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OBPA3OBAHUE CBEPXTBEPJIOM ®A3bI B KOMIIO3UTAX
HA OCHOBE HAHOJUMCHEPCHBIX YI'JIEPOJAHbBIX
MATEPHAJIOB C JOBABKAMM KEJIE3A U BOPA
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B ycrosusix unmencusHoll 6blcokomemMnepamyphol naacmuieckou oegop-
mayuu  nymem Jnecuposanus 6opom komnosuma C-10%Fe na ocnoge
IKCMPAcUpoBaAnHOU (yI1epeHo8oll caicu CO30AH HOBbLUL CYNepaeeKUll, U30MPONHO
BbICOKOMBEPODLLL, C BLICOKUMU MPEUUHOCMOUKOCIBIO U YIPY2OCMbIO KOMNO3U-
yuonnviti mamepuan Ha ocnose C-B-Fe—C,y;-10%B-10%Fe 2emepoghasnozo
aAMOPOHO-HAHOCMPYKMYPHO20 CMPOCHUSL: C 8bICOKOMBEPOOLL YenepOOHOll «Pa-
30U-0CHOB0UY — Mampuyel, 3aNnOJHEHHOU YNPOUHAIOWUMU HAHOKPUCTNA-
aumamu kapouoos, bopuodos u xapbobopudos Fe u pacnpedenrennvimu 6 mam-
puye 0cobo meepoviMu yacmuyamu yerepoorol @aszvl ¢ amoppuzuposanHoul
NOBEPXHOCMbIO.

Knroueeste cnoea: sxkcmpazuposannas QyiiepeHosas caxcd, y2aiepoo, xHce-
z1e30, OOp, KOMRO3UmM, CmMpyKmypd, (azosviii cocmas, MUKpOmMeepoOCnv, mpe-
WUHOCMOUKOCb.

SUPERHARD PHASE FORMATION IN COMPOSITES BASED
ON NANODISPERSED CARBON MATERIALS WITH IRON
AND BORON ADDITIVES

A.S. RAKOVETS, D.V. KUIS, Ph. D in Technical Sciences,
N.A. SVIDUNOVICH, Dr. of Engineering Sciences
Belarusian State Technological University,

S.N. LEZHNEYV, Ph. D in Technical Sciences
Rudny Industrial Institute, azakhstan

Under conditions of severe high-temperature plastic deformation, a new su-
per-light, isotropically high-hard, high — crack-resistance and elastic composite
material based on C-B-Fe-Cefs-10%B-10%Fe heterophase amorphous-
nanostructured structure was created by doping boron with C-10% Fe on the
basis of extracted fullerene soot: with a high-hard carbon «base phase» matrix
filled with reinforcing nanocrystallites of carbides, borides, and Fe carbobo-
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rides and especially hard carbon phase particles distributed in the matrix with
an amorphous surface.

Keywords: extracted fullerene soot, carbon, iron, boron, composite, struc-
ture, phase composition, microhardness, crack resistance.

BBenenmne. B mocieaHue rojpl aBTOpaMH IPOBEJACHBI Pa0bOThI B
HaIpaBIIEHUH TIOMCKA MyTeH CO3JaHUs HOBBIX MaTepHAIOB Ha OCHOBE
JKeJe3a ¢ UCIOJIb30BAHUEM HAaHOYTJIEPOAHBIX KOMIOHEHTOB [1—4].

WzyueHnue (a3oBbIX NpeBpallleHUH B CHUCTEME YJIbTPaIUCIICPCHBIX
KOMIIOHEHTOB OOp-YIJIepOI-)KEIe30 CBSI3aHO ¢ MEPCIEKTHBAMHM CHHTE3a
METOJIaMU HaHOTEXHOJIOTMH HOBOM HAHOKEPaMUKU C YHUKAIbHBIMU (HU-
3UKO-MEXaHUYECKIMH CBOHCTBAMH C YYETOM TOTO, YTO JUIst OOpa WHTEH-
CUBHas IJiacTuyeckas nedopmaliis OTHO3HAYHO CBs3aHa ¢ (POPMHpOBa-
HUEM B KOMITO3UTaX HAHOCTPYKTYPHOTO COCTOSTHHUSI.

