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..•. Tltc effects of specimen thickness and gr~in size on the.·yieid strength, 
ultimate tensile strength and total elongation of ausienic stainless steel 
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1 • BBEJtEHli}: 

' 
lliHpoKaR :nporp~MMa HccnenoBaHHA KOHCT~YKUHOH~I,[~ ~aTepHanoe .llnR 

R.!lepHUX . ll pa3p.a6aTUBaeMh!X TepMOR.!lepHhlX peaKTOpdB > C03.!lana 

HeooxoitHi,i'o-eTb yMeHbWeHHR pa3MepoB 66pa3UOB .llnR HenuTaHHA 

MexaHH'leCKHX 

O'lepe.!lb - C 

eno8CTB oony'leHH~X MaTepHanoe. 3TO CBR3aHo· B nepey~ 

OTHOCHTenbHO · HeoonbWHMH npooera~~: ycKopeHHUX TRXenhlX 

HOHOB, KOTOphle WHpOKO npHMeHR~TeR .llnR MO.!lenHponaHHR HeATpOHHoro 

B03.!le8eTBHR. KpoMe · Toro npHMeHeuirn nnR HCnh!TaHHA MHHHaT~pHhlX >. 

06pa3uon. no3nonReT yMeHbWHTb iin~RHH~ rpanHeHTOB TeMnepaTypu H oonee 
• • ' ~ , C - '• • ,,- > • 

0.!lHOPO.!lHO. oony'laTb. HX TRXenh!MH HOHaMH, ·a 7aKxe eHH.3H-Tb pa.!lll~UHOHHhle 

·uarpp~H ua , nepcoHan_, . KOTopu8 · npononiiT. noenepanHaUHOHuue 

Hccn.enoeaHHR. 
- ... /, , 

· Uenb. · Ha_cTomueA. paooT.u· - H3y'leHHe B03MOXHOeTe8 npH_MeHeHHR 

MHHHaT~pHUX. o6pa3UOB npH "' HcenenoeaHHH MexaHH'leCKllX ·eeoACTB 

onpene,JJeHHe° yenOBHA, TTPf!, KOTOpUX pe3ynbTaTh1 llCilh!TaHHA 3THX 

ll 

o6pa3UOB 

OY.!lYT ,eooi;neTeTBOBaT~ pe3ynbTaTaM,. nony'leHHhlM· ua MaeCHBHhlX o6pa3uax 

·n HHxeHepHciA npaKTHxe. 

2; METOJtHKA 3KCnEPHMEHTA 

; I 
JlnR Hecnen.oeaHH8 Hcnonb30Banacb aycTeHHTHaR eTanb OXl 8Hl OT B Bil.lie 

qionbt"ll' C TOnlllHHaMH · 5,0 ll 1 o.o MKM . H neHTU · e TOnlllHH08 · 500 MKM, 

X~MH'leexHA eoeTaB ~pe.!lCTaBneH'B.TaonHui i~.: 

I , '. • • . - ' .-

TaOn!lQa 1. XHMH'leeKHA'cocTaB'CTa~H OX18H10T (Bee.I) 

C Ni Cr p s Mn .Ti Fe 

.9.034 9.75. 18.9 0.019 0.015 1~61 0. 53 OCT.a.RbHOe 

06pa3Ull Ha paeTRXeHHe HMeBH pa3Mepu pa6oqe8 'laCTll 15X3 MM. qTOOU 
' . . . ·, ,- . .. '. 

onpenenHTb BBHRHHe TOBlllHHI,[ o6pa3Ua ua ·MexaHH'leeKHe . eno8cTaa·· 

(yenonHuA npenen TeKy'lec1H- ·a , npenen npo'luocTH - a, 'ynnHHeuHe -· 
. , 0,2 .

