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AHATNI AEPOPMALMNOHHOIO NMOBEAEHWNA ®TOPOMNNACTA-4
B YCNOBUAX CUNOBOI0 BO3AENCTBUA

Pa6oTa nocaslleHa aHanmsy AedopMaLMOHHOrO MoBefeHUs (DTOPONacTa B YC/OBUSIX HArpy>XeHUs U U3YUYeHWIO BO3-
MOXHOCTMW U3r0TOB/IEHUS (PTOPONIACTOBbLIX U3LENNIA METOLOM XO/IOAHOTO (hOPMOM3MEHEHMSI MPECCOBAHHbIX 3ar0TOBOK 6e3
rnocreaytoLmx onepawuii Harpesa 1 TepMO(UKCcaLMK pasMepoB roToBOM AeTanu. Ha 0CHOBaHWM MHOFOUMCIIEHHBIX UCCTe-
[0BaHWiA, MPOBOAMMBIX MO U3YUYEHUIO NONIMMEpA B Pa3/IMUHbIX 1a60paToprsX, aBTOPaMU NPeSMNpPUHSTA MOMbITKA CO3AaHNS
MeXaHWUYeCcKOo MoZeny GToponiacTa M 060CHOBaHMs BO3MOXHOCTM NPUMEHEHNS K pacyeTy (hTOPON/IacToBbIX U3Aennii Teo-
peTUYECKUX METOZ0B U MOAXOL0B, pa3paboTaHHbIX AN HU3KOMOJIEKY/ISPHBIX MaTepuaioB. PaccmaTpuBaeTcs TEXHONOTUYe-
CKMiA MPOLLECC U3roTOB/IEHNS Pa3pesHbIX (PTOPOMNIACTOBLIX KOJEL, NOyYaeMbIX NyTeM HaBUBKY IEHTOYHOI 3ar0TOBKU Ha
LMIIMHAPUYECKYHO OMPaBKY, U 13Yy4aeTCcs BO3MOXHOCTbL CO3[jaHNs TEOPETUYECKOI 6a3bl /151 pa3paboTKU M pacyeTa MHCTPY-
MEHTa, NMO3BO/SIOLLErO NPU X0N0AHOM AehOpMUPOBAHUM NOyYaTh M3aenus TpeGyeMbiX pa3mMepoB 1 (hopM. Ha OCHOBaHWUU
0606LLEHNS U aHAN3a Pe3yIbTaToB MUCCAeA0BaHNA OTHOCUTENBHO CTPOEHMS (hTOPOM/IACTA, U3MEHEHUS €70 CTPYKTYPbI NPy
CW/I0BOM BO3AEICTBMM M XapaKTepa BO3HUKAOLMX AethopMalinii aBTopaMu BrepBble 060CHOBaHA 1 J0Ka3aHa BO3MOXHOCTb
MPUHATAS 415 NOIMMepPa MOAENM TBEPAOTO KPUCTA/I/IMYECKOTO TeNa U NPUMEHEHNS K MAaTeMaTUYeCKOMY OMMUCaHUIO ero fe-
(hOPMALIMOHHOTO NOBEAEHUS MPY HArPYXKEHWU NOAXOA0B U pacUeTHbIX METOAVK, Pa3paboTaHHbIX B MeEXaHUKe TBEPAbIX fe-
(hOpPMUPYEMBIX CPef A5t KNACCUUYECKNX HU3KOMOSEKYISIPHBIX MaTepPUaoB.

KntoueBble crioBa: hTOpon/acT, CTPYKTYpa, AedopMaLv Npy CUNOBOM BO3AE/CTBIN, PEKPUCTaIU3ALIMS, AethopMALMOHHOE
MoBe/ieHe, MeXaHNYEeCKasi MOZe/b MaTeprana, MexaHuka TBepaNix AeopMmupyemM” T Tef, X0No4HOe (hOPMOBaHIIE U3AENHIA.
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ANALYSIS OF DEFORMATION BEHAVIOUR OF FLUOROPLASTIC-4
IN THE CONDITIONS OF MECHANICAL AFFECT

Analysis of deformation behaviour of fluoroplastic-4 in the conditions of mechanical affect.Polymeric materials and, in
particular, fluoroplastic-4 and modifications on its basis are widely used in industry. Unique properties of a fluoroplastic make
it irreplaceable constructional material and provide a high demand for production of details of different function. The work
is devoted to the analysis of deformation behavior of fluoroplastic in the conditions of loading and to studying of possibility
of manufacturing of fluoroplastic products by a method of cold forming of the pressed preparations without the subsequent
operations of heating and thermofixing of the sizes of a ready detail. On the basis of the numerous researches of the polymer in
various laboratories, authors undertake attempt of creation of mechanical model of fluoroplastic and substantiation of possibility
of application of theoretical methods and the approaches, developed for low-molecular materials, to calculation of fluoroplastic
products. A technological process of manufacturing of cutting fluoroplastic rings obtained by winding a tape preparation on
cylindrical pilot is considered, and possibility of creation a theoretical base for design and calculation of a tool allowing cold
deformation to obtain a product of demanded shape and size is studied. By results of the analysis it is established, that owing
to high crystallinity of fluoroplastic, obtained at polymerization and increasing at recrystallization processes, its structure can
be considered as completely crystal, homogeneous and isotropic, corresponding to materials studied in the mechanic of solid
deformable bodies. Neglecting to the presence in structure ofan insignificantamorphous phase and its influence on the deformation
mechanism, mechanical behaviour of fluoroplastic at power influence it is possible to consider as the process including only two
deformations - elastic (consisting truly elastic and highly-elastic, submitting to certain values to Hooke’s law) and residual,
growing out of structural reorganization of a material. At the same time, exactly recrystallization, leading to occurrence of
irreversible deformations, it is necessary to accept as a limit state of a material, and as settlement limit pressure it is necessary
to use a limit of recrystallization of a material. On the basis of generalization and analysis of results of researches concerning
a structure of fluoroplastic, changes of its structure at power influence and character of arising deformations, authors founded
and proved for the first time a possibility of acceptance of the model of solid crystal body for the polymer and application of
approaches and settlement techniques developed in the mechanic of solid deformable environments for classical low-molecular
materials to the mathematical description of its deformation behavior at loading.

Keywords’, fluoroplastic, structure, deformations at power influence, recrystallization, deformation behavior, mechanical
model of material, mechanics of solid deformable bodies, cold formation of products.
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BeegeHue. ®dToponnact-4 (NoAuTeTpaTOPITUEH), WM3BECTHbIA MEPBOHaYa/lbHO MNOA Ha3BaHWEM
«TeoH», OTKPbIT B 1938 I. 1 NONYYWUN LUIMPOKOE NPUMEHEHWE B CaMbIX Pa3MYHbIX 0TPacisax npo-
MbILLAEHHOCTN M 06/1aCTAX HApOAHOro X03sincTBa. Obnagas LenbiM pagoM YHUKaNbHbIX CBOWCTB (XU-
MUYeCKass MHEPTHOCTb K NO6bIM arpeccuBHbIM cpefam, npossngeman go +300 °C, caMblil HU3KUIA
cpesm BCeX NOMMMEPOB KOIPPULMEHT TPEHNS, BbICOKasS TEPMOCTOMKOCTb M OT/INYHbIE AU3NEKTPUYECKUe
N MexXaHWYeckne CBOICTBa, COXpaHseMble B AuMana3oHe TemnepaTtyp oT -269 °C go +260°C [1, 2],
a TaKkxke (hmsamonoruyeckas n bmonornyeckas 6e3spefHOCTb), PTOPONNAcT-4 ABNAETCH LeHHbIM U He3a-
MEHUMbIM KOHCTPYKLMOHHbIM MaTepranoM B XMMUYECKOW M 3NeKTPOTEXHUYECKON NPOMbILLAEHHOCTMH,
B NpU6GOPOCTPOEHNM, MALLUIMHOCTPOEHWM, aBraL MM, BOEHHON U KOCMUYECKON TEXHUKE, B HE(ITerasoBoi
0Tpac/iM 1 aTOMHOI 3HepPreTuke, a TakxXe B MeAnLUHE, NErkoi 1 NULLEeBoli NPOMbILLAEHOCTH.

