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dddexT namATH POpMbI B KBAa3MOMHAPHBIX
HHTEPMeTAJIMYeCKHX cOeJHHEeHUAX HA ocHOBe ZI Cu

I'. C. ®upcro

WucturyT merammodusuku um. I'. B. Kyparomosa HAH Ykpauntsr

Paccmompen  sppexm  namsmu  opmer  (DIID) 6 cea3u ¢ nepexodom om
HemepMoynpy202o K mepmoynpyeomy mapmencumuomy npeepaweruio (MII) oo
Keazubunapnozo paspesa Zr,CuNi—Zr,CuCo. Xapaxmepucmuueckue memnepamypvi
MIT usmepsiiu ¢ ucnonvzoeanuem Kaiopumempuu. Jepopmayuonnoe nosedenue npu
OIID uccredosanu ¢ npumeHeHueM OULAMOMEMPUYU NOCLe MECMOo8 HA cocamue u no
Memoouke 3-moueunozo uzeuba. QOcCyxicOeHbl 02paAHUYEHUS NO  80CCMAHOGACHUIO
Gdopmer  npu  OID, obycrosnenHvle  CMPYKMYPHbIMU — XAPAKMEPUCHUKAMU
83AUMOOCUCMEYIOUUX MAPMEHCUNOE, 00PA3VIOUUXCSL 8 IMUX COCOUHEHUSIX.

BBenenne

U3BecTHO, 4YTO KBa3WMOWMHApPHBIE WHTEPMETAIUIHIBI Ha ocHoBe ZrCu
SIBJISTIOTCS.  TIEPCTICKTUBHBIMU  MaTepuaiaMu ¢ 3(¢dexkToM maMaTH (HOpPMBI
(OTI®), B KOTOpPBIX HMMEET MeECTO MapTeHcuTHoe mpespamienne (MII) B
mupokoM Temreparypaom uaTepBaie (100—1200K) [1—3]. MaprencutHOE
MPEeBpaICHUE B ITUX COCTHHECHHUSIX HOCHUT OOJIBINECH YacThIO HETEPMOYIPYTHit
XapakTep, MPOSBISIOMMICS ocoO0eHHO B coenuHeHnun Zr,CuNi B cuiny
00pa3oBaHUs B OJHOM TEMIIEPATYPHOM HWHTEpBAJE JIBYX B3aMMOJICHCTBYIOIINX
MapTeHcuTHBIX ¢a3 [1, 2, 4, 5]. Tonbko coemunenue Zr,CuCo oTinvaet
tepMmoynpyroe MII npu wuckimouutensHOM o0OpazoBanuu B19' mapreHcuTa
[1, 2]. Takum oOpa3oMm, OYEBHIEH Iepexon OT Herepmoympyroro MII k
TEPMOYIIPYTOMYy BIOIb KBasuOMHapHOTO paspe3a Zr,CuNi—Zr,CuCo. Ilens
HacTosimeil paboThl —  BBIACHCHHWE BJIMSHUS TaKOro IMepexoja Ha
xapakTepucTuku JI1D 111 JaHHON TPYIIITBE HHTEPMETALTHICCKAX COSTUHEHHH.

MeToanka 3KcnepuMeHTa

CrutaBbl, HCCIEOBAaHHBIE B JAHHOW paboTe, BBIUIABISUIM METOIOM
BaKyyMHOT'O yTOBOTO IeperuiaBa B aTMocdepe aproHa, OUHMIIEHHOTO TUIABKON
reTTepa, ¢ BEUTUBOM B BOJOOXJIAXAAEMYIO M3JIOKHHILY. B KadecTBe MIMXTOBBIX
MAaTepUaJIOB UCIIOJIB30BAIA HOMMIHBIA ITUPKOHUM, DIIEKTPOJIUTUUECKUE ME]b,
HHKeJb 1 KoOanbT. COCTaBBI HCCIIEAOBAHHBIX CIIABOB PUBECHBI B TAOIHIIE.

