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Coob11aeTcst 0 CMHHTE3€ HAHOPa3MEPHBIX YAaCTHULL OJIyTOPHOTro okcuna repous (Tb,053) MeTogom nazepHoit
abJIsILMY TBEPIOM MULIEHU B ITOTOKE IBYXKOMITOHEHTHOM cBapo4yHoit cmecu 95% Ar + 5% H, ¢ ucnosnb-
30BaHMEM BOJIOKOHHOTO UTTepOUEBOTO j1a3epa co cpenHeit moiHocThio 300 Bt. MccinenoBanbl Mopdoiio-
TMYECKUE M CTPYKTYPHBIE 0COOEHHOCTH MOJIyYeHHOTO HAHOTIOPOIIIKA, €r0 TepMUYECKOEe ITOBEICHNE M Mar-
HUTHBIE CBOMCTBA, a TaKXXe AMHAMUKA YIUIOTHEHUS B poliecce Harpesa 1o 1450°C B Bakyyme. CHUHTE3M -
pOBaHHbBIE YaCTUIIBI UMeIn PopMy, OJIM3KYIO K chepudecKkoid, cpenHuii pasmep 13 HM U1 MOHOKJIMHHYIO
KPUCTAJUTMIECKYIO CTPYKTYpY, HeobpaTruMoe Ipeodpa3oBaHue KOTOPOI B KyOMUECKYIO CTPYKTYPY C CUM-

MeTpueit /a3 DOCTUTATIOCHh TOCPENCTBOM OOXKMWTa B aproHe MM BaKyyme IpH TeMrepaTypax okojio 750 u
1050°C cootBeTcTBeHHO. C MCHOIB30BAHUEM U3MEPEHHOM TeMIIEpaTypHOI 3aBUCMMOCTHU YIEIbHOMN Ha-
MarHM4€HHOCTH YCTAHOBJICHbI 3HAYEHUS MapaMarHuTHoi Temmnepatypbl Kiopu (6, = —11.8 K), moctosiH-
Hoii Kropu (C = 11.74 K ame/(Moi1b D)) 1 3P HEKTUBHOIO MArHUTHOTO MOMEHTA (U= 9.69 L p/Tb), yka-
3bIBaIOIIME HA MpeobIaTaHue aHTUHEPPOMarHUTHOTO 0OMEHHOTO B3aMOIEHCTBUSI MEXIY MIOHAMU TepOus 1
Ha IIpeIeIbHO HU3Koe conepkanue noHoB Th*' B HaHomoporke. [TokazaHa BO3MOXHOCTb M3TOTOBICHIS IIPO-
3payHoit kepaMuKU Tb,O5 ¢ MOMOILBIO KOHCOMUAALMY PEICTIeYeHHBIX HAHOYACTHUL] METOIOM TOPSTYETO U30-
CTaTUYECKOIO MPeCcCoBaHUs B TeueHue 2 4 rpu Temriepatype 1450°C u naBnernuu 200 MTI1a.

KitioueBble cioBa: jga3epHbIil CUHTE3, TOpsiyee M30CTaTUYECKOE MpeccoBaHue, MOIUMopdHOoe MpeBpaile-

HHUCE, MarHUTHBIN MOMCHT, ITpOo3padyHad KEpaMHruKa

DOI: 10.31857/S0002337X23020112, EDN: YDRFJY

BBEAJEHUWE

B nocnenHue ronsl MaTepuaibl HA OCHOBE MOJY-
TopHoro okcuzaa tepous (Tb,0,), obnanaroiiue Bbi-
cokoii moctostHHOM Bepnme (mo 154 pan/(Tn m) Ha
ITHe BOMHBI 1064 HM), IPUBIICKIIH 3HAYNTEITBHBIIM
WHTEpEC KaK MePCHEeKTUBHbIE MarHUTOAKTHBHbBIE
cpenbl mist uzonsitopoB MPapanesi, UCIOIb3yeMbIX B
MOIIIHBIX JIa3€PHBIX HCTOYHUKax OmmxHero MK-
mranasoHa [1—3]. UHTeHCMBHOCTh MCCIIeNOBaHWIT 1
pa3paboTOK B 3TOM HaIpaBJICHUU PE3KO BO3pocia
rmocse Toro, kaxk B 2015 r. BnepBble ObUT MOJTYYEH MO-
HOKpHUcCTaL1 Kyornueckoro Tb,O; 00beMOM HECKOJIb-

KO MM ()JIFOCOBBIM METOIOM B KOHTPOJIMPYEMOM aT-
Mmocoepe [4]. Bckope mociae 3Toro ObII0 MToKa3aHo,
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YTO KepaMUYECKHe MaTepUaIbl U3 TTOJTYTOPHOTO OK-
cuga Tepobust 00JanaloT BaXKHBIMU MPEUMYIIIECTBAMU
10 CPAaBHEHUIO C MOHOKPHCTAITTIECKIMU aHAJIOTAMMU,
BKJTIOYAsi OOJIBIINE pa3Mephl U YIYIIIIEHHOE OIITUYe-
CKO€ Ka4ecTBo |5, 6].

OcHOBHas TPYIHOCTh ITPU M3TOTOBJICHUH BBICO-
Kornpo3payHoit Tb,0;-KepaMuKu 3aKto4aeTcs B 10-
CTUXKEHUM OECIOPUCTON MUKPOCTPYKTYPHI CIIeKae-
MOTO MaTepuaJjia Mpu TeMrepaTrypax HUXe TOYKU 00-
patruMoro a3oBOTO Tepexoma OKCHIa Tepous u3
KyOMUYEeCKO B MOHOKJIMHHYIO CTPYKTYpY (~1550°C)
[7-9]. dnst ctabunmsanuu Kyoudeckoii asbl MOTYT
OBbITh KCIIOJIb30BaHbl U30BAJIEHTHbIE 100aBKU Y,0;
unu Lu,O;4 [5, 6, 10—12], o6pa3ytomiue ¢ Tb,0O5 TBep-
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Ible pPacTBOPHI 3aMellleHus. B maHHOM ciydae 4Ja-
CTUYHOC 3aMeElIeHUue Tep61/m Ha I/ITTpI/[ﬁ NJIN JIIOTEC-
LM C OTIMYAIOLIMMUCS MIOHHBIMU paiuycaMu U MO-
JIIpHBIMA MaccaMi TIPUBOIUT K HeXeJlaTeTbHOMY
Pa3yMopsIOUEHUIO KPUCTALTNIESCKOM PeIIeTKN 1, Kak
CJIeACTBYE, K CHUKEHMIO TETJIONMPOBOIHOCTH MaTepu-
aja u ero mocTostHHOU Bepme. Takke miIs MOBHITITE-
HUs OINTMYECKOTO KadyecTBa WHOTAA IMPUMEHSIOTCS
reTrepoBaJieHTHbIe M0o0aBku (Hampumep, ZrO, [6]),
KOTOpBIE TOPMO3SIT MHTEHCUBHEBIN POCT 3epeH Kepa-
MUKU B OIIPeNeICHHOM MHTEpBajie TeMIieparyp 61aro-
napsi (popMHUpPOBaHUIO TBEPIOIO pacTBOpa B MpUTIpa-
HUYHOI 006JIaCTH, TeM CaMBIM ITO3BOJISISI TIPEIOTBpa-
TUTH 3axBaT IOp KpucTaumuramMu. OmHaKO MOJOOHEIS
JI00aBKM CIOCOOHBI 0OPa30BbIBATh TOUEUYHbBIE AeheK-
THI B pellIeTKe OKCHUIOB, BHI3BIBAIOIIIE TTOTTIOIIEHIE
JIa3epHOro u3aydeHus B obaactu 1 MxMm [13, 14].

