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AHHOTAauuA. TlMocTaHoBKa MpobnemMbl. B uucne  paspaboTaHHbIX — TEXHO/OMWMIA  MPOM3BOACTBA
METa/INIOMATPUYHBIX KOMMO3UTOB 0COB0E MECTO 3aHMMAeT MOPOLLKOBAsA MeTayprus, UMeoWwas npuHUUNuanbHble
OTINYNA OT TPaSULMOHHO MPUMEHSEMBIX NUTENHBLIX TEXHONOTUA. OCHOBHLIMW AOCTOMHCTBAMU 3TON TEXHOOTMM
ABMAKOTCA: BO3MOXHOCTb TOHKOIO PErynvMpoBaHus CTPYKTYpbl M (Pa30BOr0 COCTaBa MCXOLHbIX KOMMOHEHTOB U B
KOHEYHOM WTOre BO3MOXHOCTb MOJSTyYeHN OOBEMHbLIX MaTepuasoB B HaHOCTPYKTYPUPOBAHHOM COCTOSHUM C
MWHVUM/IbHBIM  KOJIMYECTBOM TEXHOMOTMYECKUX oOnepaumii. K unuciy  noTeHUManbHbIX YNPOYHUTENEN, MeTan/oB
OTHOCATCS: MUKPO- U HaHOpa3MepHble OKCUAbl, Kapbugbl, HUTPUAbI, BUCKepcbl 1 gpyrne. Oco6oe MOMOXKEHME
3aHMMalOT YrNepofAHble HaHoCcTpykTypbl (YHC): dynnepeHbl Cgp, OAHOCTEHHbIE W MHOTOCTEHHbIE HAHOTPYOKM,
OHWOHbI (ChepuyEeCKMe «/TYKOBMLbI»), HaHOaIMa3bl W TrpafeHbl, CBOWCTBA KOTOPbIX WHTEHCMBHO WCCMeaylT B
nocnefHve rofbl. TN 06bEKTbI 061a4at0T BLICOKUMMW 3HAYEHUAMW TEMNO- U 3NIEKTPONPOBOAHOCTM, CBEPXYNPYrOCThbHO
M WMEKT MPOYHOCTb, O/AM3KYHD K TEOPETMYECKOW, 4YTO MOXET o06ecneyunTb MoayveHUne KOMMO3ULMOHHbIX
HaHOMaTepManoB C YHUKaNbHbIM KOMMIEKCOM (DM3NKO-MeXaHWYeCKMX CBOMCTB. Mpy co3faHun MeTannomaTpuyHbIX
KOMMO3WLMOHHBLIX MaTepuanos (KM), ynpouHeHHbIX pasnnuHbiMM YHC, yxe Ha CTaguu NOArOTOBKU WMCXOLHbIX
KOMMOHEHTOB, 0C060e BHUMaHWe criefyeT NpuaenaTb npoueccam mexaHoakTusaumn (MA), BAMAKOLMM Ha CTPYKTYPY,
hasoBbIli COCTaB M CBOWMCTBA aNtOMOMATPUYHLIX KOMMO3MTOB. Llenb paboTbl - WCCneaoBaTb  BAMSIHWE
MEXaHOaKTVBaLMN Ha CTPYKTYpPYy W (ha30Bblii COCTaB altOMOMATPUUHBLIX KOMMO3WTOB. BbiBog. [MpeacTtasneHsbl
pesynbTaTbl UCCMEeJOBaHUA CTPYKTYpbl M (ha30BOr0 COCTaBa WMCXOAHLIX WM MEXaHOaKTMBMPOBAHHbIX MOPOLLKOB U
00BLEMHBIX MOAN(PULMPOBAHHBIX META/IIOMAaTPUYHbIX KOMMO3WUTOB, B 3aBWCMMOCTM OT TWMa WM KOHLEHTpauuu
mMoaudmumpyowmx pasHoBugHocTen YHC, pexumos MA 1 napameTpoB  KOMMaKTUpoBaHusA. [MpoBegeHsl
nccnegoBaHus Tpboornyecknx ceoincTe Al-YHC HaHOCTPYKTYpUPOBaHHbIX MaTepUasios.
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AHOTauif. MocTaHoBKa Npobnemu. Y uucii po3pobrieHUX TEXHONMOTiA BUPOGHMLTBA METaNoMaTPUUHUX
KOMMNO3MTiB 0C06/MBE MicLe MOCigace MOPOLUKOBA MeTanypris, WO Mae NPWHUMNOBI BiAMIHHOCTI Bif TpaauvuiiHO
3aCTOCOBYBAHMUX /IMBAPHUX TEXHOMOTiA. OCHOBHI JOCTOTHCTBA L€l TEXHOMOTIT € MOX/IMBICTb TOHKOIO PEryntoBaHHA
CTPYKTYpY i (ha30BOro cknagy BUXIAHWX KOMMOHEHTIB i B KiHLEBOMY NifCYMKY MOXIMBICTb OTPUMAHHA 06'€MHUX
maTepia/liB Y HaHOCTPYKTYPOBaHOMY CTaHi 3 MIiHIMa/IbHOK KifbKICTHO TEXHOMOTiYHMX onepauiii. [o uncna
MOTEHLiAHNX 3MILHIOBaYiB MeTasliB BIHOCATb: MIKPO- i HAHOPO3MIpHI OKCMAW, Kapbiawn, HITPMAKW, BICKEPCK Ta iHLLUI.
Oco6nmBe NMOMOXEHHS 3aliMatoTb ByrfeueBi HaHOCTPykTypu (BHC): dynepeHn C60, 0AgHOCTIHHI Ta 6araToOCTiHHI
HaHOTPY6KU, OHIOHW (ChepuyHi «UUBYNNHN»), HAaHOAIMAa3W | rpagieHu, BACTUBOCTI AKUX IHTEHCUBHO AOCAIIKYOTb B
OCTaHHI poku. Lli 06’€KTK BOMOAIOTL BUCOKMMMW 3HAYEHHAMMW TENIO- Ta €NeKTPONPOBIAHOCTI, HaAMPYXHi i MaroTb
MiLHICTb, 6/M3bKY 40 TEOPETUUHOI, L0 MOXKe 3a6e3neUnTN OTPUMaHHS KOMNO3WLiMHMX HaHOMaTepianiB 3 YHiKalbHUM
KOMMN/IEKCOM  (Di3UKO-MeXaHiYHMX BnacTuBOCTeil. CTBOPHOHOUM METaNOMaTPUYHIX KoMmMno3uuiiiHi matepiann (KM),
3MiLHeHI pisHuMK YHC, y)Xe Ha cTagii nigrotoBKu1 BUXigHUX KOMMOHEHTIB 0C06MBY yBary cif npuainati npouecam
MexaHoaKTuBauii, WO BMAMBAKOTb Ha CTPYKTYPY, (ha30BUIA CKnap i BNaCTUBOCTI atOMOMAaTPUYHMX KOMMNO3WTiB. MeTa
poboTKn - AOCAIANTV BMAMB MEXaHOaKTMBaLil Ha CTPYKTYpy i (pa3oBWid CKMag altoMOMATPUYHUX KOMMO3WTIB.
BucHoBOK. HaBefeHO pe3ynbTaTh AOCAIMKEHHS CTPYKTYpW i (ha30BOro cknagy BMXIAHMX | MeXaHOaKTMBOBAHMX
MOPOLLUKIB | OB'€MHUX MOLUPIKOBAHUX METaNOMAaTPUUHUX KOMMO3UTIB 3a/1eXHO Bif TuMy | KOHUeHTpauii
mMoauikyBanbHUX pisHoBugis BHC, pexumis MA i napameTpiB KOMMNakTyBaHHSA. [1poBefeHO AO0CNiOXKEeHHS
TpubonoriyHmx BnactneocTein Al-YHC HaHOCTPYKTYpOBaHWNX MaTepianis.

