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VK 669.2/.8.018.58

W3MEHEHUE MEXAHMYECKHX XAPAKTEPUCTHK TEXHUYECKH YACTOI'O
AJIIOMHUHMUA B YCJIIOBUAX BO3AEUCTBUA MAT'THUTHOTI'O I1OJIA

B. B. lllasipos, /I. B. 3aryasies, K. B. AkcenoBa

Cubupckuii rocyAapcTBeHHbI HHAYCTPUaabHbIH yHuBepcuTeT (Poccus, 654007, KemepoBckast 0671, —
Kys6acc, HoBoky3Hrernk, yin. Kupoga, 42)

Annomayus. Yinydmenue (QHU3NYECKUX IapaMETPOB M CIENUAIBHBIX CBOWCTB IIOBEPXHOCTEH MaTepHajoB
npuobperaetr Bce Oonbliee 3HAYEHHE B CBA3M C MHOTOIUIAHOBBIMH HAYJHO-HCCIIEIOBATEIBCKUMHU
mpoOiieMaMy, CBSI3aHHBIMH C BHEIPEHHEM BBICOKMX TEXHOJIOTHMH B IPOM3BOJCTBEHHBIE Hporecchl. Jlms
aHanm3a pecypca paboThl KOHCTPYKIMH, MEXaHH3MOB, pabOTAIONINX B YCJIOBHAX MEXaHHYECKHUX HArpys3okK,
HEOOXO0ANMO M3yUYECHHUE TTOBEJCHHUS METAJUIOB B YCIOBUSIX BHEIIHUX SHEPTETHIECKUX Bo3aeicTBHA. M3yueHo
BausiHUE cnadbix (7o 0,5 Ti) MarHUTHBIX Mojeid Ha IeOpMalMOHHBIE XapaKTEPUCTHKU AJIOMUHHS IS
BO3MOXKHOCTH TIacTU(UKALMK Marepuana. Bo3neiicTBie NOCTOSHHBIMH MarHUTHBIMH MOJISIMH TIPHBOJUT K
00paTUMOMY CHIDKCHUIO MMKPOTBEPIOCTH aitoMuHMs. OIpeaeseHo MOporoBoe 3Ha4YeHHE WHIYKLIUH
MOCTOSTHHOTO MarHutHoro noist (B = 0,1 Tu), Bble KOTOPOro Bo3MOXkeH 3(D(EKT BIUSHHS MMOCTOSHHOTO
MarHUTHOTO II0JISl HA MUKPOTBEPAOCTh aJioMUHMs. JlanpHeliliee MOBBINIEHNE MHAYKIIMA MAarHUTHOTO IOJIS
NPUBOJMT K JHMHEHHOMY Bo3pacTanuio 3d¢exra. IIpu mccnenoBaHUM CKOPOCTH IOJI3yYECTH TEXHUUYECKH
YHUCTOTO aJIOMUHHS ObLIa BHISBJICHA 3aBUCUMOCTh CKOPOCTH IOJI3Y4ECTH alIOMUHMS (Ha yCTAaHOBHUBLICHCS U
YCKOPEHHOH CTaausAX) OT BENIWYMHBI WHIYKIMM MAarHUTHOTO mois. HanokeHHe MarHWTHOTO —TIOJIS
3HAQUUTEIBHO HW3MEHSAET CKOPOCTh MOJN3YYeCTH alllOMHUHHS. Bo3nelicTBHE HHIYKIMM MarHUTHOTO MOJIS
MIPUBOIMT K CYIIECTBEHHOMY CHIDKCHHIO CKOPOCTH TMOJI3YYECTH 10 CPAaBHEHHUIO C 00pas3lioM, pa3pyIIeHHBIM
6e3 Bo3zeifcTBUs MarHuTHOro mois. Ha ycraHoBuBHIEWCS ¥ JOrapu(pMUUECKOH CTaausAX CKOPOCTb
TIOJI3YYECTH YMEHBIIIAETCSl HE3aBUCHMO OT MHAYKIMN MAarHUTHOTO TIOJIS. Y CTAHOBJIEHO, YTO 3 (GEKT BINSHUS
MarHUTHOTO TOJISl HE OJHO3HAYEH: NPOMCXOAUT KAaK BO3PACTAHHE CKOPOCTH IOJ3Y4YECTH C JOCTIKEHHEM
MakcuMainsHoro 3HaueHus (B = 0,1 Tx), Tak u ee 3aMeJIeHHE ¢ JOCTHXKEHHEM MUHUMaiIbHOTO (B = 0,5 To).
Bbuia BbIsIBIIEHA 3aBUCUMOCTh OTHOCHTEJLHOTO M3MEHEHHsI CKOPOCTH II0JI3yYECTH ATIOMHHHUS OT UHIYKIUH
MarHUTHOTO TOJISL.

