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WccnepoBaHo sBNeHWe NOKanu3auum TensoBblAeNeHNs Npu e opMUMpoBaHUN CTaslbHOW nna-
CTUHbI C Bblpe3amu. [oKa3aHo, YTO UCTOYHMKOM Temnioobpa3oBaHNs B MeTanIM4eckoM obpas-
Lie AB/IAETCS He BCA 30HA NIaCTUYeCKNX AethopmaLmin BONM3N BepLUnHbI AedekTa (TPeLLmHbl),
a NMUWb 3aHUMalome OTHOCUTENIbHO HE6O/IbLUYI0 4YacTb 3TOM 30HbI MOMOCHI CKOMbXEHUS
(nonocekl YepHoBa — Jltogepca), B KOTOPbIX AedopmManms MHULMUPYET NpoTekaHne usmko-
XVMUYECKMX MPOLLECCOB. YCTaHOBNEHO, YTO B MO/I0CaX CKOJIbXeHWs Temnepatypa meTanna
MOBbLILIAETCA HAa AECATKWU rpagycos (U Bbiwe). JeopMupoBaHue Hafpe3aHHbIX 06pa3LoB Xa-
paKkTepusyeTcs HeOAHOPOAHbIM Pa3BUTMEM MNACTUYECKONW fedopmMauum rno o6bemy maTepu-
ana v BbICOKOW CKOPOCTbIO pacnpoCTpaHeHUs TenaoBOi BOMHbLI MO HanpaBneHUAM AelcTBUS
MaKCUMa/bHbIX KacaTe/lbHbIX HanpsXeHW.

Knouesble cnosa: TPeLLMHa, Mo0Chl CKONMbXEHNS, (M3MKO-XMMUYECKME NPOLLECChI, ANCIO-
KaLMOHHOe TYHHeNMpoBaHue, AetopMaLMOHHOe Tena006pa3oBaHue, W3/oM.

BeegeHune. MexaHUYeCKMe XapaKTepUCTUKW CTanu W APYrux ChnnasoB, MCMOJSb3yeMble
B KNACCUYECKMX KPUTEpUAX NPOYHOCTU [1, 2], NpMMEHAEMbIX MPU pacyeTe 3/1eMEHTOB U Y3/10B
KOHCTPYKLMIA, ONpeaenstoTca B pesybTaTe UCNbITAHWIA CTaH4apTHbLIX 06pa3LoB Npu OAHOOCHOM
Harnps>KeHHOM COCTOSAAHUN [3]. B 30HaX KOHCTPYKTMBHO-TEXHO/IOIMYECKUX HAApe30B (0TBepCTU,
Bblpe3bl, MecTa M3MEHEHMWSI CeYEeHNI, CBapOUHble Ae(heKTbl, TPEWMHbl U T. A.) YKa3aHHble maTe-
pranbl UMEKT AeopMaLMOHHbIE M NPOYHOCTHbIE XapaKTEPUCTUKMU, CYLLECTBEHHO OT/INYatOLLIN-
ecs 0T NONYyYeHHbIX CTaHAapTHbIMKU MeTodamu [4, 5]. Pe3ynbTatbl UCCNEA0BaHUA KOHCTPYKTUB-
HOM NMPOYHOCTU CTPOUTENbHLIX CTaNei MOoKasblBAKT, YTO 3TN Pa3NYnA 06YC/IOB/EHbI C/IOXKHbIM
Hanps>XeHHO-Ae(OPMMPOBAHHLIM COCTOSIHUEM MaTepuania B OKPECTHOCTWU HaApe30B, TPeLuH U
TemnepaTypHbIMU YCIOBUAMU Le(hOPMUPOBAHUA 3N1EMEHTOB KOHCTPYKUWMIA [6]. Mpn aToM B 0T/1K-
yme OT (PaKTOPOB, ONPeAeNALNX HaNPsHXKeHHO-4e(OPMUPOBaHHOE COCTOSHME BOM3M Hagpesa,
TemnepaTtypa UcnblTaTe/IbHOM Kamepbl (B Anana3oHe oT -1-20 o —80 °C) oKa3blBaeT CYLLEeCTBEH-
HO MeHbLLIEe BIMAHME HA NPOLECCHI 3apOXKAEHNA N Pa3BUTUA paspyLLUeHUs 31EMEHTOB KOHCTPYK-
LMIA, BbINOSIHEHHbLIX U3 CTPOUTENIbHbIX HU3KOYINIEPOAUCTBLIX CTanei [6]. 3HauMTeNbHbIA Harpes
MeTasfia B 30HaxX pasBUTUA NIACTUYECKUX AedhopMalmii B OKPECTHOCTM AeeKTa B/IMSAET Kak Ha
3apoXaeHne paspyLleHus, Tak M Ha ero passutue [6]. Ha B3aMMOCBA3b AehOPMAaLMOHHOIO Ha-
rpesa v CONPOTUBAAEMOCTI PaspyLLUEHUIO 3/IEMEHTOB KOHCTPYKUMIA W3 CTanu BrepBble yKa3aHo
B pabote [7]. Ons BbifABNeHUA 3aBUCMMOCTU COMPOTMBNEHUA PaspyLUEHUI0 OT XapaKTepucTuK
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HanpsXeHHo-4eOpMUPOBAHHOIO COCTOAHMA B 30HE Hajpesa 1 TemnepaTypbl 3/IEMEHTOB C/eay-
eT yUYMTbIBaTb MPOLIECC NIOKaNM3aLuMn NnacTUYecKuX gedopmaunini 86113 Hagpesa, NosisieHve
B 3TOM 30HE MCTOYHMKOB Tenja U U3MEHeHMe MeXaHUYeCKMX CBOMCTB martepuana nog BNSHK-
em Bblaenstoweroca Tenna. MNpespalleHne 3HEPrnm MexaHuyeckoro geopMupoBaHus MeTania
B OKPECTHOCTU fAedeKTa B TEMN/IOBYH 3HEPTUI0 NPUBOAUT K CYLLECTBEHHOMY MOBbILLEHWUIO Cpef-
Heli Temnepatypsbl [8]. B paboTe [9] nokasaHO, YTO TaKoe MOBbILLEHWE TeMIMepaTypbl B BEpLUMHE
TPELWUHbI B COYETaHUN C 0OBLEMHbLIM HanpsHXKeHHO-AeOPMUPOBAHHLIM COCTOSHMEM MPUBOAUT
K M3MEHEHVIO AMHAMUKWN Pa3BUTUA TPeLLUHBI.

