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PeXXnumbl TenionepeHoca

* AndPy3nOHHDLIN

* BbinonHAeTcA 3aKoOH dypbe

* KoadpdunumeHT TennonpoBoaHOCTHU
— KOHCTaHTa maTepuana

* BannucTtnuecknm
* HapyuieHue 3akoHa Oypbe

* dPPeKTUBHbIN KOIPPULMEHT
TENNONPOBOAHOCTU
nponopuuoHasneH pasmepy (K ~ L)

Length dependence of heat conductivity*
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Bannuctnyeckoe pacnpocrtpaHeHue Tenna B
H6eCcKOHeYHbIX KpUcTannax

M3meHeHne HavyanbHOro pacnpeaeneHna Temnepatypbl Ty(x)

Is = 4NZ/ Tox—l—vg —|—T0(X—Vg ))dk

/ -
TenaoBble BOlebl

dopmyna cnpaseannsea AnA

* 1D, 2D, 3D

* auenkn ¢ N cteneHsmu csoboabl

* [1pOM3BONbHbIX IMHENHbIX B3aMMOAENCTBUMN

Kuzkin V.A. Unsteady ballistic heat transport in harmonic crystals with polyatomic unit cell. Continuum Mech.
Thermodyn. 2019



OcobeHHOCTU BaNIUCTUYECKOro TenaonepeHoca B

H6eCcKOHeYHbIX KprucTannax

fapMOHUYecKana Teopua NpeacKkasbiBaerT:
v' KOHeyHas cKopocTb GPOHTA

v' HecKonbKo Temneparyp

v' AHM30TPONUA B “U30TPONHBLIX MaTepunanax”

v MNepeHoc Tensa “oT XonogHOro K ropayemy’

v' KonebaTenbHoe 3aTyxaHune Temnepartypsl

)

Chapter 24 m)
Discrete Thermomechanics: From ekl

Thermal Echo to Ballistic Resonance
(A Review)

Ekaterina A. Podolskaya, Anton M. Krivtsov, and Vitaly A. Kuzkin
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OTpaXeHune TennoBbiX BO/H
OT cBOOOAHOM rPaHULLbI



* YpaBHeHMA ANHAMUKU

Uy, = wg (un+1 — 2u, + un—1);

Uy = 0)3 (uy — up),

cB060AHbIE KOHLbI » ‘
ﬁN—l = (l)g (uN_2 — uN_l). TO Cepreit JIsxkoB

* HayanbHble yCnoBUA

kpTn
m

0 — 0 —
un—O, Un = Pn

=
N R

Ul N
o Ul

(pn> — 0; (pnpm> — 6nm 0 La (L,+I)a



KOHTUHYa/IbHOE BblparKeHNEe ANA KNHETUYECKOM
TemnepaTypbl

[lone TemnepaTypbl:
T(x,t) =TF+T>

BbicTpbIl Npouecc (BbIpaBHMBAHUE KUHETUYECKOM N MOTEHLMANbHON SHEPTUi):

T0
z(x) ]0 (4(‘)6 t)-

TF(x,t) =

MepaneHHbI npouecc (bannnctnyeckoe pacnpocTpaHeHume Tenna):
T

1
TS(x,t) = Ej T°(]x + vyt cos 8])dO
0

rae v, — CKOPOCTb 3BYKa.



[TpsAMOYronbHOE TEMNJIOBOE BO3MYLLUEHME (A0 AOCTUKEHMUA
rpaHuLbl)
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CKa4yoK Ha rpaHuue
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TemnepaTtypa Ha cBOH6OAHOM rpaHULLE LLEMOYKHU
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[TpoxoxKaeHue BONHOBbLIX MNaKEeTOB
yepes3 UHTepdenc



Mpumep (LEMOYKM C pa3HbIMU KECTKOCTAMM)

v f(a )

QR =0.17083 T=0.85021 ¢.=1 m,=1 c.=5 m_=1
max 1 1 2 2
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MoTumnsaumua (rnobanbHasn)

