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HNPEANCJIOBUE

Hnxenepy 11000 CHEIMATIBHOCTH YacTO MPUXOJUTHCS U3ydaTh YCTPONCTBA U
NPUHIIUIIBI MEXaHU3MOB, TPOU3BOJUTH PACUEThl Ha MPOYHOCTH (M/WIIM >KECTKOCTB),
YCTOWYMBOCTb, BRBIHOCIIMBOCTh KOHCTPYKIIMH. HenpaBuiIbHBINA pacueT MOXKET MPUBECTH
K CaMbIM TSKEJIBIM MOCJIEJICTBUSIM, B TOM YHUCJIE U K TpaBMaM paOOTHHUKOB Ha MPOU3-
BojicTBE. [I0ATOMY OYEHBb BaXKHO B ITPOLIECCE MOATOTOBKH BHICOKOKBATM(DUIIUPOBAHHBIX
KaJIpOB 110 00pa30BaTEIbHBIM IPOTpaMMaM BBICIIET0 00pa30BaHUs UCIIOIB30BATh KOM-
IJIEKCHBIA TOJXO0Jl K U3YUYEHUIO CTYACHTAMH JIUCUMUIUIMH, BKIIOUYAIOIIMN TeopeThye-
CKHE, TPAKTHUECKUE U JTaDOPATOPHBIC 3aHATHSI.

Hacrosimue pexkoMeH1auny npeaHa3HadeHbl I CTYIEHTOB, U3YyYalOIIUX TaKnue
JTUCHUILINHBI Kak « COMPOTUBIICHUE MaTepraoBy, «MexaHuKa MaTepruagoB U MalIuH,
«Mexanuka» u «l[Ipuknagnas mexanuka» u « TexHuueckass MEXaHHUKa.

eqb METOIMYECKUX PEKOMEH AN
— NPUBHUTH CTYJICHTAM HAaBBIKU I10 3KCIIEPUMEHTAIBHOMY ONPEICICHUI0 MEXaHUYE-
CKHUX XapaKTePUCTUK PA3JIMYHBIX MAaTEPUAJIOB;

— O3HAKOMMTB C METOJAaMHU UCCIIEAOBAHUS IPOYHOCTH U KECTKOCTH SJIEMEHTOB KOH-
CTPYKIIMH C UCTIOJIb30BAaHUEM CTAHJAPTHOTO 00OPYI0BAHNUS;

— HAYYMThb T0Jb30BaThCS anmapaTrypoi ajisi usMepeHus: nedopmaiuii U HanpsoKe-
HUM;

— 03HAKOMUTD C METOJ]aMU 00paObOTKH U MPEJCTaBICHUS PE3yJIbTaTOB U3MEPECHUIA.

[IpuBeneHHbIE TEMBI JIAOOPATOPHBIX padOT U3-32 OTPAHUUYEHHOIO 00bEMA yueO-
HBIX YaCOB, BKJIIOUAIOT JIUIIIbL OCHOBHBIE Pa0OTHI, BHITIOTHSIEMbIC Ha YCTAHOBKAX J1a0o-
paropun mexaHndeckux ucnbitannii A1 TY

[lepen TeM Kak NPUCTYNUTH K BBHIITOJIHEHHIO 3a/IaHHOM JIaDOpaTOpHON padoTHI,
CTYJIEHT JOJIKEH:

— YCBOMTb KpPaTKUE TEOPETUUECKUE CBEACHUS 110 TEME;

— W3YYHUThb TPUHIMIN PadOTHl U YCTPOMCTBO HCIBITATEILHOW MAIIMHBI WM YCTa-
HOBKH, IPUOOPOB JJI U3MEPEHUS HANIPSDKEHUH 1 feopmariuii;

— YCBOUTb METOJUKY BBIOJIHEHUS pabOTHI U CTIOCOOBI 00PabOTKH IKCTIEPUMEHTAITb-
HBIX JJAHHBIX.

OCHOBHBIE TPEBOBAHUS TEXHUKU BE3OINTACHOCTHU

K BbImONIHEHUIO TaOOPATOPHBIX PAOOT CTYIECHTHI JOIMYCKAIOTCS TOJIBKO TMOCIE
MHCTPYKTaXKa MO TEXHUKE OE30MaCHOCTH, MPOTHUBOIOXKAPHBIM MEpaM U POCIUCU B
CIIeIMAJIBHOM JKypHaJe.

Bce mexaHwdeckue HMCOBITAaHUST MaTepUaIoB MPOBOMSTCS y4eOHO-BCIIOMOTA-
TEJIbHBIM MTEPCOHATIOM Ha UCTBITATENIbHBIX MallIMHAX. CTYJ€HTHI CAMOCTOSITEIBLHO BbI-
MOJTHSIFOT PaOOThI TOJIBKO Ha CTICIIHATBHBIX JIA0OPATOPHBIX YCTAHOBKAX IO PYKOBOJ-
CTBOM IIperojiaBaTeis.

CryneHTaM KaTerOpUUYeCcKH 3amperiaeTcsi 0e3 paspelieHus MpernoaaBaTess
BKJIFOYATh JIAOOPATOPHOE OOOPYIOBAHUE B DJIEKTPOCETh U U3MEHSTh PEXKUM €ro pa-
OOTEL.

Bce n3mepenus o0pasioB, HEOOXOMMBbIE JIJIsl BBITIOJHEHUS JTa00PaTOPHBIX UC-
MIBITAHUM, POBOJSATCS 10 YCTAHOBKH MX B 3aXBaThl UCIBITATENILHBIX MAIllUH, a pa3-
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MEpBI TIOCIIC UCTIBITAHUSI MOYKHO TIPOU3BOJIUTH TOJBKO MOCTE CHITHS 00pa3IloB ¢ Ma-
muHbL. JIJ1s1 BU3yanbHOTO OCMOTpa pe3yabTaTOB UCIBITAHUI MOKHO TOJIXOJIUTh K Ma-
IIMHE TOJBKO C pa3penieHus npenojasareis. [lpu ucnonb30BaHUM CMEHHBIX TPY30B
HE CJIeJIyeT CKJIaJbIBaTh X Ha KPalo CTOJIa BO U30ekaHue NMaJeHUs U, 4TOObI HE TPaB-
MHUPOBaTh UMHU OKPYKAIOIIUX.

[Ipu Hapy1ieHun TpeOOBaHUM TEXHUKHU OE30MTACHOCTH CTYJIEHT OTCTPAHSAETCS OT
JanbHEHUIIEero BHIMOTHEHUS J1abopaTopHOoU paboThl. Eciu neficTBus cTyieHTa He TIpH-
BEJIM K CEPHE3HBIM IOCIIEACTBUSAM, TO OH MOYKET OBITh BHOBB JOIYIICH K JIA0OpaTop-
HBIM 3aHSITUSM JIUIIb I1OCII€ TOBTOPHOTO MHCTPYKTAXKA.



1. ACIIBITAHUE MATEPUAJIOB U OITPEJAEJIEHUE UX ®U3UKO-ME-
XAHNYECKHUX XAPAKTEPUCTUK

1.1. JlaGopaTtopnasa padora Nel «McnbiTaHue HA pa3pbiB CTAJIBHOIO 00-
pa3ua»

Ienv padomwi: nzyyenue npouecca AehOPMUPOBAHUS TPU PACTSHKEHUH 00-
pasiia u3 MajaoyIiepoIUCTOMN CTalu, ONpeieIEHUE OCHOBHBIX MEXaHUYECKUX XapaKTe-
PUCTHUK MIPOYHOCTH, MJIACTUYHOCTH U MAPKU CTaJIH.

Teopemuueckaa uacmo padbomosl. MeXaHUUECKUMHU XAPAKTEPUCTUKAMU MaTe-
puana sSBISIOTCS: Ipeie] NPONOPLUOHAIBHOCTH, MPEAEa YIPYTrOCTH, IPEIe TeKyde-
CTH, IpeJea NpOYHOCTH MaTtepuana. OHHM ONPEAEIIAI0TC KaK YaCTHOE OT JIEJIEHUs CO-
OTBETCTBYIOIIEH Harpy3ku (ITOJy4EeHHOW 3KCIIEPUMEHTAIbHBIM IIyTEM) HAa NEPBOHA-
YJaJIbHYIO (10 MCHBITAHUs) IUIOIIAb MOMEPEYHOro ceueHus. B pesynbrare neneHus
MOJIy4arOT YCJIOBHBIE, & HE MCTHUHHBIC HaNpspKeHUs. (s BBIYMCIEHUS WCTUHHBIX
HaNpsDKEHUH He0OXO0UMO HArpy3KH pa3AeuTh Ha JEHCTBUTENBHYIO TUIOIIA b MOIe-
PEYHOr0 CEYEHHUsI, KOTOpasi U3MEHSETCS B Ipouecce skcrnepuMenTta. Onpenenns uc-
TUHHBIE HANPSKEHUSI, MOKHO [TOCTPOUTH UCTUHHYIO IHAarpaMMy pacTsKEHUSI MaTepu-
asia, KoTopas jaet 0oJiee TOUHbIE JaHHBIE O CBOMCTBAX MaTepuasa, 4eM YCIOBHAs AUa-
rpamMMa. Heo6xoauMo yuuThIBaTh, 4TO 3aKOH I'yka, Kak U (popMyJibl HA €T0 OCHOBE,
CIPABEJINB TOJIBKO 0 IPeiesa IPOIOPLHOHAIBHOCTH.

OHMM U3 OCHOBHBIX BUJIOB UCIIBITAHUN MPU ONIPEIETICHUHN KaueCTBA KOHCTPYK-
LMOHHBIX MAaTE€PUAJIOB, BHIITYCKAEMbIX TPOMBIIUIEHHOCTBIO, SIBJSIOTCS UCIBITAHUS Ha
pacTshkeHue. Pe3ynbTaThl UCHIBITAHUI MO3BOJISIIOT CYJIUTh O IPOYHOCTH MATEPUAJIOB
IIPU CTATHYECKUX HArpy3Kax, BBIOUpaTh MaTepuai sl IPOCKTUPYEMO KOHCTPYKIIMH
Y UCIOJIb30BaTh €0 XapaKTEPUCTUKHU MPU PACUETaX HA MPOUYHOCTH AeTalleld MAIlIUH U
AJIEMEHTOB KOHCTPYKIUH.

Juazpamma pacmaxcenusn mauoy2nepooucmoii Cmau.

Ha crenumanbHBIX MCHBITATENbHBIX MAllMHAX MOJY4YalOT aBTOMATHYECKH JHa-
rpaMMy pacTsKEHMsI CTaHAApTHOTO 0Opaslia B KOOpAUHATAX: Harpy3ka F- yninuHeHue
Al. Ha aToii qriarpaMme MOYKHO BBIJICITUTD CIICAYIOIINE XapaKTePHbIC YIACTKHU (PHUCY-
HOK 1.1.1.). HeGompI110ii KpUBOIUMHEHHBIN HauambHbIN ydacTok O1A gBiIs€TCs pe3yJib-
TaTOM 00XaTHsI TOJIOBOK 0Opa3lia B 3aXxBaTaxX U yCTpaHEHMsI 3a30POB B y3JlaX MaIIUHBI.
Ero ucknrovaror, anmpokcumupys (yasmssis) yaactok AB 1o mepecedenus ¢ ocbro adc-
LIMCC, U MOJIy4aroT Hayaso koopauHat — O

Ydaacrok OB Ha3pIBalOT 30HOH YNPyrocTu. 3ech MaTepuall MOAUYMHSACTCS 3a-
KoHY ['yKa u yJimmHeHre npsiMo MpONOPLIUOHAIBHO HArPY3Ke A0 HEKOTOPOM CHIIbl Fpy
(rouka B). [Tocne cusitust Harpy3ku aedopmanus AlI=OB ucuesaer. Jlepopmaruro, ko-
TOpasi OJHOCTBIO MCYE3AET, MOCJE CHATUS HArPYy3KU HA3bIBAIOT ynpyeou degopma-
yueti.

ITpu yBenmuenun Harpysku a0 Fy (yuactok BC) HaunHaeTcs OTKIOHEHUE qua-
rpaMMbl OT MPSIMOM, a TOCIIe Pa3TPy3KU MOSBISIIOTCS ocTtaTouHble nedopmanun (Fy
(UKCUPYIOT MPH MOSIBIIEHUHU ocTaTouHbIX nedopmarmii € = 0,001-0,005%).

VYyactok CD Ha3bpIBatoT 30HOI1 00111e# TeKy4eCTH, a TOPU30OHTAIIBHYIO €r0 YacThb
— naowjadkou mexkyuecmu. 31ech 0€3 3aMETHOTO YBEITUUECHUS HArpy3ku F;mpoucxoaut



CyLIECTBEHHOE yAJMHeHue obpasua. Takoil mpouecc aedopManuu, Ha3bIBa€MbIi me-
Kyuecmblo Mamepuaid, OH COMPOBOXKAACTCS OCMAmMOUYHbIMU (NIACMUYECKUMU) Te-
dbopmalsiMu, He UcUe3aloMMU MOCIIe pa3rpy3Ku odpasiia.

F E
i E I
3 7] K B - K
5 11 5,2
542" | 8
| / 7 R
afl 4 b A , _
0,0 18, MM,  N|M| A 90 AW
LA Al Alge
: e, e8] 8, |44
a) 6)

a) MaJOyIJIepOIUCTasi CTallb, O) BRICOKOYTIICPOIUCTAs CTallb
Pucynok 1.1.1. — Jluarpamma pacTsKeHHs CTalld

Hedopmarinio, KOTOpasi MOJHOCTBIO MUCUE3AET, NOCIIE CHIATHS HAarpy3Kd Ha3bl-
BaloT ynpyroi aeopmanueil. [Ipu yBennuenun Harpysku ao Fy (yaactrox BC) naun-
HAETCs OTKJIOHEHUE IUarpaMMBbl OT MIPSIMO, a MOCIe pa3rpy3Ku NOSIBISIIOTCS OCTATOY-
Hele nepopmanun (Fy GUKCHpPYIOT IpH MOSBICHMM OCTaTOYHBIX Aedopmanuil € =
0,001-0,005%).

VYuactok CD Ha3bIBaroT 3001 006ueli mexkyyecmu, a TOPU30HTATBHYIO €T0 YacTh
— naowaokou mexkyyecmu. 311ecb 0€3 3aMETHOTO YBEITMUEHUS Harpy3ku F; mpoucxonut
CYIIIECTBEHHOE yJJIMHEHHE 0Opa3ia. Takoi nporecc aedopmManum, Ha3bIBaeMbIN me-
Ky4uecmvlo Mamepuand, OH CONPOBOXKIACTCS OCMAMOYHbIMU (Raacmuiyeckumu) Je-
dbopManusaMu, He HCUYE3AIOLIUMHU MOCIE pa3rpy3Ku oopasia.

VYyactox DE Ha3bpIBatoT 30HO# yIpouHeHHs, T.K. MaTepHUall BHOBb CIIOCOOEH CO-
MIPOTHUBJISITHCS PACTSHKEHUIO C TOBBIIIICHUEM HArpy3KH 10 BEJTMYUHBI

Fs (Touka E). 3atem Ha yuactke EK Ha 00pasiie mosiBIsSieTCS MECTHOE CYKEHUE
— wetika. Yuactok EK Ha3bpIBaloT 30HON MECTHOM TEKy4yecCTH, T.K. 3[€Ch YIJIMHEHUE
oOpa3la NpoUCXOIUT 3a cUeT JeopMaluy B 30HE MIEHKHU BILUIOTh JJO MOMEHTA pa3pbiBa

B Touke K. Ympyras ngedopmarus Al , =OM Al "y = NN, npu 5TOM HCUE3HET U 00pa-
3€I1 TIOJTY4HUT HOJIHYIO OCTaTOuHYI0 nedopmarmro nocne paspeisaAl, =ON .

OcHogHble MexaHuuecKue XapaKkmepucmuKku mamepuana.

Juarpamma, nokazansas Ha puc. 1.1.1, xapakrepusyer cBOICTBa HE MaTepHaa,
a o0Opaslia, T.K. IPU UCTIBITAHUU HECKOJBKUX 00Pa3LO0B U3 OJJHOTO U TOTO k€ MaTepu-
aja, HO pa3JIMYHBIX PA3MEPOB, MOJYYAIOT pa3IuyHble MOAOOHBIE MO (QopMe Aua-
rpaMmbl. J{J1s HOy4yeHHs JaHHBIX O CBOMCTBAX Marepuaia CTposT JuarpaMMmy B KOOp-
JIUHATaxX G — €.

[To nquarpamme pactsbkenus (puc. 1.1.1) onpenensitoT cieayromme MexaHuue-
CKHE XapaKTEPUCTUKU MaTepuana:
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a) xapakmepucmuxku npoOYHOCHU
npeoen nponopyuUoOHAIbHOCMU —MAaKCUMAJIbHOE HaNpshKEHHUE, 10 KOTOo-
poro MaTepuai noguuHsercs 3akony ['yka (o=E-¢):

F
G =-m (1.1)

TII] AO
rae Fn, — Harpyska, COOTBETCTBYIOIIAs MPEAETy MPOMOPIHOHAIBHOCTH, Ag —
TIOIa/Ib CeYeHUs 00pasiia A0 Harpy>KeHus;
npeoen ynpyzocmu (yCIOBHBIN ) — 3TO HANIPSXKEHUE, IPU KOTOPOM B MaTe-
puase BO3HUKAIOT OcTaTouHbIe Aedopmanuu He 6oiee € = 0,05%:

o, =—, (1.2)

rae Fy — Harpy3ka, COOTBETCTBYIOIIAs MPeAeTy YIPYTroCTH;

npeoen mexkywecmu (PU3NIECKUI ) — 3TO HANPSIKEHUE, IPU KOTOPOM MPO-
UCXOJIUT POCT TIUIaCTUYECKOW Jnedopmaruu 0e3 3aMETHOTO YBEIUYCHUS
Harpy3Ku

c.=—1, (1.3)

rae F; — Harpyska, COOTBETCTBYIOIIAs MTPeieTy TEKy4eCTH.
Y BBICOKOYTTIEPOAMCTHIX CTalleH, IIBETHBIX METAJIOB, IJIACT MacC U psijaa apy-
I'MX MaTEepHAaJIOB AUarpaMMa pacTsHKCHHS HE IMEET IJIOMIAAKU TeKydecTu. B aTom ciry-
yae, HapuMep, JUIsl BBICOKOYIiiepoaucTon cranu (puc. 2.1.1 6)) onpeaensior ycjaoB-
HBIH IIpe/iel TEKY4YECTH MIPU HArpy3Ke, COOTBETCTBYIOLIEH OCTaTOUHOMY YAJIUHEHUIO
obpasna €=0,2%:

G =— " (1.4)

npeoen npouHocmu (6pemeHHoe ConpomugieHue) — 3TO OTHOLIEHNE MaKCUMaJlb-
HOM CHJIBI, KOTOPYIO MOKET BBIAEpPKaTh 00pasell, K ero Ha4aJlbHOM TIOLIAAu

F
GB =B ’ (1.5)
A4,
Kpome Toro, MOKHO TIOJTyYUTh UCHUHHOE COTIPOTUBIICHUE Pa3PBIBY
F
G, =—, (1.6)
A,

rie Ay — TUI0MA L TOTIEPEYHOT0 CEUCHHS 00pa3Iia B 30HE pa3pbiBa MICHKH.
0) xapakxmepucmuku npounocmu.
OMHOCUMENbHOE OCMAamoYHoe YIJTNHEHUE TIOCIIe pa3pbiBa

Al _
8:|—p100%:|1| bo100%, (1.7)

0 0
rae |1 — paccrosiHre MEXIy puUCKaMH IMOCie paspbiBa, B MM, lo — pacyeTHas
JUTMHA, B MM;
omHocCUmenbHoe 0CMamoyHoe CyKEHHE MOCIIe pa3pbiBa




v = 210006 = o= 1000, (1.8)
4 4

Yoenvnan paboma — xapakrepusyer ciocoOHOCTh MaTEpHaia MOTJIONIATh SHEP-
TUIO TIPU pa3pbiBe, BA3KOCTh MaTepHraia U COMPOTUBISIEMOCTh €ro BO3JECHCTBUIO JU-

HAMHUYECKUX HATPY30K:

3
M

rne We- paborta, 3aTpayeHHas Ha pa3pbiB oOpas3lia W paBHas IUIONIAIA JUa-
rpamMbl OA....EKN;, BEIYUCIIs€TCS ¢ YIETOM MacIITaOOB HArpy3KH W YIJIMHEHUS T10
IpUOIMKEHHON (hopmyiie:

W, =0,85FRAl; (1.10)
riae Vo=Aolo — 00bEM pacdeTHO# yacTi 00pasia /10 UCITbITAHHUS.

W3 Bcex BbIIIE MEPEYUCICHHBIX XAPAKTEPUCTUK B WHKEHEPHOU MPAKTUKE HUC-
MOJIb3YIOTCSI OCHOBHBIE XapaKTEPUCTUKHU: Gy, Cg, O, 'V, @ T.K. UX onpeiesieHue He BbI3bI-
Ba€T TEXHUYECKUX 3aTPYTHEHUH.

Bauanue noemophuvix Hazpy3ok na mexanuyeckue ceoicmea Mamepuaos.
Haknen.

Ecnu pasrpy3uth o0paser; nocie J0CTUKEHUSI B HEM HANpsHKEHUN BBINIE Tpe-
JieJia TEKY4EeCTH Or, HallpUMEp, B TOUKE L aAuarpamMmsl, TO Mepo caMOIKCIia TPOYEPTUT
manuio LM, mapamnensnyto muann OB. Ilpu stom ynpyras gedpopmanus Al', = MM,

HCUYE3HET, a OCTAHETCS IIacThdeckas (octatounas) — Al =OM .

ocm

[Ipy MOBTOPHOM Harpy>XeHUH MEepO CaMONUCLA MPOYEPTUT JIMHUIO, TPAKTUYE-
CKM COBIAJAIOUIYIO C JIMHUEH pa3rpy3ku. B pesynbrate nmomyyat quarpammy MLEK.
[Ipu sTOM BO3pacTaeT Harpy3ka, 10 KOTOpOi Marepuai NoauuHseTcs 3akony ['yka, u
MCYE3aI0T IUIOIIA/IKA TEKYYECTH U 4acTh AMArpaMMbl, paclOJIOKEHHAs JIEBEE JIMHUU
ML, T.e. Hayasio KoopaAUHAT haKTUUECKH TiepemMecTuTcs B Touky M. OcraTounoe yaiu-
HEHUeE I0CJIe pa3pbiBa OyJET MEHbLIE, YeM B 00paslie, He MoABepraBIIeMcs IpeIBapu-
TeJIBHOM MmacTuyeckou ae-popmanuu, T.e. MN <ON .

SIBneHue NOBBIILIEHUS IIPeieia IPOMOPLMOHAIBHOCTH ITOCIE INTACTUYECKOH Jie-
dbopMaluu MaTepuana HpU MOBTOPHOM HArpyKEHUHM Ha3blBaeTCi HakJenoM. llpu
3TOM CHMIKAIOTCS IUIACTHYECKHUE CBOMCTBA MaTEpHaIa.

Onucanue ucnvimamenvHol MAWuUHbl U 00pa3yos

PaboTy BBINOJIHAIOT HA YHUBEPCAIBHOW TUAPABINYECKON UCIBITATEIbHON Ma-
muHe Mapku YI'-20 (unmu YUM-60), koTopas npegHa3HadeHa Juisi UICIIbITaHu 00pas-
1IOB MaTE€PHAJIOB U JIIEMEHTOB KOHCTPYKUUNA CTATUYECKUMHU HArPy3KaMHU.

OcHoBHBIMH yacTsiMu MaminHa Y1'-20 (pucyHok 1.1.2) gaBisitoTcsi: HACOCHBIH ar-
perar, pecc, CUIOU3MEPUTETb.

HacocHplii arperaT COCTOMT U3 3JIEKTPOABUTATENs | M MacIsIHOrO Hacoca BbICO-
koro naBieHus 2. Hacoc pa3Meni€n B 0ake ¢ 3aJUTHIM MacjioM. MakCUMalbHOE /1aB-
JeHue pabouel KUAKOCTH (Macia), CO3aBaeMOe HAcOCOM, COCTaBiiseT Okoyio 20
MlIla. Hacoc tpy0OompoBoiaMu BEICOKOTO JAaBJICHHSI COOOIIAETCS C CUIIOBBIM THIPO-
UWJIMHIPOM 8 U ¢ ruaponHapoM 11 cunousmepurensi.
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[Ipecc umeeT ocHOBaHKE 3, BHYTPU KOTOPOT'O HAXOIUTCS YEPBSIUHBINA PELYKTOD
U TIOhEMA U OITyCKaHMsI BUHTA 4 BMECTe C HH)KHHM 3axBaToM 5. BepxHwuii 3axBar
CMOHTHpOBaH B TpaBepce 7. C mOMOIIbIO 3aXBaTOB 5 3aKperuisieTcs: oopaser] 6, UCIbl-
THIBa€MbIN Ha pacTsDKeHHe. Y criiie K o0pasily nepefaércst OT TuaApouuIuHapa 8, me-
pPEMEIIAIOIIEro Mo HapaBIISIOMUM TpaBepcy (ctou) 7. IlepeMertieHre TpaBepchl yepes
Tpocuk 9 nepenacrcs Ha 6apabdan 12 nns peructparuu aedopmaiuu (yIIdHEHUS ) 00-

pasna.

11 1 2 3

7
Pucynok 1.1.2 — Cxema ruipaBIndecKkoi ucnbitarenbHoi mammasl Y1'-20

Cuntonsmepurens yepes rugporuusap 11 nepenaér ycunue Ha pel4akHyIO CH-
ctemy 10 ¢ npOoTUBOBECOM M OJJHOBPEMEHHO Ha PEUKY C 3aKPEIIEHHBIM HAa HEW TIEpOM
caMoIuciia u cTpenky nudepobnara, peructpupys Harpy3ky. MaivHa cHabxeHa ca-
MOIUIIYIIUM THarpaMMHBIM arnaparoM 12 s 3aucu JuarpaMmMbl B KOOpAUHATaX:
Harpyska — rnepeMenieHue.

OOpasisl it ucnbiTaHui. [ ompeneneHus MEXaHHUYECKUX XapaKTEePUCTHK
MaTEpUajIOB UCMOIb3YIOT CTaHJAPTHBIC IMIMHIPUYECKUE U IUIOCKHE 00paslibl CO-
rimacHo 'OCT 1497-73 (pucynok 1.1.3).