Llenbto HacTosileit paboTbl SIBNSETCA YCTAHOB/IEHME B3aMMOCBA3N MEXAY paspyLleHueM
PacTAHYTbIX MNACTUH W3 HU3KOYTNepoAUCTOM CTPOUTENIbHOM CTanu U fedopMauMOHHbIM Ter-
NnoobpazoBaHMEM M YTOYHEHUE MEXaHU3MOB Tensioo06pa3oBaHuns, 3apOXKAEHUS N pa3BUTUA paspy-
LUEHNA B OKPECTHOCTM KOHCTPYKTMBHO-TEXHO/IOMMYECKMX AEe(eKTOB B TAKUX MiacTUHaXx.

TennoobpaszoBaHue U pa3BUTUE pa3pyLlIEHUA B TOHKUX NUCTax. IKCNepUMeHTab-
HOe MccnefoBaHMe Tennoo6pa3oBaHns B PacTAHYTbIX 06pasuax M3 TOHKOMMCTOBOW CTain Bbl-
MOMHAMNOCL C NMOMOLLbIO KOMMbOTEPHOro Tepmorpadga IRTIS-2000 (nepuop cCKaHMPOBAHMA OAHO-
ro kagpa — o 2,3 ¢). Obpasubl HarpyXanucb [0 NOSHOMO paspyLleHUs Ha paspbiBHON MalLWHe
P-50 (puc. 1). MNpu 3aToM 3anucbiBanacb Anarpamma Harpyska — yanmnHeHue. VI3MeHeHWe Tem-
nepatypbl Ha NOBEPXHOCTU OeperoB ABVIKYLLENWCA TpewMHbl NOKasaHo Ha puc. 2. Ha pwuc. 3
npeacTaBfeHO pacnpefeneHne Temnepatypbl Ha pas/IMyHbIX CTaaMAX 3apoXAeHUA TPeLuHbI
B OKPECTHOCTW Bblpe3a W ee pocTa Mpu Harpy>xeHuu obpasua M Haya/bHON Temnepatype Mme-
Tanna TH = 184 °C. BuaHo, 4To npouecc AeopMMpoBaHNS JIMCTOBOTO 3/1eMeHTa NPUBOAUT
K fioKanu3aummn nnactuyeckoin gedopmaumm Bo6nmnsm gedekra. B 30He nokanusaymm nnactude-
CKOW pechopmaumm TemnepaTtypa nosbiwaeTcs Ao Tep = 22,4 °C (kagp 1Ha puc. 3). 3apoamslua-
acs npyn Tep = 23,8 °C TpewmHa Me[/IeHHO pa3BMBAeTCs C YBE/TMUYEHNEM CPeaHen TeMnepaTypbl
B BepluMHe TpewuHbl o Tep = 25,2 °C (kagpbl 2, 3). ConmkeHne nonen nnacTuyeckux fe-
(hopmauuii fetheKTOB NMPUBOAUT K MOBLILLEHUIO TemrepaTypbl B MaTepuane go Tcp = 25,3 °C.
BcTpeuHoe pa3BuTue TPELMH BbI3bIBAET YBE/MYEHME TemmepaTypbl MeTanna, Haxogallerocs
MeXay BeplimHamu TpewnH, go Tep 30,4 °C. Tpu yBeNMYEHUU TOMWMHBI NUCTa 06pa3LoB
f0 1,5 1 3,0 MM NponcxXoasT Te e Mpouecchbl, HO BON3N Ha4pe30B M B OKPECTHOCTU TPELLUHBI
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Puc. 1L O6pasel, U3roTOBMEHHbIV U3 CTaNbHOMO INCTa WUpUHOK 500 MM ¥ TONLWMHOK 1 MM

Puc. 2. 3ameHeHMe MaKCMManbHOW TemMnepaTypbl NOBEPXHOCTM 06pa3ua npu MeasreHHOM pasBu-
TUM TpewuHbl (1) 1 ckopocTy pocTa TpewmnHbl go 0,01 m/c (2)
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Puc. 3. lMona TemnepaTypbl MNpU ABVKEHUN TpeLwnHbl B 06pasLe B pas/inyHble Mo-
MEHTbI BPEMEHMU