KntouoBi cnosa: cTpykTYypa, iynepeH, antoMmiHii, KpucTaniTh, MexaHoak TUBaLlisl, kapbign
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Summary. Problem statement Among the developed technologies metal-composites production,a special place
takes powder metallurgy, having fundamental differences from conventionally used foundry technologies. The main
advantages of this technology are: the possibility of sensetive control, the structure and phase composition of the
starting components, and ultimately the possibility of obtaining of bulk material in nanostructured state with a minimum
of processing steps. The potential reinforcers metals include micro and nano-sized oxides, carbides, nitrides, whiskers.
The special position is occupied with carbon nanostructures (CNS): Cg fullerenes, single-layer and multi-layer
nanotubes, onions (spherical "bulbs™), nano-diamonds and graphite,their properties are being intensively studied in
recent years. These objects have a high thermal and electrical conductivity values, superelasticity, and have a strength
approximate to the theoretical value, which can provide an obtaining composite nanomaterial with a unique set of
physical and mechanical properties. In creation of a metal matrix composite nanomaterials (CM), reinforced by various
CNS, a special attention should be given to mechanical activation processes (MA) already at the stage of preparation of
the starting components affecting the structure, phase composition and properties of aluminum-matrix composites.
Purpose. To investigate the influence of mechanical activation on the structure and phase composition of aluminum-
matrix composites. Conclusion. The results of the study of the structure and phase composition of the initial and
mechanically activated powders and bulk-modified metal-composites are shown, depending on the type and
concentration of modifying varieties CNS, regimes of MA and parameters of compaction. The study is conducted of
tribological properties of AI-CNS OF nanostructured materials.

