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MeTtonom in-situ pPeHTTeHOBCKOUW IU(MPPaKTOMETPUU H3yUEeHBI (PA30BbIE IIpe-
BpaIlleHUsaA IPU HarpeBe HAaHOCTPYKTypupoBaHHBIX (HC) BakyyMHBIX KOHIEH-
CaToOB, IOJIYYEHHBIX METOJOM BJIEKTPOHHO-JIYYEBOTO BAKYYMHOTO OCAaKIACHUA
cmiaBa Alg;CuygFe,;, 6IM3KOro mo XMMUYECKOMY COCTaBY K KBa3UKPUCTAJLIN-
yeckoii ¢aze. IIpu ux HarpeBe HAHOCTPYKTYPHOE COCTOSAHVE BAKYYMHBIX KOH-
JEHCATOB TPAaHC(HOPMUPYETCS B UKOCA3pUUECKYI0 (asdy uepes PAJ IPOMEXKY-
TouHBIX (a3. IlokazaHo, uTO TepMuUecKas HecTabuabHOCTL HC-BaKyyMHBIX
KOH/JIEHCATOB BBLI3BaHA UX rerepotasHBIM COCTOSIHUEM, 00YCIOBJIEHHBIM KOH-
MEeHTPAIIMOHHBIMY HEOJHOPOAHOCTAMHU HaHOopasMepHoro macimitaba. O6cCy:k-
[JAlOTCA BO3MOYKHBIE NPUYMHBI BO3HMKHOBEHUS HAHOMACIITAOHBIX KOHIIEH-
TPAIMOHHBIX HEOJHOPOJHOCTEN B IIPOIECCE BJIEKTPOHHO-JIYYEBOTO BAKYYMHO-
0 OCAKJAEHWS MHOTOKOMIIOHEHTHOTO CILIaBa Ha IOAJOYKKU, HAXONAIUECH
npu Temmneparypax Humxe 300°C=0,5T, (rme T,=872°C — Temmeparypa
IJIaBJIEHUS CILIaBa).

Metogoio in-situ PeuTrenoBoi mudpaxkrTomerpii mociaigsxeHo ¢asoBi mepeTsBo-
peHHsa npu HarpiBaHHI HaHOoCcTpyKTypoBanux (HC) BakyyMHUX KOHIEHCATIB,
OZEeP:KAaHUX  METOJOI0  €JIEKTPOHHO-IIPOMEHEBOTO  OCaAKE€HHA  CTOIlY
Alg;,CuyFe;;, 6IM3bKOr0 3a XeMiUHUM CKJIAZOM JO KBasuUKpHCTaIiuHol drasu.
ITpu ix mHarpiBaHHI HaHOCTPYKTYPHUII CTaH BaKyyMHUX KOHJeHCATiB TPaHC-
dopMyeThcA B iKocaenpuuHy dasy uepes HU3KY npoMizkHux (as. Iloxkasamo,
110 Tepmiuny HectabinbHicTs HC-BaKyyMHUX KOHAEHCATIB CIPUUYMHEHO IX re-
TepodasHUM CTaHOM, OOYMOBJIEHUM KOHIIEHTPAIlIHHUMU HEOJHOPiZHOCTAMU
HaHopoaMipHOTO MacuITaby. OGTOBOPIOIOTHCI MOMKJINBI IPUUNHN BUHUKHEHHA
HAHOMACHITA0HUX KOHIIEHTPAI[ilHNX HEONHOPiAHOCTell B IPOIlECi eJIeKTPOH-
HO-IIPOMEHEBOT'0 BAKYYMHOT'O OCAIKEeHHA 0araTOKOMIIOHEHTHOT'O CTOITY Ha IIi-
IIOMKIKSA, IO 3HAXOMAThCA 3a Temmeparypu Hmkde 300°C=0,5T, (me T,=
= 872°C — reMIIepaTypa TOILJICHHS CTOIIY).

369



370 A. 1. YCTHUHOB, C. A. IEMYEHKOB, B. A. TEJIMYKO, C. C. IIOJIUIIYEK

Nanostructured vacuum Alg;Cu,,Fe;; condensates are prepared by electron-
beam physical vapour deposition (EB-PVD). Phase transformations forming
in the nanostructured vacuum Alg;CuysFe;; condensates during heating are
studied by means of in-situ high-temperature x-ray diffractometry. The
nanostructured state of the vacuum condensates is found to transform to the
icosahedral phase through intermediate crystalline phases during heating.
As shown, the thermal instability of the nanostructured vacuum condensates
is caused by its nanoscale composition heterogeneity. Possible reasons of the
appearance of such nanoscale composition heterogeneity during electron-
beam vacuum deposition of the multicomponent alloy onto substrate at tem-
perature below 300°C = 0.5T,, are discussed (here, T,,=872°C is the melting
point of the alloy).

