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HccnenoBaHbl NpoLiece M NPOLYKTHI TEPMUYECKOI neruapaTtauuu seicokonucnepcHoro AIPO4-2H,0 ¢ Mo-
HOKJIMHHO CTPYKTYPOW, IMOJIy4YeHHOTO KpUCTaJlTU3auueii u3 amomodocdarHoro pactsopa npu 95—97°C.
ITokazaHo BIMSIHUE U30TEPMUUECKOIO, MOJUTEPMUIECKOTO PEXKMMOB TEPMOOOPaOOTKM HA 0Opa3oBaHue
Momudukauuit AIPO4 co cTpykTypamu, aHAIOTMYHBIMU Ol.-KBaplly, TPUIUMUTY. OTMEUEHO, 4TO (hOPMUPO-
BaHMe TaHHBIX (a3 CBSI3aHO ¢ U3MEHEHMEM KOOPAWHALIMU IIOMUHMUS 110 KUCJIOPOIY TIPU OTHIETIJIEHUN
CUJIBHO TOJISIPU30BaHHBIX MOJIEKYJ KPUCTAJUIM3ALIMOHHON BOIbl, BxoaAwmx B coctaB AIPO4-2H,0. Uzy-
yeHa asiektpopeosiornyeckas (OP) akruBHoctb AIPO,4 Kak nucniepcHoit paspl 3J1EKTPOPEOTOTMYECKUX CyC-
TIEH3UHUIA, MaccoBast T0JIsT KOTopoii cocTaBiisia 10—20%. YcTaHOBIeHA 3aBUCMMOCTD BETMUMHBI HATTPSTKEHUST
CIBUTA BJIEKTPOPEOJIOTMUYECKUX TUCIIEPCUiA TTPY HANPSIKEHHOCTHU 3JIeKTpruecKoro nojist 3.5—4.0 kB/MMm ot pe-
sxxuMma roryueHust AIPO,. TTokaszaHo, uto 6osee Boicokuit DP-adexT Ha yposHe 420—620 [1a nposBistior
cycrieH3uu ¢ yactuuamu AlPO,, oyyeHHOTo B M30TEPMUYECKUX YCIOBUSIX, UMEIOIIETO CTPYKTYPY TPH-
JMMUTA. YCTAaHOBJIEHO, YTO C MOBBILIEHUEM TEMIIEPATYPHI U MTPOIOJIKUTEIBHOCTUA TepMooOpadboTku AIPO,
ero OP-akTMBHOCTh BO3pacTaeT, UYTO MOXKET ObITh O0YCIOBIeHO (DOpMUpPOBaHUEM OoJjiee 1e(eKTHOM Mo-
BEPXHOCTHU YaCTHII 3a CUET COOCTBEHHOM TEPMUUECKOM Pa3ymopsSIIOYeHHOCTH.
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BBEAJEHUWE

XUMMYECKU U TEPMUUYECKU YCTOWUMBBIE COEMM-
HEHUS TIPEACTaBJISIOT HECOMHEHHBIM MHTEpeC s
co3maHusl B(MOEKTUBHBIX 3JIEKTPOPEOJOTUUECKUX
(OP) cycniensuii (DPC), KoTopble MOTYT UCTHOJb30-
BaTbCsl B KAUECTBE pabOUMX KUIKOCTEH B aMOpTU3a-
LIMOHHBIX cUCTeMaXx, IeMIldepax, S KMIKOCTHBIX My((d-
Tax ClLIeTUIeHUs, pOOOTOTEXHUKE, MEAULIMHE U APYTHUX
obmactax [ 1—5]. 3raunTensHast pons B D PC npuHamte-
JKUT JIETKO MOJISIPU3YeMbIM MUKPO- U HaHOYACTUIIAM
IUcrniepcHoi (ha3bl, obecreunBaloliieii TpedyeMbie Ter-
Jodu3nyeckre U MeXaHUYeCKMe XapaKTepUCTUKHU
JIeMITUPYIOIINX XKUIKOCTEH 1 TJIeHOK. B KauecTBe Ta-
KoM (pa3bl (HAIIOJIHUTEJISI) MCIOIL3YIOT IPUPOIHEIE U
CUHTETUYECKHNE XMMUUYECKHUE COENMHEHUs pas3iny-
Horo coctaBa. OOHUM M3 TEPBBIX TUCIIEPCHBIX Ha-
nonaureneit 1t DPC saBuncs okeng KpeMHusa(1V) —
KPEMHE3EeM, TMaTOMUT, a3pocui. I3BECTHbBI MHOTO-
YUCJICHHbIE MCClIenoBaHUsI okcuaoB MetauioB (Ti,
Al, Ce, Cu, Co, Zn, Mg, Fe, Sn, Cr, Zr, La, Ta, Mn,
Nb), comeii (cynmbdum MomubaeHa, HUTPUILI Oopa,
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aJIIOMUHUS, Kapoum 6opa), yriiepoadHbIx HaHOMAaTe-
puasnoB Kak HanoHuTeneit DPC. KomOouHupoBaHue
OKCUJIOB TUTAHA U KPEMHUS TMPU CO3JaHWUU HAIOJI-
HUTeJielt Tuna siApo/o60a04Ka MPUBOIUT K MOTyYe-
a0 DPC ¢ BBICOKMMM 3KCIITyaTallMOHHBIMUY XapaK-
TepucTUKamu [6]. Xopo11o N3BeCTHLIMU HATIOJTHUTE -
aaMu st DPC gaBASIOTCS UM allOMOCHIMKATHBIE
IJIMHBI, U3 KOTOPBLIX Haubosiee TMepCrneKTUBHBIMU
CUMTAIOTCS MOHTMOPMJIJIOHUT U rajuyasur [7]. doc-
¢aTbl MOJUBAJIEHTHBIX METAJJIOB, KaK U aJllOMOCH-
JIMKATbl, TAKXKE MPOSBISIOT 3JIEKTPOPEOTOTUYECKYIO
akTuBHOCTh. MMerorcst cBeneHms [8—10] o0 uccie-
noBaHuu DPC Ha ocHOBe TUIpaTUPOBAHHBIX (hocda-
TOB METAJIJIOB, OTMEYEHO, YTO TPAHCIOPT MPOTOHOB
B 00beMe BellecTBa OO0YCIOBINBAET €ro MPOTOHHYIO
MPOBOJIMMOCTb, UTO U OIPENeIsieT DJIeKTPOPEOJOrr-
yeckue cBoiicTBa. OmHAKO TepMUYecKash yCTOWYM-
BOCTb TaKMX BOJOCOAEPXKAIIMX HATIOJHUTEel orpa-
HU4YMUBaeTcs Temreparypoii He Boiie 80—90°C. bo-
Jiee MEepCIIEKTUBHOI mucriepcHoi ¢azoit mis DPC
SIBJISIIOTCS 0€3BOIHBIE XUMUYECKUE COCOIUHEHUS, B



