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AHOTAIIA Cnaasu 3 epexmom nam'smi ¢popmu 6 Oanuii wac npedcmagisoms eequkuii iwmepec. Taxi cniasu
Xapakmepui mum, wo y niacmuidHo 0eQopMOBaHOMY CMAHI IOHOBIIOIMb C80I0 NEPSUHHY (YopMY De3nocepedHbo 3i
BHAMMSAM HABAHMAdICeHHs abo nicis nazpieanus. Memoro 0anoi pobomu € euguenns icmopii nosieu i po36UmKy Cniagie
3 egexmom nam'smi gopmu i @izuxu npoyecy ix yuikamwuux eracmugocmetl. Taxodc 6 pobomi posensiHymi
(YHKYIOHANHO-MEXAHIYRI  GIACMUBOCIE  MAMEPIANie 3 MePMONPYICHUMU MAPMEHCUMHUMU NePemEOPEeHHIMU,
Xapakxmepucmudni memnepamypu ma hakmopu, wo enIuUar0msy Ha ix 6eIUYUHY .

Knrwouesvle cnoea: cniasu 3 egexmom nam'ami Gopmu, mapmencumme NepemeOpeHHtsl, CEepXeNacnUYHICb,
nCcesooynpy2icnv, XapaKmepucmuyHi memnepanmypu

AHHOTAITHA Cnaasvi ¢ 3¢hgpexmom namsimu popmel 6 Hacmosiwee epems npeocmasisiom oonvuion unmepec. Taxue
CNIA6bl  XAPAKMEPHbL MeM, Hmo 8 WIACHMUYecKU O0eqhOpMUPOBAHHOM COCMOSHUU B8OCCMAHAGIUBAION  CE0I0
NEePBOHAYATIbHYIO (POPMY HENOCPEOCMEEHHO CO CHAMUEM HAa2pysKu uiu nocie naepesa. Llenvio Oanmnoti pabomoi
S6IEMCS U3YYeHUe UCMOPUU NOSBTIEHUs. U PA36UMUsL CNIABO8 C dhpexmom namsmu Gopmsl u Gusuku npoyecca ux
VHUKanbHbIX ceoticmg. Takace 6 pabome paccmMompeHvl (OYHKYUOHATLHO-MEXAHUYECKUe CB0UCMEA MAMepudiog ¢
MEPMOYNPY2UMU MAPMEHCUMHbIMU NPESPAUEHUSMU, XAPAKMEPUCMUYECKUe MeMNepamypsl U (pakmopwl, grusiouue Ha
UX BeTUHUHY.

Kniouesvie cnosa: cnnagvl ¢ sgghexmom namsmu opmul, mapmencumuoe npespawjenue, CEepxINACHMUYHOCb,
NCe8O0YNpy20CHib, XAPaAKMepUCmu4eckiue memnepamypl

ALLOYS WITH SHAPE MEMORY EFFECT. THE HISTORY OF THE
EMERGENCE AND DEVELOPMENT AND THE PHYSICS OF THEIR
UNIQUE PROPERTIES

0. AKIMOV", SUNDUS MOHAMMD NOORI AHMED
National Technical University "Kharkiv Polytechnic Institute”, Kharkiv, UKRAINE

ABSTRACT Alloys with shape memory effect in the present time are of great interest. Such alloys are characterized by
the fact that in a plastically deformed state restore its original shape immediately with the removal of the load or after
heating. The objective was to study the history of the emergence and development of alloys with shape memory effect.
To consider the terms of the manifestations and mechanisms of shape memory effect, functional and mechanical
properties of materials with thermoelastic martensitic transformations, characteristic temperature and the factors
affecting their value. Today it is urgent to simplify the method of producing alloys with shape memory and to replace
expensive components of the chemical composition of the alloy in preserving the unique performance properties at a
high level. The greatest interest for modern Ukraine are materials with shape memory effect based on iron. This class of
materials is the most cheap and easier to produce, as it doesn't contain expensive components and does not require
special vacuum equipment for production.

Keywords: alloys with shape memory effect, martensitic transformation, sergelstorg, pseudopregnant, the characteristic
temperature of

BBenenmue
B Hacrosimee BpeMmsi OoMbIIOH HWHTEpeEC
MPEJCTABIAIOT CIUIaBbl ¢ A dekroM mnaMsaTu
(OpMBI, KOTOpBIE IIHPOKO TMPUMEHSIOTCS B
Pa3IUYHBIX O00NACTAX TEXHUKHU (CIIEIMAIIUHO-
CTpOEHUE, TPUOOPOCTPOCHUE, aBUAKOCMUYECKAST

TeXHHWKa, OBITOBasl TeXHWKa W 1p.). Llpu 3TOM
HauOoJIbIIee PACIPOCTPAHEHHE TTOMYUHIIN CILIABBI
¢ mamateio  Qopmbr  Ha  ocHoBe  Ti-Ni,
IPUMEHSIEMbIC  TIPEUMYIIECTBEHHO B  00JIacTH
MEUIMHBI, Olarofapsi YHHKAIbHOMY COYCTAHHIO
9KCIUTyaTal[MOHHBIX CBOKCTB.
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CmiaBel ¢ 3¢p¢exToM mnaMatd  (GOPMEI
XapakTepHBl ~ T€M, YTO B  IUIACTHYECKH
e opMHUPOBAHHOM COCTOSSHUM BOCCTaHABIMBAIOT
CBOIO IEPBOHAYANIBHYIO ()OPMY HENOCPEICTBEHHO
CO CHsTHEM Harpy3ku wiu mocie HarpeBa. CyThb
9TOrO SIBJIGHHS 3aKJIIOYaeTcss B ciedyromeM. B
UCXOZIHOM COCTOSIHUM B MaTepHaje CYIIEeCTBYET

onpeneneHHas — crpykrypa. [lom  BiusHueM
nedopmaruu BHEIIHUE  CJIOU Martepuaia
BBITATHBAKOTCA, a BHYTPCHHUC CXKUMAKTCA

(cpemnue ocrarorcs  0e3  HM3MEHEHuUi). OTH
BBITSHYTBIE  CTPYKTYPBI —  MapTEHCUTHBIE
T1IJIaCTHUHBI. HCOGLI‘IHI)IM SABIACTCA TO, YTO B
MaTepuagax ¢ M[amMsaThio  (QOPMBI  MapTEHCHUT
Tepmoynpyruii.  Ilocme  HarpeBa — HauuHaer
MPOABIATECA ~ TEPMOYIPYIOCTH  MApTEHCUTHBIX
IIJ1aCTHUH, TO €CTh BO3HUKAIOT BHYTPCHHUC
HAIPSDKEHUsA, KOTOPBIE  CTPEMATCS  BEPHYTH
CTPYKTYpPY K HCXOJHOMY COCTOSHHIO, a UMEHHO
C)XaTb BBITAHYTBIC IIJIACTUHBI U PACTAHYTH CXKAThIC.
HOCKOHBKy BHYTPCHHHUEC BBITAHYTBIC IIJIACTHUHBI
C)KHUMArTCA, a BHYTPCHHUEC pacTAruBarOTCA,
MaTepHal B IIEJIOM MPOBOJMT aBTOAE(H)OpMAIHIO B
00paTHOM HAIIPaBJIIEHUU W BOCCTAHABJIMBAET CBOIO
HCXOJHYIO CTPYKTYPY, & BMECTe C Hell U hopmy.