Knrwouegvle cnoea: TeXHWUECKU YHCTHIN ATIOMUHMH, MOJN3Y4eCTh, MHUKPOTBEPJOCTH, NAapaMarHeTHK, MarHUTHOE
T0JI€, MHIYKITHS

QDunancuposanue: ViccnenoBanue BBITIOTHEHO 3a cueT rpaHTa Poccmiickoro Haydnoro ¢ouma (mpoekt Ne 21-79-
00118).

Jna yumuposanua: Wnspos B.B., 3arynses JI.B., AkcenoBa K.B. M3MmeHeHHe MeXaHMUECKHX XapaKTEPUCTHK
TEXHUYECKH YHCTOTO AJTIOMUHMS B YCIOBHSAX BO3JEHCTBHS MarHutHoro mosisi // BectHux Cubupckoro
rOCYapCTBEHHOTO MHAycTpualibHoro yauBepeurera. 2022. Ne 2 (40). C. 10 — 16.

CHANGES IN THE MECHANICAL CHARACTERISTICS OF COMMERCIALLY
PURE ALUMINUM UNDER THE CONDITIONS OF MAGNETIC FIELD
INFLUENCES

V. V. Shlyarov, D. V. Zagulyaev, K. V. Aksenova

Siberian State Industrial University (42 Kirova Str., Novokuznetsk, Kemerovo Region — Kuzbass 654007,
Russian Federation)

Abstract. At present, the improvement of the physical parameters and special properties of the surfaces of materials
is becoming increasingly important due to the multifaceted research problems associated with the
introduction of high technologies into production processes. Since most structures and mechanisms operate
under mechanical loads that lead to destruction, to analyze their service life, it is necessary to study the
behavior of metals under external energy influences. In the work, the influence of weak magnetic fields up to
0.5 T on the deformation characteristics of aluminum for the possibility of plasticizing the material was

-10 -



Bectank CHOMPCKOro rocyAapcTBEHHOTO HHAYCTpHUaIbHOTO yHUBepeuteTa Ne 2 (40), 2022

studied. It has been established that exposure to constant magnetic fields leads to a reversible decrease in the
microhardness of aluminum. The threshold value of the induction of a constant magnetic field (B = 0.1 T)
was determined, above which it is possible to observe the effect of the influence of a constant magnetic field
on the microhardness of aluminum. A further increase in the magnetic field leads to a linear increase in the
effect. In the study of the creep rate of commercially pure aluminum, the dependence of the creep rate of
aluminum, at the steady and accelerated stages, on the magnitude of the magnetic field induction was
revealed. It has been investigated that the application of a magnetic field significantly changes the creep rate
of aluminum. The effect of the induction of the magnetic field leads to a significant decrease in the creep rate
compared to the sample that was destroyed without the action of the magnetic field. At the steady and
logarithmic stages, the creep rate decreases regardless of the magnetic field induction. It was also found that
the effect of the influence of the magnetic field is not unambiguous: there is both an increase in the creep
rate, reaching a maximum value at B = 0.1 T, and its slowing down, reaching a minimum at B = 0.5 T. Thus,
the dependence of the relative change in the creep rate of aluminum on the value of the magnetic field

induction was revealed.

Keywords: commercially pure aluminum, creep, microhardness, paramagnet, magnetic field, induction

Funding: The study was supported by a grant from the Russian Science Foundation (Project No. 21-79-00118).

For citation: Shlyarov V.V., Zagulyaev D.V., Aksenova K.V. Changes in the mechanical characteristics of commercially pure
aluminum under the conditions of magnetic field influences. Bulletin of SibSIU. 2022, no. 2 (40), pp. 10 — 16. (In Russ.).

