B ypantenuax (19.5.3) u (19.54) Kic aBJsercs KPUHTHUCCKUM 3Ha-
qeHHeM MITCHCHBHOCTH HanpskcHail, a ng— KosdpuunentoM sanaca
IPOUHOCTH,

Coraacko ypasneuuam (19.5.3) u (19.5.4) Moxno pewatns uersipe
pOAA 3274 MEXAUHKH PaspyuweHns.

|. OnpegeasTs KpHTHUeCKOe, HJHM, HUANC, paspywiaioniec nanpa-

HCHHC,

K[C
Oy = ———

G (19.5.5)
V wty

2. TlposepsiTy MPOYHOCTL ACTAJH, HIH 3JCMEHTa KOUCTDYKIAHH:

K; = ofal y < [Ki]. (19.5.6)
3. Onpeneants AonycKacMbic pasMepbl TPEMLHIILL
K b]
{q=i([.l) (19.5.7)
(1 ay
4. Onpeneasts NONYCKACMBIC NANPSIHACHUA!
K
[s] = Hl. (19.5.8)
V nly

[Ipn pacuere Ha MPOUHOCTL MATCPHAJOB C TPEUHIAMEK B NEpPBYIO
ouepeAb YUHTRBAKOTCHA pasMepbl TPEULHHM W nanpsiokewus. as onpe-
Aenendst paAIMEPOB TPCULHY B NPAKTHKE 1eobX0AHMO NPHMEHATEL CoBpe-
MEHIBIC METOIb AC(PEKTOCKOMHUECKOro KOUTPOJIA: YIALTPA3BYK, PEHT-
FCHOCKOMHIO, AKYCTHUCCKYIO SMUCCHIO ¥ AP., YTO MO3BOJAET MPOrHO3M-
pOBaThL HACTYIJICHHE KPHTHYCCKOTO COCTOSIIHSA KOHCTPYKIHH, ofecie-
HHBATL COOGBPEMCHHLIA ce PEMONT M, CCJAOBATCILIIO, NPOMJACHHE pe-
cypca paboTi,

B npakTHKe wacto BCTPEYAIOTCA MUOTOKPATHLIC NWKJAHYCCKHC Ha-
rpy3ki. CKOpOCTL pacnpocTpalienys IHKARICCKIX TPEIHH B MHJIHONB
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pas Melbie, UeM XPYNKUX M 3aBHCHT TOALKO OT KOahduiuenta HuTeH-
CHBIOCTH BanpfKesui:

A !
_i:i" = C(Kl)m1

AN N (195.9)

rae N — g0 HKAOR narpysenns; ([ — aanua tpeninis, C — noeto-
giniasg MaTepuasa; N — NoKasarteib eTeneiH (A Goabimunersa MaTe-
prajsos m = 0,5).

CAcAoBATeALIO, TPH pacucte na TpemmnocToliKoers aetancli ma-
i, patoTaloniux B IHKJAHICCKOM DeiKHMC, 11C00X0AMMO YUHTHBATH
CKOPOCTDL PACTPOCTPAICIIMA TPCULHIILL,

IF'nana 20

YCTANOCTbL MATEPHAJIA

20.1, TIOHATUE OB YCTAJIOCTH MATEPHARA

Bosee 100 ger nasan npu pafore AeTaiei Mauwig, HCOLITHBAIODIHX
31aKONEPEMEHIYIo NarpyaKy, OLUIO 3aMeuero pHesanioe paspyuicitue
ux Ged 3aMETHLIX OCTATOUHHX ACPOPMALHI NpH HalPIKEIHAX, 311atl-
TENLHO MEHBIIHX TIpejeaa NpouHoCTH Marepana. JTo avienne OblI0
Ha3BaHO Yeraaocrvio marepuaad. flepohie onpiTH NO BHSABACIHHIO TIPH-
yrH STHX NOJOMOK ObiaH nocrasiacHsi 3o sropoft nonosuue XIX B, ne-
MEIKHM HeeaegoBareiem BEaepow.

MuoOrourCIeHHLIMH ONLITaAMA OBLIIO YCTAHOBJEHO, UTO MIPH NepeMen-
17OM HanpSKeHuy, NpesblialomeM onpejeneinylo BeJIHUHHY Aad AdH-
HOrQ MATEpHAJd, NOCAE HCKOTOPOrO YMCJA TepeMeH HAanpsKenHh b
MaTtepuane noasjseres tpewiunHa. Kak yeranopieno nocjefHHMH HC-
CJEMOBAHMSIMH, NIPOLECC YCTANOCTH CBA3AH C MOCTENEHHbIM NAKOIie-
HHEM ACDEKTOB KPUCTANIHUCCKON PEIeTKH M, KaK CACACTBHE 5TOTO,
C NOCTENEeHHBIM PasBHTHEM YCTaaoCTHHIX nospexaenuit. edekt kpu-
CTANIMYCCKON PCIIETKH MOCTENeHNO NPeBpauLaeTcs B MHKPOTPELIHHY,
KOTOpas uepes ONpPeACJ]CHHOR YHCIO LAKIOB HATDYIKEHHH NMEPEeXopHT
B MaxpoTpeUlHly, 3aXBaTLBAIOWYI0 Bee GOMLLIYIO TOJNWMHY METa/a,
IMnacTnueckas AedopMalus COCPEROTOURBACTCH TOALKO 8 YCTbe Tpe-
WiLHObL, TIO3TOMY 3AMETHLIX OCTATOMHBIX AedOpMAaLKK TIPH paspyluelny
He o0HapYXUBaeTCs,

19, W T, Koueron 337




VerasoeTHbIe H3JIOMBL TIPEACTAB/AIOT COO0H HeNOCPEeACTBEeHHbIH pe-
3yIbTAT HAapYLIEHHs CIVIOWHOCTH Matepuana H ABJASAIOTCS cBoeobpas-
Hoit (pororpacdueil HCTOPHH paspyuleHHs. [Ipn ycrajocTHOM paspyure-
HHH Ha H3JI0ME MOXKHO OOHADYKHTL JBE 30HBL O/HY MEJIKO3EPHHCTYIO,
npuEAMalomyio Aaxe (GapopoBuaHOe CTpoeHHe, a MHOrAA H Ouiects-
uHi wauposakbiil BHA, B APYIYI0 — ¢ BOJOKHHCTBIM CTPOCHHEM,

[lepsas u3 HHX HA3LIBAETCS 30HOH yCTANOCTHOrO PaspylleHus, ta
30H4 passlBaeTcH MOCTENNEeHHO, CKOPOCTI: €e pasBHTHS 3aBHCHT OT CTe-
neHu neperpyskn. Bropas 3ona obpasyerca OLICTPO, B TEUEHHE OAHOTO
I HECKOJLKHX ILHKJIOB, H HaspiBaercs soHoil aonoma. Ha pue, 20.1.1

Puc. 20.1.1.

noKasaf YCTaJoCTHBIE M3J0M OCH KEJNEIHOAOPOKHOTO Rarolla, a ua
pue. 20.1.2 —cxema yeTelpex THINOB XAPakTePHBIX N3JIOMOB, I'e l1e-
3aLTPHXOBAHHAS YACTh — 30HA YCTAJNOCTHOrO PASPYIMEHNS, & 3aurtpu-
XopanHast — 3oHa jpoJsoMa. MexaHHuecKHe CROHCTBA PCAJLHBIX K-
CTA/INTHUECKHX TeJl ONPEAENAIOTCS B OCHOBHOM Ae(EKTamMil UX KpHCTad-
JIYECKHX peweTok, ATH ke AedeKTbl ABAAIOTCS NPHUNIOIN 3apoiKie-
ISl TPEUMH NpK 3HaKonepemMenilof narpysie. '

Yeraaocrero MATEPUAA08 HA3LIBAETCH RBACHUE paspylueHus a pe-
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JYALTATE NOCTCNEHHO20
HAKONAGHUL nospexcde-
quil, npueodauiUx K 603-
HUKHOBEHUIO  YCTAAOCT-
HOL TPpewjitHst npu MHo-
20KPATHOM NOBTOPEHUL
Hazpyxcerud.

