BCTYII

Omnip maTepiaiiB € HAyKOIO MPO 1HXKEHEPHI METOAM PO3PaXyHKY €JIEMEHTIB
CIIOpPY/ Ta MAIIIMH HA MIIHICTh, KOPCTKICTh 1 CTIHKICTb.

Haii6inpin BayKIMBUM 3aBIaHHSM OIOPY MaTepialliB € BUSBICHHS MPUYUH Ta
XapaKkTepy pyWHYBaHHS KOHCTPYKIIiA. Xo4a I SIBUIE BiJIOME 3/JaBHA, HOTO CYTh
3po3yMijia He MMOBHICTIO.

B onopi matepiaiiB TICHO TOB’ si3aH1 TEOPisl Ta €KCIIEPUMEHT, TOMY BUBUYCHHS
Kypcy OMNOpYy MarepiaiiB 3BHYAWHO CYIPOBOKYETbCS pOOOTAaMU B MEXaHIUHIH
nabopartopii. Bonu maroTh 6a3y npu BUBYEHHI I€T AUCIUTIIIHH.

PoGoTu B 1abopartopii CTaBIsITH METOIO:

- TI03HAHOMHUTH CTYACHTIB 3 OCHOBHUMH MEXaHIYHHMMH XapaKTEPUCTHUKAMHU

MarepialliB,

- OKa3aTH 3aKOHH, 1110 TTOB’ A3yI0Th M c0000 Hampy>KeHHs Ta Aedopmailii;

- MPOUTIOCTPYBaTH (I3UYHY CYTh SBUII IPHU PI3HUX JAedopMalrisx;

- OOTpyHTYBaTH Ti TINOTE3W, HA SKUX O0a3ylOThCS TEOPETHYHI BUCHOBKHU

OTIOpy MatepiasiB.

Jlo MexaHIYHHX XapaKTePUCTHUK MaTepialiB, 110 BU3HAYAIOTH IXHIO 3aTHICTh
OTMPATUCS 30BHINIHIM CHJIaM, BITHOCATHCS .

- MOJYJb MPYX)HOCTI Ta KoediwieHt [lyaccona,;

- Mexa MPY>KHOCTI;

- Mea MPOTOPLIHHOCTI,

- MeKa TeKy4OCTi;

- MesKa MIIIHOCTI (THMYacoBHi OMip);

- MeKa CTOMJIEHOCTI (BUTPHUBAJIOCTI);

- OITip yJapHUM HaBaHTAKCHHSIM;

- nuroMa podora aedopmairii Ta iH.

XapakTepUCTUKH, 110 BU3HAYAIOTH 3/IaTHICTh MaTepiamiB aedopMyBaTUCS TPU
HaBaHTa)XEHHI, € TaKi:

- aOcoTroTHA 1 BiTHOCHA nedopMartii (JriHiliHA i KyTOBA);

- MPOTHH 1 KYT IOBOPOTY Mepepizy;

- KYT 3aKpy4EeHHS;

- nornepevHa aedopMariis.

Y naGopatopHux poOoTax mepeadadeHO BHUBYCHHS BIACTUBOCTEH  SIK
MeTajeBuX (cTaib, 4aByH) 1 HeMeTaleBux (IepeBo, riactMaca), Tak i KOMIO3UTHUX
MarepiaiB, 10 JICTaIu IIUPOKE 3aCTOCYBAHHS B OCTaHHI POKH.

[Tepur Hi)XK TPUCTYNUTH A0 BUKOHAHHS Ti€l YM 1HINOI JabOpaTopHOi poOOTH,
CTYICHT TOBHMHEH 3aCBOITH TEOPETUYHMI MaTepiaj, MO3HAHOMUTHUCH 3 OIMHCOM
MalliH Ta MNpWIaaiB ISl BU3HAYEHHA HampyXKeHb 1 jgedopmamiii mijg dyac
BI/IHp06yBaHB Cxemu 3pa31<13 HpI/IHI_II/IHOBl CXeMH MaIllMH Ta TMPUJIAdIB, JaHi
MomepeHix OOMIpiB 1 EKCIePUMEHTIB HEOOXIHO 3aHOCUTH B  CIEHIAIBHO
pO3pobIIeHuit KypHa.



1. MAIIMHU TA TPUJIAIN JISA BUIIPOBYBAHD

1.1. YHiBepcasbHa BUNpodyBajbHa Mmamuaa Y BM-50

Ha miit mamwmbi mepenbadyeHa MOKJIMBICTh BUKOHAHHS BUIPOOYBaHb Ha
pO3TAT, CTUCK Ta 3TWH NpH MakcuMmaibHoMy HaBaHTakeHHI 500 kH (50 1c). Cxema
MallMHA HaBeleHa Ha puc. 1. MammHa CKIaJaeThcsi 3 TPHOX OCHOBHUX BY3IIIB!
CHJIOBUH arperar, CHJIOBUMIPIOBa4 Ta poboya YacTHHA.
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Puc. 1.

CutoBuil arperart siBjiss€ cO00I0 TipaBIidyHUN Hacoc 1, SKUM MPUBOJUTHCS 10

nii enekTpudyHUM ABUTYHOM. CUIIOBUI arperart 3B’ si3aHuil TpyOomnpoBoaamu 2, 4, 153
CHJIOBUMIPIOBaYeM Ta POOOUYOI0 YACTHHOIO.

CunoBUMIpIOBaY CKJIAJA€THCS 3 TIAPABIIYHOrO IMIIHApPA, IITOK SIKOTO uepe3
BaXkeJb 3’ €JHAHUM 3 MassTHUKOM 18. MasTHuk uepe3 3yOuacTy nepefady MoB’ s3aHHU
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31 CTpinKOIO TKamu 16 criioBUMiprOBada, a TaKOX depe3 3y04acTy perKy 3 OJiBIEeM
19, saxuii 3MiiyeThes y3A0BXk oci 0apabana 17.KyT BigxuieHHs: MasTHUKA, a OTXKE U
KyT MOBOpPOTa CTPUIKK Ha miKajai 16 Ta BeauyuHa 3MileHHS OJiBI Ha Oapabani 17
3QJIKHUTH BIJl TUCKY PIIMHM B ITWJIIHP1 CUIIOBUMIpPIOBayYa.

PoGoua wactuHa — me rigpaBiaiuyHui mipec. [l THCKOM piAMHU TOPIIEHb
poboUOTO IUIIHAPA S 3MIMIYETHCA YTOPY 1 MiJHIMae yepes Taru 7 tpaBepcy 11.[lpu
TaKkoMy TMepeMillieHHl MiX 11 3axBatroM 12 Ta HWKHIM HEPYXOMHMH 3axBatoM 14
CTAaHMHHU 3A1MCHIOETHCS PO3TAT, @ MK yrmopoM 9 TpaBepcu Ta BEpXHIM HEPYXOMHUM
ynopoMm 8 ctuck. [Ipu BumpoOyBaHHSX Ha 3rUH OanKy pO3MILIYIOTh Ha BEPXHIX
onopax 10 tpaBepcu.

Jlo TpaBepcu MPHUKpPIIUIEHa HUTKA, OPYTHi KiHEHb SKOi MEPEeKUHYTHH uepe3
mkiB 6apabana 17 cunoBumiproBada. OTKe MpH MepemilieHHl TpaBepcu 6apadan 17
MOBEPTAETHCSI HABKOJIO CBOET OC1 HA BIJNIOBIIHY BEIUYUHY.

IIpu BunpoOyBaHHAX poOoda piguHA BiJ Hacoca 1 yepe3 TpyOompoBia 2,
peryIoBaJbHUN BEHTHWIb 3 Ta TPYOOMNpoBia 4 MogaeThes 10 poOOUOTo MITHAPA S.
[lopiieHb UUIIHApPA NPUXOIUTH B PyX, MPUBOISYM JI0 MepeMillleHHs TpaBepcu 11.
OTxe 3M1ACHIOETHCS HABAHTAXKEHHS HA 3Pa30K: CTUCK, a00 3TMH HaJl TPaBEPCOIO YU
po3TAr — TiJ Hew. BenuumHa HaBAHTAXKEHHS BU3HAYAETHCS TUCKOM pPIIUHU Y
pobouoMy HMITIHAPI. 3aBAsSKH TpyoOorpoBoay 15, mo 3’e€aHye poboUnii MUIIHIAP Ta
CUJIOBHMIPIOBAY, O3HAUYECHUN TUCK MEPEAAEThCS Ha NWIIHAP cuiioBUMiproBaya. OTxe
3aJeKHO BIJI TUCKY pPOoOOYOi piAMHM CTpiaka Ha mmkam 16 cumoBumiproBava
BioOpakae BenuunHy HaBaHTakeHHS. [Ipum npomy omiBeup 19 na OGapabani 17
KPECIUTh KPUBY 3aJIEKHOCTI MIK HABAHTAKECHHSM 1 TEPEMINICHHSIM TpPaBEPCH
(momoBkeHHSIM a00 MOKOPOTIIAHHSIM Bi/IMOBIHO PO3TAIIOBAHOTO 3pPa3Ka).

1.2. Mexaniuyna mammaa BM-4P nyis Bunpo0yBaHb Ha po3TSAr

Mammnaa BM-4P mnpusnadena i BUMpoOyBaHb MaTepiaiiB Ha PO3THT.
MaxkcumanpsHe 3yCHIlIs, SIKe MOXe OyTH TOCSTHYTO pu BuripoOyBanHsx, — 40kH (4
TC).

KinemaTnyHa cxema MammHu HaBeJIeHA Ha pHC. 2.

3pa30K BCTaHOBJIIOKOTH y 3auinkud 21, siKi MOXKHa 3MIHIOBATH 3aJIe’KHO BiJl
dbopmu Ta po3MipiB 3pa3ka. IlIBugke mnepecyBaHHs HWKHBOI 3auilKd TMPH
BCTAHOBJIEHH1 3pa3Ka 31HCHIOETHCS BPYUHY 32 JIONIOMOTOI0 MaXOBHKa, 3aKPIIIEHOTO
Ha BEPXHIM 4acTWHI TBUHTA 7. 3aBaHTa)X€HHsI 3/IIMCHIOETHCS Bija eleKkTpoaBuryHa 1
ab0 BpyuHy pykosTkoo 4. Pyx Big JBHUIyHa TMEpPEJAETbCS YEPE3 CHUCTEMY
yepB’ sikoBux 13,9ta 3ybuactux 12,2nepenay Ha raiiky 10.

[Tpu o6epranni raiiku 10 rBUHT 7 3MIILy€ThCS TOHU3Y. 3aKPIIUIEHUH y MalTnH1
3pa3oK 3’ €IHY€ BEPXHIO 1 HWKHIO 3aYilKH, 32 PAXyHOK YOTO MEPEMIIIeHHS] HUKHBOT
3a4iNKM BUKJIMKA€E MEPEMIIIECHHS 1 BEpXHbOi 3auinku. OcTaHHs 3'€lHaHA 3 Ba)KeJIeM
5, a uwepe3 Tary 17 3 wmastHukoM 3. BenmnunHa HaBaHTaXEHHS Ha 3pa3oK
BU3HAYAETHCS BIAXWICHHSM MAasTHHKA 3 BIg BepTHKaIl. MasTHUK 3’ €THAHUMA
BaxkeneM 18 3 kapetkoro 14, ska mepecyBaeThCsl y3AOBXK IIKATU 6, BiA3HAYAIOUH
BIIXWJICHHS MasTHHUKA, a OTXKE, 1 BEJIMYMHY HaBaHTaKEHHA. [[iHa momuTku mmiKamm
crtanoBuTh SO H npu ogHomy BanTaxi Ha MasTHUKY 31 100H npu n1Box BaHTa)xKax.
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Puc. 2.

Mammbaa wmae jgiarpaMHMA — TOpPUCTPiM, SKAW  103BOJISIE  aBTOMATUYHO
peecTpyBaTu pe3yiabTaTd BunpoOyBanb. OmiBernp 19, 3akpimienuit y kaperui 14,
pyxaeTbcst B3OBXK Oapabana 20, oOepHeHoro mimiMeTpoBuM mamepoM. Kyt obepty
OapabaHa 3aJ€KHUTh BiJl TIEPEMIIICHHS HUXKHBOT 3avinku 21, 3 KOO BiH 3B’ SI3aHHMA
cuctemoro nepeaad 8 ta 15. Omxe npu BUNPOOYBaHHSAX Ha Mamepi BUKPECIIOETHCS
rpadik 3aJIeKHOCTI TIOTIOBXKEHHS 3pa3Ka BiJl HABAHTAXKCHHS.

1.3. BunpooOyBajibHa mamuna AM-1

Mammna AM-1 npusHadeHa A IpOBeAEHHS BUIPOOYBaHb HA KPYUCHHS.

CxeMa MalmuHU HaBeJeHa Ha puc. 3.

3pa3ok 2 3akpiluIoTh y 3adinkax 1 mamuHu. [lpukinaneHHsS KpyTHOTO
MOMEHTY 3/1ACHIOETHCS 32 JOTIOMOI'OI0 PYKOSITKA 3 CHiI030ypKyBaua Ta 3y04acToi
nepenayi. [IpaBa 3adinka npu 1BOMY OOEPTAETHCS, BUKIUKAIOUYM MOBOPOT JIIBOI
3a4illKK, a OTXKeE 1 BigXuiueHHs MasTHHKa 4 3 BantaxeMm Q. BigxuieHHs masTHHKa

BiJl BEpTUKaJl BU3HAYAE BEJIMUMHY KPYTHOTO MOMEHTY MK. MasTHUK uepe3 cuctemy
nepenady 6 3B’S3aHUN 13 CTPUIKOIO MIKAJIM S CHIOBUMIPIOBAIILHOTO MPUCTPOIO, HA
SAKOMY pEeCTpyeThCs BeinunHa Mk. MaiHa o0siagHaHa iarpaMHUM IIPUCTPOEM, Ha



Oapabani 7 IKOTO BUKPECIIOETHCS KPUBA 3aJICKHOCTI KyTa 3aKpyUeHHs BiJl BETUYHHU
KPYTHOTO MOMEHTY.

fl
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3
Puc. 3.
1.4. MasiTHUKOBHI KOIIEp

Konep npusnauenuii 111 BUnpoOyBaHb Ha yIapHy B’ 3KICTh MaTepiaiiB.
Cxema korpa HaBeieHa Ha puc. 4.

Y7

Puc. 4.



MaimHa Mae yaByHHY OCHOBY 1, Ha sKiil 3aKpirJieHi 3araproBati onopu 2. Ha
OCHOBI 3MOHTOBaHI JIBa CTOAKH 3, MK SKMMH 3aKkpiljieHa BiCh 4 MasTHUKa D 3
MOJIOTOM 6. MagTHUK Ma€ IPUCTPIi, 1110 J103BOJISi€E BCTAHOBUTH MOT0 Ha MEBHUM KYT
3apsypkeHHs (Ha meBHy BenwuumHy H). 3pasok 7 mpu BUIpOOyBaHHI KJIAAyTh Ha
omnopu 2. PeecTpyrouuii mpucTtpiii 8 Kompa BIAIITOBAHWM TakK, IO HOTO MOKAKYUK
BiJI3HAYAE HA IIKaJl PI3HULII0 MK BUCOTOI0 H MasiTHUKA y BUX1AHOMY MOJIO’KEHHI Ta
BUCOTOIO N Ticis pyliHYBaHHS 3pa3Ka.

Masthuk Baroro G, mignsruit Ha Benmuuday H , mMae nmeBHwmii 3amac eHeprii.
[Ipu cBOeMy majiHHI BiH BUTpaya€ YaCTHHY €HEprii Ha pyHHyBaHHS 3pa3ka 1, OTKe
MICNS TPOXODKEHHS BEPTUKANl IIHIMETHCS Ha MeHmry BenuuuHy N. Pisaung
H — h Busnauac po6oty, BuTpaueHy Ha pyiiHyBaHHS 3pa3Ka.

A=G(H -h).

1.5. MaiunHa 1Jis BUIIPoOYBaHb HA BUTPUBAJICTH

BunpoOyBaHHS Ha BUTPUBAJIICTh POBOAATH HAa MalllMHI, CXeMa SKOi HaBeIeHa
Ha puc 5.

Y
—
o :

Puc. 5.
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3pa3ok 1 BcTaHOBIEHHMI B HepyxoMmux migmmnuukax 2. HaBanraxenns F
NepeIaeThess Ha 3pa30K dYepe3 CHUCTEMY BaKeJliB Ta IUIaBaroyi IMAMIWAMHUAKA 4.
Enextponsuryn 5 udepes penykrop 7 Ta 3adinky 8 mepegae oOepTaHHS Ha 3pa3ok.
OCKUIBKY TUTONTMHA HABAaHTAKEHHS 3QJIMIIAETHCS BEPTUKAIBHO, TO TIPH 0O0CpTaHHI
KOXKEH TIepepi3 3pa3ka 3a3Ha€ 3MIHHMX 3a BEJIMYMHOIO Ta 3HAKOM HaIPY>KCHb.
Kinekicte  00epTiB, TOOTO KIIBKICTh ILMKJIB  3aBaHTaXEHHS, (IKCYEThCS
JNYUIIBHAKOM.

[Ipu pylinyBaHHI 3pa3Ka €JIeKTPOJIBUTYH aBTOMATHYHO BUMUKAETHCS.

1.6. BaxeabHuii TeH30MeETP

Tenzomerpu, 30kpema BakenbHHIM TeH30MeTp ['yrenbeprepa, € mpuiagamu,
NpPU3HAYECHUMU JJI1 BUMIPIOBaHHSA JedopMarltiil.

Baxenpamii TeH3omeTp (puc. 6) sBisie co0or0 TpwWiaa, IO MpaIioe 3a
MIPUHITUTIOM MEXAHIYHOTO BIIJIIKY TTOJOBKEHb.

|- 1
\/ W s
VIV P77V T o707 T7TTI77744777
[ f L at
Puc. 6.

Cranvna 1 mpuiany mae aBi rocTpi HiKKW: Hepyxomy A it pyxomy By
BTSN TIPU3MH, 110 XuUTaeThest. Bimcranp AB Hasuarots 6azoro mpumamy /. 3
pyxomorw mnpusmoro B xopcrko 38’szanuit Baxenr BC, inmmii kineup sxoro
wapuipaoro siroro CD 3’ennyerses 3i crpinkoro npmnana EK .

[Ipu momosxeHHi 0asu Tenzomerpa Ha Benmuuny A7 mpusma B pasom 3

paxeneM BC maxunserscs, kinenp Baxens 3mimpyerbcs B nosnoxenuns C i kinenp
arn D nmepexomuts y monoxkenns D, Bigxwisrounm crpinky mpuiamy. PisHums

Bimikis KK, = A nponopuiiina nogosxentto 6asu A¢ -

cc':AeE-'E;
a

K1K0= A - €.

DD CC d’
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p=cC f =t
d d a

: A _e E—E . :
Bignomenns — =— SBJISIE CO00I0 KOE(IIEHT 301IBIICHAS TEH30METpa

d a
K . 3a3Buuaii noxinka mkanmu B cramosuts 1 MM, a posmipu a,b,d,e nigbuparors
Tak, mo0 koedimient 36inbmenns K 6ys y mexax 1000... 1200.
3HaueHHsT Koe(]illieHTa 301IbIIEHHS TEH30METpa HAaBEeIEHO B MAaCHOPTI
npuiany. Omxe 3naroun K , 3a pisHuiero BimnikiB A 1erko BU3HAYUTH HOJOBKEHHS:
A =A]K.
JIyist 3aKkpiluieHHS Ba)KEJIbHOI CHCTEMH B HEPYXOMOMY CTaHI TEH30METP Ma€
apetup — QiKCyrounii BayKeb.
[IpaBuna poboTH 3 TEH30METPOM

1. [lepen BCTaHOBIEHHSM TMpPWIALy HA KOHCTPYKIIO MeTaJeBl
MOBEPXHI 3aUWINAIOTh, HA JIEPEBHHI CTaBISATH CIEIladbHI KHOIKH,
OETOHHI MOBEPXHI MO MOXKJIUBOCTI 3TIaJKyIOTh a00 BHUPIBHIOIOTH
PIAKAM [IEMEHTOM.

2. TenzoMeTp CTaBIATh HA BiJIMOBITHE BOJOKHO 13 3aKPUTUM apETHPOM
1 MIIHO 3aKkpiliAlTh CcTpyOumHoro. [lpm wnpomy miommuHa
TEH30METpa MOBUHHA OyTH NIEPIICHIUKYIISIPHOIO 10 IIOBEPXHI 3pa3Ka.

3. [liciss BCTaHOBIIGHHS TpWIaAy apeTup BIAMYCKalOTh, a CTPUIKY B
MOJIO)KEHHSI MMOYAaTKOBOTO BIMJIIKY TIABOMATH PETYJIOBAIBHUM
I'BUHTOM. [[1IM k€ TBUHTOM CTPIJIKY TIEPEBOJIATH Y MIPOTHUIICKHUN 01K
IIKaJIY, SKIIO MM Yac BUIPOoOyBaHb CTPIIKA 1 1€ 10 KIHIIA IIKaIu 1
OCTaHHBOI He Oyie AICTaBaTH JJisl MPOJAOBKEHHS BIJTIKIB.

4, Biminikyn mo4YMHAIOTHE 3 AESIKOTO0 HABAHTAXXEHHS JUIL TOTO, 00
pYXOMi YacTUHHU TpUIaAiB OyJaM HaNaIITOBAaHI HAa MEPEMILICHHS Y
NEBHOMY HANpSMKY 1 BIJTUB BIIbHUX PYXiB OyB BUKIIIOUEHUH.

S. [Tpu Bimyikax CHAKYIOTH 32 TUM, 100 CTpiUKa Ta ii 300pakeHHS Y
J3epKail MIKadu crhiBmajgand. Bimmku OepyTh 3 TOYHICTIO 70 1
MOJTLITKH.
1.7. EnexTporenzomerpisi

MeTon enekTpoTeH30MeTpii MoyisAirae B TOMY, LIO IS BUMIPY JIHIMHHX
nedopmarliii  BUKOPUCTOBYIOTh TEH30PE3UCTOPH, SKi HAKJICIOIOTh Ha TOBEPXHIO
3paska.

JlpoTtoBuii TeHzope3ucTop (puc. 7) siBise co00K TOHKUH JAPIT, HAKICEHUH
KiJIbKOMa TIETJIIMU Ha TOHKY MarnepoBy ado JIakoBY (IUTIBKOBY) OCHOBY. 3BEpXY BiH
TaKOX 3aKJICIOETHCS TOHKUM MarepoM ado IUTBKOIO.

JlomxuHa metiii £ € 6a3010 TeH30pe3ucTopa. TEeH30PE3UCTOPH HAKJICIOIOTH Ha
3pazok kieem (Bd-2, BJI-931, bd-4, BC-10 Tta iH.), OT:KE TEH30PE3UCTOP
neopMyeTHCS pa3oM 3 MTOBEPXHEIO 3pa3Ka.

[Tpu gedopmariii IpoTy TEH30pPE3UCTOPA 3MIHIOETHCS HOTO EJISKTPUYHUI OTTip.
Ile no3BoJisie BU3HAUUTH AePOpMAIIIO 32 3MIHOIO €IeKTpUYHOro omnopy. i mporo
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BUKOPHUCTOBYIOTh €KCIIEPUMEHTAIBHY 3aJIEKHICTh, 3T1IHO 3 SKOK 3MiHA BEIUYUHU
onopy 4R rtenzopesucropa npsMo npomnopiiiiHa BigHocHiN aedopmarii £:

C

D,
C

)
C ;

Puc. 7.

AR =¢[RIK,
ne R - nmowarkoBuii omip TeH30pe3rcTOPA;
K - koedilieHT TEH304yTIMBOCTI, KU 3aJI€XKUTh BiJ MaTepiany Ta 6a3u
TEH30PE3UCTOpA.
OTtxe, BIIHOCHA Jieopmartis
_ 4R
E=——.
KR

Jiis pobotu B 1aOOpaTOpHUX YMOBax 3py4Hl BUMIPIOBAJIbHI MPWJIATU IS
BU3HAuUEHHS JedopMalliii 3 aBTOMAaTUYHOIO OallaHCHPOBKOIO, B SIKHX IepeadadeHa
MOJKJIUBICTh MIAKIIOUEHHS Pa30M I10i HU3KH TEH30pe3UCTOpiB. OOHUM 3 TaKuxX
npuiagiB € enektpoHHuii BumiptoBau nedopmamii  AB—1. Ileit npwmnan
NPU3HAYCHUHN JJI1 BUMIPIOBAHHSA CTATHUYHOI 1 MOBUIBLHO 3MIHIOBaHUX Jedopmaliiii 3a
JIOTIOMOTOI0 IPOTOBUX TEH30PE3UCTOPIB B OJHIN a00 B OararboX TOYKaX.