78 EIIIEHKO wu ap.

Puc. 1. KpuBble U30TepMHUUECKOTO 00E3BOXKUBAaHUST 00-
pasua AIPO,4-2H,0.

T.4. pocdaTtel MeTaioB, B yactHocTu Al, Fe, B, Ga,
In, mIst KOTOpPBIX XapaKTEpHO pa3HOOOpasne MOIU-
dukanuit, kak u ajis SiO,. CBeneHust 00 UX JIEKTPO-
pPEOJIOTUYECKOM aKTUBHOCTH ITIPAKTUYECKU OTCYT-
CTBYIOT, XOTSI MHOTHE U3 HUX SIBJISIIOTCSI PacIIpoOCTpa-
HEHHBIMU U JOCTYITHBIMU COeTUHEHUSIMU.

Llenpio JaHHOI PaGOTHI SIBJISUIOCH UCCIEI0OBaHUE
BIVISIHUSI YCIIOBHIA MOJYYEHUST BEICOKOIUCIIEPCHOTO
0e3BomHOro opTodocdara aJloOMUHUS Ha €0 3JIeK-
TPOPEOIOrNYECKIE CBOMCTBA.

OKCITEPUMEHTAJIbHAA YACTb

Coenunenue AIPO, nmonyyanu tepmooOpaboT-
KOIi BBICOKOAMCIIEpCHOTO Auruapara oprodocda-
ta amomMuHus AlIPO,2H,O co ciouctoii MOHO-
KJIWHHOI CTPYKTYpPOM, KOTOPbIiA CHUHTE3UPOBAIU
cornacHo [11]. B ogHOM ciiyyae MpOBOAMIIN TIPEI-
BapurtelibHy10 neruaparauvio AIPO,2H,0 npu 150°C B
M30TePMHUYECKUX YCIIOBUSX, 3aTEM TEPMOOOPaOOTKY
AIPO, (pexum I); B npyrom — o6paszeu AIPO,2H,0
HarpeBajii B MOJUTEPMUYECKOM PEXUME CO CKOPO-
CThIO mombeMa TeMIrepatypbl 15°C/muH (pexumM 11).
TemriepaTtypy M NIpOHOOKUTEIBHOCTH TEpMOOOpa-
00TKM 00pa3loB BapbUpoOBaJiM B MHTepBaiax 500—
900°C 1 4—120 MUH COOTBETCTBEHHO.

PentreHodazoBblif aHaiu3 o0Opa3lO0B BHIOJ-
HeH Ha audpakromerpe D8 ADVANCE ¢upmsbl
BRUKER AXS (I'epmanus). JIucnepcHOCTb OIpe-
JleJIsIIU Ha JJa3epHOM MUKpOaHaau3aTope pacipe-
neneHus gactull mo pasmepam ANALYSETTE 22
¢upmbr FRITSH (I'epmanus). TepMmorpaBuMeTpu-
YeCcKUii aHaJIM3 BBITIOJIHEH HA aHAJIU3aTOPe BJIaXKHO-
ctu SARTORIUS MA-30 (I'epmanus).

