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Jlabopamopua poboma Ne 2 (1

JlocaigxeHHs PYKHUX BJIACTHBOCTEN TBEPAUX T
Ta 0ios10riYHNX 00’ €KTIB

Meta po6oTH: 3HaOMCTBO 3 (Di3UKOIO MpoIeciB AedopMaliiii T pi3HOT
G13UYHOT MPUPOAM, BUBYCHHS 3aKOHY ['yka, BHUMIPIOBAaHHS MOAYJIS MPY>KHOCTI
TBEpJUX TUI Ta O10JIOTTYHUX MaTepiaiB.

Ipunanm i o61aqHAHHSA: TPUCTPINA SISl BUBYEHHS MPYKHUX BIACTUBOCTEN
MaTepianiB, CTAIbHUM 3pa30K Ta 3pa3Kd IHIIMX MarepiaiiB y (opmi IUIACTHH,
BXKKH, JIIHINAKA, IITAHTCHITUPKYJIb.

Kopotki TeopeTnuHi BizoMocTi.

@OyHKITIOHYBaHHS ONMIOPHO-PYXOBOTO arapary, nporecH aedopmartii TKaHUH 1
KJIITHH, TIOMIUPEHHS XBWJIb MPYXKHOI nedopmarliii, CKOpoueHHS 1 po3ciabiieHHs
M’5I31B, pyX PIAKUX 1 ra30moaiOHuX O10JIOTIYHUX CEPEIOBUIIL MMOB’sA3aH1 3 PI3HUMU
MEXaHIYHUMH SIBUIIAMH. B Takux ramy3sx MEIUIIMHU SK XIPypris 1 OopTomemis,
BHUBUYEHHS OMTOPHO-PYXOBOTO anapary JIOJUHH, TPOTE3yBaHHs, BAXKIIUBUM € 3HAHHS
NPY>KHUX BIACTUBOCTEN TKAHMH OpraHi3My 1, B JaHOMY BHMaJKy, KICTKOBOI
TKaHUHHU.

J1o HailOLTbII BaXKJIMBUX MEXAHIYHUX BIACTUBOCTEW MaTepiajiB BIIHOCATH:

- npyscHicms — 3AaTHICTH T BIIHOBIIOBATU po3Mipu (hopMy Ta 00°em) Tichs
3HSTTS HABAHTAXKEHHS;

- elacmuyHicmy — 3[aTHICTh MaTepialy 3MIHIOBaTH PO3MIPH MiJ JI€I0 30BHIIIHIX
HABaHTa)XCHb;

- JicopcmKicme — 31aTHICTh MaTepiany IPOTHAISTH 30BHIIIHIM HaBaHTaKEHHSIM;

- MiyHicmb — 3MATHICTD T1J MPOTHUIIATH PYHHYBAHHIO i A1€10 30BHIIIHIX CHII;

- _naacmuyHicmb — 3JATHICTH Tin 30epiraTé (MOBHICTIO a00 YacTKOBO) 3MiHY
PO3MIpIB MICIIS 3HITTSI HABAHTAKCHb;

- _Xpynkicme — 3[aTHICTh MaTepiany pyiHyBatucs Oe3 BHHUKHEHHS TMOMITHHX
3QIMIIKOBUX JedopMalriii;

- _8’A3Kicmb _— JAWHAMIYHA BJIACTUBICTh, fKa XapaKTepu3ye 3JIaTHICTh TiJa
NPOTHAISATH 3MiHI HOTO (POPMHU Mij A1€F0 TAHTCHIIATBHUX HAPYT;

- meKyuicmb — IMHAMIYHA BJIACTUBICTh CEPEIOBHUINA, SIKA XapaKTepU3y€e 3/1aTHICTD
OKpEeMHUX MOT0 MIapiB MEPEMIIYBATHUCS 3 JICSIKOIO MIBUAKICTIO B IPOCTOP1 BIIHOCHO
IHIIUX IIapiB I[OTO CEPEOBUIIIA.

3MiHa B3aEMHOTO PO3TAlIyBaHHS TOYOK Tij1a, IKE MPU3BOAUTD 0 3MIHU HOTO
dopmMu Ta po3mipiB, Ha3uBalOTh Aedopmamicro. [lepopmarii MOXyTh OyTu
CIPUYUHEH] 30BHIMIHIMU AISIMU (MEXaHIYHUMHU, €JIEKTPUUYHUMU, MarHITHUMH) ab0
3MIHAMU TEMIIEpaTypH Tijia.

Posrnssnemo nedopmaiiii, ski BAHUKAIOTh TpHU Ji1 Ha T1JIO CHIL.




B tBepaux Tumax pgedopmailito Ha3MBAIOTH MPYKHOI, SKIO IICHS
MPUNMHEHHS /Ti1 CUJTM BOHA 3HUKAE, TOOTO YACTHHKHU TBEPOTO Tijia, 3MICTUBIIUCH Y
nporieci nedopmartii, MOBEPTAIOTECS B CBOE TMOYATKOBE IMOJIOKEHHS PIBHOBArd 1
BIJIHOBIIOIOTHCSL TMOYATKOBI po3Mmipu 1 o0’em Tima. Sxmo x aedopmarris
30epiraeThCs 1 MiCJA NPUIIMHEHHS 30BHIIMIHBOI i1, TO ii HA3UBAIOTH MJIACTHYHOIO.
[IpomikHMiI BUMANOK, TOOTO HEMOBHE B3HUKHEHHS jAedopMailii, Ha3UBAIOTh
PY>KHO—TUIACTUYIHOIO IepOopMaIli€ro.

