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BBenenue

B mMeToaunyeckoM mocoOuu paccMaTpuBaIOTCs TEMbI MPAKTUUECKUX 3aHSATUH, OXBa-
THIBAIOLIME OCHOBHBIE pa3/eyibl Kypca COMPOTHUBIICHUS MATEPUATIOB: MOCTPOCHHUE SIIIOP
BHYTPEHHUX YCWJIMI JJI CTEPKHEH, BaJOB, 0alOK, JIOMAaHBIX CTEP)KHEW M paM, KPUBBIX
OpychbeB, pacyeThl Ha MPOYHOCTh M KECTKOCTb MPU PACTSDKEHUU M CHKATUU, KPYUCHUU;
ompenenceHue nedopmaruii 6aIoK MpU M3rude; CTATUUECKH HEOMPEACTUMbIE 3aja9H 13-
ruba OaJIoK; omnpeieNiecHne MepeMelieHni B 0aakax U paMax, pacueT paM METOJIOM CHUJT;
TEOpPHsI HAIIPSKEHHOTO U Ae(OPMHUPOBAHHOTO COCTOSTHUS, CII0)KHOE CONPOTUBIICHUE; YC-
TOWYHUBOCTD CHKATBIX CTEPIKHEM.

Bce npaktrueckue 3aHITHS TPEABAPSAIOTCS KPATKUM H3JIOKEHHUEM COOTBETCTBYIO-
IET0 TEOpEeTUUYecKoro Matepuana. B mocobun ucnonb3oBana MexayHapoIHasi cHCTeMa
equaul (CH). O6o03HaueHUs] BETUYHMH MPUHATHI B COOTBETCTBUU C MEXKIYHAPOJHBIMU
pexoMenganusiMu MUCO. ITpumepsl MOTYT OBITh HCIIOIB30BAaHbI CTYI€HTAMU IIPH BBIOJ-
HEHUU JIOMAIIIHUX U KOHTPOJBHBIX paloT.



1 AHaJM3 BHYTPEHHHMX CHJIOBBIX (aKTOpPOB
1.1 TeopeTrnueckasi 4acTh

[Tpu u3yuyeHUM KiacCU(PHUKAIMM BHEIIHUX CHJI (HArpy3okK) cleayeT OTYETIIMBO
MPEJICTaBIATh UX PA3HOBUIHOCTU B 3aBUCUMOCTHU OT CIIOCO0A UX MPHIIOKEHUS — 00BEM-
HbIE U MOBEPXHOCTHBIE. [[OBEpXHOCTHBIE HArpy3KHU JIEIAT HA PACHpPEEICHHbBIE U COCpe-
noroyeHHsle. [lo xapakTepy NeWCTBHS Harpy3Kd JAENAT HA CTaTUYECKUE M JUHAMUYeE-
ckue. HeoOxonumMo pazouparhbCsi B pa3HOBUAHOCTAX KaKJIOM M3 HArpy30K U CYMETh MpH-
BECTHU MPUMEP HA KKIYIO U3 HUX.

Harpy3sku, neiicTByromiye Ha TeIo, BBI3BIBAIOT B HEM AedopManuu. Teno, aedop-
MaIuu KOTOPOr0 paccMaTpuBaroTcs, uMeeT ¢popmy Opyca, T.e. Tela, y KOTOPOro JIMHA
3HAUUTEIBHO OO0JIbIIE JTUHEHHBIX pa3MepoB mnomnepeyHoro cedenus. Ecou pedopmarius
MOCJIE MPEKPAIEHUs JEUCTBUS CHII HA TEJIO UCUYE3AET, TO Takas aedopmanus Ha3bIBAECTCS
ynpyroil. Hewucueszaromue nepopmanuy Ha3pIBalOTCA OCTATOYHBIMUA WJIM TUIACTUYECKH-
MU, Takue J1e)opMalii B MallIMHAX U COOPYKEHUSX, KaK MPaBUIIO, HE JOITYCKalOTCHL.

BHemnue cunbl (Harpy3ku), AeiicTByrolue Ha Opyc, BBI3bIBAIOT BOSHUKHOBEHHE B
HEM BHYTPEHHUX CHJI (CUJ ynpyroctu). i onpeeneHnss BHyTPEHHUX CUJI MOJIb3YIOTCA
METO/IOM CEYEHHI, KOTOPBII MO3BOJSET ONPENETUTh BHYTPEHHUE CHIIBI B TOM WJIM UHOM
CEUYECHHH TeJIa, U 3aKIII0YAETCA B CleaylomeM: Opyc, HaXOASAIIMICS B pABHOBECHUH, pa3pe-
3a10T (MBICJICHHO) Ha JBE YaCTH, OTOPACHIBAIOT OJIHY W3 YacTel, 3aMEHSIIOT JICHCTBUE OT-
OpOIIIEHHOW YacTH Ha OCTAaBIIYIOCS BHYTPEHHUMHU CHJIAMH U COCTABIISIIOT YpPaBHEHUS
paBHOBECHUS JUIsl OCTABIICWCS 4YacTH, HAa KOTOPYHO ACHMCTBYIOT INPUIIOKEHHBIE K HEU
BHEIIHWE W BHYTPEHHHME CWibl. [[efcTByIOmas B NMPOBEAECHHOM IMOIEPEYHOM CEUYECHHH
CUCTEMa BHYTPEHHUX CHJI SKBUBAJICHTHA B OOIIEM ClTyyae OJTHOM CHUJie M OJJHOMY MOMEH-
Ty. Pa3oXuB MX Ha COCTaBISIOIIME, IMOJIYYUM COOTBETCTBYIOILME TPU CUJBI (11O Ha-
IpaBJIeHNI0 KoopauHATHBIX ocell Qy, Qy, N;) u Tpu MOMEHTa (OTHOCHTENIBHO ITHX OCEH
My, My, M;), KoTOpbIE Ha3BIBAIOT BHYTPEHHUMH CHIIOBBIMH (akTopamu (BCD)

Pucynok 1- Pacnipenenenne BCO

BosnukHnoBenue Tex uinu uHbIX BC® 3aBUCUT OT (aKTHUECKOTO HATrpy>KEHUS Opy-



ca. Onpenensitor BCO ¢ nomoiiibio ypaBHEHH paBHOBECHS CTaTUKU  (pUCYHOK 1).

1 > Fix=0 4 Y M(Fi)=0
2 Y Fiy=0 5 2My(Fi)=0
3 ZFizzO 6 ZMZ(Fi)zO

Hano xopomo ycBOWTH, YTO BHYTPEHHUM HOPMAJBHBIM CHJIAM COOTBETCTBYIOT
HOPMAaJIbHBIE HANPSDKCHHSI — G (CUTMA), KacaTeIbHBIM CHJIaM KacaTeJIbHbIC HAIPSHKCHUS
— 1 (Tay). PucyHnok 2.

Pucynok 2- Pacnipeenenne HanpsKeHU 0 CEYEHUIO

HopmanibHOe HampsbKeHHe G, AEMCTBYIOIIEe HOPMAIbHO, T.€. MEPHEHANKYIISIPHO K
CEUEHHIO, U KacaTeJbHOE HAIPSDKEHUE T, NEHCTBYIOIIEE MAPAIUIENbHO MJIOCKOCTH Cede-
HUS WM KacaTeJIbHO K HEMY, SIBJISIIOTCS COCTABIIIOIIMMU MTOJIHOTO HANPSKEHUS P, BEJIN-

YMHa KOTOPOTO paBHA: p=+c’+7° HamnpspkeHue BbIpakaeT Mepy BHYTPEHHUX CHIIL,

BO3HUKAIOIIMX B MATEPUAJIE DJIEMEHTA KOHCTPYKIIUH.
1.2 IIpakTHyeckas 4acThb

3anaua 1. [locTpouTh >MIOPY MPOIOJIBHBIX CHII JJISL )KECTKO 3alleMJICHHON Oaiku
(pucyHOK 3).

Pewenue:

1 Hameuaem xapakTepHbI€ C€UEHUs, HYMEPYs UX OT CBOOOHOTO KOHIIA CTEPXKHS K
3a/ieriKe.

2 OnpegensieM MpoaobHYIO crty N; B KaX0M XapakTepHoM cedeHuu. [Ipu stom
paccMaTpuBaeM BCEr/la Ty OTCEUCHHYIO 4acTh, B KOTOPYIO HE MOMAaAaeT JKECTKasl 3ajei-
Ka.



PucyHOK 3 - Dnropa nmpomoIbHBIX CUIT

| yaactok 0 <z; <2 m

Ni=0Q1 73,

IIpu ;=0 N,=0

[Ipu z; =2 N;=20 xH

Il yaactok

N, =(q; 2=10-2=20 xH

Il ygactok

N;s=0q; 2—F; =20-40=-20 xH,

IV yuactoxk 4 <z, <5 ™

Ny =01 2—F1 + 02 (24-4),

Ipu ;=4 m N,=-20 xH

IIpu z4=5m N,=0

V y4dactok

Ns =0Qy- 2— F;— F+ Q1 =-30kH.

3 Tlo HailieHHBIM 3HAUYCHUSM CTPOUM 31I0pY N,.

[TonoxuTenpbHBIC 3HAUCHUS OTKJIAIBIBAIOTCS (B BHIOPAHHOM MacIiTaOe) Hall OChIO
AIIOPBI, OTPHULIATENIBHBIE - O] OCBIO.



1.3 Bonpocsl /151 caMONIpOBepPKH

1 YUrto takoe nedopmanusa? Kakue nepopmanuu Ha3bIBalOT yNPYTMMH, U KaKHUe
MJIACTUYHBIMU (OCTAaTOYHBIMU)?

2 Yro Ha3pIBaeTCs HANpPSIKEHWEM B JIaHHOM TOuke cedeHus Tena? Ha xakue nse
COCTABJISIFOLIME MOKET OBITh PA3JI0KEH BEKTOP MOJHOIO HANPSIKEHUS ?

3 Yrto Ha3bIBaeTCS MPOYHOCTHIO, KECTKOCTHIO U YCTOMUMBOCTBIO JIeTAIN (KOHCT-
pyKuun)?

4 B yeM 3aKIIIO4AETCs CYIIHOCTh PACU€Ta Ha MPOYHOCTh U HA YCTOMYHBOCTH?

5 Ilo xakuM MpU3HAKAM U KakK KJIACCU(PUIMPYIOTCS HAarpy3Kd B CONPOTHBICHHUU
MaTepuagoB?

6 Ha kakux rumnore3ax U JOMYUIEHUSAX OCHOBAHBI BBIBOJABI PACUETHBIX 3aBHCHMO-
CTEN CONIPOTUBJIEHUS MATEPUAIIOB?

7 ChopmynupyiTe NPUHLIMUIT HE3aBUCUMOCTH JCHCTBUS CUJI B IPUMEHEHUU K CO-
IIPOTUBJICHUIO MaTepUaly.

8 B ueM 3axmrogaercst MeTo cedeHus1? KakoBa 1esib IPUMEHEHUsT METOAa ceue-

HUM? YKa)XuTe MOCIIEI0BAaTEIBHOCTD ONlEpaliiil P UCIIOIb30BAaHUH METO/A Ce-

YEHU?



2 PacTsizkeHHe M cxKATHE
2.1 Teopernyeckasi 4acTh

N3ydeHne TeMbl HEOOXOAMMO HAYUHATH C BBISICHEHHUS BOMPOCA O BHYTPEHHUX CH-
JOBBIX (haKTOpax, AEHCTBYIONMX B ceueHUH Opyca. [IpuMenenue Merona ceueHuil mo-
3BOJISIET HAWTW BEJIWYMHY W HAlpaBJICHHE PABHOACHCTBYIOIIEH BHYTpEHHEH (MpPOAOIIb-
HOI1) CHJIBI YIIPYTOCTH B pacCMaTpUBAaE€MOM cedeHHH. [IpUHATO cCUMTaTh, YTO BHYTPEHHSA
pacTArMBaOIas CWIA MOJOKUTENIbHA, a CKUMarolas — orpuuaresnsHa. 1loaromy Heus-
BECTHYIO IIPOJOJIbHYIO crily N BCerja HampaBJSIFOT OT cedeHUs (pUCYHOK 4), mpeamnosia-
ras, 4To B pacCMaTpMBa€MOM CE€YEHUHU BO3ZHHUKAET PACTSDKEHME. BenuunHa nmpoaoabHOM
cuinbl N onpenensercss u3 ycllOBUAsS PaBHOBECHs OTCEYEHHOW 4acTH, & UMEHHO: CyMMa
CHWJI, IEUCTBYIOLINX II0 OCH X, paBHA HYJIIO IIPH YCIIOBUU paBHOBeCUs Opyca.

Pucynok 4- Hanpasnenue npo10i1bH0#M cuiibl N

2Fi=F-N=0, u cnemoBareasno N=F.

Ecnau nipu pacyere mpoaosibHasl cuia MOJIY4YaeTCs MOJOKUTEIbHOM, 3TO 3HAYUT,
YTO OHA JCHUCTBUTEJIBHO HAIIPABJIEHA OT CEUCHMS U sABisSeTCs pactarusaromeit. Ecim N
MOJIy4aeTCsl OTPULIATEIIBHOM, TO OHA SIBJISIETCSA COKUMAOILICH.

[Ipu mu3ydeHUM pacTsHKEHHS U CKATHS MPSIMOTO Opyca cieayeT oopaTtuTh ocoboe
BHUMAaHUE Ha TUIIOTE3Y IUIOCKUX CEUEHUM, KOTOpas CIpaBeIsiuBa U MPH APYTUX BHIAX
Harpy>keHus opyca.

CylIHOCTB €€ 3aKJII0YaeTCsl B TOM, YTO IUIOCKUE CEUEHUs, HOpMaJIbHbIE K OCH Opy-
ca 10 nedopmarum, OCTaloTcs U nociie AehopManuy TNIOCKUMH U HOPMAJIbHBIMH K €0
OCH, a OTCIOJIa CJIENYET, YTO MPOOJIbHBIE DJIEMEHTHI Opyca pacTATUBAIOTCS OJMHAKOBO,
CWJIBI YIPYTOCTH OYyAyT pactpenemnsiThes 1Mo CeYeHUI0 Opyca paBHOMEPHO, a IOTOMY Ha-
MpsHKEHUE BO BCEX TOYKAX CEUCHUS OIpeaeNsieTcs o hopmysie

9



rie N — BHyTpeHHss cuia;

A — mIomaas MOnepevyHoro CEUeHus, KoTopas SBJISETCS T€OMETPUYECKON Xapak-
TEPUCTUKON MPOYHOCTU M KECTKOCTH, (popMa ceueHUs 3HAYEHUs HE UMEET, BCE TOUKHU
CEUYEHUS PABHOOIIACHBI.

Mepoii nedopmanuu pacTsbKeHHsI (€) ABISETCS OTHOCUTENBHOE YIUTHHEHHUE (PHUCY-
HOK 5).

Pucynok 5- Y nnunenue 6pyca

rae [ — mepBoHavaabHas IIMHA Opyca;
AL=L;- { — abCcoMOTHOE YIJIMHEHHE.

BennuuHa € He MMeeT pa3MEPHOCTH U YaCTO BBIPAXKAETCS B IIPOLICHTAX.

Oco0oro BHUMaHUS 3acCily>)KMBaeT 3aKOH ['yka, COrJlacHO KOTOpOMY B Mpejaesiax
yopyroi neopmanuu Marepuana Mexay HanpsbkeHueM U aedopmariieil npuHUMAaeTCs
MPsIMO MPONOPLUUOHATBbHAS 3aBUCUMOCTb, KOTOPasl BhIpaxaeTcsi (POpMyIIOi:

oc=E-¢, (1)
II€ G — HOPMAJIbHOE HANPSHKCHHUE;
E — mMonynb npoaosibHOM ynpyroctd (MOAYJb YIPYTOCTH MEPBOIO pojaa WIA MO-
nyib FOHra);
€ - OTHOCUTEJIbHOE Y/UIMHEHHE (UJIM OCEBOE YKOPOYEHUE).
Monyisib TpOAOIBHON YIIPYTOCTA UMEET pa3MEPHOCTh HanpsbkeHus MlIla v Ila,

10



(1 MITa = 10° [1a) u xapakTepu3yeT KeCTKOCTh MATEPHaNa, ero CIOCOOHOCTH COMPOTHB-
JSATHCS YIPYTOMY J1€(hOpPMHUPOBAHUIO.

Jlia ydactka Opyca JIMHOM |, HA KOTOPOM MOCTOSIHHBI IIPOAOJbHAS CHJIA U ILJIO-
I11a]1b TIOTIEPEYHOTO CEUEHUs, 3aKOH | yKka MOKHO 3anucarTh B BUJE:

N/
Al =——
A ()

Oto BTOpas (opma 3akona ['yka. [IpousBenenne EA Ha3bIBaIOT )KECTKOCTBIO Ce-
yenus. [Ipu pacuerax Ha pacTsHKEHHE M C)KaTHE UCIIONB3YIOT OCHOBHOW MPUHITUI MPOY-
HOCTH JIETaU: JIEHCTBYIOLIME UM PACUETHBIC HANIPSKEHUSI HU B OJTHOM TOUKE JeTalld He
JIOJIKHBI TPEBBIIIATH I0MTYCKAEMbIE HAPSKEHHUS.

Tak kak npu pacTsDKEHUHU (CKATHH) BO BCEX TOUKAX CEUEHUs HANpsIKEHUS OJMHA-
KOBBI, TO IIpU pacuere Opyca Ha MPOYHOCTh OMPEACIIAIOT MOJ0KEHHE Hauboee Hamps-
KEHHOTO0 (0macHOro) nomnepeyHoro ceueHus. Ecau Opyc umMeer NoCTOSIHHOE IO €ro JJIH-
HE TMOTEePEYHOe CEUYEHHUE, TO OMACHBIM SIBISETCS CEYCHHE, B KOTOPOM BO3HHUKAeT Hau-
Oonpimas mpononbHas cuna N. Ecnu 3HaueHue MpOJOJIBHOW CHUIIBI BO BCEX CEUYCHHSIX
OJIMHAKOBO, TO OINACHBIM SIBJIAETCS CEUEHHE ¢ HauMEHbIIeH ruionanpo. st onpenene-
HUS OITACHOTO CeUeHUs Opyca Mpy U3MEHSIOIIUXCS 10 €ro JUIMHE VIO NOEePEYHOT0
CEUEHUs U TPOI0JIbHOM CHIIe HEOOXOAMMO CTPOUTH 3IMI0OPY HOPMAJIBHBIX HANPSKEHU.

YcnoBue nmpoyHocTy Opyca Npu pacTsHKEHUU (CKaTUHM), COCTaBICHHOE JJI omnac-
HOTO CEYCHHSI, UMEET BU/:

N
O'=XS[J] (3)

VYcnoBue NpoYHOCTH B CIOBECHOM (popMe MOKHO 3amucaTh CICTYIOIIIM 00pa3oM:

E€HCTBYIOIIEE Buyrpennee ycuiue
. Y yip Y Homyckaemoe
(pacueTHoe) Ha- =  XapaKTEpUCTHKA IOMe- <

HanpsHKEHUE
MPSHKEHUE PEYHOIr0 CeYCHUS

dopma cedyeHus Opyca HE BIMSET HA €ro MPOYHOCTH MPH PACTHKCHHM (CHKATHH).
®dopmy ceueHus Opyca HEOOXOUMO 3HATh TOJBKO JIJIsl OMPEICTCHUS] PAa3MEPOB CEUCHUS
MPY U3BECTHOM CEYEHUH TUIOIIAIN.

C nomonipi0 yCJIOBUS MPOYHOCTH BBITIOJIHAKOT TPU BUJA PACUETOB: MIPOBEPOUYHBIN
pacueT, NPOEKTHBIN pACUET U ONPEAECICHHUE IOIMYCKAEMON HATPY3KH.

Hano 3Hath, 4yTO B psijfiec ClIydaeB HEOOXOIUMBIE I pacueTa Opyca yCHinsl HEBO3-
MOKHO HAaWTH TOJBKO U3 YPaBHECHHUH paBHOBecHs. Takue 3a1auyn Ha3bIBAIOT CTATUYECKU
HeomnpenenuMbIiMi. [Ipu periennn Takux 3ajad ypaBHEHUs, KOTOPBIX HE XBATaeT IS OM-
peneseHus YCUInui, COCTaBIIAIOT U3 YCI0BUS Aeopmaliuy Opyca Wik CUCTEMBI.

11



2.2 IIpakTH4yeckas 4acTb

3apaua 1. CryneHyaThlii CTEp>KE€Hb KPYIJIOr0 MOMEPEYHOTO CEUYEHUs HArpy>KeH

cunmamu P, =40xH; P, =10kH; P, =20xH . IlpunuMaeM  Marepuajd  CTEpPIKHS
[o]=140MI1a | E =0,4-10° MITa, [n]=08.

OnpenenuTs:

1 HeoOxoumbie pa3mMepsl MOMPEYHBIX CEUCHU Opyca;

2 HopmanbHble HaNpsKEHUS;

3 IlepemenieHus MONEPEYHbIX CEUEHUM.

Pemienue:

1 ITocTponM 3IIOPBI IPOAOJIBHBIX CHIL.

Cxema HarpyeHHs CTep KHsI PECTaBIIEHA HA pUCcyHKe 6. O003HAUUM CEUYEHMUS, B
KOTOPBIX MPUIIOKEHBI CHIIBI U MEHSIOTCSI pa3Mephl CTEpHS OyKBaMHu, HauMHas OT A 110
F. Ceuenusimu, 1€ IPUIOKEHBI CUIIBI, CTEP’KEHb pa30MUBAETCs HA TPU y4acTKa, B MpeJe-
JaxX KOTOPBIX MPOJAOJbHAs CUJa MOCTOSIHHAS, MO3TOMY JJIA ONpPENENICHUsl €€ 3HAaYeHUU
HY>KHO paccedb KaXIbli y4aCTOK M M3 YCIOBHS PaBHOBECHS OTCEYEHHON YacTH, HE CO-
JeprKallel 3aJ1e]Ky, ONPEACIIUTh BEIMYUHY MPOAOIBHOMN CHUIIBI.