[Ipu cozmanuu HOBOTO KOMIIO3UTa OOP BBOJMJICS B paHEee IMOJy4YCH-
HBI KOMIIO3UT HAa OCHOBE JKCTPAarMpOBaHHON (YJIICPCHOBOH CaXu
(Coge) — Coye-10 mac.%Fe, kak nokasaBIIMii JIydnIne pe3ysabTaThl B Ce-
puu pa3paboTaHHBIX MaTepuasioB [S]. OpHaKO TOMUHUpYOMIAst B 00pa3-
nax xkommosuta Ha ocHoBe C-10%Fe cBszyromas «daza-ocHoBay 0bma-
JTaeT MMOHIKEHHON TPEIMIMHOCTOMKOCTHIO, MPOSBIIIONICHCS B 00pa3oBa-
HUUW  MUKPOTPCIIMH TpUA  HM3JIOME  00pasloB, NpH  3aMmepax
MUKPOTBEPAOCTH (JIOMMyCTHMasi Harpy3ka 0e3 o0pa30BaHUsT MHUKpPOTpeE-
e He Oosee S0—100 r), 9TO M ONMpeAeTUITO HaNpaBIICHUE TaTbHEHTITIX
HCCIICOBAHUM.

Wnes 3akmoyaiack B TOM, UYTO BBEJICHHUE OOpa Kak MHUKPOJICTHPYIO-
mieit 700aBKU B COUETAHWN C MHTEHCUBHOM TUTACTHYECKOHN AedopManneit
MOXXET CITOCOOCTBOBATh NO(OPMHPOBAHHIO B KOMIIO3WTE HAHOCTPYK-
TYpPHOTO COCTOSIHHSI C 00pa30BaHMEM HOBBIX OOPHJIHBIX HaHO(A3 U MPH-
BEJIET K CYIIECTBEHHOMY TOBBIIIEHUIO TPEIIWHOCTONKOCTH — BSI3KOCTH
pa3pylIeHnss MaTpHIlbl, TO €CTh YBETUYEHHIO KOHCTPYKIIMOHHOM IMpOd-
HOCTH KOMITO3UTa, YTO BAKHO JJIsi UHCTPYMEHTAJIbHBIX U KOHCTPYKIIH-
OHHBIX MaTEPUAJIOB.

Llenp HacTOAMIETO WCCIENOBAHHUS — MOWCK ITyT€H ONTHUMH3AINH
CBOMCTB KOMITO3UTHOTO HAaHOMAaTepHalla Ha OCHOBE HAHOPa3MEPHOTO
yriepoza ¢ nobaBkoii Fe u nernpoBanuemM 60poM mpu TepMoOapudecKon
oOpaboTke.
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Marepuaabl U TeXHOJOTHs. B KadecTBe MCXOMHBIX KOMITOHEHTOB
HCTIONIB30BAIMCH TIOPOIKH SKCTParupoBaHHOW (DYIUIEPEHOBOW CaxH
Corpe (80 %), amopduslii 60p Mapku «A» (10 %), MUKPOIOPOIIOK Kap-
6onmnbHOro xkenesa (10 %) Coye (HaHOAMCHIEPCHBIN YIIIEpOMd) TOCie
HCYEPIBIBAOIIEH 3KCTpakuu (yJIepeHoB, MMOJyYeHHBIH Ha 000pyao-
BaHuu OO0 «DusTex[Ipudop» Ha 0aze DU3MKO-TEXHUYCCKOTO MHCTH-
tyra M. A.®. Hodde PAH, r. Cankr-IletepOypr, Poccusi.

