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HOBBIE HANPABJIEHWUS CUHTE3A
HEOPTAHUMECKMX TBEPADLIX
BELLECTB

B. B. CBMPNOOB

Bernopycckuii rocyaapcTBeHHbIN yHuBepcuTeT, MuHck

BBEJEHUE

CUHTE3 HOBBIX XMMUYECKUX COENMHEHUI U pa3pa-
00TKa HOBBIX METOJIOB CHTE3a — 3TO BaxkHasi MpoobJie-
Ma XMMWU, TIPEeICTaBIISIoNIast O0NbIION MHTEPEC U IS
(busukm, 6GMOJOTHUU, TEOJNOTUM, MEIMIIMHBI, a TaKXe
Pa3IMYHBIX TeXHUYEeCKUX HayK. K HacTosiiemy BpeMe-
HU KOJIMYECTBO XMMUYECKUX COEAMHEHU, CBEIEHUSI O
KOTOPBIX MOXHO HAWTHA B HAYYHOU JIMTEPATYPE, TPEBBI-
cuio 10 MaH. CUHTE3bl HOBBIX COSIMHEHUM 1 TTIOMCKU
HOBBIX METOJIOB CHHTe3a Mpojaosrkatorcs. [IpumeHu-
TeJIbHO K CUHTE3Y TBEP/bIX BEILIECTB 3TU 3a/1a41 UMEIOT
cnennduIeckrne 0COOCHHOCTH.

Bo-1iepBbIX, XUMUUYECKHI1 COCTAB pa3TMYHBIX 00pa3-
1I0B MHOTMX TBEPIbIX BELIECTB C HEMOJEKYISIPHOM
CTPYKTYPOU MOXET pa3inyatbCsi B OMpPeeIeHHbIX Mpe-
Jiesiax B 3aBUCUMOCTH OT YCJIOBUI MostyueHust. st He-
KOTOPBIX HECTEXHUOMETPUIECKHMX BEIIECTB 3TO pas3inine
MOXeT ObITh 3HAUMTENbHbIM. Tak, 00pa3iibl OKCHAA TU-
TaHa C OMMHAKOBOU KPUCTALTAYECKOU CTPYKTYpPOIA MO-
TYT UMETh COCTaB, iexaunii B npesenax TiO, ,—TiO, ,;.

Bo-BTOpBIX, CBOICTBA TBEPABIX BEIIECTB 3aBUCST OT
TOTO, KakoBa WX CTPYKTypa — KpUCTaJUIMUECKas WIu
amopdHasl, K Kakoil noaumopdHoi MoauduKauuu
TIPUHAJJIEXAT UX KPUCTAJUIbl, KAKOBBI pa3Mep U hopma
KPUCTALIOB, XapaKTep U KOHIEHTpALMs B HUX Jedek-
TOB (pa3JMYHOTO poja HEMpPaBUJIbHOCTEN KPUCTALIH-
YECKOM PeLLeTKU), TPUPOa, KOJUIECTBO U COCTOSIHUE
npUMeceid, HaXOISLMXCSl B 00beME WM Ha TIOBEPXHO-
CTU KPHUCTAJLIOB, OCOOEHHOCTU B3aMMHOIO CBSI3bIBA-
HUS OTAEJIbHBIX KPUCTALJIOB B arperarbl (KOHIJioMepa-
ThI), CTPYKTYpHasi opraHusaiusi (Mopdosorusi) aTux
KOHIJIOMepaToB (TUIEHKU, KepaMUKHU, TTIOPUCTHIE CUC-
TEMbI, BOJIOKHA).

M3 ckazaHHOTO SICHO, UYTO CUHTE3 TBEPJOTO BEILIECT-
Ba HE MOXET B OOJIBLIMHCTBE CIy4yaeB OrPAHUYUTHCS
TPOCTO TOJyYeHUEM BeIlleCTBa KaKOTO-TO KOHKPETHO-
ro coctaBa. OOBIYHO CTABUTCS 3aJa4a MOJYyIUTh Bellle-
CTBO B OINpPEJeJIEHHOM COCTOSIHUM, XapaKTepu3yeMOoM
Ha3BaHHBIMU BbllIE (PaKTOpaMu, ONIPEEIISIOIIMMU €T0
cBorictBa. CMHTE3 TBEpPIOTO BellecTBAa — 3TO CBOETO
pola KOHCTPYMPOBaHWE CHUCTEMBI C OMpeAeSeHHOMI
BHYTPEHHEN CTPYKTYpoil 1 Mopdosiorueii, opraHu3a-
el HaAKpUCTAUIMYEeCKNX 00pa3oBaHUil. XapaKTep-
HO, YTO MHOTHE TBEPbIC BELIECTBA — MPOIYKTHI CUHTE-
3a MPENCTaBISIIOT co00il MaTepuasbl TOrO WM WHOTO
Ha3HAYEHUS WK KOMIIOHEHThl KOMITO3UTHBIX (MHOTO-
daznbix) Marepuanon. [losromy mpobiema cuHTE3a
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TBEPABIX BEILIECTB B OIPEICICHHOM COCTOSTHUM — 3TO
HE TOJIBKO MpobjieMa XMMUU TBEPIOro Tejla U Heopra-
HUYECKOM XMMUHM (B ClIydyae CUHTE3a HEOPraHMYeCKMUX
BEIIECTB), HO U MpoOIeMa XUMUM MaTePHAJIOB — OYpHO
Ppa3BUBAIOIIETOCST HATIPABICHUS XUMUU.

CylecTByeT OOLIMpHAsl JUTepaTypa O METOOUKAX
MOJYYEeHUs Pa3INYHbIX TBEPIbIX BEILIECTB, O METOAMKAX
BbIpalllMBaHUsI KPUCTAJIOB, TMOJYYeHUs CTEKI000pa3-
HBIX BEIIECTB, IUIEHOK, KepaMuK M T.1. OQHaKO cBele-
HHUSI O HOBBIX JOCTMKEHMSIX B 3TOI 00JIACTU MaJIOo-
CTYITHBI JJIs] IIUPOKOTO KPyra YhTaresieil, He MMEIOLINX
BO3MOXHOCTH CJIEAUTH 32 Hay4yHOI uTeparypoii. [1o-
3TOMY HET BO3MOXHOCTHA PEKOMEHIIOBATh JIUTEPATypPy
10 BOITPOCaM, pacCMaTpUBAaEMbIM B JaHHOM CTaThe, KO-
Topasi oTpaxayia Obl COBPEMEHHOE COCTOSIHUE Ipo0Jie-
MbI. HekoTophle MaTepralibl MOXKHO HAWTH B TeMaTH4e-
CKOM HOMepe XypHaa [ 1] 1 kaurax |2, 3]. OcobeHHOCTH
CHHTE3a HEOPraHMYECKUX COeIUHEHMI XOPOIIO pa3pa-
OOTaHHBIMU M JTaBHO U3BECTHBIMM CIIOCOOAMM, KOTO-
phle TIPEICTaBISIOT MHTEpEC IS TpernoaaBaTeIecii Xu-
MUHM, MOXHO HaliTh B [4].

