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HccnenoBaHbl peojlornyeckue CBOMCTBA MOJMKpUCTAJLIMYecKoro upuaus mapku M 99,9 ¢ 1iesnbio nocTpoeHusi 3aBUCUMOCTHU CO-
MPOTUBJIEHU S AeOpPMAIIMU OT UCCIeTyeMbIX (DaKTOPOB (CTEMEHHU, CKOPOCTH U TeMITepaTyphl AedopMmaninu). McmblTaHu s HMIUH-
JNIpUYECKUX 00pa31oB U3 UPUAMS TTPOBEIEHBI Ha KYJa4KOBOM IJIacTOMETpe B MHTepBaJie Temneparyp f = 900+1400 °C npu ckopo-
crax nedopmanuu & = 0,2 u 20 ¢!, a Takxe npu £ = 800+1400 °C u & =2 ¢! meTonom ocanku co crenenbio aedopmannu 10 0,8.
PesynpraThl cCleTOBaHUI MOTYT OBITh MCIIOJb30BaHbI IJISI Pa3pabOTKU TEXHOJIOIMii 00pabOTKY TaBJICHUEM U3ISINMA U3 UPUIUS
Mp¥ GOJBIIKX TUIACTUYSCKUX Te(hOpMAaIIMIX U B IIUPOKOM IMaIla30He TePMOMEXaHMYeCKUX ITapaMeTPOB.

Kuiouesbie ciioBa: I/IpPII[I/Iﬁ, TJIaCTOMETPUUYECKUNUE UCTTBITAHU A, COITPOTUBJICHUE HC(I)OpMaLU/II/I, [[e(l)OpMaL[I/IOHHOC YIIPpOYHEHUC.

Rheological properties of polycrystalline iridium of I 99.9 brand are investigated in order to construct the dependence of deformation
resistance on studied factors (strain ratio, rate, and temperature). The tests of cylindrical samples made of iridium are performed using a
cam plastometer in temperature range = 900+1400 °C at strain rates £ = 0,2 and 20 s~' as well as at # = 8001400 °C and £ = 2 s~! using
the upsetting method at a strain rate up to 0,8. The results of investigations can be used to develop the pressure treatment of iridium wares
at large plastic strains and in a broad range of thermomechanical parameters.

Keywords: iridium, plastometric tests, deformation resistance, strain hardening.

AKTYaJbHOCTD MPOOJIeMbI U 1eJIb PAOOTHI

HMpuauii u ero crijaBbl 6Jarogapsi CBOUM YHUKaIb-
HBIM CBOMCTBaM (TYTOIJIaBKOCTb, CTOMKOCTb K arpec-
CHBHBIM Cp€JaM U [Ip.) HAXOOSIT BCce OoJbllIee MpUMe-
HEHME B KaYECTBE€ KOHCTPYKILMOHHOTO MaTepuasia ajs
WU3AETNUI, SKCIIyaTUPYEMBbIX ITPU BBICOKUX TEMIIEpATy-
pax U B arpeccuBHBbIX cpenax. Mpuauii ucnonb3yercs,
HarnpuMep, NpU WU3rOTOBJIIEHUM TUTIJEH IJisl BbIpallu-
BaHU S OKCUJAHBIX MOHOKPUCTAJJIOB, KOHTEWHEPOB IS
MaJiorabapuTHBIX MCTOYHMKOB TEIJIOBOM M 3JEKTPHU-
YeCKOI Hepruu, 0OMOTOK AJIs1 3JeKTpoIreyeii, KaTon0B,

a Tak:Xe AJs1 MPOU3BOJICTBA TOUYHBIX M3MEPUTETbHbBIX
MpuOOpPOB, JaMIOYEK HaKaJlWBaHUS, XUPYPruuecKUX
HHCTPYMeHTOB. OCOOCHHO OH BOCTPeOOBaH KaK KOH-
TEWHEPHBI MaTepuas, KOTOPbIA MOXET YCHELITHO DKC-
MayaTupoBaThces A0 Temnepatypsl 2100 °C.

W3BectHO [1], 4TO M3-3a CUJIBHOIO YOPOUYHEHUS U
CKJIOHHOCTHM K XpYIKOMY MeX3€pEHHOMY pa3pylLICHUIO
B IOJIMKPUCTAJIMYECKOM COCTOSIHUU UPULIUI C TPYAOM
noagaeTcss 00paboTKe JaBICHUEM.
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MeTaAAOBEAEHVE U TEPMUYECKAS OBPABOTKA

NeTeIbCTBYIOIIUX O TOM, YTO MOHOKPUCTaTIUYECKUUA
WPUIUI SIBASETCS BBICOKOIIACTUYHBIM MaTeprajoM, 1
MOXHO OXHAaTh, UYTO OH OymeT 00padaThIBaThCS JaxXe
Mpy KOMHATHOHW TeMneparype. OmHaKo Mpu MPUIOXKE-
HUY K MAaCCMBHOMY MOHOKPHUCTAJIJIY PacTSATUBAIOIINX
HArpy3oK Ha €Tro MOBEPXHOCTU ITOSABIISECTCS OOIBIIOE
KOJIMYECTBO TPEIIMH, MPUBOISIIUX K pacnany obpasia
Hayactu [1].

