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EFFECT OF BORON CONTENT ON THE TYPE OF SOLID SOLUTION
IN ALLOYS BASED ON IRON

Meta. Meta po00oTH TOJISTaNa B TOCTIIKEHHI BIUTUBY BMicTy OOpy Ha MmapaMeTp KPUCTAJIYHOI IPATKU i BCTAHOB-
neHHi (I3MYHUX BIACTHBOCTEN (epuTy B crmaBax cucreMu Fe-B-C. Ha ocHOBI KBaHTOBO-MEXaHIYHHX YSBJICHB IIPOBEC-
TH PO3PaxXyHOK €HEeprii XiMiYHOTO 3B’SI3Ky MiXK Pi3HUMH KOMIIOHEHTaMH CIUIaBy cucteMu Fe-B-C, BcTaHOBHTH HMOBIp-
HICTh PO3MIIIEHHA aTOMIB OOpY y TBEpAOMY pPO3UMHI IIMX CIIABIiB, Ta BU3HAYMUTH, IO SAKOTO THITy TBEPIOTO PO3UUHY
60py (IPOHUKHEHHS, 3aMiIIIeHHs) BiTHOCATHCS ciuiaBu cuctemu Fe-B-C.

Marepiann Ta MeToauka. Y poOOTi BUKOPHUCTOBYBAJH CILIaBU i3 BMicToM 6opy 0,0001-0,1 % (mac.) i Byrnero
0,005-0,5 % (mac.). Jns mociipkeHHs BIACTUBOCTEH OTPUMAaHUX CIUIABIB BUKOPUCTOBYBAIM PEHTTECHOCTPYKTYPHHH i
JIOPaMETPUYHUI aHATI3H.

PesysbTaTu. [{ns BU3HaueHHs 1M03uLlii aTOMiB OOpY B KPUCTaIIIUHIN TpaTii (i-3aJ1i3a MPOBEACHO KBAHTOBO-MEXaHIuHI
PO3paxyHKH i 3po0JICHO OIIHKY €Heprii XIMIYHOTO 3B’ 3Ky MK aTOMaMH 3aii3a, 3ali3a Ta ByIJIelto, 3aji3a Ta 6opy B pi3-
HHUX HOTO IMOJIOKEHHSIX (IPOHMKHEHHS 1 3aMillleHHs). ATomMu OOpy B MO3MIIi MPOHUKHEHHS B KPUCTANIUHINA rparmi o-
3aiiza MaroTh OLIBIIy E€HEpriro 3B’S3Ky 3 aTOMaMH 3ajli3a B MOPIBHSHHI 3 aTOMaMM Byrjelio. BecTaHoBieHO, 1110, SIKIIO
EHeprist 3B’A3Ky MK aTOMaMU 3altiza i 0Opy B IMO3MIIIT MPOHUKHEHHS O1NTbIIIA 33 €HEPTilo 3B’ 3Ky MK aTOMaMH 3ajri3a i
BYTJIENIO HE MeHIIe, Hix Ha 10%, To y (epuTi MOXIIMBa KOHKYPEHIIIS MDK aTOMaM# O0py Ta BYTJIELIO.

HaykoBa HoBHM3Ha. [IpoBezeHi aHai3M MOKa3ajH, IO iCHY€E eKCTpeMallbHa 3aJIeXKHICTh 3MiHH IapaMeTpa KpucTa-
JYHOT rpaTku (HepuTy Ta MIKPOTBEPAOCTI Bix BMicTy Oopy misa cucremu Fe-B-C. [Ipu 30inpmenni BMicTy 60py B CIiia-
Bi Bix 0,0003 mo 0,003% (Mac.) mapameTp KpUCTaIIYHOI IPaTKH (PEpUTY Ta MIKPOTBEPIICTh 3MEHIIYIOTHCS, a IIPH BMICTI
6opy B cuiasi oinbie 0,003 % (Mac.) — HaBeACHI TapaMETPH 3POCTAIOTh.

