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BIJIBHA EHEPTIT{A HEBIIOPAIKOBAHOI'O CIIJTABY.
OBYUCJIEHHA BHECKY TEIIJIOBUX KOJIMBAHB ATOMIB

3. T'ypcekuit, A. Murasb
Inemumym @isuxu xondencosanux cucmem HAH Yrpainu
Vpaina, UA-290011, JIveis, sya. Ceenuyiyvkozo, 1
(Orpumano 23 Bepecusa 1996)

Possuneno migxim mo mpobsieMu OGYMC/IEHHST BLIBHOI eHeprii GIHAPHOTO HEBIOPSIIKOBAHOTO
CTIJIABY, KOJIM SIBHUM YWHOM BPAXOBYIOTHCSI TEILJIOBI KOJIMBAHHSA ATOMIB. 3alPOMOHOBAHO CIIOCIO,

AKH# Ta€ 3MOry y CTATHCTHYHIE CyMi CIJIaBy BHKOHATH TOYHO yCEPEIHEHH: 3a KOJIMBHUMH CTY-

MEeHSIMI BIJIbHOCTH. Y rayCOBOMY HAOJ/IMKEHHI METONy KOJIEKTHBHUX 3MIHHHX PO3DAXOBAaHA CTATH-

cTUYHA cyMa criaBy. [TokasaHo, mio y BijIbHiH eHeprii ciuiaBy € 4jIeHu, 3yMOBJIEHI B3a€MO3B’I3KOM
kou@irypanifinux Ta KOJUBHUX CTYNEHIB BlIbHOCTH. [HAaKIIE KaxkyduW, y TAKUX 4IeHaX KOHQIry-

paiiiai Ta KxoMBHI eeKTNn He MOKHA PO3MLINTH.

Koro4doBi cjioBa: crarucTudHa CyMma, BLIbHA €HEPrisg, TEILIOBI KOJIMBAHHS ATOMIB, KOHQIry-

pariiiai Ta KOJIMBHI CTyIIEeH] BITbHOCTH.

PACS number(s): 65.50.4m, 63.50.4+x, 63.70.+h

I. BCTVII

HocaimkeHHsT TepMOIMHAMIUHUX BJIACTUBOCTE He-
BIIOPAIKOBAHUX CILJIABIB HA MIKPOCKOIIYHOMY PiBHI Ha-
JIEXKUTH O TUX aKTyaJbHUX npobsem (i3uku TBEpIOro
TijIa Ta MaTEepisiIO3HABCTBA, AKi i 10Ci He Bupitneri. 3aB-
MIAHHS 3HAYHO YCKJIAIHIOETHCS, SKIMO B3sITH IO YBArH IIIe
it rernoBli KosMBaHHs aromis ciiasy [1].

Teopiss TenmmoBUX KOMWBAHL 1HEAJIBHOI I'PATKU Ta
BILINBY (DOHOHIB HA PpisHi Bi3wyHi BJIACTUBOCTI KpPH-
crasiB pobpe possunena [2, 3]. Ilobynosano 3arasibhi
CXEeMU IIOCJIIOBHOIO BpaxyBaHHs AHTAPMOHIYHUX edeK-
TiB (poror—dononHoi B3aemonii) Ta Bzaemomniit poHoHiB
3 IHIMUMU eJIEMEHTAPHUMY 30y I2KEHHSIMU, 10 € Y I'PaTIIi,
[IUB., HAIPUKJIAM, [2].

Vemixu y BUBYEHHI KOJIMBHUX BJIACTUBOCTENH HEBIIO-
PANKOBAHUX CUCTEM 13 TOMOJIOTIYHUM (CTPYKTYDPHUM)
OesmamoM Unm 0e37ag0M  THITY 3aMIMeHHsT Habdararo
CKPOMHIIIl, He3BaXKa04Yu Ha TPUBaJy icropito [4-6].

