpuBaemass MOJENIb YCTONYMBOCTH
CTEp)KHS, OCHOBaHHas Ha TMPUOMDKEHHOM au(depeHITMaTbHOM YpPaBHCHHUH
M30THYTON ocH (YIpyroi JJUHUHU) CTEPXKHS U cxeMme jJedopMaliiu, MO3BOJSET HANTH
KPUTUYECKOE 3HAUY€HHE CWJIbl M3 YCJIOBHUS CYIIECTBOBAaHUS HETPUBHAIBHOIO
(HEeHyJIEeBOI0) peuIeHHs] OJHOPOIHOTO JTUHEHHOTO MU dEepeHIINaTbHOTO YPaBHEHHUS.

Bennuuna HpOFI/I6OB onpeaAcIsACTCA C TOUYHOCTBIO 10 Macirada BenuuuHbl C.
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PaccmarpuBaemast MOJCITb HE Jae€T BO3MOKHOCTH OINMHUCATh COCTOSIHHE CHCTEMBI
npu F>F, .
Ecimu npumenuts TouHoe auddepeHnranbHOe ypaBHEHHE HW30THYTOH OCH
(ynpyroii muann) crepxas (8.47)
Vg _ M

[1+(fo>)2]§ Bl

To npu F > F,,, mepemMelienns pacTyT CTOJIb OBICTPO, YTO MIPEHEOpEraTh BEINYUHOMI

(V) B 3HameHarene  Henb3d. EcoM  KpoME  PacCMOTPEHHMsS — TOYHOTO
nudpepeHIManbHOr0 ypaBHEH S H30THYTOW OCH CTEPKHS YTOYHUTH €IIE U KPacBble
ycaosus npu X = | (ydecTh cMeleHHe MOABMKHON ONOPBI), TO MOKHO IIOJTy4HThH

TOYHOC PCUICHHUC. BaBI/ICI/IMOCTB, BBITCKaromas u3 HETro, 6YI[CT HUMCTb BU

Vo _ 242 | B

. - (10.9)

10.7. BiusiHue ycJI0BHil 3aKpeNJieHUs KOHIIOB CTEP KHS
HA BeJIMYMHY KPUTHYECKON CHIIBI

®opmyina (10.8) naer 3HaYCHWE KPUTUYCCKOW CHUIBI JUIs CTEPIKHS C IIAPHUPHO
3aKperUICHHBIMUA KOHIIaMH. Ciydail IIapHUPHOTO 3aKpEIICHUS KOHIIOB CTEPKHS
IPUHSITO HAa3bIBATh OCHOBHBIM.

JIsist ipyrux croco0OB 3aKperieHUs KOHIIOB CTEPXKHS TaK)Ke MOXKHO TOJIYYHTh
3HaueHus F,,, mocrynas aHaJOrM4YHO TOMY, KaK 3TO OBIIO CHENAHO Ul OCHOBHOI'O
ClTydJasi, TO €CTh COCTaBUTh MU pepeHIInaTbHOe YPaBHEHUE N30THYTONH OCH CTEPIKHS,
PENINTh U UCCIIEIOBATh €T0 C YUYETOM YCJIOBUHN 3aKpEIUICHUS Ha KOHIIAX CTEPKHS.

Hanpumep, paccMOTpUM KOHCOJIBHBIM CTEPKEHb MOJ JCUCTBUEM CKUMAIOIIECH

cuibl (puc. 10.5).
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Puc.10.5

[Ipubnuxxennoe auddepeHunaibHOe YpaBHEHUE W30THYTOM OCH  CTEPKHSA

NMECT BU
El minv(”x) = M(x) = MO - ka 'V(x)i

nIn

F M

Vit oV =
EI vin EI min
BBenem o003HaueHME
k? = ka/EImin .

Torna ucxognoe nuddepeHnnanbHoe ypaBHEHUE IPUMET BUT

Vi + KV =My /El .

[Tonyuunu HeomgHopoaHoe nuddepeHnranibHOe ypaBHEeHHE. Perenue Oynem
UCKATh KaK CyMMY pEIICHUSI OJTHOPOITHOTO YPABHEHUS M YaCTHOTO PEIICHHUS, TO €CTh
Vi) = v+v

Torna
v+ Ky =0
Ortcrona
v=C-sinkx + D- cos kx
YacTHoe pelieHre BO3bMEM B BUIE
Vv=My/Fy,

OG6mee perieHue Oy1eT UMETh BU/T
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Vi) = Csinkx+ Dcoskx+M,/F,.

I'pannunbIC YCI0BUA:
° npuX=0: — v=0; D=-M,/F,;
o mpu X = 0: — Vv'=0.—>kCcoskx—kDsinkx »>kC=0—C=0.
. mpu X =1: — v="F; —M/F_coskl+M,/F,=f.—>M,/F,(L-coskl)=f.
Tak kak

M, =F

kp © f,
TO
Fo f/F,(L—coskl)= f.— f(1—coskl)=f.
Otcrona

coskl=0.—>kl=(2n+1)7/2. >k =(2n+1)z/ 2. - k? = (2n+1f 72 /417",
Torna

Fo  (2n+1) 2n+1f 22El .
Elkp. -! 4|2) 7*—>F, = lez (n=0,1,2))

min

HanmMenbiiee 3HaueHUE KPUTHUYECKON CHITBI Oy et ipu N=0

2
_ El .,
LTE

(10.10)

AHaTOTUYHO MOXKHO TMOJTYYUTH (POPMYIIBI JIJISi ONMPENETICHUS KPUTHIECKUX CHUIT
MIPH JIFOOBIX JIPYTUX YCIOBHSAX 3aKPEIUICHHUS CTEPXKHS, HO T€ K€ Pe3yIbTaThl MOKHO
MOJIy4UTh, HE TpuOeras K WHTETPUPOBAHUIO YPABHEHUNW OCH WCKPUBICHHOTO
CTEpXKHsI, €CJIM MPUHATh BO BHHMAHHME, YTO BO BCEX Clly4yasxX ymnpyras JIMHUS
MPEACTABISICT KpUBYIO Tuma cuHycounbl. [lpm 3TOM B TOukax meperuoa,
COBIIQJIAONIMX C KOHIIAMHU IOJYBOJIHBI CHUHYCOWJbI, U3THOAIONIUNA MOMEHT paBEH
HYJIIO, TaK YTO JIF0Oasi MOJIyBOJHA HMCKPHUBJIEHHOT'O CXKATOTO CTEP>KHSI HAaXOJIUTCS B

TEX K€ YCIIOBHUAX, UYTO U CTCPIKCHD, I/IM€IOH.II/II\/'I IIapHUPHOC 3aKPCIIJICHUEC KOHIIOB.
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[ToaToMy KpUTHUECKas CHJIa B Clydae JIOOOTO 3aKpeIICHHS KOHIIOB CTEPIKHS
MOJKeT ObITh omnpeesieHa mo gopmysie (10.8)

2
/2 =| .
K |2 '

€CNTM B HEeW JUITMHY CTEPKHS 3aMEHUTH JJIMHON TOJYBOJIHBI CHHYCOUJIBI, TI0 KOTOPOU
HCKPHUBIISICTCS CTEPKEHB TIPH TAHHOM 3aKPETUICHUH €T0 KOHIIOB.

B paccMOTpEeHHBIX HAMH CITydasiX UMEEM:

a) B cCllydyae MIAPHUPHOTO 3aKpEIUICHHS 00OMX KOHIIOB JJIMHA IOJYBOJIHBI
cuHycoubl |y coBnamaer ¢ IJIMHON CTEPIKHS, TO €CTh

2
=l Fy=" "l
0o kp — |2

6) B CJIy4ac 3allCMJICHHUA OJHOI'O KOHIA JJIMHA CTCPIKHA COBIIAJACT C ,Z[JIHHOﬁ
ITOJIOBHUHBI ITOJTYBOJIHBI CHHYCOUIBI, TO CCTh

— ”ZEImin _ 7[2E|min
N §s (21y

l,=2. F,

O6o06mrass monydeHHbIE (QOpMyJIbI, MOXXHO HamucaTh oOOIIEee BBIPAXKESHUE
KPUTHYECKOM CHJIBI JIJISl CKATOTO CTEPXKHS B BUJC

’El

riae

W - xoappuyuenm npusedenus oaunvt (Kodphuyuenm npusedennoil OnuHbL),
3aBUCSAIIUH OT CI10co0a 3aKpeIICHNs KOHIIOB CTEPIKHSI.

Koaddumuent npuenennsi IIUHBI g TO3BOJIAET OO0 CIydail 3aKperieHUs
KOHIIOB CTEP)KHSI CBECTH K OCHOBHOMY CIIy4ar0, TO €CThb K CTCP)KHIO C IIAPHHPHO
3aKpeIVICHHBIMKA ~ KOHIaMHu. Jls Hamboiee dYacTo BCTPEYAMOIIMUXCS —CITydacB
3aKpeIICHUSI KOHIIOB CTEePKHS KOd(DPHUIIMEHT TpHUBEICHUS JJIMHBI M HWMEET

cienyroimue 3HaueHus (puc.10.6)
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T
M

N

oy o [
L

5
l-&s lw lw-ﬁ LW A Im

u=1 H=2 u=0,5 u=0,7 u=0,5 u=0,35

<
e
i
<

2

N~ N| e~

Puc. 10.6. 3nauenun xorghpuyuenmos npugedennoii O1unwvl

10.8. Kputnueckune HanpsizKeHus .
IIpeneanbl npumenumocTu Gopmyasl Jiliiepa

Beieoa dopmynsl Diinepa (10.11) ocHoBaH Ha MPUMEHEHUH MPUOJIMKEHHOTO
muddepeHIMaIbHOTO ypaBHEHHUS W30THYTOH OCH  CTepXHsS (ympyrow JIMHHM).
[ToaTOMy HCIIOIB30BaTh 3TY (HOPMYITYy MOKHO JIUIIB B TOM CIIy4ae, €Cu CIpaBeJiuB
3ak0H ['yka, TO €CTh TOKa KPUTHYECKOE HAINpsDHKEHWE HE TMPEBBINIAeT mpesena
POIIOPIIMOHATIEHOCTH

Fo

w = A Sanu

CrnenoBaTenbHO, 3mo ecms yclosue npumMeHumocmu opmyast Jiliepa.
[Tonyuum dopmyiy st KpUTUUECKOTO HAIPSKEHUS

- _Fe _ 7Bl _7°Eiqe _ 7°E :ﬁZE._)O_ _7’E (10.12)

YA (A (el (i) A rox

N3 monydenHot Gopmyisbl CIAEAyeT, YTO KPUTUUECKOE HAMNpPSIKEHUE 3aBUCUT

TOJIBKO OT YIPYI'HX CBOMCTB MaTepuana (MOAyJsi yIpyroctd E 1 THOKOCTH CTEp KHS
4)

IIpu 3TOM

PRl (10.13)

min
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rme

A — THOKOCTH CTEPIKHS.

