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METOJ MAKCUMYMA HH®OPMAIIMOHHOH 3HTPOIHH B CTATHCTHYECKOM
TEOPHH HEJJMHEMHOH YIIPYTOCTH JE®OPMHPYEMbBIX TEJI
B JATPAHXEBBIX NIEPEMEHHBIX

B.B. Hemiyos

The theory of the nonlinear elastic deformation by means of principle of information entropy maximum
is described. The Murnaghan formula in material coordinates with help of the statistical theory is obtained.

B Hacrosiiee BpeMs B paMKax (PEHOMEHOJIOTH-
9EeCKOFO IIO/IX0]a HHTEHCHBHO HCCIEXyeTCs HEIH-
HeHHas ynpyrocTs xepopmupyeMeix rtei [1-4]. Te-
OpHs HENIMHEHHOr0 IOBENEHMA BaXHa U1 OGHOMO-
nexyn tana JJHK. Opnako o6mas dopma Hexn-
HEHHOCTH OCTaeTCA HEPACKPHITOH, Tak Kak Ipobie-
Ma IOJHOr0 OIMCAHUA HEIMHEHHOH YyIpPYyrocTH
9ype3BRYaiHO cioxHa. Ilo3ToMy onpasmanHO pac-
cMaTpHBaThH 0OJIee NPOCTYIO 3ajxady O Hambosee
BEpOSTHOH ¢opMe HcclexyeMOH HEeINHEHHOCTH.
Jna pemneHns noxoOHOM 3a1add €CTECTBEHHO HC-
II0JIb30BaTh IPHHIAII MaKCHMyMa HH(OpMaIuOH-
HOH 3HTPONHH, IIHPOKO IIPAMEHAEMEI B CTAaTHC-
THYECKOH TEOpHH CIOXHEIX cHcTeM [5].

B nanpoii pabore mcnoas3yerca HHOpMaLH-
onHas 3HTponus boasumana-I'm66ca-llleanona.
PaGoTa ABIgeTCsA pasBUTHEM IpeaRIAymux pabor
[6,7], B xoTOpHIX paspabaTeiBanach CTaTHCTHICC-
Kas TCOpHs HEIMHEHHOH YNPYTroCTH B 3HIEPOBEIX
HNEepeMEeHHBIX.

HanoMuuM HEKOTOpEIE IONOXEHHA Jarpasxe-
BOro omucaHus aedopmanuu TBeprbix ten. Ilycrea
— paiHyC-BEKTOP, OLPEACIIIOMUIN NOJI0XEHHE Ya-
CTHIB cpelsl no aehopmanud. B wcnomas3zyemoit
30eCh M Janee ACKapTOBOM CHUCTEME KOOPAMHAT €ro
KOMITIOHEHTEI g; ABJIAIOTCS JIOTPAHKEBBIMH IIEPEMEH-
HemMHu. 1lonoxxenne gacTuiel cpenst uocie xedop-
MallHH XapaKTepu3yeTcs pajdyCoOM-BEKTOPOM X.
3aBHCHMOCTE 3TOTO Paj(yca-BEKTOpa OT BEKTOpaa
onpeaeinsieT 3aKoH AchOPMUPOBAHUA CPENEI

x=x(a)’ x,=x,(a,,q,,a,) (=1,2,3) )

KOMIOHEHTHI x;, OIpeneneHsl B TOH ke HUCXON-
HOM JIeKapTOBOM CHCTEME, 9TO M g,. YpasHenu (1)
B 001IEeM ciTydae colepikar BpeMs t. B kauecTse
Meprl AepOopMAalHH HCIONB3YyeTCA Jarpamxesa
Mepa xedopmaunn B popme TeHsopa ['prua

30

L==(ee 5. ©)
J

Ecnamx ucHos130BaTh KOMIIOHEHTH! u; BCKTOpa
CMCICHHI u , BBOJHMBIC COOTHOMICHUAMU

X, =a+u, 3)
Teusop ['pHHA HpeNCTaBIAETCS B BHJIC
- du,
L L O oy Ou, Ou, )
" 20a; 0da, Oa, da,

