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YKASAHWA MO BbINOJTHEHNHO JIABOPATOPHbBIX PABOT

1. Mepepn BbINOMIHEHMEM pPaGOT CTYAEHTbl MPOXOAAT WHCTPYKTaX O
TexHuke 6e30MacHOCTM W pacrnucbiBaldTCad B BEAOMOCTM O MPOXOXAEHUN
NHCTPYKTaXKa.

2. NlabopaTtopHble paboTbl BbLIMOMHAKTCA B COOTBETCTBMM C paboyei
nporpammoi Kypca no Kaxkaon cneunasibHOCTU.

3. Mpn noarotoBke K BbIMNO/IHEHMIO /labopaToOpHOM paboTbl CTYAEHT
[O/HDKEH M3Yy4YuUTb COOTBETCTBYIOLLME pa3fesnbl Kypca, Lesb, CofepXaHue U
METOAMKY  BbIMNO/IHEHWUA  paboTbl, YCTPOWCTBO M MPUHUMN  paboThl
ncnbiTatesibHbIX MallvH, YCTAaHOBOK U MPUOOPOB.

4. )XXypHan nabopaTopHbIX paboT BegeTca WHAMBMAYaslbHO. C KaxKabIM
CTYZleHTOM NMpoBOAUTCA cobeceoBaHMe No BbIMNOIHEHHOM paboTe.

5. B cBA3M C Tem, 4TO wuchbiTaTe/lbHadA TexHWKa B nabopatopum
nporpagymposaHa B cucteme MKC, wucnonb3oBaHa cnegylouwasa cuctema
nepesoja eanHuL namepeHunsa B cucteme MKC mn CU:

- cnna—1 krc =10 H,

- HanpsbkeHue — 1 krc/cm? = 0,1 MIMa = 10° H/m?,

- MOMeHT — 1 krc-cm = 0,1 H-m,

- cuna Beca: co3faBaemas maccoin 1 kr = 10 H.

JlabopatopHas paboTta Nel-a
McnblTaHme Ha pacTsikeHue cTasibHOro obpasua

Leno pa6oTbl: [lonyyeHue guarpammbl  pacTsdKeHus, onpejeneHuve
OCHOBHbIX MeXaHW4eCKMX XapakTepuCTUK, MU3yveHue XapakTepa paspyLlueHus
obpasua.

1.1. O6wwe ceepeHns

[Nnsa ncnbiTaHMA Ha pacTsHKeHue UCMosib3yeTcs obpasel, Kpyr/ioro ceveHus
anamvetpom d = 10 mm B cooTBeTcTBMM ¢ TOCT 1491-84, noKasaHHbI Ha pucC.
1.1. Ha o6pa3ue wuWMelTCA [ABe pPUCKN, PacCTOAHUE MeXAy KOTOpbIMU
COOTBETCTBYET pacyeTHoW anvHe obpasua ly = 100 mm.

lo=700

I e

Puc. 1.1

AcnblTaHna npoBOAATCSA Ha YHMBEpPCaslbHOW UCMbITaTeNbHON MalunHe
YM - 50.

[AnarpaMmmbl  pacTsOKEHWsi, MNONy4YaeMble Ha WCMbITATE/IbHbIX MallnHaXx,
MOryT UMETb BU[, NOKa3aHHbIA Ha puc. 1.2.

Onarpamma 1 TMNnYHa A8 ManoyrniepoaucTbiX cTanen, anarpamma 2 —
[N51 BbICOKOKAYECTBEHHbIX /IEFMPOBaHHbIX CTa/EN.
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Ha gnarpammax: OA — 30Ha ynpyroctu, AB — 30Ha o6uiel Tekydectn (ans
BbICOKOKA4YeCTBEHHbIX CTasnieil He o6HapyxumBaeTcs), BC — 30Ha ynpo4HeHus U
Hayano o06pa3oBaHus LWIEKN — MeCTHOe cy)eHune obpasua, Cl — 30Ha
MECTHOW TEKy4YeCTMw.

P, O

An
-

Y
0 AlLE o g
Puc. 1.2 Puc. 1.3
|_|pl/l NCMbITaAHUN o6pa3L|,a HGOGXO,CI,I/IMO onpep,enMTb cne,u,yrom,me OCHOBHbIe
MexaHnyeckume XapaKTepI/ICTI/IKI/I MaTeplAana.

Mpegen TekyyecTn — HarnpsbkeHwe, Npu KOTOPOM MNPOUCXOAUT  POCT
Aedopmaunn 6e3 3amMeTHOro yBe/IMYeHU Harpy3ku
P
T
°T T E

0
roe Pr— Harpyska, cooTBeTCTByOLWas npemaeny Tekyyectn; Fo — nnowanb
ceueHust o6pasLa 10 Harpy>XeHusl.
B Tex cnyyasix, Korga Ha guarpamme OTCYTCTBYET MNJollajKa TeKyyecTu, B
KauecTBe npeaena TEKYy4YecT! MPUHUMAIOT HampsbkeHne, nNpu  KOTOPOM
oCTaToYHasi OTHOCUTENbHAs Aedopmauns €.+ =0,2%. B aToM cnyvae

Fo.2

O+ =0, =
T 0,2 |:O
MpakTuyeckn Harpysky, COOTBETCTBYHOLLYIO YC/TOBHOMY Npeaesy TeKy4yecTu
Po2, pEKOMEHAYeTCA onpeaenaTb N0 MECTy fnepesova avarpammsl (TOUku A, B,
puc. 1.2).
Mpegen MNPOYHOCTU WAN BPEMEHHOE COMPOTUB/IEHME — 3TO OTHOLLEHWE
MaKCUMasibHOW cuibl Pg, KOTOPYIO BblAEPXKMBAET 06paseLl, K NepBoHayaibHO

nowaan nonepevyHoro ceyeHus Fo:

Ps
FO

roe Pg — Harpyska, COOTBETCTBYIOLWAA npefeny npovyHoctn; Og — yCoBHaA
Be/IMYMHA, T. K. Touka C AmarpamMmbl COOTBETCTBYET MOSAB/IEHUIO LUEWNKN B
obpasue.

NICTUHHbIE HanpskeHUss B MecTe 060pa3oBaHMA LWENKN 3HAYUTEsIbHO
60NblUe pacyeTHbIX:

P
_"B
O, =——
' F
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roe F — nnowaab ceyeHns obpasla B MecTe 06pa3oBaHus LLENKN.

Ha puc. 1.3 nokasaHa pAguarpaMmbl UCTUHHbLIX — 1 W YCNOBHbIX — 2
HanpsHKeHUN, N3 KOTopbIX BUAHO, YTO B MOMEHT pa3pbiBa (Touka [1) UCTUHHbIEe
HanpsHKeHUsa 3Ha4YNTENIbHO B0JIbLUE YC/TOBHbIX.

CpefHAA ocTaToyHas OTHOcUTeNbHasdA Jdedopmauusa nocne  paspbiBa

BblUMcnseTca no oopmyne

Soer =110 (10096,

IO
roe | — pacctosiHue mexay puckamu nocrne paspbiBa; lg — pacueTHas gavHa.

1.2. Nopagok nposefeHns padboThbl

B npouecce npoBefeHNss UCMbITaHUA K obpasyy npukIagbiBaeTcs
Me//IeHHO BO3pacTalolas pactTarnsarowas Harpyska o paspylleHusa obpasua.

AvarpammHblil  annapat  Bbl4epuMBaeT AuarpaMMy — pacTshKeHuss B
KoopauHaTax: Harpy3ka P — ab6contoTtHoe yanuHeHnve Al. MacwTtabbl: ocu
Harpysok - Jp = 50 kr/mm = 0,49 KH/MM; OCU YA/ IMHEHWIA - ta = 0,5 MM/MM.

Mocne NpoBefeHUs MWCMbITaHWI Heo6XOAUMO M3MEPUTb AMaMeTpP LUENKu
o6pasua d n paccTosHne mexay puckamu .

MpuMepHbI BUA guarpammbl NokasaH Ha puc. 1.4.

P

C

A
i, Al
Puc.1.4

13 gmarpammbl onpeaensitoTcs:
a) Harpysku, cooTBeTcTByllWMe npegeny Tekydectn Pr=h [l u

npegeny npouHoctn P, =h, Ll ;

Hop
6) macwTab HanpsHkeHnn Hs = E
0
B) UCTUHHOE HanpsHXKeHNne B MOMEHT pa3pbiBa
P
-p
Oy =
KOTOpOE CPaBHMBAETCSA C YC/IOBHbIM
P
I:0



1.3. O6pasel oTyeTa

NabopaTtopHaa paboTta Nel-a

icnbiTaHMe Ha pacTsKeHue cTasibHOro obpasua

1.3.1. Llenb paboTbi:

1.3.2. VcnbiTatenbHas ycTaHOBKa:
YHuBepcasibHaa ucnoiTatensHaa mawmnHa YVM — 50.
1.3.3. ®opma n pasmepsbl obpasuya (puc.l1.1).
1.3.4. Pe3ynbTaTtbl UCNbITAHWI

Tabnuua 1.1
[0 ncnbiTaHusa [Tocne ncnblTaHUA

do = M d= M

lp = M | = M

Fo= M F = M2

Socr. = ! I_'O [100%
0
duarpamma pacTsa)KeHus
P,o
Al €

BbluncneHus:

PT:hTalP: ’ PB:hBulP: ’ PP:hPD’lP_ !

