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BJIMNAHUE CXEMbI HAITPSI)KEHHOI'O COCTOSAHUA
ITPU LITAMIIOBKE BbITABJIUBAHUEM HA MEXAHUYECKHUE
CBOUCTBA U3JIEJIMU U3 I'PAHYJ AIIOMUHUEBBIX CIIJTABOB

PaccMOTpEeHO HaNpsHKEHHOE COCTOSIHHE MaTepHalia B poLecce MTaMIIOBKY BbIIaBIuBaHUEM. [Ipe/yIoKeHO TEXHUYECKOe pellie-
HHeE, T03BOJIAIOIIEE CO34aTh Ooliee GJIArONpPUSTHYIO CXEMY HAIIPSHKEHHOTO COCTOSIHHSA C IpeoliiaJaHueM CKMMAIOLIMX HAIPsHKEHHUI,
NPENATCTBYOIINX BOSHUKHOBEHUIO MUKPOTPCIIUH B BerHeﬁ YaCTU CTCHOK LITaMITyEMbIX I/I3)1€J'lldﬁ.

Knrouesvie cnosa: HanpsHkeHHOE COCTOSIHKE, BBIIABIMBAaHUE, [ITAMIIOBKA, TPaHYIIbI.

Tension of material in the process of impact extrusion is examined. Technical decision is recommended to create an effective
tension scheme with dominant compression stress strain that prevents micro cracking in the upper part of stampings.

Key words: tension scheme, extrusion, stamping, granular.

OpnHOH M3 OCHOBHBIX MPOOJIEM, CBSI3aHHBIX C HCIIOJNb-
30BaHHEM W3JENMH W3 TPaHyJIUPOBAHHBIX MATEPHANIOB,
ABJISIETCS ycToitunBOe (popMOOOpaz0BaHME MITAMIOBAHHBIX
MIOKOBOK C BBICOKMMH JKCIUTyaTallHOHHBIMH CBOWCTBaMHU.
OtmeueHo [1], 4To mnst oOecmeyeHUs] MaKCUMAaTbHOU
IIPOYHOCTHU CXBATBIBAHUSA I'PaHyJ IIPU UX COBMECTHOM IuIa-
cTHYecKol aedopMaliii HEOOXOAMMO TPUMEHSTh TaKue
mporecchl 00pabOTKM TaBICHHEM, KOTOPHIE PEalTn3yloT
HanOosee OJIArONPUATHYIO CXEMY HANpsSKEHHOTO COCTOS-
HUS, ONM3KYI0 K BCECTOPOHHEMY HEPAaBHOMEPHOMY CXa-
THIO. J{J1 XapaKTEePUCTHKH HAJIMIMS B CXEME CKUMAIOIINX
WM PacTATMBAIONIMX HAIPSHKEHUH NPHUHSATO UCIIONb30BATh
TMOKa3aresb HANpPsDKEHHOTO COCTOsSHMS K, paBHBIH OTHO-
IICHUIO THPOCTATHYECKOTO HAMPSDKEHUSI O K MHTEHCUBHO-
CTH KacaTeNbHbIX HanpspkeHuit T [2]. TIpu 3ToM ueM MeHb-
1mie (C y4eToM 3Haka) BeTMYMHA TOKa3aTellsl HAampsHKEHHOTO
COCTOSAAHUS, TEM BBIIIEC YPOBCHb COKUMAIOMINX HaHpH)KCHI/II\/’I,
BO3/ICHCTBYIOIINX HA KOMIAKTUPYEMBIi MaTepHall.

