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XHMJI'leCKOrO COC THBn, TCplI111'IeCKOII o6pn6oTKl1 11 llJJIlCTlf'lCCKOII l\e<jJ0pMfl

31lnOMlfHIlHUJi ..p0p.',!hl r nJIUBOB ){fl OCHOBe HUKeJH1,1l.fl THT i\ HO H xupllHTepl1

Me,1l. l1Ll.l1HC1{OrO l!HCTPYMCHTIl H llMllJIUHTUTOB . OnpelleJJe HhI D03MO}f{HOCTll 

ynpfiBJJe Bl1 H TCMnep UTypU:YI11 BOCCTIlBOBJIPIH !H ¢OpMhl TCXHOJlOrn'leCKHMH MCTO~nMI! nOJlY'leH IH I no

Jlycpa6pllXflTOB II o6pu6oTKll H3).(e"'J1ii. 

CrrJHlBhI Hfl OCHOne HI1KeJII1~!1 THTUHB, 06.'1[\ 

;WlOll.\lIe 3cpcpel<1'OM 3flI10MI1HaHl1R CPOPMbI 

(83<1'» H CBepXYI1pyrocTblO (GY), HaXO,I\HT Bee 

60JIee ycrrellIHoe rrpHMeHeHHe B Me)J,l1U;l1He )J,JIH 

113rOTOBneHHH HHCTpYMeHTOB H HMI1nBllTBTOB 

[1]. IIoMl1MO BhlCOKoro KOMI1neKCa MeXUHH'IeC

KHX CB0l1CTB 11 xupUKTepHCTHK 83~, cnnBBhI 

HB OCHOBe Hl1KeJIH)J,fl THTflHa 06nB)J,ulOT BhICO

KOM KOPP03110HHOM CTOMKOCThlO H 6}WJIOrl1'IeC

KOM COBMeCTHMOCTblO C TKflHRMl1 OpraH113Mfl 

'IeJIOBeKB. B 0'1'JIH'IHe OT HMI1JIUHTBTOB 113 Tpa

)J,Hll,110HHbIX KOHCTPYKll,110HHbIX MaTepHBnOB 

(CTaJIeH, CI1JIUBOB Ha OCHOBe THTaHa, Ko6anbTfl 

H )J,p.) HMI1)lflHTUThI ll3 MBTepHBnOB C 33<1'> OT

JIH'IBlOTCR npocToTOM YCTBHOBKH 11 MeHhIIlHM 

TpaBMHpOBflHl1eM I1pl1 onepBU;HRX. KpoMe Toro, 

l1X MeXBHl1'IeCKOe I10Be)J,eHHe rrpH 3KCrrJIYBTB

D;HOHHhIX HarpY3Kax MO)iWT 6hITh npH6nl1)l{e

HO I1YTeM BhI60PB KOHCTPYKU;HH 11 TeXHOJIOrl1H 

06pa60TKH K I10Be)J,eHHlO pa3nH'-lHhIX eCTeCTBeH

HhlX CTPYKTYP oprBHH3MB (KOCTHhIX, XpHIn;eBhIX, 

CBR30'-lHbIX H )J,p.; qmr. 1). 
Oco6eHHocThlO l1CrrOJIb30BBHl1R CIIJIaBOB C 

83<1'> B Me,n,MU;HHe HBJIHeTCH Heo6xo,n,HMOCTb 

TO'-lHOrO COOTBeTCTBMH TeMI1epBTypHoro HHTep

BUJIB npOHBJIeHMH 33<1'> C TeMI1epBTypoH "tJ:eJIO

Be"tJ:eCKoro TeJIB. B CBH3M C CMJIhHOH 3aBMCMMO

CThlO TeMrrepaTYP MapTeHCHTHoro npeBp~eHIHI 

OT co,n,ep)l{BHMH HHKeJIH B CnJIaBBX Ha OCHOBe 

HHKeJIM,n,a TMTaHa IIepe)J, PB3PB6oT"tJ:MKBMM KOH

CTpYKll,HM:, rrpHMeHReMhIX B Me,n,l1IJ,HHe, B03HM

KBeT OCTpBSI np06JIeMa BhI60pa OrrTl1MaJIbHOrO 

XHMM'-leCKOrO COCTBBB CrrJIBBOB, B KOTOPbIX Me-

TO)J,aMH TepMH'IeCI{Oll 06pa60TKH MO)KHO o6ec

I1e'IMTb Tpe6yeMhIM 11l1'repBBJI TeMI1epaTYP BOC

CTUHOBJleHl1H CPOPMbI. KpoMe Toro, er.u;e He )J.OC

TflTO'IHO I10JIHO H3),,{eHU CBR3b xapaKTepHCTHK 

33~ CnJIaBOB HB OCHOBe IIHKenH,n,B THTBHfl C HX 

XHMH'-leCKHM COCTBBOM 11 CTPYKTYPOM , a TBK

me C YC.'lOBHRMH )J,ecpopMaD;HH, TEllil1MH KaJ< TeM

I1epaTypa, cxeMB H CTeneHh )J.e<popMBIJ,HH. 8'1'0 

3aTpY)J,HReT pa3pa6oTKY KOHCTpYKD;HH HMI1JIaH

TaTOB (cpHKcaTopoB) C Tpe6yeMbIM ypOBHeM Xfl

paKTepMcTHK pB60Tocnoco6HoCTH (TeMrrepaTY

pB cpa6aThIBflHl1R, YCHJIHH KOMI1peCCHH, meCT

KOCTh rrpOTl1Bo,n,eM:CTBHH <PYHKU;HOHaJIhHhIM 

HarpY3KaM 11 )J.p.) H He n03BOJIReT rapaHTHpo

BaHHO HX 06eCI1e'Il1BBTh B YCJIOBHHX cepHMHO

ro I1POH3Bo,n,CTBa. 

