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AHHOTANMA

Kypc "CrpykrypHbie ¢popMbl yriiepona" mpeaycMarpiBaeT 03HAKOMIICHHE CTYJICHTOB C METOIaMH TOJTyYeHUS
YIJIEPOAHBIX CTPYKTYpP M PAcCMOTPEHHE MPUYMH (OPMHUPOBAHUS pa3IMyYHBIX (HOPM yIimepoaa, B YACTHOCTH
HAHOTPYOOK.

3amaun Kypca:

. ¢dopmupoBanue 0a30BBIX 3HAHWK B 00NAaCTH (PU3NYECKOTO MAaTepUAOBEACHUS KaK JUCIMIUINHBI,
WHTErpHUpyIone 0o0Imedru3nIecKyr0 M OOIIeTEOPETHYECKYI0 TOATOTOBKY (DM3UKOB M 0oOecTieurBaroIei
TEXHOJIOTUYECKHE OCHOBBI COBPEMEHHBIX HHHOBAIIMOHHBIX c(hep AeSTeILHOCTH;

¢ U3YUYCHHUC crmoco0oB MOJIYy4YCHUA OAHOCTCHHBIX YITICPOAHBIX HaHOTp}IGOK;

* mpuoOpeTeHne NPaKTHYeCKUX YMEHUH U HABBIKOB B OPraHU3ALMH SKCIIEPUMEHTAIBHOTO U TEOPETUIECKOTO
HCCIICAOBAHMS B OOJIACTH IOJIyYEHUS YIIEPOJHBIX HaHOTPYOOK B 3aBUCHMOCTH OT NPHUMEHEHMS Pa3IMYHBIX
KaTaJIn3aToOpOB.

OcHOBHOE cofiepyKaHHe Kypca U3JI0KEHO B CIIEIYIOLINX pa3/ienax:

1. MHOX€eCTBO CTPYKTYpHBIX (hopM yriepozaa

2. OnHocnoiHble HAHOTPYOKH - SWNT

3. lony4enue yriaepoJHbIX HAHOTPYOOK B mporiecce paznoxenus CO
4. YrnepoaHsle crieu(pUIecKre YaCTHUIIbI

5. HoBble nepcneKTUBHBIE METO/IBI POCTA YIICPOAHBIX MAaTepPHUAIOB
6. [TomyyeHne HaHOTPYOOK Pa3TMYHBIMHU METOIAMU

1. lean u 3apa4n

]_le.]'ll) AUCHUIIINHBI

* O3HAaKOMJIEHHUE CTYJIEHTOB C METOAaMU IOJYYEHMs YIIEPOAHBIX CTPYKTYp M pacCMOTPEHUE NPUUYUH
(hopMHUpOBaHUS PA3NTUYHBIX (OPM yIIIEpOsa, B YACTHOCTH HAHOTPYOOK.

33]13‘[1/[ JAUCHUIIINHBI

* (opmupoBaHue 0a30BBIX 3HAHWUH B 00NACTH (DUBUYECKOTO MATEPHATIOBEICHHUS KaK JUCIUILTUHBI,
HHTETrpUpYyIoLIe 001e(U3nIEeCcKyIO U 00IIETEOPETUYECKYIO MOATOTOBKY (PU3HKOB U 00ECIIEUNBaIOLIEH
TEXHOJIOTUYECKNE OCHOBBI COBPEMEHHBIX MHHOBAIIMOHHBIX c(hep AeATeIbHOCTH;

* M3y4YCHME CIIOCOOOB MOIYUYEHHUS OTHOCTCHHBIX YIIICPOIHBIX HAHOTPYOOK;

. NpUOOpETeHNE NPAKTUYECKHMX YMEHHH M HaBBIKOB B OPraHM3aLMU 3KCIIEPHUMEHTAIBHOTO W
TEOPETUYECKOTO HCCIICOBAHUS B OOJACTH TOMYYEHHUS YIVIEPOIHBIX HAHOTPYOOK B 3aBUCHMOCTH OT
MPUMEHEHHsI Pa3IMYHbIX KaTaJlIn3aTOPOB.

2. Ilepeyens opMupyeMBbIX KOMIIETeH M

OcBocHue AUCHUIIJIMHBI HAITPAaBJICHO Ha (bOpMI/IpOBaHI/Ie [$1($91474:0)11170,€ KOMHGTGHL[I/Iﬁi

KOI[ 1 HAMMCHOBAHUEC KOMIICTCHIIMHN I/IHILI/IKaTOpBI JOCTHIXKCHHUA KOMIICTCHIIMH

[IK-1.1 CriocobeH HaxomuTh, aHAIM3UPOBaThH U 0000IIATH
uHpOpMaNNIo 00 aKTyalbHBIX Pe3ylbTaTaX MCCIIEIOBAHUHN B
paMKax TemaTHueckoi o0macTh cBoed mnpodeccruoHaTbHON
[IK-1 CnocoGeH craBuTh, (hopMann3oBeIBaTh 1 |ACATCIBHOCTH

pemiarh 3a/1a4u, B ToM uncie pa3padareiBath 1 [[IK-1.2  CriocoOeH  BBIIBUTATh  TUIOTE3bI, CTPOHTH
HCCJIE0BATh MaTeMaTHYECKUE MOJICIH MaTeMaTH4ecKue MOAEIH ISl ONUCAHUA H3y4aeMBIX
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO  |BJIEHHUH M MPOIECCOB, OLIEHNBATH KAY€CTBO pa3paboTaHHOMN
aHaJIM3UPOBATh HAy4YHbIE TPOOIEMBI, [TOJy4YaTh |MOJEIN

HOBBIC HAYTHBIC PE3YJIbTAThI [IK-1.3 CrnocobeH mnpuUMEHATh TeopeTHyeckue u (Win)
SKCIIEPUMEHTAIbHbBIE METOJIbl UCCIEAOBAHUN K KOHKPETHOMN
HAay4YHOM 3ajade W HHTEPIPETUPOBATH  IOJyuYCHHBIE
pe3yabTaThl

3. IlepeyeHb NIAHMPYEMBIX Pe3yIbTATOB 00yUeHHUsI N0 JUCHMILINHE (MOLYJII0)
B pesynbTrare 0cBOHUS AUCLUIIMHBI 00y4alOIINeCs JOIKHbI



