J

A TEXHONOTYECKNN NHCTUTYT

J

OHremnbCCKy

rmv

C /7

MMEHHU
FATAPUHA 10.A.

J.A. TuxonoB, A. A. I'nabman

JIABOPATOPHDLIE PABOTDbI
11O COITPOTUBJIEHUIO
MATEPHAJIOB

ureansc 2024 r.






JHreJbCCKHUIl TEXHOIOTHYeCKHA HHCTHTYT ((uiuaJ)
¢enepaabHOro rocy1apcTBEHHOr0 OI0IKETHOT0 00Pa30BaTEJbHOTO
yuYpexIeHus BbIcuIero 00pa3oBaHus
«CapaToBcKuii rocy1apCTBEHHbI TEXHUYECKU YHUBEPCUTET
umenu I'arapuna 10. A.»

JIABOPATOPHBIE PABOTbDI
1O COIMPOTUBJIEHUTIO MATEPHAJIOB

MeToanuyecKue yKa3aHus K BbINOJHEHUIO
J1a0opaTopHbIX padoT Mo «ConpoTHBICHUI0 MATEPUAIOB)
JJISl CTYACHTOB HaNpaBJIeHUH

15.03.02 «TexHoJ0rMYeCKHEe MALIUHBI U 000PY10BAHUE)
15.03.05 «KOHCTPYKTOPCKO-TEXHOJIOTHYECKOEe 0O0ecnevyeHne Ma-
IIMHOCTPOUTEIbHBIX NPOU3BOICTBY»

18.03.01 «XuMu4ecKkasi TEXHOJIOTUSD)

21.03.01 «Hedrerazonoe aejio»

OYHOW U 32049HOI (popMBbI 00yUECHUHA

Hreanc - 2023






VIIK 539.3/.8
BBK 30.121
r47

I'47 Tuxonos .A., 'mnibman A. A. JlabopaTopHble padoThI 110 CONPOTHBJICHHUIO
MaTepuaaoB. MeToau4ecKkne yKa3aHus K BBINOJIHEHHUIO JJAOOpaTOpPHBIX paboT. - DHIelbC:
Nzn-Bo OTU (dumman) CI'TY umenu Narapuna F0.A., 2023.- 30 c.

Peuensenrsr: K.b.M.H., goneHT kadenpsl «EcTecTBeHHBIE M MaTeMaTHYECKHE HAyKH»
OHrenabCCKOro TEXHOJIOornyeckoro MHctutyTa (¢miman) CapaTOBCKOro
roCy/1apCTBEHHOI'0 TEXHUYECKOr0 yHUBEpcuTeTa UMeHu ['arapuna 1O. A.
CepebOpsikoB A. B.
K.T.H., IOLUEHT Kadenpsl «O00py10BaHHE U TEXHOJIOTMH 00pabOTKU Ma-
TEpUaoB» DHIEIbCCKOI0 TEXHOIOInYeckoro nHetutyTa (punman) Capa-
TOBCKOI'O T'OCY/JIapCTBEHHOIO0 TEXHUYECKOrO0 YHHBEpPCUTETa HMEHHU [ a-
rapuna lO. A. Koznos I'. A.

Y4eOHoe mocodue COACPKUT METOAMICCKHE YKAa3aHMsI K BBITTOJHEHUIO Ta00PaTOPHBIX
pabot o muctuminHe « COnpoTUBICHHE MaTepuanoB» U paszaeny «ConpoTUBIEHUE MaTEpH-
anoB» B nucuuIuinHax «Mexanuka», «lIpuknagHas mexanukay, «TexHuyeckass MEXaHUKa» B
COOTBETCTBUHU C IPOrpaMMOM TOJATOTOBKM OakajiaBpoB. PaccMarpuBaroTcs j1abopaTOpHBIE
paboTHI IO TEMaM: PACTIKEHHE — CXKATHE, CJIBUT, KPYUYEHHE, U3THO, yCTOWYUBOCTD.

Jlst ctyneHToB OakajiaBpuaTa BCEX HAMPaBJICHUH MOJTOTOBKH.

VIIK 539.3 /.8
BBK 30.121

0000peHo pedakyuoHHO-u30amenbCKuM co8emom
IOTHU (puruana) CI'TY umenu I'acapuna FO.A.

Bpowiopa usoaemces 6 asmopckou pedaxyuu



BBEJAEHUE

JlabopaTtopubie pabotsl JIP1-JIP6 OTHOCATCS K MEXaHHMYECKUM HCITHITA-
HUSAM, KOTOPBIE IPUMEHSIOTCS JIJIsl ONPEACIICHUs] OCHOBHBIX MEXaHUYECKUX Xa-
PAKTEPUCTUK MaTEpHAIa B COOTBETCTBUM C TOCYAAPCTBEHHBIMU CTaHIAPTAMU.
CrangapTsl [2,7] ompenensitoT mpaBuia MOATOTOBKU OOpasloB, a CTaHAAPTHI
[1,3,4,5,6] - MeTOaMKH TIPOBEACHMS UCITBITAHHA.

JlaGoparopusie padotsl JIP7-JIP12 mpoBoasTCs 1Sl SKCIIEpUMEHTAIBHO-
ro MOJATBEPKICHUS PE3YIbTATOB TEOPETUUECKUX PACUETOB.

B MeTonnueckux ykKazaHUSX pacCMOTPEH MOPSAOK NPOBEACHUS CIIENY-
IOIUX JIabopaTopHbIX padoT (JIP):
JIP 1. VcnibiTanue Ha pacTsbKeHUE CTaIbHOTO 00pasiia.
JIP 2. UcnipiTanune aepeBa Ha CyKaTHeE.
JIP 3. UcmpiTanue AepeBsSHHBIX 00pa3IoB HAa CKAIBIBAHUE BJIOJIH BOJOKOH.
JIP 4. VcnbiTaHne CTaabHOTO 00pasiia Ha cpes.
JIP 5. UcnbiTanue cTaibHOrO 00pa3a Ha KpyuyeHue 0 pa3pylIeHHUs.
JIP 6. Onpenenenne MOyl yIPYTrOCTH CTaJIH MPH CIIBUTE.
JIP 7. Onpenenenrie KpUTHYECKOW CUJIBI PU TPOJOJIBHOM U3THOE CTEPIKHS.
JIP 8. Omnpenenenrie TMHEHHBIX U YTIOBBIX MEPEMENICHUN MPHU MIIIOCKOM U3rHbe
OJTHOTIPOJICTHOM OaJIKH.
JIP 9. Onpepenenrie TMHEHHBIX U YTIOBBIX MEPEMEIICHUM MPU MIIOCKOM H3rHoe
OaJIKi — KOHCOJIH.
JIP 10. Ompenenenre TOpU30HTAIBLHOTO TEPEMEICHUS IIAPHUPHO-TIOABUKHON
OMOpPBI CTATUYECKH ONPEIECTUMON PaMbl.
JIP 11. TInockuit u3rud cTaTMueCKU HEOMPEASTMMOM OTHOMIPOJIETHON OaKu
JIP 12. Cratuuecku Heomnpeaenumas mopTajbHas pama.

IHopsinok BeImosiHenust pador JIP1-JIPS

1. U3yuuTh onrcanue 1ab0paTopHON pabOThI, MpaBUiia TEXHUKHU 0€3-
OITACHOCTH TIPH €€ BBITTOJTHCHUH, 3aITMCaTh 11e1h M Ha3BaHKUE PaOOTHI.

2. [loaroroBuTh TAbMMITY HAOIIIOICHUIA.

3. [MomyuuTh HOMyCK K Ta00paTOpHOI paboTe U 3aaHHE.

4. VI3aMepuTh C MOMOIIIBIO MTAHTCHIIUPKYJIS U TUHEHKA HEOOXOANMbIC
pa3Mephl.

5. OnpenenuTh SKCIEePUMEHTAIILHBIE 3HAYEHUS U3MEPSEMbIX MTapaMeTpPOB
U 3a(pUKCUPOBATH UX B OTYETE.

6. ChopMyIMpoBaTh B OTYETE CBOM BBIBOJIBI ITO TIOBOTY TIPOBEICHHOM J1a-
O0opaTtopHOU pabOTHI.

12. Opopmuts 1abopaTopHYIO pabOTy B KypHaJIE JIJIsi Ja00paTOPHBIX pa-
00T U OTYUTATHCS MPETOIaBaATENIO 1O padboTe.



MeponpusiTusi 10 TeEXHUKE 0€30IIACHOCTH

[Tpu BeIMONHEHHMH BceX JIaOOPaTOPHBIX pabOT HEOOXOIUMO COOIIOAATH
CJIEAYIOIINE YCIOBHUS:

1. Ctporo BBINOJIHATH YKa3aHUs NPErnogaBaTeis 1 y4eOHOro Macrtepa, mpo-
BOJISIINX JTaOOpaTOPHBIE PAOOTHI

2.  JlaGopaTopHy!0 pabOTy Ha/I0 BBIIOJIHATH B COOTBETCTBUU C OIIMCAHUEM.

3. He npukacatbcsi K TOKOBEAYIIUM YacTsAM JIAOOPaTOPHOTO 000PYIOBAHHUS;
4. Crnenutp 3a TeM, 4TOOBI B ABMXKYIIMECS YACTH UCIBITATENIbHBIX MAIIMH HE
HIOTIaaJTU IOCTOPOHHKE TIPEMETHI,

5.  HarpyxeHnue npoBoauTh aKKypaTHO, Ipy3bl HE OpocaTh U HE POHSTh.

6.  He TporaTh ycTaHOBKH, Ha KOTOPBIX HE MPOBOIUTCS JIaHHAs JTa00OpaTop-
Has pa0orTa.

MAIIVHBI JJ151 UCIIBITAHUI

Hns ucnbiranuii JIP1-JIPS npuMeHSIOT UCTIBITATENIbHBIE MAIIIMHBI, TI03BO-
JSOIIME MPOU3BOAUTEH HArpyKeHue o0pasiia, U3MEPSATh BEIUUYUHBI MPUITIOKEH-
HBIX K HEMY YCWJIMI W TMOJYy4YeHHBIX o0pa3iiom mnepemenieHuil. JlabopatopHsie
paboter JIP1-JIP4 mpoBOasTCS HAa YHHUBEPCAJIBHON HCIBITATEIHLHOW MAaIIMHE
YMM-5 ¢ MakcuMaibHbIM ycuivueM Harpyxkenus 49 kH, xoropas cHaOGxeHa
PBIUAKXHO-MASITHUKOBBIM cujon3meputeneM. Jlaboparopuas padora JIPS mpo-
BoauTcs Ha mamrae KM-50.

