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PEJAKCALMOHHBIE SIBJIEHUSI B METAJUJIAX M CIIABAX,
NOABEPTHYTbIX AEPOPMHUPOBAHHUIO

B. C. Hocmuurxos
BBEIEHUE

Iipu nebopmupoBanum peanbHbX TBEPAHIX Ted Jaxe B UHCTO
yupyro ofsacts B WX TOBeneHMM OOCHApY)XUBAIOTCH SBJIEHUSA, He
Haxonfume o0BbACHEHUS! B OOLIYHOH TEOpHM YHPYTOCTH.

Tax, nanpumep, ¢/ K CTEDXKHIO NPUIOKUTL pPaCcTAruBaloliee
YCUAME KOHEYHOH BEeJWUYMHLL, TO MFHOBEHHO BOSHHKAET JMHIb 4HacTb
nosno# sedopmaiuu, COOTBETCTBYIOWIeH 3axanromMy ycmmio (puc. 1),
OCTanbHasi 4acThb AedopMauMy BO3HUKAET mnocTeneHno. IIpn cHATUH
yeunmus  gedopmanus  ucue-
32eT, HO ONSITL-TAKW HE CPa3y,
4 TOCTENIEHHO, ITO sBJCHHE
TOAYYHIO HA3BAHNE YNPYTOro
nocsaenefcTBH,

Ecan mocrodnHOe ycuaue
{nycTs Jaxe OYeHb Majoe)
AAUTENbHO TIPUIOKEHO K CTep-
XHIO, TO BO3HHKaeT Aedopma-
1M, HENPepPHBHO W3MEHRIO-
UIadcs BO BPEMEHM W TeM 2a-
MeTHEe, ueM BHINE Temmepary-  Pue. 1. 3asucumocTs - AedopManus & oT

pa CTepxHs, 310 spicHue no- Bpevenn £ [locrogunoe ycuaue waunuaer.
AyYAI0 Ha3BaHHE moasyuecry, ACHCTBOBATL B MOMEHT fo M KOHUaeT pefi-

CTBOBATHh (CHHMAETCHd) B MOME ‘
Ecaa coxpanars medopma- ( ) Hr 4y

1WI0 NOCTOAHHOHR, TO HA MOALEPIKAHUE 3aNAHHON. AedopMauny B Kaw fnii
TOCACAYIOIMA MOMEHT BpPeMeHH TpeOyeTCHd MeHLhIIee YCHIHE; HAIpsiKe-
HUe, BLI3BAHHOE B CTEPKHE, KAK TOBOPAT, PENaKCUPYET Wik ocnabepaer,

Ecny, HakoHel, K CTEPWHIO NPUKAANLIBACTCH NEPHOMAHUECKH MEHS-
iIeecs ycuame, T0 61aroiapd BOIHUKAIOIEMY IPH ITOM CLBHTY 1O
dase HanpawKeHUS OTHOCHUTENBHO nedopManuu B o6pasue NPou3oHmséT
HeoGpaTuMOe NPEBPANIEHAE 4YACTH MEXaHWUYECKOH SHEPTHH B TemnoTy,
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88 BT B. C. TIOCTHHUKOB

obbAcCHAEMOE HaJWyueM B TBEPABIX 7TelaX «BHYTPEHHero TpeHus» I,
Ynpyrae MOAyJAH B 3TOM CJyuae OKasHBAalOTC B3aBHCAIMMH OT Ya-
CTOTHl TMPHIOXKEHHOTO YCHJHUA.

Ora rpymnna cBofcTB (<BHYTpeHHee TpeHue», o6paTumas IoJ3y-
9eCTh, H3MEHEHHE YNPYrUX MOCTOAHHHIX C 4acTOTOR M T. m.), GJaro-
Laps KOTOPHIM TBEpJOE Tedo Ben&T cebsf HEeyHpPYruM o0pasoM B yhpy-
roff o6acTH, MOJY4YH/IA Ha3BaHHE B HHOCTPAHHOH JuTEpaType «ynpyrux
HeCOBepILeHCTB» MAaTepHja WIM <«HEYNpyrocTd». Taxkoe HaszpaHwe,
OJHAKO, He OTpaxaeT BHYTPEHHErOo MeXaHu3Ma fBJeHHEL.

B cooTseTcTBUM € YCTaHOBHBINEHCA B Halllell INTEPAType TEPMHHO-
J0rued- 1eaecoo0pasHO’ HasHiBaTh - 9TH CBOACTBA PeNaKCAUUOHHBIMK,
uMes B BHIY, YTO. OHM CBSBaHH C YCTAHOBJICHUEM CTATHCTHYECKOTG
paBHOBecHs B Tede, AePOPMHPYEMOM C KOHEUHOH CKOpPOCTBIO. Takoi
NMPOUSCC HA3BBAGTCH DENAKCALMOHHEIM, Tak Kak mnok perakcauueff
NIOHUMAETCH BCAKOE TPHUOMDKEHHE K CTATHCTHYECKOMY DABHOBECHIO.

VinTepec 'K HBYUeHMIO STUX sBJICHHUH BO3HMK naBHO. Emg B nepsoit
uerBepTH Hamero croxerus B, Tl. BefinGepr n B. IL. Kysueuor npo-
BeJNH PHI BSKCHePHMeHTaNbHEX pa60’r TIOCBALIEHHBIX USYEHHIO BHY-
TPEHHEr0 TPEHHs B TBEPABIX Tenax ',

A. @. Vodde nmpuHanieRut Kraccayeckoe Hccnenoaaﬂne ynpyroro
nocaexeHiCTBUs B KPUCTANIHUECKOM KBapue?, Ynpyroe mocieneficrsie
B cniase maysanocs H. H. lasuzpenxosem u I'. A, Kycmupcko 3.
Uccaenosannusa * B: C. Topckoro* u E. 5. ITymnepa® u-ap. % mpoun-
BalOT CBeT 'HA fABJEHHS, CBA3aHHBIE C Hapymenuem CTATHCTHYECKOTO
paBHOBECHH B CHJaBax. :

Hapsay ¢ 9KCHePUMEHTaNbHLIM W3YYEHHEM DEJaKCAUHOHHBIX fBJe-
Huil B TBEPANX TeJaX JeJalHCh TAKKe NONBITKH TEOPEeTHYECKOTo HeC/Te-
IOBaHuA 9TUX AsaeHudl (6—18 1 Ap.) C NOMOUILIO MEXaHHUECKUX H SNEKTPH- |
yeCcKHUx aHajoruid, nyTéM QopmanbHoro o6oGieHHst 3akona ['yka u ap.

Myl orpaHmuyuMcs paccMOTpeHHeM OCHOBHBIX HANpaBleHmi, He
OCTAHABJUBASCH HA MeTOJe aHanoruif, KOTOpHH He MOKeT NaTh (PU3H-
4eCKOH# KapTHHLl MBYYaeMHX SBJCHUH.

1. ®OPMAJILHOE OBOBIIEHWE.3AKOHA TYKA

TMockoabky. AJs pealbHBIX TBEPABIX Ted, NOABEPrHYTHX Nedop-
Malpd, HMeeT MEeCTO MOoCTeneHHOe usMeHeHue jedopMaUHM W Hampsxe-
Hud, TO 0GobuieHue 3ak0Ha TyKa B NepBOM NPUOMIKEHHH MOXKET 3aKJI0-..
YaThCs B YuéTe SaBHCUMOCTH BeAMYMHB HANPMMEHHS d HE TOALKO 0T

nedopmMayy &, HO M OT CkopoctH Aedopmanun e.Jing ciayvasd auHefi-
HOro Hanpsm(éHHoro COCTOSIHUS BTY 3&BHCUMOCTb MOXHO NPeLCTABUTH

COO’I‘HOILI&HI/IGM
s==g-s-}b-e. 1y
Bo)gee ofbules 3aBUCHMOCTBIO TaKoro pofa OyLeT E€OOTHOINCHHE

~a+ra~c's=b-e.—‘{a——c--é. T (2)
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Taxkoe oGobuienné A cayuas IPOCTONO pacTsiKeHHs: (WM Cxa-
THs) 1eJaNoch PANOM HccaepoBaTene 6 89,

YpapHeHue (2) ONMCHIBAET DENAKCAUMIO HANPAKEHNS, o6pa'mmy£0
ToJ3ydecTh, BHYTPEHHeE TpeHue, 3aBUCHMOCThH YNPYTHX MOLYJAeH OF
YaCTOTH BHEMIHEro yCAamus.

Jlast BHACHeHWS (U3NUECKOX KADTUHE B TOBEJISHHM Tela, MOAUM-
HALIETOCs ypaBHeHHIO (2), nociaejHee MepPennCHBANT B BUie

st 0= Myoe ~- M5 g, (3

TIe MOCTOAHHHIE @&, O W ¢ 34MEHEHB! HOBLIMH HE3aBUCUMBIMU [OCTOSH-
HBIMHA T, To , M, CMBICA KOTOPHIX GyHET BHSICHEH HMKE.

[onaras

e=const, &= 0,

noJaydaeM:
' s-t.6 =0, omkyra o(f)==o4-e .
CrnenoraTenqbHO, 7T. eCTh BpeMs,” HeoOX0IuMOe JJisI  yMeHbIIeHHs
HaNpmKeHUs (NPH NOCTOAHHOH JedOpMALHMM &) B € pas; ero Hasb-
BAIOT BpeMeHeM peJaKCalHH HANpsKeHUs NPH NOCTOSHHOR tedopMauny.

