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3.2.1. 9®®EKTHI IEPEMEHHBIX MUKPOYCKOPEHUI
B PACHPEJEJIEHUN TPUMECHBIX HEOJJHOPOJJHOCTEMH
B MOHOKPUCTAJIJIAX InSb:Te, BBIPAIIEHHbBIX METO0OM
BECTUT'EJIbHOM 30HHOM IVIABKU HA CITYTHUKE «®OTOH»

CoBpeMeHHbBIE  JaHHbBIE O  HHM3KOYACTOTHBIX  MHKPOYCKOPEHMSIX,
XapaKTEpHbIX JUII BCEX CIYTHUKOB Tuna «®dOTOH», COMOCTaBIEHBI C
O0COOCHHOCTSIMH paclpeeNeHIs] IPUMECHBIX HEOAHOPOJHOCTEH, OOHAPYKECHHBIMU
B JICTUPOBAaHHOM TEJUTypOM MOHOKpucTamie antumonuna wuHaus (InSb:Te),
BBIPAILIEHHOM METOJOM OECTUIe€IbHOM 30HHOM IIJJaBKM B IIOJIET€ CIYTHHKA
«DoToH-3». B ClOXKHOI CTPYKType NPUMECHBIX HEOAHOPOJHOCTEH — (opme
IPUMECHOTO KaHajla U CIIOMCTOM paclpeiesieHny NPUMECH — YCTaHOBJIEH LENbIN
pAx  nepuoauMyHOCTEM. YacTOThl OTUX NEPUOAUYHOCTEW, BBIABICHHBIE IIpU
00paboTke omudppoBanHoi ¢oTorpaduu nUHMda LHEHTPATBHOTO IPOIO0IHLHOIO
CEUEHMsI U3yUEHHOI'0 KpUCTalla METOJOM CIIEKTPAJIbHOTO aHaJIu3a U300paxeHusl,
COBIIQJIAIOT C YacToTaMU MHUKpoyckopenuidi B auanazonHe 0-0,005I'u. Oto
CBUIETEIBCTBYET O TOM, YTO HPUYMHONW BO3HUKHOBEHMS  yKa3aHHBIX
HNEPUOANYHOCTEN OBLIM KBa3MCTALlMOHAPHBIE MUKPOYCKOPEHMsI Ha CIyTHHUKE, U
NOATBEPKIAET Pa3BUTHIEC IPEICTABICHUS O BIUSHUU MAJIBIX CHUJI IPaBUTAL[MOHHON
Y MHEPLUAIBbHOW MPUPOJIbI HA KOHBEKTUBHBIN TEIJIOMACCOIIEPEHOC B PACILIABAX U,
KaK CIEJCTBHE, HA INPOLECCHl CEerperamuyd MpH BbIPAIIMBAHUU KPUCTAJLIOB
METO/IaMH HAINPABJIEHHON KPUCTAIIIU3ALIMH.

Beeoenue

B nammx paborax [1-9] yxe cooOmanock o pe3yibTaTrax HCCIeI0BaHUs
MPUMECHBIX HEOJHOPOJHOCTEH B JIETMPOBAHHBIX TEUTYPOM MOHOKPHUCTAIaX
antuMmonuna wuHaug (InSb:Te), koTtopeie BHEpBbHIE B HEBECOMOCTH OBLIU
BBIpAIlleHbl MeToAoM OecturenbHor 30HHOM T1uiaBku (B3I1) Ha cmyTHHKe
«DoToH-3». B MNpOAOIBHBIX CEUEHUSAX HTUX MOHOKPHUCTANIOB OOHapyKeHa
HEOOBIYHO CIIOKHAs, KBA3WUIIEPUOJUYECKAs] CTPYKTypa Kak HEOJHOPOJIHOCTHU
kaHampHOTO THNA (dddext rpanmu) [1-7], Tak U CIOUCTONH NPUMECHOU
HEOJHOPOJHOCTH [8, 9]. DTH ABJICHUS MOTYT OBITh OOBSICHEHBI B pAMKaX Pa3BUTHIX
B [4-9] ¢usuueckux TpeACTaBICHHUM W MaTeMaTHYEeCKOrO YHCICHHOTO
mopenupoBanuss  [10, 11], cormacHo  KOTOpbIM 3a  BO3HUKHOBEHHUE
HEOJHOPOJHOCTEN pachpe/iefieHusl TpUMeced KpucTaaiaxX, BbIPAIIMBAEMbBIX B
YCIOBUSX  MHUKPOTPABUTALIMM  METOJIaMH  HAMPABJICHHOW  KPUCTAUIM3ALUU
pacIiaBoB, OTBETCTBEHHBI TMEPEMEHHbIE TI0 BEJIMYMHE U  HAMPABJICHUIO
KBazucTanmoHapuele (¢ 4acroramu [<0,01 'm) wmukpoyckopenus (Ug),
nercTBytonme Ha OopTy kocmuueckux ammapatoB (KA), T.e. manble CHIIBI
I'PaBUTALIMOHHOM M MHEPLUHUAIBHON MPUPOIbI. DTU g BIUSIOT HA NOJIA TEUEHUU,
TEMIEpaTypbl U KOHIEHTpAIlMd B KPUCTAUIM3YIOIIUXCA paciulaBax W,
COOTBETCTBEHHO, Ha CETperaiyio 1 BOSHUKHOBEHUE MTPUMECHBIX HEOJHOPOTHOCTEN
B MOHOKPHCTAJIJIAX, BBIPAIIUBAEMBIX U3 3TUX paciuiaBoB [12].

st mpouieccoB B3I1 Bo3aMokHOCTH Takux 3((EeKTOB Mpu BO3ACHCTBUU |
NOATBEPKACHA  YUCICHHBIM  pPEIICHUEM  JBYMEPHBIX  3aady  KOHBEKIUU
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IPaBUTAIIMOHHOTO M KaNWUISAPHBIX TUIOB B pacIjlaBe Kak MPU MOCTOSHHBIX g,
HaIIPaBJICHHBIX BJOJb WIHA MONEPEK KUJIKOU 30HBI [5], TAK U IPU NEPUOANYECKU
W3MEHSIOMINXCS 10 BEIWYMHE [lg, NEWCTBYIOUIMX BJOJb MPOJOJIBHON OCH
BbIpaniuBaeMoro kpucrasmia [13].

[Tonydenne sKCEPUMEHTANbHBIX JIAHHBIX, HA OCHOBAHUM KOTOPBIX MOKHO
JIOKa3aTh CBSI3b OCOOCHHOCTEH CTPYKTYpbl HEOJAHOPOIHOCTEH B KpHUCTAIIaX C
U3MEHEHMSIMU [Lg IO CHUX MOp ObUIO 3aTPYJHEHO TEM, YTO B X0J/i¢ OOJBIIMHCTBA
HKCIEPUMEHTOB, BbINOJIHsABIINXCS HA KA (B ToMm uncie u Ha «PoToHe-3»), BILIOTh
JI0 TIOCJICTHETO BPEMEHH, HE MTPOBOIUIIOCH PETYIISIPHBIX U3MEPEHUH Lg, OCOOCHHO
B auana3zone yactoT < 0,01 I'u. Ha KA cepuu «®oTon» Takue uamMepeHus ObuUIn
HayaTel ¢ 1992 r. («DoToH-8» — «@oToH-10» [14, 15]) 1 aKTUBHO MPOBOUIUCH HA
NC3 «®oton-11» u «Doron-12» [16, 17]. B paborax [18-—21] BBINOJIHEHBI
JeTalbHasi MaTeMaThuyeckas oOpa0OTKa W aHaau3 JaHHBIX MO [lg, MOTYYEHHBIX
paznuuabiMUA MeToaMu Ha KA «®oToH-11» 1 «D0TOH-12» 1 yCTaHOBJIEH CIIEKTP
HU3KOYaCTOTHBIX Ug, xapakTepHbix s KA cepum «Dorton». bnarogaps stum
pe3yJibTaTaM BIIEPBBIE MOABUIACH BO3MOKHOCTh CONOCTaBUTh MEPUOJUYHOCTU B
CTPYKType TPUMECHOIO0 KaHajla M CIOUCTOrO0 PACHPENEICHUs] IPUMECH,
BbIsiBIIEHHBIE B MOHOKpHUCTaiuie InSb:Te, momyuennom meronom B3I1 B monere KA
«DotoH-3», ¢c yactoTamu Ug, neicTByronmx Ha 6opty KA storo tuma.

Memoouxa sxcnepumenmog no b3I1 InSB:TE

OkcnepumenTtsl 1o B3II InSb:Te npoBoaunuck Ha yctaHoBKe «30Ha-4» B
coctae MC3 «®Dorton-3» [1, 2]. HcxoaHble MOHOKPHUCTAIIMYECKUE CIUTKU
avametpoM 15 MM U giuHoi 110 MM BhIpamMBaiuch MeTojoM YoXpalibCKOro M
JOBOAWINCH 1O YKa3aHHBIX pa3MEPOB IYTEM MEXAHUYECKOM M XUMHUYECKOU
obpabotku.  Kpucramnorpapuueckoe  HampaBlieHHE  MOPOJOJIBHOH  OCH
MOHOKpHcTamioB <111> 1 ypoBeHs erupoBanus temrypoM (2...5)-10" ev >, T. e.
(1...2)107 at.%, MO3BOJSUIH HA OZHOM KPHCTAIe OXHOBPEMEHHO BBISBISTH KAK
CJIIOUCTYI0 HEOHOPOJTHOCTh, TaK W IICHTPAIbHBIA TpPUMECHBIA KaHal (dddexT
rpanu). VIcXoaHble CIUTKA pa3MEIAINCh B KBAapILIEBbIX aMIiyJjiax C JIUAMETPOM
30 MM 1 umHOI 230 MM, B aMITyJIax co3jaBaics BakyyM He xyxe 10" mm Hg, n
OHU 3alauBaIUCh. METOJIUKU BBIPAIIMBAHUS MOHOKPUCTAIUIMYECKUX 3arOTOBOK,
W3TOTOBJICHUSI MCXOJHBIX CJIMTKOB M aMImyll, a Takke oTpaboTku pexumoB B3I
noapobHo onucansl B [1-3, 7]. B ycioBUsSX MUKpPOTpaBUTALUU BBIIIOJIHEHO Ba
skcnepumenTa. IIpoumecc B3Il HaumHascss ¢ JAByX4acOBOW BBIIEPKKH IpHU
3aganHoi Temmepatype (700-710 °C) KoJIBIIEBOIO HarpeBartelis, CO3JarOIIEro
pacCIUIaBICHHYIO 30HY, JUISl JOCTHXKEHHMS YCTAHOBUBIIETOCA TEMIIEPaTypHOIO
pexuMa yCTaHOBKH «30Ha-4». 3areM amilyja C KPUCTaUIOM MEePEMEIAIACh
OTHOCHUTEJILHO HarpeBarens Ha pacctosinue 60 Mm co ckopocThio 5 Mm/4. OuH U3
HKCIEPUMEHTOB BBIMOJHSIICS TMPU HAJIOKEHUM HA paciylaB  IPOJIOJIBLHOIO
MOCTOSTHHOT'O MarHuTHOTO 1moJjis ¢ uaayknuend B = 0,038 T (mpoune ycnoBust Obuin
OoANHAKOBbI). OTMETUM, UYTO KpPHUCTAUIBI BbIpAlIUMBAIUCH 0€3 BpalleHUus
OTHOCHUTEJILHO HarpeBaTesl.
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Memoouxa uccnedosarnus neooOHopoonocmeti 6 kpucmaiiax InSB: Te

UccnenoBanue CTPYKTYpBI HEOJIHOPOIHOCTEM OCYLIECTBJISIOCH
MeTajiorpa@UuecKuMU METOJaMHU IO JJIMHE MOHOKPHUCTA/UIOB Ha Huiudax Hx
IpoJ0JIbHBIX ceueHuil. MoHokpucTtamibl InSb:Te, BbIpallleHHbIE B HaNpaBiIE€HUU
B[ 1 1 1], pa3pe3anuch BHOJIb HaNpaBICHUSI pPOCTa HA 3JIECKTPOUCKPOBOM
(opo3uonHOM)  yctaHoBke.  I[loBepxHocTm  paspe3a  mIMGOBaIUCH  C
MCIIOJIb30BAaHUEM a0Pa3UBHBIX MOPOIIKOB C PA3IMYHBIMK pa3MepPaMH 3€PEH BIUIOTh
70 5 MKM. 3ateM HUIM(bl MOIUPOBAIUCH HA CYKHE C MOMOIIBIO CYCIIEH3UU OKUCH
XpoMa, TOCJIE€ Yero oO0pas3ilbl TPAaBWINCh B W3BECTHOM MOIUDHUIIMPOBAHHOM
peaktuBe CP-4 (5 yacteit HNOj;, 3 wactu HF, 3 yactu CH;COOH + 11 uacrei
H,0). g BbIsIBIEHUS TOHKOM CTPYKTYphl MPUMECHBIX HEOJHOPOJHOCTEH TE K€
o0Opa3lpbl TPaBWIHCHh JOMOJHUTEIBHO B CIELHUAIBHOM pPEAKTUBE Ha OCHOBE
nepmanranara kamus (1 wacte HF, 1 wacte CH;COOH u 1 wacte BOJHOTO
(0,05 M) pactBopa KMnQ,) B TeueHre 0KOJI0 3 MUH C MOCTEAYIONIEH TPOMBIBKON
B OugucTwuiupoBaHHOM Boje. M3yueHue Makpo- U MHUKPOCTPYKTYPbI
pacmpeneneHuss TpUMECH Teiulypa B YKa3aHHbIX HUIM(ax MPOBOJIUIOCH Ha
metatorpadpuueckom  Mukpockorne POLIVAR MET ¢ wucnonb3oBanueM
npucCTaBKu HHTEpDEepeHIIMOHHOr0 KoHTpacta 1o Homapckomy. [lnmudsr
dboTorpadupoBaIKCh C pa3HOMN CTEIICHBIO YBEIUYCHUS.