ITockonbky 00paboTKa JaBIEHUEM MOJUKPUCTAII-
JINYECKOro UPUANS COMPSIKEHA C OITACHOCTHIO pa3pylie-
HUS 3aTOTOBOK BBUIY €ro HU3KOU ne(hOpMUPYEMOCTH,
OOJIBPIIMHCTBO WCCICOOBAHUN ITOCBSIICHO WM3YYCHUIO
rnokasareyieil MJIacCTUYHOCTU (OTHOCUTEJIbHOTO YIJIM-
HEHU S 10 pa3pbiBa), a TAaKXKe MEXaHU3MOB pa3pylIeHU s
TMOJIMKPUCTATIINYECKUX 00pa3ioB. 1o 3Toil mpuunHe
B TEXHUYECKOW JIUTEepaType KpaiiHe Mayo padoT, Mmoc-
BSIIIIEHHBIX M3YUYEHUIO CONPOTUBACHUS TLIACTUYECKOMU
neopMalliy TMOJUKPUCTATINISCKOTO UPUINsI, HEOO0-
XOAUMOI0 AJISl pacyeTa SHEProCUJIOBBIX IMapaMeTpOB
npoueccoB o0paboTkM maBiaeHueM. JIMIIb OTHOCHU-
TEeJIbHO HETaBHO CTajl M3BECTEH OrpaHMYCHHBIN HA0OOp
MEXaHUYECKUX CBOMCTB MpUAMS TpU TeMIlepaTypax
1650 °C 1 2300 °C [2, 3].

Ony06JIMKOBaHHEBIC JaHHEIE IT0 COITPOTUBIICHUIO Je-
¢dopmMaluu MIaTUHBI OTHOCITCS TOJbKO K KOMHATHOM
Temnepatype [4, 5]. B paboTe [6] BEISIBIIEHO, 4TO 00Opa3-
bl UPUINS, JISTHPOBAaHHBIC MaJbIMU nobaBKamMu Ce 1
Th, a BO3MOXHO, 1 0€3 TaKOBBIX, MOKa3bIBAIOT HEMJIO-
XHe 3HaUYCHU I TUIAaCTUYHOCTH Ha pacTsSKeHUE Aaxe Ipu
KOMHAaTHOU Temmeparype. OmHAKO Ipoliecchl maedop-
Maluu (KOBKHU, IIITAMIIOBKM) BCE Xe CTaparoTCs MPOBO-
IUTH IIPU MOBBIIIEHHBIX TEMIIepaTypax IJIs1 CHUXKEHUS
HaOPSIXKEHUM U YyCUJTUN.

AHaIu3 TUTEepaTyPHBIX AJAHHBIX ITOKa3aJ, 4YTO MpaK-
TUYECKU BCE Pe3yJbTaThl UCCIEIOBaHUN peosioruyec-
KHMX CBOMCTB M 1e(DOPMUPYEMOCTH UPUIMS 1 €TI0 CILIa-
BOB [6—8] mosTydeHbI IPY UCIIBITAHKUSIX HA PACTSKEHUE,
KOTOpbIE XapaKTepU3YIOTCSI OTHOCUTEJIbHO MaJioi je-
dopmarueii (He 6onee 10—15 %). Ilpu 3TomM U3 mpo-
YHOCTHBIX XapaKTePUCTUK JOCTOBEPHO OIPEneIsIeTCs
JIMILB TIpeae TeKy4eCcTH, T.e. MUHUMAaJIbHOE HampsiKe-
HUe, TP KOTOPOM HauMHAeTCs MjacTudeckas medop-
Malus. DKCIEpUMEHTHI Ha pacTSIXKeHUE He TTO3BOJISIOT
IOCTOBEPHO OLIECHUTH YIIPOYHEHHE MpU OOJBIIMX Je-
dopMalMaX U3-3a UX JIOKATU3AINH B 00JIACTH MIEUKH U
rnepexona TMHEHHOTO HAMIPSIXKEHHOTO COCTOSTHU ST MaTe-
puajia B oObEMHOE.

