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HEYIIPYIT'UE SBJIEHUA B METAJUIAX H CIUVIABAX, INPUMEHSAEMBIX B
IHOABEMHO-TPAHCIIOPTHOM OBOPYIOBAHUU

1. IToctanoBKa Mpo0JIeMbI

Hecmotps Ha TO, 4TO 3a mOCIeAHKUE TOABI CO3JaH Psii MPUHIMINAIBHO HOBBIX MaTE€pPHAJIOB,
pelaromnias posib B pa3BUTHM TEXHUKU IMPOJOJDKAET MpHUHAIexars Mmeramaam. OHM oOnajgaroT
LEeIbIM KOMIUIEKCOM 3aMedaTebHbIX MEXaHMYECKHX CBOMCTB: BbICOKass mpouyHocTh (oT 140 no
300 MIla), TBepIOCTh, YNPYroCTh, COUYETAHHUE IUJIACTUYHOCTU U BSI3KOCTH, BO3MOXHOCTH HX
UCIOJIb30BAaHUS B YCIOBHAX ITyOOKOI0o X0510/1a, BOJIM3K a0COIIOTHOTO HYJIS, M IPU OY€Hb BBICOKUX
TEMIEPATypax, IPU KOTOPBIX APYIHe MAaTEPUAIIBI CIYKUTh HE MOTYT.

[Ipyn u3yuyeHUH TOHKOTO BHYTPEHHETO CTPOCHMSI METAJUIOB ObLIO HaiieHO OOBsICHEHHE
MHOTHMM HETIOHSITHBIM SIBJIEHHSIM, BO3HMKAIOUIMM IPU KOHCTPYMPOBAHMM CIUIABOB, 3a/laHHBIMU
MEXaHWUYECKUMHU XapaKTEPUCTHKAaMHU. JTO Jaj0 TOJYOK M M3YUYEHHUIO YIPYTUX HECOBEPILIECHCTB

MECTAJUIOB U HECOBEPIICHHBIC CTPOCHUS KPUCTALIIOB.

2. AHAJIM3 NOCJIeAHUX UCCJIeJOBAHUI

PaccmarpuBasi BOpoChl, CBsI3aHHbIE C HETACTUUHOW Aedopmalieldl METalIoB U CIUIaBOB
HCCIIEIOBATENIN YBEPWINCHh B TOM, CKOJIb Ba)KHOE 3HAYEHHUE U1 TOBEICHUS METALUIOB IO
Harpy3koi MMeeT MPUCYTCTBUE B UX CTPYKTYPE Pa3IMYHOr0 poja HECOBEPIIEHCTBA CTPOCHUS. ITO
sBlIeHHE ObUIO emle 3aMedeHo P.I'ykom, KOTOpBI 3aHUMAaJICs U3yYEeHHEM MEXaHHM3Ma PacCEeUBaHMS

SHEpruu npu aedopMaryH.

3. lleam ucciaenoBanus

Wutepec k mpobiiemaM HEyNpyroro MOBEACHHS METAJUIOB CBSI3aHBI, MO KpaiiHel mepe, ¢
JBYMsI IPUYMHAMU, KOTOPBIE U SABJISIOTCS LEJIBIO UCCIIEOBAHUS, 2 UMEHHO: CIIOCOOHOCTh METAIJIOB
K PacCeMBAHUIO PHEPrUM B INPOLECCE HArPYKEHUs B YHPYroil o0iacTH; U3MEHEHHE BHYTPEHHETO
TPEHUS B CBA3M C BHYTPEHHEH NEPECTAHOBKOM KpHCTAJLIA, HEYNPYTOCTh B METAJIaX M CIUIABax,

PCIaKCAallMOHHBIC TPOLCCCHI.

4. OcHOBHBIE MATEPHAJIBI HCCIIET0BAHUS

Knaccuueckass Teopus ynpyrocTd yCTAHABIMBAET CBA3b MEXKAY HAIPSIKEHUEM U
nedopmanueil B mpeanonokKeHnH, YTo HarpysKeHUe MPOU3BOJUTCA OECKOHEYHO MEIJICHHO, TaK UTO
nedopMupyemMoe TeIo MocaeA0BaTeIbHO TPOXOIUT PsiZl PABHOBECHBIX COCTOSHUM.