YV mocaimxeHHSX IWHAMIKW T'PATKW HEBMOPSIIKOBA-
HUX CHCTEM MOYKHA BUILJIUTH IBA METOMW: AHAJIITHI-
Huii ta gucaosuit. [lepmmuit moB’sa3anmii 3 TEOPETUIHIMEI
PO3paxyHKaMW BEJIMYUH, sIKi CaMOycepemHioiThCa. 1o
HIUX HaJIeKNTh TycTHHa (bOHOHHMX cTaHib. i serko o6-
qucsInTH, AKmO Bimoma douonna dyukuis I pina. s
[OIIYKY YyCepenHeHol 3a KOH(IrypauisiMiz 49u TepMOo-
muaamivHo byHKil ['pina HEBMOPAIKOBAHNX CHCTEM €
pisHi MeTOmM, OTJIsA AKWX €, HAMpUKJIa, y [4, 5].

Cepen npalp IbOrO HAOPAMKY CJIill BHILIATHA H0O-
pobok mkonu I.Bakapuyka [7, 8]. Asropu [7, 8] mo-
CJTIZKYBAJIM TOMOJIOTIYHO HEBIOPSIIKOBAHI HAraTOCOPTHI
CHCTEMU aTOMiB 3 MAPHOIO MiXKAaTOMHOIO B3AEMOIIIEI0 y
d-BumipHOMY mpocTopi. Po3BuHena TexHika MOMyKYy yce-
PEOHEHNX 33 KOHMIryPAIIMI IBOYACOBUX TEMIEPATYP-
Hux dynkiii [ pina, MoTocH SKIX BIH3HAUAIOTH CIEKTP
dbononnux 36ymkenn [7]. IIpoanasiizoBano 3aracamms
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nux 30ymKeHb Ha GJIIOKTYaIigX ATOMHAX IYCTHH.

B ocroOBiI 4mcioBrx MeTOmiB IOCJIIZKEHHS TEIJIOBUAX
KOJIMBAHb ['PATKW HEBMOPSAIKOBAHUX CIJIABIB € BUKO-
PUCTaHHSI METOMIY MOJIEKYJISPHOI TUHAMIKM Ta TEOpPeMu
PO KiJBKICTHh BiI'€éMHHX BJIACHUX B3HAYEHb MATPHII,

nus. [6, 9].

Koxen minxin mae ¢BOl MO3UTHBHI BJIACTUBOCTI Ta He-
nosikn. Hampukam, y 9ncjIoBUX METOmaxX He BUHUKAE
MUTAHHS PO BpaXyBaHHS aHTapPMOHI3ZMY, ONHAK € epro-
UYHA TPODIeMa, Ta MHTAHHS IPO OOUNCIEHHST TEPMOIH-
HamiuHuX BJsiactuBocrefl (BiibHOI eHeprii TowmO) HEBIO-
psAnKoBaHUX cuctem [5, 6, 9].

B amasiTruHrX MeTomax TPAOUIIAHO OOMEXYHIOTHCS
rapMoHiuHUM HabmkeHHsiM. Kpim Toro, Bimkpure
NATAHHST ITOCJIIOBHOIO BpaxyBaHH:A BILIUBY eQeKTiB
6JIM3BKOrO MOPSAOKY HA KOJWBHI BJIACTUBOCTI HEBITOPSII-
KOBaHoro crasy [1, 5, 6, 9].

Hama mera — po3BUHYTH CMOCIO PO3PAXYHKY Bijlb-
HOI emHeprii GIHAPHOrO CILTABY 3aMIMIEHHS, KOJIM SIBHO
6epyTh OO yBarm TEILJIOBI KosmmBaHHs aromis. ITomibma
samadva onmcana B [10, 11], ase B ux mparsx BHECOK Te-
MJIOBUX KOJIMBAHB ATOMIB Y TEPMOIMHAMIKY CILJIABY Bpa-
XoByBa i (PEHOMEHOJIOTIYHO 3 BUKOPHUCTAHHAM MOOEJ
Hebas—I pronaitsena. s BU3HAYEHHS DapaMeTpPiB MO-
neni (temneparypu debas Ta ii samexxuocTa Bim 06’emy)
BUKOPUCTOBYBAJIN €KCTIEPUMEHTAJIbHI TaHi PO MOMY.JIi
IPYKHOCTH Ta KOHCTaHTy | promaifsena criasis. ByJio
[IOKa3aHO, 10 BKJIIOYEHHS y TeOpPito epeKTiB TEeILIoBOro
posmupeHHst cTabiizye rparky OGiHApHUX CILIaBiB OJ1a-
ropomuux Merastis [10, 11]. OcobauBo cyTTEBUM BUABH-
BCsI BILJIUB TEIJIOBUX KOJIMBAHb ATOMIB Ha BUTJIsA (Ha30-
BOI JisirpamMu [IJIsi CUCTeMU Miab—30J1010 [10].