IMpakTnyna 3HaunmicTs. Beranosneno, mo O0op MoXKe YTBOPIOBAaTH SK TOBHICTIO PO3YMH OJHOTO THIY (3ami-
IIeHHs a00 MPOHUKHEHHS) Y 0-3a1i31, TaK 1 pO34YMH, B IKOMY YaCTHHA aTOMiB 3HAXOJUTHCS Y By3JlaX KPUCTAIIYHOI rpa-
TKH, a YaCTHHA IIPOHKUKAE B MDKBY3Js1. [IpoBeneHi gociikeHHs MoKa3ajH, 10 MOKHA KepyBaTu Ho3ullielo 6opy Ta ¢i-
3WYHUMH BIIACTUBOCTSIMHU Y TBEPJIOMY PO3UMHI o — 3aji3a crasiB cucremu Fe-B-C.

Kuro4oBi ciioBa: meepouil posuun, napamemp KpucmaniyHoi ipamxu gepumy, eHepeis 36 'a3Ky

Beryn. Binomo, mo B GOpBMICHHX CIUIaBax YTBO- 3QJISKUTH Bil yMOB oJiep>kaHHs ciuiaBy. [IpoBeneHi noc-
PEHHS TBEpAWX PO3YHHIB MPOHUKHEHHA a00 3aMillleHHS JDKEHHS 13 BU3HAUCHHSI BHYTPIITHBOTO TEPTSA CIUIABIB
Ha OCHOBI 3aJ1i3a, JIeroBaHuX 0opowm, [1-3] mokazanu, mo
00p, aHAJOTI9HO /0 BYTJIELIO, YTBOPIOE i3 3a11i30M TBEp-
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Ui po34MH NMpPOHUKHEHHs. IIpote, pe3yibTaT peHTre-
HOCTPYKTYPHUX JOCII[DKEHb CyIepedaTb TBEPIDKEHHIO
PO Te, 110 aTOM OOpy He 3JaTHHI IPOHHUKATH B KPUCTa-
JTYHY TpaTKy O- Ta Y-3aji3a, a 34aTHUN 3aMilaTH aToM
3amiza [4]. TIpo me cBiguaTh 3MEHIIEHHS TapaMeTpiB
KpPHCTJIIYHOI IpaTKu O- Ta Y-3aii3a. Psig aBropis [1-5],
BUXOISAYM 13 NOPIBHAHHA JaHUX BHYTPIIIHBOIO TEPTH,
PEHTI€HOCTPYKTYPHOTO aHalli3y, eHeprii akrtuBauii Ju-
¢y3ii Ta npuHnmny KOM-Po3zepi BcranoBuiu, mo 60p 3a-
fiMae HelTpaJbHE MOJIOKEHHSI MK eJIEeMEHTaMH W MOXKe
YTBOPIOBATH SIK PO3YMHM 3aMILIEHHS, TaK 1 PO3YMHHU
TIPOHMKHEHHS B ayCTEHITI Ta (hepuTi.

Meta po6oTH 10JATaE Y BU3HAYEHHI, /IO SKOTO THITY
TBEPIUX PO3YMHIB BiTHOCUTHCS (DEPHT CIUIABIB, IO MICTATH
0op, Ta po3paxyBaHHI €Heprii 3B’s3Ky B cruaBax Fe-B-C
mik atomamu: Fe-B, Fe-C, Fe-Fe. JlocniauTtu 3miny napa-
MeTpa KpHCTAIYHOI IpaTtkk (eputy Ta MIKpOTBEpAOCTI
crasiB cucremu Fe-B-C, Fe-B, Fe-C Bix BmicTy Oopy.

