HAYKQ

MCMAH

CAMOPACHPOCTPAHH[OLL[,I/II;,ICH BbICOKOTEMITIEPATYPHbIN
CHHTE3 (CBC) TYIOIIAABKHUX HEOPTAHHYECKHX
COEAUHEHUHU B YCAOBHUAX MHKPOI'PABHUTALHNU

A.I MEPXXAHOB, akagemuk PAH; A.C. POFAYEB, o-p dou3s.-mat. Hayk; B.H. CAHUH, kaHAa. TexH. Hayk;
A.C. CbIYEB, kaHa. TexH. Hayk; B.A. LLEPBAKOB, o-p dus.-mart. Hayk; B.U. KXBWUA, o-p TexH. Hayk, npod.

WccnepoBaHus, npoBeaeHHbIe B LLEHTPOOEXKHbIX YC-
TaHOBKaX MNPV NOBbILLEHHbIX Neperpy3kax, BbISBUIM CUITb-
Hoe BnusiHWe rpaButaummn Ha Bce ctagum CBC-npouecca:
ropeHune, opM1poBaHne XMMNYECKOro 1 (pa3oBoro co-
CTaBOB, MaKpO- 1 MUKPOCTPYKTYpPbl NPOAYKTOB CUHTE3A.
MNepBoe uccregoBaHme BNNSHUSA HEBECOMOCTU (MUKPO-
rpaeutaumm, a = 102 g) Ha CBC-npouecc 6b1r1o ocylie-
CTBIEHO B YCIOBUSIX NorieTa camorieTa no napabonuye-
CKOW TPAEKTOPUK Ha NpUMepe ropeHnsi SNeMeHTHON Cu-
ctembl Ti+ C +6ypa.

B panbHeriwem kpyr CBC-cuctem, nay4yeHHbIX B yC-
NOBUSX MUKPOrpaBuUTaLym, Obin CyLLIECTBEHHO PaCLUMPEH.
[o HepaBHero BpemMeHu Anst UCCNeaoBaHnst BNUAHUS
MukporpasuTaummn Ha CBC-npouecchl ncnons3osanu ca-
MOMETbI, LWaxTbl 1 pakeTbl. OfHaKo orpaHU4eHHoe BpeMsl
COCTOSHWSI MUKPOTPaBMTaLMm NPENSITCTBOBASIO U3Y4EHNIO
TaKUX ANMTENbHbIX NPOLLECCOB, Kak hopMMpoBaHme da-
30BOro coctaBa ¥ MUKPOCTPYKTYpbI npoaykTos B CBC-
npovieccax. Bnepsble 370 orpaHnyeHme BbIro CHATO B UC-
cnenoBaHusX, NPOBEeAEHHbIX aBTOPaMU HacTOsILLIEN CTa-

TbW Ha KOCMUYECKOW cTaHLMm « Mup».
B aKkcrnepumeHTax o Bbl-

ABNEHUNIO BITUAHUA rpaBuUTa-

CTBEHHOW rpaBuTaLyn, BbICOKON NCKYCCTBEHHOW rpaBu-
Taumm (Ha LeHTPOBEXHbIX yCTaHOBKaXx Npu neperpyskax
a=1-1000 g) 1 B ycrnioB1six MMKporpaBmuTaLMn Ha Koc-
Muyeckon cTaHumm «Mup» (a =102 g).

JIJABOPATOPHDLIE HASEMHBIE JRCIIEPUMEHTDI

dopmupoeaHue nopucmocmu

nod enusiHUEM ecmecmeeHHoU 2pasumayuu

PeakuMOHHbIE CMECK FOTOBWIU C UCMOMNb30BaHNEM M0-
poLukos TuTaHa (IMTM), Hukens (MHK-1), anomuHns (ACH-
4) n caxn (T804). CocTaB UCXOOHON CMECH paccHnTbIBa-
N NCXOAS U3 CrieayHoLLEero ypaBHEHMS XUMUYECKOM pe-
aKkumm:

a(Ni+Al) + (1 - a)(Ti+0,6C) — aNiAl+(1-o)TiC,,
T.€. B pacyeTe Ha obpasoBaHue AByx npoaykTos: TiC 1
NiAl. B kauecTBe rasndumumpytoLlencs obaBky B cMech
BBOAUM TeTpabopar Hatpus (6ypa, Na,B,0.[10H,0) c Tem-
nepatypon pasnoxeHuna 800 °C. B npoBeaeHHbIX
3KCrepUMEHTaxX BapbUpoBarm: COCTaB peakLMOHHON CMe-
cu (BenNnUuHy ), cogepxaHue rasnuumpyroencs go-

I1, %

LU 1 MUKPOrpaBmTaLmMmn Ha | ;5
CBC-npovecchbl bbinm ncecne-
[0BaHbl 3NEeMEHTHbIE CUCTe-
Mbl (Ti+C, Ni+Al, Ti+C+Ni,
Ti+C+Ni+Al u gp.) ¢ nnass-
LLUMMUCS UCXOOHBIMW U NPO-
MEXYTOYHBbIMU KOMMOHEHTa-
MW, a TakkKe CUCTEMbI TEPMUT-
Horo Tvna (NiO+Al NiO+Ni+Al
W Ap.) C NNaBsLLUMUCS UCXOA-
HBIMU 1 KOHEYHBIMU MPOAYK- |

D, r/cm®
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TaMU ropeHns. [ns conocras-
J1IeHnA pe3yrbraTtoB 3KCnepun-
MEHTbI NpoBOANIIN B na6opa-
TOPHbIX YCIoBUAX MPpuU ecTte-

TiC,, 20 40 60

HAYKA - MPOU3BOACTBY. 2001. N2 10 (48)

a, % (macc.)

40 60 80 NiAl

a, % (macc.)

80 NiAl TiC,, 20

Puc. 1. 3asucumocmu ysenu4yeHusi o6bema (1); nmomHocmu (2); obwel (3), 3aKpbi-
moli (4) u omkpbimoli (5) nopucmocmu om cocmaea KOHe4HOo20 NPodyKma
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MCMAH

GaBku, NNIOTHOCTb MCXOAHOrO OOpa3Lia 1 ero NonoXxeHve
OTHOCUTENBHO BEPTUKAIbHOM OCH.

Ha puc.1 npeacrasneHbl 3aBUCMMOCTU YBENNYEHNS
obbema (kpuBas 1) n NNOTHOCTM (KpuBas 2) KOHEYHOTO
npoAyKTa OT coCTaBa peakLMoHHON cmecu. BuaHo, uto
npv ropeHun cmecein Ti+0,6C n Ni+Al (kpanHue TouKn),
copepxawymx 1% rasnduumpyrolencs nobasku, 06bem
KOHEYHOro NpoayKTa yBenMyMBaeTcs B NepBoOM Cryvae
B 3 pasa, a BO BTOPOM — Tosibko Ha 30 - 40%. NnoT-
HOCTb NOPUCTOro 0bpasLia 3 kapbuaa TntaHa— 1,0 r/cm®,
a anoMuHuaa Hukens — 2,5 r/em®. O6Las nopmucTocTb
KOHEeYHbIX NpoayKToB cocTaBngaeT 75 n 55% cooteeT-
CTBEHHO.

