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BBenenue

Meroanueckue ykazaHUs 71 BBINOJIHEHUS J1a0OpaTOPHBIX pabdoT 1o
«TexHnueckoil MexaHuke» pa3pabOTaHbl C yUeTOM TpeOOoBaHUsl paboueil mporpaMmbl

nmo crnemuaiapbaoctu 151031

«MoHTaxX W©

TCXHHNYCCKasd

MIPOMBIIIICHHOTO 000pyA0oBaHus (TI0 OTPACIIAM)».

B wacT 0CBOCHMsI yMEHHUH MPH BBITIOJTHEHUH JTAOOPATOPHBIX PaboT:
- OMPENIEISATh HANPSDKEHUS B KOHCTPYKIIMOHHBIX JIEMEHTAX.

B yactu ycBOCHHS 3HAHHI MTPH BBIIIOJHEHUH J1JAOOPATOPHBIX PabOT:

- MCTOOUKY pacyucTa 3I3JICMCHTOB KOHCprKLII/Iﬁ Ha TIPOYHOCTD,

YCTOWYUBOCTH IPU PA3IUYHbIX BUAAX AedopmMaliuii;

- OCHOBBI PAaCYCTOB MCXaHWUYCCKUX IICpCaad Hu HpOCTeI\/’IHII/IX C60pO‘IHBIX CAUHUIL

o0111ero Ha3HAYEHHUS.
KonTponupyembie

IIJTaHOM

npodecCuoHaIbHBIE U
BBITTOJTHCHUHN J1a00paTOPHBIX PadoT, MPEayCMOTPECHHBIC KaJICHIAPHO-TEMAaTHICCKUM

o01me

IIK 1.2 IIpoBoauTh KOHTPOJIb pabOT
1o MOHTaXYy u PEMOHTY
MPOMBIIIJICHHOTO ~ O00OpYIOBaHUS  C
UCII0JIb30BaHUEM KOHTPOJIbHO-
U3MEPUTEITBHBIX TTPHOOPOB.

[lonOupath U3MepUTENbHBIE YCTPOMCTBA
JUISl YTJIOBBIX M JINHEMHBIX 3aMEPOB.
Hcnons30BaTh TPUOOPHI 1 MHCTPYMEHTHI
IUTSl COOTBETCTBYIOLIUX 3aMEPOB
[IpoBOAMTE 3aMepBI U pacUeThl
[IpoBoauTh TIEPEBOJ OAHUX €IMHUI
U3MEPEHUS B IPYTHE.

[IK 3.2 YyacTBOBaTh B OpraHu3alluu

paboTHI CTPYKTYPHOTO
MoApa3eICHUSI.

[IK 3.3 YuyacTBOBaTh B PYKOBOJICTBE
paboToii CTPYKTYPHOI'O
NoApa3AeICHUS.

I[IK 3.4 VYyacTBOBaTh B aHaNM3E
mpoiecca W Pe3yiabTaToB  PabOThI
MoIpa3/ieTIeHus, OLICHKE

HKOHOMHYECKOU P (HEKTUBHOCTH
MIPOM3BOJICTBEHHOM JESTEIHHOCTH.

BeinonHaTe  abopaTopHble pabOThI B
Opuraze (rpymre)

OK 6 Paborath B KOJUIGKTHBE H
KOMAaH]JIE, o0ecrieynBaTh eé
cruiouenue, 3(pPEeKTUBHO 00IMIATHCS C
KOJUIETaMH, PYKOBOJICTBOM,
MOTPEeOUTENISIMHU.

OK 7 Bpatb Ha cebsi OTBETCTBEHHOCTH
3a pabOTy YJIEHOB KOMaH bl
(MTOTYUHEHHBIX),
BBITIOJIHCHUS 3aJaHUM.

pe3ysbTar

KoppekTHo B3aMMO/ICHCTBOBATH c
oOy4YalImUMHCS U TPEnojiaBaTeyieM B
XO7I€ BBIMIOJIHEHUS! pPaOOTHI.

CoOmronarts HOPMBI STHUKETA 5
npodeCcCUOHATBLHON ATUKH

ColnrofieHne TeXHUKH 0e30MacHOCTH U
HKOJIOTMYECKOM 0€30MacHOCTH MpHU

BBITIOJTHEHUU JTaOOpaTOPHBIX pabOT

OKCILTyaTanusAd

KCCTKOCTh H

KOMIICTCHIIMK  IIPpHU




1 UcnbiTaHue HA POYHOCTH MPH PACTSZKEHUH
1.1Ilenb Ja6opaTopHOii padOTHI

[lenpto maGopaTopHOl pabOTHI SBIAETCS — MPOBEJACHHUE WCIBITAHUE Ha
MPOYHOCTh IMPU  PACTSDKEHWH, HW3YYEHHE JUarpaMMy pacTsDKEHUs — CTaju,
YCTAaHOBJICHUE XaPaKTEPUCTHK NPOYHOCTH M IJIACTUYHOCTH MaTepuana obpasia,
pacyeT AOMYyCTUMOrO HaNpPsHKEHUS.

TeopeTnueckoe 000cCHOBaHHE

HcnpiTanre Ha pacTsbKeHUE sIBIsieTCs HauOosee pacinpOoCTPaHEHHBIM BUIOM
UCIBITAHMSI MaTepuajoB, TaK Kak @pU HEM Haubojee SIPKO BBISBISIIOTCS
XapaKTEepPUCTUKH MPOYHOCTH W IUIACTUYHOCTH MaTepuanoB. llpu omnpeneneHun
KayecTBa MaTepHalia BBITYCKAEMOI0 METAJLITYPrU4eCKOM MPOMBIIUIEHHOCTBIO OJJHUM
13 OCHOBHBIX BUJIOB HCIBITAHUS TAK)KE MMPUHATO HCIBITAHUE HA PACTSKEHUE.

[Ipu cTaTU4ecKWX HCIBITAHUSAX HA PACTSHKEHHE ONPEIEISIOT CIETYIOLINE
XapaKTEPUCTUKH IPOYHOCTH:

[lpenen nNpPONOPLUOHATIBHOCTH GOy, — HauOOJIblIee HaNpsKEHUe, [0
KOTOPOTO CIIPAaBEJINB 3aKOH ['yka

IIpenen TekydecTH G, — HaNpPsDKEHHE, IPU KOTOPOM IPOUCXOIUT POCT
riacTuueckoi nedopmaiuu 0e3 3aMEeTHOTO YBEITUUYEHUS! HArPy3KH,

[Ipenen mpoYHOCTH G,y — HaMOONBIIEE YCIOBHOE HAINpPSIKEHUE, KOTOPOe
oTpejeNsieTcsl JeIeHHeM MaKCUMaJbHOW Harpy3Kd BbIIEpKMBaeMoO 00pas3loM 10
pa3pylIeHus Ha epBOHAYAIIbHYIO IJIOIAAb €0 MOMEPEYHOI0 CEUEHUS;

VY ca0BHBIN TIpesien TEKYYECTH Ggy — HaNpsbKEHUE, IPU KOTOpOM Jiedopmanus
UMEeT Hamepesa 3aJaHHoe 3HaueHue. JlaHHas XapaKTepUCTUKAa Ha3zHA4yaeTcs i
XPYIKO-IUIACTUYHBIX MAaTEPUAIIOB, Y KOTOPBIX OTCYTCTBYET IIPEAEI TEKYUECTH.

[IpenenbHBIM HaNpsKEHWE HA3bIBAECTCS HAIPSIKEHUE, 10 KOTOPOro MaTepual
HE paspyllaeTcs W HE MpOSBISAET OCTATOYHBIX Jedopmalrvii, 10 HEro MOXKHO
Harpy>kaTh JJabopaTOpHbIE 00pas3IIb.

