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BBEJEHUWE
CormpoTyB/ieHre MaTeprajioB — MHPKeHepHast HaykKa 0 MeTo/lax pacueTa Hanbosee
pacrpoCTpPaHEHHBbIX  37EMEHTOB KOHCTPYKLIMM HAa TIPOYHOCTb, JKECTKOCTb U
YCTOMUMBOCTh TIPM OJHOBPEMEHHOM Y/IOB/IETBOPEHUM TpeOOBaHWM Ha/le)KHOCTH U
9KOHOMHUYHOCTH.
OKCIepUMeHTa/IbHOe TO/TBEP)K/IeHUe OCHOBHBIX TOJIOXKEHUW IUCLIUIIIUHBI
«ComnpoTvB/eHMe MaTepuaaoB» HMeeT Ba)KHOe MeTOAuYecKoe 3HaueHWe B

(hopMHpOBaHUU UH)KEHEPHOT'O MBIIILJIEHUS CTY/IeHTa.

B niporiecce usyueHusi CTyZieHTaMU AUCLUIITMHBI « COMPOTHB/IEHNE MaTepraioB»

peanu3yrotcs KomrereHus OITK-1.

[laHHbIe MeTOANUEeCKHe YKa3aHWs MpeAHa3HaueHbl JJis1 TIOATOTOBKU CTYJAEHTOB K
nabopaTopHBIM 3aHATHUSM 110 AUCLHUTIIMHe « COTIPOTUB/IEHNE MaTepHaioB».

B kaxzoii sabopaTopHoii paboTe TipuBejleHa 1ieJib U COZiep)KaHus padOThl,
W3/I0’)KeHbI OCHOBHBIE TEOpPETHUECKHe TI0JIOKEeHHsI, TpHBeJeHa MeTOAWKAa U TIOPSIOK

BbITIO/THEHHUA pa6OT]:>I, CoJiep>KaHHre 0T4YeTa U KOHTPOJIbHbI€ BOIIPOCHI.



JTabopartopHas pabota Nel. ICIIBITAHVE HA PACTSDKEHUE
MAJIOYTJIEPOZIMCTOM CTAJIN.

1. Lleab u codepaicanue pabombl: v3ydeHue TTOBeIeHNs MaIOyT/IEPOAVCTOMN CTan
B IIpOLieCcCe MCIbITAHUS Ha pacTsDKeHWe [0 paspylleHus, [0JIyueHue [JuarpaMMbl
PACTsDKEHUS U OTIpe/ie/ieHre MeXaHMUeCKHUX XapaKTeprHCTHK MaTepuasa oopasiia.

2. Teopemuueckoe obocHosaHue

[is  perieHWss TIpaKTUYECKWX 3a7jad  HeoOXOAWMO 3HaTh MeXaHWYeCKHe
XapakTepUCTUKU MaTeprasoB.

Cyl1jecTByeT MHOTO METO/IOB MCIBITAHUM MaTepuasioB, HO OCHOBHBIM SIBJISIETCS
WCIIbITaHWe Ha pacTsbkeHue. OIbIThI TIPOBOAATCS Ha CrelMa/lbHbIX MalllMHaX, pabouee
yCUIMe B KOTOPBIX CO3/aéTCsi MO0 TIPU TIOMOIIM PhIUaXXHOTO YCTPOMCTBA (phluakHbie
MalLIMHbI), WIA C IOMOLLIBIO THAPABINYECKOrO JaBjieHus], TlepeZilaBaeMoro Ha MOpILIeHb
(rvgpaB/MuecKre MallvHbI).

[Ipy ucnbITaHUSAX HA PACTSDKEHHWE NMPUMEHSIOTCS TaK Ha3blBaeMble HOPMasbHbIe
o0pa3ijpl KpPYyTr/0ro WM TpsSMOyToibHOro cedeHus. OOpaser; (pucyHok 1.1), Kpome
I[UIMHPUUECKON paboueii YacTd, WMeeT IJIaBHbIe TepPexXofbl K LUIMHIPUUeCKUM
YTO/MII[eHHBIM T'0/I0OBKaM, MpeAHa3HAUeHHBIM [I7Is] 3aKperieHus: 00pa3ijoB B MallliHe.

I

PucyHok 1.1 — Dcku3 obpasija 10 UCTIbITaHUM

BO/ILIIMHCTBO COBPeMeHHbIX MCITbITaTebHBIX MAIMH CHA0KeHbl uarpaMMHbIM
anrapaToM, KOTOpbIA aBTOMAaTUUeCKd B MPOLIECCe UCIBLITAHUS BbluepumBaeT rpauk
M3MeHeHusl Y/ iMHeHus obpasua Ala, B 3aBUCUMOCTM OT CTaTMYeCKOTo YBeJUdeHHs
pacTtsruBarolLeil cunel P, T.e. quarpammy pactsokenns P =f(40).

Tl MCK/TIOUeHUsl BIMSHUS TIOTIePeyHbIX pa3MepoB M JuHBI paboueil yacTu
obpasiia yj06HO MepecTpOUTh MaLIMHHYIO AMarpaMMy PacTsDKeHUs, paszie/luB CU/bl P
Ha TepBOHAua/lbHYIO IIOLIaAb ceyeHHs obpasua A,, a abCOMIOTHOe y[/IMHEHWe Ha
pacuéTHyIO AMHY L, T.e.

o=—; £=1 (1.1)

B pesy/bTaTe MO/yUMM YC/IOBHYIO AMarpammy pactsokenuss O = f(€) (pucyHok
1.2).

B Hauane auarpamMma MMeeT MpsSIMOJMHENHBIM yuacToK OA. Ha3biBaeMbld 30HOU
ynpyeocmu. Ha ydyactke OA cobmrofaeTcsi mpsiMasi MPOIOPLMOHa/IbHAsE 3aBUCUMOCTD
MeXX/ly HamnpsbKeHMeM W OTHOCUTEeTbHBIM Y/JTMHEHWEeM, TO eCTb BBITIOJTHSIETCS 30dKOH
I'yka.

Haubosbiiee HaripsbkeHWe, 10 KOTOPOTO Marepuasn ciefyeT 3akoHy ['yka (Ha
marpaMMe TOodka A), Ha3bIBaeTCsl npedes oM NponoOpyUuUOHAAbHOCMU W BBIYUCIISIETCS T10

dbopmyiie



P
Oy = ) (1.2)
A
rie P — Harpy3ka, OTBeuaroliast pe/iesy mporopriroHaTbHOCTH.
Jlst Ma/IoyrnepoAuCTOi cTamu Oy, ~2 -10° Ila =200 MIla.

~3-

€

PucyHok 1.2 — YcoBHasi ;uarpaMma pacTsDKeHHUs] MasloyT/IepoMCTON CTalu

Briie Touku A guarpaMMa HauMHaeT HeCKOJIbKO MCKPUBIIATHCA, U 3aKOH ['yka
HapyiiaeTcsa. OZHAKO MOXKHO OTMeTHTh Takoe HeOosbllioe HarpsbkeHWe (Touka B Ha
pucyHke 1.2), 10 KOTOPOro B MaTepuase, UMeIOT MeCTa TOJIbKO yrnpyrue gedhopmaruu,
TIOJTHOCTBIO MCYe3arollye 10Cjie CHATUSA 3arpy3KHU.

OTO HarnpsbKeHre Ha3bIBaeTCs npeoesoM ynpy2ocmu

o =2 (1.3)

3a ToukoMi B pgedopmaiuu pacTyT ObicTpee Harpy3Kd, WCKpUBJ/IeHHE
yBe/IMUMBaeTCs, U B HEKOTOpoul Touke C TIOBeJileHMEe MaTepuasia pe3KO MeHSeTCs:
nedopmaiiii  Bo3pacTaloT 0e3 3aMeTHOrO YBeIWueHWs] Harpy3ku (Wav Jake TIpU
MIOCTOSIHHOM Harpy3ke) 10 Touku C' — Marepuasn, Kak TOBOPAT «TedeT» (sIBJleHUe
TeKy4YeCTH MeTasl/IoB).

['opu3oHTanbHBIA (MM MOUYTH TOPU30HTaNbHBIM) ydacToK CC' Ha AuarpaMme
pacTsDKeHUs1 Ha3bIBaeTCsl njaowaokoll mekydecmu, a HaripsbkeHWe, TPU KOTOPOM
TIPOUCXO/IUT TeueHHWe Marepuana (yBenudyeHue aedopmaiidii Tpu TPUOIU3UTETHEHO
MOCTOSIHHOW Harpy3kKe), Ha3bIBaeTCsl npedesoM meKyuecmu

o; :i' (1.4)

rae Pr — Harpy3ka COOTBeTCTBYMOLasl Iuioljazke tekydectd (ans cranma Cr.3
rpejies TeKyuecTu npumepHo paseH 2,4 -10° Ila =240 MIla).

[Mpu panbHeiiieM JedopMUpoBaHMK oOOpasilla 3a TOYKOM HarpsbKeHUs U
pacTaruBarolljee yCujvde BHOBb YBeJIMUYUBAIOTCS, TO €CThb MPOUCXOAUT YIIPOUYHEHUe
CTany, OPUYEM STOT TMpOLEeCC HIAET A0 MOMEHTa JOCTWXKeHus cuior P cBoero
HaubO/bIlIero 3HaUeHMS.

Ha puarpamme »starmy yIrpouHeHUs1 OTBeuaeT Hak/jOHHasg KpuBasg C'D,
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HasbIBaeMasi 30HOM YIIPOUHEeHUsI.
HampsbkeHusi, COOTBETCTBYIOIMe HauOOJbIlIeMy 3HAaUeHHIO pacTIrHBaroleid
CUJIbl, Ha3bIBAIOTCSI BDeMeHHbIM CONPOMmMuUe/aeHUeM U npedesom npouHocmu
P

o8 =$. (1.5)

b
Ha guarpamme o cootBercTByeT Touke D (ayist cram Ct.3 0 ~400Mlla),
BBH/y TOro, 4TO BPEMEHHOE COMPOTHUB/IEHHE OUEHb MPOCTO OINpPEeAE/ISETCS W3

ombITa (Z0CTaTOYHO pasopBaTh oOpasel] C M3BECTHOM IUlomagbld F, ceueHus Ha

MallliHe W OTMETUTh TIPM 3TOM), 3Ta XapPAKTePUCTHKA SBJISIETCS OCHOBHOMR IS

CY’>K/IeHHUSI O TIPOYHOCTH MeTasla.

To moCTYyKEeHHUs TIpejesia MPOYHOCTH IIPOJO/LHBIE W IONepeuHbie Je(opMaryiu
PaBHOMEPHO pacrpe/ie/IsiioTCs TI0 PaCUeTHOM JiyiiHe obpasiia.

B MOMEHT ZIOCTVMIKEeHWUsI TIpeie/ia POYHOCTH TIoBeZieHre obpasiia eire pa3 pesko
MeHsieTcst: fiedopMaliist 06pasiia JIOKalIu3yeTcs B OHOM, Hanbosee ciaboM mecte (M
B MeCTe Ha/muus Je(eKTOB-HaJpe30B, 1japanuH 1 T.J.), BCIeJCTBHe Yero HaboaeTcs
MeCTHOe TIIOMepeyHoe Cy)KeHue o6pasija, rje ¥ HauvHaeT 06pa3oBBIBATHLCS Tak
HasbiBaeMasi Iieiika (PUCYHOK 1.3), OCTajlbHBIE )K€ CEUeHHS OCTAKOTCH MPAKTHUeCKH
HeHU3MeHHbIMH.

A d]
r\\ "]
R Cap—— [ ..... T P DE ........ i —— * U S N
\

Pucynok 1.3 — Dcku3 obpasija mocsie UCIbITaHUM

BcnencTtBre pe3Koro yMmeHbllleHHsl TIOTIEPEUHOTO ceueHusi oOpasija Asis
JanbHeUIlero ero pacTsbKeHUs Hy)KHa BCe MeHblllasi M MeHblllasi CUja M, HaKOHell, B
Touke E (pucyHok 1.2) mpoucxoauT pa3pbiB (pa3pyiieHue) obpasiia. Hucmnazaroias
BeTBb DE /arpaMmbl pacTsDKeHUs1 Ha3bIBaeTCsl 30HOU MeCmHOU meKyuecmu.

[TosHyto Aedopmaluio obpasiia Mpy pa3pbiBe (PUCYHOK 1.2) MOXKHO pa3/ieNUTh
Ha YMpyrylo, MCHOBEHHO MCYe3aloll[yl0 T0C/ie pa3pbiBa, W IIACTUYECKYHO, KOTOpas
00bIyHO 00O03HauaeTcsi uepe3 O, W Ha3bIBAETCSI OMHOCUMEAbHbIM OCMAMOUHbIM
YO/NUHeHUeM TIpY pa3pbiBe

[ -1
o Z% -100% (1.6)

)

rae , — myvHaA pacueTHOW uYacTu oOpasija 1Mocje pa3pbiBa, U3MepeHHas ToCie
coeJMHEHMs yacTel pa30pBaHHOTO oOpasiia.

BemvuuHa O XapakTepu3yeT TIUIaCTUYHOCTh Marepuana (ans cramm  Cr.3
0 =21...23% , a nns HaubosIee pacIpoCTPpaHEHHbIX COPTOB CTau O =8...28% ).

[nst oLleHKM MJIaCTUYHOCTHA MaTepuasa OIpefensieTcss U Apyras XapaKTepUCTUKa
— OmMHOCUmMe/AbHOe OCMAMOYHOE CyJdCeHue TIOTIepeYHOr0 CeveHWs B IIelKe Iociie
pa3pbiBa



A-A
1// :OT1 100% (17)

(0]

rae A; — TI/Ioa/ib TIOTIEPeYHOr0 CeueHus IelKu B MecTe pa3phbiBa (B Haubosee
TOHKOM MecCTe IIIeHKH).

Bemmuvna ¥ 0Gojlee TOUHO XapakTepu3yeT IUIAaCTUYEeCKHe CBOMCTBA, T.e.
njacTuUeckass AedopMalvs 1Mo JjvHe oOpasija pacrpe/iensieTcsi HepaBHOMEPHO, U
BeJIMUMHA O SIBJISIeTCS HEKOTOPLIM CpPeJHMM yiuHeHueM. UeM Gosbite 0 u ¥, Tem
[/IaCTUYHee  Marepuajg, I03ToMy O ¥ ¥ HasbIBalOTCA  MexaHU4ecKumu
XapakmepucmukKamu naacmu4yHoCcCmu mamepuand.

3. 3adaHue.
1. Ucronb3ys AaHHble TaOMMIIBI, TTOCTPOUTE pabouyl0 JuUarpaMMy pacTsKeHHs

cramu P =f(41).
2. 1o pe3y/ibTaTamM MOCTPOEHUS OMpeJe/UThb mpejesl MPOroPLUOHaIbHOCTA Yy,

ripefie/l TeKydectd Or, Tipefie/l YIPyroctu Oy U mpefesl NIPOYHOCTU Op, eCyd AUaMeTp
obpastia g0 ucnbitanus d, = 10 MM, a rtocste UctbiTanus d; = 5,8 Mwm;

3. PaccuuTaTh OTHOCHUTE/IbHOE OCTATOUHOE YIJIMHEHWe O TIpU pa3pbiBe, eC/U
nvHa obpasija o ucnbitandus [, = 100 Mm, a Tiocsie ucrbiTadus [; = 131 mwm;

4. PaccunTaTh OTHOCHUTEILHOE OCTATOUHOE Cy)KeHHe ¥ TIOMepeyHoro CeYeHWs B
1IeMKe Moc/ie pa3phbiBa:

5. Cpenatb BbIBOJBI.

Tabnnua
Al, MM 0 0,3 0,47 0,625 0,94 2,5 3,75
P, xH 0 4 8 12 16,7 18,8 19,4
Al, MM 5,25 9,75 15,0 20,0 28,75 36,25 41,25
P, kH 22,7 28 32 34 32 28 24

KoHumponbHble 8onpochl.

1. Kakoii obpa3el] TpUMeHsIeTCs 11 UCTIBITAaHUH ?

2. B KakKux KOOpJIMHAaTax BblUePKMBAETCH AuarpaMma pacTsyKeHUs JuarpaMMHbIM
anrnapaTroM HCIbITaTe/IbHOM MallluHbI?

3. Kak cTpouTcs ycioBHas AuarpaMma pacTsKeHUs?

4. Kakue u3MeHeHHs, TIPOMCXO/sle C 00pa3ijoM B TIpoliecce pacTsDKeHUs, He
YUUTBIBAIOTCS YCJIOBHOM IMarpaMMOM pacTshKeHUs ?

5. Uto Ha3bIBaeTcs mMpenesioM MPONOPLMOHAIBHOCTH, IpefesioM YNpPYroCTH,
rpefieJioM TeKyuecTH, MpeJesioM TIPOYHOCTU (MM BpPEMEHHBIM COINPOTUBJIEHUEM
pasphIBY) U Kak OHU OTpeZessitoTCs ?

6. Kak omnpefenuTts npefen NMpONOPLMOHATBHOCTA MO MAIMHHOM AuarpaMme
pacTsKeHus ?

7. Kak ormnpeznenuTb HarpysKy, COOTBETCTBYIOLLYIO IIpejeny TeKy4yecTH, IIO
CWJIOM3MEPUTEJTIO MAalLMHBI B IIPOL{ecCe PacTsHKeHUs! MaloyT/IepoJyCTON cTann?

8. Kakue 30HbI MOXXHO Bbl/IeJIUTh Ha JUarpaMMe pacTsKeHus?

9. Kak omnpefenuTtb, B KakOW TOYKe 3aKaHUMBAETCS 30HAa YMOPYrOCTHA IpU
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VICTIBITAHUU Ha PacTsDKeHue?

10. Tlo kakuM yuacTKaM oOpasija TPOUCXOJUT €ero pacTsyKeHHe B 30He
YIIPOUHEHUS U B 30HE MECTHOU TeKy4yecTu?

11. Kakue pedopmaiiuyd Ha3bIBalOTCSA YIPYTUMHU, a Kakue I[IaCTUUeCKUMU
(octatouHbIMU)?

12. Kakue MexaHWueCKue XapaKTePUCTUKU CJy>KaT /i OLeHKH IJIaCTUUHOCTH
MeTa/I/IOB Y KaK 3TH XapaKTePUCTUKU ONPee/IUTh?

JlabopamopHas paboma Ne2. ICIIBITAHUE MATEPMAJIOB HA C)KATUE.



1. Ileab u codepoiicaHue pabombl: 03HAKOMJIEHHE C METOAWKOM HCIBLITAaHWN U
oripefieJieHUs] MeXaHUUeCKUX XapaKTepHCTHK, CpaBHUTEebHOe M3yueHue 0Cco0eHHOoCTelH
paspylleHus IaCTUYHBIX U XPYIKUX, U30TPOITHBIX U aHU30TPOIHbBIX MaTepuaaoB MpU
WCTIBITaHUAX HA CKaTue.

2. Teopemuueckoe obocHosaHue

g u3ydyeHWs: MexXaHUYeCKUX XapaKTepUCTHUK MaTepyuasioB CyLleCTBeHHOe
3HaueHue UMEIOT UCTIbITaHUSA He TOJIbKO Ha pacTsykeHue, HO U Ha CKaTue, rpuuem [Jis
XPYIIKMX MaTepuasioB UCIIbITAHUS Ha CKaTue ABJISAeTC OCHOBHBIM.

MHorue 1UIaCTUYHbIE MaTepuasjibl COBCEM He pa3pyllarOTCs MPU CKaTHUU, WIU
pa3pyIIalTCs TOJIBLKO MPU OUeHb 00JIbIIION OCcTaTOuHOU AedopMaiiyu. [Ipyu UCbITaHUN
TIJIACTUYHBIX MaTepuasioB (HalpuMep, CTaJLHOTO 00pa3iia) AuarpaMma CKaTHsl BHauase
aHaJIOTUYHA JuarpaMMe pacTsDKeHUs; Tipefiesl MPOIMOPLMOHATbHOCTA W TIpefen
TeKyueCTH TMOYTH COBIMAJAl0T, Y TUIOLA/IKa TEKyYeCTH He MO/IydaeTCsl CTO/Ib e SIPKO
BbID@)KEHHOM, KaK MPU PaCTsHKEHUHU.