HomeHknaTypa AeTaneid, M3aroTaBMBaeMbIX U3 hToponnacTta-4, BeCbMa pa3HoobpasHa. B TexHuue-
CKMNX KOHCTPYKLMAX LUMPOKO UCMONb3YIOTCA €ro aHTU(PUKLMOHHbIE CBONCTBA KaK CAMOr0 «CKOJIb3KO-
ro» 13 noJiMMepoB, NO3TOMY €ro NPUMEHSIOT B KAYECTBE MaTPUUYHON OCHOBbLI UM NOKPLITUS MpY NPO-
13BOACTBE NOALIMMHWUKOB U feTaneld, NoABepratoMxcs NUHTEHCUBHOMY TPEHUIO Y UCTUPaHUIO (NOopLU-
HeBble KOJbLa, MaHXeTbl, CallbHUKKN 1 T. 4.). 3 hToponnacta-4 usrotaBivBatoT MeMopaHbl, (UIbLTPbI,
TPYOKW, BTYNKKW, YNAOTHUTE/IbHbIE KOMbLA AN8 (PraHUEeBbIX U pe3bb0BbIX COEAUHEHWUIA, 3EMEHTHI 3a-
MOPHbIX U PErynnMpyoLLnX KnanaHoBs, a Takxke gpyrue getanu TpebyeMoro HasHaveHus. 4ns nsrotos-
NeHWs feTanein NPpUMeHsT (hTOPONIACTOBbIE 3ar0TOBKW Pas/IMYHONA KOHQUrypaunu (LUAMHAPLI, Nn-
CTbl, CTEPXXHW, BOMOKHA U [p.), KOTOpble MOABEpPratdT COOTBETCTBYHOLLEA MexaHW4Yeckoi 06paboTke
4ns npugaHus getansam Heo6Xo4MMbIX pa3MepoB M (OpM. YuuTbiBas, UTo pToponnact-4 HU Npu Ka-
KUX TeMMepaTypHbIX YCMOBUAX, AaXe Bbille TemnepaTypbl pasnoxeHus (+415°C), He mepexoguTt
B BA3KOTEKYyYee COCTOsSHMe, AOCTATOYHOe [/1 Fopsyero NpeccoBaHus UAWM NUTbA NOA AaBJEHMEM, OC-
HOBHbIMUW TEXHOMOMMYECKUMI MPOLLECCaMM M3roTOBNEHNS TOPOMNACTOBbIX U3LENNIA ABNAIOTCA XON0OA-
HOe npeccoBaHWe NOPOLLKOO6PA3HOro MonumMepa C NOCNefyHLWMM CleKaHWeM, a 3aTeM JalibHewee
(hOpMOM3MEHEHME MOMYUYEeHHOI 3aroTOBKM 06paboTKoil pe3aHMeM (Ans MOAy4YeHWUs MAEHOK, NNCTOB,
BOJIOKOH) UK faBNeHneM MyTem CO3[aHuA B 3ar0TOBKE OCTaTOYHbLIX HEO6paTUMbIX fethopMaLunia, npu-
Jarwunx getanu Heobxogumyto qopmy. Mpu 3ToM 60NLLUIMHCTBO CYLLECTBYIOLNX B HACTOSLLEE BpEMS
TEXHONOrUA CBA3aHO CO 3HAUYMTENbHBIMU 0TX04aMK MaTepuana u Heo6Xo0AMMOCTLIO TEPMO06PaboTKM
n3genwin, uTo Aenaet NpoLecc UX M3roTOBEHUS ManonPoON3BOLMTENbHBIM U OPOrOCTOALLMM.

[aHHaa paboTa nocesLLeHa UccnefoBaHUID TEXHONOMMYECKOr0 NpoLecca M3roToBEHNSA pa3pesHbIX
thToponnactoBbiX Konel (puc. 1), nonyyaemblX M3 SIEGHTOYHOW 3aroTOBKU MPSAAMOYTO/IbHOTO CeYeHus
nyTemM HaMaTblBAHUWU NEHTbl Ha LWINHAPUYECKYIO ONpaBKy C MOCNeLYyHOLWMMU HarpeBaHUeM, TepMOo-
thmkcauwmein n paspeskoit [3, 4].Takas TeXHONOrUA NO3BONSAET 3HAYMTENbHO CHU3NTL OTXOAbI NPON3BOS-
CTBa, a TaKXe CYLLeCTBEHHO NOBbLICUTL NPOU3BOAMTENLHOCTL 3a CHET aBTOMAaTMU3aLMU NOSHOTO LMKAa
M3roTOBMEHNS Pa3pe3HOro Kosbla, 0AHaKo HeobXoAMMOCTb 0653aTe/lbHON TepmMoo6paboTKM aeTanu
Ans ukcauuy ee pasMepoB 1 POPMbI NPUBOANT K AOMONHUTENbHLIM 3Hepro3aTpaTam, TpebyeT yBenu-
YeHWs BPEMEHU N3rOTOBMIEHUA U, KaK CNeACTBUE, NOBbLILLAET CTOUMOCTb M3AeNWiA.

Llenb HacToALel cTaTbl - aHanM3 MexaHMYeckoro noBefeHns (pToponnacta-4 B YCNOBUAX Harpy-
XEHWA U 1uccneoBaHne BOSMOXHOCTY U3rOTOBNEHUA KoneL, TpebyeMoro guamerpa MeTOA0M XONOHOM
HaBMBKMW NIEHTOYHOI 3aroTOBKW Ha Kanvbp, a 3aTeM paspesaHuns nosyyvyeHHol cnmpanu Ha Konbua 6e3
nocnegyoLein TepmoduKkcalmm n3genuii.

