«I[O.TDKHLI ObITh pPacCUYuTAHBD) — AaBTOPbI, CIYCTUTECH HA 3€MJII0

Ionpocun s coe2o Opy2a-coKypCHUKA NPoOU3Becmu pacuémul CO2IACHO MpPedOBAHUAM NYHKMA
144 Ilpasun. Bom npeocmasnsio ceti onyc ois demoucmpayuu moeo, KAK paccuumamo oemanu
KpenjieHus u KOHCIMpPYKMugHvle dieMeHmbl 0151 UCNONIb308ANUS 8 Kauecmee AHKePHOU MOYKIL.

borocw, umo docmynnocms maxozo pacuéma 05t NOOAGIAOUWE20 KOIUYECMEA Y,
0mMEemcmeeHHbIX 3a NpogedeHue pabom Ha 8blcome, KAk, 6Npoyem, U OCMANbHbIM, UMEIOWUM
JI0OYI0 2pYnny no 6e30nacHocmu, NPeoCcmasisemcs Heckoabko sampyonumenvho. AJJK. ©

3agaua Nel.

3anaHue: [TpousBectu pacuers 1o 11.144. «IIpaBui no oxpane Tpynaa npu padboTe Ha
BBICOTE», KOTOPBIH I1acuT: «Jlertann KpenjaeHus CTaJIbHOrO KaHaTa, a TaKxkKe
KOHCTPYKTUBHBIE 3JIEMEHTHI 3JaHUI UM IPYTHE YCTPOMCTBA, K KOTOPBIM KPETIAT
KaHaT, JOJKHBI ObITh pACCYMTAHbl HA TOPU3OHTAIBHO MTPUIIOKEHHYIO Harpy3Ky B
22000 H (2200 krc), neiictByromyto B TeueHue 0,5 ceKyHAbD».

Pemenmue.
YToOBI ONIpEeACIUTh CKOPOCTh Pa3pbiBa aHKEPHOTO CTEPIKHS MTPU TTOCTOSIHHON pacTITHBaromeh

0CEBOI Harpy3Ke, He0OX0AUMO JOCTHXKEHHUE MpeJiesia MIPOYHOCTH METalIa, T.e. TOYKH 3 Ha
nuarpaMmme pactsbkenus (cMm. Puc.1.1)
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Puc. 1.1 [Inarpamma pacTsbKeHHS

ITocae atoro HACTynaroT HeO6paTI/IMLIe ,Z[e(i)OpMaI_II/II/I (HpI/I MMOCTOAHHOM pa3pbIBAOIIEM YCUIINU
B CTCPIKHE 06pa3yeTCﬁ «mefma», T.C. INIOMAAb CCUCHHUA YMCHBIIACTCA S—> Smin npu

OTHOCUTCIIbHOM YIUIMHCHHUU CTEPIKHA & , HANIPSHKEHUE PACTET O = g — O max ), " IpOUCXOJUT

pa3pylieHne CTePHKHS.



Jns mareMaTHHECKOTO ONMCAHMA TNOBEJCHHS VIPYTOBA3ZKOIIACTHYECKHX MATCPHATOR!:
HCIONL3YIOTCSA (DEHOMEHOIOIHYECKHE MOACIH H MDICIH PelakCcalHOHHOTO THIA.

B denomenonorndeckux MoIenAX 3aBMCHMOCTH Npeleia TEKYHECTH M IPOYHOCTH
NpeACTaBIAIOTCA B BHAC IMIHPHUSCKHX (JYHKLMH OT JedopMalliHi, CKOPOCTH Ae(opMallii

H TEMNEpaTypLl o = c}‘[&"’,é“’,i"). Jna nonMKpHCTANIIHYECKHX METANIOB M3BECTHLI IBA

noIxoda K TNOCTPOCHHIO AaHHOH (YHKUMM — AIJAWTHBHLIH W MYILTHIIMKATHBHGLIL B

nepsom caydae [27]

o=f(o.T)+g,&T),
rae f, ynkuus aedopmaumonnoro ynpoumenns (8 o0lieM caydae 3aBUCHT OT
TEMICpaTypsl), &, - (QYHKUHS pelakcalMy, KoTopas OTpakacT BIMSHMC MTHOBEHHOTO

3HAYCHHA CKOPOCTH JeopMaluly M TeMnepaTypHsle 3pdekTol.