NMPOLECChI NOJIYYEHMA TBEPObIX BEWECTB
C YYACTUEM I'A30®PA3HbIX PEAKLIUA

Bosbiine BO3BMOXHOCTU IJ1s1 CUHTE3a TBEPIbIX Be-
1IECTB OTKPBIBAIOT MTPUEMBI, COYETAIOIIINE HAIPEB pea-
TUPYIOILIKX B Ta30BO# (hase BEIIECTB C BO3AEHCTBUEM Ha
PEaKIMOHHYIO CUCTEMY TTIOTOKA 3JIEKTPOHOB 1 MOHOB,
TeHEpUPYEMBIX B TUIa3Me, UJIU C BBEICHUEM B CUCTEMY
MPOAYKTOB PACIIbIJICHNUA TBEPABIX BEIIECTB IMPU IENCT-
BUY TTOTOKA TSKETBIX YACTULI, DJIEKTPOHOB U MOIIITHOTO
Jla3epHOTO U3nydeHus. B mogoOHbIX cuctemax, coaep-
KalllMX HEePaBHOBECHbIE MPOAYKTHI JECTPYKIIMU pea-
TEHTOB, MOTYT OOpa30BBIBATHCS TEPMOIMHAMMUYECKU
HECTOMKME TIpYU TeMIepaType peakluM XUMHYEeCKHE
coenuHeHus. 1 uX cOXpaHeHUsI HEOOXOAUMO, YTOOBI
OHU OBICTPO BBIBOAWIMCH U3 30HBI peakuuu. Eciu teM-
neparypa, npu KoTopoii opMuUpyeTcsi MPOAYKT CUHTE-
3a, HE OYEHb BBICOKASl, TO CYIIECTBEHHOE 3HAaYeHME
WMeEET CTa0MIM3alIvs MMPOAYKTa Ha TBEPIOI MTOBEPXHO-
CTU, Ha KOTOPOI OH MOXET OCAXIAThCs B BUJIE TLNIEHKMU.

B 3aBUCMMOCTH OT pexXuMa IpoBeIeHUsI peakliu B
ra3oBoii (paze oOpa3yloTcs JMOO0 BBICOKOIMCIIEPCHBIN
TBEPIbIN TPOAYKT (MPUYEM UMEIOTCS BO3MOXHOCTH
peryaupoBaTh pa3Mephl ero YacTUll BILUIOTh A0 MOJy-
YeHHUSI UX C pa3MepoM IOpsiKa HAHOMETPOB), JIMOO
TUIEHKH MPOJYKTa, KOTOPbIE OCAXIAIOTCSI Ha TBEPIBIX
noBepxHocTsx. HepaBHOBecHBII XapakTep Tpoliec-
COB CIIOCOOCTBYET 00pa30BaHUI0 MUKPOKPUCTAJIJIOB C
OOJIBIIION KOHIIEHTpalrei 1edeKToB 1nbo aMmophHOro
npoaykta. Ha cocTosiHue Takoro MpoayKTa OKa3bIBaeT
BJIIMUSIHUE Tocenywonmii mporpeB. OgHakKo MHOTrue
TEePMOAVMHAMUYECKU HECTOWKHKE MPOAYKTHI TIPU 3TOM
pasjiaraloTcsi WIM TIpeBpalaloTcss B APYrylO TOJIH-
MOPGHYIO KPUCTALINYECKYI0 MOAUGDUKALINIO, Tepsist
TPU 3TOM TMOJIE3HbIE CBOMCTBA (HaNIpuMep, TBEPIOCTD).
IMonyyeHre MOHOKPUCTAJIIOB B pacCMaTPUBAEMBbIX yC-
JIOBUSIX BO3MOXHO, €CJIM K MeCTy 00pa30oBaHUsI TBep-
noi (a3l 0UeHb MEUIEHHO TMoAatoTcs (OpMUPYIOIIUE
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ee MPOMEXYTOUYHBIC MPOMYKTHl XMMHUYECKUX IpeBpa-
LIEHUH, TIPOTEeKAIOIIMX B ra30Boii cpene. B atux ciyua-
SIX MOHOKPUCTAJIJIBI PacTyT OOBIYHO B BUIE TIICHOK,
MpUYeM 3TOMY MPOLECCY CMOCOOCTBYET CYIIECTBOBA-
HHUE CXOJICTBa B CTPYKTYpPe KPUCTAJUIOB MOIJIOXKU U
oOpa3syroiierocs npoaykra. Takoro poga mpoiiecc o0-
pa3oBaHUsI MOHOKPHUCTAUTMYECKMX TUIEHOK Ha3bIBaeT-
cs anMTakcuanbHbeIM. [Ipolecc amuTakcuaabHOTrO Ha-
pallMBaHMSI TIPEACTABISIET MHTEPEC NpPU CO3AaHUM
HOBBIX MaTe€pUaJIOB JJISI U3TOTOBJIEHUS 3JIEKTPOHHBIX
YCTPOWCTB.

IIpuBeneM HECKOJIBKO ITPUMEPOB CHUHTE30B, BbI-
TTOJTHEHHBIX B TOCJETHWE TOOBI C WMCIOJb30BaHUEM
paccMOTpeHHBIX IoaxonoB. CoTHU IyOJMKaLMid I10-
SIBUJTUCH 1O TIPO0OJIeMe MOTYYEHMS pa3INnYHbIX Pa3HO-
BUAHOCTeH yriaepoaa. CTaHOapTHBINA CIOCOO CUHTE3a
aJMa3a OCHOBaH Ha TIPMMEHEHUM BBICOKMX HaBICHUI
(mo 40—50 x6ap) mpu BeIcoKoi Temmeparype (1300—
1400°C). ITpuemMsl razodazHoro cuHTe3a obecrneynBa-
10T 00pa3oBaHue MOJUKPUCTAJUIMYECKOTO ajiMa3a B yc-
JIOBUSIX OOBIYHOTO AaBiieHus. Pa3paboTaHbl METOIMKHA
MOJyYyeHUsl ajaMmasa TyTeM NUpojv3a TMapoB MeTaHa,
METHJIOBOTO CIIMPTA U APYTUX MPOCTEHILINX OpraHUYeC-
KHX COEMHEHUI (B HEKOTOPBIX METOAAX MCITOIb3YIOT
MX CMECH C TlTapaM¥ BOJIBI) B Cpefie, copepKaleii Boao-
pon. Co3naHue YCJIOBUI JIs1 TOSIBJIEHUSI aTOMapHOTO
Bofopoaa (Harpumep, B BBICOKOYACTOTHOM pa3psific)
obecrieynBaeT MOBBIIIEHUE CKOPOCTU POCTa KPUCTAJI-
JioB anMa3sa. [1pu muponnse o6pa3yroTcs B KauecTBe He-
CTOMKMX TTPOMEXYTOUHBIX MTPOAYKTOB pa3ivuYHbIE yT-
JiepojicoiepKaliiiie MOJEeKYIbl U pamuKaibl CIOXKHOTO
XMUMMYECKOTO COCTaBa, a Takxke MoJjieKyiasl C,, B KOTO-
pbIx aToMbl C HAaXomATCH B SP°- M SP*-TMOPUIM30BaH-
HBIX COCTOSIHUSIX. Ecau B cuctemMe MMeeTcs] MOJIEKY-
JISIDHBIA M OCOOEHHO aTOMapHbIi BOAOPOI, TO OH
B3aMMOJIEHCTBYET MPEUMYLIECTBEHHO C SP>-TMOPUIN-
30BaHHBIMU aTOMaMH, 00pasys JIeTydre MPOAYKTHI, a
palyKabl, colepXKallie aTOMbI Sp°-TMOPUAN30BAHHO-
ro yriaepona, GopMUPYIOT KPUCTAJUIbI aiMa3a, KOTOPbIi
OTKJIa/IbIBAETCS Ha TOMJIOXKE WJIM CTEHKaX peakI[MOH-
Horo cocyna. Kpucramisl aiMaza MOTYT (POpMUPOBATh-
CcA M B KUCJIOPOIHO-TIPOTTMJIEHOBOM, a TaKXe KUCJIO-
POMHO-aLIETUJICHOBOM TIJJaMeHU (B COCTAaBe YaCTHIL
caxu). YcTaHOBJIEHa BO3MOXKXHOCTb TpaHC(hOPMHpPOBa-
HUS B aJIMa3 aMOP(MOHOTO BOJIOKHHUCTOTO YIJISI TIPU BO3-
JIeICTBMU Ha HETO aTOMAapHOTO BOJOPOJIA.

