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SHEPFETMHEQKMVI KPUTEPUN PASPYLUEHUS AN1S1 OLLEHKU
YCTAJIOCTHOU NMPOYHOCTU KOHCTPYKUUU C SJIACTOMEPAMU

E.E. Puxtep, N.5. bepe3uH

ENERGY FRACTURE CRITERION TO ESTIMATE THE FATIGUE
RESISTANCE OF CONSTRUCTIONS WITH ELASTOPLASTIC

E.E. Richter, I.d. Berezin

[lpuBeneHsl pe3yAbTaThl 3KCMEPUMEHTAJbHBIX WCCIEJOBAHUN 3aBUCUMOCTH
MOJIHOW SHEPTUU AUCCUTIALIMU U DHEPTUU TETJIO3APOXAEHUS OT YCIOBUN HATrpyXeHUs
pe3mHoMeTalandYeckux oopasmoB. O6G0CHOBaHAa BO3MOXHOCTb UCTIOJIB30BAHUS dHEpPTE-
TUYECKOTO KPUTEPUS A OLUEHKHU YyCTAJIOCTHON MOJTOBEYHOCTU BJIACTOMEPHBIX KOHCT-
PYKLMIA.

Karouesvle cHosa: ycmanocmuas npPOYHOCMb, dHepeemuuecKuil Kpumepuil paspyulenus,
KOHCMpYKUuUsl, obpasey, pe3uHa, 3>1ACMOMEPHblIl Mamepuan, >SHepeus OUCCUNAUUU, MeNna08as
SHepeusi, IHepeusl paspyuleHusi, dKCHepUMeHmMAlbHble UCCAe008aHUS.

The results of experimental researches of dependence of total dissipation energy
and energy of heat formation upon conditions of loading of rubber-metal samples. The
possibility to apply the energy criterion to estimation of the fatigue endurance of
elastomeric designs.

Keywords: fatigue resistance, energy fracture criterion, construction, sample, rubber,
elastoplastic material, dissipation energy, heat energy, fracture energy.

CoszgaHue HaleXXHbIX, BBICOKOIIPOU3BOAUTEIbHBIX MAIIIMH CBSI3aHO C MCIIOJb30BAHMEM B UX KOHCT-
PYKLMSIX HOBBIX IEPCHEKTUBHBIX MaTePUAJIOB C 3aJaHHBIM Ha0OpOM (bU3UMKO-MEeXaHNYeCKUX CBOMCTB. K
MarepuajiaM, CBOMCTBA KOTOPBIX MOXHO MHOIOMpaTh C YYETOM YCJIOBUIl SKCIUTyaTalluM IPOEKTUPYEMO
KOHCTPYKIIMM, OTHOCSITCSI Pa3JIMYHOIO poja 3jacToMephbl. Pe3arHa Kak 371acTOMEPHBIA MaTepuai obJana-
eT HabOpOM YHMKAaJIbHBIM CBOMCTB, TaKMX KaK CIIOCOOHOCTb K paboTe B YCIOBUSIX OOJIBIIMX BSI3KO-
yopyrux aedopmauuii (cBbite 50%), HeCXKMMAaeMOCThb, BBICOKME AeMIIpUpYyIoliie cBoicTBa (K03hdu-
LIMEHT ITOIJIOIIEHMST SHepruu cBhiie 0,5). DTH XapaKTepUCTUKU OOYCIOBUJIM IIMPOKOE MCIOJIb30BaHUE
IeTajeii U3 pe3Hbl B KOHCTPYKIIMSIX, MCIBITHIBAIOIIMX 3HAYMTEIbHbIC TMHAMUYECKUE HArpy3KW U BhI-
COKOYaCTOTHbIC BUOPALIMOHHBIC BO3/ICIICTBUS.

Ilon meiicTBMEM IMKIMYECKMX HArpy30K B PE3UMHE IIPOMCXOASAT CJOXHBIC (DU3UKO-XUMUYECKHE
MPOLECChl, KOTOPbIE MPUBOASAT K IMOBBILICHUIO TeMIIEpaTypbl Ppe3MHOBOIO MacCHBa U IOTEpe Hecyllei
CHOCOOHOCTH KOHCTPYKLMHU. Ha MOJIeKy/IsIpHOM YpOBHE 3TH IIPOLIECCHl pPacCMOTpPEHHI B paborax bapre-
HeBa .M., I'via B.E., Jlykomckoii A.U., PeaHukoBckoro M.M. u apyrux aBTopoB [1-5].

C TOYKM 3peHMSI MEXaHUKU pPa3pyLICHUS 3JaCTOMEPHBIX KOHCTPYKLMIA, MCIBITHIBAIOIINX MHTCH-
CUBHOE LIMKJIMYECKOE HarpyxkeHue, OTMEUarTCsl TP OCHOBHBIX MEXaHKW3Ma MOBPEeXIeHUs [5].

