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WCIBITAHUE BAJIKA HA YIIPYTUH U3T'B C KOMIIBIOTEPHOM
OBPABOTKOM PE3YJIbTATOB

1. eab paGoThI

O3HakoMJIEHHE CTYACHTOB, U3yYalolUuX OOIIMA KypC CONPOTHUBICHUS
MaTepHajioB, C BOIPOCAMH IKCIIEPUMEHTAIBLHOTO OMpeaeiieHus aegopManuii Oamku
IPU IIOCKOM MOTEPEYHOM U3rHoe.

Hacrosimmas yueOHO-HCCeIoBaTeNbCKass JabopaTopHas paboTa CTaBUT CBOECH
3aJ1adyei:

1. Ompenenuth CBSI3p MEXIYy HArpy3kod Ha oOpaszer; W ero ymnpyrou

nedopmalrieit mpy UCIbITAHUY HA TIOCKUN MONEPEUHbIN U3TH0.

2. 3yunTh BIWSHHE PACCTOSHHUS MEXAY OMOpaMu Oajakd Ha TPOTHO TIpH

MOCTOSTHHOM HarpyskKe.
3. Ompenenuth MOIyNb yOpyroctu E ucneiteiBaemMoro oopasia.

2. Oopasen st MCIBITAHUSA HA U3rU0

Marepuaan:

Craip (9 SMn28)  xonoaHoi
3aKaJKu, MPSIMOYTOJIEHOTO

nornepeyHoro cedeHus, 320mMMm X

40MMm X 12MM, ¢ MakCHUMaJIbHBIM

b=40mm |
paccTositHueM Mexay onopamu € =
300MM.
3. OcHOBHBIE TeOpeTHYECKHE MOJI0KEHUS

1100 uzeubom nonumarom maxou ud degopmayuu, NPy KOMOPOM 8 NONEPEYHbIX
ceyeHusx Opyca 803HUKAOM uzubaouue MOMeHmol.

Ecnmu wmsrubarommii MOMEHT SIBIISIETCSI €IMHCTBEHHBIM CHUJIOBBIM (DaKTOPOM,
BO3HUKAIOIIMM B CEYEHMSIX Opyca, a MOMEpeYHble CHIIbI OTCYTCTBYIOT, TO H3rHO
HA3BIBAIOT YUCHIbIM.

Eciu xpome u3rubaroniero MOMEHTa B CEUEHUHM MPHUCYTCTBYIOT IMONEpPEUHbIE
CHJIBI, TO M U3TUO HA3BIBAIOT NONEPEYHBIM.

bpyc, paboTtaromuii Ha U3rub, HA3BIBAIOT OAIKOU.

[Ipu pacuere Opyca Ha u3ruO, UIsi ONpeneNieHUsT 3aKOHOB HW3MEHEHMS
BHYTPEHHUX CHJIOBBIX (DAKTOpPOB, HCHONB3yEeTCd METOoJ cedeHuil. YucieHHo
BHYTPEHHHUE CHJIOBBIC (DaKTOPBHI OMPEACIISIOTCS MO CISAYIONIIM MpaBUIaM:

Tlonepeunas cuna Q(x), uucieHHo pasHa anreedopaudecKol cymme npoeKyuli 6cex
4



BHEUHUX CUJL, NPUTONCEHHBIX K OMCEYeHHOU Yacmu OaiKu, Ha HOpMaib K OCU OAIKU.
Hzeubarowuii  momenm M(x,) uucienHo pagen aneeOpauyeckol cymme
MOMEHMOB 6CeX BHEWHUX CUT, NPUTIONCEHHBIX K OMCEYeHHOU Yacmu OAnKu, 835Mmbix
OMHOCUMETbHO YEeHMPA MANCECU CeYeHUsL.
[IpuueM, momepeyHass CWiIa TPEACTABIACT COOOW  TMPOW3BOAHYIO  OT

n3rubaroniero MOMeHTa 110 JUTHHE Opyca
dM 0
dx
HopmasibHOoe HampspkeHHEe B IPOM3BOJBHON TOYKE MOMEPEYHOIO CEUYCHUS
BBIYHCIISIETCS 110 (hopMyIie

[Ipu wm3rube, 4acTh MPOJOIBHBIX BOJOKOH HCIBITHIBACT CXKATHE, a 9acTh —
pacTsikeHue. BookHa, He MCTIBITHIBAIONINE HU PACTSDKEHHE, HU CXKaThe, 00pa3yroT
CJIOM, HAa3bIBAEMBIN HeUMpanibHbIM.

