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OOCHNIOXEHHA 3ANEXHOCTI TEMMNEPATYPU NMNOBEPXHI
MATEPIANY B 30HI KOHLUEHTPATOPY HAMNPYXEHb
BiA WBUOKOCTI HABAHTAXEHHSA B 3PA3KAX
I3 NONIKAPBOHATY

HaBeaeHo pe3ynbTaTu eKcnepuMeHTanbHUX AocCnifXXeHb N0 BU3HAYEHHIO
TemnepaTypyu B 30Hi KOHLIEHTpaToOpiB HanpyXeHb B 3pa3kax 3 nornikapboHaTty npwu
3rMHaHHiI. EHepris TENNoBOro iMmnynbcy BUMiploBanacb npunagom
kanopumetpuyHoro Tuny MWKT-1H i paBonpomeHeBoro ocuunorpacga C1-69.
TpuBanicTb Aii TennoBoro noToky cikcyBanacb ocuunorpacgom C1-69. Peectpauis
HanpyxeHo-AecOopMOBaHOro cTaHy B OKONi OTBOPiB-KOHLIEHTPATOpiB NpoBoAunach
MeTtoaom KaycTuk. [lobyaoBaHi 3aneXHOCTi BeNUYMHU TemnepaTypu B 3OHi
KOHLeHTpaTopy BiA WBMAKOCTI HaBaHTaXeHHs. HaBeAeHi KapTUHU TemnepaTypm, siKi
OTpMMaHi 3a JONOMOrol TepMmopeecTpaTopa. Pe3aynbTaTtn MoXyTb 6GyTM KOPUCHUMU

AN nobyaoBU MeTOANKU HePYNHIBHOTO KOHTPOIO KOHCTPYKTUBHUX efleMeHTIB.

Knroyoei cnoea: excriepumeHm,; memriepamypa; mernsose 8UrnpOMIHIO8aHHS; 3pa3Ku
3 nonikapboHamy; KOHUeHmMpamopu HanpyXeHb, 32UHaHHSI.

Betyn. 3agaya nporHo3yBaHHS HeCyqol 34aTHOCTI TOHKOCTIHHUX KOHC-
TPYKUiA Ta HEPYMHIBHOrO KOHTPOMO iX MILHICTHOI HailnHOCTI HanexuTb 40
aKkTyanbHUX 3agay MexaHiku. PynHyBaHHS OedOpMiBHUX Tin iHiLiloeTbCs, AK
NpaBuIio, NOSIBOK TPILLWH B 30HaX MiABMLLEHUX rpagieHTiB HaNpyXeHb. 3Ba-
XKaruu, WO KiHeTMKa pO3BUTKY TPILLUMH € KaTacTPOMIYHO LWBUAKOK i, SK Ha-
CnigoK PYMHIBHOK ANs BigNOBIOHOIO enemeHTy KOHCTPYKLUiT, Hag3BuyamHo
BaXXINUBMM € MoAentoBaHHS npouecis AedopMyBaHHSA B OKOIi KOHLEHTpaTo-
piB HanpyxeHb, 3 MeTOK Oinbll AOCTOBIPHOrO MPOrHO3YBaHHSI KPUTUYHUX
PYVHYHOUMX HABAHTaXEHb.

BignosigHo o kputepito IMpicpcpitca (1920 p.) B AedopmoBaHOMY KpuX-
KOMY Tini TpiWwmHa NoYnmHae pocTu NpW TakoOMy HampyXeHOMy (KpUTUYHOMY)
CTaHi, KON LWBWAKICTb BUBINbHEHHS €Heprii NpyXHoi gedopmadii Tina nig
yac ii 3pOCTaHHA NepeBULLYE NPUPICT NOBEPXHEBOI eHeprii Tina Ha NOBEPXHI
TPILLMHK, WO YyTBOPIOKTBCS BHACNIAOK iT po3kpuTTa. [Onsa uinoro pagy iHWmx
MaTepianis, 3okpemMa Ans ctanen, uen KpuTepin He BiAnNOBiAa€e AiMCHOCTI.
Tak, 0. IpBiH (1948 p.) i E. OpoBaHa (1955 p.) 3BepHynu yBary, L0 Y KBa-
3IKPUXKMX MaTepianax nepeg Kpaem TPiLLMHKU 3’'ABNSETbCA NeBHa 30Ha nnac-
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TUYHUX dedopmauii, WO iHTEHCUBHO MOrMMWHaE BUBINIbHEHY €Heprilo i uuMm
YNOBINbHIOE pyX TpiwmHM [9, 19, 20].

