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TaroTCA. E}IMHCTBCHHHﬁ HCTOYHMK TaKMX [JAaHHBIX — 3KCIEPHMCHT.
BaxHo OTMETHTH, YTO COBpPEMECHHAA MEXAaHHKA HMEET OeN0 HE TOIBKO
€ XOpomo H3BCCTHRIMH, p ‘P MET: HO
M ¢ Hetpa, — ¢ 9p #iHO it crpykTypoil u
BecbMa HEOOBIYHEIMH CBOWCTBAMH (KOMIO3UTHEIE MaTepHanbl, pas-
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JleﬁCTBVlﬂX Ha CHCTCMY B D BKCTI, D10
TpPEABABNIET BBICOKHE Tpeﬁ()BaHPlﬂ K METOAAM M TCXHUKE 3KCIEepH-




Heedumoeue

MEHTA M K HEOOXOMMMON TOYHOCTH Pe3yNbTaToB IKCIIEPHMEHTANBHBIX
HecnenoBatui. B To e BpeMs 3KCHEPHMEHT OCTAeTCs, HO CYIECTRY,
CMHCTBCHHBIM PCANIBHAIM METOMOM MPOBCPKY A/ICKBATHOCTH CHIOK-
HBIX MATEMATHIECKHX B stoM Ka-
YECTBE 3HAUMMOCTE i TomsKO BO3-
PACTAET C TEUCHHEM BPEMeHH.
Lensio manHoM paBoThl u OCHOB

TATBHOW MEXaHMKM. ABTOPHI CO3HATE/ILHO COCPEZIOTOYMIM CBOE BHH-

JTBHBL

Tnasa 1
Mexanndeckne HCTILITAHUA MaTepPHAJIOB

1.1. KpaTKHe HCTOpHYECKHE CBEACHHA

MAHAE TPEKIC BCErD Ha (BPHIMUYECKOM COACPKAHMH TOB U

B M DasBHTHH Hayxu 0 MpPOYHOCTH MaTCpHANIOB

HE 3aTPOMOMIATH I CHOXHBIX p X
TEXHUIECKHX CPEICTB IKCIICPHMEHTATBHEIX HCCIETOBAHUM H MCTIONE-
3yemo# TexHHKH. IIpH 3TOM, 4¥T0GBI CYTH 3KCIepuMeHTa ObuTa Gomee
JIOCTYTIHA 1A TIOHMMAHKS, B MIEPBYI0 OUEpEnb, CTYACHTAMH, UCIIBITA-
HHs 06Pa3LOB M3 Pa3HbIX MATEPMATOB Ha PACTSDKCHHE, CKATHE, Kpye-
HHE ABTOPHI OMHCHIBAIOT TOAPOGHO.

Taxo#t nogxon npenctasniercs 0G0CHOBAHHEIM B CHIIY TOTO, 410
KHHT2 B OCHOBHOM aJ[peCcOBaHA CTYJeHTAM TEXHHYECKHX By30B. Kpome
TOTO, ONHMCAHHIO COBPEMEHHOH MCOBITATETLHON TEXHHKH

BaXHOE MECTO HEIC
Bal{ldﬂ‘ LENMBI0 KOTOPHIX sBieTcd [1]:

1) m3yuenne paspymieHHs MaTepHana TOA IeHCTEHEM IIPHIIOXKEH-
BBIX K HEMY CHII ¥ BITMAHHS PA3THTHEIX BHOIHUX GaKTOPOB Ha XapakTep
paspymenus;

2) ompesencHHME XApAKTEPHCTHK MaTepHama ITYTEM NpPOBEHCHHA

HCIIBITAHHI, IX JUIA HOCTPOSHHMS TEOpHit
PacueTOB Ha NPOYHOCT;

3) PAcyeTOB Ha NMPOYHOCTH C IKC-

obumHpHas THTepATy DA, IpH pabote ¢ poit YenoBeK, BOOp,
[ 0 CMBICNA T3, HE BCTPETHT He-
TPEOJIONHMEIX TIPEMIATCTRHH,

Astopei Gnaronapuer P.H. Bampxosy, A.H. Koponesoii, [I.A. Iles-
uayk 1 A.A. [IunyHOBOH 3a MOMOM[L MPH MOATOTOBKE PYKONUCH K IIE-
yath. Penaktopy m3patenbctea MITY um. H.3. Baymana Muxanepoit
Jlaprce AnexcaHApoBHE, TIPHITOKHBIIEH HEMANQ YCHIMIE JUIS BRITyCKa
KHHTH B CBET, ABTOPEI BRIPAKAIOT G/IAr01apHOCTb.

NBHBIMH TAHHBIMH,

DKCNEPUMEHTANBHAIE MCCISNOBAHHA NPOMHOCTH MATEPHATIOB
Hauanuck B dnoxy Bospoxaewus ¢ onwmiros Jleonapao fa Bumun
{1452-1519) [2}. On npoBOAHI UCHBITAHAA Ha PACTAKCHHE METAN-
JMYECKMX MPOBONOK, CTPYH, BONOKOH, M3ydal H3THO DasiHuHBIX
cTepxkHel. PesynbTaThl 5THX HCIHITaHHI He BCErAa CONPOBOXAA-

JHCH IPaBHIBHBEIMA H P nn H
NpOTHBOpPEYHUs. Tem He MeHee OHH HeNoCPeACTBCHHO YKA3hIBaiOT Ha
TO, UTO BOEP > Ip 10CH TPOUHO-

CTH MaTEpPHANOB.

Creyronmit 3Ha9UTENBHEIA Ar B SKCTICPHMEHTANBHOM H3yICHHM
HpouHOCTH MaTephanor Guur caenan (mocie Jleonapno a Buwmm) eme
OIHMM BRIZIOIMMCS TIpeACcTaBuTeneM snoxu Bospoxaenua Iamaneo
Tamneem (1564-1642). Ha ocuose GOMNBLIOro KONMYECTBA MPOBEAEH-
HEIX OMBITOB MM GRUIO YCTAHORNCHO, YTO MO ACHCTBMEM IPOROILHOM
CHIILI COnpoT p TomanM P
Horo ceverns. [amuiei M BBIBO-
HaMH co3fajl HPEATOCHUIKH [UTH NOCTPOSHAA NEPBOH TCOPHM MPOTHOCTH.
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1. Mexanuveckue ucnbimanus Janiepios

1.1. Kpamxue ucmoputecke cgedenun

Kpome Toro, on b HaYKH O
COTIPOTHBCHHH MaTEPHANIOB Ha OCHOBE OMBITHBIX TAHHBIX.
IMosnmee TH CTPOM

sanumancs dpaHgyscxui yqel-mn Dame Maprotr (1620-1684). On
IPOBOJIMI CHCTEMATHYECKHS SKCIICPHMERTEI TIO PACTAKEHUIO H H3MHOY
Pa3MMaHBIX TBEPABIX TEJ, MPOBEpAA PEIYNBTATHL, TONY Tanune-
em. M3yuas NpOYHOCTL NEPEBAHHEIX H CTEKNAHHBIX Oanok, Mapuorr
yOCIWICs B CIPaBeUIMBOCTA OCHOBHBIX BEIBOZOB ['amanes. Onbitamu
MapuoTTa 3aKaHYMBACTCA NEPBBIH TaN JKCIEPHMMEHTANLHOTO U3yHe-
Hus HX CBOWCTB MaTepHalloB. PeaybTaThl HAyYHBIX TIOHC-
KOB 3TOTO NEpPHOjia NPUHECTH OTPOMHYIO TIONIB3y M HE YTPAaTHIH CBO-
€TO0 3HAUCHMA JI0 HACTOSAIIIETO BPEMEHH.

JUIs pelleHHMs TEeXHHUECKHX 33]a9 TOTO BpeMeHM Tpebopanoch
U3YYEHAC CBOWCTB MATCPHANOB, W3 KOTOPHIX H3TOTOBMSTHCH AETATH
MEIIHH ¥ COOPYXCHHHA, HaXONAMKXCH MOA AeHCTBMEM BHENIHHX CHIL
PyKOBOZCTBYSCH 2THM, aHIIHACKHI yucHbIi Pobepr Tyx (1635-1703)
B 1676 T. ONBITHBIM ITYTEM YCTAHOBMJI, 9T YIPH PACTAXEHHH CTATHHOIO
CTEPHKHSA H3MEHEHHE €70 JUTHHEI MPAMO TIPOTIOPUACHATIBHO TIPHIIOKEH-
HOMH K HeMy Harpyske. OTa i CTh, BLO-
cnexcTBrM 3axoHoM ['yka, GbIna IION0KEHa B OCHOBY YICHHS O COTPO-
THBICHHMH MATEPHATIOB.

To, 4TO MaTepHANE MO-PA3HOMY CONPOTUBISIOTCH BO3AeHCT-
BHIO BHEIIHKX CHJ, oTMedany emse JI. na Buguu u I'. Fanune#t. 3na-
nu 06 stoM 3. MapnotT, P. I'yx u apyrue MCCNENOBATENH, 3aHH-
MaBIIHECs MCOLITAHMAMM MATEPHANOB HA HPOMHOCTH, MOCKOMBLKY
210 GBino n0CTaTOUHO OueBHAHEIM. OnHako morpeGoBanoce Gonee
BEKa MOCHe OTKPhiTHA I'yKOM 3aKOHA YNPYTOCTH, 9TOOBI YCTaHO-
BYTb, 4TO [NA KQKAOTO MATEPHANA CYNICCTBYET MOCTOSHHAS BEMH-
4YHHA, XAPAKTEPU3YIOMAs €ro CHOCOGHOCTh COMPOTHBAATHCS BO3-
NeHCTRHIO BHEIIHHX CHIL. DT0 GBUIO CENaHO AHITHHCKHUM YIEHRIM
Tomacom YOHrom (1773-1829) [2]. C Tex nmop HE OAWH MHXEHED-
HBI pacyeT Ha NPOYHOCTh M JKECTKOCTh BICMCHTA KOHCTPYKIHMH
HIH COOPY:KEHHA He 00X0auTcs 6e3 onpeneneHus ToH BENHUMHEL,
HA3BaHHOK MOTYAEM YIPYTocTH. B MHOTOWHCIEHHBIX onbirax FOHD
[OKAa3al, YTO MOAYIbh YAPYFOCTH XapakTePHIYET BaXHEHuIee CBoi-
CTBO MaTepHala — €To XeCTKOCTb.

8

Heckombko pamee T.IOmnra
HWIMH B 061CTH IPOYHOCTH MATEPHATOB 3AHHMATNCH (PAHIyY3CKHA
yaensit [lapns Kynon (1736-1806) u pycckit ywennii Muxaun Ba-
cunbesyrd Jlomonocos (1711-1765) [2]. Wsyuns paspylcHHe MK CiKa-
THH MaTepHaioB, KyloH NpHmen K BSIBOAY, 9TO TNABHOW MPHIMHOHA
Pa3pYMICHAA ABNsETCA CABUT. TeM CaMBIM OH TIOJTOTOBHL OCHOBY [
BOSHHKHOBCHHS HOBOTO B3ILAZA Ha NP B, 0
CTBHH TCOPHEH HaUGONBIIMX KACATE/IBHEIX HANPDKCHUH.

M.B. Jlomotocos — mepsbiil pycckut yuensilt, paspaGorasuuii
Bay OCHOBBL TANbHOTO HM3YHYEHHS MEXAHHIECKMX
cBoliCTB MaTepancs. B 1752 r. um 65umi coszaHbl MpHOOPEL MU1% HC-
CNesiOBaHMs TBEPAOCTH KaMHEH, a TAloKe MAIMHBL JUIA WCTILITAHHA
npounoCTH leneil. Onpesensia noxsATHe TBepOCTH, JIOMOHOCOB CBA3AN
€€ ¢ BHYTPEHHMMH CHJIAMH CHCIUICHMA YACTHI MaTepHana. Benukwit
PYCCKHH yueHBIH TIyGOKO ONEHHMA 3HaYEHHE DKCICPHMEHTa JUId Mpo-
Tpecca HayTHBIX 3HAHWH.

PaspuTHE M TPOEHHUS M P pTa B
XIX B. K 3HauMTENLHOMY D p Taib-
HBIX — TTHCH MHOT MCOEITAHUS

PAIMYHEIX MATEPUAIOB, Aetaneil u kKouCTpykumil. B nadane XIX b.
OBUIH CO3AaHbL NEPBBIE JOCTATOYHO MOLIHKIC MCHBITATENBHbIC yCTa-
HOBKH, Ha peraara. Ora JIH IOBOAUTH
IO paspymeHus He oﬁpasuu MAaTEPHAIOB, 3 KOHCTPYKUMH KONOHH H

6anoK B HaTYpaNbHYIO y. O B P TanbHOM
Haykn XIX B. 3aKknroyanack B np 6 o B
ONLITOB, B Pe3yJbTaTe KOTOPHIX MOJNYHaM CHDABOYHHE NAHHHIE O
MPOYHOCTHEIX CBOMCTBAX KOHCTP: TOB -

JMMEIX TIPOMBILICHHEIMA (HpMaMu. 3BecTHEIR d)paﬂuyacxun cme-
OUATHCT IO MOCTOCTpoeHMio 3. [0T3 CO3aN PRIYAXHYI0 MAIIHHY
JUIA HCNBITaHMS KaMeHHEIX KyOuxos. Peaymbraret ommiros Iots
BEJIOUMI B BH/E TabIHuL B CBOE PYKOBOACTBO MO MocTaM. B To Bpems
yiKe CTAJO NPaBHIIOM [1EPe( HAYalNoM JI0GOre CTPOMTENECTRA MPOBO-
JIUTH HCIIEITaHUE MAaTEPHANIOB.

B Poccuu Tleppas MalMHa [UIs HCILITAHWS METAIUIOB GRua co3zana
yoke B 1825 1., a cnycra 12 ner H®. Scrpuemberuit n3nan nepsriii kype
«CONpOTHBACHHE MATEPHAIIOB», B OCHOBY KOTOPOro GHUIH HONOXEHE!
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1. Mexanuueckue ucnsimanus Mamepuaros

1.1, Kpamxue ucmopuyeckue ceedenus
== e o

MHOrO HTANbHEIC 7aHHbie. [IpuMeprO B 310 Xe
Bpems OBUIa BBENCHA M OKCIEPHMEHTANHHO H3yueHa BEChMA BAKHAA
KOHCTaHTa B T HOTIE] i negopmarii, HIn

T Hyaccona, if TaK B YecTb ppaHiy3cKoro dumka
CuMeoHa Jienn Tlyaccona (1781-1840), suepebie TIOTyMBUIETO 31'y yu-

€CTBA N0 MCIBITAHMIO MATEPHATIOB. B 4MCIIE aKTUBHEIX OPTaHH3a-
TopoB 3Toro ofmecrsa OB H3BECTHBIE DPYCCKHA HIDKEHEp
H.A. Benemo6ekuit (1845-1922), BNOCACACTBHA CTABIIME €r0 BH-
ne-npesnnenaToM. H.A. BenemoGckuii oCHOBAN K TOMY e IIEPBYIO
PYCCKYIO HAYYHYI0 IUKONY B 0GNAcTH 3KCNIEPUMEHTANBHOTO M3yde-

pyry1o xoncranty. Teneps cymectByer Tabumma
enta [lyaccona amst pasfFaHEIX MaTepuanos M Ges ero ydera He oﬁxo-
JETCS HH OJIMH CEPhe3HRIN HHKCHEPHBIA paceT.

B xouue XIX B. HAYMHAIOT PAa3BUBATECS METOAMICCKHE OCHOBE!
MEXAHNYECKUX HCHbITaHVH MaTepuanoB. CephesHbie 3aciyrH B 3TOH
06nacTH TIpHHALTERAT YUEHOMY y Horanuy
Baywnnrepy (1834-1893) [2]. ITox ero pykoBomcTBoM OBLTa NO-
CTPOEHZ CaMasl MOMIHAS WCHBITATENbHAS MAIIMHA TOPHIOHTATBHOIQ
THIA, crocoGHas pasemBats cwiy zo | MH. B pansmeiimem Gbutn
CO31aHbl FOPU3OHTANLHEIC MALIMHLL, PA3RHRAIONIHE KTy Bemme 10 MH.
Bayumﬂrep TIOCTABIUI ONBITHL M BNEPBLIC HAYAJ TOUHO M3MEPATH Jie-
b P B MCORITaHus. g sToro oH w3obpen,
W3rOTOBHN K NPMMEHHI HOBRIK npuGop — TeH3oMeTp. UyBCTBATENE-
HOCTB IpHBopa oKa3anack 04EHb BHICOKOH, OHA yNOBJIETBOPAET Jaxe
COBPEMEHHBIM TpeGoBanmaM, DTOT yUCHBIH HaYal CTPOHTH THATPAM-
MEI PACTAXCHHI MATEPHATIOB, Hanocn Ha Bymare TOYKH, COOTBETCT-

y CHIIE H i e CTaBOIHE T-
BHWH NACTIOPTOM NPOYHOCTH Ma'repmula C ero UMeHeM CBRA3EH BaX-
meitmuit >¢dexT, 3aKmovaomuics B TOM, 9TO NPEABAPHTSNbHAS
HIACTHYECKAA AEPOPMAIIUA OIHOTO 3HAKA YMEHBUIAET CONPOTHBIAE-
MOCTR MATEpHANA B OTHONIEHHM MOCTEAYIoWeH nracTHdYeckol xe-
dopmanuu ofpatroro 3naka (3ddexT Baymmnrepa).

B xonne XIX B. un P €ITH 6:
JIMMOCTB CO3MAWHA CAHHBIX [/IA BCEX CTPAH YCNOBMH H METOHOB
OlIEHKH MEXaRUYECKVX CBOMACTB MaTepHanoB. ITo HHHIMATHBE H IOX
HEMOCPEACTREHHBIM pyKkoBoacTBoM Baymmarepa B 1884 u 1886 rr. B
Mionxene TPOXOAST KBE MEKAYHAPOIHbIC KOH{EPEHUMH, NOCBA-
WEHHBIE 3TOMY Bompocy. B 1889 r. B cBasm ¢ npeacrosmeit Mex-
XyrapomHOHW BHCTaBKOM B [Tapmke GRII CO3BAH KOHIPECC IO NpH-
Knaguo# Mexamuke. Ha 3aKMOUHTENBHOM 3aCCHAHHMH ITOTO KOH-
rpecca GBIIO TIPHHEATO P o 0 06-
10

Mexay

HHS BOTIP NPOYHOCTH MaTepHaloB. EMy Xe NpUHAINEKUT CO3-
naHKe nepsoil B Poccuy nabopaTopul, NpeaHa3HAYCHHON ANs H3y-
YeHHA MEXAHMHECKMX CBOHCTB MaTepuaioB. B 3TO BpeMms akTHBHO
Ppa3pabaTrBAlOTC M BHEAPSIOTCA PA3IMYHBIE METOIEI HCCNEN0BA-
HHA MATEPHAJIOB, HANPUMED ONTHICCKHH METOJ MCCICIOBAHHs Ha-
Apskenni MakcBenna, MeTON YAApHOW BASKOCTH (paHLy3CKOTO
Hecnenosarens [lapnu ¥ MHOTHE APYTHE.

B jjanpHeieM METOAb M CPEICTRA TIPOBEACHMS MCOBLITAHUHA Ma-
TEPHAJIOB TIOCTOSHHO COBEPIIEHCTBOBANNCE, H K HAaCTOSIIEMY BPEMEHH
OHH NpeACTaBNsoT cobol BechMa oOmHPHYIo 06macTh 3HammH. [lo-

ITOMY HaBHO Ha3pena HeC b B P Me-
TOZOB WCIBITAHMH MATEPHaIoB, HX K ¢ B
TIPAKTHIECKHX P Aauuii Uit MEp 0 KpyTa -TEX-

HHMECKVX M HayuHsix paGoTHukoB. Beumy Gombuioro pmnooGpazmx
COBPEMEHHBIX METOJIOB HCIBITAHMIA MaTep HX K

CTPOMTCS MO PA3NYYHLIM IPH3HAKaM. FIHOTIA Te WM MHBIE METOMEI
HCIBITaHNH MATEPHANOB TPYNIMPYIOTCA NO TPM3HAKY PEIICHHA KOH-
KPEeTHBIX 3a4a4, HANPHMEP 347184, CBA3AHHBIX ¢ PACUETOM H KOHCTPYH-
‘posanmem (1epBas rpynna 3agau) HIH ¢ TEXHONOTHEH W IPOM3BOACT-
BoMm (Bropas rpynna). JUis nepeoii rpynmbl 3a%ay HeoGXOTUMO MPOBE-
JleHHe HCCISHOBAHNA U ONPENENCHHE XAPAKTEPHBIX [apamMeTpoB, il
BTOPOH — KOHTPONh KaYeCTBa, THATHOCTHKA COCTOAHWS MALIHH, aHa-
U3 aBAPUHHBIX CITY4acB.

Yame uenons3yioT KIACCHPHKALMIO METOJOB HCIHITAHMI MaTe-
PHANOB N0 NPH3HAKY TOTO WM HHOTO CNoco6a BO3ACHCTBUA Ha HCCIE-
JTyeMbIH MaTepran.

t. Mexanuyeckue M TEXHONOTHUGCKHME HCIBITAHMA MPOYHOCTH,
AehOPMUPYEMOCTH, TIACTHIHOCTH, BA3KOCTH M Xapakrepa paspymie-
A, K 970} Tpynne MOXHO OTHECTH ONPENENSHHE CBOHCTB OBEPXHO-
©TH, HANPHMED TBEPIIOCTH H COMPOTHBIEHUSA H3HAIIMBAHHIO.
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/. A HCHbLmanua
=

I(/mccugukauwi MEMOO0E MEXAHUECKUX UCHLIMARUL

2., Pu3MYECKHE HCTILITAHMS, HPYMEHIEMBIC IS KOMMICCTBEHROTO
ONpENCIeHUS MEXAHUYECKHX (MOAYNB YTIPYTOCTH), TEPMMUECKHX
(2HEPTHA aKTUBAUKH), ONTHHECKHX (ONTHYECKAs NOCTOSNHHAS), dIeK-
TPHYECKHX W APYTHX CBOMCTB MaTepyana.

3. Mccneoranys TOHKOTO CTPOSHHSA ¥ CTPYKTYDEl MAaTepHAa M HX
M3MEHEHHA (Hanpumep, MeTannorpad)mecxun Meton).

4. Koutpons, Ha #CTBHM PasnuuHBIX hopM
SHEPTHH C Ma OtH MeToan OT NPEUMYIIECTBEHHO
Zns TIPOBEPKH 32rOTOBOK H AETaleit MANIMH ¥ YacTO HCHOB3YIOT LA
HENPEPBIBHOTO KOHTPOJIS IAPAMETPOB KaYecTra.

5. Onpenenciue AedopManuii B HALPSKCHMI B JETANAX MAMH
(HanpumMep, TEHIOMETPHA).

1.2.K. b

METO/I0B HX HCIBITAHHE

B nacrosuiee BpeMA IPMMEHEHWE METOJOB MEXaHHIECKHX HC-
TEITAHUH 1 COOTBETCTRYIOMIEr0 HCHLITATENHHOTO 0B0pPYAOBaHMS CBS-

3aHO © M Tl nedopmup H pas-
PYWEHAS MATEPHATIOR U 3IIEMEHTOB KOHCTPYKUMI B PasivHBIX yC-

JIOBHAX, 2 UMEHHO B M OT BHAA 0
(0ZIHOOCHOE, ABYXOCHOE H TPEXOCHOE); CTATHYECKOTO, IMHAMHYECKO-
TO M UHKAMYECKOTO HATPYKECHHS; HUIKMX, HOPDMANBHBIX M BEICOKHX
TEMICPATYp U T. A. 3a7a4aMHi TAKUX HCCIEIOBAHHN MOTYT OBITH Mpo-
BEPKA CNPABEVIMBOCTH THIOTE3 M TEOPUH MEXaHHKH AepopMHpye-
MOTO TBEPAOrO TeNa, NONYUeHHE JAHHBIX O MCXAHHICCKOM H3MEHE-
HHH MaTEp npH Harp HX MeXa-
HHHYECKHX XapakTepHCTHK W OLEHKA HeCymeH cnucoﬁﬂocm 3NeMEH-
TOB KOHCTPYKIIHI MK KOHCTPYKIEH B LEI0M,

Mexanuueckue uCOBITAHAA K
obpasom.

1. o uenesoMy IpH3HAKY:

~ mpoBepxa cnpane;umnncm THIOTES, TEOPHH M OMPEACTAIOWNX
0 TBEPAOTO TeNA B PA3NMHIHEIX

e [3]

8.4 1- ! i
YCIOBHAX;
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— OIpeJIeNeHAE MCXAHMIECKHMX XapaKTePHCTHK MaTCPHAIIOB;
- d 0 KOH-

cTpyKUmi;

— KOHTPOJIb NOBPERACHAOCTH MAaTEPUAIa B KOHCTPYKIMH M ONEH-
K& OCTATOYHOMH [OJTOBEYHOCTH 3IEMEHTOB KOHCTPYKIlWH.

2. Tlo BUIy HANPSOKEHHOTO COCTOAHMS:

Te#

(POPMHpOBARMA U pA3p
HAA MATEPHANOB M JIEMCHTOB KOHCTPYKUMi DM OZHOOCHOM Halp#-
SKEHHOM COCTOSHUH (PacTDKEHHUE, c)xame, mmﬁ),

— HCCNEA0BAHME T u paspye-
HHS MATEPUANOB M JIEMEHTOB KOHCprKlmM TpH ABYXOCHOM HAmpA-
JKEHHOM COCTOSHHH;

= 3aKOHOM Tei AedopMup H paspymie-
HUA MaTepUalioB M EMEHTOB KOHCTPYKIIMA MpPH TPEXOCHOM HAIps-
KEHHOM COCTOSHHH;

3. Ilo xapaKrepy BO3AEHCTBAA BHEIIHIX CHIT:

— HCCNETIOBAHAE TP CTATHUCCKOM HATPYXEHHM (CKODOCTB Ae-
topmanuii mana);

- TIpH OM Harpy P
Q)opmaunn BEJNKa ¥ Peanu3yeTcs IpH yaape);

3 (-

TIPH LHKT HArpy (MacTOTHI HArpy-
senms ot 3 - 107 [ zo 100 kI'n). 3mecs pasiueaioT METOMIB HCCIER0-
‘BaHS MAIOLHIVIOBOH, MHOTOLHMKIIOBOH M BRICOKOYACTOTHO#H YCTATOCTH.

4. ITo TeMuepaType HCIBITARMIL:

— BHICOKOTEMITEpaTyPHBIC HCIhITank npy 323...3500 K;

— HU3KOTEMIEpaTypHEIE Henbrtasns npy 1,5...273 K;

~ HCTILITAHHSA B KIBMATHIECKOM Apanasone 273...323 K.

5. Io IpUpozEe HAIPY30K, BOIACHCTBYIONMX Ha OOBEKT MCHIBITAHMIA:

— OPH CHIOBOM
HbI¢ HArPY3KH, CHIIBI HHEPIIMH ¥ TKECTR);

- 1IpH BO3AEHiCTEMH Ha OGBEKT TEIUIOBLIX MOTOKOB ¥ HEONHOPOL-
HBIX TEMIIEPATYPHBIX N0JIEH (TEPMOCTORKOCTD, TEPMOYCTANOCTE);

— TIpH AEHCTEMA MOLUHBIX MATHUTHEIX M S/IEKTPHYECKHX NONEH.

O6BeKTH npu HenbITaHuAX — 06-
Paslisl, MOAEIH, MEMEHTBI KOHCTPYKIHA H KOHCTPYKIMH B HAaTypalb-
Hylo senuuuny. Hambonee mMpoKo ucmons3yrorca obpasusl. Ofpas-

13

BHH {(COCp ¥ pacmp




1. Mexanuueckue ucnbmanus pamepuanon

1.2 lCuuccuZukaqun MEMoO08 MEXAHUYECKUX UCHBIMAHUT

LOM Ha3bIBACTCA TENO CIEUMATBHONR (HOPMEI, TIOABEPraOIIEecs HCITBI-

plslx < ZIO(TFBT“‘J.HOH CTENEHBK AOCTOBCPHOCTH MOXHO CUWTATh, 910 Ha-
u pedy BO BCEX TOUKAX HCCNETYEMO-

TAHWIO [UIsl OUCHKH MEXAHMIECKHX CBOHCTB MaTepuana. B
BPEMs MCIIBITHIBAIOT pasHooGpasusie 00pasLsl, KDTOpBIe OTIHMIAIOTCA

ro oﬁp&'!ua Ommaxonu, T.€. B HEM CO3HAHO ONHOPOZHOC HANpPIKCHHO-

ApYT OT ApyTa (opMoOH, T Ha3 THIRE
opasions pernaMenTHpyIoTCs HopMaTHBaMu. K Hum D’I‘HOCZTCSI obpa3-
bl 1751 HCUBITAHUH Ha OIHOOCHOE PAaCTSDKEHHE 1 CKATHE, HA KPYIEHHE
¥ 13ru6, 06pasuel JUIs YCTANOCTHEIX MCIBITaHMIl M ip. MHorHe THIE

TAKUE YCIIOBHA SKCHEPHMCHT&
noT i1 TOUEK Ha e 1 obpasua
MOXHO cymm o neqmpmmmzx BO BHYTPEHHYX TOUKaX. [10 M3MEPEHHEM
SHEIIHUM CHJIAM MOXHO PacCUMTATE HANPSDKEHHA BO BHYTPEHHHX TOUKAX

obpasnos, B Hay it pa-
60'1‘0, HE pemamcampym‘rcn HOPMATHBHBIMM ROKYMECHTAMH, HarnpHMep
00pasibL ANA HCTILITAHHH B
Jng nonysenus H
MEXaHWIECKHX HCHBITAHMA 06pasb ,uomm-m OTBENATH COOTRETCT-
Bylommm TpeGopanmaM [4]. 3arotoBkn o6pasnos HOMKHEI G5ITH 0TO-
GPAHEL M3 [IPYTKOB, JICTOB MM OTIHBOK OHOM M TOH XK€ IVIABKH WK
TApTHH. l'lpe)xne BCErO U3y4aeTes XMMHYECKHI COCTaB MeTala Wiy
CIUIaBa, T. €. YCTAHABIMBACTCS KOIMYECTBCHHOE CONCPIKaHHE XHMHUYe-
CKHX 2JIEMEHTOB B HCCnenyeMoM Matepuane. Mexanuueckne CBOMCTBa
METAUIOB H CIUIABOB OYEHL CHJIBHO 3ABHCAT OT HX CTPYKTYPHOTQ €O~
CTOAHNS. METANTBl W CIIABE! NPEACTABIMIOYT COGOH TOMMKPHCTANIH-
HECKME BELIECTBA, NORTOMY MO TIDOBECTH POCTPYKTYD-
il anamis. CTPYKTYPHOE COCTOSHHE META/NIOB 3aBHCHT OT PEXHMA
TepMOOGPABOTKA, TEXHOJIOFMH UTHS WIM NPOKATKM. Bes aHamus xu-

H (yeMoro o0pasiia, IPHHSB THIOTE3E! OAHOPOIHOCTH, crulorm-u:cm "
miotponnocty. Ha paboueii wacTu 06pasiia BHLACIACTCA PactieTHEH Y-
CTOK, KOTODSIH UCTIONb3YeTCs A M3MEPCHMA COOTBETCTBYIONMX Napa-
METpO® (YIUIMHCHHH, yKOpOUeHHl, YITIOB 3aKPYUMBAHKA M HOBODOTA, H3-
MEHEHWH TIONEpEHHbIX PA3SMEPOB H AP.)

Yauwe Bcero ofpasell npeictaBaseT CobOH CTEpKeHh KpYraoro,
KOJBLECBOr0 MM OPAMOYTONBHOTO NONEPEHHOT0 CEHEHHA. (DOpMﬂ pa-
Goueii yacTH ofpasua 3aBHCHT OT BMAA 3aroTOBKH. Ecmi B E(ZNECTBE
FAroTOBKM MCNONB3YEICH IIPYTOK, OT/IMBKA WM JUCT GONBIION TONMIIA-
HEl, TO paGo4as YacTh 06pasna WMEET NIIHHAPHIECKYIO bopmy; ecu
3arOTOBKA — OTHOCHTETHHO TOHKWMI JIMCT, To paGouan 4acTs ofpasna
HMEET NPHIMATHYECKYO (popmy. [lponece momyuenys 3arOTOBKH 06-
pasta pPeriaMEeHTHpYeTCs HOPMATHBHBIMH JIOKYMEHTAMH. TIpennosaTa-

oOpasen it GopMeL

Obpazen nony'-lalor Mexamaeckoil ofpaboTkoll (TouenmeM, (pese-

MHYICCKOIO COCTaBA M CTPYKTYDHBIX XapaKTEPUCTHK METAUTA HEBO3- P ¢ p ). TIpH 3TOM HyHO HCKIIOSHTE
MOXHO JOCTATOYHO HAIEKHO OLCHATh €I0 MEXaHHYECKHE CBONCTBA. X CBOHCTE P ofpasia OTHOCUTEILHO
Beskait obpasen cc T pabodyio 4acTs, B POH pealusyioTcs CBOHCTB 3ATOTONOK. B PHIX CIYYasX B
P o fedopmup cocwom-xmm Heobxo- XauecTse otca nomydaby Bl (mp JICHT3,
AUMOCTh Pear3alHu p 0 P 0 HWTH, KAHaTHI, apmarypzl MT.IL). —
cocTosHuA B paboueii wactu ofpasua §B3aHA © TEM, ar0 He cymecrsy- K reomerpuueckoil gopme oGpasna NPEIBABIAIOTCS TPe “CT:
€T METONa NPAMOH OLEHKH B TOUKax Jaed p 0 PETNIaMeHTHPYIOTCH HopMaTuBHthH JOKYMCHTAMH U M "
Tena [4]. Cymectsytompe MeTOME! nedop: Ce T8O TeOMETPHICCKOA (opMbl o6pasna no3BoNs
P A e M3MEPATS Jied Ha €T IPARKIBHO OLEHMTh PE3YBTATE HCIILITAHHI K BOCIPOM3BECTH DTH
BHEIIHEH TIOBEPXHOCTH HCCHEAyeMOTO Tena. By y i B pesy 61 B y onsrrax [4]. HeaomycTuMel H3MEHEHHA
TOYKAX TENA OLECHHBAIOT 10 BHEIIHUM CHIaM, HO 3TO TOMB- pasmepos paGoyeit HacTy 06pasiia, HCKPHBICHHE €O OC:
KO NPH COOMIONEHNH ONPEASNCHHBIX YCIOBHIA. H npyrue TEOMETpPHICCKHE " tBa QopMBI, TP pian
VYenosns myTeM BhiSopa YCTH P dop 0

(bopMEI 06pasiia, IPUNOKEHHEM K HEMy TAKHX BHETIHMX CHUL, IDH KOTO-
14

, Apeny PEHHBIX HHCTD!
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1. Mexanuseckue ucnoimanus Jamepudion
3HauHTeBHOE Ha Bl i

cc P M paGouelt wactu ofpasna.
Ha.'mlme LapAIMH, BMSTHH, OCTPBIX Hanpewn, PaKOBUH MOMET PHBECTH

0

Fl Kﬂaccuguxazwi MEM0008 MEXAHUYECKUX UCHBIMAH!
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9T, B CBOIO 0YEpELD, K p p paspy Ma-
TEPHANA M HCKA3UT T8I omerTa. [Llep B BHEIIHCH NO-
BEPXHOCTH paloveit JacTi O6Pa3ia It CTaTHYECKIX MCTIBITAHIH A0JDKHA
COOTBEICTEOBATh LIEp TOCTH, y ¥ TOHKHM W

b p UL YCTANIOCTHEIX HCTIRI-
TaHHH, [EPOXOBATOCTh TIOBEPXHOCTH [OJDKHA OKITH HITKE M JOCTHIATECH
TOHKHM MNMAQOBAHHEM # TIOIMPOBAHKEM.

O6pasen 11 MeXaHUIECKAX HCHBITAHKH A0MAeH GRITH OIHOPOI-
HBEIM [10 XMMHICCKOMY COCTaBY M MHKpOCTpYKType. Ha pabogeit qactin
ofpasna He AOIKHO GEITH P TPEMMH, HHOD
BKIFOYEHMH 1 APYTiX AedieKTOB CTPYKTYpHI, RIMAIOMMX Ha pachpene-
JIEHUE BHYTPCHHUX CHJL, T. €. IPUBOAAIMX K HEONHODOXHOCTH HANps-
HKEHHO-BebOp o Crpykryproe coctosHue 06-
pasna KETBTETBAO TH Hep; "0 KOHTPO/IA.
OBpasnsl, coAepxaniue 3aMeTHsIC AeeKTh CTPYKTYPEI, HOIKHEI GHTH
otfpakoBans! [4].