Enexrpuuna cxema AB—1 pospaxoBaHa Ha 3aCTOCYBaHHS TEH30PE3UCTOPIB 3
oriopoM /0... 4000m Ta xoedimientom uytiuBocTi Bia 1,80 10 2,25.1{iHa moaiaku
IKany mpuiagy craHoButh 1 - 10° (IpW BiAMOBiZHOMY BCTAHOBICHHI MaciiTaba
npuiIagy); Mexa BUMIpIOBaHHS BigHOCHUX medopmariii £ = 1- 107,

BumiproBau  mepopmaniin  AB—-1 - enexkrponnmii  aBTOMaTHYHMI
BPIBHOB)XCHUI MICTOK 3 >KMBJICHHSIM BHMIPIOBAJIBHOT CXEMU 3MIHHUM cTpymMoM 50
I'n ta wanpyrowo 4 a6o 8 B. Po6ora AB—1 6Gasyerbcss Ha HyIbOBOMY METOMI
BHUMIPIOBAHHS OTIOPY T€H30PE3UCTOPIB.

[lpu  BuMmiptoBaHHI  fedopmamiii B KUIBKOX  Toukax  (KUTbKOMa
TEH30pPE3UCTOPAMHU) BHKOPHCTOBYIOTh EIIEKTPHYHUN KOoMyTaTop (OaraToTodyeuHuii
nepemukad). KomyraTop J03BOJISI€ TOCTIZIOBHO IiAKIIIOUATH KOXKHHHA OKPEMHUIMA
tensopesucrop 10 AB-1.,
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JIisi BUKITIOYEHHSI BIUIMBY TEMIIEpATypH Ha pPE3yJbTaTH BUIMPOOYyBaHb Ha
KOHCTPYKIIii, 110 BUIPOOYIOTHCS, 32 MeXaMu J1ePOpMOBaHOT 30HM HAKJICIOIOTHh TaK
3BaHUM KOMIIEHCalIMHUI TeH3o1aTyuK. CxeMa MiJIKJII0UeHHs HaBeIeHa Ha puc. 8.

R,
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Pas. KoM
Puc. 8.
1.8. J3epkanbHuii Tenzomerp MaprteHnca

JI3epkanbHui TeH30MeTp MapTeHca Npu3HaYeHU JJ1s1 BUMIPIOBAHHS KYyTOBHUX
nedopmailiii, HaMpUKIA, KyTa MOBOPOTa Mepepizy Ok, KyTa 3aKpyUeHHS! CTEPIKHS
Ta 1H.

Tenzomerp (puc. 9) cknagaerbes 3 A3epKaibisg 1 i 30poBOi TPYOKH 2 3 MipHOIO
TiHIAKOO 3.

|
)4
N
3 > 6
A
»
Puc. 9.

J3epkanbie 1 Ha cTepxHi 4 32 TOMOMOTOI0 CTPYOLMHU S 3aKpIIITIOETHCS Ha
3pa3ky 6 B TOMy Micli, J€ HEOOXiJHO BHM3HAUYUTH KyT MOBOpoTy. Hamportu
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n3epkanblss Ha Bigcrami L craBiasre Ha mratuBi 30poBYy TpPYOKy 2 3 MIpHOO
JIHINKOIO 3.

TpyOKy BCTaHOBIIOIOTH TaK, 100 B Hiil OyJO BUJIHO BIAJA3€pKaJICHHS IIKaJIN
niniiiku (puc. 10).

7

Puc. 10. Puc. 11.

Bosnocok 7 TpyOku mokasye mo4aTKOBHM BIJIIK @ Ha jiHikI. [Ipu moBopoTi
nepepizy Ha KyT 6 Ha Takuii caMuil KyT MOBEPHEThCS 1 a3epkaibiie. [Ipu mpomy
criocrepirad MpoTH BOJIOCKA 30pOBOI TpyOKM 3poOHUTH BLIIIK @, Ha JiHIANI. Pi3HUIA

BiAIKiB A& — @, Oyne mpomnopiiiiiHa kyTy nosopoty. Ha cxemi (puc. 11)BunHo, mo

a=ad
tg28 = .
J L
Ockinbku gedopmarii Mami tg260 = 26 i, omke
29=2"3. g=2-a_a-a
2L K

ne Beymunny K = 2[ L, Bupaxkeny B MisliMeTpax, MOKHA BBaXKaTH KOe(illi€eHTOM
301TIbIICHHS TTPUIIALY.

1.9. IHIMKATOP rOIMHHUKOBOIO THITY

[HnukaTop roguHHUKOBOTO TUMY (poruHoMip) (puc. 12,13)nmpusHaueHuii 1ist
BHUMIPIOBAHHSA JIHINHUX NEPEMIILLEHb.

VY nanpsmMuux 2 kopnycy 1 miniliHO mepemimyetrbess mtudt 3. Bin mae
peiikoBy pi3p0y 1 34UEIUIEHHA 3 IecTepHero 4, Ha OCi SKOi HepyXOMO 3aKpiIljieHi
cTpinika 5 1 mectepas 6. Ha oci mectepHi 7, M0 3HAXOAWTHCS B 3a4eIICHHI 3
mectepHero 6 3akpimieHa crpiigka 8. [lpu nepemimenni mrtudra 3 mecrepHi 4, 5, 6
paszom 31 cTpiakamu 5, 8obepTaroThes.

[nqukaTop Mae nBI mIKaiu: BeauKy W many. Benuka mikana, B3JOBXK SKOI
pyXaeTbes cTpiiika 8, Bianosigae nepemimenasam mrudra Big 0 1o 1,0 mm 1 mae 100
noainok. OTke oJHAa MOJUIKa BianoBijnae mnepemimeHHo mrtudra Ha 0,01 MM, a
MOBHE 00epTaHHA CTpuiKa 8 3A1HCHUTH pH niepeMiieHH mrudTa Ha 1 mm. Ha manmiit
HIKaIl cTpiika S (iKCye KiIbKICTh HTOBHUX O0EPTIB CTPLIKH 8.
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Puc. 12. Puc. 13.

[Ipu BuMIpIOBaHHI MEepeMILIEHb 1HAWKATOP BCTAHOBJIIOIOTH TakK, 1100 KiHEIb
mtudTa 3 onupaBcsa B TOUKY MOBEPXHI, MEPEMIIICHHS SKOT BUMIPIOETHCA. Y TaKOMY
MOJIOKEHHI 3 JIOTIOMOTOI0 CHEIllalbHUX KPOHINTEHHIB Ta CTPYOIIMH KOPITYC
1HAMKATOPA 3aKPIITIOETHCS HEPYXOMO. 3aBIsSKH MPYXUH1 9 KiHEels mTUdTa BECh yac
NPUTUCHYTHH IO TOUKH MOBEPXHI 1 IPH i IEPEMIILLIEHH] IPAMYE 3a HEIO.

1.10. TIlpuaagu ajisi BUBHAYEHHS TBEPAOCTi

Tsepoicmob 3a bpinenem. BusHaueHHS TBEPJIOCTI UM CIIOCOOOM BHKOHYIOTH 3
JIOTIOMOTOI0  KYJIBKOBHX iHAeHTOpiB TBepaicTio 850 KI'c/MM® 0mHOTO 3 TPHOX
aiametpiB — 2,5; 5a00 10mm (puc. 14).

Puc. 14.

Yncio TBepaocTi 3a bpinenem HB mae posmipuicts Hanpysxens KI'c/Mm®, are
BIJITOBI/THO JI0 CTAHAAPTY 11 HE TTUIITYTh.

CraseBy KyJabKy giamerpoM D BTHCKYIOTH Y 3pa3ok, IO BUIIPOOYETHCS, HA
npunani bpinens (puc. 15). HaBantaxenns Big Bantaxis A, b, B, uepes Baxerti 8,
10 nepenaeTbcst Ha MpUiIaal Ha KyJIbKy 6 mpoTsroM meBHOro 4acy. Ilicis 3HATTS
HABaHTAKEHHA 3aMipsAroTh po3mip O BigOWTKa KyJbKM Ha moBepxHi 3paska. Uucino

16



tBepaocTi 3a bpinenem HB Busnauarors sk BimHOmeHHs HaBaHTaxeHHs F 10
TJIOIII KYJIbOBO1 OBEPXHI BIIOUTKA.

N
\
N
\
N
\
3
\
N
)
\

WARRALN

Puc. 15.

Tsepoicmov 3a Bixepcom. 3a PO3MOBCIOKEHHSAM II€H METOJ € IPYTUM ITiCIs
meTony bpinens. 3a MM METOIOM B TIOBEPXHIO 3pa3ka BTHCKYIOTh alMa3HHA
IHACHTOP Yy BUIUIAAI YOTHpHrpaHHOi mipamiau (puc. 16, a) 3 KyToM mpu BepIIHHI

a =136,

Puc. 16

ITicns 3usaTTa HaBaHTaxeHus F , mo xisno nesuwmii yac (10... 15¢ aus yopHUX
i 30 ¢ 11 KONLOPOBHX METAIIB), BUMIPIOIOTE fiaroHans d Bimomtka (puc. 16,6) Ha
noBepxHi 3paska. Yucmo TBeppocti 3a Bikepcom  HV  BusHawarore aijeHHSM
HaBaHTakeHHd B KI'c Ha muiomyy Oi4HOI MOBEpPXHI OJEP>KAHOTO MipamilaabHOTO
BiIOMTKA B MM~
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Puc. 16°.

Yucna HB ta HV 61m3bki 3a Benmunnor0.

Teepoicmv 3a Poxsenom. Ilpu BuUMIpIOBaHHI TBepAoCTi 3a PokBenom
{HIEHTOPOM € anMasHuil KoHyc 3 KyroM mpr Bepimai 120 i pamiycom 3akpyrieHHs
0,2 MM abo craieBa Kyibka giamerpoM 1,5875mm (1/16%), siki BTHCKYIOTE Y 3pa3ok
M €0 ABOX TIOCTIJOBHUX HABAHTAKEHb — TOMEPETHHOTO Fo 1 3arajpbHOTO
F = F, + F (F, —ocHoBHe HaBaHTaXeHHS).

[nnenTop Ha mpwiani Pokeema (puc. 17) BTUCKYIOTH B TOBEPXHIO 3pa3ka
mornepeaHiM HaBaHTaxeHHsM Fo =10 «I'c, sike He 3HIMaeThCst 10 KiHI

BUMPOOyBaHb. [lil MM HaBaHTAXKCHHSM IHICHTOpP 3aHYPIOETBCS y 3pas’ok Ha
rmubuny Ny, Jani npukinanaerbes nosHe HaBantaxenus F =F,+F i riubuna

3aHypeHHs 30inbinyeThes 10 N, Tlicnst 3HsATTS OCcHOBHOrO HaBaHTaxeHHs Fp, Komu
Ha IHAEHTOP i€ TUILKKM HONEpENHE HaBaHTaxeHHs F,, 3amipsrors rmOHHY HOro

sanypenns Ny. 3a ocTanHbO0 I BU3HayaeThes yncio tBepaocti HR 3a Poksenowm.
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2. JABOPATOPHI POBOTH

2.1. BunpoOyBaHHSI cTa71€BOr0 HOPMAJIBLHOIO 3pa3Ka HA PO3THAT

Meta poGoTH — ojAepKaHHA z[iarpaMI/I pO3TATY ~ CTaJeBOTO  3paska,
O3HAOMJICHHS 3 METOJUKOIO OJIePIKAHHS MEXaHIYHUX XapaKTePUCTUK MaTepialiB Ha
MPUKIAII MaJIOByrneueBm CTaJl 1 BHU3HAYEHHS MAapKH CTall 3a OJep)KaHUMHU
XapaKTePUCTHUKAMH MIIIHOCTI ¥ MIACTHYHOCTI.

3a naHUMU BUIPOOYBaHb HEOOX1THO BU3HAUHTH:

—  MEXKy TeKy4ocTi O,

—  MEXY MIIIHOCTI PO3PUBY T 14y
—  aOCoIOTHE MOJIOBKEHHS POo3paxyHKoBOi noBxuHn Al ;
—  BIJIHOCHE MOJOBXEHHS &
—  BIAHOCHE 3BY)KCHHS IICIs pOo3puBY (/|
—  IUTONLY JiarpamMu po3Tary S;
—  MmOBHY poboTy, 1m0 BUTpayeHa Ha po3pus W ;
—  muTomy poOoTy aedopmariii W;
—  Mipy 3alIOBHEHHSI Jiarpamu /};
—  MapKy cTai.

MamuHu Ta npuiaay Juis BUNpoOyBaHb

Po0oTy BHKOHYIOTH Ha YHIBEpCalbHil BUIpOOyBaibHiil Mammui YBM-50 (.
1.1). BumiproBaHHs po3MipiB 3pa3ka BUKOHYIOTH 32 IOTIOMOTOFO IITAHT€HIIUPKYJISL.

3pa3ok Juis BUIpoOyBaHHs

Sk moka3zalm eKCIepUMEHTH, MeKa MIIHOCTI MaTepially He 3aJeKUTh BiJ
JOBXXUHU i popMU mepepi3y 3pa3ka.

[Tpu BunpoOyBaHHSIX Ha PO3TAT AJSL JOCATHEHHS MOPIBHIOBAHMX MK COOOIO
pe3yNbTaTiB BUKOPUCTOBYIOTh HOPMaJbHI IIIIHAPUYHI 3pa3Ki CEMU THUIIIB 1 MJIOCKI
3pa3ku ABOX TUMIB. TuM 3pa3ka BU3HAYAETHCS KOHCTPYKIII€IO HOTO KiHIIBOK.

VY 1i#t poOOTI BUKOPHUCTOBYETHCS HMTIHAPHYHUH 3pa3ok 1V tuny (puc. 18).

‘ | "’lﬁ 2’3/

:
‘ 1840

do 20‘9 ! {1 =12d° i 2cl° b JO_T

Puc. 18.
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JliameTp mepepizy Takoro 3pa3ka MoXke OyTH B3SITHI Bif 3 10 25 MM.
PospaxyHkoBa mopxuHa {, Ha 3paskax MoMidaeTbcs puckamu. L[ moBxkuHa

MOBMHHA OYTHM MEHIIIOI, HIK BIJICTAHH MDK KIHIIIBKAMH, IIO0 BUKJIIOYUTH BIUIHB
crioco0y MPUKIAJAaHHA 30BHINIHIX CHJI 1 KOHIEHTpalii Hampy>XeHb B MICISIX 3MIHU
nepepizy. 30Ha LbOTO BINIUBY Ha mifacTaBl npuHuuny CeH-Benana He mepeBuILye
MEHIIIOTO PO3MIpy Mepepisy.

OCHOBHI B1JIOMOCTI 3 T€OPIi

Oco0aMBOCTI TOBENIHKH 3pa3ka MpU BUIPOOYBaHHI Ha PpO3TAT HAOYHO
LIFOCTPYIOTHCS JiarpaMor0 po3TAry — rpagikoM 3alIeKHOCTI MiXK HaBaHTaXKEHHAM F
Ta abcomoTHuM moaoBxkeHHsM A¢ . Jis MajoBYIJeneBoi cTtaii BOHa Ma€ BUIJIS,
HaBeJeHUH Ha puc. 19.

Puc. 19.

Ha wiii pgiarpami MoXKHa BHOKPEMUTH TpH JIUisHKH: Jtiniina AB;
ropusonTaibia CD ta meniniiina DHG.
Ha ninsaui AB noposxkennss A7 npomopiiiine HaBaHTaxeHHo F, 1o6T0

nivicauii 3akoH ['yka. Benmnuuna Fnu BM3HAYa€ HABAHTAXXEHHS, 110 BIIIIOBIIAE MEXI

npornopuiiHocTi. [lyke Onn3bke A0 HBOTO 3HAYCHHS Fy, K€ BHM3HAYa€E MEXY
IPY>XKHOI poOOTH MaTepiay.

Ha ninaani CD noposxenns A¢ 3poctaroTh Npu HE3MIHHOMY HaBAHTAXKEHHI
Fm. Take siBUIE, XapakTepHE JUIS MJIACTUYHUX MaTepialliB, HA3UBAETHCS TEKYUICTIO,
a Fm — HaBaHTA)XXEHHS, 1110 BIAMOBIIA€ MEXK1 TEKy4OCT1 MaTepiay.

Kosm 30Ha TeKydocTi MHHA€, HABAHTAXKEHHs 3HOBY 3pocrae 10 F micIs

max?’
9Oro CTpIMKO mamae 10 MuTi po3puBy 3paska (1. G). F,, — HaBaHTaxeHH:, 11O

BIJIIIOBiTa€ MEK1 MIIIHOCTI MaTepiany (THMY4acoBOMY OIOpY).
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Hiarpama po3Tsary OymyeThCsl Il TAaHOTO 3paska 1 i1 MacmTad 3aJIeKUTh Bij
PO3MipiB OCTaHHLOTO. TOMY Ha OCHOBI IIi€l JlarpaMu OyayrOTh Jiarpamy HarpyKeHb

F Al

— 3QJIEKHICTh MK HaNpy>KeHHSIMH O = —— Ta BIJHOCHUM IOJOBXKEHHSIM & = —.
o

Ils miarpama € XapakTepUCTUKOIO Matepialy O€3BiHOCHO /10 po3MipiB 3pa3ka. Ha

Jiarpami HarpyKeHb 30€pIraroThCs BCl XapaKTepHI TOYKH JllarpaMu PO3TATY.

[MaginHs HaBaHTaXeHHs micns pocsrHenHs b ., oOymoBieHe TuMm, 110 B nei

Jac Ha 3pa3Ky YTBOPIOETHCS MICIIEBE 3BY)KCHHsS — Tak 3BaHa mmmiika (puc. 20). B
pe3yNnbTaTi LBOrO HEeCyda 3JaTHICTh 3paska 3HWKyeThes. Ha puc. 20 d — miamerp

<G
T

Puc. 20.

!

[locniIoBHICTh BUKOHAHHS POOOTH
3a JOMOMOrOK MITAHTEHIMPKYJIs BUMipowoTh miamerp d, Ta pospaxyHkoBy

nosxuny / ; 3paska, MiCJIs YOro 3aKJIAIAl0Th Horo B 3auinku Mamman YBM-50.

[lepen mowyaTkOM BUIPOOYBaHb MPOBOIATH MOMNEPEIHINA HATAT, MI00
BUKJTIOUYUTH BIUTMB JIIO(PTIB Ta CKOB3aHHA 3pa3Ka B 3adinkax. Jlaii BUCTaBISAIOTH HA
OapabaH JiarpaMHOIO amapara OJiBelb i CTBOPIOIOTH 3pOCTal0ue HaBaHTaXeHHs F
JOBOJISTYM 3Pa30K JIO PO3PHUBY.

YOpodoBX eKCIepMMEHTY Ha CHJIOBIM IIKajll MallMHU BiJ3HAYalOTh

HaBaHTaxeHHs F,, 1m0 Bigmosimae mexi Tekydoctri tTa F. ... HaBantaxenns F,
BIJIMOBIJIa€ Tiil CcTajii HaBaHTAXKEHHsI, KOJW TPU 3YMUHECHHI 30UIBIICHHS 3YCHJUIS
Biq3HauaeTsCs 3poctanus nedopmaniit. 3uavenus F, ta F . onepxyrors Takox 3a

Jiarpamoro, 3anucanoro Ha Mammai YBM-50. Ha giarpami BUMIproroTh 1i turomnny S .
[Ticast po3puBy 3pa3ka HOro 4acTUHM BUHMAIOTh 3 MAalIMHU 1 BUMIPIOIOTH
JIOBKUHY PO3paxyHKOBOT 4acTWHHM / Ta JiaMeTp 3pa3Kka B 30HI PO3PUBY — JiaMeTp
mumiiku d.
Jlami 3a ogep >kaHUMU TaHUMH BUTIPOOYBaHb BUKOHYIOTh OOYMCIICHHS:
— IUIOINA Tepepizy 3pas3Ka 10 BUIIPOOyBaHb

_7ndg .
A==

- IUIOINA IUHKY 3pa3ka (B MICIli pO3pHUBY)
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Maroun Mexy

_md?
4 1
Mexa TeKydocti Matepiany 0, = F [ Ay;

Mexa MIHOCTI O oy = Fpa | Ap;

abcomorHe moposxkenuss A =0—-(, (¢ - poBxuHa
PO3paxyHKOBOI YaCTHHU 3pa3Ka IIiCIIst pO3PHUBY);

BigHOCHE nonoBkenHs £ = A0/ ( y;

A —A

pobora, BuTpaueHa Ha po3pus 3paska W =SImln (S —
oA jJiarpaMu po3Tsary, M ta N — macmrabu cuia Ta
HepeMillieHb, sIKi HaBeICHI B MACIOPTI MAIIIMHN);

KOe(IIi€HT 3BY>KEHHS MUHKHU () =

Polo
W

nuToma pobota aedopmariii W=

MesKa 3allOBHEHHS Alarpamu /] = :
|:max(g —L 0)

MIITHOCTI, BIJIHOCHE TIOJAOBXKEHHS 1 MEXYy TEeKyd4OCTi,

BU3HAYAIOTh MapKy cTaii 3pa3ka (muB. tabn. 1, lomatky ).

arhwpE

o0 ~NO

KoHTposbHI 3anuTaHHs

Sxa meta poboTu?

Sxi mapamMeTpu XapaKTepU3yIOTh MIIHICTh MaTepiany?

Sxi mapameTpu XapakTepu3ylTh IIACTUYHICTh MaTepiany?

Ha3BiTh XapakTepHi TOUYKHU JiarpaMu po3TAry?

Axi nmedopmamii maroTh wMicrie B mporieci  Aedopmarii  3paska 10
pyHHYBaHHS?

. SIx 3a ganumu BUNpoOyBaHb BU3HAYAIOTH MapKy MaTepiany?

Ske nmpusHaueHHs Mae MamuHa Y BM-507?

. SIxkuit npunnmn po6otu mammuau Y BM-507

2.2. BusznaveHHsi MOayJisl MPYKHOCTI Ta MexKi mponmopuiiHoCTI cTasti
NPU PO3TATY

Meta poGOTH — BHU3HAYEHHS MOJIYJSA MPYXKHOCTI Ta MEXI MPOMOPLIHHOCTI

CTaJIl IPU PO3TSATY.

Mamuna Ta npujaaan Aajis BI/IHDO6VBaHb

BunpoOyBaHHsi MOXHa TpPOBOIWUTH Ha OyAb-AKiii PO3PUBHIN MalllWHI,
Hanpukiag Ha YBM-50 (@. 1.1).
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Jlns BuMiproBaHHs nedopmalliif 3aCTOCOBYIOTh MexaHi4HMid TeHzomeTp MK-3
a00 BaxxenpHUi TeH30MeTp ['yrenOeprepa (m. 1.6).

[TommpeHuM € TakoXK METOJ BH3HAYCHHs jedopmaiiid 3a JTOMOMOTOO
ten3ope3uctopis (m. 1.7).

3pa3ok i BUIPoOyBaHb

Y po6OTi BUKOPHUCTOBYIOTh HOPMAIbHUN HMUIIHAPUYHUE 3pa3ok tuny 1V (aus.
nabopatopHy pobdoty 2.1).

OCHOBHI B1JIOMOCTI 3 T€OPIi

Sk Bimomo, mpu poOOTI Marepiany B MPY>KHINA CTaAll BIH MiANOPAIKOBYETHCS
3akoHy ['yka Tak, mo oxHakoBuM mpupoctam AF HaBaHTaKEHHs BiIIOBiIAOTH
onHakoBi npupoctr A¢ MOI0BKEHHS 3pa3Ka.

[ls mpomopuiiHICTh MK HaBaHTXEHHSAMHU 1 AedopMallisiMUd TMPH ACSIKOMY

3HAYEHHI Fm; HAaBaHTAKEHHA NopylryeThes. Jepopmarii, sk mpaBuiIo, NOYUHAIOTh

3pocTaTy WIBUAILE, HIXK HaBaHTakeHHs. HanpyxeHHs O, , Ipu SKOMY MOPYIIYEThCS

ny’
JiHIMHA 3aJeXKHICTh MDK CWIOK 1 jJedopMalli€lo, Ha3UBAEThCA  MEXKEIO
POTOPLIHHOCTI.

Jl7iss BU3HAYCHHS Fnu 3pa30K 3aBaHTaXYIOTh MOCTYNOBO Ha BUIIPOOYBAIbHIN
manuHi piBauMu 9actkamu AF . TIpu ko)kHOMY 3HaYeHHI HaBaHTAXKEHHsI TPHIIIOM
JUIs 3aMipy Jieopmarlii BU3HAYaI0Th 30UIBIICHHS TOBXKUHU PO3PaXyHKOBOI JTIJISTHKU
3pa3ka (0a3W BHMIpIOBAJILHOTO TMpHIaay). 3BUYAMHO, B MeKaX IPOMOPIIHHOCTI
KOJKHIM YacTI[l HaBaHTaXEHHS BIJMIOBIIaTUME 30UIBIIICHHS 111€1 TUITHKA Ha OJTHAKOBY
enmunay OA¢ (puc. 21). ®akTHYHO Yepe3 MOXHOKHM E€KCIIEPHMEHTY Ii BEINYMHHU
OAl GynyTh BiIPi3HATHCS Ha MaJli YaCTKU MiJiMETpa.