Mu BijIbHY €HEpriro CIJIaBy OOYHMCIIIOBAJIN METOMLOM
KOJIEKTMBHUX 3MiHHUX [12] y Mexkax MIKpOCKOMYHOTO
M AXOMy.
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II. CTATUCTUYHA CYMA CIIJIABY.
BUKOHAHHSA OMNEPAIIIT “IIIIIYP” 3A
KOJIMBHUMMU CTYIIEHAMMX BIJIBHOCTHN

Posrnsimemo HeBnopsimkoBaHuil OiHAPHMI CILTAB 3aMi-
[IeHHsT KyOIYHOI CTPYKTYpH, TOOTO 3 OIHUM ATOMOM, Ha,

H = + Mg(SR)?

XR: [MA(zSR)2 1 +20R 1-— O'R:|

2

N | =

l1+orl—or
2 2

+ Vag(q) + Vga(q)

2 2

ne T ta U — BIONOBIIHO KiHETWYHA Ta MOTEHINSIJILHA
eneprii criaBy; M; — wmaca aroma copry i (i = A, B);
0R — BekTOp 3mimenHsa aroma, mo € y By3mi R, 3 moso-
xenns pisHosarn R°, ro6To R = R? 4+ 6R; cumBos dR
o3HauaE moxinmy 3a gacom; V;;(q) — byp’e—300paxkeHHs
edeKTUBHOI TapHOI B3a€MOIil aToMiB copTis 4, § (4,7 =
A, B). fBui amanituani Bupasu o Vij(q) HaBenewi B
[1].

Posknanemo exp(—iqR) 3a 3MilneHHAME, BBAXKAIOYN
|0R| < |R?|, i ob6MexuMoch y posK/Iami KBaapaTHIHIM
4jieHoM (rapMoHiuHe HaOJINKEeHH):

exp(iqR) = exp(iqR%)[1 + iqéR (2.2)

- %(q&R)2 +...].

Buposagumo ¢yp’e—300pazkeHHsI 9UCEsT 3alO0BHEHHSI
OR

P = \/—% ; or exp(—ikR) (2.3)

1 1+or 1+ or
— E A\ S TOR
+ zNRR,{ [ anld)—; 2

l1—orl+4+or

esemenTapay Komipky. Koudirypauii N aromis y cistasi
3aIAI0THCsT Habopamu N 3HAYEHDb YNCE]T 3AMIOBHEHHS OR ,
sKi OyIeMO TO3HAYATUH CUMBOJIOM {O'R}, e or = +1,
axkmo y By3si R € arom copry A, ior = —1, aKimo By30.1
3afiasaTuit aromom copty B. laminbToHisH citaBy y Ha-
OJTMKeHH] MOnapHUX epeK TUBHNX MIZKHOHHIX B3a€MOIii
mae Taxkuii Bursisn [1]:

q

1-— l—0or | ; '
+ Ver(Q) QUR %} ela(R-R )} =T+U,

Cumsosnt k € BZ osnadag, mo XBUILOBUI BeKTOp k
nabyBae N 3HadeHb y nepimriit 30ui Bpimoena.