['eomeTpryeckoe MECTO TOYEK B CEUCHHH, YAOBJICTBOpsIOIIee ycioBuio o = 0,
HAa3bIBACTCS HEeUMpPAIbHOU TUHUEU CeYEeHUs.

Ecnu Bce BHENTHUE CHITBI JIKAT B BEPTUKATBHON TIIOCKOCTH, TOTIa

N :IadA:O, M, =[oydA=0, M :My=jasz=%jz2dA,

To ectb, HEHWTpalbHAsl JIMHUS INPOXOAUT 4YEepe3 LEHTP TKECTH CEUYCHMS, a
KpUBHM3HA M30THYTOM OCH OalKH MPSMO MPONOPLMOHATbHA W3rM0A0IEMY MOMEHTY

1 00paTHO MPOTNOPIIMOHATBHA )KECTKOCTU OAIKU
1_M
p o EJy
[Tepemerienune eHTpa TSHKECTH CEUCHUS, B HAMPABIICHUN OCH Z, OTIPEICIIHM 10
npubmmkeHHol hopmyie Mopa
M-M;
EJy

f1=2f dx,

rac



M; — wu3rubaromuié MOMEHT OT €IWHMYHOW CHWJIbl, MPUIOKEHHON B
HCCIIETyeMOM CEUCHUH, B HAIPABJICHUH MPOTHOA.

4. M3rud 60axku Ha ABYyX onopax
F
i IIpu npoBeaeHMM  3KCIEPUMEHTa
7@_ A BaXKHO 3HATh MaKCUMaJIbHO
Z L2 | 2 JONyCTUMYIO Harpy3ky Ha o0Opasel.
7T 0 Ecnu mpeBbicUTh JaHHYIO Harpysky,
TR, oOpazer nedpopMupyercs u CTaHOUBI/ITCH
. M HEMPUTOIHBIM i1 JajbHEHIIero
UCIIOJIb30BaHUSI.
4 W3 ycrnoBus myis  MaKCHUMalbHBIX
HaNpsHKEHU N
Ovax = IZJ;”X, ONPEIEIUTh MAKCUMAJIbHOE

y
yCUJIHE.

Jns cranpHoM Oanku (9 SMn28)
npeaen ynpyroctu B3sTh 380 H/mm?.
DTO 3HAYEHUE HCMOJIb30BaTh B
dbopmyne s pacuera MaKCUMalbHOTO

HOPMAaJIbHOTO HANPSKEHUS 0, -
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5.

IHoaroroBka 3KcnepuMeHTa

=

-

3axBar AJ1 TIPOBCACHUA HCIHBITAHUA
Ha U3THO COCTOHWT U3 IATH ﬂeTaﬂeﬁI

- DJeMeHT I Harpy>kKeHusi oOpasia

(2).
- O6paszer (2).
- JIBe omopsl (3) ¢ HUIMHIpaMHU.

- IByTaBpoBas Oaiika (4) ¢ BAHTOM.

i}

Huxmaa
TpaEepca

3axBaT MJI MIPOBEJECHUS UCTIBITAHUS
Ha W3rM0 YCTAaHABJIMBAIOT MEXIY
HIKHEHN U cpeliHen TpaBepcamu Y M.