ITo sTM mpUYMHAM TIepeaoBbie Pa3pabOTKU Me-
TOIOB CUHTE3a BHICOKOIIPO3pauYHO OKCUIHOM Kepa-
MUKW JJ1s1 J1a3€ PHBIX IPUJIOKEHU I OCHOBBIBAIOTCS Ha
OTKa3e OT BBEJICHUSI KaKNX-JIU0O0 CIleKalomux 106a-
BOK B ITpo1iecce Mx n3roropneHud [15—17]. Dto craHo-
BUTCSI BO3MOXHBIM OJiarofapsi MCIOJb30BaHUIO YiIb-
TpaguCHEePCHBIX MOPOIIKOB, CIIOCOOHBIX CIEKAThCS
IO IPAKTUYECKU HYJIEBOM ITOPUCTOCTU IIPU OTHOCH -
TeJILHO HU3KUX TeMmiepaTypax. B IociaemHue roibl
OBLIU TOBOJBHO MOAPOOGHO U3YyUEeHBI XapaKTepPUCTH-
KW 1 0COOEHHOCTH TTOTy4YeHUsI IIOPOIIKOB OKCHIIA Tep-
O1isI C TOMOIIBIO METOIOB CAMOPACITPOCTPAHSIOIIETOCS
BBICOKOTEMITIEPATYPHOI'O CUHTE3a U TEPMUYECKOTO Pa3-
JIOXKEHUSI Pa3IMIHbBIX ITpeKypcopoB [9, 18—20]. OmHako
TIOJTyYeHHbIE MOPOIIKU COCTOSUIM 13 IOBOJILHO KPYIT-
HBIX arperaToB ¢ TyOKOOOpa3HOil MOpUCTOit MOpdhOI0-
TUei, YTO MPEAONPEIETNIIO X HEBBICOKYIO AKTUBHOCTD
K CIIEKaHUWIO ITPU OTCYTCTBUM TI00ABOK.

AJbTepHATUBHBIM CITOCOOOM MOJYyYEeHWSI HAHOYA-
CTHULL OKCUJIOB SBJISIETCS JIA3€PHBIN METO/, KOTOPBIA
3aKJII0YaeTcsl B UCMapeHU U TBEepAOi MUILIEHU U3JTy-
YEeHWEM MOIIHOTO Jla3epa C Tocenyolleil KOHAeH-
calMeil mapoB B MOTOKE Hecylllero raza. IIpouecchbl
CHHTE3a cJ1aboarioMepupoOBaHHbBIX HAHOTIOPOIIIKOB Ha
ocHoBe ZrO, u Y,0; ¢ pazamepamu yactuil 10—20 HM ¢
nomoliibio CO,- 1 BOJJOKOHHOTO UTTEPOMEBOTO Jla3e-
POB HcciienoBaHkbI B paborax [21, 22]. CienyeT oTMe-
TUTb, YTO CBOMCTBaA IOJydyaeMbIX HAHOYACTUIl BO
MHOTOM 3aBUCST OT JAaBJIEHUSI U cocTaBa Oy(depHOTo
ra3za, YTo MOXHO UCIOJIb30BaTh IS U3BMEHEHUS CTe-
MEeHU OKHCJIEHUs] MOHOB MeTajlla B IIpoliecce CUHTe-
3a HEKOTOpbIX OKCUIOB. B ciyyae ¢ okcuaom tepousi
3T0 OCOOEHHO UHTEPECHO, MOCKOJIbKY IPUCYTCTBUE Ye-
ThIpEXBaJIEHTHBIX MOHOB Tb gaxke B Majioit KOHLIEHTpa-
IIMM OKa3bIBaeT HEraTUBHOE BJIIMSIHME Ha MarHUTO-
OINTUYECKUE XapaKTepUCTUKU KepaMUuKH [6, 23].

Ilenvio maHHOIT pabOTHI SBISIETCS KCCIEIOBaHUE
CBOMCTB HaHOpa3MepHbIX yacTull Tb,0;, cUHTE3UpPO-
BaHHBIX METOIOM JIa3epHOi1 abJISIIIU1 B BOCCTAHOBM-
TEJILHOM Cpelie, M OLIEHKAa BO3MOXHOCTH MX KOHCO-
JIMIAWY B IPO3PavYHbIii KEpaMUUYEeCKUIT MaTepual.

HEOPITAHUYECKHWE MATEPUAJIBI

TOM 59 Ne 2

OKCITEPUMEHTAJIbBHAA YACTDb

Hanomnopomoxk Tb,0; cuHTE3MpOBaJIM METOAOM
JlazepHoii abJISILIMU TBEPAO MUILIEHU B TOTOKE ABYX-
KOMITOHEHTHOI cBapo4Hoii cmecu 95% Ar + 5% H,,
BBITIOJIHSIIONIEH (DYHKIIMIO BOCCTAHOBUTEIbHOM Cpe-
JIbl, C WCIIOJIb30BAHUEM DKCIIEPUMEHTAIBHON ycTa-
HOBKM Ha OCHOBE BOJIOKOHHOTO UTTEpOUEBOTO Jla3e-
paJIC-07H (A= 1070 um, OOO HTO “UPD-ITomroc”,
Poccust), mogpobHOe onucaHue KOTOPOit mpencTaB-
JieHo B pabote [22]. OcHOBHbIE MapaMeTphbl JIa3epHO-
IO UBJTyYeHMUsI B Mpollecce MoayYeH s HAHOYACTULL Obl-
JI CIIEIYIOIIMMU: CPEIHsIst MOLIHOCTh Py, = 300 Br,
JUTATETBHOCTh MMITYJILCOB T = 120 MKC, 9acToTa ciie-
JTOBaHMUS UMITYIbcoB V = 4.17 kI11, ntmaMeTp 1siTHA Ha
MOBEPXHOCTU MUILIEHU d, = 430 MKM, JINHEIHas CKO-