@opmysty (2.1) MoxkHA Tepenucaru TaKUM YUHOM,
yasBum 1o ysaru (2.2)—(2.4):

H = Hy + Hyy, (2.5)
ne
Hy = Vo +VNVipo + % Z Va (k) prep—x (2.6)
kcBZ
— ramizbTOHIAH KOpCTKOI (Hepyxomoi) imeasibHOI

rparku. fBui Bupasu mis koedimienris Vp, Vi, Va(k)
HaseneHi B [1]. HOpyruii nonaxox y (2.5) — ta gactuna
ramMiJbTOHISTHA CILTIABY, sIKA MOB’sI3aHA 3 TEILJIOBUMU KO-
JIMBAHHAMU ATOMIB

Hpy =T+ > Uk, (2.7)
keBZ

Ta Qyp’€—KOMIIOHEHTH TEeILIOBUX 3MimeHb aromiB dRy. T — Z M; Z SRLOR 1 (2.8)

Toni i=A,B  kEBZ

1 0 I 1 .
SR=—— Z SRie™® 4+ SR e R (2.4) +——=(M4 — MB) Z SRR pxc_1cr
VN keBZ[ ] VN k.k'€BZ
1
Uy = (Ska(O) (k)(SR_k + ﬁ kIEZBZ (Ska(l) (k, kl)(st’p—k_k’
1

+ N Z 6ka(2) (k”)(st/ |:p7k7k”p7k’+k” — P—k—Kk'—k"PK" |- (29)

k' k'
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3. 'YPCBKUII, A. MUTAJIb

[Mepnii wnen y npasiit sacruni (2.7) — oneparop
KiHeTH9IHOI eHeprii, Apyrmit — 3MiHA TOTEHIiATBHOL
eHeprii CMIaBy BHACJIIOK TEMJIOBUX KOJWBAHB ATOMIB.
Is dopmys (2.8), (2.9) Bumbo, mo T, Uy 3asexarb
qepes Pk, PkPx’ B KOHKPETHUX KOH(DIryparmiii pos-
MillleHHsT HOHIB IBOX COPTIB Ha BY3JIaX I'PDATKW, a XBU-
JILOBUI BEKTOP K y BUMAIKY HEBMOPSIIKOBAHOTO CILJIABY
BXKe He € “moOpmM KBAHTOBHM HYHCJIOM”, OCKiJTbKN
dbyp’e—neperBopennst (2.4) He nifroHasizye ramijib-
touisin Hpp, crocoBHO (Ryk. eransui dopmynn mia
bymxmii £ k), fO(k, k'), fO (k") moxma smaiitn B
[1]. Mg uwac suBemennst dbopmya (2.5)—(2.9) spobseni
TaKi COPOIIEHHS:

a) rapMoHiYHe HABJIMKEHHS;

0) BBAXKAETLCs, MO AMILUITYHA TEMJIOBUX 3MIIIEHD
aromiB 0Ry He 3ajexnUTH Big copry aroMa.

Cdopmyemo 3 BekTopis dRy, aki BiamoBinaoTsh pis-
HnM 3HadenHsM k € BZ, Bekrop—crosmens (JR).
BigmoBinmHo TpaHCTTOHOBAHY BEKTOP—CTPIUKY TTO3HATNMO
cnvsostom (0R)T. Kimerwany emeprito Ta 3miny moTen-
LiSJTBHOL €Heprii CILTaBy BHACIIIOK TEIJIOBUX KOJIMBAHD
aATOMIB 3aIMUMIEMO Y MATPUIHOMY BUTJISL TAKAM YAHOM:

T = (6R)T||M||(6R), (2.10)

U = (6R)7||®||(6R)). (2.11)

SIBumit Burssm marpuih Macu ||M|| Ta cusoBmx cra-
aux ||®|| ;erko BusHauuTu 3 Bupasis (2.8), (2.9) Bim-
MOBITHO, MPUIOMY OOMIBI MATpHIN y 300pakKeHHi XBU-
JIbOBUX BEKTOPIB € HEeisIrOHATLHUME, OO Y HEBITOPSIIKO-
BAHOMY CILJIaBi HEMa TPAHCJIAMIINHOL iHBApiAHTHOCTH.