Puc. 21.
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[licist pocArHeHHS HaBAaHTAXKEHHS 3HAYECHHS Fnu MPOMOPLIMHICTE  MIXK

HABAaHTQKEHHSAMH Ta MOJOBKEHHSAMH NOpYyHIyeThes i TuM camuMm dactkam AF
OyayTh BIAMOBiZATH 30LTBIICHI TPHUPOCTH MOMOBXKEHbOA! . 3a BIAXUICHHSAMH Bl

POMNOPLINHOCTI BU3HAYAIOTh Fm;

Monyns npyxksocti E, mo xapakrepusye mnpyxHi sKkocTti MaTepiany,
BU3HAYAIOTh 3 (POPMYIIH IS a0COTIOTHOTO MOAOBKEHHSI:

E:i_

Al
V uiit popmyni F - naBaHTaxkeHHs B MeKax IPOMOPIIMHOCTI;
A, - mioma mepepisy 3paska;
{ - 6a3a BUMIPIOBAJIBHOTO MPUIIANY;
Al - nonosxxeHHs 0a3H, 1O BiJIMOBia€ HABAHTAXKEHHIO F .
3po3ymisio, M0 3aMiCTh a0COJIIOTHOTO 3HAYeHHs F JUIs BU3HAYeHHS MOIYJIs
IPYXHOCTI MOXHA B3aTH npupict HaBantaxenus AF . Toxi 3amicte 47 HeoOxinHO
Opatu mpupicT momoBKeHHs OAL ;

E:AFM
AoA0

[TocniIOBHICTh BUKOHAHHS POOOTH

[lepen mouaTkoM BUMPOOYBaHb BUMIPAIOTH 3pa30K. 3riAHO 3 OOpaHUM THUIIOM
TEH30METpa BH3HAUYAIOTh PO3PaxXyHKOBY JOBXKHHY 3pa3ka (0a3y tensomerpa). Lli
3HaYEHHS 3aHOCSThH Y JKypHaJ CIIOCTEPEIKEHb.

Jlam 3pa3ok 3aKpiIUISIOTh Yy 3adilKaX MAIlMHA 1 BCTAHOBIIOIOTH MO OOMIBA
Ooku 3pa3ka TeH3oMeTpu. [lepes BUIPOOYBaHHAM Jal0Th He3HAUYHE HaBaHTaeHHS (1
kH) s Toro, 1106 0OTUCHYTH KiHIIIBKY 3pa3Ka i yCyHYTH HEUIUIbHOCTI. [Ipu npomy
HAaBaHTA)KEHHI 3HIMalOTh mepini Bimliku A4, Ha mpaBomy W A, Ha IJiBOMy

TEH30METpaXx.
BunpoOyBaHHs mpoOBOASTH, 30UIBLIYIOYM HABAHTAXEHHS  OJHAKOBUMU
gactkamu AF = 10 xkH. ExcriepuMeHT 3aKiHUyIOTH TOJI, KOJM Marepial 3paska

MOYMHAE TEKTH, IO TMOKa3ye pi3Ke 3pOCTaHHA BIWIIKIB Ha TEH30MeTpax 0Oe3
30UTBIIIEHHST HABAHTAXKCHHS.
OO6pobOKy pe3ynbTaTiB BUNIPOOYBaHb MOYMHAIOTH 3 BUSHAUCHHS HABAHTAKCHHS

Fnu' Jns mporo mincymoByroTh Biutiku A4; Ta A, mo JiBoMy # ImpaBomy

TEH30METpax I KOXXHOTO HAaBaHTAXEHHS, a IMOTIM OOYHUCITIOITh MPHUPOCTH
M A, + A, ) uux cym. HaBaHTaxkeHHs, TIPU SIKOMY L1 IPUPOCTH Pi3KO 301IBITYIOTHCS,
1 2

BBAXKAIOTh le .

Mexxy mponopiiHOCTI 00YUCITIOTH 32 (OPMYJIO0

o = F
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OOuucieHHs MOAYNIS TMPYKHOCTI BHKOHYIOTH 4epe3 CepelHid MpupicT
nedopmariiit
Aécp:ZA(A1+A2)D K C
2n 1000(
ae N - KUIbKICTh MPUPOCTIB CyM BIJUTIKIB, III0 BpaXxOBaHi MpY BU3HAYEHH] CEPETHHOTO
BIJIJTIKY;
K - mina moginku reHsomerpa.
Moy TpyKHOCTI IPU PO3TSTY

E =

AF [/
AbAgcp

KoHTposbHiI 3anuTaHHs

[Io Take MOAYJb MPY>KHOCTI MEPIIOTO POAY?

B sxux po3paxyHkax nmoTpiOHUN MOIYJIb MPYKHOCTI?

Ska ¢izudHa CyTh MOAYJIS TIPYKHOCTI?

J171s1 4oro mpu3HaueHi TEH30METPH ?

Yomy npu BU3HAUYCHHI F HaNpy)KCHHS HE MOBUHHI MEPEOLIBIITYBATH MEKY
MPOTIOPIIIAHOCTI?

o € 6a3010 TeH30MeTpa?

arwnNE

o

2.3. BunpoOyBaHHs cTajli Ha CTHCK

MeTta po0OTH: BUBYEHHS BIACTUBOCTEH IIACTUYHUX MaTeplaiiB MPH TUCKY 1
BHU3HAUEHHS IXHIX MEXaHIYHUX XapaKTEPUCTHK.

BunpoOyBanbHa wmamuHa. BunpoOyBaHHS NpOBOISAT, HAa BUIPOOYBaJbHIN
mamwai YBM-50 (@. 1.1).

3pa3ok s BUNPoOyBaHb

Jns  BunmpoOyBaHHA BUKOPHCTOBYIOTH 3pa30K y BUIVIAAl LMIIHApPA 3

BIJIHOIIIEHHSIM BHCOTH 10 niamerpa — = 1... 3.CTHCK OpOBOJATH IEHTPATLHUMHU

HAaBaHTa)XCHHAMH TapajelbHO oci 3pa3ka. Ha minHicTe Ta XxapakTtep aedopmarriii
BIUTMBAIOTh CUJIM TEPTSA, IO MIOTh y IUIONIMHAX KOHTAKTa MiIX TOPISIMH 3pa3ka i
OTIOPHUMU TIJIUTAMHU MAIIMHU. SIKIIO 3MACTHTH TOPII 3pa3Ka Jis 3MEHIICHHS CHUII
TEpTs, BEJIWYMHA MEXI MIHOCTI BHUSBISETHCS MEHIIOK, HDK TPH BIJACYTHOCTI
mactuna. [[o6 onepkatm mMOpiBHIOBAaHI pe3yNbTaTH, HASBHICTh YU BIJICYTHICTb
3MalyBaHHs He0OXiqHO 3a3HadaTH. Cwin TepTs MPOTUIIIOTH Aedopmarlii 3pa3ka y
MOTIEPEYHOMY HaIpsaMy. BITUB 1IUX CHUIT 3MEHIITY€ETHCS TIPH BiIJAJICHHI BiJl TOPIIIB JI0
cepeaunu. Yepes 11e 3pa30K Mpu CTUCKY cTae 0oukornomaionum (puc. 22).

BpaxoByroun BIUIMB CHJI TepTs Ha pe3yJbTaTH EKCIEPUMEHTYy, He
PEKOMEHIYEThCS BXKHUBATH JyXK€ KOPOTKI 3pa3ku. He crmig 3acTocoByBaTH TaKoxXK
JIOBT1 3pa3Kd, OCKIJIbKA BHACIIIOK X0Ua HE3HAYHUX E€KCIICHTPUCHUTETIB MPUKIIATaHHS
HABaHTAXEHHS KpPIM CTUCKY 3 SIBUTbCS 3ruH. [lpu 30UIbIIEHHI JIOBXHHHM 3pa3Ka
3pOCTae 1 BIUTUB 3THUHY.
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OcHOBHI BIJIOMOCTI 3 Teopii

[Ipu cTUCKY 3pa30K MOKOPOTIIYETHCS 1 PO3MIMPIOETHCS 3aMICTh MOJAOBKEHHS
Ta 3BY>KEHHSI TIPU pO3TATY. BCl MeXaHIuHI XapaKTepUCTUKU MaTepialliB 30€piratoTh Ti
cami BU3HAYCHHsI Ta TO3HAYCHHS, 1110 i PU PO3TATY.
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Puc. 22.

OTxe, BITHOCHE MTOKOPOTIIAHHS

e
e ho ta N - BucoTa 3pa3ska BiAMOBIAHO /IO Ta IICJIA €KCIIEPUMEHTY.
BigHocHe nmonepedHe po3mMupeHHs

W= A—-A4,
4,
ne A ta Ay - moma nepepizy 3pa3ka BiIIOBIJHO MICJIs Ta 0 €KCIEPUMEHTY.
3 miarpamu CTHCKY M’'sKOi ctami (puc. 23)BUAHO, IO B IOYATKOBOMY TEPioIi

Puc. 23.
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3aBaHTAXEHHS, SK TpPU PO3TATY, Ma€ MiClle MNPOMOPIINHICTE MK CHJIOI Ta
nedopmariero. Ilicms  JOCATHEHHS  HaBaHTaKEHHS, 10  BIJANOBIAAE  MeEXl
IPOMOPLINHOCTI, JIHIAHA 3alIeKHICTh TOPYIIYEThCsA: Aedopmallii  3pOCTal0Th
MIBU/IIIE, HDK HaBaHTaXeHHs. [Ipu momanbmioMy 30UIBIIEHHI CTHUCKYHOYOI CHIIH
3pocTaHHs Jaedopmalliii MOCTyNOBO CTa€ TMOBIIBHUM 3a PAaXyHOK 301IbIICHHS
nepepizy 3paska. OCKUIBKHY 3pa30K IiJ] AIEF0 3pOCTaI0UOr0 HaBAHTAXKEHHS IMOCTYIIOBO
PO3IUIIONIY€ETHCS, BHU3HAYUTH pPYHHYIOUE HABAaHTOKEHHS HEMOXIWBO. Tomy

BUIIPOOYBAaHHS IIEPEPUBAIOTH IPU ACSIKOMY HaBaHTaxeHHI F.., oOMexyrodnch

BHMBUEHHSIM MOBEIIHKHU Ta XapakTepy nedopmaniii miacTUYHOI CTall IpU CTUCKY.
BunpoOyBaHHsi Ha CTHUCK ISl IUIACTUYHOTO MaTepialy € J0JaTKOM 0
BUIIPOOYBaHb HA PO3TT.
BuzHaueHHs1 Hanpy>KeHb 3a POPMYJIOL0

O... = Finax
max /AU
J1a€ J1y>Ke YMOBHI BEJIMYMHU Yepe3 HEOJHAKOBICTh Mepepi3iB 3pa3ka B3JI0BK BUCOTH.
Mexy nponopuiitHOCTI MpU CTUCKY MOXHa BU3HAUMTH TaK camo, SIK 1 IpH
pO3TATY:

[TocniIoBHICTh BUKOHAHHS POOOTH

[lepen mouaTkoMm BuNpoOyBaHb 3aMIpsIOTh J1aMETp MeEpepidy Ta BUCOTY
CTaJIEBOTO 3pa3Ka.

3pa3oKk pPO3MINIYIOTh MIDK CTUCKYIOUUMH IUJIOIIMHAMH BUIPOOYBAIBbHO1
MalllMHA Ta TPOBOJAATH HOTO TOCTYNMOBO 3pOCTarode HaBaHTaKeHHs. OIHOYACHO
crioctepiraroth aedopmairii 3pazka. Koau cruckyroua cuna gocsrae 350... 400xH,
BUTIPOOYBAaHHSI IEPEPUBAIOTH.

BuMiprotoTh iaMeTp Ta BUCOTY 3pa3ka micis aedopmariii.

OOunCIIOIOTh  HOpPMAJIbHE  HANpYKEHHS CTalli TpU  MaKCUMaJIbHOMY
HABaHTAYKEHHI.

Pe3ynbratu 3amipiB Ta OOUYHCIIEHBb 3aHOCSTh Y KYPHAJ CIIOCTEPEKEHb.

KoHTposbHiI 3anuTaHHs

Ska meta mabopaTopHoi po6oTH?

SAxka ¢popma nepepizy 3paska Jjisi BUIIPOOYBaHb?

Ske BITHOIIICHHS BUCOTH JI0 JlaMeTpy Mepepizy MOBUHEH MaTH 3pa30K?
Sxwmii BUTTISAD Ma€ maiarpama CTUCKY?

Yu BIUIMBAIOTH CHIIA TEPTS MK TOPIIMU 3pa3Ka Ta OMIOPHUMU ITUTAMH Ha
dbopMy nedopmyBaHHs 3pa3Ka 1 pe3yabTaTH BUIPOOYBaHb?

3a sxor0 (GopMyso0 OOYHCIIOITH MEXY MNPOMOPIINHOCTI CTalll MpH
CTHCKY?

. SIxa po3MipHICTh YMOBHOI M€3K1 MIITHOCTI i MEX1 MPOMOPLIHHOCTI cTami?

. SIkoi ¢popmu HAOyBa€ 3pa3oK MPHU CTUCKY?

arLOdOE

o

o
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9. 3a sxumu (opMmynamMu BH3HAYAIOTh BITHOCHE MOKOPOTIIAHHS Ta BiJIHOCHE
PO3IIUPEHHS 3pa3Ka?

2.4, BunpoOyBaHHsI YaByHa HA CTUCK

MeTta poGOTH: BUBYCHHS BIACTUBOCTEH KPUXKUX MaTepialiB MPU CTHCKY Ta
BHU3HAYEHHS MEX1 MIIIHOCT1 YaBYyHa.

BumnpoOyBaibpHa MalmHa

ExcnepuMeHT BUKOHYIOTHh Ha BUNIPOOYyBainbH1M MamuHi Y BM-50.

3pa3ok i BUNPoOyBaHb

BunpoOyBaHHST 4YaByHa Ha CTHCK 3BHYAHO TMPOBOASATH Ha 3pa3kax

MTIHAPUYHOT (OPMHU 3 BiIHOLIEHHSAM BHMCOTH 10 Aiamerpa y mexax h/d = 1..2
(puc. 24).
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Puc. 24.

JI1s TakuX KPUXKUX MaTepiaiiB, sSIK KaMiHb Ta O€TOH 3BHYailHO 3pa3oK OepyTh
y BUIJIS1 KyOa.

OCHOBHI BIJIOMOCTI 3 Teopli

Kpuxki marepianu (4aByH, KaMiHb, OCTOH Ta iH.) Ha CTHCK IPAIfOIOTh 3HAYHO
Kpalie, Hi’K Ha PO3TST, TOMY BOHH BUKOPUCTOBYIOTHCSI CaM€ B CTHCHYTHX €JIEMEHTaxX
cnopya. OTxe BUTTPOOYBaHHS Ha CTUCK JIJISl TAKUX MaTepialliB € OCHOBHUMH.

Ha mouatky nii HaBaHTaXEHHs diarpamMa CTHCKY YaBYHHOTO 3pa3Ka JIyKe
Onm3bKa 10 npsamoi (puc. 25).Binxunenns ii Bix oci F mane. Touna npomnopiiiHicTs
MK HaBaHTQXEHHSIMH Ta MOKOPOTIIAHHSIMH BIJICYTHS, TOOTO 3akoH ['yka B LIbOMY
BUMaAKy He aie. OgHAK B MEXax TUX HANpYKEHb, MPHU SKUX MaTepiaia 3BUYAHO
3aCTOCOBYETHCSI B KOHCTPYKLIAX, BIAXWJICHHS BiJ 3akoHy ['yka He3HauHe 1 Ha
MPaKTHUIll HUM HEXTYIOTb.

[Tpu 3017bIIEHH] HABAaHTAXKEHHS JllarpaMa CyTTEBO BUKPHUBIISETHCS, 3POCTAHHS
aedopmaliiii  BUNEpeHKaE 3pOCTaHHS HaBaHTaXXEHHsA. PyiliHyBaHHS  3pa3ka
BiIOYBa€ThCS MHUTTEBO TPHU JOCTATHBO 3HAYHOMY HaBaHTaxeHHI F ... PyiiHyBaHHs

BiIOyBA€THCS B3MOBXK MOXMINX TLIOIIMH, KYT SKHX 3 Biccro 3paska ckmagae 45... 50,
[e#t kyT Haxwiy IUIOIIMH PYWHYBaHHS ONM3BKUN MO KyTa HAXWIy HaWOLIbIINX
JOTHUYHUX HANpPYKEHb.
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Puc. 25.

CtucHyTHH  3pa3oK 3MIHIOE TIONMEpPEeNHI0 [UIiHAPWYHY ¢GopMy Ha
004KOMO1I0HY, 10 CBITYUTH PO HASBHICTh HEBEJIIMKUX IJIACTUYHUX JAehOopMallii.

Mexxy MIIIHOCTI YaByHa BU3HAYAIOTh 3a B1JIOMOIO (hOPMYJIOIO

amax = Fmax/ A)

Bim3naunmo, 1mo giarpaMu CTUCKY 1 pO3TATY KPHUXKHX MaTepiajliB MaloTh
onHakoBy (opmy, ane mexa minHocTi npu ctucky (500... 1000MIla) B aexinbka
pasiB MEePEeBUIIYE MEKY MIITHOCTI nipu po3Tary (210... 32QMI1a).

[locni1I0BHICTh BUKOHAHHS POOOTH

[Ticast BUMiproBaHHS 3pa30K BCTAHOBIIOIOTH MiX CTUCKYIOUHUMH TUIOIIMHAMHU
MAIIMHYU i TPOBOAATH HOr0 CTUCK 10 pyMHyBaHHsS. 3HAUEHHs HaBaHTaXeHHsS F

max?’
U AKOMY BiAOYJOCS pyiHYBaHHS, 3aHOCSTh B )KypHaJl CIIOCTEPEIKEHb.

OOuunCIOIOTh MEXY MIIIHOCTI 4YaByHa Ha CTUCK 1 3a Tabn. 2 JlomaTky
BU3HAYAIOTh MapKy YaByHa.

KoHTposibHI 3anuTaHHs

Ska mera mabopaTopHoi podoTH?

Sxa popma mepepizy 3pas3ka st BUTPoOyBaHb?

Sxwuii BUTTISAL Ma€ aiarpaMa CTUCKY YaByHa?

Jlnis sikuX martepiaiiB BUMPOOYBaHHS Ha CTHCK Ma€ Ba)UIUBE MPAKTUYHE

3HAYEHHS?

Sk BIAPI3HSIOTHCS AlarpaMu CTUCKY YaByHA Ta CTaJIi?

. YoMy pyliHyBaHHsI 3pa3ka BiJOYBa€ThCS B3JIOBXK IUIONINH, HAXUJICHHUX ITiJ|
KyTOM 45 10 Moro oci?

7. 3a axoro (popMysI0r0 BU3HAYAOTh MEKY MIIIHOCTI YaByHA MPHU CTUCKY?

PwONE

o o

2.5. BunpoOyBaHHsI JepeBUHM HA CTUCK

Meta poOOTH: BUBYEHHS BIACTUBOCTEW JEPEBUHU MpPH CTUCKY 11 B3IOBX Ta
MOTIEPEK BOJIOKOH, BU3HAYCHHS MEK1 MIITHOCTI.
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BunpoOyBasibHa MamHa

ExcnepuMeHT BUKOHYIOTH Ha BUMIPOOYBaIbHIN MaruHl Y BM-50.

3pa3ok i BUIPoOyBaHb

Jlns BunpoOyBaHb JAEPEBUHU Ha CTUCK Yy i poOOTI 6epeMo KyOMKH 3 COCHH
po3mipom S0x50x50 MM.

OCHOBHI BIJIOMOCTI 3 Teopli

OnHi€ero 3 MEXaHIYHUX XapaKTEPUCTUK JIEPEBUHH € OITip 11 CTHCKY.

Benuuuna onopy AepeBHHM TEPI 3a BCE 3aJICKUTh BiJl TOTO, SIK CIPSIMOBAaHE
HABaHTAXXCHHS BIJIHOCHO HANpPSIMKY BOJIOKOH: y310BX (puc. 26) abo momepek (puc.

27).
| F

50
N
>

i

Puc. 27.

Pi3Hutisg B MIITHOCTI TIOSICHIOETHCS THM, IO AepeBUHA (DAaKTHYHO CKIIATAETHCS 3
IUTACTUHOK Pi3HOT MINHOCTI. Lli MIacTUHKM YTBOPIOIOTHCS 3 BECHSHUX Ta OCIHHIX
apiB IEPEBUHM PI3HOT MIITLHOCTI.

[Ipu cTHcKy B310BX BOJIOKOH PYWHYBaHHSI BiJIOYBA€ThCS MICIS BUYEpIAHHS
MIITHOCTI TBEPJUX IUIACTUHOK MPH MOPIBHSHO HEBETUKHUX Aedopmarlisx. Sk cCBIIUATH
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niarpama cTUcKy (puc. 28), Mk HaBaHTaKESHHSAMH Ta JIe(hOPMAIIi€0 CIIOCTEPIraeThCs
POTOPLINHICTE Makke 10 pyWHYBaHHS.

BunpoOyBaHHs mpOBOJATH 10 pyHMHYBaHHS 3pa3ka. MakcuMasibHE 3YyCHIUIS
BU3HAYAIOTh 3 JlarpaMyd CTHUCKYy a00 BIJIpaxOBYIOTh Ha IIKajldl CHUJIOBHUMIpIOBaya
BUIIPOOYBaJIbHOT MAIIMHH.

[Ipu BunpoOyBaHHI Ha CTUCK IIONEpeK BOJOKOH (puc. 27) MOYaToK
pYWHYBaHHS 3pa3ka MOMITHUTH Ba)KKO, OCKUIbKM MPHU LBOMY CTpUIKa MaHOMETpa
3aTPUMYETHCS Ha JyKe€ KOpOTKhi bac. Jlam mepeBWHA YIIUTBHIOETBHCS, ii OMIp
301IBIIYEThCSI, HaBaHTaxeHHs 3poctae (puc. 29). Tomy 3a MakcUMalbHE
HABAaHTa)XCHHA MNPUIMaOTh ab0 CHITY Fnu,mo BIJMOBIIa€ MEX1 MPONOPIIHHOCTI,

=

Fmax —

Puc. 28.

abo 6mm3bky 1o Hei F ... OcTaHHS BiAMOBiga€ HABAHTAXKCHHIO B Yac MPUITHHCHHS

eKCIIEpUMEHTY, KOJIM BICOTA 3pa3Ka MPHU CTUCKY 3MEHIIYEThCs mpuOim3Ho Ha 1/3 Bin
CBOT0 MOYATKOBOTO 3HaueHHS. [Ipu CTHCKy momepek BOJOKOH pPYHHYIOTbCS M SIKi
IIapH 3pa3ka.

F o

Fmax - T T T =
Fs |-

— Al

Puc. 29.
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VY pe3ynbrari BUNIPOOYBaHb BU3HAUYAETHCS MEKa MIIIHOCTI JIEPEBUHHU (COCHA)
IPU CTUCKY i1 B3JJOBXK Ta MOMEPEK BOJOKOH 32 (HOPMYIIOI0

— ' max
g = .

max A)

Meska MIITHOCTI JIEpEBUHU MIPU CTUCKY B3J0BXK BOJOKOH NpuOiau3Ho B 10 pasis
O1IbIIIE MEX1 MIITHOCT1 OTIEPEK BOJIOKOH.

MIiLHICTh JAEPEBUHHU 3aJEKUTh BiJl 1l BOJIOTOCTI. 3 MiJABUIIEHHAM BOJIOTOCTI
Omip JEePEBUHU 3MEHIITYETHCSI.

[TocniIoBHICTh BUKOHAHHS POOOTH

[Ticas BUMIipIOBaHHS 3pa30K PO3TAIIOBYIOTh MK CTUCKYIOUMMH IUIOIIMHAMU
BUNPOOYBAILHOT MAITUHHU.

[IpoBomATh CTHCK 3pa3ka 3pOCTAIOUYMM  HABAaHTAXEHHSM, OJHOYACHO
CTIIOCTEPIraroTh 3a CTAHOM 3pas3Ka.
[Ticas pylinyBaHHS 3pa3ka (PIKCyIOTh MaKCHUMaJbHE 3HAUEHHS HABAHTAXKEHHS
BUBUTHHSIIOTH 3Pa30K.

F

max?
VY KypHam CIMOCTEPEKEHb BUKOHYIOTh OOUYMCIIEHHS MEX MIITHOCTI JICPEBUHH
IIPU CTUCKY 11 B3JOBXK Ta IIOIEPEK BOJIOKOH.

KoHTposbHi 3anuTaHHs

Sxka meta nabopaTopHoi po6boTH?

