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HIJBUILIEHHS OITOPY PYHHYBAHHIO 3PA3KA 3 TPIINIUHOIO
BHACJ/IIJOK OBPOBKH IMITYJIBCHUM MATI'HITHUM TOJIEM

Pe3ztome. Hasedeno memoouxy ma pesyrbmamu eKCHePUMEHMATbHUX O0CHIONCeHb 6naugy o00OpoOKu
imnynvchum maenimuum noaem (IMII) na onip pyiinyeanno KOMRAKMHUX 3PA3KIE 3 NONEPEOHbO BUPOWEHOIO MPIWUHOIO
emomu, guzomognenux 3i cmani 45. Ilepeo oopobroro IMII 3pasku MexaniuHO HABAHMAICYBAU PO3MAOM 00 DIGHS
HANpyoceHb Y epuiuni MpiuHu, Npu AKUX 3HAYEeHHs KoeQiyienma [HMEeHCUBHOCMI HANPYICeHb Hudcue 3d U020
Kpumuyne 3Hauenns (K.). ¥ pesyremami oopoorku IMII y 3pasky 6i00ysaecmbvcs peraxkcayis HAnpyiceHv 3a PaxyHoK
nracmuynoi meyii' y @epuiuni mpiwunu, wo npuzeooums 0o ii npumynienns. Pesyremamu eunpodysans o6pobaeHux
3pasKie noxKazanu icmomue ni08UUeHHs ONopy PYUHy8antio @ NOPIGHAHHI 3i 3pA3KaAMU 8 NOYANKOBOM) CTHAHI.

Kniouosi cnosa: onip pyliny6anHio, penaxkcayis Hanpyicens, IMnYIbCHe MasHImHe noJe.

G. Stepanov, V. Kharchenko, A. Kotliarenko, I. Mameev

INCREASE OF FRACTURE RESISTANCE OF A CRACKED SPECIMEN
CAUSED BY PULSED MAGNETIC FIELD TREATMENT

The summary. Experimental technique and results of investigations of the effect of pulsed magnetic field
(PMF) treatment on fracture resistance of the fatigue pre-cracked compact tension (CT) specimens are presented. Each
specimen, made out of a hot-rolled sheet of medium carbon steel 45, was cut by the electric discharge machine. The
initial starter notch in the specimens, perpendicular to the direction of rolling, was performed. To avoid possible
residual stresses in the specimens after their manufacturing operations annealing was used. A natural sharp fatigue
crack in CT specimen was created by cyclic loading. Before PMF treatment, in order to form the initial elasto-plastic
stress in the crack tip and to reduce the electrical contact between its edges, treated specimen was mechanically
preloaded in tension using special pool-rods. The load was carried to the stress level in the crack tip at which the value
of stress intensity factor does not exceed its value on the last step of loading at growing of a natural fatigue crack in the
specimen. The pulse magnetic field was provided by discharging a bank of high voltage capacitors through connected
in a transmission line circuit with inductors, installed on both sides of the specimen. The parameters of current
discharge were monitored using a calibrated non-contact inductive probe, called the Rogowski coil, placed around one
of the current feeding wires and recorded on a personal computer (PC) with pre-installed high-frequency analog-
digital card. For all specimens the same parameters of current discharge were used. According to measurements the
discharge current was about 11 kA for the total duration of 10 ms. Direct measurement of the load, applied to the
specimen and temperature rise in the vicinity of fatigue crack during PMF treatment were also recorded. After
treatment irreversible relaxation (significant force decreasing) and negligible increase in temperature in the vicinity of
the crack were observed. After testing at room temperature CT specimens in the initial state and specimens after PMF
treatment, the values of maximum stress intensity factor Kmax and strength ratio of specimen Rsc were obtained. Test
results showed a substantial increase of the fracture resistance of the treated specimens in a comparison to the
specimens in an initial state. Stress relaxation, caused by plastic flow in a vicinity of the crack, takes place due to PMF
treatment and provokes a crack blunting. This fact was confirmed by increasing the value of a crack opening
displacement of the treated specimen in comparison with its initial state. Increasing of fracture resistance should be
mainly associated with blunting of the crack due to plastic flow in its tip, caused by the relaxation of initial elastic-
plastic stress under electroplastic and magnetoplastic effects

Key words: fracture resistance, stress relaxation, pulsed magnetic field.