1. TepmomMexanuyeckoe paspylieHHe HaOII0daeTCs P MHTEHCUBHOM IMCCUIIATUBHOM pa3orpe-
BE 2JIACTOMEPHBIX KOHCTpYKLMiA. [Ipy1 HemoCTaTOYHOM TEIIOOTBOAE TeMIIepaTypHOe I10Jie BHYTPpU KOH-
CTPYKLIMM HE CTaOWIM3UPYETCS U YPOBEHb pa3orpeBa HEKOHTPOJIMPYEMO pacTeT BIUIOTh 10 pa3pylIeHMUS
obpazua (puc. 1, kpuBas 1). B pe3ynbTaTe TEpMUUECKOIO Pa3IOXEHUST PE3UHBI XKECTKOCTh KOHCTPYKIINHU
MajgaeT, MOSIBIISIIOTCS OOJIbIIME OCTaTOYHbIe AedopMaly, Hecyllasi CIIOCOOHOCTh PEe3KO YMEHbIIAETCS.
Ilon meiicTBMEM JIOKAJIBbHBIX HANPSDKEHWI BHYTPM PE3MHOBOIO MAacCHBAa 3apOXIAlOTCS TPEIUWHBI, KOTO-
phIe JJABUHOOOPa3HO PacIpOCTPAHSIOTCS, YTO MPUBOAUT K pa3aelieHHIo obpasla Ha yactu. PabGorocmo-
COOHOCTh MCCJIEIyeMbIX 00pa3LoB MPU TEPMOMEXaHUYECKOM pPa3pylLIeHUM OIIPEAC/ISIETCS PeKMMOM Ha-
IPYXEHUSI, YCIOBUSMU TEILIOOTBOAA, MEXaHWYSCKMMHU CBOICTBAMU MaTepualla U aKTUBHOCTBIO BHEIII-
Hell cpenbl. B HacTosiee BpeMsl MPEIIOXEHBI pacyeTHO-3KCIEPUMEHTaIbHbIE METOAbI IIPOrHO3MPOBA-
HMSI YCJIOBUII HACTYIUICHUSI TEPMOMEXaHMYECKOTO pa3pyllIeHUs] 3JIaCTOMEPHBIX KOHCTpyKLMii. B yact-
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HocTH, B pabdote [10] mpensoxeH Moaxond, B KOTOPOM Ha IepBOM 3Tarle IMPOBOAUTCS LMK JabopaTop-
HBIX UCIBITAHUI KOHCTPYKTHMBHO-TEXHOJOIMYECKM ITOAOOHBIX 3JaCTOMEPHBIX 3JIEMEHTOB C LICJIBIO OIl-
penesieHnsT MX 0a30BBIX YIPYTO-BSI3KMX XapaKTepUCTUK. Ha BTOpoM 3Tarie BBINOJIHSIETCSI MOICIMPOBA-
HHME CBSI3aHHBIX IIPOLIECCOB TEIUIO3aPOXICHUS U (OPMUPOBAHUSI TEMIIEPATYPHOTO II0JISI, C MOCJEAYIO-
el olleHKOM KoadhdUIMeHTa 3amnaca 1o TepMOMEXaHMYEeCKOMY pa3pylleHuio. B kadyecTBe miutocTpa-
uuu B [10] npuBeaeH mpuMep MCIIOJIb30BaHMSI IOIXOAa K YCTAHOBIICHUIO IIPEASIbHOM TpaHUIIBI TEPMO-
MEXaHMYEeCKOro pa3pyLICHUS Pe3MHOMETA/UIMYECKUX IIAPHUPOB TYCEHUII OBICTPOXOMHBIX TPAHCIIOPT-
HBIX MAIllMH, B 3aBUCUMOCTHU OT YCJIOBMI1 3KCIUTyaTauuu (puc. 2).
2. YCTaIOCTHOE pa3pyllieHHe XapaKTepU3yeTCsl CTa-

OwIM3aLKeil TeMIepaTypbl B o0beMe oOpaslia Ha YpOBHE T.°C i /
CYILIECTBEHHO HUXE YPOBHS KPUTUYECKOW MJisI JAHHOTO It P
COpTa pe3uHBI, YTO O0ECIEUYMBAETCS COOTBETCTBYIOIIMMMU 140 g 3
YCIIOBUSIMU HArpyXeHUs U TeIIooTmadu (cM. puc.l, Kpu- Tk // <
Bas 2). JJIuTeNbHBIN IPOLECC YCTAJIOCTHOIO pa3pyllIeHUs 100 A :
COITPOBOXKIAETCS 3apOXICHUEM YCTAJOCTHBIX MUKPOTpE- _— AN ]
IIMH, UX Pa3BUTHEM, CIMSIHMEM U OOpa30BaHUEM MAarucT- 60 /] 2 !
PaIbHBIX TPEILIUH.

