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1 BBEOEHME K PABOYEW NPOrPAMME OUCLUMNIIUHbI

1.1 Uenb aucuunnuubl: CchopmmnpoBaTtb KOMNETEHUMM oby4atollerocs B obnactu oyHaaMeHTanbHbIX OCHOB,
KOMMMEKCHOro U KOMMMEMEHTAPHOrO MCMOMb30BaHUS COBPEMEHHbLIX METOAOB WCCMEAOBaHUS XUMWYECKUX BONIOKOH B
pamKax COBPEMEHHbIX AOCTUXEHWI NPOMbILLNIEHHOCTMW.

1.2 3apgauv AUCLMUNNUHBI:

1) O3HakoMUTb C PyHAAMEHTaNbHLIMWU OCHOBaMM COBPEMEHHBLIX METOL0B MCCIef0BaHUN.

2) PackpbITb NpUHLMNbLI paboTbl NpubopHo 6asbl.

3) HayuuTb rpamMoTHO WHTEpPNpPeTUpoBaTb W MNPeacTaBnsATb pe3ynbTaTbl WUCCNEAOBaHUA C  MOMOLLbIO
COBpPEMEHHbIX MH(POPMALIMOHHbBIX TEXHOMOTMIA.

4) O3HaKOMUTb CO CNeLMdUKON N3YHEHNA XMMNYECKNX BOSIOKOH

1.3 TpeboBaHuA K NpeaBapuTeNibHON NOAroTOBKE OOy4aloLerocs:

MpenBapuTenbHas NOAroToBKa NpeanonaraeT co3gaHne OCHOBLI ANs (POPMUPOBAHMS KOMMETEHLUIA, YKa3aHHbIX
B M. 2, MPU N3y4EeHUN ANCLUMIINH:

MeTponorus, ctTaHgapTusaumsi u ceptudmkaums

2 KOMNETEHUMN OBYYAIOWWEIoCs, ®OPMUPYEMbBIE B PE3YJNIbTATE OCBOEHUA OUCLUMNNHDbI

MK-3: CnocobeH OpraHu3oBbIBaTb NpoBeaeHue MCNbITAHUA TEXHONOTMYECKUX U (*)yHKuVIOHa.HbeIX CBOMCTB
HaHOCTPYKTYPUPOBAHHbLIX KOMMNO3NLUMNOHHbLIX MaTepuanoB

3Hatb: OCHOBHble MeToAMKM W OoGopygoBaHve ANl NMPOBEAEHUS WUCMbITAHWIA, UCCNEdOBaHWA M OLEHKN CBOWCTB
XUMUYECKUX BOJTOKOH, KaK HanonHuTenemn Ans HaHOCTPYKTYPHbIX NONMMEPHbIX MaTepuaros.

YMmeTtb: OcyulecTBnaTb BblGOp MeToauk U obopydoBaHuWs ANs UCCRenoBaHWsi CBOWCTB XMMWYECKUX BOJIOKOH;
MCMonb30BaTb TEXHOMOIMMYEecKoe W KOHTPONbHO-U3MEepUTENbHOE nabopaTopHoe o6opydoBaHME ANs UCMbITaHUS
00pasLoB.

BnapeTb: HaBbikamy NnaHMpOBaHUA W MNPOBEAEHUS WCMbITAHUA XUMUYECKUX BOJIOKOH, Kak HanonHuTenen ans
HAHOCTPYKTYPHbIX NONMMEPHbIX MaTepuarnos.

MNK-6: Cnoco6eH namMepsaTb XapakTePUCTMKN IKCMEPUMEHTaMNbHbLIX HAHOCTPYKTYPUPOBAHHBLIX KOMMO3ULMOHHbIX
mMaTepuarnos

3HaTtb: OCHOBHblE MEeTOAbI NCCEeAOoBaHWU CBOMUCTB SKCnepumMmeHTasribHbIX XMMWYECKUX BOJTOKOH, KakK HanonHuTenen ons
HaHOCTPYKTYPUPOBAHHbLIX KOMIMO3ULIMOHHbIX MaTtepunaros.

YmMmeTb: V|3MepﬂTb 3Ha4YeHunqa Tpe6yeMbIX XapaKkTepUucTuk CBOWCTB XMMUYECKUX BOSTOKOH C MOMOLLbIO COOTBETCTBYHOLLNX
MEeTOAUK, ﬂpI/I60pOB n O60py,D,OBaHMﬂ.