3HATb:

MECTO U pOJib OOIINX BONIPOCOB HAyKH B HAYYHBIX MCCIICTOBAHUAX;

COBpPEMEHHBIE MPOOIeMbl PU3UKH, XUMHUH, MATEMaTHUKU;

TeopeTUYecKue MoJenH (PyHAaMEHTaIbHBIX NIPOIIECCOB U SIBICHUN B (PU3MKE U €€ MPUIIOKEHUSX;
MPUHLUIIBI CAMMETPHH U 3aKOHBI COXPAaHEHHUS;

HOBEHIIINE OTKPBITUS €CTECTBO3HAHUS;

MOCTAHOBKY IPO0JeM (PU3UKO-XMMHUYECKOTO MOJICITMPOBAHUS;

0 B3aUMOCBS35X U (PyHJaMEHTAJILHOM €IMHCTBE €CTECTBEHHBIX HayK;

HOBBIE NTEPCIIEKTUBHBIE METO/IBI POCTA YITIEPOIHBIX MaTepHaJIOB.

Ooooooooo

YMETh:
[l a¢pdexTHBHO HCIONB30BATh HA MPAKTHKE TEOPETHUECKHE KOMIIOHEHTHI HAyKH: IOHATHS, CY)KICHUS,
YMO3AKITIOUCHHUS, 3aKOHBI;
[l mpeacTaBUTh HAHOPaMy YHHBEPCAJIbHBIX METOIOB U 3aKOHOB COBPEMEHHOI'O €CTECTBO3HAHUS;
[l paboraTh Ha COBPEMEHHOM IKCIIEPUMEHTAIILHOM 000pYI0BaHHH;
{1 abcTparnpoBarhCsi OT HECYIIECTBEHHBIX BIMSHUM NPU MOJEIMPOBAHHM PEAbHBIX (PU3NUECKUX
CUTYALIUii;
[l IIaHUPOBATh ONTHUMAJIBHOE MIPOBEICHUE SKCIIEPUMEHTA.
BIIAJICTh!
[J TIaHUPOBAHUEM, TIOCTAHOBKOW U 00pabOTKOM pe3ynbTaToB PU3MUECKOTO IKCIIEPUMEHTA;
[l Hay4YHON KapTHMHON MUDA;
[l HaBBIKAMHM CaMOCTOSTENIBHOWH paboThl B J1a0OpaTopuy HAa COBPEMEHHOM 3KCIEPHUMEHTAIbHOM
000pyI0BaHNH;
[l MareMaTHYeCcKUM MOJIEIMPOBAHHEM (PU3MUECKHX 3a1ad.

4. Conep:xanue TMCUMIIMHBI (MOAYJIs1), CTPYKTYPHMPOBAaHHOE 1O TeMaM (pa3jesiaM) ¢ yKazaHueM
OTBEJEeHHOI'0 HA HUX KOJIMYeCTBA aKaJeMHYeCKUX YacoB 1 BH/I0B YUeOHbIX 3aHATHH

4.1. Paznenbl nuctMIiInHbl (MOYIIS) U TPYAOEMKOCTH IO BUAAM yUEOHBIX 3aHATHH

TpymoeMKOCTb 10 BHJAM Y4eOHBIX 3aHATUH, BKITIOUAs
CaMOCTOATENIbHYIO padoTy, Jac.
Ne Tema (pa3znein) AMCUUTUIMHBL
Camocr.
Jlextiun | Cemunaper | JlaGopat. paGoOTHI
pabora
1 MHOXecTBO CTPYKTYPHBIX dbopm 6 5
yriepoaa
2 Onnocnoitabie HaHOTPYOKH — SWNT 10 4
3 [lonyuyenue yraepogHbIX HAHOTPYOOK B 10 3
npouiecce paznoxenus: CO
4 VYreponsble cheprueckre 4acTHITbI 4 3
5 HoBble mnepcneKTHBHBIE METOABI POCTa 15 15
YIJIEPOAHBIX MaTeprajoB
6 [lonyyenne HaHOTPYOOK pazIUYHBIMU 15 15
MeTOoJaMU
Hroro wacos 60 45
[TonroToBka k 3K3aMeHy 30 gac.
OO01mas TpynoEMKOCTh 135 yac., 3 3au.en.

4.2. CopaepxaHue AUCHUILTAHBI (MOIYIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (pasjieiiam)
Cemecrtp: 1 (Ocennwii)

1. MHOXeCTBO CTPYKTYpHBIX (hopM yriepozaa




T'omosiiepHble cBsi3u. sp-rubpuanzanus. CTpykTypHble (GOpMBI yniepoga 3a CYeT BKIIHOUCHHS
TeNTaroHOB, TEHTAaroHOB M T.J. AJUIOTpomnHble (OpMBI yriaepona: anmas, rpaduT, KapOuH.
Knaccuduranus mo XeliMaHy c coaBTOopamu: TiepBasi W BTopas Tpymnmbl. «®DazoBas» auarpamMmma
yoiepoasbix gopm. IIpomexxyTounsie ¢GopMbl yriiepona W3 MOATWIPYNIbl A W U3 nmoAarpynmsl B.
Pasnuunbie yrepognbie (opMbl B Ta30BOi U TBepaon ¢aze. CTPYKTYpBI CIOXKHOW (HOPMBI: IIETTOYKH
W3 HAHOYACTHIL, CIHpaJibHbIE HAHOTPYOKM W HHTH, 3aKpydeHHbIE HaHOTPYOKH, bamboo-shaped
HaHOTPYOKH, KOHYChl M KOHMYECKHE HAHOTPYOKHM, TeJIMKOMJAIbHBIE M TOPOUAAIBbHBIE CTPYKTYPBHI.
HUcnonb3oBanue karanuzaropos. Bead-like cTpykTypsbl.