Kaxnomy HOBOMY 3Tarty 1e(opMUpOBaHUS COOTBETCTBYET HOBOE COCTOSIHUE JIE(POPMUPYEMOTO
TEa, XapaKTepU3yeMOe OIPEICICHHON CTPYKTYPHOM IEPECTPOMKON B COMNIACHMU € MpUHIMIOM Jle-

Hlarenbe (eciu kakas-HUOYIb TEPMOIMHAMMYECKAsl CHCTEMa MCIBITHIBACT BHEIIHEE BO3JCWUCTBUE U



OHO IMPSMO M HEMOCPEACTBEHHO W3MEHAET BEIMYMHY OJHOIO M3 IApaMEeTpOB, OIPEAECIISIOIINX
COCTOSIHME CHCTEMBI, TO TP €CTECTBEHHOM IIPOLECCE APYrod MapaMeTp, HEMOCPEICTBEHHO HE
CBSI3aHHBIN C BO3JIEWCTBHEM, MEHSIETCS TaK, YTOObI MOMENIaTh U3MEHEHUIO NepBOro napamerpa). Korna
Harpy>ke€Hue MpOU3BOJUTCSA HACTOJIBKO MEJICHHO, YTO HAPYILIEHHs TEPMOJUHAMUYECKOTO PaBHOBECHUS
HE IIPOUCXOAMT, TaK KaK WM3MECHEHUE COCTOSHMS CHUCTEMBI YCIIEBAET CJEIOBATH 3a IPOLECCOM
nehopmaryu, MoCIeHUN ABISETCS] 00pPaTUMBIM B SHEPIeTUYECKOM CMBICIIE. DHEprusl, 3anaceHHas npu
Harpy>kK€HWH, MOJHOCTBIO BBIIEISIETCS MPU pasrpys3Ke, U JIMHUM HArpy3KU W pasrpy3Kd Ha JUarpaMmme
nehopMaIy B TOYHOCTH COBMAAAIOT — OTCYTCTBYET PACCESTHUE SHEPTUH U MEXaHMUYECKUI THCTEPE3HC.
B orom cinyyae KakIOMy 3HAQUEHHUIO HANPsHKCHHUS COOTBETCTBYET OIPEACIICHHOE 3HA4YECHUE
nedopMali B COOTBETCTBMM C 3aKOHOM ['yka, KOTOpBI C Y4eTOM BpPEMEHHOH 3aBHCHMOCTH

HAIPSDKSHUSI ¥ 1e(OpMaIH TOJDKEH OBbITh 3aITUCaH B BUJIC
a(t) =M= e(t),a(t) = M= (1), (1)
rae M — craTn4ecKuit MOLyJb YIIPyrocTu. Takoe TeNo SBIsSETC HAEAIbHO YIIPYTUM.

PeanpHoe TBepmoe TeO PU MIHOBEHHOM HArpy:K€HHH JO NOCTOSHHOIO HANPSKEHUA Tgd,
TaKK€ MTHOBEHHO YBEJMYMBAET CBOIO JUIMHY JIO ONPEJENEHHOro 3HaueHus (aedopmanus £5,), a

3aTeM £4€, TMOCTENMEHHO PACTeT 10 £, = Jy/Me,, = g, /M. Takoe e sIBICHHE — MOCTENEHHOE
yBennuenue neopMali TIpU TIOCTOSIHHOM HAIPSUKEHUH — HAOJIO/IAETCS B MPOLIECCE TOJI3yYecTH
npu  JJIMTCIIBHBIX BBICOKOTCMIICPATYPHBIX HCIHIBITAHUAX. H03TOMy I[e(i)OpMaI_[I/IIO Ha YYacCTKe
£g — £y — €., MHOT/IA HA3BIBAIOT JIehOPMAIIME] MTOI3YUECTH, XOTS 3aKOH H3MEHEHHS BO BPEMEHH
nehopMalMy NPSAMOrO  YIIPYroro IOCIEACHCTBUS MOXKET OTJIMYAThCS OT JIECHCTBYIOIIETO IIPU

non3ydecTd. Eciau HampshbkeHMe MIHOBEHHO CHUMAaeTcs, To Jegopmauus £, MICHOBEHHO

YMCHBIIACTCA HAa BCIIMYHUHY EGEO’ a 3aTCM IIOCTCIICHHO IMaAacT N0 HYJIA (pI/IC 1, a) ITocTenenHoe

yBenuueHue aedopManuy Mpu HArpy>KEHUU M TOCTEIIEHHOE €€ HMCUE3HOBEHHE NpU pPa3rpyske
HA3bIBACTCS COOTBETCTBEHHO MPSMBIM M OOpaTHBIM YIPYTMM HOCIeAeicTBUEM. AHalOruyHast