IMocTanoBka npodaemu. B nanuii yac micins BUABICHHS B KOHCTPYKIIT TPIIIMHA B OaraTbox
BUMNJKaxX il eKCIulyaTallis He NPUIMHIEThCS. 3a3BMuail y Takill cuTyallii ClIOYaTKy OLIHIOIOTh
CTYHiHb O€3MeKH TPIIMHU: 3 YpaxyBaHHSIM XapaKTEePUCTHK TpimuHocTiikocTi (K, K. o)
BHU3HAYAIOTh 3JIaTHICTh KOHCTPYKIT (YHKI[IOHYBaTH 3 HASBHOIO TPIIIMHOW. 3aCTOCYBAaHHSA
XapaKTePUCTHK TPIMIMHOCTIHKOCTI, B mepiry 4epry Ky, B SKOCTI KpUTepiiB MIIIHOCTI Marepiary
J03BOJISIE  PO3paxyBaTW MaKCHUMajbHE JIOyCTUME HABAaHTAXKCHHS, MPU SIKOMY MOXKJIHBA
eKCIUTyaTallisi KOHCTPYKIIIT 3 TPIIIMHOIO BiIOMUX po3MipiB. OTHOYACHO 13 3a3HAYEHUMH OI[IHKAMU,
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K TPaBWIO, BXXHMBAIOTH 3aXOMM MIOAO 3amo0iraHHs MOAAJBIIOMY TOUIMPEHHIO TPIIIUHU.
Hanpuknan, KOpUrylOTh peXHM eKCIUTyaTalil KOHCTPYKIii B OIK 3HIDKEHHsS piBHA i
HABaHTAXXCHOCTi, BAKOPUCTOBYIOTh Pi3HI KOHCTPYKIIiHHI PillIeHHS, ITOB’s3aHi 13 3aCTOCYBaHHSAM Ha
IUIAXY TPIIIMHA ENEeMEHTIB KOPCTKOCTI M HAaKJIagoK 13 Marepially 3 BHCOKOI B’S3KICTIO,
BUKOHYIOTH 0ap’epHi mBH [ 1], 3aCBepATIOIOT Y BEPIINHI TPIIIMHH TaK 3BaHUH «PO3BAHTAKYIOUUII
OTBIp 1 T.II.

AHaJi3 ocTaHHIX JocaiIKeHb i myOuaikamiii. AKTyaqbHICTh 3aBIaHHS MiABHIIEHHS OIOpPY
pYHHYBaHHIO BiJIMOBIAATLHUX KOHCTPYKIIIM Ta X €JIeMEHTIB 3yMOBJIIOE HEOOX1IHICTh MPOBEACHHS
MOJAIBIINX JOCII/DKEHb 3 pPO3pOOJICHHS HOBHX MOJMJIMBOCTEH 1X BHpIMIEHHS. 30Kpema,
MPAKTUYHUN 1HTEpPEC BUKJIMKAE BUKOPUCTAHHS Ui LUX I[Ied 0OpoOKH €eMEeHTIB KOHCTPYKIIH 3
TPIIMHAMH IMITYJIbCHAM E€JIEKTPOMArHiTHUM TIOJIeM. 3HAYHHUKN JOPOOOK Y IOMY HAINPSAMKY OyIIo
3po0sieHo B 1970—-80-tux pokax [2—8], mpoTe iHTepec 10 JaHUX JTOCHTIKEHb He MMociadmtoeThes [9—
13].

