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BBepeHue

PaHee [1, 2] B rensix okcurngparta LMPKOHUS Obinn yCTaHOBIEHbI CTPYKTYpPbI, 6NN3KMe K XKUAOKOK-
pUcTannn4yeckomy COCTOSIHMIO, (POpMUPOBAHME KOTOPbLIX MPOMCXOOUT B OUHAMUYECKUX YCNOBUSAX.
B pa6otax [3, 4] aBTOpamu npu n3yveHum nonHbix peonornyeckux kpuebix (MPK) renen okcurngpata
LMpPKOHNA Bbln 06HapyxeH adbdhekT aunaTtaHcum [5], cBsI3aHHbLIN C HapyLIEHWEM MOCIIOMHOIO ABMXEe-
HUS Tens B KOaKCManbHOWM u3MepuTenbHowm ronoeke npubopa (REOTEST-2), yto nposiBnseTcs
B CKa4KOOOpa3HOM M3MEHEHMM BA3KOCTM U pa3pbiBE Peosiornyeckon Kpmeon. [na nccnenoBaHus gaH-
HOro sBreHns aBTopamu OblM NpoBeAEeHbl TepMOrpaBMMETpUYEcKME WUccrefoBaHust obpasuos,
NOSTYYEHHbIX B TOYKaX MakCUMyMOB U MUHUMYMOB (TO €CTb YCMOBUSX AUNaTaHcumn) NOAHOW peonorn-
Yeckon KpuBoK [6]. bbina nsydeHa [7] B3anMOCBA3b TEPMOrpaBMMETPUYECKNX XapaKTEPUCTUK U napa-
METPOB CMHTE3a (COBWUIOBOrO HaMpsHKEHUS U pa3mepoB BO3HMKAIOLWLMX B rene nemcmekepos) Ans ob-
pa3uoB, cMHTe3MpoBaHHbIX Npu 303 K. MNpencraBnsieT 0cobbIn MHTEPEC N3Yy4YeHNE TEPMOrpaBUMETPUN
renen Takke B YCrOBUAX AuUnaTaHCUM U YCTAHOBIEHWNE XUAKOKPUCTANIMYeCkux ocobeHHOCTeNn rene-
BbIX CUCTEM NPU OTNNYAIOLLNXCS YCIOBUSAX CUHTE3a (TeMnepaTtype 1 KOHLEeHTpauun).

1. 9KcnepuMeHTanbHasa 4YacTb

BuckosmmeTtpuyeckn usdydanu renu okcurmgpata umpkonus (OlL) nonyyeHHble u3 pacTBOpoOB
KOHUeHTpauun 65,77 (C4) n 119,7 (C2) mmMonb/n no MeToAMKaM, N3NOXEHHbIM B paboTte [1] npu Tem-
nepatypax 303 + 0,5 (C;) n 323 £ 0,5 K (Cy). CHANM pag 3aBUCMMOCTEN COBUIOBOrO HanpshkeHust oT
BpemeHun (t=1(t)) Npn NOCTOSAHHBLIX CKOPOCTSIX CABUra U NOCTPOEHbI NOSIHbIE PEOSIOrMYECKNE KpUBbIE
(MPK). B nutepatype [8] NPK HasbiBaoT rpadukn 3aBUCUMOCTM CKOPOCTU caBura (y ) OT COBUIOBOro
HanpskeHna (t). Bce nonyveHHble 3aBUCUMOCTU ¢ = f(T) MMEIT NEpUOaNYECKNA Pa3pbiBHbIN Xapak-
Tep (acbdekT gunartaHcun).

O6pasupl Ol'L, cootBeTcTBYIOWME Makcumymam n MuHumymam MNMPK nocne HaxoxaeHust B ronos-
Ke BMCKO3UMETpa B TEYEHNE OLHOroO Yaca, uccnenoBany TepMOrpaBUMETPUYECKN Ha AepuBaTorpade
mapkn «Paulik—Paulik—Erdey 3434—C» npwu HarpeBe co ckopocTbto 10 °C/MUH.

