GOYHOAMEHTAJIbHI HAYKU
OYHOAMEHTAJIbHbIE HAYKM
FUNDAMENTAL SCIENCES

VJIK 539.26:669.225
T. I. baowk k. ¢-M. H., go11.; C. I'. ABaeeB, nou.; I1. M. 3y3sak a. p-m. H., npod.
T. 1. Ba6iok K. ¢pb-m. H., gou.; C. I'. ABgees, gou.; M. M. 3y3sk, A. dp-M. H., npod.

T. Babiuk, Cand. Sc. (Ph.-Math.), Assist. Prof.; S. Avdieiev, Assist. Prof.;
P. Zuziak, Dr. Sc. (Ph.-Math.), Prof.

AHI'APMOHIYHI KOE®IHNIEHTHU TPETBOI'O TA YETBEPTOI'O ITIOPAIKIB
TBEPIUX PO3YUHIB Cu—Zn, Cu—Al, Cu—Sn BU3BHAYEHI 3A PEHTT'EH-
JANPPAKTOMETPUYHUMU JAHUMHU

AHFAPMOHMWYECKUE KO3®POULIMEHTbI TPETLEIMO U YETBEPTOIO NOPAOKOB
TBEPAbIX CMJIABOB Cu—Zn, Cu—Al, Cu—Sn OMNPEAENEHHBLIE NO PEHTIEH-
ONDOPAKTOMETPUYECKUM OAHHbLIM

THE THIRD AND FORTH ORDER ANHARMONICITY COEFFICIENTS
FOR Cu—Zn, Cu—Al, Cu—Sn SOLID SOLUTIONS, DETERMINED BY X-RAY
DIFFRACTOMETRY DATA

Ha OCHOBI ekcriepyMeHTasIbHUX AaHux TeMreparypHUx 3asIeXHOCTeN BIAHOCHUX IHTerpasbHuxX
IHTEHCUBHOCTEN PEHTIEeHIBChbKUX AnGpakUin o-tBepanx poddyuHis Cu—Zn, Cu—Al, Cu—Sn Bu3Ha4e-
HO KOHLEHTpaUuiviHy 3aJIeXHICTb PEeHTreHIBCbKOI XxapakTepucTuYHOI Temnepartypu LUmux CruiasBiB rpu
293i 923 K.

OtpumaHi aaHi BUKOPUCTOBYBA/INCh [J1S1 BU3HA4YEHHS] KOeQiLieHTa KBa3inpyxXHoi cuan 1a aHrap-
MOHIYHUX KOeQILIEHTIB TPETbOro Ta YeTBepPTOro rnopsiakiB BkasaHux cruiasiB. [1poBeAeHO KiIbKICHUM
aHaslia xapaktepy MiXaTtOMHOI B3aemMogii B 3a51€XXHOCTI Big ckiagy | Ba/leHTHOCTI PO34YNHEHUX eJie-
MEeHTIB B MatpuLi crjasy Ta ix Br/ivB Ha 3MiHU GOPMU KPUBOI MNOTeHLiasIbHOI eHeprii.

Ha ocHose akcrniepumeHmarnbHbix 0aHHbIX memrepamypHbIX 3agucumMocmeli OMHOCUMESIbHbIX UHMeaparib-
HbIX UHMeHcusHocmel peHmeaeHo8cKux dugbpakyul o-meepdsix pacmeopos Cu—Zn, Cu—AIl, Cu—Sn onpe-
OenleHa KOHUEeHmMpayuoOHHasi 3asUCUMOCTb PEHMe2eHO8CKOU Xapakmepucmu4yeckoli memrepamypbl 3mux
cnnaesos npu 293 u 923 K.

lNonyyeHHble daHHbIe ucronb3o8anuch 051 onpedernieHus1 KoaghguyueHma Keasuyrnpyaol cusbl U aH2ap-
MOHUYECKUX KO3¢hghuyueHmo8 mpemseao U 4emeepmoao nopsiOkos ykadaHHbIX criiiagos. [IposedeH Kosude-
CmeeHHbIl aHanu3 xapakmepa mMexdyamoMHO20 83aumodelicmaeusi 8 3a8UCUMOCMU OmM cocmasa U 8asieHm-
HOCMU pPacmeOpPEeHHbIX 3MIEMEHMO8 8 Mampuue criasa U UX 6/USHUEe Ha U3MEHeHUs (hopMbl Kpusol
rnomeHuyuarsbHoU 3Hepauu.

On the base of experimental data of thermal dependencies of relative integral intensities of x-ray
diffractions for a-solid solutions of Cu—Zn, Cu—Al, Cu—Sn concentration dependencies of x-ray cha-
racteristic temperature for these alloys at 293 and 923 K are determined.

The obtained data were used for determination of quasielastic forse coefficients and for determina-
tion of anharmonicity coefficients of 3-th and 4-th orders for denoted alloys. Quantitative analysis of the
interatomic interactions character depending on the composition and the valency of soluble elements in
alloy matrix and their influence on change of potential energy curve shape is carried out.

Beryn Ta moctaHoBKa 3aga4i

B pobotax [1—2] Bnepiiie po3riissHyTO BILTUB aHTAPMOHI3MY TEIIOBUX KOJHMBAaHb aTOMIB KPUCTATIYHOT
TpaTKu Ha TOCTabJeHHS 1HTCHCHUBHOCTI OCHOBHUX MHU(paKIiiHUX MAaKCUMYyMIB Ta BiATIOBITHE 3POCTAHHSI
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IHTEHCHUBHOCTEH TEIUIOBOTO NU(Y3HOTO PO3CIIOBAHHS PEHTTCHIBCHKOTO BHIIPOMIHIOBaHHA. JlJis TpUBHMIp-
HOI TpaTKH y 3araJlbHOMY BHIIAJIKy BIUTMB aHTapMOHI3MY Ha TeMIIepaTypHE MOCIa0IeHHS PEHTT€HIBCHKIX
iHTepdepeHuiil JeTanbHO PO3IIIAHYTO B [2] 1 MOKa3aHO, 1110 aHTAPMOHIYHI e()eKTH MOKYTh OyTU BHSIBIICHI
eKCIIepuMEHTaTBHO. B pobdotax [3—4] Oyio mokas3aHo, 1o peHTreHorpadiyHa METOANKa BU3HAYCHHS TEM-
HepaTypHUX 3aJIeXKHOCTEH nepiofy Ipatku a(7) Ta XapakTepucTH4HOI Temneparypu 0,(7), 3 ypaxyBaHHAM
AQHTapMOHIYHUX e(EeKTiB, TO3BOJISIE OJEPKATH IPHUHIIUIIOBO BaXIUBY 1H()OPMAIIIO PO MiXXaTOMHY B3a€MO-
JIit0 y TBEpIOMY Tii. JIms TBEpIuX pO3YHHIB II€ 1a€ MOYKIIUBICTh BUSHAYUTH 3MiHU PIBHS CHJI Mi>)KaTOMHOT
B3a€EMOIIT B 3aJICKHOCTI BiJl IPUPOIM JOMIIIOK, iXHROI KOHIICHTpAIIii Ta TEMITEPATyPH.