[TonyueHue 3aroToBOK Juisi TOpLIHEH (opcupoBaH-
HBIX JBUTATEJel BHYTPEHHErO0 CTrOpaHMs U3 TpaHysl WIH
MOPOIIKOB aTIOMUHHEBBIX CIIABOB C HCIOJIb30BAHHUEM
npecc-popmber [3], cxema KOTOpOW TIpencTaBlieHa Ha
puc.1, B psame ciydaeB CONMpPOBOXKIACTCA IIOSBICHHEM
MHKPOTpEIINH B CTCHKaX H3/ENNH, YTO PE3KO CHMXKACT
UX JKCIUTyaTalMOHHbIe Xapakrepuctuku. C 1esbpio orpe-
JITICHNS] MOMEHTA BO3HHKHOBEHUS 3THX HECIIOIIHOCTEH
Obl1a TPECANIPUHATA MOIMBITKA OLHCHKU AOJH CXHUMAIOMIUX
U PacTATHBAIOLINX HANPSKCHHUN B OOIIEH cxeMe Hamps-
JKEHHOTO COCTOSIHUSI Ipoliecca BblnasinuBaHus. [Ipu pac-
CMOTpPEHHH /1e(OPMUPOBAHHOTO COCTOSIHUSI B JaHHOM
npolecce reoMEeTpUdecKuil ovar nedopmanuu pazOouiiu

Ha IIATh XapaKTEePHBIX 30H (CM. PUC. 1), B KaKI0i U3 KO-
TOPBIX OBUIM HaMJIEHbl KOMIIOHEHTHI TEH30pa CKOPOCTH
nedopmanuu [4]. DTOT ke IPUHIMIT UCIIOIB30BAIN U IPU
OMpEIeNIEHUH HANPSKEHHOTO COCTOSIHUSI.

12 7 2 3
1y
Al /
| ben
ez =
o |7 Ny
Rs 12 3
4 7

Puc. 1. Cxema BbigaBnuBaHus NonbIX U3genui
M3 rpaHyNMpPOBaHHbIX MaTepuanoB: 1 — NyaHCOH;
2 - fononHUTeNbHaA MaTpuua; 3 — OCHOBHaA MaTpULa;
4 — HUXHWUI NyaHCOH; 5 — usgenue

B ocHOBY pacuera SHEpProCHIOBBIX TAPAMETPOB MPO-
1ecca MmoJIOKeH MeTo]T baslaHca MolrHocTeH [5]:

N=N,+N_+N, =

= [1-Hdv + [T -|Av,|dS + [7-|v,|dS,, M
v s S

rae N —MOIIHOCTb, MOABOAUMAS K IyaHCOHY; N, — MoUI-
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HOCTb BHYTPEHHHX CHJI; N, — MOIIHOCTb Cpe3a IO I'paHu-
1am 30H; N7 — MOIIIHOCTh TpeHUs; V — 00beM aedopmu-
pyemoro Mmertama, I — HWHTEHCHUBHOCTH KacaTeIbHBIX
HanpspkeHuil; H — WHTEHCHBHOCTh CKOpoCTel medopma-
MK cABHra; S — TMOBEPXHOCTh cpe3a; Av, — pa3sHOCTh
CKOPOCTEH, KacaTelbHBIX K I'paHuIe paznena i u i+l 30-
HBI; S5 — IUIONIAh KOHTAKTa 1e(OPMUPYEMOT0o METalIa C
HHCTPYMEHTOM; T — HalpsDKEHUE TPEHUs; L, — KacaTelb-
Has COCTaBJIAIONIAs BEKTOPA CKOPOCTU UCTEUCHHUS.
C yueToM MOIIHOCTH, MOJBOAUMON K HUH-

MOMOIHOCTh TPEHUA HAa HUKXHEM ITYaHCOHC,

N7 — mom-

HOCTh TPEHHUS Ha OOKOBON MOBEPXHOCTH MATPHIIHI.

B 30ne 4:

N(4) — NT(4)

©

rIe NT(") — MOITHOCTh TPEHHS HA KaIHOpPYIOIIEeM MOsCKe
OCHOBHOM ¥ JIOTIOJIHUTEIILHON MaTPHIIBI.

BrolpakeHust JUisi HaXOXICHUS COOTBETCTBYIOIIMX
MOIIHOCTEH TpeICTaBIeHbI B Tabnuue.