KaroueBsie cioBa: JJIEKTPOHHO-JIyueBO€ OCaXJ€eHlre, BaKYyYMHBbI€ KOHIEeHCa-
Thl, KBaSUKPUCTAJIJIbl, TEPpMHUYECKAad o6pa60TKa, (I)aSOBBIe IIpeBpalmeHunsd.

(ITonyweno 1 dexaobpsa 2010 2.)

1. BBEJEHUE

CraBEI CO CIOMKHOM KpucraanrnuecKkoii cTpykTypoii (CKC), K KoTopsIM
OTHOCSATCSA KBA3UKPHCTAJJIBI U AlIIPOKCHMAHTBI, 0Jarogaps YHUKAIb-
HOMY COUYETAHHUIO CBOICTB PACCMATPUBAIOTCA KAK IEPCIEKTHUBHBIE Ma-
TepHAaJbl IJs CO3MaHMS HA UX OCHOBE IOKPBLITHUI (PYHKIIMOHAJIBLHOTO
HasHauenud [1—8]. ITokasamo, YTO HEIIOCPEACTBEHHO B IIPOIIECCE DJICK-
TPOHHO-JIYUYEBOI'0 OCAMKAEHUA MOMKHO (DOPMUPOBATE TOJICThIE IIOKPLITHS
¢ KBasSHUKPHUCTAJLINYECKOH CTPYKTypoil Ha ocHoBe ciiaBa Al-Cu—Fe,
COCTaB KOTOPOTO OJIM30K K COCTABY PABHOBECHOU MKOCA3IPUUECKOI (a-
3b1[3].

IIpuayMas BO BHUMaHMWE TO, UTO MeXaHNYECKHEe CBOMCTBA MaTepua-
JIOB 3aBHCSAT OT pasMepa 3epeH, IIyTeM BapUAIlUU YCJIOBUI OCaMKAEHMU
OBLIN HOJIyYeHBI BaKyyMHBIe KoHAeHcaTbl co CKC ¢ pasjInuHbIMU pas-
MepaMu 3epHa (0T CyOMHUKPOHHOTO M0 HAaHOpPasMepHOro Maciirtaba) [4].
OKkaszaJiochb, UTO IIPY YMEHBIIIEHUY BeJINUYNHEI 36PEH 10 HAaHOPa3MePHOI'o
MaciITada ypoBeHb IPOYHOCTH BAKYYMHBIX KOHIEHCATOB MOBBIIIAJICS.
IIpu sTOoM BO3pacTajia TakKe UX AeMII(PUPYIOIIasa CIIocOOHOCTE. B coue-
TaHUMA C OPYTMMU CBOMCTBAMM’, XapPaKTEPHBIMH [IJIs MATEPHUAJIOB CO
CKC, sT0 mo3BOJIIeT paccMaTPUBaTh TaKle HAHOCTPYKTYPUPOBAHHLIE
BaKyyMHBI€ KOHAEHCATHI, KAK IEPCIEKTUBHLIE MAaTEePUAJbI IJISI CO31a-
HISA HA UX OCHOBE 3aIl[UTHBIX IIOKPBITUI, CIIOCOOHLIX MOBLICUTEL DPO3H-
OHHYIO CTOMKOCTBb U IIOJABUTL PE30OHAHCHBLIE KO0Je0AHUSA B TOHKOCTEH-
HBIX JeTAJAX, IOJBEPrarouXcsa BUOpAIMOHHBEIM HArpyskeuusam [4—6].