Ha ocHoBe o6pa3ios AIPO, 66111 MPUTOTOBJIEHBI
BOPC, comepxammue 10—20 mac. % amomodochaTHO-
ro HaroJIHUTeJIs1 (aucrnepcHas dasa), ocTajJbHOE —
MUHepaJibHOE€ Macjio (aucrnepcuoHHas cpena). O6-
pa3nsl amomodocdaToB NpeaBapUTEILHO BBIICPXKI-
Baiy B cylmiabHOM 1ikady npu 110—120°C B TeueHue
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2—3 g, 3atem rotoBuan DPC myreM pacTupaHus B
araToBOii CTYNKe HAIlOJIHUTENSI U TpaHcPOopMaTop-
Horo MacJja (no0aBJISIIIN 110 KaIlIsIM) 10 OTHOPOTHOM
KOHCHUCTEHIIVMN.

AP-adpdexr, DP-akKTUBHOCTH HAIIOIHUTENIS,
O P-4yBCTBUTEJIBHOCTh CYCIIEH3MM OLCHUBAJIU MO
M3MEHEHUIO €€ BSI3KOCTH, KOTOPYIO XapaKTepu30Ba-
JIM BeJIMYMHOM HampsoKeHus capura (T, I1a) nucmep-
CUU MpU 3aJaHHOM CKOPOCTU CIBUTOBOI Aedopma-
i (Y, ¢') B yCIIOBUSIX BO3IEWCTBHSI BHEIIHETO
BJIEKTPUUYECKOTO TI0JIs1 HalpsikeHHOCThio (E) ot 0 1o
4.0 xB/MM. OnpITH IPOBOAWIN HAa POTALIMOHHOM
Bucko3umeTpe Rheotest 2.1 ¢ cOOCHO-IMIUHAPH-
YeCcKOM A4eiiKoil, MOTMMUIMPOBAHHOMI IS MOIa-
Y1 3JIEKTPUUYECKOTO I10JIs1 (BEICOKOBOJIBTHBIMA HC-
touHuk Toka TREK 610E, yHuBepcaabHbBIi BOJIBTMETD
GW Instek GDM-78341), npu t = 20°C u ¢pukcupo-
BaHHOM 3HAaYe€HUH cKopocTu casuray= 17.5 ¢~!. Tok
YTeUKU M3Mepsuicsa Muuinamiiepmerpom M1109 ¢
1ieHo aeiaeHus 1 MKA.

PE3VJIBTATHI 1 OBCYXIEHUNE

TepMmorpaBUMETpUUECKUM aHAIM30M I0Ka3aHo,
YTO OTIIETJIEHUE IBYX MOJIEKYJ KPUCTALIN3aLMOH-
HOi1 BOIBI, BXOIAIIEH B cocTaB amtoModocdara, mpo-
rcxoauT npu Temrieparypax 100—150°C, uto ciemyer U3
KPUBBIX TOTEPU MAacChl, MPEACTABIICHHbIX Ha puc. 1.
IMonHoe ynanenue H,O HabmomaeTcs yxKe Mpu TeM-
neparype 100°C B TeyeHue 5—6 4 ¢ oOpazoBaHueEM Oe3-
BomHoro ¢ocdara amomuHus. I1pu 3TOM NOBBILLIEHNE
temrreparypbl Ha 20°C pe3ko yBeJIM4MBaeT CKOPOCTh
Tpollecca IeruapaTaiuy, YTo TIPUBOIUT K COKpaIle-
HUIO €T0 MPOAOKUTETBHOCTU B 2—3 pa3a.

HecMmoTpst Ha oTlemieHUe MOJIEKYJl KpUCTaliv-
3alIMOHHOM BOAbBI IPY OTHOCUTEIBHO HU3KHUX TEMIIE-
parypax, NpoTeKallIue Mpu 3ToM (HU3UKO-XUMUYEe-
CKUe MpeBpalleHUsT XapaKTepPU3YITCs CI0XKHOCThIO,
0OYCJIOBJIGHHOM COCTOSTHUEM IBYX MOJIEKYJ BOIbI B
MOHOKJIMHHOI CTPYKTYp€ ruapara. ABTopaMu, U3y-
yaBwmMu cuHre3 AIPO,2H,0 eule B cepenvHe npo-
IIUIOTO BeKa, OTMEUEHO, YTO KaK B OPTOPOMOMNYIECKOM,
TaK 1 MOHOKJIMHHO# cTpykTypax AIPO,2H,0 umeror-
Csl pa3JIMYHbIE TUIIBI BOMIOPOIHBIX CBSI3€ii, BCJICACTBUE
Yero ruApaTUPOBaHHbBII opTOPochaT ATIOMUHMS MOXK~
HO pacCMaTpMBaTh KaK aKBAaKOMILICKC U MPEICTABUTh
ero coctas B Buae [Al(OH)(H,O0)]HPO,. U3BecTHO,
YTO TMpU TEPMUYECKON meruaparaiuu BCJEICTBUE
BHYTPUMOJICKY/ISIPHBIX MPOLIECCOB, CBSI3aHHBIX C OT-
mieruieHeM moiekyn H,O, nmpoucxonur paspyilieHue
MOHOKJIMHHOM CTPYKTYpbl THAPATUPOBAHHOTO aJliO-
modocdara ¢ obpazoBaHuem Mmoaudukauuii AIPO,,
U30CTPYKTYPHbBIX Si0,, B YaCTHOCTU, KBaplly (Oepyin-
HUT) U TpuauMuTy. ABTopamu [12] oTmeuaeTcs, 4To
¢dopMUpoOBaHUE CTPYKTYpPHI KBaplenonooHoit ¢a-
3bI OCpIMHUTA HAOIIOHAETCS IIPU TepMOOOpadboTKe
AIPO,xH,0 (1 £x < 3) Bunrepsaie 150—400°C.