PacueTtHoli qynHOM 00Opasiia lo Ha3bIBaeTCs JUIMHA €0 [HJINHIPHYSCKON YacTH,
B IIpezesiax KOTOPOM MPOU3BOAUTCS U3MEPEHUE OCTATOYHOIO YJUIMHEHUS MOCIE pas3-
priBa. Konndeckue nepexoibl 00€CTIeUnBalOT YMEHBIIICHUE KOHUEHTPALMU HAIps-
KEHHUH 1 UCKITIOYAIOT BEPOSATHOCTD pa3pylieHus oOpasua y royioBok. [loBepxHocts 00-
pasiia THaTeJIbHO 00pabaThIBaIOT.

do=10 MM

=100 mm

Pucynok 1.1.3. — 3cku3 HWIMHIPUYECKOro o0pasiia
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Ilopaook nposedenus padomel.

1. JInst uciblTaHus MpeJIaratoTcst KpyTJible WU IIIOCKUE 00pa3Ilbl, U3rOTOBJICH-
HbIE U3 MAJIOYTJIEPOJUCTON CTaNM. 3aTeM IS LHJIUHIPUYECKUX 00pa3iioB U3MEPSIOT
IITAHTCHITUPKYJIEM ¢ IieHoU nenieHus 0,1 MM B TpeX cedeHHsX 1o JuHe auaMetp do,
a JUIs TUIOCKKMX — MUpuHY Do 1 BeICOTY N moniepeunoro cevenus. [To HauMeHbIIEMy U3
MOJYYCHHBIX pa3MepoB ONpEACAioT Ag. 3aMepsioT pacyeTHYIO JUTMHY 00pasioB lo
TaKke ¢ TOUHOCThIO 0,1 MM U 3aHOCAT BCE JaHHBIE B *KypHAII HAOIIOICHUIA.

2. BeraBmsitor oOpasen B 3axBathl 5 mamuHbl. Cierka HaTSHYB 00pasell, mpoBe-
PAIOT AMarpaMMHBIN anmnapaT U HAHOCAT OCh a0CLUCC TUarpaMMBbl, TpOBOpaunBas 0a-
paban 12 BpyuHyIoO.

3. BKiIIO4aroT MalllMHy 1 HAYMHAIKOT HarpyxeHue. B Touke nuarpammel cOpachl-
BAIOT HArpy3Ky MPAaKTUYECKH JI0 HYJIs, a 3aTeM L CHOBa MOBHIIAIOT €€ (IeMOHCTpaIus
HaKJIeTNa) U JOBOJAT oOpasel] 10 paspyiienus. [Ipu 3ToM CKOpOCTh Harpy>KeHUs HeE
noykHa rpesbimaTh 0,1 1MHbI 00pasiia B MUHYTY, HHA4Ye Oy TyT MOJTy4YeHbI 3aBbIIICH-
HbIC 3HAYCHUSI MEXaHUYECKUX XapaKTEPUCTHK.

4. BeIHUMAIOT pa3pylIeHHBIN o0pa3ell U3 3aXBaTOB MAIIUHBI, 3aMEPSIOT JHa-
METp €ro B MecTe pa3pbiBa Oy 1 JTHMHY 1ociie pa3psiBa i, ciokuB 00e ero yacTy.

5.3Has MacTad MoJaydYeHHONW AuarpaMMbl, ONPEeAeisatoT 3HaueHus, Fr, Fy, Fy u
BBIYHCIISIIOT XapaKTEPUCTUKU TPOUHOCTH 110 popmyiiam (1.3) u (1.5), a uctuHHOE 3HA-
YCHHE COTIPOTHBIICHUE Pa3PhIBY Gy~ 110 popmysie (1.6).

6. OnpeaensoT XapakTePUCTUKH TacTuyHOoCT O U ¥ mo gopmynam (1.7) u
(1.8).

7. BRIUUCIAIOT yaeTbHYI0 paboTy a, 3aTpayeHHYI0 Ha pa3pbIB oOpasia, mno ¢op-
mye (1.9).

8. Ilo mosiy4eHHBIM 3HAYEHUSIM Gy, Gy U O U3 CIpaBOouYHbIX AaHHBIX (Tabnuia
1.1.1) ompenensitor Mapky cranu. OcTainbHbIE MOKa3aTed XapaKTEpU3YIOT, HO HE
OTPENEIISIIOT MAPKY MaTepHaa.

Tabmuma 1.1.1 — OcHOBHBIE MEXaHUYECKUE XAPAKTEPUCTUKH TSI PA3TUYHBIX
MAapOK CTaJIeH

Mapxka cranm IIpenen mpou- | [Ipenen Tteky- | OTHOCUTEIBHOE
HOCTH, Os, | yecTu oy, Mlla | ynmunenue 9o, %
MIla
Cranp yraepoau- | Ct. 0| 320 — 470 190 22
crasi oObikHOBeH- | Ct. 1 | 320 — 400 — 33
HOTO KavyecTBa Cr. 2| 340-420 220 31
Cr.3]380-430 240 27-26
Cr. 4| 420520 260 26-23
Cr. 5| 500 — 620 280 21-19
Cr. 6 | 600 — 720 310 15-13
Cr.7|700 — 800 wu |- 11-9
Oosee
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Cranp yraepoau- | 30 480 290 21

cras Ka4C€CTBCH- 35 520 310 20

Hasg KOHCTPYKIIU-

OHHAsA 40 570 320 19
45 600 340 16
50 630 350 14

Cooepirrcanue omuéma:

1. Ha3zBanue nabopaTtopHoit pabOTHI.

2. llens paGoThI.

3. UcnbrTaTenbHas MalnHa (TUI, MapKa).

4. Dcku3bl 00pa3IOB (/10 U MOCTE UCTIBITAHUS ).

5. Ucxonnele naHHbIE:

5.1. JlnameTp oOpasna 0 ucrbiTanus do

5.2. Ilnomans NONEpEeYHOro CEYEHUs A0 UCTIBITAHUS Ao

5.3. lmameTp oOpasiia mocjie NCIBITAHUS B MECTe MeHKH dy

5.4. Inomans NONEPEYHOro0 CEYEHUS B MECTE IEUKH Ay

5.5. Pacu€rHas mivHa oOpasna 10 ucnsitanus lo

5.6. JlmuHa oOpasia nocje uerbiTanus |y

B 6v1600ax He0OXOAMMO OTMETUTH:

KaK IMPOUCXOJUT pa3pyllieHue oopasia;

KAaKOBa BEJIMYMHA OTHOCUTEJIBHOTO YJIMHEHHUS [IPU Pa3pyLICHUY;

COBIAJACT JIM AMarpaMMa pacTsHKEHUS C IMarpaMMON HCTUHHBIX HAPSyKEHNN;

NOYEMY UCTUHHBIE HAIPSKEHUS OOJIbIIE YCIOBHBIX.

Bomnpocs! 1111 caMOKOHTPOJIA

1. KakoBa 1ienpb 1abopatopHoii paboTh1?

2. JInis yero Hy»KHa JuarpaMma pacTsDKEHHsI MaTepUalla, U B KAKUX KOOPIMHATax
OHa CTPOUTCS?

3. Ha xakoi1 mammHe npoBOASTCA UcTbITaHus? OnuimTe €€ KOHCTPYKUHUIO.

4. Kak paboTaoT CHJION3MEPUTEIBLHOE U 3aITUCHIBAIOLIEE YCTPOMCTBO?

5. Kakue oOpa3ibl IpUMEHSIOT IPU UCHIBITAHUM Ha pacTsbkeHue? HazoBute ux
OCHOBHBIE XapaKTEPUCTUKH.

6. [louemy nuarpamma pacTsLKEHHMsI, OJyYEHHAs HAa MallliHE, UMEET Hayallb-
HBI KPUBOJIMHEWHBIN ydacTok 0147

7. YTo XapakTepusyeT AuarpaMma pacTsLKeHMs, IOCTPOEHHAs B KoopAuHaTax F
— Al: cBoticTBa 00pa3iia TaHHBIX pa3MEPOB WIJIM CBOMCTBA MaTepuana?

8. Kakue 30HBI UMeEET quarpamMmma pactsokeHus? OnuImmTe ux.

9. Jlnst Kakoro yyacTka JuarpamMmbl CIpaBeIuB 3aKkoH ['yka?

10. Yro moHMMAIOT MOJ MpeeoM MPOMOPLUHUOHATBHOCTH, IPEIETIOM yIPYyTro-
CTH, MIPENIeJIOM TEKY4YeCTH U MPEAETIOM MPOYHOCTU?

11. JInst KakuX MaTepuaioB OMPEAEIIIOT YCIOBHBIN MPeAes TEKYyUeCTH ?

13. Kakue nedopmaiiuy Ha3bIBAIOT YIPYTUMH, a KAKHME OCTATOYHBIMU (ILJIACTH-
yeckuMHu)? Kak ux onpenenuTs Ha JuarpaMMe pacTsKEHUs ?
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14. Yem oTimyaroTcs ApyT OT Apyra JAarpaMMBbl PacTsHKEHUS MPU TUTACTUIHOM
Y XPYIKOM Pa3pyIlIeHUN MaTEPUATIOB?

15. Kakue xapakTepUCTHKHU MPOYHOCTH MaTepuaioB Bam u3BecTHbI?

16. Kakue xapaKTepUCTHKH IJIACTUIHOCTH MaTepralioB Bam n3BecTHBI?

17. Yro Ha3piBatoT HaKjIEmoM? Kak U3MEHSIOTCS MEXaHUUECKUE CBOMCTBA MaTe-
puaa rnocie Hakiéna?

18. Kak ucrosb3yroT B TeXHUKE siBJIcHHE Hakiéna? [IpuBeuTe mpuMepsi.

19. Korna mosiBnsieTcst mieiika Ha obpasiie?

Jlutepatypa: [1-4], [5] - §§13 — 16; [6] - §§ 3.7 - 3.8; [7] - §10.

1.2. Jla6opaTtopnas paGora Ne2 «McnbpiTaHue Ha c:kaTue 00pa3noOB M3
CTAJIU, U YYTYHA»

Ilenv padomer: nzyueHne NOBEACHUS IUTACTUYHBIX, XPYNKUX U aHU30TPOITHBIX
MAaTEepUAJIOB MPU CKATUU U ONPEJECICHUE UX MEXaHUUYECKUX XapAKTEPUCTHK.

Teopemuueckaa wacms padompl. II0MUMO HCIIBITAHUS HA PACTSHKEHUE BTOPBIM
OCHOBHBIM BHJIOM SIBJISIETCSI UCIIBITAHUE MAaTEpUAlIoOB Ha cxkatue. [Ipu 3ToM, Tak ke,
KaK U MPH PaCTIKCHUH, MMOJIyYaroT JuarpaMmy B koopauHatax F — Al. Paccmotpum
0COOEHHOCTH MOBEICHUS PA3IMUHBIX MaTEPUAIOB IpU CkaTHH (prcyHok 1.2.1).

W3 muarpamMmbl cxxaTus cTajabHOro oopasia (pucynok 1.2.1, kpuas 1) BHIHO,
YTO MEPBOHAYAIBHO HAOIOAAETCS JTMHEIHAS 3aBUCUMOCTh MEX]Iy Harpy3KaMu | Jie-
dbopmanusimu (mogurHeHue 3akoHy ['yka). 3arem mosiBiasieTcsl IIIONIaKa TeKy4eCTH,
BBIpAKEHHASI HE CTOJIb SPKO, KaK MPU PACTKCHUU.

CranpHOI UMIMHAPUYECKU 00pa3el MpyU CKaTUX YKOPAUUBAETCS U IPUHUMAET
00uk000pa3HyI0 POpMY BCIEICTBUE TPEHUS MEXKAY €ro TOpIaMy U HAXKUMHBIMU TUTH-
TaMH MallluHbl. BiausiHue TpeHUSI MOKHO YMEHBIITUTh MyTEM CMa3KH OMTOPHBIX MOBEPX-
HOCTEW oOpasiia Wik NpUMEHEHHEM 00pa3IoB crenuaibHoi (GOopMbI. DTO JaeT BO3-
MOYHOCTb MTOBBICUTH JIOCTOBEPHOCTh PE3YJIbTATOB UCIIBITAHUM.

[Tpu nanpHeiIeM n1egopMUPOBAHUU CONTPOTUBIIEHNE 00pa3Iia Pe3KO YBEIUYH-
BaeTCs, oOpasel] pacIUIIOIIMBACTCS, MHOTAA ¢ 00pa30BaHUEM TPEIIUH BIOJIb 00pa3yro-
mux. [Ipenen mpoYyHOCTH ISl TNTACTUYHBIX CTAJIEH Ha CKaTHUE He CylIecTByeT. MOKHO
JIUIIH OTIPEACIIUTH MpeAesl TEKY4eCcTH Ha CKaThe 1mo Gopmyrie:

g=tl g _F (1.12)
T

31ech TaKkKe, Kak ¥ IPH PACTSHKEHUH, B pacyeTax HCIIOJIb3YeTCsl MEPBOHAYAIb-
Hasl IUIOINA/b MONEPEYHOr0 ceueHuUs oopasma Ao.
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Puc. 1.2.1. — Jluarpammsbl cxxaTusi 00pa3IoB U3 pa3lIWYHBIX MaTepuayioB: | — Mamo-
YIJIEPOJNCTas CTajb; 2 — YyT'yH;

[Ipu cxatun yyryHHoro oopasia (pucyHok 1.2.1, kpuBas 2) TMHEHHON 3aBUCH-
MOCTH MEX]ly Harpy3kamu u aedopmarsiMy He HabJro1aeTcs MPaKTUYECKH ¢ Havyasia
HarpyxeHust. OqHaKo B YCIOBHUSAX TeX HEOONbIIUX AePOpMaIIii, TPU KOTOPHIX YYT'yH
paboTaeT B JeTajIsIX MaIlluH U COOpYXeHMM, nuarpammy F — Al npuHumaroT npsiMosnu-
HEWHOW M CUYUTAIOT, YTO Marepual noauuHsercs 3akoHy ['yka. IIpu sTom Ha aua-
rpaMMme 4eTKO BBIpaKE€HA TOJBKO paspyliaromias Harpyska F,. OtHomenue F; k mep-
BOHAYaJIBHOU TUIOMIAAN Ag TOTIEPEYHOr0 CeYEHUs 00pa3iia Ha3bIBAIOT Npeoesiom npoy-
Hocmu (BpEMEHHBIM COITPOTUBJICHUEM ) UyTyHA Ha CXKaTHUE

. (1.12)

OO0pa3er, ykopaunBasiCh HE3HAYUTEIHHO, MPUHUMAET OOUYKO0Opa3Hyo Gopmy,
U pa3pyluaeTcsi BHE3aHO ¢ 00pa30BaHUEM TPELINH, HAKJIOHEHHBIX K OCH 00pasiia Mo
yrioM o = (45 — 50)° (puc. 1.2.2, 6). O6pa3en pa3pymiaercs MoJ| IeHCTBUEM MaKCH-
MaJIbHBIX KacaTeIbHBIX HANPSKEHUN Tmax, BOSHUKAIOLIUX Ha IJIOLIAAKAX, HAKIOHEH-
HBIX K OCH Ha yroil o = 45°. Harpy3ouHasi cCHoOCOOHOCTb UyTr'yHa IIpU pa3pylLIeHUH Ma-
JaeT MPaKTUYECKH MTHOBEHHO, YTO XapaKTEpPHO sl XPYNKUX MaTepHaliOB

Onucanue ucnvimamenvHol MAWuUHbl U 00pa3yos

PaboTa BBINOIHAETCS HA YHUBEPCAIBHON UCIIBITATEIbHON MalIMHE, OMMCAHHON
B 1abopatopHoit padore 1.1.
JUIsi ucnpITaHMsT HA CXKaTUE IUIACTUYHBIX MATEepUajoB (MaloOyriepoJIUCThIE CTalH,
Me/lb, ATIOMUHUAN) U XPYNKUX (YyTyH) OPUMEHSIOT UUIUHAPUYECKHEe oOpa3lbl Aua-
metpoM dy 1 BeicoTOM hp = (1,5... 2,0) do (puc. 2.2.2, a, 6).

o

ho
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Puc. 1.2.2. — OcobeHHOCTH pa3pylIeHHs] 00pa3lioB U3 pa3IMYHbIX MaTepUAJIOB:
@) cTalb; 6) YyTyH;

[Ipu mMeHbIIel BBICOTE 00pa3la CHIIbI TPEHUS, BOZHUKAIOIIME HA TOPLAX, OKa-
3BIBAIOT 3HAYUTENILHOE BIMSAHNE HA pa3BUTHE IedopMaliii ¥ Ha MPOYHOCTh MaTepHa-
70B. OOpa3ipl ¢ 00JIbLIEH BEICOTON HE PEKOMEHIYETCS] IPUMEHSTh BCIEACTBUE BIIUS-
HUS TIPOIOIBHOTO M3rH0a HA Pe3yIbTaThl UCTIHITAHHI.

Ilopsaook npoeedenus pabomot
1. ITaHTeHIMPKYJIEM U3MEPSIOT MONEPEYHbIE Pa3MePhl U BBICOTY Ka)K0ro odpasia
¢ TouyHOCTHIO 0,1 MM U 3aMUCHIBAIOT B JKypHAJI HAOIIOCHUH.
2. Kaxnprit o6pazern; GUKCUPYIOT HA HCHBITaTeNbHON MamuHe. OnyCcTHB MEpo camo-
MYClla Ha AUarpaMMHBIN O0apabaH, MPOBOPAYUBAIOT MOCIEAHUM BPYYHYIO U HAaHOCST
HYJICBYIO OTMETKY — 0Ch Al. 3aTeM BKIIIOYAIOT MAIIIHHY.
3. IIpu ucnbITaHUU CTATBLHOTO 00pa3ila Harpy>KeHUe MPOI0JDKAIOT A0 TEX MOop, MoKa
noJiHast [eopmalivs ero He COCTaBUT puMepHo Ah = 1/3 oT mepBoHaYaIbHOM BbI-
cotel h. [To aquarpaMme ompeAemsIOT MOJOKEHHUE TUIOMIAJAKH TeKYYeCTH H, 3Hasl Mac-
mTad HArpy3KH, BBIYUCIISIOT MPEeNT TEKy4eCTH Ha cxkaTue 1o Gopmyne (1.11).
4. Ilpu ucnbITaHUM YyTYHHOTO o0pasiia aeopMUpOBaHKE MPOJAOJDKAIOT 10 €ro pas-
pyuienus. 1o mokazaHuio KOHTPOJIBLHOW CTPENTKH CUIIOM3MEPUTENS U 110 MOTYYEHHOM
auarpaMMe ONpenesisaioT pa3pylIalonlyl0 Harpy3Ky Fg ¥ BRIUKUCISIOT MPEEN MPOYHO-

CTH Ha cxatue o, 1o dopmye (1.12).

Cooeporcanue omuéma:

1. Ha3Banue nabopaTopHoil paboTHI.

2. llens paGoThI.

3. UcnbrTaTenpHas MalimHa.

4. Dcku3bl 00pasIoB.

5. OCHOBHBIC UCXOJIHBIC TaHHbBIC:

5.1. Pa3mepsl 00pasnos: quametp d; BeicoTa h; mmpuna a; aauHa b.
5.2. [1nomaau nmonepeyHbIX ceueHuit 00pasion Agp.

6. Konuu MammHHBIX quarpaMm C>katus 00pasIioB.

7. Pe3ynbTaThl UCIIBITAHUU.

Bonpocwt ona camokonmponn
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1. KakoBa 1ienp 1abopatopHoit paboThi?

2. Ha xaxoit marmHe BbINIOJTHsETCS padoTa?

3. Jlns yero Hy’)kHa MalllMHHAS AUarpamMma cxatus? B kakux koopauHaTax Io-
Jy4aroT ee MPHU UCTIHITAHUSX ?

4. YeM OTIMYAIOTCS AUMArPaMMbI COKATHS TUTACTUYHBIX U XPYIKUX MaTepruagoB?

5. Kakue maTepuaibsl Ha3bIBalOT aHU30TPOITHBIMU?

6. [IpuBeauTe mpuMep U3 TEXHUKH C PallMOHAJIBLHBIM HCIIOJIb30BaHUEM aHU30-
TPONHBIX CBOMCTB Marepuaa.

7. Kakue sSBICHUS MOXHO OKHJATh IO CPABHECHUIO C OOBIYHBIM HCIIBITAHHEM
CTaJIPHOTO OOpaslla Ha C)KaTHue, €CIU TOPIIEBBIC MOBEPXHOCTH O0Opasila cMa3aTh Ma-
HIMHHBIM MacJIOM?

9. Kakue xapakTepHble 0COOCHHOCTH pa3pyIICHUs MPOSBISIOTCS Y 00pa3oB U3
CTaJI ¥ YyT'yHa IIPU UCIIBITAHUU HA CKaTHE?

10. Kakne MexaHMUeCKHEe XapaKTePUCTUKH MaTEePHAJIOB MOJYyJarOT IIPH UCIIbI-
TaHUM Ha CKaTHe TJIACTUYHBIX MaTepPHaNIoB? XPYIKUX?

11. OtnuyaroTcs i 3HAYEHUS MPEJISTIOB TEKYUYSCTH MPU CKATUH U PACTHKCHUN
00pa3iioB U3 MAJIOYTIEPOIUCTON CTATU?

12. 13. M0OXXHO 71 OLICHUTh MEXAHWYECKHE CBOWCTBA MAaTEpHUATIOB HEMOCPE-
CTBEHHO I10 MAIIMHHOW HarpaMmme?

14. B yem oT/inuue B MOBEJICHUH CTAIBHOTO 00pa3iia Mpy UCTIHITAHUU Ha CKATHE
Y Ha PacTsKEHHE?

1.3. Jladoparopuasi padora Ne3 «Onpenenenne kodppuunenta Ilyaccona
(1) 1 Mmoayas ynpyroctu E 1JiM1 CTAJN NPHU PACTSKEHUM)

Ienv pabomui: >xcriepuMeHTanbHOE onpenenenue korpduurenta [lyaccona u
MOJTYJISl YIIPYTOCTH MPU PACTHKCHUH.

Teopemuueckasa yacmo padomoi. 110 3axony ['yka aOcointoTHas npoiosibHas
nedopmalius CTepP>KHsI TIPU PaCTSHKEHUU — CKaTuu cuiion F B mpegenax ynpyrux je-
dbopmaruii onpeaensercs no hopmyse:

A=
EA
rae N=F — npogonbHast (HopMmaiibHasi) cuia; | —pacu€THas AyTuHa CTEPXKHS,
E — Moynb po0asHOM yIpyrocT (MOAYJb YIIPYTOCTH TP PACTSKEHUN );
A—Tutomaap MoMepeyHoOro CEYEHUs CTEPIKHSI.
W3mepuB OMBITHBIM ITyTEM BETMYMHY OCEBOM HArpy3Ku F 1 BBI3BAaHHYIO €10 MTPO-
nosabpHyto nedopmaruio Al v 3Has pa3Mepbl UCIBITYEMOTO CTEPIKHSI, MOKHO BBIUKC-
JMTh MOJTYJIb MIPOIOJILHON YIIPYTrOCTH 1Mo (hopmyite, momyuenHon u3 (1.13).

F.oonoe o Al
E=— (N=Fe=7), (1.14)

IJl€ € — OTHOCHUTEIbHAS NPOI0JIbHAS JedopMaLusl.
ITox BO3AEHCTBMEM BHEILIHEN HArpy3KU M3MEHSIOTCS KaK MPOJOJIbHBIC,
TaK Y IIOIIEPEUYHBbIE pa3MEpbl CTEPXKHs, COOTHOLIEHUE MEXAY KOTOPBIMHU IIPU
PACTSHKEHUM WM CKATUM [T KAXKI0I0 MaTepualia sBIseTCs BEIMYUHOUN O0CTO-
SHHOM B Tpejieiax yInpyrux aegopManui.
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Koaddurmmentom [lyaccona p Ha3pIBatOT aOCONIOTHYIO BEIMYNHY OTHO-
IICHUS OTHOCUTEJIBHOW IMOTIepeUHON aedopMaiuu € K OTHOCHUTEIILHOW IMpPO-
JOJBHOM tehopMallvH &, T. €.

, (1.15)

. Ab Al
rae €' =—, e=—,
b I

b u | — HavanBpHBIE MOTIEPEYHBIC U MPOJIOJIBHBIE pa3Mephl Opyca, COOTBET-
CTBEHHO.

Koaddumument Ilyaccona MOXKHO BBIYHCIUTH, €CIH U3MEPUTH aOCOIIOT-
HbIC JIMHEHHBIC nedopManuu Opyca B momnepedHoM Ab w mpomonsrOM Al
HaIpaBJICHUSIX MPU 3aJJaHHOM O0ceBoil Harpy3ke F.

Monyns ynpyroctu E u xosddumment IlyaccoHa p xapaktepusyroT
yIOpyTrue CBOMCTBA MaTepHalia U OMPENENSI0TCS dKCIEepUMEeHTaNIbHO. [l pa3-
JUYHBIX MaTepuanoB kodpdunment I[lyaccona wusmeHsieTcs OT Hynsa (s
poOKH) 0 BeM4YMHBI, Omu3koit k 0,5 (ans pe3unsl u nmapaduna). s cramu
MOIyJb yrpyroctd E npunumaer 3Hadenus B npenenax (1,8 - 2,2)-10° Mlla,
ko3¢ dunument [Tyaccona p — B npeaenax (0,25 - 0,33).

Onucanue 1a60pamopHoil yCMaHOBKU.

Bennuuna abCOMIOTHOTO YJJIMHEHUSI U CYKEHHUs 00pa3la OnpeaeisaeTcs
npu oMoty TenzomerpoB ['yrendeprepa (pucyHok 1.3.1)

Mexannueckuid TeHzomeTp ['yrenOeprepa mpumeHseTcs sl aOCOIOT-
HOTO YJJIMHEHUS U CyKeHUs o0paslia.

Tenzometrp I'yrenbeprepa mpeAcTaBiseT OO0 PHIYAKHYIO CHUCTEMY
CMOHTHpOBaHHYI0 Ha kKopmyce 1 (pucyHok 1.3.1), KOTOpsIil onupaeTcs Ha Mo-
BEPXHOCTh MCCIIEAYEMOTO AJIEMEHTa JBYMsI MIPU3MaMU: HETIOJABUKHOM 2 U TO-
NBIKHOM 3. PaccTosiHue MeX Ty HIDKHUM peOpOM HETIOJBUYKHOM M TOJIBHXKHOMN
IPHU3M Ha3bIBaeTCs 0a30i TeH30MeTpa U 0003HadaeTes S (S=20 mm). [Ipu uzme-
HEHUU PAcCTOSTHUS S B pe3ylsibTare nedopmanuu oopasia Ha BemuuuHy AS mo-
JBKHAS MPU3Ma HAKIIOHSIETCS, TOBOPAYUBASICh BOKPYT €€ BEPXHET0 HETOIBUK-
Horo peOpa. [Ipu sToM koHelr “c” priuara 4, KECTKO COETMHEHHOTO C MOIBUXK-
HOM IPU3MOM, CMEIIAETCA B TOPU30HTAJIBbHOM HAINPABIECHUU U IOJABOJAKOM 6
CMeIaeT CTPEeNKy 7, MapHUPHO 3aKkpemi€éHHyo B Touke D. Kowner cTpenku 7
MEPEMENIAETCS BJIOJIb MUJUTUMETPOBOM IIKAJIBI 5. [[eHa OTHOTO AeIeHUs [IKaJIbI
TeH3oMerpa pasHa 1073,

17



Pucynok 1.3.1. — MexaHu4eckuii TeH30MeTp
I'yrenGeprepa

Pactsbkenue oOpasiia MmpoOM3BOIUTCS
IIpY MOMOIIM pa3pbIiBHOW MalnHbl UM—4P.