HocnipkeHHs: TeMIepaTypHUX 3aJIe)KHOCTEH PEHTTCHIBCBKHX XapaKTEepPUCTUYHUX TEMIIEpaTyp O-
TBEPAMUX PO3YMHIB HAa3BaHHUX CHCTEeM [3—35] mokaszaiu, mo 3amimeHHs aromiB Cu aromamu Zn, Al i Sn
MPUBOMUTD JI0 TMOCTA0ICHHS PIBHS CHJI MIXKaTOMHOI B3a€EMOZIT 1 10 301/IbIIICHHS aHTAPMOHIYHUX SEKTIB.
Ockinbku 0, € mapamMeTpoM, SIKMi XapaKTepH3ye KOPCTKICTh 3B’ SA3Ky B KpUCTaNI4HIH pemiTii [6], MoxkHa
MIPUITYCTUTH, 10 301IBIICHHS KOHIICHTPAIIl PO3YNHEHNX €JIEMEHTIB IOCIa0IIoe 3B’ 130K aTOMIB B CIUIaBi
1 3MIITy€ X YaCTOTH KOJHMBAHb B «YEPBOHY» YACTHHY CIEKTpPa.

B wiit poO0Ti Ha OCHOBI eKCTIEPUMEHTANIBHUX AaHUX POOIT [3—5] TeMnepaTypHUX 3aIeKHOCTEH peHT-
TEHIBCHKUX XapaKTEPUCTUIHHUX TEMIIepaTyp o-TBepaux pos3umHiB cuctemMu Cu—Zn, Cu—Al, Cu—Sn
BU3HA4YCHI KOC(DILIEHTH KBa3iMPy>KHOI CHJIM Ta aHrapMOHIYHI KoedimieHTH 3-r0 1 4-ro MOPsAKIB Ha3Ba-
HHUX CHUCTEM 3a METOJHUKOI0, OIIMCAHOIO0 B [7]. BXiZHUMU gaHuMH AJ1s1 PO3PaxyHKyY aHTapMOHIYHHUX Mapa-
MeTpiB OynHM PEeHTTEeHIBCbKI XapaKTepucTH4HI Temmnepatypu 0, i ix Temmeparyphi 3anexxHocTi 0,(7),
OTpHUMaHi 3 aHaJIi3y TeMITepaTypHUX 3JICKHOCTEH IHTEHCHUBHOCTI 1 3CYBY PEHTTCHIBCHKUX 1HTEp(EpeHIIii
B IINPOKHUX iHTEpBajax remneparyp [3—>5].

BBepeHne n nocraHoOBKa 3agaum

B pobGotax [1—2] BnepBble pacCMOTPEHO BMSIHNE aHrapMOHW3Ma TENMOBbIX KornebaHuin aTomoB
KpUCTannmyeckon peLleTkM Ha ocriabneHne NHTEHCUMBHOCTU OCHOBHbIX AUPaKLUUOHHBIX MakCUMyMOB U
COOTBETCTBYIOLLME BO3paCTaHUs MHTEHCUBHOCTEN TennoBoro Anddy3HOro paccesiHus peHTreHOBCKOro
n3nydeHus. [ns TpexmepHon pelletkn B obLieM criydyae BNUSHWE aHrapMoHW3Ma Ha TemnepaTtypHoe
ocnabneHne peHTreHOBCKUX nHTepdepeHumii nogpobHO paccMOTpeHo B [2] 1 NOKa3aHo, YTO aHrapmo-
Huyeckne apdeKTbl MOryT BbITb BbISIBNEHbI aKCnepuMmeHTanbHo. B pob6oTtax [3—4] 66110 nokasaHo, 4To
peHTreHorpaduyeckas MeToauka onpeaeneHms TemnepaTypHbiX 3aBUCMMOCTeN nepuoga petuetku d(T)
N xapaktepucTuyeckon Temneparypbl 8, (T), ¢ y4eTOM aHrapMoHUYeckux apekTos, No3sonaeT nony-
YATb NPUHLMNMANbHO BaXKHY0 MHpOpMaLMIO O MeX4yaTOMHOM B3aMMOLENCTBUN B TBEpAOM Tene. [ns
TBEpPAbIX PacTBOPOB 3TO AaeT BO3MOXHOCTb ONpedenuTtb U3MEHEHWEe YPOBHA CUIl MeXAyaTOMHOro
B3aUMOAENCTBMSA B 3aBUCUMOCTM OT NPUPOAbI NPUMECEN, X KOHLEHTpauum n TeMneparypsbi.

WccnepoBaHne TemnepaTypHbIX 3aBUCUMOCTEN PEHTITEHOBCKUX XapaKTepUCTUYecKUxX Temnepatyp
O-TBEpAbIX PacTBOPOB Ha3BaHHLIX cucTemM [3—>5] nokasanu, 4To 3amelleHne atomoe Cu atomamm Zn, Al
n Sn NpMBOAWT K OCNabneHuIo YPOBHS CUIT MEXZYaTOMHOrO B3auMOAENCTBUSA U K YBEMUYEHUIO aHrap-
MOHMYecknx achhekToB. NockonbKy 6, ABMNAeTCs NapameTpoM, KOTOPLIN XapaKTepusyeT XeCTKOCTb CBS-
31 B KpUCTanmnmyeckow peluetke [6], MOXHO NPeanonoXuTb, YTO YBENMYEHUE KOHLEHTpauum pacTBoO-
PEHHbIX 3NEeMeHTOB ocrabnaeT CBA3b aTOMOB B ChfaBe W cABUMraeT MX 4YacToTbl KoneGaHuin B
«KpacHyo» YacTb CrekTpa.