A craTHCTHYECKOro onucaHus aedopMupo-
BAaHHA CPEIs! BBEJACM AMHAMHYECKYIO BETHYHHY
JOKAJIM3aNAN YaCTHIBI CPEIbI

x(a)= ix”S(a —-a’), x(a)= ixfﬁ(a -a") (5

3aecek N — 4mCI0 9acTHI (aTOMOB KM MOJIE-
KyJ) B CHCTEME,V — HOMEP WACTHULL a2’ — pagu-
YC-BEKTOp YacTHIBI 10 nedopmanmy, ax” — mnoc-
jae nedopManuy,a — NHO-IPEXHEMY paldyc-Bek-
TOpP YaCTHHEI CPElBl B HCXOIHOM COCTOSHHN. Bae-
IeM ele NUHAMHYECKYI0 BEIHIHHY IJIOTHOCTH
9HCIIA YAaCTHII B JIATPAH)KEBBIX IIEPEMEHHEIX

N
n(a)= 28(3 -a")- (6)
=1 .~
Cpemree 3nadenue TMHAMUYECKOM BeTaIMEHI (5)
¥ TI03BOJIACT OIMCATh MAaKPOCKOIIMYIECKHii 3aKOH Jie-
bopMupoOBaHKA CpeTbl
<X > )
n(a)
31ecs yriroBeie CKOOKH 03HAYAKT yCpenHeHHe

C NOMOINBI0 KBa3HPABHOBECHOW (YHKIHH pacmpe-
neyenns P, BUX KOTOpoil 6YIeT yCTaHOBIEH ITO3XKE,

x(a,a,,a,)=



<x>=S 0%, n(a)=<n(a)>= Sppqr'i(a) - (8)

g7
311605 H HIXKC C IIOMOINFKD CHMBOJIA S OITHCEHI-
BacTCs MHTErpHpoBaHWe IO (pa3soBOMY HpOCTpaH-
CTBY CHCTCMEL.
3anmHinem TEH30p Ilcd)opMaHIrII/I FpHHa qepe3
BBEACHHBIC CPCOHHC 3HAYCHHA

1[6 S,p,x, 9

i S,P X, &)
"26aSpn8a( )8]

Jlns ompexeneHNA BAXAa JHHAMHIECKOH BEIH-
THHH! TeH30pa JeGOPMAIHN i, PACCMOTPHM BEIH-
qHHY

nL;, =S,p AL, (10)
TIe B Ka4eCTBC TEH30pa [, B npasod wactH (10)
HCHONB3YETCH BEIPAXKCHME (9)

HalimeM Bapmanpio BesmamHbB d(nlL;) maHCH-
Hylo 1o BapHanms §p, (oM. AHATOTMYHEIC BEITHC-
JEHMS I KBIKHX Kpncrammn [8]). B pesymerare
HECTIOXHEIX IpecOpa3oBaHMH yCTaHOBHM COOTHO-
meHpe

8(nL,)=58,5p,L,> 1y
B KOTOPOM f,y OIpesenieTcs Kak
,\‘” _1 [ax, ox; 5,1+
2 Oa, 0af "
1 _ox, 0 %X xn
il 1 R M W o
2 [a . da, (n n )
1 dy, 0 % =xd
+5n[a—q§a—(**——)] (12)

Benwunna L M IPEACTaBIAET COOOH IHHAMM-
9ECKYX0 Bcﬂnqmry TeH3opa aepopmaimm ['puna. Ee
CpenHee 3HAYCHHE ONpEIeNicT BBEACHHBIH BRIIIE
MaKpocKomdeckui Ter3op Aedopmanee ['puxa (2)

<L;>=nL;" (13)

Hcnoms3ys npuHOMn MakcHMyMa HHGOpMAaL¥-
OHHOM 3HTPONMM MPH YCAOBHH, 9TO 3aJAHEI CPei-
Y€ 3HAYCHHS IUIOTHOCTH JHEpraw W Tensopa ['pu-
Ha, YCTAHOBHM CHEXYIOIIee BEIPAaXKCHUE A1 KBa-
3HPaBHOBECHOTO PAaCIpENEICHHA:

3 =0 exp{-dalB(a) H (a) ~mB,(a)L,;(a)]} . (14)
3necs H( ‘a) — IUIOTHOCTH JHEPIWM B Jarpaf-
XEBBIX NIEPEMCHHEIX, B (a) — TepMOIMHaMHUIeC-
Xuii mapaMerp, COIIp}DKeHHLII/I TeH30py L, B(a) —o06-
parHas JTOKaJIsHAs TEMIIEpATypa, m — Macca 9acTH-
5L, ) — CTaTUCTHIECKUU HHTETpAa,

0=S5, exp{-[dalpA(a) - mB, L (a)1)- (15)

Omnpenenis 3BTPOIHIO CHCTEMBI (C TOYHOCTHIO
J0 YMHOXXEHHSA Ha NOCTOSHHYX0 bonpumana) xak

S=-5,(,np,) (16)

HOIYy9uM JUIA Hee BRIPAKCHHE BUAA
S=mQ+ [p,dalBu@ - B,L,@] (17
HpHYeMp, =mn — IUIOTHOCTb CPENsI B Henedop-
MHPOBaHHOM COCTONHWH, y =< H >/p, — Macco-

Basj IUIOTHOCTH BHYTPECHHEH JHEPIHH.

Berapcnsas Bapuandio 3HTPOIHH C YIETOM 3aKOHA
COXpaHEeHHA MacChl d(p,da) =0, yCTAHOBHM COOT-
HOMICHHE U1 MAacCOBOH IIIOTHOCTH 3HTPOIHN:

8S(a) =Pdu—B,BL; - (18)

Tax KaK IIIOTHOCTH B JIATPAHXKEBEIX H 3#nepo-

BEIX IIEPEMCHHBIX OTHECEHSI K OJIHOM M TOH e CH-

CreMe KOOPIHMHAT, CHPaBeAIHBO COOTHOMCHHUE (CM.

HE3aBHUCHMEIC BEIUCICHAS B DHIEPOBHX KOOPIXH-
Harax [7]

8S(x) = Pdu(x) - B,SL, - (19)

Ha ocnosannm (19) mMoxHO 3anmcare ypaBHe-
HHe (ajlaHca 3HTPOIHH

ds dL.
= - B Y,
P B v dr

(20)

TIe , — IUIOTHOCTEH Cpexsl B nedopMupoBaH-
HOM COCTOSHHH.

Ucnonp3yeM Teneps 3aKOH COXPAaHEHMA 3HEP-
THHA

pﬂzrijeij—aqi/axi @

dt

H YpaBHEHME IBYDKCHMA U TeH3opa ['puna

dL. axl ax .

_ v

o 00 22)
dt da, aa

31ech g, — MOTOK TEILIOTHI,

.. l(av an) (23)
v 2 ox, Ox

1

~— TEH30p CKOpocTed nedopmaudi, v,(x) — noie
CKOPOCTeH TEYeHHs CPelsl, T, — 3HICPOB TCH30p
HanpsokeHu#. B pesymerare ypaBHeHHe Gasranca 3H-
TPONHH BHAA

ax,

aqi
PBy 5,  9a, ot B Y

ox,

ds
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MO3BOJIAET YCTAHOBUTH CIEAYIOMEE BEIPAKEBHE LA
KBa3HMpPaBHOBECHOTO 3HIIEpOBa TEH30Pa HAIIPSKEHHAM:

Bt,, =pB, 9 9%, (25)
da, aa

M BEICHUTB CMEICI TEH30PHOIO TEpMOIHMHAMUYEC-

KOro mapameTpa B,.