[Ipy panbHelllleM Harpy’>KeHWM CKUMARoIasi Crhjia BCE BpeMsi BO3pacTaeT, T.K.
BO3HUKAIOT 3HAuMTe/lbHble TIlaCTUYecKue gAedopmMaldd, B pe3yjbTaTe Yero
YBeJIMUMBAETCS TUIOIIA/[b TTOTIepeyHoro ceueHus1 obpasiia. I[Ipu 3TomM obpasel] 3a cuer
TPeHUsI Ha TOpPIjaxX NMpuUHHMaeT GoukooOpasHyio dopMy (pUCYHOK 2.1); CHIBI TPeHUs
MeIlatoT YyacTaMm oOpasiia, TTPUMBIKAIOIMM K TOpLiaM, pacIIMpSATbCS B TIOTEPeYHOM
HaripaB/ieHWM, CPeJIHsS >Ke uacTb o0pasija, yjaneHHasi OT KOHI[OB, UMeeT TaKyI >Ke
BO3MOXXHOCTb.

P

LLLLLLLLLLL LI L LLLLL L

/ L - \ PucyHok 2.1 — Cxema gedopmaryu ctasbHOTro obpasija

Bcnencteme >3TOr0O HampsbkeHHOe COCTOsSIHMe B o0pasile  CTaHOBUTCS
HEOJHOPOJHBIM M 3HAUMTEe/TbHO OT/IMUYaeTCsd OT JIMHEMHOro. JloBecTu [0 paspylleHust
oOpa3zel] W3 MaJOyrJAepoJUCTON CTald TPaKTUYeCKU He y/AaeTcs, LWINH/AD
TIpeBpaIljaeTcs B TOHKWH AUCK 6e3 BUJUMbBIX TIPU3HAKOB pa3pyllIeHus.

NuarpaMMa c>kaTvsi He UMeeT KOHeUHOM TOUKH, TI03TOMY Tipejie/1 TIPOYHOCTU MNPy
OKaTUM TaKOro pojila MarepuasrioB Hali/ieH ObITh He MOKeT U TIOHSTHe Tipefiesia
MPOYHOCTU JIMIIEHO (PU3UUeCKOro CMbIcia. /[ Takux MarepuasoB YCJIOBHO
TIPUHUMAIOT TIpefiesl TIPOYHOCTM TpPH CXKaTWM, paBHbIA TIpejiesly TPOYHOCTH TIPU
PacCTsDKeHUH.

XpyriKie MaTepyanbl (UyryH, KaMeHb, OeTOH U T.11.) pa3pylLarTCs TIPU CXKATUH,
O[THAaKO XapaKTepHBIM SIBJISIETCS TO, UTO pa3pylleHue MPOUCXOAUT TIPU HaTpsDKeHUSIX,
3HAUUTE/ILHO OOJIBIINX, YeM TP pacTsDKeHUH.

[Ipy wucmbITaHUA YyryHHOro o6pasija JAuarpaMma cC)kaTasi —COXpaHsieT
KaueCTBeHHbIe 0COOEHHOCTH [JharpaMMbl pacTsDKeHHUs, OIHAKO COTIPOTHB/IEHHE C)KAaTHIO
3HAUUTeNbHO BhIlIe (B 4 ... 5 pa3) CONpOTUB/eHHUs pacTshkeHnto. HarpyskeHue obpasija
MpOJIO/DKAeTCsA [0 TeX TOp, TOKAa He HAUHET CraJiaTb Harpy3ka M He HaCTyIUT
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pa3pyiieHue obpasija.
[Tpu pa3pyliieHuy LUINHPUUeCKOTO 0bpasila BO3HUKAIOT TPEI[UHBI IO, yT/IOM
0K0J/10 45° K ocu obpasua (pMCyHOK 2.2).

\
N\

Mpn wncnblTaHun o06pas3uoB M3 YyryHa W Opyrux Xpynkux
MaTepnasoB HEOOXoAUMO IPUMEHSATEL OrpakAeHKs OMOPHLIX TJIUT U3 MPO3PAaUYHBIX
M/1aCTMACC AJ1d IpeJoXpPaHEHKA OT OCKOJIKOB IIpH pd3pYILIE€HUM.

HEMEHTHbIﬁ Ky6I/IK IMMpHU pa3adB/IMBAHWHW TIPUHUMAET BH/[] YCE€UEHHbLIX IMUPAMH/,
COCTaBJ/IEHHBIX MeHbIIIMMHW OCHOBAHUAMMU. TPEH_{I/IHI:I 06p83y}0TCH rnoa yrjiom,
TIPUMEPHO pPaBHBIM 45° (PUCYHOK 2.3a).

PricyHok 2.2 — CxeMa oOpa3oBaHUs TPeIUH YyTYHHOTO oOpa3iia

a 0
PucyHok 2.3 — CxeMa pa3pyliieHus 1[eMeHTHOTO KyOuKa: a — 6e3 cMa3Ku TOpI[OB;
6 — co cMa3Koii TOpI[OB

Ecmu UCK/MIOUUTL BAWSIHWE CWI TPEHUsI MeXAy TopliaMyd KyOWKa U TUiMTamu
MalluHbl (HampyvMep, CMas3aTh TOPLbI MapayvHOM WM TOAJIOKUTh DPEe3WHOBBIE
TIPOKJIaZIKK), TO KYOMK pa3pylliaeTcsi MO MJI0CKOCTSIM, Mapasijie/ibHbIM JIMHUM [1eHCTBUS
CWJIbI, HAa KOTOPBIX HarpsbKeHUsl paBHbI HY/MO (pyUcyHOK 2.30). [Ipesen MpoyHOCTH MpU
3TOM OKa3bIBaeTCsi MeHbllle, ueM /1Jisi KyOuKa, UCITbITaHHOTO 6e3 cMa3Ku.

Bce wMarepuanbl MOKHO YCJIOBHO pa3fie/iiThb Ha [Ba TUMA: U30TPOITHbIE
(uMerolie OJMHAKOBbIE MeXaHWYeCKWe CBOKWCTBA B PpasHbIX HaMpaB/IeHUSIX) U
AHU30TPOHHBIE (HMMeoLe pa3/IMuyHble CBOWCTBA B pas3HbIX Hampas/ieHusx). Bce
pacCMOTPEHHBIE DaHee MaTeprasibl OTHOCATCS K U30TPOITHbIM MaTepUaiam.

[lpeBecrHa sB/SeTCS aHU30TPONTHOM MaTepuaJioM M II03TOMY pe3yJ/IbTaThbl,
TI0JIyYeHHbIe TIPU CKaTUX BZOJIb U TIOTepeK BOJIOKOH, Pe3KO pas/iiyHbl (PUCYHOK 2.4a).
XapakTepHbIM /Ui JAWarpaMMbl CKaTUsl [pPEBeCHHbI TOTNepeK BOJIOKOH SIBJ/ISeTCA
3HaueHHe Harpys3Ku, Mocjie KOTOPOM eé poCT CyILeCTBeHHO 3aMe/yisieTcs, a AedopMarus
Mpo/ioJKaeT Bo3pacTaTh. VcrmbiTaHWe oOpa3ija OOBIYHO TMpeKpaljaeTcs, KOrJa ero
BbICOTA yMeHbl1aeTcs Ha 1/3.

[Ipu JanbHeWIeM Harpy>KeHUH JIpeBeCHHa He pa3pyllaeTcs, a JIMIIb NpecCcyeTcs
(pucyHok 2.40). 3a Tmpefen MPOYHOCTH B TAKOM C/y4yae IIPUHMMAETCS Op/vHaTa
repeJIOMHOM TOUYKH.

Pa3pyiiieHue ZiepeBSHHOTO KyOuKa Mpu CKaTUX ero B/IOJIb BOJIOKOH TIPOMCXOAUT
3a CYeT CABWra OJHOM YaCTH MO Apyrou (pUCyHOK 2.4B). [Ipefen mMpouyHOCTH Ha CKaTue
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BZIO/Tb BOJIOKOH 3HAUWTeJIbHO Bhille (B 8 ... 10 pa3), uem nornepek BOJIOKOH.

B4O/b
Py BO/IOKOH

a

riorepeK
BO/IOKOH

0 Al

PucyHok 2.4 — Bup auarpaMMbl CKaTus IpeBeCHHBI (a); obpasel] JpeBecHHbI
TI0C/Ie Harpy kKeHus rorepek BoJjioKoH (0) ¥ B0 BOJIOKOH (B)

[nst TipoBefieHVsE UCTIBITAHUM Ha CKaThe MPUMEHSIeTCS TUpaB/IAueCcKui Tpecc
[1-125 vy opgHa u3 paspeiBHbIX MamuH P-10, P-20, P-50. Pa3pbiBHbIe MalllMHBI
cHabykeHbI JUarpaMMHBIM arapaToM, aBTOMAaTHYeCKH 3allMChIBAIOIIMM B IIpoliecce
VCTIBITAHUW TAarpaMMy CXKaTHs.

[171s1 ¥CTIbITaHUST METasVIOB Ha CKaTHe MCTIOb3YITCS 00pasiibl B BU/e KOPOTKUX
LWJTMH/IPOB-KPeILIepOB, Y KOTOPBIX BbICOTA paBHAa OJHOMY — IBYM JAWaMeTpaM.

[ Opyrux MaTepyanoB TPUMEHSFOTCS 00pasijbl B BHle KYOMKOB (CTOPOHBI
Kybuka ayist uyryHa 20 ... 30 MM, ast gepeBa 50 MM, 1ieMeHTa U KamHel 70 MM, 6eToHa
200 ... 300 mm).

3. Annapamypa u mamepuaabl: TufpaBauuyeckuui mnpecc [1-125, cranbHOU U
UYTYHHBIA LWIMHAPBI-Kpellepbl, OeTOHHBIM KyOWK, /[iBa [epeBSHHbIX KyOuKa,
IITAHTeHL[MPKYJ/Ib, TeTpaJb, PYYKa, JIMHEWKa, KapaHZall, MWUKPOKAaIbKYJATOD [JIs
BBITIO/THEHWSI UH)KEeHEPHBIX PACYeTOB.

4. CooepacaHue omuema u e2o popma.

OTueT o 1abopaTopHOM paboTe A0/KeH CoiepKaTh:

- Ha3BaHHWe U T1ieJib paboThl, KPAaTKWM KOHCTIEKT OCHOBHBIX TeOpPeTHUeCKUX
T10JI0’KeHUH;

- pa3Mephbl 00pas1i0B 1 PacueThl B COOTBETCTBUHM C ITPHUBOAUMOM TaOIHIIeH;

- BBIBO/IBI T10 pe3y/ibTaTaM UCIBbITAHUM U PaCUeTOB.

Marepuaribl

JlepeBo
cTanb YyTyH 1[eMeHT B/I0/Th riorepexk
BOJIOKOH BOJIOKOH

Benmuuuna

Pasmepsl
TOTepevyHoro 39,1 2 19,8 69,4%x70,9 | 33,4x47,1 | 40,8x41,2
CeueHUsi, MM
[Tnowazae

TOTepevyHoro
CeueHusi, MM”
Prax, KH 218,75 211,25 5,0 66,25 6,25
ogp, MIlIa
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KoHmponbHble 8onpochl.

1. Kakoga 11e/1b paboThI?

2.Kakue 00pa3iibl UCTIOMB3YIOTCS MPY UCTIBITAHUSX Ha CKaThe?

3.UeM 00yc/ioB/ieHO oOMpefie/ieHHOe COOTHOIIIeHWe BBICOThI U TIOTIePEUHBIX
pa3MepoB ¢ 00pa3IioB P C’KATHH?

4. Kakol BUJ UMeeT JjuarpaMmMa C>KaTusi MasioyTrepoAyuCTON CTamu?

5. Kakue MexaHMyeckue XapaKTePUCTUKHA MOXKHO OIpeJe/IUTh IO UCIIbITAHUSIM
TJIACTUYHOM CTau MIPU CKaTUK?

6. Mo)XHO /14 ZioBeCTH A0 paspylleHus oOpasel] U3 TUIACTUYHON CTaad TIpU
CKaTuu?

7. Kakoit B UMeeT ArarpaMMa CxKaTusi [iJisi UyTyHHoro obpasiua? Eé otmmuue ot
[arpaMMBbl PacTSDKEHUS.

8. Kakue MexaHWuUeCKre XapaKTePUCTUKA W KaK MOXXHO OMpeJe/vuTb MpU
WCTIBITAaHUSX UyTYHHOTO oOpasija Ha cxkaTue?

9. KakoB xapakTep pa3pyllleHus UyryHHOrO obOpasila mnpu okatuu? Uem
o0bsicHsieTCs puobpeTeHue o6pa3iiom 60ukooOpa3Hoit HopMbI?

10. Kakure MexaHWYeCKue XapakKTePUCTUKKA MOXKHO OMNpeeUTh 0 UCIIbITaHUSIM
1[eMEHTHOT0 KyOMKa Ha CKaThe?

11. KakoB xapakTep pa3pyllieHus Py CXKaTUH 1[eMeHTHOT0 KyOrKa Npy Ha/IMuuu
Y OTCYTCTBUU CUJI TPEHUS?

12. Kakoii BUJ “MeeT AvarpamMmma [ijisi JlepeBsiHHbIX 00pa3iioB, UCTIBITAHHLIX Ha
CKaTue BJ0JIb U MoTlepeK BOJIOKOH? B ueM ux pasnnuus?

13. Mo)KHO /4 [JOBeCTU [0 Ppa3pyllleHHus [iepeBsSHHbIN obpasel] MpU C>KaTHUU
TIorepeK BOJIOKOH?

14. KakoB xapakTep pa3pyllieHusl AepeBSHHOTrO oOpasija TpU HWCIbITAaHAW Ha
CKaTue B0J/Ib BOJIOKOH?

15. KakoB 1ops/J0K UCTIBITAHUM Ha CKaTve U 00paboTKa X pe3y/IbTaToB?

JlabopamopHas paboma Ne3. OITPEJEJIEHUE YTIPYTUX TIOCTOAHHBIX
12



MAJIOYTJIEPOIVICTOM CTAJIU ITPU PACTSKEHNMN.

1. Lleab u codepotcaHue pabombl: SKCTIepUMEHTaIbHOE OrpejieieHue MOZYJIs
NpOJi0JIbHOM yripyroctu E, kos¢¢uireHTa nonepeyHod fedopMalii U U KOCBEHHOe
oripe/iesieHre MOAyJist caiBura G TIpU pacTshKeHWH CTaabHOTO oOpasiia.

2. Teopemuueckoe obocHoeaHue.

Ynpyrue nocrosiusble E, y, G MCMONb3YIOTCSA /151 pellleHUs TTPAaKTUYeCKUX 3a/au
M  XapakTepu3ylT CBOMCTBA MarTepuajga COMNPOTUB/ATHCSA pa3/MYHbIM  BUAM
Aedopmaiuii, BbI3bIBaEMbIX BO3/IeICTBUEM BHEIIIHUX Harpy3oK.

Moayne ynpyroctd mnepBoro pojga (Momyabr HOHra) xapakrepusyer
COTMPOTUB/ISIEMOCTh MaTepuasa ynpyrou gedopmMalyy Npy pacTsHKeHUU U CKaTUU: ueM
Oosbille MOAY/b YMPYTrOCTA MaTepuaia, TeM MeHblliee yAJUHEeHWe WIA YKOpOoueHHe
TIO/TYUUT CTeP>KeHb P MPOYUX PaBHBIX YCJIOBUSIX ([/IMHE, TIIOLIAIA, HATPY3Ke).

B 3akoHe [I'yka, ycTaHaB/iMBarwllleM 3aBUCUMOCTb MeXJy HOPMa/lbHbIM
HarpsbkeHueM O U OTHOCUTeNbHOW J/vHelHoW [edopmaiiueit &, moaynb HOura E
BBICTYTIAeT B POJIA KO3(P(PULeHTa NPONOPLIMOHATbHOCTH

o=Eke¢, (3.1
Koapduiment mnonepeunori gedopmaimu (kosdduiment Ilyaccona) p
XapakTepusyeT CrIoCcOOHOCTh MaTepuara COTIPOTUBISITHCS TIOTIEPEYHOM

e OpMUPOBaHMUIO, T.e. U3MEHEHUIO TTOTIePEeUHBIX Pa3MepOB MPU [IeHCTBUU MPOAOIbHBIX
CHJL
Ero MOXHO BBIYMC/IWTB, 3Has COOTBETCTBYHOLME 3HauyeHWs OTHOCHUTEeIbHOMN

rioriepeyHoi Aedopmaliiy € U OTHOCUTE/IbLHOM MPOA0JIbHOM JedopMaliyu &
2
“ —;‘ . (3.2)

[jis cTanei, OT/IMYAIOIIUXCS COJIeP’KaHHUeM YT/iepo/ia, Jerupyroimx 4o0aBok, a
TaK)Ke BHZOM MeXaHMUeCKOW, TepMUUeCKON WM MHOM 00pab0TKH, yKa3aHHbIE YIIpyTHe
MOCTOsIHHLIE E U | u3MeHstoTcs B nipegenax: E = (1,9...2,1) 10" ITa; u = 0,25...0,30.

Moaynbs yrmipyroctu BTOporo poja (Moaysab caBura) G XapakTepusyeT
COTPOTUB/ISIEMOCTh MaTepuasa CABUTOBbIM (YIJIOBbIM) AedopMaliyisiM. OH BbICTyTaeT B
poau  Ko3(duimeHTa TMpOMOPIMOHA/ILHOCTA B 3akoHe ['yka Tipu  caBure,
yCTaHaB/IMBAOI[eM 3aBUCUMOCTh MeX/1y KacaTe/bHbIM HalpsKeHUeM T U YTI7IOM CABUTa
Y

=Gy, (3.3)

MO)XHO TeopeTUUeCKd BBIUMCIUTL (OTpefie/IUTb KOCBEHHBbIM MyTeM) U

MoCTOsIHHYI0 G 1o hopmyJie
_E
21+ u)” (3.4)

CpeniHee 3HaueHHe MOJyJisl CABUTa /il CTa/ld, TIPUBOAUMOE B CITPABOUHUKAX,
oLjeHHBaeTcs BesimunHok G = 0,8-10" ITa.

OTtHocuTe/bHbIE JlehopMaliii B peasibHbIX KOHCTPYKIMSIX COCTABJSIFOT, Kak
MpaBWIO, HECKOJBbKO ThICAUHBIX Joner eauHunpl, T.e. € = 0,0014...0,003.
CnenoBaTesibHO, abcomoTHble Aedopmaiiuu Al Takke OUueHb Majibl 10 CPaBHEHHIO C
anuHoi [, a umenHo Al = (0,001 — 0,003) 1.

[ToaTtoMy, uToOBI WX 3aduKCHpoBaTh, HEOOXOAWMO WCITONMB30BaTh MPUOOPHI,
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MMeIoIIre 3HaunTeTbHbIN KO3 OUIMeHT yBemuueHus (B Thicsuy U Oosiee pa3).
[Tpubopkl, YyBCTBUTE/bHBIE K W3MEHEHUIO [MHbI OTpe3Ka OIpeeIeHHOTO
HarpaB/ieHus, Ha3bIBalOTCSl TEH30MeTpaMH (OT C/IoBa «TeH30» — Aedopmanus). [nivHa
OTpe3Ka, Ha KOTOpPOM TIPOU3BOAUTCA 3amep Jedopmallvd, Ha3biBaeTcss 0a3oit
TeH30MeTpa U 0003HavaeTcs .
MeTo/, 51eKTpUYeCKOro TeH30MeTPUPOBAHUSI OCHOBAH Ha MPUHLMIIE W3MEeHEeHUsT
OMHYECKOTr0 COTPOTHBJIEHUS] MPOBO/IHUKA TIpU ero AedopMyUpoBaHUM. VI3BECTHO, UTO

3JIeKTPUYECKOe CONPOTUBJ/IEHHE TIPOBOJHMKA PABHO
R=p", (3.5)
re p — yJenbHOe COMpOTUBJIEHWE TPOBOJHMKA; | — [yIMHA MPOBOAHMWKA; A —
T/IOLA/Ib MTOTIePeYHOr0 CeueHUs TIPOBOJAHUKA.

B pe3synbTare pacTsokeHUsl TIPOBOJHMKA ero AnauHa | yBenuuuBaeTcst Ha Al, a
onjaas ceveHuss A ymeHbluuTca Ha AA. CrefoBaTeslbHO, COMNPOTUB/IEHUE R
YBEeJIMUUTCA HAa HEKOTOpyr BesmuuHy AR. IIpu o©Katum TIpOBOJHUKA €ro
COTIPOTHBIJIEHNE COOTBETCTBEHHO YMEHbIIWTCS.

OTHOCUTE/NIbHOE  W3MeHeHWe  COTpOTHBJIeHUs  ompefensercs  (HOpMyJIoHn,
ToC/IejHee CjaraeMoe B KOTOPOM yUWTBHIBaeT W3MEHEeHUe YZe/IbHOIO COIPOTHBJIEHUS
1pu fedopMaryu
AR _ Al Ap
=1 1+2u +10J , (3.6)

OO6mmii BUJ TPOBOJIOUHOTO TEH30JaTuMKa, KOTOPBIM HaK/IeMBaeTCs Ha
HCc/ielyeMblii 0ObeKT, TIoKa3aH Ha pucyHke 3.1.