Bnapetb: HaBbikamu pa60TbI Ha Mn3MepuTersibHbIX np|/|6opax n nposegeHunsa UCMbITAHUA XUMUYECKUX BOJIOKOH, Kak
HanosiHMTenen Ansg HAHOCTPYKTYPUPOBAHHbLIX KOMMO3ULIMOHHbLIX MaTepmnanos.

3 PE3YNIbTATblI OBYYEHUA NO ANCUUNNUHE

KoHTakt
Has

pabota WHHoBaL. | ®opma

CP copmbl TeKyLLlero
(vacnbl) PMEb! y
3aHATUA | KOHTpOnS

HaumeHoBaHve 1 cofepxaHue pasaernos,

TEM U y4eOHbIX 3aHATUIA M

(4achbl)

Cemectp
(kypc gnsa 3A0)

Pasgen 1. Mopdonorua un pasmepsl
XUMUYECKMNX BONTOKOH

Tema 1. TlOHATME XMMWYECKMX BOOKOH.
OcobeHHOCTN  CTPOEHUS N  CBOWCTB
XUMUYECKUX BOJIOKOH. Bo3moxxHoCTH
COBPEMEHHbLIX METOAOB  MCCenoBaHWMN,
npubopoB un nporpamMmm ansg obpaboTku
NONYyYEHHbIX AaHHbIX.

Tema 2. OnTunyeckas, npoceeyMBaroLLlas u
CkaHupyloLaa mMukpockonuu. ®usundeckme 3 6 ra P
OCHOBbI METOA0B 1 NpnbopHas 6Gasa.

Tema 3. 3oHaoBas MUKPOCKOMMSI.
dusmyeckne OcHoBblI MeToda M npubopHasi r
B6asa. CkaHupywowas TyHHeNbHas U

OnvxHeNnonbHas onTnyeckasi MUKPOCKOMWK
Tema 4. ATOMHO-CUINOBasi MUKPOCKOMNUSI.
KoHTakTHblE, NOMYKOHTaKTHbIE,
MHOrOnNpoxoAaHble MeToauku. Pusmdeckue
OCHOBbI MeTOLOB 1 NpubopHas 6asa.

Pazgen 2. CTpykTypa XMMNYECKUX BOJTOKOH T




Tema 5. Cnektpockonnyeckne MeToabl
uccneposaHus. VK-Oypbe cnekTpockonus.
PeHTreHoboTO3NEKTPOHHAS
cnekTpockonus. CnekTpockonusa s4epHOro
MarHUTHOro pes3oHaHca, B TOM 4wucre
BbICOKOIO paspelleHnss B TBepaoM Terne.
dunsmyeckne ocHoOBbI METOAOB M NpubopHasi
basa.

Tema 6. Tepmuueckne MeToAbl
uccregoBaHus. OudepeHuymnansHo-
TEPMUYECKMA W TepMOorpaBUMETPUYECKUI
MeToAbl uccnenoBaHus.
OuddepeHumansHas CKaHupytoLlas
KanopumeTpusi. dusnyeckme OCHOBBI
MeTOoA0B 1 NpnbopHasn 6Gaasa.

ra

Paspen 3. dusnyeckune CcBOMCTBA
XUMUYECKNX BOJTOKOH

ra

Tema 7. OCHOBHble TEPMWHbI U MOHATUS
ANEKTPOPU3NYECKMX CBONCTB. [JUaNEeKTPUKH.
MonynpoBogHMKu. ConpoTtuBneHue.
MpoBognmocTb. MeTogbl  onpefeneHus
yAEenbHOro 3MeKTPUYECKOro COMpoTUBIIEHNS
XUMUYECKUX  BOMOKOH. BonbTamnepHble
XapakTepuctukn.  dusmyeckne  OCHOBBI
MeTOoA0B U NnpubopHas 6a3a.