Audpepenuuannuas opma ONpeleIsioUero COOTHOLICHHS B BA3KOIIIACTHHHOCTH OLLIa

npeano#ena Cokonoseknm [28], u moauduuuposana Manseepuonm [29,30]:
e=a/E+g(o,e),T =const,

rae £ — moayas HOnra.

bonee oOmas dopva uuKpeMeHTanLHOH (OPMYIHPOBKHM, OCHOBAHHONH Ha NoIX0Ie

Coxonosckoro-Maneeepua, Ouina npeactasnena Kpuctecky [31] u JhoGaunepon [32, 33].

Ona uMeeT cleaylomuil BUI:

e=f(o.6)0+g. (0.€).] =const,

rae fe TAK HA3LIBACMLIH MIHOBEHHLIH NIacTHYCCKHH OTKIMK, KOTOPLIH MOMET OBLITh
HeIHHEHHBIM.
MynLTHNINKATHEHOE NpeIcTaBICHHE MOBEPXHOCTH TEKY4YECTH B o0lIeM BHIC 3amHCaHo
TaK:

o= fle.T)L(£.T)f(T)
[Ipumeprr nonobnx opmynuposok npeacrasiensl & [34, 35]. Oanako nanbonee uacto

HCTIONLIYETCH MYNLTHINTHKATHEHOE OINPEIeIsI0Nes COOTHOIIEHNE B}’l'lpDH.lCIIIIDfI lﬁprMC!

o= f(&)f,(&)A(T).
Mdxoncon u Kyk B pabore [36] npeanosunu 4MCTO IMIMPHYECKOE ONpeleisioliee
ypaBHEHHE A7 METATIOB, NOABEPACHHLIX OOILINMM AS(opMalHIM, BLICOKHM CKOPOCTAM
JdetopMHPOBAHH H BLICOKHM TEMIEpaTypaM.

Hanpsaenue Teuenua Muzeca 3anuceiBacTes clIeIy0mmuM o0pasoM:

" " e a1 =1,
o=(A+Bc")1+Chhé WI-T").T =—
F F # ?' _?'
m 0
. ® g.-
rae £,- IKBUBANCHTHAA IUlacTHYecKas nedpopmauus, £, = —— - OespasMepuas CKOPOCTh
[
- . 4 .
nmactiueckoit gedopmaunu £, =1.0¢”, T, u T, , COOTBETCTBEHHO OTHOCHTEILHAs

TeMIcpaTypa M TeMmmepaTypa NaaBicHus maTepuana. [laTe maTepHanbHBIX KOHCTAaHT
onpeaeasioTes nupuueckuM myTés: A, B, n, C 1 m. Brpamenue B nepBuix ckolkax
onpejeaseT AehopMalHOHHOE YIPOUHEHNE MATEpHATa, BO BTOPLIX - BIHAHHE MTHOBEHHOTO
3HaYCHHA CKOPOCTH AcOpMalMH Ha NPEaen TEKYYECTH, TPETHH HIEH NpEACTaBAACT
3aBHCHMOCTL HANpsKenHa oT Temnepatypsl. Jannoe ypaBHenue He YHHTHIBACT MPQEKTHI

HCTOPHH H3MEHEHHS TEMIIEPATYPEl HIH CKOPOCTH IeopMHPOBAHHL.