Jpyrum sBIE€HUEM, TECHO CBSI3aHHBIM C
s dexTom MTaMsITH (b opMmbl, SIBJISICTCS
CBEpPXYNPYrocTh — CBOMCTBO MaTepuaia, KOTOPhIi
ObUT Harpy)KeH [0 HalpsDKEHUs, 3HAYUTEIHHO
MIPEBBIMIAIONIETO MPeAeT MPOYHOCTH, MOIHOCTHIO
BOCCTaHaBIMBaTh MEPBOHAYAIBHYIO (hopMy mocie
CHsITHA Harpy3ku [1].

HecMoTpst Ha Takue yHUKaJbHBIE CBOWCTBA
MarepuaioB ¢ 3(PQGeKToM TaMATH  QOPMBI
aKTyallbHBIM OoJiee [IeTallbHOe W3Y4YeHHE TaKhuX
CIUTABOB W  CO3JaHWE€  HOBBIX. | JTaBHBIM
HEIOCTaTKOM TaKHWX CIIJIABOB SIBJISIETCS BBICOKAS
CTOMMOCTE W CIOXXHOCTH  TIONYYEHHS  C
WCIIONB30BAHMEM  CHENHAIBFHOIO  BaKyyMHOTO
obopynoBanus. [loaToMy Ha CeromHSIIHWHA JEHD
SIBIIIETCSI  aKTYaJdbHBIM  YIOPOCTHTH  CIOCOO
MONyYeHHs] CIUIABOB C TMAaMATHI0 (QOpPMBI U
3aMEHUTh JIOPOTOCTOSIIIINE COCTaBIISIOIIHE
XMMHYECKOTO  COCTaBa CIUlaBa Ha  Ooree
JNOCTYIHBIE  C  COXpPaHEHHWEM  YHUKaIbHBIX
AKCIUTyaTallMOHHBIX CBOMCTB HA BLICOKOM YPOBHE.

ean padoTsl
W3yunth MCTOPHIO MOSBJIEHUS U Pa3BUTHS

cruraBoB ¢ 3ddexToM  maMsatd  (HOPMBL
PaccmoTpers ycioBHsS TPOSIBICHHS M MEXaHH3MBI

spdpekra mamiaTH  QOpMBI,  (HYHKIHMOHAIBHO-
MeXaHMYeCKHe  CBOWCTBA  MaTepHaIOB c
TEPMOYNPYTMMU  MapTEHCUTHBIMH  IIpeBpalle-
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HUSAMHU, XAPAKTCPUCTUUCCKUC TEMIICPATYPbl U
(I)aKTOpBI, BJIMAIOIINEC HA UX BCIIMYNHY.

HMcropus pasBuTHA CILIABOB ¢ 3 (PeKTOM
NaMATH (POPMBI

B 1948 rony akagemuk I'.B. KypaiomoB u
JIOKTOP (hM3HKO-MaTEeMaTHYECKIX HayK
JL.T. Xannpoc OOHAPYKHITU obpaTumMoe
TEpPMOYNPYroe MapTEHCHTHOE NpeBpalicHUuEe Ha
crtaBax Cu-Al-Ni u Cu-Sn, kotopoe mo3gHee
OBLIO ouuanTsHo HA3BaHO s dexTom
KyparomoBa (3¢dekt BoccTaHOBICHUS 3aJaHHOM
koH(urypanuu win 3ddext mamatu popmsr). OHH
OOHApYXHIIM, YTO KPHCTAIBI 00pa3yromerocs
MapTEeHCUTa TPH OCTAHOBKE OXJIAXKICHUS MOTYT
IpeKpamarh pocT, a NPy MOCIEeNyIoneM HarpeBe
YMEHBIIAIOTCS B pa3Mepax. llpm  dToM
TIOCJIEIOBATENLHOCTh MCUE3HOBEHHSI KPHUCTAJIIOB
MapTeHCUTa TpH  HarpeBe H  0OpaTHOM
npeBpanieHuH MapTeHCUTa B BBICOKO-
TeMIiepaTypHylo @a3y (aycTeHHT) IOBTOpSET
MOCJIEZIOBATENIbHOCTh ~ MX ~ BO3HUKHOBEHHSI B
obpatHom mopsizke [2, 3].

B MHPOBOH JIATEPATYPE TepBoe
yIIOMHHAaHHE O CIUIaB€ C  HEOOBIYHBIMU
cBoiictBamu matupyercs 1930-mu romamu. B aTo
Bpemst Omannep (Olander, 1932 1.) 3amerwn, 4To
npeBpaiiesue B cimaBe Au-Cd Obuto oOpaTHMO,
OCHOBBIBasICh Ha MeTaJUIyprudeckue HaOIro/leHUs
U cOmpoTHBJICHUS M3MeHeHmsM [4, 5]. B 1938 1.
Ilxennarep u  Moopaaman  (Greninger and
Mooradian) HabmIOMaTM aHATOTHYHBIE N3MECHCHHUS
B jaryan (Cu-Zn) B OIpENeNeHHOM TMpenene
TepMudeckux KoiaeOunmit [6]. Ilozanee Yanr u
Pun (Chang and Read, 1951 r.) BBenm BIiEepBBIC
TepMHuH «3PHEKT maMATH GOPMBI» IS OIMHACAHUS
TEPMOYIIPOrOro TMOBEIACHHS 3THUX CIUIAaBOB [7].
Opnako Toinpko B Hawane 1960-x ronos
WCCIIEZIOBAaHUS MAaTEPUANOB C 3PPEKTOM MHaMITH
dopMbl (WM KaK WX €IIe Ha3bIBAIOT «yMHBIE
MaTepuab») Hadalld HaOWpaTh MOMYJISPHOCTh. B
1962-1963 r1r. bromep (Buehler) wu np.
OOHApYXHUJIM, 4YTO HUKEIb-TUTAHOBBIC CIUIABBHI,
HaszpiBaemble  Hutmnon — (mpoucxomur — or
ab0pesuaryper NiTiNOL, tme NOL - s3r0
COKpallleHHOe Ha3BaHue JlaGopaTopun MOpCKOH
aprwmepun  CIIIA, tne stor Martepuan Obul
pazpaboraH), Takke 00manaoT dHEeKTOM MaMITH
tdopwmst [1, 5, 8]. B HacTosIee BpeMss HIMEHHO 3TOT
CIUIaB CTaj JMIAEPOM Cpeld MaTepuanoB C
MaMSTHIO (POPMBL.

