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JKusyuecrn, pecypc u 6€30MaCHOCTh SKCILIyaTAIIMA KOHCTPYKIIMI OMPEIeISIOTCI CTEIIEHbI0 UX
IIOBPEIKIAEMOCTH, KOTOPAs IPeodIaIaromuM 00pas3oM periiaMeHTUPYEeTC HATUINeM U Pa3BUTH-
eM B MaTepuase aedexrros Tumna TpemyH. Ha ocHOBe pacueTHO-9KCIepUMEHTAIBHBIX JAHHBIX U
YUCIIEHHBIX pemeHHﬁ npezmomenm KHUHEeTHU4YeCKue 3aBUCHUMOCTHA paBBI/ITI/IH HOBerHOCTHbD( pas-
HOOPHEHTHPOBAHHBIX MOJIYSJITUITHIECKIX TPEIIUH C yYIeTOM aHU30TPOIINY CBOMCTB MaTepuasa.
ITomy4yens! pesynbTarTsl, HEOOXOAUMbIE JJIA HCCACIOBAHUN 3a1a4 KHHEMATHKY HEJIMHEHHON Me-
XAQHWKH CILIOIITHOM aHU30TPOITHON cpembl. [Ipenioimkenb! yToUHAIONMe IapaMeTpuIecKue ypas-
HEHWs COCTOSHUS YIPYTOIUIACTUIECKON Aed)opMaIOHHON anusoTponuu. IIpuBenensr pyHKIN-
OHAJbHbIE 3aBUCUMOCTH TIAPaMETPOB KMHETHIECKHX TUarpaMM MAaJIOITAKIOBOTO Pa3pyIIeHHs OT
MeXaHUYECKUX CBOMCTB MaTepHasa JJIf IIHPOKOT0 KJIACCa CBAPHBIX COENHMHEHHUH ayCTEHUTHBIX
Hep:KaBeIOINX IUKIndecku crabmibabix crased tuna 12X18H10T. Mcenenosanp! mporecch
PasBUTHA HAKIOHHBIX ITOBEPXHOCTHBIX MOIYIUIMITHUECKUX TPEITUH B KOHTHHYyMaX CBapHBIX
COEUHEHUN NpU HEIVMHEHHbIX IPAHUYIHBIX YCIOBUAX Harpy:keHud. [IpoBemeHbI pacyeTHO-3KC-
[IepUMEHTAIbHBIE U YUCIEHHbIE WCCAeOBAHUA HAIPSIKEHHO-1e(OPMUPOBAHHOTO COCTOSHUAS B
OKPEeCTHOCTH KOHTYpa KaK CTAIIMOHAPHBIX, TAK ¥ PACTYIIHMX TOBEPXHOCTHBIX IOy UIHITHYIE-
CKHUX IIPOUBBOJIBHO OPUEHTHUPOBAHHBIX B IPOCTPAHCTBE TPEIUH IIPU YIPYTOILIACTHYECKOM HO-
MUHAIBHOM ITAKJIAYECKOM HATPYKEHHH C yIeTOM aHHU30TPOIHH CBOMCTB Marepuana. [lomydeHo
(yHEIFOHATBHOE paclipeeieHre IapaMerpa HeOMHOPOIHOCTH MEXaHUIECKUX CBOMCTB MaTepH-
asia, BIMSIONIET0 HA HAKOIUIEHHE JIOKAIBHBIX IIACTHYECKUX HAed)opMaliiii ¥ Ha HApaBIeHue
Pas3BUTHSA YIPYTOILIACTHYECKOTO PA3pyIIeHus, IPeICTaBIeHHOe B BUle KHHETHIYECKOTO ypaBHe-
HHUSA HETMHEHHOU MeXaHUKH paspyuieHusa. Ha ocHOBe cpaBHEHUA SKCIIEPUMEHTATBHBIX PE3YIIh-
TATOB U YUC/IEHHBIX PACYETOB HAIPSKEHHO-Ie(DOPMUPOBAHHOTO COCTOSHUS 110 KOHTYPY HCCIIe-
JlyeMBbIX TPeIWH IIpU HeJIMHENHbIX KpaeBbIX YCIOBUAX Harpys:KeHUd IT0Ka3aHO XOpolllee Corvia-
COBaHHe MHTEHCUBHOCTEH OTHOCUTEIHHBIX YIIPYTOIUIACTHYIECKUX ed)OpMaIiiii B UX IOBEPXHO-
CTHBIX TOYKAX C y4eTOM [e(DOPMAIIMOHHON aHU30TPONMH. PacueTsl HA CONMPOTUBIIEHHE YIIPYTO-
IUTACTUYECKOMY Pa3pyIIeHHI0 3JIEMEHTOB OTBETCTBEHHOTO 000PYIOBAHUSA C YIETOM PACCMATPH-
BaeMbIX (DAKTOPOB HEIIMHEWHOM MEXaHUKW PaspyIleHus W HEeOIHOPOIHOCTH CBOMCTB IIO3BOJIAT
TIOBBICUTH TOYHOCTD OIEHKH MX ITPOYHOCTH, SKCILUIyaTAITMOHHbBIX PECYPCOB U KHUBYIECTH.

