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ITPO MOKJIMBOCTI OHIHIOBAHHS ITPYKHUX MOJAYJIIB Cu
3A PEHTTEH-JU®PAKTOMETPUYHUMU JAHUMU

O BO3MOXHOCTW OLIEHKM YNPYIMX MOAYNEN Cu NO PEHTIEH-
AONO®PAKTOMETPUYECKUAM OAHHbIM

ON POSSIBILITY OF CU ELASTIC MODULI EVALUATION BY X-RAY
DIFFRACTOMETRY DATA
BukopucToByo4M MoOAesb rpaHe-LUeHTPOBaHOI Ky6idHOI (r. L. K.) rpatku 3 LeHTPasibHOK B3ae-
MoZiero B repLUivi KOOpAnHaUIiViHivi cgepi, 3a BIAOMUMU PEHTIreH-ANPPakTOMETPUYHUMY AaHUMU
npoBeaeHO OUIHIOBaHHS MPYXHUX MOAYJIB Cle Cu y rapMoHi4Homy HabxXeHHi. 3 ypaxyBaHHSIM

BM/IMBY €J1EKTPOHIB MPOBIAHOCTI | HY/IbOBUX KOJIMBAHb Ha BiAXWEHHS BiA criBBiAHOLWEHb KoLui pe-
3y/IbTaTV PO3PaxyHKy B PO3YMHUX MEXax y3roaXyTbCs 3 EKCNIEPUMEHTAIbHUMU AaHUMMU.

Ucnonb3yss molesib epaHe-yeHmpuposaHHoU Kybudeckol (2. U. K.) pewemku ¢ yeHmpasbHbIM 83auMo-
Oelicmeuem 8 rnepsoli KOOPOUHAUUOHHOU cghepe, Mo U3BECMHbLIM peHmeaeH-0upakmomMempu4eckum OaH-
HbIM OUEHEeHb! yripyaue Modynu CMV Cu e e2apmoHudyeckom npubnuxeHuu. C y4emom erusiHUsi 3/1EKMPOHO8

I'IpOSO@UMOCmU u HyrneebIx konebaHull Ha OMKIIOHEHUsI om coomHoweHul Kowu, pe3ynbmamsl pacdyema
oKasallucb 8 pa3yMHOM coeriacuu c cywecmsyrowumu aKkcrnepumeHmarbHbIMU OaHHbIMU.

Using the model of face-centered cubic (f. c. c.) lattice with the central interaction in a first coordina-
tion sphere by known x-ray diffractometry data Cu CHV elastic moduli in harmonic approximation

were evaluated. Taking into account conductivity electrons and zero oscillations influence on devia-
tions from Cauchy correlations the results of calculations appeared to be in reasonable correlation with
experimental data.

Beryn i mocTaHoBKa 3aga4i

Bimomo, 110 i3 aHUX TeMmepaTypHOI 3aJeKHOCTI IHTEHCMBHOCTEH 1 3CyBY PEHTI€HIBCBKUX iHTEpde-
PEHIIM MOKHA OTPUMATH ACSIKY 1H(OPMAILIII0 PO JUHAMIKY KPHCTaIIUYHOI I'PaTKH: KOCQIIIEHTH TepMid-
Horo posmupeHHs o 7), BEIMYMHN PEHTIEHIBCBKHX XapaKTEPUCTUYHHX TemrepaTyp 0, 1 iXHi TeMnepary-
pHi 3anexHocTi 0,(7).