BBejenue
DKOHOMHYECKHE W DKOJOTUYECKUE TpeOOBaHMUSA,

MpenbABIseMble K TPOMBIIUICHHBIM HpPeANpUsTH-
SIM, TpeOYIOT pa3paOOTKH M WCIONBb30BAHHS «JIET-
KHX» MaTepHalioB, OOECIIEYMBAIOIINX BBICOKYIO
3G GEKTHBHOCTH UCTIONH30BAHMS TOTUTUBA M HU3KHUI
KO3((QUIIMEHT BBHIOPOCOB B OKPYKAIOIIYKD aTMO-
chepy. Crnpoc Ha <«JIeTKHE» METallbl W CILIaBbI
(amoMUHUI) B pa3IUYHBIX OTPACHAX MPOMBIILICH-
HOCTH TIOCTOSIHHO yBenwuuBaercs [1, 2]. Amtomu-
HUW aKTHBHO TPUMEHSETCS B aBTOMOOWIBHOW H
AIPOKOCMHYECKOW TPOMBIIIJIEHHOCTH, B AJIEKTPO-
TEeXHHKe, OJ1aroiaps ero Xopoluei cTOMKOCTH K Jie-
(dhopMaImu moI3y4ecT, TEPMUUECKOI CTaOMIBHOCTH
U OTJIMYHOM 31eKkTpornpoBoaHocTd [3 — 5]. Ho, kak u
mo0oit MaTepuan, allOMIUHWA U CIUIaBBI HA €ro OC-
HOBE MMEIOT psii HEJOCTAaTKOB (crmaboe COmpoTHB-
JIeHHe TmoiizyudecTr). Paspymienne npu moizydectu
SBIISIETCS. HEM30€XKHOW NPOOJIEeMON Ui BIIEKTPO-
MIPOBOHBIX YCTPOMCTB IPH IUTEIHHON HKCILTya-
TalM, OKa3blBas 3HAYUTEIBHOE BIHMSIHUE Ha IPH-
MEHEHHE aJTFOMUHHUEBBIX CIUIaBOB.

OOBIYHO BBIIEISIOT TPU BUIA MOJM3YYECTH B 3a-
BHCHMOCTH OT TeMIeparypsl: /| — HU3KOTEMIIepa-
TypHas nonsydects (7 < 0,37,,); 2 — IpOMeXyTOU-
Has nomydectb (0,37, < 7' < 0,67;,); 3 — BBICOKO-
temneparypHas nonsydectb (77 > 0,67,,) (T,
TemIeparypa IulaBieHus cmiasoB) [6, 7]. OcHoB-
HOE€ BHUMaHME HCCIIEA0BaTeNIeld MPUKOBAHO K U3Y-
YEHUIO MOJI3yYeCTH TPH BBICOKOM Temriieparype. B
pabore [8] coobmraercs O TMOI3Y4EeCTH HUHCTOTO
anmromuHaus ¢ godasienuem 0,026 % Fe mpu Teme-
patype ot 200 no 500 °C. Hekotopsle ncciemnoBa-
TEJIN COCPENOTOUIIIM CBOE BHMMaHWE Ha TOJI3yde-
CTM TpU HpoMeXyTouHoi TemmepaTtype [9, 10].