¢OpMyan AnNA HaX0XAeHUA noTepb MOLYHOCTEN B KaXA0MN U3 30H

CTPYMCHTY, OBLIO MOJYYCHO YpaBHCHUC IJId

ONpeeNeHHUs YASALHOTO YCHIIHS ITAMIIOBKHL "lgﬁ:lp BH)’}?S?::;;‘:‘)MH MoLuHocTH cpesa MOLLHOCTY TpeHMs
N )
= - 2 N, =237 - pu-
Pmm_P6p+ 2 ’ ) 3oHa 0 - - ! \/7 s
ﬂ:.Rl UO .TS.UO.RI.(hK_hZ)
IJie Uy — CKOPOCTb IIepeMeNeHNs ITyaHcoHa; Py, — Ng 01) — » T 0y
yENbHOE YCHIIME OPHKETHPOBAHHMS, OTPEJENsie- o 5 O _
MOE W3 BBLIPAXKEHUSL: 3ona 1 Ny :\/577'7:' R} /3-h, Ny’ =rm-p-t,-
2 12y _ 3
v {i+v+ln[l/(1—v)]+\/§uﬁ} 3) v, R NP =gz | v R I3k,
- 1_Vo ’ \/§ v R| ’ 'UO 'Rl . h2
IJ€ Vy — MCXOIHAs OTHOCUTEIBHAS IUIOTHOCTE N =2t vy | N =m-, -0, - R, - N® =237 -

cBOGOIHO HACHITIAHHBIX TPAHYT; V — IIOTHOCTh | 30Ha 2

CKOMITAaKTUPOBAHHOTO OpUKETa; Tsg — CONPOTHB-

“R} -In(R,/R;)

“hy R} /(R —R3)

7,0 R -(R-R)/

JICHUE CIBUT'Y CKOMIIAKTHPOBAHHOT'O MaTepuala;
1 — K03 OULUEHT TPEHUS.

OHepro3aTpaTbl Ha MPEOJOJICHHES MOIIHO-
CTeii, comepkaiuxcs B ypaBHeHuH (1) 11s Kax-

(3) _
Ny =m-7,-0;-

Rl -R}

N;'S]) :\/gﬂ-lu‘[y .UO.
R QR 3R

34 2
R? —R? Nc( ):”'TS'UO'RW

R, =R/ 3h,(R; —R)

9 3oHa 3 BRAR (2R -3RR, -
JIOM M3 30H, CKJIaABIBAIOTCS U3 CIEAYIONIMX CO- ~(2—#+ (2R; —3R;R, Rg)/ NG = B
CTaBIISIOLIHX: 3 /3hy(R; —R;) ot b RR-
B HYJIEBOH 30HE N R} +J3R2“+R3“) HoTem 0o 5 1G
O — N0 : 3R] hy | (R} —R})
N 7NT ) (4) 2
o NO =237 u-
rae Ni” — MouHocTh TpeHMS Ha BHYTpEHHeH |30wa 4 - - r { H
MOBEPXHOCTH JIOTIOJIHUTEIILHOM MaTPHIIBI. T, 0 R, /(R —R,)
II K - .
s Hfﬁigﬁ:ﬁ;gg?ﬁ%}lqgoné{eir?ﬂ eHme 1pe 3Has MOTEpPH MOIIHOCTH B Ka)XIOW W3 30H, MOXHO
y ’ OIPEJICTINTh TOJHYI0 MOIHOCTh, HEOOXOAMMYIO IS
r= \E T, (5) ~ OCYMWIECTBIICHUS POLECCA BBLIABIHBAHMUS:
N =N+ N+ N® + N® + N (10)
B 30ne 1:
NO= NB(1)+ NC(01)+ NC(12)+ NT(I) ©6) TloncraBuB 3HaYeHUE MOJIHOW MOIIIHOCTHU U3 ypaBHe-

O

rane N’ — MOIIHOCTh BHYTPEHHUX CHJI B 30HE I;
N — mommocts cpesa Ha 30mb1 0 1 1; N'? — Mo
HOCTb cpe3a Ha rpaHuue 30H 1 u 2; NT(U — MOIIHOCTH
TPEHUs Ha HIDKHEM ITyaHCOHE.

B 30H¢ 2:

N(Z) — NB(2) + NC(23) + NT(Z), (7)
rae NB(Z) MOIIIHOCTb BHYTPEHHHX CHUJI B 30HE 2;

NC(B) — MOIIIHOCTb Cpe3a Ha rpaHuLIe 30H 2 U 3; NT(Z) — MOII-

HOCTb TPEHHS Ha HIKHEM ITyaHCOHE M TOPLEBON MOBEPXHO-
CTH JIOTIOJIHUTEIILHOM MaTpULIbL.