MexaHunyeckaa mofenb roponnacta-4. AHanm3 U 060CHOBaHMe Bblbopa. [ethopMaumoHHoe
noBefeHMe NOMMepPOB MoJ Harpy3Koi 061afaeT LenbiM psgomM 0COBEHHOCTEN 1 creluguyeckmx npo-

ABNEHWIA, 3aBUCALLMX OT MPUPOALI MaTepuana, ero mose-
KyNSPHOr0 CTPOEHUS U CTPYKTYpbl, TEMMEPaTypbl U CKO-
POCTUN HAarpy>eHus u T. 4. ITo co3faeT 60/bLune TPYLHO-
CTU NpKW NOMbITKAX TEOPETUYECKOr0 ONMcaHus npotecca
M B CUy pa3HOO6pPa3HOCTM CBOWCTB MOMMMEPOB He Mo-
3BO/ISET CO3aTh eMHYI CTPONHYIO TEOpUIO, OXBaThbIBa-
IOLWLYI0 XOTS Obl O4MH KNacc MOJIMMEPHbIX MaTepuanos.
B HacTosLee BpeMsi OCHOBHbIMW AaHHLIMW OTHOCUTENb-
Puc. 1 YNnoTHUTENbHbIE TOPONNACTOBLIE KOMbLA HO MOBEAEHWS MOAMMEPOB MOA HarpysKoli SBASOTCA pe-
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3yNnbTaTbl 3KCMEPUMEHTa/IbHbLIX UCCNeA0BaHNI, @ OCHOBHbIMU pacyeTHbIMK (hOpMy/IaMu - aMNupuye-
CKve (hopMy/ibl, MOCTPOEHHbIE HAa 3TUX pe3ynbTaTax.

WceneaoBaHUa nokasbiBakoT, UTO MOAMMEPbI B 3aBUCMMOCTU OT UX CTPYKTYPbl U TeMNepaTypHOro
COCTOSIHMS NPOSABASAKOT NOA HArpy3Koli camble pa3HOo6pa3Hble CBOICTBA, MOA06HLIE, HaMpUMep, yrpy-
FMM CBOWMCTBaM rasoB /MO0 BbICOKOBA3ZKMM XUAKOCTAM, MM60 AehOpPMMPYIOTCA TaK Xe, Kak 3T0 Mponc-
XOAUT B TBEPAbIX AethopMupyeMbIX Tenax. BosHMKatoLwe aHanorny noBegeHns No3Boas0T 415 HEKO-
TOpbIX YCNOBWIA Harpy>XeHWUs NPUMEHATL K UCCNef0BaHMIO npolecca fedopMupoBaHMsa Qroponna-
CTa-4 Teopun M pacyeTHble POPMYnbl, AOCTATOMHO MOMHO pa3paboTaHHble A8 COOTBETCTBYHLLMX
mMaTepuanos, HO C aganTaumein K cneunduke noammepa.

[nsa co3paHns MexaHW4ecKon mogenu hToponnacTa-4, onpefenstoLleil ero noBeAeHne nog Harpys-
KOM, 1 nccnefoBaHns BOSMOXHOCTU NPUMEHEHUS K HEMY TeopeTUYecKMX NOAXOLO0B, pa3paboTaHHbIX
415 KnacCUYeckMx MaTepuanoB, pacCMOTPUM CTPYKTYpYy NoAMMepa v Mpou3BefemM CXemaTu3auuio
CBOICTB, NO3BOAAIOLYI0 NPUBAN3UTL €ro fetopMaLMOHHOEe NOBeAEHNE K YKa3aHHbIM MaTepuanam.

MonumepHble MaTepmanbl NPeACcTaBAAOT COO0I BbICOKOMOEKYNAPHbIE COEAUHEHWS, COCTOSLLME
13 OJIMHHBIX MOMEKYNSAPHbIX Lieneid (MakpoMoeKy ), 06pa3oBaHHbIX MHOTOKPATHO MOBTOPSIOLLMMUCS
MOHOMEPHbIMU 3BEHbAMM, OANHAKOBLIMU UK Pa3HbIMW MO XMMUYECKOMY COCTaBY ¥ CTPOEHUI0. bosb-
Laa AA1MHA MONTEKYNAPHBIX Lieneld U BO3MOXHOCTb CBO6GOAHOI0O BpalleHNs 3BEHbEB BOKPYT Ba/IEHTHbIX
cBA3ell 06yCNOBMMBAOT CTPEM/IEHE MAKPOMOEKY/ K CBOPaYMBaHWIO, MOITOMY OHU MPUHUMAIOT pas-
HOOGpa3Hble KOH(OpMaLMM B BUAE KNyOGKOB, MOBTOPSIOLIMXCS U3rMOOB, CKNaAoK, cnupanei u T. 4.,
ABNAIOLLMECS TEPMOAUHAMUYECKN Hanbonee yCTONUMBbIMU. MaKpOMOEKYbl, UMES 3HAYUTENbHYHO
O/VHY NPY 0YeHb Ma/IOM MOMEPeYHOM pa3mepe, 06/1afal0T BbICOKOR TMOKOCTHIO, HO, COEAUHAACH MEX-
[y cO60l XUMUYECKUMUN WU KOOPAMHALVOHHBIMU CBSA3AMMW, OHWM 06pa3ytoT pasnuuyHble KOH(Urypa-
UMW 1 CTPYKTYPLI, ONpeaensitoLme cBoeobpasme CBOMCTB 1 cneundrKy NoBeeHNS MONMMEPHBIX MaTe-
puanos. Mo3aToMy B (POPMMPOBAHUM CBOMCTB MOMMMEPOB 3HAYeHWE WMMEET He TONbKO XMMW4YecKast
CTPYKTYypa, onpegenseMas BUAOM aTOMOB M CMOCOO0OM WX COEAUHEHMUS B MOMEKY/APHbIE LEnu, HO
N HagMonekynspHas (pusmnyeckas) CTPYKTYpa, T. €. cNOcob yNnaKOBKN MakpOMOJIEKY N, pasmepsbl 1 ¢hop-
Ma MOMTYYEHHbIX KOHCTPYKLMIA 1 UX B3aMMHOEe NPOCTPaHCTBEHHOE pacnofnoxeHue. HagmonekynspHas
CTPYKTYpa ABNseTCA XapakTepHON 0COOEHHOCTLIO NMOIMMEPHbLIX MaTepMasnosB U BO MHOIOM OnpejenseT
MX TEXHOMIOMMYECKME N 3KCMyaTaluoHHbIe CBOWCTBa [5).

Cobupasicb B KOHCTPYKLUN pa3nyHbIM 06pa3oM, MakpOMOEKY bl MOTYT pacnonaraTbCs XaoTu-
YECKM UMM YyKNafblBaTbCA YNOPAA0YEHHO, CO3AaBas COOTBETCTBEHHO aMOp(Hble (C 6/IMKHUM NMOpsA-
KOM) WMAKM KpucTanauyeckue (C ganbHUM MOPSAKOM) CTPYKTypbl. Kaxpgas u3 HUX o6nagaet cBOUMMU
CBOICTBaMU U CBOMM MEXaHMYeCKMM NPOSIBAEHNEM NPU TeMNepPaTypPHO-CUI0BbIX BO3AEACTBUAX.

AMOpdHbIE NOUMEPbI OfHO(A3HbI, 04HOPOAHbI U U30TPOMHLI. B 3aBUCMMOCTY OT TemnepaTtypbl OHU
MOrYyT HaxoAMTbCA B CTEK/I000Pa3HOM, BbICOKO3/1TaCTUHECKOM 1 BA3KOTEKYYEM COCTOSAHUSAX, UTO onpeens-
eT nx gedopmaLoHHOe NoBeAeHME MOA Harpy3Koi. Mepexofs M3 BbICOKO3MACTNYECKOro COCTOSHNSA B CTe-
Kn10oo6pasHoe (M HaobopOT) MPOMCXOAMT MpPU TemnepaType CTEKNOBaHWA TCT, a Nepexof B BA3KOTEKyYee
COCTOSIHME - MpU TeMnepaType TekyyecTn TT.TemnepaTypbl NEPEXOS0B He ABNAOTCSH TOYHLIMU KOHCTaHTa-
MW MaTepuana, a NnpeicTaBNfloT CO60M HEKOTOPLIN TeMMepaTypHbIn MHTepBas. AMOPGHOe CTPOeHWe NMe-
0T NOSIMMEPI C Pa3BeTBNEHHON LIEMNbIO UKW C HepPerynspHbIM CTpoeHueM (OpreTekno, NoANCTUPON 1 ap.), a
TaKKe NoavMepbl NpW TeMnepaTypax Bbille TeMMepaTypbl NAaBfeHNs KpUcTanauTos Tnn, Korga KpucTan-
norpaguyeckas peLleTka paspyLLeHa 3a CHeT TENI0BOr0 ABMXKEHNS MOJIEKY/T.