JIABOPATOPHAA PABOTA 1
HNCIIBITAHUE HA PACTA’KEHHUE CTAJIBHOI'O OBPA3LIA

Jannas ynabopaTopHas paboTa MOCBSIIEHA W3YUYCHHUIO SKCIIEPUMEHTAlb-
HOTO METOJ[a OTpEACNICHUSI OCHOBHBIX MEXaHUYECKHX CBOWCTB CTaJM MPHU CTa-
THYECKOM Harpy>keHuu oOpasia. PadboTa nmpoBoauTcs B COOTBETCTBHH ¢ [1].

[lenp paboThI - YCTAaHOBJIEHWE OMBITHBIM IyTEM 3aBUCHMOCTH MEXIY
HArpy3KoH W Y/UIMHEHHEM 00pasIia Mpu pacTsHKEHUU 10 MOMEHTA €Tr0 pa3phiBa;
OTIPEJICIICHUE BEIMYMHBI OCHOBHBIX MEXaHMYECKUX XapaKTEPUCTHUK Marepuaia
oOpa3sia (rpenaesna nponopIHOHATBHOCTH Gryif, TPEAeIia TeKy4eCTH (PU3NIECKOTO
O, ICTUHHOTO COIMPOTUBIIEHUS Pa3pblBy Sk, BPEMEHHOTO COMPOTUBIICHHS Ma-
TepHuaja G, OTHOCUTEIHLHOTO yIJIMHEHNUS O U OTHOCHUTEIBHOIO CYXKEHHS MOCIe
pa3psiBa ‘P.

CranmaptoM [1] npeaycMOTpeHbI 7 TUIIOB KPYTJIbIX 00pa3lioB U HECKOJb-
KO THUIOB IIJIOCKUX 00pa3loB i UcibiTaHui. B maboparopHoit paboTe UCHoib-
3yetcs obpasen tuna Y1 (puc. 1).

OOpa3zer BcTaBisieTcsl B 3aXBaThl MaliuHbl Y MM-5, 1 B mipoliecce UCIbI-
TaHUs BeneTcsl HAaOJIoJeHUE 3a €ro mnoBeneHueM. J(uarpamma aBTOMaTHYECKU
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BblUEpUMBaeTCs B koopauHaTax AL mo ocu adciuce u F o ocu opuHar.

YTOOBI UCKIIOYUTh U3 PACCMOTPEHUSI KPUBOJHUHEHHBIN y4acTOK B Hayaje Jua-
TPaMMBbI, CBS3aHHBIA C BRIOOPKOH 3a30pOB MEXKIy YacTIMHU MammHbl Y MM-5 u
MEXIy TOJOBKaMH oOpaslia M 3axBaTaMH, CIEAYET MPOJOJIKHUThH MPSIMOIUHEH-
HBIM OTPE30K HarpaMMbl 10 OCH abCIHCC, B MIEPECEUECHUN C KOTOPOH MOITyIHM
Touky O — Hayano auarpammsl. [IpsMonuHeHbl yyacTok auarpamMmmel OA co-
OTBETCTBYET MPSIMOM MPOMOPIIMOHATIBHOCTH MEXKy HArpy3KaMu U yIJIMHEHUEM
oOpasua (3akoH ['yka). 3areM aedopMani HAYMHAIOT PACTU OBICTPEE PACTATHU-
BaOIIEH CUJIbI, MpUYeM OT Touku B mguarpammsl nedopmanuu pactyT 0e3
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HEWILIETO MOBBIIICHHS PACTATUBAIOIIEN CHIIBI - Marepuas TedeT. Ha nuarpamme
IpU ATOM MPOUYEPUUBACTCS TOPU3OHTAIbHAS JIMHUA. 3a TUIOMIAJKON TEKY4YEeCTH
quarpaMMa OIATh HJIET BBEPX IO KPUBOW M JOCTHTAET CBOETO HAMOOJBIIETO
3HaueHud. [[o 3Toro MomMmeHTta nedopmaiuu pacupenesiiuch paBHOMEPHO IO
BceMy oOpasity. HambGonbinas Harpyska Fp, mocTuraytas B mporiecce HUCIbITa-
HUSI, HA3bIBACTCS pa3pylIaroIieii, a YCIOBHOE HAINPSIKEHUE Oy, BHI3BAHHOE pa3-
pYIIAOIIeH Harpy3KOi, Ha3bIBAETCS BPEMEHHBIM COMPOTHUBIICHHEM MaTepHala.

B okpectHocTH TOuku C quarpamMmsel aedopManus mpuoOpeTacT MECTHBIH
XapakTep, KOHIEHTPUPYSICh OKOJIO OJJHOTO KaKOT0-JIMOO ydacTKa Mo JUIMHE 00-
pasiia, okaszaBIierocsi HanOosee ciabbpiM. B a3ToM MecTe HaunHaeTcst oOpa3oBa-
HUE TaK Ha3bIBAEMO IIEHKHU, TO €CTh MECTHOTO CY>KEHUS MOMEPEUHOTO CEUCHUS
oOpasma. BeienacTBue yMeHbINIEHUS TUIONIAIA CEUCHUSI TS JAIbHEHUIIEero pac-
TsDKEHUS 00pasiia Hy>KHa MEHbIlasg Harpy3ka. [loaTomy Ha aumarpamme HaOIIO-
JaeTCsl MaJICHUe Harpy3KH, MPOJIoJDKaBIIeecs 0 pa3pbiBa obpasma. MctunHOE
K€ HAMpsDKEHUE B MaTepualie y IICWKH, HECMOTPS Ha MaJeHHE Harpy3Kd, BCE
BpeMs BO3pacTaer.

OTtpesok OE Ha ocu abcuuce auarpamMMbl H300pakaeT MOJHYI0 aedop-
Manuo obpasua. Croma BXOAST Kak OCTaTOYHAs, Tak U ympyras aedopmaiius
cTepkHs. UTOOBI MOMy4YUTh HA AMArpaMMe TOJIbKO OCTaTOYHOE YJIMHEHHE, Clie-
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JyeT TPOBECTH HAKJIOHHYIO Npsamyto DR, mapamnensayro OA, koTopas oTceuer
Ha ocu abcmmcc oTpe3ok OR, cooTBeTCTBYIOMUN BEIMYMHE OCTATOYHOM Je-
dbopmanun, U oTpe3ok RE, cooTBercTByIOmUA ynpyroi aedopmammu odpasma
MIpU pa3phIBe.

ITopsinok BhINOJIHEHHUS PAa00THI U 00PA0OTKA Pe3y/IbTATOB ONbITA

1. U3mepsiem pa3mepnl oOpasiia (MMHEHHbIE — ¢ TOYHOCTBIO 710 0,1 MM,
nuametp Oo ¢ Tounocteio 0,01 mMm). Paccrosinue £ U3MepseTcss MEXAy ABYyMs
pUCKaMU, HAHECEHHBIMHU Ha ITOBEPXHOCTh 00pasIia.

2. Ilocne ucnpITaHus 3alUChbIBaeM BEIIMUMHY pa3pylIaroiie Harpy3ku Fp
C TOYHOCTHIO J0 BEIMUYMHBI MUHUMAJIBHOTO JICJICHUS IIIKAJIbl CUIIOU3MEPUTETIS.

3. 3amepsieM pa3mepbl Y, YT, ¥YB € TOYHOCTBIO 10 | MM Ha auarpamme,
MOJTY4YE€HHOM NP UCTIBITAHUM 00pa3iia.

4. 3amepsieM pa3mepsl 00pasiia mociie ucnbitanusg (puc. 3): mmHy (K
TOYHOCTHIO 10 0, 1 MM M MHHUMAaNBHBIA quMeTp Uk C TouHOCTHIO 70 0,01 MMm.

5. Onpenensem maciTad 3anucu Harpy3ku F m,=—"2 (H/Mm).
6. Haxonum 3Hauenust Harpy3ok Frp v Fr
Fo=m,- Y, H);, F=m,-V_ (H).

7. BblunCIIsIEM NMEPBOHAYAJIBHYK) W KOHEUHYHO IUIOLIAAU IONEPEYHOTO

0t ) A, ="0.10% ()

K

ceueHus oOpasua A, =

3nech 0o, (MM) — HauaIbHBIH qHaMeTp oOpasiia,
dx, (MM) — TuameTp 0Opasia mocjie pa3phiBa.
8. MexaHH4YeCKre XapaKTepUCTHKU MaTeprasa oOpasiia BEIYUCIISIFOTCS 110
cienyomuM hopmysiam:

F, F F F
= r:‘ (IMa), o©,= A—TO (ITa), o, = A_Bo (ITa), S, = A—B (TTa),
5= %;50-100 %), y= %-mo (%),

0 0

(0)
K

IZle Gy - Ipelen MPONOPLUUOHAIIBHOCTH; Ot - MPEAeNl TEKYyYecTH; Op -
BPEMEHHOE CONPOTHUBIICHUE; Sk — UCTUHHOE COMPOTHUBIIEHUE PA3pPbIBY; O - OTHO-
CUTEJIbHOE yIJIMHEHHE 00pasla; \y - OTHOCUTENbHOE CyXeHHe oOpasla mocie
pa3psiBa.

BenuuuHbl O U ABISIOTCS XapaKTEPUCTUKAMHU IJIACTUYHOCTH o0Opasia.

JlanHble ¥ pe3yabTaThl JJaOopaTOpHOM pabOThl cBOIMM B Tabimuny 1, Ha-
3bIBAEMYIO MPOTOKOJIOM MEXAHUYECKHUX UCIIBITAaHUI:



Tabmauma 1.

HpOTOKOH MEXaHUYECKUX MCIBITAHUM

<
= Pa3mepsl oOpaszia OTtHocu-
<

TeIbHbIC
& nocie ucnbita- | Yewus, KH | Hanpsoxenus, Mlla
S | 10 HCTIBITaHUS nedop-
5 HUS o
S Manmu, %
o
2 do, | Ao, | Lo, | dk, | Ak, | Ik, Fuu | Fr S or | on | Sk | &
S| mm | M | MM | MM | M2 | MM H g | O OT B v

Brruucnenue oy, 61, G NPOU3BOAUTCS ¢ TOYHOCTHIO 10 1 MIla, BbIunmcC-
JeHue d U Y NPOU3BOJIUTCA ¢ TOUHOCTHIO 110 0,5 %.

[Tory4deHHBIEC ONBITHBIM MYTEM JJI JAHHOTO MaTepualia 3HAaYCHHs Tpejie-
Ja MPOYHOCTH OB, Mpesiesa TEKy4eCTH G, OCTATOUHOTO OTHOCUTENIBHOIO YIUIN-
HEHHUS O M OCTATOYHOTO OTHOCHTEIHHOTO CYXXECHHS \J JAaI0T BO3MOXKHOCTH MPHU
MOMOIIM TaOJUIl CTAaHAAPTOB B TMOPSIKE MEPBOTO MPUOIMKEHUS YCTAaHOBHUTH
MapKy CTaJIH.