B 30me 3:
NO= N5® + N+ N7 + Ny 8)
rIe Ng(j’) MOIIIHOCTh BHYTPEHHHX CHJI B 30HE 3;

NC(34) — MOIIHOCTh Cp€3a Ha IrpaHule 30H 3 U 4; Nrm) -

Becmuuk MITY um. I'.A. Hocosa. 2012. Ne 2.

Hus (10) B BeIpaxkeHue (2), MOXKHO PacCUUTATh yIEIBEHOE
yCHJIE IITAMIIOBKH B JTFOOOH MOMEHT BPEMEHH IMpOTeKa-
HUS IIpoliecca.

IonyuyeHHbIC ypaBHCHHs OBUIM HCIIOJIB30BAHBI MPH
CO3/IaHUHU AITOPUTMA PELEHHS 3a/1a4yM MO OLIEHKE yeib-
HOTO YCWJIHS BBIJABIMBAHUS TIONBIX HM3JENHN U3 TPaHy-
JUPOBAHHBIX MaTepHayioB. sl ompeneneHus COIPOTHB-
JICHUSI MaTepHaia CABHUIY HCIIOJNB30BAIU AIPOKCUMAIIH-
OoHHbIE 3aBUcUMOCTH [10]. YenpHOe ycuinne BblIaBIUBa-
HUS ONPEACILI NPU MANbIX MEPEMEIICHISIX TyaHCOHA
M0 MepE 3aI0JIHCHUS] METAJIJIOM MOJIOCTH Tpecc-POPMBI.

Ha ocHoBe pazpaboTaHHON MaTeMaTHYECKON MOAETH
co3/laHa IMporpamMMa pacdera SHEPrOCHIOBBIX IapameT-
POB TIpoIiecca IMTAMITOBKHY BBIJABITUBAHUEM.

Juist SKCTIepIMEHTAIFHON TIPOBEPKH TOYHOCTH TOJY-
YCHHOW MaTeMaTHYECKOW MOJICIU ObUIH MPOBEACHBI OIbI-
THI IO ITAMIOBKE MOJIBIX U3/ICIHNA U3 TPaHYIUPOBAHHOTO
crutaBa CAC-1 Ha ruapaBIudecKoM mpecce B JrabopaTop-
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HBIX yCHOBUSAX. CXOIUMOCTh SKCIIEPIMEHTAIBHBIX U pac-
YETHBIX JIaHHBIX OLIEHWBAJIACh C TOMOIIBIO CTaTUCTHYE-
CKUX XapaKTepUCTHK U T0Ka3aJia a/IeKBaTHOCTH IOJTy4YeH-
HOW MOJENIM pPeaTbHOMY TEXHOJIOTHYECKOMY MpOIECCY.
[TonyuyeHHbIe pe3yibTaThl PEKOMEHIOBAHbl K IpaKTHYe-
CKOMY IPHMEHEHHIO IPH BBIOOPE TEXHOJIOTHYECKOTO
000pyIOBaHUS AN IITAMIIOBKH TPaHYJIMPOBAaHHBIX AI0-
MHUHHEBBIX CIIABOB.

IIpu ompeneneHrH HOPMaJbHBIX HANpPSHKEHUM B Xa-
PaKTepHBIX 30HAX Tpecc-hopMsel (cM. PUC. 1) IpUHIMATH,
Y9TO B 30HaX | W 3 UMeeT MecTo ocecummeTpudHoe aedop-
MHPOBaHHOE COCTOsSIHUE [6], a B 30HE 2 — Tuiockoe. [Ipu
9TOM JUIsl 30HBI | MCIONB30BAIN YpaBHEHHE PABHOBECHS U
NpHOIIMKEHHOE YCJIOBUE TIIIACTUYHOCTH [7] B BUzE:

(1) (I+\/7H)T —0: (11)
dr h,

(p'" -4p)-qtl =0, (12)

rae p” — HopManbHOE HATIPSKCHHE Ha BEpXHEil IpaHHIe
30HBI 1; 0; — CONpOTHUBIICHUE e(OPMALIMN CKOMITAaKTHPO-
BAaHHOTO Martepuana; Ap — yIelbHOE ycuine, HeoOxXoau-
Moe€ JUIsl IPEOI0JICHHS HANPSIKEHHS CPe3a Ha CTHIKE 30HbI
1 u 2, 30HBI 2 U 3, a TaKke HANpPsHKEHHUS TPeHHUs Ha OOKO-
BOI1 TOBEPXHOCTH MATPHIIBL:

32
Apz(N§12)+N§23)+N; ') 13
ﬂRIZUO

W3 ycnoBus mnactuynoctH (12) cnexyert, uro:
(1) (1)
dp _ dq,, .
dr dr

Pemast coBmectHo ypaBHerus (11) u (12), momydmmu
BEIpOKEHUE [UII HOPMAIIFHOT'O OCEBOTO HAIMPSDKCHHS Ha
TpaHHIIE 30HHI 1:

1++/3
p(]) :_( JM['U)TS A
2

HOCTOHHHyIO HUHTETPUPOBAHUA ONPCACIIAIN U3 YCIIO-
BUA, YTO Ha BerHeﬁ T'paHUILC 30HbI 1:

(1) _
p cp D>
r1€ p — YAEIbHOE YCUIINE BhIAABIMBaHHUS.
[Ipu HeyctanoBuBIIEMcsi Tporecce [8] (ucTeueHue
MeTaJula B 30HY 2 TONBKO HAYHHACTCS):

(01) (1) (1)
pz[) Nc -|-]\/v6 +NT . a7)

7TR]2 * UO

(14)

s)

(16)

IIpu ycranoBusmeMcs npouecce (30Hsl 2, 3 u 4 nosn-
HOCTBIO 3aII0JIHEHBI METAJLIIOM)

p=(N+NO+ ND 4+ NI 4
+NP + NP 4 N NO 4 NOD 4

(32) (34) (4) 2
+N,” +N" +N,")/ nRv,.

(18)
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CpeznHee HanpsbKeHUE, JEHCTBYIONIEE MO TOBEPXHO-
CTH NEPIEHANUKYIISIPHOHN OCH Z:

T _2(1+3u)R
p;l]) _ ( +\3/;,U) % e (19)
C yueTtom ypaBHeHUs (16)
_ o 201443p) Ry, (20)

3h,

[loncraBuB 3Ha4YeHUE IOCTOSHHOM MHTETPUPOBAHUS
n3 Beipaxkenus (20) B ypaBaenue (19), ¢ yaeToMm ycnoBust
mracTugHOCTH (12), moyunnn BBIpaXXeHUS IS pacdera
HOPMAJbHBIX HANpPSDKEHUH B 30HE 1:

p(]) (I+IH)T

S( R,—r)+p; 21
h;
M _ 0 _ (1+*/7:“)T( R —7r)-
moAw h, (22)
—x/§1s+p—Ap.

B paccmarpuBaeMoM ciydae TJIaBHBIC HANpsDKEHUS B
30H€ | MOTYT OBITh IPEACTABIEHBI B BHJIE

(1)_ (D). (1) — _ (1)

(1) _ _ (1
Grr) /; “Yops Ozz" =P

-4\, (23)

IIpussB Bo BHUMaHWE ypaBHeHHe (16) W ycioBue
mnacTuyHocTH (12), HanuM BBIpaXKeHUE IJIS OIpesele-
HUS CPEIHETO M'MIPOCTATHYECKOT0 HANpsKEHUs B 30He 1.

IIpu ycraHoBuBIIEMCS TIpoLiecce

_ 23t +4p)
3

Ipu HeycranoBuBIIeMcs mpouecce Ap = 0, p = p,”,
Torza

(24)

2T (1)

N

\/§ pH

[IpunsaB 7 = 7,, OUECHWIN [10KA3aTEIb HAPSHKEHHOTO
COCTOSIHUSA B 30HE 1.
IIpu ycTanoBuBIIEMCS mpoliecce

o= (25)

KW =0/T=2/3+(24p/3-p)/7,-  (26)
IIpu HeycTaHOBUBIIEMCS TIPOLIECCE
K"V =o/T=2/3-p" /1. (27)

B 30He 2 oceBas nedopmarust OTCyTCTBYET, TO €CTh
UMEeT MECTO IUIOCKOe ae(OPMHUPOBAHHOE COCTOSHHE.
Jnst onpeneneHnst HOpMaIbHBIX HANPSDKEHUH B 3TOH 30HE
UCIIOJIb30BAJIM YpaBHEHHE DPaBHOBECHS M YCIIOBHE ILIa-
CTUYHOCTH B BHJIE

dq 23wt 4 -48 (28)
dr h, r B

2 2

i —qby) =27, (29)
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Pemas coBmectHO ypaBHeHus (28) u (29), moxydwu:

qg)— ZJinﬂ%hz—hkMr+c.