Tema 8. InanekTpuyeckne xapakTepucTUKN.
OunanekTpuyeckasi NPOHMLAEMOCTb. TaHreHc
yrna guanekTpuyeckux notepb. Pusmyeckume
OCHOBbI METO0B 1 NpnbopHas 6Gasa.

ra

Pasgen 4. MexaHuyeckne n copbUMOHHbIE
CBOWCTBA XUMUYECKNX BOJTOKOH

ra

Tema 9. MeToabl onpegeneHnss obuiero
obbema copObUMOHHOrO NpPOCTpaHCTBa U
yOENbHOM NOBEPXHOCTMW.

ra

P, T

Tema 10. CopbuUMOHHaAA  aKTUBHOCTb
MaTepurasnoB Mo OTHOLLUEHWUIO K CTAHAAPTHbLIM
BeLLecTBaMm.

Tema 11. MeToabl onpegeneHus
MEXaHU4YeCcKnx  CBOWCTB MaTepuanos.
Kpueasi Harpyska-yanvHeHue.
TepmomexaHuyeckas kpuasi. dusunueckue
OCHOBbI MeTO0B 1 NpnbopHas 6asa.

PN

WUtoro B cemecTpe (Ha kypce ansa 3A0)

7,75

ra

KoHcynbTaumm n npomexyToyHas
atTectauus (3aver)

34

73,75

0,25

Bcero koHTakTHas pabota u CP no
AvcuMnvHe

34,25

73,75

4 KYPCOBOE NMPOEKTUPOBAHUE
KypcoBsoe npoekTtupoBaHne y4ebHbIM NnaHoM He NpeaycMOTPeHo




5. ®OHl OLIEHOYHbIX CPEACTB AN NPOBEAEHUA MPOMEXYTOYHOM ATTECTALMU

5.1 OnucaHune nokasarteneun, KpUTepMeB U CUCTEMbI OLLEHMBAHUA pe3yNbTaToOB 00yYeHus
5.1.1 NokasaTtenu oueHMBaHUSA

Ko HanmeHoBaHWe oueHOYHOro
lMoka3aTtenu oueHnBaHUs pe3ynbTaToB 0by4eHus
KoMneTeHummn cpencTtea

Manaraet OCHOBHble MeTOAbl, METOAMKM, pernamMmeHTUpyrowmne
HOPMaTMBHO-TEXHNYECKNE OOKYMEHTbI n o6opy,qosaHme ansa
npoBeaeHus UCnbITaHUN, onpenenexHna 3Ha4YeHUn XapakTepucTuk
TEXHOJNIOMM4YeCKnx n (bYHKLI,I/IOHaJ'IbeIX CBOWCTB XMMMUYECKNX BOJTOKOH.

CocTtaBnsieT nnaHbl WUCCNEAOBaHWS W OLEHKU TEXHOMOrMYeckux u

d)yHKLI,VIOHaJ'IbeIX CBOWCTB XUMUNYECKNX  BOJIOKOH; Bbl6|/lpaeT
METOOUKN ONnA onpenenieHna U OUeHKU Tpe6yeMb|x XapaKTepUCTUK; BOI'IpOCbI Aans YCTHOIo
MK-3 ncnonb3yert TexXHosnorn4yeckoe n KOHTPOJIbHO-U3MepuTeribHoe cobecenoBaHus.

na6opaTopHoe 060pyﬂ,OBaHVle Aana uncnbiTaHUA 06pa3LI,OB; nposoguT npaKTW—IeCKOG 3afaHue.
noareepXxgeHmne CoOTBEeTCTBUA XapaKTepPUCTUK ONbITHbIX O6pa3LI,OB
Tpe60BaHI/IF|M HOPMAaTUBHO- TEXHUYECKNX OOKYMEHTOB.

OcyU.l,eCTBJ'IFleT nrnaHnpoBaHune UCnbITaHUR, pa6OTbI Ha
ncecnenoBaTtesnibCkux I'Ipl/l60an n 060pYLI,OBaHI/II/I; pa6OTb| Cc
HOPMAaTMBHO -TEXHNYECKOWN ﬂ,OKyMeHTaLI,VIeVI; METOOUKN npoBeaeHUA
aHannsa TeXHOJ1I0r’M4YeCckmnx 1 (bYHKLI,I/IOHaJ'IbeIX CBOWCTB.

d)opmynmpyeT OCHOBHbIE€ XapaKTepPUCTUKN  XUMUYECKUX BOJIOKOH U
MeTOoAbl NX USMEPEHUA.