OTuer 0 paboTe TOJKEH COAEPKATh:
1) Ha3zBaHUE U 11eTb PAOOTHI;
2) pUCyHOK o0pas3iia /10 UCIIBITAHUM CO BCEMU pa3Mepamu;
3) auarpaMMy pacTsHKEHHS CO BCEMH pa3MepaMu M BEIMYMHAMH Harpy30K;
4) pucyHOK oOpas3iia MocJie UCTIBITAHUN CO BCEMU pa3Mepamu;
5) BBIUMCIICHHUS, TTO KOTOPBIM OINPEAETSIOTCS BCE BEIMUMHBI, BXOIAIINE B MPO-
TOKOJI MEXaHUYECKHUX UCTIBITAHHH;
6) IPOTOKOJ MEXaHUYECKIX UCTTBITAHUH.

JIABOPATOPHAS PABOTA 2
HNCIHBITAHUE JEPEBA HA C’KATHE

PaboTa BBITIOJIHIETCS B COOTBETCTBHHM CO cTaHmapTamu [3,4].

[{enb paboOThl — OMBITHOE OMpEEICHUE BETUYUH BPEMEHHOIO COMPOTHB-
JICHUS TP CHKATUU BJIOJIb U MONEPEK BOJIOKOH.

[Tpr ucnpITaHUM Ha CXKATHE TJIACTMYHBIX MaTepHaioB (MSTKOW CTalH,
MEJIN) yIAeTCs ONPEACIUTh JIMIIb MPEIei TeKYy4ecTr, 00pa3ilbl IPaKTUYCCKH HE
MOTYT OBbITh Pa3pyIlEHbl, OHU CIUTIOIIUBAIOTCS.

Xpynkue Marepuaisl (4yryH, KaMeHb, OETOH) pa3pylIatoTCs MPU CKATUH,
BBIICP)KHUBAs IPU 3TOM HAmpsDKEHUS 00iee BEICOKHE, YEM NP PACTSHKCHHU.

[Ipu ucnbiTaHUK Ha CHKaTHE MPUMEHSIOT KOPOTKHE OOpas3lbl — COOTHO-
[ICHHE Pa3MEPOB BAOJb JUHUM JEHCTBUS HArpy3KH M IMOMEPEYHOro He Ooiiee
JIBYX, TaK KaK C YBEJIMYEHHEM BBICOTHI 00pa3ila BO3MOKHO €r0 MCKPHBIICHUE,
YTO PE3KO U3MEHSIET mpoliecc AehOopMHUpPOBaHUS, UCKAXKACT PE3yIbTaThl UCIIBI-
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TaHus. |1 uCHBITaHUN KCMONB3YIOT O0pa3Ibl IMIMHIAPUYECKON MIH KyOHuue-
ckoit popmel (puc. 4).

[Ipu ucnbpITaHUSX OJHA OMOpPA HA Mpecce JOJKHA ObITh CaMOYCTAHABIU-
BAaIOILIEHCS 111 PABHOMEPHOI'O PacHpeIeICHUsI Harpy3Ku 10 CEYEHUIO.

Ecnu 3anuceiBaTh AMarpaMMbl CKaTHs, TO OHU OyIyT UMETh pa3IMYHbIN
BU/JI JUIS TJIACTUYHBIX M XPYNKUX MartepuaioB. Hanpumep, quarpaMMbl CokaTHs
(puc. 5): 1 — mMarkoii cranu, 2 —4yryHa, 3 — JIOpPaIlOMHHHS,
4 — nepeBa BAOJb BOJIOKOH, 5 — JiepeBa MoInepeK BOJIOKOH, 6 — CTEKIIOTUIACTHKA.

MexaHudeckue XapakTepuCTUKU MaTepruajoB MPU OCEBOM CHKATUU OIpe-
JEJSIIOTCA U Ha3bIBAIOTCS TakK K€, KaK U Mpu pacTshkeHuu. OHAKO, MIaCTUYHbIE
MaTepuajbl MOTYT C)KUMATHCS B TOHKYIO TUIACTUHKY O€3 MOSBIICHUS Pa3pbIBOB U
ONPENEIUTh BEIMYUHY BPEMEHHOIO CONPOTUBIICHUS MPU CKATUU MPAKTHYECKU
HEBO3MOKHO. OOpa3ipl U3 XPYNKUX MaTepUATIOB MPHU CHKATUU pa3pylIaroTCs,
pacmajasch Ha 4YacTH, TPEIIUHBI HapaBIeHbI MPUMEPHO TOJ yriaoM 45° + 50° k
JVHUM TPWIOKEHUS HArpy3ku, TO €CTh IO IUIOLIaJKaM MaKCHUMaJIbHbIX Kaca-
TeNbHBIX HanpsbkeHuil. Ha puc. 6 npeacrapieHsl o0miye BUbl 00pa3oB mocie
UCIBITAHUS: @ — U3 MATKOW cTanu; O — U3 4yryHa; B — U3 J€peBa BJI0JIb BOJIOKOH;
I' — U3 JIepeBa onepek BOJOKOH. CHilbl TpEHUs, JEHCTBYIOIINE HA OMTOPHBIX 11O-
BEPXHOCTSX 00pasla, NpensTCTBYIOT MONEepeyHoi aedopMaliuy B OKOJIO OIOp-
HBIX 30HaX, B CBS3M C 3TUM oOpa3zel] IpuHUMaeT 6oukooOpasznyo hopmy. Biusi-
HUE TPEHUS MOXHO YMEHBIIHTh MYTEM CMa3Kdh OMOPHBIX MOBEPXHOCTEW WM
pUMEHEHnEM 00pa3lioB ClIEHATIBHON (OPMBI.
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BpeMeHHOE COIPOTUBIIEHHE NPH CIKATHH XPYIKHAX MaTEPUAIIOB OIpEJIe-
JISIETCS. OTHOIIEHHEM HAUOOIIbINE HArpy3Ku Fg, IpH KOTOPOM IPOMCXOANUT Pas3-
pyIeHne 00pasiia Wi MOSIBICHHE B HEM TPEIIHH, K TUIOIIAIN MOMEPEIHOTO Ce-

F
YeHHUs 00pasia Cg = Bb , (ITa).
a-

HOpSIIlOK BBIITIOJIHCHU A paﬁ()TbI H OﬁpﬂﬁOTKa PE3YyJbTAaTOB OIILITA

Jlnst 00pasiia, UCTIBITHIBAEMOTO Ha CKATHE BIIOJIb BOJIOKOH U JIJIsl 00paslia,
HCIIBITBIBAEMOTO Ha CKATHE MONEPEK BOJIOKOH, BBIIIOJIHUTD:
1. Bameputh pa3mepsl 00pasioB a, b, h 10 ucnbITanus ¢ TounocThio 10 0,1 MM.
[lpu cxaTuM BIIOJIL BOJIOKOH, BOJIOKHA HAIpaBJICHBI BAOJIb pa3Mmepa h, a mpwu
CKaTUU MONEPEK BOJIOKOH, BOJIOKHA NEPIEHIUKYJISIPHBI HAIIPABICHUIO pa3Mepa
h.
2. BcraButh o0Opaszerr M1y 3aXBaTaMU MAIllMHbI U IPOU3BECTU UCTIBITAHUE 00-
pasia Ha cxkatue. [locTeneHHo yBenuunBas Harpy3Ky, JOBECTH oOpasel] J0 pas3-
pYILICHUS WX JO TOSIBICHUSI TPEIIMH. 3amucaTh BEIWYMHY pa3pylIarolieH
Harpy3ku Fg C TOUHOCTBIO /10 BEIMYMHBI MUHUMAIBHOTO JICJICHUSI IITKAJIbI CUJIO-
U3MEPUTENS.
3. JlaHHbIE OOMEPOB U UCTBITAHUS, & TAK)KE PE3yJIbTaThl BEIYMCICHUN 3aHECTHU B
IIPOTOKOJI MEXaHUYECKUX MCIIBITAHUH (Tabyuma 2).

Tabnuma 2.
[IpoTOKOJI MEXaHUYECKUX UCITBITAHUM.
Pa3meps1 oOpasia Bpemennoe
Marepuan p a3l Pazpymaromas p

a b h A CONPOTHUBIICHUE
oOpasua ’ ’ ’ , Harpyska Fs, H

MM MM MM M o, MIla
epeso

BJIOJIb

BOJIOKOH
Hepeo
HoTIepeK
BOJIOKOH

OTuet 0 paboTe TOJKEH COACPKATh:

1) acku3bl 00PA3IIOB C YKa3aHUEM Pa3MEpPOB J0 UCIIBITAHUS;

2) BENMUMHY pa3pylIaronieil Harpy3Kd, BEIYMCICHHE BPEMEHHOTO COMPOTHBIIC-
HUS TIPU CKATHH BJIOJTB | ITOTIEPEK BOJIOKOH;

3) 3CcKu3bI 00Pa3IOB MOCIE UCTIHITAHMS C OMTMCAHUEM XapaKTepa pa3pyIIeHHUs;

4) MPOTOKOJI MEXaHUYECKUX MCTIBITAHU.



JIABOPATOPHAS PABOTA 3
HUCIHBITAHUE JEPEBAHHBIX OBPA3IIOB
HA CKAJIBIBAHUE BJ10OJIb BOJIOKOH

PaboTta npoBOJHUTCS B COOTBETCTBUU CO CTaHAapTOM [5].
[lesib paboOTHI: OMNpEIeICeHHe BPEMEHHOTO COMNPOTUBIICHUS JPEBECHHBI
IIPY CJIBUTE BJIOJIb BOJIOKOH.

ITopsinok BhINOJIHEHHUS Pa00THI U 00PA0OTKA Pe3y/IbTATOB ONbITA

JIist ucibITaHUs PEBECUHBI HA CKAJIBIBAHHME BJOJb BOJIOKOH IPUMEHSIOT
oOpa3er u mpucrnocobieHne, H300pakeHHbIE Ha pUC. .