YToOBl UCKITIOYHUTH BIMSTHUE HEPABHO-
MEPHOT0 pacTshKeHHUsl 00pasla B ciaydyae He-
TOYHOE €r0 YCTAaHOBKH B 3aXBaT MAILIMHBI, HA
oOpaslie 3aKpeIIsIoT MO J1Ba TEH30METPA MO
OHOMY C Ka)KJIOM CTOPOHBI, KaK IOKa3aHO
Ha pucynke 1.3.2. [Ipu atom T1 u T2 Tenso-
METpPBI U3MEPSIOT IehopMalui B MPOAOTb-
HOM HarpasiieHny, a 13 u T4 — B nonepeu-

- HOM HAIIPABJICHUM.
i —}
s

T
I | T
~ [ ‘ —1

|
T: T:

Pucynox — 1.3.2 Cxema ycranoBku oOpasiia Ha pa3pbiBHOM Mammabsl UM—4P

Memoouka npoeedenusn onvima u 00padOmMKuU pe3yiomamaos

1. IlITaHreHITMPKYJIEM U3MEPSIOT MOTepeYHbIC pa3Mepbl oOpasiia b 1 a ¢ TOYHOCTHIO
0,1 MM, onipeIeNIsIIOT BEIMUMHY CTYTIEHH HarpykeHus AF ¥ 41ciio onbITOB M U 3aIu-
CBIBAIOT 3TH JIaHHBIC B )KypHaJ HAOIIOICHUM.

2. Harpyxatot o6pazern cryniensimu AF, paBabivu 5 kH 1 20 kH u 3anuceiBaroT coot-
BETCTBYIOIIME IMOKa3aHUS BCEX TEH30METPOB T .

3. OnbIT NOBTOPSIOT TPHKIBI.
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4. BeIUUCISAIOT CPEAHIOI0 PA3HOCTh OTCYETOB 10 (hopMyIie

An; + An, + AN
AW: 1 2 3

3
5. OnpaenstoT abCOMOTHOE YATUHEHHE (YKOPOUCHHUE ) HA CTYNEHb HarpyxeHus 15
kH.
6. BBIUUCISAIOT cpeHee 3HAUCHHE MpHUpaIeHUd MOKa3aHWi ABYX TEH30METpoB 1,2
JUISL ©K3BMEPEHUS TIPOJIONIBHBIX AehopMaliuii ¥ ABYX TEH30METPOB 3,4 — 1711 U3MEPCHUS
nonepevyHsIX AedopManuii mo GopMynamMm COOTBETCTBEHHO:
AI1 + AI2

Algy =

2
Aly + Al
Al'gy = 3774
2
7. OnpenensitoT OTHOCUTEIbHYIO 1e(pOpMAIIHIO

Algy
[IpononpHytO £ = ——

S
Al'ep
S
7. Koapumuent Ilyaccona u Moayib yrpyrocTu ctajiu

ITonepeunyro ¢ =

€

Koa¢dpunuent Ilyaccona n-

ak MOJYJIb YIIPYTOCTH E = A?P %
Cooepocanue omuéma

1. Ha3Banue nabopaTopHOil paboThI.

2. llens 1abopaTopHOil pabOTHI.

3. UcnbiTaTenbHas MalivHa.

4. VcxonHble JaHHEBIE.

4.1. Ilonepeunoe ceuenue oopasa:

HIMPUHA D , BBICOTA & , TJIOMIAIb MOMEPEYHOT0 CeueHHs A .
4.2. baza TeH30METPOB S

4.3. Kooapdunment ysenuueHus rensomerpa K.

4.4, TaOnuyHbIC 3HAYCHUS:

- MOJ1yJ1b IPOJIOJIBHOM YIIPYTOCTH CTaNH L,

- ko3 puument Ilyaccona cranm .

Oopabomka pe3yi1bmamoe IKChepumenma

Pacuernas popmyna Mexannyeckue TeH30-
METPBbI

Tl T2 T3 | T4

Cpennsisg pa3HOCTb OT- . Ay + Angy + Ang
c4eToB (Je.) ! 3
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AOGCONIOTHOE YITMHEHUE | Al — Ap. .10 2
(YyKopoueHue) Ha CTy-
NeHb Harpykenus 15 kH
Cpennee abcomoTHOE Al + Al
YIJINHEHUE /T,

YKOPOUEHHE, MM Al'p =

OTtHOcCUTENbHAS TPO- Al
noJIbHAs (TTomiepevHas)

nedopmanus Al

Koaddumuent Ilyaccona

€
Monayne ynpyrocry, AP
Mlla F

5. Oopabomka pezynbmamos onvima.

5.1. Pacu€T onbITHBIX 3HAYEHU aOCOJIFOTHOM MPOJOJIBLHON Al,, U aOCOIMIOTHOMU MoTIe-

cp
peUHOM Al'g, AedopMarmii.

5.2. Pac4€T ONBITHBIX 3HAYEHUI OTHOCUTEIBHOM MPOAOJIBHON £ U OTHOCUTEIBHOM I10-
nepeuHoit €' medopmariuii.

5.3. Pacu€T onbITHBIX 3HAYEHUN MOAYJIS MPOIOIBHOM YIIPyrocTu E u koadduiinenta
IlyaccoHna p .

6. CpaBHEHHE OIBITHBIX U TEOPETUYECKUX 3HAYCHUM.

Bonpocul ona camokonmponsn

1. KakoBa 1iemb tabopaTopHoii paboThI?

2. Kak dopmynupyeTcs: U 3anuchIiBaeTCs 3aK0H ['yka npu pacTskeHUuu?

3. YTo Ha3bIBAIOT MOAYJIEM MPOAOIBHON ynpyroctu matepuana? Kakos ero ¢pusuue-
CKUH CMBICII.

4. Kak 3amnuceiBaercs ¢hopmysa aOCONIOTHOTO YAJIMHEHUSI Opyca MpU pacTsHKEHUH?
Yto Takoe KEeCTKOCTh CEUeHUs Opyca Mpu pacTKECHUH?

5. UTo mpouCXOIUT ¢ MOMEPEUYHbIMHU pa3MepamMu Opyca Mpu €ro pacTsHKeHUH B MpPO-
JOJIbHOM HampaBJI€HUN?

6. Uto Takoe OTHOCHUTEIbHAS MTPOJOJIbHAS U OTHOCUTEIbHAS MonepeyHas neopMaluu
opyca? Kak ux paccuutbiBaor? Uto Takoe kodddurment [lyaccona? Kakosl mpe-
JeJIbl €r0 U3MEHEeHUS?

7. Kak yctpoen mexanuueckuil Tenzomerp I'yrendeprepa? Uto um uszmepsoT? Urto
Takoe KOd()PUIMEHT yBeINYEHUsI TEH30MeTpa?

8. Uto Ha3wIBalOT 0623011 TeH30METpa?

11. Yto Takoe CTyNeHb HarpyKEHHUS?

12. Kak onpezensieTcss HanbOoJblIas Harpy3Ka, NpukjaagbiBaeMas kK oopasiry?
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Tureparypa: [5] - §§ 9,12; [6] - § 3.1;[7] - § 10.

1.4 JlaGopaTopHasi padora Ne4 « UcnibiTaHue HA KpPyYeHHe 00pa3oB U3 CTAJIU U
YYryHa»

Ilenv pabomwi: onpejesieHre MEXaHUYECKUX XAPAKTEPUCTUK IUIACTUYHBIX U
XPYIKHX MaTe€pHaIOB MPU KPYUEHUHU.

Teopemuueckasn yacmo padomeol.

B uHXeHepHOU NpakTUKE Ha KpydeHHE pabOTar0T Bajibl MAIIUH, BUTHIC MPY-
KUHBI U JIp. [Ipu KpydyeHUn CTepHS KPYIJIOro U KOJIbLIEBOTO MOMEPEUYHBIX CEYECHUMN
BO3HHKaET nedopmarus gnucroro ciapura. [Ipm 3TOM MakcHMalbHBIE KacaTelIbHbBIC
HaMpPSKEHUS Tmax BOSHUKAIOT B IOBEPXHOCTHOM CJIO€ CTEPXKHS B MOIMEPEYHBIX U MPO-

AOJIBHBIX HAIIPpABJICHHUAX, a TJIABHbIC HOPMaJIBHBIC HAIIPSKCHUA O =T, » O3 = —T, .«

JIeXKaT B TUIOCKOCTH, KacaTeJIbHOM K MIOBEPXHOCTH CTEP>KHS, M HAIIPABJICHBI 11O YTJIOM
o =45° x ero o6pasyromeit (cMm. pucyHok 1.4.1, a). B nporecce 3akpyunBaHus CTaH-
JTApTHBIX OOpa3loB IMOJYYar0T AUArpaMMbl B KOOpJAUHATAX KPYTAIIUHA MOMEHT M, -
YTOJI 3aKpy4IUBAHUS (.

‘IHK A JHK A

@. pan Q, pag

a) 0)
a) MaJIOYTJIEPOAUCTAsl CTallb; 0) UyT'yH
Pucynox 1.4.1. luarpamMmbl KpydeHust 00pas3IoB:

[Ipu ucnbITaHNy cTaJBLHOrO 00pa3ua (pucyHok 1.4.1, a) npu yBeIHMueHUH KPY-
TAILIETO MOMEHTA OT HYJISL O HEKOTOPOU BEIMYHUHBI My, COXpAHSETCS NpsiMasi IpoIop-
LAOHAJIbHASI 3aBUCUMOCTh MEXIY BEIMYMHOM yIJIa 3aKpYYMBAHUA U KPYTALIUM MO-
MEHTOM M, T.€. B 3TOM MHTEpBaJe CripaBeuinB 3akoH [ 'yka npu ciBure T=Gy ,u yr-

JOBYIO nedopManinio oopasiia onpeaesstor o Gopmyie

Ml, M
=0 p=—x0 1.16
" ", (1.16)
U3 sroit (bOpMYJ'IBI MOJKHO ITOJIYYHUTH U OIIBITHOC 3HAYCHUC MOAYJIA CABHIA.
G°=M—K'°. (1.17)
®J,

21



TeopeTnueckoe 3HAUEHUE MOJYJISI CABUTA BBIYKUCIISIIOT, UCIIOIB3YSl CIIPABOYHBIE J1aH-
HBIE, 110 U3BECTHOU (hopmyJie

G'= L

2(1+m)

rae £ v | — TabaudHble 3HaYeHUs MOYJIS IPOJOJIEHON YyIIPYTOCTH U KO3 GUITHECHTA
ITyaccona st maTepuana oO6pasia, COOTBETCTBEHHO.

(1.8)

IIpeaesn nponopuMoOHAIBHOCTH IIPU KPYUCHUU

M

v (1.19)

p

M .
rae o =—>-Y — NOJSAPHBIA MOMEHT CONPOTHUBIICHUS ITONIEPEYHOTO CEUCHHS CTEPKHS
X
Cc pacueTHbIM quameTpoM do. [Ipu 3TOM KacaTenbHbIC HANIPSDKEHUS B CEUEHUH paciipe-

JEJSIIOTCS TI0 JIMHEWHOMY 3aKoHY (pucyHok 1.4.2, a). JlanbHeiiiiee HarpyxeHue o0-
pasiia NPUBOAUT K HAPYIIECHHUIO MPSIMON MPOMOPIMOHATEHOCTH U TUarpaMmma nepexo-
JUT B TIOJIOTYIO KPUBYIO, T. €. B MaTepuaie oOpasiia pa3BUBAIOTCS TIACTUYECKHE Jie-
dbopmaly cHayaia B MOBEPXHOCTHOM CJIO€ TP HAIPSKEHUSX, PABHBIX TIPENIeTy Te-
KY4eCTH 7;, a NpHU JanbHeieM aedhOpMUPOBAHUMA 3Ta 30HA JOCTUTAECT TIIYOOKHX
cJioeB, 00pa3ysl KOJIBIEBYIO 30HY IutacTHUeckoro nedopmupoBanus. B nieHTpanbHON
JaCTH CEUCHUS HAMIPSDKEHUS OYAYT HIKE Ty, T. €. TAM OCTACTCSI yIpyTasi 30Ha (PUCYHOK
1.4.2 6).

B kadecTBe mpeaesia TeKy4eCTH 7, YCIOBHO MPUHUMAIOT HAMPSHKEHUS, TIPH KO-
TOPBIX B 00pasiie MOSBISIOTCS ocTaTouHbIe yriioBble nedopmanmu ¢ =0,003 pa.

T =—2-. (1.20)

B nipenerne miacTryeckast 30Ha 3aroJIHUAT Bee ceueHue (pucyHok 1.4.2, B), Hecy-
1as CnocoOHOCTh MaTepuaia OyIeT ucueprnaHa U HanpsiKeHUs BO BCEX TOUKaX cede-
HUsl OyZyT paBHBI NPEJIENTy TEKYYECTH Ty

Ton Tr (%
1 2 ,"‘ < P
/
~ /
r,/

a) yrpyras ctaaus; 06) cTaaus MmIacTU4ecKoro 1e(hOpMUPOBAHUS; B) CTAIMS pa3pylLICHHS;
1 — ynpyras 30Ha; 2 — myacTU4ecKast 30Ha.

Pucynok 1.4.2— Onropsl KacaTenbHbIX HANPSKEHUI ITPU KPYUEHUN
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B MomeHT pa3zpymienus oOpasiia BCIeICTBUE YIPOUHEHHsI MaTepHalia yCIOBHas
BEJIMYMHA MpeJiesia MPOYHOCTH Tg MOKET OBITH OmpenesieHa no gpopmyie:

M
T =—m 1.21
’ Wrm ( )
3

TT o
rac WHJl = E — INIACTUYICCKHUHU MOMCHT COIIPOTUBJICHHSA ITOIICPCUHOI'0 CCUCHUA IIpU

KPYYECHUHU.

Pa3zpyiienne crampHOro odpasia MpoucXouT IO TJIOCKOCTH, MEPIICHIUKYIISP-
HOM K ocu o0Opasiia, BCIAEJACTBUE ¢ABUIa (Cpe3a) OT NEHCTBUS Tmax. 1aK pa3pyIIaroTCs
IpH KPYYEHUH BCE TUIACTUYHBIC MaTepralibl (pUcyHok 1.4.3, 6).

UyryHHbiii oOpazell ¢ yBeIMYECHHUEM KPYTSIIEro MOMEHTAa HE COBCEM CTPOTO
cienyer 3akoHy I'yka, T. €. quarpamma My — ¢ BILIOTH JI0 pa3pyIieHUs HECKOJIBKO KpH-
BoJMHeWHa (pucyHok 1.4.3, 6). Pa3pymienue oOpasiia mpoucxXxoauT BCIEICTBHE OT-
PbIBA 10 HAKJIOHHBIM BUHTOBBIM CEYEHHUSIM, PACTIOJIOKEHHBIM IO YTIJIOM 0. = 45° K €ro
00pa3yronuM, Mo IeUCTBUEM IJIaBHBIX PACTITUBAIOIINX HAMNPSHKEHUN G1=Tmax. 3€p-
HUCTBIA XapakTep U3JIOMa SBISETCA CIEACTBUEM Pa3pyIICHUS Marepualia MmyTéM OT-
pbIBa YacTuil. A YCIOBHBIN Mpeaes MPOYHOCTH MaTepualia PaBeH:

M
T, =1 =— (1.22).

. S

Pucynok 1.4.3 — Hampsik€HHOE cocTosiHUE (A) B XapaKTep pa3pylieHust oopas-
110B (0) ipu KpydeHun/

Onucanue ucnvtmamenvHol MAWUHbL U 00pa3yos.

PaGota Bemonnsiercs Ha Mammae KM-50 (pucynok 1.4.5). mammna nmeer cra-
HUHY, HA KOTOPOl CMOHTUPOBAHbI MEXAHU3MbI HATPYKEHUS U CHIIOU3MEPEHUS.
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Pucynok 1.4.5 — KunemaTtudeckas cxema ucnbITarensHoi Mamasl KM-50

Mexanuzm nazpyycenusn. Harpyxxenue o0Opasia, yCTaHOBIEHHOTO B HUKHEM 14
U B BepxHeM 10 3axBaTax MalllMHbI, OCYLIECTBIIACTCS claeAyromuM oopazom. Kpyrs-
Il MOMEHT Ha Bally 3JI€KTpOoJBHUraress 1 yepe3 KIMHOPEMEHHYIO Nepeaady MpuBo-
JIUT BO BpallleHUE YEPBAUHYIO TTapy, KOTopas yepe3 3youaTsie 3ameruienns 21, 22 u 23
BpaIiaeT X0J0BOW BUHT 24 ¢ HIDKHUM 3axBaToM 14. Jlyis pydHOTO Harpy>KeHus o0-
pasla MalMHa cHaOKeHa TaKkKe PYYHBIM IMPUBOJOM, COCTOSIIIUM U3 PYKOATKH 18 u
HenHou nepeaauu 15, HIKHee 3y04aTtoe KoJeco KOTOpOro BpallaeT yepes 3y0uaTyro
nepenavy 23 xonoBoW BUHT 24. HarpyxeHue MOKHO IPOU3BOJUTH MPU JIBYX CKOPO-
ctax: 1 o6/mMuH u 0,3 06/MuH (TIepemMerias CTEpPKeHb 25 CO CKOIB3SAIICH MITOHKOW 26
710 3alleTuieHus ee ¢ 3youarbiMu kosecamu 21 umu 22). [Ipu pydHOM NpUBOAE IIMTOHKA
26 BOOOIIIE BHIBOAUTCS CTEPKHEM 25 U3 3allEIJIEHUs ¢ 3yOuaTrbiMu nepenadamu 21 u
22. Ilpu 3akpernieHuH B 3aXBaTaxX MalllMHbl 00pa3l0B Pa3IMYHON JIIMHBI HUKHUM 3a-
xBaT 14 mepeMeatoT no BeICOTE, Bpalas MaxoBUK 16. YToJI 3akpydnBaHus B pee-
nax 3600 orcuntheiBarOT mo mkane 17 co crpenounsiM ykazareneM 20. g orcuera
L[EJI0T0 Yucia 000pOoTOB MalinHa cHabkeHa cueTunkoM 19 ¢ mpenenom uzmepenus 10
o0opotoB. [Tokazanus yria 3akpydrBaHus 1o miKane 17 COOTBETCTBYIOT OTHOCUTEb-
HOMY YIJTy 3aKpy4uBaHus HUxkHero 14 u Bepxnero 10 3aXBaToB MallIuHbIL, 4TO o0ecre-
YUBAETCSl KOPpPEKTOpOoMm 12.

Mexanuszm cunousmepenusn. llpu xpydenun obpasia Bepxauii 3axsat 10 Hama-
THIBA€T Ha CBOM Basl 9 TOHKYIO TMOKYIO TATY 7, KOTOpasi OTKJIOHSET MasTHUK 13 10 Tex
1op, TIoKa He Oy/IeT ypaBHOBEIIIEH KPYTAIINNA MOMEHT, BOSHUKaOMUiA B oOpasiie. [1pu
OTKJIOHCHMH MasiTHUKa 13 peruar 6 mepeMeniaet 3youaryto peiky 5, IpUBOISIIYIO BO
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BpallieHue 3y04yaToe KoJieco, HaCaXKeHHOE Ha OCh CTPEIKU KPYTOBOM IIKaJIbl 4 MOMEH-
TOB. OJIHOBPEMEHHO IEPO, 3aKPEIUIEHHOE Ha peHKe 5, 3aUChIBACT HAa AMArpaMMHOM
anmapare 3 3aBUCUMOCTb My — ¢. MaciuTab 3anucu yria 3aKkpy4uBaHus () MOKHO Me-
HATH B nipeaenax: 1 mm = 0,5° unu 1 mm = 0,1°. bapaban 3 nmpuBoaUTCS BO BpallieHUE
OT XO/I0BOTO BUHTA 24 THOKOM cBs3bi0 2 JJIs mpeaoTBpallieHus: pe3Koro najeHus ma-
ATHHUKAS BHU3 MOCJIE pa3pyllieHus o0pasia K pblyary 6 npucoeMHeH IITOK
MacJsTHOTO aMMopTu3aTopa 8. [[is peryiupoBaHusi CKOPOCTU ONMYCKaHUSI MasTHHKA
MPEeTyCMOTPEH BEHTHIIb 11.

Oobpaszuwl 011 ucnvimanus na Kpyuernue (pucynok 1.4.6). Jlnuaa pabodet uanHIpH-
YECKOM YacTH CTaHJIapTHOTO oOpasia o0braHo coctaBisieT lo=10d,. s 3akperuienus
B 3aXBaTaxX MalIMHbBI 00pa31bl UMEIOT T'OJOBKH C JibICKamu (rpadsMu). C 1eJ1bI0 YMEHb-
IICHUST KOHIICHTPAIIMU HAIPsHKEHUN TIepexo OT NMUIWHAPUYECKOW JacTu obpasma K
TOJIOBKAM BBINIOJIHEH 110 PANYCy.

s

I=10d0

Pucynok 1.4.6. — OGpa3zerr A1t HCTIBITAHUS Ha KPyYEeHHE

Memoouxa npogedenusn onvima u 00padomKa pe3yibmamaos:

1. M3mepsroT pacueTHyio JUIHHY |, tuameTpbl 00pa3iioB d ¥ BBIUKCIISIOT MOJISIPHBIC
MOMEHTHI cONpoTuBiIeHus ceueHuilt Wy. Pe3ynbrarel 3aHOCAT B *KypHasl HAOJI0IeHUI.
2. 3akpermiaoT o0pasell B 3aXBaTax UCIBITATEIbHOW MAIIMHbI, BKIIIOYAIOT €€ U JI0BO-
1T obpaszert 10 paspyiuienus. [Ipu sTom pukcupyrot Bennunny MmomeHTa M, cooTBeT-
CTBYIOIIETO TUJIOMIAJKE TeKy4eCcTH (i1 CTaJbHOTO 00pasiia), BEMUYUHY MaKCUMaIlhb-
HOTO MOMeHTa M, mpu pa3pyiieHur 00pasioB U BEIMUYUHY MAaKCUMAIBLHOTO yTJia 3a-
KpY4YMBaHUS Q. Pe3ybTaThl 3aHOCAT B KypHAJ HAOIIOICHHM.

3. OueHMBAaIOT XapaKTep pa3pylieHus 00pas3IoB.

4. Beraucnstot o gopmynam (1.20; 1.21) npenensl TEKy4eCTH 7 U MPOUYHOCTH Ty (IJIA
CTaJlbHOTO 00pasa) u mo Gopmyse (1.22) npeaen MPOYHOCTH Ty IS UyTYHHOTO 00-
pasta. OnpenensroT OTHOCUTEIBHBIA yTOJl 3aKpyYHBaHUS Oy, PE3yNbTaThl 3aHOCAT B
KypHaJ HaOJI0ICHU.

5. N3o0paxkaroT AuarpamMMbl KpyU4eHHs CTAIbHOTO U YyTYHHOTO 00pasIioB.
Cooepoicanue omuema

1. Ha3Banue nabopaTopHOil paboTHI.

2. llens mabopaTopHOil pabOTHI.

3. UcnpiTaTenpHas MalinHa.

4. Jcku3 oOpasia 10 ¥ MOCie UCIIBITAaHUS.

5. UcxonHble naHHBIE:

5.1. Pacuernas munsa lo.
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5.2. Pacuetnbrit quametp do
5.3. [lonApHBI MOMEHT HHEPLIMU CEUEHHUS Jp .
5.4 TlossipHBIN ¥ IACTUYECKUI MOMEHTBI COITPOTUBIICHUSI CEUCHUS

W; 5 Wi

®dopMbI, pa3Mepbl U FTeOMETPUUECKUE XapaKTEPUCTUKU CeYeHU 00pa3iioB

Marepuan JuameTtp d Pacuern. [TonspH. MowmeHT co-
obOpasia MM mHa |, Mm MOM. UHED- mpot. Wp,
JA05 051 Jp, MM4 MM3
Crainpb
Yyryn
6. XKXypnan nabmroneHuit
Harpyxeunus u XapakTtep paz-
epopmanuu pyuieHus o0-
M HMm M, Hm Oy, rpan pazna
Marepu
obpasia
Cranb
Uyryn

7. BeruuciieHus.

8. JlmarpamMMbl Kpy4eHHUSI.

9. BBIBOJIBI.

Bonpocwt ona camokoumponsn

1. KakoBa 1ieb 1abopatopHoit paboThi?

2. I3 xakuX OCHOBHBIX Y3JIOB cCOCTOMT MammHa KM-507 Pacckaxute nX Ha3Ha4YCHHE

1 YCTPOUCTBO?

3. Kakoe HanpsKeHHOE COCTOSIHME BO3HHMKAET B KaXIOW TOYKE oOpasla mpH Kpyde-

HUU?

4. Kak popmynupyercs 3akoH ['yka npu kpydeHun?

5. Kak BpIUMCISAIOTCA HANPSIKEHUS TPU KPYUEHUH U KaK OHH PACTIPEAEIISIOTCS B TIOIIE-

PEYHOM ceueHur o0pasiia Mpu yIpyroM U MpH MIaCTUIECKOM AehOopMUPOBaHUN?
6. UTo Ha3bIBAIOT KECTKOCTHIO MOMEPEYHOTO CEUEHUS CTEPKHSI IPU KPYUCHHUU?
9. UTo Ha3bIBAIOT MOJISIPHBIM MOMEHTOM COMPOTUBIICHUS?

7. Kakue cBolcTBa MaTepuasa XapakTepu3yeT MOYyJib CIBUTA?
8. Kakast 3aBUCMMOCTb CYIIECTBYET MEX Ty BenmunHamu £, Gu p ?
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9. Bo ckoipKO pa3 U3MEHUTCS BEIMUMHA yTJIa 3aKPyUHMBaHUS, €CIIH THAMETP 00pasiia
YMEHBIIUTCS BABOE?

10. KakoBBI OTIMYUTENBHBIE OCOOCHHOCTH IUarpaMM KpY4YeHHs CTEp)KHEH W3 Iiia-
CTHYHBIX U XPYIKUX MaTepruaIoB?

11. Tloyemy nmarpamMMa KpydeHHs CTajJbHOro oOpa3lia He HUMEET HHUCXOSIIETO
ydacTka?

12. Kakue xapakTepUCTHKH MPOYHOCTH MOYKHO TIOJNYYUTH MPHU UCIIBITAHUN 00pa3IoB
13 IUTACTUYHBIX U XPYMKUX MaTePUATIOB?

Jluteparypa: [5] - §§ 20,21; [6] - §§ 5.1 — 5.3, 5.5;

[7] - §§ 26,37,39.