[TocTosTHHY!O MHTETpUPOBAHHS ONPENEISUIN U3 Tpa-
HUYHBIX YCIIOBUM:

2
9’

(30)

(1)

r=Rj =4, r=Rj;’

c= 2\/§/JTSRI /hy+2t InR —
~(1+3u),R, / 3h, =37, + p— Ap.

IloncraBuB 3HaUeHKE IOCTOSHHOM MHTETPUPOBAHUS U3
ypaBaenus (31) B Beipakerne (30), TOMyYHIN ypaBHEHHE
JUISL OTIpeICJICHNS paiHalIbHOTO HAIIPSKESHUS B 30HE 2:

3D

q? =23uzr (r—R)/ h,—27,In(r/ R ) - (32)
~(1+Buyr R/ 3h, =3z, + p—Ap.

W3 ycnoBus mnactuaHocTH (29), ¢ y4eTOM BBIpaXKEHUS
(32), ompenenuny TaHTeHIUAIBLHOE HANPSXKEHUE B 30HE 2:

4 =-23ur (r—R)/h,~27,In(r/ R)) -
—(1+x/§u)rSR1 /3, —(2+\3)e, + p—Ap.

I'maBHBIC HampsDKEHHWS B 30HE 2 MOTYT OBITH Hpen-
CTaBJICHBI B BUZIE

(33)

(2) — (2).

(2) —
qrr 2

(2) (2)
qrr + q¢¢

2

I'uapocraTueckoe HamNpsHKEHUE B 30HE 2, C yUETOM
YCIOBHS ITACTHYHOCTH (29) 1 cooTHOIICHM (34), MOXKET
OBITH ITPEJCTABIICHO B BHC

() 4 (2
2
o ==t —qy

[Mpuyem Ha BBIXOIE W3 30HHI 2 ( = R,) MpH yCTaHO-
BUBILEMCS TIpOIiEcce

(34)
2. (2)
q¢¢ 4 zz

(35)

o =2\3ur,(R,—R)/ h, +2r,In(R, / R ) +
+(1+-Bu)e,R 13k, +(1+3)t, — p+ Ap.

IIpn HeycTanoBmBHIEMCs mporecce (30HBI 3 U 4 He
3aIIOJTHEHBI METAJIIOM )

P =N+ N+ N+
12) L A o @ 2, .
+N; 7 +N,”+N;”)/ nRvy;

N(IZ)
Ap( ) —
7TR] Uy

(36)

(37

I'iapocraTueckoe HanpsKEHUE HAa BBIXOAE U3 30HEI
2 TIpu HEYCTaHOBUBILIEMCSI ITPOIECCEe

o =2\3ut,(R,—R)/h, +27,In(R, / R )+

38
+(1+~Bu)r.R /3 +(1+B), — p G%)

(2) + Ap(2)
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Taxum 06pa30M, TMOoKa3aTeyib HAIPSKEHHOTO0 COCTOSI-
HHs Ha BBIXOJC U3 30HBI 2 py yCTAaHOBHUBLICMCS TPOLECCE

K? =0 /T=2\3u(R,~R)/h+2In(R, / R)+

(39)
+(1+~BU)R, /3, +1+3—(p-Ap) /7.
IIpu HeycTaHOBUBIIEMCS TIPOLIECCE
K® =c/T=23u(R,—R)/ h,+2In(R, / R)) + “0)

+(1+~BR, 130 +143 - (pP = Ap?) / ..

