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Jumepusauna pynaepena Cgp B YCHIOBUAX KBa3UTrMAPOCTATHYECKOTO CHATHUA NPU TEM-
neparypax Boime 293 K wuccnepomanack metomamu MK cnekTpockonum, cneKTPOCKONUM
KoMOuHaLmonHoro pacceanua (KP) u penTreHoBckott audpaxuuu. [lonyuyeHHbie 3aBACH-
MocTH cofiepaanna gumepa (Cep)2 B NTPOAYKTaX MOAUMEPHU3ALHUK PyNIEPHTa OT AaBNCHUA,
TeMIepaTypsl ¥ BpeMeHyu o6paGoTHY¥ CBUAETENbLCTBYIOT © TOM, UYTO AUMEPU3ALUA MMeeT
MeCTO ye NpY KOMHATHOH Temnepatype 1o Bcell obisacTy AaBieHu#t Bbime ~ 1.0T'Ta.
OpHako, o kpafiHe#t Mepe nmpHu TemnepaTypax Beime 400 K, gumepusanua He NPHBOAUT
K HOpPMHUPOBAHKIO AMMepHOA a3kl B KauecTBe cTaGMIbHON MOAUDUKALUM CHCTEMB, MoO-
CKOAbKY fUMep OKa3blBaeTCA NPOMEMYTOYHBIM NPOAYKTOM npespamenua. [lokasaHo, uto
npu 423 K ypenuuenue BpemMeHU BhifiepHKM NPUBORUT K YMeHbNIEHMIO CONCPAAHUA AU-
MepHoit dparunu B o6pasuax u o6pasosanuio JuHelHex (npu 1.5 M'Ma) u aByMepHbIX (npy
6.0 I'Tla) nonuMepoB, ABIAIOMUXCA CTPYKTYPoo6pasyiomuMy aneMeHTaMi opTopombnyec-
KOR 1 poMGO3ApPUUYEcKON MoNMMepU30BAHHEIX ¢as.

PACS: 62.50.+p, T4.7T0.Wz

HMumep (Cgo)2, 06pasyromuitca B pesyabTare peakluu 2+2 uukionpucoeaunenus (1],
Syayum Haubonee pacnpocTpaHeHHbIM 00BEKTOM TeOpEeTHYECKUX UCClie0BaHNii cpen 1no-
auMepu3oBaHHbIX coctoAHuil (IIC) dpynnepeHa, BIUIOTH M0 HeJaBHETO BpeMEHH ocTaBalcH
HacToNLKO c1ab0 U3YUeHHEIM IKCIePHMeHTalbHO, YTO Jaie caMa HAeHTHURAUNA TuMep-
HBIX MOJEKYJ CpelH OPYTUX NPOIYKTOB MOJMMepU3alUM MPEACTaBNANa CYUIECTBEHHYIO
npobaemy.

Jleno B ToM, uTo 0GBIYHO OCHOBHbBIe 3afaui, CBA3aHHbIE ¢ HAeHTHYUKauuei IIC, yaa-
€TCA pelllaTh MeToJaMM KoNeGaTelbHOH CNEeKTPOCKOIMM B COYETAHMH C PEHTIE€HOBCKOI,
3NeKTPOHHOM UK HEHWTPOHHOH AMPPaKUMAMEU B cry4anAx, korga [IC ABnAoTCA KpucTan-
nmudeckumu, JNononnas Apyr Apyra, yKasaHHble MeTOAbl aHalu3a NMO3BONAIOT ONpefe-
JAUTb KAK CTPOEHME MOJIEKYJ NoNuQylepeHoB, TAK U OCHOBHELIE apaMeTpPhl CTPYKTYPbI
TBepAoro Teia, obpasyeMoro 3TUMH Mojekyinamu. IIpumepamMu ycmemHoil uaeHTH}pU-
xauuu IIC, no3BonuBUIelt onpefeNUTE MONEKYIAAPHYIO CTPYKTYPY, XapakTepPHCTHUECKUE
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CIEKRTPbl NOJIMMEPHLIX MONEKYyN ¥ NPeJOKUTh MOJENH KPUCTAIINYECKUX PelieTor, Mo-
ryT 6bITh HcCHeA0BaHNA opTopoMbuyeckoii (0), TeTparosansuoii (T) u pomGosgpudeckoi
(R) ¢a3 Bricokoro faBnenus ¢ynnepena Cgo [2—8), a Takme Hccle0OBAaHKA NOAUMEpOB,
HaOnIOfaeMbIX B COEAMHEHUAX (y:ilepeHa, MHTEPKaTMPOBAHHBIX IENOUHBIMU METALIaMU
[9-11]. K