[IpuroToBieHne MIUXTH MPOBOIMIOCH C 00ECTICUCHHEM COXpPaHCHHS
HaHOJIMCIIEPCHOCTH MCXO/HBIX MOPOIIKOB U TIIATEIBHOCTH HX TIepeMe-
[IMBAHUS IIyTEM JUCIEPIHUPOBAHUS B YIbTPA3BYKOBOW BaHHE U MepeMe-
[IUBaHUS B MUKPOATTPUTOPE.

OO0pasnpl CIEKAINCh METOAOM TepMoOapu4ecKkoil 00pabdOTKM Ha
npeccoBoit ycranoBke DO137A [6]. Meton oOecrneunBaeT OBICTpOE
YIUIOTHEHHE 00Pa3IoB JI0 IJIOTHOCTH, OJM3KOH K TEOPETHYECKOMH, ¢ 00-
Jiee BBICOKHMM MpEIESIOM MPOYHOCTH, MOBBIIIEHHOH TBEPAOCTHIO, Oojee
TOYHBIMH Pa3MepaMHu.

1 ycTaHOBIIEHHS ONTUMANIBHBIX TEXHOJIOTHYECKUX BapUaHTOB 00-
pasibl CHeKaauch npu noctossHHoM Aaienuun P = 4 I'Tla, B Temmepa-
TypHbIX npeaenax 1100-1500 °C u Bpemenu criekanus 30—-140 c.

Pe3yabTaThl 3KCNIepUMeHTa U UX 00cy:kaenue. Jlernposanne 10 %
6opa HaHOkOMIIO3UTa Crge-10%Fe (pucyHok 1, a) npuseno K cymecTBeH-
HBIM TIOJIOXKHUTEIIbHBIM H3MEHEHUSIM MHUKPOCTPYKTYPBI (PUCYHOK 1, 0),
KPUCTAJUTMYHOCTH M CBOHCTB KOMITO3UTa C OOPOM.

a — Crge-10%Fe; 6 — Coy-10%B-10%Fe

Pucynok 1 — MukpocTpykTypa 00pa3iioB KOMIO3UTOB cocTasa (x50)

HccenenoBannem MeTojaMu CBETOBOM, CKAHMPYHOUIEHM U IIPOCBEUYHU-
BafOIIEH AIEKTPOHHON MUKPOCKOITUH, PEHTT€HOBCKON AM(PPAKITUH, MHUK-
POPEHTIEHOCIIEKTPAJIBHOTO aHaIn3a, Raman-CeKTpOCKONMHN 3aMmepa-
MH MHKDPOTBEPJOCTH YCTAHOBJICH sl XapaKTepPHBIX OCOOCHHOCTEH W
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OTJIMYUTENBHBIX CBOWCTB B 00paslax IOJYyYEHHOTO HAHOKOMIIO3UTA
Corpe-10%B-10%Fe:

— CTpYKTypa o0pasioB ¢ O0pOM HOJy4MiIa SPKO BhIPaKEHHBINH reTe-
podasuelii xapaktep (pUCYHOK 1, 6) ¢ BBICOKOH MHKPOTBEPIOCTHIO H
aMop(HO-HAHOKPUCTAIUIMIHOCTHIO COCTABIISIOMNX ee (a3;

— Kapkac o0pa3ioB 00pa3yeT W30TPOIHO BBICOKOTBEpaas aMophu3u-
poBaHHasl yriepojHas, MUKPOJIETHPOBaHHAsE OOPOM U JKEJIe30M CBSI3Y-
fomas «(ha3za-ocHOBa» — MaTpuIla, 3alOJHEHHAS YIPOYHSIOUIMMH e
HaHOYaCTHLIAaMH KapOunos u 6opunos Fe n kapboGopuaos. Mukporsep-
JIOCTh MaTPHIBI ¢ OOpPOM BO3pocia MpuMepHo B 2—4 paza — 10 HV3y =
=29-89 I'Tla;