VY poborti [1] 6yno mokaszaHo, mo O, Xapakrepusye >KOPCTKICTb 3B'SI3KY f~ MOZP, MIpUHANMHI, TSI
LIEHTPAJIbHUX B3a€EMOJIH y NEpIIUX JBOX KOOpAMHALIMHUX cdepax. Y cBOIO yepry, 3ainexHicTs 0,(7),
BJIaCHE KaXXy4H, BioOpaka€ 3MEHIIEHHs NMPYKHUX MoayliB Cj; KpHCTaga 3 pOCTOM TEMIIEpPaTypu Ta
Moxke OyTH BUKOpHCTaHa IJIs1 BU3SHAYCHHS NapaMmeTpiB [ proHaii3eHa i CHIOBUX KOHCTAHT f, g, /1, mo diry-
PYIOTh Y PO3KJIaAaHHI IPATKOBOTO MOTEHINANY 3a CTEICHIMH 3MimeHb [2, 3]. [lam, BUKOPHUCTOBYIOUH
MOJIEJh T. II. K. JIO0 TPATKHU 3 HEHTPAIHHOIO B3a€MOJIEI0 HAMOIMKIUX CYCi/iB, MOXHA OI[IHUTU 3HAYCHHS
Cjju 1 1X TEMIIEpaTypHI 3aJIeKHOCTI, AKIIO BigoMi f, g, h [4]. Llinkom 3po3yMmiso, IO Taka MOJEIb € JTyXkKe
coporienoro 1 Cu 1 TBepAMX PO3YMHIB: i3 HEHTPOHOTrpadivyHUX JOCHIDKEHb BiOMO, IO B METanxax
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3HAYHY POJIb BiIrparoTh AATBHOIHI 1 HeTlleHTpaibHi B3aemoii [5]. [IpoTe Taka Mozenb € Ipy>KHO CTiii-
KO0 [3], BpaxoBYIOUH SIBHO aTOMHY CTPYKTYpy, Ma€ TUCIEPCII0 TEIUIOBHX KOJWBaHb, a, OTXKE, OLIBII
peajyicTH4Ha B MOPIBHSHHI 3 KOHTUHYAIBHOIO MOJEIUTIO. Y MEBHiM Mipi HOXHOKY Takoi MOJENi y BU3HA-
YeHHI f MOXKHA OI[IHMTH, MOPIBHIOIOYH YMCIIOBI 3HAYCHHS MOAYIIB mpykHocTi Cu, po3paxoBaHi 3a 3Ha-

deHHIMH (), , 3 eKCTICPUMEHTAIBHAMH JIAHUMH (IUB. Tal. 2)

3 ornsAy Ha e MOXe BUKJIMKATH 1HTEpeC BUKOPUCTAHHS €IMHOTO MapameTpa f, BASHAYCHOTO 3 PEHT-
reH-Au(pPaKTOMETPUYHMX JAHHUX, JUI po3paxyHKy 3HaueHHs Cyyy Cu, axmo 7'= 0. HaxiliHicTh 004nCIEHb
MO>KHA TIABUIITUTH, BPaxyBaBITH HAJal BILUIUB €JIEKTPOHIB MPOBIAHOCTI [6] 1 HyTHOBUX KONHMBaHb [4]. ¥
naHii po0oti Takuii pozpaxyHok C;, nposenenuii s Cu. Bubip Cu 3ymMoBIeHMH THM, IO JUIS Mifi
OTpHMaHi PEHTIeH-IU(PPAKTOMETPUYHUMH MeTojaMu 3HaueHHs 0, 1 0,(T) € HalinommpeHimumH i 106pe
KOPEJIOI0Th MiXK C00010.

BBepgeHne n noctaHOBKa 3apadm

MN3BecTHO, YTO 13 AaHHbIX TeMnepaTypHO 3aBUCMMOCTU UHTEHCMBHOCTEN U CABUra PEHTreHOBCKUX
nHTepdepeHLmnii MoXeT GbiTb NomnyvyeHa onpedeneHHas MHgopMauus O AMHaAMUKE KPUCTannM4ecKux
peLLeTok: KoadULNEHTBI TepMUYEcKoro paclumpermus oT), BENUYMHBI PEHTTEHOBCKUX XapaKTepucTu-
Jeckux TemnepaTtyp 0, 1 Ux TemnepaTypHble 3aBucumocTy 0,(T).

B pa6orte [1] 6bIno nokasaHo, YTO 6, XapakTepusyeT XKeCTKOCTb CBA3mn f ~ M6? | no KpanHen mepe,

Npyv LieHTparnbHbIX B3aMOAENUCTBUAX B NMepPBbIX ABYX KOOPAMHALMOHHBIX cdepax. B cBoto oyepeap, 3a-
BUCUMOCTb 0,(T), MO CyLLeCTBY OTpaxasi yMeHbLueH1e ynpyrux moaynen Cy, kpuctanna ¢ pocTom Tem-

nepaTtypbl, MOXeT ObITb UCMOMb30BaHa Ansi OnpeaeneHns napameTpoB [pioHan3eHa U CUMOBbLIX KOH-
CTaHT f, g, h, PUrypmpyoLmx B pasnoxXeHnn peleToqHOoro noteHumana no cteneHsam cmewlexHmn [2, 3].
[anee, NpUMeHsAs Moaenb I. L. K. K pelleTke ¢ LeHTparbHbIM B3aMMOAENCTBMEM GnvKaiLunx coceaen,
MOXHO OLIEHUTb 3Ha4YeHust C,-jk, N ux TemnepaTypHble 3aBUCUMOCTW, ecnn u3BecTHbl f, g, h [4]. AcHo,