Awnanoruudo, mnodaraf o= const, 6 == 0, BHACHAEM CMBICI BeJU--
YUHB T, , SBJSIOHICHCS BpeMeHeM pejakcauuu fedopMalyy NpH HOCTO-
aHHOM Hanpswennu. Uro kacaerca nocrosnuoft My, 1o e& dusnyeckus
cMbiC OOHApyxuBaercs, eciu JAONyCTHTh, YTO B MOMEHT BPEMEHM
t =0 wmruosenno cospagrca medopmanus e=—¢,

Torza nanmpswenue ¢ (f) Oyner pesaKcupoBaTh K PaBHOBECHOX
Benuunne M-, JleficTBHTeNBHO, NPH e =2¢), ¢ =0 U 0==0; B MO~
MEHT BpeMeHn t =0 u3 (3) nmeem:

OTKyAa o G“MP B
3 (t) = M- {5y — M,-25) € /7 . (4)-
Ipn =00 u3 (4) umeem o (00) == M, g4, T. €. BeIHUHHA
=2

20

eCTh <peNaKCHPOBaHHH> MOAYIb (noA M, MOXHO NOHHMATh MOLY/b.
CABHra, MOLY/b YIPYrocTH) B OTJHYHE OT Be.HI/I’{I/IHbI

s(0)

MH:T’
KOTOPYIO MOKHO Ha3BATh «HEpeAaKCHPOBAHHBIM» MOALYIeM. 3xech 6 (0)—
HayanbHOe 3HAueHue Hanpswenus (npu f£=0).
Hosaras o (0) ==s5;, mosyuyaeMm ypaBHeHHe

e(t) =My -0y (eg — My " -5;)- ¢, ()
COBEPHIEHHO aHaJOTHYHOE ypaBueuui (4).
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Ecav Kk TBEPAOMY Teldy MPUIOKHTH TEPUOLUYECKH MEHSIOmeecs
ycuane, TO BOSHHKAET = MEPHOLMYECKHM MeHsmascs aedoppanus,
Onnaxo Tenepp Jedopmaund z U HanpsKeHHe 5 He GYAYT cOBNaAaTh
no ¢asze. ITo 3HAUUT, uTo rpaduyecKas CBA3b MEXIY HANDPAKCHUEM
‘u pedopmanueit GyaeT NPeACTaBaAaTh COGO0 yie He NpIMYI0 JHHUIO,
a UNC, TIOIALL KOTOPOTO MPONOPUMOHATbHA 3HEPTHH, pacCeuBa-
-€MOH 3a TepHOlL KoneGauuil,

AHa/MITHYECKM 9TO O3HAYAET, YTO CBA3b MEWAY HAanpsHKeHUEM
H_jedopManyell OCYHIECTBAALCTCA Uepe3 KOMIIEKCHBI! MOAYJb, BHpa-
“KeHHe KOTOPOrO HaXOLUTCA TNOACTAHOBKOH B ypaBHennme (3)

a(t)y =gy-el I+ y g(t) =gyl

YTO HadT
(I+io-m )o= M, (1 }iv-1 )2,
THIIR
) o= M*.¢

irlle KOMIJIEKCHEIH Moayap M* umeeT BuI :

I B N Y

% —— T .

MP = 1wt MP' v (6)

“TaHreHc yraa orcraBasus JjedopManiyi o OT HANPAEKEHHSA, paBHbIH
“OTHOMIEHMI0 MHUMOH YacTH KOMIJIEKCHOTO MOAYJs K €r0 BeUIeCTBEHHOH
“9acTH, ONpPeleNseTcss COOTHOMIEHNUEM :
® (’cc — )

EA S e ™

‘Ecin BBECTH TeOMeTpUUeCKHE CpeiHHe =~
T == (Te - Ty )‘/1 s M= (MH_MP)I/E
i+ HCNOJb30BaTh COOTHOUICHHUE

10 Bepaxenue (7) NpHMET BHUL
My—M ®-T
. 2. 3" (8)
M l+(u: -T)
”I‘ax Kak oObluHO 1g ¢ .MCHOJL3YETCH B KayecTBE MePH BHYTPEHHEro
-TpeHus, TO, CHELOBATENbHO, MBI TMOJYUWIH B3aBHCHMOCTh BHYTPEHHEro
“TpeHMs OT 4aCTOTH, BEPHEE OT MapaMeTpa ®-T.
B kauecTBe JAHHAMHYECKOTO MOAY/IA NPHMEHAWT 0GLIYHO BeJHUHHY,
PABHYI0 OTHOIICHHIO HANPSKEHMs K ToM uacTd AedopMaumy, KOTOpas
ataxonwica B (ase ¢ HanpsiceHHeM, a UMEHHO:

g ' 1 2.2
. M + w21

tga=

O TF ot - M O

&
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IY

to= M, — e (10)

R T (en)

‘Ha puc. 2 npescrazreHo u3MeHeHHe BHYTPeHHero tpehus Q =tiga
# IuHamuyeckoro Moay.as M, B ¢dyHKuuM napamerpa @-t. Kak BURHO
W3 pHC. 2, BeMMUYMHA BHYTPEHHErO TPEHMS NOCTHI2ET MAKCHMYyMa NpH
w-t=1, IuHAMAYeCKUX MOLYJb B 9TO# TOUKE HMeeT HanGOJALLIYIO
CKOpPOCTb H3MCHEHHS B 3aBHCHMOCTH OT MAPaMeTpa ®-T.

s o.t>10 BHyTpeHHee TpeHHe He3HAUHUTENLHO, & H3MEHEeHHe
MOAY st NMPAKTHYECKH PAaBHO HYJO, T. €. JAMHAMHYeCKu#i MOLYy/b DaBeH
<HepenaKcHpoBaHHOMY» Monymio M, ChenoBatenbHo, B artoll o6aacTu
gactor (0 - v > 10) npaxruueckd HUKaKod penakcauum wHer, JLas
0-t< 0,1 nuHamuueckuit mo-

Aydb NPaKTHYECKH DaBeH <pe- F7

JIAKCAUMOHHOMY»  MOAY IO Mp, 89 M

a4 BHyTpPEHHee TpEHHe BHOBb Ea ’ I\

©OueHb Mano. B mpomexyrouno#t § |1\

00JaCTH YaCTOT Mbl MMeeM ua- § 7 IR &6,

CTHUHYIO PeNAKCAUMIO NUHAMUYE- & § ,E 17

CKOTO MOLYJf H 3HAUMTeNbHOE I r < 19

BHYTpEHHEE TPEHHE, NOCTUTAN- %4 / 8

iee MakCHMyMa npu ot = 1, g / "
[MonBOAA UTOrHM HBJIONEHHO- §é’ 17 \ a7

My, MOXHO CKa3aTh, UTO yKa3aH- § 2 / a5

Hoe ofobmenne sakoma ['yka §, 7{ 3

Ja8T BO3MOKHOCTh ONUCATH pe- "%U . ,’,'q

JIAKCAUNI0 HANPSIMEHHs NPU [O- a0 41 1 7]

CTOAHHOA AedopManuu, obparu- @r

MY TOJ3y4ecTh, S3aBUCHMOCTR Pye, 2. YacroTHA® 3aBHCHMOCTh BHYT-
JHHAMAYECKMX MOAYJMed OT 4a- pewsuero Tpenus (/)u monyus casura (/7).
CTOTH. DBHyTpeHHee TpeHHe B
TBEPAOM Tele, MOLMUHANIEMCS YPaBHEHHIO (3), BhTekaeT caMo CoboiH,
FABJIASICh PE3YJIbTATOM CYIIECTBOBAHMA CABWMIa (a3 Mew 1y HampsdeHHueM
¥ JedopManuet Npu NePUOANUECKOM H3MEHEHHMHU BHEUIHEro YCHJIMA.
Onnako ypaBHenue (3) He ONMUCHIBAET YUCTO YOPYTUX sABACHUH
¥ SBJIeHWH YHNPOYHEHHs ¥ HAakiENa, HaGJ0LaeMBIX B MeTaanax M
CN/JaBax. Y4&T STOro NPUBOJIMT K AaibHeHlleMy, HO yxe Manospdex-
TUBHOMY 060Guienvio ? ypaphenus (3). OTMETHM Takke, 9TO pealbHbIE
TBEpIBIE TeNa, KAk mpasmio, OOHAPYXKUBAIOT He OAHO BpeMms peaa-
Kcaumu <, 4 Iedblil HAGOp MX WIM JaXe HEeNpephHBHbIE CIexkTp.

2. BOJIbLIMAHOBCKASI TEOPHUS YIIPYTOT'O IOC/IEIENACTBUA

Coraacuo Teopuu ynpyroctd aedopMauus ¥ HANPSIKEHUe CBASAHBHI
B 10008 MOMEHT BPEMEHH COOTHOLIEHHEM

5 (f) = M-e(2). o (11)
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OTo ypaBHeHHe wmMeeT [1B3a BAXHHX CBof#cTBa: 1) oBO JMHe#iHO,
2) OHO CBSBHIBAET MTHOBEHHYIO BEINYMHY ne(popmaunu c MrHOBeHHoﬁ
BeAMYMHOA HamnpsxeHus.

