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OIIUCAHUE ®OPMOU3MEHEHUS ITIVIACTUHDBI U3
CIUIABA o-PdHN ITPH EE JOITOJIHUTEJIBHOM
HACBIIIEHUAU BOAOPOAOM I1PH 200°C

OKCHepUMEHTAIBFHO HCCIIEA0BAHO BIHMSHHE HMCXOJHOTO COJEp)KaHMs BOJOpOJAa Ha
(dopmonsmeHeHne TacTuHbl U3 cmiaBa o-PdHooeo72 1 cmmaBa a-PdHop144 mipu ee
JIOTIOJTHUTEIBHOM ~ OJHOCTOPOHHEM  HachlllleHuu BojpopoxoMm mpu 200 °C.
YcranosneHo, yro mpu 200 °C ucxXomHOE COAEpKaHWE BOJAOPOJA B TajUIaluH
BJIMSIET HA BEJIMYMHY MaKCHMAJILHOTO M3ri0a, BpeMs JOCTHKEHHS MaKcHMyMma, Ha
KUHETHKY pAaclpsIMICHUS IUIACTHHBI M BEIMYMHY OCTaTOYHOTO CTallMOHAPHOTO
(opmom3MeHeHus. bpIIo 0OHApyKEHO CHIIBHOE BIMSHHUE HCXOIHOTO COZIEpKaHUS
BOJOpPOAa B IUIACTUHE HAa JOCTHUTAacMBI MAaKCHMalbHBIH W3rHO, KOTODBIH
3HAYUTEIHHO YMEHBIIAETCSI M0 CPAaBHEHHIO C TEMH H3THOaMH, 4TO HaOJIIOAAIOTCS
NpH HachlmeHny Pd-miacTuHbl, H3HAYaIbHO HE COJEpIKaIeil BOXOPO.

KiarueBblie cjioBa: HaJIJIa,I[I/Iﬁ, BOAOPOA, (I)OpMOI/ISMeHeHI/Iﬂ, BOAOPOJAHBIC
KOHIICHTPAIITMOHHBIC HATTPAKCHU, FpaﬂHeHTHLIﬁ CILJIaB.
BBeaenne An=n=0.0072 H/Pd=const npu
N JIOTIOJIHUTEIbHOM ~ HamyCcKe BOAOpPOJAa B
Hnst HCClIeIOBaHU M npo0Jem,
N KaMmepy. OTO OTKpPBIBACT JOMOJHUTEIHHBIC
BO3HHUKAIOIIHNX npu B3aUMOJICCTBUH
BO3MOYKHOCTH JUIsl HAKOILICHUSI MH(POPMAaIUH
BOJIOpOJIa c MeTaJlJIaMH, CILyKUT
0  3aKOHOMEPHOCTAX  BOJOPOJAOYIPYTHX
kiaccuueckass cucrema Pd-H. B ycnoBusix .
N 3¢ (eKToB B cucTeMe Mmamiauii-BOI0PO.
JKCIUTyaTaluu, Korja najaaun
MHOTOKPAaTHO TIOJIBEPraeTcsi BOJOPOTHOMY
N Marepuana 1 METOAUKA IKCIIEPUMEHTA
BO3/ICHCTBHIO, B HEM MPOUCXOAUT
MIOCTETIEHHOE  HAKOIUIEHWE  HEOOpaTHUMBIX OOpazerr B BUAE TOHKOH IUIACTUHBI
CTPYKTYPHBIX HW3MEHEHUMH, HaKaIlIMBaIOTC pasmepamn  68x5.5x0.27 MM® w3 umcToro
MUKPOTPEIIMHBI W MaTepHall pa3pylmacTcs namtagus (99.98%) oroxokén mpu 700°C B
[1]. Onmako ecnu Tpu  pacTBOPEHHUH tedeHnn 60 MUH M OXJax/eH ¢ neubto. OnHy
BOAOpOAa B najuraann BO3HHKAIOT CTOpPOHY OTOXKEHHOTO obpasia
BOAOPOAHBIC KOHIICHTPpAaIHOHHBIC JJICKTPOJIUTUYECKHA IIOKPBIBAJIM MEILI0 U
HallpsAXKEHNA,  KOTOPBIE HE  IIPCBLIMIAIOT 3aKpeIUsUT B JIep)KaTeiab paboueld Kamepbl
mpeaciia mponopuruoHaJIbHOCTH METaliia, TO B BO}IOpOI[OBﬁKyyMHOfI YCTaHOBKH BBY-4 [3]
3TOHM CHCTEME€ HMECT MCCTO  ABJICHUC OJHUM TOPILOM Tak, YTOOBI BBEPXY oBLIa
BOAOPONOYIIPYT'OCTH. Mexanudeckoe cTOopoHa o0pasiia ¢ MeTHBIM TTOKPBITUEM.

NPOSIBJICHUE SBICHHUS BOJOPOJIOYIPYTOCTH
bukcupyorcs KaK oOpaTtumble
dbopmounsmeneHus oopasia [2].