[Ins oueHkn copbLnoHHOI cnocobHocT ONLl nMo oTHOWeHUo Kk MoHam ragonuHns (Gd**)
HaBeCKy BO3[yLLHO-Ccyxoro obpasua Ol npmBogmnu B koHTakT ¢ 10 mn 0,1 M pacteopa Gd>*.
Bpems koHTakTMpoBaHus copbeHTa ¢ copbaTtom npu nepemewmnBaHnn — 2 yaca. KoHueHTpauuto
noHoB Gd*" onpepensinu KOMNNEKCOMETPUYECKUM TUTPOBaHMEM C ucnonb3oBaHuem OTA B ka-
YyecTBe TUTpPaHTa U KCUIEHOOBOro OpaHXeBOro B kKayecTse nHaukaTtopa. o pesynstatam paboThbl
Obn NocTpoeHbl 3aBucumoctn G =f(t). G — BenuuMHa, oTpaXkaloLlas M3MEHEHUE KONMYeCcTBa MOHa

Gd*>* B pacTBOpe, Bbl3BaHHOE OAHUM rpammom OFLl, MMonb/r, T — COBMIOBOE HanpshKeHWe, Npu KOTo-
pom 6bin CMHTE3MpPOBaH AaHHbIM obpasel, OlL.
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2. O6cyxaeHue aKCnepuMeHTanbHbIX pe3ynbTaToB

PaHee yctaHoBneHo [9], 4To nnowanb NMKoB Ha Kpuson OTA nponopuMoHanbHa 3HTanbnmMu ge-
rmgpataumMm unu kpuctannu3dauun. Nockonbky obpasubl Obinv nony4eHbl B NOBTOPSIOLMXCA U BOC-
NPOV3BOANMbIX YCNOBUAX, TO, COBEPLLUEHHO OYEBMAHO, YTO BENUYMHA SHTANbNUKN ABMAIOTCA (PYHKLM-
en AH=f(r,t), TO ecTb, 3aBUCUT OT CABUIOBOrO HarnpshKEeHWst U YCrOBUN CUHTE3a (ONIMTENbHOCTH,
Temnepartypsbl, KOHLEHTpauun pactesopa).

O6paboTky kpmBbix OTA npoBoaunu no Metoauke, nsnoxeHHow B padote [10]. Mpu 3aTom Obino
NPUHATO, YTO BCE Mpouecchl, nponucxoaswme B obpasue npu Harpese, onuckiBatoTcs yHKumnen Mayc-
ca. B cnyyae HanoxeHnsa TemnepaTypHbIX UHTEPBANoB HECKOSTbKMX Pa3HbIX MPOLIECCOB (TEPMUYECKUX
npeBpaLLeHnin) kpusble [aycca cknagbiBaloTcs, 06pasysa pe3ynbTUPYIOLYO KPUBYHO, NMowaab KOTo-
pon paBHa cymMme nrowagen obpasyowmx ee kpusbix Maycca. NapameTpbl KpMBbIX U X KONMNYECTBO
npyv ONMCaHUKN KaXXAoro Tepmudeckoro adpdekta Boblibupanm tTakum obpasom, YToObl OTKNOHEHME pe-
3ynbTUpPYHOLLEN KpuBOM OT peanbHon kpuson OTA coctaensano He 6onee 5 % oT nnowaan AaHHOro
achdekTa. B pesynbrate 06paboTkm KpmBbix OTA yCTaHOBIEHO, YTO Kaxkabl pedriekc onuckiBarncs Ha-
©opom KpmBbix [aycca. NonyyeHHble 3aBUCUMOCTM 3HTANbNUI OT COBUIOBLIX HAMPSKEHUA 4N KX40M
cepum obpasuoB (1, cnegoBaTenbHO, pasnuyaroLmxcsa Kpusblx aycca) npuseaeHsl Ha puc. 1, 2.
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Puc. 1. 3aBucmumocTtn sHTanenuu gerngpataumm AH (a), nepsoro (6) 1 BToporo (8) npoLecca Kpuctannusaumm,
NPOLEHTHOrO coaepxaHus nencmekepos (%D, 2) n copbumm (G, 2) OT CABUIOBbIX HaMPSXXeHWI rens
(C =65,77 mmonb/n; T,c, = 323 K) ans o6pasuoB, COOTBETCTBYHOLUMX MakCMMyMam U MUHUMymam MPK.
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Puc. 2. 3aBucumoctn aHTanenum gerngpataumu AH (a), nepsoro (6) n BTOporo (8) npouecca Kpuctannusaumu,
NPOLIEHTHOrO codepxanusi nericmekepos (%D, &) n copbunn (G, 2) OT COBUIOBbLIX HAMPSXKEHUN rens
(C=119,7 mmonb/n; T,.,=303 K) anst o6pasLoB, COOTBETCTBYIOLLUX MAaKCUMyMam U MuHUMymam MPK