2. UI3YYEHUE HAITPAXKEHHO-AE®@OPMHUPOBAHHOI'O COCTOAHUA
3JEMEHTOB KOHCTPYKIIUI

2.1 JlaGopaTopHas padora Ne5 «UcciienoBanue pacnpeaeaeHns HANMPsIxKe-
HM MIPU MONIePEeYHOM H3rubde»

Ilenv pabomobi: >KCTIEPUMEHTAIBLHOE HCCIEIOBAHUE 3aKOHA PacIpeieieHus
HOPMAJIbHBIX HAIIPSHKCHUH 10 CeYEHUI0 0Tk M CpaBHEHHUE MOTYyYEHHBIX Pe3yJIbTaTOB
C HOpPMaJILHBIM HAMNPSXKEHUEM, BHIYUCIICHHBIM TEOPETUUECKH.

Teopemuueckaa wacmo padomot. Jlehopmaiiys nu3ruda xapakTepuzyercst TeM,
YTO B MOMEPEUHBIX CEUCHUSIX OAIKH BO3HUKAIOT U3THOAIOIME MOMEHTHI U YacTo, OJ1-
HOBPEMEHHO C TOCJICIHUMHU, - TTONEepeUHbIe CUJibl. I3rud Ha3bIBaIOT YHUCTHIM, €CJIH B
CEUYEHUSX OaIKU BO3HUKAIOT TOJIBKO U3THOAIONMe MOMEHTHI. ECiM Jxe Hapsiny ¢ U3TH-
OarolmMUM MOMEHTAMHU B CEUCHUSX OallkM BO3HMKAIOT WM TOIMEPEUYHbIE CHUJIbI, U3THO
Ha3bIBAIOT HomnepeuHbiM. Jlepopmaiius usruda umeeT MeCTo B pe3yibTare JICUCTBUS
BHEIIIHUX CHJI, TPHJIOKEHHBIX MEPIEHAUKYIIIPHO K OCH OaJKH, a TaKke OT map CHil,
IJIOCKOCTh JIEUCTBUSL KOTOPBIX MPOXOJUT yepe3 ee ocb. [II0CKOCTH, B KOTOPBIX JIEKAT
TJIaBHBIC IIEHTPAJIbHBIE OCH MHEPIMU TOMEPEUHBIX CEUYCHHM, HA3bIBAIOT IJIABHBIMU
IJIOCKOCTSIMU Oaniku. Eciu miiockocTh neicTBUs CHIT (CUITOBAs TNIOCKOCTh) IPOXOJIUAT
4yepe3 OJIHY U3 IIABHBIX MJIOCKOCTEH 0amku U och ee AehopMHUpyeTCs (MCKPUBIISIETCS)
B 3TOH K€ MIIOCKOCTH, U3rK0 HA3bIBAIOT ILIOCKUM HJIH MPSMbIM (pucyHOK 2.1.1, a).

Yucteiii u3rud (yuactok a — b, pucynok 2.1.1, a) BO3HHUKAET, €CIIM B MOMNEpEY-
HOM CCUCHHUH OaJIKM ISUCTBYET TOJIbKO n3rudaromui MomeHT (Q=0, My=— M = const).
Ecnu B ceuenun O6ayiku IEMCTBYET TaKKe U MOMEPEUHas CUjla, TO UMEET MECTO ToTie-
peunsIi ipsiMoii u3ruod (yuactok b — ¢, pucynok 2.1.1, a).

[Ipu yrcTomM U3rude cupaBeIuBa TUMOTE3a MIIOCKUX CEYEHUM: TTONepeyHoe Cce-
YeHue, TJI0CKoe A0 aedopMalinm, 0cTaeTcs IOCKUM U nocie Aedopmanuu. [lanHas
TUIIOTE3a BMECTE C YPaBHEHUSIMU CTATUKW TO3BOJISIET TMOJIYYUTh 3aBUCUMOCTDH JIJIsI
OTpeICIICHUs HAMIPSDKEHUH pu urcToM u3rude (3.1.1).
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Pucynoxk 2.1.1 — Jepopmanus uzruda
o=y 21)

J

X
rae M, — n3rubarimuii MOMEHT B pacCMaTpuBaeMOM CEYEHUH OaiKu; Jy — 0CEBOM MO-
MEHT MHEPLHMH CEUYEHUs1 OaJIKU OTHOCUTEIBHO HEUTPAJIbHOMN JIMHUM; Y — PACCTOSIHUE OT
HEUTPAJILHOM JIMHUHU 10 TOYKH, B KOTOPOU OIpEAEACTC HAIPSKEHUE.

W3 Beipaxkenus (2.1) BUIHO, YTO HOPMAJIbHBIE HAMPSHKEHUS 3aBUCAT OT BEJIH-
yuHbl " Y " muHeliHo. Ha pucynke 2.1.1, 6 moka3aHa 31mopa pacnpeneieHus HopMaib-
HBIX HaIpsHKEHUH TpU yucToM u3rube. Hambomnbiieil BeIMUUHbI (Gmax) HAMPSKEHUS
JOCTUTalOT B TOYKax (BOJIOKHAX) HanOosee yAaJIeHHbIX OT HEUTPaIbHOU JUHUH, T.€.
IIPH Y = Ymax, @ HA HEUTPAJILHON JIMHUY OHU PaBHBI HYJIIO.

Omax — I\‘;IX Yinax = \I>/|VX d (22)

X X

J y
rae W, = % — oceBOM MOMEHT COIPOTHUBIICHHS MONIEPEYHOTO CEUEHHUS.

ymax

[Ipu nmonepeuyHoM U3rude B MOMEPEUHOM CEYEHUHU OAJIKM BOSHUKAET HE TOJBKO
U3rudaromui MOMEHT My, HO U nonepeyHast cuia Qy, a, 3HaAUUT, HAPsIAYy ¢ HOPMaJlb-
HBIMU HANPSHDKEHUSIMU G, TIOSIBJISIIOTCS TAKXKE U KacaTenbHble T . [1o 3akoHy mapHOCTH
KacaTeJIbHBIX HAMPSKCHUM MOCISIHUE BOSHUKAIOT U B TIPOJIOJIBHBIX CEUCHUSIX OAJIKH,
BbI3bIBAs JICTIJIAHAIIMIO TTONIEPEYHOT0 ceueHusl. B pe3ynbpTaTe runoresa miocKux ceve-
HUUW TP TIOTIEPEYHOM U3THOE HAPYIIAETCs, TUIOCKHUE 10 AehOpMaIiK CEUCHHUS CIIETKa
uckpuBisroTcs pucynke 2.1.1, 8). TeopeTrdeckue u SKCriepuMEHTATBHBIC UCCIEA0BA-
HUS TOTO BOMPOCA MOKA3aJIM, YTO BIUSHUE YKa3aHHOTO d(PPeKTa HEBEIHKO U TOATOMY
BJIMSTHUEM CJIBUTOB Ha 3aKOH paclpe/iefieHUuss HOPMaIbHBIX HANpsKEHUM mpeHeope-
ratoT. Takum 00pa3oM, ruroTe3a MIOCKUX CEYEHUN YCITOBHO PACIPOCTPAHSIETCS TAKKE
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U Ha nonepeyHsid u3rud. s onpeaeneHuss HOpMaIbHBIX HANPSHXKEHUH MPU Monepey-
HOM H3ru0e HUCIOJIb3YIOT 3aBUCHUMOCTH (2.1).

[Tpu BbIBOJIE pacueTHOU opMyIibl (2.1) mperonaraioch, 4TO BOJOKHA MaTepHU-
aJia Ipy MOMEePEeYHOM U3TU0E UCTIBITHIBAIOT TOJIBKO MPOJOJIBLHOE PACTSIKEHUE UITH CKa-
THE. DTO IOMYIIEHUE MTO3BOJIAET BBIPA3UTh 3aBUCUMOCTh MEXKy HOPMAJIbHBIM Hampsi-
KEHUEM U aepopMaiiei 3akoHoM ['yka A1 0JHOOCHOTO PaCTSKEHUS.

Takum oOpa3oM, MPU OMBITHOM OIPENEICHUN HAMPSHKEHUN B 33JIaHHOM CIIOE
0anKu M3MEpSIOT yrpyrue JuHelHHble nedopmamnmu Al , a 3aTeM, BOCIIOIH30BABIIUCH
3akoHOM ['yka (6=Eg), onpenensror nckombie HaITPSHKEHUSL.

Omnpenenenre HaMPsHKEHUN 110 U3MEPEHHOM Te(opMalliy Ha3bIBAlOT TEH30MeT-
PMpPOBaHUEM.

2.1.1. DnekmpomenzomempuuecKkuii Menmoo usmepeHus TUHeHsvIxX oehopma-
uuu.

OcHoOBaH Ha TOM, 4TO Ae(opmaliysi MPOBOJHUKA BbI3bIBAET U3MEHEHHE HEKOTO-
PBIX €ro 3JEKTPUUYECKUX MapamMeTpoB (COMPOTHUBIECHUS, €EMKOCTH, UHAYKTUBHOCTH).
DneMeHT, BOCIIPUHUMAIOIINN 1eopMalinio Tena, Ha3blBaloT JATYMKOM. V3MeHenue
3JIEKTPUYECKOTO MapaMeTpa NepeacTcsl Ha perncTpupymomee ycrpoiicrso. Haubo-
Jiee MUPOKO HCIONB3YIOT B KAYECTBE JIEKTPO- TEH30METPOB IIPOBOJIOYHBIE TATYUKU
OMHYECKOTO COIPOTUBIICHUS.

OCHOBHBIMH IIPEUMYILECTBAMU IEKTPOTEH30METPOB SIBJIIFOTCS: BBICOKAsI TOY-
HOCTb U3MEPEHUS, MAJIbIE pa3MEPbI TEH30METPOB, BOZMOXHOCTH Mepe1auu MOKa3aHUun
Ha PacCTOSIHUE U BBIJIAYM PE3yNbTaTOB HAa DBM, BO3MOKHOCTH U3MEPSATH AehopManuu
Ha MOBEPXHOCTSIX CIOXKHON KOHPUTYpaLlMK U B TPYAHOJOCTYITHBIX MECTaX, MPaKTHYe-
CKHM MOJIHasi 0€3 MHEPLUHUOHHOCTh anmnapaTrypbl, BO3MOXHOCTh PETHCTPALUU OBICTPOU3-
MEHSIOMIMXCSA TPOLECCOB. DTH MPEUMYILECTBA KOMIIEHCUPYIOT HEIOCTATKU 3JIEKTPO-
TE€H30MEPUPOBAHUS: CIOKHOCTh U 3HAYUTENBHYIO CTOUMOCTb U3MEPUTENILHOM arma-
paTyphl, HEOOXOIUMOCTh BBICOKOW KBaJTU(UKAIINK TEpCOHAA.

TouHocTh U3MepeHus fedopMaliuy MPU HOMOIIH IPOBOJIOYHBIX TEH30JaTYUKOB
HECKOJIBKO MEHBIIE, YEM ITPH U3MEPEHNUN MEXAaHUYECKUM WJIM ONTUYECKUM TEH30MET-
POM, HO IPAKTUYECKH OHA BIIOJIHE JOCTATOYHA ISl HAJEKHOTO BEIYMCIICHHSI HAIIpsiKe-
Huil. B ocHOBE MeTOa JIEKUT 3aBUCHMOCTh OMHUYECKOIO COIPOTUBIEHUS R mpoBoa-

HHUKA OT €I'0 FGOMeTpH‘{eCKHX paSMepOB — HJIMHBI I ! 1mjiomaian HOHepe‘{HOFO CCUCHUA
A.
R=p, (2.3)
A

T7ie p — yACIbHOE COMPOTUBIICHUE MPOBOIHUKA.

Uewm mymMHHEE POBOAHUK JATYMKA, TEM OO0JIbIIIEe U3MEHEHNE OMUYECKOTO COTPO-
tuBiieHus AR mipu nedopmariuu 1 TeM TOUHEee pe3yIbTaThl u3MepeHui. B Toxke Bpems
MIpU HEPAaBHOMEPHOU JeopMariuu UCCIeayeMOTo Tejla BOSHUKAET HEOOXOIUMOCTh
MPOBOAUTH U3MEPEHUSI Ha BOBMOXKHO MeHbIel JHe (6a3ze nzmepenuit). KoHcTpyk-
THBHO 3Ta 3aJ1a4ya OblJIa pellieHa MMyTeM YKJIaIKH JJTHHHOTO MMPOBOIHUKA B BHJIC TICTEITb
Ha MaJjoii 0ase.

TeHzomatuuk mpeacTaBisgeT coO0M MITOCKU neMeHT (pucyHok 2.1.2), coctos-
it u3 Toukou (0,015 — 0,03 Mm) npoBosioku (Wi Gosibru) 3, MaTeprall KOTOPOr
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o0JagaeT BHICOKUM OMUYECKUM COTIPOTUBIICHUEM (KOHCTaHTaH, HUXpoM). [IpoBosoka
YKJIQJBIBACTCSl 3UT3aroo0pa3Ho MEXIy IBYMsS TOJOCKAMH CHEIHAIbHOW TOHKOM
(0,002 — 0,005 Mm) Oymaru win moauMepHo mieHkd 2. K KoHIIaM MpoBOJIOKH CBap-
KO# 100 MalKoi, 4TO MEHEe MPEIIMOYTUTEIEHO, TPUCOSAMHEHBI JJAaTYHHBIC BHIBOIBI 1
JUTS COSIMHEHUS C PETHUCTPUPYIOIICH anmapaTrypoi.

Puc. 2.1.2 Cxema TeH301aTYNKA

JlaTuuk BCIIEICTBUE 3UT3aroo0Opa3HOM YKJIaJIKU MPOBOJIOKH pearupyer Ha Jie-
dbopmanuu TOJIBKO B MPOJOJIHLHOM HAMPABJICHUU U HE YYBCTBUTEJICH B MOMEPEUYHOM
HanpasiieHud. ba3oil TeH304aTUYMKA HA3BIBAIOT JIKHY | IPSIMOIMHEHHBIX y4aCTKOB
MIPOBOJIHUKA, U3 KOTOPOT'O0 OH U3rOTOBJICH. [[pOMBIIIIIIEHHOCTH BBIMMYCKAET MPOBOJIOY-
HbIE, a TakXKe (oJIbroBbie AaTunku ¢ 0azoii | =5, 10, 20, 30 MM u conpoTuBjicHreM R
=50, 100, 200, 300 Om. CieayeT y9uThIBaTh, UTO C yMEHBIIICHHEM 0a3bl JaTUYMKa CHH-
KAETCSI €ro TEH30YYBCTBUTEIBHOCTh M3-3a YBEJIMYEHUS BIUSHUS KPHUBOJIMHEHHBIX
y4acTKOB (1eTeib gatunka). [loaromy 63 He0OX0AUMOCTH TPUMEHSTh TaTYUKHU C Ma-
JI0#1 6a301 HE PEKOMEHTyeTCS.

MecTo yCTaHOBKM TEH30/laTUMKa TIIATEIBHO 3aYUIIAIOT U O00E3KUPUBAIOT
CIIUPTOM WJIM alleTOHOM. TeH304aT4YMK HAKJICHBAIOT HAa MOBEPXHOCTh OAJIKU MPH TO-
MOIIM crienuanbHbIX KieeB (BD-2 u ap.) Tak, 4yToObI HanpasieHue ero 6assl | coBma-
710 ¢ HampaBiieHueM usMmepsiemoin nedopmanuu. [Ipu HarpyxeHun 6aaku BMECTE C
Hel nedopMupyeTcs U TEH30J]JaTYUK, COMPOTUBJICHUE KOTOPOTO U3MEHUTCS U €TO Be-
TU4rHa OyZeT 3aperucTpupoBaHa CIEHATbHON annapaTtypoi, OCHOBOM KOTOPOU SB-
JSIETCSI MOCTOBAsI CXeMa — MOCTUK YHUTCTOHA (pucyHok 2.1.3).

R 3 HaeTpomsa
S

,ln:lna'mnu

1

,:[:l'rmm

v {)’L“‘t H,J;-:ru -

by

Pucynox 2.1.3 — Cxema uzmepenust npuoopom NJI-70M
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JKcnepumenmanvHas yCManoeKa MPECTaBIAeT COOOU MIAPHUPHO OMEPTYIO
0asKy IByTaBpOBOTO MomnepeuHoro ceueHus (pucyHok 2.1.4). Harpyxkenue ocyiecTs-
JISIOT BPYUHYIO ¢ momorisio nojieca (I) u vabopa rpyzos (I1). I[Tonoxxenue moaseca ¢
rpy3aMH 10 JJIMHE OATKU MOXKHO U3MEHSITh.

J171st 3aMepa HOpMaJIbHBIX HANPSHKEHUM B MATH TOYKAaX 3a/IaHHOTO MOMEPEYHOTO
ceuenus “C” Ha Oanke (mmapauiesIbHO €€ OCH) HaKJICCHBI / TPOBOJIOYHBIX TEH301aT4H-
KOB aKTHBHOTO conpoTuBiieHUs (pucyHok 2.1.4. a). Tenzonatuuku 1 u 1’ HakIeeHBI
Ha Hapy>KHOW MMOBEPXHOCTU BEPXHEHU IMOJIKU JIByTaBpa U Mpu 00pabOTKe pe3yIbTaToB
M3MEPCHHI OepeTcs cpeaHee 3HAYCHHE MTOKa3aHUi ITUX MaTIYMKOB. AHAJIOTHYHO TIO-
CTYIAIOT C TTOKa3aHUSIMHU TEH30/IaTYMKOB 5 1 5°, HaKJIeEHHBIX HAa HIDKHEH MOJIKE JIBY-
taBpa. JlaTuuk 3 pacnoioskeH Ha HEUTpaIbHOM CIIO€, a JAaTYUKU 2 U 4 - Ha pacCTOSHUU
1/4 BBICOTBI TOTIEPEYHOTO CEUYCHHMSI OT HEUTPATLHOTO cJosi. Bce TeH301aTYNKN IMEIOT
conpotusieHue 200 —200,1 Om u 6a3y 20 MM, T. K. B3ATbI U3 OJAHOW MAPTHUH.

[Ipu moTHOM mMpuKIIEHKe TEH30JaT4YhKa K MOBEPXHOCTU JeTanu (JAByTaBpa)
MIPOBOJIOKA YJUIHHSETCS (YKOpAauMBaeTCs) BMECTE C BOJIOKHAMHU HCCIEAYEeMOro 00b-
eKTa.

H—

It
/4 /4

53)

TR
R E.."i
-4

[l

&

Snrwopa Mr

Pucynok 2.1.4 — Cxema HarpyXeHusi OaJIKu
B pesynbraTe oMuueckoe COmpOTUBIICHUE TATYMKA U3MEHSAETCS U PETUCTPUPY-
eTCsl KaK Toka3aTenb AedopMaiiii, T.K. OTHOCHUTEIbHOE U3MEHEHHNE OMUYECKOTO CO-

NPOTHBIICHUSI G; MPOMOPIMOHAIEHO OTHOCHTEIHHOMY yIUTHHEHUIO (YKOPOUCHHIO) € .

oy (2.0
RO

I'ne yo — koadPULIEHT TEH30UYBCTBUTEILHOCTH AaTunKa (0e3pa3MepHast BeJlu-
YHHA, 3aBHUCSIIAs OT CBOMCTB MaTepuaia TeH301aTINKa).

V3MeHeHre HauyalbHOTO COMTPOTUBIICHHS JaTunka R, mpu nu3mepennu aedopma-
it coctapisieT 00b19HO 0.3 — 0.5%. [ToaTOMYy 117151 GOJIee TOUHOTO 3aMepa TaKoro U3-
MEHEHUS TeH30J]aTUYMK COCIMHEH C U3MEPHUTEIbHBIM MPHOOPOM MO0 MOCTOBOW CXEMeE,
MoKa3aHHOM Ha pucyHke 2.1.3 (MocT YUTCTOHA).
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[Tepemennsie pe3uctopsl Ri, Ry u uctounnk nuranus U MOCTa pacnoyiOKEHbI
B KopItyce udmepurens nedopmanmii MJ1-70 M.

UT0OBI UCKITIOUUTH BIMSIHUE KOJIEOAHUN TeMIIepaTyphbl Ha BEIMYUHY COMTPOTHB-
JeHus natuuka Ry, ucnonb3yercst KOMIeHCAllMOHHbIN TeH301aTyuk R,. Ero conportus-
JieHue npuMepHo paBHo R,. OH HakiieeH BOIM3M JaTdynka Ry B MecTe He MOoJBepKeH-
HOM JiepopMaIusiM.

Benmuuunel conporusienuit R; u Ry, moaduparT Tak, 4ToOBI MPU OTCYTCTBUHU
nedopmanyu aeranu (mpu F=0) moct Ob1T cOamancupoBaH, T.€. MPU Mo1aYe HAIPsDKe-
Hus ”U” Ha ogHy AauaroHanb mocta (1-2), B apyroii (3—4) cuiia Toka paBHsUIach Obl
HyJ10. JJ1s1 3TOro HeoOX0AUMO, YTOOBI BBIMOIHSIIOCH YCIOBHE

R_R (25)

R R,

K

Brinonnenue ycnoBus (2.5) qocturaercs myTeM noBopoTa pyuek ~Jlnano3on” u
«Hactpoiika» (pucyHnok 2.1.3). Ecnu moct c6anancuposas (npu F=0), To cTpenka un-
nukatopa «M» oCTaHOBUTCS MPOTUB HYJEBOrO JAeNIeHHWs IKaibl. [Ipu HarpyxeHuun
0aJKi MOCT pazdalaHCUPYETCsl, YTO MPUBOJUT K MOSIBJICHUIO TOKA B U3MEPUTEIbHON
nuaronanu (3—4) mocta. B pe3ynbTaTe cTpenka MHAUKaTOpa OTKIOHUTCS BIPABO WM
BJIEBO OT HYJIA. DTO OTKJIOHEHHE MPOMOPIMOHATIHFHO BEJMYMHE HANPSHKEHUN G B Je-
TaJld B MECTE HAKJIEWKU TeH30aTunKa R.

BrIBOIBI OT BCEX TEH30JJATYMKOB, HAKJIEEHHBIX HA OAJIKy, COEJIMHEHBI C U3MEPH-
tenem nedopmanuii J1-70 M. Ioakmnrodast moouepeAHO TEH30AaTYUKH 1-5 K u3mepu-
Teno AedopMalnii (C TOMOIIBIO EpeKIToUaTens «/laTuukmy), MOKHO ONpeIeTUTh Be-
JUYUHY HOPMAaJbHBIX HAMpPSKEHUM G B PA3JIMYHBIX TOYKAX MONEPEYHOTO CEUYCHHUS
OaJKH.

Ilopsaooxk npoeedenusn Ixcnepumenma

1.Bxuimrouaror usmeputens aeopmaruit MJ1-70 M B a1eKTpoceTh U MPOrpPEBarOT
B T€UYEHHUE 15 MUHYT.

2. Pyukoit «JlaTuriKkuy» MOIKIIOYAOT K U3MEPHUTENIO Je(opMaluii TEH301aTYNK
1' (mpu F=0).

3. bamancupyrot MOCT, BpaleHueM pydek «JIunamnozon» n «Hactpoiika» coBme-
HIAIOT CTpeiKy uHaukKaropa «M» ¢ HysJeBbIM AeneHueM Ha mikane. [lokazanus uHau-
KaTopa 3amuchiBaioT B Tabmmiy 2.1.1.

4. ITpou3BOAAT NOOYEPETHOE MOAKIIOYEHUE OCTANIBHBIX JATYMKOB U (0e3 OaaH-
CHUPOBKH MOCTA) 3aIIMChIBAIOT MTOKa3aHus UHAUKaTopa B Tadbnuiry 2.1.1. Ilpu otkioHe-
HUU CTPEJIKU BJIEBO OT HYJIEBOI'O 3HAYEHUS MOKAa3aHUs MHAMKATOPA 3alKMCBHIBAIOT CO
3HAKOM “MHHYC”’, a PU OTKJIOHEHUH BIIPABO - CO 3HAKOM “ILTIOC”.

5. Harpyxatot 6anky 3amanHoi cuioit F, v, moaxrogas mooyepeiHo TeH301aT-
YUK, 3alMUCHIBAIOT MOKAa3aHUs WHIUKATOPA (C yueToM 3Haka) B Tabymiry 2.1.1. (rpada
4).

Tabmuna 2.1.1 — XKypuan nabmroaeHmit
NN nar- Ilokasanusa wUHIUKA- Hanpsixenue | OTkiioHEeHUE
YUKOB TOpa B MIla B %
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[Tonoxxenue | 6e3 ¢ Harpy3- | PasHocth OT- | 3kC- | T€o-
uccienye- HArpysKku | ko Nu cueToB ANi= | I€pH- | pe-
MBIX BOJIOKOH | No N No MCHT. | TU4Y.0
Vi, Mm c
1 2 3 4 5 6 7 8
T
1
2
3
4
5
5
Oopabomka pe3y1ibmamos uzmepeHuil
1. BpIUuCHSIOT 1151 KQX0r0 TEH301aTYMKA PA3HOCTh MOKa3aHu Anj MHIUKATOpa
B Harpy>K€HHOM U Ha4yajbHOM (0€3 Harpy3KH) COCTOSIHUSIX OaJKH.
2. OnpenensoT BENMMYNHY HOPMAJIbHBIX HANPSDKEHUN B Ka)XKIOW TOYKE IOIEpey-
HOTO CE€YECHHS OAIKH.
o, =Anm,

rjae M — MacimtabHbIi KO PUIIMEHT onpeeNnieTcs TaApUPOBKON TEH301aTYNKOB). 3Ha-
YeHue “M” MOYKHO OMPEAEIUTh U3 BhIPAKECHHS

c
m — max
Ang,
A
rae 6, =——— — pacueTHOE HalpspkeHne B Toukax 1 u 1'.

X

3neck Ra — peakius 1eBoi onopsl 0aimku (cM. pucyHok 2.1.4).
AN — An, +An’|

cp 2
Tadm. 1).
3. CTposT 3MI0OPHI pacpeiesICHUs] HAPSIKEHUM 10 BHICOTE CeUEHHUsI OalKu.
4. BpIUKCHSIOT MOTPEUIHOCTH 3KCIEPUMEHTA, CPABHUBAsI TEOPETUUECKUE U IKCIIEPH-
MEHTAJIbHBIE 3HAUYCHUS HATIPSDKEHUH.

