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3AT'AJIBHA XAPAKTEPUCTHUKA POBOTH

AKTYaJILHICTh TeMH

Jlns 3abe3nedeHHss HaAIHOT poOOTH KOHCTPYKIIIMHUX MaTepiaiiB, MiABUIIECHHS iX
JIOBTOBIYHOCTI Ta TOMEpPEKEHHSI PanTOBOTO KPUXKOTO PYWHYBAaHHS HEOOXITHO MaTu
giTKe (P13UYHO OOTPYHTOBAHE PO3YMIHHS MPOIIECIB, 10 BIIOYBAIOTHCA B CIA0KUX JaHKaX
Oyab-sIK01 KOHCTPYKIIii, & caMe B MICIISIX KOHIIEHTpaIlii Halpy>KeHb — Y BICTp1 HaJpi3iB U
TOCTPHUX TPIIINH, OCKUIBKHM 3/IaTHICTh METaJiB YWHUTHU OIIp KPUXKOMY PYHHYBAHHIO B
YMOBaxX HEOAHOPIAHUX CHUJIOBHX TMOJIB, IO CTBOPIOIOTHCS KOHIEHTPATOPAaMHU HAINPY KECHb,
XapaKkTepU3y€e METall K KOHCTPYKIIIMHMI MaTepiall.

Hayka mpo MIIHICTh PO3BHBAETHCS BXKE OaraTo pPOKiB, MPOTE OLIBII HDK JBa
JACCSATHIITTS TOMY CTajo 3pO3yMLJI0, IO AJSl PO3B’sI3aHHS ICHYIOUUX 3a7a4 BUKOPUCTaHHS
JIUIIIE METO/IIB MEXaHIKU PyWHYBAaHHS HEJIOCTATHHO, TOMY I 3a/1a4i TIOYaau PO3IJIAIaTH 3
TOYKH 30py (PI3UYHUX MPOIIECIB, 110 BIAOYBAIOTHCS Y BICTP1 KOHIIEHTPATOPIB HAIPY>KEHb,
Tak OyB CTBOpPEHHMI HOBUM HanpaMok — JlokanbHUM miaxia A0 pyiiHyBaHHs. ['o0BHA i€
JlokanbHOTO MIAXOAY — IHIIIIOBAHHS KPUXKOTO PYWHYBaHHS JIOKAJ130BaHE B HAJI3BUYAITHO
MaloMy 06’emi “process zone” y BIiCTpi KOHIIGHTpaTopa V,, =0.001 —1MM°. CHIBHO
HEOJHOPIIHI CUJIOBI TOJISI, $IKI BUHUKAIOTh B OKOJI KOHIEHTPATOPIB HAIpPY>KEHb, €
MPUYMHOK JIOKAJI3alil MpoLECy IHIMIIOBAHHS pPYHHYBaHHA B TPAaHUYHO MAIHUX 3
MaKpOCKOITIYHOI TOYKH 30py 00’emax. Tomy pylHYBaHHS IHILIIOETHCS JOKAIbHUM (2 HE
CEPEIHIM - HOMIHANIbHUM) HANIPYXKCHHSAM o, . B TOW ke vac, mpu aTecrarlii MeTalliB Ta
CIUIaBiB, IIOJIO 1X 3AATHOCTI YMHUTH OMIP KPUXKOMY PYWHYBAHHIO, BUKOPHUCTOBYIOTHCS
HOMIHAJIBHI (CepeHl) HAMPY>KEHHS, SIKi BU3HAYAIOTHCA 32 pe3yJbTaTaMy BUIIPOOyBaHb Ha
OJIHOBICHMM pPO3TAT, JUHAMIYHUW 3rUH, Tomo. KpiM Toro, came Iii XapaKTEPUCTUKHU
BUKOPUCTOBYIOTHCS MPU PO3paxyHKaxX Ha MIIHICTh €JIEMEHTIB KOHCTPYKIIIA. Y 3B 53Ky 3
9uM po3poOka (I3MYHMX YSBICHb IIOJO0 3B’S3KYy MK JIOKAIbHUMHU Ta HOMIHAIbHUMH
XapaKTEPUCTUKAMU KPHUXKOTO pPYHHYBaHHA METalIB 1 KOHCTPYKUIMHMX IIJIaBIB €
aKTyaJIbHOIO TIPOOJIEeMOI0 (P13UKH METAIB.
3B'A130K p0o00OTH 3 HAYKOBMMH NIPOrpPaMaMHu, IVIAHAMH, TEMAMH

Pe3ynpTaTn, mo yBiiUIM B AMCEpTaliiiHy poOOTy, OyiauM OTpuUMaHI B pamKax
HAayKOBUX TeMaTHUK Biaiy Di3UKH MIITHOCTI Ta pyWHYBaHHS [HCTUTYTY METaIO(DI3UKHU 1M.
I'. B. KypatomoBa HAH VYkpainu, a came:

1. Binomuoi tematuku «®izuyHa npupoaa MexaHiyHoi crabuibHocTi OLIK — MeraniB Ha
HaHOpiBH1», 2013-2015pp., Ne nepxpeectparii 0111U002084

2. IlinboBoi HaykoBOi TeMaTHKU «Po3po0Oka METOANKY Ta BU3HAUYCHHS KPUTUYHUX PIBHIB
KPUXKOi MIITHOCTI OMPOMIHEHOTO0 KopmycHoro wMertany peaktopie BBEP-1000 mpwu
nepenpusHadeHHi ix pecypcey», 2013-2015p., Ne nepkpeectpaii 0113U004838

Merta i 3apa4i qocaiKeHHSA

MeTta po6oTH — BCTAaHOBUTH 3aKOHOMIPHOCTI Ta pO3poOHUTH (Pi3UUH1 ySIBICHHS 11010
Mpollecy 1HIIIIOBAaHHS KPUXKOTO pyHHYBaHHS B JIOKAJIbHIM o00jacti y BiCTpl
KOHIICHTPATOPIB HaIpyKeHb (HApi3iB YW TPINIMH) 1 HA 1[I OCHOBI BIJHAWTH KJIFOYOBI
dakTopu, sIKi BU3HAYAIOTh PIBEHb JOKAIBHUX XapaKTEPUCTUK PYHHYBAHHS Ta BCTAHOBUTH
3B'SI30K MIXK JIOKAIbHUMU 1 HOMIHANbHUMY XAPAKTEPUCTUKAMH B KOHCTPYKIIHHUX CTaJsIX.
JloCATHEHHSI IOCTaBJICHOT METH MOTPeOy€e BUPIIICHHS HACTYITHUX 3a/1a4:




1. Po3pobutu MEeTOANKY BHU3HAYEHHS MIHIMAJbHOTO PIBHS KPUXKOI MILHOCTI R,

KOHCTPYKIIIMHUX CTaseil.

2. BinmHaWiTu KpUTHUYHI 3HAYEHHS JIOKAJBHUX HANpy>KeHb Ta Aedopmaliiii npu
pyHHYBaHHI KOHCTPYKI[IWHUX CTajeil B yYMOBaxX KOHIIEHTpalii Hampy>KeHb.
BcranoBuTH 3aKOHOMIPHOCTI iX 3MIHM Ta OCHOBHI (paKTOpH, SIKI BH3HAYAIOTh
piBEHB X BEJIHYHUH.

3. BimHaiiTu yMOBH 3a SKHX ICHY€ 3B'30K MDK JIOKQJIbHUM HamNpy>KCHHIM
pYHHYBaHHS o, 1 KPUTHMYHUM pIBHEM MIIIHOCTI ME€Taly o, Ta PO3poOUTH
METOJIMKY €KCIIEpUMEHTAIIbHOTO BU3HAUEHHSI KPUTUYHOI TeMIIepaTypu T, , MpH
SIK1H 11e¥ 3B'SI30K pealli3y€eThCsl.

4. BcTaHOBUTH 3B'SI30K MK JIOKQIbHHUMHM Ta HOMIH&JIBHUMHU XapaKTEPUCTHUKAMHU
OKPUXYYIOUOi [J11i KOHIIEHTPATOPiB HAIIPYKEHb.

5. BcTaHOBUTH 3B’S30K MK JIOKQJIBHUM HAIlPY>KEHHSM PYWHYBAaHHS o, 1 pIBHEM

KPUXKOI MIITHOCTI R, KOHCTPYKIIIHHHUX CTajeil Ta po3poOuTH (Pi3MuHy MOJIECIb,

gKa ONHUCY€ OCHOBHI (DaKTOpH, IO BHU3HAYAIOTh BEJIUYUHY JIOKAJIBHOTO
HaIpyKEHHS pyUHYBaHHS o | .

06 ’exm Oocnioxcenns — Tunosl KOHCTpyKuiKHI ctaii 3 OLIK rpaTkoro, micist TEpMIYHUX
00po0OK, siKi 3a0€3MeUyI0Th MUPOKUNA 1HTEPBAJ BEJIMUMHU iX 3MIHU MIIHOCTI o,, =372 —

1530 MlIla.
Ilpeomem  Oocniodxcennss  —  JIOKaJIbHI XapaKTEPUCTHKW 1HILIIOBAHHS KPUXKOTO
pyWHYBaHHS B HEOJHOPIAHUX CHJIOBHX TIOJSAX, CTBOPIOBAHUX KOHIIEHTPATOpaMU
HAnpyXeHb Ta 1X 3B'SI30K 3 HOMIHAJTPHUMH XapaKTePUCTUKaMU PYHHYBAaHHS 3pasKiB 3
KOHIIEHTPAaTOpaMH HAMpy>KeHb Ta MEXaHIYHUMH BIACTUBOCTSAMHU METAIY.
MeTtoau a0cCaiaKeHH
[Ipy BuUKOHAHHI pOOOTH  BUKOPUCTOBYBAJIWCA  HHU3BKOTEMIIEpATypHI  CepialibHi
BUNMPOOYBAHHS HA OJHOBICHUHM pO3TAT TIAAKUX MWJIIHIPUYHUX 3pa3KiB Ta 3pasKiB 3
KOHIIGHTpaTOpaMu  HampyxeHb, ¢pakrorpadiuyHi JOCTHIDKEHHS TOBEPXHI  371amy,
MetanorpadiyHi  JOCHIKEHHS MIKPOCTPYKTYpU KOHCTPYKUIMHHMX CTajed, MeTo.
CKIHUCHUX €JIEMEHTIB.
HaykoBa HOBH3HA OTPMMAHUX Pe3yJibTATIB

1. Po3poOneHo ¢i3n4Hy MOJEINb, sIka BCTAHOBIIOE 3B'SI30K MK BEJTUYHOIO JIOKAJIBHOIO

HAIMPY>KEHHS PYWHYBaHHS o, B HEOJHOPIAHUX CUJIOBUX TMOJSX, CTBOPIOBAHUX

KOHIIEHTpaTOpaMy HAMpyXeHb Ta PIBHEM MIHIMAJIBHOTO HAMPYXEHHS KPUXKOTO
pYWHYBaHHS METaIy R,. B YMOBaX OJJHOBICHOTO PO3TSTY, a TAKOX JTI03BOJISIE BUSBUTH

OCHOBHI (paKTOpPH, K1 BIUTUBAIOTH HA 1I€H 3B'A30K.
2. BinHaiiieHO YMOBH, 3a SIKUX ICHY€ OJJHO3HAUYHMM 3B'S30K MK BEJIMYHOIO JIOKAJTHLHOTO
HAlpY>KEHHS pPYyWHYBaHHS o, Ta KPUTHYHUM pIBHEM MIIHOCTI o, METaly.