TepMHE  «yCTaJOCTh
mMaTepHasay coxpaHuics
B HAYKe HCTOPHYECKH.

CnocobrocTy smeran-
A08 CONPOTUBAATHCA PA3-
pytiterro npu dedersuu
NOBTOPHO - NePeMeHHbLY
HANPANCCHUL HA3bLBAET-
R BLIHOCANBOCTLIO M-
repuaaa.

Donanwnieteo oTBer-
CTBEIHEIX neTaneil — ocH
BAaroHoB, KOJIeHYaThie Ba-
Jbi, WAaTyHH ABHrare-
Jiell, NoABHMKIbLIe AeTan
[IPOKATHLIX CTaHOB, rped-
Hble BHHTH, KJAaMaHHBIE NMPYXKHUGL, nopuiiieBbie najvuel 1 T. I — Bbl-
XOAAT H3 CTPOA NO NMPHYHHE YCTAJNOCTH.

4Gy

i
e
Puc. 20.1.2

20.2. XAPAKTEPHCTHKH YCTAJIOCTHOIO HATPY)XEHHS.
HHKJIbI HATPY)XEHUS

ITeperentbie HanpskeHus B AeTaNaX MAWIHH H3MEHSIOTCSH MEMXAY
JBYMA KPaiiuuMir 3HAYEHHAMI HanpsukeHdil Omax U Omin.

Ha pue. 20.2.1 npeactasiena kpupas marpykenus aerasnu, pabo-
Talolwell B Anramiyeckom pexkume, M3 pucyuka BHAHO, UTO Hanpsue-
HUe, Bo3umKawulee B JAeTami, siBisiercss (ynxuueir spemenn t HiaH
qHCJIA LHEAUB hamenenis nanpsxends N ¢ mepunogom T.

Luxaom usmerenun nanpasgcenus HA3LIBAGTCS OJNOKPATHAS CMEHA
HaNpsSKEHHA OT HanMeHbuIero K HanGosniueMy u obparHo. Ecau Takoh
ILHKT BO BpeMst paBoThbl AeTaJ# HenpephiBHO MOBTOPSAETCS, TO HANpA-
JRCIIIA, BO3UHKAIOUHE B JeTaJH, Ha3hIBAIOTCA YUKAUUCCKUMIL

[foMuMO MaKCHManLHOTO H MUHHMAJLHOIO HANPSXKEHHi, JeHcTBY-
10UIIX Ha AeTakb, BBOAHTCA TOHSATHE CPEAIICro HalpsKeHHs

__ Ymax + Imin

: (20.2.1)

ocp

H aMILTHTYAbl UHKJIA
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- amaxgamln ) (2022)

= [Ipr  3TOM  Omax = Ocp - Oy}
! Omin = Gep — Oa (Ocp YacCTO 060~
. 3HAYaloT yepes Om).

] VIBOeHHAs BEJMUHHA aMITJIH-
TYyAB  KoJebaHuil HanpsiKeHus
(? Ha3blBaeTcsl Pa3MaxoM IHKJA.
OTHOUleHHe MHHUMAJbHOTO Ha-
NpsKenusa MHKJIa K MakCUMalb-

] \ HOMY C y4eToM 3HAKOB 3THX Ha-
npsiKeHuit HasbiBaercs Koa(du-
5 LHeHnToM acuMMeTpHH H 0603na-
g b&‘ § yaercst OYKBOI T.
= ' pamamin, (OB0.3Y
& Smax
R XapakTepHCTUKON LHKIA Ha-
\ Y __ 3pBaercs OTHOLIEHHE:
o z .,
Puc. 20.2.1 p= —. (20.2.4)
CFCP

B npakTHKe BCTPEYalOTCsI acCHMMETPHYHLIH H CHMMETPHYHBIH LHK-
JBl Harpy:;keHusd: K acHMMETPHYULIM IIHKJaM Harpy:KeHHs OTHOCATCH
TakHe, KOTAa JeTajb MallHHBE HJAH HCIBITYeMBIH oOpasell BOCIPHHH-
MaeT HArpy3ky TPH Omax 7= Omin. lIPUMEpPbl aCHMMeTPHYHBIX IIHKJIOB
Harpy:KeHnust noxkasansl Ha puc, 20.2.1, 20.2.2, a, 6, 6. L1uka, nokasau-
Hu# Ha puc. 20.2.2, @, Ha3pIBaeTCA NMYJALCHPYIOUWIUM (OTHYJIEBBIM).

Haunbosee omacHbiM siBiiseTcs CHMMeTpPHUHBIH IuKa (pHe. 20.2.2, 2),

NPH KOTOPOM Omax = —Omyn U Ocp = 0:
= Cmin ___ {, (20.2.5)
Imax

KosbduinenT acuMMeTpuu 1ist nyJIbCEPYIOLLEr0 LIHKIIA PABEH HyJIIO0
HIH —00, TaK KaK MHHHMAa/bHOE HANMpPSKEHHE MOXKEeT ObITb PaBHBIM
HYJ10 (Omin=0) HJIH Omay=0.

ITpn o=const (puc. 20.2.2, 6), 7. e, np# AEHCTBHH NOCTOSHHOI CTa-
THYECKOH HAarpy3KH Omax == Omn = &, KOI(QGHUKHEHT aCHMMETPHHU

r= —min 1, (20.2.7)

9max
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Puc. 20.2.2

B obuieM caydae Ko>pGhHUHEHT ACHMMETPHH MOKET MEHSTbCA OT
—o0 J10 +oo (puc. 20.2.3).

6 6:,9?(5(!

k Ccp *Oq
Gep<Ba

A
/@cpi“:aﬂ‘ /\ E"r‘f E—

féqn/?dq U U I‘=0 i
14120

—oospe-y Pa-d

£

- 1< pPectoo
Puc. 20.2.3

Bce paccyxjenus, NpHBeNeHHbIE B HacToslleM mnaparpage, Crnpa-
BeJIJIUBLL JJIf KACATEJbHBIX HalpsKeHHI,
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20.3. HCNLITAHWE MATEPHAJIOB HA YCTAJOCTD.
NMPEAEJ BbIHOCJHBOCTH

Jast onpelefenus peiesia BEIHOCAHBOCTH MATEPHAJIOB HCIIOJbL3Y-
10TCSt pPasHOOOGpa3Hble KOHCTPYKIHH HCHBITATeNbHLIX MAaIlHH, N03BOJIA-
jOlll{e BECTH HCILITAHHS HA PA3/IHYHEIE BHAB JedOopMalHu: H3THO, KPy-
qyeHHe, PACTSKeHHe — cKaTHe, B KOHCTPYKILHK MalIMH 3a/J0KEHBI Pas-
Hble MPHHIHIB TOXAYd HArPysKH Ha obpasel; MauIMHbI MOTYT OBIThb
HHEPUHOHHBIMH, THAPaBJIHYECKHMH HJH C MeXaHMUECKHM MPHBOLOM.

Hau6oabluee pacnpocTpaHeHue NOJYUHIY MallKHbl C MEXaHHYECKHM
IPHBOZIOM, -00eceyHBalOllHe CHMMEeTPUYHBIH LHKA HarpyKeuus obpas-
ua, Ha puc. 20.3.1 mpejacrasiena cxema mpocTefiliell MallHEBL JJs
MCILITAHEA MaTepHaia Ha BHIHOCJAHBOCTD.

- - P i e

Puc. 20.3.1

ITpu Bpamennn ofpasna ero HAPYKHLIE BOJOKHA GYAYT HCIILITDI-
8aTh NONEPEMEHHO TO DACTAKEHHE, TO CXKaTHe, TaK KaK YCHJHE rpysa
HanpaeJeHO NOCTOSIHHO B OAHY CTOPOHY.

Ha puc. 20.3.2 noxazaHa cxema OAHOH m3 naubojee pacmpocTpa-
HEHHBIX MAIIKH JIJ1 HCObiTaHHsl 00DPaslOB Ha H3THG.