2

7°E
B cucreme koopauHat o, A4 3aBUCUMOCTb O, = PE BbIpAXKaeTCs

runepO0IMYeCcKOr KpUBOM, HAa3bIBAEMOM eunepbono Jinepa.
Jlist mpumepa npuBefeHa auarpamma(rpaduk) KpUTHYECKUX HaNpsOKEeHUH IS

crepkHs u3 cranu Mapku CT. 3, uid KOTOpo MOIyib o, = 240Mila, o, =200MIla;

E=2-10°MITa (puc. 10.7)

g

Eafui?'T Jlpancen Ao upcrozn
i

20N e e ———— .
E i Tunepdiona Ziinepa
i i
i |
1 I
i I
1 ]
i I
1 I
a |

70 0 o0 *

Puc. 10.7

I'padux mokaspiBaeT, YTO 1O MepEe BO3PACTaHUS THOKOCTH CTEP>KHS
KPUTHUYECKOE HANPSKEHUE CTPEMUTCS K HYJIIO U, HA000pOT, M0 Mepe NpUOIMKEHUS
TMOKOCTH CTEPXHS K HYJIIO KpUTHUECKOE HAMPSIHKEHUE CTPEMUTCS K OECKOHEYHOCTH.

@opmynia Oiilepa CTAaHOBUTCS HENPUEMIIEMOM, KOIJA HANPSOHKEHUE Oy,
JOCTUraeT Ipejena IMPONOPLUUOHAIBHOCTH Gy, (CIENoBaTeNbHO, MPENCIBHOE

3Ha4Y€HHUE TMOKOCTH Oy/IeT paBHO

—r | £ (10.14)
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Taxum obpazom, gopmyna Jiinepa npumeHumMa npu 2UOKOCMU A = Auypey U
CMAHOBUMCS HENPUSOOHOU NPU 2UOKOCMU CMEPIHCHS, MeHbULe NPEOebHO20 3HAYEHUS
Aapeo (3 < ).

3HaueHMs NPEIEIbHON THOKOCTH Ayypep, 3aBUCSINUE OT MAaTEpUalla, IPUBOAATCS B
CIIPaBOYHBIX Tabymuax (st ctand Mapku Ct. 3 — A,,.0 = 100, 0 depesa (cocna) —
Anpeo = 10} 0151 uy2yna — Aypepy = 80 u m.0.)

OpHako sIBJICHHE MPOJOJBHOTO H3ruba MpOAOHKAeT CYIIeCTBOBaTh U 32
npenesnioM ynpyroctu. ®opmyna Diliepa B 3TOM CJIydae [1a€T 3aBBIIICHHbBIC
PE3yNbTATHI, TO €CTh IMEPEOIICHUBACT ACHCTBUTEIBHYIO YCTOMIMBOCTD CTEPIKHS.

B cBs3m Cc 3TUM, BEIMYMHY KPUTUYECKHX HAIpPSHKEHUH 3a TMpelesioMm
MIPOTIOPITUOHAIBHOCTH  OTIPEACISIIOT 10 AMrupudeckuMm  (popmynam Termaiiepa-
SIcCMHCKOrO TMHENHOTO BUA

Cwp=a—Db-2A (10.15)
WM TapaboJIMYeCcKOro Bua (111 4yryHa)
Cp=a-b-A+c-A (10.16)
MOJIYYCHHBIX HAa OCHOBE OOpPaOOTKH OIBITHBIX JAHHBIX IO TPOJOJIEHOMY H3THOY
CTEpKHEW B 3aBUCHMOCTH OT THOKOCTH M BHJa MaTepuara.

3HavyeHuss KodHPUIUEHTOB @, ¢ u ¢, 3aBUCSAIIUX OT MaTepuaia, MPUBOJATCS B
cnpaBounbix Tabiunax (st Ct. 3: a = 310MIla; b = 1,14MIla; ons oepesa: a =
40MIla; b = 0,203Mlla; ons uyeyna: a = 776MIla; b = 12MIla; ¢ = 0.053 u m.o.).

[Ipu HEKOTOPOM 3HAYEHWUU TMOKOCTH Ao BEIMYMHA KPUTHUYECKHX HAIPSHKCHUIH
Op CTAHOBUTCS PABHOM IPENETLHOMY HANPSKEHUIO IIPH CKATHH:

— JJIA TNIACTUYHBIX MaTCpHaioB 0, =0 ;

m

— JUIsL XpPYIKUX MaTeprajioB o,, =o,.

8

Onpeodenenue. CTEPKHHU, Y KOTOPHIX 4 < g, HA3BIBAIOTCS CTEP)KHIMHU MaJION

rUOKOCTU (MAaCCUBHBIMU CTEPKHSAMM).
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Takue CTepKHU PACCUUTHIBAIOT TOJIBKO HA IPOYHOCT.
Taxum obpazom, Hecywas CHOCOOHOCMb CMEPICHE MAlou 2UOKOCmU
(maccusnvix cmepoichetl) onpedensiemcst moabKo HPOYHOCMbIO MAMEPUAld.

10.9. Pacuer cxkaThIX cTep:KHel HA YCTOMYHUBOCTH
10 KO3(pPuuMEeHTy NPOIOJIBLHOIr0 U3ruda

JUtst THOKMX LIEHTPaIbHO CXAThIX CTEP)KHEW, KPOME YCIOBHS IPOYHOCTH,
JOJKHO OBITh YJOBJIETBOPEHO TAaKXE YCIOBUE YCTOMYMBOCTH, KOTOPOE MOKHO

BBIPA3UTh HEPABEHCTBOM
N
Omax — Z S [G]YCT! (10'17)

e

A = Agpymo — IUIOHMIAAb IIONEPEYHOTO CEUCHUSI CTEpXKHSA 0Oe3 ydera ero
OCJIa0JIeHHMI;

[0lyer — DOMycKaeMoe HanpsbKEHUe IPU pacdeTe Ha YyCTOHYUBOCTb.

JlommyckaeMoe HanpspKeHue [o]ye, Mpu pacueTax Ha YCTOWYMBOCTH Ha3HAYAETCS

C 3aI1acoM IMPOTUB KPUTHUYECKOTO HAMPSKEHHUS, TO €CTh BbIpaxaeTcs: (opMyJIon

[Oyon = —2-, (10.18)
[n]YCT
riae
[n]yer — HOpMaTMBHBIM (TpeOyeMbli) KOI((HIMEHT 3amaca yCTOWYMBOCTH,

3HAYCHHUE KOTOPOTO 3aBUCAT OT MaTepuajia U THOKOCTH CTEPIKHSI.

Kosdpuuuent 3anaca ycToRUMBOCTH [N ] MPUHAMAETCS OOJIEE BBICOKMM, YEM
KO3 GHUIMEHT 3araca MPOYHOCTH. DTO BBI3BAHO PSAIOM OOCTOSATEIBCTB (HavdaIbHAsS
KPUBU3HA CTEP)KHS, BHEICHTPEHHOE TPUJIOKCHUE HArpy3Kd M T.JI.), KOTOpBIC
3HAUYUTETFHO YMEHBINAIOT KPUTHUYECKYI0 HArpy3Ky, HO TIOYTH HE BIHUSIOT Ha

IIPOYHOCTHh KOHCTPYKIIHH.
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Bripa3uMm nonmyckaemoe HanpspKEHHE MPU pacueTe CTEPKHEW Ha yCTOWYHMBOCTh
[0]yem yepe3 momyckaemoe HampskeHHE [O]cy, NPUHMMAaeMOE MpPH pacueTax
CTEPKHEU Ha ITPOYHOCTh

[O-]ycm 2 [G]Cch‘! (1019)
rae

¢ — KO3p(UIMEHT TOHMWKEHUS OCHOBHOTO JOIYCKAEMOrO HamnpsyKEHUS
(k03¢ puIHeHT MPOAOILHOTO U3TN0A) IIEHTPAITEHO — CIKATBIX CTEPIKHEH.

Benuuuna koagpuyuenma @ 3asucum om 2UOKOCMU CMEPHCHA U €20
Mamepuana. 3Ha4eHHs KO3PPULUEHTa @ MPUBEICHBI B CIPABOYHBIX TA0IUIAX.

VYcaoBue  yCTOWYMBOCTM — LIEHTPAJIbHO  CKATOIO  CTEPXKHA MO  METOLY

noryckaeMbIx Hanpspkeruit (10.17) npuHuMaeT BUI

Gmax = % <9 [Olex (10.20)

501041
N
Omax — (P_ < [O)ex (10.21)

[IpumeHsis ycnoBrue yCTOMYMBOCTH, MOKHO BBIIIOJIHATH TPU BHUJIA pacyeTa:

1. llpoexmuwiii_pacuem. Ilo 3aganHoil Harpy3ke F u mgomyckaemomy

HaNPsHKCHUIO [o]e = [o] HaxomaT BennumHy TpeOyeMOH IUIOMAAM MOMEPEYHOro

CEUYEHUS MemOoOOM NOCNe008AMENbHbIX NPUDTIUNCEHUL

Ampe6 >

. 10.22
¢ [o] ( )

W3 mpuBeneHHBIX BBINIE BHIPAKEHUN BHIHO, 9TO KOA(DOUIIMEHT MPOI0IHHOTO
n3ruba @ IMEHTPAIbHO — CXKATHIX CTEPKHEH B KOHEYHOM MTOTE 3aBHCHUT OT IUIOIIAIN
noI0MPAEMOro CEYEHHUsI, IOATOMY 100O0p paA3Mepos NONePetHO20 CeYeHUs CMepPHCHs
oCyuecmensaemcs Memooom noCie008amenbHblX NPUOTIUNHCEHULL.

CyTb 3TOTO METO/Ia 3aKJIFOYAETCSI B TOM, YTO B IMIEPBOM MPUOTMHKEHUH 3a/1a€TCS

3HaueHue @, (ymobno mpuammath ¢ = 0,5, B cepenuHe Auamna3oHa, TaK KaK OH
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u3Mensiercs B npeaenax 0 < @ <1).
Tped o
[Tocne »toro mo dopmyne (10.22) onpenenstor Alp , MO HaWJICHHOMY
Tped .
3HaYEHUIO A 3aTeM BBIYMCIAIOT Jmin, Imin, 44 M IO TaOnmie yCTaHABIMBAIOT

(akTHYeCKOE 3HAYCHHUE (.
[Ipy HECOBNMAACHUH @1 W (P4 IS BTOPOTO NPUOTIKEHUS TPUHUMAIOT @ =

@1+ ¢,
= % " BCC HOBTOpSHOT 0 TEX HOp, TIOKA HC 6YI[eT BBIITOJIHATHCA HepaBeHCTBO

|on — @n| < 0,02.

OnbIT MOKa3bIBAET, YTO IOCJIE BBHIMOJIHEHHUS 3TOTO HEPABEHCTBA PAcueT MOKHO
CUMTATh 3aKOHYCHHBIM. YTOUHUB (OKPYIJIMB) pa3Mepbl CEUEHHUs, HE0OXO0IUMO
00s13aTeNILHO CIeNIaTh IPOBEPKY BBIMTOJIHEHUS yciaoBus ycrounBocTH (10.21).