B paHHOM paboTe Ha OCHOBE 3KCMepMMeHTanbHbIX AaHHbIX paboT [3—5] TemnepaTypHbIX 3aBUCMMO-
CTeN PEHTIEHOBCKUX XapaKTepUCTUYECKUX TeMmnepaTyp a-TBepAblx pactBopoB cucteMbl Cu—Zn, Cu—Al,
Cu—Sn onpepaeneHbl KO3(MULMEHTBI KBA3WNYNPYrov CUrbl U aHrapMoHU4eckne koapduumMeHTbl 3-ro u 4-
ro NOPSiAKOB Ha3BaHHbLIX CUCTEM MO MeToAMKe, ornmcaHHoOM B [7]. BxogHbIMM JaHHbIMU ONiS pacyeTa aH-
rapMOHUYECKMX NapamMeTpoB SABMAITCA PEHTIEHOBCKUE XapaKTepucTuyeckne temMnepaTypbl 8, n ux Tem-
nepatypHble 3asucumocTu 6, (T), nonyyeHHbIe M3 aHann3a TemnepaTypHbIX 3aBUCUMOCTEN UHTEHCUBHO-
CTW 1 CABUra peHTreHOBCKUX MHTepdepeHUUn B LUIMPOKUX MHTepBarax Temnepartyp [3—>5].

Introduction and problem statement

The influence of crystalline lattice thermal oscillations of atoms anharmonicity on the weaken-
ing of the intensity of the main diffraction maxima and corresponding increase of x-ray radiation
thermal diffusion scattering intensities were for the first time considered in works [1—2]. For
three-dimensional lattice in general case the influence of anharmonicity on thermal decrease of
x-ray interferences was carefully considered in [2] and it was showed, that anharmonicity effects
can be detected experimentally. In [3—4] it was observed, that the x-ray methods of the lattice
parameter thermal dependences of a(T) and characteristic temperature 6,(T), taking into account
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anharmonicity effects, permits to obtain important information about interatomic interaction in sol-
ids. For solid solutions it gives the possibility to determine changes of interatomic interaction
forces level depending on dope nature, their concentration and temperature.

Investigations of x-ray characteristic temperatures of a-solid solutions thermal dependencies
in above-mentioned systems [3—5] showed, that the substitution of Cu atoms by atoms of Zn, Al
and Sn leads to decrease of interatomic interaction forces level and to increase of anharmonicity
effects. Since 6, is the parameter, which determines the rigidity of links in crystalline lattice [6], we
may assume, that the increase of soluble elements concentration reduces the connection of at-
oms in alloy and shifts their oscillation frequencies to the «red» edge of spectrum.

In this work on the base of experimental data from [3—5] of the thermal dependencies of x-ray
characteristic temperatures of a-solid solutions of Cu—Sn, Cu—AIl, Cu—Sn system coefficients of
quasielastic force and anharmonicity coefficients of 3-th and 4-th order were determined for
above-mentioned systems by methods, described in [7].

The input data for calculation of anharmonicity parameters were x-ray characteristic tempera-
tures 0, and their thermal dependencies 6,(T), obtained from the analysis of intensity and x-ray
interferential shift of thermal dependencies in a wide ranges of temperatures [3—5].

Pe3ynbTaTu excriepuMeHTy Ta iXHE 00rOBOpPEeHHS

Konuenrpariiina 3anexxHicTs 0, criasiB gociaikyBanux cucteM ais 293 ta 923 K nokasana Ha puc.

1. 3aranpHa 3akoHOMIpHICTH 3MiHHU 0,(C) U1 BCIX TBEPAMX PO3YMHIB CHCTEM 31 301IBLICHHAM KOHIICHT-

panii, Ik BUTHO 3 pUCYHKa, Mae crnajHuil xapaktep. I[Ipuyomy, Oinbin piske 3meHmenns 0,(C) BinOysa-

€ThCSI B 00JIACTI ManuX KOHIICHTpAIlii JeTyBaJIbHUX JOMIIIIOK. 32 CTYIIGHEM BIUIMBY Ha ITOCIIA0JICHHS

PIBHSI CHJI MIDKaTOMHOI B3aeMozii B rpaTiii Cu JIeTyrodi JOMIIIKH PO3MIIIYIOTECS B psim Sn, Zn, Al s

293 Ta Sn, Al, Zn IS

0,.K 3004 oz 923 K. [IpuBeprae no cebde ypary ¢o-
&

pMa KpHBOI, aKa OTUCYE
280 ) HiliHy 3anexHicTe 0, anoMiHio.
26(f % B HIMYM Ha KpHBIM BiANOBima€e BMICTy
23; “ﬁ/ la aOMiHiI0 B CIu1aBi mopsaky 9 %.

240 \@\\,{

A
Sn

BiamosigHe 1poMy CruiaBy 3HAYCHHS

3 — . o
‘ 3 % 0, mopiBatoe 250 K, ToOTO Ha 48

220 V\Q — \O l\/feHH.Ie 3a 0, migi. 3 0
), Mili. 3MeHIIeHHs 0, B
200 \ o6macri 0...9 % Al cBiguuts mpo 3me-
O\L HIIEHHS  MIIHOCTI  MDKaTOMHOI'O
18(}0 5 0 B 50 C, at % 3B’S3Ky B pEINTHI CIUlaBy. Takui
BHCHOBOK BHILTHBAE TaKOX

) ) . . PEIHBO 3 XapaKTepy 3aJIe)KHOCTI MO-
Puc. 1. KOHHGHTP&HH/IH& 3aJIESKHICTD PEHTTE€HIBCbKO1 XapaKTEPUCTUYHO1

temmeparypu ciiasiB Cu—Zn, Cu— Al, Cu—Sn mra 293 K i Ay pr)KHQCTl I{JI;['MI,Z[HO—aJ'HOMIHI—
923 K €BUX cmaBiB [8] 1, oueBuAHO, €

3 . HACJIIKOM 301IbIIEHHS qucia
Puc. 1. KoHueHTpauroHHas 3aBUCUMOCTb PEHTFEHOBCKOWN XapakTepucTU4eckon

TemnepaTypbl crnaeos Cu —Zn, Cu—Al, Cu—Sn npn 293 K 923 K~ THBI30BaHMX CJICKTPOHIB Ha aTOM,

Fig. 1. Concentration dependence of x-ray characteristic temperature for Tobto e(beKTy THCKY  CJICKTPOHHOTO
alloys Cu-Zn, Cu-Al, Cu-Sn at 293 and 923 K rasy B KpucTajiaxX TBEpIOro po3irHy B

pe3ynbTaTi pPO3YMHEHHS B HBOMY
ATIOMIHIIO.