4YTO Takasi MoJenb ABMSAETCA CMMLIKOM ynpouleHHon ans Cu v TBepAbiX pacTBOPOB: U3 HEWTPOHOrpa-
duyeckmx nccnegoBaHUi N3BECTHO, YTO B MeTannax onpeferieHHyo posib UrparT ganbHOAENCTBYIO-
LMe 1 HeueHTpanbHble B3aumogenctems [5]. Tem He MeHee Takasa Moaerb SABMSeTCsa ynpyro yctonym-
Bov [3], yuuTbiBasg $BHO aTOMHYI CTPYKTypy, OOnagaeT pgucrnepcuen TenmnoBbiX KonebaHui wu,
cneposaTenbHO, Gonee peanucTMyHa MO CPaBHEHMIO C KOHTWMHyanbHOW. B mn3BecTHOW Mepe norpeLu-
HOCTb Takou Mogenu B onpeAeneHun f MOXHO OLEHWUTb, CONOCTaBMsSAS YUCIEHHbIE 3HAYEHUs Moaenen
ynpyroctu Cu, paccymTaHHble NO 3HAYEHUAM CHV C 3KCNepuMeHTarnbHbIMWU AaHHbIMKU (CM. Tabn. 2).

C aTOii TOYKM 3peHUs NPefcTaBnsieT UHTEPEC WCMOSIb30BaHWe eAMHCTBEHHOrO napametpa f, onpe-
AENAemMOoro no PeHTreH-AnpakTOMETPUYECKUM AaHHBIM, Ans pacdeTa 3Hadenuii Cyy Cu npu T =0.

CTteneHb HageXHOCTM pacyeTa, O4EBUOHO, MOXHO MOBbLICUTL, YYTA B AanbHENLIEM BUSHUE 3NEKTPOo-
HOB npoBogumMocTu [6] n HyneBbix konebaHui [4]. B aaHHon paboTe Takon pacyeT C,-jk, nposeneH aong

Cu. Bbibop Cu obycrnosreH Tem, YTO AN MeAu peHTreH-AndpakToMeTpuyeckne onpeaeneHms 6, u
0,(T) Hanbonee oBLIMPHLI 1 CornacyoTcs Mexay coboi.

Introduction and statement of the problem

It is known, that from the data of temperature dependence intensities and x-ray interferences
shift thermal dependencies data certain information regarding the dynamics of crystalline lattices
can be obtained: coefficients of thermal expansion o (T), values of x-ray characteristic tempera-
tures 6,(T) and their thermal dependencies 0,(T).

In [1] it was showed, that 6, characterizes f ~ MGFZ) connection rigidity, at least at central in-

teractions in first two coordination spheres. In its turn, the 6,(T) dependence, actually, reflecting
the decrease of crystalline elastic moduli C,-/-k, with the growth of temperature may be used for de-

termination of Gruneisen parameters and force constants f, g, h, occurring in decomposition of
lattice potential by displacements ranges [2, 3]. Further, using the f. c. c. lattice model with central
interaction of nearest neighboures, one can evaluate the values of Cj,;and their thermal depend-

encies, if f, g, h are known [4]. It is quite obvious, that the model is too simplified for Cu and hard
solutions: it is known from neutronographic research, that far acting and non-centralized interac-
tions play certain role in metals [5]. Nevertheless such model is elastically stable [3], taking into
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account explicitly atomic structure, posses the dispersion of thermal oscillations and hence, is
more realistic as compared with continual one. To certain degree the error of such model in de-
termining of f can be evaluated, comparing numerical values of Cu elasticity, models calculated
by Cle values, with experimental data (see Table 2).

From this point of view it may be interesting to apply the single parameter f, obtained from
x-ray diffractometry data, to calculate values of Cu C,-/-k, at T = 0. The level of calculation reliability

may be increased by taking into account the influence of electrons of conductivity [6] and zero os-
cillations [4]. In this work such calculation of C,-jk, is provided for Cu. The choice of Cu is caused

by a reason, that for copper x-ray diffractometry 6, and 8,(T) data are most extensive and are in
good correlation.