— cpeJiHee 3Ha4eHHe Pa3HOCTH OTCUeTOB AaTuyukoB |1 u 17 (rpada 5

Cooepocanue omuema
1. Ha3Banue nabopaTopHOil paboTHI.
[ens paboTHI.
Cxema 1abopaTOpHOM YCTaHOBKH.
DJIeKTpUYECcKasi cxeMa MOCTHUKa YHUTCTOHA.
Hcxonnbie JaHHBIC.
Benmnuuna crynenn Harpyxenus AF
JlnuHa nponéra O0anku |, pacctosiHrE «ay» OT MpaBoi ONOPHI 10 CHITBI F.
PaccTostHus 10 ciioeB, B KOTOPBIX OMPEACIIIOTCS HaNpshKeHUs Y1, Yo, Y3, Ya, Ys.
PaccTostHue 10 cedenusi, B KOTOPOM OIpeensieTcsl HanpsikeHue Z.
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OceBoil MOMEHT uHepuu ceueHus ly.
6. TeopeTudeckuii pacu€éT BETUIMHBI H3THOAOIIET0 MOMEHTA B ceueHHH «C» 1 HaIpsi-

’KEHUH B 33/IaHHBIX CJI0SAX OAJIKU G, .
7. DKCIIepUMEHTaNIbHbIE 3HAUEHUs HANpsHDKEHUH B 3aJJaHHBIX CIIOAX MONEPEYHOro ce-
YyeHus OaJKu o, .

8. 3anonaHeHHy0 Tabaumy 1.

9. CpaBHEHHE ONBITHBIX U TEOPETUUECKUX 3HAUYCHUI. BBIBOABI.

2.1.2 Dkcnepumenmanvhozo onpedenenus HAnPAMCeHUll NPU UCHOTb308AHUU Me-
XAHUYECKUX MEeH30MEempOe.

OKCIEpUMEHTAIBHOE HCCJIEIOBAHUE 3aKOHA pPacHpeleleHUs] HOPMAJIbHBIX

HaIPSHKEHUH 110 BBICOTE CEUEHHSI 0aJIKi IPOBOJUTCS HA YHUBEPCAIBHOM T'HIpaBiInye-
ckoil ucnblTarenbHol Mamnue YI'-20. Jlng sTtoro Oanka ycTaHaBIMBAaeTCS Ha Tpa-
BEpCE Ha crnelualbHbIX onopax. Cxema mapHUPHO-ONEePTOil OAJIKU MPSMOYTOJIBHOTO
MONEPEYHOT0 CEUECHHMSI, HArPYKEHHOM COCpPeIOTOUeHHOM cuilol F, moka3aHa Ha pucy-
HOK 2.1.5.
OKCIEPUMEHTAIIBHO 3HAYEHHS] HOPMAaJbHBIX HANPSKEHUW OMPENESIOTCS B TOYKaX
1,2,3 o BbIcOTE ceyeHus. B 3THX TOYKax yCTaHaBIMBAIOTCS PhIYaKHbIE TEH30METPHI
(pucynoxk 2.1.6) mys 3amepa gedopmanuii. TeH30MeTphbl yCTaHABIMBAIOTCS TaK, YTOOBI
auHa 6a3el TeH3oMetpa (ls) coBmamana ¢ HampaBiIeHHEM H3MeEpseMOl nedopMaliiu
— BIOJb ocHu Oanku. Pa3menieHne Tpex TEH30METPOB B OJHOM CE€YEHHU HEOCYIIe-
CTBHMO, TIO3TOMY HCIIOJIb3Yysl CAMMETPHUIO HArpy>K€HUsl c€YeHUi 1, 2 BIOJIb JIMHBI
0anku (M1=M3, pucyHnok 2.1.5), Teazometpsl T1, T2 3aKperuIsitoT COOTBETCTBEHHO Ha
BEPXHEW M HWKHEW MOBEPXHOCTAX MPSAMOYTOJIBHOTO ceyeHns . MecTo pacnonoKeHus
BJIOJIb OCU Oajnku TeH3oMmeTpa T3 Ha HEUTpaJbHOW JMHUU OaJIKM TPUHIMIHAIBHOIO
3HaueHUs He uMmeeT. [Ipu yka3aHHOM pacroyioKEHUU TEH30METPOB, Mbl OYJIEM UMETh
3Ha4YeHus aedopMalinii (clie10BaTesIbHO, HANPSHKEHU G—E€ ) 10 BBl COTE CEUCHUS.

Ri.ﬂ 2 F Rs=F/2 g
T T:
4 1 2 B T_;. |£ iy - 3 ,’_x
L T:

T:
IS 14

Pucynok 2.1.5 — Cxema HarpykeHus OaJIKi U YCTaHOBKH TEH30METPOB

Yempoiicmeo pvruaspcnozo menzomempa.
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PhIuaxHBIM TEH30METPOM H3MEPSIOT Majible JHHEWHble nedopmarnuu. Cxema
TEH30METpa MOoKa3aHa Ha PUCYHOK 2.1.6. TeH30MeTp MPUKUMAIOT K UCIIBITHIBAEMOMY
oOpas3ily 7 Mpu NOMOIIY CTPYOIIMHBI IBYMSI HOKaMU: HEMOJIBHKHBIM 2 U MOABUKHBIM
3.Paccrosaue (ls ) Mmexxay Hokamu siBiisieTcst 0a30# TeH30MeTpa, oHa paBHA lg =20MM.
[Ipu nepopmanuu obpasiia paccTOSTHUE MEXAY HOKaMHu H3MeHsieTcs. [1oaBHKHBIM
HOX 3 MOBOPAYMBAETCS U OTKJIOHSET phiyar 4. OTKIOHEHUE phluara 4 yepe3 Kopo-
MBICIIO 5 mepeaeTcsi Ha CTPENKY 6, KOTopasi IOBOpauYUBaeTCsl BOKPYT OCH, 3aKpEIICH-
HOH Ha paMke TeH3oMeTpa 1. PasHocTh oTcueToB AA= Az-A1 (A2, A1 —

HaYaJIbHBIA U KOHEYHBIM OTCYETHI) MPOMOPIHOHATBHA a0COMIOTHOM Aedopmarm AL.
Cucrema peryaros odecrieunBaet yBenuaeHue nedopmarmu Al (Mm) B Toicsay pas (K
=10° — x0>()UIUEHT yBETMIECHNS TEH30METPA).

1 - pamka TeH30MeTpa, 2 - HEMOABUKHBIM HOX, 3- TIOJBM)KHBIA HOXK (pOMOHMUEcKas Ipu3Ma), 4- pbi-
yar, 5 - KOpoMbICTo, 6 - cTpenka, 7 - oopasetl.
Pucynok 2.1.6 — Cxema ppI4aXHOTO TEH30METpa

Ilopsaooxk npoeedenusn Ixcnepumenma

1. ITocne 3aMepa momepevHbIX pa3MepPOB U JJTUHBI OAJIKU BBIYUCIISECTCS MAKCUMAaIbHOE

3HaueHue Harpy3km F =F_ . oOecrneunBaromiee ynpyrue nedopManuy O0amkd Tpu

max 2

NPOBEAECHUH KCIIEPUMEHTA. DTO YCIOBUE BBINOAHAETCA, ecit M) <o W, .
U3 smtopsl M3rudarommux MOMEHTOB Ha pucyHke 2.1.5

2
el — max

max = U, CIEeI0BATEIbHO, NI0JIy4aeM

, 4o W

Fo = “I—“X : (2.6)
2. banka ¢ 3aKperIeHHbIMA Ha HEH PhIYaKHBIMU TEH30METPaMH yCTAHABIMBAECTCS Ha
TpaBepce ucnbiTareabHou Mammubl Y1 - 20.
3. banka Harpyskaercs Ha4aJlbHOM Harpy3koil Fo u cHUMaroTcs moka3aHus TEH30MET-
poB. IlepBoHavanbHOE Harpy>kxeHue HEOOXOAUMO ISl yCTPAaHEHHUS] BOZMOXKHOTO TPO-
CKaJIb3bIBaHUS HOXKEH PHIYaKHOTO TEH30METpPa OTHOCUTENILHO MOBEPXHOCTH OANKH, a
TaK)Ke JJIl YCTPaHEHHsI BOSMOXKHBIX JTIO(TOB M 3a30pOB B CUCTEME Oajka - UCIbITa-

TCJIbHAs MalllHa.
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4. OcyImiecTBISIETCSl CTYIIEHYAaTOe Harpy>KeHne Oanku (B mpeaenax mponopIruoHaTb-
Hoctn) cunamu F1=Fo+AF, F,=F1+AF, Fs=F,+AF (F3<Fpnax) 1 cHUMaIOTCSA COOTBET-
CTBYIOIIIME TIOKa3aHUsl TeH30MeTpoB Ai. Kaxkmas cTyneHs HarpyeHus paBHOCHIIbHA
OJTHOM MMOBTOPHOCTH IKCIIEpUMEHTa ¢ Harpy3koi AF (puc.3.1.7).

5. Onpenensercst cpeHee 3HaUCHHE a0COIOTHON MpoaoibHON aedopmanmu Alg, o

Al

Ka)KJI0MY TeH30METPY U BEJIMYMHA OTHOCUTEIBHON MPOI0IbHON AehopMaIin £=—-=
6
6. ITo 3akoHy I'yka BBIYMCISAIOT HAIPSKEHHS B KAKAOM TOUKe G, = E¢.

:"M

Pucynok 2.1.7 — DkcrnepuMeHTalbHas 3aBUCUMOCTh F—Al ipu cTymnenuaToM Harpy-
JKEHUH OaJIKU

Cooepircanue omuema:

1. Ilenb paGoTHI.

2. CxeMy OaJIKu C Harpy3Kou U yKa3aHUEM TOUYEK 3aKPETUICHHS PhIYaKHBIX TEH30MET-
POB KakK BJIOJIb €€ JUIMHBI, TAK U 110 BHICOTE CCUCHMUSI.

3. BorunciieHus TeOpeTUUECKUX 3HAUCHUI HOPMAJIbHBIX HAMpPsOKEHWi (6, ,0,, G, ).

5. Beruucienusi, COOTBETCTBYOIINE 00pabOTKE Pe3yIbTaTOB SKCIIEPUMEHTA.
6. DIIopsI pacnpeeseHrsi HOpMaJbHBIX HANPSYKEHNUH IO BBICOTE CEYEHUS, IOCTPOCH-
HYIO0 110 pe3yJbTaTaM TEOPETUYECKUX BBIYUCICHUN U DKCIIEPUMEHTA.
7. BeIBOBI;

B BbIBOZaX HEOOXOAMMO OTMETUTh KaKOM 3aKOH pacTpeeeHHs] HOPMaIbHBIX
HaIpsHKEHUH 10 BBICOTE CEUEHUsI HAOIIOJAeTCs MPHU MPSAMOM M3rude, U MpUuMEeHUMa
JIM TEOpETHYECKas 3aBUCUMOCTSH (2.1).

Bonpocul onsa camokonmponsn

1. KakoBa 11ie1b 1abopaTtopHoit paboThI?

2. KakoBo ycTpoicTBO 1aO0OpaTOpPHON YCTAHOBKHU?

3. Kaxkoit n3ru6 naszwiBator nonepeunbimM? [nockum?

4. Kak TeopeTH4eCcKu ONpeesioT HOPMaJIbHBIE HAMTPSHKEHUS TIPH TNIOCKOM M3THOE B
JT000M CJI0€ TIOTIEPEYHOTO CeUeHUsI Oamku?
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5. Kak onpenensitor MakCuMaabHbIE HOPMATbHBIC HAMIPSHKEHUS B CEUCHUN OaIKU TTPU
IJIOCKOM K3rude?

6. Kak pacnpenensitorcss HOpMaJibHbIe HANPSHKEHUS 10 BBICOTE CE€YeHHUs Oalaku Mpu
miockoM u3rube? Ilokaxure smopy?

7. UTo Ha3bIBAIOT TEH30METPUPOBAHUEM ?

8. Ha uem ocHOBaH METO/1 3JIEKTPOTEH30METPUPOBAHNUA?

10. Kak ycTpoeH TeH301aTuuK?

11. Yro Ha3bpIBatOT 0a30i TeH304aTINKA?

12. Kakue coobpaxeHus JOMKHBI yYUTHIBATHCA MTPU 000CHOBAHUH BHIOOpa 0a3bl TEH-
30JaT4mKa?

13. Kak nmoakiiro4aeTcsi TEH30/IaTYUK B U3MEPUTEIbHYIO cucTeMy? Onuiure e€?

14. Yto noHuMaroT moj 6anancom MocTa?

15. Kak onpenensitor TapupoBOYHbIE KOADPUITUEHTHI?

16. Kak nmpoBoasT omnpesesieHre HanpsbKeHW Mpy TOMOIIY TEH30/aTYUKOB B HCCIIe-
nyemoit 6anke?

17. st 94ero mpUMEHSIOT KOMITEHCAIIMOHHBIM JaTUuK, T/I€ U KaK OH JOJKEH OBITh
PacCIoOXKEH?

2.2 JlabopaTopHasi padota Ne6 «OnpenesieHue nepeMeleHnii 0aJaKu NpH MJI0C-
KOM u3ruoe)

Ilenb pabomot: >KCTiepUMEHTANIBHOE ONPEICNICHUE JIMHEHHBIX U YTJIOBBIX MEepeMellie-
HUH TBYXOIO\PHO# OaJIKU M CPAaBHEHHE UX C TCOPCTUUCCKUMH 3HAYCHHUSMH, TIOJTyUYeH-
HBIMH C UCIIOJIb30BaHueEM JBM.

Teopemuueckan wacms padbomul.
[Tpu neiicTBuM Ha OaIKy BHEIIHUX CUJI B IUIOCKOCTH OAHOM U3 TJIaBHBIX LIEHTPAJIbHBIX
OCeil MHEPIIMH CEYEHUSI OCh OATKU UCKPUBIISETCS B TOM e MIOCKOCTU. Takon u3rud
Ha3bIBAIOT TUNIOCKUM M3rHO0M. VICKpUBIEHHYIO OCh OaJK1 Ha3bIBalOT U30THYTOM OCBIO
WJIA YIIPYTOU JIMHUEH.
[Ipn u3rube MMET MECTO ABa BUJA MEPEMEIICHUN MONEPEYHOTO CEHYECHHS
Oanku: MuHeHoe — Mporud «Y» U yriioBoe — yroJ nopopota «0» (puc. 7.1).
Teopernyecku nepemMenieHusi ceyeHui Oanku OonpenessstoT METOI0M UHTETPH-
poBaHusl NpUOIMKEHHOTO MU (PEepeHInaTbHOT0 YpaBHEHUS yNPYTrod JIMHUHM, METO-
JIOM HayaJbHBIX apaMeTpoB, MeTo0M Mopa, criocodom Bepemaruna.

Yy l F
)
P Z o Y
- Y ¥ -7

Pucynox 2.2.1 — CxeMa HarpyxeHust 0aiku
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B nanHoit pabote He0OX0IUMO OTIPEeICTUTH MPOTUOBI M YTIIbI TOBOPOTA CEYCHUI
JBYXOTIOPHOW OaJKy ¢ KOHCOJIBIO TIPH PA3TMYHOM MPHIOKEHUU COCPEIOTOYCHHOMN
Harpy3KH— Ha KOHCOJIM U B MpoJéTe. PacuéTHas cxema Oanku mpencTaBieHa Ha PHC.
2.2.2. Ilporu0sl onpenensroTcs B TOUKe A C KOOPAUHATON Za Ha KOHCOJIM M B TOUKE

C ¢ xoopauHaTol Zc B MPOJIETE, YIIIbl TOBOPOTA OMpPEACIISAIOTCS B Toukax B u E Ha
oropax OaJKHu.

\P 1 - 3
@ F C?
la | &p c E _,
24, 2
. b, K“_®b ‘_® 4
) Zc : :
it a L E L

Pucynok 2.2.2 Pacuérnas cxema Oanku

JIx000i1 U3 TEOPETUYECKUX METOJIOB AAET JJIsl ONpPEAEICHUS IEPEMEILICHNU 3a-
JAHHBIX CEYEHUI OANKH CIEAYIOIHE (POPMYIIbL:

1. Cuna P npeiictByeT Ha koncomm ( 0<b<a)

P TRV _ala )2 A oA
5T (a~b) —3(a—b)’-a-2(a b)al].
YC=P(a—b)l2
16EJ,
Hb:P(a—b)I
3B 2.7)
__P(a-b)
® 6EJ,
2. Cuma P neiictByer B mponére (a<b<a+l)
_ Pa R AY: _ 2
Y= ee] (a-bY +3(a—b)1 +2(a-b)?]
P 3 2
—-4(a-Db 3la-Db) b<Zc
YC_48EJXM P +3(a-b)?] pu
- P 3 2 2 3
4la—-b) +12(a—b) 1 +9a-b)l“ +I b>Zc
ey e DF +12@bf L esa ) ]
9826; I[(a—b)3+3(a—b)2I+2(a—b)I2]
. (2.8)
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P Ja-by —(a-b)y?]

0. =——
6EJ, -
rnue: b —paccrosHue oT Havaa KOOPAMHAT IO TOYKU MPUIIOKEHUS CHIIBI P, Mo-
’KeT IPUHUMATH JII000e 3HaueHue B npegenax 0<b<a+l.
E - Mmonynb ynpyroctu matepuaina Oajiku;
Jx— 0CeBOM MOMEHT MHEPIIMU MONEPEUHOT0 CEUCHUS OAIKHU.

Onucanue ucnvtmamenbHoll yCMaHO08KU

Jliis mpoBeieHnst paboThI UCITOJIB3YETCSl UCIIBITATEIbHAS YCTAaHOBKA, MPEJICTaB-

JieHHas Ha puc. 2.2.3. YCTaHOBKa COCTOUT W3 HccieayeMon Oanku 1, ocHoBaHuUS 2,
MOJIBIDKHOM 3 1 HEMOJIBIKHOU 4 OTIOpP, IBYX HHIMKATOPHBIX CTOCK 5, THPEBOTO MOJI-
Beca 6, Habopa rpy30B 7, HHAUKATOPOB YacOBOIo Tuma 8.
Uccnemyemas Gaka U3roTOBJIEHA U3 CTAILHOM MONOCH (MOAYIb ynpyroct E=2-10°
MlIla) npsmoyronsHOTo ToniepedHoro ceuenus (mmpuna B=40 mm, Beicota H=7 mm)
Y YCTAHOBJICHA Ha IMApHHUPHBIX oropax. /immHa mponéra =700 MM, qmuHa KOHCOH
a=300 mM. DTH mapamMeTpbl MOKHO MU3MEHATH B TIpeieiaX MOJHON AuHbI Oanku (1+a
= 1000 mm).

HarpyxeHnue 6ajiku cocpeIoOTOUEHHON CUIION OCYIIECTBISETCS C TTOMOIIBIO TH-
peBOro mojiBeca U Habopa rpy3oB. V3MeHeHHE TOUYKH MPUIIOKEHUS HArpy3KH OCy-
IIECTBIISIETCS EpEMEIICHUEM TUPEBOTO MoABeca 1o 6anke. OnpesienieHne paccTosHUN
b ot neBoro koHIa Oanku (Hayanaa KOOPAWHAT) A0 TOUKH MPHIIOKEHHUS HArPy3KH TPO-
W3BOJIUTCA T10 IIKaJe, HAHECEHHOW HA TOBEPXHOCTHU OAJIKH.

[TepemerieHus: OaIKu MOYKHO OTPEIEIATh ISl CIy4aeB MPUIIOKCHHS HATPy3KH
Ha paccTosHUAX oT Havana koopauHat b= 0, 100, 200 mm (Ha xoncoym) u b = 400,
500, 600, 700, 800, 900 mm (B mpousiére) — ato otmetkn 0, 10, 20, 40, 50, 60, 70, 80,
90 Ha Oaske. Bo3MOKHBI ¥ IpyTHe 3HAUSHHSI pAaCCTOSTHUM D B mipeaenax imHbI OayKH.

Pucynok 2.2.3 — UcnibITaTenbHast yCTaHOBKA

[Ipu npoBeneHNH SKCIIEPUMEHTA KOJIMYECTBO TOUEK MPUIIOKEHUS HATPY3KU MO-
KET OBITh YMEHBIIICHO U MOKET HE COBMAATh C KOJIMYECTBOM TaKUX TOYEK MPH TEO-
PETHYECKOM ONPEACIICHUN NIEPEMEILICHU .

39



N3mepenre mporuO0B M yrioB MOBOPOTA OMOPHBIX CEYCHHUH OAJKU MPOHU3BO-
JUTCS C IOMOUIBIO MHIUKATOPOB YacOBOTO TUNA ¢ 1ieHou aenenus 0,01mm.

[TporuGn1 U3MEPSIOTCS HEMOCPEACTBEHHO IO MOKA3aHUSM UHAUKATOPOB. YTJIbI
MOBOPOTa HAa OMOpax M3MEPSIOTCS MPU MOMOIIM CTepkHS BK, mepneHAuKyISIpHOTO
ocH OaJIKM U KECTKO COSTMHEHHOTO ¢ omopamu (pucyHok 2.2.2 u 2.2.4). [Ipu noBo-
poTe ceueHHs] Ha HEKOTOPBIM yroi 0, Ha Tako ke Yroj MOBEpHETCS CTEP:KEHb (PHC.
7.4.). UaaukaTop, yCcTaHOBJICHHBIN Ha paccTostHUM BK=L=150 MM ot ocu Ganku, 1mo-
Ka3bIBaeT MpH ATOM JuHelHoe nepemenieHue KKi=AT=L. tg0. Jlepopmaruu Oanku

MaJibl, TO3TOMY 100 ~ 0 1 yriIsl MOBOPOTOB MOKHO OTPEIENATh 0 (hopmyIe:

L

(2.9)

Pucynok 2.2.4 — CxeMa HarpyxeHus u aepopManuu Oaiku

Ilopsaook npoeedenus IKcnepumenma
1. YcTaHOBHTB IPHU3MY € THPEBBIM ITOJABECOM Ha PaCCTOSTHHM D OT Havaja KOOpIUHAT
(0T eBOrO KOHIIA OAJTKH).
2. YCcTaHOBUTH OOJIBIIINE CTPEIIKM BCEX MHIUKATOPOB Ha «0» M 3amucaTh MOKa3aHUS
Ty B cootBeTcTBYMOMICH rpade Tadmmibl 2.2.1. Unaukatopsr Nel u Ne3 ciyxat nist
onpeneneHus mporuoos, a Ne2 u Ned — s onpeneneHus yriioB TOBOPOTOB CEUCHUM
OaJKH.
3. Harpysuts 6anky cunoii F = 20 H, ycranaBiuBas rpy3sl Ha TIOJIBEC.
4. 3anucaTh OKa3aHUs MHAUKATOPOB B Ta0muily 2.2.1.
5. Pasrpy3uts OaJky.
6. [TpuknaapiBas HArPy3Ky Ha KOHCOJIM M B IIPOJIETE MPH pa3HbIX 3HAYCHUSX D, mMo-
BTOPHTH OIBITHI 11O T1. 2. — 5. J{71s1 COKpaleHust BpeMEHH Ha ITPOBEACHHUE KCIICPH-
MEHTa KOJIMYECTBO TOYCK MPHIIOKCHUS HArpy3KH MOYKET OBITh MEHBIIIE JCCATH (TO-
raa B Tabnuie 2.2.1. MoryT ObITh 3aIIOJTHEHBI HE BCE CTPOKH).

Tabnuua 2.2.1 — XKypnan HabmoaeHui

[Tonoxxenne Homepa u noka3anust ”HINKaTOPOB B MM
Harpysku
1 2 3 4
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bi,

MM

To

AT

AT

To

AT

To

T | AT

1 0

100

200

400

500

600

650

700

O©| 00| N O O &~ W N

800

=
o

900

7. BeIuucAuTh pa3HOCTU MOKAa3aHUN UHANUKATOPOB AT U ONpeieTuTh TPOruobl U
VTJIBI IOBOPOTA CEUEHUMN OaJIKu

Y, ATy,
AT

93:—2 eE

Y= AT,
— AT4

Pe3ynbTaThl BEIYMCICHUH 3amicaTh B Ta0HILy 2.2.2
CpaBHUTDH 3HAYCHUS TIEPEMEIICHUIN CeUeHU I OaIKy MpU U3MEHEHUH TOYKH MPH-
JOoKeHUsI Harpy3ku. TaOmwuia 2.2.2. JOMHKHA COAEPkKATh CTOJIBKO CTPOK, CKOJIBKO

OBLJI0 3amoJiHeHO B Tabnuile 2.2.1 npu npoBeACHUH SKCIIEPUMEHTA.

Tabnuma 2.2.2 CpaBHeHHE YKCIIEPUMEHTAIBHBIX U TEOPETUUECKUX 3HAYCHUI TIepeMe-

IICHUM.
ITono-
JKEHHE Y4, MM 05, pan. Yc, MM Og, pan.
HarpysK
"
Pac- Pac- Pac- Pac-
XOXk- XOXK- XOXk- XO0XK-
_ 9KC- | Teo- 3KC- | Teo- 3KC- | Teo- 9KC- | TeO- | je-
b MM | pep. | per. | *°7 | mep. | per. | ™7 | mep. | per. | *7 | mep. | per. Hile
HHE, HHE, HHE, )

%

%

%

%

100

200

400
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500

600

650

700

800

900

8. OnpenenuTh TEOPETUICCKNE 3HAUCHHS TTPOTHOOB U YTIIOB MIOBOPOTA B pacCMaTpH-

BaeMbIX CeUYeHHUX 10 opmyiiaM (2.7) u (2.8) ¢ momorpio DBM (cM. HUXKeE).
Pe3ynbTaThl BRIYMCIICHUI 3amrcaTh B Ta0IuILy 2.2.2.

9. CpaBHHUTH SKCIEPUMEHTAIBHBIE U TEOPETUUECKUE 3HAUYCHUSA NEPEMENICHUN ceye-

HUI OaJIKU, BEIYMCIIUB PACX 0K ICHHUS

YT _Ya _ GT-GB

oy, = -100%, d, -100%,
T T

rae Yr, 6r — TeOpeTHUECKUE 3HaUYEHUs epeMelieHui ceueHul; Yr, 05 — aKkcrepumen-
TaJbHbIE 3HAUECHUS TIEPEMEILICHUN.
Pe3ynbTarhl BRIUUCIICHUH 3aHECTH B Ta0HIy 2.2.2.
10. ITocTpouts rpadvku 3aBUCUMOCTH MEPEMEIIECHUN OT MOJIO0KEHHS TOUEK MTPUIIOKE-
HUS Harpy3ku (GOpPMBI yIpyro# JTUHUK OalIKy )1 Pa3HbIX 3HAYCHUH paccTosHUM bj).
CpaBHUTH ¢ rpaduKaMu, MOTy4YeHHBIMH Ha DBM.
11. OdbopmuTth oTUET.
Onpeoenenue meopemuyecKux 3Ha4eHUll nepemeuwieHull ¢ ucnoavzoeanuem IBM

[To dopmynam (2.7.) u (2.8) pazpaboTaHa mporpamMma pacuéra nepeMeIieHui B
paznuyHbIX ceueHusax Oanku Ha [IK B 3aBUCHMOCTH OT TOJOXKEHHUS M BEIUYUHBI
HaArpy3KH MMPH pa3IMyHbIX 3HAYCHHUSX TTapaMeTpoB @, 1 | B mpenenax MoaHON ITHHBI
0anku a+| =1000mm. TIporpamma Mo3BOJISET MOJTYYHUTH MPOTHOBI B JIFOOBIX TOYKAX
OaJIKM BHE OIMOpP M YIJbl NOBOPOTOB Ha omopax. O0Iiee 4ucio TOYEK MPUIOKEHUS
Harpy3ku - 10. Ilo utoram pacuéra mporpaMma BbIJAa€T B BUJI€ TAOJUIIbI 3HAYCHUS
nepemMenieHuii (mporu6oB B Toukax A u C u yrjioB MOBOpOTa B Toukax B u E) s
JECSATU CiIy4yaeB HarpyxeHus Oanku. Kpome sToro mporpamma ajisi J1ecATH CIy4aeB
HarpykXeHusi CTPOUT HENpepbIBHbIE rpapuKu 3aBUCUMOCTH nepeMerieHuit (Y, Yo, u
05, OF) OT BeIMUMHBI U PACTIONOKEHHSI IEUCTBYIOIIMX HArpy3ok ais Bcex 10 BapuaH-
TOB HArpy>KeHUSI.