JUIsl IIaCTUYHOTO MaTepuata IpeleabHbIM HAIPSHKEHUEM SIBIISIETCS — MPEIe
TEKY4YECTH Oy

JUIst XpynKoro maTepuaja IpeIeiabHbIM HAIPSIKEHUEM SIBISIETCS — MPEIe
IIPOYHOCTH Opy

JI1st XpyNKO-IJIaCTUYHOTO MaTepuaa MpeeIbHbIM HANPSYKEHUEM SBIISETCS —
YCIIOBHBIN TIpeJIe] TEKY4YECTH G 2

Jlist peasibHBIX AeTanell HeJoMyCcTUMa padoTa Ha MPHUACIbHBIX HAMPSHKEHUSIX.
[TosToMy BBOAMTCS JIOMYCTUMOE HampsbkeHHe [o] , KOTopoe OmpeneisioT Io

dbopmyiie

[o.] :S npedesnvHoe

W

(1.1)



e [6] — monyctumoe Hanpsbxenue, H/mMm?;
Onpenensnoc— NPEIECIIBHOE HAIIPSKEHUE, H/MMZ;
[S] — HOpMmaTuBHBI K03 duIHeHT 3amaca npounocTH, [S]=1,5...2,0.
[IpenebHBIM HaMpsHKEHUEM JUIS TUTACTUYHBIX MAaTePHAIIOB SBIISICTCS TIPEIeIT

TEKy4eCTH, Ui XPYINKUX MATEPUATIOB — NpPEAeia NPOYHOCTH U UL XPYIIKO-
IJJACTUYHBIX — YCIIOBHBIU MPEJIENl TEKYYECTH.
XapakTepucTuKaMu IJIACTUYHOCTHU pu UCIIBITAHUH, SABJISFOTCSA

OTHOCUTCIIBHOC OCTAaTOYHOC VYIJIMHCHHUC IIpU paspblIBE€ & HW  OTHOCUTCIIBHOC
OCTATOYHOC CYXCHHUC Y/, KOTOPHLIC OIIPCACIIAIOTCA 110 (I)OpMYHaM

e=""Lto0m (1.2)

w="1"" 00, (1.3)

A

rae L u Ly —nimvHa oOpasna 10 U 1mociie UCIbITaHuS, MM

A u Aj — Iomab NONepeyHoOro ceueHus: oopasia 0 ¥ MoCJe UCTIBITAHUS,
MM

[Tnomaap momnepeyHoro ceueHus 10 M MOociie UCIIBITaHUsI, PACCUNTAHHYIO 110
bopmyie

2
aA=Pd (1.4)
4

riae d — nuameTp oOpasiia, MM.

ITopsaaok BbIMOJTHEHUSI Pa0OThI

[To3HaKOMHTBCS C JIAOOpPaTOPHOW ycTaHOBKOH (pa3pbiBHas mammHa P-20).
3ameputh auamerp oOpasma. OTMmeruts pabouyro jumHY obpasna L=10d. Obpasery
YCTaHOBUTH B pa3phIBHOW MAIlIMHE U TIPOBECTHU PaCTsHKCHHE o0pasiia JI0 pa3pyIIeHuUs.
3aMepuTh JIUHY W JTUAMETp IOC]IE HCIBITaHWs. 3aMephl pa3MEpOB IMPOBOIUTH
[ITAaHT CHIIUPKYJICM.

OTuer no 1adopaTopHoii padore
OTtyeT no nabopaTopHOi paboTe MOKEH CONECPKATD:

1.[lens paboOTHI, OTPAKAIONIYIO TEMY U 3a]]aUH.
2. Kpatkoe TeopeTnueckoe OOOCHOBaHWE, TJE 3apHCOBaTh JAUATPAMMy



UCIIBITAHUS CTaJld, OTMETHT Ha JuUarpaMMe MpelIeibHbIe HaIPsOHKCHHS, JaTh
OTIpeACIICHUS.



3.YCTpoHCTBOM MAIlIMHBI, HAa KOTOPOM IPOBOAUTHCS WCIBITAHHUE, THII
MAIIHHEL.

4. Pe3ynbTaThl K3MEPEHH, PaCYETOB MPEICTABUTH B BUJIC TAOIHIIHI 1.

JlnuHy u AuaMeTp J0 M TOCJe WMCIBITAHUS 3aMEPUTh IITAHTCHIIUPKYJIEM.
[Tnomane cedeHWs, OTHOCUTEIBHOE VIJIWHCHHE U OTHOCHTEIIBHOEC CY)KCHHE

paccuuTath Mo QopmyliaM, MpUBEIECHHBIM Bbilie. CripaBoOYHbIE JaHHBIE BHIOpATh U3
MIPUIIOKEHUS A.

5. Pucynku obpasia 10 ¥ mociie UCIbITaHuS.
6. [TorpemHoCTh HCTIBITaHUS B % paccUUTaTh JJI1 OTHOCUTEIILHOTO
VJIMHEHUS. 1 OTHOCUTENILHOTO CYXEHUS 110 (hopMyiam

d =% "% 00%, (1.5)
¢ e
d =YY x00%, (1.6)
Yy

7. Cnenatb BbIBOJ. B BBIBOJIE yKa3aTh, UYTO OINPEIECISIOT ONBITHBIM ITyTEM,
KaKO€ HaIpsHKEHUE SBIISIETCS MPEACIbHBIM I IIIIACTUYHOI0, XPYIKOIrO0 U XPYIIKO-
IUIJACTUYHOI'O0 Marepuana, MO KakKOMy HaIPSKEHUIO IIPOBOAAT pacyeTbl Ha
IIPOYHOCTH, KaK OLEHUTH INITACTUYHOCTHh Marepuaia.
Tabnunua 1 — McnbiTaHWe Ha NPOYHOCTb NPU PACTAXKEHUM
Pa3meps! 06pazua

Jlo ucnisiTanuit ITocne ucneiTanmit
Hmuna, | [dnamerp, Hnomezlm,, Hnuua, | duamerp, Hnomglm),
MM MM MM MM MM MM

XapakTepUCTUKU TPOYHOCTH

ITo cipaBoYHHKY Pacuer
IIpenen [Ipenen Jonyctumoe Hanpsbkenue, MIla
TEKY4YECTH Oy IIPOYHOCTH Oy
MIIa MIla

[O'] — S npedenvHoe —

<]

XapaKTepI/ICTI/IKI/I IJ1aCTUYHOCTHU

ITo cipaBoYHUKY [To pe3ynbpTaTaM HUCTIBITAHUN
OtHocutenbHOe | OTHOCUTENBHOE | OTHOCUTENBHOE | OTHOCUTENIBHOE
YJIMHEHHE CY)KCHHE YJIMHEHHE CYy)KEHHE

% Y% % Y%0 14




2 UcnbITaHUe HA C:KATHE JIePeBSIHHBIX 00pa31o0B
2.1lleab 1aGopaTopHOil padoTHI

[lenpto mabopatopHOil pabOTHI  SBISETCS YCTAHOBICHUE TIOBEICHHS
JEPEeBSIHHBIX 00pa3lOB MpPH CXKATUMU BAOJb U TOMEPEK BOJOKOH, 3HAKOMCTBO CO
CIIPaBOYHBIMU XapaKTEPUCTUKAMU JEPEBA.

TeopeTnyeckoe 060cCHOBaHHE

Marepuansl, TpOSBIISIONINE OJWHAKOBBIE CBOMCTBA B JIFOOOM HaIpaBJICHUU
HAa3bIBAIOT WU30TPOIHBIMHU.

HcnpiTanue JepeBSHHBIX 00pas3IoB MPEACTaBISICT OCOOBIM HHTEpec
BCJIEJICTBUE TOIr0, YTO CBOMCTBA H3TOTO MaTepuajia, HMEIOIIEr0 BOJOKHHUCTYIO
CTPYKTYPY, HCOJMHAKOBBI BAOJIb M MOMNEPEK BOJOKOH, TAKOE IMOBEJICHUE MaTepuaia
HAa3bIBACTCS AaHU30TPOIUEH.

Boas BOOKOH JiepeBO MPOSIBIISET ceOs1, KaK XpYIKUH MaTepuai, a Mmorepek
BOJIOKOH TJIACTUYHBIM.

[Ipenensl MPOYHOCTH JE€peBa BJAOJAb U IOMEPEK BOJOKOH BBIYUCISIOT IO

bopmyie

Sp= ™, (2.1)

TJ€ Gy — MPEEII MPOYHOCTH, H/MMZ;
F. — paspymatromas Harpyska, COOTBETCTBYIOIIAS TMpeaeity
poyHocTH, H;
A — mmomnazab 00pa3oB B0 UIIH MOMEPEK BOJIOKOH, MM,

[IpouHOCTH JiepeBa Ha C)KAaTHE MOMEPEK BOJIOKOH 00bIdHO B 8-10 pa3 MeHbIIIe,
9YeM BJ0JIb BOJIOKOH.

[Ipu cxaTuu BAOJb BOJOKOH pa3pylieHue oOpasla MNPOUCXOAUT MpHU
HeOoupmon aedopmaruu. Ilocme mocTmwkeHUs HamOOJbIIEH HArpy3Kd, oOpasen
HAauyWHAeT pa3pylmiaTbCsd W Harpy3ka mnajaer. [IposiBisis XpymKocTh, oOpasern
KPOIITUTCS, Ha 00pa3Iie MOSBIISIOTCS TPEIIUHBI.

[Tpu ucnpITaHUU IepeBsIHHOTO o0Opasia Mmonepék BOJIOKOH, HAarpy3Ka cHavaia
BO3pacTacT MPOMOPLUHMOHATIBHO jAcdopMaluM, 3aTeM BO3pacCTaHHE HArpy3KH
3aMeIIeTC M KYOUK OBICTPO AeGOopMHUpYETCs, HO pa3pylleHus He HaOmonaeTcs (OH
JIMIIB CIPECCOBBIBACTCSA). 3a pa3pylIAONIy0 HArpy3Ky YCJIOBHO MNPUMEHSIOT TO
3HAUYCHUE HArpy3Kd, MNpH KOTOPOM KyOWK CXKHMMAeTcs Ha OJHY TpPETh CBOEH
MEPBOHAYAIIBHOU BBICOTBL.