Po3pobineHo 1 anpoOoBaHO METOAMKY €KCIIEPUMEHTAIbHOTO BU3HAYEHHS KPUTHUYHOI
TEMIEpaTypu T, KPUXKOTO PYHHYBAaHHS 3pa3KiB 3 KOHIIEHTPATOpaMU HAIMpPY>KEHb,

IpHU K1 ICHYE 1€l 3B'I30K.



3. BcTaHoBieHO 3B'I30K MK MapaMeTpoM q,, SKHUA XapaKTePU3YyE OKPUXUYIOUY IO

KOHIICHTpAaTOpa HANpyXeHb B OKOJI HOro BEpIIMHU Ta KPUTUYHUM pIBHEM
MEXaHIYHOI CTablIbHOCTI K METaiy.

C

4. BcTaHOBJIEHO, IO KIFOYOBUM €(PEKTOM, KUl KOHTPOIIIOE 31aTHICTh KOHCTPYKLIMHAX
MarepiajiB YMHUTH OIIp KPUXKOMY pYHHYBaHHIO B YMOBaxX KOHIICHTpaIlii
Hamnpy>XeHb, € MEPEBHUILECHHS BEIUYMHU JIOKATHHOTO HAMpPYXEHHS PYyHHYBaHHA o,

HaJ piBHEM KPUXKOi MILHOCTI R,, CTaHAApTHOTO 3pa3ka MpPU OJHOBICHOMY pPO3Ts3i.

B pamkax po3po0ieHoi Moieni moka3aHo, 1o ek epekT 00yMOBICHHI 3MEHIIICHHAM
KUIBKOCTI 3apOJAKOBUX TPIIIMH KPUTHYHHX PO3MIPIB B Ppe3yabTaTi JIOKami3alii
MPOIIECY 1HIIIFOBaHHS PYWHYBaHHS B OKOJII BICTPSI KOHIICHTpATOpa.

5. 3ampornoHOBaHO HOBY MEXaHIYHY XapaKTEPUCTUKY «KoedirmienHT
KOHIIGHTparopocTiiikocti»  k, (k, =o,/R,. ), fAKHHA XapakTepusye edekr

MEpPEeBUINICHHS! o, HaJa R,. Ta BCTAHOBJICHO 3aKOHOMIPHOCTI BIUIMBY Ha WOro

BEJIMUMHY TUITY MIKPOCTPYKTYpPH KOHCTPYKIIHHUX CTaJCH.
IIpakTuyHe 3HAYEHHS OJIeP:KAHUX Pe3yJIbTATIB
1. Po3pobneHa MeToOAMKa EKCIIEPUMEHTAJIbHOTO BHU3HAYEHHA PIBHA KPUXKOI
MILHOCTI R,. KOHCTPYKLIMHHUX CTajJed, sfKa HE NOoTpedye NPOBENECHHS 3aTpaTHUX

CeplaJIbHUX HU3BKOTEMIIEpaTypHUX BUIPOOYBaHb 1 MOXKE OyTH peaji3oBaHa B TUIIOBUX
YMOBaX 3aBOJICHKO1 JIabopaTopii.
2. 3anponoHOBaHAa HOBA XapaKTEPUCTHKA k, , KA HAa KUIbKICHOMY pIBHI JT03BOJISIE

OL[IHUTH SIKICTb CTali, SK KOHCTPYKIiiiHOro Marepiany. Po3pobiiena Meroauka i
EKCIIEPUMEHTAJIbHOrO BHU3HAaueHHs. OTpuMaHl EKCIEPUMEHTAJbHI 3HAYCHHS Il€l
XapaKTEPUCTUKHU B MIUPOKOMY 1HTEPBaJIl 3HAYEHb MIITHOCTI KOHCTPYKIIIMHUX CTaJICH.
Oco0ucTuii BHeCOK 3100yBaya

[TocTanoBka 3amad, OOTOBOPEHHsI Ta IHTEpHpETallisi OTPUMAHUX PE3yJIbTaTIB
MPOBE/ICHI 3 HAYKOBUM KepiBHUKOM 1.(-M.H, npodecopom Korpeuko C.O. OcHOBHHIA
o0cAr MPOBEICHUX TEPMIYHUX 00pOOOK, CeplalIbHUX HU3BKOTEMIIEPATYPHUX BUIIPOOYBaHb
Ha OJHOBICHMM pO3TAr, a TakoX KOMII' IOTEPHUX pPO3paxyHKIB Ta o0O0poOka
€KCIIEPUMEHTAJIbHUX 1 PO3PAXYHKOBUX JaHUX OyJlIM BHKOHaHHI OCOOMCTO 3/100yBavem.
KoM rotepHi po3paxyHKH HpoBeleHl y cmiBopaii 3 K.Gp-M.H. M.H.c Mamenosum C.O.,
(dpakrorpadiuHi JOCHIKEHHSI Ha €JIEKTPOHHOMY PAacTPOBOMY MIKPOCKOII MPOBEACHI B
croiBnpatl 3 M.H.c. CuntokoM B.C. (Inctutyt enekrpo3BaproBanns im. €. O. [Tatona HAH
VYkpainu). ABTop poOOTH OpaB ydacTh y HaIMCaHHI CcTaTell Ta 3BITIB Ha OCHOBI
OTPUMAHHUX PE3yJIbTATIB Pa30M 13 CIIBaBTOpaMHU.
Amnpo0auis pe3yJabTaTiB qucepTaLliiiHOI po0oTH

PesynbpTaTi auceprariiitHoi poOOTH TOMOBIJATNCH HA HACTYITHUX KOH(MEPESHITISNXK:
MixHaponHa HaykoBo-TexHIYHa KoH(pepeniis DFMN 2011 «dedbopmaruss  u
paspylleHre MaTepHalioB M HaHOMaTepuaioB», Mocksa, Pocis, 22-25 xostas 2011p.;
MixunaponHa koHdepeniis «OauHroBckue ureHusi», MockBa, Pociga, 13-16 Bepecns
2012p.; MixunapogHa HaykKoBO-TexHIYHA KoH(pepeHlis «KOHCTpyKIliiiHA MIIHICTD
MarepiaiiB 1 pecypc obnmagHanHs AEC», KuiB, Ykpaina, 15-19 xostHs 2012.; Choma
MikHapoHa kKoHpepenuis MSMF-7 «Materials structure & micromechanics of fracturey,
bpuo, Yecbka PecnyOmika, 1-5 ununuas 2013p.; MixHapogHa HayKOBO-TEXHIYHA



koHpepenuiss DFMN 2013 «/lepopmammst wu  paspylieHue  MaTepuaioB U
HaHoOMaTtepuanoB», Mocksa, Pocis, 22-25 xoBtHs 2013p.; [I’ara Mi>xkHapoHa HAYKOBO-
TeXHIYHAa KOHpepeHIis «MexaHika pyHHYBaHHS MaTepiaigiB 1 MIIHICTh KOHCTPYKIIIH,
JIpBiB, Ykpaina, 24-27 uyepBHs 2014p.; MixHapoaHa HayKOBO-T€XHIYHA KOH(EpeHITis
«ITomkomkeHHsT MaTepiajiB il 4Yac eKCIUTyaTallli, METOAd MOro JiarHOCTyBaHHS 1
pOrHO3yBaHHs», TepHoniib, Ykpaina, 21-24 Bepecus 2015p.
yo6aikamii

Pesynbratu auceprtanii omy6iikoBaHi B 6 poOoTax, 13 HUX 4 CTaTTI B HAYKOBOMY
daxoBomy BumaHHI «MeTtamodizuka Ta HOBITHI TEXHOJOTI», OJHA CTAaTTA B
MiKHApOJHOMY HaykoBo ¢axoBomy BunaHHI «Key Engineering Materials», 1 crarts B
301pHUKY MaTepiaiiB KoH(epeHIlii, Ta 6 Te3 10moBiIeH.
Crtpykrypa Ta 06cAar aucepramii

Huceprariiina po0OoTa CKIAJa€ThCsA 13 BCTyMy, 6 pO3/UTIB, BHCHOBKIB, CIIHUCKY
BUKOPUCTAHUX JpKepen 13 65 HalimenyBaHb. [loBHMIT oOcsar muceprailii cTaHOBUTH 122
CTOPIHKHM MaIIMHOIKMCHOTO TEKCTY 13 BpaxyBaHHsM 60 pucyHKiB Ta 8 TaOIUIIb.

OCHOBHMUM 3MICT POBOTH

VY BcTyni OOIPYHTOBYETHCS aKTyalIbHICTh OOpaHOi TeMH, cPOpMyJIbOBaHI MeTa Ta
3a/1aul JOCHIKEHHS, TOKa3aHa HAayKOBa HOBHM3HA Ta MpPAKTUYHA I[IHHICTh OTPUMAHMX
pe3yJabTaTiB, HABEACHO BIJOMOCTI MO0 ampobarlii poOOTH Ta MyOiKaiii OCHOBHUX
pE3yNbTATIB.