P —Ps _
o7 F , Op 3 ,
Oy :£: ’ (Ty:£: , O-_V'—d_ozz
F F oy d?
Tabnnuya 1.2
Pr,kH | P, kH | Pp,kKH | 07, Mla | og , MlMa | o, , MlMa| oy , MlNa Gmlcy
Mpegnonaraemas Mapka ctanu (tabn. 1.3)
1.3.5. BbiBOAb!:
PaboTy NpuHAN
« » 200 r




[puMeyaHue: B BbiBOAAX HEOOXOAMMO OTMETUTD:
KaK npoucxogut paspylleHne obpasya;
KakoBa BeNMYMHA OTHOCUTE/IbHOIO YA/IMHEHUS MPU pa3pyLLUEHWNN;
coBnajaeT NM Auarpamma pacTsdKeHWs € AnarpaMMoin  UCTUHHBIX
HaNPSHKEHWNA;
NoYeMy UCTUHHbIE HaNPSHKEHUS 6ONbLUE YC/TOBHbIX.

Tabnuua 1.3
OCHOBHblE MEXaHNYECKNEe XapaKTEPUCTUKM 1S Pa3/INYHbIX MapoK cTasen
Mapka MNpenen npovHoctn | [lpepen TeKyyecTu OTHOCUTENIbHOE
cTanu Og, Mla 071, Mla yanvHeHune 9, %
Ctanb O 320-470 190 22
Crasib 1 320-400 --- 33
Cranb 2 340-420 220 31
380-400 27
Ctasib 3 410-430 240 26
420-440 26
Ctanb 4 450-480 260 20
490-520 23
500-530 21
Ctasib 5 540-570 280 20
580-620 19
600-630 15
Ctanb 6 640-670 310 14
680-720 13
700-740 11
Cranb 7 750-790 --- 10
800 un 6onee 9

JlabopaTtopHas paboTta Ne 1-6
VcnbiTaHMe Ha cxkaTue CTa/lbHOro 1 YyryHHoro o6pasuos

Llenb paboThbl: M3yuyeHMe XapakTepa paspylueHus o6pasLoB, NOCTPOeHWe
aMarpaMmMbl CXKaTusi, OMNPefeneHne OCHOBHbIX MeXaHWYECKMX XapaKTepUCTUK
MaTepuasos.

1.4. O6uwue cBeaeHus

[Nns uvcnbiTaHMA Ha okaTue WCMob3yTcs 06pasubl  LUANHOPUYECKON
tbopmbl, NokasaHHbIe Ha puc. 1.5.

B 3aBMCMMOCTM OT TOro, Kakoi marepuan UCNbITbiIBAETCA — NIACTUYHBbIN
UNN  XPYNKWA, guarpammbl CXaTUsi UMEKT pas3ninyHbii BuAd. Ha puc. 1.6
nokasaHbl TUMWYHblEe Auarpammbl cokatms 4vyryHa (1) u manoyrnepoamcton
ctanu (2).




- ’ >

A
h=30 Ps
Pr
!
\_/ v
d=20 0 Al
Puc.1.5 Punc.1.6

Mpun ckaTum CTaslbHOro obpasua obHapy>XmBaeTcs Nolaaka TekyvyecTum C
nocneayloWwmMM MNepexogomMm K 30He YNpoyHeHus. B  pganbHeliwem o6pasel,
npuobpeTtaer 6GOYKOOOpa3Hytd opMmy, W [OBECTU ero A0 paspylleHus
NpakTUYecKn Henb3s. [na CcTanbHOro o6bpasua onpegensieM npegen
TEKYyYeCcTu:

roe Fo — nnowaas ceyeHns o6pasua A0 NPUIOXKEHUS Harpy3Ku.

Mpu cXkaTuM 4UyryHHoro o6pasiia Ha AuarpavMme He HabnoaaeTcs
NoWwaaKkM TeKydecTu, T0o3TOMy MOXHO oOnpeaennTb TOMbKO npepen
MPOYHOCTN:

1.5. NMopagok nposeneHns paboTobl

cnbiTaHnA 06pa3uyoB MPOBOAATCSA Ha YHMBEPCA/IbHOW UCMbITaTeIbHOM
malimHe YVM-35.

B npouecce npoBeAeHMss UCMbITaHUA K o6pasly npukiagbiBaeTcs
Me[/IEeHHO BoO3pacTawwas okumalrlwasa Harpyska [0 paspylleHMs  wunm
nosiBfieHNss 604Ko06pasHol hopMbl. [AnarpaMMHbIA  annapat BblYepunBaeT
Avarpammy cokaTus B KoopguHatax: coxumarowas Harpyska P — abcontoTHoe
ykopoueHne Al. Macwtabé ocu Harpy3ok Hp = 350 kr/mm = 3,43 KkH/mMm,
Maclitab ocu ykopoyeHuii Ha = 0,25 mMm/mm.

Mocne npoBeAeHUs  UCMbITAHW  Heo6XoAuMO  3apucoBaTb  KapTUHY
paspyLleHnsa ob6pasLoB, onpeaesiMTb Harpys3ku N3 guarpammbl CxaTus:

Pr =hr tep. Pp=hg lip.

roe hy , hg — opauHaThl gnarpammbl, COOTBETCTBYHOLLME MIOLAAKE TEKYYECTU
NN paspyLlalowen Harpyske.



BennuuHel

HarpysokK, a TakKXe pe3synbTaTbl OnpeneneHus
3aHocATcA B Tabnuuy 1.4.

Mo pe3ynbTatam NCNbITAHWNI HeO6XOp,VIMO cgenatb BbiBOAbI.

1.6. O6pasey, oTyeTa

NabopaTtopHas paboTta Nel-6

Og n Ot

VcnblTaHne Ha cXXaTue CTasIbHOTO U YyryHHOro o6pasLoB

1.6.1. Llenb paboThbi:

1.6.2. VcnbiTatenibHas ycTaHOBKa:

YHuBepcasibHaa ucnoitatensHaa mawmnHa YNM — 35.
1.6.3. ®opma n pasmepsbl 06pasyos (puc.l1.5).
1.6.4. XapaKkTtep pa3pyLueHns o6pa3uoB (3CKU3bl).

1.6.5. Amarpammbl cXXaTua:

P

CtanbHOW obpasel,

1.6.6. BblumncneHusa:
PT = hT DJP =

P_T
I:0

o7 =

1.6.7. Pe3ynbTaTtbl UCMbITAHW

UyryHHbI obpasel,

Pg =hg [l =
B
0

_P
UB—F—

T

Tabnmuya 1.4

MaTtepuan

2
o6pasLia Fo, M

PT,KH

Ot , MMa Pg, kH

Og , Mla

Ctasib

YyryH —

1.6.8. BbiBOAb!:

PaboTy NpUHAN

200 .

[pumeyaHue: B BbIBOAAX HEOGXOAMMO OTMETUTb:
KaK MpoucxoauT paspylueHne o6pasLoB;
noyemy HEBO3MOXHO OMNpeAennTb npeaen MNPOYHOCTU MpU  CXKaTuu

CTanbHOro obpasua;

noyemy OTCyTCTBYET npepges TeKyd4eCtmn y dyryHa.
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1.7. KOHTpO/IbHLIE BOMPOCHI

1.B Kaknx KoopauHaTax CTpouTca anarpaMmma pactsXKeHna?

2.470 Ha3blBaeTCcA npenenomM npornopunoHanbHOCTU, NMPefenioMm TEKYYecTH,
npeaesioM NPOYHOCTM (BPEMEHHbIM CONPOTUB/IEHNEM)?

3.Kakve pedopmaunm HasbiBAKOTCA YMAPYrUMM W Kakue OCTaTO4YHbIMU
(nnactnyecknmn)?

4.YT0 Ha3biBaeTCA OCTATOYHbIM OTHOCUTE/IbHbIM YA/IMHEHMEM obpasua U
OCTaTOYHbIM OTHOCUTE/IbHbIM CY)>KEHMEM LIekn obpasua. Kakoe CBOWCTBO
mMaTepuana OHU XapakKTepusyrT?

5.Kakoe fiBNneHne Ha3biBaeTCcA Hak/1ernom?

6.Yem p[na cTanmM OT/IMYaeTca AuvarpaMma coxatna oT  Auvarpammbl
pacTsXXeHna?

7.B 4yem oOT/IM4yMe nNOBeAEHUSA CTa/IbHOTO W YYryHHOro o6bpasuoB npu
ckaTtun?

8.Uem oT/MyalTCA guarpaMmmbl - CKatua  NNacTUYHOroO U XPYnKoro
mMaTepuanoB?

9.Kakne mexaHuU4yeckne xapakTepucTuKn onpeaenstoT nNpu cxaTun

N1acTUYHOI0 N XPYNKoOro matepuanoB?

JabopartopHasa pabéoTta Ne 2

OnpepeneHvie moayna yrnpyroctu n koadpgpuymeHTta lNyaccoHa
CTa/In NpU pacTsa>KEHUN

Lenb paboTbl: 3KcnepuMeHTa/lbHOE oOrnpejenieHne Moayns ynpyroctm wu
KoadhpuumeHTa NMyaccoHa npu pacTsxXeHU.

2.1. O6bwwe cBegeHUn

AGCONKOTHOE YA/IMHEHME CTEPXKHA NPU pacTsHXkeHun — okatum (puc. 2.1) B
npegenax ynpyrux gecopmaumnii onpegenserca no opmyne:

PO
Al=—— | 2.1
EF (1)
roe P — npogonbHas (HopmanbHas) cuna; | — pacueTHas gfimHa o6pasua;

E — moaynb npogonbHoW ynpyroct (MoOAy/lb YNpyroctTu npu pacTsXKeHuu);
F — nnowaap nornepeyvyHoro ceyeHns obpasua.