Jnst o6paboTku modydyeHHON uWHGOPMAIIMM O CTPYKTYype IPUMECHBIX
HEOJHOPOJHOCTEH MPOBOAWIICS BU3YaIbHbIM aHanu3 Qororpaduii numdoB.
N3Mepsuncy pa3mMepsl XapaKTEpHBIX AETajleld HEOJIHOPOIHOCTEM, OLICHWBAIUCH B
IPOCTPAHCTBEHHBIX M BPEMEHHBIX MacmrTabax wux ocobennoctu [9]. s
MOJIYYEHUsI HAJIC)KHBIX KOJIUYECTBEHHBIX JAHHBIX O MEPUOJUYHOCTAX CTPYKTYPbI
MPUMECHOr0 KaHaja U CJIOUCTOW HEOJHOPOJHOCTH, BBISIBJICHHBIX BHU3yaJlbHO Ha
nuimde KpUcTajia, BBIPAIIEHHOTO B YCJIOBHUSX HAJIOKEHUS Ha paclljiaB
MarHuTHoro moJjs, ¢ororpaduu nummdoB ObLIH ONMUEGPOBAHBI KOMITBIOTEPHBIMU
CpelICTBAaMH, W IO HHUM BBINIOJIHEH CIHEKTpaJIbHBIM aHanu3 u3zoOpaxeHus [22].
KonudecTBeHHBI aHAIU3 MEPUOJUYHOCTEH MPUMECHBIX HEOJHOPOIHOCTEH B
kpuctaiie InSb:Te, BeipamendHom Ha «Dotone-3» metonoM B3Il 6e3 HamoxeHUs
MarHUTHOTO MOJIsA, B CTAIUN U3YUEHUS.

Muxpoepasumayuontvle Ycio6us npogedeHuUsi IKCNEPUMEHMO8

no b3I1 InSB:Te na Ka «@omon»

M3mepennst pug B auanazone vactor f<0,1 I'm Ha KA «DoTOH-8» —
«®@oton-10» ¢ wucnonp3zoBanuem akcenepomerpoB CHUY03 mnoxkazanu, yto Ug
U3MEHSIOTCS 10 BEJIMYMHE W HANpaBJICHUIO, MAaKCHUMAJIbHbIE 3HAYECHHSI HX
aMIUTUTYJl HAxXoIATcsl B  Mpenenax (7...15)-10_6g0, rae  go=9,81 MC 2,
MHUHHMaIbHbIe — B mpexenax (1...2):10°gy, a Hambombluee Bpems ACHCTBYIOT
ug = (3...6):10 °g, [14, 15]. Usmepenus Ug ¢ moMompio ammaparypsl QSAM u
BETA na 6opry UC3 «®otoH-11» u «Doton-12» [15-17] moarBepawnu u
YTOUHHIIA 3TU PE3YJIbTATHI.

[To »TuM pgaHHBIM © pe3yJabTaTaM WX MaTEeMaTHYECKOW 00paboTKH
yctaHoBieHo, uto it KA tuma «®DoOTOH» XapakTepHa CIIOXKHAs JUHAMHKA
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OTHOCUTEIBHO ero ueHtpa macc [15-21]. Ilo Mepe ycTaHOBIEHHS pexuUMa
nerkeHuss KA, 4ro OOBIYHO COOTBETCTBYET BTOPOM IOJIOBUHE 14-CyTOYHOIO
nosiera, BpameHue KA OTHOCHUTENbHO €ro LEHTpa Macc CTAaHOBUTCS Bce Ooliee
IIOXOKHM Ha peryJsipHyro npeueccuro Oinepa. CoOrlacHO MOJENIH TakKoro
JNBIDKEHUS, npenoxkeHHor B [15] mns «®ortona-11» (puc. 1), KA Bpamaercs
BOKPYI OCH, KOTOpas HalpaBji€Ha BJIOJIb COOCTBEHHOIO KBa3UIIOCTOSIHHOIO
kuHeTnueckoro MomeHta KA (ock X;), ¢ yIJIOBOH CKOpOCThIO M = 1 rpaj/c
(mpumepno 1/6 o6opota B MunyTy). Ocb X KA mpu 3T70M paBHOMEPHO IBHXKETCS
BOKPYI ocM X; IO KOHYCY C MOCTOSHHBIM YIJIOM pacTBopa U. AHAJIOIMYHO
JBUKETCS U BEKTOP (O OTHOCUTEIIBHO cucTeMbl KoopanHaT XY Z. Ero npoekius Ha
och X, TO €CTh yIJIOBasi CKOPOCTb BpamieHuss KA OTHOCHUTENBHO €ro MpOaOJIbHON
ocu mia «Dorona-11» cocrasnsger ®; = 0,90 rpan/c, a TpoeKIUs Ha MIOCKOCTh
YZ, cootBercTByromas npeuneccun KA, paBHOMEPHO BpamiaeTcss BOKpYr ocu X U
UMeeT MOCTOsAHHYI BenmunHy M) = 0,17 rpag/c. IlpumepHo Takue e 3HAYEHUS
ObLu nosryuensl st «Dorona-11» B [18, 19], a ns «Dotona-12» B [20, 21].

T, min

T =9 min

Puc. 1. Mognens neuxenust KA «®otoH-11» 0THOCUTENBHO €ro LEHTpa Macc (BpalieHHE BOKPYT
npoaonsHOM ocH u nipeneccus) [15]: OXYZ — cucrema koopauHat KA; O — nentp macc KA;
P — mecto pacnionoxenus (eHTp mMacc) ycranoBku; OX,YZ; — opOuTanbHas cucrema
KOOPJMHAT; (0); — COCTABJIAIOIIME YIIIOBOM CKOPOCTH B IJIOCKOCTH YZ
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Mopens perynspHOM NpenecCuu CIPaBEeIMBa, €CIW TBEPLOE TENO
OCECUMMETPUYHO W TJIABHBIH MOMEHT BHEIIHUX CHWJI, JECWCTBYIOIIMX HA HErO,
paBeH Hynt0. Ecnu teno KA He ocecuMMeTpU4HO, XapakTep Mpeneccuu Oynaer
HECKOJIBKO OTJIMYAThCs OT perysipHoro. B Oosee obiieM ciiydae HEHYJIEBOTO, HO
Majgoro MOMEHTa BHEUIHUX CUJI KUHETHYeCKMH MOMEHT KA MOXeT HCHbIThIBAaTh
NEPEMELICHMsI, OJIHAKO XapaKTep IMpPELecCUd TaKXKe OcTaeTcsd OJIM3KUM K
perynsipaomy [18-21].

Maremaruyeckass 00paboTka M aHaIM3 HU3MEPEHUH MUKPOYCKOPEHUH,
YIJIOBBIX CKOPOCTEH, a TakKe MAarHUTHOTO MOJs 3€MJIM, BBINOJHSBIIUXCS Ha
cnytHukax «®orton-11» u «®oton-12», BesiBMIIa [18, 19], yto Ug Ha OopTy KA
tuna «®OTOH» HMEIOT UEIbId pPAJl XapaKTepHBIX YaCTOT: fy — YacTOTy
oOpamiennto KA mo opOute, 4acToThl, KpaTHbIE fy, U Apyrue. OTH YaCTOTHI
IPUBEAECHBI B JIEBOM U IIEHTPAJIBLHOM CTOJOIaxX TaduI. 1.

Tabauna 1. Yacrots (B 107 I't1) rapMOHMUYECKUX M3MEHEHUH KBa3UCTAMOHAPHBIX g
(f< 107 I'y) 5a KA Trma «DoTony, a Takke NIEPUOJIUYHOCTH B CTPYKTYpE IIPUMECHBIX
HeogHopoaHocTel Te, BeisiBIeHHBIC B KpucTayuie InSb:Te,
BbIpameHHoM Ha KA «®oton-3» metogom B3I1

YacToThl B UBMEPEHHUSIX g YacToTh!l B UBMEPEHUSIX Ug YacToThl, BLIABIECHHBIE
B KoHIIe rojiera KA «®otoH-11» Ha KA «®otoH-12» B kpuctaiie InSb:Te
[18, 19] (Butkm 16 u 18) [20] [9, 22]
0,094; 0,122 (= 1/2fy)
0,181 0,181 (= 1)
0,197 0,190, 0,197 (= fo)
0,214; 0,318
0,331 0,325
0,372 0,366 (= 2fy)
0,397 0,397
0,552 0,517; 0,555 (= 3/v)
0,632 0,665
0,684; 0,694
0,761 0,737-0,790
1,012 0,916; 1,020 (= 5/p)
1,077-1,313
1,372 1,335-1,413
1,492 1,531
1,565-1,670
1,862 1,830 (= 10£p)
1,938-2,110
2,167-2,184 2,166
2,229 2,234-2,242 2,212; 2,338
2,509 2,423-2,510 2,380; 2,533
2,619-2,700 2,756
2,877 2,815-2,872 2,844-2,935
2,997-3,097 2,970
3,384-3,753 3,62 (= 20fy)
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[Tockonbky cnyTHUKHM «@DOTOH» HMMEIOT MPAKTUYECKH OJMHAKOBBIC
KOHCTPYKTUBHBIE U Ta0apUTHO-MAacCCOBBIE M IIyCKOBBIE XapaKTEPUCTUKHU, CXOJIHbIC
OpOUTHI, TO UX JBUKEHUE B TOJICTE OKA3bIBACTCS MOXOXKUM, U HE YIUBUTEIIBHO,
yTo g Ha KA 3TOro Tuma uMMEOT aHAJIOTMYHBIN xapaktep. CienoBaTenbHO, C
JIOCTaTOYHBIM OCHOBAHMEM MOXHO CUYWTATh, YTO M Ha «DoToHE-3» g uMenu
MOX0’KUE XaPAKTEPUCTUKU.

JIns aHanM3a pe3ysbTATOB 3KCIEPUMEHTOB IO BBIPAIIMBAHUIO KPUCTAILIIOB
MOJYNPOBOJHUKOB M3 pacijlaBa METOJaMH HAIpPaBJICHHOM KpUCTaIU3aluu
HEOOXONMMO YUYWTHIBaTh HE TOJBKO [lg, O0OycloBieHHbIE auHamMuKkon KA
OTHOCUTEIIBHO €ro LEHTpa Macc, HO U BCE JAPYrHWe€ HU3KOYAaCTOTHbIE —
KBa3HCTAIlMOHAPHBIE BO3JACHCTBUS MaJIbIX CUJI Ha XKUJKYIO ¢azy [4—7], To ecTb g
IPaBUTALMOHHOIO U a’poanHamuyeckoro tumna. [loatomy B [9] Ha ocHOBe Mozenu,
MOKa3aHHOW Ha pHC. 1, U JAaHHBIX O PACHOJIOKEHUHU YCTAaHOBOK «30Ha-4» Ha O0OpTy
KA «®oToH-3» ObUIH BBIMOJHEHBI PACYEThl BEJIMUUH BCEX |, NCHCTBOBABIIUX B
neHTpe macc 3tux ycranoBok npu B3I1 InSb:Te.

Pacnonoxenue nByx yctaHOBOK «30Ha-4» (Ne 1 u Ne 2) na KA «®ortoH-3»
MOKa3aHO Ha pHUC. 2, TJe MPUBEICHBI KOOPAMHATHI (B MM) MX IEHTPOB MacC B
cucreme orcuera X Y .Z., cBsizanHoi ¢ neHtpom macc (0.) UC3.

a

|
281t1\ ;

50.0+0.5

e ¢ ——

Puc. 2. Cxema pacrosaoKeHHust TEXHOJIOTHIECKUX OJIOKOB yCTAaHOBOK «30Ha-4»

Ha KA «®otoH-3»: a — B mmockoctu koopAauHaTHEIX oceit KA 0.X. — 0.Y.; b — B uiockocTa
0.Y.— 0.Z o ceuennro I-1 (0, — mertp macc KA). 1 — cryckaemslii armapar ¢ oJIe3HOU
Harpyskom, 2 — npuOopHBIi O0TCeK, 3 1 4 — ycTaHOBKH «30Ha-4» Ne 1 u Ne 2, 5 — neHTpHI

Macc yCTaHOBOK (yKa3aHbl UX paccTosiHUS B MM 0T ()
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BHyTpr KaxXIoM  yCTAaHOBKM IApajuIeNIbHO €€  IPOJOJIBHOM  OCH
CMMMETPUYHO pa3MEmaloTcss MO 3  TMapbl aMIyJdl C KpPUCTAUIAMH  JUIS
JKCIIEPUMEHTOB, PACCTOSHMS MEXKIy OCSAMH 3THX amIys cocTaBisieT 260 M.
B xone mponecca B3Il ammynel mepeMemarTcs  BAOJb  MOJIOKUTEIBHOIO
HarpaBlieHUs] ocU X.. Pe3yibpTaThl pac4eToB HU3KOYACTOTHBIX (f < 51077 I'm) ug,
00yCIIOBJIIEHHBIX Kak BpaieHueM KA BOKpyr ero mpoJojibHOM OcH U Mpereccuet,
TaK U €ro JBMKEHUEM T10 OpOUTE C yUETOM IPaBUTALIMOHHON U a3pOIMHAMUYECKON
COCTAaBJISIONICH |Lg, pUBEAEHBl B Ta0u. 2. BenuuuHsl, CBSI3aHHbIE C JUHAMUKON
KA oTHOCUTENBHO €ro LEeHTpa Macc, HE MPOTHBOpPEYAT AHAJOTHMYHBIM pacyeTaM
[15] nns mectra pacnonoxkenuss cucremMbl QSAM Ha «®otone-11», koTtopbie
JOCTATOYHO XOPOLIO COIJIACyOTCs C JaHHBIMU U3MEPEHUM HU3KOYACTOTHBIX L.