A-A

V2227222222777

T DER

L

Prcynok 3.1 — OO1uii BU, IPOBOJIOYHOTO TeH304aTUHKa

OH mipefcTaB/sieT coOOM TPOBOJIOYHYIO PEIeTKY, COCTOSIIYI0 M3 HeCKOTbKUX
TieTe/lb, Y/I0’KeHHBIX MEXK/y C/I0SAMU AU3/IeKTPUKA.

Hns onpenenenus moayas FOura E u kosdduimenTa ITyaccoHa p HUCMONMb3yOT
CTa/IbHOW oOpaszer] TPSMOYTO/JIbHOTO CeUeHUs IIMPUHOW b U BBICOTOM h, KOTOPBIA
TI0/IBEPTaeTCs 0CEBOMY PacCTSDKEHUIO Ha HCTIbITaTeTbHON MallliHe.

Ocku3 obpasiia ¢ HaK/ieeHHbIMU aKTUBHBIMU JJaTUMKaMU TTI0Ka3aH Ha pUCyHKe 3.2.
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A: A"
Pucynok 3.2 — O6pa3sel] ¢ TeH30Z,aTUlKaMH1

3. Annapamypa u mamepuanbl: WCIIbITaTeNbHas MailliHa YM-5, obpaser ¢
yCTAaHOBJIEHHBIMA HAa  €ro  T[OBEPXHOCTA  TeH30[aTYMKaMH,  TeH30CTaHLuS,
IITAaHTeHLMPKYJ/Ib, JIMHEMKA, KapaHZalll, TeTpajb, KaJbKyJSTOp [Jis1 BBINOJHEHUS
VIH)KEeHepHBIX PacyeToB.

4. MemoouKa u nopsiooK 8bINOAHEHUs1 pabombil.

1. 3ameputh mMpUHY b U BbICOTy h TmonepeuHOro ceueHus paboueli uacTu
obpasta (b = 20 mm, h = 8 mm).

2. BeiunciuTh TIOIaAb TIOTIepeuyHoro cedyeHuss A = bh. ¥YcTaHoBUTH oOpa3ser] B
HIWKHEM U BepXHEM 3axBaTaxX WCMbITATe/IbHOW MAIlMHbI U BKJIIOUUTH TEH30CTaHLIUIO.
Ten3oycunuresnto gatb nporpetbcs 10 ... 15 MuH.

3. 3arpy3uTh o0Opasel] yC/I0BHO Hy/IeBOU Harpy3Kkoi P..

4. CbanaHCUpOBaTh MOCT YUTCTOHA, Bpalljasi Py4uky peoxopza (MUIMaMIIepMeTp
MpyU 3TOM MOKaXkeT HYJIeBOM TOK). B3sTh mepBoHauanbHbIM OTCuét C, MO IIKaie
peoxopZia W 3anucaTh €ro B >KYpPHa/l MCIbITaHUW. [lepeknrounTh TEeH30CTaHLMI0 Ha
TIOTIepeYHbIN 1aTUMK M, cOa/laHCHPOBaB MOCT, B3SITh OTCUET C, .

5. [laTte npupailieHve Harpys3ku AP.

6. CbaaHCHpPOBaB MOCT, B3STh COOTBeTCTBYIOIIUe OTCUéThl Cp U Cp’. 3amucaThb
VX B TabO/HILy.

7. Pa3rpy3uth obpaselil.

8. TloBTOpUTh TipeApiAylMe TIyHKTBI 3 ... 7 elje ABa pasa. [Ipupainenuve
Harpy3kud AP BO BcexX TpeX OIbITax A0/DKHO ObITh OIHUM U TéM JKe, @ YC/IOBHO HyJieBast
Harpyska P, MOXXeT MeHSITbCS.

9. Haittu pasnuipl orcuétoB AC U AC™ B KaXAOM M3 SKCIEPUMEHTOB U
BBIUMCIUTD UX cpefiHee 3HaueHue ACq, u AC’, TI0 TPEM OMbITaM.

10. Pe3ynbTaThl UCIBITAaHNM 3aHECTH B TaOMITy (popMa MPUBOAUTCS HIDKE).

11. BblUMCIUTL 3HAU€HWS OTHOCUTEBHBIX TIPOJIO/IBHOM W MOMNepeuHou
nedopMaruii mo popmyJiam:

£=175-10°4C,,; & =175-10"°AC,,;

12. BeIuMC/IMT, HOPMaJTbHBbIE HAMpsUKeHWs B TIOTIEPEUHOM CedeHWr oOpasiia 1o

dbopmyie
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Tabnuiia

Harpyska Ilpuparjenyie | Tloka3aHusl JaTYUKOB Pa3Hu1la 0TCUeTOB
P H Harpysku c o P e
’ AP, H P p
5000 112 28
10000
15000 302 71
15000 302 71
10000
25000 484 120
25000 484 120
10000
35000 664 172
CpenHue 3HaUeHUs

13. Onpegenntb Mmoaynb KOHra ns opmynbl 3.1.

14. OnpepennTtb Ko3(pPpuumeHT lNyaccoHa no gopmyne 3.2.

15. OnpepennTtb 3HavyeHne Moaynda casura no opmyne 3.4.

16. CpaBHUTbL noJsiy4yeHHble 3HadeHna wMoayna HOHra,
KoappuumeHta [lyaccoHa ©n ™Moayna cABUra CO CNpaBOYHbIMMU,
caenaTb BbIBOA.

KoHmpobHble 80npoChl.

1. O6BsicHUTe QU3NYECKU CMBICT MOAY/S YIPYrOoCTH TIepBOro poja (MOAy/s
FOHra).

2. O6bsacHUTe hr3nueckuii cmbica KoddduimenTa ITyaccona.

3. O0bsAcHUTE (U3UUECKHN CMBIC/T MOAYJIS YIIPYTOCTH BTOpPOro poja (Momysis
CBUra).

4. Kak 3anuceiBaeTcs 3aKOH ['yKa, TIpy pacTsbkKeHUU (CKaThuu)?

5. Kak 3anmceiBaetcs 3akoH ['yka, ripu casure?

6. Kakasg TeopeThueckass 3aBUCMMOCTb CYILeCTBYeT MeXJy yIPYTUMHU
MOCTOSTHHBIMU M30TPOITHOI'O0 MaTepuaa?

7. OOBSICHUTH MPUHILIUTT JIeHCTBUS TeH30/]aTUMKa.

8. C Kakoi 11e/ibl0 TeH30/]JaTYMKKU Ha 0Opaslie HaK/IenBarTCs TlapaMy 10 OHOMY
Ha MPOTUBOIIOJIOKHBIX I'PaHAX?

JlabopamopHas paboma Ne4. OTIPENEJIEHUE MOOYJIA CABUTA.

1. Lleab u codepotcaHue pabombl: KCIIePUMEHTA/IbHOE OrpefiesieHre MOJYJIst
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yIIPYTOCTA BTOPOTO poZia (MOAyJist CABUTA) TIPU KPyUeHUH CTaJbHOTO 0Opasiia.
2. Teopemuueckoe obocHosaHue.

[Ipy pacuéTe Ha MPOYHOCTH U >KECTKOCTb KOHCTPYKLIMM, HWCHBITHIBAFOIIUX
nedopMalii ciBUra, HeoOXOIMMO 3HATh BETMUKMHY MOAY/s caBura G. 3ta ¢pusndeckas
TIOCTOSTHHAsI MaTepHasia MOXKeT OBITh Orpefie/ieHa 3KCIIepUMEHTabHO TIPU KpYy4YeHU!
Opyca KpyT/ioro morepeyHoro CeueHusl.

[Ipy uWCMBITaHUM MaTepuaJioB Ha Kpy4yeHHe 3aBUCHMOCTb MEXAY KpPYTSLLIUM
MOMEHTOM M,, U YIJIOM 3aKpyuWMBaHUsI () XapaKTepuU3yeTCsl AuarpaMMoOM KpyueHHs
(pucyHok 4.1), Ha KOTOpOHM, KaK MpPU PpPaCTSDKEHWH, MOKHO BbIJIe/TUTh JIMHEWMHBIN
y4acTOK, T'/ie BbIIIOHseTCs 3aKoH ['yka

=Gy, (4.1)
M Kph

Mnuy

Mmax

PucyHok 4.1

Mogyne capura G B BbipakeHuH (4.1) mpezcrtaBisieT coboil Ko3dhduieHT
TIPOTIOPI[MOHAILHOCTA MY KacaTelbHbIMU HamNpsOKeHUSIMH T U OTHOCHTE/IbHBIM
yrinoM capura y. C ¢dbu3nueckod TOUkW 3peHuss G XapaKTepU3yeT COMPOTUBJISIEMOCTD
MaTepuasa yrpyrum JedhopMaliiysM CABUTa.

Ecmv Ha 1WIMHAPUYECKYIO TTOBEPXHOCTh CTEPKHSI HAHECTH PaBHOMEPHYHO CETKY
13 00pa3yoluX U OKPY>KHOCTeH (PUCYHOK 4.2 a), TO T0C/ie TIPUIOXKEHUsT KPYTSIIero
MOMEHTa MOJKHO 3aMeTHUTb, UTO KaK[joe TIONepeuyHoe CeueHWe II0BOPAuMBaeTCs
OTHOCUTEJIbHO JIPYroro BOKPYT TIPOAOJBHOM OCH CTEep)KHSI Ha HEKOTOpBIM Yroa o,
Ha3bIBaeMbIi yT/IOM 3aKpyUMBaHUSI.

Ob6pas3yroliue MOBOPAYMBAIOTCS Ha OAWH U TOT >Ke yrou y. [Ipy 3ToM nuHelHbIe
pa3Mepbl He W3MEHSIOTCS, a TepPBOHAua/bHO TMpsIMble YTJIbl MEXIy JUHUSIMH CeTKU
M3MeHsI0TCs (KBaZipaThl TIpeBpaIaloTcst B poMObI, Kak MoKa3aHO Ha pUcyHke 4.2 0).

CnezmoBaTesibHO, B CTep)KHe BO3HHMKAIOT JedopMaliiyd cBura. BenwuuHa ¢
oTipefiesisieTCsl uepe3 KPYTAI[Uii MOMeHT M,,, IJIMHY ydacTKa | U TIO/IIpHBIA MOMEHT
vHepuuu I, no popmyne
_M Kpl
" GI,

@ (4.2)
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Lscs sl b vvypy,

6
PucyHok 4.1 — Cmepaicetb 0o (a) u nocae (6) depopmuposaHusi KpyueHuem

a

[ns Opyca, UMerOIlero HeCKOJIbKO Y4YaCTKOB, B3aUMHbBIA YTo/l 3aKpy4yuBaHUs
KOHIIEBBIX CeUeHU orpeie/isieTcsl Kak anrebpanyeckasi CyMMa yT/IOB 3aKpyuHBaHUs Ha

Ka)K/JOM yuacTKe
N M Kpili
¢=2 G (4.3)
Ecnmu Bce yuacTKu BBITIO/THEHbI M3 OJIHOTO M TOTO >Ke Marepuasna, a KpyTSIui
MOMEHT Ha BCeX y4yaCTKax OJJMHAKOB, TO BbIpakeHue (4.3) MpuMeT BU/
M w li
?IZ:; 1, (4.4)
3. Annapamypa u mamepuasbl: KpyTyabHas MamimHa KM-50-1, npefjHa3HaueHHast
JUIsT CTaTUUeCKUX WCITBITAHUM Ha KpyueHHe o0pa3lioB KPYI/IOro M IPSIMOYTOJBHOTO
TIOTIEPEeYHOT0 CeueHMs], oOpasel], IITaHTeHLUPKYJ/b, JHUHEMKa, KapaHJalll, TeTpafb,
Ka/IbKYJISITOP [I71s1 BBITIOJTHEHUSI MHKeHePHBIX PacueToB.
4. Memoouka u nopsiooK 8bINoAHeHUs1 pabomnbl
1. TTepes Haua/IOM OTIBITA Y UCTILIThIBaEMOI0 00Opa3ija (pUCyHOK 4.3) U3MepsIOTCs
muametpel (d; w d»), ¥ AnuHBI Kakaoro ydactka (I; u Io). Ilocime 3toro obGpaser

TIOMeIL[aeTCs B 3aXBaThl MALLIWHBI.
2. O6pa3zel] npeABapuUTeIbHO HarpykaeTcsi BHEITHUM MOMeHTOM M,, BelnurHa

KOTOPOTO KOHTDPOJIMPYETCS M0 IIKajae CAIOU3MEepPUTENIbHOIO0 MeXaHU3Ma KPYTHUIbHOU

W:

MallWHbI (1Kaza A).
3. Tlo numbOy MalMHBI W3MepsieTCs Yrojl 3aKpyuMBaHWS (), B Tpajycax,

COOTBETCTBYIOLIIUM BHEILIHEMY MOMeHTy M,. 3HaueHue M, U @, 3aNMUCHIBAlOTCS B

KypHaJT HaOJTr0 IeHU.
4. OG6pazer; HarpykaeTcs paboueit Harpy3ko M, (He OGonee 70 HM) u

M3MepsIeTCs] COOTBETCTBYIOIIMI yro/l 3aKpyuMBaHusl . 3HaueHus: M, U ¢ 3aHOCSTCS B
)KypHas Habsro1eHu .
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Pucynok 4.3 — Buz obpa3sija A1 UCIIbITaH|M Ha KpyUueHHe

5. OneIT moOBTOpsieTCsl TpU pasa, BeJuurHbl M, u M, [/ KaXXAOoro OrbITa
3a7at0TCsl mperiofiaBaresieM. Ilepes HauasioM KaXK[Oro OIbITa Harpys3ka MOJIHOCTBIO
CHHAMaeTCs.

6. [ToslyueHHbIe JaHHBIE 3aHOCATCS B TAO/MITY, OTNIpe/Ie/IIIOTCS CpeIHHe 3HAaUeHMUS
M, ¢, 1 HAXOJUTCS OTIBITHOE 3HauUeHue MOAYJis ciBUTa Gon.

7. HavigenHass onbITHasi BenuuuHa G,, CpaBHUBAETCS CO 3HaueHUEM MOZYJIS
C/IBUTa, TIOyYyeHHOro B 1jabopaTopHO paboTe Ne3 wiu ¢ MTepaTypHBIMU JJaHHBIMHU.

CodepoicaHue omyuema u e2o popma

OTueT mo 1abopaTopHOM paboTe A0/KeH CoJeprKaTh:

- Ha3BaHUWe U T1ieJib paboThl, KPAaTKWM KOHCTIEKT OCHOBHBIX TeOpeTHUeCKUX
TI0JI0’KeHUH, BK/TFOYast 3CKu3 obpasiia (pucyHok 4.3);

- pe3ybTaThl UCIILITAHUI B COOTBETCTBUHM C ITPHUBOAMMOM TaOIHIIEH;

Ne onibiTa M, H'Mm 0,° AM,,, H'Mm Ao, °
1 10 0,76
20 1,52
2 20 1,54
30 2,28
3 30 2,31
40 3,05
CpenHue 3HauUeHUS

- PE3YJ/IbTAThbI |/|3MepeH|/||7| N PaCHeTOB IO (popMe:
l1 = 100 mm d1 =20 mm Ipl = 0,1 . d14 =

lz = 100 mm dz =10 mm Ipz = 0,1 . d24 =
_180 AM., |1, L | _
o Ap, |1, I,

on

- BBIBO/IbI T10 pe3yJibTaTaM pacyeToB.
KoHmpoibHble 80npoChl.
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1. Kakou B MeeT ArarpaMMa KpydeHus1 MajIoyT/IepOAUCTON CTaln?

2. Kax 3anucbiBaeTcs 3aK0H ['yka rpu KpyyeHuu?

3. KakoB ¢u3nueckuii, anreOpandeckKMii M TeOMeTPUUECKUA CMBIC/T MOAYJIS
CABUTaA.

4. ChopmMmynupyrTe TIOHSATHE YIJa 3aKPyUMBaHUS () Y yT/ia CIBUra Y.

5. Kak 3anuvceiBaetcst (popmysia AJ1s oripefiesieHyst yriia 3aKpy4urMBaHus ?

6. OT uero 3aBUCUT MOAYJIb CABUTA?

7. ChopmynivpyiiTe onpeie/ieHUe MOJIIPHOIO MOMeHTa UHePI[UY CeUeHusl.

JlabopamopHass paboma Ne5. WCCJIEAJOBAHUWE PACIIPEJEJIEHUA
HATIPSDKEHMM B ITIOITEPEUHOM CEUEHUU BAJIKY TP UACTOM M3T'MEBE.

1. Lleab u codepicaHue pabombl: dKCTIIepUMeHTabHasl TTpoBepkKa (GOpMYyJIbl st
oripe/ie/ieHuUs1 HOpPMasIbHbIX HaMpsDKeHUH MPU UUCTOM U3rribe Oasiku.
2. Teopemuueckoe 060CHOBAHUE.
YacTHbIM cyuali u3ruba, TMpU KOTOPOM B TIOTIEPEUHBIX CeueHUsX Oasiku
BO3HUKAaeT TOJIbKO U3rubaroliiii MOMeHT, Ha3bIBaeTCsl YUUCTBIM U3THUOOM.
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YucTeii w3rmb MoKeT BO3HUKAThb IIPH  PA3/IMUHBIX BHEITHUX Harpys3kax.
PaccmoTpuM ofiHY M3 Haubosiee pacIpoCTPaHEHHBIX CXeM Harpy>KeHus Oasiku, Tpu
KOTOPOU peasu3yeTcst YMCThIN u3rub (pucyHok 5.1). Kak BUAHO W3 3ITIOp TOTEePeuHbIX
CWI U U3rubarol[iXx MOMEHTOB, B TIOTIEPEUHBIX CeUeHUsIX OaskKy Ha CpeflHEM ydacTKe
BO3HUKAET TOJIbKO M3TUOaroIii MOMEHT, C/ie/loBaTe/IbHO, 3TOT yUYaCTOK HaXOAUTCS B
COCTOSIHUW YMCTOTO U3ruba.

P P
| 2 13
7.y »
a [#] a
s P
2 /2

Pa
2

Pucynok 5.1 — Cxema 0afKu U SIIOpPbI TIOMEPEUHBbIX CHI W M3rubarolux
MOMEHTOB

B cnyuae, korja TIOCKOCTh H3rubaroijero MoMeHTa (CUoBasi TIJIOCKOCTh)
COBI/laeéT C TJIaBHOW TIJIOCKOCTBIO WHepLWW 0anku, TMpsiMo/ivHelHass och 6anku
WCKPUBJISIETCS B TOM K€ TUIOCKOCTU. Takou n3rub Ha3bIBaeTCs TIPSIMBIM WA TITIOCKUM.

[Tpu n3rube Mpo/0/IbHBbIE BOJIOKHA U3MEHSIIOT CBOIO [I/TUHY, TTPUUEM BOJIOKHA Ha
BBIMYK/IOM CTOpOHe OanKy Y/MHSIOTCS, a Ha BOTHYTOM YyKOpauMBalOTCSI. Mexay
pPacTSHYTBIMA M CXKaTbIMA BOJIOKHAMU PpacroJiaraeTCs HeWTpaabHbIM CJIOW, [I/TMHA
KOTOpOro Tpu Aedopmaliiid He U3MeHSIeTCSl.

JIuHusl TIepeceyeHUs] HEUTPAJLHOTO C/0si C TIOTepeuyHbIM CeueHueM Oaslku
Ha3bIBAETCSI HEMTPaTbHOU OCBIO.

[ns oripeieneHuss Aedopmaiivii BOJIOKOH TIPM UHUCTOM U3TH0e HCI0/Ib3yeTcst
TUIOTe3a IVIOCKUX ceueHUi (ruroTte3a bepHy/im), cornacHoO KOTOPOl ceueHUs TI0CKHe
W TIepreHJuKy/lsspHble K ocu Oanku 70 JgedopMalldd OCTAlOTCS TUIOCKUMH U
TIepIieHUKY/ISIPHBIMU K U30THYTOM ocu Gpyca mocsie Aedopmariuu.

CorsiacHoO 3ToW rumnoTe3e, JAedopMalluM TMPOJAOJbHBIX BOJIOKOH TIPSIMO
MPONOPLIMOHA/IbHBI UX PACCTOSIHUIO OT HEUTPA/IbHOTO CJIOSI ¥ B TIOMEPEYHBIX CEUEHUSIX
GanKy BO3HUKAIOT TOJILKO HOpMaJibHbIe HaIpsHKeHMUs.