B cBs13u ¢ BHINIEN3I0XXEHHBIM IIeJIb HACTOSIIEH pa-
0OTBl — Ha OCHOBE MJAaCTOMETPUYECKUX UCIBITAHUMN
MyTeM OCaJIKHU IMOJYYUTh KpUBbIe AeDOPMaIIMOHHOIO

YIOPOYHEHUS] MPUIOUS, a TaKXe MOCTPOUTH aHaJIUTHU-
YEeCKYI0 3aBUCUMOCTb €T0 COMPOTUBJICHUSI TLIaCTUYEC-
KO# nechopMaIuu OT CTEIeHU, CKOPOCTHU U TeMIiepaTy-
pbl 00pabOTKM, KOTOpasi Morjia Obl ObITh UCITOJIb30BaHa
MPU pacyeTe TEXHOJOTMUYECKUX MPOLIeCCOB 00pabOTKU
JIaBJICHUEM, XapaKTepPU3YyIOIIUXCS OOJBIIMMHU MIaCTHU-
YeCKMMU JehopMallusIMU.

XapakTepucTHKa 00pa3noB
¥ METOAMKA MPOBEICHHS UCCIeT0BAHMIA

[Ipu onpenmeleHNM CONMPOTUBICHUS TIACTUICCKOM
nedopmanuu (c,) Haubosee MHPOPMATUBHON SABIIS-
eTcs ocajgka o0pa3IoB Ha IJIACTOMETpPaX, MOCKOJbKY
TO3BOJISIET TTOJIyJ4aTh JaHHEIE IT0 3TOMY ITOKAa3aTeo B
IIMPOKOM OMana30He CTEIeHEN, CKOPOCTEN U TeMIle-
patyp nedopmauuu. OnpeneseHue COMPOTUBJICHUS
nedopMalliy MPUANS OCYIICCTBIISLIN Ha YCTAHOBJICH-
HoM B MHcTuTyTe MamunHoBenaeHust YpO PAH (r. Exa-
TEpUHOYPr) MmJacToMeTpe KyJauyKoBOro Tura ¢ padbo-
yuM ycuaneM go 1500 kH (puc. 1) mo MmeTomuke, Imom-
poOHO u3JIoXXeHHOoI B pabore [9].

HcnbeiTanuio moaBepraau oOpasiibl U3 UPUIUS Map-
ku M199,9 (FOCT 13099-2006). IMocne neperniaBa B Ba-
KYYMHOM 3JIGKTPOHHO-JTY4eBOil YCTAHOBKE ComepKa-
HUE UPUOUS B IMTOM 3arOTOBKE cocTaBisaio 99,97 %, a
TIPUMECH paCIIPeIeININCh CIeAYIOMMNM 00pa3oM, ppm:
niaaruHa — 110, mannaaguit — 7, poguii — 4, 30J10T0 — 5,
XKeyne3o — 5, pyTreHuit — 94, menp — 5, HuKenab — 10,
CBUHEIL — 2, aTIOMUHUI — 3, KpeMHU — 10, 6apmii — 5.

Puc. 1. O01muii B KyJIauKOBOTO IJIacCTOMETpa
pazpaborku UMAII YpO PAH
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Hcnonb3oBanu NMIMHIPUYECKIE 00pa3IIbl TMaMeT-
pom 9,4—10,3 MM u BbicoToii 14,3—16,1 MM, U3roTOB-
JICHHBIC U3 IIPYTKOB IMaMeTPOM 12 MM, KOTOpEIE OBLIN
OTKOBAaHBI M3 JIUTOI 3aTOTOBKM TOCJIE ee IeperaBa B
BAKYYMHOM 3JIEKTPOHHO-JIYYEBOM YCTAHOBKE M MOCJIE
KOBKY OXJIaXXICHBI B BOJIE.

HMcreITaHWS Ha 0canKy oOpas3IioB IIPOBEICHEI B MH-
tepBayie Temieparyp ¢ = 900+1400 °C mpu CKOpoOCTIX
nedopmanuu & = 0,2 u 20 ¢!, a Takxe mpu 1 = 800+
+1400°Cnpu =2 ¢~!'. MakcuManbHas CTeneHb nedop-
Mauuu obpasuos (e = In(hy/h,), rae hgu h, — HadabHas
¥ KOHEYHAasI BBICOTHI 00pa3lia), JOCTUTHYTAs B DKCIIC-
pumeHTax, coctaBuiia e = 0,8. CKopocTh aehopmMaluu
B XOJe BCEro Ipollecca ocaaky IMOAAepPXKHUBaaach MoO-
CTOSTHHOIT Oj1aromapsi COOTBETCTBYIOIIEMY TIPODPUITIO KYy-
JlayKa ¥ aBTOMaTU3MPOBAHHOMY PETyJIMPYEeMOMY 3JIeK-
TPONpPUBONY.

st obecriedeHUST paBHOMEPHOM OCaIKM U CXEMEBI
JIMHEMHOTO OTHOOCHOTO CXKATH Sl NCTIOJIb30BaIM CMa3Ky
B BUJIE MOJIOTOTO CTEKJIa, colepxkaiiero, mac.%: 55 SiO,,
7 BO,, 21 Al,0O5 u 14 CaO.