SIxi BUaM BUMPOOYBaHb IPOBOASATH MPHU CTUCKY JIEPEBUHU?

Sk BIJIMBA€E BOJIOTICTh IEPEBUHU HA OMIp ii CTUCKY?

Konu nepeprBaioTh BUNpPOOYyBaHHS AEPEBUHU HA CTHCK Y3JIOBXK 1 MOMEPEK

BOJIOKOH?

3a K010 GOpPMYII0I0 OOUUCITIOIOTh MEXY MIITHOCTI IEPEBUHU MIPHU CTUCKY?

. SIKk BIAPI3HAIOTHCSA OJHA BiA OJIHOI JlarpaMu CTHCKY B3JIOBXK 1 IOTMEpEK
BOJIOKOH?

7. SIka 3 MeX MIIHOCTI JEPEBUHHU MPH CTUCKY Oijibine (B3AOBK UM IMOIEPEK

BOJIOKOH)?

NP

o o

2.6. BunpoOyBaHHSI JepeBUHH HA CKiJI

Meta poOOTH: BUBUEHHS MEX1 MIITHOCTI AEPEBUHHU Ha CKLI y370BK BOJIOKOH.

MainuvHa Ta npuiaad s BUNpoOyBaHb

BumnpoOyBaHHS BUKOHYIOTh Ha BUTIPOOyBanbHIK MammHi YBM-50 a6o iH. (1.
1.1,1.2).

3pa3ok Juist BUnpoOyBaHb

s BumpoOyBaHb Ha CKUI 3aCTOCOBYIOTH 3pa3oK, HaBeneHuit Ha puc. 30.
[TnomuHa ckoy 3pa3ka MOBMHHA OYTH AOTHYHA 10 PIYHMX KiJellb JepEeBUHU. 3pa30K
3aKJIaJal0Th y CreniaabHuil mpuctpi (puc. 31) Tak, mo0 BHCTyn 3pa3ka OyB
PO3TaIIOBaHUI HAIPOTH JIe3a.
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OCHOBHI B1JIOMOCTI 3 T€OPIi
[Ipu neBHil BemunHi THCKY F

ax ONOPH BHIIPOOYBalIbHOI MAIlIMHU Ha J1€30 3

(puc. 31), 3akpiruieHe TBHHTOM 2, CTaHEThCs CKUT BUCTyna 1 3paska mo ruiomuHi

abcc (puc. 30).Mexa MIHOCTI Ha CKi BFI/IBHa‘-IaCTbCH 3a (OpMYIIOI0

Yye

|
| b
L/
| <
l
. | B
< 1
/
ey
/¢

ne Ay - miomnia ckodty 3paska (mwiomga abcc).

ITocai10BHICTH BUKOHAHHS pOOOTH

Bumipssim po3mipu 3pa3ka, BU3HAYAIOTh TUIONTY CKOJTY

Ay = hy [hy,.

[Ipuctpiii 31 3pa3koM BCTAHOBIIOKTh MIX CTUCKYIOUMMH ILIOIIHHAMM
BUTIPOOYBaILHOT MAIIIMHH.

[ToctynoBo 301MBIIYIOYM THCK, BiJ3HAYalOTh MOMEHT TIaJ(IHHS 3HA4YEHHS
HaBaHT@KeHHS. Haiibinpliie MOCATHYTE M0 WBOTO MagiHHS HaBaHTaXeHHS F ..

BIJITOBI/Ia€ MUTI CKOJIy 3pa3Ka. 3a HaBEACHOK BUIIE (OPMYJIOK BU3HAYAIOTH MEKY
MIIIHOCTI O, AEPEBHHU HA CKLIL

KoHTpoJbHI 3anuTaHHs
Sxka meta nmabopaTopHoi po6oTH?
Sk po3TaroBaHa MIONIMHA CKOJIY BITHOCHO PIYHUX KUICIh IEPEBUHU?
Sk BU3HAYAIOTH ILJIONLY CKOJTY 3pa3ka?
Sk (ikcyeThCs SIBUIIE CKOTY ACPEBUHU?
Sk BU3HA4YAIOTh MEKY MIITHOCTI JICPEBUHM HA CK1T?

RO

34



1
(e
| 2
AT e
F
3
2
Z///] At~
////'91- == T

v oo/

1
Puc. 31.

2.7. BunpoOyBaHHSsI IJIacTMacH HA PO3TAT

Meta poOoTH: 03HAHOMIIEHHS 3 OCOOJIMBOCTSIMH BHUIPOOYBaHb IUIACTUYHHX
Mac TP PO3TATY, BU3HAYEHHS MEK MIITHOCTI Ta TEKYy4OCTl, BITHOCHOTO MOJOBXKCHHS.
BunpoOyBanbHa MalHa Ta Opuiaju
BunpoOyBaHHsi 1uiacTMac MPOBOJMMO Ha MalllMHAX, SKI [P PO3TATY
3a0€3MeuyloTh BHUMIPIOBAHHS HaBaHTaXEHHsS 3 MOXUOKow He Oinbme 1% Bix
BUMIPIOBAaHOT BEJIMYMHU. 3ayillKd MAaIIMHK TIOBMHHI 3a0e3ledyyBaTd HaJliiHe
3aKpIIUICHHS 3pa3Ka Ta CHiBHaAIHHS HOro MO30BKHbBOI OC1 3 HAIIPSIMKOM PO3TATY.
Jlns BuMiproBaHHs gedopMalliii BAKOPUCTOBYIOTb.
- MpWiIaad, MO0 3aKpIIUIIOITBCS Oe3locepeHb0 Ha 3pa3kax — MeXaHiyHi,
eJIEKTPHUYHi Ta iHIoro Ty Ter3omerpu (m. 1.6, 1.7);
- TpUJIAAM 3 ONTHYHOIO 200 1HIIOK CUCTEMOIO BUMIPIB, HE 3aKPIIUICHI Ha 3pa3Ky.
3pa3ku il BUIpoOyBaHb
Jlnst BunpoOyBaHb 3aCTOCOBYIOTH 3pa3ku TpboX TUMIB (puc. 32).3pa3ku tumy 1
BUKOPHUCTOBYIOTH JJIsi BUTIPOOYBaHHS IJIACTMAC 3 BUCOKUM BITHOCHUM MOJIOBKEHHSIM
npu po3puBi (MOJTiETHIICH, TUTACTU(IKOBAaHUN TIOTIBIHUI-XJIOPH Ta iH.).

35



Ha 3pazkax tumy 2  BUOpoOOYyIOTh  OUIBLIICTE  TEPMOAKTHBHHX,
TEPMOIIJIACTUYHUX MaTepiaiB.

OCHOBHI BIJIOMOCTI 3 Teopli

VY pi3HUX BUIB IUIACTMAC JiarpaMu po3TATY MOXKYTh OyTH 30BCIM HECXOKUMH.
BunpoOyBaHHs miiacTMac Ha po3TsT POBOASTH, BU3HAYAIOUH:

1) pyiinytode HanmpykeHHS O ., T4 MEXKY TEKY4OCTi T,

max
2) BIIHOCHE IOJOBKEHHS MPH PO3PHUBI Ep Ta BIZIHOCHE IIOJOBXEHHS &, 1110

BIJITTOBIIa€ MEX1 TEKy4OCTI.

[TocmigoBHICTE BUKOHAHHS POOOTH

HaBanTaxkeHHs, 110 BHW3HA4Ya€ MeEXY TEKYy4OCTl, BIAMOBIIA€ 3POCTAHHIO
nedopmariii, mo BiAOyBarOThCS 0€3 TOMITHOTO 30UIBIICHHS HaBaHTAKEHHS a0o
IOYaTKy YTBOPEHHS Ha 3pa3Ky MICIIEBOTO 3BYXXEHHS — IIMHKH. SIKIIO MaTepiall He
Ma€ MEX1 TEKy4oCTi, BH3HA4YalOTh YMOBHY MEXYy TEKYy4OCTi, IO BIAMOBIIA€E
MOMITHOMY 3POCTaHHIO jiehopMarltii.

Jliarpama po3TATy Ja€ HaOYHE YSBJICHHS Ipo Iporec aehopMyBaHHS.

[Ipy gocsrHEHHI MEX1 TEKYYOCTI TEH30METp HEOOX1THO 3HATH, 100 Mij yac
PYWHYBaHHS 3pa3Ka HE MOITKOAUTH HOTO.

[Ticns pyiiHyBaHHS 3pa3ka OOMJIBI HOTO YacTUHW BUHMAKOTh 3 MaIWHH,
3’ € THYIOTH 1X 1 BaMlpﬂ}OTb 3aJTMIITKOBE TTOIOBKEHHS. HeoOXiTHO BpaxoByBaTH JIHIIIE
pe3ynbTaTH, OJEp’KaHI Ha 3pa3Kax, IO 3PYWHYBAIMCS B MeEXaX pPO3PaxXyHKOBOI
YaCTHUHH.

3a ofep)KaHUMHU JAaHUMH OOYHCIIOIOTh MEXY MIIIHOCTI Ta TEKY4OCT1, BiTHOCHE
MOIOBXKEHHSI 3pa3Ka.
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KoHTposbHiI 3anuTaHHs
1. Sxa meta mabopaTopHoi pobOTH?
2. Slkuit xapakTep Mae giarpama po3TATy IJ1acTMacu?
3. SIki MexaHiuHI XapaKTePUCTUKHU BU3HAYAIOTH IMPU PO3TATY IJIACTMACH ?

2.8. Bu3znaveHnHsi MoayJisi N0310BKHbOI MPYKHOCTI MJIacTMAac

Merta po0GoTH: BUZHAYEHHS CTATUYHOTO MOJIYJISI PY>KHOCTI MJIACTUYHUX Mac.

BunpoOyBajibHa MalliMiHa Ta TpUIaIn

BunpoOyBaHHSI BUKOHYIOTh Ha MalllMHAX, SIKI MPU PO3TATY 3a0€3MeuyloTh
BHUMIPIOBAHHS HaBaHTAXEHHs 3 MOXHOKOI0 He Oinbiie 1%.

Jlnis BUMiproBaHHS JedopMaliiii BUKOPUCTOBYIOTh MEXaHIYHI ab0 eIeKTpUYH1
tenzometpu (. 1.6, 1.7).

3pa3ok Juist BUpoOyBaHb

Jlnst BUnpoOyBaHb BUKOPHCTOBYIOTh 3pa3Ku TPhOX TUIIB (puc. 32).

OcHOBHI BIJIOMOCTI 3 Teopii

VY peanbHUX TBEPIWX TijaxX 3aBXKIUM Ma€ MICII€ BiAXWJIEHHS Bia 3akoHy ['yka,
3rITHO 3 SIKUM HAampyXeHHS B MPYKHOMY Tl mponopuidHe nedopmanii 1 He
3aJIEKUTH BiJl IIBUIKOCT] HABAHTAXKEHHS.

CratuyHuii MOAYJb MPYKHOCTI BH3HAYaOTh IIPU TIOCTIWHIMN IIBUIKOCTI
nedopmartii (mogoBxeHHs") a00 HaNpyKeHHs (HABAHTAXKEHHS).

CratuyHuii MOJyJb TIO3JI0BXXKHBOI TpYykHOCTI Bu3HaudawTh 3a JICT, mo
MOIIMPIOETHCS Ha TJIACTUYHI MacW 3 MojayJsieM mnpykHocTi He Hmkde 300 Mlla 3a
bopmymoro

AR 4
A - [H,
ne AY ¢p ~ YCCPCIHCHE [OJOBKCHHS, 1110 BIJINOBI/Ia€ MOCTIHHOMY MPHUPOIIEHHIO

HaBaHtaxxeHHa AF ;
A, - nepsicHa 1oL Nepepi3y 3pa3Ka;
{ - po3paxyHkoBa qoBxuHa (6a3a TeH30METpa).
Hedopmariii 3a TEH30METPOM BIJIIKOBYIOTb HE MEHINE, HDK TPU JBOX
HABaHTaXEHHSX. HoyaTtkoBoMy k), mo mopiBHioe npubnusuo 2% Bix pyitHYr04Oro

Fp, i F. mo ckiamae 8... 10% Fp. [Ipy 1BOMY MIBMAKICTH HABAHTAXKEHHS
nouHHa craHoButu 0,25... 0,33MIla/c mnst maTepianiB, MIIHICTh SIKUX Ha PO3TST
oureie Hik 100MI1a.

KoxHuii 3pa30k 3aBaHTaXKYIOTh — PO3BAHTAXYIOTh IIICTh Pa3iB, 3aMipSIOYH

nogosxenns A npu AF =F_ —F;.

ITocnioBHICTE BUKOHAHHS pOoOOTH

[Ticast BuMiproBaHHS mepepidy 3pa3ka 3aKpiIUIIIOTh HOro B 3a4ilKax MAalluHU
Tak, 00 MO3J0BXXHS BIChH CHIBMAIaja 3 JIHICIO Ail HaBaHTa)XEHHS 1 BUKIOYAIOCH
npockoB3anHs. Ha po6o4y yacTuHy 3pa3ka CTaBIsATh TEH30METP Tak, Mmoo ioro 0asza
OyJa po3TamoBaHa BEpTUKAIBLHO TIOCEPEANHI IIMPUHHU 3pa3Ka.
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[Ticnst KOKHOTO 3aBaHTAXXCHHS — PO3BAHTAKCHHSI TIEPEBIPSAIOTh PO3TAITYBAHHS
TEH30MeTpa, 1100 HOro BiJIK OYB HYJILOBUM.

OGYUCTIOITH MOYJIb MPYKHOCTI 32 TPhOMA OCTAHHIMU BUMIPaMH.

Pesynbratu BUnpoOyBaHb 3aHOCATH B KYpPHAI CIIOCTEPEIKEHb.

KonTtpomnbHi 3anuTaHHs
1. Sxa meta mabopaTopHoi po6oTH?
2. Yomy HIBUAKICTh 3aBaHTAKCHHS IOBUHHA OOMEXXYBaTUCH?

2.9. Bunpo0yBaHHS mi1acTMac Ha CTUCK

Meta poOoTH: BU3HAYEHHS MEX1 MIITHOCTI IJIACTMAC IIPU CTUCKY .

BunpoOyBanbHa MalliHa Ta Dpuiaju

BunpoOyBaHHS BUKOHYIOTh Ha MallliHI, sSKa 3a0e3Mevye BiIIIK HABAaHTAKEHHS
3 moxubkoro He Ounbiie 1%, Ta 103BOIIsA€ 3aNUCyBAaTH JlarpaMy CTUCKY.

3pa3ku /i1 BUNPoOyBaHb

Jlnis BunpoOyBaHb BUKOPUCTOBYIOTH 3pa3Ké JAOBUILHOTO MEpPEPi3y, NOCTAaTHbHO
KOPOTKi, 1100 BHKIIOYUTH BIUIUB MOXKIIMBOTO EKCIICHTPUCUTETY MpPHUKIATaHHS
HaBaHTAXCHHS.

OCHOBHI B1JIOMOCTI 3 T€OpIi

OCHOBHUMH XapaKTEPUCTHKAMH, 1110 BU3HAYAIOTh POOOTY IJIaCTMAC HA CTHUCK,

- pyiiHyrode HampyxeHHs O, , IO BIIIOBINA€ HABAHTAXCHHIO ch npu
pyiHYBaHHI 3pa3ka abo MpH MOsIBI TPIIIUH;

- HanpyXeHHS J,g, 0 BIANOBIAA€ HABAHTA)KEHHIO P JTOCATHEHH] 30LIbIICHHS
mromi nepepidy 3paska 25% Bix moyarkoBoi miomyi Ay. Lleit moxasHuk —

YMOBHa M€a MIITHOCTI - BUKOPUCTOBYIOTh JIJIsl XapaKTEPUCTUKU MaTepialiB,
10 HE PYHHYIOTHCS MPU CTUCKY;

- BiAHOCHA Jeopmallis €., 1O BIANOBIAAE PYHHYIOUOMY HaBaHTXKCHHIO F :
Al
pc. — , -
o

I[J'IH miacrMac 3 piSKO OKpPECICHUMHA B,}IBKO-TCKy‘II/IMI/I BJIaCTHUBOCTAMMU
BU3HA4YAl0Th I[O,Z[aTKOBi XapaKTCPUCTHUKH.

- MeXy TeKyd4ocTi O, . TpH CTHCKY, LIO BiJNOBigac HaBaHTaXeHHIO

&

m.c.» 1IPA

SAKOMY MOYMHAETHCA 3pOCTaHHA AedopMaltiii 6e3 301IbIICHHS HABAaHTAKEHHS,

- YMOBHY (3MillaHy) MeXy TeKyd4octi O, , . TPH CTUCKY, WO BiImOBifae

napautaxenuto F, . (puc. 33);

- BIOHOCHY JaedopMamilo CTUCKY &, ., IO BHMIPIOETBCS IIPH JOCATHEHHI

HABAaHTAXKEHHS, IIPH SIKOMY PO3PaXOBYETHCSA MEKa TEKYYOCTI.
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[TocniIoBHICTh BUKOHAHHS POOOTH

BunpoOyBaHHsi MNpoBOASATH 13 3alMcOM JiarpaMu CTUCKY. [ins kpuxkoi
lacTMacu Ha Jiarpami Opd TIEBHOMY HAaBaHTa)XXEHH1 3 SBISIOTHCS HEBEIHUKI
BUCTYIIH, 1110 CBITYUTH MPO MOSIBY TPILIUH.

[licns pyiiHyBaHHS 3pa3Kka MallMHY 3YNUHSAIOTH, BUUMAIOTh 3pa3oK Ta
BHUMIPIOIOTh HOTO IOBKUHY.

ko 3pa3ok He 3pyWHOBaHUM, 3HAYEHHS PYHWHYIOUOTO HABaHTaXEHHA 1,
BIJIMOBIAHO, PYWHYIOUOTO HANpY>KEHHS BHU3HAYAIOTh 3a J1arpaMol0 CTUCKY JUIS
BITHOCHOT nedopmartii, o cTaHOBUTH 25%Bij] MEPBICHOT IUTOMII Tepepizy.

3a JnaHMMH BHIPOOYBaHb OOYHMCIIOWTE T, ., Oy, £, 1 3aHOCATH iX B

’KYpHaJ CIIOCTEPEIKEHb.
B o6panomy macmitadi BigoOpaxkaroTh Alarpamy CTHCKY.

KoHTposbHI 3anuTaHHs
1. flka meta maGopaTopHOi poOOTH?
2. B skux xoopauHatax OyayloTh Alarpamy CTHUKY?
3. SIki XapaKTepHCTUKH BU3HAYAIOTh MPU CTUCKY IIacTMac?

Puc. 33.

2.10. BunpoOyBanns ckiomiactuka AI'-4C Ha po3rsar

Meta po6OTH: AOCHIKEHHS BIACTUBOCTEH AaHI30TPOIHOIO Marepiany IMpu
PO3TATY 3 BU3HAYEHHSIM MEK1 MIIIHOCT1, MOJIYJIA MIPYKHOCTI, MEXI1 MPOMOPLIHHOCTI.
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BunpoOyBanbHa MalHa Ta Dpuiaju

BunpoOyBaHHs IpoBOASTH Ha MalllMHAX I pO3TATY, 30Kpema Ha YBM-50 (o.
1.1, 1.2).

Jlns BuMmiproBaHHs aedopMaliiii BAKOPUCTOBYIOTh MEXaHIuHiI a00 eJIeKTpUYHI
tenzometpu (. 1.6, 1.7).

3pa3ok it BUNpoOyBaHb

Jlns  BUnMpoOyBaHb 3aCTOCOBYIOTH 3pa3KH, BUTOTOBJIEHI Oe€3mocepeaHiM
npecyBaHHsIM Tpu Temieparypi 155+ 5°C. Ilepex mpecyBaHHSM 3 Ipec-MaTepiary
AI'-4 mapox C ta HC Bupi3yl0Th 3arOTOBKHM BIJMOBIAHOI JOBXUHU B HaIPSIMKY
pO3TallyBaHHs CKJISHUX BOJIOKOH. 3pa3Ku MICIsl MPEeCyBaHHS MMOBHHHI MaTH TJIAIKy
MOBEPXHIO, 0€3 3AyTTIB, TPIIIMH Ta PO3LIAPYBAHb.

dopma 3pa3ka s BHUNPOOYBAaHHS HAa PO3TAT TOBHHHA BIATOBIIATH
3araJlbHONPUMHATAM BUMOTaM, pyHHYBaHHS TOBUHHO BiI0OYTHCS B poOOUiid YaCTHHI 1
B I[1{ 30H1 TOBUHEH OyTH OJHOPIAHUN HANPY>KEHHUI CTaH. 3BUYAHO PO3MIPH 3pa3Ka
taki: 245X% (3... 4)x (15 % 0,5)mm.

OCHOBHI BIJIOMOCTI 3 Teopli

CxionnactTuk  sBisie  cOOOK0  KOHCTPYKIIMHUNA — Martepial, B  SKOMY
00’ €THYIOTHCSI BUCOKI MEXaHIYH1 XapaKTePUCTUKU Ta BIITHOCHO HEBEJIMKA IIUIbHICTb.
VY ckiomiacTMkax CKISHI BOJIOKHA, [0 MalOTh 3HAYHY MIIHICTh Ta MPY>KHICTbH
00’ €THYIOTBCSI B €JMHY MOHOJIITHY CHUCTEMY IOJIMEPHHM 3B’ S3yIOUUM. TakuM €,
HaANpuKIiIaj, npecoBouHuii marepian Al-4. et maTtepian nepeadayae 3aCcTOCYBaHHS
JUTS BUTOTOBJICHHS KOHCTPYKIH mpssmMuMm abo nmBapHWM mpecyBaHHsM. [Ipec-
matepian Al'-4 mapok C ta HC BupoOisitoTh y pyJoHax, Ha KOTyIIKax ado y BUTJISIL
3pi3iB 3 Oapabana.

Mesxy MIITHOCTI TIPH PO3TATY, K 3BUYAITHO, OOUHUCITIOIOTH 3a (POPMYIIOI0

F

— ! max
Jmax_ A ’

ac Fmax - HABAHTAXXCHHAA, IIPU IKOMY 3Pa30K 3pYHUHYBABCH,

A - mtomia nepepisy 3paska 10 BUIPOOYBaHb.
BinnocHe mogoBKeHHS py PO3pHUBI
. = Al o _Lp—lo
p - - )
o o

Lo Ta £, - nOBXKMHA PO3PAXYHKOBOI YACTHHH 3pa3Ka JI0 BANPOOYBaHb Ta MiCIIl HUX,

[Ipy BU3HAUEHHI MOAYJS TMPYKHOCTI Ha POOOYINM YacCTHHI 3pa3Ka CTaBJIAThH
TEH30METPHU TaK, 100 ix 6a3u po3TaIOBYBAIMCH BEPTUKAIBHO MOCEPEINHI IIUPUHH
3pa3ka 3 JIBOX OOKiB. 3pa3kd MiANalOThCS HIECTHPA30BOMY HABAHTAKEHHIO MPH
mBuakocti 1,5... 2,0xkH/xB. [1og0BXKeHHS BHUMIPIOIOTh IIPH JBOX HAaBaHTAXCHHSIX:

noyatkoBomy () it Hait6inbmomy (F;), mo cranossTs BianosigHo 2 ta 8... 10%

BiJl pyHHYIOUOTO HABAaHTA)KECHHSI.
Moayib NpyHOCTI 0OUHUCITIOIOTH TaK:

AF [/

ALAr’
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ne AF = F, — F, - npupict HaBaHTaXEeHHS,

{ - 6a3za TeH30METPA,;
Al - cepenne apubmerwuHe MpUPOCTIB Aedopmalliii, oOUnCIEHe 3a TPhOMa
OCTaHHIMH 3aMipamMH.
BusHaueHHss MexX1 MPOMOPLIMHOCTI BUKOHYIOTH OJHOYACHO 3 BU3HAYEHHSIM
MOJYJIS IPY>KHOCTI 3a (POPMYJIOI0

Fn
O, = A” :

[TocniIOBHICTh BUKOHAHHS POOOTH

['oToBMiII 3pa3ok micast BUMIpPIB 3aKpiIUISIOTh B 3a4ilKax BUIPOOYBAIbHOI
MallMHA 1 TI0OYaTKOBUM MAaJMM HaBaHTAKEHHSM YCYBalOTh HEMNIUIBHOCTI Ta
IIPOCKOB3yBaHHs B 3adinkax. Jlajmi cTaBiasTh 3 JBOX OOKIB 3pa3ka TEH30METPHU 1
NOYMHAIOTh HaBaHTaKeHHS. [IIBUAKICTH po3cyBaHHs 3adillOK MOBHHHA CTaHOBHTHU
5+1 mm/xB. [Ipy HaBaHTaKCHHSX Fo ta F,, mo cranoBnares BignoBigHO 2 Ta 8...