2. OpHocnoitable HaHOTPYOKH — SWNT

Cpoiictea  SWNT.Crioco6 mnomyuenuss SWNT. Arc-meton mnomyyenus. OO6jgacTh NpUMEHEHHS
SWNT. Mexanuszm 3apojpliieoOpa3oBaHusi ¥ pocTa. MeTolnbl IMOMydYeHHs] OJHOCTONHBIX
HAHOTPYOOK:  3JIEKTPOAYTOBOM, JIa3epHBIA, pasjokeHue ymieBogopoxoB u CO, wmeton
IIyIbCUPYIOLIETO IeKTpopaspsana. Hamuune meTananueckoro Karajiu3aropa. XapaKTepUCTUKU arc
Metona. IlpuHOMNUANbHAsS cXeMa YCTaHOBKHM METOJa Ja3epHOro oOimydeHHs. XapaKTepUCTHKa
MeTofa JasepHoro oOmydyenus. Cxema YCTpOWCTBa MeToAa pas3ilokKeHHs yrieBoxoposaa.Cxema
ycTpoiictBa mupponuza c¢ karaimmzaropom Fe(CO)S [lpurorosienue karanmuzaropa. [lapamerpst
meronoB CVD. beskaranuzaropusie metons!l cuaTe3a SWNT. Karanuzatops! n aktuBatopsl. Buabl
KaTaJIn3aTOPOB, IPOLIEHTHOE COOTHOIIEHHUE, UCXOIHOE COCTOSIHUE MeTallla-KaTaln3aTopa.

Mertoabl MCCIEOBAaHHS: PAaMaHOBCKAasl CIIEKTPOCKOIMS, PEHTICHOBCKas AU(PAKLUS, dICKTPOHHAS
mudpaknus, MK criekrpockomnusi.

Mopdonorus yriiepoaHsix ocaakoB U MUKpocTpykrypa SWNT. Ponb naBnenus raza B arc- MeTojie, B
laser metozne, npu CVD metone. OntumainbHbie TeMIIEpaTypsl pocTa HAHOTPYOOK. CXeMbl METOZOB
cuateza SWNT. 3aBHCHMOCTH MHTEHCHBHOCTH W3IyUEHHUs Jlazepa M TeMIepaTyphbl OKpYKaromiei
cpeasl n gasneHus Ha nomydeHue SWNT. Mexanusmbl pocta SWNT: poct no mexanusmy [DKK,
pPOCT C Karajau3aropaMH U3 PEeIKO3EMEbHBIX 3JIEMEHTOB, POCT IIPU OJHOBPEMEHHOM HCIIAPEHHUU U
COKOHJICHCAIlMM aTOMOB yIIepoJa M MeTajula-KaTaniu3aropa. MexXaHW3Mbl pocTa IpH JIa3€pPHOM
obmydenun. [lomydyenue UIMHHBIX TpyOOK M (OPMHUpPOBAHHE OKOHYATENbHBIX CTPYKTYp B BHIE
CBSI30K M HUTOK.

3. llony4enue yriepoaHbIX HAHOTPYOOK B mpouecce paznoxenus CO

[lonyuyenue yrnepoaHbix HaHOTPYOOK B mpouecce paznoxkeHus CO. IlpeumymiecTBa 3T0r0 MeToaa.
Uccnenosan s peakuuu bynyapa. Karanuzaropsl.

MexaHu3M KaTaJMTHYECKOro pocta HaHOoTpyOok. Karamuzatopsr — wMertamnsl. HMccnenoBaHus
peakuuu Bymyapa merogamu atMoc(epHOTO JaBIEHHs, METOJOM BBICOKOTO MaBJICHHSA. MexaHHU3M
KaTaJIMTHIeckoro pocta HaHoTpyOok. IIpeBpamenne CO. CocraB M pacxoa Ta30BOH CMecH.
Karanuszaropsl: pasmMep u (opma 4YacTHll, XMMHUYECKHH cocTaB. [IpuMeHsieMble KaTalan3aTophl.
[loBbimenne akTuBHOCTH Karaiuzaropa. CooTHomeHue ymiepox/merami. IlpeaBapurenbHbie
IKCIIEPUMEHTANIbHBIE PE3YyJbTaThl: IKCIIEPUMEHTHI IIPU BBICOKOM IABJICHUH, OSKCIIEPUMEHTHI B
KBapLEeBOM peakTope. AHaiu3 pe3ynsratoB. CTpaTerusi pocTa HAHOTPYOOK O/ BEICOKHM JIaBJICHHUEM.

4. YrneponHble chepudecKue YaCTHUIIbI

VYreponnbie  cdepudeckue vactuipl  (Carbon  onions, Tanocapsules, carbon = spheres).
Bo3HHKHOBEHHE «OHHOHOB». METOIBI MOMYYCHUSI OHHOHOB. DJIEKTPOHHOE OONydYeHHE aMOpQHBIX
HUTEH, JCHTOYHBIX CTPYKTYp, HAHOTPYOOK M HaHOUYacTHI, anMa3Hbix yactuil. BN u BCN
marepuanoB. Cdepuueckue onuoHbl. HecrabunbHocTh OHMOHOB. OOmydeHHE MeTacTaOMIbHOM

dopMel  yrmiepoq — anMa3. 3aKOHOMEpPHOCTH IpeBpamieHus anmasal rpadur. Ilomyuenue
nanocapsules. KapOoHmzamust B TNpHUCYTCTBHM KaTaau3aropa M3 OKCHAOB C IEPEMEHHOU
BaJICHTHOCTBIO.

Cemecrtp: 2 (Becennuit)

5. HoBble nepcreKTUBHBIE METO/Ibl POCTA YIVIEPOJHBIX MaT€pPHAJIOB



Mertozbl pocTa ¢ HCHOJIB30BAHUEM JKUAKHX YIIEPOACOACPIKAIIMX MPEKypCOpOB: METOJ Ha Iojave
MapoB JKUJIKOTO YIIEBOAOPONA M KaTajJM3aTopaB IOTOKE HECYIIEr0 Ta3a B PEaKIMOHHYIO 30HY
TpyOuaroif medm, MeTOA CTAlMOHApHOTO pa3MENICHMs KaTaau3aropa, METOI  CHHTe3a
HENOCPEICTBEHHO B JKUAKOM IpeKypcope. MeTon IUIaBalolero Karajau3aropa: CXembl MeTona
spraying, cxemMa MeToa pumping, pa3zienbHas 1ojada MapoB yIIIEBOIOPOAOB U ApOB KaTalnu3aropa.
Merton co cTagMOHapHBIM pa3MelleHHeM Karaiau3aropa M ero cxema. CHHTE3 B JXKUAKOH (asze.
Mertonbl pocTa € HCIOIB30BAaHMEM TBEPABIX YIVIEPOACOAEpKAIMX  MpekypcopoB. CuHTE3 ¢
WCIOJBb30BaHUEM  yIlieponHoro  mopoimika.TepmooOpaboTka caxapo3sl 0e3  Karanamsaropa.
Tepmuueckoe paznoxkenue kambopsl — C10H110/ Kuakue yriaepojcoaepkaiiue MpeKypcophl.
Pesynbrarel 3KCIEpUMEHTOB C pa3iIMYHBIMU NpeKkypcopamu B Mmeronax floating (spray), floating
(nebulized spray), floating, floating (pumping), floating (pa3menpHas Toga4a) cTalMOHAPHOE
pa3MelnieHue Karaau3artopa. BeiBompl.