B xaxgom npuOmmkeHUH, TOCHe MOJMy4YEHUs 3HA4YeHWs Iutomaaun A,, s
ompeneneHuss kodpduimenta MNpoaoabHOr0 W3ruba ¢, HaM HEOOXOAUMO 3HATh
3HAYCHWE MHUHUMAJIBHOTO paauyca WHEPIUH Imin, T[MO3TOMY JUIS  KaXJIOTro
MOIOMPACMOT0 CEUCHHS TTOJIC3HO MPEIBAPUTEIBHO BBIPA3UTD Imin depe3 A.

DTOT METOJ pacueTa YHUBEPCAJIEH B TOM CMBICJIE, YTO HE CBSI3aH C IpeleaamMu
MPUMEHUMOCTH (HOpMYIIBI Diffiepa U MOKET ObITh UCTIOJIB30BaH MPH BCEX 3HAYCHUSIX
TMOKOCTH, JIJIsl KOTOPBIX UMEIOTCS TaOJIMYHbIEC 3HAY€HUS KO3PPULIMEHTA .

2. Onpeoenenue oonyckaemou Haepyzku. Ilo w3BecTHOW twomaan A ©

JOITyCKaeMOMY HAMNPSHKEHUIO [ O] OMpeNeioT BEIMUUHY JOIyCKaeMOU Harpy3Ku
IN|=[F]<¢e -[o]-A (10.23)
[To HailimeHHOMY 3HAYEHUIO MPO0JIbHOM critbl [N] onpenensercs qomyckaemoe
3HAYE€HHE BHEIIHUX CHUJL.

3. IIposepounviii pacuem. 11o u3BecTHBIM 3HaueHUsM F, A, [o] 1 @ ipoBepsiroT

BBITIOJIHEHHE ycoBus ycroitunBoct (10.20)
N
Omax = <¢[d]
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KoaddumuenT 3anaca ycToiamuBOCTH onpeaensieTcs mo Gopmyse

—- FKp
[n]yer = TPl (10.24)

10.10. KonTpoJsbHbIE BONPOCHI /1JIsl CAMOIIPOBEPKH 10 TeMe
«YCTOMYMBOCTH HEHTPAJIBHO CKATBIX CTEPKHEN

1. B 4em 3akmroyaercs SBJICHHE NOTEPH YCTOWYHMBOCTH LEHTPAJIBHO CKATOIO
CTEepkKHs?

2. Kakoe paBHOBECHOE COCTOSHHE€ THMOKOIO LEHTPAJIbHO CKATOTO CTEPIKHS
ABJISIETCS yCTONYMBBIM, O€3pa3InYHbIM WM HEYCTONUNBBIM?

3. Kakas cuna Ha3bIBaeTCAd KPUTHUECKOW?

4. 3anummte dhopmyiy Ditsiepa s ONpeIeSICHUs] KPUTUUECKON CUITBI.

5. Kak onpeznensercs npuBeIEHHAs IJIMHA IEHTPAIBHO CKATOIO CTEPIKHSA?

6. 3anumure Gopmyiy Diijiepa ¢ Y4ETOM YCIIOBHM 3aKperyieHUus LEHTPAIbHO
CKaTOro CTEPIKHSI.

7. YTo Ha3bIBAETCA THOKOCTHIO CTEPIKHS?

8. Uto Takoe npeaenbHas THOKOCTh HEHTPAIBHO CKATOTO CTEPHKHS?

9. YcnoBust npumeHuMocTH Gopmyiibl Diinepa?

10. ®opmyna SAcuHckoro. YcmoBust €€ NpUMEHUMOCTH?

11. Kak 3anuceIBaeTcst yCIOBUE YCTOMYMBOCTU LIEHTPAIBHO CKATOTO CTEPHKHS U
KAaKHUe 33J1a4y PEIaroTCsl C IIOMOIIBIO 3TOTO YCIOBUS?

12. Kak omnpenensiercss Kod)PUIMEHT MPOJOJHHOTO M3ruda U OT 4Yero OH
3aBUCHT?

13. Kak onpezensiercst BeIMYUHA JOIMYCKAaeMOM HArpy3KH.

13. Yto Takoe ko3 PuIMeHT 3anaca yCTOMUMBOCTH?

15. Kak monOuparoT cedeHHe LEHTPAIBbHO CKATOr0 CTEPXKHS MpU pacueTe Ha

YCTOMYHUBOCTH?
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TEMA 11. 3AJAYU TUHAMUKHU B COITPOTUBJIEHUN MATEPUAJIOB
11.1. Yuyer cun unepunu. KodgpduumeHT TMHAMUYHOCTH

B mpeapinynmx TeMax Mbl pacCMaTpUBAIA METOJABI pacueTra Ha MPOYHOCTh
TOJBKO C YYETOM CTAaTUYECKUX HArpy30K. B NEWCTBUTENBHOCTH HA COOPYKEHUS U
MalIuHbl JIEHCTBYIOT HE TOJBKO CTaTHYECKHME, HO M JHMHAMHYECKHE CWIbL. B
OOJIBIIMHCTBE CBOEM 53TO CHJIbI HMHEPLUH, BEIMYMHA KOTOPBIX BO MHOIO pa3
IIPEBBIIIAET CTATUYECKUE CUJIBI.

B 31THX ciywasx BOIpOC O NPOYHOCTH HENb3S PEIINTh, HE NPHUHHMAs BO
BHHMAaHHE XapakTep ABMKEHHUS pACCMATPUBAEMON YAaCTU COOPYKEHUS WM MAITUHBI.

Takue 3amauM  CONPOTHUBICHHS MATEPHAIOB, IIPU PEUIEHUH KOTOPBIX
YUUTBHIBAIOTCS TMHAMUYECKUE HATPY3KH, HA3BIBAIOTCS OUHAMUYECKUMU.

JInHaMUYeCKUMH Harpy3kamu SIBJIIIOTCS CWJIbl MHEPLUMU JIeTajedl MalluH,
JABWKYIIMXCS BO3BPAaTHO—TIOCTYNATEIbHO, IIEHTPOOEKHBIE CHIIBI BPALLAIOLIUXCA
4acTel IpH IYCKE B XOJ M OCTAHOBKE MAIIMHBI U HArpy3KH, MPUKIIAJbIBAEMBIE B
TE€YEHUE BECbMa KOPOTKOTO MPOMEXYTKA BpeMeHU (yIapHble HAarpy3KH).

CymiecTBeHHON OCOOCHHOCTHIO JUHAMUYECKUX HArpy30K SIBISETCS OOJbIas
CKOPOCTh HMX TNPWIOKEHHS, B PpE3yJbTaTE€ 4YEro OHJIEMEHTHI, IOABEPraroIInecs
NEUCTBUIO TAaKUX HAarpy3oK, MOJy4arT 3HAYUTEIBHbIE YCKOPEHMS, BIIMSHHEM
KOTOpPBIX Ha HamnpsHKEHHO—1€(POPMHUPOBAHHOE COCTOSIHME KOHCTPYKIUU HEJb3s
npeHeOpeyb, Kak 3TO JIeTAeTCsl IPU PACCMOTPEHHUH JIEUCTBUSI CTATUYECKUX HArpy30K.

[Ipu 3TOM, AMHAMUYECKHE HAIIPSKEHUS CYILIECTBEHHO U3MEHSIOT U CaM IPOLIECC
nedhopMHUpPOBaHUS, B pe3yJIbTaTe YEro MOBEACHHE TeJl TP ACUCTBUH MOJJOOHOTO poja
HaANpsDKEHU OKa3bIBA€TCs OTJIMYUTEIBHBIM OT MOBEACHHS Tell B Clydyae JEHCTBUSA
CTaTUYECKUX HAIPSKCHUU.

Hanuune yckopeHuil CBsiI3aHO C BO3HHUKHOBEHHEM OCO0Or0 pojaa CHII — Cul
uHepyuu, BEIMYAHA KOTOPBIX ONPENEIIAECTCS NPOU3BEACHUEM MACChI DJIEMEHTAPHOTO

o0beMa Tella Ha YCKOPEHHUE IIEHTPa TSHKECTH 3TOro 00beMa, a HalpaBJIeHHe 00paTHO
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HaIpaBJICHUIO YCKOPEHUS.

Cunbl MHEpUMH, TaK e Kak W COOCTBEHHBI BeC, MPEICTaBIAIOT COOOM
00BEMHBIE CHJIBI, TaK KaK MPHJIOKEHBI K KKIOW JIEMEHTApHON dYacTHile oObheMa
Tena.

[Ipu pacuere cTep>KHEBBIX CUCTEM OOBEMHBIE CHIIBI MHEPIIMH 3aMEHSIOT CUIIaMU
WHEPLUH, PACOPEICNCHHBIMH TI0 JJIMHE OCH KaXJOro CTEpXkHSA, TO €CTh
pacnpeaeeHHON IIOTOHHOW UHEPLIMOHHON HAarpy3Kou.

NHTEHCUBHOCTh  PaCHpEeeICHHOM  IMOrOHHOM  WHEPIMOHHOW  HAarpy3KH
BBIPAXKAETCS B H/M, KI/CM H T.[.

B wyacTHOCTM, mpu BpalleHUU Tella C YIJIOBOW CKOPOCTBIO () HUMEET MECTO
LIEHTPOCTPEMUTEIILHOE YCKOPEHUE

a=w?r, (11.1)
rjae

a — LEHTPOCTPEMUTEIIBHOE YCKOPEHHE,;

® — YIJI0Basi CKOPOCTh BpAIlICHUS TENa;

I — paanyc — BEKTOP TOYKHU.

CrnenmoBarellbHO, Ha JIFOOOM dJIEMEHTapHBIH O00BEM BpaIAIOIIErocs TeJa,
uMerorero Maccy dm, IelicTByeT crjia MHEPIUH (IIEHTPOOCIKHAS CHUITa)

dS, =dm-’ -r (11.2)

Benuuwna cui uHEpnuy Mpu KoJIeOAaHUAX 3aBHCHUT OT YAaCTOTHI KOJICOAHUS U €€
aMITUTybel. Korga 4acToThl BEIHYKACHHBIX U COOCTBEHHBIX KOJIeOAHUM COBITAIAIOT,
UMEEM SBJICHHE pE30HaHCa, KOTOPOE€ OYE€Hb OINACHO JJISI  CTPOUTEIBHBIX
KOHCTPYKLIUH.

3Has BEJIMYMHY U HANpaBJICHUE dTOM CHUJIBI, C TIOMOILI0 TpuHITMNA JJamamOepa
MOXHO COCTaBUTh YCIIOBUE JTMHAMUYECKOTO PAaBHOBECHUS, OTKYyJa OMNpPEHEISIOTCS

yCUIIUS, IPUIIOKEHHBIE K TPAHAM PACCMATPUBAEMOI0 DJIEMEHTA U HAIIPSIKEHUS.
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JInsg  ynopolieHus peleHusl 3a4ad  JAWHAMUKU  BBOASAT TaK HAa3bIBAEMbIN
Koo puyuenm ounamuunocmu K,,,.