[Ipu Oy nb-sKoMy 3 po1eciB AePopMallii BAHUKAIOTh CUJIH, 110 HAMAratoThCs
BIJIHOBUTH MTOYATKOB1 po3mipH Tijna. L1 cuiam Ha3MBarOTHCA CHJIAMHU MPYKHOCTI.

Cuito10 mpy:KHOCTI (MPY/KHOIO CHJI0K0) F 1OKasye Cuily, siKa BHHHUKAe

npu aedopmMariii Tija, BOHa CIIpsSMOBaHa B 01K, TPOTWICKHUN HAMIPSIMKY 3MIIICHHS
YaCTUHOK Tija npu aedopmarrii.

BuHukae 3anutanHs: sika MpUpoa CUII MPY>KHOCTI?

Bci Tima ckmagarorecs 3 aToMiB. ATOMH  ABISIOTH COOOK IMO3UTHUBHO
3apsAKEH] Spa, HABKOJIO SKUX O0EPTAIOThCA €JIEKTPOHH. 32 HOPMAIbHUX YMOB
oOMIBa BHIM 3apsTiB B TiJIi 3piBHOBaXKEHI TaK, IO BCl TiJIa € HEUTpaaIbHUMH. MIiX
aTOMaMH BCEpEAWHI Tija ICHY€ CHJIbHA eJCKTPUYHA B3a€EMOJisA  (CHUIU
BIJIMNITOBXYBAHHS 1 MPUTATYBaHHS). MOyl IIUX CHJI 3aJIe)KaTh BiJ BIJACTaHI MIXK
atomamu. Ha BiacTani, mo npuOIN3HO MOPIBHIOE 1aMETPy MOJEKYJIH, CHUIU
MPUTATYBAHHS MK MOJIEKYJIaMU KOMIICHCYIOThCSI CHJIAMH BIAIITOBXYBaHHS MIXK
HUMHU X, 1 pIBHOJIIIHA cuiia TOpiBHIOE HYMO. [Ipu po3TaryBaHHi Tija BiICTaHb MIXK
aToMaMH 30LIbITY€ThCS, 1 CUJIM IPUTITYBAHHS CTalOTh OLIBIIMMU (32 MOJIYJIEM) 32
CHIM BimmMTOBXyBaHHS. CHIIM TPUTATYBaHHS, SKi BUHUKIHU, IEPEIIKOIKAIOTH
po3TspkiHHIO Tua. [Ipu oGepHEeHOMY Mpoleci — CTUCKaHHI — MEPEeBa)KalTh CHIIH
BI/IIIITOBXYBAHHS MI>K aTOMaMH, BOHU TIEPEIIKOKAI0Th Aedopmaliii Tija.

Posrisinytnii MexaHizm gedopmariii 103BoJIsi€ 3pOOUTH BUCHOBOK MPO T€, 1110
npUpoOa Cuil NPYHCHOCMI — eIeKmMpPOMASHIMHA.

JIist KUIBKICHOI XapaKTepUCTUKU jaedopMaliii Tijla CIyTyHTh HACTYIIHI
Gb13U4HI BETMUUHU:
a0coroTHa aedopmania AX — gxmio npu aedopmariiii Tija Jesika BeITUYMHA, SKa
XapaxkTepu3ye po3mipu abo Gopmy Tina (Hampukia, T0BxKUHA a00 00’ €M), MpuiiMae
3Ha4YeHHsS X, TO 3MiHA I[1€i BENTWYMHU TiJ €10 MPUKIAIECHOT CHUJIM HAa3UBAETHCA
a0CoJIFOTHOIO JedopMalli€ro:

AX'= X=Xy ; (1)
BifHOCHA aedopMallisi € — Mokasye BiTHOIIEHHA abCoMoTHOI Aedopmariii A0
MIOYaTKOBOTO 3HAYEHHS Xo:

e=AX/Xp. (2)

ITpu manmux nedopmarisax (|AX [<< Xp) OUIBIIICTh TUT BUSBJISIOTH MPYXKHI

BJIACTHUBOCTI;
MeXaHiuHe HANIPY:KeHHsI 6 — (i3MYHa BEJIMUMHA, SIKa YUCETLHO JIOPIBHIOE MPYKHIN
cuiti dFyp, sIKa MpUMagae Ha OAMHHULIO IUIOIII NepeTHHY Tiia dS:

6 =dF,,/dS (3)
[Tpu niHifiHOMY TPOTIKAHHI MPOIECY MEXaHIUYHE HANPY>KEHHS BUZHAYAETHCS TaK:
6 = AFyp/AS. (4)
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Ski10 HanpyKeHHs MOCTiIMHE MO BCIH IUIOIINHI, TO
c=Fy/S. (4a)

Hanpy>xeHHsT ~ Ha3uMBaeTbcs  HOPMAJBHMM, KO  cwia  AFy,
HEepHeHANKYIIpHa [0 IUIoIl nepeTHHy AS, 1 AOTHYHMM, KO0 AFy, cipsMoBaHa
10 JOTHYHINA 10 AS.