. BoabimaH ' 1npH . MOCTPOEHRH TEOPHH YIPYTOro nocneneﬁcmuﬂ
HCXOAMT W3 IpYHIANG HAJ0XKEHKA, HO JNONOJHA] €ro NPeino/ioKeHueM,
uyro AedopManus B AAaHHEH MOMEHT 3aBHCHT OT MNOBeleHHs ofpasua
B TNpPEAIIeCTBYIONIME MOMEHTH BpeMeHH. MarteMaTHuecKH HaJO0KeHye
MO¥HO CQOpMY/IMPOBATE. - CACAYIOMMM 00pasoM: TYyCTb eLUHHUHOE
HampshkeHue B MOMeHT £ = 0 c0314ET Pe3yAbTUDPYIOULVIO AedopMaluio

@ (¢). Ecam B Teuenme Gosee paHHEro BpPEeMEHHOrO MHTepBada oT £ 1o
t’ - dt’ Hanpsenne usmenwioch 0T s (t') 1o o(f -+ dt’), TO MOKHO
CunTaTh, YTO B TEYEHHE 9TOrO HHTEPBaJa BpeMeHn df’ JeHCTBORAO
NOCTOSIHHOE 110 BeJHYHHE HampshKeHue

c(t'+dt'y—o(t')y=ao(t)-dt,
KOTOpOe Bh3Bajo LedopMalmio
‘o (¢ H-dt')-c (¢)-dt'.

[lomnaa nedopmauns K MOMeHTY Bpemenn £ OyIeT paBHa WHHTe-

rpajny no BPeMEHHM OT BLHIDAXCHHA
9 (t—t) -5 (¢')-dt’,
T. €

t .
e(t) = S' ot —t")y o (t))at'. (12)
O6paiienre 3TOTO0 MHTErpana JKasT:
t .
5(t) = S FE—t)e@t)at. (13)

Ecm ¢yuxunn @ (£ —¢') wm f(f—1¢) onHawIm OmpeleieH:,
to ypasHenust (12) wm (13) mMoryT GblTh MCHOJB3OBAHHI LI OTHCKA-
HUA <HEyNpyroro» moseldecHus TBEpAoro Tena. OnHako reopus Bossiu-
MaHa He TO03BOJAET HHYEro CKa3aTb OTHOCHTENbHO BuAd QYHKUuHE
o(t—t) u f(t—1). |

O6wiuno ypapHeHus (12) u (13) 3amucHBAIOTEST B HECKOABKO HHOM
Buse. VHTerpupyd mpaByl0 uacTh ypaBHeHus (12) no uacram,
noJyRaeM:

t
e () =29 (0)s(t)+ ﬁ(t—t')-s(t’»)-dt'. (14)
CI)yHKLmﬂ cp(O) CBA3aHa co CTATHYECKHM MOAYJEM COOTHOIICHHEM

1= M, - 3(0). |
Tloacrasaas ¢ (0) = ML B (14) u moms Q(t—t)=¢ (t —1t),
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fiojydaeM ypaBHCHHE
t
e(t) =33 (6)+ ytI)(t—t’)s(t’)dt’, (15)
H

KOTOpOe 4acTo BCTpeudercd B Jutepartype . MoxHO mokasaTh, 4TO
ypasHenue (3) SBJASeTCH UACTHBHIM CJAy4aeM MHTErpajbHOTO YpaBHe-
uust (15) npu BuGope anpa @ (£ —1¢') B Bune
o (£—1t)
@(t—t)_—i-e, o (16)
Mp =

Taxum o6pasoM, nouTH BCE, uTO 6bIJIO cxazano Boime (o dop-
ManbHOM o600uieHuM ypaBHeHHs I'yxa), ocraérca B cuie H 418 TeO-
pun Bosnbumana ¢ anpom Buna (16).

V3 Bcex penakCaiMOHHBIX CBOYCTB MaTepuaJoB HauGoJbllee BHH-
MaHUe IPHBJIEKAET W3MEHEHHE INMHAMHYECKMX MOAYJeH ¢ YacToTOMH
M BHYTpeHHee TpeHue, MOXHO NOKasaTb, 4TO ITH JABE XapaKTepH-
CTHKM cBs3anbl ¢ QyHkumel @ (f) creayoumuMu ypaBHEHHAMHU:

A(0) = 5@ (t) - cos wt-dt a7)
. 0
Q(0) = S O (¢) sin ot - dt, )
re ’
My, — M,
A =5

€CTh CTeNeHb penaakcanuwy Moayas (Zedexrt MO,U.yJIH) npyd 3anaHHOH
4acToTe ® KoMeSaHwuil. ,

- Us ypaswenu#t (17) n (18) Buano, uro nHeuspecTHas QyHkuus P (¢)
MOXET OBITh B MPHHIMNE ONpeleneHa nyTéM usMepenns fedexta A (o)
JVHAMHYECKOr0 MOLYJI WM 1O BeJdYdHE BHyTpeHHero tpeuus. Taxoe
BBHIUUC/EHE, OJHAKO, CBSI3aHO C OG0JbWIAMH OMAGKAMH, TaK KaK s
onpenenenna @ () ueoSxonuma omepauns o6pauenns uurerpana (17)
uma (18) u HeGosbuias ommtka B H3MepeHHH A () i Q (0) cxaxercs
KaK OTHOCHTeNbHO Oo/pllad owndxa B onpeneneHnn D (¢).

PearaxcanuoHHH# cmexTp

Ec/i npeanonoxuTh, 4TO MaTepHal XapaKTepU3YeTCA OIHOM Bpe-
MEHHOA KOHCTaHTOH (BpeMeneMm penakcauun) <, u ¢ynxumo @ (f)
Bmﬁpan B BHIE

O(t)y=2A7,v"1 -etl7, (19)
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1o ypaphenus (17) wu (18) npunumaior sHaxombiit BuA (cM. (9) u (10)):
A0

A(e)= T ' (20)
¥ . .
__ Morc
Q= @
Mco —_ M() ) . .
3nech AO=——70— -— HauboJbliee 3HayeHHe JedekTa (monnas

penaxcauus) monyas. Coorwowenns (20) u (21) B dyHKuuM napaverpa
®-T MOIyT OBITh NIpPeACTABJEHH TrpaduuecKu TaK, KaK 5TO NOKA3aHO

Ha puc, 2. :

Ecan B ofpasue OIHOBPEMEHHO IPOMCXOAMT HECKOABKO pefaKca-
LHOHHBIX ITPOLECCOB, KaXIaulii u3s KOTOPBIX xapal{TepJ/.IayeTCﬂ CBOUM.
0cOGbIM BpeMeHeM DeJaKcaluuu T;, TO <BKJIal» KAKIOTO H3 BTHX NPO-
1eCcCoB, HANPHMED, B peJaKCaumio HanpskeHHa OGyAeT COCTaBAATH
Oﬂpeﬂeﬂé‘HHyIO JOJI0 TIONHOH peJdqakcauvu HamnpsxeHus, OHpeﬂ,eJlﬂeMOﬁ
COOTHOIUCHUEM .

s (#) —a(o0)
_ g (o0) :

COBOKYIHOCTB BCEX BPEeMEH DeNaKCalld OTHEAbHHIX PENaKCAlUOH~
HBHIX MpOLECCOB 00pasyeT T4K HA3HIBAaEMLIH PpeJaKCAUMOHHBIH CIIEKTP
naHHoro Matepuansa., OH MoXeT OHTh H JAMCKPETHHIM M HENPEPHIBHBIM..

PaccMoTpum cayuafl HeIPepHIBHOrO LacnpeleieHus! peiaKCauOHHbIX.
HOCTOAHHEIX. B cBA3M ¢ TeM, 4TO BpeMeHa peJaKCAUHH JeXaT YacTo
B BeChbMa IUMPOKOM HHTepBaje 3HaueHuH, LenecooGpasHo nepeiiTu K jora-
pudMuyeckoit mkane. Beeném ¢yHxkumio pacnpenesenus ¢ (t), KOTOPYI>
OHpee/inM TaK, YToOk npousseferue U (t)-d (Int) NpexcTaBasno «BKAAL>
B nojHbift gedext moayas A, o8YCIOBAGHHEIH MNpPOLECCAMM, BPeMeHa
peakcanMd KOTOPHIX JexaT B wuHTepBate d(lnt), pacnonoxkeHHom
B oKpecTHOCTH 3HaueHus T. COBOKYNHOCTb BCeX <«BKJIaAOB» NaéT
noJun# aedekT MoLyas, T. €. -

+o0 : A
= | () (ing. (@)

Has marepmada ¢ OIHOH PENAKCALMOHHON TIOCTOAHHOH ‘H'arlmeeHI/I'e
a () penakcupyer, Kak HOK43aHO BhIIUE, N0 NPOCTOMY INOKa3aTedb-
HOMY 3aKOHY, a WMEHHO: ' ‘ :

s(t)=sp- et (23)

CienoBaTenbHO, B TOM NPHOMIKEHHH, B KOTOPOM CNpaBelJns TpUH-
UMII HalOXeHWd, [IJs pPacCMaTPHUBAEMOTro 3Jech CJayuas MaTeépHana
C HelpepHBHBIM PACTpele/eHHeM DPENaKCALMOHHBX NOCTOSHHLIX B OK-
PECTHOCTH 3HAueHwH T BOJAyudeM, UYTO JJIA OTHOCHTENbHON BEIMUMHLE
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HATPAKEHUs PeAaKCauusi NPOUCXOLHWT 10 3aKOHY
b () et - d(ln1).

IToxnas penakcanud OTHOCHTEJNBHOH BCINYUHEL HanpsKeHUus onpe--
JendaeTca COOTHOHICHUEM
~}- co
2B —2(@) __ () e—tid (In). (24)

a (o0) .