Martepiaim Ta MeToauka. J{ocaipKyBaiu CIUIaBy i3
BMictom Gopy 0,0001+0,1% (mac.) 1 ByrJjewLwo
0,005+0,5% (mac.). PeHTreHOCTPYKTYpHHUI aHaIi3 mpo-
BOJIMJIX 32 JIOTIOMOTOK0 PEHTI'€HIBCHKOTO TU(PPAKTOMETPa
JAPOH-3 y moHoxpomaruzoBaHomy Fe-K, Bumnpominio-
BaHHI npu Hanpy3i U=35xB # aHomHOMYy CTpymi
I=14MA. [lng mocimiKeHHsT MIKpOTBEPIOCTI CILIaBiB
BUKOPUCTOBYBAIIM JIOPOMETPUYHUI aHATI3 3a HOIOMO-
roto Mikpotepaomipa [IMT-3.

ExcnepumenTtaibHi pe3yiabTaTtu. [IpoBeneHnit pex-
TreHOCTPYKTYPHHUH aHai3 MO0Ka3aB, 110 ICHy€E eKcTpemMa-
JIbHA 3aJIeXKHICTh MapaMeTpa KPUCTANIIYHOI IPaTKu (epH-
Ty Bix BMicTy 60py mist cucrtemu Fe-B—C (puc. 1). Sk
BHJHO Ha pHUC. 1, mpu 30iIbIIEHH] BMICTYy OOpY B CILTaBi
Big 0,0003 no 0,003% (mac.) mapamerp KpHCTaIidyHOI
rpaTku (QepuTy 3MEHIIYETHCS, a TIPU 301UTBIICHHI BMICTY
6opy B cmasi Ounbine 0,003% (Mac.) — mapamerp Kpuc-
TaIIYHOI I'PATKU 3pocTae. Bimomo, M0 MO3MIls aToMiB
JIETYBAJILHOTO €JIEMEHTa B KPHCTAJIUHIN IpaTii O-3aiza
BIUIMBA€E HA MIKPOTBEpAicTh Geputy. SKino arom 3aiimae
MO3HUIIII0 TPOHUKHEHHS, TO MIKPOTBEPAICTh 30UIbIIYETh-
Csl, @ SIKIIO TO3MIIII0 3aMILIEHHS — TO 3MEHIIYEThCS.
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MapameTp kpucTaniyHoi
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Bmict 60py, % (mac.)

Puc. 1. 3anesicnicmo  3minu  napamempa KpucmanidHoi

Ipamku hepumy 6i0 emicmy 60py 6 Cniagi

PesympraT;i  mOCHiKEHHS ~— 3alEKHOCTI  MIKPO-
TBEpIOCTi GEpUTyY BiZ BMICTy OOpY Ta BYTJIEIIO B CILIaBi,
o0 MICTHTH OOp Ha OCHOBI 3aji3a, MOKa3ajH, [0 IpH
Masiomy BMicTi 6opy < 0.003% (mac.) crocrepiraerbcs
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3MEHIICHHSI MIKPOTBEPAOCTi, a MPHU 30LTbIICHHI BMICTy
6opy B cmiasi > 0,003% (mac.) MiKpoTBepAiCTb (heputy
3poctae (puc. 2). I3 HaBeIeHUX eKCIIepUMEHTAILHUX J1a-
HUX BHIHO, 1110 TO3UIIis OOpYy B KpUCTaJliuHii rparii o-
3aj1i3a 3MIHIOETBCSI B MIEBHOMY KOHILIEHTPAI[IHOMY Jiia-
Mma3oHi BMICTy 00Opy B cIjiaBi. 3MiHA PO3TaIlyBaHHS aTo-
MiB OOpy B KpUCTaJII4HIl rpaTili (i-3aj1i3a Mpu3BOIUTh 10
3MiHM eHeprii 3B’sI3Ky MDK aromMamu Oopy U 3amiza B
KpHCTaiuHii rpatui ¢eputy B cruaBax cuctemu Fe-B-
C. Ouinka eneprii 3B’s13ky Mix aromamu Fe-Fe, Fe-C i
Fe-B 1103BOJIsIE BCTAHOBUTH 3aKOHOMIPHOCTI yTBOPEHHS
cruiaBiB cucremu Fe-B-C.