Ha crpyxrypHOE COCTOAHHE METAIIOB M HX

Puc. 1.1, [fumapHueckni oépaseu Puc. 1.2, Tvnsr ronosox wmuﬂnpu-

QUL MCTLBITAHMH Ha P geckux ofp s HA
1 — ronoska; 2 — paGoas racTs pacTakeHue
KOHCTPYKUHI HCHBI HOH COOT BU-

JIy Harpy3ok Ha oGpasen (puc. 1.2).

* [Hnsa nnockux o6pasiios KOHCTPYKUHH FONOBOK Gonee omHo0Gpas-
mE1 0 topme (puc. 1.3). Mepexon ot pabodeil YacTH K roNOBKAM Je-
MaeTcA NIarHsIM, 663 Pe3KOro HIMEHEHUs POPMBI, 9TOOH YMECHBLIIHTE
KOHIEHTPALHIO HANPSKEHHHt B TeM caMBIM obecmednth B pabouei
"actv obpasna p H COCTOSHHE.
Hrmna paGoucit qactu B 5-10 pas npessimaer ee HanGoNbLIwii noMe-
‘peunsiii pasmep. [lep H ygacTok TCA B BHAE TOpo0G-
pasHOH WIM KOHWdeckod mnomepxHocTH. Croco 3akpereHma 06-
PasUOB HE AO/DKEH AOMYyCKaTh MX NPOCKATb3BIBAHHA OTHOCHTE/BHO

TIO3ITOMY OHA JIOMKHa CTpOorO
COOTBETCTBOBATH 3anaHHou [4] Ha cTpyxrypHOe cocToAHue, 1o Kpait-
HEH Mepe, TMOBEPXHOCTHBIX CIOER 0fpasia 3HAYHTENILHOE BIHAHHE

TP it 06paboTKn (CKOpOCTh H IyGHHA

PesaHud, OXNANKICHHE), TP X HOMY HA4KIEeIy.
TlopepXHOCTHEIR Haxsen ¢ s o6p ManeX
P ). Hexoropeie Bumer TepMo-

oGpaGorKn, HainlMep 3aKaJIKa, MPUBOAAT K HEOAHOPOAHOCTH CTPYK-
TypsI ofpasua, p G ero , TAK KaK rmyGuHa

TePMOOGPaBOTAHHOTO CII0% MOXKET GBITE HEBENMMKA.

Teometpireckue GopMbI 0GPA3OB W3 METAIIIOB H CILTABOB, TIPCA-
Haj) ansg YNPYTOIIACTHYECKHX H IPOIHOCTHBIX
CBOMCTS, BECbMa MHOI P HO TIHPOKO
ofpaslis B BUJIE CTEPXKHA ¢ YTOMICHWIMR Ha ero KoHmax (pwc. 1.1).
Oty I DopMa TONIOBKH 3aBYCHT OT
16

CMSTTHS P P i r'ONIOBOK, & TAKXKE paspymme-
Hus 06pasnoB Ha MEPEXOAHBIX yUacTKax M B romoskax. Texmomorns
'HSTOTOBNEHMA O0pa3LOB AOKHA Th CTPOTYIO b
‘Tonook u paGoucit 9aCTH, NEPHEHAMKYIAPHOCT: ONOPHLIX IIOCKO-
‘crelt ronosok k oc obpasna. Brarofiaps BLICOKO#H TOYHOCTH H3TOTOB-
ACHRA 06]733“3, OCYIICCTBIACTCS Ka9ECTBEHHOC LIEHTPHPOBAHHE €ro B
3axparax COBPEMEHHBIX HCIBITATETBHBIX MAMIHH U TIPENOTBpANIACTCH
BHELIEHTPEHHOE pacTMKeHue [3].
Tlpy McHIBITAHMY Ha pacTaAxeHHe 06pPAILOB, HAXOLAIIAXCA B XPYyIl-
XOM COCTOSHHH, BCE MEPHI K KOHIEHTPALHH
RanpsHKeHHH M K BRICOKOTOYHOMY 0CEBOMY Harpyxenuio obpasua [5].

Ofpasenr 3 XpynKOro Marepuana
s S Y

nioka3aH Ha pHc. 1.4.
P He Puc. 1.3, Tonosku mnockux 06pas-

O6pasupl And HCTBITAHME Ha
CKATHE, KaK
HMEIOT TOJIOBOK W' IIp LOB A7 i Ha

17



1. Mexanuseckue uChbURGHUR MAmepuanos

1.2. I(Jlaccuﬁuxauwl MEMOO0E MEXAHUYECKUX UCHDIMAHUL

=

%

Pne. 1.5, OGpazen ana
HCTIBITAHUH Ha CKATHE

Prc. 1.4, O6pazen us xpynkoro Marepuana
AU HCTIBITARAH Ha PACTAMEHHC

c060¥t KOPOTKME LIMAMHADHL WM TIPH3MBI B 33aBHCHMOCTH OT BHAA 34T0-
TokH. OTHONIEHNKE JUIMHEL paloueii yacTi ofpasua K ero Haub Ty

O6pasiibl 115 UCTIBITAHHH TpH

T coBol T HMIHHAPHIECKHE TPYOBI ¢ ro-

nonxamn, KOHCTPYKIIHS KOTOPEIX 33BHMCUT OT BUAOR TEX HAarpy3okK, Ko-

TOpBIE AOMKHDBI OBITH nepesankl paGouei wacti (0cepas cuna, KpyTs-

gl MOMEHT, BHYTpEHHEe Wi 6o ux )

[4]. Ilpu mpoBeseHUM MCIHTAHMH B KaMepax BHICOKOTO JaBICHHS

geckue ofpasum [5]. Pamepsl u
Q)opma 06pa3iioB IS 3TOTO BUAA HCIIBITAHNKH HE PETNAMEHTUPYIOTCS.

HexkoTopeie BRI MCXaHWIECKHX HCTIBITAHMH 00pajioB METALIoB H

CIIIABOB PEFNAMEHTHPYIOTCS HOPMAaTHEaMM. K HIM OTHOCATCH MCTIBITAHKS

TCS CIL

TONEPETHOMY Pa3Mepy JUIs MPENIOTBPAIICHMA M3THOa HE NODKHO TIpe-
BemuaTh TpexX (puc. 1.5). Topuer obpasna HeoGXOAMMO M3rOTOBUTE Nta-
PAILICTBHBIMA APYT APYTY U NEepICHIHKYIAPHLIME 0CH 00pasia.
O6pasisl A1s HCTBITARMIA Ha KPYUCHHE MMEIOT MPUMEPHO TAKYIO
xe Gopmy, kak u ofpasus jin MCTLITaHKE Ha pacTmxenue. IIpume-
HAIOTCA KAK CIUIOMHEIE (puc. 1.6, a), Tak B nonkte o6pasusl, nonepey-
HOE KOTOPAIX — kom0 (puc. 1.6, 6). ITepe-
XORHBIH Y4acTOK B BHIE il ITOBEPXHOCTH.
Konctpyknms ronook nokHa 06eCHeTMTs TIEPEAady KPYTAIIETo MO-
MeHTa k pabouel wactu ofpasna. [onoBKM HMEOT JABE HIM HETHIpE
TPaHHM /s MePeiaun KPYTALIEr0 MOMEHTA OT 33XBaTOB UCHIBITATEALHOH
MalMEE! K 06pasiy. Ha paGoueit uacT# BRIAE/IAETCA PACUCTHEIN ydUa-

CTOK, B Ip KOTOPOTO YO yeTpofct-
Ba, p Th YTON 38Kpy

ST
e

L& ]

1

a 5
Puc. 1.6, OGpasiis! A% HCTILITAHHH Ha KpyHeHHE:
& — cnowmmol; 6 — TpyGuATE

Ha PacTHKEHHE IPH KOMHATHOH, H paty-
pax.uacm’meuna Py . Bmp ITHX i

'KHE XapaKTePHCTHKH METAJUIOB H CIUIABOB. HOJI[ MEXaHWIECKOH
xapamepncmon , XapaKTey yIpyrHe,
po wm nedor cBoiicTBa H CIUIABOB.

MexamiMeckye XapaKTepHCTHKH HOGAT yCIOBHBIH Xapaktep [6], Tak
KaK 3aBHCAT OT METOJa MCTIBITalmit M crocoa o6paboTKM SKCIEPHMEH-
TATBHBIX JAHHEIX, NOITOMY OLCHKY MEXAHUHSCKHX XApaKTePHCTHK Ipo-

BOAST CTPOrO peraMeHTyy Tro Jiiv
o6 H HX it M XapaKTepH-
CTVKA H CIIIABOB Omp B p 0 Ha-

! 0 M HMCTIONE3YIOTCA B PACYCTAX HA

TIPOYHOCTS H KECTROCTb MEMEHTOB KOHCTPYKITHI H COOPYIKEHNH.
K MeXaHUHECKUM XapaxTePHCTHKAM OTHOCKTCA: MOAY/L YIpPYroc-

iy, kosddmmenr [lyaccona, MOZy s CABUra, NPEAETH MPOMOPLHO-

HANBHOCTH, YNPYTOCTH, TEKY4ECTH W NPOYHOCTH, OTHOCHTEIBHBIE OC-
TATOYHBIC YANVIHEHUA W CYXXCHHA TIOCNIE paspriBa,

HenbITaHus Ha pacTAXKEHHE

1.
E

B BpEMst

HCIBITAHM HHIMHAPHICCKUX M THIOCKHX 06pasioB B YCHOBUSX OHHO-
+0cHOro pacTsakeHHA [6]. IIlupokoMy NPUMEHEHHIO 3TOTO BHAA HMCTIBI-
TaHNH CIIOCOGCTBYET OTHOCHTENbHAA MIPOCTOTA MX OCYIICCTEIICHUS, TaK

Xak umeeTcs G i mapk 24 LHEIX HCIIRITA-
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1. Mexanuseciue ucnsimanus amepizios

1.2, Knaccmj;wmzwi MEMOD08 MEXAHUYECKUX UCTILIMARUL

TEMEHBIX MalKH, PaspaGoTans n BechbMa 4acTO HCTIONB3YIOTC HANEK-
HEIC M BHICOKOUYRCTBHTEILHBIC npuBops! (TEH3OMETPEI) WIS H3MEpe-
HHA i i (aedy i). B HCIIBI-
TaTCIBHBIX LIHPOKO TIp O5BM nnx p
npoueccaMu uenuTaHuH, cGopa um 06paGoTKH IKCTIEPHMEHTANEHBIX
JIAHHBIX.

Mertoz ucTbITaRM# 06Pa3IoB U3 METAIUIOB M CILIABOB Ha PaCTMike-
HME TIpH KomHaTHO#H Temmeparype (10...35°C) permamerTHpyeTCH
TOCT 1497-84, npenycMarpuBaiomMM CEMb THIIOB LHAIHHAPHHUECKHX
1 AB2 THNA MNOCKHX 0BPasioB, KOTOPLIE OTAMYAKOTCA APYT OT APYTa
¢bopmoii 1 pazmepamu.

Hcnnitanye Ha pacTAXeHne 3aKMOYACTCH B AHOPMUPOBAHUY 33-
KPEIUICHHOTO B 3aXBaTaX HCIBITATENEHON MAMUHGI 06pasia U3 HCCae-
AyeMmOro matepuaia 40 HACTYILUICHHA €TO paspymenns. B mpouecce
HCTIBITaHHH U3MCPRIOTCS CHITa, MEHCTBYIOWIAs Ha 00pasell, U y/iuue-
HUE €TO PACYETHOTO yaCTKa.

TlepBuHsiM PEYYIBTATOM MCTIHITAHHM Ha PACTAKCHHE ABJIACTCH

Th CHMEL OT YA KOTOpas HOCHT Ha3BaHHE JAWa-
TPaMMbl DAcTSXKEHHA oOpaslia. DTa 3aBHCHMOCT NpPEACTABIACTCS
iy B rpaduueckoil dopme, WM B 1HbpoBoH. B MCIBITATEIBHBIX
MaIIHHax CTapsiX KOHCTPYKIMM JMarpaMMa pacTSXCHHS obpasna
3aMKCHIBANACH RMArPaMMHBIME aNllapaTaMH MEXaHHHUECKOTO THNA, B
MAIIHHAX YAYIIHEHHBIX KOHCTPYKIHMH 3T4 IMarpaMMa PerucTpupoBa-

rae F — cuna, NpriIokeHHas k oGpasuy; Ao — HayalbHas [LI0MAanb
MOTIEPEHHOTO CeYCHHA 06pasiia.

Tlpunsitas rHROTE3a 06 P ¢ 0 CO-
CTOAHVSA JKBHBAJCHTHA THIIOTE3E [UIOCKHX ceqel-mu [4] COTJIACHO KO-
TOpOH TIONEpeIHEIE obpasua, JIO Harpy , 0CTa-
JOTCSA [UIOCKUMH K TIOCHE HATPYXCHIS, CMENIAsich BIONb OCH ofpasia
OTHOCHTE/BHO APYT ApYTa. 3Ta IHNOTE3a HO3BOJISET BEMHCIUTE OTHO-
CHTETBHYIO IIPOIONEHYI0 AcdopManrio ofpasua

=lo‘

1ae Al — YIUIMHEHHE PacueTHOro yyacTka ofpaing; lo — HayambHas
JUIMHA PACYETHOTO Y9acTKa ofpasiia.

3aBUCHMOCTE C =€, TNOIy4YCHHAd NpH YKasaHHBIX YCIOBHAX, Ha-
IBIBACTCH YCNOBHOM AMArpaMMOR PacTSKCHHA METalna. YCIoBHOCTH
€€ 3aKIKYACTCA B TOM, YTO OHA IONYHCHA ITPH HCH3MCHHBIX Havanb-
HBIX pa3Mepax PacyeTHOTo ydacTka obpasua, B TO BPeMA Kak IpPH HC-
TBITAaHMK Ha pacTaXKCHME HAadalbHaA IUIONI3/b NONEPEIHOrO CCUCHUA
oﬁpaxua YMEHBIIAETCH, 2 HaYalbHasl JIHHA pacdyeTHOro y4acTka yBe-

JIach JMEKTP NBYXKOOp THRIMH CaMi B

COBPEMEHHBIX MCIBITATEIBHBIX MAIIMHAX 3aBUCHMOCTE F = f(Al)
perucTpupyercs B 1nbpoBoil popMe, BLIBOAKTCA Ha IKPaH MOHHTOPA
M TEYATaloNIee YCTPOHCTBO.

@ynkuns F = f(Al) 3aBMCHT OT CBOHCTE He TONBKO MaTephaia,
HO ¥ 00pasua Kak IeOMCTPHICCKOTO Tena. JIns OLCHKH MEeXaHHde-
CKMX CBOMCTB MeTanna HEoGXOAMMO HCKAKMHTH Pa3Mepsl o0pasma.
3T0 MOXHO CIENaTh, NPEANONOKHE, UTO HA PACUETHOM YHACTKE 00-
pasua pPeanusyeTCcs ONHOPOIHOE HANPKEHHO-NehOPMUPOBAHHOE
coctosnue. [lepexox oT Auarpammel pacTskeHus ofpasua K Jda-
TPAMME PACTSKCHUS MATEPHANA OCYIIECTBIACTCS MyTeM BRIYMCIICHHS
HOPMANBHBIX HANPAKEHUA B MIONEPEYHOM CEHEHHH PAcUeTHOro yua-
cTKa 0bpa3na:
20

. Tpu mManbix aed pasme-
pop paoueit yacTy 06pasla HE3HAYMTCNBHEL, TIOITOMY YYET 3THX M3-
MeneHuil Be nposogutes. IIp Gompmkx medOpMalMAX W3MEHEHME
HAYaNBHEIX pa3MEpOB BODKHO GmTh Y4YTEHO, TOTAa

The A — NIOMANL NOBEPXHOCTH NOTEPEYHOTO CEUCHHS PACUCTHOTO
YdacTka 06pasia; I - AIMHA PACIETHOrO y9acTka ofpasua.

JluarpamMma PacTSKEHHA META/LIA, NONYHEHHAA [IPY 3TUX YCIIOBUAX,
Ba3RIBACTCH HCTHHHOM. Uamie B PAcueTHON NpPAKTHKE MCHONB3YIOTCH
YCHOBHEIe AMArpaMMBl pacTxenus (puc. 1.7, 1.8), xoTophie oTmda-
10TCs GONBIIMM pasHOOBpasneM.
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Puc, 1.7. Vcnosueie anarpammsl pac-  Pue. 1.8, YenosHele auarpaMmbl pac-

TAKEHHA MATEPHalOB, HAXONAIIMXCA B TAXEHHUA MaTEPHANOB, HAXOMSIIHXCE
IIZCTHLHOM COCTOSHHN B XPYIKOM COCTOSHHH

OcHOBHBIC 0CODCHBOCTH TMATPAMMBI PACTSIKCHHS METAIIIOB MOX-
HO PACCMOTPETh HA HPHMEPE AHATPAMMEBI PACTAKEHHA HM3KOYIIEpO-
JWACTOH OTOXOKSHHOH CTaiH (comepxkanue yriepoaa ao 0,30 %). Ilpu-
MEpHEIH BUI 3TOH IHArpaMMEI IOKa3aH Ha puc. 1.9.

Ota MarpaMMa YCIOBHO MOXeT GLITh pasie/icHa Ha YETRIPE YUacTKa
(7]. Yuacrox OA nassiBaeTcs 30HOH ynpyroctd. B arol sone Hampg-
KeHuA B AedopMaIiy CBs3aHE 3aKoHOM ['yka

o =Eg,

rae E — Monyns ynpyrocru.

¢4 HanOONLIIGE HATPIKEHME, IIPH KOTOpOM eumie cobmopaercs
nbHAs Tb MEXIAYy HANPDKCHHEM M

nmedopManueii.

Ha npaxTHKe HCDONB3YIOT TIORATHE YCHOBHOLO (TeXHIYECKOTO)

YHATBEHOCTH, pPbIif HAXOMHTCA H3 YC/IOBHA CTPO-

]'0 onpeneneﬁﬁoro OTKJIOHCHHS OT 3aKOHA ryKa, YCTaHOBJICHHOI'O TEX-
HHYCCKHMH yCIOBHAMH.

v TbHOCTH TaKoe
HATPSDKEHHE, TIPH Ko‘ropoM TaHTeHC YIVIa HAIUIOHA KacaTeNbHON K THa-
tpamMme G6=~¢€ B 1,5 pasa Gonsmie TaHreHca yria HaKIOHA THHEHHOTO
?'KBCTKS 3TO# AHArpamMMbl (YToJ OTCIUTHIBACTCH OT OCH O).

Yuacrox CD (cm. prc. 1.9) HassiBaeTCs 30HOH o6mieH TekydecTH,
‘4 TIOUTH TOPH3OHTAJIBHEIN Y4aCTOK JHATPaMMBI — ILTOMANKOH TeKydJe-
cTi. Mexny Touxamu A ¥ C pacronaraeTcs NepeXoIHbli yIacToK, Ko-
TODHIH XapaKTEpH3YeTCA TEM, UTO 3HECh 3aKOH ['yKa HapymaeTcs u B
hCCHE}:lyEMOM META/JIE HAUMHAIOT HAKAMNMBATECA IUTACTHYCCKHC HC-
dopvannn. Mexay touxkamn 4 v C MOXHO HaliTh Touky B, KoTopas
ABIICTCS rpamlueu MEXIY ynpyrmm (ofparuMBIMH) ¥ YTIpyromna-
cT b COOTBETCT TOuKE
B, nasbBaeTca MPENENOM YNIPYTOCTH O JTO MAKCHMATIBGHOE HAMps-

HAEHME, 10 TOCTHKEHHA KOTOPOro Bee JehopMallum B METaLIE ympy-
rue, T. €. oOpatuMeic. Ha MpakTHKE HCTONBIYIOT MOHATHE YCIOBHOTO

TIpesiena YNpyrocTy.

JUtt META/UIOB 9HCICHHOE 3HAYCHHE MOMYIA YUpYToCTH mpH: VCnoBREIM MpERenoM YTIPYIOCTH HAZMBACTCS NATpSKERHE, MpH
MEPHO IIOCTOAHHO, 4 CaM MOIYJIb YUpyrou TIACT, ‘L paBHO , yKa-
MaTepiang U XaPAKTopHIyeT Canpar ympyrnM fedop mnomy » TOCT 1497-84. Mnactaueckas Jnedopmans, COOTBETCT-

am. [as craneit £ = (2,0...2,2) - 10° MTIla, ans anOMMHHEBBIX CIUIa-

s Bob E = (0.7...0,75) - 10° MTla,
£ IS MOSTHOHEHOBBIX CILIaBOB E =

BCL X =33.10° MIla u 7.2 3axon
7] T'yka coGmioaacTes 10 AOCTHHKE-

HHd HalpSOKEHHH, HA3bIBACMOro

(Trolu(a A). [TpegenoM mpomop-

4 13
Puc. 1.9, [luarpaMma pacTAKEHHS HI3-
IMOHAIEHOCTH O, HasHBaer-

KOYTIIEPOAKCTON CTan

22

BYIOMAd YCHOBHOMY HDCHENY YIPYTOCTH, MOKET MMETh Pas/HIHBIC
anauenns, nanpumep 0,01, 0,02 wm 0,05 %. 310 3aBHCHT OT JyBCTBH-
TEJNBHOCTH TEH3OMETPOB, NPHMEHAEMBIX /1T H3MEPEHHS MAlkIX YTpy-
TOINACTHYCCKHX e opMaItHi, ¥ 3a1IPOCOB NPAKTHKH.

Baxuefieii MexaHuuecKOH XapaKTCPHCTHKON METAIIOB M CILIa-
BOB, HAXOIAIIMXCA B IUIACTHYHOM COCTOSHMH, ABIAETCS MpPEJEN TEKy-
gecTH. IIpy HANAYMM Ha THArPAMME PACTSOKEHUA IUTOMANKH TEKYIECTH
MOKHO ONPERETHTSL (GHIMYECKUH NPENCH TEKYIECTH KaK HAIPDKEHHE,
COOTBETCTBYIONIEE UIONANKE TEKYICCTH.
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QU3UIECKHM [PEACTIOM TEKYUECTH O, HASHIBACTCH HAIPSDKEHHE,
Opy KOTOPOM HAUMHAIOT MHTCHCHMBHO HAKATUTMBATHCS ILTACTHYECKUE
AedopMaliEy. ITOT NPONECC TPONCXOAUT NPH NOYTH NOCTOSHHOM Ha-
TIPKEHHY,

JluarpaMMsl pacTsDKCHHA GOMBIIMHCTBA METAIUIOB H CILTABOB HE
HMEIOT ILIOLIAJ0K TeKydecTd. B 2T0M ciiydac onpeensercs ycAOBHBIH
FIPEIICT TEKYHECTH.

TEKyHeCTH Hanp
JOCTHTaeT 0

p , TIPH KO-
TOPOM TUIACTHYECKAs ;
BenuunHa JIONYCKa HA IUTACTHYECKYIO JAehopMauuio ycTaHanmae’rcﬂ
TOCT 1497-84 n xonebnercs B npenenax ot 0,1 0 0,5 % B 3aBUCHMO-
CTH OT BO3MOIKHOCTEH HCTIITATENBHOTO 0G0PY/OBAHMA K MPAKTHIECKOH
Heo6xonuMocTH. OJHAKO Yamme #enomsayercs sHadenue 0,2 %.
Vaactok DE (cm. puc. 1.9) HasHBaeTcs 30HOH yTpounenma. B mpe-
zenax 9104 30HH Kedop METAUIA CONp
HANPIDKEHHs, HO CKOPOCTE €I0 POCTA BO MHOTO Pa3 MEHBILE, e B 30HE
ynpyrocTH. B koHIe 30HE ynpoureHMs (rouxa £) AOCTHTAeTcs MaKkCH-
KOTOpoE P M.
TIpenen NPOYHOCTH METANIA G, BBIMHCIETCA KAK OTHOIICHHE MAKCH-
MaIBHOM CHJIBI, BOCHPHHATON 05PaslioM IPH KCIRITAHHH 10 HAcTyTUie-
HH €T0 PAa3pyIIeHNs, K HAYaMbHOHN IIOWIA/ (M TONEPETHOTO CEYCHHUA.
Yy MAaTEPHANOB, HAXOAAMMXCA B NACTHYHOM COCTOSHHUH, 3HAGE-
HHMC mpenena NpoYHOCTH CYLIECTBEHHO OTAMYAeTCA OT 3HAYeHMI Ha-
i, KOTOpEIE p TCH B JI@HHEIH MOMEHT MCHBITAHMI B
06pa3ue, TaK KaK NPOU30ILIO 3HAYHTEIBHOE H3MEHEHHE pasMEpPOB 06-
pasna. Y MaTepHaoB, HAXOAAUMXCA B MATOIUIACTHYHOM H XPYIKOM
COCTOSHMAX, IIPENE) TIPOYHOCTH COOTBETCTBYET ACHCTBYIOIMM B 3TOT
MOMEHT TIpenen mp M W TpeIeN TEeKyHeCTH sB-
JAIOTCS BAKHEHITHMHE MEXAHHUECKMMH XapaKTepHCTUKAMM

KpoMme xapakTeprcTuK npouHOCTH (O, Oys O, W G,) IPH HC-
fIBITAHVAX HA DACTHKECHHE HAXOMAT xapamepucrmm nedopManmoH-
HBIX CBOHCTB Mertayuios. JIBe M3 HHX — OTHOCHTENBHOE OCTATOYHOE
ywmueuue TOCNE PasphiBa M OTHOCHTENBHOE OCTATOMHOE CYKEHHE
Ti0CITE pasphlBa — PerNaMEHTHPOBAHE] HOPMATHBHBIMH JOKYMEHTAMH.

HcenpiTanns Ha ckaTHe

HcnbiTanus Ha CxKaTHE TIPOBOAATCA JUIA METAILIOB H CILIAKOB, HA-
XOISIIMXCS KaK B IIACTHYHOM, TAK M B MAJOIUIACTHYHOM COCTOSHHMK.
BroT MeToa neneITaHui pernamentupyercs NOCT 25.503-84 u ocy-
mecTNsetcs npu Temneparype 10...35 °C u crammveckom gedopmu-
poeanny. F'OCT 25.503-84 npeaycmatpusact Tpu THna o6pasmoB ¢
FNAIKHMH TOPUAMA W OJMH — € BBITOYKamy Ha Topuax. Tun o6pasuos

B TH OT C HX XapaKTe-
pHcTUK. [0 pesynbTaTaM HMCOBITaHMH OGPa3LOB HA CXKATHE HAXOAT
CRENYIOUIME MEXAHHYECKHE XaPaKTEPHCTHKH METAVIOB M CILIABOB:
MOJlyNlb yNIPYTOCTH, NIPeJient! NPONOPUHOHANBHOCTH M YIPYTOCTH; (H-
MMECKNF 1 YCTIOBHBIN IPEJICHTB TEKYHECTH 1 IPEAEI NPOIHOCTH.
¢4 YenoBus, KOTOphie AOIDKHEL COOIIO-
ABTLCA TIPH MCTIRITAHMH Ha CHKATHE, TE XK€,
¥TO H [IPH WCTIbITAHAN Ha pacToxenne. On-
BRKO NPEXBABLIOTCS G0ee BRICOKHE Tpe-
Gosanus k ueHTpHpOBaHMIO Ofpasa: ab-
YOMIOTHO HENOMYCTHM IIEPEKOC ONOPHBIX
hmir, nepefaromuX cuny obpasuy. HMomer-
TEHHA Ha CKATHE NPOBOASTCH, KAK NPABH-

H CIINAaBOB, HX B JUTEPATYPE.

Vuactok EK Iuarpammel pacTsxenns (cM. puc. 1.9) nassisaercs
30HOM MECTHOH TeKydecTH. B 3Toii 30me Ha paboueii wactu ofpasua
ofpasyeTcs MECTHOE YTOHGHWE, KOTOPOE HA3RIBACTCH WIeHKoH. Y-
HEHHE 06p63].la B 3TOT NEPHOR VICTIBITAHHH B OCHOBHOM TIPOKCXOIMT 32
cuer pedopmaumy medkd. Gacrtn ofpasia, yZajeHHBIE OT IUeHKH,
TIPaKTHYECKH HE YIUIHHAIOTCA,

24

Ho, ¢ 0rQ IpH-
Cnocobnenus, B KOTOPOM JTOT NEPEKOC
npenotspaniaercs (pac. 1.10),

Tipu ucnsiTaHuAx Ha cxkatne obpasen

CTAaHNAPTHLIX (JOPMEI U PAsMEPOB MOME- Qopagen
HIACTCA B NPUCTIOCOONCHHE, YCT Prec. 1.10. Ip
HOe B HCOBITATENBHOM H mojisep- TIPH  HCTIBITa-

TaeTCA HENpEpBIBHOMY TUTARHOMY fedop- HHAX Ha CKaTHe
25
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£ MHPOBAHHMIO 70 HAOCTHKCHHS 33JaHHOTO

dop MM [0 HACTYTLIE-
3 uus paspymerust. Ilpn aTOM perncTpupy-
L3 ©TCs  3AaBUCHMOCTH MEXITY C)KHMZ\IOI.“C“

,: Y CWIOH H YKODOYCHHEM PacueTHOH JTHHBI
N // /] obpasiia B BHAE AMArpaMMBI CKATHA obpasua.
McnbTaRMe Ha CKATHE MMEET Xapak-
Puc. 1.11. Msmenenne Gop-  TepHBIE 0OCOGEHHOCTH, CYIIECTBEHHO OT/H-
MBI 06pa3na npx CKATHY QAIONIAE €ro OT UCILITAHMA Ha PACTKE-
HHe [8]. Dn 0COGEHHOCTH 3AKITOYAIOTCA B CAEKYIOIIEM.

1. O6pasupl M3 IUIACTHYHEIX METAINIOB HE PaspymIaloTCs, MMed
3HAYATENBHYIO  Achop p 10 aedop TpK
Pa3peiBe B YCAOBHAX OJHOOCHOTO PacTAXCHHA.

2. PeaynTaTel HCIBITAHHH 0GDPA3OB HA CKATHE CYMECTBEHHO 38~
BHCAT OT OTHOIIEHYA PACUETHOM JUTMHBI 06Pasia K ero AHaMeTpy.

3. Ha npesiell NPOSHOCTH ¥ XaPAKTEPHCTHKH IVIACTHYHOCTH 3HA-
SMTENBHO BIMAKT CHIEL TPERHS Ha OMOPHBIX Topuax ofpasia.

B npouecce Harpyxenus ofpasna CKUMAIOUIMMY CUIAMA JUTHEA

a JMaMETp Y csl, pAYEM MO uTAHe ofpasna
JMaMETp ¥ P e Oro mp T K CYIIECTBEH-
HOMY H3MEHeHHIO (hopMBI 06pasua — OH CTAHOBHTCH 60uK006pa3HEIM
(puc. 1.11). BoukooGpasHocTs 06pasia MpH CKATHK BOSHHKACT BCACA-
CTBHE TPEHHS KOHTAKTHPYIOIIHX NOBEPXHOCTEH CHMMaEMOTO obpasna
n npucriocobnenus. CHIbi TPEHHS IPENATCTBYIOT nonepeuHoi aedop-
Maruu o6pasua.

Xapaxrep dop 0 B obpasne
pH paseuTol Hot p H it 1 PORH Vueers
3ITy HeO/IHOPONHOCTH HpH 0GpaGoTke Pe3yNBTATOR HCTBITAHHH HA CHATHC
HEBO3MOXKHO, TIOITOMY IPHHUMAIOT, TT0 N0 BeeMy 00BEMY ofpasua ma-

D e U e [6]. Takam
Y
G=—),
AD
TAE O — HOPMAJIBHOE B TONEP P 4
F — cuna, felicTeyromas Ha ofpasel; Ao — Ha9albHAL IUIOTANE TIO-
p TH TOnEp o obpaina.

26

Puc, 1.12. O6pazen ¢ Puc. 1.13. O6pasibi ¢ KOHUYECKAMHE TOPLAMH:

6—Ges

a—

1 — monocTu ans RBeRe-
HHA  CMAIOTROrO  MaTe-
puana

10651 feHCTBUTE/ILHOE HATPKEHHOE COCTORHME B ofpasue coot-
BETCTBOBAJIO TIPUHATOMY, HEOGXOMMMO YMEHBILIHTE WIH HCKIIOUKTD CH-
Sl TPEHHA. ITO JOCTHTACTCH CMa304HOTO P B 1O~
JOCTH Ha Topuax obpasna (puc. 1.12) WM co3TaHAEM KOHMYECKAX TOD-
LEBBIX MIOBEPXHOCTEMR € YITIOM O, PABHEIM YIUTy TPEHHA MEXIY CONPHKa-

obpasua u np (puc. 1.13).

MosxHO coueTaTh NpHBENEHHBIC cTIoco0k! GophbH ¢ TperueM. B Ka-
HECTBE CMa30YHOTO MAaTEpHala NPHMEHAIOT Baselhd, $roporract, ma-
padmn, napadunmpoBarHyio Gymary, Tednon u ap. Ilonmocteio yerpa-
HUTh CHJIBI TPEHHA MEXTY KOHTAKTHD P IMH B
ﬂpOHCCCC HCIIBITAHAA H4 CKATHE HE yaaercsa. B aroM 3akmovaercs
BPHEIMOHATEHEN HEXOCTATOK STHX HCTLITAHUH,

., Hem menpine oTHOmEHHE pacueTHOH AMMHEr 06pasta K ero Aua-
Merpy, Tem Gonsluee BJMAHHE OKA3HIBACT TPSHHE HA PE3YNBTATEI HC-
Murranmit [8]. C 31X MO3ANMI CIEoBAO G5 TIPOBOJKTE MCIIBITAHKS ¢
HPHMCHERHOM BOSMOXKHO Gonee amuHuBIX 06pasuoB. OnHAKO TPH
GAATHH JUTHHHBIX 00pa3LoB TpyaHO u3exars ux naruba. OnmuMans-

h,
HEIM i1 LMIMHPHYECKHX 06pa3lioB ABIIETCA OTHOIEHHE —
B o
JHnarpammy ckaTHA MaTepHATA NOAYHAIOT TeM XKe crnocoboM, uro
H Auarpammy pacTkenus. M
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XAPaKTEPHCTHK METALIOB ¥ CIUIABOB, Takmx, KBK

MOIyNb YIPYTOCTH, MPEAENS! NPONOPLMOHANBHO-

T E CTH, YUPYrocTH, TEKY<ECTH M HPOYHOCTH, HOMHO-

CTBIO COOTBETCTBYET MCTOMMKE OTPCACACHHS ITHX
XapaKTEPUCTHK MPY UCTILITAHMM Ha PACTKEHNE.

TIlpe ONpencNACHHM XaPaKTEPHCTHK CONpPO-

THBIEHHsS MATEPHANA YNIPYTHM H MaJkIM YIPYro-

IIACTHIECKHM Ae(OPMAlHIM HCIONB3YIOT BBICO-

g

By

[___J KHe 06pasiisl ¢ OTHOMICHHEM dﬁ =4..8 (puc. 1.14).
o

Pue. 1.14. Brico- Jins M3MEpEHHA TaKMX AeopMaluil MOMKHEL
xuil obpaseny and  1Ip TBCA T PHL, YC Ha
MCIWTAHMH  HA  pacueTHOM ydacTke oGpasiia, mpudeM Gasa TeH3o-
SRdzne MeTpa NOIKHA OhTh MEHBIIE HAYAIbHOM JUIMHBI
PacueTHOro yuacTka 06pasna Ha BENHIHHY, PABHYIO 0,5...1,0)d.

HpCJ]CJ'l NPOYHOCTH METAJUIOB, HaXOIXIIMUXCA B TUIACTHIHOM CO-

IPH CHATHH OTIP Th He yHaercs, Tak KaKk ofpasusl u3

TAKUX M CHNBHO CIL.
T. €. He pa3pyIlarTCs.

JluarpaMMy CKaTHA MaTEPHANIA TIONYSAIOT U3 THAPAMMBI CXKATH
o6pasua, pUEEMas

F Ah
G=—, E=—77,

4 By

e Ah — WiMeHeHue jUIMHBI 0Gpa3ua; hy — HavaibHAd AIMHA pac-
9eTHOTO yaacTka 06pasua.

JlMarpaMma CHKAaTHA OTOXOKEHHOH HH3KOYITIEPOIUCTOH CTallK
HPEECTBBHCHB Ha pHC. 115. OHa TMNHMYHA AAA IUIaCTHYHBIX MAaTe-
puanos.