Ecnu nipu momo6HOTro poaa mpoiieccax He ycrieBaeT
TIPOUCXOIUTH WJIM BOOOIIE HE MMPOUCXOIUT THAPUPOBA-
HMeE YTJIePOJHBIX KJIACTEPOB U UX (hParMeHTOB, COEePKa-
LIMX SP>-TMOPUAN30BAHHBIA YIJIEPO, YTO CIIOCOOCTBYET
(opMUPOBAHUIO TNIOCKUX IIECTUATOMHBIX TPYITITUPO-
BoK atromoB C,, XapakTepHbIX U1 TpaduTa, TO Ipo-
IYKTOM Ta30o(a3HblXx MpeBpallleHUuid OKa3blBaeTcs
amMopdHBII yIiiepo, pa3JImyHbie 00pa3Ibl KOTOPOTO B
3aBUCUMOCTH OT YCJIOBHI (poOpMUpOBaHUS colepKaT B
pasauyHbIX cooTHoweHusax atombl C (sp®) u C (sp?) u,
KpOMe TOTO, XMMUYEeCKU CBSA3aHHBIN BOIOPO, KOTO-
peiii Bxogut B coctaB rpynn =CH, =CH,, —CH,.
AMopdHbIii yriaepon, He conepKaliuii B CBOEM COCTaBe
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XMMUYECKU CBS3aHHOTO BOJOpOa, oOpasyercsl IMpu
KOHJIEHCAIIMU TTapoB TPOAYKTa MCIapeHusl rpadura.
Hanuuue Bomopona B MpoAyKTe CHHTE3a U COOTHOIIIe-
HUE KOJIMUECTBa ABYX (hOPM aTOMOB yIJIepoJia CyIEeCT-
BEHHO CKa3bIBAIOTCSI Ha TBEPIOCTH, BJEKTPUUECKUX U
JIPYTHX CBOMCTBAxX 3TOro Ipoaykra. HekoTopkie o6pas-
116l aMOPGHOTO YIIepoa o TBEPAOCTH COTIOCTABUMBI
C aJIMa30M, M IMO3TOMY MX Ha3bIBAIOT aMOpGHbBIM aMa-
30MOA00HBIM YTJIEPOAOM.

Ecnu B ra3oBoii cpesie co3natoTcst yCaoBus 1Jisl B3au-
MOJIEHCTBUST MEXIY COOO OCKOJIKOB, 00Pa3yIOIIMXCs
MpY UCTIapeHuu TpaduTa, WIM MHOTOATOMHBIX YIJie-
polcoepxXaliux paavKajioB ¢ MaJbIM colep:KaHUeM
BoJopoa (Takasi CUTyallsi BOSHMKAET, HalipuMep, Mpu
CropaHuu TapoB HadTajlMHa, KOrma B 30HE TUIAMEHU
00pasyioTcs paavKaibl ¢ apOMaTUYECKUMM TPYITITH-
pOBKaMu aTOMOB), TO TPOIYKTOM B3aMMOJICICTBUS
9TUX pPaAuKaJIOB MOTYT OBITh MOJIEKYJIBI HOBOTO KJjlacca
aJUTOTPONHBIX MoAubUKalui yriepona — dyuiepeHoB
(cM. [5]).

®dysutepeHbl, UX TPOU3BOIHBIE, a TAKKe aMOPGhHbBIE
¢dopMbl yriaepoma o0jagal0T MHTEPECHBIM HaOOpOM
(usznyeckux CBONCTB, KOTOpbIE B HACTOSIIEE BpeMmsi
HUCCIIeAYIOT BO MHOrux jaboparopusix. I[loka Tojbko
HaMeTUJIUCh TIEPCIIEKTUBHBIE 00JIACTU MX UCITOTh30Ba-
HUS1, HO OHU ellle He HAlIlJIM IIMPOKOTo MPaKTUYECKOTO
npuMeHeHus1. K coxaneHuio, u razodasHblii crocod
CHUHTEe3a ajiMa3a TakKe HEAOCTATOYHO pa3paboTaH Jist
WCTIOJb30BaHMS B MPOU3BOACTBEHHBIX yCIOBUSIX. CH-
Tyalusi YCJIOXHSIETCSI TeM, YTO XapaKTep IPOIIecCOB,
MPOTEKAIOUIUX MPU OCYILIECTBICHUN CUHTE30B, YYBCT-
BUTEJIEH K MajieiillieMy U3MEHEHMIO YCJIOBUIT TTpoBee-
HUS CUHTE3a.

HeGonbiioit 00beM cTaTbu HE MO3BOJISIET paccKa-
3aTh 00 OCOOEHHOCTSIX CUHTEe3a IPYTrUX COSAUHEHUM C
HCIIOJIb30BaHUEM paccMaTpuBaeMbix cmocoboB. Hazo-
BEM TOJIbKO 3TU coequHeHust. OnucaH crnocoo nosuyye-
HUst aMopdHON rieHKr HuTpuaa yriepona C N, co-
JepxaHue a30Ta B KOTOPOU MOXKeT BapbrpoBaTh ¢ 30 1o
45 at.%. bputv Ipe I pUHSTH MTOTBITKA CHHTE3UPOBATh
HUTPUJ yIJIeposa cTexuomeTpuueckoro cocrasa C;N, B
KPUCTAJUIMYECKOM COCTOSIHUUM, ONHAKO OHM TIOKa He
TO3BOJIMIM TIOJYYUTh OKOHYATENbHBIX pPE3YJIbTaTOB.
HHTepec K 9TOMY CUHTE3y 00YCJIOBJIEH TeM, YTO KpUC-
Tayyecknii C;N, B COOTBETCTBUM € TEOPETUIECKUMU
CcOo00OpakeHUSIMHU JOJIKEeH 00J1a1aTh TBEPAOCTBIO, COTTO-
CTaBUMOI M, BO3MOXHO, JaXKe€ MpPEBBILIAIONIECH TBEP-
JOCTh aJiMa3a. TpyIHOCTb MOJYYEHUS] ITOIO COECAUHE-
HUS B 3HAYUTEIBHON Mepe CBsI3aHa C TeM, YTO OHO
TEPMUYECKU HECTOWKO W TIPU TeMIlepaType BHIIIIe
800°C paznaraercs. K paspsmy odyeHb TBEpABIX Be-
1IECTB, COMTOCTABUMBIX 110 TBEPJOCTHU C aJTIMA30M, OTHO-
CSIT U IpyTrve HeAaBHO TOJIyYeHHbIE COeAMHEHUS dJie-
MEHTOB C MAaJIbIM ITOPSIIKOBBIM HOMEPOM: HHMTPUJIBI
6opa B,N, rne n — 3, 4, 5, 25, 53, xapoun B,C, xap6o-
HUTpuUIbI epeMeHHoro coctaBa B.C N, okcnnnt B, O,
rmen=2,6,7,8, 10, 18, 20, 22.

