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AHHOTAIUSA

Beeoenue. Kak n3BecTHO, 3aKajKa CTald CONMPOBOXKAAETCS 0OBEMHBIMU M3MEHEHUSIMH, BBI3BAHHBIMU Pa3HOCTHIO
yAenbHBIX 00BEMOB mpeBpamiaromuxcs (as3. BoszHukaromue oObEMHBIE U3MEHEHHS NMPHUBOIAT K CTPYKTYPHBIM
HaIpsDKEeHUsAM B crany. IIpucyTcTBue HanpsKeHUH B 3aKaJICHHOM M3JEIHH CKa3bIBA€TCsl OTPUIIATENBLHO Ha COIPO-
THBJICHUH XPYIIKOMY pa3pylICHHUIO, YTO 00yCIaBINBAEeT, HAIPHUMEp, CHIDKCHHE 0€30IIaCHOCTH NPH HKCIUTyaTalluy
CTAJIBHBIX KOHCTPYKIHH. B CBSI3M ¢ 3THM BaXHBIM SIBISIETCS COBEPIICHCTBOBAHME METOJOB TEPMHUYECKOI 00Opa-
6ot1ku (TO) cTanm, KOTOpEIE MO3BOISAIOT CHU3UTH 3aKaJOYHbIE HaNpsDKeHUs. HamoxeHue MmocTOSHHOTO MarHUTHO-
ro moJisl B mporecce (a3oBOTO NMPEBpaIleHUs] OKa3bIBAET BIMSHUE HAa KMHETHKY MEpexoja M oOpasyromuecs mpo-
IOYKTHI IpeBpameHus. s 3Toro nepcnekTuBHOro Meroaa TO HeZOCTaTOYHO AaHHBIX 00 0OBEMHBIX H3MEHEHUAX
mpu 3akayke. Llenb paboTel — HcciaenoBaHNEe 0COOCHHOCTEH BIMSHUS IMOCTOSHHOTO MAarHUTHOTO TOJIA Ha 00BEM-
HBIE U3MEHEHUS U CTPYKTYpHBIE HANIPSDKEHUS TIPU 3aKaJIKe CTaJIH.

Mamepuanovt u memoowl. ViccnenoBanus NpOBOAWIMCH HA TEXHUUECKOM JKeJie3e U YIIepoauCThIX cTamsx 35, 45, V8,
V10, Y12. MarautHble 1oyis1 HanpsbkeHHOCThIo 1,4 1 1,6 MA/M co3aBaimich B MEXKITOJIIOCHOM 3a30p€ 3JIEKTPOMarHu-
ta ®JI-1 koucTpykimu MI'Y. KonuyecTBeHHast olieHKa 00BEMHBIX U3MEHEHHUH MOCae OOBIYHON M MarHUTHOW 3aKaJIKH
BBINIOJIHAJIACh l'[yTéM U3MEPCHUA yACIbHBIX 06’béMOB METOAOM THAPOCTATUYCCKOTO B3BCIIMBAHU.

Pesynomamut uccnedosanus. 11omydeHbl KOHIEHTPALOHHBIE 3aBUCHMOCTH N3MEHEHUS! yCIBbHBIX 00BEMOB YTIIEPOIUCTBIX
cTajell nmpu 3akajke B MarHUTHOM mosie ot temreparyp 800 u 1 000 °C, Ha KOTOPBIX OTMEYAJIOCh OTCYTCTBHE W3MEHEHUH
00bEMHOTO 3¢ deKTa MAPTCHCUTHOTO MPEBPAIICHUS B TEXHHIECCKOM jxene3e U cramd Y 10 mpu 3akanke ot 800 °C, a Taxke
HaJIMYMe PasHbIX M0 3HAKy M3MEHEHHH 00BbEMHOTO 3dekTa B CTalsIX ¢ comepxanneM yriepoaa: ot 0 go 1 % — ymeHsblire-
HHUE yaensHoro o0séMa, ot 1,0 no 1,2 % — yBenmdeHne yaenpHOro o0béMa. PacuéTHele TaHHbBIE TTOKA3BIBAIOT, YTO TOCTE
3aKajky 0e3 MoJisi ypOBEHb CTPYKTYPHBIX HANpsDKEHWI BO3pACTaeT C yBENMYEHHEM COJEpKaHUs yriepoja B ayCTCHUTE U
TIOBBIIICHUEM TEMIEpaTypbl HarpeBa Moj 3akajKy. BinsHHEe MarHUTHOTO TOJIST CBOJWUTCS K YMEHBIICHHIO CTPYKTYPHBIX
HarpspKeHUH B HU3KO- M CPEJHEYTIIEPOIUCTHIX CTATAX U K MX YBEJIMUYEHHUIO — B BBICOKOYTIIEPOUCTHIX. [Ipr HU3KUX Temrte-
parypax OTIyCKa YpOBEHb CTPYKTYPHBIX HamlpsHKEHHH I0CJIe 3aKaJIKW B MAarHUTHOM IIOJIE JUISl CPEIHEYIJIepOANCTOM CcTa-
11 45 Hrke, a i ctanmu Y 12 — BbIIIIe, 4eM Mocyie 3aKaiku 0e3 MoJIsl.