Ha ocHopanuu eipamennft (19), (20), (21) momHO Hamucarb:

+co
® () = S & (x) .71 e=td (In), 25y

oo

T
A(m)zj' T_J—ip-%?d(lnﬂc), (26)
-0
+oo y ‘ i
T)-®T
Q(w):j’ 1_:L(.é?.d(mec). @7y
—0c0

CrenosartenbHo, eciu wssecTHa GyHkuus pacnpegenetus (t), To
MOXHO Jerk0 HailTH Bce OCHOBHHe Bemnumunl (A, Q, @), xapaxrepu-
3YIOILME peJaKCalMOHHBE CBOMcTBA TBEPAOIO Tena.

Omnako B TO Bpemsi kak ¢yHkuus @ () Moxer GHTH AOBOJBLHO-
APOCTO ompeieneHa (XOTH U He COBCEM TOYHO) IKCHEPHMEHTAMbHO,.
NOKa He CYyHIeCTByeT CnocoGoB HenocpelCTBeHHOro onpelencHus PyHK-
uni § (). MOXHO clefaTh HEKOTOPLIe YIpoulaioume npeinoioxeHus b
OTHOGHTENbHO &yHKIuH ¢ (T), HO OHM He MPHUBOAAT K DPeayabTaTaM,.
CKOABKO-HHOY b XOPOWIO coriacyiomumcs ¢ onbitoM.. Creayer raixe
3aMeTHTb, UTO A7 onpedeienus GyHkurA § (<) 00 H3BECTHOMY BHLY
dyHKuUMg EL:(;S—“l, A(w) 1 Q(®) B ofuieM caydae HeoOxonuma
onepanus oOpautenus muterpaia (24), (26) mwm (27), BHOCAmas 3Ha-
YUTEJILHYI0 HETOYHOCTh B pe3dyibraT. Ma-za upessnluaiiHofi uyBCTBH-
TedbHOCTH (Qynxuuu ¢ (1) k ommbkam B onpelencHud Q(®) u A (w)
L4 XapaKTePHCTHKH DeJaKCalHOHHOTO CIeKTPa BMeCTO He& paccMat-
puBaercs BejqnunHa @ (w)=tga B (QYHKUMH BPEMEHH PeaKCatMH Wi
4acTOTLl KOJeBaHuiH,

Ha puc. 3 npencrapien TUNWYHBE PelakCAUMOHHBLIE criekTp (moi-
poGHee cm. mmxe, § 4). 3uecs I — BHyTpenHee TpeHHe, 0GYCIOB/EH-
HOE HAJIMYMEM MAp aTOMOB C Pa3HEIMH aTOMHBLIMU PaiuycaMu (pacTBOPEL
3aMewiedns); I/ — BHyTpeHHee TpeHHe, OCYCJAOBIEHHOE BASKHM Teue-
HueM no rpanmuam sépen; //] — BHyTpeHHee TpeHue, 06yCIOBIEHHOE
BABKMM TeUEHHEM B «aMOP{HHIX» 00JacTaX, BBCAEHHBHIX NIACTHYECKOH
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IedopMaumeil; 1V~ BHYTpeHHee TpeHue, obyc/oBaeHHoe auddysuett
4TOMOB BHCIDEHHS, HANPUMED 4TOMOB YIjepoia WM a30Ta (Hepexoxn
3THX aTOMOB B NPEHMYLIECTBEHHLIE MO3MIMM BHelpeHus); V — BHYT-
peHHee TpeHHe, 00YCJIOBJEHHOe IOMNEePEYHOH TEMJIGIPOBOAHOCTHIO HPU
uarube obpasua; VI — BHyTpenHee Tpenue, oéycnomeHHoe MERKpH-
CTA/VINTHOH TEMIORPOBOAHOCTLIO. ‘

JTOT PpeNaKCalMOHHHA CneKTp 6yAeT XapaKkTepH3oBaTh AAHHLIH
Matepual NPH AAHHBIX YCaI0BHAX. Kaxioe usmeHeHue B 06pasue, 6yIib

810"
\m* /
Toar? /
m‘z /
\m‘z I
wm"’
ﬁm‘”

LASIRWY 1

0 It A

-+ —l
—_—

T

\
i
|
T

v/ [\ 7

o]

¥

W gt ot 1wt ot
dacmema [f]-nepuodei/cex

Puc. 3. TunHYHAH penakcalmoOHHLY CHOeKTp TBEPAOTO
TeJa TIPH KOMHATHOH TeMIeparype.

TO M3MEHEeHHe Da3MepoB, COCTaBa, cTenend Jedopmauwy, OTHHIA,
pasMepoB 3epHa, TeMOepaTypsl M T. M., OTPAXKAETCA XAPAKTEPHHIM
¥3MEHEHHEM DPENaKCAUMOHHOTO CHeKTpd. MayueHWe 9THX H3MEHEHHH
MO3BOJIAT TJAyGe NPOHNKHYTh B MeXaHHS8M HEKOTODPHIX NpPOLECcCoB
B METalJax M CMJIaBax, YeM 5TO MO3BOJAAIT Apyrue MeToan. Heckomb-
KO CTpaHHO TO, uto nBa nuka (V u VI), KoToprie 08yCIOBJIEHBI TEp-
MUUECKOH pemlakcauuefl U KOTOPHE HMEIOT He3HAUMTEIbHOe OTHOLIEHHE
(MM COBCEM He WMEIOT OTHOLIJeHI/Iﬂ) K TJACTHYECKHM H TPOYHOCTHHIM
cpoffcTBaM Ten, XOpolwo wusyueHw % % 15, B TO BpeMms Kak 1Ba NHKa
(11, 11I), koTOpHE MMEIOT TIPAMOE OTHomeHHe K IJIacTHYeCKHM CBOH-
CTBAaM Tel, Mayyaiorcs ciabo b4 17,18,

3. TEOPUA PEJIAKCALUMOHHBIX fBJEHWI HA OCHOBE OBLLMX
TEPMOJIMHAMMYECKVX COOBPAXKEHWN

OrpaHuuuBasch, Kak ¥ paHbLie, CayuyaeM JMHEHHOro HanpaXéH-
HOro coctosHus (06BEMHBIA cayuail cM.?> 16), paccMOTDHM H30TEpMH-
ueckoe (HeMdoTepMuueckuii cayuaii paccmorpen HenasHo H. C. dacro-
BHM ??) nedopMupOBaHHE OAHOPOLHOTO HM30TPOMHONO Tela.
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[lpu neOpMHPORAHMM YHPYTOr0 TeAad C KOHEUHOH CKODOCTRIO
AepOPMHPOBAHHOE TEJI0 B KaXIbli NaHHBLIA MOMEHT BpeMEeHM MOXer
U He HAXOMUThCA B COCTOSHHUM CTATHCTHYECKOrO paBHOBecus. B kmac-
CHUECKOH TeopHH YIPYroCTH COCTOfHHE YIpYyro nedopMHpOBaHHOTO
Tefia NOJHOCTBIO OHpelelfeTcs 3HAaUeHHeM TeMneparypul 7 W Belm-
4dHEl JedopMaumu €. B paccMaTpuBaeMOM e HAaMM CJIyuae STHX Be-
JUYUH HEJOCTATOYHO H C/ACAyeT BBECTH HOBYI) HE3aBUCHMYIO TEpMO-
IOMHAMAYECKYIO TIEPEMEHHYI0, KOTOpas XapakTepusyeT MrHOBEHHOE
OTKJIOHeHHE YNPYro AeddPMHPOBAHHOTO Telda OT COCTOSHHA CTATHCTH-
YeCKOTO PaBHOBECHs W KOTOPYID MOXHO HasBaTh mapaMeTpoOM pefak-
cauud. (B npuMeHEHHM K MHAKOCTAM TPEACTaBJEHHE O peaKCalHoH-
HOM MeXaHusMe TOIJIOHISHMs: B3BYKQ BNepBbie Obl10 BHLABMHYTO Man-
AeibinramoM u JleoHToBuueM *2.) Ilas cayuas 0GBEMHOrO HampsIKEHHOTO
COCTOSHNS TapaMeTp penaKcanuy 9BASeTCH TEeH30pOM 2-ro° padra.