Cxema pasnoXeHus OKCUruapaToB TsHKENbIX meTannos [11, 12] BkntovaeT Tpu aTana gerngpaTta-
umn. Ana obpasuoB koHueHTpauun C4, nonyveHHblx npu T,.; =323 K 3aBucumocte AH =f(t) no-

CTpOeHa Ansi NnepBon kpueoK Maycca n onucbiBaeT 3HO0TEPMUYECKUIA NpoLece oTwenneHna agcopob-
LMOHHON BOoAbl NpoTekatowee npu Temnepartypax 370...400 K n o6o3HauyeHa kak kpmBas A1 Ha puc.
1—2, a. YoaneHue mexcnoeson Boabl Habnogaetca npy T =400...460 K (n3ameHeHna AH , paccuu-
TaHbl MO BTOPOW U TpeTben Kpueou Maycca, kpusble A2 v A3). YoaneHne CTpyKTypUpoBaHHOM BOAb! U
obpa3oBaHMe okcuaa npoucxoauT B nHTepBarne temnepatyp 460...650 K. KpuBas o4 ectb uameHeHue
AH, paccuntaHHoe no 4veTBepTon KpuBow [Maycca. PasbueHue npouecca TepMUYECKOrO yaaneHus
MEXCMNOEBOW BOAbI HA ABE CTaAuM CBSI3aHO C PasnMyalroLLMMUCA XUAKOKpUCTannmyeckumm obpaso-
BaHnsMK (nercmekepamm) [2] B renesomn pase OIL, yto nokasaHo ganee.

Kak BngHoO Ha puc. 1—2 Bce TepMMyeckue nNpoLecchl, NPOLEeCcChl copoummn, Tak e Kak U KpuBble
NPOLEHTHOrO COoAEep>KaHUs NencMeKepoB Pa3HOro pasmepa, Kotopble bbinn obHapyKeHbl paHee [2],
nmetoT konebaTenbHbIN XapakTtep Npu yBENUYEHUM COBUIOBOrO HamnpsPKeHUS HE3aBMCMMO OT YCIOBWUWA
cvHTes3a. KonebaHus KpmBbIX SHTaNbNum 1 copbLmmn 3aBUCAT OT COAEPKaHNA nencmekepos (puc. 1—2, e)
Manblx AMameTpoB (4x107° n 8x1078 wm).

BTopon atan gervgpatauum (kpyBasi g2 Ha puc. 1—2, a) nmeeT bornee BbICOKME 3HAYEHUSA SH-
Tanenuu 4em TpeTtun (kpusaga 43) nnun YeTBepThii aTanbl (KpuBas o4), 4To cBMaeTenbCcTByeT 0 Gonee
BbICOKOW CTEMEHU CBA3aHHOCTU (nonmmepusaunn). [UCKPETHbIN XapaKTep WU3MEeHEeHWUst OMaMeTpoB
nemncMekepoB OO bSICHAET CkaykoobpasHbI XxapakTep N3MeHeHus aHTanbnum gerngpataumm Ol npu
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yBenuyeHu1 caBmMroBoro HanpsxkexHus. CosnageHne MakCMmMyMoB BTOPOM U TpeTbewn cTaguu gernapa-
TauMm ¢ MakCMMymMamun COOTBETCTBYIOLLMX KPMBbIX NPOLEHTHOrO CoaepXaHus nencMekepoB No3BOss-
€T 3aKN4YnTb, YTO KpuBas A2 COOTBETCTBYET TEPMUYECKOMY PA3NOXKEHNIO NENCMEKEPOB AnameTpoMm
8x107™° m, kpuBas O3 — pasnoxeHUio NencmMekepoB anameTpom 4x10° m, a kpusasi 44 — pasnoxe-
HUIO NeficMekepoB AnameTpoM 12x1076 m.