VYuactok OI 3To#f JMarpaMmbl MPaKTHUECKH COBIIAZAET ¢ Jwa-
rpamMMoit pacTAaKeH:s FT0ro Mateprana, Ha nuarpamme CxxaTHs OTCYT-
CTByeT TOYKa, COOTBETCTBYIOIas IPEACHY MPOTHOCTH, NOSTOMY €ro
YCTaHOBHMTH HEBO3MOXHO. HcrsiTanne Ha CKaTue 06])33“8 M3 MeTanna,

I’

o & 4
I
5 B
T
A &
o =]
© b%bg
o € 0 e

Puc. 1.15. JlnarpaMMma cxaTHs HH3-

ar Puc, 1.16. Jluarpamma cxatus cepo-
KOYTIEPOIMCTOH cTamu

TO uyryna

ﬂ.ﬂﬂ MCTa/LIOB, HAXOAALHMXCA B MANOIUVIACTHYHOM H XPYIIKOM CO-
CTOAHMAX, MOKHO HAHTH Mpenes MPOUHOCTH NPH CxATHH. THIMIHEIM
NpPEeACTABUTENEM TAKHX MaTepHaloB ABIACTCH cepuﬁ 4YTYH, JHarpam-
Ma CKatnsd KOTOpOTo MokasaHa Ha puc. 1.16. Koneunas touxa 4 sroit

JMATPAMMEI COOTBETCTBYET NPEAENY TPOYHOCTH CEPOr0 YyryHa IpH
CHATHH,

HenbiTanns Ha KpydeHnue

MexaHiraecKue HCIBITAHAS B YCIOBKSX ABYXOCHOrO HANPSDKEHHOTO
COCTOAHHY OCYIECTRISIOTCH Yallle BCETO NMyTeM KPYMCHHS TOHKOCTEH-
HO¥t Tpy6EL [4]. B 310M CHydae peamsyeTcs HANPMKEHHOE COCTOSHHE,
Ha3BIBAEMOE YHCTHIM CBHIOM H Xapak ZBYMS |
10 MOZIY/TIO K pas IO 3HAKY T

HcnsiTanus Ha KpydeHHE IPOBONSTCS B COOTBETCTBHH C TpeGo-
saruavu [OCT 3565-80, koropeif mpesycmaTphBaeT HCIBITAHHE
LUHIHHAPHYECKAX CONOMIHBIX B Tpy6uarsix o6pasnos. HeneiTanms Ha
KpYUeHHE NPOBOJTCA B OCHOBHOM /Ul METAJUIOB M HMEIOT Orpanh-
FYCHHOE PACIIPOCTPAHEHNE. 3TO CBA3AHO € TEM, 9UTO B CIVIOMWHKIX 06-
Pasuax OpH KPYYEHUA PEaNU3yeTcs HEONHOPOMHOE IUIOCKOS Halps-
HKEHHOE COCTOAHNE, TOUHEIN aHANM3 KOTOPOTO IPA YIPYToIIacTHIe-

HAXOZAIIETOCH B MIACTHIHOM P TpH CkoM sedopmup M. [loatomy cnt obpasunt
1uu, nprMepEo pasrol 50 %. HCIONB3YIOTCS B OCHOBHOM IIPH MCTIBITAHHMAX Ha KPYYeHHe Manomna-
28 29
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L2; K/mccuguxauwl MEMOC08 MEXBHURECKUX UCTIMANUTL

CTHYUHBIX M XPYNKHX MATePHaNoB, KOTAa PaspylleHHe HACTYNacT Ipi
OYEHb MANBIX MNACTHYECKAX Ae( ¥ aHanu3 Hamp -

dopmup 0 ¢ ROCTATOYHOW TO9HO-
creio [9].

TIpK MCMBITAHAK HA KPYYEHWE TOHKOCTCHHSIX Tpy6uaThX 06pa3-
1oB (cM. puc. 1.6, 6) mocTrraeTcs OIHOPOAHOE HanpsxeHHo-TehopMH-
POBaKHOE COCTOSHEE, HO IOBECTH JI0 PAspyiIcHns 0Gpasisl H3 MeTall-
12, HAXOAALIETOCA B INIACTHYHOM COCTOSHHH, H¢ ynaercd. Taxue o6-
PA3LBI TEPAIOT YCTOHAMBOCTE, NIOITOMY TpyDIaTEIe 06pastBl HCIBITBI-
BAIOT [0 HOCTHXEHHS HATIPSDKCHHH, HEIHATMTENBHO TPEBOCXOMAIHX
npesien TeKy4eCTH METAIUTA TIPH CBHIS.

C nenbio IpesioTRpaIenys cMATHA TpyGuaToTo 0fpasia B 3axsa-
TaX MCIBITATENEHOM MalIMHEL B €rO BHYTPEHHIOK MONOCTH B paioHe
TONIOBOK HEOBXOMMO IOTHO BCTABUTH CTANBHBIC BIOTAZBILA. Hcmbl-
TaHUE Ha KpY T TpyGuaTeix ofp 1ipn GONBIIKX
[7ACTHYHBIX e(OPMAlSX CONPOBOKAACTCS MOTepell yCTOHYHBOCTH
CTenkH TPyGEI, HTO JeNaeT HEBOSMOXHBIM JabHCHIIEE M3yueHHe 3a-
BHCHMOCTH KACATGITGHOTO HAIPSIKEHMA OT yria casura. Yrober otia-
SIUTH TOTEPI0 YCTOWYHBOCTH, HEODXORMMO BBECTH BO BHYTPCHHIOIO
noxocTs paGoueil uacTi ofpasiia cremansHOE NpECTIocOGIeHHE, CO-
cTosmes M3 M Ba Gp KOJIen, Bp
OTHOCHTENBHO ock obpasua [5)].

Jli ¥3MEpEHM YITIOB 3aKPYIHBAHHA Ha PACHETHBIA y4aCTOK 06-
pasia yCTAHSRIMBAETCA YIOMEPHOE YCTPOHCTBO (TEH3OMETD), KOTO-
POE M3MEpAET YTONl IIOBOPOTA OAHOMO CEYEHKs OTHOCHTENBHO APYTo-
ro. UTo6h! PACIPOCTPAHHTE Pe3y/IbTaTsl M3MEPEHRil Ha BHEIIHEH 110~
BEPXHOCTH 06pasua Ha BECh eT0 06heM, HeoGX0/MMO, KaK H B ClIyHae
pacTsxenns o6pasila, IPUHATE TMIIOTESy IIOCKHX CCUCHHH, COrac-
HO KOTOPOH KakI0¢ HONEPEYHOE CEYSHHE CTEPKHA B pe3yinprare
JIeHCTBHA BHCIIEMX MOMEHTOB II0BOPAYMBACTCS B CBOCH MIOCKOCTH
Ha HEKOTOPEI YTOIl Kak eAMHOE *eCTKoe uenoe [4]. B monepednoM

T 0 ofpa3na mpu Kpy TONLKO

Kaca p pacnp p B CHITy €TO
TOHKOCTEHHOCTH.

B mpouecce McnbiTaHuH HAa KDY TIONY4a0T b

KPYTALIETO MOMEHTa OT YI/ia 3akpydnsanus M, = f(9). 37a 3asucn-

30

MOCTh HAIBIBACTCA AMATPAMMOH Kpy-
werus obpasua. THIMuBas Anarpam-
Ma KpydeHus obpasila m3 Meramia,
HAaXOMAIIErocs B IUIACTHYHOM CO-
CTOSHMUH, NpeACTaBNena Ha puc. 1.17.

Jina 5ToM AMarpammel  xapak-
TEpHb [IBA YYACTKA, M3 KOTODPBIX o 3
y4actox OA OTpakaeT 3aKkpyIHBaHKE
ofpasiia B npexenax yOpyroctd, a
YHacTOK AD — ynpyronmacTudeckoe
nethopmuposanye. JTOT y4acToK Ha-
3BIBAIOT 30HOM ympouHenus. I'paHuila Mexay ydactkom OA4 H ygact-
koM AD gamie Beero He GbIBACT PE3KOMH, OMHAKO JUIA OTOXIKEHHOH HU3~
KOYT TOH CTaNu 15 Gonee pe3KHit mepexo T ynpy-
TOTO COCTOSHHA K YIIPYTOINIACTHYHOMY.

Tlepexon OT AMarpaMMEel KpyaeHns o6pasia K AHarpaMmMe CABHTR
METaJUla OCYNIECTRAACTCA 1O (HOpMynam
2M, D,

sk, ¥ 2%

Puc, 1.17. Juarpamma Kpyuehus
ofpaiua M3 MeTana, Haxoasiie-
TOCA B IVIACTUYHOM COCTOAHHH

T

9,

TAC T —— KacaTelbHOe HANpKeHHe; ¥ — yron caura; M, — kpyma-
oMl MOMERT; 1 ~— yront 3akpyuHBaHusA; Dy — cpesmuii fuamerp 06-
pasua; Ay — TONIAHA cTenkyn obpasua; I — pacCTOAHHE MEXTy cede-
BMAMH, Ha P PACTCA i yTON 3aKpy 9

Tlo nmarpamme cnpura T= f(Y) MOXHO ONPEACIHTH MEXaHWIE-
CKHe XapakTepucTHKM Metaita. K oTiaM XapakreprcTHkaM oTHOCATCS
MOZyNb CABUTA G, MPEREN MPOTIOPUHOHANBHOCTH Tny, APEAEN YHPYTo-
CTH Ty, NPEMIEN TEKYYECTH T; ¥ NPEAE) NMPOYHOCTH Ty XAPAKTEPHCTHKH
TWIACTHYECKUX CBOHCTB METANIOB IPH CIBHUTE HE ONPESNsIOTCH.

JlnarpamMmy CHBHTA METAIIA MOXKHO TAKKE YIOMYYHTh, MCIBITHIBAS
cuomsoit 06pasen Kpyrnoro momepedHoro ceuenns. Ho ama sroro
HY)XHO NPHHATH B JONONHEHMe K MIOTE3e IIOCKMX CEdCHHMH ellie M
THIOTE3Y O MpAMOJMHEHHOCTH paauycoB. B ofpasle kpyrnoro nome-
PeUHOTO CeueHus NpH WCTIBITAHHH Ha KPYYCHHE PEaH3yeTCs HEOAHO-
POAHOE HANpsHKEHHO-NehOPMUPOBAHHOE COCTOAHHE, YTO 3aTPYAHACT
06paGoTKy FKCIIEPUMEHTANBHBIX JAHHBIX.
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1. Mexanuueckue UCRoIManUR MAmepuanos
S8 i

1.2. Knaccughurayus memoOoe Mexanuyeckux ucCnolmani

Jlns o6pasua KpYraoro NOMNEPEMHOTO CEYEHHS MMEET MECTO Clie-
JIIOLIAR 3aBMCHMOCTE MEXKIY YITIOM 3aKpyuHBanus { W HanGoIbIUM
yTiioM caBura Y, BONH3N BHemueH NobepxHocTH 06pasua:

d,
=90,
Vinax 2,
re dy — HAYANLHLIA JMAMETP PAacueTHOro yyactka ofpasua; ly —
paccrosnue MEKIY CCUCHHAMM, HA KOTOpOM H3MEPACTCA E3a}lMHHﬁ
YTON 3aKpy<HBAHHS.

Haubobmme KacaTelbHEIE HATPSKCHMA B 00paslie Kpyrioro no-
TIEPEYHOrQ CCUCHUA BO3HHKAIOT BOJIH3H €TO BHEIIHER NOBEPXHOCTH H B
Opezenax IPUMEHHMOCTH 3aKoHa ['yKa BEMHCIAIOTCS TIO hopmyne

rae M, —— KpyTamuii Moment; W, — nonspHbH MOMEHT COIPOTHBIE-
HUA KPYFaoro TONIEPEYHOT O CCHEHMA.

ITpn kpyseunu obp 38 mp p TH 3aKOHa
I'yka kacaTenbHbIE B PEYHOM ofpasna
pacnpenensoTes 3akon pacnp KacaTeNbHBX

HANPHKCHNH B 9TOM CJIy4ac YCTAHABIHBACTCH B TCOPHH MIACTHY-
HoctH. HawBonbuime KacaTeqbible HANPAXKEHHS IPH KPYHMCHHH
CIIONIHBIX LIHJIHE, P BET YTCA 0
Jhropeura—Kapmana [9]

&

JL,[W, +ﬂﬁ).
dl a

T,

‘max

Jluarpamma CHBAFa METANNA, HAXONALIETOCH B IIACTHIHOM C€O-
CTOSHHMK, NOKa3aHa Ha pHc. 1.18. OHA 3aBHCHT OT €10 CTPYKTYpHI, yC-
JTOBMIl MCTIRITAHKH (TEMIEPaTyphl, CKOPOCTH AchopMammii, KeCTKOCTH
UCHBITATENHHOM MAIIHHEL).

Hanansreii yaacTok OA AWarpaMMEI CABHIa TMHCHHEIH, T. €. Mak-

Tmax

Ts

Yoax
Prc, 1.18. JluarpamMa cIBMra METALIA, HAXOMAIICTOCA B Ia-
CTHHHOM COCTOAHUY

3axoH mp
CHBHUTe, MOKET GBITh JAMMACAH KAK

NBHOCTH,

Tyka upn

=G,

rae G —— MONyNk CABUTE — YUpYTas MOCTOSHHAS MATEPHANA, Xapak-
TEPH3YET CONPOTHBIICHHE MATCPHANIa YIPYTHM dedopMarusm.

Paspymenne o6pasiioB H3 METAIOB IIPH HCIBITAHMAX Ha Kpyde-
HHEE MOYCT MPOHCXOAUTE MyTEM Cpe3a IWIH OTPHIBA.

HcenbITanus B yCIOBHSX C 0 ]

Merannsl 1 conarsl B PEaIbHBIX KOHCTPYKIMAX dame BCCrO
PaGoTalOT B YCIOBHAX CIOKHOTO HAPAXEHHOTO COCTOSHUS. PacueT
SNEMEHTOB KOHCTPYKUMH HA NPOYHOCTh BRIOJHACTCA ¢ HNPHMEHE-
HHEM KPHTCPHEB IPOUHOCTH H Pa3pyHIEHHs, CIPABEIIMBOCTS: KOTO~
PEIX MOXHO YCTaHOBUTH TONBKO 3KCHepuMenTambHo [4]. [lostomy
METONBI HCUBITAHHH 00pasHoB B YCIOBHSAX CI0KHOTO HANPAKCHHO-
TO COCTOAHHA TIPEACTABIAIOT ofbexT Hay‘lHO-HCCﬂCHOBQTeanKOﬁ
PGGOTLL Hponcucl—me TaKMX MCIBITAHUH BO3MOXKHO TONBKO B OTAENb-
HBIX HRyYHO-HCCIICAOBATCIBCKUX naGopaTopﬂxx. TaK KaK 3TH BKC-

CUMATRHEIS Yaka Tnex IPODOP Maks p THL PEAnM3ylOTCA Ha CICHMANbHO CO3AAHHBIX YCTRHOBKAX,
CHMAJIBHBIM YITIAM CIBHTA Y, . HE SBIMIOMAXCA B OTIMYHE OT Pa3phiBHBIX M YHHBEPCANBHEIX HC-
32 2 10553 33



1, Mexanuueckue ucnbimanun Mamepuanos

1.2. Knaccugbuxayus Memodos MeXaHUECKI: UCHoIManui

Puc. 1.19. HarpyxeHne Tpy6uaroro ofpasua

TBITATEIPHBIX MAIIME ﬂpe}lMCTOM cepnﬁﬂoro npoﬂanonc‘ma, Hexko-
Topwie 3apyGexubie QEPMBEL TIO OCOOBIM 32K33aM COBRAIOT YCTaHOB-
KH TAaKoro tdna.
MeToasl HCTBITAHKH 0OPasiioB B YCIOBYSX CIIOKHOTO HalpAKCH-
HOTO COCTOSHUA HE pCl‘ﬂaMeHTHpOBaHLl HOpMaTHBHb.lMH IIOK)’MCHT&MH,
HauGonee METOMMIECKH OTpaGOTEHHHMH U1A METaJLIOB ABNAOTCA
WCTIBITAHHA Tpy6uathIx 06p BY MIOCKOTO
HANPSKEHHOTG COCTOSHUA, KOTOPOE DEanu3yercs MPH HACPYXCHHH
Tpy6uaToro ofpasia 0ceBol CHIOH, KPYTAUIMM MOMCHTOM H BHYTpPEH-
upM nanienmen (puc. 1.19). Taxoe Harpyxerue TpyGaaroro ofpazna
it it Kak npY

TIPOCTOM, TaK ¥ NPH CIIOHOM HArPYKCHAH.
COBpEMEHHBIE YCTAHOBKH 1S HCTIAITaHMH TpyG4aTex 00pasnos B

Hpwm manex o7 CTEHKH K IHaMETpy
MOXKHO CUHTATH P )¢ COCTOAHKE O, p Kak IIo paawny-
Gy, TaK H BOIL OcH ofpasia. [IpH 3TOM HYXHO G BHICOKOH TOTHOCTBIO
IPUKATEIBATS K 06pasily 0CEBYI0 CHITY U KPYTAILAHA MOMEHT.

KoMnoHeHTbL HAPAKEHHA MOXKHO PACCUHTATH IO dopmyiaM

N _pD, # 2M,
Dok, 2m," ¢ Dk,
rae N, p, M, — oceBas cuna, AaBlieHAC 1 KpYTAIAA MOMEHT COOTBET-
ctBenno; Dy — cpennuit nameTp Tpy6uaToro ofpasiia; sy — TOMILMHA
creHky TpyGuaroro ofpasua.

Jlns MCTIBITAHHS INCTOBBIX MONy(aGpUKATOB B YCIOBHAX IIOCKO-
o p 0 COCTORHHUSA P p P
[3], marp pacTar cunamu (pue. 1.20). B nen-
TPANBHOM YacTH Taxux 0GpasLioB Peau3yeTcs ABYXOCHOS PpacTAXEHHe
MEXY T Ot

¢ paz.

©ooT

P T i

ILIOCKOTO HATIDSOKCHHOTO cocTosHuA. IIpy HOnoMb3oBaHuK 00pasues

3TOr0 THIA HYKHO HMETh B BUAY, 9TO o6iacTs, Tie ofecresiHBactCs

OIHOPOAHOE HATIPIKEHHO-E(OF COCTOSIHHE,

TOITOMY /1A H3MED dop it HyXHO np Th M

BEICOKQUYBCTBUTENBHEIE TEH3OMETPBI.
Hcnsiranmd B YCHOBMAX TPEXOC-

¥ paipy BY

YCTIOBHAX FUIOCKOTO HAmp ro y B~
JISTE Harpy’KeHHe 0CEBOR CHNOH N, KpyTALIMM MOMEHTOM M, ¥ BHYT-
PEHHMM IABJICHHEM p HE3ABHCUMO APYT OT APYTa WK COBMECTHO MPA
ACTIONK: aBTOMATH CcHCTEM YTIp! Otn cuc-
TeMBl OAIOT BOSMOKHOCTH HOMYYars NIOGHE 3aJaHHBIC TPASKTOPHH
nedopmuponanus [3].

Tpy6uareie 06pasiibl JOWKHEI CTPOTO YAOBIETBOPATE Tpebopann-
AM: GBITB TOHKOCT Myt (OT CTeHKH TPYOKH K
cpeneMy MaMeTpy 10mkHO GEIts 0,06 1 MeHbLIe, JUMHA PACHCTHOO
yaactka ofpasia JomxHa GbiTh GONbIIE TPEX AMAMETPOB, Ppa3HOCTEH-

0 0 TAKKE
ABIAOTCA MPEIMETOM HAyHHO-HCCIE
ROBaTenbcKkod pafoThl, TAK KaK 0CY-
OIECTBHTE MX MOXHO TONBKO B OT-
JIETBHETX NaB0PaTOPHsX, OCHALIEHHBIX £
VHHKATTGHBIMY HCTIBITATETHHBIME M-
IMHAMH 1 YCTaHOBKaMH [3].

Bo BHYTPEHRIOIO NOJIOCTH TOH-
KOCTGHHOTO [IMIHHAPHHEECKOTO 06~
pasua MOABOAMTCS JKMAKOCTh TIOX
p1. & cHapyXu obpaset

HOCTh Ha pafoueM yuacTKe He ROJKHA P 15 3 %). H
TUWATENBHAI KOHTPONb 33 TEXHONOTHeH WITOTOBAEHWA O0pasnos u
CTPOroe COBMONEHHE PEXUMA TEPMOOGPABOTKH.

34

MOTPY’KEH B OKMAKOCTh, HaXOmMsi- Puc. 1.20. Kpecroopasusiit mwro-
IMYIoCA 1107l [ABCHHEM Py, TIpwdeM  cxuif ofpasert
» 35



1. Mexanuvecxue ucnstmanus Marepuanos

COOT MEXKIY

i p) u p; no
Ha [POTHKECHUM ONbITA NOCTOAHHBIM
(puc. 1.21). HanpsmkenHoe cOCTOS-
HWE B CTEHKE TPYOH OHODOZHOE.
BoamoxHa peaNH3alisg HANPSDKEH-
HBEIX COCTOAHUH PasziAgHBIX THIIOB

Puc, 1.21. 'l:pyﬁllamﬁ ofpaseil, (y o CKaTHE,
HAPYKCHHBIN  BHYTPEHHIM ¥ coyarpe 4 CMENIAHHOE HAIPIKEHHOE
BHEITHUM NaBIEHHAMH COCTOHH“S)<

B ycIOBHIX TP © 0 COCTOSHESA 0 He-

OEITaHKE CIUIOMIHBIX 06pasioB. Tako# ofpasen NoMemaeTca B KaMepy,
B KOTOPOH I KpOME TOIO, OH MOK-
BEPraeTCs BOJMCHCTBMIO OCCBOM DACTAIMBAIOWICH WM CHMMAIOMICH
crn (puc. 1.22). K yys ¥ OCEBO¥ CHIIBL,
MOXHO NONYYHTE PAIHC e Tp COCTOS-
HuA 5]

RNy N

Pue¢, 1.22. Cnnomsoii ofpasen nojA Bo3AEHCTBAEM BHEILHETO
ABJICHAA M OCEBOH CHIIBI

Tnaea 2
Omnpegentenne GyHAAMEHTATBHBIX
MEXaHHYEeCKHX XapaKTEPHCTHK MaTepHa/I0B

2.1. HcnbiTaHus 00pa3loB HA PAcTsKeHHe

HWcnbitanus OGPMHOB HA PACTHKCHHC MPOBOJATCS C LENBI0 KC-
TaTbHOTO X XapaKTePHCTHK Mare-

bu‘anon: Ipesiena ; p YUpYrocTd O,
npesiena TEKY4eCTH O, Npejena OpOoYHOCTH O,

THBIICHHS PA3PEIBY S,, OTHOCHTEIBHOTO YIUIHHEHHA O H OTHOCHTENb-
HOTO CyXeHHs \ mocie paspaiea [9].

TH O,

HCTHHHOTO COMpo-

XapaKkTepuCTUKA YCTAHOBKH

Jlna onpenencHus MEXaHHIECKNX XapaKTEPHCTHK MATEPHATIOB HC-
TIONH3YIOT MCIBITATENBHBIC IIp 0T M yHH-

Bo3M0XHO NpOBefeHHE HCTIRITAHKH H NPH 1P Harpy &
KOT/Ia KOMIOHEHTH! TeH30p2 HaNpsuKeHHH NPONOPLYOHATIEHE! OHOMY
napameTpy, HapuMep IABICHHIO.

HCTIBITa BCEX CHCTEM, COOTBETCTBYIO-
mue TpeGOBaHMAM HOPMATHBHLIX JIOKYMEHTOB.

TIpu npoBeICHHH WCIBLITAHMHA AODKHEL COOMONATLCA Ceayouye
OCHOBHEIC YC/OBHSA: KaueCTBCHHOS uenrpnponaﬂﬂe ofpailia B 3aXBa-
Tax MCTIBITATENBHOMN b fed p CKOPOCTB
IepeMerienis aKTHBHOTO 3aXBaTa (MM/MUH) npn HCHBITAHHH JIO TIpe-
nena Texydectd He Gonee 0,1, 32 MpeenoM TekyuecTn — ue Gonee 0,4
JUTHHBI PAacYeTHOTO y4¥acTka 06pasiia; BOSMOKHOCTE MPHOCTAHABIH-
BATh HAaIPyXKCHME C TOYHOCTBIO /IO OJHOTO HAUMEHBIIETO ACNEHHS
MKaIBl CHIOM3MEPUTENs, IUIABHOCTE pasrpyxenns. Knsemariyeckas
€XEeMa HCTIBITATEILHOH C TEKTP o y-
ZMTENEM TIPEACTARICHa Ha puc. 2.1.
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2. Onﬁedwxcnue MEXGHUN ECKUX XAPaKIMEDUCTIUK MAMEPUA08

2.1. Henoumanus oﬂgaauoe Ha gacmmme&ue

Kpatkue TeopeTHyeckue chegeHus

TIpu MCTIRITAHEA HA PACT:HKEHHE 0Opasel M3 HCCIIEAYEMOro MaTe-
pHata MPOYHO 3aKPEIUIAETCS TONOBKAMM B 3aXBATAX HCIBITATEABHON
MAUKHE! i TIOBEPTAETCs HEMPEPHIBHOMY IIABHOMY AeHOPMHPOBAHMIO
10 €ro paspyienus (cm. puc. 2.1). TIpy aToM 33BHCHMOCTE MEXKIY pac-
TATMBAIONIEH HArPy3KOil M YHIHHEHHEM PacueTHOTO ydacTKa ofpasua
PETHCTPHPYETCA B BHAC AMATPaMMbl pacTskeHHs obpasua. JUis WCHsl-
Tanuil Ha PaCTKCHHE NPHMCHSAIOT CTaHIapTHEle obpasust no [OCT
1497-84, xoTophIit NpeayCMAaTPHBAET CEMb THIIOB 06pasnios. OmuH u3
HMX NPEICTaBlIcH Ha puc 2.2. 3pech dy — HauATLHEIA THAMETP pacHeT-
HOTO yuacTka ofpasua; Jy — Ha-
YATbHAS JIMHA PACUETHOTO YIACTKA
ofipasua; | — mmma paGouelt gacTy
ofpasna. JiomwkHo cofmonatecs
1zl +d,.

Otsowenne Iy x dy DONKHO
OwITh cTpOro ompeneneHHnIM. B
TOCT 1497-84 npenycMoTpeno

Ii:]O i 5.
d,

0
JluarpaMMel - pacTakeHEs  o6-
PaslOB U3 HUKOYIVICPOIMCTOH CTa-
i1 1 (C < 0,30 %), KOHCTPYKIMOHHOH
cram (C = 0,35 %) u ceporo 4yry-

% 3 =E Ha Ha puc.2.3. Pac-

CMo‘rpMM 6onee noapobHO AHarpam-

%

[ 0 —

ﬁ
:

-
o

€OO0T

_
e
29
m

s
w
4
IRPRPRPRPRNPS £ X
29

lofot

_ﬁg‘%

Puc. 2.1, KunematHueckas cxema

HCTIMTATENbHOR MAILIUHEL

1 — ocHoBaHWe CTAHMHEL 2 — KO/IOH-
Ha; 3 — HETONBKKHAA TPaBepca; 4 —
NOIBWKHAA Tpasepca; 5 — waphro-
BUHTOBAA Nepefaua; 6 —

My PacTOKeHnA ofpasna M3 HH3KO-
yriepopuctoi cram (puc. 2.3, 4)
[9]. Ha mavameHOM yuacTke OA
IvarpaMMel MEXIy CwioH F u yi-

Tenw; 7 — BepXHKil (aKTUBHBIR) 3axBaT,
8 — obpasers; 9 — muxunH (nacous-
Ak aaxsaT; m — npeo6paauna‘renb

aTelh

38

Al cc TCS TIps-
Mas TpPONOPUMOHANBHAR 3aBUCH-
MoCTs — ofpasel MOXUHHAETCS

3akoHy [yxa. B Touxe 4 3akon

I o SO —
[_F

o

1

Puc. 2.2, Dexus obpasna:
1 — pabovas HacTs; 2 — TONOBKK

f'yka HapymiaeTos: 3aBHCHMOCTL MEXTy CHJIOW H Y/UIMHCHHEM CTAHO-
BUTCH Henuuedinol. Ha MarpaMMe IMeETCs TOPH3OHTATbHbI YHaCTOK
$B HA3BIBAEMbIH IUTOIIANKOI TeKydecTH. B 3ToH CTapuu MCTHITAHUA
gﬁpaacu ynmunsercs (aeopMUpyETCs) IPAKTHICCKH TIPH NOCTOARHON
cune. Takoe sBneHMe Ha3BIBACTCH TEKy4eCThIO: obpasen aehopMupy-

i A
t 53 E
A
2
1 =
o Al 1 [an Al
AN
2
F r & F
E E
5,
4 4
E
oAy | [ay & o N
A
& 8

Puc. 2.3, Jluarpammsl 00pasLOB H3 -
CTOi CTAMH (a), KOHCTPYKIWOHHOM CTAIH (6), ceporo MyTyna (6)
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2. Ongedeneuue MEXAHUYECKUX xagaxmegucmux Mameﬁuaﬂoe

€TCA PABHOMEPHO No Beel jumue ero pabouero yvacrka. 3a mwioman-
KOH TeKy4ecTH caeayeT yuacTok B/, HasHIBACMEL 30HOM yNpouHeHus.
B Touke /] NOCTHIaeTCH MAKCHMANIBHAS CHIIA, KOTOPYIO MOMKET BEIACP-
*Kars obpasen. Jlanee HauMHaeTca yuacTok paspymerms JE, aspipac-
MElif 30HO MeCTHOl TekydecTn. B 3Toif 30He Ha paGoueM yuacTke 06-
pasua nNoOABNAETCH MECTHOE yTOHeHue (wieHKa). JlmameTp mICHKH

TCA 110 Mepe aedopmup oBpa3ya, u obpasent pasps-
BAETCA N0 HAMMEHBIIEMY CECYCHHIO IIeHKn.

Eciw npu vensmaHmy Ha Harpy Tk,
Halpumep B Touke /' AMATPAMMBI, M OCYIIECTBATE pa:n'py)xelme obpasia
(npsMas ), TO OKMWETCH, YTO JMATpAMMA PATPYKCHUA M IHMATPAMMA
TIPEABINYIIEro HAIPYXKeHUs He COBNANakT (oM. puc. 2.3, a, 6) Jvems pas-
TPYKeHUs — npsmad 1, nap Y9acTKy
04 mmarpammer pactsokerns obpasua. Taxolf xapaktep nabopmlponanm
o6pastia npx ero pasrpy 3aKOHOM pasrpy

TIpr noBTOpPHOM HArpyKeHWH AMarpaMMa A0 Touku I’ cOBNazaer ¢
TMAKCH pasrpyxerns (Mpsvasd 2), a 3aTem GyaeT coBNANaTh ¢ AHAIDaM-
MO¥H pacTsDKeHnsi o6pasiia pH OAHOKpATHOM Harpykemun. Taxoi xa-
pakTep nedopmup JPHOO HATPYKCHHA
H 3aKJIH0MALTCA B NPAMOH Ip i Y CHJIEI B y/I-
JIMHeHMS, KOTOpas COXPAaHAEICS [0 TeX MOp, NOKA 3HAYCHHE CHIBI He
CTAHET PABHDBIM €€ SHAYCHHIO, IOCTHIHYTOMY [PX IEPBHIHOM HApYNKe-
num. Jlpu pasrpyxerun o6pasua B npeaenax ywactka O4 3aKOHB! Ha-
TPYCHHs, pasrpy H PHOTO Harpye! . Yua-
CTKHM JIHArapaMMBl 33 TOYKOH A COOTEETCTBYIOT YIUIMHEHWIO 0Gpasia
Tp ero 1eopMAPOBAHAH, KOTOPOS CKIANBIBACTCA H3 YIPYIOTO M IUTa-
CTHYECKOTO YANUHEHHMI (cM. puc. 2.3, 4), T. €.

A=Al +AL,

rae Al Aly, Al; — nonHOE, YIPYToe ¥ IIACTHYECKOS YNMHEHHAS pac-
YETHOTO ydJacTKa oGpasua,

Tlpu pasrpy ofpasua, 0 YOPYroe M INIACTHYE-
CKOE VI ynpyroe ya. B COOTBETCTBHM C
3aKOHOM paﬁrpy)l(eﬂm, a4 MAacTH4ECKOe YANUHCHHE COXpPaHACTCA HE-
n3meHHBIM. TIpn paspyuienuy oGpasell pasrpyaerca B COOTBETCTBHH
¢ npsmMoit 3 (em. puc. 2.3, a, 6).

40

2.1. Hcnvimanus 06pazyo8 Ha pacmaxcenue
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Puc. 2.4, [luarpaMma pacTsikeHHA HE3KOYTIEPOANCTOM cTanu

Jluarpamma pactsokesus 00pasua HO3BOJSIET OLEHHMTh MOBEASHHE
MaTepuana B YHPYroil M YMPYTOIIACTHHCCKOM cTanmsx Aedopmu-
POBAHHA, A TAKOKE ONPEACAMTH MEXaHMIECKHE XaPaKTEPHUCTHRH MaTe-
puana. .

JUNs TONyuEHHH UMCIEHHO CONOCTABHMBIX My —Coboit
MEXAHMYECKHX XapaKTEPUCTHK MATEPHANOB JMATPAMMBI PACTKEHUI
06pa3sLOB NEPECTPAHBAIOT B JIHATPAMME] PACTXKCHHS MATEPHANOB, T. €.
B 3aBHCHMOCTH Mexly HAIDSDKCHHEM © M AcopMalmer €, KoTophe
ONpeRensOTCs N0 $opMynam

rae F — crla, npunoxenHas K 06pasity; Ao, lo — HavaabHasd mIOMAE
TONIEPEUHOrO CeueHMs W HATANbHAS [UTHHA PACETHOTO yHacTKa o6pas-
1a; Al — yUIMHeHHE PACYETHOrO yHacTka obpastia.

JluarpaMma PACTSKCHHS MATEPHAa, MOTyIeHHas IPH STHX yCio-
Busix (63 yueTa H3MEHCHMS PA3MEPOB PACYETHOTO ydacTKa 06pasia),
Ha3BIBAETCA YCAOBHOM AMArpaMMOl PACTIKEHNA MaTepHala B OT/IMIHE
OT MCTHHHOH AMarpaMMBI PACTSIKCHUSA, KOTOPYIO TIOMYJAioT ¢ yIeTOM
H3MEHCHHA Pa3MEpOB PACIETHOro y3acTka ofpasua. Jluarpamma pac-
TAKEHUA MATCPHATA 3ABHCHT OT €T0 CTPYKTYpI, yCuoBHil HCTBITAHMH
(TeMmepaTypsL, CkopocTH Aedopmaninii). JlxarpamMMa pacTAKEHUA HH3-
KOYTTICPOANCTOM CTami fpHBeacHa Ha puc. 24. B mpeacnax ywacrka
OA nuarpammel cobmonaercs 3akoH I'yka, T. €.
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Koad JILHOCTH
E Hasmae’rcﬂ Mozwnem YIPYTOCTH IIEPBO-
1o pona. OH XapakKTEpH3YeT COMpOTHBIE-
HHE MAaTepHANa YNPYTHM AedopMariiaM.
Oma ynpyro# -
HOW marepuana. 3akoH I'yka Hapymaercs B
5] Touxe A muarpammel. OpauHaTa 3Toit ToY-
KM uMeeT 0C000¢ HAMMEHOBAHWE — ITpe-
o Re IPONOPIHOHATEHOCTH.
THpenenom nponopuuoANLHOCTH Oy

Ha3bIBaeTCA HauBONbLICe HAPAXEHHE, IO
JOCTHXEHHA KOTOPOro CNPABEIHE 3aKOH
Tyxa. B THCS 3TUM 0N
HHEM JUIA TpPAKTHIECCKOTO BBITHCICHHS

TEHOCTH ~ HEBO3-
MOXKEO. Hoammy BBOJIHTCA TIOHATHE YC-
JIOBHOTO (TCXHHYECKOTO) Ipenena IIpo-
TIC TH. Ero KaK
HAMPKEHNE, NPH KOTOPOM OTCTYIUICHHE
or npxmon nponopunonanmon 3aBHCH-
LOCTHIaeT

tgB=1,5tga

o €

Puc. 2.5. Omp ye-
JIOBHOTO Tpefiena Mpomnop-
LUHOHANBHOCTH

MOCTH MOXIY
HOTO 3HAYEHHS.

VCnosHeIM mpEnenoM MPONOPUHOHANLHOCTH HA3BIBACTCA Ha-
OpAXEHHE, TIPH KOTOPOM TAHTEHC yria B HaK/IOHa KacaTelbHON K
KpHBOH O=¢ B 1,5 pasa Gonblue TaHreHca yIiIa O HAKIOHA JMHEH-
HOTO y3acTka OA 310l AMarpamMmsl (yron OTCUHTEIBAETCS OT OCH G)
{puc, 2.5).

ITpu HexoTOpOM IIp Tpenena np YHATBHOCTH BCE
nedopmaumMn NPONOIKAIOT OCTABATECA YNPYTMMH, T.€. NONHOCTBIO
HCUE3AIONHMH, €CITH HANPHKEHHE CHU3UTR 0 Hyi, HanGompuiee Ha-
OPSDKEHHe, 10 JOCTHKEHHMS KOTOpOro Bce AehopMaiin B MaTepuaie
YOPYTHe, Ha3EIBACTCA MpeeioM YIPYTOCTH O, . Ha IpakTrKe nomb3y-

0TCH YCTOBHEIM (TEXHHYECKHM) PeeNOM YIPYTOCTH.
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2.1. e ra

YCnoBHbIM 1PEICTOM YOPYTOCTH Ogg, Ha-
3BIBACTCS HATIPSOKEHME, TIPU KOTOPOM OCTATOY-
Has (mpacTHueckas) AchOPMALHS COCTABIACT
0,01 %. Jina HaxoXJICHMA HA JHATPaMME TOUKY
A’ (pue. 2.6), COOTBETCTBYIOWEH TIpejeny YIpy-
TOCTH, HEOGXO0IUMO BOCHOB30BATECA 3aKOHAMU
PasrPyKeHns U NOBTOPHOTO HATPYHKEHUS.