Ucnprryemuiit o6pasen. A BmecTe ¢ KOHYCHBIMH 3a:kuMamu B o6pa-
ayer 6aJky, cBOOOJHO ONEPTYIO B HENMOABHKHBLIX nomimunuaukax C. Jipa
CcBOGOAHBIX NOAmHNHEHKa D TaraMu E CBfI3aHHL ¢ pBIYaXKHOH CHCTEMO.
I'pysa G MoxeT nepeaBuraThcs 1m0 pbiMary L M TeM caMbiM H3MeHATH
Harpysky, AeHCTBYIOImYO Ha obpa3sel.

I'pys K ypaBHOBewnBaer CHCTEMY IPH HYJNEBOM MNOJOMKEHHH Tpy-
3a G. Kak BHAHO n3 3M0pb5l MOMEHTOB, 06pasell MoABepraercsi YHCeTo-
My H3THOY, TaK Kak MOMeHT 1o Bcell paboueil ajnHe obpasna mocros-
nen. OOpasel Bpaliaercs 9JAEKTPOABHIaTeSeM 3, YHCJIO LUKJOB CUM-
Taercd cierynkoMm M. Ilpu paspymennn oGpasua puivar geficTByer ma
KOHEUHBI BBHIKJOYATEb B MaUINHA OCTAHABJIHBAETCS.

[1pon3BoACTBEHHBIM 00bEIHHEHHEM «ToumaumpuGop» paspaforaxu
PAL YHHBEPCAJbHBIX YCTAJOCTHBIX Mallud tuna YPC. 3aBomom 3MM
{r. ApMaBup) CepuiiHO BBINYCKAIOTCS IBA THNOPA3MEPA 5THX MAaLIHH
YPC-20/100 u ¥PC-50/50. otoBuTCA K CcepuitHoMy NPOH3BOACTBY Ma-
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Pue. 20.3.2

wuna YPC-200/20. Bech pag Mawue 6yAeT COCTOSATH W3 LIECTH THNO-
pasmepos. PacuingpoBbiBaercs THHOpasmep cJedyiolmiim obpasom:
yHuBepcaJbHasi, pa3pbiBHAS, CO CJACAAIHM NPHBOAOM, TiepBas UHb-
pa-—npenesn Harpy»KeHHs, Tc; BTopas Ludpa — Hanboabulast 9acToTa
Harpy:xenus, I'u.

HcenpiTatenbiasi MamnHa tina YPC, nokasannas Ha puc. 20.3.3,
COCTOMT H3 HarpyKawollero yctpoicrBa 1, HacocHo#l ycTaHOBKH 2 H
nynbTa ynpapjaenuss 3. Mammna cHaGxeHa 37eKTPOTrHApAaBAHYECKHM
MPHBOAOM H 3JIEKTPOHHOH CXEeMOH YIpaBJieHHs, KOTOPHIE MO3BOJAIOT
NPOBOAHTh KaK CTATHYECKHE HCIBITAHHA 06pa3iloB, TAK M HX HCMLITA-
HHSl HAa BHIHOCJHBOCTb. HacTtora Harpy:eHuss o6pasioB B pexXHMe pac-
TAMKEHHE — CXKaTHe MoxKeT ObITh 3aflaHa B npefnenax ot 0 mo 100 I'm.

OO6blyHO OJ1 HCOBEITAHKA Ha BHIHOCJHBOCTb H3TOTOBJSETCH MapTHA
TH(aTeNbHO 06pabeTaHHbIX, COBEPIIEHHO ONMHAKOBLIX 00pasioB B KO-
auuectee 30—40 wTyK, HO He MeHee 8. ®opma 06paslloB 3aBHCHT OT
puaa gepopmanun. Ha pue. 20.3.4,a, 6 npeacraBJens o6pasubl LIS
HCMBITAHMS Ha M3rub ¢ BpaulenueM, Ha puc. 20.3.4, 6, 2 —Ha pacrsxe-
HHe — ckaTHe, KOHCTPYKIMS TJIOCKHX 06pasuoB Jiis HarpyxeHus
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Puc. 203.3
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MJIOCKUM M3ru6oM NOKasa-
Ha Ha puc. 20.34,0, a aas
HCMBITAHUS HAa KPYUEHHE —
Ha puc. 20.3.4,e.

JJag uenwitavus npou-
HOCTH 1PH [MepeMeHHbIX
HaNpsIXKeHNAX  MarepuaJa
KPYIHBIX MOKOBOK It ITaM-
MOBOK MPOBOASATCS HCIBITA-
Hust 6onbnX 06pasuoB Ha
MOILLHBIX YCTAHOBKaXx, IIo-
CKOJILKY YyBeJHueHue JHa-
merpa obpasua or d=
=57 MM J0 d=150=
=200 MM cuuxKaer npenedn
BEIHOCTHBOCTH ~ KOHCTPYK-
LHOHHBIX cTaJjell na 30—
45%.

[Tpu mcnbrTanui NapTHH
0o0pasioB ¢ UeJablo NoJyue-
HHMSL npejefa BbIHOCJIHBO-
CTH 06pa3lbl HArPYKAIOTCA
Tak, 4TOOH Ka)XIAuil u3
HHX BBLIJICPH(HBAJ pPAa3JjHy-
HOoe UHCJIO UHKJIOB Harpy-
wenus. [lepsomy obpasuy
3ajaeTcss aMmIJHTyxa Ha-
npsikenudt, pasuas (0,5--
-+0,6)05, BTOpPOMYy — He-
CKOJIBKO MeHblIas H T. A.,
noka ouepeanoll o6pasei
He BBUJIEPMHT 6asoBoro
YuCc/1a LHKJIOB HATPYKeHus
Ui HCOLITYeMOro mare-
puana.

[Tox 6GasoBbIM uHCJOM
MOHHMAETCA YHCIO IHKJOB,
JIO KOTOPOTO BeJAeTCA UCIbI-
raune (maag  craan — 107
ILHKJIOB, MEAH, aJIOMUHHA B
5—10 pas Gosblie).

O6paboTtka pe3yJbTaToB
HCOBITaHUH 06BIYHO COTIPO-
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Puc. 20.3.4

BOXKJAETCA NOCTPOeHUHeM KPHBOI yCTANOCTH, UK KPHBO
BYIO YCTAJOCTH CTPOSIT B KOOPJAMHATAX: YHCJO LHKIOB
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e o (puc. 20.3.5). Kax-
JOMY paspylieHHOMY 06-
pasily Ha JHarpaMme cooT-
BETCTBYET TOYKA C KOOPAH-
uaramu N H o, T. e. KpuUBag
YCTANOCTH — NPeACTaBsier
coboi pyHkuHIO o=f{(N),.

Ha puc. 20.3.5 mnpen-
cTaBJedsl KpHBBIE YCTajo-
ctu aas craau (1) u user-
upix metaanos (2). Ilep-
Basl U3 HHX aCHMITOTHYECKH
npubauKaeTcss K HEKOTO-
poii TOPH3OHTAJbHOH npd-
Moli, OTcekalouleli Ha ocn
, ; OpAKHAT OTPE3OK, ONpeje-
¢ 07 N jaomuit npeies BHHOCH-

Puc, 20.35 BOCTH HCHBITYEMOIO Mare-

puana. I{pedeaom ebiHoc-

AusocTu HaspBaeTcAd To HawboJbllee 3HAYeHHE HaNpsKeuus, KOria

ofpasew He paspyllaeTcs, ZOCTHUTHYB 0a30BOr0 3HAUEHUSl YHCAA IIHK-

aoB. CyuTaercs, UTO MPH AAaHHOM HampsiKeHHU obpasen BoictouT Oec-
KOHEeYHOe YHCJ0 ILHKJIOB Hal"py}KEHHH. ¢

s UBeTHHIX METaJJOB KpHuBasd, KAK NPaBHJIO, HE BBIOJAKHMBACT:
€5 B FOPH30HTAJbHBIH yuacTok. [losToMy Anst HUX HpHHUMAaeTCd yCJOB-
HBll Npejies BLIHOCJHBOCTH. ¥CA0BHBIL npedes 8bIHOCAUBOCTU — 3TO
HanpsizKeHHe, IIPH KOTOPOM He TPOHCXCAHT paspyuieHus NpH LOCTHKe-
HHH 33/1aHHOTO YHCJA UMKJIOB, COOTBETCTBYIONLEr0 TOH H/IH WHOH TIpH-
HaTOf 6a3e HCMBITaHHIA.