KoaroueBnble ci1oBa: I0KaIbHBIE YIIPYTOILIACTHYECKHE 1ehopMalivi; aHU30TPOIIHS CBOHUCTB Ma-
Tepuaia; CKOPOCTb PA3BUTHA MAJIOIHMKIOBBIX TPEIINH; TOBEPXHOCTHBIE HAKIOHHbIE TIOJTYJIIHII-
TUYECKHe TPEIUHbBL; KO3((HUIMEHT HHTEHCUBHOCTH e(POPMAITHii.
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Survivability, service life and operational safety of the engineering structures are determined by their
damage rate which is mainly regulated by the presence and development of the crack-like defects in the
material. Kinetic dependences describing the development of multidirectional semi-elliptic surface cracks
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with allowance for the anisotropy of the material properties are proposed proceeding from experimental
data and numerical solutions. The obtained results are required in studying kinematic problems in non-
linear mechanics of a continuous anisotropic medium. Refining parametric equations for elastoplastic
deformation anisotropy are proposed. Functional dependences of the parameters of the kinetic diagrams
of low-cycle fracture on the mechanical properties of the material are presented for a wide class of welded
joints of austenite stainless cyclically stable steels (12Kh18N10T). The processes of developing inclined
semi-elliptic surface cracks in the continuums of welded joints under non-linear boundary loading condi-
tions are studied. We have carried out combined computational, experimental and numerical studies of the
stress-strain state in the vicinity of the contour of stationary and growing surface semi-elliptic cracks ran-
domly oriented in space under elastoplastic nominal cyclic loading taking into account the anisotropy of
the material properties. The functional distribution of the inhomogeneity parameter of the mechanical
properties of the material, which affects accumulation of the local plastic strains and direction of develop-
ing the elastoplastic fracture is obtained and presented in the form of the kinetic equation of nonlinear
fracture mechanics. Comparison of the experimental results and numerical calculations of the stress-
strain state along the contour of the cracks under study in nonlinear boundary loading conditions revealed
a good agreement between the intensities of relative elastoplastic deformations at their surface points
with allowance for the deformation anisotropy. Calculations of the elastoplastic fracture resistance of the
critical elements of the equipment with allowance for considered factors of nonlinear fracture mechanics
and heterogeneity of the properties can improve the accuracy of evaluation of their strength, service life
and survivability.

Keywords: local elastic-plastic deformations; anisotropy of the material properties; low-cycle crack prop-
agation rate; inclined semi elliptical surface cracks; strain intensity factor.

BBenenune

IJKCILIyaTAIMOHHBIH Pecypc, KUBY4eCThb, IIPOU-
HOCTB ¥ 0€30IaCHOCTh KOHCTPYKIIMI IIPYU HATUIHUH B
HUX CBAPHBIX 3JIEMEHTOB OIPENEIAITCA CTEIIEHBIO
MOBPEKIAEMOCTH, KoTopas IIpeobiazanimuM odpa-
30M perJaMeHTHUpPYeTCd HATUIUEeM U Pa3BUTHEM Jie-
(eKTOB THIIA ITOBEPXHOCTHBIX MOJIYIJIIUITHUECKHX
TPEIIyH.

Ilenas paboTbl — wHCcaeqOBAHHE KAUHETUKUA Pas-
HOHAIIPABJIEHHOCTH YIIPYTOILIACTHYECKOTO paspy-
IIIEHUA IIPU yueTe aHU30TPOIINU CBOHCTB MaTepuaia
Ha OCHOBE KPUTEPUEB HEJIMHEWHON MEXaHUKU pas-
pylieHus.

Ha panmbIii MOMEHT MaTeMaTHYeCKH 3aBep-
IIIEHHON TEOPHH POCTA TPEIHUH B CIUIONUIHOH cpeje
C y4eTOM HEOTHOPOIHOCTH (PH3HUKO-MEXaHUIECKUX
CBOMCTB HE CYIIIECTBYET.

ITonydensl yTOUHSIOIIIHE IIapamMeTpbl ypaBHe-
HHUA COCTOSHUS YIIPYTOILIACTHYECKOH med)opMaliu-
OHHOHM AHMU30TPONHUH W (PYHKI[HMOHAIbHBIE 32BHUCH-
MOCTH TIAPaMEeTPOB KMHETUYECKHX AHUarpaMM Majio-
IIUKJIOBOTO Pa3pyIIeHUA OT MEXaHUYECKUX CBOMCTB
Marepuaia AJA IIMPOKOTO KJIacca CBApPHBIX COEIH-
HEHUH ayCTeHUTHBIX HEPKABEIONUX ITUKINYECKU
crabuabHLIX cranei tuma 12X18H10T.

