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3AKOHOMEPHOCTHU CTPYKTYPOOBPA30OBAHUSA 30HbI TEPMUYECKOI'O
BJIMSTHUS ITPU TEPMUYECKOM PE3KE METAJLJIOB

A.B. Cymen, acn., B./I. Kaccos, npo¢., 1.T.H.,
Jlonbacckasi rocy1apcTBeHHasi MAIIMHOCTPOUTEIbLHAA akajgemus, r. Kpamaropck

Annomayusa. Hccnedosanvl 0cobeHHOCMU (A3HBIX U CIMPYKIMYPHBIX NPE8PaeHUll npu mepMuyecKoll
peske cmaneu. Ilpusedeno enuanue cnocoba pesku Ha 21yOUHY ONJIABLEHHO20 U NEPEXOOHO20 YYACHi-
K08. Onucanul A61eHUs, C8A3AHHbIE C NPOYECCOM 3aM8epOesanss nocie pe3ku. /lemaivHo paccmom-
PEHO GNUAHUE CKOPOCHIU OXNIANCOEHUS HA CIPYKINYPY MEMANI08 8 30HE PE3KU.

Knwueevie cnosa: mepmudeckas pe3kd, 30Ha mepmudecKoco 6JaUgARUA, CKOpOCMb PE3KU, CMPYKmMypda.

3AKOHOMIPHOCTI CTPYKTYPOYTBOPEHHSA 30HU TEPMIYHOI'O BIIVIUBY
1 YAC TEPMIYHOTI'O PI3BAHHSA METAJIIB

A.B. Cymen, acn., B./I. Kaccos, npo¢., 1.T.H.,
Jonbacbka n1ep:kaBHA MalIMHOOYAiBHA akaaeMis, M. KpamaTtopcbk

Anomauisn. /locniosceno ocobausocmi (pasHux i CMpyKmypHUx nepemeopeHv y npoyeci mepmiitioco
pizanns cmanei. Hagedeno ennue cnocoby pizanns Ha enubuny oniaenenoi ma nepexionoi OLNAHOK.
Onucano asuwa, wjo nos ’a3ani 3 npoyecom 3ameepOiHHA ICIA pi3aHHA. [[emanbHO po32iaHymo HauUE
UWBUOKOCMI OXOJIOONCEHHS HA CIMPYKMYPY MEMAli8 Y 30Hi Pi3aHHS.

Knrouosi cnoea: mepmiune pizanis, 30Ha mepmivHo20 GNAUBY, WBUOKICMb PI3aHHS, CIMPYKMYpA.

REGULARITIES OF THE STRUCTURE FORMATION OF THE THERMAL ZONE
DURING THERMAL CUTTING OF METAL

A. Sumets, P. G., V. Kassov, Prof., D. Sc. (Eng.),
Donbass State Engineering Academy, Kramatorsk

Abstract. The features of phase and structural transformations during thermal cutting of steel are in-
vestigated. The influence of the cutting method on the depth of the melted and transition sections is
given. The phenomena connected with the process of solidification after cutting are described. The
influence of the cooling rate on the structure of metal in the cutting zone is considered.

Key words: thermal cutting, thermal zone, cutting velocity, structure.

Beenenue B 0oJiee CIIOKHOM M HEMPEPHIBHO H3MEHSIFOIICHCSI
00CTaHOBKE, a HallMyhe XUMUYECKOH HEOIHO-
POIHOCTH B 30HE TEPMUYECKOIO HArpeBa BO MHO-

THX CIIy4asxX KOPEHHBIM 00pa3oM H3MEHSIET KH-

CTpyKTypHbIE TIPEBPAILEHUS B YCIOBUSX TEPMH-
YecKOM pe3ku MeTaia (aproHo-ria3sMeHHOMH,

BO3/IYIIHO-TUIA3MEHHONH ¥ KHCJIOPOAHO-(IFOCO-
BOH) 3HAYUTEIHHO OTINYAIOTCS OT IIPEBpAICHUI
npu OOBIMHOM TepMuueckoi obOpadotke [1, 2].
JanHple oTIMYMsL OOBSICHSIIOTCS, MPEXKIE BCETO,
cnerdukoli  TepMoaeGOpMAIIOHHOTO MUK
pe3ku [3]. B ycnoBusx TepMuyecKoil pe3ku pac-
naj TBEPIBIX PaCTBOPOB B 30HE PE3KU MPOTEKAET