BHUMaHMe MHOTHX JJaOOpaTOPHUii B IOCISTHUE TOIBI
COCpEOTOYEeHO Ha pa3paboTKe M COBEPIICHCTBOBAHUU
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METOJIOB 3MUTAKCUAJIbHOTO CHMHTE3a MOHOKPUCTAJLI-
YECKUX TUIEHOK TIOJTYIPOBOJHUKOBBIX COEIUHEHU.
Paznuyator 1Ba BapuaHTa TaKOTO CUHTE3a: MOJIEKYJISIP-
HO-JIyuyeBasl SMUTaKcUs W ra3zodasHasi 3MUTAKCUS U3
MEeTaJUIOOpPTaHN4YeCcKuX coeanHeHuit. CylHOCTh Tep-
BOTO BapuaHTa CUHTE3a 3aKJI0YaeTcs B TOM, YTO Ha
MOIIOXKY (0OBIMHO MOHOKPHUCTAJLIMYECKYIO) CO CTPYK-
Typoi KPUCTAJUIOB, OJIM3KOW K CTPYKTYpe KPUCTAJIOB
CHHTE3UPYEeMOTO BeIlleCTBa, HAIIPaBJISIOT C COIJIaco-
BaHHOW CKOPOCTBIO MOJIEKYJISIDHbIE TIOTOKM BEILIECTB,
MpY B3aUMOJEUCTBUM KOTOPBIX IOJYYaETCd UCKOMBINA
npoaykr. Tak, HanpuMmep, MOJIy4al0T MOHOKPUCTAILIHU -
yeckue TiieHKU GaAs 13 TTapoB MBIIIBLSIKA, COCTOSIIIIETO
13 MOJIEKYN As, Wi As,, ¥ rajuiisd. Bropoil BapuaHT
SMUTAKCUAJIBHOTO METO/Ia OCHOBAH Ha UCIOJIb30BaHUU
TEPMUYECKH WIH (DOTOXMMUYECKU CTUMYJIUPYEMBIX
peakuuii, TPOTeKAIIUX B MapaxX XMMUIECKUX COEIV-
HEHUI WU cMecell COeAMHEHMIA, B COCTaB KOTOPBIX
BXOJST XMMUWYECKU CBS3aHHBIE aTOMbl 3JIEMEHTOB,
dopmupyromux TBepabie nNpoAaykThl. [lnenku GaAs,
MEePCNEeKTUBHOTO B MPAKTUYECKOM OTHOIIEHUHU MOJTy-
MPOBOAHUKOBOTO COEIUHEHMSI, MOXHO TIOJyYUTh U3
apoB coxHoro Jerydero coegunenusa Ga(C,Hs),Cl O
[As(CH,), wu u3 cmecu napos Ga(CH,); u AsH,. B
MOCJIEAHEM CTydae ¢ COMOCTaBUMON CKOPOCThIO WAYT
OIHOBPEMEHHO JIBE PEaKIINu:

Ga(CH,), — Ga + CH,

(papukansl CH; nanee o6pa3yioT 3TaH U Apyrue Mpo-
IYKTBI) 1

AsH, — As + H,

npudyeM aToMbl Ga 1 As pearupyloT Mexay co0oii ¢ 00-
pazoBanueM GaAs. Tak kak atombl Ga U As BXOOST B
coctaB ogHou M Toi xe Monekynsl Ga(C,H;),Cl O
[As(CH,),, To npy NUPOJIU3E STOTO CIOXKHOIO METaJ-
JIOPTaHUIECKOTO COSMUMHEHUS YCIIOBUS JIsT 00pa3oBa-
Hus GaAs, He 3arpsiI3HEHHOTO M30BITKOM TaJUIMST WA
MbILIbsIKA, 0OCOOEHHO OJArONpPUsITHBI.

PaccMoTpeHHBIe AMTUTaKCHATbHBIE METOIbBI UCTIONb-
3YIOT [UTSI TOJTyY€HHUsI TaK Ha3bIBa€MbIX CBEPXPEIIETOK —
MHOTOCJIONHBIX CTPYKTYp, OTAEIbHBbIE YJIbTPAaTOHKUE
CJIOM KOTOPBIX UMEIOT pa3JINYHbI XUMUUECKHUIA COCTaB,
IJICHOYHBIX CTPYKTYP, B KOTOPBIX ITPOMCXOIUT TIOCTE-
TeHHOe M3MEHEHMe COCTaBa MO Mepe HapallMBaHMS
CJI0€B, a TaKXe IJIEHOYHBIX CTPYKTYp C Pa3IMYHbIMU
COCTaBOM U TOJIIMHON OTAEJBbHBIX IUIEHOK, OTpenesi-
€MBIMU TPeOOBaHUSAMHU K M3TOTOBJISIEMBIM U3 HUX 3JIEK-
TPOHHBIM TIprbopaM. OCOOEHHOCTH MOCIeIHE U3 Ha-
3BaHHBIX MHOTOCJIOMHBIX CTPYKTYP MTOKa3aHbl Ha puc. 1.

PaccMoTpeHHBIe MOAXOIbI K OCYIIECTBICHUIO CUH-
Te3a TBEPABIX BELIECTB, HECCOMHEHHO, He TOJIbKO TTPH-
BEAYT K pa3pabOTKe HOBBIX METOIOB IMOJYyYEHUSI U3BE-
CTHBIX BEIIECTB B pa3IUYHOM MOPGOJIOrHYecKOM
COCTOSTHMW, HO W TO3BOJISIT MOJYYUTh HEMAJIO HOBBIX
COCTMHEeHU I ¢ HEOOBIYHBIMM CBOMCTBAMU. 3HAYMTETb-
HBII MHTEpeC MpEeACTaBIsieT CUHTE3 aHAJIOroB (ye-
PEHOB, B MoJIeKyJIaX KOTOPbIX YacTh aTOMOB YIjepoja
3aMelleHa aTomamMu 6opa uau napamu atomoB B—N.
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InP 1000 A

GalnAs 25 A

InP 500 A
GalnAs 50 A
InP 500 A

GalnAs 100 A
InP 500 A
GalnAs 200 A

InP 1000 A

Mopnoxka InP

Puc. 1. Cxematnyeckoe n306paxeHne MHOrOCIOn-
HoW cTPyKTypbl GalnAS—InP ¢ BbITpaBneHHOM KaHaBKOWA

TeopeTryecky BO3MOXHO CylllecTBOBaHUe U (yiepe-
Homnono6Horo coeauHenus B, N, oqHaKo Noka CUH-
Te3bl HA3BAHHBIX COEIMHEHUI HE OCYLLECTBIEHBI.

CUHTE3bl, OCHOBAHHBLIE HA PEAKLIUAX
B PACTBOPAX

Jaxe B yueOHMKAX XMMUU U TIPAKTUKYMaX IO HEOp-
TaHWMYECKON XMWY MOKHO HaliTM MHOTO CBEIEHUI 00
WCIIOJIb30BaHUM Pa3IMYHBIX PEaKIInii, IPOTEKAIOLINX B
pacTBope, ISl CUHTe3a TBepabix BelecTB. K Takum pe-
aKUMSIM OTHOCSITCS peakKUMy B3aMMOACHCTBUS MOHOB
PacTBOPMMBIX BEIIECTB, IIPUBOISIIINE K 00pa30BaHUIO
HEpacTBOPUMOTO IIPOAYKTA, HAIIpUMEP