N3 dhopmynbl (2.1) MOXKHO HaANTU BEIMUMHY MOAYNSA YNpPyrocTu, onpeaesnvs
OMbITHLIM NyTem abcontoTHoe yannHeHne obpasua Al:

Al TF (2.2)
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Puc. 2.1

CneposatenibHO, nepBas 4YacTb NnabopaTopHoi paboTbl 3aki4vaeTcs B
ornpefeneHnn abcoMTHOrO yannMHeHMa obpasua Al Ha HEKOTOpoW
pacyeTHoli anvHe |.

KoahdomuymeHtom  lyaccoHa  HasbiBaeTcd  abconTHas  BenmyumHa

o o , Na
OTHOLIeHudA OTHOCUTENBHOU nonepevyHou Aedopmaumn & =— K
a

. . Al
OTHOCUTENbHOW NPOAO/LHONM AedhopmaLmm £=7 (puc. 2.1). CnepoBaTtenbHo,

ec/iv onpefennTb OLHOBPEMEHHO MPOLO/ILHYIO M MonepeyvHyo Aecopmarmm
ob6pasua, ToO MOXHO BbIYUCNTL BENMUNHY KO3hduumeHTa NyaccoHa:

H=]—]. (2.3)

Moaynb ynpyroctu E n koadhgpmumeHT MyaccoHa U xapakTepusyroT ynpyrue
CBOMCTBa martepuasa M OnpeaenstTcs 3KCNepumMeHTaslbHO. N8 pasnyHbIX
marepuanioB KoapuumeHT lNyaccoHa n3MeHseTcs OT Hyna (418 npobku) fo
BEMIMUMHbI, 651M3KoM K 0,5 (ans pe3nHbl 1 napaguHa).

Ans ctanu moaynb ynpyroctn E npuHumaet 3HaueHus B npegenax (1,8 -

2,2)-10°> MMa, koathchuumeHT MyaccoHa [ - B npegenax (0,25 - 0,33).

2.2. NabopaTtopHasa pab6oTta Ne 2a

OnpepeneHve moayna ynpyroctmn n koadgdguumeHTta lNyaccoHa npu
pacTs>XeHUM ¢ MOMOLLbIO MeXaHNYeCKUX TEH30MEeTPOB

2.2.1. OnucaHve ycTaHOBK/ TEH30METPOB

BennunHa abCcoMOTHOINO YOAJ/IMHEHUA W CYy)XeHus obpasya (puc. 2.2)
OMNpesenaTca Npu  MNOMOLWM  PblY4aXHbLIX  TeH3oMeTpoB [yreHbeprepa.
PacTsbkeHne obpasuya Npou3BOAUTCS MPU MOMOLWM UCMbITATEIbHOM MalUWHbI
NM-4P.

UToObl MCKMIOUNTL B/IUSHME HEPaBHOMEPHOro pacTsxeHus obpasla B
Cflyyae HETOYHOW ero YCTaHOBKM B 3axBaTax MaluHbl, Ha obpa3sue
3aKpenaalT no fABa TeH3omeTpa (MO OAHOMY C KadKAOM CTOPOHbI), Kak
nokasaHo Ha puc. 2.2. lNMpn 3Tom TeH30MeTpbl 1 1 2 n3mepAalT gedopmaunn B
NPOA0JIbHOM Harnpas/ieHun, a 3 U 4 — B MNOMepeyHoM HanpasieHUN.
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BennunHy moagyns  ynpyroctu BbluMcAsaloT no  dopmyne  (2.2), a
KoapdpmuymeHTa MyaccoHa - no dopmyne (2.3).

2.2.2. TNopsagok nposefeHns pabotel Ne 2a

1.Y6eanTbCs, YTO Pbl4aXKHbIE TEH30OMETPbI CHATbI C NPEeAOXPaHUTENEN.
2.Harpy3ntb obpaseL, npeasapuTenibHon Harpyskoni Py = 500 kr (5 kH).
3.CHATb nokaszaHWss C TEH30MeTPOB W 3anucatb B >XypHan HabnioaeHun
(Tabn. 2.1).
4.Harpy3uTb o6pa3sey, Harpy3koir P = 2000 kr (20 kH).
5.CHATb nokas3aHWss C TEH30MeTpPOB W 3anucatb B >XypHan HabnioaeHun
(Tabn. 2.1).

icnbiTaHMA NpoBOAATCA TPWU pasa, 3aTeM HaxoAsTCsl pa3HOCTM OTCUETOB MO
KabKQOMYy WUCMbITAHUKO U CPEeAHSAs1 Pa3HOCTb OTCUETOB A1 BCEX UCMbITaHUIA MO
Ka>K[IOMYy TEH30METpY.

O6paboTka pe3ynbTaToB npoBOANTCS B nocnefoBaTesibHOCTH,
npeacTaBfeHHON B Tabnuue 2.2.

I . il
\- 7-7 | 7-2
7. 7. j ]

ls T JE 7.

Puc.2.2

2.3. Obpasel oTyeTa
NabopatopHast pabota Ne2-a

OnpepgeneHne moaynsa ynpyroctu n koagpguumeHTta NyaccoHa
C MOMOLLbIO MEXaHNYEeCKNX TEH30METPOB

2.3.1. Llenb paboTsbi:
2.3.2. Cxema mcnblTaTeNbHON ycTaHOBKN (puc. 2.2)

2.3.3. Pe3ynbTaTtbl UCMNbITAHWI
12



Tabnuua 2.1

MNpoaosibHble gechopmaumm MNMonepeyHble geopmaumm
Ty Ty T3 T4
pas- pas- pas- pas-
Ne | Harpyska HOCTb HOCTb HOCTb HOCTb
nenbIT OTCYEeT| OTCYe- | OTCYEeT| OTCYe- | OTCYET| OTCYe- |OTCHET | OTcYye
TOB TOB TOB TOB
P, n, An, n, An, n, An, n, An,
kr (kH) | (gen) | (gen) | (men) | (denm) | (men) | (gen) | (men) | (aen)
1 500 (5)
2000 (20)
5 500 (5)
2000 (20)
3 500 (5)
2000 (20)
2.3.4. ObpaboTKa pe3y/bTaToB UCMbITaHWN
Tabnuua 2.2
TeH3omeTpbl
PacueTHas popmyna T, T, Ts T,

CpefHss pasHocTb (gen)

An, +An, +An,
3

An =

AGCOMOTHOE YA/IMHEHNE NN
yKopoyeHue (Mm)
Ha CTyrneHb Harpy>xeHus
AP=1500 kr (15 kH)

Al = An; & = An, 103

AL = DL+l
CpefHee abco/OTHOE YA/IMHEHNE ¢ 2
(ykopoueHue) (Mm) Al =Bk +Al
cP —
2
— AICP
OTHOCUTENbHAsA NPoAosibHas S
(nonepeyHas) aedopmMaLus Al
S
gl
KoadhchmumeHT MyaccoHa = "
2 _AP
Moaynb ynpyroctu (kr/cm®) (MIa) E =T

3peck: k = 10 — ueHa genenus TEH30MeTpa,;
AP =P - P, =1500 Kr (15 kH) — CTyneHb Harpy>xeHus;
€ — OTHOCUTENbHAA NPoAobHAasA Aedopmauns;
€ — OTHOCUTesNIbHas nonepeyHas gedopmaums;
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S = 20 mm — 6a3a TeH30MeTpa;

F=al=304=12cm* =120 M*- nnowaab MONEPeYHoro cevyeHus
obpasua.
2.3.5. BbiBOAbI:
MpumMeyaHne: B BbIBOAAX HEOOXOAMMO OTMETUTb, HaxoaaTcs Nn

NOJIyYeHHbIE 3KCMEePUMEHTa/IbHbIM MYTEM BeIMYUHLI MOAY/A  YNPYyroctn wu
KoadhdomumeHTa NyaccoHa B npeaenax TabsimyHbIX AaHHbIX UKW HeT.

2.4. NabopartopHasa pab6oTta Ne 2-6

OnpepgeneHne moayna ynpyroctm n koahduymeHTa lNyaccoHa npum
pacTsA>XeHUN ¢ NOMOLLbIO 3/IEKTPNYECKUX TEH30METPOB
conpoTtmeneHus (TeEH30Pe3NCTOPOB)

2.4.1. OnncaHmMe ncnbiTaTeNbHON YCTaHOBKM

Cxema ucnbITaTeNbHOM YCTAHOBKW NSt onpefeneHuss moayns ynpyroctn E

n KoaphuumeHTa lNMyaccoHa [ npegcrasiieHa Ha puc. 2.3.

NcnbiTaHna NpoBoAATCA Ha TOM >Xe obpasue, 4Yto M B paboTe 2a. Ha
o6pasel 1 (pnc.2.3, 6) Hak/eeHbl YeTbipe aNEeKTPUYeCcKnx TeHsomeTpa: Ry , R,
— ANA U3MepeHuss NpofoNbHbIX Aedopmaunii; Rz , Ry — ANA n3MepeHus
nonepeyHbIx gecopmaunini. Cxema pacnosioXKeHNs TeH30MeTPOB M3006paxkeHa
Ha puc. 2.3, 6. TeH3omeTpbl Ry 1 R,’ HakneeHbl Ha Gasiky TapupPoOBOYHYHO 2
(puc. 2.3, a).