KpucTannmyeckme nonvmMepbl B OCHOBE CBOEIN CTPYKTYPbl MMEIT YYacTKM C BbICOKOYMNOPALOYEH-
HbIM PacrnonoXeHeM MaKpPOMOJIEKYS, YIOXKEHHbIX NapanfieNibHo ApYyr Apyry 1 o6pasytowmx KpucTan-
NNYECKMe KOHCTPYKLMK CO BCEMMW XapaKTePHbIMU AN18 KPUCTANN0B NPM3HaKaMu. ITW y4acTKu obnaga-
0T NI0KaNIbHOM aHN30TPONMeEN, HO B CUTY UX Pa3HOHANPaB/ieHHOCTU MaTepuan B LLeIOM OCTaeTcs M30-
TponHbIiM. Co3fjaHne naeasbHON CTPYKTYPbI C BbICOKON CTENeHbI0 YNOPAL0YEHHOCTHN N0 BCEMY 06beMY
KWHETUYECKWN 3aTpyAHEHO, MO3TOMY Hapsfy C paBHOBECHLIMU KPUCTANIMUYeCKUMU CTPYKTYpaMum BO3-
HUKAKT amopHble YUYaCTKW C XaOTMUYHbLIM PacnofiokeHnem Monekyn. Bcneactsme sToro Kpuctaniu-
4yeckune NonMMepbl Bcerfa AByXMasHbl M BKNKOYAKOT B Cebs KpUCTaninyeckue n aMopHble 061acTu.
OfiHaKo 3Tun (ha3bl HEOTAENMMbI APYT OT ApYyra, NOCKO/bKY 06pa3oBaHbl O4HUMU U TEMU XKE MAKpPOMO-
Nekynamu, BXOAAWMMMN OAHOBPEMEHHO B KPUCTAN/TMYECKYIO M aMOPMHY0 061aCTN U NPOHU3bIBAIOLL M-
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MU CTPYKTYpY, CBSi3biBas BOELMHO BCE BeLLECTBO. [103TOMY CTPOEHME KPUCTaN/IMYECKUX MOMMEPOB
MOXHO paccmaTpuBaTb KaK CMI0XKHOe coueTaHne aMOpHbIX U KPUCTAI/IMYECKUX YHAaCTKOB Pa3NnMYHOiA
CTeneHy ynopsagoveHHOCTU. KonnyecTBeHHOE COOTHOLLUEHME MeXAy 3TUMK (asamu onpepensieT cre-
NeHb KPUCTaNIMYHOCTU nonumepa [6]. Kpuctannmyeckue nonnmepbl XxapakTepusyoTes 4BYMS TeMne-
paTypHbIMU 3HAYEHUAMM - TeMnepaTypor cTeknoBaHusa Tcr (amopdHas (asa) U TemnepaTypoi nna.-
NeHuna Mh (kpuctannuyeckas §asa).

dToponnact-4 npeacTtaBnseT coboii KPUCTaNINYECKWii nonumMep, COCTOSILLMIA 13 KpucTaninye-
CKMX 061acTeil ¢ ynopsag0YeHHbIMU YYacTKaMM MPaBUIbHbIX, NapaifefbHO Y0XKEHHbIX, 3Mr3aroo-
6pasHbIX CAMpasbHbIX Leneil 1 aMopgHO (asbl, 3aMo/HAOLWEN MPOCTPAHCTBO MEXAY KpucTaiauTa-
My (puc. 2). JInHeiiHOe CTPOEHUE MOMIEKYN U OTCYTCTBME MEXAY HUMU MOMepPeYHbIX CBA3el obecneyn-
BalOT BbICOKYIO MI0THOCTb UX YKNAAKMW 1 CO3JaHMe B MOIMMEPe KPUCTaIINYecKol (hasbl, MpaKTUYecKu
3anonHALLeli Becb ero 06beM [7]. CTeneHb KpUCTaNIMYHOCTKU hTOpoNniacTa-4, nofyyeHHas npu nNoau-
Mepu3auuKn, o4eHb BbICOKa U Npu NA0THOCTU 2,2-2,3 r/cm3 cocTaBnseT nopaaka 80-95%.

Kpuctannnyeckas (hasa CyLeCTBEHHO BAMSET HA MEXaHWYECKME CBONCTBA NOAUMEpPA U MPU BbICO-
KOM ee CoZiep>XaHum ero geopmaLuOHHOe NoBejeHMe B 3HAUUTE/IbHOM CTEMEHW onpeenseTcsa nosege-
HMEM KPUCTaNIMYecKom yactu CTpyKTypbl [8, 9].

BbicoKas cTeneHb KPUCTaNINYHOCTU (hToponnacta-4 npuaaeT emy TBEPAOCTb, MPOYHOCTbL U XKECT-
KOCTb, 4YTO NpPW YyKa3aHHbIX CBOMCTBax fenaeT ero MexaHuyeckoe nosefeHne nojo6HLIM NOBeAEHUI0
Kf1acCcmyeckux TBepabix MaTepmasioB. [oaTomy, npeHebperas 0COGEHHOCTAMU MOMEKYNSPHOrO CTpoe-
HUAA, a TaKKe HaMYMeM U BAMSHUEM 31aCTUYHO amMmopdHO (asbl, CTPYKTYpy dToponnacta-4 ¢ Ao-
CTaTOYHO TOYHbIM MPUBAMKEHMEM MOXHO pacCMaTpvBaTh KakK MOMHOCTHI0 KpPUCTanMyeckyto, unae-
anbHO CMOLLUHYI0, OfHOPOLHYK M M30TPOMHY0, COOTBETCTBYHOLLYIO MaTepuanam, n3y4yaeMbiM B Mexa-
HUKe TBEPAbIX AedhOpMUPYEMBIX TeN.

C uenblo nccnegoBaHus BO3MOXHOCTW MPUMEHEHUs K pacyeTy (Toponnacta-4 MeTOA0B M NOAXO-
[0B, MPUHATLIX ANA 3TUX MaTepurasioB, PpacCCMOTPUM M3MEHEHUS, BO3HMKaAtOLLMe B ero CTPYKType npu
TemnepaTypHO-CUNOBbLIX BO3AENCTBUAX (B YACTHOCTM, MPU XONOAHOM Ae(hOpMUPOBaHUN), N MPUMEM MO-
[ieNlb ero MexaHU4eckoro noBefeHust, CNOCO6HYH0 6bITb ONMCAHHON B paMKax CYLLEeCTBYHOLLUX TEOPUIA.