Key words: structure, fullerene, aluminum, crystallites, mechanoactivation, carbides

BeegeHue. B uncne paspaboTaHHbIX Tex- Mpn co3gaHum MeTannoMaTpuyHbix KM,
HOMOTMIA  NPOM3BOACTBA MET//IOMATPUYHBIX  YMPOYHEHHbIX pa3nyHbiMKM YHC, yxe Ha cTa-
KOMMO3MTOB 0C060e MeCTO 3aHWMaeT MOpol-  AUW  MOAFOTOBKM  UCXOAHbLIX  KOMMOHEHTOB
KOBas METa/lNyprus, UMeroLlas npuHuUnmManb-  HeobX04UMO pPewwnTb PAaL NPUHLMNUAIbHBIX
Hble OTINYMA OT TPAAMLMOHHO NMPUMEHAEMBbIX  Hay4YHO-TEXHMYECKMX 3afay, CBA3AHHbIX C BO-
NATEVHBIX TEXHONOIMA. OCHOBHLIMM [OCTOMH-  MpOCamu: PaBHOMEPHOCTU MX pacrpefeneHns B
CTBaMW 3TON TEXHOMOMMWU ABNAKOTCS: BO3MOX-  0ObeMe MmaTepuana; 3awuTbl OT OKMUC/IEHUS;
HOCTb TOHKOIO PErynMpoBaHUS CTPYKTYpbl U MpefoTBpalleHns AeCTPYKUMU NMPU MexaHn4e-
(ha30BOro cocTaBa MCXOLHbIX KOMMOHEHTOB M B CKOM aKTMBauMW M Harpese; obecneyeHns 06-
KOHEYHOM WTOre BO3MOXHOCTb MONYYEHUS  pa30BaHMA MPOYHBIX CBA3EW MEeXAY YNpOYHU-
06bEMHbIX MaTepuasioB B HaHOCTPYKTYPUPO-  TeneM U MaTpuuen u T. g,

BaHHOM COCTOSiHUM C MWHUMa/bHBIM KO/nYe- Llenb paboTbl - MccnefoBath BAUSHNE Me-
CTBOM TEXHO/I0rMYeCKMX onepauu [1; 2]. xaHoaktuauum (MA) Ha CTpyKTypy u ¢ha3o-
K uncny noTeHumanbHbIX YNPOYHWUTENEN  Bblii COCTAB a/llOMOMATPUUYHBLIX KOMMO3UTOB.
MeTa/I/IoB OTHOCATCHA: MWKPO- M HaHopasMmep- Matepvan ” MeTOA4bl WCCMeLOBaHUN.

Hble OKCWAbI, Kapbuppl, HUTPUAbI, BUCKEPCbI U OBGBEKTOM WCCNE0BaHNIA ABNS/INCL MPOLECChI
apyrne. Ocoboe MONOXKeHMe 3aHUMAlOT Yrfie-  BAWSHWUS MEXaHWUYECKOW aKTUBaUUK Ha CTPYK-
pofHble HaHOCTPYKTypbl (YHC): dynnepeHbl  Typy 1 (ha30Bbiii COCTaB UCXOAHBLIX M MEXAHO-
Cée0, OZAHOCTEHHbIE 1 MHOTOCTEHHbIE HAHOTPYG-  aKTUMBMPOBAHHbLIX MOPOLLUKOB U 06bEMHBLIX MO-

KW, OHWMOHbI (ChepUyeckme «IyKOBULbI»),  AMGULIMPOBAHHBIX a/IFOMOMATPUYHbIX
HaHoa/IMa3bl W rpadeHbl, CBOWCTBA KOTOPbIX  KOMMO3WTOB.
WHTEHCUBHO MWCCNeAyloT B MOCNeAHWe rogbl VccnepoBaHust CTPYKTYpbl KOMMO3WLMOH-

[3-15]. 3T 06beKTbl 006/1a4al0T BbLICOKUMU  HbIX MaTEPUAIoB GbIO NPOBEAEHO C NPUMEHE-
3HAYEHMAMW TENJo- W 3NEKTPOMNPOBOAHOCTUM,  HMEM COBPEMEHHbIX METOAOB CTPYKTYPHOrO
CBEPXYMPYrocTbl0 U UMEKT MPOYHOCTb, 6/U3-  aHanM3a: NPOCBeUMBatOLLEl 3/1EKTPOHHON MUK-
KYIO K TEOPETUYECKOIA, 4TO MOXET 0becreunTb  pockonuu, (M3AM) - JEM-2010; CKaHUpYHOLLE
nosly4yeHne KOMMO3NLMOHHBbIX HaHOMaTepua-  31eKTPOHHON MuKpockonun (COM): Quanta
NOB C YHMKa/bHbIM KOMMIEKCOM  (IU3MKO- 200 3D, FEi Inc., Fonnanams; JSM-7600F.

