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3AABAEMBIE AvuHaMU4yecKuil MeXaHU4YeCKUM aHAAN3
BOMPOCSI

13 3TOW KHMrM Bbl y3HaeTe 06 OCHOBaX AMHAMMUYECKOrO MexaHuyeckoro aHanunsa (JMA).
Mbl peKoMeHAyeM ee K MPoUYTeHWNI0 TeM crieumnanmncTam B 061actu ncciegoBaHuUs
MaTepuanoB, KOTOPbIM HEOBX0AMMO NPUMEHATL B cBoel paboTte meToa AMA, 1 oHU
BrnepBble CTONKHYNCb C 3STUM METOAO0M.

Aunamuueckuii mepmomexanuyeckuti anasusamop PerkinElmer DMA 8000

DMA 8000. PykoBOACTBO AAS HAYMHAIOIIUX

AVHaMMYecknin MexaHnydeckui aHann3s (AMA) - 3To WMPOKO pacnpoCTpaHeHHbI MeTon,
KOTOPbIN MCNONb3YyeTcs Ans UCCNefoBaHMS CBOMCTB MaTeprana B 3aBUCMMOCTM OT TeMnepaTypbl,
BPEMEHM, 4acTOTbl, HanpskeHus, atmocdepbl, MO0 OT KOMOWHAUWW 3TKUX MapPaMeTPOB.
PerkinElmer DMA 8000 - 3TO OAMH M3 CaMbIX HAAEXHbIX U BbIFOAHbLIX MO LIEHE aHANN3aTOPOB C
CaMbIMN  TUOKMMU BO3MOXHOCTAMW M3 BCEX KOMMEpPYeCcKn AOCTyrnHbIX nprbopoB AMA Ha
pblHKe. bnarogaps BpallaloweMycs nMeputelbHoMy ONoKy 1 nonHoOMy Habopy OepxaTenen,
Bbl CMOXeTe W1CCiefoBaTb Balv obpasibl B YCNOBMSX, MAKCMMANIbHO MPUOANXKEHHbIX K
peanbHbIM.
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Coaep>xaHue

20 caMbIX YacToO 3apaBaeMbIx Bolrpocos o0 AMA

Yro Takoe AMA?

B yem oramane AMA oT TepMOMeXaHHYeCKOTO aHAAM3a?

Kak paboraer AMA?

Yro uaMepsoT ¢ momombo AMA?

MO>XHO AM CpaBHUBATb MOAYAD HakomAeHIst AMA 1 Moayab IOHra?

HOquy HQO6XOAI/IMO CKaHHPOBATb MOAYAD YIIPYTOCTH B 3aBUCUMOCTH OT TeMnepaTypr?

YTO Hy>XHO AASI TOTO, YTOODI IOAYIHUTH TOYHbIE PE3YABTATHI?

Kaxkyro >xe reomeTpuio BoIOpaTh?

Kax onpeaeants Temmeparypy crekaoBanus 1'g?

Kax MoxHO IIOHATD, AeﬁCTBHTeAbHO AW 3TO TEMIIEPATYpa CTEKAOBAHMA Tg>

ITouyemy 3nauenue Tg npu nccaepoBannu Ha AMA otanvaercs ot T'g, uamepennoro zHa ACK?

Moxuo au Ha AMA paborats B pexxume TMA?

Mosxao Ar c noMombio AMA H3y4aTb POLIeCChI OTBEPIKACHH?
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3aueM BBITOAHSITH YACTOTHOE CKaHHPOBAHHE U MyAPTHYACTOTHbBIE 3KCHepI/IMeHTbI?

o

Kaxyro nHpOpMAIHIO AQET METOA TeMIIepaTyPHO-BpeMeHHOM! CYTIe PITO3HITHN 2
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AAsi qero TpeOyeTcs BHUIOAHSTD U3MePEHIs 00Pa31jOB, IOTPY>KEeHHbIX B XKUAKOCTb?

Mo>xHO AU UCIIOAB30BaTh AMA AASI TOTO, YTOOBI H3y4aTh BAMSHIE BAQKHOCTH HA HAIIK MAaTEPHAABI?

O653aTeAbHO AU AASL ICCAEAOBAHUS $oTooTBepxKACHUI UCITOAb30BaTh AMA, ecAu y MeHs yxe ecTb

$orokasopumerp?

Hawu6oaee gacTp BeTpevaromuecst 0603HadeHus B aureparype mo AMA

O6AacTH BA3KOYIIPYTrOro IMOBeASHHs

CaoBaps TepmuroB DMA

Yro 03HAYAIOT N3MEHEHHS B AaHHbIX?

Pexomenpyemas auTepaTypa

HopMmaTuBHbIe AOKYMeHTbI, IOCBAImeHHbIe AMA

Hopwmarusasie pookymeHTsl ' OCT, aeticTByromue B Poccuiickoit ®epeparin

Baxueiine MeXXAYHAPOAHbIE U 3apyDerKHble HOPMATHBHbIE AOKYMEHTbI
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20 caMbIX 4acTO 3apaBaeMbIx Bonpocos o AMA

Y10 Takoe [IMA?

JMHAMMYECKNIN MEeXaHMYeCKNIN aHann3, unn cokpatlieHHo IAMA (DMA), 3To MeTof UCTbITaHuI,
B paMKax KOTOporo k obpasuy npumMenseTcs Hebonbllas aedopmMauns umknmyeckoro Tmina. OHa
No3BOSIAET MOJSY4YUTb Pas3nnYHble OTKIIMKM OT MaTepuana, B 3aBUCUMOCTV OT HanpsxXeHus,
TemnepaTypbl, 4acToTbl M OPYrMx napameTpoB. Takxke C mnomolibio TepMuHa [OMA (DMA)
Ha3bIBalOT Npubopbl, HeobxoaMMble AN Takoro aHanm3a. Euwe nHorga OMA HasbiBaloT JTMA
(OMHAMMYECKNI TEPMUYECKNIA MEXAHWNYECKUIA aHaNmn3).

B yeM otnnumne IMA oT TepMOMeEXaHN4eCcKoro aHanusa?

TepMomexaHuyeckmin aHanu3 (TMA) - 3To MeTof, B paMKax KOTOPOro Mbl MPUKNIaAblBaeM
NOCTOSHHYIO CTaTUYecKylo CUiy K MaTepuany, a 3ateM HabnopaemM 3a ero rnoBefeHVEM B
3aBMICMMOCTM OT M3MEHeHUA TemrepaTypbl WM B TeYeHUe BpemMeHW. DTOT METOL MO3BONfeT
onpeaennTb M3MeHeHue pa3mMepoB obpasua. B otnnyne ot TMA B MeToge MA mcnonb3yeTcs
LUMKIMYeCKan Harpyska, a Onpefdensiotcd WM3MEHeHWA B XKEeCTKOCTU U pacCesiHMe 3Hepruu.
OcHoBHaa @u3n4eckas BenMYMHE, KOTOPYID MOXHO U3MepuTb C nomowbio TMA — 370
KO3(PPULUMEHT TepMUYECKOro paclumpeHma. A ¢ nomolbio IMA 13MepsaioT MOLYNb YyNpyrocTu.
Oba MeTofa CNOCOOHbI OMpedensaTb TepMuyeckre Mnepexofbl B MaTepuanax, OOHaKO
4yBCTBMTENBHOCT MeTogaa JMA Bbiwe. Ha HekoTopbix npubopax TMA MoOXHO paboTath B
orpaHuvyeHHoM pexume OMA, a aHanuzatop PerkinElmer® DMA 8000 — 3TO €AMHCTBEHHbIN
npubop, No3BonawLLMA paboTaTb B pexmnme TMA.

Kak pabotaetr [IMA?

Bo Bpemsa OMA aHanmsa obpasel, onpeaeneHHon HhopMbl MOLABEPraeTcs CUHYCOMOANbHON
nedopmMaumy, NO3TOMy ODpaseL, MOABepraeTcs  KOHTPONMPYEMOMY  HaMpsKeEHMIO U
KOHTpONMpyeMon penakcaumn. Mpy M3BECTHOM HanpskeHUU obpasel, AedhopMupyeTcs Ha
OnpefefieHHoe 3Ha4yeHue, KOTOpOoe, OYeBWAHO, 3aBUCUT OT €ero >XecTkoctw. [ns co3faHma
CMHYCOMOANBHOWM Harpy3km B aHanmsatopax AMA mcnonb3yeTtcs 3neKTpOABMraTenb, Harpyska
nepepaeTcs Kk obOpasly C nomolbio Bana. Kak npaBuio, Ha OCM Bafna pa3MeLlaloTcs
cTabununsmpytolime MNOAWUNHUKA, OLHAKO TPEHME B HUX MOXET CHU3UTb XapakTepUCTUKM
npubopa. AHanuzatop DMA 8000 obnafaet COBEPLUIEHHO MHOWM KOHCTPYKLIMEN U HE CONEPXNT
NPYXuWH, nnbo cTabunumpylowmx nogwunHukos. [Mpusog DMA 8000 cxemaTtnyecku
n300paxeH Ha PucyHke 1.

OepxaTenb

/oGpa3LLa

LVDF-patunk

TepmomeTp
PT100

U

SnekTpoaBuUraTenb

Pucynok 1. Cxema npusoda anasusamopa DMA 8000



Y10 n3MepsioT ¢ nomollbio MA?

C nomouwbio IMA M3MepstoT XeCTKOCTb M aMOPTU3aLMIO, a ONA UX BbIPaXXeHUA WCMOMNb3yioT
MOZY/b YNPYrocT M yron notepb COOTBETCTBEHHO. [10CKONbKY Mbl BO34eNCTBYeM Ha obpasel,
CUHYCOMAANBHOM Harpy3kom, ToO MOoAyNb HakomnneHns ByaeT KOMNOHEHTOM, HaXOAALWMMCS C 3TOM
BOMHOW B (ha3ze, a MOAyNb MoTepb OyOeT KOMMOHEHTOM, HaXOAsWMMCs B npoTvBodasze (cm.
PucyHok 2). Moaynb HakonneHus, Kak npasuno, obosHavatoT E' nubo G'. DT1a BenmumHa
BbICTYyMaeT B KaYeCTBE Mepbl 3M1aCTUYHOro noBefeHns obpasua. OTHOLEHME MOAYNS HAKOMNEHNS
K MoAaynto notepb 0003Ha4aloT tg & M Ha3biBalOT KOIDPULMEHTOM aMOPTU3aLMM UK YIIIOM
noTepb. 3Ta BeNMYMHA MOKa3bIBaeT paccesHme 3Heprm mMatepmanamu.

1,5 CuHycoobpasHas BosIHA, AeTEeKTUpyeMmas
¢ nomoubto LVDT-patumKa

1 Casur
0,5 7\
0
400
-0,5
-1
CuHycoobpasHas BOJHa, —Cunna
15 creHepupoBaHHaa gsuratenem JMA CMelLeHme

Pucynox 2. Omuowenue npurodicennoii k 00pasyy curnycoudarvHoil Hazpysku u ezo omxaux. Takse nokasana
3adepxcka Pasvt u depopmayus.

MoXHO nn cpaBHMBaTb Mofynb HakornneHua AMA v mogynb tOHra?

HecmoTpst Ha To, 4TO MoAyNb KOHra MOXHO BbIMUCANTL WUCXOAS W3 HAKIIOHA HayanbHOM 4acTu
KPMBOW HanpsixeHue-gedopmaums, 1 6nm3octb 060MX NOHATUI, BCe e MOAYSb HAaKoNneHus n
mMomynb tOHra - He oflHO U TO Xe. Takxke Kak WM MOAYNN CABWUra, CKaTus 1 0ObEeMHbIN MOZYNb,
pasnnyaloTCa ANa oOHOro Matepurana, Tak U ModyJfib YNpyroctu He OyaeT MMeTb OANHAKOBOTO C
mMogmynem KOHra 3HadeHus.

MoyeMy HeEODOXOAMMO CKaHMPOBaTb MOAYMb YNPYrocT B 3aBUCUMOCTU OT
Temnepartypbl?