CpefHsAs TemmnepaTypa yBennumBaeTcs 00nee MHTEHCUBHO. [Mpu aToM [0 MOMeHTa o6pasosa-
HUS TPELWMHbl B OKPECTHOCTU fedeKTa NAocKoro obpasua npy BCeX UCCNefoBaHHbIX TOMLLMHAX
Habntofanocb He3HauyuTe/lbHOE MNOBbILIeHWEe TemrepaTypbl, MOCAe Yero 3apoXkjanacb TpeLliu-
Ha 1 NpoMCXOAWMNo ee fAanbHerwee passutne. Cnefyer OTMETUTb, UYTO [ABVDKEHWE TPeLYMHbI
Mo MornepeyHoMy ceveHuo obpasla COnpoBOXKAAETCA 3HAYMUTE/IbHbIM NTOKa/IbHbIM MOBbILLEHNEM
TeMnepaTypbl Mepes ee BepLIMHON. Temnepatypa Harpeea MeTanna nepeps ABUXYLLENCA Tpe-
LLMHOW B HECKO/IbKO pa3 Bbille, YeM Ha CTafuu 3apoXxAaeHus TpewuHbl. C yBennyYeHnemM CKopo-
CTU gedopMmMpoOBaHUA MaTepuasna TemnepaTypa Harpesa CyLeCTBEHHO YBenn4ymnBaeTcs. Peskoe
MOBbILUEHNE MaKCUMa/IbHOW TemrepaTypbl nepes paspyweHnem (Kpuas 1 Ha puc. 2) MOXHO
06BACHUTH KakK BO3pacTaHMemM MOLLHOCTM ABYX BCTPEYHbIX UCTOYHUKOB Ten006pa3oBaHns, Tak
N yBeNMYeHNeM Temnepatypbl MOBEPXHOCTU NINCTA MPU BbIXOAE Ha Hee Mosoc cAsura.

OcobeHHOCTM Tennoobpa3oBaHUA W paspyweHnsa TONCTbIX NMCTOB. Mccnemyem
npoLecc paspyLUeHns TONCTbIX IMCTOB 3KCNEPUMEHTa/IbHO C UCMO/b30BaHMEM TepMorpapupoBa-
HWUA pacTAHYTbIX 06pa3yoB. s 3TOro Bbibepem Takyto opmy obpasua, YTobbl B XO4e IKCnepu-
MeHTa MoJoChl CABMIa MOIIM 3apoXKaaTbCst B6IM3M MOAENen KOHCTPYKTUBHO-TEXHO/IOMMYECKNX
fle(beKToB, a pasMepbl 06pasLoB M CKOPOCTb AeopMMPOBaHUA MO3BONSAAN (PUKCUPOBATL MPO-
Lieccbl gedpopMmpoBaHUA METOAOM TepMOrpafupoBaHUA C MOMeHTa MPUIOXEeHUA Harpysku [o
MOMeHTa paspylleHus obpasua. B akcneprMmeHTe, NpoBefeHHOM Ha WUCMbITATE/IbHOW MallnHe
P-100 npu TemnepaType OKpyXatolero so3ayxa 7,6 °C, obpasubl 13 ctanm mMapku Ct3cn KBa-
3UCTaTUYECKM HarpyXaaucb pacTarvealWmMm ycunvem Lo paspywieHus (puc. 4). Mpu atom
3anucblBanachb guarpammMa Harpyska — yanmHeHue. VcnbiTaHns n 06paboTka AaHHbIX MPOBO-
ANNNCL B COOTBETCTBUM C TpeboBaHusMu TOCT 1497. lNpouecc aethopMmpoBaHUsi 06pasLIoB
PerncTpmpoBascs C NOMOLLbI KOMNbIOTepHOro Tepmorpadga IRTIS-2000, a 06paboTka pesyb-
TaToB Benachb C MUCMONb30BaHMEM MakeTa nporpamMm IRTIS. Ha puc. 4-6 nokasaHbl (hoTorpagmm
o6pasua 13 ctanm Ct3cn ¢ 60KOBbIMW Bbipe3aMun Moc/ie paspyLieHns, a TakKe U3MeHeHue Tem-
nepaTtypbl MOBEPXHOCTU 06Pa3LoB.

Ha puc. 6 npueeaeHbl hoTorpamy NOBEPXHOCTN 06pa3LLoB, CKaHMPOBaHHbIE TePMOrpadom,
Npu pasiNYHbIX TEKYLLMX 3HAYEHUAX BPEMEHN t C MOMEHTA MPUIOXKEHUA Harpysku. BugHo, 4Tto
Ha cTafguu ynpyroctu B obpasue ¢ 60KOBbIMU Hagpe3ammn Ha naowjajkax LerncTBMS HamboMbLLIKX
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Puc. 4. O6pasel, M3roTOBNEHHBIA U3 CTa/IbHOrO IMCTa TONWMHOW 18 MM (@), 1 ero
MOBEPXHOCTb pa3pyLueHus (6):

1-6 —60oKOoBble Hafpe3bl; 7— Haya/lbHas TPELLWHA, MHNLMMPOBAaBLLAsS XPYMKUIA U31oM; S—
HepasBMBLUAsCA TPeLLMHa CKona