B obnacti xoHuenTpauii Bix 9 1o 15 % Al cnocrepiraersest 3poctanHs 0, 3 pocTOM KOHIEHTpAIii
AIFOMIHIIO B PO34MHI 1 € HACIIITKOM HAasIBHOCTI Ta PO3BUTKY B Il 0071aCTi ONMIKHBOTO MOPSIKY, 1110, OYe-
BUJIHO, BeJIE JI0 3pOCTaHHS CHJI MIXKATOMHOTO 3B’s13Ky. TakuM YWHOM, TeMIIEpaTypHa 3aJIeKHICTh Xapak-
TEPUCTUIHOI TEMIIEPATYPH, sKa € 6€3MOCePETHHOI0 MIpOI0 aHTAPMOHIYHOCTI [6], Ta€ MOXKJIMBICTH OTPH-
MaTH psJ JOAATKOBUX BIJIOMOCTEH NP0 XapaKTEPUCTHKH MiXaTOMHOI B3aemoii. OCTaHHE ae TakoK
MOJKJIMBICTb 3'SICYBaTH ITUTAHHS PO BILIMB IPUPOIHM JIETYBaJIbHOTO KOMIIOHEHTA Ta HOr0 KOHIIEHTpAIlii Ha
3MiHY TaKUX XapaKTEpPHUCTHK, K CYKYIHICTh MapaMeTpiB B3aemomaii — f, g, 4, mo QirypyoTs B po3kiia-
JaHHI NOTEeHLIaTy MapHOi Mi>KaTOMHOI B3a€MOJII 3a CTYIIEHEM 3MiILLEHb.
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f,10% erg/sm? S0 oOMEXHUTHCS CIOYATKy TapMOHIYHUM
280+ — Ha6JII/I)I(eHH}IM? TOOTO B p03KnaﬂagHi MOTEHIIIa-
2,607 == ay (2) B [7] BIIKMHYTH 4WIEHH, SIKi BKIIOYAIOThH
2,40 o 3MIMIEHHS! TPETHOTO 1 BUIIMX CTYIEHiB, TO Yac-
220 \ S tuHa O(7), KA 3ATHIINIIACK, € PIBHAHHAM Mapa-
2’00 ‘\ 001, OCKIJIbKM TapMOHIYHHMK KoedillieHT f 3a
180 . BEITMYMHOI OOCPHEHO MPOMOPIIiHHUN (POoKahb-
HOMY MapaMeTpy napabonu iy ii Bepiusi qopi-
1,60 : : BHIOE i1 pajiiycy KpUBH3HH, TO, OEpyUH J0 YBaru
1:40 ’ S 3miny f (puc.2), MOXXHa 3pOOMTH BHCHOBOK:
1,20 : = posunHeHHs Zn, Al, Sn B Migi NpUBOAUTH 10
1,00 0 5 10 15 20 C.ar% MOCJIIZIOBHOTO 30UTBIICHHS pajiiyca KPUBU3HU
Puc. 2. Konuenrpauiiina 3anexHicts xoediuienra /'8 crasax Cu— KpI/I?O'l' HOTeHHIaHI’HO‘l‘ eHepr}I, TOOTO MoTeHIia-
Zn, Cu— Al Cu—Sn JbHI KPUBI TBEPAMX PO3YMHIB CTAIOTh IIMPIIH-

Puc. 2. KoHueHTpauuoHHas 3aBucMoCTb koadduumenTa s MH.

cnnaesax Cu— Zn, Cu— Al, Cu—Sn .. .
Fig. 2. Concentration dependence of coefficient fin Cu— Zn, I3 puc. 2 BUJIHO, 110 Koeq)meT KBaslIPyXK-

Cu— Al, Cu—Sn alloys HOI CHJIM Pi3KO 3MIHIOEThCS B O0JACTi Majux

KOHIIeHTpalii (B Mexax 5 %). [ns TBepmux

po3unHiB cuctemu Cu—Zn i Cu—Al f3menyerbes, a 11t TBepaux pozunHiB Cu—>Sn 1o 3 art. % f30i-

JBIIYETHCA 1 3 MOJAIBIIMM 301NBLICHHSAM KOHLEHTpalis 3MeHuIyeTbesi. OTpuMaHi pesynbraTH 1o0pe

Y3rO/DKYIOTHCS 3 JAHUMU KOHIICHTPAIIHHOT 3aJIeKHOCTI KOS(II[IEHTIB TEPMIYHOTO PO3IINPECHHS BKa3aHUX

cucteM [3], xe st TBepaux po3unHiB Cu—Sn 3aMicTh 3BUYaiHOTO 301bmeHHs o C) y BKa3aHii o0macti
BUSIBJICHO 3MCHIIICHHS. SIKIIIO B3STH JIO0 yBaru, 1o 3rigHo 3 [8]

o= —I‘Tﬁg/f2 — kjaf, (1)

TO 3MEHIIICHHA O TBEPAUX po3unHiB Cu—Sn, SKe 00’ EKTUBHO CIIOCTEPITAETHCS, TIOSCHIOETHCS 3MIHAMHU
(dhopmu moTeHIIaIbHOT KpUBOi. [1i BUCHOBKH 3HAXOAATHCSA Y BiAMOBIAHOCTI 3 MOBHIIIMMH BHCHOBKaMH
PO 3MiHY XapaKTepy MiXKaTOMHOI B3a€MOJIi, SKi MOXYTh OyTH 3p0OJeHI HA OCHOBI OJHOYACHOTO BHU-
BUEHHS TemneparypHux 3anexHocted o7) i 0,(7) 1 BUKOPUCTAaHHS y3arajJbHEHOI MIpU aHTaPMOHIYHOCTI
din®/dT = nyp [10].

3a cTymneHeM BIUTMBY Ha 3HMKEHHS PIBHsI CHJI MDKATOMHOI B3aeMozii B pemritii Cu jeryBaibHI T0Mi-
LIKK PO3MIILYIOThCA B psaA Zn, Al, Sn 3rigHo 3i 3pocTaHHAM Pi3HULI Mac i BaJICHTHOCTI KOMIIOHEHTIiB
CIIaBY.

Jlani mepeiinemo 1o arapmoHiuxoro Habmmwkenns. Ynen (1/3!)(r - 1())3 B (2) [7] uepe3 cBOIO Hema-

0,10", erg/sm’ PHICTh BiIHOCHO (I'—fj) BH3HA4a€ aCHMETPiIO

VT KpHUBOi MOTeHLialbHOI eHeprii. Buxompsuu 3 Toro,
4 == 110 g — BIJI'€MHa BEJIMYMHA, IO IJIKOM IIPUPOTHO
S ~— | U J0faTHOTO 3HAKy TCIUIOBOTO PO3IIMPEHHS,

kpuBa D(7) 3miBa Oyde MPOXOAUTE KpyTilie, a
crpaBa — MOJIOTILIE Y TOPIBHSAHHI 3 Mapadoioro.
——1 OCKUIbKH, TOYHHAIOYH 3 MiJli, 3 POCTOM KOHIICHT-
~——— parii JeryBaNbHUX eJIEMEHTIB B TBEPIHX PO3UMHAX
~— g 3MEHIIYeThCA (32 aBCOMIOTHOIO BEIUYMHOKO), TO
B TaKill ke IMOCHTiJJOBHOCTI OyJe 3MEHITyBaTUCS 1
acUMeTpis KpPHBUX TOTEHI[IabHOT eHeprii  o-
TBepAuX po3unHiB cucremu Cu—Zn, Cu—Al,