[TpoBenem Ha yuactke AB mpousBonpHOe cedenue I-1, oTOpocum yacTh cTepKHs,
COJZIEpKAllYIO 3aJI€JIKYy, U PACCMOTPUM YCIIOBHE PAaBHOBECHS OCTABLIEICS ITPaBOMl YacTH.
Ha paccmatpuBaemyro yacTe cTepkHA aeiictByer cuia P; = 20kH u npononsHas cuna
N; B ceuenuu I-I. [Ipu onpeneneHnn MpoOJOJIBbHBIX CHJI B CEUEHHSIX MPEIOIaraeM, 4To
OHM PaCTATUBAIOT PACCMATPUBAEMYIO YaCTh CTEPKHS, T.€. HAPABIICHBI OT CEYEHUSI.

[Tpoextupys cuibl Ha ock X, momyunm N; - P3 = 0. Otkymga N; =P3; =20 kH.

T.x. mpononbHas cuina N; NOJy4WJIach C MOJIOKUTEIBHBIM 3HAKOM, TO YYacCTOK
crepxHsl AB pactsaruBaercs.

[Tpoenem npousBosbHOe ceuenue |-l u paccMoTpum paBHOBecue oTceUeHHOU
YaCTH CTEPXKHS, HE COJIEpKAILEH 3a/1ETIKY.

ZFX =0’
N2+P2'P3:0
N2:-P2+P3:20']0:]0KH

ITosI0KUTENBHBIN 3HAK POJOJIBHON CUIIbl Ny CBUIETENBCTBYET O TOM, YTO TPETUN
Y4aCTOK HCIIBITBIBAET PACTKEHUE.

[TpoBenem npousBoasHOe ceueHue |ll1-111 u paccmorpum paBHOBecHe oTceueHHOM
YaCTU CTEPIKHS, HE COACPIKALLEH 3a1EIKY.

ZFX :Oi
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PucyHok 6 - Cxema Harpy»eHHusl CTEPKHS

10 M

[TomoXKUTENBHBIN 3HAK NPOJOJIBHON CHIIBI N3 CBUIETEIBCTBYET O TOM, YTO TPETUN

Y4aCTOK HUCIBITBIBACT PACTAXKCHHAC.

[To HaiiicHHBIM 3HAYEHUSAM IPOAOJBHBIX CUJI CTpOMM Tpaduk (3MOpPY) U3MEHE-
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HUS TPOJOJBHBIX CHJI TIO JUIMHE cTepkHs. [IpoBogum 0a3y 3mIOpPHI MapauieIbHO OCH
CTEpKHS M B BBIOpAHHOM MacIITabe OTKJIaJbIBa€M BBEPX IMOJIOKUTEIbHbIE 3HAUYCHHS
MPOJOJIBHBIX CUJI Y BHU3 OTPULIATEIIbHBIC.

[Ipu npaBUIBHO MOCTPOEHHOW SIIOPE MPOJOJBHBIX CHUJI B CEUEHUSIX, TAE MPUIIO-
KEHBI COCPEIOTOUYCHHBIC CUJIBI HA 3IIOPE OyAyT UMETh MECTO CKauKH Ha BEJTUYHHY MPHU-
JIOKECHHOM CHIIBL.

2 Onpenenm HEOOXOIMMBIE pa3MePhl TOTIPEUHBIX CeUEHUH Opyca.

HeobOxoammbie pa3mMepsl MONIEPEUHUX CEUEHUIN Opyca OnmpeaeuM UCXOIs U3 YCIIo-
BUM IIPOYHOCTH TMPU PACTSIKEHUH.

N
GZXS[(T]

[o]= E\T] = %’ —778MITa

OHpCIICJII/IM iomaaun CCUCHHUU Ha Ka>XKIOM YIaCTKC
A = %(d3 ~d,f =0,785(d, —md, f =0,2826d2;

T 2 T T
A, =7(d, —d, f; A =T dE; A =Tl

3Ha4YeHHS HaHpH}KGHHﬁ Ha KaKJI0M Y4aCTKC
N, | N g oM N, N, N,

o, =— o, =—"' O, =—— 0 =—". 0= .
1 Aia 2 Azl 3 A31 4 Ag’ 5 A416 A4

BrIpazum quaMeTrp Ha y4acTKe TJI€ MPOI0JIbHBIE CUITBI UMEIOT OOJIbIlIee 3HAUCHHE.

3
d, > Ny = 50-10 = 28,6 mMm -
/0,789c] 1/0,785-77,8 ’
3
d, > N, = 20-10 =30,2mm -
10,474c] 1/0,2826-77,8 !
d, >md, =12mu;
N, 20-10°

d,> |-t - +d,= |-
710,785c] ¢ 10,785-77,8

OxpyrIiseM TuaMeTpsl 10 OIrmKaiIero eaoro OOJbIIero Yucia.
d, =29wm; d, =3Llwwu; d, =3Lum; d, =12mm.
3 IocTpoeHue 3M0p HOPMAITBHUX HANPSIKSHUH.

3
oy =N 2202004 g6 6hita
A~ 31419

+12=30Lum_
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N, 20-10°-4

o, =—1L= ~ =70,6MIla;
A, 3.14-19
3
A, 3.14.31
3
o= N2 101004 oo it
A, 31431
3
oy = N2 10104 g h it
A, 314-29
3
o, = Na _ 50-10 24:75,7MHa_
A, 314-29

[1o »TUM JaHHBIM CTPOUM SIIOPY HOPMATBHBIX HAMPSKEHUH.
4 TlocTpoeHue SMIOPbI NEPEMEIICHUH MTOTEPEYHBIX CEUEHUN.
Hedopmarius Opyca Ha KaXJI0M y4acTKe:
AL, = N, L, _ 20-10°-230-4
EA, 0,4-10°-314.14°
_N,L,  20-10°-10-4

AL, = = s > =0,012um = 0,012-103 m -
EA, 0,4-10°-314-23 ’

3
AL, = Nebs  10°107-00-4 556, 0036.10%
EA, 0,4-10°-314-23 ’
_ N,L,  10-10°-30-4
EA, 0,4-10°-314-22°
_ N;Lg;  50-10°-130-4
EA, 0,4.10°-314-23
[TepemenieHust B CEUCHUSIX:

5, =AL, =0427-10"m

=0,75mm = 0,75-10_3M;

AL,

=0,02um =0,02-102 u :

AL, =0,427mm =0,427-10° m

5 = Al +AL, =0427+0,02=0447107 1.

5, = AL, +AL, + AL, =0447 +0.036 =0,483-10

5, = AL, + AL, + AL, + AL, =0,483+0,012=0,495-10" u ;

5, =AL +AL, + AL, + AL, + AL, =0,495+0,75=1,245-10" u

4 OnpenenuM HeOOXOIMMYIO TOJIITUHY U JUAMETP TOJIOBKU CTEPXKHS:

[o]= E\T] = %) = 77,8MIla
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[z]=05[c]=389MIla; o, ]|=2[c]=1556MIla

Ha cpe3 ock paccuntsiBaeM 1o hopmyIie:

3
o> 4P _ 14.50-10 405
zlr] 13.14-38.9 !
Ha cmsTue ock paccuuTheiBaeM 1o popmyiie:
3
hs P _50.10° _
Dlo.,] 41-1556

[IpuHuMaeM quameTp royioBKU cTepkHs D=41mmM;

8mm -

[IprHUMaeM TOJIIMHY TOJIOBKH CTEPKHI N=8MM.

3amaua 2. Jlano: I=1m; I/L=0.3; C/L=0,52; A/L=0,6; F/F=1,2; F,/F=1,2; P,/P=3;
P,/P=4; F =12.10*x?; P=10 xH; E=1-10° MIa.
Onpenenuts: N, o, AL.

PucyHnok 7 — Cxema Harpy’eHus CTEP>KHs

Bamaua 3. Jlano: 4=13-102x2=13cn?; a=2,7M; b=3.7m; c=13m; a=45°;
[6]=160Ml1a; [o,]=240Mm17a ; N=1,5.
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PackpbITh cTaTUUECKYIO HEONIPEAETUMOCTD CTEPKHEBOM CHCTEMBI.
Penienue:

PI/ICYHOK 8 - Cratuuecku HeoIpcaAciInMasd CTCPKHCBAA CUCTCMaA

2.3 Bompocsl 1J1s1 caMOIIPOBEPKHU

1 Kak MOXHO Harpy3uTh IpsiMoOi Opyc, 4TOOBI OH pabOTajl TOJBKO HA PACTSKEHUE
(cxarue)?

2 Kakue BHYTpeHHHE CHIJIOBblE (DaKTOpbl BO3HUKAIOT B IONEPEYHOM CEUEHUU
CTEPKHS MPU €r0 PACTSHKEHUH WIIN CKATHU?

3 Kak cTpountcs smropa npoI0iabHbIX CHII?

4 Yto Takoe mpoaodpHas M mornepedHas aedopmaius Opyca MpU pacTKEHUU
(coxkaTHM) M KaKOBa 3aBUCUMOCTb MEKy HUMU?

5 o xakoii hopmyse onpeaensieTcsi BeIMYMHA HAPsHKEHUS B TIOTIEPEYHOM Ceve-
HUU CTEPKHA?

6 Cpopmynupyiite 3akoH ['yka u npuBeaute Gopmyity, BBIPaXKAIOIIYIO 3TOT 3aKOH.

17



3 [Ipsaimoii u3rud
3.1 Teopernveckasi 4acTh

[Ipuctynas Kk U3y4eHHUIO 3TOM TEMbI HEOOXOIUMO YSCHUTh, YTO TEOpHUs U3ruda mo-
CTpPO€HA MPHU CJICIYIOMNX JOMYIICHUSIX U MPEANOI0KEHUAX (PUCYHOK 9):

Pucynok 9 - Cxema Harpy»xeHus opyca

1 reomeTpudeckas ock Opyca, T.€. 0Chb, MPOXOAIIAS Yepe3 IIEHTPHI TSHKECTH Ceue-
HUUH, €CTh TIpsIMast JIMHHUS;

2 BHENIHHWE CUJIbI, W3rudaromue Opyc, JieKaT B OJHOM TUIOCKOCTH, MPOXOJIAIIEH
4yepe3 TeOMEeTPUUECKYI0 OCh Opyca M BCe HArpy3KH MEpICHIUKYISIPHBI K T€OMETpUYe-
CKOM ocu Opyca

- IJTOCKOCTH JICUCTBUS HArPy30K SIBJISICTCS TIOCKOCTHIO CHMMETPHUH Opyca;

- TIONIepeYHbIe cedeHus Opyca, Mmiockue a0 Aedopmanuu u3ruda, OCTarTcs MIIo-
CKUMH U Tocie neopmanuu;

3 nedopmaruu Opyca He3HAYUTEIIBHEI.

N3rubom Ha3bIBarOT Takoi BuJ aedopmaiu Opyca, pu KOTOPOM B €ro Momneped-
HBIX CEYCHMSIX BO3HHUKAIOT JIBa CHUJIOBBIX (pakTopa — momnepeuHas cwia Q u uzrudaronuit
MOMEHT My, /IS OTIpeIeICHHs] YMCICHHBIX 3HAYEHUN, KOTOPBIX HCIIOIB3YETCSI METOJ Ce-
yeHui. HeoOXoIMMO TTOMHUTE, YTO TOTIEpEYHas CHjla B JAHHOM CCYCHHM paBHa ayre0-
pandecKoil CyMMe BHEITHUX CHJI, PACIOJIOKCHHBIX TOJIBKO 1O OAHY CTOPOHY (crpaBa
WJIM CJIeBa) OT PacCMaTPUBAEMOTO CEUYCHMS, a U3THOAIOINI MOMEHT B JIAHHOM CEYCHHU
paBeH alreOpanyeckod CyMME MOMEHTOB BHEIIHUX CHJ (PAcCIOJIOKEHHBIX CJIeBa WITU
cIpaBa OT CEYEHHS), B3SITHIX OTHOCHUTEIBHO IEHTpa TsKecTu ceueHus. [Ipu sTom Hamo
MOHSITh U CTPOTO MPHUACPKUBATHCS MPABUIIA 3HAKOB JJIS MOTIEPEUYHON CHIIBI M U3TrH0at0-
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mero MomeHTa. llonepeunas cuna cuMTaeTCsl MOJOKUTEIBHOW, €CIUM BHEIIHUE CHUJIbI
CTPEMSITCSl CIBUHYTbH JIEBYIO 4YacTh OalIkM OTHOCHUTENIbHO NMpPaBOW BBEPX WJIU IMPABYIO
4acTh OaJIKU OTHOCUTENBHO JIeBOM — BHU3. [IpaBuio Jj1s monepeyHoi cuibl MoKa3aHo Ha
pucysnke 10.

Pucynox 10 - [IpaBuio 3HakoB nonepeyHou cuiibl Q npu uzrude
[IpaBuo 3HaKOB I M3TMOAIONIMX MOMEHTOB: BHEIIHMM MOMEHTaM, W3rudaro-
IIUM MBICJICHHO 3aKPEIJICHHYIO B PAaCCMaTPUBAEMOM CEYEHUU OTCEUCHHYIO YacTh Oajku

BBIITYKJIOCTBIO BHU3, IIPUITMCBIBACTCA 3HAK IIJIFOC, 4 MOMCHTAM, I/I3FI/I6aIOH_II/IM OTCCUCH-
HYIO 4aCTb OaJIKu BBIITYKJIOCTBIO BBE€PX — 3HAK MHUHYC.

II-II-I %
S
m___hd___,”f

Pucynox 11- [IpaBuio 3HaKk0oB u3rudaroiiero Momenta My mpu u3ruoe
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CrnenyeT HayunuThCsi CBOOOAHO, CTPOUTH SMIOPHI MONEPEUHBIX CUI U U3THOAIOIINX
MOMEHTOB. [[1s1 mpOBEpKM NPaBUIBLHOCTU MOCTPOEHUS JIIOP LEIECO00pa3HO IMOJIb30-
BaThCsl TeopeMoi JKypaBCKOro, yCTaHABIMBAIOIIEH 3aBUCUMOCTh MEXAY H3rHOaroluM
MOMEHTOM U IOIEPEYHON CUIIOMN:

dM
% @

T.€. TIONepeyYHasl CUJla paBHAa MPOU3BOTHON OT M3rHOAIOIIEro MOMEHTa Mo abciucce ce-
YCHUS X.
WHTEeHCUBHOCTD pactpeiesieHHs Harpy3Ku:

dQ d*Mm
4= dx  dx® ®)

T.€. BTOpas MPOU3BOAHASI OT U3rMOAOIIEr0 MOMEHTA 10 a0CIUCCEe CEYEHHs X paB-
Ha NHTEHCUBHOCTH PACIIPEAECICHHON HAarpy3KH.

Heobxoaumo yMeTh BBIBOJUTH (POPMYITY JJIsl ONPENECICHUS HOPMAJbHBIX HAIMps-
KEHUH B MIPOU3BOJAHON TOUKE CEUCHHSI OAIKU:

a:—Mf'y, (6)

X
rae M — u3ruOaromi MOMEHT B JAHHOM CE€YECHHUHU OajIKu;
Yy — pacCTOSIHUE TOUYKH CEYEHHUsI OT HEUTPAJIbHOU OCH;
Iy — oceBOIf MOMEHT MHEPIIMH CEUCHUS OaIKH.

N3 Gopmynbl a1 onpeaeieHuss HOpMadbHbIX HAMPSDKEHUN B MTPOU3BOIHON TOYKE
MOKHO TOJYYUTh PacueTHOE ypaBHEHUE Ha M3rub. O003HAUYMB JOIMYCKAEMOE HAIpPSIKe-
HUE Ha U3ruo [G], MOJy4YUM pacyeTHOE YpaBHEHHE:

G = et < (5], @)

rIe  Mpax — HanOOJIbIINHN N3rnOaroIii MOMEHT B CEUEHUU OAJIKH;
W, — 0ceBoif MOMEHT CONPOTUBIICHUSI CEUECHUSI.

VYcmoBrue MPOYHOCTH IMO3BOJIIET BBINOJHATH TPU BUAA PACUETOB: MPOBEPOUHBIN
pacuer OajKu Ha MPOYHOCTh, ONMPEIEIIEHUE JOIYCKAEMbIX Pa3MEpPOB CEUEHUS U pacyeT
JOITyCKAaeMBIX JEUCTBYIONINX Ha OaJKy Harpy3ox.
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[Tocne sToro cnenyer mepelTu K M3ydyeHHUIO BOIpoca 00 ONpesesNeH!H yIJIoB Io-
BOpPOTA MOMNEPEUYHbIX CEYEHUN U MporuboB Oanok. s ux omnpeneneHus Leaecooopa3Ho
UCII0JIb30BaTh YHUBEPCAJIBHBIC YPABHECHHS.

JIuHeliHOe mepeMelIeHUE «)» LEHTPa TSKECTH CEUEHUS Ha3bIBAETCS IPOrHOOM.
Haubonpmmii nporud obo3Hauator f. CedeHume Oaynku MOBOpaumBaeTCs BOKPYT HEH-
TPaJbHOM JIMHUU CEYECHMS HA HEKOTOPBIM yroj (o, KOTOPBIM HAa3bIBAETCS YIJIOM IIOBOPOTA
CEUeHHs. Y CIIOBHUE JKECTKOCTH MPHU U3r1de 3auChIBAIOT B BUJIE:

S omax <[]

Jlonmyckaemblii Mporud Ha3HAYaIOT B JOJISIX MposieTa 6aku L.

Jlst BanmoB mpuauMarot [f] = (10,0002 — 0,0010) €.

Jonyckaembie yriibl TOBOPOTA CEYEHUN Baja B MECTax, TJ€ PaCIO0XKEHbI MOJ-
WIWMHUKY, TpuHUMAaKOT B nipeaenax 0,001 — 0,005 pan.

3.2 [IpakTn4yeckasi 4acThb

3agaua 1. [lano: 1=2,4m; F=12xH; q=10xH/m; M=6xHmM.

OnpenenuTs HOMEP AByTaBpa, MPOTrud B CEpelIMHE MPOJIeTa.

Pewmenue:

CxeMa HarpykeHusi Oajky IpeacTaBlieHa Ha pucyHke 12. Omnpenenum ONOpHBIE
pEeaKlMM, 3alMChIBasi YPABHEHUSI MOMEHTOB BCEX CHJI, MPUIOKEHHBIX K OaJIKe, OTHOCHU-
TEJIbHO TOYeK A u B.

> Ma=0 q-2,4-12+q-12-54+F-24-M—R,-48=0
R, q-2,4-1,2+q-1,£21,-85,4+ F24-M 4 oe 0

> Mz=0 q-24-36-q-1,2-06+F-24+M—R,-48=0
R, - q-2,4-3,6—q-1,£21-80,6+ F244M o0

ITpoBepka: >P,=0 R,-F+R,-0-24-q-1,2=0

[TomoxkuTeNbHBIE 3HAKMA ONOPHBIX PEAKLUN CBUIAETEIBCTBYIOT O TOM, YTO MPEAINO-
jJaraeMoe HampaBJieHHE COOTBETCTBYET MCTHUHHOMY. Bo3bMeM Ha Oajike XapakTepHbIC
CEUCHUS M BBIYMCIIUM B HUX BeIUUUHBI Q u M.
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| Fd 7okH |
’/ =Tkt Rp=24.2%H X g=Tkt/ M
F=1xH
Mbdh & 1 111 1Y Loy
4 2 ! 2|7 475 3 6
77 Dy M 77(7/72}1
X237 |
2370 = -
j v
o7 ) & Kkt
225
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S
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l L’ - : 175
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L) | g2
=1 ms g
| — \
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Pucynox 12- CxeMa HarpyxeHust 0aiku

OrnpenenieHue 3HAYCHU I TTONEPEUYHON CHIIBI B XapaKTEPHBIX CEUCHUSIX.
Q,, =R, =2375xH

Q,,=R, —q-24=-025cH

Q3_3 :Q4_4 =R, —-Q- 24—-F =-1225H

Q5_5 =(Q-1,2=12xH

Qe—e =0

2,4-2375
24

[To HalAEHHBIM 3HAYECHUSM NONIEPEYHBIX CUJI IIOCTPOEHA 3MI0pa Q

X = =2,375m
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OnpeﬂeneHI/Ie BCIINMUYHUH I/I3I‘I/I6aIOI]_[I/IX MOMCHTOB B XapaKTepHBIX CCUCHUAX.
M, , =—M = —6xHwu

M,,=M,,=—M+R, - 24—q-2,4-12=222xHu

M, , =M, =-q-12-06=—72«Hu

M, =0

[To HaiiieHHBIM 3HAYEHUSM MOMEHTOB CTPOHMM OJMIOPY HM3THOAIOUIMX MOMEHTOB

W3 s1m0psl M3rudaroIUX MOMEHTOB HaXoJuM omnacHoe ceuenne M, =22.203xHm

W13 ycnoBus MpoYHOCTH & = s [o]
X
lo]= 7 = 220 _ 1500174
n 16

Haiinem HeoOX01UMBbIIA MOMEHT CONPOTHUBIICHUS CEUECHHUSI
-3
W, > Mpe _ 22,203-10
o] 150

Ilo copramenty (TOCT 8239-72) mpurmmaem asyrasp Ne20 ¢ W, = 184 cm®

10° =148,02cn’

Sy =104cv’; |, —1840eu*; [r]=0.6[c] = 90MITa

OnacHoe ceuenue B Touke, rae M=22.2xkHwm, Q=12.25kH.
OnpenenuM MakCUMaJIbHBIC, HOPMAJTbHBIC HATIPSKCHUS
M, . 22-10°
O = =
max — \, 184.10°
MakcuMalnbHbIe KacaTeIbHbIC HAMPSIKCHUS
- Q,.-Sx 12,25.10°-104-10°°

1 - - -2 -8
max  p.|,  052-107°-1840-10
OmnpenensieM HaNMpsHKEHUS B OMTACHOM ceueHuH B Touke C o Gpopmyrie

M, Y. 222-10°-916-107

=119,56MI1a < [o’|=150MIla

=1331MITa < [r]= 90MIla

o = 8 =110,5MHCZ
c I 1840-10
. Somc . -3 . . —6
o Qu S 12,2510 " 80472107 1 031114 <[] - 90MITa
CT boly 0,52-102-1840-10

S = Bz(% - %) —10-0.84(10—0.42) = 80,472’

[To HaliIcCHHBIM JAHHBIM CTPOUM SMIOPHI HAMIPSIKCHUH.
Omnpenenum nepeMenieHre Touku K 6ankm.
['pannyHbIC YCIOBHUS UMEIOT CIICAYIOIIMNA BU/I;

V, =0 ipu X = 0; Vp=0 pu X = 4,8Mm.