6. [lony4yenre HaHOTPYOOK pa3IMYHBIMU METOJAMH

Poct mexny nasepueiMu ciegamu. Poct u3 Ha"onop noanoxku. CocraB U CTPYKTypa IOIUIOKKH.
Poct HaHOTpyOOK Ha TMOIUIOKKE M3 MOPUCTOrO KpeMHHA. POCT mNEepneHAuKyIsIpHO IJIaJKOH
MOBEPXHOCTH MOIOKKH. PocT HaHOTpyOOK MeTogoM PE-HF-CVD.Poct ¢ ucnons3oBanreM TeHeBON
MacKy Ha MOPUCTON MOBEPXHOCTH MOIOKKH. PocT B moTtoke raza. [lapamerps! mpouecca. Cxema
MeToJia pocTa B MoToke raza. Poct Ha moBepxHocT Kpuctamuia SiC npu ero cyOimmanuy B BaKyyMe
(6e3 xaranmuszaropa). TeMmeTHBII METOI poCTa MPU MUPOJIM3E YIIIEBOJOPOAOB B MPAMBIX KaHajax
MOPUCTHIX OKCHIHBIX MeMOpaH 0e3 Karanu3aropa.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJIl OCYLIeCTBJIECHHS 00pa30BaTEILHOIO
npouecca 1no JUCUUILInHe (MOIYJII0)

yueOHast ayTUTOpHs, OCHAIICHHAS KOMIIBIOTEPOM U MYJIBTUMEIUHHBIM 000pya0BaHHEM (IIPOEKTOD,
3BYKOBasi CHCTEMA).

6.IlepeyeHnb pekoMeHyeMOii TUTEPATYPbI

OcHoBHas 1uTeparypa
1. JlozoBuk IO.H., ITomoB A.M. Ycnexu ¢pusudeckux Hayk. T 167, Ne 7, 751-774, 1997.
2. Uganora B.C. u gp. IlepcniektuBnbie marepuainbl, Ne 1, 5-14, 1998.
3. Pakos 3.I". Ycnexu xumun, 70 (10), 934-973, 2001.

JlononHuTeNbHAS TUTEPATypa
1. Eneuxwuit A.B. Yenexu ¢pusudeckux Hayk. T. 167, Ne 7, 945-981, 1997.
2. UBanosckuit A.JI. Yenexu xumum. T.68, 119-135, 1999.
3. Eneuxwuii A.B., CmuponoB B.M. Ycniexu pusudeckanx Hayk. T. 165 977-998, 1995.
4. Kacanosckwii 3.51. u np. [lucema B dKOT®. T.56, 26-30, 1992.
5. Xypnauns! o ¢usmke TBepaoro Tena (Pusuka rBepaoro tena, Kpucramnorpadus, KT, [Tucema B
JKT®, Physica Status Solidi b, Physical Review B u ap.)

7. llepedyeHs pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHUKAIMOHHOI ceTH ""UHTepHET", HEOOXOTUMBIX
JJI51 OCBOEHHSI TUCIMIIJIMHBI (MOTYJIs)

Obecrieuenue caMOCTOSTETLHON paOoTHI - 0a3bl JaHHBIX 10 KypHanaM Physica Status Solidi b,
Physical Review, J.Appl.Phys., Science, Chem.Phys.Lett. u T.x1.

8. IlepeyeHb MH(OPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NIPH OCYLIECTBJICHNH 00Pa30BaTeILHOIO
npouecca 1o AMCUMILINHe (MOIYJII0), BKJII0OYasi epeYeHb He00X0AUMOr0 NPOrpaMMHOI0 olecredeHust
H HHPOPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)

HE NPEeNyCMOTPEHBI.

9. MeToauveckue YKazaHnus NJist oﬁyqaloumxm 0o 0OCBOCHMIO JTUCHUIIJINHBI (MO)_Iy.Tlﬂ)



CTyneHT, W3ydYaroNmMi JUCIUILUIMHY, JIOJDKEH C OJHOH CTOPOHBI, OBIQJIETh OOIIUM IMOHITHUHHBIM
anmnaparom, a ¢ Apyroil CTOpOHbI, JOJKEH HAYUYUTHCSA IPUMEHSITh TEOPETUUECKUE 3HAHUS HA TIPAKTHUKE.

B pesynbrare u3yuyeHHs IUCHUIUIMHBI CTYAEHT JOJDKEH 3HATh OCHOBHBIE ONIPENEIICHHA W TOHATHUS
JUCLUIUIMHBL, yMETh IPUMEHSTH NOJIYUYEHHbIE 3HaHUSA IS PEIIEHUS pa3IMyYHbIX 3ajad.

VYenenrHoe ocBoeHUe Kypca Tpedyer:

— IIOCEIICHUS BCEX 3aHATHUH, TPEAYCMOTPEHHBIX YUE€OHBIM IJIAHOM IO AUCIMIUINHE,

— BEJICHUS KOHCIICKTa 3aHATHH;

— HanpspKEHHOW CaMOCTOSTEIEHOM PaboThI CTYy/IEHTA.

CamocrosiTenbHas paboTa BKIIOUAET B Ce0s:

— YTEHHE PEKOMEH0BaHHOH JINTEPaTyphl;

— TpopaboTKy y4ueOHOro Marepuaja, MOATOTOBKY OTBETOB Ha BONPOCHI, MpPEAHA3HAYECHHBIX [UIs
CaMOCTOSTENBHOTO U3yUEHUS;

— peleHue 3aaad, MpeAaaraéMbeIX CTyAeHTaM Ha 3aHATHAX;

— IOATOTOBKY K BBINOIHEHHIO 3aJaHUH TEKyIeW U MPOMEXYTOUYHON aTTECTAIUH.