CrnpeccoBaHHbI 00pa3er] MOXKHO MOJIBEPTrHYTh MOBTOPHOMY HCIIBITAHUIO HA
c)kaTue BI0Jb BOJIOKOH. Cuila, paspylaroinas oopaser Oyaer eme 0oblie (SBICHUE
HaKJICMa), pa3pyIleHne MPOU30MIeT MITHOBEHHO, C XapaKTEPHBIM XPYIIKUM XPYCTOM.



Kak mpaBuiio, mpoOYHOCTh BCEX MATEPHAIOB IMPHU CKATHUHU BBILIE MPOYHOCTH
IIPU PACTSHKEHUH, MOATOMY B CIPABOYHOM JIUTEPATYpPE MPUBOAIT MEXAHUYECKHUE
XapaKTEPUCTUKH, MTOJYYEHHBIE ITPY UCIIBITAHUH HA PACTSKEHUE.

IMopsaaok BbINOJHEHHS PA0OTHI

HcneiTanue Ha cxxkatue npoBoaar Ha mamube P20, xak B mpenmiecTByromei
nabopatopHoil pabore. JIJIsi WCHBITAaHUS TPUMEHSIIOT JCPEBSIHHBIE KYyOWKH CO
ctopoHoi 20MM.

[Ipu wucneiTanuu oOpaslia BIOJIb BOJIOKOH HM3MEPUTHh CTOPOHBI oOpasia
nonepeK BOJIOKOH M BBIYUCIUTH TUIOMIA/b MOMEPEYHOr0 CEYEHUs. 3aMephbl TPOBECTH
ITAaHTCHIIUPKYJIEM.

VYcraHoBUTh 00pasel] Ha OMOPHYIO IUIMTY MAIIUHBI TaK, YTOOBI Harpyska
JEHUCTBOBAJIA BJOJb BOJIOKOH, BpPYYHYIO MEPEMECTUTh HHUXKHIOIO OIMOpY [0
CONPUKOCHOBEHHUSI oOpaslla C BepxHEHd omnopod. BKIIOUKUTH 3JIEKTPOJBUraTElNb
MalliMHBI W HAOJI0JaTh 3a MPOILECCOM CXaTugd oOpasia, 3auKcupoBaTh
HauOOJIBIIYIO  HArpysky, KOTOpYIO  BBIIAEpKaI  oOpaserl. OcTaHOBUTH
AIEKTPOABUTATENb, IPOU3BECTH PA3TPy3Ky MAIIUHBI U CHATH 00pas3ell.

[Ipy wucnbpITAHMM Ha CXATHE NOMNEPEK BOJOKOH, IOcie 3aMmepa oOpasel
YCTaHABIMBAIOT B HCHBITATEIBHYIO MAIIMHY TakK, 4YTOOBI Harpyska JaeicTBoBaa
nonepeéK BOJOKOH, MPOBECTU cxkaThe. . OCTAaHOBUTH AJIEKTPOJBUTATENb, IPOU3BECTH
pasrpy3Ky MallliHbI U CHATH 00pa3ell.

OTt4er no 1adopaTopHoii padore

Otuert 1o 1a60paTOPHOM padOTE JOIKEH COJIepKaTh.

1.I1enb pa®oOTHI, OTpAKAIOIIYIO TEMY U 3aJIaUHU.

2. KpaTtkoe TeopeTnieckoe 000CHOBaHHE.

3.YCcTpoiicTBOM MamvHbl, Ha KOTOPOW TIPOBOAWTHCS HWCIBITAHUE, THII
MaIlWHBI.

4. Pucynku obOpasiia 0 1 Tociie UCIIBITaHUS ¢ pazMepamu. Pacder ruiommaam
CEYEHHUsI JI0 M TIOCTIe UCTIBITAaHUM TI0 (popMmyie

A=a-a, (2.2)

5. CnpaBouHbIe JaHHBIE KOTOpHIE BHIOPATh M3 MPHIOKEHUS A U 3amucaTh B
Tabnuiy 2 .

6. BeiBox 0 IIPOYHOCTH M IJIACTUYHOCTH JICPEBa BAOJIb U IIONEPEK BOJIOKOH.
Tabnnua 2 — MexaHUYeCKMe XapaKTePUCTUKM JepeBa

HaumenoBanue Jlommyckaemoe HanpsbKeHHe

Marepuana Pactsaxenue | Cxxarue Cpes Cwmstue
[op 1, HmmM? | [o. ], Hmm? [Tepl, H/mmM? | [Gen], HMm?




3 OnpenesieHue MOIYJIsl CIBUTA

3.1l eab 1abopaTopHOi padoThI

B nanno# maGopatopHoii pabote TpedyeTcs onpeaeauTb Moaysb ciaBura G y
TFOPATIOMUHUEBOTO, OPOH30BOTO M CTAJIHHOT'O 00pa3iia IKCIIEPUMEHTAIBHO

CpPaBHUTH ITOJTYUYCHHBIC 3HAUCHUA CO CIIPABOYHBIMMU.

TeopeTnueckoe 060cHOBaHHE

JedbopMmanuu npu KpyuyeHUU OLIEHUBAIOTCS MOJIHBIM YTIJIOM 3aKpYy4YUBaHMUS,

KOTOPBII ONpeaesaoT no popmyie

TJIC (¢ — IMOJHBIA YTOJI 3aKpyYUBaHUs, Pal;
M — kpyTsamuii MoMeHT, H-Mwm;
| — nmuHa oOpasma, MM;
G — monyns casura, Mlla;
J, — IONSAPHBII MOMEHT HHEPLIUH, MM,

(3.1)

Monyns cnsura G, Bxoasmuii B JaHHYIO (OpMYJy SBISE€TCS OCHOBHOM
XapaKTEPUCTUKON YNPYroCTM MaTepuaia MpHU KPYYEHUH, €ro Ha3bIBAlOT MOAYJIEM
YIOPYTOCTU 2-T0 POJAA UM MOJIYJIEM MONEPEYHON YIPYTOCTH.

BripaxkaeM 13 popMyIibl MOJlyJb CIIBUra MOJIy4aeM popMyIry

Mol
6=

i

(3.2)

Kpytsimuii MOMEHT M, cO34ai0T, Harpy)KeHHeM pblyara JUIMHOK h, rupsmu

BECOM F, cxema Harpy>KEHUs MOKa3aHa

Ha PUCYHKE 1.

v

< I
<

Pucynok 1 — Cxema HarpyxeHust o0pa3ion



JlimHa peidara  craiapHoro ooOpasma h =380mMm, mropal roMHHHEBOTO U
oponzoBoro h =220mm. B ceuenuu oOpasna Bo3HHUKAET KpyTanpi MomeHT M=F-h

Jimuy ucneityemMoro obpasna |, 3agaer npenogasatens (yka3zaHa B Ta0JIHIIE).

[TonHBI# yro 3aKpyYUBAHUS () 3aMEPSIOT TPHUOOPOM.

[MonsipHBIE MOMEHT HHEPIIUHU 3aBUCUT OT JIMAMETPOB 00pa3IloB U ONPEICIEH
o ¢hopmyiie

J, = 0,1d4, (3.3)

IHopsnok BbINOJIHEHUsS] padoThI

PaGora mnpoBoaurca Ha JsabopaTtopHoi yctaHoBke YTMI12. Vron
3aKpY4YUBaHUS @, OTIPEIEISIOT 3aMepaMu. M3mepeHue yrioB mpoBOIAT HHIUKATOPOM
yacoBoro tumna (MYT), ¢ uenoii aenenus 0,01MM, 4TO COOTBETCTBYET 0,01° . Cxema
3aMepOB YTJIOB 3aKPyUMBaHMS MOKa3aHa HA PUCYHKE 2.

Z nuT

Pucynok 2 — Cxema 3aMepoB yTIIOB 3aKpyIHBaHUS

JUis JOCTHMXKEHHS JOCTOBEPHBIX pe3yJibTaTOB MNPUOOp YCTaHABIMBAIOT B
3aKUM, U JIeJIAI0T MpeaBapUTEIbHYI0 Harpy3ky oaHout rupeit SH. IlpenBapurenbHas
Harpy3ka HeoOxoauma It oOxaTuss oOpa3na B CTaHWMHE U MPOBEPKHU
YyBCTBUTEJIbHOCTH MHAMKATOpa K Harpy3ke. [locie nmpoBepku, CTpesKy MHANKATOpa
YCTaHABJIMBAIOT HA HOJIb, NOBOPOTOM TOJOBKM W HAYMHAKOT HArpykaTb pblyar
TUPSIMM, CHUMas KaXXJbli pa3 nokasanus ¢ MUT.

Jist kaxzaoro obpasua CHUMAIOT YEThIpe 3aMepa, MPU HArpyKeHUHU OIHOH,
JBYMsl, TPEMsI M YEThIpbM rupsiMu 1o SH.