[Iperen BunocnuBOCTH 0BO3HAYAETCA yepes or, I'Ae WHAEKC T COOT-
BETCTBYET KO3 MHIMEHTY aCHMMETPHUH [UKJa. Tak, A1 CHMMETPUYHO-
TO UHK/a Npe/lesl BBIHOCAWBOCTH O—y, AJA NYJALCAPYIOLLEro — Gp K T. J.
Ulpu pacuere neraJicii, He PACCURTAHHBIX HA AJIHTENbHbIH CPOK 3KCIIya-
Tallu, S CMElHAbHEIX PACUETOB BBOIUTCA NOUSATHE 02PAHUUEHHO20
npedeia 8biHOCAUBOCTYU OrN, TAe MOA N TNOHMMaeTcsi 3aaHHOE YHUCJO
UHKJOB, MeHbliee OasoBoro wucaa. OrpanuyeHHblii npeaes BHIHOC-
JIHBOCTH JIETKO ONpEeNeNIAETCSs N0 KPHBOH YCTAJOCTHONO HCMBITAHUS
{puc. 20.3.5), nanpumep, npu N==10" nonyvaem o_yx=350 MIla.

Ilnsi HenmbiTaHEA HA YCTAJMOCTh XapaKTepel Goabluol pasBpoc 3Ke-
nepuMenTanbibix Toyek. [lostromy nusi rocroBeproro onpenesenus npe-
Jlella BBIHOCIHBOCTH TPEGYETCst HCNbiTanne GOJbLIOro gucia o6Gpasios
€ TMOC/eAyIOEeH CTATHCTHIECKOH 06GpaloTKoil peaysbTaTos.

HOT/a NPH NOCTPOEHHH KPHBOM YCTAJOCTH 10 OcH alCIlHCC OTKJ/a-
ALBAIOT BEAHYMHY, 0OPATHYIO YHCay LUKJIOB. B stoM cayuae npenen

YCTAJOCTH OnpefesiAlOT KaK OPAWHATY B MECTe NEpeceyeHHs KPHBOI
YCTAJI0CTH ¢ OCbIO HAnpsikeHHs (puc. 20.3.6)
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HaTax (puc. 20.3.7,a,0). i ~
MHorounciennpe axcnepu-
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JIM YCTAHOBHTb 3aBHCHMOCTb 35

MEeXJy INpenesaMH BbIHOCJH-
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407 107 407% 407 1y
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METPDHYHOM IHKJI€ Harpyxe- Prc. 20.3.6
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N LIS
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. 500 10° 54 gm 510 10 (3!\!'
Puc. 20.3.7

o? = 0,28 op,
npH u3rube

0%, == 0,4 op,
a NpH KPYyueHUH

T-1 = 0,22 0.

Jlna LBETHHIX METANJOB HabJlofaerTcs MeHee YCTOUHBOE COOTHO-
IieHHe MEeKJAY INpelesJOM YCTAJOCTH H BPEMEHHBIM CONDPOTHBJ/ICHHEM.
[Tpu u3rnGe ono kosnebaercs B npepenax o = (0,24 =~ b)os.
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204. JUATPAMMA NPELEJbLHBIX HANPSOKEHUA

Yrobrl 0XapaKTepH3oBaTh CONPOTHBJAAEMOCTh MaTepHaJsa AeiCTBUIO
nepeMeHHBIX HaNpSKeHHil ¢ Pa3JHYHOH acUMMeTpHEd UHKja, CTpo-
uTCA JAHAarpaMma npefedbHbLIX Hanpsikenuii — auarpamma Cwura
(puc. 20.4.1).

[Tpu mnocrpoennu 3TOH aua-

: ' rpaMMbl 110 OCH OPAHHAT OTKJa-
6mn_;c+

NBIBAIOT HAHOOJBUIEE Omax H HAU-
Grin

MeHbIIEe Omin HANPAKEHUS UHK-
Jja, mo ocu abciucc — cpennee
HaNpsiKeHne NUKAA oep. VIX mpe-
JleNbHBIE 3HAYEHHS GOr max, Or min
B Orcp ONPELEISIOTCS NPU JAaH-
HOH XapaKTepUCTHKE ILHKJIA OT5IT-
HBIM IIyTeM B pe3yjabrare Mno-
CTPOEHHSI KPUBBLIX YCTAJOCTH.
OO6sIuHO S TOCTPOENHST JiHa-
A rpaMmbl [peAeJbHBIX HampsixKe-
\ /6. 7 6: HHH Kakoro-aunbo marepuana uc-
' A% P NBITaHHS HAYMHAKT C CHMMeET-
9 AR
7
2

R
Co
N

ok

AN
=

i
Co
\;‘

AeJIbHBIM HaTPsIKeHHeM MpH 3TOM
Oy/JeTr nmpejes BHIHOCAHBOCTH Gy,
_ CaenoBaredsHO,

puuxoro uuxjaa (r=-—1). Ilpe-
A

Puc. 204.1 0—1 max = 00—,

O_imin = —0-1; G_cp = 0.

AToMy UMKJIY Ha AHarpaMMe COOTBETCTBYIOT TOUKH A u A, Jexa-
II1HE Ha OCH OpJAHHAaT.

Henpitag mapruio 06pasioB U3 JaHHOTO MaTepHata NPH 3aJ1aHHOM
3HAYEHHH KO3((HUUHEHTa ACHMMETPHH I' = Omjn/Omax, ONPENESUM HAHU-
Gonplliee u HAWMEHbIlee 3HAYEHMS HANPSIKEHUH, NIPH KOTOPHIX MmaTe-
puan paboTaer Ha mpefese BHIHOCAUBOCTH Or, T. €. Or max==0y} O min==
== [0y '

9 max + 9 min

2

Hapecem na nquarpammy toukn M m N, aGemmcca KoTopeix pas-
Ha Orcp, @ OpﬂHHaTa——COOTBETCTBEIEHO Ormax H Ormin. [lOCTYnas ana-
JIOTHYHO AJif Psifia JAPYrHX 3HAUEHHH r, mosyuyaem Toukn M;N,;; MyN,
u 1. 1. CoelHHAEM JIMHUAMM BCE TOUKH, H300parKaloOlIHe MAKCHMAJIb-
Hble W MHHHMaJbHble Mpe/e/ibHble HaNpPsKeHus UuKaoB. OUeBUAHO,
npapas KpaiHAs TOYKA auarpammel (Touka D) corsercTByer LHKJY,
NPH KOTOPOM Omax == Omin == Ocp; T ==1, T. €. NOCTOSIHHON Harpyske.

Orecp =
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ITpenenbHBIM HANPSIKEHHEM YU 5TOM ABJAAETCS NPEJes MpPOYHOCTH
maTepuana op. C/lea0BaTeNbHo, aGCUHCCa H OPAHKATA TOUKH D paBHbl
npezesy POYHOCTH.

Taxum 06pa3oM, OpAHHATH TOYeK JHHHH AD COOTBETCTBYIOT Npe-
JlesiaM BBIHOCJIMBOCTH MaTepHajla NpPH PasjHuHbIX 3HaYeHHsAX Ko3bdu-
UHEHTa ACHMMETPHUH T.