6. IlpoBeneHne onbiTa

— —

a5 WP 300.20 Bending Test

Content

Tensile Test
Compression Test
Erinell Test

Shearing Experiment

T

m File Edit View Language 7

.
nc

3anycture nporpammy WP 300.20
Cucremsl coopa u 00pabOTKH TaHHBIX

3amycTure MPOrpaMMHOE
NpWIOKEeHWe JuIsi  cOopa  JaHHBIX
WU3MEPCHHUH ISl UCIBITAaHUS Ha W3rHO
yepes wMento Crapr (Start) -
Hcnwiranue Ha n3ru6 (Bending Test)
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Edit View Language
Open File

@

Print Window

HOBBINA IS

Coszpnaiite MPOEKT

HOBOTO JKCIIEPUMEHTAa dYepe3 MCHIO
@aiin (File) - Homas cepus (new

series).

Please Insert A Name And Comment For
The New Series.

Name
| WeaHos [1-1
Comment

onpeaenexne Npornbos n
MOYNA YNpYrocTu

B nmwmanmoroBom OkHE, KOTOpOE

OTKpPOCTCA, Ha3BaHUC

BBEIUTE
sKkcniepuMeHnTa B nosie Umst (name). B

MOXETe BBIOpaTh JTF000E UMSI.

Ber  Moxere Takxke  100aBUTH
npuMedyaHuss B 1oje IIpuMeuanwue
(comment), rae 3aIMCBhIBAIOTCS

OCOOEHHOCTH 3TOT'0 OKCIICPUMCHTA.

JHanee, Haxxkmure OK.

-
@™ WP 300.20 Bending Test

Start  File EditLanguage ?

o [l

(L) F

B menio Bug (View) — naxkumaem
(setting) w
OKHO, B

ctpoky  Hactpoiiku

OTKPBIBAEM  JIHAJIOTOBOE
KOTOPOM yKa3blBaeTcsd MHPopMalus 00
4acToTa

oOpasiie u MIPOBEICHUS

U3MEpPEHUM.




¥ Settings e

Elastic Limit 5
SIGMA [N/mm*2] Material
J 380 95hIn28 o |
Distance Between Supports - Lol
Ls [mm]
9 300 | l
Specimen Width
B [mm] F
J a0
Sample Height Max.Test Force
H [mm] F_max [kMN]
J 12 | 4,864
Sample Time
Ta[s]
1
0K ]

371ech AOJKHO OBITh OTMEUECHO:
BreiOpan marepuan (material) —
MOCJIE HaXaThsi Ha KHOOKY (U3
PEIOKCHHBIX, B
OTKPBIBAIOIIEMCS OKHE)
IMpenen  ympyroctu  (Elastic
Limit SIGMA) - 380 H/mm”.
Paccrostare Mexay omopaMu
(Distance Between Supports) L =
300 mm.
Hlupura oOpasma (Specimen
Width) B = 40 mm.
Bricora oopaszna (Sample Height)
H =12 mm.
Bpewms 3amepa (Sample Time) T,
= lcek.
3Hauenne moas Fpa, kH (Max.
Test Force), paccuuThIBaeTCs
aBTOMATHYCCKHU.

Jlanee, Haxxkmute OK.

Llolale] R o o

Force Bending Diagram

00 05 10 15 20 25 30 35 40 45 50 55 60 65 70 15 80 &5 90 95 100
I Distance [mm]

MakcumanbHO JOTTyCTUMAs
Harpy3ka oToOpaxkaeTcsi B BHUJE
KPAaCHOW IIOJIOCBI HA JWarpaMme
3aBUCUMOCTHU nporuda oT
Harpys3KHu.

OTOT Tpeiesl He MOXKET OBITh
MIPEBBIIICH B X0JI€ SKCTICPUMEHTA.




rmeasLred value rreasUred value

F [kn] F [kn] [Ipoekt TOTOB. Haruuk

m 3HAYCHMI JIOJKEH OBITh
2o - (! OTKaJIMOpOBaH
14,3 L 00 | |

- Cnerka Harpy3ute oOpaszen (He
Cursor Cursor 6onee 0,5 xkH), uToOBl cBecTH K
MUHHAMYMY BJIMSTHUE TIOTEPb.