HutnHOn wnu HUKENMI THTaHa — 3TO
MHTEPMETAJUIA], SKBHATOMHOrOo cocraBa ¢ 49—
57 % Ni, KOIWYECTBO THUTAaHA BCErga JOJDKHO
octaBatbcsi B mpepenax 38-50 %, T.K. UMEHHO
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9TOT Tmpefen obecriednBaer JPQGEKT MNaMsITH
¢dopmbl Takux crraBoB. Yacro cmiaaBel  Ni-Ti
JNETUPYIOT Menplo.  Temmeparypa — TUIaBICHHS
HutHHONA cocTaBasieT 1240-1310 °C, miaoTHOCTH
cimaBa — 6,45r/cv’.  McxomHas — CTpyKTypa
HUKENUAa TUTaHa — craOwibHas OOBEMHO-
LeHTpUpOBaHHast Kyondeckas pemerka tuma CsCl
npu JeopManuy HMCHBITBIBAET TEPMONPYIPYroe
MapTEeHCUTHOE TMpeBpallleHne ¢ 00pa3oBaHUEM
¢asbl Hu3KO#M cummerpuu [1, 10].

Hukenunm Tutana oOnamaeT  BBICOKOU
KOPPO3MOHHOM  CTOMKOCTBIO UM  IMPOYHOCTHIO,
XOPOIIUMU XapaKTepUCTUKAMU dhopmo-

3allOMUHAHUs, WMEET BBICOKMH Kod(duImeHT
BOCCTaHOBJICHUS (hopmbI u BBICOKYO
BOCCTaHOBHUTEIbHYIO CcHIly, nedopmaius 10 8 %
MOXeET MOJTHOCTBIO BOCCTaHABJIMBATHCA,
HaIpPsDKEHUE BOCCTAHOBJICHUS IIPH 3TOM MOXKET
nocrurate 800 MIla. Takke HUTHHON oOOJamaer
XOpOIIeH COBMECTHMOCTBIO c JKUBBIMH
OpPraHM3MaMH, MMEET BBICOKYIO JeMI(UPYIOIIYIO
CHOCOOHOCTh MaTepHajia (CIIOCOOHOCTh MaTepualia
TIOTJIONIATH BHOpAIHio (IIMKINIECKIE HATPY3KN) 32

cUer BHYTpPEHHETO TpEeHHS, mpeBparas
MEXaHWYECKYIO SHEPTHIO B TEILIO).
Ho 'y cromp momymspHOro  cmiasa

CYIIECTBYIOT M HemocTatku: 1. Hammume tHTana
CHOCOOCTBYET JIETKOMY NMPUCOEAUHEHHUIO K CILIABY
azora W kucimopoma. UYtoObl MpenoTBpaTUTh
PEeaKIu C STUMH dJIEMEHTaMHU IIPU TPON3BOJICTBE
HaJ0 WCIOJB30BaTh BaKyyMHOE OOOpYIOBaHHE.
2. 3arpynHeHa o0paOOTKa MPH  H3TOTOBJICHHH
neTaeii, o0co0eHHO pe3anueM (000pOTHAsI CTOPOHA
BBICOKOM MPOYHOCTH). 3. BbIcOKas 1ieHa.

[IpomsBoxacTBO HUKen/1a TUTaHA
3aKJIFOYaeTCA B CIEAYIONIEM: IJIaBKa MPOHCXOTUT
B BAaKyyMHO-TADHHCAXHOH TI€YH WIH B
JMEKTPOAYTOBOM  TMEYHM €  HCIIOIB30BAaHUEM
3JICKTPOAOB B 3almTUTHOW aTMocdepe (Tenmuii WiH
apron). lluxtoii B 000OMX cCiIy4asx CIyXHT
WomuAHWIA THUTAaH WM  TUTaHOBas  ryOka,
CIpeccoBaHHas B OpWKeThl, U HHUKenb Mapku H-0
wm H-1 [9].

Hns TTONTydeHUS PaBHOMEPHOTO
XMMHYECKOTO COCTaBa IO CEYSHHWIO M BBHICOTE
CIIMTKA PEKOMEHAYETCS IBOMHOM WM TPOMHOMN
neperviaB.  [lpy  BeIIIaBKE B IYrOBOM  IE€YH
pekomeHayercs cuiia Toka 1,2 kA, Hanpsbkenue 40
V, naBnenme remus 53 Mlla. OnrumMannHBIN
PSKAM  OXJAXISHHWS  CIUTKOB  C  IEJIbIO
MIPEIOTBPAIICHUsT PACTPECKUBAHUS — OXJIAXKICHUE
¢ neunto (He OGomee 10 ° B cekyHnmy). YnmaneHue
MOBEPXHOCTHBIX /1e()EeKTOB — OO JUPKU HAKJaYHBIM
kpyrom. /[lms OGomee ™OIHOrO BBIPAaBHHUBAHUS
XMMHAYECKOT0 CcOCcTaBa IO 00beMy CJIHMTKa
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MPOBOAT TOMOTEHU3AIIMIO MIPH TemIepatype 950—
1000 °C B uneptHoii atmochepe [10-13].

[ToMHMO HUTHHONA, CYIIECTBYIOT M APYTUe
CIIaBbl, obnagaromue 3PGeKToM maMaTd QOpMBI.
CmnaB Au-Cd paspaboran B 1951 roay, siBinsiercs
OJIHUM W3 MHOHEPOB MAaTEPHUAIOB C IaMSIThHIO
¢dopmel. Hapasue ¢ autuHOIOM, crutas Cu-Zn-Al
UMeeT IIUPOKOE MPAKTHYECKOE TPUMEHEHHUE, ITOT
CIJIaB MOYXHO BBITLJIABIISITH B OOBIYHON aTMocdepe.
Hexoropsie crinassl, obnanatomye 3G dexT naMsaT
(dopmel ipeacTaBieHst B Tad. 1 [14-19].