JlomycTrM, 9TO B 30HE 3, Kak M B 30HE 1, IMeeT MecTo
OCECHMMETPHYHOE Ie(OpPMUPOBAHHOE CcocTosHME. Torma,
MPOMHTErpupoBaB ypaBHeHue (11) U ompenenuB MOCTOSH-

2
r=R» _qgr) r=R»’

MOYKHO TIOJYYUTh BBIpOKEHUE JISI PAAUATLHOTO M TAHTESH-
LMAJIbHOTO HaIPsDKEHUI B 30HE 3:

49 =q) =-23ur (R,~R)/h,
~(1+~Bu)e,R 3k, —(1+\Bu)e,(r—R,)/
/h, —x/grj +p—Ap.

VcoBue mIacTHIHOCTH JJIs1 30HBI 3 TIpUHUMAJIA B BUJIC

HYIO WHTETPHPOBAHUS U3 YCIOBHS qrj

-2t In(R, /R)) -
(41)

3 3
qicr) p()zo-s’ (42)
rac p — YACJIBbHOC YCUIIUE TTOAIIOpa, CO34aBacMO€ Culia-
MU TPEHHUS Ha KaJIHOPYIOIIEM MOSCKE MAaTPHUIIHL.
(4
ST 3)
* R 12 Ly

W3 ycnoBust mmactuuHocTH (42) u ypaBHeHus (41)
CJIely€T, 4TO

G = —2\/3;”"?(]?2 —-R)/h -2t In(R,/R)—
~(14+\Bu)r,R /30, —(1+\Bu)e,(r—R,)/
Ihy =237, + p— Ap.

ITpugem, npu » = R; (30Ha 3 MOJTHOCTHIO 3allOHEHA
METaJJIOM)

3 3
3= p.

. (44)

p

I'naBHbIe HanpspKEHHsI B 30HE 3 MOTYT OBIThH 3aruca-
HBI B BUJIE!
(3)_ (3). 5(3) = _g03).
q}’}" 4 (p(p q(p(p 4
IIpuanmas Bo BHUMaHKE ypaBHEHHE (43) u ycioBue
IUTAaCTUYHOCTH (42), MOXHO 3aIllMcaTh BBIpaKEHUE IS
OTIpeIeJIEHUs] CPEeTHETO TMIPOCTATUUECKOTO HANpPSHKEHUS
B 30HE 3.
[Ipu ycraHOBUBIIEMCS TIpoIIECCE

(3) __

zz

o (3. (43

o=-2t,/\3-p. (46)

IIpu HeycTaHOBUBIIEMCS IpOLECCE pc(;) =() (ucre-
YCHUC MCTaJlJla B 30HY 4 TOJIBKO Ha‘{I/IHaeTCH)

o=-2t,/+3. (47)

OTCIOZ[a MOKa3aTeJib HAIPAKEHHOTO COCTOAHHA IIPHU
YCTaHOBUBIICMCS IIPOLECCC

37



OGEPAEOTKA METAJ1N10B JABJIEHUEM

K =0/T=-2/3-p} /7, (48)
HpI/I HEYCTAaHOBUBIIEMCS IPOLICCCE
K(¥ =c/T=-2/3. (49)

AHau3 HANPSHKEHHOTO COCTOSIHKS, BO3HUKAIOIIETO B
MMpouecCce BLIAABIMBAHUA, U PE3YJIbTAaTbl UCCICIAOBAHUA
MaKpOCTPYKTYpPBI MOJYYEHHBIX MOJTy(paOpUKaToB MOKa3a-
JIM, 4YTO Ha CBOOOJHON MOBEPXHOCTU IeOPMHPYEMOTro
MeTaJUla NP 3alOJHEHUH 30HbI 2 BO3HHKAIOT PacTsTHU-
BAIOII[ME HAMPSDKEHUS, KOTOPbIe MPUBOAST K MOSBICHHIO
MHUKpPOTpPEIIMH B BEPXHEW 4YaCTH CTEHOK LITAMITYEMBIX
n3genuit. Co3IaHue CXEMBI HANPSHKEHHOTO COCTOSHHS C
npeoOIajaHueM CKUMAIOIIUX HAINPSOKCHUH MOTJIO OBl
CHOCOOCTBOBATh TIOBBIIICHHIO PECypca IUIACTHYHOCTH
MeTajjia ¥ YCTPaHEHHUIO TaKoro poaa JaedekToB [9].