[lokazarenem BiajgeHHs MaTepHUajoM CIYXHT yMEHHE 0e3 KOHCIIEKTa OTBeYaTh Ha BOMPOCHI IO TEMaM
JUCLIAIUIMHBIL.

BaxxHo 10oOWTHCS MOHMMAaHUSI M3y4aeMOro MaTepuala, a He MEXaHMYECKOro ero 3amomuHaHus. llpu
3aTPYIHEHUU H3y4YCHHS OTICIBHBIX TEM, BOINPOCOB, ClEIyeT oOpamarbcs 3a KOHCYIBTALMSAMU K
MIpenoAaBaTesto.

Bo3MOXeH npoMeXyTOUHBINH KOHTPOJIb 3HAHUM CTYAEHTOB B BHJE PEIICHHA 337ad B COOTBETCTBUU C
TEMAaTUKON 3aHATUH.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

0 HANIPaBJICHUIO: HpI/IKJ'IaI[HBIG Mar€MaTuKa nu (1)I/I3I/IKa

Nnpo¢uJIb NOATOTOBKH: ®Du3uKa MepCIeKTUBHBIX TEXHOJIOTUH: aJIbTepHATUBHAS SHEPreTHKa, HayYHOE
IpOrpaMMHpPOBaHKE U (PYHKIIMOHAIBHBIE MaTePUAIIbI

®usrex-mrkoia nekTpoHuku, otonnku u Monexymnspraoit Ouzuku
kadenpa QU3NKU U XUMHHA HAHOCTPYKTYP

Kypc: 1

KBau(pukanus: MarucTp

Cemectpbl, (pOpMBI TPOMEKYTOUHON aTTECTALMH:
1 (ocennuit) - AuddepeHunpoBaHHbIi 3a4eT

2 (BeceHHUil) - DK3aMeH

Pa3zpadorunk: B.Jl. bnank, a-p ¢pu3.-mar. Hayk, mpoeccop



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

[MK-1.1 CrnocobeH HaxoauTh, aHAIM3WPOBATH U 0000IIATH
nH(pOpMaNKIO 00 aKTyalbHBIX Pe3yJIbTaTax HCCIICIOBaHUN B
pamMKax TemaTH4eckoi o0macTu cBoed mpodeccHoHaTbLHON
[MK-1 CriocobeH cTtaBuTh, GopMann30BbIBaTh 1 |ACATCILHOCTH

pemars 3a1a4u, B ToM uncie pazpadareBath 1 |[IK-1.2  CnocoGeH  BBLABHTAaTH  THUIOTE3BI, CTPOHTH
UCCIIe10BaTh MaTeMaTHYECKHE MOJIENN MaTreMaTHYeCKHe MOAEIM M ONHMCAaHUs H3y4aeMbIX
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO  |sBJICHUI M MPOIIECCOB, OIICHNUBATH KAY€CTBO pa3pabOTaHHON
aHAJIM3MPOBATh HAy4YHbIEC MPOOIEMBI, TIOJIyYaTh |MOIENIN

HOBBIC HAaYIHBIC PC3YJIbTATBI I1K-1.3 CrnocobeH mnpuMeHSTh TEOpeTHUeCKue H (WIIH)
OKCIIEPUMEHTAIbHBIE METOJbI MCCICAOBAHNN K KOHKPETHOM
HAayyHOM 3ajaye M  HHTEPIPETUPOBATH  IOJYUCHHBIC
pe3yabTaThl

2. Iloka3arein OLleHUBAHUS KOMIIeTeHITHH
B pesynbrare uzydeHus quciuiuinHbl « CTPYKTYpHBIE (JOPMBI YIIIEPO/1ay 00yJarOIIUNACS JOKEH:

3HAThb:

MECTO U POJIb OOIIMX BOIIPOCOB HAyKH B HAYYHBIX HCCIICIOBAHUSIX;

COBpPEMEHHBIE MTPOOTIeMbl PU3UKH, XUMHUH, MATEMATHKH;

TEOpeTUIeCKue MoJenH (PyHIaMEHTaIbHBIX MPOIECCOB U SBICHUN B (PU3MKE U €€ IPUIIOKCHUSX;
NPUHLUITEI CAMMETPUH U 3aKOHBI COXPAHECHUS,

HOBEHIIINE OTKPBITHS €CTECTBO3HAHMUS,;

MOCTaHOBKY MPOOJeM (PU3HKO-XMMHUYECKOTO MOJICITHPOBAHUSI;

0 B3aUMOCBS35X U (PyHJaMEHTAJILHOM EIMHCTBE €CTECTBEHHBIX HAyK;

HOBBIE NIEPCIIEKTUBHBIC METO/IBI POCTA YIIICPOIHBIX MAaTEPUAJIOB.

I A B

yMeThb:
[l a¢ddexTHBHO HCIONB30BaTh HA MPAKTHKE TEOPETHYSCKIE KOMIIOHEHTHI HAYKH: TIOHSATHS, CY>KICHUS,
YMO3aKIIIOUEHHsI, 3aKOHBI;
[l mpeacTaBUTh NaHOpaMy YHHBEPCAJIbHBIX METOIOB U 3aKOHOB COBPEMEHHOTO €CTECTBO3HAHUS;
[J paboTarh HAa COBPEMEHHOM KCIIEPHUMEHTAIEHOM 000PY/IOBaHHY;
[]  aOcTparupoBarbCsi OT HECYLIECTBEHHBIX BIHMSHUI NMPU MOICITUPOBAHUH PEATBHBIX (DU3UUECKUX
CUTYaLUiI;
[l IUTaHUPOBATh ONTUMAJIBHOE MPOBEICHUE IKCIICPHUMEHTA.