ExcneprMeHTaabHO BCTAHOBJICHO, 10 TIPU MPYKHUX AehopMallisix BUKOHY-
€ThCS 3aKOH I'yKka: mexaniune nanpyscennsa ¢ npAmMo nponopuyiiHa 6i0HOCHOMY
8UO0BIHCEHHIO & mina:

c=E|z| (5)

Koedimient nponopuiitHocTi £ Ha3MBalOTh MOAYJIeM HNPYXKHOCTI a0o
moayJiem FOura.

BpaxoBytoun (2) Ta (4a), 3anuiiemMo el 3aK0H B HACTYITHOMY BUTJISIL

Fop/S=E|AX Xo| (6)

k1o BigHOCHE BUAOBXKEHHS € = 1, To 6 = E, Tomy Moynb FOHTa nopiBHIOE

HANpPYKEHHIO, sIKa BUHHUKA€ B CTEPXKHI MpPH HOro BIIHOCHOMY BHUIOBXKEHHI, IO

nopisHioe 1. 3 (2) BurmuBae, 1o npu € = 1, orpumyemo AX = X, a e o3Haygae, o

Mo0yns FOHea 0opisHIOE HanpyHCEeHHIO, sIKe BUHUKAE 6 ML NPU NOOBOEHHT O08HCUHU
3paska.

[TpakTiuno Oynb-sike Ti70 (KpiM T'yMH) IpU IpyXkHIM nedopmallii He MOXxe
MOJIBOITH CBOIO JTOBXKHUHY: 3HAYHO paHilie BOHO po3ipBeThcs. Yum Oiniblie MOIyb
Onra E, Tum meHie 1eopMy€eThCs Ti10, TP 1HIIMX OJHAKOBUX yMOBax. Takum
YUHOM, MOJIyJIb FOHra XapakTtepusye orip maTepiany npyxHoi aedopmaiiii, TOOTO
XapaKTepU3ye MPY>KHI BIACTUBOCTI TiJIA.

ExcniepuMeHTanbsHO OTpUMaHy Ipu Jedopmaliii 3aleKHICTb Hanpy>KEeHHS,
AK€ BUHUKA€E B 3pa3Ky, BIJ BIJHOCHOI JedopmMailii, Ha3UMBaIOThb 0idepamoro
Oepopmayii. Ha puc. 1 HaBemeHo niarpamy Hampy»KeHHs s jaedopmartii
PO3TIATryBaHHS METAJIEBOTO CTPUKHsI. {10 KpUBY YMOBHO MOAUIAIOTH HA I’ SITh 30H.

3oHa OA Ha3UBAETLCA 30HON nponopyitHocmi. B Mexax 1€l 30HU
BUKOHYETHCS 3aKOH | 'yKa.

3oHa OB — 11e 30Ha npyscHocmi, OCKUIBKY B JaH1i o0macTi nedopmartii micis
3HSTTS HaPY>KEHHSI TIO BIIHOBIIFOE CBOi PO3MIpH 1 popmy.

3ona BC Ha3UBAETHCS 30HOM0 3a2a1bHOI meKkyyocmi. B 1ilt 30H1 MMOIOBXKECHHS
3pa3ka BiI0yBA€THCS O€3 MTOMITHOTO 301IBIIICHHS HAMPYKEHHSI.

3ona CD — 1ue 30Ha 3axkpiniieHus, B 11 30H1 TOJOBXKEHHS 3pa3ka
CYHpPOBOKYETbCA 3POCTAHHSIM HANpyKEHHS, Ha 3pa3Ky 3 ABISIOTBCA MicUsA
MalOyTHHOTO  pyHHYBaHHA — wutika, (opmyBaHHS sAKkoi (Touka D)
CYIIPOBOJIKYETBCSI MPOLECOM Micyesoi mekywocmi B 30H1 DE 1 pylHYyBaHHSIM
3pasKy.

SKI10 3MEHITUTH HaBaHTaXXeHHS B 30HI BC, TO BianoBigaui rpadik o = f(€)
nijge napanenbHo OA 1 mepetHe Bich aOciuc B jaeskid Touii O; (aimsaka CO)).
Binpizox OO, BU3HaYa€ 3aIUIIKOBY z:e(popMaui}o €san, IKA XaPAKTEPU3YE TUIACTUYHY
nedopmariito 3pazka. OTpUMaHHs JiarpaMu z[e(popMaun JI03BOJISIE BU3HAUUTHU PSIJT
HAWOUIBIIT BAXKIIMBUX XapaKTEPUCTUK TOUYOK 1 BIMIOBITHUX M BETHYHH:



o MeKa NMPONMOPUIHHOCTI Gupon — HANOUIBIIE HANPYKEHHS, MPU SKOMY 1€
BUKOHY€ETBCS 3aKOH ['yKka;

e MeXa MNPYKHOCTI Gnp — HaWOUIBIIE HANPYKEHHSA, NpPU SKOMY HEMae
3QJIMITKOBHX AehopMaIriii;

o MeXKa TEKYUYOCTI Grex — HAMOLIbIIE HAPYKEHHS, IIPH IKOMY BiOYBa€ThCS
30uTbIeHHS Aedopmariii 6€3 TOMITHOTO 301IBIIICHHS HAPYKCHHS;

e MeXa MIIIHOCTi Gy — € TTIOPOrOBOI0 BEIMYMHOK) CTATHYHOTO MEXaHIYHOTO
HaIPY>KEeHHS; HAMOUTbIIIE HAIPYKEHHS, SIKE MOKE€ BUTPUMATH 3Pa30K.