Jast HeGoJiblunx JedopMauuif ¥ MafdbiX OTKJIOHEHHH OT COCTOSHHA
CTATHCTHYECKOTO PABHOBECHS CBOCGOAHYIO SHEPruio ynpyro nedopmu-
POBAHHOrO Tela, OTHECEHHYIO K eIuHMLe 00DbEMA, MOXKHO Hpe,U.CTaBPITb

dopMy o
F:FO(T)—}—a-ez—}—b-Ez—{—c-e-E, (28)

rae F, — cBoGosHas sHeprus HeieOPMHPOBAHHOTO Tela, HAXOLALLe-
rocsi B COCTOSHMH CTATHCTHYECKOTO paBHOBECHS, & — mapameTp pe-
nakcauvu. IIpuMensis K MHTepecylouiedl Hac sajaye «TEpMOJMHAMMYE-
CKYI0» TEOpHI0 HEDABHOBECHHX  CHCTEM, DasBATYI0 4KaAEMHKOM
M. A. Jleoutopuuem 2°, oGosHauum uepes £ «paBHOBCCHOE» 3HAaue-

HUe TapaMeTpa pe’dkcalud, KOTOPOE IPU 3aiamHOi medopMaumi
OnpelenseTcsl COOTHOLUEHNEM

( >T£ 0. (29)

Us (28) u (29) creayer:

265 J-¢-e =0, j
OTKYaa
— ¢
E:—'—ﬁ'a.‘ . : (30)
Bsengm HOBy1o BémmuuHy. L, ompelenseMyio COOTHOLIEHMEM
(=f—¢ , (31)

Torza ycnoswe (29) Bumoausercss npu {==0. B nepemenﬂux eunl
csoBonnas sHeprus F HpuHuMaeT BHIA

F= F+<a——- et p.C2, | (32)

C npyroit CTOpOHbI, cB00OAHAA 3Heprus ynpyroro reaa, Aedop-
"MHPOBaHHOTO KBasucTaTHyeckuM oGpa3oM H, CJIeHOBATENbHO, HAaXOLf-

7 yoH, x, LI, bom. 1



98 St LIB.C, HOCTHNKOB

merocsx B COCTOHHHH CTaTI/ICTI/I‘IeCKOI‘O paBHOBE(‘J/Iﬂ paBHa

F=F+% o )
rie M — nzorepMuueckuit Monym: ynpyrocm (E nan G). Honaraﬂ]
B (32) L==0 u Cpasumsas c (33), nomyuaen; <

e M (34)

L 2
omeyna - o S
. PPt Moo @)
~U8 W3BECTHHX MMHEMAJBHEIX CBOﬁCTB cBOGOIHOH ax—xeprun cie-
lee'r 470 .
_ b>0. ‘ (36)
Onpenenas ynpyroeﬂanpmxeﬂne COOTH OILICHHEM : o
G = ( v e (37)
FIOJIY UHM: S '
o__Ms_}-th: R " (38)
Tak xak .
,oc_ L0E ¢
, ; - 0e . 0e  2b
Ha ocHoBanuu Buipaxenus (30), To o S .
o=M-e+}c-L. T (39)

[lapamerp penakcauuu & ABAACTCA BEAHYHHOH, CKOPOCTb H3MeHe-
HHg KOTOpo# mpexcrasnser cobot ¢yHkumo {; aTa CKOPOCTH TeM
MeHblle, ueM OqmKe Teld0 K COCTOAHHIO paBHOBecna u obpawaeTes
B HyJh NPH JIOCTIDKEHUN PABHOBECHA, T. €. ‘npu (=0, Cunraa { ma-
JOH BEMVWUNHOH, NOJOXKNM

E=1(0) (40

PI, pasnommz 3Ty @YHKHPHO ‘B pHAL, OI‘paHI/I'-IPIMCH B pasnomeﬂuu JH-
HeHHBIM ‘{JIeHOM : .

5‘ (0)+f ©¢

BBmLy TOr0, uTO MpHU C—O BEIUYHHA £ rakke paBHa HyMO,

noay yaem:
(()) )

¥, CACNOBATENBHO, -
s_ £ (0)-L.

Koscp(puuneﬂrr f’ (O) aomxeﬂ« GHThL OTPUILATEJILHHM M MMETH pasmep-

1. [T
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HOCTD verl Honaraﬂ f’ 0)= — -1—, THE T — XapakTepHL 298 nan-

HOro Tena mapamerp (BpeMsl pelaKcalyu), MOdydaeM: -

’ _ ,E =,—-—17-C (x> 0). | v 41

Ipunnmas o rnmManue (30) n (31), momyuaem: E
. - 1 C. .

Tlpounrerpupyem sto nuddepeniuuarbHoe ypaBHeHHe, CUHTas, 4TO
B 0GeCKOHEYHO YIal8HHOM TPOILIOM TeJO HaXOLWIOCh B CTaTHCTHYE~

cxoM papHoBecuu. Torzma .
. ’ .t t—f

(t)y=o5 e = e@)at (43
—0 »
" : ‘ , Lot=t
dmﬂmw+%5¢1QMMC (44)
. 2o o ' .
BBea&M HOBYIO BeNMUHHY _
et
2%

MMCIOULYIO Pa3MEpHOCTb BHYTPEHHErO TPeHHs (m cex) Torza =
¢ttt

am_Me+ S Tewmm tfﬂ M®

L 73

Ang cayyas, xoria aedopmaius SIBJASTCSA  WHCTO nepnonmecxoﬁ
¢yHKIKel BpeMeHH, T. €.
sto-e zu)t,‘

nonyyaeM oGoGwEnHL sakon [yka B crenyioued opume:

OTKyZa o * B
o= M, (46) -
rie ' :
. ra - l.'(l)'ﬂ .
M%*M+1+i®~'c . L (47)

— -KOMILIEKCHBIH MoAyah. To 06CTOATENBCTBO, 4TO MOAYJb ABJASETCA
-KOMII/IEKCHOH  BEJMYMHOH, CBUACTEABCTBYET, KaK Mbl  BUICAM. BRMIe,
-0 HaJHYHM -caBura ¢as Mexay HanpaxenweM u redopmauued, o6yc-
JOBJMEAIONIETO . yNpYyTuf rHCTepesnc, 3aTyxaHpe: KoneGamm w ,ZprI‘BE
.pe/laKCaluHOHHLIE CBOHCTBA. 18, ;

7*

« 3
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(bopma.nbnoe 06oGuienue saxona” T yxa 69 ‘Burekaer Kak crens

cTBue Gonee ofueli, cefiuac paccMOTpeHHOH Teopun. YTOGH B STOM
yGenurbea, Haiiném A (o) n Q(0) Ha ocHoBe BHpaxenus (47), xoto-
POE HECKOJIBKO npeo6pa3yeM

" VMHOMaR uMCIWTEAb M SHAMEHATEJb BTOPOTO uJeHa MpaBoit ua-
¢ty (47) na (1 —iw-1), noxyvaem:

w?.72 lost
Mt == M+1+w213 T+1+m212 T

B KayecTBe JHHAMHYECKOro MOAYJId OOBIYHO NPUHAMAIOT . .BEUICCTBEH-
HYIO 4aCThb KOMIIIEKCHOTO MORYJ/d, T. €.

M w22 . -
Mo = +]+m212 T " ‘ - (%)

s Bblpa)KEHI/IH (48) HaXoLM:
Mo =M 3,
SR (49)
| My = M.
Vaurnsas (48) u (49), moxyuaem:
— Mu) AO

MOO
AO)=—3r— =1 @»

(50)

rne :
M, —M
By ="

ITonyuennoe BHIpaXKeHWe INOJHOCTBIO COBMAZAeT C  BHIpaXe-
HueM :(20). Ecam B3sTb 3a Mepy BHYTDeHHero TpeHus tga, pamwit
~OTHOLUGHWIO MHAMOH YaCTH KOMIIEKCHOTO MOAYJS K €r0o BeuleCTBEHHOMH
"4aCTH, TO MOXHO yOCIUTHCA B TOM, 4TO

Q (@) = ———“ﬁ————— | (1)
1+ 57 (092 »

TMonyuennoe BHIpaXEHHe OTIMYaeTCH OT Bupaxenns (21) MHOXH-

M
TejgeM —Mﬁ (nopsinKa eIMHMIE) B 3HAMEHATEle,

4. PA3/IMUHBIE MEXAHU3MBI PEJJAKCALIMOHHBIX SIBJEHMIT
B TBEPALIX TEJIAX

Iedopmalius, BO3HMKAIILLAY ‘B YNPYIroM Teje, ONpeensieTcs He
"PONBKO:- IPUIOWEHHEIMM K- HeMy . BHOIIHNMY MEXaHMYCCKHMH CH/AMH,
JHO “TAKIKE M TeMIepaTypoll Tejad, €ro XWMHUYCCKHM COCTaBOM, BHEUI-
“HHUMY MarHuTHBIMH ¥ SJNEKTPHYCCKHMH noJIsIMu '(MaI‘HHTO- ¥ DIEKTPO-
SOTPHKIMA), W3MCHEHHEM CTENEHH NOpsiAKa B ChjaBe U T.. A. ITa
BABUCHMOCTH NMOJHOK AedopMauuu OT YKA3aHHHIX NepeMEHHHIX MPHUBQ-
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JAHT K MHOTOOGDA3HIO PEJNaKCAUHOHHHX $BJIeHAH, KdXKIOe U3 KOTOPHX
BHOCHT CBOM BKJaJ BO BHyTpeHHee Tpenue Q (w), B dedexr mMonynefi
A{w) 1 Apyr¥ue penakcauMOHHBEIE XapaKTEPHCTHKM MaTepHaia,

- PaccmMoTpuM KpaTko PasuuHLE MCTOUNMKH <YNPYTUX HECOBep-
UIGHCTB> MaTepuana.