Haxag, nanee, kHONIKY

TARE ]

OOHynuTEe 3HaYEHUS BCeX TabJIo.

o sl
=3 =
= =

Haxxmute Ha KHOIIKY «CTapT» B IPOTpaMme

@

IUI HadyaJla SKCIEPUMEHTA.
MeneHHO M paBHOMEPHO MOAAaBaiTe HArpy3Ky, NMOBOPAavMBas MaxOBHK, [0
JNOCTHKEHHUS YPOBHSI KPACHOW JIMHUMU.

=]

OcranoBute nporpammy. CoxpaHuTe MOJTYUYUBILIHICS PE3YIbTAT.

Edit View Language

Jnsa coxpaHeHus pe3ysbTaToOB

Open File
; KCIICPUMCHT q MCEH
New Sefies SKCIICPUMCHTA, €pe3 CHIO

IEE— daiin (File) — coxpaHuth cepuro

(LIF  Delete Series (save series).
(@F Save All Series
BF  Delete AllSeries [0

_ 95-
Print Graph

Print Table 9.0-
Print Window 85-

10




Manka I | ProgramData j - cf B
= Vnn ‘ [laTa u3MEHEHMA Tun Pasmep ks
He;-ﬁue | Adobe 1212.201211:49 Manka ¢ daiinamu
MecTa . Brother 2312.201313:27 Manka ¢ daitnamn
. Macrovision 19.04.2012 0:59 Manka ¢ daiinamu £
- J Microsoft 09.01.2014 15:41 Nanka c daitnamn
Pafiouwit cTan J National Instruments 10.12.2012 16:48 Manka ¢ daiinamu
| PhotoShow Shared Assets 19.04.2012 1:01 Manka ¢ daiinamu
U;:J ) Roxio 19.04.2012 111 Nanka ¢ daitnamn
EMﬁJ'IMO'.rEK.H J Senic 10.12.2012 15:07 Manka ¢ daiinamu
. Temp 19.04.2012 0:52 Manka ¢ daiinamu
[g,hl J Uninstall 19.04.2012 1:02 Manka ¢ daiinamu
o> | IKCNEPUMENTEI 1112.201211:18 Manka ¢ daiinamu
Komnsiotep =02 13.12.20139:00 Daiin "DAT" 1K6
-~ ®i1 17.10.201312:29 Daiin "DAT" 14K6 7
; < m | »
w
Cem Wwis waiina: IHBaHuE M1 j OK I
Tonsain: -] owem
Al

3amaTth UM daiina u
COXpaHUTh €ro Ha paboyem
CTOJeE:

File Edit View Lang

Content

Tensile Test
Compression Test
Brinell Test

Bending Test
Shearing Experiment

Tl

[Tocne coxpanenus ¢aiina,
BBIUTH W3 MPOTPAMMBI 4Yepe3
meHro  Crapr  (Start) -
BbIXO/I (EXIT).

- [loBTOpHUTE PKCTIEPUMEHT AJi pa3Hou JuHbI mpojieta (200 mm u 100 mm), ¢

TOM ke TOMyCTUMOMN HArpy3Kou Fpay (17151 3TOro HEOOX0AMMO U3MEHUTh HACTPOUKH B

JIMAJIOTOBOM OKHE).

Jlns 0OpaboOTKM pe3yJbTaTOB HCIIBITAHUS,

CTyJeHTaM OyJIeT JOoCTyIHa

auarpamMma 3aBUCUMOCTH YCHUIIHA OT HpOI‘I/I6OB 141 Ta6m/1ua HUCIIBITaAHUA.

11




7. OCHOBHBIE MPABWJIA TEXHUKH 0€30MACHOCTH

BHUMAHMUE!

1.[epxxutech Ha JOCTATOYHOM PACCTOSHUH
OT Harpy>X€HHbIX 4YacTed ycTaHOBKH!!!
(BepxHsAS MEepeKIaiuHa, TPABEPChl U HUKHSSA
MepeKIaInHa).