Tabmuma 1. Hexotopsie CIUIaBHI,
nposiBiisitonye dhdext mamsata Gopmbl
Cmnas CocraB Huanason o
npespatenus (°C)
Ag-Cd 44-49 % Cd —190 +~-50
Au-Cd 46,5-50 % Cd 30+ 100
. 14-415 % Al; .
Cu-Al-Ni 3450 Ni ~140 = 100
23-28 % Au; )
Cu-Au—Zn 4547 % 7n —190 + 40
Cu-Sn 15 % Sn -120 +30
— 0,
Cu-zn 305 ALS% 180 +-10
n
3-8 % Al 0150
Cu-Zn-Al 4-6 % Al; 22— KomuarHas
28 % Zn TeMIepaTypa
In-Ti 18-23 % Ti 60 +~ 100
Ni—Al 36-38 % Al —180 + 100
Ni—Ti 49-51 % Ni -50+110
Fe—Pd 30 % Pd -100
Fe—Pt 25 % Pt -130
Mn—Cu 5-35% Cu —250 + 180
0, 60
Fe-Mn-si | 2% '\S/'i”’ 6% 200 + 150

YcnoBusi nposiBjieHus 1 MexaHu3Mbl 3 dexra
naMsATH (popMbI

[Mpuunuott  >ddexkra mamatu  GHOpMBI
ABISTIOTCS  (Da30BbIe IEPEXOIbl C  OOpaTUMBIM
U3MEHEHHUEM pa3MEpOB KPHCTAJUIOB HOBOH (ha3bl
IpU U3MEHEHUH TEeMIIePaTyphl WM HANIPSHKESHHS, a
UMEHHO MapTEHCUTHOE TEpMOYIIPYyroe
npespamienue [1, 10].

MapteHcuTHOE HpeBpalleHue -
Pa3HOBHUIHOCTD OIMMOP(HHOTO ¢azoBoro
nepexona C M3MEHEHHEM THIa KPUCTAJTNYECKOH
PEIIETKH. WunmumpoBath MapTEHCUTHOE
npeBpalieHne, Kak 1 JIo00e Apyroe, MOXKHO IBYMS
OyTSMH — 3TO WJIM M3MEHEHHE TeMIepaTypbl WU
MEXaHMYECKOe HaNPsHKECHHUE.

Martepuan, UCHBITHIBAIOIINN MapTEHCUTHOE
IpeBpalieHUe, MOXKET HAXOIUTHbCS B HECKOJIBKHX
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COCTOSIHMSIX: MAapTEeHCHUTHOM, ayCTEHUTHOM H
CMEIIaHHOM.

MapTeHCUTHBIE MPEBPALLEHHs pa3IeNstoTCs
Ha B3pBIBHBIE U TEPMOYIPYTHE.

B3peiBHOE TpeBpalieHue XapakTepu3yercs
T€M, 4YTO TIIpU  HEKOTOPOM  TemImeparype
(Temmeparype Hayajga MpeBpalleHUs) CKayYKOM
o0pa3yercst JIOCTaTOYHO OOJBIIOE KOJIMYECTBO
KpUCTAJZIOB ~ MapTEHCHTa,  KOTOpbIe  cpasy
JOCTHTalOT HEKOTOPBIX pa3MepoB M OOJbIIC HE
pactyr. B cnoydae [ambHEMIIETO OXJIAXICHUS

MIPOUCXOJUT oOpazoBaHue yxKe HOBBIX
MapTEHCUTHBIX KPUCTAILIOB.
IIpn TEPMOYIIPYIOM MapTEHCUTHOM

MMpEBpAIICHNN U3MCHCHUEC TEMIICPATYPhI BIIUACT HE
TOJIBKO Ha TMOSBJICHUE KPUCTAIIJIOB MAPTEHCUTA, HO
U Ha HUX BCIWYUHY, T. €. IpPU OXJTAXKICHUN
MOABUBIINECA IEPBBIMHU KPHUCTAJLJIBI MApPTCHCUTA
pacTyT 3a CuéT coceqHuX o0nacTei.

MapTeHcuT — 23TO HH3KOTeMIIepaTypHas
¢aza  cocrosHMS ~ CrulaBa,  ayCTEHUT  —
BBICOKOTEMITEpaTypHas (a3a COCTOSIHHS CIiaBa. B
CMEIIAHHOM  COCTOSIHUM  TNPUCYTCTBYIOT  H
MAapTEHCUT, U ayCTEHUT. MapTEHCUT, KaK IPaBUJIoO,
AMEET PEIIeTKy ¢ 0ojiee HU3KOW CUMMETPHEH, deM
ayCTEHHT.

TemmnepaTypbl, XapaKTepHU3YIOLIHe MePexo
W3 OomHOM (¢dasel B IPYTrylO, Ha3BIBAIOTCS
xapakrepuctrnueckumu (XT) u 0603HagaIOTCS:

M,, M, — TeMmmepaTyphl Hadajla U KOHIA
MapTEHCUTHOT'O TIPEBPAIICHHS;

Ay, Ax — TeMiepaTyphl Hadajga W KOHIIA
ayCTEHUTHOTO Iepexo/a.

Ha puc. 1 mpeacrasnen mporiecc ¢$ha3oBoro
Mepexoia U3 ayCTeHUTa B MapTEHCHT U 0OpaTHO.
OTO0 MOXET MPOUCXOAUTh MHOTOKPATHO BO BPEMS
OXJTXKACHUS u3 BBICOKOTEMITEPATYPHOT O
COCTOSTHHSA B HU3KOTEMITepaTypHOE u
nocnenyromiem Harpese [1].

)

1
MapTteHcuT

Oxnaxnoedue

|
[
[
[
[
[
M M, A

K H

Puc. 1 — Cxema memnepamypHoii
3a8UCUMOCTNU COOEPICAHUSL MAPMEHCUMHOT
¢hazvl npu npsamMomM u 06pPaAMHOM
MApMEHCUMHBIX NPEeBPAUCHUSX

[lpyn oxnaxkaeHWMH CcrjlaBa B HHTEpBaJe
temneparyp or A, 1o M, (puc. 1) mpoueHTHOE
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CoJiep)KaHUEe MAapTEHCHUTHOW (a3bl PaBHO HYIIO,
CIJIaB HAaXOOUTCS B ayCTCHUTHOM  COCTOSHHH.
[lepBbic KpHCTaMIBl MapTEHCHUTA 3apOXKAAIOTCS
npu TeMmmepatype M, —  TemmepaType Hadaja
OpSIMOr0 MapTEeHCUTHOTO Tepexona. Temmeparypy
M,, mnpu KoTopoli Bech 00BEM 3alOJNHEH
MapTEeHCUTOM, Ha3bIBAIOT TEMIEpPaTypol KOHIIA
IpsAMOrO  MAapTEHCUTHOro ImpeBpamieHus. llpu
MIOCJIEAYIOIEM HarpeBaHUM MeTalll HaXOJHUTCS B
MapTCHCUTHOM COCTOsSTHUH BIIJIOTH a0
TemnepaTtypsl Ay —  Hadama  oOpaTHOro
MapTEeHCUTHOTO IMepexosa, a TMpH JOCTHKEHUU
TemrnepaTypsl Ay —  KOHI@  0OpaTHOro
MapTEHCUTHOTO nepexoja, poliecc
3aKaHYMBACTCd W BECb MaTcpuall ICpCXOoIUT B
ayCTEHUTHOE COCTOSIHHE. 3apOXKJIeHNE KPUCTAILIIOB
IMPOUCXOAUT HE OJTHOBPEMCHHO: OJJHU IOABJIAIOTCA
paHbllie, Jpyrue TMO3Ke. IKCIEePUMEHTAIHHO
IIOKa3aHO, 4YTO B MPUCYTCTBHM HAIPSDKEHUN
WHTCHCUBHEC PaCTyT TC€ KpHUCTAJlJIbl, KOTOPLIC
6HaFOHpI/I${THO OPUCHTHUPOBAHbI 11O OTHOIONCHUIO K
MPUIOKEHHOMY HanpsbkeHuro. JUiss  peanbHBbIX
O6paTHI)IX MAapTECHCUTHBIX TICPEXOJO0B AdaHHas
auarpamma HE UMECT SAPKO BbIPAaXCHHBIX M3JIOMOB
B TOYKax, Kak M IIOKa3aHo Ha puc. I,
COOTBETCTBYIOIIMX My, My, Ay, Ax.