TInowaake TeKyYCCTH Ha AWArpamMMe pac-
TKEHUA HU3KOYTJICPOAHCTON CTAlM COOTBETCT-
ByCT HANPSAEHHC ©,, HA3BIBACMOE MPEMICTIOM

TEKYHECTH.

Tpenenom Texyuectn (huamieckunm) G, Ha-
3bIBACTCSA HATIPADKEHHE, MPH KOTOPOM B MaTcpuane
HHTCHCHBHO HaKAIUIMBAIOTCA OCTAaTOuHbie (ILIa-
cruucckuc) AchopMaIiM, MPHYEM 3TOT NPOUECC HICT MPH TIONTH NOCTO-
SAHHOM HaTIPSDKEHHH,

TIpu OTCYTCTBHH IUIOLIAAKYK TEKYHeCTH (YTO XapaKTepHO And jMa-
IPaMM pacTsbkeHHs GONbUIMHCTRA MATCPHANIOB) OTPENENSIOT YC/IOB-
Hbli (TCXHUYCCKMi) IIPEIET TEKYHECTH. YCIOBHAIM NPEAETIOM TEKyYe-
CIH G,, HA3BIBACTCA HANPHKEHUE, IPU KOTOPOM OCTaTOqRas (MnacTh-

Puc 2.6. Onpenerie-
HHE YCIOBHOTO TIpe-
fiena YIpyrocTH

deckas) aeopmauus cocrasnser 0,2 %. Yemos-
HEIH Mpefe] TeKywecTH ONPENENACTCA aHamo-
THYHO Ipeneny yrpyrocts (puc. 2.7).
Tokazanrsie Ha puc. 2.4-2.6 moctpoenus,
CHENAHHBIC JUT ONPEACTICHHA Oy, Ggo» Oz

[+

MOXHO BBUIONHATE Ha [marpamme F = f(Al),
KOTOpAs ABJIICTCA NMEPBHIHBIM PE3y/NBTATOM HC-
MbITaHMA Ha pacTskenue. IlocpenctsoM Ima-
Tpammbl F = f(Al) MoxHO HaiiTH Foy, Foor, Foo,
T.©. HAIpy3ku, COOTBETCTBYIOU(ME IpeienaM
OPONOPIMOHANBHOCTH, YOPYTOCTH M TEKyYeCTH
Puc. 2.7, Onpenene-  COOTBETCTREHHO.

-

HHE YCIOBHOTO Tipe- Vuactok B/ nRarpaMMEl PacTSDKCHHA Mare-
JZlena TCKy4eeT puana (oM. puc. 2.4) uMeeT MakcumyM B Togke J.
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Puc. 2.8. Jlehopmams paGouero yuacTka oGpasnua 10 06pasopanus weiKm

OpjHaTa 3TOH TOYKH HA3BIBAETCH YCHOBHBIM NPENETIOM HPOYHOCTH

(Bp COIpOT ) 1 onp KaK
G, = P :
AU
Y mMaT TpH JaHHBIX B IIACTHY-

HOM COCTOSIHHM, TIPEJEN MPOTHOCTH O, HE PABEH NCHCTBHTEIBLHOMY
HaNPSOKEHMIO B MaTepHane 06pasia, Tak Kak K MOMEHTY JIOCTIDKEHHSA
Frnax TUIOMIAL TIONIEPETHOTO CedeHMS 06pa3Na CYIEeCTREHHO yMEHbIIIA-
eres. Jo obpasopanns meiikn (rouka /] quarpammel Ha puc. 2.4) ne-
(opmanms pacueTHoro yuactka ofpasua PaBHOMEPHas H COCTOHT H3
ynpyro# (ofpatumol) u mmacTuueckoil (ocTaTouHOM) Aedopmanmit
(puc. 2.8). Hany o g

Ha xomeunoM yuactke peopmup moce
meHKA np T JIC iy it B wefike, B
4acTH 00pasila OHA TPAKTHYUECKH He ypemmumpactes. Jledopmaima B
meHKe HEOHOPOHAS, HMECT BEICOKHM IpajMeHT BIOTL OcH 0Gpasua
(puc. 2.9). HanpsokeHHOE COCTOSHME TAlOKE CTAHOBHICA HEONHOPOIHBIM,
KPOME TOTO, OHO M3IMEHACTCH KAUECTBEHHO — CTAHOBHTCH TPEXOCHBIM.
Baytpy mefixu —T] PacTKCHHE.

[} ‘ 1]
|_Ir . |

Puc. 2.9, Jlebopmaums pabouero yuacTka oSpasua nocie o6pasosaHus meikd
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2.2. Hcnvimanus 06pazgos Ha CHcamue
— T

Ofpaselt pasp o nonep ry
IIEHKY pH CYIHECTBEHHO TP Tpenes NpoTHO-
cTH. 310 HCTHHHBIM COTIP Pa3pLBY
H PaBHO
F,

S A
A,

min

i Fyup — CHTA, IPH KOTOPOH OGPaselt pasphiBaeTCst; Amio — HaH-
TIOmAnk NOnep 0 ofpa3na nocne paspeisa.
TlnacTHaecKue croifcTBa MaTepHAIIOB OLIEHUBAKOTCH OBYMS Xapak-
TEPHCTHKAMH!
— OTHOCHTENBHBIM YAIMHECHHEM TI0CIE pa3psiBa
8= I;P"Pl_l! 1009,

0

THE lysyp —— ZUIMHA PACYETHOTO yHaCTKa 0fpasia HOCHe pasphiBa; h—
Havua/bHAs MHHA PAcIETHOro y4acTka obpasia;
— OTHOCHTENBHBIM CYXKEHHEM IT0CTE paspsisa

TA¢ Ag — HAYANBHAS IUTOW@Ah HONEPEIHOTO CEIEHUS PACUeTHOrO yaa-
cTKa 06pasna; Amn — Tonep: 0 HIS
IHeHKH IIPH PasphIBe.

MeTouKa ONpEIC/ICHNs MCXaHNYECKIX XapakTCPHCTHK MaTepHa-
IOB, MMEIOMINX AHAFPAMMEI PACTXKCHAS, OTIMYHEIE OT AHATPaMM pac-
TAKEHUS MATIOYIVIEPOIUCTON CTANH, ocTaeTcs Ges n3MEHeHHH.

2.2. MienuiTanus 06pa3uos Ha CKaTHE

Hcnbitanus o6p Ha CKATHE TP TCA C UENbIO <
MEHTANBHOTO ONpEACHEHHS MEXAHHYECKHX XapaKTCPUCTHK MaTepHa-
110B: TIPENENa MPONOPIWOHATBHOCTH G, MpeAena ynpyroctd O,

npesena TEKYHECTH G, U NPEAE/a IPOHHOCTH O,
45



2. Onpedenenue MeXAHUYECKUX SapaRmepenk il ]

XapaxTepucTaka yCTAHOBKH

s NCHBITaRMI HA CIATHE NPHMEHSAIOT YHHBEPCANLHEIC HCITBITA-
TENBHbIE MAITHHSL.

Yenosns, KoTOpHE HOMKHBL COOMIONATECS NPY MCIIBITAHMH Ha
CKaTHE, TC JKe, 4YTO0 ¥ NpU HCHLITAHAM Ha DACTIKEHHE, HO
npensABNsOTes Gomee BhICOKHE TPEGOBAHMA K LEHTPHPOBAHMIO
00pasua: He JONyCKATCs NEPeKOC ONOPHHIX ILIHT, NEPEAAIOIIX CHITY
06pasuy. [losromy MCHBITaHMe OBpA3LOB Ra CKATHE NPOBORMTCA C
p! oro mp SneHns, B POM HpenoT-
BpaillaeTcs 3TOT fepekoc (cm. puc. 1.10).

Kparkue Teoperneckue ceeeHun

Tlpy ncneITanuu Ha cxatne 06pasel CTaHAAPTHBIX (GOPMBI K pas-
MEpoB TCH B Ip HA MCTIRITA-
TENBHOA MAIUKHE, 1 TIOABEPTACTCA HENPEPBIBHOMY IIaBHOMY xedop-
MHPOBaHHIO 10 JOCTHXCHHS 33AaHHOTO 3HAYCHHS Ae(opMaluy WK 10
HaCTyMNenus paspymenys. [Ipy 3TOM PETHCIPUPYETCS 3aBHCHMOCTH
MEXAY CKUMaowel cunoif F ¥ yKOpOueHHEM PacyeTHOM AAHHI Ao
ofpasua B Bisie AMArpaMMBl CxkaTHA 06pasita. 3Ta AHACpAMMA TI03BO-
JIA€T OLCHATH OBEACHNE MaTepHana 06pasiia B yNpyrod ¥ ynpyromna-
CTHYECKOH cTammAX AedopMup H ony Th XAPAKTEPHCTHKH
MEXaHHYECKHUX CBOMCTB MaTepuana.

Henbrrarne nposonutes no TOCT 25.503-84. [pumensiores ma-
JPRIPHYECKHE 00Pa3Lbl YETHIPEX THIOB: TPH THNA O6Pa3LOB ¢ raam-
KMMP TOPLAMH M OIMH — C BRITOUKaMU Ha Topuax. Tun o6paslos Bel-
analoT B 3aBUCHMOCTH OT OTPEACIAEMBIX XaPAKTePUCTHK. JUIs Hensl-
TAHWH Ha CKAaTHE UCTOMB3YIOTCS, KAK NPABKIO, KOPOTKHE OOpassl ¢
OTHOLICHHEM JUIMHEl K juameTpy B mpemenax 1...3. Hpumenenne
AIMHHBIX 06pa3los HEAOHYCTHMO, HOO TakKe 06paslibl GyAYT He TOMB-
KO CXKUMATLCA, HO ¥ Marubarecs [6].

OGpasibl NOIKHbE GBITE UTOTORIEHE! C COGIONEHHEM KECTKAX
JOIyCKOB Ha NEPHCHANKYIAPHOCT: 0cH o6pasua k ero Topuam. Topust
obpaaua TImaTeTbHo uLHdYIOTCs.
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2.2, Henoimanus 00pasyos wa cocamue
e e ——

VicnmTaHue Ha CKATHE MIMPOKO MCHONB3Y-
€TCA A ONpeAeNeHHs MEXaHMYECKHX XapaK-
TEPHCTAK  MANONTACTUYHBIX  MATepHANoB,
HAMPUMEp ~ YYIYHOB,  MHCTPYMEHTAJIBHBIX
cTasel, KepaMHUKd ¥ T. II.

Hcnpitanue Ha CKaTMe HMEET Xapaktep-
HEIE 0COOEHHOCTH, CYMECTBEHHO OTIMYAIONKUE
©r0 OT UCIBITaH!A Ha pacTskeHue [8]: T

¢ 06pasLkl M3 IIACTHHHKEIX MATEPHANOB HE  puc 210, OcuoBHbie
Pa3PYIIAOTCS, NOMyHas SHAUHTENEHYIO JEQOP- sopn B cocrMaeMmoMm
Maluio, NPEBOCXOAANYI0 AehopManuio TPH  ofpasue:
paspHIBe B YCIOBHAX PACTSIKEHHA, 1 — XOHyG oTpaHMNCHHE

o pesynbTaThl MCHBLITAHWH 00pasuoB HA  mactwueckol Aedopma-
CXKaTHe CYIIECTBEHHO 3aBMCAT OT OTHOLUCHMS u#n
JUIHHBL 06pa3na K €ro JHamMeTpy;

© Ha NpefieNl NPOIHOCTH Y XAPAKTEPUCTUKM IUIACTHIHOCTH 3aMET-
HO BHSIOT CHJIBL TPEHHS BA ONOPHEIX TOPIAX 0Gpasua.

B mp Harp ofpasma CHIGMH €ro
JUTMHA s, & IUMAMeTp Y TIpHYEM MO JiMHE
obpasiia guameTp y P 0. 310 Np T X

CymIEecTBEHHOMY H3MEHeHHIO $OPMEL 06pasiia — OH CTAHOBATCH Bou-
x006p . Bo P T ofpasua NpH CXKATMH BO3HWKACT
BCNENCTBME TPEHUS KOHTAKTHPYIOUIMX TOBEPXHOCTEH CIHKHMAEMOTO
ofpasua u npucnocobnenus. TpeHHe TPErITCTBYET TOTIEPedHOH Je-
opmarmn Ha Topuax ofpasna (cm. puc. 1.11).

Tax Kak OrpaHMdeHme AeOpMALIH MOKET PACIPOCTPARATECH KO-
HycooBpasso 10 ocu obpasua (puc. 2.10), macTrueckas Redopmanms
[IpH CXATHH B 3MATHTENLHON Mepe TPOHCXOMMT B 061acTH, Jexamelt
3a [PEAENAMK 9TOTO KOHYCa.

Hanpskensog cOCTOSHME B 06pasie Ipy pazsutol Gowxoobpas-
HOCTH HEOJHOOCHOE ¥ HEOJHOPOIHOE. Y4eCTb 3Ty HEOZHOPOAHOCTH
npy 06paBoTKe pesyNBTATOR HCMBITaHMHA Ha CKATHE HE MPENCTABIACT-
5 BOSMOXHBIM, [I03TOMY TIPHHHMAIOT, HTO 110 BeeMy ofBeMy o6pasua
HAIIPAKEHHOE COCTOSHHE ONHOPOMHOS ¥ ofHoocHoe. Takum 06pasoM,

o=—,
AO
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2. Dngede/tenue MEXQHUIECKUX. Sapaxmepucux Jamepuaios

e G — HOPMANbHOE HalpSKEHHE B [ONCPETHOM CedeHHH 06pasua;
F — cuna, neiictayiomas na obpaserr; Ag — HauANBHAS TUIOWAAD TIO-
TIepeuHoro cedenns obpasua.

Utobsl elicTBETENbHOE HANPMKEHHOE COCTOAHME B ofpasue co-
OTBETCTBOBANO M AEMOMY, HeoO: ATE HIH MC-
KIIOIHTE CHIBI TPEHUs Ha ero Tophax [6]. 3to nocTuraeTcs BBenEHHEM
B NOTIOCTH Ha Topllax o0pasia cMa3ouHoro Marepwana (cM. pac. 1.12)
HIH CO3/IAHNEM KOHMHCCKHX TOPIEBBIX [IOBEPXHOCTEH C YIIOM, paB-
HBIM YTy TPEHHA MEXIy TIOBEPXHOCTAMHE 06pasua u PHCIocoGIeHns
(cM, puc. 1.13). B kadecTre cMa3ouHOro MaTepuana OPUMEHAIOT Napa-
¢un, napa¢uamposanHyro Gymary, Basesun, Tedmon u ap. IonHOCTRIO
YCTPAHUTE CHIIBI TPEHVS MY KOHTAKTHDPYIOIHMHA TIOBEPXHOCTAMH B
TIPOLECCe HCHBITARM Ha CkaTHEe He yaaercs. B sTom 3axmouaercs ux
TPHHUMOKABHEI HEAOCTATOK.

YeM MeHbINE OTHOLIGHME ATHHM 06pasua K ero DHAMETPY, TeM
Goinpiiee BIMAHHE OKA3BIBACT TPEHUE HA PE3YNLTATH HCHEITaHuii. C
STHX MO3ULM Cenoano G5l IPOBOAMTE MCTIEITAHAA ¢ APHMEHEHHCM
BO3MOXHO 6oMee MIHHHEIX 06pasoB. ONHAKO TPH CHKATHH JTHHHEIX
0fpasiiop Tpyano H36exaTh MX M3THOA. OUTHMATHHEIM /UL MHIHEI-

PHHUECKMX 06PA3LOB ABIAETCHA OTHOLMICHHE dﬁ =1.3.
o

Jluarpammy cxatas Ma'repnana nonyqalo'r TEM e CrocoGoM, 4To 1
ZWArpaMMy PacTDKeHus. N Xapak-
TEPUCTHK MATEPHANA, TAKMX, KaK npenen TPONOPUMCHATEHOCTH, Ipeaen
YTPYTOCTH M OPEAeN TEKY4eCTH, TIONHOCTBE) COOTBETCTBYET METOIHKE

ITHX XapaK TPH HCITLITAHKH Ha PACTUKEHNE.

Hpn ONpeseNeHHH XapaKTEPHCTHK CONPOTHRICHIS MaTepHana Y-

PYTMM M MAIBIM YTIPYTOMTACTHYECKHM JeOPMALMAM HCTIONB3YIOT YA-

obpasusi ¢ or ?—4.,.8 (cm. puc. 1.14). B atom
0
CIIydae I M3MepeHns AeGopMalik AODKHEI [IPHMEHATECS TCH30MET-
PEl, YCTAHABNMBAEMEIC HA DacYCTHOM yuacTke ofpasna, mpudeM Gaza
TEH3OMETPa JO/KHA ObITh MEHBIIE NOIHOM [UIMHBL 06Pa3Ia HA BENHYH-
Hy, pasnyio (0,5...1,00d,.
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2.3. Henvimanus 06pasyos Ha kpyyenue.
e s

Ilpenen OpoHOCTH O, HHU3KOYTNEPOAMCTON CTANH TP CKATHH
YCTaHOBHTE He yAaercs, Tak Kak ofpasen u3 TaKoTo MaTepHana CILIo-
0OCTABAsACH CIL T. €. He pa3p
JluarpaMmy CKaTHA MATEPHAIA TONYHAIOT U3 nuarpaMMb! CKATHA
ofipasiia, IPH HTOM NPHHEMAIOT

Jluarpamma CKaTHs HH3KOYTICPOAUCTON cTamH (cM. puc. 1.15) na
yJacTke or TNPAKTUYECKH COBOAJALT ¢ Jlldal])aMMOﬁ PacTAKCHHUA 3TOr0
Marepuana. Ha juarpamme CxaThd OTCYICTBYET TOYKA, COOTBETCT-
BYHOLIAs OPEAEITy NPOYHOCTH, T. €. NPEAEH NPOYHOCTH YCTaHOBHUTB HE-
BO3MOXHO. HCNBITAHHA Ha CHKaTHE MaTepHaia, HaXOAAIEeroCs B IUIa-
CTUYHOM COCTOSHMH, npH ) pas-
Holi 50 %.

YenoBHsle npefienbl TIPOTIOPUHOHANBHOCTH G, YNPYTOCTH O
TEKy4eCTH 60.2 ONPENEHATCA TEM XKE METOAOM, YTO U IIPH pacTs-

HEHUH.

Cepblit YyTYR B HOPMAILHBIX YCIOBHAX HAXOAMTCS B MAIOIIa-
CTHYHOM COCTOAHMY, AHATPaMMa CHKATHS CePOTO YyTyHA NPUBE/IeHa Ha
puc. 1.16. Ctporo roBops, Ha AHarpaMMax pacTAiuECHUS U CKATHA Ce-
pOTO 9yTryHa HeT NHHEMHOTO yHacTka, rae cobmonaercs 3akoH ['yka,
OZIHAKO OTKIIOHEHHE OT HErO HEBEIUKO.

2.3. HenbiTanHs 06pa3snos Ba Kpy4eHne

Hcnwrranns 06pa3ioB Ha Kpyd4eHME NPOBORATCH C LENBIO BKCIE-
PHMEHTANBHOTO ONpefieNicHHA MEXAHUYECKHX XapaKTepHCTHK MaTte-
PHANOB IIPH YHCTOM CABHMIe: MOAyNs casura G, Ipenena MporopLuo-
HalbHOCTH T,,, ApejeNa YIpYrocTH T,, MPEAena TeKy4eCTH T,, Tpe-
Jiena NpoYHOCTH T,; TCH XapaKTep pasp {cmewr, 0T-
peis) [9].
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Z. Ongeoeﬂenue MEXAHUHECKUX xagaxmeﬁucmux Mameﬁuzwoa

XapaKTepACTHKA YCTAHOBKH

Il MCTIITAHWI Ha KPYIEHHE MOXET GbITh HCIIONB30BANA JIE0DAs HC-
MEITATENbHAS MAITHHA, YAOBNeTBOpsiomas TpeGopamam TOCT 3565-80.
Ona IO/DKHa GITH JONONHUTEITHHO OCHAIIEHA HABECHEIM YTTIOMEPOM.

KpaTKue TEOPETHYECKHE CBE/ICHHH

Tlps wcnbITaHMM HA KPYYeHHE 00pa3sell M3 HCCIEflyeMOro Mare-
pHana OpoYHO 3AKPEIVIAETCA FOMOBKAaMH B 3axBarax HCTIBITATEEHON
MaIMHEl M TIOJBEPracTcs HEMPEPhLBHOMY ILIABHOMY Ne(OpMHMpOBa-
HMIO IO HACTYILletins paspymenus. IIpu mpoBeeHny MCTBITaHKE 06~
Ppa3snoB Ha KPY4CHHE JAOMKHEI BCSL CICOYIONIHE
YCNOBHA: Ka4E€CTBCHHOC NCHTPHPOBAHHE oﬁpasua B 3aXBaTax, IUIaB-
HOCTE HACPYXXEHUS B PAsTPYXKERMs, OTCYTCTBHE MPONONBHON CHIIBL.

Jlns wenibraHuii Ba Kpyderue npumeHmoT obpasust o FOCT 3565—
80. MoHO MCOONE3OBATH KX CIVIOMHEIC, TAK M TpyGuatsie 0Opasiml.
OBpasex CrONIHOTO OTIEP: 0 CEHEHHS TP Ha puc. 1.6, a.

KORCTpyKiMA TONOBOK ofpasiia HomkHa ofecieunBars nepenady
KPYTSILEro MOMEHTA OT aKTHBHOIO 3aXBaTa K paGoueMy ydacTky of-
pasia 1 OT pabovero ydacTka X MOMEHTOM3MepuTemo, Pasmeprr 06-
pasua: HavaNbHBIH JHAMETP PACUETHOTO YHacTKa do, HA9aNbHAT ATHHA
PAcCYETHOTO y4acTka k, /HHa paGodel wacTy /, IpH 9TOM HOJDKHBI CO-
GIIONATECH YCTIOBHA:

Iz, +d,, %:10 w5,
o

Hawry A i Ha KDYy
TpyBuateic 06pasibl ¢ KONBUEBEIM HOTICPEUHEIM CCUCHHEM [10} (cM.
puc. 1.6, 6), TEK KaK B HYX PACTIPEHCNICHNE HATIPSDKCHI 10 JUIHHE 1 pa-
IHYCY E p 3AKIMOUALTCH
B TOM, 9TO OHM TEPAIOT YCTOWYMBOCTE NPH GOMBIINX MIIACTHHYECKHX Jie-
topmarmax.

HcnviTanye Ha KPy4CHHE NPOBONMTCH KaK JUIL TUIACTAMHEIX, TAK H
U1 MATOMNACTHYHEIX H XPYIKHX MATEpHaioB. JTOT BHI HCBITAHHH
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2.3, Hcnwimanus o&gasgaa 1 Kppuche

[03BOMAET BEIABHUTH TUTACTHUECKHE
cRoficTBA MATCPUANOB, HAXOMA-
LMXCA B XPYIIKOM COCTOSHHM, B
3TOM 3aKTIOYAETCS PEUMYRIECTBO
WCTBITAHUH HA KpyYeHMe Mepen
HCTBITAHHAME  Ha  PACTSDKEHHME.
IIpw MCOBITAHMM Ha KPy4EHHMe Ha
P He 06p: weiika, 5
BCIIGACTBHE $ETO KpyTAIWH MO-
MEHT BO3PACTAeT A0 HACTYIICHHS
paspyuienns obpasua. IliacTuue-
ckas gedopMalms PaBHOMEPHA 0
AnMHe 06pasia, WHIHHAPHIECKas
tbopma 0 obpazna 70 ero paspymenns [8].

PaccMOTHM AHarpaMmMy KpydeHHs o6pasua i3 MaTepHana, Haxoms-
merocs B IIACTHYHOM COCTOSHEY (puc. 2.11).

Ha HauanbHOM Y9acTKe JHArPAMMBI MEXTY KPYTAITMM MOMCHTOM
M, u yriom 3akpy 4 npsMas npornop
Hast 3aBHCHMOCTS — 0Bpasew AeopMupyercs MHHefn0 — ympyro. B
TOUKe A HAYMHAETCA YIACTOK AMATPAMMLI, HA3KIBAEMBLH 30HOH yIpod-
HEHHS M XAPAKTEPH3YIOLIMIACH MANBIM TEMIIOM YBE/IMYEHNS KpYTAIICTO
MOMeHTa U 6 TEMIIOM TIp YIia 3aKpy Ko-
HeqHAs TOUKa [ MATpaMMbl COOTBETCTBYET paspylieHuro ofpasia.
Ofpasip U3 PAasHBIX MATEPHATOB NP MCTIBITAKHH Ha KPYHYEHHE pa3-
PYNIZIOTCS [0-PasHOMy: TIOBEPXHOCT Pa3PYICHHs, MEPACHMMKYISp-
Had ocH 06pasua, YKa3blBACT HA PaspyMIEHHe OT CPe3a, BURTOBA M0-
BEPXHOCTh — Ha Pa3pyHIEHHE OT OTPHIBA.

ECIIH [p# MCTIBITAHHH HA KPYYCHHE HATPYKEHHE MPHOCTAHOBHTS,
HanpuMep, B TOUKe ] AMArPaMMbl W OCYIIECTBHTH PAasrpyKCHHE 0f6-
pasna, TO OKAKETCA, YTO AMArpaMMa PasTPy:KCHHI M Iuarpamma mpe-
IEIYIIETO HATPYXKCHAA HE COBNANAIOT. JIMHMA pasrpyKeHus — NOtTH
DpaMasi, NMapaleNbHas HAYATPHOMY NMHEHHOMY Y4acTKy OA nwa-
IrpamMbt kpyserus obpasia. Taxol xapakTep AehopMupoBaRAA obpas-
1A NTPH. €70 PasTPYKCHHM HA3HIBACTCA 3aKOHOM PA3TPYKEHUA.

EcIH OCYMIEcTBHT: NOBTOPHOE HATpYXeHHE, TO JHarpaMma 1o
Toukn [” COBIAZACT C MHMEH PasrpyKenns, a 3areM OyneT coBnanars
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Puc, 2.11. luarpamma kpyuenus of-
pasua u3 NJACTHYHOTC MaTepHana:

1 — pasrpysenue; 2 — TIOBTOPHOE Ha-
TPYXREHUC




2. Dngez)wtenue MEXGHI KU XapaKIEPUCTILK Hamepugnos

¢ IMArpaMMOH KpydeHus 00pasna npu OJHOXPAaTHOM HAIPYXEHHH 10
ero paspymenns. Takoll xapaktep Ae(OPMMPOBAHHA HA3LIBACTCA 3a-
KOHOM NOBTOPHOTO HAIPYKEHWS W 3aKMOYACTCA B NPAMOH TpOTIOp-
MO 0CTH KPYTAILUCTO MOMEHTA H MPH-
P yria 3aKpy , KOTOpAs COXP JI0 TeX TOp, TOKa
3HaYeHMe KPYTSLIEr0 MOMEHTA HE CTAHET PABHBIM £ro 3HATUCHHIO, JIOC-
TUIHYTOMY TIPH TEP! OM Harpy . Econ ocy BUTH Pasrpy-
sxeHue obpasua Ha yuactke OA, TO 32KOHBI HAIPYKCHHS, PaSTPYKEHHUA
H TIOBTOPHOr0 HATPYKEHHS COBNANYT.

Vron sakpyunsanni o6pasua npu ero geopMupoBaHuMHM 3a TOU-
Koit 5 IMArpamMMbl CK/IATHBACTCS H3 yIIa 8, COOTBETCTBYIOMIETO yni-

pyroit necdop CJIBHra, oca 3akoHy ['yka, u yrma
3aKpyumMBanuA O,, COOTBETCTBYIOIErO MIacTHUeCKOH Hedopmaimu
casura, T. €.
O=9,+9,.
Tpu pasrpyxenns 06pasna, NONYYUBIIErO YIPYTYIO M MIACTHYE-
CKyI0 yrIOBbIE AehOPMALIMY, YION 3aKPyUMBAHUS, COOTBETCTRYIOMIMI

ynpyro#i nedop eTCH, 2 YO 3aKpy COOTBET-
CTBY # ract i ned coxp 5 HeH
JluarpamMma Kpy obpasua OLICHATH

Matepuana ofpasna B YIPyrod H YIPYrOMIACTHYECKOH CTammix Ae-
(JOpMHMPOBAHMSA, ONPEACIHTS MEXAHMYECKHE XAPAKTCPHCTHKH MaTe-
puaNa [pH SHCTOM CABHFE. Jns MOTYYeHHA YUCICHHO COTIOCTABHMBIX
Mexy coB0H MeXaHMYECKMX XapaKTEPHCTHK MaTepHana Auarpammy
Kpysenns 0Gpa3lios NepecTPaHBAlT B AMarpamMmy CABHTE MATEpHATIA.
Jluarpammoii CABUra MaTepHaa HA3LIBACTCH 3aBHCHMOCTh MEKAY Ka-
ca I B B MaTepuarne NpH THc-
TOM CABHTE, ¥ COOTBETCTBYIOIIMMH YT/IAMHU CHBHTA Y.

Jlns ofpasua Kpyrioro NoNepeuHoro CedeHus CIIpaBeiBa CIEyIo-
Hlas TCOMETPUHECKAs 3aBMCHMOCTE MKy YIMOM 3akpyuusamui © M
HAHGOMBIAM YIJIOM CIBHTA Y, BOMI3U BHeINeH nosepxHOCTH ofpasia
(puc. 2.12):

You =22, @n
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2.3. Ucnsimanus 06pasyoe wa Kpyacriue

rae dy, {y — COOTBCTCTBEHHO Ha-

HANBHBIE JIMAMCTP M [UIBHA pac-

HETHOYO yuacTka ofpasua, Ha

KOTOPOM M3MCpAETCA Yrofl 3a- o A

KPYYHBaHHA. 3 L
KacaTenpHbic HanpsKeRns B

06pasue Kpyrioro nonepevHoro Tt

CEHEHMA B MpeAenax yIpyrocrn \‘/

pacmp o HHO# 4

3asucuMocty. Hambonsmme ka- =

CaTenbHble  Hanpsxenns npu  Pue, 2.12. JlehopmuposarHoe cocto-

KPY4eHUH 06Pa3La KPyrjioro o- AHWE PACTIETHOIO ywacTka ofpasua

NEPETHOTO CCUEHUA BOSHHUKAIOT B IPW KPYUYCHIH

TOYKaX BONU3N BHEINHCH NOBEPXHOCTH M B NpeleNax NPUMEHUMOCTH

3aKkona 'yka BLIYHCIAIOTCA no Gopmylic

TS5 2.2)

rae M, — xpyTAwmit MOMenT; W, — IONAPHBIN MOMEHT COTPOTHBIC-
HHS KPYTTIOTO MONEPEYHOTO CCHEHHUA.

Tlpy KpyscHUy 06pa3ua 3a IPCEJIENOM IPHMEHKMOCTH 3aK0Ha ['yKka
KACATENEHBIE p ofipasna p
JIAKOTCS HENHHCHHO (e, 2, 13)

3aKOH PacnPeNeNEHHs KacaTe/bHbIX HANPKCHHH B 3TOM Cilydac
YCTAHARIMBAETCS TeOpHEH TwiacTiuHocTH. Hau-
6 KaCaTeNBHBIC TIpH Xpy-
HEHHMU CILIOMIHBIX NHTUHAPHIECKHX 00pasion
BhIMHCInOTCH 110 dopmyne Jlioxsura — Kap-
MaHa:

Puc. 2.13. Pacnpege-
JI€HHE KacaTECNbHBIX Ha-
UpmKCHW B noTeped- JlnarpaMma CIOBHra MaTepHana CTPOMUTCH
HOM cevemmn ofpasua IO AMarpaMme Kpydenms oOpasua rpagutde-
3a pefieniom ynpyrocTH  CKHM cnocoGom. B eibpannoli Touke K aua-
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2 Ongedznenue MEXANUNECKIY XapaKmepUCTIL Jamepuaios

Tmax
My B -
i o Wz -
¥ ol ol tgp=1,51g0
B 5l 8| F
¢
Ymax
0 8 8
Pue. 2.14. lnarpamma kpy- Puc. 2.15. Jnarpamma cABATa MaTEpHAa

werns ofpasta

TpaMMbl KpyueHHs 00pa3lia IPOBOJMTCA KacaTeNbHas A0 ePECeHeHHT
¢ oclo M, B Touke L (puc. 2.14). DTo yao6HO AeNaTh ¢ NOMOILIBIO 3ep-
KanbHOW NHHEHKM, 3aTeM M3 TOUKH L NPOBOAMTCS TOPH3OHTAIBHAS
npsmas. Otpesok KM =31g0. B MacnIrale i KPYTAIMENO MOMEHTA Ha

dM,

JIMarpaMMe KPYHeHHs COOTBETCTBYET > ¥ B dopmyse Jhomsura —

Kapmana. Otpesok KN B TOM e Maciurabe COOTBETCTBYCT KPYTAIEMY
MOMEHTY M.

Op/MHaTa AMArPaMMEL CHBMTE Tma, NONYUCHHas 10 (opmyne
(2.3), HOMXHA GHITH OTIIOWEHA Ha 3TOH /MArpaMMe COBMECTHO ¢ abc-
nuccolt vy, onpenensieMoll no Gopmyne (2.1). YkazaHnoe NOCTPOCHHE
[IOBTOPAETCS JUIA PSAA TOUEK JMArPAMMBI Kpydenns 00pasua, H o fo-
Iy P T CTPOMTCH AHAIPAMMa CIIBAIA MaTe-
puana (puc. 2.15).

Qopmyasl (2.1) u (2.3) momyyeHsl B INPEANOTONKCHHM, HTO
18 Yo ™ Vonse ¥ TIOITOMY [IPHMEHMMBI TONBKO MPH HEOOMBIIX SHAUCHASX
YAC/BHBIX YTIIOB 33KpY , He Op 1,0...1,5 rpan/mm,
mosTOMy 715 ofpasua ¢ JUIMHOW paGodel wacty, pasHo# 100 mm,
[HarpaMma C/IBMra CTPOMTCA TOJNEKO X0 HOCTHXCHHA YITIOM 3aKpy-
guBanus ¥ 3HaucHus 150°. JuarpamMma CHBHra MaTepuaina 3aBHCHT
OT €ro CTPYKTYPHI, YCNOBHH MCOBITAaHHH (TeMIEPaTyphl, CKOPOCTH
nepopmanmi).
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2.3, Henvimanus aﬂﬁasuns Ha Kﬁzl«euue

Haganseeii ygactok OA AuarpaMMBr cBura THHeHHbIH, T. €. yron
CHIBATa Y NPONIOPLUHOHATCH KAaCATCIBHOMY HaNpSDKCHHIO T. 33KOH Ipo-
1nop TH, ii sakoHoM I'yka mpH clBure, MOXET

OBITB 3a1UCaH CCTYIOMEM 0GpasoM:

T=GY,

rge G — xoabd T 1Ip HOCTH, it
CHBHTa MM MOJlyJIeM YNpYyTOCTH BTOPOTO POJa; OH XapaKTEpH3yeT Co-
TPOTHBNEHHE MATEPHAIa YOPYruM Ae(OPMALMAM H ABNACTCA €T0 ym-
Pyro# noCTOAHHOH.

3axon I'yka Opd CHBHre HApymlaercs B TOUKE A IHarpaMMel
CABHIa. Op).mHaTa 31O TOUKH MMeeT ocofoe HAMMEHOBAaHHE — npe-

Jien MpONOPLMOHANSHOCTH. IIpenenoM TpONOPUMOHANBHOCTH T,

Ha3hIBacTCA HAMGONBILEE HANPSKEHHE, A0 JOCTHXCHHA KOTOPOTO
crnpaeeus 3akoH I'yka npu casmre. Jlig ero IpakTHYECKOTO Ofpe-
JENEHHS BBOJMTCS NOHSTHE YCHOBHOrO Mpejelia NpONOpUHOHATbHO-
ctu. B atom cioydae 0T TAKOE T“u, NpH KOTO-
POM TaHIeHC YT7Ia HAK/IOHA KACaTeNbHOM K Jparpamme T= f(Y) B 1,5
pa3a GoIbnIe TAHICHCA YINid HAK/IOHA JHHEHHOTO y4acTka STOH [ua-
TpamMMbl. B npHBeeHHOM onpenenenny ansg T, peysb HiaeT of yrie k
OCH HanpExenuH (cM. puc. 2.15).