YBenuyeHne KoHUeHTpauuu pacteopa uupkoHus (ot Cq go C,) [7] npu Temnepatype cuHTesa 303
K npuBoauT K cABUry Hayana npoueccoB, NMPOUCXOAALMX NpU Harpese, B 0bnactb 6onee BbICOKMX
Temnepartyp. OT0 OOBbSCHAETCA YBENUYEHMEM KONMYECTBA Of— M aKkBa—CBA3eN B CTPYKType okeurmapat-
HOM MaTpuLpbl, YTO MOBbILIAET MNPOYHOCTb OOpa3LOB K TepMmuyeckomy paspywenuto. OTcioga cnegyer,
yTo BGonee BbICOKME NapamMeTpbl CMHTE3a (TeMnepaTypa M KOHLUEHTpauUMs LMPKOHUSA) NPpMBOAAT K BO3-
pacTaHuIo NONIMMEPHOW CBA3AHHOCTMW.

CoBuroBble HanpshkeHUs1, ynopsaoumBaroT doparMeHTbl rensi, YT0 UHULMMPYET pa3BUTME aBTo-
BOIMHOBbIX MPOLECCOB Nonumepusaumn. YBenmyeHne KoOHUEHTpaLmMmn UMPKOHMSA NpUBOAUT K yBenuye-
HUIO pasMepoB MOMMMEPHbIX PParMeHTOB, NMPY 3TOM YMeHbLLIAeTCa pasHuua Mexagy X pasMmepamu,
YTO NPUBOANT K CY)XXEHUIO TEMMNEPaTYPHOro MHTEpBana NpoLeccoB aernaparaumm.

Nmes B Buay nepuognyeckuin xapakrep 3asucumoctn %D =f(t) cnegyet OTMETUTb, YTO Nencme-

kepbl Manbix anameTpos (4x107° 1 8x10° m) onpeaensioT yMeHblueHne obbema rensi, cnocobcTeyA
Kak Obl MepuoguvyeckoMy CXaTuio €ro, YNopsaoOYEHWUD U YBEINTMYEHMIO CKOPOCTU TEYEeHUs rens.
Hao6opoT, neiicmekepbl Gonbluoro gnametpa (12x10™° M) npoBoUMpyIOT «pacnyxaHue» rensi, Nosie-
neHve aMopdHOro, HECTPYKTYPUPOBAHHOIO BeLLECTBa, €ro paccrioeHue, a, crefoBaTenbHO, CHUXKaloT
CKOPOCTU TEYEHUS.

Mpouecchbl KpucTannMsauum nosIMMepPoB, HAXOAUBLUMXCS B aMOPHOM COCTOSIHUW, B nuTepaType
[13] onucbiBatoTcsa cnegytowmmn ctagusimn. ObpasoBaHUe LEHTPOB KpucTanmsaumm — 3Ta cragus
npoTekaeT Ansa nepBoro ak3oaddekra npu Temnepatypax T=650-670 K. BTopon ak303ahhekT oxsa-
TbiBaeT TeMmnepaTtypHbln nHTepsan T, =730...750 K. 3aBucumoctn AH =f(t), onuceiBarowme aaH-

Hble 3K30TepMUYecKne npeBpalleHusi, ganee obosHavanu kak kpueble 1k1 1 2k1 Ha puc. 1—2, 6, s.
HabniopatoTtca Takke npespallenus B nHTepsanax T4 =670...690 Kun T, =750...770 K. 3aBucumo-

ctm AH BTOpbIX KpMBbIX ["aycca o6o3HaveHbl Kak kpusble 1k2 n 2k2. Kpuctannusauus meHee ynops-
AO4YeHHbIX obnacten nonvMepa npotekaeT B MHTepBanax T =690...710 K un T,», =780...810 K. 3a-

BucumocTn AH =f(t), nnn TpeTbun KpmBble Maycca, 0603Haunnmn kak kpmeble 1k3 n 2k3. Penakcauns

HanpsXXeHWn, BOHMKLINX Npu 06pa3oBaHNM KPUCTaNMTOB pasfnyHoOn cTeneHn AedeKkTHocTu, nporte-
Katowas B nHtepsanax T =710...730 Kn Tp =810...823 K (3aBucumoctn AH =f(t) onsa yetsepton

N NaTon Kpuebix Maycca) obo3HaveHa kak 1k4, 1k5 n 2k4. [Ina obpasuyoe Ol (C4), nonyvyeHHbIX npu
TemnepaType cuHTesa T,.; =323 K aTv TemnepaTypHble MHTepBansl capuraloTcs B obnactb 6onee

BbICOKUX TEeMNepaTyp U CYXalTCs MO CpaBHEHMIO ¢ obpasuamu, nonyveHHsiMu npu T,c.q =303 K [7].