XuMuueckasi TOMOTEHHOCTh HCCIEAYEMBIX MAaTepHanoB MOATBEPIKICHA
JTaHHBIMK peHTreHoBckoro Mukpoananmmza (JCXA-733). Xapakrepuctuueckue
Temneparypel  MII  mMepsiin ¢ ucmonk3oBaHueM  auddepeHmansHON
ckanupytomeit kanopumerpun (JICK) npu nomonm kanopumerpoB TA 2920 u
Netzcsh 4048 temneparypubix uHTepBaiax 170—800 K m 300—1200 K
COOTBETCTBEHHO. D dexT mamsatu HopMbl ONPEICIISUIN C HUCIIOIL30BaHHEM METOa
TPEXTOYEYHOTO HW3ruda IO KOJWYECTBEHHOMY u3Mepenuto OlID ¢
Temrepatypoi [6] mox cratnueckum HampsbkenueM 120 MlIla, npuioxeHHbIM
BBIIIIE TeMIeparypbl KoHma obOpatHoro MIT (A,) mepex mociexyrommm
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CocraBel (% (ar.)) HccaeIOBAaHHBLIX CIUIABOB W XapaKTEePHCTHYECKHE
temnepatrypsl (K) nawana m konma mpsimoro (M,, M,) m oGpaTHOro

(A, A) MIT
Zr Cu Co Ni M, M Ay Ax
50,60 25,40 24,00 0,00 250 150 210 300
50,07 25,20 20,31 4,42 390 180 340 520
49,84 25,00 15,56 9,60 550 390 520 700
49,97 25,00 10,23 14,80 640 480 700 840
50,49 25,24 4,37 19,90 760 630 780 1000
50,85 24,05 0,00 25,10 880 780 960 1060

OXJIaKICHHEM HIDKE TeMIeparypsl KoHia mpsmoro MIT (M,). 3arem o6pasirsl
pasrpyxanu mpu 77 K Tmocne HakOIUIeHWsS MapTeHCUTHOW aedopmMaruu
0,2—0,5% gns mnocnemyromero, CBOOOAHOTO OT BHEIIHEW HATPY3KH,
BOCCTaHOBJIEHUs! ()OPMBI TIpU HarpeBe. BoccTaHoBiieHHe HOPMBI UCCIIETOBATN
Takke npu HarpeBe B mwiaromerpe TMA 943 mocie TeCTOB Ha CikaTue
(INSTRON 1196)npu komHaTHOW Temmeparype. TBepmocth mo Bukkepcy
u3Mepsun npu Harpyske 30kr Ha npudope TII-2.

Pe3yabTaThl U HX 00CYKIEHHE

Pesynmeratel m3mepenums Ttemmeparyp MII mpuBegensr Ha puc. 1.
MapTreHcuTHOE TIpeBpalleHHe B YKa3aHHBIX COCAMHEHUSX MPOTEKaeT ¢
IMIMPOKMM TEMIEpaTypHbIM THUCTepe3ncoM (Tabmmma, puc. 2) 3a cyer
oOpa3oBaHMs W B3aHUMOJCHCTBHS JBYX MAapTCHCHTHBIX (a3, MOHOKIMHHAS
CTPYKTypa KOTOPBIX oTHOCHTCS K P2/m (ymopsimouenue mo tumy B19") u Cm
NPOCTPAHCTBEHHBIM rpynmnaM [4]. 3amena meau HukenaeM B ZrCu NpuUBOAMT K
nossireHno temneparyp MII [3] u npu crexuomerpun Zr,CuNi remnepaTypa
Havaja IpsMOro MapTeHCUTHOTO mpeBpamienus (M,) Bospactaer g0 880K mo
cpaBaeHuio ¢ 410K amst 5KBHATOMHOTO COETMHEHHS PU HEU3MEHHO IHPOKOM
rucrepesuce MIT AT = 180K.