ITocTanoBKa 3agauu

3KCHepI/IMeHTaJ'H)HO Hpe)ICTaBJ'ISIeT
UHTEpEC U3YYUTh SIBJICHHUE
BOJIOPOJIOYIIPYTOCTH HA TUTACTUHE ITaJLIa s,
MCXOJTHO HACHIIIEHHON BOJAOPOJOM JIO CIIIaBa
a-PdHn, toe n — KoHIEHTpamus BOIOpOJa B
namiaguu, HpI/I YBCJII/I‘-ICHI/II/I n Ha

134

DKCIIepUMEHTHI TIPOBOTHITA B
cienytomeM mnopsaake. OOpaszer] MenjIeHHO
(3°C/mMun)  wHarpeBayim g0  200°C
BBIICP)KUBAIM ~ TIpU  3TOM  Temmeparype
20 muH. [locme 9TOrO B HM30TEPMHYECKUX
yCIOBHAX B palouyio Kamepy HoOJaBaliu
TuhGy3MOHHO  OYMIIEHHBIH  BOAOPOJ /10
3aJJaHHOTO  JaBJICHWs, TakuM  oOpa3oM
Hachllllas TJIACTHHY 10 COCTaBa CIUIaBa O-
PdHo.0072, BBIACPKMBAIH B TAaKHX YCIOBHAX
MoKa IUTACTHHA BEPHETCS B  HMCXOJIHOE
COCTOSTHUE U NOBTOPHO  HACHIIIAIH
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BomopogoM. OT Hadana mMmoJadd BOJIOPOAA
(t=0C) ¢ nmomompI KaTeTOMETpa M
BUJICOKaMEPBbI Samsung 3aMKChIBAIH
M3MEHEHHsI CTpesbl mporuba obpasma depes
KBaplieBOE OKHO B paboueil kamepe.
[Tonmyyennbie BUICO3aITUCH 3aremMm
ananusupoBasu B mporpamme SONY VEGAS
KaJp 3a KaJpoM, YTO MO3BOJSIET IOIYYUTh
3aBUCUMOCTh CTpeibl mporuda obpasma oT
BpemeHu. OmmOka W3MEpeHUsl TOJ0KECHUS
CBOOOJIHOTO KOHIIA IUIACTUHBI COCTABJISIET
+0.03 mm.

Onucanue u 00Cy:KI1eHHe
MOJIy4YeHHBIX Pe3yJIbTATOB

B coorBeTcTBMM C  NOCTaBJIECHHOU
3ajlayeil BIUSHUE HMCXOJHO PAaCTBOPEHHOTO
BOZIOpOJia Ha (hOPMOU3MEHEHHUE ITaJlIaIEBOI
IUIACTUHBI OBLIO M3YYEHO IMPHU TEeMIlepaTrype
200°C. Ha puc.l npencraBieHa xapakTepHast
BPEMCHHAsI 3aBUCHMOCTh (POPMOM3MEHEHHUS
wiactuHbl. [lo omwmcanHoii Metommke [3]
Hacemanya crmiaB o-PdHooo72 1m0 cocrasa
ctaBa  o-PdHo 0144, KOorzla  JaBJICHUE
BoZiopoja B paloueld KaMepe YCTaHOBKH
BBVY-4 6pmo yBenuueno ot 0.0105MIla mo
0.0275 MITa.
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Puc. 1. Bpemennas 3aBUCUMOCTb
(hopMOM3MEHEHHS TaUTIAANEeBON TUIACTHUHBI TIPH
HaceimeHnn cmaaBa  o—PdHooe72 10 cocTaBa
crutaBa o—PdHo 0144