B cooTtBercTBUMM € 3akOHOM ['yKa HOpMasibHble HampsbKeHUs] B TOMEPEeYHOM

ceueHUU Oa/TKX TaK>Ke U3MEHSIFOTCS T10 JTMHEMHOMY 3aKOHY Y PaBHbI
M
T=TY, (5.1)

X

rae M — v3rubaroiiyii MOMeHT B pacCMaTpuBaeMoM ceueHuM Oanku; I, — oceBoi
MOMEHT WHepL[MH TI0TIepeyHoro ceueHusi Oasku OTHOCHUTE/NIbHO HeWTpasbHOW ocu
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(HeWTpasibHasi OCb COBIIJIaeT C IJIABHOW LIEHTPaJbHOU OChHO UHEPLMU CedeHus); y —
pacCTOsiHAe OT TOYKU CEUeHHs, B KOTODOW OMNpejessitoTCsl HamnpspkeHus, [0
HEWTpaTbHOU OCH.

OMopa HOPMaJIbHBIX HaMpPSDKEHUH [j1s1 IBYTABPOBOTO CeUYEeHUsI TIpe/iCTaB/ieHa Ha
pUCYHKe 5.2. 3HakK{, MPOCTaBJeHHble Ha SMIOpPE, COOTBETCTBYIOT IOJIOXKUTEbLHOMY
M3rubaroIeMy MOMEHTY.

Y

a.-nmx
PricyHOK 5.2 — Drropa HOpMasbHBIX HallpsHKeHUH B TIOTIepeYHOM CeueHrH OaTku

Hau6obimme HOpMaJIbHBI€ HAIIpsSOKEHHsA BO3HUKAIOT B TOUYKdX, Hauboee

yaJIeHHbIX OT HEUTPaJbHOU OCH

M M
(f - .ymax

T
rae W, — 0CeBOM MOMEHT COTIPOTUBJIEHUS CEUeHHS.
MoOMeHT  COTMpPOTUB/IEHUS]  SIBJISIETCSI  T€OMETPUUYeCKONM  XapaKTepUCTUKOU

TIOTIepeYHOT0 CeueHus: OaKu, orpeesistoieli eé MPOYHOCTb TIPU U3rroe.

3. Annapamypa u mamepua/bl: YCTaHOBKA [Ji1 UCTIbITAHWMW, JTMHEMKA, KapaH/alll,
TeTpaJib, KaJIbKYJISTOP [J1s1 BBITIOJIHEHUSI MH)KEHEPHBIX PACUETOB.

YcTaHOBKA /Il WUCIIBITAaHWM (PUCYHOK 5.3) mpezcTaB/isieT cO00OW CTanbHYIO
nByTaBpoByto 6anky 1 (gByrtaBp NelO, h = 10 cm, b = 5,5 cm, I, = 198 cm®, W, = 39,7
cm’), OTTUPAIOLIYIOCA Ha JBE [IIaPHUPHEIE OMOPHI 2.

Ins ucnibiTaHui Ha GasKe ycTaHaB/IMBalOT TeH30MeTphbl ['yTeHOeprepa. Bpairjas
TypBal 4 MO YacOBOW CTpe/iKe uepe3 CHUCTeMY pblUyarOB M BUHTOBYHO Mapy 3,
HarpykaroT Oanky. [Ipu 3TOM cpefHMi ydacTOK OajsKuM HaXOAWUTCS B COCTOSIHUU
YKCTOro u3ruba; u3MepeHre Harpy3Ku MPOU3BOAUTCS AUHAMOMETPOM 5.

OTtHocuTenbHas AedopMaliysi MOKeT ObITh OTpe/iesieHa 1o GopmyJie

A |
K (5.3)

rae A — mokasaHus TeH3oMeTpa ['yrenbGeprepa; K = 1000 — ko3dduiipeHT
yBennuenus; I, = 20 mm.

(5.2)

E
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PricyHoK 5.3 — YcTaHOBKa /IJ1s1 UCTIbITaHUM OanKky Ha U3rub

COOTB@TCTBYI-OH_[I/IE HOPMaAJIbHBIE HAITPAKEHUA 110 3dKOHY FYKa

EA

o=¢cE :ﬁ. (5.4)

o

4. Memoouka u nopsi0oK 8bINOAHEHUs1 pabombl

1. Tlepes HauasOM MCMBITAaHWN YCTaHOBUTH JZiBa TeH3oMeTpa I'yTeHOeprepa Ha
CpeJHIOI0 YacTb Oanku. TeH30MeTp, yCTaHOB/IEHHBIM Ha BePXHHX BOJIOKHAX, HA30BEM A,
a TeH30MeTp yCTaHOBJIEHHbIM Ha HW)KHUX BOJIOKHaX — B.

2. 3arpy3uThb 0anKy yC/IOBHO «HYJIEBOM» Harpy3KOMW W TIPOM3BECTH U3MepPeHUs 110
TeH30MeTpaM A u B. TlonyueHHbIe pe3y/bTaThl 3aHECTU B TaOJIHILy.

3. [late npupamieHre Harpy3ku AP W TIpOU3BeCTHM TOBTOPHBIA 3aMep
nedopmaiiii A ¥ B ¢ COOTBETCTBYIOITIeN 3aMUChi0 B TaO/IHILy.

4. IToBTOPUTH OIBIT eILlé /Ba pasa.

5. OnpefenuTh OMBITHOE 3HAaUeHWE HaTpsUKeHWW B TOuKax A U B mo dopmyrne
(5.4), pegBapuTe/bLHO OMpefie/MB CpefHUe 3HaueHUs: npupaijeHud AA,, u ABg Mo
BCEM TPEM OIbITaM.

6. Paccrosine a = 30 cM (cM. pucyHOK 5.3). HaiiTu BenuuuHy H3ruOaroIiero

MOMeHTa 1o (GopmyJie

AP
M ==2 “ (5.5)

7. TeopeTnyeckre HaNpspKeHUs1 ONipeieIuTh 1o opmyie (5.2).

CoodepoicaHue omyuema u e2o popma
OTueT o 1abopaTopHOM paboTe A0/KeH CoieprKaTh:
- Ha3BaHWe U T1ieJib paboThbl, KPAaTKWM KOHCTIEKT OCHOBHBIX TeOpPeTHUeCKUX
TIOJI0’KEHUM, BKJIFOYasi pUCYHKHU 5.1 u 5.2.
- pe3y/bTaThl UCIILITAHUI B COOTBETCTBUHM C IMPHUBOAMMOM TaOIHIIEH;
| Harpy3ska | IToka3aHusl TEH30METPOB | [IpupaitieHue | [IpupaiijeHue |
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Harpy3Ku
P, kH A B AP, xH AB
2000 20 21
5000 19 22
2000 20 21
7500 15 23
2000 20.5 21
10000 17 24
CpezHue 3HaUeHUs
- PaCHeTbl TEOPETNHECKOIO N OMNbITHOIO HaI'IpH>KEHI/II71;
- BbIBOJI C OLEHKOM pacXOXAeHUW MeXJy  TeOpeTHYeCKUMH U

5KCIIepUMeHTaIbHbIMUA 3HAaUeHUSIMU HaTlPSDKeHU.

KonmposbHble 60npochl.
1. Kakoii Bui Harpy»keHusi Ha3bIBaeTCsI U3rUOOM?
2. Kakoli BU/ Harpy»keHusi Ha3bIBaeTCsl YUCTHIM U MOTIepeYHbIM U3rubom?

3. UTo NMoHMMarOT 10/, HeUTpabHbIM C/I0eM U HEMTPabHOM OChHO?

4. 3armimmTe (HOpMyTy HOPMAa/IbHBIX HAIpsDKEHWH B MPOW3BOJILHON TOUKE IPH
YUCTOM U3ruboe.
5. Kak BbIUMC/IAIOTCS HaWbOOMbIMe HOPMasbHbIE HAIpsDKEHUST TIPU YUCTOM

usrube?

6. ChopmynupyiiTe ¢hr3nUeCKrii CMbIC/I MOMEHTa COTIPOTUB/IEHUS] CEUEHUS.
7. TlosicauTe, TIoueMy TIpU BbIOpaHHOW CXeMe HarpykeHWsi Oanku pear3yeTcs
WMEHHO UMCThIN U3rno?

JlabopamopHas paboma Ne6. OTIPEJEJTEHUE HATIPSDKEHWI TTPV1 KOCOM

N3I'BE.

1. Ileab u codepicaHue pabombl: TIpaKTUUYECKOe W3yUyeHHEe MeTOAUK pacuera
OpycheB TIpu KOcoM u3rube.

2. Teopemuueckoe obocHoeaHue.

M3ru6 Ha3bIBalOT KOCHIM, €C/Id TUIOCKOCTb ZeMCTBUS W3rHM0aroIero MOMEHTa,
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BO3HUKAIOIIIETO B TIOTIEPeYHOM ceueHWM Opyca, He COBIIaJjaeT HU C OJHON U3 €ero
TJIABHBIX MJIOCKOCTEM.

OrnpefienieHye HarnpspKeHUM W MiepeMellieHUd (pacueTbl Ha TIPOYHOCTb U
’KECTKOCTb) BBITIO/THSIOT Ha OCHOBE 3aMeHbI KOCOTO u3rrba coueTaHdeM JBYX MPSIMbIX
W3ruboB, [/IsI Yero KaKAyl0 W3 TIPWIOKEHHBIX K OpyCy Harpy3oK 3aMeHsSIIOT ee
COCTaBJISIFOIIUMY, J€HMCTBYIOIUMU B IJIaBHBIX MJI0CKOCTSIX.

[Tpu myiockoM Kocom u3rube MomMeHTbl My, U M, IOCTUTalOT CBOMX HaWOOJIbIIINX
3HayeHWM B OJIHOM M TOM >Ke MOrepeuHoM CeueHWH, KOTOpPOe U SIB/ISIeTCS OMaCHBIM TPy
TOCTOSTHHOM ceueHUM Opyca. [Ipu TIpOCTpaHCTBEHHOM KOCOM H3rube ceueHus, B
KOTOpBIX My 1 M, 1OCTUratOT CBOUX HAaUOOJIBIIIMX 3HaUeHUM, He COBIa/IaloT,
pacueT TPUXOAUTCS BBIMOMHSATL AJiA ABYX WM OoJjiee TPeATIONOXKUTENTbHO OMaCHBIX
CeYeHUHN.

HopmasnibHOoe HampspbkeHWe B TPOM3BOJIBLHOM TOYKe TIOTIePeUyHOro CevyeHUs, B
KOTOPOM BO3HUKAIOT M3rubaroiife MoMeHThbl M, 1 M), oripeiesnisieTcs 1o ¢opmyJie

o M, y+—rx
I, I,

rae I, u I, — r1aBHbIe 1|eHTPa/ibHble MOMEHTbl UHEePLIUU TIOTIePeUyHOr0 CeueHus
bpyca; X U Yy — KOOpAWHATHI TOUKW, [/Is1 KOTOPOW OIpe/ie/IiFOTCS HarpsDKeHUs, B
CUCTeMe TJIaBHbIX L[@eHTPaIbHbIX 0CEel UHEPLIUU CeUeHUsl.

B dopmyny (6.1) pekomeHAyeTCs TIOZACTaB/sATL aOCOMIOTHBIE 3HAUEHMUS
MOMEHTOB Y KOOp/IMHAT, a 3HaK IIPUIMChIBaTh BCEMY CJlaraéMOMYy B 1IeJiOM,
yCTaHaB/MBasi 3TOT 3HAaK MO WCTUHHOMY XapakTepy JedopMauyu (HarnpsoKeHUs
PaCTsDKeHUs] CUATAOT MOJI0KUTeTbHBIMM, C)KaTHsl — OTPULATEbHBIMU).

[yis pacueta Ha TPOYHOCTH Opyca C TOTMepeYHbIM CeueHHeM TMPOU3BOJIbHOMN
dbopMbI cleflyeT omnpefie/iuTh MOJIOXKeHHe HyJeBOM (HeWTpasbHOM) JIMHUU B OMACHOM
CeuyeHUU, NMPUPABHSIB K HYJIIO MPaByto 4acTh ypaBHeHus (6.1).

HyneBasi nuHusi — mpsiMasi, NPOXOJsiljasi uepe3 LIEHTP TS)KeCTU CeueHus, He
TiepIIeHAUKY/ISIpHasi, B OT/IMUKE OT MPSMOT0 u3rnba, K CUIOBOM JTMHUM.

MakcumasibHble pacTSTUBalole U CKUMaroIllue HalpsKeHUs: BO3HUKAlOT B
TOUKax, Hanbosiee yza/seHHBIX OT Hy/leBoW NMHWU. B o0Imem ciiydae JO/DKHBI OBITh
COCTaBJ/IEHBI IBa YC/I0OBUS TIPOUHOCTH:

(6.1)

o _M, +—Lx <{a }
Mmax pacm "~ I yA I A — L% pacm b
) . 6.2
_MX My <|: ] ( . )
()'MGX cocam I yB + XB - ()—ufcam )

x y
rie A U B — TOUKM C MakCUMaJIbHbIMUA pacTSITMBAKILIMMHA U CKUMAIOLUMU
HampsOKeHUSIMU.

[ns 6pycbeB U3 MaTepyasoB, UMEIOLIUX OJWMHAKOBOe 3HaueHue JAOIMyCKaeMbIX
HarpsDKeHWM Ha pacTsDKEHWEe M C)KaThe, MCIOJb3yeTCs JUllb TO U3 ycioBuh (6.2),
KOTOpOe COOTBETCTBYeT 00JIbIlieMy T10 abCO/TFOTHOU BeJTMUKMHE HaTPSKeHUIO.

[Ipy [Opaem] < [Ocwam] (XpymnKue MaTepuanbl) nepBoe u3 yciaoBu (6.2)
AOCTAaTOYHO, €C/IU Omax pact = Omax cocam-

[7is ceueHW C ABYMsI OCSMU CHMMETDUM, WUMEIOIIUX TOUKHU, OJHOBPEMEeHHO
Haubosee ypaseHHble OT 00eWX T/IABHBIX ILIEHTPa/IbHBIX OCell WHepuuu (Hampumep,
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TIPSIMOYTOJIbHUK, [BYTaBp), WMEHHO 3TW TOYKWA (WIX OAHA U3 HUX) SBJSIOTCS

OTaCHBIMU, U YCI0BHE TIPOYHOCTH MOXKeT OBbIThb 3arvcaHo B BUjie
o M., M, s[a } (6.3)
o paen =y Ry pacm .

rae Wy u W, — MOMEeHTBI COMPOTUB/IEHUSI OTHOCUTETbHO COOTBETCTBYIOIIUX OCEW.

[Onst BbIOMHEHHS Ha OCHOBe (opMysbl (6.3) MPOEKTHOTO pacueTa CliefgyeT
3afaTbcs oTHOoIeHWeM W,/W, (B 4aCTHOCTH, [/1s1 TIPOKATHBIX JBYTaBPOB OTHOLIEHUE
W,/W, u3ameHsieTcs npuMepHO B mipejesax 5 ... 14 ¥ Bo3pacTaeT C yBejMueHreM HoMepa
npocduasi), a 3aTeM TIPOM3BECTH TPOBEPKY BBIODAHHOTO CeuyeHUs U, TIpU
HeoOX0MMOCTH, BHECTU KOPPeKTHBBI. B ciyuae HerpuMeHUMOCTH (opmysibl (6.3)
TIPUXOJUTCS 3a/aBaThCsl pa3MepamMu CeuyeHus, a 3aTeM BBIMOJHATb IIPOBEPOYHbIN
pacueT o gopmysiam (6.2).

3. Annapamypa u mamepudsbl: JTAHEWKAa, KapaHZJall, Py4yKa, KaJbKyJATOp AJIs
BbINOJIHEHVSI UHKeHepHbBIX pacueTosB.

4. Memoouka u nopsiooK 8bINOAHEHUs1 pabombi.

1. Ina craspHOM KOHCOMBHOW Ganky u3 HepaBHOOOKOro yrosika Nel2,5%x8 mipu
ToJIIuHe cTeHKH 10 MM, (PUCYHOK 6.1), TpebyeTcs:

- oTIpe/ieNIUTh HauboJIbIIINe HaMpsDKEeHHs B OTTaCHOM CeueHUU Oastku;

- IPOBEPUTH BBITIOJTHEHUE YCJIOBUS TIPOYHOCTH NipH [o] = 160MI1a;

- IOCTPOUTD 3MTIOPY HOPMa/IbHBIX HaIpsDKeHW B ONTaCHOM CeueHHH OasKu.

P=8 kH
P=8 kH

VY N
/I i)

Z S| Xo

— -— -_— > |
7
“ ) £=1200 9.2},

PucyHok 6.1 — Cxema HarpykeHust HepaBHODOKOT0 yroJika

CoodepaicaHue omyema u e20 popma
Ortuer 110 1abopaTopHOi paboTe AO/HKEH CO/IeP>KaTh:
- Ha3BaHWe U 1ieJib paboThl, KPaTKWM KOHCTIEKT OCHOBHBIX TeOpeTHUUeCKUX
TI0JIOXKEHUH;
- pacueTHasi cxeMa (pUCyHOK 6.1) 1 Heo6X0iMbIe pacyeThl.
- BBIBO/IbI 110 pe3yJibTaTaM pacyeTa.

KonmposnbHble 8onpochl
1. Kakoii BUji Harpy>keHusi Ha3bIBaeTCsi KOChIM U3riOom?
2. VI3 KaKux BUJ0B Harpy’>KeHus, B COOTBETCTBUU C IPUHLIUIIOM He3aBUCHUMOCTHU
JeHCTBUS CUJI, CKJIaIbIBA€TCSI KOCOM M3rnuob?
3. 1o KakoMy 3aKOHY M3MEHSIIOTCsI HalpsbKeHUsl B TOMEepeyHoM ceueHUH Opyca
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TIpU KOCOM U3rube?

4. Tlo kakoii dopmysie orpefensitOTC HOPMaJibHble HarpsDKeHUsl TIPU KOCOM
usrube?

5. Kakol 3aKOH MeeT reoMeTprueCcKoe MeCTO TOUeK C HarpsKeHUsIMUA, paBHBIMU
HYJTO?

6. UTo Takoe HeuTpasibHas JIMHUS U KaK OIpe/ie/isieTCs ee MOJI0KeHue TIPU KOCOM
n3rube?

7. Kak onpeznenuTh 30HY pacTsUKeHUSI U 30HY CKaTUsl B MOMEPEYHOM CeueHUUr
TPy KOCOM u3rube?

8. Kak ompe/ienstoT oracHble TOUKH B TIOTIEPEYHOM CeueHUH TPH KOCOM u3rube?

9. 3amuMcaTh YCJI0BUS TMPOUYHOCTA TIPU KOCOM wu3rube Opyca W3 MaTepuarna,
HEeOJMHAKOBO pabOTaroIIero Ha pacTspkeHHe W Ha CKaTue.

10. Kak mpu KocoM u3rube pacriosiaraeTcss BeKTOp IJIABHOTO TiepeMelleHus] U
HeWTpasbHas JIMHUS 110 OTHOLLEHUIO APYT K JpYyry?

Jlabopamopnas paboma Ne7. OIPEJEJIEHUE HAIPSDKEHUI TIPU
BHELIEHTPEHHOM C)XXKATUN.

1. Ilenb u codepicaHue pabombl: SKCIepUMeHTa/lbHasi TPOBepKa 3aKOHa
pacripejiefieHUs1 HarpspKeHWW TIpM  BHELIEeHTPEHHOM C)KaTUW CTepXKHS  OOJIbIION
JKeCTKOCTM MYTeM COIOCTaB/JIeHUs pacCueTHbIX HamnpsKeHWM B Ppa3/MYHbIX TOUKax
TIOTIePEYHOr0 CeYeHUs C HaPsKeHUSIMU, 10/ TyYeHHbIMU OMbITHBIM ITyTeM.

2. Teopemuueckoe obocHoeaHue.

Ecnu pactaruBaroiye vam CKAMaroLye CU/Ibl HarpaBJieHbl BJOJIb OCH CTepPIKHS,
TO BO3HUKAaeT LIeHTPa/JbHOe (WM 0CeBOe) pacTsvKeHWe Wiau okaTtue. Ecim ke nuHUSA
[IeUCTBUSI BHEIIHUX CWI CMeIlleHa OT OCHA CTep)KHS Ha HEKOTOpPOe pacCTOsSiHUe e —
9KCLIEHTPUCUTET, HO OCTAeTCsl el Iapasule/lbHOW, TO TaKOe pacTsKeHWe WIW C)KaThe
Ha3bIBaeTCSl BHELIEHTPEHHbIM.