MeXaHN4eCKNX CBOMCTB. Pa30Bblil COCTaB MOJYYEHHbIX MaTepuanoB
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nccnegosann metogamum PCA; cnekTpockonum
KOMOWHaLMOHHOIO paccesHus ceeta, TRIAX
552 (KPC); anddepeHumanbHOM CKaHMpYHo-
e kanopumetpun, DSC 8000 (ACK).
WccnefoBaHus Ha TpeHue 6e3 CMasku U
N3HOC NPOBOAWIN MO CXEME OCEBOr0 Harpy»xe-
HUA «nanel (obpasey) — AUCK (KOHTPTENo 13
ctanm 45 (HRC = 63))» Ha yctaHoBke CETR
UMT Multi-Specimen Test System.
OKcnepyuMeHTa/IbHble pe3ynbTatbl N KX
obcyxaeHve. [vHamuvKa W3MeNbYeHns Kpu-
CTa/I/IMTOB a/IlOMMHUSA MOKa3aHa Ha pucyHke 1.
Ha HayanbHom 3tane MA, pnsawemca 10-15
MWH., CPefHWIA pa3mep KPUCTa/IINTOB PEe3KO
CHMXaeTca OT WMCXOAHOro 3HayeHwms 250-350
HM. 10 90-120 Hm gna cnnasa A0 (c 1 % no-
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BEPXHOCTHO-aKTMBHbIX BellecTs (MAB)) n fo
40-70 HM (gna antomomaTpuyHbix KM, ynpou-
HeHHbIX 8 06. % YHC). danee TeMn n3menbye-
HUA 3aMefnseTcd U pasmepbl KpUCTa/INTOB
NPUBMKAKTCA K HEKOTOPOMY Mpese/ibHOMY
3HayeHuto. [1nga Bcex uccnefoBaHHbIX COCTaBOB
IIOMOMATPUYHBIX KOMMO3ULMOHHbLIX MaTepu-
a/10B CKOPOCTb M CTEMEHb WU3MESIbYEHUS KpU-
CTa/I/IUTOB /TIOMUHNA YBENNYNBAKOTCA NPU [0-
6aBneHun MAB 1 MOBbILWEHNN KOHLEHTpaLmm
YHC.

[NonyyeHHble AaHHbLIE O CpefHeM pa3mepe
KPUCTA/INNTOB A/19 WUCCNEA0BaHHbIX COCTaBOB
IIOMOMATPUYHBIX KOMMO3ULMNOHHbIX MaTepu-
anoB, ynNpoyHeHHbIX YHC, nocne mexaHuye-
CKOW aKTMBauuu npusegeHbl B Tabnmue 1.
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Puc. 1. 3aBuCMMOCTb CpefiHero pasmepa KpucTanMToB aMtoMUHNSA OT BPEMEHN MeXaHOaK TMBaLMK, KOHLEH-
Tpauumn ynnepeHa Cgo M Hannuus MAB

Tabnmua 1

3aBMCMMOCTb CPEfJHErO pasmepa KpUCTaIMTOoB aftoMUHNA nocne MA
(1 800 06./MUH., 40 MMH.) OT Tuna n KoHUeHTpauun YHC n Hannuua MNMAB

KoHueHTpayms YHC B KM KoHueHTpayms YHC B KM

KM c NAB, 06. % 6e3 MAB, 06. %
0 2 5 8 8 11
A0 + Cgo 58 46 41 44 40
A0 + YHT 72 65 59 64 61
A0 + YOA 90 76 64 58 69 65
A0 + OLC 72 55 51 67 53
AL0 + Mpadout 75 64 58 76 59

CpaBHUTE/NbHLIN aHa/IM3  faHHbIX, npea-
CTaB/IEHHbIX Ha pucyHke 1 1 B Tabnauue 1, no-
Ka3blBaeT, YTO HambonbLniA 3HEKT MU3MENb-
YeHWs  JOCTUraeTcs npv  WUCMO/b30BaHUM
(ynnepeHoB Cgo B KauecTse [06aBKU. ITO MO-
XeT ObITb CBA3aHO C Ma/lbIMK pasMepaMu Mo-
nekyn Cego (0,7 HM) M OTHOCUTENBHO CNabbiMu
CBA3SAMU MeXAY HUMMW B peLleTke (hynnepuTa,
4yTO O0b6ecneumBaeT KX 60/ee paBHOMEPHOE U
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ObicTpoe pacnpefeneHne B matpuue. OcTasib-
Hble YHC oKa3blBatoT NpuMMepHO O4UHAKOBbIi
aPPeKT Ha U3MEHEHWE CpefHero pasmepa Kpu-
ctannmtoB npu MA. lNprMeHeHWe cTeapuHO-
BOW KUCNOTbI B KayecTse [AB M03BOMUIO He
TO/IbKO NOJYYUTb MOPOLUKM aIlOMOMATPUYHBIX
KM ¢ manbim (4o 5 06. %) cogepxaHmem YHC,
HO M YCKOpPUTb MNpOLEcC W3MeNbyYeHns Kpu-
CT/IIMTOB &IIOMUHUSA, & TaKXe CHU3UTb UX
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cpefHuin paamep Ha 15-20 %.

Pacnonarasacb no rpaHnLamM KpuUCTalIUTOB,
arnomepatos u arperatos, NAB 1 YHC o6pa-
3yHOT Ha HMX 000/104KK, paboTaroLime Kak 6a-
pbepbl, TOPMO3ALLME PEKPUCTANIN3ALNIO
NPEenATCTBYIOLLME CBapuMBaHWIO  MeTalinye-
CKMX 4acTul, 4YTO NPUBOAUT K 6ONiee UHTEH-
CUBHOMY  M3Me/IbYeHUD  KPUCTA/INTOB 1
MeHbLUeMy  arloMepyvpoBaHUIO  MOPOLLKOB.
Yacte YHC moryT npetepneBaTb AECTPYKLUUIO
N Opyrve npespaLleHns, MosToMy 0060/I0HKM
BOKpyr 4yactuy, KM coctoat ns YHC, MNAB u
pa3/inyHbIX  00pa3oBaBLUMXCA  (pparMeHTOB
YHC - rpadeHonofgobHbIX CTPYKTyp, 6ec-
CTPYKTYPHOTO Yr/iepofa, OKCUAoB, Kapomaos u,
BO3MOXXKHO, CTeapaTos.