Ha puc. 1 MPUBENICHA
DKCIIEPUMEHTaNbHAsl  KpUBas  HM3MEHEHHS
BEJIMYMHBI CTpeNbl MpOoruda MIACTUHKH BO
BpeMEeHH IMpu  Hamycke Jud@dy3noHHO-
ouuiieHHoro Bojopoxa go 0,038 Mlla B
pabouyro kamepy 3a 1,66C Bo Bpems
HachimeHnu craBa o—PdHooeo72 10 cocraBa
CIUIaBa o—PdHo.0144. Kak BHJIAM,
(dbopMoOU3MEHEHUE TIUIACTHHBI  OCYIECTBIIS-
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eTcs B JBa BpEeMEHHbIX dSTama. Ha mepBom
JTane IiacTuHa OBICTPO M3THOAETCs, MPUIEM
HETOCPEJICTBEHHO YK€ B MPOLIECCE OTKPBITUS
BEHTHJISl HA YCTAaHOBKE MIPU CKOPOCTH TOJauu
Bojiopoaa 0.016 MIla/c B pabouyio kamepy.
[Ipu 5TOM B MOMEHT JOCTHIKEHHSI 3aIaHHOTO
napnenust Pu2=0.038 MIla (t=1.6 C) wu3ru6
TUTACTHHBI YK€ JIOCTUTAET IKCIICPUMEHTAIBHO
3aMETHOM BeIWYUHBL. B mocnenyromeM mnpu
IIOCTOSIHHOM ~ JIaBJIGHWU  Bojaopona  PH»
o0paserl MpoJ0JIKal HACKIIAThCS BOAOPOAOM
¥ MHTEHCHBHO M3THM0AThCs M CcTpesa mporuba
JOCTHIJa CBOETO MAaKCUMyMa VYuax= 1.6 MM
4yepe3 MPOMEXKYTOK BPEMEHH ATyax=15C oT
Havaia noJauu BOJIOPOJIA. [Mocne
JOCTIDKEHUSI MaKCUMaJIbHOTO M3ruba (Touka
d), T.e. B Hayaje BTOpOro JTana, IUIACTHHA
nepBOHAYaJIbHO B TeueHue 6C (puc.l,
UHTEpBAI d-h) «yIepKUBAIIA»
MaKCHUMajbHbIH M3ru0. Ha BTOpOM, Oonee
JUTMTEIBHOM JTame, 4eM NepBhIi, oOpaser|
cTan MEJIJICHHO 3aKOHOMEPHO
pactpsIMIIATECS,, YTO CBHJIETEIHCTBOBAIO O
IIOCTCTICHHOM YMCHBIICHUH HANPSDKCHUHA B

oOpasiie B pe3yjibTaTe  BBIPABHUBAHUSA
IpagueHTa KOHIICHTPAIMH BOAOpOJAa IO
ceuenuto obpasna. Uepes 600 ¢ ¢ or Havana
JKCIIEPUMEHTA OBLIO JIOCTUTHYTO
craioHapHoe  cocrostHue  (Ymin= 0.1 Mm),
KoTopoe B mocienyomieM B TeueHuu 400 ¢ mo
3aBEpIICHHS]  JKCIEPUMEHTa  OCTaBaJIOCh
HEH3MEHHBIM.

Bo BTOpOii 4WacTM  3KCHEPUMEHTA

Haceimanmu crmiaB a-PdHoo144 10 cocraBa
crmaBa o-PdHoo216 ¥ aBieHue BogOponaa B
paboueit  kamepe  ycraHoBku  BBVY-4
yBennuuBanu ot 0.038 MIIa o 0.075 MIla 3a
3.8c. Ero pesynpTaThl NpeACTaBICHBI Ha
puc. 2. CKOpoCTh pocTa JaBJICHHS BOJOPOJIa B
3TOM DKCIIEPUMEHTE OblUTa aHAJIOTUYHAS, KaK
U B TIEPBOM JKCIIEPUMEHTE U COCTaBIsIa L=
0.012 MIIa/c.

VYBenuueHue NaBlIEHHUS BOJOpOJa HE
MPUBEJIO K CYIIECTBEHHOMY HW3MEHEHUIO
KHHETUKH (DOPMOMBMEHEHHUsI TUTACTUHBI Kak
Ha IIEpBOM, TaKk M Ha BTOPOM OJr1ame €€
HACBIIIEHUS BOJIOPOIOM.

[TepBrIil ATanm HaCHIIEHUS BOJAOPOIOM,
KOrja IIJIaCTHHA JIOCTHUIaeT MaKCHMAaJIbHOTO
n3ruba ymax= 1.84 MM (OTMEYEH TOUYKOH e€),
coctaBuiI 13 C, u oka3zajcs MEHEC IJIMHHBIM,
yeM B TIEpPBOM 3KcrmepumeHTe (puc. 1).
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Opnako B Hayajle BTOPOrO JTama BpeMs
«yAEepKUBAaHUS»  MaKCHUMaJbHOTO  H3rHOa
YBEIMUWIOCh (pHUC. 2, UHTEpBal €-p) U
coctaBmwio 8§ C, a uepe3 600 C mocne Hayana
Hamycka  BoJopoaa  oOpasenr  JIOCTUT
KOHEYHOTO CTAallMOHAPHOTO COCTOSIHUSA H
u3ru0 macTuHbl coctaBmI (Ymin= 0.19 mm).
ITocne Beimepxku B TedeHuu 400 C oOpazery
HAXOJIWJICS B OJIHOM IOJOXKECHHH.

OTU S3KCHEepUMEHTANIbHBIE PE3yJIbTaThl
KaueCTBEHHO  XOpOIIO  COIJIACyIOTCS  C
HallUMHU JaHHBIMU [3-5], TOJIydEHHBIMU B
AKCIIEPUMEHTaX IPHU HACBHIIIEHUU IJIACTUHBI
najiafus, HMCXOJAHO  HE  CcoJepiKalleit
BOJOPO/I.
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Puc.2. Bpemennas 3aBucumocth  (opmo-
W3MEHEHHST ~ Ta/UIaJAMeBOW  IUTACTHHBI  TIPH
YBEJIMYEHHUH KOHIIEHTPAIMd BOJOpoga Ha An=
0.0072 H/Pd B crumase o—PdHo 0144

