Marepianu 3 mam'saTTi0 GOPMH: Bil BIIKPUTTH 10 CYYACHUX MEPCIEKTHB
3aCTOCYBAHHA

VBiTh 001 METal, SIKHW «11aM’SITa€e» CBOIO TTOYATKOBY (pOPMY 1 3IaTHUIA MTOBEPHYTHUCS 10 HEl
micis gedopmartii. Lle He danTacTHKA, a peaNbHICTh 3aBISKA MaTepiaiaM 3 mam atTio Gopmu (11D,
Shape Memory Alloys, SMA). Bouu 3Haiilumm 3acTOCYBaHHS BiJ MEIUIMHH O aePOKOCMIYHOT
raiysi.

[epmi kxpoku 10 BIAKPUTTS edekTy nam'sati popmu Oymm 3pobiaeHi B 1930-x pokax. ¥ 1932
pomi Apue OaHnep BiIKpUB IICEBAONPYXHY MOBeAiHKY ciuiaBy Au-Cd. I'peninarep ta MypansH y
1938 pomi cmnocrepirany yYTBOPEHHS Ta 3HHKHEHHS MApTEHCUTHOI (a3u TpH 3HIDKEHHI Ta
nigBuiieHHi Temmepatypu cruiaBy Cu-Zn. OcHoBHe sBuie edexTy mam'sati Qopmu, 110
BU3HAYA€ETHCS TEPMOIPYKHOIO IOBEIIHKOO MapTeHCUTHOI (a3, OyJo HIMPOKO ONUCAHO
JTECATUTITTAM  TT3HIIIE [actutyry wmetanodizuku (HuHI  [HCTHUTYT
metanodizuku iMm. I'.B. KypmiomoBa HAH VYkpainu, Kuis) I'.B. Kyparomosum ta JI.I'. Xanapocom

BUCHUMH KHIBCHKOTO

[1]. Came Tam BoHHM mpoBenu (yHIAMEHTAJbHI IOCITIIPKCHHS MAapTEHCHTHUX IIEPETBOPEHb 1
JOCJTIIAIN SIBUIIIE TEPMOIPY>KHOT PIBHOBAru, 0 1 CTajg0 OCHOBOIO JIJIi PO3BUTKY MaTepiamiB 3
nam’artio Gopmu. Y 1949 poui KypmromoB i Xanapoc Brepiie ONMMCaNd SBHIIE TEPMOIPYKHOT
pIBHOBArd mij 4ac MapTCHCUTHUX repeTBopeHb y ciuiaBax Cu—Al-Ni. Boru momituim, mo npu
3MiHI TEMIEpaTypu TpPaHUIl MapTEHCUTHUX KPUCTAJIB pyXalOThCs, JO3BOJSAIOYM MaTepiaiy
30epiratu 000poTHICTH (hazoBoro nepexony. Lle BiAKpuTTA cTano (GyHAAMEHTOM AJIi CTBOPEHHS
cruaBiB 3 nam’strio hopmu [7].

ON THE “THERMOELASTICY RQUILIBRIUM

90 YEARS ON THE “THERMOELASTIC” EQUILIBRIUM
TNy, ON MARTENSITIC TRANSFORMATIONS
m Translated and reprinted from Dokl. Akad. Nauk SSSR 66, No. 2, pp. 211-214 (1949)
ACADEMY OF
SCIRNCES OF G.V. KURDYUMOV, L.G. KHANDROS
Laboratory of Metal Physics, Academy of Sciences of the Ukrainian SSR
(Kyiv, Ukraine)
The recently proposed theory of diffusionless or  parallel strips expanding at the decrease of temperature

martensitic transformations [1] allowed one to explain
some basic anomalies in their kinetics (the huge rates
of nucleation and growth of crystals in the martensitic
phases. as well as the termination of their growth).
to determine conditions for these transformations to
run in solids. and to predict the existence of two
new phenomena at martensitic transformations: 1) a
slow running of the transformation at sufficiently low
temperatures and 2) the existence of the “elastic” crystals
of the martensitic phases.