[elicTBUe BHELIEHTPEHHO TMPU/IOKEHHOM CKUMaIoIlerd CWibl, Ha OCHOBAaHUM
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MPUHLMIA CYTeprno3uliid, MOXKHO pacCMaTpyBaTh KakK pe3ysbTaT pPaBHOMEPHOIO
CKaTusi, TIOYYarolerocsi TIpU LIeHTPaJbHOM Harpy)KeHWW, U UHUCTOrO u3ruoba,
00yC/I0B/IEHHOTO BHEL|EHTPEHHBIM MPUI0’KeHHEeM Harpy3KH.

W3rubaroruii MOMEHT TIPU 3TOM OZIMHAKOB BO BCEX CEUEHUSIX CTep)KHs U paBeH
TIPOM3Be/IeHUI0 CKUMatoIel Cubl P Ha BeJTMUMHY 3TOT0 SKCLIEHTPUCUTETA € .

[To gopmyie Asisi onipefiesieHus: HaTIPSPKeHUH TIPYU BHELIEHTPEHHOM PACTsHKeHUU U
CKaTHUW MOYKHO JIeTKO OMNpeJieIuTh BeJIMUMHbI HOPMasbHbIX HalPsUKeHUHN B pa3/IMUHBIX
TOUKax CeueHusi CTep>KHsI U MIOCTPOUTD 3ITIOPY MX pacripe/ie/ieHust 10 CeUeHUIo.

BnusocTh K [eMCTBUTE/ILHOCTH TO/IyUeHHOTO TaKUM IyTeM pe3y/ibTaTa MOXXHO
NPOBEPUTL H3MepeHWeM TMpOJOJbHbIX JAedopMalyii COOTBETCTBYIOIIMX BOJIOKOH
CTep>KHS M OTpe/ie/ieHNeM 3aTeM HallpsbKeHHi, COOTBETCTBYIOIIMX 3TUM JieopMaLivsiM,
110 3aKoHy ['yka.

[IprMeHsieMblil TIpY UCTIBITAaHUK 0Opasel]
npeficTaBasieT cobOil CTanbHON CTep)KeHb
pe NpSIMOYTOJIbHOTO ~ TIOTIEPEUHOr0  CeueHust
Y | (pucyHok 7.1).

BHeLeHTPeHHOCTb MPUIOXKeHUs] CU/bI P
JIOCTUTaeTCss TyTeM [iepeiauud ee yepes
// DOJIUKM, pacrojio’KeHHble €  3aJlaHHbIM

/)

2 9KCLIEHTPUCUTETOM IO OTHOIIEHUI0 K OCH
1B CTEepPIKHSL.
[Ipy 3TOM MOXXHO CUMUTaTh, YTO TOYKA

Al TIPUJIOJKEHUST COKUMAROLLIEW CUJIbl HaXOAUTCS
Ha TJIaBHOW OCHU TIOMEPEYHOr0 CEeUeHUus X M
n3rub Oy/ieT MpsSIMbIM OTHOCUTETHHO OCH Y.

bonee  mpeAnoOYTUTENTEHOM  SIB/ISIETCS
mepejaya Ha obOpasel] CKUMArOIIeld CHUITbI
yepe3 3aKajieHHble IIapUKH, BXOASIINE B
crieliiajbHble  yrayOneHWs B TOpLAx
CTEP)KHSI, TaK KaK IIapUKA  TOuHee
(UKCUPYIOT TOUKY MIPUIOKEHUS CUJIBI.

Torpa medopmaliuu JOCTaTOUHO U3MEPSITh B O/IHOM T/IocKOoCcTU ZOX — BOJIOKOH 1
W 2, PacIosioXKeHHbIX B IJIOCKOCTH M3ruba, B KOTOPBIX AedopMaliui U HaTpsKeHUs
JOCTUTAIOT HAUOOJIBIIINX 3HAUEHUM.

[Ons w3aMepeHusi fgedopmalyii TPUMEHSIIOTCS PblYa)kKHble TEH30MeTphbl THIa
I'yrenbeprepa (A u B Ha pucyHke 7.1). [ 3TOM 1l MOTYT OBITh WCIIO/H30BaHbI
TIPOBOJIOYHBIE TEH30JaTYMKHU COMIPOTHBIIEHHUS.

Harpy>kenue oOpasila C YyCTaHOBJIEHHBIMM Ha HeM MpHOOpPaMH MO’KHO
MIPOM3BOANTE Ha JO00M MCIIBITaTeIbHOM MallliHe C BepPTUKA/NbHOH  OChIO,
obecmieurBaroIiell cTaTUUeckoe TIPU/IOKEHWe Harpy3Kd, B TOM UYWC/Ie YW Ha MallliHe
YM-5.

3. Annapamypa u mamepuasnbl: obOpasel, WCIbITaTe/lbHasi MallMHa YM-5,
TeH30MeTphl ['yreHbeprepa, pyuka, JiMHelKa, KapaHjalll, TeTpa/b, Ka/JbKYJATODP /s
BBITIO/THEHUSI UH)KEHEPHBIX PaCueToB.

4. Memoouka u nopsiooK 8bINOAHEHUsl pabombl.

N
S
N
<y

A I

PucyHok 7.1 — Obpaszer c
TeH30MeTpaMH
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1. Tlepes HauasoM oOmbiTa HeoOXxoAWMO 3ammcath 0a3y [ u Ko3hduUIeHThI
yBe/IMUeHUs] TeH30MeTPOB K, SKCLEHTPUCUTET e, 3HaueHUss MOAYJsi yrpyroctu E
MaTepHasia U pa3Mepbl TorepeyHoro ceueHust b u h obpasija, MoACYMTAThL TUIOMIAZb
ceyeHust Ay ¥ MOMEHT COMPOTHUB/IeHUs ceuenus W, nipu msrube (I = 20 mm, k = 107

2
cm, e = 15 mm, E = 2-10° MIa, b = 41 mm, h = 30 mm, A, =bh, W, 2%).

2. Tlocne ycrtaHoBKM o06pa3ija B MalllMHy TIPOM3BECTH TIpe/iBapUTe/bHbIe
Harpy>xeHus 0 BeauunHbl 1 — 2 KH (100 — 200 Krc), 9yTo He0OX0AMMO /I Ha/Ie>KHOTO
KperuieHHs1 oOpa3iia MeXKJy 3aXxBaTaMU MalllMHbI U JIMKBUALMKA BO3MOXXHBIX 3a30DOB.
[Toka3zaHusi BCeX TEH30METPOB MPU 3TOM HAarpy3Ke CUMTaThb HayajabHbIMU (Havaso
OTCYeTa) M 3alucaTh UX B )KypHasI HaOr0eHUH.

3. YBemmuuth Harpy3ky Ha 5 — 6 kH (500 — 600 Krc) 10 KOHEUHOr0 3HaueHwUs,
KOTOpOe He /I0/KHO TIPEeBBIIaTh YCUHS, TIPU KOTOPOM HarpsbkeHUsI B obpasiie OyayT
paBHbI TIpefiesTy NMPONOPLIMOHA/IBHOCTH.

3anucaTh B >KYpHa/ll UCTOBITAHWUM BeJIMUMHBI CKUMAOLLed CUIbl U MOKa3aHUs
TeH30MeTpOB.

IMpumeuanue: IlpupawjeHusi NOKA3aHUll MeH30Mempo8 Npu PABHbIX CMYNeHsx
Haz2py3ku O00/XM#CHbl Oblmb NpuMepHO OOUHAKOB8bIMU. B cayuae 6oabwo2o paszbpoca
pe3ysnbmamos (omkaoHeHue cebiue 20%) onblm noemMopume.

4. 1711 VCK/TFOUeHUs] BO3MOKHOM OIIMOKY ABaXK/[bl IOBTOPUTH 3KCTIEPUMEHT.

5. BeuucauTe nipupaienve Harpy3kd AP M pasHOCTb TokasaHu AA u AB 1o
Ka)X/IOMY 13 TeH30MEeTPOB.

6. OnpenenvTh OKOHUATe/bHOE 3HAaUYeHWe TpUpALlleHUs] Harpy3Kd U pa3HOCTH
TOKa3aHWM TeH30MeTPOB Kak cpejiHee apudMeTHUeCKoe TI0 JaHHbIM TPeX MCITbITaHUM.

7. [JanbHeiiass 06paboTka pe3y/ibTaTOB UCIBLITAHWMA  3aK/IIOYaeTcss B
ompejieJIeHUU OINBITHBIX HarpssKeHUW 10 AeopMalysiM, W3MEePEHHBIM KaKbIM
TEeH30MeTPOM, T10 GopMyJie

_Ay E
GOH - k -l b

rae Acp — CpeiHsIsl pa3HOCTh TMOKa3aHUW Kaxkoro TeH3omeTpa (AAcp  ABcp); E
— Moaynb FOHra s Matepuana obpasiia; k — ko3 duijueHT yBesiMueHyst TeH30MeTpa; |
— 6aza TeH30MeTpa.

8. Ilo pacyeTHBIM [AHHBIM MOCTPOWTH 3IIOPY pacripeesieHus HarpsKeHU I10
BbICOTe ceueHUs (DUCYHOK 7.2), UHAEKChbl A u B OTHOCSTCS COOTBETCTBEHHO K /JaHHbIM,
T10JIyYeHHBIM 110 TeH30MeTpaM A U B.

PacraruBaromye HampspkeHWs  OTKJIa[bIBAalOTCSL  BbILIE  HYJIEBOW  JIMHWM,
CKUMAROILHe — HIDKe.

(7.1)
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PucyHok 7.2

9. Ilo dopmyne (7.2) mopcuuTaThb TeopeTUUeckde (pacyeTHble) 3HaYeHUs
HarpsbKeHWM B TOUKaX, B KOTOPBIX Jlehopmaliii U3MepsTuCh TeH30MeTpaMH.
AP +AP e
Upacu - A_ - 1% ’ (72)

ceu y

rae AP — npupairieHue Harpysky; Ac. — IUIOIAAbL IIONEepeyHoro CeyeHus
o0pas3lia; e — SKCLIeHTPUCUTET TIPUIOXKeHUsI CUJTbI; W, — 0CeBOii MOMEHT COTIPOTHB/IEHUS
ceueHusi oOpaslja OTHOCUTETbHO TJIaBHOM OCH UHEPLIUU CeueHusi y.

10. ITonyueHHbIe B MyHKTe 5 3HaueHWs HaMpsDKeHWM OTI0XKUThH B MaciiTabe Ha
IIOCTPOEHHOU 3ITIOpPe Oon; OFHO U3 BO3MOXKHBIX TOJIOXKEHUU SITIOPBI Opae, 110KA3aHO HA
PUCYHKe 7.2 MyHKTUPHOM JIMHHEMN.

11. IMomcunTaTe BeNMUMHBI PACXOXKAEHUHA MEXKAY OMNbITHBIMA U PAacYeTHbIMHU
HaTPsDKeHUSIMU B TIpo1jeHTax 1o opmyre (7.3) U cesiaTh BbIBOJ, 00 MX COOTHOIIIEHUH.

o,..- 0
o =—"22 % .1000 (7.3)
Opacw
dopma KypHa/ia HCIBITAHUH
Harpy3ka, IToka3aHus TeH30MeTpPOB Mpupamenne | Tpupatijerne nokasaHui
o Harpysku TE€H30MEeTpPOB
A B AA, H AA AB

2000 20 21

5000 19 22

2000 20 21

7500 22 23

2000 20,5 21

10000 17 24

CpepHee 3HaueHue

KoHmponbHble 8onpochl.
1. Kakou c/iyyall Harpy>keHWsi Ha3bIBaeTCsl BHELIEHTPEHHBIM paCTsPKEeHUeM WU
ckatuem?
2. YTo Ha3bIBaeTCsl 3KCLIEHTPUCUTETOM?
3. Uemy paBeH U3ru0aroIyii MOMEHT MPH BHEI[EHTPEHHOM CKaTHH?
4. Kak ompe/ie/iifOT HalpsbKeHUs B TIPOU3BOJILHOM TOYKe TOTepeYyHOro CeueHus
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TIPY BHELIEHTPEHHOM PaCTSDKeHUU W COKaTUM?
5. TloueMy BHelLleHTpPeHHOe TIPUJIOXKeHHe Harpy3Ku OCOOeHHO OMacHO [ijIs
XPYIKUX MaTepruaioB?

Jlabopamophnas paboma Ne 8. OIIPEJEJEHUE KPUTUUYECKOW CUJIBI
CXXATOI'O CTEPXKHA.

1. Lleab u codepicaHue pabombi: 3KCTIEPUMEHTaTbHOE U TeopeThuecKoe

orpejeneHre KpUTUUECKOUW CUJTbI CKaTOTO CTePIKHS.
2. Teopemuueckoe obocHosaHue

Eciv noiBepruyTh CKaTHIO TOHKWH JJIMHHBIA CTEP)KeHb, TO OH, Npe/IBapUTe/IbHO
M30THYBILKCh, MOXeT caoMartbcs. [lepes; U3710MOM CKUMarOIUe CUJIbI, TIPU KOTOPBIX
TIPOU30M/eT pa3pyllieHre CTepKHs, OyJyT 3HaUUTeIbHO MeHbIIIe TeX, KOTOpPbIe BbI3Ba/Iu
Obl HampspKeHUe, paBHOe TIpeZiesly TPOIIOPLMOHALHOCTA Marepuasa CTeP>KHSI TIpU
okatud. Pa3spyiiieHre cTep)kHs MPOU30UeT TTIOTOMY, YTO TIPU €ro CKaTUKU HapyllaeTcs
NIpSIMOJIMHEHAas JopMa PaBHOBECHST CTEPIKHS.

TakuMm 06pa3oM, Mpy HEKOTOPBIX YCAOBUSX MPsSMO/IMHelHasi (opMa paBHOBECHsI
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MOXKET OKa3aTbCsl HEyCTOMYUBOM, U CTEP)KeHb HAYHET MCKPUBJISTHCA (BBITYUHUBATHCS).
OTO sBieHHWe Ha3bIBAaeTCsl TIPOJOJBHBIM M3TUOOM WIA TI0Tepell yCTOWUYMBOCTH.
CnenoBaresibHO, Hapsily C BOMNpPOCAMU TIPOYHOCTM U JKECTKOCTH CYIeCTByeT
HeoOXOMMOCTb B peIleHUHd BOIMPOCOB YCTOWMUHMBOCTH 3/IEMEHTOB KOHCTPYKLIMMA WA
BCEr0 COOPY’KEHUSI.

[Ipu pacueTax Ha YCTOMUMBOCTb Ba)KHO 3HaThb HauMeHblllee 3HaUeHUe BHEIHEeU
Harpy3ku, TIpU KOTOPOM BO3MO)KeH mepexo[, AedopMaljuu CTEep)KHS OT IPOCTOrO
OKaThsl K OKaTHI0 € U3rhuboM, HasbiBaeMoOW KpPUTUUeCKOW cujoi. Iloka BHeIIHsist
CKUMaroLasi Cujia MeHbllle KpUTUYECKOM, BO3MOXKHA JIMIIb OfHA (hpopMa PaBHOBECHS —
yCTOMYMBas.

CuuTasi KpPUTHUECKYI CWIy pa3pyllarollley Harpy3kou, Hapyllarolleun
HOpMasbHYy!0 paboTy CKaToro CTep)KHsS, MOXKHO COCTaBUTh YC/JOBUe [Jisi TIPOBEPKU
CTep>KHS Ha YCTOMUHMBOCTh

o, == <qlo,..], (8.1)
A

rfie Oqp — KpUTMYEeCKOe 3HaueHWe HOPMAJIbHbIX HaNpsDKeHWH, T.e. HalpsyKeHUM,
MpU KOTOPBIX TPOUCXOAUT TIOTEPS] YCTOWUMBOCTH; F,, — KpUTHUECKOe 3HaueHue
CKUMAFOIIeN CUIbI, T.e. CUJ/Ibl, TPU KOTOPOM MPOMCXOJUT TOTEPsl YCTOMUMBOCTU; () —
KO3(PhUILIMEHT yMeHbIIIeHUs] J0MyCKAaeMOro HarpshKeHUS; [Ocwam] — JOMyCKaeMble
HarpspKeHUs Ha CKaTue [jis MaTeprasia CTepP KHSI.

KosdbdurmeHT ¢ 3aBUCUT OT TMOKOCTH CTEpP)KHS A. 3aBUCHMOCTb MEXAY @ U A
Jaetcss B TabsuljaX, KOTOpble TMpHBeJeHbl B yuyeOHWKAX U 3aJ@ayHUKaxX TI0
COMPOTUB/IEHUIO MaTepuasioB, a Tak)Ke B CIIPaBOYHOM JIUTepaType.

dopmyna A8 onpefiesieHrsi KpUTUUECKOM CUJIbI, TIPU KOTOPOU CTep)KeHb TepsieT
YCTOMUHBOCTh, BITEpPBble OblZla TOJyuyeHa akKaJeMHMKOM POCCHICKON akaJeMun Hayk
JleoHap/ioM JHJiepoM, Ha3bIBaeTCsI KpUTUUECKOW CUION Jijiepa U UMeeT B[]

7°EI
E, :Tmm, (8.2)
np

rae Imn — MUHUMaJ/IbHbIE MOMEHT WHepIMU ceueHust; l,, — IpUBeieHHasi [i/TMHa
CTep>KHs1, KoTopas paBHa L, =« | (1 — K03 dULIMEHT NpUBeieHUsT J/IMHbI CTEPXKHST; | —
(hakTHUecKas JyIMHa CTeP>KHSI).

BemmuuHa koadduienTa TIpUBeleHUs [JIMHBI [ 3aBUCUT OT crocoba
3aKperieHus.

O06a KOHIIa KeCTKO OpnuH KOHel| CTepyKHS
Ob6a KoHIIa 3aKperieHbl
ADHADHO 3aIrieM/ieHbl, HO MOTYT YKeCTKO 3allleMJIeH,
PHHP COMIKaTHCS APYTOM — IIapHUPHO
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L=
|

Y 4

U= | U= 0,5 H= 0,7

dopmysa Diisiepa cripaBe/yiviBa TOJIBKO B TOM C/yuae, eC/id pacyeTHasi THOKOCTh
cTep>kHs1 O0sIbliIe TIpe/ie/IbHOTO 3HAaUeHusI, OTIpeiesisieMoro 1o ¢hopMyJie

__ | E
A=xn /a,w , (8.3)

rae E — mopyne FOHra u opg — Tipefiesi TIPOTNOPLIMOHA/IBHOCTH MaTepuasna, U3
KOTOpPOI'0 U3rOTOBJIEH CTep>KeHb.

PacueTHast THOKOCTb CTEp>KHSI, B CBOIO OU€pe/ib, ONpeiesisieTcs o hopMyrie
el

A’PA(?L{ _I_ , (84)

min

. I . o
rae i, = ':4 — MWHUMaJbHbIA pajyC HWHEPLUU T[ONEepeYHOro CeyeHust

CTep>KHS.
3. Annapamypa u Mamepuanbl: YCTaHOBKA /i1 WCHOBITAHUM, pYyYKa,
IITaHTeHI[UPKYJ/Ib, JMHEeWKa, KapaH/alll, KaabKy/sTOP [Jis BBbITIOJIHEHUSI WH)KeHepHBIX
pacyeToB.
YcTaHOBKa /i1 MCTbITaHUM (prUCyHOK 8.1) mpefcTaB/sieT co0oi cTaHuHy 1 C
JKeCTKO 3aKpervieHHbIMU CTOMKaMu 2 U 3.