Mo pgaHHbIM PCA, T1OM n C3M, nonyyeH-
Hble MOPOLUKM WMEIOT C/IOXHYIO Mnepapxuye-
CKYI CTPYKTYpY. KpuctaninTbl antoMUHUSA
pasmepom 40-70 HM (B 3aBUCMMOCTM OT COCTa-
Ba KM) 06befiiHeHbI B NMPOYHbIe BbICOKOM/IOT-
Hble arnomepatbl. Arsiomeparbl MMEIOT Tpe-
MMYLLECTBEHHO  NOOYNApHYO  opMy

1 30430
12000
11040
looond !
90004 71
sooo [

7000 -

6000
5000 4

4000 o
3000

2000

10004

0

HHTEHCHBHOCTE, Y&

pd— it
1000

M .
0 500

ISSN 2312-2676

CK/IOHHbI CMNATbCA B HeMnpoYHble MOPUCTbLIE
arperartbl. YCTaHOB/IEHO, YTO MOJIOXKUTE/IbHOE
BAnAHWE NMAB COCTOUT B YMEHbLUEHMM pa3Me-
pOB arperaTtoB 1 ar/i0MepaTtoB B CpefHeM Ha
= 20-30 % no cpaBHeHWO C ob6pasuammn 6e3
MAB. WccnegoBaHne CTPYKTYpbl arperatos U
arnoMeparoB B MOPOLUKAX &a1toMOMATPUYHBIX
KOMMO3ULIMOHHbIX MaTepuasioB, YNPOUYHEHHbIX
YHC, ¢ nomouwsto C3M npu 601bLINX YBENN-
YeHUAX MoKasaso, YTo Kpome pasMepHOro ak-
TOpa Kakme-nnbo BUAMMbIE CTPYKTYpPHbIE pas-
nmuna  obpasuos, cogepxawmx MAB un 6e3
Hero, OTCYTCTBYIOT.

ViccnepgoBaHua nopolkos nocne MA me-
Togom KPC nokasanu (puc. 2), 4to B obpasuax
NPUCYTCTBYIOT MCXOAHble YHC, a XxapakTep-
Hble 019 Kapbuga amomuuusa Al,C; nnHumM B
o6nacTn 492 cm™ 1 857 cm™ unn He Habntopa-
tOTCA, WU UX WHTEHCMBHOCTb KpaiiHe Mana.
Kpowme 3toro, Ha cnektpax KPC BMAHbI Aonon-
HUTeNbHble IMHUM B 061acT 700 cM™, cBufe-
TeNbCTBYOLWME 0 B3aumogenctemm YHC ¢ ma-
Tepuanom MaTpuLbl.

=T T T T T 1
1500 2000 2500 300

Casur uacrors: KPC, en”

Puc. 2. CnekTpbl KPC antomomaTpuyHbix KM, ¢ go6askamu YHC, nocne MA (1 800 06/MuH, 40 MUH.):
(1) - MAB; (2) — AZI0 + 0 % YHC + 1 % MNAB; (3) — AJ0 + 0 % YHC + 2 % [MAB;

(4) = A0 + 8 06. % Cqo + 1 % MAB; (5) — AI0 + 8 06. % YHT + 1 % NAB; (6) — A0 + 8 06. % Y/[IA + 1 % MAB;
(7) = A0 + 8 06. % OLC + 1 % MAB; (8) — AZl0 + 8 06. % rpadmTa + 1 % MAB

Mocne MA WUCXOAHLIX MaTepuasoB Ha
cnektpax KPC cnegoB OT CTeapMHOBOIN KM1CNo-
Tbl He 0OHapY>XeHO. DTO MOXXET FOBOPUTbL O
TOM, YTO OHa MW npeTepnena AecTpyKuno 4o
3M1eMeHTapHbIX YacTuL, K1cnopoaa, BoAopoaa 1
yrnepoga, Wi npespaTunacb B cTeapatbl, 04-
HaKo M3-3a Manoii KOHLEHTpaumMm obpasyto-
LMXCA COEAMHEHUIA WX WAEHTU(UKAUWA 3a-
TPYAHeHa. EAMHCTBEHHBIM OT/IMYNEM
o6pasuos, cogepxalmx NMAB, aBnseTca obpa-
30BaHMe Ha MOBEPXHOCTN KPUCTA//IUTOB asito-
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MUHWSA 60/1ee TONCTbIX 060/I04EK C HECKObKO
MOBbILLUEHHBLIM COAEPXKAHWEM B HUX Ku1cnopoga
n yrnepoga (puc. 3).