HETUKY pacmaga TBEPABIX pacTtBopoB [4, 5].
[TosToMy mporiecchl KpUCTaIM3alMH MeTalia 1
CTPYKTYpHBIC TIPEBPAILCHUS B 30HE PE3KH B
OOJIBIIMHCTBE CAYYacB MPEIONPEACIIIOT aajlb-
HEHIME TEXHOJOTHYECKHE U SKCIUIyaTal[HOH-
HbI€ CBOMCTBA METaJlja.
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AHanu3 nyoJauKanui

C mporeccoM 3aTBepAeBaHHS MeTalla MOCHe
PE3KH CBsI3aHBI MHOTHE HEXKeJaTelbHbIC sBIIe-
HUSI, B TOM YKCIIe H (HOPMHUPOBAHUE XUMHUECKOM
HeomHoponuoctu [1, 6-9]. Mukpockommueckas
XMMHYECKash HEOJHOPOJHOCTh, UMEIOIIAsS MECTO
B 30HE TEPMHUYECKOH PE3KH, B MEPBYIO OYepe/b
orpesieNnsieTcss  XapakTepoM TEepBUYHOW  Kpu-
CTaJUTM3ALUH CTaJld U 3aBHCUT OT KOJIMYECTBA W
MPUPOJIBI JIETUPYIOIMX 3JIEMEHTOB, IPUMEcei H
ycIoBuit oxnaxaeHus [7-12].

Lesas 1 mocTaHOBKA 331241
Henbto paboThl SBISETCST MCCIENOBAHUE OCO-

OcHHOCTEH (Da30BBIX M CTPYKTYPHBIX IMpEBpa-
IIEHUM B METaJUIE MPU TEPMUUECKON pE3KE.

MaTepua.JI U METOAMKA UCCIeT0BaAHNH

[Tpu HepaBHOBeCHOM KpucTauU3aimu quddy3us
He Oyner ycneBaTh BBIPaBHHBAaTh COCTaB BHYT-
PEHHUX M HapyXHBIX CJIOEB TBEPJIOrO PacTBOpA.
Takum 00pazoM, mocie OXJIaKACHHS MOJBEPTHY-
Tasi pe3Ke cTalib, CKOpee BCero, Oy/er UMeTh He-
OJIHOPOJIHBI WJIM CJOUCTBIM cocTaB. B Takux
YCTIOBUSIX KPUCTAJUIM3AINH, €CIIH JISTHPYIOUINi
AJIEMEHT WM TPHMECh MMEET B JKUAKOH (aze
OOJIBIIYIO PACTBOPUMOCTD, UM B TBEPIOMU, Oy IeT
HUMETh MECTO 00OraleHue MEeXIyOCHOTO U MEXK-
JIEHJPUIHOTO MPOCTpaHCcTBa. [leHapuTHAs HEol-
HOPOJIHOCTh XOpOIIO BBISBIISICTCS. HA MHKPO-
CTPYKTYype MeTajuia Tociie TePMUIECKOH Pe3Ku B
BUje TMOBepXHOCTHOrO penbeda. [Ipu oueHb
OONBIIOM O0OTAIICHHH B MEXIYOCHBIX U MEX-

JICHJPUTHBIX MIPOCTPAHCTBAX HA IMOCIETHUX CTa-
JUSIX KPUCTAJUTM3AIMN HAOMIOIaloTCsl HepaBHO-
BECHEBIE CTPYKTYpHI (puc. 1).

Puc. 1. MukpocTpykTypa oriaBiieHHOro ydacTka crainu Y 10 (x250) mocie aproHo-mia3MeHHOi (),
BO3/YIIHO-TNIa3MEHHOMU (0) M KUCIOPOIHO-(IFOCOBOM pe3KH (B)

CrocoOHOCTh 3JIEMEHTa o0oramarh MEKIyoC-
HbIE U MEXJICHAPHUTHBIC MMPOMEXYTKH XapaKTe-
pusyercs ko3dduimentom pacnpeneneHus K,
MPEACTABISAIONIMM COOOH OTHOIIEHHWE PacTBO-
puMocTelt 37eMeHTa B TBEPAOH M kuaKon (a-
3ax: CTB/ C)K

