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AHHOTANMA

Kypc "CrpykrypHble popMbI yriieposa" mpeaycMaTpuBaeT 03HAKOMIICHUE CTYJCHTOB C METOJaMH TIOTY4YCHUS
YIJIEPOAHBIX CTPYKTYP M PAacCMOTPEHHE MPHUYUH (POPMHUPOBAHMS PA3IMYHBIX (OPM YIiepona, B YaCTHOCTH
HAHOTPYOOK.

3amaun Kypca:

. ¢dopmupoBanue 0a30BBIX 3HAHMW B 00NACTH (DU3NYECKOTO MaTEpPHAJOBENCHHS KaK TUCHUIUINHEI,
HHTErpHUpyIone 0o0IedrU3nIecKyr0 ¥ OOIIETEOPETUYECKYI0 TOATOTOBKY (U3WKOB M 0O0ECIIeYHBAIOIICH
TEXHOJIOTUYECKHE OCHOBBI COBPEMEHHBIX HHHOBAIIMOHHBIX c(hep AeSTeILHOCTH;

¢ U3YUYCHHUC crmoco0oB MOJIYy4YCHUA OAHOCTCHHBIX YITICPOAHBIX HaHOTp}IGOK;

* mpuoOpeTeHne NPaKTHYeCKUX YMEHUH U HaBBIKOB B OPTraHU3aIMH SKCIIEPUMEHTAIBHOTO U TEOPETUIECKOTO
HCCIICAOBAHMS B OOJIACTH MOMYyUYEHHs YIIIEPOAHBIX HAHOTPYOOK B 3aBHCHMOCTH OT MPUMEHEHHUS Pa3IUYHBIX
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 METOaMU IOJIYYEHUs YIIEPOAHBIX CTPYKTYp M PacCMOTPEHUE INPUUYUH
(hopMHUpOBaHUS PA3NTUYHBIX (OPM yIIIEpOsa, B YACTHOCTH HAHOTPYOOK.

33]13‘[1/[ JAUCHUIIINHBI

* ¢opmupoBaHue 0a30BBIX 3HAHHMU B 00NACTH (HU3UYECKOTO MATEPHATIOBEIACHUS KaK TUCIIMILIMHEI,
HHTErpUpYyIoLei 001mepru3niecKyIo 1 00IEeTeOPETUIECKYIO TOATOTOBKY (hU3UKOB 1 oOecreunBalomen
TEXHOJIOTUYECKNE OCHOBBI COBPEMEHHBIX MHHOBAIIMOHHBIX c(hep AeATeIbHOCTH;

* M3y4YCHME CIIOCOOOB MOIYUYEHHUS OTHOCTCHHBIX YIIICPOIHBIX HAHOTPYOOK;

. npuoOpeTeHne NPAKTHUYECKUX YMEHHH W HAaBBIKOB B OpPraHM3aldd AKCIEPUMEHTAIBHOTO M
TEOPETUYECKOTO HCCIICOBAHUS B OOJACTH IMOJYYEHHUS 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

IIK-1.1 CnocobeH HaxomuTh, aHAIM3UPOBATh W 0000IIATH
nHpOpMaIHIo 00 aKTyalbHBIX PE3yNbTarax UCCIEIOBAHHN B
pamMKax TemaTuueckoi oOmacTu cBoeil mpodeccrnoHambHON
[IK-1 CnocoGeH craBuTh, (hopMann3oBeIBaTh 1 |ACATCIBHOCTH

pelarh 3aja4u, B ToM uncie pa3padareiBath 1 [[IK-1.2  CriocoOeH  BBIABUTATH  THIOTE3bI, CTPOUTH
HCCJIE0BATh MaTeMaTHYECKUE MOJICIH MaTeMaTHYeCKHUe MOJACIH ISl ONMCAHHA W3Y4aeMbIX
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO  |BJIEHHH U MPOLECCOB, OLIEHUBATh Ka4eCTBO pa3pabOTaHHOM
aHaJM3UPOBATh HAYYHBIC TIPOOJIEMBI, IOIyYaTh |MOJEIU

HOBBIC HAYTHBIC PE3YJIbTAThI [IK-1.3 CrnocobeH NpUMEHATh TeopeTHdecKue M (WJiIu)
SKCIIEPUMEHTAIbHBIE METOJIbI UCCIENOBAHUN K KOHKPETHOU
HayyHOM 3amadye W WHTEPIPETHPOBATH  MOTYyYCHHBIC
pe3yabTaThl

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



3HATb:

MECTO U pOJIb OOIIMX BONIPOCOB HAyKH B HAYYHBIX MCCIICTOBAHUIX;
COBpEMEHHBIE TPOOIeMbl GPU3NKU, XUMHUH, MATEMAaTUKH;
TEOpeTHUECKUe MoJIeTH (PyHAaMEHTAIbHBIX NPOIIECCOB U SIBICHUN B (PU3MKE U ee MPUIIOKEHUSX;
MPUHLIUIIBI CAMMETPHH U 3aKOHBI COXPAHECHHUS;
HOBEMHIIINE OTKPBITUS €CTECTBO3HAHUS;
MOCTaHOBKY MPo0JeM (PU3UKO-XMMHYECKOTO MOZICITMPOBAHUS;
0 B3aUMOCBSA3X U (yHIaMEHTAJILHOM €MHCTBE €CTECTBEHHBIX HayK;
HOBBIE NTEPCIIEKTUBHBIE METOBI POCTA YITIEPOIHBIX MaTepHaOB.
YMETB:

3G dEKTUBHO UCTIONB30BaTh HA MPAKTUKE TEOPETUICCKUE KOMITOHEHTHI HAYKH: TOHITHS, CYXKJICHUS,
YMO3AKIIOUEHUS, 3aKOHBI;

MPEICTaBUTh MTAHOPAMy YHHUBEPCAIbHBIX METO/IOB M 3aKOHOB COBPEMEHHOTO €CTECTBO3HAHMUS;

paboTaTh Ha COBPEMEHHOM 3KCTIEPUMEHTAILHOM 000pY/IOBaHHH;

abcTparupoBarbCsi OT HECYIIECTBEHHBIX BIMSIHUN TP MOJEITHPOBAHUN PEalbHBIX (U3NYECCKUX

CUTYALIUii;

IJIaHUPOBATh ONTUMAIBHOE IPOBEICHIE SKCIIEPUMEHTA.

BJIAJETh:

TUTAHUPOBAHUEM, TIOCTaHOBKOM 1 00pabOTKON pe3ynbTaToB (PU3NIECKOTO IKCIICPUMEHTA;
Hay4YHOW KapTHHON MUDa;
HaBBIKAMM CaMOCTOSATEJIHON paboThl B J1aOOpaTopuu Ha COBPEMEHHOM HKCIIEPUMEHTAIbHOM
000pyI0BaHNH;
MaTeMaTHYeCKUM MOZAEIUPOBaHUEM (pU3NYEeCcKHX 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 mnepcrnekTHBHBIE 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-ruOpuamsanmsa. CTpykTypHble (opMmbl yriepoia 3a CUeT BKIFOYECHUS
TeNTaroHOB, TEHTAaroHOB M T.J. AJUIOTpomnHble (OpMBI yriaepona: anmas, rpaduT, KapOuH.
Knaccuduranus mo Xelimany ¢ coaBTopaMu: ImepBasi U Bropasl Trpymibl. «®Da3oBas» auarpamMma
yoiepoasbix gopm. IIpomexxyTounsie ¢GopMbl yriiepona W3 MOATWIPYNIbl A W U3 nmoAarpynmsl B.
Pasnuunbie yrepoanbie GopMbl B Ta30Boi 1 TBepAoi (aze. CTPYKTYphI CIIOXKHON (HOPMBI: IIETIOUKA
W3 HAHOYACTHIL, CIHpaJbHblE HAHOTPYOKHM W HHTH, 3aKpydeHHbIE HaHOTpYyOku, bamboo-shaped
HAHOTPYOKM, KOHYChl M KOHHYECKHE HAHOTPYOKHM, IeJIMKOMJAIbHBIE U TOPOHIAIBHBIE CTPYKTYPHI.
HUcnonb3oBanue karanuzaropos. Bead-like cTpykTypsbl.

2. OpHocnoitable HaHOTPYOKH — SWNT

Cpoiictea SWNT.Crioco6 mnomyuenust SWNT. Arc-meron momyuenus. O0nactd HpUMEHEHHS
SWNT. Mexanuszm 3apoablimieoOpa3oBaHusi W pocTta. MeToasl TOMYYEHHS OIHOCTOMHBIX
HAHOTPYOOK:  3JIEKTPOAYIOBOH, Ja3epHBIA, pasnoxkeHue ymieBomopogoB u  CO, wMerox
yJIbCUPYIOUIETO IeKTpopaspsna. Hamuuue meramnuueckoro karaiu3aropa. XapaKTEpUCTHKHU arc
Metona. IlpuHOMNUANbHAsS cXeMa YCTaHOBKHM METOJa Ja3epHOro oOimydeHHs. XapaKTepUCTHKa
MeTofa JasepHoro oOmydyenus. Cxema YCTpOWCTBa MeToAa pas3ilokKeHHs yrieBoxoposaa.Cxema
ycTpoiictBa mupponusa ¢ karaiuzatopom Fe(CO)S IlpuroroBinenue karanusaropa. llapameTpsr
meronoB CVD. beskaranuzaropusie metoanl cuaTe3a SWNT. Karanuzarops! u aktuBaTopsl. Busisr
KaTaJIn3aTOPOB, IPOLIEHTHOE COOTHOIIEHHUE, UCXOIHOE COCTOSIHUE MeTallla-KaTaln3aTopa.