Ho nmocKoAbKy MONYy4YUThb KPUCTALIMYECKYIO (asy Ha OCHOBe HeHTpanLbHOro xumMepa
IJAUTEILHOE BPEMA He YAaBANOCh, 34KIIOYEHHUA O BO3MOMKHOCTH CYLIECTBOBAHMA Mole-
kyn (Cgo)2 B KauecTBe NPoAYKTa NOJIUMEPU3ANMH, JenaBliiecd Ha OCHOBAHUH CPaBHEHUA
pacyerHsIx [12-15] n skcnepumenTtanbibix HR u KP cnektpos [16-18], cTporo roso-
pAl, OcTaBalicL MpeAnonoKuTeNbHbIMH. Tak, noiaarad; 4To NpU3HaKaMK 00pa30BaHUA
nuMepa B cnexTpax KP apaAtoTca noAsnenne nunuy npyu 96 cM ™!, npunuceiBaeMoit Mex-
1apOBOMY KoNeGaHHIO TMMepHOH MoNeKyJsl, M cMAryenue Ag(2) Moxbl, NOKaTU30BaH-
HOM B McXopHOM dynnepute mpu 1469 cm~?!, no 1462 - 1463 cm~1, 6bin0 mpeanonoskeHo,
4yTo AuMepuzanusa monexyn Cgp MMeeT MecTo Kak npu (OToNONMMepH3auuu (yiliepeHa
npu temnepatypax ~ 380K [16], Tak u npu monMMepu3alMu Noj AaBleHHEM B 061acTH
1.0 — 1.5TTla u Temnepatypax 500 — 700 K [17, 18].

OxHaKo HeAaBHO Ha OCHOBE MeXaHOXHMMHUYECKHX peakiuit ¢yiiepeHa ¢ UHAHUAOM Ka-
man (19, 20], a satem n auTueM [21] ymanock cMHTe3MpoOBaTh 06pa3libl YUCTOrO AMMepa
(Cg0)2, €TO KPUCTANNOCONBBATA C OPTO-AUXAOPOEH30NOM H YTOUHUTE CTPYKTYPY M CHeK-
tpansusle UK [20] n KP [21] xapakTepuctury aumepHoll Monekyasi. IlofBreHne yeTknx
KpuTepueB upentTudurauun moaexyns! (Cgg)z, MoTpeGoBaBiiee N0 CYTH NEPECMOTPa HH-
TeprpeTanyuy 3HAYKUTENLHOW YacTH paHee MOJYUEHHBIX Pe3y/]bTATOB IO NOMUMEPH3AlHM
(yanepeHa, 0AHOBPEMEHHO CAEIAN0 BO3MOKHBIM HCCIEAOBaHNE POTH IMMEPH3aLHH B STHX
npoueccax. Hacrosaumaa pa6ora nocBAIeHAa K3YYEHHIO POXM AUMEpHU3AlMM B Mpoleccax
HHAyuupyeMoll naBieHueM noauMepusatiue ¢ynnepena Cgo.

dKcnepuMeHTaNbHaA YacTh paGoThl 3aKkilovalach B CHHTE3€ Pa3iMYHBIX COCTOAHUN
BLICOKOTO JaBlleHMA, ofpasyiomuxcsa npu o6paborke ¢ynneputa Cgo B 06aacTH JapieHuit
no 10 I'lla, Temneparypax 293 — 623 K n BpemeHnax Buigepsku ot 1 go 100000 ¢, Buigene-
HHH 3TUX COCTOAHHH NMPH HOPMANbHBIX YCIOBHAX METOAOM 3aKalKM NoJ JaBleHHeM H UX
noclefyioleM aHaa3e MeTORaMH peHTreHoBcKod audpakuun, UK u KP cnektpockomnuy,
B xkavecTBe MCXOAHOTO MaTepmana GblIT B3AT MOpowoR (yisteputa ¢ comepskaHuem Cgp
99.9% mou. JeTand cuHTe3a, IPOBOAUBIIETOCA C MCMO/Nb30BAHHEM alNapaToB BLICOKOrO
RaBnenuA “Makcum” (Tuna "nopueHs—-nuinHAp”) u ”Toponn”, onucanwr B [22]. Tu-
¢$paKTOrpaMMhI CHMMAaJNCH Ha MOPOIIKAX ¢ moMmomkio gudppakToMerpa INEL CPS120 ¢
Cu Kol-uanyuyennem. Cnextpsl RP nccnepopanuce Ha cnekrpoMerpe Brucker FT Raman
RFS100 ¢ anuxoit BonHb! NasepHOro Bo3byxpamouero uanyyenusa 1064 um. UK cnekrprr
obpa3uos, B Buje TableTok ¢ 6poMHioM Kanua ToamuHoi 0.1 MM M comeprkaHMeM TNpo-
aykra o6paboTry ynnepuTta 3% Bec., perucTpupoBainch Ha cnektpodoromerpe Specord
M 80 (Kapa Heiicc). '