B pesynbrare uccieqoBaHuA pasHOHAIIPABIIEH-
HOCTH IIPOIIECCOB YIIPYTOIIJIACTHYECKOTO paspyIile-
HUA B KOHTHHYYME CBAPHBIX COeIUHEHUH IIPYU HEeJIH-
HEHHBIX I'PAHUYHBIX YCIOBUAX HATPYKEHUSI IIPOBE-
EHBI PACUYETHO-IKCIIEPUMEHTAIbHbIE U YHCIEHHBIE
KCCIEI0BAaHUA HATIPAKEHHO-Ie(pOPMHUPOBAHHOTO CO-
CTOAHUSI B OKPECTHOCTH KOHTypa Kak CTallHOHAap-
HBIX, TAK U PACTYIUX IIOBEPXHOCTHBIX IIOJIYDJIIUII-
THYECKUX IIPOU3BOJILHO OPHEHTHPOBAHHBIX B IIPO-
crpaHcrBe TpemwuH. [IpuBeneHo QyHKIHOHATBHOE

pacipeneneHue IlapaMeTpa HEOZHOPOTHOCTH Me-
XaHWYIECKUX CBOMCTB MaTrepuasiad, BIUIOIIETO0 HA
HAKOIUIEHHE JIOKAJbHBIX ILIACTHYECKHX 1edop-
Manuyi ¥ Ha HaOpaBjeHWe PasBUTHUA YIpPyroIuiac-
THYECKOTO pa3pylLIeHusa, IMIPeACTaBICHHOE B BHIE
KMHETUYECKOTO YPaBHEHUS HEJIWHEHHON MeXaHWKU
paspylieHus.

CpaBHeHUE 3SKCIEPUMEHTANBHBIX [MaHHBIX U
YUCIEHHBIX PACUETOB HANPIKEHHO-1e(OpPMUPOBAH-
HOTO COCTOSHUSA II0 KOHTYPY HUCCIEAYEeMbIX TPEIINH
II0KA3aJI0 XOpOoIllee COIJIACOBAHWE HHTEHCHBHOCTEH
OTHOCHTEIHHBIX YIPYTOILIACTUYECKUX JIe(POPMAaIiHii
B UX MOBEPXHOCTHBIX TOYKAX C yI4eToM aed)opMaIiu-
OHHOH aHU30TPOINH.

MeToabl HccCIeOBAHUA

Ilpu pelleHuu MOCTABIEHHON 3a/1a4d WCIIOJb-
30BaJI PE3yJIbTATHI, IIOIyYEeHHbIE PACUETHO-DKCIIe-
PUMEHTATHHBIMA U YUCIEHHBIMH METOIAMH HAa OC-
HOBe mporpamMmuOr0 Komiuiekca ANSYS, B 1emax
oTpejieNieHus HAIPSKEHHO-Te(POPMUPOBAHHOTO CO-
CTOAHUA TI0 KOHTYPY HAKJIOHHBIX IIOJIYJJIIUIITHYE-
CKHX TpeluH IIPpH HEJIMHEeUHBIX KpaeBbIX YC/IOBHUAX
HArpy/KeHUs.

B nmammoM wmcciemoBaHUM HPOBOMUIN HCIBITA-
HUA HA PaCTaKeHWe — CKaThe MPU CUMMETPUYHOM
[UKJIe HATPY;KeHUSI TPyOUaThIX CBAPHBIX 00pa3IoB
(BuemHuit guamerp D = 50 MM, BHyTpeHHUH —
d =30mm) cramu tuma 12X18H10T c¢ mamecen-
HBIMH HA BHEIIHIOI ITOBEPXHOCTh Pa3HOOPHUEHTH-
POBaAHHBIMH  IONYJJUITUIITHUYECKUMH  TPEIUHAMU
(puc. 1). HMcxomublie TpeIiuHbl HAHOCHIHN 3JIEKTPO-
SPO3UOHHBIM METOOM U HCCIETOBAHUSA IPOBOIUIN
corsacHo MeTonuke [1].
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Puc. 1. Cxema HaHeceHUsT UCXOTHBIX HAKIIOHHBIX IIOBEPXHO-
CTHBIX TOJIYSJIANITHYECKHUX TPEIIWH HA pasBepTKe BHEIIHeH
0GOKOBOH ITOBEPXHOCTH ITMIMHAPWIECKOr0 CBApPHOTO obpasia
cramu 12X18H10T