Oobcyscoenue u 3axntoyenue. I1onydeHHbIe TaHHBIE U1 HU3KO- M CPEIHEYTJIEPOIUCTHIX CTallell OOBACHSIIOTCS 0OJb-
1Iell CTerneHblo pachajga MapTeHcHTa in statu nascendi IpU OXJIaXKJCHUH B MarHUTHOM I0JI€ M YBEJIMYCHUEM KOJIHYE-
CTBa MapTeHCUTHOW (ha3bl B BBICOKOYIJIEPOJUCTHIX CIUIaBax jkenesa. V3meHeHne oO0BEMHOrO 3¢dekra, BHIZBAHHOE
MIPUPOCTOM TIOJL efiCTBUEM MAarHUTHOTO IIOJISI KOJMYECTBA MApTEHCUTHOH (ha3bl, MpeBaIMpPyeT HAJA U3MEHCHHEM 00b-
émHoro 3¢ ¢exTa, 00yCIOBICHHOTO €€ paciagoM B MPOIECcCe 3aKaJIOYHOTO OXJIaKACHU. Bennunna u 3HaK HabIomae-
MBIX 3()(hEeKTOB ONPENEISAIOTCS COAECPKaHUEM YTIIepo/ia B ICXOAHOM ayCTEHUTE, IPUYEM CYIIECTBYET y3KHH IHana3oH
KOHIIEHTPALUH, Al KOTOPHIX MAarHWTHAs 3aKaJka HE OKa3bIBACT NPAKTWYECKH HUKAKOTO BO3JCHCTBHS Ha YPOBEHB
CTPYKTYPHBIX HaIpsHKeHUH. JleficTBHe MarHUTHOTO TOJISA BO BPEMs OTITyCKa HECKOJIBKO 3aMEUISIeT CHIDKEHNE 0CTaTO4-
HBIX HaIpSDKEHUH B TEMIIEpaTypHOM MHTEpBajle paciana MapTeHcuTa. CTpyKTypHBIE HAIPSDKEHHS MOCIIE TEPMUIECKON
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00paboTKK B MarHUTHOM T110Jie 0e3 yyéra TeMIepaTypHOro rpaJiMeHTa 1o CE4eHHI0 B OCHOBHOM orpeesstorces addex-
TaMH, OJTYYCHHBIMH IIPH 3aKAJIKE B MAaTHUTHOM T10Jie. Y CHJICHHE SIBJICHUH paciiajia MapTeHCHUTa BBI3BIBAET CHIDKEHUE,
a yBEJIMYECHHE TTOTHOTHI MaPTEHCUTHOTO MIPEBPAILEHIsI — IOBBIIICHUE YPOBHS CTPYKTYPHBIX HAMIPSDKCHUH.

KuroueBble cjioBa: 3aKayka, CTainb, 00bEMHBIC H3MEHEHUS, CTPYKTYPHBIE HAPSHKEHNS, MATHUTHOE TI0JIe, OTITyCK

BaarogapHocTu. ABTOpHl 0OnarozapsT pefaklUMI0 >KypHajda 3a LEHHBbIE 3aMe4yaHHsd II0 COJEPXKAHHIO CTaTby,
COTPYJTHHUKOB Kadeapsl «MatepuanoBenenue u texnonornu meramwios» AI'TY, nmpodeccopa K0.M. JfJomOpoBckoro u
nonenTta C.A. I'puminHa, 3a MOMOIIb B TIOJTyYEHUH U 00CYXIICHUU PE3YIbTaTOB.