[Ipunycrumo, mo HaM BHAJIOCS PO3B’SI3aTH 330a9y Ha
BJIACHI 3HAYEHHST

-t L5 s )]

k7)\ nk‘,\:0

(I1M]lw* — [|2]))(6R) = 0, (2.12)

T00OTO 3HAMTH 3N BJIACHUX 3HAYEHD Wi ) Ta BJIACHUX BEK-
TopiB Ry, me A = 1,2,3 — innexc noiapusanii Kous-
moro 30ymxenus. Tpakryioun dRyy Ta dRyk) Ak xBaH-
TOBOMEXAHITHI omepaTopu, mepeitieMo Bifg HUX IO orre-
PATOPIB MOPOMKEHHST Ta 3HUIIEHHS KOJTUBHUX MOJL bi)\
ta by 1 sanumemo Hpp (2.7) y 300pazkeHH] BTOPUHHOTO
KBaHTYBaHHs (meTast, mB., HANPUKIAL, v [2]):

1
Hpp = hwiex <bi&bkx + 5) : (2.13)

K\

CyrreBoro BigminnicTio 3anucy (2.13) Bin Bunaaky ime-
aJILHOTO KPHUCTAJIA € Te, IO BJIACHI 3HAYCHHA 3344l
(2.12) € ueBimomum bYHKIIOHATIOM 3aJIEKHUX Bl KOH-
diryparnil Benugun Py, T0OTO

wkx = wia({}), (2.14)

ne cuMBoJT {p} o3nadae MHOXUHY N 3Ha4YeHb fx (2.3) 3
k € BZ. 3posymino, mwo {p}, a orxe, i wxy (2.14) mia
KOXKHOTO KOHKPETHOT'O PO3MOIiTy HOHIB TBOX COPTIB Ha
By3JIaX I'DATKY € Pi3Hi, TOMY wi) (2.14) He HATEKUTH 10
BEJIMYIWH, AKI CAMOYCEPEIHIOIOTHCS.

PospaxyHOK cTAaTUCTHYHOI CyMHU CILTABY

Z = TrpnyTrion) exp[=B(Ho + Hyn)] (2.15)

O3HAYAE TICYMOBYBAHHSA [iATOHAJIBHUX MATPUIHUX
€JIEMEHTIB CTATUCTUYIHOTO ONEpaTopa 3a KOJMBHUMMW
Ta KOHMDIrypamiiiHUMu CTymeHsiMu BijbHOCTH, [ =
(kpT)™ !, kg — crana Bonbumana, T — Temmeparypa.

Cucrema Bnacuux byskuiil oneparopa Hpp (2.13)
Bimoma [2], Tomy BUKOHAHHA onepartii 17y, He € yTpyi-
uere [13]. Orpumaemo

(2.16)

= TT‘{UR} exp[—ﬂHO] . H |:2 sinh <ﬁh;jk)\>j| —

k,\

Bapro sasnagnty, mo onepainia Try,,) Oyma sukonana B (2.15) 3 Hyp (2.13) o4O, 6€3 BEKOpHCTAHHA Oynb-AKuX
Habsimkenb. [lorpibHO Jinine 3’sCyBaTu NUTAHHS NP0 ABHY (DYHKIIOHAJIbHY 3aJIeXKHICTh Wiy Bim {p}. i moxua

3AMMCATH Y HAWOIIHIT 3arajibHOMY BUTJISIIL TaK:

win({p) =wlh+ D0 ek, N, + Y oa(k, ki, N poig

kieBZ

+ Z 903(kak17k27/\)ﬁkﬁklﬁsz(kl +k2 +k) +...,

ki,ko

546

kieBZ

(2.17)



BIJIbHA EHEPTISI HEBITOPSAOKOBAHOT'O CITJTABY...

ne wy, — QbOHOHHA HACTOTA CEPeIHBOrO KPHUCTATIA,
dbyukuii ¢, (n > 2) xapaxTepusyioTh BIIUB 7i-
YACTUHKOBUX KOPEJIAIii Ha 9aCTOTY