Tadauna 2. MUKpoyCKOpeHHs B IIEHTPE MacC YCTaHOBKH «30Ha-4» Ha 60pTy KA «DoToH-3»

Hocrosnnere AMIUIATY Il TADMOHMYECKUX COCTABIISIOIINX
Tun COCTABJISIIOLIINE YAbLTEp m
MHUKPOYCKOPEHUS
IIpononenas | Ilonepeunas IIpononpHas ITonepeunas
N3-3a Bpamenus 1076g0 => 8-10*6g0 3-1076g0 1076g0; 2~1077g0
BOKpYT IIEHTpa Macc
KA
I'paBuTaniiOHHBIE - - 2-10*7g0 3 10’8g0
AdpoauHaMHuecKre — — B mepuree 2,4-10 'go; | B mepuree 1,4-10 °gy;
B amoree 6,4-10_9g0 B amoree 3,6-10_8g0

Pesynomamut u ux obcysxrcoenue

Kak w3BectHo (cMm. Hampumep, [11, 23]), xapakTepHON OCOOEHHOCTBHIO
npouecca B3Il B HeBecOMOCTH TOMKHO OBITH pa3BUTHE B paciljlaBe KOHBEKIIUU
Mapanronn  (TEpMOKAMWUISIPHOW  W/WIM  KOHIIEHTPAIMOHHO-KATUJUIIPHON ),
KOTOpas NpeBAIMPYET HaJ BO3MOKHBIMH TEUEHUSMH T'PaBUTALIMOHHOTO TUMa. [Ipn
HECTAllMOHAPHOM KOHBEKLIMH MOXXHO OXHMJaThb BO3HUKHOBEHHUS CIOHCTOMU
IIPUMECHONU HEOJTHOPOIHOCTH.

Ha puc. 3 npuBeaens! ¢potorpa@uu MakpoCTPyKTYphl HUTH(OB MPOJOJIbHBIX
CEYEHUH MOHOKDHUCTAJJIOB, BbIpamieHHbIX MerogoM b3II B monere UC3
«DotoH-3» [1-7].

Ha sTom pucynke npexjie Bcero oopamaet Ha ce0si BHUMaHHE HEOOBIYHBIHI
XapakTep IMOBEJIEHUsI MPUMECHOT0 KaHaja B O00OMX KpHUCTaJIaX, CBSI3aHHOTO C
3ddekToM TpaHH, — HU3MEHEHHUE €ro pa3Mepa M TMOJIOKEHUS OTHOCHUTEIIbHO
POJIOJIBHOM OCU KpucTamia (0oJjiee CBETIbie 00JacTH COOTBETCTBYIOT OOJIbIEH
KOHIIEHTpaluu Tesutypa). [10106HOro cTpoeHus: NpuMecHOro KaHajla B KpucTtajiiax
InSb:Te, BeipamuBaeMbIx Ha 3eMiie MeTo10M HYoXpaibCKoro, He HaOII01a10Ch.

OcoOeHHBIE  HMHTEpPEC  BBI3BIBAET MOHOKPUCTAJJ, BBIPAIICHHBIM  C
HAJOXEHUEM MAarHUTHOTO IOJsl, B KOTOPOM XapaKTEpHbIE OCOOEHHOCTHU
NOBEACHUS IPUMECHOTO KaHajla UMEIOT SIBHO BBIPAKEHHBIN KBa3UIEPHOIUUECKUN
XapakTep (cM. puc. 3a).




32. KOCMWYECKOE MATEPWANOBEJOEHWE

Puc. 3. Macro-structure of the longitudinal sections of InSb:Te single crystals grown by FZM
using «Zona-4» furnace onboard «Foton-3» satellite: a — under the action of magnetic field with
induction B = 0.038 T; b — without magnetic field. 1 is an impurity core (facet effect) in the
initial single crystalline InSb:Te ingots; 2 & 3 are the melt boundaries in the initial ingots at a
beginning (2) and at the end (3) of FZM; 4 is the impurity core within the single crystal parts re-
crystallized during a flight; 5 are gas pores

Ha sTtom kpucramie oka3anoch BO3MOXKHBIM H3y4daTh 00a BUJA MPUMECHOM
HEOJHOPOHOCTH — A((EKT TpaHu U CIOUCTYIO HEOTHOPOAHOCTh, 00Pa3yIOIMIUXCS
OJTHOBPEMEHHO W HE3aBHCHMO JPYT OT Apyra Mo pa3HbM 3akoHam. Kpome Toro,
BEISIBJICHBI TAK)KE€ Ta30BBIE MOPBI, IIEHTPUPOBAHHBIC, B OCHOBHOM, 1O TIPOJIOJIBHON
ocu kpuctawia. [lo-BuauMoMy, MarHMTHOE TIOJIE, HECMOTPS HAa CPaBHUTEIHHO
MajJyl BEJIUYHMHY, MOIJIO B OIPEACICHHONW CTENCHW CTaOWIU3UpOBATh U
YHOPSIOYNTh KOHBEKTHUBHBIC TEYCHHS B pacilaBe, 4YTO CIOCOOCTBOBAJIO
yACPKAHUIO ITy3BIPEH, 3aTPyAHSSA UX BBIXOJ U3 paciljiaBa.

Busyanbnblii aHanu3 puc. 3a mokasai, 4To Nepuoj] U3MEHEHUH TPUMECHOTO
ka"ama 0ym30k K 1o/3, tne Ty = 90 mun — nepuoj oopamenuss KA tuna «®oTon»
no opbute (opburansHas dactora fo= 1,85-10* I'i). JeHCTBUTEIBHO, CKOPOCTD
JBYKEHUS KaICYJIbl C KPUCTAIIOM, IPUMEPHO COOTBETCTBYIOIIASI CKOPOCTH POCTA,
obma paBHa 5 Mm/4, wi 0,08(3) MM/MHUH, a pacCTOSHHE MEXIYy MaKCUMyMaMu
CMEIIeHUs] TPUMECHOr0 KaHajda OT MPOJOJIbHOW OCH KpHCTala B CpeIHEM
coctaBisier 2,2 MM. DTO 3HAYUT, YTO BpEMs, HEOOXOAMMOE Jisi HapacTaHUs
KpucTayla Ha 2,2 MM, a CIJIEIOBaTeIbHO, W CPEIHHH MepHoJ KojaeOaHui
PUMECHOTO KaHala paBHBI 26,4 MHH. (COOTBETCTByMOmas gactota 6,3-107* I'm,
YTO MPUMEPHO B 3,4 paza Gombie fo) [9].

B [4-7] Obulo mokazaHo, YTO HamOOJEe BEPOSTHOW MPUINHOU
BO3HMKHOBEHUSI pacCMaTPUBACMON aHOMAJIUU SIBJSICTCS] BO3JICHCTBHE HAa pacIljiaB
KBa3WCTAllMOHAPHBIX OCTATOYHBIX |lg, UMEIOIHUX KOMIIOHEHTY, OPTOTOHAIBHYIO K
HAIPaBJICHUIO KPUCTAIUTM3AIMKN U U3MEHSIONIYI0 CBOIO BEJIMUYMHY U HalpaBlICHUE.
B sTux ke pabotax mpenioxkena pu3ndeckasi MoJIeb, COTJIACHO KOTOPOM ATH g,
TO €CTh MaJible CHJIbl TPABUTAIMOHHOW W HWHEPIUAIHLHOW TPHUPOABI HAPYIIAIOT
CUMMETPHIO T0JICH KOHBEKTHBHOTO TEUYCHHUS W TEMIIEpaTypbl B pacIUlaBe, YTO
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32. KOCMWYECKOE MATEPWANOBEJOEHWE

NPUBOJAUT K CMENICHUIO HW30TEPMbI (POHTA KPUCTAIUIM3AIMN OTHOCHUTEIIHHO
IIPOJIOJIBHOM OCH 30HBI PACIUIaBa, & 3HAYNT, U K COOTBETCTBYIOLIEMY CMEIIECHUIO
sdekra rpaHu B pactymieM kpuctawwie. [Ipu 4yucieHHOM MOJEIUPOBAHUU B
paMKax YMpOIIEHHONW JBYMEpPHOW Mojenu [S] ObUIO MOKa3aHO, YTO HU30TEPMbI B
pacilaBe CMEINAIOTCS B CTOPOHY meifctBus Mamoro (or 10° mo 107°g,)
IIOCTOSIHHOTO YCKOPEHUSI, IONIEPEYHOI0 HAIIPABJIEHUIO KPUCTAJUIU3ALUY.

Ha puc. 4 npuBenena ¢ororpadus yactu TOro k€ MPOJIOJILHOTO CEUYECHHUS
KpUCTajsia ¢ OOJIbIIMM YBEIUYEHHEM, Ha KOTOPOM XOPOIIO BUIHBI U MPUMECHBIN
KaHaJ U CJIOUCTasi HEOAHOPOIHOCTD.

(] & IV B
M N A AL
T
| I
RN T
U P RN
B - o AP

1 mm

B

Puc. 4. YBenu4eHHbIN (parMeHT MUKPOCTPYKTYPHI IPOJIOIBHOTO CEYSHUSI MOHOKPHCTAIIIA
InSb:Te, nokazanHoro Ha puc. 3a. 1| — npuUMecHbIi KaHall, 2 — CJIOUCTAas IPUMECHast
HEOJIHOPOJAHOCTh CJIO’KHOM CTPYKTYPBI: BUJIHBI «IIAKEThI» CIIOEB, BHYTPH KOTOPBIX Pa3IMUUMBI
TaK)Ke€ MOArpYyNIbl. [ OpU30HTaIBHBIE IPSMbIE — JIMHUH, BJIOJIb KOTOPBIX IPOU3BOANIACH
KOMITBIOTEPHAs OIM(POBKA N300paskeHUS

BnepBbie Habmonanoch, 4YTO MPUMECHBIE CIOM TPYIIUPYIOTCS B
cozepKalliue JECATKUA CIIOEB «IaKeThl», IIMPUHA KOTOphIX Onm3ka kK 1 MM, a
IPOCTPAHCTBEHHAs MEPUOJUYHOCTh YEPEIOBAHMS MOCIEA0BATEIBHOCTEN MMAaKETOB
«CBeTJiee + TEMHEe» COOTBETCTBYET «IIary» MNEpUOAMYECKUX H3MEHEHUN
MOJIOKEHHSI NIPUMECHOT0 KaHana (mpuMepHO 2...2,5 MM), TO €CTh HaKETbl TOXKE
YepenyoTes ¢ nepuoaom, 0au3kum K 7o/3 [8, 9]. DTo MO3BOISET 3aKIIOYHUTH, YTO
o0Opa3oBaHHe MMaKETOB CIOEB POCTa, KaK U aHOMaJIbHOE MoBeAeHNE I (eKTa rpaHu,
CBSI3aHO C U3MEHEHUEM MHTEHCUBHOCTH M HAMPABJICHHS] KOHBEKTUBHOTO TEUCHUS B
pacrmiaBe Mmoj AeWCTBUEM KBa3WCTAI[MOHAPHBIX MUKPOYCKOPEHUH, U3MEHSIOIIUXCS
10 BEIMYMHE W HampaBieHHI0. KOHBEKTHUBHBIE TEUEHHUS B PACIIABE BBI3BIBAIOT
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32. KOCMWYECKOE MATEPWANOBEJOEHWE

KOHIICHTPAIIMOHHBIC ¥ TeMIIEpaTypHbIE HEOTHOPOJHOCTH KaK B 00OBbEME pacIljiaBa,
TaKk W B TOTPAaHUYHOM CJIO€ BOJNM3U (PpPOHTA KPUCTALIU3AMMH, YTO TMOPOXKIACT
Makpo- U MHUKPOHEOJHOPOJIHOCTH paclpejieiieHuss TMPUMECH B pacTylieM
kpuctaiie (cm. [12]).

BHyTpu makeToB MOXHO pa3iu4UTh 00Jiee MEJIKUE MOArPYMIbl MPUMECHBIX
CI0E€B — 5-6 MOArpynn ¢ «IIUPUHOW» MOATPyNHmnbl okoyio 0,2 MM B KaXa0M
nakere. [IpocTpaHcTBEHHAs MEPUOAMYHOCTH YEpEAOBaHUS MOCIEI0BATEIIbHOCTEN
NOATPYII «CBETIIee + TeMHee» cocTaBisieT okoio 0,4 MM, 4TO JaeT OICHKY
BPEMEHHON MEPUOJUYHOCTH YepeJOBaHUSl MOArpynn MnpumepHo 4,8 MUH, 4YTO
OMM3KO0 K TIOJIOBMHE TEpHojia BpamiareabHoro aBumxkeHuss KA tuma «Doton»
OTHOCUTEIILHO €ro IeHtpa Macc (okono 9 mun). Paspemenue dotorpaduu,
MPUBEJICHHON Ha puC. 4, HE TO3BOJISET B IOCTATOYHON CTENEHHU YBEPEHHO JI€TaTh
TaKWe pacueThl HAa OCHOBE BU3yalbHOro aHanm3a. OmHako omu(poBKa SPKOCTH
M300paKEeHUS Ha PHC. 4 U MOCIEIYIONUI CIIeKTpaabHbI aHanmm3 [21] mo3Bonwmn
BBIJICJIUTh B pacHpeicsieHUd IMPUMECM — KaK B NPUMECHOM KaHajlle, TaKk u
CJIOUCTOU HEOJHOPOJTHOCTH — LEJbINH psAJl 4acCTOT, MPAKTHUUECKU COBIAJAIOIINX C
4acTOTaMU MUKPOYCKOPEHHM, U3MEPEHHBIX Ha OOPTYy CHYTHUKOB TUMAa «DOTOH»
(cM. mpaBslii cTosberr Tadm. 1).