— KOMITO3UT HE HMMEET 3€PEHHOH CTPYKTYPBhI: NMOBEPXHOCTb H3JI0Ma
«(ha3a-0CHOBA» CTEKJIOBHIHASA, MOYTH TJIAJKasi, UIMEET BHJ, XapaKTep-
HBIH I CTEKII000pa3Horo amopdHOro yriaepoaa, Tudpakius peHTIe-
HOBCKHX JIy4el KOTOPOTO IOKa3bIBACT TOJBKO «aMOp(HOE rajo», 4To
XapakTepHO sl aMOPPHOTO COCTOSHUS;

— cBsByomas «}pasza-oCHOBa» — MaTpHLA OTINYAETCS OCOOBIM COMIPO-
TUBJICHHEM BIABIUBAHMIO aJIMAa3HBIM MHICHTOPOM: Yallle BCETO BMECTO
OOBIYHBIX YETBIPEXYTOJNIBHBIX OTIEYATKOB MOIYy4YalOTCs MHUKPOM300pa-
KEHUSI TOHKO OYCPUYEHHBIX KPECTOB; TPEIIMHBI OTCYTCTBYIOT; BH] OTIIC-
9aTKOB M OTCYTCTBHE PAaJHAbHBIX TPEIINH B COTTIAcUH C [7] yKa3bIBaeT
Ha BBICOKYIO TPEIIMHOCTOMKOCTh M YNPYrOCTh IMOJYYEHHBIX 00pa3loB
KOMITO3HTA.

Kommo3nT ynpounsieT pacnpeie/ieHHbIe B MaTPUIIE J[BA THIIA YACTHUIL:
CYIEepTBEpAbIE U TBEP/bIC YaCTHIIbI «KHOBOTO KapOH/a xKene3an:

— Bce o0pasiupl koMno3uta ¢ pobaskoit 10 % Oopa coxepxkaT 60Jb-
10 KOJIMYECTBO CYNEPTBEPBIX YACTHUI], UMEIOIINX ANUCIIEPCHBIN «TJI0-
OyJSIpHBIIT» penbed MOBEPXHOCTH (PUCYHOK 2), MUKPOTBEPAOCTH CY-
neptBepabx yactull — HV;g = 48,8-93,7 I'lla, MHOTHE YaCTUIIBI UMEIOT
HV3¢, conoctaBuMyo ¢ TBEPAOCTHIO aJIMa3a;

— TBEpJbIC YAaCTHIBI «HOBOTO KapOWIa *ejae3a» pasMepoM OT HaHO-
ygactuil 0 100200 MM u Gonee (pucyHok 1, 6), chopMupoBaBIIUECS
13 UCXOIHOTO MOPOIIKA KapOOHMIBHOTO Fe, NMeIoT CIoXKHOE CTPYKTYp-
HOE W MUKPOXHUMHUYECKOE (PUCYHOK 3) CTpOCHHE;

— amMop(U3UPOBAHHBIN YIIEPOAHBIH U MepeXOIHbIN TU(dY3MOHHBIH
Fe-C-B cnou 00pa3yroT cynepTBepAyo 000JI04YKY «HOBOTO KapOua xe-
Je3a», OCHOBA KOTOPOT'O 3arojHeHa HAaHOKPHCTAUIMTAaMH KapOHI0B, 00-
PHUIOB M KapOOOOPHIOB kere3a (PUCYHOK 3);
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a — vukponntud, HV sy, => 100 ['Tla, orneyatox mHAEHTOPA (TI0 CTPEIKE);
6 — W3JIOMBI 10 CYTIEPTBEP/IBIM YACTUIIAM C «TIIOO0YISIPHBIMY» PeIbeoM

Pucynok 2 — MukpocTpykTypa (a) U TomorpaMmbl HOBEPXHOCTH (6) CyHepTBEpAbIX
JacTHIl B 00pasnax Ha ocHoBe Coy.-B-Fe

