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BecbMa BaXHOH XapaKTEPHCTHKOH MEXaHHYECKHX CBOMCTB IIACTHUHBIX
MAaTEPHAJIOB ABJASETCS CONPOTHBJAEHHE CABHIY, KOTOPOE AJs YIPOUHAIOIIHXCH
MaTepHaJ OB 3aBHCHT OT cTelieHd Nedopmanuu. OnpeseneHne 3TOH Xapakre-
PHCTHKH [0 PE3YJAbTATaM KDYYeHHs] TOHKOCTEHHbIX TPyOOK, B CTEHKAaX KOTO-
PbIX HANPsKeHHO-Te(POPMHPOBAHHOE COCTOSIHHE MOMKHO NPHHATH OXHODPON-
IibIM, HCRO3MOXHO, TaK KaK TakHe o00pasub! ObBICTPC TepsSIOT YCTOHYH-
BocTb [1].

[Tpu xpyyeHUH CNJOLIHBIX KPYTJABX CTep:KHell BOSHHKAIOT JIONOJHHTE/L-
HbIe TPYJHOCTH, CBSI3aHHbLIE ¢ HEOMHOPOMHOCTBIO HATIPSAKEHHO-1eQOpMHpPOBaH-
HOTO COCTOSIEMs H HaJU4HeM YIpyroro siipa B LeHTpe ofOpasra. HMcnoabso-
BaHHe TOJCTOCTEHHLIX TPYO NO3BOJSET MCKJAIOUHTL BJHAHHE yNpyroro sapa,
HO TpedyeT YTOUHEHHS] pacCUeTHBIX 3aBHCHMOCTEH.

B nacrofuee Bpems kWMeercs TpH Mertona o0paboOTKH 3IKCIepHMeHTa/b-
HBIX JAHHDLIX MO KPYYEHHIO LHJIUHAPHUYECKHX CTepIKHel:

a) Meton I1. Jlionsuka, koTopsiil nomoxen B ocHosy 'OCTa 3565-58.

6) Meron nByx oGpa3nos.

B) MeTton cpeaHUX 3HAYeHUN.

Bce Tpu MeTona OCHOBaHB Ha ABYX TUNOTE3aX:

I. IlnockHe cevyeHus B npouecce aeopMallHi OCTAIOTCA IJIOCKHMH, T. €.
ocepan nepopMmalus (e, ) He H3MeHseTCa BAOJAL paguyca obpasta (p):

s, (p) ==const. (1)

2. [IpsiMbie pafuyChl OCTAXOTCA TIPAMBIMH B IpoHecce JAedpOpMHDPOBAHHS.
D710 03HAYaeT, YTO MAKCHUMaJbHBIH YCJOBHbIi OTHOCHTENbHBI CHBUT ( 7 )
JI3MEHsIeTCs] NPONOPLHOHANbHO paiHyCy MO CEYeHHIO

7= TR (2)
R
Tie

1R, R — MaKCHUMa/JbHHI YCJOBHBIH OTHOCHUTENLHBI CABUT Ha mepude-
PHH H HApyXHLIA paiHyC CeyeHwud.

B Merone JlionBuka 06s13aTesbHLIM SBJSIETCS NpHMeHeHHe rpadHUuecKo-
ro nH¢depeHIHPOBAHHS 3KCIEDHMEHTAJbHOH KPHBOH «KPYTSIINH MOMEHT -——
VIOJl 3aKPYUHBAHUSAY.

Ilpn KpydyeHHH TOJACTOCTEHHBIX TPY6 CONMPOTUBJEHHe CABHUTY ONpejc-
asercs [2]

23



3 .
e () = s (M Sl (3)
R 2= R? 3 d1r
rie
<R, %, — COOTBETCTBEHHO KacaTeJbHble HANPSIKEHHS B HAPYXHBIX H
BHYTPEHHUX BOJIOKHAaX TPYObi,
r — BHYTPEHHHH paguyC NONEpPeYHOTo CeyeHus TPyObl,
M — xpyTHIHi MOMEHT.
Tlpu r = 0 dopmyaa (3) npeobpasyercs B opmyay Jlioxsuka [3],
npu r=~R dopmyay (3) MOXKHO IepenucaTb

. 3M

e ]

B wmerone nByxX o6pasiioB HCMOJL3YIOTCA Pe3yabTaThl HCAbITAHUS ABYX
CIJIOIIHBIX 00pa31l0B HECKOJAbKO pas3JjHuyalounxcs AHAMETPOB [4].