OTcloga cnefyeTt, 4TO yBenuyeHwe TemnepaTypbl CMHTE3a MPMBOAWUT K BO3HUKHOBEHWIO GonbLuero
pasHoobpa3usa pasmepoB NEeNCMEKEPOB, YTO onpeaenseT CABUI Hayana nNpoueccoB Kpuctanansauum
B BbICOKOTEMMEpPaTypHYI 061acTb M CNOCOBCTBYET CUNBHOMY HANOXEHWIO NPOLIECCOB APYr Ha Apyra.
YBenuyeHne KOHUEHTpauum pacTBopa LMPKOHUSA Takke NPMBOOUT K YBENIMYEHUIO CTENEHW ynopsiao-
YEHHOCTM CTPYKTYpbl, HO CTEMEeHb HaNoOXeHWUs 3TUX NPOLLEeCCOB APYr Ha Apyra He3HauyuTernbHa, 4YTo
NPUBOAUT K pacLLUMpPEHMUIO TEMMNepaTypPHbIX UHTEPBAoB.

Mpwn pgervapaTtauun HapyLlaeTcs NoNMMepHas CBA3aHHOCTb MOSEKY oKkcuringpara, HO NpoLecchl
ondbdysum B Ol npu Temnepatype germgpartaumm HacTONbKO 3aMeneHHbl, YTO YNops4OYEeHHOCTb
B pacnonoXXeHUn Monekyn coxpaHsieTcs. [epBbli npouecc KpucTannmsaumm 3axsaTtbiBaeT T€ MUKPO-
obnactu Ol'd, HagmonekynapHas CTPyKTypa B KOTOPbIX YNOPAA0YEHHA.

YBenMyeHne KOHUEHTpauumn NpMBOAMT K CHMXKEHMIO dHTanbnuu ctagum obpasoBaHusa 3apoabl-
wen. 3TO0 CBNOETENLCTBYET O TOM, UYTO pasmepbl NONMMEPHbLIX oparMeHTOB B obpasuax KOHUEH-
Tpaumm C; MeHblle 1 oHn Bonee HeynopsaoveHbl, Yem B obpasuax ¢ KoHueHTpaumen C,, 4To Tpe-
OyeT Oonblueln TemnepaTypbl Neperpesa Ons pocta 3apoabien. BmecTte ¢ TeM, NOCKOMbKY
pasmepbl MONMMEpPHbIX dparMeHTOB B obpasuax KoHueHTpauun C; MeHblle, OHM flerye noggarTcs
YNOPSIAOYEHMIO, B CBA3U C YEM IHTANbMMS 3TUX 00pasLOB BbILLE.

B obpasuax cooTBeTCcTBYIOWMX MakcuMmymam MPK obHapyxeHo 73...78 % nencmekepoB anameT-
pom 8 x107° M 1 27...22 % nelicmekepos anameTpom 4 x10™° M, Npu OTCYTCTBMM NECMeKepoB ApYrvX
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pa3smepoB. B obpasuax, cootBetcTBYOWMX MUHUMYMaM [MPK, obHapyxeHo 75...80 % nencmekepos
anameTpoMm 8 x107° M, meHee 20 % neiicmekepoB anametpom 4 x10™° m, a Takke HeBonbLLIOE KOMK-
4YeCTBO NENCMEKEPOB APYINX TUNopa3MepoB. XOTS CyMMapHOe UX coaepXaHue HEBENUKO OHU, Cyas
no 3aBMCUMOCTSIM 2K2 1 2k3 = f(1), OKa3bIBaKOT 3HAYNTENbHOE BMUSIHME Ha Pa3ynopsidoyveHne CTpyK-
Typbl. CriegoBaTtenbHO, B TOM Criydae, Korga B CTPYKType rens obHapyxeHo ©6onbLioe KOnnm4ecTtso
NerCMeKEpPOB HECKOSIbKUX TUMOPa3MEepPOB MOMMMEPHas CBSI3AHHOCTb M YNOpsSOAOYEHHOCTb obpasua
onpeaenseTcs X B3aMHbIM PacrofioXeHNeM.