TIpn p p npexelna mp TH BCE
AedOpMaALHK OCTAIOTCS YIPYTHMH, T. €. OGPATHMEIMH — IONHOCTBIO
He! nput p 70 HyJs,

HawuGosbluee HaIPHKEHKE, 10 JOCTHKEHAA KOTOPOro Bee Aedop-
MalMM B MaTepHane YIpYTHe, Ha3sBIBAeTCS NMPEAENOM YIPYTOCTH T, .
Ha npaxtuke YIOTCS YOPYTOCTH.

VCNOBHEM TNpefieNioM YIPYTOCTH Ty, HA3LIBAETCA HANPMKEHHE,

TpH KOTOpoM miacTudeckas (octarounan) aedopMalMs COCTAaBIAET
0,02 %. [l HaxoX/ACHAA Ha Juarpamme cxpura (oM. pac. 2.15) Touku B,
COOTBETCTBYIOILIEH IPEACITY YIPYTOCTH, HEOGXOAMMO BOCIIONB30BATECH
3aKOHAMH Pa3rPYKEHHA H TOBTOPHOTO HArPYXEHHS,

OcHOBHOR MexaHW4eCKOH XapaKTCPHCTHKOM MaTepuana IpH
C/IBMIE ABIASTCA IpeAen TekydecTH T . [Ipu sToM HampsokeHuMU MaTe-
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2. Oﬂ;edeneﬂue MEXAHUUCCKUX xapaxmegucmux Mamegua/ws

pHan HauyWHAaeT MHTCHCHBHO IUTtacTHuecky AcdopMmmposatses. [Ipene-
JIOM TCKY4ECTH ((U3HHECKHM) T, HAIBIBAETCA HANPAKCHAE, NPH KOTO-
POM MaTepuas HadMHAeT WHTCHCHBHO HAKAITHBATh IUIACTHIECKHE Je-
dopmaiay, IPHYCM 3TOT NPOLECC MAET NPH MOYTH MOCTOSHHOM Ha-
npsokeHuH. PUIHYECKHH NPEAe TeKyuecTH yCTAHABIMBAETCA B CIY-
4ae, €CIM HA AMATPaMME CIIBHTA MaTepHAid MMEETCH IIIOWAAKa TeKY-
gecri. IIpu OTCYTCTBMM IVIOWIANKH TEKYHECTH (UTO XapaKTEPHO ALY
AMarpaMm CABura GONBIIMHCTBA MATEPHANOB) BBOAAT TOHATHE YCIOB-
HOTO (TEXHHYECKOTO) TPEHENa TEKy4eCTH. YCIOBHBIM IIPEAEIOM TEKy-
YCCTH T,, HA3KIBACTCH HANPKCHME, MPH KOTOPOM ILIACTHHECKaR Ae-

dopmanus cocrasier 0,3 %. Y CIOBHEIA NPEAEn TeKYIECTH ONPEALHA-
€TCA aHANOTHYHO NIPEAey ynpyrocTH (oM. puc. 2.15).

ITokasanHsIc Ha puc. 2.15 MOCTPOCHNS ¢ UETBIO ONPEACIECHUR Try,
Tooz. To3 MOKHO NIPOBOJHTS Ha IMarpamme M, =¥, KoTOpas sBisercs
NEePBHYHBIM PE3YNBTATOM HCIBITAHANA Ha Kpyyenue. C IOMOMIBIO Ha-
TpaMMbl M, =0 MoxnO HaliTH Mym, Mcoo, Mcos, T. €. KpyTaluHe
MOMEHTHI, COOTBETCTBYIOIUME Mpe/ielaM NPONOPHHOHATEHOCTH, YIIPY-
TOCTH ¥ TEKYHECTH.

HawnGonbiiee kacaTenbHOE HaI] COOTBETCTI Hadga-
Ay pa3pyICHUs IPH YHCTOM CABHUIE, HAIBIBACTCA MIPEIIENOM NPOYHOCTA
MaTepHaia IpH CABHTE T,. DTO HANPAKCHHE NPUOTIKEHHO MOXET
BrrTe onpeneneno no dopmyie (2.3), €CIHU B Hee MOACTABUTE 3HAYCHMA

dM, s
Mcu 70 ¥, COOTBeTCTBYIOMME KOHEUHOH Touke [ AHATpPaMMBl Kpy-

ueHus ofpasua. Jing BecbMa IUIACTHIHOTO MaTepHaia, aedopMupyro-
Erocs npu cABure 6e3 3aMETHOTrO YNPOUHEHHMS, MOXKHO CUMTATh
M,

—E:O, B 3ToM ciydae QopMyna (2.3) mpeoGpasyercs K BHRY

12M,

Trnax P ¥ TO3BONACT HAHTH NpeAes MPOYHOCTH TAKOro Marepua-
0

Jia IpU CABHIE,
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2.4. Onp Jpy2ux no: 1D Mameguwm

2.4. Onpexenenue yIPyrHX HOCTOSHHBIX
H30TPONHOTO MaTepHaia

Baxneimee cBoMCTBO BCeX §€3 HCKIIONEHHS TBEPABIX Ten —
9TO yNpyrocTk. Jna orpoMHOro GONBLIMHCTBA MATEPHANOB 3aKOH
YIPYTOocTH ¢ GOMBIION TOUHOCTBIO MOXET CYHTATHCH ITHHEHHBIM, ¢
Tl TOM npHOCTH E, MOAyIeM
ympyroctu [11]. 31'0 3akoH ['yka. OH cnpasemius, IoKa Hanmpsxke-
HHE B MaTepHaje He JOCTATHET OIp
MOTO NpenenoM nponopuuonansioctd. Kpome Moayns ynpyrocta
MEXaHNIECKHE CROHCTBA M30TPONHEIX MATEPHANOB XapaKTEPHU3YIOT-
¢q xoabduupentom Ilyaccona.

B asroit TaisHOM pabore omp TCA YNPYTHE Lo~
CTOSHHEIE H30TPORHEIX MATEPHATIOB METOJOM TEHIOMETPHH.

0 -

XapaKTepHCTHKA YCTAHOBKH

B xauecTse oGBekTa yercs crep nps-
MOYTONBHOTO ROIIED 0 CEUEHH, 3aKp ii B 3aXBaTaX HCIEI-
TAaTeNbHOM MAKHET (pUC. 2.16) M Harpy)KEHHBIH NPOAONBHOH CHIT0N F,

3
1
4
5
2

1

Pruc. 2.16. CxeMa HCTIMITATENBHOM MALITHEL

1 — cunososGyxaoiee yeTpoliTso; 2 — crepwors; 3 — crtons-
4 — HaMepuTenb TedopMa-

WHH; 5 — TmLT yipasacHu
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2. Onpedenenue MeXQHUNECKUX XADAKMEPUCIIUK MAMEPUANO8.

Ha cTepikens [0 MCTIBITaHHMH Ha-
KIEMBAlOTCA [BA TCH3OPE3UCTOPa
(puc. 2.17); oaue B TPOAONBHOM Ha-
npaBieHuy (AN H3MEPSHHS OPOAOTL-
Ho#t fleopmanmm €,), Apyroi — B
[ONepeyHOM (UIA WM3MEPEHHs TIOTeE-
peutoii sedopmanun €,). Cxema Ten-
30pe3NCTOpa IIPHBE/CHA Ha PHC. 2.18.

TIpMBUAIHAaNLHAS CXEMa TOAKITIO-
YeHHS TEH3OPCIHCTOPOB K HIMEPHTEII0
nedopmanii MpuBencHa Ba puc. 2.19.
TeMnepaTypHas KOMIEHCAUMs OCyLIe-
CTBIAETCA BKMIOUCHHEM B OOHO H3
1UTIed MOCTOBOM cxeMBI (cM. pHc. 2.19)

0 TeH:

Pue. 2.17. Pacnonokesne ten- K;» KOTOPbH Haween na Gpycox u3

30PE3UCTOPOB Ha CTEPHKHE: TOTO e MaTepuana, 4TO M HCHBITYE-

1 — crepxens; 2 — noncpednmit MBI CTE[IEHD, HO HE HATPYXAcTCs B
i -

p MCTIHITaHHH.
HHROPSRYTIOR VICHHITATENEHAS MAMIAHA OCHA-
wena s ATyHPOBKH H3MEPHTENS
p p oy

nedopmanmii (puc. 2.20, 2.21).
i
7

7

Gaza

4

Puc. 2.19. MocTosad cxema
Vurcrona:

Puc. 2.18. Cxema TensopesucTopa:

] — TeHIOHYBCTBHTCABHEIH MEMeHT; 2 — Kpai-
K4 3 — BAIBORABIC NPOBOTHHKH; 4 — OCHOBA
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T — ramsnanomeTp

2.4 Ongeaanenue ;ng;eux DOCIRNIBY YaOmBOTNIZ0 Mamegua.rm

) —r—
¥

rs a/2
a

Puc. 2.21. TiporuGomep:

1 — 6anka; 2 — nmatpopMa;
Puc. 2.20. T B e qacoBora
1 — Banxa; 2 — Tersopesucrop; 3 — npornfoMep  THma

Kparkue TeopeTHUECKHE CBEICHAA

3akon ['yka omp Th MEKIy Halpske-
HHAME ¥ YIDYTHMI ne«j)opmauuzmu
c,=Ee, 24
rae E — MOJIyJIb YIIPYTOCTH HEPBOTO poa.
b (2.4) NHBA 00 OOCTIKCHHS HAlPSOKCHUS
Cpys 0 TIp p H MaTEPHANa.

TIpu 0CEBOM HATPYNEHHH CTEPIKHS HMEIOT MECTO HE TOTHKO PO~
nonsHeIe (€,), HO M HONEPEUHEE (£,, €,) AehopManuu.
[py narpyxesus CTEMKHA IO AOCTIKEHHS NpPEAETA IPONOpPLHO-

HATHHOCTH MATEpHana or MENUTY MOTIep: # 1 mp
b Aﬁcomorﬂoe 3HAYCHUE OT-
nionep i nedop K 1p Koa:b
dmmenrom [yaccona wm ko3 TOM P i nedop

25)
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2. Ongedeﬂenue MeXAHUSECKILY XqpaKTICPUCTIUK MATeDUAI08

Monyne yupyroctn u koagguument [lyaccona nonHOCTHIO Onpe-
JEII0T YUPYTHE CBOFCTEA HIOTPONHOIO MaTEpHana.

Ynpyrue nOCTORHHBIE MATEPHANa MOTYT OBITh HAMIEHE! IKCnEPU-
MEHTAABHO ¢ HOMOWBI0 AMHAMMYECKOTO K CTATHUECKOTO METONOB. B
HacTOAMICE BPEMS CUMTALTCS, HTO uil MeToj T
TONYYaTh yOpyrue NOCTOSHHBIE C GONMEe BBICOKOH TOYHOCTBIO, HeM
cTaTHueckui MeToll. JlMHaMuuecknil METOZ OCHOBAH HA 3aBHCHMOCTH
HaCTOTHI KC i crepxus (p METO/IBI) MM CKOPOCTH
3BYKa B HEM (MMILyNbCHBIE METOJIBI) OT KOHCTAaHT ympyrocTH. CrarHye-
CKuil METOA TpenmoNaraeT TUIABHOC RATPysKenue c-rep)xl-m © oaoBpe-

MEHHBIM H3MEPCHAEM TP i 1 ot bop
Jins uamepenus nedopMAIMiA HCMONB3YIOTCS OpUOOPH!, HA3hiBac-
MBI pamu. Pasp H 1p pas. THIIBI

TEH3OMETPOR: MEXAHMYECKHE, ONTHHECKHE, NHEBMATHYCCKHE, JMCK-
Tprucckne u Ap. [12]. HauGonemee pacnpocTpaneHue TOMYHIM ek~
TPHHECKHE TEH30METPH. VX NCiACTRHE OCHOBAHO HA M3MCHEHHN napa-
METpOB DIICKTPHYECKOR HEMH TEH30MeTpa (COMpOTMBIICHUS, EMKOCTH
MM WHAYKTHBHOCTH) B COOTBCTCTBHH C M3MEpseMoit nedopMauued.
TIpy BBIIOTHEHHH 3Toi PabOTHl HCMONBIYIOT BNEKTPOTCH3OMETPES CO-
NpOTUBIEHHS, COCTORNIME M3 ABYX HacTel: TeH30pe3ucTopa (CM. prc, 2.18)
U perMcTpHpyIOmeEro npubopa (3MEKTPOHHOrO MIMEpHTENs Iedop-
Marmit).

TeH30pe3UCTOPHI POYHO NPHKICHBAIOTCA K BHEMHEH MOBEPXHO-
crd crepxus. [pu gedopmup P (OPMHDYIOTCA H TEH-
30pE3HCTOPHI, BCIGACTBHE HEr0 H3MEHAETCS MX JMEKTPHIECKOE CONpo-
THBNICHHE.

TIHpoKO PAcHpPOCTPAHEHH NPOBONOUHbIC U (ONBIOBbIE TEH30pE-
3ucTOpEL. TeH304yBCTBHTRILHBIE HIEMEHTHL NPOBONOTHBIX TeH30PEIH-
CTepOB )TCST B BHAE TET P i PEmIETKH M3 TOHKOH
npososoky (uamerp 0,01...0,03 MM), a TEH3OTYBCTBHTCIBHBIC 3~
MeHTH (JONBTOBEIX TEH30PE3HCTOPOB — M3 TOHKOH (ombry (Tommuna
0,005...0,010 mMm). QoNBroBEIE TEH30PE3UCTOPHI 110 CPABHEHHIO ¢ IPO-
BONOYHKIME HMEIOT JIyHINHe METPONOTMMECKHME XapakTepucTxd. B
Ka¥ueCTBE MATepHasioB TEH304YBCTBHTENBHOTO SJIEMEHTA [PUMEHSIOT-
o KoncranTan (58,5 % Cu, 40 % Ni, 1,5 % Mn), anuusap (36 % Ni,
8 % Cr, 56 % Fe), nuxpoM (80 % Ni, 20 % Cr) 1 4pyTHe CIUIaBbL.

60

2.4. Ongez)e/lenue DB BOCHARALEE BIOIPORNORE RAEDITT

KoHCTpyKkTHBHO TeH30pe3HCTOPHI (cM. pHC. 2.18) cocTosT K3 JIako-
BOH, GyMaxHOH MMM META/UTMHEECKOil OCHOBBI, Ha KOTOPOH ¢ TIOMOMIBIO
KI€s YKPEIUIEH TeHI04YBCTBHTENBHEIH 3MeMeHT. TeH30pesncTop mpr-
COERUHACTCA K H3MEPUTEIIO Aed c p K
HEMY BIBOIIHBIX IIPOBOJHHKOR.

BaxHo# XapakrepuCTHKONW TeH30pE3HCTOpa ABIsAETC ero Gasa. B
HACTOAIIEE BPEMS MPUMEHAIOTCA TIPOBOMIOYHBIC TEH30PE3HCTOPHI ¢ Oa-
30# o1 3 10 50 MM u GONEroBEE TCH3OPEIUCTOPHLL ¢ Gasol ot 0,3 mo
100 mm. ViciombsoBan#e TeHIOPE3MCTOPOB ¢ TOH Wil HHOH Ga30i cBA-
33HO ¢ XapakTepom Hedopmup (1 Yem
BBILUE TPA/UEHT H3MEHEHHS RepOPMalni, TEM MEHbIIE Jmmma OhITH
6a3a MPUMEHACMBIX TEH30PE3UCTOPOB.

Usmepurens gedopMaiiin Hanie Bcero coGpaH mo MOCTOBOI cxe-
Me (cm. puc. 2.19). Ilpu TEH30p POB BAKHBIM
ABAETCA BONPOC TEMNEPATYPHOH TaK Kak
TEMIEPATYPHlL BHI3LIBACT M3MCHEHHE /IEKTPUYECKOTO CONPOTHBIICHHS
TeH30pe3ucTopa. TemnepaTypHas KOMIICHCAIHA OCYIIECTBIACTCA KOM-

TICHCAMOHHBIM TEH30p TOPOM, BKJ B COOTBETCTBYIOIIEE
mnedo MocToBol cxemsr. K i T p [pHy-
KJIEUBACTCA K CBOGOIHOMY OT Harpyzku 6pycxy u3 Marepnana ToH Xe
MapKH, UTO i MATEPHAN CTep € B TE XKe paryp-

HBIE YCJIOBMS, 9TO M paGounit Teﬂaopeancmp KomnencauuoRHsri TeH-
30DPE3UCTOP BRIGHPACTCH U3 TOM JKE IIAPTAH, ITO H pabounil.

T'panyupoBka 31eKTPOEHOID H3MepuTens aedopmauni

[puMeRss 2MEKTPOTER3OMETD, HEOOXOXHMMO 3HATH LEHY AeIe-

HUA WKaJb H3MepHTens aehor i. IIponece omp IEHBI

mkajasl npubop CA €ro rpapyMp Ona
OCYIECTBIIAETCA ¢ OMOLIBIO CIENMAJIBHEIX FPAIyHPOBOYHBIX TPH-
crnocobnenuit (cM. puc. 2.20). Ilpn 3ITOM -

TanpHOM paboTsl HenonE3yeTCs GaiKa PaBHOTO CONPOTHBIEHHS H3-
ruby, KOTopas MMeeT NEPEMEHHOE NMOMEPEYHOEe CEUEHHE M HATpy-
KAeTCA COCPEROTOYCHHOH CHJIOH BOND NMHHH TIEPECEUCHHS Ha-
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2. Onpedeneniie MEXAHUYECKUX XAPAKMEPUCTIUK MAMEPUAROE
e "

KIOHHBIX IpaHell. B sTom ciywae ynpyras muHEs Gankm — Ayra
OKPY)KHOCTH, TIpHYeM B KIHHOBHIHOMA yacth Gankn xedopmauvd u
HANPAKXECHHA BAONb €€ OCH IOCTOAHHEL

MaKcHMaNBHEIC HAIIPKEHAS Tpy u3rube Gamxu

M
o, ==—*%,
Wx
e M,=Fz; W, *b(Z)h b(z)= blz M, — waruGawomnii MOMEHT;
W, — momeHT COHpO!rHBJ'IEHIUi ceqeHus uruby.
Torna
Fz _6F
6, = =—— =const, 2.6
o e @0
6 [

CrefoBaTeIbHO, B COOTBETCTBHM ¢ 3akoHOM ['yka €, =const.

Ha BEpXHIOK U HIXKHIOIO FOBEPXHOCTH KIMHOBMIHOM HacTy Gar-
KH HaKJICHBAIOTCS p OpBI, P TCA 06A3aTENb-
HO U3 TOH X NapThy, 4T0 M PabouHe TEH30PE3UCTOPE, T. €. HAKNEEH-
HEIC Ha CTEPXKCHB.

TIpu rpagymporke AedopManus €, NOMKHA OMPENEIATHCA ABYMS
JMEKTPOTEHIOMETPOM H MeXa-
HHYECKHM NPHOOpOM (npomGomePOM) COmoCTaB/As NOKA3AHHE MEK-
TPOTEH30METpa €O nony npy ee u3-
MepeHHH MEXaHHIECKHM npnGopOM, MOXHO HAWTH NEHY NCICHHA
IIKAB] M3MEPUTENS AeopManuit.

Haifjiem neHy JieNeHus IKANBI ieKTpoTer3omMeTpa. [ledopMalmio €,
MOXHO ONPELENWTE ¢ [OMOLIBIO MPOrHOOMEPa, CXeMa KOTOPOTO IpHBENe-
na Ha puc. 2.21. TIporubomep NOBONACT M3MEPHTH CTpely mpornba f
Gamku Ba Gase a. Heofxoaumo HaHTH 3aBUCHMOCTS CTPEH mporuba f ot
neopmaimy €, BepXHei nosepxuocTy Samar (puc. 2.22 1 2.23).

Tak kax

AABC = ABCD,
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2,4, Onpedeaciuye ynpycux nacmosuus usomponiozo mamepuasa

T /
a
f__2 iy,
Lo g B
a 25 =
5 S
a/2 | af2
IIporn® f man, nosromy ~
2r—f=2r,
CIICHOBATEABLHO,
a 1_8f
=—, —=—, (27
S 8’ r & @n
OnpenennM pauyc KpHBH3HBI 1 2

ocw Oanku (cM. puc. 2.23):
Puc. 2.22. Viamepenne KPHBU3HE! Gamu

(r+g)d<p—rdq) " Ll
g ==l -
: rdg 2r RPN
12 S
2= 238 "
r h 40 4
TIpupasuusaem (2.7) n (2.8)
8 2,
a* h Puc. 2.23. [lchopmauus 35eMeHTa
¥ TIONygaeM Bankn
= 4—{}‘ 2.9
a

Jedopmauns €, H3MepseMan JEKTPOTEHIOMETPOM, COCTABIAET
g, =Kn, 2.10)

rac K, — lieHa JeneH s MKaIbl K3MepuTens AeopMaLuu; 1, — JUCIO
Henenuii mKans! u3mMepuTens AchOpMAanHy.
TIpupassngas (2.9) u (2.10), monyqaem
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2. Ongedznenue MEXAHUNCCKUX XaDaKMEPUCIK Jumepugno
4fh

7
na

Q.11

Dopmyna (2.11) Bl T Ta/bHbIE 3HAUE-
HHA IPOAC/BHON 1 TIOTIepedron Aedhopmanii CTepxes u HaliTi o dop-
Mysnam (2.4) v (2.5) MRy yripyroct H Koadpunpert TTyaccora.

2.5. Onpenenenue MoyJisi YIPYTOCTA BTOPOro poja

MojiycM YTIPYTOCTH BTOPOTO Poaa (WIH MOAYJEM CABMIa) Hasbl-

Baercs Ko3(pQUUMEHT NPONOPIHOHATBHOCTH MEX/Y KaCaTensHBIM Ha-

M v YITOBOH mAe¢or B sakoHe I'yka mmd 9ucTOro

cnpura 1= Gy. B1a i # xa-
PAKTEPUCTHKOI MATEPHANA B PacueTaX CTEPKHEH Ha KpydeHHE.

XapaKkTepHCTHKA YCTAHOBKH

Hanpsi>xeHHOE COCTOSIHUE «JUCTBIH CZBMI» BOIHHKACT B CKPYTH-
BaeMoM TORKOCTeHHOI Tpy6Ke.

OGBEKTOM HMCCTENOBAHMH SABIETCA TOHKOCTCHHEIH TpyGuaThIi
crepiens. OH HArPyKaeTca KPYTSAIAM MOMEHTOM ¢ TIOMOIIBIO phriara
1 rpy308 (puc. 2.24). K crepXHIo mpukpenserca yriomep (puc. 2.25),
H3M it yToN 3aKpy MEXITY A u B crepxas,
PACCTOSHNE MEXTY KOTOPBIMH lo.

Kparkue TeopeTnuecKHe CBeAeHHS
B mp ynpyrux nedop it it yrox nosopota (yron
3aKpyuuBaEus) O ceueHns 4 OTHOCHTENEHO Ceuenns B (oM. puc. 2.25)
onpefenserca GopMmyIon

B=—x, (2.12)
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2.5, Ongedeﬂenue MO@;M Yrpyeocmu 6miopozo gada

Puc. 2.24. Cxema yCTAHOBKY J/19 HCILITAHKA HA KPYUCHUE:
1 — crepxens; 2 — pbmar; 3 — rpy3

rae M, — KpyTaumd MOMEHT B CTE)KHE Ha yuacrke AB; [y ~— pac-
CcTosHAE MEXIy cedeHisiMu 4 U B, pasuoe Gase yrnomepa; [, =1, —

H MOMeHT cTepKes (oM. puc. 2.24).
W3 popmynst (2.12) nonyuaem

G=Meh
o,

Puc. 2.25. Cxema yrnoMepa:
i— 18— 53— HACOBOTO THIZ; 4 — PHIYAr
3 10553 65




2. Ongedelleuue MEXAHURECKUX. xagaxmegucmux Mamepuaios

TIpu TANBHOM OIIp MOMYIA YIPYTOCTH €ro
HAXOJAT IO NPHP YIiIa 32KpY AB, D P
JIAT 3a CAET NpUPAIICHMA KPYTSIEro MomeHTa AM, =AFa. 3nech

AF — CTyneHb YBEIMUYEHHA HArPY3KH; @ — JUIMHA D5IYara.

Taxum o6pasom,
_ AFaly
ad1,
B wp Ta Harpy Tos

CTYNEHYATO M Ha. ka:wmn CTYNCHW HATPYKEHHS pemc-rpupyem npH-
pamenne yria sakpyansaani A%, Moayns ynpyrocts G BEIMHCIAETCS
Ha OCHOBE Cpe/IHero apu(MeTHIeCKoro SHateHns AD.

T'nasa 3
JKenepuMEHTaIbHOE 000CHOBaRHE
pAacUeTHRIX Mojeeil MeXaHHKH
nedopMHpPYeMOro TBEPAOIo TeIa

3.1. 0 COCTOAHHS

NpH KPYYEHHH CTePXKHA

P TANBHOE U3y 0 ¢ npH Kpy-
YECHUM CTEPXHA, KOTOpOe Ha3BIBACTCS qHCTHM C}JBH.I'OM. OCYIIECTRIACT-
CA METOAOM TEeH3OMETpHH. ITo
JOTCS HAalPKEHHA B COOTBETCTBYUM C 0606H.ICHHBIM 3aKOHOM l"yxa

XapaKTepHCTHKA YCTAHOBKH

OBBEKTOM HCC/ICIOBAHAS SBASETCS TOHKOCTEHHBA CTEPHKCHb

0ro PEUHOTO , Harp; H KpYTALIEM MOMEH-
ToM (puc. 3.1).
B ceucnuu 1 crepiaus P Ha3k-

BAEMOE YRCTHIM cBurom. Jlna

P pop P

Prc. 3.1. Cxema YCTAHOBKH [UlA HCTILTAHHT Ha KPYHueHHE!
7 — crepwens; 2 — prrar
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3. Dxcnepumenmansroe 0GOCHOBARUE PACYEMHIX MOOenel

32 Hﬁ)wmi uszul Smepocs

¥

\a

z,

Puc. 3.2. Cxema pacTIONOKEHAR TEH3O-

Puc. 3.3. Cxema HanpsxeH-
pesucropos J 1 2 B T0uKe A cevenus [

HOYO COCTORHUA B TOuKE A

HO BEIOpaHHOH TOUKE 4 NPHK/IEEHBI JBA TEH30PEINCTOPA, OCH KOTOPBIX
cocTaBnsioT 45° ¢ IpoNoONbHOM 0CHIO cTepXKHA (pHc. 3.2).

Kpartkre TeopeTHHeCKHE CBEICHHS

Yuersmm CABUIOM TaKkoe
COCTOAHHUE, IPH KOTOPOM IO TPaHAM JEMEHT nencrnylcn' TOJBKO
KacaTenpHble Hanpskenus T (puc. 3.3). 3T0 HANPAKEHHOE COCTOA-
HHE BOIHHKAET B HEKOTOPHIX JNIEMEHTAX KOHCTPYKUHMI NP pasiud-
HEIX Harpyxemusx. B uwactHOCTH, 4MCTHI CHBHr BO3HHKaeT mpH
KpYYE€HHH TOBKOCTCHHOTO CTEPXKHA KOJIBLEBOT0 TONEPEYHOTrO Ce-
HECHHAA.

KacarensHoe manpsenne T B 3TOM Cilydae BEMHCISETCS 1O GoOp-
Mye

T=Tp = M,
=T, =X,
WP
™ - D’k
e M, — KpyTAIMit MOMEHT B CegeHMH cTepxkas; W, = e
JISIPHBIH MOMEHT CONPOT KpY
Hedor €, H €, B Hamp ocenun\)aroqkeAmme-

PAIOT ¢ NOMOLUBIO TEH30PEIUCTOPOE, 3aTeM N0 GopmMynam obobmerro-
0 3aK0Ha Fyx(a BBIMHC/IAIOT ITIaBHBIE HANPOKSHHA:
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E
G, = g, +Vve,), O,=—(€,+VE,),
el CRAL I Sl Al
0,=0,=1T 0,=0, 0,=0,

—%

rae v — kodddmmment [Tyaccona.

TIpH BEIMHCIIEHMH HATIPSDKCHMI MOZTYIb YTIPYTOCTH £ 1 K03(QuImeHT
[yaccona v CHHTAlOTCA M3BECTHBIMU. B npouecce skcnepuMenTa Harpy-
JKeHve CTEpXKHA [IPOMSBOIMTCA CTYTICHYATO H Ha KaKIOH CTYICHK HArpy-
SKEHMA MAMEPIIOTCH NeQOPMALIAHN €, H €. JUIi BEIMMCTEHIN HANPDKEHHH
HCTIONB3YIOT CpeIHUE aprudMeTyueckue 3Havenua neGopmatii.

3.2. IlpsaMoii H3rub crepxHs

OnHAM W3 PACTIPOCTPAHEHHBIX CTOCOGOB HATPYKEHHSA CTCPKHI
SBJSETCA W3rHO, KOTODHI BOBHHKACT, KOTJA B TOTEPEIHBIX CEHCHHUAX
CTepHA BHYTPEHHHE CHJIbI IPHBOMITCA K n3ruGatomemy MoMeRTy [7}.
TIpu n3rube ny OCh CTEPXKHA UCKP Pacnip
BHYTPEHHHX CHJ [0 NONEPETHOMY CEUCHHI0 M3rnbaeMoro crepiHs
Gonee COKHOE, YeM YIPK PACTSKEHHM (CHKATHH). DKCIEPHUMEHTATBHAL

3aKOHA pacrip i B mone-
PEUHOM CEYeHUH cwp)m-m TipH 4HCTOM W3rHGE NOSBOTFET OUCHHTS
CIPABEAMMBOCTS JOMYLICHUH, IPUHATHIX B TEXHHIECKOH TEOPHH H3IH-

6a cTepKHA.

XapaKTepHCTHKA YCTAHOBKH

O6BeKxToM p JBYTaBp 0 Ho-
TIePEYHOTO CECYCHMA M3 4. '0 CIUIaBa, i Ha
AByX onopax (puc. 3.4). Harpyxenue cTepiHA OCYIECTRIACTCA 9€pes
IMHAMOMETP.

CrepxeHb MexTy ONOPaMH JHHAMOMETPA HAXOMTCA B YCIIOBHAX
wucTore uarnba. B cpeniem CCYEHHMH CTEPXKHS HAKISCHBI CEMb TCH30-
pesuctopos (honeroeoro THna (puc. 3.5). TeH30PE3HCTOPEI Pacmono-
EHHI B Hafp p i ocu z ¥ T H3MEPHTD Ae-
(bOpMAnMIO €, B COOTBETCTBYIONIMX TOUKAX.
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3. DKCnepuMenmansnoe 06OCHOEGHIE PACYemNbIX Moderel

3.2, [pamoti us2ut cmepicra

- ;«O\Q? 7

=
N

4

i3 i3
2

I

Puc. 3.4. CxeMa YCTRHOBKH 1% HCIILITAHMH Ha H3ruG:

i 2 — ;3 — yerpoit-
CTBO; § — IMHAMOMETD

Han ognum u3 P ye TIpoT! P, pea-
cTaBIsIOmM co6OH MHAMKATOp 4YaCOBOTO THIA, 3aKPEIUICHHEIA Ha
cTofike. YCTaHOBKA KOMIVIEKTYETCA J/ICKTPOHHEIM H3MEpHTENEM A&~
opmanmit.

KpaTKHe TeOPeTHUeCKHE CBeACHASN

=

—
—_— 2 Tex TEOpUA HMCTOrO H3-
\ T ruba CTEPXKHA OCHOBEIBAETCH HA Cre-
o r— 3 T
#Fer | ma | "
& = 4 - JUIOCKHX CEHEHHMif, COMJIacCHO KO-
< / o TOpo#H P CEYeHHA CTep
2 =3 5 muockue 10 Ae(OPMHPOBAHKA, OCTAIOTCA
HTIOCTE fed
{ — 6 CAPPOpMLD
o —0 HEHAJABMBABHH MPOACIBHBIX

[

CHIOEB JPYT Ha JPYrd, T.€. TPONOJIBHEIC
7 CUOM B CTEpXHE NPH YMCTOM Harube He
Puc. 3.5. Cxema AEHCTBYIOT B o o1-
HuR 1-7 X HAM TO3TOMY
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— Ay -8+ - Ozt

"
S

1 a 13 ]

Puc. 3.6. UncTeik HIruG crepx:
1 — nehrpansusdi cnoif

HA P oex F P P
paBHE! Hymo. HANpmieHHOE COCTORHHE NPH UCTOM H3rue CTEpKHS MO~
JKET CYMTATECA OHOOCHBIM.

TIpw usruGe cTepxkHs B Hem 0GPa3yroTCs 30HA PACTDKSHIA H 30HA
oxartis. [paniuedl Mexgry 30HAMH DaCTAKCHUA W CXATHA JBIETCH

p i cnoi, i HeifTp v. 3TOT CNOH

€TCs, HO er0 JUIHHA HE H3MCHAETCA.

Ha T i MOXHO CAEHarh BhI-
BOI[ O XapAKTEPe M3MCHEHNA JUIMHBI IPONONILHELX C0EB. JMOpa YU~
nenns Al nuneiias (puc. 3.6, ).

JlusediHod OGymeT ¥ 3MiOpa OTHOCHTENBHEIX pepopmaiii €,
TAK KaK JUTHHA BCEX BOTOKOH CTEPXKHA /10 AeOPMHPOBAHNS O/IMHAKO~
pa. Jledopmanys IPONONBHOTO CNOS € NPAMO MPOTOPLMOHANBHA €TI0
paccTosHMIO OT HefTpansHOro cnos (pue. 3.6, 6). Tax KaK HaOpsKeH-
HOE COCTOSHHE O/THOOCHOE, TO

o, =EE,, 3.0
rie O, — HOp p B 1I0MED P
(puc. 3.6, 6); E — MOAYIb yNPYTOCTH IIEPBOTO PO,
Coort [CR)] yeTes JUI OTIp
TaNBHBIX # HOp X p it
TeopeTHIECKHE P p i HaXOHAT M0
dopmyne
3.2)
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3. 3xcnegwueumanbnae 000CHOBAHYE PACHEMHIX MOdeneti

roe M, — HM3rHOAIONMii MOMEHT OTHOCMTENBHO OCH X; I, — OCeBOi
MOMEHT MHEPIMH CEIEHHA OTHOCHTENIBHO OCH X; Y — OPAWHATa TOUKH,

! i (3.1) u (3.2) KOIDKHBI COBIA-

Onpenenenne mepeMerieHHs ToYKH A

Omp TOuKH A4, ys
YPaBHCHHE ynpyrou nueuy (Merox Kous—Kpeutora) [7]. 31'01 Me-
TOJ MO3BOJIAET OTPAHUYMTECH ONp BCETO ABYX.
HHTErpupoRanya. PacuerHas cxeMa CTCPXKHA NPUBEACHA Ha puc. 3.7.
Hudpep YIpPYToH JIHHAH MMEET CIEAYIO-

Jiiv7e BH;J:T
EIv" =M (z).

Vpasuenue M,(z) 3amHChIBaeM WS TPETBErO YHAacTKa CTEPXHA

{cm. prc. 3.7):

F F I F 2
M()=+=—g — == | =S| 2-2t],
D=7y a6 3)|1 2 3)3

» F F ! F 2
EIp =+ - S 2-2 )| -2 2-24],
: 2‘|. z(z 3)2 2(1 3),
174
F2 2
7 U3 i3 &
!
y
L 2y
T z
| F/2 # _I tF/Z

1

Pue, 3.7, PacqeTHas CXEMa CTEPRHs:

1-3 — Rowepa yuacTkoB
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5 Fé
EILV=C +—
xD 1 2 )

LT (:-21)
rl=g)] 3
2 2 2 2 '

y 3

FZ
+Cz+——
Elv=C, z 376,

2 6 2 6

T'panuunbe yenosua:
1) z=0, v=0, =, =0,

2) z=1, v=0.
Torna
F(s 8, 13)
=Cl+—=P-zP-—P|,
0 C‘le( 27 27
FP
C ==
SRt

'VpaBHeRpe YNpyToil MHHHH NPHOGPETAST BUA

2 b

]
TlepemeiueHne ToUKn 4 (z = z) COCTaBNAET

s
v, = -’—+l[’) 4)05«42&.
AT6EI| 3 2\4 1,

Ocesoit MOMEHT HHEPIMH CEYEHHA PABCH

M(H h+6B),

E(Z_g _5(5’_)3 )
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3. 3Kcneﬁwueumwtbnae 060cHo8aHUE prsamin modened

3.3. Kocoti uszub cmepachi

rocH,B,h— 3JIEMEHTOB IOTIED "0 CCYEHMS CTEPKHI.

JlonymieHus, NpHHATEIE B TEXHHUECKON TEOPHH NPAMOTO JHCTOrO
usruba, T NOTYYHTE UHYK) PACUETHYIO CXEMY, I10-
9TOMY HECOBMNAJICHHE PE3Y/IbTATOR SKCTICPHMEHTA Ha JODKHO APEBBI-
wath 3...5 %.