3. CmemanHoe pa3pylieHHE 3JIaCTOMEPOB MOXKHO 20 . !
paccMaTpuBaTh KakK IIEPEXOMHYI0 CTaJAUI0 MEXIY YCTalo- 0 2 4 6 8 10 tuac

CTHBIM U TCPMOMEXaHNMUYECKMUM MCXaHU3MaMM pa3pylICHUA Puc. 1. UameHeHne TemnepaTypbl B o6beme

(cMm. puc. 1, xkpusas 3). I'paduk n3MeHeHUsT TeMIlepaTyphbl,
B BTOM CjIy4yae, MMeeT BBbIPaXXCHHBI Y4aCTOK YCTAaHOBUB-
ILLIEICST CKOPOCTU €€ M3MEHEHMSI; TOUKA IIepeCceYeHMST COOT-
BETCTBYET HOCTVIKCHUIO KPUTUYECKOIO 3HAYCHMSI TeMIIe-

06pa3yoB U3 pe3uHbLI NMPU PasfMUHBLIX Mexa-
HU3Max paspylweHua: 1 — TepMoMexaHuyecKoe
paspywieHue; 2 — yCTanoCTHOE paspylueHue;
3 - cmewaHHoe pa3pylueHne; TK — KpUTu4eckasn
ANA AaHHOrO COPTAa Pe3uHbl TeMnepaTtypa

parypsbl 1t gaHHoro copra pe3uHsl (T,). IIpu paccmorpe-

HUU IIOBEPXHOCTEI pa3pylleHHs BO MHOTMX CIydasix OOHapyXHBAalOTCSl 00JIacTH, KOTOpHIE ComepxKaT
PacCIIONIOXKEHHbBIC PSIIOM YYacTKM, pa3pylleHHbIC O pa3HBIM MEXaHM3MaM: TePMOMEXaHUYEeCKOMY U yC-
tajocTHOoMy. C TOUKM 3peHUSI TEMIIEpAaTypPHOIo peXkruMa padOThl pa3pylleHrue CMEIIaHHOIO TUIIAa MOXHO
XapaKTepH30BaTh KakK IIPOIECC, IIpU KOTOPOM YCTAHOBMBIIASICS TeMIIepaTypa HpUOIMKaeTCs K KPUTH-
YeCKO! 111 JaHHOI MapKu pe3uHbI (CM. puc. 1, KpuBas 2).

B Hacrosiiiee Bpemsl HpemioXeH psii KPUTEPHUEB YCTAJIOCTHOTO pa3pylleHUs; UL 3JIaCTOMEPHBIX
MaTepuajIoB IEePCHEKTUBHBLIM SIBJISIETCS IIOAXOM, OCHOBAaHHBIM Ha CHUHTE3¢ TEPMOAMHAMMKU HEOOpaTu-
MBIX IPOLIECCOB U MEXaHUKM CIUIOLIHBIX cpend [1-3, 5, 6]. B paMmkax sroro moaxoaa aeopMUpyeMbLil
o0pasell CYMTaeTCsl TePMOAMHAMMUYECKOM CUCTEeMOI, B KOTOPOil M3MEHEHME TOJHOM TUCCUIIAllUM SHEp-
MUY TIpY LTUKIAYECKOM HATpyKE€HMH MOXET OBITh IIPEIACTaBICHO B BHUAE ABYX COCTABJISIOLIMX: IOJK
SHEPIruy, BBIOCISIEMOI B BHUAE TeIUIa, M YAaCTH DHEPIMHU, PacXOdyeMOil Ha MEPeCcTPOilKy BHYTpEHHEi

CTPYKTYphl MaTepuaja M IIOCIECOYIOIIEro YCTaJIOCTHOIO
paspyiieHusl. B COOTBETCTBUM C IEPBBIM 3aKOHOM TEPMO- g, C
IMHAMMWKY, U3MEHEHME BO BPEMEHM IIOJIHOI SHEPTUM IHC-
cunauyy cuctemMbl W(t) mon AeiiCTBMEM BHEIIHEro Mexa- s0
HUYECKOTro BO3JEICTBUS paBHO [5]:

t 3ona

TEPMOMEXAHHYILCKOTO
W(t)= jdv J' o, (&, () = Wy () + W, (1) , e e
v o0

rae oij(t), £,5(t) - GyHKUMM MU3MEHEHMS BO BPEMEHU TEH30- "
POB HaIpsDKeHW U ckopocTeil nedopmanmii; Wi(t) u W (t) BoHbE CHEAHHOre
- (YHKIIMM M3MEHEHMSI BO BPEMEHM COCTABJISIOLIMX IIOJI- H YCTASOCTHOTO T~
HOW SHEPIUU OUCCHUIIALINM, BBLIOEISAEMOI B BUIE TEIUIA, U 2 | MEXAHHIMOB pA3pyIeHuT
pacxooyemMoii Ha HaKOIUIEeHHEe IIOBpexaeHHoe™ B o0beMe 10 30 50 V, km/uac

V obpasua.