PesynbpTaTn po3paxyHky i ix 00roBopeHHst
3rigHo 3 [7] Ay T. 1. K. IpaTKU B TApMOHIYHOMY HaOJIM>KEeHHI NPYKHI MOAYJi B o3HaueHHIX Doiirra
(Cyjww = Cyy) BIIIOBITHO PiBHI
C=2fla; C,=fla;, Cu=fla, (D)
Ile a — Tepiof peuriTku (nepuon peleTky; lattice parameter), f — mapaMeTp MKOPCTKOCTI 3B'sI3Ky (napa-
MeTp xecTkocTu cBsA3u; link rigidity parameter), Bu3Hauennii sk f= 0,15 (k/h)zmezp(O) [3] (y crammapTHUX

MMO3HAYCHHSX ).
[Ipu Temmnepatypi 7' = 0 mapamertp f, 3rigHO 3 [3], BU3HAYAETHCA SIK

£ =0,1397(k/1)* mo2, )

ne ki i — cram bomeiMana Tta Ilmamka (noctosHHble BonbumaHa v MnaHka; Boltsman and Plank
constants), m — Maca (macca; mass), 0, — xXapakTepucCTHYHA TeMmIiepaTypa (xapakrepuctuieckas Temne-
paTypa; characteristic temperature).

Jlns BU3HAYEHHS TapMOHIYHUX 3HAYEHb ITapaMeTpiB £ i (,;y HEOOXiZHO BUKOPHCTOBYBATH BEINIHHH

a(0)i ép (0), orpumaHi IUTAXOM JIHIAHOI eKCTpanosii ekcnepuMenTanbHux 3anexunoctei a(7) 1 0,(7)

3 obusacti BUCOKMX Temneparyp > 0,Ha 7= 0 K [4]. Taka exctpanonsuis npasoMipHima i 0,(7), Hixk
st Op(7T) (KaJOpUMUTPUYHOT), OCKITBKM HA TEMIIEPATypHIH 3aI€KHOCTI MEPIIOi 3 HUX MPAKTHYHO HE
MO3HAYAIOTHCSl HU3BKOTEMIIEPATypHI aHOMalii, 00yMOBIIEHI BIAMIHHICTIO peanbHOl1 (YHKLII CHEKTpalib-
HOT'0 PO3MOLTY YacToT g(w) Bix nedaiBchkoi mapadomnu [3]. Sk mokasaHo B [2],

6(D) = 0,(0)(1-2yB(7T-T)). (3)

ne B — xoedimieHT 00'eMHOTO TEPMIYHOTO PO3IMHUPEHHS (KO3PDULMEHT 06 BEMHOIO TEPMUYECKOTO pacLu-
peHus; volumetrical thermal expansion coefficient), Y — mapamerp ['pronaiizena (napameTp IproHali3eHa;
Gruneisen parameter).

HeoOxinui peHTreH-1ndpakToMeTpuyHi AaHi i pesynbTati pospaxyHky C, mo (1) it Cu HaBeeHi B

Tabymmi 1.
Tabmums 1
MeTas ~ £-10%
5 - 0)-1010 , :
(metann, met- 0, K Y6 [3.10b K 0,(0) a (M)(rn) epr/enm?
al) (erg/cm?)
Cu 298 1,96 54,42 317 3,5940 2,763
Cuv 1012 ) gun/ecm? (dyn/cm?2)
Cit Ciz Cuy
1,538 0,769 0,769

OckinbKu U1 MeTalliB criBBigHOImEHHs Kol He BUKOHYETHCS, € CEHC BpaxyBaTH HELEHTPAJIbHI B3a-
€MOJTi1, BUKOPUCTOBYIOUHN Bigomy Mozenb Jle-Jlone [6], BIAMOBITHO IO SIKOT JUTsI METANIB KyOidHOI cCMe-

Tpii
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C12 - C44 = Kel, (4)

ne K, — MOJIynb CTUCKaHHS €IEKTPOHHOTO a3y MPOBITHOCTI (Moaynb CKaTus 3NeKTPOHHOro rasa npoBo-
ammocTu, conductivity electron gase pressing module).

Bemmuuny K, MO)kKHA po3paxyBaTH, BU3HAUAIOUH eHEPrito Depmi Ly KOJIEKTHBI30BAHUX €IEKTPOHIB s T
=0K,

K,=2/31/V, (5)
2

h (3Nn
S

3 . . y ,
5 j ; V' — 00’em eneMeHTapHOT KOMIpKH (06bEM neMeHTapHO sueliku; elementary
m
cell volume), N — 9rcIio BUTBHHX €IEKTPOHIB (YMCNo cBOGOAHBIX 3eKTpoHoB; number of free electrons).