KapTUHa HAOJIO/AETCs B TOM Cllydae, €ClId BECTH Harpy>XKeHHe TaKUM 00pa3oM, YTOOBI MIHOBEHHO

Obuta 3adukcupoBana aepopmanusa £qe, (puc. 1, 6). B aToM citydae HanpsbkeHHe CKaukooOpasHO

YBCIMIUBACTCA OO 3HAUYCHUSA CTO, a 3aTCM INNIABHO CHHIKACTCA O BCIIMYHHBI Jﬂ = MEGJU — MEG.

Pe3koe ymeHbleHHe JedopMalvy A0 HyJss BbI3bIBA€T CUMMETPUYHOE, CHadala CKaukooOpasHoe, a
3aTeM IUIaBHOE U3MEHEHNE HaPsKEHUS.

IlocreneHHOE W3MEHEHHME HANPSHKCHWsS [0 3HAYEHMs, COOTBETCTBYIOUIETO 3akoHy ['yka,
Ha3bIBACTCS PEIAKCALUEN HAIIPSKEHUS.
Takum o0pa3om, Al ONMMCaHMs MOBEAEHHS IO/ HAarpy3kol peanbHBIX TBEPIBIX TeJ HEOOXOIUMO
YUUTBIBaTh BPEMEHHYIO 3aBUCUMOCTb HamnpsbkeHus U Aedopmanuu. B pa3suroii 3unepom hopmanbHOI
TEOPUH HEYNPYTOCTH TPEIOIaraeTcs, YTO COOTHOIIECHNE MEXIY HANpsHKEHHEM M edopManuen s
pEaNbHOr0 TBEPAOTO Telda MOXKHO HNPUOIMKEHHO BBIPa3UTh YpaBHEHHEM, YCTAHABIMBAIOIINM

HHHeﬁHym CBA3b MCIKAY HAIIPSIXKCHUCM, ,He(l)OpMaI_[I/Ieﬁ 1 UX IICPBBIMU ITPOHU3BOAHBIMHA 110 BpCMCHHU

a,0+a,0 =be+ b,£a,0 +a,0 =b;s+ b,¢.
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TBepnoe Teno, MoBeeHUE KOTOPOTO MPU HArpy>KEHUH TOYHO OMHCHIBAETCS YpaBHEHHUEM (2),

Ha3bIBACTCA CTaHAAPTHBIM JIMHEWHBIM TEJIOM WY JIMHEHHBIM BA3KO-YIIPYT'UM TCJIOM.
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Puc. 1 — Penakcanus mpu MOCTOSSHHOM HAIPSKSHUH () U TIPH MOCTOSTHHOM tehopmaruu (0)

Ecnmu B ciydae wuaeaqbHO YyOPYroro Tejla COOTHOLICHHE MEXAY HaNpsDKEHUEM U
nedopMarueit mpu 0THOOCHOM HarpyKeHHH XapaKTePU3yeTCsl OJHUM YUCIOM — COOTBETCTBYIOIIHM
YOPYTUM MOJYJIEM, TO JUUISl YCTAHOBJIEHUSI TaKOM B3aMMOCBSI3U B CIy4yae CTaHAAPTHOTO JIMHEHHOTO

Tena He0OXOAMMO 3HaHHE TPEX HE3aBUCHUMBIX IMMOCTOSIHHBIX, POJIb KOTOPHIX B YpaBHEHUU (2) MOTYT

WrpaTh OTHOLICHHs TpeX KOd((HUIUMEHTOB K YeTBEPTOMY, T. €. OTHOILUCHUs A, /a4.a,/a,, by /a4

b,/a,nb;/asb,/a;.
VYpaBHeHHe (2) MOKHO TaK)Ke IPUBECTU K BUILY:

0+71.0=Mp(c+1458) 3)