The first of the aforementioned phenomena was

on the surface of a polished section; others, being wedge-
shaped, moved inside the grains. With decrease in the
temperature, new crystals appeared and grew, until all
the section’s field was completely covered with a needle-
type relief.

The termination of cooling induced the stop of the
growth: the crystal growth continued if the cooling
was renewed. until crystals were reaching neighboring
martensitic crystals or the boundaries of original
austenite grains. Sometimes, the crystals, while meeting
others in their way, were growing at their expense.
crossed them, and grew further.

Puc.1 Cropinka cTarti 3 YKpaiHChKOTO (hi3HYHOTO KypHATY [3]



Edexr nmam’ari ¢opmu 0Oa3yeTbcs Ha OOOPOTHOMY MAapTEHCUTHOMY IE€PETBOPEHHI MiXk
aycTeHiTHOIO (ha3or0 (BHCOKOTEMIIepaTypHa, KyOiuHa CTpPYKTypa) Ta MapTEeHCHTHOIO (pa3oro
(HM3BKOTEMIIEpAaTypHa, MOHOKJiHHa abo opTtopoMOiuna). [lpu HarpiBanHi JedopmoBaHuit
MapTEHCHUT IIOBEPTAETHCS B AYCTEHIT, BIJHOBIIOIOYM IMOYaTKoBY (opmy. Hampuknax crmasu
cuctemu Cu-Al-Ni 1eMOHCTPYIOTh KiacuuHHil edekT mam’ati GpopMH. IX CTpYKTypa 3MiHIOEThCS
BiJ B-dasu (B2) no maprencutHux monudikauii B’y (MoHOKIiHHA) Ta Y’y (opTopombOiuna). Lli
CIUIAaBM MalOTh BHCOKY TeMIIEpaTypy NEepeTBOPEHHs, 10 POOUThH iX NPUAATHUMH JUIsi poOOTH B
YKOPCTKUX YMOBaXx, HaNpPHUKIAA JIJIT 3aCTOCYBaHHS B aepOKOCMIUHINA TexHill. Benuki nmepcnexkTuBu
3aCTOCYBAaHHS MAIOTh TAaKOK 1HIII CIIaBH, 30KpeMa:

e Cu-Zn-Al — nemresri, ane MeHII cTaOiIbHI IPH UKIIIYHUX HABAHTAXKCHHSX.

e Fe-Ni-Co — MarHiTHO-KepOBaHi CIUIaBH 3 IaM’ATTIO (YOPMH, TIEPCTICKTHBHI JIJIsl CEHCOPIB.

e Ni-Ti (Nitinol) — ©0iocymicHi, IHPOKO BHKOPHCTOBYIOTHCS B MEAMIMHI (CTCHTH,
OPTOIOHTIS).
A 2Nde
The Phase Transformation Process for SMAs r-o -9 e
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Puc. 2. Cxema mporiecy ga3zoBoro nepeTBOpeHHS.

CyuacHi JOCHIJDKEHHS CHpPSAMOBAaHI Ha MiJABUILEHHS JOBIOBIYHOCTI, KEPOBAHOCTI Ta
iHTerpanito SMA y po3yMHI CHCTEMM, a TAKOX Ha YIOCKOHAJEHHS TEXHOJIOIii BUIOTOBJICHHS
craBiB 3 I1d. Komanma nmociigaukiB 3 JIBBIBCHBKOTO YHIBEPCHUTETY JJIsi CTBOPEHHS CIUIAaBIB 3
nam’saTTI0 opMH 3acTocyBaja aauTHUBHI TexHouorii, 30kpemMa Powder Bed Fusion (PBF) —
Ja3epHe CHikaHHA nopomkiB. YuMm 1e mikaBo? Jlasep JIOKalbHO IJIAaBUTH MOPOILIOK, (popmyroun
JeTajgi CKJIagHOi reoMeTpii, mo 3a0e3nedye BHCOKY TOYHICTh Ta JIO3BOJSIE CTBOPIOBATU
¢dbyHKIIOHATBHI  JeTaimi  0e3 oJaTKoBOI MexaHI4HOi oO0poOku. BukopucTroByeThcs —muie
HEOOXITHUIA MaTtepiaj, 1 K HAC/II0K MIHIMI3YIOTbCS BIAXOu. JIerko 3MilIyBaTH MOPOIIKH PI3HUX
METaJIiB JJIs1 OTPUMAaHHS ONTUMAIBHOTO CKIIAJTy.