=V_ =0. CiaenoBaTeibHO, OOUH

JleBas OI10pa COBIIaAACT C HAYaJIOM KOOpAHWHAT VA 0

13 HayaJbHBIX MTAPaMETPOB OMpPEIEIIEH.
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B ypaBHeHUME NOJKHO BOWTH BCE BHEIIHHME YCHIINS PACIIOJIOKEHHBIE JIEBEE TOUKU

B.
_ 3 _ 2 _ 4 _ 3 _ 4
EIV, = EIV, + Elu, - 48+R, 8-\ (48-0  (48-0) (48-24)  ,(48-29)
3 2! 4 3 4
3 2 4 3 4
Eluo-4,8+23,754’8 —64’8 —104’8 —122’4 +102’4
6 2 24 6 24

Elv, = —27,84xHm?
s onpenenenus nporuda B Touke K mpu x = 2,4M cocTaBuM ypaBHEHHE:

3 2 4
EV, ——2784.24+23752% 624 1024 _ _4300m°
6 2 24
f— . g
o210
2107 -1840

Takum o6pazom Touka K nepemerniaercs BHu3 Ha 1,17cMm.

Ananuzupys smopy My BugumM, 4to Ha yyactke 0-1 pacTsaHyThl HHU)KHUE BOJIOKHA,
U MO3TOMY Ha 3TOM YYacTKE M30THYyTasl OCh Oajkh OyJeT MMETh BBIMYKJIOCTh BHU3. B
Touke, rie My = 0, Oyner Touka neperuda. Ha yuactke 1-2 pacTsHyTbl BEpXHHE BOJIOKHA,
Y U30THYTas och Oanku OyneT mMeTh BBINYKJIOCTh BBepX. Ha ywactke 3-4 pacTsHyTbI
HU)KHHME BOJIOKHA, U M30THYTasl OCh OajKku OyJIeT MMETh BBITYKJIOCTh BHU3. B TOuke, rue
My = 0, Oyzet Touka neperuda. YUuTbiBas BCce CKa3aHHOE U TO, YTO IPOTHObI B OTIOPHBIX
CEUEHUSAX PaBHBI HYJIO, CTPOUM NPUOIU3UTENBHBIN BU U30THYTON Oasiku (pucyHOK 13).

Pucynox 13 - [TpuOnu3utenbHbIil BUJ U30THYTOM Oanku
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3agaua 2. Jlano: B npenpinymeit 3agaue Mbl BBIOpaau cedeHne OAJIKU COCTOSIIIEe
u3 nytaBpa NelO c |y =198u*; W, = 39,7 oM’

Onpenenum Mporuosl OaNKy.

Pewenue:

B touke 1 npukiiaapiBaeM €IUHUYHYIO CHITY, OT HEE ONPEAEISAEM PEAKIIUH OIOpP U

CTPOMM 3ITIOPY U3THOAONIMX MOMEHTOB, KOTOPYIO «IIEPEMHOKaeM» Ha 3mopy M (pucy-
HOK 14).

Pucynok 14 — Touka nepern0a u u30rHyTas ocb Oaiku
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0,5

X

(2-05-1575+0,5-1,575) +

Y =

1
+

(2 -0,5-1575-2-0,327-2,635+0,327-1,575-0,5- 2,635)+

X
0,6 7-0,6°
(— 2-0,327-2,635-2-0,224-3,898-0,327-3,898-2,635- 0,224)— EYTI 0,551+

Iy X
13 ( 7-1,3° 0954  0,954-10°

—2.0,224-3,898+2-0,224)— .0,224= - -
6El, 24E1, El, 2-10°-198-10

3HaK «ILTIOC» YKa3bIBaA€CT HA TO, YTO TOYKa 1 nmepemMemacTCsa 110 HAIIPaBJICHUIO

N =2,4-10%n

€IMHUYHOM CHIIBI, T.C. BHU3.
B Touke 2 npukiiaabiBaeM €IUHUYHYIO CUITY, OT HEE ONPEAEISAEM PEAKIIUH OIOpP U
CTPOUM 3MIOPY U3rMOAIOIINX MOMEHTOB, KOTOPYIO «IIE€PEMHOKAaeM» Ha 3mopy M.

y, = 6%(—2-2,635-0,327+0,327-1,575)+%(—2-2,635-0,327—2-0,524-3,898—2,635-0,524—3,898-0,327)—
X X

3 3
P08 a5 13 (£2.0524.3808+2-2-095-095-3898+0524.2)- =
24E1 6EI 24E1
-3

U5 5 2002080
6EI, El,  2:10°198-10

3HaK «ILIIOCH YKa3bIBa€CT Ha TO, YTO TOYKa 2 nepemMeuacTCsa 110 HAIIpaBJICHHUIO

1474+

=525-10"u

€UHUYHOMN CUJIbI, T.C. BHU3.
OnpenenuM yribl MOBOPOTOB MOTEPEYHBIX CEYCHUI OANKH.
B Touke 1 mpukianpiBaeM €IMHUYHBIA MOMEHT, OT HEro OIpEAeNisieM pPeaKIuu
OMOp ¥ CTPOUM 3MIOPY U3THOAOIINX MOMEHTOB, KOTOPYIO «IIEPEMHOKAEM» Ha 3Mopy M.
0,5
o= 25
6E

X

—2~1~1,575—2~1~1,575—2~1~1,575)+

1

+ (-2-1-1575+2-0,635-2,635-0,655-1,575+1- 2,635) +

X

+ 0.6 (2 -0,635-2,635+2-0,448-3,898+ 0,655- 3,898 + 2,635-0,448)+

S 24El,

123 103
+ 22 (2.0,448-3898-2.0,448) - L 2> 04gg= 290 0910
6EI, 24E1, El, 2-10°-198.10°

3HaK «ILTIOCY YKa3bIBa€T HA TO, YTO CCUYCHUC B TOUKC 1 IMOBOPAYMUBACTCA 110 4aCO-

3
706 1103+

=23.107 pao

BOW CTpEJIKE.

3apaua 3. Jlns 3agaHHBIX ABYX cXeM Oanok (pucyHOK 15) TpeOyeTcs Hamucathb

BeIpakeHHs Q, , M, I KaKAOro ydacTka B OOLIEM BHJE, HOCTPOUTH 3Mopsl Q, , M.,

i

HaWTH *™ xmax ¥ OJ100PATh:
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Pucynox 15 - ITnockuii u3ru6

JUIL CXEMBI a: JEPEBSHHYIO OalKy Kpyrjoro MoNepedHoro ceueHus mpH [o]|=8
Mlla;

JUIL CXeMbl O: CTallbHYIO OajKy JABYTaBPOBOIO TONEPEYHOTO CEUCHHS MpHU
[]=160MITa.

Ucxonnsie ganubie: M = 20 kH'M; P =20 xH; q = 8 xH/m; L;=12 m; L,=8m;
ai/a=2; a,/a=8; as/a=3.

3.3 Bonpocsl AJ1s1 CaMONIPOBEPKHU

1 JaiiTe onpeneneHre NOHATHS «IPAMON YUCTBIA U3TUO», «IPSIMOW MONEPEUHbIN
H3THUOY.

2 Kak Haxomurcs u3ru0aronnii MOMEHT B KaKOM-I100 ceueHnH Oanku?

3 Kax Haxoautcs momnepeyHasi cujia B KakoM-1100 ceuenuu Oanku? Korna norme-
peYHasi CUJIa CYUTAETCS MOJIOKUTEIBHON ?

4 Kakoli ciyyail Ha3bIBae€TCA YUCTHIM U3rHOOM?

5 Hamumure GopMyny s onpeAesieHHss HOPMAaJIbHOIO HAMpPsHKEHUS B MPOU3-
BOJILHOM TOYKE IMOIMEPEYHOro ceueHus Opyca, padortaromniero Ha u3ru6. Kakoit MOMeHT
MHEPIUU BXOJIUT B YKa3aHHYIO popMyiry?

6 Kak 3anmceiBaeTcs ycioBue MpOYHOCTH TIPH U3ruode?

7 UTo Ha3bIBAETCS OCEBBIM MOMEHTOM COINPOTUBIICHHUS?

8 Hamummre Gpopmyssl 17151 onpeiesieHUs] OCEBBIX MOMEHTOB CONPOTUBIICHUS KPY-
ra, KoJibla, IpsIMOYTOJIbHUKA.

9 Kakue GopMbl NONEpeyHbIX CEYEHUI pAllMOHATIBHBI 1J1s1 0alOK U3 MIACTUYHBIX
MaTepUaIoB?
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10 Kakue (popmbl monepeyHbIXx CEYEHHM ClieqyeT MPUMEHSTh ISl YyTyHHBIX Oa-
J0K?

11 B kakuX IJIOCKOCTSIX BO3HUKAIOT KacaTelbHbIE HANIPsDKEHU pu u3ruoe? Kax
HAXOJUTCS UX BEJIMYMHA?

12 Kak 3anuceiBaercsa quPpepeHInanbHOe YpaBHEHHE HATIHYTOM OcH OaJIKu?

13 Kak HaxoasaT nporu6 Oanku rpado-aHaTUTUYECKUM METOI0M?

14 HanumuTe yHHBEpCATbHOE YpaBHEHHE ISl ONPEIECICHUS MEPEMEIICHUNA MpU
u3ruoe.

15 B ueMm cOCTOUT CYIIHOCTb pacyeTa Ha )KECTKOCTb IPU U3ruoe?
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4 JHepreTuyecKue MeTOAbI ONpeAeeHUs! epeMelleHu
4.1 Teopernveckasi 4acTh

CraTtruecku HeompeaeIuMble OalKi U pamMbl — KOHCTPYKIIMH, B KOTOPBIX YpaBHE-
HUW CTATUKUA HEOCTATOYHO JJISI ONPEEICHUS OMOPHBIX PEAKIMN U BHYTPEHHUX YCUJIUH.
Uucno cBsA3el, HaIO)KEHHBIX HA CTATUYECKU HEOMPEACIUMYIO CUCTEMY, OOJIBIIE TOrO KO-
JUYECTBA CBS3EH, KOTOPHIE OOECIEYMBAIOT T€OMETPUUECKYI0 HEU3MEHIEMOCTh KOHCT-
pyKuuH. TaKuMH CBSI3SIMHA MOTYT OBITh KaK OIOPHBIC CBSI3HM, TaK M CTEP>KHH CaMOM KOH-
CTpyKIIUU. byzeM paccmaTpuBaTh Oajku W IPOCTHIE paMbl, TO €CTh TaKME KOHCTPYKIIUH,
B KOTOPBIX CBS3SIMH, 00CCIIEUYMBAIOITUMU I€OMETPHUUECKYIO0 HEM3MEHSIEMOCTD, SBJISIFOTCS
ONOpHBIE 3aKperuieHus (onopHbie cBs3M). a1 obecrieueHnss reOMETPUYECKO HeUus3Me-
HAEMOCTH OaiKu (paMbl) B INIOCKOCTH JOCTAaTOYHO Tpex cBsizen. Kaxxnas cBsi3b 3amperia-
€T Kakoe-To nepemenienue. [lapHupHO-IOABMKHAS ONIOpa 3anpeliacT NepeMENICHUE 1Mo
HAMNpPaBJICHUIO, TIEPIICHANKYIAPHOMY TUIOCKOCTH ONMUPAHMUS, U SBJISECTCS OJTHOU CBSI3BIO.
[ITapHUpPHO-HENOABUKHAS OMOpPA JIENIA€T HEBO3MOXHBIMU JIMHEWHBIE MEPEMEMICHUS IO
JIBYM B3aUMHO-TICPIICHANKYISPHBIM HaIlpaBJICHHUAM (BEPTUKAILHOMY M TOPHU3OHTAIBHO-
MYy) U COOTBETCTBYET JBYM CBSI35IM, HAJIOKEHHBIM Ha KOHCTpyKIuto. Hakoner, npu Ha-
JIMYHAM KECTKOTO 3alIEMJICHUSI HA KOHIIE CTEPKHS CTAHOBSTCA HEBO3MO>XHBIMU BCE II€-
PEMENIEHUS: U BEPTUKAIBHOE, U TOPU30HTAIBHOE, U YTOJ TTOBOPOTA, IMTOATOMY, KECTKOE
3aleMJICHUE MPEJICTABISIET COO0M TPHU CBSA3HU, 0OECIIEUNBAIOIINE T€OMETPUUECKYIO HEU3-
MeHsieMOcTh Oanku (pambl). Kaxknas momoJiHUTENbHAsE CBSI3b CBEPX TPEX IS IUIOCKHUX
CHUCTEM MPEBPAIIAET KOHCTPYKLIHMIO B CTATUYECKH HEOINpEAeTuMyr0. Takue TOMOJIHU-
TEJIbHBIE CBS3M, KOTOPBIE HE SBISIOTCS HEOOXOJIMMBIMU JUIsl 00ECIIEUEHUsI TeOMETpUY e-
CKOW HEM3MEHSIEMOCTH KOHCTPYKIMHU, HA3bIBAIOTCS JTUITHUMU.

OroBopuMmcCsl, 4TO 3/I€Ch U Jlajiee MOHSATHUE «pacyeT» MOAPa3yMEBAaEeT TOJIBKO IO-
CTPOCHHE 30D BHYTPEHHUX CUJIOBBIX (DAKTOPOB, BOSHUKAIOIIMX B DJIEMEHTaX CHUCTEMBbI,
a HE pacyeT Ha MPOYHOCTh, )KECTKOCTh U T.1.

Cratudecku HEONpeaeIUMbIe CUCTEMbI 001aal0T PSIIOM XapaKTEPHBIX OCOOCHHO-
cTeu:

1. Cratudecku HeompeaenuMas CHCTeMa BBUIY HalW4YWs J00ABOYHBIX JIMITHUX
CBSI3€H, MO0 CPABHEHUIO C COOTBETCTBYIOIIECH CTATHYECKH OIPEAECIMMON CHUCTEMOM OKa-
3BIBacTCs 00JIee KECTKOIM;

2. B crarnuecku HEOMpeAeMMbIX CHUCTEMaX BO3HHMKAIOT MEHBIINE BHYTPEHHUE
YCUJIUSI, YTO OMNPENENIeT UX YIKOHOMUYHOCTh MO CPABHEHUIO CO CTATHYECKH OMpPEIACIU-
MBIMU CUCTEMaMHU MPU OJMHAKOBBIX BHEITHUX HArpy3Kax;

3. Pa3zpylieHne TUIIHUX CBSI3€ B HAIPYKEHHOM COCTOSIHUU, HE BEJIET K pa3pylle-
HHIO BCEW CHCTEMBI B LIEJIOM, TaK KaK yJAAJIEHUE dTUX CBA3CU NPUBOJAUT K HOBOM F€OMET-
PUYECKH HEU3MEHSAEMOUN CUCTEME, B TO BpeMsl KakK MOTeps CBSI3M B CTATHUUECKU OMpEe-
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JIMMOW CHUCTEME MPUBOAUT K U3MEHAEMON CUCTEME;

4. Jlns pacdera CTaTUYECKU HEOIPEACIMMBIX CUCTEM HEOOXOIUMO MPEABAPUTEIIb-
HO 337aBaThCsl TEOMETPUUECKUMHU XapPAKTEPUCTUKAMHU MOMEPEYHBIX CEYEHUN AIIEMEHTOB,
T.e. pakThyecku ux (Gpopmoil u pazmepamu, Tak Kak UX U3MEHEHUE MPUBOJIUT K U3MEHeE-
HUIO YCWIMM B CBS34X U HOBOMY PAaCIpPEACIICHUIO YCUIIMN BO BCEX DJIEMEHTAX CHUCTEMBI,

5. Ilpu pacuere CTaTUYECKU HEOMPEICTUMBIX CUCTEM HEOOXOJIMMO 3apaHee BbI-
OpaTh MaTepuat KOHCTPYKILUHU, TaK KaK HE0OOXOIUMO 3HATh €0 MOJIYJIU yIIPYTOCTH;

6. B cratnuecku HEONpeaeNMMbIX CUCTEMAX TEMIIEPATypHOE BO3AECHCTBUE, OCaIKa
ONOp, HETOYHOCTH M3TrOTOBJIEHUS W MOHTa)Ka BBI3BIBAIOT MOSBICHUE JOMOJHUTEIIBHBIX
YCUJIU M.

OCHOBHBIMHM METOJIAMH pacueTa CTATUYECKH HEONPEIEIUMBIX CUCTEM SIBIISFOTCS:

1. Merox cuin. Ilpu pacuere mo METOAY CHJ OCHOBHBIMH MCKOMBIMU BEJIMYH-
HaMU SIBJISIFOTCS] YCUJIMS B JIMIIHUX CBSI3AX. 3HAHWE YCUIIMU B JIMIIHUX CBS3SIX TTO3BOJIUT
II0 METOJy CEYCHMU BBIIOJHATH MOJIHBIA pacyeT MO ONPENEIICHUI0 YCUJIMK, BO3HUKAIO-
IIMX B IONEPEYHBIX CEYECHUSIX DJIEMEHTOB 33JJaHHON CHCTEMBI;

2. Meton nepemenienuil. [lpu pacuere no MeToy nepeMemeHuid OCHOBHBIMU
HMCKOMBIMU BEJIMYMHAMM SIBIISIIOTCSA TEPEMEIICHHS Y3JIOBBIX TOYEK, BhI3BaHHBIE Jieop-
Maluel cucteMbl. 3HaHUE ATHX NEpPEeMEUICHU He0OX0IMMO U JOCTAaTOYHO ISl OIpese-
JIEHUsI BCEX BHYTPEHHHUX YCWJIMM, BO3HHMKAIOIIMX B IONEPEYHBIX CEUYCHHSX JJIEMEHTOB,
3aJIaHHOUN CUCTEMBI;

3. MeTton xoHEYHBIX 2JeMeHTOB. [Ipu pacdyere 1Mo METONY KOHEYHBIX DJIe-
MEHTOB CHCTEMa pa30MBAETCS HA MPOCTHIE KOHEYHBIE 3JIEMEHTHI M IO MaTPHULIE Ke-
CTKOCTH 3JIEMEHTA U CUCTEMBI B LIEJIOM YCTAHABIMBAETCS CBSA3b MEXAY NEPEMEILCHUIMU
Y3JIOB 3JIEMEHTA U CUCTEMBI U YCUIIUSIMU B HHX;

4. CmenranHblidi METO/I. 3/1eCh YacTh HEU3BECTHBIX MPEJICTABIIAECT COO0M yCuius, a
Ipyras 4acTb — [IE€PEMEILICHHUS;

5. KomOunupoBanHsblii MmeTo1. Micrionb3yeTcst mpu pacyeTe CUMMETPUYHBIX CUCTEM
Ha HECUMMETPHUYHBIE HArpy3ku. OKa3pIBaeTCsA, YTO HA CUMMETPUYHYIO COCTABIISIOLIYIO
3aJIaHHOM Harpy3Kd CHCTEMY LI€JIeCOO0pa3HO PacCUMTHIBATH METOJOM INEpPEMEIICHUM, a
Ha 0OPaTHOCUMMETPUYHYIO COCTABJISIOILYIO — METOJIOM CHJI.

[ToMrMO yKa3aHHBIX aHAJIMTUYECKUX METOJOB MPHU pacyeTe 0co00 CIOKHBIX CHC-
TEM HCIIOJIb3YOTCS Pa3JIUYHbIC YUCICHHBIE METO/IBI.

Kpome ykazaHHO# Ki1acCU(pUKALMU, METObI pacueTa CTAaTUYECKN HEONpeAeTMMbIX
CUCTEM MOKHO PacCuJIEHUTh MO CTENEHU WX TOYHOCTH, MO 001acTH paboThl Marepuaia
COOPY>KEHHUI, IO 0COOCHHOCTAM PACUETHBIX ONepaluii U T.1.

[To cTeneHn TOYHOCTH PA3NUUYAIOT TOUHBIE UM NPUOTUKEHHBIE METOJbI pacye-
Ta.