— MUKPOXUMHYCECKUN COCTaB YacTHI[ KapOuja jkeie3a C pacrpene-
JICHHBIMU B HEM JIUCKPETHO 3JIeMEHTaMH (PUCYHOK 3, 2) HaXOJIUTCS B
cpennem Ha yposue — 80 % Fe, 10 % C u 10 % B;

— MHUKPOTBEPJIOCTh YacCTHIl «HOBOTO Kapouja Fe» o4yeHb BbICOKas —
HVy 11,6-15,8 I'lla, uTo mo4tu BABOE BHIIIE, YeM y OOBIYHOTO KapOu-
Jla JKesie3a v 0JIM3Ka K TBEpAOCTH KapOua Bojbhpama [8];

— (pa3oBEIM aHAIM30M B 00pasmax WACHTUGUIINPOBAHBI: KapOu 6opa
(B4C) no 2,1 %, xapounsl xene3a (FeC, Fe,C, Fe;C), copunst (FeBy,
Fey 1,B13.36), kKapoobopun Fe (FeyCBg) — cymmapho B konmdecTse 110 3 %o;

— PEHTIeHO-THU(PPAKTOMETPUICCKUI CITEKTP BCEX 00pa3IoB KOMITO3H-
Ta ¢ OOPOM CYIIECTBEHHO OTJIMYAETCSl HAIMYMEM Ha MallblX yrilaX B UH-
TepBasie yrioB 20 = 10-20° camMoro mmpokoro aMop(HOTO «ranoy, OT-
CYTCTBYIOILIETO B CHEKTpax o0pasioB 0e3 00pa, 4TO CBUIECTEIbCTBYET O
emte OospIIei aMoppu3auy MaTPULBI 00pa3LoB ¢ OOPOM (PUCYHOK 4);

— O TIOBBIIICHUU aMOP(MHOCTH U HAHOKPHUCTAIUIMIHOCTH KOMITO3UTA C
0OpOM CBUJICTEJIBCTBYET pPa3Mep KPUCTALUIUTOB MATPHIIBI, KOTOPBIN
YMEHBIIWICS [0 CPaBHEHUIO C KoMIo3utoM Oe3 6opa (1,5-14,5 um), u
cocramseT 0,5-11,9 aM (aMOpPHOHAHOKPUCTAIITMYECKOE COCTOSTHHE).

MUKPOUHJICHTUPOBAHUE TIPU  OMPEJEIICHUH  TPEIIMHOCTOMKOCTH
HaHOKOMIIO3UTa Coye-10 %B-10 %Fe npoBoaniocs Ha MUKpOTBEPIOME-
pe Duramin-5 ¢ ¢ukcupoBaHreM MHKPOCTPYKTYPBI C OTIIEYaTKaMH HH-
JICHTOpA, 3HAYCHUI MUKPOTBEPIOCTH M JHATOHAJICH OTIEUaTKOB.
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a — aMopu3upoBaHHKIN yriepoaHslii (99,58 % C) cioii Ha MOBepXHOCTH KapOua;

0 — cedeHre YacTHIIBI Yepe3 MaTpHIly, aMOp(U3NPOBAHHBIH YTIIEpOAHBIH CIIOH,
nmuddy3noHHbIH, nepexoauslii Fe-C-B cioil, ocHoBa cOOCTBEHHO KapOua, 3armoTHeHHAs
HAHOKPHCTAIUTaMH KapouaoB u 6opunos Fe u kap6060puoB;

6 — BUJI TIEPEXOJHOTO CJI0sI, COCTOsIIIEero 13 uroibuathix Fe-C-B wacruir;