B naiem ciydae uccieqoBaHHi OCOOBIA MHTE-
pec TMPENCTaBISIOT MPOIECChl, MPOTEKAIOIINE B
30HC pE3KH (TepMHUYECKOro HarpeBa/miiaB-
JICHUs1), OT CTPYKTYPBI M XUMHUYECKOTO COCTaBa
KOTOpOW 3aBUCAT CBOMCTBAa 30HBI TEPMHUUYECKOU
pE3KU. AHATUTHYECKOE BBIpaXKEHHE Ipoliecca
nudy3un Ha TPaHUIIE CIUTABJICHUS JUIS OLCHKH
pacrpeqencHus B HEl JIETHPYIOIINX 3JIEMEHTOB
U MpuMecell B 3aBUCMMOCTH OT K03 durmenTa
mubdysun B TBEPAOH B, u xuakon b, dazax,
MPOAODKUATENILHOCTH Tiporiecca X U kodhuim-
eHTa pacrpezeneHus K B HaleM cirydae UMEOT
CIEeAYIOUUNA BU;

2
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rae Cp 1 Cyo — HaYaIbHBIC KOHIICHTPAIIMH DJIe-
MEHTOB B TBEpAOW M Kuakod (aszax; y—
paccrosiHue OT Mex(asHOW T'paHHUIBI pa3feia
BIJIYOb JKHKOT'O METaJlIa B IIPOIIECCE PE3KU.

HepaBHoBecHast KOHIIGHTpalysi aTOMOB TIpHMe-
cell W JICTUPYIOIIMX DBJIEMEHTOB, SIBIISIOMIASICS
CJIC/ICTBHEM TIOBBIIIEHHBIX CKOPOCTEH OXJIaXKie-
HUSL B pe3yJbTaTe PE3KH, CIOCOOCTBYET 3HAYH-
TEJIBHOMY YIPOUYHEHHUIO MeTaiia (Tadi. 1, 2).
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Ta6uuna 1 Biaustaug ciocoba pe3ku Ha ri1yOUHY TEpMUYECKU 00pabOTaHHBIX CIIOEB

Mapku cranu
—~ o
I'nyOuna Tepmudecku . O - 5 < ey S 5
00paboTaHHBIX CIIOEB, B o S (\l > = = > = an T
MM bt ~ > = = >o< a » S = o
« S A < b )
< i & <
< S
Aproro- oy 10,08 |{045 |0,10 |0,08 0,04 |05 |040 |0,20 |0,13 |0,35 ]0,90
asMeHHAS Inmy 12,00 3,00 |250 |1,70 | 2,30 1,05 [ 0,40 | 0,70 | 1,10 | 2,10 | 1,60
x 2,08 [ 345 ]260 |1,78 |2,034 | 1,20 | 0,80 | 0,90 | 1,23 | 2,45 | 2,50
Bosymto- oy 018 {080 |0,10 |0,15 |05 ]0,08 |035]0,15 |0,13 |0,14 | 0,40
3N CHHAS ny | 1,50 | 0,60 1,80 | 0,60 | 1,50 |0,13 |0,015 |0,10 | 1,60 | 1,03 | 1,04
x 1,68 | 1,40 1,90 10,75 [ 1,65 |021 |0,50 [0,25 | 1,73 | 1,17 | 1,44
KicriopomHo- oy 1010 {025 0,05 |05 |040 |0,13 |0,58 |0,15 |0,18 | 0,43 | 2,72
(riocoas ny | 1,50 | 7,00 1,40 2,00 | 1,70 [2,15 | 1,70 | 3,20 | 1,70 | 4,30 | 3,30
x 1,60 | 7,025 | 1,45 | 2,50 | 2,10 | 2,28 |2,28 |335 | 1,88 |4,73 |6,02

Ipumeyanue: OY — riryOuHa OIUIABIEHHOTO y4acTka, MM; [1Y — riryOrHa mepexoHoro y4acTka, MM; X — CyMMa

Oy ullVy.