JIns IOy4YeHMs] YUCIEHHBIX 3HAYEHUM BHYTPEHHUX YCWJIMM, HAIIPSOKEHUW WIH
NEPEMEIICHUI OT JMHAMUYECKOTO BO3/IEUCTBUSA Harpy30K B pacuerax JUHAMUYECKas
Harpy3ka 3aMEHsIETCSI CTATUYECKOW, a HallJICHHbIE OT HEE YCWINs, HAPSDKCHUS WIN
MepeMENICHUS] YMHOXKAIOTCS HA TUHAMAYECKUI KO3 UIUEHT

Soun = Semam * Koun (11.3)

Hunamuueckuit  ko3pduuuent K,,, BO MHOTHX CIy4yasX OIpEAeIseTCs
AQHAJIMTUYECKH, a B TEX CIIy4asx, KOrAa 3TO CAEIATh TPYIHO, — SKCIIEPUMEHTAIBHO.

3nauenus smozo Kodppuyuenma 3a6ucam om uU0a OUHAMUYECKOU HASPY3KU,
Om pazmepos, MAccwl, HCeCMKOCHU COOPYAHCEHUS U psO0a Opy2ux paxkmopos.

11.2. YdeT cuJ1 MHEPUHHU MPU PABHOYCKOPEHHOM /IBHKEHHUH ITpy3a

PaccMoTpuM paBHOYCKOpPEHHBINM TTOabeM Tpy3a Q, MOABEMIEHHOTO Ha CTATbHOM
TPOCE IJIOMIAJIBI0 MOMIEPEUHOT0 ceueHus1 A; 00BEMHBIN BEC MaTepuasa Tpoca paBeH

¥; TPY3 MOAHHMAETCS C yCKOpeHHeM a cM/cex” (puc.11.1).

X

4 __1 ?{1
| G
1=
[
. Ql
L lS“

Puc.11.1
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HGO6XOI[I/IMO ONpCACINTb HAIPKCHUEC B IIPOMU3BOJIBHOM CCUYCHHUHU TpPOCa Ha

pacCToOAHUHU X OT TOYKH IIOABECA I'Py3a.

rae

OTtcekaeM HMXKHIOIO YacTh M pacCCMOTpUM e€ paBHOBecue. [lomyuaem

QJFMB‘Xa:O.
g

D> x=0.-50,A-Q-Q,-S,=0.>0,A-Q—yAx -

Otcrona

_Q a Q —(Q a
o=y XF Gy )= Hyx) -1+

[Tpu cTatnyeckoM aericTBuM Harpy3ku (a = 0) OyaemM UMeTh

o, = % +y-X.
Torpa
o, =0, -[1+ gj (11.4)
O603HaunM
Kyp=1+ g (11.5)

K — AnHaMuueckuit ko3P UIMEHT IPU paBHOYCKOPEHHOM TOABEME TPy3a.
Torna
01 = Ocm " Ko (11.6)

Taxum obpazom, Hanpsicenue om OUHAMUYECKOU HAZPY3KU PABHO HANPANCEHUIO

om CMamu4ecKou Hacpy3Ku, YMHONCEHHOU HA OUHAMUYeCKUll Kodgguyuenm npu

PABHOYCKOPEHHOM nooveMe 2py3d.

JluHamudeckuii Ko3((GUIIMCHT TPU PaBHOYCKOPEHHOM moiabeme Tpy3a (11.4)

3daBUCUT OT BCJIIMYHUHBI YCKOPCHHA 4@, C KOTOPBIM OCYHICCTBIIACTCSA IIOABCM I'pPy3a,

IMOOTOMY JUHAMHWYCCKHUC HAIIPAKCHUS MOTYT 3HAYUTCIIBHO IIPCBBIMIATE CTATUYCCKHUC.
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YcnoBre MPOYHOCTHU MO METOY AOIYCKAEMBIX HAIIPSKEHUH UMEET BUJL
o, < [o] (11.7)
1581071

5, < 1 (11.8)

Kn

YuuThIBaTh BIUSHUE CWJI MHEPIMU TPUXOJIUTCS, B YaCTHOCTH, IPH pacyueTe
COOPYKEHUM, PACIIONIOKEHHBIX B MECTHOCTSIX, MOJIBEP>KEHHBIX 3€MJIETPSICEHUSIM.

[Ipu 3emueTpsiceHnH 3eMHasi IOBEPXHOCTh U YACTU COOPYKEHHI, 3aKPETIIICHHBIE
B TpYHTE, MEPEMENIAlOTCsI C HEKOTOPHIMH YCKOPEHHUSIMU, B pE3yJbTaTe€ YEro
COOPY>KE€HHUS HCHBITHIBAIOT JIEWCTBUE CUJI WHEpIuu. Ha 3TH cuiibl JOHKEH OBbITh
MPOU3BEACH pacyeT COOpYyKeHHH. PacueTHas BeaMYMHA HaWOOJBIIETO YCKOPEHUS
JBIKCHUSI 36MHOM TMOBEPXHOCTU YCTAHABIMBAETCS CHEIUATBHBIMU TEXHUYECKUMU
YCIIOBUSIMH B 3aBHCHUMOCTH OT CHJIBI 3€MJICTPSCEHHUS (XapaKTepu3yeMoi B Oaiiax);
9Ta BeTMYMHA MOXET HocTurath | M/cex’ u Goiee.

11.3. leiicTBUe yIapHOii HATPY3KH

YacTHbIM clydyaeM JAMHAMUYECKON HArpy3KH SIBISIETCS yJlapHas Harpyska,
KOTOpasi HanOoJiee onacHa JJis MPOYHOCTU KOHCTPYKIIUH.

[Ton ymapoM MOHMMAIOT B3aUMOJAEHCTBUE NBUKYIIMXCS TEI B PE3YyJbTaTe HMX
CONIPUKOCHOBEHMUSI, CBSI3aHHOE C PE3KUM M3MEHEHHEM CKOPOCTEM TOYEK 3THX TEJ 3a
BECbMa MaJlblii MPOMEXYTOK BpeMeHHU. BpeMs ymapa odeHb Majno, a cuia yaapa
JIOCTUTAET OOJBITION BEIMYUHBI (yaap MaJarolero rpysa npu 3a0MBKe CBal U T.1.).

3ajada orpejieieHUs HaNpsOKEHUH TpU yaape B 00IIeM BUJE TMPEACTaBIsCT
3HAUUTEIbHBIE TPYAHOCTH, NOIMOM) 8 UHIHCEHEPHBIX PACUemax My 3a0ay)y peuaom
C NpuMeHeHuemM NPUOTUICEHHOU meopuu  yoapa, WCHONb3ys  CIELyoIIne
PEANOI0KEHUS:

1. HanpspkeHust oT ymapHOW Harpy3ku OylieM OINpeNeiiaTh B CTEPHKHSX,

pasMEPhbI HONICPECUYHOI'0 CCYCHMA KOTOPBIX MAJIbI II0 CPaBHCHUIO C HHHHOﬁ.
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2. [Ipu onpenenieHny HaIpsLDKEHU OynieM IpeHeOperaTb Maccou CTEPKHS,
a CJIeZI0BATEIbHO, ¥ €T0 CUJIAMHU UHEPIUH.

3. Cuity, TNpUIOXKEHHYHO B MecTe  yjaapa, OydeM  CuMTaTh
OPONOPLUUOHANIBHOW JedopMaluu, AOIMycKas, 4YTO HaNpsHKEeHUs IpU yJaape He
IPEBBILIAIOT NPEAEIIOB YIPYTOCTH.

JUist cTep:kHel, B 3aBUCUMOCTH OT HANpaBJIEHUs yJiapa MO OTHOLIEHUIO K OCH
CTEpPXKHS U XapaKTepa MPOUCXOIIMX AeQopMalliii, pa3IudaoT NpoJ0JIbHbIN yaap U
MONEPEYHbI (M3rubaroIInii) yaap.

11.3.1. IIpoaoabHbIii yaap

PaccMoTpum cirydail mpoj0ibHOTO yapa rpys3a no HenoJABuxkHOMY Teiy. IIycTh

rpy3 BecoM G majaet ¢ BEICOTHI N Ha HEMOABWKHBIN cTepkeHb (puc. 11.2).

my

Puc. 11.2

CkopocTh Tena B MOMEHT yJapa OIpeiesseTcsl Mo H3BECTHOH (dopmyre

CBOOO/THOTO TaJIEHUS
vV =,/2gh (11.9)
DTa CKOpPOCTh 3a OYECHb KOPOTKHH TIPOMEXKYTOK BPEMEHHU YyJlapa,

WCYHUCISIEMBINA THICSIYHBIMU WUJIM COTHIMU OOJISIMH CCKYH/IbI, YITAJACT 10 HYJIA.
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brnaromaps  OouybllIoil  BeIMYMHE  YCKOpeHUs  (3aMeIeHHs]))  BO3HHUKAET
3HAYUTENbHAS CUJIa MHEPIIUH, BEJIMUMHON KOTOPOU U Oompeesercs IeHcTBUE yaapa.

OnHako TEOpPETUYECKH TPYAHO YCTAaHOBUTH 3aKOH HM3MEHEHHUSI CKOPOCTH, a,
CJIEIOBATEIbHO, W BEJIMYMHY CWJIBI HMHEPIMH. 3/e€Ch MPUMEHSIETCS JIPYrod MyTb,
OCHOBaHHBIN Ha 3aKOHE COXPAHEHUS PHEPTUU U HA CIECTYIOIIUX JTOMYIICHHUSX:

1. HanpsikeHus npu yaape He IpEeBOCXOAT Mpeeia MPOnOpIHUOHATIBHOCTH, TaK
4yTO 3aKOH ['yKa npu yJ1ape coxpaHsieT CBOIO CUITY.

2. Tena mocne ynapa He OTAETAIOTCS APYT OT APYyra, TO €CTh yJIap CUUTACTCA
HE YIIPYTHUM.

3. Macca HemoABMKHOTO CTEP>KHSI My CUUTASTCS MAJIO 10 CPAaBHEHHIO C MACCOM
YAApPSIOLIETo Teja My, TO3TOMY B pacueT He MPUHUMAETCH.

4. TloTepeil yacTH SHEPruM, MEpeleAnied B TEIJIOTY U B DHEPrHI0 KoJie-
0aTeNbHOTO JIBIXKEHHS COYIAPSIONIUXCS TN, MpeHeoperaem.

[IpupaBHsem paboTy NmajaroIIero rpy3a NoTeHIUATBLHON SHEPruu Jie hopMaruu
CTEPIKHSL.