Takum 06pa3om, (ha3oBbIii COCTaB MOPOLL-
KOB a/IloMOMaTpUYHbIX KM,  yNpOYHEHHbIX
YHC, npeactaBnseT co60il COBOKYMNHOCTb He-
CKO/IbKMX (ha3: OCHOBOI AB/SETCA YMcTas mart-
pvua u3 antoMmHma 1 YHC; npucyTcTByT Me-
TaN0yrNepogHble KOMMEKChI; HabntogatoTes
TaKXXe cnefbl aMopgHOro yrniepoga; kapouios;
OKCUJOB 1, BO3MOXHO, CTeapaToB, HO Wu3-3a
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CMLIKOM Ma/bIX KOHLEHTPaUWin C MOMOLLbHO
NCMNONb3yeMbIX METOA0B YCTaHOBUTL UX KOMK-
YeCTBO He yJanoch.

Mpu ropsyem npeccoBaHWM CTaBuacb 3a-
fiaya JOCTMXKEHNS MaKCUMa/IbHOM MIOTHOCTYU 1
NPOYHOCTN 006pa3LoB MNpU CO6MOAEHUN Cche-
OYIOLWNX  OrpaHUYeHmnii: 06ecneunTb MUHU-
Ma/IbHbIA POCT 3epeH A8 COXPaHeHWUs HaHo-
CTPYKTYpPbI; UCKNHOUUTL AecTpykumio YHC;
npeLoTBpaTUTL 06pa3oBaHMe Kapbuga antomu-
Hus Al,Cs; coXpaHUTb YCIOBUSA L1 aKTUBHOIO
06pa3oBaHNA  MPOYHbIX METaI0YIrNePOAHBIX
KOMI/IEKCOB.

MosiBneHne kapbuga antommHua Al,Cs He-

ISSN 2312-2676

XenaTenbHO, MOCKO/IbKY ero Haanume Hewns-
OEXHO nNpVBELET K CHUKEHMIO  (DU3MKO-
MeXaHWYeCKNX W 3KCnyaTaumoHHbIX CBOMCTB
nonyyeHHoro Marepuana. [lpucytcTerve Ha
rpaHuLax KpUCTasiIMToOB UK arfioMeparos no-
BEPXHOCTHOrO C/iod M3 Kapbuga MOXeT 3a-
TPYLHUTL 006pa3oBaHVe MeTaslloyr/1IepOLHbIX
KOMM/IEKCOB M YXYALUTbL CMNeKaemocTb To-
powkoB KM. Kpome Toro, npu akcnayarauum
marepuana Bo3mMoxeH rugponus Al,Cs, KoTo-
pblil  ByfeT COMpOBOXAATbCA KOPPO3uel Mo
rpaHuLam 3epeH allOMUHUSA, YTO MNPUBELET K
BO3HWKHOBEHWIO MOP 1 MOTepe NPOYHOCTY.

Puc. 3. M3M un3obpa>keHns 060n04ek B antomoMaTpuyHbix KM, ynpoyHeHHbIx YHC: a — ¢ MAB; 6 — 6e3 NAB

[na onpegeneHns Temnepatypbl Havana
Kapbuaoo6pa3oBaHUs B UCCNeYEMbIX MaTepu-
anax npumeHsanuce Metogabl ACK, KPC n
M3OM. Metogom CK 6b1110 yCTaHOB/EHO, YTO
Nnpv HarpesaHUM MeXaHOaKTUBMPOBaHHLIX MO-
POLLKOB a/ltoMOMaTpUYHbIX KM, YNpoYHEHHbIX
YHC, HabnoaatoTcs 3K30- 1 3HAOTEPMUYECKME
apexTbl. Ond matpuyHoro cnnasa A0 6e3
pob6asneHnsi NMAB 1 YHC B TemnepaTypHOM
nHTepsanie 290-310°C HUKaKMX TEMIoBbIX 3(-
(heKTOB He HabNOAAaeTCA, YTO CBUAETENbCTBYET
06 OTCYTCTBMM aKTMBHbIX CTPYKTYPHbIX Mpe-
BPALEHUA M KakUX-MO60 XMMUYECKUX peak-
umi. B matepuanax, cogepxawmx YHC, B ToM
e TeMnepaTypHOM MHTepBasie NPOLEeCcC Xapak-
TepU3yeTCs 3K30TEPMUYECKUM 3 (EKTOM, B TO
BpeMs Kak Ana matpuyHoro crnnasa AZO ¢ go-
6aBneHnem 1 % MAB TennoBon aPpQeKT SBNs-
eTcA 3HAOoTepMUYecKMM. Bce 3TO rosoput o
TOM, 4YTO Habnwaaemble TennoBble 3PQeEKTbI
CBfi3aHbl He CO CTPYKTYPHbIMU MpeBpaLleHus-
MW MaTPUYHOIO CMnasa, a C NPOTeKaHNeM Xu-
MUYecknx peakuuii mexxgy YHC, NMAB n mart-
pULEN.

MeTtogom KPC 6b110 yCTaHOB/IEHO, YTO

25

Tennosov aekT, peructpupyemsin  ACK,
[acT peakuus ob6pasoBaHWA Kapbuia anomMu-
Hua Al,Cs. Ha puc. 9 npencraeneHbl CNekTpbl
KPC pand o6pasuoB antoMoMaTpuyHbiX KM,
ynpouHeHHbIX YA n OLC, nonyyeHHbIX npu
Temnepatype 290 1 400°C. IMonoxkeHne Xapak-
TEPHbIX IMHWIA AN kapbupa antommHunsa Aly,Cs
(492 n 857 cm™) nokasaHO Ha puUCYHke 4
CTpefnkamu.