3neck kodpduumentel T., T, H Mpfarfa MM, wnmeoT yKe BHONHE ONpeEENECHHBIA
(Gu3nyuecKuii CMBICH, a MMEHHO: T.T, — BpPEMs PpeElaKkCalUM HANpSKEHUs IPU IOCTOSHHOM
nepopmanny; T,T, — BpeMs pelakcanuu aepopMalnuy IpH MOCTOSHHOM HANpsKEHHH, MPMP —

peNnakCUpOBaHHBIA (WM PEIaKCUPYIOMIMI) MOMAYJb YHOPYrOCTH T.€. MOAYJIb YIPYTOCTH,

OTIpe/IeJICHHBIN MOCIIE 3aBEpIICHUS TIpoliecca penakcanuu (puc. 2, 3).

JleficTBUTENBHO, eciii B MOMeHT BpeMmenu £ = (0t = () MrHOBEHHO NMPHUIIOKHUTH HATIPSIKEHUE
J,0,, TO, COTJIACHO YpaBHEHUIO (3),

Mpye+My1e = gy

(4)
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Puc. 1 — 3aBucuMocTts Puc. 2 — 3aBuUCcUMOCTH
Pemienue ypaBHeHus

a, a,
£(t) = - + (5o — e "o
P P (5)
MOKA3bIBAaET, 4YTO B HaudanbHbId MoMeHT (¢=0) gedopmamus &(f)=¢), T.6. MTHOBEHHO
i
yBEJIMYUBALETCS 110 &) (puc. 1), a pu ¢ = oo gedopmarus e(E) = M—D = ELe(t) = % = £, T.C.
“p n

JOCTHTAeTCS PaBHOBECHOE 3HaueHHe Aedopmanuu, onpenensiemoe 3akoHoM ['yka. ledhopmanus ¢,
BO3HUKIIAs B NIEPBOHAYAIBHBIH MOMEHT, CTPEMUTBCSI K CBOEMY KOHEUYHOMY 3HAUEHUIO &y, CIEIYS
9KCIIOHEHIIMATHHOMY 3aKOHY.

K ananormuHomMy BBIBOJY NPUXOAMM B CIIy4ae pelaKcallMy HANpPSHKEHHs MPU MTOCTOSHHOU
nedopmanuu. 13 ypaBHeHus (3) npu ckaukooOpa3HOM yBEIUYEHHU JeOpPMAIMU 10 €) B MOMEHT
BpemeHH ¢ = 0 noiyyaem:

dg+1.0=M,¢,

(6)
Pemenuem mist 6 Oyner:

o(t) = Myg, + (0 — M,yey)e /e e

T.€. peJaKcaluusi HalpsDKEeHUH B CTaHJAPTHOM JIMHEHHOM Tele TakXe IPOUCXOIUT IO
SKCIIOHEHIIMAJILHOMY 3aKOHY OT ME€pBOHAYallbHOM BEIMYMHBI %o (mpu 1=0) no T =M 0
(cootBercTByIOmEro 3akoHy I'yka mpu [ =% ). Bpems penakcanuu toyte OTpeIeIIsieT CKOPOCTh
NpUOIIMKEHUST HArPYKEHHOTO WK Ae(OPMUPOBAHHOTO Tella K TEPMOAMHAMHUYECKOMY PaBHOBECHIO.

s Toro 4toObl yCTAaHOBUTH CBS3b MEXIy HampsDKeHHeM U jaedopmanmeil 10 Hauana
rpoliecca penakcaluy, HaJo HaWTH Ipeaesl OTHOUIEHUS MaJoro MpUpalleHHs HanpsKeHus Ao K
COOTBETCTBYIOIIIEMY MajioMy TpHUpameHuto nedopmainun Ae 3a Maiablii TPOMEXKYTOK BpeMeHU At
npu At—0. urerpupoBanue ypaBHeHus (3) IO BpEMEHU J1aeT

T.Ad = M,TyAAc

(8)
Otcroga
Ao T

=
P
As T, (9)



OtHomenne Ao/Ae Ha3bIBaeTCsl HEPETAKCUPOBAHHBIM (MJIM HEPENAKCUPYIOIIUM) MOJyJIeM
YOPYTOCTH, TaK KaK OHO OIMMCHIBAET CBA3h MEXAY HM3MEHEHHSIMH HampsoKeHUs u jaedopmaruu,
MPOUCXOSIIMMU  CO CTOJIb OOJNBIION CKOPOCTBIO, YTO HHUKAaKas pelakcalsi He YCIeBaeT
IIPOU30MTH.