Pabora, coBepiiraemasi BeCoMm majiaroniero rpysa, 0OyneT paBHa

W =G(h+Aly,,), (11.10)
rie
Al y, — IEpEMENICHHE B TOUKE yIapa, PABHOE YKOPOUCHUIO CTEPIKHSI.
[TorennuansHast SHEPTHsl AeOpPMAIIAU TIPU CIKATHH PaBHA
2 EA
U =AlauH§ (11.11)
N3 stux aByx ypauenwuii (11.10) u (11.11) mosryuaem
EA
G(h+Aly,,) =Al2 o
WIN

A2 EA—2GlAly,, —2Ghl =0
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PaB,Z[eJIHB BCC YJICHBI OTOI'O YPABHCHUS HA JKCCTKOCThb CTCPIKHA E'A, IMOJIY9YuUM

2 Gl Gl

ouH

B sToM ypaBHeHuu B cootBeTcTBUM ¢(3.9) BennunHa

Gl /E-A= Ay,
rIe
Algn — abCoNOTHOE YKOPOYEHHE CTEpXKHS OT CTaTHYCCKU MPUIOKECHHOM
Harpy3ku G.
Torpa
AlZ  —2Algm Al —2Algmh =0 (11.12)

PermuB 310 KBagpaTHOE YpaBHEHHE OTHOCUTEILHO Al,,,, TOTyIrM

Alyyy = Al £/AIZ, + 20Al,, (11.13)

OcraBnsis 3HaK IUIIOC, (pEUIEHHE CO 3HAKOM MHUHYC Iepell paauKaiom

IPOTUBOPEYHT (PU3UUECKOMY CMBICITY 3a/1aut), [TOJIy9aeM OKOHYATEIHHO
2h
Aly, = Al | 1+ |1+ = Al Koums (1114)
Al

K - IMHaMuueckuii K03GUIUEHT MPU TPOJOJIBHOM yiape, paBHbBIN

rac

Ky = (1 + 14— ) (11.15)

PasnemuB 00e uactu mocneanero ypaBHenusi (11.14) Ha 1UTHMHY CTEpXKHS M
YMHOKMB Ha MOAYJb ynpyroctu E, mepelimem, Ha ocHoBaHMM 3akoHa ['yka, OT

nedopManmii K HalpsHKCHUSAM

2h
Coun = Ucm(1+ /1+ A J =0 emKoun (11.16)
cm
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N3 stux dopmyn (11.14) m (11.16) BHAHO, YTO BEIUYHMHBI JUHAMHYECKOTO
MIEPEMEIIICHAS U HAIPSDKCHUS 3aBUCAT OT BEJMUYUHBI ctaTrdeckor aedopmarmm Algn,
yJIapsieMoro Tena.

Uem Oonbiiie cratmyeckas aedopmaius (MpU MPOYMX PaBHBIX YCIOBHSIX), TEM
MEHBIIIE TUHAMUYECKUE HAMpshKeHHs. BOT modeMy [uisi cMAT9eHUs yaapa IpUMEHSFOT
MPOKJIAJIKHU (PE3UHOBBIE, IPYKUHHBIE), AIOIIHIE 00JbIre ehopMaIum.

Ecmu B popmyny (11.15) mnst BeuucieHus: AuHaMu4eckoro kodgouuuenta Ky,

VZ
HpI/I HpOHOHBHOM y,ZIape BMCCTO 2h IIOJACTABUTDH paBHOC eMy ;, TO HOquI/IM, qToO

V2
Kuw =1+ \/1 + Py (11.17)

YacTHble ClTydan MpoI0JbHOTO yapa:

1. PaccmoTpuM citydaii, Korzia BBICOTa IaJICHUS IPpy3a paBHA HYIIO, TO €CTh
h = 0. Taxoii cayuait Hocum nHassanue 6HE3ANHO20 NPUTOHCEHUS HACPY3KU.

OH WMeeT MeCTO, HalpuMep, MPH BHE3alMHOM OOpBIBE Tpoca, KOrjma TIpy3
OMYIICH [0 CONPUKOCHOBEHUS C OMNOpPaMU WM TPH «PACKPYKATHUBAHUH»
’KEJIe300€TOHHOTO MEPEKPBITHS, KOrja CTOHKH OmnanyOKu yOUparoTCsi MIHOBEHHO,
HampUMep, YIAapOM.

Torna mpu h = 0 u3 popmyner (11.15) umeem

KduH = 2.

CrenoBaTeiibHO,

Al = 2Ale; — O = 20 (11.18)

Ilpu 6He3anHOM NpPUNONCEHUU HAZPY3KU Oe@opMayuu U HANPINCEHUs 8080€
OonbuLe, Yem npu Cmamu4eckom OetiCmaul Mot Hce Hazpy3Ki.

2. Ecnu BeicoTa mageHus h 3HauuTenbHO OOJbIe CTAaTUYECKOH aedopmarun
Ale, (h > > Al ), To ans onpeneneHuss TUHAMUYIECKOTO K03(dUIIMEeHTa MOITydnum

CJIEIYIONTYI0 TPUOTIMKEHHYIO (PopMyITy
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2h 2h
K = 1 1 = .
our +\/ ’ Al oy, \/Alcm (11 19)

Ipu corcumarowem yoape, 60 uzbedxcanue npoooIbHO2O U32UOA OUHAMUYECKUE
HANPSACEHUSL He O0NCHBL NPEBOCXO0UMb KPUMUYECKUX HANPSHCEHULL.
11.3.2. Ilonepeunsblii (M3rudarommii) ynap
AHaNOrn4YHbI BUA UMEIOT (DOPMYJIBI U JIJIs1 CITy4asi HOMepeyHoro (M3rudarouiero)
yaapa, TOJIBKO B 3TOM citydae BMecTo Al clienyer npuHuMaTh CTaTUYeCKUi Mporuod
6anku B Mecte yaapa T, a Bmecto Al,,, nunamudeckuii mporu6 Ty,
PaccmoTrpuMm Ganky Ha ABYX OIOpax, IMOJBEPraroulyrocs neiictsuto rpysa G,

KOTOPBIH MaaaeT ¢ BRICOTHI N Ha cepenuny nposieta (puc. 11.3).

Puc. 11.3

Onpenennm Bemuunny f,,, TuHAMHYecKoOro mporuda OakH.

Tak >xe, Kak ¥ TIPH PaCTIATUBAIOIIEM yaape, CUuTaeM, 4To paboTa Magaromiero
rpy3a MpeBpaniacTcs B NOTCHIMAIBHYIO SHEPTHIO U30THYTON OaJTKH.

[ToTenmuanpHasi SHEPTUS M3OTHYTOM OalkKM COOTBETCTBYeT pabore cuibl F,
KoTopas Bo3pactaeT oT 0 10 CBOero KOHEYHOT0 3HAYCHUS Ha JAHHOM TTePEMEIICHHH,

TO €CTh

_ F- fAI/IH
—2 .

U (11.20)
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31ech

F — cuna, koTtopast Oyydr PHIIOKCHHAS CTAaTUYCCKH, BBI3OBET IIPOTUO OasKH,
10 BEJIMYMHE PaBHBIN ,,,.

Kak w3BecTHO, BeIMYMHY IMporuba B cepeArHE OalKH OT COCPEAOTOYCHHOMU
CWJIBI, JCHCTBYIOIICH Ha CepeAuHy IMpOJIeTa, MOXKHO BBIYHCIUTH IO TAOJIUYHOU
dbopmyiie (CM. CIIpaBOYHbBIC TAOIUIIHI)

F-¢3

f= PrTS (11.21)

N3 Beipaxenus (11.21) onpenenum BenuuuHy cuiibl F

48EI,

F= 5 foun (11.22)

CrnenoBatenbHO, TOTeHIMAIbHAS dHEeprus U n30ornyToit 6anku OyaeT paBHa

24EI
=—=f 2 (11.23)

Pa6ora rpy3a G npu mazieHnu ¢ BBICOTHI N OyeT paBHATHCS
G - (h+ fou)
[TpupaBHUBas MOTEHIIMATBHYIO SHEPTUIO U30THYTOM OaJIKu K paboTe Tpy3a Impu

ero naJICHUM, HalJieM

24EIZ

S =G (h+fou)

OTcroza Mmoyiy4nM KBaJpaTHOE ypaBHEHHUE s onpeaencHus fy,,

G-£3 G-£3

o . -———-Nn=
friom 2451, foun 24E L, h=0 (11.24)

N3 ypaBuenus (11.24) naxonum, 4To

G"gz G.,gS
foun = J ( - 2h (11.25)
48El, 48EIZ 48EIZ

501041

fduH:fcm+\/ﬁ:T+ ZﬁT “h
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Takum o6pazom,

fo=f . (1 + 1+ ;—") =1, Ko (11.26)
rac
Ky = (1 + 1+ ;—h) (11.27)

AHaJIOTUYHO, KaK W JUIS TPOJOJILHOTO yJapa, MOXKHO pacCMOTPETh Ciydyau
BHE3AITHOT'O MPUJIOKEHHUS Harpy3ku npu h = 0 u mpu odeHpb 00JIbIIOM 3HAYCHHH h.

YacTHbIe ClTydan MOMEePeUHOro (M3rudarolero) yaapa:

1. PaccmoTpum cimyuaii, Korja BeIcOTa MaJieHUs TPy3a paBHA HYJIO, TO €CTh
h = 0. Taxoii ciyuaii Hocum nazeanue 6He3ANHO20 NPUTIOHCEHUSL HAZPY3KU.

Torna mpu h = 0 u3 popmyinel (11.27) umeem K, = 2.

CrnenoBaTeibHO,

foun =2 Fm; — Ouw =2 0 (11.28)

Ilpu eHezanHoOM npunodiceruu Hacpy3ku oeopmayuu U HANPSNCEHUs. B080€
bonbuLe, Yem npu CMmamuyeckom Oeticmeul Mo e Hazpy3Ku.

2. Ecnu BeicoTa magenus h  3HauuTenpbHO OONBINE  CTATHYECKOM
nepopmaruu T, (h>>Al,), To 115 onpenenenus AMHAMUYCCKOr0 KO3 UIIUCHTA

MOJTYYHM CJICTYIOIIYIO IPUOIKEHHYIO (hopMyITy

(14 17 7)< [
KHHH—<1+ 1+ fm) = (11.29)

N3 mnonydeHHbix Bbimie ¢GOpMys BHAHO, YTO 4YeM OOJbIIE CTaTHYeCcKas
nedopManus ynpyro CUCTEMbI, TEM MEHbIIIE TUHAMUYECKUN KOAPUITUEHT.

[Ipu cTaTuyeckoM ACHCTBUM HArpy3KH HaIPsDKEHHS B CUCTEME HE 3aBUCST OT
MOYJIA YIOPYrocTH Marepualia, a IpU YyJIapHOM — 3aBUCAT, TaK KakK BeIMYMHA

nedopManuu 0OpaTHO MPOMOPIIMOHATIEHA MOJTYJIIO YIIPYTOCTH.
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10.

11.

11.4. KoHTpOJIbHBIE BONPOCHI JJISl CAMOIIPOBEPKH 0 TeMe
«/IlmHaMu4eckoe aeiicTBre HATPY30K»

B uwem 3akmouarorcs OOIIME€ TPUHIUIBL  pacyeTa dJIEMEHTOB
KOHCTPYKLMHU Ha TMHAMUYECKOE BO3/ICICTBUE HArpy30K?