B pe3YJIbTaTe :3Toro <pMKcaTophI, MMeH O)J.M

HBKOBbIH BHelllHHM BH)J., MoryT 06JIa,n,flTh CHJlh

HO pa3JIH'-lalO~HMHCR xapaKTepHCTHKaMH pa

60Tocrroc06HOCTH, 'ITO C03,n,aeT TPy,n,HOCTH l1X HC~ 

nOJIh30BBHHH B KJIHHM'IeCKOM: npElliTl1Ke, a HHor

)J,a npHBO)J,l1T K pa3JIH'-lHbIM OCJIO)l{HeHHHM. 

I1peo,n;OJIeHl1e ,n,aHHOM Cl1TyaU;l1M B03MO)KHO 

TOJIhKO HB OCHOBe llIHPOKHX <PYH,n,aMeHTaJIbHhlX 

H I1pHKJIa,n,HhIX MCCJIe,n;OBaHHM 3BKOHOMepHOC

TeM: BJIHSlHMH XHMM"tJ:eCKoro COCTaBB H CTPYK

TYPhI Ha CBOM:CTBa 33<1'> CI1JIaBOB HB OCHOBe HH

KeJIH,n,B THTBHa, pB3pa6oTKM TeXHOJIOrH'IeCKHX 

MeTo,n,OB ynpaBJIeHHSI XBpaKTepMCTHKBMH pa6o~ 

Tocrroco6HOCTM <pHKcaTopOB, COBeprneHCTBOBa

HHSI HX KOHCTPYKD;HH, MeT01\OB KOHTPOJIH Tex

HH'-leCKHX I1apBMeTpOB H Ha,n;e)KHOCTH, OI1pe,n;e

JIeHHR rrOKB3aHHM: K rrpHMeHeHHIO H TeXHHKH 
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<DBI'. 1. MeXtllUI'IeCl<oc lIOBC.l1eHHe TKaHell opraHll3:.!a (1 - KOPTHKtlJIhHtlH KOCTh, 2 - Me)!{OCTI1CTtlH CBR3

Ktl, 3 - <j:m6p03HtlJl TKtlHh) It ptl3JUPiHblX KOHCTPYKl\IIH HMIlJltlIlTtlTOB >f3 CIlJItlBtl THl 

XHMH'IeCKHH cocnlB HCCJIeiJ;ORaHHhIX no,lYlPa6pHKaToB' H3 CIIJIanOB Ha OCHone HHKeJIHL\a nlTaHa 

1N2 cl1JIana --r=;---Ni 

1 I 51,1 
2 54,~ 

C 

0,007 

0,008 

CO,i\ep)!{aJll1e, Mlle. 0;', 

T N-t- ---~ 0,010 

0,020 

0 

0,07 

0,05 

II 

0,0030 

0,0020 

3 54 ,~) 0,007 0,020 0,06 0,0040 

4 54,8 0,006 0,020 0,07 0,0020 

5 55,1 0,008 0,010 0,04 0,0030 

6 56,0 0,007 0,020 0,03 0,0030 

7 S·l,B 0,023 O,OOb 0,12 0,0017 

8 ,,;,,7 0,012 0.009 0,16 0,0011 

------ 
*JIHCT TOJIU\I1HOlI 1---1,5 MM - C[L1IlBhI J - -6; rrpO!JO.10K8 - CIVIaBhl 7,8. 

YCTllHOBKI1. PeweHHe TUlWii rJIo6UJIbHOH lIpO- TYl)aX 500--600 ae. XHMI1'{ecKHlf COCTUB ClIJIU


0,'reYlhl B03MO)f{HO TOJlhKO npl1 YCJIOBHH o6'be BOll l rrpUBe,L\eH B Ta6JII1Il,e. 


~I!lWHIUI ynUII1H MeTaJL'Iypl'OB, MeTI1JIJIOBC,L\OB, HI1 rrepBO:v1 (;ITalIe nCCJIe,L\OB1lJIll BJIH51HH8 XU


r:OHCTPYKTOPOB, Bpaqei-i. ,n,flHHflJI CTIlTbfI JIB.'IR MHQeCKOrO eOCTaBfl H TeMrrepnTyphI OTIKHra lln 


eTCH OTpafKeHI1eM pa60T II !LUHHO:Vl HunpaB.rre CTpYInyPY H Xapal{TepI1CTHKH 33cD 06P0311.0B 


fllfl!, B HeH ocn81Il,CH HUl-:OIIJIeHHLln OIIblT npH 113 IJOiJ;BeprHYTbIX /Ieej;>opII-H1Il,I1H H3I'a6oYl l'OPH' 


llCnO}lb30BUHHH CI1jlftBOB Ril OCROBe HllKeJUI/l,a 'leEflTHHbIX JII1CTOB cn.'IUnOB, eOi\ep)f{UIlJ;r1X 


TllT,1Hfl , 5·1,1 56,0% Ni (n COOTBPTCTBHB C TYI-809· 

13 IW.lWCTlle 06'hCKTOB I1CC.'lCIIOIlUHI1H nCnOJIh :194 R1 CIL'lHn THl MOfl(eT CO/Iep)Kl1Th 53,5 

,JOBilJUr )1HC'l'hI H npOBO.'IOI(V H;~ crL111BOB HO OC

H()BP 11I1Ke.'lHtl,£l THTnHtl, IIO.-lj''lPHHble 110 OULIT'