Y Ilepmomy po3aiji 3po0iieHUl OIS JITEpAaTypHUX JKEpen o0 (Pi3udHOi
MIPUPOIU TIPOIIECY 1HIMIFOBAHHS KPUXKOTO pyiiHyBaHHs. [IpoaHanizoBaHo icCHyrO4i Mozei
YTBOPEHHSI 1 BTpAaTH PIBHOBArd 3apOJKOBHX TPIMIMH B MeTajgaxX Ta KOHCTPYKIIHHUX
ctamsix. Kitacnuui kputepii KpUXKOro pyWHYBaHHS MaTepialliB B MEPEBaXKHIN OiIbIIOCTI
OMHCYIOTh KPUXKE PYyHHYBaHHS B YMOBaxX OJHOPITHOTO PO3IMOAULY HAIMpYy>KEeHb MpU
OJIHOBICHOMY pO3TATYBaHHI. Y 3B’S3Ky 3 UMM B POOOTI PO3MJISHYTI CyYacHi MiIXOJH,
3okpema JlokanpHuii miaxin (JIII) mo pyiiHyBaHHS, KU BHUKOPUCTOBYE METOIU
MIKpOMEXaHIKH PYWHYBaHHsS Ta BpaxoBye (Pi3MUHI OCOOJMBOCTI MPOIIECIB YTBOPEHHS Ta
BTpaTH CTAOUIBHOCTI 3apoaKoBUX TpimuH (3T) B CHIIBHO HEOAHOPITHUX CUIIOBUX TOJISX,
K1 TIOPOJKYIOThCS KOHIIEHTpaTOpaMu HarpykeHb. lIpoaHanizoBaHa eTepMiHICTUYHA,
cTaTUCTUYHA Ta (i3uyHa Bepcis JIOKaIbHOTO MiIX0Ty, MOKa3aHa KI0U0Ba POJIb JOKAIBHOI
MJIaCTUYHOI  AeopManii B  Tpouecl 1HIMIIOBAaHHSA KPUXKOTO pyWHYBaHHS  Ta
MPOAHAJII30BaHl 3aKOHOMIPHOCTI 3MIHM 1[1€i BEJIWYMHU BIJ TEMIEPATYpH, THUILY
KOHIICHTPATOPYy, CTPYKTYpPHUX OCOOJMBOCTEM Marepialy, reomMeTpii 3pa3kiB Ta IHIIHUX
(daxTopiB. OOIpyHTOBaHA AaKTyaJbHICTh BCTAaHOBJIEHHS 3B’SI3Ky MIXK JIOKUIBHUMHU Ta
HOMIHAJIBbHUMU (CEpEAHIMHU) HANPYKEHHAMHU PYWHYBaHHSA KOHCTPYKIIMHUX MarepiaiiB B
yMOBaxX CHWJIBHO HCOJHOPIMHUX CHJIOBHUX TIOJIB, CTBOPIOBAHWX KOHIICHTPATOPaMHU
HaIpy>KEHb.

Y apyromy po3aiji onucaHi METOAWKH JOCIIKEHb Ta  HABEACHI MapKu
KOHCTPYKITIWHUX CTaJIe, iX XIMIYHUM CKJIa]l Ta TEPMOOOPOOKH.



Y poboTi BuKOpHCTOBYBaIMCh Taki KOHCTpykiiiHi crami: Ct.3, Crams 40, 30XT'CA,
I5X2HM®DA, 12XH3M®DA. BukopuctaHHsi TaKMX TEPMIYHUX OOpOOOK sIK HOpMaTi3allis,
BiJIIIaJI, TApTYBaHHS Ta BIIIYCK TO3BOJIMJIO OTPUMATH IUPOKHUI CIIEKTP CTPYKTYp, Ceper
aKuX: (epuTo-mepiliTHA CTPYKTypa, COpOIT, TPOCTUT Ta MAPTEHCUT BIAMYCKY, IO
3a0€3Meunsio MUPOKHM 1HTEpBajd 3HAYe€Hb MIIHOCTI o,,=370-1530MIla. B skocTi

JDKepesia HEOTHOPITHUX CHUJIOBUX TIOJIIB
BUKOPUCTOBYBAJINCH KUIBLIEBI HaJpi3u
nBox tutiB: 1) Haapi3 pagiycom 0.25 mm
Ta TIMOUHOIO 1.4 MM 3 KyTOM PO3KPHUTTS
450, [0 HAHOCWJIUCh Ha IWJIHIPUYHI
3pa3ku jgiamerpom 8mm.; II) pamiycom
0.25MM Ta raubuHoro 2.3MM., Ha
MWTIHAPUYHUX ~ 3pa3kax  JllaMeTpPOM
l4MM. — Taki 3pa3ku Malld KYyTH
PO3KPUTTS 120° Tta 45° rpajyciB.
ExcnepumeHTasbHi JTOCJT1IPKCHHS
nepeadavyaiy TMPOBEJICHHS CeplalbHUX
HU3BKOTEMIIEPATYPHUX BUMPOOYBaHbL Ha
OJTHOBICHHM pO3TSAT TJTAJTKAX
UWTIHAPUYHUX 3pa3KiB Ta 3pas3KiB 3
KOHIICHTpAaTOpaMHU  HAaMpyXeHb. TaKi
BUNPOOYyBaHHS OyJM TMPOBEJICHHI Ha e "
po3puBHUX MammHax YMM-5, MJIK- ol s
025 Tta Instron 8802. 3a pesynbraramu -200 -150 -100 50 0 50
ceplalbHUX HU3bKOTEMIIEPATYPHHUX Temmeparypa, T ('C)
MEXaHIYHUX  BUIMPOOYBaHb  TJIAJKUX

3pa3kiB  OymyBanuch — TeMmmepaTypHi PucyHok 1. — TemmeparTypHi 3aleXHOCTI
3aJIe)KHOCTI  ME€X1 IUIMHHOCTI  o,,, OCHOBHMX MEXaHIYHHX XapaKTEPUCTHK o, ,
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ICTHHHOTO HANPYKEHHA PyHHYBaHHA S, S,  crami 40, ski BU3HAyaTMCh 3a

BIZHOCHOTO 3By KCHHS Vi Td  pesymbratamu BUIIPOOYBaHb TIaKHX

KoedirieHra ne(popMaliifHOr0  puyigpuuHMX 3paskiB. Ta  TeMmeparypHi
3MIHEHHs ~ N.  3a  pe3yNbTaTaMU  337eKHOCTI  OCHOBHHX XapaKTEPUCTUK

BUMPOOYBaHb 3pasKiB 3 KOHLCHTPA- pyiiHyBaHHA  IMIIHAPUYHAX  3pasKiB 3
TOpaMH HaIpy>KeHb OynyBaym

TEMIEPATypHI  3aJIEKHOCTI ~ HOMIHA-
JBHOTO (CepeHbOr0) HANpy>KEHHS PYHHYBaHHA o, Ta BIAHOCHOTO 3BYXXEHHS IIiJl

KUIBIICBUM HAJAPI30M: O = Ta ¥, .

KOHIIeHTpatopoM v, (puc.1). B mporpamaomy komriuiekci Abaqus Oymysanach

OCECHMETPHUYHA MOJICNb 3pa3KiB 3 KiJIBIIEBUMH KOHIICHTPATOpPaMHu HaIpykeHb. [IpyxHo-
MJIACTUYHI BJIACTUBOCTI METANY, SKI BUKOPUCTOBYBAJIHUCS TIPH MOJICIIOBaHH1, BU3HAYAIINCh
3a pe3yibTaTaMd BUNPOOyBaHb Ha OJHOBICHUN pO3TIT TIIAAKUX 3paskiB. JlokasbHi
XapaKTEPUCTUKU PYHHYBAHHS PO3PaXOBYBAIMCH ISl HABAHTAXEHHS 32 SIKOTO BiJI0yBaIOCh
pyMHYBaHHS 3pa3Ka.
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Pucynoxk 2. — Bu3HaucHHA TOKaTbHHX
XapaKTePHCTHK PVIHVBAHHSA: HANPYV/KCHHA
e 2
T¢ 1a acopmamii €7 za gomomororo

(ppakTorpadHUX 3HIMKIE.

Take MoOCMIOBaHHS JO3BOJWJIO BH3HAYUTH PO3IMOILT JIOKAJTRHUX HANpyXeHb Ta
aedopmariiii y BiCTpi KOHIIEHTPATOpYy B MOMEHT pyiiHyBaHHs. [IpoBeneni ¢ppakrorpadiui
JOCIIJIKEHHS JI03BOJIMIIM 1IEHTU(DIKYBAIM JKEpesia pyHHyBaHHS (MICIS 3B1IKU ITOYAIOCh
karactpodiuHe posnosctopkeHHst 3T), 1m0 1amo 3MOry BU3HAYUTH BEIUUYMHY JIOKAJTbHUX
HanpyKeHb Ta Aedopmalliii B MOMEHT pyiiHyBaHHs (puc.2).

Tpetiii po3aia nucepraniitHoi poOOTH MPUCBIYSHUN PO3pOOII METOJAMKHA BH3HAYCHHS
MIHIMQJIBHOTO PIBHS KPUXKOi MIIIHOCTI R,. xoHcmpykyitinux cmanet 3 OLIK rpartkoro.