Jas uutupoBanus. Ilycrosoiit B.H., onrayes 10.B. O0bEMHbIC N3MEHEHHSI U CTPYKTYPHBIC HAINPSDKEHUS! B CTAIH
MOCJie 3aKallki B MAarHUTHOM TIOJie. Be30nacHocms mexHoeeHHvlXx u npupooHwvix cucmem. 2025;9(1):65-71.
https://doi.org/10.23947/2541-9129-2025-9-1-65-71
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Volumetric Changes and Structural Stresses after Quenching in a Magnetic Field
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Abstract

Introduction. As is well known, the process of steel hardening is accompanied by volumetric changes due to the difference
in specific volumes of transforming phases. These volume changes result in structural stresses within the steel. The
presence of these stresses in a hardened product negatively affects its resistance to brittle fracture, leading, for example, to
decreased safety during operation of steel structures. In this regard, it is essential to improve heat treatment (HT) methods
that reduce quenching stresses. One promising method involves applying a permanent magnetic field during phase
transformation, which affects the kinetics of transition and resulting transformation products. However, there is a lack of
data on volumetric changes during quenching for this method. The aim of this work is to investigate the effects of
permanent magnetic fields on volumetric changes and structural stresses during steel hardening.

Materials and Methods. The research was conducted on technical iron and carbon steel 35, 45, U8, U10, Ul2.
Magnetic fields with strengths of 1.4 and 1.6 MA/m were generated in an interpolar gap of the FL-1 electromagnet,
designed by Moscow State University. Volumetric changes after conventional and magnetic quenching were
quantitatively assessed by measuring the specific volumes using hydrostatic weighing method.

Results. Concentration dependencies of changes in specific volumes of carbon steels during quenching in a magnetic
field at temperatures of 800 and 1 000°C were obtained. There were no changes in the volume effect of martensitic
transformation in iron and U10 steel when quenching at temperatures higher than 800°C. Different changes in the
volume effect were observed in steels with carbon content: from 0 to 1% — reduction in specific volume; from 1.0% to
1.2% — increase in specific volume. Calculation data showed that after quenching without a field, the level of structural
stresses increased with an increase in the carbon content in austenite and an increase in the heating temperature for
quenching. The influence of the magnetic field was reduced to a decrease in structural stresses in low- and medium-
carbon steels and their increase in high-carbon steels. At low tempering temperatures, the level of structural stresses
after quenching in a magnetic field was lower for medium-carbon 45 steel, and higher for Ul2 steel, than after
quenching without a field.

Discussion and Conclusion. The data obtained for low- and medium-carbon steels can be explained by the increased
degree of martensite decomposition “in statu nascendi” upon cooling in a magnetic field and an increase in the amount
of martensite phase in high-carbon iron alloys. The change in the volume effect caused by the increase in the amount of
martensite phase under the influence of a magnetic field prevailed over the change in the volume effect caused by its
decomposition during the quenching cooling process. The magnitude and sign of the observed effects were determined
by the carbon content in the original austenite, and there was a narrow range of concentrations for which magnetic
hardening had virtually no effect on the level of structural stresses. The effect of a magnetic field during tempering
somewhat slowed down the reduction of residual stresses in the temperature range of martensite decomposition.
Structural stresses after heat treatment in a magnetic field, without taking into account the temperature gradient across
the cross-section, were mainly determined by the effects obtained during quenching in a magnetic field. The
intensification of the phenomena of martensite decomposition caused a decrease, and an increase in the completeness of
the martensite transformation, an increase in the level of structural stresses.

Keywords: hardening, steel, volumetric changes, structural stresses, magnetic field, tempering
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BBenenue. M3BecTHO, UTO 3aKajKa CTAIHA CONPOBOXHaeTcs OOBEMHBIMHA M3MEHEHUSMH [ 1], BRI3BaHHBIMH pa3HO-
CTBIO yIIeNIbHBIX 00bEMOB TpeBpataronuxcs $as. Bo3Hukarone 00bEMHbIE H3MEHEHUsI [2] IPUBOIAT K CTPYKTYPHBIM
HanpspkeHusM B ctanu [3]. [IpucyTcTBue Hamps KeHUH B 3aKajleHHOM M3JeNHU [4] cka3pIBaeTcs OTPULATEIbHO HA CO-
MIPOTHUBJICHUH XPYIKOMY Pa3pyIICHHIO, YTO, HAalpuMep, o0ycIaBIMBacT CHIDKEHUE OE30MacHOCTH IPU AKCILTyaTalun
CTaJIEHBIX KOHCTPYKIHH [5].