&
24 o
o

Hm, MNa

05 0

Puc. 2. 3anescnicmo mikpomeepoocmi gpepumy 6 bopemi-
CHOMY Chnaasi 8i0 emicmy gyeneyio i bopy

Juist ouinku eneprii 38°s3ky Fe-B, Fe-C, Fe-Fe Buko-
PHCTOBYBaJIM KBAaHTOBO-MEXaHIuHI PO3pPaxyHKH eHeprii
3B’s13Ky [6—8]. [y 11bOro HEOOXiqHO PO3B’s3aTH Psi 3a-
Jiad 1po:

— PYX €JIEKTPOHA B I0JI1 JIBOX KYJIOHIBCHKUX LIEHTPIB;

— pO3paxyHOK €JICKTPOH-EJIEKTPOHHOI B3a€EMOJII;

— BIUIMB 3apsjy, [0 NPOHUKA€E, HA CTIHKICTh XiMiY-
HUX 3B’SI3KIB.

3araipHy €HEeprif0 OKpPEeMOro XiMI4HOTO 3B’SI3Ky MO-
JKHA pO3paxyBaTy 3a BUpa3oM [6—8]

E=E,+W, +W,, (1)

ne Ey— eHepris B3aeMOJIl 4YacTOK MPU PO3B’SI3KYy JBOLIC-
HTpoBOi 3amaui; W, — 30ypeHHs, IO BHUHHUKAE MpPHU
PO3B’A3Ky ABOLEHTPOBOI 3ajaui; W, — 30ypeHHs, IO
BUHMKAE TIiJ{ 4aC NPOHUKHEHHs 3apsily B KPUCTAIIYHY
rpatky depury.

Pigusians 1llpenunrepa aist enekTpoHa, IO 3HAXO-
JTUTBCS B TIOJII JIBOX KYJIOHIBCBKHAX LEHTPIB, MiCTHTh
orepaTop MOTEHIiaIbHOT eHeprii [6—8]

Al//+2[E+U(r1,r2)]l//=0,

ne r ir, — BIICTaHb BiJI €IEKTPOHA JI0 MEPIIOro W apy-

roro aromiB. Toxi piBusiHHS Llpeannrepa B emincoiga-
JILHUX KOOpJMHATAaX Ma€ BUIJIsLA [6, 7]
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R 22 -D)(1-pu*) 99 ]}
e ¥ — XBUIbOBA (QYHKIIA; R — BiACTaHb MIXK aTOMaMH.
PiBusaHS (1) Mae po3B’s30K, AKIIO 3alPOIIOHOBAHUI

norenuian U(A, 4, @) NpeJCTaBUTH Yy BUTIBSIIL CYMH KYyJIO-
HIiBCBKOTO Uy, Ta KOMMBATIBEHOTO noTeHiany Uy, [6, 7]

Zl +ZZ :|

U. (A, =
o (Ao 1, @) = Lw A

2

R0’
UKOH (l,/l, ¢)) = T(ﬂz +,l,l2) s

JIe () — 9aCTOTa OCHOBHHX KOJIMBAHb aTOMiB.
Po3paxyHok eHeprii 3B’s13Ky npoBoawin 3a (opmy-
1010 [6-8]

<l//k,A,n|H0|‘//Z,A,n>
<'//k,A,n l//lt,A,n>

kAn =

E)

ne Hy— raMiuTbTOHIaH TBOIIGHTPOBOI 3a/1a4i; . 4, — XBHU-
Tp0Ba (DYHKIISl y KBAHTOBHUX CTaHax k,A,n.
Enepris 3B’43Ky B OCHOBHOMY CTaHi [6, 7]

