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HapHHOB A.T. P17 - 12460 
0 npHMeHHMOCTH npHH~Hna TeMnepaTypHo-speMeHHO~ 

Cynepn03H~HH npH H3y4eHHH penaKca~HOHH~X CBO~CTB 
nonHMepos 

Ha OCHOBe TeOpHH CB060AHOrO 06beMa nony4eHa cneKTpanb
Ha~ ~YHK~H~ pacnpeAeneHH~ speMeH penaKca~HH s nonHMepax 
npH nOCTO~HHO~ TeMnepaType. 0Ka3anOCb, 4TO 3Ta ~YHK~H~ 
He YAOBneTsop~eT ycnOBH~M npHH~Hna TeMnepaTypHo-speMeHHO~ 
cynepno3H~HH. HapyweHHe Tpe6osaHH~ 3Toro npHH~Hna 6~no 
ycTaHosneHo BonOAMH~M M AP· npH aHanH3e 3KcnepHMeHTanbH~x 
AaHH~X no penaKca~HH Hanp~~eHH~ s Kay4yKax. TeopeTH-
4eCKHe pe3ynbTaTbl HaCTO~~~~e~ pa60Tbl HaXOA~TC~ B XOpOWeM 
cornaCHH c 3KcnepHMeHTanbH~MH AaHH~MH, nony4eHH~MM 
yKa3aHH~MH aBTOpaMH. 

Pa6oTa s~nonHeHa e fla6opaTOPHH TeopeTH4ecKoP ~H3HKH 
OH~H. 

npenpHHT 06'bellHHeHHOrO HHCTHTyTa HllepHblX HCCnellOB8HHII, .Qy6Ha 1979 

Ha r i nov A. T. P17 - 12460 
On the Validity of the Time-Temperature 
Superposition Principle on Studying the Relaxation 
Properties of Polymers 

On the base of free volume theory the distribution 
function of relaxation times in polymers at constant tem
perature is received. It appeared that this function does 
not satisfies the requirements of time-temperature 
superposition principle. Breaking of requirements of this 
principle was established by Volodin et al. on the analy
sis of the strain relaxation experimental data . The 
theoretical results -received in this paper are in good 
agreement with the experimental data of the above mentioned 
authors. 

The investigation has been performed at the 
Laboratory of Theoretical Physics, JINR. 
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BBE,4EHHE 

3a,naqa H3y'leHH.II peJiaJCCaUHOHHhlX CBOBCTB DOJIHMepoB DpH 

DOCTO.IIHHOB TeMnepaType CB.II3aHa C DpHMeHeHBeM TeMDepaTypHo

BpeMeHHOB cynepD03HUHH. 3TOT DpHHUHD leCJIH OH DpHMeHHM 

B JCOHJCpeTHOM CJiy'lael ,naeT B03MO:lKHOCTL paCWHpHTL B 3Ha'IHTeJIL

HOB cTeneHH I .no 10-20 .nec.IITH'IHhlX nop.11,nxoal 3JCcnepaMeHTaJILHoe 

"OJCHO" , JCOTOpOe B 06hl'IHhlX YCJIOBH.IIX He WHpe 4-5 DOp.ll,nJCOB, 

nyTeM npocToro nepeMeiUeHH.II JCPHBhlX, CH.IIThlX npa pa3HhlX TeMne

paTypax , B,nOJIL OCH JIOrapH~i~Ma BpeMeHH HJIH 'laCTOThl / l ,2 l . 
I ll 

HexoTop~o~e aaTop~o~ IHanpaMep, To6onLCKHA I C'IHTaJOT, 'ITO 

,nJI.II HCDOJIL30BaHH.II npHHUHDa TeMnepaTypHO-BpeMeHHOB cynepno-

3HUHH B BhlCOJC03JiaCTH'IeCJCOB 06JiaCTH He cymecTByeT JCaJCHX-JIB60 
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npen.IITCTBHii, B TO apeM.II xax ,npyrae IHanpaMep, Cl>eppa loTHo-