DYyHKINOHAILHO-MeXaHHYeCKH e CBOHCTBA
MATEPHAJTIOB C TEPMOYNPYTUMH
MAPTEHCHTHBIMH TIPeBPAlleHUsIMH

Marepuanam c TEPMOYIIPYTUMU
MapTEHCUTHBIMH TIPEBPAlICHUSAMH  XapaKTepeH
HEeNbli  pAN  YHUKAIBHBIX, HETPaTUIIMOHHBIX

(hU3UKO-MEXaHUUECKUX CBOWCTB, BBIACIISIONINN HX
M3 KJlacca OOBIYHBIX KOHCTPYKIIMOHHBIX METAJIOB
n cmaaBoB. COBOKYIHOCTH SIBIIGHHH, KOTOpAs
CBs3aHa C  OOpaTMMBIMH  MapTEHCHUTHBIMHU
peaKIIHsIMHU (MapTeHCHUTHAS HEYIIPYT'OCTh)
OoOHapyXHWBaeTcsi, B OCHOBHOM, B WHTEpBaje
temmepatyp M + A,. MapTeHCcUTHasI HEynpyrocTb
MPEICTaBIsACT TPETUH, TMOCIe YIPYrocTH W
TUTACTUYHOCTH, OCHOBHOW BHJ J1e(OPMAITHOHHOTO
MOBEJISHUS KPUCTALUTHIIECKUX MaTepHasoB.
3aKOHOMEPHOCTH MIPOSIBIICHUS
MapTEHCUTHOMN HEYIIPYTrOCTH 00yCIIOBIIEHBI
MPOUCXOMIIMMHA B MaTepHaliax HEOOBIYHBIMH
CTPYKTYPHBIMHU TIEPECTPOUKAMH: TEPMOYIPYTHM
MapTEHCUTHBIM TIpEBpAIeHHeM (CTPYKTYPHBIM
dazoBeiM  mepexomqom | poma), ympyrum
JIBOMHUKOBaHWEM (TE€OMETPUYECKH OOpaTHMBIM
nepopMalOHHBIM ~ TIPOIECCOM), a  TakKke
JIBUKCHUEM YaCTHUYHBIX W CBEPXCTPYKTYPHBIX
JUCIIOKAIIUHN. ®dopma MPOSIBJICHUS TaKOH
HEYNPYrOCTH B BHJE pEaKIMH MaTepuana Ha
W3MEHEHHE  TeMIIepaTypbl,  BHEIIHEro  WIH
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BHYTPEHHETO0  HANpsDKEHHS ~ MOXeT  OBITb
KOHKpeTHOM: 3¢ ekt mamsatu ¢opmbr; oOpaTumast
namsaTh (OpPMBI; LUKIMYECKas MaMsTh (QOPMEI,

¢ ekt PEBEPCUBHOM naMsT{ thopmpr;
IUIACTUYHOCTh pSIMOTO NpeBpaIlCHNUS;
IUIACTUYHOCTh obpaTHOro NpeBpaIlCHNUS;

MICEBAOYIPYrOCTh; JaedopMalus OpUCHTHPOBAH-
HOT'O MIPEBpAILCHUSI.

OddexT omHOKpaTHOM mHaMATH  (HOPMEI
3aKJIIOYaeTcss B CIIOCOOHOCTM MaTepuana IpH

W3MEHEHUW  Temmepatypsl  (0e3  HarpyskH)
BO3BpAaLIaTh npuoOpeTEHHBIC paHee (B
MapTEHCUTHOM COCTOSIHUH) HEyIpyrue
neopmaruu u BOCCTaHABJIMBATh
MepBOHAYAIILHYIO (hopMy.

Kpome OJTHOKPATHOTO s dexra

BOCCTaHOBJIEHUS (OpMBI, cymiecTByeT 3QQeKt
oOpaTuMoii naMsTH GopMbl, KOTOPBI MOKET OBITh
HEOJHOKPATHO BOCITPOU3BEAEH pu
TEPMOLMKIMPOBaHUH. Martepuai, KoTopoMy Oblia
3aJiaHa 3HAYMTEIbHAS TUIacTUYecKas JedopmMaiius,
MOXET CaMOIPOU3BOJIBHO JIeOPMHUPOBATHCS IPH
TEPMOLUKIIMPOBAHNKU B MHTCPBAJIC TEMIICpATYyp
MapTEHCUTHBIX InepexonoB. IIpuunmHON 3TOrO
a¢ddexra sBISETCS BOZHUKHOBEHHE B MaTepHale
BO BpeMs MpeIBapUTEIbHOrO JedopMUpOBaHUS
(1n6o 3a cuér akTUBHOrO AchopMHpOBaHMS, KOO
3a cder dddeKkTa MMIACTUYHOCTH IPEBPAIICHUS)
OONBIMMX  BHYTPEHHUX  TIOJIEH  HANPSDKEHUH,
KOTOpbIE  TONHOCTHIO  HE  HCYE3al0T  IpPH
HarpeBaHun. Ilpm  MHOTOKpaTHOM  TepMoO-
UMKIUPOBAHUM  CIUIaBa  IOJX  TOCTOSHHBIM
HalpsDKEHUEM MOXKHO HaOmomaTe  oOpaTuMoe
IHUKIAYeCKoe GOPMON3MEHEHHUE.