' . ‘ >7 7 Cu—Sn. 3anexHOCTi 3MiHM g BiJl KOHIEHTpaLii
Puc. 3. Konnenrpariitna 3a1exHicTh aHrapMOHIYHOTO KOe(illieH- JleryBaTbHUX eJIeMeHTIB MoKa3aHi Ha pHc. 3.
ta g B ciutaBax Cu— Zn, Cu— Al, Cu—Sn

Puc. 3. KoHLEHTpaLMOHHAs 3aBUCMMOCTbL aHIrapMOHUYECKOro 3 puc. 3 BUJIHO, IO 3 POCTOM KOHICHTpALl

~ koacpduumenTa g B cnnasax Cu—Zn, Cu—Al, Cu—Sn Zn, Al 1 Sn anrapmoniuHi KoedimieHTH

Fig. 3. Thg congentratlon dependence of anharmonicity coef- IOTBCS (3a a6COIOTHOIO BeJII/I‘{I/IHOIO). B niiicHoc-
ficient g in alloys of Cu— Zn, Cu— Al, Cu—Sn X .

T1, g O-TBEpAUX PO3YMHIB HAa3BaAHUX CUCTEM

HIIYETHCA 1 116 3MEHIICHHS 3 TOYHICTIO 10 MaciTaly rpadika BigoOpaxae 3aeKHOCTI KoeillieHTIiB f Bij

13 15 20 C,ar %
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KOHIICHTpAITil JITYBATHHUX €JICMEHTIB (IHB. puC. 2).

h, 10 ', erg/sm* BB WieHa YeTBEPTOro CTEHCHS
3 } l , _— ‘ e 3BOAMTHLCS JIO 3MIHM KPHUBH3HU IOTCH-
5 o e s e - | — LZ'f LianpHOI KpHBOi Oe3 3MiHHM ii cuUMeTpii,
A ==~ a00 0 «IOM’SKIICHHSI» KOJUBaHb IIs
—&-Sn T .
1 ," e e e e el = ~— 1 | BEIMKHX aMILITYyJ.
ol : : : —— = OcTaHHE € HACHiIKOM MapHOCTI
O T | 1 4. .
N = T e (1/41)(r—1y)" BimHocHo (r— zy). 3ri-
-2 '\"\ = —T ! | ‘ JTHO 3 [UM JUJIS TBEPIUX DPO3YHUHIB, Yy
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Fig. 4. Concentration dependence of anharmonicity coefficient h

h 8 cnnasax Cu-Zn, Cu-Al, Cu-Sn KPHBOIO 3 MakCUMYMOM i MiHIMyMOM.

in Cu-zn, Cu-Al, Cu-Sn alloys MakcuMyMm po3MilieHuid B o0macti Mma-
JMX KOHIIGHTpAIlii, a MiHIMyM BiJIIOBi-

Jlae CIUIaBaM CepelHiX KOHLEHTpalii o-¢as3u, 1m0 BiAMOBiZae MakCHMalbHUM 3HAa4YeHHsAM g. Bim'emni
3HAYEHHS /I TIOSICHIOIOTHCS, OUYEBUIHO, BIUIMBOM JANEKOAIMHUX CHJI, @ TAKOXK 1X HELEHTPAJbHUM Xapak-
TEpOM, Ha JMHAMIKY PyXy aTOMIB B IpaTIli BKa3aHHUX CILIABIB.

Ha 3aBepuieHHst BiAMITUMO, 110 XapaKTepHi AJS [UX CIIaBiB 3MiHH f, g, A, B 3aJIe)KHOCTI Bif CKJIaay i
BAJICHTHOCTI PO3UYMHHUX €JIEMEHTIB B MaTpHlli CIiaBy, OyIyThb CyNpOBOJUKYBAaTHCS BiANOBIAHUMH 3Mi-
HaMH (QOPMHU KpPHUBOI MOTEHIaNBHOI eHeprii: I KpUBH3HM, aCUMETpii KPYTU3HHU TUIOK TOIo. MOXKITHBI
NPUYMHU BUSBJICHHS OCOOJIMBOCTEH MOBENIHKM AaHTapMOHI3MY O-TBEPAMX PO3YMHIB, 1[0 BHBYAIOTHCA,
BKa3zaHi aBropamu B [7, 10]. 3aransHa moxuOka Bu3Ha4YeHHd f, g, h ckianae 20 % [4]. Bona noB’s3ana 3
MOXHOKOI0 TEOPETHYHOI MOJIENTi 1 eKCIIEPUMEHTY, a TaKOX 3HEXTYBaHHSM aHi30TPOITHOTrO BHECKY B M-

(hakTop.
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KoHLieHTpaLmMoHHas 3aBUCMMOCTb 0, CNNaBoB Mccrnedyembix cuctem npu 293 n 923 K npeacraeneH-
Ha Ha puc. 1. Oblan 3akOHOMEPHOCTb M3MeHeHns 6,(C) aAns Bcex TBepAblX PacTBOPOB CUCTEM C yBe-
ninYeHneM KOHLIEHTpaLun, Kak BUAHO N3 pUCyHKa, nMeeT ybbiBatowmi xapakTtep. lNpuyem, 6onee peskoe
yMmeHbLueHmne 6,(C) nponcxoamT B 06nacTu manbix KOHLEeHTpauun nervpyowmx npumecei. Mo crenexHm
BMNMSHMA Ha ocnabneHue ypoBHS CUM MeXaTOMHOro B3anmoaencTaus B peweTke Cu nervpyowime npu-
Mecu pasmeltatotes B pag Sn, Zn, Al npu 293 n Sn, Al, Zn npu 923 K. ObpaluaeT Ha cebs BHUMaHue
cdopma KpuBOKW, KOTOpas OMUCbIBAET KOHLEHTPALMOHHYIO 3aBUCMMOCTb 0, anioMuHusa. MuHumym Ha
KPMBOM COOTBETCTBYET COAEPXaHWUO anioMuHus B cnnase nopsagka 9 %. CooTBeTcTBylOLLlEee 3TOMY
cnnasy 3HaueHwst 0, pasHsieTcst 250 K, To ecTb Ha 48  MeHbLue YeM 0, Meaun. YMeHbLuenme 0, B o6nacty
0...9 % Al cBmugeTenbCcTBYeT 06 YMEHbLUEHMN NPOYHOCTU MEXaTOMHOWN CBSI3N B peLleTKe cnnasa. Takon
BbIBOJ, criedyeT Takxe HernocpeACTBEHHO U3 XapakTtepa 3aBMCUMMOCTW MOAYNS YNPYroctu Ans MegHo-
arnMUHUeEBBIX cnnasoB [8] u, o4eBNAHO, ABMSETCA CNeACTBUEM YBENUYEHUS Yncna KOnnekTmBusmpo-
BaHHbIX 3IIEKTPOHOB Ha aTtoM, TO ecTb adhdeKTa AaBrieHUsa 3NEKTPOHHOro rasa B Kpuctannax Teepgoro
pacTBopa npv pacTBOPEHUN B HEM artOMUHUS.