Pb** + S*” — PbS

p€akKi BOCCTAHOBJICHUA paCTBOPUMBIX COEAUHEHUIA
HEKOTOPLIX MECTAJIJIOB, HAIIPUMED

Ag+ + Fez+ Ag + Fe}+

u 1p. B HaydHOI TuTepaType 1o 3Toit mpobdaemMe MOKHO
HAWT OTPOMHBIII 00BeM pa3HoOOpa3Hoil MH(poOpMa-
uuu. OQHAKO 10 HACTOSIIIETO BPEMEHU HE CYIIECTBYET
XOpOULIO pa3pabOTaHHbBIX MPUHUUIIOB PETYJIMPOBAHUS
pa3MepoB KPUCTAJUIOB Y HEKPUCTAJUIMYECKMX YACTHII,
o0Opasymlmxcs mpu cuHTe3e. PaboThl B 3TOM Harpas-
JICHUU TOKA HAXOJSATCS Ha HayaJlbHOW CTaliuu pa3BU-
THsl. MeXay TeM B MOCJI€AHUE MSTh JIET MOSIBUJIOCH Ha-
npapieHue GU3MKA M XUMUU, U3ydarolllee CBOKMCTBA
TaK Ha3bIBa€MbIX KBaHTOBOPAa3MEPHBIX IOIYIPOBOI-
HukoB (KII) u ynprpagucnepcHbix MetamioB. K KII
OTHOCAT TIOJIYTPOBOJHUKOBBIE BELECTBAa B BUIE Yac-
THII C Pa3MepaMM OT HECKOJIbKUX €IUHMUIL 10 ACCSATKOB
HaHOMeTpoB. JIJIs1 HUX XapaKTepHO TO, YTO IIMPUHA 3a-
MpelLeHHO 30HbI (TO €CTh HAUMEHbILIAsi SHEPTrUsl, He-
obxonumasi JUisl MepeBoja B KPUCTAJLIE 3JIEKTPOHOB,
OTBETCTBEHHBIX 3a CYIICCTBOBAHUE XUMUYECKOM CBS3H,
B 30HY ITPOBOIMMOCTHM) OKa3bIBaeTcsl OOJblIEH IO
CPaBHEHMIO C 3TOU XapaKTepUCTUKOU MOJTYIIPOBOAHM -
Ka B OOBIYHOM /ISl HETO COCTOSIHUU U 3aBUCUT OT pa3-
Mepa yactuil. [TonydyeHHslii B benopycckom rocynapcr-
BEHHOM YHUBEpPCUTETE 0Opa3ell KBaHTOBOPa3MEPHOTO
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PbS ¢ pasmepamu HaHOKpUCTALIOB 0KOJIO 10 HM mMeeT
IIMPUHY 3allpeleHHOM 30HbI 1,7—1,8 3B, B TO BpeMsI
Kak i1 PbS ¢ 0OBIYHBIMM [IJI1 3TOTO BEIECTBA pa3Me-
pamu kpuctaia (rnopsiaka 100 HM U Gosiee) mMpUHA
3arpenieHHo 30HbI cocTaBiseT 0,41 3B. YBenuueHue
3ampeleHHON 30HbI 00YCIOBIMBAET U3BMEHEHUE OKpa-
cku PbS oT yepHoOi1 10 KpacHOBATOM.

B HacTos111ee BpeMs pa3pabaThIBaIOTCS pa3IMIHbBIE
MpUeMBbl YIpaBJIeHUs pa3MepaMu YacTHIl TOJYIPO-
BOIHUKOBBIX coenuHeHU. OIUH M3 HUX OCHOBAaH Ha
MPOBEAEHUN MIPOCTOIN PeaKlMyu OCaXAEHUs B BOTHOM
pacTBope, HarpuMep peakliuy OCaXKIACHUS TPYIHOpac-
TBOPUMOTO CYJIb(UIa U3 pacCTBOPUMBIX peareHToB. Of-
HaKO B JIOTIOJTHEHWE K OCHOBHBIM peareHTaM pacTBOp
COIEPXKUT HEKOTOPhIE 100aBKU, CIOCOOHBIE K CUJIbHO-
MY B3aUMOJICICTBUIO C MOBEPXHOCTbIO 00PA3YIOIINXCS
yactul (tpumeradocdar (NaPO,),, Heckonbko opra-
HUYECKMX COeNVMHEHMI, uMmewnux rpynnsl —SH u
Iip.). Bappupyst KonnuecTBo 106aBOK, MOXKHO MOBIUSIThH
Ha pa3Mmep yacTull. Bropoii myTh mojydeHust MaJibIX yac-
THUII — TIPOBeJIcHUE CUHTE3a B cpefie, B KOTOPOIT pearcH-
ThI (KATMOHBI M aHMOHBI) 00J1a1aI0T MaJIOi ITOABUKHOC-
TBIO: B TUIEHKE MOJIMMEpPA, HAITpUMep, MOJTMBUHUIOBOTO
criupta. TpeTuii yTh — MocyiefoBaTeIbHOE MOJyYeHUE
KJIACTEPHOTO coeMHeHNs (TT0Ka B JIMTEpaType OMMCAHbI
JIMIIb KJIACTePHBIE CYIb(PUABI) C COCTABOM U CTPYKTY-
PpOii, 6IM3KUMM K XapaKTePHbIM JJIs1 KOHEYHOTO MPOIYyK-
Ta CUHTE3a W JajibHelllee TpaHC(OopMUpOBAaHUE STUX
COCIVHEHU B yJIbTpamucriepcHbie Cyabhuabl. Takum
00pa3oM MOXKHO TIOJYYHUTh CTPOTO MOHOIMCITEPCHBIN
CdS 13 HemaBHO CMHTE3UPOBAHHbBIX KJIACTEPHBIX COEIM -
Henuit Cd,,S,,(SC,Hy),, Cd,;S,(SCH,CH,0OH),, 1 np.

Hewmarnoe 3HaueHue TSl TIOJydeHUsT KBAHTOBOPa3-
MEPHBIX MOJYMPOBOAHUKOB MUMEIOT OOMEHHbIE peak-
1IUU, TIPOTEeKAaroIIMe B HEBOIHBIX pacTBOpax. ApceHu
raunst GaAs HeIaBHO ObLT TOJIyYeH B BUIE YaCTHIL C
pasmepamu 30—50 A 1o peaxkiuu, MmpoTeKalolleil B
pactBope xuHonuHa Mexay GaCl, u As[Si(CH,),]:

GaCl, + As[Si(CH,),] —» GaAs + 3SiCI(CH,),

CxonmHBIM 00pa30M IoJIydeH KBAaHTOBOpa3MepHBI (poc-
¢un InP. Peakuiu B HEBOAHBIX pacTBOpPaX MHTEPECHbI
U JUIS TIPOBEICHUS APYTUX CUHTE30B. MHOTO BO3MOX-
HOCTEM OTKPBIBAECT UCITOJb30BaHUE PEAKIIMIA TUIPOIU3A
agKokcunoB. Tak, mpu TMAPOJIM3e MOJUOYTOKCUTUTAHA
[Ti(C,H,0),],, pacTBOpeHHOTO B pa3JINYHBIX OpraHUYE-
CKUX PacTBOPUTEJISIX, MOXHO IMOJy4aThb TOHKUE OMNTU-
YECKU MpOo3payHble MJIEHKU AUOKCUAA TUTaHa, KOTO-
pble B KOJIJIGKTMBE aBTOpa CTaTbM UCIIOJB3YIOT B
Ka4yecTBE MOJIyIIPOBOIHUKOBBIX BJIEKTPOAOB U CBETO-
YYBCTBUTENbHBIX cjioeB. COBMECTHBII TUAPOIU3 all-
KOKCHUOB TUTaHa U CBMHIIA MO3BOJIMJI CO3/1aTh MJIEHKU
tutaHata cerHLa PbTiO, xopoiero kayectsa. Meton
TUIPOJIN3a AJIKOKCUIOB M IAPYTUX OPraHWYECKUX CO-
€AVMHEHWII MEeTa/UIOB U KPEeMHUS TMepCHeKTUBEH s
MOJIyYeHUS aICOPOEHTOB C PETYJIUPYEMOM CTPYKTYpPOId
MOP U YAETbHOM! MOBEPXHOCTHIO U CTEKOJI CO CIIeLab-
HBIMU CBOMCTBaMM.
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COBMECTHBII TUIPOIN3 WIN OCAXKICHUE 11IEJT0UYbIO
MO3BOJISIET CO3/1aBaTh pa3HOOOpa3HbIE THIPOKCHUIBI
CJI0XKHOTO cocTaBa. [Ipy COBMECTHOM OCaXKIeHUM UO-
HoB Fe?* u Fe** 06pasyercs BEICOKOAUCIIEPCHBII CI0X-
Hblif okenn Fe,0,. Peakunst MoxXeT ObITh Ipe/icTaBIeHa
CIIeIYIOITUM 06pa3oM:

Fe?" + 2Fe** + 80H™ — Fe,0, + 4H,0

Oxcup Fe,0, obnanaet (peppoMarHuTHBIMU CBOICTBa-
MM, ¥ Ha €T0 OCHOBE TOTOBSIT TaK Ha3bIBaeMbIe (heppo-
MarHuTHBIE XUIKOCTH, TPENCTABISIONINE COO0M KO-
JIOUIHBIE PACTBOPHI B OpraHuyeckux cpenax. I[lpu
COBMECTHOM ocaxJeHnu noHoB Zn>" n Fe*" menousio
emie B 60-e TOABI aBTOPOM C COTPYTHUKAMU OBIT TIOJTY-
4yeH (eppoMarHuTHbIN okeng, ZnFe,O, (okcua takoro
cocTaBa, 00pasyoIlUiicsl MpU MPOKAIMBAHUU CMECHU
okenaos ZnO u Fe,O,, HedeppoMarHuTeH, Tak Kak B
€ro KpUCTaJIINIeCcKoii penreTke MoHbl Zn>" n Fe’* pac-
npeneaeHbl MHaue).