[lepen ucnbiTaHueM oOpasen u3MepstoT ¢ ToyHocThio 10 0,1 mwm. 3a-
TeM oOpasel] yCTaHaBJIMBAIOT B MPUCIOCOOJEHUE TaK, YTOOBI JJIMHHAS 4acTh
oOpa3la IMJIOTHO Ipuierana K BEPTUKAJIbHON OMOPHOW CTEHKE U MPUKUMAIOT
BUHTOM MEXJy ONOPHOM CTEHKOW M MOABWXHOW omopol. IIpucnocobiienue
YCTaHABJIMBAIOT MEKY HM)KHHM M BEPXHUM 3aXBAaTaMH YHUBEPCAIbHOU HCIIBI-
TaTeIbHOW MAIIMHBI U MPUKIAIBIBAIOT HArpy3Ky. [1o mkane MamuHbl (UKCUPY-
eTcsl paszpyluaronias Harpyska Fg, H.
I:B
a-t

BpemeHHOe CONPOTUBIICHUE BBIYUCIACTCA - T, = (ITa).

OTt4eT 0 paboTe TOKEH COACPIKATD:
1) acku3 oOpasiia 0 UCTIBITAHUS CO BCEMU pa3MepaMu;
2) 3CKHU3 MPUCTIOCOOICHUS JIJIsI UCTIBITAHUS,
3) acku3 oOpasia 1mocje UCIbITaHus,
4) BeNMUMHY BPEMEHHOTO COMIPOTHUBJICHUSI IPY CKAJILIBAHWUHU BJI0JIb BOJIOKOH.

lF

w ) r zll—:@ F MaTpHIa

Puc. 7 Puc. 8
Vd ERRREN! Piiiid

) 1T
M IITOCKOCTH Cp c3d

Puc. 9
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JIABOPATOPHAS PABOTA 4
UCHBITAHUE CTAJIBHOI'O OBPA3IIA HA CPE3

I{emb paOoTHI: ONpeICIICHIUE BPEMEHHOTO COITPOTUBIICHUS CTaIH IIPU Cpe-
3e.

[Ipucnocob6ieHue g UCTIBITAaHKUS Ha cpe3 (puc. 8) COCTOMT M3 MaTPHUIIbI
1 HOKa. MaTpulia MeeT BKJIQBIII U3 3aKaJICHHOUW CTaju C BBIPE30M, B KOTOPHIi
MIPOXOJAUT HOXK. MaTpHIly yCTaHABIMBAIOT HA OMOPHYIO IUIMTY HUXKHETO 3axXBaTa
YHUBEPCAJIbHOM MCIBITATEIIbHOM MamuHbl Y MM-5. Hox moJbKeH coBmanarh C
BBIpE30M MaTpHIlel. [Ipu cOMMKeHnn 3aXBaTOB MAIIMHBI ONOPHAs IUIUTA BEpX-
HETO 3aXBaTa JIABUT Ha HOX, KOTOPBIA BXOAUT B BBIPE3 MATPHUILIBI U MIEPEPE3AET
oOpa3serl 1Mo ABYM ILTOCKOCTSAM (puc. 9).

IHopsizok BbIMOIHEHNsI pad0THI M 00padoTKA Pe3yaIbTAaTOB ONbITA

1. W3mepsiem nuamerp odOpasua d ¢ Tounocteio 0,01 M.,
2. [TpoBoAMM HArpyXeHHE M IO IIKaJe MAIIuHBI (UKCHUPYIOT pa3pylliaro-
1ryro Harpysky Fg, H.
2 2
nd®  nwd
3. [TomcunThiBaeM miomans cpeza A, =2A=2.—=— (M%),
4 2
rie A— miomaab MonepeyHoro ceueHus 00pasiia.
F,-107°
4. HaxouM BpeMeHHOE CONPOTHBIICHHE TPH cpe3e T, = ——— (MIla).
CP
5. Bce nosyueHHBIE pacueToM JaHHBIC 3aHOCHM B IMPOTOKOJI MEXaHUYCCKUX
ucnbITanui (Tabdi. 3).
Ta6muma 3
[TpoTOKOJ MEXaHUYCCKUX UCITBITAHHI.
Pagpymam_ BpeMeHHoe
Mare- Pasmepr1 obpasua ILomans mast CONPOTHBIICHHE
puan cpesa IIpU Cpe3e
oOpasia | AMAMETP | MIOWaIb Acp, M Harpysxa prep
d. MM A M2 Fg, kH T4, Mlla

OTtuyet 0 paboTe JOJIKEH COACPKATh:
1) acku3 oOpasiia 10 ¥ MOCJie UCIIBITAaHUS CO BCEMH pa3MepaMu;
2) cxemy npuOopa /IS UCTIBITAHUS HA CPE3;
3) OmBITHBIC AHHBIC ¥ BBIYMCIICHHUS], TIO KOTOPBIM OTPEACISIIOTCS BCE BEIUYU-
HBI, BXOJSIINE B MPOTOKOJI MEXaHUYECKUX UCTIBITAHUIA;
4) NpOTOKOJI MEXaHUYECKUX HCIIBITAHUN.
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JIABOPATOPHAS PABOTA 5
HUCIHBITAHUE CTAJIBHOI'O OBPA3LIA
HA KPYYEHME 10 PASPYUHIEHUA

PaGoTa mpoBOAKMTCSI B COOTBETCTBHH CO CTaHAAPTOM [6].

[{ens paboThI: OMBITHOE OMNPE/IETICHUE BPEMEHHOTO COITPOTUBIICHHS MaTe-
puaia u yria 3aKpy4rMBaHUs CTAIbHOTO 00pasiia Mpu KPy4eHHH.

OOpa31bl 17151 UCTIBITAaHUS HA KPY4YeHHE UMEIOT HWJIMHIPUYECKYI0 (hopMmy.
Jnuna { paboyero ywyactka oOpaslia COIVIACHO CTaHAapTy [6] AomkHa OBITH
pasnoii 10-d, rae d — ruameTp odpasua (puc. 10).

B pesynbrare ucneiTaHus pa3pylieHHE CTAIbHOrO 0o0pasiia MPOUCXOIUT
0e3 oOpaszoBanus meiku (puc. 11), He3aMeTHO U OECITyMHO, IO CEUYCHHUIO, Mep-
MEeHIUKYJISIPHOMY K ocu oOpasia. O0pasel B MecTe pa3pylieHus UMEET BUJI T10-
JUPOBAHHOM OJIECTAIIEH MOBEPXHOCTH, KaK Obl cpe3aHHOM HOxoM. [IpoaonbHas
yepTa, HAHECEHHAasl Ha TOBEPXHOCTh 00pasiia, oOpaniaeTcs B BUHTOBYIO JIMHUIO.

tF—rHE——Hl=—=—=}

Puc. 10 Puc. 11 Puc. 12

Ecnau ucneIThIBaTh 4yTyHHBIN OOpasel, TO OH pa3pyllacTcs IpU Kpyde-
HUW BHE3AITHO, C IITYMOM, U BCET/Ia 10 HAKJIOHHOMY cedeHuro (puc. 12). B mecte
pa3pyIIeHUs XOPOIIO BUIHBI CISABI OTPhIBA METaJLIa.

IHopsimoxk npoBeaeHus1 padoThl 1 00padOTKa Pe3yJbTATOB ONBITA

1. Jlnst IpoBeACHUS MCTIBITAHUS M3MEpsSeM AuaMeTp oOpasma ¢ TOYHOCTHIO
10 0,01 mm m pacyeTHyto mmHY obdpasna { ¢ Tounocteo 10 0,1 MmM. Brons 06-
pasma MeJIoM IIPOBOIUM TIPSAMYIO JIHHHIO.

2. Harpyxaem oOpasern 1 mocie pa3pyiieHust 00pasiia 3arricbiBaeM paspy-
IAIONIY 0 HAarpy3Ky Mg M YroJI 3aKpy4YrBaHHS.

Mg
3. OmnpenenseM BpeMEHHOE CONPOTUBIIEHUE Tp = ——,
P
3
rJIe 11 KPYTJIOro CeYCHUs W, ~ 0,2d°,
4. Haxoaum yaenbHbIi yrona 3akpyduBaHus 6 = % paauad Ha 1 mor. m.

12



Hopsinok BeinmosiHenust pador JIP6-JIP12

BrIoTHUTS NepBbIE 4 MyHKTA MOPSIAKA BBIIOJIHEHUS padoT (cTp. 3).

5. YCTaHOBUTB CTPEIIKM BCEX MHAMKATOPOB 4AacOBOTO TUIAa Ha «0» U 3a-
nucaTh HauaJdbHbIC 3HAYCHUS BCEX U3MEPAEMBIX IMapaMeTpOB B TaONIUIly HAOII0-
JIGHUM NMpU HavaJIbHOW HyJeBoM Harpy3ke Fi = 0.

6. OctopoxxHo mpousBecTd N KpaTHOe HarpyXeHHe W pa3rpy3Ky ycTa-
HOBKHM, MPUKIIAJbIBAsA K MOABECY (WM MOJBECAM OJHOBPEMEHHO) OAMHAKOBYIO
Harpy3ky. Ha kaxxqom sTamne HarpyXeHusi U pa3rpy3ku GUKCHUpOBATh B TaOIHIIE
HaOJIOICHUM 3HAYCHHS] HArpy3KH U U3MEPSAEMbIX IMapaMeTpoB. YUecThb, UTO ec-
JIM U3MEPUTEINIbHBIN CTePKEHb MHJIUKATOpPA BABUTAETCS BHYTPb, TO OTCUET BE-
JIETCS 110 YEPHOU IIKAJIE, a €CIIM HapYyKy — TO MO KpacHoU mikaine. [[ponzBoauts
CMEHY IIKaJ MPH Harpy3Ke U pa3rpy3ke He PeKOMEHIYIOTCS.

7. BbUMCIUTH MPUpALICHUS HATPY3KH M W3MEPSEMBIX MapaMeTpoB Ha
Ka)XIOM 3Tarle Harpy>KeHUs M 3alO0JHUTh COOTBETCTBYIOIIUE CTOJOIBI TaOIUIIBI
HaAOJIIOICHU.

8. OmnpenenuTh SKCIIEPUMEHTAIbHBIC 3HAYCHHUS U3MEPSIEMBIX MTapaMeTpOB
U 3a()UKCUPOBATh UX B OTYETE.

9. Teopernyeckn BBIYUCIUTH 3HAYEHHS MApaMETPOB, ONpPEACIAEMbIX B
naboparopHoil pabote. TeopeTuueckuil pacyeT AOKEH ObITh MPOBEACH B OTUE-
T€ TIOJTHOCTBIO.

10. Onpenenuts pacXoKIACHUE MEXKIY SKCIIEPUMEHTAIBLHO MOJTYyUYECHHBIMU
(fskcn) 1 TeopeTndecku BbhIUMCIeHHBIMU (freop) 3HAYCHUSAMU TTApaMETPOB

‘fTEOPf - faxcn‘ .100%

11. ChopmynupoBaTth B OTYETE CBOM BBIBOABI IO TMOBOIY ITPOBEIACHHOMN
n1abopaTopHOI PabOTHI M PACXOKACHUN MEXKITY MOTYyUYEHHBIMU TEOPETUYECKUMHU
U DKCIIEPUMEHTAJIbHBIMHU 3HAYCHUSMU.