BmMmecTe ¢ Tem, B mpollecce SKCILIyaTalMU TaKne HaHOCTPYKTYPUPO-
BaHHBIE MATEePHUAJIbI MOT'YT MOABEPraThbCs HATPEBY A0 BLICOKMX TeMIIe-
paTyp B CBSI3U C UeM, BOIIPOC O CTAOMJIBHOCTH HX CBONCTB CTAHOBUTCS
aKTyaJbHbIM. IIprHMMas BO BHUMaHKE TO, YTO CBOMCTBA TAKHX MAaTe-
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PUAJIOB B 3HAUUTEJILHOM CTEIIEHU OIIPEIEIAI0TCA XapaKTePUCTUKAME UX
CTPYKTYPHI, B paboTe uzyueHna ycroiunBocTh HC cocToAHMSA CIIaBOB CO
CKC, mony4yeHHBIX IYTEeM OCaKIeHNUA ITapoBoii (hasbl CILIaBa C COCTABOM
AlgCuyFe;; HA TOANIOMKKY, HaXOOAIMUXCS IIPH TeMIepaTrType HIKe
300°C. IIpu BBIOOpE cocTaBa CIJIaBa IPUHHMAJIACH BO BHUMAHNIE BO3-
MOXKHOCTDH (POPMUPOBAHNS MKOCA3APUUECKON CTPYKTYPHI B Pe3yJIbTaTe
€ro DJIEKTPOHHO-JIYyUeBOTO MCIapEHUs C IIOCTAEeAVIONIMM OCaKIECHUEeM
mapa Ha IOAJOXKKaX, HaXOAAIUXCA IIpu TemMuepaType Boitie 550°C.

2. METOAbI ITIOJYYEHHUA U UCCJIIEJOBAHUA

OrpensieMble BaKyyMHBIE KOHIeHCATHI ToMIuHOM 50—60 MKM moayuaam
MEeTOJIOM dJIeKTPOHHO-IyueBoro ucnapenusa (EB-PVD) us oxmmoro mc-
TOYHHUKA C IOCJEAYIOIMMM OCAKICHUEM IIapa Ha CTAJbHYIO IIOJJI0MKKY,
Ha KOTOPOH HoAAepsKHBaJiachk TeMmiepatypa B mHTepBasie 250-300°C.
CKOpoCTDb OCcaKIeHUs cocTaBiaAaa 2—3 MKM/MUH. B KauecTBe ucnapse-
MOT'0 MaTepHaJja CIyKui caIuToK AlgCuysFe;; nuamerpom 50 MM u mgiim-
moit 200 MM, TOMeITNeHHbI! B MeIHBIH BOTOOXJAKIAEeMbIN TUTeNb. s
MMOJIyUYeHUA KOHIEHCATOB HCIIOJb30Bajiach CcXeMa OSHOTUIEJbHOrO HC-
IMapeHns ¢ MOCTOSIHHOM CKOPOCTBIO HONMUTKY JKUIKOM BaHHBI YKA3aH-
HeIM cimaBoM. CocTaB KOHIeHCATa B YCJIOBUAX YCTAHOBUBIIIETOCS pe-
JKUMa UCIAaPe s MPUOINIKAJICI K COCTABY UCXOJHOTO CJAUTKA.
PenrrenonudpakiMoOHHbIE CTPYKTYPHBIE HCCJIEIOBAHUA IIOJYUYEH-
HBIX BAaKYYMHBIX KOHJIEHCATOB HEIIOCPEICTBEHHO IIOCJIE OCAMKICHUS U
mocJie HeIPepPLIBHOIO HarpeBa BBINOJHSAJNCHL B CTAHIAPTHON I'eOMeT-
punu 9-20 Ha gudppaxromerpe JJPOH-4M B usnyuenuu CoK,.
UccaemoBanusa (asoBBIX IPEeBPAIlleHUil B BAKYYMHBIX KOHIEHCATaX
BBITIOJIHSJINCh METOJIOM BBICOKOTEMIIEPATYPHOM in-siti PEeHTIeHOBCKOM
IuppaKTOMETPUHN B M3JIYYEHUN KOOAJIBTOBOI'O AHOJA C IIOMOIIBIO IIPH-
craBku YBJ/I-2000 npu ux HeIpepbLIBHOM HarpeBe B BAaKyyMe IPHU OcCTa-
trounoM faBiaeHnn ~ 1072 I1a co ckopocTsio okoso 10°C/MuH B HHTepBa-
jge tremnepatyp 20—810°C. Perucrpainusa 1upakTorpaMM OCYIIeCTBJIA-
JIACH C IIOMOII[bI0 U30THYTOTO JUHENHOTO IIO3UI[OHHO-YYBCTBUTEILHOTO
merexkropa (JIITYI) mporouHoro Tuma, pabdoTaroIiero Ha ra3oBoil Kce-
HOH-MeTaHOBoii cmecu (puc. 1)!. Aneprypa JIITU]I o6ecreunBana OgHO-
BPEMEHHYIO PEerucTpanuio Au(GparupoBaHHOTO MIJIYYEHUA B YTJIOBOM
muamnasone 40°, paguyc (POKYCHPOBKH KaMephl IETEKTOPa COCTABJIAI
200 MM, yriosas paspelraioiias caocodorocts — 0,03°.
MukpocTpyKTypHBIE HWCCJIeI0BAHUA BBINOJHANN METOJaMU IIPOCBe-
YMBaWOIE# 9JeKTPOHHOM MHKPOCKOIHHK C IIOMOIIBLIO 3JEKTPOHHOI'O
mukpockona HITACHI-800. [na aHammsza MUKPOCKOIHNUYECKUX M300-
paKeHun NCII0IL30BaIU IpoTrpaMMHoe obecieuerHre Image-Pro.