TouyHbIie METOABI 6A3UPYIOTCS HA OOBIYHBIX OCHOBHBIX JIOMYIICHHSIX, TPUHSATHIX
IpU pacueTe JTOCTATOYHO KECTKUX coopykeHui (3axoH ['yka, pacuer mo nedopmmpo-
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BaHHOI cXeMe, IPUHLHUII CIOXKEeHUs AeicTBus cui). [IlpubnukeHHble METOABl pac-
4yeTa, KpOME OOBIYHBIX YIPOIIECHUN, UCHOJIb3YIOT JONOJHUTENbHBIE OIMYIIEHUS, YTO
00yCIIOBIMBAET 3aMETHOE OTKJIOHEHUE OT PE3YJIbTATOB TOUHBIX METOJIOB pacyeTa.

[To obnactu paboThl MaTepuajia pa3IUyalOT PAacYET COOPYKEHUH B yHpyrou
CTaJMM U pacueT COOpyKeHHUH 3a mpenenoMm ynpyrocTtu. I[lo ocobeHHOCTSIM pac-
YETHBIX OINEpAalid METOJBI pacuyeTa MOKHO PA3JAEIUTh HA BBIYMCIIUTEIbHBIE U DKC-
NMIEPUMEHTAJIBbHBIC.

4.2 IlpakT4yeckas 4acThb

3amauya 1. Jlano: L = 4,5 m, g = 40 xH/m, P = 150 xkH, M = 15 kHwm, =05,
B=05, [c]=140MI1a

Pemienue:

1 Pacuer HaunHaeM C ompeseeHnus CTEeHU CTAaTHYSCKOW OMPEaeIMMOCTH. Tak

KAaK HEU3BECTHBIX PEAKLUM YETHIPE, & YPAaBHEHUI paBHOBECUS MOXKHO COCTABUTH TPH, TO
3aJla4a OIMH pa3a CTATUYECKU HE OIpeeanma.

2 Jlns Hepa3pe3Hoil 0alKku B KaueCTBE OCHOBHOW CHCTEMbI BBIOMPAEM TaKYHO ke
OaJIKy HO ¢ BP€3aHHBIMU IIAPHUPAMHU HA MPOMEKYTOUHOM OIMOpE B IMIapHUPaX (PUCYHOK
16).

3 K OCHOBHOH cHCTEME IPWIOKHUM 33JaHHYIO Harpy3Ky, OINpENENsieM peakluH
OTIOp U MOCTPOUM SMIOPHI U3rHOAIOIIMX MOMEHTOB OT 33/1aHHOM HArpy3KH.

VYyactox AB
> M, =0 P-225+M -R,-4=0
R, = D22+ M _g333m

45
> My =0 P.-225-M—-R,-4=0
R, = P-2,25-M =71666xH

45
VYyactox BC
> M, =0 q-2,25-1125-R.-45=0
R, = 3225125 5,5

45
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Pucynok 16 - Cratudecku Heonpeaeaumas 0anka
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> M =0 q-2,25-3375-R, -4,5=0

_(-2,25-3,375
4,5

4 CHuMmaeM 3a/laHHYIO0 Harpysky, OpUKJIaabiBaeM X;=1 W CTPOMM 3MIOPY H3IH-

R, = 67,5kH

OaroImMUX MOMEHTOB.
5 CocTaBUM KaHOHUYECKOE YpaBHEHUE
ouX;+A,p =0
6 Onpenennm Ko3(h(PpUIIMEHTH KAHOHUYECKOTO YPABHEHUSI.

[Tepemuoxum smropy M1 camy Ha cebs

45 45 3
S.=— (2.1.10)+-"2 (2.11)=
0= gy )+6E|X( ) .

I

ITepemuoxum smopy M; u M,

Ap = 2,25 (2-0,5-161,24)+ 2,25 (2-0,5-161,24-2-15-1+1-161,24-0,5-15)+
6EIl, 6EIl,
2,25 0,56
= (2-0,5-50,625) + SE] (2-0,5-50,625+2-56,925-0,624 + 0,5-56,925+ 0,624 -50,625) +
X X
3 3
+80°056% 1544 259 (5.56,925.0,624+1.56925)+ 10109 1 g - 292715
24El, 6EI, 24EI El,
7 PellinM KaHOHUYECKOE YpaBHEHUE.
X, =— 252;15 =—84,238xHwm

8 K xaxxoii u3 0anok NpUKIaIbIBaeM 3aJaHHYIO HArPy3KYy W HalJIEHHBIA MOMEHT.
Ot HUX onpenesnsieM peakliuyi Onop U CTpouM 31ropsl Q u M.

VYyactox AB

>M,=0 P.225+M+X,-R,-45=0
P-225+M + X,

R, = =97,05kH
45
> My =0 P.225-M-X,-R,-45=0
R, = P225-M =X, _ 55 95ep
4,4
VYuactok BC

> M, =0 (-225-1125- X, -R.-45=0
g-2,25-1125- X,
4,5
> M. =0 q.2,25-3375+ X, -R,-4,5=0
_a 2,25-3,375+ X,
4,5
9 BeimoauM 1eGopMalnoHHYIO TPOBEPKY.
[Tepemuoxum 3mr0py M; u Mg

R. = =3,78xH

R, = 86,22kH
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A = 2,25 (2-0,5-11912)+ 225 (2-05-11912-2-69,238-1+1-11912—-0,5-69,238) +
6El 6EIl,
225 (2-0,5-8,505)+ 62:5 (2-0,5-8505—2-1-84,238+1-8,505—0,5-84,238) +
X X
3
L 40228 o
24El,
10 W3 omropsl  u3rubarmmx MOMEHTOB HaXOIUM OIIACHOE CEYCHHE
M__ =11912xHu

max
M max
U3 yciioBHs HPOYHOCTH &, = — " <[]
WX
HaiizieM HEOOXOAMMBIN MOMEHT CONPOTHBIICHHS CEYECHHMS
-3
My, _11912:10°

0° =850,8cn°
o] 140

W, >

850,8

Jliis omHOTO 1IBEIIepa W, = = 425,4cm®

[lo Tabmume coprameHTa BeiOMpaem mBewiep Ne33 TOCT 8239
W, = 484cn® 1, =7980cm*.
11 Ompenenum rporu6d U yrol HOBOPOTa B 33JJaHHBIX ceUeHUsIX (pucyHok 17).

Pucynok 17 - IIporu0 1 yroj moBopoTa B 3aJJaHHBIX CEYEHUSIX
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B Touke K npukianpiBaeM €IMHUYHYIO CUITy, OT HEE ONIPEAEIISIEM PEAKLUMU OIIOp U
CTPOMM JIIOPY U3rH0aIINX MOMEHTOB, KOTOPYIO «IIEpEMHOXKaeM» Ha 3mopy M.
-3
Yo = 2% (211912:1)+ 22 (2.11912-1-69,238.1) = 2212 1o2715A07
6El, 6El, El,  2-10°-7980-10
=9,56-10"m = 9,56 um
3HAK «ILTIOCY YKa3bIBaA€T Ha TO, YTO TOYKaA K nepeMeIacTCs 110 HaIlpaBJICHUIO

CAMHUYHON CUJIBI, T.€. BHU3.
B ceuenuu L mpuknagpiBaeM eIMHUYHBIA MOMEHT, OT HErO CTPOUM DIIOPY U3TH-
0aronMX MOMEHTOB, KOTOPYIO «IIEPEMHOXKAEM» Ha 3II0py M.

0, =222 (2.05.11912+11912.1)+-22° (2.0,5.11912—0,5-69,238) =
6EI, 6EI,
-3
_ 121 12110 — 7,582 pao

El, 2-10°-7980-10°®
3HaAK «ILIIIOCH YKa3bIBACT HA TO, YTO CCUCHUC B L IIOBOPAYHUBACTCA B HAIIPABJICHHUHU
CAUMHUYHOI'O MOMCHTA, T.€C. I10 JyacoBOM CTPCIIKC.

3apava 2. JIyisg ctaTudecku HeonpeaeauMon 6anku (pucyHok. 18, a) TpedyeTcs:

1) pacKpbITh €€ CTAaTUYECKYIO HEOTIPEICTUMOCTD;

2) MOCTPOUTH 3MIOPY U3THOAOIIMX MOMEHTOB OT JIEWCTBHS BHEITHUX (IIPOJIETHBIX )
Harpy3oxK;

3) mogo0paTh IBYyTaBPOBOE CEUCHUE OAKU U3 YCIOBUS €€ MMPOUYHOCTH;

4) onpeAenuTh Yyroj IoBopoTa ceueHus L u mporu6 Oajiku B ceuenuu K.

Jaro: q = 6 kH/m; m = 4 kHw; a = 1,2 M; [o] = 160 MIIa; E = 2:10° MITa.

Pemenue:

1 BeruucisieM cTeneHb CTaTUYECKOM HEONPEeIeTMMOCTU OaTKH.

[To ycrnoBusiM 3aKperyieHUsl UMEEM YEThIPE OMOPHBIX PEAKIMU: ABE HA Orope A u
1o ogHoM Ha onopax B u C. IS IIOCKOM CUCTEMBI CHUJI MOYKHO COCTaBUTH TOJIBKO TPHU
YpaBHEHUSI PABHOBECHS, TTOITOMY CTEIEHb CTATUYECKOW HEOMPENeTUMOCTH Oajakd N =
4-3 =1, T.e. cucTemMa OJIMH pa3 CTATUYECKU HEOMpeIeInma.

2 BeibupaeM OCHOBHYIO CHCTEMY.

Jlnst aTOTO paspe3aeM OalKy HaJ CpeIHEH OMOpOoW, TEM CaMbIM, YCTpaHSS JHUIII-
HIOIO CBSI3b, U BCTAaBJIIEM HAJl ONIOPOM MPOMEKYTOUYHBIN IIapHUp. «JIumHen» Hen3BecT-
HOIl B 3TOM ciiyyae OyAeT M3ruOaroiuii MOMEHT B orope B, KOTophlii 0003HauvaeM X;.
Ha pucynkel8,6 moka3zaHa OCHOBHasi CUCTeMa. 3arpykasi OCHOBHYIO CHUCTEMY IpOJIET-
HBIMU Harpy3Kam# U JIMIIIHEH HEU3BECTHOM, MOIy4yaeM SKBUBAICHTHYIO CUCTEMY (pUCY-
HOK 18,8). JIOCTOMHCTBO MPUHATOW OCHOBHOW CHCTEMBI B TOM, YTO KaXKIblid MPOJET pa-
00TaeT KaKk CaMOCTOsITeNIbHAsI 0ajika W MPU MOCTPOEHUH DIIOP MOXKET paccMaTpUBATHCS
OTJIEJIBHO.
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Pucynok 18- Cratudecku Heomnpeaeaumas Oaska:
a - 3aJlaHHas cucTeMa; O - OCHOBHAS CHCTEMA; B - DKBUBAJICHTHAs CUCTEMA;
r - rpy3o0Bas smopa My; 1 - enuandHas smopa My; e - amropa;
K - OKOHUYaTenbHas amtopa M; 3 - samropa oT eAMHUYHOTO MOMEHTa My
U - 3M10pa OT €AUHUYHON CHJIbI Mp
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3 CtpouM B OCHOBHOW CHCTEME JITIOPY M3THOAIONINX MOMEHTOB OT 3a/IaHHOW Ha-
rpy3ku M.

PaccmoTpum yuacTok AB. Tak Kak Ha 9TOM y4acCTKE Harpy3oK HET, JUIsl IIOCTpoOe-
HUS DMIOPHl  JOCTATOYHO 3HATh BEJIMYUHBI U3THOAIOIIMX MOMEHTOB B CeUeHUsIX A U B.
Ha onope 4 no ycnosuto M = m = 4 kHwm; Ha onope B usrubaromuii MOMEHT paBeH HY-
J10 (OMOPHBIA MOMEHT X7 HE YUUTBIBAEM ), SMIOPAa MOMEHTOB OIpaHUYEHA NMPSIMOMN JINHU-
en.

Paccmotpum yuactok BC.

BcenenctBue cumMMeTpuu TNpOJIETHOW HAarpy3ku peakuuud omnop OyayT oAuHa-
KOBBIMU:
q-2a 2-2-12

S =

N3rubaromuyii MOMEHT B IPOU3BOJIBHOM CEYEHUU X

=7,2kH

R =R =

2 2
M(X)ZRB'X—qzx =7,2-x—6 X

H JIII0pa H31"I/I6aIOH1€:FO MOMCHTA OI'paHHYCHA KBa,Z[paTHOP'I I'Iapa60JIOI7'I.
Crpoum 5Ty mapaboiry IO TPeM JIEKAIIUM Ha Hel TOUKAM:
xg=0, Mg=0;

2
X=12m M, =7,2-1,2—6 L2

=4,32ckH - m

Xe=2,4m, M=0.

Onropa M, mokazaHa Ha puc.3, e.

4 CTpouM 3MI0py M OT SIUHUIHOTO MOMEHTa X1 =1.

B ceuenusix 4 u C uzrubaroniyie MOMEHTBI paBHBI HYJIIO, @ B CeUeHUH B u3rudaro-
M MOMEHT PaBeH €IWHULE. DIMIOpa M, IMHENHA, ee BUJ IOKa3aH Ha puc.3, 0.

5 CocraBnsieM KAHOHUYECKOE YPAaBHEHNE METOA CUJT

o X, +A, =0

¥ BBIUUCIIEM KOO(POULUEHT 811 mpH HeM3BeCTHOM. Jlst 3TOro smopa M; yMHO-
xKaeTcsi cama Ha ce0a. UToObl YyIIpOCTUTH BBIYMCIICHUS, pa3OMBaeM JIIOpY Ha JiBa Tpe-
yroiabarka ADB u BDC u momans KaKa0ro U3 HUX YMHOKaeM Ha OpJIMHATY, PacIiojio-
’KCHHYIO B ICHTPE TSDKECTH KKAOTO M3 HUX (PUCYHOK 18, 0):

PR P

E-I
_ 1 _ 2
ml—i 3_.5 1—1,8 Zl—§
1 2
By=--24-1=12 Za==
i 2 i3
Ilocne moacTaHOBKM YHCIOBBIX 3HAUYEHUN UMEEM
. 2
01y = E-'_JF
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Jlist onpenenenus A, nepeMHo)KaeM 31opbl Mp n M, (pucyHOK 18, 2, 0)
[Tnomaas napaboaMuecKoro CerMeHTa BeIYHCseTcs o hopmyie:

3
ql
a)na -
P12
rae (- MHTCHCUBHOCTD PaCIIpECICHHON HAarpy3KH;
| - mmHa yyacTka GaIKu 1MoJ HArpy3KOH.
BpraucisieM cBOOOIHBIN YIEH KaHOHUYECKOIO YPaBHEHHMS A .

— 1
A= {M;ﬂ . Ml} == (wyzy + waz3)

EJ
— 1 1
ELJI_:E"I"SJE:?,E ZI_=§
_ql* 6:24% 1
m4—T—T—5,912 Tm = —
HpOI/I?»BCII}I COOTBCTCTBYIOIIMEC BBIYHUCIICHUA, IIOJTYy4aCM
A _ 5856
1p— E'f
Tor;[a KaHOHHNYCCKOC YPABHCHUC ITPUHUMACT BHUA
2y 5856
EJ EJ
OTKyJda HaXO0JIuM
5,856
X, = —5 = —2,92 kHm.

OTpunarenbHOe 3Ha4eHHE X; TOBOPUT O TOM, UTO CIEAYeT U3MEHUTh HalpaBJICHUE
MOMEHTa X; Ha 00paTHOE.

6 CtpouM 3mt0opy U3ruOaroMX MOMEHTOB.

Cuutass MOMEHT X; BHEIIHEH HArpy3kou, MOXHO OIPEAEIUTh ONOPHBIE PEAKIUH,
paccMaTpuBas KaXabli MpoJieT OalKy OTAENBbHO, a 3aTEM MOCTPOUTH S0Py MOMEHTOB
OOBIYHBIM CIOCOOOM, KaK 3TO BBIMOJHSJIOCH JJIsi CTaTUYECKHU OmpeaenuMoin Oanku. B
JaHHOM ClIydae yJ100Hee BOCIOIb30BaThCS Y’KE€ MOCTPOECHHBIMU SITIOPaMH.

OKBUBAJIEHTHAsI CHCTEMA HAXOAMTCS MO ACHCTBUEM 3aJaHHBIX IIPOJIETHBIX HArpy-
30K M BBIYHMCIIEHHOTO MOMEHTa X;. Clie1oBaTeIbHO, OKOHYATENbHAS AMI0pa U3rHOA0IINX
MOMEHTOB MOKET OBITh MPEJCTABICHA CYMMOM JIBYX JITIOP

M=M, + M,,.

[TepBas smropa yxe nocrpoeHa (pucyHok 18, 2), a BTopasi mojaydaercsi yMHOXKEHH-
€M OpIMHAT SIOpbl M; (pUCYHOK 18, 0) Ha BBIUKCIICHHOE 3HAYeHHE X;. DIopa My, MoKa-
3aHa Ha pUcyHKe 18,e. 'eomeTpruecku ckiaaabiBaeM MIOpsl My 1 My, (pUCyHOK 18, 2, e),
CYMMUPYS OpJIMHATHI S0P B XapaKTEPHBIX TOUKAX:
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Ma=4+0=4 kH'm. Mg=4,32-1,47= 2,85 xH m.

Mg= 0-2,93=-2,93 kH'm. Mc=0.

[To HaliieHHBIM 3HAYEHHUSIM M CTPOUMM OKOHYATENIbHO JIIOpPY M3rHOarommx Mo-
MEHTOB (pHCYHOK 18, orc).

JI1st mpOBEPKHU MPaBUIIBHOCTH PACYETOB U MOCTPOCHHUS SMIOPBI U3THOAOIINX MO-
MEHTOB MOKHO HCIIOJIb30BaTh YCJIOBUE PABEHCTBA HYJIIO yIila IOBOPOTA CMEXHBIX CeYe-
HUM OaNKu HaJ CpeaHEl onmopoi (mepeMelnieHre Mo HanpaBIeHUIO OTOPOIIEHHON CBSI3M).
DTOT yroy BBIYUCISAETCS MEPEMHOKEHHUEM OKOHYATEIbHOM 3MIOPhl MOMEHTOB (PUCYHOK
18, orc) ma smopy M; (pucynok 18, 0). Ilpu nepeMuoxenuu smopy M ynoGHO npeacTa-
BUTb B BUJIE TPEX TPEYTrOJIbHUKOB, OKA3aHHBIX MyHKTUPHBIMU JIMHUSIMU HA PUCYHKE 18,
J#C, U TapabOJIMYECKOTO CErMEHTA.

VYT0J NOBOpPOTa CMEKHBIX CEYEHUM OANKM HaJl CPEIHEW OMOPOMl BBIYUCIUM METO-

JA0M HCpCMHO)KeHI/IH 3HIOp:
1
fg = : : : :
EJ(wyyy + waVz + wals + wely)
HHOH_[aI[I/I 3HIOp " COOTBCTCTBYIOH_[I/IC OpJ:[I/IHaTBI moa ux I_[eHTpaMI/I TSKECCTU

1 1
ml=§'4"3_.5=?_.2 21=§
1 _— 2
Wz =-3" 293-36=-5274 z; = 3
1 _ 2
Wz =-3" 293-24=-3516 ;= 3
_ql* 6-24° 1
Wy =3 =—75 =6912 =z, =3
OTIPEENSIOTCA 10 COOTBETCTBYIOIIUM dMMIOpaM  (PUCYHOK 18, o) u (pUCYHOK
18,0).
Hrak,
1 _ — 1 1 2 2 1 004
EE = E—](f.l.'lizi + g 27 + W3Zy + ll]4zz} = E—](?Jz 'E_ 5, ?24'5_ 3,516 'E‘l‘ 6,10 'E): _[I,E_[“"[I
[TosryueHHBI pe3ynbTaT CBUAETENBCTBYET O TOM, YTO 3IIOpa U3rHOAIOIIUX MO-
MEHTOB MOCTPOEHA MpaBWiIbHO. Hebonblnas morpenHocTb, HE MPEBBIIIAIOIIAS 5%

,BO3HHUKJIA B pE3yJIbTaTe OKPYTJICHUH.
7 IlogbupaemM ceueHue OAJIKHU MO YCIOBUIO MPOYHOCTH.
[Tpu u3rnbe ycinoBrue MpOYHOCTH UMEET BU]T

;nax W Mgnax
S = T S
A <[o] unuw W; = i

[To smrope M (puc.18, sic) HaX0aUM MaKCUMalbHBIM MOMEHT X~ = 4 kH'M, a mo

ycioBuio 3a1auu [c] = 160 Mlla. [Toacrasnsis 3TH yncna B MOCHENHIO0 (popmyiy, Ho-
JYy4YUM BEJIMYUHY TPeOyeMOro MOMEHTA CONPOTHUBIICHUS ABYTaBpa:
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4.70%
We= 160100

=25-1o° M = 25 cw®

[To Tabnuiam copTaMeHTa MPOKATHOM CTaIN TO0MpaeM HOMEp JABYTaBpa M BBIITH-
ChIBAEM €r0 FeOMETPUUECKHE XapaKTepucTuky: aBytasp Nel0, W,= 39,7 em®, J, = 198
cm”’. (MOMEHT COMPOTUBICHHS [TOXOOPAHHOTO JBYTaBpa GONbIIe TPeGyeMOro pacueTHo-
ro, HO MEHBIIIETO pa3Mepa B Ta0JIHIIe HET, TOATOMY NpUHUMaeM IByTaBp Nel0).

8 OnpenenseM nepeMenieHuUs.

OmnpenensieM yroy moBopoTa ceueHus L.