3amena Ni wa Co Bmoms paspesa Zr,CuNi—Zr,CuCo mnpuBogur K
MOHIDKCHUIO Xapaktepuctiuueckux temneparyp (M, = 250K) u rucrepesuca
MIT (AT = 55K) mns Zr,CuCo (abdauua, puc. 2). Heo0XoquMo OTMETHTB, 4TO
nemn rucrepesuca MII (TemmeparypHble 3aBUCHMOCTH JIEKTPOCONPOTHBIIE-
HUA, Moyt FOHra, BeTBH HakOIUIEHHS M BOCCTaHOBIEHHS (opmMsl npu 11D,
JIMIATOMETPHsI) HE OOHApy)KMBAalOT YETKOW JIBYXITAalHOCTH, HECMOTpS Ha
oOpa3oBaHue (MCYe3HOBEHME) JBYX MapTeHCHTHBHIX (a3 [1, 2, 4, 5].Tonbko
TINATETbHBIA aHANINW3 [JAaHHBIX KaJOPUMETPUH M  BBICOKOTEMIEpAaTypHOU
peHTreHoBckoi mudpaxromerpun s MIT 8 ZrCu [5] mo3Bonun pasmeianTth
Temneparypubie uHTepBaisl MIT B2 < B19'u B2 «— Cm. Oka3anock, 4To
CHayaja MPEeMMYINECTBEHHO oOpasyercs B19' mapTencur, HO cpasy mocie
HEepBBIX €ro Mopuuii oOHapyKMBaeTcs BTOpas MapTeHcuTHas ¢asa. [Ipsmoe
MIT npu OXJaXICHHHM W3 ayCTCHUTHOW OOJAcTH pa3BHBACTCS ITyTEM
COBMECTHOro oOpa3oBaHusi obOeux (a3, npuuem B19' maprencur (20%
00BEMHOI TONTH 110 OKOHYaHUH IIpsiMoro MIT) 3akaHUMBaeT CBOe OOpa3OBaHME
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Puc. 1. Temneparypst MII B 3aBucu- Puc. 2. Tucrepesuc MII (o) u Kspo (®)
MocTu oT coaepxanus Ni B cruaBax B 3aBHCHUMOCTH 0T coaepxanus Ni B
Zr50CLb5C025_XNiX: <>, A — MH u MK, CItaBax Zr50CU25C025_XNiX.

m,0— A, A,

panbiie, ueM CM MapTeHCUT, KOTOPBIH B IIpoliecce 3aBepiieHus mpsmoro MIT
3aIoNHgeT Co0OM ocTaBImMiics 00BeM MarepHajia 0e3 BHAMMBIX (METOIOM
PEHTICHOCTPYKTYPHOTO aHaln3a) MpPU3HAKOB OCTaTOYHOT0 B2 aycreHwura.
[Mocnenyrommii HarpeB NpuBoAUT K oOpatHomy MII, npuyem, kKak u B ciaydae
npssmoro MII, mepBeiM HaunHaeT ucuye3arh B19' maprencut, a Cm ucuesaet
npu 4yyTh Oojiee BBICOKMX TEMIlEpaTypax M HMEHHO ero mepexox B B2
aycTeHHUT 3aBepuraet oopatHoe MII. MaptencutHoe npeBpaiueHue B Zr,CuNi
OCYIICCTBIISICTCSI TaKUM >Ke 00pa3oM mpu To¥ ke oObeMHOH moine B19'
MapTeHcHTa [2]. DTH (GaKThl CBHICTENBCTBYIOT O HETEPMOYIIPYTOM XapakKTepe
MII B ZrCuu Zr,CuNi. [leficTButensHo, cornacuo KypmoMoBy u Xauapocy,
npu tepmoynpyrom MII MapTeHcUTHBIE KpuUCTallibl, 0Opa30BaBIINECS
MOCJIEAHUMU IIpYU IPSMOM IPEBpallleHUH, UCUE3al0T B IEPBYI0 OUEpelb NpH
obopatHom mepexone [7]. Jms MII B ZrCu u Zr,CuNi Takas o4epemHOCTb
HapylIaeTcsi, 4YTO, MO BCEH BEPOSTHOCTH, W OOYCIOBIUBACT LIMPOKHUIL
rucrepesuc. JobaBku kobambra B3ameH Hukenas B Zr,CUNi mpuBomar
oOpazoBanuto wuckimountenbHo B19' maprencura mpu MII B Zr,CuCo.
MaprencutHoe mnpespamienne B2 < B19' B sTom coenuHeHMH MMeeT Bce
4epTHl TEPMOYIIPYTOro, Takxke Kak u B ciryuae MIT B2 «» B19's TiNi [8] nuu
BeICOKOTeMIIepaTypHOro MIT B2 <+ B19 B TiPd [9]. Oxna u3 takux gept —
y3kuil TeMmmepatypHslii ructepesuc MII. Eme onHoil deproil siBIseTCS TOT
¢axT, 4ro Temmeparypa Havaiga oOpatHoro MII (A,) HWke TeMrepaTypbl
Hagama mpsmoro (M,). Takas cuTyanus BO3MOKHA B  YCIOBHAX
CYUIECTBEHHOTO  HAKOIUIGHHWs  YOPYrod  SHEPruH,  CIepKUBaloIIen
(3arsruBaromieii) mporekanue npsmoro MII myTem ycTaHOBICHHS TEpMO-
ynpyroro paBHoBecus ¢asz. B stom cmeicnie MIT B Zr,CuCo mnomo0OHO
Tepmoynpyrum MII B criaBax Ha OCHOBE M€NH, TJe, KaK MoKa3aHo TOHroMm u
BoiimManoM, BiIHsHME HakOIUIEHHbIX NpH MII BHYTpEHHHX HaNpsKEHUI
ocobenno Benmko [10]. B cnmyuae ZrCuu Zr,CuNi yrpyras sHeprust, Cyas Imo
BCEMY, DPACXOJyeTcsi Ha B3aMMOJAEHCTBHE MEXAY IBYMsI 00pa3yrOIUMUCS
MapTeHCUTHBIMU (pazamMu W TEpMOYNpYroro paBHoOBecus (a3 He HaOIrOmaeTCs.
Tarwke BHUIHO, 4TO A, HIWKe M, 1o comepxanus ~10% @1.) Ni (cm. puc. 1).
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JanbHeifee yBeanueHUE COICPKaHUE HUKEIsl TPUBOJUT K CHTYaIlHH, KOTJa
A, cTaHOBUTCS BbIIE M, U THCTEPE3UC CYHIECTBEHHO BO3PACTAET, MPOXOJs
yepe3 MmakcumyM rpu 15—20% (a.) Ni (prc. 2). M0KHO 3aKIIOUNTE, YTO IS
cucreMbl  ZrsgClsCOsNi, 1pu  comepxkanmm  Hukens mo 10%  @r.)
TepMUYeCKH WHIynupoBanHoe MII umeer TepMmMoynpyruii xapaxkTep, B TO
BpeMs Kak MPH YBEJIWYCHUH COACPIKAHHS HUKEIS OYSBHIHO HETEPMOYIPYTroe
nosejienue npu MIT.