HaiosxeHune mocToSIHHOr0 MarHUTHOTO TOJIA B Ipoliecce (pa3zoBoro npeBpamieHusi OKa3blBaeT BIMSHUE HA KHHETHKY
nepexoja U oOpasyromuecs: MpOAyKTHI IpeBpaiieHus. B padorax [6, 7] npuBeneHbl pe3ysIbTaThl HCCIIETOBAHUN U3Me-
HEHHH B TOHKOU CTPYKType  (pa30BOM cocTaBe CTaleil mpH 3aKajlKe B MarHUTHOM roite. [Ipu 3ToM mokaszaHo, 9To Ipu
BOSﬂeﬁCTBHH MAardvTHOT'O MOJISA TPOUCXOAUT MYJIbTUIINIMKATUBHOC 3apOXKACHUE KPUCTAJUIOB MapTEHCUTA U YBEJIMYNBa-
eTCsl TEMIT NIPEBpaIlleHHs], a TAK)Ke MOBBIIIaeTcs TeMmneparypa My 1o M, ¢ oOpa3oBaHHEM MapTEHCHTa HANpPSDKEHUS B
WHTEpBAJIe CBEPXIUIACTHYHOCTH IIpeBpameHus [8, 9]. DTo NpUBOIUT K YBEIMUYCHHIO OOBEMHOI NOIM X-MapTEHCHUTa
BCJICZICTBUE PaHHEH aKTUBU3ALMH OTIIYCKHOT'O 3Tala CBEXe0O0pa30BaHHOM 0-(a3bl, CHIXKEHHUI0 00BEMHOMN A0JH Ager. B
MHCTPYMEHTAIBHBIX CTAJISIX, 3HAUNTEIBHOMY YTOHEHHIO B MYJIbTHILIETHOM MpOQuiie peHTreHOBCKoro pediekca {211},
COBOKYITHOCTD YKa3aHHBIX 00CTOSITENLCTB MPUBOJUT K M3MEHEHUSIM B ()a30BOM COCTaBE CTaJICH, a TakKe B CTPYKType
1 CBOWCTBAX MPOTYKTOB IPEBPAICHHUS TOCIIE 3aKAIKH B MATHUTHOM TIOJIE.

AKTyanpHOH siBisieTCs pa3paboTka MeToloB Tepmudeckoi 00padcoTku (TO), MO3BONSIONINX CHU3UTH 3aKaJOYHBIE
HanpspkeHns. [IpuBeEHHBIC BBIIIE JaHHBIE O MEPCIIeKTUBHONW TexHooruu TO ¢ ydacTHeM BHEUIHEro MarHWTHOTO I10-
ISl YKa3bIBAIOT HA TO, YTO CTPYKTYPHBIE M3MEHEHUS, IPOUCXOISIINE IO ASHCTBIEM MarHUTHOTO TIOJIS B TIPOIIECcCe 3a-
KaJIOYHOT'O MpEeBpalICHUA, MOTYT CKa3bIBATHCA Ha O6’LéMHOM n HaHpH)I(éHHOM COCTOSIHUU CTaJIu. OI[HaKO JCTAJIBHOI'O
WCCIIEJOBAaHMS BIMSHUS MAarHUTHOTO IOJISI HA W3MEHEHHs B HANpsHKEHHOM COCTOSIHUM 3aKaJIeHHBIX CTajled paHee He
MIPOBOJIMIIOCH. B CBsI3M C BBINIECKa3aHHBIM IIETBI0 HACTOSIICH pabOTHI SBISIETCS UCCICAOBAaHIE O0OBEMHBIX N3MEHEHUH
" CTPYKTYPHBIX HaHpﬂ)KeHPIfI, BO3HHUKAOIUX OT ﬂeﬁCTBHH MOCTOAHHBIM MAarHUTHBIM I1OJIEM IPU 3aKaJIKC CTaJIA.