B ocHOBI 3a3HaueHUX AOCHIKEHb JICKUTh BIJOMUN €(EeKT, KU MOJsArae B TOMY, IO MPH
00poO1Ii IMIYIBCHUM €JEKTPOMArHITHAM II0JIEM EJIEKTPONPOBIHOTO Tilia 3 TPIIMHOIO B Mipy
MPUPOJHUX NPUYHH B 11 BEpIIMHI BiIOYBa€ThCS 3HAYHA KOHIIEHTPAIS €IIEKTPHYHOTO i MAarHiTHOTO
MOJIiB (QHAJOTIYHO KOHIEHTpalii MeXaHIYHHX HalpyxXeHb 1 Jaedopmaliii Mpu HaBaHTAXKEHHI
po3TaroM). Y pe3ynapTaTi TepMi4HOI [ii ENeKTPUYHOTO CTPyMy (IDKOYJIEBOTO pO3IrpiBy) Ta
€JIEKTPOIIIACTUYHOTO e(DEeKTy 3a MEBHUX YMOB, IEPIII 32 BCE MPH JOCTATHIN I'YCTUHI CTPYMY, MOXKE
BiIOYBaTHCS «3aJIIKOBYBaHHS» TPIIIMHK — 11 3alUIaBJieHHs a00, HaBmaku, (hOpMyBaHHS Kparepa y
BEpIIKHI, TOOTO YTBOPEHHS PO3BAHTAXKYIOUOTO OTBOPY aHAIOTIYHO 3aCBEPTFOBAHHIO.

MeTtoro aaHoi po6oTH € pPO3POOJCHHS METOMUKH IS JOCHTIDKCHHS BIUIUBY OOPOOKH
iMoynscHUM MarHiTHUM noseMm (IMII) Ha mpuTyruieHHS TpPIIIMHU MONEPEIHBO HABAHTAXKEHOTO
3pasKa Ta aHai3 MiJIBUIIEHHS OIOPY PYHHYBAHHIO BHACIIOK MPOBEACHHS TaK0i 0OPOOKH.

Metoauka nociigxennsi. [Ipu mpoBeneHHI €KCNEPUMEHTIB BUKOPHCTOBYBAJIU: 3pa3KH 3
TPIIIMHOIO /ISl TOCHIKCHHS OIOpYy pyHHYBaHHIO MaTepiany — komnakTHi CT 3pasku (3pa3ku s
BUMPOOYBAHHS TMO3AIEHTPOBUM PO3TIrOM). 3pa3Kd BHUTOTOBISUIM 3 JIUCTa TapsdyeKaTaHoi
CepeIHBOBYTIICIIEBOT cTalli 45 y craHi mocTaBku Takoro ckiany (%): 0,45 C; 0,5...0,8 Mn; < 0,25
Ni; < 0,25 Cr; < 0,05 Cu; 0,17...0,37 Si; < 0,08 As; <0,035P u<0,04S).

Kommaktai CT 3pa3kel BUTOTOBISUTH TOBIIMHOKW B = 4 MM 1 mmpuHOo0 W = 14 MM (iHun
reOMETPUYH1 PO3MIpHU 1 IPONOpIIii 3aJ0BOIBHSIM BUMOTH cTanaapty [14]). IloyarkoBuii Hagpi3 y
3pa3Ky BUKOHYBAIHM NEPHEHIMKYISPHO HANPSMKY MPOKATKUA CTAIEBOTO JucTa. sl YHHUKHEHHS
MOXXJIUBUX 3QJIMIIKOBUX HAaNpy>KeHb y Marepiali 3pa3KiB Micls omepariii 3 BUTOTOBJICHHA
BHKOPHCTOBYBAIIA BIATAI: YCi 3pa3Ku y BaKyyMHil medi Harpisami 1o Temmepatypu 800 °C, motim
OXOJIO/IKYBAJIU 3 MIYYIO 10 KIMHATHOI TEMIEpaTypH.

[Ticna Binnamy B koxkHomy CT 3pa3ky BUPOIyBaJId BTOMHY TPIIIMHY, KEPYIOUHCh BUMOT'aMH,
BUKJIaJIcHUMH Yy craHgapti [14]. [ns HaBaHTaXeHHs BHKOPUCTOBYBAJIM CEPBO-TiAPaBIIUHY
BunpoOyBasibHy Mamuny BiSS-202-V (BiSS, Ianis). 3pa3sku HaBaHTa)XyBalH MUKIIYHUM PO3TATOM
[UIAXOM TEepPEeMIIICHHs] aKTUBHOTO 3axBaTy 3a CHHYCOINaJbHUM 3aKOHOM 13 uacTtororo 20 I,
acumMetpis mukiny cranosmna 0,1. Kpurepiem 3ynuHkyM HaBaHTaXEHHsS OyJIO TOCATHEHHS JOBXKHHU
TPIIUHU a criBBiAHOMEHHA a/W = 0,5, npu KIHUEBIH MOBXWHI TPIIIUHUA HaBaHTaXCHHS K., HE