Jlerko yOemuTbCsA, YTO JYYH, TNPOXOAALIME YEpe3 Haualo KOOPHAH-
HaT JHarpaMMbl NPeJe/bHBIX HATPSKEeHUH, ABASIOTCA TeOMETPUUECKHM

MECTOM TOYeK, XapaKTepU3yIoIHX WHKILL C OIHHAKOBBHIM KO3 PHIHEH-
TOM ACHMMETPHH I' == Omjn/Omax, TAK KaK

P S . S, (20.4.1)
Sep Omax+9min (1+r1)

Jist onpenesienust npejesa BHHOCAHBOCTH MaTepuana TMpH AaHHOM
3HaYEHHH KO3 (duuuenta aCHMMETPHH I HYXKHO BLIYMC/IHTL HO TpHBe-
JleHHo# (popMmyJsie yroa § ¥ NPOBECTH JYyY IOA 3THM YIJ0M 10 Nepe-
ceyeHHst ¢ JuHHelr AD. Opaunara TOUKH I€peceueHus paBHa BeJHYHHe
npenena BHIHOCAHBOCTH Or.

20.5. BIUAHUE PA3JTHYHLIX ®AKTOPOB
HA DPEOEJ BHIHOCIHBOCTH MATEPHAJIA

Ha npesen BHIHOCAMBOCTH MaTepHaja, KpOMe XapaKTePUCTHKHA IHK-
Jla, BJHSIET MHOXKECTBO (HhaKTOpOB: KOHIEHTPATOPHI Hanps:KeHuil, pas-
MEpbI JeTaJjH, COCTOSIHHE NOBEpPXHOCTH, TEMNEPATYypa, XHMHUECKHH CO-
cTap MarepHada, OKpyzalliag cpeja, OPHEHTHPOBAHHOCTE KpHCTam-
JIOB U AD. '

YuuThIBaf, YTO Hanbosee H3yueHHBIM [IHKJIOM Harpy:KeHHs fBJAAETCA
CHUMMETPHUHBLIH (r = —1), 3TaJOHHBIM IIpefeJiOM BHHOCJIHBOCTH HpH-
HATO CUYHTATh O—; TJaIKUX TOJHPOBAHHHX OO6pasloB AHaMETPOM
7—10 Mm.

Bausnue PasIHyHBIX q)aKTOPOB Ha OTKJOHEeHHe OT 3TOro 3TajioHa
MOHO CUHTATb MEpPOH BO3/JelcTBHA KOHKpeTHOro (akTopa Ha mpejen
BHIHOCJMBOCTH MaTepuasna.

Konyeurpayus Hanpsasceruid. YCTajJOCTHLIE TPEUIMHBI, KaK TpaBH-
JIO, BO3HHKAIOT B MECTaxX KOHUEHTpauud Hanpsokenuil. KoHUeHTpaTo-
paMu HanpsiKEHHH MOTYT ObiTh OTBEPCTHS B L€TaJfX, IUNOHOUYHBIE Ka-
1ABKH, pe3blbl, TrajTesJbHbIE 3aKPYrJeHHd M T. I.

Pasnuuaior TeopeTuueckril ag H 9pdexTHBHbIH Ko KO3 DUIUKEHTH
KOHOEHTpPalul Haupsxenuii. s KacareJbHbIX HANPAXKEHHH COCTBET-
CTBEHHO 7 H Kr. .

Kak yxe oTMedajioch panee (§ 4.7), TeopeTHUECKHIT KOIDPULHEHT
KOHLEHTPAIHH HaNpAKeHHH

Gy = Smax_ (20.5.1)

Sn
peANoaraeTcs, 4To MaTepuall H3OTpONHbif i ynpyruf,
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SddexTuBnblil KO3(GOHUHEHT KOHUEHTPALHH HANPAXKEHHH TIpeACTaB-
aseT coboif oTHOLIeHHe Tpejeia BBIHOCAHBOCTH obOpasna (6e3 KOHIleH-
TpalHH HAaNpsKeHHH K Npefie/ny BBIHOCJIHBOCTH oﬁpasua (nnm peTasn)
TEX K€ PasMepoB C KOHUEHTPATOPOM HaTPsKeHHI.

Jlis HOpMaJbHBIX HATpsKeHui

a
-1
ks = : (20.5.2)
-1k
Jlas KacaTeJbHbIX HalpsiKeHuH
ke = ——, (20.5.3)
Tk
rie 6_; H T—-; — HpejeJsl BHIHOCJHBOCTH IJ1afKHX o0pasloB;

O-1k B T—jk — [PeJeJIbl BLIHOCJAHBOCTH 00pasioB ¢ KOHUEHTPATO-

paMH HanpsKeHHH.

S dexkTHBHLH KOIDQHUMEHT KOHUeHTpauuH Ko, YUHTHIBAIOMHUIT pe-
aJibHbie OCOGEHHOCTH MaTepHaJsd, MEHblle TeOPETHYECKOro g CHHKe-
Hue s¢dexra KOHUEHTPAUHH HANPAXKEHUH 3a CUET PEaJbHBIX CBOMCTB
MatepHajga NpH HHKJIMYECKHX HArpyskax oueHHBaeTcs Koddouumuen-
TOM YYBCTBHTEJNLHOCTH (:

q= ; (20.5.4)

UeM BHILE MeXaHH-
yecKue CBOHCTBA CTAaJH,
Tem Oousiblie K03(h§uuH-
€HT YYBCTBHTEJBHOCTH.

08 JIns BHICOKOMPOYHBIX
craieif q~1. dto s3Ha-
YHT, YTO pa3HHIla MexK-
0,6 1y Ko H 0 MEHHMAaJbHA.

M3 puc. 20.5.1 BujHO,
4yTo  MeHdAeTcss  KO3(]-
(pHIHEHT YyBCTBHTEILHO-
v CTH ( B 3aBHCHMOCTH OT
/ npejesa mpoynocTd Ma-
o, =42 TepHaza.

Jlns  yraepopucThix
craneft q ~ 06—=08, a
aaa uyryna q=0, 1. e.
o UYBCTBHUTEJbHOCTL  Me€-

400 600 800 1000 1200 Gg,MNa rTanana K KOHILIEHTpalHH
Puc. 205.1 Halmpsi>KeHn#t y KpynHo-
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3EPHHCTBIX ~ MATEPHAJIOB  MeHbIIE, YeM y  MEJKO3eDHHCTHIX.

3uan BeJHUHHY KO3(D(QHUHEHTA YYBCTBUTEJIHHOCTH (, MOXKHO yCTa-
HOBHTb COOTHOWICHHE MEXKAY 3()heKTHBHEIM H TEOPETHYECKHM KO3 du-
LHEHTAMN KOHLUEHTPaUUH:

ko =14 q(as—1).

Pasmeper Oerased (Macwrabubilt (paktop). IKCNEPHMEHTANbHbIE
WCCJIeIOBAHMA MOKa3a/H, YTO C yBequyeHHeM pasMepos o0pasila Chu-
JKaeTcs Tpejes BHIHOCJHBOCTH MaTepuana. BiusHie pasmepoB AeTanu
VUHTBIBAETCA MacliTaGHbIM Ko3(duuMeHToM €, Ecan npuHATL 3TOT
ko3 Quunert aas obpasua auamerpom 10 MM 3a eaununy, 70 C yBe-
JIeHHeM JuaMeTpa od ymenbluaercs (taba. 20.5.1).

TaGauna 205.1

1

Iuaverp oGpas- \ m{ 20 ’ 30 . 40 ! 50 1 60 1 80 \1001 150 l 200

na dy, MM

MacmTab.
ko3thd. 1 093 087 082 078 0,75 0,70 065 058 055

Macuitabusil KosQdunuent eq npescrasaser coboit OTHOLIEH e NIpe-
JleJla BBIHOCJHBOCTH, ONpPEJENEHHOro IPH HCHLITAHHH TeOMeTpHYecKH
nMofo6HbIX 00pa3noB OOJbUIHX PasMepoB, K Npeleny BBIHOCAHBOCTH
3TasonHoro obpasua d = 10 mMum.

gy e YA 8y = : (20.5.5)

919 T—13

~ Ilpu 3TOM cumTaETCS, YTO COCTOSAHHE MOBEPXHOCTH HCIBITYEMBIX 06-
pasuoB OJHHAKOBO. _

Cocrosnue nogepxHocTU. YCTAJOCTHBIE TPELIHHB, KaK MPaBHio,
HAYHHAIOTCA C NoBepXHOCTH. [ToBEPXHOCTh A€TaJH MOYTH BCETAR HMEET
MHOTO Je(heKTOB, CBSI3aHHBIX C MEXaHHYECKOH 00paboTKO#, a Take
C KOppo3ueil BCIeACTBHE BO3JEHCTBHA OKpPYKalole#d cpenbl.