Marepuajibl U MeToAbl. VccnenoBanus NpoBOJWIMCH HA TEXHUYECKOM JKEJe3€ U YIIIEPOJUCThIX cTalsix 35, 45,
V8, V10, V12. Marautasie nons HanpspkeHHocThio H = 1,4 u 1,6 MA/M co3/1aBaJiCh B MEXKITOIOCHOM 3a30p€ AJIeK-
tpomarauta ®JI-1 xorcTpykimu MI'Y.

OOBEMHBIE U3MEHEHHS TOCIIEe OOBIYHOM 3aKaJIKM M C HaJIO)KEHHEM MarHUTHOTO MOJIS OLEHUBAJIMCH KOJIMYECTBEHHO
MyTEM N3MEpEeHNs yeTbHOro 00bEMa ruIpoCTaTHIECKUM B3BelIBaHeM. Ha nepBom atare o0pasisl B3BEIINBAIIICEH B
BO3IyIIHOH cpene (Pg). Jlanee oOpasiipl, MOABEIICHHBIC HA TOHKYIO KalmpOHOBYHO HHUTh 8@ + 18y, B3BCIIUBAINCH B
TUCTWIUTUPOBaHHOW Bone (Px). BemmumHa ynensHOro 00BhEMa ¢ y4ETOM IUIOTHOCTH TUCTWUIHPOBAHHOM BOABI Ox U
BO3JlyXa Op ONPE/ENsuIach CIIEAYIOUIUM BbIPAKEHHEM:

STk SR
Py (8)K - 8B) dp

PesyabTaTsl ncciaenoBanus. I'paduk, npeacraBieHHbIH Ha puc. 1, IEMOHCTPUPYET BIUSHAE MarHUTHOTO IIOJIST Ha
00bEMHBIC M3MEHEHUS IIPU MapTEHCUTHOM IPEBPAILCHUH B YIIEPOAUCTBIX CTANSIX, HPU 3TOM 32 HYJEBYIO OTMETKY
NPUHATO 3HAYECHUE YIEIBHOro 00bEMa, UMEIOIee MECTO MPHU OOBIYHOM 3aKaiike. MOKHO OTMETUTh, YTO 3HAK M3MEHe-
HUSI yJIETTBHOTO 00BEMA M €r0 BEJIMYMHA HaXOJITCSl B KOPPEISIIMU C TEMIIEpaTypoi HarpeBa 10/ 3aKajKy M COaepKa-
HHUEM YTJIepoJa B CTaH.

Av-105, eM3/T 4
—— | - @ =2 -

15

(M

L

—~15 1 1 1 1 1 1
0,0 0,2 0,4 0,6 0,8 1,0 C,%

Puc. 1. OTHOCHTEIBHBIC H3MEHEHUS B YAEIBHBIX 00BbEMAxX CTaeil MpH 3aKaJIke BO BHEIIHEM MAarHUTHOM IOJIe
H=1,6 MA/M: 1 — o1 800 °C; 2 — ot 1 000 °C
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Ha puc. 1, oroOpaxkatoieM 3aBUCUMOCTh U3MEHEHHUS YAEIBHOIO 00bEMa OT CoJep)KaHHs Yriiepoa, MOXKHO OTMe-
THTh CIEAYIOLINE OTIMIUTENbHbIE 0OCOOCHHOCTH: HyJIeBOi 00BbEMHBIN () PEKT NPEeBpaIleHUS B YUCTOM HKeJIe3€ U CTaIH
V10 npu 3akanke ot 800 °C, oT/In4MA 10 3HAKYy B U3MEHEHUH 00BEMHBIX 3((EKTOB B CTAIAX C COJIEPKAHUEM YIIIepoa
0+1,0u 1,0+ 1,2 % C. IIpu 3akanke ¢ HaJOXeHHEM MarHuTHoro noiisi B cramax ¢ 0+ 1,0 % C nabmiogaercs yMeHb-
menue, a B crayix ¢ 1,0 + 1,2 % C — yBenu4denue ynenbHoro o0béMa. MakcumanbHasi BEIMINHA W3MCHEHUN B yI€ITh-
HOM 00BEMe Habmogaercst ipu copepkanuu 0,5 u 1,2 % yrnepona. C yBenndeHHEM TEMIIEpaTypbl 3aKalku HaOmoqa-
FOTCSI UI3MEHCHHUS B BeJIMUYMHAX 3((HEKTOB OT NEHCTBHS OIS, a TAKXKE CMEIICHNEe TOYKH, UMEBIICH HyJeBoe 00bEMHOE
H3MEHEHHeE, K 00j1ee HU3KOYTICPOAUCTHIM CTAIISIM.