B oarux  mozenax afdextel  aeopMalMOHHOIO, CKOPOCTHOIO  YIPOYHEHHSA W
TEMIICPATYPHOID pPasyIPOYHCHHS CHHTAIOTCA B3aHMHO HE3aBHCHMBIMH M TIPOSBIAIOTCS
MyTeM NPOCTOrO MAcIITabHPOBANHA HATIPSKCHHS TCUCHHS.

3epuann ¥ APMCTPOHT NPEITOAKHAN HCNOILIOBATL B IMHAMMYECKHX pacuHeTax onpeie-
Afl0lICe COOTHOIICHHME, OCHOBAHHOC Ha TeopHH aMciokauuil [37]. B molens 3alomeHLI
yexTrl JedopMalHONHOID YIPOUYHEHHS, CKOPOCTHOIO YIPOYHEHHS H TeMIepaTypHOIo
pasynpoYHEeHHs, OCHOBAHHLIE HA aHATH3C TEMNepaTypHoil aKTHBRALINK.

Kamaslii Tun smukpocTpykTypsl matepuana ('K - rpaneuentpuposannas kyOuueckas
ynakoska, OLK - oOwemuo-uenTpupoBannas kyOH4HecKkas VIAKOBKAa) WHMEET CBOE
coOCTBEHHOE  ONpEICASIONICE  YPABHEHHE, B  33BHCHMOCTH  OT  JIHCIOKAIHOHHBIX
XapaKTCPHCTHK JaHHOH MHKPOCTPYKTYPLL

Onpexensiounide cooTHoUIeHHS 3epunau - Apmcrtponra umelor ase dopmul. dosa [HK-

METAIIIOB:
o=C,+Ceé exp(-C.T+CTIné)

B mozenu npucyteTsyioT 4 koHeranTel MaTepuana: Cy, Cs, Cy u Ce.
30eck HavanLHLIH npeJen TekydecTH Cp HE 3aBHCHT OT CKOPOCTH JeopMalHK H TeMNepa-

TYPLl, @ ONPEACAACTCA PA3MEPOM IPAH YL

Co=0,+k, /d"*

(9]

rae 4 - arepMHuYcCKas COCTaBIAIONIas HANPAXKCHHA, OTHECCHHAas K HadaldbHOl
MHKPOCTPYKTYpe Marepuana, d — cpeammii auamerp rpanyn u k- »aTepuannHas
KOHCTAHTA.

Bripamenue a1a OLK-metannos uMeeT BHAI:
o=C,+Cexp(-C,T+C,TIn &)+ CEE;

B nem npucytcTByeT wwecTh nocroanusx Matepuana Cy,C,,C5,Cy, Cs u n. Crpsxenue ne
o0g3aTenLHO JOMkHO 00pallaTLCs B HOML NPH TeMIepaType niasineuud. B ypaBHenuu
OTpakeHO AONOIHMTEILHOE (H3HYeCKOe ABICHME, KoTopoe ocobeHno Bamno aas OLK-
METAIJI0B - 3AMEHA [U1acTHHYECKOTO TeHEHHA MOCPEICTBOM CABHIA MIaCTHYCCKHM TCHCHHEM
38 CUET ABOHHHKOBAHHA,

B [38] npeacrapneno komMOMHHpOBAHHOE onpelensionlee ypaBHeHHe, 00LEIMHAIOLIEE
yacte Mmozenu [Qawoncona-Kyka, onucesalomyio edopMmallonHoe YIPOUHEHHE M HACTh
ypaBHeHHsS 3epHIAH-APMCTPOHra, KOTOpPas ONHCLIBAET CBS3aHHOE BIMAHHE CKOPOCTH

JedopMalHl | TeMIIEPaTypLl Ha HATNIPSAKCHHE TCUCHHS, H HMEeT CAeIYIOUIHH BH:

o=(A+Bg")exp(-C.,T +C,Lné")



B sToM onpeaendoumeM cOOTHOLIGHHH NPHCYTCTBYET NATL NOCTOSHHEIX Marepuana A, B,
n, C; u Cu B pabore [38] momno naliT nocTosHHBIE 3TOH MOIEH, KOTOPLIC MOMHO
ONpeaeInTh N0 PE3YILTATAM HCNLITAHHS Ha PACTAMKCHHE H KPYHUCHHE.

lloxazaTens aedopmannonHOro  yIpodHEHHS H  YYBCTBHTEALHOCTL K CKOPOCTH
aedopMann, YIUTRIBAIONINE 3aBHCHMOCTEL OT TEMIEPATYPLL.