3BECTHO, YTO BCAKOE CM/IOBOE BO3/ECTBME CONPOBOXAAETCA AedhopMaLMeil Tena U KOHEYHbINA pe-
3yNbTaT M3MEHEHUS Pa3MepoB U (hOPMbl AeTann 3aBUCUT OT CXEMbI HarpyXeHus, BENUUNHbLI Harpy3Ku
N PU3NKO-MeXaHUYECKNX CBOMCTB MaTepuana. CyLlecTBYIOLLIME B HACTOsLLEe BPeMS TeOpUX, ONUCHIBA-
owne gecopmaLMOHHOE MOBefeHMe TBepAbIX Ten (Teopuu YMnpyrocTu, MAacTUUYHOCTU, paspyLleHus
M gp.), Haubonee NoAHO pa3paboTaHbl 415 HU3KOMOMEKYNSPHBIX KPUCTANIMYECKUX MaTepmanos, Ans
KOTOpPbIX XapaKTepHbl TO/IbKO YNpyrue u nnactmyeckue gedopmauun, nNpoTeKawwme no U3BECTHbIM
MexaHu3Mam. 3TU Teopumn AOCTATOMHO AO0CTOBEPHbI, MPOBEPEHbI 3KCMEPUMEHTANIbHO M YCMELLIHO WUC-
MOMb3YHTCA B NPAKTUKE NHXEHEPHbIX pacyeToB. OfHaKO NoBefeHVe NOANMEPOB MPUHLMMNANIBHO OT-
NNYaeTca 0T NOBeAEHMNS YKa3aHHbIX TBEPAbIX TeN U gethopMaLv, BOSHUKAOLLNE B HUX MOA AelCTBUEM
CUNIOBOTO MONSA, UMEKOT APYrve NpUpoay, BEAMYMHY, MEXaHU3M PasBUTUS.

Mpwn gethopmmnpoBaHnn hToponnacta-4 ero nonHasa geopmauuns 40 MOMEHTA paspyLleHns cKna-
[bIBAaeTCA U3 YNpPyron, BbICOKO3NACTUYECKON M OCTaTO4YHOW Ae-
thopmanuin, Kaxgas 13 KOTOpbIX OTIMYAETCSA MO BENUYMHE, XapaK-
Tepy MposiBNEHNS N UMeeT CBON NpenMyLLeCTBeHHbI TeMMepaTyp-
HbI AnanasoH BO3HWKHOBeHUS [10]:

Pron=Pyp 8o 1)

Ynpyras geopmauusa Bo pToponnacte-4 NMeeT Takyto e npu-

pojdy, Kak B Nt060M TBEPLOM Tefe: CBA3aHa C U3MEHEHNEM MEXLIEH-

TPOBbIX, MEXaTOMHbIX PAaCCTOSAHWUIA W BafIeHTHbIX YI/0B, HE3HauYU-

Te/lbHasa No Benu4YuHe, NOAYMHAETCS 3aKOHY [yKa U, BO3HUKHYB

B Haya/bHbliAi MOMEHT Harpy>eHus, COXpPaHAETCS Ha MPOTSKEHUM

BCero npowecca geopMmMpoBaHns, BNIOTb 40 pasrpysku Uam pas-

pyleHns matepuana. Ynpyrasa gedopmayus obpaTuma u nmMeet

Pyc. 2. CTpyKTypa hToponniacta MIHOBEHHbIIi XapaKTep: CO CKOPOCTbIO 3BYyKa JOCTUraeT CBOErO 3Ha-
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UEHMWS N MFHOBEHHO MCYe3aeT Noc/e pasrpy3kuy, MO3TOMY ee Ha3blBatOT MTHOBEHHOI fechopmavmeid. OHa He
3aBMCUT OT TeMMePaTypbl U NpK N0ObLIX TeMMNepaTypax Harpy>XeHus ABsSeTcs CONyTCTBYOLWEN fedopmMa-
umeid, ogHako npu T < Ter{Tcr=-120 °C), Korga amopchHas (hasa 3aTBepAEBaeT, OHa CTaHOBMTCS Npeoba-
[JaloLLein v efMHCTBEHHOW. MaTepran B TaKOM COCTOSIHUM NPeAcTaBnseT co60i MOHOMNTHOE YNpyroTBepLoe
BELLECTBO, B KOTOPOM BCMEACTBME HU3KOWN NOABUXHOCTU U TMOKOCTU MakpomoseKy nio6oe CUI0BOE BO3-
[elicTBMEe CMOCOGHO MPMBECTM /Wb K HE3HAUMTENbHbIM AedopMauusM. Mpu Takux TemnepaTtypax hTopo-
nnacT-4 BefeT ce6s KaK XXeCTKWIA NMHENHO-YNPYTWiA MaTeprasl, NOAUYUHSIOLLMIACS 3aKOHaM MEXaHUKW TBep-
[oro Tena, OfiHaKo, HECMOTPSA Ha BbICOKYIO CTEMEeHb KPUCTANNIMYHOCTH, ero fedopmaLioHHOe NnoBefeHne
npy 3TUX Temnepatypax NPakTUYeCKW MOTHOCTLIO OMpefesnsieTcs CBOMCTBAMMW 3aTBEpAEBLUE amMOpdHOA
thasbl 1 HE3HAYMTENBHO 3aBMCUT OT KPUCTANNMYECKOW (hasbl [7]. C NOHMKeHMEM TeMnepaTypbl U 0COBEHHO
npy JOCTVXEHWUW TeMMNepaTypbl XpynkocTu T MHoOrve nonavmepbl OXPYNYMBatOTCA U NIErKO paspyLuarT-
cA. OgHako (proponnacT-4 He MMeeT TaKoi TeMnepaTypbl, OH COXPaHSET MMOKOCTb U He CTaHOBUTCS Xpyn-
KM gaxke nNpw Temnepatype xugkoro reams (- 269,3 °C) [11].

Mpu 60nee BbicoKMxX Temnepatypax (T >TcT) amopHas hasa pasmaryaeTcs v NepexoinT B BbICOKO-
31aCTMYECKOE COCTOSHME, a KpUCTanInyeckme 061acTi COXpaHaTesa TBEPAbIMU, 06eCneumBas XXECTKOCTb
(hToponnacTta-4 BNAOTb A0 TeMNepaTypbl NnaBneHus kpuctannmTtos (Tag = +327 °C). B BbIcOKO3NacTuye-
CKOM COCTOSIHAM MOABMXHOCTb MOJIEKY/IIPHBIX 3BEHLEB BO3PACTaeT, NpuaaBas MakpoMoseKynam amopg-
HOIA (hasbl CMOCOBHOCTL MPUHMMATL Pa3NYHble KOHOPMALMK U BO3MOXHOCTb NEPEOPUEHTALLMM MOA Aeit-
CTBMEM BHELLUHEro CM0BOro nons. B pesy/nbTaTe TakKUMX M3MEHEHU BO3HMKAET BbICOKO3NACcTHYeCKas ae-
thopmauus, KoTopas MO CBOeW Mpupofe, BenyMHE U (DU3MYECKOMY MPOSIBAEHUIO MPUHLMUNUAIBHO
OT/INYaeTCs 0T YNpyroii (rykoBcKoid) gedopmaumn. OHa CBONCTBEHHA UCKNIOYMTENBHO NOIMMEPaM W 00Y-
CNOBMIEHA UX MONEKYNAPHLIM CTPOEHMEM, B KOTOPOM ANMHHbIE MOMEKYNSPHbIE Lenun, 061agas BbICOKON
NOABVXHOCTBIO U BHYTPEHHEN MMOKOCTLIO, CMOCOOHBI B YCN0BUAX CUMI0BOrO BO3AENCTBUS pa3BopaynBaThb-
Csl, BbIMPAMAATLCS, U3rMOaTbC WM NPUHMMATL Apyrue (DOpMbl, OPUEHTUPYACL B HaMpaBieHUW CWJbl
1 3HAUYNTENIHO M3MEHSAS pa3Mepbl aneMeHTa. ocne pasrpy3ku NpoLecc NPoMCXoAMT B 06paTHOM Hampas-
NEHUN 0 NOIHOTO BOCCTAHOB/IEHWS UCXOAHOIO COCTOAHNA. Takum 06pa3oM, BbICOKO3nacTuyeckas gegop-
MaLus obpaTma, HO UMEeT peslakCaLMOHHBIV XapakTep 1 TpebyeT Ans YCTaHOB/IEHNS! PABHOBECHOIO CO-
CTOSIHUA HEKOTOPOro MPOMEXYTKa BpeMeHW. [OCKObKy OHa fOCTUraeT KOHEYHOrO 3HAYeHUs 1 1cuesaeT
Npy pa3rpy3ke He MrHOBEHHO, a CO BPEMEHEM, ee Ha3bIBatOT 3anasfblBatoLLeil gechopmaLimeii.