C.IITC.II JC 6e30rOBOpO'IHOMY DpHMeHeHHJO 3TOrO DpHHUBDa 6onee OCTO

pO:lKHO. JIJ060DhlTHO OTMeTHTL, 'ITO Hey,na'IHhle DODhlTJCH DpHMeHHTL 

ero JC 3JCCDepHMeHTaJILHhlM ,naHHhlM BeJIH TOJILJCO JC pa30'IapoBaHH.IIM, 

a He JC 6onee pa3yMHOMY BhlBO,ny o npoaepxe npaBoMepHOCTH ero 

HCDOJIL30BaHH.II. llo-BH,nHMOMY, nepBhlMH DODhlTJCY DpOBepHTL BhlDOJI

HeHHe ycnoaaii 3Toro npaHuana npe,nnpHH.IIJIH B.ll.Bono,naH c coaBTo

paMH / a ~ 0HH ycTaHOBHJIH, 'ITO B BhlCOJC03JiaCTH'IeCJCOH 06JiaCTH 

DpHHUHD TeMDepaTypHo-apeMeHHOB cynepD03HUHH Bp.ll,n JIB BhlDOJI

H.IIeTC.II , DO Kpa:iiHeB Mepe ,nJI.II DOJIHH306yTHJieHa, JCOTOphlB paHee 

OTHOCHJIH JC TepMopeOJIOrH'IeCJCH DpOCThlM MaTepHaJiaM. 

O,nHa H3 B03MO:lKHhlX 41opMynaposox npHHUHna TeMnepaTypHo

speMeHHoA cynepno3HUHH cne.nyroma.11: penaxcauaoHHYJO 41YHJCUHJO 

DpH DOCTO.IIHHOB TeMnepaType T MO:lKHO DOJIY'IHTL OT peJiaJCCaUHOH

HOB liiYHJCUBB npH ,npyroB DOCTO.IIHHOB TeMnepaType To DyTeM C,nBHra 
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B.D;ODb QCB norapaii!Ma BpeMeHB, T .e. BCDODL3Yll COOTHOWeHBe 

R [ lg t ] = R [ lg t + ¢ (T)] , 
T T 0 

r.u;e lilYHICUBJI C.D;BBra DO.D;'IBHJieTCJI yCDOBBJIM ¢ (T0 )~0, d ¢ (T 2 > 0. 

KpoMe TOro, BMell B BB.D;Y, 'ITO d T 

R(t)= jH (lgr)exp(-.!....)dlgr, 
T - oo 

r.u;e r - BpeMJI penaKcauaa, H (lg r ) - cneKTP BpeMeH penaKcauaa, 

HeTpy.D;HO .D;OICaJaTL, 'ITO npB BJMeHeHBB TeMnepaTypbl CDeiCTp 

BpeMeH penaKcauaii H (lg r) c.u;BaraeTcll 6e3 .u;el!lopMauaa B.u;onL 

OCR lg r . H, HaKOHeU, MO)KHO DOKaJa Tb, 'ITO lilYHKUBJI H ( lg ~ ) 

/r 0 - cpe.u;Hee BpeMJI penaKcauaa/ He JaBBCBT OT TeMnepaTypLI, 

eCDB C'IBTaTL, 'ITO BCe BpeMeHa penaKCaQBB JaBBCJIT OT TeMnepaTy

pbl O.D;BHaiCOBLIM o6pa30M. 

CHBKTPBPBMBHPBRAKCAUHH 

HaBepHoe, Ee'IBHCKBH 6bln nepBLIM, KTO npe.u;nO)KHD CBJIJaTL 
/ 4 ' BpeMJI penaKcauaa co CBo6o.u;HLIM o6"LeMOM. OH noKaJan ' . 'ITO 

norapBII!M BpeMeHB DpODOPUBOHaneH o6paTHOB BeDB'IBHe OTHOCBTeDL

HOrO cBo6o.u;Horo o61.eMa /BepHee, Ea'IBHCKBH paccMaTpBBan He 

BpeMJI penaKCaQHB, a BJI31COCTL/. BBDLJIMC, JlaH.u;en B clleppB 1 51 

npe.D;DO)KBDB BCDODb30BaTL 6onee y.u;o6Hy10 l!lopMyny: 

r 1 1 
ln ~ = f - T;;' , /1/ 

r .u;e f B f 0 - OTHOCBTeDLHble CB060.D;Hble 06"beMbl DpH .D;BYX TeMne

paTypax, aT H TO - COOTBeTCTBYIQUUie BpeMeHa penaKCaQBB. TaiCBM 

o6paJoM, l!lopMyna /i/ onpe.u;enlleT TeMnepaTypHyiO JaBBCBMOCTL 

BpeMeHB penaKCaQBB, HO He DpliMO, a DpB DOMOIUB l!lopMaDLHOrO 

napaMeTpa f. HeTpy.u;uo ycTaHOBBTL, 'ITO JTo .u;eiicTBHTenLHO TalC. 