Ne 1
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Puc. 2. PentreHorpammel o6pasuos 6e3sogHoro AIPOy, nomydeHHsIx pu Temmneparypax 800 (17, 3); 900°C (2, 4).

Ha puc. 2 npeacraBieHbl peHTTeHOrpaMMbl 00-
pa3iuoB 0e3BomHOTrO amomodocdara, MOJIyIEHHOTO
no pexxumam | u II: I — B pe3ynbraTe TepMOOOpPaOOT-
ku 1ipu 800, 900°C npenBapUTEIbLHO ASTUAPATUPO-
BaHHoOro AlIPO, (o6pasubl /, 2); Il — HarpeBaHue
AlIPO42H,0 no 800, 900°C (obpasisr 3, 4). [Ipomon-
KUTEJIBHOCTh TEPMOOOPAOOTKM 00pa3uoB /—4 npu
temmeparypax 800, 900°C cocrasnsiia 40 MUH.

CormacHo peHTreHoTrpaMmMaM, oopasnsl /, 2 He3a-
BUCUMO OT TeMIlepaTypbl TEpMOOOPaOOTKU, COAEP-
xKat TpunumutononodHeiit AIPO,. B To xe Bpems
ST 00pa3uoB 3, 4, MOJy4eHHBIX IIPU TeX XK€ TeMIIe-
paTtypax, HO B IpyTOM PEXUME, XapaKTEPHO HATIUYUE
JIBYX KpUCTaJUIMYECKUX (a3, Mpr 3TOM UHTEHCHUBHO-
CTH IIMKOB Ha PEHTT€HOIrpaMMax HeCKOJIBKO OTJIMYa-
totcs. [Ipu HarpeBaHuu AlPO,2H,0 B nonutepmu-
yeckoM pexkuMme 1o 800°C (oOpa3zen; 3) obpasyercs
OepJIMHUT, KOTOPBIA NACHTUDUIIMPYETCS IO MHTEH-
CUBHOMY MHUKY Tipu 20 = 26.44° (d = 3.3706 A), u
tpunumut (20 = 20.31°, d = 4.3730 A). ViameHeHue
MHTESHCUBHOCTEI MMKOB HA peHTreHOIpaMMe 00pas3-
ua 4 (puc. 2), moigydeHHoro npu 900°C, MoOXeT CBU-
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TOM 59 Ne 1

JIETEIbCTBOBATh O 3aMETHOM KOJIMYECTBEHHOM IIepe-
pacnpeneiaeHun ¢az, oO0yCIIOBIEHHOM, CKOpee BCe-
ro, (Ga30BBIM IIEPEXOIOM OCpIIMHUTA B TPUIMMMT.
Takum obpaszoM, Kak cieayeT U3 MpeacTaBICHHBIX
JIaHHBIX, Ha 00pa30BaHKE KBapLEIIOA00HOM, TPUIM-
muTononooHoit Moaudukauuii AIPO, Biusger Kak
TeMIleparypa, TaK ¥ peXXuM IIpoliecca eruapaTaiuu
AIPO,2H,0 u tepmooopadotku AIPO,. KBapu u Tpu-
IUMUT Kak Monudukauuu SiO, NpencTapisiioT co0oit
HEeIMpephIBHBIE TpeXMEpHbIE KapKacHBIE CTPYKTYPHI,
cocrosiiue u3 TerpasnpoB SiO,, CBSI3aHHBIX APYT C
JIPYrOM BCEMM YETBIPbMSI KMCJIOPOAHBIMY BepIlIHA -
MU. CTpyKTYphI JaHHBIX MOTM(MUKALIIT pa3InyaioT-
CsI CITOCOOOM COWIEHEHUS TETPa3ApPOB: B TPUINMUTO-
MOIOOHOI — 3epKajbHO, T.€. IO MIOCKOCTSIM CUMMET-
puy, a B KBapLENOAOOHOM — I10 CIIMpaJId, 3aBUBasICh
BOKPYT' OCH TPEThero nopsiaka. BosHUKHOBeHIE KpeM-
He3eMonon00HbIX CTPYKTYp AIPO, cBSI3aHO ¢ U3MEHe-
HUEM KOOPAWHALIMU aJIIOMUHMUS 110 KUCIOPOIY B pe-
3y/IbTaTe yaaaeHUsI CUWIHHO MOJISIPU30BAaHHBIX MOJIEKYJT
KPUCTA/UIM3AaLIMOHHOM BOOBI M3 THMAPATUPOBAHHBIX
amoModocdaTHBIX TPYIITUPOBOK U (GOPMUPOBAHUS

