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CrapiHHA MaTepianiB — Le CKNaAHUA Npouec, AKUA OXOMKOE Pi3Hi BUAM MaTepianis,
BK/IFOYHO 3 MeTasamu, noaiMepamm Ta KONOIAHUMMN cucTeMamu. PO3rasHemMo OCHOBHI
acneKkTu Lpboro aBuLwa bifbl feTanbHO.

MpuunHM cTapiHHA MmaTepianiB

CrapiHHs MaTepianiB BiAOyBaETbCA Uepes iX MpParHeHHs 40 nepexoay 3 HecTabibHOro
(MeTacTabinbHOro) ctaHy B 6inblw cTabinbHWI CTaH. Lle ABULLLE € NOCTYNOBUM i
HE3BOPOTHMM, BUKIMKAHE XIMIYHUMM Ta QI3NYHUMM NpoLLecamMy, LLO NPOTIKatoTb y
maTepianax. Hanpuknag, y MeTaseBux Ta HaniBNpoBIAHWKOBMX MaTepianax CtapiHHA Moxe
6yTV noB'A3aHe 3 po3nNajoM TBEPAOro PO3UMHY.

Buau ctapiHHA maTepianis

o CrapiHHa metaniB: 3a3Bnyail NoB'A3aHe 3 ANdY3ieto aTOMIB MeTany, 0cobanBo
BaXkAMBe ANA CTanen.

e MarHitHe cTapiHHa: [1pM3BOANTL A0 3MiH MarHiTHUX BAACTUBOCTEN Mif, BMANBOM
3MIHHMX MarHiTHMX NOJIB, TeMnepaTypHUX nepenagis, Bibpauin.

o CrapiHHA KonoigHMX cuctem: Moxe BUABAATUCA Y GOpMi Koarynauii,
KOanecLeHLii, ceaMmeHTauii, CuHepesucy.

o CrapiHHa nonimepiB: BigbyBaeTbca uepes gectpykuito abo 3wmBaHHA
MaKpOMOAeKyA Nij AIEr0 Tenna, OonpoOMiHEHHS, BOAW, MOBITPA TOLLO.

3axoan NpoTu cTapiHHA MaTepianis

[na 3anobiraHHs abo CNoOBiIbHEHHA CTapiHHA MaTepianiB BUKOPUCTOBYHOTbCA PiI3HOMAaHITHI
MeToZAM, 30Kpema:

o Ekcnnyatauis maTepianiB npu TemMnepaTypi, 3Ha4HO HUXXYIN 3a TeMnepaTypy
KpucTanisau,ii.

e BBeseHHs cTabinizaTopiB B NoniMepu, TakmMx AK aHTUOKCUAAHTW, aHTUPaZiaLinHi
npobaskn, dotocTabinizaTopy, aHTMO30HAHTM.

CrapiHHA MeTaniB AK OKpeMa KaTeropis

CrapiHHAa MeTaniB (precipitation hardening abo age hardening) € 3miHOtO BnacTMBOCTEN
MeTany 3 Yacom 6e3 MOMITHOI 3MiHN MIKPOCTPYKTYpw. Llei mpouec moxe cayryeatu
3aKJ/IFOYHOKO OnepaLliero TepMIYHOT 0O6pobKM ANnA cniaBiB, 34aTHUX AO CTAPIHHSA, WO
NPVBOAUTL A0 3POCTaHHA IXHbOI TBEPAOCTI Ta MILHOCTI.



1. PapiauinHi edpekTn B TBEpAOTIZIbHIN eNeKTPOHiLi: Mpe3eHTauis 06roBoproe
OCHOBHI MexaHi3MW Ta BNAMB pagiauii Ha TBEPAOTINIbHY €N1eKTPOHIKY, 3 aKLEeHTOM Ha
NiANOPOroBi pagiauiviHi epekTn, MexaHi3M1 NPUPOAHOTO CTapiHHA €NEeKTPOHHMUX
npunagis i HOBI NiAXOAM B BIOHAaHOTEXHONOTIAX.