J1J1s 5TOTO MPHUIIOKKUM B CEUEHUU L OCHOBHOM CHCTEMbI €AMHUYHBIA MOMEHT 7 =1
¥ TIOCTPOMM JIIOPY MOMEHTOB M, (pHCYHOK 18 3). Yron mosopora ceuenus L Boramcs-

eM, IepeMHOKast SIOpsl M u M., (pucyHok 18 x, 3):

— 1
H =.1In'f-1|-'f =
L T B @123 + w225)
1 4— 27293
m1:§-4-3,5:?12 Zg = ——F—
1 1
w;=-5-293-36=-5274 7, =
_ 1 2 1 1\ 3,042
.91_M-Mm_E(?Jz-g—i-a%-aﬁ-ﬁ]_ o
3,042 - 107
0, = (0,008 pan

~ 2-101t-198-10®

OmnpenensieM poru6d B ceueHuu K.

[Tpunoxum B ceueHnH K OCHOBHOM CHCTEMBI €IMHUYHYIO cuily P=1 u nmoctpoum
OT HEE DIIOPY MOMCHTOBEP (pucynok 18, n). Tak kak cuna P=1 nmpusnoxkeHa B cepeiuHe
npoJieta AB, onopHble peakiuu OyAyT paBHBI:

Ra=Rg=0,5.

OrnpenensieM MOMEHTBI B XapaKTEPHBIX TOUKAX ydacTKa AB:

Ma=0; Mx=0,518=0,9m; Mg =0.

[Iporu6 B ceyennn K BBIYUCISIETCS MEpeMHOXKEHHEM d1miop M u M, (pucyHok 18,
arc, u). Ilmomanp npu 3ToM OepeM ¢ 3mropbl M, a COOTBETCTBYIOLIAs OPAMHATA HA SMIOPE
M_ paBHa BEJIMYMHE CPEIHEH JMHHUU TPAICIMH, TO €CTh AIreOpandeckoi MoIycymMMe ee

OCHOBAHUM:

ws=1-09-36=162; zs=¢= 0,535

fo= wsZs 1,62:0,535 107
K=EJ, 2-101:-198-10%

Pe3ynpTaT mogydeH co 3HAKOM IUIIOC, TIPOTHO HAIMpPaBJIeH B CTOPOHY MPUIIOKEH-

=0,0054 M = 0,54 cMm.

HOM €IMHUYHOM CHJIbI, TO €CTh BHU3.
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4.3 Bonpocsl AJ1s1 cCaMONPOBEPKH

1. Yem mpUHUMIHAIBHO OTIMYAIOTCS CTaTHUYECKH HeompezenMas Oajka oT cTa-
TUYECKH OIPENETUMOMN?

2. Kakue MeTonbl MOTYT OBITH MCIIOJIB30BAHBI AJI pacuera CTaTHUYECKH Heolpe-
JEUMBIX OasoK?

3. Kak pemator mpocreiiime cTaTHYeCKd HEeoNpeaeTuMbIe Oanku?

4. Kak 3anuchIBaeTcsl ypaBHEHUE TPEX MOMEHTOB?

5. Kakue 6asiku Ha3bIBalOT CTATUUECKHU HEONPEAECIUMbBIMU?

6. Kakoll mopsnok pacueTa UCHOIb3YETCA MPU PEIICHUN CTaTUUYECKH HEOIpeJie-
JUMBIX 0anoK?

7. Kakum MeTo/10M BesieTCsl MpOBEpKa OANKU Ha KECTKOCTh?

8. 3amummre ycnoBUe MPOYHOCTH OAIKH M0 HOPMAJIbHBIM HAMIPSKCHHUSIM?

9. OOmscHUTE, KaK, UCTIOJB3Ys YCIOBUS MPOYHOCTH MO HOPMAIBHBIM HampsiKe-
HUsAM, noadupatorcs 6anku uz 'OCTa?

10. [l "yero u Kak NpoBOJATCS AepOopMallMOHHAs IPOBEPKA MPU PELIEHUH CTaTHU-
YEeCKHU HEOIpeleIMbIX 0anok?
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5 OCHOBBI TEOPUM HANMPSKEHHOTO U 1e(POPMUPOBAHHOIO COCTOSTHUS
5.1 TeopeTnueckasi yacThb

B Hauaye u3ydeHus 3TOro pasjeia HeoOXO0AMMO XOPOIIO YCBOUTH, YTO MTOHMMACT-
Csl TIOJT HANPSDKEHHBIM COCTOSTHUEM B MPOW3BOJIBHOW TOUYKE JIe(OPMHUPOBAHHOIO Tea.
CrnenyeT NOMHHTB, 9YTO HAIPSHKCHHS, JEHCTBYIOIINE B KaKOW-THOO IUIOIIAIKE, IMPOBE-
JCHHOM Yepe3 pacCMaTpPUBACMYIO TOUKY, 3aBUCHUT OT OPUEHTAIIMH STOW TIIOIIAIKH.

AHaIM3 HaIPsHKEHHOTO COCTOSHHUSA B TOYKE 1e(h)OPMHUPOBAHHOIO Teja OCYIIECTB-
JISICTCSL METOIOM TIPOJOJIBHOIO IIepexoia K O0eCKOHEYHO MalibiM oO0beMaM. J[jst aToro B
OKPECTHOCTH MCCIICAYEMOM TOYKH BBIACIISIOT dJIEMEHTAPHBIN Mapajulelenuie ¢ peopa-
mu dx, dy, dz. YuuTeiBas MajiocTh pa3MepoB MapajuiesieuIie[a, MOXXHO CIYUTATh, YTO BCE
€ro rpaHU €CTh IUIOIIAIKH, MPOXOASAIINE Yepe3 JAaHHYIO TOYKY M TOTJa HaNpsOKCHUS Ha
IpaHsAxX MapajuielieluIe/la MOTYT PacCMaTPUBATLCA KaK HAINPSOKCHHS, JCHCTBYIOIINE B
paccMaTpruBaEeMON TOUKE.

NG GY N

o=
=

Tyx %T_ Txy

02 02

Q

Pucynok 19 - OcHOBHbBIE BUAbI HAIPSHKEHHOTO COCTOSTHUSA

HeoOxoaumo 3HaTh ompezesieHue OCHOBHBIX BHJIOB HANPSKEHHOTO COCTOSHUSL:
JUHEUHOTO (OJHOOCHOT0), TIJIOCKOTO0 (ABYXOCHOTO) U 0OBEMHOT0 (TPEXOCHOT0), a TAKXKe
yMeTh N300pakaTh HAMPSHKCHUS, EHCTBYIOIINE 1O TPAHSIM BBIICISEMBIX YJIEMEHTAPHBIX
00BEMOB TPH PA3IMYHBIX BUJIaX HANPsHKEHHOTO cocTostHus (Pucynok 19).

CrnenyeT siCHO PECTaBIIATh, KaKKe IJIOMAIKU cped OeCUUCIEHHOTO MHOKECTBA
IUIOUIA/IOK, TPOXOSAIINX Yepe3 UCCIEAYEMYIO TOUKY Ae(OpMUpYyeMOro Teja, Ha3bIBatoT-
Csl TTIaBHBIMU M KaKHe HaNpsDKEHUs AeUCTBYIOT 1o HUM. OOpaTtute BHUMaHUE Ha Oojee
MPOCTOE U300paKeHHUE CIIOKHOT'O HAMNPSYKEHHOTO COCTOSHUSI Yepe3 IilaBHbIe Harpske-

HUS G1,02,03, (01>0,>03).
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Heo0xoaumMo yCBOUTh METOAMKY OMpPEIEICHUS HAMPSKEHUS 10 PA3IUYHBIM ILJI0-
IaJKaM MpU IPOU3BOJIBHOM HAIPSHKEHHOM COCTOSIHUHM, B YACTHOCTH, PACCMOTPETH JIU-
HEIHOE U IJIOCKOE HAIPSHKEHHOE COCTOSIHUE.

ITpu uccnenoBaHUU IUIOCKOTO HAIPSDKEHHOTO COCTOSIHUSL — BO3HHUKAIOT 33Ja4u
JBYX BHJIOB:

1 Jlns HampspKEHHOTO COCTOSIHMSL, 3a/laHHOTO TJIaBHBIMU HANPSKEHUSIMU Gj, Oy,
Ha/J0 OINpEAEIUTh HOPMAIbHOE G, U KAacaTelbHBIE T, HAIPSHKEHUS 10 IPOU3BOJIBHO
OpPHEHTHPOBAaHHOH IUIOIIAAKE, 3a1aHHOH yriioM (PucyHok 19);

2 J1ns HanpsKEHHOTO COCTOSIHMSL, 3aJaHHOTO B 001eM Bujie (Pucynok 19), HyxHO
OINpPENEINTh HOPMAIbHBIE M KaCATEJIbHbIE HANPSKEHUS MO MPOU3BOJIBHO OPHUEHTUPO-
BAaHHOM IUJIOLIA/IKE, a TAKXKE HAMTH MOJIOKEHUE TJIAaBHBIX IUIOIIAI0K M BEJIMYMHY TJIaBHBIX
HaIpsKCHUM.

Crnenyer uMeTh BBUJY, YTO YKa3aHHbIC 33[]a4l PEUIAIOTCSA KaK aHAJIMTUYECKHU, TaK
U rpapuyecku ¢ nomMolbplo KpyroB Mopa. Heo6xoaumo 3Hate 000011eHHbIN 3aKk0H ['yka
JUISL pa3JINYHBIX BUJOB HANPSDKEHHOIO COCTOSIHUS M MOTEHLIUAJIBHYIO S3HEPTUIO YIPYTOM
nedopMarum.

[Tpexxne yem MpUCTYNUTh K U3YUYEHUIO PA3IMYHbIX TEOPUM MPOYHOCTH, HEOOXO-
JUMO XOpOILIO YCBOUTH UX 3HaueHHs. Hajno sSICHO mpeacTaBisaTh, B KAKUX YCIOBHAX pac-
YyeTa Ha MPOYHOCTh MPUXOJUTCS MprbOeraTe K runoTe3aM NpoyHocTH. [lanee Heo0X0umMo
U3YYUTh OCHOBHBIE TEOPUU NMPOYHOCTH U YMETH 3aMMCHIBATh YCIOBUE IMPOYHOCTH IO Ka-
XKJO0W TEOPUHU ISl JTAHHOTO HAIIPSKEHHOTO COCTOSHUSA.

5.2 TlpakTHyeckas 4acThb
3amava 1. DieMeHTapHbBIN NapauieNieune], HaXOAAIIHUICS B TPOU3BOJIBHOM MecC-

T€ CTAIBHOW KOHCTPYKIIUHU IOJABEPTaeTCs JSHCTBUIO CHCTEMbI HANPSDKCHUH, JIekKAIIUX B
OJTHOM TUTOCKOCTH (prCyHOK 20).

o:?
'Cy x
G
t"i}'
Ty "
O

Pucynoxk 20 - DiemMeHTapHbIN napauieenunen
TpeOyercst HaliTu:
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1) IJIAaBHBIC HAIIPSPKCHUA U HAIIPABJICHUC I'TIABHBIX IJIOIIAT0K,
2) MaKCHUMAJIbHBIC KaCaTCIIbHbIC HAIIPAKCHUS

3) rnaBHbIe AedhopMaIuu & 1 & 2, & 3

4) SKBHUBAJECHTHOE HAaIPSHKEHUE T [0 YETBEPTON (IHEPreTUUECKO) TEOpUu
IPOYHOCTH;

5) OTHOCUTEIBbHOE U3MEHEHNE 00hEMA;

6) yIenbHYI0 TOTSHITHATBHYIO SHEPTHIO AehOpMaIIHH.

HcxonHble TaHHEIE: GX =90 Ml]a, Uy =80 MlIla, Txy = 50 MI]a.

Pemenue:

[Ipy BBINOJIHEHUU 3TOW 3ajlaud HEOOXOAMMO PYKOBOJCTBOBATHCA CICAYIOIIUM
Npasuiom 3HaKos NJid HOPMAJIBHBIX U KacaTeJbHBIX HANPSHKEHUM: HOPMAIbHOE HaIps-
YKEHHUE TOJIOKUTEIBHO, €CJIM OHO HAMNpaBJICHO IO BHEIIHEH HOPMaJIM K IUIOCKOCTH ceYe-
HHUS, TO €CTh OHO SIBJISIETCSI pACTATHUBAIONIMM, a CKMMarolIee - oTpuliaTeabHo. Kacarenb-
HOE HampsKeHHEe 10 OOKOBOM IpaHU MPHU3MBI MOJOKHUTEIBHO, €CIIU U300pakaroluii ero
BEKTOP JI0 COBMEIIEHHUS C BHEUIHEW HOPMaJiblO0 CJIEAYET MOBEPHYTh NMPOTHB YaCOBOMU
CTPETIKHU.

PaccraBum 3HaKku HanpspkeHnid Ha pucyHke 20.

[onyuum: o, =-90 MIla, o, =-80 MIla, 7, =50 MIla, 7, =-50 MIla

1 Haiinem riiaBHbIe HAIPSYKEHUS

amaxf“%ij(”“%)‘ +50:=5 + 98.62 MIla

min 2 2 (8)
['71aBHBIE HanpspKeHHs 0003HaYarT J1s 02 HOa ripu 3TOM HHAEKCHI PAcCTaB-
JISIFOT TaK, 9YTOOBI BHITOJIHSIOCH HEPABEHCTBO:
T, 2 0,2 0, (9)

B 3agade paccmaTpuBaeTCs TJIOCKOE HAMPSHKEHHOE COCTOSIHUE, T.€. OJHO U3 TPEX
TJIaBHBIX HANPSDKEHUM paBHO HYJTIO, TO3TOMY U3 hopmyisl (8) u mpaBuia (9) cnemyer:

g, = Omax = 103,62 g, =0 O3 = Opin = —93,62 Mlla

HampaBnenue riaBHBIX IJIOMAA0K OTHOCHTENBHO 3aJaHHBIX IUIOMIAA0K, OIpese-
JsieTcs o popmyie:
2Ty -2-bo 100

= 20, =-3030, a, =-15"15'

6,0, 90+80 170

tgae, = -
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Pucynok 21 — Pacnipenenenve HanpsKeHUN

OTpuniaTenbHBIA yroa 0o OTKJIAABIBACTCS MO YaCOBOM CTpEJIKE OT TUIOMIATKH C
OOJIBIIMM HOPMAaJIbHBIM HamNpsDKEHUEM (B JTaHHOM cllydae Gy, Ha pucyHke 21). MoxHO
TaK)Xe TI0JIb30BAThCS MPABHUIIOM: JJISI OMPENETICHUS IMOJOKCHUS TJIABHOW IUIOIIAIKH C
HaMPSHKEHUEM Gy HEOOXOIUMMO IUIOMIAAKY ¢ OOJbIIMM (B alreOpandeckoM CMBICIIE)
HOPMAJTBHBIM HaIPsSHKEHUEM TTOBEPHYTHh Ha YTOJI Op B HAIPABJICHHUH, B KOTOPOM BEKTOP
KacaTeJIbHOTO HANPSDKCHUSI, ICHCTBYIOIIETO IO ATOH e IIIOMAIKe, CTPEMHUTCS BpaIiaTh
AJIEMEHTAPHBIN TapajuIeNIeuIe] OTHOCUTEIIBHO ero IeHTpa.

2 Haiimem makcuMmaibHbIE KacaTelbHbIC HampspDkeHus. OHU paBHBI HaMOOJbIIEH
MTOJTYPa3HOCTH TJIABHBIX HAIPSHKCHHM:

Ty - O3 103.62 + 93.62
2

Tmax = +——5—= ¢ = 198,62

Mlla
3 Haiinem rnaBHbIe nedopmariuu €; , € U €3 U3 0000IIeHHOTO 3aKoHa I'yka, mpu-
HsB K03 unment [lyaccona paBuem p= 0,5:

1 1
&1 = gloy - ploz +05)] = 5—==[103,62 — 0,3(0 — 93,62)] = —65,8- 1075

1 1 -
Eg = E [0y — oy +o,01 = 3108 [0—0,3(—93,62 + 103,62)] = —1,5-107®

1
g2 = 7 [03 ~ uloy +0)] = [—93,62 — 0,3(—103,62 + 0)] = —62,3- 105

2-105
4 HaitneM 5KBUBAJICHTHOE HAIMPSHKEHUE Gy

1
Gla\llaa = \/E[(Gl_az)z +(O'2 _0'3)2 "'(0'3 _0'1)2] =40, 1t0, 0,03 =

J103,622 + 93,622 +103,62-93,62 = 99MITa

5 Haiinem oTHOCHUTENHEHOE H3MEHEHHUE 00bEeMa:

B=g +5;+55=658-105-15-10%-62,3-105=2-1075
6 Haiinem ynenbpHYyI0 OTEHIIUAIBHYIO YSHEPTUIO AedopMaiui:
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.
u= E [C,Tj_‘ + o3 + o3 - 2?—“’{515: + Fz03 + T3 C"_i.]]

B nannoii 3agaue @z = 0,
1 ) 1 ) i ~ Mz
u = o (f +0F - 200,05) = 5 (103,627 + 93,62° +2-3- 103,62 93,62) = 6330,6- 10°° = 0,063

2E
3agayva 2. [laHo: a=5 cm; b=2 cm; [6,]=100 MIIa; [c,]=27 MI]a.
OnpenenuTs HaNpsKEHHE, IEUCTBYIONIEE B ceUeHUH (puc. 22).

Pemenue:
Haiinem monokeHue riaaBHBIX LHEHTPAIBHBIX OCEM, ONPEIEIUB MOJIOKEHNE LIEHTPa

TsbKkecTd Gurypsl. PazoObeM ciioxHyro Gurypy Ha coctapisitoniude npocteie. [Tnomans

burypsl

A =5-10=50cm’.
A, =5-5=25cM",
DY, 4
LY A +Y, A, 0- :
Zr =% _latit o4 0-50+5 25:1,666‘]14.
ZA' A+ 4, 50+25
i=1 I
7 4
a2 A +Z, A .50—25.
Yy =12 _Lat e 09022525 oaq,

o A+ 4, 50+ 25

OTKJ’I&I[BIB&GM 9THU KOOPAWHATHI U ITPOBOJUM YCPC3 LHCHTP TSIKCCTH TOUKY C rnaB-

HBIC [ICHTPAJILHBIE OCU Z V.
Haiinem MOMEHTBI MHEpLIUHU BCEHl (PUTYpBI OTHOCUTENILHO OCEH Y U Z:

: 5710 5.5
I, =§['vc. +a, *A |- 166650+ 2>+3334" 25 = 572016’

: 10°-5 5.5
I, =Z_1:['zc. +b A= —=+0838" 50+ 2= +1667" - 25 = 5720160’

N3rubaroime MOMEHTBI BXOJAIINUE B (hOPMYITy ONpeseeHUs] HanpsHKeHUs: co3/1a-
10TCs cuyioit F, koTopast mpuiiokeHa B Touke A ¢ KOOpJiMHaTaMu

[-4,166;-4,166]

M,=F.-Z, =—F-4166

M,=F.Y,=-F-4166

HauGomnbiee 3HaueHNE HAMPSKEHUN B PACTSIHYTOHW M C)KATOW 30HAX MOKHO BBI-
YUCJIUTh €CJIM U3BECTHBI KOOPIMHATHI OMMACHBIX TOUEK. ITH TOUYKH HanboJiee yAaJICHbI TO

HEUTpaTbHOU OCH, MOJIOKEHNE KOTOPBIX OMpenessieTcst oTpe3kamu Y, Z,

—il —i?
P77, T,

a

KBanpartsl pagnycoB HHEpLUUH PaBHbI
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ii = ly 572916 7,638cM; i2 _1p 572916 7,638¢wm;
75 A 75

Z, = 7,638 =1,833cu V, = 7,638 =1,833cu
4,166 4,166

[IpoBens HeWTpalbHYIO OCh HaxOoAUM HauOosiee yaajieHHble OT Hee Touku C[-
4.166;5.833]; B[5.833;-4.166]. Onpenenum HanpsiKEHUE B 3TUX TOYKAX

oo MaYe My Ze FF-A166:5833 F4166-4166 o o01or [ 1 o7pmrg
1 I, 75 572916 572,916
o ~F Ms¥, M, 7, F _F-41665833 F4166:4166_ 00000 (o 1 j00um OT-
A, I, 75 572916 572,916
KyJa
o
F.= —p_2 =2250000H =2250cH
0.0012-10
O¢

Fy = ————— =8333333H =8333H
0.0012-10

Pucynok 22- Ontopa HanpsKeHUs, IEMCTBYIOIIEE B CEYEHUU
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B kauectBe nONMyCTUMOM HArpy3Ku NMPUHUMAEM MEHBLIEE 3HAYEHUE CUIIBI IEHUCT-
BYIOIIEE TIPU PACTSHKEHUU CTepKHA F =2250kH oTKyna
o. =0.0012-107% -2250-10° = 27MTla

o, =0,0012-107-2250-10° = -27MIa

3apaua 3. /[nsg cocraBHOro cedenwusi, cocrosimiero u3 msemiepa Ne20 u yroska
Ne14(10) (pucynox 23).

Pucynok 23- CoctaBHOE ceueHue

TpeOyercs:

1) onpeaenuTh MOJIOKEHHUE IICHTPA TIKECTH;

2) HalTH BEJIMYMHBI OCEBBIX U IIEHTPOOEIKHBIX MOMEHTOB UHEPIIMM OTHOCUTEIHLHO
LEHTPAIIBHBIX OCEH;

3) onpeAenuTh HAllPaBICHUS TJIABHBIX LIEHTPAJIbHBIX OCEH;

4) HaliTU BETWYUHBI MOMEHTOB MHEPLUHUH OTHOCHUTEJIBHO TJIABHBIX HEUTPaJbHBIX
ocel;

5) BBIUEPTUTH ceueHHUE B MaciiTade 1:2 u ykazaTh Ha HEM BCE pa3Mephl B UUCIaX U
BCE OCH.