2023
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Tabmuua 1. YcioBus nojlyyeHUs1 HaMOJHUTENEN Ha OCHOBE ruaparupoBaHHoro amomodocdara AIPO,2H,0

Pexum nonydyenusa | PRIT—— t,°C T, MUH Monuduxkaiust AIPO,
006pasLoB
I 1 800 40 T
| 2 900 40 T
I1 3 800 40 b, T*
IT 4 900 40 b, T*
II 5 500 40 b*, T
I1 6 700 40 b*, T
I 7 900 80 T
I 8 900 120 T

ITpumeuanue. b — 6epaunut, T — TpUAMMUT; IIpeodIagaloIMii pa3Mep YacTHUIL I1JIsl BCeX 00pa3oB S—13 MKM.

* [Ipeobnanatorast ¢asza.

rpynn AIPO,, B KOTOpbIX aTOMbl aJIIOMUHUSI UMEIOT
KoopauHanmoHHoe yuciao 4. IlpenmnonoxeHue o6
M3MEHECHNN KOOPAWHALIMOHHOTO 4YMCJia aJIIOMUHUS
npu popmupoBaHuM cTpykTypbl AIPO, ObLITIO BhICKa3a-
HO B paboTax (ppaHIy3cKuX rccienonareseii B 50-x ro-
Jlax MpOILIJIOro CTOJETHS, B yacTHocTH [13].

I1puanHo Bo3aeiicTBUS pexknMa TepMooOpadboT-
K1 amomodocdara Ha mpoiiecc GOpMUPOBAHUS pa3-
JIMYHBIX Moaudukaiuit 6e3ponHoro AIPO, moryt
OBITh pa3Mep YacCTUll, TpaAUEeHT TeMIIEPATyp, BIUSIIO-
IIM1 Ha pacTipeieIeHNE TeTJIOBOU SHEPTUU B 00bEME
1 Ha ux nosepxHoctu. CommacHo [14], mpu HarpeBa-
HUU BeIlleCTBa KaXJasi ero 4acTUlia, XapaKTepu3ylo-
11a5ICSI COBOKYITHOCTBIO MMapaMeTPOB COCTOSTHUST BCEX
COCTaBJISIOIINX €€ aTOMOB, MOXET UMETh COOCTBEH-
HBII TpagleHT TeMIlepaTypbl. B o0beMe 6oitee Kpym-
HBIX YaCTULL IPadUeHT TeMIIepaTyp MOXeT JOCTUTaTh
BBICOKMX 3HaueHui. [1py moauTepMu4ecKoM pexu-
Me HarpeBanus yactull AIPO,2H,0 rpanueHT tem-
rnepaTtyp B 00beMe U Ha UX MOBEPXHOCTU MTOCTOSIHHO
M3MEHSIETCS 3a CUeT KaK HEpaBHOMEPHOTO TEILIOIIE-
peHoca, TaK U MHTEHCUBHOCTU IIOABOIA TEILIOBOI
SHEPruu ¢ MOBBIIICHUEM TeMIepaTyphl. B pesynbra-
T€ 3TOr0 C YYETOM OPUEHTALMOHHOM pasymnopsiio-
YEHHOCTH, XapaKTEPHOM, comiacHo [15], i MpoTOH-
comepXKalllidx BEIIECTB, TepMUYecKasi IervapaTalius
AIPO,2H,0 u TepmoobpadoTtka AIPO, conpoBoxna-
FOTCSI IIOCTOSIHHBIM M3MEHEHHNEM MapaMeTPOB COCTO-
STHUSI YaCTULl, BIMSIOIIUX Ha (PU3UKO-XMMHYECKUE
MpeBpalleH1s, CBSI3aHHbBIE C Pa3pbIBOM BOIOPOIHBIX
cBa3eit Mmonekyn H,O, nx oTiiernyieHueM u odbpa3oBa-
HUEM pa3HBIX accoumaroB. IIpu aToM obOpasyroninecs
nipu aerunpatauuu AIPO,2H,0 napst H,O, nuddyH-
JUPYIOIIME Yepe3 CJIOM YacTHI, MOTYT CYIIIECTBEHHO
BJIMSITh HA MAKPOKMHETHUKY IIpoliecca AeruapaTalud U
rpagveHT TeMIIepaTyp B 00beMe KaKI0M YaCTUIIbI.