C aroii nensio npecc-popmy [3] (em. puc. 1) cuabau-
JM pa3MEUICHHBIM B HIDKHEH YacTH OCHOBHOM MAaTpHUI[bI
CMEHHBIM KOJIBIIOM, BHEIIHHMU THaMETpP KOTOPOrO pPaBeH
BHYTPEHHEMY JUAMETPY OCHOBHOM MaTpULbI, 3 BHYTPEH-
HUHM JMaMeTp COBMAmacT C BHYTPCHHUM TUAMETPOM J0-
MOJHHUTENbHOW MaTpuiel (pUc. 2) [11]. Konbma u3roras-
JIMBAJI U3 ATIOMHUHUEBOTO CILIaBa, OJIM3KOTO 110 XUMHYE-
CKOMY COCTaBy K MaTepualry rpaHyIl.
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Puc. 2. Mpecc-opma ansa BbiAaBNMBaHMA NONbIX M3AeNui
U3 rpaHyn anoMMHUEBbIX CMIAaBOB: 1 — HUXKHAS NNUTa;

2 — OCHOBHaA mMaTtpuua; 3 — CMeHHoe KOnbLo; 4 — HUKHUIA
nyaHCOH; 5 — gononHUTenbHas MaTpuua; 6 — BepxHss
nnuta; 7 - TpaBepca; 8 — TArM BepxHew NNUTbI;

9 - HanpaBensowwme; 10 — KNMH-NanbLbl; 11 — HAKNOHHbIEe
oTBepCTHA; 12 — non3yHbl; 13 — ropM3oHTanbHbIE Nasbl;
14 - TArM HUXKHEN NNUTbI; 15 — rOPM3OHTanNbHbIE
otBepcTUs; 16 — BepXHMil NyaHCOH

Hanu4ue Takoro Kojblia MPUBENO K MOSBICHUIO YCUIIHS
TIOATIOPA TIPY BEIIABIMBAHUH COPUKETHPOBAHHBIX TPAHYJ U3
JIOTIOJTHUTETIFHON MaTpHUIbI B OCHOBHYIO M co31asio Ooiee
OIaronpuATHYIO CXeMy HalpsDKEHHOTO COCTOSIHUSI C TIPeo0-
JMaJaHueM CKUMAIOIINX HANPSDKCHUH, TPETSTCTBYFOIIIX
BO3HHKHOBEHHIO MUKPOTpPEIINH. B pe3ynbTaTe mpuMeHeHus

npecc-(popMBl CO CMEHHBIMH KOJBIAMU CTajla HEHYXHOMH
JIOTIOJTHATENbHAS OIepalysi MO OOTOYKE BEpXHEH YacTh
Mpecc-u31eNus U MOBbICHIICA Ha 7—8% BBIXOJ] FOHOTO.

B xoHCTpYyKIIHMHK mIpecc-PpopMEl [3] mpexycMOTpeH ma-
KeT TapeibyaThX MPYKUH Ul CO3JaHus MPOTHBOJIABIIE-
HUS TIpH NPEABAPUTEIHHOM YIUIOTHEHHH TpaHyl B OpH-
keT. [Ipu ropsiueit nedopmarnyy TapenbyaTbie MPYKUHBI
MOJIBEPrajiiCh BO3AEHCTBUIO BBICOKHX TEMIIEpaTyp, 4TO
JOCTaTOYHO OBICTPO HMPHUBOAMIO UX B HETOJHOCTh M3-32
MOTEpH YHPYTHX CBOWCTB. 3aMeHa NPYXUH TpeboBaya
OCTaHOBOK B pabore mnpecc-Gpopmbel. B  KOHCTpyKITUM
npecc-popmsl [11] HEOOXOMUMOCTE B TapenbyaThix Ipy-
JKUHAX OTHalla, TaK KaK Hy»KHOE IO BEJIMYUHE MPOTUBO-
JaBlieHHue obecrieynBaeT cMeHHOe Kouiblo. CokpaleHue
OCTaHOBOK IIpecc-(hOpMBI JJIS 3aMEHBI MPYKHUH IO3BOJIH-
JI0 TIOBBICUTH NMPOU3BOAMUTENIBHOCTH Tporiecca Ha 2 — 3%.
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