! M3orHyTHIM JTWHEHHBIH IIO3UIMOHHO-UYBCTBUTEILHBLIH [eTEKTOpP NIPOTOYHOIO THIA
6b11 paspaboran u msrorossieH Ha HIIII «BypeBectauk» II. A. T'oraHOBBIM.
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Puc. 1. IlpunnunuanbHad cxeMa BBICOKOTEMIEPATYPHOTO AudpaKToMeTpa
YPBT c ncnonp3oBaHmeM JUHEWHOTO TO3UITMOHHO-UYYBCTBUTEJIHHOTO JETEKTO-
pa mma peructpanum AupparupoBaHHOTO M3JIy4YeHUsi. I — pPEHTTEeHOBCKAs
TpyOKa; 2 — GJIOK MUTAaHUA HarpeBaTess; 3 — BBICOKOTOUHBIN PEryJIsiTOP TeM-
mepatypel; 4 — KOMIBIOTEP; 5 — MHOIOKAHAJbHBIN aHaaIm3aTop; 6 —
mpeobpasoBaTesib CUTHAJOB; 7 — JHUHEWHBIN ITO3UIIMOHHO-UYYBCTBUTEIbLHBINA
nerexrop (JITTYM); 8 — pammaTop s obecmedeHUsT PABHOMEPHOCTY HarpeBa
obpasma; 9 — wmarpeBaTenb; 10 — BBIXOA Ha AUPPY3UOHHBIN Hacoc; 11 —
obpasern; 12 — kKamepa; 13 — Tepmomnapa; 14 — BepTUKaJIbHASA W TOPU30H-
TaJbHAd ITeJIN.

3. 9RCIIEPUMEHTAJBHBIE PE3YJbBTATBI U OBCYKIAEHUSA

HudpakmmoHHasi KapTWHA  BaKyyMHBIX  KOHJEHCATOB  CILIaBa
Alg;CuyFeq; B MCXOTHOM COCTOSHUA XapaKTepPU3yeTCa OAHUM IIIUPOKUM
OuKoM B yrioBoM uuTepBase 20 = 40—-60 rpagycos (puc. 2). Takasa nu-
(paknroHHAA KapTHUHA OOBIYHO Ha0JII0JaeTCs B caydae aMOPMOHBIX UJIN

MHTEHCHMBHOCTL, ycn.eq.
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Puc. 2. [[udppaxrorpaMmMa BaKyyMHOIO KOHJIEeHCAaTa, OCAKAEHHOT'O IIPU TEM-
neparype moaiaoxkKu 250—300°C B MCXOIHOM COCTOSHUM.
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Puc. 3. PenrreHoBcKue AuppakTorpaMMbl, CHATHIE B IPOIECCE HEIIPEPLIBHO-
ro Harpesa BakyyMHOro xomgencara Alg;CuyFe ;, ocaxmeHHoro mpu temie-
patrype noaaoxxku 250—300°C.

HAHOPa3MEPHLIX CTPYKTYP.

PesyabTaTel UPaKIMOHHLIX in-Situ UCCIESOBAHUN CTPYKTYPLI Ba-
KyyMHBIX KoHIeHcaTOB Alg;Cu,ysFe;; B mpolecce nx HarpeBa mpu HEKO-
TOPBIX XapaKTEePHBLIX TEeMIIepaTypax IIPeACTaBJICeHbl HA PUC. 3 B MHTEP-
BaJie yriioB 20 = 45—-60°. M3 npeacTaBJeHHLIX JUPPAKTOrPpaMM BUIHO,
YTO MCXOJHOE COCTOSIHIE BaKyyMHOI'0 KOoHJeHcaTa BIjioTh A0 200°C He
IIpeTepIleBaeT CYIIeCTBEHHBIX M3MEHEHUIl — paclpeiejieHne HHTEH-
CHUBHOCTH B MCCJIEIYEMOM YyIJIOBOM HHTEPBAJIE OCTAETCS IMPAKTUYECKH
HeusMeHHBIM. IIpu HarpeBe Brbiiie 200°C ma GoHE OTHOTO IITHPOKOTO
nukKa popMmupyercs 0ojiee y3KU QUPPAKIINOHHLIN MK B IIOJIOMEHNH,
xapakTtepHoM 1 3-(asbl.