P, kH mini Ninaxi C

Puc. 5. VI3MeHeHWe MakcumaibHOM (1) M MUHUMa/IbHOW (2) TemnepaTyp NOBEpPXHO-
CTM 06pasua, NoKa3aHHOro Ha puc. 4, Npu pacTsXkeHumn ero cunoin P (3) {N — Howmep
Kazpa, Mosy4eHHOro ¢ NOMOLLLHO Tepmorpada)

KacaTe/lbHbIX HanpshkKeHW 3apoxxgatoTcs nonocbl capura. C yBenMYeHWEM Harpysku LWMPUHa
nonoc ysenuumsanacb. llosocbl cAagura, BO3HMKaloWwue npu Ae@opmMupoBaHun, ABASIUCL WC-
TOYHMKaMK TensnoobpazoBaHUs. [JO MOMeHTa 3apOoXAeHUs TpewMHbl BO6IM3M GOKOBOro Bblipesa
Temnepatypa NoBepxXHOCTU MOJOChI MOCTENEHHO YBeNM4YmnBanacb, TemrepaTypa noBepxHOCTU 06-
pasua B KOHKPETHbIX TOYKax 3aBucena OT MnpoLecca BOSHOBOrO AeOopMUPOBaHUS maTepuana.
Ha ctagun o6pa3oBaHMs CBOOGOAHbLIX MOBEPXHOCTEN C YBENIMYEHWEM [A/INHbI TPewUHbl Temne-
paTypa noBepxXHOCTU o6pasua 3HauMTeNbHO Bo3pactana. lMpu BA3KOM paspyLueHun obpasya,
MMEIOLLIEro TaKyto e (hOpMy, HO MEHbLUYH TONLWMHY, HENoOCPeACTBEHHO Mepes paspyLueHueM
TemnepaTtypa noBepxHocTu gocturana 88 °C. Ha puc. 6 BUAHO, YTO MpU Harpy>XeHun obpasua
npoucxoamT aeopMaLMoHHOe CTPYKTYpMpoBaHMe MaTtepuana Ha 6/710ku, pasMepbl 1 opma Ko-
TOPbIX OMpPefensTCca BUAOM N pacrnofiokeHnem AedekToB. [pu yBEeNNYEHUN YCUNNUSA pa3mepbl
6/10KOB M3MEHAKTCA. BO3MOXHOCTb NOSBMEHUS BA3KOr0, KBa3UXpPymnKoro v Xpynkoro 13nomos,
no-BUAMMOMY, ONpeaenseTca HanpsKeHHO-4e(OPMUPOBAHHLIM COCTOSHMEM 6/10Ka, B KOTOPOM
3apogunacb TpewmHa. B obpasue, MoKasaHHOM Ha puc. 4, paspyLleHWe B BWAe CKOMa Havano
pasBmBaTbCsA BOM3M Hagpesa 6, a 3aTeM MPOM3OLLEST XPYNKWUIA OTPbIB B CedeHUn 3-4 ¢ o4arom
B Haya/IbHOW TpeLwjMHe B OKPeCcTHOCTU fethekTa 3. PacnpocTpaHeHWe TpewMHbl NPOM3O0LLIO Mo
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Puc. 6. [dehopmaloHHbIe Nosockl 1 pacnpeaeneHne Temnepatypbl T, °C npu pac-
TSHKEHUM 06pa3ua ¢ 6OKOBLIMM HaApe3aMu, MOKa3aHHOIo Ha puc. 4:

1-16 — Homepa Kagpos, cooTeeTcTBYHOWMe puc. 3:1 — 1= 1630c, 2—t =2351¢c, 3 —
t=256lc 4—t=278¢c5—t=3030c 6—t=3261c, 7—t=23493¢c 8—
t=4657c 9 -t =5822¢c, 10—t=8151c, 1 —t=9083¢c 12— t=9315¢, 13-
t=9548c,14—t=9781c, 15— t=100,10¢c, 16 - t =107,10¢c
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AmnaroHasm pomo6oBuaHOro 6/10Ka, OrpaHNUYEHHOr0 Mo0CaMM CKOMbXKEHNS. BbICTPOMY pasBUTUIO
HaYa/lbHOWM TpeLLnHbl B61M3n Hagpesa 3 (CMm. puc. 4) npeALwecTBOBain “nepeckok” nonoc aedop-
MUPOBaHWs OT Haape3oB 6 1 2 K Haape3y 3 1 UX HanoxeHune B6/m3mn gegekta 3 (cM. puc. 6). Ha
puc. 5 nokasaHbl Agnarpamma pacTseHus obpasua U N3MEHEHNE MUHUMaNbHOW U MaKCUMabHOM
TemnepaTtyp B pas/IMYHbIX TOUYKAX ero NMoBepxXHOCTU B npouecce AeOpMUPOBaHUSA.