3 inmoro 60ky, HaBiTh M1 I = 0 K i mieHTpansHUX B3aeMOZil MOpyIIeHHs criBBigHOMEeHHS Kot
00yMOBJICHO ICHYBaHHSIM HYJHOBHUX KOJIMBaHb, SIKi IO TOTO K aHTapMOHI4YHI. BpaxyBaBmm 110 0OCTaBu-
HY, MO>KHA TIPOBECTH BiAMOBIIHI OOUMCIICHHS, BAKOPUCTOBYIOUH 3 [4] cmiBBinHOImIEeHHS (15.27),

9U(T)v*
NV, °

ne N — gaucino ABoraapo (uvicno Aeoragpo; Avogadro number); Vz— 00’em eleMeHTapHOT KOMipKH (06b-
eM anemeHTapHol siveiiku; elementary cell volume); U(T) — eHepris KONWBaHb IPaTKu (3HEPrvst koneGaHui
peLueTku; lattice oscillations energy).

U(T) nopiearoe nynpoBiii U(0) =9/8NkO, mns T=0y nabommxenni [eGas. Ockinbku mis T —
0 3amina g(®) — g/ ®) € rapHUM HaOJIMKEHHSIM, TO mapaMeTp Y y (6) MOKHA NPUIHATH PiBHUM 3BUYAli-
HOMY TapameTpoBi [ proHaiizeHa vy, HaBeeHOMY B Ta0. 1.

3 (4) 1 (6) BuAHO, 110 BIUIMB €JIEKTPOHIB MPOBIAHOCTI 1 HYJIbOBUX KOJMBAaHb HAa BIAXWIICHHS Bij CIiB-
BigHoweHb Kol BuMarae ypaxyBaHHA iX cyMapHOro BHecKy. [Iponienypa yTouHeHHs HaBe[ieHUuX y Talil.
1 3HaYeHb va i Cu BUKJIaJIcHA HMKYE.

Cip = Cyy = (6)

BukopucToOByIOUYHM BiJOMI YHCIOBI 3HadYeHHSA V., ny, 1 m*, maemo p,=7,1 eB, K,;=0,76910"
mun/eM’. Jlani, BpaxyBasm (4) i (6) oTpuMaemo

Cio — Cys=0,24410" qun/cm® (dyn/cm?). (7)
BukopuctoByroun nani tabm. 1, 3Haxoaumo 3 (7):
Cio=1,01310" mun/em®, Cyy=0,76910" qun/cm’.

V3ro/KeHICTh pe3ynbTaTiB TAKOI0 YTOUHEHHS po3paxyHKy C,, JIETKO IEePEBIPUTH HUISIXOM BU3HAYEH-
Hs MoxnyniB IOura E u 3cyBy G. UncenbHI 3HAYCHHS MOMIYIIB MPYXKHOCTI, pO3paxoBaHi 3a 3HAYCHHSIMHU

Gy > Cu, HaBogATECA Y T 2.

Tabmuus 2

Mopyii npyskHOCTi

-12
. i 2
Cuv 10 ninfen (moaynu ynpyrocTu; elastic moduli),

(1Y

(ann/cmZ; dyn/cm?) nin/em? (aun/cm?2; dyn/cm?)
Busnauenus
(onpepenenue; definition)
E G K
Ciy Ciz Cus 102 10 102
Pospaxynox 1,538 1,013 0,769 1,234 0,507 1,188

(pacuer; calculation)

EKCHepI/IMeHTa]IbHa EKC-
TpanoJidLis Ha
(akcnepumenTansas akcr- 1,762 1,249 0,817 1,374 0,514 1,420
panonsuusa Ha;
experiment extrapoled by)
T=01[8]
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YTo4HEHI TaKMM YMHOM 3HAYCHHS MPYXHUX MoayiB Cu HeoOXiqHO, 3p03yMiJI0, TIOPIBHIOBATH 3 Tap-
MoHi4HMMHU BenmunHamu (, (7) 3 obmnacti Bucokux temneparyp npu 7'=0 K. Take mopiBHsHHS Bigo-

OpasxeHo B Tabnuui 2, ne ¢, 1 Moy npyxuocti Cu B3sTi 3 [8].
3 Tabuuui BUHO, IO X04Ya OLIHIOBAaHHS 3Ha4eHb ([, MPOBOAMIKCH i3 BUKOPUCTAHHIM CIIPOLICHUX

TEOPETUYHUX MOJEJCH, 1X Pe3yabTaTh, IPOTE, B PO3YMHHUX MEKaX KOPEIIOITh 3 EKCIIEPUMEHTATBHUMHU
maunmu st Cu 1 MakcUMalTbHE BiaxuiieHHs ckinanac ~10 %.