Pesynbpratel  u3Mmepenus OII® mo Meromy TpexXTOYEUHOro u3ruba
npuBeneHsl Ha puc. 2—4. OcoOeHHOCTH (QOPMOM3MEHEHHS NpU JaHHOM
skcnepumente s crasa (% (ar.)) Zr—25,2Cu—20,3XCo—4,42Ni mokazanb
Ha puc. 3. [IpenBapuTenbHO OCYIIECTBISUIA HArpeB HEHArpy»XKEHHOTO oOpasiia
BBIILIC TEMIIEPaTypbl 3aBepiueHuss oOpatHoro MII (A,), koTopas s JaHHOTO
marepuana cocrapuia 520 K (tadmuma). [Tpu 550 K oOpaser; Harpyxanu, npu
3TOM BHEWIHUE HanpspkeHus coctaBasuin 120 MIla. Ilocne HarpyskeHus
o0paszel OXJIaKIalH MMoJl CTATHYECKON Harpy3Koi u npu npudnmkenun k 400K
HAYMHAJ TMOSBJIATHCS MPOTHO, KOTOPBIA COOTBETCTBYET Hadany mnpsmoro MII
(puc. 3). dedopmarus mpomoibKaia HaKaIIMBATECs pH oxnaxaeHnn 10 200K
M OCTaBaJIaCh HEM3MEHHOH MPH TOCIEAYIOMEM OXJIAKICHUU J0 TeMIIEPaTyphl
Kuakoro aszora. Takoe (opMOM3MEHEHHE MPAaKTHYECKH COBHAgaeT o
TEMIIepaTypHOMY UHTEPBAIY C TEPMHUYECKH WHIYIIUPOBAHHBIM, CBOOOJHBIM OT
BHEIIHUX HamnpspkeHWi, mpsaMbiM  MII u  0O0yclOBICHO HAaKOIICHHUEM
MapTeHcHTHO#H nedopmammu. [lpu Temmeparype KHMAKOro aszora oOpasen
pasrpyand Ui TOCIEIyIOIEero, CBOOOAHOTO OT BHEIIHMX HANpsHKCHUH,
BOCCTaHOBJIEHHs (hOpMbI Tipu Harpese. Bumno (puc. 3), 4To npu HarpeBe UMeeT
MECTO BOCCTaHOBJICHHE (POPMBI B TEMIIEPATyPHOM HHTEpBajie, COBIAIArOLIEM
c wuHTepBasioM  oOpatHoro MII. [lns pmaHHOrO ciydass HaKOIUICHHAS
nedopManysi 3KBHUBAJICHTHA BOCCTAHOBJIICHHON, TO €CTh IPOUCXOAUT MOJHOE
BoccTaHoBieHue Gopmebl. [Tociae mpoBeeHUs] TAKHX SKCIIEPUMEHTOB JIJISI BCEX
UCCJICIOBAaHHBIX CIUIABOB OblIa MOCTPOSHA KOHIICHTPALMOHHAS 3aBUCHMOCTh
cTerieHn BoccTaHoBieHHs (opmel Ksmp = (€p/ €4)-100% €5, & —
COOTBETCTBEHHO BOCCTAHOBJICHHAsI M HAKOIUICHHAs MapTCHCHTHBIC Je(opMaIuu
(cm. puc. 2).BuHo, uro mist coequnenust ZhCUCO hopMa BOCCTaHABIMBAETCS
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Puc. 5. Teepaocts mo Bukkepcy HVzg (©) Puc. 6. ledpopmaronHoe ynpodse-
M Tpefen TeKydecTH Opy (A) B 3aBH- uHue coemuneHuit Zr,CuNi (=) u
cumoctd oT coxepxkanus Ni B ciuiaBax Zr,CuCo ) (cxaTme npu
Zr56CUsC054Niy. KOMHATHOM TeMIIEpPAType).