2. MNipnoporosi paaiauinHi epekTn: BNCBITAHOIOTLCA 3HAYHI AOCATHEHHSA, BKIOYHO 3
[Jlep>xaBHOO NpeMieto YkpaiHu 3a poboTy Haz MiANOPOroBMMM pagialinHnmm
edpektamum Ta lep>kaBHoto npemieto CPCP 3a gocCnigkKeHHA MexaHi3MiB MPUPOAHOro
CTapiHHA eNeKTPOHHUX NpUagis.

3. PapiauinHi epekTn B Kocmoci: [pe3eHTauis 4eTasbHO ONUCYE BMAMB rafakTUUYHOI
pagiauii (GR), cnanaxiB xpomocdhepn CoHus (SCF) Ta pagiauiviHmnx nosacis 3emni (RBE)
Ha KOCMIYHI anapaTy, BKa3yto4um Ha BUAWN YACTUHOK, AK-OT O-4aCTUHKMK, MPOTOHMN,
€NEeKTPOHN Ta HENTPOHMW.

4. PapiauiviHuin 3axmuct y kocmoci: O6roBoproroTbCA ABa TUMK PajiaLiiHOro 3axmcTy:
MacUMBHMI 3aXUCT, WO BKAtOYaE Gi3nuHi bap'epu, Taki ak cemHelb (Pb), ana
NOrANHaHHA abo BIAXUNEHHS pagiaLii, Ta aKTUBHWI 3aX1CT, AKWUIA MOXe BKItOUaTH
BMKOPWCTAHHA €NEeKTPOMArHiTHMX NoAiB abo IHLWMX TEXHONOTIN ANS 3aXUCTY
KOCMIYHWUX anapariB Bij pajiaLii.

5. MexaHi3amu nignoporoBux pagiauinHnx egekTiB: [1pe3eHTaLia po3rissae
nepexig eHeprii 3 eneKTPOHHOI NiACMCTEMM Ha aTOMHY (peLUiTKOBY) MiAcUcTeMy Ta K
Le BNMBAE Ha PYHKLIIOHANbHICTb | #OBrOBIYHICTb €1EeKTPOHHUX NPUAajiB.

6. JlabopaTopHe MoAeNtoBaHHA KOCMiUHUX YMOB: [1pOMNOHY€ETbCA MEeTO,
NPUCKOPEHOrO TECTYBaHHA 3a JOMOMOIOK KPUTEPItO MePETBOPEHHS NOAIGHOCTI
(KMM) ana agekBaTHOro MOAENOBAHHA KIHETUKM 3MIHW NapamMeTpiB npuaaay nia
KOCMIYHUMM YMOBaMMU.

7. Hosi nigxoan B 6ioHaHOTEeXHOANOTrII: 3ragyeTbca HaraabHa notpeba y HOBMX
aHTMbaKkTepiaNbHNX CTPaTEriax Yepes3 3POCTaHHSA KiIbKOCTI 6akTepin, CTINKUX A0
aHTMbioTMKiB. HOBI miaxoan BkAtOUaroTh 610KyBaHHSA, danbcudikaLito abo
nepexonieHHA bakTepiasbHOro CNiNKyBaHHA A5 MOPYLIEHHA quOrum sensing.

8. CrapiHHA nonimepiB — He06OPOTHA 3MiHa BITAaCTMBOCTEN NOfiMepiB BHACIAOK XiMiYHMX
nepeTBOpEHb SKi BiAbyBalTbCA B NpoLeci ix 36epiraHHsA, nepepobku, ekcnnyaTauii nig aiewo
30BHILLHIX (hakTopiB: OKMCHIOBAYIB, Tenna, CBiTna, pagiauii, BOfiorn, MexaHiuyHnx BnamBeiB TOLLO.
Y pesynbTaTti CTapiHHA noniMepu BTpaYvaloTb LiHHI TEXHOMOrYHI gkocTi. Hanbinblue cTapiHHio
niaoarnTbCAa nofiiMmepn, 30KpemMa Ha OCHOBI Kay4dyKy, WO MICTATb HEHACU4YEHI 3B’A3KM.

9. Hanpwuknag, npu cTapiHHi NaTeKCHUX NONIMEPHNX CUCTEM BOHU KOarymoTb, BTpaYaroymn ceol
BNACTMBOCTI CENEKTUBHOMO (ProKynsHTa rigpodobHNX gMcnepcHnX MiHepanis (3okpema,
Byrinns). CTapiHHS naTekciB CyTTEBO MPULLBMAYYETLCSA 3 BBEAEHHSAM €NeKTPOoniTiB, Npu ix
TypOyneHTHOMY NepeMilllyBaHHi, LINSXOM PO3BEAEHHSA Ta Nif Ai€t0 3aMOPOXKYBaHHS i
HarpiBaHH4.