TeH3omeTpbl R; , R, , Rz , Rs; BKNWOYEeHbl B MOCTOBYK) CXemy
TEH30MeTpuyeckoro ycumnutena YT4-1, kKak nokasaHo Ha puc. 2.3, B. C
NMOMOLLIO pyyeK rpyboir v nnaBHOW PeryinpoBkM 5 M 6 MOXHO [06UTLCA
banaHca W3MepuTesIbHOro MOCTa, Korga MuannaMmnepmeTp MmA MNOKaxeT
OTCYTCTBME TOKa Ha BbIXOAE YCUUTENS.

MNpu HarpyxeHun obpasua W3MEHAKTCA conpoTtuBneHns R; , R
TEH30MEeTpPOB, npousonget pasbanaHc N3MepUTENLHOrO MOCTa,
MUNIMaMnepMeTp Npu 3TOM MOKaXKET HalMvmMe TOKa Ha BbIXO4e YCUNUTESA.

Echv npu nomowm BMHTA 3 Harpysutb OGanky 2, TO W3MEHAKTCH
conpotmerieHna R;" M R, HakneeHHbIX Ha Heé TeH3oMmeTpoB. Korga
conpoTtmerieHna Ry , R, 1 Ry’ 1 Ry’ cTaHYyT OAMHAKOBbLIMU, TO CHOBa HacTynuT
6anaHc Wn3MepuTesibHOro Mocta U MWIJIMaMnepMeTp MOKaXKeT OTCYyTCTBUE
ToKa. B aTom cnyyae oTHOcUTEesIbHble AeopMauun Harpy>XeHHbIX BOJIOKOH
6ankun 2 n obpasua 1 6yayT o4MHaKOBbIMU.

N3 Teopum wun3rmba W3BECTHO, UYTO OTHOCUTE/SIbHaA Aedopmauus
Harpy>eHHbIX BO/IOKOH 6a/iku paBHa:

e=—"—, (2.4)
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rne 0 =0,3cm = 0,3-10% m — TonwwmHa 6ankn; f— nporn6 6anku; L =29 cm
= 0,29 M - pacyeTHasa anuHa (puc. 2.3, a).

N3meprB npu nomolum nHankatopa 4 nporu6 f, no dopmyne (2.4) MOXHO
BbIUMC/INTb  OTHOCUTESNIbHYKO  fdechopmauuio  6asikum,  YUCNIEHHO  PaBHYHO
OTHOCUTE/NIbHOW AedhopMauun obpasua.

Ans n3mepeHnsa npogonbHON fedopMauumn obpasua UCnosb3yeTca TPeTuid
KaHa/1 TEH30MEeTPUYecKoro ycunutens, A8  WU3MEPEHUs  MNONepeyHoi
feopMauun — YeTBEPTbIN.

a)

o)

e 1%

LW U LAY

Puc.2.3
2.4.2. MNopsagok nposegeHnsa paboTbl Ne 2-6

1. BKIWOUUTL YCUNUTENb U NPOrpeTh ero B TedeHre 30 MUHYT.

2. C nomowblo nepeknwyarend 7 Ha ycunutene  NOAK/IOYATL
munnvamnepmeTp mMA (puc. 2.3) K TpeTbeMy KaHa/ly ANns onpeneneHus
NPOAO/bHLIX AehopMaunii.

3. Harpysntb o6pasen 1 (puc. 2.3, 6) HayanbHOWN Harpyskoin Py = 500 Kr
(5 kH).
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4. C nomouwbio BUHTA 3 (puc. 2.4, a) YyCTaHOBUTb OONbLUYID CTPENKY
nHANKaTopa 4 B HY/NEBOE T[OJIOKEHMEe W 3aHeCcTU MoKasaHue B >KypHa
HabnoaeHnn B rpage "oTcyeT" Ans NpofonbHbIX AediopMaluii Npu Harpyske
P = 500 kr (5 kH) (Tabn. 2.3).

5. Bpawasa pydykn 5 n 6 ycunutena (puc. 2.3, B), YCTaHOBUTb CTPESIKY
MunanamnepmMeTpa mA B Hy/sieBoe MNoIoXeHne.

6. Harpy3sntb obpasey, 1 Harpy3koi P = 1000 kr (10 kH).

7. Bpalwasa BUHT 3, YCTAaHOBUTb CTPENKY MUAnmMamnepmeTpa mA B Hy/1ieBOe
NnosIoXKeHMe 1 3anucaTb MoKasaHue mHaMkKatopa 4 B XXypHan HabniAeHUin B
rpade "otcueT" onsA NpoAosibHbIX gethopmaunini npyu Harpyske P = 1000 kr (10
KH).

8. C nomouibto nepekntoyatensa 7 (puc. 2.3, B) Ha ycunuTene noAgkIUnTb
MunanamnepMeTp mMA K YeTBepTOMYy KaHasly Ana onpeneneHnsa rnonepeydHbixX
fecopmaunia.

Janee nyHkTbl 3, 4, 5, 6, 7 MNOBTOPAKTCA; MNPWU 3TOM MOKa3aHUA
NHAMKaTopa 4 3anucbiBalOTCS B XXypHan HabnwgeHuin (tabn. 2.3) B rpadge
"oTcueT" ANns nonepeyHbIX gehopmaunia.

O6paboTKy pe3y/ibTaToB 3KCNEPUMEHTA NPOBOAUM B MOCNenoBaTe/IbHOCTU,
npeacTtaBneHHon B Tabnuue 2.4.

Pe3ynibTaTbl WUCMNbITAHWA C MOMOLLBbIO MEXaHUYeCKUX W 3NEeKTPUUYECKNX
TEH30MeTpOoB 3anucbiBaeM B Tabnuuy 2.5. Onpegensem pacxoxpeHve mexay
NOJIyYEHHbIMU 3HAYEHUAMN MOAY/A YNPYrocTn U KoadduumneHTa MNMyaccoHa.

2.5. Obpasel oTyeTa
NabopartopHas paboTta Ne2-6

OnpepgeneHne moaynsa ynpyroctu n koadgpguumeHTta NyaccoHa
C MOMOLLbIO 3/1EKTPUYECKUX TEH30METPOB

2.5.1. Llenb paboThbi:
2.5.2. Cxema ucnbiTatenbHom yctaHoBKK (puc.2.3, a; 2.3, 6).
2.5.3. Pe3ynbTaTbl UCNbITAHUI
Tabnuua 2.3

[MoKasaHna nHanKaTopa

No | Harpyska ANt NPOJO/bHBIX AehopMalunii | Ans nonepeyHbIX Aedopmaluii

NGB P, (kaHan1 3) (kaHan 4)
TaHnA | Kr (kH) pa3HOCTb pa3HOCTb
oTcyeT OTCYETOB oTcuyer 0TCYETOB
n, (aen) An, (gen) n,(aen) An, (gen)
1 500 (5)
1000 (10)
5 500 (5)
1000 (10)
3 500 (5)
1000 (10)
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2.5.4. O6bpaboTKa pe3ynbTaToB MCMbITaHWIA.

Tabnnuya 2.4
PacueTbl N0 NOKa3aHUAM
PacueTHas nHanKaTopa ansa
hopmyna NPOAONLHLIX | MOMepeyHbIX

fechopmaunin | gechopmaunii

CpefHAA pa3HOCTb OTCYETOB An = An, +An, +An,
(aen) 3

Mporn6 6ankn Ha CTyneHb 2
Af [An Tk = An 10
Harpy>xeHma AP=500 kr (Mm) i "

i
OTHOCUTENbHAA NPOA0/IbHASA L*
(nonepeyHas) gedopmauns ,_ AP

E = T
g!
KoadhdpuuymeHT lMyaccoHa H= -
Moaynb ynpyroctu £ = AP
(kr/cm? nn MMa) F ¢

3gech: k =107 MM— LieHa AeneHns MHANKATOPA;
AP =P — Py=1000-500=500 kr (5 KH) — cTyneHb Harpy>eHus.

2.5.5. Tabnnya cpaBHeHUA BenMYMH KoadhdmuymeHTa lyaccoHa n moayns
YMPYrocT¥ ¢ NOMOLLbIHO MEXaHUYECKUX U IEKTPUYECKNX TEH30OMETPOB

Tabnuua 2.5
MexaHu4yeckne | dnekTpuyeckne | PacxoxaeHwue,
Cnoco6 onpeaeneHns o
TEH30MEeTpbI TEH30MeTpbI Yo

KoadhdonumeHT lMyaccoHa

Mopaynb ynpyroctu
(xr/cm? unm MrMa)

2.5.6. BoiBOAbI:

PaboTy npuHAan

« » 200 .

[MpumeyaHue: B BbIBOJax H906XO,U|V|MO OTMETUTD, HaxooAaATcAaA Jin

MOMyYeHHble  3KCMEPUMEHTaNbHO  KO3dhduumeHT [lyaccoHa W Moay/b

YMNpyrocTtnn B npepgesax TabNNYHbIX [OaHHbIX, a TakKXXe, Ha CKOJ/IbKO pPacxXogAaTcA

Be/INYNHbLI 4 © E, HaVIp,eHHble C NoMowbld MEeXaHNYECKUX N INNEKTPUNYHECKUX
TEH30METPOB.