12. OpopMuts n1abopatopHyro padoTy B TETpaau AJisd JaOOPaTOPHBIX pa-
00T U OTYUTATHCS MPETOJIaBaTENIO 10 paboTe U CBSI3aHHOM C HEM TEOpHUH.

TEOP

JIABOPATOPHAS PABOTA 6
OIIPEAEJEHUE MOAYJIA YIIPYT'OCTU CTAJIA G ITPU CABUTE

[{enb paboTHI: MpoBepKa 3akoHa I'yka npu KpyueHHUH U ONIpeIeSIEHUE MO-
nyns ynpyroctu G ctajau npu CIBUTE.

WcnbiTanusi mMpoBOAATCS HA OMBITHOW YCTaHOBKE, W300paKEHHOW Ha
puc. 13. McnbIThIBacMBbIil CTaIbHOM Ball 2 JICBBIM KOHIIOM JKECTKO 3aIlleMJICH B
onope 1 u mapHupHO onept B onopax 3. Ha Bany )kecTKo 3aKpernyieHbl rpy30BOi
pblyar 6, Ha KOTOPOM MOJIBEIIECH MOJ0H JIJIsi TPY30B 4 U TOJKATENb /7, B MATKY
KOTOpPOr0 yIUpaeTcs HAaKOHEUHUK HMHJMKATOpa 4yacoBoro tumna 8. MHaukarop
KpenuTcs B aepxarene 9.

13



[Ipy HarpykeHuUM NOAJOHA TPY30BOM PhIYAr CO3/aeT HA Baly KPYTAIUN
MOMEHT, 4 CEUCHHE Baja, I/1€ 3aKPEIUICH TOJIKATEIb, [IOBOPAYNBAETCS HA YIOJI @.
Crpenka MHIUMKATOpAa MOKA3bIBAE€T BEIMYMHY TOPU30HTAIBHOIO MEPEMELICHHUS
IIATKY TOJIKATEIIS.

Ban umeer pasmeps: d = 1 cm., £ = 50 cm. JlnuHa mieda TOJKATEINs
p =25.5 cm. JlnuHa mieya rpy30Boro peryara I = 25.5 cm.

Iopsinok mpoBeneHnsi padoThbl M 00PAOOTKA Pe3yJbTATOB ONBITA

1. [Tepen ucnpITaHUSAMU 3aKPEIISIOT MHAUKATOP B JEpKaTesle ¢ MOMOUIbIO
OTBEPTKHU U YCTAaHAIMBAIOT ITIOKAa3aHKUE CTPEIKU Ha aeneHue 0.
2. Ha nmoanoH ycTaHOBKH MOMEIIAOT TOCIEN0BATENBHO IPy3bl BecoM 2 H,

3anuChIBas MOKa3aHUs MHIUKATOpa. Pe3yapTaThl UCIIBITAHUI 3aHOCST B MPOTO-
KOJI MEXaHWUYCCKHUX MCIBITaHUH (TaoI. 4).

3. [TopcuuThiBEM yTO 3aKpydnBaHus Baja @, paj (puc. 14)
_0.01-AHU,
p=——"""]
p-10
4, [ToncuuThiBEM MOJSPHBIN MOMEHT MHEPIIUU TTOTIEPEYHOTO CEUCHHUS BaJia

J,=01-d*-10% o -
_AM,, -107-7-10
- (P"]P .

5. [ToncuuteiBeM Moaynb caBura G, [1a - G

1 1 / 3 o B

i
41 5/ AF
L L F e

Puc. 13 Puc. 14
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Taomnura 4
[TpoTOKOJ MEXaHUYCCKUX MCITBITAHUH

Bec | Kpyrsammui KonnuectBo Pa3Hoctb cmex-
Ne rpysa MOMEHT Pasrocts eMexibIX JleJIeHUu I HBIX OTCUYETOB I10
i | PY3® 3HaueHnii AMg, Hm

H Mk , HM o unaukaropy 1 | unauxaropy AU
1
2
n

CpenneapudmeTrnieckoe 3HaYCHHE CpenneapudmeTnieckoe 3HaYCHUE
KCP — 6 cP T 6

OTuer 0 paboTe TOJKEH COAEPKATh:
1) 5CKH3 ONBITHOM YCTAaHOBKH;
2) NPOTOKOJ MEXAHUYECKUX UCTIBITAHUM;
3) BeNMYMHBI yIila 3aKpyYMBaHUA, MOJSIPHOIO MOMEHTA MHEPLIMH MOMEPEYHOro
CCYCHMs Bajla, MOAYJIS CABUTA.

JABOPATOPHAS PABOTA 7
OITPEAEJIEHUE KPUTHYECKOU CUJIbI
ITPU ITPOJOJIBHOM U3I'MBE CTEPXXHA

[lens paboOTHI: Ompe/esieHue OMBITHBIM MYTeM BETUYUHBI KPUTHUYECKOM
CWJIBl TIPU TPOJOJILHOM HU3THMOE CTEP>KHSA C HMIAPHUPHO OMEPTHIMU KOHIIAMU U
CpPaBHEHHUE MOJYUYEHHOTO IKCIIEPUMEHTAIBHOTO 3HAYCHUS CHIIbI C TEOPETUYECKH
BBIUHCJICHHBIM €€ 3HAYCHUEM.

Pabora BeimonHsieTca Ha yctaHoBke CM 20 (puc. 15). Uccnenyemblii 00-
pasen - OpsSIMOJIMHENHBIN cTepKeHb MIMHON { = 0,5 M mpsIMOYTroJIbHOTO TOoTIe-
PEYHOro ceueHMst pasmepamu 2,5 X 35 MM? , BBIIOJHECHHBIA U3 CTAId MAapKu
65I" (E = 2,1-10° MITa).

Uccnenyemprit oOpaser; 1 ¢cBOOOIHO yCTaHABJIMBAETCS B OMOPHI YCTAHOB-
Kk CM 20, oHa U3 KOTOPBIX HEMOJABUKHA, a Jipyrast nojBuxkHa. MaxoBuk 10 ¢
PYUYKOIl BpalaeTcs 1o 4acoBoi cTpeske. UepBsk 8, HAaXOASIIMIICS Ha OQHON OcH
C MaxOBHKOM, BpamlaeT yepBsiuHoe Kojeco 9. Ha olHON ocu ¢ 4epBSIYHBIM KO-
JecoM 9 pacnoiokKeH MOIbEMHBIM BUHT 6, KOTOPBI NMPU BpalleHUU HOJIHUMAET
raiky 7. ['aiika 7 yepe3 TapupOBAaHHYIO MPYKHUHY S5 JTABUAT HA MOABHXKHYIO OIO-
py u cxumaeT obpazer] 1. Ycunue cxatus F onpenensercs BETUIMHOM CxKATHUS
MPY>KUHBI 5, KOTOpasi HaXOJMUTCS MO B3aMMHOMY CMELIEHUIO ykazareneu 11 u
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12, ycTaHOBJIEHHBIX ¢ 00OMX KOHIIOB MPYKUHBI 5, ¢ TOYHOCTBIO 0,1 MM. CBsI3b
BEJIMYMHBI CHKATHSI IPYKUHBI 5 ¢ YCUIIMEM cKaTus F mpuBeneHa Ha TapupoBOY-
HOM Tpacduke — puc. 16. [lorepst ycTOHYMBOCTH C:KAaTOTO CTEpKHA 1 ompenens-
€TCsl BU3YaJIbHO MO MPUOJIMKEHUIO €T0 CPEHEN YacTH K OJHOMY U3 OrpaHU4u-
TEJIbHBIX BUHTOB 13.

i
/-

\‘l
11 ~UA 2 TapupoBouHL# T padik
12 T~ /
™ ™, ) &
Ne | B— < 3w 7
N [~
= ¢ /
= 8 & oo
| A 9 g /
g 100 /
~ H 10 z /
R > 0 10 15 20 25
M Abconkr Haa gedopvauma mpyriHel Al 1
Puc. 15 Puc. 16

Tak kak obpaser; 1 OTHOCHTCS ¢ CTEKEHSIM OOJIBIION THOKOCTH, TEOPETH-
YECKU KPUTHUYECKAs CUJIA, ITPU KOTOPOU CHKATBHIN CTEPKEHBb TEPSAET YCTONUU-

2
. n-E-J
BOCTb, onpeziensercs no popmyne JI. Ditnepa  F = (—@2'\""\'
M .
31ech: L — kK03 (HULUMEHT IPUBEAEHUS IIMHBIL, Ul JAHHBIX OII0p | = 1;
b-h®
{ — nnMHa crep:xHA B MeTpax;, Jyn = ST MUHHMAJIbHBI MOMEHT HHEPLMH

TIONIEPEYHOrO CeYeHH s CTEPXKHA B M*; b =35 Mmm, h=2,5 Mmm.
Hanee BoimonHstoTcs 11.10-12 nopsiika BeIOMHEHUS padoT, cM. cTp. 13.
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JIABOPATOPHAS PABOTA 8 .
ONPEJEJIEHUE JTUHEHHBIX U YITJIOBBIX INEPEMEINEHUA
IMTPU IIJIOCKOM M3I'MBE OJHOITPOJIETHOU BAJIKH

[lenb paboOThl — SKCHIEPUMEHTANIBHOE OINpPEAEICHIE BEIMYUH MPOTUOOB U
YTJIOB MOBOPOTA MONEPEUHBIX CEUCHU OanKku M CpaBHEHUE UX C BEIMYMHAMU,
BBIYKCIICHHBIMU TEOPETUYECKHU.

Oxcnepumenmanvhas yacms. PaboTa BeimonHsieTcss Ha ycraHoBke CM4A
(puc. 17, a). Uccneayemsiii 00pa3elr — OJHOIPOJIETHAs 0ajka MPsSMOYTOJIBHOTO
TonepevHoro cedeHus 7 X 38 mm? . Matepuan Gajlku — IPpyKUHHAS CTallb MAPKHU
60C2 (E = 2,1-10° MIIa).

Harpyxenue 0anku cocpeAOTOYEHHBIMU CHUJIAMH OCYILIECTBISIETCSA C IO-
MOIIBIO IBYX TUPEBBIX MOJABECOB U HaOOpa rpy30B. PacCTosiHUA OT OMOPHBIX Ce-
YEeHUM OAJIKU JI0 TOYEK MPUIIOKEHUS HATPY3KU 3aJAI0TCS ISl KaXXJ0M TPYIIbI
CTYJIEHTOB U OIIPEIEISIETCS MO IKajle, HAHECEHHOM Ha OaJke.