[Ipu nedopmarrii Ti1 4acTO MPOSBISIOTHCS BSI3KO-TIPYXKHI BJIACTHUBOCTI, SIK1
MOJISATalOTh B TOMY, IO HAMPY>KEHHS 3aJICKUTh HE TUTBKU Bia AedopmMariii (€), a i
B1J IIBUAKOCTI ii 3MIHHU 3 4aCOM, TOOTO MOX1IHOI €’.

ExcnepuMeHTanibHi JOCTIKEHHS TTOKa3aIH, 110 JJIs1 OLTBIIOCT1 01070TTYHUX
TKaHUH JilarpaMu po3TATYyBaHHs a00 CTUCKaHHS BIAPI3HSIOTHCS BIJ JAlarpamu, sika
nokazana Ha puc. 1. J{is 6iooriyHMX MaTepiajiB, sSK MMPaBUJIO, HE BUPa)KEHA 30HA
3araJibHOI TEKY4YOCTI, XO4Ya I BJIACTHUBICTh YITKO MPOSBISIETHCS B MPOIECI iX
¢dbyHkuionyBanHsa. PyliHyBaHHS Marepiady TakoX BiOyBaeTbcs 0€3 MOMITHHX
naJiHb HallpY>KeHHS, IKe XapakTepHe A 300U C/.

VY 4KOCTI KOHKPETHOTO TPHUKIaNa PO3MISHEMO nedopmariito KiCTKOBOi
TKaHWHHU. B 3aranpHux pucax, BIAMITHMO, 1110 Oy/10Ba KICTKOBOI TKaHWHHU, TOCUTH
CKJIaJTHA 3a KOHCTpYyKIli€to. BoHa sBisie co00I0 KOMMO3WUTHUN Marepian, sKAn
CKJIQJIA€EThCS 3 OPTaHIYHUX 1 HEOPTraHIYHUX PEUOBWH, 1 BUSIBIISIE aHI30TPOIIHI
BJIACTUBOCTI (TOOTO 11 BIACTUBOCTI 3ajieXKaTh Bi/I HANpsAMKY). L{s TkanuHa 3a cBOiMU
MEXaHIYHHMH BJIACTHBOCTSMHM OJIM3bKa J0 JIepeBa, OCTOHY, ICSIKUX METaIiB, TOOTO
JI0 MaTepiajiB, Kl BAKOPUCTOBYIOThCS B Oy 1IBEJIbBHUX POOOTAaX.

Ha puc. 2 nHaBeneHo piarpaMy pO3TSATYBaHHS 1 CTUCHEHHS B3JIOBXK
MOB3JIOBXKHBOT OC1 3pa3KiB, sIKI OyJIM BUpI13aHi 3 KICTKU CTErHA.

|
1
F '11/

Puc. 1. MexaniuHa giarpaMa po3TsATyBaHHS TSl CTaJl



Sk 6aurmMo, MOPIBHSHO 3 METAJIYHOIO TUIACTUHKOM, Aedopmallisi BiIOyBa€ThCS y
BelIUKuX Mexax — 10 10% mnpu crucHeHHi 1 A0 5% mnpu postsaryBanHi. [lpu
He3HauHUX nedopmarlisax (MeHmmX 3a 2%) KICTKa MOBOAUTH ce0e K “TYKOBCBHKE
TI7I0”, AJISL SIKOTO 3QJICKHICTh G=f(€) OJM3bKa 10 JIHIWHOI. 3ayBa)XUMO, IO KICTKa
Kpaille “Tpaiftoe” Ha CTUCHEHHS, HI’K Ha PO3TATYBaHHS — MeXa MIIIHOCTI 1 po3Mipu
nedopmaltiii mpu CTUCHEHHI MaiKe BJIBI4l MEePeOUIBIIYIOTh Ti, 110

A G-10° H/m?

2,0
371am
CTUCKaHHA

10 - =
po3pus
pO3TAryBaHHA

\ S

Puc. 2. Aiarpama gedopmauii 4na Kictkm

CIOCTEPITalOThCs IPH PO3TATYBAHHI.
VY MmexaHiKi BUAUIAIOTh HACTYIHI BUau nedopmaii (puc. 3):

a) 006’emHa Oeghopmayis, siKa BUHUKAE TIPH PIBHOMIPHOMY PO3MOJIII CHJI
CTUCKaHHSI UM PO3TATYBAHHS MO MOBEPXHI T1JIa;

0) deghopmayis 3cy8y, IPOSBISETHCS Y BIIHOCHOMY TapajieibHOMY 3MIILICHH]
1IapiB TiJ1a OJAWH BITHOCHO 1HIIIOTO;

Or

6) C'

Mo4yaTKoBM 06’em

2)

‘\‘ M \
Fe\y

Bl
Puc. 3. Buau aedopmalii : a) o6’emHa gedopmaliis, 6) aedopmadis 3cysy,

8)

-

B) KDVUEHHSA. I) 3ruHV
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B) Oehopmayisi KpyyeHHs, BAHUKAE B 3pa3Ky, KOJIU OJIMH 13 HOTO MEePETHHIB

3aJIMIIAE€ThCS HEPYXOMHMM, a B IHIIOMY Ji€ mapa cwi, MoMmeHT M skux
CIPSIMOBaHUH y370BXK OCIi 3paska ;

) dehopmayis 32umy;

PosrnssHemo Oinbin aetanbpHO jAedopmaliito 3ruHy. 3a Mipy aedopmarii y
BUIIAJIKy 3TUHY TIPHUHUMAEThCSA 3MIMIEHHS CEPEIUHU MPSIMOTO TPY)KHOTO

Puc.4 Cxema peamnizanii nedomartii 3ruHy

ctpwkHs: h = 0,0,. 3MilIeHHS A, K€ OTPUMYE CepeArHa CTPYIKHSA HA3MBAETHCSA
cmpinor npoeury (puc. 4).