Takum oOpa3zom,

M, = M, 2
Y (10)

U3 puc. 2 u 3 1 nocneaHero paBeHCTBa CIEIYET YTO HEPETaKCUPOBAHHBIA MOJYJIb BCETIa
OoJIbIlIe WM TIO0 KpailHel Mepe paBeH PelaKCHPOBAHHOMY, a 7, OOJBINE WIM PaBHO 7, BemuunHa
AM = M,~M,, naspiBaetcs nedexrom Moays uinu AM—-sddexrom.

[TockonbKy perakcallMOHHBIE SIBICHHUS B TBEPIBIX TEJNaX 4YacTO HMCCIEAYIOT MPU MOMOIIU
JTUHAMHYECKUX METOJIOB C MEPUOJUYECKUM H3MEHEHHEM Harpy3KH, MPeJICTaBiIseT 3HAYUTENbHBIH
HMHTEpEeC HAWTHU CBS3b MEXIy HampsokeHueM U jaedopmanueldl B 3THUX YCIOBHSIX HArpyKeHHs.
[lepronuveckn W3MEHSIOMIEECS] HaNpsHKEHWE OyAeT BBI3BIBATH NEPUOJUYECKOE HW3MEHEHHE
nedopmanuu, HO BCIEICTBHE penakcaluu aedopmMarus oTcTaeT no (ase oT HaNpsHKEHUs Ha yroll
¢. Bennuumny Tanrenca yria caBura ¢asbl fg ¢ TPUHUMAIOT 3a MEpPy paccesHUs SHEpPruu
koneOanuii. Ecnu BblpaxkaTh (a30Bble COOTHOIICHHUS TPH IUKIMYECKOM HArpy>KeHHU B
KOMIUIEKCHOM opMme, TO

a(t) = gye'®t ue(t) = g,e™? (10
Te 0y ¥ & — aMIUIMTYIbl HAPSHKEHUN U IepopMalvi COOTBETCTBEHHO;
@ — yTII0Bas 4yacToTa Koyiebanuii (w = 2mf, rae f— uncio KoseOaHuii B CEKyHY).
[ToncraBnss B ypaBHeHus (5) u (7) pewienus B Buae Gynkuuii (11), nomydaem

(1+iwt)oy = M,(1+iwt,)s, (12)

AMIUINTYAbI HATIPSDKEHNS M Ae(OpMAlK [P KOJIeOaTeIbHOM ABIKCHHH CBSI3aHBI, TAKHM
00pazoM, ¢ KOMILIEKCHBIM MoayneM My; 0y = M, g00, = M, g
1+iwt,

M. =M, —F
& p]. +E&JTE (13)

Jlnst yripoiieHusl TanbHEUIIUX BBIKIAJ0K BBEIEM CpEJHEE I'eOMETPUUECKOE JIBYX BpEMEH

penakcammu T = (1, )2 u mByx momymeir M = (MPMH]MEE = (M,M,)"/?, a pasnocts

Ty, — T:T, — T, 0003Ha4uM At

@
Bennuuna tge omnpenensercsi OTHOIIEHHEM KOMITIOHEHTHI 1e()opMaIiy, KOTopasi OTCTaeT OT
HanpsbkeHus Ha 90 °, K KOMIIOHEHTE, COBNAJaroLIel no ¢ase ¢ HampsHKEHUEM, T. €. OTHOLICHHEM

MHHUMOM U JE€HCTBUTEILHON YaCTe KOMIIJIEKCHOTO MOTYJIS:

wAT

'E_' =
9¢ 1+MQT2 (14)

HUcnone3ys cootnomierue (10), momyuaem
M, —M, wT

taw = = * =
g¢ M 1+ w2t (15)