Bigomo, 1o  BeaM4YuHY R BU3HAYalOTh 32  JIOMOMOTOK  CepilajibHUX

MC
HU3BKOTEMIIEPATYPHUX BUNPOOYBaHb HA TINIAJKUX LMIIHAPUYHUX 3pa3KaxX, K BEIUUHUHY
MIHIMaJbHOTO HANpy>KeHHS pyHHYBaHHS B 00JacTl TeMIeparyp B S3KO-KPUXKOIO
nepexoay [1,2]. Ilpore Ha BiaMiHY Bia BIAMAJICHOTO Ha KPYIHE 3€PHO o — 3ali3a,
TEeMIIEepaTypa B’ A3KO-KPUXKOTO MEPEXOay T, , SKOTO 3HAXOJUTHCS B 00JIACTI TeMmepaTyp
KUIIHHS  pigKoro aszotry (T =77K), s OUIBIIOCTI KOHCTPYKLIMHUX cTajled 1is
TeMIepaTypa JIeKHTh 3HA4YHO HWxkue (puc.3), 1O OOyMOBIIOE HEOOXIIHICTh
BUKOPHUCTAHHA MapiB remiro. Y 3B’sA3Ky 3 4MM, B poOOTi Oyna BigHaiieHa Taka reoMeTpis
3pa3KiB 3 KOHLEHTPAaTOpaMu HaIpYyXE€Hb, KA 3 OJHOTO0 OOKY 103BOJIAE€ 3MICTUTH T, , B
00JIaCTh «a30THHX» TEMIEPaTyp, a 3 IHIIOTO0 OOKYy HE BUKIMKAE 3HAYHOTO 30UTBIIICHHS
JIOKAJIbHOTO Hampy>XeHHsS pyWHYBaHHS B PE3yJIbTaTl JOKAJIbHOTO MacIITaOHOrO e(eKTy
[3,4,5]. 3a pe3ynbraTamMmu ekcriepuMEHTAIbHUX JOCTIKEHb BCTAHOBIICHO, 110 PO3pO0IIcHa

METOJIMKA JT03BOJISIE BU3HAYATH R,. 3a PIBHEM HOMIHAJIBHOTO HAMPY>KEHHS PyWHYBaHHS
o CKCTpamojghboBaHOTO Ha BenuuuHy 2% naedopmarii MWIIHAPUYHUX 3pasKiB 3

KUIBIICBUM KOHIIEHTPATOPOM HAMPYKEHb p = 2 MM. (puc.4).
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Pucynox 3. — Temnepatypui PucyHok 4. — BusHaueHHs piBHS KPHUXKOi

3aJIEKHOCTI MEXaHIYHUX XapaKTePUCTUK MIIIHOCTI R,. IUIIXOM €KCTPAIOJISAIil

Ow,S,,¥ a—Fe taCram 10T, 3HAYEHb  HOMIHAIBHOTO  HAIPYKEHHS
pYWUHYBaHHS o, 3pa3KiB 3 KUIbLEBUM

KOHIIEHTPaTOPOM HaIpy>KEHb Ha
BenuuuHy 2% Makpozedopmariii.

YerBepTHii po3ais1 NMpUCBIYCHUN aHami3y aOCONMIOTHUX 3HAYEHb Ta 3aKOHOMIPHOCTEH
3MIHU JIOKAJIbBHUX XapaKTEPUCTUK PyIHYBaHHS B yMOBaX KOHIIEHTpAllli Hallpy>KEHb.

YV Ilepwomy napacpagi 4eTBEPTOTO PO3AUTY TPOBEIACHO CIIBCTABICHHS
€KCIIEpUMEHTAJIbHUX (BU3HAYEHUX 32 JOMOMOTOK (pakTorpadiyHuX OCHTIIKEHb) Ta
PO3paxXyHKOBHX (OTPUMAHUX MUITXOM KOMIT IOTEPHOTO MOJCTIOBAHHS) JaHUX JIOKAJIbHOT
nedopmMallii Kpuxkoro pyHyBaHHs (puc.S). BctaHoBIeHO, 1110 HE3BaXKalOUMd Ha TUPOKUI
1HTEepBaJl 3HAYEHb e,, BUKIMKAHUN T'PAJIEHTOM JIOKaJIbHUX Jeopmariii B Mexax 00sacTi

“process zone”, HaWOLIbII WMOBIPHI 3HAYEHHS JIOKAJIbHOI Jedopmarlii 3HaXOASIThCS B
obmacti 1-3%, 1i JaHi TaKoX MiATBEPIKYIOTHCS 00pOOKOIO JTiTepaTypHUX jKepen [6] Ta
CIIpaBeIJIMBI, SIK 70 HaAPI3iB, Tak 1 rocTpux TpiuwH. Lle 103B0oIMI0 3p0OUTH BUCHOBOK,
10 CEpeIHs BeTMYMHA JIOKaIbHO1 Aedopmaliii B MOMEHT pyiHyBaHHs OJin3bKa 10 2%.

Jlpyeuti napaecpag UETBEPTOrO PO3AUTY TPUCBIYECHUNW 3aKOHOMIPHOCTSIM 3MIHH
JIOKAJILHOTO HaIpy)XeHHsT pPYyHHYBaHHS B IIMPOKOMY I1HTEpBaJl TeMIleparyp, IIo
nependavyanio TMPOBEJACHHS CeplaiIbHUX HU3BKOTEMIEPaTypHUX BUMNPOOYBaHb TIJIaJKUX
UWTIHAPUYHUX 3pa3KiB Ta 3pa3KiB 3 JBOMa PI3HUMU KyTaMU PO3KPUTTS KUIbLIEBOTO
KOHIIEHTpaTopa (o =45° Ta » =120"°), 110 JO3BOJIMJIO 3MIHIOBATH 3HAYCHHS KOPCTKOCTI j
HaIMpYy>KEHOTO CTaHy B OKOJII KOHIIEHTpAaTopa HaIpy>KeHb. Pe3ynpTaTu ceplaJbHUX
BUIIPOOYBAaHb B IIMPOKOMY iHTepBam Temmeparyp (T=-196...+20°C) ta xomm’oTepHe



MOACIIOBAHHA Ha 0a3i OTPUMaHHUX CKCIICPUMCHTAJIIbHUX JaHHUX AO3BOJIMJIM BCTAHOBUTHU

MOHOTOHHE 3MEHIICHHS pPIBHA JIOKAJIHHOTO HANpPY>KEHHS pPYHHYBaHHS o,

TeMiiepatypu (puc.6).
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Pucynox 5. — 3anexHicTh JOKaIbHOI KpUTUYHOT AeopMaliii 1HII[IFOBaHHS KPUXKOTO
pYWHYBaHHS B1J] HOPMOBAHO1 BEJTMYMHN HOMIHAJILHOTO HAIPY>KEHHS PyWHYBaHHS
o, 110 BEIMYWHHA MEXKI IUIMHHOCTI o, .

HpOBez[eHe KOMH’IOTepHe MOJACIIOBaAHHA IIOKa3ajo, IO IIc O6YMOBJ'IGHO J'IOKaJ'IiBaHiEI-O

IIPOLIECY 1HIL1FOBAaHHS

pyHHYBaHHS B TPAaHUYHO MajuXx 00’eMax y

KPHUXKOTO

BICTpI KOHLEHTpaTopa HampyXeHb, Je

BIIirpae  KUJIBKICTh

3 oaHoro OOKy

KIIFOYOBY  POJIb
3apOJAKOBUX TPILIUH.
BEJIMYMHA MOBUHHA

o 3pocTatu 3

f
M1BUIICHHAM TEMIIEPATypU, OCKIIBKU TpU
bOMY 3MeHIyeTbea TryctuHa 3T, mpore
pict TEeMIIepaTypu 00yMOBITIOE
301IBIICHHS caMoi 001acTi “Process zone”,

pPEe3yJIbTaTOM YOTO € 3POCTaHHSI KUIBKOCTI

TPIIIMH,  BIAMOBIIHO 1O  OTPUMaHUX
pe3yabTartiB.  —  Japyruid  edpext €
MIPEBATIOIOUNM.
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Pucynok 6. — TemnepaTypHi 3a1€KHOCTI
JIOKaJIBbHOTO HAIIPYKCHHS pYHHYBaHHSI
3pa3KiB 3 KyTaMH PO3KPHUTTS
KOHIIEHTPATOPY @ =45° Ta w =120°.



Y m’siToMy po3aisii Ha OCHOBI JIOKAIBHOTO KPUTEPIIO 1HILIIOBAHHS KPUXKOTO PyHHYBaHHS
B 00J1aCTl KOHIIEHTpaIlli HaNmpy>KeHb BiJHAWJEHI YMOBHU 3a SKHX MOXJIMBO BCTaHOBUTHU
OJIHO3HAYHUI 3B'I30K MDK JIOKQJIBHUMHM Ta HOMIHAJIBHUMH XapaKTepUCTUKAMU
pyiinyBaHHs. [lokazaHo, IO Takui 3B'SI30K MOKJIMBHM 3a YMOBH IOCTIMHOI BEJIMYUHH
YKOPCTKOCTI HAMNpPY>KEHOT'0 CTaHy y BICTP1 KOHIIEHTPATOPY, 110 OOYMOBHJIO HEOOX1AHICTh
PO3pPOOKH METOJMKH BU3HAUEHHS KPUTHUYHOI TEMIIEpaTypu KpPUXKOCTI T., 3a SKOi Taka

YMOBa peai3y€eThCsl.
YV nepwomy napacpaghi m’aTor0 pO3IiTy

n=0

- = 10.05 BUKJIJIEHA (p13M4HO-00TPYHTOBaHA
29 o n=0.10 MeToAvMKa Bu3HaueHHsA T.. [lnaxom
] © v n=0.13
21 — = 1015 KOMIT' FOTEPHOTO MOJICTIOBAHHS MPOLIECY

OJIHOBICHOTO  pPO3TATY  3pa3ka 3
, KOHIICHTPATOpPOM  HampyXeHb  OyJu
T OTpUMaHI1 3QJIEKHOCTI 3HAYEHHS
YKOPCTKOCTI HaIMPy>KEHOTO CTaHy B TOYIII
MaKCUMyMYy JIOKaJbHUX PO3TATYIOUUX
HaIpy>XEeHb, BiJl HOPMOBAHOI BEIIMYUHU

MPUKJIIAJEHOTO HABAHTAKEHHS.
MopentoBaHHs POBOJAMIOCH JJIsl CTaJIeH
13 pI3HOIO CXHJIbHICTIO 10

nedopmailiitHoro 3MiliHeHHs (puc.7).