PasHocTp nnmarpamMm KpyuyeHHus JABYX 00pasiloB COOTBETCTBYET AHATPaM-
Me KpYYeHHs TOHKOCTEeHHOI «TpyOku» ¢ pazuycaMu r u R. ConpoTHBieHHC
CIBUTY B 3TOM cCJiydae olnpefensierca no dopmynae (4).

Merton cpenHHX 3HaUeHHH [5] OCHOBAH Ha 3aMeHe YIIPOYHAIOIETOCH Ma-
TepHasia HieaJbHO NMJACTHUHBIM, a TaKKe HA NpHBedeHHU ACHOPMHPOBAHHO-
I'O COCTOSIHHA K OLHOPOAHOMY BIOJDb Paauyca ceueHus o6pasua.

ITpn kpyueHnu TOJCTOCTEHHHIX TPYO CpedHHe KacaTe/JLHLIC HaTpsKe-
HHS T op B CEYEHHH ONPeAESIIOTCS

3M

Tep = o-R' {1 B (,f_)iJ ) (5)
R

a CpelHHH MO O6beMY MaKCUMATBHLIA YCJIOBHLIH OTHOCHTEALHBLIH CABIT
Tcp Ha OCHOBAHHM (2) paBeH

R

2‘{@ * 5 2 r?
Tee = . “dp = = ¢ 1 ~ .
‘ R(RZ—r-’),S ‘ 3 '”[ i R(R+r)] ©)
llpu r = 0 noayuawotcst GopMy.b:
.o 3M
P 9nR
9 . (7)
Tep = B_TR l

Huxe naHo conocraBaeHne M aHaH3 OMHCAHHBIX BHIIE METO/0B 110
KPYHCHHIO CIJIOUWIEBIX KPYTJBIX CTEpXKHell W3 MaTepHAJOB ¢ PAas/IHuHOH VII-
POYHAEMOCTBIO f11. M — TIOKa3aTeNb YNPOYHEHHS TIPH ANNPOKCHMALHH THA
TpaMMbl CABHIa CTeNCHHON QyHKUHeH (cM. Tabma. 1).

Ta6auua 1
Matepnan P18 ‘ P12 ' P6M3 ‘ 45 Cr3 ’ Menb | Jlatyns
TTokasatean m 0,10 0,11 0,13 0,18 0,23 0,37 0,44

JuarpaMmpl KpyyeHHa 3THX MATEPHANOB CTPOHJIHCL B KOOPAHHATAX
«M—{ », ¥ 1O HUM PACCUHTEIBAJOCH CONPOTHBJEHHE CABUIY IO OMHCAHHBIM
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Bhillle merodaM. Kpupble caBHra npuBejensl Ha puc, 1 1 2. Kak BunHo u3 pu-
cyHkoB, kpuBeie casura (II1), mocTpoennsie mo MeTony CPEJHHX 3HAYCHHH,
HAYT HECKOJBKO BBILIE COOTBETCTBYIOIMX KpuBbIX (l), mocTpoeHHBIX mo Me-
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Puc. 1. Kpusble caBura no pesyabraTam KpydcHH:

CIVIOWIHBIX KPYTJBIX CTepIKHel

- 1oy Jliopeuka, a kpusble (II), mocrpoerHble mo Merony JABYX o6pasuon,
NPOXOAAT HHXKe KpUBLIX (1), mpuueM 3aHMKeHHe H3MEHSETCST B LIHPOKHX

npeaenax — ot 1% (P18) mo
15% (menn).