TOJTHOCTBIO, Kak U B ciy4ae cmuiaea (% (ar.)) Z2r—25,2Cu—20,31Ce—4,42 Ni
(puc. 3). OgHako yBenMUeHHE COMEpPKaHUs HUKENA B cucteMe ZrsoClsCOys,Niy
MPUBOJIUT K CHIDKEHHIO CTEIIEHH BOCCTAHOBJICHUST (POPMBI, KOTOpPOE MPOXOIUT
yepe3 muHUMYM 1nipu 15—20% (a&.) Ni u Heckonbko Bo3pactaet 10 94% s
coenunenus Zr,CuNi (cMm. puc. 2). O4eBUIHO, YTO HAUXYALIEE BOCCTAHOBICHUE
dhopmel UMeeT MecTo Tpu Hambonbirem ructepesuce MII. Konnentparmonsas
3aBUCUMOCTh a0COJNIOTHBIX BEIMYUH BOCCTAHOBJICHHON nedopManuu Tpu
n3mepennn DI mo meromy TpexTodedyHoro m3ruba mokasaHa Ha puc. 4.
BuiHo, UTO 5T 3aBHCHMOCTH MIMEET MAaKCUMYM TIpu cozepxkanmu 5—10% @t.) Ni.

N3mepenue TBepmoctd mo Bukkepcy mokasano JHMHEHHYIO 3aBUCHMOCTD
TBEPAOCTH UIsi KBazuOuHapHoro paspesa Zr,CuCo—Zr,CuNi (puc. 5). 3amena
Co nwa Ni npuBOIUT K TOYTH JIBYKPATHOMY YBEIMYCHHIO TBEPAOCTH IS
Zr,CuNi o cpasrenuto ¢ Zr,CuCo.