OTpuMaHi 3aJ€KHOCTI JO3BOJISIOTH AJIs
KOHCTPYKIIIWHUX  CcTaled 3  pI3HOI0
CXWJIBbHICTIO 10 nedopmartiiitHoro
3MilHEHHS (TTapamMeTp n ) BiAHAWTH PiBHI

1,0-1 T T T T T T T

0,3 06 09 1,2 1,5 1,8 2,1 24 . o

B1IHOCHOI'O HABAHTAXXCHHAA N% y AJIA
02

GNF/ S ) . :
SKUX TIpU PYHHYBaHHI  BHKOHYETHCS
PrcyHOK 7. — 3a/IeXHiCTh BETHYMHH yMoBa j=const . Ilokaszano, mo s
YKOPCTKOCTI BiJIl HOPMOBaHOI BEIMUYNHU TUTIOBUX  KOHCTPYKI[IHHUX  CTaJel
MIPUKJIAJICHOTO HABAHTAXKCHHS. JIOIIJIBHO 3adikcyBaTu BEJINYUHY

KOPCTKOCTI Ha piBHI j=19.
Merononoris BU3HAUY€HHS T, 3BOAUTBCA [0 TIONIYKY TakKoi TeMIlepaTypu Ha
TEMIIEpaTypHIA 3aJE€KHOCTI OCHOBHMX MEXaHIYHUX BIACTUBOCTEH 3a SKOI peai3yeThecs

BKa3aHE BiJIHOIICHHS GN% . B opyeomy napaepaghi BcTaHOBIEHO CHiBBIIHOIICHHS MK
02

BEJIMYMHOK KPUTUYHOI TeMIleparypu T. Ta 3HAYCHHSAM KPUTUYHOI TEMIIEpaTypu

KPUXKOTO PYWHYBAaHHS B MOMEHT 3arajibHOi TUIMHHOCTI T, 3pa3ka 3 KOHILEHTPaTOpOM,

GY
3anpornionoBanoi [x.Horrom [7]. B npbomy naparpadi aHazizyeThcsi BIUIMB BEJIMYMH MEXI
IUIMHHOCTI o,, Ta KoedirieHTa aeGpopMaIiiifHoro 3MIITHEHHS n Ha BEJIMYUHY >KOPCTKOCTI
j mpu temmeparypi T, . llokazaHo, 110 TpW BHU3HAYEHHI JOKAIBHOTO HANPYXEHHS
pyiiHyBaHHs 3a MeTtogukor Jx. HoTra He BUKOHYETbCS YMOBa CTaJOCTI BEJIMYUHU
KOPCTKOCTI j .



Tpemiti  napaecpagp TWATOTO  PO3ILTY

IPUCBSIYCHUN  BUPIMICHHIO  BaKJIMUBOI 1,7
OpUKJIAJHOI  3ajJadi, sKa TOoJiArae B
IIPOTHO3YBaHHI OKPUXYYIOYOT i 1,64
KOHIICHTPATOPIB HaIpy>XeHb oe3
NPOBEJICHHS  CKJIAJAHUX  pPO3pPaxyHKIB ~ 1,51 )/
METO/JIOM CKIHUYEHHUX €JIEMEHTIB. B 1ipomy ~ Y
naparpadi  TpOBEACHHWI TMOPIBHSUIBHUN bg 1.4 /

. . cen . ~
aHaII3 OKPUXUYIOUOi Ail KOHIEHTPATOPIB, 9 X
BU3HAYEHOI 34 JIONOMOTOK JIOKAJIBHUX ﬂllﬁ 134 v
XapaKTEPUCTHK ¢, Ta HOMIHAIBHHX K __ . g ’
BcranoBneno, mo 3HadeHHs KoedilieHTa M 12 > L
MEXaHIYHOI CTaOUIBPHOCTI 3a KPUTHYHOL ’ ’
TEMIIEPATypu T. [a€ HWKHIO OIIHKY 11 K

. 4 /7

OKpPUXYEHHS, TIpd  I[bOMY  CTYIIiHb
HEJIOOIIHKHA OKpUXYYIOUOL i 10 -
KOHIIEHTpaTopa He nepeBunrye 11%. ’1,() 1,112 13 14 1.5 1,6 1,7
Y mocromy po3aiii npuBeneHa ¢izuyHa q.=ilk, .(-)
MOJIEIb 1HII1FOBAaHHS KPUXKOTO
pyHHYBaHHs MeTally B OKOJL  Pucynok 8. — CriBCTaBICHHS OKPHXUIYIOUO1
KOHIIEHTpaTopa HaIpyKCHb, AKa - nii KOHIEHTpaTOpa HaNpyXeHb BU3HAYEHOI

IPYHTYEThCST ~ HA  aHaji3l  MPOIECIB
YTBOPEHHSI Ta BTpaTd  CTallIBHOCTI
3apOAKOBUX TPILIMH B MOJIKPUCTATIYHOMY
MeTaii. SIK BIIOMO, HECYMICHICTh MIKPOIUIACTUYHUX JAepopMaliiidl € MPUIMHOIO YTBOPEHHS
3apOAKOBUX TPIIMH MpHU IJIACTUYHIN ngedopmanli KpuCTadiyHUX TBEpAUX Til. B
MOJIIKPUCTAJII TAKa HECYMICHICTh BUHUKAE Ha MeXKaxX 3€peH, a00 Ha MK(pa3HUX TPaHULSX.
B npaniii pobotri B saxocti Mozeni kepena 3T BHUKOPUCTOBYBAJIUCH JUCIIOKAIliNHI
ckymyeHHs. [lpu 1poMy, Ha BIAMIHY BiJ KJIAaCMYHHMX MOJENed BpaxoBYyBaJlach isi
MIKPOHAIPY>KEHb, K1 € CTOXaCTUYHUMH 32 CBOEIO TIPUPOIOIO:
cLic(k,t-M)+¢& ] >2,, (1)

e C - KOHCTaHTa, L0 BU3HAYAETHCA MPYKHUMHU MOCTIMHUMHU TpPATKU; L - JOBXHHA
JOUCIOKAIITHOTO CKYMYEHHS; & - IHTEHCUBHICTb JOTHYHUX MIKPOHANPYXKEHb, k_ -

Koe(iieHT; t - 0e3po3MipHa BeJIMYMHA JOTUYHUX HANPYXKEHb &, , “TPUKIANCHUX IO

3a  JIONOMOIOK  JIOKAJIbHUX g, Ta
HOMIHAJIbHUX K __ BEJIHYHH.

C

JMCNIOKALIHHUX CKyM4YeHb (t=¢,/./D, ); M - OpicHTaliiHuA (akTop; t, - KPUTUYHMH
piBEHb JOTUYHUX HANpPY>KEHb YTBOPEHHSI 3aPOAKOBOI TPIILIUHHU.
B zanexxnocti (1) ¢, - BH3HA4Yae pIBCHb JOTHYHUX MIKPOHANPYKEHb, IO

BUHHMKAIOTh B PE3yJIbTaTl B3a€EMOAIl 3€pHA CEPEAHbOI OpieHTAlli M 3 IUIACTUYHO
nedopmoBanoro Matpuieto. [lpu nedopmariii € <e, :

S @

npu e > e, .



E-’T:ktl.\/zi_kTZ{E_lJ’ (3)
eC

ne k, Ta k_, - KOeQIIEHTH.
Benmuunnaa QuykTyariii Hanpy>keHb B CUCTEM1 KOB3aHHS, 1€ (POPMYIOThCSA IUCIOKAIIMHI
CKYIUEHHS, BUBHAYAETHCA o - (k t — M ).

YMoBa yTBOpEHHS 3a0JI0KOBAHOTO TUCIOKALIMHOTO CKYITUEHHS Ma€ BUTJIISIA:

otz e, (4)

1€ r - BIICTaHb BiJI TPaHUIll 3epHA JI0 JLKEepeTa TUCIIOKaIlild B CYyCiTHbOMY 3epHi (r << L );
r, - KpUTHYHE JIOTUYHE HAMpPYXKCHHS T0YaTKy poOOTH Takoro JpKepena; m -
OpiEHTAIIMHUN (haKTOP JUCIOKALIIMHOTO JKepea.

k1o 3HexTyBaTH QIIYKTYalI€l0 r, BUPa3 UMOBIPHOCTI YTBOPEHHS TUCIOKAIIAHOTO
CKYITYEHHSI MOKHA MPEACTAaBUTH HACTYITHUM YUHOM:

tI‘I‘lB.X mmax

1

t

ae:
m=[o-(kt—M)+&.]1/lt, ~riL]. (6)
@DyHKIIs PO3NOAUTY TYCTUHU g(m) BU3HAYAETHCS PO3MOJALIOM OpIEHTALIN TPAHUIIb
3epeH. B BianoBinHOCTI 3 BUpa3oM (1) KpUTUYHE 3HAUEHHSA t, BU3HAYAETHCS 3aJICKHICTIO!

N ]
ket | "

B 3aranpHOMY BUMAJKy, IHTEHCHBHICTh TE€HEPYBaHHS 3apOJKOBHX TPIIIUH B
OJIMHUII 00’ €My MOYKHA 3aITUCATH SIK:

p= kp “Poue 1 (8)
ae k, - Koe(IieHT.

B po6oTi [5] Oyso moka3aHo, 110 PiBeHb MEPEBUIICHHSA o, Haa R,. OOYyMOBJICHUI
3JICKHICTIO MMOBIpPHOCTI pyHHYBaHHS Bif KinbkocTi 3T (p *V ), 10 Te€HEPYHOThCS B
“process zone”. [ns anamizy ¢akTopiB, 10 KOHTPOJIIOIOTH 1€ €(QeKT IOUUIbHO
BUKOpUCTOBYBaTH po3nofin Beiibyna [8]. B po6orax [9,10] Oynmo mokazano, mo Ieu
pO3MOMALT MOXXE BHKOPHCTOBYBATHCH IS alpOKCHMAIll KPUXKOTO pyHHYBaHHS
MOIKPUCTAIIYHUX MeTaliB. B manoMy Bumanky posnojin BeiiOyna mokHa 3amucaTté y
BUTJISII:

F.(o()=1-exp[cpV(c( o))" ], 9)
ne F,(o,) - WMOBIpHICTh pyHHYBaHHS TpU pIBHI HAaNPyXEeHb o,; o, - IOPOTOBE
HaIpy>KeHHS; p - TyctuHa 3T; v - 00’eM “process zone”; pV = N - KuibkicTh 3T; ¢ Ta m -
KOHCTaHTH.
BianoBigHO, po3MiAgarouM o, SK HAWOUIbII MMOBIPHE JIOKAJbHE HAIPYKEHHS

pyiiHyBaHHS, 13 (9) oTpuMaemo:

]1/m (1_ i)l/m ) (10)

6. =0y +[
f th cpV m



[Ipy mpoMy, 3HAYEHHS m TMPAKTHYHO HE 3aJICKUTH BIJ PO3MIPy 3€pHA, a
BU3HAYAETHCSI HEOTHOPIAHICTIO 3€pEeHHOI CTPYKTYpH. BenwumHa ¢ 3MEHIIYEThCS 3
noApiOHEHHSM 3€pHa Ta 3aJIeKUTh BiJ CTYIEHIO HEOJIHOPITHOCTI 3€pEHHOT CTPYKTypu. B
MIMPOKOMY IHTEPBaJl PO3MIPIB 3€peH d =5-120 um, JJIs1 TUIIOBUX PO3MOALIB PO3MIPIB
3epeH ¢ 3MIHIOETHCS B MEXKAX: 1x10 % —2.5x10 " .