B npovecce cuHTe3a obpasyeTcs AByxdasHbIi KOHEY-
HbI NPOAYKT, COAEePKaLLIMN TiCO,6 nNiAl. MMpun ontumans-
HOM cofiep>kaHum anomvHuaa Hukens — 80% (macc.) —
OOCTUraeTcs HambornbLuee yBenuyeHve obbema (g = 5),
a NNoTHOCTb KOHEYHOTO NPOAyKTa cocTasnsaeT Bcero 0,58
— 0,6 r/cm®. Mpu aTOM 06LLAs NOPUCTOCTL COCTABMSAET
90%, 3akpbiTas —80%, oTkpbiTasg — 10%. CpegHun gua-
MeTp cdhepudeckmx nop 2 — 3 mm. OTaernbHbIE Makpono-
pbl UMetoT gnameTp 5 — 6 mm. TonwmHa cteHok 0,1 —
0,15 mm.

MakcumarnsHoe cogepaHune 3aKpbITbIX Makpornop npu
MaccoBoM cooTHoLeHnn TiC :NiAl = 1:4 (cM. puc.1, kpu-
Bas 4), No-BUANMOMY, CBA3aHO C HEMOHOTOHHbIM U3Me-
HeHVieM 051 XUAKON dbasbl B KOHEYHOM NpoaykTe. PeHT-
reHoda30BbIN aHanM3 nokasarl, YTO KOHEYHbIN NPOAYKT
COAEPXMT HECTEXOMETPUYECKUI Kapbna TntaHa TiC 1
aniomvHng Hukenst NiAl. Paznuuve B KpUCTannmueckmx
CTPYKTypax 3TUX COeAUHEHWI nNpeanonaraet obpasosa-
HMe 9BTEKTMKM, COCTaB KOTOPOW CMELLLEH B CTOPOHY 60-
Iee rerkonnasKoro coeguHeHnsa — NiAl.

MuVKpPOCTPYKTYpPbl MTOPOBOro MPOCTPAHCTBA KOHEYHbIX
06pasuoB 13 TiC, , v NiAl umetoT Ka4ecTBeHHOe pasnu-
une. ObpaseL 13 kapbraga TUTaHa COAEPXKUT, B OCHOB-
HOM, OTKPbITble MaKpomnopbl, 00pa3oBaHHbIE NNACTUHKa-
My TonwmHor 0,2 - 0,3 mm. CpegHee paccTosiHne Mexay
nrnacT1HKamu (XapakTepHblii pasmep Makpornop) cocTaB-
ngaet 1,5 - 2 MM. ANIOMUHWA HAKENSA COOAEPXNUT 3aMKHY-
Thble nopbl cchepryeckort hopmbl anameTpom 0,1 - 0,2 mm.

leomeTpryeckme pasmepbl 0OpasLia 3aBUCAT OT coaep-
YKaHWs1 OTKPbITbIX M 3aKPbITbIX Makponop. Mpu ropeHnn
cmecu Ti+0,6C 0bpasyroTcsi, B OCHOBHOM, OTKPbITbIE MaK-
pornopbl. ATO NPUBOAMUT K TOMY, YTO MPUMECHbIV ras He
oKasblBaeT pacLUMpSIOLLEro AeNCTBUS B paavarnibHOM
HanpaBneHuu, No3ToMy AnameTp obpasua He U3MeHsIET-
Csl— pacTeT ToNnbKo AnvHa. MNMpu cuHTe3e meTannokepa-
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Puc. 2. 3asucumocmsb yeenu4veHusi o6bema MmemarnJio-
KepaMu4yecKo20 rneHomamepuasia om Maccoeo20 CO-
OdepxaHus 2asugpuyupyrouelicsi 0o6aeku e peaKyUuoH-
Holi cmecu
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Puc. 3. 3asucumocmu yeenuveHusi o6LeMa KOHe4YHO-
20 npodykma (1) u ckopocmu 20peHusi (2) om omHocu-
mesibHOU MNIOMHOCMU Wuxmoeolu 3a20moeKu

MUYECKOW NeHbl 00pasytoTcs 3aKpbITble Makpornopsbl. B
3TOM cryyae ob6pa3seL, pacLLMPSETCs Kak B OCEBOM, TaK 1
B pagmanbHoM HanpasrneHuun. lnameTp obpasua B xoae
ropeHus ygenuumsaetcs Ha 40 - 50%.
DU3NKO-MEXAHNHECKIE XapaKTEPUCTVKM MOPUCTLIX Ma-
TEepMaroB B 3HAYUTEIbHOW CTEMEHN 3aBUCAT OT CTPYKTY-
pbl MOPOBOro NPOCTpaHcTBa. MopucTbIv kKapbug TuTaHa
obnagaet aHM30TPOMHLIMM CBOWMCTBaMM: MPeAert NPoYHO-
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CTM MPU CKaTUM B OCEBOM HanpasneHn 1,1—1,510° MMa,
aB pagmansHom 5,5 —7,1010° MIMa. Kepamuueckui neHo-
MaTepuar nNposiBnseT ogHOpodHbIE cBonCTBa. B oceBom
paanansHOM HanpasreHnsX Npeaen NPOYHOCTU NPK OKa-
Tum coctaenset 7,9 — 11,8107 MMMa.

3aBMCMMOCTb yBENMYEHUsT 0O beMa KOHEYHOIO Mpo-
[OyKTa OT cogepaHus B LUMXTe rasndunumpyroLlencs ao-
DaBkv npeacTaBneHa Ha puc. 2. BugHo, 4to Hanbonb-
Lee yBennyeHne obbema NpovcXoauT Npy BBEAEHUN B
wmxty 1% (macc.) Na,B,0,00H,0. Mpn koHUeHTpaumu
pobaekm meHee 1% acpdekT ocrnabeBaeT 13-3a HU3KOTO
[JaBreHns NPUMECHbIX ra30B B Nopax KOHEYHOTO NPOAYK-
Ta, a Npu KoHUeHTpauun donee 1% — BO3MOXHO, U3-3a
yMeHbLLEeHNS AedbopMUpyeMoCTn MaTepmana.

Ha pwvc.3 npeacrasneHbl 3aBUCUMOCTU U3MEHEHWS
o6bema kKoHe4Horo npoaykTa (kpusas 1) U CKOPOCTM ro-
peHus (kprBas 2) OT OTHOCUTENBHOW NIOTHOCTU MCXOOHO-
ro obpasua.

Mpun n3amMeHeHnn NNOTHOCTM MCXOAHOro obpasua oT
0,5 000,75 e yBenunuuBaetcaot2805,aU-0T10,5 1o
3,4 cv/c. JanbHenwee yBenuyeHme ninoTHOCTU LUNXTO-
BOW 3aroTOBKU NMPUBOAUT K YMEHbLUEHMIO 06beMa Ko-
HEYHOro NPoaykTa.