10% mepenbadyeHOro  pyHHYHOYOTO  HABAaHTAXEHHS  3HIMAIOTh  IOKA3HHUKHU
TeH3oMeTpiB. ONHOYACHO 3 BUNPOOYBAaHHSAMU HA MAaIllMHI 3alHCYETHCS Jlarpama
po3Tary. Ilicns 1pboro TeH30MeTpH 3HIMAIOTH 1, JOBOJSYM 3pa30K JO PYWHYBaHHS,

BHU3HAYAIOTh HABAHTAKEHHS Fmax.
IHonoBxkenns A ps 1O BIJIMOBIAa€ pyHHYIOUOMY HaBaHTa)KCHHIO, BU3HAYAIOTh

Ha Jiarpami po3TsTy IUISIXOM JIIHIHHOT €KCTPATOJISIIIii.
HasanTtaxenus me 0 BIAMOBITAE MEX1 MPOTOPIIHHOCTI, BU3HAYAIOTH HA

aiarpami po3tary. BoHo BiJioBiga€e nepuomMy neperudy KpuBoi.

Pesynpratu 3amipiB Ta oOOYMCIEHI 3a HUMH MEXY MIIHOCTI, BiAHOCHE
MOJIOBKEHHS TIPU PO3PHBI, MOIYJb MPY>KHOCTI 1 MEXKY MPOMOPLIHHOCTI 3aHOCATH B
’KYpHAaJI CIOCTEPEKEHb.

KoHTposbHi 3anuTaHHs
4. Slxa Meta nmabopaTopHOi podboTH?
5. Illo sBAse cOO0IO CKIIOMIACTHK?
6. Ski 0coOaMBOCTI MatOTh BUITPOOYBAHHS CKJIOIJIACTUKA HA PO3TAT?
7. Sk Bursaae aiarpama posTsry CKIIOIJIAaCTUKA?

2.11. BusnauveHHs koedinienTa nonepeynoi nepopmaiii crai

Meta po6oTH: BU3HAYUTH KOE(ILIEHT MomepeyHoi aedopmariii — koedimieHt
Ilyaccona.

BunpoOyBanbHa MaliHa Ta Opuiaju

Jlis mpoBeneHHs BUIPOOYBaHb MOKHAa BUKOPHCTATH SIK TiApaBiiuHI, Tak 1

MEXaHIYHI MaIlIMHKA I po3Tary. L{jo poOoTy BHKOHYIOTH Ha MamuHi BM-4P (m.
1.2).

Hns 3amipy Jnedopmariii  BUKOPHUCTOBYIOTh MEXaHIYHI TEH30METpu abo
tenzonaruuku (m. 1.6, 1.7).
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3pa3ok i BUIpoOyBaHb

Jlsiss po3TATY BHKOPUCTOBYIOTH TUIOCKMN CTajeBUil 3pa30K MPSMOKYTHOTO
nepepizy MOBUTbHOI MIUPUHHM Ta TOBIIMHU. 11[00 BUKIIOYHTH BILUTUB HAIPYKEHOTO
CTaHy B MICIISIX 3aTHCKY 3pa3Ka Ha TMOKa3aHHS TEH30METPiB, BBAXKAIOTh, IO HOTO
JOBKMHA TIOBHHHA B YOTHUPH-II' ITh Pa3iB MEPEBUIILyBATH ITUPUHY .

OCHOBHI BIJIOMOCTI 3 T€Opii

Benuka KiIBKICTh €KCIEPUMEHTIB JOBENH, IO TPHU OJHOOCHOMY PO3TSATY
(CTI/ICKy) CTaJICBOTO CTEP>KHS OCTaHHINA 3MIHIOE CBOi PO3MIpH SIK y MO3/[0BKHEOMY,
Tak 1 B TOMEPEYHOMY HampsMKax. HpH OJTHOOCHOMY PO3TSTY TO3IO0BXHI HOTO
pO3Mipu 30UTBIIYIOTHCS, a TIOMEPEYHI 3MEHINYIOThCA. 3JaTHICTh MaTepiana [0
nehopMyBaHHS XapaKTePU3YETHCS BITHOCHUMH Jie(hopMaIliiMu:

M03/I0BXKHBOIO
Al
£=—
o

Ta MONEPEYHOIO
. Ab
£ ="

ne A0 =/ 1 — ! - abcoTIOTHA MO310BXKHS Ae(OpPMALlis, [0 BU3HAYAETHCS SK PI3HUIA
MiX JTOBXUHOIO £, CTEP)KHS HPH /il HAaBaHTaKEHHS Ta HEePBICHOIO JOBXKHHOI /;
Ab = bl - bo - abcoroTHA morepeyHa aedopmairis, 110 BU3HAYAETHCS K PI3HULIS

MK [IMPUHO0 ) cTepskHst mpu J1ii HABAHTaXKEHHS Ta MEPBICHO LIMPUHOIO.

Mosynb 4acTKH, O€p>KaHOl AUIEHHSM BIHOCHOI MO3J0BKHBOT HA BiTHOCHY
norepevHy jAeopmallito, Ha3uBa€ThCS KOoe(IlIeHTOM MomnepeyHoi aedopmariii abo
koegiuientom [lyaccona:

V=—.
£

Koegiuient Ilyaccona 3ameXuTh BHUKIIOUHO BiJ MPYXKHUX BIACTHBOCTEH
MaTepiany 1 JJii KOXKHOTO MaTepialy TMOCTIHHUN B MeXax JiHIHHOI MPY>KHOCTI.
Monyne mpyxHOCTi Ta KoedinieHT IlyaccoHa MiTKOM XapaKTepH3yHTh MPYKHI
BJIACTUBOCTI MaTepiana. JIjisi peaqpHUX MaTepiaiiB I/ MoOXe NpuilMaTy 3HA4YCHHS BiJT
0 o 0,5.Tak, mst mpo6ku V = 0, s kayuyka ta napadpina V = 05. s Ginbrrocri
marepianiB  V 3maxomuthes B Mmexkax 0,25..03i we 3anmexurs Bix 3Haka
HAaBaHTa)XeHHA, TOOTO € OJHAKOBUM TMpU pO3TIAry W crucky. Jns mropaio
Vv =0,31...0,36. /lyia nnactukis gani npo cTiiki 3HaueHHs V BiACYTHI.

[TocniIoBHICTh BUKOHAHHS POOOTH

3pa3ok 3 HAKJICEHMMU TEH30JaTUMKaMHU 3aKpIIUIAIOTh B 3a4ilKWA MAIMHU 3
nepeBipKol0 Horo I1eHTpoBKU. [Ipu 3acTocyBaHHI BaXeJIbHUX TEH30METPIB IX
CTaBJIATH MICIIS 3aKPIIJICHHS 3pa3ka B MaminHi. CxeMa po3TalryBaHHS TEH301aTYNKIB
abo0 TeH3oMeTpiB Toka3zaHa Ha puc. 34. Tyr mno3HaueHo: 1 — TeH30MeETp,
pO3TaIlOBaHUI B3J0BXK HANPSMKY Jii HaBaHTaXCHHs (HA MO3MOBXHIN OCl 3pa3ka),
2 —nonepek i HaBaHTa)KCHHS.
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HaBantaxenust npukianaaots yactkamu AF =5 xH. Ilpu K0XXHOMY CTyIeHi
HaBaHTAKCHHs OepyTh Bi/UTIKK Ha TeH30MeTpax. BUMpOOyBaHHS MPOJOBXKYIOTH JI0
naBantaxeHns F.., =30 kH. Taka meroamka ekcrepuMeHTa Ja€ MOJKIHMBICTH

3MEHIIUTH BIUIMB IMOBIPHUX MOXUOOK 1 MATBEPAUTH 1ICHYBaHHS JIIHIMHOT 3aJ1€KHOCTI
MDK TMO3I0BXHIMH Ta TOMEPEYHHMHU AeopMallisiMd B MeXax MpYyKHOI poOOTH
MaTepiany.

[Ipu 3actocyBaHHI TEH30JATYUKIB MO3JOBXKHIO Ta TIOMNEPEYHY BITHOCHY
nedopmMartii 00YHCITIOTh 3a popmynamu (qus. 1.7)

A, 1 AR
gl Kl R11
LA, 1 AR
62 KZ RZ

ne 4 Tal, - 6a3u BIANOBIHO MO3I0BXHBOTO 1 Ta MONEPEYHOro 2 TCH30METPIB;

‘F

} =]

IR
YF

Puc. 34.

Al, taAl, - abcoroTHE MOJOBXKEHHS Ta 3BY)XCHHS 3pa3ka B Mexax 0as3
TeH304aT4MKiB 1 Ta 2, 1110 BiAnoBigar0Th 0QHOMY CTyIEHI0 HaBanTaxeHHs AF ;

R, ta R, - mouarkoBwuii enexkrpruHmii omip TeH3oqaTunKiB 1 T4 2;

AR, ta AR, - mpupoct OnOpy TEH30AATYMKIB, L0 BiJNOBIJAIOTH OJHOMY

crynenro HaBanTaxenus AF ;
K ta K, - xoedimieHTH 4y TJIMBOCTI TEH301aTUHUKIB.

Toni koedimient Ilyaccona
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& __ AR, [R, [K,
£ AR R, [K,

OckiIbKM TpW BUIIPOOYBaHHI BUKOPUCTOBYIOTH TEH30JaTYMKH OJHIET Oas3u,
oxuiei TemsouymmBocti K; = K, 3 omHakoBuMm mouatkoBuMm omopom R = R,

BUPIIICHHS CIIPOLIYETHCS:
A
V= _4AR .
AR,

binpie TOro, OCKUIBKM BHMIpPM BUKOHYIOTH 3@ JIOIOMOTOIO OJHOTO
CIEKTPUYHOTO MOCTa, KoedimieHT IlyaccoHa MO)KHA BHU3HAYHMTH 32 BiJHOIICHHSM
BIAIIKIB N Ta N,, OAepKaHMMHU Ha BUMIPIOBAJIbHOMY IIPUIA/];
)

M

4

KoHTposbHI 3anuTaHHs

o take koediuient Ilyaccona?

. SIxi 3 nmedopwmariiii, MO3MOBKHI YW MOMEPEYHi, MpPU PO3TIAry OinblIie 3a
MoayJemM?

SIKi 3pa3Ku BUKOPUCTOBYIOTH ISl BUIPOOYBaHB?

Ha3BiTh Mexi1, B IKUX MOBUHEH 3HAXOIUTUCh KoedirieHT [lyaccona B ycix
BHIIAIKAX.

5. SIki 3 HaBeJICHMX HHWXKYE BCIMYUH HE MOXYTh OyTH 3HAYCHHSIMHU
koedimienrta Ilyaccona nns crani: 0,5; 0,28; 0,157

N =

Hw

2.12. BunpoOyBaHHs cTaJjii Ha 3pi3

Meta poOOTH: BUBUEHHS XapakTepy pyHHYBaHHS, BU3HAYEHHS TUMYacOBOTO
OTIOpY CTaJjl MPH 3CYBI.

BunpoOyBajibHa MalliMHa Ta TpUaan

BunpoOyBanHs mpoBoasaTh Ha BuIpoOyBanbHik Mammai YBM-50 (. 1.1)a6o
THIIIIH.

3pa3ok Juist BUpoOyBaHb

Jlis  BunmpoOyBaHb BUKOPHUCTOBYIOTh CTaJeBUN LWIIHAPUYHHUMA  3pa3oK
niamerpom 0y = 2 oM i goBxuHO0 14 cM. 3pasok BKIALAlOTh y OTBIp MPHCTPOIO,

cxema sIKOro HaBeJleHa Ha puc. 35.

[lin niero HaBaHTaKEHHs, YTBOPEHOT'O BUIIPOOYBAJIbHOK MAIIMHOK, CEPEIHs
YacTMHA TPUCTPOIO 3CYBAETHCS Pa3OM 3 CEPEAHBOI0 YACTHMHOKO 3pa3ka BIJHOCHO
KpalHIX HEPYXOMHUX YacCTHH. Y MICHSX JOTHUKY CEpeaHbOl W KpalHIX YaCTUH Mae

Micle 3cyB (TouHime — 3pi3) 3paska. Poboua mioma A, 3pi3y JOpiBHIOE HOIBOEHIH
TJIOIIII TTOTIEPEYHOTro Mepepizy 3pa3ka.
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Puc. 35.

OCHOBHI BIJIOMOCTI 3 Teopli

3cyB Mae wMiciie B TOMY BHUNAQAKY, KOJH JIBa HECKIHUEHHO OJIM3BKHX
napajellbHAX Tepepi3M HaMararoThCS 3MICTHUTHCS OJWH BiJHOCHO IHIIIOTO,
3QJTMIIAIOYUCh HECKIHYCHHO OJIM3BKUMH Ta TapaJIeTbHUMHU. SIKIIO BCI TOYKH OJHOTO
nepepi3zy 3MINYIOTHCS BIAHOCHO 1HIIIOTO OJTHAKOBO 32 BEIMYHMHOIO Ta HAMPSIMKOM,
Taka aedopmailis BiAMoBiAa€e YucToMy 3cyBy. [Ipu IbOMy AOTHYHI HAPY>KEHHS, 1110
MPOTHUIIIOTH 3CYBY, OyIyTh PIBHOMIPHO PO3MOJUICHI B mepepisi. BinTBoputu yucTwii
3CYB €KCIEPHMEHTaJbHO HEMOKJIHMBO dYepe3 HU3Ky oOcraBuH. Tomy nedopmariiro
3CyBYy MOHa Ha04HO BIATBOPUTH SBHILEM 3pi3y Marepiany 3pa3dka. Mexa MILHOCTI
Ha 3pi3 BU3HAYAETHCS 32 POPMYIIO0

g - Fmax
max.cC. 2 Ab
€ Fmax - MAaKCUMAJIbHC 3YCHUJLIJIA, IO BUTPHUMAB 3p330K;
Ao - TIJTOIIIA OJTHOTO 3Pi3y:
2
A = mdg
4

d, - niamerp nepepisy 3paska.
[TocmiioBHICTh BUIPOOYBaHb
Buwmiprorots miamerp 3paska Oy. [IpucTpiii i3 3aKiafeHnM y HbOTO 3paskoM

BCTAHOBJIIOIOTh MK CTUCKYIOUMMHU TUIOLIIMHAMU BUMPOOYBAILHOT MAITMHU.
BMmukaioTh MallivHy, MOCTYNOBO 30LIBIIYIOYM HAaBAaHTAKEHHS. DIKCYIOTh

3HaYCHHS HaBaHTaXeHHs F .., 110 BiamoBizae pyiiHyBaHHIO 3pa3Ka.
Jani o6Mmipy 3paska Ta F,, 3aHOCATB y )KypHaJ BULIPOOYBaHb.
OGYUCITIOITH MEXKY MIIIHOCTI CTaJIl Ha 3pi3.

45



KoHTposbHiI 3anuTaHHs
Ha3zBith MeTy 1abopaTopHOi poOOTH.
Axy nedopmailito Ha3UBAKOTh YUCTUM 3CYBOM?
SAxuii 3pa30K BUKOPUCTOBYIOTh ITPH BUMPOOYBaHH1?
CKUJTbKY TUIOIIMH 3pi3y Ma€ 3pa3ok?
SIKi Hanpy>KeHHS] BHHUKAIOTh B TUIOIIMHAX 3Pi3y 3pa3Kka?
Yomy nopiBHIOE TI01IA 3Pi3y?
Sk 00YNCITIOIOTH MEXKY MIITHOCTI TIpH 3pi317?

Nook~kwhE

2.13. Tlomepe4yHuii 3ruH cTaJ1€eBOI 0aJIKM 3 BUSHAYEHHAM MOYJIsI
NPYKHOCTI

Meta po0OTH: BU3HAYEHHS MOYJIS PY>KHOCTI niepiioro poay (Moaysns FOxra)
E marepiany Oanku.

BunpoOyBanbHa MalHa Ta Opuiajau

BunpoOyBaHHS BUKOHYIOTh Ha yHIBEpCaJIbHIN BUMIPOOYyBanbHIN MamnHi Y BM-
50 ([@.1.1).

JUis ~ BUMIpDIOBaHHS  MPOTHHIB  Oallku  BHUKOPUCTOBYIOTH  1HIMKATOP
roJMHHUKOBOTO TUTy (1. 1.9).

3pa3ok Juist BUpoOyBaHb

BunpoOyBaHHSI BUKOHYIOTh Ha CTaJieBild Oalil mpsaMOKyTHoro mepepizy 3% 10
cM aoBxkuHo0 110cMm (mpossot mpu 3rudi 100 c¢m). 3ruH Oanku 3ampoBaKYETHCS B
IJIOIIMHI HaMOUIBIIOr0 MOMEHTa 1HepIii nepepizy. Cxema 3aBaHTa)K€HHs Oajku Ta
PO3MIllICHHS TIPUJIAIiB HaBeeHa Ha puc. 36.

F N22

,——— —— —

)

Puc. 36.

JIist BUMIpIOBaHHS TPOTUHY CEPEAHBOTO TIEPepidy CTABISITH 1HIUKATOP
(mporunomip) Nel. Immukarop (mporumHomip) Ne2 BUMIpIO€ ocanky Oanku ), B
IIJIOMY 3a paxyHOK MpYyXHbOi Aedopmariii Marepialy Oajdku Ta OMOPU B MICHi iX
KOHTaKTY.

OCHOBHI BIJIOMOCTI 3 T€Opii

Monyne npyxHocTi E, XapakTepusye oImip MaTepiany NmpyxHiil aedopmarii

npu po3Tsry. Moro sagenss: s crani — 2,100° MITa,
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mizi — 1,010° MITa,
YaByHa — (0,75...1,6:)][0'5 MIla,
amominito — 0,67510° MITa
Moaynb TPYKHOCTI €KCHEPUMEHTAJIbHO MOXHA BHU3HAYUTH 3 Jlarpamu
HanpykeHb npu po3tary (puc. 37) Ak TaHreHC KyTa HaxXujiay il JIHIHHOT YaCTHHHU

E = Tou _ tga .
Em!
VY it poGOTI MOJIYJIb MPYKHOCTI BU3HAYAIOTHh 3 BUIIPOOYBaHb CTAJIEBOI OaIKK
Ha 3ruH. JlilicHO, B hopMyny aJisi aHAIITHYHOTO BHU3HAUEHHS MPOTHUHY B CEpEIHHI
HpPOJILOTY OAJIKHM Ha JIBOX HIAPHIPHUX OMOPAaX BXOJUTh MOAYNb F
Fe®

T

BuMipsBim excriepuMeHTaIbHO 3HAU€HHS IbOTO MPOTHHY, MOKHA OOUHCIUTH
3
I
480,y

G\

Puc. 37.

[TocniIoBHICTh BUKOHAHHS POOOTH

CraneBy 0anKy BCTaHOBIIOIOTh Ha MAIlIMHI, 3aKPIUIAIOTH IHAAKATOPH 3TiTHO 3
puc. 36.

BBiMKHYBIIM MamivHy, 30UIBIIYIOTh HAaBAaHTA)XXCHHS PIBHUMHM YaCTKAMH I10
5kH (500xIc) i pikcyroTs BinmosinHi Bigmiku 4; ta 4, Ha iHAUKAaTOpAXx.

Haiibispiiie HaBaHTa)KEHHS, 10 SIKOTO BHUKOHYIOTH BUIIPOOYBaHHS, OOMPArOTh
TaK, 00 HOpPMaJIbHI HAMPYXXCHHS HE MEPEBHILYBaIN MEXI NPOIOPLIHHOCTI J,,, .

Jlani oGUMCIIOITh CepeHii MPUPICT MPOTHHY, IO BIAMNOBITAE OMHIA YaCTII
naBantaxenus AF :
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= CpaA, —cpdA o
1C
ne CPAA T cpdA, - cepenni mpupocTH BiamiKiB iHauKaTopiB Nel ta No2;
K - nina noginku inauKaTopa.
MowmeHT 1Hepii nepepily OaJku BITHOCHO HEHUTPaJIbHOI OCi

Moy TpyHOCTI BU3HAYAIOTh 3 (DOPMYJIH IPOTUHY OAJIKH:
AF °

E=——.
481, Ly

KoHTposbHI 3anuTaHHs
1. flka meta maGopaTopHOi poOOTH?
2. Jlns 4oro moTpiOHO 3HATU MOIYJb MPY>KHOCTI?
3. Sk anamiTH4YHO onepxkaTu popMyiy Nporuny Oanku?
4. YoMy B poOOTI BUKOPHUCTOBYIOTh JIBA 1HIUKATOPH ?

2.14. Bu3HavyeHHsI HOPMAJbHHUX HANPY:KEHb Y310BK BUCOTH Nepepizy
NPH 3ruHi 0aJKU NPAMOKYTHOIO Nepepi3y

Merta poOOTH: eKclepUMEHTaIbHa TMepeBipKa JIHIMHOTO 3aKOHY PO3MOJLITY
HOpPMaJBbHUX HAMPY>KEeHb Y3/JI0BXK BUCOTH TEpepi3y cTajeBoi OaJKu Ta MOPiBHSIHHSA
pe3yNbTaTiB EKCIIEPUMEHTY 3 TEOPETHUHUMHU 3HAYCHHSIMH.

BunpoOyBaibHa MalliHa Ta IpUIaau

PoGoTy BHKOHYIOTH Ha BuIpoOyBaibHii MamuHi YBM-50 (@. 1.1). Jlns
BUMIPIOBaHHs Ae(opMaliiii BAKOPUCTOBYIOTh BaKeIbHI TeH30MeTpH (1. 1.6).

3pa3ok Juist BUpoOyBaHb

Jlist po6oTr moTpiOHa cTaneBa 0anaka MPsSMOKYTHOTO Tiepepi3y Bucotoro 10cwm,
mmpuHoo 3 cM. JloBxkuHa Oanku craHoBuTh 110 cM. Monynb npykHOCTI ctam £ =
2010° MTTa.

Cxema 3aBaHTa)XEHHs OaJIKM Ta PO3TalllyBaHHS TEH30METPiB HaBelleHA Ha PUC.

38.

Bajiky BcTaHOBIIIOIOTH Ha IMapHipHi omopu A Ta B BUIPOoOyBaNbHOT MallIuHH,
Bigcranp Mk skumu L =100 cm. Jlns 3a0e3medyeHHs] CHMETPUYHOTO 3aBAHTAKEHHS
3acTOCOBYIOTH ponoMikny Oanky CD, mo nepenae maBantaxenHs Ha Ganky AB
uyepe3 omopu C ta D, posramosani na Bigmcrani @=30 cm. [1s BU3HAYEHHS
HanpyxeHb (nedopmariiii) B 30Hi umcroro 3runy (mimsaka CD) BcTaHOBIIOIOTH
Y3[10B3K BUCOTH 5 TeH30MeTpiB. KoopauHatu po3MilieHHs TeH30MeTpiB: Y, =4,5cMm;
Y,=2,5cM; Y3=0 (ueiitpansHa Bich); Y,=—2,5cM; Y:=—4,5¢cm.

OcHOBHI BIJIOMOCTI 3 T€Opil

3 Kypcy omopy maTepialliB BiJOMO, IO MPU BU3HAYECHHI HOPMAJIbHUX HAMPYKEHb
NIpY 3TUHI MPUWMAIOTH TIMOTE3y IUIOCKKUX nepepisiB (rinote3y bepHysi).
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Puc. 38.

[Tpu mnockoMy 3riHI B MeKax MPYy>KHOT poOOTH MaTepiady OalIki HAIPYKEHHS
y TOYKaXx MOMEePEeYHOro nepepizy BU3HavyaroTh 3a popmynoro Has'e:

g=—-, @.)

ne M - 3ruHarounii MOMEHT Yy Iepepi3i 0aku;

Y - BIJICTaHb B1J HEUTPAJILHOI OCI1 JI0 TIET TOYKU MEPEPi3y, B sIKii BU3HAYAIOTh
HaIpy>KEHHS;

| , - MOMeHT iHep1ii nepepi3y BiIHOCHO HEUTPAIBbHOI OCI.

Haiib6ip1i HopMaibH1 HAIPY)KEHHS BUHUKAIOTh y HAWOUIBII BiAJAICHUX Bij
HEWUTpaJIbHOI OC1 TOUKaX Mepepi3y:
_MYmax - M
Umax - - 1 (6)

I, W,

z
ne W, - MmoMeHT onopy nepepisy BiTHOCHO HeifTpaibHOT Oci.

JIs mepeBIpKH TIMOTE3HU IJIOCKUX MEPEPI3iB JOCTATHHO MEPEBIPUTH AIMCHICTD
dbopmynu (a.) 718 KITBKOX TOYOK Tepepizy, TOOTO MOPIBHATH HANPYKCHHS, 3HAlICHI
EKCIIEPUMEHTAJIbHUM LUISIXOM Ta 32 03HaYeHOI0 (POPMYIIOI0.