5.3 Bonpochl AJ1s1 caMONIPOBEPKHU

1 Yto Ha3bIBaeTCs HANPSHKEHHBIM COCTOSIHUEM B JAHHOW TOYKE J1e(hOpMHUPYEMOTo
Tena?

2 Kakue nMeroTcs BUAbl HANPSHKEHHOTO COCTOSIHUSA MaTepuaia’?

3 Kak onpenenuTh HaNpsyKEHUE HAa HAKIIOHHOW THIOIIAIKE PACTSAHYTOTO CTEPKHSA?

4 B yeM 3aKJIFOYAETCS 3aKOH ITAPHOCTU KacaTEIbHbBIX HANPSHKEHUM ?
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5 Kak Ha3bpIBalOTCS MJIOLIAKH, [0 KOTOPHIM ASHCTBYIOT HAMOOJIBIINE U HAUMEHb-
II1€ HOPMaJIbHbIEC HAIIPSKEHUSA?

6 Kakue HanpsokeHus Ha3bIBAIOTCS IJIaBHBIMU?
7 Kak npousBogutcs rpaduueckoe MOCTPOSHUE I ONPEICIICHUS HAIIPSKEHUH B
HAaKJIOHHBIX IJIOIIAJIKaX B CIy4yae IIIOCKOr0 HAMPSIKEHHOTO COCTOSHUS?

8 Uemy paBHO HauOOJIbIIEE KACATEIBHOE HAIIPSDKEHUE B CIIydae INIOCKOTO U 00b-
€MHOT'0 HAIPSLDKEHHOT'O COCTOSIHUSA?

9 Hanmummre ¢popmyny o6001ieHHOro 3akona ['yka.

10 Yemy paBHO U3MEHEHHE OOBEMa MPH CI0KHOM HAIPSKEHHOM COCTOSHUN?
11 Kak ompezaensieTcs MoTeHIHAIbHAS SHEPT U ynpyrou aedopmanuu?

12 Kak popMupyIOTCSI OCHOBHBIE TEOPUU MMPOIHOCTH?

13 Kak 3anuceIBaeTcst ycJIOBUE MPOYHOCTH IO 3TUM TEOPUAM?
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6 CaBuUr U Kpy4eHuUe
6.1 TeopeTnueckasi yacTb

B Teopun u3ruba u Kpy4deHHS BaXKHYIO POJIb UTPAIOT MOMEHTHI MHEPIIUH CEUCHUSI.
Heobxoaumo BCTIOMHUTD M MIOBTOPUTH U3 TEOPETHUECCKOM MEXaHUKU TIPABUIIA HAXOXKIC-
HUS [IEHTPa TSHKECTH CEUEHUS U CTATUIECKUX MOMEHTOB IIJIOCKUX (PUTYD.

HeobxoauMo ySICHUTH BBIYHCICHHE MOMEHTOB WHEPIHMH IS TMPOCTEUINX TLIO-
cKkuX Guryp (IpsAMOyroJIbHUKA, TPEYTOIbHHUKA, KPyTa).

PaccmaTpuBasi TeopeMy 0 MOMEHTE WHEPIIUU CEUYCHUS OTHOCUTEILHO OCH, Mapaj-
JIEJTLHON TIEHTPATBHOM (Iy1=ly+a2A), HEO0OXOJMMO TOHATh, YTO TEOpeMa CIpaBeINBa
TOJIBKO B TOM CJIy4ae, €CIH OCh «y» MPOXOIUT Uepe3 HEeHTP TSHKECTH GUTYPHI.

BaxxHO ysICHUTH, 9TO CyMMa MOMEHTOB HHEPIIMA OTHOCUTEIBHO JIBYX B3aHMHO
MEePIEHANKYJIIPHBIX OCEed paBHA TOJIPHOMY MOMEHTY WHEPIIUH OTHOCHUTEIHHO TOUYKH
IIEPECEUEHHUSI ITUX OCEH.

[Tpuctynas x usydenuto pazzaena «KpydeHue», ciieyeT OTMETUTh, YTO JaHHYIO
nedopMaIfio UCTIBITHIBAIOT TaKUE JETalM MAalllWH, KaK BaJlbl, MPY>KUHBI, HUHOT/Ia OOJITHI
MIPH 3aTSHKKE TaKu KitouoM U Jp. Jedopmarus kpydeHUs: OSBISETCS MIPU HATPYKEHUU
Opyca mapamMu CuJI, IJIOCKOCTH, JACUCTBUS KOTOPBIX MEPHEHAUKYISIPHBI K €ro ocu. Mo-
MEHTHI 3THX TIap HA3bIBAIOT BPAIIAIONTUMH MOMEHTAMHU.

[Tpu BBIYKCIIEHUH BPAIIAIOIINX MOMEHTOB MOJIB3YIOTCS (POPMYJIION:

M =1000 jurs |
(0]

rme N — momHocTh B kBT,

m
= 20 paol cex YriioBast CKOPOCTh;

N — 4Kcio 000POTOB B MUHYTY;
M — Bpamarommi MOMEHT B H'M.

Heo0xoauMo ysICHUTH T€ JOMYyUIEHUs, HA KOTOPhIX OCHOBaHA AJIEMEHTapHas Te€O-
pUs Kpy4YEeHUsl CTEpKHEH KPYTJIOTO CEYEHUsS: KpAWHHUE CEUYEHUs OCTAOTCS IUIOCKUMU,
PACCTOSIHUS MEXAY IMOINEPEYHbIMU CEYEHUSAMHU HE U3MEHSIOTCS, PAANYChl, IPOBEICHHBIC
Ha TOPLEBBIX CEUYCHHUSIX, OCTAKOTCA MPSIMOJIMHENHBIMU U MIOBOPAYHUBAKOTCS BMECTE C Ce-
YEHUSMHU Ha HEKOTOPBIN YTIOJl.

Crnenyet pa3o0paThCsi B IOCTPOECHUU JMIOPHI KPYTAIMIMX MOMEHTOB. JIopa MoKa-
3bIBAET U3MEHEHHUE BEJIMYMHBI KPYTALIEr0 MOMEHTA 1o AjnuHe Baja. HeoOxonumo ymertsb
CaMOCTOSTENILHO BBITIOJHATH BBIBOJ (POPMYJIBI JJISl HAMIPSIKEHUI TTPU KPYUCHUH CTEPIKHS
KpPYIJIOTO CEYECHUSI.

50



[Ipy Kpy4yeHUM HaNpPsSHKEHHE PacHpelessieTcss MO MONEPEYHOMY CEYEHUIO HEpaB-
HOMEPHO (B JIMHEWHOM 3aBUCUMOCTHU OT PACCTOSTHUS TOUKH JI0 TIOJIHOCA CEUEHU)

=Ml (10)

II€ P — pacCTOSHUE 10 TOUYKU CCUCHMUS;
|, — IOMAPHBIM MOMEHT UHEPLIMU TUIOMIAH CEUCHHMS;
M, — Kpy TSI MOMEHT B IIONIEPEYHOM CEYCHHH;
T — KacareJbHOE HANPSDKEHUE B TOYKE, HAXOMSIIEWCS HAa PACCTOSHHUM P OT OCHU
Opyca.

OnacHbIMM CUUTAIOTCSI BCE TOUYKU KOHTYpa CEUCHHS, TEOMETPUUECKUMH XapaKTe-
PUCTUKAMU IIPOYHOCTHU U KECTKOCTU CEUYCHHUS SIBIIIFOTCSI COOTBETCTBEHHO MOJISIPHBIN MO-
MEHT COIPOTUBJICHUS] U MOJISIPHBIA MOMEHT WHEpPLHH, 3HAYEHUS KOTOPBIX 3aBUCAT HE
TOJBKO OT IJIOMIaJH, HO ¥ OT (JOpMBI CEUCHUS. PallMOHAIBHBIM (T.€. Tat0IUM SKOHOMUIO
Marepuana) sBJISETCS KOJIbLIEBOE CEUEHHE, MMEIOIEE M0 CPABHEHUIO C KPYTJIbIM CIUIOII-
HBIM, MEHBIIIYIO TUIONIA b TPU PABHOM MOMEHTE COMPOTUBJICHUS! (MOMEHTE UHEPIIHH).

Heobxoaumo yMeTh pacCUnuThIBATh JUAMETP Basia U3 YCIOBUS IPOYHOCTH:

T _ Mkpmax
max Wp

B i

<[r] m ycnoBus xectkocTw:

rae W, — HONApHBIL MOMEHT CONPOTHUBIICHHUS TUIOLIAAN CEYEHHUS,
{ - nuHa Bana,
G — MolyNb YIPYTrOCTH MPH CIIBUTE,
I, — moNAPHEIM MOMEHT MHEPLIMHU TUIOILAAN CEYEHUS.

Jlns Opyca U3 IIacTHYHOro MaTepuana npuaumaror [t]=(0,55-0,6) [o,], 1 Banos
13 KOHCTPYKIIMOHHBIX cTajeil o0pruHo npuaumatot [1]=20 ... 50 MIla.

Jlomyckaemblii yroj 3aKpyriieHUs B MAIIMHOCTPOCHUU TPUHUMALOT:

[¢°]=0,25 ... 1,00 rpam/m.

6.2 IlpakTnueckas 4yacTtb

3anaua 1. K cranbHOMy Bajy NpUIIOKEHBI CKpydHUBaroe MoMeHThL: M; , M, , M3

, My (pucynoxk 24).
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Pucynok 24- CranbHoil Ban

TpeOyercs:

1) moCTpOUTH AMIOPY KPYTAIIUX MOMEHTOB;

2) mpu 3aJaHHOM 3HAYE€HUH [T] ONpeAeiuTh NUAMETP Bajla U3 pacyeTa Ha Mpod-
HOCTb ¥ OKPYTJIUTh €r0 BEJIMYUHY JI0 OJIMKANUIIET0 OOJBIIEro 3HaUYCHUS U3 IaHHOTO psija
muametpos 30, 35, 40,45, 50, 60, 70, 80, 90, 100 mwm;

3) MOCTPOUTH AMIOPY YTIIOB 3aKPYUNUBAHUS;

4) HaiiTh HaUOOJNBIIUNA OTHOCUTEIILHBIN YTOJl 3aKpyUUBaHUSI.

Wcxoanble mannbie: My = M3 =2 kHM, M, =M= 1,6 kHm,a=b=c=1,2Mm, [1] =
80 MHa,[“]=O,3.

Pemenue.

1 TTocTpouTk 3MI0PY KPYTAIIUX MOMEHTOB.

KpyTsiiiue MOMEHTBI, BOBHMKAIOIIUE B MOMEPEUYHBIX CEUCHUSIX OPYChEB, OIpelie-
JIAIOTCS C MOMOIIBI0 MeToAa ceueHu. KpyTsaie MOMEHThI B ITPOU3BOJIBHBIX MONEPEY-
HBIX CEUCHMSIX Opyca UMCIEHHO paBHbl aireOpanyeckoll CyMMe BHEIIHUX CKPYyYHBalo-
IIUX MOMEHTOB, IPWJIOKEHHBIX K OpyCy MO OJHY CTOPOHY OT PaccCMaTpUBaEMOTIo cede-
HUSL.

Paccekas nociienoBaTenbHO YYaCTKU Bajla, MOIYyYHUM:

[ yuacrox (KD ):  Myu=-Mys=-1,6 kHM
IT yaactok ( DC):  Mp=-My+M3=-1,6+2=0,4xHm
Il yaactok (CB):  Mp=-M,+M;3-M,=-1,6+2-1,6=-1,2xHm
IV yuactok ( BA): My=-My+Ms-Mr+M;=-1,6+2-1,6+2=0,8xkHm
[To 3HAYEHUSAM ITUX MOMEHTOB CTPOUM 3MIOpy MK B BeIOpaHHOM Macmrtaoe. [lo-
JIO)KUTENbHBIE 3HAYCHUS MK OTKIJIaJbIBa€M BBEpX, OTPUIIATEIILHBIE - BHU3 OT HYJEBOU

JIMHUHU 3MIOPBI (PUCYHOK 25).
2 Ilpu 3aaHHOM 3HAYEHUHU [T]| OMpEeAeNTUM JUaMeTp Baja M3 pacyeTa Ha MpoU-
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HOCTb. Y CIIOBH€ NTPOYHOCTH NPU KPYUYEHUU UMEET BUJ:

o= M o _ ]
max -
W,
r7e P s a0COJIOTHAS BEIMYMHA MAKCUMAJIBLHOTO KPYTSAIIETO0 MOMEHTA Ha DIope
M, (pucyHok 25).
[Mg],.. ... = 1.6 KHn .

3

7-d o
Wp = 16 - HOHHPHBII/I MOMCHT COHpOTI/IBHCHI/IH JJIs1 CIIJIOOIHOI'O prrJIOFO BaJia.

JuameTp Bana onpenensiercs o ¢popmyie

1 .16-10°
d>3 oW, —3 E.|MX|W’X _ ;| 16-16-10 = 0,0467mm
\ = z [] \314-80-10°

%4 % A M
#_, 1 2 3 4
Z
_%.14 _______ o — I R | I I LK
"y
Zea v Ve Wa Y
0,8
04
=
i 7
IM, xHm
—
1,2
0,0403 1.6
-0,001
-0,0102
-0,0408

Pucynok 25- Dmtopbl BHYTPEHHUX CUJIOBBIX (PAKTOPOB MPU KPYUEHHUH
[Tpuaumaem d = 50 mm = 0,05 m.
3 IlocTpouM 31I0pY YIJIOB 3aKpy4HBaHUS Baja.
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VYron 3akpyunBaHMs y4acTKa Baja JJIUHOW | TOCTOSHHOTO MOMEPEYHOTO CEUEHUS
omnpenenseTcs mo dhopmye
_M*
GIp
rae  GJ p - KeCTKOCTh CEUeHUs Bajla PU KPYUEHHUH.
Monyib caBura i CTalu
G-t 2107 o7qem
21+ 21+03) 0
nde 314+ (5 :“3’_2)4 3,14.54.10-8
Jp=3= 32 N 32
Jp - mONSAPHBIA MOMEHT MHEPITUU KPYTJIOTO BaJja.
Boeruncnum yrisl 3akpyunBanus ceueHuidl B, C, D u K oTHOcHUTENbHO 3aKperuieH-
HOTO KOHI[a Baja (ceueHus A )

=61,33-10% u*

04=0
©B = ME}; = Gi?én!ﬂ]THiz" = 0.0203 pan
oC = 0B + M;}; ® — 0.0203- 12?12“311:;'H3‘2" = —0.0102 pan
Ox = Op + ME% = 0.0001 - 13?12"31}3“3‘2" = —0.0406 pan

Ctpoum 3110py yTriioB 3aKpydrBaHus (PUCYHOK 23).

4 Haiinem HanOOJIbIIMI OTHOCUTENIBHBIN YTOJ 3aKPyYNBaHUS
_ P — Py _ IMkll _ 1.6-10%Hm pan

g = = — = 0.0339—
a G-J, 47,2-10%Hn* M

3agaua 2. Jlano: L=0,86M; C;=0.22m; C,=0.48m; C3=0.62Mm; di/d=4; d,/d=2;
M;=2xHwm; M,=-4xHm; M3=-6kHM™; G =8-10*MIla ; [®]=1.8°/n; M=2KkHMm.

Pucynok 26- Cxema Harpy»eHHUs CTEPKHS
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6.3 Boripocsl 115l cCaMONIPOBEPKH

1 Jlaiite onpeneneHne NOHATHSA "KPYTAIIUA MOMEHT B MOIIEPEYHOM CEUEHUU Opy-
ca".

2 Yto Takoe 3mropa KpyTImux MOMeHTOB? Kak mNpou3BOUTh €€ NOCTPOEHUE?

3 Kakue HanpsKeHus: BO3HUKAIOT B IONEPEYHOM CEUYEHHUH KPYTJIOro CTEPXKHS MpHU
KpydyeHnn? Kak HaxoIuTcs UX BEITUYMHA B IPOU3BOJBHOM TOYKE IMOMEPEYHOIO CEUEHUs?

4 Kaxk Hy>HO Harpy3uTh Opyc, 4TOOBI OH paboTall TOJBKO Ha KpydeHue?

5 Kakum 00pa3oM ompeneiauTh B JHOOOM MONEPEYHOM CEUEHUHU Opyca BETUYHUHY
KpYTSIIIEro MOMEHTa?

6 Copmynupyiite npaBUIO 3HAKOB IIPU OINPEAEICHUH BEIUYHUHBI KPYTAILIEro MO-
MEHTA.

7 Ha kakux rumnore3ax U JOMYUIEHUSX OCHOBAHBI BBIBOJBI PACUETHBIX 3aBUCHMO-
CTEH MPU KPYUYEHUHN?

8 11o xakOMy 3aKOHY PacCIpEAEIISIIOTCS HAIIPSKEHUS B MIOTIEPEYHOM CEYEHUH KPYyT-
Joro 6pyca npu Kpy4yeHuu?

9 Kaxoii BenMunHOM XapakTepu3yeTcsl BeInuuHa 1eopMaluy Ipyu KpyuyeHuu?

10 ITo xakuM popmyram OINpenesnstoTcss BEIUUUHBI AepopMaluy KpydeHus (OTHO-
CUTEJIbHBIN YTOJ 3aKpy4YHUBaHUs) B paJldaHax Ha METP U B Ipajlycax Ha MeTp?

11 Yto Takoe moJIIpHbI MOMEHT MHEPIIMH MOMEPEUHOr0 CEUeHUs Opyca?

12 Tlo kakum popmyrnam onpenenseTcs MOIsIPHbIA MOMEHT HHEPLUU Kpyra U Kpy-
rOBOT'0O KOJIbLA?

13 Yto Takoe KeCTKOCTh ceueHus opyca?

14 Kak ompenensieTcst pyu KpyuYe€HUU HANpsDKEHUE B JIHOOOW TOUKE KPYIJIOro mo-
NEPEYHOro ceyeHus Opyca U Kak onpezensercss Haubosbliee HanpsKeHue?
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7 Metoa cuJ
7.1 TeopeTnyeckasi 4acThb

HawnGoiee mmpoko mMpuMEHsIeMbIM B MAIlTMHOCTPOCHUHN OOIIMM METOAOM PAaCKpPhI-
TUSI CTATUYECKOW HEOINPEICTUMOCTH CTEPKHEBBIX U PAMHBIX CUCTEM SIBJISIETCA Menoo
cun. OH 3aKI04aeTcsl B TOM, YTO 3aJaHHAasi CTAaTUYECKH HeompeiesiuMasl CUCTeMa OCBO-
00XKIaeTcsl OT JAOTOJTHUTENBHBIX CBS3eH KaK BHENTHUX, TaK U B3aWMHBIX, a UX JICHCTBHC
3aMEHSIeTCsl CUJIaMUd 1 MOMeHTaMu. BennunHa ux B JanbHeuIeM noadupaeTcs Tak, 4To-
OBl MepeMelIeHUsI B CUCTEME COOTBETCTBOBAJIA TEM OTPAHMYEHUSAM, KOTOPbIC HAKIIAJIbI-
BAIOTCSI HA CUCTEMY OTOPOILIEHHBIMU CBS3IMU. TakuM 00pazoM, pH yKa3aHHOM CIIoco0e
pelIeHUs] HEM3BECTHBIMU OKa3bIBAIOTCS CUJIbl. OTCIO/Ia U Ha3BAHUE «METO]I CHID».

AJroput™m pacyeTta MeToJIoM cuil. HezaBucuMo oT 0COOCHHOCTEW paccMarpuBae-
MO KOHCTPYKIIHMH, MOKHO BBIJICTUTH CJICAYIONIYIO MOCIE0BATEILHOCTD pacyeTa CTaTH-
YECKHU HEOMNPEICIMMbIX CUCTEM METOJIOM CHUJI:

1. OnpenenuTth CTENEHb CTATUYECKON HEOTIPEIEIUMOCTH;

2. BriOpaTh OCHOBHYIO CUCTEMY;

3. ChopmMupoBaTh SKBUBAJICHTHYIO CUCTEMY;

4. 3anucaTh CUCTEMY KAHOHUYECKUX YPAaBHCHUM;

5. IlocTpouTh €AMHUYHBIE U TPY30BbIE PMIOPHI BHYTPEHHUX CHJIOBBIX (haKTOPOB,
BO3HUKAIOIIMX B AJIEMEHTAX PACCMAaTPUBAEMON KOHCTPYKIINH;

6. Beruncnuth kK03()PUIUEHTHI TP HEU3BECTHBIX U CBOOOJHBIC YJIEHBI CUCTEMBI
KaHOHUYECKHUX YPABHEHUI;

7. IlocTpouTh CyYMMapHYIO €IMHUYHYIO 3IIOPY;

8. BBIMONIHUTH YHUBEPCATBHYIO MPOBEPKY KOA(PPUIIMEHTOB NPU HEU3BECTHBIX U
CBOOOHBIX YJICHOB;

9. PemuTh cucTeMy KaHOHUYECKUX YPABHEHUH, T.€. ONPEAETUTh PEaKIUU JUIITHUX
CBsI3€H;

10. ITocTpouTh 3MIOpHl BO3HUKAIOUIMX BHYTPEHHUX CHUJIOBBIX (PaKTOPOB AJiA 3a-
JTAHHOM cUCTEeMbI (MHA4Y€ TOBOPS, OKOHYATEIbHBIE AMIOPHI) ;

11. BBIMOTHUTH CTATUYECKYIO M1 KUHEMATUYECKYIO MPOBEPKH.

OtmeTuM, yTo MyHKTHI 7, 8, 11 nMpuBEIEHHOTO aNrOpuTMa HE SBISIOTCS OE3yCIIOB-
HO HEOOXOAMMBIMH, XOTS M TO3BOJISIOT KOHTPOJIUPOBATH MPABUIBLHOCTH BBITIOJIHCHUS
pacuera. A JJ1s1 CUCTEM C OJIHOM JIMIITHEN CBS3BIO MMYHKTHI 7 U 8 MPOCTO JIMIIIEHBI CMBICHA,
TaK KaK B 9TOM CIydyae CyMMapHasi eJMHAYHas SII0pa COBIAAET ¢ IUHUYHOM.