1
- . -..• , , B ·. · , 

, , 0·1 ·, t:,6pa3UU 6unll _ H3rOTOBneuu .. e nuweyxa3aHHUMll TOBlllHHaM~ •. KpOMe Toro 

ll3 neHTU TOnlllHH08 500 MKM OUBH e.!lenaHU eTaH.!lapTHUe o6pa3UU cornacuo 

rocT _. 1497-73. Bee ·oopa3uu · i6unH oT¢pe3eponauu_ a· eneuHanhHOM 

(C) 051.e,ttHHClllfl,IA HHCTIO'yT RJt,epHblX MCC11eitoaa101A. Ju,6ua. 199S 
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nepxaTene. noeepXHOCTb o6pa3UOB Oh!Bll oTnonHpoeaHhl MeXaHH'leCKHM 

crroco6oM. nocne MeXaHH'lecxo8 o6pa6oTKH o6pa3Uhl 6unH oTo~euu e 

eaxyyMe rrpll TeMrrepaTypax 105o0c H 1100°c B Te'leHHe 20-100 Milli, 'lTOOhl 

rrony'lHTb pa3HYID eenH'lHHY 3epHa, JthR paCTRXeHHR MHHHaTIDpHhlX o6pa3UOB 

6un CKOHCTpyHpOBaH crreuHaRbHhl8 nepxaTenb. nonpoOHO 06 ycnoBHRX 

HCilh!TaHH8 H IlO.!lrOTOBKH o6pa3UOB uarrHcaHo B pa6oTe [3]. 

HcrruTaHHe ua pacTRXeuHe rrpoeeneuo rrpH xoMHaTH08 TeMrrepaType Ha 

HcrruTaTenbHhlX Manrnuax INSTRON-1121 H TIRA-TEST rrpH cxopoeTH 

ne,opMaUHH 0_55·10- 4 e- 1 . 
06nyqem1e ue8TpouaMH ( E > 0.1 M3B) rrpoeeneHo B peaxTope EWA -

ceepx ,nIDeHCOM 1.~s·10~7 H/CM2 Ilpll TeMrrepaType rrpHMepHO so
0

c. 

3. PE3YllhTAT~ 3KCITEPHMEHTOB 

0CHOBH08 OObeM 3KCnepHMeHTaRbHOro MaTepHana O 3aBHCHMOCTH 

MeXaHH'leCKHX CBOACTB OT TORlllHHhl o6pa3UOB 6un rrony'leH ua ueo6ny'leHHUX 

o6pa3uax. Ha pHC.1 rrpe.!lCTaBneHa 3aBHCHMOCTb BRHRHHR TOnlllHHU 06pa3ua 

Ha yenoeuua rrpe.!len Teicy'lecTH a cTanH OX18H10T rrpH orrpeneneHHo8 
0,2 

eenH'lHHe 3epua. npu oueHxe rrpenena TexyqecTH rronHxpHcTannuqecxoro 

MeTan·na cne.!lyeT paccMaTpHBaTh exnan e uero OT rpaHHU 3epe11 H Tena 

3epua. npe.!len TexyqecTH ay rronHxpHcTannH'lecKoro MaTepHana e 

3aBHCHMOCTH OT eenH'lHHU 3epua d orrpenenReTcR ypaeueHHeM xanna-neTua 

a - a 
y f 

K d-,n 
y 

(1) 

rne af - HanpRXeHHe TpeHHR rrperrRTCTBYIDIUee ;!IBHXeHH~ .!lHCnoxauH8 B 

MaTpHue, Ky - Mepa pacTRrHBaIDIUHX HanpRxeuH8, TpeoyeMUX .!lRR 

pacrrpocTpaHeHHR rrnacTH'lecxo8 Texy'lecTH OT onHoro 3ep11a no npyroro. 
H3 pHC, 1 BH.!1110, 'ITO 3aBHCHMOCTb rrpe.!lena TeKy'leCTH OT pa3Mepa 