(W) = wir + > 1 (kK1 A (o) + - -
ki

(2.18)

IMosuauenns (...) o3HaYa€ TePMONUHAMIYHE CEPEIHE, a
A(k; +ka+ ...+ k,) — cumBon Kponekepa, Binminnuii
Bim HyJIs, AKIIO cyma n BekTopis ky + . ..+ k,, mopiBHIOE
HYJII0 aD0 BEKTOPY OOEPHEHOI I'PaTKu. 3a3HAYNMO, IO
dbyukuii @, (n =1,2, ...) y Bupasi (2.17) ue 3asexarb
Bim koH(Iryparii posmimmenHst fOHIB IBOX COPTIB HA BY3-
sax rparkn. Pamn (2.17), (2.18) mouwHi 6y Tn 361 HIMM,
60 MPUPOIHO OTIKYBATH, IO BHECKU OArATOIACTUHKOBUX
KopesnAamiit (n > 3) y (wWka) MBHIOKO 3MEHIIYIOTHCS i3
30LIBIIEHHAM YHCIIA 7.

Ina momanbmoro po3paxyHKy CTATHCTUIHOL CyMH
ciwiaBy (2.16) HeoOXiHO KOHKDETU3YBATH BHUPA3
win({p}) (2.17). 3BmHexTyemMo MOKM MO BHECKOM n-
qacTHHKOBUX (n > 2) edekTiB y wiy({p}) Ta samnmemo
dbyukuio 1 (k, k) y Burmsni

p1(k, k1) = ok, A)d(k —ky). (2.19)

Toni
win({p}) = witr + 9k, A) . (2:20)

III. BIJIBHA EHEPTIA BIHAPHOTI'O CIIJIABY

[Io6 prkowaTn onepartiio 77,3 B (2.16) ma KoxHOMY
By3ai R Hesanexno Bin xoudirypauil posmimenss N;
aromis i-ro copry Ha N Byssax rparku (Na+ Np = N),

kX

hw? h
(550 (52) o

nepefinemo B (2.16) 10 CTATUCTUIHOI CyMH BEJIUKOIO Ka-
HOHIYHOI'O aHCAMOJIIO

Z =Trigpy exp{—ﬂ[H(ﬁk) — Z HiNi]},
i=A,B

(3.1)

Je [1; — XeMiYHWi moTeHmisii Merasy i-ro copty. Cum-
BoJsioM exp|[— B H (pi )] nosuadeno npaBy YacCTUHY BUPaA3y
(2.16). Ile mosHaveHHs MATMe KOHKPETHMIT CeHC, AKIIO,
B3sABIN 10 yBary (2.20), samucarn sinh(Bhiwky/2) B exc-
MOHEeHTHil (opmi:

. Bhw <1 .
sinh (522 ) = exp S| 62)
e

R hw? h Nk

Bux(px) = Dy <%> |:%<Pk,>\,0k:| , (3.3)
0 n

D, (ﬁhwk,\> = 8—n Insinh z (3.4)

2 Ox r=Fhw), /2

Ha mnincrasi Bumorn, mo6 poskaan (3.2) O6ys 30ix-
HUM, JIETKO BUBHAYUTU ACUMITOTUYHY MOBEIiHKY (DYHK-
mii pk,» B 00/IaCTi Ma/IMX 3HAYEHb XBUJIBOBOIO BEKTOPA
k, spaxysasmm, mo wj, ~ k mpn k — 0. I3 (3.3), (3.4)
BUILJITMBAE: AKIIO

k| — 0,

O ~ k2 npu (3.5)

T0 panx y (3.2) Oyme mBuAKO 301KHUM MpUHARMHI B
obutacti masmx k. Obmexumocs B (3.2) mepmmumMu TpboMa
q4eHaMn poskJamy. Tomi

. Bhwea\] T - Bhwy
sinh <7>] ~ 273N T exp [—D ( 2 )
I fsinn (255 [Teww |00 (=

2
ﬂhﬁ;ﬁx> <ﬂh§k)\> ﬁkﬁk] _ (3.6)