N3meHeHVe mMopoyns ynpyroctm B 3aBUCKMMOCTU OT TeMrepaTtypbl U Mepexofax B Matepuanax
MOXHO 3aVKCMPOBATb KakK WM3MEHeHWe CurHana Ha KpuBbIX 3aBucuMoctn E' wnn tg & ot
TemMnepaTtypbl. Takoe NoBefeHME XapakTePHO He TOMbKO AN1A CTeKNOBAHWUSA WU MNaBfeHNs, HO
TakKxXe W ANa APYrux MNepexofoB B 00MacTy mnaTo BbICOKO3ACTUYHOrO COCTOSIHUS M MNaTo
CTeKNoBMAHOCTU (CM. PUCyHOK 3). DT nepexofbl OMUCHIBAIOT Oonee TOHKME WM3MEHeHUs B
MaTepuane. B Hawem aHanuzatope DMA 8000 Bbl MOXeTe HadMHaTb 3KcnepmMenThbl oT -190 °C
NpX MUCMOMb30BaHUM CTaHAAPTHOM neyn, nnbo oT -196 °C npu MCNONb30BaHUN MOrPY>XKHOM
BaHHbI. BO BTOpPOM Cfly4ae CTaHOBMTCS BO3MOXHbIM HabmodaTh faxe 3a CaMbiMU HeOOMbLUNMM
nepemeLleHVs M MOoJiekyn B MaTepuanax (cMm. PucyHok 3).
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PMC)/HOKI 3. Kpusbte E'u tg 8 8 3asucumocmu om memnepamypuol n0Ka3vl8arm memnepamypHole USMeHEHUE MO())//L?Z
ynpyzocmu u nepexoabt 8 mamepuarax.

Y10 HY>XHO Onf TOro, 4TOOBI noJiy4nTb TOYHbIE pe3yanaTbl?

[lns nonyyeHms XOpoLwmx pe3ynbTaToB HEOOXOAMMO yHeCTb HEeCKONbKO (HaKTOPOB: He0OXoaMMO
npaBUIbHO OTKanMbpoBaTb NpMbop, NOAroTOBUTL 0Opa3eL, onpeneneHHon hopMbl U pa3MepoB,
BbiOpaTb Havbonee nOAXOAAULIO TeOMETPUIO U CKOPOCTW HarpeBa. [ns Toro, 4ToObI
oTKannbpoBaTb Nprdop, HeobxoaMma KanmbpoBKa 1 TemMnepaTypbl, U CKIbl. B kadecTBe 0bpa3ua
PEKOMEHYETCH UCMOMb30BaTh MPSAMOYTOfibHbIE KYCOYKM MaTepurana nocTosHHOM TONWMHbI. [1ns
BbiOOpa MoaxofsLlen reoMeTpun cnefyeT yyecTb, YTO Hambonee ontMmanbHa Ans obpasua
amnnutyaa gecdopmMaumm okono 50 Mkm. CKopocTy HarpeBa A/18 OONbLUNHCTBA 3KCNEPUMEHTOB
cocrtaBndoT 2-3 °C/MUH.

Kakyto >e reometpuio BbibpaTh?

BbiObop noaxofsllen reometTpum OAs IKCNEPUMEHTA 3aBUCUT OT (PU3NYECKOrO COCTOSHUSA
MaTepmana B Hadase 3KCnepruMeHTa, yooOCTBOM KpenneHus obpasla B AepxaTene, a Takxe OT
TMNa 3KCNEPUMEHTa, KOTOPbIN HEeoOXOAMMO BbINOMHWUTL. Hanpumep, TBepAbiv dparMeHT
nonvMepa MOXHO aHanM3npoBaTh B NOObIX AepXaTensax, 04HaKo B OCHOBHOM Ha NMpakTUKe Ans
3TOr0 MCNOSMb3YIOT OAHOKOHCOMbHBIV U3rMb, NMOCKOMbKY B 3TOM CJly4ae 0bpaseL, O4eHb MPOCTO
3aKkpennTb B aHanum3atope. Kpome 3TOro, OOHOKOHCOMbHbIM AepXaTeflb He MpenatcTByeT
TepMUYECKOMY paclumpeHmio obpasua (cM. PucyHok 4). HeoTBepxKaeHHble TepMOoycaxiBaemble
NoONMMepbl BCErfa aHanmM3mpyloT B pexXxume Ha casur. B komnnekt aHanusatopa DMA 8000
BXOOSAT BCE BO3MOXHblE [AepxKaTenu pAna TPexTo4eyHoro u3rmba, OAHOKOHCOSIbHOMO W
LIBYXKOHCONbHOIO 13rnba, pacTaxeHus, ckatma U casura. Kpome 3Toro, Mbl MOXEM NPeaioXnTb
BaM YHVKaNbHble MakeTbl ANF MaTepmnanos, NO3BONAIOLME aHANM3MPOBATb MOPOLLIKMU N MArKne
obpa3supl, AecopmupyloLmecs Nog cBOMM BeCoM. Kpome 3TOro, KOHCTPYKLMS Hallero nprubopa
M HacTpaMBaeMoe MporpaMmMHoe obecrneyeHre NMO3BONSET AaXe MONb30BaThbCs AepXaTensamu,
N3roTOBJIEHHBIMU CaMOCTOATENbHO.



pacmupenue.

Pexomenayemast CBo6oaHa Pexomenayemast
Moayas TeoMeTpHsI Toamuna A CKOPOCTb
Hamaygmu  ympyrocr (aAs yrasaHHOTO pasMepa o6pasna, AAHHA, HarpeBa/OXAQKAEHUSI,
# BBIGOP u, ITa o6pasua) MM MM °C/mun
10'°-10° Pacrsoxenne <0.02 2 S
X 10°-10° Pacrsoxenue ot 0.02 -1 2-10 S
X 10'°-10°¢ OAHOKOHCOABHBIH H3THO orla02 5-10 3
X 10%°-10° OAHOKOHCOAbHBIH U3rub 2-4 10-15 2
10%°-10° OAHOKOHCOABHBIN H3THO >4 15-20 1
X* 10'°-10° ABYXKOHCOAbHBII H3rH6 2-4 10-15 2
*0A8 BbICOKOOPUEHMUPOBAHHBIX 00PA3Y08, CHUMAIOUSUXCS NOCAE TMEMNEPAMYPbL CIEKAOBAHUS.
X 102-108 T pexToueyHbIi U3ru6 orlao3 ot 10 40 20 3
10" -107 TpexToueyHbIi U3rU6 >4 or 15 A0 20 2
X 107-10? Ipocroii cABUr or0.5002 2 (5-10) <2
107 - 10? Csxarne (100xodum oas or 0.5 p0 10 or S a0 10 <2
00pasy08 HenpasusbHoti Gopmol, (svicoma uau
a maxkie 06pasyos, Komopuie duamemp)
CAOMKHO YCAHOBUMY 8
depyamens)
Illupuna B 0cHOBHOM pekoMeHAyeTcst paboTarh ¢ 06pasljaMy IUPUHOM S MM, HO AASI 9KCIIEDMMEHTOB 9Ta BEAMYNHA He

SIBASIETCSI KpUTHYHOM. TeM He MeHee CAeAyeT IIOMHUTb, YTO 00pasLibl ITMPUHON 60Aee S MM HEAB3SI HOPMAABHO
YCTaHOBHUTb B AepikaTeAb. YKecTkre 06pasifbl HEOOABIIOM IIHPUHbI (1—2 MM) HAEAABHO IIOAXOAST AASL PeXKUMa Ha

Pucynox 4. Pexomendyemas eeomempus AMA-anarusa 05 06pasya onpedeseHHbix pasmepos

Kak onpepenuTtb TeMnepatypy creknosaHua Tg?

MepexoAHbI Npolecc cteknoBaHns (Tg) Ha KpuBbix OMA onpenensercs B BUAE CUIbHOIO
nageHus (B Oecatb pa3 1 Gonee) mMoayns HakonneHus. Lns 3Toro HeoOXOAMMO YCTaHOBUTb
norapndmMmyeckyio WKkany Ans MOAYNS U NMHEeNHyo WKany Ans tTemnepatypbl (CM. PUcyHok 5).
CoOTBETCTBYIOLWMA MK Takxke OymeT Habniopatbcs 1 ans yrma notepb (tg 8). OOblMHO, B
3aBofckMx nabopaTopusx, B 3aBUCMMOCTW WX LeATeNbHOCTM, TemnepaTypy CTeknoBaHua Tg

BbIpaXkaloT Kak abcumccy Havana nageHus E', nubo kak abcumccy nunka tg 8§, nnbo kak nuk E'.

Muk tg 6 = 104.4 °C

|
Hauano E' & 133.1 °C

Muk E" =136.7 °C

Mopaynb, Na

Hayano E" = 127.3°C

—
Hauano tg 6 = 130.0 °C

Temnepatypa/ °C

Pucyr—tox S. TEMnepamypa CMeKA0B8AHUS HA KPUBLLX Moay/m HAKONAEHUS U tg )

Q3




Kak MOXHO MOHATb, AEUCTBUTENBHO NN 3TO TeMnepartypa CTeksioBaHUA Tg?

Ins Toro, 4tobbl MAEHTUPUUMPOBATL Mepexon Kak CTekoBaHWe, HeoOXOAMMO BbIMOMHUTbL
MyNbTUYaCTOTHBIM  aHaNM3 Mepexofa U paccimTaTb 3Heprumio  akTmeaumy. OHa MnoMoxeT
NPaBUIbHO UAEHTUMUUMPOBATL Nepexod. B 4acTHOCTK, 3Heprns akTMBaLMK ONA CTEKIOBAHWS
npumepHo pasHa 300-400 k[x/Monb. C Apyror CTOPOHBI, Hanpumep, ans beta-nepexogos (Tg),
SHEprus akTMBaumMm coctaBnseT Bcero okono 30-50 kX /mMonb. A B cniydae nnasnenus (Ton)
4aCTOTHAsA 3aBUCUMOCTb ONS HEPruM akTUBaLMM BOODLLE HapYLLIAETCS.

lNo4yeMy 3Ha4veHMe Tg nNpu nccneposaHnn Ha IMA otnnyaetca ot Tg, U3MepeHHOro Ha
O CK?

30eck HeT Hu4ero cTpaHHoro. CTekfloBaHMe MaTepuana -~ 3TO He ofjHa Temrnepatypa, a uenas
obnactb noBegeHWss MaTtepwana. [ns  ynobcTBa  cpeas  y4eHbIX  paHee  MosBUIOChH
[lOrOBOPEHHOCTb  0003Ha4aTb 3TOT MpPOLEeCC OAHOWM TemMrnepaTypon Mo  OTHOLWIEHMIO K
CTaHOAPTHbIM 0bOpa3suam. B pa3Hbix 00NacTax HaykMm W NPOMbILWAEHHOCTM  MCMOMb3YoTCS
Pa3nnYHble CTaHZapTHble 0OpasLbl, MO3TOMY A OAHOrO M TOro Xe MaTepuana pasHuula B
AaHHbIX MoxeT goctmrate o 15 “C. Takxe, cnegyeTt noMHUTb, Yto ACK, TMA, n AMA n3mepsioT
COBEpPLUEHHO pa3Hble BEeNUYMHBI, 4YTO TakXe MOXXEeT BbI3blBaTb Pa3nuMyna B TemMrepartype
cTeknioBaHusA. Tak, MHOrOa MOXHO Habniofath pasHuuy Mexay pesynbtatamu OCK n IMA
BMAOTb A0 25 rpadycoB. DTOT Cyly4an nNpefacTaBneH Ha PucyHke 5.

MoxHo 1 Ha IMA paboTtaTb B pexvnme TMA?