2. Hukornia He co3naBaiite Harpy3ky Oosee
20 xH. YcrpoiicTBO HE mpeaHa3HAYEHO IS
OonpMx Harpy3ok. JlroOoe ycunue cBbllie
20xH npuBeneT K cepbe3HBIM NOBPEXKICHUAM
TUAPABINYECKHUX U MEXaHUYECKUX
KOMITOHEHTOB.

3. YCTpOHCTBO T€HEpPUPYET HOCTATOYHO
Oonblll€  HArpy3Kd, TMOATOMY  BCerja
IPOBEPSANTE MPABUIBHOCTh KPEIUICHHUS U
MOJIOKEHUsT  o0pa3lioB  MepeA  HadajioM

OKCIICPUMCHTA.

12



8. 3ameuanus

Hu omHOo  ycTpolicTBO HE  sBIsAETCA
MOJIHOCTBIO YIPYTUM, OJHAKO OHO JOJIKHO
OCTaBaTbCs B Mpeneiax ympyrou obiacTa mpu
JOMYCTUMBIX ~ TapamMeTpax  HMCIOJIb30BaHUS.
Taxxe, HEe JODKHA TMPOUCXOAUTH JehopMarus
YCTPOMCTBA.

OcraTtounbie AehopMaIA UMEIOT MECTO TIPU
NPEBBIIICHUNA TOJH30BATENIEM MaKCHUMAaJIbHO
JOIMYCTUMBIX ~HArpy3oK: KOrjga YCTpOKCTBO
HAaXOJUTCS B HANpPsDKEHHOM COCTOSSHUU B
TEYEHUU JUTUTEIIEHOTO BpEMEHU npu
BBINIOJIHEHUH HCIIBITAHUM HA  ONPEICICHUE
yOpyrux aedopmanuii.

YUM WP 300 npeana3HadeHa Jisi Harpy3o0k
1o 20 kH. Jlepopmanus B ynpyroi odysactu He

ABIIIETCS ~ KPUTHUYECKOW Uil  HOPMAaJIbHOM
paboThI YCTPOICTBA, HO, BOBMOYKHO HCKaXXEHUE
PE3yJIbTaTOB U3MEPEHU.

Yopyras nedopmaiusi camoro ycTpoincTsa
OpECTaBIsieT COOOW Y/UIMHEHUE pambl IpU
UCIIBITAHUM Ha U3TU0, a TakKe U3rud TpaBepc U
IBYTaBpOBOM  OaJIKH. OT0  yIIMHEHHE
noOaBigercss K (PAKTUUECKOMY OTKIJIOHEHHIO
oOpa3ua M,  CIEAOBATEIbHO,  HMCKaXKaeT
U3MEpPEHHBIC OTKIIOHEHHS.

VYupyro-HarpykeHHbIe KOMIIOHEHTBI
(BBIIENIEHBI KpacHbIM) TMPHU MCHBITAHUU Ha

U3THO0.

Pe3ynbraThl n3MepeHnii MOKHO CKOPPEKTUPOBATH IMMyTEM BBEIEHHUS TOMPABKHU.
JInst 9TOr0 MOXKHO TMPOBECTH HKCIEPUMEHT JJIi BEPTUKAJIBLHO PACIOI0KEHHOTO
cTepkHs. B aTOM ciydae, skecTkocTh oOpasia yBenuuuBaeTcs B 11,1 pasza, mporuOsr
YMEHBIIIAIOTCS, W BIWSHUE YNPYrOCTH YCTAHOBKU CKasbIBaeTCsl CuibHee. Torna,
KaXKJI0€ M3MEPEHHOE OTKJIOHEHHUE TI0JHKHO OBITh UCTIPABIICHO 1O (hopmyJie

Jeor = — fes
13




rie

fe — Ppa3HOCTb MEXIy TEOPETUUYECKHUM M SKCIEPUMEHTAIBHBIM 3HAUCHUEM
nporuba ams o0pasiia, pacrioiokKeHHOTO BEPTUKAIBHO.