Fig. 1. Scheme of applying initial inclined semi-elliptic sur-
face cracks on the involute of the outer lateral surface of a
cylindrical welded steel specimen 12Kh18N10T

PesyasTarsl padoThl H UX OOCY:KIEHHE

B pa6orax [2 - 10] mokasamo MojeaupoBaHue
IIOBEPXHOCTEH YIPYTOILIACTHYECKOTO pas3pyIIeHUI
IIpU MaJIOIMKIOBOM Harpy:xenun. Ha pwuc. 2, co-
rimacHo [8], rpadmueckn IpeacTaBaeHa pacyeTHAs
TIOBEPXHOCTH PaspylieHus Pa3HOOPHEHTHPOBAHHBIX
MAaJIOIUKIOBBIX MOIYJUIMITUYECKUX TPEIUH, a
TaKKe KOHEYHO-3JIEMEHTHASA MOJENb IIOJy3JIIUITH-
YECKOU TPEIUHBI U I0JIe YIPYTOILUIACTHIECKUX Je-
dopmarmii B ee MOBEPXHOCTHON TOYKE IIPU OTHOCH-
TEIbHOM HOMWHAJIBHOM HATPAKEHUM PACTIKEHUA
G ,; = 1,33, nomydeHHbIe YUCIEHHBIMU pacdeTaMU C
MOMOIIBI0 TTporpammHuoro Komiuiekca ANSYS [7].
37ech ¢ — TOMIWHA CTEHKU IUIUHIPUIECKOTO 00-
pasua; b u ¢ — Manas u 60NIbINAA TOIYOCH ITOIYdJI-
JIUNTUYECKOH TPEIIUHBL.

IloBpe:xmeHHOCTh 32 PEAKUM HCKIIOYEHHEM He
HAOIIOMAIN ¥ He U3MEPSIId, & U3MEHEeHHe MeXaHu-
YeCKUX CBOMCTB OOHAPYKMBAIU IIPH OTKIUKE Teja
Ha Pa3IuIHbIe BHEIITHUE BO3IeHCTBUS.

HsBectHo, 4yTo B MexaHHWKe 1e)OPMHUPYEMOTO
TBEPZOTO Teja IIPOIleCC MOBPEKIEHHOCTH YUUTHIBA-
eT W3MeHeHHe CBOWCTB MaTepuaia B pes3yirbrarTe Ha-
KOIUIEHUA Pa3HbIX BUAOB IOBPEKIECHUN A JIMHEN-
HO-yIIPYTOTO MaTepuajia ¢ PpacCeIHHBIM II0JIEM MUK-
pofepeKTOB WiIM AHU3OTPOIHH CBOYMCTB COTJIACHO
ACHUMIITOTHYECKOMY B3aKOHY YCTAJIOCTHOTO POCTa
TperuHsl [2]:

0;j = Cymwey, (1)

rze 0y, €; u Cjj;; — KOMIIOHEHTBI TeH30pa Halpske-
HU, neopManuii ¥ HAYAIBHOH KECTKOCTH; | —
IIOBPEXAEHHOCTD.

0

Puc. 2. I'paduueckoe mpespcraBieHne pacyeTHOR MOIETH

[IOBEPXHOCTEH  PAa3HOOPUEHTHPOBAHHBIX  MAaJIOI[UKIOBBIX
[IOBEPXHOCTHBIX TpeuwH (a), rge A — pacdyerHas [IOBEPX-
HOCTH TPEL[UHbl; B — KOHTYpP peanbHOM [IOBEPXHOCTH Tpe-
muHbl; C — TOYKH peaTbHOM II0BePXHOCTH TPEIUHEL; biby =
= l;, = 2a, = I;,; a0, = 2ay; ok = b*; ok, = b, = I;,; ok, =
=1b,; ob; = a*; 3i)ld =r* b,c =r (@), a TakKe KOHEIHO-dJIe-
MEHTHas MOJEIb IOLYIUINITHIECKOH TPEIIUHbI ¥ II0Je
YIPYTrOILIACTAYECKUX Jed)OPMAIUi B €€ [IOBEPXHOCTHON TOY-
ke mpu b/t = 0,15, bja = 0,714, e; = 1,843 - 103, 5,;, = 1,33,
MAKCHMAJIBHON OTHOCHUTEIBHOM HHTEHCHBHOCTH aedopma-
U &; = 320 (6)

lmax

Fig. 2. Graphic representation of the calculation model of
the surfaces of multidirectional low-cycle surface cracks,
where A — calculated crack surface; B — contour of the real
crack surface; C — points of the real crack surface. bb; =
=1, = 2a, = I,; a0y = 2ay; ok = b*; ok, = b, =1 ; ok, =
=b,; 0b; = a™; gld =r* b,c =r (a), as well as the finite ele-
ment model of a semi-elliptical crack and the field of
elastoplastic strains at the surface point at b/t = 0.15,
bla = 0.714, eq; = 1.843 x 103, 5,; = 1.33, the maximum
relative strain intensity ;. ,. = 320 (b)