BO3HUKHOBEHHUIO CTPYKTYPHBIX HAlpsDKEHHWH B CIDIaBE CIIOCOOCTBYIOT 00BEMHBIE M3MEHEHHMS B Iporecce (a3oBoit
TpaHcopManuy, a TaKKe UX HEOJHOPOIHOCTh pacnpenesieHus no Mukpoodosémam [10, 11]. CTpykTypHBIE Harpsbke-
HUSI MOTYT OBITH BBIYMCIIEHBI 110 METOJUKE pacdéTa, MpeCTaBIeHHON B pabore [12], KOTOpas MO3BOJIAET ONPEAETUTh
HalpsHKEHUS TaHIMCHIMAJIBHOI'0, OCEBOI'0 U paguajbHOTO HAIMpPaBJICHUA B CIUIOIIHOM HWIMHAPE, €CJIM MPUHATH, YTO B
AQHAIU3UPYEMOM CEUEHUM OTCYTCTBYET TEMIIEPATypPHBbIN rpafiueHT. J(elcTBUEe MarHUTHOTO 1I0JIs [P 3aKaJIKe Ha CTPYK-
TYPHBIC HANpPsAKCHUA MOXKHO OLCHUTH C IMOMOIIBIO BBIPpAXKCHUA JId BBIYUCICHUA TaHFeHHHaJ’IbHOﬁ COCTaBJ’IS[IOHIeﬁ
HaNpsDKEHUH Ha TIOBEPXHOCTH:

o, = _E—.l, (2)
2(1-n)
rae | — OTHOCHTENbHOE 3HAYEHHE CTPYKTypHOH aedopManuy Ha 3Tane NpeBpameHus; £ — MOIynb yIpPYyrocTu;
p — ko3¢ unment [lyaccona.

[Ipu oneHke / ObUTH MCIOIB30BaHbI OOBEMHBIE XaPAKTEPUCTUKH (a3 U JaHHbIE H3MEPEHHS YAEIbHBIX 00BEMOB 00-
PasIoB TaKoro Majoro pa3Mepa, YTo MOXKHO IpeHeOpedb Mepena oM TeMIepaTypbl My CEpALEBHHON U MOBEPXHO-
cTbio. JlanHble Tabauibl 1 MoKa3bIBaKOT, YTO JUIs CiIydasi OOBIYHOW 3aKalKU CTPYKTYpHBIE HAIPSHKEHUsI PacTyT C KOH-
LEeHTpalKel yriepoia B ICXOJHOH (ha3e U ¢ TeMIepaTypoi 3aKalky.

Tabnuna 1
CTpyKTypHbIC HAITPsDKEHUS (G;) IPU PA3IHYHBIX PEKUMAX 3aKAIKH
Cran o:, Mlla, mpu Temmeparype 3akanku, °C* Crans o:, Mlla, mpu Temmeparype 3akanku, °C*

800 1 000 800 1 000
-600,9 -621,2 —795,4 -923,2

45 —_— — Y10 —_ —_—

-549,6 -564,5 —795,4 —-1028,7
-774,9 -903,8 —798,6 —888,3

v8 -766,6 -939,4 viz -819,7 —-1007,0

*Yucaumenv — 3aKaIKa 6e3 MazHUmMHoO20 NoJiA, 3Hamenamens — 6 none H = 1,6 MA/m.

Pesynbrarthl pacyéra CTpyKTYpHBIX HANPSDKEHHUH, BHI3BAHHBIX NPEBPAILICHASMU IPH YaCOBOM OTITYCKE 3aKaJCHHBIX
ot 1 000 °C yrnepoaucThIX CTajei, IpuBeAeHBI B TabnuIe 2.