7.2 TllpakTyecKas 4acThb

3anaua 1. J[na ctatuaecku Heonpeaenumon E-oOpa3Hoit paMbl ¢ OHON CKOJIB3SI-
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e U JByMsI HETIOABM>KHBIMHU OIOPaMU UCHOJB3Ysl METOJ cuil, popmyiny Mopa u mpa-
BUJI0 Bepemarnna HeoOX0AMMO ONPEACIIUTh PEAKIIMK OIOP U MOCTPOUTD S0Pl MOMEH-
TOB, IONIEPEYHBIX U NPOJ0JIbHBIX cuil. [loctpouTs smtopsl M, Q u N.

| 2a P

Pucynok 27- Cratuuecku Heonpenenumas E-oOpa3nas pama

Pewenue:

JlaHHas cucTemMa ABaXKIbl CTATUYECKH HEOIPENEINMa, TaK KaK paMa MpUKperieHa
MATHIO CBSA3SIMU, & YPABHEHUM CTATUKH JIsl UX OIpeJeseHus — Tpu. BeiOupaeM OCHOB-
HYIO CUCTEMY ITyTeM OTOpPAChIBaHUS JUIIHUX CBS3€H U 3aMEHOW MX HEU3BECTHBIMH yCH-
musimMu X3 U Xp. @aktuuecku X; Oynet sBisThes peakiueit onopsl C, a X, — BepTUKAIIb-
HOW COCTaBJIAIOLLIEH peakluu onopsl B.

57



Pucynoxk 28 — OcHOBHas cucrema

CocTaBiisieM CUCTEeMY KaHOHUYECKHX YpaBHEHUH METOa CHJI:

011-X1 + 0122 Xs + Ajp = 0;

O21- X1 + 020- X5 + App = 0.

Jlnst onpenieneHust Ko3(OPUITUSHTOB IIPH HEU3BECTHBIX U CBOOOJIHBIX WICHAX HE0O-
XOJIMMO TIOCTPOMTh SITFOPHI U3THOAIONUX MOMEHTOB ITOOYEPEIHO IS KaXKI0M CHUIIBL.

2a
2a
§_ 2a
7/
—.,/
;; T
b4
: a
a

Pucynok 29- Dnropa nu3rudarmmux MOMEHTOB
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3H}opa CANHUYHBIX I/I3I‘I/I6aIOH_II/IX MOMCHTOB OT GHHHHHHOﬁ CHJIBI Xl

a

Pucynok 30 - Dmropa eMHUYHBIX U3rH0a0IMX MOMEHTOB

BH}opa CANHHUYHBIX I/I3FI/I6aIOIHI/IX MOMCHTOB OT eﬂHHHqHOﬁ CHJIBI Xg

P

P-a

Pucynok 31 - Dniopa eTMHUYHBIX U3TMOA0IIMX MOMEHTOB
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[ToncuntsiBaeM ko3¢ dumeHTsl, o popmyne Mopa ucnonssys npasuio Bepema-

T'MHa:

y.m. o
rne M, — BEJIMYMHA U3rHOAIOIEr0 MOMEHTA €AMHUYHOMN 3MI0pHl X B TOUKE, IlIe
PAcCIIOJIOKEH IEHTP TSHKECTH (GUTYpPBI, 00pa30BaHHON €TMHUYHOM AIIOpor Xi;

@ ; — nouaas GUrypsl, 00pa30BaHHON €TUHUYHON AMMIOpOH X;.

Hanpumep, nis TpanenqueBUIHOTO yJyacTka JUIMHOU L 1 pasmepamu ctopon M u M
€IUHUYHOM SMIIOPHI X1 HAXOAUM KOOPJAMHATY LEHTPA TAKECTH IS TPAIICLIUH:

DG P S
3 1+ 2 3
M

1+ 2
2a

Ianee HaxoauM 3HadeHre M™" B 9TOM TOYKE /IS BCEX DITIOP.
— JUTS 3MIOPBI X3 3TO OyJIeT:

M —nm 2a—a 5_ 14
M =+ XU =a+ —a=—a,
L a 9 9
TS SITIOPBI X, B J11000M TOUKE JaHHOTO y4acTka M paBHO a, clieI0BaTeIbHO:

JU1s1 A1ophl P aTo Oyner:

M Pa 5 4
My™ =— (L-X"")=— (a——-a)=—Pa.

CoOTBETCTBEHHO TUIOIA/IM SO HA JAHHOM Y4acTKe OyyT paBHBbIL:

M+ m 2a+a 3,
a)1= 'L= -a=—a )
2 2 2
w,=M-L=a-a=a’
w, Lovi=tpiaztope
2 2 2

AHanoruyHeIM 00pa3oM HaXOAMM COCTaBISIOLIME ypaBHEHUs Mopa uisl Apyrux,
0oJ1ee MPOCTHIX YYACTKOB M BBIYUCIISIEM TpeOyemble KOI(DPUIIUEHTHI:

511=i-(EZa-EZa-2a+2a-2a-a+ga-§a2+Ea-1a-aj=i-§a3,
EJ \3 2 9 2 3 2 EJ 3
5122521:i.(a.gaz+Ea.la.a):i.ga3,
EJ 2 3 2 EJ 6

1 (2 1 2_ 1 J 1 3
6,y =—-|—-a--a-a+a-a-a+—a-—a-a|=—-—-a’,

E 3 2 3 2 EJ 3
AlP:i.[&.(a_§a).§a2+2Pa.la.aJ:i.Pa3,

EJ a 9 2 3 2 EJ
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ZPZL' gPa.la.a_FlPa.az :i.zpagl
BEJ \3 2 2 EJ 6

[loncraBuB HalifieHHbIE KOI(PPUIIMEHTH B CUCTEMY KaHOHUYECKUX YpaBHEHUU U

1 3 o
COKpaTuB Ha =7 Y 2" TIOJIYYUM CUCTEMY ABYX YPABHEHUM C IBYMS HEU3BECTHBIMMU:

? Xy + %-Xz +P=0:56X, f 11X, + 6P =0:

%-Xl + %-Xg + %-P= 0.11-X; f 10-X, + 7P = 0:

Bbrunras U3 nepBoro ypaBHeHUs: BTOPOE, OJy4YUM 00Jie€ IPOCTOE BBIPAKEHUE, U3
KOTOPOT0 BbIpa3uM X, U IOJCTaBUM 3aT€M BO BTOPOE YPaBHECHUE;

45X1+ X5 - P =0;>X, =P —45X;;

11 X; + 10P —450 X; + 5P = 0;

X, = 12 P =0,034P:
439

X,=P- 21op__230p_ ) s33p;
439 439
Haiins 3Hauenus Hem3BeCTHBIX ycuiui X; U X,, oOpaTuMcs K OCHOBHOM CHUCTEME
U HamjeM Xyu, YA U Xpg.
XY =0;
Va—-X1—X;—P=0;
VYa=X1+ X, +P=0,034P - 0,538P + P =0,496P;
IM,=0;
X;-at+ Xgra—P-a=0;
Xg =P —X;=0,966P;
2X=0;
Xa—Xg=0;
Xa = Xg =0,966P;
3Has 3HaYCHUS BCEX YCHUIIUH, ICHUCTBYIOIIMX HA pamy, cTpouM 31mopbl M, Q u N:
aniopa N

3nopa Q Snopa M - 1034P
| a
S N S S N N S S S N | WD.OBSP&
0,034P ] 0 966P
0538P ]
0470Pa H
.\U\LLL\ L1 0 068Pa ]
0,966P g -
0535Pa é ]
0.496Pa 0,496P
0 496P 0.496Pa 0966P

Pucynok 32 - smopst M, Qu N
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3agaua 2

Jnst n300paskeHHOM Ha PUCYHOK 33 Harpy>X€HHOH B CBOEH IJIOCKOCTH paMbl, BEP-

TUKaJbHBIE 3JIEMEHThI KOTOPOM MMEIOT MOMEHTHI MHEPIMH J , a TOPU30HTAIBHBIC dJIe-
MEHTBI — K J |

.

2
—_

"

|
‘ (-

>
PI/ICYHOK 33 — CraTudecku HCOIIpCACIMMasd IJIOCKAd paMa

HcxonHble naHHBIE:
k=1,51=6wm,h=3m,q=10 xkH/Mm.
TpeOyercsi:

1) yCTaHOBUTH CTENEHb CTAaTMYECKOW HEOMPENEIMMOCTH U BBIOPATh OCHOBHYIO
CUCTEMY;

2) HanMcaTh KAHOHUYECKHE YPABHEHUS;

3) MOCTPOUTH AIIOPHI U3THOAIOIIET0 MOMEHTA OT €IMHUYHBIX CHJI M OT 3aJaHHOU
Harpy3Ku;

4) HaifTh KO3(PPUIMEHTH KAHOHUYECKUX YPABHEHUM;
5) HAaWTU BEIUYUHBI «IUITHUX)» HEM3BECTHHIX X ;

6) BBITIOJHUTH JA€(POPMAIMOHHYIO MPOBEPKY MPABUIBLHOCTH ONPEICICHUS] HEU3-
BECTHBIX;
7) TOCTPOUTH MIOPBI BHYTPEHHUX CUIIOBBIX (hakTopoB N, Qy, M x .

7.3 Bonpocsl AJis1 CaMONIPOBEPKH

1. Kak cocTaBIsSIIOT KAHOHMYECKUE YPAaBHEHUSI METO1a CHUIT?

2. B kakoil mocnenoBaTeIbHOCTH BBINOJHSIOT pacyeT CTAaTUYECKH HEONMPEACTUMON
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Oanku?

Kakue nmiockue paMbl CYMTAIOTCS CTATUYECKU HEOTPEETUMbIMU?

Kakoit meTo pacuera HauboJiee MpeAnoYTUTENICH Il pacueTa pam?

UTo moHMMAaETCs O/ BRIpAXKEHHEM «KaHOHMYECKOE YpaBHEHUE» METOa CHII?
Kak onpezensieTcs cTeneHb CTaTUYECKON HEONPEIETIUMOCTH PaMbl?

OOBSICHUTE CMBICJIIOBYIO CTOPOHY METO/a CUI?

Kaxkoii nopsiok pacyeTa NpUHST MPU PEIICHUU CTATUYECKU HEOMPEAETUMBIX pam?

© o N Ok

MoO>KHO JIM MCHOJIb30BaTh MCTOJ CWJI IIpU PCHICHUU ITPOCTPAHCTBCHHBIX CTATHUYC-
CKH HCOIIPCACIINMBIX paM7
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8 CJ10:KHO€ CONPOTHUBJIEHUE
8.1 Teopernueckas yactb

Ha mpaxTuke 9acTo BCTpeuaroTcs ciiyyau, KOTJa B pe3ysibTaTe ASHCTBHs HArpy3Ku
B TOMNEPEYHBIX CEUCHMUSIX Opyca OJHOBPEMEHHO MOSBISETCS HECKOJIBKO KOMIIOHEHTOB
BHYTpEHHUX cuil. Toraa roBopsT, 4to Opyc HaXOIUTCS B YCIOBUSX CIIOKHOTO COTPOTUB-
nenus (pucyHok 34).

a) Kocoi u3ruo; 6) OTHOBPEMEHHOTO PACTSIKEHUS UJIH CIKATUS C U3TUOOM;
B) BHELIEHTPEHHOE PACTSKEHUS (CKATHs) OJHOBPEMEHHOTO KPYUEHUS U U3ruda
Pucynoxk 34- CnoxxHoe CONpOTUBIICHUE

3agau Ha CJIOKHOE CONPOTHBIICHUE PELIAIOTCS MCXOAS U3 NPUHLMIIA HE3aBUCH-
MOCTH JIEWCTBHSA CWJI. DTO NPHUHIUI IO3BOJISIET MOJYYUTh OKOHYATEIBHBIA PE3yJIbTaT
pelIeHus 3a7a4u P COBMECTHOM JCHCTBUU PA3IMUHBIX CUJIOBBIX (DAKTOPOB MyTeM Ha-
JIOKEeHUs (CYMMHUPOBaHUS) pe3yIbTAaTOB, BHI3BAHHBIX KaXIbIM BHEIIHUM CHUJIOBBIM (pak-
TOPOM B OTZEJIBHOCTH.

HauGonee yacTo Ha MpakTHKE B MOMEPEUYHBIX CEUYCHMSIX Opyca BO3HUKAIOT Clie-
IyIOIIMe KOMOMHAIIMM BHYTPEHHUX CHJIOBBIX (DAKTOPOB: JIBa HM3rMOAONIMX MOMEHTA,
JNEUCTBYIOIIME BO B3aMMHO IMEPIEHANKYISIPHBIX IIOCKOCTAX; MPOAOJIbHAS CUla U U3TH-
Oarone MOMEHTBI; U3ruOaIOLIME U KPYTAIIMIA MOMEHTHI; IPOJOJIbHAS CHIIA U KPYTSIIUAN
MoMeHT. ClrieryeT MMeTh BBUY, UTO HaIpsHKEHUE G HAJl0 paccMaTpHUBaTh Kak ajredpau-
YECKYI0 CyMMY HOPMAJIbHBIX HAIPSKEHUH, BBI3BAHHBIX PACTATHBAIOIIMMU U H3THOaI0-
MU BHEIIHUMHU CUJIOBBIMU BO3JCUCTBHUSIMH, 4 KACATEIbHOE HAIPSHKEHUE T — KaK all-
reOpanvecKyro CyMMy KacaTeJIbHbIX HaNpsDKEHUW B TAHHOM TOYKE, BBI3BAHHBIX Kpyue-
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HHEM U U3THOOM.

HeoOxoaumo Oosiee 1eTaabHO pacCMOTPETh 3aauy 00 omnpeecHUN HapsHKeHUH
U aehopMaiuii s TpeX CIIydaeB CIIOKHOI'O COIMPOTHBJICHHS: KOCOro M3ru0a, BHEILICH-
TPEHHOI'O PACTSHKEHUS (CIKATHS ), COBMECTHOIO ACHCTBHS M3rH0a M KpyUeHHsI.

8.2 IIpakTHyeckas yacTtb

3agaua 1. Jlano: N=261.c.; n=360 o6/mun; a=1.2m; B=0.6M; c=1.1m; D1=450cM;

D2:4OOCM; a, /az = 45/25.

OnpenenuTs:

OnpenenuTs MOMEHTHI, TPUJIOKEHHBIE K IIIKUBaM;

OnpenenuTs OKPY>KHBIC YCUITUS,

3) OnpenenuTtb CUIIbI, U3rudaronue Bajl B TOPU30HTAIILHON U BEPTUKAIBHOM TI0C-
KOCTSIX, U CTPOUTH AIIOPHI N3THOAIOITUX MOMEHTOB;

4) ITocTpOHTD SIIOPY CYMMAaPHBIX U3rHOAIONUX MOMCHTOB;

5) OnpenenuTs OMacHbIE CEYEHUs] U BETUYMHBI MAaKCHUMaJIbHOTO PacueTHOrO0 MO-
MEHTA I10 TPEThE TEOPUHU MPOYHOCTH.

Pemienue:

1) OnpeneneHrie MOMEHTOB, MPUJIOKEHHBIX K IIKMBaAaM. MOMEHT Ha IIKUBaX IO
nepeaBaeMoil MOIIIHOCTH U CKOPOCTH BpallleHUs Bajia onpeiensercs no Gpopmyne

N,
w

rae N - mepemaBaeMasi BaJoM MOIIHOCTb, BT,

N =19,11xBm =19,11-10° Bm

® _ yrioBas cKopocTh BpallleHus Balia, pajy/c.

VYTJI0BYIO0 CKOPOCTh MOXKHO BBIYUCIHUTH IO PopmyJie
m 7360

w="—= =37,7¢c™*
30 30
BrruuciisieM MOMEHT Ha TIEPBOM IIKHUBE:
3
M, = ﬂ = w =506,89Hm
1) 37,7

MoMeHTHI Ha BTOPOM H TPCTHCM HIKHBAX 6y,HYT OJNMHAKOBBIMHU M PABHBI ITIOJJOBHUHC
MOMCHTaA IICPBOT'0 IIKHNBA

M, =M, =M1 _ 253 44770
2

[TocTpouM 3mI0pBI KPYTALIMX MOMEHTOB.
2) OmnpefenieHre OKPYKHbIX yCUiui (pucyHok 35).

65



D D
Mxplzljl?l MKp2:P272
2M .
P =—""_ 2-50689 _ 555 281
D, ,
2M .
P, = D“PZ _2:2538% 106 70m
2

CripoeKTHpyeM yCrtust P i 2 Ha KOOPIMHATHBIC OCH XH ¥

Pucynok 35 — OkpyxHble ycuius

P, =P -cosa, =225,28-cos45° =159,3H

P, =P, -sina, =225,28-sin 45° =159,3H

P,, =P,-Cosa, =126,72-¢0525° =114,84H

P,y =P, sina, =126,72-sin 25° =53 55H

3) OmnpenensieM cuibl, U3rHOAIOIIME Bajl B TOPU3OHTAJIBHOM W BEPTUKAJIBHOU

IJIOCKOCTSIX, ¥ CTPOUM SIIOPBI U3TMOAIOIIMX MOMEHTOB.

PaccmarpuBaem u3rud Bana B miockoctu ZOX.

>M,=0 P, -12+P, -06-P,, -17-R,, -23=0

P,, 12+P, -0,6—P,, 17

Ryy = 23 =16,59H
> My =0 Py -06—P, -17+P, -35-R,, -23=0
R = P,, -0,6- P1X2 -31,7+P2X 35 _ g6 971

[TpoBepka: 2P =0 Py —2P) —Ry +R,; =0
PaccmaTtpuBaem u3ru6 Bana B miiockoctu YOZ.
>M,=0 P, -06+P, -17-P, -12-R,,-23=0
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R, Py 08+ Py AT-Py 12 oo

23
> Mg=0 Py L7+ P, 06+ P, -35-R,, -23=0
R, — P, -1,7+P2Y2-:§),6+P2Y 35 _ 213.2H

ITpoBepka: 2P, =0 Py+2P, -R, -R, =0

4) TlocTpouM 3II0PY CYMMAapHBIX U3rHOAIOIINX MOMEHTOB
Haxonum cymmapHBIii MOMEHT TI0 (popMyJIe:

M, = M2 +M?
2op eepm

5) OnmnpeneneHue OMAaCHOTO CEYEHUS M BEIUYMHBI MAKCHUMAJIBHOI'O PacyETHOrO

MOMEHTA IO TPEThEU TEOPUU MPOYHOCTH.

N3 smrop M g M BUJIHO, 4YTO oOmnacHoe cedyeHue Oyner B Touke C, rae

M, =253,44Hu . M, =157,7Hu

MM = /M2+M2 =/157,7% + 253442 = 298 5Hx
5) YcinoBue MpoOYHOCTH Bajla MO TPEThEH TEOPUH MPOYHOCTH OMPEAENSIETCS IO
dbopmyie

1 p
o, =——=<|O
W [ ]
rac Wy - 0ceBOI MOMEHT COIIPOTUBJICHUS CCUCHUA. HJIH Kpyra:

3
w. = L 0.14°

32
goo Mo _,[2085.10° oo
0.1c] 0.1-50 ’

[Ipuanmaem quametp Bana: D =40mm
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Pucynox 36-Dmropsl BHYTPEHHUX CHUJTIOBBIX (DaKTOPOB MPHU CI0KHOM COTIPOTHUBIICHUHU
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P=3w P=4uy P3:2KHq1=3KH/M’ q, =4xH | m

3agaua 2. JlaHo:
M, =3kH | M M, =A4xH M JlonmyckaemMoe HanpsLKEHUE Ha PACTSDKEHUM — COKATUH lo] =

160 MITa. ITepBblii cTepkeHb JUIMHON : =“M nMMeeT IpAMOYroIbHOE CEYEHHE C OTHO-

IIICHUEM CTOPOH g =15, BTOpoit (I2 - 3M) U TPETUH (I4 - 2M) — KpYyIJIO€ CEUCHHE.

Pucynok 37 — JIomaHHBII CTEPKEHB
1) moCcTpOuTh MIOPHI Nx, QY, Qz, MX, My u M,
2) Pacuer HanpsKEHUI U ONIpEACIIEHUE Pa3MEPOB NONEPEYHBIX CEUEHUI CTepKHEN

8.3 Bonpocs! Aj1s1 caMOnIpoBepKHU

1 Kakoii cimyyait u3arn6a Ha3pIBa€TCsl KOCHIM H3rHO0OM?

2 Bo3MoOeH 11 KOCO¥ U3rud Mpu YUCTOM U3THOE?

3 B kakux TOYKax MOIMEPEYHOro CEYEHMsI BO3HUKAIOT HAUOOJbIINE HAMPSKEHUS
py KOCOM H3rude?

4 Kak onpenensitorest iegopmariuu mpu Kocom u3ruoe?

5 Mosket nu 6anka Kpyrjioro NornepeyHoro CeYeHus: UCTIbITHIBATH KOCOUM U3TH0?

6 Kak HaxoasT HanpspKEHUs B NPOM3BOJBHOM TOYKE NONEPEYHOIO CEYEHUs IpH
BHELICHTPEHHOM PACTSKEHUH UITU CKATUU?

7. Uemy paBHO HaIpsHKEHUE B LIEHTPE TSKECTH MOMEPEYHOIO CEUYECHMS IPU BHE-
LIEHTPEHHOM PAaCTSIKEHUU WM CKaTUU?

8 Kakue HampskeHUs: BO3HUKAIOT B MONEPEUYHOM CEYEHUU CTEPXKHS MPHU U3rHle C
Kpy4yeHuem?

9 Kak HaxonaTcs onacHble CEUeHUs CTEP KHS NpU U3rude ¢ KpyuyeHuem?

10 B xakux TOYKax Kpyrjioro MOMEPEeYHOIro CEYeHHsI BOSHUKAIOT HauOOJbIINe Ha-
MPSOKEHUS TIPU U3THOE ¢ KpyYSHHEM?
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11 Kak numnryTcss ycoBHsI POYHOCTU CTEPKHS 110 BCEM YETBIPEM TEOPUAM, €CIIU
U3BECTHBI Oy U T ?