IIpm nsmeHeHny mapaMerpa P MOMKHO HOIYIUTH
(pyHKIIMOHATIBHYIO 3aBUCHMOCTh POCTa YCTATIOCTHOH
TPEIUHBI 110 3aKOHY

dy o, " 1
Bk SRS S mpu (0, > 0y,wY), (2)
I ( v J ym p th Y

rne N — 49ucio nuKIoB; ¢, m, n (n > m), y, Oy, —
MTOJIO/KUTENbHBIE KOHCTAHTHI MATepUaa;

G, =,|—S8

c Zijs

ij ’
8;j = 0;; — 0;0,//3 — KOMIIOHEHTHI IeBHATOPA HAIPA-
SKeHUH.

B pesynbrare cKopocTb pocTa TPEUIMHBI MOKHO
OLIEHUTDH (PYHKIIHEH

di.. _
Uk _cAK P, (3)
dN

rae d/;;;,/dN — cKopoCTb TPeIUHBI B COOTBETCTBYIO-
II[eM HaIlPaBJIeHUHU IIPOCTPAHCTBa; N — YHCIO IIUK-
0B Harpy:xenus; ¢ = f(n, m, p, 6 ;;, €;) — HEKOTO-
pas QyHKIMSI KOHCTAHT MAaTepuayia M yCIOBHH Ha-
Tpy#eHus; [, — IIMHA TPEIIUHBI B COOTBETCTBYIO-
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Puc. 3. 3aBuCHMOCTH CKOPOCTH POCTA MAaJIOIMKJIOBBIX Ha-
KJIOHHBIX ITOJIy3ITUITUYECKUX TPEIINH B CBAPHOM COeJUHe-
uuu obpasna cramu 12X18H10T or pasmaxa MHTEHCHBHOCTH
JIOKQJIBHBIX YIPYTOIIACTHYECKUX OTHOCUTENBHBIX Jedopma-
IIUH B UX MOBEPXHOCTHOM TOUKe mpu @ = O my = 0.

Fig. 3. Dependences of the growth rate of low-cycle in-
clined semi-elliptic cracks in the welded joint of a
12Kh18N10T steel sample on the magnitude of the intensity
of local elastoplastic relative deformations in the tip at
¢=0andy=0.

IIleM HAaIpaBIeHHH KOOPAUHATHBIX ocel; AK , —
pasMax OTHOCUTEIBHOTO KOB(PUI[HEHTa WHTEHCHB-
Hoctu Hanpsaxenuit; a — I, I, III momemnu paspyiie-
uusa. Popmyrna (3) nmpu p = 2 MO CBOEH CTPYKType
AHAJOTHYHA 3aKOHY YCTAJIOCTHOTO POCTa TPEIHUHBI
IIspuca — Ipporana.

Jl7s1 pocTa yCcTaIOCTHON TPEIUHEI IPeicTaBIIe-
HO JIOCTATOYHO MHOTO BAPHUAHTOB (PYHKITHI, XOPOIIIO
OIIMCHIBAIOIIUX JHUATPAMMY YCTAJIOCTHOTO paspylie-
HUs, HA OCHOBE aHAIUTHIECKOHA 3aBUCUMOCTH

dr

W F(oy, 1, Cy, ..., C), (4)

i
rje I — paguyc-BeKTOp, IPOBEIEHHBIA B TOYKY KOH-
Typa TpemuHbl; C; — KOHCTaHTHI.

IIpu HenMHENHBIX TPAHUYHBIX YCIOBUAX HATPY-
JKEHHUA CKOPOCTH POCTa MAJIOIIUKJIOBBIX TPEIHH CO-
rJ1acHO 1e)OPMAITHOHHBIM KPHUTEPUIM Pa3pyIIeHus
[3 — 4] moskeT OBITH OIIpee/ieHa Yepes pasMax OTHO-
CHUTEeTTbHOTO K03(hhuIIeHTa HHTeHCUBHOCTH Jiechop-
maruit AK ®, B cooTBeTcTByMOmEM HOMyIUKIE Ha-
TPyKeHU:

dl., _
9k _c _AKF, (5)
dN

rneC,; =1/ 2Tcé?i; Yoi = 2 — XapaKTEePUCTUKN MaTe-
puaa B JaHHOM €ro TOYKe U MPHU ONPEeeIeHHbIX yC-
TIOBUAX HATPYWKEHU, € ; = ej/e, — WCTHHHAT OTHO-
CHTelbHAs paspylanmEas nedopMaris B JOKaIb-
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Puc. 4. OxkcniepuMeHTANbHBIE BEIWYUHBI YIIPYTOILJIACTHYE-
ckux ned)opMaIruii B 3aBUCUMOCTH OT PACCTOSHUSA OT TOYEK
BEPIIUHBI KOHTYPA HOJIYJUIMITHIECKONH TPEIUHbI, HAXO05-
me¥ica B 30HE TEPMUYECKOTO BIUAHUA (TOUKH), U aHAJIOTHI-
HbIE YHCJIEHHbIE 3aBUCHUMOCTH (JIMHUM)