BnsHme ckopocTy ropeHnst Ha 06 beM KOHEYHOTO Npo-
[AyKTa CBA3aHO C NOTEPSIMU NPUMECHOTO rasa 13 obpas-
ua. OHM NponcxogAaT Kak B 30HE Nporpesa, rae oTcyT-
cTByeT xuakasi pasa, Tak 1 B 30He pearrpoBaHuns 4o 06-
pasoBaHWs CrIOLLIHOIO cros Xuakon dasbl. C ysenuye-
HVYEeM CKOPOCTM roOpeHUst MPUMECHbIV ra3, BbiAENUBLLMNIA-
CS1 B 30HE Nporpesa, He ycrneBaeT NoKnHyTb obpasel. OH
nonagaeT B 30Hy pearvpoBaHus, NoBbILLIAs AaBrieHne rasa
B Mr1acTMYHOM NpoaykTe ropeHus. Kpome Toro, npu Bbl-
COKOW CKOPOCTY ropeHust IpomcxoauT ObicTpoe o6paso-
BaHMe CNOLLUHOro Crnos Xuakon asbl, cogepxallen
3aMKHyTble Makponopbl. Oba npouecca nNpuBoaAT K
YMEHbLLEHUIO MOTEPb MPUMECHOTO rasa 1 yCuneHuto ad-
hekTa neHoobpa3oBaHus.

MCMAH

[Mpw cMHTE3e MeTannokepammyeckoro neHomartepua-
na, cogepallero kapova TMtTaHa u antoMUHUA, HAKENS,
KOHEeYHbIN NpoayKT nnasutcd. Bpems cyliectBoBaHus
pacnnasa 3aBUCUT OT Temna oxraxzaeHus obpasua. OHo
3HaYMTENBHO YBENNYMBAETCA B CryYae nnaBreHns Ko-
HEYHOro NpoaykTa. YBenuyeHne KonmyecTBa XUOKON
dasbl U BpeMeHW ee CyLLeCTBOBaHUSA NPUBOAUT K hop-
MUPOBaHMIO 3aMKHYTbIX NOP cheprnyeckon hopMbl.

Takum 06pa3oM, B yCIOBUsSIX ECTECTBEHHOW rpaBuTa-
Ln nony4veH MeTannokepammyeckmin neHomatepman (c
nopuctocTbio 0 90%).

AkcnepumeHmbl 8 UeHMPOBEXXHbLIX yCMaHOBKaXx.
UHmepnonsiyuoHHasi Memoouka
MUuKpozpasumauyuoHHbIX a¢hghekmos

[na dopoHTanbHbIX NPOLIECCOB MOXHO CO3[aBaTb He
TOMBLKO MONOXUTENBHbIE (CKUMatoLLME), HO M OTpULaTENb-
Hble (pacTarmBaroLLye) neperpy3kn. Takom Noaxopn, no3so-
NseT CBECTN AKCTPanonALMOHHYIO 3a4ady (Ha ycrosus
HEBECOMOCTM) K MHTEPMNONALMOHHON. [1ns 3Toro Heobxo-
OVIMO MONyYnTL B BETBM 3aBUCUMOCTEN XapaKTePUCTUK
npoLecca OT BEMNWUYMHBI 72 IPY NOMOXUTENBHbBIX M OTPULa-
TernbHbIX €€ 3HaYeHUsIX, a 3aTeM AaHHbIE NPOVHTEPNONK-
poBaTb Ha ycnosue n = 0, 4TO, HECOMHEHHO, SIBNSAETCA
Bonee ToO4HOW NpoLiefypOVi MO CPaBHEHUIO C SKCTpano-
naumen. B gaHHol paboTe aTa naes peannsoBaHa aKcne-
PUMEHTarbHO.

OKCMEePUMEHTbI MO BbISIBIIEHNIO BIUSIHUSI UCKYCCTBEH-
How rpaBuTaummn Ha CBC-npouecchl TpoBOAUIN B LIEHT-
pudpyrax, passusatoLmx neperpysku n = 50— 1000. Ons
peLLEHNS UHTEPMNONSALIMOHHON 3aaaum Obiria co3gaHa LieH-
Tpudpyra, obecneurBatoLLas 6onee Grnnskuii K HEBECOMO-
CTU MHTepBar neperpysok (n = 2 —15). YcraHoBka cocTo-
UT N3 POTOPHOW cUCTeMbI 1, BpaLlaroLlerocs nneya 2
(anvHown 2 m), nccneposatenbckmx 6nokos 3 (1nu 6roka
C MPOTMBOBECOM) U Buaeokamep 4 (puc. 4).

Tabrmua 1
Mapamempw! CBC-npoyecca u xapakmepucmuKu nopucmo20 KOHeYHo20 npodykma
MnotHoCTb CrpykTypa
Xuwusockan | Hanpasnonso BOKTOPa | yyonueum obvewa, ¢ | KOO0
P r/zM P npoaykra
Ti+0,6C BHU3 3,5-4 0,39-0,48 HCOJHOPOJIHAS
Ti+0,6C TOPU30HTAIILHO 4,8-5,2 0,34-0,36 OJTHOPOJTHAS
Ti+0,6C BBEPX 5,7-6,0 0,29-0,30 paspyIieHue
Ti+0,6 C+Ni+Al BHU3 2,5-3,3 1,25-0,88 HCOHOPOJIHAS
Ti+0,6 C+Ni+Al TOPU30HTAIILHO 4,0-5,0 0,64-0,58 OJTHOPOJTHAS
Ti+0,6 C+Ni+Al BBEPX 5,3-5,6 0,56-0,53 paspyIieHue
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Puc. 4. Cxema akcnnepumeHmarsnbHOU ycmaHoseKu: 1 —
ueHmpugpyea; 2 — sudeokamepa,; 3 — obpa3subl, copauue
npu nonoxumerneHou (a) u ompuyamernbHou (6) nepe-
2py3kax; 4 — nodxuesarowasi srekmpuyeckas cruparsib

Tabnvua 2

Xapakmepucmuku ucxodHbix o6pa3yoe
u cocmaeoe npodyKkmoe cuHme3sa

HavanbHas | HavanbHas ®da3oBbINf
CocTaB BbICOTa nopucToCTb cocTtaB
nobaBok | TabneTok, TabneTok, npoAyKToB
CcM % ropeHus
Ni 2,05 51 TiG, NisTi
Ni+Al 2,13 48 TiC,, NibAl 3,
TiAl
Al 2,17 44 TiC, Al,
TiAl
Tabrvua 3
lMapamempbl omopeaHHbIX hpazMeHmos
obpasyos
Yucno cpparmeHToB / Macca cpparmMeHTOB (r)
-n Ans obpasuoB ¢ Ao6aBKamMu
Ni Al Ni+Al
1 0 2/1,50 4/0,75
2 0 2/1,50 4/0,75
3 3/1,00 2/1,40 5/0,60
4 4/0,75 - 710,40
5 5/0,60 - 8/0,35
6 - - -
7 - - -
8 7/0,40 5/0,60 -
9 - - -
10 10/0,30 6/0,50 -

[ns uccnenoBanus 6bina BeibpaHa cuctema Ti+0,3C,
B KOTOpYt0 BBOAMNU fobasku: 15% (macc.) Ni unm Al,
nnm Ni+Al n 2%(macc.) Na,B,0,00H,0 (6ypa).