[Ipu ymcTomy 3rWHI TIOTIEpeYHA CWJa B TIiepepi3ax BIJACYTHs, OTKE 3CYB
BijicyTHIN i qotruni Hanpyxkenus T = 0. HopmanbHi HanpyskeHHsS OyIyTh OJHAKOBI
JUTSI BOJIOKHA Oajku, 10 3HAXOIUTHCA Ha OJHIN BiACTaHI Bi HEHTPAIBHOI OC1 B yCiid
30HI YWCTOTO 3rHUHY. lle mJo03BoMsie po3TamryBaTH TEH30METPU JUIsl  BUMIPY
nedopmariiii y pi3HHUX Tepepizax 30HH YHCTOTO 3THHY, a BH3HAYCHI HAIPY>KCHHS
BIJIHECTH JIO OJHOTO TIEepepizy.
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JIst BU3HA4YEHHST HOPMAJLHUX HAMpPYXKEeHb 3a pe3yJbTaTaMd BUMPOOYBaHb
BUKOPHCTOBYIOTh 3aKOH [ 'yKa!
g=¢I[E, ®.)
ne € - BIIHOCHA JIiHIMHA nedopmallis 3a BUMipaMu TEH30METPa;
E - Monynb npyxHOCTI MaTepiajia OajIKu.

[locniI0BHICTh BUKOHAHHS POOOTH

[Ipu moyaTky BUMpOOyBaHb HEOOX1THO BUOpATH BUIBHUN PyX B TEH30METpax,
TOMY MEPIINA BIUTIK 3HIMAIOTh Ha BCIX I’ SITH TEH30METpax Ipu HaBaHTakeHH1 S kKH
(500 kI'c). ami HaBaHTakeHHS 30UTBIIyIOTH cTyneHsmu mo 5 kH qo 30 kH (3000
k['c). Ha koXHOMy CTymeHi HaBaHTOKEHHsS BIIJIIKM TEH30METpIB 3alHCyIOTh B
KypHaJ1 1a00paTopHUX poOOT.

Haiibinpime HaBanTaxkeHHs npu BunpoOysanHi (30 kH) oOupatots Tak, moo
HaNpPYKEHHsI HE IEPEBUILYBAIA MEX1 MPOMOPIIITHOCTI MaTepialy OalKH.

Y oKkypHam J1abopaTOpHUX PpOOOT OOYMCIIOIOTH TeopeTudHi (a.) Ta
CKCIIEPUMEHTaIbHI (B.) 3HAUECHHS HAIPY)KEHb B yCIX I ATH Toukax. [TopiBHIOIOUH IIi
3HaYeHHS, OOYMCIIOITH PI3HUIIO Yy BifcoTkax. [l HaoYHOCTI 3a OjepKaHUMHU
JaHUMH OyAyIOTh €MIOpH HOPMAJIBHUX HaNpYXeHb Y3/I0BX BHCOTH Tiepepisy,
HaKJIaIal0uu eKCIIEPUMEHTANIbHY M TEOPETHUYHY €MIOpPH OJHA Ha iHITy. BimxwuieHHs
EKCIIEPUMEHTAIbHIX 3HAYCHb HANPY)KCHb BiJl TEOPETUYHUX OOYMOBIICHI MOXUOKaMHU
BUMIPOOYBaHh Ta MPUUHATAM YMOBHHUM MOJIYyJIEM TIPYKHOCTI, SKHA MOXKe
BIJIPI3HATHCS BiJl AIHICHOTO.

KoHTposbHI 3anuTaHHs

1. flka meta naGopaTopHoi poOOTH?

2. SIx 3a7eXHUTh BETUYNHA HOPMAJIBHUX HAMPY>KECHb BiJl pO3TAlTyBaHHS TOYKU
B3JIOBX BHUCOTHU IEpepizy?

3. SlxkuMu npunagaMu BUMIPIOIOTH Jiepopmartii?

4. SIky mnpyXHY XapaKTEPUCTUKy Marepialy HEOOXIIHO 3HaTu JJId

00UYHMCIICHHS HaNPY>KeHb 3a aedopmarrismMu’?

2.15. Bu3HayeHHs1 HOPMAJIBHUX HANPYKeHb NPH 3rUHi OajJKku 3a
J0TIOMOTOI0 TATYUKIB €JIEKTPUYHOTO ONIOPY

Meta poOoTH: BHU3HAUYEHHS IIJIIXOM EKCIEPUMEHTY BEJIMYUH HOPMaJIbHHUX
HaIpy>XKeHb Y TOUYKaX Mepepi3y CTajieBOi OaaKku MpH YUCTOMY 3THHI 1 TOPIBHSIHHS iX 3
TEOPETUIHUMHU 3HAUYCHHSIMHU.

BunpoOyBaibHa MalliHa Ta TpUIaan

BunpoOyBanHst BUKOHyOTh Ha Mamiudi YBM-50 (@. 1.1). [lng BumiproBaHHsS
nedopmarliii BUKOPUCTOBYIOTh TaTYUKH €IIEKTPUIHOTO OMOPY — TEH30/IaTYUKH THUITY
2[1KB-20-200 (. 1.7).

3pa3ok Juist BUpoOyBaHb

Jlst BumpoOyBaHb BUKOPHUCTOBYIOTH CTalieBy OalKy MPSIMOKYTHOTO TEpepi3y
3x10 cm gomxuHor0 110 cM 3 momymem mpyxuocti E=2010° MIla. Cxema
3aBaHTAXKECHHS OajJKM Ta po3TalllyBaHHS TeH30JaTyukiB Ha puc. 39. [Iponsot Oanku
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L =100 cM, naBanTaxkeHHs uepegacTbcs depe3 pomomixkuy Oanky CD. Omopu
JOTIOM1HO1 OaKy po3TaiioBaHi Ha BijicTaHl @ =30 cM Bij OIOP OCHOBHOI OaJIKH.

Bigcrani Big HeWTpanbHOI oOCl 10 TeH304aT4ukiB: Y, =Y:=4,5 cM;
Y>=Y,=2,5 cm; Y3;=0. KomneHcaniiinuii T€H30JaTYMK HAKIECIOIOTh 3a MEKaMH
omop AB 6anku, ne Bigcytni nedopmarii.

OcCHOBHI B1JIOMOCTI 3 T€Opii

BinomocTi 3 Teopii HaBeaeH1 B JabopatopHii podoti 2.14.

[Tocai10BHICTH BUKOHAHHS pOOOTH

[TocnimoBHICTh BUINPOOYBaHL CHIBHAAA€ 3 MOCIIJIOBHICTIO BHUIPOOYBaHb
naboparopHoi pobotu 2.14.

F
F = ‘
}
2 o £ 9 7 .
C . J |ID
S Ep .
4 L‘iv# 7

¥
I:_

i
]

e +

%9 T

—E—O/-‘ \%Q

Puc. 39.

KoHTposbHI 3anuTaHHs
Ska mera mabopaTopHoi podoTH?
Ski mpunagu BUKOPUCTOBYIOTH I BUMIpY fedopmaliiid y faHii po6oTi?
1o siBNsie cOOOI0 TEH30JATYHK, 3a SIKUM MPUHITMIIOM BiH MPAITIOE?
Sk BU3HAYAIOTHCS €KCIIEPUMEHTAIbHI i TEOPETUYHI 3HAYCHHSI HOPMAJIbHUX
HaIpy>XeHb?

HwnNE

2.16. Bu3HayeHHsI rOJIOBHUX HANpPY:KeHb MPH 3rUHI

Merta pobGoTH: BU3HAYEHHS TOJIOBHMX HAMNpYyXEHb IPU 3TUHI HaA PiBHI
HEHTpaIbHOTO IIapy Ta MOPIBHIHHA €KCTIEPUMEHTAILHUX JTAHUX 3 TEOPETUIHUMHU.

BunpoOyBanbHa MaliHa Ta Dpuiajau

BunpoOyBaHHS BUKOHYIOTh Ha yHIBEpCaJIbHIN BUMIPOOYBanbHIN MamnHi Y BM-

50 (@. 1.1), a5 BuMiptoBaHHs aedopMalliii BAKOPUCTOBYIOTh BaXKEIbHI TEH30METPH
(. 1.6).
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3pa3ok i BUIpoOyBaHb

3ruHy MiJIaeThCes CTalieBa Oaka MPSIMOKYTHOTO a00 JBOTABPOBOTO TEPEpisy,
po3TaloBaHa Ha JBOX OIOpax, BijacTanb MiXx sikuMu cTaHoBUTh 100cMm (puc. 40).

HaBaHTakeHHS IPUKIIaIal0Th MTOCEPENHI MPOIHOTY OATKH.

["0710BHI Hampy>KeHHs BH3HAYAIOTh Ha PiBHI HeWTpanpHOTrO mapy. s mporo
BCTAHOBJIIOIOTh JIBa TEH30METPH TakK, 00 cepeanHM ixHiX 0a3 Oy po3TalioBaHi Ha
PIBHI HEUTPATILHOI OC1, @ KyT HaxXuiIy 0a3 10 HEUTpaabHOI OCl CTaHOBUB 45

F
! Twt  Tw2
. . E _ 48" A 45°
a q
?
Puc. 40.

OcHOBHI B1JIOMOCTI 3 TeOpii

['ooBHUMY Ha3WBaIOTh HAINPYKCHHS Ha TOJIOBHHX IUIOIIMHAX, TOOTO Ha
TaKuX, Ha SIKUX JOTHYHI HAMPY>KCHHS 00epTaIOThCS Ha HYJIb. Y 3arajlbHOMY BHUITAJIKY
B KOKHI{ TOYIII MPOCTOPOBOTO TiJIa TAKKMX ILIOMIWH, a OTXKE i HAIPYKEHb TPH.

Bupikemo enement 6amku Kmcc kmcd (puc. 41). if posrisHeMo
HANpPY>KEHHS Ha MOT0 rpaHsx.
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[Ipu mmockomy 3runi rpans KMCC i yci mapanensHi iif IIOMMHA 3HAXOAATHCS
B OJIHAKOBOMY HAaIpy>KEHOMY CTaHI.

dacanna rpans KMCC BinbHA Bij HaBaHTa)KEHHS, HA Hil BiJCYTHI SK JOTHYHI,
Tak 1 HOpMajbHI HampyxeHHs. OTKe I I'paHb € OJHIEI 3 TOJOBHMX IUIOLIUH 3
rOJIOBHUMH Hamnpyx)eHHsMu O, = 0. Takuii Hanpy)KeHHi CTaH HAa3MBAIOTh IUIOCKAM

(puc. 41p).
[H1111 TOTOBHI HAaNMPY>KEHHS BU3HAYAIOTH 32 (hOPMYJIOK0:

O1s :%(ai Vo© + 4r2).

POSTaIHYBaHH}I BiI[l'[OBiI[HI/IX T'OJIOBHUX IINIOIIHWH BU3HAYAETHCA KYTOM ¢
1 2T
¢ =—arctg—,
2 o

J0aTHE 3HAYECHHS SKOTO BIIPAXOBYIOTh B1Jl TOPU30HTANBHOI OC1 X 110 HAaNpsMKY J;

3a XOJIOM TOIMHHUKOBOI CTPIJIKH.
[Ipu posramyBanHi enementa KMCC Ha piBui Heiitpansnoi oci (Yy=0)

HOpMaJIbH1 HAaNpY>KEHHS JOPIBHIOIOTH HYJIIO, OTXKE
O, =T =%+——,
b3 bl
1 2r _1
= ~arctg— =~ arctgeo = 45’
¢ 5 9 0 2 geo

Takum yuHOM, TOJIOBHI IJIOIIMHU HA PIBHI HEUTpaNbHOI OCl CIPSAMOBAHI IiJ
kyToM 45’ 10 wiei oci.

[Tpu EKCIIEPUMEHTATbHOMY BU3HAYEHHI1 TOJIOBHUX HaTpyXeHb
BUKOPUCTOBYIOTH (DOpPMYJIN y3araibHeHOro 3akoHy ['yka:

1
& :E(al _/Uars);

1
&, == (0, uas),

E
3BIJIKH, BPAXOBYIOUH, 10 Ha HEUTpPabHIN OCl O3 = —0q; O0; = 1 &l
tUu
o, = —E E
3~ 3
1+ u

Cepenniii mnpupicT BiOHOCHHX Jedopmamii & Ta &3 ONEPKYIOTh 3
BUIIPOOYBaHb 3a cepeaniMu npupocramu (cp. ZA) noka3HHKIB BigIOBiZHOTO
TEH30METpA.

[locniI0BHICTh BUKOHAHHS POOOTH

3HaUM TEOPETUYHHI HAMPSMOK TOJIOBHHX HAIPYXEHb, BU3HAYAIOTh, SIKHHA 3
TeH3oMeTpiB Ha puc. 40 Bumiproe ngeopmaniro y HampsAMKy J;, a SIKHUA — y
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HaNpsMKy Og. HampsMku TroJoBHUX HAaIpy:K€Hb Ta €MIopa IONEPEYHUX CHII

HaBeJ/IeH1 Ha puc. 42.

3aBaHTaKUBIIIHU 6am<y IESIKMM T[OYaTKOBHUM HAaBaHTAXXEHHSM, 3HIMAIOTh
BIIJTIKKM TEH30METPIB 1 3amHCYIOTh iX Yy JKypHaAI JlabopatopHoi pobotu. Y
H0aJIbIIOMY HAaBAHTAKEHHS 301IbIIYIOTH oHaKoBuMK yacTkamu AF .

Tensometp, po3TaloBaHuii B HAPSAMKY O, IOBUHEH I10Ka3yBaTU 301IbLICHHS

BIJUIIKIB, @ B HampsAMKy O - 3MEHIIEHHs BLLIKIB. llokazaHHA TEH30METpIB

(bIKCYIOTh y KypHA.

aF
f...._. l/ss l
— \5,
L2 |
oF
2
AF
2
Puc. 42.

[Ticast moBeneHHA HaBaHTA)XEHHA 0 MaKCUMAJIbHOTO OalKy pPO3BaHTaXYIOTh 1
BHUKOHYIOTh KOHTPOJIBHUI 3aMip MpH MMOYaTKOBOMY HaBaHTakeHHI. Lle moTpibno ms
nepeBipKu POOOTH TEH30METPIB.

MaxkcruMaabHe HaBaHTaXEHHS MPU BUMPOOYBaHHI MOBHHHO OOWPATHUCH TakK,
00 MaTepian 0ajgKku MpaifoBaB y NPYXKHIM cTafdil.

VY kypHan mabopaTopHoi poOOTH BHM3HAYAIOTh CEpPEHI MPUPOCTH BIIIKIB
koHOTro TeHsomerpa (cp. A4;, cp. AA4s3) i cepenni mpupoctr nedopmarriit

£ = cpl4, £ = cplA,
'y, 00t 7 rx,n0"

ne ! - 6a3za TeH30MeTpa,
K, K, - nina noxinku TeH30MeTpiB.
Jlaii o0UKCITIOITh EKCIIEPUMEHTATbH1
g, = E g E
1~ 1 nyy &5 O3 = 1+ 1
1 TEOpPETHYHI
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O .=+ AF (S
13- 5nrt
2b(1
3HA4YEHHS FOJIOBHUX HamNpyKeHb. B ocTanHiit popmyrti

_ bh?

S=—— — crarnuHMii MOMEHT MOJIOBUHHM Iepepi3y OajaKku BiHOCHO HEHTpabHOI

3
: bh : : o :
oci, | = ETHN MOMEHT i1Hepii mepepizy BiIHOCHO HEUTPaIbHOI OCI.
[lopiBHSIHHS TEOPETUYHHX Ta EKCIEPUMEHTAIbHUX 3HAY€Hb BHUKOHYIOTH,
OOYHCIIIOI0YY BiJICOTKOBY PI13HUIIIO MK HUMHU:
g,.— 0
e .
_& "l M 00%.
g

e
s pi3HUIS 3 SBISETbCA NEPEBAKHO 32 PaXyHOK MOXMOOK NpUIadiB Ta
HETOYHOT'O PO3TAITYBaHHS 1X Ha OaIIIi.

KoHTposbHi 3anuTaHHs
1. SIxi rorommHY HA3MBAKOTH TOJIOBHUMUA?
2. SIki Hampy>KeHHs HA3UBaIOTh TOJIOBHUMHU ?
3. 1o Take mIOCKUM HANPy>XKEHU CTaH?
4. SIx BU3HAUYAIOTH PO3TAITyBaHHS TOJIOBHUX TUIOIIHH?

2.17. Bu3HayeHHsI NPOTrUHIB Ta KYTiB MOBOPOTA 0AJIKHU
NPSIMOKYTHOT0 Mepepi3y NpH MJIOCKOMY 3TMHI

Mera po6OTH: BU3HAUYEHHS LUISIXOM €KCIIEPUMEHTY BEJIMYUH MPOTHHIB y(x)

Ta KyTiB IOBOpOTa H(X) 1 TOpiBHAHHA iX 3 BEJIMYMHAMH, OACPNKAHUMH 3
TEOPETUYHHUX PO3PAXYHKIB.

BunpoOyBanbHa MaliHa Ta Dpuiaju

BumnpoOyBanHsi BukoHyoOTh Ha MamuHi YBM-50 (@mus. m. 1.1). [Jlns
BU3HAYCHHS TPOTHHIB BUKOPUCTOBYIOTH mnpormHomipu (m. 1.9). Kyru moBopota
BUMIPIOIOTH J3epKAILHUM TeH3oMmeTpoM (1. 1.8).

3pa3ok Juist BUpoOyBaHb

BunpoOyBaHHs BUKOHYIOTh Ha CTaJIEBIN Oanili mpsAMOKYTHOro mnepepizy 3% 10
cMm jgopxuHoro 110 cm. Ilpompor OGanku mnpu 3ruHi craHoBuTh 100 cMm. 3ruH
B1IOyBa€TbCs B IUIOMIMHI 1i HalOUIBIIOI >KOpPCTKOCTI. CxXxema 3aBaHTaKECHHS U
pO3TalllyBaHHSI BUMIPIOBAIBHUX MPHJIAJIIB HaBeIeHa Ha puc. 43.

Innukarop (mporuHoMip) 1 BUMIpIOE IPOTHH y CEPEIMHI POJIbOTY. [HAMKATOD
2 noTpiOHUI AJI1 BUMIPIOBAHHS OCaaKU Oallku Y, 3a paXyHOK NpYy>KHOi Aedopmarii

MaTepiany Oanku Ta omopu B micui ix cTucky. Kyt moBopoTy mepepidy Ha omopi
BUMIPIOIOTh  J3€PKAJbHUM  TEH30METPOM  (A3epKajbllec Ha KpPOHIITCHHI O,
BUMIpIOBajIbHA JIiHIMKa 3, 30poBa TpyOKa 4).
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Puc. 43.

OcHOBHI BIJIOMOCTI 3 TeOopii

3irHyTy MijJ [AI€I0 TOMEPEYHOr0 HABAHTAXKEHHS TMO3J0BXKHIO BICh OalKu
Ha3MBaIOTh TPYKHOW JiHI€0. [lepeMilieHHsT moOnmepeyHOro mnepepizy Oalku mpu
3THHI XapaKTEePU3YIOTh Bl BEIWYNHU. TPOTHUH y(x) Ta KyT TIOBOPOTa H(X) (puc. 44).

O(x)
F
Y
7 ’///
!
1/2 - R/2
A
Puc. 44.

TeopeTnuHi BenMYMHU TPOTHHY W KyTa TOBOpOTa Mepepidy Oallku MOXKHa
3HAUTH Oyab-SIKUMU BIJIOMUMH METOJAaMH, HAIPUKIIAJ, TOYATKOBUX MapaMmeTpiB abo
Mopa. BoHu BiMOBITHO CKIAAAIOTh: ISl CEPEIHBOTO TIEPepizy

3
(5)=2 42)
2) 481, \2

11 Tiepepi3y Ha Oropi

y(0)=0, 6(0)=-F"
16El,
ne E - momyms npysuocTi iepmoro poy (st cram E=2,110° MITa);
h? o . .
I, = l?l._Z - MOMEHT IHEPIII ITepepi3y BIIHOCHO HEUTPAIBHOI OCI.
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[TocmigoBHICTE BUKOHAHHS POOOTH

JlocniaHy 6ajaky BCTAaHOBJIIOIOTH HAa MAIIIMHI, 3aKPITUTIOIOTH BIAMOBIAHO puc. 43
inaukaTopu 1,21 a3epkanbauii TeHzomeTp (3-5).

[IpuknanaroTh MoyaTKkoBe HaBaHTaKEHHS S KH, 1m00 BUOpaTH HEMIUILHOCTI B
ycTaHoBIli. Jlani HaBaHTaXeHHs 3011bIy0ThH oqHakoBumu dyactkamu AF =5 kH. Ha
KO>KHOMY CTYTI€HI HaBaHTa)X€HHSI 3HIMAIOTh BIJUTIKA HA MPUJIaJIaXx.

Haiibinbine HaBaHTaxeHHs F, npu BumpoOyBaHHI 0oOMpalOTh Tak, MO0

X
MaTepiai OaJKy He BUMIIOB 3a MeX1 MpYx)HOi cTaaii podotu. Ilicna nocsrHeHHs i€l
BEJINYMHU HABAaHTAXKCHHS BUMIPOOYBAHHS 3aKIHUYIOTb.

OOuncneHHs] TEOPETUYHUX 3HAYEHb MPOTHUHY Ta KyTa MOBOPOTY BUKOHYIOTH
111 OJTHI€T YACTKU HAaBaHTAXKEHHS.

() _ AF03 6(0) = AF0?
2) A48l,’ 16El,
JIns BU3HAUEHHS EKCIIEPUMEHTAIBHUX BEIWYMH MEPEMIlIeHb OOYHCIIOIOTH
cepe/Hi 3HaYEHHsI IPUPOCTIB BimtikiB mpunafis: cp. 4AA, cp. 4A,, cp. 4A;.
ExcriepuMmeHTanbHi 3HaYeHHsS] MPOTHUHY CEPEAHBOrO IMepepidy Oanku Ta KyTa
MMOBOPOTY OMOPHOTO TEePEPi3y, IO BiAMOBIAAIOTH OJIHIN YaCTII HABAHTAKCHHS

U)_cpdA —cpdhy,

Ye 5 10010 |
CpAA;
g O :—1 ’
:0) 2rL10’ P

ne L - BixcTaHb Bij BUMIPIOBaJBHOI JIHIMKKM J3€pKajJbHOTNO TEH30METPA IO OIOPH,
JIe pO3TaIIOBaHE A3EPKAJIbIIE TIPHIIATY.

Haiibinpmmii mporuH BCEepeMHI MPOJBOTY 1 HAWOUIBIIMN KyT IOBOPOTa
OTIOPHOTO TIEPEePi3y, 10 JOCIATAETHCS MTPU BUITPOOYBAHHSX

—_ Aimax A2 max

Ymax = 10000
J2] — ASmax )
max 211110

KoHTposbHi 3anuTaHHs
Ski BeTUYMHU XapaKTepU3yrTh MEPEMIIICHHS Iepepi3y Oanku?
Ak onepkatu GOPMYIIH 111 BABHAYCHHS TEOPETUUHUX MEPEMIIICHb OaTKu?
. Sk 3amexxarth TepeMimieHHS OajdKud BiJ TNPYKHUX XapaKTEPUCTHK
Mmarepiany?
4. lllo Take >KOPCTKICTh OalKH MpU 3TUHI 1 K Ha 11 BETUYHUHY BIUIMBAIOTh
reOMETPUYH1 XapaKTEPUCTUKH Tepepizy?
5. SIxki mpunanad BUKOPHUCTOBYIOTh [JISl E€KCIEPUMEHTAIbHOTO BHU3HAYEHHS
nepeMireHb OaIKu?

W=
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2.18. BunpoOyBaHH# CTaJ€eBOT0 HMJIHAPUYHOIO 3pa3Ka Ha
KpPY4eHHs

Meta po6oTH: BUBYEHHS IOBEAIHKM MaTepialy MpU KPY4YeHHI, BHU3HAYEHHS
MeXi mponopriiHocTi T, , MeXi MinHOCTI T ., Ta Moxyist npykaocTi G mpu 3cyBi.

ny’

BunpoOyBaibHa MaliHa Ta IpUIaan

BunpoOyBaHHs 3pa3ka Ha KPyYeHHS BUKOHYIOTh Ha MammuHi AM-1 (. 1.3).

Jliss BUMIpIOBaHHS KYTiB 3aKpy4deHHS 3pa3ka MOXYTh BHUKOPHUCTOBYBAaTHCH
MEXaHIYHUM Ta J3epKaJbHUNA TEH30METpU. Y Mil  poOOTI KOPHUCTYHOTHCS
I3epKabHUM TeH30MeTpoM MapTtenca (. 1.8).