TennoobpasoBaHue, pacnpegeneHne Tenna, Bolgensdtowerocs npu geopmmposa-
HUW, N 3apOX[AeHue paspylleHns B obpasyax C Hagpesamu. VismepeHns Temnepatypsbl
MOBEPXHOCTW, BbIMOJIHEHHbIE B XOfe 3KCMepuMMeHTa B OKPECTHOCTM Hadpes3a TOHKMX M TOMCTbIX
JCTOB, MOKa3a/n, YTO B 30HE 3apPOXKAEHUSA TPeLiMHbl NOBbILIEHME TeMnepaTypbl AOCTUrano
30 -r 90 °C. lMpun atom 60nee BLICOKME TemmepaTypbl (PUKCMPOBIUCL HA MOBEPXHOCTAX 006-
pasHoi 6e3 Haape3oB. B aTux obpasuax nnactuyeckune geopmaumm oxeaTbiBasvi 3HAUYUTENBHO
bonbLUyo 061acTb, YeM B Hagpe3aHHbIX 06pasuax TakoW ke TO/MLWMHbLI. B obpasuax, U3roTtos-
NEHHbIX U3 TOHKUX NINCTOB, TPELLMHA CKOJa 3apoXaanacb BOAM3N OCHOBaHWS Hajpesa u npu
Ja/bHelLeM Harpy>XeHun pasBuBasiaCb B MOMEpeYyHOM HarpasieHUM OTHOCUTE/IbHO OCU pac-
TArMBatowero ycunusa. Hambonblias Temnepatypa Metansia (MKCMpoBanacb nepes BepLUUHOWA
TpeLmHbl. HanoxeHune nonen ABYX BCTPEYHbIX TPELWUH NPUBOAUT K 3HAUYUTENIbHOMY YBennye-
HUIO TemnepaTypbl MeTasnna. B obpasyax, M3roTOBNEHHbIX M3 NUCTOB TONWMHOM 18 4 30 MM,
Jaxe npu Temnepatype oxnaxgjatrouiero sosgyxa —80 °C Temnepartypa cTasiv B OCHOBaHUU
Hagpesa 6blna Bbiwe Hyna [6]. O6 3TOM MOXHO CyAMTb MO NATHY KOHAEeHcaTa, BO3HMKAMLLEMY
B OKPECTHOCTU Hajpe3a HenocpeACTBEHHO MOC/e 3aBepLUeHUs UCMNbITaHNSA U OTKPbITUA Kamepbl
oxnaxaeHns. OcTa/ibHas 4acTb MOBEPXHOCTM OXMaXAaeMoW 30HbI 06pas3Ha Oblia paBHOMEpPHO
MOKpbITa CNoeM 6enoro MHes.

MOXHO MpPeanoioKNUTb, YTO NPUUYUHOM HarpeBa ABNAOTCA PUNKO-XMMUYECKME MPOLIECCHI,
npovicxogsume B AehopmMrpoBaHHOM MaTepuane o6pasua, M 0CO6eHHOCTM pacrnpoCTpaHeHUs Ten-
na, BblgendtoLleroca npy gedopmmposaHuy [10]. Bo3HuKarlowme npu LeopMUpoBaHnM CTanu B
nosiocax no HanpasfeHUAM HanbosbLIEro HarpeBa OKa/IMHbl Ha NOBEPXHOCTU CBUAETE/NIbCTBYHOT
0 BO3HVMKHOBEHUWN B 3TWUX MOJI0Cax MiacTUYecKoro TeyeHus matepuana. lossneHve Ha Makpo-
YpoBHe 06n1acTeit (Nosoc) HEOAHOPOAHOW MNacTUYECKON AethopMauyy 00yCoB/IeHO npoLeccamm
3apOXAEHNS W pasBMTUA OMCMOKaLWA, camoopraHm3almein n 3Bolouned AUCNOKaLMOHHOIO aH-
cambns B fedhopMUpyeMbIX CTPYKTYPHbIX 3/1eMeHTax cTanu. Juccunaums aHeprum npu Aeuxe-
HUW aMcnokauuii NPUBOAUT K HarpeBy maTepuana B 06/1acTax nokanmsaumm gedopmauun (Ha
NMHMAX N NOBEPXHOCTAX MOJOC CKOMbXeHUS). [okasaTenbCTBa HaIMYUA AUCNOKALMOHHOIO Ha-
rpeea B 06/1aCTAX NOKanu3auun gedopmauymm B Kpuctaniax npveedeHsl B pabote [11]. OgHako
N3MEPEHHble B 3KCMEPUMEHTE TeMrepaTypbl Ha NOBEPXHOCTAX MOMOC CKOMbXEHUA U B OKPECT-
HOCTN BepLUMHbI MarucTpasbHOM TPELLUHbI NPU ee 3apOXKAEeHUN 1 pa3BuUTUK (CM. puc. 1-4, 6)
CYLLECTBEHHO BblLLE COOTBETCTBYIOLNX 3HAYEHUIA, BbIYMC/IEHHBIX C YYETOM YC/IOBUS NpeBpaLLe-
HUA MexaHW4ecKoin paboTbl gepopmmpoBaHua B Tenno [12, 13]. Takoe pasnimyme MOXHO 0ObAC-
HUTbL TEM, YTO B pacyeTax He OblIM yUYTeHbl BCE UCTOYHUKM TeNN006pa3oBaHUS B MAacTUHeCKu
JeopMupyeMbIX 30HaX U peanbHbI MeXaHU3M NNacTUYecKon Aedopmaumn.