* TennoBoe conpoTuBneHUe nHTepdenca
(conpoTtuBneHmne Kanuubi)

e TennoBble anoabl (BEANYMHA TENJIOBOFO NOTOKA
3aBMCUT OT 3HAKa rpagmeHTa TemnepaTypbl)

* KnHetnyeckasa teopuma bonbumaHa - cBi3b POHOHOB U
BO/IHOBbIX NAKeTOB

* KBaHTOBasA MexaHWKa — COOTHOLWEeHUA
HeonpeaeneHHOCTU, KapnyCcKynApHO-BOJIHOBOWM
Ayann3m



MoTuBauma (nokanbHas)

* Pa3BuTMeE Nnoaxona sHepPreTUYecKom
AnHamuiku (Krivtsov, ZAMM, 2022) ans
HeoAHOPOAHbIX cpen,

* lcchepoBaHWe BAUAHUA YNPYroro
OCHOBaHMA (MOANOXKKM) Ha
NPOXOXAEHUE BONH Yepe3 nHTepdenc

k(W mTK™
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Mcnonb3yemaa moaesib

* YpaBHEeHUA ANHAMUKU

Aﬂ’f?li?:n_ — ﬂ'—i_i — F 1 — Dn’un, FTL—I_
2

TL_§

En_|_% = Unp41 — Un, Up = Un.

* PacnpepeneHne napameTpos

C1,
mi n <0,
M, = ’ ’ C,.1=1¢C
" ma, n :_} 0: nt3 k=
C2,

B di, n <0,
L

n < —1,
n=—
n >0




HayanbHbie ycnoBua: “BonHOBbIE NaKeTbl”

* [lepemelteHunA

0.4

2

v [(a Q)

u, = Uy exp(—% (n — Hg)z) sin(kin),

-04 —

-06

-0.8
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* CKopocCTH

_ )82 2 281 :
vy, = =Upexp -5 (n—np) || Qcos(kin) — T(n — np) sin(kn)

Yacto ymtupyemas cratoa - P.K. Schelling, S.R. Phillpot, P. Keblinski, Phonon wave-packet dynamics at
semiconductor interfaces by molecular-dynamics simulation. Appl. Phys. Lett., 80(14), 2484-2486 (2002)

1000



3ameyaHune 0 Ha4vyaNbHbIX YCZTIOBUAX

* wem pelieHne ypaBHEHUN ANHAMUKN LLEMOYKU B BUAE

u, = A (Bna, Bt) sin(kyn — Qf), |8l < 1.

 [loacTaHOBKa B YpaBHEHUS AMHAMUKK NPU Manom beta paet

Qz_ﬂ_ﬂsinziﬂzo a_Azgla_A

m,  m 2 ’ opt oBx’

* [MpnbnnxeHHoe peweHue (“BonHoOBOMN NakeT”

u, ~ A(B(na — gt)) sin(k;n — Qf),




[1BU»KeHne BOSTHOBOro nakeTa B 04HOPOAHOM cpeae
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BbluncneHmne KoappuumeHTa NpoxXoxKaeHU

KosdpdULUMEHT NPOXOKAEHUA — OTHOLLEHUE SHEPTUU
npolieLlero BO/IHOBOro nakeTta/BO/HbI K SHEPrnu
nagatolwero nakeTa (BoaHbl)

J/lBa noaxoAaa:
1. MeTog “Tpex BonH"
2. DHepreTuyeckasa anHamuka (Krivtsov, ZAMM, 2022)



Moaxon 1. MeTtopa “Tpex BonH”

* Mlem pelieHne ypaBHEHUN AUNHAMUKN B BUAE

A;Ei(QF_k'”} +AR€i(QHk1”}, n < 0’ "
m;Q* = d; + 4c; sin’ 5

S
|

AT6,'1{(11‘—13(311}j n> 0,

e CBA3b MeXXay aMnNINTYAaMN HAaXOAUTCA U3 YPaBHEHUN ANA
nHTepdemnca

myit—; = c12(up — u—1) + c1(u—2 —u—1) —dyu_y,

myilg = cp(U_1 — Up) + co(uy — uy) — dauyp.