e

OKCnepuMeHTbI, NPOBEAEHHbIE B YCIOBUSAX MONOXU-
TenbHOM rpasButauun (n = 1), Nokasanu, 4To cuctema
Ti+0,8C ¢ MeTannmMyeckumm JoGaBkaMm ropuT cTaumoHap-
HO, C ManbIM1 U3MeHeHNsaMY o6 bema obpasua u siBnseT-
cs1 ynoOHom mogenbio Ans uccnegosaHuii. BeegeHne
rasucuumpytoLmxcst [ob6aBok 6ypbl B HEGOMbLUMX KO-
YecTBax NPUBOAUT K YANMHEHNIO 0OpasL0B 3a CYET No-
pooOpa3oBaHus B NPOAYKTax ropeHnst. BekTopHbI adh-
hekT NPOABNSETCS B UBMEHEHWIN CKOPOCTU ropeHus (cna-
60), yanMHeHun ob6pasLoB Npy rOPeEHUN U yBENUYEHUN
MOPUCTOCTM KOHEYHOTO NpoayKTa (CunbHo) (Tadn.1).

B akcnepumMeHTax cxuranv npeccoBaHHble LUMnH-
Apwvyeckme obpasLbl gnameTpom 8,5 MM, maccon 31 un
MAOTHOCTLIO 2,4 — 2,6 r/cM® (XapaKTepuUCTUKM ucxoa-
HbIX 0Opa3L/OB 1 COCTABOB NPOAYKTOB CUHTE3a NpuBe-
OeHbl B Tabn. 2) 1 M3amMepsnmn ckopocTb ropeHus (no ne-
peMeLLEeHNIo ABMXKYLLErocs ceeTdaerocs poHTa), oT-
HOCUTErNbHOE N3MEHEHMNE OMNHbBI U KOHEYHYIO NopuUc-
TOCTb OOpasua.

OTHocUTenNbHOE YArMHEHE ONpeaernsnv nocre 3asep-
LLEHVIS TOPEeHUs B OCTbIBLUMX OBpasuax: €= (L _—L )L,
roe L, v L_COOTBETCTBEHHO HaYarbHas 1 KoHe4Has anv-
Ha obpasua. [JnameTp 06pasLoB NpaKTUYECKN HE MEHSI-
eTcs1. KoHeYHy NoOpUCTOCTb paccymTbIBany no hopmyrne

L=1-p/Pp
roe p,— NNOTHOCTbL KOHeYHoro obpasua; P, — MMKHOMET-
pyyeckasi NNOTHOCTb KOHEYHOTO NPoAyKTa (AKCNepuMeH-
TanbHas).

PesynbTtathl akcnepumeHTa B LeHTpudyre npuseae-
Hbl Ha puc.5.

AHanms akcnepmMeHTanbHbIX JaHHbIX NO3BOJIAET yC-
TaHOBUTbL CreaytoLLlee:

0 BwuccnegyeMom nHtepsane (-5 < n < 6) ropeHue crta-
LIMOHAPHO — MITHOBEHHAs CKOPOCTb FOPEHNst MOCTOSAHHAs
no AnnHe obpasua;

O npunepexone 13 obnacTv NonoXuTeNbHbIX Neperpy-
30K B 06racTb oTpuuaTernbHbix U yMeHbliuaetcs, a g u Il
yBENMYUBAIOTCS;

O HaunbonbLuee 3HaveHne U HabrtogaeTcs Anst ,ob6asku
Ni+Al.

BrinsiHme npmpoapl 0o6aBoK Ha 3aBUCUMOCTb € U IT
oT n 6ornee crioxHoe.

OKCrepYMEHTbI MOKa3bIBaOT, YTO MPaBUTaLIMOHHOE OKa-
THe 30HbI ropeHus (n>0) yBenuumBaeT CKOPOCTb FOPEHNs,
a Takke yMeHbLLaeT OTHOCUTENbHOE yANMHEHME Y NopU-
CTOCTb KOHEYHOro 06pa3suia. PacTskeHne 30HbI ropeHust
(n<0) okasbIBaET NPOTMBOMOSIOXKHOE BO3OENCTBUE.
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Puc. 5. BnusiHue nepezpy3ku n Ha CpeOHIoH0 JIUHEUHYH0
CKOpoCmb 20P€EHUs (a) u omHocumeJsibHoe yOnuHeHue
(6) cucmembi: 1—Ti +0,8C; 2— (Ti + 0,8C)+ 15% Ni; » —
UHmMepnosAayuoHHbIe MoYKuU

Kpome Toro, B akcnepumeHTax 6birio 0OTMEYEHO, YTO
npu 4OCTaTO4HO DONbLLON OTpULLATENBHON Neperpyske
NPOMCXOAMT NOOYEPEaHbIN OTPbIB doparMeHToB obpasLia
No Mepe NPoABVXXEHUSI PPOHTA FOPEHMSI.

B 1abn.3 nprBeaeHbl AaHHbIE MO NapaMeTpam OTopBaH-
HbIX hparMeHTOB 06pa3LIoB. STV AaHHbIE MO3BONSAOT Cae-
naTb rpyGyto oLeHKy Npeaena NpoYHOCTU Ha pa3pbIB ro-
psLWmxX 00pasLoB Nno opmMyne

0 =mng/S,
roe m — Macca OTOpBaHHOro pparmeHTa; S — nnowaib
nonepeyHoro ceveHnst obpasa. OLeHKM NOKa3bIBatoT, YTO
0 =520, 700, 280 Na cooTBETCTBEHHO B Cryyasx fobas-
KM HUKENS, antoMUHUS U HUKESS C arntoMUHUEM.

[MaBHbIN pe3ynbTar paboTbl — MONyYeHNe MHTEPNONs-
LUMOHHbIX AaHHbIX. X 3Ha4YeHnsl, oTMeYeHHbIe Ha puc.5,
ObInn NpoBepeHbI NPU NPOBEAEHUN MUKPOrPaBUTaLMOH-
HbIX 9KCNEPUMEHTOB.

KROCMMYECRKRUE O9RCITIEPUMEHTDI

OcHoBHas cepud 3KCNnepnmeHTOoB MNo peann3aunm ro-
PeHuA B yCNnoBnUAxX MUKporpasnTaunm Ha CtaHumm «MMp»
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MCMAH

1 CpaBHUTENbHbIE HAa3eMHbIE SKCNEPUMEHTbLI NPOBEAEHDI
Ha ycTaHoBke «OnTM30HY, paspaboTtaHHon B HAW «Ha-
YYHbIN LIeHTp» ANA NpoBefeHMs 30HHOW MIlaBKku B HEBe-
COMOCTMW.