10. Anga 3axucTy Big CcTapiHHA y nonimepy BBOAATb cTabinizatopy — aHTUOKCUMAAHTH,
aHTupagiauinHi fobasku, oTocTabinisaTopn, aHTUO30HAHTU Ta iH.

CrapiHHA MeTaniB AK ABULLE | AK onepawis TepMiYHOT 06pObKM € BaXXIMBMMU acnekTamu B
MaTepiano3HaBCTBI Ta MeTanyprii, O MarOTb 3HAUYHWIW BNAMB Ha BAACTUBOCTI Ta
[ OBrOBIYHICTb MeTaNiUHNX MaTepiani..

CrapiHHA meTaniB AK ABULLE

CrapiHHA MeTaniB — Lie NpoLec 3MiHW iX MexaHiYHWX, Gi3NYHKNX, Ta XiMIYHUX BNaCTUBOCTEN,
AKUWA € HAaCNIAKOM TEPMOANHAMIYHOI HEBPIBHOBAXEHOCTI iX MOYaTKOBOro cTaHy. Lle


https://uk.wikipedia.org/wiki/%D0%A1%D1%82%D0%B0%D0%B1%D1%96%D0%BB%D1%96%D0%B7%D0%B0%D1%82%D0%BE%D1%80

CTapiHHA MOXe BiabyBaTUCA NpU KIMHATHIN TemnepaTypi (MpupoaHe cTapiHHA) abo npwm
HarpiBaHHI (LUTy4YHe CTapiHHA), @ TaKOX MPW PI3HNUX yMOBax eKcryaTauii Nicas XONo4HOI
naacTMYHOI sedopmalii (aedpopmadinHe ctapiHHA). OcobaMBO Lie CTOCYETbCA LWBMAKOTO
OXONIOAPKEHHA METaNIB | CNAaBIB NiC/AA BUCOKOTEMMNEPATYPHUX NPOLLECIB, AKI MOXYTb
36eperTn B cobi aTOMHy CTPYKTYpY, XapakTepHy A1 BUCOKOTEMMNEPATYPHOrO CTaHy, TUM
CaMUM CTBOPHOHOUM YMOBU A5 CTapiHHA Yepes3 po3naj nepeHacnyeHoro TBepaoro
PO3UMHY.

CrapiHHA meTaziB AK onepauisa TepMiuHOi 06po6bku

Ak onepauia TepMiuHOI 06pPOBKK, CTapiHHA MeTaniB CNPSAMOBaHE Ha NiABULLEHHS TBEPAOCTI
Ta MILHOCTI MeTaneBnx Matepianis, MPU LbOMY MOXINBE 3HUXKEHHSA X NIACTUYHOCTI Ta
yAapHoi B'A3kocTi. CTapiHHA € BaXXIMBUM ANA CMAABIB, 34aTHUX A0 LbOro npoLecy
(Hanpwuknag, cnaaeiB Ha ocHosi Al, Mg, Cu, Ni, H13KoBYyrneLeBux ctanen). Kntouosmm
MOMEHTOM TYT € 406Ip ONTUMaNbHOrO PEXMMY CTapiHHA, WO A03BONSAE AOCATTM BadkaHNX
MEXaHiYHMX BNaCTUBOCTEW, BPaxOBYHOUM CMNiBBIAHOLEHHA MILHOCTI, N1acTUYHOCTI Ta
KOPO3iNHOT CTIMKOCTI.

Pi3Hi BMAW cTapiHHA MeTaniB, BKIOYaOUM ABOCTyNiHYacTe, gedopmaLiiiHe, NpupojHe Ta
WTYYHEe CTapiHHA, LO3BOAATL AOCATTM crieymdivyHMX BAACTUBOCTEN MaTepianis,
HeobXiAHNX AN KOHKPETHWUX 3aCTOCyBaHb. Lii npouecn 03BOAAIOTb perytoBat CTPYKTYpY
Ta BNACTMBOCTI MeTaNeBMX CMIaBIiB, ONTUMI3yBaTu iX AN BUKOPUCTAHHS B Pi3HNX
iIHXXEHEepPHMX Ta NPOMUCNOBUX AOAaTKaX.