ITepen mocankoit B medb 00pa3iibl MOMEIAIN B CIie-
HUaJdbHBIA LHUIUHAPUUYECKUI KOHTeiHep (puc. 2) 1o
HeHTPY AchopMUPYIOIINX OONKOB M3 CIEHMATBHOTO
JKapOIPOYHOro CIjlaBa M M30JIMPOBAJIM KaOJIMHOBOM
BaToii. UX HarpeB 1o TeMIiepaTyp UCIIBITAHU S OCYILECT-
BJISIIM B 2JICKTPUICCKOM eI BMECTe ¢ KOHTEHHEPOM-
makeToM. [locie mocTukeHUs 3aJaHHOU TeMIepaTyphl
3alycKaJu U TOATOTaBJIMBaId KOMIIBIOTEPHYIO IPO-

[, NV L Y I S

Puc. 2. Cxema cOopku o6pasiia B KOHTeiHepe-TlakeTe

JJISI UCTIBITAaHU S 00pa3iia Ha 0CaiKy

1 — BepxHUit feopMupyloLInii 60eK; 2 — cioii cMa3ku; 3 — obpasell;
4 — acbecToBast U3OJIAIINS;, 5 — KAOJIMHOBASI BaTa; 6 — KOHTEHHED;

7 — HIXKHUI 60ek

rpaMmy coopa u dukcanuu gaHHbiX GeniDAQ (mis & =
=0,212,0 ¢ man WinDAQ (st € =20 ¢, Bkitouann
TIPUBOJ BpallleHWsI M pa3rOH SN BaJ MaXOBUKa JI0 HY X-
Hoil ckopocTu. KoHTeliHep-TTakeT U3BJIeKaJIu U3 TTeYU U
yCTaHaBAMBaIU B paboyee MPOCTPAHCTBO IMJIaCTOMETpa
Ha MEC03y CTPOTO TI0 €€ OCH, TTOCTIe YeTO HEMEJIEHHO
MMPOBOJWJIN OCaIKy 00pas3iia C aBTOMaTUYECKON peruc-
Tpaluei mapaMeTpoB Npoliecca Ha KOMITBIOTEPE.

Curnan yewnus, B

Curnai nepemertenust, B

71 106 141 176 211 246 281

Howmep u3mepenns

6

Curnan nepemernenus, B
Curnan ycunust, B

55 82 109 136 163 190 217

Homep u3mepenus

Puc. 3. KoMmbploTepHble fMarpaMMbl 3aTTUCH
mpoiecca ocanku mpu ¢ = 1000 °C Ha miacToMmeTpe
pu ckopoctu gedopmanuu 0,2 ¢ (a) 1 20 ¢! 6)
11— KpHBas 3alIucy NEPEMECIICHUSA TTOJI3YHA

¢ neopMUpyIOIIUM 00IKOM, 2 — KpUBasi 3alUCU CUJTBI OCAJKH,
3 — mikasia otcyeTa TOYeK 3arucu
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MeTaAAOBEAEHVE U TEPMUYECKAS OBPABOTKA

Puc. 4. BHeIIHWIA BUI MPUAKEBBIX 00pa3LoB, ocaxeHHbIX pu f = 1000 °C co ckopoctsio 0,2 (a), 2,0 (6) n 20 ¢! (8)

Wcnonb3yeMmble MporpaMMHbIe KOMIIJEKCH cOopa
u peructpanuu naHHbx GeniDAQ m WinDAQ ocy-
IIECTBJISIIA BBIBOJA PE3yJIbTaTOB U3MEpeHMIl B hopMa-
Te Microsoft Excel. [IpumMepbl KOMIIBIOTEPHOI 3alIUCU
mpoliecca ocaaKu upuaneBoro odpasma npu ¢ = 1000 °C
C Pa3IMYHBIMU CKOPOCTSIMU TIPEJCTaBICHBI Ha puc. 3.

W3 rpadukoB, B YaCTHOCTH, BUJHO, YTO 3aBUCUMOCTH
nepeMettieHust / 61M3KU K TIpsIMOit TuHUM, TuddepeH-
IIMpOBaHMe 3TUX (PYHKIIUI B KaX 01 TOYKE TTO BpeMe-
HU MpPUBEIET K KOHCTAHTE, YTO TOBOPUT O MOAAepKa-
HHUUY TTOCTOSITHHOM CKOPOCTHU MCITBITaHUS. [TomydeHHBIC
JaHHBIE UCTTOIb30BAJIU JIJISI pacuyeTa KPUBBIX YIIPOYHE-
HUS MO CIelMaJIbHOM IporpaMme, pa3paboTaHHOM B
MMAII ¥pO PAH. Ona npemgycMaTpuBaeT pacueT co-
npoTusieHus aedopmanuu no dopmyne o, = P/F (rae
P — u3MepeHHas cuia, F — pacyeTHas IUiomaab Morme-
PEYHOTO CEYCHMST) M OCYIICCTBIISICT BEIBOM PE3yJIbTaTOB
(xpuBBIX yipouHeHUs) B hopmare Microsoft Excel. [lns
MepeBojia MoKa3aHUi B BOJIBTaxX B €AMHUIIBI CUJIBI UC-
TOJIb30BAJIN PE3yJIbTaThl TAPUPOBKHA MECIO3HI.