4|:%(a—Z+)+e4“ -E,(-4a)-(a* —a-Z* —ia):|
%’0’0 RZ{L_EQ
2a 3

ne  Zr=7,+Z7,,

5

-e* - E, (—4a)}

Z,,Z, — 3apsod  aTOMiB,

a =O,5+\/(Z1 +Z, )R+}/a)2AR ; AR — nguHamivHi 3Mi-

IICHHS aTOMIB 3 TIOJIOXKEHHS.
Po3paxyHOK eneKTpOH-eIeKTPOHHUX B3a€MOJiH mpo-
BOJIUMO 3a (opmyJioro [6, 7]

_ 4
e—e 1 B 2
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Ki+ij (C+1n2a)+e“E? (—8a)( L +%j+e‘"}2’ (—8a)—z+
40a°  20a° 206 5 15

+e*E? (—4a)| - SENUUL SN PR
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30ypeHHst W), 10 BUHMKA€E I 4ac PO3B’SA3KY ABO-
LEHTPOBOI 3a/1a4i, MOJaHO Y BHII
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2a 3

BrummB aToma, 110 IpOHMKAae B KPHCTANiuHY Ipatky,
pO3rISTHEMO 3 TOYKHM 30py BIUIMBY KYJIOHIBCHKOTO
LEHTPy Ha OKpeMO BUOpaHHMH XIMIYHHI 3B’SI30K, SIK Jie-
sKe 30ypeHHs [6]

S DM NS +D[§p m;.}

x PO ()P ()0 (p)e™ 0, ()

ae , _h +7, 5, =N A, — Gigema abo meHma
1= T g M, R

3 Benmunn; P 1‘,’"‘(&) i thn‘(&)— npueHani GyHKIii
Jlexannpa 1111 pony; Z; — BenmunHa 3apsiy, o IPOHH-

Ka€ B KPUCTAJIIYHY IpaTKy.
3 ypaxyBaHHsM BUpasy (2), j, HabyBae BUIy

+ (B - B VE (2a(d; - 1)) + 2B L % ST D B Y
- 2a  4a 2a

+Q,(%)P(4)P(ﬂ;){ (=D (2a( A, +1)) [Z—é—%ﬂmf“x

XP, (A) P, (445)- {e“E,(% +DE (=2a(4; +1) + Zie’z”““ - 1)}} '
a

Po3paxyHok eHeprii 3B’s13ky 3a Bupazom (1) y TBep-
JIOMY PO34KHI Ha OCHOBI Ol-3aJli3a MOKa3aB, 110 HaWOLIb-
112 EHEPrist 3B’ 13Ky BiJIIIOBIA€ 3B I3Ky MIXK 10HAMH 3aJTi-
3a i Oopy B mosumii 3amimenHss (puc. 3). OTpumMani pe-
3yJbTATH Y3TODKYIOTBCS 3 Pe3yJIbTaTaMU, HABEICHUMHU B
pobori [7].

3 aHami3zy pe3yNbTaTiB pO3paxyHKy CHEprii 3B SI3Ky
MK aTOMaMH BYTJICIIO U 3aiiza, Oopy # 3ami3a BUIHO,
0 JJIST aTOMH BYTJIEIF0, OLTBII BipoOTigHO, OYAYyTH pO3-
TAIIOBYBAaTUCS B OTOYEHHI aTOMIB 3aji3a, HDX aToMiB
60opy. Atomu 60py B MO3UIIil MPOHUKHEHHS B KPUCTATi-
YHIHA TIpaTmi O-3ai3a MaloTh OUIBIIY E€HEprilo 3B S3KYy 3
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aToMaMH® 3ajliza, HDK 3 aroMaMu Byruerro. Jlis aToMiB
O6opy B mo3umii MPOHMKHEHHS y TBEPAOMY PO3YHHI Ha
OCHOBI ({-3aJ1i3a HA aTOMHU BYTJICHIO CIPHS€E YTBOPEHHIO
HaBKOJIO aToMiB OoOpy 30H, 30iIHEHHUX Ha Byrjeub. Y
TBEPAOMY PO3YHHI B MOJIOKEHHI IPOHUKHEHHS 00D, sK 1
BYIJIEllb, IPUCYTHIH Y BHUIVISAI TTO3UTHBHO 3apsIDKEHHX
i0HIB. Mi>k HUMH JIOTh CHJIM €JI€KTPUYHOTO BiIITOBXY-
BaHHsI, y Pe3yJIbTaTi 4Y0ro OOp BUTICHSE BYIJICIb, ITiJBH-
LIYFOYH HOT0 TepMOJUHAMIYHY aKTUBHICTb.