Bce 3aBNCUT OT Tex 3KCMEPUMEHTOB, KOTOpble HEODXOAMMO BbINOMHUTL. BONbLIMHCTBO TECTOB,
HanpymMmep Ha UW3rMb, neHeTpauuMio, MON3yyYecTb WAM MPOCTOM TeCT Ha HanpskeHne W
nedopMaLmio BbIMOMHUTE MOXHO. PaHee aHanuzatopbl IMA He MOrfn reHepmpoBaTh LaHHble
0N M3MepeHVa KO3MPPUUMEeHTa TepMUYeCcKoro paclumpeHms, ogHako, DMA 8000 moxet
BbIMOMHATL HEKOTOPbIe 3KCNepuMeHThl B pexrme TMA 1 faBaTb LOBOMbHO HEMIOXMe 3HaYeHs
KATP ona cambix pa3nudHbix obpasuos. KJITP nokasbiBaeT, HAaCKONbKO Ball MaTepuas MOXeT
PacLIMPATLCA B 3aBUCUMOCTM OT TemrepaTtypbl. 3Ta UHMOPMaUMA XMU3HEHHO BaXHa npwu
CO3[AaHUN  MNPOAYKUMKM, COCTOSILLLEN W3 COBEPLUEHHO Pa3N4YHbIX MATEPWanoB, KOTOPbIM
HeobXOAMMO HarpeBaTbCs COBMECTHO (Hanpumep, Npun CO3AaHnmM NevaTHbIX NnaT v ABuraTenen),
a Takxke npu paboTe C MaTepuanaMm, CNOCOOHbIMUK K YCafike Npu OTBEPXXAEHNN.

MoxHo nu ¢ nomoubio IMA u3y4aTb Npoueccbl OTBepXaeHUA?

IOMA Havbonee 4acTo UCMOMb3YIOT MMEHHO ANS U3Y4eHUs OTBEPXAEHMS, B YAaCTHOCTM MOTOMY,
4TO ANA 3TOro NpoLecca MoAynb YNpyroct DyAeT KpamHe CUbHO PacTi. DTOT MeTOA MAeanbHO
NOAXOAUT ANA onpefdeneHns TOYKW XKenaTuHM3auMM W TOYKW CTeKNIOBaHMA MaTepuanos,
MOABEP>XEHHbIX TepMuYeckon ycaake. OTBepXAeHVE MOXHO UCCIeL0BaTh Kak MpY N3MEHeHUN
TemMnepaTtypbl, Tak U B M30TEpMUYecKMX ycnoBuax. AHanmzatop DMA 8000 moxeT ObiTb
YKOMMNEKTOBaH KBAapLEBbIMU CMOTPOBbLIMK OKOLLIKaMW U CheuyanbHbIMU gepxatensiMmm ans
nccnefoBaHNA (GOTOOTBEPXKAEHWA.



Pucynox 6. DMA 8000 co cneyuarvtvim deprucamerem 0As UCCAEO08aHUS POMOOMEEPHOAEMBIX CUCHIEM

3a4eM BbINONHATbL YaCTOTHOE CKaHMpoBaHME N MYNbTU4aCTOTHbIE 3KCI'Iepl/IMeHTbI?

KoHe4Has npoaykums, U3roToBfeHHas 13 DONbLIMHCTBA MaTepManoB, MOXET aHaNM3MPOBaTbCs
Ha HeCKOMbkMX OCODEHHO BaXHbIX 4YacToTax. Hanpumep, ANS PE3VHOBbIX  YMNOTHEHUN,
NCMNONb3YIOUMXCSH B BETPOBbIX CTEKNAX aBTOMOOUNEN, TECTUPYIOT U WWMPOKUA AMana3oH YacToT,
N WMPOKNI OMANA30H TemnepaTyp. 3aBUCMMOCTM MOAYNS YNPYroCTU OT YacCTOTbl MOKA3bIBatOT,
Kak CBOWCTBA MaTepuana M3MEHSAIOTCA B 3aBUCMMOCTM OT 4acToTbl. [ns BA3KMX MaTepuanos
TakMM 0DPaA3OM MOXHO MOAYYUTb WMHMOopMauMio 06 mx TekydecTu. Takke AOBOJSIbHO 4acTo
pPeKOMeHLYeTCA M3y4aTb MOoBeLeHVe MOLYNA YNPYyroCT Ha Pa3sHbIX 4acToTax He TOMbKO Mnpw
ofHOM TemrepaType, HO MWCCnegoBaTb 0DOpasel, Ha pPasHbIX YacToTax Mnpy  U3MEHEHUM
TemnepaTtypbl. TakMM 00pPa3oM Mbl CMOXEM Onpeaenntb, KakuMM 00pa3om TepmMudeckue
nepexofHble NpoLecch OyayT 3aBUCETb OT TeMnepaTypbl. Hanpumep, Ana HeKOTopbIX NONMMEPOB
n3MeHeHue 4YactoTbl oT 1 go 100 Iy caosuHer Tg Ha 14 rpafdycoB, YTO Cpasy Xe AaeT HaMm
peKoMeHLaLMI0 He NCMONb30BaTh TakMe MaTepuansl MPU BbICOKMX YacTOTax.

Kakylo MHhopMaLMio JaeT METOL, TeMMepaTypHO-BPEMEHHOW Cynepno3vummn?

CornacHo mopenu Yunbsmca-JlaHgena-®Oeppy B onpefeneHHbIX yCIoBMAX TemnepaTypa W
BpPeMsi MOryT OblTb MaTeMaTU4Yecku B3anMMO3aMeHsieMbIMU. TaknMm obpa3om, NpUMEHNB MeTOA,
TeMnepaTypHo-BpeMeHHon cyneprno3uumm (TTS), 1 BbINOMAHMB TeMMnepaTypHOe CKaHMpPOBaHKMe Ha
Pa3fINYHbIX 4YacTtoTax, Mbl CMOXeM TMpefckasaTb MOBedeHWe Matepuana Ha QuU3nyecku
HeOOCTYNHbIX YacTtotax (cM. PucyHok 7). C nomollplo nporpaMMHoro obecnedenus ons DMA
8000 cpenaTb 3TO A0CTAaTOYHO Nerko. [laHHble npu 3ToM npeobpasytoTcs B GopMaT BpeMeHN
L5 TOro, 4Tobbl NpefckasaTb WM3MEHEeHWe XapaKTepuCTUK MaTepuana BO BpemMeHwW. Obpatute
BHMMaHVE Ha To, 4TO TTS-pacyeTbl AenaloTcsd Ha OCHoBe MPUBAVXKEHWUK, KOTOpble He Bcerga
MOTYT BbIMOMHATLCSA NS peasibHbIX 00BbEKTOB. B 4acTHOCTU, OOHUM M3 TakMX NPearnoNoXeHUN
ABNAETCA efVHUYHOe BpeMsa penakcauym, KOTopoe MOXHO onpenenuts no auvarpamme Koyn-
Koyna, nubo noctpontb rpadurk B MOMHOCTbIO JIOrapudMMYecknx KoopauHatax (no obeum
0CsIM).



TemnepaTypHO-BpemMeHHaA Cynepno3nuna
(0o6pazel nonMMeTMAMeTaKpunara)
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PucyHOK 7. Temnepamypﬂo—spemeﬂﬂaﬂ Cynepno3uyus.

Hawwe nporpammHoe obecneveHre ansg DMA 8000 nomoxeT Bam onpeaennts, BepHa 1 MOAeNb
TTS. Ong >3Toro Bbl CMOXETe ferko B HeM MOCTPOUTb KakK KpuBble B JIOrapudmMUyeckmx
KoopauHaTax, Tak u amarpammy Koyn-Koyna. Takum obOpa3om, ecnn noflydYeHHble OaHHble
COOTBETCTBYIOT Mofenu Yuneamca-JlaHaena-deppu, 170 3aBucumocTsb E' ot E" nnm tg 6 gonxHa
BbIFNAAETb Kak MNONYKPYr, HAaNOMKHas CpeiHEBEKOBYIO KanuTKy. B 3apybexHom niutepaType 4acTo
BCTpeyaeTcs TepMuH “"wicket plot”, 4To AOCNOBHO MOXHO nepeBecTW, Kak "rpaduk KanuTkm'
(PucyHok 8). Ecnn e 3aBMCUMOCTb MMeeT APYron BMA, TO Mbl MMEEM [eno C Peosornyeckn
CNI0XHbIM MaTepManomM, He NoAYMHALWEMYCA 3aKOHY Yunbama-JlaHgena-Deppw.

—=— 144 K
—A— 154 K| 7]
—— 164 K

—4— 184 K
193 K] A

Pucynox 8. Usobpascenue cpednesexosoii kasumiu u duazpamma Koyr-Koyaa (wicket plot)

ns yero TpebyeTcs BLINOMHATL M3MEPEHUS 00Pa3L,OB, NMOrPYXKEHHbIX B XXNOKOCTb?

Ecnn mbl OyaemM BblaepXmBaTb MUCCieayeMblld MaTepuan B pas3fivyHbIX PAcTBOPUTENSAX, TO OH
MOXeT CTaTb B HWX MSTKMM. I HaobopoT, B Apyrvx pacTBOpUTENSX MaTepuanbl MOryT CTaTb
XectkuMmu.  Oba  3Tmx  3ddekTa MOryT CbirpaTb OYeHb BaXKHYIO POfb B PaspyLUeHUn
3KCMNyaTaUMOHHbIX CBOMCTB CaMblX Pa3HbIX MaTepuranos, NPUMEHsIoWMXCs B Ouonornm u
MeOMLMHE, 3 TakXe PasfMyHbIX KPacoK, MOKPbITUM U yNIOTHEHNW. Kpome 3TOro, HanpsxXeHus B
NOrpy>keHHOM MaTepuane OyayT 3a4acTylo OTAMYATLCA OT HAMPSXKEHWI, KOTOpble Mbl MOMYYMM,
ecIv NPOCTO HaMOYMM MaTepuan B pacTBopuTene, a 3aTeM OyAeM ero UccnefoBaTh Ha BO3MyXe.
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Morpy>xHas BaHHa Ana aHanmsatopa DMA 8000 no3sonnT ucCCnefoBaTb MaTepuansl B
PA3/INYHBIX YCIOBUAX, HANPAMYIO MOrpy3nB NX B XMUOKOCTb.

Pucynok 9. Anarusamop DMA 8000 ¢ nozpyxcroti 6aHHOil.

MoxHo 1 ncnonb3oBate IMA gns Toro, 4tobbl M3yyaTb BAMSHME BNaXHOCTU Ha
Haly MaTepuanbl?

Kak n3BeCcTHO, BMaXHOCTb OKa3blBAe€T OrPOMHOE BMAHME Ha CBOWCTBA OFPOMHOMO 4KCIa
MaTepunanoB, Ha4yMHas OT MOMMMEPOB, W 3akaH4yMBas Oymarov M MaTepuanamm NPUPOLHOro
npoucxoxaeHnd. K aHanmsatopy DMA 8000 MOXHO NOOKMIOYUTL reHepaTtop BJIAXHOCTW,
KOTOPbIN MO3BOMIAET TOYHO KOHTPONMPOBATb BAAXHOCTL BHYTPW neyn. C ero nomollbio Bel
CMOXeTe MPOBOAVTb BOCMPOU3BOAMMbIE U  BbICOKOTOYHbIE 3KCMEPUMEHTbI, MO3BONAoLMe
OLEHNUTb BAMSIHME BNIAXXHOCTM Ha CBOWMCTBA BalLMX MaTepuasnos.

Ob6s3aTenbHO Nn Ons uccnenoBaHus hoTooTBEPXAEHNA Ucnonb3oBatb IMA, ecnn y
MeHS yXe ecTb (hoTOKanopuMeTp?