TakuM 0Opa3oM, Ha OCHOBE MPUHATOrO AOITYIIEHUS O
pasie’aeHUM IOJHOM 3HEPIUY AUCCUMNALIMKA Ha TEIUIOBYIO U
SHEPIUI0 pa3pylIeHUs] BO3HHUKAET BO3MOXKHOCTH 3KCIIEPH-
MEHTAJIBHOTO OIpeleeHUs] KPUTEPUS YCTAJIOCTHOTO pas-
PYLIEHUST UCCIIEAYEMOI 3IaCTOMEPHOI KOHCTPYKLIMU. Ecim

Puc. 2. MpeaenwHaa rpanuua, pasaensiowas
30Hbl TePMOMEXaHUYECKOTo, YCTanoCTHOro M
CMEeWwaHHOro MexXaHM3MOB Pa3pyweHua pesn-
HOMETaNNUYECKUX LWAPHUPOB ryceHuly ObicT-
POXOAHLIX TPAHCNOPTHLIX MaWwH; V — CcKo-
pocTb ABwxenua; TB — Temnepatypa OkKpy-
Kawuwen cpeabl
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Puxmep E.E., Gepe3sun U.51. SHepzemuueckull kpumepull pa3pyweHus
0ns oueHKu ycmanocmHoil IPoOYHOCMU KOHCMPYKYUli ¢ anacmomepamu

TIpH TIPOBEEHHH KCIIEPUMEHTOB (PUKCHPOBATE BpeMs 0 Pa3pyIlIeHHs t , TO TOTAa A0S SHEPryH, pac-
XO/lyeMOH Ha HAKOIUIEHHE MOBPEK/EHHOCTH B ofpasiie, GyIeT paBHA BIIOJHE ONPEE/NCHHOMY 3Have-
Huo: Wy(ty= Wp , Tae W — BEJIMYMHA, 3aBUCALIAs TONBKO OT YCTAIOCTHBIX XapaKTEPUCTHK HCCIenye-
MOT'0 COpTa PE3UHBI i KOHCTPYKTHBHO-TEXHOJIOrHUECKHX 0cobeHHOCTeH obpa3ua. Benmnunny W, B nu-
Tepatype [1-3, 5] NpHHATO Ha3BIBATE «IHEPTHEN paspyLICHH.

CnenoBaTenpHO, €CIM 3a1aHbI YCIIOBHS HArpyKeHHS KOHCTPYKUMH (BHELIHHME HArpy3Ky U TeMIe-
PaTypHBIi pexHM paboThI) ¥ H3BECTEH PECYPC TIPU STHX YCIIOBHSAX t, TO MOXKHO OTPENETHTh JHEPIHIO
paspymenus W, H naobopor, 3Has JHEPTHIO paspyIUCHHs H YCIOBHs SKCIUIYaTALHK HCCIEAYEMBIX
KOHCTDYKIIMH, MOXHO OMpENENATh BPeMs t 10 HACTYILIEHHS pazpyuieHns. JIOCKO/NIBKY YCTalOCTHBIE
HCOBITaHUA B OONBIIMHCTBE Cy4aeB NMPOBOAATCS MpU (PUKCHPOBAHHBIX 3HAYEHHMSX 4ACTOT, TO B Jajb-
Hejliliem pecypc 06pa3LoB GyeM BbIpaxaTh B YHCiIe LMKIOB HArpYXKeHHs 10 paspymenus N'. B cssu
C 9THM DHEPIHIO JTHUCCHIALIMH U TEIUIOBYIO 3HEPTHIO LieJecoo0pa3Ho MPEACTABNIATh B BUAE YAENBHBIX
3Ha4YeHMH 3a UK Harpyxenus: AW 1 AWr coorBerctBeHHO. OueBHIHO, SHEPTHs Pa3PyLICHHUS MOXKET
OBITH OnpezesieHa ceayIOImUM 00pa3oM:

W, =(AW-AW)N". (M

MeTtonvka onpeneneHus BEIUIHHE Wp‘ NPU CTEHOOBBIX HCNBITAHUAX MIPEAIIoNaraeT OJHOBPEMEH-
HYIO PETHCTPALIMIO SHEPTUH JUCCHIIALMHY ¥ TETIOBOM SHEPrHH 32 OOUH LMKJI HArPY KEeHHS.