CnepyeT OTMeTUTb, YTO Ha/Myue AMCOoKaUWUiA B mMaTepuane 0ObACHSAET He TONBKO pas3Bu-
Tne fedopMaLMOHHbIX NPOLECCOB, HO M NOBbILLEHWE XMMWYECKON aKTMBHOCTW aTOMOB M MOHOB
CTPYKTYPHbIX 3/IEMEHTOB MaTtepuana, pacrnoioXeHHbIX BAOMb IMHWIA ancnokaummn. B okpecTHO-
CTV NNHUIA OUCNOKaLMIA M TOYeK KX BbIXO4a Ha NMOBEPXHOCTbL CTPYKTYPHbLIX 3/IEMEHTOB aTOMbl
mMeTasina MMEKT MOBbILLEHHbIE 3HAYEHWUA XMMUYeCKOro noTeHuunana [10]. Hannuue gucnokaumi
Ha rpaHuue pasgena a3 obyc/noBMBaeT pacnaj HeyCTOMUMBBLIX (ha3 U BblJeneHne pacTBOpPeH-
HbIX B (pase MpuUMecei, T. e. BOZHUKHOBEHME XMMUYECKUX Peakumii, CONPOBOXAAIOLLMXCA Temno-
o6paszoBaHvem [10, 14]. Takne peakuum MHULUMPYHOTCA B 06/1aCTAX, rhe 06pasyoTcsa 3apojblLum
NnpoAyKTa peakumn. 3apoblllv NOABAAOTCA BAO/b MOMAOCHI CKOMIbXXEHWS, T. €. B 30He [eNCTBUSA
MaKCMMaslbHbIX KacaTeNbHbIX HanpshXKeHWi. B npouecce pasBuTus getopmaumm 3apoabllum yBe-
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NNYMBAKOTCA U CAMBAKOTCA APYr C ApYyrom, 06pasys Cr/IOWHYH peakUMOHHYH 30HYy. Harpes
maTepuana B peakuMOHHON 30He MPUBOAUT K U3MEHEHUIO HanpsiXKeHHO-4e)OpMMPOBAHHOIO CO-
CTOSIHUA MaTepumana B ee OKPecTHOCTW. Ha rpaHuue 3TOW 30Hbl BO3HMKAeT y4acTOK CO 3Ha-
4ynTeNbHLIM NepenasoM Temnepatypbl MaTepuana. Bo3HuKarlowmiA BCNeAcTBME 3TOMO rpagueHT
TeMnepaTypHbIX HaNpPsXXeHWI BbI3bIBAeT MOSB/EHMe HOBbIX AMC/IOKaLMii. B pesynbTaTe no nu-
HUSM CKOJMIbXXEHUS peakLms MOXeT NpoaBuratbca Braybb mMatepuana Co 3Ha4YMUTESIbHOW CKOpO-
CTbl0. B npouecce gehopmmnpoBaHns NMPoUCXoaaT M3MEHEHUE NAIOTHOCTU AUCNIOKALMIA 1 camoop-
raHn3auus AuUCIoKaumnii, cnocobCTByOWME PasBUTUIO NIOKaM3aumnn geopManum 1 nosiBieHno
fehopMaLMoHHbIX CTPYKTYp [15].

W3 ckazaHHOro Bbllle CnefyeT, YTO AehopMaLMOHHbIE NPOLECChl B OCHOBaHUM Hajpesa Wc-
CNefloBaHHbIX 06pasL0B 00YCM0B/EHbI POCTOM BO3HUKLLEN TpewMHbl U 00pa3oBaHWeM Tensa,
a 3apoXfjeHve TpewmHbl B 06pa3uax, M3roToBEHHbIX U3 TONCTbIX IMCTOB cTanu [6], 1 ee no-
creflytownii pocT NPOUCXOAAT NO TePMOGIYKTYanmoHHOMY MexaHusMmy. [Mo-BuaMMoMy, (POH-
Ta/lbHOe pacnpejeneHne TeMnepaTypbl Ha rpaHULe TpeLwnHbl onpegenset u ee opmy. MNpeano-
NOXWM, 4YTO TenjooTAaya OT BHYTPEHHEro UCTOYHMKA B Ae(hOpMUPYEMbIA MeTan NPOUCXoanT
no ToNWKUHe h nncTa, MOWHOCTb W AepOpMaLMOHHO-XMMUYECKOTO HarpeBa B OKPeCTHOCTU Tpe-
WMHbI NMOCTOSIHHA; CpefHsAs TensonpoBOAHOCTbL CTalM B pacCMaTpUMBaEMOM MHTepBasie Temre-
patyp paBHa J1, Temnepartypa O60KOBbIX NMOBEPXHOCTeW 0fMHaKoBa 1 paBHa 02- Mpu Taknx orpa-
HUYEHMAX MakKCUMa/lbHYO TemnepaTypy B\ MMeeT c/ol MeTanna, NPUMbIKAKOLWNIA K CPeayHHOM
nnockoct nucta. Coctasnsasg gugpepeHunanbHoe ypaBHeHe pacnpocTpaHeHus Tenna no Ton-
LWMHEe nucTa 1 pewas ero, nonydaem Bi —02 = wh?/{8\). OTa KBagpaTM4yHasd 3aBUCUMOCTb
ANa nepenaga Temrepatypbl NOKasbiBaeT, YTO (hopMa ()pOHTa Me/IeHHO pacTyLlei TpeLiuHbI
[0/KHA 6bITb 6/1M3Ka K Mapabonmyeckon. YBenmyeHne CKOPOCTW [ABVKEHWUS TPewuMHbl MOXeT
NPUBECTU K YMEHbLUEHUIO KPVBU3HbI Mapabosibl.