MHoro BHUMaHMSI B TIOCJIEIHEE BpeMs YICNsSIeTCs
M3Y4EHUIO IIPOLIECCOB XMMWYECKOTO OCAXKICHUS Me-
TAJUIOB MPU pPEaKLMSIX BOCCTAHOBIICHUSI UX COEIUHE-
HUI B BOOHBIX pacTBopax. OCOOEHHOCTU 3TUX peak-
1WA, MHOTME M3 KOTOPBbIX M3y4dyalu B besopycckom
rOCyJapCTBEHHOM YHUBEPCUTETE, PACCMOTPEHHI B [6].
Peakimm XMMm4IecKoro ocaxmeHus MeTaioB (ceped-
pa, 30J10Ta, Najiaausi, Meau, HUKelsl, KobaabTa, BUC-
MYyTa U JIp.) MO3BOJISIIOT MOJIyYaTh UX B IBYX Pa3IMUHBIX
COCTOSIHUSIX: B BUJE YJIBTPAIUCIIEPCHEBIX ITOPOIIKOB
WIK 30JIeil U B BUIE€ TOHKHUX IICHOK, OCAXIAIOIINXCS
Ha pa3IW4yHBIX MOUIOXKaX. [IpM BOCCTAHOBICHUM
KOMIUIEKCHBIX COCIMHEHUI HUKEIsd KOMILIeKCaMU
TpeXBaJICHTHOI'O THUTaHa 0Opa3yeTcsl yJabTpamguciiepc-
HbIl (peppPOMArHUTHBIA HUKEIb C pa3MepaMu YaCTHII
10—20 umM. Peakiiust uget mo cxeme

Ni?* + 2Ti*" — Ni + 2Ti**

Ecnu peakiiysi MpoBOAUTCS B MATHUTHOM I10JI€, TO
YacTUIIbl HUKEJISI BBICTPAUBAIOTCS B LIETIOYKH, (hOPMU-
Py IOCTaTOYHO MPOYHBIE arperaThl B BUJAE HUTEM 1 -
HOI M0 NeCSITKOB MUKPOMETPOB U Oojee. Takoil “Bo-
JIOKHUCTHIN” (DeppOMarHUTHBIN MeTaJul TIPeICTaBsIeT
WHTEpPEC JUIS1 CO3aHUsI HOBBIX KOMITO3UTOB, 00J1afato-

X paano3alliIMTHbBIMAU CBOMCTBaMM.

IIporecchl peryaMpoBaHus pa3MepoB yIbTpaMasibiX
YaCTUI METAIJIOB MOTYT OCYIIECTBJISITHCS C UCTIOIb30-
BaHUEM TIPUEMOB, CXOHBIX C UCTIOJIb3YEMBIMM LTSI TTO-
JIy4eHUs YIBTPATUCIIEPCHBIX IMTOTYIIPOBOIHUKOB, O YeM
peyb 1uIa Bhile. HekoTopbele mpuMecH CUJIbHO TOP-
MO3SIT OKMCIUTEIbHO-BOCCTAHOBUTEJIbHBIE PEaKIIUU,
MpUBOASIIME K ToJydyeHuto MertauioB. OgHakKo TIo-
CKOJIbKY CHCTeMa, cofepkaliiasi ClIocoOHbIe K BOCCTa-
HOBJIEHUIO MOHBI METaJla U BOCCTAHOBUTEJb, TEPMO-
OTUHAMUYECKW HEYCTOMUYMBA, TO TPOLIECC OCAXKIACHUS
MeTaJjuia, MyCcTh ¢ MaJioll CKOPOCThIO, BCe-TaKM TPOMC-
XOJIT, TIpUYeM, KaK ObLIO YCTAaHOBJIEHO TOBOJBLHO IaB-
HO, MaJjible YacCTMIIbl HEKOTOPBIX YJIbTPAJAMCIIEPCHBIX
METaJUIOB, TIpeXIe BCero majuiaaus u cepedpa, MOTyT
KaTaJu3upoBaTh TAaKOT0 poja peakivu. Eciau yactuirst
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KaTajm3aTtopa HaHeCTH Ha TBEPAYIO IMOBEPXHOCTh WU
KaKMM-JIN00 00pa3oM pactipeaeuTh B cpelie TToJmMepa,
TO MMEHHO Ha 3TUX YaCTUIIaX MOXKET ITPOTeKaTh PeaKIIus
XUMMUYECKOTO OCAXKICHUSI METaJlIa U3 CTAaOWIIM3UPOBAH-
HOro pacTtBopa. TakuM 0O6pa3oM MOXHO MOJIydyaTh Me-
TaJNTMIeCKKe TICHKY, W TIPUTOM Ha CaMbIX Pa3TUIHBIX
TTOIJIOXKAX.

OcyuiectBasisi HOTOXMMUYECKOE BOCCTAHOBJIEHUE
MOHOB cepebpa M Tayutaansi Ha TTOBEPXHOCTU TUIEHOK
TiO,, coTpyaHUKM Hallel JlabopaTopuu paspaboranu
croco0® MoJlydeHusT Ha 3TOM MOJUTOXKE PUCYHKOB MPO-
WU3BOJIbHOM KOH(MUTYpAlIMU U3 METAJUTMYECKOTO HUKe-
JIL ¥ APYTUX MeTaJLI0B Ha osepxHoct TiO, ¢ anemMen-
TaMU PUCYHKa TOpsIIKa JECSTBIX MOJIe MUKPOMETpa
(puc. 2).

Ecnm ncnonb3oBaTh B KaueCTBE BOCCTAHOBUTEISI 60-
poruapua NaBH, i runogpocdur NaH,PO,, To mox-
HO CO3/1aTh Ha Pa3JIMYHBIX MOIOXKAX TUIEHKW HUKES
1 KOOabTa, ¢ KOTOpbIMU coocaxkmaeTcs 10 20—30 at. %
COOTBETCTBEHHO O60pa nnu ocdopa. Takoro pona npo-
ITYKT OKa3bIBAETCSI HEKPUCTAIIMIECKIM M OTHOCUTCS K
paspsiy Tak Ha3bIBaeMbIX aMOPGHbBIX METAJIOB, CBOI -
CTBa KOTOPBIX B ITOCJIEIHUE IOl MHTEHCUBHO U3Y4aloT
MHOTHE KOJUIEKTUBBI (pu3ukoB. Ijisi XMMUKOB amopd-
HblE€ METaJIJIbl UHTEPECHBI TEM, YTO OHU XapaKTepu3y-
JOTCSI 3HAUUTEIbHOU KOPPO3MOHHOM CTaOMIBbHOCTHIO.
B yactHOCTH, pa3zpaboTaHHAasl y HAC TEXHOJIOTUS OCaX-
JIEHWSI TOHKUX TJICHOK HUKETb-00p MTPUMEHSIETCS B 3a-
BOJICKUX YCJIOBUSIX JIJISI U3TOTOBJICHUS TEYaTHBIX TUIAT
(TJICHKM HUKEJb-00p 3aMEHSIIOT IJIEHKH 30J10Ta). DTH
peakuuu TMpEeACTaBISIOT MHTEpeC W IUISl TTOJyYeHUs
TBEPIBIX PACTBOPOB HECKOJIBKMX METAJJIOB, IPUYEM
TBEpIbIe PacTBOPBI, (POPMUPYSICH TTPU HU3KOM TeMIle-
paType, MOTYT ObITb MEePECHIIIEHHBIMU 110 OTHOLIEHUIO
K pacTBOpeHHOMY KoMITOHeHTYy. [lojyueHHble HaMu
MyTeM COBMECTHOTO BOCCTaHOBJIEHMSI MOHOB Ni*™ u
WO?}™ 60poruapumaoM IIEHKN TBEPABLIX PACTBOPOB HU-
KeJib-BoJib(paM 00J1afaloT 3HAYUTEIbHOM TBEPAOCThIO
U U3HOCOYCTOMYUBOCTLIO.