Mertoznbl UCCIEIOBaHMSA: PaMaHOBCKAsi CHEKTPOCKOIHUS, PEHTTCHOBCKAas TU(PAKIHS, JJIEKTPOHHAS
mudpaknus, MK criekrpockomnusi.

Mopdonorus yrieponHbix ocaakoB 1 Mukpoctpykrypa SWNT. Ponb nanenus raza B arc- MeToze, B
laser metozne, npu CVD merone. OnTuManbHble TEMIIEPATYPhl pOCTa HAHOTPYOOK. CXeMBbI METOIOB
cuateza SWNT. 3aBrucMMOCTH WHTEHCHUBHOCTH H3Iy4YEHHS Jiazepa W TEeMIEpaTyphbl OKpY>Karolei
cpeasl u AasneHust Ha nomydeHue SWNT. Mexanusmel pocta SWNT: poct mo mexanmsmy [DKK,
pOCT ¢ Karajau3aropaMH U3 pPelKO3eMEIbHbIX 3JIEMEHTOB, POCT IPU OJHOBPEMEHHOM HCIApEHUHU U
COKOHJCHCAIlMM aTOMOB ymIIepoJa M MeTalla-KaTann3aropa. MexaHH3MBbl poCTa INpHU JIAa36pHOM
obmydenun. [lomydyenue UIMHHBIX TpyOOK M (OPMHUpPOBAHHE OKOHYATENbHBIX CTPYKTYp B BHIE
CBSI30K M HUTOK.

3. llony4enue yriepoaHbIX HAHOTPYOOK B mpouecce paznoxenus CO

[Tonyuyenue yrnepoaHblx HaHOTPYOOK B mpouecce paznoxkenus CO. [IpeumyiiecTBa 3Toro MeToza.
Uccnenosan s peakuuu bynyapa. Karanuzaropsl.

MexaHu3M KaTaJUTHYECKOro pocTta HaHOTpyOok. Karamuzaroper — wMetamsl. WccnenoBanust
peakuuu Bymyapa merogamu atMoc(epHOTrO JaBJI€HHs, METOIOM BBICOKOTO IaBieHUs. MexaHu3m
KaTaJIMTH4eckoro pocta HaHOTpyOok. IlIpeBpamenne CO. CocraB M pacxon Ta30BOH CMECH.
Karanuszaropsl: pasmMep u (opma 4YacTHll, XMMHUYECKHH cocTaB. [IpuMeHsieMble KaTalan3aTophl.
[loBbimenne akTuBHOCTH Karaiuzaropa. CooTHomeHue ymiepox/merami. IlpeaBapurenbHbie
9KCIIEPUMEHTAIbHBIE PE3yIbTaThl: AKCIIEPUMEHTHl HPU BBICOKOM JABJICHHM, 3KCHEPUMEHTHI B
KBapLEeBOM peakTope. AHaiu3 pe3ynsratoB. CTpaTerusi pocTa HAHOTPYOOK O/ BEICOKHM JIaBJICHHUEM.

4. YrneponHble chepudecKue YaCTHUIIbI

VYreponubie  chepuueckue uvacturpl  (Carbon  onions, Tanocapsules, carbon spheres).
Bo3HHKHOBEHHE «OHHUOHOB». METOABI MOMYYCHUSI OHHOHOB. DIEKTPOHHOE OOJIy4YEeHHE aMOp(HBIX
HUTEH, JICHTOYHBIX CTPYKTYp, HAaHOTPYOOK W HaHOYacTHll, anmasHblx dactuin. BN u BCN
marepuanoB. Cgepudyeckue oHunoHbl. HecTaOunbHOCTH OHHMOHOB. OOmyuyeHHe MeTacTaOUIbHOMN

dopMbl  ymiepon — anMma3. 3aKOHOMEPHOCTHM IpeBpaumieHust anmaszarpadut. Ilomyuenue
nanocapsules. KapOoHu3amust B TpPUCYTCTBHM KaTajau3aTtopa M3 OKCHJIOB C IEpEeMEHHOMN
BaJICHTHOCTBIO.