Tabauna 2 Bausaue cnocoba pe3kd Ha MUKPOTBEPAOCTE

Mapku cranu

on

= =

MUuUKpOTBEpPOCTS, . &) o = < S - =
Kr/MM° 5 g E e 5 il % E = % T

“ = ~ A = S % = =

g

Aprom oV | 420 | 572 900 | 383 | 514 724 | 724 | 385 | 350 | 383 | 380
HJ'IaI?))M(;H(I)-I-aH Iy | 290 | 350 510 | 270 | 260 640 | 642 | 350 | 240 | 236 | 297
OM | 180 | 263 330 | 210 | 226 270 | 350 | 227 |232 | 220 | 254

Bos Ho- oy | 170 | 572 420 193 | 420 824 |1 950 | 383 |350 |272 | 254
Hnany::{Haa Iy | 220 | 322 380 | 200 | 380 640 | 642 | 383 | 237 |274 | 254
OM | 180 | 263 330 | 210 | 226 270 | 350 | 227 |232 | 220 | 254

KHCIODOIHO- oy | 193 | 322 824 181 464 642 | 724 | 383 | 420 | 383 | 274
(bmoso;[aﬂ Iy | 210 | 275 500 160 | 350 724 | 946 | 350 | 382 |279 |274
OM | 180 | 263 330 | 210 | 226 270 | 350 | 227 |232 | 220 | 254

Ipumeuanue: OY — riyOUHA OIUIABIICHHOTO y4acTKa, MM;

HOBHOM M€ETaJIl.

YBenuueHne CKOpOCTH OXJIAKIACHHUS B MHTEpBa-
Jie KpUCTaJUTU3alMK CIIOCOOCTBYET H3MENbye-
HUIO TIEPBUYHON CTPYKTYpHl MeTajljla B 30HE
pe3KH, OCOOEHHO JUIS JIETMPOBAHHBIX CTajcH.
Merann, o0pa3oBaBIINiicsS B pe3yabTaTe TEPMHU-
YECKOW pe3KHU Ha CpEeIHENIETHPOBAHHBIX CTaJIAX,
OXJIa)KI[éHHBIX C TMOBBINICHHBIMH CKOPOCTAMH,
N0 MeEXaHWYEeCKMM CBOMCTBAM 3HAYHUTEIHHO
IIPEBOCXOANT OCHOBHOM Metaml. [lo-Buaumomy,
H3MEHEeHHEe MeXaHNYEeCKUX CBOMCTB IIPOUCXOIUT
HEC TOJIBKO B PE3YJbTAaTC M3MCIbYCHUSA IICPBUY-
HOW CTPYKTYPHI, HO TaKKe OciIaOIeHus CTeeHH
XMMHYECKOW HEOTHOPOJHOCTH, ONpeAesieMon
COOTHOIIEHWEM KOHIIGHTPAalMi 3JIEMEHTOB B
JINKBALlMOHHON MEXKPUCTAIUNIMTHOW IIPOCIIONKE
U B TeJlE CTOI0YATOro KpUCTa/UIUTa. TakuM 00-
pa3zoM, cKopee BCero, 3aBUCHMOCTh HW3MEHEHHS