POCTb MepeMeleHUs Ta3epHOro nyyka v, = 67 cm/c,
00BEMHBIIA pacxojl CBapouHoii cMecu Q) = 4—5 M3/4.
M3roropieHre MUIIEHW OCYIIECTBIISUIOCH ITOCPEI-
CTBOM OIHOOCHOTO IIPECCOBaHMs IOPOIIKA OKCHIA
Tepbus (ToproBoe HaumeHoBaHue Tb,0;, OO0 “JlaH-
xut”, Poccust) nmox paBineHuem 20 MIla B uuauHapu-
YECKYIO 3aTOTOBKY JUaMETPOM 65 U TOIIUHOM 25 MM C
ee TOCJeNyIoIIM 00XXUTOM Tpu TemIiepatype 1250°C
B T€UYEHHUE S 4.

Mopdonorust CHHTE3UPOBAHHOTO HAHOIIOPOIIIKa
OKCHa TepOUs MCCIIeI0BajIach C TOMOIIBIO IIPOCBE-
YMBAIOIIETO 3JIEKTPOHHOTO MuKpockomna (ITDM)
JEM 2100 (JEOL Ltd., SAnonus). ITo moixydyeHHBIM
doTorpadusiM NPOBOAWIUCH H3MEpPEHUE SKBHBa-
JIeHTHOTO nuamMeTpa He MeHee 800 yacTull M TToCTpoe-
HIUE UX pacrpeae/ieHusI 10 pa3MepaM. YaejbHasl IUIO-
11aJb MMOBEPXHOCTHU Sgyr HAHOIIOPOIIKA U3MEPSIach
metomoMm BOT ¢ mcrmomb3oBaHneM ra3oamcopOIMOHHO-
ro a"Hanmzartopa TriStar 3000 (Micromeritics, CIIIA). C
LIeJIbIO YCTAHOBJICHMSI TIPOILIECCOB, IPOTEKAIOIINX
MpU TepMOOOPaOOTKE HAHOYACTHUIL B Pa3IUUHOM Cpe-
Jie, IPOBOIMINCH TEPMUYECKUIT M BLICOKOTEMIIEPATyp-
HBIIA peHTreHO(a30BbIN aHAIM3bI C ITOMOIIIBLIO AeprBa-
torpacpa Diamond TG-DTA (PerkinElmer, CIIIA) u
mudppakromerpa D8 Advance (Bruker AXS, I'epma-
HUsI), ocHaleHHoro neubio Anton Paar HTK 2000N.
CriexTp MHGpPpaKpacHOTO NOMIOLISHUS ITPOOLI HAHO-
MOPOIIKa U3MEPSIJICS B AUaIla30He BOJHOBBIX UUCes
450—4000 cm~! ¢ ucronszosanueM MK-Dypre-criek-
tpoMeTpa Spectrum One (PerkinElmer, CIIIA).

MarHuTHble XapaKTepUCTUKM HaHOYACTUIL UCCe-
JIoOBaJIMCh B nuarna3oHe temrnepatyp 2—300 K mpu Ha-
MNPSKEHHOCTH MarHUTHOro 1oJjist 500 ® ¢ moMouibio
ycranHoBku MPMS-XL-7 EC (Quantum Design,
CIIIA) ¢ mepBUYHBIM IIpeoOpa3oBaTeeM Ha OCHOBE
CBEPXIPOBOMSIIEIO KBAaHTOBOIO MHTepdepoMeTpa.
Perucrpanius KpuBbIX ycaaKu HAHOIIOPOIIKa, ITpeaBa-
pUTEIbHO  CIIPECCOBAHHOrO IOA  JaBJeHUEM
50 MTIla, npousBoguiach Ipu HarpeBe KOMITaKTa d0
1450°C co ckopocteio 3°C/MHH IIPpU OCTAaTOYHOM
nmaBienun 0.4 Ila B ropr3oHTaIbHOM AUJIATOMETPE
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Puc. 1. MukpodoTorpaduss HAaHOYACTULL OKCHIa Tepous (a), CHHTe3MPOBAaHHBIX METOIOM JIa3€pHOM a0ISIIUY B BOCCTAHOBU -
TeJIbHOI cpeie, ¥ TUCTOrpaMMa MX paclipenesieHus 1o pasmepam (0).

DIL 402 C (NETZSCH, I'epmaHust) ¢ OCHACTKOM 13
OKCHJIa aTIOMUHUSI.

PE3VJIBTATBI 1 OBCYXIEHHUE

Ha puc. la npencraBieHo xapaktepHoe [TDOM-
n300paxkeHe HaHOYaCTUL OKCHIIa TepOUsI, CUHTE-
3UPOBAHHBIX METOJOM JIa3epPHOI1 abJIsILIMU B BOCCTa-
HOBUTEIBHOI cpeme. BumHoO, 4TO 4acTUIIBI MUMEIOT
mouTH cheprueckyro popMy 1 coOpaHBI B C1a0OCBSI-
3aHHBbIe arperaThl. VIX pacripeneneHue Mo pa3Mepam
SIBJISIETCS JIOTHOpMaJIbHBIM (puc. 10), a cpemHuii
apudmeTndecknii pa3mep paseH 12.8 HM. YnenbHas
IUI0IIAAb TTOBEPXHOCTH HAHOIIOPOIIKA COCTaBJIsiIa
51.2 M?/T, 4TO COOTBETCTBYET CPENHEMACCOBOMY 1A~
meTpy 13.7 HM, paccuuTaHHOMY 1O hopmyie dgyr =
=06/(pSgs7), TOE P — IUIOTHOCTb OKCHMIA TEpOMUs.
Ciabas crerneHs arjioMepannu, chepmyeckas popma
M MaJjible pa3Mepbl YaCTHUIL SIBJISIIOTCS] MOAXOISIIIIUMU
CBOIiCTBaMU IJIsI PABHOMEPHOM YKJIAAKU U YIIJIOTHE-
HMSI IIOPOIIKOBOIO KOMITAKTa A0 3alaHHOI IVIOTHO-
CTM MpU TeMIlepaTypaxX, He MPEeBBIIAIOIINX TOUKY
¢azoBoro nepexona Tb,0;.