IlpaBusbHocTe  pacuera
(hakTHYeCKOrO CONpOTHBJIE-
HHSl CABHUTY IIPH KPYUYEHHH 110
METOLY JiBYX 00pa3uoB 3aBMU-
CUT OT TOJIIIHHBI  CTEHKH
«TpyOKH», YNPOUHACMOCTH f?L,
HEOLHOPOLHOCTH MaTepHa-
Ja ¥ ownboK onbita. Annpok-
CHMHPYS JuarpamMMy cIBHra
cTelenHoN (QYHKUHeH, OTKJI0-
HeHue A AumarpaMMbl CABHIa
no MeToAy ABYX 00pasnoB OT
KPHBOH CABHUTra, IO METOLY
JI10ABHKA, ¢ YyYeTOM BJAHSAHHS
IIepevYucaeHHbIX Bhlllle (haKTo-
POB, IOJYYUM
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Pue. 2. Kpupble cIBUTA MO pe3yabTaTay Kpy-
YEeHHS CIJIOMIHBIX KPYLABX ¢TepiKHeil

; 1_<1€"\)3+m

rie

R

LA (8)

I] r \3+m
%)

A; — XapakTepHCTHKA HEOJAHOPOJLHOCTH MatepHasa H OWHMOOK OIbITA.

C yBeanueHHeM OTHOIUeHH# 7/R 3HauuTeJbHO BO3pacTaeT TPETHH ujleH
B NMpaBoif YacTH BhipaXeHus (8), oTpaKaiouluil HEOJHOPOAHOCTL MaTepHa-
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Ja, NO3TOMY B CcJaydyae MaJjoil TONMMIUHBI CTEHOK «TPYOKH» HeoOXOJZHMO, UTO-
Gbl MaTtepHas HCXOAHbIX 06pa3uoB ObLI MakCUMaabHO ONHOPOAHBIM. B omu-
ChIBAaE€MBIX ONBITaX TOJIIHHA CTEHKH «TPyOKH» H3MeHsJach Tak, 4TO OTHO-
menue r/R 6b110 He MeHbIne 0,7.

Paccmorpum npHuMHy pacxoxpienus kpuBeix (I) u (II1). Tlo dopmy-
aam (3) u (7) IJst CIJIOLIHOTO CTEPXKHA MMeeM

R (1R) — Ty == 3 dam ( 9

RUTIR cp o0r R’ dTR TR—Tcp)- ( )

M3 Boipaxenus (9) BHAHO, 4TO 3HAUeHHs 3., Ha KPHBOI CABHMIA MNO-
amM:

JYyYarTCA NepeceyeHueM KacaTeJleOfl( , )K KPHBOH CIBUra M mep-
2= R d+p

MEHAHKY/IAPA K OCH CABAUTOB, OTJOMEHHOIO M3 TOUKH 7., (puc. 3). Uem
SoJiblie KPUBH3HA KPHBOH<K T—y >, TeM Gonbllle pasHHLA MEXKIY Tep If
o T® (Yep)y B CBOIO Ou€DEL, Kpli-
X BH3HA KPHBOH CZBHra YBeJi-
YHBAETC C YyBEeJIYeHHeM V-
pounenuss m. Teopernueckoe
3HAYEHHE OTKJAOHEHHs Tp OT
TR (Yep) IpH m=0,5 paBHo 4,9%;.
B onbiTax, npuBeaeHHbIX i
puc. 1 u 2, naubosasiiee pacxos: -
nenne KpuBbix (I) u (I1I) 6bu10
OOHapyKeHO A/ AaTyHH — 3,6 %,
(m=20,44). Hnas  ocraabubx

Pue. 3. Conocrasjedne MeTofa CpefHHX 3HA- MarepHanos xpussie (1) um (111
YeHuit ¢ MeTogoM JIKIBHKA IIPAKTHYECKH CODBIIAJIH.
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Puc. 4. Kpusble caBura mno pesyasTaTad KDyueHis
TOJICTOCTRHHBIX TPVD