Ha 3akiHYeHHS B1I3HAYMMO, 10 BUKOPUCTaHHsA O, K MIpH )KOPCTOKOCTI 3B'A3Ky (f ~ M Ozp) BIJIITOBII-
HO 3 (DI3UYHOIO0 apTyMEHTAIIE€I0, BUKJIAICHOI0 HaMH B [1] MOKe BHSIBUTHCS IPUHHATHUM 1 B TIPUKJIATHO-
My ceHci. 3po3yMiJio, 10 ONUCAaHHWi BHILE Npolec ouiHoBaHHA C,, 32 PEHTreH-IU(PPAKTOMETPUUYHUMHU
JAHUMH HE MOKe OyTH yHiBepcaabHMM MeToaoM. OmHaK Uit TaKMX 00'€KTIB K aib(a-TBepIi PO3UMHU

Ha 0CHOBI Cu, Ag Ta IH. METaIIB 3 BIJOMOIO CJICKTPOHHOO KOHLCHTPALIEIO TaKi monepeaHi ouinkn ¢,

6e3yMOBHO MOXYTb BUSABUTHCSA KOPUCHUMU.

PesynbTaTbl pacyeTa n nx oécyxaeHue

B cootBeTCcTBUM C [7] ANS T. L. K. pELUETKA B rapMOHUYECKOM NpubnmkeHnn, ynpyrne mogynu B o6o-
3HaveHuax donrta (Cjy — C,,) COOTBETCTBEHHO paBHbI: (1).
Mpun Temnepatype T = 0 napameTp f, B cooTBeTCTBUM C [3], onpegensaeTcs Kak (2).

Ons onpegeneHna rapMoHU4YeCcKmnx 3Ha4YeHun napameTpoB f n CHQ Heobxo4umo ucnonb3oBaTb Be-

mymHbl 4 (0) ép (0), nonyyeHHbIe NyTEM NIMHENHON SKCTPAaMOMSALUMN SKCNIePUMEHTAalbHbIX 3aBUCUMO-

cten a(T) n 8,(T) ns obnactu Beicoknx Temnepatyp T> 0, Ha T = 0 K [4]. Takaa skcTpanonsuusa 6onee
npasomepHa ansa 0,(T), yem ans 0,4(T) (KanopuMeTpuyeckoi), NOCKOMNbLKY Ha TeMnepaTypHON 3aBUCUMO-
CTW MEepBON U3 HUX NPAKTUYECKM HE CKasbIBAlOTCA HU3KOTEMMNEpPaTypHbIE aHOManuu, obyCrnoBMneHHbIe
OTNMYMEM peanbHOW PYHKUUWM CrlekTpanbHOro pacnpegeneHus yactoT g(w) ot gebaesckon napabo-
nbl [3]. Kak nokasaHo B [2], (3). Heobxogumble peHTreH-gudpakTomeTpuyeckne AaHHble U pesynbTaThbl
pacyeTa CMV no (1) anst Cu npuBeaeHsbl B Tabn. 1.

MockonbKky ANS mMeTannoB cooTHoweHne Kowu He BbINOMHSAETCs, MMEET CMbICIT Yy4YeCTb HeLeH-
TpanbHble B3anMOOEeNCTBUS, UCMNONb3ys M3BeCcTHyo mogenb [e-lloHe [6], cornacHo koTopon ansd me-
TannoB Kybuyeckon cummeTpun (4).

BenunuunHy K, MOXHO paccuntaTb, onpeaensist aHeprmio ®epmn Py KONNEeKTUBU3MPOBAHHBIX 3MEKTPO-
HoB npu T =0 K, (5).

C opyron ctopoHbl, gaxke npu T =0 K 1 LueHTpanbHbIX B3anMOOENCTBMAX HapyLUEHNE COOTHOLLEHUS
Kowwm obycnoBneHo cyllecTBoBaHMEM HyneBbIX KornebaHui, KoTopble, K TOMY e, aHrapMOHWUYHbI. Yuu-
TbiBasi 3T0 OOCTOATENLCTBO MOXHO NMPOBECTU COOTBETCTBYIOLUME BbIYMCIIEHNS, UCNONb3ys 13 [4] cooT-
HowweHwue (15.27), (6).

U(T) paBHsietca Hyneson U(0) = (9/8) Nk6, npu T = 0 B npmbnmxeHun Oebas. MNockonbky npu
T — 0 3ameHa g(®) — g4(w) ABNAETCS XOPOLIMM MPUBNMKEHNEM, TO NapaMeTp Yy B (6) MOXHO nosno-
XUTb paBHbIM 0ObIYHOMY MapameTpy [ploHari3eHa yg, NpMBegeHHOMY B Tabn. 1.