ComlacHO TOJY4YeHHBIM NaHHBIM, B De3yjibTaTe
MpeaBapUTEIbHON U30TEePMUYECKON Neruaparaiuu
AIPO,2H,0 u nocnenyomieit repmooopadbotku AIPO,
pu 800, 900°C cTpyKTypHOE pa3HooOpas3ue (pakTu-
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YeCKM He IIPOSIBISIETCS M 00pa3yeTcs TOIbKO TPUIM -
MuTonogo6Has ¢aza (puc. 2). IIpu ykazaHHOM pe-
XXKuMe HabJrogaeTcs 0ojiee paBHOMEPHOE pacIipeae-
JIEHE TEeIJIOBOI 3HEPTUHU B Cpele U, CJIeI0BaTEIbHO,
rpaueHT TeMIlepaTyp 1 MmapaMeTpbl COCTOSIHUS Ya-
CTHII CYLLIECTBEHHO He U3MeHsI0TCsA. B maHHOM city-
Jae MOXKET CO3IaBaThCs 30HA (PU3MKO-XMMUYECKUX
MpeBpaIleHUi, BKJIIoYarolas MHOXKECTBO UCXOTHBIX
YaCTUI U XapaKTepHasi IJisl TEPMOCTUMYJISILIMU (pa3o-
BbIX MpeBpallleHnii, KaK 9TO MoKa3aHO MpU Harpepa-
HUU TTopollKa aMop¢HOro Tpukanbluiidocdara [14].
IMTonyyeHHbIe B JaHHO pabOTe pe3yJibTaThbl MO BIUSI-
HUIO peXXnMa TepMOooOpadbOTKI Ha 00pa3oBaHNE MO-
mudukaumii AIPO, noaTBepXaalT YCTaHOBJIEHHYIO
B [14] 3aKOHOMEPHOCTb: €CJIM YaCTUILIbl MCXOMHOI
¢a3bl U3MEHSIOT CBOE COCTOSIHME M COCTaB He3aBU-
CHUMO JpYT OT Apyra, TO NpeBpallieHne IIPOTeKaeT yepe3
CTPYKTypHOE MHOrooopasue. OT UCXOTHOMN CTPYKTYp-
HOM OOHOPOIHOCTU CUCTEMA IIPUXOIUT K KOHEYHOM
CTPYKTYPHOM OMHOPOIHOCTH Yepe3 MPOMEXKYTOUHYIO
HEOOHOPOIHOCTb.

st n3yyeHus: BIMsIHUSI (ha30BOro COCTaBa ajlio-
ModocdaTHBIX HATIOJIHUTEIEH Ha X D P-4yBCTBUTEITb-
HOCTb ObUIM HapabOTaHbI IIPU Pa3IMYHbBIX YCIOBUSIX
00pa3libl, XapaKTEPUCTUKN KOTOPHIX IPEICTABICHBI B
Tabn. 1. MccmenyeMble HalIOJHUTEIM HE3aBUCUMO OT
YCJIOBUI1 MOYyUYEHUS SIBJISIIOTCSI BBICOKOIVICIIEPCHBI-
MM, C TIpeobIaaaloInM pa3MepoM YacTUll 5—13 MKM,
COCTOSIT U3 ONHOW wiu AByX moaudukamuit AIPO,
(Tabin. 1).

Ha puc. 3, 4 nokazaHa 3aBUCUMOCTb HaIlPSIKEHUSI
caura 9PC Ha ocHOBe 00pa3lioB /—& OT yCIOBUit UX
TTOJTyYeHUS.

M3 skcriepruMeHTaIbHBIX JaHHBIX CIEAYeT, 4TO
amoModocdaTHble HAIOJIHUTEIU, HECMOTPSI Ha OIU-
HAKOBBIII XMMUYECKUI1I COCTaB, CYLIECTBEHHO OTJIM-
qaoTcsl DP-akTuBHOCTBIO. BenmumHa HampsoKeHUS
capura DP-gucriepcuii Mpu HANMPSKEHHOCTU 3JIeK-
Tpudeckoro 1ot 3.5—4.0 kB/MM Koebiaercst B 10-
CTaTOYHO IIMPOKOM MHTepBaie (puc. 3, 4).
Ne 1
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Puc. 3. 3aBucumocTu HarnpsikeHus: casura (a) 1 Toka yredku (0) OT HanpsikKeHHOCTHU dJieKTpuueckoro mnoiist OPC, conepxka-

mux 10 mac. % AIPO, (o6pasuel 3—6, Tabu. 1).