B pesynbpTaTe HarpyxeHus Oajika U3rudaercs M Kaxaoe MONepevyHoe ce-
YEHHE €€ MEePEeMENIACTCS B IUNIOCKOCTU JIEUCTBUS Harpy3ku. LleHTp Tsxectu ce-
YEHUs NOJIy4aeT BEPTUKAIBHOE JIMHEWHbIE TIEPEMEIIEHHE — IPOrud, a camo ce-
YeHUE MTOBOPAYMBACTCS HA HEKOTOPBIM yToJl, HA3bIBAEMBIM YIJIOM MIOBOPOTA Ce-
YeHUS WJIH YTJIOBBIM nepemMenieHneM. M3mepenue nporuda 3ajaHHOTO CEUCHUS
MPOU3BOJIUTCS C MOMOIIBIO MHIWKATOpA YacoBOro tuna i, HAKOHEUHHK U3Me-
PUTEBHOTO CTEP>KHSI KOTOPOTro ymupaercs B Oayiky. [ToBOopoT omopHbIX cede-
HUN OaJIKU OTpeeNseTcsl ¢ MOMOIIbI0 MHauKaropa M, HaKOHEUYHUK H3MEpH-
TEJILHOTO CTEPKHS KOTOPOTO YIHUpAeTcsl B MATKY CTEPXKHS  JJIMHOMN
L = 150 MM, %eCTKO CBSI3aHHOTO ¢ OajKOW B IIAPHUPHO-HEMOJBUAKHOM omope.
[lena neneHust MHAUKATOPOB YyacoBoro tuna paBHa 0,01 mm.

Bce nostyyeHHble JaHHBIE 3aUCHIBAIOTCS B TAOJIHILY 5.

Jlanee BBIMOMHSIOTCS 1.5 — 1.8, onrcanubie B — «llopsaoK BBITOTHEHHS
paboT», cm. cTp. 13.

DKCINEPUMEHTAIBHO ONPEIEIEMbIC BETMUUHBI:

1. IIporu6 B 3aJaHHOM CEYEHUU OANKHU V. = AU, - 0,01 (MM).

2 Yron moBopoTa cedeHus OANKU B IMAPHUPHO-HEMOABIYKHON OTOPE OTPEIesi-

ercst u3 Tpeyroasanka ADE (M. puc. 17,2) ¢, ., = Q9= A, -0,01 (panm).

L
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Tabmnuma 5

ITpOTOKOJI MEXaHUYECKUX UCHBITAHUN

Paznoctb [Tokaza- Paznoctb
[Tokaza-
Bec Pa3znocth . CMEXHBIX OT- HUS CMEXHBIX OT-
No | rpy- CMEXHBIX 50O HE CYETOB 110 BTOPOTO CYETOB 110
/o 3a 3HaYeHUIN IepBOMY WH/IMKa- BTOPOMY
JUKaTopa
Fi, H AFi, H UHJUKATOpy TOpa WHJUKATOpy
Wi, nen _ _ _
A Wi, nen Wi, nen A Wi, nen
1
2
3
4
5
6
! e S .
Cpennee Cpennee Cpennee
apudmeru- apudmeru- apudmeru-
YecKoe YEeCcKoe 4ECKOE
3HAYCHHE 3HAYCHUE 3HAYCHUE
— ZAFI AH _ ZAHH AI/I _ ZAHZi
6 cp T 6 20 T 6

Teopemuueckuul pacuem. 1lporud 3agaHHOrO ceueHust OajaKu U yroi Io-
BOPOTa CEUEHUs OaJIKU HaJ MAPHUPHO-HETIOIBI>KHON OMIOPOI OTMPEEISIOTCS C
NOMOIIbIO UHTETPasioB Mopa u criocoba CuMIICoHa.

Jlnst onpenenenus nporuda 6ajiku B CEpeIMHE MpoJieTa U yria MoBOpOTa
cedyeHus 0ajaKu HaJ MAPHUPHO HETOABWKHON OMOPOM, 3aITUIIIEM UHTETPAJIbI
Mopa:

Vigop = ZI My 0z Qrpop = ZI dzo,

|1[ Il[

rjae M,, — rpy30Boi U3rHOarONIUii MOMEHT, BO3HUKAIOIINM B OaJIKe OT IeHCTBUS
BHEIIHEN HArpy3Ku; M,, ¥ M,, — €IMHUYHbIE U3rHOAIONIIE MOMEHTEI, BO3HH-
Karolye B 0ajke OT JEHCTBUS COOTBETCTBEHHO euHUYHON cuiibl D, =1 u enu-

Hu4yHOro momenra @,=1.
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I[JI?I OIIpeacICHUs TPy30BOr0 MOMCHTAa M, K Oake IMPUIIO0KUM BHCIII-

HIOIO Harpy3Ky (puc. 17, 6). CocraBiisieM ypaBHEHHUS PaBHOBECHS CTATUKU U
OTIpeIeTIsieM OTIOPHBIC PEaKIINU:

ZmA =0; AF,-0,2+AF, -08-R,-1=0; R, =AF, =24 H;

>m, =0; —AF,-02+AF, -08+R, -1=0; R, =AF, =24 H.
[IpoBepouHOE ypaBHEHHUE:

ZFY =0: R, —-AF, -AF,+R,=0;24-24-24+24=0.

Paz0nBaeM KOHCTPYKIIMIO HA YYACTKU U TIPUMEHSEM METO]] CCUCHUH.
Vuacrok | (puc. 18, a): 0<z, <0,2 m.

M,(z,) RB+ o My(zy) M%) qRa
r% P
Qy(zy) L, 0.2 Z2 IQ}!(EE] Qy(z3) Zs
a 0
Puc. 18

Zmo1 =0; -Rg-z, +M,(z,)=0; M (z,)=R;-2,=24-2,;
M, (2, =0)=0; M, (z,=02m)=24-02=048 Hwm.
VYuacrok Il (puc. 18,0): 0<z,<0,6 m.
>m, =0; —Rg-(02+2,) +AF, -2, + M (z,) =0;
M, (z,)=R;-(0,2+2z,)-AF, -2,=2,4-(0,2+2,)-2,4-2,,
M, (z,=0)=24-02=0.48 Hnm
M, (z, =06 m)=2,4-(0,2+0,6)-2,4-0,6 =0,48 Hwm.
Vuaacrok Il (puc. 18, B): 0<7,<0,2 m.
Zm03 =0; R, -z;-M,(z;)=0; M(z,) =R, -2, =24-2,;
M, (z,=0)=0; M, (z,=0,2m)=2,4-02=0,48 Hwm.
Ctpoum rpy3oByto smopy Mxr (puc. 17, B).
Jlnst onpeiesienus epBoro eAMHUYHOIO U3rH0AroIEro MOMeHTa M,, K

Oanke B Touke C MPUIOKUM €JUHUYHYIO BepTUKaIbHYIO city D, =1

(puc. 17, r). CocraBnsieM ypaBHEHHS] paBHOBECHS CTATUKH U OMPEJIEIIIEM OIOpP-
HbIE PEaKIINU:

>m, =0; ®-05-R,-1=0; R,=1-05=05;
> m_ =0; ~-®,-05+R, -1=0; R, =1-05=0,5.
IIpoBepouHOE ypaBHEHHUE:
>F,=0:R,-®,+R,=0;05-1+0,5=0.

PazbuBaeM KOHCTPYKIIMIO HA YYACTKH M IPUMEHSIEM METOJ] CCUCHHM.
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Yuacrok | (puc. 19, a): 0<z,<0,5 m.

Mx(zl)
0]

Vo va
“11Qy(z)
B

Puc. 19

qu =0; -R;-2,+M,(z,)=0; M,(z,)=R;-2,=05-2,; M, (z,=0)=0;
M, (z, =05Mm) =0,5-0,5=0,25.
Yuacrok Il (puc. 19,0): 0<z, <0,5 m.
Zmoz =0; R, z,-M,(z,)=0; M(z,)=R, -2,=05-2,;

M, (z,=0)=0; M,(z,=05m)=05-05=0,25.
Crtpoum enuHUYHYIO 31I0py My, (puc. 17, n).

Jlst onipeesieHrst BTOPOro €AMHUYHOTO M3rM0aromero MoMeHTa My, K
Gaske B Touke A NPUIOKUM €IMHMYHbIH H3rubarommii MoMenT @, =1
(puc. 17, e). CocraBnsieM ypaBHEHHUS] paBHOBECHUS CTATUKH U ONPEIEIIIEM OIOp-
HbIE€ pPEaKINU:
>m, =0; ®,-R,-1=0; R,=1; >m, =0; ®,+R, -1=0;
R, =-1.
[IpoBepouHOE ypaBHEHHE:
>F,=0:R,+R,=0;1-1=0.
Pa30nBaeM KOHCTPYKLHMIO HAa YYaCTKU U PUMEHSIEM METOJ] CEUEHUH.
VYuaacrok | (puc. 19,8): 0<z, <1 m.
2.Mm, =0; ~Rg -2, +M,(z,)=0;
M, (z,)=Rz-z,=1-2;; My(z,=0)=0; M,(z,=1m)=1-1=1.
CTpouM BTOPYIO eAMHUYHYIO dmopy M., (puc. 17, x).
OceBoit MOMEHT HHEPIIUU TTOTIEPEUHOTO CEUCHUS OATTKH
b,-h® 40.7°
==

Boruucnsiem unterpanst Mopa (1) u (2) ¢ nomoursto Meroga CumIiicoHa:

0.2 -(4-0.24-0.05+0.48-0.1)- 2 +

10" =114333-10™" wm".

JX

Vigop = A =
X

03 (0.48-01+4.0.480.175+0.48.0.25). 2 = 20208 _

6- X JX

= 0,0568 —=0,2484-10"° M.
2-10"-114333-10"
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0,2

Preop = Agp = 5. EL. -(4-0.24-0.1+0.48-0.2)+
00  (048.0,2+4.048-0.5+0.48-0.8)+ +— 22 .(0,48.0,8+4.0.24.09)= 2192 _
6-EJ 6-EJ, .

~ 0,192
2.10%.1143,33-10

Hanee Bemonnsitores ni.10,11,12, onucannsie B «I1opsa10K BBITTOTHEHUS
paboT», cm. cTp. 13.

=8,3965-10" pan.