B pactBOopax (B OCHOBHOM HEBOIHBIX) MOXET
MpOTeKaTh MHOXECTBO peakluil, MPUBOISIIUX K 00-
pPa30BaHUIO Pa3HOOOPA3HbBIX KIACTEPHBIX COEAMHEHU

hv

Cnoii meTanna

N S =

BoaopactBopuMbIA | x1vuny
ecKoe
< MO ocaxpeHne

MneHka TiO, _METannos_

Puc. 2. Cxematnyeckoe unsobpaxeHue npouecca
XMMUYECKOr0 OCaxXAeHNs MOHOB (cepebpa, Hukens,
Ap.) Ha noBepxHocTn TiO,. OKCNOHMPOBAHHbIV Yepes
wabnoH cnoii TiO, ¢ HaHEeCEHHBIMU MOHaMK Ag* unn
Pd?" nomeLuaeTcs B BOAHbIA PacTBOP, B KOTOPOM Mpo-
MCXOAMNT BOCCTAHOBJIEHNE MOHOB MeTasls1a BOCCTaHO-
BUTENIEM Ha KCMOHMPOBAHHBIX Y4aCcTKax MieHKn

COPOCOBCKMWIN OBPA3OBATE/IbHbINA XXYPHAJ, Ne12, 1997



MeTa/uioB. OCOOEHHOCTU CTPYKTYpPbl METa/UTMYeCKOM
COCTaBIISIONIEH TPeX KJIaCTePHBIX COSAMHEHU 0TOOpa-
KeHbI Ha puc. 3 1 4. MHOroaToMHbI€ KJIaCTEPHBIE IPYII-
MUPOBKY aTOMOB MeTaJ/lla MOXXHO paccMaTpuUBaTh Kak
HavyajibHbIe (hparMeHThl HOPMUPYIOLIEICS KPUCTAIUI -
YeCKOM pelIeTKN MeTajljla, pOCT KOTOPOii TTpeKpaliaeT-
cs Gyaromapsi XMMUYECKOMY TTPUCOESAMHEHUIO K aTo-
MaM MeTajlsla PeaKIIMOHHOCTIOCOOHBIX JIUTAHIOB.
InranTckmii knactep Pdyg, — 3T0 1Mo cymiecTBy yxe KO-
JouaHas vactuia. Kpucramn KiacTepHOTO COearHe-
HUST MOXKHO paccMaTpUBaTh KaK YIOPSIIOYEHHYIO CUC-
TEMY, COCTOSIIYI0O M3 KJIacTepOB MeTalia, MeXIy
KOTOPBIMU pa3MellaloTcs Juraniasl. Takoro poga co-
eIMHEHUsT 00J1a1al0T MHTePECHBIMU, HO TTOKa HeI0CTa-
TOYHO U3YYEeHHBIMU DU3NIECKMMU CBOMCTBAMM.

UCMOJIbSOBAHUE MNMPEKYPCOPOB B CUHTE3E

B OGonbiMHCTBE CilyyaeB 00pa3oBaHUE CIIOXHBIX
OKCHUIIOB M3 COBMECTHO OCAaXICHHBIX TUAPOKCHUIOB
(COTI') npoucXoauT JUIllb IMPU HarpeBaHUU BBICYIIIEH-
HbIX 00pa3ioB npu 300—500°C. DToT npoliecc UAeT U
npu OoJjiee HU3KOI Temmeparype (BIIOTh a0 150—
100°C), ecnu HarpeBaHHE NPOM3BOOUTCS B BOMTHON
cpelie TpU KUTISTYEHUU WY B TUIPOTEPMAIIbHBIX YCJI0-
BMSIX, TO €CTb IPU MOBBILIEHHOM JaBJIEHUH U JaXe KH-
MsI9eHUN. B 3TUX cltydasix CJIOXKHbIE OKCUIIBI 00Pa3yIoT-
cs TIpU 3HAYUTENbHO GoJiee HU3KOM TeMmIleparype Io
CPaBHEHMIO C HEOOXOAMMOM ISl TIOJyYeHUsI 3TuX a3
U3 MEXaHMYECKMX CMeCEi OTOENbHBIX WHIMBUIYaTb-
HBIX OKCHIOB, TTPUYEM IMPOTYKThI HAXOASITCS B BEICOKO-
JIACTIEPCHOM cocTOsSTHUU. [IprunHa CHUXKEHUST TeMITe-
patypsl 3akiodaeTcss B ToM, 4yTo COI, comepxkaiiue
TMIPOKCHU TpeX- WM YEeThIPeXBAJEHTHOIO MeTalfa,
KakK MpaBujIo, MPEACTaBISAI0T OO0 HEKpUCTALIUYEC-
KUe TBEpIble PacTBOPHI ABYX TMIPOKCUIOB WJIM CMECU
OTIEJbHBIX TUIPOKCUIOB BBICOKOI CTENEHU pa3apoo-
JIEHHOCTH, B KOTOPBIX MOHBI OTAETbHBIX METAJIOB pac-
MpefesieHbl JOBOJIBHO PAaBHOMEPHO, YTO MCKIIIOYaeT
HeoO0XomuMOCTh X mud@y3un Ha OOJNBIINE PACCTOSI-
HMS TIPpY 00pa30BaHUM M POCTE KPUCTALIOB CJIOKHOTO
OKCHIA.

COI o cyuiecTBy IpeACTaBIISIIOT COO0I IPOMEXKY-
TOYHbIE MPOJAYKThI CUHTE3a KOHEYHBIX OKCUIHBIX (ha3,
M MX MOXHO paccMaTpvBaTh KakK IpenllecCTBeHHUKOB
rocieaHrX. B HaydyHOI IUTepaType TaKoro poja mpei-
IECTBEHHUKH Pa3TMIHOTO XMMUYECKOTO COCTaBa Ha-
3bIBAIOT MpeKypcopaMu. [Ipekypcopbl 00jeryamT 00-
pa3oBaHUe He TOJIbKO JABOMHBIX OKCUIOB, HO U OoJiee
CJIOKHBIX ¥, KPOME TOTO, COIEPXKAIIUX Pa3TMIHOE KO-
JIMYECTBO TIPUMeECEii, MpUYeM Jake HECKOJIBKIX MOHOB
MetauioB. Tak, n3 COI mosy4aroT TBepable pacTBOPBI
tuna ZnFe,0,—MnFe,0, ¢ 3a1aHHBIM COOTHOLIEHNEM
KOJNIMYECTB MOHOB Zn*" m Mn?*. Mcnonb3oBaHue B