R,am
01—+ 01 02 03 04 05 06 0,7 08 09
0,0 ‘ t t t t t t t t t
-0,1 +
Fe-Fe
0,2 +
s Fe-B Ilpon
s -0,3 -
= Fe-C
04T Fe-B 3am
0,5 +
0,6 +
-0,7 —

Puc. 3. 3anexcnicmo
36 'A3KY

eHepeii 38’A3Ky 6i0  008XCUHU

BinmHomeHHsT aTOMHOTrO pajiycy 0opy 0 aTOMHOTO
paziycy 3aiiza CTaHOBUTH mpuOu3Ho 0,7, a po3mip mop
y KPHUCTAJIYHIN Iparii (-3aji3a € 3HauHO MeHImuM [4], 1
TOMY IPOHUKHEHHsI aTOMIB OOpy B Taki IOpH, IIPH KOH-
nenrpanii 0,0003% (Mac.), Ma€ BUKIMKATH 3HAUHY 3MiHY
KpHCTaIiuHOI IpaTku (puc. 1).

AHami3 onIepaHWX pPe3yIbTaTiB IMOKa3ye, MO MpH
KoHIeHTpanii fobasku 60py 0,0003-0,003% (mac.) aTo-
MU 00Opy 3aliMarOTh MMO3UIIIO 3aMillIeHHS Y TBEPIOMY PO-
34MHI Ha OCHOBI (I-3aJ1i3a, y pe3yJbTaTi 4oro crocrepira-
€TbCS 3MCHIICHHSA NapaMerpa KpUCTaIuyHOI IpaTKH
(puc. 1). IIpn ximekocti 0,003% (Mac.) atomu 60py po3-
MIIIYIOTBCSI HE TUIBKH Yy BY3JaX KpPUCTAJIYHOI TPaTKH,
ayie i MPOHMKAIOTh Y IPATKy 3alli3a, 3HAYHO 30UIBIIYIOYH
il mapaMeTp, 10 CYNPOBOKYETHCS 3pOCTaHHAM MIKpOT-
BepocTi (puc. 2).

Buxoasuu 3 oJepaHUX pe3yNbTaTiB JOCIiIKSHHS,
MOXHa 3pOOMTH BUCHOBOK, IO 0Op MOXe B Ol-3aji3i
YTBOPIOBATU SIK PO3YMH 3aMIllICHHs, TaK i PO3YHH IPO-
HUKHEHHs. [Ipy nboMy OGOp MOKe yTBOPIOBATH SIK PO3-
YMHH OJHOTO THUITY, TaK i PO3YMHH, B SKMX YAaCTHHA aTO-
MIB 3HAXOJHTHCS Y By3JIaX KPUCTaJiyHOI IPaTKH, a dac-
THHA POHHUKAE B MDXKBY3JIOBHHH.