OTtuer mo J1aboparopHoi padore

B otuete no naboparopHoit padboTe NpeACTaBUTD:

1.I1enb paGOTHI, OTPAKAIOIIYIO TEMY H 3aJIaUH.
2.Kpatkoe TeopeTnueckoe 000CHOBaHUE, TJI€ 3apUCOBATh CXEMY Harpy>KeHHUs,
C YKa3aHHUe 3aJIaHHOU JIJTMHBI oOpas1ia.
3.0nmucanue yCTpoHCTBAa yCTAaHOBKH, Ha KOTOPOW MPOBOIAUTHCS HUCIBITAHHE,
e€ TuUI, a TaK >X€ HaWMCHOBaHWE MPUOOpPA, KOTOPHIM TPOBOJUIN 3aMEPBI, C
yKa3aHUEM IICHBI JICTICHUS.
4.Pe3ynbTaThl HU3MEPEHUN YII0B 3aKpYYUBAaHHUS [JII COOTBETCTBYIOIIETO
oOpas3iia 3anucaTh B KOJIOHKY 5, TaOIUIIbI 3.

Tabnunua 3 — PacueT moayna casura

Jnuna | Harpy | Momenm Ipupawenue | Yron Ipupawe | Cpeonee Mooynv Mooyne | TlorpemHocts
wieya | 3ka M, MOMeHma 3aKpy4HBa | Hue npupawer | cosuca cosuea HCBITAHUS
h,um | F, Hwm AM, HUS yena Ao, ue pacyem no 6%

H Hum 0, 2pao A@ep, G, cnpasoy

epao epao H/un? HUKY
i

1 2 3 4 5 6 7 8 9 10
JlropanmoMuHueBblii oOpazen.
220 |5 1100 1100 2,710

10 2200 -

15 3300 —

20 4400
JlaryHHbI# (OpOH30BBINH) 00Opaser.
220 |5 1100 | 1100 4-10"

10 2200 -

15 3300 —

20 4400
CranbHoli oOpa3zell.
380 |5 1900 1900 8.10°

10 3800 -

15 5700 —

20 7600

[Ipupaiienus yriia 3akpy4uBaHusl sl KaXJ10T0 00pa3lia U cpeiHee 3HaUeHue
OMpeNeNsAoT o GopMyiaM

A1 =02 =01 AQ32= @3 — P
Djeo = PIos * DI, +D1,

3

AQs3= Qs — @3,

[TonyueHHbIe 3HAYEHUS 3aMUCHIBAIOT B KOJIOHKHU 6 U 7.
5.Moaynb cABUTa JUIsl KaXA0ro 00pasiia pacCUUThIBaeM 1o popMyiie

57,3DM 1

G=

(3.4)
(3.5)

(3.6)



] PPRR



rae 57,3 — koahdumUeHT sl mepeBoa rpajaycoB B paauaHbl;
AM — npupaweHme MoMeHTa, H-mm;

J, — HOJSpHBII MOMEHT UHEPLIUU 00Pas3LoB, mm*;
Ap., — cpefHee npupaLleHne yrna 3akpyuynmBaHua,

epad;l — pnnHa 0bpasuos, Mm.

st Bcex 00pasiioB MOJSIPHBIA MOMEHT MHEPIMH Jp=1,6-104MM4, JUTMHA J10
MecTa 3aMepa yrioB 3akpyuuBanus |=700MM. AM u A, MOACTaBUTH U3 TAOIUIIBI 3.

[Tonmy4yeHHbIN pe3ynbTart, Uil Kaxa0ro o0pasiia, 3aniucarb B KOJIOHKY 8.

6. [TorpenHoCTh UCTIBITAHUS OTIPEETISIOT 1O (hOpMYyIIe

/G, -G/
d=_"" " x100%, (3.7)
G

cnp

I'ne G n Gy — pacueTHOE U CHPAaBOYHOE 3HAYEHUE MOJYJS CIBUIA,
COOTBETCTBEHHO.
7. Caenath BBIBOJI O KECTKOCTU 00pa3L0B B CPABHEHUHU.



4 OnpeneJienue NporudoB
4.111esn 1abopaTopHOii padoThI

B nmanHOl maGoparopHOil pabore TpeOyeTcs ONpeaeIuTh IPOTHOBI
JBYTaBPOBBIX KOHCOJIBHBIX OQJIOK, CPaBHUTH )KECTKOCTh KOHCOJIBHBIX OAJIOK.

TeopeTnueckoe 000cCHOBaHHE

[Tpu u3rude 6anku AePOpMUPYIOTCS TAKUM 00pa3oM, YTO UX MPOJI0JIbHAS OCh
uckpusisiercsa. M3oruyras och 6aJIKi Ha3bIBAETCS YIIPYTOM JIMHUEH.

[Tporub xapakTepu3yeTcsi BETMYUHON NIEPEMEIICHHI MTONIePEYHBIX ceueHu f.

B pacuerax Ha »KECTKOCTh BXOAUT HauOONIbIIUi mporud Oanku T,y , Kak
MOKa3aHo Ha pUcyHKe 1.

PucyHok 1 — Hanbonbwmit npornb 6anku

1 KoHCOpHOW OanKkyd HaMOONBIMKA mMporud OyaeT Ha KOHIE KOHCOIU U
onpenensercs o popmyse

3
fmax = M y (41)
36

riae f,, — HanOoNbIIN TPOruod OATKU, MM;
F — BHemHsa Harpyska, H;
| — nimHa GaKy B MM
E — Monyibs poIoIbHOM YIIPYyTrocTH MaTepuaia O0ainkH, H/mm?;
| — oceBOii MOMEHT UHEPIIMH, MM .
[Ipoussenenue El Hocut HazBaHue xecTkOCTH Oanku mpu u3ruoe. O4eBUIHO,
4yTO NMPOrud OaaKu 3aBUCUT OT PACTIONOKEHUS CEUEHUs OAJIKU TI0 OTHOIIEHUIO K
u3rudaronieil Harpys3Ke.
JIJ1st KOHCOMBHBIX OATOK JBYTaBPOBOTO CEUEHUS, TOKA3aHHBIX Ha PUCYHKE 2



HauOOJBIIHNKN NPOrud KOHIA KOHCOJIU MOXKHO ONPENeIUTh Mo GopMyiaM

3
fy =" (4.2a)
3E3/y
Fl
b= (4.26)

PucyHok 2 — KoHconbHble 6anku

rae F—marpyska Ha Ganky, H;

| — mmHa 6anok, MM;
Ix — 0ceBOI1 MOMEHT MHEPIIMU CEUEHUSI OTHOCUTEIIBHO OCH X, MM
4

|, — 0ceBOIl MOMEHT MHEPLUH CEYECHUSI OTHOCUTEIBHO OCU Y, MM

El, — )xecTKkOCTEL OaJIKM OTHOCHUTEIBHO OCH X

El, — sxecTkOCTB OaJIKM OTHOCUTENBHO OCH Y.
banka Ha pucynke 2a 0651amaet 60IbIIEH KECTKOCTHIO, YEM ITa JKE

Oanka Ha pucyHke 20, Tak kak |, > |, 1 odyeBHHO, 4TO POrud OGaIKK HA PUCYHKE
2a OyneT MeHbIIIe Mporuda Toi ke Oalku Ha pUCyHKe 20, MPU OJTMHAKOBOU

Harpys3Ke.
COOTHOIIICHHE KECTKOCTH JIBYX 0AJTOK MOXKHO OINPEICTUTH 10 hopmMyJie

f (4.3)

rae K — OTHOIIIEHUE KECTKOCTEMN
f — nporu6 Oanku BIOJIb OCH X;

f,— nporu6 Ganku Boans ocu V.



Teopernueckuii K03()PHUIMEHT OTHOIMIEHUH KECTKOCTH IO PUCYHKaM 2a U 20
onpenensieM 1o popmyiie



K o=+, (4.4)

TA€ K- TeopeTuueckoe OTHOIIEHHUE KECTKOCTEN 60K Ha pUCYHKE 2a 1 20.
3amMepuB (pakTHUecKue MPOorudbl 6AIOK MOXKHO Onpeaesiu (pakTHIecKoe
OTHOIIIEHUE JKECTKOCTEH 10 GopMmyIe.

Ko= % (4.5)

riae Ky — pakTudeckoe OTHOLICHHE KECTKOCTEH CXEM.
Takum 00pa3om, MOKHO CPaBHUTH TEOPETUUECKOE OTHOIIIEHUE )KECTKOCTEH C
(haKTUYECKUM.

IMopsaaok BbINOJHEHHS PA0OTHI

Pabota npoBoauTcs Ha jgabopartopHoit yctaHoBKke Y TM13. IToru6sr 6anoxk f,
3aMepsIoT uHauKaTopoM yacosoro tuna (MUT), ¢ nenoit aenenuns 0,01mm.