TennonpoOBOAHOCTS

TenI0NPOBOAHOCTh SBASETCA OLHAM M3 HCTOYHHKOB DeaKCalHoH-
HBIX ABJEHHH B MeTainax. IloBbillleHHe TeMIEpaTypsl NPH MOCTOSHHOM
BHEIIHEM JaBJEHHH OOBIYHO CONPOBOXAAETCA YBeIHMueHHeM oO0nbéMa,.
O6patho, anuabaTHyeckoe INPHUIONEHHE BCECTOPOHHETO BAM JHEl-
HOTO PACTATHBAIONIETO YCWAMs (YMEHbHIeHNe ' «BHEHIHErO NaBJEHHS»)
BeAET K TOHIMKCHHIO TEMNEPATYpH W, CJAEAOBATEALHO, BLI3HBACT
NOTOK Tenja B OOpasen u3 okpywxaionei cpensl. Taxk xax pasHocTb
TEMIEPATYDP MOCTCNEHHO YMeHBMIaeTcA, 06pasell HCHHITHBAEeT He3Ha-
YHTEJIbHOE YBEJHUEHHE B JJHHE, '

Bpems penakcaumu aje BHpaBHHBaHHA TeMIIepaTypHl IO oﬁpaauy
pagHo b 15 21 }

2 s
z. (52)
rie d — jauHeHHt pasMep obpasua, D — xoapduuueHT TeMneparypo-
HPOBOLHOCTH

T

i

A . ]
D= | (53)
Cp . :

A — ynenbHas TeMIONPOBONHOCTD, &, — ynenbnaﬂ TEMIOEMKOCThD npn

NMOCTOSSHHOM OODBEME,
CreneHp penakcanuu B 9TOM Clyuae

Ty — a?
A(o)‘—T'EsE’ (54) |
rae T — aGcomoTHas Temmeparypa, E,-— aamaGaTuyeckuii MOLYJIb
ynupyrocTy, o — JuHeHHb K03DPUIHEHT TEPMHUECKOrO pAaCIIMPEHHA,
p ~— MIOTHOCTh, ¢, — yA€IbHAs TEeNIOEMKOCTb MpH HOCTOSHHOM
JlaBJ/IeHUH. ‘ '
BripagHuBanue * TeMmepaTypH MOXET OCYIIECTBISATHCH HE TOMLKO
Mexay o0pasuoM u cpenoffi, HO H MEXLY PpasJTHYHBIMH YacTAMA
obpasua. Jaa 3Toro HeoOXOAHMO CO31aThk B 00pasiie HEOXHOPOIHOE
HanpsiKeHue, KOTOpPOe MOWKeT OHTh MAKPOCKONMUYECKHM HJIH MHKpPO-
ckonnueckuM. FlanBonee npocTodl cayualt HEOIHOPOLHOFO MAKDPOCKO-
NAYeCKOTO HANpsKeHMs BCTpeuaeTcss npm msrube oOpasua. 3aech
mMaTepua’n ¢ OXHOK CTODOHH HEWTPAbHOM TJIOCKOCTH HONBEpraeTes
pacTsKeHuio, a ¢ Apyroit — cxaruio. [Aag o6pasuna Kpyriaoro ceueHus
BpeMﬂ pelakcanuu t oupelensior ¢ dopmyaon
d.‘Z
~4.3%D’

rie d — nuameTp ofpasua, D — xospduuneHT TeMnepaTypONpOBOA-

(55)
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sioctd, CreneHs penakcauud H B 3TOM cnyqae OHDEH.EJIﬂeTCﬂ Bmpa-
weHueM (54). C

Muxpockonuueckoe HeOAHOPOAHOE Hanpmxeﬂue BO3HHKaeT 6Jaro-
napa ynpyro# aHWBOTPONMH 38peH MM u3-3a GeCnoPsa0uHOMH OpHeHT AL
MHIMBHAYaNbHEIX KDPHCTAWINTOB. MakpoCKonMuecKn OIHOPOLHOE YCH-
JHe, HPUJIOKEHHOE K -06pasuy, OyJeT WMETb pE3yJbTaTOM MHKpO-
CKOMMYECKYIO HEOJLHOPOAHOCTh HANpsKeHUd OT KPUCTalia K KpucTasi-
Ay, 4TO NOBEAET K HIMEHEHHIO TEMNeparTypel. B KPHCTAAIaX H BO3-
HUKHOBEHMIO BCJAEACTBYE 5TOrO .(Hajuywe TrpalueHTa TeMNEPaTypH
B 38pHAX) TENJCBbLIX IOTOKOB.,

' Bpems penakcanuu B 3TOM CJayuae

=L o (56)

Tae d——cperumﬁ JUHEHHE# - pasmep 3epHa. Crenenb  pesakcauun
paBHa 6; -
3aecs :

(E=3)— (&=
|  R=
-— OTHOCHTENLHAs] BeJMUYMHA CPeIHEr0 KBaApPaTHYHOTO OTKJIOHEHUS
yupyroro Moxyia coceiuux kpuctamamtos. dakrop R yxaswBaer,
9T0 CTENeHb peNaKcauui (M MAKCHMyM = BHYTDeHHero Tpenus) Gyner

TeM Gonbliie, HeM GOAblUe YNpYraf aHMSOTPONWA HHAMBUILYANbHLIX
KpHCT&JIJIHTOB

Ludpdysns

B HeHamPSIKEHHOM TBEDPAOM PACTBOPE COCTOSHUIO CTATUCTHYECKOTO
‘PABHOBECHS  COOTBETCTBYRT HEKOTOpoe (BOOOIIE TOBOPA, OGECMOPANOY-
Hoe) pacnpezesenne pacTBOp§HHBIX aToMos. Ecim cmias  neopmu-
pyercsl, TO B HEM BOSHHKAET nepepacnpeseneHue PACTBOPEHHBIX
aTOMOB, TIPOTEKAMOUIEe C HEKOTOPOHl CKOPOCTHIO (CO CBOMM BpeMeHeM
penakcauun ). B .clyyae mnepHOLMUeCKM MCHAIOWIETOCH HAMPAKEHUHA
370 Jlepepaclpeie/ieHne OyneT NPUBOIUTE K ILOI'IOJIHPITe.ZIbHOMy pac-
CeAHUIo ynpyro# SHepruH KojaeSaHui.

To, uro aubdysus OyleT NPUBOAUTL K Heynpymm SABJICHUAM,
Obino Brepesie mpusHano. B. C. TopckuM?, KOTOpsIA TeOpeTHYECKH
paccMoTpen aToT dhdekT M OCYIeCTBHJ -SKCHEPUMEHTH, IMOATBEP-
KAAI0UHE erd Teopulo,.

XapakTepHO#l uepPTOH peNaKcauuH, oéycnosneﬂﬂoa audppysued,
ABJASETCA OTHOCHTEIbHO GOJbLIOE 3HAUEHNE T ¥ CHJbHAd 3aBHCHMOCTD
'9TOY BeNMUMHB! OT TeMmmeparypsi. Bpems penaxcamu H B 3TOM caAyuYae
onpeneasaeTcss COOTHOLIEHHEM

i

dz
LT e oY oLon o »v:—? (58)



PEJAKCAUHUOHHBIE * ABJEHHSA B -METAJMAX ¥ CIIJABAX 103

rie d — paccrosiHue; Ha KoTopoM Iuddysus MOXET HMeTh MeCTo,
D — xosdpdunnent mudpdysuu. ItoT koaddunuent auddysum Momer
OBITH 3aMucaH Kak
. S az
[
e D=
rIe @ — paccTosHUe, Ha KOTOPOE aTOM nepememaeTCﬂ 3a anemeHTap¢
‘Helll auddysuonnsft akr, 0 — cpenHmil BpeMeHHOR WHTepBAN MEXAY
‘9/IeMEHTa PHBIMH ,U,PI(I)(I)Y?:HOHHLIMI/I axTamu 23, KOM6nﬂnpys{ (58) u (59),

noxydaen:
fz,(—a—)'-&. - C o (60)

Cmbﬂaﬂ ‘TeMmepaTtypHas < 8aBHCHMOCTb BPEMEHH penakcaunu‘ T
‘06ycioBieHa GLICTPHM TeMmepaTypHeiM uaMeneHueM O. Cpemnuit Bpe-
‘MeHHOH HHTepBaJI, KaK H3BeCTHO 24, ONpeJeNAeTCst TaK:

h-N HIRT
S ()
rie h— KBaHTOBad HOCTOsIHHas, N -— 4HCIO .Aporazpo, R — rasosas
nocroannad, I —abcomornas Temueparypay.ff — Tak HaswBacMasn
TENIOTa AKTUBAUWH, OTHECEHHAY K -MOJIO : BeulecTBa. - KoMOuHupy s
(60) u (61), moayuaem: :

(59)

T~

d \eh-N HRRT =
(5) 5 - (62)
Crenedp pejakcaunmd LJis clydas paséahneﬂﬂmx TBEPAHX paCTBO-
pos '™ B 3TOM CiydYae paBHa g

- AD) — E"w ) (1—&)-e, - (63)

rie ¢— aToMHas KOHU.eHTpaﬂ.Hﬂ TBepnoro paCTBopa p'—IUIOTHOCTb
W — aToMHBIA Bec pacTBopuTens, E, — HePeNaKCUPOBAHHLIK MOAYIb
yupyrocti, R — rasopas MOCTOSAHHAA, T — abcomornas TeMnepaTyra.
© Penaxcanys, 06YCJIOBJIeHHaH nuddysuett, ngocturaer 6HoubLIOH
sequuubel. Hanpumep, aasa a-iatynu (70% Memn, 30% umHKa) u3
ypapuenus (63) umeem nas AD) peqmwumy 0,5, B TO BpeMs Kax Ais
TepMoynpyroﬁ penaxcauun Bemmynna A(D)=0,0036. Ito osnauaer,