Tabinma 2
CTpyKTypHBIEe HallpsHKSHUS ITOCIIE 3aKaJIKU U OTITyCKa
HampsixenHocTsb o:, MIla, npu Temneparype otiycka, °C
Cranp | MArHUTHOTO TIOJIST*, (c yuéroM mperena TEKy4eCTH ayCTEHHUTA)
MA/™m 20 100 150 200 250 300
0/0 —421,1 -254,1 -205,3 —-163,7 —-140,8 -122,2
45 0/1,4 —421,2 -273,0 -215,4 -162,9 —-140,7 -122,2
1,6/0 -364,5 —226,1 -196,7 —-164.,8 —-141,1 -122,1
1,6/1,4 -364,5 —234.4 -200,4 -165,4 —-141,7 -122,1
0/0 —688,3 -527,8 —-490,7 -536,4 -527,0 —484.,2
V12 0/1,4 —688,3 -584,6 -536,5 -573,7 -531,4 —484,2
1,6/0 -807,0 -691,7 —634,6 —627,8 -530,7 —484,1
1,6/1,4 -807,0 -741,6 -670,1 -671,3 -532,7 —484,1
*Yucaumensb — npu 3axanxe, SHaAMeHamenb — nPu OMNYCcKe.
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Oo6cy:xxnenne u 3akiaruenne. Hadnronaempie Ha puc. 1 3pdekThl 11 cTayielt ¢ HU3KUM U CPETHUM COZICpP KaHUEM
yrieposa 00yCJIOBICHbI IPOTEKAHUEM OTITYCKHBIX IPOIIECCOB HEMOCPEICTBEHHO MPU 3aKAJIOYHOM OXJIaKACHHU B Mar-
HHUTHOM IIOJIe, a AJIA CTaleil ¢ BBICOKHM COJEpKaHHEM YIiiepola — yBeIndeHHeM oObEMHON HoiM a-(a3bl. AHAIHU3
pe3yIbTaTOB TEOPETUUYECKHX pacuéToB [1] moka3siBaeT, YTO I CTaiH 45 mociie 3aKalkd B MAarHUTHOM IOJIE€ M3MEHe-
aue Av =-9 - 107 cM’/r BeI3BaHO cHmKeHHeM conepxxanms Ha 0,04 + 0,05 % C B maprencure. Habmonaromeecs s
cramu ¢ cogepxanueM yriepona 1,2 % usmenenne Av =22 - 107 ¢cm>/r 06yCIOBIEHO yBeTMYEHHEM 0OOBEMHON OMH O-
¢assl Ha 4-5 %, ecnu PUHATH, YTO COAEPKAHUE YIIIEpOaa B MapTEHCUTE IIPH 3aKaJKe B MArHUTHOM I10JIe HE NU3MEHS-
€Tcsl 10 CPAaBHEHUIO C OOBIYHON 3aKaJIKOH.

CpaBHeHHe MaHHBIX Tpaduka Ha puc. | U pe3ynbTaToOB UCCIEIOBAHHS TOHKOM CTPYKTYPHI MAapTEHCUTA OOBIYHOM U
MarHUTHOM 3aKayku [6, 7] MO3BOJISIET NPUITH K BBIBOAY, YTO M3MeHEHHE 00BbEMHOTO dddekTa, BHIZBAHHOE ITPUPOCTOM
T10J] IeHICTBEM MAarHUTHOT'O MOJIS KOJMYECTBA MAPTEHCUTHON (ha3bl IPEBATMPYET HAJl UI3MEHEHUEM 00BbEMHOTO (P (eK-
Ta, 00YCIIOBJICHHOTO €€ Paca/ioM B IPOIECCE 3aKaTOUHOTO OXJIaXK/ICHUSI.

D¢ ekt oT nelcTBUS MO MPOSBISIETCS B MOHWKEHUH CTPYKTYPHBIX HANPSDKEHUH B CTAISAX C HU3KMM M CPEHUM
COJIEp)KaHMEM YIJIepoJa M WX IOBBIIIEHWH B CTASIX C BBHICOKOW KOHLEHTpauuel yriepoaa (ZaHHble TaOMHLbL 1).
Hanpumep, nocne 3axkanku B MarHutHOM noste craneit ¢ 0,45 % u 1,2 % C ¢ temnepatypsr 1 000 °C ypoBeHb CTpyK-
TYPHBIX HaNpsDKEHHWH B IIEpBOM cirydae nagaeT Ha 10 %, a Bo BTopoM ciydae Bo3pactaeT Ha 13 %. CpaBHuBas mouy-
YEeHHBIE Pe3yJIbTATHI C JaHHBIMU PEHTTEHOCTPYKTYPHBIX HCCIIEIOBAHUH [6, 7], MOKHO OTMETHTb, YTO 3HAK M BEITMUHHA
3¢ peKToB 00YCIIOBICHB KOHIIEHTPANUeH yriepoja B MCXOOHOH Y-¢aze. XapakTepHO, YTO €CTh KOHLEHTPALMH, UL
KOTOPBIX 3aKajJKa B MarHUTHOM I10JI€ HE3HAYNTEIFHO U3MEHACT 3HAUCHHS CTPYKTYPHBIX HanpspkeHUH. OOBACHUTD yKa-
3aHHbBIE YQQEKTHI OT AEHCTBUSI MarHUTHBIM IIOJIEM IS CTajeld C HU3KMM M CPEIHUM COJEep)KaHHEM YIJIepojaa MO>KHO
YCHJIEHHEM OTITyCKHBIX ITPOIIECCOB HEIOCPEICTBEHHO IPH 00pa30BaHMK MapTEHCHUTa B IPOIECcCEe 3aKaIKH, a JJIs CTa-
JIeH ¢ BBICOKUM COJICp)KaHUEM YTIIepo/ia — YBEIMYCHHEM 00BEMHOM IO MAPTECHCHTA.