[Tporpamma paboTtaet B onepaimonnoi cucreme «Windowsy. PesynbraTsl pac-
YEeTOB U rpa)uKi MOKHO BBIBECTH HA ME€YaTh.

Ilopsaook ucnonv3oeanun npozpammel pacuéma nepemeuseHuil.

1. BkmrounTs 1K B ceTs.
2. Ha pabGodem crose MOHUTOpa MOCIEAOBATENBHO OTKPHITh Hanku «Mou JOKy-
MeHTBDy, «Mechanicsy, «Sopromaty, «lab 07».
3. B mamnike «lab 07» otkpsits (haiin «lab 07.exe». Ha skpane nosBisieTcst OKHO ¢ Ha3Ba-
HUeM paboThl «OnpeneneHne nepeMenieHnii mpu n3ruoey». PazBepuyTs okHO. B okHe
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MpEe/ICTaBICHBI YEThIPE BKJIAJKU JUI1 paObOThI ¢ MPOrpaMMOil, pacy€THasi cxema Oanku
U Tabnuia Uil 3amodHEeHUs UCXOAHBIX JaHHBIX. [Ipyn 3TOM akTUBHpOBaHA BKJajJKa
«VcxonHbie TaHHBIEY.
4. TlocnenoBaTeNbHO 3aMOJIHUTh BCE CTPOKH TAOJMIIBI COTJIACHO MPHUHATOM CXeMe
Harpyxeuusi, Hanpumep: a=300mm, |1=700mMm, P=10H, Zx=0, Zc=650mm, b;=0,
b,=100MmM, b3=200MmM, bs=400MMm, bs=500MM, be=600MM, b;=650MmM, bs=700mMm,
be=800mm, b10=900mm. [Ipu 3TOM mapamerpsl @, |, Za Zc ¥ HEKOTOpHIC 3HAYCHUS
bi MOMKHBI cOBMAmaTh ¢ MapaMeTpamMu MPH MPOBEACHUHN SKCIIEPHUMEHTA.
5. OtkpbITh BKAaAKy «['paduku u Tabaunbe». B 5T0M OKHE MOSBIIAIOTCA 1IBETHBIE Ipa-
¢buky — GOpMBI YIPYTOM JIMHAM TIPU 3aJJaHHOW HArpy3Ke B 3aBUCUMOCTH OT KOOPIUHAT
touek npuinoxenus b (i =1,2,...,10). OTi rpaduku HAJISAITHO MTOKA3BIBAIOT 3aBUCH-
MOCTb IPOrMO0B OaJIKK OT U3MEHEHHUS TOUEK MPUIIOKEHUS HAIPy3KH.

Huxe rpadukoB npeactaBieHa Ta0bIMIa TEOPETUUECKUX 3HAUYEHU I TPOTruOoB Yy
1 Y ¢ B MUWUIUMETpaXx 1 YIJIOB ToBopoTa Op 1 O B pajnaHax npu 3aJaHHBIX 3HAYCHUSX
KOOpauHarT b,
6. 13 Tabiuiibl mepeMenieHuii BEIOpaTh T€ 3HAUCHUS, KOTOPhIE COOTBETCTBYIOT CXEME,
MPUHSATON MPHU MPOBEICHUH SKCIIEPUMEHTA. 3aucaTh 3TH 3HAaYeHUs B Ta0I. 2.2.2.
7. Pacnieuarats rpaduky Ha IPUHTEPE.
8. OTKpBITh BKJIAIKY «3aBUCUMOCTh Y OT D». B 3TOM OKHe mpe/cTaBieHbl 1[BETHBIC
rpaduKy 3aBUCUMOCTH MPOTUO0B Y4 (Ha KOHIE KOHCONN) U Y ¢ (mocepeauHe mposeTa)
OT KOOpuHar b,
9. OTKpBITh BKIAAKY «3aBUCHUMOCTH 6 OT b». B 3TOM OKHe mpezacTaBieHbl rpaduku
3aBHCHMOCTH YTJIOB IIOBOPOTa Ha omnopax Op 1 O oT koopauHat b;
10. 3akpbITh OKHO (aiiya U NPeabIIyIINX NaOK U BHIKIIIOUYUTh KOMITBIOTED.

Cooeporcanue omuéma:

1. HazBanue nabopaTopHoil paboTHI.

2. llens paboTHI.

3. CxemMa HarpyxeHus Oanku

4. ®opma ynpyroi JIMHUU OaNKu

5. Pe3ynbTaThl HCIBITAHUN U PACUETOB.

B 6b1600ax HeoOX0AMMO OTMETUTH:

a) KaK U3MEHSIOTCS MepeMEIleHUs] CeYeHUI Oaaky MpU M3MEHEHUH TOYEK MPUIIOKE-
HUS Harpy3KH;

0) KaKOBBI PaCX0KI€HUS PACUETHBIX U SKCIIEPUMEHTAIBHBIX 3HAYEHUH IIepeMEICHUH.
Konmponwsuwvie éonpocol.

1.Yro Ha3pIBaeTCs ynpyroi JnHuen o6amku?

2.Kakue nepeMenieHus noy4aroT cedeHus OaiKu Mpu IIOCKOM u3rude?

3.Kakue cymiecTByloT TeOpeTHUECKHE METOJIbI JJIsl ONPEAeICHUs TPOruO0OB U YIIIOB
MOBOPOTOB CEUECHU Oanku?

4.Kak sKCIepUMEHTAIBLHO ONPEICIIIIOTCS MePEeMEIICHUS] CeUeHU Oamku?

43



5.Kak u3MeHstoTcs nepeMenieHuss KOHCOJIbHOM 4acTH Oajaky MPU U3MEHEHUH TOYKHU
IPUIIOKEHUS HArPYy3Ku?

6.Kax usmenstorcs nepeMenieHyst B MpojaeéTe Oanku Npu U3MEHEHUH TOUKH MTPHIIOKE-
HUSI HAarpy3Ku?

Jlutepatypa: [5]- § 29; [6] - § 6.2; [7] - § 52, [9].

2.3 JlabopaTopHasi pabora Ne7 «BHelleHTpeHHOe pacTsKeHHe»

Heab padorbi: OnpenenuTs ONBITHBIM IyTEM HOPMaJbHbIE HAIpPSKEHUS B
KpalfHUX BOJIOKHAX MOMEPEYHOro ceueHus Opyca MpHu BHELIEHTPEHHOM PACTSIKEHUH U
CPaBHUTH UX C HANPSKEHUSMU, BBIYUCICHHBIMA TEOPETUYECKHU.

Teopernueckast yacTb padOThbl. BHELICHTPEHHBIM PACTSHKEHUEM — HA3BbIBAIOT
Takou BUJ AepopMalvy, MPU KOTOPOM BHEIIHHE NMPOJOJIbHBIE CUIIbl F mpuioxeHs! ¢
HEKOTOPBIM JKCLICHTPUCUTETOM € OTHOCUTEIBHO LIEHTPA TSKECTHU IIOIIEPEYHOTO ceye-
Hus Opyca (pucyHok 2.3.1).

/
/.
v

Pucynok 2.3.1 — Cxema nnst onpenene- Pucynok 2.3.2 — Pa3menieHue pblyax-
HUSI BHYTPEHHUX CHUJIOBBIX (DaKTOPOB HBIX TEH30METPOB

Ha ocHOBaHWM MpUHIIMITA HE3aBUCUMOCTH JICHCTBUS CHUJI HOPMAaJIbHBIC HaITps-
KEHUsI B JII0OOON MPOM3BOJIBHON Touke C TOMEpeyHOro ceueHus Opyca (PUCYHOK
2.3.1), umeromme koopauHaThl Xo U Vo OyIyT CKIaABIBaTHCS U3 HAMPSHKEHUM OT TIPO-
T0JIbHOM cvutbl N ¥ HanpsiKEHWH OT YUCTOTO M3rnda MoMeHTaMu My u My .

M
o :GN—|—GMX—|—G y 2.10
c c c c
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[Ipu sToM 3Haku B opmyse BHIOMPAIOT HA OCHOBAaHMM aHAIN3a PacuyeTHOU
cxembl. Eciii B Opyce npsiMOyroIsHOTO MOMEPEUYHOro ceueHus (pucyHka 2.3.2) Touka
PUIIOKEHUS paCTATUBAIOIIEH CHIIbI F OyeT HaXOAUThCS Ha OTHOM U3 TJIaBHBIX OCei
MOMEPEYHOT0 CEUEHUs, HalpUMep, Ha ocH X , TO HANPsDKEHUSI B KpaWHUX BOJIOKHAX(B
Toukax 1 u 2) ot mpogonsHoii cuibl N=F OynyT onnHakoBbl, T.€.

oM =cN =%= : (2.11)
2

Ot m3rudaroiero MOMeHTa B TOUYKe 2 BO3HUKAIOT PACTIATMBAIOIINE HaIpsiKe-
HUs, a B Touke 1 - cxxumaronue. Torja nonyyaror:

M

01’2 :i

Wy (2.12)

CymMapHbIie HanpspkeHus B Toukax 1 u 2 ¢ yuerom dopmyit (2.11) u (2.12) Oy-
IyT PaBHBL:

2F F

(51:?—4—8-2 (213)
2F 3F

02:?+E (2.14)

B utore nmonyuaroT: HanOOJbIINE HAPSKEHUS BOZHUKAIOT, KaK U MPU U3TUoe,
B HanOoJiee yIaIeHHbIX OT HEUTPabHOM OCHU TOYKAaX.

Hanbomnbinyro Harpy3Ky Fmax, KOTOPYIO MOKHO TIPUJIOKUTH K 00pasily, onpeie-
As10T U3 (2.15), yUuTHIBAIOIIYIO, YTO MaKCUMAJIbHbIE HAMPSDKEHUSI HE JIOJIKHBI BbI-
3bIBaTh IJJACTHUECKUX Ae(POpMalUi, T. €. Omax < Opy . 10rzna ¢ yuyeToM (OpMyJibl
(2.15) nonyuarot

2F 3F
O hax =?+4—a2§0nu (215)

Onucanue 1a60pamopHoil yCmanoeKu

Pabota BeimonHsaercs Ha MamHe YI'-20. @parMeHT ucnbITaTeIbHOW MaIIMHbI
C YCTaHOBJIEHHBIM Ha HE 00pa3oM MoKa3aH Ha pUCYHOK 2.3.3.
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OOpazeny Ay UCHBITAHUS MUMEET B OCIA0JCHHOM CEUYEHUH MNPSMOYTOJIbHYIO
dhopmy (pucynok 2.3.3). Pactaruaromias Harpy3ka npUKIIaIbIBa€TCs C SKCIICHTPHUCH-
TETOM €, B3AThIM BHE sIJpa CEYCHHUS, YTOOBI MOJTYIUTh B KpaHUX BOJIOKHAX HAIPsIKe-
HUS pa3HBIX 3HAKOB.

s u3mepenust nedopmanmii B KpallHUX BOJIOKHAX Ha 00pasie YCTaHOBICHBI
JIBa PBIYQKHBIX TeH30MeTpa (PUCYHOK 2.3.4), MpeMeHseMbIC Il U3MEPEHUS MaJIbIX
JUHEHHBIX nedopMaruii. TeH30MeTp MPMKUMAIOT K 00pasily Mpy MOMOIIU CTPYO-
1uHbL. PaccTosiHne MeXmy IByMs HOKaMH: HETOJBIKHBIM — 2 W TOABWKHBIM — 3
Ha3bIBaeTcs 0a30i TeH30MeTpa, oHa paBHA le= 20MM. [Ipu nedopmaruu oo6pasima pac-
CTOSIHHE MEX Iy HOKaMu u3MeHseTcs. [1oBIKHBIM HOX 3 TOBOPAYMBAECTCSI M OTKIIO-
HseT peraar 4. OTKI0OHEHHUE phryara 4 yepe3 KOpOMBICIIO S TIEpeaeTcs Ha CTPEKy 6,
KOTOpasi MOBOpPAYMBAETCA BOKPYT OCH, 3aKpEIUIeHHON Ha pamke Tenzomerpa 1. Cu-
CTeMa PHIMaroB 00ecreunBaeT yBeandenue aegopmamuu B Thicady pa3 (k=10% — ko-
3 GUIMEHT YBEIHMYCHHUS TCH30METpa).

1=
E

L%

il
\."\
1 / '.‘1

.:.15\_4

<\ N\ -%F

L l Y

Pucynok 2.3.4 — Cxema TeH30MeETpa

C PbIYa’)KHBIMH TCH30MCTpaMH

Memoouka evinonnenue onvlma u 00padomKa pe3yiomamaos

1. llITanrenmupkyneM ¢ TOYHOCTHIO 0,1 MM U3MEPSIOT pa3Mepbl NONEPEYHOIO CeUe-
HUs o0paslia, a TaKkKe SKCIEHTPUCHUTET € MPUJIOKEHUSI Harpy3Ku. DTH BEIMYHUHBI, a
TaK)K€ 3HaYCHUS] MOYJISl TPOJOJIBLHOM ynpyrocTd £ u 0a3y TEH30METPOB U 3aHOCAT B
KypHaJl HaOJII0IeHU.

2. U3 dopmynsr (3.2.7) ompenenstoT MaKCUMaJIbHYIO HArpy3ky maxF u, mpussB
HavyaJbHYIO Harpy3ky Fo, onpenensror BennuuHy cTyneHu HarpyxeHus AF Takoi,
9TOOBI MOKHO OBLIO BBITIOJIHUTH 3 — 4 HarpyXeHus oOpasia. 3aTeM MPUKIAIbIBAIOT
HavyalbHYIO0 Harpy3ky Fo 17s BeiOopa Bcex 3a30poB. CHUMAIOT MMOKa3aHUsl TEH30MET-
poB T1 u T, 1 3anuUCHIBAIOT B TaOJIMILY >KypHasia HaOIIOJEHU .

3. YBeanuMBaroT Harpy3Ky paBHbIMH CTYNIEHAMU 3 — 4 pa3a, CHUMAIOT [TIOKa3aHUs TEH-
30METPOB U 3aHOCST B TaOJHITY.
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AT
4. OnpenensitoT cpeiHee 3HaUeHnEe abCOMIOTHON NPOIoNbHOH nedopmanu | ) =—

k

M0 KaXJIOMy TEH30METPY M BEIMYMHY OTHOCHTEIBHOW MPOJOJILHOM aedopManuu

5. Ilo 3akoHy ['yKka BBIYMCIISIFOT HANIPSKCHHSI B KOXKJIOW TOUKe 6 = K¢

6. BBIMHUCIAIOT TeOpeTHYECKHE 3HAYEHHS HaIpskeHu B Toukax 1 u 2 (o] u o)) 1o

dbopmynam (2.3.4, 2.3.5) npu crynenu HarpyxkeHust AF, CTposiT COBMEIICHHBIE SMIOPHI
HOpPMAaJIbHBIX HAMPSKEHUH MO OMBITHBIM U TEOPETUYECKUM JAHHBIM U CPAaBHUBAIOT I10-
Jy4eHHBIC 3HAYCHUS HATIPSHKCHUIA.

Cooeporcanue omuema

1. Ha3Banue nabopaTopHOil paboTHI.

2.11ens paboTHI.

3.AcnblTarenbHas MallvHa.

4.VI3mepuTenbHble MPUOOPHI.

5.Cxema yCTaHOBKH.

6.McxoHbIE JaHHBIE.

6.1. Moayne npoaoJsibHOU yrpyroctu E.

6.2. Pa3zmepsl monepeyHoro ceueHust oopazma hu b .
6.3. ba3za Tenzometpos | .

6.4. llena nenexus mkanbl TeH30MeTpOB C .

6.5. KoopauHaThl NpUIIOKEHUS CUITBI X, Y .

6.6. Inomanp monepevyHoro ceueHus oopasima A .
6.7. OceBoit MOMeHT conpoTtusieHus ceueHus Wy .
7.Pe3ynapTaThl 9KCIEPUMEHTA.

No |Harpyska Ipu- IToxasanus teHsoMmeTpoB | [lpupamenue
n/ |FH paire- MoKa3a- HUi
Harpys Tl T2 ATl AT2
- KA
AF H
Cpennue AFcp AT ATD
3HAYEHUS
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IIPUPALLECHUN

8.0OnbITHOE onpe/iesieHle HapsHKeHU G, U G,

) T T
9.TCOpCTI/I‘{€CKOG OIIPpEACIICHUC HAIIPSKCHUN O, U O,

10. CpaBHEHHE ONBITHBIX U TEOPETUUECKUX 3HAUCHUH.

Bonpocel 1j11 CaMOKOHTPOJISA

1. KakoBa 1ie;b tabopaTopHOit paboThI?

2. Kaxoii cimyualt ciio>XHOTO COMPOTUBIICHUS HA3bIBAIOT BHEIIEHTPEHHBIM PACTS-
xeHueM (cxkaruem)? UeM OTJIMYAETCS YACTHBIA Cilydail BHEIEHTPEHHOIO
pacTtsbxeHus (cxarust) ot oduiero? IIpuBeauTe npuMepsl.

3. Kakue BHyTpeHHHE CHIIOBBIE (PaKTOPHI BOSHUKAIOT B TIONEPEUYHOM CEUCHUHU
Opyca npH BHELICHTPEHHOM PAaCTSHKEHUH (CKATUH)?

4. Tlo xako# (popMyJie MOKHO TEOPETUUYECKHU ONIPEACIIUTD HAPSYKEHUS B JTHO00M
TOYKE CEYECHUSI IPU BHELICHTPEHHOM PACTSHKEHUH (CKATUM)?

5. Kakas nuHus Ha3bIBaeTCsl HEUTPAJIbHOM U KaK OHA pacroiaraercs?

6. Kak onpenenuts ONbITHBIM IyTEM HaIpsDKEHUS B KpallHUX BOJIOKHAX cede-
Hus Opyca?

7. Kak ycTpoeH pblyakHbIi TEH30METp?

8. IloueMy Opyc Harpy>xaroT paBHbIMU cTyneHsIMHU? C KaKo 1EJIbI0 PUKIIAJIbI-
BAeTCs HayaibHasi Harpy3Ka?

9. B kakux TOYKax IOINEPEYHOT0 CeueHUs Opyca BO3HUKAIOT HaMOOJIbLINE
HaANPsHKEHUS TIPU BHEIICHTPEHHOM PACTSDKEHHUH (C)KATUH)?

Jluteparypa: [5] - § 36; [7] - § 80.

2.4. JlabopaTopHasi padora Ne8 «UcciienoBaHue XapaKTePUCTHK UJIHH-
APUYECKUX CIIMPAJBHBIX NPYKUH NMPHU CKATHID)

Lenv pabompl: IKCIEPUMEHTAIBHOE OIPEICIICHUE OCATKU U )KECTKOCTH — Xa-
PAKTEPUCTUK UUIUHIPUIECKUX NIPYKUH U CPABHEHUE UX C TEOPETHUYECKUMU 3HAUEHU-
SAMMU.

Teopemuueckaa uacms padoomol.

[Ipy>KWHBI ABJISAIOTCS OJJHUM U3 HauOoJIee paclpOCTPAHEHHBIX YIIPYTUX dJIEMEH-
TOB COBPEMEHHBIX MEXaHW3MOB U MamuH. Hanbosnbiee mpuMeHeHne OTyqIrIn 1T-
JUHAPUYECKHE CIIMPATbHBIC MPYKUHBI, pa0OTAIONINE HA pacTsDKeHne U cxkarue. [u-
JUHJPUYECKAs CIUpATIbHAS IPYKUHA MOXKET PACCMATPUBATHCS KaK MPOCTPAHCTBEHHO
M30THYTHIN Opyc, oceBas JIMHUSA KOTOPOTO, B MIPOCTEHILIEM ClTydae, MPEACTaBIsET CO-
0011 BUHTOBYIO JInHUIO. DOpMa OCEBOW JIMHUM MPYKUHBI OMPEACISIETCS JUAMETPOM
BUTKA D, 4ucI0M BUTKOB N U 1IaroM MPY>KUHBI S, KOTOPHIN 3aBUCUT OT yTjia MoJgbemMa
a (pucyHok 2.4.1). Ynpyrue cBoiCTBa NPY>KUHBI 3aBUCST OT apameTpoB D, N, hopmel
U pa3MepoB ceueHus BUTKA. OOBIYHO MPY>KUHBI U3TOTABIMBAIOTCA (HABUBAIOTCA) U3
KPYTJIOH CTAJILHOM MPOBOJIOKH C TIONIEPEYHBIM CEYCHHEM JauaMeTpoM d.
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[Ipu nericTBUM HA NPYKUHY LEHTPAIBHO IPUIOKEHHONW HArPy3KU MPOUCXOAUT
nepeMelieHre e€ KOHI0B — 0caJKa NMpyKuHbl A. Ocanka npyXKUHbI ONPEeNIeTcs 1Mo
dhopmyie:

P 8PD°n
Gd* (2.16)

rne F — BHemHss cuna; D — cpennmii tuametp npyxuHbl; d — muaMeTp mpo-
BOJIOKHU MPYXUHBL; N — YUCIIO0 BUTKOB MPYXKHUHBI; G — MOAYNb YIIPYTrOCTH IIPH CABUIE
MaTepuana npy>KUHbI.

[ToMuMO Ocagku XapaKTEPUCTHKON MPYKUHBI SBISETCS €€ JKECTKOCTD.
Kéctrocts mpyxunsl C — 3TO BelWYMHA CWIIbI F, mpu KOTOpO#M ocaaka Mpy>KUHBI
paBHa equHUIlE JUTUHBI (HanpuMmep, 1 cm). C yuérom dpopmysl (2.16) kECTKOCTD TpY-
’KUHBI paBHA:

4
F Gd

C=_ — _ (2.17)
A 8D3n

Mexny ocankoit A u cuiioi F cymiecTByeT JuHelHas 3aBUCUMOCTb (PUCY-
HOK 2.4.2). [ToaTOMy kECTKOCTh NpyKUHBI C SBISETCSA MOCTOSHHON U ONpEAeIaeTcs
o opmyiie:
_AF
T ep

C (2.18)
cp
rie AF - Harpyska, COOTBETCTBYIOINIAs CTYIIEHU HATPYKEHUST; Ay — CPEIHEE 3HA-
YEHUE OCAJIKU MPY>KUHBI HA CTYTIEHb HArPYy>KEHHUS.
JUIsl SKCIEpUMEHTAIILHOTO ONPEAEIICHUS KECTKOCTU HEOOXOIUMMO MOJY-

YUTH 3aBUCUMOCTH OCAJIKU A OT CUJIBI F.

D

Pucynok 2.4.1 — I'eoMeTpuueckre XapakKTePUCTUKU TIPYKUHBI
Onucanue 1a060pamopHoil yCmaHo8KuU.
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Jlst mpoBeneHust J1abopaTOpHON pabOTHI UCIIOJIB3YETCS] UCIIBLITATENIbHAS yCTa-
HOBKAa, CXe€Ma KOTOpO# MpUBEAEHA Ha pUCYHKE 2.3.3.

VYcraHoBKa COCTOUT M3 UCCIEAYyEeMOU MPYKUHBI 1, MWIMHAPUYECKON HApaBIIs-
Iollel CTOMKM 2, OCHOBaHMsI 3 U MOABMKHOTO Harpy:xatouiero ¢uanna 4. Mccnenye-
MbI€ MPY>KUHBI U3TOTOBJIEHBI U3 CTAJIBHOM MPOBOJIOKU KPYTJIOTO MOMEPEUHOTO ceue-
HUSL. Monynb yOpPYrocTu npu C/IBUTE MaTtepuaia MIPOBOJIOKHU
G =8-10°ke/cm® =8-10* MI1a.

Harpyxenue npy>XuHbl oCylIecTBIsIeTCs yepe3 (ianen 4 ¢ moMolpio Habopa
rpy30B 5. I3MepeHne ocaiku Mpy>KUHbI MPOU3ZBOIUTCS C IIOMOIIBIO IITAHTEHIIUPKYJIS
6. [lomyyaemasi mpu 3TOM TOUYHOCTH U3MepeHuit 0,1 MM.

=
%W>

N 16:
V2272

\\\\\\\7\\\\\\\ AAR AR RN LR\ 3

Pucynok 2.4.2 -I'paduk 3aBuCUMOCTH Pucynok 2.4.3 — Cxema ucCnbITaTeIbHON
ocasiku A oT cuiiel F YCTaHOBKH

Ilopaook evinonnenus padomot.

1. ns ABYX UcCCleAyeMbIX MPY>XKUH HEOOXOJUMO: U3MEPUTh T€OMETPUUYECKHE
napaMeTpsl - HAPYKHBINA AMaMeTp NpYyKuHbI Dy; BHyTpeHHUH auaMeTp npyXuHbl Dp;
JIMAMETP TPOBOJIOKH TIPYKUHBI ; BBIYMCIUTH CPEIHUN JIUAMETP TPY>KUHBL:
D=1/2-(Dy+ Dj3); nocuutarh Yucia0 BUTKOB MPY>KUHBI N.

Pe3ynbpTaThl u3MepeHuit 3aHecty B Tabnuiyy 2.4.1.

Tabmuna 2.4.1 TlapameTpsl HCCIIETyEMBIX TPYKUH

Ne HanmenoBanue napameTrpos [Ipyxuna [Ipyxuna
Nel Ne2

1 Matepuan npoBOJIOKH
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Hapyxnsiii auamerp npysxusbsl Dy (M)

BryTtpennuii quametp npyxuasl Dp (Mm)

Cpenuuii quameTp npyxuHsl D (M)

Juametp npoBosoku d (Mm)

> O B~ WD

Yucao BUTKOB N

2. YCTaHOBUTH NPYKMHY HA UCHBITATENBHYIO YCTAHOBKY. HaneTs moaBukHbIN
¢dnanen. Harpysky Ha mpyXuHY OT Beca (uiaHIla MPUHATH 3a HyJeBYy10. C MOMOIIbIO
MITAaHTCHIIMPKYJIST ©3MEPUTH PACCTOSTHUE A OT OCHOBAHMSI IO HUKHEH TPaHUIIBI HATPY-
*karoriero ¢uanma (pucyHok 2.4.3).