2 —rpadux pacupenenenus C, B, Fe o nunnn Ha ydactke o0pasiia ¢ 4acTulieil <kHOBOro
kap6una Fey, nmeroreii o kpasm amopdusupoBaHHblii yriaepoausiii ¢ B u Fe cnoit (o
cTpenkam 1, 5), ciemyromuii 3a HUM — repexo/usiii Fe-C-B coii (mo crpenkam 2, 4),
Jlajee naeT ocHOBa yacTUIlbl kapouna Fe (mo crpernke 3); mo crpenke 6 ykazan
C-B yuactok «daza-ocHOBa», B KOTOPOM pacIojiaraeTcst oka3aHHasl 4acTHIA

Pucynok 3 — MukpocTpoeHnue 1 MUKPOXUMHYECKHI COCTAB YaCTUIIBI «HOBOTO KapOuaa
Fe» (a, 6 — Scan, 6 — CM, ¢ — EDX)

Pucynok 4 — JludpakrorpaMmbl ¢ pa3iokeHneM TpoGuIs Ha CUHIIICThI
JUtst 00pa3oB HAHOKOMITO3UTOB HA OCHOBE:
a — Cs9e-10 % B-10 % Fe, cunrnetsi 1, 2, 3, 4; 6 — Cy4-10 %Fe, cunrnerst 1, 2, 3;

s

cuHrIeThl 1— muka yriepona Cog,; CHHIIIETHI 2, 3, 4 — aMOp(dHBIE «Taioy; CaMbIi
HWIMPOKUH CUHTIIET 4 HaHOKOMIIO3UT Crye-10B-10 %Fe ceunerenscryer
o riybokoii amopduzanmu obpasua ¢ 7T, = 1250 °C, 1,,= 60 ¢

84



Omnpenenenue k03(h(UIHEHTa TPEIIMHOCTONKOCTH HAHOKOMIIO3HMTA
Corpe-10 %B-10 %Fe nmpoBoaunock no Gpopmyie:

P

K, =0,075—
1 a%

rae P — Harpyska Ha UHAEHTOP (KIC); @ — TOJIOBUHA TUArOHAIH WHICH-
TOpa M TpemuHbl, ymMHO)KeHHas Ha 0,001 (mm); 0,3101 — xoadpdunment
repeBoaa kre/mm>” B MITa-m'2.

Harpy3ka Ha WHAEGHTOp MOAOWpANACh MO COCTOSHUIO CTPYKTYpBI H
MHKPOTBEPAOCTH 1 cocTaBisuia 25-2000 T.

PesynbraThl uccrneqoBaHUS TPEUIMHOCTOMKOCTH HAHOKOMIIO3UTA
Corpe-10 %B-10 %Fe 1 ux ananus npuseneHsl B Tabnuue 1.

Tabmua 1 — TlapamMeTpbl TEXHOJIOTHH, MHKPOTBEPIOCTH (ha30BBIX
COCTABISAIOIINX, KOID(DUIMEHTH TPEHIHHOCTOMKOCTH HOBOTO KapOuaa
xKernesa Tydmnx 00pasioB Cyy.BFe-27-CoyBFe -34

HV HV HY K. K
O6pasery |7, °C [Ten, ¢ | OCHOBBI € CB.TBEPABIX | sacTL (azei-ocuoBsl, |Fe wacrui,
YacTUIIAMU YaCTHI] MITa-m"? MIla-m"?

D¢dcBFe-29 | 1100 | 140 |33,07-91,96 93,72 9,42 4,72-10,17 1,177

OdcBFe-30 | 1200 [120 |14,12-46,63 >100,00 [11,95-12,88] 2,50-6,02 1,28-1,77
O¢cBFe-34 | 1200 | 90 [56,22-90,58 |48,77-71,32 |14,54-15,75| 10,06-38,17 1,371

O¢cBFe-33 | 1250 |120 |35,23-69,57 | He u3Mmep. 11,42 5,57-6,20 1,360
O¢cBFe-32 | 1250 | 60 |30,32-89,13 >100,00 [14,16-12,17| 9,63-9,94 0,828
O¢cBFe-31 | 1300 | 120 |30,43-59,39 | He m3mep. 14,16 3,71-4,05 1,598
O¢cBFe-28 | 1500 | 30 |27,25-67,15 | >100,00 [9,55-12,95| 3,45-3,78 1,494