B obnactu koHueHTpauun oT 9 go 15 % Al HabnioaaeTtcs Bo3pacTaHue 6, C POCTOM KOHLIEHTpaLum
anioMUHVS B pacTBOpe U ABMSIeTCA CneacTBUEM Hanuuus U pa3BuTusi B aTo obnactu bnwxHero nopsa-
Ka, KOTOpbI, O4EBMAHO, BEAET K BO3pacCTaHUIO CUM MEeXaTOMHOWN cBsi3n. Takum obpasom, Temnepartyp-
Has 3aBUCUMOCTb XapakTepuCTUYecKon TemnepaTypbl, KOTOpas SBMSETCA HEnoCPeACTBEHHOW Mepow
aHrapmoHusmMa [6], AaeT BO3MOXHOCTb MOSy4nTb pAg AOMOSTHUTENbHLIX CBEOEHUA O XapaKTepucTukax
MeXaTOMHOro B3aMmogencTeus. [locrneaHee gaeT Takke BO3MOXHOCTb BbIACHUTb BONPOC O BUAHUM
nNpvpoabl NEernpyoLwero KOMMOHEHTa U ero KOHLUEHTpaumMm Ha U3MEHEHME TaknX XapakTepUCTUK, Kak Co-
BOKYMHOCTb NapameTpoB B3aumogenctesua — f, g, h, purypupyowmx B pasnoxeHun noteHumana nap-
HOro MeXaToOMHOro B3aMMOAENCTBUSA MO CTENEHAM CMELLEHNI.

Ecnu orpaHMunTbCs CHavana rapMOHUYHBIM NPUBNKEHNEM, TO €CTb B pa3noXeHun noteHuuana (2)
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B [7] oTOBpoCHTb UneHbl, KOTOPbIE BKITHOYAKT CMELLEHNS TPETLErO M BbICLUMX CTENeHen, To yacTb d(r),
KoTopas ocTanacb, npeacTtaBnsaeT cobon ypaBHeHue napabornbl. [apMOHWYHBIN kK03 dULMeHT f no Be-
nnynHe obpaTHO NPOMOpLUMOHanbHbIN oKanbHOMY nNapameTpy napabonbl 1 B ee BepluMHe paBHAETCS
ee paguycy KpvBu3Hbl. [prHMMas BO BHUMaHWe nsMmeHeHue f (puc. 2), MOXHO caenaTb BbIBOA: pacTBO-
peHue Zn, Al, Sn B Meau NpYMBOAMT K NocrefoBaTenbHOMY YBENUYEHUIO paanyca KpMBU3HbI KPUBOW NO-
TeHUuanbHoW aHeprum. B aTom crnyyae noTeHumanbHble KpYBble TBEPAbIX PACTBOPOB CTaHOBATCH 6onee
LLUIMPOKMMMU.

M3 puc. 2 BuaHo, 4To KO3 MULMEHT KBA3NyNpyron Curbl pe3ko U3MeHsieTcs B 06nactu MarnbiX KOH-
ueHTpaumm (B npegenax 5 %). Ans tBepabix pactBopoB cuctembl Cu—Zn n Cu—Al f ymeHblLaeTcs, a
ans tBepapblx pacteopoB Cu—Sn oo 3 at. % f yBenvumMBaeTcsa v Npu AanbHenWeM yBenm4eHUn KoHLEH-
Tpauun ymeHbluaeTcs. MNonyyeHHble pe3dynbTaTbl XOPOLLO COrMacyrTCs C AaHHBIMU KOHLEHTPaLMOHHOM
3aBUCMMOCTM KOI(PMLMEHTOB TEPMUYECKOrO pacLLUMpPEHUs ykasaHHbIX cuctem [3], rae Ans TBepAabIx
pactBopoB Cu—Sn BMecTO 06bI4HOro yBenuyeHus o(C) B ykazaHHOW 06nacTu BbiSBMEHbl YMEHbLUEHNS.
Ecnu npuHATE BO BHUMaHKe, 4To cornacHo [8] (cm. (1)), To yMmeHbLUeHne o TBepAbix pacTBopoB Cu—Sn,
KoTopoe 06LEeKTMBHO HabniogaeTcsi, cnefyeT OTHECTUM 3a CYET U3MEHeHWUst hOpMbl MOTEHLMAaNbHOW
KpuBOW. QTN BbIBOAbLI HAXOASITCA B COOTBETCTBUM C Gornee nonHbiMU BelBOAAMU 06 U3MEHEHUM Xapak-
Tepa MeXOyaTOMHbIX B3aMMOAENCTBUI, KOTOpble MOryT ObiTb CAenaHbl Ha OCHOBE OHOBPEMEHHOrO
n3yyeHus TemnepatypHbix 3aBucumocten oT) u 0,(T) n ncnonb3osaHnst 0606LLIEHHON Mepbl aHrapmo-
HW4HocTm dlinb/d T = nyP [10].

Mo cTeneHn BNUSIHUSA Ha CHWXEHWE YPOBHS CWUM MexXOyaTOMHOro B3aumopencTsusa B pewletke Cu
nerupylowune npuMmecu pacnonaratorca B pag Zn, Al, Sn cornacHo BO3pacTaHWio pasHOCTM Macc U Ba-
NEeHTHOCTU KOMMOHEHTOB CrraBa.

3 .
[dane nepexogum K aHrapMoHM4eckoMmy MpubnumxeHunto. YneH (1/3!)(r—r0) B (2) [7] B cuny cBoen
HenapHOCTU OTHOCUTENbHO (r —ro) onpegenset acCMMMETPUIO KPUBOW NOTEHUManbLHon aHeprun. cxoga

U3 TOro, YTO g — OTpuuUaTenbHas BENNYMHA, YTO €CTECTBEHHO NPW MOJSIOKUTENBHOM 3HAKe TEMOBOrO
paclmnpeHusi, kpuasi ®(r) cneea bygeT NpoxoauTb Kpy4ve, a cnpaBa — Goniee Nonoro no CpaBHEHUM C
napabonoin. MockonbKy, Ha4MHas ¢ Meau, C POCTOM KOHLEHTpaLWK NErNpyoLInX 3N1eMEHTOB B TBEpAbIX
pacTBopax g ymeHbluaeTcs (Mo abconioTHOM BENUYMHE), TO B TaKOW e nocnegoBaTenbHOCTM OyaeT
YMEHbLIATLCA U aCMMMETPUS KPUBbLIX MOTEHUMANbHOW 3HEpPrMuM o-TBEpAblX pPacTBOPOB CUCTEMbI
Cu—2Zn, Cu—Al, Cu—Sn. 3aBUCUMOCTN U3MEHEHNSA g OT KOHLEHTpaLUn NermpyoLmnx aneMeHToB noka-
3aHbl Ha puc. 3.