0THOCBTeDLHLIH CB060.D;HLIH o6"LeM JaBBCHT DBHeHHO OT TeMnepaTy

pbl, f = f o+ a (T- T 0 ). llo.u;cTaBDJIJI f B /1/, nonyqaeM 

4 

ln-'
'o 

C 1(T-T0 ) 
----
c2 +T- T 0 

') 

'ITO JIBDJieTCJI xopowo BJBeCTHoii l!lopMynoii BanLJIMca- JlaH.u;ena

clleppa 15 1 . 

0CHOBHall B.D;eJI TeopHB CB060.D;HOrO 06"beMa COCTOBT B TOM, 'ITO 

CICOpOCTb penaKCaUHOHHOrO npouecca /a 3Ta CICOpOCTb onpe.u;enJieT

CJI BeDB'IBHOH BpeMeHB penaKCaQBB/ JaBBCBT OT BeDH'IBHbl CB0-

60.D;HOrO 06"beMa, T.e. B 3TOH TeopBB pODb HeJaBBCBMOrO napaMeT

pa HrpaeT CB060.D;HLIH 06"LeM , a He TeMnepaTypa 1H JaBBCBMOCTb 

CICOpOCTB penaKCaQBB OT TeMnepaTypbl JIBDJieTCJI pe3yDLTaTOM 

Toro l!laKTa, 'ITO CB060.D;HLIB 06"beM - lilYHICUBJI TeMnepaTypbl. 

3Ta B.D;eJI .u;aeT B03MO)KH0CTb BJrDJIHyTL Ha l!lopMyny /1/ C .u;py

roii TO'IICB 3peHBJI. llyCTb f O - cpe.D;HBH OTHOCBTeDLHLIH CB060.D;HLIH 

06"LeM, a r O - cpe.u;Hee BpeMJI penaKCaUHH, COOTBeTCTBYIOIUee f O. 

Ecna KaKBM-na6o o6paJoM /HanpaMep, B peJyDLTaTe TennoBLIX 

II!DYKTyaQBH, B3MeHeHHJI TeMnepaTypbl B T .n./ B DODBMepe 6y.u;eT 

peaDB30BaH OTHOCBTeDLHLIH CB060.D;HLIH 06"LeM f , TO COOTBeTCTByiO

lQee eMy BpeMJI penaKcauaa MO)KHO onpe.u;enBTL no l!lopMyne /1/. 
Hcxo.u;ll HJ o6IUBX TepMo.u;aHaMB'IecKHX coo6pa)KeHHB, EHKH noKa

Jan1 6 ~ 'ITO pacnpe.u;eneHBe OTHOCBTenLHoro cBo6o.u;Horo o61.eMa 

B DODBMepe BMeeT BB.D; 

( 
\ JJ v f v v f 

F f 1 =----- (-) exp(- -), 
fo1(v+1) f 0 fo /2/ 

r.u;e V - 'IBCDO COBMeCTHO .D;Bft)KYUUIXCJI CerMeHTOB, 1(v+1)- raM

Ma-l!lyHICQBJI. HMell B BB.u;y l!lopMyny /1/, nony'laeM cneKTP pacnpe

.u;eneHHJI BpeMeH penaKCaUBB 

r v v 
H (ln-) = const ( -----· ) exp (-

'o r 
1+f 0ln-

'o 

v ). /3/ 
r 

1 + f 01n -
'o 

CneKTp /3/ 3aBBCHT OT TeMnepaTypbl. ~eHCTBHTeDLHO, OTHO

CBTeDLHbiH CB060.D;HLIH 06"beM JaBHCHT OT TeMnepaTypLI; HB)Ke 

6y.u;eT DOICaJaHO, 'ITO napaMeTp v TO)Ke JIBDJieTCJI lilYHICQHeH TeMnepa

Typbl. Cne.u;oBaTeDLHo, cneKTp BpeMeH penaKcauaa /3/ He y.u;oBneT

BOpJieT ycnoBHJIM npBHuana TeMnepaTypHo-BpeMeHHoii cynepnoJa

UBB. 
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Ha puc. 1 a-c) noxa3aH cnexTp speMeH penaxcaU88 B non883o-

6yT8neue np8 pa3HhlX TeMnepaTypax. ll8cneuuoe 3Ha'leH8e napaMeT

pa v onpe.IJ.emtnocb 83 ycnoB8JI MaKC8Man~ouo so3Jo>KHoro cosna

.IJ.eH8JI Me~.IJ.Y TeopeT8'1eCK8M cneKTpOM /nyHKT8p/ 8 ClleKTpOM, 

nony'leHubiM nocne o6pa6oTK8 3Kcnep8MeuTanbHbiX .IJ.aHHblx131 

I cnnowuaJI n8H8JI/. Oxa3wsaeTCJI, 'ITO c ysen8'1eH8eM TeMnepa TY-

es~ ---------, eq H 
v= 15 

4.8 4,8 

-2 0 2 e9 l 
. •"- -2 0 2. ~ .:E_ 

'ro "o 
tg H ~~ 

1 v =7 

'·.8 4,B 

4,7 4,7 

4,6 4,6 

UT 4,5 
'2 tg-

To 
-2 2P.ca.I. 