0 14 2.8

Fig. 4. Experimental values of elastoplastic deformations
depending on the distance from the tip of the semi-elliptic
crack located in the heat-affected zone (points), and corre-
sponding numerical dependences (solid lines)

HOH 30HE BEPIINHbBI TPEIIUHEI (e,; — JOKaIbHA Je-
dopmarus Ha mpezenae TEKydeCTH B JAHHOM TOUYKE,
e; — WCTHHHAfA JIOKaIbHAA paspylnaiomas nedop-
MAaIs B TOYKe 00beMa).

Il 1151 yIIpyroImiacTHUYeCcKnux TeJ ¢ TPELIUHOHI B yc-
JIOBUAX pa3BHTOfI IIJIACTUYHOCTU 3HepI‘eTI/I“IeCKI/Iﬁ
KpUTEepHi paspylileHus (T.e. yCJIOBHe Hadaja pac-
MIPOCTPaHEeHHUA TPEIIUHBI) — IOCTHIKEHUHU J-uHTe-
rpajia CBOEro IpejeIbHOT0 3HAYEHUs oJ,, SIBIIIOIIe-
rocsi XapaKkTepPUCTUKOM MaTepuaa, (popMyIHPyeTcs
ypaBHEHHEM

1 ou;
J—Glus-»dxz -T.—tds=dJ,,
2 vy ' ox
C 1
roe T; — mpuioeHHbIE K GeperaM TpeIIMHbI Ha-

TPY3KH; U; — TepeMeIleHus.
CormnacHo nedopMaIMOHHBIM KPUTEPHUIM Pa3py-
uieHus [3 — 4], pa3BUTHE TPEIIUHBI B TOUKE ee KOH-
Typa IMPOUCXOIUT B MOMEHT JOCTHIKEHUSI WHTEHCUB-
HOCTH YIIPYTOILIACTUYECKOH ne)OPMAIUU e; BeH-
YWHBI MCTHHHOM paspylIiawlei aedopMmamun er B
9TOM K€ TOYKe, 3aBUCAIIEH OT 0OGBEMHOCTH HAIPS-
JKEHHO-1e(DOPMUPOBAHHOIO COCTOSHHS B JAHHOM
MUKPOOOHEME BEPIIHHELI KOHTYPA TPEI[UHBL:

€; =€f.

Pacmipenenenre 3THX JIOKAIBHBIX pPas3pylIao-
mux qedpopMaIiuii Ha KOHTypPe II0OBePXHOCTH TPEIIIH-
HbI U (POPMHUPYET TPACKTOPHIO €€ PA3BUTHS B IIPO-
crpauctse [1,4 -6, 8 - 9].
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OcHOBHOE ypaBHeHWE KWHETUKUA PA3BUTHSI Ma-
JIOIIMKJIOBOTO paspyinenus [3 —4] Ha ocHose (5)
UMeeT CIeAYIOIIUI BU/I;

dl..
gk _ 5"

rie Ae; = Ae,/e,; — pasMax HHTEHCHUBHOCTH OTHOCH-
TENbHBIX YIPYTOILIACTUYECKUX JedopManuii Ha
KOHTypPe TPeIUHEI; e,; — AedopManusa Ha Ipefese
TEKy4eCcTH B JAHHOW TOYKEe CBAPHOTO COEMUHEHWU,;
C, v n,, — XapaKkTepHCTHKA MaTepHaia M yCTOBHH
Harpysxenus. [Ipyu pasBUTHIX yIPYrOILIACTHIECKUX
neopmanusax ypaBHeHue (6) XOpOIIO OMHCHIBAET
pe3yabTaThl  YKCIEPUMEHTANBHBIX HCCIeIOBAHUMN
(puc. 3) mpu mapamerpe n,; = 2.

ITonyuenubie sKcriepuMeHTATbHbBIE YIPYTOILIA-
crudeckre med)OpMaIiy B IMOBEPXHOCTHBIX TOYKAX
HAKJIOHHBIX TOIYSTUIITHYECKAX TPEIUH XOPOIIIOo
COTJIACYIOTCA C [AHHBIMH YHCJIEHHBIX PACUYETOB
(puc. 4), TPOBOAMMBIX C IIOMOIIBIO IIPOrPAMMHOTO
rommnexca ANSYS [7].