OKCIiepHMEHTAJIBHBIE UCCIIENI0BAaHMS MPOBOJUINCE HA CHEUMANIbHOM yCTaHOBKE, NOAPOOHOE OIH-
caHue KoTopoi npuseneHo B pabote [10]. Pesunomerannnueckue o6pasiis! MOABEPrakch COBMECTHOMY
JEHCTBUIO U3MEHSIOLIETOCsA M0 TapMOHHUYECKOMY 3aKOHY CKPYYHBAIOLIEr0 MOMEHTA M MOCTOSHHOW B
KQKIOM OMBITE paJHabHOM Harpy3kd. C LIENb0 pericTpaliy SHEPriuy AUCCUNIALIH H TEIUTOBOM 3Hep-
TUM 32 OJVMH LMKJI Harpy>k€Hus CT€HA 0DOpYHNOBaH CHCTEMOM H3MEpPHTENbHBIX Ipeo0pazoBareeil
KOMIUIEKTOM PErMCTPHPYIOLIEH anmaparypel. ¥ neipHas SHeprus auccunauny AW B o6beme pe3suHOBO-
ro MaccHBa ONpeNesIAIach ¢ HCIOIb30BAHHEM METO/Ia PETHCTPALIMH AMHAMHYECKOH MET/IN THCTepesHca.

Jns onpenenenHs yAENBLHOM TEMIOBOH SHEPrHUH KCIONB30BAJICS KAJIOPUMETPHUESCKHI MeTol. Me-
TOIYKA 3KCIIEPHMEHTA IIPEyCMaTPHBAIa HCIBITAHUS PE3HHOMETAIMIECKHX 06pasLioB 10 pa3pyLieHHs
Ha Pa3s/IMYHBIX PEXKMMAX HATPYKEHHA: BAPLUPOBANIHCH YroJl 3aKPYTKH, pafHaibHas CHla H 4YacToTa Ha-
rpyxenus. IIpy 5TOM perucTpUpOBAIUCh U3MEHEHHs CIEIYIOWMX MapaMeTpoB: TEMIEPATYPhl HAPYK-
HOH ¥ BHYTpeHHeH NOBEPXHOCTH 00pa3La B 30He PE3HHOBOIO MAacCHBA; YACIBHON SHEPrHU JUCCUTIALIMM
AW, ynensHOM TemnoBoi 3Heprud AWr, xo3dHLHEeHTa MOMIOIEHHA YHEPTHH, THHAMUYECKOH KPY-
THIbHOH JKECTKOCTH.

Ha nepBoM 3Tamne NpoOBEAEHHA SKCIEPHMEHTANBHBIX HCCIIENOBAHMN OBUTH BBINMOJIHEHBI CPaBHH-
TeIIbHbIE MCIBITAHHUS PE3HHOMETAIIMYECKHX 00pasiioB pasHOOOPa3HBIX KOHCTPYKLIMMA, H3rOTOBIEHHBIX
U3 Pa3lHYHBIX COPTOB PE3MHBI C HUCIIOJIB30BAHMEM METO/a KUTOPUMETPHH U1 ONpeeNIeHNs yaeTbHOM
Ter1oBo# sHeprud AWy (puc. 3) ¥ MeToJa perucTpalMi AMHaAMUYECKOH NET/IH HcTepes3nca Ui onpe-
JeneHus yaeapHol sHepruM auccunauvd AW (puc. 4). CpaBHeHHe pe3yJIbTaTOB, TONYYEHHBIX C HC-
HONb30BaHUEM PA3/IMYHBIX SKCIEPHMEHTATLHEIX METOOB, NMOKA3bIBAET MX YAOBACTBOPUTENLHOE Kaue-
CTBEHHOE COBIT3JICHHE KaK I10 COPTaM PE3UHBI, TaK M 110 KOHCTPYKLMAM 00pa3LoB.

AW, ke MW, Aac/uura

a) 6)
Puc. 3. YaenuHas Tennosas 3Heprus, BolaernsemMas B Pe3MHOBOM Maccuee o6pa3LioB PaznuyHLIX KOHCTPYKuMii (a) u pas-

HbIX COPTOB pe3uHbl (6). PeXXUMbI HarpyXeHus: C- ¢=15°, £=56,1 My, P=6,62 kH; - 9=8°, f=56,1 'y, P=6,62 kH