[To xakoit gopmyse BBIYUCISICTCA TUHAMHYECKHH Kod(hduiueHT mnpu
PaBHOYCKOPEHHOM TObEME Tpy3a?

Kakue pomymieHuss (rumores3bl) HPHUHATHL MPU  pacueTe 3JIEMEHTOB
KOHCTPYKIIMHU Ha YAApHYIO Harpy3Ky?

Kaxkoli ynap Ha3zpiBaeTcst npOJI0IbHbBIM?

[To kakoil gopmyse BBIYUCISIECTCA AMHAMUYECKUNA KOA(P(UUUEHT NpU
MPOAOJILHOM yaape?

[To xakoi (opmysie BBIUMCIAETCS TUHAMHYECKUI KO3(P(ULMEHT, eCciu
BBICOTA TMaJCHUS Trpy3a N 3HAYUTENBHO OOJBIIC CTATUYCCKOU
nedopmaliuu, Mpu Ipo0JILHOM ynape?

Yemy paBeH JuHaAMUYECKUd  KOI(P(UUHUEHT TNpU  BHE3AIHOM
NPUIIOKEHUU Harpy3Ku IpU IpOAOJIbLHOM ynape?

Kakoit ynap Ha3pIBaeTCsl OMIEPEYHBIM (M3THOAIOIINM)?

[To xakoil (opmysie BBIYUCHSETCS AMHAMUYECKUH KOA((PHUIMEHT npu
nornepevyHoM (u3rudaroriem) yaape?

[To xakoi (opmysie BBIYHCIACTCS TUHAMUYECKHN KOIPDHUIIMEHT, eCiu
BBICOTA TMAJCHUS Tpy3a h 3HAUMTENBHO OOJIBIIE CTAaTUYCCKON
nedopmary, pyu MorepeyHom (u3rudatromieM) ynape?

Uemy paBeH auHaMu4yeckuii  KOd(QHUIMEHT Tpu  BHE3AIMHOM

MPUIOKEHUU HArpy3KH Mpy NonepeyHoM (M3rudaromiem) yaape?
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Ipuioxenue

CIIPABOYHDBIE TABJIHUIbI

JJIS. BBINMOJHECHUSI PACYETHO-TPAPUYECKUX, KOHTPOJBbHBIX PadoT
U MPOBEJACHUS NMPAKTHYECKUX 3aHATHHI
no aucuumiuHam «ConporuBjieHHEe MATEPUAJIOB» M
«CneunajbHble BONPOCHI CONMPOTHBJIEHUSA MATEPHUAIOB)
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dOI'VUdALVIN HUHAIrdULOdIHOD

00 xiggoddun sundraedn

HUIOIFOHXJL XIIHIIrdLedosed

~



L8

"
3
d 4
3
g

M
3
h :
3
M

/ y
M
"
3
H
3

/ t

3
3

b >
Oobo3nauenus:

A- niowaows cewenus
J- momenm unepyuu ;
I- paouyc unepyuu ;
W- momenm
conpomuenenus ;

S- cmamuueckuii momenm
nosyceyeHusl .

CopTraMeHT NPOKATHOM CTAJIHU

JIByTaBpbl CTaJIbHbIC TOPSAYEKATHbIE

I'OCT 8239-89

o h b d t A Jy W, iy Sy J, Wi, |s:.
Tl Lo | e | e | oem? Lemdl em em lem® Lewdlom |25°
10 [100| 55 (45| 7,2 12 198 | 39,7 | 4,06 23 179 | 6,49 | 1,22 | 9,46
12 1120 64 | 48| 7,3 | 14,7 350 58,4 | 488 | 33,7 | 27,9 | 8,72 (1,38 11,5
14 1140 73 |49 75| 174 572 81,7 573 | 46,8 | 419 | 115(1,55| 13,7
16 [ 160 | 81 51781 20,2 873 109 | 6,57 | 62,3 | 58,6 | 145 (1,70 15,9
18 (180 90 (5181 | 23,4 | 1290 | 143 | 7,42 | 81,4 | 82,6 | 18,4 (1,88 | 18,4
18a | 180| 100 | 5,2 8,3 | 25,4 | 1430 | 159 | 751 | 89,8 | 114 | 22,8 2,12 | 19,9
20 |1 200| 100 | 5,2| 8,4 | 26,8 | 1840 | 184 | 8,28 104 115 [ 23,12,07| 21
20a | 200 110 | 5,2| 8,6 | 28,9 | 2030 | 203 | 8,37 114 155 | 28,2 12,32 | 22,7
22 | 220] 110|541 8,7 | 30,6 | 2550 | 232 | 9,13 131 157 | 28,6 | 2,27 | 24
22a | 220 120 | 54| 89 | 32,8 | 2790 | 254 | 9,22 143 206 | 34,3250 25,8
24 |240| 115|561 95| 34,8 | 3460 | 289 | 9,97 163 198 | 34,512,377 | 27,3
24a | 240 125|561 98 | 375 | 3800 | 317 | 10,10 | 178 260 | 416 |2,63| 29,4
27 | 270 125| 6 | 98 | 40,2 | 5010 | 371 | 11,2 210 260 | 415254 31,5
27a | 270 135 | 6 |10,2( 43,2 | 5500 | 407 | 11,3 229 337 50 |2,80| 33,9
30 [300]| 135 (6,5]110,2( 46,5 | 7080 | 472 | 12,3 268 337 |1 49,91]2,69| 36,5
30a {300 145 |6,5|10,7| 49,9 | 7780 | 518 | 125 292 436 | 60,1 |2,95| 39,2
33 1330|140 | 7 |11,2| 53,8 | 9840 | 597 | 135 339 419 [ 59,9 (2,79 | 42,2
36 |360| 145 | 7,5(12,3| 61,9 | 13380 | 743 | 14,7 423 516 | 71,1 | 2,89 | 48,6
40 | 400 155 18,3 113,0| 72,6 | 19062 | 953 | 16,2 545 667 | 86,1 | 3,03 57
45 (450 160 | 9 |14,2| 84,7 | 27696 | 1231 | 18,1 708 808 | 101 | 3,09 66,5
50 | 500| 170 | 10 | 15,2 100 | 39727 | 1589 | 19,9 919 | 1043 | 123 | 3,23 | 78,5
55 | 550 | 180 | 11 |16,5| 118 | 55962 | 2035 21,8 | 1181 | 1356 | 151 | 3,39 | 92,6
60 [600| 190 | 12 [17,8| 138 | 76806 | 2560 | 23,6 | 1491 | 1725 | 182 | 3,54 | 108
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Yo
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Oobo3nauenus:

A- nnowaow ceuenus ;

J- momenm unepyuu ;
| -paouyc unepyuu,
W- momenm

CONPOMUBTIEHUS |

S- emamuueckuu
MOMEHM NOLYCeYeHUs. .

IIIBess1epsl cTaNbHbIE TOPYEKATHBIE

I'OCT 8240-89

hfolale Al Iw i, |s [a.]w.li.] vo | 52
Ne i | [ fowme L em® | em® Vel eom Lem® lem* lem® | em | em 2 ;
5150132144 7 |66 228 | 91 11,92 559 |561|2,751095] 1,16 4,84
6516536 |44 72]|751]| 48,6 15 | 2,54 9 8,7 1368]1,08]| 1,24 5,9
8 180401451 741898]| 894 |224)3,16| 13,3 |128]|4,7511,19| 1,31 7,05
10 §100| 46 |45 7,6 | 109 174 | 348|399 20,4 |204]|6,46|1,37| 1,44 8,59
12 120 52 | 48| 7,8 | 13,3| 304 | 50,6 |4,78] 29,6 | 31,2]8,52|153| 154 10,4
14 {140 58 | 49| 8,1 | 156 491 | 70,2]| 56 | 40,8 | 454 11 |1,70| 1,67 12,3
14a§140| 62 | 49| 8,7 | 17 545 | 778|566 451 |575|13,3]184]| 1,87 13,3
16 §1601 64| 5 | 84 |18,1| 747 |93,4|6,42]| 54,1 |63,3]138]|187] 1,8 14,2
16aj160| 68 | 5 9 [195] 823 | 103 16,49 59,4 |78,8] 16,4 2,01 2 15,3
18 §180| 70 | 5,1 | 8,7 | 20,7 1090 | 121 | 7,24 69,8 | 86 17 12,04 1,94 16,3
18a180| 74 | 5,11 9,3 |22,2| 1190 | 132 |7,32| 76,1 | 105 | 20 | 2,18 2,13 17,4
20 200 76 | 52| 9 |23,4| 1520 | 152 | 8,07 | 87,8 | 113 | 20,5 2,30| 2,07 18,4
20a]200]1 80 | 5,21 9,7 |252 1670 | 167 | 8,15 959 | 139 |1 24,2]2,35| 2,28 19,8
22 12201 82 | 54195 1|126,7] 2110 | 192 | 8,89 110 | 151 | 251237 2,21 21
22a)220] 87 | 5,4110,2]1 28,8 2330 | 212 | 8,99 | 121 | 187 | 30 | 2,55| 2,46 22,6
24 12401 90 | 5,6 110,01 30,6 | 2900 | 242 | 9,73 | 139 | 208 | 31,6 2,60 2,42 24
2422401 95 15,6 110,71 32,9 3180 | 265 19,84 | 151 | 254 | 37,2 2,78 | 2,67 25,8
27 12701 95| 6 [105]35,2| 4160 | 308 | 10,9| 178 | 262 | 37,3 | 2,73 | 2,47 27,7
30 1300]100) 6,5]111,01405| 5810 | 387 | 12 | 224 | 327 | 436284 2,52 31,8
331330105 7 |11,7]146,5] 7980 | 484 | 13,1 | 281 | 410 | 51,8 |2,97| 2,59 36,5
36 }360)110) 7,5]12,6]53,4] 10820 | 601 | 14,2 350 | 513 | 61,7 3,10| 2,68 41,9
40 14001 1151 8 |13,5]615| 15220 761 | 15,7 | 444 | 642 | 73,4 3,23| 2,75 48,3