ITY — rybuna nepexoanoro yuactka, Mmm; OM — oc-

CBOWCTB ME€Taljia B 30HE TEPMUYECKONW PE3KH OT
CKOPOCTH OXJaXKJICHUS ONpeesieTcs H3MeHe-
HUSIMH HE CTETIeHH JINKBAIIWH, a TJIaBHBIM 00pa-
30M, pPa3MEpPOB CTOJIOYATHIX KPHCTANIUTOB U
INIUPUHBI  00OTAalIEHHBIX MEXKPHCTAIUTHTHBIX
rpanul. B pe3ynbrare TEpMHUUYECKOH pe3Ku
YCTaHOBJIEHO 00pa30BaHUE YCIOBHBIX YYacTKOB,
Ha4yMHasg OT 30HBI TUIABJICHUS 10 OCHOBHOT'O Me-
Tamia. Merami 30HBI y9acTKa IIaBieHus (Tep-
BBII y4acTOK) UMEET CPABHHUTEIHLHO HEOOIBIIYIO
mmpuny (0,04-0,40 MM) 1 3aMETHO OTJIMYAETCS
OT COCEJHUX y4acTKOB OCHOBHOI'O MeTaylia. OTU
M3MEHEHHS BBI3BaHbI, IPEKIE BCero, nudy3u-
OHHBIMH MPOIIECCAMHU, NMPOTEKAIOIIMMHA B TIPO-
Llecce pe3ku B 30HE IUIaBlieHus. Hampasnenue
maddy3un snementa onpenensercs kodhduim-
€HTOM pachpeeieHnss B TBEPAOU M KUIKHUX
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¢dazax, a TakKe ColepKaHUEeM 3JIEeMEHTa B OC-
HOBHOM MeTajuie. B 3aBHCHMMOCTH OT COOTHO-
IICHUS 3TUX BENUYMH TUPQPY3Us dIIEMEHTa MO-
KET TPOMCXOAUTh W3 OCHOBHOTO MeTajjia B
30HY IJIABJIEHUA WJIM PACIUIaBICHHOTO MeTalia
B OCHOBHOW MeTail1. BTopoil y4acTok conepKuT
KpynHble 3épHa. B Hero BXOAUT MeTasul, KOTO-
pBIi  HarpeBaicid OT TeMIIEPaTypbl OKOJIO
1200 °C no Temmepatypsl IUIaBJICHUS OCHOBHO-
ro meraiuia. lllupuna ero u3mensercs B mpeze-
nax 0,6-4,3 mm. Ilpu HarpeBe meraymn mperep-
neBaer a—y-npespaiienue. [lo mepe meperpesa
BBIIIE TeMIIepaTypbl AcC; ayCTEHHTHOE 3epHO
pacTér U Aaxke MpH HE3HAYUTEIHHOH MpOIO-
XKHUTEILHOCTH TPEOBIBAaHMS B YCIOBHSX BBICO-
KHX TeMIlepaTyp yclieBaeT BBIPACTH 10 3HAYH-
TENbHBIX pa3MepoB. Tun CTPYKTYDHI,
oOpasyroleiicss B y4acTKe TeperpeBa, 3aBUCHT
OT XapaKTepa TepMHUYECKOro mpoliecca pe3ku U
cocTaBa Merajua. Tak, B HEKOTOPBIX CIydasx B
3TOM ydacTke (popMupyercss BHAMAHIITETTOBA
CTpYKTypa. B JerupoBaHHBIX CTajsX Y4acTKU
MeTajllla, HarpeBaroIliyecsl MpH pe3Ke BHIIIE
Temrepatypel Acs;, B pe3yibTrare OBICTPOro
OXJIQXKJICHUSI IPUOOPETAIOT CTPYKTYPhI 3aKAJIKH.
OpHako CTpyKTypa 30HBI 1O IIUPHUHE OT y4acT-
Ka CIUIaBJICHUA 10 y4acTKa, MMEBIIIEro MpH pe3-
K€ MaKCHMaJIbHYIO TEMIIepaTypy TOJIbKO He-
CKOJIbKO BbIIIe Acs;, Oyler oauHakoBoi. B
pe3yapTaTe pacmaia KpPYMHBIX ayCTEHHUTHBIX
3épeH B ydacTKaX, NMPWJIEraloliX K TpaHUIe
CIUIaBJICHHS ¥ HATPEBAIOIIMXCS MPHU pe3Ke BhIIIE
1200 °C, obpa3yercs Oosee KpyIMHOIIACTHHYA-
TBII MapTEHCUT, YE€M B Yy4acTKax MeTajla,
HarpeBaronxcs npu peske Boime Acs. CTpyk-
Typa 30HBI CIUIABICHHUS SABJISETCA MOYTH TaKOM
ke, KaK ¥ CTPYKTypa yJacTKa Ieperpena.

Crnenyrommid y4acTOK — Y4acTOK IepeKpUCTal-
mu3anuy. OH BKJIFOYAET METaUl, Harperslid OT
TEMIICPATYpPbl, HECKOJIBKO BBLIINIC TCEMIICPATYPbI
a—y-mipeBparienusd, 10 1100-1150 °C. upuna
nmanHoro ydactka 0,7-1,0 mm. B HU3KOyTIEpO-
AUCTBIX U HU3KOJICTUPOBAHHBIX CTAJIAX B y4acCT-
Ke TMepeKpucTaI3alui 00bIYHO o0Opaszyercs
MEINTKOJIMCTIEpCHasT (3epHUCTAst) CTPYKTypa, Xa-
paKTepHU3yIOIasicsi B LIEIIOM JIOCTATOYHO BEHICO-
KUM KOMIUIEKCOM MEXaHWYECKUX CBOWCTB. B
CpemHe- W BBICOKOJICTHPOBAHHBIX CTAISIX B
MeTaijie JAaHHOTO y4YacTKa 4YacTo oOpasyercs
MEJIKOILIaCTUHYATHIN MApTCHCUT WM CMCEChb
MapTeHCHTa M TPOAYKTOB IPOMEKYTOUHOTIO
MPEBpAIICHUs], T.€. T€ XK€ CTPYKTYphl, YTO U B
yuacTke TneperpeBa, Ho Oonee mucriepcHblie. Cre-
JYIOIIHH, YeTBEPTHIM, YIACTOK BKJIIOYAET B ceOs
MeTasl, HarpeTblil OT TemmnepaTyp Ac; 10 TeM-