3.3. Kocoii u3rné cTepsxns

IIpu xocom m3rube cTepikHA b IeHCTBUA M3T 0
MOMEHTA HE TIPOXOJIMT HM H4Epe3 OJHY W3 MNIABHEIX OCeil MONEpeYHoro
CEYEHUS CTEPIKHS, IOITOMY €ro AeHOPMALKA HE NPOUCXOZHT B IUIOC-

KOCTH H3T 0 MomMenTa. K 3aKOHa pachp
HOPMAJILHBIX P i no X y P
T NOATBEPAHTE Tex: it Teopun

Kocoro usruba (7).

XapaKkTepHCTHKA YCTAHOBKH

O6nexToM ABIAETCS KO 3aKPETUICHHEIH
CTepXkEHh NPAMOYTONBHOTO 1IONEp 0 CEYCHWd, HATD; it
BEPTHKAILHOI cunoii (puc. 3.8).

KoHCTpyKums Onops I ju B CTED OTHOCH-
TENBHO €r0 Np i ocH H 3aKp Th B i
1T P KOHTPOJHPY P BOM YTJIOBOH IIKAJBI,

HaHECCHHOM Ha MOARMKHYIO 9aCTh OTIOPE! CTEPKEHS.

Orcuer yrma ¢ ocymecteaserca or Beprukanmn. Ha csoGomHom
KOHUE CTCPKHA Ha P \PHUP
Ha KOTOPYIO yKITaIbIBAIOTCA [PY3sl. KOHCTPYKIHSA TOABECKY [103BOIAET
TIPHKIIAJBIBATE CHITY TOMLKO BEPTHKAIBHOTO HAIIPABICHHS.

B ceuennn crepkua | HAKICEHBI B NPOZONBEHOM HANPaBICHHH
uetsIpe Ten3opesucropa tumna PKIIA-10-100 (bonsrosrie, 6aza 10 Mm,
conpotueienne 100 Om) (puc. 3.9).
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Pac. 3.8. Cxema yCTaHOBKH:
I~ crepsens; 2 — NOMBECKa; 3 — FOPHIOHTALHBIH NPOrHGOMED;
4 — BepTHKATEHbIT TpOrHGOMED

V cBOGONHOTO KOHIjA CTEPXKHs Ha OMOPHOH IUIATE CTEHZAa yo-
TaHOBJICHA CTOMKA, HA KOTOpOH YKpEIJeHA JBa HHMKATOpa 4aco-
BOTO THOA. I/IHHHKBTOPBI TIO3BOJIAKT H3MEPATH
TOPM3OHTAIBHYI0 M BEPTHKAJIBHYIO COCTaB-

TIONHOTO TIEP Toykn C (eM.
puc. 3.8). VcTaHOBXa KOMIIEKTYETCHA 3M€k-
TPOHHEIM H3MEPHTENEM AedopMalmi.

Kpa'nme TeopeTH"ecKAe CBe/ICHAN

TexHHUECKas TEOPHA KOCOTO MOMEPETHOrO
uaruba CTEPKHA OCHOBHIBAETCA Ha ABYX THIOTE- Pye, 3.9, Pacnono-
3aX: THNOTE3C IJIOCKHX CEHdEHHH M TUTIOTE3C O sxemMe TSH3OPE3H-
HEHAN2BIWRAaHHH NPOXONLHEIX CHOCB APyr Ha cTOpoB 14
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3. 3Kcnegwuenma/lbnae obocrosanue pacuemiux modeneld

IpyTa B MSPHBIX K HAM, T. €. Ha TEX XKe
THIIOTE3aX, YTO U TEOPHA TUCTOrO NPAMOTo w3ruda.

YRCTHIM KOCHIM H3rHOOM CTEPXKHS Ha3BIBACTCA TAKOH Warub, npu
KOTOPOM BHYTPEHHHC CHJIBI B TIONEPCYHOM CEUECHMH CTEPXKHA NpH-
BOJATCA TOABKO K HBT Y MOMEHTY, Th neﬁcmm KO-
TOPOT0 HE CONEPMUT HY OJHY W3 IMAaBHBIX LEHTPAIBHBIX oceit HHEp-
UM DOMEPEeYHOTo CEUSHHs CTepKHs npu warnbe. [hrockocTs, B KOTO-
poit feficTByeT u3rnfalonvii MOMEHT, OGBIMHO HA3BIBACTCA CHIIOBOH,
B otnuume ot TPAMOTO usruba H30THYTasA OCh CTEPXKHA HC JICKUT B
CHIOBOM HIOCKOCTH, T. €. AeQOPMHPOBAHNE CTEPHKHS NIPH KOCOM H3-
Tube rp T HE B IL TH 3T 0 MOMEHTa, a B I110C-
KOCTH, ﬂOBCpHyTOfI OTHOCHMTE/ILHO CHIIOBOH ITOCKOCTH Ha HEKOTO-
PHIH YTON B CTOPOHY INIOCKOCTH HAHMEHBUIEH KECTKOCTH CTEPMKHA
npn narute.

Tak kax rUnoTe3a NI0CKMX CeYCHUl CNPaBe/IINBA, TO NIONEPeTHOe
CEHEHME MOBOPATHBACTCH OTHOCHTENBHO HEHTPANBHONA OCH, OCTABAACH
nnockuM. HelTpansHas JIMHEA TIPH KOCOM R3rufe He MepHeHIMKYAp-
Ha CHIIOBOH IIOCKOCTH,

Koco# naru6 pacemarp KaK p # n3rub B ABYX
TIOCKOCTSX ZX ¥ ZY, TAE OCH X H y — TINaBHb¢ LEHTPAIbHBIE OCH

MHEPIMH MOTICPETHOTO CEICHHS CTef Jing oTOTO Har

MOMEHT M pack Ha OTHOCHTENBHO OCEH X ¥ Y.
Hopmansroe B TOUKE D 0 CedeHUA T-
€3l KaK anredp: cyMMa #, 06; MOMEH-

Tamu M, u M,

33)

rae M, M, — u3rubaiomue MOMEHTEI OTHOCHTENBHO ocelt X, y; I, [, —
OCCBBIE MOMEHTBI P OT0 CeYCHMs
OTHOCHTENBHO OCeH X, y; X, ¥ — KOOPAMHATEL TOUKH.

H: e B TOUKAX , Haubo-
Jiee YAAJIEHHEIX OT HEUTPATBHOK INHUH.
Ilpn kocoM marnbe nomioe TOYKH ONp KaK

F=ut+v?, (3.4
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3.3. Kocoil useuf cmepocus

Puc. 3.10. Crepxenn

rae u —np TIONHOTO p TOYKM Ha OCE X ; U — Mpo-
EKLKA TIOJHOro NMEpeMELICHUA TOYKH Ha OCh y.

PaceMoTpuM kocoi 3rnb crepxus (pac. 3.10).

Visrubaronmit MomeHT M B ceueHun / paBeH

M=Fi,.
CocTapasfiomue 3Toro MOMEHTa Ha TIABHBIC UCHTPAJILHBIE OCH
vHepiwH x 1 y (puc. 3.11):
M, =M cosp=Fl,cosq,
M, =Msing=Fl,sing.

b
Onpesenym HANPDKEHHE B TOTKE A [? %) 1o opmyne (3.3):

M h
(’A=M,r _ FII'COSQE"'
€, 1, Lbh?
12
" Fl, sin(p[é] _6F, (cos(p " s‘mq))
1,5\2) b\ kh b
12
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3, Ixcnepumenmansroe 060CHOBAHUE PACHEmHbIX MoOenel
T, e e

3.3, Kocoi usaub Gnenion

Tax xak h=2b, T0

3F

Sy

(cos@+2sing).

O TIOJHOE

nue Touku C (cM. puc. 3.8).

Prc. 3.11, MsruGaromue
MOMEHTBI B CEYCHUH

PaccmorpuM xoHcomsHbIR Gpyc amuHO#H [
KECTKOCTRIO El, HarpyKeHHbIH Ha cBoGomHOM
KOHI¢ CRIIOH P, B yCIIOBHAX NPAMOTO U3ruba B
nockocTH zy (puc. 3.12).

Jns onpeneneHus nepemMeneHns Touky K

Poep YIIPYTOH IHHHH:
P M2
V= EI Pac. 3.13. Cocrasnsiolue BHEMHEH CHIRl F
Marubaommit MoMeRT
M, (z)=P(z-1), T'paHUYHEIE YCIOBHS:
Torna 1) z=0,v=0=>C, =0,
i = 2) z=0,v'=0=>C =0.
i)} 65 ) '
£, OKoHHaTENBHO NOAYIacM
P @35 ve P
2EI,
II =1 aeM "V, =~ PP
onaras z, =1, nomyd TR

Pac. 3.12. Tipamoli w3ruG CTepkus B IIOCKOCTH Zy
78

BIf B 3TOM

Paccmotpum crep 3
Ho# paGore (prc. 3.13).
touxh C (cM. puc. 3.8) Ha ocu

Tp: TIOJIHOTO TIep
xuy
1 FPsing __1FPcosg
Y$ST3TE, T3 m,

Tonmoe mepeMeliesue TouxH C CTEPXKHA ONpeAeIeTCA 0O
popmyne (3.4):
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3, DKcnepuMenmanpioe 060CHO8GHUE PACHEmEbIL MOOER

VYron HakiOHa O, MEpeMeHICHus
Toukm Ck ocu X (puc. 3.14)

e _ 1, cosp
lue| 1, sing’

tga=

Pue. 3.14, lMepememenne Touxyu C I
OTKyAa o = arctg I—’ctgcp i
x

TAIBHO OLECHUTH HebaronpusT-
HO€ pacioIOKECHUE CTEPKHA OTHOCHTEILHO OIIOPEL, T. €. HalTH 3HaTe-
HHE YI7ia @, IPH KOTOPOM B CTEPKHE BO3HHKACT MaKCHMAJIBHOE HOP-
MAJIBHOE HAlPSKEHHE.

3.4. Ilpoeep TH AeHCTBHS CHJI

Hpm-n.um HE3aBHCHMOCTH ﬂeﬁmﬂﬂ CHI OTHOCHTCH K OCHOBOMONA-
TALAM b PYEMOTO TBEPAOTO TeNa, TOITo-

My €r0 SKCNEPHUMEHTANIBHOE MOATBEPKACHAE HMECT BKHOS 3HAUCHHE.

XapaKTepHCTHKA YCTAHOBKA

ObsexToM p TIPAMOYTOABHOTO 110~
[EPEYHOre CEYCHUA. CTCp)KCH.B Ha IByX ono-
pax, u3 PEIX OiHA HpyTat (puc 3.15).B

AuC Ha YK TCS THPH.

B ceuennu B ycranoBieH mpornGomep, B ceqem»mA yrIOMEp.

KpaTkue TeopeTHUECKHE CBEICHHA

I[Tpu ananuse BHIGpaHHO pacueTHOH CXEMLI MPUHMMAIOTCS JOITY-
IeEHs, KOTOPHIC HMEIOT pasHylo cTeneHb obmmocTH. Ecau 3t1 momy-
80

3.4. [Tposepxa npuHyuna Hesaeucumocmy Oelicmeus cun

2 3
1 =
c A B
iy2
== =
a i
1 !

Puc. 3.15. Cxema yCTaHOBKH:
1 — crepens; 2 — yrioMep; 3 — nporuGoMep

WeHNs. HOCAT OGIIMA Xapakrep W JEXaT B OCHOBE DElICHHS NONaB-
nsowero GOIBUIRHCTRA 32124, OHH HA3RIBAIOTCH PAUHITHIIAMH.

IT €CTB AK0IIEE oe B obmem BuIE
YTBEPAMEHHE, OTIHIAIOMEECH OT akCHOMBI CBOCK obutHocTsI0. B co-
NpPOTHBJIEHKH MATEPHANOB €CTh TPH TAKHMX MPHHIMANA: NPHHIMI OTHO-
CHTE/NBHON KECTKOCTH CHCTEM, TIp
cTH fedicrBrs cun) v npuHuman Cen-BeHana [7]

Tlepebiit OPUHLMI OCHOBAH HA TOM, 9TO B GOMBIMHCTBE CIyIacs
hopMa Tena Nox AefiCTBACM BHCIIHNX CHUI MERSCTCH HECYNICCTBEH-
HO, 310 T IpH ¥p pac-
CMaTpHBaTh TEJIO KaK dop TE XKe Ieo-
METpHYECKHE DPasMEpHI, KaKue OHO MMENo Z0 Harpyxeuns. DTOT

o6kraHO T OTBEPHKAEHYs WIH TPAH-

UMOooM TH Ha9aJIbHEIX P ‘POB. CucreMsl, and KOTOpPBIX
p MB 1P TH HaJaJNbHBIX Pa3MEpoB, Ha3bl-

BAIOTCH FEOMETPHIECKY JIMHEHHBIMY,

Yrobhl Gruna i (opmupyeMoii,
BBINONMHEHHE U1 MarepHana ITOR CHCTCMH 3aK0Ha Fyxa Cuctemsl,
ans PBIX 3TO YCIOBAE CIIP drsvaecku -
HCHHRIMHU.

CucreMel, s p cBO¥CTBA (U i u

TEOMETPHUECKOH ITHHEHHOCTH, HA3WBAIOTCA JHMHelHO nedopMupye-
MEIMH. B HUX BHYTpEHHME CHVIEI, HAIPMNKCHNS, AehOpMalkK 1 mepe-
HEI ICHCTI chnaM.
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3. 3KCV!EEMM£HMMBKOE obocroeare pacuemnsix Modeneti

3.4. Hgasegmz JPUYUNS HesasuCUNOCTIL deticmeus cur

CHCTEMBI, B KOTOPEIX YCIOBHE TIp =8,F+8,,F, (3.8)
CTH MEXAy Tiep u CHIIAMH, BTO-
pomy y — y © o n P &
AeHCTBHA CHIL. B COOTBETCTBUH ¢ 3THM IPHHUHNIOM TEPEMEIICHYS, Ha- - 2
TpHHUATIOM MepeMeny =8, +8,F. (9

npKeHus M AeQOpMALMA HarpyKeHHOIO TENa CIMTAIOTCA HE3aBHCA-
UMMM OT NOPSAKA NPUNCKEHHA CHII; JCHCTBUE CYMMBI CHJI DaBHACTCH
CYMMe UX ICHCTBHH.

B xauecrse nuueiino AeGOPMMPYEMOro TeNa PACCMOTPHM H3TH-

GaeMBIif IIp 4TO K CTep: D TOMb-

Ko cuna Fy. Yriosoe nep A np cH-
e Fy:

0, =8,F, 36

NMHAEHHOE NEPEMENICHAE CedeHM B Takke NPONOPLMOHANEHO cte Fi:

Vg =8y, F,. 37

TIp JIBHOCTh 3THX NEp il ciepyer H3 CBOWHCTB

nuHeiHe redopMupyeMoro Tena,
Tpeanonoxum, 4To cuna Fy CHATA U B TOYKE B NPHIIOKEHA TONBKO

cuna Fp. Yrmosoe nep A, canoit F,
Oynmer
2 = 840 Fye
Nuneii p B
2 =8 Fy.
Kooty TH Tf JLHOCTH B 1P X p

BaX HEONMHAKOBEI, TIOCKONBKY CIbl Fi H F; NPHIOKEHH B PAsHBIX
TOYKAX CTEPHHSA.
Cuuraercs, 910 NPHHATAA JMHEHHAT 3a3BHCHMOCTE MEXAY mepe-
W CHIIaMI Kax IpH BO2p TaK ¥ IpH
yObiBAHMM CHJl M DpENIONpENiCNseT NHHEHHO YNpyrne CBOHCTBA pac-
CMaTPHBAEMOTO Tena.

PaccMoTpuM Teneps coBMmecTHOE aeiictere cun Fy u Fy. Tlpano-
JKHM K CTEPXHIO CHITy Fy, a 3aTeM, HE CHHMad €€, CUIty I, Torza yrio-
BOE MIEPEMEMICHHE CedenHs 4
82

Koap@uuuents 54 1 8y coBmamyT ¢ xoshduumenTamMy gopmyn
(3.6) n (3.7), Tak kak cuna Fy npuxna, K HeHarp.

. "
crepxio. Koabduumenter 8,, n 8y, B ovmume or xosdduumernron
8,, 1 8y, OTMEUEHEI 3HAKOM «*», TAK KaK CHIa F; IPHKNajpBaIach K
CTEPXKHIO, HATPY)KeHHOMY Cuiioit F).
Ecmu i)

HTB, 4TO

p T 3y 4 8. By m 8
PA3MIYHEL, TO CIEAYET PH3HATE, YT0 Ko3hMmenTsl Sy m 8, sau-
car or cunst Fy. Torma (3.8) u (3.9) npoTHBOpedaT OCHOBHOMY NEsi-
TIONIOKEHHIO O TOM, YTO NpH HOGHIX CHUIAX MEPEMEIMEHHS 3aBHCAT OT
JeHcTBYOmMX cul uHeiHo. ClenoBarensHo, 5;2 u 5;,2 or cunsi Fy
ue 3aucar. lipn Fy = 0 (3.8) u (3.9) nomkas nepexomuts B (3.6) 1
(3.7) cootBercTBeHHO. CNeOBATEIBHO,

B =8 Ba=Bi (3.10)

TOTAa
5 =8, F, +85,F,. @11
Taxum o6p TCH CYMMOH pe3ynb-

T4TOB HE3ABUCHMBIX nenc-muu cun Fin F: 2. IIpy M3MEHCHNHM HOPSIKA

cun Fyu Fy, Ha PacCyKHACHUA,

nerko npuitry x (3.10) u (3. 11) Cne}:lona‘re.vlbﬂo, pesyaABTaT ASHCT-

BUs CHJI HE 3aBHCUT OT NOPAAKa WX TpHACKeHus. BriBox o Harpy-

KEHHH ABYMs CHIaMH Jerko 06obIacTcs Ha cydait mooro yucna

cul.

Hrak, B ocHOBE TPHHIIANA HE3ABHCHMOCTH JIeHCTBHSA CHJI NIEXUT

(p [ H MEXKAY TiEp "

CHIAMHA H, KPOME TOTO, NPEANOI0KEHHE 00 06paTHMOCTH MPOLECCoB
HAaIrPy)KeHUS Y PasTPYKCHHA.

83



3. Dxcnepumenmanbroe 060cHOSaRue pacsemnsix mooenet
P

3.5, Hecnedoaanue Crmamuyecku HeonpeoentMozo Cmepicha

TIpHHIKN HE3ABMCHMMOCTH ASHCTBHSA CHAI LUIMPOKO HCTIONB3YETCS B Me-
XaHHKE ACOPMAPYEMOTO TBEPAOTO TeNa (B CONPOTHRICHHH MATCPHAIOB)
A1 peleHms IMPOKoro Kpyra 3anad. Ha ocxose 3roro npm-ruﬁﬂa MOXHO
I0Ka3aTh PhiE  BOKHEIE p M dopMupy 0
TBepforo Tena (TeopeMy Berru, reopemnl Kactiumiano u ap.).

TeopeTrueckHii paceT YTIOBOro MEPEMEIEHUA ceaeHna 4 u -
HeifHOro nep ceuenus B TCH IUIS TPEX CIIy4Yaem Ha-

TpyReHua « F + F,», «Fi» B «Fy» metonoM Mopa (npaswio Bepenta-
THHA).

3.5. HiccnenoBanne CTATHYECKH HEONPEIeTHMOTO CTEPXKHSA
npu naruGe

MHOTrME KOHCTPYKIMH SBJAKOTCS CTATHYECKH p

2 3 4

a 72
Puc. 3.16. Cxema YCTAHOBKH:
1 — crepen; 2, 4 — npOrHGOMEPSL; 3 — YTioMep; 5 — WIKAT;

6 — Tara; 7 — BHHT; 8 — Tpy3Hl

T.¢. TaKMMM, B KOTODHIX HCBO3IMOKHO HAHTH YCHMA C TIOMOIIBIO
TOJIBKO ypaBHEHHﬁ PaBHOBECH!, TAaK KakK YHCIO HEH3B€CTHHX, nopne-
JKamux P HHCIO Y #t CTATHKH.

ﬂﬂﬂ peweHns TaKHX 3amas HCOGXO}JHMO HUCNONB30BATh ypaBHE-
Hus, onuckiBamue XedopManHH Hccneayemoi cucTeMsl, Paspa-
GOTAaHO HECKONBKO METONOB PEUICHHS CTATHYCCKH HEONPECACTHMBIX
3agay, HauGonee pacnpOCTPAHEHHBIM ABNAETCA METOX CHIL JKCrie-
PUMEHTANBHOC NOATBEPXNACHHAC ITOr0 MET0Ja HMEET BAXKHOEC 3Ha-
YEHME,

XapaKTepuCTHKA YCTAHOBKH

ObsexTom p TIPAMOYTOJTEHOTO TIO-
nepeaHoro ceuennd. CTEpKeHb YCTAHOBICH HA TPH OMNODE!, KOTOPHIG
00eCIICUMBAIOT HAIOKEHUE YeTHIpeX cBasert (prc. 3.16). Cpennss onopa
(B ceaennn C) MMEET KOHCTPYKIMIO, TIO3BOJIAIOMYIO HIMEPHTB €€ PeaK-
wmo. [TpyHInm AeicTBES 3Tol ONOpE! MORATEH M3 puc. 3.16. Ipyss 8,
3KPEIVICHHBIE Ha BHHTE 7, MOTYT NEPEMEINaThcs BAOTb TIKANE! 5 IPH

BHHTA. P: TPY30B OTHOCHTE/IBHO HX MCXOJIHOTO

34

¢ PEACTBOM MIKANEL 5, YKP na-
PATICIBHO OCH suHTa, ['py3sl 8 cosmaor OTHOCHTENBHO To9KH £ Mo-
MEHT, BOM P! u -

™M 6B chy )Jemrraylomylo Ha CTCP?KCHB Ota cula HMHTHPYET Peak-
1MIO cBs3M B ceuernn C crepxis. Jlis KORTPONS NONOMEHIA COUCHNA C
UCTIONB3yeTCs MPOrHooMEp 4 — MIJTHKATOp YACOROTO THTIA, 32KEIICH-

HbI Ha CTOMKe. AHANOTHYHEIE NPHOOP VLA H3MEP
0 H YTJIOBOTO Nep i iiAnB
KpaTkHe TeOpeTHeCKRE CREICHUN
Crartruecku p ) TaKas B KOTO-
poii yemnus He MOryT GITH OIp TONBKO M3 YD craTh-
ki, PazHOCTh MEXJY THCAOM HEH3BECTHBIX (peaxrmn cBs3el ¥ BHYT-
PEHHHX CUTT) H IHCIOM yp CTaTHKH

CTENEHEI0 CTATHIECKOM HeOmpeneTIMOcTH. Yucno ceasei, IpH KOTO-
PBIX JIOCTHraeTcs KAHEMATHUECKas HEMIMCHACMOCTR CHCTEMEL, HOCHT
HA3BaHME HEOGXOMMMOTo THCia cBudeil. Beakylo CBA3b, HAIOMEHHYIO
cBepX Hoit. Uncno

TEeNbHBIX CBA3CH PABHO crarT p .
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3. Dxcnepumenmaronoe 060CHOBAHUE PACHEMHbLIX MOOERel
e VAl

3.5. Hcenedoeanue cramusecki. neangeﬁarnwazo Songpos

Jns pacKphITHA CTAT it TH
CHCTEM MIHMPOKO HCTIONB3YETCS METOA CHI, u,uex KOTOPOTO 3aKII0YacT-
€4 B TOM, HTO CTATHIECKH P cucrema

ZIaeTcd OT NONONHMTENBHBIX CBA3eH (KaKk BHEMHHMX, TAK H BHYTPCH-
HHX), 2 MX JCHCTBHE 3aMCHSETCA CHIAMM H MOMCHYAMH. 3HaueHHs
STHX CHJ1 M MOMEHTOB TIOAGHPAIOTCH TAK, 9TOOH NepeMelieHns CooT-
BETCTBOBAITH TEM OIp , KOTOpBIC HAKJI4 HAa CHCTe-
My ¢ ot6ponreHHsMH cBa3sMu. Takmm ofpasom, npu 3ToM crnocobe
PAacKphLITHA CTaTHIECKOH HEOTIPEACITHMOCTH HEHIBECTHBIMHU ABAAIOTCA
cuet [7].

Packpsitae crar i Hec H 0T ¢
OTOPACHIBAKMS JONOHHTENBHBIX cmaen Cucrema, 0cBOGOXICHHAS OT
CHA U HBIX CBsi3el, it. Ona

JOIDKHA OBITE CTATHYECKH ONPENEIMMON M KHHEMAaTHUCCKM HEMIMe-
BiaeMOH. 3aTeM K OCHOBHOM CHCTEME HYXHO BMECTO OTGPOIICHHBIX
CBA3€il MPUIIOKHUTE HCH3BECTHBIE CHIIEL M MOMEHTEL B cedenuax, B xo-

TOPBIX 3amp p BBOJATCA CHJIBL, & B CE-
HEHHAX, B p p YTTOBHIE BBOJUATCH MO-
menTh, H HEIC akTopsr X, rae i —
HOMep 0, H: i papHO CTaTH-

HeCKOH HEONpeAeNHMOCTH. [Ipy CHATHH BHYTPEHHHX CBASCH MPHKIA-
ZBIBAIOTCS B3ANMHBIC CHJIBL H MOMCHTEI.

Onp HBIX thaKTOpOB OCYIMECTRIACTCA
Metona cwr. CMelch 3THX
YPaBHEHMI 3aKTIONAETCst B OTCYTCTBMH NEPEMEINCHHH B HANDABIEHUH
OTOPOIIECHHBIX JONONHUTENEHEX CRA3eH. Uncno 2THX ypaBHeHMH cO-
OTBETCTBYET CTCHIEHHM CTATHYECKON HEONPERENMMOCTH PacCMAaTpHBac-
MO# 3a7187H.

Jlna n pas craTHgecKn

c 0 HX YP

Ka-

y p
8, X, +8,X,+..48,X, +5, =0,
0, X, +8,X,+..+8,X,+3,. =0,

8. X +3,X,+..+8,X,+5,

86

Puc. 3.17. PacuerHas cxema CTEPKHS

B < D
4
%A %/ %
Puc. 3.18. OcrosHas cucreMa
| B TwCm X D
4

B b Z

Puc. 3.19. OxsHBaNeHTHAA CHCTEMA

rae 8; - TepeMellente B HANPABICHUHE i-TO CHIOBOro GaKrtopa oT
NeHcTRHS j-TO CHAO0BOTO (akTopa, paBroro 1.

Jins onpenenennd §; MCIONB3YIOT METErpan Mopa Wik, eciti BO3-
MOXHO, NpaBuio Bepemaruna.

PaccMOTPUM CTATHIECKH HeOTpenenuMBlit crepxens (puc. 3.17).

C'rep)xeﬂs OJAKH pa3 CTaTHUECKH HEONpPEJEIINM, MOITOMY KaHOHM-
HECKOE YPaBHCHHE UMEET BHI

8,X,+98,, =0.

BoiGHpacM OCHOBHYIO CHCTEMy, CUHTad JOMONHHTENBHOH BHYT-
PpeHHIoH0 cBsiab B ceuenmu C (puc. 3.18).

THAsA Ha puc. 3.19.
CTpOMM 3MOPBI BIrKGAIONIHX MOMEHTOB M. i My (pHc. 3.20).
Onp b 151 8y M 81 0 YP
npaswio Bep HHa:
1
8 1
n 2
1 1 11 1 Fal
—|—=Fg- == |=~
i EI,( 27%2 3) 2B
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3. Drcnepumenmansioe 0BOCHOBAHUE PACHEMNLIX MOOEHEH
i - ot — E——

W Mr

Fa
¥
e

Puc, 3.20. Smopur k3rubaromux Momentos Myr 1 My,

M,

£

|F 8 (U9Fw o~ U/AFa
o 7
4 7.
Pre. 3.21. CHCTEMa TIocNe X,

Pemaem KaHOHHUECKOE YPaBHCHHME OTHOCUTENBHO X

1 Fal

Paccemotpes yp p it AC
u CD, onpepienseM peakiluu BHENTHUX casel Ry, R., Ry (pnc 321y

R, F(éﬁuj r.=3r%, R=L8
1 22
Omiopa Harnbaromux MOMEHTOB M, nokasaHa Ha pHC. 3.22.
HepeMeluemm B CTATHYECKH HEONPEICTHMBEIX CHCTEMAaX OMpeac-
JAKTCA B OCHOBHOM CHCTEME, NMOCKOJIBKY NPH MCNOJIB30BaHHH 3aaH-
HOH CHCTEMBI HY»HO BHOBb PacKpBITE CTATHICCKYI) HEONPEAETHMOCTD
OT EAMHHYHOTO Q)am'opa, TPUIOKEHHOTO B HANPABNCHHH HCKOMOIo
NEPEMEIIECHHA.

(/4 Fa

Puc. 3.22. Dmopa H3ruGaiomux MOMENTOB M,

88

3.5, Hecnedosarue crmamusecku neangede/luMozo Smepocns
B c D
My
la

Puc. 3.23. Jmopa HIraGaloIIX MOMEHTOB M, IpH HATPyXe-
HHH SARHUHHOM CHToR

i c D
W il
1

Puc. 3.24. Smopa HIrnGaloniX MOMEHTOR M, TIPH Harpyxe-
HHH ¢AHHHYHRIM MOMEHTOM

A

D

- 5

0 1ep: 4 cegenmns A. Jina
3TOTO MPUKIAIBIBAEM e}lﬂHH‘lHle CHIIy B CEUCHHE A, CTPOMM JMIOPY

(puc. 3.23) 1 yMHOKaeM ee Ha JMmopy M, o npasmwty Bepemaruna:

= 3m,

AHANOTHIHO OIp YITIOBOE TIEp 9, B
(puc. 3.24):

L1, 02 11, 11\_7 Fal
=L(lpt2 g
8 El,(zpaza 24 23] 8 EL

HecanaﬂeHne pezymﬂ"a’ms 3KCﬂCPHMeHTa c pacqu HE A0JDK-

HO TpeBBmats 3...5 %.
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3.6. Ongede)mme nangmeuuﬁ u neﬁwe#enm} & nRocKoll paxe

3.6. Onp it H W
B I10cKoi pame

IInpoxoe p T HAXOIAT CT

KOHCTPYKIIMHA B
BHIC IIOCKEX pPaM, 3NEMCHTBL pBGDTaIOT B Ha U3~
6. H CTAaTHYECKH OIIp W CTATHMECKH Heompe-
JCTMMEIX CTEP)KHEBBIX KOHCTPYKIHHA TO3BONACT YCTAHOBHThL BIMSHHE

ceazeit Ha pacmp BHYTPCHHHX CHI H CHe-
NaTh 3AKMONEHHE O UENecooGpasHOCTH BBEICHHS ITHX CBA3CH.

XapaKTepHCTHKA YCTAHOBKH

OGBEKTOM HCCIEIOBAHMA ABISETCA TUIOCKaT pama, COCTOAMAA A3

TPEX JKECTKO Mexay coboi # MpAMOYTOIBEHOTO
TIONEpPETHOTO cedeHus, Pama 4 Ha JBYX ILap

Onopax, HAKIAABBAIONIEX HA PaMy TPH CB3H (puc. 3.25). KDHCprK-
s onopsl 4 HANOKUTH TETBHO FOPH3OHTANBHYIO

CBAI3b, T. €. OCYMIECTBHTH NEPEXO/ K CTATHICCKH HEOPEENMMOH 1U10-
cko#t pame. KunemaTideckas cxeMa ONopH A nokasaua Ha puc. 3.25.
T'py3sl 3, HEMORBHKHO 3aKPEILICHHEIE Ha BHHTE 2, MOTYT b-

HOCHTEIIBHO OCH BD PEUGKHON peoGpazyetca 310l
CHCTEMO#! B FOPHU3OHTANBHOE YCHIIHE, NEHCTBYIOMEE HA paMy B Oriope
A. Jlns M3MepeHNs TOPH3OHTATBHOIO NEPeMEMIEHUA ONOPK! A HCIIOb-
3yeTcs NpOTHGOMED — MHMKATOD Y4COBOIO THIA, 32KPEILICHHBIA HA
KPOHIITEHHE,

B cedenmu B pamer HakieeHH 1Ba TeHsopesncTopa Tima OKIIA-

10-100 (poxsrossie, Gaza 10 MM, COMpOT 100 Om), p
CYXaT JUist P pop it B aTOM paMEL.

Temaop P ¢ MICKTp HM3MEPHTENeM fie-
topmanuit.

Harpy pambl BISIETCA TUPAMH.

Kpancne TeopeTHYeCKHE CBeICHHA

Cratiuecky onpefeNnMas WIOCKas pama (puc. 3.26) coCTORT H3
Tpex KECTKO CBA3AHHRIX MEXAY COGOH crepiHel, TEOMETPUIECKHE
OCH KOTOPBIX JIeKaT B OKHOH IIOCKOCTH. B 9TOMH e IIOCKOCTH Hano-
KCHBI CBA3H H ﬂeﬁCTBYIOT BHCIIHHE CHNBL.

B NONEPETHEIX CeYeHNAX PaMbl BOSHHKAIOT H3THGAIOIMA MOMEHT,

Cs NPH BPAIICHHM BHHTA BJONK ero ocu. Ilixana /, sakperneHHas na-

OCH BHHT2, p IPY30B OTHOCHTENB-

HO HX 0 Mowmenr, # rpysamy 3 oT-
5

¥ K

Puc. 3.25. CxeMa yCTaHOBKH:

1 — wikana; 2 — eunT; 3 — rpyas;; 4 — pama; 5, 6 — apornSoMeps

P H CHIBL P H HOp-
MANBHEX CHI Ha NPOYHOCTD M JKECTKOCTb PaMul HpeHeGperac U yan-
THIBAEM TOJBKO H3THOAIOMME MOMECHTEL.

Hopmarnsroe Harp B P
10 dopmyne

y__ ¥
IV I

Puc. 3.26. PacueTHas cxema CTATHHECKH ONPEICTUMOH TIOCKOH paMBl
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3, 3xcnegu.ueumanbuoe oBocHosaRUe gacsem iy, Modeneil

3.6, Ongeoeaenue nangmeuuﬁ U negemegeﬂuﬁ 8 nROCKol paxe

HOC‘I‘pOldM AMOPY HZ]‘HGGJOII!MX MOMEHTOB Mx H BRIYHCIIHM Mak-
0¢ HOPMATEHOE B B pamsr:

6Fa
i = a = e
bh* bR
BBIHMCIMM TOPH3OHTAIBHOE NEPEMELICHHE CeICHHS A, HCIONB3YS
npasuno Bepemarnua:

Fal
&, =—(2-
v EI,(I @,

3
S T 0CeBOi MOMEHT HHEPIMH [IOTIEPETHOT0 CCUECHHS.

Onp itHoe BepT B:

P

3
B IR g )
2EL\" 3
CTaTuYecku HEONpPeNeNAMYI0 IUIOCKYI) PaMy MOTyHaeM MyTeM

HWJIOKEHUS JONONHUTENBHOA TOPH3OHTANBHOW CBAIM B CEHEHMHM A
(puc. 3.27).

P
e L

Puc. 3.27. Pacuernas cxema CTATHIECKH HEOTPEAETUMOH FLTOCKOH PaMAl
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PacKphITHE CTATHYECKOM HCONPENSTMMOCTH TLIOCKOH PaMbl oCy-
IECTBIICHO METOIOM CHJIL.
KaHOHHYECKOE YPABHEHUE METOMA CHII

8, X, +8,, =0.
Koadd TH 0 yp p no mpa-
BuTy Bepemarnna:
5L
“"T3EL
Fal

B =gy @-a),

X, :5,4,=_§Fa(21—a)'
3, 8 Iz
Smiopa HArKGAINIMX MOMEHTOB CTATHYECCKH HEONPEETHMOH IO
cKo# pambi [TOKa3aHa Ha puc. 3.28.
MaKCHMATBHOE HOPMANbHOE HANpKEHAE B CEUCHHM B paMbl

PaBHO
a _@(lﬁi]
=" pht\4 81/

Tloxcuuraem 0T P B
B 14 CTATHYCCKM ONDEACTMMON M CTATHIECKH HEOMPERENMMOH 1io-
CKHX PaM, XapaKTepH3yIoIlee BIHAHNG JIOTIONBHTENBHOM CBA3U B Cede-
Hil 4 Ha i

Puc. 3.28. Smopa u3ruGaiomero MOMEHT Uld CTATHYECKH
HeonpeaenMMoil TNOCKoH paMel
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3, Dxcnepumenmanbroe 060CHOBAHUE pacuemnbix Modeneii
B o

3.7. IKCREPUMEHMARbHAR NPOBEPKA MEOPEMbl O B3AUMHOCHY pabom

OnpefenyM TMHEHHOE BEPTHKANBHOE MEPEMCIICHHE Cedenus B

pamsi:
2 3
By = 2 (L 3lzz—a—.
2EI\4 8 3

OTMeTuM, 4TO BREJIEHHE JONOJHHTENBHOH CBA3H CYINECTBEHHO

T ypOBEHb P it 1 nedy # u,
ClIE/OBATENBHO, AAET B b MeHee M

KOHCTPYKIMH (IpH IIPOUNX PABHEIX YCIOBUAX).