CornacHo pesyjbTaTaM peHTreHo(pa30BOro aHa-

JIM3a, ICXOAHAsI MUIIIeHb CoJlepXKajia ABE KPUCTAJLIM -
yecKkue (pa3bl OKCHIa TepoOus:

1) Tb;; 0, (TbO, g,) C TPUKIMHHOI PELUIETKON TU-
na Pl (a=6.508 A, b=983A,c=6483 A, o=
=90.019°, B = 99.966°, v = 95.881°, ICSD PDF
Ne 03-065-4511) B konuuectBe 86 mac. %;

2) TbO, 5 ¢ KyOuuyeckoil pelreTkoil Tuna Fm3m
(a=5.297 A, ICSD PDF Ne 01-075-0275) B kostnue-
ctBe 14 mac. %.

INockonbky TpUKIWHHAS pelreTka ob0pasyeTcs
TOJIbKO Yy BbICIIMX OKcuaoB Tepous (TbO,;_;g))

HEOPTAHUYECKHWE MATEPHUAJIbI

[24], MOXHO 3aK/IIOYNTh, YTO XMMUYECKUII COCTaB
UCXOAHOM MUILIeHU 6bLI1 01130K K TbO | 5.

Ha puc. 2 mokazaHa 3BoJiro1us (ha30BOTO COCTaBa
HaHOYaCTUIl OKCHIa TepOUs B TIpoliecce UX Harpena
no 1150°C B BakyyMe. Jdudpakrorpamma, IoJaydyeH-
Hasl TIpM KOMHATHOI TeMIlepaType, COCTOUT U3 JIv-
HHI cJIa00i MHTEHCUBHOCTHU, YTO OOYCJIOBJICHO Ma-
JIBIM pa3MepoM obiacTeil KOrepeHTHOTO paccesiHus,
U MOXeT OBbITb OMHO3HAYHO MHTEPIpETUpOBaHa B
paMKax U3BECTHOU MOHOKJIMHHOU B-monudukanmnu
Tb,05 ¢ ip. Tp. C2/m (ICSD PDF Ne 01-074-2131). C
KCTOJIb30BAHWEM MOJIHONPOMWIBHOTO OMUCAHUS TU-
dpakTorpammsl 1o metony Putsenbaa u 1O Bruker
TOPAS v5 06111 yCTaHOBISHBI ITapaMeTPhl PEIIeTKH:
a=14.068 A, h=3.547A, c=8.723 A, 3 = 100.2°. B
o6actu 850°C moMuMO XapaKTEePHBIX TMHUI MOHO-
KJIMHHOU (pa3bl HAYMHAIOT OTYETIUBO MPOSBISITHCS
JIOTIOJIHUTEJIbHBIE MUKU TIpu 20 = 28.3°, 32.8°, 34.9°
u 37.1°, cooTBeTCTBYIOIIME TTOCKOCTSIM (2 2 2), (00 4),
(411)u(402) kyouueckoit C-monudukaiuu Tb,0,

¢ p. rp. /a3. B nmanaszone temmneparyp 850—1000°C
B 00Opaslie COCyIIECTBYIOT ABe (pas3bl, a IIOJTHOE TIpe-
oOpa3oBaHNe MOHOKJIMHHOM CTPYKTYphlI B KyOude-
ckyo peanusyercsa npu 1050°C. Ilpu panbHeilem
OXJIAXIECHUY ITPOOLI 1O KOMHATHOM TeMIIEpaTyphl Ha
pEeHTreHorpaMMe HaOJII0AaI0Ch TOTHKO MOHOTOHHOE
U3MeHeHHe Tiepuoja KyOuyecKoil pelleTKu BCiel-
CTBUE TEPMHUYECKOTO CKATHSI.

Kpncranmmsanms yacTuil okcuga TepOorst B MOHO-
KJIMHHO (pa3e B IIpoliecce ra3oa3zHoro CHHTE3a MO-
KeT 00bsIcHATheS ahdexkTom [M66ca—TomcoHa [25].
CormmacHo dopmyne Jlariaca, BeaMynHA JOITOJTHU-
TEJIbHOTO JaBJIeHUsI Ap MO UICKPUBJIIEHHOM MOBEPX-
HOCTBIO cheprUYecKOil KallIk ¢ paguyCoM ¥ CBSI3aHa
¢ KO3(pPULIMEHTOM MTOBEPXHOCTHOTO HATSIXKEHUS Y-
No 2
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Puc. 2. TepmopenTreHorpamma Hanonopouika Tb,Os, wimocTpupyromas 3BoIonnIo (ha30BOro COCTaBa B ITPOLIECCE HATPEBA

ot 50 mo 1150°C B BakyyMme.

Ap = 2y/r. Ecu ipuHsTh r = 6.4 uMm u Y= 0.79 H/Mm
rpu 1000°C [26], Torma Ap = 0.25 I'T1a, uTo coBnanga-
eT T0 MOPSIIKY C 3KCHEPUMEHTAIbHBIMUA JaHHBIMU
[27] 1 sgBAsieTcs BIIOJHE HOCTATOUYHBLIM JTaBJICHUEM,
yTOOBI BbI3BaTh MpPEBpallieHNe B MOHOKJIMHHYIO (hasy
TIPY TTOJYYCHUN YaCTHUIL METOJOM JIa3epHOI abIsIIIvN.

Cnexktp MHMpaKpacHOro IOIJIOIIEHUSI HaHOMO-
poika Tb,O; (puc. 3) MOXHO pa3aeuTh Ha IBe 00Ja-
CTH, colepKallye “IpuMecHbIe” IIEHTPHI OITIOIICHUS
W JIMTHUY, HETTOCPEICTBEHHO CBSI3aHHBIC C aTOMaMU pe-
meTku. IlepBasi 06J1acTb CONEPKUT UHTEHCUBHBIE MO~
socel ipu 1630 1 3445 cMm™!, oTHOCAUIMECS K nedop-
MAaIlMOHHBIM KontebanusM rpyrmsl 0(HOH) 1 cummer-

2000 3000 4000

v, em!

0 1000

Puc. 3. UK-criexTp nmomiomneHnsi CHHTe3UpOBAaHHBIX Ha-
HouacTul Tb,05.