JUist  TOCTMO>KEHMsI JTOCTOBEPHBIX pE3YyJIbTaTOB MPUOOpP YCTAHABIMBAIOT B
3a)KMM, U JeJIaloT MpeABapUTeNIbHYI0 Harpy3Ky ofHoi rupeit SH. [IpenBapurenshas
Harpy3ka HeoOxoauma JUIsi oOxkaTtuss oOpa3sua B CTaHMHE M MPOBEPKHU
YyBCTBUTEJIIBHOCTH MHAMKATOpa K Harpyske. Ilocie nmpoBepku, CTpesnKy MHAMKATOpa
YCTaHABJIMBAIOT HA HOJIb, NOBOPOTOM TOJOBKM W HA4YMHAKOT HArpykarb palyar
TUPSIMH, CHUMasl Kaxbli pa3 nokaszanus ¢ MYT.

Annny  KoHconm  npuHATb  €=300mm. OceBble  MOMEHTHI

MHEePLUMUCOOTBETCTBYIOT A/1A AAHHOIO CeYeHUS 1,=2cm*=20000mm*
1,=1cm*=10000mm"

J1st kaxgoro odpasia cHUMArOT yeTbipe nokasanust: fy; i, fig ,fya, mpu
HArPY)KCHUH OHOM, IBYMs, TPEMS U Y€ThIpbMs TUpsAMHU 1o SH. AHaI0rHYHbIC
3aMephl IPOBECTH Ha BTOPOM Oalike.

OTtuet no 1adopaTopHoii padore
B otyete no naboparopHoit paboTe mpeaCcTaBUTh:
1.1lenb pabOTHI, OTPAKAIONIYIO TEMY U 3a]1a4H.
2. KpaTtkoe TeopeTnieckoe 000CHOBaHHUE.
3.0nucanue ycTpoiCcTBa YCTAaHOBKHM, HA KOTOPOM MPOBOAMUTHCS HMCIIBITAHUE,
e€¢ TuUN, a TaKk € HAMMEHOBaHUE MPUOOpPA, KOTOPHIM MPOBOJUIU 3aMEPBI, C



YKAa3aHUEM LIEHBI JEJICHHUS.
4. 1lpoBectu 3amepbl Mporuoos f, , fy 1711 00pa31oB, TPOBECTU BHIYUCICHUS.
Brruncnuts npupammenus nporutda Afy mo gopmyne

Af= f - f (4.6)

Yn#1 yn



rae Af, — mpupamenue nporuda Mexay IByMs HATPy>KCHUSIMU,
fy — IOKAa3aHUS WHIMKATOPA MPEABIAYIIErO HATPYKEHHUS;

n

f — moxaszaHWs WHAMKATOPA MOCIEAYIOIIETO HATPYKEHUS.

Yn+l
Ompenenuts cpenHee npuparnenue nporudos Afy ., mo dopmyne

_ny +Df +Df

1 Yo Y3

3

Df

Yoo !

AHaJOrnYHbIE pacyeThl IPOBECTH HA BTOPOIl Oaske.
Pe3ynbTaThl 3aMEpOB M pacueToB 3aHEeCTH B TaOiuIlbl 4a u 406.
BbruncnuTh (hakTHUeCKOE OTHOLIEHUE KECTKOCTEH Mo (hopmyrie

PesynbTaTel no popmyine K, = 2
OnpenenanTs NOrpeuHOCTh UCTIBITaHUS 0 (hopmyie

q :MXJ_OO%,

KT

5. Cnenath BBIBOJ O pallMOHAJILHOM CEUYCHUH IIPU U3THOE.

Ta6mmma 4a — Pacder mporu0oB B HaNpaBiIeHUH OCH Y

(4.7)

(4.8)

(4.8)

(4.9)



Harpy3ka | Mpupawenn | Npornb | NpupaweHue | CpegHee PacnonoxeHua 6anku
F, H eHarpyskm f,, npormnba 3HayeHue
oy v MM P 1,=2.10*mm*
AF, H npupaLLeHn
Af,, mm

enpornba

Afy cp, MM
o F
10 5 y' l #
15

20




Tabnuia 4a — Pacuer mporu0OoB B HaNpaBJIeHUH OCH X

Harpy3ska | Mpupawenn | MNpornb | NpupaweHue | CpeaHee PacnonoxeHua 6anku
F, H f,, npormnba
eHarpysKku » MM p 3HayeHne Jy:104MM4
AR, H npupaLLeHm
Af,, mm
enpornba
Afy cp, MM
o F
10 5 y
15

20




3akjauyeHue

Meroanueckue pekoMeHAanuu paspadoransl ¢ ydetoM TpedoBanuii ®I'OC
no cneruanbHocT 151031 MOHTaX U TeXHUYECKast IKCIUTyaTalusi TPOMBIIILIEHHOTO
obopymoBaHus (IO OTPACIISIM) M C YIETOM TEXHHUYECKOTO COCTOSIHHS J1ab0paTopHOTO
000pyAO0BaHMS KOJIJIE KA.

BrinonHeHrne n1abopaTOpHBIX pabOT MO3BOJSET MONYYUTh CTYJECHTAM 3HAHUS

u ymeHus, npenycmorpenHele DI'OC. JlaGopaTopHble pabOThl, Kak IPaBUIIO,
MPOBOATCS MO MOATPYIINaM, a TaK K€ JeJICHUEeM Ha Malble Tpynmsl. B pesynbrare
CTYJI€HTHI TPUOOPETAIOT HABBIKKM KOPPEKTHOTO B3aUMOACHCTBUS ¢ 00YyHaIOIIUMHUCS U
npernojaBarenaeM. Yyarcs coOI0JaTh HOPMBI 3TUKETA U MPOGECcCUOHAIBHON ITHKH.
[Ipu BbIMOSHEHUM PabOT CTYAEHTHI ydarcs padoTaTh C H3MEPUTEIbHBIMU
npubopamu, 3T YMEHUS MPUTOAATCS B MPOPECCUOHANBHON AECSITENIBHOCTH.
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Ipuiioxenue A

MexaHuyeckue XxapakTepucTuKku

Tabnnuya Al — MexaHMYecKkne XxapaKkTepUCTUKM CN1aBoB

HaumenoBan | Monynb Monyns [Ipenen [Ipenen OtHocutensHOEe | OTHOCHTETHHOE
ne MIPOAOIBHOI ciBHTa TEKY4eCTH | TIPOYHOCTH | y/UTHHEHHE CyXXEeHHE
Marepuaia YIpPyTrOCTH G, MIla o, Mlla | 644 e % Y%

E, MlIla (pactspkeHne),

MIla
Craib 2-10° 8-10" 240 380-470 | 21-27 20-60
YIJIEPOIUCT
ast
Yyryn 1,1-10° 120-380
cepbIn
Jropamomu | 0,7 -10° 2,7-10° | 330 450-500 |12
HUH
Bp 4-10"

OH3a

Tabanuya A2 — MexaHMYecKne XapaKTepuUcTMKKM gepesa

HanmenoBanue O6o3HaueHue 3HaueHHe
Moaynb IpoI0JIbHON YIIPYTOCTH AepeBa E 0,1-10°MIla
Jlomyckaemoe HanpspKeHUE CMATHS [Oeu] 3 MIla
Jomyckaemoe HanpspKeHUE cpe3a [Tep)
1St Oepe3bl 4.5 MIla
IUTSL COCHBI 3,0 MIla
TSt 1y6a 6...5MIla
Jomyckaemoe HanpspKEHHUE KIIEEBOTO COSAMHEHUS [0c] 0,8...1,15 MIla
KPYIJIBIMU IAIIAMHU Ha CKAJIGIBAHHE
Jlomyckaembie HAMTPSDKEHUS PACTSKCHUS [op ]
CocHa (B10JIb BOJIOKOH) 8...10MIIa
CocHa (momepex BOJOKOH) 8...10mIIa
Jy6 (B10J1b BOJIOKOH) 10...13ml1a
J1y6 (Tomepek BOJIOKOH) 10...13ml1a
Jlomyckaembie HANPSHKCHUS CKATHS [oc ]
CocHa (B10J1b BOJIOKOH) 10...12ml1a
CocHa (momepex BOJIOKOH) 1,5...2mlla
J1y6 (B10JIb BOJIOKOH) 13...15mlla
J1y6 (momepek BOJIOKOH) 20...35mI1a
danepa pacTspKeHHs (CKATHS) [op]=[o: ] 40...50ml1a
u3ruo [Gu3rn6a ]:[Gp WIH c]




Ipunoxenue b

TecTbl gnA 3aWwmTbl NabopaTopHbIX paboT «UcnbiTaHUE Ha NPOYHOCTb NPU
pacTaxkeHun» n «UcnbiTaHUe Ha CXKaTue AepeBAHHbIX 06pa3LoB»