O¢cBFe-27 | 1500 | 55 | 2,93-8,54 39,67 6,75-14,23 | 0,04-1,71 1,60-1,71
* HV cymepTBepAbIX 4acTHII ¢ «II00YIsIpHEIM penbedom» — 48,77—-71,32, MHOTO YacTHI

¢ HV >100,0 I'TIa.
**P=2942 N

AHanu3 mokasal, 4TO 3Ha4eHUs] TPEIIMHOCTOHKOCTH «(a3a-oCHOBa»
B JTydmIux obpasiax gocturaot 10 MITa-m'"”.

Oco0oro BHMMaHUS 3aCIyXKHBAIOT OOpa3yIOIIHecs HOBBIE KapOWpl
Fe 1 MexaHu3Mm Ux CTpyKTypooOpa3oBaHusl.

[lepBryHoe KapOOHMIIBHOE MKeNe30 KaK KOMIIOHEHT IIUXThI Hpe-
CTaBIAeT cO00I BHICOKOANUCIIEPCHBIN TIOPOIIOK, COCTOSIINNA B OCHOBHOM
n3 vactur cepudeckoit popmpl OOIBIIOTO aMANa3zoHa Pa3MepoB, MPH
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9TOM BHEIIHE OOJIbIIME YACTULIBI HA CAMOM JIeJIE SIBJISIFOTCS arjioMepara-
MH BBICOKOJIUCTIEPCHBIX YaCTUL (PUCYHOK 5).

Pucynok 5 — TomorpamMma KpymHOH 9acTHIIBI HOPOIIKa KapOOHMIBHOTO kene3a; COM,
%2000 (@), mukpocTpykTypa oopasua Cry.BFe-31 — o wactune kapouna Fe papHomepHO
pacrpeiesieHa CBeTJIO-cepast IlacTHHYartas (asa, ynpouHsromas kapou, OTIe4aTox
nagentopa ¢ HVsy= 14,16 I'lla; CM, x1000 (6)

Cpemuuit pasmep dYacTtur Koseonercst B mpeaenax 50—100 Mk,
BCTpEYaroTCs yacTuIpl 10 500 MKM; OTJICNIbHBIE YACTHIIBI B arjoMepaTax
UMEIOT pas3Mmepsl oT 5 10 10 MkM; dopma 1 pa3dpoc pazMEpoOB YaACTHIL
9TOTO TIOPOIIIKA CBSI3aHbI CO CIIOCOOOM TIOJYYEHHSI — PacIbUICHHE BOJIOH
BBICOKOTO JIaBJICHUSI.

Pacuer mapaMeTpoB TOHKOH CTPYKTYpBI MOKa3alsl, 4TO pa3Mep KpH-
CTaJUINTOB MCXOJHOTO KapOOHMIILHOTO JKele3a cocTaBisieT 25,4 HM, T.e.
OHO HaXOJIUTCSI B HAHOKPUCTAJUIMYECKOM COCTOSTHUM;

Bce 00pasiibl M0ay4eHHOT0 HAaHOKPUCTAILIMYECKOTO KOMITO3UTA Crge-
10B-10Fe conepkaT MHOXKECTBO YaCTHUI] HOBOT'O 1O CTPYKTYpe U CBOM-
cTBaM KapoOuaa Fe OGobIioro auana3zoHa pa3MepoB — OT HAHOYACTHIL 10
100 u Gonee MKM, YTO COTTIACYETCS C TAHHBIMHU 10 UCXOJTHOMY pazMepy
YacTHII.