JleopMmarioHHOe yHpoYHEeHHE CIUIaBOB CUCTeMbI ZIsgClosCOrsNiy mpu
MEXaHHUUECKUX UCTIBITAHUSX HA CHKATHE MPU KOMHATHOW TEMITEpaType MOKa3aHo
Ha puc. 6. Ilpemen Tekyuectu st coemuHenus Zr,CuCo, cocTaBistonui
250MIla, 3HaumrTenbHO HEUKE, deM mus coexumHenus ZrLCUNi (770MIIa).
KoHieHTpalioHHas 3aBUCHMOCTDb Tpe/esia TEKyUeCTH MPHBEJCHA Ha pHUC. 5.
BuaHo, 4TO, IO CpaBHEHHUIO C TBEPIOCTHIO, HAOMIOMAeTCSl HETMHEHHOE, TTOYTH
YEeThIPEXKPATHOE YBEIMYEHHWE TMpejnesia TeKydecTd. HeoOXoamMo Takke
OTMETHUTH, YTO JePOPMAOHHOE YIPOYHEHUE UMEET MECTO JJISl BCEX CIIaBOB
cucteMbl Zr5oClsCosxNiy. ITpuuem eciu miist Zr,CuCo03T0 ynpoyHEHHE UMEET
JIMHEWHBIN XapakTep, TO NpPH YBEJIUYEHUH COJEPKaHUS HUKENd JIMHEWHOe
YIOPOYHEHHE CMEHSETCA MapadOoIMYecKuM, YTO OCOOCHHO XapaKTepHO ISt
coenmunenns Zr,CuNi (puc. 6). Takyio CyIIeCTBEHHYHO CMEHY Xapakrepa
neGOpPMaAIIOHHOTO YIPOYHEHUSI MOXXKHO OOBSICHUTH, PUHUMAsi BO BHHUMAaHUE
($a3oBBIil cOCTaB CIUIABOB MPH KOMHATHOW TEMIIEPAType JUISl CHUCTEMBI
ZrsClpsCos,Niy. N3 amamuza puc. 1 cremyer, YTO MNPH  KOMHATHOMN
TeMIeparype TpH MeXaHWdeckux wucnbltTanusx Zr,CuCo nedopmupyercs
B2 aycrenut ¢ oOpasoBanreM MapreHcuTa aedopmanuu. Bo Bcex ocTanmbHBIX
Clydasix Py KOMHATHOM TeMIeparype CIrjiaB 1eOpPMUPYETCs B MAPTCHCUTHOM
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cocTossHUM. TakuM o0pa3oM, CTAHOBUTCS TMOHSATHBIM, 4YTO HEJIWHEHHOE
yBeJIMYEeHHE Tpenena Tekydectd (puc. 5) o0OyCIOBICHO HE TOJBKO
TBEPJIOPACTBOPHBIM YIIPOYHEHHEM, HO W HW3MEHEHHEeM (a30BOr0 COCTaBa
(yBenuveHHeM COJEp)KaHUsI HUKENS) TPH TeMmrepatype AehOopMUPOBAHUS TS
cucteMbl ZsgClpsC0ys4Niy.