VY namomy Bunanky 3pasku Cu-Al-Ni ta Cu-Zn-Ni Oynu cuHTE30BaHi 3 CyMillli MOPOIIKIB
metonom PBF, a pexumu sazepHoro o6manHanHs (MMOTYXKHICTh, IIBUAKICTh CKAaHYBaHHS, TOBIIIMHA
mapy) Oyau ONTHUMI30BaHI Il OTPUMAaHHS OMHOPIAHUX 3paskiB. Ilicis BUTOTOBICHHS 3pa3Ku
JOCTIPKYBIM METOJOM PEHTTEHO-CTPYKTypHOTO aHamizy (XRD), skuii mgae 3Mory BU3HAYUTH



(dazoBuil CKJIaJ, Ta TOYHO BCTAHOBHUTH, sIKi (pa3W NPHUCYTHI (QyCTEHIT, MapTEHCHT), a TaKOXK
BUMIPSTH TIApaMETPH TIPATKH, OLIHWUTH HAINpPYKEHHS Ta AC(PEKTH Ta MPOBECTH KOHTPOJIb SKOCTI,
NIEPEBIPUTH, YU BIAMOBIAA€ CTPYKTYpa OUYiKyBaHIH.

i
S——
Il!-'

'i
'b\.. wre

P En
! l | lll l Hlll'l !'l' H l""" I’IH" I'”Hl mn V"H" r 'V'V

SEREEEREEEN,

i \ju_.)\J '\/\JW\M

"o o

ii!!_

NN AN RN N nn-r 'Hl"rl srreert tiee o mreehee seerver o

H(.

» pomem P LI U1 [ TN T PRSP SRR PP " PE—" po—
ey “ w i ._._M,_.,.._,\»,-..\__a.-,.__v_~_...¢_._‘

» .- - i - . . - » - » .- - i - . - - » -

Puc. 3 PenTreHocTpyKTypHI JOCHIIKEHHS 3pa3KiB CIIEYeHUX 3a MeToIuKko0 PBF

s nmeranbpHOTO AociimkeHHs moBepxHi 3actocyBanmu Field Emission Scanning Electron

Microscope (FESEM), 1o xapakTepH3yeThCsS BHCOKOKO PO3IITBHOIO 3IATHICTIO Ta J03BOJISIE
MIPOBOJIUTH aHaJIi3 MOBEPXHI Ta MOPUCTOCTI.

Puc. 4 FESEM 300pakeHHs 3pa3KiB CIIEYCHUX 3a MeTOuKo0 PBF

B pesynbraTi BUKOHaHHS TPOEKTY OyJ0 BCTAHOBJIICHO ONTUMAJIBHUI BMICT KOMIIOHEHT B
cucremax Al-Cu-Zn, AI-Cu-Ni ta Al-Cu-Fe 3a skux mmicisi Jia3epHOro IUIABJIICHHS OYyIyTh



dbopMyBaTHCs SK IHTEpMETaliuHl CHOJYKH, Tak 1 (a3su 3 edexkrom nam’sTi ¢Gopmu, 37aTHI
3MIIHIOBATH KOMIIO3UTH 3 QIIOMIiHI€EBOIO Martpuner. JlochmipkeHHs mporecy (opMyBaHHS
KOMIIO3UTIB Ha OCHOBI amoMiHiI0 MertogoM PBF namm 3mory 3ampomoHyBaTH —3araibHi
pexkoMeHaanii M0J0 PEeXHUMIB Ja3epHOi oOpoOku anst (GopMyBaHHsS IIapiB CyOMiiMETPOBOI
TOBILUHH.
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