UTO BHyTPeHHee TpeHHe, oéycnomeﬂﬂoe penaxcaiuued KOHUEHTpa-
_LLHOHHOTO MOTOKA, Oyner B 140 pas Goablue, ueM BHYTPEHHee TPeHue,
00y CI0BICHHOE pefaKcauuedl Temosoro moroka (cm. puc. 3).  OnHako
PelaKCAUMOHHBE SBJeHNs, CBssaHHble C Au(dysuedt, TpyaHO Habumo-
AaTh H3-33 O4eHb - GOIIBIHOTO BpeMeHu penakcaund. Tak 'Kak BpeMs

d?
penaxcaum{ nponopunoaanbno K TO MaJIOE BpEMH penaxcaunn MOXK-

HO TNOIYYHTb, yMeHbIUAsl BEIMUYUHY ,3€DHA M TIOBBIIAS TeMHepaTypy
usMepenus (yseanmuuBas D). C TOBLIICHAEM TeMmepaTypH ' yBeIHuu-
BaeTcs He TOJbKO D, HO u pasmep B3epHA, TaK YTO BPEMsl penaKca-
ITMK - HE MOXET CTaTh Menb e’ dem- 108 “Cek. npu- meb0# -Temnepartype’
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IlpeumymecTBeHHoOe pacHmpenefeHUe aTOMOB
B NoJe HABPAXKEHHH '

B cB0OGOZHOM OT HampsKeHUH PasymoOpsLOYEHHOM TBEDPLOM PacTBOpe
pacnpeienenne pPacTBOPEHHEIX aTOMOB M30TPONHO OTHOCHTENILHO KaX-
JOr0 OTHENbHOTO aTOMd OCHOBHOH peIm&TKH. ITO 03HAUaeT, YTO
6mnkalllinii  pacTBOPEHHBEIH aTOM HMeET OIMHAKOBYIO. BEPOATHOCTD
pacnonarateCs BAOAL MOOOT0 BOSMOXHOFQ KPHETALIOrpaduyeckoro
HanpasieHus. Hanpumep, B 06DBEMHOUEHTPHDOBAHHON KyOWueCKOH
peliéTke ATOMHI BHELDEHWA MOTYT 3aHmMaTh noswuwu tuna (0, 1/2, 1/2),
w (12, 0, 1/2) wm (1/2, 1/2, 0), xoTopee mnMelOT TeTparo-
HANBHYIO CHMMETPHIO C TETPAaroHaJbHBIMU OCAMU BIOJbL TJIABHEX Oceil..

Ecmi npunoxuTh pacTArmpaiollee yeuine, HanmpuMmep, BAOJb OCH 2,
TO H3OTPONHOE PAacHpeNeNeHHe ATOMOB HADYIINTCS; PABHOBECHLIM Pacipe-
fejeHueM Tenepb OyieT Takoe, B KOTOPOM OOJbHIEE YHC/IO PACTBOPEH-
HEIX 4TOMOB HaxXOLHTCA B HO3HUHMAX € TeTPArOHAAbHOH OCHIO Z.

Ilepexon B HOBOe mOJONEHHE DAaBHOBECHS CBA3aH € HEKOTODBHIM
BpeMEHEeM DelaKcanuy <.

B rpanenentTpupopanHOH pellgTKe OCh, COSIMHANIOUIAA OaumaNIIMX
cocejeif, 1exuT B 04HOM 13 Hanpasgeunit < 1107>. Eecan pacrBopéHHbIi
aroM (no THNy 3aMelieHHg) OoJbile, YeM AaTOM pACTBOpHTEId, TO
JBa COCeJHMX aToMa IO OAHOMY M3 9THX HampasaeHuit < 110”> mpous-
BEAYT JOKAMbHOE PACTSDKEHMe DPEeITKH HO CpABHEHWI0 € Hampasfe-
HHeM, MepPHeHIuKYIAPHBIM K JIHHWH, COCHMHAIONIEH STH ATOMBL..

Ecin npunoxuTh pacTArMBaiiiee. yculue, HampuMep, BIOJb
HanpasaeHna < 110>, TO 9TO HAMPABJCHHE CTAHET NPEUMYIICCTBEHHBIM.
Tlepexon B 9TO mnpeuMyliecTBeH HOe IOJOXEHHE LPYTHX .Tlap aTOMOB
‘M 3Iech OyleT CBA3aH C HeKOTODEIM BpeMeHeM DeldKCAaluuh T..

PenaxcaiMoHHbe SIBNeHHs, CBA3aHHBE € YKA3aHHLIM 81eCh MpolLlec-
COM THepepacnpelleJeHus aTOMOB, HAOGMOAAMMCh PA3THYHBIMEH HCCIE-
nosarenamun Ha a-iaTyHu ) wa Fe-C, Fe-N2 u ma TI-O, TI-C,
TI-N¥7, Tak kak nepepacupeieieHde aPOMOB B pelNéTKe INOA BJHA-
HueM HampspkeHu#l ocymiectBaseresd myTéM auddysun, TO A CTENEHR
penaxcauun 8; 6yNeT: ¢ HEeROTOPHM APAGIMKeHHeM TIpHUroAHa Gopmya
(63), ecat B Helt 3aMeHNTh BEJHUMHY (%‘Z—)U BeJTHYKMHOM <§c—i———%) »
rie ¢, H ¢, — QTOMHBIe KOHIEHTPAUMH HPEHMYIIECTBEHHEX U Hempe-
MMYIHECTBEHHEX MOJM0XKEeHHH, COOTBETECTBEHHO, 4 BEJIHYHHA ¢ 3aMeHseT-
Cfi HEKOTODBIM CPEIHMM W3 STHX ABYX ATOMHBIX KOHIeHTpaluii®.

JLnas TBEpNOro pacTeopa THAA BHEIADEHHS BPeMsA PEIAKCAUHH JOKHO
OHiTh CPAaBHUMO C BPeMEHEM XW3HH BHEJAPEHHOTO ATOMA B MOBMUHK BHEI-
peHus. 9TO BpeMs JKH3HHM B CBOIO OUepelb OnpenenseTca ° Bupamennem

e~ __%‘_,eH/RTy (64)

rie v — 4acTOoTa. KOMeGaHWH BHeIDEMITOFO &TOM& B HOSMIME BHELpE~
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‘Husl, H — TemaoTa akTHBAUMM MOV BHeIPEHHLIX aTOMOB, ONpelensie-
Mas THTIOM TOBWIMY BHEADEHWS ¥ MPHPOAOH KAK BHENPEHHEIX aTOMOB,
TdK M aTOMOB DAaCTBOPHTEJS.

© Iag TBEPABIX PACTBOPOB. 3aMelleHHd BpeMs PeNakcauuu onpene-
-asercs QopmyJiot, amasoruyHolt dopmyae (62).

Paspuras sjiech Teopus 3MHepa HENABHO BCTPETHJIA BO3paNeHue,
puiaBiaHyTOoe Hosukom 3%, KOTOpHI 40Kasasn, YTO TNpPUMEHeHHe eé
OrpaHuyuBaeTcs 0GaCTHIO OUeHb MANBIX KOHUEHTDALMH.

YnopsioueHHOEe pacnpeledeHHe aTOMOB B pemMETKeE

B ynopsaounsaloninxcs cnaasax (Cu, Zn, AuCu u np.) nocne kpu-
THYECKO# Temmeparypsl I’ YCTaHABIHBAETCS HEKOTOpasl CTENEHb NOPSI-
Ka B pachpeHejseHud aTOMOB, BIIOJHE onpelendHHast Ajis Kamo# Temne-
patypsl. Kax:6u1i0 Bnepseie ykasano B, C. Topckuu *, cosaaHue Hanpsi-
WEHHOTO COCTOSHMS B CNJAABC M3MEHAST PABHOBECHYIO CTeNeHb MOPHAKA.
Hopoe paeHoBecHOe pacHpejeseHHe YCTAaHABIMBAETCS He MIHOBEHHO,
4 C HEKOTOpHM BpemeHeM t. EIHHCTBEHHOE MCCAEROBaHME, KOTOpOE
ObII0 CHENaHO IJS ONpenesieHNss BPEMEeHHM peJaKCaluM, NpHHALJICKUT
B. C. T'opckomy %, xoropuid waméa aas cnnasa Culu, 4T10

T~ ¢ HIRT (65}

rie H — TennoTa akTHBAIMH, AMEOMIAs TY Xe BEJIHUHHY, YTO U AJS MaK-
pockonudeckolt nudidyauu, a umenno 27 400 xkaa/xoas. [pu Temnepatype
270°, xoropas Ha 100° -wmxe T,, 910 BpeMs pesakcauud paBho 10 cek.

CreneHb pesakCalMd AJsl YHNOPSJLOYMBAIOMUXCH CIUIABOB MOXHO
onpenemTh npuGMNKEHHO & Kak

Ae \2
= () )
riae E, — He . i , ——(QS“ —
u PETaKCHPOBAHHLIA MOLYJL YUDYTOCTH, (= T ) opo-
' oH

U3BOAHAN OT BHTPOMMH cMecH S, no Temneparype cmecH T,= P

¢/
NPy NOCTOAHHOM HanpsuKeHWw, As — uameHenne nedopMalyy, CBA3AH-
HOE C H3MEHEHMEM CTeNeHM mopsiika, AS -— u3MmeHeHue sHTpPOIHH
CMeCH, CBS3aHHOE C BTHM K€ u3MeHenueM, Ff — temioBast (YHKUMS
eluHuuB  o6nhEMa cnuiapa. HManmpumep, naa cosaa tuma  CugArn
A;=0,004 npu xpuruueckodf TemmepaType (~ 4000) n AO—OI P
TEMNEPATYPE, HECKOIbKO HIKE KPHTHYECKOM.