2.6. KOHTPO/IbHbIE BOMPOCHI

1.4710 HasbiBaeTcsa KoapmumnmeHToM NyaccoHa, KakoBa ero pasmepHoCTb?
2.B Kaknx npegenax MoxeT U3MeHATbCA KoapduumeHT lMNMyaccoHa?
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3.M13 Kakoii hopMy/ibl MOXXHO OnpefesiMTb MoAy/b Yynpyroctun?

4.KakoBa pasMepHOCTb MOAyNA ynpyroctu?

5.Yemy paBeH mMoAy/b yNpyroctn Anga crann?

6.KaK ycTpoeH mexaHunueckuii TeHsomeTp 'yreHbeprepa?

7.KakoB MNOpsilOK MPOBEAEHMS WCMbITAHUI C MOMOLLBbID MexXaHW4ecKoro
TeH3omeTpa?

8.Kak ycTpoeH anekTpoTeH3oMeTp (TEH30MeTp)?

9.KakoBa cxema n3mMepeHuns gedopmaumia ¢ NoMOLb0 MOCTa YUTCTOHA?

10.Kakos nopsagoK nposegeHnA NCMNbITAHWU o NMOMOLLbIO
3/1EKTPOTEH30MEeTpa?

11.KaK yCcTpOeH nHankaTtop 4acosoro tmna?

NabopatopHaa paboTta Ne 3

NccnepoBaHme pacnpegersieHUs HopMasibHbIX Hanpsa>KeHU
npwv NJ10CKOM n3runbe

Llenb PaboThl: JKCneprMeHTasIbHOoe nccnefoBaHne 3aKoHa
pacnpeeneHnsi HOPMasibHbIX HaMpPsXKEHWIA MO CeyeHuto Gasiku U cpaBHeHue
MOMYYEHHbIX PE3yNbTaTOB C HOPMasibHbIM  HAMPSHKEHWMEM, BbIUYMC/IEHHBIM
TEopeTMNYecKN.

3.1. TeopeTnyeckoe onpeaeneHne HopMasibHbIX HaNPSHKEHWN

OO6bEKT UCMbITaHUA - bGanka NnpPpAMOYroJibHOro rorfnepe4yHoro ceyvyeHud,

pacnonoXXeHHas WapHUPHO Ha ornopax (puc. 3.1).
P P P

K e/ /B

: [ ¢ v (A A
VY.V eel
ﬂ\ Pc LE
4541 P ¥
My
Puc. 3.1

HopMasibHble ~ HanpsbkeHnss B MNOMEpPevyHoOM  CceyeHun  6asiku
onpeaensarTcs no dopmyrne:

o :% v, (3.1)
X
roe My — n3rnbaroLLmin MOMEHT B CEYEHUN BanKu;
Jyx — MOMEHT MHepLMM NONepeyHOro cevyeHms 6ankm oTHOCUTENBHO OcK X;

Yy — paccTosiHMe OT HelTpanbHol nnHMK (ocn X) A0 NPOAO/LHOrO cos, B
KOTOPOM ONpPeaenstTcst HanpsKeHus.
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HanpsbkeHua onpepfensoTcs B CevyeHun 6Gasiku, pacrosioKeHHOM Ha
pacctosHum C oT npasoi onopsbl (puc. 3.1).
N3rmnbaroLwmin MOMEHT B paccMaTpyBaeMOM CEYEHUN:

|\/|C :E
2 (3.2)
TOrga HopMasibHoe HanpshkeHve B ceyeHum C:
9= 2PJEt Y
X (3.3)
Onpepensem HanpsxeHus B cnoax |, II, 1, 1V, V nonepeyHoro
cedeHuna 6ankn (puc. 3.2) ¢ KoopanHaTamu:
_H _H : _H _H
Y|__?, YH__Z, Y =0, Y _Z, YV_?- (3.4)
HanpsokeHusa 6yayT paBHbl: - -
_POO PO 3 _POO _POO
o -‘4—JX, Oy __T’ oy =0, oy _T’ Oy _4—‘]x (3.5)
I 5y
i H4 | S ©
I—L." 4
DI : : ! 1 X: Sy
v H/4
; Oy
v 1A L @ Oy
VY
Puc. 3.2

Mo  BbIMMCAEHHLIM  HaNpsHKeHuaAM  cTpoum  rpadwmk  (puc.  3.2).
HopmasibHble HanpshkeHus pacnpefenstotcs JIMHEMHO MO BbICOTE CeyeHus
Ganku.

3.2. OnncaHme sKcnepuMeHTasIbHOM YCTaHOBKM

PaboTa  BbINO/IHAETCA Ha  UCNbITATE/IbHOM MawmnHe  UM-4A.
MakcumanbHoe ycunve, pasBrBaemMoe MalnHOW, paBHsaeTca 4000kr (40 kH).

[Na n3mepeHns HanpskeHuUii Ha UCNbITbIBaEMY0 GasiKy HaK/enBaeTcs
NATb 3/IEKTPUYECKMX TEH30METPOB, CXeMa PacnosioXXeHNA KOTOPbIX YKasaHa Ha
puc. 3.3

Ona CHATUS NOoKa3aHWA 3M1EKTPUYECKUX TEH30METPOB WCMO/b3YeTCs
TeH3omMmeTpuyeckuii yemnutens YT 4-1 (puc. 3.4). SneKTpuyeckme TEH30METpbI
Ri, R,, Rs, R4 Rs nMooyepesHO BK/IWYaKT B MOJYMOCTOBYH) CXeMmy
TEH30METPUYECKOro YCUNIUTENa MNpu nomown nepeknwyartena 1. Opyrum
nae4yoM M3MepuTeNbHOro MnosiymocTa SIBNSETCA MarasuH COMpPOTUMBNEHWNA Ry
TMna MCP-5. Ycunutens YT 4-1 umeeT Ha BbIXOAe W3MEpPUTESbHbI Npuoop
(MmunnnamnepmeTp), perucTpupyowmin pasbanaHc M3MepuTenbHOro MocTa, a
cnepoBaTeflbHO, MEXaHWYeCKMe HanpsbkeHuss B UCMbITbIBAEMOW  Ganke.
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[oka3zaHns MuaMamnepMeTpa MOXHO —Mepecuntatb B MexaHu4deckue
HanpPs>XeHUA npy NoOMOLWM MaclTabHOro KoaguumneHTa.

L&
e |8
! 1 - 4|
! B2 I — ﬂ\grl?)
I
B i 7 B g —
[¥h \HA o IV \_‘ O

| A

i Y & I

Puc. 3.3 Puc. 3.4

3.3. MNoAroToBKa N3MEPUTENLHOI annapaTtypbl K paboTe

3.3.1. BKNo4nTb YCTAaHOBKY B CeTb U MPOrpeTb annapaTtypy B TedeHne 20 -30
MUHYT.

3.3.2. MNepeknwoyatenb N (puc. 3.4) noctaBuUTb B MosoXeHne 3, a MarasuH
CONPOTUBNEHMA Ry YCTaHOBUTb Ha BennunHy 122 OM. PyKOSTKOW rpy6oii
HacTpokm A ycunutens  JOOGUTLCA, UTOObl  OTK/NOHEHWE  CTPesKu
MunanaMnepmeTpa 6bI/10 Kak MOXHO 61MKe K Hy/to. 3aTemM Py4vKOil MiaBHOW
HacCTpOWKK B ycunuTens ycTaHoBUTb CTPeSIKy MuiMamnepmMmeTpa Ha HoJlb.

3.4. TapnpoBKa U3MEPUTE/IbHOIO YCTPONCTBA

[ns nepeBoja nokasaHWi MuaIMamnepMeTpa B MexaHUYeckue
HanpsHbkeHns HeobxoauMo onpefenvuTb UeHy pgeneHns (macwTtab) LWKasibl
MunanamnepmeTpa. [a 3Toro B O4HO M3 MJied M3MepuTenibHOro mocta
(marasuH CONPOTUBNEHNIN) Heob6XxoAnMo BBECTU [OMNOIHUTE/IbHOE
KanmbpoBoyHoe  conpoTtuBrieHne ARy, 3710  BbI3oBeT  pasbanaHc
N3MEepUTEsIbHOr0O  MOCTa M COOTBETCTBYHOLLEE  OTK/IOHEHWE  CTpesiku
munnnamnepmetpa Aldr.

Mo BennunHe KasiMbpoOBOYHOIO COMPOTUB/IEHMA ARt MOXHO BbIYUCIUTb
BE/IMYMHY  MeXaHU4ecKoro HanpsxeHus, cosfaroLlero pasbanaHc

N3MepuUTEeNbLHOro MoCTa:

_ ART [(E

M

roe Ry =122 Om — conpoTMB/IEHME MarasuvHa, paBHOE COMPOTUB/IEHUIO
TeH3omeTpoB; K =2,05- KoahhUUMEHT TEH30HYBCTBUTENIbHOCTM TEH30METPA;
E =2.10° kr/cm® (2-10° MMa) — MoAynb ynpyroctu martepuana Ganku;
ARt =0,1 Om 3agaeTcsi marasvHoOM COMNPOTUBEHMS.
MacwTab [ WwKasibl MunanamnepmeTpa onpeaenserca no gopmyne:

T (3.7)



roe  AJ; =J,—-J; — NOKasaHusa mMunnmamnepmMeTpa Ha CTYNeHb Harpy>XeHus

6ankun; Jo, - NnokasaHve munnnamnepmeTpa npn Ry=122 Om; Jr — nokasaHue
MUAMamMnepmMeTpa nocse YBeNMYeHUs CONpoTUMBEHUS Ry Ha BeMUYUHY
ART =0,1 Om.