nepaTypbl Ac;. MeTamn y4acTka THoJBepraercs
TOJIPKO YaCTHYHOW TepeKpUCTALTU3AINN, H TI0-
3TOMY €ro MO)KHO Ha3BaTh YYACTKOM HEIOIHOH
MepeKpUcTaIUIM3ali. MeTall 3Toro ydactka B
HU3KOYTJIEPOJHUCTBIX W HU3KOJIETMPOBaHHBIX
CTalsIX XapakTepu3yercss MOYTH HEH3MEHSIO-
muMcsi  (EppUTHBIM 3€pHOM, H HEKOTOPBIM
npoOsieHHeM ©  cheporan3anmueil MepIuTHBIX
y4acTkoB. B cpemHe- M BBICOKOJETHMPOBAHHBIX
CTalsiX TMocie  OXJaxAeHHs  (PopMUpyeTcs
CTPYKTYpPa YaCTUYHOU 3aKaJIKH.

Crenyromuii y49acTOK — TSATBI — MOXKHO Has-
BaTh Y4acTKOM pekpuctamim3zamuu. OH BKITIO-
gaeT MeTalll, KoTopbiit HarpeBascs ot 500 °C mo
TeMIiepaTyp HECKOJNBKO Hike Ac;. OTaenbHbIe
YYaCTKH JAHHOM 30HBI, HATPEBaBIIHECS HIDKE
Acy, IO CBOE€H CTPYKType M CBOWCTBAM MOTYT
OBITh Pa3IMYHBIMUA B 3aBUCUMOCTH OT MCXOJHO-
IO COCTOSHHUSA MeTajla Tepel TEPMUUIECKOM
pe3koit. Eciu Metainn nepej pe3koil mojaseprai-
Csl XOJIOJHOHM IIacTHuYecKor aedopMalluu, TO
MIpH HarpeBe J0 TeMIepaTyp HMXe Ac; Ipouc-
XOJUT PEKPUCTAILIU3AINS, MPUBOMASIINAS K 3HA-
YUTENBHOMY POCTY 3€pHa.

[lecToii y4acTOK BKJIFOYAET METalll, KOTOPBIN
HarpeBajJicsi B uWHTepBajse Ttemmneparyp 100-
500 °C. D10t yyacToK B MpolLiecce pe3Ku He Tpe-
TEPIEBAECT BUJUMBIX CTPYKTYPHBIX U3MEHECHHH.