B o6pa3uax, nony4yeHHbIX MeTOAOM rops-
yero npeccosaHua npu Temnepatype 400°C, c
nomouibto NM3M Takxe Habnaannucb oTAeNb-
Hble 4YacTuubl Kapbuga amomuHua AlyCs
(3-5 wT. B 15-20 nonax 3peHns) paMepom He
6onee 25-30 HM.

[pyro/i BaXHOW 3afgavyein npu ropsyem
MpeccoBaHNN ABNAETCA COXPaHHOCTb HAHOKPU-
CT/IIMYECKON CTPYKTYpPbl MaTpuubl NOMyYeH-
HbIX KM. Kak W3BeCTHO, Mpu MOBbILLUEHHbIX
Temnepartypax MnpoLeccbl pPeKpuUcTaiIn3aLmm
3HAYNTE/IbHO YCKOPAKTCA, YTO COMPOBOXKAAET-
CA aKTMBHbIM POCTOM 3epeH, Orpy6sieHvnem
CTPYKTYpbI U, KaK CneficTsue, NepexogomMm Ma-
Tepuana U3 HaHOCTPYKTYPHOrO B MUKPOCTPYK-
TYPHOE COCTOSAHME.
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Puc. 4. NccnegosaHne ha3oBoro cocTasa meTogoM KPC Ha npumepe antoMoMaTpuiHbIX KM, YNPOYHEHHBbIX:
a—OLC; 6 — YA npu TemnepaTypax: (1) — 290°C; (2) — 400°C

Pe3ynbTaTbl U3MEPEHWNIA CpefHero pasmepa
KPUCT/IIUTOB  &/IIOMUHUS B UCC/IEA0BAHHbIX
obpa3uax pasHbIX COCTaBOB MOC/e rOpPAYero
npeccosaHua npu Temnepatype 290 °C noka-
3aHbl B Tabnuue 2. M3 npuBeAeHHbIX AaHHbIX

BUWAHO, 4TO MOC/Ne ropsaYero MpeccoBaHus
CpefHWIn pa3mep KpUCTa/IMTOB YBEIMYMBAETCS
He3HauuTeNbHO, a UX POCT MOXHO 3aMef/InTb
3a CYET NOBbIWEHMA KOHUeHTpauun YHC n
npumeHeHns MNAB.

Tabnuua 2

CpefHuiA pasmep KpUCTa//IMTOB a/iloMOMaT puyHbIX KM, ynpoyHeHHbIX YHC,
nocne ropsyero npeccosaHus (290 °C, 650 MIMa, 7 MUH.)

KoHueHTpaums YHC B KM KoHueHTpaums YHC B KM
KM c MAB, 06. % 6e3 MAB, 06. %

0 A 2 A 5 A 8 A 8 A 11 A
AL0 + Cg 63 5 50 4 44 3 54 10 47 7
A0 + YHT 83 9 69 4 62 3 77 12 71 10
A0 + YA 135 | 45 | 90 | 15 | 77 | 14 | 73 | 10 84 15 80 13
A[0 + OLC 90 | 17 | 64 9 58 7 74 9 53 7
AL0 + Mpadmt 90 | 15 | 64 | 13 | 68 | 10 76 12 59 7

[MpumeyaHune: A — N3MEHeHWE CPeaHEero pasmepa KpUCTa/lIMTOB B antomomatpuyHbix KM nocne ropsyero npeccosaHus OTHoOCUTE-

NbHO 06pa3LL0B TOro Xe cocTasa nocne MA

Kak BMAHO n3 Tabnuubl 2, HavMeHbLUee
N3MEHEHWe cpedHero pasmMepa KpUCTa/IMTOB
AIOMUHUS JOCTUrAETCA 3a CYET MPUMEHEHUS
(ynnepeHoB Cgo M YHT, uTO CBf3aHO C 0CO-
OEHHOCTAMU UX (PU3NKO-XMMUYECKOTO B3aMO-
LeNCTBMA. YBENMYEeHWe CpeaHEero pasmepa
KpUCTa/ITOB a/IlOMUHNA B 06pasuax, comep-
Xawmx T[1AB, oOKasbiBaeTca B CpefgHEM Ha
15-20 % MeHbLUe, YeM B obpasuax 6e3 Hero.
3TO MOXeT roBopuUTb 0 TOM, YTO CTeapuHOBas
K1cnoTa cnoco6ctsyeT 6o0niee paBHOMEPHOMY
pacnpezeneHnio YHC no noeepxHoOCTaM arpe-
ratos, ar/loMepaToB WU KPUCT/I/INTOB.

[Nna ycTaHOB/IEHUS BIMAHUA MOPKO/IOTUN
YHC Ha Tpubonornyeckne xapaktepucTUKK
atomomMaTpuyHbiX KM 6b11v npoBefeHbl Uc-
MbITaHUA Ha TPeHWe 6e3 CMa3KuM Mo Cxeme «mna-
ney (obpasel) — ANCK (KOHTPTeNo)». M3 npea-

26

CTaB/IEHHbIX Ha PUCYHKe 5 AaHHbIX BUAHO, YTO
BBeAeHMe YHC B aNtOMUHMEBYIO MaTpuLy Aaet
BO3MOXHOCTb CHU3UTb KO3(MUUMEHT TPeHus
Ha 30 %, a n3Hoc — Ha 45 % (puc. 3).