OddexToM MIACTUYHOCTH IPEBPAIICHUS
(CBEpXIIJIaCTUIHOCTH) HA3BIBAETCS CIIOCOOHOCTH
MaTepuaia HaKariMBaTh AedopMannio, naxe mpu

BECbMa  MaJlbIX  HAaNpPsOKCHUSX, BO  BpeMs
MPOXOXKAEHUSI ~ MAapTEHCUTHOIO  IPEBPAILCHHUS,
KOTOpOE CONPOBOXKIACTCSI PE3KHM CHM)KEHHEM
CONPOTUBJIEHUS!  IJACTHYECKOMY  AedopMHpO-
BaHuto. Takum oOpa3oMm, B 3alIeMJIEHHBIX H
HaNpsOKEHHBIX U3IEIHAX HaNpsOKEHUS
YMEHBINAIOTCS,  HEPEeAKO A0  Hyls, IpH

oxyaxaeHuu 1o M,. Bo3Bpamaemas medopmarius
moxer pocturarth ot 20—30 % mo 100 %.

Kak n3BecTHO, MAPTEHCUTHOE NPEBpAICHUE
OblBaeT TpPAMBIM W 0OpaTHBIM.  [IpsiMbIM
MapTEHCUTHBIM NPEBPALICHHEM NPHHATO CYUTATh
HaKOIUIeHHEe JehopMaluu TPH  OXJIAXKICHUH,
00paTHBIM — ITPH HarpeBe.

O¢dexr peepcuBHONH naMiaTH  (HOPMEI
3aKIII0YaeTcs B TOM, YTO MaTepHaly COOOIIaercs
ocTatouHas  JgedopMamus  MOCIEJOBATEILHO
pasHbIMH crocobamMu. OTH AepOopManuy MOTYT
OBITH PAa3HOTO 3HAKA M MPUOTU3UTEIBHO PaBHBIMU
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no mMoaymw. B aTom cinydae mpu HarpeBaHuUH
HaOromaercss cHayana BOCCTaHOBIICHHE OJHON
nedopmanym, a 3ateM NpH AajbHEHIIEM Harpese
BOCCTaHOBIIeHHE Apyroi nedopmanuu. Tak kak
CyMMapHasi HaKkOIUIeHHas JedopMalus paBHsIIach
HYJII0, TO B IPOLIECCE BOCCTAHOBJICHHSI UTOrOBas
nedopmanust Taxoke Oyner paBHa HyIIO.
DddekToM CBEpX3IaCTUUHOCTH HA3BIBACTCS

SIBJICHUC BOCCTAaHOBJICHHU A HCpBOHa‘-IaJH)HOI\/'I
(hopMeI Je(OpPMUPOBAHHOIO CIUIaBa,
00ycCIIOBIIGHHOE  HW3MEHEHHeM ero  (ha3oBoro
COCTOsIHUA BCJICACTBHUEC CHATHUA HarpysKu,

BbI3BaBIeH jgepopmanuio. DPdexTsl mamsaTH
(1)0pr1 U CBCPXIOJIACTUYHOCTU HMCIOT OAHY
OpUPOAY, OJHAKO HE BCE CIUIABBI C MaMSITHIO
(hopMbI TIPOSIBJISIFOT CBEPXDJIACTUYHBIC CBOWCTBA.
IIpuunHa OTCYTCTBHSI CBEPXJIACTUUHOCTH B PSAE
CILTaBOB CBsI3aHA c ux 0COOEHHBIMH
MeXaHNYEeCKUMHU CBOMCTBAMH.

IIceBnoynpyrocts (MM CBEpXyNpPYrocTb) —
CIOCOOHOCTh ~ Marepuaja TMpH  pa3rpy3ke B
N30TCPMUYCCKUX YCIIOBHUAX BOCCTaHaBJINBATHh
3HAUUTENbHBIE  HEympyrue naedopmanuu  OT
3HayeHul ympyrux nedopmamumii B 1-2 % jo
30 %. HauGonee cyiiecTBEHHOE BIUSHHE Ha
TMICEBOJIOYIIPYTHE CBOWCTBA CIUIaBa OKAa3bIBAIOT
HIMPHHA rHcTepe3nca MpeBpaneHn i u
pacronoXeHue TeMIlepaTypbl e OopMUPOBAHUS
OTHOCHUTEJIIBPHO XapaKTEPUCTUUECKHX TeMIIEpaTyp.
Ilomumo  3TOro, BEIWYMHA  TICEBIOYIPYron
nehopManyy U KHHETHKA BOCCTaHOBIICHHUS (DOPMBI
3aBHCAT OT: TeMmIepaTypsl aedhOopMHpPOBaHUS,
COCTaBa CIUIaBa, BUJA HAINPSDKEHHOTO COCTOSHHS,
cKopocTH JehOpMHUPOBAHUS, CTAPCHUS CIUIaBa
U JIp.

®DOpMOBOCCTAaHOBJICHWE  Marepuana ¢
apdexrom mamaTH (HOPMBI TIPOUCXOAWT CTOIb
WHTCHCHBHO, 4YTO B psje CIlydacB BO3Bpar
nepopmarm  He  ymaércs  TOJABUTh  Jaxe
HarnpsHKSHUEM, ONMU3KUM K npeneny
npounocTd [1]. DTo o3Hadaer, 4TO Marepua; C
KaHaJIaMl MapTEHCUTHON HEYNPYrocTH CIOCOOCH
pa3BUBATH BBICOKUE HAMPSHKCHHS, pearupys Ha
CONPOTHBIICHUE CBOOOJHOMY BO3BpAaTy
nedopmariym. OHM  monmyYusidi  Ha3BaHHE
PCAKTUBHBIX HATPSIKCHHI.

XapakTepucTHYeCKHe TeMIeparypbl 1
(akTopsl, BJAMSIONINE HA UX BEJIHYUHY

TemrmepaTypbl, XapaKTepU3YIOLIHE MEPEX0a
U3 OOHOM Qassl B OpYrylo, Has3bIBAIOTCA

XapaKTePUCTUUECCKIMU TeMIIepaTypamMmu
MapTEeHCUTHBIX NpeBpaiieHuid. Jias oOpaTUMBbIX
MapTEeHCUTHBIX MpeBpaLIeHUH XapakTepHa

3aBUCUMOCTb (1)330B01"0 coCTaBa OT TEMIICPATYPHI,
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npeacrasieHHas Ha puc. 1. Illupuna rucrepesuca
KpPUBBIX 10 TEMIIEPATypHOU IIKane, T. €. Ay — My
w A, — My, MOXKET OBITh PA3IUYHON IS Pa3HBIX
MaTepuajoB W  CWIBHO  BIMSET Ha HX
MeXaHHUYeCKHe CBOMCTBAa BONMM3M  TeMIepaTyp
¢dazoBoro  mpeBpamieHus.  [HcTepe3uc MOXKeET
OBITH KaK IIMPOKHUM, Tak W y3kuM. llpu ananmze
MOJOOHBIX JUarpaMM BBOJST OOBIYHO eIle TpU
XapaKkTepUCTUUECKUuEe TeMmiepaTypel: 1o, M, Ay,
rne To — TeMmmeparypa TEpMOIUHAMUYECKOTO
paBHOBecusl; M, — TemIieparypa, HMXKE KOTOpPOU
MapTeHCUT MOXET BO3HUKHYTh HE€ TOJBKO
BCJIE/ICTBUE TOHI)KEHUSI TEMIIepaTypbl, HO M IO
neficTBUEM MEXaHMYECKOTO HaIpsDKEHUS;
Temmeparypa A, XapakTepu3yeT BO3MOXHOCTh
o0pa3zoBaHusl BbIIIE €€ ayCTEHHUTa HE TOJNBKO
BCJIE/ICTBHE HATpeBa, HO M 3a CUET MEXaHUYECKOi
Harpysk# [5].