BnusiHue Mukpozpasumayuu Ha ¢hopmupogaHue
nopucmocmu. lMpoeepka uHMePNOAAUUOHHOU
Memoouku

OKcnepuMeHTbl Ha ycTaHoBke « ONTU30H» NPOBOAWIU
npv gaenexHun sosayxa 0,4 atm. [Ins cuHTesa ncnons3o-
Banu cmecu Ti+C n Ti+C+Ni. [Nocne nepemelumBaHus
NCXOOHbIE CMECH NpeccoBanu B TabneTku JuameTpom
8,5 Mm 1 BbicoTor 20 MM. TabneTku noMeLLani B kBapLie-
Bble CTakaH4mkn guametpoM 13 Mmm n BeicoTor 80 MMm.
[Mocrne akcnepyMeHTOB Ha cTaHUmK «Mupy» obpasLibl Obinn
[JocTaBneHbl Ha 3eMrto Ans uccregoBaHun. Pesynsratsl
COMOCTaBUTENBHOro aHanM3a NpeacTaBeHbl B Tabn. 4 n
5. BugHo, 4To pesynbraTthl 9KCNEPUMEHTOB, NPOBEAEH-
HbIX Ha cTaHumM «Mup», 1 NonyYeHHbIe B nabopaTtopum ¢
WCMONb30BaHMEM UHTEPMONSILIMOHHOM METOANKM XOPOLLIO
coBnagatoT. OgHaKko MUKPOCTPYKTYPbl KOCMUYECKUX U
3eMHbIX 06pa3LIoB 3aMETHO Pa3nM4aloTCs: KOCMUYECKNE
06pa3supl GopMMpyrOTCSH B BUAE NEHbI, @ 3eMHble 06pas-
Lbl MMEKT BUL, CPOCLUNXCS 3EPEH C YETKOW OrpaHKOMN.
Tarkke cunbHO pasnuuatoTcsa pacnpenerneHnsi NopucToc-
T NO BbicOTe 06pasLoB (puc. 6).

I1, %

0 70 140 210 280 I, mm

Puc. 6. PacnpedeneHue nopucmocmu o osiuHe obpa3s-
ya, nosry4eHHo20 8 1labopamopHbIX yC/108USIX MPU 20-
peHuu 8 eepmukasibHoM (1), 2o0pu3oHmasibHoM (2) rno-
JIOXKEHUSIX U 8 YCJI08USIX MUKpo2pasumauyuu (3)
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Tabnvua 4

CornocmaesieHue uHmMepnosissyUOHHbLIX U KOCMU-
4YeckKux pe3ynbmamoe 0sisi cucmembi Ti+0,8C

3KCI'IepI/IMeHTaJ1beIe ycnoBus

3HaueHus,
CBC-napameTpbl | UHTepNONsLMOH- | MOJyYeHHble
Hble 3HaYeHus Ha cTaHuum
«Mwup»
CkopocTb 2,7 2,6
TOPCHUS, CM/C
OTHOCHUTEIBLHOE 1,2 1,3
yasmHenue, %
XUMHUECKUI Coou, — 16,6 Coou. — 16,5
cocrag, % (macc.) | Coon, — 0,33 Coom. — 0,3
Ti - ocTaysHOE Ti - ocransHOE
Da3oBbIi cOCTAB TiCy TiCy

Tabrmua 5

CornocmaerneHue UHMepPnoJsIsIyUOHHbLIX U KOCMUYe-
cKux pe3ysibmamoe 0sisi cucmembi Ti+0,8C+15%Ni

3KCHepMMeHTaHbeIe ycnoBus

3HaueHus,
CBC-napameTpbl | UHTepnonsLMOH- | MoNy4yeHHbIe
Hble 3HaYeHus Ha cTaHuum
«Mwup»
CkopocTb 2,2 2,3
TOPCHUS, CM/C
OTHOCHTENBHOE 0,9 0,95
yasmHeHue, %
XUMUYECKUM Coom, — 14,0 Coom. — 14,6
cocras, % (macc.) | Cy. — 0,1 Coom. — 0,1
Ni - 15 Ni - 15
Ti - ocTaisHOE Ti - ocransHOE
Da3oBbIii cOCTaB TiCy, NisTi TiC,, NisTi

Tabnuua 6
BnusiHue Mukpo2pasumauuu Ha nomepu eeujecmea npu
20peHuU u xapakmepucmuku ¢hazopa3sdesieHusi

HQYKQ

Peanu3sayusi )xudko20 nnameHu 8 KocmMoce

B npegBapuTenbHbIX ccreoBaHusax Ha 3emre Obin
npoBeaeH NOUCK UCXOAHOW CUCTEMbI ANg peanusaumm
XXMOKOrO NiamMmeHun B yCNoBUAX MUKporpasuTaumu. o pe-
3yrnsratam TepMOAMHAMMYECKOrO aHarnmn3a v SKCrepuMeH-
TOB B Ka4yeCTBe MofernbHoM Obina BbibpaHa cuctema, co-
croswas n3 60% TepmuTHOM cuctemsl 3NiO+5A1 1 40%
anemeHTHon cmeck Ni+Al. BpyTTo-cxema XMM1UYeCcKoro
npeBpaLLeHns 3To CMecu UMeET BUA,

3NiO+39/5A1+14/5Ni — 29/5NiAl +AL O, .

MopenbHas cMech yO0BNETBOPSIET OCHOBHLIM TPebo-

BaHMSIM KOCMUYECKOrO XXMAKONIaMEHHOTO SKCepUMEHTa:
0 npw ropeHnn JocturaeTcsa BbiCOKasi Temneparypa
(2650 K), npn koTOpON BCE KOHAEHCMPOBaHHbLIE BELLe-
CTBa (MCXOAHbIE, MPOMEXYTOUHbIE U KOHEYHbIE) HAXOOAT-
Cs1 B XKMOKOha3HOM COCTOSIHMM, @ KOHLEHTpauusi ra3oo0-
pasHbIX MPOAYKTOB (NapoB 1 cyboKkcnaoB) Mana;
[0 ropeHue cMecu NpoUCXoauT B CTaLMOHAPHOM PEXM-
Me C HeBbICOKOM ckopocTblo (-0,5 cm/c), noTepu Belle-
CTBa B pe3yrnbTare gucneprupoBaHus pacnrasa He npe-
BbILaloT 1%, a NpoayKTbl rOPeHUs (OKCUA antoMUHUS U
antoMUHNA HUKENSA) UMEIOT NIUTON BUA C YETKUM pasae-
TNEeHVEeM CIIOeB.