1106 oGuncmru Z (3.1), ckopucraemocs MeTomom Kosektnpanx svinmmx (K3) [12]. Bupas na Z (3.1) y meroni

K3 nabysae Burysiny (merasi nus. y [1] Ta [14])

7 =273 exp [—NﬂVo(u) -2 Do (%)] /"'/eXp{_ZDl (ﬂhTwﬁA>
T~ kA

0
X fiapx —% Z |:/6V2(k)+ ZD2 <%> fﬁx]ﬂkl)—k}f(/)) H dpx.
/\

keBZ

(3.7)
keBZ
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Y (3.7) BupoBakeni Taki NO3HAYEHHSI:

Vo) = Vo = 5 (na + ), (35)
fion = 21002 (3.9)

OyHKITis

I(p) = Trispy H §(pk — % Z OR exp(—z’kR)) exp [—ﬂVl (1) Z UR] (3.10)
R R

keBZ

— AK0DisH 1epexony Bim 3asexHux Bin kKoHdirypauiit Besmaun i (2.3) 10 KonekTuBHUX 3MiHHUX pK. Y (3.10)

Vi(p) =Vi — %(MA — IB). (3.11)

fAxobian mepexomy mo K3 (3.10) micia sukowammsa onepartii 7,1 MOXHa mepenucaTn Tax [14]:

a a
I(p) = oN exp(NMO)QN exp [—al\/ﬁpo — ?2 Z PkP—k — ﬁ Z Py Pro P A (k1 + ...+ k3) — .. .], (3.12)

kEBZ keBZ
e
T 2i)? o)
Q= / exp [27riM1w + ( 7;) Mow? + ...+ ( m') Mupwn + .. ] dw, (3.13)
! n!
n
M, = 0 In coshy (3.14)
y y=BV1(n)
Dopmysu muist KoedilienTiB aK0bigHA Nepexomy a1, as, as, ... Haseneni B [14]. dkmo nin yac obuucsienns axobisHa
nepexomy mo K3 (3.12) ckopucrarucs raycosum nabamxennam (Mz = My = ... = 0), To koedimientn a; (1 = 1,2...)
MOXKHa 3anmcaTy B anasitnanomy surssani [14]. Tomi
QG—#ex My (3.15)
T V2L P\ 2 ) ‘
M 1
af = Lo of i af =af=...=0. (3.16)

= — a;, = —
My’ 2 M’

Bci mactynsi BUKJIagu BECTUMYThCS y TayCOBOMY HaOJIMKEHH], ajie [JIsi COpOoIIeHHs 3anuciB ingexc ”G” y Bupaszax
s @, a;, Z, oo Oyme OmyIeHunii.

Is dopmya (3.16), (3.14), (3.11) Bummo, mo xoedimientu a; akobisua nepexony 10 K3 I(p) (3.12) e ckraguumun
dbyHsKIiAME TemmepaTypu, pi3HHII XeMiYHHX HOTEHINATB KOMIIOHEHTIB cmiaBy Ta morernigamy V). Crarmctmdmy
cymy criasy Z (3.7) y raycosomy nabamxenni merony K3 (mus. (3.15), (3.16)) moxkHa 06UnCAMTH aHAJIITHIHO, a
NI TEPMOIMHAMITHOTO TTOTEHIIISLITY

F(T,p) = —kpTInZ/N
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OTPUMYIOTH TakKy (opmyy:

2
n 1

F=Vo(n) +,6’1[2ln2—M0+

[Mﬂ/ﬁ(smk +>. Dy (wﬁ,\)kaMz] ’
X

Mo
o N %:DO(W,‘:A)]

—(BN)Y

” 2M, [1 + BV (k)MQ]

ne

Va(k) = Va(k) + 37" Z Ds(wpy) fier
\

(3.18)

— MepPeHOPMOBAHUIT BHAC/IIOK TEMJI0BUX KOJIUBAHb ATO-
MiB morenmnian ynopankysanus Va (k).