B onmcaHHBIX BBINIE 3KCICPUMEH-
TaJTbHBIX YCIOBHSX MAaKCHMAJIbHBIA H3THO
TUTACTUHBI, B COOTBETCTBUH C Pa3BUBACMOU B
pabote [3] heHOMEHONIOTHYECKON MOJENbIO,
OTIpeJieNIIeTCsl TapaMeTpaMu  chopMUpPOBaB-
merocss K 3TOMYy  MOMEHTY  CJIOA
T'PaJIMEHTHOTO CaMOJIOKAJIM30BAHHOTO YIIPYTO
HAINpPsDKEHHOTO KOrepeHTHOro cruiaBa o—PdHn
(cnott 1) tommuuoi (h) u ynnmuaenuem (Al).

OO6CcynmuM  HEKOTOpPhIE  OCOOCHHOCTH
dbopMupoBaHHsS TPAAMEHTHOTO CIUIaBa O-
PdHN, dopmupyromierocs mpu HaCHIIICHHH
naiagusl BOJOPOJIOM B MpeJeniax o-00JacTh
nuarpammbl coctosiHus Pd-H. Kak mokaszano
B pabore [1l], mpOHMKHOBEHHE BOAOPOJA B
najulaguil mpu temneparypax Beime ~ 100°C

W JaBICHHWSX  BOJOpOJA, OJM3KHX K
HOPMAJILHOMY (ipu AKTUBUPOBAHHOM
MOBEPXHOCTH ), TUMUTUPYETCs TuDDy3ueii.

[Ipouecc muddysun Bomopoga B

nayutaauid, GopMUpPOBaHKE U TPAHCHOPMAIIHS
IPaJINEHTOB KOHIIEHTPAIIMK BOJAOPOAA CHIBHO
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OTKJIOHSIFOTCS oT 3aKOHOMEPHOCTEH,
MPENUChIBAEMbIX KJIACCHYECKUMH 3aKOHAMHU
Ouka ¢ «uaeadbHbIM» KO3 ULIHEHTOM
muddy3um [6]. COOTBETCTBEHHO,
abpdextuBHbli  KOdhduUnHeHT  auddy3un
BOJOpOJa B MAaJUIaJUU SIBJSETCS CIOKHOM
(byHKIHEH ero KOHIeHTpauu [ 6].

B cnywae  HacelmeHus — oOpasia
najjgaguss  BOJOPOJOM TPU  HEBBICOKHX
TEMIEpaTypax HUMEET MECTO JIOKaIu3alus
BOJIOpO/ia  BOJM3M  TMOBEPXHOCTH.  ITOT
spdexkr  sABuIsAETCH MaKpPOCKOITUYECKUM
MIPOSIBJICHUEM aBTOJIOKAJTH3AIUU
(camozaxBara) BHEJPEHHBIX aTOMOB
coOcTBeHHBIM T0JIeM nieopmarmu. [Ipu aTom
JOKamu3yeTcss B JIaHHOM  CiIy4ae  He
OTHCNBHBIA aTOM, a KOHIICHTPALMOHHAS
«HEOIHOPOTHOCTH)» aTOMOB Bo10poa [6].

s [IPEABAPUTEIILHOTO aHanusa
¢opmupoBanust BI'—cruraBa  a-PdHn B
YCIIOBHSX HAIIIero 9KCIEPUMEHTA
BOCIIOJIb3YEeMCS JOCTHKCHUSIMU
mMarematudeckon teopun auddysum  [7].
Hcnonb3yeM 1 Hamux UeNneld peuieHue
onHoMmepHO#l  nuddy3uoHHON  3amaum  C
nepeMeHHbIM K03 dunmentom  auddysun
D(n), sBnstommmcs creneHHOW (QyHKIuel
KoHIleHTpauuu (n) nuddysanTa:

dn d dn

P &[D(n)&] , (1)

D) =D,|[ | |, )
n

0

rae n=f(x, t) — koHIEeHTpalKs BOJOBOAA; No=
=conSt —  TIpaHMYHas  KOHLEHTpauus
BOZIOPOAA, paBHas PaBHOBECHOM
pPacTBOPUMOCTH BOAOPOJA B MAJUIaJAUM TPHU
JAHHBIX TEMIIepaType U AAaBJIEHUU BOAOPOA;
Do — «uneanpHbIin» k03P dunuent muddy3uun
BOJIOpOAA B TaUIaaud, T.e. KodhdUIHEHT
muppy3un npu n—0; K > 0 — mokasarens
CTENEHHOMN KOHIIEHTPallMOHHOU
3aBHUCHUMOCTH.

Jannas 3amava pemanack [/] mpu
TPAHUYHBIX YCIOBHSIX:

n(0,t) = ng(t > 0),
n(x.0) = 0(x > 0),

(3)
(4)

[Tpu 3TOM HCIIOJIB30BAUCH MOACTAHOBKH [8]:
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n
N = N (5)

Mo

X
W= ——, (6)

2,/Dp -t

rie w — omnpeaenseT JBWKeHHE (poHTa
middy3aHTa ¢ KOHEYHOW CKOPOCTBIO;, X —
riyouHa IIPOHUKHOBEHUS ¢dponra

muddy3zanTa B MOMEHT BPEMEHH t.