Mony4yeHHble pe3ynbTaTbl NOKas3blBaOT, YTO
apMupoBaHue atOMUHUEBO MaTpuubl YHC
ABnseTcAd 3PQPeKTUBHLIM CrNOCO60M MOBbILLE-
HUA TPMOOOrNYECKNX XapaKTepucTuk
antoMoMaTpuuHbix KM. Hanbonee CubHbIN
adheKT CHUXKEHUS KOoapuumMeHTa TPeHus u
WHTEHCUBHOCTM W3HALLUMBAHUA MOBEPXHOCTYU
KM HabntogaeTca npu apMupoBaHUn dynne-
peHom Cgo 1 rpauTOM.

M3HawmBaHne antomoMatpuyHbix KM, ap-
MUPOBaHHbIX BbICOKOMOZAY/bHbIMW Kepamuye-
CKMMW YacTuuamu, MpPOUCXOAUT MO Cleayto-
WM MexaHu3MaM: B Haya/ibHbliAi  MOMEHT
BpemMeHUn npeobnagaet abpasmBHOe U3HaLLVBa-
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HUE, O KOTOPOM CBUAETENLCTBYIOT XapakTep
[eheKTOB KOHTAKTHOW MOBEPXHOCTM W HecTa-
6UNLHOCTL KO3(MLMEHTa TpeHus. C yBenu-
YEHVMEeM Harpyskv W BPeMEHW UCMbITaHUs Ha
CMeHy abpasvBHOMY MPUXOAUT OKUCINTENb-
HbIli MeXaHM3M M3HOca C 06Pa3oBaHNEM TPETb-
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ero Tena. Takas CMeHa MeXaHV3MOB MpPOMCXO-
[UT 3a CYeT TMOSBMEHNS1 HA KOHTAKTHbIX Mo-
BEPXHOCTAX Te/l MEXaHWUYECKOli CMech OKC1/0B
IOMUHKS 1 Kenesa. Mpu 6oNbLLNX Harpy3kax
BO3MOXHO MPEUMYLLECTBEHHO — afire3noHHOe
M3HaLLMBaHWe 1 3aTeM 3aaup.
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Puc. 5. a - KOah(pnUMEHT TpeHus antoMoMaTpuuHbix KM, ynpouHeHHbIX YHC, B 3aBMCMMOCTU OT Npuno-
>KEHHOI Harpy3ku; 6 - 3HaueHns usHoca: 1 — A0 + 0 % YHC + 1 % NMAB; 2 — A0 + 8 06. % Cg + 1 % MAB;
3—-AL0+806. % YHT + 1% MNAB; 4 — A0 + 8 06. % OLC + 1 % NAB; 5 - A0 + 8 06. % rpajgmTa + 1 % NAB

B anomomatpuyHbix KM, ynpoyYHeHHbIX
YHC, HavaslbHble 3Tanbl UCMbITAHUA TaKXKe Xa-
paKTepU3yHTCA NPENMYLLECTBEHHO BK/1a40M B
M3HOC abpasMBHOrO N OKUC/IMTENbHOIO MeXa-
HM3MOB, Ha CMEHY KOTOPbIM Moc/e OTLenyLn-
BaHWA OKMUCHbIX CM0EB MPUXOAUT PEXunm ca-
MOCMa3bIBaHUS. Takol MexaHun3m
M3HALLNBAHNA COXPaHAETCH B LLUMPOKOM Auana-
30He Harpys3oK, 0 YeM CBWAETENLCTBYET CTa-
OWNBbHOCTL Mpouecca TpeHus. PesynbTaTtbl, No-
NyYeHHble B xoge npoBsefeHNs
TPMOOMOTNYECKNX  WUCMbITAHWIA, MOKa3blBalOT
3 heKTUBHOCTb MPUMEHEHNA aItOMOMATPUY-

HbIXx KM, ynpoyHeHHbIX YHC, B KayecTse ma-
TepnasioB aHTU(PPUKLMOHHOIO Ha3HaUYeHMS.
BbiBoabl. MpeacTaBneHbl pesynbTartbl UC-
CNefoBaHNA CTPYKTYpbl M (Pa3soBOro CoCTasa
NCXOAHBbIX N MeXaHOoaKTUBMPOBaHHbLIX MOPOLL-
KOB M 00BbEMHbIX MOAN(ULMPOBAHHbIX MeTasl-
NOMATPUYHBIX KOMMO3WUTOB, B 3aBUCMMOCTM OT
TMNa W KOHUEHTpauuMm MOoaUULMpyowmnx
pasHoBmaHocTeid YHC, pexumoB MA v napa-
MeTPOB KOMMaKTMpoBaHuA. lMpoBeaeHbl uche-
AoBaHWA Tpubonormyeckux ceoiicte Al-YHC
HaHOCTPYKTYPUPOBAHHbIX MaTepuasios.
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