L. Rayleigh, Theory of Sound, McMillan, London, 1894



Moaxon 1. MeTtopa “Tpex BonH”

* OnpeneneHmne K-Ta NpoxoxaeHusa (418 nonybecKoHeYHbIX BOJH)

AQ
- R=1—7 wemp 7 _ MmgalAr|
I

T .
m1g1|A;|?

* KoadpdnuMeHT NpoxoxKaeHnA

T — 16Q2m1m2g1g2

2
4Q%(m1 g1 + maga)* + ﬂz((ml - m)Q* +d; - dl)




[loaxona 2. DHepreTnyeckas

* AHaNorMA MmeXxay pacnpocTpaHeHNeMm
3HEepPrMm n NepeHoOCcoOM Macchl

* JHeprma ~ macca, NOTOK ~ UMMYNbC

* YpaBHeHUs 6anaHca Ana NoToKa (aHanor
6anaHca nmnynbca)

NUNHaMUKa
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We propose and examine a potential analogy between mass transfer (in space)
and energy transfer (in solids). We adapt classical equations of matter dynam-
ics to describe the dynamics of energy transfer. Such fundamental quantities as
the effective mass. momentum, moment of inertia and other quantities typical
for bodies of matter are introduced for “bodies” of energy. Along with this, two
new concepts of “carrier” and “phantom” are proposed. A carrier is a medium
which enables energy transfer. A phantom is a virtual body of matter having its
mass distribution equivalent to the energy distribution in the carrier. Using an
inhomogeneous chain of particles as a sample system, we show that the phan-
tom motion satisfies the Newton's second law of dynamics. For certain systems,
we derive constitutive equations for the net force, which results in a closed sys-
tem of dynamics equations. We further show that with the relevant properties of
the chain it is possible to obtain the dynamics equation for the phantom motion
in a gravitational field. We use similar methods to study energy dispersion. To
analyze phantom evolution, we introduce the velocities of phantom transfer and
dispersion. We show that, depending on the ratio of these velocities, the phantom
can behave either as a wave or as a particle.

Furthermore, we discuss potential application of energy dynamics to other
branches of physics, such as quantum mechanics, electrodynamics and general
relativity. We introduce the idea that a body of matter itself can be a phantom in
some other carrier, which is a different entity than matter. Possible associations of
the phantom/carrier model with current models of physical space are discussed.
Based on the presented concept, we propose plausible qualitative answers to sev-
eral open questions in modern physics.



[loaxoAa 2. JHepreTnyeckaa AMHaMUKA

* YpaBHeHMs banaHca AnA noToKa (aHanor 6anaHca mnynbea)

. . 1 def M def
h — Ex{: f— ‘I) h = E Z (U_;,H_% +Uﬂ_£)FﬂaH Xe = T M = ZEngn

2 nes

* [MMpumep 1. OgHOpPOAHAA LEeno4vKa

&)
h=0 Xe = X + UL

* [Mpnmep 2. Llenoyka c meaneHHO MEHAOLLENCA KECTKOCTbIO

def a2

Xe = w(x,), w(x,) = m Cf(xc)u




[loaxopa 2. JHepreTnyeckaa AMHaMUKA

* basnaHC NOTOKa

h = F(t),

a d almi —m ac d
FZE(CQ—Cl)(U%——Qu%)Jr (m 2)(’:%5‘21+ l( 1—_2

* YpaBHeHUe He 3aMKHYTO

* [IpaBan YacTb onpeaenseTca ABUKeHnem nHtepdeica



[loaxopa 2. JHepreTnyeckaa AMHaMUKA

e [lononHuTenbHble ypaBHeHUA (banaHca saHeprum)

By=h_y/a, éo= (h% _ h_%) /a,

e [lononHUTENbHbIE YPAaBHEHUA (AMHAMWKA NHTEpdenca)

/ *L'gdt: (unvﬂﬂﬁe——/ uovVodt =
0 0

1 oo
= ——/ (! (F; —F_ 1 — dQ’HU) dt,
ma Jo ’ :

L = F7 + (maty + daug) (mgirg + doug — QF%) :

1 1
2 2



[loaxoAa 2. JHepreTnyeckaa AMHaMUKA

* [lpegnonoxeHue o npoxogALLem NaKkeTe

u, = B(fna, ft)sin(kon—Qt), n >0, |B| <1.

e CBOMCTBA rAapMOHMNYECKUX BOIH / NaKeToB

| 1
e, ~ Emgﬂsz(ﬁna, Bt), h,, L~ EmgﬁzggBQ(ﬁna, [t),

1 1 1
u> ~ EBQ(ﬁna, Br), Vi~ EBz(ﬁna, BHO?, . ~ EBQ(,Bna, Bt) cos k.