HanbHelilllee IOBBIIIIEHNE TeMIIepaTypbl ob6pasiia BIaoTh g0 400°C
COIIPOBOXKJAETCS YBeJINUeHeM HHTEHCUBHOCTH 3TOr0 JU(PPAKIIIOHHOTO
nuka. [Ipu remneparype okosxo 450° Boin3u qudpakIuOHHOIO IUKa 3-
(hbasbl CTAHOBATCS 3aMETHBIMH JOIOJHUTEJIbHBIE AU(PPAKIMOHHEIE IIH-
KU, B IOJOXKeHUuH, cooTBeTcTByOIIeM ®-Al,Cu,Fe-dase. IloBrimenue
TeMIIEPATYPEI IPUBOLUT K YMEHBIIIEHNIO NHTEHCUBHOCTY JU(PPAKIINOH-
HOro nuka -¢assl, C 0OAHOBPEMEHHBIM POCTOM 00'BEMHO J0JU TETParo-
HAJbHOUN M-(askl, 0 UeM CBUIETEJIbCTBYET YBEJINUYEHEe NHTEHCUBHOCTHI
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COOTBETCTBYIOIIINX ITMKOB.

IIpu Temmeparypax 510—-520°C, HapALy ¢ YMEeHbIIIeHNEM WHTEHCHUB-
HOCTH Mu(PaAKIMOHHOTrO NuKa B-hassl, MOABIAIOTCA AU(GPAKIINOHHEIE
NIUKK, TpUHaLIeKalue KBasuKpucraanrudeckoi i-(AlCuFe)-gaze. B
pesyJbTaTe B KOHAeHcaTe (popMupyeTcs rerepodasHoe COCTOSAHIE U3 (-,
B- u i-pas. [lanbpHelilee MOBBLINIEHNE TEMIIEPATYPhI COIMIPOBOMKAAETCS
yMeHbIIIeHreM 00'beMHOM moau B-hassl U yBesnueHreM 00bEMHBIX JO-
Jgei i- u w-pas. ITOT IPOIECC IPOAOIKACTCA B NHTEPBaJie TeMIepaTyp
520—-580°C. B pesyabraTe AuPPaAKIINOHHLINA MUK OT -(hasbl MOJTHOCTHIO
ucuesaer. IIpu HarpeBe BakyyMHOTo KoHaeHcara BuIle 590-600°C
HaOJIIogaeTcs YyMeHbIIIeHre 00beMHOM HoI1u M-(as3bl ¢ OJHOBPEMEHHBIM
pocToM 00'beMHOI J0JH i-(ha3bl BILJIOTH A0 (POPMUPOBAHUA OTHO(DAZHOTO
KBa3HKPUCTAILINYECKOTO COCTOIHUA Ipu TemuepaTtype Buiie 710°C. C
MIOCJIEIYIOITUM ITOBBINIIeHEM TeMIlepaTypsl 10 810°C BKIIOUUTEIBHO,
IudpakIMOHHAS KapTHHA OT BAKYYMHOI'0O KOHIEHCATA He U3MeHIeTC .
ITocie oxnakaeHusA OO0 KOMHATHOM TeMIIePAaTyphl KBa3UKPUCTAJINYE-
CKasl CTPYKTypa BaKYYMHOI'O KOHIEHCATA COXPAHSAETCS IPAaKTHYECKU
HeusMeHHOI (puc.4). M3 mpexacraBieHHoro ¢gparmenta au@parKTo-
rpaMMbI BUJHO, UTO BCe AU(PPAKIIMOHHELIE IUKM MOTYT OBITH IIPOUIEH-
TUUIUPOBAHLI KAaK MHKH, IPUHAIJEKAINe MKOCAdAPUUECKON KBa-
3UKpUCTAJINYEecKoi dase [9].