MexaHi3mu NnpUpoaHOro CTapiHHA
eNeKTPOHHUX Npuaaais



MexaHizmu
nignoporosmx
pagiauinHnx ePpekxTis:
nepexig eHeprii 3
e/IeKTPOHHOI
nigcUCTeMn Ha aTOMHY
(rpaTkoBy) niacucremy

OcHOBHa ipes

MexaHizmu
bYHKLUIOHYBAHHA
e/IeKTPOHHOro Npunaay:
30yaXKEeHHA eNeKTPOHHOI
noacitTemu (eHepreTUYHi
nepexoau i nepeposnoain
LLLINIbHOCTI €/IeKTPOHIB)




AJleKBaTHe J1adopaTopHe MOJAeJTI0BAHHS
KOCMIYHHMX YMOB

MeToa NPUCKOPEHOI0 TECTYBAHHA 3 BUKOPUCTAHHAM
Kpurepiro nepersopennst nogionocri (KIIII)

Af
Af.,

Fig. 1. Time dependence of the change of device
parameter: Laboratory kinetics (1) and kinetics in
Space conditions (2)



Hosi niaxoan B 6ioHaHOTEeXHOANOTiAX



Pi3ke 30inblUeHHA CTIMKNX
N0 aHTUDOIOTUKIB BaKTepin
TEePMiIHOBO NOTPIiOYE HOBI
aHTMbaKTepianbHi
cTpaTeril. Hosi nigxoawn:
6noKkysatu /
danbcmnoikysatn /
nepexonuTu
baKTepiasibHUM 3B’A30K,
NOPYLUNTU quorum sensing

Cxema BUBYECHHA
CUFHAAbHUX MOJIEKYN



Mechanisms of radiation
destruction of biological objects
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B-BUTTPOMIHKOBAHHA
n — B+ p

F Y

B-BUTNMPOMIHIOBAHHA
p — B+ n



Classification of
Radiation




Radiation and life

Radiation doses during
the long-time flight

Radiation doses from
radioactive building

materials




Electromagnetic radiation

E=hv E=E,-E,

\

V#Const

Braking
radiation

Transitions between
atomic energy levels




Photons are “quanta” (portions) of
electromagnetic radiation

E=hy y=Cl/A p=hv/c

The energy of photon in eV is 12400/ A (nm)

Radio Visible Gamma-
waves. light: rays:
~102 cm ~3-105 cm ~107t cm
~ 10-7 eV ~0.3 eV ~ 106 eV
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...........................................................................................................................

(Light Amplification by stimulated
emission of radiation)

A. L. Schawlow and C. H. Townes, 1958

...........................................................................................................................




Enerygy loss by electromagnetic
radiation in the matter

Elastic and
inelastic collisions
with nucleus

Elastic collisions
with electrons
(Compton effect)

Inelastic collisions
with electrons
(Excitation and
lonization —photo-
effect)




Interaction of solar radiation with atmosphere and earthly objects




Particulate radiations

Charge particles: electrons, protons, a-particles, heavier ions

Sources:
Natural radioactivity Discovery of:
Radioactive families: Antoine Henri

adioactive families: e ———

238 206
U= — Pb Pier Curie

232 208
Th=*— Pb Marie Curie
U235 Pb207 .
- (Nobel prize, 1903)

Np237 — Bij209




The law of radioactive decay

AN/ At = —AN(t)

N(t) = N,e ™™

A=117,,;N(zy,) =Ny /2




Artificial radioactivity

Frederic Joliot-Curie, 1935

Example:

p+Li; — Be; - He; + He,

"Li(p, )3 He




Neutrons

Classification of neutrons according to their

enerqgies (E):

Fast neutrons (E > 100 keV)
Intermediate neutrons (100 > E > 1 keV)
Slow neutrons (E < 1 keV)

Thermal neutrons ( E ~ 0.025 eV)




Production of 14-MeV neutrons
by a D-T reaction

. . Tritium target
Accelerated deuteron

Helium Neutron 14 MeV




Radiation Effects in Space Conditions

Galaxy radiation (GR)

Radiation belts of Earth (RBE)

q

Trajectory of spacecraft

Sun
chromospheric
flashes (SCF)

GR.: a-particles and

heavier nuclei, protons;
SCF: protons, electrons,
neutrons;

RBE: proton and
electron components.