Pe3y/bTaTbl KOMMbIOTEPHOW TepMorpaun nokasblBakT, YTO MPU PaCTSXKEHUU MIOCKOro
obpasua un3 ctanu Ct3cn ¢ TpemMa napamu 60KOBbIX HaZpe3oB (CM. puc. 4) U3MKO-XMMUYECKME
MPOLLeCChbl, COMPOBOXAAtoLLMecH TenioobpasoBaHeM, NMPOUCXOAAT He BO BCEM AedhopMMpyeMom
06beme, a TOMbKO B HarpaB/ieHWAX, Ha KOTOPbIX AEWCTBYHOT HaumbosbluMe KacaTeNbHble Ha-
npseHna T (HanpaeneHna AB, CD Ha puc. 7). MNMonockl AB, CD 3apoxganucb OT Hajpe3os
(MakpogzedeKTOB), pacnonoXeHHbIX B 30Hax A, B, C, D. lNpun aTom ofHa U3 OTMEYEHHbIX NOJOC
casura obblMHO BO3HWMKana paHblue Apyroi. lMonoca 3apoXkganack B6/M3M OQHOTO M3 Hajpe-
308 (30HblI A, B, C, D) 1 6bICTPO (CO CKOPOCTHLIO He MeHee 0,1 M/c) pacnpocTpaHsnack BAO/b
ocv nonockl caura. Temnepatypa Aed)OpMMPOBAHHONO MeTasna Mosockl Hblna 3Ha4YMTeNbHO
BbllLe, YemM B COCefHMX 30HaxX. bonee CyuleCcTBeHHOe MOBbILEHME TeMMepaTypbl 0TMeYanochb
B 30He MepeceveHns nosioc ckonbxeHnust AB, CD. TlMocne nosbiweHWs TemnepaTypbl B Mosoce
CABWra LWUMPWHOW [, Kak npaBuio, MPOMCXOAUIO0 paspyLleHue MOonockl No TUMy CKona, B OT-
JeNbHbIX Cnyyasx — Mo Tuny oTpbiBa. KnnHoobpasHble 06nacTu, MpUMbIKaloLne K nosocam
CLBWra, Haxo4U/UCb B YMPYroM COCTOSIHUM U CMEeLLa/IChb NOM0CaMU CKONBXEHUS K Hayany Ko-
OpAVHAT, NMpy 3TOM Mocne paspyLueHns obpasua BbIMOMHAMOCL yCioBMe > b B nposefeHHOM
3KCMEePUMEHTE MOJTyYeHbl Creaytolime pesynbTathbl: 1) B NiacTUyeckon 061acTi B OKPECTHOCTM
Hagpes3a (geekTa) obpasyeTcs 3apofblll, B KOTOPOM MPU LOCTMXKEHUMN NpefesibHON AN1F Hero
TemnepaTypbl MOBEPXHOCTM MeTasifia 3apoXK4aeTcs MarucTpasbHas TpewuHa; npu ABMKEHUN
3TON TpeLMHbI B NpefAenax nosiocbl cagura TemMneparypa noBepXHOCTM NOBbILLAETCA; 2) BO3HW-
KaeT OTMEYEHHbIV Bbllle TeMMepaTypHbIA BCMIECK, ObICTPO ABMXKYLLMIACA BAOMb NOMOCHI CABU-
ra. ro-sugumomy, 3T 0CO6eHHOCTM Tenno06pa3oBaHNA OOBACHAKTCA TeM, YTO TBepLodasHble
XUMUYECKMe peakummn BO3HWKAKOT, KakK NpaBuio, Ha y4YacTKax, rae KpUCTalIMYyecKne peLLeTKu
paspbIX/ieHbl AeeKTaMun CTPYKTYPbI, U MPOUCXOAAT B HECKO/IbKO 3TanoB. BonbLLoe KOMYECTBO
TakUX LedieKTOB YNakoBKM UMeeTCs BO (pparMeHTMPOBaHHbIX Npu AeopMaumm LeMeNTUTHBIX
COCTaBNAKOLWMNX CTann. 3apojbllin BO3HMKAKOT B NIACTUYECKOW 30He BOAM3N Ae(EKTOB MOBEPX-
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Puc. 7. Cxema nokanmsaummn gecopmaupmmn B N0OCKNX 0bpasuax:

1, 2— nonockl cagura wmpnHoii ; bo, b— HavanbHasA 1 TeKyLlas LWMpUHa Nonockl; T
HanpskeHne capura; AB, CD — nonocbl CKOMbXeHns