(111 919eh) dOI'VAdALVIN BEUHAL'ANLOdIIOD 190041109 AI9HII'VAITAID

dOI'VUJALVIN AMHAIFAALOdIIOD
HUIOI'OHXJL XI9HAIrdLedosed

~

00 xiggoddun sundraedn



68

Yo

YroJiku cTaJIbHbIE ropssucKaTHbIC PABHOIIOJIOYHBIC

I'OCT 8509-86

=
m

Oobo3nauenusn:

b 1d ] A 3, T [0 [iw ] 3w [iw [ 9y Z0
e MM | MM M 2 cm 4 cm cMm 4 cm cm 4 cMm cM 4 cM
z , |20 3 [ 113 [ 04 Jo59] 063 [075] 017 [039] 023 [ 06
d ) 20| 4 [ 1246 | 05 [os8] 078 [0,73] 022 [0,38] 0,28 | 0,64
oc |25 | 3 [ 143 [ o081 [or5] 120 Toos| 034 Jodo] 047 | 073
y | [ 25 4] 18 [ 103074 1,62 [093] 044 048] 059 [ 076
28 | 28 3 | 162 | 116 [ 085 1,84 | 1,07 | 048 [055] 068 | 08
- ﬁ o 1301 3 | 174 145 [oo1] 23 [115] 06 |059] 085 | 085
2, 30 | 4 | 227 | 184 [ 09 [ 292 [1,23] 0,77 o058 1,08 | 0,89
<«—>b 2o |32 1 3 [ 186 [ 177 Joor| 28 [123] 074 [063] 1,03 | 0.89
“ I3 41 243 22 [o096] 358 [1,20] 094 [o62] 1,32 | 0,94
35| 3 [ 204 | 235 [ 107 372 [ 1,35 097 [ 0,69 1,37 | 0,97
A- niowads cevenus ; 35 35| 4 | 267 | 301 [ 106| 476 [ 2,33 1,25 [ 068 ] 1,75 | 1,01
J- momenm unepyuu ; 35 | 5 [ 328 | 361 [205] 570 [132] 1,52 [o068] 21 | 1,05
i- paouyc unepyuu . 40| 3 | 235 | 355 | 123 563 | 155 147 [ o079 208 | 1,09
4 (a0 4 [ 308 458 [ 122 726 [ 153 29 [o78] 268 | 1,13
40 | 5 | 379 | 553 [ 121] 875 [ 152 23 [o78] 322 | 117
45| 3 | 265 | 513 | 139 813 [ 175 212 [ o8| 3 | 121
45 (45| 4 | 348 | 663 | 138 | 1052 | 1,74 | 274 [ o089 | 389 | 1,26
45 | 5 | 429 [ 803 [ 1371274 [ 1,72 333 o088 | 471 | 13
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Yo 7

b y

Ilpooonscenue

|=f

Oobo3nauenusn:

A- nnowaos ceuenus ;
J- Momenm unepyuu ;
I- paduyc unepyuu .

b d A ‘]y iy ‘]XO ixo ‘JYO iyo ‘JyZ Zo
M Mmm | mm em’ ent cm ent cm en’ cm em’ cm
50 3 2,96 /11 | 155 1127 1 1,95 295 | 1,00 | 4,16 1,33
5 20 4 3,89 921 | 154 1463|194 38 | 099 ] 542 1,38
50 S 4,8 112 | 153 | 17,771 192 | 463 | 098 | 6,57 1,42
50 6 569 | 1307 ) 1521 20,72 | 191 ] 543 | 0,98 | 7,65 1,46
56 56 4 4,38 131 | 1,73 20,79 | 218 | 541 | 1,11 | 7,69 1,52
56 S 541 | 1597 ) 1,72 ] 2536 | 2,16 | 659 | 11 | 941 1,57
63 | 4 496 | 1886 | 1,95 | 299 | 245 | 7,81 | 1,25 11 1,69
6,3 | 63 9) 6,13 23,1 | 194 | 368 | 244 | 952 | 1,25 | 13,7 1,74
63 6 7,28 | 27,06 | 1,93 | 4291 | 243 | 11,18 | 1,24 | 159 1,78
70 | 45 6,2 29,04 | 2,16 | 46,03 | 2,72 | 12,04 | 1,39 17 1,88
70 5 6,86 | 31,94 | 2,16 | 50,67 | 2,72 | 13,22 | 1,39 | 18,7 1,9
7 70 6 8,15 | 3758 | 215 ] 59,64 | 2,71 | 1552 | 1,38 | 221 1,94
70 / 942 | 4298 | 2141 68,19 | 2,69 | 17,77 | 1,37 | 2572 1,99
70 8 | 10,67 | 48,16 | 2,12 | 76,35 | 2,68 | 19,97 | 1,37 | 28,2 2,02
75 S 7,39 395 | 2316265291 164 | 149 | 231 2,02
75 6 878 | 466 | 23 | 739 | 29 | 193 | 148 | 273 | 2,06
75 | 75 7 | 1015 | 533 | 229 | 846 | 289 | 221 | 147 | 312 2,1
75 8 115 | 598 | 228 | 949 | 287 | 248 | 1,47 35 2,15
75 9 12,8 66,1 | 227 | 105 | 286 | 275 | 1,46 | 38,6 | 218
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Yo 7

Ilpoooniscenue

fg d
m

A
Y

Obo3nauenusn:
A- nrowaow ceuenus
J- Mmomenm unepyuu |

I- paouyc unepyuu .

b d A Jy iy J o I o Jyo yo Jy Z,
» MM | MM cMm 2 cM 4 cm cM 4 cm cM 4 cm cM ! cM
80 | 55| 8,63 52,7 | 247 ] 836 | 311 | 218 | 159 | 309 2,17
8 80 6 9,38 570 | 247 )] 904 | 311 | 235 | 158 | 334 2,19
80 7 | 1085 ] 653 | 245)] 104 | 3,09 | 27,0 | 1,58 | 38,3 2,23
80 8 12,3 734 | 244 | 116 | 3,08 ] 30,3 | 1,57 43 2,27
90 6 10,6 821 | 2,718 | 130 3,5 340 | 1,79 | 481 2,43
9 90 7 12,3 943 | 2,77 | 150 | 349 ]| 389 | 1,78 | 554 2,47
90 8 13,9 106 | 2,76 | 168 | 3,48 | 438 | 1,77 | 62,3 2,51
90 9 15,6 118 | 2,75 ] 186 | 3,46 | 48,6 | 1,77 68 2,55
100 6,5 | 12,8 122 | 3,09 | 193 | 3,89 | 50,7 | 1,99 | 714 2,68
100 7 13,8 131 | 3,08 | 207 | 3,88 | 54,2 | 1,98 | 76,4 2,71
100 | 8 15,6 147 | 3,07 | 233 | 3,87 | 609 | 1,98 | 86,3 2,75
10 | 100 | 10 | 19,2 179 | 3,05 | 284 | 384 | 741 | 19 | 110 2,83
100 | 12 | 22,8 209 | 303 | 331 | 381 | 869 | 195 | 122 2,91
100 14 | 26,3 237 3 375 | 3,78 | 993 | 1,94 | 138 2,99
100 ] 16 | 29,7 264 | 298 | 416 | 3,74 | 112 | 194 | 152 3,06
11 110 7 15,2 176 3,4 279 429 | 72,7 | 2,19 106 2,96
110 8 17,2 198 | 3,39 | 315 | 428 | 818 | 2,18 | 116 3
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O0o03HayeHUs:
A - omaab CeUeHus;
J - MOMEHT uHepIWH;

| = paanyc UHEPINH

[Ipopomxenue

b, d, A, Jy, Iy, J o I yor Jyor I yos Jya Zos

N e | v em’ em lem | e | em | oem* | em em” cM
125 8 19,7 294 | 3,87 | 467 | 4,87 122 2,49 172 3,36

1251 9 22,0 327 | 3,86 | 520 | 4,86 135 2,48 192 3,4
125 1251 10 24,3 360 | 3,85 | 571 | 4,84 149 2,47 211 3,45
125 | 12 28,9 422 | 3,82 670 | 4,82 174 | 2,46 248 3,53
125 | 14 33,4 482 3,8 764 | 4,78 200 | 2,45 282 3,61
1251 16 37,8 539 | 3,78 | 853 | 4,75 224 | 2,44 | 315 3,68
1401 9 24,7 466 | 4,34 | 739 | 547 192 2,79 274 3,78
14 | 140 | 10 27,3 512 | 433 | 814 | 5,46 211 2,78 | 301 3,82
140 | 12 32,5 602 | 431 | 957 5,43 248 2,76 | 354 3,9

160 | 10 31,4 774 | 496 | 1229 | 6,25 319 | 3,19 | 455 4,3
160 | 11 34,4 844 | 495 | 1340 | 6,24 | 348 | 3,18 | 496 4,35
16 160 | 12 37,4 913 | 4,94 | 1450 | 6,23 376 | 3,17 | 537 4,39
160 | 14 43,6 1046 | 4,92 | 1662 6,2 431 | 3,16 615 4,47
160 | 16 49,1 1175 | 489 | 1866 | 6,17 | 485 | 3,14 | 690 4,55
160 | 18 54,8 1290 | 4,87 | 2061 | 6,13 537 | 3,13 771 4,63

160 | 20 60,4 1419 | 4,85 | 2248 6,1 589 | 3,12 | 830 4,7
18 180 | 11 38,8 1216 5,6 1933 | 7,06 500 | 3,59 716 4,85
180 | 12 42,2 1317 | 559 | 2093 | 7,04 | 540 | 3,58 776 4,89
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Oxonuanue

b d A Jy iy Jxo i o Jyo iyo Jyz Z,

M MM MM M 2 M 4 M (67} 4 M M 4 M M 4 M
Yo z 200 | 12 | 47.1 | 1823 | 6.22 | 2896 | 7.84 | 749 | 3.99 | 1073 | 537
d ) 200 | 13 | 509 | 1961 | 6.21 | 3116 | 7.83 | 805 | 3.98 | 1156 | 542
200 | 14 | 546 | 2097 | 62 | 3333 | 7.81 | 861 | 397 | 1236 | 546
b y| 20 [200] 16 | 62 | 2363 | 617 | 3755 | 7.78 | 970 | 3.96 | 1393 | 5,54

l Zoi 200 | 20 | 7655 | 2871 | 6.12 | 4560 | 7,72 | 1182 | 393 | 1689 | 57
; ZLRELL 200 | 25 | 943 | 3466 | 6,06 | 5494 | 7.63 | 1438 | 3,91 | 2028 | 589
e J 200 | 30 | 1115 | 4020 | 6 | 6351 | 7,55 | 1698 | 3,89 | 2332 | 6,07
< », 12201 14 [ 604 [ 2814 [ 683 4470 | 86 [ 1150 [438] 1655 | 59
Obosnauenus: 220 | 16 | 686 | 3175 | 6.8 | 5045 | 8,58 | 1306 | 4,36 | 1869 | 6,02
A- naowads cevenus ; 250 | 16 | 784 | 4717 | 7.76 | 7492 | 9,78 | 1942 | 498 | 2775 | 6.75
J- movenm unepyu 250 | 18 | 87,7 | 5247 [ 7,73 | 8337 | 9,75 | 2158 | 4,96 | 3089 | 683
i- paduyc unepyuu . 250 [ 20 | 97 | 5765 | 7,71 | 9160 | 9,72 | 2370 | 4,94 | 3395 | 601
25 | 250 | 22 | 1061 | 6270 | 7,69 | 9962 | 9,69 | 2579 | 493 | 3691 | 7
250 | 25 | 119,7 | 7006 | 7,65 | 11126 | 9,64 | 2887 | 491 | 4119 | 7.11
250 | 28 | 1331 | 7717 | 7.61 | 12244 | 959 | 3190 | 4.9 | 4527 | 7.23
250 | 30 | 142 | 8177 | 7,59 | 12965 | 956 | 3389 | 4,89 | 4788 | 7.31
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Oobo3nauenu:

A -nnowaow cevenus
J -momenm unepyuu |
| -paouyc unepyuu .