I'yctuna p 3T 3amexuTh BiJ TEMIEpaTypH, KOTpa BIUIMBAE HA BETUYUHY t,, IPHU
JOCSITHEHH1 K01 BIJIOYBA€ThCsI pO30JIOKYBaHHS JUCIOKAIIMHOTO CKYITUYEHHS B Pe3yJbTaTi
MOYaTKy poOOTH JAMCIOKALIMHOIO JKepena. 3alleKHICTh BEIUUYMHUA r, MOKHA BUPA3UTHU

HaCTYITHUM YHUHOM:

T =T, T, (11)

Y

ac rt, - aTepMqua CKJIaJOBa AOTHYHHUX HAIIPYKCHb, BCIMYHHA KOTpO.l. 3aJICKUTD BiI[

napameTpiB jokepena @panka-Piza B BepumHi  3a0JIOKOBAHOTO  JMCIIOKAILIMHOTO
CKYIUE€HHS; 7, - TEPMIYHO 3aJI€KHa CKJIa/I0Ba.

TakuM YHWHOM, BUpa3 BEJIWYMHM JIOKAJBHOIO HAIpPY>KEHHS PYWHYBAaHHS MOXHa
MPEJCTABUTH Y BUTJISAII:

_ 1 1/m 1
o, =aR, . +[——1 1-—
co(r, )V m

)llm

: (12)

1€ p(z,) - 3AJIEKHICTb TYCTUHU p 3T BiJ BEIMUYMHU JOTUYHUX HANPYKEHb 7, .

Bupaz (12) no3Bonsie B SBHOMY BUIJISIII BIIHAWTH KIIOYOBI TapaMmeTpH, IO
BU3HAYAIOTh BEJIMYMHY JIOKAJLHOTO HANpPYXEHHS PpYyHHYBaHHSA, NpOTE TPH aHaJi3i
EKCIIEpUMEHTAJILHUX 3HAYE€Hb BEIUYHHH JIOKAIBHOTO HANPYXEHHS PYHHYBaHHS o, CIIiJ

BpPaxOBYBATH, 10 o, BU3HAYAETHCA 3a KPUTHUYHOI TEMIIEpaTypu T.. YMOBa IHILIFOBAHHS

pYWHYBaHHS B BEPIIMHI KOHIIEHTPATOpA:

¥ (13)

1€ o, - MAKCHUMAJIbHO BEJIMYMHA PO3TATYIOUYUX HANPYKEeHb B PZ.

BinnoBigHo:
oy~ jlo, +27,(T)], (14)

7€ j - JKOPCTKICTh HAIPY>KEHOTO CTaHy B BepIIMHI KOHIeHTparopa[11l, 7];
o, - aTepMivyHa CKJIaJ0Ba IpaHulll INIMHHOCTI; 7, (Tc) — BEJIMYMHA TEPMIYHOT CKJIaI0BOI
JTOTUYHUX HAMPYKEHb 32 KPUTUYHOI TEeMIEepaTypH T, .

[TincraBnsroun (12) B (14) 3 BpaxyBanssm (13) orpumaemo:



1 1/m l 1/m .
+ MM a- )" = jlo, + 21, (T,)]. (15)

aR [
cp(t, + 1, (TV

MC

Bupaz (15) saBnsie coborw HemiHIMHE pIBHAHHSA BIIHOCHO t,(T,). Haxans

HEMOXXJIUBO OTPUMATH PO3B’SI30K ILOTO PIBHSHHA B SIBHOMY BHUIJISI/I, MPOTE BHpa3
J03BOJISIE BCTAHOBUTH OCHOBHI MEXaHIYHI XapaKTePUCTUKHU, KOTpl BIUIMBAIOTH Ha
BEJIMYHMHY JOKAIBHOTO HAMPYKEHHS! pyHHYBaHHS o ,

6, =aR,e + f(c,m,o,, ). (16)

s sKicHOTO aHalizy 3aliekHICTh (16) MOXKHA MPEACTaBUTH B SBHOMY BUIJISIL,

AKIIO Jpyrui wieH B piBHOCTI (16) ampokcUMyBaTH BHUPA3OM THUITY oo €

N
1, (TC)
JOMYCTUMMM I HU3bKUX TemmepaTyp. i uux temmeparyp B HepuioMy HaOIMKEHHI
YJIEHOM t, B 3aJIe’KHOCTI (11) MoXxHa 3HeXTyBaTH. B iboMy BUNIAKY:

4ja
o, =aR,. + J . (17)
(@R, - jo, +/(jo, —aR,.)? +8j2)

3anexuicte (17) m03BOJsiE BCTAHOBUTHM OCHOBHI (pakTOopu, IO BIUIMBAIOTH Ha
BEJIMYMHY JIOKAJBHOTO HAIPY>KEHHsI 1HIIIIOBAHHS KPHUXKOTO pPYyHHYBaHHS B OKOJII
KOHIICHTpaTOpa HaNpy>KeHb JOBUIBHOI TE€OMETpii, BKJIIOYAIOYU TOCTPl TPILUIUHHU.
BinnosigHo 10 (17) «BUX1IHUN» PIBEHB o, 334A€THCS BEIMYMHOIO KPUXKOI MILHOCTI R,

Ta KOPETYEThCS B O1K 30UIbIIEHHS Y BUMAAKY, AKIIO 00’€M V “process zone” y BEpIIHMHI
KOHLIEHTpaTOpa 3MEHINYEThCS Ta CHaJae 1HTEHCUBHICTh reHepyBaHHs 3T B pe3yibrarti
M1JIBUIIICHHS TEMIIEPATYPH.

SIBuIle MepeBUILEHHS BEJIMYMHU JIOKAIbHOTO HANpyKEHHA PYHHYBaHHS o, Haj

pPIBHEM KPHUXKOI MIIIHOCTI R, MAa€ MPHUHIIMIIOBO BAXXJIMBE 3HAYCHHS, OCKIIBKH Came

3IaTHICTh METally YWHUTU OIIp KPUXKOMY pPYWHYBaHHIO B yMOBaxX KOHIICHTpaIii
HaIpy>KeHb € OCHOBHUM MMOKa3HUKOM BHCOKOTO PIBHS HOTO CIIYyKOOBHX XapaKTEPUCTHK Ta
MOXKE PO3TJISAATHCh SK KOEQIIIEHT «KOHIEHTPATOPOCTIMKOCTI». TomMy B poOoTi
JOCJIIIPKEHO 3aKOHOMIPHOCTI 3MIHM CTYIIEHIO MEPEeBUIICHHS o, Hald R,. (110 OMUCYEThCS

KOC(II[IEHTOM k, ) BiJl MIIIHOCTI KOHCTPYKIIIHHUX MaTepiaiiB (B HaBEICHIN 3aJIS)KHOCTI I10

Bici a0clMC BiAKJIaJaach BEJIMUMHA aTEPMIYHOI CKJIa0BOI, OCKIJILKM BOHA J1a€ OCHOBHUM
BKJIQJl y BEJIMYMHY MIITHOCTI KOHCTPYKIIMHUX cTanei) (puc.9).
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Pucynok 9. — 3anexHiCTh CTYNEHIO MEPEBUILEHHS JIOKATbHOIO HANPYKEHHS
pYHHYBaHHSl o, HaJ pPIBHEM KpPUXKOi MIIHOCTI R,. (mapamerp k,) BiX
aTEepMIYHOI CKJIaJIOBOI MEXI1 TUTMHHOCTI o , .



BUCHOBKHA
[Ipouec iHIIiIOBaHHS KPUXKOTO PYHHYBaHHA B HEOJHOPIAHMX CHUJIOBHX TOJSX,
CTBOPIOBAHMX KOHLCHTPATOPAMH HANPYKEHb € CTOXAaCTHYHHIM 32 CBOEIO HPUPOJIOIO,
B pe3ynapTaTi YOTr0 BEJIMYMHA JIOKAJTbHOTO HANPYKEHHS o, 1HIIIIOBaHHS

pYI/IHYBaHHSI 3aJICKHUTh HC JINIIC BI,ZI pO3M1p1B 3apOJKOBHX TplIHHH ame -1 BlI[ X
KIJBKOCTI B JIOKaJIBHIA 00J1aCT1 B OKOJI1 BlCTpﬂ KOHIICHTpPAaTOopa.
Came BIUIMB KIJBKOCTI 3apOJKOBHX TplIHI/IH Ha BCIWMYHNHY o, € OCHOBHUM

dbakTopoMm, 0 00YMOBIIOE TEMIIEPATYPHY 3AIEKHICTh o, , & TAKOXK € MPUYUHOIO
NEPEeBUIICHHS o, HaJ PIBHEM KPUXKOI MILIHOCTI R,. CTaHJApPTHOrO 3pa3ka IpH

OJTHOBICHOMY PO3T#3i.