nepesuiyBaino 24,7 MHa-\/; , mo Bignmosimano cuiai 1,21 xkH. OcraroyHe BHUMIpHOBaHHS
3arajibHOI JOBXHMHHU TPIIIMHU (HAJApi3 Ta BTOMHA TPILIMHA) IPOBOJMIM Ha ONITUYHOMY MiKPOCKOIT
Axiotech Vario (Carl Zeiss, Himeuunna).

IIpu nposenenni o6pobku CT 3paskiB, siKa CKIANAETBCA 3 TONEPEAHBOTO MEXaHIYHOTO
HaBaHTaXeHHs 1 00poOku IMII, 3pa3ok BCTaHOBIIOBAIM MIXK JIBOMA 1HIYKTOPAaMU SIK IMOKa3aHO Ha
puc. 1 (Gyvx4mii iIHIYKTOp Ha PUCYHKY He 300pakeHo). [lepen 0oOpoOKor0 iMITyTbCHUM MarHiTHUM
MOJIEM 3a JIOMOMOTOI0 BHUMIPOOYBaIbHOI MAIIMHU 3pa30K HABAHTAXyBalld 3 METOK (OpPMYyBaHHA
MOYATKOBHUX MNPYKHO-IUTACTUYHUX HAIMPY)KEHb PO3TATY Y BEPIIMHI TPILIIMHH, a TaKOXX 3 METOIO
3HIDKEHHS €JIGKTPUYHOTO KOHTAKTy MiXk 11 Oeperamu.
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VY nanomy Bumnanky aisa HaBaHTakeHHs1 CT 3pa3ka Oynu BUTOTOBJIEHI CHEIialbHI TATH, SKi 3a
(OpMOIO TIOBTOPIOIOTH BHPI3M HA 3pa3Ky, IO BHKOPHUCTOBYIOTHCS JUIsl BCTAHOBJICHHS JaTYMKa
BUMIPIOBaHHS PO3KpUTTA TpimuHu (puc. 1). ToBmmHa TAr JAOpiBHIOBaja TOBLIWHI 3paska. [lepen
00pobkoro CT 3pa3ok 3 MOMepeHbO BHPOIICHOK BTOMHOKO TPIIIMHOK BCTABIISIIM Yy BHUPI3H THT,
MiCJIE 9YOro BCHO 300pKY 3akpilUTIOBalM B MEXaHIYHUX 3axBaTax BI/IHpO6yBaJ'II>H01 MaIlluHA 1
HaBaHTAXyBaIu 3ycwuisiM | kH, mo gemro Hibk4ye piBHS HAaBaHTAXKCHHS, SIKE BiJIIOBIAA€ 3HAYCHHIO
Kyay, 3apeecTpoBaHOMYy MpU JOBXUHI TpilmHU a/W = 0,5 (BUXOASYM 3 BIAMIHHOCTI MICIIs
MPUKJIaIaHHsT HABAHTAKEHHS, B pa3l BHPOIIYBAaHHS BTOMHOI TPIIIMHU 3aCTOCYBAJIM KOPUTYBAHHS
3HaYeHHS Ky, 3AJI€KHO BiJl TOYKH IPUKIIATAHHS CHJIH).

[licns momepeqHBLOr0 HABAaHTAKEHHS CHJIOBOTO JIAHIIOTa 1O o0WaBa OOKH  3pa3ka
BCTAQHOBIIIOBAIM 1HAYKTOpH, 3a0e3Meuyrodyd BiJIMOBiAHE pPO3TallyBaHHA 3pa3ka 3 TPIIIMHOIO
BiJIHOCHO iHAYKTOpa (puc. 1).