1 BEIACHEHUS IPUYNH CTPYKTYPHBIX N3MEHeHU, HaOII0JaeMbIX B
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Puc. 4. PeutrenoBckas audpaxkiivoHHAsS KapTUHA BAaKYYMHOTO KOHIAeHcaTa
Alg;CuyFe,;, mosyuennas npu KOMHATHOI TeMIlepaType IIOcJie ero HempephiB-
Horo Harpesa g0 810°C.
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BAKYYMHBIX KOHJEHCATaX, C(POPMUPOBAHHLIX IIPU HU3KMX TEeMIIEpaTy-
pax MOJIOKKHY, OBLIN BLIIOJHEHBI 9JI€KTPOHHO-MUKPOCKOIINYECKUE MC-
cJIeIOBAHUS WX IOIMEPEYHOro CeueHus Ha HpocBeT. M3 31eKTPOHHO-
MUKPOCKOINUYECKNX MN300paMKeHnil MUKPOCTPYKTYPBI XapaKTepPHBIX
YY4acCTKOB BUIHO (puc. 5, a), 4TO BAKYYMHBIN KOHJEHCAT B MICXOJHOM CO-
CTOSHUU UMEeT «HAHOCJIONHYIO» CTPYKTYPY (C TOJIIUHOMN CIOEB IIOPSI-
ka 30-50HM), B KOTOpOil (hOPMHUPYIOTCA HaHOPa3MEpPHLIE YAaCTUIILI
IIPENMYIIeCTBEHHO C(pepruUecKoil ()OPMEI.

Ha pucyuke 5, 6 mpeacraBjeHa 9JeKTPOHHAS MUKPOIUMPAKIIUSA OT
9THUX y4acTKOB. Hamnuure CHJIOIIHBIX JUPPAKIINOHHBIX KOJIEI U OTCYT-
crBre au((Py3HOro rajo CBUAETEJLCTBYIOT 0 (DOPMUPOBAHUM B MCXOJ-
HOM BaKyyMHOM KOHJIeHCATe HaHOPa3MepPHOI KPUCTALINYIECKON CTPYK-
TYpBI. AHAJU3 KOJBIEBOI 3JIEKTPOHOTPAMMEI MTOKas3aj, 4To (hasoBbBIH
COCTaB BAKYYMHBLIX KOHJEHCATOB OIIpelessieTcs, B OCHOBHOM, ABYMS

B (110)

0 (310)
XN B(200)
= VeV 1))
YL B (220)
a1l e(211)
& 77— 06(110)
“ 7 N7~ 8(220)
= 0(112)

6

S 10 18 20 25 30 35 40 45 50 55 60 65
D. nm

Puc. 5. Ceetryoe moJe (a), sjeKTpoHHAsA MuUKpogudpaxnusa (6), TeMHOe IoJie,
cHsATOe B Hambojiee MHTEHCUBHOM pediekce (8) M pacupeneseHHe 3epeH IO
pasmepy (2), cHsaTtele ¢ Al-Cu—Fe BakyyMHOro KOHIEHCATA, OCAMKIEHHOI'O
npu teMmneparype moaigoxku 250—-300°C.
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KpucTtajuimuecKkumMu pasamu — Kyouueckoit B-Al(Cu, Fe)-daszoit u Tet-
paromaabHoii 0-Al,Cu-dasoii.

IIyTem 06paboTKM TeMHOMOJMLHBIX N300pasKkeHuil (puc. 4, 8), CHATHIX
B Haubosiee mHTeHCUBHOM pedurekce 3-Al(Cu, Fe)-dhassl, 6bLT0 TOTyIEHO
pacipenesieHne ee 3epeH mo pasmepy. OKasaioch, UTO UX pasMepsl IIpe-
UMYIIIeCTBEHHO HAaXOMATCA B AuUalasoHe oT 5 mo 15 um (puc. 4, 2). Ha
STOM OCHOBAHHY MOXKHO IIPEIIIOJOMKUTDH, UYTO KPYIHLIE 3epHA IIPUHALI-
aexar 0-Al,Cu-pase. Ha 5170 yKaspIBaeT TaKsKe U TO, UTO, KAK BUIHO U3
aHaJI3a CBETJIOIOJbHBLIX M300PAKEeHUM MUKPOCTPYKTYPBI, KPYIIHBIE
3epHA IMIPEeNMYIeCTBEHHO PACIIOJOKEeHbI B 6oJiee «IIPO3PAUYHBIX» HAHO-
CcJI0AX KoHAeHcaTa. IIOCKOJNIBKY Ha CBETJIOHNOJBLHLIA KOHTPACT CYIIe-
CTBEHHOE BJIMAHNE OKAa3bIBAIOT (PIYKTyallnsad XUMUUIECKOrO COCTaBa, TO
13 ero aHaJn3a MOYKHO IIPEAII0JOKUTh, YTO CBETJIbIe HAHOCIOU MMEOT
0oJiee BBICOKOE COJZlepIKaHie aJlOMUHII, UTO 1 CIIOCOOCTBYeT (hOpMUPO-
BaHWMIO B HuUX uactui 0-Al,Cu-dassl.