3epua .!lOCTaTO'lHO xopowo OilllCUBaeTCR eupaxeHHeM (1). KpOMe Toro 

BH.!1110, . 'ITO ycnoeuu8 rrpenen TeKy'leCTH a0,2 3aBHCHT OT TOnIUHHI,[ 

06pa3ua. JtnR TOHKHX o6pa3UOB 011 Meuhwe npH To8 xe cpenue8 eenH'lHHe 

3epua. npH cpenue8 eenH'lHHe 3ep11a uuxe 20 MKM npenen TexyqecTH 

TaK08 xe xax H .!lRR o6pa3UOB c pa3H08 TORIUHH08. 
Ha pHC.2 npe.!lCTaeneuo BRHRHHe TOnIUHHI,[ o6pa3Ua Ha rrpe.!len npo'IHOCTH 

UB .!IRR HCITUTaHHR o6pa3UOB ua pacTRXeuHe. npHORHXeHHUe 3Ha'leHHR aB 

.!lnR H3y'leHHUX o6pa3UOB MOXHO ua6nID.!laTb npH MaROM pa3Mepe 3epHa, 

Mettee 10 MKM. 

., rc. .. ., ~ · - • 11 ••·-·-1"1:.'t' I IJ.)V i#·• Ml,.aj,., w11.-1 ~a.a.al; 'Ii f 

tli-~~md.X Hc.~~,;;;;.:m,w.Q j 
. 6vi5JU.!0TEHA ............. ~ . 
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ere .!lJIH CTaJII! OX18H10T 
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Ha pHC. 3 noKa3aHO BJIHHHHe TOJIWl!Hll 06pa3ua I! pa3MepoB 3epHa Ha 

Y.UJil!HeHl!e. 3TO BJll!HHl!e yMeHbwaeTCH c yMeHbWeHl!eM TOJIWHHll o6pa3ua, HO 

3aBl!CHMOCTb Y.UJil!HeHHH OT pa3Mepoa 3epHa OTHOCHTeJibHO MaJiaH. 

3aBHCHMOCTb npe.uena TeKyqecTH 'oT TOJIWHHll o6pa3ua .UJIH aycT·eHHTHllX 

CTaneA 304 11 316 H3yqeHa B pa6oTax (4,5]. 113B ecTHO, qTo cnoco6 

CKOJibXeHl!H B OT.UeJibHllX 3epHax CHJibHO 3aBHCHT OT B3aHMo.aeACTBl!H Mex.uy 

coce.UHl!MH 3epHaMH. CqHTaeTCH, qTQ 3TO B3aHMO.UeACTBHe 

pacnpocTpaHHeTCH Ha .uocTaToqHo 6oJibWl!e paccTOHHl!H qepe3 coce.aH11e 

3epHa I! qTo "HanpHXeHl!e TeqeHl!H" (l!CTl!HHOe HanpHXeHl!e B weAKe) 

yMeHbWaeTCH C yMeHbWeHl!eM TOJIWl!Hll 06pa3ua, Kor.ua KOJil!qecTBO 3epeH Ha 

TOJIWl!He 06pa3ua MeHbWe, qeM Kpl!Tl!qecKaH BeJI11q11Ha. 

B pa6oTe [~ c.ueJiaHU nonUTKI! oueHl!Tb c fiOMOWb~ OTHOCl!TeJibHO 

npocToA MO.UeJII! pa.u11yc c~epu B3al!MO.UeAcTBl!H I! HanpHXeHl!H TeqeHl!H KaK 

~YHKUl!I! pa3MepoB 3epHa. Onpe.ueneHO, qTo cywecTByeT 3aBl!Cl!MOCTb 

"uanpHxeHl!H TeqeHl!H" OT BeJI11q11HU t/d, r.ue I - TOJIWl!Ha o6pa3ua, d -

cpe.UHl!A pa3Mep 3epHa. cywecTByeT Kpl!THqecKaH BeJIHqHHa t/d HJIH, KaK 

cqHTa~T .upyr11e 11ccne.uoaaTeJIH, KpHTl!qecKaH TOJIWHHa t c [7]. auwe 

KOTopoA npe.uen TeKyqeCTH He 3aBl!CHT OT 3THX BeJil!ql!H. 
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Ha pHC.4 noKa3aHa 3aBHCHMOCTb ycnoBHO,O npenena TeKyqecTH a OT 
0,2 

BenHqHHl,I t/d nm, Heo6nyqeHHUX H o6nyqeHHl,IX o6pa3UOB CTanH OX18H1 OT. 