BAusiHHE COCTOSIHHSI M KAauecTBa MMOBEPXHOCTH AETAJNH HA BEJHUHHY
npefe/ia BEIHOCJAMBOCTH OULEHHBAeTCsl KO3 (HIHEHTOM KadyecTsa No-
BEPXHOCTH By (K03((OHIHEHTOM IOBEPXHOCTHOH UYyBCTBHTEJLHOCTH).
OH mpejacTaBJisieT co00ii OTHOLIEHHE Npeliea BEIHOCJIHBOCTH, YCTAHOB-
JIEHHOTO NPH HCMBITaHHSIX 06PasiloB C onpeieneHHoii 06paGoTKol Mo-
BEPXHOCTH, K Npejesy BHIHOCHMBOCTH, YCTAHOBJIEHHOMY NpH HCHbITA-
HHAX TAKHMX Ke 06paslioB C NOJUPOBAHHOW MOBEPXHOCTLIO 3TAJOHHBIX

06paslIloB.
Tl

o= — man o =—". (20.5.6)

=18 —1ls
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3apuciAmMocTh Ko3((HUHEHTOB $ oT npepena NPOYHOCTH Op JJIA pas-
JHUNBIX BHAOB 06paGoTki mpueenewa ma puc. 20.5.2. Kpusas 1 coor-
BeTCTByeT MOJHPOBAaHHHM o0pasiaM, 2 — man(pOBaHHBIM, 3—06pagﬂ-
laMm ¢ TOHKOH OOTOuKOi,
4 —c rpy6oii 06TOUKOH B
5 — necOpaboOTaHIBIM  06-
pasuam. Ms pnc. 20.5.2
———— gpuHo, 4TO MpH TPYyGOi 06-
\3& paotke ofpasua mpenen
BHIHOCJMBOCTH CHUIKAETCA
na 40%, a jpas Heobpabo-
taunoro —Ha 70%.
Pexcum naspyorcenus. B

& o
\
e ~—
\\

96 ~
\

0,8

/]

Ay

& peanbHBIX VCJIOBHAX Jiera-
0,4 ‘/\ JH HeNpPepHBHO TOJABepra-
L I0TCA H3MEHEHHIO Harpyxe-

HuA. MHorna nabaionanorcs

g2 , . COYETAHHUA CTATHUECKHX M

00 o0 400 o G,Mlt IHHAMWYECKHX HATPY30K.

Prc. 205.2 Jluanaszon HM3MeHeHMs yac-

TOTHl Harpy:KeHHA B yCJ0-

BUAX SKCMJAyaTalHu ypes-

BHYAMHO LIMPOK: OT HECKOJBKHX IHKJOB HAarpyMXeHnst B mecsil (pe-

#HM DabOTHl ATOMHEIX PEAKTOPOB) A0 HECKOJNBKHX THICAY IHKJIOB B
cekynay (AKycTHYeCKHe HATDYSKH Ha KOPHYyC pPakerhl).

IIpu Bhicokux wactorax Harpyxenus (Gosee 1000 mBKIOB B CeKyH-
Ay) BEIHOCTHBOCTD H3AEMHH 0OBIYHO NOBBIIAETCH BBHLY MEHLIIET0 pas-
BHTHA OCTaTOUHBIX epOpMalluli 3a Menniree BpeMa. [IpH HH3KHX 4aCTO-
TaX HarpyXKeHHs [JaCTHYECKAas Nedopmalug OAHOTO LHKJIA ycneBaeT
NOATOTOBHTL PA3BHTHE TPEIHHHL T caefyiomeMy LHKIY. Takoll pexum
Harpyxenusa jetaiu Oojee onacen. Eule Gojlee oNacHHM CUHTACTCH
HaJlOJKeHHe HAa HU3KOYACTOTHY Harpysky (n=10 1nHK/JI/MHH) BbLICOKO-
vacToTHOH (n=2000 UHKJI/MHH) TIPH Omax, = 0,4 —~ 0,7 0B H Omax. =
—0,05+-0,125 Omax. Ilpn 3TOM mosroeeunoctTs 06pasnoB CHHIKAETCH
Gojee weM B 2 pasa TPH HEU3MEHHON BEJHUHHE AMILIHTYIB Hamps-
JKEeHHA,

Orpymaroujan cpeda. B cBa3n ¢ TeM, 4TO YCTAJNOCTHBIE NPOLECCH
pa3BUBAIOTCsl BOJHBH MOBEPXHOCTHLIX 30H, BJIHSHHE OKpYyiKaloue cpe-
Abl NPOABJASETCH O0COGEHHO pesko. Dousbmias AJHTENBHOCTL HArpy:Ke-
HUA CNOCOGCTBYET BJAHSHHIO BHEUTHHX (haKTOPOB, OCOGEHHO KOPPO3HOH-
HbIX, MHOTHe NeTajn MalluH OJHOBPEMEHHO NO/BePralTesi MexaHHye-
CKOMY H KOPPO3HOHHOMY BOSJEHCTBHIO: M€TAaNH XHMHUECKHX IIPOH3-
BOJCTB, KOpIyca Cy/A0B, aTOMHbIX PeakTOpPOB H T. m. IIpu 3ToM BO3HH-
KaeT CMellaHHoe paspylieHue, XapakTep KOTOPOrO ONPeAeJsieTcsi COOT-
HOLUEHHEM HHTEHCHBHOCTEH KOPPO3UM M MEXaHHUECKOH HATPY3KH.
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OxaHoii u3 pacnpoOCTPaHEHHBIX NPHUHH CHMIKEHHS CONPOTHB/IEHHS
MaTepHaja fBJSETCs XMMHUYeCKoe BO3JAeHCTBUE, BHI3BIBAOLIEe XHMUYe-
ckoe paspywenne. Tax, a14 mandoBaHHOR NPYKUHHOK CTaaH NPH 3Ha-
KOMOCTOSIHHOM LMKJIe COTNPOTHBJIEHHE YCTAJOCTH COCTaBJIANO NPH pac-
TSKeHHH Ha Bo3nyxe 120 MIla, npu cxxatun — 1650 MIla, a B npecHoi
BoJe cootBercTBeHHO 15 u 157 MIla, 7. e. B Boze ycTanocTHas mpoy-
HOCTb NPH PACTSKEHHH OKasanach B 10 pa3 HuiKe, YeM Ha BO3JYyxe.
JeficTBHe MOPCKOH BOJABI CHHXKAET YCTaJOCTHYIO MPOYHOCTD ele peaue,

Bausnue temneparypsl. DKCHEPUMEHTAJbHBIMH HCCJIEIOBAHHAMH
YCT2HOBJIEHO, UTO NPH MOBHILIEHHH TeMIePaTYpPhl NIPefies BHHOCAHBOCTH
najiaer, a NpH TOHUIKEHHH — pacTeT. IIpH NOBBILIEHHH TeMmepaTypsl
Ha KPUBOW YCTaJOCTH He ObIBaeT FOPH30HTA/NLHONO yYacTka.

Bauanue xumu4eckozo cocrasa marepuasq. Ilpy ucnbITaHuM CTa-
Jeil ¢ mpHMecsMH YrJepoja, MarHusg, HUKeNs, XpoMma, BaHaJus, MeIH,
gopa u (pochopa 3aMeyeHo, UTO KaMKAbIH M3 HHUX MOBHILIAET COMPOTHB-
JIeHHE YCTaJOCTH B TaKOH 1Ke NPONOPLKH, B KAKOH OHH NOBHILIAIT Npe-
JleJ1 IPOYHOCTH MaTepuaJa.