YTro0JIKH CTaJIbHBbIE TOPAYCKATHBLIC HCPABHOIMOJJIOYHBIC

I'OCT 8510-86

B b d A ‘Jy iy J z iz ‘JyZ Yo Zy
Ne 2 4 4 4
MM MM MM CM M CM M CM (67} CM CM
2,5/16| 25 16 3 1,16 0,7 0,781 022 | 0,441 0,22 |0,42] 0,86
3.2/ 32 20 3 1491 152 |101] 046 | 055 | 0,47 | 0,49] 1,08
32 20 4 1,94 ] 1,93 1 0,57 1 054] 059 053] 1,12
40 25 3 1,89 ] 3,06 | 127 093 | 0,7 | 0,96 | 0,59] 1,32
4/2,5 40 25 4 2471 393 |1,26] 118 | 0,69 ] 1,22 |0,63] 1,37
40 25 S 3,03 473 125 141 1068 144 10,66] 141
4,5/28 45 28 3 214 441 | 148 132 | 0,79 138 |0,64] 147
45 28 4 2,8 568 | 142 169 | 0,78 1,77 10,68] 1,51
5/3.2 50 32 3 242 | 6,18 1,6 199 1091 201 |0,72] 1,6
50 32 4 3,171 798 | 159] 256 | 09 | 259 ]0,76] 1,65
5.6/3.6 56 36 4 358 114 | 1,78 | 3,7 1,02 | 3,74 | 0,84] 1,82
56 36 o) 441) 138 | 1,77 448 | 101] 45 |0,88] 1,87
63 40 4 4041 16,3 | 201 516 | 1,13 | 525 | 0,91 ] 2,03
6.3/4 63 40 9) 498 1 19,9 2 6,26 | 1,12 | 6,41 ] 0,95] 2,08
63 40 6 9,9 233 1199 729 | 111) 7,44 10,99] 2,12
63 40 8 7681 296 |19 ] 915 | 1,09] 9,27 |107] 2,2
714,5 70 45 5 5591 278 | 2,23] 905 | 1,27 ] 9,12 | 105] 2,28
75 50 5 6,11 | 348 | 239| 125 | 1,43 12 11,171 2,39
7,5/5 75 50 6 7,25 409 238 146 | 1,42 ) 14,1 | 1,21 ] 2,44
75 50 8 947 524 | 235 1855 | 14 | 178 |1,29] 2,52
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IIpooonicenue

Oobo3nauenusn:
A -nnowaow cevenus ;
J -momenm unepyuu ;
| -paouyc unepyuu .

B b d A J, i J, L 1 9z | Ve | Zo

M MM MM MM M 2 cM 4 M cMm 4 CcM cM 4 M M
8/5 80 50 5 6,36 | 416 | 256 )| 12,7 | 1,41 132 | 113]| 2,6
80 50 6 7551 49,0 | 255 1485 | 14 155 | 1,17 | 2,65
90 56 55 1786 653 | 288 19,7 | 1,58 | 20,54 | 1,26 | 2,92
9/5,6 90 56 6 8541 706 | 288 21,2 | 1,58 | 22,23 | 1,28 | 2,95
90 o6 8 111,18] 90,9 | 285 27,1 | 1,56 ] 28,33 | 1,36 | 3,04
100 63 6 958 1 98,3 3,2 30,6 | 1,79 | 31,5 |1,42] 3,23
10/6.3 100 63 7 11,1 113 | 3,19 350 | 1,78 | 36,1 | 1,46 | 3,28
100 63 8 126 | 127 | 3,18 | 392 | 1,77 | 40,5 | 15 | 3,32

100 63 10 | 15,5 154 | 3,15 47,2 | 1,75 ]| 486 | 158| 34
11/7 110 70 6,5 |11,45] 142 | 3,53 | 45,6 2 46,8 | 1,58 | 3,55
110 70 8 139 172 | 351 546 | 1,98 | 559 | 1,64| 3,61
125 80 7 141 227 | 401} 73,7 | 229 | 74,7 | 1,8 | 401
125/8 125 80 8 16,0 | 256 4 830 | 228 | 84,1 |11,84] 4,05
125 80 10 | 19,71 312 ]398 100 | 2,26 | 102 | 1,92] 4,14
125 80 12 | 234 ] 365 | 395 117 | 2,24 | 118 2 | 4,22
14/9 140 90 8 180 | 364 | 449 | 120 | 258 | 121 | 2,03 | 4,49
140 90 10 | 22,2 | 444 | 447 | 146 | 258 | 147 | 2,12 | 4,58
160 100 9 2291 606 | 515 186 | 285 | 194 | 2,24 5,19
16/10 160 100 10 | 25,3 | 667 | 513| 204 | 2,84 | 213 | 2,28 5,23
160 100 12 1 30,0 784 |511| 239 | 282 | 249 | 2,36 5,32

160 100 14 | 34,7 | 897 | 5,08 272 2,8 282 12,43 54
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TR TTTIITTD

Okonuanue

B b d A J y [ y J z i z J yz Yo Zy

M MM MM MM M 2 M 4 M CM 4 m M 4 M (67}
18/11 180 110 10 | 28,3 952 58 276 3,12 | 295 | 2,441 5,88
180 110 12 | 33,7 | 1123 | 5,77 324 3,1 348 | 2,52 | 5,97

200 125 11 | 349 | 1449 | 6,45 446 3,58 | 465 | 2,79| 6,5
20/12.5 200 125 12 | 37,9 | 1568 | 6,43 482 3,57 | 503 |283] 6,54
200 125 14 | 439 | 1801 | 6,41 551 354 | 575 | 2911 6,62
200 125 16 | 49,8 | 2026 | 6,38 617 3,52 | 643 |299] 6,71
25/16 250 160 16 | 63,6 | 4091 | 8,02 | 1333 | 458 | 1351 | 3,69 8,14

3asucumocmop mexncoy mexanuueckumu eounuyamu CH, CI'C u
6HECUCMEMHBIMU eOUHUUAMU

Im =10°cm Tem =102 m 1H =103 kH IkH =10° H 1a=1H/m*
Im? =10% em? Tem? =107 m? 1H =10° MH IMH =10% kH IxITa=1xH/m*
Im® =10%cm’ Tem® =10° 43 IxH =10° MH IMH =10°H IMITa=IMH/m >
In* =108 en? Iem® =108 m? 1T =10 xkH 1kr =10 H IMH =100 1

IxIla =10° Ma

IxIla =107 MITa

IMITa =103 xIla

IMIIa = 10ke/cm 2

IkH/cm 2=10MTIla
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Tabauua MOMEHTOB HHEPUUHM 1 MOMEHTOB CONIPOTHBJICHUS MPOCTeHIIMX GUryp

Jy, J;— ocegvie momernmubl unepyuu ;

Wy, W, — ocesbie momenmul conpomuenenus,

Jp — nonapuwli MOMenm uHepyuu.

4; z z z Z
NN
- e > h h
h ; g l N l A’V Vil y
i & “ g % % < d J
<«——b—» «—d —» <_y0 b_—» |<—b—>v
nd? b h h 2d
A=bh A="=~0,785d> =— | zg=— Zy =— 7z, =—=~0,212d
4 Yo=g | 2073 °7 3 ° " 3n
3 3 4 2
Lty IR ML TR IR p=bh a=bh A="" 039307
12 12 y 64 2 2 8
~0,05d*
_bh® 5 _bh® _i(z_i)N
J, =0 Jy, =0 Y36 Y36 b 16\8 9z
~0,00687d*
2 3 3 3 4
w, =2 w,o=w, =" | 42N 3, =20y 27 000454
6 y 32 36 48 128
~0.1d°
b%h _ md’ _md® b2h? _ _
sz— p_32 p_16 yz=_7 Jyz—o Jyz—O
Qbo3nauenusn: Y, Z — yenmpanvhvle ocu; A — nrowaos pueyper;

Jyz.— yenmpobeosicHwill MOMeRm uHepyuu,;
W, — nonapnulii momenm conpomuenenus,
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Tadauna ko3(pPuIHEHTOB MPO0JIBHOI0 U3rMda () HEHTPAJIBHO CKATHIX IJIEMEHTOB

T'uokocmos 2
Marepuan
30 1 40 ] 50 | 60| 70 | 80 | 90 | 100 | 110 | 120 | 130 | 140 | 150 | 160 | 170 | 180

Cr. 2,3 (cTanp) | 0,9410,9210,89]0,860,8110,75]0,69]0,60]0,5210,45(0,40(0,360,3210,2910,26 | 0,23

JepeBo 0,930,871 08 0,71{0,61(0,470,37(0,30(0,25(0,21 (0,18 0,15(0,13|0,12 | 0,10 | 0,09
Ipumeuanue: 3nauenus ) ona oepesa onpeoenenvt 6 coomeemcmeuu co CHull 11 -25-80 no ¢hopmynam
Q= 1—0,8 i ,ewzulS?O; (0:3090, eciuA>710. Fneﬂ=.ﬂ—2u6kocmbcmepafcnﬂ;

100 }: lmin

M — Kodpuyuenm npusedenus onunvt cmepocna; | - onuna cmeporchs; imin — MunUMATbHBIL pAOUYC UHEPYUL.

3HauyeHust KO3PpPUUUEHTOB A M D ISl HEKOTOPBIX
MaTepHaJiOB, HCNOJIb3yeMbIX B opmyJie ScuHCKoOro:

c_=a-—bi
Kp
a, b,
Marepuasn mita | Mita Anpeo
Cranab 310 | 1,14 | 100
llepeBo 40 10,203| 70

Anpeo — NpeOenbHas 2ubKOCHs CMepiIcHs

MexaHu4yeckue XapPaKTePUCTUKHU MAaTECPHAJTIOB

Cranb Menb Yyryn | [depeso
a 7
EMIIA | GMIIA Vepad | kH i EMIIA | a 1/zpao EMIIA EMIIA
2,06:10° [ 8-10* | 125-107 | 78 | 0,98:10° | 165-107 | 1,18-10° | 0,98-10"
Obo3nauenun:E - Mooy ynpyzocmu npu pacmsicenuu, E
G - modynb ynpyeocmu npu cosuee; = m

VY — koappuyuenm Ilyaccona;

Y - obvemmblll gec;

0. — memnepamypubvlil KOIpduyuenm TuHeH020 pacuiupenus.
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Anropvt nonepeunvix cun Q, uzeudarouux momenmos M, npozuvoe V u y2noe noeopoma ¢

FI?

T 2E)]

P =——

ml 2
2EJ

0003HAYECHNA:

@ - YroJI IOBOPOTA IONIEPEYHOro ceueHus; V - nmporud; f - ctpena nporuba (MakcHMabHBIH TPOTHO).
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