Konuenrpar Muxaiinos-

ckoro ' OKA . Bo:d L
IToydeHHBIN KOHIICHTPAT 28.44 68,1 29.24
[TpommpoykT 71.56 57.8 70.76

[IpuMmeHeHre JaHHOTO METO/Ja B COYETAHWHU C TOHKHMM TI'POXOYEHUEM WU
MarHMUTHO-TPABUTALIMOHHON KOHIEHTPAIMEN MO3BOJISIET MOJIy4yaTh KOHIIEHTpA-
ThI C KQYECTBOM, MPUTOJAHBIMU JIJISl UCIIOJIb30BAHUS B 0€3JIOMEHHOU METaILITyp-
MU HE UCMOJIb3Yys (hIOTAIMIO, YTO MOBBIIIAET FKOJOTHUUECKYIO O€30MacCHOCTb,
3HAYUTENBHO COKpAIlaeT 3aTpaTbl U COOTBETCTBEHHO TMOBHIIMIACT 3(PPEKTHB-
HOCTb MPOU3BOJICTBA.
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IOOEKTUBHOCTDb HMCIIOJIB3OBAHUA DHEPI'MU B3PbIBA
CKBA’KMHHOI'O 3APA/IA BB

DddexkTuBHAS U KaueCTBEHHAs B3PHIBOIIOATOTOBKA TOPHOM MacChl OKa3bl-
BaCT MPSIMOE BIUSHHUE HA TEXHUKO-DPKOHOMHUYECKHE IMOKa3aTelau JOOBIYM TI0-
JIE3HOTO0 MCKOIMAEMOTr0 OTKPBITHIM CIOcoO0M. [Ipon3BoCTBO B3pHIBHBIX padOT
Ha COBPEMEHHOM JTalle XapaKTEPU3YETCS CIOKHBIMU TOPHO-TEOJIOTMYECKUMHU
YCIIOBUSIMH BEICHUS OypPOB3PBIBHBIX PabOT.

B »Tux ciydasx BO3HUKAE€T HEOOXOJUMOCTH B Pa3pabOTKE TEXHOJIOTH
B3PBIBHBIX PabOT, MO3BOJISIIONIUX TMOJy4aTh BBICOKOE KaueCTBO JPOOJICHUS
B3PBIBAEMOM TOPHOU ITOPOBI.

Xapakrep mpolecca B3pbIBHOTO pa3pyLIEHUsT MacCUBA TOPHBIX MOPOJ BO
MHOTOM OTPEEISIETCS KOHCTPYKTHBHBIMH OCOOCHHOCTSIMU CKBAKMHHOTO 3a-
pana BB. HMcnonb3ys nociiennue, BO3MOKHO 3HAYUTEIBHO YMEHBIIUTH MUKO-
BO€ JIaBJICHUE MPOAYKTOB JIETOHALIMU HA TPAHUIIE pa3lielia 3apsaa-1opoa, yBe-
JUYUTH OO0IIee BpeMsi BO3JCHCTBUS B3PBIBHBIX HArpy30K Ha pa3pyliacMblil
MaccuB U TeM caMbIM NoBbIcUTh KII/I B3pbIBa.

Hccnenyem mpoliecc pa3pylieHdus TOPHOTO MacCUBa NPU HAJIUYUU B
ckBaxuHHOM 3apse BB [1] Bo3aymiHoro mpomexyTka v OTpaykaTelis U3 ChIIIy-
YUX MaTepUayioB

[Ipu wuccrmenoBaHMM NUHAMHYECKOTO Pa3pyILICHUS TBEPAOM CpElbl MpPH
B3pBIBE BBOJATCS B pacCMOTpPeHHE BOJHBI paspymeHus [2]. Tloa BomHOM pas-
pYIIEHUS] OHUMAETCSl PACIPOCTPAHSAIOIIASACS B pa3pyllaeMoill cpeie MoBepx-
HOCTb, OT/AEJISIONIAs MaTeprall Cpeabl OT pa3pylleHHOro. Tak kak pa3pylieHue
MIPOUCXOUT 332 KOHEYHOE BpeMs, TO yJI00HEe paccMaTpuBaTh HE TOBEPXHOCTD,
a CJIOM HEKOTOPOU TOJIIIIUHBI.