®otorpadun 06pa3ioB, 0CaXKEHHBIX MTPU TeMIlepa-
Type 1000 °C ¢ pa3HBIMU CKOPOCTSIMU, TPEACTaBIICHBI
Ha puc. 4. BuaHO, 4TO IpolLecC CONPOBOXAAETCS HE3HA-
YUTEJTbHBIM 004KO00pa30BaHUEM, YTO CBUIETEIBCTBY-
€T 0 COOJIIOIEHN U YCIIOBUI OMHOPOILHOM nedopMalini.

Pe3ynbraThl 3KCiepuMeHTa
U UX 00CYKIeHHne

Pe3ynbrarel 3KCIIEPUMEHTOB — KPUBBIC YIIPOUYHE-
HUSI UPUIKS B BUIC 3aBUCMMOCTHU COIIPOTUBJICHUS Jie-
dbopmanuu (G,) ot Jorapudmuyeckoit crerneHu nedop-
Maluu (e) TP pa3INYHBIX CKOPOCTSIX U TeMTIepaTypax
MCIBITAHUI — IMpencTaBieHbl Ha puc. 5. M3 paccMort-
PEHUS M COMOCTABJICHUS 3TUX TaHHBIX MOXHO CIeIaTh
ciaenyloliie o000IIeHUsI.

B unrepBane t = 800+1400 °C upuguit xapaktepu-
3yeTCsI BeCbMa BHICOKMM YPOBHEM COIIPOTUBJICHUS JIC-
dopmalmu, CyImeCTBEHHO TPEBBIIIAIOIIAM TaKOBOM
0OJBIIMHCTBA cTajiei u cryiaBoB [10].

XapakTep KpUBBIX YIPOUHEHUS UPUIUS B OIpee-
JICHHOI Mepe 3aBUCHUT OT CKOpocTu nedopmanuu. [1pn
masoil ee Bemmumne (0,2 ¢~') ympouHeHue Meraiia
MMEET MECTO MOYTH BO BCEM MHTEpBaJjie CTEIEHEH e-
dbopmanum BrtoTh 10 e = 0,8; ¢ yBenudeHueM e > 0,6
yIpouyHeHue 3amensiercs. [Ipu aToM BeJMunHa G BO3-
pacTaeT MOHOTOHHO 0e3 KaKMX-TU00 HapylIeHU i 3TOM
TEHAEHLIUU.

[pu Gonee BHICOKOIH ckopocT (2 ¢~') ympoute-
HUe 3aKaHuyuBaeTcs: npu e = 0,6 U cTabuan3upyercs
IIpY IajJbHEWUIIEM YBEIMUYCHUN CTEeTICHHU IeOpMaIiu.

o,, MIla
a 900
6001
] 1000
1100
400+ 1200
. 1300
200 1400
0 1 1 1 1 1 1 1 1
10 800
7004 900
] 1000
500+ 1100
. 1200
1300
3007 / 1400
100 1 1 1 1 1 1 1 1
i 8
700- 900
i 1000
5004 1100
1200
7 1300
3001 1400
100 T T T T T T T T
0 0,2 0,4 0,6 0,8 e

Puc. 5. DkcriepyMeHTaIbHbIE KPUBBIE YITPOUHEHU S UPUIM S
npu ocajgke co ckopoctsimu 0,2 (a), 2,0 (6) u 20 ¢ (g)
MpU pa3InYHBIX TeMnepatypax (Ludpsl y KpubbiX, “C)
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AHanu3 JIUTepaTypHBIX MCTOY-

HUKOB MOKa3bIBaeT ciaenyoiiee. I1o
JaHHBIM cTathu [12] mpu ¢ = 1600 °C
MaKCHMMaJbHO€E 3HaYeHUe HaIIpsiKe-
HUS JaCTUYECKOTO TEYEHUSI UPU-
IMsl TIpU PacTSXKEHUU Ha MHTepBa-
JIe OTHOCUTENBHBIX VIJIMHEHUA & =
= (0+60 % cocrasisier 90 MIla. Dkcr-
pamnoisuus TMOJYYEHHBIX pe3yib-
TaTOB B 00JacTh 0o0Jiee BBICOKUX
temnepatyp (1600 °C), mokaspiBaeT