[ns cuHTesa ncnonb3oBany nopoLlky NiO, Nin Al c
pa3mepom vactuL, meHee 10 mkm. [Nocne nepemelumnsa-
HWUS1 ICXOLHbIE CMECH NpeccoBanu B TabrneTkn maccon
4,5 1, pnametpom 8,5 MM u BeicoTo 20 MM. TabneTku
nomeLLanu B KBapLieBble CTakaHYUKM AMaMeTpom 13 Mm
1 BbicoTor 80 MM. BuayanbHbIi aHanmn3 npoayKToB rope-
HWS1 BbISIBWI, YTO U B YCITOBUSIX MUKpOrpaBuTa-
L1, 1 B 3€MHbIX YCIOBUSIX MPON3O0LLIO pa3ae-
NeHve MeTarnnmM4YecKom n okcuaHom das. B o6o-
UX Criyqasix NpoAayKTbl FOPEHUSI UMEIOT IUTOMN

Yenosus nposeaeHus BMA. /13 conocTaBneHns xapakTepucTuk npo-
n 9KCNEePUMEHTOB
apamMmeTpbl 107 1 Pa3nuuHbie AYKTOB rOpEeHns1 B MUKPOrpaBUTaALMOHHbLIX U
a= a=
9 9 3HaveHuA €CTECTBEHHbIX 3&MHbIX YCITOBUSIX CriedyeT, YTo
Haaga;bHaﬂ macca 4,5 4,5 4,5 OHM Mario pasnuyarotcs (tabn. 6).
TaONEeTKN, 1 Y/
Koneunas macca 4.0 3.9 45 PeHTreHodha30BbIn aHann3 nokasan naeH-
npogykTa, r TUYHOCTb MPOAYKTOB rOPEHWS, MOMyYeHHbIX Ha
KoHeuHas macca 3,43 3,30 3,73 cTaHumm «Mup» 1 B 3eMHbIX ycroBusix. B 06o-
MeTannuyeckon gasbl, r VX Cryyasix MeTannuyeckas asa npeacras-
gog'e”*'gf' ;cha 0,57 0,60 0,77 nsieT coboit antomuHna Hukens (NiAl) ¢ OLLK
KCnaHou bl, I o
Fry6uHa 11 13 ; peLLeTKON, a OKCUaHas cbasva SABNAETCS OKCU-
avcnepruposanus, % OOM antoMUHUS C peLLeTkon KopyHaa. Takum
(macc.) 06pa3om, MOXXHO caenaTb BbIBOA, YTO rpaBu-
Monrora Ef,"'xop'a 92 88 100 Taums crnabo BNMsieT Ha NpoLecchl Aucnepru-
meTanna, %(macc.)
MonHoTa Bbixoaa 74 78 100 poBaHUs, POPMUPOBAHUS XMMNYECKOTO U ha-
okcnga, % (macc.) 30BOro COCTaBOB MNPOAYKTOB ropeHud, a Takke
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20 MM

8emcmeeHHO

Puc. 7. Makpocmpykmypbl o6pa3yoe: a — UucxoOHo2o; 6 u 8 —
10/1y4eHHbIX 8 KOCMUYECKOM U Ha3eMHOM 3KcriepuMeHmax coom-

Hew NOBEPXHOCTM OKCUOHOW cdepbl Obino 06-
Hapy>XeHo YepeoBaHUe MeTanMyeckmx 1 ok-
CYAHbIX NOMOC, MPUYEeM MeTarnmyeckme nono-
Cbl UIMEIOT ANCKPETHOE CTpoeHne. MeTannmyec-
Kve YacTuLbl, U3 KOTOPbIX hOPMUPYIOTCS PSAbI,
UMeLT rpnboBuaHyto hopmy, cogepkat Nin Al
(pnc.9) 1, No AaHHLIM PEHTIEeHOBCKOro aHarnu-
3a, aBngtoTcs nHtepmetannugamm (NiAl). Ha
BHELLIHEN MOBEPXHOCTU METaNMMYeCcKme «psiapl»
OTCYTCTBY!OT, 1 6onbLUas YacTb ee — 3epKarb-
HO-rnagkas. AHanma cedeHnst OKCUOHOW MIEeHKN
BbISIBUIT MHOXXECTBO KaHaroB OKPYITioro Ce4eHus],
BbIXOASLLMX BO BHYTPEHHIOK MOMocTb cdhepbl.
Ha noBepxHOCTH 3eMHbIX 06pa3LI0oB MeTanmyec-

Ha MoNHOTY dhasopasfeneHnss MeTanMyeckom u oKCua-
Hou ¢has.

B ycrnoBusix MukporpasmTaumm okeugHas dasa op-
MUpYeTCsl B BUAE TOHKOCTEHHOM 060M0YKN (BbITSHYTOrO
cdreponga), Ha norrcax KOTOPoro pacronaratTcs Me-
Tannuyeckue rnobynbl cpepryieckort hopmMbl IPUMEPHO
paBHow maccebl (m ~1,5T) (puc.7, 6). bonee menkne me-
Tannuyeckme cpepmyeckme HYactmubl (m ~ 0,2 -0,3 1) Bbinm
obHapy»keHbl B KBapLIEeBOM CTakaHumke. O6LLas BbicoTa
KOHCTPYKLMN NPUMEPHO paBHa BbICOTE MCXOAHOV Tabner-
Kku. Mony4eHHble B 3eMHbIX YCIOBUSX NPOOYKTbI FOPEHNS
UMenuv BUA OBYX MITOTHbIX LMNNMHOPUYECKUX CIOEB C YeT-
KMM pasgeneHnem MeTtanin4eckoro 1 OKCMOHOro CHoeB
(puc.7, 8). ObLas BbicoTa Cnoes B 4 pa3a MeHbLLUE Bbl-
COTbI MICXOAHOro 0bpasLa, a AMameTp CrioeB paBeH ana-
METPY KBapLIEBOIo CTakaH4M1Ka.

Kpome Toro, 6b1r10 BbISIBNEHO 3aMETHOE pasnvyine MUK-
POCTPYKTYP BHELLIHEN N BHYTPEHHEN MOBEPXHOCTEN OK-
cvaHoN a3kl NPOAYKTOB ropeHus (060no4kn) B ycrno-
BUSIX MUKporpasuTauum (puc.8, a,6). Tak, Ha BHyTpeH-

i TE
~

Puc. 8. Mukpocmpykmypa numsbix npodykmoe 2ope-
Husl 8 ycrioguUsIX MUKpo2pasumayuu: a— KoCMu4YecKue;
6 — 3eMHbIe 3KcriepumMeHmbli (x 400)
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Puc. 9. PacnpedeneHue
3/1eMeHmos8 8 Memarnsnu-
YyecKux 4Yacmuuyax Ha
noeepxHocmu OKCUOHOU
o060Js10YKU: a — a5ileMeHm
nosepxHocmu; 6 — pacrpe-
OeneHue Ni; 8 — pacripede-
neHue Al 8 ghaszax (x 6000)

Kve YacTuLbl MpaKTUYECKN OTCYTCTBYHOT, a MOBEPXHOCTb
VMEET SIPKO BbIPXKEHHDBIV penbead).

Peanu3ayusi 6eCKOHMakmHo20
20OpPeHUsi 8 KOCMoOcCe

B kadecTtBe peareHToB MCMonb30Bany Yactuubl Al cipe-
pryeckon popmMbl, MOKPbLITLIE CIIOEM HUKENS (XapakTep-
Hbl pasmep nnakMpoBaHHbIX YacTtmy 100 - 150 Mkm)
(pv1c.10). TonwmHa NOKpbITUA Oblna BeibpaHa Takom, YTo-
Obl B KaXkO0W NNakMpoBaHHOW YacTuLe COOTHOLLEHME
Ni/Al ObIri0 9KBUATOMHBIM, YTO COOTBETCTBYET ONTUMASb-
HOMY COCTaBy cMecu. TO obecrneymBano npoTekaHne Xo-
poLuo n3yyeHHon npocrteniet CBC-peakumnm c obpaso-
BaHVEeM MOHOANOMUHMAA HUKENS:

Ni+Al = NiAIHQ.