B monorpaduu [7] nan 0630p peuieHuit
nanHoit  muddysmonHor  3amaun.  Jid
KayeCTBEHHOI'0 aHajM3a Halled MpoOJIeMbl
HanOOIBIINN UHTEpeC MPEJCTABIISIOT
pe3yabTaThl  pPEHICHUs, OCYIIECTBIEHHOTO
YHCJICHHBIM WHTETPUpPOBaHUEM. Pe3ynbTaThl
ATOTO PEUICHUs Ul HECKOJIbKUX 3HaueHuid k
0000mmensl Ha puc. 3.MoHorpaduu [7]. OTH
JaHHBIE C HCIIOJb30BaHUEM O0O3HAYCHUI
HacTosIIeH pabOThI MPEACTABICHBI HA PUC. 3.

W3 puc. 3. HarmsgHO BHIHO, 4YTO B
paMkKax 9Toi Momenm ¢ poctoM  k
1 y3nOHHBIN (PPOHT BOIOPOIA CTAHOBUTCS
Bc€ OoJiee KpyThIM U NpU k=4 KOHIICHTpALUs
BoZiopoJa Ha AU(PPY3HOHHOM (POHTE PE3KO
najgaer a0 Hyja. O1oT ciydail (k=4, xpuBas
1), mo HameMmMy MHEHHIO,  XOPOIIO
MoJenupyer  (GOopMHpOBaHHE M POCT
aBTOJIOKaIM30BaHHOTO ciosg Bl'—cmnaBa o-
PdHN, mo kpaiiHeii Mepe, Ha MEPBOM JTare
HACHIIIEHUSI  TUIACTHHBI  BOAOPOAOM  (J10
MOMEHTa  JIOCTIKEHHS  MaKCHMaJbHOTO
n3rnba mmactuHel). Ilpu 3TOM  CKOpOCTB
npoaBukeHust gpoHTa MuUdPy3uu BoAopona

paBHa:
D
V=w= 1/—0,
t

a paccrosHHEe g0 OTOro (QpoHTa aéres
BBIPKCHUEM:

h=X=w=./D,-t.

B coOOTBETCTBUHM C TakWM ITOIXOJ0M
HAaChIIAEMYI0 BOJOPOJOM M IIpeTepIieBa-
110113% ) H3ruod IJIACTUHY MOKHO
paccMaTpuBaTh KaK COCTOAIIYI0 W3 JBYX
Pa3HOPOJAHBIX CJHOEB (TUIacTHHOK). M3 Hux
onmHa (mmactuHkKa 1), Tpuiueramomas K
BXOJHOU TMOBEPXHOCTHU, MPEACTABIISIET COOOM
ABTOJIOKAJIN30BAHHBIM  CIIOM T'PaJUEHTHOIO
ciaBa  o-PdHn  rtommumuoi  hi, koTopas

()

(8)
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BO3pacTaeT CcO BpPEMEHEM. OJTOT  CJOU
HaCBIILIEH BOJOPOJIOM 10 KOHIEHTpaluH,
ONMM3KON K PaBHOBECHOM KOHIEHTpAaIMU N,
npu aaHHbix T u PH2. [pyras (mmactunka 2)
OpaKTUYECKH HE COJEpKUT Boaopoaa. Eé
ToJmuHa paBHa ho=h - hy, rme h = 0.27 mm —
TOJILIMHA UCCIIEyEMOM IIACTUHBI.

1 1 1
0 G2 44 06 G8 10 12 14 W

Puc. 3. llpuBenennas KoHIGHTpanwss n/n, B
bynakmmu ot w [7]: 1, 2, 3, 4, 5 6 -
cootBerctBeHHo k =4, 2,1, 1/2,1/4,0

Tomamuuel MWIACTUHOK 1 1 2 B MOMEHT
JOCTHKEHHUSI MaKCUMAIILHOTO HM3rH0a MOXKHO
OIICHHUTh, WCIONB3yS OIKCIICPUMEHTAIBHBIC
TaHHBIE HACTOSAMICH paboOTBl W JaHHBIEC,
npelacTaBieHHble Ha puc. 3. B  kagectse
npuMepa  BepHEMCH K  pe3ynbTraraMm
JKCIIEPUMEHTa, MPEJICTaBICHHOTO Ha pwuc. 1.
[MpuaIMaeM BpeMs dbopMUpOBaHUS
ABTOJIOKAJIM30BAHHOTO CJIOS TPAJAUEHTHOTO
cmaBa o-PdHNn  (mmacturka 1) paBHBIM
Bpemenu t =15 C, 3a koTopoe gocTUraercs
MaKCUMalbHBIA M3rub ruiactunbl. [lnactunka
1 wmonenupyercs kpuBoil 1 Ha puc. 3.
CootBercTBeHHO, Npu N/ng=0 ansa kpusoi 1
w=0,36. Koaddumuent nuddys3un Bomopoaa
B mnamiaauun 1npu  200°C  paBeH Do=
1,410°m%c  [8]. Pacuer gmaér s
ABTOJIOKAIM30BAHHOTO CJIOSl TPaJIMEHTHOTO
cmaBa  o-PdHn  tommmay  hi= 104 mxwm.
COOTBETCTBEHHO, AJIsl 3TOTO CITyYasi TOJIIHHA
IJIACTUHKH 2, HEHACHIIIEHHON BOJOPOIOM,
cocrasysieT hy = 166 MkMm.