o,, MIla
80017
6000\
2
400 ]
200 . s
OI T T T T T T T T T T T T T
900 1100 1300 900 1100 1300 900 1100

Puc. 6. TemrepaTypHbIe 3aBUCUMOCTH CONTPOTUBJICHUS Ne(hOpMaLluK UPUTH ST
IIPY OCAJKE C Pa3IMYHBIMU CKOPOCTBIO M CTEMEHBIO e opMaLvii

a—§=02c¢",6-20c! 6—20c"!
1—e=02,2—0,4,3-0,6

OmHaKo X0 KPUBBIX YIIPOYHEHUST CBUAETEILCTBYET O
HaJIMUMM YYaCTKOB TUHAMUYECKOTO pa3yHpOYHEHMS,
CMCHSIOMINXCS YIACTKAMU ITOCICAVIONIETO YIIPOYHEe-
HUSI, B pe3yJbTaTe Yero UMeeT MeCTO TaK Ha3blBaemasi
OCLMJUISILLM Sl BEIMYMHBI ;.

[Ipu 3HAYNTENBHOM CKOpocTH Aedopmanu (20 c’l)
yIpOYHEHHE 3aKaHYuBaeTcs Takxe mpu e = 0,6, on-
HaKo TIpM JajJbHEiIeM IOBBIIICHUM e HaOJiromaeTcs
IWHAMWYECKOe pa3yIpOYHEHHUE, COIPOBOXIAIONICECS
HeOOJBbUIMM CHUXEHHMEM BEIUUYMHBI G, ISl KPUBBIX
YIPOYHEHHUS TaKXke XapaKTepHa OCLMJUISLUA Oy, HO C
OOJIBIIIEH aMIIJINTYIOM €ro M3MECHEHMS.

OCuMISIINY ONBITHBIX JAHHBIX HA THarpamMMe sIB-
JISIOTCS XapaKTepHBIMU, 1o KpaiiHei Mepe ais ['LIK-
METaJIJIOB, YTO OTMedaeTcd B padboTax [12, 14] mpuMmeHn-
TeJbHO K AeDOpMaLI 1 UPUAMSI KU MEAY COOTBETCTBEHHO.
CaMo sBJeHUE aBTOPHI OOBSICHSIOT OCOOCHHOCTSIMU
MPOXOXKACHUS TMHAMWYCCKON PEKPUCTAJIA3AIIN .

Hawubonrbiee ynpouHeHve uMmeeT Mmecto nipu ¢ = 800
1 900 °C, T.e. HMXe TeMIepaTyphbl peKpUCTaIIn3alluu,
kotopas g upuaus pasHa 1000 °C [11]. ITpu ¢ > 1000 °C
BILIOTh 10 1400 °C MHTEHCMBHOCTb YIIPOUHEHMU S C YBe-
JIMYyeHueM aecdopMaliii HECKOJIbKO YMEHbBIIAEeTCS.

Ha puc. 6 nokasaHbl TeMIepaTypHble 3aBUCUMOC-
TU COMPOTUBJEHUS nedopmaniuu upuaus aisd e = 0,2,
0,4 n 0,6. I3 paccMOTpeHU ST NPeACTaBICHHBIX JaHHBIX
CJIeAyeT, YTO BEJIMUMHA G, C NOBBILIEHUEM TEMIIEPATy-
pbI oT 900 mo 1400 °C MOHOTOHHO CHUXXAaeTcs, MpUuYeM
0oJiee pe3KO 3TO MPOUCXOAUT Ha HaYyaIbHOM dTarle, 3a-
MeAnsasach npu mpubimxeHuun K ¢ ~ 1400 °C. KpuBble 13-
MEHEHUS G, /151 CTeNeHU TehopMalluy B UHTEpBaJIe e =
=0,2+0,6 UIEHTUYHBDI.

MIPUMEPHYIO UX CXOAUMOCTh. Kpome
TOTO, TIOJIyYeHHas! B HAIIMX OIBITaX
BeJMYMHA O, HA HayaJIbHOU cTaniuu
yrpouneHus (s e = 0,05) mpu cKo-
poctu 0,2 ¢! (cm. puc. 5, a) 6nusko
COBMaJaeT C MpenesoM TeKy4ecTu
UPUANS, TIOJYYEHHBIM aBTOPaMU
pa6oTsl [7] B onbiTax 1o pactsikenuto (mpu & ~ 0,1 ¢ h.