3BaxkalouM Ha aKkTyanbHICTb, AOCMIMXEHHIO Uiei npobrnemu npucesyeHa
3Ha4yHa KinbKiCcTb HaykoBux pobiT [1, 2, 10, 11, 13, 15, 16]. |13 aHanidy oTpu-
MaHWX pesynbTaTiB BUNNNBAE, WO PYWHYBAHHA CKMafaeTbCs i3 CyKYMnHOCTI
ABWLL, SKi MOXYTb MOYMHATMUCb 3HAYHO paHille, HiX 3'ABMSATLCS nepLui Bidy-
anbHO MOMITHI TPILWHN, NPUYNMHAMN NOSIBU SIKMX MOXYTb OYTWM HEOQHOpPIAHO-
CTi Ta gedeKTn B CTPYKTYpi MaTtepiany, MiKpONOpOXHMHWN, BKIIOYEHHS, pako-
BMHM, KOPO3iViHi YPaXXeHHS Ta iHLWi NOLIKOKEHHS.

Bigomo [8, 12, 13, 18], W0 Npn HaBaHTaXXeHHi 3paska, y sIKOro € NoBepx-
HeBi abo BHYTpIiWHIi gedektn, B obnactax nobnuay umx 30H HOpMyeTbCH
nnactTuyHa gedopmalis, ska CynpoBOMKYETLCS BUAINEHHAM Tenna. Posno-
BCIO[DKEHHS Tenna y 3paskax Npu3BOAMTb A0 TOro, WO Ha MOro NoBepXxHi
BMHUKAE TemnepaTypHe none. 3acdikcyBaBlim Le none i BUpiwmBLLKM 0bep-
HeHy 3agavy TemnepaTypHOI TennonpoBiAHOCTI, MOXNNBO BCTAHOBUTU PO3-
nodin mxepena tenna, a noTiM i NONOXEHHS, | PO3Mip AedeKTy.

BuasneHHsa TemnepaTtypu B KpUcTaniyHMX mMaTepianax 3 gedekramu B pa-
MOHax LmMX 30H 3a3HadveHo B [19 ], AuHamika TemMnepaTypHOro nons B MeTanax
npu NnacTnyHMX gedopmadisx B OKoni TPiLmMHM BUBYanach B [8], ekcnepume-
HTanbHi JOCNIMKEHHS reHepauji Tenna B 30HI BTOMMEHOI TPILLMHN NpoBOAU-
nueb B [1, 12, 13]. Mpw upomy, B BinbLIOCTI BUNAAKIB AOCHimKyBanuce MaTe-
pianu 3 meTany. [Ins noniMepHnx maTtepianis Takux gocnigkeHb 6yno 3Ha4yHo
MeHLLe, Xo4a BMfMB TemnepaTypyu B 30Hi KOHLEHTpauii HanpyxeHb Oyna
GinbLL CYTTEBOIO AN MILHOCTI i HECy4oi 34aTHOCTI Taknx matepianis [13, 14].

MoxnunBuMm € i iHWKWIA Niaxiga 4O BUpilLEHHs uiei npobnemu. Ak Bigomo, B
OCTaHHil Yac J-iHTerpan gyxe 4acTo MOB’A3yl0Tb 3 KPUTEPIEM PYMHYBAHHS
[3]. BHatoum kpuTUYHE 3HAYeHHA J-iHTerpany Ans gaHoro maTepiany, a Ta-
KOX 3anexHicTb J-iHTerpany Big Temnepatypu, MOXHa po3pobutu crocib
HEepPYWHIBHOrO TEMMOBOrO KOHTPOMK HaLiHOCTI KOHCTPYKUil, a y Bunagky
TOHKOCTIHHOI KOHCTPYKUIT BU3HaA4MTWU 1i Hecyyy 30aTHICTb HepyWMHIBHUMM
MeTogamu.