3.7.9 T TaJbHas NPoBep

TeopeMBbl 0 B3AHMHOCTH paloT

TeopeMa O B3aHMHOCTH paloT OTHOCHTCS K OCHOBHBIM TEOpeMaM
MEXaHHKH eOPMHDYEMOTro TBEPAOTO TENE, ¢ IPHMEHEHKHEM KOTOPOH
PELIAIOTCA 3aMa4H.

DKCNEPHMEHTANIBHOS TIOATBEPKACHHE ITOH TEOPEMBI UMEET BaX-
HOE 3HaUCHHE.

XapaKTepHCTHKA YCTAHOBKH

OO6BEKTOM HCCIEOBAHAS ABISCTCA MIOCKAs paMa, COCTOAIas M3
TPeX JKECTKO COEMHEHHBIX MEXAy coBOH cTepiHel IPAMOYTOIBHOTO
0 1. Pama [ Ha ABYX HIAPHH ono-

pax (puc. 3.29). KoHCTpyKums omopel 4 IIO3BONAET NPHIOKHTE B
ceveHiy 4 HarpysKy B BUNE COCPEAOTOUEHHOTO MOMEHTa. JT0 NOCTH-
TACTCH NYTEM CMELICHHS IPY30B 4, 3aKPEIUICHHRIX HA BUHTE 5 IPH €ro

Puc. 3.29. Cxema yCTaHOBKH:

1 — pama; 2 — npornBomep; 3 — yriomep; 4 — Ipyssl; 5 — BURT; 6 — wkana
Jins wamepenna nporuGa B ceveHny B M yriia nosopoTa ceverus 4

HCTIONB3yIOTCA IporuboMep 2 U yrioMep 3.
HarpyxcHHe paMbl OCYIECTBIAETCH THPSME.

KparkHe TeopeTHYECKHE CBeACHUS

Teopema 0 B3ZHMHOCTH paboT Gpuia A0Ka3aHA MTANBAHCKHM yde-
ueM D, Beru B 1872 r. Cornacho Teopeme berTh, pabota cur nepso-

IO COCTOAHHA Ha COOTBETCTRY HM BTOPOIO CO-
CTOAHHA pasHa pa6o1'e CHJI BTOPOTO COCTOﬂHHS{ Ha COOTBETCTBYHOLIMX
M Tiepsoro
B COOTBETCTBUH ¢ HOPMYIHPOBKOH TEOPEMBI MOXHO 3aTIHCATE
Fd, =F8y,

rae Fi — CHIIa IepBOre COCTOAHMA; F, — CHia BTOPOTO COCTOAHMA,
8, — mep BO RTOPOM COOTBETCTBYIOLIME CHIIAM
TEPBOro 8, — nep B TIEPBOM cOoOT-

BETCTBYIOIME CHIIAM BTOPOTO COCTOSHUA.
Teopema Bett cpaBe/iMBa JUI JIMHEAHEIX CHCTEM, B KOTOPBIX

lkana 6, Ha Onope 4 NapalienbHo OCH
BHHTA, YKa3biBaE€T PACMONOXKECHUE I'PY30B OTHOCKTENBHO HX 0
TIONIOKEHHS, IPA KOTOPOM MOMEHT DAaBEH HYJIIO.
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P Mais! o ¢ Ta6apUTHEIMH pa3sMepaMut, U A
MaTepHalia CHCTEMBI CpaBe/UTHB 3aKoH I'yka.
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3. L')Kcnegumexmalxbnae oGocHosaRUEe pacyemsii modeneit
B

Puc. 3.30. Pama B nepom cocrosunn  Puc. 3.31. Pama Bo BropoM cocTosHum

B xauecTne B Hoi pabore uc-
NOMB3YETCA CTSPIKHEBAS CHCTEMA ~—— FUIOCKAS PaMa, HAXONAMAICs mo-
CNIGOBATENLHO B ABYX COCTONHMAX. lepBoe COCTOfMHME XapaKTepH3yeT-
o HaIPY)XCHHEM paMBl CHUION F, npuioxkeHHoH B Toaxe B (puc. 3.30),
BTOpOE COCTOSHHE — HArPYXEHHEM paMbl MOMEHTOM M. TIPHIIOKEH-
HEIM B Touke 4 (puc. 3.31). B nepsom cOCTOAHMH ceucHUE 4 10BOpa-
YHBAETCS HA YTON 8,;, KOTOPHIH COOTBETCTBYET MOMEHTY M BO BTOpOM
cocTosdHuU. Bo BTOPOM COCTOAHHH B nony4aer
f“, KOTOPOE COOTBETCTBYCT CHIIC Fs TIEPBOM COCTOAHUY.

PaGota cunbl F Ha nepememennn fp, pasHa
4 = Ffp.
PaGora MomenTa M Ha nepememcnnn 6, pasna
A, =M,
CornacHo TeopeMe 0 B3aHMHOCTH paGoT,

Ffy, =M8,,.
TeopeTuueckue 3HAuCHMA TepeMemeruid [y, u 6, Haxomfrca
meronom Mopa (npaswno Bepemaruna).
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3.8 Hccnedosartue uangmeuuﬂ 8 nioCKaM CEpoiCHe Goaouion Kpususts

3.8. Hcc W
B IIIOCKOM CTepikHe G0MbmIol KPpHBH3HB
NPX BHEHEHTPEHHOM PacTHKEeHHE

Crepxuu GOBIIONH KPUBU3HBI YACTO BCTPEHAIOTCS B PasIHIHBIX
KOHCTPYKLMSAX (Py30TIOMBEMHBIC KPIOKH, TIPOYIIHHEL, 3BCHBS nenei) [7].

TIpnbninkerHOE PellCHHe 3aa4n H3rnba crepxHs Gonbmon Kpu-
BU3HBI HA OCHOBE THIIOTE3BI IVIOCKHX cevuennit Gruto mano 3. Bumxne-
pom B 1858 I. [2] u no3mmee, B 1868 r., HE3aBUCHMO OT HEro A. Epne-
Bauem, DTo pemenue ynpoctun B 1872 r. H.A. Brmmerpanckut,
npeAnoKHBIIM He YUNTHIBATH MoOMepenHyto cany. B kypeax compo-
THBEHNS MATEPHATOB B HECKONBKO M3MCHEHHOH (opMe uanaraercs
€r0 PelIeHHE.

B KCHepHMEHTAIBHOM pafoTe IPOBOAMICH CPABHEHUE PE3YNBTA-
TOB DKCOEPHMEHTA K PacyeTa CTEpXH1 GONbIIOH KPHBY3HBL NIPH €r0
BHENCHTPEHHOM PACTXEHMH WK CKATHH.

XapaKTepHCTHKA YCTAHOBKH

O6BEeKTOM MCCNEeNOBaHNA ABNACTCA TUIOCKMH CTEPXEHB Gomb-
wok Kp 1 OPAMOYFOJIBHOTO PEIHOTO . Crep
HENOABMXHO 3aKPENeH Ha OMOPHOH MIHTE Na60paToOpHOro CTeHAa
(prc. 3.32).

Puc. 3.32. Cxema YCTaHOBKH:
1 — CTepweHs; 2 — RATPYXaIOWEC YCTPOHCTEO; 3 — CHIOHIMEpHTET:
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3. DKCnepuMenmanboe 060CHOGaHIE DACYEmHbIX Modeneti
s — e

4 4 h_k_d4 ,

m_m m. A
L1 1 1 11 1 !

=

N B S

16| 12] 12112 |12 |16

Puc. 3.33. CxeMa pacnionomeHus TeH30pe3ncTopos -7

Harpyxenye CTepxHA OCYINECTRIAETCA MOCPENCTBOM BHHTA,
HMEIOIEro Npasylo  JNeByo pe3nlsl. Bpamennem BUHTa B TOM MIH
HHOM HANpABJICHUM OCYHIECTRIIAIOT BHOUCHTPEHHOE PACTIKEHHE HIH
CHATHE CTEPIKHSL.

Cuna F, BHHTOM, TCA C MOMOIIBIO HHOM-
KaTopa 4acoBOr0 THUNA K TPAIyHPOBOYHOTO rpaduka.

Usaukatop, yCTAHOBICHHBIA HA KPHMBOM CTEpKHE, U3MepAeT
pacxoxaeHne (Ipy BHEUCHTPEHHOM PACTAXKEHUM) MIH cOAMKEHHE
(IPH BHELIEHTPEHHOM CHKATHH) KOHLOB KPHBOTO CTepkHS. Takum
006pa3oM, KpuBO# CTEPKEHb ABNAECTCA CHIOMIMEDHTENEM (IMHaMO-
METpoM).

B nonepeunom ceuennn A-4 crepxus (puc. 3.33) HaKICCHEI ceMb
Ten3opesucTopos THna GKIIA-10-100 (ponsropue, Gasa 10 mm, co-
poT 100 Om), s p b i n

% v

PEINCTOP HAKNEEH HA Y10 He-
neopMEpYEMyIO B TIPOLIECCE MCTIBITAHAH IUIACTHHKY, PACIIONOKEH-
Hyio BOnu3M paBounx TeH30pe3sUCTOPOB. TeH30PE3UCTOPSI IOAKITIOTE-
HBI K 3/IEKTPOHHOMY M3MepuTenio Aedopmanui.

KpaTkue TeopeTHecKHe CBeACHHS

Kpussie crepxHn Ha CTep manoit H
CTEPXKHH GOABIIOH KpyBM3HE, OCHORHLIM KPHTEPHEM TaKOTO pasfie-
NEHNs SBIACTCA OTHOMIEHHUE BRICOTHI /i NONEPEUHOTO CEUEHHS B IUIOC-
KOCTH KPHEH3HBI K PAIMyCy rp KPHBU3HE F€OMETPHYECKOH OCH CTEpHK-

98

3.8. Hecnedosanue Hanprycenis JUROCKOM CIHEpOCHe Gobio! Kpuaunb

Ao} "

ua. Ecau oTnoIeHHE f<-5—, CTEPXEHB CUMTAETCA CTEPHKHEM MaJon
A
o

KPHBM3HBI ¥ JUIA €X0 PACTETa HCIONLIYETCA TEOPHA varuGa NpaMoro

crepxus. Ecan oTHomeHue £>% CTePXKEHb CHMTAETCH CTEPIKHEM
%

GONBIION KPHBM3HB ¥ [UIA €TO PACUeTa HCIONB3YSTCH TEOPHs usruba,

COCHMATLHO PaspaboTaHKas Anst CTEPIKHS TAKOTO THIIA.

Teopus wsruba crepies GOMBINON KPMBHIHEI, H3ysacMad B KYPCe
«Compor Ma 5 Ha IHIOTE3e [IOCKHX CC-
YeHHH 1 THIIOTE3€ O HEHAZIABIMBAHHH [POIOTLHBIX CIIOCB APYT Ha IPYTA.

PaccMOTPAM YHCTSIH M3THO CTEPXKHA B IIIOCKOCTH €70 KPHBH3HEL.
Tloa neficreuenM MoMentos M (puc. 3.34, @) nepudepmiinas obnacts
CTEpHS PACTATUBACTCH, 0GNACTh CTEPKHA, PACTIONOKEHHAL OmKe ¥
LEHTPY KPHBH3HEL, CKUMAETCS (m3rubarouiuii MoMeHT M TpajHIHOHHO
CMHUTAETCS TIOMOKHTENBHLIM, SCIIH OH YBENHUUBACT KPHBH3HY CTCPK-
H); CIIETOBATENBHO, HMEETCA CIIOM, KOTOPBIH ABIACTCSH rpaHHneit Me-
Ty PACTATHBAEMOH i CHUMAEMOH 0ONaCTAMH CTEPHKHA. DtoT CIOH,
KaK H3BECTHO, HA3EIBACTCS HEATPAIBHBIM.

[Mokaken, 9T0 OpH YHCTOM M3rHbe CTepxkis GonpmIOH KPUBH3HAL
HEHTPABHBIN CIIOH HE COXEPHHT TEOMETPUICCKYIO OCh CTEPIKHIL Ho-
mycTaM o6paTHoe — HeHTPANBHEIR CIIOH COREPIKUT TEOMETPHHCCKYIO
och cTepxis. TOrza, COFNACHO THMIIOTE3E MIOCKHX CedeHMH, 3M0pa
W3MEHEHHS NIKHB Al NPONONBHEIX COEB CTEPKHA B PE3yJIBTATe AC-
(bopMupoBanus ABMAETCS THHEIHOH (PHC. 3.34, 6). Jluneiinas nedop-
MaIIHs € GPOAOIBHOIO CJ1051 CTEPIKHS

rae | — JMHa COOTBETCTBYIONIETO CIIOS 0 AehOPMUPOBAHHL.

JlniHa | CROS KPHBOTO CTEPKHS B OTMYHME OT ZMIMHBI IPAMOTO
CTepIKHA 3ABUCHT OT PACCTORHUS ITOTO CNOA /10 UEHTPA KPHBHIHEY, 110~
5TOMy 2MmOpa JMHeHHBIX JepopMauui € HMEET BHI runepGoasl
(prc. 3.34, 8). C HO, 3ITEOPa HOP p it 6=Eg
Gyner mp TaKKE FUIIEP it (puc. 3.34, 2). HanpsmkenHoe
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ey i

3.8. Uccnedosantie HARPAYCERUT & RAOCKOM cmepicre G0abuoU KpHeusnsl
us i

A1

e

&
-
’
e
e

Puc. 3.34. Usrn6 cTepxHs B IUIOCKOCTH €r0 KPUBH3HBI

COCTOSHHC B TOYKE KPHBOTO CTEPXHA HA OCHOBAHHH THIIOTE3E O HEHa-
NABMMBAHUK IIPORONBHEIX CITOCE APYT HA JPYTa MPHHUMACTCA OAHOOC-
HbiM (prc. 3.34, 0). TakuM 06pa3oM, NpUHATOE JONYIICHHE O Pacrio-
JIOXCHUM HEHTPAILHOTO CNOST IPHBOJHT K TOMY, 4TO HOPManbHasA CHIA
N=[0dA ne papHa HyII0, 4TO IPOTHBOPCTHT Harp

1

PaccMaTpUBAEMOTO CTEPXKHA (3eCh A — MIoWAE NONEPEYHOTo Ceye-
HHS CTEPXkHSK). YemoBue N =IGdA=0 Gyner cobmonaThes B TOM Ciry-
A

9ac, ecIM HEATPAILHBIN C0¥ CMECTHTE K LEHTPY KPHBH3HS! Ha Daccros-
HHe ¢ (puc. 3.34, 2) s Toro, 9To0K! MIOIAAH TIOPsL G CNEBa M Clpasa
OT OCH GBTH PAaBHOBCIKH.

Benuuuna cmemenns

TAE 7, — PaaHyC KPUBM3HEI HEHTPANBHOTO CIIOA, KOTOphiit onpeness-
ercs no Gopmyie

A
rﬂ_fﬂ,
ar

rAC A=bh;, r — pacCTOSHUE OT TOUKH CTEPHHA JO UCHTPA €r0 Kpu-
BU3HbL, dA = bdr.
Takum o6pazom,

h

=
In .
RI
Tak kax BenMYMHA € ONPEAENACTCA PA3HOCTLIO JABYX Gim3Kmx
(ocobenHo B ciyyae CPaBHUTEHBHO HEOONBINOH KPUBHMIHEI CTEPIKHS)
BENIHMYUUH T H 7y, TO HEOGXOMMMO MX BEIMHCIHTL C BBICOKOH TOUHOCTRIO
(4-5 3navaumx ungp).
Hopmaneroe HanpsixeHHC G B TOYKAX MONCPCUHOTO CEUCHHS
CTEPkHS, HAXOMTIHMXCS HA PACCTOAHMY /' OT UECHTPA KPUBH3HbL, OTIpe-
nensieTes no Gpopmyne

_M@r-r)
Aer

Lo

Harubarommi MOMEHT M NPHHUMAETCA NOTOKHTENBHEIM, CCITH OH
YBENMUUBACT KPHBH3HY CTEpKHs (CM. puc. 3.34, a), M OTPHLATEABHEM —
€CIM YMEHBUIACT,

Tpy warpyxeHuy uccienyemoro crepxkus (puc. 3.35) B cevenun
A-A 803HMKAIOT H3rRGaOMKMH MOMEHT M v HOpManbHad cuma N,

M3 ycnosuii pasrosecus

N=F,
M =—F(r,+I).

HopmasisHoe HaNpsHKEHHE G B NOTEPETHOM CEISHHH A—A paBHO

1

A/:IF AK:I

o oo

Puc. 3.35. PacueTHas cxema CTEpXKHS
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E4 3KCnEguM2Umqub)i02 obocrosanue Eacqemuw( modenet
_-F(p+hr-r) 5 F
Aer A

Pewenue 3anauy uaruba CICPKHA GONBUION XPHBMSHEI TPAMO-
YTOIBHOTO MOMEPEIHOTO CEUEHVS METOIAMM TCOPHH YIPYFOCTH 10Ny~
yeno X.C. Tonosunbm & 1880 r. CornacHo 3TOMy PEILEHHMIO, B CTEPHK-
TIE MMCET MECTO JABYXOCHOE HANpSIKCHHOE COCTOARYE, XapaKTepH3ye-
MOC HANPMKEHUAMH O, 4 G, (CM. puc. 3.34, €):

2 L R R1 1nR2+R1|n4+R21n
e R 3
SRR R el 1n5+R1 R,
5" 7 R 3

2
C=(R-R) -4R2R] [m %) .
]

DmMIopEl HANPSKEHHHA C Ha HHX Talb-
HBIMH TOUKAMH, IOCTPOEHHBIE B COOTBETCTBUH € TEOPHCH YIPYTOCTH 1
CONPOTHBIIEHUS MATCPHANOB, TIO3BONAIOT CYAMTh O CTPABELIHBOCTH
ZONyIeHAH, TPUHATEIX NPH POWEHUH 337@91 O BHCUCHTPEHHOM Dac-
TSDKEHNH-CIKATHH KPHBOTO CTEPXKHS.

3.9. Ncc 0 COCTOAAHHA B CTepKHE
npu cosmecn-lom u3rue H KpyuYeHHH
METO/IOM TEH30MEeTPHH

B 9T0}i SKCREPHMEHTANBHOH PaboTe ¢ MOMOIBIO PO3CTKA TEH30~
PEIXCTOPOB M3MEpAIOTes AehopMalld B IPOM3BONBHOM TOUKE 6oko-
BOH TIOBEPXHOCTH TOHKOCTEHHOTO prﬁ'-laTDl‘O CTEPHHA, Crep)xeﬂb
TIOABEPracTCs COBMECTHOMY M3THOY # Kpyderuio. C yIeToM 3HaueHuH
H3MEPEHHEBIX Jebopmaimit TCS [NABHBIE p H HX
HanpasJIcHHA. Hony\ael-n-me BKCﬂCleMeHTZU'IBHMC pesynbTaThl CpaBHH-
BAKOTCA C TEOPETHYECKHMH.
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Heeredoaanue HANPANCEHNOZ0 COCMORKIA 1pY uzube u Kppuenu

XapakTepHCTHKA YCTAHOBKH

O6beKToM TC it TpyGuatsiii cep-
KEHb, HATPY)KACMBIH HIrMOAIONINM H KPYTSIIIM MOMEHTaMH (prc. 3.36).

B Touke A ceuenns I npuKICCHE TPH TEH30PE3UCTOPA LA H3Me-
penns aedopmanuit (puc. 3.37).

HedopMaumy u3MEPSIOTCS ¢ IIOMOIIBIO SICKTPOHHOTO H3MEpHTe-
A nedpopMaruii, ANs IPaZyHpOBKH MIKAEl KOTOPOrO B KOHCTPYKLWH
TIPEyCMOTpEHa 13 0 O Kpad
CTepxkHs, B 3TOM ciydae CTEKEHb HATPYKACTCH TOIBKO KPYTALIMM
MOMEHTOM,

Kpatkue TeopeTHYeCKHE CBEACHRN

B mofoit TouKe NOBEPXHOCTH TeNa, HATPYKEHHOTO MPOM3BOIL-
HEIM 06pazom, TI0CKOe Je COCTOARME (TpH OT-
CYTCTBHM CHJIOBOTO BOJNCHCTBMA HAa MOBEPXHOCTh Teaa). Ilpu aTom

0/Ha ITaBHAA TIOMANKA 1 [TIABHOC HANPSKCHHUE HIBECTHBI 0';" =0,a
3HAYCHHS ¥ HATIPAB/EHHA JIBYX JPYTHX IMABHAIX HANPAKEHME HEOGXO-
IHMO RrafiTh.

ong i ou # aTHX p i
CIIEJlYeT U3MEPHTD At MM CTCPXKHS B Tpex oced u,

U, Z, NPOXOAANIMX Yepe3 3aAAHHYIO TOUKY A, C IOMOMIBIO TPEX TEH-

Puc. 3.36. CxeMa yCTaHOBKH:

1 — cTepicens; 2 — priar
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3. Dxcnepumenmansuoe obocHosaHe pacyemix Modeneil

Pug, 3.37. CxeMa pacroN0KeHHA TEHIOPEIHCTOPOB /-3
B TOUKe A cevenns [

30DE3UCTOPOB, HAKIECHHEIX B 3TOH TOUKE (CM. PHC. 3.37). Mo n3me-
PEHHBIM B oceit 4, L, z Aedop €y Ens &

eM raBHpe aedopmalii €7 1 £ M YroN O MEXLY OCBIO ¥ B onHoH U3
[aBHEIX ocedt o Gopmynam

ow _E TE 1 2 2
g =y 5[(%—%) +(e,-&,) ),

2

g0 (B8

o

3areM ¢ IOMOMIBI 000BIEHHOTo 3aK0Ha ['yxa HAXO|M 3HAUSHHMA
FNABHBIX HANPOKCHUHA:

, B o
o = & +VE },
)
E
- v,
o = € +vE),
)
noche 4ero ITaBHBIM nrpexcs 1, 2, 3 Tak,

“T0bBt G, 2 O, > 6.
HanpsykeHHOe COCTOSHHUE B TOUKE A, PACTIONONKEHHO! Ra NOBEPX-
HOCTH CTEKH, [IOKa3aHo Ha puc. 3.38.
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3.9, Hecnedosanue HanpRACERHOZ0 SocHigRtus o useube u Kgyenu

HopmassHble ¥ KacaTenbHble Hanps- ¥
EHHUA ONPENEILIOTCA N0 HOpMYTIaM:

M, (3
G‘:G“‘:W,’ T )}’L
H

—_=.
¢ =g =M ,4
I}_mal_W‘

P Z

Puc. 3.38. Cxema Hanpsaxer-

roe M, =Fl,, M,=Fa —wrabaonmit
HOTO COCTOSHUA B TOUKE A

M KpyTAIii MOMEHTH B CedenHnn [;

nD’h
W,=—— — MOMEHT COmpoT ceqeHns P u3ruby;
4
2
nD°h
W, =—— — MOMEHT COnpoT CeueHHs CTEp Kpy h
2

TJaBHEle HAIPSHKEHKS W YTOJ HAKIOHA TIIABHOH OCH HAMpKCHUH
K mp: i ocH CTepIKHA no opmynam:

o+ B =45

HarpykeHHe CTEpHS TPOH3BOMTCA CTYNIEHYaTo, K Ha KaXioH
CTYIIEHH HAarPy>KEHHA PETHCTPHUPYIOTCA NOKA3AHMs 3MEKTPOHHOTO M3~
MepuTens AchopManmi.

TIpesse TeM Ha4aTh M3MEPEHHI, HEOOXOTAMO HAHTH LeHy Jenc-
HAS WIKaTbl u3meputens AedopMaiui. JUi 9T0TO K KOHCONBHOMY

Kpawo P TCA Tap onopa, KOTopas IIpeoTBpa-
maer ero u3ruG. TIpH xpy CTEPXHA € o npubopa K3me-
paiotcs  aeopmaan. Ilony comnocT co

b i Teoperraecki. Takum 06-

DPazoM OMPEAENSETCA LieHa AeTEHMA MKAb! HIMEPHTEI NehopMAIlHH.

3Has ueHy JAeNCHHA, HA Ppe3ynsTaTOB PEHHIE MOXHO
5 10553 105




2.9

D D Modenett

HaHTK [TIABHBIE HE W ¥X Har KOTOPBIX
CPABHUBAIOTCS C TEOPETUIECKAME PE3YJIBTATAMH,

3.10. Hce fin i

P P

B CTEPXHE NPH BHEKEHTPEHHOM PacTAXKEHAH

B 3aBrcMMOCTH OT CBOFCTB PACCHHTRIBACMON KOHCTPYKUMH BBI6H-
pacTCcA Ta MAM MHas pacueTHas cXema. Ha mpumepe pacTATHBaEMbIX
cTepikHed pasnngHON KECTKOCTH NPOBOMMTCA COTIOCTABICHHE PE3Y/b-
TATOB PACYETA M IKCTICPHMEHTA.

XapakTepHCTHKA YCTAHOBKH

OOBEKTOM MCCIEAOBAHHA SBISCTCA CTEPKEHD PAMOYTONBHOPQ
NONEPEHOTO CCUCHHUS, IIPEACTARICHR Ha puc, 3.39,

CrepieHb 3aKPETUIACTCA WAPHAPHO B BUIKAX (IPABOH M NEBOH)
(puc. 3.40). IIpapast BAIKA COCAMHEHA C AMHAMOMETPOM, NEBas — C
Harpy*aloluM yCTPOHCTBOM BHHTOBOTO THIA. B cpeaneM ceuenun
A-A crepwHs HakmeeHs! IBa Temsopesucropa Thna OKITA-10-100
(doneroseie, 6aza 10 MM, conpor 100 Om). K 8
HEIH TEH30PE3HCTOP HAKNESH Ha CBOGOAHYIO TIACTHHKY, PACTIONOMNEH-
Hyio BOMM3M paGounx P Topo. T TOPBI NIOAKTIIOUC-
HbI K 3ICKTPOHHOMY H3MEPUTEMO nedopMaiuii.

Pac. 3.39, Crepxens IPAMOYTONBHOFO TIOTISPEHOTO CEHCHUS:
1 ¥ 2 — TeH3OpesHCTOpHT
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3.10. Hecredosanue nangxmznuﬁ 3 neﬁwegeﬂuﬁ 8 cmepacne

Puc. 3.40. Cxema yCTAHOBKH:

1 — ofipasew; 2 — Harpyxaiomee ycrpocrso; 3 — npornGome-
PBI; 4 — JHBAMOMETD

Kparkue TeoperuiecKue CBeICHAs

Crepxun, paGotaiomme Ha H3rHb, NMOAPasIEHOT HAa CTEPXKHH
GONBIIOH HKECTKOCTH (JKECTKHE CTEPIKHHM) M MANOi xecTKOCTH (rHbKue
crepxkny). TIpu pacyere XECTKOro CTEpKHA BHYTPEHHHE CHIIBI ONpe-
pemores Ge3 yuera ero mporrGoB. IIpu ONpeneNeHHH BHYTPEHHHX
cu1 rHEKOTO CTEPXHS HEOGXOMMO YIHTBIBATH €T0 MPOTHOBL.

Kectkuit crepxens nokasas Ha prc. 3.41. Harubarommii MoMenT
¥ HOPMankHast CiU1a BO BCEX CCUCHILIX CTEPKHA TIOCTOAHHEBL ¥ PABHBI

M, =Fa,
N=F.

Hsr it MOMeHT 6e3 yaera ce-

P

1 p—
% 71| é
3

Puc. 3.41. Kecrxuii crepxeHs
5 107



3. Drcnepumenmanvhoe 06OCHOBAHUE PACHemubx Modenei
[ERRRES diicls o I A ——rrere

3.10. Hccnedosarue HaNPAJICeHUll ¥ nepemMewseruti 8 Cmepiche
e ‘&&

L2

Puc. 3.42. TuGxuit crepxens

4eHUH CTEpKHA. MaKCHMalIbHOC ¥ MHHMMANBHOE HANPHKEHUA B JIO-

Gom

CTEPIKHS O TCH BIO
6, =1t M + i
aio W, A

I'nbxwii cTepieHb UOKa3aH Ha puc. 3.42. MsruGalomuit MOMeHT

M B 31OM cnyuae BOIL OCH CTEpXHSA NEPEMEHHBIHA K B CPEMIHEM Ce-
yeHuH A—A crepxus (puc. 3.43) onpenenserca Gopmynoi

e v, —
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M, =-F(a-v,),

cpenHero

a

cwia B A—A

N=F.

. 4 . ~
A

hi2 4
A

Puc, 3.43. Pacuernan cxema rubroro crepxus

4
A

OnpenenuM  mepeMemieHne ¥
CeueHHH CTEpXKHA € NOMOWBIO F
4 &

ppep yp \

ynpyro# nuHEx (TOUHENT METON).

Jlng 3TOTO TIPHMEHMM METOA Ce-

qenuit (puc. 3.44). Puc. 3.44. Vinmoctpauxs MeToza
3anmmem  auddepeHUMAlB-  ceqenuit

HOE YPaBHEHHE YOpyroH JTHHAK:

EILV =M (2). (3.12)

Har i MOMEHT B c v z

M (2)=—F(a—-v). (3.13)
TMoxcraeus (3.13) B (3.12), monysnm
EIpn =—F(a-v). (3.149)

Pasmenum obe wacTu ypasrenus (3.14) na EI,:

O6o3Ha M
L =k,
El
TorAa
v -k*v=-ka (3.15)
Pewenne auddep JBHOTO YP (3.15) mmem B BusE

V= C shkz + Cychkz +a.
3anmineM rpaRHuHeIC YCIOBI:

1 z=0, v=0,
2) z=1/2, V=0

M3 1-ro rpannasoro yenosust C, =—a. 13 2-ro rpasM4BOro ycno-

ki
By npH V= kC,shkz + kC,chkz nonyaum C, = arhEA
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3. 3KCneguM2anbHOe obochosarue pacuemiss modenent

Ilep il cTepxHs onp TCA TBIO

u=a(zh%shkz~achkz +l).

!
° P ai (amg)
hzk—zl i ch%lvl 1
v, =a|l+ —ch— |= =all1-
¢ o i 2 chki ! chﬂ
2 2 2

BEINHC/ITHM TEPEMEIICHHE CeueHMs A-—A B NPEANONOKCHAH, YTO
HIrMGAIOIEil MOMEHT BAONb OCH CTEpXKHS NOCTORHEH (CM. pHe. 3.41).
IprmentM npasmio Bepemaruna:

1 2
v, =L Ly, Pl
EI 24 8EI,
C yuerom nep A—A onp H3T i
MOMEHT B 3TOM CCUCHHH!
M,=F(a-v,).
Hanpsoxenus B OT HEHTp ¥ OCH TOuKax

CPEHErO CeYeHNs ONPERENAITCS IO popMyne

- CACCY e
= W, A

Ecid BIMAHHE SKECTKOCTHBIX CBOMCTB paccMaTpHBAEMBIX
cTep:KHell HE YYMTHIBASTCA, 3TO NPHBOJHT K GONMBIIMM MOrPEHIHO-
CTAM PacyeTOB.

0,
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3.11. Heenedosanue COCIMOSHUR 8 30He xouuenmgamoga nangmeuuﬁ

3.11. M 0 COCTORRHA
B 30He TpaTopa p W

CymecTReHHOS BIUAHWE HA [POYHOCTH IEMEHTOB KOHCTPYKIMH
OKA3HIBAKOT MECTHEIC HAIPKEHHA, BOHAKAIOUIME B 06NACTH PESKHX
H3MeHeHuit (OPMBI ZICTATHM WK B 30HE CHJIOBOrO KOHTAKTA. Kounen-
TPauUMIO HANPOKCHHA CIERYeT PacCMATPHBATL Kak OJIHH M3 TNABHBIX
¢pakropos, omp b JCTATH B Y nepe-
MeHHBIX Hanpsokernit [13].

B ool aKCTIepUMeHTAIBHOM paGore M3ydacTCs pacmpeierienue Ha-
pSDKEHHH B 30HE KOHUCHTPATOPa HATIPSDKEHH 1 B YIANICHHOH OT Hee o6~
TIaCTH, OTpEAeNAeTCA KodpQUIHEHT KOHLEHTPAIIH HAIPDKEHHH.

XapaKkTepHCTHKA yCTAHOBKH

O6sekT p coGoii cTep ¢ D

HEIM Ceu€HMEM [BYTABDOBOH (DOPMEL, PACIONOKEHHLIH Ha JBYX OMO-
pax (puc. 3.45).

2 3
4
1
=
Jiig s
1: T 25
73
4
!

Puic. 3.45. Cxema yCTAHOBKM [UIs M3yHEHUA KOHLIEHTPAIHA Ha~
TIPSKEHHUA:
.3

- ; 2 — Harp. P
wens; J, I, IIT, IV — FpyTiftbl TEH3OPGIHCTOPOB

11



3. 3Kcneglmeﬂmaﬂbnoe obocHosanue pacuemnsix Modeneil

B nentpanbHOR yacT# CTEPKHA NOJKH ABYTABpa yIAANCHE! H Cede-
HUE HMEET TPAMOYTOIBHYIO ¢opmy. Cunia CO37a€TCA HarpyHKAIOMAM
YCTPOHCTBOM BHHTOBOTO THITA, B KOMIUIEKT KOTOPOTO BXOAST YPyFHit
3IEMEHT M HHIMKATOP 4aCOBOTO THIIA. 3HAYCHNE CHILI F onpeensercs
0 [OKA3aHKIM MHIHKATOPA C IIOMOIIBIO IPajyMpOBOHON TabiunLBL.
TIpn BHIGpanKO# cXeME HarpyXeHHI CTSpHHS ero UCHTPAIbHAS YaCTh
HCIBITEIBAET YMCTHIH H3THO, MPH 3TOM M3rubaloIIKil MOMEHT

M =2
6

B pe A—A HMMEET KOHUEHTPATOPHl Ha-
TIPSDKEHAIL B BUE MOLYKPYIVIBIX BRITOYEK PAAHYCOM 7.

B 30HE THCTOTO MArKGa HAKICEHB! HETHIPE IPYIIIBI TEH3OPE3UCTO-
pos (prc. 3.46).

Kaxzas rpynna TeH30pe3HCTOPOR MOAKIIOUEHA K COOTBETCTBYIO-
WEMY KaHaly JMCKTPOHHOrO MiMeputens Aedopmanuii. Teusopesu-
CTOpBI TPYNIB! | TIO3BONAIOT H3MEPATH NPOAOABHEE AepopMALM B

100

A
8s
5 Ry
77 —]
o
IV [ 3V 4-Iv STveav 7av | 21
7-HI =)
3 [ &
& s =
- F== 4 s A
* S,
=
S
B 401 eIl E
5 55 31 2y
E 2.1 jaul ¥ E
1-H1. 6-I 5-I 4-I 3-I 2-IT
L5 g g T S i
7-00
BB 2

bo /4
Puc. 3.46. Cxema pacnioNoNeH s TeHIOPEIHCTOPOB:

HOMEp TEHIOPEINCTOPa YKadan apabokoi WAGPOR, HOMEp TPYMITB
TEH3OPEIHCTOPOE — pHMCKOlE
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3.11. Heenedosarue cocmosHus 6 30k Koxzenmgamoﬁa uaneucenmi

30HEe KOHIICHTPATOpa o onp Th XapaKTep

¥ 10 BLICOTE B A—4.C TEH30P
pos rpynn I n 11 TCA 30Ha ji # 10 HOMB-
HaIBHBIX i. Tersop pEr rpymsl 1T oT aeop

UMK B CeueHHHM h—B, e BIMAHHE KOHUEHTDATOpa OTCYTCTBYET H,
CIEAOBATENBHO, HANPSKEHUA HOMHHATBHB.