HEOPTAHUYECKUWE MATEPUAJIBI  tom 59  Ne 2

PUYHBIM U aCUMMETPUYHBIM BaJIEHTHBIM KOJIeOaHUSIM
V(OH) cooTBeTcTBEHHO, KOTOpbIe TIPUHALIEKAT KPH-
crayumM3anoHHom Boze [28]. K 3Toii xke o61acTii OTHO-
carcsa v nse Jmany ripu 1400 1 1511 cM ™!, cBg3aHHBIE ©
BaJieHTHbIMU KosiebaHusimu V(CO) [28—30]. TTpuuu-
HOI 00pa3oBaHMs T'MAPOKCUIIbHBIX U KapOOHATHBIX
TPYII Ha MOBEPXHOCTU YACTHUIL SIBJISIETCS XeMOCOPO-
LI1sI TIApOB BOJIBI M Pa3IMYHbBIX Ta30B U3 BO3IyXa B IPO-
1ecce ux coopa v XxpaHeHMsI B Ja00OPATOPHBIX YCIOBUSIX.
OcrajibHbI€ XK€ JIUHWU, MPOSBISIONIMECS B UHTEPBAJIE
500—1250 cm™!, 06yCIIOBIIEHBI KOJIEOAHUSIMH PEILIETKH,
MpUYEM JIMHUIO IpU 479 cM~!' CBA3BIBAIOT UMEHHO C
MOJIYTOPHBIM OKCUAOM Tepous [29, 31].

M3BecTHO [32], 4TO KOIeOaHUSI B OKCUOHBIX CHU-
cTeMax BKIIIOYAIOT KoJeOaHUSI aTOMOB KMCIOPOIa
OTHOCUTEJIBHO CTALlMOHAPHOW KaTUOHHOM moape-
IIETKU M KOJIeOAHUSI TSDKEIbIX KaTHUOHOB OTHOCH-
TesbHO apyr apyra. Konebanus katmonoB Tb—Tb je-
2KaT B 00JTACTM MEHBIIIMX BOJTHOBBIX UHMCENI, Y HA pHUC. 3
OHMU He MpUBOIATCS. JIMHUY MOIJIOIIEHMUS, JIexXKallue
B nuanaszoHe 500—1250 cm~!, Hanboee MUHTEHCUBHDI-
MU 13 KOTOPBIX SIBJISIIOTCS JIMHUY T1pu 743, 847, 988 u
1068 cM™!, cCOOTBETCTBYIOT KOJIEOATENIBHBIM MOLAM
cBaseit Tb—O 3a cueT cMeleHMs aTOMOB KHMCJI0PO/Ia IO
BCEM BO3MOXKHBIM HAITPaBJICHUSIM, HAXOISIIINXCS B Ta-
KUX TTOJIU3ApAX, Kak, Harpumep, TbOg miu TbOy, ko-
TOpbIe OOBEINHSIIOTCS Yepe3 O0IIre BEPIIMHLI, ped-
pa WIM TpaHU B MOHOKJIMHHYIO CTPYKTYpY.

IIpu HarpeBe CMHTE3UPOBAHHOTO HAHOITOPOIIIKA
B aproHe Ha KpuBoii JITA (puc. 4a) B uHTEepBajie TeM-
nepatyp 20—350°C nposIBISIIOTCSI CEpUS SHIOTEPMU-
YeCKHUX TTMKOB MCMApeHUsT BOAbI U 3aTSKHOM 3K30-
TePMUYECKUI TIPOLIECC BBITOPAHUS OPTaHUYECKUX
coenrHeHuit B okpectHocTu 370°C. Cneayrouii aK-
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Puc. 4. Pe3ynbTaThl TEpMUYECKOTo aHaM3a HaHomopolKa TbyOs, Harperoro 1o 1300°C B aproHe (a) u Ha Bosayxe (6).

30TepPMUYECKUI MUK ¢ MaKCMMyMoM 1ipu 763°C, 1o
HallleMy MHEHMIO, CBSI3aH C IIpOoTeKaHueM (pa30BOro
npespatueHuss Tb,O; U3 MOHOKJIIMHHOW B KyOuue-
CKYI0 MoAu(pUKaIUIO, KOTOpas MOTHOCTBbIO COXpa-
HsIJIaCh B Mpo0e Mocjie OXJIaXIEHUS 10 KOMHATHOM
TeMIeparypbl. B cBoro odyepenb, mpu HarpeBe IOJIy-
YeHHOTO HAHOMOpPOIIKa Ha BO3AyXe B MHTEpBaJie
temrepatyp 20—350°C (puc. 40) TakKe IpOSIBIISICTCS
Pl HaKJIAABIBAIOLIVXCS OPYT HA Opyra SHIOTEPMU-
YeCKMX ITMKOB, M3 KOTOPBIX OTYETIIMBO BBIIE/ISTIOTCS
nepsoiii (ipu 118°C) u mocnennuit (mpu 339°C). Ha
3TOM ydacTke oOpa3sel tepsieT 4.7% macchl. Hanee
cJenyeT 9K30TEPMUYECKUI TTPOLIECC, KOTOPBIM, B OT-
JIMYMe OT 3KCIIEPUMEHTa B aproHe, COIPOBOXAACTCS
yBenuueHneM Macchl poObl Ha 0.3%, 4TO MOXeT
OBITh CBSI3aHO C OKMCJIEHHMEM ITOJIyTOPHOTO OKCHUIA
tepoust o TbO, 5. 3aTteM, B auanaszonax 500—600 u
870—940°C, HabonatoTcs IBa SHIOTEPMUYECKUX T~
Ka ¢ MakcuMyMaMH Tipu 575 u 915°C, cBUIETENbCTBYIO-
1 O IByXCTaAUIHOM BOCCTAHOBJICHUH IIPOOKI 0 OK-
cuna, onuskoro kK Tb,0;. Ha kpuoii TT a1 nipotiecchbl
MPOSIBJISIIOTCS B BUIIE PE3KOT0 YMEHBIIIEHUSI MaCCHI.
OpHako, comiacHO JaHHBIM P®A, npu oxiaxXneHUr
MOPOIIOK BHOBb OKMCJISUICS M TIOCJIE OCTHIBAaHMSI CO-
Iepxan aBe Kpuctauimueckue daspl — Tb; O,y u
TbO, 5, B KonmmaectBe 68 1 32 Mac. % COOTBETCTBEHHO.