Huxe naercs mpumep onpeeneHus BeTUUUHEI f, 11 matepuana 9SMn28

HcnbiTanue Ha ynpyruii nu3rué marepuana 9SMn28 Harpyska F =4,7 kH

Paccrosinue mexay onopamu L, mm 100 200 300
IIporud f, Mmm 0,10 0,17 0,38
IIporu6 f, MM (pacyeTHoe 3HaUYeHUE) 0,01 0,06 0,20
f esMM (ucnoJsb3yercs A 0,09 011 0,18
KOPPEKTHPOBKH)

9. KoHTpoJibHbIE BONIPOCHI
Urto Ha3bIBaeTCst U3ruoom?
Kaxkoii u3rubd Ha3zbIBaeTCsi YUCTHIM?
Uemy, YUCIIEHHO, PaBHA MOIEpEYHas CHiIa?
Yemy, 4HCIIEHHO, paBeH U3rHOAIOITNIT MOMEHT?
VYcaoBue npoyHOCTH MTPU U3ruode?
HuddepennmanpHbie 3aBUCUMOCTH MEXAY BHYTPEHHUMU YCUITUSIMHU?
UYT0 Takoe HEUTPAIBHBIN CIION.

3akoH ['yka npu uucTom u3ruoe?

© ©o N o 0~ WD PRE

dopMyIia KpUBU3HBI TIPU YUCTOM H3THOE?
10.  Yro Ha3pIBaeTCSA MPOrUOOM?

11.  3aBUCHUMOCTH MOJYJIS YIPYTOCTH OT TEMIEPATyphI?

14



/O6pazernt/
OTYET
o 1aboparopHoit padote Ne

[Tpunoxenue 1

«HAcnbiTanue 0aJIKH HA YIPYTHMH H3TH0 ¢ KOMIIBIOTEPHOM

00padoTKOi pe3yIbTaTOB)

JlaTa npoBenieHus: pabOThI

HanmeHnoBaHue MallIMHBI

DCKU3 UCTIBITBIBAEMOTO 00pasiia

KypHan ucnbITaHnl
1. XapakTepucTuka UCIIBITBIBAEMOT0 00paslia:
- Marepuan

- Pa3Mepsl nornepevyHoro ceueHus

- Jlnuna

2.00paboTka TaHHBIX UCTIBITAHUI
- TaOnuiia UCIIBLITAHUS

HUcnbiTanue Ha ynpyruii u3rud MmarepuaJa:

HarpyskaF ~ kH
P
acCTOosIHME MEXKY ONopamMu 100 200 300
L, Mmm
Iporud f, Mmm

Iporu6 f, mm (pacueTHoe
3HaYeHue)

Moayas E, H/mMm°

['opu3oHTaIBHOE TIONIOKEHUE OaTKN

Moayas E, H/mm? (pacyetHoe
3HAYeHMe)

- InarpamMma 3aBUCUMOCTH YCHIIUS OT TIPOTHOOB:

15




[Tpunoxenue 2
/Obpa3zey opopmaenusn
MumyibHo20 aucma 1aéopamopnoiu pabomot/

MUHUCTEPCTBO HAYKH U BBICILIEI'O OBPA30OBAHUSA
POCCUNCKON ®EJEPALIMA

®EJIEPAJTBHOE I'OCYJAPCTBEHHOE BIOJKETHOE
OBPA3OBATEJILHOE YYPEKJIEHWE BBICIIETO OBPA3OBAHUS
«IOHCKOU T'OCYJAPCTBEHHbBIU TEXHUYECKHUN YHUBEPCUTET>»

Kadenpa «ConporusieHue MaTepuajaioB)

JIABOPATOPHAS PABOTA
110 CONPOTHBJICHUIO MATEPHAJIOB
HA TeMy
«UcnbiTaHue 0aJIKH HA YIPYTHMid U3ruod
¢ KOMIILIOTEPHOH 00pad0TKOI pe3yIbTaTOB»

BBINOJIHUI CTYACHT IPyNbl

(®.1.0.)

IMpunsa

(@.1.0.)

PocroB-Ha-/lony
2018 ropx
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