Vpasrerue (18) mms BapHanuH SHTPONMM IIPH-
BOJUT K cuexnyrowieit ¢popmyne s nupdeperuna-
JIa TUIOTHOCTH BHYTpEHHEH 3HEPruM (IOCTOAHHAN
Bonsumana Teneph BKIIOYEHA B BBIPAXEHHE JUIA
3HTPOIIHH):

du =P B,dL, +TdS - (26)

OOGBIYHO 3TO COOTHODICHHE 3aNMHCEIBACTCA B
Buze [9]

du =p;K,dL, +TdS ,

rae K, — Tensop Hanpsokenuit Kupxrodda.
CpasurBas (26) ¥ (27), yCTaHOBHM CBS3b TCH-
30pa B; ® TEH30pa nanpsoxennd Kupxrogda

B, =Bo;'K, @28)

VauTeIBas BEIpaXXEHHE I KBa3HpaBHOBECHO-
ro TeH3opa HanpsbkeHHH OMnepa (25), moxydum
bopMyy, CBASHBAIOMYI TEH30p HaNpAKEHHH
Onnepa u Kupxrodda

)
Tp = P K, 9x; 0%,
Po aa aa
Ho cornacuo (27)

@7

(29)

o K,; =(Qu/dL), >

no3toMy ypasuerue (29) mpencrasmier coboit dax-
THYeckH ¢opmyny MypHaraga B marpasHXeBBIX
IEpeMEHHBIX JUIs ajHabaTHIcCKuX MPOLEcCOoB Jie-
$bopMHpOBAHHSA CPCHABI

(___) ?fl_gj’ .
aL da, 8
Ecnu ucnone3oBats cho6011Hy10 SHEPIHIO F,
OTHECEHHYIO K €QVIHUIIE MACCH], C y9E€TOM €€ ompe-
aeinenud Kak F=U —TS, HETPYIHO YCTAaHOBHTb,
qTo

(30)

dF =0, K,dL; — SdT (1)

Torma gma H30TCpMHYCCKHUX IIPOLIECCCOB CIpa-
BCINIUBO COOTHOMICHUE

< —>T (32)

a ¢opmyna MypHaraHa npnoGpeTaeT BHI
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oF ax,ap
aL, T da,  0a,

T, =p(=—

(33)

Ecmm nepeonpeneauTs cBOOONHYIO HEPIHIO,
BBEIA Benwauny [4] f=F/p,, IPAXOIMM K Tpa-
AUUHOHHOM dopme 3ammcu dopmyirsl Myprarana
B JIArPaHXEBHIX IEPEMECHHBIX

of ax, ox,

’aa

Tak kak cBOOOIHAs 3HEPTHA BhIpaxkaercsa de-
Pe3 PHTPONHIO ¥ BHYTPCHHIOI 3HEPIUIO, a 3TH Be-
JAYHHBI ONPEIEICHB B paMKaX CTATHCTHYICCKOR
TEOPHH C TOMOINGI0 KBa3HPAaBHOBECHOIO YCpeIHE-
HHA, TO TEM CaMBIM NPEACTABILICTCA BO3MOXHBIM
ONHCATh YIPYTrHe CBOMCTBAa TBEPHBIX Te;l Hambo-
Iee BEPOATHEIM 00pa3oM Ha OCHOBE lpHHIHIA
MaKcHMyMa HHGpopManuoHHoH 3HTponun. OnHa-
KO KOHKPETH3allHA HEeIMHEHHOCTH YIIPYTOro IOBe-
JNEHUA TO-UPCKHEMY NPEACTABIAET COOOH TPpyaHYIO
3agaqdy. Ho yxe ceiidyac npencrasisercss BO3MOX-
HEIM OIPEICIIHTD BHA I'€OMETPHIECKCH HeInHEH-
HOCTH, ONMCHIBAEMOH COMHOXHTEIEM

(34)

Tlop :p/p()( )

P O 0,
P, 0a; da;

(35)

Yto6s1 saTh SBHOE BBIPRXEHHE I YKa3aHHOH
TeOMETPHYCCKON HEeIWHEHHOCTH, 3annmeM $opmy-
i1y MypHarana B TEpMHHaX I011 CMENICHUH,

9f 9, ?