CyllecTByeT HECKOJIBKO MyTeH YBEIWYEHUS 3KC-
IUTyaTallMOHHBIX  XapaKTEPUCTUK  aTOMHHHEBBIX
CIUIABOB, OJTHMM U3 KOTOPBIX SBISIETCS BO3JIEHCTBHE
BHEIIHUMH TTOTOKaMH dHepruu. B mocneanue mecs-
TWIETHs IPUOPUTETHOE Pa3BUTHE MOJIYYMIH TAKUE
HOBBIE BBICOKO3(p(peKTHBHBIE MeTOnbl 00paboTKH,
KaK JlazepHoe OOJy4eHHUe, dSIeKTPOHHO-ITYYKOBas
00paboTKa, MOHHO-IIIA3MEHHOE BO3JIEHCTBHE, 00-
paboTKa 3IEKTPUUECKUMH M MAarHUTHBIMH TOJSIMU
[11 — 13]. Mcnonk30BaHME TaKUX METOJOB DHEpre-
THUYECKOTO BO3ACHCTBUS NPUBOAUT K MHOTOKPATHOMY
TIOBBILIEHHIO SKCIUTYaTallIOHHBIX CBOWCTB (TBEPIOCTH,
M3HOCOCTOMKOCTH, ’KapOCTOMKOCTH U Ap.). B cBsizu co
CIIOKHOCTBIO (PU3MYECKUX TIPOIIECCOB, MPOUCXOSIINX
B METAJUIaxX U CIUIABaX IPH paccCMaTPUBAEMBbIX YCIIOBH-
SIX, BO3MOXKHOCTH 3THX METO/IOB MPOIOIDKAIOT H3Y-
YaThCSa. JTO OOYCIIOBIMBACT aKTYaILHOCTH ITPOBEIC-
HHSI HOBBIX HCCIIEOBAaHUI M MX MPAKTUYECKOro MpH-
MEHEHHS! JUIS MTOBBILICHHST (PYHKIMOHAIBHBIX CBOWCTB
B TOM HJIM WHOM KOHKPETHOM CITydae.

[TockonbKy aTIOMUHUM MIMPOKO NPUMEHSIOT B
SIIEKTPOTEXHHUKE, TO LEIEeCOO0Pa3HO HCCIIEN0BaTh
BJIMSIHUE DJICKTPUYECKUX W MarHUTHBIX IOJIEH, KO-
TOpbIe 00pa3yroTCsi NMpU MPOTEKAHWH TOKa B TPO-
BOJIHUKE, HA MEXaHUYECKUe CBOIcTBa MaTepuaia. B
HacTosiee BpeMs Ha Kadeape ecTeCTBEHHOHAyY-
HBIX AUCIUIUIMH UM. mpodeccopa B.M. Dunkens
CubHupCcKOro rocyJapcTBEHHOIO0 HHAYCTPHAILHOTO
yauBepcutera (Cu6l'Y) mpoBeneH KoMILIeKC HUC-
CJIEJIOBAaHUM U YCTaHOBJIEHO, YTO HE3HAYUTEIbHOE
U3MEHEHUE IIOBEPXHOCTHOM 3HEpruM Marepuaia
MyTeM TOABENCHUS 3IIEKTPUUYECKOTr0 IMOTEeHIMAaIa
NPUBOANT K CYIIECTBEHHBIM H3MEHEHHAM nedop-
MAaIMOHHBIX XapaKTEPUCTUK U IUCIOKALMOHHOMN
cyoctpyktypsl [14 — 16]. UccnenoBanus mokaszainm,

-11 -



Bectank CHOMPCKOro rocyAapcTBEHHOTO HHAYCTpHUaIbHOTO yHUBepeuteTa Ne 2 (40), 2022

9TO 00paboTKa KOPOTKUMH MOIITHBIMHA HMITYJIECAMHU
AIIEKTPUIECKOTO TOKA, KOTOpasi, OKa3bIBas BIIMSIHUAE
Ha JeEeKTHYI CYOCTPYKTYPY, MOXXET H3MCHSTH
pacnpesiciecHue BHYTPSHHHMX HampspKeHHH, (ha3oBbId
COCTaB, 3ePEHHYIO CTPYKTYPY H, B KOHCUHOM HTOTE, CY-
IIIECTBEHHO CHWKATh COMPOTHBIICHHE J1e()OpMUPOBa-
Huro. Kpome 3HaumnTensHOro sgdekra mpsmoro ToKOBO-
TO BO3ICHCTBHA Ha Tiporiecc aedopMupoBanvs (TIpH
TOJI3YYeCTH) U3MeHeHHs JIehOpPMAIFIOHHBIX XapaKTepH-
CTUK MOYXHO JIOCTHYb TP MPEOOPa30BaHUH DIICKTPHYC-
CKOTO TOTEHIMANA MOBEPXHOCTH, BEIMYWHA KOTOPOTO
KOHTPOJIPYET XOJ] MHOTHX TPAKTUIECKU BKHBIX MPO-
LIeCCOB (KOppOo3usl, U3HOC H T.J.). DPPEKT IJeKTprye-
CKOT'0 TOTEHIIMANA Ha TUIACTHIECKOE TeUCHHE METALIOB
Y CIUIaBOB M3y4YeH B MeHbIIeH creneHu. B pabdore [15]
BBISIBJICHO YCKOPEHHUE TION3YYECTH U CHIDKCHHE JIONTO-
BEYHOCTH TIPY HAJIOKEHUHU ciaboro noteximana (1 B) k
H30JTMPOBAHHOMY 00pasIly aTfOMUHHS, TOJBEPracMOMY
WCTIBITAHUIO HA TIOJ3YYECTb.