U3 (4) n (6) cneagyeT, YTO BNNSHME 3NEKTPOHOB NPOBOAMMOCTU M HYNEeBbIX konebaHui Ha OTKIOoHe-
HVe OT cooTHoLeHun Kowmn TpebyeT yyeTa nx cymmapHoro Bknaga. lNpouegypa yTouHeHUst npvBeaeH-
HbIX B TA6N. 1 3Ha4YeHUn C}W ans Cu usnoxeHa HUXe.

Mcnonb3ysa n3BecTHble YNCnoBble 3HavYeHus V,, ny, 1 m*, umeem Y, = 7,1 aB, K= 0,76910"* gun/cm>.
Oanee, yuta (4) u (6) nonyyaem (7).

Mcnonb3ys aaHHble Tabn. 1, Haxoaum no (7): C,=1,01310"2 gun/cm?, Cyy = 0,76910"2 gnH/cm?.

CornacoBaHHOCTb pe3yrnbTaToB TaKoro YTOYHEHWUs pacyeTa C“\, nerko nNpoBepuTb NyTeEM onpeae-

nexnua mopynen KOHra E n cosura G. YvcneHHble 3HavyeHWs mogynen ynpyrocTu, paccyMTaHHble Mo

3HaYeHnsaM CMV, Cu, npuBeaeHsb! B Tabn. 2.

YTOUYHEHHbIE TakUM NyTeM 3HaueHust ynpyrux mogynein Cu HeoGXoaumo, pasyMeeTcsl, CpaBHMBaTb C
rapmonmndeckumn senudmniammn G, (T) ns obnacty Bbicokux Temnepatyp npu T = 0 K. Takoe cpasHeHme

oTpaxeHo B Tabnuue 2, rae C,,, 1 moaynum ynpyroctu Cu 3aMcTBOBaHbI 13 [8].

uv

M3 Tabnuubl BUOHO, YTO XOTS OLEHKa C“\, BbIMNOSIHEHA C MPUBEYEHNEM YMNPOLLEHHbIX TeopeTuYe-
CKUX MopAenen, pesynbTaThl UX, TEM HE MEHee, HaxoOsTCsl B pa3yMHOM COrfacuu C SKCnepuMeHTarb-
HbIMW gaHHbIMK Anst Cu n MakcumarnbHoe oTknoHeHne coctaBnsdeT ~10 %.
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2
B 3akntoyeHne oTMETUM, YTO UCMONb30BaHME ep KaK Mepbl XXeCTKOCTU CBA3U (f ~ MGP ) B COOTBETCT-

BUM C (DN3NYECKOWN apryMeHTauuemn, U3roxeHHon Hamum B [1], MOXeT okasaTbCsa npuemMremMbiM U B Npu-
KnagHom cMmbicrie. COBepLUEHHO ACHO, YTO OnNMcaHHas Bbille npoueaypa OLEHKW CHV Nno peHTreH-

ﬂVIQDpaKTOMeTpVI‘-IeCKVIM AaHHbIM HEe MOXeT b6bITb yHuBepcanbHbIM METOO0M. OpHako gns Takux obbek-
TOB Kak aﬂbd)a-TBepﬂble pacTBOpbl HA OCHOBE Cu, Ag n ap. metannos C N3BECTHON SJ'IeKTpOHHOVI KOH-
Ll,eHTan,VIeVI nogo6GHble npenBapuUTesibHblE OLEHKU CHV HECOMHEHHO MOryT OKa3aTbCA MoJiIe3HbIMU.

Results of calculation and discussion

According to [7] for f. c. c. lattice in harmonic approximation, elastic moduli in Foight designa-
tions (Cjyg —> C“\,) correspondingly are equal to (1). At temperature T = 0 parameter f, in accor-

dance with (3), is determined as (2).
For determination of harmonic values for f and C,; parameters one must use 2z (0) and

ép(T) (0) quantities, obtained by means of linear extrapolation of experimental dependencies a(T)

and 0,(T) from the region of high temperatures T> 6, to T=0 K [4]. Such extrapolation is more
rightful for 6,(T), than for 64 (T)(calorimetric), because thermal dependence of the first of them ac-
tually is not influenced by low-thermal anomalies, conditioned by the difference of the real func-
tion of spectral distribution of frequencies g(w) from Debye parabola [3]. As showed in [2] (3).

The necessary x-ray diffractometry data, obtained by calculations of Cu after (1) are presented
in Table 1.