BJIA/IETh:
[l IIaHUPOBAaHUEM, IIOCTAHOBKOW M 00Pa0OTKOM pe3yabTaToB (PU3NIECKOTO IKCIIEPUMEHTA;
[J Hay4YHOU KapTUHOH MUpa;
[]  HaBBIKAMH CaMOCTOSTEILHOW paboThl B J1TaOOpaTopuM Ha COBPEMEHHOM JKCIEPUMEHTAIILHOM
000pyIOBaHUY;
[l MareMaTHYeCKUM MOJICITHPOBAHHEM (PH3MUYCCKHX 3a/ad.

3. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIPOCOB, 3aJaHHI1, TeM JJIsl IOATOTOBKHU K TeKylIeMy KOHTPOJII0

C HCJIBbIO KOHTPOJISI OCBOCHUSA O6y‘laIOH_II/IMI/IC$I yqe6H0r0 Marceprajia InpoOBOAUTCH YCTHBIfI OorpocC B
Ha4aJIC 3aHATHA.

4. [lepeyens THNOBBIX (MPUMEPHBIX) BONMPOCOB U TeM JIJIsl IPOBeAeHUs IPOMEKYTOUHOI aTTecTalluu
o0yuaruuxcst

[lepeueHb KOHTPOJIBHBIX BOIIPOCOB IS cAa4H AU PepeHIIMPOBAHHOTO 3a4eTa:
1) T'omosinepHbIe CBA3U. SP-THOPUIN3ALIHSL.

2) CrpykrypHble (opMBI yIiieposa 3a cHeT BKIIOUECHHUS TeNTaroHOB, IEHTarOHOB U T.1I.
3) AnnotpomnHsie GOpMBI yriepoaa: aamas, rpadur, KapOuH.



4) Knaccudpukanus no XeiimaHy ¢ coaBTOpaMu: mepBas U Bropas rpynmbsl. «@DazoBas» auarpamMma
YIJIEPOAHBIX HOPM.

5) IIpomexxyTtounbie OpMBI yriepoaa U3 MOATIIPYNIIbl A U U3 MOArpymIsl B.

6) Paznuunble yrepoaHbie GopMBI B Ta30BOH U TBepAoOH dasze.

7) CTpyKTypbl CIOXKHOM (DOpMBI: LEMOYKH M3 HAHOYACTHI, CIUpAIbHBIE HAHOTPYOKHM W HUTH,
3aKpyuYeHHbIE HAaHOTPYOKH, bamboo-shaped HaHOTPYOKHM, KOHYChI M KOHMYECKHE HAHOTPYOKH,
TeJIMKOUAATIbHBIE U TOPOUAATBHBIE CTPYKTYPBI.

8) Hcnonn3oBanue karanmzaropos. Bead-like cTpykTypsbl.

9) Yrnepoansie cepudeckre dactuisl (Carbon onions, Tanocapsules, carbon spheres).
10) Bo3HuKHOBEHHE «OHHOHOBY. MeToibI monyueHusi oHHoHOB. Ceprueckre OHUOHEI.
11) HecraOuibHOCTH OHHOHOB.

12) DnexTpoHHOEe 0OMydYeHHE aMOP(HBIX HUTEH, JICHTOUYHBIX CTPYKTYp, HAHOTPYOOK M HAHOYACTHIIL,
anmasHbix yactull. BN 1 BCN marepuaiios.

13) O6nyuenue MmeTacTabMIIbHON (HOPMBI YITIEPO — aJIMa3s.

14) 3akoHomepHoCTH npeBpaiueHus anmaszallrpadut. [lomyuenue nanocapsules.

15) KapboHnusanust B mpuCyTCTBUM KaTajlu3aropa U3 OKCHAOB C IIEPEMEHHON BaJIEHTHOCTHIO.
16) CeoiictBa SWNT.Crioco6 momyuennss SWNT. Arc-meTon moirydeHusl.

17) O6nactu npumeneans SWNT.

18) Meroasl monyuyeHUs] OJHOCTOWHBIX HAHOTPYOOK: 3JIEKTPOAYTOBOW, JIA3€PHBIA, pa3iIoKeHHE
yreBogopozoB u CO, METOJ MyIbCUPYIOIIETO AIIEKTPOpaspsaaa.

19) Hannuue MeTaIsTM4eCcKOro KaTain3aropa. XapakTepUCTHKU arc MeTo/a.

20) [TpuHnMIMaNbHAs cCXeMa yCTaHOBKH METO/Ia Ia3€PHOTO 00IydeHusl.

21) XapakTepucTHKa METO/IA JIA3ePHOTO OOTYUCHHUS.

22) Cxema yCTpOHCTBa METO/IA PA3IOKEHUS YTIIEBOAOPOAA.

23) Cxema ycrpoiicTBa nuppoinu3sa ¢ karanuzaropom Fe(CO)S

24) Ilpurorosnenue katanuzatopa. Ilapamerpsr MmetogoB CVD. beskaranuzaTopHble METOABI CHHTE3a
SWNT. Karanuzatopsl 1 akTUBaTopbl. Buabl Karanu3aropoB, INPOLIEHTHOE COOTHOILEHHUE, UCXOIHOE
COCTOSTHUE MeTalJla-KaTajanu3aropa.

Hepequb KOHTPOJIbHBIX BOIIPOCOB IJId CAAYM 5K3aMCHaA:

1. Mopdomnorus yriepoaabix ocaakoB 1 MUKpocTpykrypa SWNT. Pons gaBieHus raza B arc- MeTozIe,
B laser metoze, npu CVD metoge.

2. Cxemsl MmeTonoB cuaTe3a SWNT.

3. 3aBHCHMMOCTH MHTEHCHBHOCTH U3IIy4YCHUS Jla3epa U TEMIIEPaTypbl OKPYXKAIOIIEH Cpe/ibl U IaBICHUS
Ha noiryueHue SWNT.

4. Mexanusmbl pocta SWNT: poct mo mexanusmy [IXKK, pocT ¢ karanuzatopamu U3 peaKko3eMeNbHbIX
3JIEMEHTOB, POCT IMpPH OJHOBPEMEHHOM HWCHApPEHUM W COKOHJIEHCAIlMM aTOMOB yIiepoaa H
MeTajula-KaTaanu3aropa.

5. MexaHu3Mbl pocTa MpH JIa3ePHOM OOITyUCHUH.
6. Ilomydenue QMTMHHBIX TPYOOK U (POPMUPOBAHUE OKOHYATEIILHBIX CTPYKTYP B BUJIE CBS30K M HUTOK.