Ha puc.1 npeacrasnensl HR cnektpsi ¢pyanepnta Cgo ¥ 06pasloB, NONyYEHHBIX B pe-
syabrare ero o6pabGorku npu 1.5, 4.0, 6.0I'lla 1 romuaTHoOl TemmnepaType, B 061acTH
400 — 900 cm !, HawGonee UyBCTBHUTENLHON K HATHYKIO MEKINAPOBBIX KOBANEHTHLIX CBA-
3efi. Kak cregyer u3 pucynka, HaGniofaeMas B ceKTpe McXofgHoro dymieputa (puc.la)
cnaban MApPOKAA noioca npu 796 cm ! sanpeuienHoro mo cuMMeTpHH B Moslekyle Cgo KO-
neGanuA yxe npu faBreHMH o6paboTru 1.5 I'lla (puc.1b) ohopMaseTca B IMHUIO, JOCTHUTE-
iomyio 1/3 nHTeHcUBHOCTe#H cOCefHUX 3anpelleHHBIX MOoA. B cmekTpe Takike nogBaserca
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Puc.l. UK crnexTpsi ucxoaHoro dynnepu- Puc.2. HK cnerrtpsl 06pasios, NONyYeHHHIX B
Ta (8) U 06pa3LoB, MOTYYEHHLIX B pe3yib- peaynbraTe o6paboTku ¢ynnepura npu 1.5 I'lla,
Tare ero o6paGorku B Teuenue 1000 ¢ npu TemnepaType 423 K, B Teuenue 1 (a), 10 (b), 100
Temnepatype 293K u naBrennax 1.5 (b), (c), 1000 (d), 10000 (e), 50000 (f) c, u o6pa3ua
4.0 (c), 6.0 (d) T'Na : () ¢ conepmanuem O-caswt cspime 90% Mox

nuHuA npu 612 cm™!. C noBslmIeHWeM naBIeHUA oopaborku B UK cnexTpax Habmmona-
jorca Golee 3aMeTHBIe U3MEHEHHA, COCTOANIHE B MOABJIEHMM APYTHMX MOJOC B 061acTAX,
3alpelieHHbIX B MKOCa3ApUieckoil CHMMeTPHH KolleGaHUi, MX pacmenieHu (nonaocs 774,
711, 561, 550, 546, 478 cM™!), 4TO CBHOETENLCTBYET O NOHHUMEHHH MONEKYJIAPHOH CHM-
merpuu. [poasnenue woneGanua npu 612cm 1, ne umeromero ananora B Monexyine Ceop,
roBopUT 00 06pa3’oBaHMU HOBBIX KOBaJleHTHbIX cBA3eil. CpaBHeHUEe 3THX pPe3yNbTAaTOB
¢ naHHBIMHM pa6oThl (20] MOKasbIBAET, YTO OCHOBHBIE OCOGEHHOCTH NOMYYEHHBIX CHEKT-
POB MO#HO 06BACHNTEL ofpa3oBaHUeM JUMepa, APKUMH XapaKTepUCTHUYECKUMHU JHHHAMMU
KOTOPOro ABIAIOTCA JHUHMU npyu 796 u 478 cm~t. Tawum ofpazoM, MHAyHNHpyeMas Aab-
aenueM auMepusauua Cgo HMeeT MecTo Jae IPH KOMHaATHON Temmnepatrype. H3a puc.l
ciaegyeT Takske, YTO colepiiaHHe JUMepa B pagcMaTpHBaeMbIX o6pasiiax onpefelAeTcA
JaBlieHeM o6paboTKH.