BO3HMKHOBEHME BbICOKO3/1aCTMUECKOW Aethopmalnv OnpefensieTcs, rnaBHbIM 06pa3oM, MoBefeHVEM
amOop(HbIX YYaCTKOB, COCTOALLMX U3 CBOBOAHBIX N XaOTUYHO PacMOOXEHHbIX MaKpOMOIEKY/1, UMEHOLLMX
BO3MOXHOCTb MPW Harpy>XeHun NpMHUMaTh Ntobble GopMbl 1 co34aBaTh AedopmMaLny 6oMbLIOIA BENNYN-
Hbl. MOneKynspHbIE Xe Lenu KpUCTaNIMYecKo CTPYKTYPbI, BXOASALLME B KpUCTaNNorpamyeckyto peLet-
Ky, IBNSAOTCA 3aMKCUPOBAHHbLIMU M HECMOCOOHBLIMK K 60/bLUMM AedopMaumam. OfHaKo ¢ Bo3pacTaHMeMm
CWI0BOr0 BO3LEWCTBUSA B KPUCTANAUTaxX TakXe BO3HWUKAKOT MPOLECChbl, MPUHLUMNUANBHO W3MEHAOLLME
CBOWCTBa MaTeprasa v NpUBOAALLME K BOSHUKHOBEHWKO HEOBPATMMbIX AedhopMaLnii.

C yBennyeHneM Harpysku Ha (oHe BbICOKO3/1acTUYECKOW AedopMaLy HauMHaeTCcs BHYTPEHHASA
nepecTpolika (pekpucTannusauus) CTPYKTYpbl, NPU KOTOPOW MPOUCXOAUT MOSHOE paspylueHue cTa-
PbIX U 06pa30BaHNe HOBLIX KPUCTAI/IMYECKUX CTPYKTYP, OPUEHTUPOBAHHbLIX MO HANpPaBAEHWUIO CWJIbI
1 obnagatoLwmx Apyrumm ceoincteamn. B npouecce pekpuctanansaunm y4acTByeT He TONbKO KpucTa-
nnyeckan hasa, Ho U amopchHas hasa, MONeKy bl KOTOPOW, MPUHMMAas yNopsiaoYeHHOe CTPOeHNe, COo3-
[A0T HOBble KPUCTAINTLI, YBEMUYMBASA KPUCTAN/TIMYECKYHO YacTb CTPYKTypbl. B pesynbTaTe npu pe-
KpucTanmsaymm CTeneHb KPpUCTaNMYHOCTM NOMMepa BO3pacTaeT M YeM 6OJblie OHa CTaHOBUTCH,
TeM MeHbllee BAUSIHWE Ha fe(hopMaLMOHHbIA NpoLecc OKasbiBaeT aMopdHas (hasa n TemM 60MbLUYHO
3HAYMMOCTb B (hOPMUPOBAHUM CBOWCTB MaTepuana NpuobpeTaeT KpucTannnyeckas asa. VIMeHHO
KpUCTannmyeckas CTpyKTypa U MPOMCXOAsALLMe B Hell pEKpUCTaNIM3aLMOHHbIE MPOLECChl ONpeaensioT
fedopmMaLMoHHOe NoBefeHVe MaTepuana B YCN0BUSAX CUI0BOrO MNons.

PekpucTannusaLuus, HauyaBLLMCh MPK OMPeSeSIeHHON Harpy3ske, MPOMCXOAUT fanee 3a cyHeT TeMI0BO-
ro 4BMXXEHUS MOMEeKy/, He TPebYIOLLero CUIOBLIX 3aTpaT, a M03TOMY NPOTeKaeT Npu NOCTOSAHHOM Ha-
npsokeHUn Opap (Hanpsa>KeHue pekpucTanusauum), SBASIOLLEMCA O4HON U3 BXKHENLLINX MeXaHu4e-
CKMX XapaKTepucTuk noavmepa. CTPYKTypHas NepecTpoiika NpUBOAUT K U3MEHEHUIO CBOMCTB MaTe-
prvana u 06pa3oBaHUI0 OCTaTOuHbIX Aedopmaumil Tak e, Kak 3T0 MPOMCXOAUT B MeTaniax npu
nnacTMyeckon gecopmauuu. BBugy sTOro MOMEHT HAcTYMJIEHUS peKpucTanIm3aLm paccMaTpuBaeT-
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CA Kak npefenbHoe COCTOSHWE MaTepuana, a "pep cumTaeTcs npefenbHbIM Hanps>KeHneM. OfHaKo
B OT/IMYME OT MeTa/I0B 06pa3oBaHNe HeobpaTUMbIX AedopmaLnii B nonmmepax NpoucxXoauT B pesyb-
TaTe HECKONbKMX MPOLLECCOB: 3a CYET AehopMaLnil, BO3HUKAIOLWMX WU 3aKPENNAIOLWNXCA B HOBOW (pe-
KPUCTaNIN30BaHHOMN) CTPYKTYPE, a TakXkKe 3a CUET MCTUHHO NiacTu4eckux gecdopmaunii BCreacTene
nepeMeLL,eHmns KpUCTaNIUTOB N0 MAOCKOCTAM CKONbXeHUA 1 fedekTtam [6, 8, 11].