IlepBbIif COMHOXKUTEND B MPAaBOM YacTH ypaBHEHUs (15) Ha3bIBAIOT CTENEHBIO PETaKCaluU
MOJyJIs, TaK KaK OH CIYXHT MEpOi OTHOCHUTEJILHOTO U3MEHEHHUs HaNpsDKEHUs WK AedopMaiuu B

rpolLecce pejaakcauuu. BTopoil COMHOXKUTENb ONpeaeseT YaCTOTHYIO 3aBUCUMOCTb BHYTPEHHETO

tpennst. Ero makcumansHast Benmunna pagha 1 /21 /2 npu wT = lwT = 1.
CnenmoBartennsHO,
o AM
@) max = 2 f‘r_f (16)

CreneHp penakcallud MOJYJIsl, @ CJIEA0BaTENbHO, U BEIMYMHA BHYTPEHHETO TPEHUSI 3aBUCAT
OT BUJA HANpPSHKEHHOTO COCTOSHUS. [Ipy MpPOTONBHBIX MM HM3TUOHBIX KOJEOAHUSAX H3MEPSIOT
HU3MEHEHHE MOJyJIi HOPMaJIbHOM YIIPYrocTu E, npu KpyTHIBHBIX — Moy caBura G. Mcnonb3ys
COOTHOILEHUS] MEXJy YNPYrMMH MOJYJISIMM AJIi U30TPOIHOIO Tela, BBIBEACHHBIE HA OCHOBaHWUHU

TEOPUHU YIPYTOCTH MOYKHO IMOKa3aTh, 4YTO

AG 3 AE

G 20+v) E (17)

T. €. NPU OOBIYHBIX 3Ha4YeHUsAX Kod(dduumenra [lyaccoHa cremeHp penakcani MOAYJS CIBUTA
npubnnsutensHo Ha 15 % Oosblie, yeM MoayJis HopMallbHOW ympyroctd. ClieoBaTenbHO, IpU
U3MEPEHUH BHYTPEHHETO TPEHUS MPEANOYTUTEIBHO IPUMEHEHNE KPYTHIIBHBIX KOJIeOaHUH.
Junamuueckuid Monyib M, ONpenensioT Kak oOOyCIOBIMBAIOIIMA Ty KOMIIOHEHTY
negopmanuy, KOTOpas HaxoguTcs B (a3e ¢ HampsHKeHHeM, T. €. OH IPEJCTaBiseT coOoi

)ICfICTBI/ITGJ'IBHYIO YaCTb KOMILICKCHOI'O MOJIYJIA:

S 1+ w?t?
T VB
1+ w?t?, (18)
Vuaursisast cootHomenus (10) u mpenedperas Manoi BeanauHO# (A7)?, MOXKHO 3aIucaTh
My —M
Mo, = My 1 +Hm2T2P
(19)

) MOCJICOHCIO BBIPAKCHHA CICAYCT, UTO B HNPCACIBHBLIX ClIydasaX HU3KON MM BBICOKOM
4acTOT KoyieOaHui I[I/IHaMI/I‘-ICCKI/Iﬁ MOAYJb OOCTHUTaACT 3HaYEHMUI PCIIaKCUPOBAHHOI'O UJIA

HEPENaKCUPOBAHHOTO MOJIYJIS COOTBETCTBEHHO:
M,(wT « 1)

M _
“ {MH (wT > 1) 20)

Takum 00pazoMm, 4acTOTHasl 3aBUCHMOCTh PEIaKCAIMOHHOTO BHYTPEHHErO TPEHHS UMEET
BUJ KpuBOHM ¢ MakcumymoMm (puc. 4). Ilpum HM3KHX dYacTOTax KojeOaHUN paccessHue SHepruu
OTCYTCTBYET, TaK Kak nedopmaiius ycreBaeT CJeI0BaTh 32 M3MEHCHHEM HAIPSOHKEHUsS, a TpH
BBICOKUX PEJIaKCAIMOHHBIE MPOIIECCHl HE MOTYT MPOTEKATh U3-3a HEJ0CTaTKa BPEMEHU, BHYTPEHHEE
TpPEHHE CHOBAa CTPEMHUTCS K HYIIIO, a CBA3b MEXAY HAMpshKeHHEeM U JedopMaiueil onpenensercs

BEJIMUMHON HEPEIaKCUPOBAHHOTO MOAYJISI YIPYTOCTH.