MeHblilee 3HaUeHUE BEJIMUMHBI HATIPSKEHUS CITBU -
ra xapaktepHo misg DPC c yactunamu ob6pasioB
amroModocdara, MOTyIEeHHBIX TEPMOOOPadbOTKOM
AIPO,2H,0 npu pexume 11 u xapakrepusyrommxcs
Haju4ueM IByX (a3 co CTpPyKTypoil OepiauHUTa U
tpuauMuTa (tada. 1). I1pu aTom Ha DP-akKTUBHOCTH
Takoro HarnoJdHuTtesss B OPC cylliecTBEHHO BIUSIET
MOBBIIIEHUE TeMIlepaTypbl ero TepMooOpaboTKu
(puc. 3a). HanOo:mbliryio 4yBCTBUTEIBHOCTD K SJIEKTPH-
yeckoMmy noiito nokazana DPC ¢ yactuuamu AlPO,,
TepmoobpadboTaHHoro npu 900°C u uMeroliero, co-
mT1acHo maHHBIM PDA, TpenMyIecTBEHHO TPUIVMM-
TOIOIOOHYIO CTPYKTYpY (obOpasel 4, Tabdia. 1). 3Haue-
HYE BEJIMYMHBI TOKA YTEUKU ISl CYCIIeH3UU C JaH-
HBIM 00pa3LoM cocTasisieT j = 3.2 MKA/cM? (puc. 36).
XapakTepHo, YTO ¢ HNoHIXeHueM DP-a3ddekra mc-
clieyeMblIX JUCTepcuit HabI01aeTCsl CHUXKEHUE j 10
1.5 MxA/cM? u HuXe (puc. 30).

ComracHO aHaIu3y SKCIePUMEHTAIbHBIX JaHHbIX,
0oJiee cuIIbHBIN DP-3(hdeKT NposaBIIsSIOT CyCIeH3UN
C yacTuliamu TpuaumuTonoaooHoro AIPO,, nomyueH-
Horo 1o pexumy I, T.e. Tepmoobpadotkoii AIPO, no-
cne npenBaputenpbHoi aeruaparauuu AlPO42H,0,
4YTO cJIeAyeT M3 3aBUCUMOCTHU, IPEACTaBJICHHON Ha
puc. 4. OgHaKo, HECMOTpPSI Ha OMMHAKOBBIC XUMMWYE-
CKUit 1 (ha30BbIi COCTaBhI JTaHHBIX 00Pa31OB, UX DP-
aKTUBHOCTb OT/IMYaeTcs. TakK, MpHPOCT 3HAYECHUS
HanpsekeHus capura DPC ¢ yactuiiamMmu odpasia 710
CpaBHEHHUIO ¢ 0OpasioM 2 coctaBui okono 20% 3a
CUET YBEJIMYEHHUS MPOIOJLKUTEILHOCTU TepMOOOpa-
o6otku AIPO, ¢ 40 1o 80 MyuH. 3HAYMMO OTIUYAETCS
O P-yyBCTBUTENBHOCTh CYCHIEH3UU U IJIs oOpas3ua &,
MIPOAOJKUTEILHOCTE TEPMOOOPAOOTKM KOTOPOTO
coctasmia 120 mun. Hampsokenwe cosura OPC nipn
E =4 xB/mm B aToM cityuyae nocturaet 620 Ia. 13 ana-
JIN3a 3KCHEePUMEHTANBHBIX JaHHBIX CJIEIYET, YTO
OP-aktuBHocth AIPO, siBiisieTcst pyHKIIMEH TTapaMeT-
poB, BIMSIONIMX KaKk Ha crpyktypy AIPO,, Tak U Ha

HEOPTAHUYECKWE MATEPUAJIbI
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CBOMCTBa TIOBEPXHOCTHU YaCTHULI, OIMPECAC/IAIOINX UX T10-
JIAPU3ALIMOHHYIO CITOCOOHOCTb B QJICKTPUYCCKOM IIOJIC.

CormacHO U3BECTHBIM JAaHHBIM [ 1], Hanmune DP-
addekTa B 6e3BoaHBIX DPC cBSI3aHO ¢ MOJISIpU3aIU-
eil YacTUIl B 3JICKTPUIECKOM I0Jie, OOYCIOBIEHHOM
CMeIIleHUEM CBSI3aHHBIX 3apsI0B, U BO3MOXKXHOCTBIO
VX BBIpaBHUBAHMUS BAOJIb HAMPABJICHUS dJIEKTpUYe-
ckoro nojist. OqHUM 13 3HAYMMBIX (paKTOPOB, OIIpe-
JIelISIoIINX JaHHbIE SIBJICHUSI, B YACTHOCTU CTEIIeHb
MOJIIpU3alIMK, MOXET ObITh HaJIMUUe Ha TTOBEPXHO-
CTH HAIIOJIHUTEJISI CTPYKTYPHBIX Ae(EKTOB, TUCIOKA-
Ui, TPELIWH; IIPU 3TOM, KaK OTMeueHo [15], maTe-
pHaJbl ¢ MAJIBIM Pa3MepPOM YaCTULL XapaKTEPU3YIOTCS
UX TIOBBILIEHHOM KOHLIEHTpAaLeil ¥ MOABUKHOCTBIO
BXOISIIMX B UX COCTaB aTOMOB Wi MOHOB. Mcxons
13 OOIINX MOJOXEHUN XUMUY TBEPIOTO TeJla, OMHUM
U3 MEXaHU3MOB 0Opa3oBaHUs Ae(PEKTOB B TBEPAOM
Telle SIBIISIETCSI TePMUYECKAS Pas3ylopsIOYeHHOCTb,