C oHOW CTOPOHbI, C MOMOLLbIO (HOTOKANIOPUMETPA MOXHO OLEHNTb SHEPTMIO POTOOTBEPXKAEHMS.
C Apyrovi CTOPOHbI, eCNK U3y4aTb PoTOOTBEPXAEeHME C noMoLpsto IMA, To Bbl cMoXeTe yBUAaeTb
N3MeHeHUA (PU3NYeCKMX CBOMCTB OTBEPXAAEMOro MaTtepuana WM MOHATb, KOrAa ero Monynb
YNPyroct CTaHeT COOTBETCTBOBATb TPeDyeMbiM 3HaYeHMSM MPOYHOCTU W XKEeCTKOCTW. DTa
NHGOPMaLMA MOXeT ObITb OYeHb LEeHHOW npu pa3paboTke 3SKOHOMUYECKU SDDEKTUBHbBIX
peleHn B obnactn oTBepXaaeMbix MaTepuanos. Vcnonb3oBaHve OMA ¢ YD-UCTOYHMKOM
NO3BONUT MCCIeOoBaTb Aerpafaumio  MaTepranoB M M3yy4aTb CBOWCTBA  YMAKOBOYHbLIX
MaTepuanos, apmMaueBTUYecKnX CybCcTaHuMn U T.4.
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Hawuboaee yactp BcTpevaromuecsi 0603HaueHUs B

auteparype no AMA

A

11

Shift factor

Molecular
weight
distribution

Delta
Modulus

Storage
modulus

Loss modulus

Complex
modulus

Activation
Energy

Epsilon

Shear modulus
Gamma

Compliance

Lambda

Molecular
weight

Viscosity

Sigma

Alpha transition

Koadpunuent
CABHTA

MoaexyaspHo-
MaccoBoe
pacmpeaeAeHue

AeapTa

Moayasb
YHPYToCTH

Moayab
HAKOIACHHSA

Moayas notepp

KommaekcHbin
MOAYAB

OHeprus
aKTHBALUK

DIICHAOH

Moayab caBura
TamMma

ITopaTAuBOCTD

Aambpa

Moaexyaspabrit
Bec

Bsaskoctp

Curma

Aapda-niepexop

Koa¢dpunueHT noxaspisaeT, HAICKOABKO HY>KHO CABHHYTb
KPHUBYIO AASL TOTO, YTOOBI OHA COBIIAAA C PedepeHTHO KPUBOIL.

OTHoEHNE TUIIOB MOAEKYASPHBIX BecoB M, n M, (moapo6Hee
cM. Moaexyaspabrit Bec), koTopoe onucbiBaercs
rOPU30HTAAbHBIM IlepeMellleHHeM TOYKH IlepecedyeHus KPUBbIX
9aCTOTHOTO CKAHHMPOBAHMUA.

®dasoBslit yroa nan pasoas sapepxkka. Tawke cm. tg §

Mepa ynpyroctu MaTepHaAa, u3MepsieMasi IpH U3rube, CKATHH
UAM PACTSDKEHHH.

Mepa aaacTudHOro OTKAMKA MaTepuaaa. He myTats ¢ MopyaeM
IOHnra! Taxcke HaspBaeTCs pa30BOIM KOMIIOHEHTOH.

Mepa BA3KOI'O OTKAMKA MaT€pHaAa. Taxoxe ero Ha3pIBalOT
MHHMbIM MOAYAEM HAH BHeq)ainBOI:I KOMITOHEHTOM.

Cymma ¢pa3oBoit 1 BHea30BOH KOMIIOHEHTHL.

OHeprusi, KOTOPYI0 HEOOXOAMMO 3aTPATHTh HA IPOTEKAHHE
$azoBoro nepexoaa AU XMMHYECKOH peaKIuu.

Mepa pedpopmarium, H3MepsieMast IIPU U3THOe, CKATUY HAK
pacTsbkeHHH. B paMkax AMGAEKTpHYeCKOro TepMOaHaAK3a
UCIIOAB3YETCS KaK MOAYAD YIPYTOCTH.

MoayAb YTIPYTOCTH, U3MePsIeMbIil B TeOMETPHHU CABHTA
Mepa aepopmaniuu B reOMETPUH CABUTA

OrTHoIeHKe peAaKcaliy 06pasiia K HAIPsDKEHUSIM 06pasiia B
AVHEFHOM 00AaCTH KPUBOIL TOA3YYECTH.

MoayAb yIIpyrocTy, u3MepsieMblil B rTeOMeTPUU KPYTHABHOTO
MasATHMKA, aHarorudeH E.

MoasexyaspHas Macca MAU AAMHA LIeTId MaTepPHaAa,
IpuMeHseMas B aHaAu3e TIOAMMEPOB AASL OTIMCAHMS UX
Pa3AMYHBIX CBONCTB, HAIPUMep, TeMIIepaTypbl CTeKAoBaHus Tg.
ITosxaayit, 3To caMoe BaXKHOe CBOMCTBO ITIOAUMEPOB, IIOCAE THIIA
MoHOMepHOro 3BeHa. Kak mpaBuao, B AuTeparype 1 B
Pe3yAbTaTaX HCCACAOBAHUI MOAEKYASPHBIN BeC BhIpaXKaeTcsl Kak
cpeanee uncao (M,) u cpearmit Bec (M,,). Onucsisaet
BepTHKAAbHOE IlepeMellleH e TOYKHU IiepecedyeHus] KPUBbIX
9aCTOTHOTO CKAHHMPOBAHMUA.

Hanpspkenue, mpraaraemMoe K 06pasify BO BpeMsi HCIIbITaHHIT B
reoMeTpUH U3ru6a, PACTSDKEHHS], CKATHS M CABUTA.

Cm.Tg



T  Beta Transition

Tg  Glass
Transition

tg8 Tandelta

v Poisson’s ratio

Ve Free volume

w Radians

bera-mepexoa

TemmepaTtypa
CTEeKAOBAHHS

Tanrenc peapra

OrHomeHue
ITyaccona

CB0OOOAHBII
obbeM

Papnansr

Hauaao cHIDKeHHSI MOAYASI HAKOIIACHUS TIPY HarpeBaHKH,
COIPOBOKAQIOI[eeCs] IOSBACHUEM IHKA tg § BO BpeMs
CKaHMPOBaHHA IT0 TemrepaType. Ilepexop pacmosoxen ao Tgu
BBI3BaH AOKAAU30BAHHBIMU ABIDKEHHSIMU OCHOBHOI HAU
6OKOBOI1 IIeITl MOAEKYA ITIOAMMEpA.

910 TeMIeparypa, IpHU KOTOPOH IPONUCXOAUT PEAAKCAIIHA B
[IOAMMePAX, @ MaTePHaA IEPEXOAUT U3 CTEKAOOOPA3HOrO B
pe3sHHO0Opa3sHOe COCTOSIHYE.

MexaHnyecKye IOTEPH - TAHTEHC yraa cABura ¢pas, Aubo
otHomenue E”/E’.

OTHoImeHre N3MEHEHUS MHUPUHDBI MAH I'AY6I/IHI)I o6pa3ua IIpu
M3MeHeHUH ero AAMHBL. OOBIMHO AASI TOAMMEPOB OHO paBHO 0.5

HpOCTpaHCTBO BHYTPH IIOAMEDA MEXKAY €0 MOAEKYAAMH.

Yacrora, BEIpaXeHHaS B Paa./ cex.

O6AacTH BA3KOYIIPYTOro MOBEAEHUS

Glassy plateau

Glass transition

region

Leathery region

Rubbery plateau

Viscous region

Fluid region
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IlaaTo CTEKAOBHAHOCTHU

O6AaCTb CTEKAOBAHUA

O6aacTb
KOXXeIOoAOOHOCTH

ITaato
pe3uHOO6pasHOCTH

O6AacTb BA3KOCTH

JKuakoe cocrosnue

O6paser; - TBEpADIIL U XKeCTKHIA, I0AOOEH TOPHOI IIOPOAE.
IIponcxoaAsST TOABKO BaA€HTHbIE U AePOPMALIOHHbIE
KOAeOaHuUs B MOAeKyAax; tg & menbine 0,01. Hroke, uem Tg.

O6paser| cTaHOBUTCS MEHee TBEPADBIM, I[P TOM MOAYAbD
YIIPYTOCTH IaaaeT, a tg § Aaet nuk. Beicora muka tg §
06br4HO HaxoauTcs B uHTepBaae ot 0,1 a0 1,2. Hagaro
Ipollecca MOXKHO CYMTATh TeMIepaTypoi crekaoBanus T'g.

O6paser; Bce emle ynpyruii, Ho rubkuit. B ocHoBHOI Heru
MOAMMEpa MOABASIOTCS ABUOKEHHS TPYIII M COBMECTHBIE
ABIDKeHHsI cerMeHTOB: tg 8 Hivke 1,0. TemmepaTypa 4yTh
BbIIe, yeM T'g.

O6paser| CTAHOBUTCS IPYXKUHAIIMM U d9AACTHIHBIM.
OcHOBHas1 IOAUMEPHAs LjeTIb IPOSIBASIET TOCTEIIEHHOE
IpocKaAb3biBanue; tg § 0koaol,0. Temmeparypa Bbiie, 4eM
Tg.

O6paser; HaYMHAET T€Yb U CTAHOBUTCS BCe GOAEE KUAKIM
10 Mepe yBeAMYeHHUsI TeMIlepaTypsl. B 60apmix Macirrabax
IIPOSIBASIETCSI IIOABIDKHOCTD OCHOBHOI Iery; tg & Boie 1,0.
I'opasao Brmme, yem T'g. CTeneHHast 3aBHCHMOCTb.

O6paser; pacrekaercs;, opA06HO Boae. Habaropaercs
CBOOOAHOE ABIDKEHHE IieIlefl U IIepeMelInBaHIe MEXAY
tersiMy; tg 8 3HaunTeAbHO Bbume 1,0. B xprucTasandeckux
MaTepHasax 9Ta 06AACTD BBILIE TeMIIEPATYPbI [AABACHHS
Tra. 3agacTyro 9Ta 06AACTH PACCMATPUBAETCSI BMECTE C
00AACTDIO BA3KOCTH.
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Pucynox 9. Obaacmu ssskoynpyzoeo nosedenus.

CaoBapp TepmuaoB DMA

Activation Energy OHeprus aKTUBAIUI OHeprus, HEOOXOAUMAS AASI TOTO, YTOOBI BHI3BATH ABIDKEHUE,
3aBUCHMOCTD HEPTUH AKTHBAIIHH OT JACTOTHI HCIIOAB3YeTCS
AASL OIIPEAEAEHMS TUTIOB (a30BbIX IIEPEXOAOB.

Additives Aobasku IIposBAsIOTCS IpU U30TEPMUYECKOM CKAaHHPOBAHUYT MOAYAS
HAKOIIAE€HUSL.

Alloy CraaB moanMepoB Mexannyecku nepemMellaHHas KOMITO3HLIUSA IOAUMEPOB.

Alpha transition Aapda-nepexop Caepyromuii 3a mAaBAeHHEM Ga30BBIH ITepexoA (npn

y6biBanuu Temneparypst). O6braHO — 310 cTekroBanue, Tg.

Amorphous Amop¢HbII HeynopsipoueHHas XuMudIecKas CTPYKTypa, B KOTOPOI
MPUCYTCTBYIOT CKAAAYATOCTh U IIepeMeIlBaHHe.

Amorphous AmopdHas PaccunTbIBaeTCs 110 IAOITAAM ITMKA MOAYAS IOTeph 1ipu T'g.
content COCTaBASIIOIIAS
Amorphous phase ~ AmopdHas dpasa CAy4aitHbIi1 pparMeHT XUMUIECKON CTPYKTYPBL

HPOI/ISBOAbHaSI OpHEHTALA HOAHMepHOﬁ IIeITn.
HerI/ICTaAAI/I‘IeCKoe CTE€KAOBHUAHOE COCTOSHHE.

Amplitude AmrnanuTyaa BricoTa cMemenus npu cMHYCOMAAABHOM Harpyske
~< . @
\ rd
\ /
N
\ 7
v/
i
Anisotropy Anu3oTpOIHUsL VsmeHeHMe CBOMCTB MaTepHaAa B 3aBUCHMOCTH OT
HalpaBAeHHS.
Annealing Temneparypa orxura Hadvaao nmrara noHUMaHHIS MOAYASI HAKOIIAGHHS], OAHOBpeMeHHO
temperature C yBeAUYEHHEM tg 3 BO BpeMs1 CKaHMPOBaHUS 10 TeMIIEpaType.