Kak Bumum, Tommunua cios (h) crutaa
a—PdH, B  MOMEHT JOCTHIKEHHUS  Yuax
ompenensercs kodpouirentom auddysuun
BOZIOPOJIa B MaJUIaInu, KOTOPHKI mpu T=const
OCTaeTCsl MOCTOSIHHBIM, (yIymuHEeHue (4[) cnos
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rpaauenTHei cmutaB a—PdHn) ompenensiercs
CpPEeIHUM COJEp:KaHHEeM B HeM Bojaopona (n)
npu naHHbIX PH2 1 T B MOMEHT JOCTHXEHHUS
IJIACTUHOM MaKCHUMaJIbHOTO U3Truoa.

MOoXHO TmoyiaraTh, 4TO KOHIICHTPAIIUS
BOZIOpOJa B cjaoe | B MOMEHT JOCTHUXKECHHS
IUTACTUHOM MAaKCHMAallbHOTO W3TH0a BIIOJHE
coM3MeprMa C BEJIMYHMHOW pPaBHOBECHOM
pPacTBOPUMOCTH BOJOPO/a B ayIaauu (n=No).
Onnako poct ciost 1 (a—PdHn) B aToT MOMEHT
[IPUOCTAHABIUBACTCS (TopMO3UTCS)
BCJIC/ICTBUE  YCTAHOBJIGHUS  TepMO—Oapo—
ynpyro—auddysuonnoro (TBY [[)paBHoBecus
U YICpXKUBAThCS B TEUCHHE HECKOJIbKUX
cexkyH/ (cM Ha puc.l 1 2 HamuYue TIIOIIAIKH,
Touku €-p, d-h). Dro Makpockomuyeckoe
[IPOSIBJICHUE TBY JI-paBHoBecus eCThb
paBHOBECHE MEXKIY YIPYrocKaTbiM clioeM 1
U YOPYTOPACTSAHYTHIM CJIIOEM 2 MaKCUMaJIbHO
W30THYTOM IMJIACTUHBI.

IIyreM CMEHBI YCIOBMM M MEXaHH3Ma
nuGGy3UMOHHOTO TpPAHCIIOpTa BOAOPOJA B
IJacTUHE clod 2 (mayutaauil) HaYMHAeT
BEChbMa MEJICHHO 1 Hy3n0HHO
HACBIIATHCS  BOJAOPOIAOM C 3(PPEKTUBHBIM
kodpdunmentom  nuddy3sun  BoAopona,
MHOTO MEHBIIIMM HCTHHHOTO Kod(duiimeHTa
mud¢y3uu Bogopona B namwiaauu (D*<<D) u
KaK MOKa3bIBalOT 3KcrepuMenTsl (puc.l u 2),
IJIaCTUHA TIOCTENEHHO paclpsIMIIIEeTCS C
BeChbMa Majioil CKOpPOCTHIO (MHOTO MeEHbIIEi
CKOPOCTH M3TH0a MIACTHHBI) U3-32 «PabOTHI»
cuibHoro TBY/l-topmoxkenus (D*<<D) u
peanusauuu BpeMeHHbIX TbY Jl-paBHOBecHi
MEXAYy YOPYro CXKaTb MU M yIPYTo
pacTaHyTBIMU closiMH TutacTHHbI [9]. O yem
CBUICTENHCTBYET IJIOMAAKU Ha puc. 1 u 2, Ha
KOTOpPBIX H3TUO Tpekpamaercs, a 3aTeM
OUY€Hb MEJIJIEHHO CO BPEMEHEM U3MEHSETCS.

W3 skcriepuMeHTabHON 4acTH paboThI
BUIUM, 4YTO  pacHpsMIIeHHE  I[JIACTUHBI
OCYIIECTBJISIETCS 10  BEChbMa  BBICOKOM
crenenn obOpatumoctu. [locie mocTHXEHUS
CTAIIMOHAPHOTO COCTOSIHUS TIACTHHA OOBIYHO
BBIZICP)KUBAJIACH B BOJIOPOJIE B TEUYCHHE
JOTIOTHUTEIHFHOTO BpeMeHn. OHAKO ITO HE
MPUBOAWIO K 3aMETHOMY YMEHBIIEHHUIO
OCTaTOYHOTO CTAIlMOHAPHOTO COCTOSIHUS (CM.

puc.l) BCIICZICTBUE YCTaHOBJICHHSI
kBazucrannonapHoro TBbY]Jl  paBHOBecus
[9,10,11] MEKTY HCOIHOPOIHBIM

KOHIOCHTPAIIMOHHBIM IIOJIEM BOJOpOJaa H
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I0JIEM OCTaTOYHBIX YIPYIuX BK-
HaIpsKECHUN.