Pucynok 1. PosramryBanns CT 3pa3ka mpu 006po6iii: 1 — 3pa3ok; 2 — KOpIyc iHIyKTOpa; 3 — BUTKU
THAYKTOPA, 4 — TSTH 1T MEXaHIYHOTO HABAaHTAKEHHS
Figure 1. CT specimen location under treatment: 1 — specimen; 2 — inductor body; 3 — inductor
coils; 4 — mechanically load pool-rods

[Tpu 06poO1i iIMIYILCHE MAarHiTHE IMOJIE CTBOPIOBAIM MPU PO3PSIl MOMEPETHBO 3aPSIKEHOT
Oarapei KOHJIEHCATOPIB BUCOKOI HANPYrH 4Yepe3 MOCTIAOBHO 3’€HAHI 1HIYKTOPH, BCTAHOBICHI 3
000X O0KiB 3pa3ka (puc. 1) i cTarHeHi yoTupma 60aTaMH JUIsl 3ao0iraHHs iX 3MIIICHHIO BHACITIIOK
B3a€EMHOTO BIIITOBXYBAaHHS (CTPYM B IHIYKTOpax MPOTIKaB B OJHOMY HampsMky). [Ipu oMy 3a
J01oMororo nosica Poroscbkoro i Bucoko4actoTHoi ananoro-mudponoi miatu PCI-9810 (ADLINK
Technology, TaiiBanb), BCTAaHOBJICHOT Ha MEPCOHAILHOMY KOMIT FOTEPi, PEECTPYBAIM IMapaMeTpu
CTpyMy po3psay. Jns BciX 3pa3kiB BHUKOPHCTOBYBAJIM OJIHAKOBUH pEXUM 3apsiiku  OaTtapei
KoHeHcaropis: Hanpyra Uy = 3,5 kB, emuicts C = 1200 Mx®. 3rinHo 3 pe3yapTaraMu peecTparii
CTpyM po3psiny cTaHOBUB Om3bKo 11 KA 3a 3aranbHoi TpuBanocti 10 mc (puc. 2).
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[IpoTtsirom 00poOKM peecTpyBanu 3ycwjuis Ha 3pa3ky. Ha puc. 3 HaBeneno miarpamy
naBanTaxkeHHs CT 3paska Ha mammHi [P 5047-50-02 (Tounpunan, Pocisi) 3 >KOpCTKUM pexuMOM
HaBaHTAXEHHA. 3 JiarpaMu 0aynMo, MO Micis HaBaHTaxeHHA a0 | kH 1 3ymuMHKM akTUBHOTO
3axBaTy B CUJIOBOMY JIAHIIIOT'Y MAIllMHU Big0YyJlacs HE3HAYHA NMPUPOJIHA pelaKcallisi HaBaHTaXEeHHs
Ha piBHi 2...3%, a micas 06pooku IMII BinOyBaBcst CyTTeBUI HOTO criaf (penakcallisi) Ha BETHYUHY
B Mexkax 10%.
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Figure 2. The current pulse, passed Figure 3. CT specimen loading diagram
through the inductors under under treatment

specimen treatment

Takox peecTpyBali B OKOJI BEpUIMHM BTOMHOI TPIIIMHU MPUPICT TEeMIEpaTypu 3a
nonomororo noreniiomerpa KCII-4 i3 BUKOPUCTaHHSIM XpOMETb-aTIOMEIIEBOI TepMonapu (aiamMeTp
apotiB — 0,2 MM), sKy QikcyBanu Ha TMOBepXHI 3pa3zka. J[ns YHUKHEHHS MOIIKOKEHHS
MOTEHI[IOMEeTpa 1HIYKOBAHUMH CTPyMaMH DEECTpAIlil0 TeMIepaTypHu 31iicHIoBaiu uepe3 1...2
CEKYHJIU MiCIsl pO3psIly KOHAECHCATOPIB. Y pe3ynbTari 00poOKU B 00J1aCTi BEPIIMHU TPILIMHH OYII0
3apeECTPOBAHO IIiIBHIICHHS TeMIeparyps Ha BeanmuuHy Omusbko 4 °C. Ilicas 06pobKu 3pa3ok
MOBHICTIO PO3BaHTAKYBAJIH.