3ananue 1

3akoH ['yka BbINOJIHSIETCS JO...
BapuaHThI 0TBETOB

Gy NIPEZIENT IPOYHOCTH

G IPEIEII TEKYYECTH

Gy IIPENIEII YIPYTOCTH

Oy IPEAEN TPONIOPLUOHATBHOCTH

NP

3aganue 2
Kakoe HamnpspKeHHe CUMTAIOT MpeIeIbHBIMHE JIJIS IDIAaCTUYHOTO MaTepraa

BapHaHTbI OTBE€TOB

eI =
a
=
¥

3aganue 3

Kakoe HanpsikeHre CUMTAIOT IPEACTbHBIMU ISl XPYIIKOTO MaTepuana
BapuaHThI 0TBETOB

O

Or

Oy

Gl'[‘wI

=R A\

3ananmue 4

VYka3arh y4aCTOK TEKy4eCcTH MaTepHuaia
F

BapuaHTbl 0TBETOB

1. 0-1
Zﬁ 2. 1-2
2 3. 2-2

1

Al




3aganue 5
VYka3arh TOYKY, 10 KOTOPOH B MaTepHalie BO3HUKAIOT TOJBKO yIpyrue aedopManum
BapuaHTbl 0TBETOB

1.1
2. 2
3. 3
4. 4
3aganue 6
Jliist Kakoro MaTepuaia mpuBeJeHa JuarpaMmma
O- —
/ - BapuaHTHI OTBETOB
N 1. xpynkuii
\ O 2. XPYIKO-ILIACTHIHbIA
Om 3. TUTaCTUYHBIHA
O-HL{
4. HeT BapuaHTa
/) Vv y €
3ananue /

Jl1ig kakoro MaTepuasa mpuBeIeHa TuarpaMma

7 BapuaHTbI 0TBETOB
/ / /-—x 1. xpynkuii
/ N 2. XpYIKO-IJIaCTUYHbIN
o 3. MJIACTUYHBIN
002 4. HeT BapuaHTa
n
\ \4 y €
3ananue 8
Ji1st Kakoro MaTepuaia IpuBeJeHa quarpaMmma
o I
BapuaHTbI 0TBETOB
1. xpynkuit
O 2. XPYNKO-TUTACTUYHBIN
3. TUIACTUYHBIN
4. HeT BapuaHTa
13
3aganue 9

[Ipu xakom U3 HanpsKEHUN 00pa3el] HAYMHAST pa3pylIaThes



BapuaHTbl 0TBETOB

Oy — IIpefes yIpyrocTu

Oy — PEAEN MPONOPLIMOHATIBHOCTH
Opy— MPEAEI MPOYHOCTH

O;— TpeJie]l TEKYIECTH

el A\ =

3aganme 10

BriOpaTh OCHOBHBIE XapaKTEPUCTUKU IJTACTUYHOCTHA MAaTEPUATIOB
BapuaHThI 0TBETOB

Gz ;Op— IPEJIENI TEKYYECTH U TPONIOPLIUOHAIIBHOCTH

€, Y — OTHOCUTEJIbHOE YIUIMHEHUE U CY’)KEHUE B MOMEHT Pa3pbIBa
Oy ;Omq— IMPEAEI TPOITOPLUUOHAIIBHOCTH U TPOYHOCTH

Oy Or — IPEJEII POYHOCTH U TEKYUYECTH

R\

3aganue 11

OnpeaenuTs Ipeaes TeKydecTd Mmatepuana, eciu F,=24xH; F,=28xH; F,,=40xH.
[[momaas monepeyHoro CeuYeHus A=50mM*

BapuaHTbl 0TBETOB

280MI1a

470MIIa

560MI1a

620MI1a

PO E

3ananme 12

[TpoBepUTh MPOYHOCTH MaTEPHUAa, €CJIM MAKCUMAILHOE HAIMPSHKEHUE B CEUCHUU G =
240MTIla

o=380MIla; o, =400MlIla; o,, = 640MlIla, 3anmac npoyHocTu s = 2,5.

BapuaHThI 0TBETOB

c =[o]

6 > [o]

6 <[o]

JIaHHBIX HEIOCTATOYHO

PO

3aganue 13

..... - CIIOCOOHOCTh KOHCTPYKITMHU COTPOTUBIIATHCS YCHUITUSAM, CTPEMSIIIUMCS BBIBECTH
€€ U3 UCXOJJHOTO COCTOSHUS PAaBHOBECHS

BapuaHTBI 0TBETOB

[IpounoCTH

KecTkocThb

Y CTOMYUBOCTH

TBepaocCTh

e

3aganue 14
.... = CIIOCOOHOCTH TE€J COMPOTHUBIATHCA YIPYTUM JIeopMaIiusim



BapuaHTbl 0TBETOB
1. TIpouyHocTh
2. XKectkocTh
3. YcronunBocTh
4. TBepaocThb

3aganme 15

Kak nposiBnisiet ce6st nepeBIHHbIN 00pa3ell Py CKaTUX BJIOJIb U MOMEPEK BOJIOKOH
BapuauTtbl 0TBETOB

OJIMHAKOBO IUIACTUYHBIN

BJI0JIb BOJIOKOH XPYIIKUH, IIONIEPEK IIJIACTUYHBIN

BJ10JIb BOJIOKOH IUIACTUYHBIH, ITONIEPEK XPYIIKUN

OJIMHAKOBO XPYIIKUHI

W

3aganue 16
MeTto, ¢ TOMOIIIBIO0 KOTOPOTO OMPECIISIOT BHYTPEHHUE CUIIOBBIE (DaKTOPHI - ...
BapuaHTbl 0TBETOB
1. Meron mpoekuui
2. METOJI CEYEHUM
3. MeToJl ypaBHCHHMA

3aganme 17
Kakoe HanpspkeHHe B MTONIEPEYHOM CEUCHUU BO3HUKACT MPH PACTHKCHUH (CHKATHN)
BapuaHTbl oTBETOB
1. Tonpko HOpMaIBHOE
2. Tonbko KacaTelbHOE
3. HopmanbHoe u kacaTenbHOe

3aganue 18
EnuHuIBI m13MepeHust OTHOCUTETLHOTO YIJTHHCHHUSI €
BapuaHTbl 0TBETOB
1. be3pazmepHas BenuunHa
2. MM

3. M

3apanue 19

Enunuiel usmepenus Mmoayns ynpyroctu E
BapuaHThI 0TBETOB

MITIa

H

Kr

bespasmepnas BenmmunHa

PO



3aganue 20

I'eomeTprueckas XapakTepUCTUKA CEYEHHUS ITPU PACTSHKEHUH U CHKATUN
BapuanTtbsl 0TBeTOB

I[Imomans A

ITonApHeIii MOMEHT HHEPLUH J,,

OceBoii MOMEHT HHEPLINH Jy

[Monapuelii MoMeHT conporusienus W,

PONE

3apanue 21
Pacnpenenenue HanpspKEHUS IO CEUCHUIO TIPU PACTSIKEHUN
BapuaHThI 0TBETOB
1. ToctosinHOE
2. Ilepemennoe
3. 3HaKomepeMeHHOE

3aganne 22

OTHOIICHUE U3MEHEHUS JTMHBI K TICPBOHAYAIBHOM JIJTUHE. ..
BapuaHTbl 0TBETOB

OTHOCHUTEJIbHAS MPOI0IbHAS AchOpMaIIHs
a0CoJII0THAs TIPOIoNTbHAs AedopManus
OTHOCHUTEJIbHAS ToNIepeyHas aedopmarius
a0COII0THAS TToTIepeyHas AehopMaIius

el A\ .

3aganue 23
Kaxk Ha3bIBalOT MOBBIIIEHUE MPOYHOCTH MaTepurasa MpHU €ro BRITSHKKHU 3a Mpeielt
TEKy4eCTH
Bapuanrtel oTBeTOB
1. Haxnén
2. TexyuecThb
3. TMomyuecThb

3ananue24
VYkazaTh octaTounyto aedopmaruio odbpasma st Touku K

F
K - BapuaHTBI 0TBETOB
2 > a4 1. OM
2. ML
1 3. LE
4. EF
Al




3aganue 25
B kakoii Touke quarpaMMbl pacTsKeHHsI Ha oOpasie oOpasyeTcs Iieiika u
HA4YUHAETCS pa3pylIeHue

F
BapuaHTbl 0TBETOB
» /_3\ 4 1 1
2 2
1
3 3
4 4
Al
3ananue 26

Kak Ha3bBaeTcs 1 0003HAUAETCS HAMPSHKEHUE, TIPU KOTOPOM JehOpMaIie PacTyT
MIPU MOCTOSIHHOM HAarpy3Ke
BapuaHTbl 0TBETOB
1. Ilpenen NpOYHOCTH Gy
2. Ilpenen Teky4yecTH o,
3. Homyckaemoe HamnpsokeHue [o]
4. Tlpenen mpoNnOPUHOHATBHOCTH Gy

3aganue 27

3aBUCUMOCTb G = E-g, BBINOIHAETCA J10.. .
BapuaHnTtbl 0TBETOB

GH‘I

Gy

GT

(o8

LN

3apanue 28
BriOpaTh TOUHYIO 3alUCh YCIOBUS MPOYHOCTHU MPH PACTIKEHUU U CKAaTUU
BapuaHThl 0TBETOB

Lo =No[s]
A
2. S:N_s[s]
A
3. s
=Ng[s]






3aganue 29
EnnnHuibel n3mMepeHns MEXaHM4YeCKOro HanpsikeHus B cucteme CU
BapuaHTbl 0TBETOB
KT/cM?
H-MmMm
2
kH/MMm
I1a

PONE

3aganue 30

.... - CIIOCOOHOCTh MaTepHasia He pa3pyIiaThCs Mol ASHCTBUEM BHEITHUX CHII.
BapuaHThI 0TBETOB

[IpouHocTh

KecTtkocThb

Y CTONYHUBOCTD

TBepaocTh

roOdE

3apanue 31
B kBagpaTHbIX CKOOKaX MPUBOMST. ... BEJIMUHUHBI.
BapuaHTtbl 0TBETOB
1 IlpenenbHbie
2 @dakTuyeckue
3 JomnycTtumsie

3aganue 32

ITo popmyne s = N , ONpeaenaoT....