Cnextpsl KP He cTONb YyBCTBHUTENbHBEI K MPOHCXOJAIINM B CHCTEMe H3MEHEHMAM,
nockonbRy nuHMA 96 cM ™!, ucnonnsosanue KoTopolf, B BUXY OTCYTCTBUA HalOMEHMH, B
KauyecTBe AHAAUTUUECKOH! TUHUM TuMepa Haubonee yROGHO, KMeeT CPABHUTENbHO MANYIO
HHTeHCHBHOCTL. Il0aTOMYy HecMOTpPA Ha TO, 4TO 06liHe TPUIHAKU MOIUMEPU3AlUH [IPH
293 K nauunalot npoasiaATkcA B KP cnekTpax o6pa3uoB, NOAYYeHHBIX yie IPH JaBleHH-
Aax poimie 2.5'1Ia, B cMewmenuu, pacmenaednn Mol Monekyiansl Cgg M NOABIEHUM HOBBIX
KoneGanuil (nuHMU npu 259, 296, 515, 945, 971, 1467 cM~! u ap.), oAHO3HAUHOE 3aKTIOYe-
HHE 0 HaIW4YKUH JUMepa Ha ocHoBaHMHM KP cnekTpoB TpyZHO caenaTh gake AifA obpasua,
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obpaborannore npu 6.0 I'lla u cogepmamero mo xaunsiM HR nornomenua ~ 20% moun.
(Ce0)2-

PentrenoBckue audparTorpaMmel o6pasuoB, noayveHHelx npu 293 K, ceupetensct-
BYIOT 0 ToM, uTo aumepH3anuA Cgo He MPUBOAMT K PE3KHM HM3MEHEHHUAM CTPYKTYPbl
Au(pPpaKkIUOHHON KAPTHUHBI IO CPABHEHHIO ¢ HCXOAHBIM (ynmepuToMm. MaMeHeHua npoAs-
AAI0TCA B yIIMpeHUM AWGPaKUMOHHBIX NMUKOB HCXOAHOro ¢yilepuTa U HEKOTOPOM CMe-
IeHUH NONOMKEHHIT X MAaKCHMYMOB B CTOPOHY Gonblux yriaoB. IIpuueM BelIHUMHBI 3THX
H3MeHeHMl OIpeleNfioTCA JaBleHHeM M BpeMeHeM H3oTepMuyecKoit Boigepmku. Oue-
BUMIHO, UTO Takas BOMIOLMA JUPPARTOrpaMM, 0Tpaaloiasd TeHAEHIIMIO K YMEHbIIeHHIO
CpeAHero no CHCTeMe MEMMOJIEKYNAPHOro pacCTOAHHA, CBHIETEIbCTBYeT TaKKe O TOM,
YTo B TBEPALIX pacTBOpax AMMEpa B MoHoMepe, 06pasyOMXCA Ha MEepPBbIX CTAAUAX pe-
aKUMM, OPUEHTALNA AUMEPHLIX MOJEKYA HOCHUT CIydaiHblif XxapaKkTep.

C nenrio U3yueHHA BO3SMOHOCTH NOTYYEHUA YUCTONH JUMEPHOH (ha3bl HAa OCHOBE UHAY-
nupyemoil AaBleHMeM AMMepH3auuM GbLI0 NPoBeleHO H3YUYEHHE KHHETHKH OUMepH3aLun
Znf pAAa cedenuit p, T'-auarpamMmel.

[Iponyckanue ( oTH.en.)

Pnc.3. HR cnexTphl of6pasuoB, moay4deH-
HBIX B pesyiabTaTe o6paGoTkH dyineputTa npu
6.0 I'lla, TemnepaType 423 K, B TeueHue 1 (a),
] 10 (b), 100 {(c), 1000 (d), 10000 (e), 50000 (f)
wOU s 00 o0 ¢, # obpasua R-daser (g)

Boanosoe yncao ( em!)