MnaknpoBaHHbIE NOPOLLKN Oblnn yA0OHBIMM AT 9KC-

nepuMeHTOB bnarofaps HaAeXXHOMY KOHTaKTy peareHToB
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(HVKensa 1 antoMUHUSA) HE3aBUCUMO OT PaCCTOSHUS MEX-
Ay JYactruamu.

W3yyanu aBa Tvina 06pa3LioB, 3roTOBIEHHbIX B flabo-
paToOpHbIX YCIOBUSIX:

- CPeCccoBaHHbIe 13 NNakMpOBAHHOIO MOPOLLKA LIMITNHA-
puyeckmne 0b6pasLibl C MNOTHOCTbLIO 3,45 r/em® n nopucTo-
CTbto 32%);

- HacbIMHble ¢ NNOTHOCTLIO 2,37 r/cM® 1 NOPUCTOCTLIO
53% (npy HOpMarbHOM CUMne TAXKECTH).

B nocnegHem criyqae nopoLUoOK NOMeLLanu B BaKy-
YMUPOBAHHYIO KBapLEBYO amnyry, npuyem OTHOLLe-
HWe nycToro obbema (nopbl + cBo6OAHasA NONOCTb aM-
nyrnbl) K 06beMy YacTuL B amnyne coctaensno 70/30.
[a3oBblOENeHne B NpoLecce peakunm He3aHaunTeNsHoE,
Tak kak 0b6a peareHTa (HUKernb 1 antoMUHWIA) HAXoaAT-
CH B KOHOEHCUPOBAHHOM (TBEPAOM UMW XMAKOM) CO-
cTosiHUKN. PaBHOBECHOE faBneHve napoB antoMUHNS B

Puc. 10. Mukpocmpykmypa ucxoOHbIX ns1aKkupoeaHHbIX
yacmuy: ceemribili 06000k — Al, memHasi cepduesuHa — Ni

Puc. 11. Mukpocmpykmypsbi u3nomoe npodyKimoe 20-
PpeHus: npeccogaHHo20 obpa3sya Ha 3emrne (a) u Ha OC
"Mup" (6);, obpa3ua ¢ HacbInHOU MI0MHOCMbIO Ha 3emrne

(8) uHa OC "Mup" (2)
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Puc. 12. HacbinHble o6pa3ybl
nocJsie 3eMHO20 U KocMu4e-
CKO20 J3KCrnepuMeHmMos,
Keapueeas amnysa e ucxoo-
HOM COCMOsIHUU

YCMNOBUAX CUHTE3a COCTaBnsano 266 NMa npu Temnepa-
Type ropeHusi 1640 °C. NamepeHune NprMecHoro raso-
BblaeneHust (B8 OCHOBHOM, Napbl BOAbI) B 3€MHbIX YCO-
BUSIX B @aHaANorMyHou amnyre rnokasarno, YTO OHO He
npesbiwaeT 0,00019 monb/T.

MpeccoBaHHble 06pa3Lbl, cropeBLUve Ha 3emne 1 B
KOCMOCe, COXPaHWUM CBO LIITMHAPUYECKYO hOopMy 1
pa3mepbl. [MoBepXHOCTb kKocMUYeckoro obpasua bonee
rnagkas, obnagaet 3aepkarnbHbIM MeTanmy4ecknumv énec-
KOM, M Ha HEN OTCYTCTBYIOT TPELLMHbI U PAKOBUHbI, KOTO-
pble HabnogaTcs Ha 3eMHOM obpas3Lie. B BepxHel vac-
Tn 06pa3uoB, rae NPOMCXoanno 3axuraHve, obpasosa-
NNCb Kannu pacnrasa, 04eBMaHO, BCrieacTBMeE N30bITka
Tenna, NPUHECEHHOO NOAKMUIatoLLIIM JTy4UCTbIM MOTOKOM.
B HEBECOMOCTM HECKOMBKO KPYTIbIX Kanenb AnamMmeTpom
1 — 3 MM oTOpBanuch OT BepXHero kpas obpasua. Mo
OaHHbIM 3NEKTPOHHO-30HA0BOIO U PEHTTEHOCTPYKTYPHO-
ro aHanm3o0B, XMMUYeCK1I U ha3oBbIi COCTaBbl 3€MHOr0o
1 KOCMUYECKOro 06pasL0oB OEHTUYHBLI U COOTBETCTBYHOT
KOHeuHon (hase npoaykTa NiAl. AndopakumMoHHbIe NKK Ha
peHTreHorpaMmmMe KOCMM4ecKoro obpasLia okasanmce 60-
nee yskumu (~ B 1,5 pasa) No cpaBHEHWIO C 3eMHbIM, YTO
roBopuT 0 60nee CoBepLLIEHHON KPUCTaNIIMYECKON CTPYK-
Type. Kak BuaHo u3 npeacraeneHHblx Ha puc.11, a,6 Muk-
POCTPYKTYp M3MOMOB, B HEBECOMOCTM 0Opa3oBanuck 6o-
nee KpynHble 3epHa antomMmHuaa Hukens. B kocmmnyeckom
obpasLe npeobragaet MexX3epeHHbIN U3rIoM, B TO BPeMSsI
KaK B 3€MHOM BENMKa 0N XPYNKoro BHYTPU3EPEHHOrO
M3riomMa, 0 YeM CBUAETENbCTBYIOT XapaKTepHbIe pyybUC-
Tble CTPYKTYpbl Ha dopakTorpamme. CTpykTypa obpasLia,
nory4eHHoro B kocmoce, bonee ogHOpoaHa, B HEN MeHb-
LLE JONS KPYMHBIX @HU30TPOMHbIX MOP, MPU 3TOM OTKPbI-
Tasi NOPUCTOCTb BbILLE Y 3eMHOro 0bpasua, a 3akpbiTasi —
Yy KOCMUYECKOrO.

Takmm 06pa3om, BNMsiHWE HEBECOMOCTM Ha NpoL,ecc
CTPYKTYpOoOGpa3oBaHms NPOsIBMSeTCs B (hOpMUPOBaHUN
Bornee KpymnHbIX U COBEPLUEHHbIX KPUCTAINSOB.
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Puc. 13. Mukpocmpykmypa 3eMHO20 (a) u KocMu4e-
ckoeo (6) obpa3suyoe

HacbInHble o6pasLibl nocre 3eMHOro 1 KOCMUYECKOTO
AKCNEPUMEHTOB, a Takke KBapLeBasi amnyna B UCXoa-
HOM COCTOSIHUM NoKa3aHbl Ha puc.12. B ycnosusix Hop-
MaribHOWN CUIbl TSXKECTU HACbIMHON CNOW MNOPOLLKA Cro-
pen 6e3 n3ameHeHus obbema: He Habnaanock HU pac-
LLMPEHMs Crosi, HK ero ycagku. MpoayKT ropeHust, obpa-
30BaBLUMICS B YCIOBUSIX HEBECOMOCTH, ropa3fo bornee
nopucTbIit (nnoTtHocTb 1,51 r/em®, nopuctocts 70%) 1
nmeeT hopMy BHYTPEHHEro obbema amnynbl. B 06omx
cnyyasax npoaykt coctout 13 NiAl.