Jlnsg Tex ke crerneHei nedpopMaliiy MOCTPOEHBI I'pa-
(bUKM 3aBUCHUMOCTU G; OT CKOpOCTU nedopMmauuu &,

1300 ¢, °C

300 T T T T

o,, MIla

700+

600+

3 . 20¢"
In§ [cfl]

Puc. 7. BiusiHue cKopocTH Ha CONPOTHUBJICHNUE Ie(opMallun
upuaus mpu remnepatypax 900 °C (CrioirHbie JUHUN)

1 1000 °C (luTpuxoBbIe) sl pa3IUYHbIX CTENeHEeH
nedbopmanuu (LU@psl y KPUBBIX)

a — HaTypaJibHasl IIIKajia CKOPOCTH, 6 — JlorapudMuiecKast

£=02¢"
1 0 1 2 3
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MeTaAAOBEAEHME N TEPMUYECKAS OBPABOTKA

npuMep KoTopbix s temnepatryp 900 u 1000 °C npen-
cTaBJieH Ha puc. 7, a. B norapupmmnyecknx KoopamHa-
TaX OHU UMEIOT BUJ IPSIMBIX C HEOOJIBIIUMH OTKJIOHE-
HUSMU 3KCIIEpUMEHTAaIbHBIX TOYCK OT IIPSIMOil TUMHUT
(puc. 7, 6).

Jsi KOMTUYECTBEHHON OLIEHKM BJIUSIHUS CKOPOCTH
Ha CONpOTUBJIeHUE NedopMallMy MCIIOJIb30BaINd yC-
JIOBHBIN KO3 (GUIIMEHT CKOPOCTHOTO YIIPOYHEHUS A,
KOTOPBII ONpeeIsiid KaK OTHOLIEHUE BETUYUH G, IPU
HauGombmeit (& = 20 ¢™') u Hanmensbmeii (€ = 0,2 ¢7)
CKOPOCTSIX. 3HaUEHU$ Oy B3ATHI 115 CTeNeHU nedopma-
uuu e = 0,6, Ip1 KOTOPOM OHM OJIM3KU K MaKCUMaJlb-
HBIM BeTUYMHAM.

Pesynbrarsl pacyera mpeacTaBieHbl HUXeE:

t,°C....... 900
Moo, 1,17

1000 1100 1200 1300 1400

1,21 1,25 1,34 1,38 1,42
OHU CBUIETEIBCTBYET O TOM, YTO POJIb CKOPOCTHOTO
VIIPOYHEHUST UPUIMS BO3PACTAET C MOBBIIIEHUEM TEM-

nepaTypsl AeopMaInm.

AHalInTHYeCcKas o0padoTKa
NOJyYeHHBIX Pe3yJIbTaTOB

Bo MHOrux pacyeTHBIX MOAYJISIX aHaJluM3a Mpolec-
CcOB 00pabOTKM AaBJIEHUEM MPUMEHSIOTCSI He Trpadu-
yeckKue AaHHble, a alNpPOKCUMUpYIOLIKe GOPMYIIHI.
I[loaTOoMy mony4YeHHBIE pe3yJbTaThl MPUBEIU K aHa-
JUTUICCKOMY BUAY 3aBUCHUMOCTH COIIPOTHUBICHUS
nedopMauvy UpUAUS OT TEPMOMEXaHUUYECKUX Tapa-

o,, MIla

METpOB: cTeneHu (e), ckopoctu (§) U TemmnepaTypsi (f)
nedopmanuu.

[Mpu mocTpoeHUM MOIETU UCTIONB30BAIU (GOPMYITY,
KOTOpasi, Kak moka3aHo B padoTte [13], xopoI1o onuckl-
BaeT BO3pacTalou[uil XxapaKTep KPUBBIX YIIPOUHEHUSI:

o, = o, efeEXeexp(—Ky1). (1)

B dopmyny BXoasaT Heum3BeCTHBIE KOIDOUIIMEHTHI
Oy, K., K&, U K;, KOTOpBIE HaXOASATCS C IIOMOILBIO PEr-
peccuoHHOro aHainu3a. Ero HEOOXOZMMBIM YCIIOBHEM
SIBJSIETCS TO, YTO MCKOMasi (OyHKIIMsI, OIpeaeasemMast
HECKOJIBKMMHU HE3aBUCUMBIMH (aKTopaMHu, HOJKHA
UMETh JIMHEWHYIO 3aBUCUMOCTh OT MCCIIENYeMBbIX (DaK-
TopoB. [lns nuHeapusauuu ypaBHeHue (1) morapudmu-
pOBaHMEM IIPUBEIIH K CICAYIOMEMY BUIY:

Ino; =In4 + K,Ine + K:In& — Kr. 2

Ilouck 3HayeHUIT HEU3BECTHBIX KO3(M(PUIIMEHTOB,
a TakKXe NPOBEPKY MX CTATUCTUYECKOM 3HAYMMOCTU
OCYILIECTBJISIIA B MOAYJIe aHAJIM3a MTaHHBIX makeTa MS
Office Excel. CraTuctuueckass 3HAYMMOCTL K03(hdu-
IIIEHTOB MHOXECTBEHHOM perpeccuy ¢ Tpems He3a-
BUCUMBIMU II€PEMEHHBIMU IIpOBepsIach Ha OCHOBE
t-CTaTUCTUKU, KOTOpas MOATBEPAMIIA CTATUCTUICCKYIO
3HAYMMOCTh BCeX KOX(MDOUIIMEHTOB MHOXECTBEHHOM
perpeccuu. JIs1 OlleHKM OOIlero KayecTBa ypaBHEHUS
MHOXXECTBEHHON pPEerpecCMy HCIOIb30Balil K03 hu-
LIMEHT IeTepMUHALNM R2, KOTOPBIA IO pe3yjbratam
pacueToB cocTtaBu 0,94.