BblCOKOKpUCTaIMYeCKME NOAUMEPBI JaXe MPU HAMYUU HE3HAUNTENbHO aMOpgHON (hasbl Takxe
061aal0T CNOCOOHOCTLIO K BbICOKO31aCTUYECKON Aedopmauinu, NposiBAseMoin B 60/bLUENA NN MeHb-
LUEin CTeneHn B 3aBUCUMOCTM OT KPUCTaNMUYHOCTK MaTepuana. dToponnacT-4 npu T >TcTTakxKe ne-
PEXOAUT B BbICOKO3NACTUYECKOE COCTOSIHME, KOTOPOE COXPAHAETCA BMIOThL O TeMMepaTypbl pas3foxe-
Hua (Tp =+415°C). OcobeHHOCTL CBONCTB (hTOpONacTa-4 3aknoyaeTcs B ero HeCNoco6HOCTUN nepe-
XOAUTb B BAA3KOTEKY4Yee COCTOSIHWE, MPW KOTOPOM MaKpOMOJeKY/bl NepeMeLlatoTcs OTHOCUTENbHO
APYT Apyra n matepuan BefeT cebsi MoA06HO XnaKocTu. Mepexon amopdHoii hasbl B TEKyUee COCTOS-
HVe NPOUCXOANT NpuW TemMnepaType TekyvecTu TT, 04HaKo y pToponnacTta-4 BCneLCTBUE BbICOKOW MO-
nekynsipHo maccbl TT>Tp (puc. 3). CnegoBaTeNbHO MOC/e pacniaBfieHUss KPpUCTaninyeckon gasbl
1 06pa3oBaHMA NOMHOCTLI aMOP(HON CTPYKTYpbl (hTOpONNacT-4 He NpeBpaLLaeTcs B BA3KYIO XUL-
KOCTb, a OCTaeTcsi TBEPAbIM BbICOKO3NACTUYHLIM MaTepuanom [12]. Takmm obpasom, hToponnact-4
CNocobeH Haxo4MTbCA TOMbKO B IBYX TBEPAbIX (DU3NYECKUX COCTOAHUAX - CTEKN00H6Pa3HOM 1 BbICOKO-
371aCTUYECKOM, COXpaHAeMbIM A0 TeMrepaTypbl pasfnoxeHus Tp. Mpu gocTxkeHun Tp NpoucxoguT
[LecTpyKumsa Mofiekyn un htoponnact-4 HauMHaeT pasnaratbes [6-10].

WcenefoBaHWA NOKasblBAOT, UTO pacTA>XKEHWe hToponnacTa-4 B BbICOKO3NACTUYECKOM COCTOAHUN
MOXeT NpPUBOANTb K YANWHEHUAM 6e3 paspywweHus ao 500%, npu aToM MaTepuan npossaseT focTa-
TOYHO BbICOKYHO XECTKOCTb, COXpaHsaemyto BnaoTb Ao T (puc. 3) [13]. 3To obecneymBaeTcs BbICOKOWA
CTeNeHbl KPUCTaIMYHOCTU (hToponnacta-4, KoTopas ele 60nblue BO3pacTaeT BCMeACTBUE PeKpu-
CTaNIN3aLNOHHbIX MPOLLECCOB, BOSHMKAIOLWMX NPW CUI0BOM BO3AelcTBUM. VccnegoBaHus droponna-
CTa-4 Ha C>KaTue TakxKe MOATBEPXKAAlOT ero BbICOKO3/1aCTUYHbIE CBOWMCTBA M CMOCOOHOCTL K Aedop-
MUPOBaHUIO A0 6onblwnX (4acTo, HeobpaTUMbIX) 06XaTuii 6e3 HapyLlUueHWUs LenocTHocTU. Takue fge-
thopMaLMm MOryT BO3HUKATb AaXKe B YCNOBUAX HU3KUX TEMMEPATYP U NPU He3HAUYUTE/NbHbIX HArpy3Kax,
4TO OnpegenseTcsa XnafoTeKyUYeCThio (hToponiacTa-4 U pacCMaTPMBAETCA KaK ero CyLLeCTBEHHbIN He-
[OCTaTOK Ans feTanei, paboTalowWwmx nof Harpy3koi, unun getanei ¢ ecTtkumu gonyckamu. Tak, no
NpuynHe XNafoTeKyYecTN (PTOPONIAcTOBbIE YNJOTHEHUA 0OHAPYXMBAKOT HapyLleHWe repMeTUYHO-
CTWU MpPU MOBbILLIEHUN AABNEHUS, B HEHArPYXXEHHbIX UMM HE3HAUNTENIbHO HArpy>XXeHHbIX AeTansix BO3-
HUKaOT HeobpaTMMble AepopMauun, KoTopble 06pasytoTca gake OT COBCTBEHHOrO Beca M3Aenuna u T. A
Mpupoja xnafoTeKyyecTU TaKXKe 3aKN0YAeTCa B PeKpUCTaNIN3aLMOHHbIX npoueccax, NpuBoAsALLMX
K YNIOTHEHWIO CTPYKTYPbI U YBEIMYEHUIO CTENeHU KPUCTaNIMYHOCTM MaTepuana.

Takum 06pa3om, Npy BO34ENCTBUM CUI0BOMO NONSA U BCEACTBUE (ha30BbIX NPeBpaLLeHuid KpucTan-
NMYHOCTL (hTOpONacTa-4 Bo3pacTaeT U ero CTPYKTYypa nNpubnu>KaeTcs K Nno4Tu NolHOMY ofHo(as-
HOMY YNOpsi40YeHHOMY KPUCT aNMyecKOMY COCTOAHMIO. DTO eLle pa3 NOATBEPXKLAET NPaBOMepPHOCTb
NPUHATUA ANA MaTepuana MoLenun CnioWwHoro, TBepAoro, 04HOPOLAHOro Tefla Co BCEMU XapaKTepHbIMU
CBOWCTBaMM, MPUCYLLUMU HU3KOMONEKYNAPHLIM TBEPAbIM TenaM. HecMOTps Ha cneuuguky CBOICTB
(hToponnacta-4, MOXHO C onpefeneHHbIM LONYLLEHNeM pacCcMaTpuBaTh ero fethopMaLMoHHOe NoBese-
HWe [0 pa3pyLUeHns Kak MpoLecc, BKYaLW M B cebs TOMbKO YNPYryko 1 ocTaTOouHYy fedopMalnn.
Mpu aTom cnegyet nogpasymeBatb, UTO ynpyras feopmalms COCTOUT U3 ABYX 06paTUMbIX fethopma-
UM - UCTUHHO yNpyroi (MFHOBEHHOI) M BbICOKO31aCTUYECKON (3anasfblBalolleil), NpuHumas aas

06enx nofunMHeHHOCTb 3akoHy lyka. CnpaBej-

‘ 1 JINBOCTb 3TOr0 AONYLIEHUA MO OTHOLLUEHUIO K Bbl-
O6nacTb \ O6nacTb j ObnacTb <
| JIDYTOr0 | BbICOKORNACTIIECKORD ! DAINOKEHNS COK03/M1acTUYeCKOW fedopmaLium, ecnu ee Ben-
ws.  COCTORHMA 1 COCTOSHUA \ \ maTepuana 4YMHa He npesbiwaT 10%, NOATBEPXKAAETCA 3KC-
1 1 nepumeHTaNbHO [11]. UTo KacaeTcsi ocTaTOuHOIA
‘ Y (HeobpaTumoit) gedopmanmu, To, Kak 6bl10 OTMe-
| l

1 11 YeHO Bbllle, OHA ABMAETCA Pe3ynbTaToOM PeKpu-
' CTaNIN3aLMOHHbIX MPOLECCOB N UCTUHHO Na-

rcT AN % "T'<Im>'epaTypa

CTUYeCKoin aehopmanun, BO3HUKAIOLWENA B KpU-
Puc. 3. TepmomexaHuyeckas KpuBas (Toponacta cTannmTax. YeTKoro pasfeneHus Mexagy aTumu
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COCTaB/SAMLMMU He CYyLLECTBYET 1 onpe-
[enuTb LONK0 yyacTusa KaXAON M3 HUX