Cpasy nocae Tg (no y6siBanuto ). [Tpu Harpese nmoaumepa
IPOMCXOAUT PeAAKCallUs er0 CKPITHIX HAITPsHKEeHHI.
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Backbone

Beta transition

Blending

Branching

Cole-Cole Plot

Compatibility of
polymer blends

Complex modulus
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Compression
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Copolymer
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Cross link

Crossover point

Crystalline

Crystalline phase
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OcHoBHas LIemb

Bera-nepexop

Cwmech

PasBeTBAeHHE

Amarpamma Koya-
Koyaa

CoBmecTMOCTh
ITOAMMEPHBIX CMeCer

KomMraekcHbI MOAYAD

IToparanBOCTD

Csxartne

Conoaumep

IToasydects

CumBKa

Touka InepeceyeHud

Kpucraaamaeckuit

Kpucraaamaeckas

dasa

IMepBuunas crpykrypa noanMepa. OObMHO - 9TO AAMHHASI [JeTIb
aTOMOB YTAE€POAA.

HavaAo mOHMXEeHMS MOAYAS HAKOTIAGHHS TIPU HaTPeBaHUH,
OAHOBpEMEHHO C 06pa3oBaHKeM MUKa tg 8 Bo BpeMs
CKaHHPOBAHUS [0 TEMIIEpaType

PesyabTaT ycremsoro nepeMenyBaHus HECKOABKHX
MOAMMEPOB. AAS CMeCH IOAUMEPOB MOKHO OIIPEACAUTD OAHY,
Au60 ABe TeMIIepaTyphbl CTEKAOBAHIS B 3aBUCHMOCTHU OT

3¢ PeKTUBHOCTHU IepeMelIuBaHu.

O6praHO OLICHHUBACTCs ITIO KOHEYHOM 30He MOAYASI HAKOIIA€HHM T
BO BpE€M: YaCTOTHOTO CKaHMPOBAaHHSI.

3asucumocts Mesxay B’ u E” (aubo tg §), kotopas
HICTIOAB3YETCS AASL OLIEHKH TIPABHABHOCTH TEMIIEpATyPHO-
BpeMeHHOi1 cyreprosuiuu. CTPOUTCS B AOTapHMUIECKHX
KOOPAMHATAX 10 06enM OCSIM.

Kpurepuii, KOTOpBIH MOKa3bIBAET, HACKOABKO XOPOIIO ABA HAU
HECKOABKO IIOAIMEPOB KOMOUHHUPYIOTCS APYT C APYTOM.

O6pemHOe moBepeHHe 06pasiia. [TokaszaTeAb BI3KOYIPYTOCTH.

OTHomeHne peAakcanuy 0Opasna K HaIpsDKeHUsIM 06pasia B
AMHENHON 00AACTH KPHUBOH IOA3YIeCTHL

Merop, IpY KOTOPOM OOPa3Lbl B BUAE AUCKOB K
MPSMOYTOAbHBIX MAACTUH AePOPMHUPYIOTCA C UCTIOAb30BAaHHEM
YaIly ¥ TIAACTHHBI, TAACTHHBI U AOTKA, CTOTIKU ITAPaAA€ABHBIX
MAACTHH, KOHYCa U MAACTHHBI

ITposBAsieTcs KaK CHIDKeHHEe MOAYAS YIPYTOCTH IIpH
U30TEePMHYECKOM CKAHHPOBAaHMH HAU CHIDKEHHE HaKAOHA
MOAYASl HAKOTIAEHUS TIPH TeMIlepaType cTekAoBaHus T'g.

Ha6atopaercst Aoepopmarniust 06pasiia Ipy yBeAUIeHUH
HarpysKH 1 BhIAeP>KUBAaHMU IIPH IIOCTOSHHOM TeMIlepaType.
IToAy4aeTcs BpeMeHHasl 3aBUCUMOCTD, Kak QpyHKIIUS AABACHUS
(HanpspKeHns) AM60 TeMITepaTypbL.

XuMu1eckasi CBsI3b MEXAY MOAEKYAAMH IIOAIMEPOB.

OO6BIMHO H3YYAIOT TOUYKH IePeCcedeHNsI MOAYAS HAKOIIACHHUS U
KOMIIAEKCHO BSI3KOCTH B KOOPAHUHATAX OAHOTO ¥ TOTO JKe
Macmraba (Aydie Bcero - B AOrapupMUYeCcKUX) Ha rpadyKax
JaCTOTHOT'O CKAaHUPOBAHHUS. AAS M3yYEHHS OTBEPIKACHHSA
usyyator nepecedenne E'u B” (npu tg § =1).

XuMuyeckasi CTPyKTypa C BbICOKOM CTeNIeHbI0 OpPraHH3allky,
pasMellleHHas HA OYeHb HU3KUX dHEPTeTHYeCKHX YPOBHSX.

Bricoxoymopsaouensas xumMmdeckas crpykrypa. bansko
YTIaKOBaHHAs U BbICOKOOPHEHTHPOBAHHAS IOAMMEPHAs Iiellb.



CTE
Cure of

thermosetts

Cure rate
(kinetics)

Damping

Deborah number

Degree of cure

Degree of
polymerization

Dilatometer

lo

DMA fingerprint

DMA modulus test

Dynamic Scan

Elastic

15

KTP

OrBepxpeHnE
TEePMOYCAAOK

Cxopoctb
OTBEPIKACHHS
(xuneruxa)

AmopTu3sanus

Yucao Aebopsr

CrerneHp OTBEP>KACHUS

Creneps
TIOAMMEpH3a

AuaaTomerp

AMA

O6AacTh OTIIEYATKOB
maasrieB AMA

Tecr Mmoayast
ymnpyrocrtu Ha AMA

AunHammuyeckoe
CKaHHpOBaHMe

D AACTUYHBIN

OOBIMHO - 3TO COCTOSIHUE IIOAUMEPA C CAMOI HU3KOM
SHEpPrUemn.

KoadpumuenT repmirdeckoro pacmupenus. CM. cratbu
«Amnaaromerpusi»>, KATP u TMA pasee.

XuMudueckas CBSI3b MEXAY OCHOBHBIMH IIEISIMH ITIOANMMEDPOB.

OHeHKa HAaKAOHAa MOAYAST HAKOITACHH ITPH €0 YBEAMIEHHUH BO
BpeMS M30TEPMHUIECKOIO OTBEPIKACHUS.

Paccesnue u noTepst MexaHM4ecKoit aHepruu. Moaeab
aMOPTHU3aIMH.

Bpems Bcero akcnepumenTa, paspeAeHHOE Ha BpeMs
HM3MEPEHHOT'O CBOMCTBA.

IToxa3sIBaeT HACKOABKO OTBEPKAEH MarepuaA. Kak mpasuao,
OIIPEAEASIETCSI AUDO 10 3HAYCHHUSIM MOAYAEH, AK60 10
TeMreparype crekaosanus Tgs AMA.

HOKa3bIBaeT, HACKOADBKO 3aBEPIINAACD PEAKIIHS
TIOAMMEpH3alMH. CM. «cTemneHp OTBEPIKACHHUS>.

H3mepsier 06eMHO€ pacIIupeHue, IpeBpalliast yBeAndeHre BO
BCEX TPeX HallPaBACHISX B AMHEHHOE NiepeMenieHHe IOPIIHS.
Takoit criocob pAaeT BO3MOXKHOCTb H3MEPUTH 0ObeMHOE
pacimpeHue 06pasIjoB HEIIPABHABHOI GOPMBL, AMOO
00beMHbIIT MOAYAb. COBMECTHO C APYTHIMU BEAUIUHAMH 3TO
ITO3BOAMT OITpeAeAnTh oTHomeHue [lyaccona.

AuHamudeckuit MexaHIdeckuit anaausarop. [Ipubop,
IPHKAAABIBAIOIIMIT K 00pasLyy CHHYCOMAAABHYIO HATPY3Ky U
PErHCTPHUPYIOLINIT OTKAUK 06paslia Ha Hee B 3aBUCHMOCTH OT
TeMIIePaTypBL.

YacroTHOE CKaHMpOBaHKeE IIPH TeMIIepaType Bbie, 4eM 1'g u
HioKe, 9eM Tria

Bricrpiit Tect (30 cexyHa), BO Bpemsi KOTOPOTo HEO6XOAUMO
[IOMeCTUTb 00paser) B IPHOOP 1 HAOAIOAATH 32 NI3MEHEHHEM
MOAYASL HAKOIIAEHHSI B PeaAbHOM BpeMeHH. Flcroabayercs Aast
KOHTPOASI Ka4€CTBa TOTOBOI IPOAYKIHIN.

OKCIepUMeHT, IPH KOTOPOM AedpopMariust obpasmia
YBEAMYHBAETCS IIPH YBEAMUYEHUH HATIPSDKEHHUS, B TO BpeMs KaK
TeMIIepaTypa U 4aCTOTa OCTAI0TCA NocTosHHOM. Hakaon
KPpHUBOM AJeT 3HaYeHHe MOAYAS ynpyroctu AMA,
BKAIOYAIOIIUIL B Ce6sI 9 PeKT aMOpTH3ALML

CBolicTBO MaTepHaAa BO3BPAIIATLCA B €0 HCXOAHYIO GOpMYy.
Taxkoe oBeAeHIE MOXXHO MOAEAUPOBATH C IOMOIIbIO

TIPY>KITHbL
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AaacroMepsl

Kowneunsle cBoricTBa

3aIryTaHHOCTD

PaBHOBeCHBIIT MOAYAD

PaBHOBecHas BI3KOCTD

OKCTeH30MeTp

Ha usru6

JKupaxuit

Ilorpy»xHas BaHHa

Ob6aacrb TekydyecTr

Cuara

CuaoBoit mpuBoA

YacrorHoe
CKaHUpPOBaHHE

Dpuxrms

MaTepI/IaAbI, IIPpOABASIONNE JAACTHIHDbIE CBOﬁCTBa, MOryT 6bITH
TE€PpMOMNAACTAMH HAH TEPMOYCAAOTHBIMH

CBolicTBa HAM Pe3yAbTATHI HCIBITAHUM MaTepraAa, Ha
OCHOBaHHMM KOTOPBIX ACAAETCS BBIBOA O €I0 IPUTOAHOCTH AASL
KOHKPETHOTO IIPUMEHEHHSI.

Qusmyeckoe (CTGPH‘{QCKOG) BAMSIHINE Ha ABMDKEHHE IIOAMMEDA.

Mepa AOAK BOCCTAHOBAEHIS IIPY AHAAM3E HA YIIPYroe
BOCCTaHOBA€EHHE IIPY IIOA3YIECTH, AUOO HAKAOH KPHBOI
"oA3ydecTb-aeopMarius’, IKCTPAIIOAMPOBAHHOM K
HepecedeHHI0 HauaAa IIUKAQ ITOA3YYeCTH.

Mepa HeBOCCTaHABAUBAEMOCTH IIPY AHAAH3E HA YIIPYToe
BOCCTAHOBA€HUE IIPU IOA3YYECTH, HAH YTOA HAKAOHA KPUBOW
"moasydecrb-pepopmarius’.

ITpubop Aast u3MepeHwst AepOpPMALIIHU IPU HCIIBITAHUSIX HA
PACTSDKEHHSI AASL 00PasLiOB GOABIINX Pa3MepOB.

Metoa, IpU KOTOPOM 06Pa3Lbl B OpMe CTEPIKHE HAH
LIUAUHAPOB AePOPMHUPYIOTCS C IIOMOILBIO TPEXTOYEIHOTO
U3ruba, 4eThIPeXTOYeYHOrO U3THOa, ANOO OAHO- HAU
ABYXKOHCOABHOT'O M3rH6a. DTO - HanboAee IIpoCTasi reoOMeTpHs
AASL I3MEPEHUSL.

O6pa3en TedeT, TIOAOOHO BOAE.

Cl'[eI_II/IaAbHaf[ I1€49b, IIO3BOASIOASI U3MEPATD O6Pa3I_U:>I,
IOTrPY>XEHHbIE B JKUAKOCTb.