Puc. 3. a - CTpoeHue KnacTepHOro wuoHa
{Ag[RhC(CO)sl}*", C,, — aTom yrnepoga, Haxons-
LLMIACS BHYTPU TPUFOHANBHOW NPU3Mbl; 6 — CTPOEHME
METa/yIN4ecKoro  OCTOBa  KJIaCTEPHOro  MoHa
[NigsPts(CO) 46H,1*
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Puc. 4. lNpepnonaraemoe CTPOEHME KNAaCTEPHOro
coeavHeHnsa namnagna PdggLey(0,),50(0AC) g, o€
OAc - CH,COO", L — dpeHaHTponuH. 1 — atomsl Pd,
KOopAnHupyemble ¢ L; 2 — atombl Pd, B3anmogemncr-
Bylowme ¢ noHamm OAc; 3 — KOOpANHUPYEMbBIE MONEe-
Kynbl peHaHTpONMHa (KOHTYPOM MoKasaH BaH-aep-
BaaJibCOB pa3Mep MOJIeKy)

KayecTBe MPEKYPCOPOB CMECEi aTKOKCHAOB METAJIOB
OTKPBIBAaET BO3MOXHOCTb CO3[IaHUSI BBICOKOAMCIIEPC-
HBIX OYEHb YMCTBIX CIOXHBIX OKCUIHBIX (ha3. B Hameit
JnabopaTtopuu U3 cMecu OYTOKCHIIOB CBUHIIA M TUTAaHA
Pb(C,H,0), n Ti(C,H,0), nyrem COBMECTHOTO UX I'MJ-
ponu3a, yto npuBoauT K nosrydeHuo COT, u mocienyto-
ero nporpesa npu temreparype 10 400—600°C ObL10
TTOJYYEHO HECKOJIBKO KPUCTAIMYECKUX (a3, OTHOCS-
muxcd k cucreme PbO—TiO,, mpuyem He TOJIBKO TUTA-
HaTtel PbTiO, u PbTi;O,, KxoTopple MOXHO MOJY4YHUTh
MPOrPeBOM CMECH OKCUJIOB (TOJIBKO IpU 60Jiee BEICOKOM
TeMIlepaType 1 B YCIOBHSIX, KOTJIa HauMHaeTCs ucrape-
Hue PbO), Ho 1 HecToliKMe MPU BBICOKOM TeMIIepaType,
paHee He OMMCaHHbIE B JIUTEPAType TBEPAbIE PaCTBOPHI
PbO B PbTiO; ¢ cootHomennem Pb: Ti=1,1:1u TiO, B
PbTiO; c cootHowennem Pb: Ti=1:1,5. 3 cmecu Oy-
TOKCHUJOB, HAHOCSI UX PACTBOPbI PABHOMEPHBIM CJIOEM
Ha TMOUIOXKHU, MOXHO IOJYYUTh U ONTUYECKU Mpo-
3payHble MIEHKU Pa3IMYHbBIX TATAHATHBIX (a3.

[Tpekypcopamu (GeppUTOB MOTYT CIYXUTb KpPHUC-
TaIJIMYECKAE TBEPAbIE PAcTBOPHI PA3IUYHBIX M30-
MopdHBIX coieii. B Halllem komnekTuse eie B 60-e ro-
JIbl OBLTY TIOJTy4€Hbl HEKOTOPBIE (DEPPUTEI, B YaCTHOCTU
ZnFe,0,, myTeM TepMHUYECKOTO Pa3I0XEeHUST TBEPIBIX
pactBopos okcanatos ZnC,0, [2FeC,0,.

JUta cuHTe3a obpasua CBEPXIIPOBOAHUKOBOIO CO-
enuHeHus La, ¢St sCuO,_, Ha KOTOPOM BIIEPBbIE Obl-
JIO TIPOJEMOHCTPHPOBAHO SIBIEHUE BBICOKOTEMITEpPA-
TYPHOI CBEpPXIMPOBOIMMOCTH, MOXHO HCIOJIb30BaTh B
KayecTBe MpeKypcopa OKcalaT COOTBETCTBYIOLIErO CO-
crasa La, ¢St ;;Cu(C,0,); 4,5, TOTyyaeMblii OCaXIEHM-
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€M U3 CIIMPTOBBIX PACTBOPOB OKCajlaT-MOHAMU MOHOB
COOTBETCTBYIOIINX MeTaToB. OCOOEHHOCTBIO MPOIIeC-
COB CHHTE3a, B KOTOPBIX MCITOIB3YIOTCSl peaKIuu Tep-
MODA3JI0XKEeHUsI MPEKYPCOPOB, SIBISIETCSI TO, YTO OHU
MPOTEKAIOT MPU OTHOCUTEIHLHO HEBBICOKOM TeMIiepa-
Type ¥ 00pa3yioT yAbTpaaucIiepCcHbIe MPOMYKTHI. Mc-
M0JIb30BaHME HanboJjiee YIOOHBIX (M MO BO3MOXHOCTU
JIeNIeBbIX) TTPEKYPCOPOB U MCCIeqoBaHWE MeXaHU3Ma
WX XUMHUYECKOTO TpaHC(HOPMUPOBAHMS TIPU pas3jiny-
HBIX YCJIOBUSIX B (ha3bl HEOOXOIMMOTO COCTaBa Tpei-
CTaBJISIIOT BaXXKHYIO 3a1avy IpU pa3paboTKe MpoOIeMbl
CUHTE3a TBEPIBIX BEIIECTB.

3AKJTIO4YEHUE

PaccMoTpeHHBIT MaTepuan (XOTSI OH Kacaercs
JIMIIIb HEKOTOPBIX acleKTOB OOCYXIaeMoil B CTaTbe
MpoO0JIeMbI) XapaKTepU3yeT OOJIbIINE TOCTVKEHUS XM~
MHWU B OCYILECTBJIEHUM CHUHTE3a Pa3JIUYHBbIX TBEPABIX
XUMUYECKUX COCAMHEHUN M MOJYYEeHMS UX B pa3jiny-
HOM MOpP(}OJIOTMYECKOM COCTOSIHUM — B BUJE TUICHOK
pa3HOUl CTPYKTYpbl, MOPOLIKOB Pa3IMYHON AUCHEPC-
HOCTH, CTE€KOJI, MOHOKPHUCTAJUIOB, KepaMUKu u np. He-
KOTOpBIE U3 PACCMOTPEHHBIX IMOAXOI0B K CHHTE3Y U YII-
PaBJIEHUIO COCTOSIHMEM MPOAYKTOB CHUHTE3a XOPOIIO
pa3paboTaHbl M TMO3BOJWIM TOJYYUTh OILYTUMBIE Pe-
3yJIbTaThl, UMEIOLLIME HE TOJIbKO HAyYHOE, HO U TIPAKTH-
yeckoe 3HaueHue. Jlpyrue HarpaBlieHUsI CHHTE3a TOJIbKO
pa3pabaThIBalOTCs, U UX TTOTEHIMATbHbBIE BO3MOXKHOCTH
TOKa BCKPBITHI HE B MOJIHOU Mepe.
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Baaum BacunbeBny CBUPUAOB, JOKTOP XMMUYEC-
KnxX Hayk, npodeccop, akagemuk AH Benopyccun,
3aB. kadeapon HeopraHN4eckom xumMmmmn benopycckoro
rocyaapCTBEHHOIO YHMBEPCUTETA U Hay4HbI PYKOBO-
auTens nabopaTopuii XMMUU TOHKUX MIEHOK U XUMUN
doTorpaduryecknx npoueccoB MIHCTUTyTa GU3nKo-xu-
Muyeckmx npobnem BIY. O6nacTe Hay4HbIX UHTEpPE-
COB: XMMUS TBEPOOro Tena, CUHTEe3 HEOPraHN4eCcKmx
coeauHeHuin, xummnsa ¢otorpadpurnyHecknx npoLLeccoB.
ABTOp 1 coarTop 6onee 400 Hay4HbIX Ny6nvkauuii, ce-
MW MOHOrpaduin 1 y4ebHbIX NOCOBUIA.
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