Hotr TeXIIO}IOI'HH, llOCJlet\HHM ~~TanOM KOTOpO}r 

llLUIl npUl\ATfUl ,L1H 130.10'IClll!f' I1pll TCMrrepa- -:'on ("rL':IlBOB ,'~Ulrbl n Mac. 
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56,5% Ni). PeHTreHocTPYKTYPHhIH aHaJIH3 no

Ka3ilJI, 'ITO B COCTOHHHH IIOCTUBKH CTPYKTYPU 

CIIJIUBOB, co,n;epJKU~HX ~54,8% Ni, XUpUKTe

pll3yeTcH COAepJKUHlleM B MUTpllIJ;e (B2-cpa3e 

ll/llJIll MUpTeHCllTe B19') 'fUCTHIJ; llHTepMeTUJI

JIHAOB Ti2Ni H Ti3Ni4 • CTUpeHHe 3TllX CnJIUBOB 

B llHTepBaJIe TeMnepuTYP 400-500 ac npHBO

AHT K ,n;OIIOJIHllTeJIbHOMY BhIAeJIeHHIO tIaCTIU~ 

llHTepMeTUJIJIH,n;a Ti3Ni4 C COOTBeTCTBYIO~HM 

o6eAHeHlleM MUTPHD;hI CnJIUBOB HHKeJIeM H 

nOBhlIIIeHlllO TeMnepUTyphI BOCCTUHOBJIeHllH 

cpOPMhl. IIpll BhICOKOTeMnepUTypHOM OTJKllre 

B llHTepBaJIe TeMIIepaTYP 0'1' 700 ,11,0 900 ac 'fa

CTllIJ;bI llHTepMeTUJIJIllAU PUCTBOPHIOTCH, 'ITO 

npllBO,n;llT K o60rU~eHlllO MUTpllD;hl CnJIaBU Hll

KeJIeM H rrOHHJKeHHIO TeMnepaTYP BOCCTaHOB

JIeHI1H qJOPMbI. B CnJIUBaX C HH3KHM COAepJKU

HHeM HHKemI «54,8%) IIpH BhICOKOTeMlIepu

TypHOM OTJKllre TeMlIepaTyphI BOCCTaHOBJIeHIIH 

CPOPMbi nOBhlIIIaIOTCH, 'ITO, nO-Bll,n;llMOMY, CBH3U

HO C IIpOTeKaHHeM B 8THX CIIJlaBfiX npOIJ;eCCOB 

IIOJIHI'OHH3aJJ;HH H peKpHCTaJIJIH3U.u;HH. Bo Bcex 

IICCJIe,n;OBfiHHbIX CIIJIUBUX npH TepMH'feCKOH 00

pa60TKe He 113MeHHJIHCh OO'heMHaH AOJIH II MOp

cpOJIOrHH 'faCTllIJ; Ti2Ni. II08TOMY B ,n;a.lIhHcH

llIeM OHH He pUCCMaTpHBaIOTCH. 

TUKHM 06PU30M, OCHOBHhiM CPUKTOPOM, no
3BO}IHIO~HM ynpUBJIHTh TeMnepUTypUMH Map

TeHCHTHoro IIpeBpU~eHI1H B CIIJIUBe TH1, HB

JIHeTCH npo.u;ecc BhIAeJIeHHH HJIH nOrJIO~eHHH 

I1HTepMeTaJIJIHAOB, OOJIee oorUThIX HHKeJIeM, 'leM 

TiNi. MaKCI1MUJIhHOC paCTBOpeHI1e 3TI1X cpa3 

npoHCXOAHT npI1 TeMlIepaTYpux 700-800 ac. 
Il03ToMY 06pU3IJ;hI, OXJIaJKAeHHhle C TaKI1X TeM

IIepaTYP co CKOPOCThlO He Bhlille KpHTH'IeCKOH, 

HMelOT B CTpYKType B2-cpa3Y C HaI160J1hIIICH 

CTeneHhIO l1epeChI~eHI1H HHKeJIeM H 06JIa,n;u

101' MaKCIfMaJlhHbIMH TCMnepElTypElMI1 BOCCTil

HOBJIeHHH qJOPMhl (cpHI'. 2). 

MHHIIMEl.rlbHun TCPMH(IeCKElH CTu6If.1bHOCTb 

nepechu.n;eHHoH HI1KeJleM B2-cpa3hl Hu6mo,n;u

eTCH npH TeMIlepurypux 400-450 ac. fIO:JTO

My CTRpeHHe 06PEl3IIOB B 3Tl1X YCJIOBllHX rrpI1

BOj\HT K BbI,Il,eJIelllHO I1.HTepMeTflJIJIl1,'l.OB THTa

Hfl Ti3Ni,,, Ti 2Ni3 , CHl1:tK8HI110 co,n;ep)!WHHH HH

KeJIH B MU'rpHIJ;e CnJIaBLl 11 nOBhlUleHHIO T8Mne

PUTYP BOCCTElHOBJU,HHH CpOPMbI. TUKI1M oopa

30M, COCTOHHH8 lIOCJIe 3UKUJIKH H CTupeHIUi npH 

400--450 1C xupnKT8I)1f3YlOT COOTBeTCTBeHHO 

BCPXHIOl:O H HIOf:rUOJO rpaHl1r~hI, B rrpe/xeJ1ElX 1{0' 

l'OPblX MOiKH0 Il;JMClfHTL TCMllepUTypbI BOCCTn

IlORJICHHH OTffiIU'fL KaK npe,T(BElpHTeJlbHtU! I1Jm 

CTl11.IcCKLl5! gC(llOP:V1HLl,!ISi, Tith 1I PChPHCTiL1HaUt 
j 

UHOHlIblii OT;iOlr "TOryT IH~CEOJlhKO lLlMPHnTL 

, j 

I 
I 

i 

TeMIIeparypHo-BpeMeHHhle YCJIOBHH TepMI1'feC

KOH 00pa60TKH, npli KOTOPhIX ,n;OCTI1raIOTCH yKa

3aHRhIe COCTOHHHH. 