O6pasen pacrekaercs, moA06HO Boae. Habaropaercs
CBOGOAHOE ABIDKEHHE LieIlell U TepeMeLINBaHIe MEKAY
ersiMu. tg & ropasao 6oasmre 1,0. B kprcrasamaeckux
MaTepHaAax 9Ta 06AACTD Bbllle TeMIleparypsl aasaeHus TTIA

IIpuaosxkeHne MeXaHUYECKOM dHEPIHUM.

MexaHU3M, IPUKAAABIBAIOIINIT K 0OPa3Lly CUAY, U
BBI3BIBAIOMINI €ro AepopMaruio.

W3sy4aercs AoepopManist 06pasiia Ipy HOBBILIEHUH YaCTOTHI
KOAeOaHU, HAIIPSDKEHUE U TEMIIEPATyPa YACPKUBAIOTCSI
ITOCTOSIHHBIMH. ICIIOAB3YeTCsI KaK OTIIEYaTKHU MAABIIEB AASI
HASHTHUPHUKAITN PAa3ANIHBIX TOAUMEPOB II0 Pe30HAHCHBIM U
rapMOHMYECKHM YaCTOTaM. TaKoKe MCIIOAb3YeTCS AASI PACIETOB
TTS u sHepruyn aKTHUBALUIL

Cuaa, KOTOPYIO HEOOXOAMMO 3aTPATUTh Ha MPEOAOACHHE
HMOBEPXHOCTHOTO B3aUMOACHCTBHS MOAEKYA ABYX MaTEPHAAOB.
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DyHKIIOHAABHAS
iy pyrma

Ileun

Touka >xeAaTHHU3 AN

CrexaoBaHue

CTeKAOBUAHBIN

I'ereporenHoCTD

T'omorennocrn

3akon I'yka

FeHep aTOP BAAKHOCTH

I'mcrepesuc
(samaspprBanme)

Bansnue
MOAM(UKATOPOB

HsoTponms

Koxenopo6HOCTD

Koadpunuent
AVIHENHOTO
TepMUYECKOTO
pacmmpenus (KATP)

AunddepennrarbHbIi
TpaHcPopMaTOp
AVIHEHHBIX
nepeMeleHun

Aorapudpmmdeckast
IIKaAA

XuMH4ecKoe BeljeCTBO, IPHCOeAMHEHHOE K OCHOBHOI LjeITH
MOAMMeEpa.

YcrpoiicTBo, KOHTPOAUPYIOLIee TeMIlepaTypy obpasia

Hauaao pocra MOAYASI HAKOTIAEHHMS Ha KPHBOM
H30TEePMHIECKOTO OTBep>KAeHHUs. Touka, mpHu KOTOpoit
vacToTHas 3aBucuMocTh E’ ncuesaer. Touka nepecevenns E’ u
E” npu oTBepKAEHHU.

HHTepBaa TemMmeparyp, B KOTOPOM MaTepHaA CTAHOBUTCS
msrkuM. Havaao Ha KpHBOIT MOAYAS] HAKOIIACHUS
YMEHBILIAETCSL, IIPU 9TOM HOSBASIETCSI ITUK tg § mpu Harpese BO
BpeMsi TeMIIepaTypHOro ckaHupoBaHus. 'TlaaBaeHne
aMop¢HOI daspr’.

JKecrkuil, Ipy>XHHUCTBI, IOAOGHBII TOPHOI IIOPOAE.

HeOAHOpOAHOCTb COCTaBa MaT€pHaAd B 06pa3ue.

OAHOPOAHOCTB COCTaBa MaTepuaAa B oOpaste. I'omoreHHbI1
MaTepHaA BCETAQ OAMHAKOB BO BCEX HAITPABACHHSIX.

OmuceiBaeT yHIpyroe€ IoBEAEHHME IIPY>KUHBI.

CrenlmasbHas 11€4b, IO3BOASIONIAS BHITOAHATD 9KCIIEPUMEHTHI
AMA B yCAOBHAX KOHTPOAUPYEMOI BAAKHOCTH.

OHeprus, HAKOIIAEHHAsI BO BpeMs KaXKAOM ITUKAMIE CKOH
AedopMaluu U BbI3bIBAIOIIAS PA3HUILY IIPU KKAON HarpysKe.

OHeHHBaeTCﬂ I10 MOAYAIO HAKOIMA€HMS IIPU U30TEPMHUIECKOM
CKaHUPpOBaHHH.

ITocTOSIHCTBO CBOMCTB MaTepHaAa B 06pasiie B AIOOBIX
HAIIPABACHUSIX.

Matepuaa rubKuit, HO yIPYTHIL.

HakaoH Ha MpsIMOAMHEHHOM YaCTH 3aBUCHMOCTH BBICOTBI
obpasua (An60 IMOAOXKEHHE 30HAQ TMA) OT ee HayaAa AO
TeMIIepaTypbl CTEKAOBAHHUS BO BpeMsI CKAHUPOBAHHS 1O

TeMIleparype.
«DAEKTPOHHAsI AMHEKa >, M3MepsIIolIasi OTKAMK 00pasiia Ha
NpUMEHEHHYIO K HeMy AeQOPMUPYIOIIYIO CHAY.

Hcmoab3yeTcst AAsT HAGAIOASHNS 32 3aKOHOMEPHOCTSIMH,
KOTOpbIe BO3HUKAIOT B OYeHb OOABLINX AMana3oHax. MoayAb
YIPYTOCTH OOBIMHO H300pasKaeTCsl B AOTapHPMIIECKO MKAAL.
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Mexaunueckue
CBOMCTBa
Bsskxocrp pacmaasa

MoaudukaTopst

MoaexyadpHblIit Bec

MoaexyagpHo-
MaccoBoe
pacrnpepeseHne

Moayab yripyroctu

3akod HeroToHa

Omera

OpueHranus

ITepuop,

ITocrostHHas ycaaka

Qaza

dasoBas 3apepxKKa

TTaacTuunocTh

Dusnyeckrie XxapakTepUCTHKH 00pasia. To TO, 4TO
IIPOMCXOAUT C IIOAUMEPOM IIpH GU3UIECKUX BO3ACHCTBILIX.

I/I3yquHe KOMITA€KCHOM BSI3KOCTH IIpHU CKaHMPOBAaHHH I10
YaCTOTE BO BpEMs TEMIIEPATYPDI IIAABACHM L.

AHaAI/ISI/IPyIOTCSI I10 IIOBEAEHHUIO MOAYASI HAKOIIA€HHUA ITPHU
H30TEPMHIECKOM CKAaHUPOBAaHHH.

MoaexyagpHasd Macca MAU AAMHA LeTIM MaTePHaAa,
pUMeHseMas B aHaAN3€e IOAMMEPOB AASl OTIMCAHUS UX
Pa3sAMYHBIX CBOMCTB, HAlpUMeP, TeMIIePaTypPbl CTEKAOBAHUS
Tg. IToxaAyi, 9T0 caMoe BasKHOe CBOMCTBO IIOAMMEPOB, ITOCAE
THUITa MOHOMepPHOTO 3BeHa. Kak mpaBmao, B AuTeparype u B
Pe3yAbTaTaX HCCAEAOBAHUM MOAEKYASPHDIN BeC BHIPAXKACTCS
Kkak cpepnee uncao (M,) u cpearnit Bec (M,,). Ommchisaer
BEPTHUKAAbHOE IepeMellleHre TOUYKY IepecedeHns: KPUBbIX
YaCTOTHOIO CKAaHMPOBaHMA.

OTHomeHne TUITOB MOAEKYASPHBIX BecoB M, u M,
(moapo6uee cM. «Monexyaspusiit Bec> ). OmuceiBaercs
rOPHU30HTAABHbIM ITepeMeleHueM TOUKH ITepecedeH s KPHBBIX
YaCTOTHOIO CKAaHWPOBaHMA.

OrHomenne HaNpsDKeHUS K AePOpMarivu.

OmuceiBaeT IIOBEACHHE TEKYIHNX MAaTEPHUAAOB.

Yacrora, BEIpaxkeHHas B pap/c

Hexpucraaandeckass OpraHU3aIis CTPYKTYPHI IOAMMepa, IIPU
KOTOPO# OCHOBHBIE LjeIll OAM3KO YIIAKOBAHBI K PACIIOAOXKEHBI
B OAHOM HalpaBAeHHH. XapaKTepHa AAS JKUAKHX KPUCTAAAOB
Ha OCHOBE ITIOAMMEPOB 1 HAHOKOMITO3UTHBIX HAIOAHUTEASX.

Bpems, Heo6X0oAMMOE Ha 3aBepIIEeHHE COOBITHS.

BesBo3BparHOe TeueHHe, KOTOPOe HAOAIOAAETCS TTOCAE TOTO,
KaK MaTepHaA AepOPMHUPOBAACH.

Yacrp "cevenns’ moanmepa. Hanpumep, MHOTHe THIIbI
[IOAEYPETAHOB MOT'YT HAXOAUTBCS B PE3HHOOOPa3HOM HAN
KpHUCTaAAMYeCKOM pase.

3aaeprKKa MeXKAY IPHUAOXKEHHOH HaTPY3KOH H OTKAMKOM
MarepuaAa. Taxoke MOXXeT Ha3bIBaTbCA U yTAOM ¢asbl. Paznuria
B 3HAYEHUM TAaHI€HCOB $a3 B tg d.

ITposBasieTcs moArMepaMu, KOTOPbIe IOABEPraloTCs
HaIpsDKeHUAM 3a TOYKOH TeKydecTH. Bup aoedopmariuu.
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3asucumocrs log f or
1/T-10% (°C")

Ornomenue [Tyaccona

®aszoBbie IIEPEXOADL B
IMoAMMeEpax

Ilpeackasanue
AAUTEABHOTO
IIOBEASHU

IIponoprioHaAbHbIH
peaeA

Cxopoctb

Boccranosaenune

Bpemsa
BOCCTaHOBACHHUS
Bpems peaakcarun
Pesonanc
PesonancHbIi
PesonancHas yacToTa
Peoaorus

Kunernxa Poasepa

Pesuno06pasHbIit

ITaato
pe3uHOO6pasHOCTH

IToayxkpucrasamyeckue
IOAUMeEPBI

M crioap3yIoTcst AAST AEMOHCTPALIUH CABHTA YaCTOTHI (pa30OBBIX
[IEPEXOAOB BO BPeMsI OXAKAEHISI 0Opasria

OTHoueHre U3MeHEeHHs IUPHHbI UAK TAYOHHbI 06pasiia Ipu
M3MeHeHUH ero AAUHBL OOBIMHO, AASI IOAMMEPOB OHO PaBHO
0.5

M3MeHeHus BO BHEIIIHEM BHUAC AU B IIOBCACHHUHN O6P8.3HOB npu
HX Harpe€BaHHH.

OO6BIMHO IPOBOAUTCSI C TIOMOIIBIO IIUKAOB YIIPYTOLO
BOCCTAaHOBAEHMS OT KPUTUYECKOM Harpy3KH M TeMIIepaTyphbl,
9KCIIepUMEHTOB Ha BOCCTAHOBACHHE ITOCAE TTIOA3Y4IeCTH Ha
AMA u TemnepaTypHO-BpeMeHHOM CyIIepIIO3ULIUH.

Haub6oablnee HampsbKeHKe, KOTOPOe MaTEPUAA MOXKET
BBIAEPIKATb Oe3 HeobpaTuMoit AepopMaruu.

BricrpoTa nporekanus nporjecca, HanpuMep, HACKOABKO
GBICTPO BBIIOAHSETCA HarpeBaHue (Tpaa./MuH. )

HccaepoBanue aepopmariuy 06pasiia B YCAOBHAX YBEAMYECHHS
HarpysKH IIpH IOCTOSHHOM TeMIeparype. AaeT 3aBUCUMOCTb
peAaKcalyy OT BpeMeHH KaK GYHKIMIO AABACHHS (HarpysKu)
UAY TEMIIEPATYPHL

BPCMSI, IIOCA€ KOTOPOI'o BCE€ MBMEHEHM B 06pa3ue
OCTAaHAaBAWBAKOTCA.