Ha puc. 5 nmoka3zana 4acTh TOTO k€ MPOJOJLHOIO CEUEHUs KPUCTAIA C eIle
OOJIBIIMM YyBEJIMYEHUEM. 3aMETHO, YTO HAa MacIITaOHOM OTpe3ke JAIMHON 50 MKM
YKJIaJbIBACTCS TPUMEPHO 4—6 CJOEB, 3TO COOTBETCTBYET PACCTOSHUIO MEXKIY
HUMH 0T 12,5 no 8 mxM. Onenku nepuozaa (7y) u 4acTotsl (V,) NEPHOAUYHOCTH,
HaOmoaeMon Ha puc. 5, nator Ty = 9...6 ¢, f;; = 0,11...0,16 I'r [9], a wacrora,
BBISIBJICHHAs B pe3yJIbTaTe CIEKTpajibHOro aHanuza, cocrtasiser 0,13 T'm [22].
CornacHO CyIIECTBYIOIIUM MPEACTaBICHUSAM [23] 3TH BEJIMYMHBI COOTBETCTBYIOT
NepUOly M YacTOTe TEMIEpPaTypHbIX (IyKTyaluii KOHBEKTHBHOTO TEUEHUS
MapaHronu B paciuiaBe, OTBETCTBEHHBIX 3a TOHKYIO CTPYKTYpPY CIOHMCTOM
HEOJHOPOJHOCTHU B KpHUCTAILIE.

—
50 pm

Puc. 5. YBenuyenHslii hparMeHT npoaoIbHOro ceueHus: MoHokpucTaiuia InSb:Te, mokazanHoro
Ha puc. 3a. BolsgBieHa TOHKas CJIOUCTas MPUMECHAs CTPYKTypa
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PasnooOpa3ue dYacToT MHKpPOYCKOpEeHHH Ha OOpTy CHYTHHKOB THUIIA
«DoTOH» M YaCTOT, BBISIBICHHBIX B PACIpPEICICHUU MNPUMECHU B BbIPAIICHHOM
kpuctaie  InSb:Te, mno-BugumMomy, OOBSCHSETCS  TEM, UYTO  CHEKTP
MUKPOYCKOPEHHMI COAEPKUT HE TOJIBKO YaCTOThI, COOTBETCTBYIOIKE BPAILICHUIO
KA Bokpyr 3emuu, BOKpYTr OCH INIaBHOTO MOoMeHTa uHepuun KA u npeneccuu, HO
TAaKK€ 4YacTOThbl, KpAaTHbIE OCHOBHBIM, a TakKX€ YacTOTbl CyMMAapHbIX
rapMOHUYECKUX KOJIeOaHUN — KOTE€PEHTHBIX WM HekorepeHTHbIX. Kpome Toro, B
CHEKTpE MOTyT TMPUCYTCTBOBATh M KBAa3UINEPHOJUYECKUE KOJIeOaHUs, TaKKe
MMEIONINE JIMHENYAThI CIEKTP 4acToT.

®uznyecku OOBSICHUMO, YTO TOJ JCHUCTBHEM IMEPUOJAMYECKUX H3MEHEHHM
HaIIPABJICHUSI BEKTOPAa HU3KOYACTOTHBIX [Ig MPOUCXOIAT IIJIABHBIE W3MEHEHUSA
MOJIEN KOHILIEHTPALIMOHHOW /WM TeMIIepaTypHON HEOJAHOPOAHOCTEH B pacIliaBe,
KOTOpPOE CIUPANCO0pa3HO «3aMUCHIBACTCS» PACTYIIMM KPUCTALUIOM. BenuuuHbl
STHX |lg, B OCHOBHOM, IPEBBINAIOT 3HaueHHs 10 'gy, M[O3TOMYy BO BCEX
BBITIOJTHEHHBIX 10 HACTOSIIEro BpeMeHu Ha KA skcnepuMeHTax 1o BbIpallMBAHUIO
MOHOKPHUCTAJIJIOB TMOJYIPOBOJHUKOB METOJAMHU HAIPABIECHHOW KPUCTAJIM3alUN
JI0 CUX TOp HE yAaJIoCh MOJYYUTh COBEpIleHHbIe KpucTauibl. B [12] mokasano,
YTO — IMIPU XapPaKTEPHBIX [JII COBPEMEHHBIX HIKCIEPUMEHTOB B HEBECOMOCTHU
OTHOUIEHUSX [UIMHBI OOJIACTH paciiaBa K auaMmerpy (okosno 4) — Takue g
o0ecreuynBalOT  MHTEHCUBHOCTh ~ KOHBEKTHUBHBIX  TEUEHHWH B  pacIUjaBe,
COOTBETCTBYIOIIyI0 uuciam Pajmes Ra> 0,01, a Takue TeueHHsT TPUBOAAT K
BO3HMKHOBEHHUIO HEOJHOPOTHOCTEH MO KOHIEHTpAIlUu W/WIW TeMIEepaTyphl
Kak B 00beMe pacruiaBa, Tak W BOIM3M (PpoHTAa KpHUCTAIUIM3AlMKA M, Kak
CIEACTBUE, — K CErperaivy U HEOJAHOPOAHOCTH PACHpENEIeHUs KOMIIOHEHTOB B
BBIPAIIUBAEMOM KPHUCTAJLIE.

CioxHass 1O dYacTtoTaM UM aMIUIMTyAaM [lg MHUKpOrpaBUTAlMOHHAS
obcranoBka Ha KA «®oron» mnpuBera K CJIOKHONM KapTHHE MPUMECHBIX
HEOJHOPOJTHOCTEH B  BhIpamieHHOM  kpuctaiie  InSb:Te.  AnekBatHoi
MaTEeMaTUYEeCKOM MOJICJIM, CIIOCOOHOH OIMcaTh BO3JACHCTBHE BCEro auana3oHa
4acTOT [ Ha pacIuiaB, B HACTOsIIEe BpeMsl He cymiecTByeT. UToObI co31aTh TaKyto
MOJI€Ib, HEOOXO/IUMO BBINOJHEHUE CIEUUATbHO MOCTABJIEHHBIX YKCIIEPUMEHTOB B
KOHTpOJNIMpYeMbIX YycinoBuaX Ha KA, a Takke 4YHMCIEHHOE MOJEIUPOBAHUE
MPOLIECCOB  TEINIOMACCOINIEPEHOCAa B pACIUIABE B IOCTAHOBKE, aJIEKBATHOU
peanbHBIM MIPOIIECCAM U YCIOBUSIM BbIpAIlMBaHUSI KPUCTAILIOB.

3axnrouenue

B monokpucramnax InSb:Te, Boipamennsix MerogoM b3l Ha cmyTHuKe
«DoTOH-3», BBISBIEHBI NEPUOJANYECKAE U3MEHEHHUS B PaCIIPEACIICHUA IPUMECHBIX
HEOJHOPOJHOCTEH — mpuMecHoro kaHama (dddexra TpaHU) H  CIOUCTOU
HEOJHOPOJHOCTH. DTH MEPUOAUYHOCTH SIBISIOTCS CIEACTBUEM BO3JCHCTBUS Ha
paciulaB MEPEMEHHBIX [0 BEJIMYMHE M  HANPABIECHUIO HU3KOYACTOTHBIX
MHUKPOYCKOPEHUM.

CucreMaTu3upoBaHbl U MPOAHAIM3UPOBAHBI PE3YJIBTATHl H3MEPEHUN W
pacueToOB KBA3MCTAIMOHAPHBIX (¢ wyacToTamMu f<5-107 I'l) MHKPOYCKOpEHHMIA,
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32. KOCMWYECKOE MATEPWANOBEJOEHWE

0OYCIIOBJIEHHBIX CJIOXKHOW JMHAMUKON TOJieTa CIYTHUKOB THUMA «DOTOHY.
MUKpOyCKOpeHHsI MPAKTUYECKH MPEBBIIIAIOT 3HAYCHUS g ~ 10’7g0. Takue cUIIbI
JIOCTaTOYHbl JJIsi BO3HUKHOBEHHMSI HEOJHOPOJAHOCTEW TMOJE KOHBEKTUBHBIX
TEUCHUH, TeMIIepaTypbl U KOHIICHTpPALlMUM B pacIUiaB€ U, COOTBETCTBEHHO, MJIs
cerperaliui W HEOJAHOPOJHOCTH pacClpe/e/iCHus IMpPUMECH B KpuCTasulax,
BBIpAIlIMBAEMbIX METOIaMH HAIIPaBJICHHON KPUCTAUIM3AI[MU PACIIaBOB.

Oo6napyxennbsie B MoHOKpHUcTaimax InSb:Te, Boipamennsix metogom b3I1
Ha «@oTOoHE-3», MNEPHOJAMYHOCTH B XAPAKTEPE CIOUCTOrO pacHpeacsieHUs
JIETUPYIONICH MPUMECH, a TaKXKE B MOBEICHUM MPUMECHOTO KaHaja MPaKTUYECKU
COBMAJAIOT C YaCTOTaMH KBa3UCTAlMOHAPHBIX MHUKPOYCKOPEHUW, XapaKTEPHBIX
JUIsl ClyTHUKOB Tumna «DoTon». DTO JT0Ka3bIBaeT, YTO MPUUMHON BO3SHUKHOBEHUS
YKa3aHHBIX TIEPUOJAUYHOCTEH JACHUCTBUTEIBHO SIBISIOTCS IEPEMEHHBIC 110 BEIMUUHE
Y HaIpaBJICHUIO OCTATOYHBIE MHUKPOYCKOPEHHS Ha CIYyTHUKE, OIpPEIeISIolIne
MoJIsl TEUCHUM, TEMIIEpATypbl U KOHUEHTPAIMKM B paciuiaBe. ITO MOATBEPKIAET
bu3UYeCKre TMPEJCTABICHUS O BIUSHUM MaJbIX CWJI TPAaBUTAIMOHHOW U
WHEPIMAIBLHOW TPUPOALI HA TPOILECCHl CETrperaiuyd Mpu  HampaBICHHOU
KpHUCTAJUTU3allM1 PacIIaBOB.

3.2.2. PABPABOTKA METO/IA BBIPAIIIUBAHUSI KPUCTAJLIOB
MNOJYIIPOBOJHUKOB BECKOHTAKTHOMN HAITPABJIEHHOM
KPUCTAJUIM3AIIMEN U3 PACIIJIABA
B YCJIOBUSIX MUKPOT'PABUTALINIU

IIpennaraercs 1 00OCHOBBIBAETCSI BO3MOYKHOCTh pealM3allil HOBOI'O METOJa pocTa
KPHCTALIOB B KOcMoce (MeToJl OSCKOHTAaKTHOW HarpaBlieHHOM kpuctaumzanun — BHK).
Merton coderaer B cebe mpeumyIiecTBa MeToaoB bpukMena n 6ecTUreIbHON 30HHOW TUTABKH.
CymHOCTh METOJa 3aKII0YacTcsl B CO3JaHUMM B IPOLIECCE HANPABICHHOW KpUCTAJIM3aLUU
AKHJIKOTO MOCTa, HE KOHTAaKTHPYIOIEro ¢ OOKOBBIMU CTEHKAMM KOHTEMHEpa M Kacarolerocs c
OJHOM CTOPOHBI PACTYLIEr0 KpHUCTauia, a C APYrol — CMauyuBaeMOW TOPLEBOW IUIACTUHBI.
MeronoM MaTeMaTH4eCKOro MOJAEIMPOBAHUSA  MCCIENOBAIM  paBHOBECHBIE (QOpPMBI U
CTaOWJIBHOCTh Pa3IMYHBIX KOH(HUryparuii cBOOOJHON MOBEpXHOCTH paciuiaBa. [lokazaHo, 4ToO
cTabwibHasi KOH(UIypalus paciulaBa CyLIECTBEHHO 3aBUCUT OT yIJIOB CMAauMBaHMs pacljaBoOM
BHYTPCHHUX CTCHOK KOHTEHHEpa U TOPLIEBOW IUIACTHUHBI, OTPAaHUYMBAIOIIECH KPUCTAJIIN3YEMbIN
pacmuia. beun u3Mepens! yribl cMaunBaHus paciiaBamu Ge u GaSb pa3znuuHbIX MaTepUaIoB U
BbIOpaHbl noaxoasuye i peanuzaunn merona bBHK. Pa3paboTana KoHCTpyKLus aMITyJibl Jist
pocta monokpuctamioB GaSb merogqom BHK B kocmoce.

Onucanue memooa

[TpoGiiema pa3BuThs OECKOHTAKTHBIX METOJOB KPHUCTAILIU3AIMU B KOCMOCE
BO3HHUKJIA OJHOBPEMCHHO C TOSBJICHHEM KOCMHYECKOTO MATEPHAIOBEICHHUS U
OJTHOTO W3 HamboJiee €ero TMEepPCHNEKTHBHBIX HANPABICHUA — BBIPAIMBAHUS
MOHOKPHCTAJIJIOB TOJTYTPOBOAHUKOB U3 PacIuIaBoB. BO3MOXKHOCTh ynep:KaHUS B
HEBECOMOCTH OOJIBIITUX OOBEMOB pacIlyiaBa B YCIOBUSAX OTCYTCTBHUSI KOHTAKTa CO
CTEHKaMH KOHTeHHepa (KOTOPBI OKa3bIBaeT CYIISCTBCHHOE BIIMSHUE HA KA4eCTBO
KpHUCTaJlJIa) CYIIECTBEHHO CHIKAET COJACpKAHNE HEKOHTPOJIUPYEMBIX MpUMeEced B
pacruiaBe (M, COOTBETCTBEHHO, B KpHUCTa/UI€), IMIOBBIIIAET BO3MOXHOCTH
JOTIOJTHUTEIPHOW OYMCTKU MCXOJHOTO oOpaslia MpU €ro NEPeKpUCTALIN3alud U
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CIIOCOOCTBYET TOBBIIICHUIO CTPYKTYPHOTO COBEPUICHCTBA BBIPAIIUBAEMOIO
CIIUTKA.

Dta npobieMa YacTUYHO PENIaeTCs B YCIOBUSX MUKPOTPABUTAIIUN METOJIOM
oecturenbHOM 30HHON MmIaBkou (B3II) [1]. Ognako MeTO TOCTATOYHO CIOKEH C
TOYKHA 3pPEHUS] €ro Ha3eMHON OTpabOTKM U CYIIECTBYIOT MpOOJEeMBbl C €ro
peanuzanuei Ha OOpPTY MNWJIOTUPYEMBIX KOCMHUYECKHX amnmaparoB H3-3a
HECTAaOMIJIBHOT'O IPABUTAIMOHHOTO (POHA.