Bona tum Ounbiiia, yuM OiIbIIIE HABAaHTXKEHHS 1 3QJICKUTH BiJ (GOpMHU Ta
PO3MIpPIB CTPHIKHSI, @ TAKOXK BiJl HOTO MOAYJISI IPY>KHOCTI.

Y Teopii  mpyXHOCTI
NOBOOMTLCSA, 10 BCl BHOU
nedopmariii, B TOMYy YHCIl 1 A
3TUHY, MOXYTb OyTH 3BEJECHI A0
JlarpaM  pPO3TATYBaHHS (CTHC-
KaHHs) 1 3ruHy. [JlificHo, Ha
omykimiii  ctoponi  (puc. 5)
MaTepian po3TATY€EThCS, a TOAl Ha
YBITHYTIH B1JI0YBA€ETHCS
ctuckanus. [Ipuaomy, unm O6mmxde
Iap sIKAA po3TIIAIAETHCS IO CEPETHBOTO mapy KN, THM pO3TIATyBaHHS 1 CTUCKAHHS
CTalOTh MEHILIUMHU.

[Map KN, sxuii HEe 3a3HA€ PO3TATYBaHHS, ab00 CTUCKAHHS, HA3HBAETHCS
HellTpajnbHUM (BiH JIMIE BUKPUBISIEThCS). Tak sk mapu AB 1 CD 3a3HaIOTH
HaWOUIbIIOI fedopmallii po3TATYBaHHS 1 CTUCKaHHS, TO B HUX BUHHUKAIOTh
HAWOUIBII CHJIM MPYKHOCTI (CUJIM MPY>KHOCTI HA pUC. S5 TTOKa3aHi cTpiikamu). Bin
30BHIIIHBOTO MIAPY JO HEUTPAJIBLHOTO 11l CHJIM 3MEHIIYIOThCS. BHYTpiIIHIi map He
3a3Ha€ MOMITHHX JeQopMaliii 1 He MPOTH/IIE€ 30BHILIHIM CUJIaM, 8 TOMY B pO3yMIHHI

Vr

C D (A

) 6

/e

Puc. 5. Cunn npy»HocTi npu gedopmadii 3ruHy



nedopmaitii € “cropoHHiM”. IlUM TOSCHIOETBCS TPYyOUACTICTh KICTOK, SKa
3a0e3Mnevye MIIHICTb 1 JIETKICTh “KOHCTPYKIIIT .

SKkmo [0 cepenMHM  CTPHXKHSA
JOBXUHU L, MUAPUHU b 1 TOBIIUHU a

npukiactu cuiy P (puc. 4), To cTpina
nporuny / Oyzae BU3HAYATHUCS BIATIOBITHO
10 opmyu:
§ = PL’
PR )
4ba’E
3BIAKHU
L'P
=— (7)
4ba’h
ExcnepumenranbHa YCTAaHOBKA. Puc. 6. Cxema ekcnepMmeHTaNbHOT yCTaHOBKM

VYcraHoBka JUisi BU3HAYEHHS MOJYJIS

NPY>KHOCT1 CKJIQJA€ThCsl 3 MACUBHOI muiargopmu / 3 JBOMa CTiKamu, Ha SKi
MOMIIIAIOTh 3pa3ok 2 (puc. 4). Ha cepenauni 3pa3ka € radox Jyisl MiABIITyBaHHS
BaHTaXIB 4.

Mix cTifikaMi TOMIIIAIOTh CTEPKEHb 13 3aKPIJICHUMU Ha HBOMY Y

BEPTUKAILHOMY TIOJIOKEHHI MikpoMeTpoM 3. [Ipu HaBaHTakeHHI MiJ 4ac JTOTUKY
’Kajma MIKpoMmeTrpa 3, TPHUKIAACHOTO 0 CEepeIuHU 3pa3ka, 13 KOHTAKTHOIO
TUTACTUHKOIO (pHC. 6), CTpiIKa MIKpOMETpPa BIAXUIISIETHCA.

Iopsinok BUKOHAHHS PO0OTH

1. [ITaHreHITUPKYJIEM BUMIPSIIOTH IIMPUHY b, TOBIIUHY a 3pa3KiB
(MEeToMKa BUMIPIOBAHHS IITAHTCHIIUPKYJIEM HAaBEI€HA B IOAATKY )

2. JloBxkuHy L 3pa3kiB BUMIPAIOTh SIK BIACTaHb MK TOYKaMU
OTOpH.

3. JIisi KOXKHOro 3pa3ka BUMIPIOBAHHS T'€OMETPUYHHUX PO3MIPIB

Tpeda poOUTH TpUUl B PI3HUX MICUSAX 3pa3Ka: OTPUMYEMO 3HAUYCHHS a1, Az, d3;
b1, by, bs. Ly, Ly, L3 1151 KOKHOTO 3 TPhOX 3pa3KiB.