Me,n;HIIHHCKlie IIMnJIaHTElThI AOJIJKHbI BOC

cTrumBJIHBaTh llCXO,n;HYIO CPOPMY B I1HTepBaJIe 

TeMnepaTYP 01' +26 ,n;O +45 °C, T.e. TeMlIepaTY

pa Ha'faJIU BOCCTUHOBJIeHHH CPOPMhI ,n;OJIJKRa 

6hITb He HHJKe +26 °C, a TeMlIepaTypa KOH.u;a 

BOCCTaHOBJIeHHH CPOPM1,I - He Bhlille +45 ac. 
I1poBe,n;eHHhle IICCJIeAOBaHMH IIOKLl3aJIII, 'ITO 

3THM YCJIOBHHM y,n;OBJIeTBOpnIOT CIIJIUBhl, 110

IIa,n;alO~He B HHTepBaJI KOHu.eHTpau.HH 54,8-

55,8% Ni, B KOTOPbIX MeTo.n;aMH TepMI1'4eCIWH 

06pu6o'rKH MOJKRO o6eCne'fHTh Tpe6yeMhIC TeM

nepUTYPLI BOCCTaHOBJIeHHH CPOPMbI. IlpH 3TOM 

CTeneH1, BOCCTLlHOBJIeHHH CPOPMhI 6JIH3KU K 

100%. CnJIUBhI, co,n;ep)KLl~lle 55,2% Ni, Y KO

TOPhIX TeMlIepUTyphl BOCCTUHOBJIeHI1H (POPMbl 

MorYT 61,11'1, TepMI1'-IeCKOH o6pu60TKOH YMeHb

IlleRbI HHJKe 20 cc, MOJKHO HCIIOJIh30BaT1, KLlK 

cBepxynpyrHH Me,n;HIJ;IIHCKUH: HHCTPYMeHTapHH 

(3KCTpaK1'ophl, cBepxynpyn-re CIIHIJ;hI U T. II.). 

TaK KaK B 31'OH CTUThe paCCMaTpHBalOTCH 

IIMIIJIaHTaThI, ,Il,JIH ,n;aJIbHeHllIUX HCCJIe,n;OBRHHH 

BbIopaH1,1 CnJIUBhI, cO,Il,epJKEl~I1e 54,8 H 55,7(% 

Ni, H3 KOTOPhIX 6bIJIU IIOJIyqenu IIPOBOJIOKR 

02-3 MM no IIpOMhlIIIJIeHHOH TeXHOJIOI'IUI. 

IlpoBOJIOKY IIo,n;BepraJIH oT:ilmry B I1HTepBaJIC 

TeMIIepUTYP 700-900 ac C IIOCJIe,n;YIO~HM eTEl

peRHeM B B03,Il,YIIIHOH cpe,n;e B I1HTepBaJIe TeM

IIepaTYP 300-600 °C. IIocJIe OTJKI1r1l B CIIJIEl

Bax <p0pMHPyeTCH CTpYKTypa, XUpaKTepI13yror-IIEl

HCH HElJIH'IUeM B B2-cpa3e 'fLlCTH.u; HHTepMeTa.;I· 

JIIIAa Ti3Ni4 • B pe3YJIh1'aTe CTapeRI1H B I1HTep

, Me.ll:I!Il,IlHCKHH HHCTpYMeHT. 
 , 
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<t>nr. 3. BJUlflHlfC TeMrrepuTyphI tlCcpopMuU;lm 

HU KplfTwiecKYIO CTerreHb tlecpopM8U;lflf (a) If KPlf

TWICCKl1e HUnpfI)f(CHIfH (6) ,D;JIH CrrJIUBOB Ti
51,8% Ni (1) H Ti-55,7% Ni (2) 

BUJ1e T8MrrepUTYP 350-550 °C B2-<pU3U rrpeTep

rreBUCT pacrru,n; C 06pa30BaHHeM ,n;orrOJIHI'ITeJIb

Horo KOJIllqeCTBU qaCTHIJ; TiaNi4' u rrpH TeMrre

pUType 600°C .- qaCTHII Ti2Ni3 . I13yqeHI'Ie 

CTPYKTYPhI CIIJIaBOB MeTo,n;OM npOCBeqIIBUIOrn;eH 

3JICI{TPOHHOH MHKpOCKorrHlI nOKU3aJIO, '-ITO MOp

<pOJIOrHH qaCTHrr HHTepMeTflJIJIlI,n;OB 3UBlICHT OT 

TeMnepaTypbI CTUP8HI'IR: npH TeMrrepUTYpuX 

CTupeHHR ,n;O 450°C 06pa3yroTcH I1JIaCTHHQaThle 

MCJ1KOll,HCrrepCHble KOrep8HTHhle C B2-cpU30H qa

CTI'IIJ,hI Ti3 Ni 4 ; BhIllie 500°C - K pynHhle I'JIO

6YJ1J-IpHLle YI1C'l'Hl~hI Ti3Ni 4 . CTPYKTypa CTIJIa

BOB C BbICOKl!M l! HH3KHM co,n;ep)f{llHHeM HH

IWJ1H pa:Wlf'IaeTCR TO.'IhKO 06'heMIIOH ,n;OJIeM IIH

TcpMeTaJ1JIII;J,OH. 