Takum 06pa3zom, NepBbIi 3Tan OTPabOTKH METOAMKH MOKa3aj, 4TO pa3paboTaHHBIE H3MEPHTENb-
HBIe YCTpo¥cTBa W NMPUOOPH! NO3BOJIAIOT C AOCTATOYHOM CTENEHHK) TOYHOCTH PErMCTPUPOBATh MCCIIe-
IyeMble mapaMeTpsl: YAEJIbHYIO S3HEPTHIO JUcCHnaunu AW # y[ebHyIo TeroBylo sHepruio AWr. Crie-
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AYET OTMETUTD, YTO HOIIO6HI>IC HUCCIICAOBAHHUA

o, /- ; k1! TIPOBOJMJIMCE MHOTHUMH aBTOpaMu
ilm/x:xnxc(;n_7npn" L Xz /‘/j TENABHO K METajllaM M criasaM [7-9]. Oaxako
20/-'O1E-6- ,\‘y il s ':’—'ig_s; B CBf3M C TEM, 4TO BEJH4YHHA K03 dHuMeHTa
!’\'_:—,‘.',ﬁ T || TG ! TIOIJTOIIEHHS. SHEPIUHM IJIs 3TOr0 BHIA Mate-
:?"---------5 Tz O3 :::jﬂm_nh pHaNoB Ha MOPAJOK HIDKE, YEM Y 3J1acToMe-
0 POB, TO PETUCTPAlWA BEJIWYMHBEI SHEPTHH pas3-
Yo T [
! OH_‘.,uPn-lsls/; o K3 pPYLUIEHHS B 3KCIIEPHMEHTaX CONpPOBOXKAACTCS
0.2 Piic=dar — 3HAYHUTEJILHBIMH MOTPETHOCTAMH.
OIF6_, | o o C ) ——
P il el gy Ha BTopoM 3Tane oTrpaOOTKH METONMKH
o "t S SN
ol T Oz | O1F31 | [MPII-1319 : OBUIO BBIMOJHEHO HCCIIEOBAaHUE BIHAHHS
i 3 L 1L
0 1 2 P104HO 1 2 pl04n  YHCJIa LIMKJIOB HArpy>XCHHs Ha MU3MEHEHHE OcC-

Puc. 4. BrinaHve paananiHON CUNbi Ha BA3KO-yNpyrue xa- HOBHBIX XapaKTCpuCTHi 06pa3u013.
paxrepucTukn PMLL pasnuyHLIX KOHCTPYKLUUIA U COPTOB Ha puc. 5. npusenens dororpapuu, mo-

PesuHbi C/IEOBATENbHO OoTOOpaXKalollue pas3InuHbIe
CTaJMH PA3BHUTHUS YCTAIOCTHOIO MOBPEXICHUSL
o6pasnos. Ha puc. 6 npenctaBiieHbl 3aBUCHMOCTH (OPMBI U pa3MepoB NETIIH AMHAMHYECKOTO THCTEpe-
3MCa B 3aBUCHMOCTH OT IIapaMeTPOB HArpPy)KE€HHA: YIVIa 3aKpYTKM M paauainsHoro ycunus. Ilpu ysenu-
YEHHUHW aMILIUTY[BI YT 3aKPYTKH IUIOIAAh METIH IMCTEpe3rca 3HaUUTENBHO BO3PAcTaeT, B TO BpeMs
KakK TpH yBEJIMYEHHH PaJiMabHOrO yCHITHS HAOMII0aeTCs TOJBKO H3MEHEHHE yrila HaKIOHA NETIH THc-
Tepe3rca, Yro CBA3aHO ¢ POCTOM AUHAMUYECKOH KpYTHIBHOH JKecTKOCTH 00pazia. ITH JaHHbBIe XOPOIIO
COTJIACYIOTCA € Pe3yNbTaTaMH, MOJYYaEMbIMH H ¢ MOMOIIBIO MeToa KanopumeTpud. M B Tom, U B Apy-
TOM CITy4asix YEeTKO NPOsABIIAETCH TOT (aKT, YTO yroia 3akpyTkH obpasua B 60/blIei CTerneHn BIUseT Ha
W3MEHECHHUE YACIBHONW 3HEPIuy JUCCHITALIMH 1 YASIBHOM TeTUTOBOH JHEPrHH.