HOCTU 1 (hopMbl 06pasLa, a 3aTemM NPOUCXOAAT 0bpa3oBaHWe, pPasBUTUE U CIUSHUE 3apOfblLLeit
B HanpaB/IEHUW [eNCTBUA MaKCUMabHbIX KacaTe/lbHblX HanpshkeHwi. MepeHOC pearvpyrowmx
KOMIMOHEHTOB K 3apofbllly, T. €. B 06/1aCTb XMMWUYECKOr0 B3aMMOJENCTBUSA, OCYLLECTBNAETCA 3a
cueT audysun. B akcnepmmeHTe ¢ obpasuamn ¢ Hagpesammn Habnbanncb “npoctpensl’” Tenso-
BOM BO/HbI BAO/Ib MNHWIA AB, CD (cM. puc. 7). O6bACHeHMe YKa3aHHOIO SIBNIEHUS B nuTepaType
He HaingeHo. OCO6eHHOCTAMM TaKMX “TIPOCTPeNioB” ABNAKOTCA HEOLHOPOLHOe pasBUTUe MNiacTu-
Yeckon fedopmaumn B 06beme AehopMmpyeMoro obpasua M BbICOKas CKOPOCTb pacrnpocTpaHe-
HWA TEMNJIOBOM BOJIHbI B HanpaB/ieHWSAX AEWCTBMS MaKCMMasIbHbIX KacaTefibHbIX HamnpsXeHui
B CTa/lbHOM 06pasiie. pn aTom matepuan obpasua, pacrnofoXeHHbI BHe MOOC CKOSIbXEHUS,
OCTaeTCs He BOB/IeYEHHbIM B NpoLecc AeopmmpoBaHus. o-BUANMOMY, B YKa3aHHbIX Hanpas/e-
HWSAX BO3HUKAET NOKanmsaums geopmaummn, 4To 06YC/IOBNEHO HaMYmMeM (U3NKO-XUMUYECKNX
MpoLeccoB B MNOJIOCE cABura. ATO ABMIEHME 3a()MKCUMPOBAHO Ha puUC. 6 M HabMOAaeTCs Kak Ha
YNpyrom y4yacTke Auarpammbl, TaK W Ha yvacTkax Ynpyronnactmyeckoro aeopmupoBaHus u
ponoma. OCobeHHOCTb 3TOro MpoLecca COCTOUT B TOM, YTO Ha CTafuu NacTMYecKoro gegopmu-
poBaHMs 00pa3yeTca KaHal, B KOTOPOM 3apOXKAaeTcsi MaructpanbHas TpewmHa U npoucxoanT
ee [IB/XKEHMe Ha Haya/lbHOM 3Tare.

Mpn yKazaHHOM Bbllle HEOAHOPOAHOM pacnpefenieHnn no o6beMy obpasLa nosioc CKoMbXKe-
HMA (TEenMIoBbIX UCTOYHMKOB), KOrfa OCHOBHOM 06beM MaTepuasna obpasua Haxo4UTCs B YNpyrom
COCTOSIHUW, CpPeAHWe TeMMepaTypbl B 06pasLie 1 Ha ero NOBEPXHOCTM ONPEeAeNATCA MOLLHOCTHIO
N KO/IMYECTBOM TEM/OBbIX UCTOYHMKOB (MONOC CKOJbXEHWUS), TenIopMuU3NYecKUMn XapakTepu-
CTMKaMK MaTtepuana v ycroBusaMu TenjoobMeHa ¢ OKpyXXatowlen cpefor. Ha cpefHioo Temne-
patypy ob6pasua CyLleCTBEHHOe B/MAHME OKa3blBaeT YMNpyroe COCTOSiHWE MeTanna B 061acTaXx,
NMPUMbIKaKOLWMX K NON0CaM CKOJIbXeHUA. Tlpu ynpyroMm pacTsXeHUn ctanb oxnaxgaetca [8],
a Mpu MNnacTMYyecKoM [ehOpMUPOBAHMN HArpeBaeTcs, Mo3ToOMy TemmnepaTtypy marepuana, co-
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CTOAILLEro M3 YNpyrux u naacTuyeckn [edopMMpoBaHHbLIX 061acTei, MOXHO OnpefennTb W3
ypaBHeHUSA TenI0BOro 6anaHca.

BobiBoabl. [NpoBefeHHOe McCneoBaHve NoO3BONSET CAenaTb Cneaytolime BbiBoAbl. CTOYHN-
KOM Tennoobpa3oBaHMs B MeTa/IMyeCKOM 0bpasLie ABMSeTCA He BCA 30Ha MaacTuyecKnx gedgop-
Mauunii B6/M3n BepLyMHbl gedekTa (TpewmHbl), a AnLWb NOMoCbl CKOMbXeHUA (nonocbl YepHo-
Ba — Jliofepca), 3aHMMaloLLe OTHOCUTENIbHO HeBOMbLUYHO O/ 3TOM 30Hbl.. OTMEYeHO 3Hauu-
Te/lbHOE MOBbILLEHME TeMMepPaTypbl B MOI0CAX CKOMbXEHWUSA, 06YC/OBEHHOE MPOUCXOAALLMMMN B
HUX (PU3NKO-XUMNYECKMMM MPOLECcamu.

[JedopmrpoBaHme HagpesaHHbIX CTa/lbHbIX 06pasLoB XapaKTepu3yeTcs Heo4HOPOAHbIM MO
06beMy pas3BUTMEM MNIacTMYeCKOW AethopMauuy 1 BbICOKOW CKOPOCTbIO pacrnpocTpaHeHus Ten-
NOBOV BOJIHbI B HanpaB/eHUsAX AeACTBUA MaKCUMa/lbHbIX KacaTe/lbHbIX HanpshkeHui. Mpn atom
maTtepuan obpasua, pacrnoNOXeHHbI BHE NOIOC CKObXEHWUS, OCTaeTCA He BOB/EYEHHbIM B Npo-
uecc gethopMupoBaHus. o-BMAMMOMY, pacnpocTpaHeHue Terns0BOM BOJHbI B YKa3aHHbIX Ha-
npasfeHnsX BbI3BaHO NoKanmM3aunein geopmanmm.
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