Ha puc.2, 3 nokasana apomiouna AR cnekTpos 00pa3uos, NonTy4YeHHEIX IPH HaBAEHUAX
1.5 1 6.0 I'lla, B 3aBHCHMOCTH OT BPeMeHH H30TePMHYECKOH BbIAEPHKH IPH TeMIepaType
423 K. Ha puc.2g, 3g Tarme npusenenbl UK cuertps! o6pasuor O- u R-das, nonyyeHnsIx
Hamu cooTBeTcTBenHo npu 1.3 I'lla — 560K u 6.0 I'lla - 900 K. Cnenyer 3aMeTuTh, 4TO
ecin UK cnextp obpasua R-(a3s! nieHTHYeH cneKTpaM 5To# dassl, Ny6a¥KOBEBIIMMCA
paHee [2,5], To npuBefeHHbI cnekTp O-daser npeacraBiAeTcA Haubonee KauecTBEHHBIM
U3 U3BeCTHbIX [5] BCAeACTBHe BLICOKOTO copepanus O-dasbl B NonydeHHBIX o6pasnax.

Kax creayer us puc.2, yBeqnyeHHe BpeMeHM 06paboTKM BHayale BeleT K.Bo3pacTa-
HHUIO OTHOCHTeEJBHBIX HHTEHCHBHOCTe [0O/IoC AMMepa, YTO FOBOPHT O POCTE KOHLEHTpaluK
(Céo)2 B o6pasuax, KOTOpaA JOCTHraeT MaKCHManbHbIX 3HauYeHu# (~ 80% moin.) npu Bpe-
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MeHax BhigepkkH ~ 1000c. Opnako npwu gaibHeliueM yBelMYEeHNH BPEMOHH o6paboTku
OTHOCHTEIbHEIE MHTEHCHBHOCTH NMKOB A¥Mepa YMeHbMAIOTCA Ha (oHe ONHOBPEMEHHOTO
[IOBBIIIEHHA HHTEHCUMBHOCTY [PYTNEI Nofoc, HanpuMep npu 759, 778 em~ !, xapakTepHBIX
pas aunednbix (Cgo)p NOMMMEPOB — CTPYKTYpPOOGPa3yOIHX dIE€MEHTOB O-paas! (puc.2g).
AHanoru4HaA KapTHHA OPOXOAAIIEro Yepe3 MakCMMYM H3MeHEeHHA COAepaHuA AMMepa
npocaexupaetca B KP criexTpax, OCKONbKY BCACACTBHE BRICOKOH ROHUGHTpPAUUMU AUMEDa
B o6pasiiax, noayueHHbIx npu 423 K, perucrpainun Monexyn (Cgo)2 yme He IpeACTaBAALT
ocofioro Tpyna.

Monyyennsie JaHHEIE CBUAETENBCTBYIOT O TOM, YTO NpH 1.5 I'lla u 423 K auMepHoe co-
CTOAHHEe ABJAETCA He KOHEUHBIM, a MPOMey TOUHBIM TIPOYKTOM NpeBpailleHu CUCTeMBL.
U, cnenopaTenbHO, MOAHO NPERNOIOMU T, YTO CTaGUILHON IPH RAHHBIX P, T- -iapaMeTpax
fABJIAETCA He AuMepHas, a O-daza dymiepena (oTMedeHHas B paGotax [6-8] xar O’ MK
» opTOopoMGHYecKan HU3KOrO AaBlieHMA”). 3amMeTHM, YTO NONyYeHne NocHe/iHel B YHCTOM
BUJIe B 3TUX yCIOBHAX TpeGyeT BpeMeH ofpaGorku, npepbimaromux 100000 c.

Ananus HK cnexTpos, IpeicTaBleHHBIX Ha pHC.3, MOKAa3bIBAeT, YTO NPH 6.0TMa u
423 K o6pa3oBanHuA 4MCTOM AMMepHOH a3kl Takike He mpoucxoiut. Ho B oTamume ot
cuTyauuu, uMerowedt mecto npu 1.5 I'lla, yMenblenve OTHOCHTENLHBIX MHTEHCHBHOCTEH
oI0C AMMepa C POCTOM BpeMmeHH 06paGoTEM CONPOBOIAeTCA BO3pacTaHMEM WHTEHCHB-
HocTelf moloc, B YacTHOCTH npu 743, 764, 718 cM™ !, xapakTepHbIX AAfl CTPYKTYPOQG-
pasyomux snementoB He O-, a R-paspr (puc.3g) [5]. Tamum obpasom, u npu 6.0I'la
nuMepHan (paKIKA, MAKCUMAaNbHaA KOHLEHTpalusa koTopo# (~ 50% Mon.) nocTuraer-
CA NpH BpeMeHax o6paGOTKN B HECKONBKO ECATKOB CEKYHJ, ABIAETCA MPOMENKYTOYHBIM
NpOIyKTOM TpeBpalleHus, TOrja KaKk KOHeYHBIM NPONYKTOM Npeactasasercs R-Qasa.
XoTs 3aBepmenne hopMmuposanna R-assl, kak i B cirydae O-¢assl npu 1.5 'lla, Tpebyer
3HAUMTENLHOTO YBeNHUYeHNA BpeMeHH 06paboTkH.