KpatkHe TeOpeTHYECKHE CBSACHAS

B 30He M3MeHEeHUS (GOPMBI ACTANH (OTBEPCTHA, BRICTYIILI, KAHAR-
KW, [MAMUE, BBITOYKH, pe3b0a, TanTely) HApymaeTca IUIaBHOC
pacrpefieieHie BHYTPEHHUX CHJI,

YX H H, T. € MECTHBIE HANPDKEHUA.
Tpyraussl, MECTHBIE HAIp Ha3BIBAIOT
KOHNEHTPATOpaMH i, a MECTHBIX p i

BONMIM  KOHIEHTDATOpA — KOHILCHTpALcii HAanpsbkenHit. MecTHEIC
HAanpsHKeHWs MOTYT 6BITH CIEACTBHEM HEKOTOPBIX TEXHOJIOTHIECKHUX
npOLeccOB (CBapKa, JHThE, TepMOOGpaboTxa). KoxuenTpauus Hanps-
JKEHHI BO3ZHHKAET TAKXKE B MECTAX CHIIOBOrO KOHTaKTa HCT&JICﬁ,
C.’le}lyCT OTMETUTh, YTO B 30HE KOHUEHTpaTopa Hanpx)ke}mﬁ Ha-
COCTOSIHYE TCH, KaK NpPaBMIIo, CIOKHBIM. JocTu-
ras BBICOKHX 3HadeHUR BOan3n KOHUEHTpaTopa, MECTHRIE Haﬂpﬂ)KCHHﬂ
GBICTpO YOBIBAIOT H HE Hap, T XapakTepa p 0 COCTOH-
HNUS B YAANCHHRIX OT KOHUEHTpaTopa MECTax ACTal, HCCMOTPX Ha
3TO, BAMAHHUE KOHLEHTPALUNH Hanp;m(eﬂmi Ha MpOYHOCTh H AOIFOBEY-
HOCTh KOHCTPYKIHHM MOXCT 0KA3aThCA pemaiou.mm
Ecnm B mponecce SKCIUTyaTalliM KOHCTPYKUWH HANPMKCHUA TIC-
PHONHYECKH H3MEHAKOTCA, TO 30Ha KOHUEHTpAlHH Haﬂpﬂ(eﬂmj[ MOXET

cTath OyaroM obp TP Tpex
HOe paspylIcHME KOHCTPYKUMH (aBiemme ycranoctd). Tlostomy npw
POEKTHPOBAHUK 0GHEKTOB, PAGOTAIOIINX B YCIOBUAX NEPEMEHHEIX BO
BPEMEHN HaIpsReHl, ¥ IPH OLCHKE MX NPOYHOCTH H JIONIOBEIHOCTH
CIIEyeT YUMTHIBATE KOHIEHTpAIMIO HanpsmxeHni [13]. 3roT yUer He-
OBXO/IAM ¥ TPH CTATHYECKOM HAaIPyXCHHH JeTaleH, H3TOTORNEHHBIX
A3 MaJIOTUTACTHYHBIX HITH XPYIKHX MaTEPHAIIOB.

113



3. DKcnepusmenmansroe 000cHO8aHYE pacemubix Modenel

Sip

0 02 04 06 ‘Zr/h
Puc. 3.47. 3 L K03

Jinst OoleHKM KOHHEHTpALMH Ha-
HPH)KCHHﬁ ‘HaXoIAT OTHOLUCHHUE HAH-
GONBIETO MECTHOTO  HAMpPMKEHHS
Oax K HOMHHATBHOMY Gyo M HA3BI-
BAlOT 3TO OTHONICHHEC TEOPCTHYE-
CKHM K03 QHIHEHTOM KOHICHTPa-
(MM HATIPsDKECHAH

(HuuMeHTa KOHLEHTPALMM HAPA-
JKeHHi OT mapaMeTpa 21k

Hi 0 ruon
HaxOfAT O pacueTHEM (OpMyNaM
CONPOTHRNECHAA MATEPHANOB, T.e€.

Cnow=

%

S
NN

] Tz

- N

%

OO, I, S
AR

Puc. 3.48. Dmophl MECTHRIX H HOMHHATIGHBIX HATPSKCHHUIL
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3.12. Ongdenenue gumuueckuﬂ Ay In 2ubKo20 CHCAMO20 cinepofcHs

Oe3 ydeTa BIMSHHMA KOHUEHTPATOpa O
HAaNpPAKEHNH. 3HAYCHNA Opax MOTYT
GBITh BEMHCIICHBI TEOPETHIECKH ©
TIOMOUIBIO METOOB TEOPUH YTIPYTO-
CTH WIW NONMy4eHBl SKCIIEPUMEH-
TANBHO (TEH3OMETPHDOBAHME, NO- 5
JAPU3ANMOHHO-ONTHICCKUHM METO).

Ha puc. 3.47 npusenesa 3agu- 2
CHMOCTH TEopeTHIecKoro K03hdu-
L{MEHTA KOHIEHTPAUMH O NpH H3-
e CTEpKHA ¢ ABYCTOPOHHUMH
BHITOMKAMH B 3aBHCWMOCTH oT ma- PHe. 3.49. Teoperaieckie x0og-
pametpa 2r/h [14]. (HUAESHTE! KOHICHIPAIME HATIPS-

OnHOMY M TOMY X€ KOHIEH- i
TPAaTOpy HATPHKEHAN COOTBETCT-
BYIOT pasHble Ko3( Thl Ol B OCTH OT BHJA Harpyxe-
wust netanu (puc. 3.48, 3.49). Ha pucyHkax mpuseaeHsl kKoadduiim-
EHTBL (g TIPH PACTXKCHUM ¥ NpH M3THGe CTEPXKHS C ABYCTOPOHHUMH
BLICTYNIaMH, 4 TAKXKE MOKA3AHBI JMIOPbl MECTHBIX M HOMHHANBHBIX
HANPHKSHAH.

1

0,2 04 06 08 7/t

1 — pacrsxenne; 2 — uarut

3.12. OnpeleeHHe KPHTHIECKOR HATPY3KH
2Ji5 THOKOTO CHATOTO CTEPHRHS

Tu6Kul cxaTbiil CTEPKEHD MOXET TEPATH YCTOHUMBOCTS, T. €. IIe-
PEXONHUTH B HOBOE NONOKEHHE YCTOWUMBOTO parHoBecus [7]. 1ot ne
pexon conpooxaactes 6o, P B
eM GonbImuX [IACTHISCKHX AeopMannii U IaXe NOIHEIM PaspyIIeH -
eM cTep JHBIH CXATHIH YCTOHYHE TONLKO B
TOM CIydae, eCIIH 3Ha4eHHE CHKMMAIOMICH CHIBI MCHBIICE KPUTHIECKOro
suavenns. [Ipu cure, 6 i KpuT #, cTep
H30rHETCH — NPOH30HACT MOTEPS YCTOHIUBOCTH.

DKCHEPUMEHTAIBHOE M3YUCHHE 110TEPH YCTOMYHBOCTH NPEACTAB-
NFeT FOCTATOYHO TPYAHYIO 3a5ady.

HEMMHY
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3. Dicnepumenmaavtoe obocnosanue Jessema Mooen

XapaKTepHCTHKA YCTAHOBKH

OOBEKTOM MCCNIENOBAHHSA SBIACTCSH CTEPHEHD NPAMOYTONLHOTO
. Crepxens yo B TPaBOH W NIEBOIi ONO-
Pax, KOHCTPYKIYS KOTOPBIX [03BOMAET OCYIIECTBIATE MIAPHHPHOE MK
JKECTKOE 3AKDETUICHHE KOHLOB CTEpXHSA B IUIOCKOCTH HaHMMCHBILCH
scectkocTh (puc. 3.50).

[paras omopa COCAMHEHA ¢ AMHAMOMETPOM, JieBas — C Harpy-
KAIOWUM yCTPOHCTBOM BHHTOBOrG THNZ. B cpenneM nonepedHoM ce-
HEHHH A—A CTCP)KHA HA WITATHBHOI CTOHKE YCTAHOANEH mporubomep —
HHJMKATOP YaCOBOTO THNA.

TIonep 0

KpaTtkue TeopeTHYeCKHe CBeACHUS

JIns uaeansHoro rubKoro CTEPHKHS KPHTHEECKaR CHiIa Fig OTpesie-
nercs no dopmyne Jiinepa
_TmEl,

E

)y

Puc. 3.50. Cxema s it
CTepHKHI:

1 — warpy

4 — mporubomep
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3.72. Ongdeﬂenue gumuuecxaﬁ Juepyau Ot 2UOKO20 CHCAMOZ0 SmepcHs

PaccmaTpuBaloTcs  Tp cXembl oo, F
3axpemienna crepxkns (puc, 3.51). % A
PeanbHBIA CTEPXKEHb HE ABNACT- F
Cs HMICaNbHEIM, TAK KAk CONEPMKUT Cxewa 2 W
HecoBepwencrsa. HanGopmee npak- &
TH4ECKOE 3HAYEHHE MMEIOT 1BA He-
COBEPINCHCTBA: HAYANBHAS KPHBH3-
Ha ¥ BHEUEHTPECHHOC MPHIONKCHHE

Cxesa 3 Aoy

Puc. 3.51. CxeMmbl 3aKpenicHas

CHJIEL.
CTEIKHS
B ycraHOBKe NpUHATEI MEpbl K
CHWKEHHIO JKCIUEHTPUCHTETA IIPH. CHIBE AC TP 0

yposus. Jxcuentpucurer cocrasnser 0,1...0,15 mm, mosromy nau-
Gosplee 3HAUEHWE JUIA YCTAHOBKM HMMEET Ha4albHAs KpHBH3HA,
TAK KaK MACANBHO MPIMOH rubKHE CTepKenb H3rOTOBHTE MPAKTHHIECKH
0. Tlonyaum mf yio (opMyny, FO3BONAIOMIYIO
ydecTh BIAAHME HAUATbHON KPHBM3HBL CTEPXHL HA 3aBACHMOCTS
«IPOONBHAT CHIIa — XAPAKTEPHOE TICPEMETICHHE» .
TlycTh MAPHUPHO ONEPTHIA NO KOHIAM HEWJCANbHBIA CTEPKEHb
HMeeT HauATBHYIO KpHBU3HY (puc. 3.52). Bynem caurate, 4ro reoMer-
PpUHECKad 0Ch CTEPIKHS /10 HATPY)KCHRA OLIHCEIBACTCA dynxuper

w=fo sinZ2
i
Tpy HATPY)KEHHH YOpPYras THHUA CTEPKHSA NI0KA3aHa Ha PHC. 3.53.
I depeHnumuanbHoe ypaBHEHHe YIPYToH JHHUM NPH HATPYKCHHH
TIPOAOTBHOM CHIOH F uMeeT BUIL

v *

!

Puc. 3.52. PacuerHad CXeMa HOMAEAIbHOTO CTEPKHA
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. DKCnepumenmanoioe 06ocHoeanue pacuemuyx modenel

3.
x A
u
NP \
[
7 z" fo %) <
"
!

Puc. 3.53, PacueTHas cXeMa HeHASANLHOTO CTEPIKHA MPH HATPYREHMH

ELu"=M (z).
M, (2)=—F(uy+u),
ELu"=~F (uy +u),

u+ k% =—kzu0,

F
e ki=—o.

El,

3 p bipep 010 y B BHIC
u=C sinkz+C,coskz+u,. (3.16)
YacTHoe p o auddep TO ypaBHe-
HHA NPEACTaBMM B BHIEC
u, =Bsin E.
!
Tpomuddepentmpyem u, no z;
u, =B D eos™ "
I !

P N -]
u, =—B—sin—.
P !
TloncTaBuM noydeHHRle Bripaxenus B (3.16):
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3.2, Ongeae/xenue Kgumuuecxoﬁ Hazpya 028 2UBKOZ0 CHCAMO20 CmenRn
2
—%Bsm% + kZBsm¥ =-k*f, sin=-

nZ
B(—l—z i | =2,
IMocne npeofpazopanus NoAyYaem
B= ;fo_
n'EL
I’F

*El
B ~, torpa B=

Ipunumaem, ro siineposa cuna F, =

TpaHH4HbIE YCTOBHS:
z2=0, u=0=C, =0,

z=l, u=0=>C,=0.

Oonaneano nonyqaem
= L4
= ﬁ) sin—-.
R

Onpeyenum Nporus ceyeHus Mpu 7=

- ~fo
1=k

F

TIpeoGpasyeM NOAYYCHHYIO 3aBUCHMOCTE K BHIY
Sf b

F F, F

~fo

1-

3

F
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3. Jxcnepumenmanbroe 0GOCHOBARUE pacuemibix Modeneti

HyxHO 0TMeTHTH, 4TO OIpeAeNeHHas [0 3TOMY METOAY ilepoBa
cHlla Fy coBRanaet ¢ £, HACATBHOTO CTEPHKHA TIPH COOMIONCHNH ABYX
YCROBHH:

1) HauaNbHAA KPUBHM3HA OCH CTEpXKHS NOIDKHA JIEKATh B IUIOCKO-
CTH HAUMEHBIIEH JKECTKOCTH;

2) rubKkoCTE cTEp BIL H i JKECTKOCTH JIOJDK-
Ha GEITH BRUIE TP O, P Ip 3
HOCTH MaTepHana o, :

TE
Ap = .
o,
nn
IIp i aHanms THOKOTO CHKATOTO CTEPXKHA
p B IIpeaenax TH 3aKkoHa I'yka.
3.13. Hice NPOOIE p o
u3rnba crepxHa

B oroit TanbHOH pabore b
nporufor crep npy 1p PEUHOM H3THGE OT 3HAYCHHA

TpozonbHOH crnkL. Tlpu ITOM nonepedHas Harpyska cuMTaeTcs QHKCH-
posanxoii. ITomysenssie P
¢ Teoper € IOMOTIBIO PA3HRIX METOMIOB.

XapaKTepHCTHKA YCTAHOBKH

YcTaHoBKa COCTOMT U3 JIBYX ONOp, B KOTOPBIX 33aKpPeNNEeHRl CTa-
'KaHBbI, 0630“6‘{"]!8]0[11146 IIAPHHPHOC 3aKPENICHHE KpAacB CTCPXKHA
(puc. 3.54). B nesoif onope pasMemaeTcs BUHTOBOE HAIDYXalomee
YCTPOHCTBO, & B MPaBOH — THHAMOMETP, H3MEPAIOWK OCEBYIO CH~
ay. YcTaHoBKa CHaGKCHa YCTPOHCTROM A HATPYXEHHA Moreped-
HOM CHMO# 1 IPOruGOMEPOM ST U3MEPEHHS NPoruGoB cpeaHero ce-
ueHus crepxis. Harpyxenye crepkus nomepeTHOH CHION Tpousso-
120

3.13. Hceredosanue npodobHO-NONEPEUROZ0 UIZUGA CEDIHCHA

4
7
Puc, 3.54. Cxema ANA M3y
PeHHOTO HrHba CTepRHsA:
F— yerpoiicrao; 2 — g e
4 — ycTpolcTBO JUIA RATPYKCHHA MOnEpeuHON cHnol; 5 — mpory-
Gomep
HHTCH C rpy3a, a mp H CHIOH — ¢ HOMOMLIBIO Ha-

IPYXAIOUIEro yeTpoicTsa.

KpaTKHe TeOpeTHYeCKHe CBeIeHHs

M3ru6 crepxes npy OAHOBPEMCHHOM JeHCTBAK HA HETO NPOJOIE-

HEIX M P cu p p HITH-
6oM. PacyeTHan cxema CTEpXKHA Npencrasiena Ha puc 3.55. s pe-
IEHHS 32/1a9H TIp P 0 Haruba u omp npo-

rHOOB MOXHO arecn  madidep THHEIM ¥
H30THYTOH OCH CTEPXHSA

=4 7
# p
% 7”2 I/I y2 i ¢

Puc. 3.55. PacueTHas CXEMa CTEPKHA
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3. Ixcnepumenmarshoe 060CHOGaNLE PACHEmHbIX Modereil
WAL =

# Elu"=M,.

P2 :_: ¥
F Jns neBo¥ NOAOBHHBI CTEPHA
L (puc. 3.56) ypaBHEHHE HMECT BHI

Foyen
z

EIyu'=—Fu—§z. (3.17)
Puc, 3.56. Hnmoctpauns MeTo-

a3 ceueHui VOuTHIBAaA TIPAHHMMHEIC YCHOBHA
z=0, u=0, z—é W'=0, p 317 B
BHIE
P | sinkz
u=——o ——~kz |, (3.18)
2 cosE
F
e k=
A EI
M: nporu6 (B cep p =—) MOXHO
HaiiTit o dopmyne
P KK
Uy = 8 —— | 3.19
" 2%F ( € 2 2) G
Kpome andpdep JBHOTO Y CymecTRyeT Apyroit
METOMl, KOTOpBIH T mp p Th MAaKCH-
ManbHEbI TporuG:
#,
=t 2
U F 3.20)
F3
TAE W, — NpornG, Hak i ToNEKO OT P il HArpy3KH, T. €.

6e3 yuera cwmn F; F — npopmonsras cwra; F — siitepopa cuia

wEI,
F=rmgt |
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3.14. Hcenedosanue ORI AU DG O L _Memodom

Cnenyer uMers B BUIY, uTo dopmynamn (3.19) u (3.20) moxuO
T0JIB30BATECS NPH HAarpyskax, He npesbmmatomux (0,7...0,8)Fs, rak
KaK TIpH GONBIIMX 3HAYEHHAX CHABI F DE3KO HApacTalT Iporubsi,
YTO NPOTHBOPETUT MCXOAHBIM MPEATIONOKECHHAM O MANOCTH Hepe-
MeleRHH.

JIna Hamlero cnydas u, — MPOTHG TONBKO OT CHITHI P MOXHO Ha-
TH MeToaoM Mopa — Bepemarusa:

PP
Wy =
" 48EL,

Pesynbrathl, Rafigennsie no gopmynam (3.19) u (3.20), Gmusku
MeXIy coGoi.

Harpy P p TCA CTYNCHYATO, M HA KaXIOH
CTYIIEHH HArpy PETHCTPHPY i poru6 crepik-
aa. [To pesynbratam W3MepeHHH W BHIYMCICHWI CTPOAT TPH rpaduka
33BHCHMOCTH NpOruGa OT IPONOIBHOA CHIE! (OJHH SKCIIEPHMEHTANb-
HBIH 1 JIBa TEOPETHUECKHUX).

3.14. Hcc. Tpanuu I i
)t T METOIOM
TTonspu3anMOHHO-ONTHIECKAN an —  BKCTIEPUMEHTATbHBIH
METOA pop 2

JeTanci M KOHCTPYKIMH Ha APO3PAgHbIX Mone.vmx M3 ONTHYCCKH “YB-
CTBHTE/BHBIX Matepuanos. On noanmmeT 3 ¢EKTHBHO peIIaTh TIpax-
THIECKH MOGHIE 321290 dopmupy 0 Tena:
M HeNMHEHHbIE 33/1aTH TCOPHH YIPYroCTH (GOTOYIPYTOCTh), MIACTHY-
HOCTH ((OTOIIACTHUHOCTD) H ION3y4ecTH (hoTononsyuects). Yenexn
B TeOpHH MOJEMUPOBAHHA K npuMenenue OBM cymecTseHHo paciun-
PAIOT BO3MOXXHOCTH METOAE.

B 5TO# 3KCIepHMEHTANBHOM paboTe HCCTEAYETCH ¢ NOMOLIBIO MO~
AAPHIALHOHHO-ONTHYECKOTO METOA KOHIEHTPALIHS HANPSKEHHAH.
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3. Brcnepumenmansioe 06ocHo8anue pacuemusx modened
o

Puc. 3.57. Cxema nonspuckona

XapaKTepucTHKA YCTAHOBKH

Tonsp ( ), Tp JibHAA
cxeMa KOTOpo#l npHBeaeHa Ha pyc. 3.57, COCTOMT M3 CICAYIONIHX OC-
HOBHBIX JITEMENTOB: | — MCTOYHHK cBeTa; 2 — monspusarop; 3, 5 —
IUIACTHHKM B UETBEPTE BONHBL 4 — Mojeih; 6 — amammsatop; 7 —
skpaH (poTonnactuuka). Harpyxalolee ycTpoiCTBO PRINAKHOTO THIIA
(puc. 3.58) ¢ COOTHOWEHHEM ILICH PHIYATOB, pasHbiM 10.

KPITKHQ TeOpPeTHYECKHE CBEICHHA

B  OCHOBE NONAPH3AUUOHHO-

ONTHYECKOr0 METOAa MCCIENOBAHUS
HANPHKEHHOTO  COCTOSHHA  JICKHT

2 F  meno. TaK 0
TIBE300NITHYECKOTO  d0derTa, T. €.
CIoCOGHOCTH  HEKOTOPEIX Hpo3pat-

HbIX MaTepuanoB (CTEKNO, BIOKCHL-

HHIE CMONBI M JIPYIHe MOMHMEDPH)
npuofperats  CROHCTBO  ABOHOTO

Puc. 3.58. Cxema Warpykeua JyMeMpeNOMICHHA TOA JeicTBHEM
Mozens: Harpysku [15]. Tlpu uccmepoBaknM
Moxens M3 TAaKOTO MaTephala B

1 — monenp; 2 — parar
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Hccredosanue NOIAPUIARUORRO-ORTIUNECKIM MEMOJOM

Puc. 3.59. Xon ayuchi B nonsprckone

TIOCKO-TIONAPHIOBAHHOM CBETE, KOTOPRIH CO3/aETCA C MOMOLIBI0 T[O-

JIAPH3ATOPA, CBETOBOH BEKTOP 1, B KAXIOH TOWKE HATPYXEHHOH MO-

ACITH pasiaracTca Ha ABe 7; H Tz’, p KOTO-
PBIX COBIIAJIAKNT € THaBHBIX # o, u G
(puc. 3.59).

Ot p T MOJAENE C p CKOPOCTAMH M

Ha BAIXOJIE MONYYAIOT PasHOCTE xona & (sextopst I, m I ). C momo-
IBIO AHAM3ATOPA, ONTHIECKAA OCh KOTOPOTO MEPNEHAMKYIAPHA Of-
THIECKOH OCH NONAPU3ATOPA, CBETOBRIE BOIHbI CBOJATCS B OZIHY ILIOC-
KOCTh M HHTepdepupyroT (BekTops: 1, 1 I, ). UHTeHCHBHOCTE cBeta /,
nona, "0 Ha 3KpaH,

p €OOT

I=ka’ sin295in2%, 3.21)

rxe k — koot T

BOro BEKTOpa; § — yrom,

OCTH, @ — aMILTUTY/la CBETO-
H 0

P
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3. DKcnepumenmansioe obocrosanue pacuemusix modenei
e AL R R

BEKTOPA M INABHBIX HANPKEHUH OTHOCHTEILHO CHCTEMBI KOOPAMHAT
(ero Ha3bIBAKT MaPaMETPOM M3OKIMHBL); & — ONTHYECKas pasHOCTH
x071a J1ydelt; A — JUIMHA BOJIHBI MOHOXPOMATHYECKOTO CBETA.

U3 Boipaskenns (3.21) cneayer, 4To HAHMEHBINAS MHTEHCHBHOCTE
CBET4 B JaHHOH TOYKE MOAENH MOKCT HaBNIOAATECS B TPEX CAYHasX.

Tlepsvuii cryqaii. @=——, rae B Toukax m =0, 1, 2... Hanpasnenne

2
Bekropa /; (cM. puc. 3.59) comanmaer c HAlpaBlICHAEM OJHOTO M3

TJIaBHBIX HampskeHui. JIMHUM, COENMHAIONME STH TOUKH, HA3bIBA-
FOTCA H30KITHHAMM.

Bmopoii cayuai. sin% =0 wm d=nA, rae n= 1,2, 3... Jluauu,

BAOJIb KOTOPBIX ONTHYECKasA Pa3’HOCTL XoAa Hy‘leﬁ TOCTOSHHA, Ha3bl-
BAIOTCA H30XPOMAMH, HJIH NOJIOCaMH, TNO3TOMY BEJIMYHHA B HOCHUT Ha-
3BaHHE NOPsAKA [ONOCHL. B mpenenax ynpyroctu pacnpeneneHue uso-
XpOM NONYMHAETCA 3aKOHy Beprreima:

(3.22)

rae Co — Ma s —

monenn; Gy, G —

TIaBHBIC HAMPSKEHUS B TOYKAX MOJCIH; O, = - ONTHYECKAs EHA
Co
TOJIOCE! MaTepHana, MOCTOAHHaA, MOKA3BIBAIONIAs, HA CKOTbKO M3Me-
HAETCS PasHOCT IIABHBIX HANPHKEHMI B MOXENH TONWMHOH 10 MM
npu TopsAKa K Ha . Ona onp TCA
SKCTIEPHMCHTANBHO.
Uacro B BeIpaxkenuH (3.22) HCNOMB3YIOT MOCTOSHHYIO

KOTOPYIO HASKIBAIOT UEHOH NONOCH MofenH. Tak xak 6, -0, =27,

H30XPOMBL IX
KacaTe/bHbIX HANPOKeHMA Tnx. C ApyTOH cTopoms! ©,-C,=0,,
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3.14. Hcenedosanue e L R Memodom.

ecnu 6, <0. Taxum obp HOJIOCKH p M-
HHAMEH THEL i 1o Teopun Tpecka —
Cen-Benana. THM BO MHOTOM M ONIpEENAETCS BHICOKAs IppexTus-
HOCTh METOAA Q)o'roynpymcrn IPH PCUICHHH IPAKTHYIECKHX 3aa4.

Tpemuii cayuaii. 6=0 wm 6, — 0, =0. Toduxy, B KOTOPEIX OGO~
JaeTCs 5TO YCIOBUE, HA3BIBAKTCA H3OTPONHBIMY ToUKaMK. K HMM 0THO-
CATCA TAKHE TOYKH WIH 06/1ACTH, B KOTOPBIX HANPSUKEHUS OTCYTCTBYIOT.

Takam 06pa3soM, OpH NPOCBEUMBAHMM HAIPYXKEHHOH MozeH
TINOCKONOIAPH3OBAHHBIM CBETOM Ha 3KpaHe yCTaHOBKHM BHIHBI IBE
CHCTEMBI JIMHUIA: H30XPOMEI M H3OKJIMHEI, @ TAKXe H30TPOIIHBIC TOY-
K (0Bnactu).

Pacuiudporxa wuTeppepennnonnoli kaprambl. Ilpn anamise
HAIIPSDKCHHOTO COCTOSHMA B MOJENM METOIOM (OTOYNPYTOCTH HYXKHO
TIOAY4YHTE Pactp H30KIHH H POM OTAENBHO APYT OT APYTa.
st ux MOJIETTE TIp T Genbim ceeTom. Torna yero-
Bue 8=n) BEIMOMHAETCH B KaXHOH TOWKE TONHKO /UL ONPENEICHHON
JUTMHBI BOJHB! A, @ JPYTHE CBETOBBIE BONHEL IPOXOJAT C TOM HIIM MHOH
CTENCHBIO HHTEHCUBHOCTH. [T03TOMY Ha 9KpaHe H30XPOMBI BHIHEI LIBET-
HBIMH (OTCIONA HA3BAHKC «H30XPOMBI», T. €. JIMHHH OJHOIO IBETa), a H30-
KIIMHBI OCTAIOTCH TEMHBIMH, TaK KAK OHH OT JUTHHbI BOJIHbI HE 3aBHCAT.

TI KY M3OKJIHHBI YK: p THaBHEIX HAnps-
KEHMA ¥ MOTYT GEITh HCTIONB3OBAHE! JULL MX ONPENENEHNs, TO B PO~
ecce Ta UX wm ¢pororpadupyror. Cun-
XPOHHO noxopa'-msax CKpEIleHHbIe TI0X yrIoM 90° NoMAPOKAEl Ha Om-
p yrom or mep a7IbHOTO H30-
KnuHy napametpa 0. IIpn M3MEHEHHM yria OT HyNs KO 90° ¢ marom
10...15° cTpownres none n3oknuH s Beel Moaenu. Ha puc. 3.60 cesa
HSOGPMCHH H30KJIMHBI JUIs IOCKOr0 JHCKa, CXKATOTO 110 JHAMETPY.

Jins nomydeHns H30XpoM OTAENBHO OT H3OKIMH MCHIOB3YIOT Kpy-
TOBOH B P yC JIBE 9ETBEPTHBOJIHO-
BbI€ IUIACTHHKH (CM. puc. 3.57). PIx ONTHYECKHE OCH HAXOAATCA TOJ YT-
JIoM 45° K 0CAM MONMPH3aTOpa M aHanusaropa. [lepsast wracTHHKa mpe-

pasy it ceer B p O KpyTY,
JUIS KOTOPOTO HTCHCHBHOCTS CBETA HE 3ABHCHT OT HamparleHHMH IIaB-
HBIX Hanpmemm, Cnenoaa'ranmo. B KPYTOBOM TIOJIPHUCKOIIC OTCYTCT-
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3. Oxcnepumenmanbioe 060CHOBANNE PACYemHEX Modenel

Hsoxpomnl
Puc. 3.60. CrcTeMa HIOXPOM ¥ HIOKIAH

BYIOT yonoBus Jyis 06pa3oBatys W30KIHH. Bropad niacTHHKa KOMIEH-
CHpYeT PasHOCT XOAa Jlysdel, PHOGPETeRHYIO 32 CET NEPBOH, O3TOMY
Ha aHANH3aTOp MOMAAAXT ABA JMy4a CBETd, MMCIOIIHC CIOBHT no (1)836
TOABKO BCAEACTBHE nnoi’moro JTy9eNpenoMICHAH ucnbrryemoﬁ MOECTH.

Kaptina nonoc B cXaroM MO AHAMETPY AMCKE NDUBEACHA Ha
puc. 3.60 cripara, M30TpONHEIE TOYKH OT M3OKIHH MOXHO OTIHYHTH
1IpY BPALICHAH NOJNAPONIOR: H3OKIMHLI OPH 3ToM GYIyT CMEMaTses, 8
M30TPOIHBIE TOYKH OCTAHYTCS HA MECTE.

Onpeneiende pasHOCTH TIABHLIX HANPSXEHHA METOAOM HO-
aoc. Hi MeTona Ha cnocob omp onTHYe-
CKOH pa3HOCTH X0/a Jy9ei 1yreM HaGMOACHUA 32 HIMCHEHHEM Kap-
THHBI H30XPOM Ha 3KPaHE [IO/I#PUCKOMNA IPH HATPY)XEHHH MOJEIH HIlH
B pe3ylETaTe aHANM3A COOTBETCTBYIONIeH (ororpaduu. Meroa npume-
HEM JUIA Ma i onTudeckoll TYBCTBH-
TeNpHOCTHIO (n0KcKAHbIe cMoisl DM-16, DI-20, OACO).

Ha suipaxcenuns (3.22) cnemyer, 910 A1 ONPEACTSHHS PasHOCTH
5, —02 HCOGXOHMMO 3HATh NOPAAOK MNOJIOCH B TOYKE M OIITHIECKYIO

MOCTOAHHYIO Go.
Cymectyior TIOPAIKA TIOIOCH 7.
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3.14. Hc ROARDUIAYUS UM MEMOOOM
ks O T

1. HauGonee Ha 3a 06p
KapTUHBL H30XPOM B Mpouecce Harpyxenus monaenu, [lna Gonee To9-
HOTO ONpe/CNEHHs BEnMIMHLL 1 B JAHHOH TOYKE NPH 33JaHHOH Ha-
Tpy3ke F cnemyer moctpouts rpaduk n= f(F), HMeromuii suA npa-
MOt JIRHHH.

2. Tlpy HanKuuu B MOZENH H30TPONHOH ToukM (o6nacTh) moacueT
TIOJIOC BEAETCH OT Hee, KaK OT NOJIOCH! HYJIEBOTO NIOpA/IKa.

3. B Mozessix, WMEIOLIMX BBICTYNAIONUIME YTk, TIOACUET U30XPOM
yROGHO BECTH OT HHX, TaK KaK HANPMKCHHSA, 4 CACHOBATENBHO, H Nops-
AOK 00ROC B 3THX TOUKAX PABHBI HYMIO.

OnpepeieHHe ONTHYECKOH NOCTONHHOM. Benmunny Op MOXHO
ONPEACRHTH ITYTEM HCTIBITAHHS MOZC/IEH, JUTA KOTOPBIX HMEETCH Teope-
TH4eCKOe pClIeHHE (PACTAAKCHHS; HHCTHl M3THO crepxHel; AMCK,
CXKATBIA 10 AMamerpy). Hanpumep, Ans pacTaHyTOH MOIENH:

F_F
G =—=—,
A bt

6,=0,

Toraa u3 (3.22) nmeem

IIpu umcrom Harube

u3 (3.22) nmeem

_3F

B’
e 1 — TOPAIOK TIONOCH Ha HAPYXKHOM KOHTYPEe MOJCITH.
Jins ABcKa, CKAToTo 1o AnameTpy (cM. puc. 3.60, Touxa C),
A
T

OTKyZa AMeeM
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3. 3xcneﬁuueummbnae ofiocrosanue pass e modenei

8F
nDn’
rae D — quaMeTp AKCKa; 1 — TIOPAAOK IIOJIOC B LIEHTPE JHCKa.
310t cr1ocol sBuseTcs Gonee TOTHBIM, TAK KaK IIPH HEOAHOKpPAT-
HOM HCIIO. i B HHX TaK i
KkpaeBoii 3hdeKT (MIMEHEHUE ONTHYECKOM DAIHOCTH XOa AydeH
BCIEACTBHE CTAPEHHS MATEPHANA, OCOOCHHO 3aMETHOE ¥ TIOBCPXHOCTH
mozenw). [TopsNIOK TEONOC B IEHTPE AKCKA IPAKTHIECKH HE 3ABHCHT OT
kpaenoro s¢exra,
ﬂﬂﬂ Gonee TOUHOrO onpefeNcHus BETHYHHBI Gp CIEAYET BO BCEX
CHy9asx noE30BaThes rpadukamn n = f (F).
Omnp i ma KOHTYpe MOJCIH.
Ha croGOHOM KOHTYPE O/IHO H3 TNABHBIX HATIPSOKCHNH PaBHO HYIIO, &
ZIpyToe Gy HANPaB/eHo [0 KACATENBHOR K KORTypy. OHO MOXeT (9303
HalifeHo v3 BuIpakeHus (3.22):

60

Bo mHOrux ciydasx (M3rub, BHELUEHTPEHHOE PAaCTHKEHHE-CKATHE
HT.A) ¥IMEHHO Ha KOHTYpE,
O3TOMY nompmaunoano-omnqecxm METOA TO3BOJIAET OTPENSIATh
KX, MCTIONB3Ys JIWMIb KAPTHHY HONOC. 3HAK KOHTYPHOIO HANpPAKEHHS
4acTo MOXKET GBITH Hailien U3 ycnoBns HarpyxeHus MoneneH. Harpu-
Mep, OpH M3ruGe MOZEIH BCETZIA MOKHO OTAGNHMTH PAacTAHYTYIO 06-
JIACTB OT CKATOM. B M30TPONMHEBIX TOYKAX, HAXOJANIMXCA HA KOHTYDE,
HAMPSKEHHA PABHLL HYIO. JTH TOYKH PAa3feNsIOT 30HEI PACTKEHHA 1
CKATHA B MOJIEINH, UTO TMO3BOIHET ONMPENCNHTE 3HAK KOHTYPHOTO Ha-
TPSOKEHHA,

B Tex Ciry9asx, KOTAa 3HaK KOHTYPHOrO HAUPDKSHHS H3 YCIOBHH
HATPYXXeHHs yCTAHOBHTB HE YAAeTCH, PUOETatoT K CHenHuaibHEIM Me-
TOJAM KN HCIIOMB3YIOT CHELMATBHEIC IPHOOPHI-KOMIICHCATOPEL.

Onpepeienne TEOPETHIECKOIO Koa(l)dmnnenn KOHNEATPANMH
npH pacTkeRHM W m3rube. Teoper

beb T KOHII

= [
TPAIMM HAIPDKEHUI HAXONMTCS W3 BEIDAXKEHHS (L, =—"#, TZe MaK-
Guou
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3.14. Hccnedosaniue nORSpUIAUUORRO-ORMUNECKUM MEMOIOM

CHMANBHOS HANPAXEHHE B 30HE a3

KOHICHTPAIAM  HANPAKEHHA Opax 2

onpenensercs merogom ¢oroynpy- AL 14

TOCTH. By 5
Hanpumep, B pactanyroét mo-

nenu B

BOZHHMKAIOT B CeueHuM 5—5
(puc. 3.61). Ilpu guctoM wu3rube Y
MOJENH OTIACHBIM TaKKe SBIACTCH
ceqenne 5—F5 (puc. 3.62). Homu-
HAIbHOE HANDPSKECHHE Ciow LA MO-
nenn, paGoTalowel Ha pacTsHKeHHE,
BEMHCISETCH 110 hopmyne

F

Puc. 3.61. Pactauyras mogens

F F
O =5 =7+
Ay bt
TIpu uucrom usrnbe Moenn
Cpore = M‘ =ﬂ‘
W, bt

xmin

Tlepexon oT Moeny k peanbHoi neTaan. Moxen Ay neeneno-

BaHMA Hamnf 0 € IOMOLIBIO TOJAPH: -OITH-
YECKOTO METOIOM H3rOTOBJAIT C coﬁnmnennem mopio6us popMsL u
p POB 110 OT Kp it nerany. Tlep: p

:F‘
4% |
<

RO

NN

‘“L 3 |
A\

Prc. 3.62. Maoruyras Monens
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3. 3xcneguMenmanbuae obocrosanue. Racsemun Modeneil

¢ Momen M Ha fetans [{ IpH M3BECTHBIX BHEIIHHX CHIAX MPOU3BO-
auTes mo dopmyne

hb B
T T Vet
tnlﬂ Fuﬁ
B cyuae TeoMeTpHuECKoTO noxobus MomenH M aerany ypoGuee
HCUONB30BATh KPUTEpUH B Buze Gesp
T (1o aHANOTHM C BRIMHCHEHHEM KodbduunenTa koﬂueﬂrpaunn Ha-
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