B CO34aHUM OCTaTOYHbIX AethopMaLnii He

npeAcTaBAseTCs BO3MOXHbIM. OfHako,

CuMTas peKpUCTaIN3aLUI0 Npegenb-

HbIM COCTOSIHMEM MaTepuana U paccma-

TpuBas ee KakK aHanor NaacTMYecKomn ge-

thopmMaummn B MeTannax, rae BaxHeiLwen

XapaKTepuUCTUKO MPOYHOCTU ABNSIETCA

npeaen TEKy4yeCcT  , TaKOi BEIMYMHONA

npu pacyeTe (hTOPONNACTOBLIX U3LeNNi

cnepyet cumTatb Opep- HanpspkeHwue,

NMpu KOTOPOM HauyMHalTCA Heobpatu-

Mble MPOLECChl N BO3HMKAKOT HeobpaTu-

Mble gecopmaumu. MNpegen pekpuctannmsaumm Opdd, TakKe HasbiBaeMbIli B IUTEpaType Kak npegen
XNafoTeKy4eCcTn nnn gaxe npegen Tekyyectu (Mo aHanorum ¢ MetananaMm), 3aBUCUT OT TeMnepaTypbl
1 onpeaenseTcs No amnupuyeckoii gopmyne [11]:

Igapexp(Ma) = -0,46834 + 483,64/ (K) . @)

CnepyeT 3amMeTuTb, YTONPK Ae()OPMUPOBAHMMN KPUCTANSIMYECKMNX MOIMMEPOB B CU/TY C/IOXHOCTM
MX CTPOEHWS B CTPYKTYpPe MOTyT BO3HMKATb BCe AethopmaLui OLHOBPEMEHHO, NPOSBAAACH B O0/bLUE
W MeHbLUEA CTEMEHN B 3aBUCMMOCTM OT TemnepaTtypbl [6]. 3Ta KapTMHA TakXke XapakTepHa U Ans
(hToponnacta-4: BCNeACTBME €r0 BbICOKOM MAACTUYHOCTU OCTaTOYHas feopmauns B HEM BO3HUKaeT
[akKe MpU O4eHb HU3KMX TeMMepaTypax W NIOKa/IbHO MPUCYTCTBYET BMECTE C YNPYroii,a 3aTeM 1 BMecTe
C BbICOKO3NacTMyecKoli aedpopmauusamm (puc. 4). Ecnm npu 4K oHa cocTaBnsieT BCEr0 HECKO/bKO Mpo-
LIEHTOB, TO C NOBbILIEHMEM TeMMepaTypbl Bo3pacTaeT v npu T ~Th cTaHOBMTCA nNpeobnagatoLlen ge-
thopmaumeid [14].

3akntouveHne. AHaM3 MeXaHUUecKoro noBefeHus hroponnaacta-4 B yCIOBUSIX CUTIOBOTO BO3AENCTBUS
MOKa3bIBaET, YTO MeXaHW3Mbl Ae()opMaLMOHHbIX NPOLLECCOB, MPOTEKAOLLMX B NOIMMEpPE, MO CBOEMY Mexa-
HWYECKOMY MPOSIBNEHNIO BO MHOFOM MOAOOHLI MeXaH13MaM, BOSHMKAOLWMM Npu AeopMMpoBaHUM Knac-
CUYECKUX TBEPAbIX Ten. M03ToMy € y4eTOM HEKOTOPbIX MPUOAVKEHUIA U MPUHATAS ONpPeLe/ieHHOW cxeMa-
TU3aLMN MEXaHUYECKMX CBOMCTB MaTepuana CTaHOBUTCA BO3MOXKHBLIM [/11 MaTeMaTU4eckoro onucaHus
fethopMaLMOHHOr0 NoBefeHus hToponaacTa-4 NCrno/b30BaHVe MOAX0A0B U pacHeTHbIX METOAMK, paspabo-
TaHHbIX B TEOPMSX YPYTroCTM M NAACTUYHOCTY 19 TBEPALIX AeopMUpyeMbIX MaTepranoB. Bo3sspallasach
K TEXHO/IOT MU M3rOTOB/IEHNS (hTOPONIACTOBbIX Konew, [3, 4] 1 nccnefoBaHMo BOSMOXHOCTM MX NOJTyHYeHUs
MEeTOZO0M XONOAHOro Aed)opMMPOBaHMS, Ha OCHOBaHUW MPOBELEHHOr0 aHannsa Torga MoXHO Npeanosno-
XWTb, YTO Takas BO3MOXHOCTb peasibHO OCYLUECTBMMA, XOTS M MOTPeOyeT BLIMOMHEHUS OMNpPeAeseHHbIX
TEXHO/IOrMYECKNX MPUEMOB, CBAI3aHHbIX C PeflakCaLMOHHbIMM NPOLEeccaMm, 1 COOTBETCTBYIOLLEr0 pacyeTa
MHCTPYMEHTa, 06eCMeyYnBatoLLero nNoayyeHme rotoBbIxX Konew Tpebyemoro avametpa. CorfacHo mccnefo-
BaHUsM, NPOLECChI peflakcauuy Bo hToponiacte-4 npu ero 4ehopM1MpOBaHnM B YCI0BUSX KOMHATHOW TeM-
nepaTypbl MPOTEKAKOT B 4OCTATOMHO KOPOTKOM MPOMEXYTKE BPEMEHU U TPEOYIOT AN JOCTUMKEHUS fedop-
MaLUsAMN KOHEYHOIN BE/IMYUHDBI BbIAEPXKKW AeTanu Nnog Harpy3koi B TedeHne 3-4 u [8, 15]. UTo Kacaetcs
MPOEKTMPOBAaHMA MHCTPYMEHTa, TO OMpaBka f/19 HamMaTblBaHWS fIEHTbl JO/DKHA ObITb paccuMTaHa Takum
06pa3om, 4To6bl MOCAe Pasrpy3ky 1 ynpyroro Npy>XnHeHWs KOHeYHbI AnameTp Kofblia COOTBETCTBOBA
TpebyemMoMy TEXHUYECKOMY pa3Mepy.

B0O3MOXHOCTb U3rOTOBNEHNA U3LeNWIA U3 (hTOoponiacTa-4 MeToLOM X0/I0AHOI0 JOPMOBaHMS B 3Ha-
UMTeNbHOI CTeNeHW OnpefensieTcs CBONCTBOM X/1afj0TEKyUeCcT MaTepuana, KOTOpoe CYHMTaeTCs Hefo-
CTaTKOM, OAHAKO B JaHHOI TEXHOOIM ABASETCA HEOCTOPUMbIM AOCTOMHCTBOM, NO3BOAIOW MM NONY-
yaTb M3fenms TpebyemblX pasMepoB U (DOPMbI MPU HWM3KON TemmepaType W HEBbICOKMX Harpyskax.
Takoii Nogxo NO3BOAUT 3@ CYET YCTPaHEHMs M3 TEXHOIOMMYECKOro npoLiecca 3TarnoB Harpeea u Tep-
MO(hMKCcaLUM AeTanu COKpaTUTb MPOSO/MKUTENbHOCTL paboyero UMKAa, YBeANUYUTb NPOU3BOAUTESb-
HOCTb NpoLecca U CHU3UTb €ro CTOMMOCTb.
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