xofiHoro GynnepuTa (8) U 06Gpa3LOB, OJYU4EH-

QJP"%}?‘\M Puc.4. PeHTreHoBcKue HMQPaKTOrpaMMbl Hc-

Hinreucusuocte ( ovi.ea.)

A SR — S ]
/w . ’M\JW HBIX B pe3yiabTaTe ero o6paboTku npu 6.0 'la,
#J\ e L a ] temneparype 423 K, B Teuenne 1 (b), 10 (c),
m - - - = 100 (d), 1000 (e), 10000 (f), 50000 (g) c
20 (rpaayc)

UnmocTpauueit ocieaHero BLIBOAA MOMeT CIYMUTh NpeAcTapleHHad Ha puc.4 3Bo-
JAI0UMA PEeHTreHoBCKuX Audpakrorpamm obpasios, HR cnekTpsl KOTOPLIX NpHBejeHbI Ha
puc.3. JudparTtorpammbl o06pa3uoB ¢ BpeMeHamu o6paborku 1-10000 c cBuAeTeascTBYIOT
0 3HAYMTENBLHOM pa3ynopaf0oYeHn: B CUCTEeMe BellefCTBHe FOMOreHHOH! TUMepH3alHH Mo-
HOMepa, IPUBOAAILEN K BO3HHKHOBEHHIO TBEpPAbIX PacTBOPOB CO ClyvaiHol opuenTanuei
IMMepHBbIX Monexya. Kpucrannuueckoe ynopagouenve CHCTeMbl, CBA3AHHOE ¢ (POPMHUPO-
panuem R-Qasbl, HauMHaeT NPOABIATLCA B pacilelliieHHHM HEKOTOPBIX NMKOB IUIlbL NPH
BpeMeHax o6paGoTku ~ 50000c. XoTA name B 3TOM ClydYae OJHO3HAYHOE WHIMLMPOBE-
uue AudpaKTorpaMMbl B poMGO3ApHYUEcKol AYelike NPeACTABIAETCA 3aTPYAHUTEIbHBIM,
u Tonbko manuble MK m KP cnektpos, cBHneTenbcTBYIOMNE 0 NPUCYTCTBUM B o6pa3uax



CTPYKTYpoo6pasylolux a1eMeHToB R-¢assl, I03BONAIOT cAenaTh 3aKII0UYEHHe O TOM, UTO
B cucTeMe MaeT npouecc popmupoBauns R-dasbl.

TaruM o6pa3oM, XoTA GopMaT NHCEMAa He N03BOJAET NPUBECTH 3KCIIEPUMEHTaNbHBIX
OaHHBIX, OTHOCAIIMUXCA K APYTMM TeMnepaTypaM u3oGapuieckux ceuenuit p, T- nuarpam-
Mol nipu 1.5 u 6.0 'lla, Bce oHyM noKa3bIBAIOT, 4TO AUMepHu3auua dyniaepena Cgo ABIAETCA
Ba/KHbIM 3TAINOM 3BOJIIOLHUH CHCTEMbI PH BLICOKMX JaBleHHAX U TeMIepaTypax H, clefo-
BaTeNLHO, JONKHA YYHTHIBATHCA Kak MPH 06CyAAeHHM MEeXaHH3MOB NIOAYMEPH3aLH, TaK
M TIPY MHTepIpeTallH paHee NONYYEHHbIX pe3ylbTaToB N0 HAEHTHQUKAUIKUK U cBolicTBAM
cocTOAHUHA BhICOKOro JapiaeHuA ¢ynnepura, ocofeHHO 06pasyIOUMXCA PN TeMIlepaTypax
Huae 623 K u Manbix BpeMeHax o6paGoTKH.

Pa6ota BrinonHeHa npu noafgep#ke Poccuiickoro donna pyHmaMeHTaIbHBIX UCCTENO0-
paHui (rpaut # 97-03-33584) u ¢onga INTAS (rpaut # 93-2133).
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