Ha puc. 3 mpuBeneHb KUHETUYECKHE TUATPAM-
MBI MAJOIUKIOBOTO PA3PYIIEHUS — 3aBUCHUMOCTH
CKOPOCTH POCTA MAJOIMKIOBBIX IOy JIITHIITHYE-
CKMX TPEIWH B CBAPHOM COEIWHEHWHU o0pasiia OT
JIOKAJIBHBIX YIPYTOIIACTUYECKUX OTHOCHUTEIBHBIX
meopManuii B WX TOBEPXHOCTHBIX TOYKAX IIPH
¢ =0.

Ha ocHoBe sKcIiepuMeHTANBHBIX PE3yIbTATOB U
YUCIEHHBIX PEIIeHUH MPeIIOKeHa SMITUPUIECKAST
3aBUCHMOCTh IPOCTPAHCTBEHHOTO pACIIPEIeTIeHHs
napamerpa C,; B o6beMe CBAPHOTO COCIUHEHMA OT
OTHOIIIEHUS IPeesa MTPOYHOCTH Oy; K MPeIesy TeKY-
YECTH MaTepuayia O, B COOTBETCTBYIOIINX TOYKAX
COEMHEHNUS:

Cej = a1(04/0) — ay, (7
rae a; = 5 - 1070 m/uukr; ay = — 5,75 - 1072 M/mukL.

I nsa ocaoBuoro Metasta 12X18H10T uccnexnye-
MOTO CBAPHOTO COUHEHWUS IIPEeN TeKYIECTH Oy =
= 280 MIla, wmoxmyns ympyroctu E,= 1,98 X
x 105 MIla, npexen mpouHoctu o,y = 578 Mlla,
mpenes TeKydecTu e,, = 1,41 - 1073,

Takum o06pasoM, HA OCHOBAHWUU pPe3yJIbTaTOB
MIPOBEIEHHBIX HccIemoBaHuii u pabdor [3 —21] oc-
HOBHOE ypaBHEHHE Pa3BUTHA MAaJIOI[UKIOBOTO pas-
PYIIEHHUS ¢ y4eToM (PU3UKO-MEXaHWIECKON HEeOoIHO-
POIHOCTH MaTepwaja MIUPOKOTO KIacca ayCTeHUT-
HBIX HEPIKABEIOIINX IUKINYECKH CTAOWIBHBIX CTa-
Jeft MOKeT ObITh 3aMKCAaHO B BUJIE

dl,, A | )
ok _| g, 78 _q, |(Ag] sin? )2, ®8)
(¢}

dN

T

e B¥, Aé; — pacueTHbIH yToa HAKIOHA MOJETHPO-
BaHHOMU IIOBEPXHOCTH Pa3pylIeHus U pa3Max HHTEH-

CHUBHOCTH OTHOCHUTEILHBIX YIIPYTOILJIACTHYECKHUX JIe-
dopMainii B KOHKPETHON TOYKE CBAPHOTO COEIUHE-
HHS Ha KOHTYpPE TPEIUHEI.

JKCIepUMEHTAIbHBIE 3HAUYEHHS PasMaxoB WH-
TEHCHBHOCTEH JIOKAJBHBIX OTHOCHUTEIBHBIX YIPYIO-
nnactrdeckux nedopmanmit Ae; = Ae; /e,; momyde-
HBI C yYETOM MATEMaTUIECKOHM MOJEIN IPOCTPAHCT-
BEHHOTO pacIIpe/ie/IeHns IIPeiesia TEKyIeCTH B CBap-
HOM COeuHeHuu o,; = f(x,y, z) [6].

IIpencrasnenunas B pabore [9] maTremaruueckas
MOJIeNIb paclpeie/ieHnus MeXaHnIeCKUX CBOMCTB Ma-
TepHaia HCCIENyeMbIX CBAPHBLIX COENUHEHHN I
[IHPOKOTO ayCTEeHHTHO-HEPIKABEIOI[ero Kjaacca Cra-
nett Tuna 08X18H10T u 12X18H10T mossomaser uc-
MOJIb30BAaTh OOBEMHBIE IIOJIT WX PACIpPEeIeIeHMUs.
OyHKIUN U3MEHEHN OTHOCUTEIbHBIX HATIPIKEHNA
TEKYy4eCTH G ,; = 0,;/0,9 H IPOYHOCTH G ,; = Oy;/0y B
PasIMYHBIX TOYKAX 00beMa IIPeICTABIECHBI HUIKE.
Taxk, 6,; 10 06BeMy cBapHOro IIBa (CII), BKIOYATL
ero JUHUIO (30HY) criaBjaeHus (Jic), — ypaBHEHHEM