Ocyl.l.l,eCTBJ'IFleT Bbl60p onTuManbHbIX METOANK U3MepeHna n oueHnBaeT
Tpe6yeMb|e XapakKTepUCTukKmn XnMMMUYEeCKUX BOJTOKOH.

HDOBOLI,I/IT n3mMepeHna un OuUeHKY OJ3KCcnepumMeHTalnbHbIX OaHHbIX O
XapakTepucTukax XmMMUYECKNX BOJTIOKOH.

Bonpocsl ans YCTHOTIO
cobecenoBaHusl.
MpakTuyeckoe 3agaHue.

MK-6

5.1.2 Cuctema 1 Kputepmm oLeHUBaHUA

Kputepum oueHnBaHns chopMMPOBAHHOCTM KOMMNETEHLIMN

LLikana oueHnBaHus
YcTHoe cobecenoBaHue MncbmeHHas paboTa

Ob6yuyatowmmncsa cBOEBPEMEHHO BbINOSHNNM
npakTMyeckue 3adaHus W choan  Bce
TeKyLMe KOHTPONW, BO3MOXHO AoMycKas

3auTeHo HECYLEeCTBEHHbIE OWMBKM B OTBETE Ha
BOMpOCHI npenofasaTens. YYuTbiBaoTCS
Gannbl, HaKOMMEHHble B  TeYyeHue
cemecTpa.

OO6yuvatowmmcsa He BbINONHUN (BbINOMHWM
YaCTUYHO) MpaKTUYeckne 3agaHus, He
chan (nMbo uYacTMYHO cpan) Tekylme
He 3auyTeHo KOHTpOMW,  OOMYCTUN  CYLlEeCTBEHHble
ownbkn B  OTBETE Ha  BOMpPOCHI
npenogasatens. He yunTeiBatoTca 6annsl,
HaKoMNMeHHbIE B TEYEHUE CEMECTPA.

5.2 TunoBble KOHTPOJIbHbIE 3aAaHUSA UM UHbIe MaTepuarnbl, HeO6XxoAMMble AN OLEeHKU 3HAHUW, YMEHUH,
HaBbIKOB U (MNN) onbiTa AeATENbHOCTU
5.2.1 NepeyeHb KOHTPONbHbLIX BONPOCOB

Ne n/n | dopmMynnpoBKM BONPOCOB

Cemectp 6

OcCHOBHblE MeTOAbI nony4vyeHuma HaHopa3MepHbIX YacTul, 1 0CObOEeHHOCTH CTpOEHUA n CBOWCTB
HaHOCTPYKTYPHbIX MOJIMMEPHbIX KOMMO3NUMOHHbLIX MaTtepunaros.

2 BoamoxHocTu COBPEMEHHOIo annapaTtypHOro obecneyveHus npu n3y4eHnn HaHOCTPYKTYPHbIX MaTepuarnos.

MeTozabl uccnenoBaHus MOpAOriorMn U pasMepoB HAHOCTPYKTYPHBIX 0GbEKTOB. du3nyeckne OCHOBBI.

3 MpnbopHas basa.

4 MeToabl uccrnegoBaHus CTPYKTYPbl M CBOMCTB NOBEPXHOCTU HAHOCTPYKTYPHbIX MaTepuanos. Pusnyeckue
OocHoBblI. [MpnbopHas 6asa.

5 MeToabl uccrnenoBaHus CTPYKTYpbl HAHOOOHLEKTOB U MONMMEPHBIX HaHOMaTepuanoB. PU3nyeckne OCHOBbI.

MpubopHas 6asa.

6 TepMVI‘-IeCKVIe MeToAbl nccrnegoBaHNA HAHOCTPYKTYPHbIX 06bekToB. PU3NYECKMe OCHOBBI. I'IpM6opHa$| basa.

OnekTpodm3nyeckne CBONCTBA HAHOCTPYKTYPHbIX MaTepuanoB. Metoabl nccnegoaHms. dusnyeckune
ocHoBbI. [1pnbopHas 6a3a.

CopOUMOHHbIE CBOMCTBA HAHOCTPYKTYPHLIX MaTepuarnos. MeToabl nccnegosaHms. PManyeckme oCHOBBI.
MpnbopHas basa.




Pun3nko-mexaHn4eckne CBOMCTBa HaHOCTPYKTYPHbIX MaTtepunaros. MeTtoabl uccneposaHus. dmsnyeckme

9 ocHoBbI. [1pnbopHas 6a3a.