B Hacrosimelt paboTe mpeajiaracTtcsi pacCMOTPETh
BIMSIHHE TTOCTOSIHHOTO MarHUTHOTO TOJIsl HA MUKPOTBEp-
JIOCTh ¥ TOJI3y4ecTh HA YCTAHOBHBILCHCS CTAUM TMPO-
necca. Jlmst viccnenoBaHuii KCTIONB30BAIM  TEXHUYECKHU
YUCTBIN MONMMKpUCTAIUIMYecKi amomuHmiA (1o 0,08 %
(3meck u mamee mo macee) Fe; mo 0,06 % Si; mo 0,02 %
Mn; o 0,008 % Ti; mo 0,01 % Cu; mo 0,02 % Mg;
10 0,02 % Zn; 0,03 % Ga; octaisHOe Al).

MeToabl M IPHHIMIBI HCCAe0BAHUS

B kauecTBe HCTOUHMKA MarHUTHOT'O TTOJISI HCTIONB30-
BaJIM 3JIEKTPOMAarHuT. VHIYKIMIO peryIMpoBai TO/I-
OOpOM CHIIBI TOKA, IIPOTEKAIOIIEro B KaTymke. MHIyk-
L0 MAarHATHOTO TIOJIS M3MEPSUI MIJLIATECIaMETPOM
TIIY (tounocts mo 0,01 mTm). 3HaueHHEe WHIYKIMH
MAarHUTHOTO TIOJI BApbHPOBAJIOCh B MHTEpBase oT 0 110
0,5 Tn (mpm 3TOM CHJIa TOKa M3MEHsUIach B IIperiesnax
0,18—-6,20 A).

N3mepenust MUKpOTBEpIOCTH TIPOBOJIHIIN IO METOTY
Buxkepca B coorBerctBuu ¢ TpeboBanmsmu ['OCT 9450
— 76 «3MepeHrie MUKPOTBEPIOCTH BIABIMBAHUEM aJI-
Ma3HBIX HAKOHEYHHKOB) M0 METO/Y BOCCTAHOBJIEHHOTO
oTreyaTtka (OCHOBHOM) C TOMOLIBIO YETBHIPEXTPAaHHON
MMpaMUIbl C KBaJPaTHHIM OCHOBAHHWEM (MHKPOTBEPIIO-
mep HVS-1000). IlepBoHadambHO M3MEPSUTH HCXOIHYTO
MHKPOTBEPIOCTh 00pasia, MOoCie 4Yero IoMelann

€ro BO BHEIIHEEe MAarHUTHOE TOJie W TPOBOAWIN Mar-
HHUTHYI0 00paboTKy. [laree oOpazelr BRIHUMAIH 13 TIOJIS
1 TIPOBOJIMIIM W3MEPEHHUSI MUKPOTBEPAOCTH Cpa3y Mocie
BBIIEPXKKU B MarHUTHOM TIOJIE ¥ TIOCIIE OTIPE/IENICHHBIX
WHTEPBAJIOB BpeMeHH. JJ1s1 i3MepeHusI MUKPOTBEPIOCTH
B paboTe UCITOMB30BATN O0PA3IThl B BHIIE TIApaJLTCIICITH-
niefioB pazmepom 0,4%1,0x1,0 cM, KoTopble pacnoaraiu
B MarHUTHOM IIOJIE TAKAM OOpa3oM, YTOObI JIMHWUH WH-
IyKImu ObUTM TIePIEHKYIIAPHBl CTOpPOHE 00pasma
iomanpio 1 eM” 1 npoHm3bBa ee. [ eoMeTpHIo Mar-
HUTHOTO TIOJISI HE U3MEHSJIM BO BCEX UCTIBITAHUSX, TIPH
3TOM BapbHPOBAM 3HAYECHHWE WHAYKIHHA MAarHUTHOTO
TIOJISL ¥ BPEMSI BBIJICPYKKH B HEM.