YuuTeiBas, 4TO COTJIACHO PABHOBECHOU (Da30BOM JruarpaMmMe CUCTEMBbI
Al-Cu-Fe, xyouueckas -Al(Cu, Fe) u rerparonanpuas 0-Al,Cu dassr
He MOI'YT COCYII[eCTBOBATh B PABHOBECHBIX YCJIOBHUAX IIPU JAHHOM COOT-
HOIIIeHUY KOMIIOHEHTOB, T.€. JaHHLINA (Da30BBIM COCTAB ABJIAETCA MeTa-
cTabuJIBHBIM, IIPU HATPEBE OH OyJeT TpaHCHOPMUPOBATHLCSI B PABHOBEC-
HYIO KBasUKpUucTaLInuYecKyio Gasy. Takum o6pasoM, 13 BEIIOJTHEHHOTO
aHaJM3a 9JeKTPOHHO-MUKPOCKOINYECKUX MaHHBIX CJIEeIyeT, UTO IIPHU-
YUHOH CTPYKTYPHOUN HeCTaOMILHOCTH BaKYyMHBIX KOHIEHCATOB CIIJaBa
Alg;CuyeFey;, ocarkmenHoro mpu HU3KOHM TeMIlepaType, ABJSETCS ero
HaHoMacIITabHas HEOJHOPOAHOCThL XMMHUECKOTO COCTaBa, KoTopas
MIPUBOAUT K (POPMUPOBAHUIO HAHOCTPYKTYPHUPOBAHHLIX reTepo(asHbIX
COCTOAHUM.

ITpupona dopmupoBanma TaKkoil «HAHOCJIOMHON» CTPYKTYPHI B IIPO-
Iecce BAaKyYyYMHOI'O OCaKIeHU CILJIaBa, B COCTAB KOTOPOT'O BXOAAT KOM-
MIOHEHTHI HecMellluBaeMble B TBepaoM coctoauuu (Fe u Cu) ¢ oramuato-
IMMICS JaBJICHUSIMI HACHIIIIEHHBIX IaPOB, ObLIa IIPOAHAIN3NPOBaHA B
pa6ore [10]. Kak mosaraetr aBTop [10], 3T0 MOMKeT OBITHL 00YCJIOBJIEHO
CAeAYIOIUMY IpUUYMHaAMU (MJIM WX COBOKYIHOCTHIO): I) KoaebGaHMEM
TeMIIePATypPhl Ha IIOBEPXHOCTH BAHHLI B IPOIECCE MCIAPEHUS CIAUTKA;
II) BOBHMKHOBEHMEM aBTOKOJeOaTeJIbHOTO IIpollecca WCIapeHUs-
KOHIeHCAIlM HeCMeIlIMBaeMbIX KOMIIOHEHTOB. Tak, u3-3a OTIHNYUA
IaBJIEHUI HACBIIIEHHBIX IIaPOB KOMIIOHEHTOB, KOJIe0OAHUS TeMIIePATyPhI
Ha IIOBEPXHOCTHU CJIUTKA IIPUBOLAT K N3MEHEHHNI0 COOTHOIIIEHNA KOMIIO-
HEHTOB B IIaPOBOM IIOTOKE, UTO MOYKET CIIOCOOCTBOBATH BOSHMKHOBEHIIO
MEePBUYHBIX PIYKTyaIllnil KOHIEHTPAIINN Ha II0OBEPXHOCTH BAKYYMHOI'O
KOHIeHCATa U ABJATHLCA TOMUHUPYIOIIUM IporeccoM (GOPMUPOBAHUI
MX HAHOCJIOMHOM CTPYKTYPHI.