Kax nokazan aHanu3 pe3ynbTaToB (pHC. 7), NMOJYYEHHBIX METONOM PErHCTPAlHH AMHAMUYECKOH
[ETIM THCTEPE3NCa, YACIBHASA IHEPIUs AuccHnamu AW gBisiercs JOCTaTOYHO HH(OPMATHBHBIM Mapa-
METpOM, KOTOpPbI MOXeT ObITh MCNOJIB30BaH B Ka-
YecTBE KPHUTEPHS YCKOPEHHOTO BpIOOpa mepcrek-
THBHBIX Mapok pe3uHbl. JlaHHbIC, NpUBEeACHHbIE Ha
pHC. 7, TOKa3bIBAIOT, YTO OOPATHO NPOMOPLIHOHASb-
Hast 3aBHCUMOCTB MEXJIy pecypcoM oOpaslos u Be-
JIMYHMHOH yIeNbHON sHeprun auccunauvu AW npo- .
CIIEXKUBACTCI KaK Ha pexUME cra6nnn3aunu, TaKk " Hexoaumit N=1...1,5 mom. N=1,5...2 o, ! 3 Man,
Ha HAYaIbHOM CTajMH NPOBEJICHHS WCTILITAHHH 00-  pyc, 5. BHewnwit Bun pesuHoMeTannuyeckux o6-
pasuoB, 4YTO ITO3BOJIACT 3HAYHMTCIBHO CHH3WTHL TPYy- Pa3uoB NPV pasnUYHOM YUCNe LUKNOB HarpyXeHus
JOEMKOCTD BBITOJTHACMBIX 3KCIIEPHMEHTOB.

Ananuz mHGOpPMALMH, TIPHBEAECHHOH Ha puc. 8, JaeT BO3MOXHOCTb BBISIBHTH Psii OCOOSHHOCTEH
H3MEHEHHS PErHCTPUPYEMBIX XapaKTepHCTHK oOpasnoB. Ha Bcex 3aBucHMocTsx: Temmeparypbl T,
ynenbHOH sHeprun Aedopmuposanus AW, koadduunenta nornomenus sHeprud ¥, yrioBoii xectko-
ctu C, HabmoparoTesa TpK XapakTepHsle cTafud. [lepBas — cooTBeTCTBYET 3Tamy NpHpabOTKH; BTOpas —
OCHOBHasl, COOTBETCTBYET NPOLECCY YCTOHYHMBOrO Pa3BUTHS YCTAIOCTHBIX MTOBPEXKIACHHUH, MPU 3TOM BCe
Ha3BaHHbBIE MapaMeTphl cTabunusupyrotcs. TpeThs craaus XapakTepH3yeTCs Pe3KUM H3MEHEHHEeM Xa-

PAKTEPHCTHK: JIABUHOOOpa3HO pacTeT Temile-
Yroa sakpyriu Paauannuoe yeuaue parypa, yBEIMUMBAIOTCS YAebHAs SHEprus
o =15rpan® ™ M, Hwy - P=21 &H auccunauMd M KodGOHUIMEHT TOrTIOWEHHUs
SHEPTHH, CHIDKAeTCs [UHAMHYECKas Kpy-
THJIbHAS )KECTKOCTh 00Pa3IOB.

IIpuBeneHHbIE B KAYECTBE WLTIOCTPALUM
Ha pHC. 9 3aBUCUMOCTH YJIEJIBHOH 3HEPruu
JUCCUNALMKM U YAEJBHOH TETUTOBOM 3HEpPrHH
OT TEKYWIEro 4YHucia UHMKIOB Harpy:KeHUs
MPaKTHYECKY 3KBUAMCTAHTHbI W BEJIWYHHA
AWz ans pesunsl mapku UPII-1315 cocras-

$=8 rpax

P=10 kH

Puc. 6. BRUsiHWe NapaMeTPOR HarpyXkeHNs Ha pasmephb! )
n hOPMY NETRN rMcTepesnca npu UNKITMYECKOM Harpyxe- nster 80...85% ot Benmnunnbl AW.
HAN
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Puxmep E.E., Gepe3uH U.51. OHepeemuyeckull Kpumepuil pa3pyuweHust
Ons ouyenku ycmanocmHoli APOYHOCMU KOHCMPYKYUl ¢ anacmomepamu

Taxkum 06pa3oM, NOTyHeHHbIE PE3YbTaThl yKa3bl-

aw “Iycnpecc” HCALITARNA BAIOT Ha TO, YTO MPHUMEHHUTELHO K 31aCTOMEPHBIM Ma-
UPM- N=500 uuxnoB TépHajJjaM BEJIHWYHHA yﬂeﬂbHOﬁ JOHEPIruHu paspyulcHusd,
1315 pacxonyeMasa Ha YCTaJJOCTHOC MNOBPCKACHHUE, MOXKET
On-7 | On-4 | On-1 =537 OBITH C IOCTATOYHON CTETNICHBIO TOYHOCTH OIpeAeIieHa
" B YCJIOBHAX J1aDOpaTOPHOro 3KCIeprMeHTa/
A 7
(‘Taﬁlmuauposannbm pexum
WPMN- N=510° nuxsron T, C Co,Hm/rpan
1 fy A/
1315 On-3 AW, Hrlunkd 4
On-7 | On-4 | Onl -y 50| 100 g 150
T AW
Pecypce BTyaoR ;
40] L
90 : = o
N*  WUPM- o \‘I‘ 4
1315 | On-7 | On-4 | On-1 | On3 30) g0\ , 4 |90
' L G
200 7 [ 2 60