BaxxHoit xapakTeprucTUKOI YIBTpaaUuCIIEPCHBIX MO~
POILIKOB OKCMIIa TePOUS SIBJISIETCS COAEPKAHUE B HUX
YETBIPEXBAJIEHTHBIX KATUOHOB Tb, KOTOphIE B OTINYNE
or Tb?" He MPOSABISIOT MarHUTOAKTUBHBIX CBOMCTB.
CuuTaeTcs, 4YTO KOCBEHHbIM IPU3HAKOM HaJIW4Uus
Tb*" gaBseTcss KOPUYHEBBIN OTTEHOK IMOPOLIKA, B TO
BpeMsi Kak Kyouyeckuit Tb,O; nMeeT Oenblii LBET
[33]. CornacHo pe3yabTataMm paboThl [33], moayTop-
HBIIl OKCUJ TEPOUS C MOHOKJIMHHOU CTPYKTYpOii 00-
JlalaeT, Kak W B HallleM cliydyae, CepbiM OTTEHKOM.
OTO MOXET CBUAETEIbCTBOBATH O OJM30CTU COCTaBa
CUHTE3MPOBAHHOIO HaM1 HaHoropolka K TbO s.

HEOPTAHUYECKHWE MATEPHUAJIbI

bonee moapobHyo nHPOPMALINIO O XUMHUYECKOM
cocTaBe ydajocCh IOJYyYUTh B Tpoliecce MCCaea0Ba-
HMSI MarHUTHBIX CBOMCTB CMHTE3MPOBAHHBLIX HAHO-
yactull. [yis1 3TOro 3HavyeHMs] HaMarHUYeHHOCTH,
usMepeHHele B auamna3oHe 2—300 K, mcnosab3oBa-
JIMCH C LEJIbI0 HAaXOXASHMS TEMIIEpaTypHOil 3aBUCH-
MOCTU MOJIIPHOM MArHUTHOM BOCIIPUUMUYMBOCTU
Xn(T) ¢ yueTom cienyroniero BeipaxeHust [34]:

M(T)M,
7y=—2" 1

Xu(T) Hmn (D
rone M(T) — usMepeHHass HaMarHUYeHHOCTh [3Me],
M, — monspHast Macca okcuaa Tepoust (365.85 r/moib),
H — HanpsikeHHOCTh MarHuTHoro noJist (500 D), m —
Macca obpasia [r] ¢ ydeToM CoenuHEeHUI, aacopon-
pOBaHHBIX Ha TMoBepxHOCTU Yactull (7.91% 1o maH-
HbIM TT-aHanu3a), n — 4YMCI0 MAarHUTHBIX LICHTPOB B
ajieMeHTapHoi siueiike (nisg Tb,O; n = 2). Ilytem
SKCTPaANoOJISIUMU NPSIMOJMHEIHHOM YaCTHU 3aBUCUMO-
ctu 1/y,(7) (mmanazon 100—300 K, puc. 5) k ocu
TeMIIepaTyp M HaXOXIEHUSI KOTaHTeHCa yIjla ee Ha-
KJIOHA ObLIM YCTAHOBJIEHBI 3HAUCHMs ITapaMarHUT-
Hoii Temniepatypsl Kiopu 6, = —11.8 K 1 nocrosHHoI
Kiopu C = 11.74 K ame/(Monp D). OTpuiiaTeaIbHBII
3HaK 0, ykasbiBaeT Ha npeoGnananue aHTUdeppo-
MarHUTHOTO OOMEHHOIO B3aMMOJACUCTBUSI B UCCIIC-
JIIyEMOM CHCTeMe, a IOPSA0K TaHHOM BEIMIUHBI COB-
mamaer ¢ gaHHbeIMHU [19, 33, 35, 36]. Kpome Toro, co-
IIOCTaBMMOE 3HadyeHUE ITocTosiHHON Kiopu moxker
OBITh JOCTUTHYTO IMyTEM IIPOKAIMBAHUS OKCUIA TeP-
6us B TeueHue 2 4 npu TeMIiepatype 900°C B atMo-
chepe Bomopoaa [35]. OnHako momoOHas TepMOOO-
paboTKa IpUBOIUT K CUJIBHOI arjioMepanuy 9acTUII,
MpeaonpeaeIsoneil Heo0XoMMMOCTb 00s13aTEIbHO-
IO MCITOJIb30BaHMUSI CIIEKAIOIINUX 100aBOK B IIpolecce
M3TOTOBJICHUS IIPO3PavyHOil KEpaMHUKH, YTO HEIPU-
eMJIEMO B paMKax TaHHOI pabOTHI.

Ouenka 3(pPeKTMBHOrO MAarHUTHOIO MOMEHTA [,
TIPUXOIALLETOCA Ha OAVH MapaMarHUTHBINA LIEHTP, IO
Ne 2
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Puc. 5. TemneparypHble 3aBUCMMOCTU MOJISIDHOM Mar-
HUTHO# BOCHPUMMYUBOCTU Y OOPATHOM MOJIIpPHOM Mar-
HUTHOI BOCIIPUMMYUBOCTA CUHTE3MPOBAHHBIX HAHOYA-
CTULL OKcuAa Tepous (IpUBENEeHO ypaBHEHUE JIMHEMHOM
(yHk1uu, onuceiBaolleil Habop 3HauYeHuit 1/y,, B Aua-
mazone 100—300 K).

dbopmyne [y = 2.828C" naer 3nHauenue 9.69 L/ Th,
YTO MPAaKTUYECKU COBITAAeT C paCYCTHBIM 3HAYCHU -
eM W, = 9.72 ug/Th, npenckazaHHbBIM MO OPABUITY
XyHna s cBobomHoro noHa Tb**: i, = g(J(J + 1))",
rae g = 3/2 — muoxwurens Jlanne (g-akrop), J = 6 —
KBaHTOBOE YMCJIO, OTIPE/IEIISTIONIee TTOTHBI MOMEHT KO-
Jm4aecTBa OBrKeHUs [34]. DTOT (paKT CBUOCTEILCTBYET
0 TIpeNeTbHO HU3KOM cofiepskaHmy (~2 at. %) JyeThIpex-
BJIEHTHOTO TePOUS B TTOJTyYeHHBIX HAHOYACTHUIIAX.