3HaA wmacwTab, MOXHO BbIYMUC/INTL MeXaHWYeckue HanpsHKeHus,
BO3HMKalLWme B b6aske:

=yl 3.8
% T (3:8)

3.5. MNopagok nposefeHNs paboThl

3.5.1. Mo pa3mepam nonepevyHoro ceyeHnss 6asiku BbIYUC/IUTb OCEBON MOMEHT
nHepunn Jy (tabnuua 3.1).
3.5.2. Tlo dopmynam (3.5) BbIUUCNIUTL TeOpPeTUYECKNEe HamnpsHKeHns B
nccnegyemMom ceyeHmn 6anku v 3anucatb B Tabn. 3.3.
3.5.3. lpou3BecTn Harpy>xeHume 6Ganku npeaBapuTenbHOM  HarpysKomn
Po=200 Kkr (2 kH).
3.5.4. Tlpn YyCTaHOBNEHHOM paHee conpoTuereHn Ry=122 Om Aans
TeH3omMeTpa 3 BpauweHuem pykoAaTok A n B ycunutena (puc. 3.4) pobutbes,
4yTOObI CTpenka npubopa Haxoamnacb B HYJIEBOM MOJIOXEHUN.
3anucatb B Tabnuuy 3.2 BenuunHy Ry n Jpg=0.
3.5.5. YBenmuntb COMNpOTUB/IEHME MarasmHa Ha BeJSIMYMHY KasimbpoBOYHOrO
conpotmBnennss ARy=0,1 Om w1 3anucaTtb BeNNUYUHY Jpg, 3aTEM
nepeksitoyaTesi MarasmMHa BepHYTb B TMpeXHee MofoxeHue. [ponssecTu
TapupoBKY U3MepPUTE/IbHOro ycTpoicTea (cm. pasgen 3.4).
3.5.6. C nomowbto nepekntovatensa N (puc. 3.4) NOAKIUUTL TEH30METPbI
1, ..., 5 K ycumnuteno n, He Bpawasa pyyku A n B ycunmutens, ycTaHOBUTL
MUHUMa/IbHBIA TOK MUNnamnepMeTpa n3mMeHeHeM CONpPoOTUB/IEHNS Mara3uHa
Ru. 3anucatb B Tabn. 3.2 3HaveHnss Ry 1 Jpg ANs KaXXaoro TeH3omeTpa.
3.5.7. MNpounssecTu Harpy>xeHne 6ankun Harpyskon P=1200 kr (12 kH).
3.5.8. C nomowpo nepekntovatena N NoAKIKYATL NoovyepeiHO TEH30METpPbI
1,..,5 K ycunutenio, yCTaHOBUTb COMPOTMB/IEHNE MarasuHa, corsfiacHo Tabi.
3.2, ANs KaxX[oro TeH3oMeTpa 1 3anucatb NokasaHma J munnnaMmnepmeTpa.
3.5.9. Pasrpyautb 6anky go Harpysku Py=200 kr (2 kH).
3.5.10. ToBTOpPUTL TPEXKPATHOE Harpy>XeHuwe N pasrpykeHue 6anku, genas
COOTBETCTBYHOLWME 3anuncu B Tabn. 3.2.
3.5.11. Mo gaHHbIM Tabn. 3.2 41A KaxX4oro TeH3oMeTpa onpeaennTsb:

a) cpefHune 3HayYeHnsa Toka, mA

PG e Xhie S it
Po,cp 3 cp 3
0) cpefHee npupalleHne Toka, mA:
Ay =Jdg ~Jpe -

3.5.12. ina KaXkaoro TeH30MeTpa OnpeaesiMTb Hanps>XeHue

Oj :meCpi
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B Kr/cM® 1 MIMa 1 3aHecTV MosyyeHHble pe3y/bTaTbl B Tabn. 3.2.

3.5.13. Mo gaHHbIM Tabn. 3.3 ANs KaXAoW MCCefyeMoin TOYKU MornepeyHoro
cedyeHna OGanky OnpefennuTb pacxoXXaeHne Mexay TeopeTUYeckKumMm W
3KCNepuUMeHTasIbHbIMU HaMpPsAXeHUsAMU:

O-Teo GSKCI'I
5= TP KM 5594 =

o
Teop
3.5.14. OdhopM1Tb OTHET MO Npunaraemon gopwme.

3.6. Obpasey oTyeTa
NabopartopHas paboTta Ne3

NccnepoBaHue pacnpefeneHnsi HopMmasibHbIX Hanps»kKeHW Npy nioCcKom
n3rnoe

3.6.1. Llenb paboThbi:

3.6.2. NcnbiTaTenbHaa ycTaHOBKa:

McnbiTaTenbHas  mawmvHa  WM-4A, wmarasvH  conpoTtusneHui  MCP-5,
TEeH30MeTpUYecknin yennutens YT 4-1.

3.6.3. Cxema Harpy>xeHus 6anku (puc. 3.1) n pasmepsbl 6ankm

Tabnuua 3.1
I, cm C, cm B, cm H, cm BH? 4
J = , CM
12
60 27 6 3

3.6.4. Cxema pacrosioxXeHns TeH30MeTpoB B ceveHnn 6ankn (puc. 3.3).
3.6.5. TeopeTuyeckoe onpeaeneHne HOPMasibHbIX HaMpsXKEeHUn B CeYEeHUU
6anku:

y=-H/2: o, = kr/cm? (MMa)
y=-H/4: o, = kr/cm? (MMa)
Y =0: o, =0 kr/cm? (MMa)
y:H/4: oy = Kr/cm? (MMa)
y=H/2: o, = kr/cm? (MMa)
3.6.6. TapupoBKa M3MePUTENbHOIO YCTPONCTBA:
RM = Owm, ART = Owm, A, =J,-J);= maA.
AR, E )
TapnpoBOYHOE HanpskeHne: Ot = KR kr/cm® (MIMa).
M
O
MacwTab wWwkansl muaiamnepmeTpa: M= ﬁ = kr/cmM?/mA (MMNa/ mA).
T

3.6.7. Pe3ynbTaTbl U3mepeHuii n pacyetos (Tabn. 3.2).
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Tabnuua 3.2

No Po=200 kr (2 kH) | P=1200 kr (12 kH)

AJCpZ o=
TeH- Ry, A 0,
- | o | T MA [ Jeop| I mA | Jg, | Jeppocp | #2ep
MeT- 1] 2]3|mAl1]2]3] mA kr/cm? | MMa
pa NOBTOPHOCTU NMOBTOPHOCTHU

I 122 0/]0]O0 0

3.6.8. BbluncneHne aKcnepuMeEHTasbHbIX HANPsHXKEeHW B CeUeHUsIX GasKu:

O-lzlum‘]clp: , O-u:/lm‘]clrlnz , O-m::um‘lclpl)l: ,

Oy :ﬂchl;\J/ = Oy =ﬂm‘];/p:

3.6.9. CpaBHeHVE TEOPETUYECKMX U IKCNEPUMEHTA/TbHbLIX HaNPSXKEHWI
Tabnuua 3.3
3HauYeHNs1 TeOPETMUECKNX U IKCNEPUMEHTA/IbHBLIX HanpPsXKeHWUi
B CeYeHunAxX 6asiku

Ne TeHs. y Oreqp, MMNa Osxen, MMa 0, %
I -H/2
1 -H/4
11 0
v H/4
\ H/2

3.6.10. T[padmkn pacnpegeneHna TeOopPeTUYECKUX WU 3IKCNepuMeHTasIbHbIX
HanpsHKeHUn B nonepeyHom ceveHun 6anku (puc. 3.2).
3.6.11. BbiBOAbI:

PaboTy npuHan

“ " 200 .

[puMeyaHue: B BbIBOgAaX HEOOXOAMMO OTMETUTL CrieAytoLlee:

KaK pacrnpefenstTcs HOPMasibHble HarpshKeHUs Mo BbICOTE CevYeHUs
0aNKu;

rae HopmasbHble HanpsXKeHUst 4OCTUraloT MaKCMMaslbHbIX 3HAYEHWUN;

KaKOBO pacxXxoXfeHune Mexnay TeopeTUYEeCKUMU U 3KCMEPUMEHTasIbHbIMU
3HAYEHUSAMU 1N YEM OHO BbI3BaHO.

3.7. KOHTPO/bHbIE BONPOCHI
1.Yemy paBHbl OCEBbIE MOMEHTbLI CONPOTUB/IEHUS U OCEBblE MOMEHTbI NHEPLIUN
ANns 6an0K NPSAMOYro/IbHOro U KPYr/10ro nornepeyHbIX ceYeHmin?
2.06BbACHMTE NPUHLUKUIN PaboTbl 3/1IEKTPUYECKOrO TeH3oMeTpa?
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3.Kak BblUMC/IAKTCA TeOpeTUYECKNE HOPMasibHble HaNpsXXeHUsa npu nsrnbe?
4.Kakne BHYTpeHHME CU/0oBble (paKTopbl BO3HMKAKOT MPW NJ0CKOM n3rnbe?
5.Hapucyite rpadumk pacnpegesieHms HOpMasibHbIX HanpshkKeHuin gna 6as1ok
NPSIMOYTO/IbHOr 0, ABYTAaBPOBOr0 N KPYr0ro nonepeyHbiX CeHeHnin?

6.Kak 3anucbiBaeTcsa ycnosue npovyHoOCTU npu nsrmnbe?