Since for metals the Cauchy ratio is not accomplished, one may have a reason to take into
account non-central interactions, using the known De-Launey model [6], according to which for
metals of cubic symmetry (4).

The value of K,; may be calculated by determination of Fermy energy o of collectivized elec-
tronsat T=0K.

On the other hand, even at T = 0 K and central interactions the violation of Cauchy relation is
conditioned by the existence of zero oscillations, which in addition are unharmonic. Taking into
account this condition necessary computations can be performed using from [4] relation (15.27)
(6). U(T) equals zero U(0) = 9/8Nk6, at T = 0 in Debye approximation.

Since at T — 0 the substitution of g (0) — gq4(w) proves to be good approximation, then pa-
rameter y in (6) may be taken equal to ordinary Gruneisen parameter y, given in Table 1.

It follows from (4) and (6), that the influence of conductivity electrons and zero oscillations on
deviation from Cauchy ratios requires the accounting of their total contribution. The procedure of
specification of presented in Table 1 values of CHV for Cu is given below.

Using known numerical values of V, n, and m*, one can obtain py,=7.1 eV,
Ke = 0.76910"2 dyn/cm?. Further, taking into account (4) and (6), we have obtained (7).

Using data of Table 1 one may find by (7) C1,= 1.013'10"2 dyn/cm?, C,, = 0,76910" dyn/cm2.

Coordination of results for such revision of CHV calculation may be verified by determining

Young module E and G shift. Numerical values of elastic module, calculated by values of Cuv,

Cu, are given in Table 2.
It is clear, that such revision of elastic module values for Cu must be compared with harmonic
values CMV (T) from the region of high temperatures at T= 0 K. Such comparison is presented in

Table 2, where Cuv and elastic moduli Cu are taken from [8].
From the Table one may see, that although the evaluation of Cuv is made using simplified

theoretical models, their results, nevertheless, are in reasonable correlation with experimental
data for Cu and the maximal deviation is ~10 %.

Let us note in conclusion, that the using of 6, as a measure of rigidity of (f ~ Meﬁ) connec-

tion, in accordance with physical argumentation, suggested in [1], may be useful also in applied
context. It is obvious, that described above process of va evaluation by x-ray diffractometry

data can not be regard as the universal method. Nevertheless, for such objects as alpha-solid so-
lutions on the base of Cu, Ag and other metals with known electron concentration, such prelimi-

nary evaluations of C,, , with no doubt may be useful.
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BucHoBku

1. [Toka3aHO MOKJIMBICTh OLIIHKH MPY>KHUX Moy iB Cu 3a BIIOMHMHU pEHTTeH-IU()PAKTOMETPUYHUMHU
JAHUMH, BUKOPHCTOBYIOYH MOJIEJIB T. 1. K. IPATKH 3 HECHTPAIHLHOIO B3a€MOIETO.

2. 3HaveHHs MPYKHUX MOAYJIB, OTPUMaHi 3 ypaXyBaHHSM BIUIMBY €JICKTPOHIB MPOBITHOCTI i HYJIBO-
BUX KOJIMBAaHb HA BIIXWJICHHS BiJ cHiBBigHOIIEHb Kolli, B pO3yMHUX MeKaX Y3roIKyIOThCS 3 iCHYIOUH-
MH EKCIIEPUMEHTAIbHUMHU TaHUMH.

BbiBOAbI

1. MNMokasaHa BO3MOXHOCTb OLIEHKM ynpyrnx MO,D,yJ'IeVI Cu no 13BecTHbIM peHTFeH-ﬂMQDpaKTOMeT-
pnHeCKnM aHHbIM, C UCMOJ1Ib3OBaHMEM MOAENTN T. L. K. PELUEeTKN C LeHTpalribHbIM B3aMMOAENCTBUEM.

2. 3HayeHwus ynpyrmx Monyneﬁ, noJsny4yeHHble C Y4ETOM BJIMAHUA 3NMEKTPOHOB NPOBOAUMOCTU N HYNe-
BbIX kOonebaHun Ha OTKNOHEeHUs OT cooTHoLeHmn Koww, B Pa3yMHbIX npeaernax cornacyrTcd C CylecT-
BYHOLMMU 3KCNEepUMEeHTarnbHbIMN OaHHbIMN.

Conclusions

1. The possibility of Cu elastic moduli evaluation by known x-ray diffractometry data using the
model of f. c. c. lattice with central interaction has been showed.

2. The values of elastic moduli obtained taking into account the influence of conductivity elec-
trons and zero oscillations influence on deviations from Cauchy ratios, are in reasonable correla-
tion with experimental data.
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