06e,n;HeHHe MaTPHrrW CnJIftBOB HHKeJIeM B 

llpoll,8cce BhIl\e.'IeHliiH IIHTepMeTUJ1JIll,n;HbIX 4llC

Tllll, rrpll CTupeHHH l1PHBO~lIT K rrOBbIllIeHHIO 

TCMI1CPtUYP MupTeHCHTlIOrO npeBpUIIJ;8HHH 11 

BOCCTllHOBJIClIliR CPOPMhI. CTapeHHe CI1JJJtBOB rrpH 
Te:.mepu-rypax 450--500 °C B Te'-IeHHe 1 'I o6ec· 

rreYlfBaeT TCMIIepUTYphI BOCCTaHOBJIeHIIR CilOPMhI 

lUI ypOBHC 0'1" ,t- 25 .n;o +45 °C. ITepcxo/\ I{ OOJ1ce 

BhICOEI1:\1 Te:vlnepuTypaM CTapeHIUl npHBO/1HT E 

YMeHhLUeHlIJO oO'beMIIoI1 ;1,0JII1 BhI/(CJIJ!lOIL\erOCH 

HHTep"WTflJlJU!}~U VI nOlUDKeIlHlO TeMlIepHTYP 

BOCCTflHOBJTPJI 1151 qJOpMhI. Hn1I6oJleC CHJlhHO ~lT() 

Bhlpn)f,eHO R Cl1JIaBe Ti-55,7°;;) Ni. 

BJIaro,n;apH rrepeMeHHOH paCTBOpHMOCTl! 

HHTepMeTUJIJIl!,n;a TiaNi4 B B2-cpa3e C rrOMO~hlO 

CTYITeH'-IaTOrO CTapeHHH rrpH TeMrrepaTYpux 450 

H 500 ac MO)KHO H3MeHHTh 06'heMHYIO ,n;OJIIO l! 

MOPCPOJIOnuo LIaCTlIII. TigNi4 [2]. 8TO n03BOJIH

eT BaphHpOBaTh TeMrrepaTYPY KOHIJ;a BOCCTUHOB

JIeHHH CPOPMhI (~) BbI5pltHHbIX CllJIaBOB B HH

TepBaJIe OT +25 ,n;o +45 ac. PaccMoTpeHHhle 

BhlIlIe 3aKOHOMepHOCTH 1I3MeHeHIIH TeMnepltTYP 

BOCCTaHOBJIeHHH CPOPMhI 6hIJIH IICrrOJIh30BUHhI 

,n;JIH ynpUBJIeHHH TeMllepaTypHhlMH xupUKTepH

CTHKaMH HMrrJIURTUTOB MeTo,n;aMH TepMHqeCKOH 

06pa6oTKH. 

Ha CJIe,n;yrom;eM 3TUIIe pa60Th! TepMoo6pa

60TaHHhIe o6pa3IJ;w H3 npOBOJIOKH HCCJIe,n;yeMhlx 

CrrJIaBOB 6hIJIH rro,n;BeprHYThI ,n;e<p0pMuIJ;IIH KPY

'-IeHl'IeM rrpH TeMrrepaTypax OT 5 ,n;o 50°C. Tep

Mo06pa60TKu BKJIIO'-IaJIU B ce6H cTyneH'-IUTOe 

CTupeHHe rrpH TeMTIepuTYPax 450 II 500°C, 06ec

rreLIHDuro~ee 06pa3u.aM TeMnepaTYPY KOHIJ;U 

BOCCTaHOBJIemfH <pOPMhI A~= 35 DC. IlocJIe .n;e

cpopMaIJ;HII 06pU3IJ;hI HarpeBaJIl! H orrpe,n;emIJIH 

BeJIHqHHY BOCCTaHOBJIeHROM H HeBOCCTaHOBJIeH

HOM ,n;ecpoPMUrrHH. BeJIH'-IHHa HUBe,n;eHHoM .n;e

<P0PMUIJ;HH, rrOC}Ie KOTOPOH nOHBJIHeTCH HeBOC

CTUHOBJIeHHUH .n;ecpoPMUrrIUI, HBJIHeTCH BU)KHOM 

xupaKTepHcTMKOH, KOTOpyro CJIe,n;yeT HCrrOJIh30

BaTh rrpM UHaJIH3e pa60Tocrroc06HOCTH KOHCT

PYKrrHH [3J. IlpH 3TOM Heo6xo,n;l!MO Y'"Il!ThIBflTh 

3UBliiCliiMOCTh 3TOM xapUKTepliiCTHKM OT TeMrre

paTyphI. B HaCTOH~eH pa60Te rrpe,n;JIOmeHO B 

KaqeCTBe npe,n;eJIhHO ,n;orrYCTIiMOM KPliiTl!'J:eCKOH 

BeJ1l!'-IHHhI HUBe,n;eUHOll ,n;e<popMUIJ;Hlii liiCnOJIh30

BUTh CTerreHb ,n;ecpOPMarrlIll Y~p2 , KOTOPOH COOT

BeTcTByeT HeBOCCTUHOBJIeHHaR ,n;8CPOPMUIJ;liiR, 

pUBHaR 0,2%. 3TU B8JIH'IllHU HUXO,n;lITCR B npe

,n;eJIUX ,n;onyclwB HU reOMeTpllIO 60,1bIlIHHcTBa 

1I3,n;eJIHM H B TO me BpeMH MO)l(eT 6hITh ,n;OCTa

TOqHO TOLIHO H3Mepeau B rrpOU;8cce HCCJ18,n;OBa

Hliill. CorJIaCHO 110JIYt.IeHHhIM pe3yJIbTaTUM 

(cpHI'. 3) C rroBblrucHHCM TeMuepUTypbI HcnbI

TUHHH BeJIHqllHa y~p2 YMeHblUUe'l'CR. 