Puc. 7. Cesasb Mexay yOenbHOW 3Hepruen u pe-

BT
CYpPCOM Pe3uHOMETaruTMYeCcKnX BTyNOK 0 60 N10 Juukaon

Puc. 8. 3aBucMmocCThL ynpyrux u aeMnupylowmx xa-

I cTaOMIU3HPOBAHHOTO peXKHMa 1LIMK- PaKTePUCTUK Pe3nHbI OT HapaGoTKu
JIMYECKOro Harpy>KeHHsi KpUTEpHalbHOE 3Ha- AW, AWy, Tms/nusn
YeHMe PHepruM paspyiuenus W, onpenenser-
cs o dopmyne (1). Hpe;mo;erHaﬂ JKCHepH- AW
MCHTaJIbHAd METOAHKA pe€ain30BaHa IIPH pas- 18 \ T
JUYHBIX PEXKHMMax CTallHOHAPHOTO Harpyke- ._____,3————-"'1/
HUA 00pasioB u3 pe3uHsl Mmapku UPII-1315, ‘

Ha puc. 10 mokazaHa 3aBHCHMOCTb KpH- 14 e,
TEPUATIBHOTO 3HAYEHHUA JHEPIHH Pa3spyLIEHUS AW
OT pecypca 00pas3LioB H TEMIIEPATYPHI PE3IHHEL. 10

AHanu3 3THX 3aBUCUMOCTEHN MMOKa3bIBAET, 0 1 2 3 N1075unxnos
YTO B JHaNa30HE TEMIICPATYP M HArpy3o0K, co- Puc. 9. 3aBncuMocTe aHepruv aecgopmuposaHma
OTBETCTBYIOIIMX YCTAJIOCTHOMY MCXAaHU3MY ¥ TeNNOBOW IHEPruM OT YMCNA LUKIIOB HarpyXeHus

paspymenus pesusl (T<100 °C; N= 10° rquk- ANA peautbl Mapku UPTT-1315

JOB) BeNMYHHA W, OCTaeTCs MNPaKTHYECKH

HOCTOSHHOH B AOCTATOYHO LIMPOKOM JIMana3oHe M3MEHEHUs PeKUMOB HarpyxeHus (3oHa ). [pu yxe-
CTOUEHHH [aPaMETPOB HArPYXEHUs TEMNepaTypa B Pe3MHOBOM MaccHBe 00pasiia npubimkaeTcs K KpH-
THYECKOH, SHeprus paspymeHns Wp Pesko CHIKAeTCs, YTO COOTBETCTBYET 30HE TEPMOMEXaHHHECKOTO
paspywenns (3ona II).

W10 Tk . - Wyl e :
2,13 4 5 6 ST

i 3oma;

20 11 30na 2.0
1 . Taonal 1
1,0 1 30mai 1.0
0 1,0 20 N0 aumkon 0 30 60 90 Te 120 T°C
a) 6)

Puc. 10. 3aBucumocTb 3HEPrun paspylueHns ot pecypca obpasuos (a) n Temnepatypkt camopasorpesa (6) npn pasanuuHbIX
peXxuMax HarpyxeHus:
1: ¢=15 rpap; P=20 kH; f=9,1 I'y; 2: ¢=15 rpap; P=20 kH; f=6,5 Nu; 3: ¢=15 rpan; P=15 kH; f=9,1 I'y;
4: ¢=12 rpap; P=20 kH; =9,1 ['u; 5: =15 rpan; P=10 kH; =9,1 I'u; 6: ¢=12 rpan; P=20 kH; f=6,5 'u;
- yron 3akpytku; P — paauansHoe ycunue; f - yactora HarpyXeHus
TakuMm 0Gpa3oM, B pe3yJbTaTe BbIMOIHEHHON paboThl 060CHOBAHO:
*
—~ BO3MOXHOCTb IKCIICPHMEHTAJILHOTO ONPCACICHHAA BEJIMYHHBI 3HEPTHH pa3pyIUCHUA Wp 3J1aCTO-
MEPHBIX MaTePHATOB ITPH MHOTONAPAMCTPHYECKOM HArpy>K€HHH,
— NpUMEHEeHHe JHepruy paspylieHus Wp* B kauecTBe KpUTEpHaILHOrO apaMeTpa Ipu pa3pabor-
K€ METOOOB MPOrHO3UPOBAHUA yCTaJ'IOCTHOﬁ JOJITOBEYHOCTU KOHCprKI.lI/Iﬁ C djlaCTOMEpaMu.
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