BHyTpeHHee TpeHune

\

Mogayne

Puc. 4 — 3aBuCUMOCTb BHYTPEHHETO TPEHUS
U INHAMHUYCCKOT' O MOI[}’J'IH OT 94aCTOTHhI
KoJieOanuil
Ecnu penakcaliMoOHHBIN Tpolece MPOUCXOIUT B pe3yibTare Tu(Py3MOHHOTO MEpeMEIIeHUs
aTOMOB, TO BPEMs peJaKCalliu JOJKHO CHJIBHO 3aBUCETh OT TEMIIEPATyphl B COOTBETCTBHH C

ypaBHEHUEM AppeHHyca:

H
T= Tg eRT (21)
rac H- OHEPIruAa akKTUBalK PECIIAKCAIITMOHHOI'O Mpo1ecca, OTHECCCHHAA K 1 c-amom,

R — yHUBepcanpHas ra30Bas IOCTOSHHAS;
T — abcontoTHAs TEeMIIEpaTypa.

OTO COOTHOILIEHWE IO3BOJIIET ONPEIENATh IMOJOKEHNE MaKCHMyMa BHYTPEHHETO TPEHUS
[PU M3MEHEHUH TeMIEpaTyphl. [10CKOJIBKY YCIOBHEM MakCUMyMa SIBJI€TCS paBeHCTBO WT = 1

wT = 1, BBISIBUTH MK BHYTPEHHETO TPEHUA MOKHO U3MECHAA OJHWH U3 IBYX COMHOJKHUTEIIEH B TAKHX

npejienax, 4To0bl MOJTYYUTh ONPEIeTEHHbBIN NHTEPBAN 3HaYeHUH, (WTwT, BKIrodaromui n wi = 1

wT = 1, Ipy NOCTOSIHHOM BETMUYUHE JPYTOTO.
Torma cmoco6, mpemycMaTpUBaONIMK HM3MEHEHHME YacTOThl KOJEOaHMH (U@ TIpU

MOCTOSTHHOM Temreparype (T. €. MpU MOCTOSHHOM 3HAYCHWH BPEMEHH pellakcaluu TT), MOXKET
ObITh 3aMEHEH JAPYrHMM, 3HAUUTENbHO OoJiee MPOCTHIM B 3KCIEPUMEHTAIBHOM OTHOILICHUU
crocoboM, B KOTOPOM IMpPU TMOCTOSHHOW YacToTe KoNeOaHWil H3MEHSETCsl Temmeparypa H,
CJICZIOBATENIbHO, BpeMs peiakcanuu. Eciu TT mnomuuHsercs ypaBHeHuto (21), 3aBHCHMOCTH
tg @oT 1/Ttg ¢ or 1/T nomksa ObITh aHAJIOrMYHA MPEICTABIECHHOM HA pUC. 4 YACTOTHOM
3apucumocTtd. [locmennuii crmoco® 1aer BO3MOXKHOCTH Oojiee A((EKTUBHO pPETyIHpPOBATH
npousBeneHne WTwT, TaKk KaKk TT KCIIOHECHINAIBHO 3aBHCHT OT TEMIIEPATyPhl M CPABHHUTEIIHHO

HeOOoJIbII0e U3MEHEHHUE MOCIEIHEN MOXKET ObITh PaBHOLIEHHO M3MEHEHHUIO YacTOThl KoJieOaHUI Ha
HECKOJIBKO MOPSJIKOB.
CymiecTBOBaHME JIByX HE3aBUCHUMBIX CIIOCOOOB BBISBIEHUS MaKCHMyMa BHYTPEHHETO

TPEHUA IMO3BOJIACT  YCTaHABJIMBATH OHEPTHUIO aKTUBaluu pEi1akCalnOHHOI'O Impomecca,

obycrosnusatouiero nosisnenre muka. Kpussie tg @ = f(1/T)tg ¢ = f(1/T), nocrosuusie

UL IBYX Pa3HbIX 4acToOT (Uq H W5 daly H w, OyIyT CMEIIeHBI OJHA OTHOCHTEIHHO JPYTOM 1O OCH



abcrucc.
W3 ycnosus paBeHCTBa W1 T = W, Tow, T; = w, T, HAX01UM
A _H
&Jl ERTi == MQ ERTZ (22)
rae T; u T, — TemuepaTypbl IEPBOrO U BTOPOTO MaKCHUMyMa COOTBETCTBEHHO. OTCIoa
W
H-—%2
Tl - Tz (23)
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