JIABOPATOPHAS PABOTA 9
ONPEJEJIEHUE JJUHEAHBIX U YIJIOBbIX IEPEMEIIEHUA
HPHA IIVIOCKOM U3I'MBE BAJIKH — KOHCOJIA

[{enb paboOThl — SKCIIEPUMEHTAIIBHOE OINpPE/EICHNE BEJIMYUH MPOTrUOOB U
YTJIOB MOBOPOTA MOMEPEUHBIX CEUCHU Oalku M CpaBHEHUE WX C BEIUYMHAMU,
BBIYHCIICHHBIMU TEOPETUYECKHU.

Oxcnepumenmanvuas yacme. Paborta BeinonHserca Ha yctaHoBke CM 7b
(puc. 20, a). Uccnenyemsblit oOpaserr 6aika - KOHCOJb MPSMOYTOJIBHOTO CEUCHUS
10 X 50 Mm%, M3roTOBIEHHAs U3 NPYKUHHOM cTamu mapku 60C2 (E = 2,1-10°
MIIa). [TopsaoKk BBIOJHEHUS JTA00OPATOPHOM pabOTHI 9 MOTHOCTHIO COBMAIAET C
MOPSAKOM BBITIOJICHUS JIa0OpaTOpHOU padoOThl 8, TONBKO JyiMHA cTepxkHs BD B
Tpeyroiapauke BDE, u3 KOTOpOro HaxoAuTcsi yroj MOBOPOTa CeUeHUs Oalikw,
paBHa L =300 mm.

DKCIEPUMEHTAIBHO ONPEIENIEMbIC BETMUUHBI:

1. IIporu® B 3aJaHHOM CEUEHUM OATIKH V. = AW, - 0,01 MM:

A, -0,01
2 Yron noBopoTa ce4eHus 0anku @, ., ~ tgep = 2C+0’0 pan.

Teopemuueckuii pacuem. IIporud u yroj moBopoTa B 3a/IaHHBIX CEUCHUSIX
OaJIK  OMpENEIISIIOTCS MOMOIIBI0 HHTEeTrpajgoB Mopa u cnoco6a Cumricona, To
€CTh TakK JXKe, Kak U B JabopaTopHoi padore 8. I'py30Bas U eIMHUYHBIE IMIOPHI
JUIs1 OaKHU-KOHCOJIU TIpuBeneHbI Ha puc. 20, B, I, XK.

Hanee Bemonnstores ni.10,11,12, onucannsie B «I1opsiok BBITTOTHEHUS
pabor», cm. ctp. 13.
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JIABOPATOPHAS PABOTA 10
OITPEAEJIEHUE 'OPU3OHTAJIBHOI'O HEPEMELIEHUSA
IMAPHAPHO-ITIOJIBUKHOM OITIOPHI
CTATUYECKH ONPEJIEJTUMOM PAMbBI

[lens paboThI - omnpeieIeHUE ONBITHBIM IMyTEM BEJIMYUHBI TOPU30HTATb-
HOTO TMepeMelIeHUs IapHUPHO-TIOIBH>KHOM OMopbl A U CpaBHEHUE MOJTYyYEeHHO-
IO AKCIEPUMEHTAIBHOTO 3HAYEHHS NEPEMEUICHUSI C TEOPETUYECKU BBIYMCIIEH-
HBIM 3HAYEHUEM MEPEMEIICHUS.

Pabota BbimonHsercs Ha ycraHoBke CM 1I. Uccnenyemsiii oOpasern -
NOopTajpHas paMa MPSIMOYIOJBHOTO  IIONEPEYHOIO  CEYEHUS pa3sMEpPAMHU
49 x 7 mm? (puc. 21,a).

Oxcnepumenmanviaa yacms. [Ipyu HarpyKEHUW paMbl 3aJaHHBIMHU CHJIa-
MU, TIPUIOKEHHBIMU Ha 3aJIaHHBIX PACCTOSHUIX d M D OT BEepXHUX Y3JI0B paMbl,
HIAPHUPHO-TIOJBUKHASA OMOpa A TOJIy4aeT MEepEeMENICHUE B TOPU30HTAJIbHOM
HaIlpaBJIEHUH, BEJIMYMHA KOTOPOIO U3MEPSETCS HHAUKATOPOM YyacoBoro tumna U.

PaboTta mpoBOoANTCS COTIACHO MOPSAKY BBIOJHEHUS paboT, cM. cTp. 13.
Bce nmonmydeHHbIe JaHHBIC 3aMTMCHIBAIOTCS B TaOHILy 6.

Tabnuia 6
HpOTOKOH MEXAHUUYECKUX UCITBLITAHUMN
Pa3HOCTH CMEKHBIX
Bec Pa3HOCTh CMEKHBIX [Tokazanus nepBo-
Ne . OTCYETOB I10 IIEPBOMY
o | TPY3a 3HAYECHUH r'o WHIWKATOpa HHIMKATODY
Fi, H AFi,H U, nen
b N > A AU, nen

. ]
2
3
4
5
6
! ] ]

Cpennee Cpennee

apudmernueckoe apudmeTnueckoe
3HAYEHUE 3HAYECHUE
2 AF, Al
ARy = 5 A, = ;
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Omnpenensaemas S5KCIEPUMEHTAIBHO BEIMIMHA A, — TOPU30HTAIBHOE

nepeMelneHne onopel A, GuKcupyeMoe HHIUKaTopoM U mpu aeiicTBUN HArpys-
KU AR
Angen =0,01-Al ¢, (Mm)

Teopemuueckuil pacuem. Harpy3um pamy Harpyskamu AR, (puc. 21,0).
[Toctpoum rpy3oByto sntopy Mxr (puc. 21,8). 3areM npuinoxum k onope A ro-
PHU30HTANBHYIO equHUYHYI0 cuty @1 = 1 (puc. 21,r) u TOCTPOUM €AMHUYHYIO
samtopy Mx; (puc. 21,1). TeopeTtnueckoe 3Ha4€HUE TOPU3OHTAIBHOIO ITEpEME-
HICHUS ONPEEIUM C TIOMOIIbIO HHTETpajia Mopa

I .
Arpop, = Zj‘%dz'
i X

0
Huterpan Mopa BermciigeTcs ¢ moMolbio cnocoda Cumricona. Jlanee BbIOI-
Hsrores 1. 10,11,12, onucannsie B «Ilopsmok BeimoiHEHUS padoT», cM. cTp. 13.
F. F

1 i

Puc. 21
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JIABOPATOPHAS PABOTA 11
IJIOCKUI M3I'ib CTATUYECKH
HEOIIPEAEJIUMOU OJHOITPOJIETHOU BAJIKH

[{enb paboThI — SKCIEPUMEHTAIIBHOE OMPEICICHUE MOMEHTA 3aIEMIICHHUS
B OTIOpPE CTATUYECKU HEONPEETMMOMN OJHOMPOJIIETHON OAJIKK 1 CPABHEHHE €T0 C
TEOPETUUYECKH TOITYUYECHHBIM PE3yJIbTaTOM.

KonuuectBo peakmuii ornop 6ayiku, H300pakeHHOM Ha puc. 22,2 paBHO 4.
J171s TIJI0CKOM CUCTEMBI CHJI UMEEM TPU HE3aBUCHUMBIX YPaBHEHUSI paBHOBECHUS —
Ha OJTHO MEHBIIIE YMCJIa HEU3BECTHBIX peakiuid. [loaTroMmy Oanka sBiseTcs: oAuH
pa3 CTaTUYECKU HEONPEAEINMOIl.

Pabora BeinonHsieTcss Ha yctaHoBke CM 11A. Hccnenyemsliit oOpazern —
6anka AB (puc. 22,a) — H3roTOBJIEH U3 CTAIHLHOM MOJIOCHI MTOCTOSIHHOTO TPSMO-
yrojsHoro cedenus. OnHa onopa 6anku B — mapHupHo-nioaBmkHas, npyras A —
UMUTHPYET JKECTKOE 3alleMJICHHE, TO €CTh MOJHYI0 HETMOABM)KHOCThH 3aKperi-
JEHHOTO KOHIa Oanku. HemoJBM)KHOCTh B TOPU30HTATHHOM U BEPTHKAIBHOM
HaIpPaBICHUSIX 00€CIIeYNBACTCS HETIOABIYKHOCTHIO OCH OTIOPHOTO MO IIHITHUKA
A, x KoTOpoi mpukperuieH koHel Oanku. [IoBOpoT ceueHus koHUA OaJKu Ha
yros ¢ npu u3rude O6asku ot rpy3oB F, KOMIEHCHUpPYETCsl TOBOPOTOM CEUEHUs
KOHIIa OaJIKK Ha yroi ¢ npu u3rube 6anku ot npotuBoBeca Q = 10 H npu mo-
MOILM pblYyara, COEIUHEHHOIO C TOM K€ OChIO0 MOAIIUIHHKA (CM. puc. 22.,0).
KoHTposb moBopoTa KOHIIEBOTO CEUEHUS U MOCIEAyIolee BO3BpAlllEHHUE €ro B
NepBOHAYAJILHOE TOJI0KEHUE OCYIIECTBISAETCS IPU MOMOILM HHANKATOpa 4aco-
BOro tuna Y, HAKOHEYHUK W3MEPUTENIBHOIO CTEPXKHS KOTOPOro YIHpaeTcs B
MSITKY CTEPIKHSI, dKECTKO MOCAKEHHOTO Ha OCh MOAIIUITHUKA.

Oxcnepumenmanvhas yacms. 1lpu neiictBum rpy3oB F Ha KaxIoMm 3Tarme
HArpy>KeHHUsl YCTaHABJIMBACTCA Takas JJIMHA pblyara p mpoTtuBoBeca Q, 4ToObBI
MOKa3aHWsl WHAMKATOpa 4acoBoro Tuma M He u3meHsuuch. B aTom cimydae och
NOJIIUIHUKA A, a ¢ Hell U KOHel| OalKh OKa3bIBAE€TCS B MEPBOHAYAIHLHOM I10-
JIO’)KE€HUHU, TO €CTh Ae(OPMHUPOBAHHOE COCTOSHHE OaKM COOTBETCTBYET CXEME,
n300pakeHHOM Ha puc. 22,a. Bce nmonydeHHbIE JaHHBIE 3aMUCHIBAIOTCS B TAOJIH-
1y 6, B KOTOpO# HaJI0 3aMEHUTh BEPXHIOIO M HIYKHIOIO CTPOKH Ha CIEAYIOIIHE:

Bec Pa3HoCTh CMEXHBIX Pa3zHOCTEL CMEKHBIX
Ne . JnuHa peryara
ul rpysa 3Ha4YCHUU " OTCUYETOB

F, H AF, H P, Ap, M

Cpennee apudmernye-
CKO€ 3HaU€HUE

AF,
AFge = ZG

Cpennee apudmernde-
CKO€ 3HaUYCHUE

ZAPi
6

Apgp =

OmnpenensieMasi SKCIEPUMEHTAIbHO BEJIMYMHA - JJIMHA pblyara p, Ha KOTOPOM
kpenutcsa npotuBoBec Q. Ilo HalimeHHOMY 3HAYeHUIO Apcp OMpenesnsieM MCKO-
MBIH OMIOPHBIA MOMEHT M sxcn= Q Apce (H M).
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Puc. 22
Teopemuueckuti pacuem. BeiOupaeM OCHOBHYIO cUCTeMY. 3amiemieHue A
3aMEHsIeM IIapHUPHO-HEIOABIKHON omopoi (puc. 22,B). 3arpy3uM OCHOBHYIO
cucrtemy cuinamMu AFcp, 106aBiIsieM HEM3BECTHBIM MOMEHT X1 = Ma 1 nonyuum
9KBUBAJICHTHYIO CUCTeMY (pHc. 22,T).