B 3B’A3Ky 3 UMM BaXnMBO BUSBUTU 3B’A30K TEMMEPATypU 3 HanpyXeHHs-
MW B 30HaX KOHLIEHTPaTOPIB HamMpy>XeHb, L0 MOB’A3aHi 3 MOXNINBUM HOpPMY-
BaHHSIM i PO3BMTKOM TPILLUMH. Takui nigxia mMoxe OyTU OOHUM i3 MOXITUBUX
BapiaHTiB HEPYNHIBHOrO KOHTPOIIO BKa3aHUX KOHCTPYKLiN.

MoctaHoBKa 3apadi. EkcnepumeHTanbHi gocnimkeHHA. BusHayeHHs
TemnepaTypu B 30Hi KOHLEHTPATOpiB HanpyXeHb NpoBogunach Ha 3paskax
[6] npw 3rMHaHHI. na NnpoBeAeHHs1 eKCnepuMeHTy Bynu BUroTOBNEHI NpsMO-
KyTHi mogeni (puc. 1) 3 monikapboHaTty (Macrolon) HacTynmHMX reoMeTpUYHMX
poamipie: goBxuHa 14-107 M , wupuHa 45-10° M, ToBwMHa 6-10° M. B sakocrTi
KOHLIEHTpaTOpiB HanpyxeHb 6ynu oTBOPK B 3paskax Aiametpom 8x10 ° m.
[daHa BenuumMHa OTBOPY [03BONSANa OTPUMATU 3HAYHI NPYXKHO-MNACTUYHI
Aedopmalii B 30HI KOHLUEHTpaTopa HanpyxXeHb OO0 MOYaTKy PynHyBaHHS
3paskiB [5].
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Puc. 1 — 3pa3ok ans BunpobyBaHb

Beaxatoun, Wwo byap-sgKke TiNo 3 TemnepaTypolo BULLE 3a HyNb rpagycis
KenbsiHa (0°K) Mae Tennose BUNPOMIHIOBaHHS!, BUMPOMIHIOBanbHa 34aTHICTb
AKOro € [JOpiBHIOE KoedilieHTy NMOrMUHaHHA Ol Npu 3adaHin Temnepartypi i
DOBXWHI XBUNi. T1OTYXHICTb, SIKY BUNPOMIHIOE TiNO, BU3HAYAETLCA 3aKOHOM
Credana — bonbuymana [17]

P =neAT*,
Ae P — NoTyXHiCTb BUMPOMIHIOBaHHS (BT); n=5,67><10_8 6‘m/(M2K4),' A -

nnoLia BUNPOMIHIOBaNbHOI NOBEPXHi; T — TemnepaTypa NOBEpXxHi Tina aka

BUMPOMIHIOE.
T =4P/(neA). @)

3Biakn

3apava nonsirae B OOCHIOKEHHI 3aNeXHOCTi TemnepaTtypy NOBEPXHi Ma-
Tepiany B 30Hi KOHLEHTPATOpy HanpyxeHb Big LUBWMAKOCTI HaBaHTaXeHHS B
3paskax 3 nonikapboHary.

AnNroputMm BU3HaAYEHHSI TemMnepaTypu B 3paskax 3 nonikapboHarty 6yB Ha-
CTynHMM. TemnepaTypa B 30Hi KOHLIEHTpaTOpiB HanpyXeHb BW3Havanacb
ABoma cnocobamu. NMepLumii — MOKPOKOBO Yy AeKinbka eTaniB: 3 NoyaTKy BU-
3Hayanocb MiHiManbHe HaBaHTaXEeHHHA Ha 3pasok, sike LO3BONAMNO 3apeecT-
pyBaTu eHeprii TennoBoro BUNPOMIHIOBaHHSA i il TpmBanicTe. [aHi onepauii
34iNCHIOBaNMCbL 3a AOMOMOroK KanopiMeTpuyHoro sumiptoBada WMKT-1H i
asonpomeHesoro ocuunorpadga C1-69 [6]. Opyrun — 3a 4ONOMOroK TepMo-
peectpaTtopa GTC 400C cipmn BOSH. Mo kapTWHI kayCcTUK BigoMUMKU Cno-
cobamu [4, 5] BU3Ha4aBcs KoeilieHT iIHTEHCUBHOCTI HanpyxeHb K;, a noTim
3HaxoAmBCA pagiyc r NnacTUYHOi 30HK. o BM3Ha4YeHUX napameTpax eHepril
TENnoBOro NoToky E i horo TpmeanocTi t BU3Hayanachb NOTYXXHiCTb TEMMOBOIO
notoky P = E/t. 3a nnoLly BUNPOMIHIOBaHHS! NpuUiManach nnoLia noBepxHi