JabopaTtopHas paboTta Ne 4
ViccnepgoBaHve KOHLUEHTpaUMM Hanps>XeHNN

Llenb paboTbl: JKcnepvMeHTallbHOEe WCCMefoBaHNe pacnpeaeneHms
HOpPMasibHbIX HaMpPs>KEHWIA B MOMEPEYHbIX CEYEHUSIX MOSOChI, OcCnabieHHoW
Bblpe3amu; OnpefeneHne TeopeTnveckoro KoauumeHTa KOHLEHTpaLun
HanpsHKEHWNA.

4.1. O6wume cBegeHun

Mpu pacTsSXKEHUN-CXATUN CTEPXKHSI HOPMasibHble Hamnps>KeHUst B N06GOM
MornepeyHoM CEYEHUW pacnpeaensiioTcs paBHOMEPHO, ecnu Mo AInHe
nonepeyHble cevyeHns NOCTOSIHHbI.

Mpn pe3knx U3MeHeHUsx opMbl UM pa3mMepoB MOMEPeUYHOro ceyeHusl
CTePXXHS1 (Hannume nonepeyHbIX OTBEPCTUI, BbITOYEK, Haape3oB U T.M.)
NPoVCXOAUT HepaBHOMEPHOE pacrnpefefieHne HamnpsKeHWid B ceveHun, T. e.
BO3HWKAET KOHLEHTPALWA HanpshKeHUA — MECTHOe YBeNMyeHne Hamnpsi>KeHWil.
dakTopbl, BbI3blBAOLWME KOHLEHTPALMIO HanpsikeHuin (OTBEPCTUS, BbITOUKM,
Bblpe3bl), Ha3blBAlOT KOHLEHTpaTOpamMu  HanpsbKeHuin. MakcMmasibHOro
3HaYeHNs HaNpsYXeHUs1 OCTUIal0T B 06/1aCTV KOHLEHTpaTOpa Hamnps»XeH nii.

KonnuecTBeHHOl  XapakKTepUCTUKOW  KOHLIEHTpauuuM  HanpshKeHuii
SBNSIETCS  TEOpPeTUYECKUii  KO3((ULUMEHT  KOHUeHTpauum Og,  paBHbIl
OTHOLLUEHWIO HAMBOMbLUEro MECTHOro HarnpskeHUst Omax K HOMUHA/IbHOMY

HanpsHKeHnto Oy :
o
o =2 max
OHom (4.1)

HomuHanbHoe HanpsbkeHue Oygy — 3TO HarnpsXeHue, KOTopoe BO3HUKIIO
O6bl B ce4yeHUW, oOcnabrieHHOM KOHUeHTpaTtopoMm, 6e3 ydeta addekra
KOHUEeHTpauuu.

TeopeTnyecknini Koah(ULUMEHT KOHLUEHTPaUUKN NOKa3sbiBaeT, BO CKOJbKO
pa3 yBenM4MBaeTCs HanpshkeHne B 30HE KOHUEHTpatopa MO CPaBHEHUID C
HOMWH&J/TbHBIM.

Mpu pacTs>keHUn Nonocbl, ocnabneHHon Bbipesamn (puc. 4.1),
HanpsHkeHns B ceyeHuM 2-2 ([0CTaToOvHO YAasleHHOM OT KOHUeHTpartopa)

pacnpeaenstoTcs paBHOMEPHO; UX BbIUUC/ISOT Mo opmyne:
P
- , 4.2
o= (4.2)

roe F=F, — nnowaab HeocnabneHHoro ceveHns 2-2.
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B ceueHun 1-1, ocnabrieHHOM Bblpe3aMu, HanNpPsHKeHWs1 pacrnpeaenstoTcs
HepaBHOMEPHO, Bo3pacTasi K Kpasm Mnonocbl M Yy6biBas K cepeauHe.

HoMunHanbHoe HanpsxeHne B 0cnabsieHHOM cevyeHUn paBHo:
_P
OHom = £~
1
(4.3)
raoe F, — nnowaab ocnabneHHoro ceveHns 1-1.

le :
| . B=30 g
2.3\ 15: 15 . 13 czsg
S 1 ‘E ’_Fl 1
1 1 Iy I
L > 1
LM M
S R R 0 OO
l 2,54 21 21 21 LS
lp H=ak
Puc. 4.1 Puc. 4.2

3HAYEHUsI TEOPETUYECKOro KO3((ULIMEHTA KOHLEHTPaLUM HanpshkeHun O
NpUBOAATCS B  CMNPaBOYHOW /iMTepaTtype B  3aBUCMMOCTM OT  BUaa
KOHLleHTpaTopa. BblbpaB COOTBETCTBYHOLLEE 3HAYEHWE TEeOopPeTUYEeCKOoro
KoahhmuMeHTa KOHLUEHTpauun HanpsikeHun Og U onpeaenvs HOMUHa/bHOE

HanpsbkeHne Oyoy, MOXHO paccumTaTb HauMbosbllee HanpshkeHue, KOoTopoe
BO3HWKAET B 0CNlab/IEHHOM CeYeHUN:

O'max = 0(0 |])-HOM _ (4.4)
4.2. OnucaHne 3KcnepuMeHTaIbHOM YCTaHOBKM

PaboTa BbINOMHAETCA Ha yHMBepcasibHOM npecce YI-5 (puc. 4.3). MNpecc
¥YM-5 cocTouT K13 CTaHWHbl 2, Masioro pbldara 3, 60MbLIOro pblyara C
npotmeosecamn 4, noABecku Ans rmpb 5, Habopa rvpb 6, 3aXUMOB A/1A
obpasua 7, MexaHuM3Ma perynvpoBku 8. B 3akumax ycCTaHOBNEH OObLEKT
nUcnblTaHWM — nonoca ¢ Bblpe3amu 1. lNpecc YIM-5 yctaHOBNEH Ha cTone 9.

[ns onpefeneHns HanpsbkeHWin B pasHbIX CEYEeHUsIX Ha nosocy
HaknenBarTca 8 3NIeKTPUYECKMX TEH30METPOB COMPOTUBNEHUA. Pa3mepsbl
NnoJsioCbl U CXeMa PacrnosioXKeHUs TEH30MEeTPOB yKa3aHbl Ha puc. 4.2.

JneKkTpuyeckne TeH3oMeTpbl R;, ..., Rg nooyepegHo BKOYalOT B
NoJsIyMOCTOBYHO CXeMYy TeH3omeTpudeckoro ycunutena YT 4-1 (puc. 4.4) npu
nomMmowm nepeknmoyvartena 1. Opyrum nnevyom WU3MepuUTENbHOro MoaymocTa
SIBNSIETCA MarasmH conpoTtuBneHnin Tuna MCP-5. Ycunutenb YT 4-1 nmeeT Ha
BbIXOAE W3MepuTeNbHbIn  npubop  (MuUAMamnepmeTp), PerucTpupyroLLnia
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pasbanaHc wn3MepuTeNlbHOrO MoOCTa, a c/fefoBaTtefibHo, Aedopmaunn B
ncnbiTbiBaeMo nosoce. Mo nokasaHWsM MuMamnepMmeTpa  onpegensoT
MexaHNYecKmne Hanps>KeHUsa npu noMowm macltabHoro KoagpumumneHTa.

Puc. 4.3 Puc.4.4

4.3. TapupoBKa U3MepUTE/IbHOIo YCTPOCTBa

[ns nepeBoja nokasaHWi MuaMamnepMeTpa B MexaHUYeckue
HanpsbkeHns HeobxoauMo onpefenvuTb UeHy pgeneHns (macwTtab) LWKasibl
MunanamnepmeTpa. [nia 3Toro B O4HO M3 MJ1ed U3MEpPUTESIbHOro MocTa
(marasuH CONPOTUBNIEHNIA) Heob6Xxoanmo BBECTU [OMNONIHUTE/IbHOE
conpotnenenve ARr . MpuHumaem AR;=0,1 Om. 3TO BbI30BeT pasbanaHc
N3MEepUTEe/IbHOr0o  MoCTa W COOTBETCTBYHOLLEE  OTK/IOHEHWE  CTpesiku
munnnamnepmetpa Aldr.

Mo BenuunHe KannbpoBo4yHOro conpoTusneHns ARt  BblUUCAAIOT
BE/IMYNHY MEXAaHMYECKOro HanpshkeHus, co3falrollero TakoW >Xe pasbasaHc
N3MepUTEIbHOro MocTa:

ARy [E
op =——, (4.5)
K Ry,
raoe Ruy=Rr — conpotmBneHne MarasvHa COMNPOTUBMEHUIA, pPaBHOE

conpoTueneHmnto TeHsomeTpa; K=2,05-KoapprumeHT TeH30UyBCTBUTEIbHOCTY
TensomeTpa; E=2-10° — Mogy/b ynpyroct matepmana nosochl.
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MacwTab | WwKasbl MuiInamnepmeTpa onpeaensieTcsi no opmyne:

=21 MMa/mA 4.6
=Ny (MNa/mA) (4.6)

3Haa macwTab, onpeaensitoT MEXaHNYECKNE HAMPSHXKEHMS B UCMbITYEMOM
obpasue
o =ulAJ (MMa), 4.7
roe AJ — OTKIOHEHME CTPEeNnku MuaaMaMmnepMeTpa Ha OofAHYy CTyMNeHb
Harpy>eHms obpasua (CTyneHb Harpy>XeHusi COOTBETCTBYET MpPUKIaAbiBaeMoi
pacTarnsaroLein cune).