Kommnaktai CT 3pa3ku y IO4aTKOBOMY CTaHi Ta miciisi 00poOKH BUIPOOOBYBaIH 32 KIMHATHOI
TeMreparypu Ha BumnpoOyBanpHid MamuHi BiSS-202-V(BiSS, Inais). Ilpu BunpoOyBaHHSX
peecTpyBalid  3yCHIUIS, SIKE€ TPHUKIANAIOCS OO0 3pa3ka, a TaKOX PO3KPUTTS TPILNIMHU, SKeE
peectpyBanu gatuukoM Bi-06-201 (BiSS, Iugis). 3a oTpuMaHuMU e€KCIIEPUMEHTALHUMU JaHUMHU
BIJIIIOBITHO 10 BUMOT cTaHnmaprty [14] po3paxoByBaiu 3HAuY€HHS MaKCHUMAaJIbHOTO Koe(ilieHTa
IHTEHCUBHOCTI HaIpyX)eHb Kmax 32 opmyinoro (1) 1 koedimienTa MiHOCTI Ry 32 hopmynoro (2),
10 BPaxOBY€E T€OMETPUYHI MPOIIOPIii, YMOBHY MEXY TEKY4OCTi MaTepianxy 3pa3ka Ta MaKCUMaJIbHE
3YCHJUIA, SIKE BiH 3IaTHUI BUTPUMATH 0€3 pyﬁHyBaHHﬂ'
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VY HaBeneHux popmynax Pmax — MAKCUMaJIbHE 3YCHIUIS, 3apEECTPOBAHE B X011 EKCIIEPUMEHTY;
W — mmpuHa 3paska; B — TOBIIMHA 3pa3Ka; @ — JOBKUHA TPIIUHY; Oy — YMOBHA MEXa TEKY4OCTI.

Pe3yabTaT Ta ix aHami3. Pesynbratn BUnpoOyBaHp 3pa3kiB HaBeleHO B Tabmumi 1 Ta Ha
puc. 4. Iani BunpoOyBanb CT 3pa3kiB oOIpalbOBYBaIM 3 BUKOPUCTAHHSIM BHIIEHABEACHUX
3anexxHocteit (1) s koedimieHTa IHTEeHCUBHOCTI HAIPYKEHb Kyqy 1 (2) U1 KOC(ilieHTa MIIIHOCTI
R.. HeoOxiaHi A5 po3paxyHKIB MEXaHiuHI BIACTUBOCTI Marepially BU3HAYalu 3a pe3ylbTaTaMu
oxHOBicHOTO po3Tary. Llinkom oueBumno, mo mpu ToBmuHI CT 3paska 4 MM Oins BepIIMHU
TpillMHU (QOPMY€EThCA 3HA4YHA 30HA IUIACTMYHMX aAedopmaniil. OTxe, po3paxoBaHi 3HAUYCHHS
B’SI3KOCTI pYyHHYBaHHS Marepiady mpu Iiockid aedopmanii Ky, € SKICHOIO OIIHKOK (HE
BUKOHYETbCS BimoMa BHMoOra B >25(K, /o,)*). IIpore B gaHOMY MOCHIJKEHHI MM BCE X

BUKOPHUCTOBYEMO TIIeii mapaMeTp (KOoe]illieHT I1HTEHCHBHOCTI HANpYyKeHb), OCKUIbKH IIe
HAWUTPOCTIIINIA KPUTEPil 3 HASBHUX, IO JO3BOJISE OIIHUTH €(EeKT BILTUBY 0OpOOKH Ha MOBENIHKY
TPIIIMHH 1 ITOB’A3y€ HABAHTAXKEHHS 3 JOBKHHOIO TPIIIMHU JJIsl BKA3aHOTO TUITY 3pa3KiB. Takox s
aHalizy pe3ynpTaTiB 00poOku Ha puc. 4 HaBeneHO rpadik 3MiHN KoedilieHTa MIITHOCTI Ry, 3aJIe:KHO
BiJl CTaHy MaTepiaiy, sIKHil BIIOBITHO 10 cTaHAapTy [14] pekomeHayeThCst Opatu 10 yBaru y pasi
HEMOXIIUBOCTI KOPEKTHOTO PO3PAXyHKY K.