NNacTUYHOI 30HM 3 MNOABIMHUM PaiycoM I, OTPUMAHOrO 3a LONOMOrO Koe-
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iliEHTY IHTEHCUBHOCTI HanpyxeHb K;, BU3HAYEHOrO Ha MOMEHT OCHOBHMWX
3amipiB r = Kf/(ZTCGS), ne c,— mexa TeKy4ocTi MaTepiany (puc. 2). BinbLu

JeTanbHa MeToAMKa peecTpadii TemnepaTypu B 30Hi KOHUEHTpaTopa Ha-
npyxeHb onucaHa B [6].

Puc. 2 — Tunosa KapTuHa KayCTuK,
3a SIKOK0 BU3HAYAETLCA NIOLa NNAcTUYHOI 30HU

3a HaBepgeHow dopmynot (1) 3Haxoaunacb Temnepartypa nnacTuyHol
30HM B OKOMi KOHUEHTpaTopa. B ekcneprvmeHTi BOHa 3MiHIOBanach B giana-
30Hi (0,3+1,6)°C B 3aNeXHOCTi Bifl BENMUYMHN HABAHTaXEHHS.

BumiptoBaHHa TemnepaTtypu nepwmm cnocobom 6yno Ginbly TpuBanmm
M MOro YMOBHO MOXHa Ha3BaTW CTaTUYHUM. |HTepBan Mix CUMNOBMM HaBaH-
TakeHHsM 3 kpokom 500 H ctaHoBuB 60 — 65 ¢, a NOBHE HABaHTaXXEHHS 0
3HaveHHs 4 kH Tpmueano mamxe 600 c.

Opyrnin cnoci6 [o3sonue 36inbWKMTKM AnHaMiKy HaBaHTaxeHb y 10 pasis.
Ta OoTpMMaTK 3aneXxHiCTb TeMnepaTypu B 30Hi KOHLUEHTpaTopa Hanpy>eHb
BiJ LUBMOKOCTI HaBaHTaXeHHs. LLBuAKiCTb HaBaHTaxeHHs Gyna 36inbLieHa
3a paxyHoK nepebyaoBu npeca Ha pexxum nepemillleHb 3a JONOMOrow peay-
KTOpa 3 AMHaMOMETPOM, BCTaBIEHOrO B CUCTEMY NepeMilLeHHs 3pa3ka.

B pesynbTati npoBeaeHux AocnigKeHb BCTAHOBMEHO 3aneXxHOCTi TeM-
nepatypu B 30Hi KOHLeHTpaTopa HanpyXeHb Bif BeNWYMHU HaBaHTaXeHb B
3paskax 3 nonikapboHaTy npu 3ruHaHHi (puc. 3).

Mpu cTaTMyHOMY HaBaHTaXEHHi OTPUMaHO MiHINHY 3anexHIiCTb Big Ha-
BaHTaxeHHs (niHis 1 Ha puc. 3). Mpu 36iNbLIEHHI LWBUAKOCTI HAaBaHTaXEHHS
3a yac 100 ¢ oTpMMaHa aHanoriyHa 3anexHicTb, Ska Ma€e HeniHinHWIA xapak-
Tep (ninia 2 Ha pwuc. 3). Noganblue 306iNbLIEHHS WBUAKOCTI HABaHTaXEHHS, B
10 pasiB y NOpPiBHAHHI 3i CTaTUYHUM HaBaHTaXXEHHsIM, Bignosigae niHii 3 Ha
puc. 3.