M3 puc. 3 BMAHO, 4YTO C POCTOM KOHLeHTpaumu Zn, Al n Sn aHrapMoHnyeckne KoaduUNEHThbI yBe-
nunuueatotcs (no abcontoTHOM BenuuuHe). B oencTBUTEnbHOCTW, g o-TBEpObIX PacTBOPOB Ha3BaHHbIX
CUCTEM YMEHbLLAETCA U 3TO YMEHbLUEHNE C TOYHOCTbIO A0 MaclwTaba rpadmka oTobpaxaeT 3aBUCUMO-
CTM KO3 PMLMEHTOB f OT KOHLEHTPALMMN NEMMPYIOLLMX 3NIEMEHTOB (CM. puc. 2).

BnusHne uneHa 4yeTBepTON CTENEHUN CBOAUTCH K M3MEHEHUIO KPMBU3HBLI MOTEHLMaNbHON kpuson 6e3
N3MEHEHUSI €e CMMMETPUM, UIN K «CMSArYeHuto» KonebaHui npu Gonblumvx amnnutygax. [ocneaHee

4
€CTb CreaCcTBMEM NapHOCTM (1/4!)(r —ry)  OTHOCUTENbHO (r —ry) . CnepoBaternbHO Ans TBepblX pacT-

BOpPOB, B KOTOPbIX h < 0 (CM. puc. 4) KpMBble NOTEHUMansHON aHeprun 6yayT B o6e cTopoHbl 6onee no-
NOrMMK CpaBHUTENBHO C UX KPYTU3HOW, KOTOpas 3agaHa pesynbTupylowmM aenctenem f un g, n Haobo-
poT, obe BeTku ByayT 6onee KpyTbiMKU ANs TBepAbiX pacTBopos ¢ h > 0.

NameHeHue h cnnaBoB Cu-Al onucbiBaeTcst KPMBON C MakCUMYMOM M MUHUMYMOM. Makcumym pas-
MelleH B 0b6nacTu mManbiX KOHLUEeHTpauui, a MMHUMYM COOTBETCTBYET CMfaBaM CpedHUX KOHLEHTpaLuun
a-¢pasbl, YTO COOTBETCTBYET MakCUMarbHbIM 3HadYeHusaM g. OTpuuartenbHble 3HaveHus h obycnosneHsl,
OYeBUAHO, BMSHMEM AanNbHOOEVCTBYIOLLUX CUI, A TaKKe UX HELleHTparnbHbIM XapakTepoMm, Ha AMHaMu-
Ky ABWXEHUSA aTOMOB B peLleTke yka3aHHbIX CMaBoB.

B 3akntoveHne oTMeTMM, YTO XapakTepHble Ans 3TUX CMMaBoOB U3MeHeHus f, g, h, B 3aBUCUMOCTM OT
COCTaBa M BaneHTHOCTM pacTBOPUMbIX 3MEMEHTOB B MaTpuvue cnnasa, OyayT conpoBoOXgaTbCs COOT-
BETCTBYIOLUMMU U3MEHEHUAMU (DOPMbI KPUBOW MOTEHLUMANbLHON SHEPrun: ee KPUBU3HbLI, aCUMMETPUN
KPYTU3HbI BETOK U T. M. BO3MOXHblE MpUYMHBI BbIsIBNIeHMS OCOBEHHOCTEN noBedeHUs aHrapMoHU3Mma
n3y4vatoeMbIX o-TBepAblX pacTBOPOB, yka3aHHbl asTopamu B [7, 10]. Obwasn norpellHoCTb onpeaeneHus
f, g, h coctaBnset 20 % [4]. OHa cBfA3aHHa C NOrpeLIHOCTLI0 TEOPETUYECKON MOAENU U IKCNEPUMEHTA,
a Takke npeHebpexeHneM aHU30TPOMNHOro B3Hoca B M-chakTop.
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Experimental results and discussion

Concentration dependence of 0, for investigated alloys systems at 293 and 923 K is presented
in Fig. 1. The general regularity of 6,(C) changing for all solid solutions of systems with increasing
of concentration, as one may see in the Fig., has decreasing character.

In addition, more sharp decreasing of 6,(C) takes place in the region of small concentrations of
doping elements. By the degree of influence on the weakening of interatomic interaction in Cu lat-
tice doping elements are arranged as Sn, Zn, Al at 293 and Sn, Al, Zn at 923 K. The form of the
curve, describing concentration dependence of aluminum should be paid special attention to. The
curve has a minimum at the content of aluminum by 9 %. The value, corresponding to this alloy is
equal to 250 K, which is less then 6, for copper by 48. Decreasing of @, in the range of 0...9 % for
Al testifies about decreasing of interatomic links strength in alloy lattice. Such conclusion follows
also directly from the character of elastic modulus dependence for copper-aluminum alloys [8]
and, evidently, is the result of the increase of the number of shared electrons per atom, i. e. the
electron gas pressure effect in crystals of solid solution during dissolution of aluminum in it. In
concentration region from 9 up to 15 % of Al the growth of 6, is observed, which is the result of
presence and development of the local order in this region, which, evidently, leads to growth of in-
teratomic links forces. Thus, the thermal dependence of characteristic temperature, which is the
direct measure of anharmonicity [6], gives the possibility to obtain a number of additional data
about characteristics of interatomic interaction. The latter also gives the possibility to clear out the
problem dealing with the influence of doping component nature and its concentration on changing
of such characteristics, as a set of interaction parameters — f, g, h, figuring in decomposition of a
couple interatomic interaction potential by degrees of displacements.

If initially we confine to harmonic approximation, i. e. in potential decomposition (2) in [7] to re-
ject terms, including third and higher degrees of displacements, the remaining part ®(r) repre-
sents the parabolic equation. Hence harmonic coefficient f by magnitude is inversely proportional
to focal parameter of parabola, which at top of parabola is equal to curvature radii, thus taking into
account the changing of f (Fig. 2) one may conclude: the dissolution of Zn, Al, Sn in copper leads
to successive increase of curvature radius of potential energy curve, in this case solid solution po-
tential curves become wider.