[loaxoAa 2. JHepreTnyeckaa AMHaMUKA

* 3meHeHne NoTOoKa NP OTPpaKeEHNN

* KoadpduumeHT npoxoxKaeHus

_ 2g1(Q2)
g1(Q) + g2(Q) — G(Q)




CpaBHeHMe ABYX NOAXO40B

* MeTop “Tpex BosH”
16Q*mimyg1 g2

T =
2
4Q2(mg1 + maga)? + aX((my = m)Q? +dy ~ )

* 3HepI'ETI/1LIeCKaFI ANHAMUKaA

_ 281(€2)
g1(Q) + g2(Q) — G(Q)

G = £I2 (2!?’11—}?12)62—6'1!?11 Qz—ﬁ +l 2(;‘1+d2_92 ﬂ_é
29,02 miny "> 2 > m;  m




CpaBHeHMe ABYX NOAXO40B

e [1Ba noaxoaa AatoT POPMaANbHO Pa3NnYHbIE BbipaXKeHUa ansa
KOaddMUMEeHTa NPOXOKAEHUS

e 1nA BCeX paCCMOTPEHHbIX cay4aem pe3ynbraTtbl, MOAYYEHHbIE ABYMS
MEeToAaMM, coBNaaatoT

* MeTopa sHepreTM4ecKkon AMHAMMKN AAET aCUMMTOTUYECKN TOHHOE
peweHune B npeaene (5 — 0).



AHaNn3 YaCTOTHOW 3aBMCMMOCTH
KO3 PULUMEHTA NPOXOKAEHUA



KayecTtBeHHbIN aHa/IM3 YaCTOTHOM 3aBUCUMOCTU

Case 1. Equal minimal frequencies:
d  d
my my
Case 2. Intersecting or nested spectra with
[ d] d2 dcy + d] dcr + dg
— F ] F s
ny np mi na
dy " d> dey + dy _ dcr + dy
L1 mz, mi ma ,

Case 3. Equal maximal frequencies and equal stiffnesses:

d1 " d2 4cy +d1 _ dcr + ds

n my , mg my




[Mpumep. Lleno4ykn c ogMHaKOBbIMKU CNEKTPaMM

e CnekTpbl NOJIHOCTbIO COBMNAAAIOT MPU YC/I0BUN:

nt

ni

C1

d,

C2

_d_z_}l*'

* KoapPuumeHT npoxorkaeHus:

T

_ To(y)(1 - O

1 — To(y)Q2

To(y.) =

4y,

(y. + 1)2

T

1

1o

0.8

06

04

0.2

0

0




KayecTBeHHbIN aHa/IU3 YaCTOTHOM 3aBUCUMOCTMU

* Bua 4acToTHOM 3aBUCMMOCTM ONpeaensieTcs TeEM, Kak nepeceKarTcs
CMeKTPbl Leno4yeK

* [1py HaAMYMU YNPYTrOro OCHOBAHUS BO3MOXKHO TPU Ka4eCTBEHHO
Pa3HbIX BAPMUAHTA

* [Mpn HaANYMM YyNPYroro 0OCHOBaHMA KO3DDULMNEHT NPOXOHKAEHUA
MOXeT bbITb paBeH 1



AKYCTUYecKaa Npo3pavyHOCTb



YcnoBuA nNpo3payvyHoOCTH

* KoadpdunumeHT oTparkeHun
o1 A% gy — maga)’ +a? (my — ma)Q® +d dy)”
| 402 (m1g1 + m29’2)2+@2 ((mq — mz)QQ +dy — d1)2 |