T, [1a

650 8
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400€
350 L L L

40 40 40 80 120
[TponoyKnUTeTbHOCTD, MUH

Puc. 4. 3aBucumocTs HanpsikeHus1 casura DPC, comepxa-
umx 20 mac. % AIPOy, OT IPONOJDKUTEIBHOCTH TepMOO0-
pabotku (E =4 xB/mMm, obpasuwl 1, 2, 4, 7, 8, Taomn. 1).
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IIPY 3TOM CYILIECTBYET 3aBUCHUMOCTb KOHIIEHTPAIIUN
M TUTIA 1e(PEKTHBIX LIEHTPOB OT YCIOBUU TEpMOOOpa-
ootku [15]. CrnenmoBarenbHO, (opMUpOBaHUE [ie-
deXTHOI TIOBEpPXHOCTU YACTUL] TPUAVMUTOIIOAOO-
Horo AlPO, c oBblllIEeHUEM TEMIIEPATYPbI U MPOIOJI-
XUTEJILHOCTU €Tr0 TEPMOOOpabOTKM, CKOpee BCEro,
CBSI3aHO C paBHOBECHBIM JIe(heKTooOpa3oBaHUEM 3a
CcUYeT COOCTBEHHOI TEPMHUYECKOM Pa3ynopsIOUYeHHO-
CTH, TIOCKOJIbKY 3TOT MEXaHU3M O0pa3oBaHUs -
¢d€eKTOB B TBEPABIX TejaxX SIBISIETCS CaMBIM paclpo-
CTpaHEHHBIM. DTO, MO-BUIUMOMY, U SIBISIETCS TIPU-
4YuHOM pocta DP-aktuBHOCTM oOpasuoB I, 2, 7, §.
Kak On110 MOKa3aHo BHINIE, OMHOBpEeMeHHOEe (op-
MUPOBaHUE CTPYKTYP OSPJIMHUTA U TPUAUMUTA, IIPO-
HUCXOMsIIee B HEPAaBHOBECHBIX YCIIOBUSIX, TIPU Tepe-
nagax TeMIieparyp B o0beMe 1 Ha TIOBEPXHOCTH YaCTH -
LIbI MOXXET TIPUBOIUTh K BOBHUKHOBEHUIO 1e¢(DEKTOB C
JIPYIrMMH KOHILEHTpalreil U TUIIOM, YTO BIIMSET Ha
nospu3anyio yactuil AIPO, B 2JIeKTpUIeCcKOM TToJ1e
U ero DP-aKTMBHOCTb.

SAKJIIIOYEHHWE

O06001mas1 1 aHAIM3UPYS SKCIIEpUMEHTATBHEIC TaH -
HbIe, MOXXHO 3aKJIIOYUTh, YTO 0Opa3oBaHUE KBaplie-
nogo0OHOM (OEpPAMHUT) WIM TPUAUMHUTOIIOAOOHOM
Moaudukaimii 6essogHoro AlPO, o0ycioBieHo mapa-
Metpamu coctosiHust yactuul AIPO,-2H,0 nipu paznuy-
HBIX PEXXKMMAaxX UX TEPMUUYECKOI AernapaTalvi U Tep-
Moo6pabotku AIPO,. 3aBucumocTs O P-akTBHOCTH
AIPO, ot yciioBuii TioiydeHusi O0yC/IOBJIeHa KakK ero
CTPYKTYPOI1, TaK U CBOMCTBaMU TTOBEPXHOCTU YACTUII,
XapaKTePU3YIOLLICHCS ISl BLICOKOIUCIIEPCHBIX COSIM-
HEHU HaTMYreM J1e(EeKTHBIX LIEHTPOB U TTOJABUKHO-
CThIO BXOJISIIIIMX B UX COCTaB aTOMOB WUJIM NOHOB.

Poct DP-addexra cycrieH3mii ¢ yBeIMYeHHEM
TeMITepaTypbl M TPOMOIKUTEILHOCTH TepMoobOpa-
OOTKM, CKOpee BCero, CBSI3aH C IMOBBILICHUEM KOH-
HIEHTpaK Ae(PeKTOB 3a cueT COOCTBEHHOI TepMU-
YeCKOM pasyImopsmOYeHHOCTH Ha TIOBEPXHOCTH YaCTHII
AlPO,, BiusIOLIEl Ha MTOBEPXHOCTHYIO MOJISIPU3ALUIO
B 2JIEKTPHUUECKOM II0JIE.
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