Tabmuns 1
XapakTepUCTUKH TPIIIMHOCTIMKOCTI cTam 45 y mo4aTtkoBoMy Ta 00po0IeHOMY cTaHi
Table 1
Fracture characteristics of steel 45 before and after treatment
Ne Cran a, VV; B, Pmax, Kmax, R
3/n MM | MM | MM | kH | MITa-m'?| 7€
1 6,69 | 14| 4 | 246 | 4696 |2]12
2 | ouar. | 7,03 | 14 | 4 | 231 | 4749 |222
3 726 14 | 4 | 2,12 | 46,04 | 2,20
4 7,07 | 14| 4 | 247 | 51,31 |2,60
5 7,16 | 14 | 4 | 2,47 52,3 2,68
6 | O0pob. | 725 | 14 | 4 | 2,4 52,01 | 2,68
7 729 | 14| 4 | 2,47 53,86 2,79
8 72 | 14 | 4 2,5 53,50 2,74

a — IOBXHHA TPpiMMHY; W — IipHHa 3pa3ka; B — TOBIIMHA 3pa3Ka;
P — MaKCHMAaJIbHE HAaBaHTAXKEHHS, PO3pax0oBaHe 3a JiarpaMoro
«HABaHTAKCHHSI—PO3KPHUTTS TPIIHHNY; K p,x — KOSPIIIEHT
IHTCHCHBHOCTI HAaIIPYXeHb; Ry, — KOe(IIiEHT MIITHOCTI
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Figure 4. Strength ratio value g

Pesynbratn BunpoOyBanb CT 3pa3kiB BKa3ylOTh Ha CYTTE€BUH €(EKT BIUIMBY MPOBEICHOI
00po6ku IMII Ha 37aTHICTH TPINIMHU 110 TOIIMPEHHS B TEepMiHax KoedirieHTa MIIHOCTI Ry.
[TigBuIeHHS OTIOPY MaTepialy A0 MOMKUPEHHS TPILMHA 3pocio Ha 24%.

HaiiimMoBipHilie, ocHOBHUI BIUIMB 00pOOKH Ha MiABHUILEHHS OMOPY PYHHYBaHHIO MOXe OyTH
MOB’s13aHUHN 3 €(PEeKTOM MPUTYIUICHHS TPIIIMHU 32 PaxXyHOK IUIACTHYHOI Tedii B ii BEpIIMHI NpH
o0pobui. Jlani peectparii, HaBeleHI Ha puc. 3, CBIAYATh, 10 BHACHiIOK 00poOku IMII y 3pasky
BiJIOYBA€THCS peNaKcarlisi HarpyXeHb. [[IIIKOM TPUPOTHO MPUITYCTHTH, IO OCHOBHOKO 30HOIO, J€
MOYATKOBI MPY>KHO-IJIACTHYHI HAMpPYXEHHS MPHU3BOASTH A0 MiJBUIICHHS TUIACTUYHOI CKIIAJOBOI
(penakcariisi HalPyXeHb MOJIATAE CaMe B IIbOMY) € HAHOUThIII HaBaHTa)KeHA 00JIACTh OLIsI BEPIIUHU
TPILTUHHU.

BucHOBOK Mpo MpUTYIJIeHI TPIIMHU 32 PaxyHOK IUIACTMYHOI Aedopmarii B ii BepmuHi
MOKHA 3pOOUTH, BUXOASYH 13 3apEECTPOBAHOTO PO3KPUTTA i1 OeperiB. PO3KpUTTS OeperiB TPIilMHU
B pe3yJbTari 00poOKu 100pe BUIHO 3 puc. 5, ne HaBeneHo (oTorpadii oxHiel i Ti€l )k TpIIMHE HA
CT 3pa3ky B moyaTKOBOMY CTaHi i micisi mpoBeaeHoi 06poOku IMII Ta moBHOro po3BaHTaKEHHS.
Pi3HuIs po3KkpuTTs TpimmHU Ha BigctaHi 30 MKM Bif ii BepmuHH 0OpOOIEHOTO 3pa3Ka CKiaia 5
MKM BiJIHOCHO MOYaTKOBOro ctany. I[IpmuomMy, Ha BiAMIHY Bif paHilie BUKOHAHUX poOiT [2—-13],
pU BUKOPUCTAHUX y LiK poboti mapamerpax IMII BincyTHi Oyapb-siKi CIiTU TUIaBICHHS B OKOJII
BEPIIUHU TPIIIUHU.