PucyHok 8.1 — YcTaHOBKa /1/11 UCIBITAHUS CTEPXKHSI HA YCTOMUMBOCTD

VcnpiTyembiii oOpa3sel] 4, W3roTOBJeHHbIM W3 cTamu 50, yCTaHaB/IMBaeTCS B
3aKMMax 5 M 6, KOTOpble MO3BOJISIIOT MMUTUPOBATh CAeAYIOIYe C/ydyau OIMOPHBIX
3aKpervieHW: o0a KOHIIA CTep)KHSI 3aKperuvieHbl IapHHUPHO, 00a KOHIA CTep’KHS
3aKperieHbl KeCTKO, OZJMH KOHeL| CTeP>KHsSI 3aKpeIieH IapHUPHO, [PYroM — >KeCTKO.
BuHTOM 7, pacrno/siokeHHbIM Ha TIPaBOU OMOpe, CO3aeTcs MPOoo/ibHAas CU/a, BeJTMUrHA
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KOTOpOU ompe/iesisieTcsl AMHAMOMEeTPOM 8, pacIioyioKeHHbIM Ha JIEBOU omope.
4. MemooOuka u nopsiooK 8bInoAHeHUs1 pabombl

1. O3HAKOMHTBHCS C yCTPOMCTBOM J1abOpaTOPHOM YCTAHOBKH.

2. VI3Meputhb pa3mepsl MOTIEPeYHOTo ceueHus U AauHy obpasiia (h=5 mm, b = 20
MM, [ = 1,1 m).

3. YcraHoBuTh 0Opa3sel] B 3aKUMbI 5 ¥ 6 TIpH YC/IOBUM UMHTAL[MM LLIaDHUPHOTO
3aKperieHUst KOHLIOB CTepyKHSI.

4. BuHTOM 7 TIJIaBHO TIPOM3BECTHM Harpy)keHue o0pasilia, KOHTPOJUPYS
NIPOZI0/IBHYIO CUJTY IO LIKaje JrHamometpa 8.

Harpy3ka BHauasie OyZieT M/aBHO pacTH, 3aTeM, MPU JOCTKEHUA KPUTUUECKOU
CUJIbI CTep>KeHb HauHeT U3rubaThesi, @ POCT HAarpy3Ku MpakTUUeCKH TPeKpaTUTCSl.

[TonyueHHOe 3HaUeHUe KPUTUUYECKOW CUJIbI 3arucaTh B TabIULLy.

5. TloBroputh MyHKTHI 3 M 4 [ C/lyyaeB MMMUTALMA [JBYX OCTaBLIMXCS
3aKperieHUi KOHII0B o0Opastia.

6. 3amucarh 3HaUeHUs] KpUTUUECKOM CUJTbI B TAOJHLLY.

7. BuUMCIUTL Tpefie/ibHOe 3HaueHHe TMOKOCTH cTepykHS 1o ¢opmysie (8.3) u
CPaBHUTb €ro CO 3HaueHHeM T'MOKOCTH CTep>KHsI, oripe/iesieHHoM 110 ¢opmyre (8.4) (E =

3
2,1-10" ITa, 0 = 240 MI1a, I :ﬂ, A =bh).
12
8. Ecnu pacueTHasi TMOKOCTb CTepyKHsT O0JIbIIie TIpe/le/TbHOTO 3HauUeHusi THOKOCTH,
oTipefie/IuTh KPUTHYeCKOe 3HaueHWe KPUTUUeCKOW CUbl [Jisi BceX CrocoboB
3aKperyieHdsi KOHLIOB CTep)KHs 10 (opMmyne Oisiepa (8.2) v 3anmcaTh pe3y/bTaThbl
pacueToB B TaOIHITY.
9. CpaBHUTH TeopeTHYeCcKoe U 3SKCIIepUMeHTa/lbHOe 3HaueHUs KPUTUUYECKOU
CWIbI, TOZACUWUTATh TIOTPEITHOCTh W 3alucaTh TOJIyYeHHbIe pe3ysbTaThbl B TabOJHILY.
[TorpelHoCTh OnpefesnsieTcs Mo (popmyie

0 ==t 100% (85)
Kp
CoodepaicaHue omyema u e20 popma

Ortuer 110 1abopaTopHOi paboTe AO/HKEeH CO/IeP>KaTh:

- Ha3BaHWe U 1ieJib paboThl, KPAaTKUM KOHCIIEKT OCHOBHBIX TeOpeTUYecKuX
TIOJI0’KEHUM, BKJIFOUAsi CXemMy SKCIepUMeHTalbHOU YCTaHOBKU (PUCYHOK 8.1);

- pe3y/bTaThl UCITLITAHUIN B COOTBETCTBUHM C TIPUBOAMMOM TaOMMIIeH;

- pacuyeTsl MO OMpeJeeHUI0 TeOPeTUUYeCKOr0 3HaUeHWUS] KPUTUUECKOU CHJIbI [IJIs
BCeX CITOCOOOB 3aKperieHsT KOHI[OB CTEP>KHSI;

- OLEHKY pacxXOoXAeHUsi MeXJy TeOPeTUUeCKUMU W SKCIepPUMEeHTa/bHbIMU
3HaUeHUSIMM KpUTHYeCKoW cuiibl 110 dopmyre (8.5) ans Bcex criocoboB 3aKperieHust
KOHLIOB CTED>KHS;

- BBIBOJI C yKa3aHUeM, KaKoM Crioco0 3akperieHUs: KOHIIOB CTepPyKHSI MPY MPOYMX
PaBHBIX YCJIOBUSIX TO3BOJISIET MOJYYUTh MaKCUMaJIbHOe 3HaueHrWe KPUTUYEeCKOW CUJIbI;
OLIeHKY, BO CKOJbKO pa3 MaKCHMa/lbHOe 3HaueHWe KPUTUUEeCKOW CUJIbl TIpeBbIllIaeT
OCTaJIbHble 3Ha4YeHUsI.

CxeMa 3akpernieHUsi Pacuetnas 3HaueHHe KpUTUUeCcKou | [TorpemHocCTs,
CTep>KHS TMOKOCTb CTepPIKHSI cubl, H %
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Okcriepum | Teopetrue

€HTa/IbHOe CKOe,
IKcn meop
’ E Kp F KD
lF 375

F 1500
l@

lF 730

VL

1=0,7

KoHnmposbHble 6onpochl
1. B yem 3aksttouaeTcs siB/IeHHE MTOTEPU YCTOUUMBOCTH CKATOTO CTEPIKHS?
2. YTo Ha3bIBaeTCst KPUTUUECKOW CUIOW?
3. UTo Ha3bIBaeTCsi TMOKOCTBIO CTEPXKHS?

4. 3anuiure dhopmyny Ouiepa [Jis onpefie/ieHUs] KpUTUUeCKOW CHJIbI C’KaToro
CTep>KHSL.

5. Kak BiusieT >KeCcTKOCTb moriepeuyHoro cedeHusi El,, U AjvHa cTep>xHs | Ha
BeJINUMHY KPUTUUECKOU CUJIBI?

6. Kakoi1 MOMeHT MHepLMY BXOAUT B (popmysy Siinepa?
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7. Uto mpeacraBinisieT coboit Ko3(pbdHUIMeHT MpUBeAeHUs AJIWHBI CTEP)KHS [ U
yeMy OH paBeH TPU Pa3/IMUYHBIX YCIOBUAX 3aKPeIIeHUs KOHL[OB CXKaThIX CTePyKHeU?

8. Kak ycraHaBnuBaeTcs Tipejies IpUMEHUMOCTU (popmyJibl iinepa?

9. Uto Ha3bIBaeTCs Ipe/ielbHON T’MOKOCThIO?

PEKOMEHAYEMAS JINTEPATYPA.

1. Kpupomarnko, C.H. ConporvBieHue wMaTepuasoB: JIeKLUW, CeMUHaphI,
pacueTHo-Tpadrueckre paboTel: yuebHUK 111 6akanaBpoB / C.H. Kpupormanko. — M.:
FOpaiit, 2013. — 413 c.

2. CraposoiiToB, 3.W. CorpoTuBieHre MaTepuaioB: yueOHUK 7t By30B / O.U.
CrapoBouToB. — M.: ®usmariur, 2008. — 382 c.

3. Muxatinos, A.M. ConpoTHB/ieHHe MaTeprasnoB: yueOHUK / A.M. MuxaiioB. —
M.: Akagemus, 2009. — 448 c.

4. CompotuBneHre MarepuasoB: yuebnuk / I'.[]. Mexenkuii, I'.I'. 3arpebuH,
H.H. PemetHuk, A.A. Cnenos. — M.: [lamkos u K', 2008. — 416 c.

5. KorniHoB, B.A. CoripoTyBiieHre MaTepraoB: PyKOBOACTBO [Jisl pelleHrs 3a4a4
Y BBITIOJTHEHUS 1ab0paTOpPHBIX M pacueTHO-rpaduueckux pabot: yueb.rmocodbue / B.A.
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MUHHCTePCTBO HaYKH U BhICIIETo 0bpa3oBanus Poccuiickon demepariyun
['ocynapcTBeHHOe aBTOHOMHOe 00pa30oBaTe/IbHOe yupesK/ieHue
BBICIIIET0 0Opa30BaHUs
«CeBepo-KaBka3ckuii peiepanbHbIi YHUBEPCUTET
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METOJUYECKUE YKA3AHUA

JUIS1 TIPAaKTUUECKUX 3aHSITUH 110 AUCLUTIIVHE
«ConpoTmeneHne matepmnasios»

HarpaBneHue 1oaroToBKu 21.03.01 Hedrerazoroe aeno

HaripaByieHHOCTb (TTPOQWIB) OKCIUTyaTalus U 00C/Ty)KUBaHUe
00BbeKTOB ZI00bIUM He(hTH, IKCIUTyaTarus
1 00cTyKuBaHUe 00HeKTOB JOObIUM T'a3a,
ra30KOH/IEHCATa U MO/[3¢MHbIX XPAHUJIHII]

rasa

KBanudukariys BeIlTyCKHUKA 6akasaBp

dopma 06yueHuUs OUHasi, OYHO-3a0YHas
CraBponosb

CorpoTuB/eHre MaTepHa/iOB — MH)XXeHepHasl HayKa 0 MeTo/jlaX pacueTa Haubosee
pacipoCTPaHEHHbIX  3/IEMEHTOB  KOHCTPYKL[MHA Ha TMPOYHOCTb, JKeCTKOCTb W
YCTOMUMBOCTL TIPM OJHOBPEMEHHOM Y/IOBJIETBOPEHUM TpPeOOBaHWM Ha/le)KHOCTH U

5KOHOMMWNUYHOCTH.
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[lpakTHueckoe  TOATBEP)K/JE€HHWE  OCHOBHBIX  TIOJIOXKEHWM  JAUCLUIIIMHBI
«ComnpoTUB/IeHWe MaTepuasioB» UWMEeT Ba)KHOe MeTOJuYeckoe 3HaueHue B
(hOpMHPOBaHUU UH)XEHEPHOT'O MBIIILJIEHUS CTY/IeHTa.

[aHHbIe MeTOAUYECKYEe YKa3aHUsl peHa3HaueHbl /i BBITIOJIHEHUSI CTyAeHTaMu
TIPAaKTUYECKUX 3aHATHM 10 AucIUIUIMHe «COMpOTUBIEHUEe MaTepualioB» B YCIOBHUSIX
JVCTAHIIMOHHOTO 00yJeHHsl.

B Kkaxmoill TmpakThueckoii paboTe U3/I0KeHbl OCHOBHBbIE TeOPeTHUeCKHe
TIO/IO’KeHUsI, TIpUBe/leHbl TpHUMepbl pacyeTa (pacueTa W TOCTPOEHUs), KOHTPOJIbHbIE
3a/laHUs1 U KOHTPOJIbHBIE BOMPOCHL. IIpuBe/ieH CrUCOK JuTepaTyphbl, peKOMeHIyeMbIt K

HCITI0J/Ib30BAHUIO.

COOEPXAHUE

PA3JEJT 1. TIIOCTPOEHHME OIIIOP BHYTPEHHMUX CHUJIOBBIX
OAKTOPOB, PACUETBI HA  IIPOUHOCTb U  JXECTKOCTBH 40
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[TpakTrueckoe 3aHsATHE Nel. «IIocTpoeHMe 3M0p MPOJOJIBHBIX CUJI, HOPMa/IbHbIX
HarpspKeHUM U YIJIMHEHUM TIPU PACTSDKEHUU (CHKATHR)D «nuvvernneeernnneernnneennnns

[TpakTuueckoe 3ansTe Ne2. «IlocTpoeHue 3MOp KPYTALUX MOMEHTOB U YIJIOB

180072100103 ¥=10 01 5)% 8340\ A% (<3 171 7% o
[Ipaktueckue 3aHaThA Ne3 ... 5. «IlocTpoeHue smrop nomnepeyHbIX CUT U
M3rubaroImx MOMEHTOB npu u3rube»

[IpakTrueckoe 3aHATHe NeG. «IlocTpoeHue >3MrOp TMPOJAOJIBHBIX U TOMEPeUHbIX
CWJI, @ TAaK)Ke M3rubarolix MOMEeHTOB IPH U3rube ¢ pacTsbkeHUeM (CKaTreM)y ...

PA3JEJT 2. UH)KEHEPHBIE METO/bI [TIPOYHOCTHBIX PACUETOB ........

[TpakTrueckoe 3aHsiTue Ne7. «PacyeT CcTaTM4YeCKU HeOIpese/MMOM CTep>KHEBOU
CUCTEMBI ITPU PACTSDKEHUU (CHKATHH)D «.ennvnnennentennenneentennentniieeneennreenneennne

PA3JIE/T 3. TEOMETPUYECKME XAPAKTEPUCTUKHN TIJIOCKMX
CEUEHUM

[IpakTrueckre 3aHaTHUA Ne8 ... 9 «OrnpeneneHre MOMEHTOB COIPOTUBJIEHUS
(60 100 145130 Qa1 (<] 21717 S

40

42

43

49

51
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54

PA3AE/I 1. IIOCTPOEHHME DBOIIIOP BHYTPEHHUX CWIOBBIX

DAKTOPOB, PACUYETHBI HA ITPOYHOCTDB N ) KECTKOCTD.
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IIpakmuueckoe 3aussmue Nel. «IlocmpoeHue 3nI0Op NpPoOOOAbHbIX CU,
HOPMA/IbHbIX HaNpsiceHUull u yo/iuHeHUll npu pacmsidjceHUu (cyicamuu)».

3adaua. TlocTpouTh 5MKOPBI MPOJIOIBHOM CWJIbI, HAllPSDKeHUW U TepeMelleHUM
KpPYTJIOTO CTep)KHS CTymneH4aTod (opmbl. M3 yCIoBUSI TIPOUHOCTH OTMpele/TUTh
HeobX0IMMYIO0 TI/IOIa/ib TTOTIePeUHbIX CeueHU yuacTKoB. MicxozHble AaHHble: P;= 2ql,
P,=3ql, q = 15 kH/™, | = 1 m, [0] = 120 MIIa, E = 2-10" ITa.

Pewenue.

Bbioeaum Ha cmepiicHe 4 xapakmepHblx ydyacmka. I'paHuyamu y4acmkog 8
OaHHOM c/Ayyae OyOym MOUKU NPUAONMCEeHUsl CUA U cedeHusl, 20e U3MeHslemcsl ux
naowaosb.

Hcnonb3yem memoo ceueHull, 08uU2dsicb C1e8a-HANpago (om ceob600HO20 KOHYA K
3adesike, NOCKO/bKY peakyuto onopbl 3a0enKuU Mbl He onpeoessiem).

IMoouepedHo paccekas Kadxicobili y4acmok U ombpacbiedas npagylo uacmb
CmepcHs, onpedeauM HA SMUX Y4YACMKAX NpOOO/bHble CUAbl U HOPMA/AbHblE
HanpsiHCceHusl.

N ql
N =-P,6 =-3 [ = =-6 —
Yuacmok I. 2 ql., o 05A A
— _ _ N ql
Yuacmok II. N =-P,+P, =-3ql+2ql =-ql. o = =
- — — _ N _ ql
Yuacmok III. N =-P,+P, =-3ql+2ql =-ql. o=—=-05-",
2A A
Yuacmok IV. N =-P,+P, - P, =-3ql+2ql +3ql =2ql. o :2]\; :CX.

OnacHbim 6yOem ceueHue naowaobio 0,5A Ha yuacmke I, Ha Komopom
MAKCuMasabHoe 3HaueHue HOPMAAbHbIX HANPAXCEHULI.

W3 ycnosus npouHocmu Ha cicamue (3HAK CUlbl HA 3MOM yudCmKe — MUHYC)
onpedeaum eeauUUHy A, Xapakmepusyujyro niowjaob ceueHull 8aaa

N 3-15-10° 1
Az = —=0,75 107 m*,
o] 0,5-120 10
Onpedenum nepemewjeHusi Ha yyacmkax. Onpedeasimb nepemeujeHusi HauHem C
IV-20 yuacmka, nockonbKy 8 3ade/ke nepemeuyjeHue pasHo 0, a nepemeujeHue Kaxrcoo2o
nocnedyouwe2o yd4acmka ckaaobleaemcsi u3 nepemeujeHusi npeobioywje2o yuacmka u

nepemeweHuUA paccmampueaemoco.

Yuacmok 1V.
a=NL 201 2151001 .0 00,
2AE  2AE 2075107 210
Yuacmok I11.
Al =0,10 10°- 9L =g 19 gos. 15107 1] —=0,05-10" m.
2AE 20,7510 210
Yuacmok II.
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3 . -
A1 =0,05 107 - 920 =g g5 103 10 10_31 = 1“ =-0,15 107" m.
0,75 -10% -2 10
Yuacmok 1.
3
Al =015 107~ S8L — g 15400 _3ASAO LT o5 0y,
0,5AE 0,5075 10" -2 10

Oma0XCUM NO/yueHHble 3HaueHUsl CUA, HanpsixceHull u yOAuHeHUll HA 3niopax,
yuumbleas, Umo nepemewjeHust U3MeHsomcsl Ha yudcmkax AUHelHo.

054 y A
\ | T |
P A~ | 23
1T T i [
| I : |
| : |
[ 2l \ {1
/ / VA IV
2
N gl J_ é -
= ¢
K @ /
c q./A 1 [T
Gl s
©
6 0,05 gl
g anilllli
AlX 1M W
10,15
/
/
/
/
/
/
/
/
/0,75

IIpakmuueckoe 3anssmue Ne2. «IlocmpoeHue 3n0Op Kpymsawjux MOMeHMo8 u
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Yy2/108 N06OPOMAa Npu KpyueHuu» .

3adaua. [lnsi Kpyryoro Baja TIOCTOSIHHOM JKeCTKOCTH, TOCTPOUTH 3ITIOPbI
KPYTALIUX MOMEHTOB U YIJIOB 3aKpyuuBaHus. V3 yC/I0BUSI MPOUHOCTU ONpeeIUThb
navameTp Basa. IIpoBepuTb Bajll Ha »KeCTKOCThb. VIcxofHble faHHble: M;=ql°, M>=5ql’,
Ms=ql?, g = 15 kH/™M, | = 1 m, [1] = 60 MIIa, G = 0,8:10" IIa, [¢] = 3°. [JnuHa KaXXJ0ro
ydJacTka paBHa I.

Pewenue.

Pazobbem 8an Ha xapakmepHble yuacmku. I paHuyamu yuacmkos 8 3mom cayuae
6ydym ceueHus, 20e nNpuaoxiceHbl Kpymsiwjue MomeHmbl. Mcnoab3yss memoo ceueHutl, u
08U2asACb Ccnpaga-Haneeo (om ce0600HO20 KOHYa K 3adesnke), onpedeaum Kpymswjuil
MOMEHM HA KAXCOOM U3 SMUX yudCmKO8.

Yuacmok 1. M, =-M, =-ql°.

Yuyacmok II. M, =-M,- M, =-ql° - 5qI° =-6ql°.

Yuacmok III. M, =-M,- M, + M, =-ql” - 5qI° +ql* =-5ql°.

Omodcum 3mu 3Ha4eHust Ha 3nope Kpymsawjux MomeHmos. OnacHbIM 518/15emcst
Mmoboe ceueHue Ha yuacmke II.

U3 ycnosust npouHocmu Ha KpyueHue onpedeaum Heobxo0umblili ouamemp eand

M, _ [6-15:10° 1"
d >3 =3 — =0,196 m.
0,2|7,] \ 0,260 10
Ipunumaem d =0,2 M. Toz0a noaspHblii MOMenm uHepyuu ceueHus: bydem paseH
I, ~0,1d* =0,10,2° =160 -10°° m".

Yenbl nogopoma ceueHuli 6ydem onpedeasimb, HauuHas c Il[-eo yuacmka,
NoCcKo/bKy 8 3adesnke y2o0/1 noeopoma paeeH 0. Iloeopom kadcooeo yuacmka 6ydem
CK/1a0bl8amMbCsl U3 N0BOpOMA npeobidyuje2o yuacmka u nogopoma paccmampugaemozo.

Yuacmok II1.

M,I -515-10°-1° 1

= = —-0,0059 pao
v GI, 0,8-10"-160-10°° pae.
Yuacmok 11.
- 2 . - - - 3 . 2 .
@ =- 0,0059+M:- 0,0059 + 6 15“10 ! 125 =-0,0129 pad .
I, 0,8 -10" -160 -10
Yuacmokx 1.
2 3 2
0=-0,0120+-9"1 = 001094 12O T _ 147 pan

) 0,8 10" 160 -10™°

Om/02cuM nosyueHHble 3HaUeHUsl Ha 3nkope Y2108 nogopomd.
ITo makcumanbHOMy 3HAUeHUo y2aa N0BOPOMA NPOBePUM 841 HA HCECMKOCMb

@0 == 0,0141 pad =50'46" < [¢] 30

Ycnosue ycecmkocmu 8bINOAHSAEMCS.
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IIpakmuueckue 3ausimus Ne3 ... 5. «IlocmpoeHue 3ni0p nonepeyHbIX Cu/l U
u32ubaWuUX MOMeHIMoe8 npu us2ube».