[Toctpoem ot Harpy3ok AFcp (puc. 22,1)  Tpy30BYyIO 3MIOPY Mxe

(puc. 22,e) u or X1 =1(puc. 22,x) enunuunyo smopy M,, (puc. 22,3). 3arem

C IOMOIIIBIO HHTETpaIoB Mopa u cioco6a CUMIICOHA BBIYUCINAM 011 U Ajr.
[ToncraBuM 811 M Ajr B KAHOHUYECKOE YpaBHEHUE METOa CHUJT

011 X1+ Aig=0, U3 KOTOPOro HaXoAuM BenuUHHY X1 = Ma TEOP.

Hanee BoimonHstorcs nmn.10,11,12, onucanHble B MOPSAKE BHITOJIHECHUS
pabot, cMm. cTp. 13.
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JIABOPATOPHAS PABOTA 12
CTATHUYECKU HEOITPEAEJIMMAS [IOPTAJIBHASL PAMA

[lenp paOOThI: 3KCIEPUMEHTANIBHOE OIPEAEIIEHUE BEJIIMYMHBI pacropa
CTATUYECKHU HEOIPEAETUMON NOPTAIBHONW paMbl U CPABHEHHUE €r0 C BEIUYMHOM,
BBIYMCJIEHHON TEOPETUYECKH.

Pabota BeimonHsieTcss Ha yctaHoBke CM 34M. Uccnenyemsiii obpaser; —
MOpTaJIbHAsL pama MPSIMOYTOJIBHOTO CEYEHUs, yCTAHOBJIECHHASI HA JBYX LIAPHUP-
HO-HETOABIKHBIX oropax A u B (puc. 23,a). Peaxkiuii onop - ueTsipe, a ypas-
HEHHUI PaBHOBECHUSI CTATHUKH TPH, MO3TOMY CTEIEHb CTaTUYECKON HEOIpEAeIu-
MOCTU CHCTEMBbI paBHa eauHuile. OCHOBHAas cuCcTeMa U300pakeHa Ha PUCYHKE
230, a SKBUBAJICHTHAsI CCTEMa Ha PUCYHKE 23B. DKCIEPUMEHT UMUTHUPYET TO-
BEJICHUE IIAPHUPHO-TIOABUKHON ONOPHI A KaK IIAPHUPHO-HENOJABUKHON OIIO-
PBI.

Ixcnepumenmanvias yacme. 1Ipu HarpyXxeHUM paMbl COCPENOTOYECHHOU
Harpy3Koi IIApHUPHO-TIOABMXHAsL onopa A pambl MOJydaeT MEPEMEIIECHUE B
TOPU30HTAJIBHOM HAIIPaBJICHUH, BEJIMYMHA KOTOPOTO U3MEPSAETCS UHAUKATOPOM
yacoBoro tuna M. s uMuTanuuy noBeAeHUs MAapHUPHO-TIOABUKHON OIOPBI A
KaK  IIAPHUPHO-HENOJBIKHON OIOPBI IEPEMENICHUE B T'OPU30HTAJIBHOM
HaIIpaBJICHUM JOJDKHO PaBHATHCA HYIO. [l BO3BpaTa IIAPHUPHO-TIOABUKHOM
Onopsl A B IEPBOHAYAIBHOE IOJIOKEHUE HUCIIOIB3YETCS YCTPOUCTBO, KOTOPOE
COCTOMUT M3 FOPU30HTAIILHO PACIIOIOKEHHOI'O phlyara, ypaBHOBELIEHHOIO OTHO-
CUTEIBbHO ocH KadeHwus, mpotuBoBeca Q = 10 H u crepxus mmnoi £ = 0,06 M,
YKECTKO CBSI3aHHOTO C OChIO phruara (puc. 23r). [lepemenias mpoTuBOBEC 1O TO-
PU30HTAIBHOMY pblUary, MOKHO BEpHYTh CTpENKU MHIMKaTopa M B mcxonHoe
nosnokenue. [Ipu 3TOM BennurHa pacnopa — rOpU30HTAIBHOM OIMMOPHOM pEaKLIUH
Ha, MOXeT ObITH OmpesiesieHa U3 yCIOBUSI PaBHOBECHUS pacropa U MpOTHBOBECA
OTHOCHUTEJIBHO OCH TOPU30HTAIBHOTO phiyara — Touku O.

OnpenensieMasl SKCIEPUMEHTAIBHO BEIMYMHA - JUIMHA pblyara MpoOTHUBO-
BEca p, MPU KOTOPOM MOKa3aHUs MHAMKATOpa M COXpaHSIOT IepBOHAYAIBHOE
ITOJIO’KEHHE, YCTAHOBIIEHHOE MPU HYJIEBOW Harpys3Ke.

PaGoTta BeIMONMHSAETCS TOYHO TakkKe, Kak JlaboparopHas padora 11. Bce
NOJTyYEHHBIC JaHHBIC 3allMCHIBAIOTCS B Takylo ke Tabmuiyy. [lo cpeanemy 3Ha-
YEHUIO NpHUpanieHust Apcp JUIMHBI pbldyara MpOTUBOBECA P ONPENEIUM BEIUYHHY

H _Q_ApCP.

paciiopa ADKCIT — /

Teopemuueckuti pacuem. 3arpy3uM  OCHOBHYIO CHCTEMY CHJIaMH
AF¢, (puc. 231 ) ¥ mOCTpoEeM Irpy30BYIO 3MMIOPY  M3THMOAIOMIMX MOMEHTOB Mxr
(puc. 23e). 3ateM MPUIIOKKUM K Oorope A TOPU3OHTAIHHYIO €IMHUYHYIO CUITY

X, =1 (puc. 23 ) | MOCTPOEM EIUHUYHYIO DIIOPY U3THOAIONIUX MOMEHTOB
M,, (puc. 233).
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3anuiieM KaHOHMYECKOE YpaBHEHNE METOAa CHIT

Enunnunenii §,, u rpy3oBoil A, K03((UIMEHTH KaHOHUYECKOIO ypaBHEHHUS
MeTOJIa CHJI HalJieM ¢ TTOMOIIbI0 uHTerpaia Mopa u cnoco6a Cumrcona. Toraa

:X1 :ﬁ
611

HATEOP
Hanee BoimonHstorcs nmn.10,11,12, onucanHble B MOPSAJIKE BHITOJIHCHUS

pabor, cM. cTp. 13.

29



Jlureparypa

1. I'OCT 1497-84. Mertamnsl. MeToabl UCIBITAHUS Ha PaCTSIKECHHE
[Tekct]. — Bzamen 'OCT 1497-73; BBen. 1986-01-01. — M.: U3n-Bo cranmap-
TOB, 1993. — 35 c.

2. ['OCT 16483.0-89. [dpeecuna. Metonbl or6opa 00pasioB u 00-
e TpeOoBaHUS MpH (PU3UKO-MeXaHUYeCKUX HcIbITaHusIX [Tekct]. — B3zamen
['OCT 16483.0-78; BBea. 1990-01-07. — M.: Uzn-Bo cranmaptos, 1999. — 10 c.

3. I'OCT 16483.10-73. [dpeBecuna. Metoasl ompeaeneHus: mpeaeia
MIPOYHOCTH MPH CHKATUHU BJI0OJb BOJIOKOH [ Tekct]. — Bzamen 'OCT 16483.10-72,;
BBen. 1974-01-07. — M.: T'occranaapt Poccuu: U3n-Bo ctanaapros, 1999. — 6 c.

4, I'OCT 16483.11-72. JlpeBecuna. MeTton ompeaesieHus] YCIOBHOTO
npeaena OpoYHOCTH MPH CxkaThM momnepek BoJokoH [Tekcr]. — Bzamen I'OCT
11492-65; BBen. 1973-01-01. — M.: U3a-Bo cTangapToB, 1999. — 4 c.

5. I'OCT 16483.5-73. JlpeBecuna. MeTtoapl omnpeAciacHUs IMpeaesa
MMPOYHOCTA TIPU CKAJIBIBAHUM BJAOJb BOJOKOH [Tekcr]. — Bzamen T['OCT
16483.5-70; BBen. 1974-01-07. — M.: 'occrangapT Poccun: M3a-Bo cTaHIapTOB,
1999. -6 c.

6. I'OCT 3565-80. Meramuibl. MeToa WCIHBITAaHUS Ha KpPy4YEHHUE
[Texct]. —B3amen I'OCT 3565-58; BBen. 1980-30-05. — M.: I'occranmapt Poc-
cuu: U3a-Bo ctanmaprtos, 1980. — 14 c.

7. ['OCT 7564-97. Crans. Ob6mue npaBuiia oro6opa mpod 3aroTOBOK H
00pa3IoB MEXaHMYECKHUX W TEXHOJOTMYeCKHX HchbITaHui [TekcT]. — B3amen
['OCT 7564-73; BBen. 1999-01-01. — Munck: Mexroc. COBET MO CTaHIAPTH3a-
MU, METpoJioruu u ceptudukaruu; — M.: U3a-Bo crangaptos, 2002. — 12 c.

30



Tuxonos /leHuc AjleKCaHAPOBHY
I'mabsman Anexkcanap AoOpamoBuy

JIJABOPATOPHBIE PABOTBI
IHO CONPOTUBJIEHNIO MATEPUAJIOB

MeTtoauveckre YKa3aHHUs K BbINIOJHEHUIO
JIa0OpPaTOPHBIX padoT

OTtBeTcTBEeHHBIN 32 BbIMycK TruxoHoB JI.A.
Opurunan-maker Tuxonos /[. A.

413100, Poccusi, CapaToBckasi 001acTh, T. JHrenbe, wi. CBo6o b1, 17

OTU (punuan) CI'TY umenu [Narapuna FO.A.

Perucrpanuonsslii Homep 27.
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