BucnoBku. ITo3umis 60py NpOHUKHEHHS-3aMIIIIEHHS
y TBEpAOMY PO3UHHI CIIaBy Ha OCHOBI Ol-3a]1i3a CHCTEMH
Fe-B-C 3anexuts Bij BMicTy Oopy B cruiasi. [Ipu Bmicti
6opy B cmiasi 0,0003-0,003% (mac.) atomu Oopy 3a-
HWMaTh MO3MIII0 3aMillleHHsS Y TBEpJOMY PO34HHI Ha
OCHOBIi 0Ol-3aTi3a, YHACIiJOK YOTO CIIOCTEPIraeThecsl 3Me-
HILICHHS TIapaMeTpa KPUCTAJIuHOI IpaTKu Ta MIKpOTBEp-
nocri. IIpu kinekocti 6opy > 0,003% (mac.) atomu pos-
MIIYIOTbCS HE TUIBKM y BY3JaX KPUCTAIIYHOI IPAaTKH,
ane i NPOHMKAIOTh Y KPUCTANUHY IPpaTKy (epury, Lo
Y3TOJDKY€ETBCS 3 PO3PaXyHKOBUMH JAHUMH.
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Heas. Lens paboTsl 3aKiovanach B HUCCIEIOBAHUU
BIMSHUSI COZIEPXKaHUs Oopa Ha mapamMeTp KpUCTaIHdec-
KOH pemreTkd M (pu3mdecKue CBoicTBa (eppuTa B CILIa-
Bax cucrembl Fe-B-C. Ha ocHoBe KBaHTOBO-
MEXaHWYECKUX MPEACTABICHUH NPOBECTH pacyeT 3Hep-
MU XUMUYECKON CBSA3U MEXIY Pa3IMuHBIMH KOMIIOHEH-
tTamu cruiaBa cucrteMbl Fe-B-C u ompenenuts BeposiT-
HOCTh pa3MelIeHHs aTOMOB OOpa B TBEPJOM pacTBOpe
9THX CIUIaBOB, YCT@HOBUTH, K KaKOMYy THIy TBEPJOTO
pactBopa Oopa (BHeIpeHHE, 3aMEUIeHHE) OTHOCATCS
cruiaBbl cuctemsl Fe-B-C.

Marepuanbl U MeToauKa. B pabore ucronbp3oBau
cruiaBbl ¢ cozxepxanueM oopa 0,0001-0,1% (mac.) n yr-
nepona 0,005-0,5 % (mac.). [Jnsa ucciuenoBaHus CBOHCTB
MOTYYEHHBIX CIUIABOB HCIIONB30BAIN PEHTT€HOCTPYK-
TYPHBII U JIOPaMETPUUECKUN aHATMU3BL.

Pe3yabTathl. [ onpeneneHus MO3UIUN aTOMOB 00-
pa B KPHUCTAIMYECKOM pelIeTKe O-)Keje3a C ITOMOLIBI0
KBAaHTOBO-MEXaHMYECKUX PAcyeTOB TPOBEJH  OLEHKY
SHEPIUU XUMHUYECKON CBSI3M MEXKIY aTOMaMH JKeje3a, JKe-
Jie3a M yIiepoja, jkeje3a u 00pa B pasiMYHBIX €ro IoJio-
KEHWSX (BHEAPEHUS U 3aMelleHns). ATOMBI Oopa B MO3H-
LIMA BHEJPEHUS] B KPUCTAUIMYECKOH peIeTKe o-)keresa
MMEIOT OOJBIITYIO SHEPTUIO CBA3U C aTOMaMH XKENe3a, YeM
aTOMBI yTJIeposia. Y CTAaHOBJIEHO, YTO, €CIIM SHEPTHs CBA3N
MEXIy aToMaMu jkene3a M 0opa B IO3WIMM BHEIPEHUS
OoIIbIlIe PHEPTUH CBSI3M MEKAY aTOMaMM JKene3a U yrie-
pona He MeHee ueM Ha 10%, TOo B (eppure BO3MOXKHA
KOHKYPEHIIMS MEKTy aToMaMu 6opa U yriiepoza.