Ha puc.13, a,6 nokazaHbl MUKPOCTPYKTYpbl 00pa3LIoB.
OCHOBHOW CTPYKTYPHOW COCTaBMsitoLLIEN 3eMHOro 0b6pas-
Lia SIBMSIOTCS onriaBneHHbIe rrodyribl HenpaeubHOM dhop-
Mbl, 06pasyoLLe NOPUCTLIN MPOCTPAHCTBEHHLIN KapKac.
B cnyyae kocMuyeckoro obpastia 3ToT kapkac boree axyp-
HbIl, CBA3b Mexay rnodynamu criabas, npu Hagaenvea-
HMM KyCO4KM 0BpasLia erko pacTmparoTcs B MOPOLLIOK.

PacLumpeHue npy ropeHmm HaCbIMHOMO NOPOLLIKA OT-
CYTCTBYET, 1 MOSTOMY MOXHO YTBEPXKAaTh, UTO B HEBECO-
MOCTM eLLe 0O Havarna ropeHns YacTulbl paBHOMEPHO
3anofHUNM BeCcb 06eM amnyrbl, 00pa3oBaB yCTOMYMBOE
obnako (Tvna razoB3secu, Ho 6e3 rasa — B Bakyyme). ATo
noaTBEPXAalT U HENOCPEACTBEHHbIE BU3YyarbHble Ha-
ontopeHns netynka-kocmoHasTa A.A.ConosbeBa. Yactu-
Lbl B obrnake MeasieHHO ABWXKYTCSA OTHOCUTENLHO Apyr
Jpyra, uHorga ctankupasicb Mexzay coboi.

Mo>xHO 6bIno Bkl OXKMAATL, YTO YaCTULBI NMOCHe cropa-
HWS1 COXPaHAT CBOK MHAVBUAYANBHOCTb 1 MOCIe BO3Bpa-
LLeHNs aMmnyribl Ha 3eMnto B rpaBUTaLMOHHbIE YCIOBUS
0bpasytoT NopoLLKOOBpa3HbI CIoK NpodyKTa — MOHOaro-
MUHKAa TuTaHa. OgHako B HaLleMm criydae NpoayKT rope-
HUSA MMeEET CKeNneTHYI (KapKacHY) BbICOKOMOPUCTYHO
CBSI3HYH0 CTPYKTYPY. TO 0ObACHAETCA 0COOEHHOCTSIMMU

HAYKA - MPOU3BOACTBY. 2001. N2 10 (48)

MCMAH

ropeHmst NnaknMpoBaHHbIX YacTuu, Ni-Al. B pesynsrate Toro
YTO antMUHWIA NNaBUTCS Npy 6oree HU3KoM TeMnepaTy-
pe, YeM HUKErb, pa3pbiBas HAKENEBYH 060OYKY U Bbl-
Tekasi HapyKy, YacTuLbl MPUOBPETatOT CIOXKHYHO «pasna-
NUCTYO» hopMy C OTPOCTKaMMU, KOTOPbIE NEpPeceKatoTcs
C OTPOCTKaMM APYrvx YacTuL, 1 0b6pasytoT NPOCTPaHCTBEH-
HbI CKerneT.

MexaHu3m nepeaaym Tensa oT CropeBLUMX YacTuL K
ncxogHbIM, 06ecneyvmBaroLLnii aBTOBOSTHOBOW NPOLECC,
MOXeT ObITb CBA3aH Kak C U3y4eHNeM, Tak 1 C KOHTaKT-
HOW TEMONPOBOAHOCTLIO MPU CTONKHOBEHMSIX YaCTULL, 1
NOANEXUT AeTarnbHOMY N3ydeHunto. OnncaHHbIN pesyrb-
TaT, Nofy4eHHbIN B YCIOBUSIX HEBECOMOCTU Ha OOpTY CTaH-
unn «Mup», MMeeT BorbLLOE TEOPETUHECKOE N NPaKTU-
Yeckoe 3Ha4YeHue.

Bo-nepBbIx, yaanocsk ocyliectsuts CBC-npouecc B
nepBoHaYaribHO He KOHTaKTUPYIOLLEN CUCTEME YacCTuL,
(«BeckoHTakTHbIN» CBC). B 3eMHbIX YCIOBUSIX OH OCY-
LLleCTBIEH He Obin. HeBecoMOCTb, Kak BUAHO, NyuLLWIA
cnocob co3aaHns TakMx CUCTEM.

Bo-BTOpbIX, peann3oBaH HOBbIV NOAX04 K CO34aHNI0
BbICOKOMOPUCTbIX MaTepuaros. PaHee ans nonyveHust Ta-
KMX MaTepuarioB B peakLUMOHHYI0 CMeCb BBOLMIN rasu-
duumpyowmecs ob6aBkM UM TePMOpPaCLLUNPSIFOLLNIACS
rpacuT. B pesynsrarte B 30He Nporpesa CUSbHO YBENNYK-
Barics 06bEM MCXOOHOW PeakLMOHHON CMEeCU, N XUMn-
Yyeckasi peaKkLmsi ropeHust NpoTekarna no HA3KOMIOTHOM
cMecu (NNIOTHOCTb OOLIYHO HXKE HaCLIMHOW). 30eCh Xe
VUMEET MECTO JpYro MexaHn3m — 00pa3oBaHme BbICOKO-
NMOPUCTOW CTPYKTYpPbI B 30HE (MW B NPOAYKTaX) FOPEHUS.
OH UMeeT CcBOM AOCTOMHCTBA (Hanprmep, No3BOosISIET NO-
nyyatb 06pasubl-n3aenus 3agaHHon opmbl, Tak kak 0b-
Nako 4acTuL, paBHOMEPHO 3anosiHseT NosocTb Ntobown
dopMbl) 1 MOXKET BbITb KOHKYPEHTOCMOCOOHBIM.

OcobbIli HTEpEC NpeacTaBnseT ocyLuecTeneHe CBC
B 0bnakax ¢ pasHOpoaHbLIMUW YacTuULL @M1 peareHToB (Ha-
npumep, cmecu nopoLukoB Al 1 Ni) Ans gokasaTenbcTBa
POIM ra3oTPaHCMOPTHbIX peakuuii B MexaHuame «besra-
30BOrO» rOpeHus.

Aesmopsbi briazodapsim B.I1. Hukumckozo (MHTL] ro-
J1e3HbIX Hagpy30K KOCMUYECKUX 06 bEKMO8) 3a MoO0epX-
Ky pabombi U UHMepec K Hel, 1emMYUKO08-KOCMOHasmos
B.B.L{ubnuesa u A.A.Conossbesga, T.A.Mycabaesa u
H.M.BydapuHa 3a nposedeHue CBC-3KcriepumMeHmos Ha
OC «Mup», A..NsaHosa u C.H.CasuHa (PKK «3Hep-
eus»), E.B.Mapkosa u B.FO.AHmpornosa (HWUW «Hay4HbIl
ueHmp») 3a codelicmeaue 8 8bIrnoIHeHUU pabomeil.
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