A

Bapuanrtel oTBeTOB
(hakTHYECKOE HAIPSKEHUE
JIOMYCTUMOE HAMPSIKEHHE
(hakTHyecKoe yAJIMHEHUE
K03 HUITMEHT 3amaca IPOYHOCTH

A N e

3ananue 33
[TpoeKTHBIN pacyeT MpH pacTsHKCHUH (CIKATHUN) MPOBOIST 1O (HOpMyJIe
BapuaHThI 0TBETOB

1 S:N_£[s]
A
2 A= N



Ipunoxenue B

TecTbl gnAa 3awmnTbl NabopatopHoit paboTbl «OnpegeneHne mogyna
casura»

3amanue 1
Enunuiibl n3mMepeHnsi MOMEHTOB WHEPIIUU J

BapuaHThI 0TBETOB

4
MM

3
MM

2
M
M

i e

3aganue 2
Enunuier namMmepeHuss MOMEHTOB conpoTtuBiieHuss W
BapuaHTbl 0TBETOB

4
MM

3
MM

2

M
M

el A\

3aganue 3
JlmaMeTp CIJIONTHOTO Bajia YBEJIHUMIICS B 1Boe. Kak M3MEHUTCS MI0maab
BapuaHTbl 0OTBETOB
1. yBenuuutcs B 2 pasza
2. yBenuuures B 4 paza
3. HE U3MEHUTCSH

3ananmue 4

Kaxkoilt BHyTpeHHU cuiloBOM (haKTOp BO3HUKAET MPU KPYUEHUU
BapuaHTbl 0TBETOB

Qx

M,

M

N,

i NS

3aganue 5
Kakoe HanpspkeHHOE COCTOSIHHE HAa3bIBAIOT «YUCTHIM CIBUTOMY

+—— 4—







Bapl/laHTbI OTBE€TOB
a

PON

0
B
r

3aganue 6
VYkazaHHas BEJIMYHMHA B 3aKOHE ['yKa Ha3bIBAETCS yIJIOM...

=Gy

BapuaHThI 0TBETOB
3aKpY4YMBAHUSA
CMEIIEHUS

CKaTUsA

CIABUTra

R\

3aganue 7/
BriOpaTh hopmyiry aiis onpeenacHus HapsOKCHUS B yKa3aHHON TOYKE

BapnaHTm OTBE€TOB

1. t=M
W,
2t = Mxr
Ir
3. =Gy
4.t=9
A
3aganue 8

Kaxk n3menutcs HanpsbkeHUe Ha MOBEPXHOCTU KPYTIIOro Opyca, €Clid KpyTAIIUun



MOMCHT YBCIIMUUTCA B 3 pasa

PO e

BapuaHTbI 0TBETOB
YBenuuntcs B 3 pasza
YMmenbmuTcs B 3 pasa
YBenuunrcs B 9 pa3
He n3zmenurcs



3aganmne 9

Kak u3aMeHHTCs quaMeTp Kpyrjioro opyca mociie UCIbITaHUN Ha KpydeHue?
BapuaHTbI 0TBETOB

YBEITUYUTCS

YMEHBIITUTCS

UCKPUBHUTCS

HE U3MEHUTCS

PONE

3aganue 10
HasBatb nedopmaiiuio mpu KpyueHUH

dl
§

BapuaHThI 0TBETOB
CmenieHue

Yron caBura

Yron 3akpy4uBaHus
Cxatue

o

3ananme 11
HasBatb NpomnyIieHHyI0 BEJIHYNHY B 3aKoHe ['yka: ¢ _ g

BapuanTtbsl 0TBETOB

MOAYJb YIPYTOCTH

MOJYJb CIBUTA

ko3 puimeHt nonepeyHou negopmaiuu
MOMEHT COIPOTHUBJICHUS

PO PE

3aganue 12

YTo npouCXOUT B MOMEPEYHOM CEYEHUU Opyca Mpu KpyUeHUn?
BapuaHTbI 0TBETOB

pacuupsieTcs

cy)KaeTcs

HCKPUBIIAECTCA

MIOBOPAYMBAETCS

e



3aganue 13
Kak Ha3piBaoT 1 0003Ha4aroT AchopmManuio (yKasaHHYIO) IpU KPyUSHHH?

m( <

BapuaHThI 0TBETOB
1. y-yeon cosueca
2. J-yeon nosopoma
3. @-noamwlii y2on 3aKpyuuUeaHus

3ananue 14

BriOpaTh npomnyiieHHyo OykBy B (hopMyIie, onpeneaonieil HalpsiKeHrue npu
Kpy4YeHUU

¢ = Ml

SR

BapuaHTBI 0TBETOB
E
G

1
WP

il

3aganue 15
Kaxk pacnipenensiercs HanpspKeHUE B IONEPEUHOM CeUeHHUH Opyca nmpu KPyUeHUU

2194

AAA 4 JV A\ 4 JV \A A4

a 6

@

BapuaHTbI 0TBETOB
a

0
B
r

WP

3aganue 16



Kak m3aMeHnTCs MakcMMaabHOE HAMPsDKEHUE TIPU KPYUEHUH, €ClId quameTp Opyca
YMEHBIUTCS B 2 paza?



- BapuaHTBI 0TBeTOB
1. ymenpmmTcs B 2 pasza
2. yMmeHbIUTCS B 8 pas
3. yBenuuuTcs B 2 pasa
4. ypenmuuutcs B 8 pa3

3aganme 17
Kakoii yyacTok BaJia MOCTOSSHHOTO C€YeHHs] HauboJsee Harpy>keH?

« ) \

1yu. 2 yu. 3 yu. 4 yu. S yu.

N
e

~

120Hm 80Hm 600Hm  400HMm

BapuaHTbI 0TBETOB
1 ygacTok
2 y4acTOK
3 y4acTok
4 ygacTok

PO

3ananue 18
BoiOpats hopmyny 115 pacuera yria 3akpy4uBaHUs Bajia
BapuaHTbl 0TBETOB

1.g=1y
[
2 j= M
G,
3.9= t
G
4, J=j, ¥l
3aganue 19

xr

K

BT

Ot xakux (paKTOpPOB 3aBUCHUT BbIICJICHHAs BeJIMYMHAt =



L

Bapuantsl 0TBETOB
OT MaTepuaia

OT Harpy3Ku

OT JIJTMHBI Baja

OT IUaMeTpa



3aganue 20
BriOpaTh BepHYI0 3alUCh YCIOBUS KECTKOCTU
BapuaHnTtbl 0TBeTOB

L i= M. ]
Gl,

2. j = M, :[jo]-
GJ,

—
1

3. ] MK3[j0]
Gl
M -
- “ £
4J:'Gjr— Llo]

3aganue 21

Kakue cBoiicTBa MaTepuraina xapakTepusyeT MOayib capura G.
BapuaHTtbl 0TBETOB

[IpouHOCTH

TBepaocThb

Yupyrocts

Y CTONYHUBOCTH

WO

3aganue 22
Kak HazpiBaetcs npoussenenue G -,
BapuaHThI 0TBETOB
1 KectkocTh ceueHus
2 KectkocTb Opyca
3 He umeer nazBanus

3aganne 23

Pacnonoxuth MaTepuaibl B MOPSAKE BO3pAaCTaHUS )KECTKOCTH
BapuaHThI 0TBETOB

AJTOMUHUH, CTaIb, OpoH3a

bpon3a , amromuHuH, cTanb

Cranb, 6poH3a, ATFOMUHUM

Cranb, amoMuHUN OpOoH3a

A WDNPE

3aganue 24
Yro BbI 3amepsiin B 1abOpaTOpHOU padoTe.
Bapuanrtel oTBeTOB
1 VYroxa 3akpyuuBaHUs
2 Monyns ciBura



3 VYrox casura
4 Yroa noBopota



3aganue 25
Jliis gero B popmyne onpeaeneHust MoIyist CTOUT ko3 durueHt 57,3.
BapuaHTbl 0TBETOB
1 ns nepeBoaa 000pOTOB B IPalyChl
2 Jlns mepeBojia TpagycoB B paauaHbl
3 Jlns mepeBosia 000POTOB B paiiaHbl

3ananue 26
Yro OB MBMEHWIIOCH B BallIUX 3aMepax, €ciau Obl ObUIN 3aJJaHbl MEHbILINE JJIMHbI
pPacUeTHBIX YYaCTKOB.
BapuaHThI 0TBETOB
1 Tloxazanusi npubopa yBeIUYUIHUCH
2 Ilokazanust mpubopa yMEHbUIUIHUCH
3 Iloka3aHus HE U3MEHUIIUCH

3aganue 27
3akoH ['yka i KacaTeabHbIX HANPSXKEHUU. . .