3. BeiOpaTh Harpy3ky F, COOTBETCTBYIOIIYIO CTYNE€HU HArpy>KeHHS: Uil TIpY-
*uH Oonbioro nuamerpa F = (0,5...1,5) kr = (5...15) H, qist npy>kuH manoro amua-
metpa F = (2...3) xr =(20...30) H.

4. TlocnenoBaTeNbHO Harpyxas npykuny Harpyskoi F, 2F, 3F, usmepurs pac-
ctostHue A (pucyHok 2.4.3), COOTBETCTBYIOIIEE KaXKI0i Harpy3Kke. Pe3ynbrarsl usme-
peHuit 3aHecTu B Ta0nuIly 2.4.2 (mepBoe HarpyXKeHHe).

5. Pasrpysuts npyxuny. [IoBTOpuTh OnbIT. Pe3ynbraTel H3MEpEHUN 3aHECTH B
Tabn. 2.4.2 (BTOpoe Harpy>KeHue).

Tabnuna 2.4.2 Pe3ynpTaThl H3MEPEHUHN O0CaJKH MPY>KUHBI Nel

[lepBoe HarpyxeHue Bropoe narpyxenue
Harpys3ka,
Ne, F (xr, H) OTCYET pa3HOCTb OTCYET pa3HOCTb OT-
/T OTCUYETOB cuetoB A4
A (Mm) A4 (Mm) A (Mm) (Mm)
Cpennee 3HaU€HUE OCAIKH IS A= AACP = A, = AAcp =
Ka)KJIOTO Harpy>KeHUS
Cpennee 3HaueHUE OCAIKU Ha 7“1 + xz
CTYIIEHb Harpy>KEHUs xcp = T

6. 115 Ka)K10TO HArpyKEHHUSI ONPEAETUTh PA3HOCTh OTCYETOB 44 - OcaaKy Npy-
’KUHBI, COOTBETCTBYIOUIYIO CTYNEHHM HArpy>KeHus. BbIUUCINTH cpelHee 3HaueHUe
OCAJIKM TIPYKUHBI JIJIs1 KOXKJIOTO HArPYKEHUS U PE3YJIbTAThl 3aHECTH B Tabnuily 2.4.2.
[1o pe3ynbTaTam ABYX Harpy>KeHHUI ONpeeanuTh CpEAHEE 3HAUCHUE OCAIKH MTPYKUHBI,
MIPUXOJISIIIIeecs] Ha CTYIICHb HarpykeHus. Pe3ynbrar 3anectu B Tabnuiy 2.4.1 u Ttab-
iy 2.4.3.
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Tabnuma 2.4.3 Pe3ynpTaTsl U3BMEPEHHI OCaaAKH MPY>KUHBI No2

IIepBoe HarpyxeHue Bropoe narpyxenue
Harpyska,
Ne, F (xr, H) OTCYET pPa3HOCTh OTCUYET Pa3HOCTh OT-
o/ OTCUETOB cuetoB 44
A (Mm) 44 (mm) A (Mm) (Mm)
Cpennee 3HaueHUE OCAAKHU IS }‘1 = AACP = 7‘2 = AACp =
Ka)KJI0T'0 HarpyXeHus
CpenHee 3HaUYC€HHUE OCAIKU HA 7‘1 + 7‘2
CTYIICHb HArpy>KCHUS p T

7. IlyHkThI 2 - 6 poaenaTs Jyisl BTOPOU NPy KUHBL. Pe3ynbTaThl H3MEpEHUIT 3a-
HECTU COOTBETCTBEHHO B Ta0iuity 2.4.2 u tabnuny 2.4.3.

8. [To dhopmynam (2.16) u (2.17) onpenenuth TEOPETUIECKUE 3HAUCHHS OCAIKH
1 JKECTKOCTH ISl 00€UX MPYKUH MPU HATPy3KaxX, paBHBIX CTYIEHSIM Harpy>KeHHs dKC-
nepuMeHTa. Pe3ynbraTel 3anectu B Tabmuiyy 2.4.4.

9. ITo hopmyre (2.18) BEIUUCIUTE SKCTIEPUMEHTATBHBIC 3HAYEHUS )KECTKOCTH C
U1 00eux npyxuH. Pe3ynbrarel 3aHectu B Tabnuiyy 2.4.4.

10. Onpenenuts pacxoXIACHUE MEKIY TECOPETUUYECKUMHU U SKCIIEPUMEHTAb-
HBIMU 3HAYEHUSIMU OCAJIKU U )KECTKOCTU O0EUX MPYKHUH B MPOLEHTaX Mo (Gopmyam:

- C - C')KCH
9, =————-100%; O¢ =‘“"°"—‘-100%.
Teop Teop
Pesynbratel 3anecTr B Tabnuiy 2.4.4.
Tabnuna 2.4.4 Pe3ynbTarsl UCCIIeOBaHUS
Xapakrepu- [Tpyxuna Nel [Tpy>xuna No2
CTUKH TPYKUHBI
Teoperu- | Okcne- | Pacxoxne- | Teoperu- | Okcne- | Pacxoxne-
4ecKoe puMeHT. | Hue, % 4eCcKoe pu- Hue, %

MCHT.

Ocanka npy-
KUHBI A Ha CTy-
NeHb Harpyxe-
Hus, (cM)
Keécrkocts C
(xr/cm, H/em)

11. Tlo sxcriepuMeHTaTBHBIM JAHHBIM TIEPBOTO HATPYKEHUS I 00CUX MPYKUH
ITOCTPOUTH TpauKK 3aBUCUMOCTH OCAJKH A OT CHIIHI F.
12. OdbopMuTh OTCUET
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Cooeporcanue omuema

1. HazBanue nabopaTtopHoit pabOTHI.

2.11enn paboTHI.

3.AcnblTarenbHas MallvHa.

4.CxeMa yCTaHOBKH.

5.McxoiHbIe JaHHBIE.

6. Onpenenenne TECOPETUUESCKUX 3HAYCHUI OCAJIKH U KECTKOCTH MpyXuH Nel
1 No2 (popmyisl (2.4.1) u (2.4.2)).

7. OnpezeneHne 3KCNepUMEHTAIIBHOTO 3HAYEHUS KECTKOCTU NpyxkuH Nel n
Ne2 (bopmyna (2.4.3)).

8. CpaBHEHHE PKCIIEPUMEHTANIBHBIX U TEOPETUUECKUX 3HAUCHUN

9. I'padmku 3aBUCUMOCTH OCATKH A OT cuJibl F

10. BriBobI

[IpuMeyaHue: B BBIBOAAX HEOOXOAUMO OTMETUTH CIIEAYIOLIEE:
KaK 3aBHCHUT OCaJKa MPYKUHbI OT BHEIIHEW HArpy3KH; KaKHE€ OCHOBHBIE XapaKTepH-
CTUKHU TPY>KUHBI ONPEACIICHbI B pa00Te; KaKOBbI PACXOKICHHS MEXKY dKCIIEPHUMEH-
TaJIbHBIMU U TEOPETUUYECKUMU 3HAYECHUSAMH OCAJIKH U KECTKOCTH MPY>KUH U YEM ATHU
PACXOXKIEHUS MOKHO OOBSICHUTD.
Bonpocwt 0na camoxonmponsa

1.Kakue BHyTpeHHHE CHIIOBBIE (DaKTOPHI BOSHUKAIOT B IMOMEPEYHBIX CEUCHUSIX
BUTHIX IIWJIMHIPUYECKUX MPYKUH PACTSHKEHUS (CHKATH) PU UX HATPY>KEHUU?

2.KakoBbI OCHOBHBIE apaMeTPhI LIMIMHAPUYECKUX CIUPATBHBIX MPYKUH?

3.Kaxkoit BHyTpeHHUIA CUTIOBOM (PaKTOP SBISETCS ONPEACIISIONINM MPU UCCIIe-
JIOBaHUU 1€(POPMUPOBAHHOTO M HAMPSHXKEHHOTO COCTOSHUSI IIMJIMHIPUYECKUX CITH-
PaNBHBIX TIPYXKUH, pa0OTAIOIINX HA pacTsDKeHHE (CxKaThe)?

4.Kak 3aBUCAT 0CaJKa U )KECTKOCTh MPYKUH OT €€ KOHCTPYKTUBHBIX Pa3MEpPOB
Y YyIPYTUX CBOMCTB MaTepuania npyXuHbI?

2.5. JlaGopaTopHas padora Ne9 «Onpenenenue nepemMenieHnii KOH-
COJIbHOM 0AJIKM NIPU KOCOM M3rude»

Leab padoThI: ONpPEAETUTh ONBITHBIM IYTEM BEIUYUHY U HAIIPABJIECHUE MPO-
ru6a cBOOOHOTO KOHIIA KOHCOJIHM MPU KOCOM M3TH0€ U CPAaBHUTD MOTYUEHHBIE pe-
3yJbTaThl C BEIMYMHAMU, BEIYMCICHHBIMU TEOPETHUECKHU.

Teopernueckasi yactb padoTbl. KocbiM M3ru00M Ha3bIBAIOT TAKOW BU]I W3-
ruba, mpu KOTOPOM IIOCKOCTh JAEHCTBUS BHEIIHUX HArpy30kK (CHIIOBasl INIOCKOCTD)
HE COBNAJAET HU C OAHOW M3 IJIaBHBIX LEHTPAIbHBIX OCEW MHEPIUU MOTIEPEYHOro ce-
4yeHus Opyca.

Kocoit u3ru6 npeactaBisitoT B BUAE JIBYX NPSIMbIX U3THOOB OTHOCUTEIBHO
[VIABHBIX [IEHTPAIBHBIX OCEH MHEPIIUHU MorepeuHoro ceuenus (puc. 3.4.1). Ilpu atom
cuia F packnaasiBaeTcs Ha IB€ COCTaBIISIOLINE:

F, =Fsino; F, =Fcoso; (2.19)
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DT CHIIBI BBI3BIBAIOT COOTBETCTBYIOIIUE MPOTHOBI CBOOOHOTO KOHIIA Oanku fy
u f, , KoTOphIe ompenenstoT, Hanpumep, criocobom Bepemiaruna. PesynbTupyromiuii

nporu6 f (pucyHok 2.5.1) onpenensior reoMeTpUIECKUM CYMMHPOBAHHEM IIPOrHOOB
o ¢opmyie:

=12+ 12 (2.20)

ITpu 5TOM MaKCHMAJIbHbIE HAIPSDKEHUS B OpyCe HE JOILKHBI IPEBLIIATH IIPEAEI
TPOTIOPIHOHATBHOCTH (6 <oy, ). YTOI @ MEKTy HanpasienueM nporuba f u oceio V

(pucynok 2.5.1) onpenensercs Tak ke, Kak ¥ yroJ [3 (yroia HakjIoHa HERTPaIbHOM JId-
HUU K ocu X ) U3 GOPMYJIBI:

foJ
tgp=-2X="tga; ¢=p. (2.21)
fy Jy
Takum 006pazom, nepeMenieHue IeHTpa THKECTH JTF000T0 MOMEePEYHOro ceve-
HUYA IIPU KOCOM I/I3FI/I6G IMPOUCXOOUT B IINIOCKOCTH, HepHCHHHKYHHpHOﬁ K HeﬁTpaHB-

HOM JIMHUY Y HE COBITQJIACT C CUJIIOBOM IIOCKOCTHIO (puc. 3.4.1).

¥ HediTpaanaana THHAR

A ¥ ’

% - ;
99° -7 b
e
1 N » 4
A X ; Cunosasn
\ | Fx ILTI0CKOCTE

. J I
Fy Y- JIaHHA% moIHOTO
e f nepevemenns

CaroBas THHHA

Pucynok 2.5.1 — Cnoxusiit Bug nedopmanuu — Kocoit n3ruo.

Bennuunel nporu6oB cBOOOIHOTO KOHIIA KOHCOJIBHOM OajIku Mpu MPUIOKEHUU
BHEIIIHEH CHJIBI HA PACCTOSIHUU @ OT 3allieMIICHHS U AimuHe KoHcomu | (pucynok 2.5.1)
OTIPEIEIISIIOT TI0 (POopMYyJIaM:

_F,2-@3-a) F-a® (3-a)sina

2.22

y 6EJ, 6EJ, (2.22)
;o F-a’-(3l-a) F-a’-(3l-a)-coso
" 6EJ, 6EJ, '
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Onucanue JJadOpaTOPHOH YCTAHOBKH.

Jliig npoBeeHns: paboOThI UCIIOJIB3YETCSl UCIIBITATENbHAS YCTAHOBKA, MPECTAB-
JIEHHAsl Ha pUCYHKE 2.5.2. YCcTaHOBKa COCTOMUT U3 UCCIelyeMoi 6asiku 1, 1eBbIil KOHeI]
KOTOpOH 3aleMJIEH B HEMOJABIKHOM OIope 2; OCHOBaHMs 3; TMPEBOro nojaseca 4 u
Habopa rpy3oB 5. 'upeBoil moABEC MOKET EPEMELIATHCS BAOIb OCH OAJIKH U COAEp-
KUT HIAPUKONOIUIMITHUK, 00€CIIeUNBAIOIINI BEPTUKAIBHOE MPUIOKEHUE HArpy3Ku
IpU TIOBOpOTE ceueHus Oanku. HemonBukHas oropa COAEPKUT 3aKUM, YIIPABJICHUE
KOTOPBIM OCYIIIECTBIISICTCS MIPH MOMOIIHN BUHTA 6. OTImycKas 3a5KMM IIOBOPOTOM BUHTA
6, MOXHO MOBEPHYTh ceueHue OajIKu pyKosSTKOW 7/ Ha yrona B mpeznenax oT 0 go 90°.
VYrou moBopoTa ycraHaBimuBaercs no mkaie 8. ismepenne BeptukansHoii fy u ropu-
30HTaNbHOU fx cocTaBnsOMMX MONHOTO Mporuda f ocymecTBIII0T HHANKATOPOM Ya-
cooro tuna 9 c uenout aenenus 0,01 MM. MHIuUKaToOpbl KpenmsaTcs crienuaibHbIMU
yamuauTensmu 10 k mratuBHO# cToiike 11. CymmapHBIif mporud cBOOOIHOTO KOHIIA
OaNK MOYHO TaKKe MPUOIMKEHHO OMIPEIeIUTh 10 MmiKajie 12, 3aKkperuieHHo Ha 1Ta-
TUBHOM cToiike. [1Ikasia BEIOJIHEHA U3 OPICTEKIIa U CHA0)KEHA CETKOW BEPTUKAJIbHBIX
Y TOPU3OHTAIBHBIX JINHUU C EHOU eneHus 2 MM. OTCUET MO 3TOM MIKaJIE OCYIIECTB-
JISTFOT TP TIOMOIIIH BTYJIKU C KOJIBIIEBBIM BBICTYIIOM M UTJI0U 13, KOTOPBIE 3aKpEIICHBI
Ha CBOOOJTHOM KOHIIE OAJIKH.

i
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Pucynox 2.5.2 — DxcnepuMeHTaNIbHAs YCTAHOBKA

Meroanka BbINOJHEHHUS ONBITA 1 00pa00TKa pe3yabTaTOB IKCIIEPUMEHTA

1. llITaHTeHIIMPKYIIEM U3MEPUTh Pa3Mephl MOMEPEYHOTo ceueHune opyca b u h ¢
ToyHOCTBIO 0,1 MM ¥ uTHY KOHCOMH .

2. YCTaHOBUTB 110 IIKAJE 3aKUMa 3aJJaHHbIN yToJ (., [IOBOPAYMBasi PYKOSITKY Ha
3TOT yToJI OT MEPBOHAYATIBHOTO TToJ0xeHus 90 rpas.

3. Ha uccnengyemoii 0anke yCTaHOBUTH PACCTOSIHUE @, TIEpeMellias THpEeBOM Mo/I-
BEC BJIOJIb OAJIKK 10 HYKHOM OTMETKH Ha MOBEPXHOCTU OaJIKH.

4. YcTaHOBUTH OOJIBIIIKE CTPEJIKM MHAMKATOPOB Ha HOJIb.

5. C nomo11ipto TUPEBOTO MO/IBECA M HaOOopa rpy30B OCYILIECTBUThH TPU HAarpykKe-
Hus 6anku (mo F = 3kr = 30H) paBabsiMu ctynensimu cuibl AF = 1kr = 10H.

6. [Tocne kax/10#1 CTyIEeHN Harpy>KeHUs 3aMUChIBATh B KypHaJI HA0JII0IEeHUH T10-
Ka3aHWs UHIUKATOPOB 1 yepr U T rop.

7. Pasrpy3uth Oaiky.
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8. BEUuCcIuTh:

a) pa3HOCTHU MOKa3aHUN UHAUKATOPOB ATyepr U AT qp,

0) cpeHuE 3HAUEHUS pa3HOCTEN NMOKa3aHUN UHAUKATOPOB A Ticp;

B) CpeHHE 3HAYEHUS BEJIMYMH MIPUPAIICHUN COCTaBIISIIONIMX MTPOTHbda B BEPTHU-
KanbHOU Afyepr 11 TOpu3oHTANBHOM Af;, MTOCKOCTSIX. Pe3ynbTaThl 3aHECTH B TA0II. (pe-
3yJIbTAThl UCIIBITAHUM U PacuéTOB).

8. OnpenenuTh 3HaYCHHUE MOJHOTO mporuba f, u 3aHecTu ero B TadIuIy.

9. OnpenenuTs yroa @, MEXIY ITOCKOCTHIO U3TrH0a W CHIIOBOH TJIOCKOCTHIO H
3aHECTH €T0 BEIMYHUHY B TaOJIHILY.

10. Onpenenuth TEOPETUUYESCKHE 3HAYCHHS IOJHOTO Tporuda mo ¢opmMynam
(2.20) u (2.22), a Taxxe yrisl p u @ (2.21). Pe3ynbpraThl 3aHECTH B TaOJIHILY.

11. OnpenenuTs pacxoxACHUS MEXKIY SKCIEPUMEHTAIBHBIMU U TEOpETUYE-
CKHMMH 3HaYeHHUSMH nporuda f u yria ¢ mo ¢popmyiiam:

3, = 00 , 5¢:M.100%_

f, 0,

Copaep:xanue oryera

Otuer o padoTe TOHKEH COAEPIKATD:
1.Ilens paboThI.

2. Pacuéthyto cxemy.

3. CxeMy yCTaHOBKH Y UCXOJIHBIC JIAHHBIE.

Hmuuaa | Pasmepsl no- | MoMeHTBI Moaynb Koopaunara | Yron Yron
OaJkwy, MEPEYHOr0 WHEPLUH NO- | YIPYTOCTH, | IPUJIOKEHUS | HAKJIOHA | HaKJIOHA
MM CEUCHUS, MM | IIEPEYHOTO MlIIa CHUJIBI, MM. CUJIBI, HEUTPAITBHOMN
CEeUeHUs rpa. JIMHUU, TPa.
6anku, Mmm*
I b h Jx Jy E a o B
4. Pe3ynbpTarhl UCNIBITAHUN U PACUETOB
Harpyska, H o=__"°
F Otcuer 1o PaznocTh 0oT- Otcuer 1o Pasznocth oT-
UHJUKATOPY CUYETOB UHJIUKATOPY CUYETOB
1, BEPT AT BEPT T rop AT, rop
0
10
20
30
> AT i
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ZATi
ATjep = 3
2

Afgepr =10 AT},

Mrop =107 AT}

2 2
fy = \/AfBepT + Mop

Afrop

fBepT

¢, = arctg

5. CpaBHEHHE SKCIIEPUMEHTAIBHBIX U TEOPETUYECKUX 3HAUCHUH.
VYron a, rpan. ITporu6 f, Mmm Vron @, rpa.

fr fa O, % Or 0, d¢, %0

o

a:
6. BEIBOIBL.

Bonpocwel ona camoxonmpons.

1. KakoBa 1iesb 1abopatopHoi paboThi?

2. Kak ycTpoena aboparopHasi ycTaHOBKa?

3. Kaxoit u3ru6 nassiBatoT koceiM? Kakue Buabl n3ru6oB Bel emie 3HaeTe?

4. YUTo Ha3bIBAIOT TNIOCKOCTHIO M3rn6a? CuiioBoM MI0CKOCThIO?

5. UTo Ha3bIBAIOT HEUTPAILHOU (HYJIEBOW) JIMHUEH MPU KOCOM M3TruOe OaJIKK U
KaK OHa PAcCIMOJI0K€Ha OTHOCHUTENIbHO TJIOCKOCTH JACHCTBUS M3THOAIOIIEr0 MOMEHTA
(cuiioBo# TIOCKOCTH)?

6. Kak pacrnosio’keHa JUHUS MOJTHOTO MPOruda Mo OTHOIICHUIO K TIOCKOCTH
nencTBus u3rudaromiero MoMmeHTa? I1lo OTHOLIEHUIO K HYJIEBOM TMHUM CEUCHUS?

7. Kak BBIYUCIUTH TEOPETUUECKH COCTABIISIONINE U CYMMAapHBIM MPOrud KOHIla
KOHCOJIbHOM 0ajIKu mpu KOCOM U3rude?

8. Kak OyzieT u3MeHAThCSI CyMMapHbIi MpOorud KOHIA KOHCOIU OT JEHUCTBUS TO-
CTOSTHHOM Harpy3ku npu ysennueHuu yria o? [Ipu ero ymensmenun?

9. Kak onpenensitoT noJIOKEHNUE HYJIEBOW JTUHUN?

10. Kak onpenensitor yroy Mexay CyMMapHbIM MPOrHOOM M CHIIOBOM TJIOCKO-
CTBIO?

11.Kakue cunoBbie (hakTOpbI NEUCTBYIOT B MOMEPEYHBIX CEUCHUSIX OaTKu MPHU
KOCOM H3rubde?

12. Kak ornpeaenutb CyMMapHbBIid MPOTUO OTBITHBIM ITyTEM?

13. Kak u3MeHHUTCS COOTHOIICHNUE BETMYUH MPOTUO0B, €CIIA MPSIMOYTOJILHOE Ce-
YyeHre 0ajKku 3aMEHUTh KPYTJIbIM, KBaIpPaTHBIM?

14.HazoBute popMbl mONEpeUHbIX CEUEHUN OAJIOK, JJIs1 KOTOPHIX HEBO3MOXKEH

KOCOM u3rHo.
Jlureparypa: [5] - §§ 34; [7] - §§ 75.
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2.6 JlabopaTopnasi padora Nel0 «IIpoBepka TeopeM 0 B3aMMHOCTH PadoT U
nepeMeneHun»

Henab padoOTHI — 3KCIEPUMEHTAIBHOE MTOATBEPKICHUE TEOPEM O B3aUMHOCTH
paboT U NepeMeIeHui.

Teopernyeckas yacTb padothl. Teopema 0 B3aMMHOCTH pabOT IJIaCUT, YTO pa-
00Ta nepBoW CUJIbl HAa NEPEMELIEHUH TOYKU €€ MPUIIOKEHHS MO IEUCTBUEM BTOPOM
CWJIbI paBHA padOTe BTOPOM CUJIBI HA IEPEMEILIEHUN TOYKU €€ MPUIOKEHUS MO AeH-
CTBHEM NIEPBOM CHUJIBL, T.€.

Ry, =FY, =W (2.23)

Ecnu cuisl paBHBI, TO TEOPEMA IIEPEXOIUT B TEOPEMY O B3aUMHOCTH IIEpEMeEILIEe-
HU: IEpEMELIEHUE ITIEPBOT0O CEYEHUS MO JEHCTBUEM CUIIbIL, IPUIIOKEHHONW BO BTOPOM
CEYCHUM, PABHO NIEPEMEILECHUIO BTOPOIO CEYEHUS NOJ JEHCTBUEM TOH K€ CHIIbI, HO
IIPWIOKEHHOM B IIEPBOM CEUEHUMU.

Y2 =Ya (2'24)

Onucanue ucnvlmamesibHoOIl ycmaHoeKu
I[J'ISI IMPOBCACHUSA pa6OTBI HCIIOJIB3YCTCA UCIBITATCIIbHAA YCTAaHOBKA, IIPEACTAB-

JIeHHAas Ha pucyHKke 2.6.1.
d &

6 . ] )

1

L—A||.'-'-; n

Pucynok 2.6.1 — UcnibiTaTenbHast ycTaHOBKA
VYcTaHOBKa COCTOUT M3 UCCaeAyeMou Oanku 1, ocHOBaHUS 2, MOJABIKHOU 3 U
HETOABUKHOM 4 010D, IBYX MHAMKATOPHBIX CTOEK S M IBYX THUPEBBIX MOJBECOB 6.

Bajka M3roToBJIeHa W3 CTaabHOM mojockl ( E = 2-10° MIla ), npsMoyroasHoro
b

nonepeyHoro ceyeHus (mupuHa 40 MM, BbICOTa 7 MM) U YCTaHOBJICHA Ha IMIAPHUPHBIX
oropax, JuHa mnpojeta 1=1 m.

Harpyxenue Oajnku OCYyIIECTBISETCS C MOMOIIBI THPEBBIX MOJBECOB (Macca
Kaxaoro nmoaseca m=0,5 kr.) u Habopa rpy3oB 7. Harpyska npukiiagsiBaeTcsi cocpe-
JIOTOYEHHO B ceYeHUsX 1 u 2, oTcraromux Ha pacctossHu a=0,2 M 1 6=0,3 M OT orop
Oasiku. B aTuX cedueHmsIX onpenensroTcs mporuosl 6anku. M3mepenne mporudoB ocy-
IIECTBIISIETCS MPU MTOMOIIU IBYX HHIUKATOPOB YacoBoro tuma 8 ¢ rienoit aenenus 0,01
MM.

Iopaook nposedenusn Ikcnepumenma
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1. YcraHoBUTH MIPU3MBI JJII TUPEBBIX MTOJIBECOB B CEUCHMIX 1 1 2 OaKy HA PaccTos-
Huu a=0,2 M u 6=0,3 M ot onop (ot™meTku 20 u 70 Ha mIKane OaNIKH).

2. YcTaHOBUTDH OOJIBIIKE CTPENKU 000MX MHAMKATOPOB Ha 0 M 3amucarh MOKa3aHUs
Ty u T, B COOTBETCTBYIOMIUX I'padax Tabiuipl 2.6.1 pu HyneBOl Harpyske.