Hayunas HoBu3na. [IpoBeneHHbIe aHATIM3bI MTOKa3a-
JIM, YTO CYIIECTBYET IKCTpEeMallbHasi 3aBUCMOCTh U3Me-
HEHUs NapaMeTpa KpUCTAIIIMYECKOH peleTky (peppuTa u
MHKPOTBEPAOCTH OT COJEpKaHMs Oopa it cucteMsl Fe-
B-C. ITlpu yBennueHun copepkanusi Oopa B CIIIaBe OT
0,0003 mo 0,003 % (mac.) mapaMeTp KpHCTaJUIMIECKOH
pemeTkn eppuTa ¥ MUKPOTBEPAOCTh YMEHBIIAIOTCS, a
TIpH yBENMYECHUHW CcoAepkaHMs Oopa B cImiaBe Oolee
0,003 % (mac.) — mpuBEICHHBIEC TapaMeTPhI BO3PACTAIOT.

IIpakTHYecKkasi 3HAYUMOCTb. Y CTaHOBJICHO, YTO OOp
MOXET 00pa30BBIBATH KaK IIOJHOCTBIO PAacTBOP OIHOTO
TUTIa (3aMEIIeHHUs WM BHEIPEHHUs) B 0-XKelle3e, Tak U pac-
TBOp, B KOTOPOM YacTh aTOMOB HaXOJHUTCS B y3JaX KpH-
CTAJUINYECKOW PELIEeTKH, a YacTh BHEAPSIETCS B MEXI0Y3-
ms. TlpoBeneHHBIE HCCIEIOBaHMS IOKA3ajiHd, YTO BO3-
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MOJKHO YTIPABIIATH MO3MIHEH Oopa M (QU3MUECKUMHU CBOH-
CTBaMH B TBEPOM pacTBope a-xkene3a cuctemsl Fe-B-C.

KioueBble cjioBa: meepoviii pacmeop, napamemp
pewemxu eppuma, sHepeuu cés3u

Purpose. To analyze the effect of boron content on
the parameter of ferrite crystal lattice and on the physical
properties of Fe-B-C system alloys. To compute the
energy of a chemical bound between various components
of a Fe-B-C system alloy on the basis of quantum-
mechanical representation and to establish the probability
of boron atoms array in a solid solution of these alloys.
To establish the type of a solid solution (penetration or
substitution) for Fe-B-C system alloys.

Methodology. We considered the alloys with boron
content of 0.0001-0.1% (w.) and with carbon content of
0.005-0.5% (w.).To study the properties of obtained al-
loys we used X-ray and durametric analyses.

Findings. To locate the boron atoms position in a crys-
tal lattice of a-iron we estimated the energy of chemical
bound between iron atoms, iron and carbon atoms, iron
and boron atoms for its different positions (penetration and
substitution) by means of quantum-mechanical calcula-
tions. From the analysis of the results of calculation for
binding energy between carbon and iron atoms, boron and
iron atoms, it follows, that probability of carbon atom ar-
ray in surroundings of iron atoms is more, than boron
atoms. Besides, when it was considered that if the binding
energy between iron and boron atoms in penetrating posi-
tion is at least 10% higher than binding energy between
iron and carbon atoms, the competition between boron and
carbon atoms in ferrite can appear.

Originality. The performed X-ray and durametric
analyses show, that there is an extreme dependence for
the change of parameter of ferrite crystal lattice and for
the microhardness on the boron content for Fe-B-C sys-
tem. Under boron content of 0.0003—0.003 % (w.) in al-
loy the parameter of ferrite crystal lattice and microhard-
ness decreases. As the boron content increases over
>0.003% (w.) the above parameters increase too.

Practical value. We established, that boron can gen-
erate both: the solution of the only type entirely (substitu-
tion or penetration) in a-iron and the solution, in which
some of atoms are located in the sites of crystal lattice,
and some of atoms penetrate in-between the lattice sites.
The performed studies of boron position in a solid solu-
tion of a-iron enable us to control the physical properties
of alloys for Fe-B-C system.

Keywords: solid solution, ferrite lattice parameters,
binding energy
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