Hanuuue HEKOTOpPOro CTAanMOHAPHOTO,
OCTaTOYHOTO u3ruba Ha  3aBepUIAIOLICH

CTaauM HACBIIICHUS IUIACTHHBI BOAOPOJOM
(cm. puc. 1, kpuBas 1,2 yuactok b-f, k-h) mbr
HE CBSI3bIBAEM C HEOOPAaTUMOH IIACTHYECKON
nedopmarmeii. B pabore [3] mokaszaHo, 4To
uccreayemasi TMajulafieBas IJIacTUHA TIpU
MEXaHUYECKOM Harpys3ke BIIOTh IO CTPEbl
mporuda  ymax<3+3.5 MM  mpeTeprieBaeT
U3ruObl  rapaHTHUPOBAHHO B Ipejaenax
YIPYrUX CBOWCTB MeTayla JJIsl YUCTOTO
najutagus. Ecnu paccMarpuBarh M3ruObl B
JaHHOW paboTe, TO OHU OCYILIECTBISIIOTCS B
ynpyroif o6iacTtd, Tak Kak cTpeyia nporuda
cocTaBIsIeT  ymax<3 MM.  CiemoBarensHo,
MOXHO IojlaraTb, 4YTO B YCJOBUSAX HaIIMX
HKCHEPUMEHTOB IUIACTHHA HE IOJIBEPrayiach
IUIaCTUYECKON nedopMalii, U BHYTPEHHUE
BK—nanpsokeHuss He INPEeBOCXOIAT YIPYTHUX
XapakTepUCTUK Maulaiud U BPEMEHHOI'0
rpajneHTHoro cruiaBa o—PdHn.

PesynpTaThl  3THX  3KCIIEPUMEHTOB
MHTEPECHBI TEM, YTO CHJIBHOTO BJIMSHUS
UCXOJHO  COJepJKalllerocss BoOJAOpoJa B
TUTACTUHKE (T.€. KOT/Ia MOKHO pacCMaTpUBATh
Pd-rutacTHHKY, KaK COCTOSIIYIO U3 CILIABA O—
PdHn), Ha mocTHraeMblii MaKCHMAaJIbHBIH
u3rub He ObUIO OOHAPYKEHO MO0 CPABHEHMIO C
TEMH, KOTOpBIE Ha0JI01al0TCS pu
HacbleHun Pd-mutacTuHbl, He coneprkarei
Bojopon [2-5].

B YCIOBUAX HacToslIeH
9KCIIEPUMEHTAJILHOW paboThl MOKa3aHO, YTO
npu JOTIOJTHUTEIILHOM HACBIILICHUH

miacTuHky w3 crtaBa o—PdHn 1o manbeix
PaBHOBECHBIX KOHIIEHTpallUd BOAOpPOJa B
naaauu (B HameM ciaydae g0 n<0.03 H/Pd)
HCXOJHOE COJIEp>KaHue BOJOPO/a B TUIACTHHE
BIIUSICT HA BEJTUYMHY MaKCHUMaJIbHOTO M3TrH0a,
BpeMs JOCTHKCHHSI MAKCUMYyMa, Ha KUHETUKY
pacipsMIIeHUS TUTaCTHHBL. DopMOn3MEeHEHHE
TJTACTUHBI SBJSIETCS MPAKTUYECKU TOTHOCTHIO
oOpaTHMBIM, HO BEJIWYMHA OCTATOYHOTO
(hopMOU3MEHEHUS YBETUINBACTCS.
[lonumanne  ¢gu3nmyeckux  ocoOeH-
HOCTEH TMporiecca MPOHUKHOBEHUS BOAOPOJA
B MeETal, KOTOPBIA MHOTOKPaTHO
MO/IBEpraeTcs BOJOPOTHOMY BO3JEHCTBUIO H,
B KOTOPOM  MPOUCXOJUT  IOCTEIICHHOE
HaKOIUICHHE HEOOpaTUMBIX  CTPYKTYPHBIX
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W3MEHCHH, HAKATUTUBAIOTCSI MUKPOTPEIIUHBI
U U3MEHSIOTCS ycloBus U @py3HoHHOTO
TpaHCIOpTa  BOJIOpona, Tpedyercs  uis
COBCPUICHCTBOBAHUA TEXHOJIOTUH
AKCIUTyaTallil METAJUTMUECKUX W3JCIUN B
BOJIOPOJIOCOICPIKAIINX CpEIax.