BeIcokoserupoBaHHble ayCTEHUTHBIE CTalld HE
MpeTepreBaroT BHINMBIX (Da3oBBIX IMpeBpalie-
HHUH B YCIOBMSX TEPMHUYECKOIO BO3JECHCTBUS Ha
HUX IpU pe3ke. BeaeacrBue 3Toro 30Ha TepMu-
YECKOr0 HArpeBa 3THX CTaJlled HMMeeT MeHee
CIIO)KHOE CTPOEHHE, YeM 30Ha NpU pe3Ke 00bIu-
HBIX KOHCTPYKLIMOHHBIX cTajed. Pazmep 30HBI
CIUIABJIECHMSI  BBICOKOJIETMPOBAHHBIX  CTaJel
CPABHUTEJIBHO HEBEIMK U ONPEAEIAETCS TEMIIE-
pPaTypHBIM IPaIMEHTOM U MHTEPBAJIOM KpHUCTaJ-
au3anuu. Eciu TemneparypHbId TpagueHT mall,
a MHTEpBAJI KPUCTAJUIM3ALUU CPABHUTEIBHO Be-
JIMK, TO LIMPHWHA 30HBI CILJIABICHUS BO3pPACTaerT.
CBolicTBa 30HBI TEPMHUYECKOTO BO3ACHCTBUS
IIpU pe3KE HEPA3pPBIBHO CBA3AHBI C COCTOSIHUEM
rpanull 3€peH B Hel. B 30He TepMHuuecKoro Bo3-
JEICTBUS IO/ BIIMSIHUEM TEPMUYECKOrO IUKJIA
PE3KH IPOUCXOAUT 3HEPTUYHBIM pocT 3EpEH, a
TaKKe MOAIUIABICHUE TPAHULl B 30HE CILIaBIIC-
HHSI ¥ TOCHENYIOLee pa3BUTHE B HEH XMMHUE-
CKOM MHKPOHEOJIHOPOAHOCTU. B cBs3M C 3TMM
10 TPaHMLAM 3EPEH JIOKAIU3YIOTCA PA3IIHMYHOIO
pozma paspylieHHs, 4To OOYyCIIOBIMBAET Cylle-
CTBEHHOE BJIMSHHE UX HAa MEXaHWYECKHUE CBOU-
cTBa. B 30He craBneHust 00pa3yoTCs rpaHUIbI
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JBYX THUIIOB — NEpBUYHBIE U BTOpUYHBIE. [lep-
BUYHBIE TPaHUIBI (HOpMHUPYIOT Ooiiee MeNKue
3épHA, BTOpUYHBIE (TOHKHE) KpYIHBIE 3EpHA.
[lepBuuHBIE U BTOPUYHBIE TPAHUILIBI, KaK TPaBHU-
JI0, PacION0KEHbI TI0 OTHOIICHHUIO JIPYT K APYTY
MPOM3BONBHO. [lepBUYHBIE TpaHMIBI comepKaT
MOBBIIIEHHOE KOJUYECTBO JIETUPYIOIIUX dJie-
MeHTOB [13-16], mpuuéM ypoBeHb XMMHUYECKOU
HEOJHOPOJHOCTH COIOCTaBUM C JACHIPUTHOU
HEOTHOPOTHOCTBIO, Pa3BUBAIOUICHCS TpPU KpH-
CTAJUIM3AaIMM 30HBI CIUIaBJIEHHUA. DTO JaéT oc-
HOBaHME TOJaraTh, YTO MEPBUYHBIC TPAHMIIBI
BO3HHMKAIOT BCIIEACTBHE OOpa30BaHUS U TOCIE-
JIYIOIIETO 3aTBEPACBaHUS KUIKOU (a3bl.

BriBoabI
[IpoBeacHHBIE HCCIIEIOBAaHUS OCOOCHHOCTEH
CTPYKTYpPOOOpa30oBaHUsl 30HBI TEPMHUYECKOIO

BIIMSIHUSL, OOpasyromielicss TMpH  aproHo-1Jas-
MEHHOW, BO3IYIIHO-TUTA3MEHHON W KHCIOpPO-
HO-(IIIOCOBO# pe3kn MerauioB 11 Mapok cranm,
MoKa3aJjy, 4yTo Hanbonee 3(p(EeKTUBHBIM H IIefie-
COOOpa3HBIM SIBIISICTCSL BO3AYIIHO-TIIA3MEHHAS
pe3ka.

Jlureparypa

1. DcubsH 3. M. BosaymiHo-miia3MeHHas pes-
Ka: COCTOSIHUE M TIepCrieKTuBbl / 3.M. Dcu-
OstH // ABTomatnyeckas cBapka. — 2000. —
Ne. 12. - C. 6-20.

2. Tomo6oponpko X.I'. Bnusaue mna3zmoo0-
pasyrolieii cpeasl MpH pe3ke Ha o0pa3oBa-
HUE TIOp MPH CBapKe CYJAOKOPIYCHBIX CTa-
e / XK.I. Tomobopompko, B.B Ksac-
Hunkuii// 30. Hayk. mpaips YJIMTY. —
2002. — Ne 5 (383). — C. 25-31.

3. Tamenko B.M. [Ina3moBe pi3aHHs 3 BUKO-
PUCTaHHIM CKIQJIHUX Ta30BHX CyMilled /
B.M. MNamenko, B.A. Ky3nenos // 36ipHuK
HaykoBux mpams HYK. — 2005. — Ne 1
(400). — C. 40-49.