KaK nm1 Heo6nyqeHHUX H o6nyqeHHUX o6pa3UOB - KpHTHqecKaH BenHqHHa 

t/d 6onbwe 3. 5. TI pH o6nyqeHHH oqeBHnHo HMeeT MeCTO panHaUHOHHOe 

ynpoqHeHHe, HO KpHTHqecKaH eenHqHHa Ud ~e MeHHeTCH nocne o6nyqeHHH. 

3TOT cpaKT MOJKHO 06'bHCHHTb TeM, qTQ npH . TaKHX · n□ 3aX nae peJKneHHii OT 

HeiiTPOHOB panHaUHOHHOe ynpoqHeHH~_ HBnHeTCH pe3ynbTaTOM ynpoqHeHHH 

Tena 3epeH, a He ynpoqHeHHe rpaHHU jepeH. 

3TOT BUBO.ll nonTeepJKnaeTCR pe3YRbTaTaMH pa60TU 

npoaHanH3HpoeaHO BRHHHHe o6nyqeHHH Ha eenHqHHy 

[8]. e KOTopoii 

Ky (CM.ypaeHeHHe 
( 1 ) ) . 

nonyqeHHue a naHH□ ii pa6□ Te naHttue no 3HaqeHHID napaMeTpa Ud 

conocTaBHMu c .aaHHUMH, K □Topue nonyqeHu B pa6oTax ~-~ .anH 

aycTeHHTHUX CTaneii 304 H 316. BenHqHHU napaMeTpa t/d .llRH Tex JKe 

cTaneii 6unH a npenenax 2.5 - 5.· B pa66Te IT] onpenenetta KpHTHqecKaH 

TORIUHHa ·1 c' euwe KOTOpoii npenen TeKyqecTH He 3aBHCHT OT TORIUHHl,I. 

HanpHMep, nnH aycTeHHTHOii CTanH JRCA '(Fe- 0.06C~ 16.22Ni- 14.57Cr -

2.37Mo - 0.24Ti) KpHTHqecKaR TORIUHHa 6una paeHa' 6-KpaTHOMy pa3Mepy 

3epHa. 

BnH o6pa3UOB c TonjH~Oii ~ MeHbwe, qeM KpHTHqecKaH t t e pa6oTe 

[7] npennoJKeHo onpenenHTb npenen TeKyqecTH nnR T□HKHX 06pa3uoa a yen 

H3 ypaeHeHHH
0 

Cl 
y ( T) rt - a 11/t 

y ( ,C:) 1/t IK dl/2 
C y • 

(2) 

rne aycc> - npenen TeKyqecTH cTaHnapTHoro 06pa3ua ( no pa3MepaM), 

d - cpenHHii pa3Mep 3epHa, Ky H a - nocTOHHHUe K03!p!pHUHeHTU. 

3TO ypaeHeHHe MOJKHO B!1B eCTH H3 ypaeHeHHR TIHTUa ( 1) H npocToro 

npaeHna CYMMHpOBaHHH npoqHQCTH!lX CBOHCTB 3epHa H rpaHHUU 3epeH (HRH 

npoqHQCT_HUX CBOiiCTB cpa3a-rpaHHUa pa3nena). 

3aBHCHMOCTb rrpenena npoqHQCTH Ha 

T□ nIUHHU o6pa3ua (pHc.2) noKa31,1eaeT, 

6onbwe 5. 3aBHCHMOCTb ynnHHeHHR OT 

pacTRJKeHHe OT eenHqHHU_ 39pHa H 

qTQ KpHTHqecKaH eenHqHHa Ud 

pa3Mepoe 3epHa (pHc.3) Mana, 

npaKTHqecKH ynnHHeHHe He MeHHeTCR e npenenax cpenttero pa3Mepa 3epHa 

OT 15 no 130 MKM. TpynHo CKa3aTb npH 

MHHHaTIDpH!lX H CTaHnapTHl,IX o6pa3UOB MOJKHO 

npH HCCnenoeaHHH o6pa3UOB CTanH 304 c 

TORIUHHY onpenenHnH euwe 200 MKM). 