Hamu paspabGoran meTo]i OECKOHTAKTHOW HAaNpaBIECHHON KpUCTAILTA3AINU
(BHK), coueraronuii B cebe moutu Bce mnpeumyinectBa B3Il ¢ mpocroroit
peanu3aluu M HaAECKHBIM KOHTPOJEM TEIJIOBBIX YCJIOBUW BbIpAlIMBAaHUS MPH
HarpasiieHHoW kpuctamum3auun (HK) [2].

CymHocTs MeToAa 3akirouvaercss B co3gaHuu B mnpouecce HK xuuakoro
MOCTa, KACarollerocsi ¢ OJHOM CTOPOHBI PACTYIIErO0 KpUCTaia, a C APyrou
cMauMBaemMonl TopueBor IactuHbl. [IpuHumnuaneHas cxema wMeroga BHK
IIpUBEJIeHA Ha puc. 1.

1 2 3
AN N
7 — - - Hee=
N e \“
7 8 5 B)

Puc. 1. [IpuHnunuanbHas cxemMa MeToJja OECKOHTAKTHON HAIPaBICHHOW KPUCTAITU3AIINHN:
1 — ammyna-koHTeHEp; 2 — MOABMKHBIN MOJIBIN NOPILIEHB; 3 — KPBbIIIKa; 4 — NPYyKHUHA;
5 — OrpaHMYHTENb X0/1a; 6 — MCXOHBIA MOHOKPHUCTAILT, 7 — JepKaTellb; 8 — pacIias;
9 — 3arpaBka; 10 — TopreBas I1acTUHA; a) IPOJOJIBHBIA pa3pe3 aMILyJIbl IEPE]] IUIaBKOM;
0) MPOJOJIBHBINA pa3pe3 aMITyJIbl OCIe PACIUIaBICHUS HCXOIHOTO MOHOKPUCTAILNIA;

B) IPOAOJIBHBIN pa3pe3 aMITyJibl B IPOLECCE KPUCTAIN3ALINN

Dopma u cmadUuILHOCHb HCUOKO20 MOCMA
UtoOBI OIIEHUTH peabHOCTh ocyilecTBiIeHus mpoimecca BHK, meromom
MaTeMaTHYECKOIO0 MOJICIUPOBAHMS  HWCCIEIOBAaId paBHOBECHbIE (OPMBI U
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32. KOCMWYECKOE MATEPWANOBEJOEHWE

CTaOMJIBHOCTh BO3MOXKHBIX KOH(HUTypaluid CBOOOJHOW IMOBEPXHOCTH pacIliaBa,
KOTOpBIE  XapakTEepHbl Uil JAaHHOro Meroma. MccmenoBanack — MOJEIb
U30TEPMHUYECKON KHUAKOCTH CO CBOOOJHOM IOBEPXHOCTHIO, KAacalollecs Ha
KPOMKaxX TOPLIEBOM IUIACTUHBI C OJHOW CTOPOHBI U KPAaeB KPUCTAJUIA-3aTPABKU — C
npyroi (puc. 2). BeInmojiHeHBI pacueThl sl MOCTOSHHO JEHCTBYIOIIUX OCEBBIX
yckopennii (1o 10 7g).

1|t

Vi

/
ey /////;V//Zz;z’z’z’['/

SR/ J——

Puc. 2. Cxema OCCCUMMCTPUYIHOTO <GKUIKOI'O MOCTa»
CO CMa4YMBa€MbIMU TOpHaMHU B HaYaJbHBEIM MOMEHT mponecca

[Ipu aHamu3e wucnosb30BaHbl Iapamerpbl boHpa, TUnMYHBIE JUIA
MOJYIPOBOJHUKOBBIX pACIUIaBOB, a TAaKXK€ 3HAUYEHUs paguyca amIlyJbl-
KOHTEMHEpPA W YPOBHS MHUKPOTPAaBUTALIMM, XapPaKTEPHBIX [ IPOBOJUMBIX
KOCMHUYECKUX IKCIIEPUMEHTOB.

I'panuunbie  yciioBHsT  CTaOWUJIBHOCTU  «IOJIBEIIIEHHOTO»  pacIuiaBa
ONKMCBHIBAIOTCS CICITYIOIIMMHA COOTHOLICHUSIMU:

@1 <‘P] < @-900, (1)
O, — o +90°< ¥, < ©-90°, (2)

rae ©, ©; u ©, — yribl CMauyMBaHUs PacIIaBOM IJIAJIKON TBEPION MOBEPXHOCTH
MWIMHAPUYCCKAX CTEHOK aMITyJIbl, KpHUCTaUla H TOPIEBOIO JepiKaTess
coorBeTcTBeHHO, a ¥ m W, — BenWuUMHBI JBYTpaHHBIX YIJIOB, 0Opa30BaHHBIC
pacIuIaBoM MEXIy €r0 CBOOOTHOM MOBEPXHOCTHIO M TIIOCKOCTSIMHU, TIPOXOISIITAMUA
4yepe3 KPOMKH.

HeobOxomumo oTMeTHTh, 4TO TOCiE pactuiaBieHus marepuana W, + 7y = 90°,
IJIe Y; — BEJMYWHBI ABYTPAaHHBIX YTJIOB 00pa30BaHHBIC ra30M MEXIAY CBOOOJIHOMN
MOBEPXHOCTHIO pacIijiaBa U MOBEPXHOCTHIO MITHHIPUICCKUX CTCHOK aMITyJIbI (FITH
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32. KOCMWYECKOE MATEPWANOBEJOEHWE

OOKOBOM MOBEPXHOCTHIO PACTYIIET0 KpHUCTalia); O — Yroj, oOpa3oBaHHBIN
HUIMHAPUYECKON CTEHKOW aMITysbl M oOpasyrolleld K MOBEPXHOCTH TOPLEBOU
MJTACTHHBI.

N3 3TuxX COOTHOLIEHUM ClieyeT, YTO CBOOOHAsI MOBEPXHOCTh paciuiaBa B
KOHTakTe ¢ O0EMMM KpOMKAMH IMJIMHIPUYECKOW aMITyJIbl-KOHTEHHEpa MOXKET
OBITH CTAOMIIBHA TOJIBKO TpH ycsioBun (O — ) > 90° u (O — ©,) > 180° — a.

Kpome yrimoB cmauuBanusi, ¢opmMa U  CTaOMWIBHOCTH CBOOOIHOM
MOBEPXHOCTH PACIUIABJICHHOW 30HBI B KOH(UTYypallMH, MMOKa3aHHOM Ha pucC. 2,
onpenenstorcs dPGEeKTUBHOM TONIMIMHOW CHUCTEMBbI A, OTHOCHTEIBHBIM €€
o0beMoM V 1 unciom bonna B. OTu BEIMYUHBI OMPEEISIIOTCS BRIPAKECHUSIMU:

A = hl(2ro), V =v/(mry’h), B = pgro’/c. 3).

3nech ¥y — paauyc KOHTEHHepa; I — pacCTOSHHE MEXIY MOJISePKUBAIOITUMU
TBEPJILIMU TOPIIAMU; g — 3HAUYCHHE IOCTOSIHHOTO YCKOPEHHsI, HAIpaBJICHHOIO
BJIOJIb OCHM KOHTEWHepa, v — 00bEeM paciljlaBa, OTPAaHUYCHHBIA ILIOCKOCTSIMU,
MPOXOSIIIUMU Yepe3 TOPLbI; P U G — IUIOTHOCTh M MOBEPXHOCTHOE HATSIKEHUE
pacIuiaBa COOTBETCTBEHHO.

®dopma peasibHO BhIpAIIMBAEMbIX KPUCTAUIOB CBUETEILCTBYET O TOM, UYTO
paauyc pacTyliero Kpucrasuia 7., U paauyc aMiyJibl-KOHTeHHEpa ¥y, pa3nyaroTcs.
O0603HauMM OTHOIIEHUE UX BEWYUH 4yepe3 K = r./ry.

Ha puc. 3 B A, V koopanHaTax MOKa3aHbl MaT€MAaTHYE€CKH PAaCCUUTAHHbBIC
rpaHuIlbl 00IIeH 00JaCTH CTAOMIBHOCTH JIJIS YKUIKOW 30HBI KPUCTAUTU3AIIMOHHOM
CHCTEMBI, TOKA3aHHOM Ha puc. 2.

I J——

0.4

0.2

Puc. 3. [Tonoxxenne o01acTu cTaOMIBHOCTH pacIijiaBa Ui KPUCTATN3AMOHHON
CHUCTEMBI, IOKAa3aHHOW Ha pUC. 2, IPU pa3IUYHBIX 3HaUeHUsX uncesn bonaa u K:
B =0 (cruomns nmunus), B = 0,05 (myskTHp ¢ Toukoi) U B = —0,05 (myHKTHD);
Yyclia Ha KPUBBIX MMOKA3bIBAIOT 3HaUeHUs K
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32. KOCMWYECKOE MATEPWANOBEJOEHWE

BpImOnHEHHBIM ~ TEOPETMYECKMM  aHauW3  IOKa3al  BO3MOYKHOCTH
CYLIECTBOBAHUS <« KUJIKOTO MOCTa» MEXAY KPUCTALIOM-3aTPABKOW W TOPLIEBOU
TUIACTUHOU-AEPKATENEM JNIMHOU 10 TPEX AUAMETPOB CIUTKA.

Pe3ynprarhl 4MCIEHHOTO MOJACIMPOBAHMS TOKA3bIBAIOT BO3MOKHOCTH
OCYILIECTBJICHUSI B pEAJIbHBIX YCIOBUSIX HOBOTO METOJIa, KOTOPBIM oOJagaer
MPOCTOTOM U HAJEKHOCTHIO METOJa HAMPABICHHON KPUCTAJUIM3AllMd U B TO K€
BpEMSI UCKJIIOYAET KOHTAKT paciuiaBa U pacTyIIEro KPUCTalJIa ¢ KOHTEUHEPOM.

YcraHoBiieHO, 4TO KOHGUTypamusi 00JacTu CTaOUJIBHOCTU CYIIECTBEHHO
3aBUCHUT OT YIJIOB CMAauMBaHUS PACILUIABOM IUJIMHJPUYECKONM CTEHKH KOHTEUHEpa
1, 0COOCHHO, TOPIICBOM IIJIACTHUHEI.

H3zmepenus yenoe cmauuganus scuokumu GaSb u Ge

meepovix GaAs u Si coomeemcmeeHHO

B kauectBe Marepuana Ay U3rOTOBJIEHUSI TOPLEBBIX MIACTHH-JAEpIKATEIEH
pacruiaBa Ipu BBIPAIIMBAHUKA MOHOKPHCTAJUIOB T'€pPMaHMsl U aHTUMOHMJIA TaJUTUS
HAMU  MPEAJIOKEHO  MCMOJIb30BaTh  POACTBEHHBIE MO  CBOEW  MPUPOJE
NOJIYIPOBOJHUKH, HMEIOUIME CYIIECTBEHHO O00JIee€ BBICOKHE TEMIIEPATYpPbl
IUTABJICHUSI 10 CPaBHEHUIO C  KPHUCTAIUIM3YEMBIM  BELIECTBOM,  XOPOIIO
CMayMBaeMble PacIUIaBOM W OKa3bIBaloIlMe Ci1adoe BIMSHHUE Ha DJIEKTPUUYECKUE
CBOMCTBa uccieayeMoro oo0wekra. [Ipu KpucTainmuzanuu repmMaHusi B KauecTBe
MaTepualia TOPILIEBOM IJIACTUHBI ObUT BBIOpaH Si, a NpU KpUCTATUIM3ALUHU
aHTUMOHHU A Tajutust — GaAs.

JIJist mpoBepKU MPaBWILHOCTH BBIOOpA MaTepHalia CMauyuBaeMbIX TOPIEBBIX
IIACTHH ObUIO M3YYEHO CMAauMBaHHE IUIACTUH KPEMHHUS pacIllaBOM TepMaHus U
IJIACTUH apCeHUJla Tajuldsl paciulaBOM aHTUMOHUJa ramumms. HMccnemoBaHus
MPOBOAMIIM METOJIOM JIEKAIlleW Kaluli B YCTAHOBKE TOPU3OHTAIIBHOTO THMA C
doTopeructpanueld mpoduiIs PACTEKAIOMEHCS Kaluli Kak B BaKyyMmMe, Tak U B
atMocdepe aprona. M3aMepeHHbIe 3HAUCHHSI YTJIOB CMAaYMBAHUS TJIACTHH KPEMHUS
pacIulaBOM Te€pMaHus B BaKyyMeé M HHEPTHOM Ta3e cocrtaBuwiu 32 u 34°
COOTBETCTBEHHO, a IUIACTMH apCeHHJa TaJuIUs pacIiulaBOM aHTUMOHHUJAA TaJlIus B
Bakyyme — 35°. [lonyueHHble 3HaUCHUS OJIM3KU K 3HAYCHUSIM YTJIOB CMauyMBaHUs
TBEPABIX TE€pPMaHUS M AHTUMOHHAA TaJUIUS COOCTBEHHBIMHM pacIulaBaMu U
CBUJICTEIILCTBYIOT O BO3MOYKHOCTH HCHOJIb30BAHUS JAHHBIX MATEPHAIOB IS
peanuzaiuu  Meroga bBbHK repmanuss W aHTUMOHHMAA TajulMsl B YCJIOBHSX
MUKpPOTpaBUTAIUH.