4. Tomobopoapko XK.I'. OmbiT XepcoHCKOTro
CYJOCTPOUTENBHOTO 3aBOJa MO TMpHUMEHe-
Huto 1iasmeHHoit pesku / JK.I'. TomoGo-
poabko // ABTomaTHueckas cBapka. — 2013.
—C. 43-48.

5. Jlsmenko I'.M. KauectBo pe3a mpu mmias-
MeHHO-IyroBoii peske / [.W. Jlsmenko //
Ceapmuk. — 2012. — Ned4. — C. 34-39.

6. BacumseB A.H. CpaBuHuTENbHBIC HCCIENO-
BaHUS BO3AYIIHO-IUIA3MEHHOW M KHUCIO-

ponHo-masmMenHoi pesku / A.H. Bacuib-
eB, B.B. Buyk, B.W. 3unoBses, T.B. Kotb-
kuHa // Wsectus MITY. — 2014, —
Ne2 (20). — C. 13-18.

7.  Opnoe A.C. TepmonedopManoHHbIE MPO-
LECChl TMPU TEPMHUYECKON pPE3KEe TOHKO-
CTCHHBIX HUJIMHAPUYCCKUX I/I3Z[€J'II/II71§ MO-
norpapust / A.C. OpnoB. — Pocro-Ha-
Hony: AI'TY, 2004. — 170 c.

8. TI'puropesan A.I'. JlazepHast peska merai-
noB / A.I'. I'puropesiam, A.A. CokonoB. —
M: Bricmias mkoia, 1988. — 128 c.

9. Hocynenko B.W. Pa3mepnas o0paboTka
MeTaJlIoB AeKkTpudeckoit nyrou / B.1. Ho-
CyJIeHKO // DnekTpoHHas 00paboTka marte-
puanos. —2005. — Nel. — C. 8-17.

10. bazpoB b.M. OCHOBBI TEXHOJIOTHU MAaIIIH-
Hoctpoenust / b.M. bazpoB. — M.: Mamm-
Hoctpoenue, 2005. — 763 c.

11. Iar. 92865 UA, MIIK F23C 7/00. Cnoci6
KHCHEBOT'O Pi3aHHS METajiB BETHKHX TOB-
mwa / B.M. Jlutsunos, O.I. Bomommun,
K.II. [llaroBaog, B.A. Beninchkuii,
C.JI. Bacunenko, O.I. KopoBuenko; 3asB-
HHK Ta maTeHToBNacHUK JIJIMA. -—
Ne u2014 02889; 3asmn. 21.03.14; omy0.
10.09.14, Bron. Nel7. -3 c.

12. Banos M./I. Capka u pe3ka / M./l. baHog,
I0.B. KazakoB. — M.: Akagemus, 2001. —
313 c.

13. JlutBunoB M.B. KucmoponmHasi peska Mme-
Ta/UIOB OOJIBIIMX TOJIIMH Ha 3aBoje 3A0
«HKM3y» / B.M. Jluteunos, FO.H. JIsicen-
ko, C.A. Yymak u np. / Bectuuk donbac-
CKOWM MAaIlIMHOCTPOUTENbHOW aKaJIeMuu. —
2010. — Ne2. — C. 64-167.

14. JlutBunoB B.M. I'azomiamenHast o0padoT-
Ka Mmeran JoB. HoBble TeHaeHIMK B co3/a-
HUU TOpENOYHbIX ycrpoiicts / B.M. Jlurt-
BuHoB, lO.H. Jleicenko, C.A. Yymak //
Mpunc. — 2008. — Ne4. — C. 30-32.

15. KazakoB C.U. Capka 1uraBieHUEeM U Tep-
MHUYeCKasi pe3ka METajlloB: yu4eOHOe Moco-
oue / C.W. KazakoB. — Kypran: M3narens-
crBo KTV, 20014. — 365 c.

16. Csapxa. Peska. KonTponb: cpaBo4HHK: B
2 1. / nmoxm obm. pen. H.IL. Anemmna,
I'.T". YepnspimoBa. — M.: MamuHocTpoeHuUE,
2004.—-T.1.-624 c.

Pentenzent: JI.b. 'mymikora, npodeccop, A.T.H.,
XHALY.