BapuaHTtbl 0TBETOB
1 t="

3ananue 28
Kakum mpuOopoM mpoBOIUIHN 3aMEPHI.
BapuaHTbl 0TBETOB
1 MIranrenuupkynem
2 HWHamkatopoM 4acoBOro TUIA
3 Peiicmycom



IIpunoxenue B
TecTtbl AnA 3awmTbl NaboparopHoi pabotbl «OnpegeneHne npornbos»

3apaHue 1

Onpenenuts BEIUYUHY MONEPEYHON CUilbl B ceueHue 1 — 1

Rt Y
M=45kH-m
10kH 1 20KkH

A/ \ 4 X

N

I

R« A

15kH

AN
AN

—\]
v

3m 4m 3m

BapuaHThI 0TBETOB
. |15xH
. 120xH
. 15xH
. |5xH

A OWDNPF -

3aganue 2
Onpeaenuts My, B ceUeHUU Z=2M

A A
VZOKH 27.5kH 7,5kH 15kH

Im 2M Im

BapuaHThI 0TBETOB
. —12,5xkHm
. 12,5xHm
. 27,5xHm
. — 20xkHm™m
3ananue 3
B kakoli U3 IpUBEIEHHBIX CXEM 3MI0pa U3TMOAOIIUX MOMEHTOB N300paxaeTcs
KBaIPATUIHON MapaboIoit?

AWN PR -



BapuaHThI 0TBETOB

W
H W o

3ananmue 4
Kakue BHyTpeHHUE CHIIOBBIE ()aKTOPHI BOSHUKAIOT B MOTIEPEYHOM CEUYCHUU Opyca
MIPU YKCTOM U3rude
BapuaHTBI 0TBETOB

1. Qu# 0; M,=0

2. Qy#0; M#0

3. Qy=0; M,=0

4. Q= 0; M,#0

3ananue 5
Ha kakux ydacTkax OGajku 31opa MOMEePEeUHbIX CHII H300pakaeTcs mpsiMoii,
napasieIbHOU ocu Oanmku?

R Fi P
[ —
}997 B B T /ﬁ&

BapuaHThI 0TBETOB
BI, IO

BB, BI', TO

AB, BB, BI

AB, BC

Rz/

7

BwN e

3aganue 6
B kakom morepeyHoM ceueHnr OaJIKM Ha 3IMI0PE U3THOAIOIINX MOMEHTOB BO3HUKACT
cKayek?



Ll

A/\ B r
- BapuaHTBbI 0TBETOB
1. A
2. b
3. B
4. T
3aganue 7/

Kaxkoe ceuenune mpu u3rube MEHbIIE TPOTHETCS ?

| — T DB B

a

IU\

|_I

BapuaHThI 0TBETOB
a

B

0
B
T

3aganmue 8
VYka3zaTh ¢IMHUIIB U3MEPEHUS BEJTMYUHBI, BBIICICHHOM < > B hopmyIie

W

Bapl/IaHT])I 0TBETOB

MlIla
2

MM
3

MM

Hwm

PO

3aganue 9
Enunutibl uamMepeHust oceBbIX MOMEHTOB conpoTuBiieHust W, , Wy
BapuaHThI 0TBETOB
4
MM
2
MM
3
MM
Hwm

i A



3aganue 10



YTo orpaHMYMBAIOT B pacueTax Ha KECTKOCTh MPU U3rude?
BapuanTtbl 0TBETOB

Yron 3aKkpy4nBaHHs

Yron casura

CmenieHue

Yron noBopota

R A\

3apanne 11
Kaxk u3mensarcs nokazanus npuOopoB B 1abopaTopHoii padote Ned, eciu 00pasisl U3
cTanu (BMECTO alIFOMUHUSA).
BapuanTtel oTBeTOB
1 ymenblarcs
2 yBenu4aTtcs
3 He U3MEHSTCS

3apanue 12
Yemy paBHa Macca oaHOM rupu BecoM 10H.

BapuaHTtbl 0TBETOB

1 =10ke
2 =lke
3 =1lm
4 =bke
3aganue 13

Kakne cBoiicTBa MaTepuana XapakTepusyeT MOayJb E.
BapuaHTbl 0TBETOB
1 TIIpouHocTb
2 TsepmocThb
3 VYupyrocthb
4 YcTon4uBOCTb

3amanue 14
Kaxk pacnipenenensl HopMaabHbIE HAIPSKEHUS PU U3THOE

q

VY VVVVYVYY




W

Bapl/laHTbI OTBE€TOB

® O\



4, B

3aganue 15
BriOpath amropy monepeyHbIX CHJl, COOTBETCTBYIOIIYIO CXEME HarpyKeHUs
R1 F1 Rz
|
/\ .
Ve G
LT a
HERREEEN
| | [T 6
B
ll | |
- BapuaHTBI 0TBETOB
1l a
2 0
3 B
4
3agaunue 16
BriOpaTh 3mtopy NMomepeuHbIX CUJI, COOTBETCTBYIOIIYIO CXEME HATrPYKEHUS
¥R F
A\ 4
M)

BapuaHThI 0TBETOB
a

0
B
B

A~ WD

3aganue 17



BriOpaTh 3miopy M3ru0aroimmnx MOMEHTOB, COOTBETCTBYIOIIYIO CXeME HarpyKEeHUs



CER |
VRITIIITITITITIIT) &

Bapuanrtel oTBeTOB
a

1

2 0
3 B
4 T

3aganue 18
Bri6paTh TouHYIO (OpMYITY YCIOBUS MPOYHOCTH MPU U3THOE
BapuaHTbI 0TBETOB

1. s=" g[s]

W,
2. t=£[t]
A
3. t=" gt]
WP
4. S = F £ [S ]
A
3aganue 19
Bri6paTs dhopmyity i pacuera u3rudaronero MOMeHTa B CeYeHUU Z=2M
A m A
Fi R1 Rz 2
N D
Vo

Im 0,5m 1,5m Im




BapuaHTbl 0TBETOB
1. M=F2—R;-1+m

2.My=—F2+R;-1—m
3. M,=—F2+R; 1

4. M,=F-2+R; -1+m



3aganue 20
BrIOpaTh smiopy U3ru0armmnx MOMEHTOB, COOTBETCTBYIOIIYIO CXEME HArPYKCHHS

T Ry J/Fl T R,
g e

| ﬁ\m\

Bapuanrtel oTBeTOB

1

2=} ® O

2
3
4

3aganue 21
Kax Ha3pIBatoT 1 0003HAYAIOT BEPTUKAIBLHOE TIEpEMeEIIeHHE MTPH U3rude?

L

BapuaHThI 0TBETOB
1. Tporwuo f
2. CuBur y
3. Cwmemienne o
4. VYron moBoporta 0

3aganue 22

Yro 3amepsiu B 1abopatopHoit padote Nod.
BapuaHThI 0TBETOB

[Tporu6 f

CnBur y

CwmemnieHue o

[ToBoport 0

OB~ WDN P -

3ananue 23
Kaxk Ha3piBatoT 1 0003HAYAIOT YIIIOBOE NIEpEMEILICHUE TIPU U3ruoe?



\V

BapuaHTbl 0TBETOB
1 TIIporu® f

2 VYron caBura 'y

3 CwMermenue o

4 VYron nooporta 6

3ananne 24

CKOJIBKO BECHT TUps, Maccom /xe
BapuaHTsl 0TBETOB
1 10H
2 =IH
3 =lkH
4 =10xH

3ananue 25
[Tpu yBenm4yeHUU AJIUHBI OATTKH MPOTHO. ..
BapuaHThI 0TBETOB
1 ymeHbIIUTCS
2 yBEIMYUTCA
3 HEe U3MEHUTCSH

3ananue 26
Jns uero B mabopaTopHOii paboTe JIeNaloT NpeBaApUTEIbHOE Harpy>KeHue?
BapuanTtbl 0TBeTOB
1 Jlnsa oGxatust oopasiia
2 Jlyist mpOBEPKH 4yBCTBUTENBHOCTH HHAMKAaTOpa UT
3 Jns o6xaTust oOpasiia U MpOBEPKU 4yBCTBUTEIILHOCTH IpUOOpa