BriBox

Nzyueno HKCIIEPUMEHTAIILHO
dbopMOM3MEHEHUE TAIIAIMEBON TUIACTUHBI
pasmepamu  68%5,5x0,27 MM® 1pu  ee
OJTHOCTOPOHHEM HACBIIEHUU BOJOPOJIOM TIPH
TeMneparype 200°C u YBEIIMYCHUH
KOHIIEHTPAIlMU BOJIOPOJIa B AJIAANKA HA An=
0,0072 H/Pd npu Haceimenun cruiasa o-PdHy.
[TontBepkmeno, 9to  (GOPMOU3MEHEHUE
IUIACTUHBI pa3BUBaeTcs B JBa JTama. Ha
MEPBOM JTane BeChbMa OBICTPO JOCTHTACTCSI
MakcuMmaibHOe (opmom3MeHeHue (M3ruo)

IUIaCTHUHBI U €ro pOCT NPHUOCTAHABIMBACTCA

(TOpMO3UTCSI)  BCIACACTBHE  yCTAHOBJIICHUS
TBYJl  paBHOBECMA W YIEpPKUBAETCA
HEKoTopoe BpeMs. Ha BTOpoM, cyiiecTBEHHO
Oomee  JUIMTEIILHOM  3Tame, MPOUCXOAUT
PAKTHYECKH MOJTHOE pacnpsmMieHue
IUIACTUHBI 10 HEKOTOPOT0 CTalMOHApHOTIO
cocrosiHus.  [lokazaHo, 4YTO  CHUJIBHOTO

BIIUSTHUSL HCXOJTHOTO COJIEP>KaHUsI BOJOPO/IA B
IUTACTUHE Ha JIOCTHTaeMblii MaKCHMallbHBIH
M3rud He OBLJIO OOHAPYKEHO MO CPABHEHUIO C
TEMU U3rudaMu, KOTOpble HAOII0AI0TCA MIPU
HacelllieHnn Pd-mmacTunbl, HE conaepikamieit
BOJIOPO/I.

Asmop  evlpasxxcaem  61a200apHOCMb
ooyenmy M. B. [lonvyosoii 3a nomowsb 8
npogeoenuu 9KCcnepumeHma u
ocyujecmenenus 8U0eo3aniuc IKCnepuUmMenma.
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OIMAC ®OPMO3MIHU MJIACTHUHU 31 CILIABYa-PdHy
MPH ii JTOAJATKOBOMY HACUUYEHHI BOJHEM MPU
200°C

ExcriepuMeHTanbHO JOCHI/KEHO BIUIMB BHXIJHOTO BMICTY BOJHIO Ha (opMo3MiHy
iactTuHu 3i cmiaBy a-PdHoeo72 Ta caBy a-PdHo 0144 Tiput ii mogatkoBOMY OAHOGIYHOMY
HacuueHHi BogHeM npu 200 °C. Beranosneno, mo npu 200 °C BUXigHUI BMICT BOJIHIO B
IUIACTHHI BIJIMBAE HA BEIMUMHY MaKCUMAaJIbHOTO BUTHHY, Yac JOCSTHEHHS MaKCUMaJIbHOTO
BUTHHY, Ha KIHETUKY PO3NPSMIICHHS IUTACTHHH 1 BEIMUUHY 3aJIUIIKOBOI popMo3Minu. Bymo
BUSIBJICHO CHJIBHHMI BIUTMB BUXIJHOTO BMICTY BOJIHIO B IUTACTHHI HA MAaKCHMaJbHHH BUTHH,
IO JOCATAETHCS, SIKMHA 3HAYHO 3MEHINYETHCS B MOPIBHSAHHI 3 TUMH BHUTHHAMH, SKi
CIIOCTEPIraloThes MU HacuueHHI Pd-TmacTrHy, IO CIIoYaTKy He MICTUTBH BOJAHIO.
KurouoBi cioBa: manazii, BogeHb, opMo3MiHa, BOJHEBI KOHIICHTPAIliifHI HAIIPYKECHHS,
rpaJieHTHHH CIUIaB.

E. N. Lyubimenko
Donetsk National Technical University, pl. Shybankova 2, Krasnoarmijsk, 85300

DESCRIPTION OF FORM-CHANGING a-PdHn ALLOY
PLATE AT ADDITIONAL SATURATION WITH
HYDROGEN AT 200° C

The impact of the hydrogen initial content on thea-PdHg 0072 and a-PdHo 0144 alloy plate form-
change at one-side additional saturation with hydrogen composition was researched
experimentally at 200 °C. It was found that hydrogen contained initially in palladium
impacts on the value of the maximum bending, on the time to achieve maximum bending,
on the kinetics and magnitude of the residual stationary form-changing. There was observed
a strong influence of hydrogen content in the original plate for bending reaches its
maximum that is significantly reduced compared with the curves, which are observed at
saturation Pd-plate, initially containing no hydrogen.

Keywords: palladium, hydrogen, form-change, hydrogen concentration stresses, gradient
alloy.
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