7. Metoapl nccineoBaHMs: paMaHOBCKAasi CHEKTPOCKOIHS, PEHTICHOBCKas AU(paKmus, eKTpOHHAs
mudpakuus, MK cniekrpockonusi.

8. IlomyueHue yrieponHbIX HAHOTPYOOK B mporiecce paznoxkenus CO. [IpeumymiecTsa 3TOoro Merona.
9. MexaHU3M KaTaIUTUYECKOTO POCTa HAHOTPyOOK. KaTanu3aropel — MeTalIb.

10. HccnemoBanusi peakiuu bymyapa MeromamMu aTMOC(EpHOTO JaBIEHUS, METOAOM BBICOKOTO
JaBJICHHUS.

11. MexaHH3M KaTaJIMTHYECKOTO pOCTa HAHOTPYOOK.

12. Mpespamenue CO. CocraB u pacxon ra3oBoii cmecH. Karamuzaropsl: pasmMep W QopMa YacTHIL,
XUMHYecKuil coctaB. [IpumensemMbie kaTanu3aTopsl. [IoBbIIIEHNE aKTUBHOCTH KaTaln3aTopa.

13.  CoorHomenue yriepon/meraml. llpenBapurenbHble  SKCIEPUMEHTAJIbHBIE — PE3YJIBTAThL:
9KCIIEPUMEHTHI ITPU BHICOKOM JIaBJIE€HUU, SKCIIEPUMEHTHI B KBapLIEBOM PEAKTOpE. AHAINU3 PE3YIIBTATOB.
14. Crparerust pocta HAaHOTPYOOK I0J] BBICOKHM JIaBIICHUEM

15. Poct Mexny naszepHbiMu ciegamu. Poct u3 HaHonop nomiokku. CocTaB U CTPYKTYpa MOIJIOKKH.
Poct HaHOTpyOOK Ha TMOIUIOKKE W3 MOPUCTOTO KpeMHHSA. POCT MEpHeHIUKYISIpHO IIaJKOH
MOBEPXHOCTH MOJIOXKKH.



16. Poct nanotpybok meronom PE-HF-CVD.Poct ¢ ucnonp3oBaHneM TEHEBOW MAacKH Ha MOPUCTOMN
MOBEPXHOCTH MOUIOKKHU. PocT B moToke rasa.

17. ITapametpsl pouecca. Cxema MeToia pocTa B IIOTOKE rasa.

18. TeMIuIeTHBIH METO POCTa MIPU MHPOJIH3E YIIICBOIOPOIOB B MPSAMBIX KaHaJIaX MOPUCTHIX OKCHUIHBIX
MeMOpaH 0e3 Karanu3aropa.

19. MeTozbl pocTa ¢ MCHOIb30BAHUEM XHUJIKUX YITIEPOICOAEPKAIINX PEKYPCOPOB: METO Ha Mojave
MapoB JKUAKOTO YIIEBOAOPOAA M KaTalnW3aTopa B IIOTOKE HECYIIEro ra3a B PEakUUOHHYIO 30HY
TpyOuaroii ey, METo/l CTALIMOHAPHOTO Pa3MEIIeHUs KaTaIu3aTopa, METO CHHTE3a HEMOCPEACTBCHHO
B ’KHJIKOM TIPEKypcope.

20. MeToa 1IaBaroIIero KaTajin3aTopa: CXeMbl METO/a spraying, cxema MeToa pumping, pasaeiabHas
071a4a MapoB yIJIEBOAOPOIOB U MTAPOB KaTaIu3aTopa.

21. Metox co cTalnoHapHBIM pa3MeleHneM Karanu3aropa u ero cxema. CuHTE3 B KUIKOM (asze.

22. Metonpl pocTa C HCIOJIb30BAaHHEM TBEPIBIX YIIEPOACOAEPKAMUX MpeKypcopoB. CuHTE3 C
HCIOJIb30BaHUEM YTIIEPOIHOTO OPOLIKA.

23. TepmoobpaboTka caxapo3bl Oe3 KaTain3aTopa.

24. Tepmuueckoe paznoxenue kampops — C10H110

25. Pe3ynmbrarhl 3KCIIEPUMEHTOB C pa3IHMYHBIMU TpeKypcopamu B meTonax floating (spray). floating
(nebulized spray), floating, floating (pumping), floating (pa3menbpHas mnoAa4ya) CTaHOHAPHOE
pa3MelieHne KaTaau3aTtopa

[Tpumeps! 3K3aMEHAIIMOHHBIX OMIIETOB.

[Ipumep 1.

1. Mexaumu3mbl pocta SWNT: poct no mexanusmy [DKK, poct ¢ karanuzaropamu U3 peaKo3eMenbHbIX
JJIEMEHTOB, pOCT IIPU OJHOBPEMEHHOM HWCIApPEHUM M COKOHJEHCAllMd aTOMOB yIiepoga M
MeTaJljia-KaTaian3aropa.

2. TepmooOpaboTka caxapo3bl O3 Karaau3aropa.

[Ipumep 2.
1.MexaHu3M KaTaJIMTHYECKOTO POCTa HAHOTPYOOK.

2. Ilpespamenue CO. CoctaB u pacxox ra3zoBoil cmecu. Kartanmzatopsel: pasmep u gopma vacTuil,
XuMuueckuii cocras. [IpuMmensemMble kaTanu3aropsl. I10BbIIEHME aKTUBHOCTH KaTaau3aropa.