3. YcraHoBUTH THpPEBOM MOjBEC B cedyeHUU 1 v HArpy3uTh OalKy B 3TOM CEUEHUU
Harpy3koit F1=25 H (c yueTom Beca rupeBoro nojseca) (pucyHok 2.6.2, a). 3anu-
caTh Moka3zaHusi 1>, UHHUJKATOpa B ceueHUH 2. Pa3rpy3uTh OaliKy, CHATbH TUPEBOM
TTOJIBEC.

4. YCTaHOBHUTH THPEBOU MOJBEC B CEUCHUU 2 M HArpy3WTh OQJIKy B 3TOM CEUCHUU
Harpy3koit F,=35 H (c yueTom Beca rupeBoro nojaseca) (pucyHok 2.6.2, 6). 3anu-
caTh MoKa3zaHus 11 MHIMKaTopa B ceueHuH 1. PasrpysuTs OaliKy, CHATH TUPEBOM
TTOJIBEC.

5. TloBTopuTth ONBIT (1. 2-4) ABaXK]IbI, 3aMIUCAaTh COOTBETCTBYIOLIME JaHHbLIE B Ta0-
auity 2.6.1.

6. OnpenenuTh MPOruObl OAIKU B CEYEHUIX 1 U 2 , BBIYUCIIAS PA3HOCTU MOKa3aHUM
WHIUKATOPOB JIJISl KaXKJ0TO HATrPY>KEHUS:

AT, =Ap,, AT, =Ay

Fi
1y y 2
AL __  m] - A
a &
{
a)
13}
1 ¥
A — . _—A1z — A
F = —_ —_— —_ -
a &
l
0)
PucyHok 2.6.2 — Cxema Harpy»KeHHus
Tabnuma 2.6.1 — Pe3ynbTaThl UCTIBITAHUN
Ceuenue 1 Ceuenue 2 Pabota Pabora Pac-
XO0XK-
Ac-
HUE
Fi, | Ot- IMporu6 | F2, | Ot- [Tporu6 3,%
H | cuer AT, =A,, H | cuer AT, =A, A=F-A, | 4,=F,-A,
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11, T,

AcHI. JEll.
0 0
25 35
0 0
25 35
0 0
25 35

7. Bprancnuth paboty cunbl F1 Ha mepemenieHUn Ay; cedeHusl 2, BBI3BAHHOM CHUJION

Fo:
4=F-A,,

U padoTy cuibl F, Ha mepemenienun Ajp ceuenus 1, BbI3BaHHOM cuiioi Fi:

A2:F2'A21'

Pesynbratel 3anecTu B Tabnuity 2.6.1.
8. IlpoBepuTh clipaBeAIMBOCTh TEOPEMBI O B3aUMHOCTU padoOT, T.€. BBIIIOJIHEHUE pa-
BEHCTBA (2.23), BBIYUCIISS PACXOXKICHUE:

5= Al — Az

1

-100%. Pesynbrat 3anectu B Tabnmiy 2.6.1.

9. IloBTOPUTH OMBIT MO M.I.2—5, MPHUKIAAbIBas B ceYeHMIX 1 m 2 OanKku paBHbBIC
Harpy3ku F1= F; = 25 H u, 3anuceiBasi COOTBETCTBYIOIIUE MMOKA3aHUs B TaOIUILy

2.6.2.

10.Ompenenuth nMporudbl OaTKU B CEUCHUSX 1 M 2, BEIYHCIISAS PA3HOCTH MOKa3aHUI

HHAUKATOPOB IJIS KAXKA0T'0 HAI'PYKCHHUS !

AT, =A,,, AT, =A,, Pe3ynbTarel 3aHecTu B Tabauiy 2.6.2.

11. ITpoBepuTh CipaBeATMBOCTb TEOPEMBI O B3aUMHOCTHU NEPEMENIEHUH, T.€. BBIIOJI-

HEHUe paBeHCTBA (2.23), BBIYUCIISIS paCXOXKICHUE: 6=ﬁ -100%.

Pe3ynbraTsl 3aHectu B Tabnuiy 2.6.2.

12. OdbopmuTs otuer.

1

Tabmumna 2.6.2 -
Ceuenue 1 Ceuchue 2 Pabota Pac-
XO0K-
Ae-
HHE
Fi, | Or- IMporu6 | F2>, | Ot- [Tporu6 0,%
H Jcuer | AT,,m | H [cuer| AT, m | A=£-4,
11, 12,
JEl. JeI.
0 0
25 35
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0 0
25 35
0 0
25 35

Cooeporcanue omuema
OTuet no paboTe TOIKEH COACPKATh:
1. lens paboTHI.
2. Pacu€tHy1o cxemy.
3. CxeMy yCTaHOBKHM M UCXOJHbBIE JaHHBIE.
4. Pe3ynbratramMu U3MEpEHUN.
5. CpaBHEHHE SKCIIEPUMEHTAIBHBIX JAHHBIX C TEOPETUUECKUMMU.
6. BBIBOJIBI.
Bonpocet 0na camoxkonmpons
1. ChopmynupyiiTe TeOpeMy O B3aUMHOCTH padOT U B3aUMHOCTH MEPEMEILICHU.
2. IosicHuTe, KaKk MOXHO MPOBEPUTH TEOPEMY O B3aUMHOCTH TMEepeMeEIIeHH B 1a0o-
paTOpHBIX ycIoBUsIX. V3110KUTE TOPSIOK IPOBENCHUS paOOTHI.
3. I'’ae MOKHO HCTOJIB30BAaTh CBOMCTBA TEOPEMBI O B3aUMHOCTH MEPEMENICHUN?

2.7 JlabopaTopuasi padora Nell «McciienoBanne noTrepu yCToiiuMBOCTH MPSIMO-
JIMHEHHOI'0 CTePKHIA»

Ilenv pabomoi: SKCTIEPUMEHTATIBHOE ONIPEACIIEHUE KPUTUUYECKON CHIIBI U CPaB-
HEHHE C TEOPETUYECKUM 3HAYCHUEM.

Teopemuueckaa wacmop padomwi. Eciy NpsIMOJIMHEWHBINA CTEPKEHb CKUMATh
[EHTPAJIbHO MPWIOKEHHOW cuiioil F, To ¢ Bo3pacTaHMeM 3TOW CHJIbI CTEPKEHb BHA-
qaJie TOJIbKO YKOPauyuBaeTCsl, COXPaHss CBOIO MPSAMOIMHENHYIO (hOpMY, a 3aT€M HaCTYy-
naeT SBJICHUE TIOTEPH YCTOMYMBOCTH — CTEPIKEHb U30THETCs (PUCYHOK 1).

HanMeHnbias eHTpaibHO NPUIIOKEHHAS CKUMAroLIas cuia, KOTopasi BBIBOAUT
CTEPKEHDb U3 MPSMOJMHEUHOTO YCTOMUYUBOTO PABHOBECHSI HA3BIBAETCS KPUMUUECKOU
cunou. Ee MoxHO onpenenuts no popmye Didnepa

1 =N
TV (225)
(ul)

rae £ — MoayJib IPOJOJIBbHON YIPYTOCTH MaTEpUAIIA,;

| — mrHA CTepIKHS;

Jmin — MUHUMAaJIbHBIII MOMEHT HHEPLUU CEUCHMUS;

1 — K03hPUITMEHT TPUBEICHUS IJTUHBI, 3aBUCSIINI OT CIIOCOO0B 3aKperyIeHuUs
CTEPKHSI.
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Pucynok 2.6.1 — SIBiieHue notepu yCTOMYMBOCTH IIPOJIOJIBHO CKATOTO CTEPIKHS.

dopmyita Dilepa MPUMEHUMA JIUIIb B TOM CIIy4ae, CId MOTepsl yCTOMYUBOCTU
CTEpIKHSI IPOUCXOAUT MPHU HAMPSDKCHHSX, MEHBIIAX TMpe/eaa IPONOPIHOHAIBHOCTH
Oy, T-€. KOTJIA CITpaBeUTHB 3aK0H ['yka
F, m°E
G = ;lp =3 <G, - (2.26)

3nech A - ionaab NONepeyHoOro CEYeHus;
A — THOKOCTb CTEP:KHSI, OIpeeseMast Kak

=i“—' , (2.27)

min

1€ Imin — MUHUMAJIBHBIA PauyC HHEPIIMH CCUCHUS.

[IpenenbHast rHOKOCTh, HAUMHAS C KOTOPOU MOKHO MCIIOJIB30BaTh PopMyIty Dii-
nepa, onpenensercs o hopmyse

npen

n’E
o}

T

(2.28)

Y 3aBUCHUT JIUIIIH OT (PU3HKO-MEXaHUYECKUX CBOMCTB. OHA SBIISAETCS TOCTOSTHHOMN
JUIs1 JTaHHOTO Matepuaina. Tak, HanpuMmep, st CTATA CT.3 Anpen = 100, 1151 ApEBECUHBI
Aupen = 110, 17151 4yryHa Anpex = 80, 1151 TIOPATIOMUHUS Anpex = 60.

CtepKHH, Y KOTOPBIX A > Anpex, HA3BIBAIOTCS CTEPIKHIMU OOJIBIION THOKOCTH.
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[Tpu MeHBIIMX 3HAUEHUSAX TMOKOCTH (CTEpKHHU CpelHEed TMOKOCTH) KpUTHYE-

CKUE HAIPSIKEHUS Oyp > Gpy OMPEAEIIAIOTCS O SIMIMPUIECKUM (HOPMYJIaM WA COOT-

BETCTBYIOITUM UM Tabiuiam (rpadukam). Hanmpumep, popmyna ScuHckoro ajis onpe-
JICJICHUS] KpUTUYECKUX HAMPSXKEHU UMEET BUT

c,=a-b\, (2.29)

rae a u b — smmupudeckne Ko3pPUINEHTHL.

Hanpumep, mis cramu Ct.3 a = 310 MIla, b = 1,14 MIla, nns apeBecuHsl
(cocua) a = 28,7 MIla, b = 0,19 MIla.

OMnupuueckue (opMyJibl, 0COOEHHO I APEBECHUHBI, JAIOT JIUIIb IPUOIUKEH-
HBI pE3YJIbTAT.

Jlns cTep>kHeR Manoi TMOKOCTH, Y KOTOPBIX Gyp, MOACYUTAHHBIE IO (hopMyJie
ScuHckoro, nonyyarorcsa 0obllie, YeM ONacHbIe (MpeaeIbHbIC) HANIPSKEHUS, IPUHU-
MAIOT: Gyp = Op — AJIS IUTACTUYHBIX MATEPUAIIOB; Gyp = Opy — AU XPYIKUX MAaTEPHAIIOB.

Wtak, TeOpEeTUUECKHE 3HAUECHUS KPUTHUECKOIO HAIPSDKEHUA (Gyxp) U KPUTHYE-
CKOH cuibl Fy,, IPU KOTOPBIX MPOUCXOOUT MOTEPS YCTONYUBOCTU OINPEAEIAIOT IO
dhopmynam:

€CIIH 0<A<40, T0 G«p = O

40< A< Mipens TO ©,, =a —DL; (2.30)
2
A > Aupen, TO g :
A
Kputnueckas cuna
Fo=0,4 (2.31)

Onucanue ucnvslmamenvHoll yCMaHo8KU

Omnpenenenre KPUTHUECKON CHITBI TIPOU3BOAUTCS JUTSI CTEPKHS, HUKHHUIM KOHEI]
KOTOPOTO 3allleMJICH, a BEpXHUH CBOOOICH (CM. pucyHOK 2.6.1).

VYcranoBka (puCyHOK 2.6.2) COCTOUT M3 CTABbHOTO CTEPKHS 1 ¢ KECTKO TpH-
KPEIJICHHOW K HeMY TSTOM 2, onuparoiieiicss Ha CTaHUHY 3 MpU MOMOIIU BUHTOB 4,
CITyKaIIuX JUIsl 5KECTKOTO 3aKPEIJICHUS! CTEPKHS B TISITE.

Jl1st mepejaun Harpy3Ky Ha CTEPKEHB CIIYKUT KOPOMBICIIO 6 C IBYMS TATaMU 9,
K KOTOPBIM C IMOMOIIIBIO MTOTIEPEUNHbI / MOJBEIIeHA IPy30Bas TUIoNaaKa 8 1y ycra-
HOBKH TUDb.

BepxHuli KOHel CTEpKHs 101 HAIrPY3KOU MOYKET OTKJIOHATHCS, YBJIEKAs 34 CO-
001 KOPOMBICIIO C TSITaMU U TPY30BOM MIIOIIAKOM.
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Pucynok 2.6.2 — DxcnepruMeHTaIbHas YCTaHOBKA

Memoouka ebinoiHeHus onvima u 00padoOmKa pe3yibmamoe uccie006aHusl.
1. Onpenenenue TEOPETUIECKON KPUTHIECKOM CHUITBI.

1.1 Onpenensiercsi THOKOCTh CTEPHKHS 7»=_H—I :
Imin
JUTS 4eTO:
a) onpeaesitoT KOA)PUITMEHT |, YIUTHIBAIOIINK CITIOCOOBI 3aKPETICHUS KOHIIOB
CTEPKHS;

0) 3aMepsIIoT, IIMHY CTEPKHS | 1 pa3Mepsl OMEPEeYHOro CCUCHHUS;
B) BBIUMCJISIIOT TJIABHBIN LIEHTPAIbHBINA (HAMMEHBIIINI) MOMEHT HHEPIIUU CeYe-

HUS Jmin;
I') ONPENEISIOT IUIOMIAlb MOTIEPEYHOTO CEUEHUS CTEPKHS A;

min

1) HaXOAAT HAaMMEHBIINN PaguyC UHEPLMH | . = A

€) BBIYHCIISIOT THOKOCTh A.
1.2 HemocpeICTBEHHO B 3aBUCMMOCTH OT THOKOCTH, UCTIONB3Ys (hopmyiist (2.30)

u (2.31) onpenenstoT TeopeTuIecKu cuity Fyp.

[Ipumeuanus:
1) mpu ompeneneHnr THOKOCTH, KPUTHIECKOTO HANPSDKCHHUS M KPUTHYECKOU

CHJIBI, HEOOXOIMMO UMETh OJIMHAKOBYIO Pa3MEPHOCTh BEJTUUHH.

2) Ecnu cTep:keHb U3rOTOBJICH U3 MPOKATHOW CTajl, HEOOXOAUMO ONPEACIUTh
ero HoMep (1o 3aMepeHHbIM nonepeunbiM paszmepam) U u3 'OCT BrinmucaTh HEOOXO-
aumbie 1aHHbIC (A, Jmin, Imin)-

PesynbTathl Gpukcupyrotces B Taduiy (2.6.1).

Tabmuma 2.6.1 — Mcxonuble qaHHBIE
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Ne, i/t | XapakTepuCTUKU CTePIKHS 3HavYeHMs BEIUYUH
1 Matepuan CT.5

Mopyns ynpyroctu E, MIla
Jmna |, m.

[Tnomanp momnepeunoro ceueHust F=bh, M2
b=115 mm, h=40 mm.

5 hb?

BAIWIN

MuHuManbHBIA MOMEHT HWHCPILUHUH CCUCHUA J min — E , M4
6
3 1 _ min
MuHUMANIBHBIN paInyC UHEPLIMU CEYEHUS Loin =4l > M.
7 ol

[ubKOCTh CTEpKH A=—— , =2
|

min

2. OnpesiesieHne SKCIIEPUMEHTATEHON KPUTHICCKOM CHITHI.

JI71s1 SKCIIEpUMEHTAIIBHOTO ONPEEIICHUS] KPUTUYECKOUW CUIIbI HA TPY30BYIO ILIO-
maaKy 8 (pUCYHOK ) YKJIQBIBAIOT TUPH JJO MOMEHTA TOTEPHU yCTOMUMBOCTH. Bennunna
KPUTHUUYECKON CHUJIBI ONPEAEIAETCS KaK CyMMa BecCa TMpb, YJIOKEHHBIX Ha I'PYy30BYIO
IUIOLIAJKY M BECa YCTPOUCTBA I MIEPENAYM HATPY3KU Ha CTEPKEHb, Macca KOTOPOTO
paBHa 6,5 Kr.

3. OmpenensieTcst MPOIEHT PACXOKIACHUS MEXKTY TEOPETUUECKUM U DKCIIEPH-
MEHTaJIbHBIM 3HAYEHUEM KPUTUYECKOU CUJIBI:

T

Fi—F
4, S=—2_.100% .
Kp

5. Pesynbrathl pukcupyrorcs B Tabnuiry 2.6.2.

Tabnuna 2.6.2 — CpaBHEHHE TEOPETUUECKHUX U IKCTIEPUMEHTAILHBIX PE3YIlb-
TaTOB

Bennunna kputuueckon CuIbl Pacxoxnenue o, %

T el
Teopernueckas FKp DKcIlepuMEHTANIbHAS FKp

Conepixkanue oT4yera

1. ens paboTHI.

2. Cxema yCTaHOBKH.

3. OnpeneneHre TEOPETUUECKUX 3HAUYCHUN KPUTUIECKOM CHUJIBI.

4. Pe3ynbTaThl UCIIBITAHUI U PACUETOB.

5. OTKJIOHEHUE TEOPETUUECKUX 3HAUEHUM OT SKCIIEPUMEHTAIBHBIX B 0.
6. BeiBoIBIL.

Bonpocel 111 caMOKOHTPOJISA
1. Kako#t u3rud Ha3pIBaeTCsl MPOJOJIbHBIM?
2. Yto noHuMaeTcs 1moj, KpUTUHYECKON CUITON?
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3. OT 4ero 3aBUCHUT BEJIMYNHA KPUTUYECKON CUIIBI?

4. Korna npumenuma gopmyia Ditnepa?

5. Yrto takoe ko3 PUIIMEHT NMPUBEAEHUS JJIMHBI U YEMY OH PaBEH IPH pa3-
JIMYHBIX CIy4asiX 3aKPEIUICHUS] KOHIIOB CHKATBIX CTEPKHEN?

6. Kak onpenensiercsa KpUTHUECKOE HANpsKeHUe, eciau hopmya Ditiepa He-
npuMeHuMa?

7. Uemy paBHA THOKOCTb CTEPXKHS?

8. Kak onpenenuts npeaenbHy0 THOKOCTh?

9. Kak onbITHBIM IIyTEM ONPENEIUTh 3HAUEHNE KPUTUYECKON HArpy3Ku?

Jlutepatypa: [5] - §§ 81-84; [6] - §§ 15.1 —15.4; [7] - §§ 86- 89.

I'JIOCCAPUI
OCHOBHBIE OBO3HAYEHM
YciaoB- Tepmun Enu-
HBIC HULIBI
0003Ha- n3Mepe-
YeHHS HHSA B
CHu
D, d Huametp M
E MonyJib IPOOJIBHOM YIIPYTOCTH Ila
A [Tmomaapr monepeyHoro ceueHus M?
Opyca
f Crpena nporuba M
[f] Jlormyckaemasi cTpesa nporuda M
G Monynb ciBura [1a
Js, Jy OceBble MOMEHTBI HHEPITUH TIJIOC- m*
KOT'O CEYEHHS
|y LHeHTpOoOEKHBIIT MOMEHT HHEPILIUH m*
IJIOCKOT'O CEUEHUS
Jmax, Jmin I'maBHBIE MOMEHTBI HHEPIIUH TJIOC- m*
KOT'O CCUCHMS
Jp [TonapHBIM MOMEHT UHEPLIHH TIJI0C- m?
KOTO CEYCHMS
Iy ly Pannychl nHepIy monepeyHoro M
CEUECHMS OTHOCHUTEJIBHO OCEU Z U
- y.
Imin MuHuManbHbIA painyC HHEPLIUU M
MTONIEPEYHOr0 CEUCHUS
lpacu PacyeTHas (mpuBeaeHHas) JJIMHA M
Opyca
Al AOCOIOTHOE YUIMHEHHE Opyca M
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Aa

AOGCOTIOTHOE TTOTIEPEYHOE CYKEHHE
Opyca

OTHocHTeNbHAS POIOJIbHAS Je-
dhopmarus 6pyca

OTHOCHTENBbHAS TTOTIEPEYHAS JIe-
dbopmanus Opyca

N3rubarommii MOMEHT

Hw™m

M3rubaromnme MOMEHTBI OTHOCH-
TEJILHO TJIABHBIX IIEHTPAIbHBIX
OCEil MHEPITMU CCUCHUS Y U Z

Hw™m

KpyTtsamuii MOMEHT

HpOI[OJ'IBHaSI CHJIa

CocpenoroueHHas cuia

Kpurtnueckas cuna

Jlonyckaemas cuna

HOHGpG‘-IHaH CHJIa

NHTEHCUBHOCTD pactpeIeICHHOU
10 JUTMHE HArpy3KU

Sy, SX

Crartuueckrie MOMEHTHI TUIOIIAIH
burypsl

zwzlmmmmmmg

OceBble MOMEHTHI COIIPOTHUBJICHUA
OTHOCHUTEJIBHO OCEH yuz

g(»)

[TonsipHBIII MOMEHT CONIPOTHUBIIE-
HUs

Jedopmaiiriu B HalpaBJICHUH TJIaB-
HBIX HalpsHKEHUU G1, G2, O3

Koaddumuent Ilyaccona

HopmanbHoe HanpsikeHue

Ila

IIpenen mponoprruoOHAIIBHOCTH,
npezen yupyrocTu, npeaen TeKyde-
CTH, TIpEAEN MPOYHOCTH

Ila

Jlonmyckaemoe HOpMaJIbHOE HaIps-
KEHUE

ITa

KacarenbHoe HanpsikeHne

Ila

Jonyckaemoe KacatelbHOE Hampsi-
YKEHHE

Ila

YTroJ1 3aKpy4MBaHMs

VYrioBas CKOpOCThb

paz

HEKOTOPGLIE ITOHATHUA U TEPMUWHBI 110 COITPOTHUBJIEHUIO
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MATEPHUAJIOB

1. Bpyc — Teno, 0JIHO U3 U3MEPEHUIN KOTOPOTro (JUIMHA) MHOTO OOJIBIIIE IBYX APYTHUX.
Bbpyc MoxeT uMeTh ceueHre MOCTOSIHHOE WU TIEpEMEHHOE BJI0JIb ocu. bpyc, nme-
IOIUNA NPSIMOJIUHEHHYIO OCh, Ha3bIBaeTCsl crepxkHeM. CTep’keHb, padoTarouuit
rJIaBHBIM 00pa30M Ha U3ru0, Ha3bIBaeTCs 0AIKOM, HA KPYyUEHHUE - BAJIOM.

2. BuenHue cuibl — CUJIBI, ACHCTBYIOIIME Ha CUCTEMY CO CTOPOHBI, IPYTUX TEl, HE
BXOJISIIIMX B paCCMaTPUBAEMYIO CUCTEMY.

3. BHyTpeHHUE CUIIBI — CUJIBI, AEMCTBYIOUINE HA TOYKU WM TEJIa CUCTEMBI CO CTO-
POHBI T€JI, BXOASANINX B TAHHYIO CUCTEMY.

4. BBIHOCIMBOCTh MaTepuaja (JeTaiar) — CIIOCOOHOCTh CONPOTUBIIATHCS JIEHCTBHUIO
MHOTOKPATHBIX MEPEMEHHBIX Harpy30K.

5. I'eomerprueckne XapakTE€pUCTUKH INIOCKUX CEYEHUH — IUTOIA b, CTATUYECKHUE MO-
MEHTHI TUTOCKUX CEYCHHH, MOMEHThI HHEPIIUH.

6. ['unoTtesa MIOCKUX CEJICHUM — IJIOCKUE CEUCHHUS, HOPMAJIbHBIE K OCH CTEP>KHS J10
nedopmaliim, ocTaloTcsa U nocie aepopmanuu IOCKUMH U HOPMAJIbHBIMU K €T0
OCH.

7. Hedbopmarus — usmMeHeHrue (GopMbl U pa3MEpoOB TBEPJOTO Tela MOJ JACUCTBHEM
BHEIITHUX CHIL

8. XKecTtkocTh — CHOCOOHOCTh KOHCTPYKIIMI U €€ 2JIEMEHTOB HE UCIIBITHIBATH 3HAUHU-
TeJIbHBIX JAehopMaInii pU ACHCTBUU BHEUTHUX HATPY30K.

9. U3ru6 — Bua aepopmaiiu mpu KOTOPOM B MOTIEPEUHBIX CEYCHHSX OAKU BO3HU-
KAIOT U3rM0aroe MOMEHTHI U YaCTO, OJHOBPEMEHHO C MOCIEAHUMU, IOTIEPEYHBIE
CHJIBI.

10.Kpyuenue — Bua nedopmammu, KOraa B OMEPEUYHBIX CEYEHUSIX Opyca BOSHUKAIOT
KPYTSIIHE MOMEHTHI.

11.Hanpsixenue — Mepa BHYTPEHHUX CHJI, BO3HUKAIOIIMX B 1€(POPMUPYEMOM TEJI€ MO/
BJIMSIHUEM BHEITHUX BO3JCHUCTBUM.

12.IlnacTuHKa — TENO, Y KOTOPOTO OJHO U3 U3MEPEHUI (TONIIMHA) MHOTO MEHBIIIE
IBYX Npyrux. MickpuBieHHas mIacTUHKA B OJTHOM WJIU JBYX HAINpaBJICHUSAX HA3bI-
BaeTCsi 000JIOUKOM.

13.1Ipo4HOCTH — CTTOCOOHOCTH KOHCTPYKITUH U €€ JIEMEHTOB BOCIIPUHUMATH BHEIITHUE
Harpy3ku 0e3 pa3pymieHus.

14.Pactspxenue (cxxatue) — BUA aedopmaliii, Korja npyu Harpy>KeHUH B MOTIEPEYHBIX
CEUECHMSIX Opyca BO3HUKAIOT TOJBKO MPOJOJIbHASI PACTATUBAIOIIAS WIIA CKUMAIO-
nias cuia.

15.CaBur — yrnoBas nedopMmaiivsi, KOTopasi YUCJICHHO paBHA U3MEHEHUIO BEJIMUUHBI
NEepPBOHAYAIILHO MPSIMOTO yIJia B pajuaHax u 0003Hadaercs .

16.CnoxHOo€e cOnpOoTUBIECHUE — B MONEPEYHBIX CEUEHUAX Opyca BOSHUKAET HECKOJIBKO
BHYTPEHHHUX CUJIOBBIX (haKTOPOB.

17.ConpoTtuBieHue MaTepUaIOB — 3TO HayKa O pacueTe 3JIEMEHTOB KOHCTPYKIUNA Ha
MPOYHOCTb, )KECTKOCTh U YCTOMUYHUBOCT.

18.YcToitunBOCTh — CIIOCOOHOCTHIO TEJ COXPAHATh IEPBOHAYATIBHYIO (POPMY paBHO-
BECHSI.
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19.0mropa — cxemaruueckuil rpauK, MOKA3bIBAIOLINI KaK MPH Harpy>KEHUHU KOH-
CTPYKIMY BHEITHUMH CHJIAMH, PaCIPEAeIISIOTCS BEIMUMHBL: YCHIINE, HAPsKEHNUE,
nedopmarius.
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