Obwmmil xosdduuuedT CHHKEHHS Ipelesa BHHOCIAHBOCTH HETANH
NPH CHMMETPHYHOM IHKJE, YYUTHIBAIOIHE TONBKO CYMMapHOe BJIHsIHUE
KOHIIEHTPAllHH HamnpsKeHHH, a6COMIOTHBIX Pa3MepPOB JeTafd M Kaue-
crBa 00pabOTKH NOBEPXHOCTH, BEIUHCIAETCS MO (opMyaam

-k k.

Mg vt s I, =

b &5 ﬁa b Es B':

Ecan B uccaelyeMoM ceueHHH 1eTanH HMEETCH COMETAHHE HECKO/b-
KX HCTOUHHKOB KOHUEHTpAllHH HampsxeHHH, TO NMpH pacyerax yuH-
THIBAETCH TOJBKO OAHH W3 HHX, AJS KOTOpOro Koapduuuent Koy (kqp )
HMeeT HanOOJbIIYIO BEJHUHHY.

[IpH cHMMeTPpHYHOM IHKJe H3MeHeHHs HanpsKeHHl Npefena BHHOC-
JUBOCTH A€TaJH o_;p (T—p) H HpejAes BBIHOCJIHBOCTH 3TAJOHHOTO Ja-
HopatopHoro ofpasiia H3 TOTO JKe MaTepHaJa, YTO M JeTaJb, CBA3aHH
CJAEYIOUIHMH 3aBHCHMOCTAMH:

. (205.7)

eU g
S_1p = T{Fl = 0] I(B 3
D . (20.5.8)
T Ey p'r
Tp = _.]_.. = T_1 l\—
k';D T

20.6. JTMATPAMMA YCTAJIOCTHOH MPOYHOCTH.
OTNPEJEJEHUE KO3®®HLUMEHTA 3ANACA ny

Ias BoIGOpa BEJHYHHBLI MOJHOTO ko3¢ duunenTa 3anaca MNPOUHO-
CTH 1y, HEOOXOAHMOTO TPH pacyeTe Ha MPOYHOCTD JeTtaJeii, padoraio-
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HIMX B YCTAJOCTHOM peikuMe, OOBIYHO HCNOJAL3YeTCs auarpaMma ycra-
JOCTHOI mpounoctH (Amarpamma Xeifira — 3oaepGepra), KoTopas, Kak
W AHarpamMma npefeJbHBIX HANPSMKEeHHH, CTPOMTCS MO OAHHAKOBHIM HC-
XO/JHBIM JaHHBIM.

JvarpaMMa yCTaJdOCTHOH HDOUHOCTH CTPOMUTCS CJAENYIOUIHM obpa-
30M. Depercst napTusi coBeplieHHO OLHHAKOBBIX 0GpasloB M3 HCCIENY-
€MOr0 MaTepuana, KOTOPHE MCHBITBIBAIOTCS C PasjHuHbIMU Ko3(ddu-
lHeHTAMH acuMMeTpHy uMKaa r. ITo ocu abeunce (0cp) OTKIaABIBARTCS
nanpaxeHne, COOTBETCTBYIOLIee mpefedy NPOYHOCTH TaHHOTO Marte-
pHafia op, 4 0 OCH OpAMHAT (Ga) OTKJIAABIBAIOTCS NpeAesbl BHIHOC/IH-
BOCTH 3TOr0 MaTepHasa NpH PasauyHOfl aCHMMETPUH IHKJIOB. Fsmecrt-
1o, Yto HaubGosee OmaCHHIH UMKJ HAarpyXeHus — CHMMETPHUHBIH
{r =—1), no3ToMy 3Hayenue 3TOro Npeieja O-; OTKJIAALIBACTCA He-
nocpecTBeHHO o ocu opaunar (puc, 20.6.1). '

B pesyabrate uCnblTaHHH
obpasyercsi cepud TOYEK, IIpH

Ga COeIMHEHUH KOTOPHIX MOJydaeMm
y JuarpaMmy yCTaJOCTHOH mNpoy-
8, Hocru (kpuBasi AB).

s : [Tonyyennas nnarpamma gaer
BO3MOKHOCTh CYAMTH O MPOYHO-
o CTH KOHCTPyxKIHH, paboraromeil
K %, NPH UUKJIHYECKH H3MEeHAUINXCS
3 HanpsAKeHHAX.

N A Ecau paGouasi Touka JIEKHT
Gep HHIKE kpusoli AB, 10 3TO roBoO-

PHT O TOM, YTO JaHHAs JeTalh

MoxeT paboTaTh HeOrpaHHueH-

HO€ YHCJO LMKJOB B JaHHOM pe-
#ume. Kpusyio AB npunsto annpokcumupoBath B npaMylo (mokasa-
Ha TYHKTHPOM), UTO JlaeT HEKOTOPHIH 3amac MPOYHOCTH H OTCEKAeT
30HY pa3bpoca 3KCHepPUMEHTAJbHBIX JAHHBIX.

Taxoe anmpokcuMupoBaHKe AMATPAMMEl YCTAJOCTHON MNPOYHOCTH
NO3BOJAET CTPOUTH ee 0e3 NPOBeAEHHS CJOXKHOIO SKCIEPHMEHTa, Tak
KaK JJis MOCTPOCHHST JOCTATOYHO 3HATH NPeaes NPOYHOCTH op M NpPeed

BLIHOCJUBOCTH MCCJIEAYEMOr0 MarepHasja HPH CHMMETPHUHOM IHKJe
HarpyxeHnus o_j.

Huast onpeneniedusi sanaca YCTaJIOCTHOH MPOUHOCTH 10 YMPOULEHHOM
Anarpamme B BHAe TpeyrosbHuka OAB Gepercsa paGovas touxka C,
KOTOpou coorsercTBYIOT Koopautatet CF u CE (puc. 20.6.2). Ilpunsto
LUNTATD, UTO 3aN4COM YCTAJOCTHOH NPOYHOCTH OYET OTHOLIEHHE
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YuuteiBad, yro AnA Jio6Goii pabouell TOYKH, JexKalled HHXKE MPf-
moii AB, LHKJ XxapakTepuayercst HanpsiKeHHAMH Oep H Oa, TO C YYETOM
MONpPaBOK HA KOHUEHTDANMIO HANPSMKEHHH, HA TOBEPXHOCTHHI H Mac-
WTaOHBIH (aKTOPHl KOOPAHHATH pafouel TOUKH MPUMYT 3HAUCHHA

gy K,
i
€a B

Kosg¢uuuent 3anaca ny ONPeACJAOT HIH IpaduUecKs — LIS Hero
CTPOMTCA JHATPAMMA YCTAJNOCTHOM IPOYHOCTH, WIH M3 PAaCUueTHOH tpopu-
MYJIBl, TIOJYYEHHOH INIPH aHaju3e ITOH e AHarpamMMbl YCTaJOCTHOH
IPOYHOCTH.,

Ecau mposectu npsmyio CL mapasiensio AB, To MoxHo cocta-

BHTH TIPOIIOPUHIO

9ep Ka

M3 nogo6us tpeyroanunkos OAB u FCL naxonnm FL/OB=FC/OA

o_y9pk,

FL. =
. B
Torpa
a; kg a_yacp kg
0L=—" a + 17cp .
By ﬁc 98

Vyureeag, uto OB=0_1, 1 6yeT pasHo
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[Ipu KpydeHHH 3amac yCTaJOCTHOH MPOYHOCTH ONpejnessercs aHa-
JIOTHYHO:

T

% | -H'T._1 Tep K, l (2064)

Tak,: = ~
D ‘-B

IToncuer s3amaca NIPOYHOCTH TPH OJHOBPEMEHHOM UHEJHYECKOM
JeliCTBHHU HOpMaJbHBX M KacCaTeJbHBIX Hal'IpHH{eHHfi elle HeJocTaTou-
HO pa3pellueH, HP&KTH‘IECKH B pacyerax HCHOJbL3YeTCs cielyrollas 3a-
BUCHMOCTb:

1._.