Kpurepun onennBanus
Onenka ormuyHo 10 OamoB - BBICTABJISIETCSl  CTYIEHTY, [IOKa3aBIIEMy BCECTOPOHHHE,
CHUCTEMaTU3UpPOBaHHbIC, [IyOOKHE 3HAaHUS Y4YEOHOW NPOrpaMMbl TUCLMIUIMHBI, MPOSBISIOMIEMY
MHTEpeC K JaHHOW MPeAMETHOH 001acTH, MPOJEeMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPYECKU
MPUMEHSATh UX Ha MPAKTHKE NP PELICHUH KOHKPETHBIX 3aa4, CBOOOTHOE U PaBUIbHOE 0OOCHOBaHHE
HPUHATHIX PELICHAMN.
Ouenka omm4yHO 9 0amoB -  BBICTAaBISIETCS  CTYAEHTY, IOKa3aBIIEMY BCECTOPOHHHE,
CHUCTEMaTH3UPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW HpOrpaMMbl JUCLUUIUIMHBI U YMEHUE YBEPEHHO
MPUMEHATh X Ha NPAaKTHKE MPU PeIlIeHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U NMPaBUIbHOE 000CHOBAHUE
MPHUHATHIX PELICHUH.
Onenka ommyHO 8§  GasnoB - BBICTaBJSIETCA CTYIACHTY, IIOKa3aBLUIEMYy BCECTOPOHHUE,
CHCTeMaTH3UPOBaHHbIE, ITyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
MPUMEHATh UX HAa MPAKTUKE NPU PELICHUH KOHKPETHBIX 3ajlad, NPaBUIIbHOE 00OCHOBAHME MPUHATBHIX
peleHui, ¢ HEKOTOPbIMU HEIOUETAMHU.
Onenka xopomo 7 6aJoB - BBICTABISIETCA CTYACHTY, €CJIM OH TBEPJO 3HAET Marepuaj, IPaMOTHO U IO
CYLIECTBY M3JIaraeT €ro, ymMeer IPUMEHTh I0JlyuY€HHbIE 3HaHMS Ha IPAKTUKE, HO HEIOCTaTOYHO
rpaMOTHO 00OCHOBBIBAET MOITYUYECHHBIEC PE3YIIBTATHI.
Ouenka xopomro 6 6ajoB - BHICTABISETCS CTYACHTY, €CJIM OH TBEPJO 3HAET MaTepua, IPaMOTHO U IO
CYLIECTBY M3JIaraeT €ro, yMeeT MPUMEHSITh NOITY4YCHHbIC 3HAaHHUSI Ha NIPAKTUKE, HO JOIMYCKAeT B OTBETE
WM B PELIEHUH 3a7jad HEKOTOPble HETOYHOCTH.
Onenka xopomo 5 6anoB - BBICTABIISIETCS CTYACHTY, €CJIM OH B OCHOBHOM 3HAeT Marepual, rpaMOTHO
U IO CYILECTBY MU3JIaraeT €ro, yMeeT IIPUMEHSATh IOJIYUYEHHbIE 3HaHMS Ha IIPAKTHKE, HO JIOIYCKAaeT B
OTBETE WJIH B PEILICHUH 3a]a4 JOCTATOYHO OOJBIIOE KOJIMYECTBO HETOYHOCTEH.



OueHka ynoBIETBOPUTENbHO 4 Oajla - BBICTABISICTCSl CTYJACHTY, IOKa3aBIeMy (parMeHTapHBIH,
pa3pO3HEHHBIN XapakTep 3HAHWH, HEJIOCTATOYHO IPaBHIbHBIE (OPMYIMPOBKH 0a30BBIX MOHITHH,
HapYILICHUS JIOTUUECKOW MOCIIEeA0BATEIBHOCTH B U3JIOKEHHH NIPOrPaMMHOTO MaTepHala, HO IPU ITOM
OH OCBOWJI OCHOBHBIE Pa3JIeibl yueOHOW MPOTrpaMMBbl, HEOOXOAMMBIC Ul NaJlbHEWIIero oOy4eHHs, U
MOXXET IIPUMEHSATH [OTyYCHHBIE 3HAHUS 110 00pa3ily B CTaHIAPTHON CUTYaIHH.

OueHka y/IOBIETBOPUTENBHO 3 0aja - BBICTABISICTCS CTYIACHTY, IOKa3aBIIeMy (parMeHTapHBIH,
pa3pO3HEHHBIN XapakTep 3HaHHi, JOIyCKAIOUIEMy OIMUOKA B (OPMYIHPOBKaX Oa30BBIX MOHSATHH,
HApYILICHUS JIOTMYECKOH MOCJIEOBAaTEIbHOCTH B M3JIOKCHUM HPOrPAMMHOIO Marepuaia, ciiabo
BJIaJICeT OCHOBHBIMU pa3JeliaMy yueOHOU MpOorpaMMbl, HEOOXOMUMBIMHE JUTS JaJIbHEHUIIEro 00ydeHHs U
C TPYZIOM IIPUMEHSET ITOJyYCHHbIC 3HaHHS IAKE B CTAaHIAPTHOW CUTYaIHH.

OneHKa HEy/IOBIETBOPUTEIBLHO 2 0ana - BBICTABISCTCS CTY/ICHTY, KOTOPBIA HE 3HAaeT OobIIei YacTu
OCHOBHOTO COJCp)KaHUsl y4eOHOH MporpaMMbl JUCIHMIUIMHBI, JONyCKaeT rpyOble OIMMOKH B
(OpMYIHPOBKaX OCHOBHBIX PUHIIUIIOB M HE YMEET UCIIONB30BaTh MOTYyYCHHBIC 3HAHHS MTPU PEIICHUN
THUIIOBBIX 33/1a4.

OrneHka HEYHOBICTBOPUTENBHO | 0an - BBICTABISIETCS CTYIACHTY, KOTOPBI HE 3HAET OCHOBHOTO
cojiep KaHusl y4eOHOH MpOorpaMMbl IUCHUILTUHBI, JOMycKaeT rpyOeiiine omuOKu B (GOpPMYITUPOBKAX
0a30BBIX TOHATHH TUCHUIUIMHBI U BOOOIIE HE WMEET HABBIKOB DPEIICHUS THIIOBBIX MPAKTHYCCKHX
3aj1au.

5. MeTonuveckne MaTepuabl, onpeneasione Npouexypbl OeHUBAHUA 3HAHUI, YMeHH I, HABBIKOB H
(W) onbITA AESATEJIbHOCTH

[lpu mpoBenernn yctHOTO  JMUGGEPESHIIMPOBAHHOTO 3adeTa ©  9K3aMeHa oOydaromemycs
npepocrapisiercss 30 MuHYT Ha monroroBky. Ompoc oOywaromerocs 1o OwieTy Ha YCTHOM
nehdepeHIIMPOBAHHOM 3a4eTe U dK3aMEHE HE JOJDKSH IPEBBINIAaTh OHOTO ACTPOHOMUYECKOTO Yaca.