Uactumel, ycrmoBHO TOBOps «Kkapbuma Few, daktudecku uMeErOT
CJIO)KHOE CTPYKTYPHOE U MHKPOXHUMHYECKOE CTPOCHHUE, T.€. 3aIOJIHEHBI
IUIACTMHYATO-KyOnuecKkoil ¢a3oii, 4To HEOOBIUHO AJIsl KapOua xemes3a, u
OueHb BBICOKYIO Jiisi kapOuma Fe wmwukporBepmocts — HVig 10
15,75 I'Ma.

ITo monto MukpouumdoB BceX 0OOpa3llOB PACIONIATAlOTCS TEMHBIC
(mpu rpaduuecKoM OCBETJIEHHH Cepble) CaMOro pa3HOro pa3Mepa, He-
ompeaeneHHON (POPMBI YaCTUIIBI ¢ OEIBIMH TTPOCBETaMH (PUCYHOK 1, 6).
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MOoXHO yTBEpXkIaTh, YTO BCE ATO YACTHULBI KapOuaoB Fe, okpykeHHbIE
MepexoAHbIM yriaepoa-oop-xenesnsM (Fe-C-B) cnoem n amopdusupo-
BaHHBIM YTIJIEPOJHBIM CIIOEM, BCKPBIBIIMECS MpH NITH(QOBaHUN. AHAIIN3
pe3yAbTATOB TPOCMOTPa OOJIBIIOr0 KOJUYECTBA TAKUX YACTHIL JIATl OC-
HOBaHME Ipenarnojararb, 4To CyNEpPTBEpIbIC YaCTHIbI, WMEIOIIUECsS B
oOpasiax C-B-Fe, u ectb yriepoansie, ¢ aMOPPU3NPOBAHHBIM YIJICPOI-
0Op->KeJIe3HBIM MEPEXOTHBIM CIIOEM YaCTHUIIBI KapOHIa xKelesa.
3aknouenne. B ycnoBHAX HMHTEHCHUBHON BBICOKOTEMIIEPATYpPHOM
IUTACTHYECKON AepopMaliuy B KOMIIO3UTE HA OCHOBE KCTParupoOBaHHON
(dymiepeHoBoii caxxu ¢ nodaskoil Fe u neruposanuem 10 % amopdHOTO
00pa, KaK ¥ MPOTrHO3UPOBAIOCH, OCYIIECTBIEHA HAHOPECTPYKTYPHU3ALIHSL.

B pesynberare momyuen komno3ut Ha ocHoBe C-B-Fe rerepodasznoro
aMOP(HO-HAHOCTPYKTYPHOI'O CTPOEHMs C BBICOKOTBEPAOH YIJIEpOJHOM
MaTpHILeH, 3al0THEHHON YIPOUYHSIONIMMI HAHOKPUCTAUIUTAMH KapOu-
noB U OopunoB Fe n xapOoOOpHIOB, M pacnpeneieHHBIMH B MaTpHILE
0c000 TBEpABIMH YaCTHLAMH YIJepoaHOU (a3pl ¢ amoppU3MpOoBaHHON
IIOBEPXHOCTBIO.

Kak u npeanonaranocs, jerupoBanue 00poM, 00IaAal0MIUM YHUKAIb-
HBIMH CBOMCTBAaMH, MPUBEJIO K CYIIECTBEHHBIM MOJI0KUTEIbHBIM U3MEHE-
HHMSAM CTPYKTYpPBI M CBOMCTB HaHOKOMIO3HTa Coye-10 % B-10 %Fe: mo-
BBILIEHNUI0 MHUKPOTBEPIOCTH, TPEIIMHOCTOMKOCTH U YHPYTOCTH MaTpH-
Lbl, TO €CTh K CYIIECTBEHHOMY IOBBIIICHHIO BS3KOCTU pPa3pylIeHHUs
(TIOBBILIEHNIO KOHCTPYKLHMOHHOW IPOYHOCTH KOMIIO3MTA), YTO BAXKHO
JUI THCTPYMEHTAJIbHBIX M KOHCTPYKLIMOHHBIX MaTEPHAJIOB.
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