B utore, ctexuoMeTpusi HAHOYACTUIL, CAHTE3UPO-
BaHHBIX B BOCCTAaHOBHUTEJILHOM cpede, OKa3ajlach
6m3ka K TbO, 5, HecMOTps1 Ha 6oJiee BbICOKOE COMIEP-
>KaHue Kuciopoza B iazepHoit mutieHu (TbO g,), uTO
MOXHO OOBSICHUTH clieAyloluum odbpa3zoM. MHTeH-
CHMBHOE HCIIapeHMEe OKCHIA TepOus II0n IeHCTBHUEM
WMIYJbCOB JIA3€PHOTO M3IYyYE€HUS ITUTEIbHOCTHIO
>1 MKC IpOMCXOOUT M3 BaHHBI XUJIKOTO pacIliaBa C
TeMIIepaTypoii, OJIM3KOM K TeMIlepaType KUIICHUS,
obOpasymwlieiicsas Ha ToBepxHOcTU MulleHU. Ilocie
OKOHYAHMS BO3IEKMCTBUS JIA3€PHOI0 M3JTy4eHUS Ha
KOHKPETHBIII Yy4acTOK MMUIIIEHM pacIllaB OCTHIBAaeT
OYEHb OBICTPO, M OKpPYKaloIllasi BOCCTAHOBUTEIbHAS
cpena mpegoTBpailiaeT ero okuciaeHue. [loartomy xu-
MUYECKMI COCTaB AAHHOIO ydacTKa ITOBEPXHOCTU
IpU MOCJIEAYIOIIEM UCIapEHUM OYIeT OTJANYAThCS OT
nepBoHavajabHOro. QYeBUIHO, YTO HE3aBHCHUMO OT
cootHoureHust [O]/[Tb] B ucxomHoM MUILEHU Map
oymet coctosth n3 TbO, Tb, aToMOB MJIM MOJEKYII
kucinopoga. Ilpu koHAeHCcalIMM 3TOro Iapa, Haubo-
Jiee BEpOSITHO, CHaJasia OymIyT oOpa30BBIBaThLCS HAHO-
YacTULbl, 61M3KUeE MO cocTaBy K Tb,0;, KOTOpbIE MOTYT
B TOM WM MHOM CTEIIEHW OKWCIMTHCS B 3aBUCUMOCTU
OT MaplUMaJIbHOTO NABJICHMSI KUCJIOpoAa B JIa3epHOM
dakenme 1 wucrapurenbHoi Kamepe. [lo-Bummmomy,
HUCIIOJIb30BaHNUE B 3KCIIEPMMEHTE CBApOYHOI CMeCU

HEOPTAHUYECKWE MATEPUAJIbI

TOM 59 Ne 2

95% Ar + 5% H, B kauecTBe OydepHOTO ra3a mperrsiT-
CTBYET OKHCIIEHUIO CUHTE3UPYEMOTO MaTepuaJa.

C 11eJ1b10 MOJTYYEHUS CBEACHUM O TMHAMUKE YILIOT-
HEHUS UCCeAyeMOro Marepuaia 1 JJisl onpeneaecHus
OPUEHTUPOBOYHOU TeMIIepaTypbl CIeKaHUs, Tpedye-
MOW IJISI JOCTUXEHUSI OTHOCUTEIBHOU MJIOTHOCTU
>95%, pOBOAWIICS OWIaTOMETpUYeCKUil aHanmm3. Ha
puc. 6 TIpeacTaBIeHbl TeMIIepaTypHbIE 3aBUCUMOCTH
IUIOTHOCTU Y CKOPOCTH yCaJKW MOPOLIKOBOTO KOM-
nakta Tb,O; npu ero Harpese B BaKyyMe CO CKOpPO-
ctbio 3°C/muH nmo 1450°C. MHTepecHO OTMETUTh,
YTO YMEHbIIIEHNE JIMHEMHBIX pa3MepoB oOpa3iia Ha-
OmomaeTcsl yXe B HU3KOTEMIIepaTypHOil o6jacTtu
(20—600°C), tne ycanka cocrasisieTr AL/Ly = —7.4%.
OTO MOXKET ObITh CBSI3aHO C ITpUIEKaHMEM HaHOYa-
CTUII BCJEACTBUE OOJBIIOr0 KOJIUYECTBA SHEPIUH,
BbIAEJIMBIIEICS B pe3yjbTaTe 3aTIKHOTO 3K30Tep-
MUYECKOro mnpoiecca (puc. 4a). 3aTeM B Auara3o-
He 600—950°C mI0THOCTh KOMITAKTa PacTeT Hau-
6oJiee CTpeMUTENbHO 10 5.33 r/cM’® mpu Makcu-
MaJlbHOM CKOPOCTM YIUIOTHEHUS, JOCTUTAIOIIEH
d(AL/Ly)/dt = —0.2 x 1073 mun~'. JanbHeHAmmii
HarpeB 10 1100°C He BbI3BIBaeT 3aMETHOTO M3MEHE-
HUS TUIOTHOCTU obOpa3slia U3-3a pa3BUTUS IBYX KOH-
KYPUPYIOIIUX MPOLIECCOB: C OMHON CTOPOHBI — TEM-
rnepaTrypHoi ycaaku, ¢ Apyroii — pacliupeHus, Bbl-
3BaHHOr0 MOJMMOPGHBIM MpPEBpPaIlEHUEM OKCHUIA
TepOusl. 3aTeM YIUIOTHEHUE MaTepuaja MpoaojKaeT -
Cs BIUIOTH IO KOHEYHOI Temiepatyphl 1450°C, mpu
KOTOPOIi IUIOTHOCTh 00pasua gocturaer 7.17 r/cm3,
9TO COOTBETCTBYET 91.2% OTHOCHUTENBHO TUIOTHOCTHU
Kybuueckoro Tb,0; (7.86 r/cm?). HecMmoTps Ha mo-
YTU TPEXKpaTHOE yBeIUYeHUEe obbema 3jeMeHTap-
HOH sTueiiKu BcieacTBre (ha30BOro Ipeodpa3zoBaHus
B — C, npoTtekaliero HenocpeACTBEHHO B Mpoliec-
ce ycaJikKi TOpOIIKOBOTO KOMIIakTa, obpasell mocsie
CIeKaHMsI COXPaHsLI CBOIO LIEJIOCTHOCTh. CleayeT OT-
METHUTh, YTO CUHTE3MPOBaHHbIE HAHOYACTULIBI 00J1a-
natoT 6oJiee BBICOKOH aKTUBHOCTBIO K CIIEKAHMIO T10
CpaBHEHUIO C YJIbTPAAUCTIEPCHBIM ITOPOIIKOM OKCH-
Jla TepOusi, MOJlydeHHbIM METOIIOM CaMOpacnpocTpa-
HSTIOIIETOCSI BEBICOKOTEMITepaTypHOTO cuHTe3a [37], Ko-
TOPBIiA YIUTOTHSIETCS JIALIB 10 6.475 1/cM? (Pyyyy = 82%)
npu OJIM3KUX YCIOBUSIX TUJIATOMETPUYECKOTO IKCIIe-
pUMeEHTA.