Pa3srpy3ska 00pa31oB pu MEXaHMYECKUX UCIIBITAHUAX Ha C)KaTHE PUBOIUT
K octaToyHoil nedopmarmu okoio 4% s Bcex HMcCIe/IOBaHHBIX CIUIABOB
(puc. 6). B cmyuae Zr,CuCo mpu pasrpy3ke HMEET MECTO CBEPXYIIPYroe
BoccraHoBieHue (opmel okono 1%. Ilocne nHakomnenusi nedopmauun 4%
oOpasipl HcciaenoBain B auiaatoMeTpe npu Harpese g0 1000 K. Benuuwntsr
nedopMaIyu, BOCCTAHOBJICHHOW TOCIIE TAKOTO HArpeBa, MPUBEICHBI HA puc. 4.
Buano, uro crenenbp BoccTaHoBIeHHS (opMbel Kopg AN 3TOTO  Cirydast
3HAUUTENIFHO HIXKE, YeM JJsl TPEXTOUEHYHOro H3ruda, W COCTaBISET BCETO
25—35%, x0T aOCOJIOTHBIC BEIMYMHBI Ae(OpMali, BOCCTAHOBICHHON IMpH
Harpese B IuiIaToMeTpe, He npeBbimaioT 1,4% M. puc. 4). B nanHoM ciydae
(mpm  dKCHepUMEHTaX Ha C)KaTHe MpU KOMHATHOM TeMmeparype) Bce
CBHJICTENILCTBYET O CYIIECTBEHHO TUTACTHYECKON  JleopMaIuu,
COTIPOBOXKIAOIIECH MapTeHCUTHYIO. [Ipn m3mepernu DIID mpu TpexTodedHOM
u3rube  HaKOIUICHHME  MAapTeHCHUTHOM  JedopMaly  NMPaKTHYECKH  HE
COIIPOBOXK/IAETCS IIIACTHYECKOW, TMOCKOIBKY TPOUCXOMUT TPU TPOTECKAHUH
npsimoro MIT mox crarnyeckoi Harpyskoii 120 MIla. B takux ycioBusx, 1o
CYTH, MMEET MECTO MAapTEeHCUT OXJIQXKICHUS, OPHCHTUPOBAHHBIH BHEIIHEH
HArpy3Kkoif, B TO BpeMs Kak TpHU CXKATHU MPU KOMHATHOW TeMIepaType —
MapTeHCHT nedopmaiuu W/WId MEPEeOPUCHTUPOBAHHBIA MApPTCHCHUT,  YKe
oOpaszoBaBmMiics 10 JAedhopMalMd TpU  OXJIKICHWH M3 ayCTCHUTHOM
obmactu. HecMOTps Ha CyIIECTBEHHOE OTJIMYME B PEKHUMaX HAKOIUICHHS
nedopmary  TIepel BOCCTAaHOBJICHHEM (OPMBI W Pa3HHUIy B aOCONIOTHBIX
BEJIMYMHAX BOCCTAHOBJICHHOH Jie(opMaIluy, KOHIIEHTPAIIMOHHBIC 3aBUCHMOCTH
BOCCTaHOBJICHHUS] ()OPMBI, IOJTYUYEHHBIEC IPH TPEXTOUECYHOM HM3THOE M CXKATHH,
UMeEIOT momo0HEIN xapakTep (cM. puc. 4). BoccranopinenHas aedopMmanus Ijs
uccimeayemoit cucremMsl ZrsgClsCOsNiy mpoxoaur depes MakCUMyM IIpH
5% (@t.) Ni. Drtor ¢akT MOXKeT OBITh OOBSCHEH HATHYHEM MAapPTCHCUTHBIX
(a3, oOpasyrommxcs mpu npsmom MII mis naHHOW cucTeMbl cruiaBoB. Kak
mokazaHo B pabore [2], B coemuuennn Zr,CuCO oOpa3yercss HCKIIOUUTEIBHO
B19' maprencur. VYBenuuenue comep:kaHus Hukens mo 15% @r.) BmOIn
kBazuOuHapHoro paspesa Zr,CuCo—Zr,CuNi npruBoauT K HEOONIBIIOMY POCTY

100 s . comepskanuss Cm  mapreHcura (He

T oomee 5%) fuc. 7). JlanbHeiimee

S 1 Cm YBEJIMYCHUE COJACPKAHUS  HUKCIIA

g’ BT KapAWHAIBHO  MeHseT  (a30BbIid

S 1 cocta. yxe mpu 20% @r.) Ni

® 50+ oobemuass jmoas B19' wmapreHcuTa
< 1

E 1 P2/m cHmkaercs 10 45% 3a cuer moo0Opa-
L 4
g 251

Puc. 7.Ilepepacnpenenenye 00beMHBIX

0 1 1 | | | Josel MapTeHCUTHBIX (a3, oOpasyro-

0 5 10 15 muxcs npu npsmom MII, B 3aBucu-
Zr,CuCo i, % (ar) Zr,CuNi MocTH oT coiepkanus Ni B cruiaBax
i, % (ar.