_IITo6 mepeiiTu Bim TEpPMOIMHAMITHOTO HOTEHIIATY
F(T,p) (3.17) no Bibuoi eneprii ciasy F(T,C), C; =
N; /N — KOHUEHTpAIlist ATOMIB {-T0 COPTY, HEOOXIIHO BY-
KOHATH mepeTBOpenHst Jlexaumapa

F(T,C)=F(T,n)+ > N (3.19)
i=A,B
PiBusanna
OF  OF
Ch—-Cg=—+— — — 3.20
4 b oup  Opa ( )

BU3HAYAE PI3HUINI0 XEMIUHUX TOTEHINisIJIiB KOMITOHEHTIB
ciwtaBy [14].

Hesimomi byuxmii fin (3.9) mykarumemo 3 ymoBH
mirimymy F(T, f1) CTOCOBHO ficx:

+ (B2N) Zln[1 + ﬂVz(k)M2], (3.17)
k
OF(T, )
5 =0 (3.21)

Posp’sizasmu cucremy piBusab (3.20), (3.21) gma pis-
HAX 3HAYEHb TEMITEPATYPHU Ta CKJIALY CILIABY, MOXKHA
JOCJTIAUTU BHECOK TEIJIOBUX KOJIMBAHb ATOMIB Y BLJIbHY
€HepTiio CIJIaBY 3aJI€KHO Bim 30BHIMHIX mapamerpis 7',
C.

IIpoamastisyemMo 0coOIMBOCTI 3aMPOMOHOBAHOTO y il
npami migxony, #oro Binminuocrti Bim [15, 16]. dxwo y
Bupasi (3.6) 0OMEXKMUTUCH IEPIIMM YJIEHOM DPO3KJIALY,
TO BHECKHM Y BIJIbHY €HEpTiio CIJIaBy, 3yMOBJIEHI KOH-
dirypamiiinumMu Ta KOJUBHUME CTYMEHSIMHU BiJIBHOCTH,
posmisissiorhesi. Tomi :KOPCTKY I'paTKy MOXKHA TPAKTY-
Baru K cucremy Bimiky [1, 15, 16], Busnaguru ii BiabHy
eHepriio Ta Kopessamiitai dyukiii. Came Taknii miaxim Bu-
kopucranuit y [15, 16] ms possuHenHst KoHuenmii “ce-
PEIHBOTO KOPETbOBAHOIO CILIABY .

Is (3.17), (3.18) mobpe BumHO, O BpaxXyBaHHS y PO3-
kaani (3.6) HACTYNIHUX [IOJAHKIB 3YMOBJIIOE IOSIBY Y
BiJIbHI{T eHepril crIaBy 4JIeHiB, y SKUX KOHMIrypariini
Ta KOJIUBHI edeKkTn BkKe He PO3miIaAThesa. [luranHsa
HACKI/IbKU CyTTEBE MEePEHOPMYBAaHHS MMOTEHIIISIIY BITO-
pankyBanus civiaBy Va(k) BHAC/IIOK TEIOBUX KOJIU-
BaHb aromis, muB. (3.18), Oyme TeMOIO TOmAIBIINX HO-
CJTL K EeHb.
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FREE ENERGY OF A DISORDERED ALLOY. CALCULATION OF THE CONTRIBUTION
CAUSED BY ATOMIC THERMAL VIBRATIONS

Z. Gurskii, A. Myhal
Institute for Condensed Matter Physics of the Ukrainian Acad. Sci.
1 Swvientsitskii Str., Lviv, UA-290011, Ukraine

A new approach to the problem of the free energy calculation for a binary disordered alloy has been developed.
The explicit account of the atomic thermal vibrations is a feature of the approach proposed. A way that allows to
perform averaging over configurational and vibrational degrees of freedom exactly has been advanced. The alloy
partition fanction is calculated within the Gaussian approximation of the collective variables method. The free
energy is shown to contain the terms caused by relations between the configurational and vibrational degrees of
freedom. To put it in another way the configuration and vibration effects could not be treated separately in the
alloy thermodynamics.
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