it ieMOHCTpal BO3MOXKHOCTU U3TOTOBJIEHUS
MpO3pavyHOil KepaMUKU U3 CUHTE3UPOBAHHOIO Ha-
HOITOPOIIIKA MPUTOTaBIMBaNIACh UWJIUHAPUICCKAsT 3a-
TrOTOBKa JUaMETPOM 14 M TOIIMHONI 2.5 MM MeTOIOM
OITHOOCHOTO CTaTUYECKOIO IIPeCcCOBaHUS IIpU HaBJe-
Huu 50 MIa. ITpenBapuTenbHOE CrieKaHe KOMIaKTa
OCYILECTB/ISIOCH B BAKYYMHOI MeYn ITpU TeMIepary-
pe 1400°C B TeueHuUe 1 4 ¥ JaBIEHUU OCTATOYHBIX Ta-
30B Ha ypoBHe 10~* ITa. OTHOCUTENBbHASA TUIOTHOCTD
oOpa3slia Ha JaHHOM cTaguu cocTasisia 97.7%. Ilo-
clienylolllee YIJIOTHEHUE KepaMMYeCKOIro MaTepuaja
MPOBOAMIIOCH METOIOM TOPSTYEr0 M30CTATHYECKOIO
npeccoBanus (I'MII) B yctaHoBke AIP6-30H (Amer-
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Puc. 6. 3aBUCUMOCTH IJIOTHOCTH U CKOPOCTH YCaIKU MO-
poukoBoro komnakra Tb,O5 oT Temnieparypel B ipolLiec-
ce CIIeKaHUsl B IWJIATOMETpE.

Puc. 7. ®otorpadus nosydeHHOro o6pasiia mpo3pavyHon
Tb,03-kKepaMuKu.

ican Isostatic Presses, CIIIA) B TeueHue 2 9 IpU TEM-
neparype 1450°C u nasnennu 200 MIla. JarnHas oopa-
0oTKa obecrieunia MPaKTUYECKU TIOJTHOE YCTpaHEeHUe
OCTaTOYHOI MOPUCTOCTHU, B pe3yJibTaTe Yero Kepamumka
cTajia BU3yaJlbHO Tpo3pauHoii (puc. 7). TeMHbIit oTTe-
HOK o0Opa3slia MOXET CBUACTEILCTBOBATh O HAJIMYUU
KHUCJIOPOMHBIX BaKaHCU1, 00pa30BaHHBIX MO TTPUYH-
He npoBeneHus: [ UI1 B neuu ¢ rpadpTOoBBIMU Harpe-
BaTeasIMU. JlocTHMKEHHE BBICOKOTO OITUYECKOTO U
CTPYKTYPHOTO COBEPIIIEHCTBA ITOJlydaeMbIX 00pa31ioB
MpEACTaBISIETCS BO3MOXHbBIM 3a CUYET HAXOXIEHUS
ONTUMATbHBIX YCJIOBUM TPEIBAPUTENBHOTO CIIEKAHMS
u I'NTI, a Takske (GPMHATTBHOTO OCBETIISIONICTO OOKMTA C
LIeJIbIO JIMKBUIIALIMKA LIEHTPOB OKPAcKU, 4YTO TpeOyeT
MPOBEACHUS JOTTOJIHUTENBHBIX UCCIETOBAHUMA.

HEOPTAHUYECKHWE MATEPHUAJIbI

3AKJIFTOYEHHME

MeTonoM nazepHOM adIsAIUU TBEPIO MUILIEHU B
TIOTOKE ABYXKOMITOHEHTHOI ra3oBoii cMecr 95% Ar +
+ 5% H, cuHTe3npoBaHbl HAHOYACTHUIIHI OKCUIA TEP-
OUsI ¢ MOHOKJIMHHOM KPUCTAIMYECKOI CTPYKTYpOU
(B-mogudukanusi), cpegHUM pasMepoM 13 HM u
dopmoii, 61m3Koit K chepruaeckoii. C MCIOIB30Ba-
HueM pesyiabTatoB PDA u TT/IITA ycraHOB/IEHBI Xa-
paKkTepHble TeMIlepaTypbl HeoOpaTuMoro ¢ha3oBOro
TpeoOpa3oBaHUsI YaCTUIL M3 MOHOKJIMHHON B KyOnde-
ckyto C-momudukaimio Tb,0; B Bakyyme (1050°C) u
aprose (763°C).

C nomoiipio SQUID-MarHuToMeTpuu orpene-
JIeHbl MarHUTHbIE XapaKTePUCTUKU CUHTE3UPO-
BaHHOTO MaTepuajia, Takhe KakK MapamMarHuTHas
temneparypa Kiopu (6, = —11.8 K) u nocrosHnas
Kiopu C = 11.74 K same/(Mmoab D), a Takke 3¢ PeK-
TUBHBI MarHUTHBII MOMEHT MOHA TepOUsI B HAHO-
pasMepHOM OKcHIE ;= 9.69 L/ Tb, KOTOpBIii TpaK-
TUYECKU COBMANAECT C PACUYECTHBIM 3HAUYECHUEM [, =
=9.72 Up/Tb mia ceo6oaHoro nona Tb**, ykaswisas
TeM caMbIM Ha TIpelesIbHO HU3KOe colepkaHue ue-
ThIpexBaJIeHTHOro Tepous. CienoBaTesbHO, IIpUME-
HEHUE BOCCTAaHOBUTEJIBHOU Cpelbl B Ipollecce Ja-
3epHoi abasauuK 3(h(hEeKTUBHO NPENSTCTBYeT OKUCIe-
HUIO TepOuUsl, a caM METOI, SIBJISIETCS TTePCIIEKTUBHBIM
JUTS. CUHTE3a UHAUMBUIAYAIbHBIX HaHoYacTull TbO, s,
00J1aJa0IMX PEKOPAHO BBICOKMM 3HaYy€HUEM Mar-
HUTHOTO MOMEHTA.

M3 Hanovactuil okcuaa Tepoust co cpepruueckoit
MopdoIorueilt 1 MajibiM pa3MepoM, CUHTE3UPOBaH-
HBIX B HacTosi1Ieit paboTe, BIiepBble 0€3 UCITOJIb30Ba-
HUS CHEKAIOIIMNX W/WiIA MOIU(GUIUPYIOLINX T00a-
BOK M3roToBJeHa npo3pauHas Tb,0;-kepamMuka.

OMHAHCHUPOBAHUE PABOThI
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