'to 
-2 0 

~~ '\) 

4.8 15 0 
4,7 10 

4,6 5 u \ 't" 
0 '2 ~'to 

4,5 
-2 20 60 100 t°C 

Puc. 1. CneK•PM epe.weH pe;raKca11uu c);r.R no;ruuao6y•aHa npupaaHt.IX 
•e.wnepa•ypax /a- c) : - 3Kcnepu.weH• 131 , ------ -

•eopu.ll/ u •e.wnepa•ypHaJI aaeucu.woc•t. 'lUCAa coe.wec•Ho c)euxyJIIux
cJI cez.weH•oe 1 e: - •eopu.R, x - 3Kcnepu.weH•/. 
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pw cnexTp cTaHOB8TCJI W8pe 8, cne.IJ.oBaTen~ouo, napaMeTp v - y6bi

BaiOIUaJI citYHKU8JI TeMnepaTyphl • 

TEMHEPATYPHAJI 3ABHCHMOCTb 11 

C ~ / 7 / "' 6 ~ ne8Tep .IJ.OKa3an , 'ITO 'PnyKTyaU88 0 'beMa V ,KOT0pbl8 3aH8Ma-

eT cit8KC8poaauuoe '18Cno cerMeHTOB v, on8CblBaJOTCJI cltopMynoii: 

< f2 > = <(V-Vo )2 > =-..!.!._, 
cp v0 cp B v0 

B KOTOpoii: V - cpe.IJ.H8B 06'beM, B- MO.IJ.Ynb BCeCTOpOHHero c~aT8JI, 

k - llOCTOJIHHaJI lionbUMaHa, T- TeMnepa Typa. )J.nJI TOro, 'IT06bl 

nonb30BaTbCJI MaKpOCKOll8'1eCK8M8 Ben8'18HaM8, nepen8WeM nocne.IJ.· 

uee cooTuoweu8e .IJ.nJI v Moneii: non8Mepa: 

2 
< f2 > = < (~:::-!.Q.. )·, = RT 

cp Vo . cp BV
0 

r.IJ.e Vo- cpe.IJ.H8ii: o6~eM v Moneii:, R- ra3oBaJI nocTOJIHHaJI. 

C .IJ.pyroii: CTOpOHhl, 

< f 2> 
cp 

j f 2F (f)d f. 
0 

/4/ 

/5/ 

Tor.IJ.a 83 /4/, /5/ 8 /3/ nocne uecno>KHwx npeo6pa3oBaH8B 

OKOH'IaTenbHO nony'laeM: 

(v+2)(v+l) pRT 
v .. aM'f"T · 

0 
/6/ 

3.IJ.eCb p - nnoTHOCTb non&Mepa, M - wonexynJipuwii: sec. 

Ha puc. 1e, noxa3aHa 3aBBCHMOCTb v OT TeMnepaTypw: cnnow

ua• nHHB. COOTBeTCTByeT Bblp~eHBJO /6/, a KpeCTBICaM8 0603Ha

'leHbl 3H&'Ie&8JI v • 8ai.IJ.eH&ble &3 ypas&e&&• /3/ np8 ycnoBBB 

MaiCCHManbHO B03MO>KHOrO COBUa,AeHBJI Me~y TeopeT8'1eCICHMB 
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u :nccnepHMeHTan&HLIM cnei<TpaMH I puc. 1 a- o/. Mo:>KHO oTMeTHTb, 

'ITO Ha6mo,D;aeTCJI xopowee COOTBeTCTBHe Me:lK,II;y 3Ha'leHHJIMH v , 

HaB,D;eHHLlMH H3 TeopeTH'IeCI<OB 3aBHCHMOCTH /6/, ~ JHa'leHHJIMH V, 

ROJIY'IeHHLlMH nyTeM cpaBHeHHJI 

HLIX cnei<TPOB penai<cauuu. 

3KCRepHMeHTaJibHO ycTaHOBJieH· 

ABTop BLipa)l(aeT 6naro,~~;apHoCTb IO.JI.roTnH6y, E.B.KyBWHHCKo

My, H B.Ji.llpHe3)1(eBy 3a o6cy)I(,D;eHHJI ,~~;aHHOii pa6oTLI. 
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