KaKoii TORIUHHe ynnHHeHHe 

cpaBHHBaTb ( B pa6oTe [4] 

TORIUHHOii 18-210 MKM 3TY 

Onttoii. H3 ueneii pa60T11 6uno orrpeneneHHe HaCKORbKO H a KaKoii 

CTeneHH pe3ynbTaTU HCnUTaHHii MeXaHHqecKHX CBOiiCTB MHHHaTIDpH!lX 
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o6pa3UOB MO~HO cpaBHHBaTb C pe3ynbTaTaMH HCnhlTaHHii CTaHnapTHhlX 

06pa3uoa. Ha pHc.5 npencTaaneHu nonyqeHHhle naHHue no 3HaqeHHHM a , 
0,2 

aB H ~ nnH MHHHaT~pHhlX H CTaHnapTHux"o6pa3UOB. CpenHHii pa3Mep 3epHa 

H3yqeHHhlX o6pa3UOB HaxonHnCH B npeienax 15 - 17 MKM npH TonmHHe 50 

MKM. Ha TaKHX o6pa3uax 6uno H3yqeHO pairnaUHOHHOe ynpoqHeHHe CTanH 

OX18Hl OT nocne o6nyqeHHH TH~enuMH . HOHaMH. [1,2]. KaK BHnHo H3 pHc. 5 

npenen TexyqecTH MHHHaT~PHhlX H CT a HnapTHhlX . o6pa3U(?B· He OTJrnqaeTCH, 

npenen npoqHOCTH oTnHqaeTCH He3HaqHTenbHO, a ynnHHeHHe MHHHaT~pHhlX H 

CTaHnapTHhlX o6pa3UOB pa3nHqHo (cTaHnapTHhle o6p-3Uhl HMenH npHMepHO Ha 

40 7. 6onbmee 3HaqeHHe, qeM MHHHaT~pHhle o6pa3Uhl). 

5. 3AKJIIO'IEHI-IE 

npenen TexyqecTH CTanH OXl 8Hl OT 3aBHCHT OT .TonmHHhl 06pa3ua t H 

pa3MepoB 3epHa d. KpHTHqecxoe COOTHOilleHHe t/d COCTaenHeT npHMepHO 

3.5, xorna OHO Bhlllle qeM 3.5, TO npenen TexyqecTH MHHHaT~pHhlX 

o6pa3UOB paeeH npeneny TeKyq~CTH CTaHnapTHhlX o6pa3UOB. 

npenen npoqHOCTH Ha pacTH~eHHe cTanH OXl 8Hl OT TaK~e 3aBHCHT OT 

TonmHHhl 06pa3ua H pa3Mepoa 3epHa. Kor na eenHqH11a t/d euwe 5 • npenen 

npoqHOCTH MHHHaT~pHhlX o6pa3UOB paeeH npeneny npoq110CTH CTaHnapTHhlX 

o6pa3UOB. 

YnnHHeHHe MHHHaT~pHhlX H CTaHnapTHhlX o6pa3UOB CTanH OX18H10T 

pa3Hoe. 

BenH'{HHa npenena TeKyqecTH MHHHaT~pHhlX o6pa3UOB CTanH OXl 8Hl OT 

TonmHHOH 50 MKM H pa3MepaMH 3epHa 15-1 7 MKM, KOTOphle 6UJIH 

HCHOnb30BaHhl B HccnenoeaHHHX panHaUHOHHOro ynpoqHeHHH TTOCJ1e 

06nyqe11HH TH~enhlMH HOHaMH H . HeiiTpOHaMH ( 1,2). COOTBeTCTBY~T npeneny 

TeKyqeCTH CTaHnapTHhlX o6pa3UOB. H pe3y nbTaThl HCllhlTaHHH MHHHa T~pllhlX 

o6pa3UOB MoryT 6h1Tb llpHMeHeHhl nnH HH~eHepHhlX neneii. 
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