BCJIHqHHEI KpIITHt.IeCKOH CTcneHH ,n;ecpopi'.m

I~Hn orrpC!\eJ1ReTCR COOTHOlUeHIIeM HanpH:tKe

HHJ1 MUpTeHCI1THOrO npenpEllll,eHHH II HfiIIpH:iKe

Hllli:, rrpli KOTOPhTX n MUTPHrre CrrJlfiBU Ha'II1Hu· 

lOT PEl3BI'IBUTbCH rrpou.eCChI CI{OJH,meHHR. rIo· 
3TOMY 110 KpHBhlM l\ecpopMaIIIIII CnJIaBOn on· 

PCll,8JIRJIM ypOBeHb K pIITII'-IeCI{HX HarrpH)lWHIII:i, 

COOTBeTCTBYIOU\liX neJIHqHHe KpiiTHCreCIWI'i .'I.e

CPOPMfill,Hli (cpnr. 3,6). B cn;raBC, 60JICe GOI"fl

TOM HHKCJleM, OO'hel\HfUH .n;OJIR ynpO'IHHlOI1\HX 

MaTpHIJ;Y HH'repM8T1L1JIIIll,OB 60JIblne, nO:l']'OMY 
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<lJllr. 4. BmuIIllIe cxeMhI ,n:ecpopMaU;llll (1 
l\PY'IeHlle. 2 - ll3rl16, 3 - paCTSlmeHl1e) l1POBO

llO'lHblX o6paau;oB ll3 crrllaBa Ti-55. 7% Ni Ha aa

B1ICUMOCTb l<PllTll'lecKOIl: CTerrCHll ,o;ecpopMaU;llll OT 

TCMnepaTYPLJ 

ypOBCHb KpHTUqeCKUX Harrp.fDKeHHH 3HatfHT€JIh

HO Bblrne. 

IIpH ~€cpopMau,HH pacnDKeHHeM H H3rH6oM 

3aBHCHMOCTH KpHTHqeCKOM CTerreHH ~ecpopMa

LlHH (f.~p2) OT TeMrrepaTyphI rro~o6HhI 3UBHCH

MOCTH rrpH ~ecpopMau,HH KpyqeHHeM (cpHr. 4). 
I1PH paCTJDK€HHH MaKCHMaJIbHaH BeJIHqHHa 

I<pHTH'-IeCKOM ~ecpopMau,HH 6JIH3K8 K TeopeTH-

1.f8CKH paCCqHTaHHOH MUKCHMUJIhHOM KpHCTaJI

JIOrpaqlH'-IeCKOH ~eqJOpMau,HH rrpH MapTeHCHT

HOM rrpeBparu,eHHH ~JIR 6eCTeKCTYPHoro rrOJIM

KPHCTUJIJI1l [4]. IIpH peaJIH3au,HH cxeM ~ecpop

MaIl,HI1 I<PyqCHHeM H M3rn6oM Hu6JIIO~aeTCfl 

3HaqHT€JIbHO 60JIee BhICOKHM ypOBeHb KpHTM

qeCKHX p,ecpopMuu,HH, '-ITO CBH3UHO C oco6eHHOC

TflMl! pacrrpe~eJIeHHH HurrpHmeHui1 u ~ecpopMU

U,HH rro CeqeHHIO 06pU3U,U. 

Pe3Y JlbTuThI rrpOBe~eHHbIX IICCJIe~OBUHIIH 

rrOKa3bmaIOT, qTO B8JIH'-IHHhl C:~p2, y2.} HBJIHIOT

CH BfDKHhIMH IIapaMeTpaMH, xapnKTepH3ylOIIJ,H

MH pa60TOCIIOCo6HOCTb CrrJlllBOB C 33ct>. IIpu 

npOCEnrpOBUIIHH H 3KCrrJlYUTEllJ,HH H3~eJIHI1:. 

06Jra~alOn\IIX 83<1>, B '-IaCTHOCTU Me~uu,UHCKHX 

H\111JInHTUTOB. Heo6xo,'J:HMO p,06HBHTbCH, qTo6bI 

yponelTb HunpmKeHHH H ~ecpopMaInrrr, B03HIfK[t
t 
i IOIll,]lX B MUTOpHElJIe, He rrpeBhIllIUJI EpHTIFlec
i 

KHX. ITPH 3TOM CJIe~yeT Yt.IHTblBaTh TeMrrepa

I 
TypllYlO 3ElBHC'I1MOCTb 3THX xapaKTepHCTl1lC 

I1IlCUhIlUCHIW SeJII1'1I1H C O. 2 II yO.2 O\':leT rrplfBO-Y Hp I Kp .. (-'I 

,LIIITb K yxvp,rneIHIlO XflpaI(TepHCTHK pa60Tocrro

1 COOl iO'_:';'I! UMI1JlflHTnTLl H, HO;ll\IO;'l.{ flO, l{ IIO'rcpe 

(jwln;I,(llOHElJIbHbIX CBOHCTB 113;~P:[IU[ B lJ,eJIOM. 