3pa3ok Juist BUpoOyBaHb

YV po6oTi BUKOPUCTOBYIOTH CTaHAAPTHUI LmimiHapuunuii 3paszox (d=0,8 cm,
£=10 cm — po3paxyHKOBa IOBXHHA). MOMyJb MPYKHOCTI MEPIIOTO POy MaTepiaty
3paska E, xoedimient momepeunoi nepopmaii ([Tyaccoma) 4 Bimomi. 3pa3sok i

cXeMa JIiF0YMX Ha HhOT'O CHJI HaBeJIeH1 Ha puc. 45.

g J—
—= Y -

N, {'P MK

Puc. 45.
OcHOBHI BIJIOMOCTI 3 TeOopii
[Ipu kpyuyeHHi 3pa3ka B TOYKax KOro Iepepidy BUHUKAIOTH JIOTHYHI
HaIPYKEHHS

M lp

r=—%"",
Ly

ne M - xkpyTHUiI MOMEHT y miepepisi,

O - BiICTaHb BiJI IIeHTpa KPyUYeHHS mepepisy (eHTpa KPyrioro nepepisy) 1o
TOYKH, B IKiii BA3HAYAIOTH HAMIPYKEHHS,

*
I, = ETl MOJISIPHUN MOMEHT 1HEPIIil KPyTJIoTo mnepepisy.
HaiiGinpmoro 3HadeHHsT JOTHYHI HAMPYKEHHS JOCITA0Th y TOYKAX Mepepily

Ha NOBEPXHI 3paska pu O = Pa = '

LM M,
max — - ,
| P Wp
l, m® .
ne Wp =————— - MOMEHT OIIOPY KPYYECHHIO KPYTJOT0 IIEpEP13Y.
r

Monyns TpYXKHOCTI TpH 3CyBlI MOXHa 3HaWTH 3 ¢opMynu g KyTa
3aKpy4YEeHHs 3pa3Ka
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M., U

K ny
Gl,

e MK _— KpyTHUH MOMEHT, IO BIAMOBIa€ MEXI MPOMOPIIHHOCTI, Ha

pO3paxyHKOBi goBXuUHI ¢ 3pa3Ka,
6 - KyT 3aKpydYeHHS 3pa3ka Ha JOBKHUHI /
G - MOIyJb IPYXKHOCTI MaTepiaiy Mmpu 3CyBi.
Orxe

K ny

o1,

\Y/ I

Hageneni ¢popmynu st 8 ta G nidicHi st kpytHux Momenris M, < M —

TOOTO KOJIM MaTepiaj 3pa3Ka Mpaltoe B IPY>KHiH cTafdii.

[TocniIOBHICTh BUKOHAHHS POOOTH

[lepen Bano6yBaHH;{MH BI/IMlp}OIOTB maMeTp d spaska Ta PpO3paxyHKOBY
TOBXHUHY. 3pa30K 3aKPIIUIIOTH B 3a4iNKaX MAlTUHU 1 BCTAHOBIIIOIOTH Ha KIHIIX HOTO
PO3paxyHKOBOI TOBXHMHH A3epKaibHi TeH3ometpu A 1 B, six mokaszano Ha puc. 46.

A B

Puc. 46.
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3aHOCATH B XKypHaI 1aboparoproi pobotn Buxigni nami d, 7, L, E, u.
HaBaHTa)keHHSI — KPYTHHH MOMEHT — IMPHUKJIAJAl0Th OJHAKOBUMH YaCTKAMHM
AMK. [Ticnst KO)KHOTO CTYMEHS HaBaHTAXKCHHS 3HIMAIOTh BIIIKM Ha A3EPKATBLHUX

tenzomerpax A ta B.
3rigHo i3 3akoHoM I'yka KyTH 3akpydenHs A6, 1o BiAmOBIIa0Th 0JIHAKOBUM
npupoctam kpytHoro Mmomenty AM ., Oyayre oxHakoBi. I'paHnuHe 3HAuCHHS

MOMEHTA, 70 SIKOro AiiicHui 3akoH ['yka mae momeHt M kg + 1O BIJIITOB1Ia€ MEXKI

nponopiuiiHocTi. OTxe

_M.,,
Y
0
Iicns  mocsrmenns M, TEH30METPH 3HIMAOTh i  NPOJAOBKYIOTh

3017IbIIYBAaTH HaBaHTaKEHHSA. Mexy MIITHOCTI MpPH 3CYBl1 3HAXOAATh 3a 3HAYCHHSIM
momeHTta M ..., IO BiANOBia€e pyiHYBaHHIO 3pa3Ka’

M

T — kmax.

max —
Wp

Jlis BU3HAUYEHHA MOMYJS NPYXKHOCTI MPH 3CyBl OOYHUCIIOIOTH CepeaHii
IOPUPICT PI3HUIL MOKA3HUKIB TEH30METPIB y MeXax MpYyXKHOi poOOTH Martepiana
3pa3ka

2\AA-4B) Z2(A+B

pope 2(2A-28)_5(a+B)
n n

ne N - Yuco CTYNEeHIB HaBaHTAXKEHHS 0 MEX1 IMPOIOPIIIHHOCTI.

3a o/1ep;KaHUMH 3HAYECHHSAMH 3HAXOATh CEPEIHIN IIPUPICT KyTa 3aKPydYEHHS:
Ac
A6 = _p
20

Ta MOJYJIb IPYKHOCTI TIPH 3CYBI
AM [/

= K .
460,
Jliarpamy KpydeHHs OyaylOTh B MacmiTadl 3a BiAMOBIAHMMH TOYKaMHu (pHC.
47).

KoHTtpomnbHi 3anuTaHHs
1. Sxa meta mabopaTtopHoi po6OTH?
2. SIk BU3HAYAIOTh TEOPETUYHI TOTHYHI HAIIPYKEHHSI Ta KyTH 3aKpy4YEHHS ?
3. e mitoTh HaWOIbIII JOTHYHI HANPY>KEHHS B MEpepi3l MUIHIPHUYHOTO
CTEpKHS MpU HOTo KPyUeHH1?
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Puc. 47.

4. Sk mpaioe mammHa AM-17?
5. Sxwuit mpuHIMI poOOTH A3epKaIbHOTO TeH30MeTpa MapreHca?
6. Yu noB’ s3aHi Mixk co000 3HaueHHs MOLyIiB npyxHocti E 1a G?

2.19. Busnavenns aedopmanii HUITIHAPUYHOI TBUHTOBOI NPY:KUHU
MPH CTUCKY

Meta poOoTu: eKCrnepUMEHTajJbHE BHU3HAUEHHS OCIAaHHS UUIIHAPUYIHOT
CTaJIEBOI IIPY>KUHU.

BunpoOyBanbHa MalliHa Ta Opuiaju

BunpoOyBanust BukoHyr0Th Ha MamuHi YBM-50 (@. 1.1). JIns BusHaueHHs
OCiJJTaHHS NIPY>KUHU BUKOPUCTOBYIOTH 1HIMKATOPH TOAMHHUKOBOTO TUMy (1. 1.9).

3pa3ok i BUIPoOyBaHb

Jlis  BUnpOOyBaHb BUKOPHCTOBYIOTh HHMJIIHAPUYHY TBHHTOBY CTaJIeBY
npyxuny (puc. 48). Ii posmimyroTe sk nokazaHo Ha puc. 48 Mik BEPXHBOIO
HEpYXoMOI0 1 1 HHKHBOIO pyxomoro 2 onopaMu. OCKIJIBKHM JlaMeTp MPYKUHU JIEIIO0
OBl JiaMeTpa Ormop, MK MPYKUHOIO Ta OMOPAMH CTABJIATH CTAJIEBl IUIACTUHU 3.
[Tin yac poOOTHM MalIMHM HUXKHS ONOpa MiJHIMAETHCS 1 CIHPUYMHSAE CTUCKAHHS
npykuHu. [Haumkatopw 4 3akpilUIIOIOTh HAa HEPYXOMHX CTOSKaX S MaIluHH,
PO3TAIIOBAaHUX Ha J1aMETPabHO MPOTHISKHUX Ookax mpyxkuHU. LIITok 6 KOKHOTO
IHAMKATOpa CIUPAETHCA HAa HIKHIO MiuacTuHy 3. OTXe MOKa3HUKH 1HIAUKATOPIB
JA0Th OCITAaHHS MPY>KUHU.

[Ilo6 oxeprkaHi B poOOTI pe3ynbTatu Oyiau OMM3BKI JO pPealbHUX HEOOXiTHO
MaTd HE MeEHIIe JBOX I1HAuKaTopiB. lle moB’s3aHO 3 HEOOXITHICTIO BUKJIIOUYCHHS
BIUIMBY MOXWOOK YCTaTKyBaHHS Ta 3pa3Ka. BIIXUJICHHS OCl IPY>KUHM BiJ oceit omop 1
Ta 2; BIIXWUJIEHHS OMOPHUX IUIACTHH B1J TOPU3OHTAJIl; HASBHICTh IIPU BUIIPOOYBaHHI
HE TUTbKHM CTUCKAHHS, aJie ¥ 3rUHY TPYKUHH.
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Puc. 48.

OCHOBHI BIJIOMOCTI 3 Teopli
[Ipu cTuckaHHI TIPYKUHU 3MEHIIYETHCS BIJICTAHb MK CYCITHIMM BUTKAaMHU 1,
oTKe, 1l JOBKHMHA. 3MiHA JTOBKHUHU MPYKUHU TP CTHCKY A =/ —(, Ha3uBa€eThCs

OC1JIaHHSM TPY>KUHHU.
{ - mepBUHHA JIOBXUHA TIPYKHUHH;
{, - IOBXHMHA CTHCHYTOI NIPYKHUHH.

VY TexHill nepeBaXHO 3aCTOCOBYIOThH IIIHAPUYHI MPYKUHHU 3 MaJTUM KPOKOM
rBuHTa. [ Takux mNpyXUH OCiAaHHS 3YMOBJIEHE MEepPeBaXXHO JedopMmanisaMu
KpydeHHsl. TeopeThuHe BU3HAYEHHSI OCIJJaHHSA BUKOHYIOTH 32 (hOPMYJIOH0

8FD°n
/1 = a1
Gd
ne F - cruckyroua cuna;
D - cepenniit niameTp NpyKUHU;
N - KITBKICTh BUTKIB MPY>KUHU,
G - MoIysb IPYXKHOCTI MaTepiainy Npy>KHHH IPH 3CYBi;
d - miamerp cTepHs IpyKUHU.
["'eomeTpuyHi po3MipH NpYy>KWHU HaBeAeHI Ha puc. 49.
dopmyna A OCiIaHHA TMPYXKUHU OJIep’KaHa B Kypcl Omopy MaTepialiB 3
BUKOPUCTAHHAM POy TINOTE3, TOMY €KCIEPUMEHT Ja€ MOXKIMBICTb MEPEeBIPUTH ii
NPUIATHICTH 7S MPAaKTUYHUX PO3PAXYHKIB.
Cnin 3a3HaunTH, IO TEOpeTHYHaA (Gopmysia JJIsi OCIaHHS TMPYKUHU JiHCHA
JWIIE 332 YMOBH TNPYXHOI cTanaii poOOTH marepiany. MakcuMaiabHEe HaBaHTaKEHHS

Ipy BUIIPOOYBaHHSAX MOBUHHO OOMPATUCS 3 YpaXyBaHHM I[i€1 0OCTaBUHH.
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Puc. 49.

ITocimoBHICTE BUKOHAHHS POOOTH
BumipsiBumn  3oBHimHi giamerp D, npyxunum 1 nmiamerp i cTepxkHs,

BU3HA4alOTh cepennid giamerp D =D, —d. Monyne mnpyxHOCTI Martepiainy

npyxunu npu scysi G = 08010° MIIA.

Po3paxyHKOBY KiJBKICTh BHTKIB MPYXHHH N BHU3HAYAIOTh 3 ypaxyBaHHSIM
TOTO, WO y TPYXHH, SKI TPAIIOTh HA CTUCK, KpalHI BUTKH MATUCHYTI H
3anutioBaHi 3 TOPIIB AJis 3a0e3MeueHHs OTMIOPHUX TUIOMIMH. BBaxkaroTh, 110 B poOOTI
He 3afisHuMU € mpubiau3Ho 1,5 BuTka. Y mNOpyXHHi, 10 BUKOPUCTOBYETHCS B
1abopaTopHiii poOOTi, MOBHA KUIBKICTh BUTKIB (3 ypaxyBaHHSM IMiITUCHYTHX) 4,5,
OTXKe

n=4515=3.

BunpoOyBaHHS MOYMHAIOTH 3 JIEAKOTO IMOYAaTKOBOTO HaBaHTaKEHHS,
Hanpukian 5 kH, mpu skoMmy 3anucyroTh Mepln BULIKKA 1HAUKaTopiB. Jlami
HaBaHTaKEHHs 301IbIIYIOTH OJHAKOBUMH dacTkamu, Hanpukiaan AF =5 xH., koxen
pa3 3HIMa4M BIIIIKKA Ha npuiiagax. BunpoOyBaHHS NPUNUHAIOTE MPHU JOCATHEHHI
HaBaHtaxenus F, =125...150 kH.

OOuucaMBIIM CyMH BIUIIKIB 1HAMKATOpPIB Ta MPHUPOCTH CyM, 3HAXOISTh
cepeaHiil mpupict
_ A4, + 4,)
cp m !

A(Al + A2 )

ae M - KiIbKICTh IPUPOCTIB.
ExcrniepuMenTanbHa BeIMYMHA OCIJaHHS TPYXKWUHHU, IO BIAMOBITAE OJHIN

yacTii HaBanTtaxenus AF
_054(A + A, (K
¢ 10 !

ne K - nina mominku mkanu inamkKaTopa, MM.
BuzHnauuBm BiAMOBIIHE TEOPETUIHE 3HAYCHHS OCITaHHS

cM,
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A
m 4
Gd
00YHCITIOIOTH PO301XKHICTD HOTO 3 €KCIIEPUMEHTATIBHIM:
Me _ Am‘

&=——"-[100 %.
A

m

KoHTposbHi 3anuTaHHs
Ska meta mabopaTopHoi po6oTH?
SAxumu gedopManisiMi CTEPAKHS MPY>KMHU 00YMOBJICHE 11 OCIJaHHS?
SIK BU3HAYAETHCS €KCTIEPUMEHTAIBHE OCIIaHHS TIPYKIHH ?
Sk BU3HAYAETHCS PO3PAXYHKOBA KiJIbKICTh BUTKIB MPYKUHU?
YUuM  MoOXHA  OOYMOBUTH  PO30IKHICTH MIK  TEOPETHYHHM  Ta
eKCIIePUMEHTAILHIM 3HAYCHHSM OCiTaHHSA?

arwnNE

2.20. BuzHayeHHs1 HAaNpy:KeHb NpPH TO03aLEHTPOBOMY CTHCKY
CTePIKHA

Meta poGoTH: eKclepuMEHTajJbHa IMepeBipKa TEOPETUYHOI (OpMyNU s
HOpPMAaJIbHUX HAMpPY>KEHb MPH MO3aLEHTPOBOMY CTHUCKY.

BunpoOyBaibHa MalliHa Ta IpUIaau

BunpoOyBanHs BukoHyr0Th Ha MamuHi YBM-50 (@. 1.1). Jnsg BusHaueHHs
aedopmMalliii BAKOPUCTOBYIOTh BakebHI TeH3oMeTpH (1. 1.6).

3pa3ok i BUNIPoOyBaHb

V po0oTi BUKOPUCTOBYIOTH 3pa30K Kpyrioro momepednoro nepepizy d =80
mM; L =200cm. Po3mimieHHs 3pa3ka Ta npuiazis mokasano Ha puc. 50.

3pa3zok 1 po3MmilryroTh MK BEPXHBOIO HEPYXOMOIO 2 1 HUKHBOIO PYXOMOIO 3
onopamu. J1Jis1 311HCHEHHS MO3alIEHTPOBOIO CTUCKY MIXK TOPIIIMU 3pa3Ka Ta OIopaMu
cTaBnATh craneBi miuacTuHu 4. Ili mmacTuHuM, a TakoX TOPIHI 3pa3ka Ha JesKid
BIJICTaHI BiJ] IEHTPa MAlOTh 3arJuOJICHHS, B SKi BKJIQJAI0Th CTAJEBl KyJIbku 5. OTKe,
HABAaHTa)XCHHA Ha 3pa30K MEpelaeThcs uyepe3 Kyibku, ToOTO mo3areHTtpoBo. Ha
3pa30K B CEpeAHiil WOro YacTWHI CTaBIATH JBAa TEH30METpU O B IUIOMIWHI, IO
MPOXOJUTH Uepe3 KyJIbKH Ta BiCh 3pa3ka. TeH30MeTpH po3TalloBaHi Ha {laMeTPpabHO
IPOTHIICKHUX O0Kax 3paska (puc. 50).

OCHOBHI BIJIOMOCTI 3 Teopli

[To3arieHTpOBUM HA3UBAIOTh CTHUCK CTEPKHS CHUJIaMH, SKi MPUKIAJCHI HE B
IIEHTplI Baru ioro momepedyHux mnepepisziB. [lo3aneHTpoBUN CTHUCK 3BOJUTHCS 0
KOMOiHaIii EeHTPATFHOTO CTUCKY Ta 3THHY B JIBOX TOJIOBHHX IUTOIMHAx. Yepes
HasBHICTh 3TUHY HOPMAaJIbHI HANPY)KCHHS PO3MOIIISIOTHCSA 33 MEPEPi30M CTEPIKHS
HepiBHOMIpHO. Teopetmuna ¢opmyna s HOPMAJIbHUX HANpy>KE€Hb MpH
MO3al[EHTPOBOMY CTHCKY Ma€ BUTJISA]

U:—E 1+M+£

-2 2
A oy

, @)
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L =200
J;;
Lz,L
1

Puc. 50.

ne A - ioia nonepeyHoro nepepisy CTepHs;;
Ve, Zp - KOOpAMHATH TOYKU MPHUKIaAanHs cun F ;
Y, Z - KOOpI[I/IHaTI/I TOYKH, B SIKiil OOUMCIIOIOTH HAIIPY KCHHS;

= A XZ 1, pazuycn 1Hepu11 nepep13y BlI[HOCHO rOJIOBHHUX OCeM Z Ta

! y
Y poOOTI BUKOPUCTOBYIOTh CTEPKEHBb KOJOBOTO MEpepi3y, TOMY OJHY 3 JBOX
ICHTPAJILHUX OCEH MOXHA MPOBECTH Yepe3 TOUKY NMpukKiIaaanHsa cuiu (puc. 51).

[Tpu oMy opmyna 1 HanmpyXeHb copouryeTbes, ockinbku Y = 0. Kpim Toro,

,» |, - MOMEHTH 1HepLii onepeyHoro nepepizy BIIHOCHO ocel Z Ta Y.

JUIA KOJ1a
4 2
y=1,= A=
64" 4
m*‘E d

I, =1, = /——— =—.

Yr Vesod? 4
Caia Big3HauuTH, 0 Gopmyia (a.) HempuaaTHA IS BU3HAYCHHS HAIMPY)KEHb
KIHIIIB CTepkHs. TyT XapakTep pO3MOJUTy HaNpy»XEeHb 3a MEpPepizoM MaJIeKui Bif
JiHifHOrO, 10 BiamoBigae ¢dopmym (a.). 3rigHo 3 npunununoM CeH-Benana 1
dbopmyna gdificHa JuIne A TepepisiB, JOCTATHBO BIAANCHUX Bif KiHIIB. [ls
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Puc. 51.

BIJICTaHb MMOBHMHHA OYTH HE MEHIIIE XapaKTEPHOIro po3Mmipy mepepisy (y miii pobori
JiamMeTpa nepepisy).
Kpim Toro, dopmyna niiicHa juiie 3a yMOB poOOTH MaTepiady CTEp>KHS B MeEXkax
nponopuiiHocTi. Tomy npu BUNpoOyBaHHSX MOTPIOHE OOMEKEHHS CTHUCKYHOYOTO
HaBaHTAKCHHS.

[TocniIoBHICTh BUKOHAHHS POOOTH

Ha mouarky po6otu BumiproroTs giamerp 0 3paska Ta KOOpDAMHATH Zg TOYKH

IPHUKJIaJaHHsT CTUCKYI0UOi critd. OOUHCITIOIOTE IUIoNTy repepisy A Ta pamiyc iHepirii
iy. Moysib IpyX)HOCTI Matepiany 3paska (crams) E=2010° MIla = 210" kH/cm?,

BusHavaroTh iHy MOIIIKK ¢ Ta 6a3y / TEH30METpIB.

BunpoOyBaHHS MOYMHAIOTH 3 JIEAKOTO IMOYAaTKOBOTO HaBaHTaKEHHS,
Hanpukiaa 10 kH, npu skomy 3HIMalOTh mnepmn BIIIKK npwiamiB.  Jlami
HAaBaHTAXXEHHs 30LIbINYIOTH oxHakoBuMM uacTkamu, Hampukian AF =30xH.,
3HIMAK4YM Ha KOXKHIA CTYyNeHI HaBaHTKECHHS BIAMOBIIHI BIIJIIKM TEH30METPIB.
BunpoOyBanns 3ynunsitots npu HaBanTakenHi 100... 130kH.

Bignoimno no ¢opmynu (a.) Hampy>KeHHS TPU OCTAHHBOMY HAaBaHTaKEHHI
cranoBuTh 40...52MIla, To06T0 HabaraTo MeHIIe Mexi npomopmiaocTi ctam (200-
300MITa).

3HaXOAATh CepelHIN MPUPICT BIAJIIKIB

A'Alcp:—; AAZcp :%1



ae M - 4uciIo MPUPOCTIB.
3a UMMHU 3HAYEHHSAMH OOYHMCIIOIOTH BITHOCHY nedopmaliito, 1m0 BiAMOBIIAE
oJHii yacTui HaBanTaxeuus AF s nmepioro i Apyroro TEH30MeETPIB:
_ AA&Cp [C_ . = AAch [C
¢ T /
1, maji, Hampy >XeHHs B TOUKax 1 Ta 2 1mj1st OJHI€T YaCTKW HAaBaHTAKCHHS

AA . [c

Ay, lC
—,

&1

g, =El&, =E

TeopernyHi 3Ha4YeHHS HANPYy>KeHb B Toukax 1 Ta 2 nmus omHi€l 4YacTKH
HAaBaHTAKEHHS

Ulm__AF 14 % (2, |
A i 2
y
AF z- (&
Opm =———| 1+F 2
2m A iyz

[TopiBHIOIOTH €KCIIEpUMEHTANbHI W TEOPETHUYHI 3HAYEHHS HampyXeHb. s
OPUIHATOrO B LI POOOTI 3HAYEHHA Zp =§ HampyXeHHss B Toulli 1 MOBHMHHO

JOpIBHIOBAaTHU  Hymto. Jlmsg  Toukm 2  BU3HAYAIOTh  PO30ODKHICTH — MiXK
EKCIIEPUMEHTAILHIUM i TEOPETUIHUM 3HAUYCHHSIMHU:

—|92m ~ 0%
O2m

E [100%.

KoHTposbHI 3anuTaHHs
1o Take Mo3aneHTPOBUNA CTUCK?
2. SIk  po3mMOAIAIOTBCA 3a TEpPEepi3oM HOPMaJIbHI  HANpPYXXEHHS MpHU
M03aI[CHTPOBOMY CTHCKY?
[Ilo Take sipo nepepizy?
SIK OOYHCITIOIOTHh TEOPETUYHI HAIIPYKEHHS TPHU TI03AI[CHTPOBOMY CTHCKY?
Yomy mpu BUIIPOOYBaHHIX TCH30METPH Tpeba po3TalioByBaTH He OJMKUe,
uix d Big kiHWiB 3paska?
SAxumu npuiagaMu BUMIPIOIOTH AedopmMaliii 3pazka?
Sk 31IHCHIOETHCS TIO3AIIEHTPOBHI CTUCK B POOOTI?
. SIK 00YHCITIOIOTHh EKCIIEPUMEHTANIbHI HANIPY KCHHSI ?

ahw =

© N o
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2.21. BusHayeHHS KPUTHYHOI CWJIM CTHCHYTOIO IIAPHIPHO
3aKPIIVIEHOT0 HA KIHIAX CTEPKHS

Meta po0OOTH: eKCHepUMEHTajJbHE BHU3HAYEHHS KPUTUYHOI CHJIM IS
CTHCHYTOTO IIAPHIPHO 3aKPIIMJIEHOTO Ha KIHILISX CTEPXKHS 1 MOPIBHSIHHS OJEP’KAHOTO
3HAYEHHS 3 TEOPETUYHUM.

BunpoOyBaibHa MalliHa Ta TpUIaand

BunpoOyBaHHs1 BUKOHYIOTH Ha BUIIPOOyBaibHiK Marmai YBM-50 (@. 1.1).

3pa3ok i BUNIPOOyBaHb

Jliiss BUMIpOOyBaHh BHKOPUCTOBYIOTH CTAJIEBUN CTEPKEHB KOJIOBOTO TEpepizy
d=1,2cMm, /=30cm.