* /13 paBeHCTBa eAnHULE KOIPPULMEHTA NPOXOKAEHMUA:
migi(Q) = mga(Q),  (my —m)Q’ +dy —dy =0.

di — da

ml—mQ'

* YacToTa npo3pavyHocTn:  ;



YcnoBuA nNpo3payvyHoOCTH

* Cnyyan 1. PaBHble YacTOTbl OTCEYKM N UMNEAAHCbI

QZZQEZEZE

. mCc1p = 1Maco.
mq o

* Cnyyan 2. PaBHble }KeCTKOCTU

di — ds

my — Mo

02 =QF =

mod; — mad:
0< 217 TNTE oy
de(my — mo)




AKyCTMYeCKaa Npo3pavYHOCTb. PaBHble YaCTOTbl OTCEYKU U
MMmnenaHchl
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AKycTMYecKasa Npo3padyHoCTb. PaBHble }KeCcTKOCTH
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Figure 6. Frequency dependence of the transmission coeflicient 7' for ﬁ? = 0.1 (left) and ﬂ? = 0.5 (right). In both plots results for m /m> equal to
1.1 (solid line), 2 (dashed line), 4 (dash-dotted line), and 8 (dash-double dotted line) are shown. The vertical dotted line corresponds to = €.



AKycTMYecKasa Npo3padyHoCTb. PaBHble }KeCcTKOCTH
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AKyCTMYecKasa Npo3padyHoCTb. PaBHble }KeCcTKOCTH
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AKycTMYecKasa Npo3padyHoCTb. PaBHble }KeCcTKOCTH
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ToyHoe “npo3payHoe” pelueHune

Ha 4yacToTe Nnpo3payHOCTU YpaBHEHMNA ABUMKEHNA COCTaBHOM LEeno4KMU
MMEIT TOYHOE peLLEeHUE:

H” — AIEI(QII_;CI”)

dy —d>

mp —my

Q=

I

) kr m’zdl = Fﬂldg
SIn — =
2 dc(my —my)




“pagmeHTHaA” uenoyka



Pe3kun nepexon (M3meHeHUe KeCTKOCTH)

v /(a )

Q0 =0.17083 T=0.85021 ¢,=1 m,=1 ¢c.=5 m_=1
max 1 1 2 2

mé@@@&ﬁ




“He oyeHb pe3knn” nepexon

v /(a Q)

QI =0.17083 T=0.85021 ¢,=1 m_=1 ¢_.=5 m_=1
max 1 1 2 2
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v /(a Q)

[naaknm nepexon

1 Q)'Qmax=0.17083 T=0.85021 c1=1 m1=1 c2=5 m2=1 2, AEMAAQG
| | | | |

oj : f :
0.2 - ﬂ _
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1
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Kak nHrepnpetupoBaTb pa3geneHue BO3MyLLEHUA Ha ABE YacTU C TOUKU 3peHUA SHEePreTUYeCcKom
ANHaMUKK (aHanormm mexkay maccoi n sHeprueu)?



OTKpbITble BOMPOCHI

* O600OLWEeHNne HA MHOTOMEPHDbIN Cay4an
* “TyHHennpoBaHne” — aHanorma ¢ KBAHTOBON MEXAHUKOM
* Jlokannsauunsa Ha nHtepdence

* BO3MOXXHOCTb peaan3daunm Tenaiosoro Anoda B rapMOoOHUYECKUX
cncrtemax

* TennoBoe paBHOBecCHe ABYX LlernoyeK ¢ pa3HbIMKU TemnepaTypamu



CTtaTbA NO Teme AOKNaaa

Acoustic transparency of the chain-chain interface

Vitaly A. Kuzkin':?