67



tC

25

i P 1
/’_. -.-Pﬂ,ﬂ,z
& I

20 -
Y + ’ v =—Pan3
» v

15 k i : L P (kH)
1 2 3 4

Puc. 3 — 3anexHocTi TeMnepaTypu B 30Hi KOHLEHTpaTopa HanpyXeHb
Bif HABaHTaXXeHHA

AHani3 pesynbTaTiB, HaBedeHUX Ha puc. 3, NoKasas, WO Ha NiHiHY 3a-
NEXHICTb TeMnepaTtypu BiJ HaBaHTaXXEHHS BNMBAE 3HAYHUIM Yac MK HaBa-
HTa@XeHHsMKU 3paska, ToBTO 3a LeW Yac 30Ha KOHLEeHTpaTopa HamnpyXeHb
BCTUrae BUPIBHATW TemnepaTtypy 3paska 3 TemnepaTypol HaBKOMMLLIHbOrO
cepeposuLla. TUMOBI KAPTUHM PO3MOAIMY TemMnepaTypu B 30Hi KOHLEHTpaTo-
pa, ki OTpUMaHi 3a JONOMOro TEPMOpPEeECTpaTopa, HaBeeHo Ha puc. 4.

04.01.2000 p
00:11:59 Tp=18°C £=0.95

04.01.2000 04.01.2000
00:13:20, 00:12:47

Puc. 4 — KapTHu po3nopginy Temnepartypy B 30Hi KOHLieHTpaTopa
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Cnig 3a3HauunTy, WO NiHiHa 3aneXxHIiCTb CNOCTepPIracTbCa Ha HE3HAYHIN
TemnepartypHin AinAHui, i TOMYy BWHUKaIOTb YCKNagHEHHS MPOrHO3yBaHHS
noeeaiHkW 3paskiB Ha BinbLIoMy iHTepBani TemnepaTyp.

3anexHocTi, ski nokasaHi Ha puc. 3 (niHia 2 i niHia 3), BKa3yloTb BNIMB
Ha TemnepaTypy iHTepBany 4Yacy MK HaBaHTaXeHHsAM 3paska. Ha noyartko-
BOMY eTani, KONM HaBaHTaXXEHHS 3pa3ka € He3Ha4YHUM, B 30Hi KOHLEHTpaTo-
pa HanpyXeHb TakoX CMOCTEPIraeTbCs NiHiiHa 3aneXxHiCTb MiXX TemnepaTy-
pO0 | BENUYMHOIO HaBaHTaXeHHs 3pa3ka. Akbu uen daktop 6yB OCHOBHUM,
TO 3i 36iNblWEHHAM BENMYUHN HaBaHTaXXeHHS NOoBMHHO Oyno 6 Ginbw piske
30iNblUEHHA TemnepaTypu, B TOW 4Yac, Ik B EKCNEPUMEHTI CnocTepiraeTbcs
ynoBinbHeHe 3pocTaHHA TemnepaTtypu. Lle roBoputb npo Te, WO iMOBIpHO
iCHYe HWWIA BaXxnunemin dhakTop, KU BMNAMBAE Ha 3MiHY TemnepaTypu npwu
HaBaHTaXeHHi i NoTpebye AoAaTKOBMX AOCHIAXEHb.

AHani3 3anexHocTten J-iHTerpany Big HaBaHTaXeHHs [3] Ans aHanoriv-
HUX 3paskiB MokasaB MOAIOHY 3anexHiCTb NpW HaBaHTaXeHHi. B mpyxHin
obnacrti J-iHTerpan niHiMHO 3aneXxuTb Bif HaBaHTaXEHHS, a B MIACTU4HIN
30Hi cnocTepiraeTbCa MeHwe 30inbleHHs J-iHTerpany Bid HaBaHTaXXEHHS.
[HWKUMK crnoBamu 3pOCTaHHA NMAacTUYHOI obracTi B 30HI KOHUEHTpaTopa
Hanpy>XeHb YNOBINbHIOETLCSA NP 3POCTaHHI HABAHTaXEHHS.