2 2 2
G, = Al[f) +A, (‘f) +A3(§j +A, 9

B 30He Tepmudeckoro BiaudguHusg (3TB) csapnoro
1IIBa — ypaBHEHUEM

2 2
G, = Bl(fj + B, Kfj+33} +1, (10)

roe 3sHavenus koaduimenTtoB A, u B;, Trme
1 =1,2, 3,4, 3aBUCAIIAX OT MHOTOYHUCIEHHBIX IIa-
pameTpoB cBapku, npuBenensl B [6]; X, Y, Z, t — co-
OTBETCTBEHHO KOOPAWHATHI TOYKHA CBAPHOTO COEIH-
HEHWs U ero TOJIIHHA.

H3MmeHeHHsI OTHOCUTEIBHBIX HANPS/KEHWH IIpe-
Jejia MPOYHOCTA B COOTBETCTBYIOIIUX TOYKAX O0b-
eMa Marepuana [6] ommMchIBAIOTCS CIIELyIONUM 006-
pasom:

I MeTajljia IIBa ¥ JWHWU CIUIABICHUA —
ypaBHEHHEM

2
G, =By| D, +D2(IZ—O,5) +

2 2
oTos (X7

I7IS 30HBI TEPMUYECKOT0 BIUAHUA, BKIIOYAT JTHHUIO
CILIaBJIEHUS, — YPaBHEHUEM

2
G, =By D, +(D5 +Dyg IZI‘Z(—GB) , (12

rue napamerpsl D, (mpu i = 1 - 6), By u 0, npuBene-
HEBI B [6].
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YpaBHenue (8) onuchbiBaeT KMHETUIECKYIO IHa-
rpaMMy MAaJOIIMKJIOBOTO Pa3pyIIeHUs CBAPHBIX CO-
eMHEeHU TIPYU HAIWYWK HAKIOHHBIX C mMpeobiama-
IOIMM IIEPBBIM TVIABHBIM HOMUHAJIBHBIM HAIpKe-
HHEM ITOBEPXHOCTHBIX MOIY3IIANTHIECKUX TPEIIH
C ydYeToM AaHM30TPOIUU CBOHCTB. OKCIEPHUMEH-
TaJbHBIE PE3YJbTATHI IIOCTPOEHUSI KUHETUIECKOU
qUarpaMMbl  YIPYTOIJIACTHYECKOTO Pa3pylIeHUd
TaKKe IIOKA3bIBAIOT, YTO MCXOJHBIE OCTATOYHBIE
HaIIpS)KEHUS CBApKW He OKAa3bIBAIOT IIPHUHITUIIH-
aTBbHOTO BJIMAHUA HA PA3BUTHE TPEIIUH IOCTIe He-
CKOJIBKUX JIECATKOB IIMKJIOB YIIPYTOILIACTUIECKUX
HarpyxeHuu.

IIpencraBnennbie Ha puc. 4 pes3yabTAThI IIOKA-
3BIBAIOT XOPOIIlee COTIaCOBAHUE PACUYETHO-DKCIIEPH-
MEHTAJIBHBIX U YHCIEHHBIX 3aBUCHUMOCTEH OTHOCH-
TEJIbHBIX MHTEHCUBHOCTEH yIPYTOILIACTUIECKUX JIe-
thopmariuii e; B6IM3H KOHTYpa MOIYdIIAITHIECKOH
TPEIIUHbI, HAXOAIIEHCA B B30HE TEPMUYECKOTO
BIIUSHUA, OT OTHOCUTEIHLHOTO PACCTOAHUA OT TOYEK
BEPIIUHBI KOHTYpA 1/t (r — paccrosHue, { — TOJIIIIH-
Ha CTEHKHU 00pasiia) Jjsd IMIHPOKOT0 JHUAa30Ha Teo-
METPHH TPEIUHbI; G ,; = 0,;/0,; — HOMHHAIBHOE OT-
HOCHUTEJIbHOE HaIIpSKEHUe.

Ha ocuoBe aHanm3a IpoBeeHHbBIX SKCIIEPUMEH-
TAJbHBIX U YHUCIAEHHBIX HCCIETOBAHUM IIOIyIEHbI
KOJIMYECTBEHHAA OIIEHKA KWHETHKHU II0JeH JIOKAJb-
HBIX YIPYTOIUIACTHYECKUX JedopMaliuii B TOYKAX
KOHTypa (ppoHTa mcciaeayeMbix Tpemmu [1—21] u
000061TIeHHAsA HArpaMMa MAIOIUKIOBOTO paspylie-
HAS C Yy4eToM Je(POPMAIMOHHOM AHH30TPOIUU
CBOMCTB MaTepHuaa.
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