a 0

Pucynok 5. Bepmmaa BTOMHOT TpiluHH (JIOBXXHUHA TPIIIKUHU 7,25 MM, pyX TPIlIUHU
crpaBa HaiiBo) A0 (a) 1 micst (0) 00poOKH

Figure 5. Fatigue crack tip (crack length 7.25 mm, crack propagation from right to left) before (a)
and after (b) treatment

AHati3 Ipupoan 3apeecTpOBaHOl B JAHUX EKCIEPUMEHTAX peJaKcalii HarpyXKeHb Y BepIIUHI
Tpimmau B pe3ynwsTaTi aii IMII 3acmyroBye okpemoro posrisgy. Ha Hamy nymKy, OCHOBHHIA
BHECOK Yy peEJaKcalil0 HampyXeHb y JaHOMY BHIIQJKy Aal0Th €(PEeKTH HEeTepMiuyHOi MpUpOAU
(emextpormactuunuit  edext). Ilpo me cBimuaTh pe3ynbTaTd BHUMIPIOBaHb TeMIeEpaTypu Ois
BEPIIMHH TPIIIMHY, a TAKOXX BIJICYTHICTh KOJIHOPIB MIHJIMBOCTI HAa OBEPXHIi 3pa3ka (puc. 5). O1xe,
3apeECcCTpOBaHy pENIaKCallil0 HANpY)XeHb CIiJ TMOB’SI3yBaTH 3 €I EIEKTPOIUIACTUYHOIO 1
MarsitoruiactuaHoro edekris [15-19].

Pazom 3 TuM, edekT TepMiuHOTO 3HEMIITHEHHsI MaTepiany y BEpIIMHI TPIIIMHUA BHACHIIOK il
1HIYKOBaHOTO CTPYMY 1 MarHiTHOTO IOJISI TAKOX HE MOXKE OYTH MOBHICTIO BUKJIIOUEHHUHA. 3 METOIO
YTOYHEHHS MOXXJIMBOTO TEPMIYHOTO BIUIMBY OOpOOKHM Ha pelakcalliio HalpyXeHb y BepIIHHI
TPIIMHA CIiJ TIPOBECTH JOJATKOBI JOCTI/DKEHHS. 30Kpema, CIiJi BUKOHATH (pakrorpadivHi
JOCTIPKEHHSI Ta 4YHCeIbHE MOJENIOBaHHS OOpPOOKM 3pa3zka 3 TPILIMHOI 3 METOI BH3HAYCHHSA
O30Ty 1HAYKOBAHOTO CTPYMY W TEeMIIEpaTypw B ii BEpINMHI, 110 € 3aBIaHHSM TIOJATBIINX
JIOCJI1IKEHb.
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BucnoBku. Pesynbrati BunpoOyBaHb kommnakTHUX CT 3pa3kiB BKa3ylOTh Ha ICTOTHE
MiABUILEHHS ONOpY PYHHYBAaHHIO IOPIBHAHO 31 3pa3kaMd y MOYaTKOBOMY CTaHi (KoegilieHT
MIIHOCTI R 30unbImBCes Ha 24%). [linBuienus onopy pyitnyBanus oOpooienux CT 3pa3kiB ciia
B OCHOBHOMY ITOB’S3yBaTH 3 NPUTYIUICHHSM TPIIIMHMA BHACIIJOK IJIACTUYHOI Tewii B oOmacTti ii
BEPIIMHK 33 PAaXyHOK peJlaKcaiii IMOYaTKOBHX MPYXHO-IUIACTUYHUX HANPYXEHb i €0
EJIEKTPOIUIACTHYHOTO Ta MAarHITOIIACTUYHOTO €(DEeKTiB.

Conclusions. Test results of compact CT specimens show a significant increase of fracture
resistance compared with specimen in the initial state (strength ratio Ry increases by 24%).
Increasing the resistance to fracture treated CT specimen should be mainly associated with blunting
of the crack due to plastic flow in its tip by the relaxation of initial elasto-plastic stress under
electroplastic and magnetoplastic effects.
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