3adaua 1. 11 KOHCOJBHOW Oa/Ku MOCTOSIHHOM »KeCTKOCTH TIOCTPOUTH STHOPbI
ToTepevHbIX CUJI U U3rubaroluXx MOMEHTOB, yKa3aTh OrnacHoe ceueHue. M3 ycioBus
TIPOYHOCTH U3 TabMLIbl COpTaMeHTa BbIOpaTh AIByTaBPOBOE TOTepeuHoe CceueHue.

Wcxopnbie ganuble: P, = 3ql, . = 2q,a =1, b =21, q = 15 kH/™M, | = 1 m, [0] =
120 MllIa.

Pewenue.

Banka sensiemcsi KOHCO/MbHOU, NO3IMOMY peakyuu onopbl (dcecmkol 3adenxu)
MOJCHO He onpede/simb, a 08U2AMbCA, 8 3MoM cayuae, 6yoem om c80600HO20 KOHYA K
3a0e/nKe, m.e. Cnpasa-Ha1eeo.

Pazobbem 6anky Ha 08a xapakmepHbIX yUACMKA U onpeodeauM NOnepeyHyro culy
u uzeubarowjuili MOMEeHmM Ha Ka#coOOM U3 HUX.

Jnsa smoeo cocmagum ypagHeHusi pasHosecusi 051 8ePMUKA/AbHbIX CUA U
uz2ubarwux MOMEeHmMos.

Yuacmok I.

MbicneHHo pacceueH nepebill yuacmok ceueHusi. B nonyuenHom ceuenuu cuty Q,

u u3eu6a}ou4uﬁ MOMeHM MX HAnpasum 6 coomeemcmeue C npaeu/siom (nonepetmaﬂ

cuna Qy Hanpaeasaemcsa mdk, umobbl OHa epawand ocmdads/aeHHyloO 4acmb CMepPIHCHA no
uacoeoll cmpesike, d U32U6CIFOLL[UL7 MomeHm M, npumaableaemCH K CeyeHUurw mdk,
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umobbl 8epxHUe 80/0KHA OAAKU UCNbIMbIBAAU Cxicamue, d HUMCHUE — pdcmsidceHue).
TMonyuum cnedyrowyio cxemy.

A
A i Ycnosue pasHogecus 015 8epMUKAAbHbIX CUA
Qy - q,z, +P, =0
/‘7( | Omcrooa
Zi /DZ Q, =q,z,- B,

Mockonbky Ha smom yuacmke eeauuuxa Q,usmensiemcs no Onune yuacmka,
onpedenum eé 3HaueHue Ha 2PAHUYax y4acmka.
Ipu 7z, =0 Q, =- P, =-3ql,

Ipu z, =b Q, =q,b- P, =2q -21- 3ql =ql |
2
z
Jnsa momeHmMo8 omHocumebHO MOUKU ceyeHusi- M, - q, ?1 +P,z, =0

2
Omcioda M, =- q2%+P221.

Hpu Z; =0 Mx :O
_ b? 41° 2
Ipu z, =b M, :-q27+p2b :-2q7+3ql 21 =2ql~°.

IMockonbKy nonepeuHas cuia u3meHua1d 3HAK, Mo 8 ceyeHuu, 20e OHA PasHa Hy/0
uzeubarowjuii MomeHm 6yoem umemb MOUKy 3KCmpemyma (Makcumym).
KoopouHamy mouku 3kcmpemyma momeHma Hatioem u3 ycnosust 9.z, -~ P, =0

P, 3qgl 2
Omcioda 7 =2 ==& =151 M, .. =-2q 22507 | 3q1 151 =2,25q1°.
> 2q 2
Yuacmok I1I.
-g,b+P, =0
[72 Q,-q, 2
H Q, =q.,b- P, =2q 21 - 3ql =q ,
b
M( ' { 'Mx'CIZb(Zz‘E)"’Pﬂz =0
b P b
% M, :_qu(Z2_§)+P2Z2.

—b b? 41° p
zZ, = M, =- q2?+P2b :-2q7+3ql 21 =2ql

z,=a+b M, =-q,b(a +Z)+P2(a+b) =-2q -21 -2l +3ql 3] =ql*,

Om/o3cum nosyyeHHble 3HaueHusl Ha 3Npax.
Oniopbl NOCMPOUM «HA pACMSIHYMOM 80/0KHe», OmK/1aobleasi ompuyamesbHble
3HaueHus us2ubarouje2o MomMeHma ceepxy, d noaoxcume abHble — CHU3)Y.
OnacHoe ceueHue 6ydem 8 mouke A Ha yuacmke I, 8 Komopol MAKCuUMAaabHoe
3HaueHue uza2ubaroujezo MomeHmda
M =2,25ql”

X max

N3 ycnosus npouHocmu Ha uz2ub onpeodeaum MOMeHmM conpomueneHusl cedeHust
Mxmax _2,25ql2 _2,25 15 IOJ 12

Wz El El 120 -10°

=0,28125 107> M® =281,25cm°
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ITo mabauye copmamenma ebl6upaem dgymasp Ne24, y komopozo W, =289 cm’ .

&
/
Z Ly BB
a b ‘/Dz
1 /
&, gl 1]+
) bz
27 N
M, gl |

3adaua 2. [lna [OBYXOTNOpHOW OanKyd TIOCTOSIHHOM >KeCTKOCTH OTIpefiesIiTh
PeaKI|M OTIop, TTOCTPOUTH MIOPHI TIOTIEPEUHBIX CH/T M U3ru0ar0IX MOMEHTOB, YKa3aThb
oracHoe ceueHue. /3 yc/ioBUsI IPOYHOCTH BBIOPATh BYTaBPOBOE TOTIEpeUHOE CeueHue.

Wcxogunie ganubie: M; = gql°, M, = 5q°,a =1,b = 21, q = 15 kH/™M, 1 = 1 m, [0] =
120 MlIlIa.

PeweHue.

Baaka umeem 08e onopbl, NO3MoMy 0/151 onpedeneHuss 8HYMpeHHUX ycuauil 8
ceueHUu Mexcoy onopamu Heobxooumo Hailimu xomsi 6bl OOHY U3 peaxkyull onopbl.
N306paszum cxemy b6anku c deticmgyroujumu Ha Heé CUAaMU.

M MR
_...ﬁ_l/] 2
. . B

Onpedeaum, Hanpumep, peakyuto onopbl B.
Jns amo2o cocmasum ypasHeHue pagHo8ecust
XM, =0 -M,+M,+R;b=0
M,-M, _ql°-5q° _
b2

IMockonbky 3HaueHue Rg ompuyamenbHoe, usMeHUM HanpaeaeHue 3moll CU/bl
peakyuu onopbl HA NPOMUBONOA0HCHOE.

Pazobbem 6anky Ha 0ea xapakmepHbiX yuacmka. Cocmagsum ypasHeHus
pasHogecusl Cui U MOMEHMOo8 0151 Kaxc0020 yuacmxd.

Yuacmok 1. Bydem 0gueambcsi cnpasa-Haneeo.

Jlns eepmuKabHbIx Cui ycaosue pasHogecusi umeem euo Qy + Ry =0,

Omciooa Q, =- Rp =24l

Omcrooa Ry = 2ql.
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Q)
s uzeubarowjux MOMeHmMo8
/\Z( Vol - M, +Rzz, =0

= Z Omcrooa M, =Rz,
7
B

Ipu z, =0 M, =0
Ilpu z; =b M, =Ryb =-2ql -21 =-4ql”.
Yuacmok II. Bypem gBuraTbCsi cieBa-Hanpago.

M
7 U Vi JIns eepmukanbHblx cun Q, =0
— JIna momenmos - M, + M, =0
7 ’Qy Omcroda M, =M, =ql”°,

OmaodcuM nosyueHHble 3HAUEHUs HA 3Nopax. dniopy uz2ubarwux MOMEeHmMos
NoOCMpOUM «HA PACMSIHYMOM 80/10KHEe».

OnacHbim 6ydem ceueHue 8 mouke A, 20e MakcumaseH uzaubarowuii MomeHm.

N3 ycnosus npouHocmu Ha u32ub onpedeaum HeoOXOOUMbBIU MOMeHmM
conpomue/eHusl ceueHust

Mxmax _4q12 _4 15 103 '12
o] o] 120 10°

Io mabauye copmamenma ebi6upaem dgymasp Ne30a, y komopozo W, =518cm’ .

W, > =0,5 107" m°> =500cm”

Mr———A

Sy

)
[N

N
=N

/ /

a, gl i

2

M, gl

7/

3adaua 3. [Insi ABYXOMOPHOM OanKe TOCTOSIHHOM >KeCTKOCTH, TOKa3aHHOW Ha
cxeMe, OTIpe/ie/TUTh peakKiiy Orop, TTIOCTPOUTD SITFOPhI TTOTIEPEUHbIX CHT U U3TH0AIOIINX

MOMEHTOB, yKa3aTh OlacHoe ceueHuWe. V3 yCI0OBUSI TIPOUHOCTH Ha W3rub BbIOpaTh
[IByTaBpOBOe IOIIepeyHoe ceyeHue.
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Vcxopuble gaHueie: P; = 2ql, M, = 5gFF, g = q,a=1,b =2l,q = 15 kH/™m, | = 1
M, [0] = 120 MI1a.

Pewenue.

Onpedenum peakyuro onopbl B. /Ins smozo cocmasum ypasHeHue pagHogecust

XM, =0, - M,- Pa+Ry(a+b)- ge(a+b+7)=0

Omcrooa

R, _M,+Pa+q,c(a+b+0,5) :5ql2 +2ql° +5,625ql° —4.2q1.
(a+b) 3l
Pa3zobbem 6anKy HA mpu yuacmkd U, O8U2dSCh CNpAed-HA/eeo, Onpeoenum

nonepeuHble Cu/bl U U32U6(1}OLL[U€ MOMEHMbl HA 3MuUX y4dCmkKax.

Yuacmok I.
g  Q,- @z =0 Omcrooa Q, =42,
a _ _
z, =0 Q, =0,
M( r z, =¢ Q, =q,c =1,5ql,
7
2
VA
- Mx - ql ?1 =
Z2
Omcioda M, =- ql?l
z, =0 M, =0,
2
_ c 2
z, =C M,k =- qf? == 1,125ql".
Yuacmok II.
gl /@z [77 Qy+RB'Q1CZO
g 4 Omcioda Q, =- Ry +q,c =-4.2ql +1,5q] =-27ql
C
/\Z( - M, +Rg(z,-¢)- CIJC(Zz‘E) =0
C
i Omcroda M, =Ry(z, - ¢)- q,c(z, - 5),
Z7
2

z, =C M, =-q, - == 1,125ql°.

z,=b+c M, =Ryb- qlc(b+%) =8,2ql” - 4,125ql° =4,275ql" .

Yuacmok 111.
4l 1 R i YpasHeHue pasHogecus cui
§ 5) Q,- P +Rg- q,c=0
M | | y
( Omcioda
b g r Qy =P - R, +q,c =2ql - 4,2ql +1,5ql =
4 =-0,7ql

c
-M,- Py(z3-b-c)+Ry(z5-c)- qc(z3- 5) =0
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Omciooa

M,=-P,(z;-b-c)+Ry(z,-c)- q,c(z4- %),

z, =b+c

M, =Rpb- q,c(b +§) =8,2ql” - 4,125ql° =4275ql"

z, =a+b+c

M, =-Pa+Ry(a+b)- qc(a+b+ ;) =2ql° +4,2ql -31- q 1,51 -3,75] =
=5ql°.

Omaoxcum NnoJ/iydYeHHble 3HAYeHUus HA SNiopax.

Oniopy uzeubamwjux MOMEHMO8 NOCMpPOUM HA «PACMSHYMOM B80/0KHe»,
OmMK1aobleass ompuyamesbHble 3HAUeHUsl C8epxy, N0A0NHCUMe bHble — CHU3Y.

5 LA
Mr— 5, 11
//4 74
a b C
Vi / 15 /
a7 ¥
a 17/ LT
P
I[ 4275
Mgl
] £
1205

OnacHbiM seAsiemcs ceueHue € mouke A (3HaueHue us2ubawowe2o MomeHma
MAKCUMANBHO My max = 5qI°).

us yciaoeuda npoHHOCmMu HA us2ub OnpeaeﬂUM MOMeHm conpomue/ieHus ceveHus
M 2 . 103 .12
WY > xmax :-Sql :5 15 -10 l
o] o] 120-10°

ITo mabauye copmamenma ebi6upaem dgymasp Ne36, y komopozo W, =743cm’.

=0,625 1077 M’ =625cm”

Ilpakmuueckoe 3ausimue Ne6. «IlocmpoeHue »3ni0p nNpPoOO/AbHBIX U
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nonepeyHbIx Cu/l, d MAaKdxce u3UOGAOWUX MOMEHMO8 npu usz2ube ¢ pacmsiceHuem
(corcamuem)».

3adaya. [ns TIIOCKOH CTaTUUeCKW OMpeZie/IiMOM paMbl TTOCTPOUTH SMIOPHI
TIPOZIOSIBHBIX CHJI, TIOTIEPEUHBIX CHU U HW3TrM0AIOIMX MOMEHTOB, YKa3aTh OIAaCHOe
ceueHue.

[TpoBepuTh yCI0BHE TTPOYHOCTH, €C/TH TIOTIEPEUHOe CeueHHe Tpe/CTaB/seT coboi
msennep Ne27a (A =40,2cm’, W, =317 cm?),

Wcxoansle ganueie: P;= 2ql, M;=qF, q2=2q, a=1, b=2l, d=0,51, q = 15 kH/Mm,
[=1m,[o] =120 MIla.

PeweHue.

Pazobbem 6anky Ha xapakmepHble yyacmku. B 0aHHom cayuae 6anka umeem 4
yuacmka. Iloab3ysicb memooom ceueHull, onpedeaum Npooos/bHble U nonepeuHble CUbl,
a maksice usubarowjue MOMeHmMbl Ha 3mux yuacmkax. /Ins 3moz2o cocmasum ypasHeHus
pasHoeecusi Npo00/bHbIX CU/A, NONEePeUHbIX CUI U U32ubarowjux MOMEHMO8.

BHympeHH010 npo0o/bHYIO Culy 8 paccMampueaeMoM CeueHuu Hanpasum mdk,
umobbl OHa OblLia pacmseusaroujetl. ITonepeuHyro cuty u useubarowuii MOMeHmM — 8
coomgemcmeuu C pacCMOMpeHHbIM paHee NPAsuaoM.

Yuacmok I.
P

— /1 YpaeHeHue pagHosecusi Npo0obHbIX cun N =0
— Cr YpaeHeHue pagHogecusi nonepeuHblix cun - Q, + P, =0
4 N Omcrooa Q, =P, =24l
l

YpasHeHue pagHosecust U32ubarowjux MoOMeHmos

=

- Py -M,=0
Omcrwoa M, =- Py,
Ilpu y; =0 M, =0 TJlpu y, =d M, =-PFd =-2ql 0,5 =-ql.
Yuacmok 1I.
al M —D - N+P =0
N — <’ 4 Omcioda N =P, =2q!,
2 _
[ ] g/ QJ/ _O-
Z
-M,-ql° =0 Omctoda M, =-ql°.
Yuacmok 111.
\/V N =0.
M ’_@ Q, =0,
& 8 * M - MX +M1 =0
* Omcroda M, =M, =2ql°.
Yuacmok 1V.
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-N+P =0

& 7 .
Ve ' H ‘ M ff Omcioda N =P, =2ql,
7S S P S YR
: Omcioda Qy =q:(2,-b),
4
z, =b Qy =0 z, =a +b Qy =q,a =2ql
_ 2
- MX_ qZ(Z42b)+M1' qlz =0

2
Omcroda M , :-q2(242b)+M1 - ql°.
z, =b M, =M, - q]2 :quz- qu :qlz,

(12

z; =a+b M, :—q27+M1 - gl =ql? +2ql° - ql* =2ql°.

OmaoxcuM nosyueHHble 3HAUEHUs HA 3NOpax. dniopy uz2ubarwwux MOMEeHmMos
NnoCMpoUM «HA pACMSIHYMOM 80/10KHEe».

g P
y
N/ ERR
A vV */‘Z /
] Y _
N gl & ’
2\ N
8, q || So=
1 5557
M gl Wﬂ:@: h
2 7

~N
OnacHbIM A6/189emcsl ceyeHue 8 Hcecmkol 3aodesnke, 208 MAKCUMA/AbHbl 3HAYEeHUS
CUM1 U MOMeHmMo8. Yc/a08ue NPOUHOCMU NO HOPMA/AbHbIM HANpsAXceHusim 6yoem umemb
8uo
N M,
=—+—x <[0]
A W

X

o

,ﬂflﬂ OndacHO20 ceyeHuA
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_2ql  2qF° _2-1510°  215-10° 1* _

A W, 109-10° 31710

=7,5 -10° +94,6 -10° =102,1 -10° Ia =102,1MTla <| | =120 MITa.
Ycnosue Npo4YHOCMU 8blNO/IHAEMCH.

g

PA3AEJI 2. THXKEHEPHBIE METO/bI ITIPOYHOCTHBIX PACYETOB.

ITIpakmuueckoe 3aHsmue Ne7. «Pacuem cmamuuecku Heonpedeaumol
cmepJicHegol cucmembl npu pacmsixceHuu (cxcamuu)».

3adaua. XKectkuii 6pyc, Aedopmaiiieit KOTOPOro MOKHO MpeHebpeyub, ONMpaeTCst
Ha IIapHUPHO HEMOJBW)KHYIO OMOPY U TPUKPEIJIeH K JABYM CTEpXKHSIM TIPU TOMOILU
IapHUPOB.

TpebyeTcs HaiTH:

1) ycunusi ¥ Hanps>KeHUsI B CTEPIKHSIX, BbIpa3UB UX uepe3 cuiy P;

2) foryckaemyro Harpy3ky [P], puHsiB fonyckaemoe HarpsbkeHue [0]=160MIla;

3) mpefe/ibHYI0 TPY30IOABEMHOCTE CUCTEeMbI Py U [JOMyCKaeMyr Harpysky
[P'], eciu mipesen Tekyuectd or = 240 MIla v ko3 duLyeHT 3araca MpOYHOCTH Ny =
1,5.

CpaBHuB BenuuuHbl [P] u [Pr], caenath BbIBOJ O TOM, KakKOWM U3 MeETOZOB
pacueToB (JOMyCKaeMbIX HarpspbKeHWM WM pa3pyllaroluX Harpy3ok) Jaetr 0Oosee
SKOHOMUYHOe pellleHne U O0OBsSCHUTL ToueMy. VICXo/Hble [aHHbIe: TUIOIIAJb
TOIePeUHbIX ceueHuil crepkHe A =10cv*sa=2m,b=2m,c=1m,d = 0,5 m.

Pewenue.

Omb6pocum oOnopHble WAPHUPbI CmepXcHell U yumeM UX 6AUsIHUe Hd
KOHCMpYKYuto npooonbHbiMu cutamu N; u N, O6o03Hauum 6ykeamu xapakmepHble
MOUKU.

Hatioem kocuHyc yana o
c 1

JeZ+d? (12 +052
Cocmasum ypasHeHue pagHoeecusi 8 6ude CyMMbl MOMEHMO8 8cex Cuil
omHocumesabHO mouku D

Cos o =

=089

M, =0,
Pc- N,cosa(a+b+c)- N,cosa(b+c)=0

unu
445N, +267 N, =P
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24 F
g b £
’A
()
d
a
My a rF
p N 9
L

B smom ypasHeHuu 0ge Heu38eCnHble 8e/UHUHbl, NO3MOMY 8MOPbIM YPABHEHUEM,
Nno3e0/AI0WUM COCMAasumb cucmemy ypagHeHull, 6ydem ypaeHeHUe CO8MeCcmHOCMU
nepemeuwjeHull.

s smozo paccmompum OegopmuposaHue KOHCmpykyuu. B pe3yabmame
YOAUHeHusi cmepcHell bpyc nosepHemcs 80Kpye wapHupa D npomue uacoeoli cmpesku,
0Cmagasicb NpsiMbIM, m.e. U3 noaoxcedust BD oH nepelidem 8 noaodxceHue B'D.