Haszemnasn ompabomka sxcnepumenma no pocmy monoxkpucmainos GaSb

memoodom BHK

[TpumenutensHo k ycranoBke «Ilomuzon» (pazpadotka KBOM) npoBeneHa
HazeMHass otrpaboTka »skcrmepuMmeHToB mo HK GaSb  agumamerpom 17 mwm.
Pa3paGoTansl W W3TOTOBJIICHBI WMHTATOPHl PabOUYMX aMmImyd JUisi HA3eMHOU
OTpaOOTKH SKCHEPUMEHTOB, 3JIEMEHThl KOHCTPYKIIMU aMmmyJl JJis MTpPOBEACHUS
KOCMHYECKUX JKCIIEPUMEHTOB B KOHTAKTHOM W OECKOHTAKTHOM BapHaHTaX.
Pa3paboTanbl METOJUKHN MOJATOTOBKM OCHOBHBIX M BCIIOMOTaTEIbHBIX MAaTEPUAJIOB
K DJKCIIEpUMEHTaM, a TakKe METOJAMKU cOopku paboumx ammyn. OtpaboraHa

16



32. KOCMWYECKOE MATEPWANOBEJOEHWE

METOJAMKA BBEIACHUsA JICTUPYIOIIEW IPHUMECH Ui HOJYYEHUs 3aJaHHBIX
AIEKTPUYECKUX CBOMCTB ITEPEKPUCTALIN30BAHHBIX CIIMTKOB.

Pa3pabotana meTonuMKa OJHOBPEMEHHOTO MOHHUTOPMHIA paclpeiesieHUs
TEMIIEPATYP B PACIUIaBE M BBIPAIMBAEMOM KPHUCTAJIE, a TAKKE HAa MOBEPXHOCTH
KBaplLIEBOW aMImyJjbl MU B PA3IMUYHBIX 3JEMEHTaX TEIUIOBOTO OJIOKa B Mpouecce
kpuctaunzaiuu GaSb metonom bpumxkmena. [lokazano, yto pacmpeneneHue
TEMIIEPATYP Ha MOBEPXHOCTH aMITyJibl XOPOUIO KOPPEIUPYET C paclpeleieHueM
TEMIIepaTyp B CUCTEME pacIljiaB — KPUCTAILI, a TOTOMY MOXXET ObITh UCIIOJIb30BaHO
JUISl ONTUMU3ALMHU TEIUIOBBIX MOJIel ycTaHOBOK Thna «llommuzon» [3].

OTtpaboTaHbl peKUMBbI, 0OOECIICUNBAIOIIME: 3aTPaBJICHUE B 33JaHHOM MECTe
MCXOJTHOM 3arOTOBKH, CTAOUILHOCTH TIAJKOTO (DPOHTA KPUCTALITU3AINH, & TAKKE
HayaJIbHbII MOHOKPHUCTAJUIMYECKU pocT. llokazaHHO, 4YTO ISl  yCHELIHOU
peanu3anuu npolecca KpUcTauM3anuu Ha ycTtaHoBKe «llomm3on» ycpenHeHHBbIE
OCEBBIE TEMIEpAaTypHble TpPAaJUEHTHl B o0nacTh (pPOHTA KpPUCTALIM3ALUU U
CKOpPOCTh  pOCTa  JOJKHBI  cocTaBisaTh ~10-20 K/cMm mpu  ckopocTsx
kpuctamzaimu < 0,5 cm/yac.  [lpoBeneHo  uccnefoBaHUE — CTPYKTYPHBIX
0COOEHHOCTEH M DIEKTPOPU3NYECKUX CBOMCTB TIONYYECHHBIX MPU HAZEMHOU
oTpaboTke 00pa3loB aHTHUMOHMJA Tajuiusg U repmanus. Ha puc. 4 moxaszanbl
AJIEMEHTHl KOHCTPYKIIMHM U coOpaHHas IITaTHas aMirynia Juist rnpoBeaeHus KO Ha
ycraHoBke «llonmnzon».

o s o
A

6
Jlrvnwhm.:

Puc. 4. DneMeHTHI KOHCTPYKIIMK U cOOpaHHas IITaTHAs aMIyJa Ui mpoBeaenus KO
Ha yctaHoBke «Ilomuzon»: 1 — aepxkarens,; 2 — MOHOKPHUCTAJJI aHTUMOHU/IA TaJUIHS C
BBITOYKOM; 3 — IUIaCTUHA apCEHUA raJlaus; 4 — NpyXKuHa; 5 — OrpaHUUYUTEINb X0/a;
6 — coOpaHHas mITaTHAs aMITyJia

Pazpaborana mnporpaMMa MpOBENEHUS TMOJIETHBIX OSKCIEPUMEHTOB I10
OECKOHTAaKTHOM HAIpaBJIEHHOW KPUCTAJUIM3AINH, a TAKXKE B Pa3IMUHBIX YCIOBUAX
KOHTaKTa paciulaBa C BHYTPEHHHMMHM CTEHKaMU aMIlyjibl, W OTpabOTaHbI
TEMIIEPATypPHO-BPEMEHHBIE ~ PEXHUMBbI  (LUKJIOrpaMMbl)  HUX  HPOBEIECHUS.
M3roToBiieHbl U NEpeNaHbl JUisl peain3aluu dKcnepuMeHToB B kocmoce (KbOM)
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32. KOCMWYECKOE MATEPWANOBEJOEHWE

KOMIUIEKTBI aMITyJl JUIsl IPOBEIECHHUS] KOCMUYECKUX DKCIIEPUMEHTOB Ha YCTAHOBKE
«ITomuzon» Ha KA cepun «@otoH M».

3aknouenue

[Ipennoxen HOBBIN METOJ, pocrta KPUCTAJIJIOB HaIpaBJIECHHOU
KpUcCTauiM3aiueil B kocmoce. M3ydeHbl paBHOBECHbIE (DOPMBI U CTAOMIIBHOCTH
Pa3IUYHBIX KOH(UTypaluii U30TEPMUUYECKOTO paciiiaBa, MMEIOLIEro CBOOOIHYIO
OOKOBYIO MOBEPXHOCTh M KacCaloIlerocsi ¢ TOPIOB CMAaYMBAEMbIX MaTE€pPUAJIOB JJIS
OCTAaTOYHBIX YCKOpPeHHiT g/gy < 107 u g/gy ~ 10, HAIPaBICHHBIX 110 OCH 06pasia
U TEPHEHJUKYJSIpHO ero moBepxHocTu. [lokazaHo, yTo 00JacTh CTAOMIBLHOCTH
YKUJIKOTO MOCTa CYIIECTBEHHO 3aBHCHUT OT YIJIOB CMauMBaHUs PaCIsIaBOM OOKOBBIX
CTEHOK KOHTEWHEepa M TOPLEBBIX MaTepuasoB. BbpiOpaHbl CcMayuMBaeMbie
MaTtepuasbl, IPUTOJHBIC ISl peaau3alud METo/Ja OSCKOHTAKTHOM HaIpaBiIE€HHOU
kpuctamzanuu GaSb u Ge. Pa3paboTana KOHCTPYKIMS aMmIlyjibl U MpPOBEJEHA
Ha3eMHass OTpadOTKa KOCMHUYECKOTO JKCIEpUMEHTa 10 OECKOHTAaKTHOM
HarpaBJIeHHOM kpucTtaum3anun GaSb.

3.2.3. 9®PEKTHI CTPYKTYPHOH CAMOOPTAHU3AIIUA
PACIIJTIABOB B IEPEXO/THOM CJIOE ITPH POCTE KPUCTAJIVIOB
B YCJIOBUAX MUKPOT'PABUTAIIN

Jlan kpaTkuii 0030p pe3ynbTaroB, MosiydeHHbIX coBMmecTHO UXIIM n ®3OU B 2003—
2005 rT. mpu MCCIENOBAHMM M MOJEIHMPOBAHMM INPOLIECCOB pocTa MOHOKpucTamuioB Ge:Ga,
Ge:Sb, GaSb:Te, InP:S u3 crexnoMeTpuyecKix W HECTEXHOMETPHUECKUX PACIIaBOB Ha OOPTY
cnyTHUKOB cepun PotoH. OOOCHOBaHa U TIOKa3aHa MEPCIEKTUBHOCTh HCHOJIb30BAHUSA
COCTOSTHUSI MUKPOTPAaBUTALIMU JUIsl MCCIEAOBAHUS TPOILIECCOB CTPYKTYPHOM CaMOOpraHu3aluu
(kyacTepooOpa3oBaHusl) B NEPEXOAHOM CIIO€ pacljiaBa NpH KpHUCTalu3auuu. Brepsolie B
KayecTBE  HE3aBHUCHUMOIO  MHCTPYMEHTa  MCCIEIOBaHMA  TaKUX  IPOLECCOB  CO3aHa
MaTeMaTHYecKass MOJeNIb KOHBEKTMBHOTO TEIUIOMAcCONEepeHOca, yUUThIBaIOLIas BYX(pa3HbIN
XapakTep cpelbl B MOTPAHCIOSIX BOMM3M Mexda3zHoW rpaHurnpl. OOCYKIAIOTCA MEePCIIEKTUBEI
Pa3BUTHS HTOr0 HOBOT'O HAIPABJICHUS B KOCMUYECKOM MaTepHUaIOBEACHUH.

Beseoenue

Konuenmusa wuccnenoanuii HWXIIM  coctouT B leJIeHANIPABICHHBIM
WCIIOJIb30BaHUM MUKPOTPABUTAIINU, Kak crienuuueckoit Gpuanyeckoit cpespl, s
pemienuss  (QyHIaMeHTaNIbHBIX  MpoOJieM, CBS3aHHBIX C  H3YUYCHHEM W
MaTeMaTHYEeCKUM MOJICJIMPOBAHUEM IIPOLIECCOB KPUCTALIN3ALH
MOJTYIIPOBOJTHUKOB ¥ MHOTOKOMITOHEHTHBIX MHTEPMETAJUIUAOB M3 >KUAKON (hasbl.
CocTosiHuEe HEBECOMOCTH SIBIISETCA WACATbHOW HEBO3MYILECHHON Cpelon i
ucciaeaoBanus QyHIaMEHTAIBHBIX MEXaHHU3MOB (Pa30BBIX MEPEXOJ0B B YCIOBHUIX
MPEICIbHO MAIBIX HEKOHTPOJMPYEMBIX BHEIIHUX SHEPr€THYECKUX BO3IACUCTBUU
HA KPUCTAJJIN3ALMOHHYIO0 CUCTEMY.

B nocnenHume TOABI  KOJMYECTBO  BBIMOJHSAEMbBIX  TEXHOJOTHMUYCCKHX
HKCIEPUMEHTOB Ha OpOUTE PE3KO CHUBWIOCh B CBSI3U C MpEKpalieHueM
cymectBoBaHus craHumn «Mwup» (2001), HeynayHbIM 3allyCKOM CIYTHHKA
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32. KOCMWYECKOE MATEPWANOBEJOEHWE

«Dotor-M1» (2002) u xaractpodoii Space Shuttle Columbia (2003). B stux
YCIIOBUSIX JAESATENbHOCTh HaydyHoOro kosuiektuBa WXIIM Oputa HampaBieHa Ha
Ha3eMHYI0 OTpa0OTKy TEXHOJOITMYECKUX MPOLECCOB, 3alUIAHUPOBAHHBIX K
npoefeHnio Ha MKC u «®otoH-M2», u Ha 00pabOTKy pe3yjbTaTOB paHee
MPOBEJICHHBIX OPOUTATIBLHBIX YKCIIEPUMEHTOB MO BBIPAIIMBAHUIO MOHOKPHUCTAJLJIOB
MOJIYITPOBO/THUKOB.

B 2003-2005 rr. uccneaoBaHus BBITOJIHSUIUCH IPU (PUHAHCOBOW MOIIEPIKKE
PODOU — rpant Neo 03-02-16282 «Dghghexmvr cmpyxkmypnozco ynopsoouenus
pacnnagog 6 obaacmu  pazoeoco nepexooa Npu  pocme  JecUPOBAHHBIX
MOHOKPUCIANN08 NOJYNPOBOOHUKOE 8 YCA0BUAX MUKPO2PABUMAYUUy», U KOHTPAKTA
EC-ESA NMP-CT-2004-500635 B paMKax HHTETPAllMUOHHOIO  IPOEKTa
«Intermetallic Materials Processing in Relation to Earth and Space Solidification
(IMPRESS)» EBpomneiickoii mporpammsl FP6 [1].

HaxkomuieHHbIe 32 MHOTOJETHUN NEPUOJ AKCIEPUMEHTAIBHBIE PE3yJIbTATh
IMPUBEIN HAC K HEOOXOJAMMOCTH YYWUTHIBATH B TIPOIECCaX OPOMTAIBLHOTO POCTa
dha3o0Boe U CTPYKTYpPHOE COCTOSIHUE MEpeXOAHOTo delta-cnosi s OOBACHEHUS
aHOMAJIMK  JIETUPOBAHMS W JI€(PEKTHOCTM B «KOCMHUYECKHX» KpHUCTaJIIaX.
B wacTHOCTH, MBI IPUIUIA K HEOOXOJAUMOCTH KJIACTEPHOTO OMHUCAHUSI CTPYKTYPbI
MIOTPAHUYHOTO delta-cliosl.