! Institute for Problems in Mechanical Engineering RAS, Saint Petersburg, Russia
“Peter the Great Saint Petersburg Polytechnical University, Saint Petersburg, Russia
(Dated: April 18, 2023)

We study propagation of wave packets through the interface between two dissimilar harmonic
chains with on-site potential (e.g. chains lying on elastic foundations). An expression for the trans-
mission coefficient, relating energies of the incident and transmitted wave packets is derived using
two different approaches. Without elastic foundation, the transmission coefficient monotonically
decreases with increasing wave frequency. We show that by adding elastic foundations, one can
qualitatively change this dependence and make it nonmonotonic or even increasing. Moreover, in
some cases, the interface is totally transparent (the transmission coefficient is equal to unity at some
frequency) if at least one chain has the elastic foundation.

I. INTRODUCTION Given known the amplitudes of the incident and trans-
mitted waves, the energy fluxes and corresponsing trans-
mission coefficient are calculated. In papers [18, 19], the
transmission coefficient for a chain with different masses
and stiffnesses is calculated. Interface between diatomic
chains is considered in papers [20, 21]. Influence of the

Modeling of propagation of waves through the in-
terface between two media with different properties is
a long standing problem. Pioneering solution of this
nroblem have heen obtained hv Ravleioh for aconstic

Kuzkin V.A. Acoustic transparency of the chain-chain interface. Physical Review E, 2023 [under review]
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Boipgarouwimecs yyactHukum Xlll Bcepoccuuckoro cnrespa
Nno TEOPEeTUUYECKOM U NPUKNagHOM MexXaHMKe

B6.0. AHHWH, akagemuk PAH (HoBocnbupck)

B.A. babewko, akagemuk PAH, uneH Npe3nanyma FOHL, PAH
(PocTtoB-Ha-[oHy)

B.B. BacunbeB, akagemuk PAH (Mocksa)
P.®. MNaHues, akagemuk PAH (Mocksa)
W.I". TopsiueBa, akagemuk PAH, npeacepatens PHKTIIM (Mocksa)

O.A. Ny6anagynnuH, un.-kopp. PAH, pykosogutens MMM ©UL],
KasHL, PAH (Ka3aHb)

B.W. EpodbeeB, anpektop NHcTUTyTa Npobnem mMalumHOCTPOEHNS
PAH (HwxHnin Hosropoga)

B.®. XXypasnes, akagemunk PAH (Mocksa)

M.A. l'yseB, akagemunk PAH, oupektop NHCTUTYTa NnpuknagHowu
mMatemaTtukm [JanbHeBocTo4HOro otaenexHms PAH (BnagnBocTok)

O.M. Knumos, akagemunk PAH, npegcepatens O6begmMHeHHOro
Hay4Horo coseTa PAH no mexaHuke (Mocksa)

B.H. KuaruHuH, Buue-rybepHaTtop CaHkT-INeTepbypra
(CaHkT-TeTepbypr)

A.Il. Kynukosckuin, akagemuk PAH (Mockea)
B.B. Ko3nos, akagemuk PAH, uneH MNMpe3ngunyma PAH (Mocksa)

B.A. JleBuH, akagemunk PAH, uneH npesnanyma [JanbsHEBOCTOYHOIO
otaenexnus PAH (Mockea, BnagnBocToK)

B.lN. MaTtBeeHko, akagemunk PAH, pykosoautenb cekunn OIMMITY
PAH (MNepmb)
H.®. Mopo3sos, akagemuk PAH (CaHkT-lNeTepbypr)

P.P. Myntokos, 4n.-kopp. PAH, Hay4HbIn pykoBoguTens AMCM PAH
(Yoba)

PW. HurmatynuH, akagemuk PAH, akc-npesmnaeHT AH Pecnybnukn
BawkopTtoctaH (Mocksa)

B.l". NewexoHoB, akagemuk PAH, Hay4HbIn pykoBoguTens LIHAA
“OnekTponpunbop” (CaHkT-MNeTepbypr)

M.A. NorocsiH, akagemnk PAH, pektop MAN (Mockea)

B.A. MonaHcknin, aupektop UMMaw PAH (CaHkT-lNeTepbypr)

A.K. Pebpos, akagemuk PAH (HoBocnbupck)

A.N. Pyackon, akagemuk PAH, pektop CI6IMY (CaHkt-lNetepbypr)

B.A. CagosHuunin, akagemuk PAH, pektop MI'Y (Mockea)