IMocne moncTaHOBKM HalifieHHBIX 3HAYCHUI HEM3-
BECTHBIX KO3(DPUIIMEHTOB B MCKOMYIO 3aBUCHMOCTH

900

700

100 T T T T
0,4

0,6

Puc. 8. DkcnepuMeHTaIbHbIE 3aBUCUMOCTHY YIIPOUHEHU ST UPUIM S
[P CKOPOCTH 2 ¢! (CILIOLIHBIE TUHMK) ¥ pacyeTHbIE KPUBbIE (ILITPUXOBBIE)

Ludps! y kpusbix — £, °C
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dbopmyna nnasg compoTuBieHMs AehoOpMalluyd UPUIHS
MPUHSsIIa OKOHYATEIbHBIN BU:

o, = 4272,2 %2917 £9:054 exp(—0,001887). A3)

C 1eapl0 KOJIMYECTBEHHONW OLEHKH MOTPEIIHOCTU
OBLJT BEITIOJTHEH CPaBHUTEIBHBINM aHAaIN3 SKCIEPUMEH-
TaJbHBIX KPUBBIX YIPOYHEHUS M PACCUMTAHHBIX II0
npenyoxeHHoi popmyiie (3). BeluncaeHus npoBoguIn
IUIST BCETO MCCIIEIYEMOro Irarna3oHa TepMOMeXaHdIeC-
KUX ImapaMeTpoB. B xadecTBe KpuTepust OLIEHKU ObIIa
BbIOpaHa BeJIMYMHA OTHOCUTEIbHOM OIIMOKHU, pacCcyu-
TaHHasl 1o hopMmyie

A= (OGP — 62KM)/GP - 100 %. 4

ComnocTaBUTEIbHBINA aHAJIMU3 [I0KA3aj, YTO CpeaHee
ee 3HaueHue A,, = 5,77 %, a MmakcumanbHoe — 16,61 %.
Haunyumume pesynbratbl pacyeTta (C MUHMMAJIbHON
OIIMOKOI) IO YpaBHEHUIO (4) ITOJTYUCHBI IIPH CTEIICHSIX
nedopmanuu e = 0,2+0,6 (IpyM OTHOCUTEIBHOM 00Xa-
tiu € = 0,25+0,45).

Ha puc. 8 B kauecTBe npumMepa IpeAcTaBIeHbl KPU-
BbIe YIIPOYHEHUST UPUINSI, TIOJTYYEHHBIE SKCIIEpUMEH-
TaJIbHBIM ITYTEM IJISI CKOPOCTH 2 ¢~ 1 TOCTPOCHHBIE IO
pesyabTaTaM pacudera 1o ¢opmyie (3).

BoiBoabl

1.[To maHHBIM MJACTOMETPUYECKUX MCITBITAHUM
METOIOM OCaIKu oOpa3loB M3 upuaus mapku 99,9
(I'OCT 13099-2006) nmocTpoeHbl KpuBble AedopMaliu-
OHHOT'O YIIPOYHEHHS 3TOr0 MaTepuaja s CKOPOCTHU
nedopmanmu B mpeenax 0,2—20,0 ¢~ 1 remmeparypbl
ucnbeitannii 800—1400 °C.

2. B nccnenoBaHHOM MHTEpBaJie TEPMOMEXaHHYEC-
KMX [IapaMeTPOB COMMPOTUBJICHUE Ae(OopMaLIMK UPU IS
MpEBBIIIAET YPOBEHb G, OOJBIIMHCTBA CTaJeil U cria-
BOB B 2,0—2,5 pa3a. HauboJiee BbICOKOE €r0 3HaUEHUE
(760 MITa) TOCTUTHYTO IIPU HaMMEHBIIEH TeMIiepaTy-
pe, HauboJIblIeM 00XaTUKM U MaKCUMaIbHOM CKOPOCTH
nedopMaliiu.

3. [loctpoeHa aHanuTUYecKash 3aBUCUMOCTb CO-
MpOTUBJIEHUS AedOpMalMy UPUAUS OT UCCIEAYEMbBIX

TepMOMEXaHNYECKHUX ITapaMeTpoB (CTEIIEHU, CKOPOCTH
U TeMIepatyphsl aedopMalu), Mo3BoJsIonas paccum-
TaTb YPOBEHb G, NPU J1I0O0M (B UCCJIEJOBAHHBIX Mpeie-
J1ax) rmokasarteJsie aeopManuu.
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