4. PospaxyBaTtu cepenni 3HaueHHsT <b>, <a>, <L> nmJs KOKHOTO
3paska.
5. Pe3ynpTat BHUMIpIOBaHb 1 PpO3paxyHKIB 3aHECTH B IMEPILY
CTpOKy TaoOm. 1.
Tabnuus 1
3pazox | ai, | ax, | a3, | <a>, | by, | by, | b3, | <b>, | Li, | Ly, | L3, | <L>
M M M M M| M M M M M M M
1
2
3
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6. [Toknactu 3pa3ok 1 Ha onopu.

7. l'oguHHUKOBMIT ~ MIKpOMETp  BCTaHOBUTHM  TakK, 11100
BUMIPIOBAJIbHE JKaJI0 MIKpOMETpa TOPKAJIOCh MOBEPXHI 3pa3ka. 3adikcyBaTu
TaKe MMOJIOKEHHS kKaJja.

8. OGepraroun puduieHe KUIbIIE MIKpOMETpa 3a abo TPOTH
TOJUHHUKOBOI CTPUIKM BCTAHOBUTH OCHOBHY Ta JIOJIaTKOBY CTPUIKH
MIKpOMETpa Ha «HYJIbY.

9. HaBantaxxutu 3pa3ok BaHTaxamu P 1
MOKa3aHHS MIKpOMETPA, K1 € CTPLIO0 IPOTUHY 4, .

10. IlocniioBHO HaBaHTAXKYyBAaTH 3PAa30K BaHTaKAMH P13HOT Macu m
1 3anuMcyBaTd B TabJ.2 BIANOBIAHI 3HAYEHHS CTPLIM NPOTUHY NIl KOXKHOTO
HAaBaHTaXEHHS P = mg.

3HSATH BIJIOBIIHI

Tabauya 2 (012 neputozo 3paska)

Homep | m, ke P, H h, M P/h, H/™m | E, T1a <E> Ila AE,
BUMIDY Ila
1.
2.
3.

11. OOuuciutu P/h 1 KOXHOTO HABaHTAXKECHHS, OOYHCIUTH

MOJTyJIb IPYKHOCTI £ JI7Is1 KOKHOTO 3 TPbOX HaBAHTAXKEHb.
3uaiitu <E>. O0uuciIuT NOXUOKY BUMIpIOBaHHSI AE
Pe3ynbTat BUMipIOBaHb 1 pO3PaxyHKH 3aHECTH JI0 TaOJI. 2.

Tabauya 2 (01a opyzo20 3paska)

12.
13.

14. 3pobutn aHanmOTi4HI BUMIPIOBAHHS 1 PO3paxXyHKH IS 3pasKiB
IHIITUX MaTepiaiB.

Homep | m, ke P, H h, M P/h,H/m | E, I1a <E> Ila AE,
BUMIDY Ila
1.
2.
3.
Tabauya 2 (012 mpemvbo2o 3paska)
Homep | m, ke P, H h, M P/h,H/m | E, I1a <E> Ila AE,
BUMIDY Ila
1.
2.
3.




15. TlopiBuaru moxyii FOHra pizHux marepiaiiB. 3a pe3yJibTaTaMu

3pOOJIEHUX E€KCIIEPUMEHTATBLHUX IOCTITIB 3pOOUTH BUCHOBKH.

WX NN R W=

KoHTpoJibHi 3anuTaHHsA:

JlaliTe BUBHAUCHHSI OCHOBHUM MEXaHIYHUM BJIACTUBOCTSIM TKAHUHH.
[Ilo Take cumaa mpy>KHOCTI?

[lo Take nedopmarris?

Sxi OyBaroth Buau nedopmarii? [IpoinocTpyiiTe BIATOBIIb.
[TosicHITH IPUPOAY CHIIH MPYKHOCTI.

Sxi BeNMMYMHU KUTBKICHO XapaKTepU3yIOTh edopmarltiro?

[ITo Ha3uBaOTh MEXaHIYHOIO HATIPYTOO?

[ITo mokazye BigHOCHA nedopmartis?

. Chopmymoiite 3akoH ['yka.

10 [TosicHiTh (izuynmMit 3MicT Moaysist FOHra.

11.HamamroiiTe niarpamy po3TAryBaHHS CTall 1 MOSCHITH BC1 11 30HU.
12./]aiiTe BU3HAYEHHS] OCHOBHUM XapaKTEPUCTUUHUM TOUYKAM J[1arpaMH.
13.11]o Take cTpijia NpOTHHY?

14.TloscHITB, K TPyO4ACTICTh KICTKH BIUIMBAE HA ii BIACTUBOCTI.

Nk W=

53\
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JlonoBHeHHA 0 nabopaTtopHol po6otn Ne2 (1)

«AocnigKeHHA NPYXXHUX BNACTUBOCTE TBepPAUX Tin Ta 6ionoriyHnx 06’eKkTiB»

JIns BUMIpIOBAHHS JIIHIMHUX PO3MIPIB, BU3HAYEHHS BEJIMYMHM BIIXWICHb BIiJ
3alaH0i TEOMETPUYHOi (OpMH UYM B3AEMHOTO PO3TAIIyBAaHHS IOBEPXOHb
BUKOPHUCTOBYIOThCS Pi3HI 1HAIKaTOpu. HailO11bIn BiIOMI 3 HUX — MITAHTEHIIUPKYJIb
Ta MIKPOMETD.

HITaHreHIUPKYJIb - BUMIPIOBATBHUI IHCTPYMEHT ISl BAMIPIOBAHHS JIIHIMHIX
PO3MIpiB, 30BHINIHBOTO 1 BHYTPIITHKOTO /1IaMETPiB, TOBKUHU, TOBIIUHU, TIIMONHU
TOIILIO..