Oxka3bIBaeTcs BeCbMa CYIIECTBEHHBIM, YTO
JUIA  MaTepuajoB C IIUPOKAM U Y3KHM
THUCTEPE3NCOM B3aMMHOE pacronoxenne
XapaKTePUCTUIECKHUX TeMIepaTyp MOXKET
OKa3aThCsl HEOJMHAKOBBIM. XapakTep BIUSHUS
TeMmIepatypsl Ha (a3oBbIii COCTaB MaTepHuala
OKa3bIBAETCS YpEe3BBIYAIHO BaXHBIM B
(hopMHUPOBaHMM  YNPYTOIJIACTUYECKUX  CBOWCTB
kpucrtaioB. Kak  1moka3piBaeT  ONBIT, BcA
COBOKYITHOCTb SIBJICHUH, CBSI3aHHBIX c
00paTUMbIMU MapTEHCUTHBIMU peakLusiIMH,
oOHapyXMBaeTcs IpU TeMIlepaTypax, HE OYEHb
CHWJIBHO BBIXONAIINX 3a WHTepBan M, — A.. Ha
XapaKTepUCTUUECKUE TEMIIEPATyphl OKa3bIBAIOT
BIMSIHUE Da3lu4Hble (DAKTOPBI: XUMHUYECKHH
COCTaB, HaNpPsDKEHUs, AedOpPMaLH, OTHKHUT.

B Hactosimee Bpems YCTaHOBIIEHO, YTO
TEeMIIepaTypbl ~ MapTEHCUTHBIX  IPEBpalLIeHUil
WU3MEHSIOTCSI C Pa3lIMYHOM HHTEHCHBHOCTBIO B
3aBHCUMOCTH  OT  XapakTepa  JIETMPOBAHUS,
JIETUPYIOLIETO JIEMEHTa U OT TOrO, SIBJIACTCA JIH
OH DJIEMEHTOM BHEIPEHHUS WIH 3JIEMEHTOM
3aMemieHna. OOHM [00aBKM CHJIBHO CMELIArOT
TEMIIEPaTypbl MpeBpalleHUH, Ipyrue —
HesHaunTenbHO. Hampumep, B cucreme TiNiX
KeJIe30 MOHWKAET TEeMIEepaTypbl MpeBpalleHHUH
CHIIbHEE, 9eM KOoOalbT, HO ciabee, 9eM MapraHell,
a Meob M KPEeMHUH B JIOBOJBHO IIHMPOKOM
HWHTEpBaJie KOHIEHTPALU MOTyT IPAaKTUYECKH HE
HU3MEHATh TeMmIeparypsl (a3oBbIX mepexomoB [1,
5]. Ilpuuém He TONBKO BETMYMHA W3MEHEHHS, HO
Jake U 3HaK ero MOTYT OKa3aTbCsl Pa3IHMYHBIMU
st My, My, Ay u A IlosTomMy, Bapuauuu B
XMMHYECKOM COCTaBE€ CIIaBa CKa3bIBAIOTCS M Ha
mMpHHE TucTepesuca. Tak, meap, BBonumast B TiNi
B KadecTBE  3aMEHHTENd  HUKeNsd,  IpHu
OIPENIENEHHBIX KOHLUEHTPALUAX PE3KO paCIIUpsET
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TUCTEPE3UC MPEBpAIICHUS, a XKeJIe30, KOOalIbT U
repMaHUl MOYTH HE CKa3bIBAIOTCS HA HEM.

BecbMa cuibHBIE CMEIICHHS TeMIIepaTyp-
HBIX TICPEXOJIOB HAOIIOAIOTCS MPU OTKIOHCHHUH
COCTaBa COCOUHCHUN OT CTEXMOMETPHUYECKOro. Y
WHTEpMETAITUIA TiNi npu N3MEHEHUU
koHieHTparmu Ni ot 50 1o 52 aT. % TeMieparypsl
(ha3oBBIX MepexoNoB CHUXkaroTcs mouTd Ha 300-
400 K, a oboramieHue THTaHOM Ha TakKyl XKe
BEIMYUHY  TPAKTHYECKHM  HE  BIMSIET  Ha
XapaKTePUCTUYCCKUE TeMIlepaTypsl. McciemnoBaHo
BIIMSIHAE OTKJIOHEHHsS cocTaBa coemmuenuin TiAu,
TiPd u TiPt or cTexMOMEeTpHYECKOro Ha3HAYCHHUS
XapaKTePUC-TUUECKUX Temreparyp. s maHHbIX
MaTepuajoB HaOJI01aeTCs MapTEHCUTHBIN
nepexo]; ¢ oOpa3oBaHUEM CTPYKTypsl Thma B19
(mpu 20°C). 3a cuér u3MEHEHUS XHUMHUYECKOTO
coctaBa Jaxke MyTéM BechMa SKOHOMHOI'0
JICTUPOBAHUS ynaéres WU3MEHSTh
XapaKTEPUCTUYCCKUE TEMIICpaTypbl IPSIMOTO |

00paTHOTO  MapTEHCHTHBIX  TPEBpAIlEHHH U
MIUPUHY rucrepesnca B HEOOXO0MMOM
TEeMIIEpaTypHOM JUanasoHe, 4TO Taér
BO3MOXHOCTb yIpaBIEHUS ¢nzuKo-

MEXaHNYECCKUMU CBOMCTBAMH MaTepuajioB B
OTMEUEHHOM uHTepBasie. Ecmum ydects, 4TO
obpamieHue K  pas3iMyHbIM  METAIIMYECKUM
CHCTeMaM TaKkKe SBISETCS CHOCOOOM BBIOOpa
HYXKHBIX TeMIepaTyp Ilepexola, TO MOXKHO
CKa3aTh, YTO B HACTOsIIEE BpEMs OCBOCH BechbMa
IMMUPOKANA JUara3oH TeMmieparyp: ot 4,2 1o
~ 1300 K.