12 Kak HaxoauTCs BEIWYMHA PACUCTHOTO MOMEHTA NpPH HM3rHOE ¢ KpydeHUEM
CTEPKHS KPYIJIOrO MONEPEYHOTO CEUECHHMS?

13 Ilo xakoii Teopun npouyHoctd (3 wim 4) nmoayduTcs OoJblIasi BEJIMYMHA pac-
YEeTHOTO MOMEHTA MPH 3aJIaHHbIX BeIUYuHaX My 1 Mg?
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9 YCTOMYMUBOCTH MMPOJOJIBHO CKATBIX CTEPKHEM

9.1 TeopeTnveckasi 4acTh

[Ipy u3ydeHHUH SIBJICHUS MPOJOJIBHOrO M3rnda HEOOXOIMMO OOpATHTh BHUMAaHUE
Ha TO, YTO IPH CKATUM JUTIMHHBIX CTEP>KHEN OBIBAIOT CiIy4au, KOTJa MPU MOCTEHEHHOM
YBEJIMYEHUU HATPY3KH PE3KO MeHseTcsl (opMa paBHOBECHUSI U HAMPSIKEHHOE COCTOSHHE,
B pe3yJbTaTe YEro MOXKET ObITh BHE3AITHOE pPa3pyIlICHHUE.

Ecnu cxxumaromye cuiibl OyayT OoJible MPEAesIbHON BEIMYUHBI, TO OCh CTEPIKHS
M30THETCS, U CTEP’KEHb OYAET MOJIBEPraThCs, KPOME CXKUMAIOIIEH CUJIbI, U3THOAIOLIEMY
MOMEHTY (pucyHok 38 a, 0).

F<F F=F..

K il

A

a (7]

Pucynox 38- [IpoonbHbli U3rud

rne F — nelicTBytomas Ha CTEPKEHb CX)KUMAIOIIAs CHIIA,
Fp — KpUTHYECKas cuila, T.€. CKUMAOLAs LIEHTPAIbHO MPHUIIOKEHHAs CHJIA, IPH
KOTOPOM CTEP>KEHb €I11e YCTOMYUBO COXPAHIET MPSIMOJIUHEHHYI0 (hOPMY PaBHOBECHSI.
BennunHa KpuTHYECKOM CHITBI onpeaeIsieTcs mo ¢hopmylie Ditiepa:

£ o Ely, a1
()

rie  E — monyns ynpyroctu 1 poga maTepuaia CTEpKHS,

1 — KO3 HUIIMEHT TPUBEICHUS AJIUHBI CTEPIKHS,

| min — HAUMEHBIINI 0OCEBOM MOMEHT MHEPILIUM CECUCHMUS,

{ - nnuHa cTepKHS,

Fyp — BEIMYMHA KPUTUYECKOMN CHJIBI.

3Has BENMYMHY KPUTUYECKON CHIBI Fp, ¥ Iiomane cedyeHus CTEp:KHSA A, MOKHO
ONPEEIIUTh BETUYMHY KPUTUUECKOTO HATIPSKEHUS:
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F 7°El .
GK — Kp — min ’ (12)
"OA,  (wfA

[ . N
TaK Kax | X” = iy TIPEACTABISICT COOON PaINyC UHEPIIMH CEUCHUS U

np

i A - €CTh THOKOCTh CTCPIKHsA, TO BCINMYMHA KPHUTHYCCKOI'O HAIIPAKCHUA

min

BBIpaKaeTcst POPMYIION:

7°E
GKP = 12 (13)
HyxHo 00patuTh 0cO00C BHIMaHUE HA Tpe/e MPUMEHUMOCTH (popmyItel Ditepa

2
7°E
A2 —O_ . IIpu rubkoctH, MEeHbBIIE TPEACIbHON (opMysa Ditiepa HEMPUMEHUMA, pac-

YET CTEPXHS HAa YCTOMYMBOCTH BBIMOJHSIOT 110 YMIUPUUECKON popMyiie SIcuHCKOro
o, =a—-bA (14)
rae  au b — kodhGUIMEHTHI, 3aBUCSIIIE OT MaTepraIa.

CrenyeT Takke 4eTKO MPEJCTaBIATh cede, YTO MpH pacueTax Ha YCTOMYMBOCTH B
OTJIMYHE OT PacYeTOB HA MPOYHOCTD MPEAETHHOE HAIPsHKEHUE (3[1€Ch — KPUTHUYECKOE Ha-
IPSDKEHHUE Gyp,) 3aBUCHUT HE TOJBKO OT Marepuana Opyca, HO M €ro T€OMETPHYECKUX pas-
MepoB, (POPMBI CEUEHHS, a TAKXKE OT CIOC00a 3aKPETIICHHUS KOHIIOB.

B 00oux cimydasx A</>Anpe; pacdeT CTEpKHs Ha MPOJOJIBHBIA H3TH0 MOXKHO BECTU

MIpU MIOMOIIN KO3(PPUITMEHTA TTOHIKEHUSI IOMTyCKAeMOTO HANPsDKEHHS Ha MPOCTOE CkKa-
tue. Pacuetnas opmyna umeet BUI:

F()O,, = (0[0 ]m A , K03 (PUITUEHT ( 3aBUCUT OT THOKOCTH M MaTepHuasa CTEP>KHS.
9.2 IlpakTH4yecKas 4acThb

3agaua 1. JJano: F=300xH; 1=2,3m; [o]=160M1Ta
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Pucynoxk 39- CxeMa Harpy’eHusi CTEPKHsI MPOAOIBHOM cuiioi F

Pewenue:

1 B nepBom npubmmkeHun 3amaemcst 41~ 05 Torma u3 YCJIOBHUS YCTOMYUBOCTH:
c=F/A<Z leJ:(pl[a]
HaxOJIMM:

F _ 300-10°
olo] 0.5-160-10°
[Inomans ceueHus
A=15a-a=15a’

A
15

A> =37,5¢cm?

a= =5cm

2 IIpoBepuM yCTOMYHUBOCTH IPUHATOTO CEUYECHHUSI CTEPIKHS
OnpenenuM oOIIYIO JJIMHY CTEPKHS

l,b=u=231=23u

Ine #=1 - nns nanHoro BUaa 3aKpernieHus CTEpsKHSL.
OnpenenuM MOMEHT MHEPLIMM CEYEHUST OTHOCUTEIIBHO OCH Z:

_l5a-a’

J, =78,125¢cm*

OrmnpeeiiM MOMEHT HHEPIIMH CEUCHHST OTHOCHTEIBHO OCH Y
(1,5a)° -a

3, =28
12

Onpenenum pagnycbl UHEPLIMU CEUYCHUS

= [Tz 18125 g 4acy,
A | 375

= 2= I8 o6
A 375

OnpenenuM ruOKOCTb CTEPHKHS OTHOCUTENBHO ocell Z u Y

2, =10 23015975
i, 144

1, ,

=175,78m"
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4, =10 230 10648
i, 216

ns Hambonblero sHadenmsi ruokoctn 2 =19972 onpenennm kospduument
P
¢ =0,27
OmnpenenuM pacueTHOE HAPSHKEHUE B CEUCHUU
__F _ 30010°
@A 0,27-37,5-10°
CrepxeHb neperpyKeH

=296,3>[c]|=160MITa

[IprHMaem BO BTOPOM IpUOTKEHUN cpenHee 3HAYCHHEC
o= Pt Pusr 054027 _ 5 50g
2 2
3

A> F = 500-10 5 =487cu* a= A =5,69cm

o lo] 0,385-160-10 15

3
3, =508 131 760w
12
i, = Iz =1,64cm
A

. ly 230 409

i, 164

Jlist HambONbBIIEro 3HadYeHMss ruokoctH Az =1398 onpeneanuM KodhPUImeHT
¢ =0,35
OnpenenuM pacyeTHOE HAPSHDKEHUE B CEUEHUN
oo F_ 30010°
oA 0,35-48,7-10°
CrepxeHb NeperpyxeH

=176 > [c]=160MI1a

[IpuanMaem B TPETbEM MPUOINKEHUN cpenHee 3HAYEHUE

o O Z(pm _ 0,385 2+ 035 4

3
A> £ _ 300-10 ~=50,67cu’ a= A 5,8Cu
@ lo] 0.37-160-10 15
_l5a-a’
12
Jz.
A
_I—O = 230 =137
i, 168
s¢urment ¢ =0:365
OmnpenenuM pacueTHOE HAPSHKEHUE B CEUCHUU
__F_  30010°
oA 0,365-50,67-10°

J, =142,66cm*

=1,68cm

Iz

z
Jlns HamGounbimero 3Hadenus: rudkoctn %z =137 ompemenum Ko-

=162>[o|=160MIla
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162160 5005 = 1.206
[leperpy3 paBen 162 4TO JIOMYCTHMO

OxoHYaTeNbHO NPUHUMAEM & = 5.8cu
Haiinem kputudeckoe 3HaUCHUE CUIIBI
F, = opA= 0,365-50.67-10%-162-10"° = 299.6xH
Koaddumuent 3anaca

FK'7
n=—=0.998

F

3amaua 2. CranbHOM cTepeHb JiuuHoM 1 = 2,3 M cxxumaercs cwioi P = 300 xH.
YcnoBus 3akperuieHus: CTepKHS U (popMa ero rmepeyHoro CEUeHMs MoKa3aHbl Ha pUCYHKE
40.

P Ay
R
A % x
& P
'E Y
. a T
a L Za

Pucynok 40 - YcioBus 3akpernyieHus CTepKHA U (popma ero NepevyHoro Ce4eHus

TpeOyercs HalTH:

1) pa3Mepsbl MOMEPEYHOrO CEYEHUST CTEPIKHS

2) BEJIMUMHY KPUTUYECKON CUJIBI U KOIPUIIMEHT 3amaca yCTOWYUBOCTH TIPH J10-
MMyCKaeMOM HalpsbKeHHH Ha cxxaTtue 6 = 160 MIla.

9.3 Bonpocsl 1J11 CaMONPOBEPKHU

1 B yem 3akmrodaeTcs sIBICHUE MTOTEPU YCTOMUUBOCTHU CKATOTO CTEPIKHSA?

2 Kakas cuia Ha3bIBa€TCA KPUTUUECKON?

3 Ilo xakoii popmyiie HaXOIUTCS BEIMYNHA KPUTHIECKOM CHIIBI?

4 Kakas BeM4rHA HA3bIBACTCSI THOKOCTHIO CTEPIKHS?

5 Tlo xakoii popmysie onpenensieTcss KpUTUIECKOe HanpsHKeHHe?

6 Uemy paBeH KOX(DPUITMEHT IIWHBI, JIJIS Pa3IMYHbIX CIydaeB 3aKpeEIICHUsI KOH-
LIOB CTEPKH:A?

7 B kakux ciyuyasx MOXHO M0JIb30BaThcs hopmylioi Ditnepa?

8 Kak HaxomWTCs KpPUTHYECKOE HAIPSIKEHUE ISl CTEPKHEH MAJIOW U CPEIHEU
TUOKOCTH?

9 Kak npou3BOAUTCS pacyeT CTEPKHEN HA YCTOMUYUBOCTH?
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3AJAYNA JJ1 BBINTOJIHEHUA KOHTPOJIBHBIX
N JOMAIIHUX PABOT

K xaxxnoit 3amaye qaercst 10 pucyHKOB U Tabnuila, cojepkaiias JOMOJTHUTEIIbHbBIE
K TeKCTY 3a1a4yu ycnoBusi. Homepa ycnoBuit ot 0 10 9 npocrapnenst B 1-m cTonbie Tad-
muiel. CTyIEHT BO BCEX 3ajadaxX BBIOMpACT HOMEpP PUCYHKa IO MpeArnocieaHeit mudpe
mudpa, a HOMep yCIoBHs B TaOJIHIe — M0 MOCIEAHEH; HampuUMep, eciu mudp OKaHYH-
BaeTcs uynuciaom 46, To 6epytcs puc. 4 u ycinoBus Ne 6 u3 TaOJIAIIEL.

3A/TAYA 1 IlpoekTHbIii pacyer Opyca

Jlnst 3aaHHON pacyeTHON CXEMbl MOCTPOUTH AIIOPY MPOJOJIBHBIX CHJI U ONpee-
JUTh TIOCTOSIHHBIE M0 y4acTKaM Opyca IUIONaAu KBaJpaTHBIX MONEPEUYHBIX CEUCHUH, OK-
PYTJIMB UX 3HAYEHUS JO BEJIMYHMH, KPATHBIX lem?. BbluepTuTh CIipOEKTHUPOBAHHBIN OpyC
U MOCTPOUTH JIIOPY MEPEMEIICHUN MONEPEYHBIX CEUCHHU B CIIPOEKTUPOBAHHOM Opyce,
eciu E=0,8- 10° MITa.

3A/TAYA 2 IIpoBepo4HbIil pacuer Opyca

JInst 3a1aHHOM pacyeTHOM CXEMbl, MPUHSB 3HAYCHHUE ( U3 3a7aud |, BBITOJHHUTH
MIPOBEPOYHBINA pacyeT Mo ydyacTkaM Opyca. YKa3aTh HEAOTPY3Ky WIH MEPErpy3Ky mMaTe-
puana B %. IlocTpouTh smiopy NepeMelleHHil MOoNepeyHbIX CeYeHuM Opyca, eciu
E=0,8-10°MITa.

Pucynok 41 - PacuetHas cxema K 3aaaue 1
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Tabmuua 1 - YucnoBele 3HaueHus K 3agayaM 1 u 2

Pucynok 42 - PacueTHas cxema K 3ajaade 2

K 3amauam 1 u 2 K 3amaue 1 K 3amaue 2

Ne I, l, 1, [O' ]p [G]c ! F F, F A A, F | R

CTPOKH
cM MIa | xH xH Cum° kH
E

1 20 |20 (20 |40 |100 {100 |20 |20 |20 (50 |20 | gl |ql
2 30 |30 (30 |50 |[110 {110 |30 |30 |30 (50 (20 |qgl |ql
3 40 |40 |40 |60 |120 [120 |40 |40 |40 (50 |20 |qgl |ql
4 50 |50 |50 |70 |[130 {130 |50 |50 |50 (50 (20 |ql |ql
5 60 |60 |60 |80 |[140 (140 |60 |60 |60 (10 |20 | gl |ql
6 20 |20 (20 |40 |100 |[-100 |-20 |-20 |-20 {10 |25 | gl |ql
7 30 |30 |30 |[50 |110 |-110 |-30 |-30 |-30 |10 |25 | gl |l
8 40 |40 |40 |60 |120 |-120 |-40 |-40 |-40 {15 |25 |ql | ¢l
9 50 |50 |50 {70 |130 |-130 |-50 |-50 |-50 |15 |25 |ql |dl
0 60 |60 |60 |80 |140 [-140 |-60 |-60 |-60 (15 |25 |qgl | ¢l
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3ATAYA 3 Pacyer cTaTHYeCKH ONpeAeTUMON 0aaKku

JIis 3aJTaHHOM pacyeTHOM cXeMbl O00PaTh U3 COPTAMEHTA 0 YCIOBUIO MPOYHO-
CTH 33JIaHHBIN IPO(HUIIL CEYEHUsI, €CITU [G] =160MI11a.

Omnpenenuts Nporudbl OANKK ¢ BepeSAuHe MposieTa U Ha ee CBOOOIHOM KOHIIE, eC-
m E=2,0-10°Mma. [TpoBepHTb 5KeCTKOCT GaKH, eCIIH [f ] =0,001-1.

[Tpu HEOOXOIMMOCTH TTOIOOPATHh HOBBIN 33alaHHBIN TTpodh ceueHus. [loctponuthb
rpaduK ynpyroi JMHUU OalKH.
Ha pucyHnke 43 npencraBieHa pacueTHas cxema K 3ajaade 3.

Pucynok 43 - PacueTHas cxema K 3agade 3
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Taomuna 3 - YucnoBble 3Ha4EHUS K 3a/1a4€ 3

Ne crpoku I, I, I ! M Bun ce-

M P4 «H - u YEHUS

o Oanku
1 1,0 1,0 1,0 20 30 I
2 1,0 1,0 1,0 20 30 I
3 1,0 1,0 1,0 -20 -30 I
4 1,0 1,0 1,0 -20 -30 I
S 2,0 2,0 2,0 30 40 I
6 2,0 2,0 2,0 -30 -40 [
7 2,0 2,0 2,0 30 40 [
8 3,0 3,0 3,0 40 50 [
9 3,0 3,0 3,0 -40 -50 [
0 3,0 3,0 3,0 -40 -50 [

3AJIAYA 4 Kpyuenue Opyca KpPyrJoro CIviOIIHOIr0 MOMEePevYHoro cevyeHus

OnpenenuTs U3 pacuyeTa Ha IPOYHOCTh U KECTKOCTh JUaMETp Opyca M0 ydacTKam,
ecn G = 0,8-10° MIJa. M3 ByX pacCUMTAHHBIX AHAMETPOB IS KXKIOIO Y4acTKa IPH-

HATH OOJIbILEE MO BEJIMYMHE U OKPYTJIMTh UX /10 3HAYEHUM cTaHapTHOro psaga B Mm: 10,
11, 12, 14, 16, 18, 20, 22, 25, 28, 32, 40, 45, 50, 60, 70, 80, 90, 100, 120 n nanee yepe3

20MM.

HauyepTuth CipoeKTUpPOBaHHBIN CTyneHYaThld Opyc, yKa3aTh pa3Mepbl U MacliTa-
OBl IJTUHBI U TUAMETPOB.
PaccuuTtaTh aOCOJIOTHBIE YIUIBI 3aKpy4YMBaHUsI MOMNEPEYHBIX CEYeHHil Opyca ux

DMIOPHI.

Ha pucynke 44 npeacrasiieHa pacueTHas cxema K 3ajaaue 4.
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Pucynok 44 - PacuetHas cxema K 3axade 4

Tabmuua 4 - UucnoBele 3HaUEHUA K 3a1aue 4

Ne JInuHa yyactka, M MOMEHT, xH - m Jomyck 3Ha-
CTPOKH YCHUU

M M M M [1] [0]

Il |2 I3 I4 1 2 3 4 MlIla | epao
M
1 0,1 0,4 0,2 0,3 1,1 1,1 2,0 0,6 50 0,5
2 0,2 0,5 0,3 0,4 1,2 1,2 1,9 0,7 60 0,6
3 0,3 0,1 0,4 0,5 1,3 1,3 1,8 0,8 70 0,7
4 0,4 0,2 0,5 0,4 1,4 1,4 1,7 0,9 80 0,8
5 0,5 0,3 0,1 0,3 1,5 1,5 1,6 1,0 90 0,9
6 0,1 0,4 0,2 0,2 1,6 0,6 1,5 1,1 100 1,0
7 0,2 0,5 0,3 0,1 1,7 0,7 1,4 1,2 50 0,5
8 0,3 0,1 0,4 0,2 1,8 0,8 1,3 1,3 80 0,6
9 0,4 0,2 0,5 0,3 1,9 0,9 1,2 1,4 70 0,7
0 0,5 0,3 0,1 0,4 2,0 1,0 1,1 1,5 60 0,8
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3AZTAYA 5 Pacuer Bajia Ha Kpy4YeHHe ¢ H3ruoom

JIns 3aaHHOM pacUYeTHOM CXEMBbI BBIUHUCIINUTD BEJIMUMHY CKPYUYHMBAIOIIETO MOMEH-
Ta M; U3 yCIIOBHSI paBHOBECHS Baja U PacCUUTATh JUAMETP CTYNEHYATOro Baja Mo yda-
crkam 10 |11 i |V Teopuu npounoctn, npussts [o]|=100MITa. OKPYIIHTH MOTyYeH-
HBIE pa3Mepbl IMaMETPOB Bajia A0 CTaHIAPTHBIX 3HaueHuit (Mm): 32, 36, 40, 45, 50, 55,
60, 70, 80, 90, 100, 120 u nanee yepe3 20MM U BBIYEPTUTH B MaclTade BUJ CTyleHYATO-
ro BaJa.

PucyHok 45 - PacuetHas cxema K 3aaade 5

Tabmauia 4 - Yuciiossle 3HaUEHUSA K 3a71a4€ 5

Ne ['eomeTpuueckne pasmepsl Harpy3ku Teopus
F F, M, M, | IpOYHOCTH

CTPOKHU
pox | [ 1, |,

cM kH kH-M

50 50 50 50 2,0 2,0 1,0 1,0
60 60 60 60 3,0 3,0 2,0 2,0
70 70 70 70 4,0 4,0 3,0 3,0
80 80 80 80 50 50 4,0 4,0
90 90 90 90 6,0 6,0 50 50
50 50 50 50 2,0 2,0 1,0 1,0
60 60 60 60 -3,0 | -3,0 2,0 2,0

N OO~ W N
AW OWW W W

81



8 70 70 70 70 -40 | -40 | 3,0 3,0 4
9 80 80 80 80 -50 | -50 | 4,0 4,0 4
0 90 90 90 90 -6,0 | -6,0 | 50 50 4
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