[Ipn B3pBIBE CKBaXXMHHOTO 3apsiaa UIsl ITPOIYKTOB JETOHALMMU CITPABEIINB
M303HTPONMUMHBIN 3aKOH PACIIMPEHMS], CBA3BIBAIOIINN JIaBJICHHE P 1 MIIOTHOCTS p.
P=a-p",

rje N — KOHCTaHTa JaHHoro BB.

[Ipu ucteueHun NPOYKTOB JIETOHAIIMU B KaKyr0-I1M00 cpey B MOCIeAHEN

Bceryia o0pasyercsi yJaapHas BOJIHA, CKOPOCTh KOTOPOHM corjiacHO pabothl [1]

ONIPCACIIICTCA N3 BBIpa)KeHI/I}I:
n-1

o ||
u =2 (120 | P
 n+1 n-1 P

1

rae D - ckopocth neronanuu BB; P, — naBienue Bo ppoHTE AeTOHAIMOH-
HOU BOHBI, P, — HauanpHOE AaBieHUE BO (PpoHTE yAapHOW BOJIHBI, 00Opa3yro-
LIEHCs B Cpele.

OuyeBUIHO, YTO CTPYKTYpa W MapaMeTpbl BOJIHBI pa3pylICHUs 3aBUCST OT
UMITyJIbCHOW Harpy3kd, B HallleM Ccloydae yAapHOW BOJHBI U (PU3UKO-
MEXaHUYECKUX CBOMCTB pa3pylIaeMOu CPEJIbI.
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PaccmoTpum paspymiaroriee eHCTBHE CKBXHHHOTO (LIMJIMHAPUYECKOTO)
3apsaa BB B muiockocTH, NMEpHeHauKYIIAPHOU K OCH 3apsiia, TO €CTh PacCMOT-
pPUM ITOCKYIO KapTUHY TEUYEHHS pa3pylleHUs. 3aKOH COXPAHEHHUS] SHEPIHH Ha
(bpoHTEe BOHBI pa3pyLICHUS UMEET BU!

1 _ _
W, —W = E(Pl + Pz)(pll _pzl) !

rae. @, (U, - BHYTPEHHASA DHEPIUs CPEJbl HA MOBEPXHOCTH, HA KOTOPOM Ha-

YUHAETCSl pa3pylICHHE U COOTBETCTBEHHO HA MOBEPXHOCTH, TJ/i€ NAJIbHEHUIIIEEe
pa3pylLICHUE HE MPOUCXOIUT;
Py, P, — HanpsikeHus, HOpMaJbHbIE K TOBEPXHOCTAM, TAE MPOUCXOIUT U
HE MPOUCXOJUT PA3PYILICHUE;
p1, P2 — ILIOTHOCTb CPE/Ibl COOTBETCTBEHHO HA YKAa3aHHBIX TOBEPXHOCTSIX.
CoracHo [3], eciii BHYTPEHHIOK SHEPTUIO SIMHUIIBI MACChI MaTepraia 000-
3HAYUTh YEPE3 Mg, TO IS pa3pyLICHHOIO MaTepuaa:

=P 2kp, + > 12 up, + ,(T,)"
3P :JX +GX +GZ
622=(Ux_0y)2+(o-y_o-z)2’ C()O(Tl):C.Tl.pl_1 (1)

wy(T,) = ¢ Ty py
rJIc. k — MOAYJIb BEKTOPHOT'O cXKarus, L — MOAYJIb cIBUra, ¢ — TCIIOCMKOCTD.
3a pPOHTOM BOJIHBI pa3pyllEHUs AJIs Pa3pPyLIEHHOTO MaTepuana
W, = 65(2Ep2 )"+ @y (T, )+ o
rae. Mg — MMOBCPXHOCTHAA SHCPI'UA.
Tak kak B Haluem CilIydac pacCMaTpuBacTCsa 3a/lada Ha INIIOCKOCTH, TO C
YHETOM COOTHOWCHUH & =g ; o, =v(0, +0,) NOIydacM ypaBHEHHUE Terl-

JIOBOTO OajtaHca
w, +C(T,-T,)= O'*Z(ZE)_l(l_V(pz P )(1-v)7o.) (2)
pu o«=E-&x, TAC: &+ - IpeIebHast 1eGopMarus PacTIKCHUS.
CornacHo ypaBHeHUs (2. 2) TEIJIOBBIC TOTEPH IIPH Pa3pyIICHUN PaBHBI:
AQ=0?12E, - w,- 3)
C y4eToM OCEBOW CHMMETPHH PacCMOTPEHUS IpoIecca pa3pylieHUs
OKOHYATEJILHO HMEEM.

MQ=(?12E) (1 ~pH(eci) )] (4)

Otcroga ciemyeT BaKHBIM BBIBOJA, YTO YeM HHTCHCHBHEE IMPOUCXOJUT
ApobiieHue, TeM Oosibliie TersioBbie moTepu. CraenoBaTeabHO, U3MEHSIA BEIUYH-
HY B3PBIBHOT'O BO3JICHCTBHS Ha pa3pyllaeMyro cpeay, MOKHO BiusTh Ha KIIJ]
B3pbiBa. Kak BUIHO U3 MOCIEIHEr0 YpaBHEHUS, MOTEPU SHEPIUU HA HarpeBa-
HUE MOPOoJbl TeM OO0JblIe, YeM 0oJibllie pa3apoldiieHa cpena. ITo MPUBOAUT K
OBICTPOMY 3aTyXaHHIO BOJHBI pa3pyIICHUS.
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Kak yxe ormedanoch, BHyTPEHHSISI CTPYKTypa BOJHBI Pa3pyILICHUS] COCTO-
UT U3 JABYX MOBEPXHOCTEH: L; — MOBEpXHOCTh, HA KOTOPOW HAUMHAETCS pa3py-
meHue u Ly — moBepXHOCTh, 32 KOTOPOM JalibHEHIIIee pa3pylleHUe HE MPOUC-
xoauT. OUeBUIHO, YTO MEepe]l MOBEPXHOCTHIO Ly cpena moaBepraercs pacTske-
HUIO, a 32 TIOBEPXHOCTHIO L,, pacTsaruBaromye HanpsHKEHUS MOTHOCTBIO CHSI-
THL.

Ha o6pa3oBanue TpeniymHbl, O4€BUIHO, 3aTpaunBaeTcs sHeprus W, BKIIto-
qaroriasi B ce0sl DHEPTUIO pa3pblBa BHYTPEHHHUX CBs3EH, padOTy IIACTUYECKOM
nedbopmalvu U Apyrue BUALI dSHEpruu . Eciou najvMHa TpemuHbl U3MEHSETC S Ha
seanunny dl, To mpousBoxnyro O W/dl moxHO paccMarpuBaTh Kak 0000IIEH-
Hyto cuity. O603HauuB yepes T yenbHyI0 MOBEPXHOCTHYIO SHEPTHIO, MTOIYUUM:
OW /0l =of . Torma cormacHo wucciemoBaHusiM [2] 3aKOH COXpaHEHHS HM-

nmyJibca Ha moBepxHoCTsX Ly u L, mpumer Bua:
PS,-RS,=j(u,-v,)+2f,
TJIe: ] - TOTOK BemecTBa; U1 U U,; - MACCOBasi CKOPOCTh HAa TOBEPXHOCTH Ly 1
L,; Si- ceuenue gparmMeHTa B HE pa3pylIeHHON cpefe; S, - ceueHue GpparMeHTa
B Pa3pyIICHHOM MaTepHale.
3aK0H COXpaHEHHS MOTOKOB BEIIECTBA C YYETOM HAIIMX 00O3HAYCHHM 3a-
MUTIETCS B BUJIC:

P —P = (o) () )2t (5)

P'=PS; p'=pS, (6)

TE: p1 U Pz - INIOTHOCTh COOTBETCTBEHHO HA KAXKJA0M U3 NoBepxHocTen; P u P
- HOpMaJIbHbIE HAIIPSHKEHUS.

Jlnst ciyyast korna P'y= P’, ¢ yaetom dopmy:t (5) u (6), mosyuaem:
pSi(pS 1 p,S, —1)=2f I(C, —v, ), (7)

IZI€. C; — CKOPOCTb BOJIHBI Pa3pyLICHUS.

W3 npeAnonoxkeHus, YTo cpejia SIBISIETCS YIPYromiacTHIeCKON, UMEeeM:
S;=S,(1+&.), S,=S,(1+¢&"), (8)
rae: Sp — pa3Mep paccMaTpuBaeMOro (parMeHTa B HE HANpPsHKEHHOM COCTOSI-
HWH,
€' — ocrarouHas nedopmarus.
[Moncrapnss 3HaueHus S; u S; u3 Gopmyin (8) B Beipaskenue (7), moryuum:

S,=2f/p(c, —v,)(e.—¢") )
TaK Kak g, — &' = o, | E, T0 okoHuarensHo (opMylia 10 ONpEeIeHUI0 pas-

MEpa OCKOJIKA, €CJIM M3BECTHA OKOHYAaTeNIbHasi CKOpocTh C, BOJIHBI pa3pyliiie-
HHSI, MOXKET OBITH 3alicaHa B BUJIE:

S, =2fE(po.(c, —v, )’ )™ (10)

O‘-IeBI/II[HO, YTO CKOPOCTH pACIIPOCTPAHCHUA BOJIHBI pa3pyICHUA 3aBUCUT
OT TCOMCTPHUU U KNHCMATUKU JIBUKCHUA.
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JUist ciydas paJdalibHOrO JBUKEHUS C OCEBOM CHMMETPHUEN CKOPOCTh
(GpoHTa pa3pylIeHus paBHa!

dR/dt=v/2e.. (11)
riae. R — paanyc GponTa paspyiienus; t — BpeMs win

dR/dt=c, —v,. (12)
Torna ¢ yuerom dopmya (10), (11), (12) noaydum:

S, =8fE&?(po. -0° )™ (13)

dopmyna (13) maeT BO3MOKHOCTh ONPECITUTh MOMEPEUHBIN pa3Mep Kycka
pa3pylLIEeHHOI0 MaTepuala B 3aBUCHUMOCTH OT BEJIMYHMHBI MAaCCOBOM CKOPOCTH
V. Ecnu nonepeuHslil pa3Mep 0CKOJIKa 0003HAUYUTh YEPE3 <X>, @ BEJIMUYUHY Mac-
COBOM CKOPOCTH ISl HUJIMHIAPUYECKOTO 3apsA/ia PUHATh B BUJE!

v=ALQ-R*)* (14)

rie: Q — Bec 3apsina BB, npuxonsmiuiicss Ha eIMHUILY JIJTHHBI,

R« - paccTosiHUE OT IIEHTpa 3apsi/a;

A, o — smnupuueckue KodpduimeHTs!, To popmyna (2.13) npumer OKoH-
yaTeJIbHBIN BU/.