Bpems1, He06X0AUMOE AAST YPABHOBEIIMBAHUS MOAEKYA IIOCAE
NpUMeHeHHs Harpy3Ku K MaTepPHaAy.

YcuaeHue HaTypaAbHBIX FAPMOHUK, TPUCYTCTBYIOMUX B
obpasrie. HexoAndyecTBeHHbI MeXaHUIECKUI AHAAUS.

MaTepuaa, CIIOCOOHbII K pe30HAHCY; YaCTOTA, IIPH KOTOPOI
IPOMCXOAUT PE30HAHC.

Ycuaenue OCHHUAAATINA HaTypaAbHOﬁ TapMOHMKH.

Hayxka o Texydectu u aoepopManiuy MaTepraaa.

MeTop BbIMUCACHUS S9HEPIHU AKTUBAIIMU IIpoljecca
OTBEPIKAEHHS [T0 KPUBBIM H30TEPMUYECKOT0 UAK
TeMIIepaTyPHOTO CKAaHUPOBaHUSL.

Ipy>xuHAIMIL, 95AACTUYHbIH.

O6P336H CTAHOBUTCA IIPY>KUHAIHUM B 9AACTHIHbIM. OcHoBHas
IMOAMMEpPHas LETIb IPOSABASIET ITOCTEIIEHHOE IIPOCKAAb3bIBAHHUE.

HOAI/IMBPI)I, B KOTOPBIX 9aCTb ueneﬁ YIAaKOBaHa B KPHUCTAAADI, a
BTOpPasA 9aCTh PACIIOAOXKEHA IIPOU3BOABHO.
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CaBur

bokosas njenn
CunyconpaabHOe

DazoBbIH mepexoa
TBEpAOE-TBEpPAOE

ITocTosHHAA MPY>XUHDI

CraruyecKkuii MOAYAD
yHpyrocTu

Crarnueckoe
CKaHHUpPOBaHHE

Crepuueckue
a¢PexTnl

Moayab HakomAeHMSA
(E)

Aedopmarua

OtHocuTeAbHAS
aedopmanus

Hampsoxenue

Crpyxrypa

BzaumooTHoOmenne
MEXAY CTPYKTYpOH 1
CBOMCTBaMU

Tanrenc peabra

CxaHupoBaHue 110

TeMIleparype

CxoAbxeHIe OAHOH JaCTH MaTe€PHaAa II0 APYTOM YacTH. AAS
BBITIOAHEHHS 9KCIIEPUMEHTOB 10 H3yJIeHHIO TPeHHUS
HEeOOXOAHMM AEPIKATEAD AASI ITAPBI 0OPA3LIOB.

OTBeTBACHHE FAABHOM Oeny IIoANMepa.
LII/IKAI/I‘IQCKOQ CO6bITI/Ie, IMOAYHMHAIOIIEECS 3aKOHY CHHYCa.

HesbIcokuit 10 HHTEHCHBHOCTH (Ga30BbIi IIEPEXOA B TBEPABIX
teaax. Hanmpumep, moaumopdusm B papMarjeBTHYECKHX
CyOCTaHIMSIX MAM 9BTEKTHIECKIe TIePEXOABI B XKHAKHX
KPUCTAAAAX.

OmnucriBaeT CHAY, AGHCTBYIONIYIO HA MaTePHaA, IIOA ACHCTBHEM
KOTOpOM OH pAepopMupyeTcs.

YroA HakAOHA AMHEMHOM YaCTH KPUBOM 3aBUCHMOCTH
AedopMaLIuK OT HAMPSDKEHHS B obaactu MTOA3YYECTH.

Habatopaercst Aoepopmarnerst 06pasiia B yCAOBISIX yBEAUYEHIS
HAarpysKH [IPH [IOCTOSHHOM TeMmieparype. Aaet MoAyAb FOHra.

OS¢ dexThl, BHI3BAHHBIE IPOCTPAHCTBEHHBIM PACIIOAOXKEHHUEM
aTOMOB B MOAEKYAe.

HOKa3aT6Ab OAACTHUYHOCTU. q)aSOBaﬂ KOMIIOHEHTA CUI'HaAa
AMA.

OTHoleHHe MeKAY N3MeHeHUeM AAUHBI U HCXOAHOM AAMHOM
paciupsoIerocs obpasra.

Aedopmarius, BrIpaskeHHas! B IPOLIEHTAX AASL 60Aee YAOOHOTO
IpeACTaBACHHUSL.

Harpyska, npruaoskeHHas K 00pasify, paclpeAeAeHHas [0
IIOBEPXHOCTH

HPOCTP&HCTBEHHOB PacCIIOAOXXEHHE ATOMOB B MOAEKYAE.

OI'II/ICI:IBaeT, KaK OTA€AbHBIE YACTH IIOAMEDPA BAUSIOT Ha
0COOEHHOCTH €ro IIOBEACHUA.

Tanrenc gpasosoro yraa. OTHONIeHUE TOTePb K IAACTUYHOCTH.
IToxasaTeAb BA3KOYIIPyrocTu obpasua. lHoraa HassiBaeTcst
aMopTH3aLMen

Habatopaenue 3a pepopMariyeit 06pasiia Ipy yBeAUIEHHHU €ro
TeMIIepaTypPbl U BHIACPKMBAHUY YACTOTDI U HATIPsDKEHMS
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Pacrsoxumeie

TepMmuHaAbHAs 30HA

Tepnoaumep

Tepmudeckoe
pacmupenue

TemnaoBas maMaTh

TepmomnaacTuxu

TepmopeakTHBHbIE
MaTepHuaAbl

Tepmuyecku
peakTuBHble (cmHTHIE)
IIOAMMEPBI

Bpemennde nan
H30TepMHIIecKoe
CKaHHMPOBaHHUE

TMA

Bpemennoe nosepenne

Ynpounutean

ITpounoctsb

IIOCTOSAHHBIMH. I/ICHOAbSYGTCH AAA UCCACAOBAHUA
TEMIIEPATYPHBIX 3aBHCHUMOCTEN MaT€pHaAQa, TAKXKE KaK 1 Tg

ITAenKy MAM BOAOKHA, AepOPMUPOBAHHbIE IIOCAE H3MEPEHHI
Ha PaCTsDKeHHe. DTO CaMbIH AYYIIHI METOA AAS ICCAEAOBAHHUS
IIACHOK M BOAOKOH. B Taxo#i reoMeTpuy Jaie BCero 3amycKaroT
akcriepuMeHTel TMA.

Touxa Ha rpaduKe YaCTOTHOTO CKaHUPOBAHMS, IIOCAE KOTOPOIt
HAYMHAETCS 3HAYUTEAbHOE [TAAeHHEe MOAYAS HAaKOIACHHSL.

CormoAuMep, cOCTOSIIIMIA U3 TPEX IIOBTOPSIONINXCS GAOKOB.

VzsmeHeHHe pasMepoB 00pasija, 00YCAOBACHHOE ero
KOHTPOAMPYEMbIM HarpeBOM II0 33AQHHOM IIpOorpaMMe.

Pe3yAbTaTBI IPEABIAYIIUX TepMIIECKHX U3MEHEHHI 00pasIia.

MaTepuaAbl, HOABepraroLecs: 0OPaTUMBIM U3MEHEHHSIM IIPH
Harpese. Hampumep, aea - Bopa — aep.

MaTepuaAbl, HOABepraroLecs: He0OpaTUMbIM U3MEHEHISIM
npu Harpese. Hampumep, cbipoe 5110 - cBapeHHOe SH10.

IToAuMepBl, B KOTOPBIX OCHOBHbIE IIeITH CBS3aHbI MEXAY CO00I
XMMITYECKOH CBA3BI0. DTOT IIPOLIECC HCCACAYIOT C IIOMOIIBIO
AMA AAs pa3pabOTKH LIIUKAOB OTBEPIKASHHS.

Wsyuenue pepopmanin 06pasia Ipy BbIAEPIKUBAHUH
TeMIIepaTypbl, YaCTOThI X HaTPY3KH IIOCTOSHHBIMHU.
Hcroab3yeTcst AASI HI3y4eHHUS IIPOIIeCCOB OTBEPIKACHHS,
CTapeHUst ¥ OBICTPOTO OIpeAeAeHUSI MOAYASE yrpyroctu. Hacro
HCIIOAB3YeTCSI COBMECTHO C IPUCTAaBKaMHU AASL
$oTOKAAOPHMETPHH, TeHePaTOPOM BALKHOCTH U IIOIPY>KHOM
BaHHOM.

Tepmomexanudeckuit anaausaTop. K obpasiy
IPHKAAADBIBAETCS CAA0AsT CTATHYeCKAsl HATPY3KA, OTKAUK OT
obpasIia perucTpUpyeTCs B 3aBUCMMOCTH OT U3MEHEHHS
TemiepaTypsl. Hanboaee yacTo usMepsiercs 3aBUCHMOCTD
BBICOTHI 0Opasiia oT TeMiepaTypsl. C IOMOIIbIO 9TOTO METOAL
MOKHO ITOAYYUTD KO3 QPUITHEHT TepMUYECKOT0 PaCIIHPEHHUS 1
UASHTUHUIUPOBATh TePMUYECKHE ITePeXOAb], HaITpuMep
TeMIIepaTypy CTEKAOBAHHS.

IToBepeHue obpasia B TeueHre BpeMeHNU. VICIoAb3yeTcst AAst
OIpeAeAeHNUSI YIIPYTO-BI3KOCTHDIX CBOMCTB IOAUMEPHOTO
obpasna.

AobaBku, Aeaaromye moAuMepsl MeHee xpynkumu. Ha AMA
3TO AaHAAMBHPYIOT ITO U3MEeHEHMIO cTyleHbku E' mpu Huskoi

TeMIleparype.

Cri0co6HOCTb MaTepHaAa IIOTAOIIATh MEXaHUYECKYIO 9HEPIHIO
6e3 paspyureHns 1 AeGOpMALHH.



HawuboApImas Harpyska, KOTOPYIO MOXET BbIAEPXKAaTh MATEPHAA

CrenmasbHasi meub AAS aHaamsaTopa DMA 8000, B xoropoit

YCTAaHOBACHDBI OKHA AASL Ha6AIOAeHI/15[, a4 TaKOKe AAST YCTAaHOBKH

TIIpEensATCTBOBATh AaAbHeﬁmeMy OTBEPIKAECHUIO. Kak IIpaBHAO,

Ultimate strength ~ TIpepea mpounocru
HEIIOCPEACTBEHHO IIepeA ero pa3pyuieHHeM.

UV or Optical Y® nan onrraeckas

Furnace neyb
Y ®-ucroyHnKa MpU U3YIeHHU GOTOOTBEPIKACHILL.

Viscoelasticity Bsaskoynpyrocrs Croco6HOCTD MaTepHaAa OAHOBPEMEHHO IIPOSIBASITD KaK
BSI3KHME, TAK U dAACTUIHBIE CBOMCTBA

Viscosity Bsaskoctp CrocobHOCTD MaTepHaAa TeYb U AePpOPMHUPOBATHCSL

Viscous Bazkuit I'1aaBHbI, TATYIHI

Vitrification Burpudukanusa TemmepaTtypa, Ipu KOTOPOH OTBEP>KAAEMbIe CHCTEMBI
CTaHOBSTCS HACTOABKO BSI3KMMH, UTO HAYMHAIOT
Ha KpuBbIX AMA nposBAsieTCs B HadaAe IIAATO MOAYAS
HAaKOIAEHHS BO BpeMsl H30TePMHUIECKOTO CKaHUPOBAHISL.

Yield point Touxka Texygecru Hanpspxenue, BoI3biBarolee B MaTepHaAe IOCTOSHHYIO
aedopmarnuio.

Yield strength ITpepea Texydectn Hanpspxenwe, BoI3biBaromee IIOCTOSIHHbIE GH3MIECKUE
H3MEHEeHHUs

Young’s modulus Moayas FOnra AoAst AepOpMAaLIHIi IPU YBEANEHIN HATPY3KH Ha obpaserr.