IMos0CH CKOMbXEHWS M FPAHUIL 38PEH

TMosukpucTammyeckne Teka WMEIOT CJIOXKHBIE —DenaKcaHOHHbIE
CMeXTP, KOTOPHiMi BKJIOYaeT B- Ce6A KaK pesKue MaKCuMymbl, 06yc-
JIOBJEHHHIE fIBJEHHEM C OIHHMM (HANpuMep, TEPMOYIPYTas pelaKCalnd}
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"I HECKOJNbKUMY GIMBKMMI BpeMeHaMu pevakcaumy (Hamprmep, . nosd-
LMY BHEAPEHHH), TAK U  MaKCHMyMbl, <DASMBLITHIE» Ha 3IHAYHTENbHBIH
MHTEPBAX BPEMEH T, KOTOpHIe MoryT OLITH ONMHMCAHBL LEJEM HabopOM
BpeMSH pesaKcauuu.

Aag oGbgcHenus paBMbITPIﬂ penaxcaunonﬂux *MaKCHl\dyMOB B pejia-
IKCAUMOHHOM CIEKTPE TNOJMKDPUCTALIMUSCKIX - Tet Ohiyld BBeJEHd uies
¢ IBYXKOMITOHEHTHOH CHCTEMEI»*5 23 Dr1a wmaes Bsarmouaercs B. TOM,
‘yTo TBEpLOE. TENO TPEACTaBAALTCS COCTOAWMM 18 1ByX a3, onHa
‘M3 KOTODHIX aMOp(bHa Ipyrasa ‘CoBepueHHO ympyra. Yprraﬂ cpaaa
TONYMHSIETCS BaKOHY Lyka:,

=GP,

x| aMopqmasa q)asa HO,Iqu}LﬂeTCSI peaaxcaunonﬁomy ypaBHeﬂmo Maxc-
sBeJuIa;

dcp 1 "dP xy ny
dt T G oat b g7

iTAE ¢ — YTOM \CHBUTA, xapamepnayroumu nquopmaumo, NPOUCXOAS~
H1y10 TIOZ BIHAHHEM :CKaNbiBaloNlero Hampmkenns P.; G — Monyas
+CABUra, M — KoahduuneHT BaskecT! .amopdHoro Teaa. Jas amopdHOH
- ¢asyl B ciyyae BHE3aNMHOH OCTaHOBKA JedOPMANHM HAa SHAUCHWH @,
< CKaJblBalowlee HanpsiikeHue P, MCYE3aeT He MTHOBEHHO, & 1O 3aKOHY

(67)

P=P) ¢ 7,

mompbm nonyqaeTca HHTerpnpOBaHueM ,H.H(I)[I)epeﬂuldaJH:HOI‘O ypaBHe-
.mus (67) npu ‘OO_AD ' ,

‘Kak -BHIHO ns (68), Hal‘!pﬂ)KEHﬂe nocaeneHHo ocaadepaer (penax-

sLprET) co BpemeHeM penaxcaumd

,q o L ' 6 .

T —.. “ 9

| | = ™

910 BpeMs peaakcanuu 6yjAeT 3aBHCETb OT qmanqecxoﬁ npnpo,um

amopqmoﬁ ofiacTH, a Takxe OT e& pasmepos u ¢opmel. Herpynno

L1OKA3aTh, UTO eCad aMopdHai o6nacth uMeeT WHPHHY . ¢ H ,a.rml-xyl

“70 ko3PutmenT Bs3KoCTH BTOH OOgacTH cBA3aH ¢ BpEMEHeM peJiax-
sCalun ypaBHeHueM *7:

gr-ao : | ‘(70)

*OTKYAd BHIHO, UTO iBPEMA DEIAKCAUMHE "3ABHCUT. OT PA3MEPOB amopd-
cHOH obgactd (1 €€ hopmul).

Ecin B ynpyryio marpuuny (ocHoBa TBEpAOro Tena) BKpanneHu
~amMop@HHe 0o6aacTH, TO Kaxdas obkacTs Oyaer ocaabasiTh Hanpsme-
FHHME CO CBOMM.BpeMeHeM pelakcauuu T; U TIoBeAEHHE TAKOTO: TBEPLOrd

‘q___.
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Teaa Oymer ompelenaThcsi Beell COBOKYNHOCTHIO BPEMEH rpeaKCaliy
T;, YTO W TPUBEAET K <¢PaBMHITHIOY ~MAKCAMYMOB = NOJHOLO peaaxca-
HMOHHOTO " CNEKTPa. TBEPAOTO Teja.

BuyrpenHee TpeHue, OOYCJIOBJEHHOE . ABJACHUEM C ‘OXHEM BpemeHeM
penaxcauuy, onpejeaserca dopmyioit (61). s NomMKpUCTaNIRIECKOrO
Tena BHYTpeHHee Tpeﬂue GyAeT ONpefensThCsd, OYEBMAHO, YPABHEHHEM

Q=Y can
1—11+ R o =

rae A(t) — crenenb penaxcauny, ©6yC/IOBJCHHAs . HAMMUMEM peJiaKca-
[IHOHHOTO ABJICHHH € BpeMeHeM pejaKcaiuu T, '

IBytxoMnonenTHaa chéreMa uMeeT pan 0coBeRHOCTEH, - ‘Tleprott
OCOOCHHOCTBIO JABYXKOMIIOHEHTHOH CHCTeMbl $BJAGTCS SHauMTeAbHAd
BEIMYHHA PENaKCallMOHHBIX 3eKToB, KOTOpEHE MOryT -00yCJlIOBIK-
BaThCsS COBEPIUEHHO  HESHAYMTEJbHBIMH  KOJHYECTBAMH aMopqmom
marepuana’(e opme IHUCKOB, NOJOC, CETKHU).

Bropo#i 3aMeuaTenbHOH OCOGEHHOCTBIO SIBJISETCS CO3LAHME BHICO-
KO KOHUEHTPALMH HANpsKeHMS BHYTDH YIPYrod MATPALS BO Bpems
peJaKCallHd- HaNpMkeHAs BHYTPH amopdHOil obaacTi.

- Tperneill 0COGEHHOCTBIO #ABJASETCH OOABHIOR pasﬂooépasue THIOB
PeNaKCAUNOHHOIO CIEKTPA B 3aBUCMMOCTM OT' (JOPMbH ¥ Pa3sMepoOB
amopdueX ofnacTell M MX pacnpeleneHus B YOpyro# marpuie.

9T0 pasHOOGpasue BOSMOXHELX THIOB PEdKCAMUOHHOTO CIEKTPA He
23T BOBMOXHOCTH B OOIIeM BHIE PEliUTh 3aJaYy O BeNWYMHE BPeMEH
peaKcalan 1 CTENeHH PeJaKCalmd M TPOUSBOJLHOrO TBEPIOro Tea.

Pom; amopdHpIx  00JacTeH, KaK TNOKA3LBAOT OHBITH, MOrYT
BBUIOMHATD  T10OCH CKOJIb)KeHIfISIG 17 o6pasoBamHble B IHpolLecce
niaactuyeckol Aedopmaunnu, win rpa}mmﬂ sépen & 17, 18, 26,27, 28 L neq
aMOP@HBIX TOJOC CKOJBXKEHHs #BIAETCA CXOAHOH C TaK HasbIBAEMOH
upeelt pucaoxauuit 6 17- 2, ma ocHoBe KOTOPOH 44CTO MHTAlOTCA 06bAC-
HOTH HEOJHOPOLHbe (HECKOIbKO BPEeMEH peaKCaumyu) penaKcallioH-
HUle gBjeHHs B TBEpAHX Tenax !’ 80 y npyrue sapienusi. IIpnaTHBIM
(AaKTOM GBJIETCS IOABJIEHHE B HAUled NeyaTH clipaBelIuBOH Kpmmm
mo aipecy ato#i reopus 2,

[lonBonsa kpaTkui wuror uanomeuﬂomy, MOXHO CKasaTh, UTO ecCH
(usMuecKas KapTHHA PEJAKCALMOHHBLIX #fBJACHWA B MeTa/iaX ¥ ¢nJja-
Bax 0ojee WIM MeHee SICHA, TO TEOPETHYECKOe OGDBACHEHHE HMEIOMIHX- -
€ JaHHBIX €§ He COBCEM YIOBJETBOPHUTENbHOE,

O60061enns 3akona 'yka, MeTO] MeXaHUYECKHX U IEKTPHUECKHX
ananoru#f NPHBOAST K (OPMAJILHOMY NOCTPOSHHIO TEODPHH, - KOTOpas
He MOXET JaTh (PU3HYECKOH KAPTHHB H3Y4aeMBIX UBJCHHIL.

Teopus, ocHOBaiHasa Ha OBGWMX TEPMOIHHAMHUYECKHX COOGDaKEHUSAX,
ABaseTCd HauboIee -y JoBAeTROPUTenbHOH. Ho u OHa aBAseTCA OrpaHUueH-
HO{f B CBOMX BOSBMOXHOCTAX, T2K KaK MHCXOLMT H3 PacCMOTPeHWs
TOAbKO CJyyas OMHOPOAHOrO W30TPOMmHOro Tena. Hu oama us cymect-
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BYIOLIAX TEOPWHl He PACCMATPHBAET 3aBUCHMOCTH PENAKCAINOHHBIX XapaK-
TEPHCTHK OT TEMIepPaTypHl, OCTaTOUHOK AedopMmaiuu (npensBapurelib~
HOe miacThyecKoe gedopMiupoBanue) u Ap. paxropos. Hakowen, HeoGxo-~
JUMO' OTMETHTH TO, YTO HAIM YUEHHIE Maj0 3aHHMAIOTCH ITUM OUYEHDb
BAXHBIM H° MHOTOOGEIAIoONIAM BONPOCOM (PH3UKH TBEPIOro Teja.

.
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