Puc.7

Ha puc.7 306paxkeno mrraarennupkyias mapku [III-1 3 HoHlycoM, sikuii Ma€e Taki
CKJIa/I0B1 YaCTUHHU: 1. mTanra pyxoma; 2. paMka; 3. 1IKasia ITaHry; 4.
ryOKu JIsl BHYTPIIITHIX BUMIPIOBaHb; 5. TYOKH JiJIsl 30BHIIIHIX BUMIPIOBaHb; 6.
JiHIMKa rTMOMHOMIpa; 7. HOH1yC; 8. TBUHT JIs (DiKcallil paMKH.

[lITanra - e BUMIproBajIbHa JIiHIMKa 3 rpagaiicto 1 MM, goxuHa sikoi 150 mm.
To6TO MakcUMabHUN PO3MIpP BUMIPIOBAHOT TOBEPXHI HE TOBUHEH MEPEBUIIYBATH
15 cM. Aste € 1 Taki IITAaHTCHIIMPKYJI, JOBKUHA IITAHTH sSKUX Oubie 15 cm. Pamka
IITAHTSHITMPKYJIS PyXJIUBa 1 MpU3HAaYeHa JIJIs IepeMIIieHHsI TyOOK. 3a JOIOMOTO0
pPaMKH iX MOKHA PO3IIMPIOBATH 200 3BYKYBaTH O HEOOX1THOTO PO3MIpY.
['BuHTOM (1103.8) pamky MoxHa (ikcyBaTu. Lle moTpiOHO 17151 TOTO, 1100 MiCIs
BUMIPIOBAHHS JIETaIl HE BTPATUTH NOTPiOHE TOI0KeHHs pamKku. HoHiyc - 11e
JIOTIOMI)KHA ITKaJia Ha mTanreHiupkyie. Houlyc mae 10 mosainok 3 po3mipom 1,9
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MM. TakuM 4nHOM, 3arajbHa JOBXKUHA IKAIX A0piBHIOE 19 cM. JlonoMixkHy
KAy BUKOPUCTOBYIOTH JIJIsl TOTO, 11100 Ti3HATUCS pO3Mip 3 TouHICTIO 10 0,1 MMm.

AK pooumu eumipu 3a 00NOM02010 WIMAH2EHYUPKY/IA. SHAUCHHS BUMIPIOBaHb
BU3HAUYA€ B3a€MHE PO3TAIIyBaHHs JABOX IIIKaJl: OCHOBHOI 1 HOH1ycHOIH. [loBepxHs
IIKAJIA HOH1yCa Ma€ CKIC JIJIsl KPAIloro MO€IHAHHS 3 OCHOBHOIO HIKAJIOKO.

JI1st movaTKy Ciijl OLIHUTH I[1JIe YMCI0 MM Ha OCHOBHIN KA, SIKE
PO3TAIIOBYETHCA 3/11Ba Bijl MOYATKOBOI ITO3HAYKK HOHIyca. Hampukira, Ko
HYJIbOBA TOYKA HOHIyCa 3YMMMHWIACA MK TTOAUTaMu 23 MM 1 24 MM, TO II1JI€ YHUCIIO
B MM oJiHO 23. Jlaii BU3HA4YalOTh KUIBKICTh JIECITHX YaCTOK BUMIPIOBAIBHUX
OJMHUIIG. 115 IIbOT0 HA MIKaJIl HOHIyCa 3HAXOATh MTPHUX, SIKHH YITKO 301ra€ThCs
3 OyIb-SKO1 BIIMITKOIO Ha OCHOBHIHN 11Kaji. TyT BaKIMBO came TouHUH 30i1T!
3HadeHHs 301Ta€ThCs MTPUXA HA PO3MOILII HOHIyCA - TIe AeCsITa YaCTUHA MM.
Skiio Takux 301TiB KiJlbKa, TO BpaxOBYIOTh Ty HUPPY, AKa OJMKUIE 10 HYJIbOBOT
TOYKH HOHiyca. Hampukiaza: Ha mikasai HoOHiyca JBa CIiBIAAal0unX IITPUXa: Ha
BiMITKaxX 6 1 7. To BpaxoBYyIOTh 3HAYEHHS «6».

N[ _

23 B

o 10 0 = -
* ]
e L

o
1| | |I|IIII|IIIIIIIII ||
I |

|
[ R T, 8 10 [
L% :
| y
7
o

23 +06 =236

Puc.8

Cxitaiarou 1Ty 4acTUHY 1 I€CSITI 4YaCTKH, OTPUMYIOTh TTOKA3aHHS BUMIPIOBAHb.
OTxe, B ONMCAaHOMY MPUKIIAJII OTPUMYEMO 3aTATBHUN Pe3yIbTaT BUMIPIOBAHb:
23,6 MM( TUBHUCH MAJIFOHOK 8).