Bria nmpoBenieHa OLEHKAa CKOPOCTHU IMOJ3y4YeCTH
B YCJIOBUSX HAJOXCHHS MArHUTHBIX TOJIEH Ha 00-
pasiax, mpeaCcTaBISIONUX COO0W IMIHHIP JUTHHON
250 u mumametrpom 2,5 mm. HccnenoBanu mporiecc
momydectd 0e3 W ¢ BO3ACHCTBHEM MarHWTHOTO
TOJISA, TIPH 3TOM WHAYKIWS MarHUTHOTO TOJIS H3Me-
pslach aHAJIOTHYHO METOJMKE M3MEPEHHUS MHKPO-
TBepaocTH. MccrnenoBaHue mpoiecca MONI3yYeCTH
MPOBOJMIIN C TIOMOIIBIO HCIIBITATEIFHON MAaIIWHBI
Ha pacTsbKeHHe, cKoHcTpyupoBaHHoW B CuOlMY.
OHa COCTOUT U3 METAJUTUUECKOT0 JKECTKOTO KapKa-
ca, Ha KOTOPBIA OBUT YCTaHOBJIEH MCTOYHHK Mar-
HUTHOTO TIOJsI, BHYTPH KapKaca pacroiaraercs
OJIOK JUTS TTPOBENICHHS SKCIIEPUMEHTOB COBMECTHO C
HU3MEPUTELHOM amnmapaTypoil.

OcHOBHBIE PE3VJIbTATHI

Nzydenne BIUSHUS MarHUTHOTO TIOJISE HA MHUKPO-
TBEPJOCTh AIFOMUHHUS [IOKA3aJI0, YTO MOCIE YAATCHUS
o0pasia U3 MarHUTHOTO TIOJISl OTHOCHUTEIHHOE HM3Me-
HEHHE MUKPOTBEPJOCTH CHIDKACTCS Ha BEIUUMHY,
3aBUCSILYIO OT BPEMEHH BBIACPXKKH U MHAYKLUH Mar-
HuTHOro mojs. Ilocne mpekpaieHus ASUCTBUS Mar-
HUTHOTO TIOJII MUKPOTBEPJOCTh BO3BPAIACTCS K HC-
XO/THOMY 3HaueHHIO 3a Bpems nopsaka 20 — 26 4. 3a-
BUCUMOCTH OTHOCHUTEJIBHOIO M3MEHEHHS MHUKpPOTBEp-
JIOCTH OT BPEMEHH, IMPOILEAIIEro Iocae 00paboTKH
MarHuTHBIM TojieM 0,3 T, mpuBeneHo B Tabwire.

[IpoBenens! uccnenoBaHus HAYAIBLHOTO dPdeK-
Ta BIMSIHUSI MAarHUTHOTO MOJIS HA MUKPOTBEPAOCTh
amoMuHus. Pe3ynbTaThl HMCClIEIOBAaHUN MpeicTaB-
JIeHsb! Ha puc. 1.

Bansnue maruntHoro noJis (0,3 To) Ha MUKPOTBEPAOCTH TEXHUYECKU YHCTOT0 ATIOMUHHUS
NpH pa3HOM BpeMeHH 00padoTKu
The effect of a 0.3 T magnetic field on the microhardness of technically pure aluminum at different
processing times

Bpewms OtHOCHuTeNnpHOE N3MeHeHue | IlorpemHocTh
BBIZICPXKKH, U MHUKPOTBEPAOCTH, Yo n3Mepenus, %
0,25 -2,60 0,74
0,50 -5,35 1,02
1,00 8,70 1,20
1,50 -10,30 0,80
2,00 —-12,50 0,80
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Puc. 1. OTHOCHTENTBPHOE H3MEHEHNE MUKPOTBEPJOCTH TEXHUIECKH YUCTOTO ATFOMHHUS:
a — 3aBUCUMOCTb Ha4aJIbHOTO 3¢ deKTa BIUSIHUS OT HHAYKIIMHA MarHUTHOTO HOJIS; 6 — penakcanys ( Mocie 0JJHOTO Jaca BBIIEPIKKH B
marauTHoM 1one 0,3 T
Fig. 1. Relative change in microhardness of technically pure aluminum:
a — dependence of the initial effect of the influence on the induction of the magnetic field; 6 — relaxation Q after one hour of exposure
in a magnetic field of 0,3 T