DopMHUPOBAHKE OCTATOYHBIX HAPSHKEHHI B IpoLecce 3aKaiku cramu [13, 14] HaunHaeTcsl, Kak U3BECTHO, IPU Tyn, — TEM-
TniepaType Hepexojia MaTepuaa 13 IIaCTUYHOTO COCTOSHUA B ympyroe. I1osroMy CTpyKTypHbIE HampsDKEHHs, BO3HUKAOIINE
TipH 3aKaike [15, 16], ckinampBaroTes U3 HAMpsDKEHHH, 00y CIIOBICHHBIX H3MEHEHHEM YISIBFHOT0 00BhEMa CIUIaBa IpH OXJIaxkIe-
HHH OT TeMnepatypsl Ty 10 M. Pacuér nocnenamx mo ¢gopmyiie (2) mokasbIBacT, YTO MPH OXJIKICHHUH CIUIaBa JI0 TEMIIEpaTy-
PpbI M, Ha TIOBEPXHOCTH CIUIOIIHOIO IWJIMHIPA BO3HUKAIOT PACTSATHBAIOIIIE HANPSDKEHHUS, IPEBOCXOSIINE I BCEX UCCIIETy-
€MBIX CIUIABOB Ipefiel TeKydecTy aycTenuta (200 MITa). B cBsizu ¢ 3TMM TocIie 3aKailki HalpspKeHHs Ha TOBEPXHOCTH CILIONI-
HOTO IWJIMH/pa Oy IyT MEHbIIIE TPUBENICHHBIX B TaOIHIe | Ha BEIMUNHY IpefieNia TEKYyYeCTH ayCTeHHTA.

[To nanHBIM TaOIMIBI 2 BUIHO, YTO IPU HU3KUX TEMIIEpaTypax OTIYCKa YPOBEHb CTPYKTYPHBIX HANPsDKEHHH TOCIe
3aKaJK{d B MarHUTHOM TIOJI€ JJIsl CPEAHEYTIIEPOTUCTON cTanu 45 HIKe, a sl cTanu Y 12 — BEIIIIe, YeM MOoCiIe 3aKaIK|
6e3 noJst. JleificTBe MarHUTHOTO MOJISl BO BPEMsI OTITYCKa HECKOJIBKO 3aMEJISIET CHU)KEHHE OCTATOYHBIX HANPSHKEHUN B
TEeMIIepaTypHOM MHTEpBaJle paciaga MapTeHCHTA.

Takum 00pa3oM, BeJIMYMHA CTPYKTYPHBIX HAIPSHKEHUN MOCIE TEPMUYECKONH 00pabOTKH B MarHUTHOM II0JI€ TIPH OT-
CYTCTBUH TEMIIEPATYPHOTO I'PaJHeHTa 10 CEYECHHIO B 3HAYUTEIHHOM Mepe ompeaensercs 3G deKTaMu, MoITyIeHHBIMI
MIPY 3aKaJIKE B MATHUTHOM T10JI€. Y CHJICHHE SIBIICHUH PacIaza MapTeHCHTA BBI3bIBAET CHIDKCHNUE, & YBEINYEHHE MOTHO-
TBI MAPTEHCUTHOTO MPEBPAIIEHNS — MOBBIIIEHHE YPOBHS CTPYKTYPHBIX HAIPSHKEHHH.
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