BucHoBku. Po3pobneHo cnocobu peecTpadii TemnepaTtypu B 30Hi KOH-
LeHTpaLil Hanpy>XeHb NPy HaBaHTaXKeHHi 3paskiB i3 ONTUYHO aKTMBHOrO Ma-
Tepiany. MNMobynoBaHi kapTWHM po3noginy TemnepaTyp B 30Hi KOHUEHTpaTo-
piB HaNpyXeHb Yy BUMMAAi KPYroBoro oTBOpY B 3paskax i3 nomnikapboHaTy Ta
3aneXHOCTi TeMnepaTypu Bif LUBWMOKOCTI HaBaHTaXeHb. BUaABNeHO ix 3B'A30K
3i 3HaYeHHAMN J-iHTerpany.

OTpvMaHi pe3ynbTati MoXyTb ByTH KOpUCHUMK AN No6yaoBU METOOMKN
HEPYWHIBHOrO KOHTPOSMO MILHICTHOI HaAiNHOCTI CUNOBUX KOHCTPYKTUBHUX
enemeHTiB.
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RESEARCH OF THE TEMPERATURE DEPENDENCE
OF THE MATERIAL SURFACE IN THE AREA

OF THE STRESS CONCENTRATION FROM THE SPEED

OF LOAD AT THE SAMPLES FROM POLYCARBONATE
The results of experimental studies on determining the temperature in the zone
of stress concentrators in polycarbonate samples during bending are given.

The energy of the thermal pulse was measured by a calorimetric device of the ICT-1n
type and a two-beam oscilloscope C1-69. The duration of the heat flow was recorded
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by the C1-69 oscilloscope. Registration of the stress-strain state in the vicinity
of concentrator holes was carried out by the caustic method. The dependences
of the temperature in the concentrator zone on the load speed are plotted.
Temperature pictures obtained with the help of a thermal recorder are given.
The obtained results can be useful for building a method of non-destructive control
of structural elements.

Keywords: experiment; temperature; thermal radiation; polycarbonate samples; stress
concentrators; bending.

The problem of forecasting the bearing capacity of thin-walled structures
and non-destructive control of their strength reliability belongs to the actual
tasks of mechanics/ The destruction of deformable bodies is initiated, as a
rule, by the appearance of cracks in zones of increased stress gradients.
Considering that the kinetics of crack development is catastrophically fast
and, as a result, destructive for the corresponding structural element, it is
extremely important for modeling deformation processes around stress con-
centrators with the aim of more reliable prediction of critical destructive
loads. The results of experimental researches on determining the tempera-
ture in the zone of stress concentrators in polycarbonate samples during
bending are given.

It is known [8, 12, 13, 18] that when a sample with surface or internal de-
fects is loaded, plastic deformation is formed in the regions near these
zones, which is accompanied by the release of heat. The distribution of heat
in the samples leads to the fact that a temperature field appears on its sur-
face. Having fixed this field and solved the inverse problem of temperature
thermal conductivity, it is possible to establish the distribution of the heat
source, and then the position and size of the defect.

Determination of temperature in the zone of stress concentrators was
carried out on samples [6] during bending. To conduct the experiment, rec-
tangular models were made from polycarbonate (Macrolon) with the follow-
ing geometric dimensions: length is 14x10? m, width is 45x10°® m, thickness
is 6x10° m. Holes in the samples with a diameter of 8x10 “°m were used as
stress concentrators. This size of the opening made it possible to obtain
significant elastic-plastic deformations in the zone of the stress concentrator
before the beginning of the destruction of the samples [5].

The energy of the thermal pulse was measured by a calorimetric device
of the ICT-1n type and a double-beam oscilloscope C1-69. The duration of
the heat flow was recorded by the C1-69 oscilloscope. Registration of the
stress-strain state in the vicinity of concentrator holes was carried out by the
caustic method. Methods of temperature registration in the zone of stress
concentration during loading of optically active material samples have been
developed. The pictures of temperature distribution in the zone of stress
concentrators in the form of a circular hole in polycarbonate samples and the
dependence of the temperature on the load speed was plotted. Their con-
nection with the values of the J-integral was revealed.

The obtained results can be useful for building a technique for non-
destructive control of strength reliability of power structural elements.
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