4.4. Topsfok nposefeHns paboThbl

4.4.1. BKIWOUUTL YCUNUTEND B CETb N NPOrpeTb ero B TevyeHne 20-30 MUH.
4.4.2. Harpy3uTb obpaseL, npeaBapuTenbHoM Harpy3kon Po=1500 H, ans yero
Ha noasec 5 npecca YI-5 ycTaHOBUTb MMPY Maccoi 3 Kr.
4.4.3. C nomouwpto nepekntovarens M (puc 4.4) nogkniounTb TeH3oMeTp 1 K
yCUUTENt0 AN TapupoBKM  MunnvamnepmeTtpa  (TapupoBKY — MOXXHO
NpPoOn3BOANTb Ha /Il0O0M TEH30METpE).
4.4.4. YcTaHOBUTb cOnpoTuBneHne marasnHa Ry=200 Om (B COOTBETCTBUU C
nacnopTHbIMX AaHHbIMW TEH30MeTpa) U BpalleHneMm pyyek A n B ycunutens
[06UTbCA TOro, 4ToObl CTpenka MuannamnepmeTpa Haxoaunacb B HY/1€BOM
NoNoXeHun. 3anucaTb NokKasaHMe marasvHa conpoTuereHnin Ry= Rr.
4.4.5. YBennuntb conpoTtueneHne marasmHa Ha AR;=0,1 Om u 3anucatb
nokasaHve munnnamnepmetpa Aldr.
4.4.6. YCTaHOBUTb Ha MarasMHe COMPOTMBNEHWA  NepBOHaYaslbHOE
conpotusneHme Ry=200 OM 1 HyNeBOW TOK Ha MUNIMamnepmeTpe. 3anucaTb
nokasaHusa Ry u Jo B Tabn. 4.2.
4.4.7. C nomowbto nepekntovarena I (puc. 4.4) NOAKIOUNTL Moo4vepenHO
TEH30MeTpbl 2, ..., 8 K ycunuteno 1, He Bpawasa pydykn A n B ycunutens,
YCTaHOBUTb MUHUMasIbHbI TOK MUNIvaMmnepmMeTpa N3MEHEHNEM
conpoTueneHns marasvHa Ry. 3anucaTtb B Tabn. 4.2 3HayeHua Ry n Jo ana
BCeX 8 TEH30MEeTpOB.
4.4.8. Harpy3uTb o6paseu ycunmem P=5000 H, agna 4yero Ha nogBec 5
yCTaHOBUTb rMpu maccon 10 Kr.
4.4.9. C nomoLlpo nepeknovatena N nogknwoyMTs nooyepesHo TEH30METPbI
1, ..., 8 K ycunutento, yCTaHOBUTb COMPOTUB/IEHNE MarasuHa CcorsiacHo Tabsi.
4.2 Ans KaXxaoro TeH3oMeTpa M 3anucatb NokKasaHusa J MuanvamnepmeTpa.
4.4.10. MNMoBTOPUTb TPEXKPATHOE Harpy>eHue n pasrpy>xeHue obpasua, genas
3anncy COOTBETCTBYHOLMX NOKa3aHnii B Tabn. 4.2.

_ T

4.4.11. OnpefennTb MacwiTab LWKanbl MAAIMaMNepMeTpa: N
T

4.4.12. Mo gaHHbIM Tabnuubl 4.2 onpefennTtb AN KaX40ro TeH3oMeTpa:
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a) cpefHMe 3HauYeHNs NnokKasaHuin MunImamnepmMeTpa, mA:

3. =dutdetde _ Jop =t da*ds
0cp 3 , cp 3 ’
6) cpesHee npupalyeHne Toka, MA: A =Jep ~Joep = ’

B) BE/IMYMHbI MEXAHMYECKUX HanpshkeHnin, MMa: o =yl =
4.4.13. Onpegenntb HOMWHaNIbHOE HamnpshkeHue B oOcnabfeHHOM cevyeHun
NnosiocChl:
P—P0
Ohom =R Mla
roe P-Po=3500 H — cTyneHb Harpy>eHus obpasua.
4.4.14. TloCTPOUTb 3MKOPbI HaNPSHXKEHU B cedeHnsx 1-1 n 2-2, Kak rnokasaHo
Ha puc. 4.5. 3NKOpbl HaNPsHXKEHWA B KpalHUX TOYKax CeYeHU HeobXoAaMMOo
[OCTPOUTL, NPoAo/HKas rpadpukn, NOCTPOEHHbIE MO AaHHbIM Tabnunubl 4.2.
4.4.15. Mo rpadmkam HanpsbkeHui B cedeHunm 1-1 (c ydyeTom MacliTaba
yepTexa) onpeaennTtb Omaxi VM Omax2-

a
Q

0

S

oaxd

e 1

|
|
|
I
I
| ls]
|
|
|

2 2 1 1
5 5] / 1 2 (3 4
252121 | 21 |25 25| 15/15] 15 ||2,5
58 50
Puc. 4.5
4.4.16. Onpenenntb 3HayeHuns TeopeTnYecKoro KoahpnumeHTa
KOHUEHTPaLUMN B 30HE KaXKA0ro Bblpesa nosochl:
_ %max1 a_, _ Omax2
ol o
OHom SHom

4.4.17. OhopMnTL OTHET MO Npunaraemor opme.

4.5. Obpasey, oTyeTa
NabopaTtopHas paboTta Ne4
ccnepoBaHne KOHUEHTPaUMM HaNPSHKEHWN

4.5.1. Uenb paboTbl:

4.5.2. /icnbiTaTeNlbHaa ycTaHOBKA:

YHuBepcanbHbIi  npecc  YI-5, mMarasuH  conpotumBneHmii  MCP-5,
TEeH30MeTpUYecknin yennutesns YT 4-1.
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4.5.3. Cxema YCTaHOBKM 3NEKTPUYECKUX TeH3omeTpoB (puc. 4.3) 1 pasmepsl

nosiochbl
Tabnuua 4.1
TonwwmHa nonocsl h, Mm 1,05
LLInpnHa nosockbl B HEOCNabneHHOM ceyeHnn b, mm 68
LLInpuHa nonockl B ocnabneHHom ceveHmmn b, mm 50
Mnowaab B HeocnabneHHoM cedeHnn Fp, M2
Mnowagb B ocnabneHHoM ceyeHnn Fy, M2
4.5.4. TapupoBka (onpegeneHne wmacwrtaba LWKaabl MunnvamnepmeTpa
ycunuTens):
Rm =Rt = (Om), ARy = (Owm),
Adr = (MmA),
E=2.10° (MMa), K=2,05.
ART (E
TapnpoBOYHOE HanpskeHue or = KR = (MMa).
M
1
MacwTab wWwkKanbl MuaiamnepmMeTpa H :J— = (MMa/mA).
T
Tabnuua 4.2
PesynbTaTbl UCMbITAHWUIA N pacyeToB
No Py,=1500 H P=5000 H A = o=
TEH- Jo, mA JOpr J, mA \]Cp 3 —3 A
30- RM,OM 1 ‘ 2 ‘ 3 1 ‘ 2 ‘ 3 cp " Ocp H cp
Mg;’ NOBTOPHOCTM | MA | MOBTOPHOCTM mA mA MMa
1
2
3
4
5
6
7
8

4.5.5. T'pahmkn Hanps>KeHun.

4.5.6. TeopeTnyeckme KoapULUMEHTbI KOHLEHTPALUN HANPSXKEHNIA:

o)
_ max1 o

ol Ghom 72 0o

4.5.7. BbiBOApI

— __max2
HOM

PaboTy npuHAan
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[puMeyaHue: B BbIBOAAX HEOOXOAMMO OTMETUTL CrieaytoLlee:

KaK pacnpefenstoTca HanpsXeHuss B 0cnabfieHHOM K Heocnab/ieHHOM
CEeYEHUAX NONOChI;

yBe/iMuMBaeT  WAM  YMEHblUAeT  MNPOYHOCTb  AeTainm  Hanndme
KOHLIeHTpaTopa HanpsXeHu;

MOXHO NN paccuMmTbiBaTb Ha MNPOYHOCTL fJdeTanm 6e3  ydeTa
KOHLEHTPaLUNN HanpshKeHUIA.

4.6. KOHTpO/IbHbLIE BOMPOCHI

1.Kak onpefenutb HOPMa/ibHOE Harps>keHne B Heoc/1ab/ieHHOM cedeHun
NosiIoChbl MPY pacTsHXKeHNUn?

2.UTO TakKoe KOHLEeHTpaTop HanpsbkeHuin (MpuUMepbl) W KOHUEeHTpauus
HanpPsHKEHWIA?

4.Kak pacnpefensitoTca HopMasibHble Hanps»kKeHUs B Heocnab/ieHHOM CeyYeHnn
NoJioChl MPU pacTsHXXeHUn?

5.4T0 TaKoe HOMUHa/IbHOE HanpsXXxeHne?

6.Kak pacnpefensorcs HopMasibHble HamnpskeHuss B 0cnabsieHHOM ce4veHun
nonocol (B 30He KOHUEHTpaummn)?

7.4T0 Takoe TeopeTnYecKnin KoahPUUNEHT KOHLEHTPaLMN HANPSHKEHWIA?
8.YBenuumBaeT UIn yMeHbLIaeT MPOYHOCTb AeTaln Ha/inyme KOHLLEHTPaTopoB
HaNPsHKEHWNIA?
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