Kputvune 3HaueHHs JOKaJbHOI MJIACTUYHOI Jedopmarii € (CTOXaCTHYHOIO
XapaKTEPUCTHKOIO, BEIMYNHA SKOI MOXC 3MIHIOBATHCS B MEXax process zone”
OUTBII HDK HA TOPSAOK, MPH LbOMY JUJISI THUIOBUX KOHCTPYKIIMHHX CTasiel
BEJTMYMHA HANOUIbII TMOBIPHOT KPUTHYHOI AedopMallii 3HAXOIUTHCSA B OKOJI1 2%.
JUist cTaneit micis rapTyBaHHS Ta BIJIIYCKY CIIOCTEPIraeThCs TEHICHLIIS 3MEHIICHHS
BEJIMYMHU JIOKAJbHOIO HANpPY)XEHHS pYHHYBaHHS o, 13 30UIBLICHHSM

TeMIlepaTypy, 10 OOyMOBJIEHO BIUIMBOM KuibkocTi 3T B “process zone” Ha
BEJUYUHY o .

Kir04uoBOI0 yMOBOIO BCTAHOBJICHHSI 3B SI3KY MK JOKATbHUMU Ta HOMIHATbHUMU
XapaKTEPUCTUKAMU KPUXKOTO PYHHYBAHHS € CTaJIe 3HAUEHHS BEJIMYUHU KOPCTKOCTI
HaMpy>X€HOTO CTaHy j=const , LIO 3a0€3MEUyeThCS B PO3POOJICHIA METOAMII
BU3HAYEHHS KPUTUYHOI TEMIIEPATYPU KPUXKOCTI T

BennuuHna xoedimieHTa MEXaHIYHOI CTaOUTBHOCTI K, 332 KPUTUYHOI TeMIepaTypH
T. MOX€ BUKOPUCTOBYBATHUCS ISl OLIIHKUA CTYNEHS OKPUXYEHHS KOHCTPYKUIMHUX
CTaJIell B yMOBax KOHIEHTpAILlll HAPYKEHb.

CryniHb NepeBUILEHHS BEJIMYMHU JIOKAJIbHOTO HANPYKEHHS KPUXKOTO PYyHHYBaHHS
o, HaJ MiHIMaJIbHAM PIBHEM KPHXKOI MIIIHOCTI R,. (mapameTrp k, = o, /R,.)
XapaKTePHU3y€e 3AATHICTh KOHCTPYKIIIHHUX MaTepialliB YAHUTU OMIp pyHHYBaHHIO B
yMOBaxX HEOJHOPIAHMX CHJIOBUX [IOJIB, CTBOPIOBAHMX KOHIIEHTPATOPAMHU
HaNpy>XeHb, Ta MOXKE PO3IIIAJATUCS SIK MOKAa3HUK SKOCTI KOHCTPYKUINHUX CTajeil.
BenuunHa 1p0oro mepeBUIIEHHS k, = o, /R,. 3aJE€XKUTh Bl KIJIBKOCTI 3apOJIKOBUX

TPIIINH, K1 yTBOPIOIOTHCSA B “process zone”.
B mmpokoMy iHTepBail MILHOCTI KOHCTPYKUIMHHUX cTajedl o, =370...1530MIIa,

CTYIIHb EPEBUIICHHS o, Hal R,. (mapaMmerp k, = o, /R, ) JIGKUTh B Mexax 1,28—

1,40 Ta Mae TESHACHIIIIO A0 3HUKEHHS 13 IMIJIBHUIINCHHSAM PiBHSA MIIHOCTI cTanei. Lle
MOJKHA IMOSICHUTH HE OJIHAKOBOIO 1IHTEHCHUBHICTIO TeHEePYBaHHSI 3aPOIKOBUX TPIIIHH
B CTaJISIX 3 PI3HOIO CTPYKTYpPOIO, 30KpeMa B (hEepPHUTO-TICPITITHUX Ta MapTEHCUTHUX
CTaJISIX.

BukopucTaHHs KOHILEHTpaTopa HANpyKeHb Yy BUIUISIAL KUIBLIEBOIO HAApI3y
pamiycoM 2 MM. Ta rauOuHOK 1,4 MM. Ha TIAAKUX IWIHAPUYHUX 3pa3Kax
JiaMeTpoM 8 MM.  J03BOJISIE  BU3HAQUUTH  PIBEHb  KPHUXKOi  MIIHOCTI
KOHCTPYKIIIWHUX CTajlell 3a BEJTMYMHOIO HOMIHAIHHOTO HAIPY>KCHHS pyiHYyBaHHSL.
LIe CYTTEBO CHPOIIYE METOIMKY CKCICPHMEHTATbHOIO BU3HAUYCHHS MIHIMAJIBHOTO
pPIBHS KpPUXKOI MIIIHOCTI R,. Ta JO03BOJISIE BIIMOBHUTHCH BiJ TPYIOEMKHUX 1

BapTICHUX CEpialbHUX HHU3BKOTEMIIEpATYpHUX BHUIPOOYBaHb 3 BUKOPHCTAHHSAM
napiB reio.
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AHOTANIA

I'pumenxko B.M. 3B'si30k JIOKAJbHMX | HOMIHAJBHUX XapaKTePUCTHK
pyiiHyBaHHsl KOHCTpPyKUiiiHuX crajed 3 OILK rparkow B ymoBax KOHUEHTpauil
HAIIPy:KeHb — HA NpaBax pykonucy. — Ha npaBax pykonmucy.

Jucepraris Ha 3700yTTS HAYKOBOTO CTYIEHsS KaHauaaTta (i3MKo-MaTeMaTHIHHX
Hayk 3a creuianbHicTio 01.04.13 — ¢i3uka metaniB. — [HcTUTYT MeTanodizuku im. I'. B.
KyparomoBa HAH VYkpainu, Kuis, 2015.

Hucepraniiina poOoTa NpUCBAYEHA BCTAHOBJICHHIO 3aKOHOMIPHOCTEH MHpOIECy
IHILIIOBaHHS KPUXKOTO pYyHHYBaHHS B CHJIBHO HEOAHOPIAHMX CHJIOBUX TMOJISIX,
CTBOPIOBAaHMUX KOHILIEHTPATOpPaMM HANpy>KEHb Ta BIAHAXOJKEHHIO, HA 1[I OCHOBI, 3B 43Ky
MDK JIOKaJbHUMH Ta HOMIHAJIbHUMHM XapaKTEPUCTUKAMU KpPUXKOTO pPYHWHYBaHHS
KOHCTpyKIiHuX  ctanmer 3 OLK rpatkoro. B poboti 3a  pesyinbraramu
EKCIIEPUMEHTAJIbHUX JOCIIIPKEHb Ta KOMII IOTEPHOTO MOJEIIOBAHHS  BIJAHAWJEHI
3aKOHOMIPHOCTI 3MIHM BEJIMYMHU JIOKAJIBHUX XapaKTEPUCTHK I1HIIIIOBAHHSI KpPUXKOIO
PYVHYBaHHS — KPUTHUYHOI BEJIIMYMHU JIOKAIBHOIO HAIPYKEHHA o, Ta KPUTHYHOI
nedopmanii e, B mHPOKOMy TemmepaTypHoMmy imTepami T = —196...+20°C.
3anpornoHoBaHa MIKPOCKOMIYHA MOJEJb 1HILIIOBAHHA KPUXKOIO PYHHYBaHHS B OKOJI
KOHLIEHTpaTopa HamnpyXeHb. BCTaHOBJIEHO, IO KIIOYOBUM €(EKTOM, SKHMH KOHTPOIIIOE
3/IaTHICTh KOHCTPYKIIMHUX MaTepialiB YMHUTH OMIp KPUXKOMY PYWHYBAaHHIO B yMOBax
KOHIEHTpalli HalnpyXeHb € TEePEBUIICHHS BEJIMYMHU JIOKAJIBHOTO HaIpPyKEHHS
pYWHYBaHHS o, HaJ pPIBHEM KPUXKOI MIIHOCTI R,. CTaHIAPTHOrO 3pa3ka MpHu

OJHOBICHOMY po3Ts3i. lleit edekT 0OyMOBIEHUN 3MEHIICHHSM KUIBKOCTI 3apOJAKOBUX
TPIIIMH KPUTUYHUX PO3MIPIB B PE3YJIBTATI JIOKAJII3AIIll MPOLIECY 1HILIIOBAHHS pyHHYBaHHS
B IPAaHUYHO MajoMy 00’€Mi B OKOJI1 BICTpsI KOHIIEHTpATopa.

BignalineHi yMOBH 3a SKUX MOMJIMBUM OJHO3HAYHHMM 3B'SI30K MDK JIOKQJbHHMH 1
HOMIHAJIbLHUMHU XapaKTepUCTUKaMH PyHHYBaHHS, Ta po3po0JeHa METOAMKA BU3HAYCHHS
KPUTUYHOI TEMIIepaTypyd KPHUXKOCTI 3a $KOi Taki yMOBH peani3yloTbcsa. Ha ocHOBI
BCTAQHOBJICHOTO 3B 513Ky 3alpONOHOBaHI METOIMKH EKCIEPUMEHTaJbHO  BU3HAYCHHS
CTYIEHS OKPUXUYEHHS KOHCTPYKIIMHHMX cTajeil B yMOBaxX KOHIEHTpalli Hampy>KeHb Ta
OIIIHKH iX SIKOCTI, IK KOHCTPYKIIIMHOTO MaTepiaiy.

KJ1040Bi_cj10Ba: KprxKe pyHHYBaHHSA, 3apPOJKOBI TPILIMHU, JOKATBHUN MIAX1A 110
pYWHYBaHHS, OKPUXYEHHS, MII[HICTh, KpUTUYHA TEMIIEPaTypa KPUXKOCTI.




AHOTALIUA
I'pumnenko B.H CBsi3p JIOKAJBbHBIX M HOMHMHAJIBHBIX XAPAKTEPUCTHK
pa3pylieHusi KOHCTPYKHHOHHBIX crajsed ¢ OLIK pemerkoii B ycaoBusix
KOHIEHTpauuu HanpsikeHuil. — Ha nmpaBax pykonucu.
JuccepTanus Ha COMCKaHUE YYEHOUM CTENeHM KaHauaata PU3MKo-MaTeMaTHYeCKUX

Hayk o cnenuansHocTd 01.04.13 — dusuka meramioB. — MHCTUTYT MeTaIOQU3UKH UM.
I'.B. KyparomoBa HAH Ykpannsl, Kues, 2015.