Ba OCHOBElHUII nOJIY'IeHHhIX pe3Y,lbl'llTOB 

6£,1.'ill pn:J1>llOOTIlHhl TeXHO.101'11l! !J()jlyqeHIlH, 

P, H.----------------------------~ 

60 

30 

o 6 111, MM4 

<Dur. 5. MexIlHH'IeCl<oe nOBep;eHlle Q-06pa3

HhlX lill1I<CaTOpOB C pa3HblMH TeMrrepaTypaMll Ha

'lalla H KOH~a BOCCTIlHOBJIeHll1! ¢OPMhI rrpll 

36,6°C: 
<DHKcaTop 2 
A!:,oC 23 27 
~,oC 27 34 

o6pa6oTKH H rrpHMeHeHHR 

3 

35 

42 

pa3JIHqHblX THrrOB 

cpHKcaTopOB ~JIfl oCTeoCHHTeaa H rrpOTe3HpOBu

HHH CBH30liHo-XpHIIJ,eBbIX CTpYK'ryp H OCBoeHO 

HX cepHHHoe rrpOH3Bo~CTBO. 

Hu qm:r. 5 B KalieCTBe rrpHMepa rrpHBe,n;eHO 

MeXaHHqeCKOe IlOBep,eHHe <pHKcaTopoB ~JIH oc

TeOCHHTeaa rpY~HHbI rrpH TeMrrepaType qeJIO

Be'-IeCKOrO TeJIfl (+36,6 DC). 8THM cpHKcaTopflM 

crreIJ,HflJIbHOH TepMHqeCKOH o6pa6oTKOH H3Me

HHJIH TeMrrepfiTYPbI BOCCTflHOBJIeHHH cpOPMbl. 

BH,n;HO, qTO cpuKcaTop 3, Y KOToporo A~~ 
=42 DC, IIOCJIe p,ecpopMaIJ,HH H rrOCJle,n;YlOIIJ,eH 

pU3rpY3Ke rrpH TeMrrepaType 36,6 DC He BOC

CTflHOBHJI CBOlO CPOPMY p,o KOHna. JJ:JW IlOJIHOrO 

BOCCTaHOBJIeHHfl CPOPMbI CPHKCflTOPY Tpe6yeTcfl 

p,OrrOJIHHTeJIbHhIH HurpeB. HerrOJIHoe BOCCTaHOB

,1eHHe (POPMbI rrOCJIe uarpymeuHH-pEl3rpyme_ 

HUH rrpl1 Tex )Ke YCJIOBHHX Hu6JllO~aeTCH II y 

(lHfKcaTopa 1 C A~=27 DC. Ho eCJIH B IIepBO.'YI 

CJIYt.Iae y clJHKcaTopa 3 rrpl1qHlIOI1: He~OBOCCTa
HOBJI€HHH <pOPMbi 6bIJIO HerrOJIHOe rrpOTeKElHHC 

o6paTHoro MUPTCHCl1THOro rrpeBpaIIJ,eHHH, TO EO 

BTOPOM llC~OBOCCTaHOBJICHHe 06YCJlOBJICHO TCM, 

CITO rrpI! p,ecpopl\1!lI~HH (lmKC8Topa 1 B ;¥WTCPlIn

JIe pa3BHBaeTcH CKOJIbmeHHe, rrpHBo/IHlIJ,ee K T'ep

MHqeCKH Heo6paTHMoMY Q)QpM0I13MeHeHHlO. 8'1'0 

CIlH3ElHO C -rCM, 'ITO C yneJIH"lCHaeM PLl3HOCTli 

Me/KP,Y Tel\WepuTypaMH ,n;ecpopM!llJ,H1! II !WHIW 

BOCCTuHonnCHH5! (POPMhI BCJIlfl{IHW KpHTH'leC]{OI~! 

CTen8Hll ;~e(~)OpMLLlJ,HH E2p" rrOHIVt;fleTC5I. 

KpO:\1e 1'01'0, 3TH CllHKCfiTOPhI Hl\Iel0T pa3HhIC 

CHJIOBbW XElPlHZTCPHCTlilO! (YCI1JIlIC I(Ol\II1[lPCCI111, 
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}KeCTKOCTh npOTHBO,n;ellCTBHH CPYHKI.J;HOHaJIh. 