Bausitare marauTHOTO NOIIA (pHcC. 1, @) HA MUKpO-
TBEPAOCTh HE HAOIIONAETCS] MPH MHAYKLIMU MEHEe
0,1 Tn, 9TO TOBOPHUT O CYHIECTBOBAHMHU MOPOrOBOIO
3Ha4yeHus B. lIpu nanbHeieM yBenMueHn UHTyKIUA
MarHuTHOTO TOJIs A((EKT JIMHEHHO Bo3pacTaeT. Muk-
POTBEPIOCTh ATIOMUHUS TIOCIE YOAICHUSI U3 MAarHUT-
Horo Tonst (puc. 1, 6) penakcupyer A0 UCXOTHOTO 3Ha-
yenwus 1o 3akoHy Q = 0,53 — Oy exp[—/12,72] (tne t —
BpeMs1, TIpolIeIIee mocie oopaboTku odpasna mar-
HUTHBIM TOJIeM; (Jp — TOCTOSIHHAsA, 3aBUCSIIAs OT
BEJIMYMHBI MATHUTHOTO TIOJISI M BPEMEHH BBIICPIKKU
B HEM, XapaKTepH3yIoIasi HaYalnbHbIN 3 GEKT BIus-
HUSI MATHUTHOTO TIOJIS).

[lpn w3ydyeHUM BIMSHUS MAarHUTHOTO IO Ha
Mpolecc TON3YYeCTH OCHOBHOE BHHMaHHE OBLIO
VAENEHO CTaJuM YCTaHOBMBLICHCS IOJI3y4YECTH,
CKOpOCTh Ha KOTOpO# moctosiHHa. CKOpOCTh IOJI-
3YYECTH OIpeJessuiach YUCICHHBIM Au(depeHIn-
poBaHHEM 3aBHCUMOCTH & = & + £'f, omuchIBaromIei
KMHETHKY Ipouecca. s KoIn4ecTBeHHOM OLIEHKU
a¢dekta ACHCTBUS MArHUTHOIO IOJIS UCIOJIb30BaH
napameTp OTHOCHUTEIBHOTO H3MEHEHHS CKOPOCTH
MOJI3yYeCTH Ha JUHEHHOUN ctanguu. OTHOCUTENBHOE

Ce TE
M3MEHEHUE CKOPOCTH MOJI3Yy4ECTH (:—ga' , Tae
£, W& — yCpENHEHHOE 3HAYEHUE CKOPOCTH MOJI-
3y4eCTH MpY BO3ACHCTBUM MAarHWTHOTO TOJS U 0e3
Hero. 3aBHCHMOCTh OTHOCHTEIIBHOTO HM3MEHEHHS
CKOPOCTH TION3YYECTH OT HHIYKIMHW MarHUTHOTO
OJIs IPUBEJICHA Ha PHUC. 2.

W3 npencrasnenHoit Ha puc. 2 3aBucuMocTH & (B)
crexyer, yto 3(GQEKT BIMSAHUS MAarHUTHOIO IOJS HeE
OJTHO3HAUYEH: MPOUCXOIUT KaK BO3PACTAHHE CKOPOCTH
MOJI3YYECTH C JIOCTIKEHNEM MAaKCHMAaJIbHOTO 3Haye-
Hus npu B = 0,1 Tn, Tak U ee 3aMeIIcHUE C TOCTH-
YKEHHEM MUHUMajbHoro mpu B = 0,5 Ti.

bouia BbIsBIIEHa 3aBUCHUMOCTH OTHOCHUTEIBHOTO
HU3MEHEHUSI CKOPOCTH IMOJ3Y4YECTH AaJIOMHHUSA OT
WHAYKIUA MarHUTHOTO TOJS. YCTaHOBIEH 3HAKO-
MEPEMEHHBIH XapaKTep 3aBUCHMOCTH OTHOCHTEINb-