p of O O
BL da, a

T =
¥ P, (aL,P dL, da,

af du, ou,
+———t—
dL,, da, 320 (39)
PaccMoTpuM omHOMEpHEIM caydad (pacTtsxe-
HHC — C)XKATHE MaTepPHaIBHOroO OTpe3Ka), rmosarad
=1, p=1, i=1, j=1. Torma

J
T, = a{ [1+2a 1+( 1)] @7
YauTeBast, 9410 [, —_—?yiJr 1(6u —L?, ycTaHo-
da, 2 da,
BUM, 4TO
o _ P Of (38)
=———Q1+2L))"
1"11 po aLu( Lll)

[lepeiiem k ormrcanmso e OpPMAIHH C MTOMOIIBIO
Apyrux Mep aedopmanny. Tak, ¢ HOMOMEBIO KpaTHOC-
TH YXIWHEHWAA =[/] L, 3aNMCEIBAETCA Kak
L,=2"(\*-1), nprdeM] — JUIHHA MAaTEPHATBHOT0
OTpe3Ka B Je(pOPMHEPOBAHHOM COCTOAHMM, 4], — €ro
ucxonHas mrHa. Ecim nenons3oBate Mepy nedopma-



-1 2
O, ToA=1+c M L, =e+—.
I 2

e Komu ¢ =

[Iycrs B pocrednmieM ciaygae ( £ — Moxyms IOwra)

2
f:gi, Torma af :ELl n
' 1
| 2 oL,
4
| 2 =P per et 120+ Sy = EeM(e).
Po 2 2

M Py deine &
HO)KI/ITCJILM:~(1+—£+2£ +?) B SBHOM

l P
0
. BHJIC YYHTHIBACT BKJIAX FCOMC’IPH‘:{CCKOI;’I HCITAHCH -

HOCTH B HAIpsDKEHHE AeOPMHPOBAHHOIO OTPE3Ka.
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CBOWICTBA MOBEPXHOCTHBIX AKYCTHYECKHX BOJIH
B MOHOKPHUCTAJILTAX KYBUYECKOH CUHI'OHUHA

Koaemxo B.M., Bapkamun B.B., [Toasinkosa E.B.

The transition to micro— and nano-sized structures results in broading the list of materials used in
MEMS developing. In the presented work on the unified basis the properties of surface acoustic waves in
more than 60 isotropic cubic materials with different functional properties (metals, dielectrics,
semiconductors, piezoelectrics, magnetostrictive stuffs, superconductors) are studied. Semiconducting
materials GaAs, Si, InSb are interesting from the point of view of developing integral sensory microsystems
including sensing, executive and processor units. The single-crystal strontium titanate SrTiO3 is
characterized by high acoustic nonlinearity and is perspective for low-noise devices with superconducting
metallization of SAW structures. Iron ittrium granatum Y3Fe5015 (IIG) has a low elastic anisotropy.
The strong magnetostriction, appropriute IIG, allows to use it in devices, based on interaction of SAW
with spin waves.

On the basis of research of algebraic properties of a SAW phase velocity as function of effective
material constants the new approach to definition of sensitivity coefficients of SAW phase velocity to
quasistatic volumetric effects on waveguide was developed, founded on the introducing of a tensor W of
partial derivatives of a SAW phase velocity on elastic modules of in crystallophysical coordinate system.
Generally W has no more than 15 independent components, which can be defined experimentally or
theoretically from partial sensitivity coefficients of SAW phase velocity to components of deformations,
mechanical stresses, temperature and orientation dependencies of SAW phase velocity. This approach
allows to compare properties of a number of materials and to state the task of designing of a material
with the preset properties under its atomic or molecular characteristics. This approach is suitable for
study of SAW in microscopic objects such as grain borders, doubles and microcracks.

In case of a bicomponent SAW mode the analytical expressions for a non-zero components of W are
established and the coefficients of deformation and temperature sensitivity for a number of cubic crystals
are determined. Is snown, that the values a component W are determined by a factor of an anisotropy of
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