Aptop patorel [34] npeanosun obodulenie ypagHeHHs COCTOSHHS B CIEIYIOLIEM BHIE:
o=B(T)e""&m"

rae B(T) - Tak uHasuiBaemblif MOIYIL TIACTHUHOCTH TPHM pacTsxKeHMW/CwmaTuu, £ -
ucTHHHAg gedopmauma, @ - uerHHHoe Hanps:wenue, n(T), m(T) - noxazarenn

JDEPOPMHHHDIIIIOI"O H CKOPOCTHOI'O YHIPOYUHCHHA COOTBCTCTECHHO (B COOTBETCTBHH C

IKCTIEPHMEHTATLHEIME HAGIIOASHHAME ABIAIOTCA (PYHKUHAMH TEMIEPATYpPLl), & =&/ &,

GespazMepHas  CKOpOCTL  niacTHueckoit  aedopmaumn u £, =lc [lokazarens

aeopmaunonnoro ynpounenus n(1) ymeHnlnaeTcs © Bo3pacTaHMeM TEMIEPATYPEHI, &
UYBCTBHTEILHOCTL K ckopocTH aedopmuposanus m(T) - seagercs BospacTarouici
yukumed Temnepatrypel. bonee geranpHoe wusyuenue nonaukpucrananueckux [LIK-
MeTannes, [34], no3BOAMIO MPOBECTH CACIVIOUIVIO KOHKPETH3AUHWIO BHIA BXOISLUIMX B
ypaBHeHHe yHKLINI:

B(T') = Byexp(qo /(T +T7))

Iy =ny(1-T/T,
ans uuskux Temneparyp (I =7/ 2 m(T)y=myT

s donee BeIcokuX Temnepatyp (77 =7 /2): m(T)=m,-(T -T,)

Taxuwm obpaszom, neodxoaumo onpeaenuTs 8 noctogHuelX marepuana: By, qp. Ty, ng, my,
mx, T,, u T, (T, - Temneparypa niasnenus).

Paznuunbivm ABTOPaMH NPEATaTalHCE YTOYHCHHA H oOo0menns Mogenei ;_-[}HOIICOIIH-K}"KH

1 3epunnu-Apsmcrponra [39,40,41,42,43,44 45].

[IepeMenHBIE 11 psiia CTaNEW MOYKHO HAUTH 1O JAHHOM CCBIIKE:
http://cae-club.ru/forum/parametry-razrusheniya-dlya-uravneniya-dzhonsona-kuka

BuiBOaBI:

1. PeanpHO aHATUTUYECKU PACCUUTATH BPEMS M CKOPOCTh Pa3pyIICHUs] aHKEPHOTO CTEPIKHS
JIOCTaTOYHO CIIOKHO (B HAIIMX YCIOBHIX — MPAKTUYECKU HEBO3MOKHO).

2. TlosTOoMy ompenensieM pealbHOE HAMPSHKESHUE B CTEP)KHE U CPABHUBAEM C JIOITYCTUMBIM:

=)
ngg[o-np]

3. Bpewms xe B 0,5 cex. mpUHUMAETCS CO CIEAYIOUMMHU LEeIIMu (yOpaTh JUHAMUYECKYIO
COCTABJIAIOLIYIO HAarpy3KH, T.€. IOKa3aTh, YTO HArpy3Ka cTaTHYECKast), COKPATUTh BPEMs.


http://cae-club.ru/forum/parametry-razrusheniya-dlya-uravneniya-dzhonsona-kuka