In Fig. 2 one may see, that the coefficient of quasielastic force sharply changes in the region
of small concentrations (up to 5 %). For systems Cu—Zn and Cu—Al solid solutions f decreases,
and for Cu—Sn within 3 at. % f increases and with further growth the concentration falls down.
Obtained results well agree with data of concentration dependence of thermal expansion coeffi-
cients of mentioned systems [3], where for solid solutions Cu-Sn instead of ordinary increase of
a(C) in the given region the decrease was noted. If we take into account, that, according to [8](1)
then the decrease of a in Cu-Sn solid solutions, which is evident, must be related to change of po-
tential curve form. These conclusions are in accordance with more complete conclusions regard-
ing changes of interatomic interaction character, which may be made on the base of simultaneous
study of a(T) and 6,(T) thermal dependencies and application of anharmonicity generalized
measure dIn6/dT =nyB [10].

By the degree of influence on the decrease of the interatomic interaction forces level in Cu lat-
tice doping elements are ranged as Zn, Al, Sn according to growth of masses difference and alloy
components valencies.

Let us pass further to anharmonicity approximation. The term (1/3!)(r —r, )3 in (2) [7] due to its
non-twoness relatively (r - ro) determines the asymmetry of the potential energy curve. Proceed-

ing from the assumption, that g — is negative quantity, which is quite natural at positive sign of
thermal expansion, the ®(r) curve at left passes more steeply, and at right — more gentle com-
paratively with parabola. As, beginning from copper, with growth of concentration of doping ele-
ments in solid solutions g decreases (by absolute value), so in the same sequence the asymme-
try of potential energy curves at a-solid solutions of system Cu—Zn, Cu—Al, Cu—Sn will
decrease. Dependencies of g changing on doping elements concentration are presented in Fig 3.

It is seen in Fig. 3, that with growth of Zn, Al and Sn concentration anharmonicity coefficients
(by the absolute value) will increase. Really, g for a-solid solutions of mentioned systems has de-
creased and this decreasie with accuracy of drawing scale reflects dependencies of coefficients f
on doping elements concentration (see Fig. 2).

The influence of the forth order term has reduced to the change of potential curve curvature
without changing of its symmetry, or to «softening» of oscillations at large amplitudes. This is the
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result of twoness of (1/4!)(r—r0)4 relatively (r — ry). Hence for solid solutions with h <0 (see

Fig. 4) the potential energy curves will be more gentle in both directions comparatively with their
steepness, which is given by resulting influence of f and g, and vice versa, both branches will be
more steep for solid solutions with h > 0.

One can see, that change of h in Cu—Al alloys has maximum and minimum. The maximum is
disposed in the region of small concentrations, whereas the minimum is related to alloys with av-
erage concentrations of a-phase, corresponding to maximal values of g. Negative values of h may
be explained, evidently, by the influence of far acting forces, and also by their non-central charac-
ter, on the dynamics of atoms movement in the lattice of the given alloys.

In conclusion let us remark, that inherent to this alloys changes of f, g, h depending on com-
position and valency of soluble elements in a matrix of alloy will be accompanied by correspond-
ing changes of the shape of potential energy curve: its curvature, the asymmetry of branches cur-
vatures. Possible reasons of revealing of features of anharmonicity behavior in investigated o-
solid solutions are described by

The authors in [7, 10]. The error in determination of f, g, h makes up 20 %. It is connected with
the error of theoretical model and experiment, and also with neglecting of anisotropy contribution
in M-factor.

BucHoBku

1. 3a excniepumenTanbHuMu fanumu 6 ,, 0 p( 7) i o BU3HaueHi KOe(illieHTH KBa3inpyKHOI CHIIH f Ta

KOHCTaHTH KyOi4HOTO 1 4eTBEPTOTO aHTApMOHI3MIB g 1 /i ansi o -TBepAnx po3uuHiB Cu—Zn, Cu—Al i
Cu—Sn

2. [lokazaHo, 1m0 3MiHH f, g, / B 3aJEKHOCTI BiJl CKJIaTy 1 BaJICHTHOCTI PO3YMHHUX CJICMCHTIB B MaT-
PHIIi CIIaBY CYIIPOBOIKYIOTHCS BiITOBITHUMH 3MiHAMH (hOPMH KPHBOI MOTEHITIATRHOI eHeprii: ii KpuBH-
3HHU, aCUMETPIi 1 KPYTHU3HH TUIOK.

3. BcTra"oBieHo, 10 3a CTYNEHEM BIUIMBY Ha 3MEHIIEHHS PiBHS CHJI MIPKaTOMHOI B3a€MOIii B IpaTIli
Cu JreryBajibHi JOMILIKH PO3MILIYIOThCS B psix Sn, Zn, Al mpu 293 K i Sn, Al, Zn mpu 923 K.

BbiBoabl
1. Tlo akcnepumMeHTanbHbIM AaHHbIM 0,,0,(T) 1 o onpeaeneHbl KO3PULMEHTbI KBA3NYNPYron

cunbl f U KOHCTAHTbLI TPETBErO M YETBEPTOrO aHrapMOHM3MOB g M h Ana oL -TBepAbIx pacTteopoB Cu—Zn,
Cu—Al n Cu—Sn.

2. MNokasaHo, 4YTo M3MeHeHus f, g, h B 3aBUCMMOCTM OT COCTaBa M BaNEHTHOCTM PACTBOPEHHbIX 3rle-
MEHTOB B MaTpuLe crfiaBa COMPOBOXAAKTCSH COOTBETCTBYIOLUMU M3MEHEHUSIMU (DOPMbI KPUMBOKW MO-
TEeHUManbHOWM 3HEPTUN: €€ KPUBU3HbI, aCUMMETPUMN U KPYTU3HBI BETOK.

3. YCTaHOBMNEHO, YTO MO CTEMEHWN BIINSIHUSI HA YMEHbLUEHNE YPOBHS CUIT MEXATOMHOIO B3auMOAen-
cTBus B pewieTke Cu nervpytoLime npyumecun pacrnonaratotcs B nopsigke Sn, Zn, Al npn 293 Ki Sn, Al, Zn
npu 923 K.

Conclusions
1. By experimental data 0,,0,(T) and a quasielastic force coefficients f and constants of cu-

bic and forth anharmonicity g and h for a-solid solutions Cu—Zn, Cu—Al and Cu—Sn are deter-
mined.

2. It has been showed, that changing of f, g, h depending on composition and valency of solu-
ble elements in matrix of alloy were accompanied by corresponding changes of potential energy
curve shape: its curvature, asymmetry and steepness of branches.

3. It was defined, that by the degree of influence on decreasing of interatomic interaction
forces level in the lattice of Cu doping precipitates are arranged as Sn, Zn, Al at 293 K and Sn, Al,
Zn at 923 K.
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