=+

2
n,

(20.6.5)

=
Tl
a2

1
n
a

T

rie  np — HCKOMBIH KO UIHEHT 3anaca IPH NMJIOCKOM HaNPAXKEHHOM
COCTOSIHHH;
0., Hr, — KO3 (HUKEHTH 3anaca, onpejenseMele 10 (opMyaam
(20.6.3) m (20.6.4) B mpeanoJokeHHH, uUTO AEHCTBYIOT TOJBKO HOp-
MaJbHOE HaNpsiKEHHE O HJAH TOJbKO KacaTeJbHOEe HallpPsiKeHHe T.
Ws ypasnenus (20.6.5) maxonurcs HCKOMBIH KO3 OHUUMEHT 3anaca

nl’d nl"t
n=——.

2 2
0y 3 Riq

(20.6.6)

HauGonee gocroBepHeie Aanmbie 0 HEOGXOAMMOM KO3(pdhHUHEHTE
3anaca nr NPH OXHOBDEMEHHOM JEHCTBHH UMKJIHYECKHX HOPMAaJbHBIX
H KacaTeJbHBIX HAarpy3oK HaxOASTCS 3 PE3YJLTATOB HATYPHBIX HCIHbI-
TaHui JeTajen. :

Kpome Toro, npu nopbope ceyeHusi CaAeAyeT MPeABAPHTENbHO npo-
H3BECTH CTATHYECKHH PACYET KOHCTPYKUHH M JIMLIb 3aTeM IIPOBEPHTH
1o gopumyne (20.6.6), o6ecrneynBaoT Ju BLIGPAHHbIE Pa3MepHl CEUEHH
HYXHBI KOS QHLUHEHT 3amaca NPOYHOCTH.

[Mpumep 20.6.1. Crynenuatsii, OTNONUPOBAHHBI CTEPIKEHD Kpyr-
Joro ceyenud ¢ nuamerpamuy D=80 MM u d=40 MM u oOTHOlWIEHHEM
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r/d=0,2 (puc. 20.6.3) usrotossen u3 cranu Mapku Cr. 3, aas KoTOpOii

op=450 MIIa. _
OnpeJieJiuTh, KaKyio CH-

ny P MOXKHO NPHJIOKHTL K
CTEPIKHIO, €CJIH M3BECTHO, s

yTo OH paboraer B ycJO-

BHAX TEPeMEeHHOro pacrs-
JKEHHS — CIKATHA 1O CHM-
meérpudHoMy 1HKay. Koap-
(UUHeHT 3amaca nr A0J-
sKeH OBbITh PaBeH JBYM.
Tax Kax crepxkeHb pa-

Puc. 20.6.3

G6oraer ToaBKO Ha pacti- Ko
JeHHe — CxKaTHe, TO MPH

CHMMETPHUYHOM LHKJIe 18

01’_1 = 0,28 op << Or,

Ocp =— 0, Oa = P/F-

M3 rpaguxos, 1mpemn-
CTaBJeHHBIX Ha puc.20.6.4,

20.6.5 u 20.6.6, naxoaum
HeoOXoauMble KO3 PuuU-

17

€HTHI.
Taxr KaK CTep:KeHb HMe- 0
€T cryneHuatyio ¢dopmy
(D/d=20ur1/d=02) u
H3TOTOBJIEH H3 CTalH C Op =

=450 MIla, s¢pdextusnpii ko- 3

sduuueHT KOHUEHTPAUHH Ha-
npaxenuir paseH ko=1,3 (puc.
20.6.4). TloBepxHOCTh HeTaNN 10-
JIMPOBaHA, MO3TOMY KO3((HHIU-
@HT, VUHTHIBAIOILIHH COCTOAHKE 11O-
BEePXHOCTH, Be=1,0 (puc. 20.6.5),
maclrabHbii K03 duuuent (puc.
20.6.6) mpu d=40 mmM e=1,17. j4

IloacraBass pafifienHLle 3Ha-
yeHus KO3PHUHEeHTOB M 3ajnaH-
HbBlE BeJIUYHHEL B  (opMyay
(20.6.2),

14

4

02 74
Puc. 20.6.4
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0,28-45000-3,14-42-1,17-1,0 = TTHH.

2:1,3.4

IMpumep 20.6.2. Ha Je-
TaJb, NpeACcTaBJEHHYIO HA pPHC.
20.6.7, neiicrsyer Harpyska Io
CHMMETPHYHOMY HIHKIAY: Pmax =
= 1000 H, Ppmn=—1000 H.
Kpowme sroro, B Touke A mpuio-
JK€Ha cocpemoTOyeHHAfd HArpys-
Ka, JAJS KOTOPOH CTaTHYeCKHe
npejeJsibHble Hanps:keHHsa paB-
Hel:  op = 700 MIla, ¢,=
= 420 MIIA, v, = 210 MIla.

Halitn pefictBuTenpumii KO-
s(hHIHEHT 3anaca LeTaJH, eclu
ee NOBEPXHOCThL rpybo OTmoNHpPOo-
BaHa. HeoGxonnumee nist peiue-
HHS 3aJ1aUM pasMephl NPUBEJEHE

60 imq Ha pHe, 20.6.7.

[TpuBonuM cuay P B Tou-
Ky A, Ho6aBssercs mapa cua ¢
moMeHTOM P,. HaunGousbluee u

HauMeHblilee HANPAXKEHHA B FajTe]H AeTaly 0pW 3TOM HAAAYTCH KAk

W,

Tak Kak HanpsKeHHsS B raiTeNH MeHIOTCH IO ACHMMETPHUHOMY
UHKJY OT Omax MO Omin M Omax 7= Omm, TO CPeJHEE HAMpsKEHHE LHK-
J1a Ocp M AMIVINTYAA UHKJIA Og GYAYT COOTBETCTBEHHO paBHbI:
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6. — Tmax + Tmin __ pgf 160-400.32
o KT Tl o FO 8 . JOVSOUNS 109 MITa
K 2 W, 3,14.403 0,2 MTT;
= Smax — %min _ Pl & 1000-400-32 — 63,6 MIa.
2 W 3.14-400

HauGouibliee kacarenbnoe Hanpsxenne GyAeT MEHATLCA TO CHMMer-
pPUUHOMY LHUKJIY K 3aBHCETh OT JEHCTBUS NapHl

Tmax = — Tmin = =

Wp 3,14-407

==23,7 Mila.

YYHTBIBAS, UTO CYILECTBYIOT CIEAYIOILHE 3KCNePHMEHTAlbHHE 3a-
BHCHMOCTH JJisi CTaJiel MeXAY NPeAeJbHHIMU HanpAKeRuAMY NpH pas-

JHUYHOBIX BHA4X Harpy:KeHu#d:

mpH H3rude o', =04 os;
OpH pacTAXKeHHH of = 0,28 05;
NpH KPYYEHUH -1 = 0,22 0B,

HaxX0iHM
g_; = 0,4 op = 280MIla;
1_; = 0,22 0p = 154 Mlla.

Ucnonb3ys rpadukn ua puc. 20.6.4 — 20.6.6, noxdnpaem snauenns Ko-

 sppuumentos ko=1,8, fo=1,2 1 €¢=13, &s=1,0 u f:=1.2, ke=1L1;

no ¢opmynam (20.6.2) u (20.6.4) HaxoAUM KOIPOULUHEHTBI Nrg H Ny
(v npunHMaeM pasuuiM 0,5 op):

o_ 1.54
Nye=— 1 =r 98063 6 == 2.35‘
k, ¢_y Gep , 6.35 1.8 63, 1.8
g, + ] 1
! % Pa 9 ! Lig _
Yy 1,54 o =59
LTS E oty L1 154937 -
Ta < k. 2,37 1.5-19 350 ‘Il
e [-11 Tg ) w1, o

JleiicTBuTenbHEIE K02 PUIHEHT 3anaca OyaeT paBeH

nr= l'lru l:ll"t ~ 2,35'?,9 — 2‘2
) t.lfo + n%': V2’352+4’92
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