Hast nprBeaeHusIX pe3y IbTaTOB OMNLITOB (PHC. 4) 110 KPYHEHMIO TOJACTO-
CTeHHplX TPy6oK u3 matepuasnos 2X13 (m = 0,25) Ct3 (m = 0,23) u a10-
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pamomnuua (m = 0,28) He yaasucbh NPOH3BECTH CONOCTABJEHHE BCEX TPex
METOAOB IO CJICAYIOLHM NMPHYHHAM:

a) dopmyaa (3) He MOXKeT ObiTb HCNOJB30BaHa AAsA onpejeseHus Qax-
THUYECKOT0 CONPOTHBJEHHS CABHTY, TAK KaK HEHM3BECTHBIMH B Hel SIBJSIOTCS
AB€ BEJHUHHBl — T H T,, H TpeOyeT 3HAHHA aNNPOKCUMANMH JHArpPaMMbl
CABHIa MaTepuana; ,

6) MeTton ABYX 06pasUOB HENPHMEHHM JJSl TOJICTOCTEHHBIX TPYG ¢ OT-
BEPCTUSIMH Pa3HbIX AMAMETPOB H, KpOME TOr0, OH He MMeeT NPEUMYINecTB
nepei IPYrUHMHA MeTOAaMHu (YOpYyTroro sapa HeT).

[ToatoMy KpHBHIe CABHIa CTPOHJHCH 110 METOLY CPEAHKX 3HAYEHHH H CO-
IIOCTABJIANHCE ¢ KPHBBIMH CABHIA, OCTPOSHHBIMH 110 METOAY CPeNHMX 3Ha-
YeHH{ H 10 MeTody JlIoABHKA AN CIVIONMIHBIX 06PA3IIOB, KOTOPblE MPaKTHYe-
ckd cosnanu (puc. 4). Ha puc. 4 cIIOIIHbLIME JHHHAME TIOKa3aHbl KPUBEIE
CABHTa A/ CiJIOWHBIX 0OpPA3UOB, OTAEAbHbLIMH TOUKAMH — KPUBLIE CIBHTa
aas Tpy6uathix 06pasuos. PasGpoc kpuBbLIX cABHra TaKOB, UTO He YLAIOCD
HaHTH 3aBHCHMOCTH CONPOTHBJEHHS CABHIa AT TOALIMEBI CTEHKHU TpyOLI, OT-
HomeHus r/R u . A.

Hnst Tpy6uaThix 06pasioB TOJLUHHA CTEHOK H3MeHSIach OT 4 M o
8,6 ma, a orHowenue 'R — or 0,45 1o 0,80.

CpeniekBafpaTHyecKoe OTKJAOHEHHE COLiPOTHBJACHHS CABHUTY OT €ro

CPefHero sinaueHus COCTABHJIO B CpeiHeM Jaf JUOpatdioMuEds 5%, ms
Cr3—4%, nas 2X13—39.

BoiBoabl

1. Meron Jlioneuka HenpuMeHuM nsis pacuera aKTHYECKOro CONpPOTHB-
ICIHA CABHTY TIPH KPYYeHHH TOJACTOCTEHHBIX TPYG, a LIS CILIOMIHBIX CTepX-
Hel TpebyeT rpoMozAKoro rpadHueckoro AU pepeHIHPOBAHHS.

2. Meton nByx 06pasuoB HaeT 3HAYUTEbHbie NOrPEINHOCTH, TaK KakK 10
JTOMYy METOAY CPAaBHUBAMOTCsi OJIM3KHE 110 BeJIHUHHE KPYTHLIHEe MOMCHTHI.

3. Mertox cpenHuX 3HaueHHil IPOCT NpH pacuete (PAKTHUECKOFO COMPO-
THBJICHHSI CHABHTY M €CaMmOro CIBMra, He TpeByeT TPYILOCMKHX BLIKJIAJOK H
NPUMEHHM JU/1si 06palOTKH pe3y/bTaTOB KPYYEHHs CIVIOUIHBIX H MYCTOTEJBIX
(TOJICTOCTEHHBIX H TOHKOCTEHHBIX) 08pa3ioB.

4. Xopoiuee coBnajgenue KPHBLIX CABHIa Nic MeToay JIIOABHKA H KPHBBIX
CABHIa IO METOLY CPe/HUX 3HAUYEHHH TIO3BOJSAET PEKOMEHIOBATL MOCICIHHUIL
AJisi BHEAPEHHS! B LIHPOKYIO NPAaKTHKY. :
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