Energy loss by Particulate
radiations in the matter

. 1 AE
Linear Energy Transfer: LET
= y o AX
LET Bragg’s peak <LET>
| Protons,
deuterons, a-
particles

Track, R Initial energy



Mechanisms of radiation damage

Elastic collisions

E,=Eq+E,+E*







Mechanisms of radiation damage

Inelastic collisions




Types of chemical bonds in solids

‘ Q ‘ Q ‘ lonic bonding

6@@@

Q Metallic bonding

IOI

< > Covalent bonding




Hydrogen bonding

Associates of molecules of vinegary acid




Tarley mechanism

Ejected electrons e

S

Cl — (It
Auger effect



Localized radiation effects

Penetration of a — particles through a dielectric crystal

o0 o °© o Displaced atoms

Coulomb
explosion

TTTTT |

ﬁ Cylinder of
positive charge
1 I .

o o . Displaced atoms




Radiation destruction of molecular
crystals




Sources of radiation

Radioactive isotopes:

Neutron sources: ,He* + ,Be® — C12+ nl

Be + RaBr . — — 5 N (5Mev)

Ra — a— Be neutron source



The total number of displaced atoms

The number of primary displaced atoms: n, = loNt
Atomic cascades: E
VvV =
=

C >
Q Total number: Nioe = NQV

\



Radiation dose

dE

D=——
dm

The unit of absorbed dose is gray (Gy)

1Gy = 1 J/kg

1 Gy =100 rad




Response of Cells to

Cell radiosensitivity




Physical and Chemical Stages of
Radiation Effects

Physical Stages: Energy transfer to atoms and molecules

Chemical stages: Further chemical transformations

N\
N N

N H,O0—H* + OH*

S \

S N
|
' «—— Target ——— .

. N\

Direct ™4 Indirect

effect effect



Radiolysis of water

p—H,O—-HO" + e
H,0*+ H,O0 —» H;O*+ OH*
p— H,0 - H,0* > H* + OH*
H*+ O, - HO,*

HO.,* + HO,* —» H,0, + 20
OH*+e — OH *

H* + H* — H*

//N

H* OH* H,0* e OH* H,* H,0,



: The main factors that determine the radiation effects: :

1. The probability of the transition of the electron
genergy to the lattice (electron-lattice interactions)

Q=tJ/T
2 The probability of annealing of radiation defects
3 The complexity of the system:

§Inorganic materials — Organic materials — Electronic i
i devices — Living organisms



Complexity and radiation

resistance of electronic devices

- I




Indirect radiation effects

The main law: The absolute number of

destructed molecules (n,,) does not depend on
their concentration in solution for the fixed dose

n, = loNt

ny =T (NR)

NR = f (D)

Dose, Gy



Response of Cells to Irradiation

Transient Effects of Irradiation

Relative number of divided cells, %

7h

In limited dose interval an
increase in the dose is
attended not by a growth
in the fraction of the
responding individuals,
but by a growth in
division delay for every
irradiated cell. The
division delay is about
one hour per 1 Gy.

time




Ln N

Survival Curves

Dependence of the number of survived cells (N) on the dose (D)

(for high density of ionization)

_ D D=D, when
N — NO exp(_ FO) N/N0z0.37

Even at the smallest doses
there can be registered an
extremal effect — the death
of a cell and even at a very
large doses individual
viable cells may remain.

Dose



Relative number of survived cells

Postradiation cell recovery

7 ®
/ \
4 \
/ \
/ \
/ Fast recovery

Mechanisms

Removal during
replication of the
Injuries in the zone of
chain growth or
continuing elongation
by bypassing the
injury

Time after irradiation

~

X = —




Relative number of survived cells

Oxygen effect

Oxygen

A B Dose

The sensitizing
action of oxygen

In the irradiation of
animal cells can
manifest itself only
when it is present
at the instant of
irradiation.

Oxygen enhancement ratio (OER) = B/A




10sensitivit
Organism




Kinetics of the number of leucocytes
after irradiation

e —

A~