HhIM HUrpY3KUM}, KOTOphle MOrYT PU3JIIfqUTb· 

C51 B 1,5-2 pU3U, qTO BO MHorHX CJIyqURX KJIll· 

HIfqeCKOH npUKTllKH He,z:t;onYCTIfMO. 3TO CBll· 

,ll;eTeJIbCTByeT 0 TOM. qTO C06JIIO,z:t;eHIfe 3U,ll;UH· 

HbIX TeMnepUTYP BOCCTaHOBJIeHHH cpOPMhI 

<pllKCaTOpOB ,n;OJImHO 06eCneQHBaTbCR C TOq· 

HOCThIO ±1 °e. 
TaKHM 06pU30M. IIpllBe,n;eHHble HCCJIe,n;OBa· 

HllH IIOKU3UJIIf. qTO IIpH npOH3BO,ll;CTBe HMIIJIaH· 

TUTOB H Me,n;HI.J;HHCKoro HHCTpYMeHTU H3 cnJIa· 

BOB Ha oCHOBe HHKeJIH,ll;a THTaHU Heo6xo,n;HMO 

CTporo C06JIIO,n;aTb TeXHOJIOrHQeCKlle nupaMeT· 

pbI H ocym;eCTBJIHTb nOCTOHHHhIH KOHTPOJIb I<UK 

Ha CTa.n;I1H MeTaJIJIyprHQeCKOrO U;I1KJIU (XllMll· 

QCCKHH COCTaB CIlJIaBa, paBHOMepHOCTb pucnpe· 

,ll;eJIeHHH KOMIIOHeHTOB no 06'heMY CJIIfTKU), TUK 

11 HU CTU,n;HIf o6pu6oTKIf nOJIy<pu6PllKUTil (TeM· 

nepuTypu 11 CTerreHb ,n;e<popMau;HH. pemllMbI Tep· 

Mo06pa60TKH, CBOllCTBU 33ct> CnJIaBa) 11 113,n;e· 

JIH51 (xupaKTepHCTHKH pu60Tocrroco6HOCTll qmK· 

cm'opa), U TUKme HU 3Tarre npHMeHeHI151 llMn· 

JIaHTUTOB (TeMnepaTypa 11 BeJIHQHHa ,n;e<popMa· 

LlJIIf lIU CTU,ll;I1H YCTaHOBKH CPllKCUTOPOB B opru· 

HI13M). HeKOTopble acneKThl (lTHX BorrpOCOB OT· 

pamelILI B pa60Tux [3-9] H 6Y,ll;YT rrpell:MCTOM 

HUIIIHX ,n;uJIbHeI1IIIl1x pa60T. 

CITIICOK JU1TEPATYPbI 

1. 	TL7bUH. AA. CrrJlnllhI C 3¢¢eKToCof 3arrOCofHHElHHH cjlOp
MhI: (06aop) ;1 I-iTOrl-I HBYI{H H TeXHHK.1. Me-rBJIJlu· 
BeAeHue H TepMUqeCKan o6pa6oTKa. M_: BHI-IHTH, 
1991. T.25. C.3-59. 

2. 	Xa'luli BH., IIywuli B.r., KOliOpambe8a BE. HV1KeJII1,11 

THTaHa: CTPYKTYPllll cBoticTBa. M.: HBYKa, 1992. 160 c. 
3. 	HJlbUIl AA., KO.J!Jlep08 M .10., rOJl08UIi H.C., llIuliae8 

AA. HCCJIe,qoBBHlfe MCXIlHH3MOB <P0pMoH3Menemul 
npH ,qe<PopMaIJ,lUf 11 HarpeBe THTaIIOBhIX CIIJIIlBOB C 3¢
<peKTOM 3anOMHHaHHR ¢OPMhI II MHTOM. 1998. M4. 
C.12-16. 

4. 	HJlbUIl AA., KOJlJleP08 M.JO., CK80P408 B.H., Malw
peliKo8 ~.IO. TeXHOJIOrH'!eCKHe acneKThI ynpaBJIeHHR 
XapaKTepHCTllliaMH BOCCTaHOBJIeHHH ¢OPMhI IloJIy¢a6· 
pHKaToB H H3,qeJIHH H3 CllJIaBOB Ha OCROBe HUKeJlH,q1l 
THTaHa IITp. I Mem,qYHap. H.·T. KOH¢. no THTaHY 
CTpaH CHI' .HaYKa, npoH3Bo,qCTBO li rrpUMeHemre TH· 
TBHIl B YCJIOBHRX KOHBepCHlH. M.: BHJIC, 1994. T.2. 
C.642-653. 

5. 	HJlbUIi AA.• KOJlJlCP08 M.JO., CK80P4oBa C.B., MaKa 
PCIlK08 ~.IO. TeXHOJIoruqeCKne acneKThI ynpUBJIeHHR 
XapaKTepHCTIiKUMH BOCCTaHOBJIeHtfR qlOpMhI IloJIy¢a6
pHKaTOB H H3,qeJIlfH H3 CnJIaBOll HU OCHOBe HliKeJIH.lla 
THTaHa I I TeXHOJIOrHH JIeI'KHX CrrJIaBOB. 1995. NQ3. 
C.20-25. 

6. 	Ilytn AA., Kollerov M.Y., Golovin I_S., Shinaev AA. 
The investigation of deformation Ilnd damping mech
anisms in Ti·50.6wt.''l'oNi alloy II Proc. Third Intern. 
conf. of intelligent materials. 1996. SPIE V.2779. 
P.463-468. 

7. Ilytn A., Kollerov M., Gusev D., Dauydou E., Gazzani 
R. Production and application features of nitinol with 
the shape memory effect I I Proc. Ninth World coni. 
Titarrium'99. S.·Peterburg, 2000. v.n. P.1223-1229. 

8. 	KOJlJlCPOB M.IO., KpacmuJ!e8clwU AA., fyCCB ,l1,.E., 
M ambl4uIi A.B. BnHRHHe reoMeTplf'!ecKHx rrapaMeT· 
pOB rrpOBOJIO'lHhIX HMlUlllHTaTOB C 3cp¢eKTOM 3arrOMH
HaBHR ¢OPMbl H3 HHKeJIIf,lla TI1TaHa HU HX xapaKTe
PlfCTHKIi pa60Tocrroco6HOCTU /;' Hay'!. Tp. MATH HM. 
R.8. !J;HOJIKOBcKoro. M.: J1uTM:)C, 2000. Bhlrr. 3 (75). 
C.32-36. 

9. KOJlJlep08 M_IO., 	 fyceB I1,.E., :\1ambI4uli A.B. TeMrre
pll.TypHaR 3aBHCHMOCTb I{PllTH'-!CCKOH CTeilenH ;lc¢OP
MaIJ;IiH B CrrJIUBUX C acpcpeKToM 3UIlOMl1HUHI1H ¢OPMhl 
; I AKTyaJIhHhle rrpo6neMhI npO'lHOCTH: C6. Tp_ 2001. 
C.114-119. 

, 


\ 110 

I 

1 	 g 