(X)=(8fE2A%, )(R/QY2)~. (15)
®opmyna (15) onpexnensier xapaKTepHBI pa3Mep OCKOJIKOB B 3aBHCHUMO-

CTH OT Beca 3apsja U PacCTOSIHUS OT IIeHTpa 3apsaa. B oOmeM Buae 3TO MOXKET
OBITH 3aIIMCAHO KAK:

(x) = X(Q,R)- (16)

Panee ormeuasiocw, uto opmyina (14) maer 3aBUCHMOCTb MEXKIY TEILIO-
BBIMH MOTEPSMU U MHTCHCHUBHOCTBIO JIPOOJICHHUS, TO €CTh BEIIMYMHOMN <X>. DTa
3aBHCHUMOCTh MOXKET C OOJIBIIION TOUHOCTBIO OBITh BBIPAXKEHA COOTHOILICHUEM

AQ = (x)2. (17)
Ecnu 0603HaunTh 4epe3 I TpaHuIly pa3pylieHHs, a 4epe3 Iy paauyc Iu-

JMHJIPUYECKOTO 3apsja, TO CPEAHUN pa3Mep KyCKa rpaHCOCTaBa B30PBAHHOM
TOPHOM MacChl MOKET OBITh OMPEIETICH COOTHOIIICHUEM:

(x) =B Rdr’ (18)
"o
rJe:
B=272%S,(r,—r?)™" (19)
Joist obnactu paspyuienns ) <r cornacHo ¢opmyisi (14) nveem:
(xy=8fE&? | pA*(a+1)o. )r?* | Q“ (20)
Ecnu BBecTH 3aMeHY V = zr?, TO OKOHYATEIILHO MOJTYYHM:
(x)=K(E&? /. )(V Q) (21)
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rae: K — uncnoBoit koappuiimeHt, 3aBUCAIINNA OT CBOMCTB pa3pyliaeMoi cpe-
TTBI.

Anamusupys popmyinsl (14) u (16), cieayer OTMETUTh , YTO HAJIMYKAE B
ckBakuHHOM 3apsijie BB [1] Bo3ayiHOro npoMexxyTKka ¥ OTpaXkaTelisi U3 ChIITy-
YUX MAaTepUajoB MO3BOJIUT CHU3UTH TEIUIOBBIE MOTEPU U MHTEHCUBHOCTBHIO
npoOseHuss B OJMKHEW 30HE OT 3apsija U MOBBICUTH TeM caMbIM 3(h(eKTuB-
HOCTb MCIIOJIb30BAHUS SHEPTUU B3PhIBA.

[Mpu ycnoBun o, =Eg - xpymnkoe paspyienue, popmyna (21) npumer

BHI;
(x)=K(o. E)V/Q)~. (22)
TEOPETHUYECKH ONTHUMAJBHBIN CIydail s MPOLecca B3PHIBHOTO pa3pyliie-
Husl, eciu AQ =0, TOraa COrjacHo [3; 4]:

Xy, =oc’[2Ef. (23)

Beipaxkenue (22) Hy)XKHO paccMaTpHUBaTh KaK TEOPETUYECCKHU Tpesel 3¢-
(EeKTUBHOCTU HCTOIB30BAHUS HHEPTUU B3PHIBA, K KOTOPOMY HEOOXOIMMO
CTPEMUTHCSI B pEaIbHBIX YCIOBUSX MPHU MPOBEICHNUN B3PBIBHBIX PadoOT.
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KOMIUVIEKCHAS OHLEHKA PEXHUMA TI'OPHbBIX PABOT H
HPOU3BOAUTEJIBHOCTU KAPBEPA

Ha npumepe Annoecxoeco rkapwvepa Ilybnuunoe akyuoneproe obuecmeo
«CEBI'OK» noxaszanma yenecoobpazHocms KOMNWIEKCHOU OYEHKU BAPUAHMOB
pedxcumMa 20pHbvIX pabom u npou3eo0uUmenrbHOCmuU Kapbepa no pyoe no npeo-
JIOHCEHHOM) MEXHOJIO2ULeCKOMY Kpumepuro. no pasnuye medxncoy obvemamu
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