Y10 03HavyaroT U3MEeHEeHU B AAHHBIX ¢

Metop

TePMOMexaHH‘{eCKHﬁ AaHAAHN3

Hamnpsxenue u aepopmarus
(crarmueckue)
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AaHHbIE
M3meHeHmHs yraa HAKAOHA KPHBOH

Yroa HakAOHA KpHBOM ITpU
M3MeHEeHUH TeMIIepaTyphl

Wamenenne o6bpeMa
(Amaaromerpus)

Yroa HakaoOHaA
Touka TexydecTu
ITpeaea TexydecTu

IIponopronaAbHbIH peaeA

IIpeaea npounocTH
YaAuHeHuUe IIpH paspbiBe

ITaomapb mop KpuBOI

3HaueHune
Temneparypa nepexopa

Tepmuueckoe pacmupenne (KTP)

Ycapxa Ipu OTBepXKACHUH,
0b6beMHOe paciupeHue

Moayas FOnra
IIpoyHOCTb IepeA HCKKEHHEM
Emxoctp Harpysku

Kownery auneitHo# o6aacTu (Maxc.
IPOYHOCTD B TOYKE Pa3phiBa)

IIpouHocTs mpu paspriBe
ITopaTAuBOCTD

ITpounocts



Hamnpsoxenue u aepopmanus
(AmHAMEYeCKHIE)

HOA3Y‘IeCTb -BOCCTAaHOBACHHE

Hanpﬂ}KeHHe-peAaKcaum

AWHaMMIYecKoe TeMIepaTypHoe
Au6O BpeMeHHOe CKAHUPOBAHIe

23

AwnHamrrge ckuit
IIPONOPIMOHAABHBIN IPEAEA

MoayAb HaKOIIAEHHSI 1 MOAYAD
noTephb

KommaekcHas BI3koCTh

tg 8
IIpeaea mpouHOCTH

PaBHOBeCHAs TOAATAMBOCTD,
PaBHOBECHBIA MOAYAD,
paBHOBeCHAas BA3KOCTb

Bsaskocrp

IToAaTAMBOCTD IIPH ITOA3YYECTH
Paspymenue npu moasydectu
CriexTpHI peAakcarym

IToAaTAMBOCTD Y1 MOAYAD
YIIPyrocTu

CriexTpHI 3ara3AbIBaHUS
Craa KaK QYHKIFHS TeMIIepaTyphl

MoayAb HaKOIIAEHHSI 1 MOAYAD
noTephb

KommaekcHas BI3koCTh

tg 8

TemmepaTypHbIe IepexoAbl, Kak
IaAeHHe ITMKOB

Moayas ynpyrocru Ha maaro
Pe3uHO06PasHOCTH

Ilepeceuenue E’ u E” mpu
P P
OTBEPKAECHUH

Dopma KpHBOIt BA3KOCTU IPU
OTBEPIKAEHUU

KoHer AnHeHO YacTH KPUBOH,
makc. Fp

JKecTkocTb Kak QpYHKIMS HATPY3KU

TexyduecTb oA AMHAMHYECKOH
Harpy3Kou

Amoprusanus
IIpouynocTp mpu pasprise

AAuTeAbHOE TOBEAEHHE

ITpocTpaHcTBeHHAs BI3KOCTD

S dexT Harpysku

Ycuane

MoaekyasipHOe MOAEAUPOBAHHE

AAuTeAbHOE MOBEAEHHE,
MOAEKYASIPHBIH BeC, CIIUBKH 1
CIIyTaHHOCTHU

Moaexyasgproe MopeAupoBaHue
Cuaa oxarus / pacmupeHus

H3meHeHHe B 5KeCTKOCTH.
Pacnipeaesenue MoayAst ynpyrocTu

H3MmeHeHMe B TeKy4ecTH

AMopTH3anMa U paccesiHHe
SHEepruu

Tr, Tg, Toy Tp, Ty, Ts

MoaexyasapHbIi Bec MEXAY
CHIMBKaMU U CITyTaHHOCTSAMM

Touka >xeAaTUHHU3ALMHU

MunnmMasbHas BSA3KOCTb, 9HEprus
AKTHBAIlUH, TOYKA BUTPUPHUKALTIH



AnHaMIrgecKoe 4acTOTHOe
CKaHUPOBaHUE
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KoMrmaekcHas BI3KOCTb, MOAYAD
IOTepb,

Moayab HakonAeHHS

E’/E” uau nepecevenue n*

O6aacTu maaro

O6o6maromas KpuBast

TexydecTn, Kak QYHKIIUS JACTOTHI

DAACTUYHOCTD HAY KeCTKOCTD, KaK
$YHKITHS 4aCTOTHI

OTHOCUTEABHBIN MOAEKYASPHBIN
BeC M paclipeAeACHHe

OreHKa MOACKYASIPHOTO Beca

Moaexyaspro-mMaccoBoe
pacrnpeAeAeHHe, AAUTEABHOE
IOBeAEHHE, IOBEAEHHE B IIUPOKOM
AHAIa30He, MOAEKYASIPHOE
MOAEAMPOBaHHUE



PexomeHnpyemas auTeparypa

Dynamic Mechanical Analysis: A Practical Introduction, 2nd Edition, Kevin Menard, CRC Press,
2008. HacrosibHas KHUra o uHaMM4eCckoMy MEXaHNYECKOMY aHa/n3y B 11ab0paTopuu.

Thermal Characterization of Polymeric Materials - 2nd Ed., Edith Turi, Editor, Academic Press,
1997. Cambivi 10sIHbIYI COOPHUIK MATEPHUANIOB 10 TEPMUYECKOMY aHan3y. [lpekpacHoe
MPaKkTUHECKOE 1 TeOpeTMYeckoe PyKOBOACTBO 10 TEPMUYECKOMY aHa/IN3Y.

Anelastic and Dielectric Effects in Polymer Solids, N. G. McCrum, B. E. Read and G. Williams,
Dover, New York, 1967. O630p 0CHOBHbIX K/IACCOB MO/IMMEPOB 1 UX [TOBELEHMNE TPMU
uccnenqoBaHmm meroqom MA. Becbma ro1e3Hasas v akTyanbHas 4axe cem4ac KHura 4Jisa
uHTEPnpeTaymm AaHHbIx JMA.

Handbook of Plastics Testing Technology, Vishu Shah, Wiley, New York, 1984. O630p
CTaHABPTHBIX METOLOB UCITBITAHNS MOSIMMEPOB.

Introduction to Polymer Viscoelasticity, Montgomery Shaw and, William J. MacKnight, Wiley,
New York, 2005. faHHoe rnocobue pekomeHayercs 415 obLero 03HakoOMAeHS C puHUMIamu
u reopuet AMA. B Hem Hanbornee rnpocro pa3obpaHsl BCce acrektsl reopuun JMA.

Mechanical Properties of Polymers and Composites 2nd Ed., Lawrence E. Nielsen and Robert
Landel, Marcel Dekker, New York, 1994. B na+HHoOM KHure conepxuTcs MH@OPMALMsS O camMblx
OCHOBHbIX MEXaHNYECKUX CBOMCTBAX MOSIMMEPHBIX MATEPHUAIIOB.

Handbook of Polymer Analysis, Hubert Lobo and Jose Bonilla, Editors, Dekker, 2003. O630p
COBPEMEHHbBIX METOLOB aHA/IN3a 1/1aCTMAcC M MoSIMMEPOB.

Performance of Plastics, Witold Brostow, Editor, Hanser, 2001. /7ogp06Hoe onvicarme
UCTIbITAHMI [T/IACTMACC, COAEPXALLEE [T1aBbI O TEPMUYECKOM aHA/IU3E U PEOJIOMM.

Rheology Principles, Christopher Mascosko, VCH, New York, 1994. Orm14Hbivi BBOAHBIV KypC B
peosnorvio. MHOro maremartvikii,

Viscoelastic Properties of Polymers, John D. Ferry, Wiley, New York, 1980. /Tpogsurytsivi kypc
peonorv v JJMA 7719 onbiTHbIX 10/71b30B8atenen. COAEPXUT MHOro MH@OpMaLmm 06
3KcriepumeHTax MA v AU7IeKTPUHECKMX UIMEPEHMSAX.

Principles and Applications of Thermal Analysis, Paul Gabbott, Editor, Blackwell Publishing,
Oxford, UK, 2008. O630p rpumeHeHus repmmyeckoro aHanmsa. B cocrase ecrs r/71asd,
rnocBALeHHasa JMA.
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HopwmaTusHble AoOKyMeHTBI, nocBsmeHHble AMA

HopmatusHble fokymeHTtbl FTOCT, gencrsyiowme B Poccnmnckon Gepepaumm

FOCT P 57739-2017 Komno3nTbl nonvmMepHble. OnpepeneHie TeMnepaTypbl CTeKIOBaHUA
MEeTOLOM AMHAMMYECKOro MexXaHU4ecKoro aHanmsa.

FOCT P 57995-2017 Komno3uTbl nonvmepHble. OnpefeneHme xapakTepuctuk npu
OTBEPXOEHNN TePMOPEAKTNBHbBIX CMOS AMHAMNYECKMM MeXaHU4YeCKMM aHannM3oM Npy NOMOLLM
peomeTpa.

FOCT P 56753-2015 lMnactMacchbl onpefeneHyie MexaH4eckmx CBOWCTB NPW AMHAMUYECKOM
Harpy>eHuu. Yactb 11. TemnepaTypa CTeknoBaHMS.

FOCT 4648-71 MnactMaccbl. MeTo, MCMblITaHUSA Ha CTaTUYeCcKnA 13rmo.

FOCT 9550-81 MNnactmaccel. MeTtofbl onpenenenns MOLYNA ynpyroct nNpuv pacTaxXeHnU,
oKaTMn 1 n3rmbe.

FOCT 18197-82 lMnactmaccel. MeToq onpefeneHus nonsy4ectn npu pactTsaxeHum.

FOCT 18299-72 MaTtepwuarnbl NakokpacoyHble. MeToa onpefeneHus npegena npoYHoCTM npu
PACTAXEHWM, OTHOCUTENBHOIO YAANHEHUS NPW Pa3pbiBe U MOAYNS yAPYrocTu.

FOCT 20812-83 lMnactmacchl. MeTog, onpeaeneHns MexaHn4ecknx AMHaMMUYeckmx CBOUCTB C
MOMOLLIbIO KPYTUSbHbIX KOnebaHW.

BaxkHeMLme MexayHapoaHble W 3apyOexHble HOPMATUBHbIE LOKYMEHTbI

ASTM D7028 — 07 CtaHgapTHbIA MeToA, UCMbITaHWs TemnepaTypbl cTeknoBaHus (DMA Tg)
NONMMEPHBIX MAaTPUYHBIX KOMMO3UTOB METOAOM AMHAMMUYECKOro MexaHN4eckoro aHanmsa
(DMA).

ASTM D6382 — 99 (R2017) CtaHgapTHbI MeToA, A8 ANHAMUYECKOrO MEXaHNYeCckoro aHanmsa
1N TePMOrpPaBUMETPUM KPOBESIbHOMO 1 MMAPOM30NALUMOHHOIO MeMOPAHHOIro MaTepuana.

ASTM E1640 -18 CraHZapTHbIVN METOL WCNbITaHU AN onpedefieHns TeMnepatypsl
CTeK/I0BaHMA METOAOM AMHAMNYeCKOro MexaHW4eCckoro aHasnusa.

ISO 18437-5-2011 Bubpauus 1 ynap - XapakTepucTnka AMHAMNYECKNX MexaHU4eCckMx CBOUCTB
BA3KOYNpyrMx MaTepuanoB ~ YacTb 5: oTHoweHwme [lyaccoHa Ha OCHOBE CPaBHEHWS MeXay
N3MEPEHUAMWN 1 aHANN30M KOHEYHOrO 3f1eMeHTa.

Scheltec AG Schel Ten. +7 (495) 935-8888
ABTOPU3MPOBaHHbIA AUCTprbbioTop PerkinElmer Total Laboratory info@scheltec.ru
B cTpaHax CHI, py3un 1 Monronuu www.scheltec.ru