INepemeweHue wapHupa B 6yoem BB' = Ali/cosa, a nepemewenue wapHupa C
6ydem CC' = Al/cosa.

Al/cosa

7
W3 nodobus mpeyzonbHukog DBB' u DCC' noayuaem

A, Al
cosax-a cosa(b+c)’
Al, =15 41,
Ilockonbky
any, =Nl gy, = Nolo
EA> E -2A
wiu
N,c? +d? N,Nc? +d?
A, =" = AL, =2
EA 2EA
2de l; = I, — dnuHbl cmepaicHell, nosyuum
N, =3 N,.

IToocmasum Nno/iy4eHHOe COOMHOWeHuUe 8 ypadeHeHue paeHoeecus
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445N, +8N, =P
uu
N, =008P y N, =024P
HopmanbHble HanpsisjiceHus 8 CMepiCHAX cedyowjue:
o N OUBP gy Mo 024P
A 10-10 2A 2-10-10
Onpedeaum [P] — makcumanbHoe 3HayeHue 6HewHell cuibl P, npu komopowm
yca08ue NpoyHoCmu 8bino/Hsemcss 8 oboux cmepdicHsx. /1 3moeo HanpsidceHue 8
60/1ee HA2PyHCEHHOM 8MOPOM CMeplHCcHe NpupagHsieM K OONyCKaemMomy HANPSIiCeHUio,
mozoa

=120P,

[P]:[a] _160 -10°
120 120
3HaueHue npedenbHOU HARPY3KU, Npu KOmMopol 80 6CeX MOUKax Cucmembl
HanpsijceHuss docmuz2aiom npeoead meKydecmu, onpedeaum U3 Yca08usi npeoeabHO20
pasHogecusi

=1,33 -10° H =1330 kH .

4450, -A+267 0, -2A =P
20e N; = ;A u N, = 0, 2A.
INpupasHsg HanpsidceHust 8 CmMepXcHAX K npedeay mekyyecmu (0; = 0> = 0t), d
cuny K npedenbHoli (P = Pyp,), nonyuum
P,, =9790,A =979 240 -10° 10 -10"" =23496 -10°H =23496KkH |
C yuemom Ko3agguyueHma 3anaca npouHocmu oonyckaemasi Hazpy3ka Oydem
[PT]:h _ 23496
n
PasHuya 6 3HaueHusIX MakCumanbHoll 8HewHell Hazpy3Ku

T - -
AP, o ={P b [P]IOO% =156163310330100% =17,.8% .

pasHa —=1566 kH ,

Takum obpazom, npu pacueme no OONYCKAeMbIM HA2PY3KAM Hecywas
cnocobHocmb (2py3onodsemMHOCcmb) okaszanach Ha 17,8% ebiwe, uem npu pacueme no
00NnycKaemblM HANPSIHCEHUSIM, UMO YyKasbledem HA B03MONMCHOCMb NPOEKMupOBaHUs
60/1e€ 3KOHOMUUHBIX KOHCMPYKYULl, UCNO/b3YS paciem no 0oNnycKaeMbIM HA2py3Kam.

PA3JIE/I 3. TEOMETPUUYECKUE XAPAKTEPUCTUKU ITIJIOCKUX
CEUEHUMN.

INpakmuueckue 3ausimus Ne8 ... 9 «OnpedeseHue MOMeHMO8 cONpomMues/aeHus
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C/I0MCHBIX CeYeHULlD».

2a
| 3adaua 1. [lnd CHMMETPUYHOTO IIOTMEepevyHoro
ceuenus (a = 3 cm) HeoOX0JUMO:
- OTpe/ie/IuTh KOOP/AUHATHI 1[eHTPa TSPKeCTU CeueHusl,
N Tripe/IBapUTE/TLHO BbIOpaB HCXO/THYIO cUcTeMy
KOOp/IMHAT;
- BBIUYHC/UTHL TJlaBHble IeHTpaJbHble MOMEHThI
oS VHepL1Y;
\ - HaWTA MOMEHTbl COIMpPOTUBJIEHUS] CeueHusi B
e IJIaBHBIX OCSIX WHEPLUH.

Ins pacyeta He0O6XOAUMO BLIUEPTUThL ceueHre B Maciitabe (M 1:1 6o M 1:2)
Y HaHeCTU Ha uepTeXX BCe pa3Mepbl U OCH, UCIIO/b3yeMble B pacueTe, U PaCCTOSIHUS
MeXXJy HUMHU.

PeweHue.

Bbibepem ucxooHyro cucmemy koopouHam. OCb y HANPAsum no ocu cummempuu
ceueHusi, d OCb X — NO e€ HUJXCHel 2paHU.

Jna onpedeneHus yeHmpa msidcecmu pazobbeM CUMMempuuyHoe ceuyeHue Ha
npocmble puzypbl.

s 3moz2o 0onosHUM ceueHue OO NPSIMOY20/AbHUKA U onpeodeaum naowaou u
KOOpOUHamMbl YeHmMpo8 msidcecmu Kaxcool npocmoll puzypbl:

a) NpsIMOY20/IbHUK

A, =5a -6a =30a’ =270 cm”; y; =3a =9 cm.

6) mpey20abHUK

A, _ba lra =4,5a° =40,5cm’; y, :§6a =4a =12 cm;
8) NOMYKpYye
. 2 4-15
A3 :ﬂ'(lja) :3’5302 =318 CMZ; Vs :37’(1 =0,64a =1,9 cm;
ps

Ommemum Ha pucyHKe 2/1a8Hble YeHmMpaabHble OCU NpOCMbix ¢pu2yp.
Toeda koopouHamb! yeHmpa msixcecmu ecell (puaypbl 6yOdym pagHbl:
x. =0;
Ay, - Ay,- Ay, 9:270- 12 405- 19 318
A-A-A,  270-405- 318
Ommemum Ha pucyHKe 21aeHble YeHmMpaabHble OCU 8Ce20 CeHeHUSI.
MomeHmbl uHepyuu npocmbix (pugyp OmMHOCUMEAbHO UX YeHmMpaabHblX ocell
6yoym paeHbil:
a) npsIMOY20/IbHUK

C

=9,53 cm.

3 .
[, =2 24 GaY _gpat =7290 om’;
12 12
hb3 6a (50)3 4 4
I, = = =62,5a" =5062,5cm".
Yo 12 2 P

6) mpey20/1bHUK
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bk’ _15a 6aY _

I, = 9a* =729 cm*;
36 36
3 3
p, =’ _6a-U5a) _, oot —g5 5625 on;
” 36 32

8) NOMYKpye
I, =011r* =0,1145a) =056a* =45,1 cm?;

3 :ﬂﬂ :ﬂ(lﬁa)d =2a" =162 cm?;
Y 8 8
Y (vo)
\ 2a
Vs = - Vs
R T
by | |
=1
| |
A AL L xz
\ \! / _/ _)é\\‘ _: 3| x X
I y = T
S| 5| \ 150
I P
| /_ ) ] X5
I// _I ‘ x

ba

PaccmosHus medxcdy 2n1aeHbIMU YeHMPAaabHbIMU OCSMU NPOCMbIX ¢pudyp u
ceueHusi 8 yenom 6yoym paeHbi:

a) 04151 NpAMOY20/bHUKa a; =9.53- 9 =053 cm;

6) 015 mpey2oabHUKO8 a4, =12- 9,53 =247 cm; b, =2a =6 cm;

8) 0415 noaykpyea ds =9,53- 1,9 =763 cm;

MomeHmbl uHepyuu Npocmbix ¢pueyp OMHOCUMENbHO 21A8HbIX UEHMPA/IbHbIX
ocell 8ce2o ceueHusi 6ydy pagHbl:

a) NnpAMOY20/1bHUKA

I' =I,+ajA =7290+0,53° -270 =7365,843 cm*;

6) mpey2onbHUKa

I, =I,+a;A, =729+247° 40,5 =976 09 cm*;
I1;, =I,, +b;A, =455627+6° 40,5 =1503,5627 cm”;

yo
8) no/syKpyaa
17 =1, +a3;A, =45,1+763" -318 =1896 4 cm*;
To20a momeHmbl UHEepYUU 8Ce20 ceyeHUsl OMHOCUMENbHO 2/1d8HbIX UeHMPA/IbHbIX
ocell 6yOoym paeHbi:
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I, =I,-2I -1 =7365843- 297602 - 1896 4 =35174 cm’;
I, =I,-2I,+1,, =50625- 215095627 - 162 =1893,3746 cum”.
MomeHmbl conpomue/eHus ceueHust 8 21a8HbIX 0CAX UHepyuu 6ydym pagHbi:

I 174 I
w,, =to =174 _36909 cnt; w, = Lo 18933746 o 0n e,
Voo 953 ST
D)

3adaua 2. JInsi HeCUMMETPUYHOIO CeueHus,
COCTAB/IEHHOTO W3 TMPOKATHBIX Tpoduiei
M0 x 70 x8  (gByraBp Nel2, yronok paBHOGOKHii 90x90x9,
yroJiok HepaBHOOOKu 110%x70%8):
- OmpeJe/iuTh KOOPAWHAThI LIeHTpa TSHKeCTH
U 2 CeueHUs, IpeJBapUTe/bHO BbIOPAB HCXOAHYHO
N\ Y cHCTeMY KOOPAUHAT;

% N < ﬁ 90 x 90 x 9 - BBEIUMCJ/INTD I'’iaBHbIE LeHTpaJ/IbHbIE

MOMEHTBI MHEPLINH,
?’ - HalTH MOMEHTEI COIIpOTHUBJIEHUA

CeyeHMd B I'VIaBHBIX OCAX MHEPLWH

N
Inst pacyeta He0OXOAUMO BLIUEPTUTHL ceueHre B Maciitabe (M 1:1 mbo M 1:2)

Y HaHeCTH Ha yepTeXX BCe pa3Mepbl U OCH, UCIIOJb3yeMble B pacueTe, U pacCTOSHUS
MeXy HUMHU.

Pewenue.

Bblbepem ucxodHyio cucmemy KoopouHam. Ocb y HanNpasum no AUHUU CMbIKA
0gymaspa u pagHob0K020 y20/Kd, OCb X — NO AUHUU CMbIKA Y20AKO8.

Onpedenum nosoiceHue yeHmMpa msidcecmu HeCUMMEmpUYHO20 ceveHus. /[ns
3Mo20 ebinuliemM u3 mabauy copmameHma NpoKAmMHoU cmanu Heo6Xoo0uMble UCXOOHbIe
OaHHble 0/151 Kaxc0020 NPOKAMHO20 Npopu/isl.

C yuemom OdaHHbIX mMabauy KOOpPOUHAMbI UEHmMpo8 msdcecmu, nhjaowaou
NPOKamHbIX npopuieli U MoMeHmMbl UHepyuu 6ydym pagHbl:

a) osymaep Nel2:

xi=-6cm, ¥, =-(9- 3,2)=-58cM; A, = 14,7 cM;

I,,=279cm’; I, =350 cm’;

6) yeonok pagHobokuti 90x90x9:

X2 = 2,55 cm, y» = - 2,55 cm; Az = 15,6 cm?;

I,=118cm’; I, =118 cm’;

8) y20/10K HepagHobokutl 110%70%8:

x3 = 1,64 cm, y3 = 3,61 cm; As = 13,9 cv’;

I,=172cm’; I, =54,6 cm”.

Toe0a KoopouHambl yeHmpa msixcecmu cedeHus 6yO0ym paeHbl:

_AX +AX, +AXx, 147 (-6)+15,6 -2,55+13,9 1,64

X, =-0,6 cm.
A+A +A 14,7 +15,6 +13,9
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Ay, +Ay, +Ay, 147 (-58)+156 (-2,55)+13,9 3,61 _
A +A+A 14,7 +15,6 +13,9
Ommemum 3my mOYKy HA yepmedice HeCUMMempuyHO2O CeUeHusl.

yoHy

X3

D fC3

Xo

S, X2

ar

%\W

b

-1,7 cm

PaccmosiHus Mef)fCay 2/1d8HbIMU YEHMPA/IbHbIMU OCAMU NPOKAMHbBbIX npod)wleﬁ u

ceueHusi 8 yenom 6yOoym paeHbi:
a, =5,8- 1,7 =4,1cm; b, =6 - 0,6 =5,4 cm;
a, =2,55- 1,7 =0,85cm; b, =2,55+0,6 =3,15 cm;
a, =3,61+1,7 =5,31cm; b, =1,64 +0,6 =2,24 cm.
MomeHmbl uHepyuu NpoKamHbIx npoguseti OMHOCUMEAbHO 2/1a8HbIX
YeHmMpanbHbIX ocell 8ce2o ceyeHus 6yoym pasHbl:
a) osymaspa:
I, =1, +aA =27,9+4,1° 14,4 =270 cm*;
I, =I, +b/A =350+5,4" 14,4 =770 cm’;
6) yeonka pagHoboko20:
I/ =I_,+a;A =118+0,85° 15,6 =129,3 cm’;
I, =I,,+bjA, =118+3,15° 15,6 =273 cm*;
8) y20/1Ka HepagHObOK020:
I =1_,+aA =172+5,31° -13,9 =564 cm*;
I,=I, +b; A, =54,6 +2,24° -13,9 =124,3 cm”.
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Toeda momeHmMbI UHEpYUU 8Ce20 CeveHUsi OMHOCUME/bHO 2/18HbIX YeHMPAAbHbIX
ocetl 6y0ym paeHbl:

I,=I_-1I +I  =270+129,3+564=963,3cm";

L,=1,-1,+I,=770+273+124,3=1167,3 o’

PaccmosiHus om 21a8HbIx YyeHmpa/bHblx ocell U Haubosee yOaaeHHbIX MoyeK
ceueHust 6yoym paeHbi:

Vour =11+1,7 =127 cm;  x,. =12- 0,6 =11,4 cm.

Toe0a MomeHmMbI cONpomMueB/eHUs HeCUMMEeMPUUHO20 CedeHuss OMHOCUMe/IbHO
2/1a8HbIX YeHMPA/ibHbIX ocell 6yoym pagHbl:
I. 9633

X0

_1167,3 =100,3 cm’.

Yoy 12,7

max

I
=758cm’; W, =—2

max )
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MuUHHCTEPCTBO HayKH U BhICIiero obpa3oBanus Poccuiickon depepariun
["ocygapcTBeHHOe aBTOHOMHOE 00pa30BaTe/ibHOe yUpeXK/eHue
BBICITIEr0 00pa30BaHuUs
«CeBepo-KaBka3ckuii hesiepaibHbIli YHUBEPCUTET»

METOANYECKUWE YKA3AHUSA
K CaMOCTOSITe/TbHOM paboTe 110 JUCLATIIIHHE

«COITPOTUBJIEHVE MATEPUAJIOB»

CamocTtosiTenibHast paboTa mTpd  U3yueHUM JUCHUIUIMHBI  «COIpOTHB/IEHHEe
MaTepyasioB» HMMeeT BaKHOe 3HaueHWe B (DOPMHUPOBAHUM WHXXEHEPHOTO MBbIIIIeHUS

CTyJleHTa.

B 1porjecce o0yueHMs CTyAeHTHI crierasibHOCTH 21.05.06 peanu3yior
komreteHiyo OITK-1.

HacTosiiiue MeTofuueckue yKasaHUs TpeAHAa3HaueHbl [y obecrieueHUs
CaMOCTOATe/TbHOM paboThl CTYJeHTOB MO AucCHUIUIMHe «COMpOTHB/IeHHe MaTepUaioB.
Onm faroT oOIIyI0 XapaKTepHUCTHKY CaMOCTOSITeTbHON paboThl MO AUCHUTIIMHE. TaHbI
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MeTOAMUeCKre peKOMeHJallud II0 BHAAM CAMOCTOSITeJIbHOM pabOThl, CITMCOK

peKOMeH/lyeMOM JIUTepaTyphl.

MeToanueckre peKoMeH/jal[iy pa3paboTaHbl /151 CTY/IeHTOB CIel[haTbHOCTH

21.05.06 HedrerazoBbie TeXHUKA ¥ TEXHOJIOTUM.

XAPAKTEPUCTUKA CAMOCTOSATE/IBHOM PABOTHI

CamocrosiTennbHass paboTa oOyuaromumxcs 1o AuciuruiiHe «CorpoTvBIieHHe
MaTepyasoB» BK/IFOUAaeT TMOATOTOBKY K JIabOpaTOPHBIM M MPaKTUUYECKHUM 3aHATHSM, a
TaK’Ke BbITIOJIHEHWE KOHTPOJIbHBIX 3alaHUM.

[ToarotroBka K JabopaTopHbIM paboTaM ¥  MpaKTAYECKHUM  3aHATHUSIM
OCYIIIeCTB/ISIETCS COT/IAaCHO MeTOAUUYECKHMM YKa3aHUSIM T10 BBITIOJTHEHUIO TabopaTopHBIX
paboT ¥ MpaKTUUYeCKUX 3aHSATHUH.

KoHTponbHbIe 3a/jlaHUsi BBITIOJIHSKOTCS B COOTBETCTBUU C UHAUBUJYaTbHBIM
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33/laHieM U BK/IIOUAIOT B ce0s pellleHHWe 5 3aflaHWM, CBSI3aHHBIX C ITOCTPOEHHEM
JiiarpaMm pas/IMuHOU CJI0>KHOCTH.

KoHTposbHOe 3a/jaHie BBITIOMHSAETCS Ha Oesbix mucTtax Oymaru dopmara Al (c
OIHOW CTOPOHBI) M COJEPXKUT pacyeTbl B COOTBETCTBUU C 3aJaHUMEM MO BapUaHTy
BblJlaro1I[erocs rnezjarora/

[Tonsi: BepxHee U HWKHee — 2 CM; MpaBbid - 2,5 cM; cyieBa - 1,5 cm.

Kakmoe 3ajaHue BBINOMHSIETCS C HOBBIM JIMCTOM. 3aroJjIOBOK OT/e/IIeTCs OT
TeKcTa rpobesiom.

[Tocme 3aro/ioBKa OMNMCBIBAETCS CyTh paboThl. PellleHre Kakaod 3ajauu
COTIPOBOXK/IA€TCSA ~ COKpAI[eHWUSIMUA,  BBITIOJIHAEMBIMU ~ 0e3  OOBSICHEHHS TIPUYMH.

PaC‘—IETHYI-O CXeMY BBITIO/JIHUTH B UNTAEMOM MacIiraoe.

BAPUAHTHI KOHTPOJ/IBHBIX 3AJTAHUM

[nst cTymeHUYaToro ctep)kHs (cxema 1) MOCTPOMTBH SMIOPbI MPOJOJIbHBIX CHJI,
HODMaJ/IbHBbIX HarpssKeHWW U repeMeltieHui. M3 yCn0BUsS TPOYHOCTH OIpeeuThb
TIJIOLA/Iv TIOTIePeYHBIX CeUeHUM.

[Onst Kpyrjioro Bajla TMOCTOSSHHOM >KeCTKOCTH (CXema 2) MOCTPOUTBH SIMOPHI
KPYTALMX MOMEHTOB, HalpssKeHUM W YIVIOB 3aKpyurBaHUsA. M3 yC/IOBHS MPOUYHOCTH
ornpejenuTh JuaMeTp Basa. [IpoBepuTh Bal Ha )KeCTKOCTb.

Insi 6anok TOCTOSSHHOW »ecTKOCTH (cxembl 3 ... 5) OMpe/euTb OIOpPHbIe
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peakiuu (/i1 KOHCOMBbHOW Oanku Ha cxemMe 3 OIOpHBbIe peaklUU OIpefiesisiTh He
00si3aTenIbHO), TIOCTPOUTD SITFOPHI MOTIEPEYHBIX CHJ/T M M3rMbarol[iX MOMEHTOB, yKa3aTh
oracHoe ceueHue. 13 yc/0BuUsi IPOUHOCTH BBIOPATh /[ByTaBPOBOE MOTEepeYHoe CeueHue.

[nst TJI0CKOM CTaTUYeCKd OrpefenuMor pambl (cxeMa 6) TOCTPOUTH SITHOPHI
MIPOJIO/IbHBIX CWJI, TIOTIePeUHBbIX CHUJ U HK3rM0aloIMX MOMEHTOB, YKa3aTh OIacHOe
ceyeHue (TTOBBIIIEHHbIA YDPOBEHb).

Wcxopusle ganueie: P, = 2gl, P, =3ql, M, =ql’, M, =5qlF, M; = gl,

q:1=q, q@2=2q,a=1, b=2l, c=1,5l, d=0,5l, q=15kH/M™, =1 m,

[0] = 120 MIIa, [1] =60 MIIa, [¢]=3° E =2-10"1IIa, G = 0,8-10" IIa.
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