10 B0o3MOXHOCTM ONTUYECKOM, MPOCBEYMBAIOLLEN U CKaHUPYIOLLE MUKPOCKOMUN NPU U3YYEHUN HAHOCTPYKTYPHbIX
maTtepuanoB. Pu3nyeckne oOCHOBbI.

11 Oco6eHHOCTM 30HA0BOIM MUKpocKonuu. MNpeumyLlecTBa U He4OCTaTK CKaHUPYHOLEN TYHHENBHOW

MUWKPOCKOMNUN.

12 ATOMHO-cMnoBas MUKpOCKONuA. O,D,HOHpOXOLI,HbIe N MHOronpoxoaHble METOOUKN.

13 OcobeHHocTn 3-D BM3yanusauum HaHOCTPYKTYPHbIX 06BbEKTOB. ApTedaKTbl.

14 Oco6EeHHOCTN CBOWCTB Y XMMWUYECKOrO COCTaBa NOBEPXHOCTN HAHOCTPYKTYPHbIX 0OBbEKTOB Ha npumepe
yrnepoaHbiX HaAHO4YaCTuUL. PeHTreHoBcKkada CbOTOGJ'IeKTpOHHaﬂ CNeKTpocKonua.

15  |WccnenoBaHue TePMUYECKUX CBOWCTB HAHOCTPYKTYPHbIX MaTepuaros.

16 BoamoxHocTn andvdbepeHLumarnbHON CKaHUpYoLWen KanopuMmeTpum npy udydeHnm unsmnko-xumMm4eckmx
CBOWVICTB MONUMEPHbIX HAHOCTPYKTYPHbLIX MaTepuanos.

17  |dedopmMaLmMOHHO-NPOYHOCTHbBIE XapaKTEPUCTUKM MONMMEPHBIX HAHOCTPYKTYPHbLIX MaTepuarnos.

18  |Cratuctuyeckasi o6paboTka U UHTepnpeTaums NonyYeHHbIX pesyrbTaTos.

19 OnTnyeckas, npoceevnBaroLland U CKaHupyrowaa MUKPOCKOMNUNA.

20 3oHpoBas Mukpockonus. Puanyeckne ocHoBbl MeToga 1 npmubopHas 6asa.

21 CKaHI/IpyPOLIJ,aﬂ TYHHEeInbHaaA 1 GnkHenonbHasa onTu4eckas MUWKPOCKOMNUN.

22  |CnekTtpockonuyeckue Metoabl uccnegoBaHust. UK-®ypbe cnektpockonus.

23 COBpeMeHHbIe obnactu NPUMEeHEeHNA CO34aHHbIX HAHOPAa3MEepPHbIX 0OBbEKTOB.

24 COBpeMeHHbIe TEXHONOrnMn Co3fgaHnAa n nepepa60TKM MaTtepunanos B HaHONONIMMEPbl U HAHOKOMMO3UTbI.

5.2.2 TunoBble TECTOBbIE 3a4aHus

M3rotoBrneH HaAHOKOMMO3WUT C MaTpuLen U3 NonuaTureHa n HanonHuTenem m3s dynnepeHos C60 B konnyecTee
10 maccoBbIx npoueHToB. byayT nu HabnoaaTbCa U B KakOM KONMYECTBE NOKamnbHble 3KCTPEMyMbl Ha KpuBbix OTI Ha
BO34yxe HaHOKOoMMNo3uTa B AnanasoHe Temnepatyp 20-800 rpagycos Lienbcus?

a) bypet HabnogaTbes 1 nokanbHbIA 3KCTpeMyMm; 6) ABa; B) Tpu

npaBuUNbHbIN OTBET - 6)
5.2.3 TunoBble NPaKTUKO-OPUEHTUPOBaHHbIE 3aAaHusA (3agayu, KeUchbl)

1. MonMMepHy MUKPOHUTL guameTpom 150 HM pacTarneatoT nNo anuHe. MNMpu 3ToM 06beMHasn NIIOTHOCTb HUTK
He nameHunacb. OnpegennTb BO CKOJTbKO pa3 NPOBENM pacTsirMBaHue, ecnv anameTp o6pa3oBaBLUENCS HAHOHUTY paBeH
50 HMm.