3pa3zok (mo3. 1 Ha puc. 52) po3Millyl0Th MiXK BEPXHBOIO HEPYXOMOIO 2 i
HIOKHBOIO PYXOMOIO 3 OMOpaMy MamiMHu. MK 3pa3KoM Ta OMOpaMu BKJIAJal0Th
cTasieBi miuacTuHu 4. Y 1uX IUIaCTUHAX, a TaKOX B TOPLSAX 3pa3ka 3poOIieHi
3arauOJIeHHs, B SKI BKJIaNalOTh Kyiabku 5. HasBHICTE Kymbok 3a0esmeuye
3aKpIIJIEHHS KIHIIB 3pa3ka, OM3bKe A0 MIApHIPHOTO.

/2
| 4
5
1
] 4
3
Puc. 52.

OCHOBHI BIJIOMOCTI 3 T€Opii
CraH piBHOBAard MpPSIMOrO0 CTHCHYTOro crepikHs (puc.. 53) mpu neskomy

3HAYCHHI HaBaHTAXKCHHS FKp , IO HA3UBA€THCA KPUTUYIHUM, CTAE HECTIMKHUM. BTpaTa

CTIMKOCTI
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Puc. 53.

BUPAXKAETHCS B TOMY, 1110 TIEPBICHO NPSMUI CTEp:KeHb BUKPUBIIEThCS (puc. 53).
Teopetnuna Gopmyna A KPUTUYHOI CHIIM HIAPHIPHO 3aKPIMJICHOTO CTEPIKHS
oxneprkana Einepom:

ne E - Momynb mpyXHOCTI MaTepiay;
{ - TOBXWHA CTEPXKHS,
| min - MIHIMQJIBHUIM MOMEHT 1HEpIIii epepi3y CTEpKHs.
JUis Kpyriaoro nepepizy
4
_m
min — :
64
®opmyna Eiinepa mpuaatHa 3a yMOBH, IO HampyXeHHs B mepepizax Npu

BTpaTi CTIMKOCTI HE MEPEBUINYIOTh MEXI1 MPOMOPIIHHOCTI. L[5 yMOBa BUKOHYETHCS
IIPY 3HAYEHHAX THYYKOCTI A CTEp)KHSA HE MEHIINX, HiJK JeSKe IPaHUYHE 3HAYCHHS

A

np

A2,
['pannuHe 3HaYEHHS THYYKOCTI 3aJICKUTh BiJl MaTeplaly CTePKHS:

E
Ay =TT |——
o ny
¥ st cram cr. 3 cragoButh 100.

['Hy4KiCTh IIAPHIPHO 3aKPIMIICHOTO CTEPXKHS OOUHUCITIOIOTH 3a (POPMYIIOI0
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| .
: — min
ne Imin -

- MiHIMaJIbHHUU pajiiyc 1Hepiii nepepisy. s koa BiH CTaHOBUTh

®dopmyna Einepa ailicHa mnsg ieanbHOro cTepkHs. Ha mpaktuii 3aBxau
Ma€eMO TaK 3BaHI MOYATKOBI HEJIOBEPIIEHOCTI: BIAXMICHHS OCi CTEPXKHS BiJ 17€anbHOT
PsMOi, BIAXWUICHHS B MPUKJIAJaHHI CTUCKYHOYOT CHIIM, BIIXUJIEHHS y PIBHOMIPHOCTI
PO3MOITY TIPYKHUX SKOCTEH wmatepiany cTepkHs 1 T. 1H. [lpu mpakTuaHHX
pO3paxyHKax Il HEJOBEPIIECHOCTI BBAXKAKOTHCSI MaJIMMHU 1 IXHIM BIUIMBOM Ha
3HAYCHHS KPUTHUYHOI CHJIH HEXTYIOTb.

[TocniIoBHICTh BUKOHAHHS POOOTH

Ha nouatky poG0TH BUMIpPIOIOTh 3pa30K: JOBKUHY — £ Ta JiaMerp mepepizy —
d . Mozyxs npyxuocti Matepiany (crams) E=2,110° MITa.

Jlani oGunciioTs MOMEHT iHepuii |, mepepisy Ta foro pamiyc iHepuii 1, .

3HANIIOBINM THYYKICTh A CTEpKHS, IEPEKOHYIOTECS B TOMY, IO BOHA HE MEHIIA,
HDDK TpaHWYHA TMPYKHICThH Anp =100. fkmo 1us ymoBa BHUKOHaHa, jaiiicHa (Gopmyra

Eitnepa, oTxe, KOpUCTYIOUHUCH HEO, OOYUCIIOITh KPUTUYHY CHITY FKp :

BunpoOyBaHHs I[OYMHAIOTH, IIOCTYIIOBO 30iNbIIYIOUM HaBaHTaXeHHs F i
MOCTIMHO CHIAKYIOUM 3a Horo 3HaueHHSM. CTIMKICTh CTEp)KHS BHYEPIIYETHCS
panToBO, ILOMY MOMEHTY BIJTOBIIa€ 3yMMHKA 3pOCTaHHS HAaBaHTAKEHHS.

Haii6inbime HaBaHTaxeHHs I .., ZJOcsArHyre mnpu BHUIPOOYBaHHAX, 1 €

EKCIIEPUMEHTAILHOIO KPUTHIHOIO CHJIOK0.
Po30ikHICTP MIDK €KCIEPUMEHTAJbHUM Ta TEOPETHUYHHM 3HAYCHHSIMHU
KPUTHYHOT CHIJTU OOYHCITIOIOTh Y BIJICOTKaX:

F.—F
e=-"12___¥100%.

Kp

KonTtpomnbHi 3anuTaHHs
[Ilo Take BTpaTa CTIIKOCTI IPSAMOTO CTUCHYTOT'O CTEPIKHS?
1o Take KpUTUYHE HaBaHTaXXEHHS (cuiia)?
SIK OOUUCITIOIOTH TEOPETUYHE 3HAYECHHSI KPUTUYHOT CHITU?
B sxux mexax aiiicHa ¢popmyna Einepa?
Bin yoro 3anexuth 3HaUE€HHS TPAHUYHOT THYYKOCTI CTEPIKHS ?
Sk 31HCHIOETHCS ONTMPaHHS 3pa3Ka Mpy BUIIPOOYBaHHI?
Sk BHU3HAYAETHCA  EKCIEPUMEHTAJIbHE  3HAUEHHS  KPUTUYHOTO
HABaHTAKCHHS ?
o Take mo4yaTKOBI HEJOBEPUICHOCTI? SIK BOHM BIUIMBAIOTh HA 3HAYCHHS
KPUTUYHOT CHIIA?

Nook~rwhE

@
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2.22. Bu3HaveHHsI MUTOMOI YAApPHOI B’ I3KOCTI cTaJi

Meta poOoTH: BU3HAYEHHS MIUTOMOI yIapHOi B’ I3KOCTI CTai.

Bumnpo6yBanbHa MallinHa Ta IpuiIaan

BunpoOyBaHHs Ha yAapHy B's3KiCTh BUKOHYIOTh Ha MasTHUKOBOMY Kompi (II.
1.4).

3pa3ok uis BUIPoOyBaHb

Jns BUNpoOyBaHb BUKOPHCTOBYIOTH 3pasku TumiB l... V (puc. 54). Ix
BUKOHYIOTh 3 Hajpizamu, mo0 ¢IiKCyBaTH MicClle TepeoMy IpU BUIPOOYBaHHI.
3pazku l... Il BigpizHAOTECA TIMOMHOIO mpopisi, 3pazok IV Mmae iHmy dopmy
npopisi, a 3pa3ok V 3MeHIleHy IIUPUHY Iepepizy.

I v
% 5520,6 } 100 T_iiAL_
— P -
1(Y) at o F gj ] U
| 275%042 I
! 5520,6 ! fﬂyguT
T R 1204 _g__ji;_ éi 2222?
berssouz ), '
5506 % Tﬂy@if
Ti ﬁ'-,ft_OA_]‘n —i g 7
| 27,5:042 ELJL__ —
55206 0£04
v aaas:ogzsl-_____ﬁir §§ %2%?2;

, /]
275042 g;i:>

45°%9'

Puc. 54.
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3pa3ku  BUPI3aIOTh HAa METAJOpI3aJibHUX BEpcTaTax MpUd yMOBax, IO
BUKJTIOYAIOTh HAKJIEI Ta HArpiB, OO HE 3MIHUTH BJIACTUBOCTEH MeTairy. OCTaTOuHY
00poOKYy BHKOHYIOTh Ha MeTalonuliyBaJibHUX BepcTarax. Haapiz 3m1HCHIOIOTH
(dbpezepyBaHHAM a00 aOpa3UBHUM KaMEHEM.

OCHOBHI BIJIOMOCTI 3 Teopli

YnapHa B’SI3KiCTh — 1€ CKJIaJJHA KOMIUIEKCHA XapaKTEPUCTUKA, KA 3aJICKUTh
BiJl HU3KM OLIBII MPOCTHX MEXaHIYHMX BJAacTUBOCTEH. OCTaHHI BH3HAYalOTh IPHU
CTaTUYHUX BUIMPOOYBAHHIX, TOOTO TiA [I€I0 JAy)Xe MOBUIBHO 3pPOCTAIOYUX
HABAaHTa)XeHb, OTKE BOHM HE MOXYTh XapaKTepU3yBaTH 3[aTHICTh MaTepiaiy
OPOTUCTOATH YIAApPHOMY HaBaHTa)KEHHIO. BumpoOyBaHHA Ha ynapHy B SI3KICTb
HaJeXaTh J0 NWHAMIYHHUX BHJIB BHUIPOOYBaHb, SIKIi 3aCTOCOBYIOTH ISl TOTO, 10O
OLIIHUTH 3[aTHICTh MaTepiaiiB MPOTUCTOSITH YAAPHUM HaBAaHTAKEHHSAM Ta BUSIBUTH 1X
CXHWJIBHICTH JI0 KPUXKOTO PyHHYBaHHS.

YnaapHa B'SI3KICTh XapaKTePU3YEThCS IMUTOMOIO POOOTOI0, BUTPAYCHOKO Ha
pyHHYBaHHS 3pa3Ka:

d= W
A
ne W - poGoTa, BuTpaueHa Ha pyiHYBaHHS 3pa3Ka,
A - mtoma nepepisy 3paska y Micii Haapizy.

[TocniIoBHICTh BUKOHAHHS POOOTH

[lepen movaTkoM BUIPOOYBaHb 3aMipSAIOTh 3pa30K 1 3aMMCYIOTh BeaM4uHu D —
mmpuHy Ta N —BHCOTY Mepepiy B Micui HaApi3y.

3pa3ok KIaAyTh TOPU3OHTAILHO B CHEI[IAbHUIN NIa0JOH, SKUU 3abe3meuye
po3TalmryBaHHS HAJIPi3y TOYHO TOCEPEANHI TPOILOTY (pHC. 55).

Puc. 55.

Yaap BHUKOHYIOTH 3 OOKy, MPOTWUJIICKHOTO Haapidy, B IUIOIIUHI,
MEePIEHANKYJISPHIA 10 TO30BXKHBOI OcCi 3pa3ka. Ha mikamni kompa 3HIMAalOTh BIIIK,
skuit nae Beamunny pobotu W, BuTpaueHy Ha pyiiHyBaHHS 3pa3Ka.

OGuucnuBIIM TUI0Iy Iepepisy 3paska A =D [h, Busnauarors mutomy pobory
pYWHYBaHHS 3pa3ka — MUTOMY yIapHY B’ I3KICTb.
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KoHTposbHiI 3anuTaHHs
1. Jns 9oro 3acTOCOBYIOThH JUHAMIUHI BUIIPOOYBaHHS?
2. IIlo Take nuToMa yaapHa B’ I3KiCTh?
3. Jlusg gyoro pobnaATh HaApi3 HaA 3pa3kax?
4. Ha sxiii MamvHi TPOBOJSTH BUIPOOYBAHHS ?

2.23. BunpoOyBaHHsI cTaJli HA CTOMJIEHICTh NMPH 3MiHHMX 32 3HAKOM
HANPYKEHHSAX

Merta po0GoTH: 03HAMOMIIEHHS 3 METOJAOM BHU3HAUEHHS MEX1 BUTPUBAJIOCTI
(cTomITEHOCTI) JIUIS CTAJTI.

BunpoOyBasibHa MaIlivHA Ta TPWIAIN

BunpoOyBanHsi MatepiaiiB Ha BUTPHUBAIICTh MPOBOJATH Ha CHEHIAIbHUX
MaIllMHAX, SKi JO3BOJISIOTh HABAHTAXYBATH 3pa3Kd 3MIHHUMHU HaBaHTAXCHHIMH 3
gactoToto 1ukia 2000... 300Ba xBwimHy. OHa 3 TaKMX MallIMH HaBeeHa B 1. 1.5.

3pa3ok i BUNPoOyBaHb

JIns BU3HAYEHHSI MEX1 BUTPUBAJIOCTI CTali BUKOPUCTOBYIOTH LMJIIHAPUYHUMA
3pa30K, HaBeJCHUH Ha puc. S6.

Ha mpaktumi ans  ojepaHHS BIPOTIAHMX PE3yJbTaTiB  BHUIPOOYBaHHS
BUKOHYIOTH 17151 6... 1001HaKOBUX 3pa3KiB.

10 7b , 10
¥l |
& I -
\\Q N S
110 _Q S 40 |
o #0 . 1
Puc. 56.

OcHOBHI BIJIOMOCTI 3 Teopii

Binomo, 1o nerani MaimivH Ta CIOpy/, SKi MPOTATOM 3HAYHOTO Yacy 3a3HAIOTh
3MIHHOTO 3a 3HAKOM HaBaHTAXKEHHS, PYHHYIOTbCS 0€3 MOMITHUX 3aJIMIIKOBUX
nedopmarliii Mpu HaMPY>KEHHSIX 3HAYHO MEHIINX, HIJK MeXa MIIHOCTI Martepiany. Lle
SIBUIIIC HA3UBAIOTh CTOMJICHICTIO MaTepiaJiB.

Sk mokazaim eKCIepuMEHTH, MeKa MIITHOCTI, 1HII1 MEXaHI4YH1 XapaKTePUCTUKHU
Ta CTPyKTypa MaTepially NMpH 3MIHHUX HaNpy>KEHHSX HE 3MIiHIOIOTbCA. barathma
EKCIIEPUMEHTaMH BCTAHOBJICHO, IO TPU Jii MPOTATOM IEBHOTO Yacy 3MIHHOTO 3a
3HaKOM HANpy>KEHHs MEBHOI BEJIMYMHH B MEpEpi3i eIeMeHTa 3 SBISIETbCSA TPIlUHA.
[TosiBy 1i€i TPIIMHMU CHiJ YeKaTh ab0 B MICIHAX HaWOILIBIIMX HANpYy>KeHb, ado B
MICIISIX, A€ € AeQeKTH Marepiany. B momampmioMmy mpu Ail 3MIHHHX Halpy»XeHb L
TpIIIKMHA 3pOCTAE 1 PO3MOBCIOKYETHCA Ha BCe OUTBIINY YacTUHY nepepisy. [lnactuuni
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nedopmariii 30CepeIKYIOTECS B MICII TPIIIMHA, TOMY TOMITHUX 3aJHIIKOBUX
nedopMmariii Ha 4Yac pyHHYBaHHS HE BUSIBIS€TbCS. Matepian y TpIlIMHI CTae
rnagkuM. [licas Toro, sk 4acThHA Mepepisy, 1€ He OXOIJIeHa TPINUHOK, HE MOXKE
omupaTucs [ii 30BHINIHIX CHJI, €JIEMEHT panToOBO pPYHHYETbCS. Y Tepepisi
pyHHYBaHHS BUSBIISIOTHCS JIBI 30HM. 30BHIIIHA — BiAnuTihoBaHa 1 BHYTPIIIHS — 3
KPUXKHM 3JIOMOM.

3a pesynbTaTaMd CTaTHYHUX BHUMPOOYBaHb Ta BUIIPOOYBAHHIX Ha yaap
HEMOJIMBO BUSIBUTH 37aTHICTh MaTepiady OMUPATUCS TPUBATIUM 3MIHHUM 32 3HAKOM
HaBaHTa)XeHHAM. /{7151 1IbOr0 3aCTOCOBYIOTH OKpeMi BHUIPOOYBAaHHS Ha CTOMJICHICTb,
miJ] 9ac SKUX BU3HAYAIOTh MEXY BUTPHUBAJIOCTI (CTOMIICHOCTI) Matepiany. Takoro
MEXOI0 Ha3MBalOTh HalOLblIe 33 a0COMIOTHUM 3HAUYEHHSAM HalpyXeHHA O, AKe He

BUKJIMKAE PYWHYBaHHS CTOMJIEHOCTI TIPM HEOOMEXKEHIH KUIBKOCTI IMKJIIB
HaBaHTAKCHHS.

[locniIoBHICTh BUKOHAHHS POOOTH

[Tepmmii 3pa30Kk BCTAHOBIIOIOTH B MAIIMHI W 3a0€3MeUyIOTh HABAHTAKCHHS
2F puc. 57) tak, mo6 HanpyKeHHs y pO3paxyHKOBHMX Iepepizax 3paska (B 30Hi
gucroro 3runy C/[) nopisrioano 0,5 0,

A
%
”r

=
IR
&

|l

T e

5n.M
Puc. 57.
3navyenns cunmu F npu npomy Take:
= _ 050 (W
a

1€ O ax - MEXa MIITHOCTI MaTepiaiy,
W - momenT omopy niepepisy 3paska,
a - Biacrawb Big omop A Ta B g0 Towok mnpukiamaHHS HABaHTAXKCHHS:
Bignosigno touox C ta /] .
BMmukaioTe MamuHy, sika mpaioe 10 pyiHHyBaHHS 3pa3ka. KiIbKiCTh IUKIIIB,
K1 BUTPUMAB 3pa3oK, (PIKCYETHCS JIYUIBHUKOM.
Jlani BunpoOyBaHHS BUKOHYIOTH Ha JApPYroMy 3pa3Ky MpU 3MEHIICHOMY
HABaHTa)XCHHI. 3pO3yMiJIO, IO MPU MEHIIOMY HABAaHTA)KEHH1 KUIBKICTb LUKIIB 0
pYyHHYBaHHS 301IbIIUTHCS.
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BunpoOyBaHHs MPOMOBXKYIOTh Ha I1HMIMX 3pa3kax, MOCTYIMOBO 3MEHITYIOYH
HAaBaHTAXEHHS, 1 3aKiHYYIOTh TOM1, KOJIM 3pa30K OyJie BUTPUMYBATH 10 PYHHYBaHHS
KUIBKICTh ITUKJIIB TIOPSJIKY 10'.

BBaxkaeTbcs, Ko MaTepiaia He 3pyHHYBaBCS MPU TaKid KUIBKOCTI IUKIIIB, TO
BIH MOX€ BUTPUMATH HECKIHYEHHO BEJMKY KIJIbKICTh IUMKIIB. OTXKe BIAMOBIAHE

HaInpy>KeHHS MOJKHA BB)KAaTHU MEXKEI0 BUTPUBAJIOCTI (CTOMJIEHOCTI) J, Marepiainy.
PesynbraTi BUNpoOyBaHb MOAAIOTH y BUTIsAL miarpamu (puc. 58), Ha sKiii

B3/I0BX OpJMHATH BIJIKJIAJAIOTh HAIMpPYXEHHS, a B3JOBXK aOCUUCH — BIAMOBITHY
KUIBKICTh BATPUMAHUX IIUKJIIB.

Ol

—— — ——

___'__’__4___

v
_—_rﬁr—_f__“r—"—
| ! |

1 ] | ] 1 -

KIIBKICTh IIUKJIIB

Puc. 58.

Kpusa Ha 11iif miarpaMmi Ha3uBaeThcs KpuBoko Benepa.

KonTtpomnbHi 3anuraHHs
Sxka meta nmabopaTopHoi po6oTH?
Sk BnamroBaHa MallvHa A7 BUTPOOYBaHb HA BUTPUBAIIICTh?
Sxuit 3pa30K BUKOPUCTOBYIOTH JIJIsl BUIIPOOYBaHb?
[1lo Ha3UBa€ETHCS MEXKEIO BUTPUBAIIOCTI (CTOMIICHOCTI) MaTepiana?
SIK BU3HAUMTH HANPY>KEHHS BiJ MPUKIAACHOTO HA MAlllMH1 HABAaHTAXKEHHS ?
B skiit moca110BHOCTI BUKOHYIOTH BUITPOOYBAHHS ?
o Take kpuBa Benepa? Sk Ha 1iii KpuBiii BU3HAYUTH MEXY BUTPHUBAIIOCTI
Matepiany?

NookwhE
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Tabmumg 1 -MexaHiyHi XapaKTepUCTUKHU JACSIKUX CTaJICH

JlogaTok

Mexa ) ) Teepaicts | YnmapHa
Binnocue Binnocue . i
Marepian Mapka TEKY4OCTI MILHOCTI MOJIOBKCHHS | 3BYKECHHS 3 B ASKICTR
O M| o MIla P W bpinenem KC ,
m? max:? HB kJ>x/m
Cranb Byrjieuena:
3BUYAIfHOI AKOCTI Cr. 2 220 340...420| 0,31 — 140
Cr. 3 240 380...470| 0,25... - —
0,27
I"apsiuexarana Cr. 4 260 420...520| 0,23..0,25| - —
Cr. 5 280 500... 620| 0,19... — —
0,21
Cranp Byrieuena:
sSKicHA 30 290 480 0,21 0,5 179 300... 400
35 310 520 0,20 0,45 187 250... 350
Konctpykiriiina 40 320 570 0,19 0,45 217 260... 300
45 340 600 0,16 0,40 241 200... 300
50 350 630 0,14 0,40 241 250... 300
Crasib XxpomMucra 40x 800 1000 0,10 0,45 217 600
50x 900 1100 0,08 0,40 229 400
Cranb XpoMOHiKeIeBa 40XH 800 1000 0,11 0,10 207 700
50XH 900 1100 0,09 0,08 207 500




Tabnuig 2 - MexaHi4H1 XapaKTEPUCTUKH JICSIKMX YaBYHIB

JlogaTok

Mexa
Me:xi minnocTti, MIla npu Crpina BUTPHUBAJIOCTI
Mna
HPOTHHY TBepaicTh S”z[ap Ha <
(M) ipu 2 B'A3KICTH | 2 =
Marepian Mapka BiJICTaHI1 : 3a S =
: bpiaenem : = o
= MIK bpinenem =
= HB °© 2
E‘ . = | onopamu HB é R
g = = 5 % 0,6m = §
8, = 2 & = =
MonudikoBanmii
YaByH cu 21 210 750 400 220 280 0,009 |171...241| 90 100 |80
cu 24 240 850 440 300 300 0,009 |190...220| 90 120 | 100
cu 28 280 1000 | 480 350 350 0,009 |[170...240| 100 140 |110
KoBxkuii yaByH ku 30-3 200 - 490 280 340 - 160 80 120 110
K4y 33-8 210 — 530 290 345 — 160 130 130 |120
k4 35-10 220 — 570 300 350 — 150 140 140 [130




Cnucok Jiteparypu

1. Meronuueckne yKa3aHUS K BBIMIOJIHCHUIO JIAOOPATOPHBIX pabdOT Mo
conporuBiieHuro  marepuanoB.  B.ILIlycrooiitoB, [I'.E.IleTymkos,
IO.M.Cmonauuno, B.JL.UarynenoB, H.B.Cepena, W.A.Ilanesckuii,
JL.ILKymnsips. — Xapekos: XUNUT'X, 1991. — 8Q.

2. Comnpotusnenne marepuanoB /Tlog pen. I'.C.ITucapenko. — 5€ uzng. — K.:

Bercmr. mik., 1986.

3. Uypman U.A., bapadan H.II., [lIraiiko B.M. ConpoTuBieHrne MaTepuaiosn,

nabopaTopHbie paboThl. — 2€ u3. —K.: Bem. mk., 1988.



HaBuyajabHe BUIaHHA

Omip marepianiB. HaByanbHO-MeTOAMYHUN TOCIOHUK 70 1a00paTOPHUX
poOiT (s cryaenTiB 1-3KypciB TEXHIYHHUX CHCMIaAIbHOCTEH aKkaaeMii)

VYxmnamaui: Jleonin Mukomnaitopuy IllyTenko,
Bonogumup ITasnouu [IycToBONTOB,
Muxkona AuapiioBud 3acsiibKo

Penaktop: M.3.Ansa0’eB
Kopexrop: 3.I1.3aitueBa

[Tnan 2004,m03. 12

[Miamn. mo apyky 9.09.2004 dopmar 60x 84 1/16 [Tamip odicHu
Hpyk. Ha puzorpadi YMoBH.-pyK. apk. 4,0 OO6:n.-Bu. apk. 4,8
Tupax 100mpum. 3am. Ne I{ina moroBipHa

61002, XapkiB, XHAMTI', Byn. PeBomtomii, 12

Cexrop oneparuHoi nonirpadii IO XHAMI®
61002 M. Xapkis, ByJ. Peposrornii, 12