Kpome Toro, mpucyTcTBHe B cocTaBe OCaKIAeMOro Imapa KOMIIOHEH-
TOB, HECMEIIIMBAEMbIX B TBEPIOM (pase, MOKET BBEISLIBATH CEJIEKTHUBHOE
oTpakeHue OT MOIJIOMKKHN aTOMOB OJHOT'O M3 KOMIIOHEHTOB, €CJIN Ha II0-
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BEPXHOCTH KOHIEHCAIIMK KOHIIEHTPAIMA OPYroro KOMIIOHEHTA IIOBLI-
mena. YacTWuHOE «BO3BpAIlleHME» B PACILIABJICHHYIO BaHHY aTOMOB
IIEPBOTO KOMIIOHEHTA MOJKET IIPUBECTU K IIOBBIINIEHMWIO KOHIIEHTpPaAI M1
S9THUX aTOMOB B IIaPOBOM IIOTOKE BCJIEACTBHE Uero, KOHIIEHTPAIUS 9TOTO
KOMIIOHEHTa HA IIOBEPXHOCTH MOAJIOKKHK CTAHET HJOMHUHUPYIOIIE. ITO
BBIBOBET CEJIEKTUBHOE OTPaKeHUe OT HMOIJIOXKKN aTOMOB BTOPOTO KOM-
IOHEeHTa M T.A. BO3HMKAIOIIUN TaKUM 00pasoM aBTOKOJIEOATEJIbHBIN
IIpoIlecC MOMKEeT TaKsKe MpuBecTd K (OPMUPOBAHUIO «HAHOCJIONHOM »
CTPYKTYPHI KoHAeHcaTta [10]. 3Tu mporieccsl, O-BUAUMOMY, Peau3y-
IOTCS U B CJIyUae OCaAKIEHUSI BaKYYMHBIX KOHIEHCATOB IIpU 00Jiee BLICO-
KHX TeMIlepaTypax, OQHAKO IIPY HU3KOU TeMIlepaType MOAJI0KKHN U3-3a
mMasiofl aAudGy3noHHON HMOABUMKHOCTU aTOMOB, BOBHUKIIINE B IIpOIlecce
OCAKIeHUA XUMUUYEeCKNEe HeOTHOPOSHOCTH, COXPAHAIOTCSI Ha IIPOTKe-
HUU BCEro IpoIiecca.

B moansy onpepessioniein poin XUMUYECKOH HEOTJHOPOIHOCTH BaKy-
YMHBIX KOHJEHCATOB B UX TEPMUUECKOI HeCTaOMIbHOCTH TaKKe CBHUe-
TeJIBCTBYET I0A00ME IIOCJeHOBaTeJbHOCTEN (has0oBLIX IIPEBPAIeHUil B
HC BakyyMHBIX KOHIeHCaTaX IpU UX Harpese:

HC(B-Al(Cu, Fe)+6-Al,Cu) —22C 5 HC+p —22€_5 B+ w-Al,Cu,Fe

520°C

—2C 5 w+B+i-(AlCuFe) — 22X @+ —%LC

— i

¥ TIOCJIeIOBATETHHOCTH, KOTOpasa HabJ omaach MPU OTKUTE KOMIIO3H-
TOB, IOJIyUYEHHBIX Ha OCHOBe mopommkKoB Al, Cu u Fe, u TOHKHX MHOrO-
cuaoitabix miaeHoK Al/Cu/Fe ¢ coorHorernem KoMmnoueuToB Alg;Cu,sFe;,
[11-14].

4. BBIBOAbI

Baxkyymubie KougencaTbl Alg;CuysFe;; 0IM3KOro mo XuMuuecKoMy co-
CTaBy K PAaBHOBECHOU MKOCA3APUUECKON (hase, IMOJTyUeHHBIE DJIEKTPOH-
HO-JIYUEBBLIM OCaKAeHMEeM IIpH TeMIlepaTrypax moamoxkku Hmxe 300°C,
uMeIT rerepodasHoe COCTOSAHUE, CHOPMUPOBAHHOE HAHOPA3MEPHBLIMU
yacturamu Kyouueckoit 3-Al(Cu, Fe) u rerparomanbuoit 0-Al,Cu das,
MMOSABJIEHNE KOTOPBIX OOYCJIOBJIEHO HAHOPa3MEPHBIMU (IYKTYalUsIMU
XHUMHUYECKOI'0 COCTaBa.

HaHocTpyKTypHOE COCTOSIHIE reTepodasHblX BAKYYMHBIX KOHIEHCA-
TOB TEePMUYECKHU HEYCTOMYMBO W IIPU MOCJIENYIOIleM HarpeBe TpPaHC-
(hopMupyeTcsa B cTAOMJIBHYIO MKOCAdAPUUECKYIO CTPYKTYPY Uepes Ipo-
MEXKYTOUHYIO TeTparoHajabuyio w-Al,Cu,Fe-dasy.
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