[IpoGnema wuccienoBaHusl CTPYKTYPHBIX TpEBpaIleHUil BelecTBa BOIU3U
TeMIlepaTypbl IUTaBICHHUS MpH (DA30BBIX IMEpexojax SBISETCS BaKHEHIIeW as
NOHUMaHUs (DyHIAMEHTAIBHBIX MPOIIECCOB U MEXAaHW3MOB KpUCTaUTM3anuu. B
YaCTHOCTHM, B COBPEMEHHOM MAaTEpPUAJIOBEACHUU  MOJYNPOBOAHUKOB  HE
CYIIECTBYET MPUHIMUIUAIBHBIX MpoOJIeM HU B HCCICIOBAHUU CTPYKTYphl U
CBOWCTB TMOJIyYEHHBIX MOHOKPHUCTAJUIOB, HU B OINHUCAHUU U MOJIECIUPOBAHUU
rupoaHaMuku M TeroMacconepeHoca (TMII) B oObeme pacnnaBa mnpu
kpuctaumsanui. COCTOSIHUE BEIIECTBA B Y3KOH MOTPaHUYHON 00JacTH (azoBOTO
nepexoja, MpoLecchl NEPEeHoca TeIa U MAcChl B MPEIKPUCTAIUIN3AUOHHOM CJI0€
OCTAlOTCSl TMPAKTUYECKU EIUHCTBEHHBIM «O€NbIM MSITHOM». TpPYIHOCTH €ro
UCCIIEIOBaHUS YCYTIyOJISIIOTCA TEeM, YTO IepexofHas o00JIacTb B «3E€MHBIX)»
POCTOBBIX MPOLECCAX HMEET Mallble T€OMETPUYECKUE pa3Mephl (IECATKHU/COTHU
MUKpPOH), HEMPEPBHIBHO pa3pyllasich CO CTOPOHBI pacIljlaBa €CTECTBEHHBIMU U
UCKYCCTBEHHO CO3JaHHBIMM KOHBEKTUBHBIMH TMOTOKaMHU. [lockonbKy 3¢dekTb
CTPYKTYPUPOBAHHMS paciuiaBa B MEPEXOIHOM CIIO€ YPE3BhIUAHHO YYBCTBUTEIBHBI K
JIOOBIM ~ DHEPreTUYECKUM  BO3JICUCTBHSIM —  TEIUIOBBIM, MEXaHUYECKUM
(mepeMemuBanue, BHUOpaIusi), SJIEKTPOMArHUTHBIM, TPAaBUTAIIMOHHBIM U p.,
UJCATbHON CPeNoN JJId WX TPOSBICHUS W HM3YYCHHS JIOJDKHO OBITH COCTOSIHUE
MUKpPOTPAaBUTAIIMM, peaju3yeMoe Ha OopTy OpOUTANIBHBIX KOCMHYECKHX
anmnapatoB (KA).

Obcyoicoenue pe3yrbmamos

YHUKaTbHBIE TUAPOAMHAMUYECKUE U TEIUJIOBBIE YCIOBUS KpHUCTAJUIU3AIUU,
XapaKkTepU3yIoIuecs 4Ype3BblYalHO CJIa0bIM KOHBEKTHMBHBIM IEpEMEIINBAHUEM
pacruiaBa, BO3HUKAIOT MPU BO3ACHCTBUM OCTATOYHOIO TPABUTALIMOHHOTO TOJIS,
ocrabnenroro B 10° pa3 mHa Bbicotax 300-400 KM OKONO3eMHON Op6uThL. IIpH
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32. KOCMWYECKOE MATEPWANOBEJOEHWE

KpUCTAJIA3allMM B HEBECOMOCTH TOJILIMHA MPU(POHTOBOrO NEPEXOAHOTO CIOS B
pacruiaBax aocturaet 3—6 mm [2, 3]. OOpa3zoBaHue yIOPSAOYEHHBIX IPYNIHPOBOK
aTOMOB, (DOPMHUPYIOIIKUX B pPACIUIaBE CTPYKTYpy OJMKHEro MOpsAlKa, W3MEHSET
CTPYKTYPHO-3aBUCHUMBbIE CBOWCTBA HTOM NPOTSHKEHHOW IPEAKPUCTAIIN3aLMOHHON
o0nactu  (BA3KOCTh, IIOTHOCTh, TEIJIONPOBOAHOCTb, THIPOJUHAMUYECKOE
CONPOTHUBJICHUE U [Ip.), a TaKXKe JIOKaJdbHble KOI(P(UIMUEHTH paclpeeeHus
JETUPYIOUIUX NpuMeced Ha Tpanule pazzgena (a3. OyngamentanbHbie 3G EKTHI
CTPYKTYPUPOBaHMUSI BO MHOTOM omnpenensitoT ocodenHoctd TMII B obGnactu
¢dazoBoro rmepexoja W  OKa3bIBAIOT CHJIBHOE BIMSHUE Ha  MEXaHU3M
KpUCTAJUIM3allMd B LIE€JIOM, IIOCKOJIBKY TEPMOIPAaBUTALIMOHHAS KOHBEKLMS
4ype3BbIYaHO Majia, a 00JacTh (pPa3oBON HETOMOI€HHOCTH — 3HA4YMTEIbHA. JTO, B
CBOIO O4Yepeilb, MPUBOJUT K IKCHEPUMEHTAIbHO OOHAPYKHBAEMbIM aHOMAJIHUSIM
pacrpeneneHus MpuMecei U AMEKTPOPU3NIECKUX CBOMCTB B MOITYIPOBOIHHUKOBON
TBepao# ¢a3ze, a Takke K 00pa30BaHUIO CTIEHU(DUUECKUX CTPYKTYPHBIX 1e(DEKTOB B
pacTyIuX KpUCTAJJIaX MHOTOKOMIIOHEHTHBIX COEJUHEHUM.

B pamkax nmoAroToBUTENBHOrO 3Tana padoT ObUT IPOBEIECH aHAJIU3 BIUSHUS
IPaBUTAIMOHHBIX PEKUMOB OpOUTAIBLHOTO MOJIeTa cTaHUuU «Mup» Ha Mmporeccsl
KpUCTANIA3AIMU TOJIYIIPOBOJIHUKOB Ha MpUMeEpe OECTUreabHOM 30HHOM IUIaBKU
Ge [4]. DKCTIEPUMEHTAIBHO MOKa3aHo, 4TO HecTallMOHapHAas
TEpMOTpaBUTAIIMOHHAS KOHBEKIIMS B pacllylaBe CTAHOBUTCS MPEHEOPEKUMO Majion
JIMIIb TIPH yPOBHE MHKpOrpaBHTarmu Menee 4-10° or 3emHoro smauenms (g).
[TosroMy oOCHOBHBIE ycuiausi ObUIM  COCPEIOTOYEHBI Ha  KOMIUIEKCHOM
UCCJIEIOBAaHUA MOHOKPHUCTAJJIOB, BBIPAILECHHBIX B XOJ€ 7 IOJIETHBIX MHUCCUH Ha
oopty 6ecimnioTHbIXx KA cepunt «DOTOH» B YCIOBUSAX MPEEIbHO HU3KOTO YPOBHS
OCTAaTOYHON MUKpOrpaBHTALMHK IOpsiKa 310 g

BBINIOIHEHO 3KCIIEPUMEHTAIbHO-TEOPETUYECKOE HCCIEAOBAHUE IPOIIECCOB
CTPYKTYPHOTO YyTOPSIOUYCHUS (KJIacTepooOpa3oBaHUs) B TEPEXOMAHOW 00JacTh
pacmaBa BOMM3M Mex(a3zHoW TpaHuipl. llpenmeTroM uccieqoBaHus SBISIIHCH
IPOLIECChl KPUCTAJUIM3ALMK U JIETUPOBAaHMs 3JeMeHTapHbix (Ha npumepe Ge:Ga,
Ge:Sb), a Takke OMHaApHBIX MOJYNPOBOAHUKOB Tpynnbel A;Bs (Ha mnpumepe
GaSb:Te, InP:S) u3 xuakoit ¢aswl (pacmiaBa) B yCJIOBHUSX MNPENETbHO HU3KOU
MUKpOTpaBUTALIMK. MOHOKPHUCTAIJIBI 3TUX MarepuajioB (cM. oOpasibl Ha puc. 1)
BBIPAILIEHbl METOJaMU 30HHOM IUIaBKM W JBWXKYyLIErocs Harpematens (traveling
heater method, THM) ¢ ucnonp3oBaHueM KOMILUIEKCAa OpPOUTAIBLHOW POCTOBOM
anmaparypsl «30Ha-4» (pa3paboTumk ammapaTypbl — KoHCTpyKTOpCcKOEe Oropo
obmero mammuoctpoenus, KbOM). [lpoBenena KOMIUIEKCHAsI XapaKTepH3aIus
IOJIyIPOBOJHUKOBBIX ~ KPHUCTAQUIOB ~ C  HMCIHOJb30BAaHUEM  COBPEMEHHBIX
AHAINTHYECKUX  MeTOoAMK.  lcnosip30BaHa ~ KOHUENUMS  BBIPAIMBAEMOIO
MOHOKpPHUCTAJIa Kak CBOero pojaa «doTtorpadum» COCTOSHUS TEPEXOAHOTO
mexdaznoro cioa. Ocoboe BHUMAHUE YACNSAIOCH M3YyUYEHHUIO 00JacTeH,
OPUJIETAIOMUX K HAYalnbHOMY (GPOHTY KpHcTauM3anuu (PpOHTY 3aTpaBICHHS).
JlaHHBIE UWCCIEAOBAaHUNA TPUMECHOU, AJIEKTPOPU3UYECKOH U  CTPYKTYpHOM
HEOJHOPOJIHOCTH MOHOKPHUCTAJUIOB MCHOJb30BAHBl B KAauye€CTBE HE3aBUCUMBIX
pe3yibTaTOB IMpU BepUPUKALIUM MOJAEIbHBIX pacueroB. [lokazaHo, 4YTO
dbynnamentanbubie 3G(EKThl YIOPSAOYEHUSI CTPYKTYphl paciiiaBa B KOCMOCE
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32. KOCMWYECKOE MATEPWANOBEJOEHWE

IPOSIBISIOTCS MAaKCUMAJIBHO SIPKO MMEHHO B MPEAKPUCTAIIIM3ALUOHHON 001acTu
BOJNIM3M TeMIlepaTyphl IUIABJICHUS BEIIECTBA, TIJ€ HMHTEHCHBHOCTH IPOIIECCOB
KOHBEKTUBHOTO  TEPEMEIINBAHUSA, «Pa3MBITUS» NPUPPOHTOBOTO CIOS U
pa3pylIeHHs KIacTepHbIX 00pa3oBaHuil OJM3Ka K HYIHO [S].

Puc. 1. O6pa3iipl MOHOKPHUCTAIIIIOB, BBIPAILICHHBIX METOAOM OECTUreJIbHOM 30HHOH IJIaBKU
Ha OopTy cmyTHHKOB cepun «Poron»: a — Ge:Ga; 6 — GaSb:Te.
®orto 'MPEJIMET, ny6nukyetcs ¢ paspemenus B.B. Pakosa

[Ipy BBIMOTHEHUM YHUCICHHBIX HWCCICIOBAHUM UM  KOMIIBIOTEPHOIO
MOJICJIMPOBAHUS UCIIOIB30BAJIUCh MOUIHOCTH PACYETHO-AHATIMTUYECKUX CTAHLUN
[HII P® «Dusuko-sneprernyeckuii uHcTUTyT™ (OOUN). Ilomyuen psan
3HAUUTEJIbHBIX HOBBIX pPE3yJbTaTOB. BriepBble B KadyecTBE HE3aBUCUMOIO
MHCTPYMEHTA  MCCIIEOBaHUSl  IPOIECCOB  CTPYKTYPHOM  caMOOpraHu3auuu
(kmacTepupoBaHUs) pacIUIaBOB B MOTPAHCIIOSIX CO37aHa BEpCHs MaTEMaTHYECKOM
MOJIENTM ~ KOHBEKTUBHOTO  TEIUIOMACCONEPEHOCa, BKJIOYAIOUIasi  ypaBHEHUS
TUIPOIMHAMUKY, TEPEeHOcCa MPUMECH M KOHBEKTHBHOI'O TEUEHHSI B MEPEXOJAHOU
obmactu [6]. PazpaboTka MOJeIM OTIWYAETCS HOBU3HOW ITOJXOJIOB K OIHUCAHHUIO
CONPSKEHHBIX THAPOJMHAMHYECKUX M KPUCTAJUIM3ALMOHHBIX mpoueccoB. OHa
MO3BOJIAET ONKCATh MPOLIECC KPUCTAIIM3AIMHU paciulaBa ¢ y4eTOM ABUKYIIECS
rpanuiibl (Ha30BOTo MEepexo0/1a, KOHBEKTUBHOTO TEIJIOMACCOINIEPEHOCa U Cerperaiun
npuMecu. B Mojzienu BHEpBbIE YUYTEHO CTPYKTYPHOE MPEAKPUCTATUIM3ALMOHHOE
COCTOSIHHE TOTPAaHUYHOrO ciosi B oOjactu pazgena ¢as. Ilepexomnas oGmacth
BIICpPBBIC OMUCaHa Kak JAByxdaszHas cpeda, HapsAAy C paciulaBOM cofepiKarias
o0bEMHBIE  KJIaCTepHblE  OOpa3oBaHUsA,  OKA3bIBAIOLIME  CONPOTHUBIICHUE
Te4eHuro [7].