MikpoMeTp roTMHHUKOBOr0 THNY(y TEXHIUHIA JIiTeparypi HOro Ha3WBaIOThH
20OUHHUKOBUL THOUKAmMOp) - OPUIQA_JUI BHUMIPIOBAHHS JIHIMHUX PO3MIpPIB, Y
SKOMY IIIKaJia Ma€ KoJoBy ¢opmy (dhopmy mmdepbnata), Ha K 3HAYCHHS
BUMIPIOBAHOT BEJIMYMHH 3UUTYETHCS 32 MIOKA30M CTPLIKH (CTPUIOK)(puc.9).
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https://uk.wikipedia.org/wiki/%D0%92%D0%B8%D0%BC%D1%96%D1%80%D1%8E%D0%B2%D0%B0%D0%BB%D1%8C%D0%BD%D0%B8%D0%B9_%D0%BF%D1%80%D0%B8%D0%BB%D0%B0%D0%B4
https://uk.wikipedia.org/wiki/%D0%A0%D0%BE%D0%B7%D0%BC%D1%96%D1%80_(%D1%82%D0%B5%D1%85%D0%BD%D1%96%D0%BA%D0%B0)
https://uk.wikipedia.org/wiki/%D0%A8%D0%BA%D0%B0%D0%BB%D0%B0_%D0%B7%D0%B0%D1%81%D0%BE%D0%B1%D1%83_%D0%B2%D0%B8%D0%BC%D1%96%D1%80%D1%8E%D0%B2%D0%B0%D0%BD%D1%8C
https://uk.wikipedia.org/wiki/%D0%A6%D0%B8%D1%84%D0%B5%D1%80%D0%B1%D0%BB%D0%B0%D1%82

[HnukaTopu HalJacTilie OCHAIIYIOTHCS 3yOUacTOl Mepenavyero 3aBAsSKdA  SKil
. BKa3iBHa CTpiJIKa MOXXE BHUKOHYBaTH JICKIJIbKa
 00epTiB y Aiana3oHi BUMIPIOBAHb.

- KoHcTpyKiist iHAMKAaTOpa FOUHHUKOBOTO TUITY

- sIBJIsiE COOOI0 BUMIPIOBAJIbHY TOJIIBKY 3

| [O3I0BXKHIM IIEPECYBAHHAM BUMIPIOBAILHOTO

' HakoHeuHHKa 9. OCHOBOIO IHIMKATOPA € KOPIIyC,

| ycepenuHi SKOro 3MOHTOBAHO NEPETBOPIOBAILHHUIA
MeXaH13M — perlKoBO-3yOdacTa nepeaada. Kpisp
KOPITYC Y BTYJIII 7 MPOXOIUTH BUMIPIOBaTIHLHUM

Puc.9 CTpUXeHb 8§ 13 HakoHeuHUKoM 9 (puc.10).

Ha ctprkHi Hapi3zaHo peiiky. Pyxu BUMIpHOBAJIIBHOTO CTPHKHS-PEHKH 8
NepeIaoThCsl 3y0UacTUMH KOJIECAaMH OCHOBHIN CTPUILI 5, BEJIMYUHA TOBOPOTY
SIKOT BINTIYYETHCS 3a KPYTJIOO ITKAJI0H0 —
upepomarom. [l yctaHoBkr Ha «0»
KpyTJja [IKaja MoBEePTAETHCS 001TKOM .

Jliarma3oH BUMIpIOBaHb TAKOTO 1HAMKATOpa
craHoBHTh 0...10 mm. Illkama 6 imgmkaropa
pa3oM i3 001IKOM IPH YCTAHOBII IIKaIH Ha
HYJIbOBY TMOJAUIKY TOBEpPTAETHCS BIAHOCHO
BEJIUKOT CTPUJIKH 5.

O 0lren

O-10kren

Ax  pooumu eumipu 3a 00NOMO2010
Mikpomempa.  Ha  nunpoBomy  Oorii
nudepbiara iHAMKATOPA € JAB1 CTPUIKH 1 JIB1
IIKaJIM; BeJIMKA CTPLIKA 5 HaJ| OLIM(PPOBAHOIO
KpYTroBOIO IIKaJIOK0 6 1 Majia CTpuIKa 3 Haj
BiTikoBOlO (Mmana) mkamoro 10. Kpyrosa
IKaja IHAMKATOpa Ma€ IiHY MOJUIKH
0,01 MM, a BIIIKOBAa IIKajga— 1 MM.
[TepecyBaHHS BUMIPIOBATBHOTO CTPYIKHS 8

(@) (=)

Puc.10

Ha 1 MM BuKIMKae moBopoT crpiiku 1 Ha 100 mominok (oguH MOBHUI 00epT), a
CTpUIKU 4 Ha OJIHY MOJALIKY.

JlonycTuMa rnmoxuoka BUMIpIOBaHb CTAaHOBUTH Bij 0,5 MoK B aiarna3oHi =10
MOA1IOK 10 2-X MOJIJIOK Y TOBHOMY Jlana3oH1 BUMIPIOBaHb.
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https://uk.wikipedia.org/wiki/%D0%97%D1%83%D0%B1%D1%87%D0%B0%D1%81%D1%82%D0%B0_%D0%BF%D0%B5%D1%80%D0%B5%D0%B4%D0%B0%D1%87%D0%B0
https://uk.wikipedia.org/wiki/%D0%94%D1%96%D0%B0%D0%BF%D0%B0%D0%B7%D0%BE%D0%BD_%D0%B2%D0%B8%D0%BC%D1%96%D1%80%D1%8E%D0%B2%D0%B0%D0%BD%D1%8C
https://uk.wikipedia.org/wiki/%D0%94%D1%96%D0%B0%D0%BF%D0%B0%D0%B7%D0%BE%D0%BD_%D0%B2%D0%B8%D0%BC%D1%96%D1%80%D1%8E%D0%B2%D0%B0%D0%BD%D1%8C
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