JuccepranuoHHas paboTa MOCBALIEHA YCTAHOBICHUIO 3aKOHOMEPHOCTEN IIpoLecca
MHULMMPOBAHUSA XPYIKOTO pa3pylIeHUs B CHJIBHO HEOJHOPOJHBIX CHJIOBBIX IIOJISIX,
KOTOPBIE CO3JAKOTCS KOHIIEHTPATOPAaMH HANPSIKEHUN, YCTAaHOBJICHUIO Ha 3TOM OCHOBE
CBSI3U MEXKy JIOKAIBHBIMU 1 HOMUHAJIBHBIMU XapPAKTEPUCTUKAMHU XPYIKOTO pa3pyLICHUs
KOHCTPYKIIMOHHBIX cTtasier ¢ OLIK pemerkoii.

Jlig aToro BoEpBbIE pa3pabOTaHHAs METOAMKA 3KCIEPUMEHTAIBHOTO ONPENEICHUS

0a30BOl HOMHMHAJIBHOW XapakTEPUCTHUKM — YPOBHS XPYNKOM MIPOYHOCTH R

Mc
KOHCTPYKIIMOHHBIX CTaHCﬁ, KOoTOpas IIO3BOJIAICT O0TKa3aTbCsA oT CCPpHAJIbHBIX
HHU3KOTCMIICPATYPHBIX UCIILITAHUN B mapax ICJIHs. MeTOI[I/IKa npeaycMmarpmuBacT
HUCIBITAaHUE 5 MUINHAPHUYICCKUX 06p331_[0B C KOJIBIICBBIM KOHICHTPATOPOM HaHpH)KeHI/Iﬁ

pagdycoM 2 MM M OIpEICIICHUE YPOBHS R MyTEM OJKCTPAIOJSALMU 3HAYCHUHN

MC

HOMMHAJILHOTO HAaIPsDKEHUS pa3pylIeHusl o, Ha BeIuduuHy 2% nedopmanuu.
OCHOBBIBasICb ~ Ha  pe3yibTarax  JKCIEPUMEHTAJIbHBIX  MCCIECIOBAaHUNH WU

KOMITBIOTEPHOTO MOJEIHMPOBAHUS, YCTAHOBJIEHbI 3aKOHOMEPHOCTH W3MEHEHHS BEIHYUH

JIOKAJIbHBIX XapaKTEPUCTHUK WHULMUPOBAHUS XPYIKOIO pa3pylICHUs — KPUTHUYECKOTO

3HAYEHHUS JIOKAJIIbHOTO HAIPSKEHUS o, W KPUTUYECKOW Jedopmaiu e, B IIUPOKOM

TemmepatypHoM auamazone T = —196...4+20°C. IlokasaHo, 4TO YpOBEHb JOKAIBLHOTO

HapsKCHUS pa3pyluICHUs o , UMECT TCHACHINIO K MOHOTOHHOMY YMCHBIICHUIO C POCTOM

TEMIIEpaTypbl, 3TO OOYCIIOBJIEHO JIOKAJTU3ALMEN Mpolecca HUHUIMUPOBAHUS XPYIIKOTO
paspyIlicHus B IpeaebHO MajoM o0beme V,, (“Process zone™) y ocTpust TPEUIUHBI, TIe
KIIIOUEBYIO POJIb MTPAET KOJMYECTBO 3apOJBINIEBBHIX TpemuH. [[0CKOIbKY KOJIMYECTBO
3apOJIBIIIEBLIX TPEIIUH OIpeaensercss AByMs (QakTopaMd, a HMMEHHO IIJIOTHOCTBIO
3apOJIBIIIEBLIX TPEIIMH B TMpeaenax objactu “pProcess zone” u odbemMoM V,, OITOHU
00J1acTH, UMEIOT MECTO JIB€ MPOTUBOMOJIOKHBIE TeHeHIIMU. C OJTHON CTOPOHBI YPOBEHB

o C IOBBIMICHHUEM TEMIICPATYPbl AJOJIKCH PACTH, IIOCKOJIBKY IIPHU 3TOM YMCHBIIACTCA

INIOTHOCTDb 3apOAbIIICBBIX TPCHIMH, HO TEMIICPATypa OKa3bIBACT BJIMAHHUC Ha pPa3McEep

camoil obsactu “process zZONe”, CyIIECTBEHHO YBEJIMYMBAs €€ pa3Mepbl, MPOBEIACHHBIC



HCCJIEIOBaHMs MOKa3ald, 4TO 3TOT 3(PQeKT sABiseTcs mpeBalupyromuM. B Toxe Bpems

YCTaHOBJICHO, YTO JIOKaJbHas AedopManys WHUIUUPOBAHUS XPYIKOTO pa3pyLICHUs e, B

IIMPOKOM TEMIIEPATYpPHOM HMHTEPBAJE, W HE3aBUCUMO OT THUIIA KOHLEHTpATopa U €ro
OCTPOThl HaXOAMUTCS B JIOCTATOYHO Y3KOM HHTepBaje 3HaueHuil 1-3%. Ilokazano, 4uro
Haubosee BEpOSITHAsS BEIMYMHA  JIOKAJBHOU KPUTUYECKON nepopMauu
KOHCTPYKIMOHHBIX MaTEPHAIIOB COCTaBISAET 2%.

OmnpeneneHsl ycaoBUs, IPU KOTOPBIX CYLIECTBYET OJTHO3HAYHAS CBS3b JIOKAJIBHBIX U
HOMHUHAJIBHBIX XapaKTEPUCTHUK Pa3pylIeHUsT KOHCTPYKLUMOHHBIX MaTepuaioB. IlokaszaHo,
YTO KJIKYEBOE YCIOBUS CYLICCTBOBAHHWE TAaKOW CBSI3M €CTh IIOCTOSIHHAs BEJIMYMHA
KECTKOCTU HAIPSKEHHOTO COCTOSIHUSI B MOMEHT pa3pylIeHHs 00paslia ¢ KOHUEHTPAaTOPOM
HanpsbkeHuil. B pabGore pa3paboraHHas MeETOJIMKAa ONPEAEICHUS KPUTHYECKOU
TEMIIEPATYPBI XPYIIKOCTH, IIPU KOTOPOM yYKa3aHHBIN KPUTEPHUM OCYILIECTBIIECTCS.

YcraHOBIIEHHAs CBSA3b JOKAJbHBIX U HOMHHAJIBHBIX XapPAaKTEPUCTHK PA3PYLICHUS
IIpU  KPUTHUYECKOW TeMIIEpaType XPYIKOCTH BIIEPBBIE II03BOJIMIA OLEHUTh MeEpy
OXpYyIYMBAEMOCTH MaTe€pHalla, BBI3BAHHOW KOHILICHTPALMEH HANPSKECHUN, IPU IOMOILHU
MHTErPATIbHBIX MOKa3aTesnei 0e3 MpoBEAEHUs CI0KHBIX KOMIIBIOTEPHBIX PACUETOB.

B pabGore mnokazaHo, 4YTO KIOYEBBIM 3()PEKTOM, KOTOPBIA KOHTPOJIHPYET
CIIOCOOHOCTh KOHCTPYKIMOHHBIX MaTEPUATIOB COITPOTUBIIATHCS XPYIKOMY pa3pyILICHUIO B
YCJIOBUSAX KOHIICHTPALMU HAIPsHKEHUM €CThb IPEBBILICHUE BEJIWYMHBI JIOKAJIBHOIO
HaIpSKEHUST Pa3pylIeHUsl o, HaJ YPOBHEM HOMHMHAJIBHOM XAPAKTEPUCTUKHU — XPYIKOU
MPOYHOCTH R,. CTAHIAPTHOrO 00Opa3na MpU OJHOOCHOM PACTSKEHHH. IDTOT 3(PPekt
OOYCJIOBJICHHBI YMEHBLIEHUEM KOJIMYECTBA 3apOJIbIINIEBBIX TPEUIMH KPUTHYECKUX
pa3sMepoB B pE3yJbTarTe JIOKAIM3ALUMHA TMpOLEecca HWHULUUMUPOBAHUS pA3PYLICHUS B

MpeeIbHO MaJIOM 00beMe Y OCTPHUS KOHIIEHTPATOPA.

KiioueBble €JI0Ba: XPYIKOE pa3pylI€HUE, 3apOAbIIIEBbIE TPEUIUHBI, JTOKAJIbHbBIN

MOAXO/ K pa3pyLIEHHIO, OXPYITYMBAHUE, KPUTHUECKASI TEMITEPATYPA XPYIKOCTH.



ABSTRACT

Grishchenko V. M. Interrelation between local and nominal characteristics of
fracture of structural steel with bcc lattice under conditions of stress concentration. —
Manuscript.

Thesis of the Doctor of Philosophy degree (Candidate of science in Physics and
Mathematics) in specialty 01.04.13 — Physic of metal. — G. V. Kurdumov Institute for
Metal Physics of National Academy of Science of Ukraine, Kyiv, 2015.

Thesis is dedicated to research laws of the process of initiating brittle fracture in a
highly non-uniform force fields created by stress concentrators. And for finding, on this
basis, interrelation between local and nominal characteristics of brittle fracture of
structural steel with bcc lattice. In this paper the results of experimental studies and
computer modeling uncovered patterns of change in the value of local characteristics
initiation of brittle fracture - critical value of local stress o, and critical deformation e. in

a wide temperature range T = -196 ... + 20°C.

It was proposed microscopic model of brittle fracture initiation in a neighborhood
stress concentrators. It was established that the key effect which controls the ability of
structural materials resist to brittle fracture under conditions of stress concentration is
exceeding the value of the local stress fracture o, above the brittle strength r,. of a

standard sample under uniaxial stretch. This effect is due to a decrease in the number of
nuclear cracks critical dimensions as a result of the localization process fracture initiation
in a very small volume in the vicinity of the concentrator tip.

Discovered conditions under which a possible unambiguous link between local and
nominal characteristics destruction, and developed a method of determining the critical
temperature at which the fragility of these conditions are realized. Based on the established
communication methods offered experimentally determine the degree of embrittlement of
structural steels in conditions of stress concentration and assessment of their qualities as
construction material.

Keywords: brittle fracture, nuclear cracks, local approach to fracture,
embrittlement, strength, critical temperature.