BTopasa ctagua kpuctannusauumn (KpmBasi 2k2) — 3TO Kpuctannusauus Hanbonee ynopsgodeH-
HoM yacTu obpasua. CoBnageHne 3TOM KPMBOW C KPUBOMW NPOLEHTHOrO COAEPXKAHUSA MENCMEKEPOB
anametpoM 4x107 unn 8 x107° M roBopuT 0 TOM, YTO CTpYKTypa 06pasLoB COOTBETCTBYHOLLMX MaKCU-
mymam [MPK, aBnsaeTtca Hanbonee ynopsiao4eHHON.

TpeTbs cTagmsa npouecca kpuctannusaumm (kpmeas 2k3) 9TO Kpuctannusaunsa HaumeHee ynops-
Ao4veHHon vactm obpasuos OlL. KpmBble AH =f(t) BTOpOM 1 TpeTbeN CTagumn NpoLEeccoB KpucTarn-

nusaumn aHTubaTHbl. Mpeobnaganve B cTpykType OlL| neiicmekepos anametpa 12 x107° m cosgaet
Gonbluee KOnM4YecTBO amMopchHOM COCTaBNAKOLEN, NO3TOMY, 3HTANbNUSA KpUCTannnsaumm Takmx o6-
pasLoB Ha TpeTben CTaamm Kpuctannusaumm gormkHa obiTe 6onbLue.

HeBbicokoe TnnoBoe pasHoobpa3sne nencmekepoB B obpasuax, a Takke npeobnagaHue nemcme-
kepoB Anametpom 8 x107° M NpMBOANT K TOMY, YTO penakcaLms HanpPsHXKEHWU, BO3HUKAIOLLMX NPU KpU-
cTannusaumm ynopsiao4eHHON 1 HeynopsiAoYeHHon YacTten obpasuyos OlL, To ecTb noBeaeHne Kpu-
Bon 2k4=f(t) 3aBucuT OT kpuBonm %n—A8. lpoueccbl pekpucTannnsaumm OCYyLLEeCTBASETCA nerko,
0 YEM CBMAETENbCTBYIOT BbICOKME 3HAYEHUSA SHTANbNUN.

3aknryeHue

WccnepoBaHbl 0COBEHHOCTU TepMUYECKMX npeBpalleHnii obpasuos Ol u nx 3aBUCMMOCTb OT
napameTpoB cuMHTe3a. [Ina Bcex nccrnenoBaHHbIX 06pa3uoB MHTepBan Temnepartyp 9HAOTEPMUYECKUX
adpekToB coctaBndeT 364...418 K. [Ona sk3oTepmumyeckux 3appeKkToB yCTaHOBMEHbI crneyolime
TemnepaTtypHble UHTepBanbl: 623...723 n 749...831 K. lNoka3aH konebaTenbHbI XapakTep U3MeHe-
HUS TEPMOrpaBUMETPUYECKNX XapaKTEPUCTUK, KOTOPbIN ONpeaensieTcs aBTOBOSIHOBbLIMU MpoLeccamm
nonumMmepmsaunm, NpoTeKarLWwMMn Npy CUHTE3e (B Npouecce peosiorMyecknx NCCrneaoBaHmm).

Bce napameTpbl 9HOO— M 3K30TEPMUYECKMX MPOLECCOB ONpeaensioTcs pasHoobpasvem Tunos
nercMeKkepoB, MX pasmepamu, BO3HUKAKOLWWMMW BCNEACTBME KOHLEHTPaUMOHHOM HEO4HOPOOHOCTM
renen okcurngpaTa LUMpKoHus. IameHeHne napaMeTpoB CMHTE3a, HaNpumep yBenudeHne casuroBoro
HaNpsKeHWUs!, MPMBOANT K CHMDKEHUIO pa3HOOOpa3us TUMOB MENCMEKEPOB U UX CpeaHero auameTpa,
HO NOCKOSbKY AnameTp NencMekepoB U3MEHSIETCA AUCKPETHO, TO M3MEHEHMEe napamMeTpoB CUMHTEe3a
Bbl3blBaeT konebaTenbHbIN XapakTep TepMorpaBuMeTpuyecknx xapakrepmuctmk obpasuos OIlLL.

Pa6oTa BbinonHeHa no rpaHTy MuHuctepcta obpasoBarus PP (npoekt Ne T02-09.4—643).
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