2. C nomMoLLbio MeToAa CKaHMPYIOLLEN SMEKTPOHHOM MWKPOCKOMNWUM MOSMyYEH CHUMOK, HA KOTOPOM M300pakeHo
HaHOBOJIOKHO. PacckaxuTe, Kak C MOMOLLbIO 3TOF0 CHUMKa Y3HaTb UCTUHHBIA ANaMeTP BOSIOKHA.

3. Ha npaktMyeckoMm 3aHATUM HeobXoaMMO co3daTb aTOMHOpPa3MepHbI O0O0BLEKT, uccrnegoBaTb penbed
aneKkTponpoBogsLLen NnoBepxHoCcT. C MOMOLLbIO Kakoro npnéopa MOXHO NPOM3BECTU AaHHbIE MAHUMYMSLMN,

5.3 MeToanyeckue MmaTepuansl, onpeaensiowme npoueaypbl oOLeHUBaHUSA 3HaHUN, YMEeHUW, BnageHumn
(HaBbIKOB M (MNTN) NPaKTUYECKOro onbiTa AeATEeNIbHOCTU)

5.3.1 YcnoBusa gonycka oby4aroLerocs K NpoMexXyTo4HoM aTrecTauum U NnopsaoK NMKBMAALMM akaaeMm4eckomn
3af0MmKEeHHOCTH

lMpoBeaeHe NPOMEXYTOYHOW aTTecTauum perfnameHTMpOoBaHO foKanbHbIM HOpMaTuMBHbIM aktom CI6MYMTO
«lMonoxeHue 0 NpoBeAeHUN TEKYLLEro KOHTPOMS YyCreBaeMOoCTU 1 NPOMEXYTOYHOW aTTecTauumn obydatoLmxcsa»

5.3.2 ®opma npoBeaeHUsi NPOMEXYTOYHOM aTTecTauMm No AUCUmnIIMHe

YcTHas X MucbmeHHas KomnbloTepHOE TECTMPOBaHME NHas

5.3.3 OcobeHHOCTU NpOBeAEeHUs NPOMEXYTOYHOW aTTecTauum No ANCUUNIINHE

CobecenoBaHue no Teme pedepata ANsl BbIACHEHWS CTEMEHU COOTBETCTBUS KPUTEPUSIM COOTBETCTBUS
cornacHo n. 5.1.2.

6. YYHEBHO-METOOAMYECKOE N UH®OPMALMUOHHOE OBECNEYEHWE OUCLUUNITUHDbI
6.1 YuyebHasa nutepaTtypa

ABTOp 3arnasue | MN3paTenbcTBO | oa usgaHusa | Ccbinka

6.1.1 OcHoBHas yyebOHas nutepartypa

Bacunbesa E. K. MaTepuanoseneHue http://publish.sutd.ru/
NPOu3BOACTB TEKCTUNBHON U crne.: crierynrtg 2018 tp_ext_inf_publish.ph
NEerkon NPOMbILUIEHHOCTH p?id=201842

Jlebegea H. T1.,|MaTtepunanoBeneHue n http://publish.sutd.ru/

KontoBa XK. KO.,|MexaHnyeckass  TexHonorus cne.: cnieryntg 2018 tp_ext_inf_publish.ph

AHgpeesa W. B. BOJIOKHUCTbIX Marepuanos p?id=2018263




6.1.2 JononHuTenbHasa y4yebHasa nutepartypa

JIbiCceHKo A. A.,|HaHOCTpyKTYpHbIE http://publish.sutd.ru/
ActawknHa O. B.,|nonumepHble  maTepuansi. tp_ext_inf_publish.ph
JlbiceHko B. A. PekomeHooBaHHas crne.: crierynrtn 2015 p?id=2920
TEPMUHONOMNS  YrNepoaHbIX
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1) SnekTpoHHO-6ubnmnoTeyHas cuctema IPRbooks [OnektpoHHbI pecypc]. URL: http://www.iprbookshop.ru/
2) OnekTpoHHast bubnuoteka CMOIrYMNTL [OnekTpoHHbIn pecypc]. URL: hitp://publish.sutd.ru
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Ayautopus

OcHalleHne

JlekunoHHas
ayautopus

MynbTumeauiiHoe obopyaoBaHue, cneunanuapoBaHHas mebenb, Aocka
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