Zr50CUsCopsNiy [2].
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30BaHMs BTOpOM MapreHcuTHOH (asbl, a B ZILCUNI Mo 3aBepIeHnH MpsMOro
MII marepuan 3anonneH B19'maprencutHoi ¢asoit (23%)u Cm mapTeHCUTOM
(77%) (uc. 7). Takum obpasom, mpu coxepxkannu 5% @t.) Ni TBepmoO-
pacTBOPHOE YMPOYHEHHE MPUBOAMUT K TOBBIIMICHHIO Mpeeia TeKydecTH, B TO
BpeMsl Kak 0OBEMHAs IOl BTOPOTO MApTEHCUTA MPEHEOPEIKUMO Mana |, Kak
pe3ysbTaT, BOCCTaHOBICHHAs Aedopmanus (M. puc. 4) pacTeT 10 CPaBHEHUIO C
Zr,CuCo. [anbHeliiee yBeIHYCHHE OOBEMHOW JOIHM BTOPOr0 MapTEHCHUTA
OrPaHUYMBACT B3aUMHYIO TOJBMKHOCTh KPUCTAIIOB Pa3HBIX MapTEHCHUTHBIX
da3 mpM HMX TEpeopHEHTAIlMM W TPHBOAUT K OoJiee CYHIECTBEHHOM
TJIACTHIECKOM nedhopmartum. 310 0COOEHHO XapaKTepHO TUTS
KOHIIeHTpaIoHHoro uurepsana 15—20% (a.) Ni, mist KoToporo uMeer MecTo
MakCUMyM ructepesrca MII, coBmamaromuii ¢ MHHAMYMOM CTCIECHH
BOCCTaHOBJIEHUs (opMbl (cM. puc. 2). B aToM e uHTepBasie 00bEMHBIE JOIN
00pa3yIoIUXCsl MAPTEHCUTHBIX (a3 CpaBHUMBI 10 BennuuHe (puc. 7). MoxHO
3aKIIIOYHTE, YTO MAKCUMAJTbHASI CTETICHb BOCCTAHOBIICHUS (hOPMBI HAOTIO1aeTCst
y COCTaBOB, B KOTOPBIX 00pa3yeTcst MPaKTHUECKH HCKIOUUTENbHO B19™ mmn
Cm MapTeHCHUT, a Hauxy/liee BOCCTaHOBICHHE (HOPMbI — TPU HAMOOJIBIIEM
rucrepesnce MII mpu comepxannu 15—20% @t.) Ni 1 xapakrepHo A1 cMecH
B3aUMOJICHCTBYIONIMX MAPTCHCUTHBIX (ha3.

BriBOABI

OOHapyxeHO HEMOHOTOHHOE H3MeHeHHe Tructepesrca MII u crenenn
BoccTaHoBieHus1 ¢popmbl npu DIID. MakcumanbHasi cTeeHb BOCCTAaHOBJICHUS
dbopmBl HAOMIOMAETCA Yy COCTAaBOB, B KOTOPBIX 0Opa3zyeTcss MpaKTHIECKH
uckmountenbio B19™ wim CmM MapTeHCHT, a Hauxyjiiee BOCCTaHOBJICHHE
(bopmbl — nipu HanbosbIneM rucrepesuce MIT npu coneprxannn 15—20% @r.) Ni
W XapaKTEPHO JIJIsi CMECH B3aMMO/ICHCTBYIOIUX MAPTEHCUTHBIX (a3.

BbisiBIIeHO CylecTBeHHOE ynpodyneHue mpu serupoBanuu Ni. Tak, mpemen
Tekydectu Bo3pacraeT ¢ 25010 770MI]a.

YcTaHOBICHO M3MEHEHHE XapakTepa AeQOpMalHOHHOTO YNPOYHEHUs MpU
nerupoBanuud. B 1o Bpems kak B Zr,CuCO ynpouHeHHE HMEET JIMHCHHBIN
xapaktep, mnpu JerupoBaHur Ni  TosBIsSeTcs MapabONIUYHOCTB. ITO
o0bsicHsieTcss TeM, uTo B Zr,CuCo nedopMupoBaHHE OCYIIECTBISETCS B
ayCTCHHUTHOH 00JlacTH ¢ 0Opa3oBaHMEeM MapTeHCHTa AchOpMaIliH, a B IPYTUX
cirydasx geopMupyercss MApTEHCUTHOE COCTOSIHUE. TakuM 00pa3oM, Xapakrep
neQOpMaOHHOTO YNPOYHEHUS B KBAa3HOMHAPHBIX HHTEPMETAJUIMAAX Ha
ocHoBe ZrCuU CyIeCTBEHHO 3aBUCUT OT (ha30BOr0 COCTOSIHHS.

MakcuMyM BoccTaHOBACHHOH aedopmarmu mpu DIID B ucciea0BaHHBIX
oObekTax HaOmomaercs mpu coxepkanuu 5% @r.) Ni, uTo 00yciOBICHO
TBEPAOPACTBOPHBIM YIPOUYHEHUEM TIPH JETHPOBAHUHU U HEOOJBIIOW 00BEMHON
J0Jicii BTOPOH MapTECHCUTHOM (has3bl.
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