HOTO M3MEHEHMsI CKOPOCTH MOJ3YyYeCTH aJIIOMHHHUSA
& oT mHAyKuMKH MarHutHoro mosis. [lokasaHo, 4ro
npu B < 0,1 Ta ckopocTh MON3y4eCTH yBETUIHBA-
eTcsl, a BpeMs, HEOOXOOUMOe M pa3pylICHUs, —
cHmkaercs. B untepsane B > 0,1 Tn ckopocTs noi-
3y4€CTH YMEHBIIAETCS, BPEMsI yBEITMUUBACTCSI.

Jnst 0ObSICHEHUsSI 3aBUCUMOCTEH TPEATONI0KUM,
YTO MarHUTHOE TOJIe CTUMYJIMPYET ABIMKEHHE JHUC-
JIOKAIM. ITO MOKET MPOUCXOIUTh 33 CUET OTKpEM-
JICHUs] IUCIOKAIMH OT TOYEUHBIX NAe(EeKTOB IO
JICWCTBHEM ITOCTOSTHHOTO MarHWTHOTO moJis [17].

Pe3ynbTatThl, ONMyYEHHbIE B PAMKax HAcCTOSIIEH
paboThI, COrnacyroTcsi ¢ pe3ysibTaTaMu HCCIe0Ba-
HUH, B KOTOPBIX OBUIO MOKa3aHO, YTO MPUMEHEHHE
MOCTOSTHHOT'O MarHUTHOTO TOJISI B TIpOIiecce MOM3y-
YeCTH TeXHUYECKU yncToro tutana BT1-0 npuso-
JIAT K YBEJIHMUEHHUIO CKOPOCTH TpoIiecca Ha YCTaHO-
BuBIeiics craauu [18]. Takke ObLIO yCTaHOBIICHO,
9YTO TMOCJE€ MAarHUTHOW 0O0pabOTKM NPOUCXOAUT
CHW)KEHHE MUKPOTBEpIOCTH Ha 3 — 8 % B 3aBUCH-
MOCTH OT UHAYKITHH mojs [19].

S
0.6
0.4
0,2

0

-0,2

~0,4

~0,6

_0’8 !
0 01

| | | 1
02 03 04 05 B In

Puc. 2. 3aBHCHMOCTh OTHOCHTEIFHOTO M3MEHEHHS CKOPOCTH
HOJI3y9eCTH & OT MHAYKIMHA MarHUTHOTO MOJIst B

Fig. 2. The dependence of the relative change in the creep ve-
locity & on the induction of the magnetic field B
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BbIBO/IbI
[Ipu momernieHnN 00pa3OB TEXHUYECKH YHUCTO-

o0 aIIOMHHHS B TOCTOSHHOE MAarHUTHOE II0Jie
HaOJIIo/IaeTCsl 00paTUMOE CHUKCHHE MUKPOTBEPJIO-
cTi. MHKPOTBEPIOCTh BO3BPAIIACTCS K HCXOJTHOMY
COCTOSIHHIO IO SKCITOHCHIIUATIBHOMY 3aKOHY.

ITokazano, 4uTo 3¢ (HeKT MArHUTHOTO BIHSHUSA Ha
MpPOIIECC TON3YYEeCTH ATFOMHUHHUS SBISETCS 3HAKO-
MEPEMEHHBIM, MPOUCXOJUT KaK BO3PAaCTaHUE CKO-
POCTH TOJ3YYECTH, TaK M €€ 3aMe/JICHHE, B 3aBH-
CHUMOCTH OT MHIYKIIUH MAarHUTHOTO TTOJIS.

CXO0KHe MOJyYEHHbIE SKCIIEPUMEHTAIbHBIC pPe-
3yNbTaThl HAa pPa3HbIX MaTepuagax IMO3BOJIAIOT
YTBEP)KAaTh, YTO MArHUTHOE MOJE MOXKET MpHMe-
HATBCS JUIS TUTACTU(HUKAIMKM TTapaMarHUTHBIX Me-
TAJUIOB M HMMEET MEPCIEKTHBY MPOMBIIIICHHOTO
MPOU3BOJICTBA.
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