M.B. CunbHukos, un.-kopp. PAH, gupektop “HIMNO Cneumatepunanos” (CaHKT-
MeTepbypr)

C.T. Cypxukos, akagemuk PAH (Mocksa)

K.W. Ceinano, un.-kopp. PAH, reHepanbHbin aupektop LA (OKykoBckun)

B.M. ®omuH, akagemnk PAH, Hay4HbInN pykoBoauTenb MHCTUTYTa
TEOpPEeTMYECKOM 1 NpuknagHon mexaHukn um. C.A. XpuctnaHosuda CO PAH
(HoBocmbupck)

M.M. XacaHos, gupektop no Hayke NAO “lasnpom HedTb”
(CankT-MNeTepbypr)

A.B. XnyHoB, reHepanbHbI gupekTop Poccmnckoro HaydHoro ooHaa
(Mocksa)

®.J1. YepHoycbko, akagemuk PAH (Mocksa)
C.J1. YepHblwes, akagemuk PAH, Buue-npesngeHT PAH (PKykoBckuin)

HO.H. LWUMOTWH, 3amecTuTEnNb reHeparibHOro AupeKkTopa — reHeparnbHbIN
kKoHcTpykTOop AO «O[1K» (MockBsa)

C.E. Axyw, un.-kopp. PAH, gupektop UMNMMex PAH (Mockea)
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AKTYa/IbHOCTb

AKTyanbHOCTb paboTbl 06ycnoBneHa:

HEO6XOANMOCTbIO YCTAHOBNEHUS CBA3N MeXKay
KOHTUHYa/IbHbIM U ANCKPETHbIM ONncaHne aepopmmnpyembix
TBEPAbIX TEN;

HEObXOAMMOCTbLIO PeLLeHNA 3334 TEPMOMEXaHUKN Ha
MUKPO- N HAHOYPOBHe (B T.4. NS AM3aNHA HOBbIX
NpPOLLEeCccopoB);

HEeobX0AMMOCTbIO PACCMOTPEHMUS CUAbHO HEPABHOBECHbIX
npoueccos B feGopmMUpyembIx TBEPAbIX TeNax,
BO3HMKAKOLWWMX, B T.4. NPN N1a3ePHOM BO3AENCTBUM;

OTK/IOHEHMEM OT MaKPOCKOMUYECKMX ONpeaenatoLmx MEXAHUKA —
COOTHOLIEHUM Ha MUKPO- M HAHOYPOBHE (B T.4Y. HapyLleHne OT AUCKPETHOTO K CMNIOWHOMY
3aKoHa dypbe).

domuH, B. M., Kpayc, E. U., WabanuH, A. N. (2008).
MexaHuka - OT AUCKPETHOIO K CMOLLHOMY.

Hosocubupck: N3a-so CO PAH, 2008 r., 344 c.
60



CUummeTpua KoadpuumeHTa OTPaArKEHNSA

* Obuwana popmyna

AT 21(.‘12 Sin kl
A cp(l=e ) +cy(el = 1) (1 +eki(cipy—cp)/cr)

myg2|Ar|?

mg11A>

ECTb 1M cMMMeTPUA OTHOCUTENbHO 3aMeHbl MHAeKcoB 1 € > 2?
[la, oHa cneayeT u3 Teopembl B3aumMHocTH Panes



CummeTpua KosPpPULMEHTA OTPAXKEHNA

* [Tpn NnpoxoxaeHun s cpeapl 1 B cpeay 2 KOsPpPULUMEHT OTPAXKEHMA TAaKOM
e KaK U Npu NpoxoxaeHun us cpeapl 2 B cpeay 1 (umcneHHbin dpakT).

Mouemy? Teopema Panen o B3ammHoctu (cummetpua ¢yHKumum NpuHa)

* KOapPUUMEHT NPOXOKAEHUA MPU C1, = Cq TAKOW XKe KaK NPU C1, = Cy
(uncneHHbIN PakKT).

Mouemy?

* Moxet an 6bitb HEcummetpua T 15! = T»4?
HaBepHO B HeIMHEUHOMU CUCTEME MOXKET.
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