Jnst paznudHBIX MaTeprualioB ¢ dddexToM
namsaTd  (opMmBl  BIMSIHUME ~HANpsDKEHUM  Ha
TEeMIIEpaTypbl ~ MAapTEHCUTHBIX  IPEBPALICHUI
HEOIMHAKOBO. B HEKOTOphIX ciyyasix OHO Tak
MaJIo, YTO UM MOKHO IpeHeOpedb, Hanpumep s
MEIHOMAapraHLEBbIX CIUIABOB, HCIBITHIBAIOIIUX
I'K > I'uT auTu(deppOMarHuTHOE
ynopsijoueHue. B Apyrux BAMsHUE BEIUKO H
pasznuuHo A Temneparyp My, Ac u M, Ay, Kak'y
naTepMeraumaa TiNi. YcTaHOBIEHO Ka4eCTBEHHO
OIMHAKOBOE  BO3ICHCTBHE  HANPSDKEHUA  HaA
Temrnepatypel M, u Ay mnpu mnro0oM BHIE
nedopMupoBaHUSL: CXKaTHH, pacTsHKEHUH,
JBYXOCHOM PAacCTsDKEHHMHU, KpYyYeHHH U T. 1. O0mast
3aKOHOMEPHOCTb 3aKJII0YAETCS B JOBOJIBHO PE3KOM
NOBBILLICHUH TemnepaTyp M, U Ax ¥ CPaBHUTENHHO
ciabom cmemeHun My U A, C pa3HBIM 3HAKOM
CMELICHHUS] TEMIIEPaTyp B 3aBHCUMOCTH OT CXEMBI
HaNpsOKEHHOTO COCTOSHUSA, 00bEMHOTO 3(ddekra
IpEBpaLICHUs U CBOWCTB MaTepuaina. Jlepopmaruu
TaKXe CKa3blBAIOTCS IO-pa3HOMY HA H3MEHEHHH
XapaKTEPUCTUYECKUX TEeMIEpaTyp B 3aBUCHMOCTH
or Mmarepuana. B cmmaBe CuMn paxe BecbMma
3HAYUTENbHBIE IJIacCTHUecKHe zAedopmanuyd He
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BIIMSIFOT Ha TEMITEpaTyphl (pa30BbIX MEPEXO/0B, a B
TiNi onn cmemaroTcs BecbMa cyliecTBeHHO. [pu
Oonmpmmx  nedopManusaxX —ayCTEHUTHOH  Qasbl
npsiMoe MapTEHCUTHOE npeBpalleHne
3aTpymHsieTcsi, Tak 4YTO  COOTBETCTBYIOLIHE
XapaKTePUCTUUECKHE TEMIIEPaTyphl MOHMKAIOTCS.
Haxnén mapreHcuTa IPUBOIUT, KAK IMPaBUIO, K
MOBBIIICHUIO TeMIlepaTyp oOpaTHOro mepexoza. B
LEIOM K€ Ha 3HaueHusd Ay, Ax u My, M, BIuAsieT He
TOJILKO BEMMUYMHA AepOpMaIu, HO M YCIOBH e
3aJaHusg — TeMIepaTypa, CKOpOCTh H  CHOCO0
nedopmupoBanus. Tak, akTuBHas AeQopManus H
nedopmanms, noryueHHas MyTéM HATPEBaHUS HITH
OXJIQXKJICHUSI Marepuaja 0] HaNpsDKeHHEM B

HHTEpBaJe MapTEHCUTHOI'O NIpEBpaLICHHUS],
MPUBOIAT K pa3HbIM pe3ynbrataM. OpaHako
MeeTcs BO3MOXHOCTb BOCCTaHOBJICHUS

XapaKTCPUCTUIYCCKUX TEMIICpATYp, CMCHIéHHBIX B
pesynbraTe AedopMaini, MyTéM OTKUTa MeTaa.
CTpyKTypHO-4yBCTBUTEIbHBIMH
(YHKIIMOHANBHBIMH ~ CBOMCTBAaMH  CIIaBOB  C
sddekToM mamiITi GOopMbI MOXKHO 3PQPEKTHBHO
YOPABIATh C TOMOIIBK0 TEPMUYECKOM U HU3KO- U
BBICOKO-TEPMOMEXaHIIECKOH 00pabOTOK, KOTOPHIE
MO3BOJISIIOT PETryJIMPOBaTh CTPYKTYpy U (azoBoe
cocrossare. C TTOMOIIBIO TAKUX 00padOTOK MOYKHO
JaKe «HUCIPABIATHY HETOYHOCTh XUMHUYECKOTO
COCTaBa IUIaBKM (M3MEHEHUE COCTaBa CIUIaBa Ha
0,1 % mpUBOOUT K M3MEHEHUIO TeMIepaTypbl M,
Ha 10-20 °C) [1].

BrIBOABI
Nzydena wcropusi MOSBICHUS M Pa3BUTHS

crutaBoB ¢ d(ddexToM  mamMiITH  (POPMBL
PaccMOTpeHbI yCI0BUSI MPOSBICHUSI H MEXAHU3MBI

apdexra mamsaTH  Qopmbl, (GYHKIHOHAIBHO-
MeXaHUUYECKHE CBOMCTBa MaTepHajoB c
TEPMOYNPYTMMHA  MapTCHCHTHBIMH  TIpeBpallle-

HUSIMH, XapaKTEPUCTHUYECKHE TeMIepaTypbl H
(akTOpPBI, BIMSIIOLINE HA X BEIUIHHY.

Ha CETOHAIIHAN JIeHb SABIIACTCS
aKTyaJbHBIM  YOPOCTUTH  CIIOCOO  MOJIY4YEHUS
CINIaBOB C MaMATbl0 (GOpMBI U  3aMEHHTH
JIOPOTOCTOALINE  COCTaBISIOLIME  XMMHUYECKOTO
cocTaBa cIlaBa Ha OojJee  JOCTyHHBIE C
COXpPaHEHHEM YHHKaJIBHBIX 3KCIUTyaTallHOHHBIX
CBOWCTB Ha BBICOKOM ypoBHe. HawmOompmmit
HHTEpec JUIS COBPEMEHHOHI Ykpaunsl
MPEACTaBIAIOT MaTepuaibsl ¢ 3(dexkToM mamsaTu
¢bopMBl Ha OCHOBE JKene3a. OTOT  Kiacc
MaTepuajoB SBJSIETCS HamOonee JElIeBBIM |
Oomee MPOCTBIM B MPOM3BOACTBE, TaK Kak He
COJIEPKHUT JOPOrOCTOSIIIUX COCTABISAIOUIMX U HE
Tpedyer CHEHMAIBHOrO BaKyyMHOI'O
00opynoBaHMA 17151 TPOU3BOJCTBA.
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