[Ipu uccnenoBanuu opOuTanbHbIX MOHOKpucTamioB Ge:Ga, GaSb:Te u
GaSb:In omenena BenMYMHA «KOHCTAHTHI KJIAacTepupoBaHus» (alpha) B
CTEXMOMETPUYECKUX JerMpoBaHHBIX paciiaBax Ge u GaSb. Alpha Bxomut
KJIFOUEBBIM MapaMeTPOM B pa3pabOTaHHYI0 MAaTeMaTUYECKYI0 MOJIENb, B HESIBHOM
BUJIe XapakTepusys GopMy M YCPEIHEHHBIH pa3Mmep KIacTepoB TBepAou ¢asbl,
00pa3oBaBIIUXCS B MEPEXOHOM IpuppoHTOBOM cioe. Dusndecku alpha 3aBucut
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32. KOCMWYECKOE MATEPWANOBEJOEHWE

OT OTHOIICHHUS «IOBEPXHOCTH/O0BEM» UACTHUI[-3apOABIINICH TBepaoil (aswl,
OKa3bIBAIOIIMX COMNPOTUBJIECHUE JIAMHUHAPHOMY IIOTOKY paciuiaBa, OMBIBAIOILEMY
bpont kpuctasuzanuu. Ilokazano, uro s Ge u GaSb mnapamerp alpha
JIOCTAaTOYHO KOHCEpPBATUBEH, B TMEPBOM MPUONMKEHUH HE 3aBUCUT OT BHJA
JISTUPYIONICH MpUMECH U HaXoJauTcs B npenenax (6,2.. .7,0)-1017. JIna yrcneHHbIx
OLICHOK BIEpPBbIE B KAa4YECTBE TECTOBOIO (hM3MUECKOrO IMpollecca HCIOJIb30BaH
3¢(deKT  KOHIIEHTPALIMOHHOTO  pAacClIOCHMsl  paciuiaBa oA JCHCTBUEM
CTAalMOHAPHOI'0 BEKTOpa ocTaTo4yHoW rpaButanuu [8]. IlokazaHo, yTOo mpouecc
KJIAaCTEpOOOpa3oBaHus BOJIU3H KPUCTAIUIU3AIMOHHOTO ()POHTA aKTUBHO MPOTEKAET
B oOmactu, orpannueHHoil wuzorepmamu |Tmr; Ton+10K]; npu  stom
uHTerpaibHas (3p¢eKkTuBHasH) BA3KOCTh pacIulaBa MOXKET BO3pacTaTh B JIECATKU
(mo ~60) pa3. IIpoBenena BepuduKamusa Co3TaHHON MaTeMaTHYCCKOW MOJEIH Ha
peanbHBIX OpPOWUTAIBHBIX W Ha3eMHBIX Mpoueccax Kpuctamm3anuun GaSb:In
meronoM bpuyxmena. Iloka3aHa aJeKBaTHOCTh MOJENBHBIX MPEICTABICHUN
KJIFOUEBBIM THAPOJAMHAMUYECKUM IIpOLlEcCaM, MPOTEKAIOIIKUM B pacijlaBe U
COMPOBOXKJAIOIIUM €r0 KPUCTAUIM3ALMI0O B  PA3JIMYHBIX TPABUTALMOHHBIX
ycnoBusix [9].

Oco0oe BHMMaHWE MPH BBIMOIHEHUU UCCIENOBAHUN YIEISUIOCH MPolieccam
KpUCTAJIM3alu  coequHeHnid A3;Bs W3 HeCTeXHMOMETpUYECKUX pPacTBOPOB-
pacIuiaBoB Ha OCHOBE COOCTBEHHOTO JIETKOILIaBKOro KommnoHeHTa Aj (A; = QGa,
In), HIUPOKO MPUMEHSFOLIUMCS B AIUTAKCUAIBHON  TEXHOJIOTMH.
dynaameHTaIbHOW 0COOCHHOCTHIO TAKMX KPUCTAIN3ALMOHHBIX CUCTEM SIBIISIETCS
OombIIasi KPyTH3HA HAKJIOHA KPUBBIX JUKBHAYC B T-X nuarpammax COCTOSHUS,
YTO CBMJETEIBCTBYET O CHJIBHOM 3aBHCHMOCTH PAaBHOBECHON TEMIEPATYpPbI
KpHUCTaJUIM3alMu OT KOHUEHTpauuu Bs B pacruiaBe. Hanpumep, misa cucremsl In-
InP dT/dX nocturaer 25-30 K/at.%. Kommonent Bs (Bs = P, As, Sb) aBnsercs
KpUCTANI000pa3yolM, HO €ro KOHLEHTpauus B >KHJIKOW (ha3e OTHOCUTEIBHO
HeBenuka (oObraHO ~10-20 at.%). Ilpm pocte kpucramina oH BeAeT cels
aHAJIOTMYHO TMpuMecu ¢ kodpduuuentom pacnpeneneHuss k>1, oOpasys y
Mex(pa3zHOW TrpaHUIbl OOCAHEHHBIM NEPEXOJHbIM CJIOW pacTBOpa-paciuiaBa ¢
IIOHWKEHHOW PAaBHOBECHOU TEMIIEPATYpOU KpucTaum3anuu. 11ockobKy TonmuHa
YW KOHIIGHTPALMOHHBIM TpOdUIb TMOrpaHcioss BO MHOTOM  OIPEACNISIOTCS
WHTEHCUBHOCTBHIO TU(PPY3NMOHHOTO W/MIM KOHBEKTHMBHOTO TpaHCIOpPTa B o0ObeMe
XKUJKOW 30HBI, MPOLECCHl KpHUCTAUIM3aUMU coeauHeHuil A;Bs u3 pactBopa-
paciyiaBa  ABJISIIOTCS  OKCTPEMAJIbHO TIPAaBUTAIMOHHO-4yBCTBUTEIbHBIMU [10].
Hapsay ¢ npumMecHOil HEOTHOPOJHOCTBIO (B Cydae MPUMEHEHUS JETMPOBAHHOTO
pacmiaBa), 3Ta YyBCTBUTEJIbHOCTh MPOSBISIETCS TakXKe Ha YPOBHE COOCTBEHHOIO
CTPYKTYPHOI'O COBEPIIEHCTBA KPUCTAJIOB.

JleTaJlbHO HCCIEAOBaHbl «3EMHBIE» U «KOCMHUYECKHE» MOHOKPHUCTAILIBI
InP:S, BoIpamenusie HU3KoTEMIIEpaTypHbIM (1143 K) metonom THM u3 pacrnnasa
HCXOJHOTO paBHOBecHOTo coctaBa 84 at.% In, 16 at.% P u 2.2:10" ar/em® S Ha
oopty KA «®oton-11» B pamkax Poccuiicko-repmanckoii nmporpammel SKAT-FD
(cm. [11]). Ouenka kauecTBa BbIPAIIEHHBIX MOHOKPUCTAJIJIOB C TOYKH 3PEHUS
OJTHOPOJTHOCTH CBOMCTB (JIETUPOBAHMS) U KPUCTAIIIOTPaUUECKOTO COBEPUICHCTBA
BBIIIOJTHEHA T10 PE3yJIbTaTaM B3aMMOJOMOJIHSIOINX KOMIUIEKCHBIX UCCIIEIOBAHUM.
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HATIPABJIEHHE POCTA =g

In - 30Ha

1 MM 50 MKM

Puc. 2. a— BHEmIHUH BUI IPOIOJILHOTO ceueHus oopasna InP nmocie 50 4 HapammBaHus
MOHOKPHUCTAJNIMYECKOTO CII0S1 METOJIOM JBUXKYIIIETOCS] HarpeBaresis B KOCMOCE;

0 — PEHTTEeHOBCKas TOIIOTPaMMa BBIPOCIIETO CJIOS, OO BUJ; B — MapaJUICITbHBIC IICTTOYKID)
chepuueckux MUKpOJePEKTOB, BHISBICHHBIC BOIM3U (PPOHTA 3aTPABICHHS METOAOM
CKaHUPYIOIIEH pEHTTEHOBCKOM TOMOTrpag iy BEICOKOTO pa3pelIeHNsI.
[TonpoGHocTu cm. B [12, 13]

IIpu cpaBHEHMM MEXAaHHM3MOB KPUCTAIIM3ALUU M3 CTEXHMOMETPUUYECKUX U
HECTEXMOMETPUUECKUX  COOCTBEHHBIX  pacIulaBOB  OBLIO  MOKAa3aHO, 4YTO
OPUHLMIUAIBHBIM OTJIMYMEM B TMOCIEAHEM Cllyyae SBISETCS HEOO0XOIMMOCTh
yuera  3(p(GEeKTOoB  KOHUEHTPALMOHHOIO  MEPEOXJXKACHUS  MEPEeXOHOro
(IMOrpaHUYHOr0) CJIOSI B YCJOBMSIX KAapAMHAJIBHO OCJIA0JIEHHON KOHBEKIUHU Ja)Ke
Opy OYEHb MallbIX CKopocTsax pocra [12]. CuencTBusMu — pa3BUTHSA
TupQPy3MOHHOTO  pEeKKMMa  KPUCTAUIM3AIUMM  SBISIIOTCS:  (DOpPMHUpPOBAHUE
obemuenHoro (ochopoM, HECTAIMOHAPHOTO BO BpeMeHU delta-cnosi; paHHEe
pa3BUTHE SUYEUCTOM CYOCTPYKTYphl KpucTamia; (a3oBoe CTPyKTypHpOBaHHE
NEePEXOAHOro cliosi ¢ 00pa30BaHMEM acCOLUMATOB (KJIACTEPOB), OOHAPYKEHHBIX B
«KOCMUYECKMX» KkpucTtauiax (puc.2B). B 3emHOM o0Opasie-aHaaore Takue
BKJIIOUEHUS] He ObulM oOHapyxeHbl. IlokazaHo, 4YTO JeQeKThl SBIAIOTCA
cepUyeCKUMHU YNOPSII0YEHHBIMU MHUKPOBBIIECICHUSIMU BTOPON (ha3bl HA OCHOBE
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pactBopuTtens (In), MakcCUMaabHO CKOHLIEHTPUPOBaHbI B m1ockocTu (111), umeror
quaMmerp 10-20 MKM M IUIOTHOCTH B CEYEHHHM 3aKPUCTAJUIM30BAHHOTO CIIOS
~4-10% cm 2. BeiiBuHytTa u  maremMathuecku chOpMYJIMpOBaHA  TUIOTE3a
00pa30BaHMsl KJIACTEPHBIX aCCOLMATOB, (DOPMHUPYIOLIUXCS B 3aCTOMHOM pacTBOpE-
pacmiaBe 'y (pOHTAa KpUCTAUIM3ALMU B HEBECOMOCTU B YCIOBHUSX CHIIbHBIX
MEepEChICHUH 10 In ¢ moCIenyomMUM UX BXOXKIECHUEM B pacTylui Kpuctaiur InP.
DKCHEPUMEHTAIBHO OmpeesieHbl Ko PUIIMEHTh pacipeesieHus IPUMECH CEPbl
ky=0,274 n k,y =0,430, xoddpdunuent ee mupPy3un B pacTBOpe-pacIlIaBe
D(S)=4,2:10" cm*/c, a Tamke SbGhEKTHBHAS TONIIMHA MEPEXOLHOLO CIIOS
delta=0,07cM B ycCIOBUSIX 3€MHOW rpaBuTanuu. llomydeHHble JaHHbBIC
WCIIOb30BaHbl Kak ©0a30Bble (pemepHbie) mpH pa3paboTke 0000IeHHON
MaTeMaTU4YEeCKOM MOJENN KPUCTAJUIM3ALMOHHBIX MPOUECCOB B HEBECOMOCTH.
YroObl ydecTb KOHEUHBI HMHTEpBal TemmeparypHoro mnepeoxnaxaecaus (AT) B
peanbHBIX «KOCMHUYECKUX» Ipoleccax Kpuctaumsaunu InP:S, B npemnoxeHHy1o
paHee MojeNb Oblja BIIEpBbIC BBEACHA JOIMOJIHUTEIbHAS JIMHEWHAs 3aBUCUMOCTD
SHTAJIBIHNU OT TEMIIEPATYPbl B 00JIACTH MEPEOXIIAKACHUS, a TAKKE TeMIlepaTypHas
3aBUCUMOCTb IUIOTHOCTH MaTepuajia B MEPEeXOJHOM 00JiacTh paciuiaBa BOIM3U
dazoBoro mnepexojaa, cojaepikaiieil kiacrepbl. Tem caMbIiM, JOCTUTHYTa BBICOKAs
CTENEHb  AJICKBATHOCTH  MOJEIBHBIX  MPEACTABICHUNA  OPU  ONKMCAHUU
HKCIIEPUMEHTAIBHO BBISBICHHBIX OCOOCHHOCTEH pocTa MOHOKpHUCTaLIOB As;Bs u3
HECTEXMOMETPUYECKOT0 COOCTBEHHOI'O pacTBopa-paciuiaBa. PacyeTsl mokasanw,
YTO TOSABJICHHE In-MUKpPOAEPEKTOB BO3MOXKHO B Cilydae, Korjma BOIM3M (GpoHTa
KPUCTAIA3AIMN PACTBOP-PACIUIaB JIOKAIbHO 00enHeH $ochopoM BILUIOTH O €0
HyJEeBOM KoHIeHTpanuu. [lo Mogy4eHHBIM OIEHKaM, 3TOMY COOTBETCTBYET
riyorHa KoHIeHTpannoHHoro nepeoxnaxaenus AT mopsiaka 4K u 6onee [13].

3aknouenue

Takum 00pa3zom, 000CHOBaHA MEPCHEKTUBHOCTh MCHOJb30BAHUSI COCTOSIHUS
MUKpPOTPAaBUTALIMH ISl UCCIIEI0BAHUS MTPOLIECCOB CTPYKTYPHOM caMOOpraHu3aluu
(k1acTepooOpa3oBaHusl) B pacijlaBax MpU UX KPUCTALIM3AIMU; TIOJIyYEHBI TIepBbIC
oOHaJexuBaIIUe pe3yibTarbl. Pa3Burhe HOBOro HampaBiieHus (U3UKU
MUKporpaButanuu Oyaet npoaoibkeHo B 2006-2008 rr. mpu noanepxke PODU,
rpadT Ne 06-02-16597 «Touxas cmpykmypa nepexooHo20 closi U MUKPOKUHEMUKA
CMpoeHUsi MeHCPasHol NoBepXHOCMU 6 Npoyeccax pocmd MOHOKPUCMAILLO8
ROJYNPOBOOHUKOB U3 PACNAABO8 8 YCILOBUAX MUKPOCDABUMAYULL .

PeanbHas BO3MOXKHOCTH (PYHIaMEHTAIBHBIX MOJCIBHBIX OO0OOIICHUN U
TECTUPOBAHUS TIPEIIOKEHHBIX MOJAX0A0B OYJIET UCIIOJIb30BaHa TP UCCIIEIOBAHUN
JNEHAPUTHON KpucTaumzanuu uHTepMmetamuaoB TiAINb B pamkax mpoekrta
IMPRESS, c nepcreKTUBO NOCTaHOBKH KPUCTAUTM3ALMOHHBIX 3KCIEPUMEHTOB Ha
opoutansHoil (MKC, monyne Destiny) u cybopOutanbubix (MAXUS, TEXUS)
MUKPOTPaBUTALMOHHBIX IaTdopmax B 2007-2009 rr.
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