Cemecrtp: 2 (Becennuit)

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



Mertozabl pocTa ¢ HCIOJIB30BAHUEM S>KUAKHX YIIEPOACOACPIKAIIMX HMPEKYypCOpOB: METOJ Ha Iofade
MapoB JKUJKOTO YIVIEBOJOpOIA M KaTalnu3aTopaB MOTOKE HECYIIETO ra3a B PEaKIHOHHYIO 30HY
TpyOuaroif medm, MeTOA CTAlMOHApHOTO pa3MENICHMs KaTaau3aropa, METOI  CHHTe3a
HENOCPEICTBEHHO B XHIKOM IpeKypcope. MerToj mUaBaiomiero KaTajlin3aTopa: CXeMbl MeToa
spraying, cxema MeToAa pumping, pas3JesibHas 1nojada napoB yIieBoJOPOIOB U NAapOB KaTaau3aTopa.
Merox co cTanMOHApHBIM pa3MElICHHEM KaTaimu3aropa W ero cxema. CHHTE3 B KHIKOH (ase.
Mertoabl pocTa € HCHONB30BAHMEM TBEPABIX YIIEPOACOAEpXAlIMX  HpekypcopoB. CuHTe3 ¢
WCIOJB30BaHUEM  yIIIeponHOro  mopomika.TepmooOpaboTka caxapo3sl 0e3  Karanauszaropa.
Tepmuueckoe paznoxenue kamdopsl — CIO0H110/ Kunkue yriepojaconepxkaiiie MpeKypcopsbl.
Pe3ynbraTel 5KCIIEPUMEHTOB C pa3iW4YHBIMHU Ipekypcopamu B meronax floating (spray), floating
(nebulized spray), floating, floating (pumping), floating (pa3nmenbHasi mojmada) CTaIIOHAPHOE
pa3MelnieHue Karaau3artopa. BeiBompl.

6. [lony4yenre HaHOTPYOOK pa3IMYHBIMU METOJAMH

Poct mexny nazepHbiMu ciiegamu. Poct u3 HaHonop noiokku. CocTaB M CTPYKTypa IIOAJIONKKH.
Poct HaHOTpyOOK Ha TMOIUIOKKE M3 MOPUCTOrO KpeMHHA. POCT mNEepneHAuKyIsIpHO IJIaJKOH
MOBEpXHOCTH MOIOKKH. Poct HaHOTpyOOK MeToom PE-HF-CVD.Poct ¢ ncnosibp3oBannemM TeHEBOM
MacKy Ha MOPUCTON MOBEPXHOCTH MOIOKKH. PocT B moTtoke raza. [lapamerps! mpouecca. Cxema
MeToJia pocTa B OToKe rasa. Poct Ha noBepxHoctu kpucramia SiC npu ero cyOIMManuy B BaKyyme
(6e3 kxaranmuszaropa). TeMIIeTHBII METON pocTa MPH HMUPOJU3E YIIIEBOAOPOAOB B MPSMBIX KaHAIaX
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)



CryneHT, W3y4aromuid IUCIUILINHY, JODKEH C OJHOW CTOPOHBI, OBIAACTh OOIIMM IMOHITHHHBIM
anmnaparom, a ¢ Apyroil CTOpOHbI, JOJKEH HAYUYUTHCSA IPUMEHSITh TEOPETUUECKUE 3HAHUS HA TIPAKTHUKE.

B pesynabrare W3ydeHMs OUCLUIUIMHBI CTYAEHT IOJDKEH 3HAaTh OCHOBHBIE ONPEACIICHUS M IMOHATHS
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 y4yeOHOro MaTepuaina, IOATOTOBKY OTBETOB HAa BOIIPOCHI, NPEJHA3HAUYCHHBIX I
CaMOCTOSTENBHOTO U3yUEHUS;

— peleHue 3aaad, MpeAaaraéMbeIX CTyAeHTaM Ha 3aHATHAX;

— IOATOTOBKY K BBINOIHEHHIO 3aJaHUH TEKyIeW U MPOMEXYTOUYHON aTTECTAIUH.

[lokazarenem BiajeHHUs MaTEpUaIOM CIY)KUT yMeHHE 0e3 KOHCIIEKTa OTBeYaTh Ha BOMPOCHI 110 TeMaM
JUCLIAIUIMHBIL.

BaxxHo 1oOWTBHCS MOHMMaHMS U3y4yaeMOro Marepuaia, a He MEXaHHYECKOro ero 3amomuHaHus. llpu
3aTPYIHEHUU H3Y4YEeHHS OTIENbHBIX TEM, BOIIPOCOB, CJIEAyeT OOpamiarbesi 3a KOHCYIbTalUAMH K
MIpenoAaBaTesto.

Bo3MoxeH nmpoMeKyTOUHBINA KOHTPOJIb 3HAHUI CTYIECHTOB B BHJE PELIEHMS 33a4 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

IIK-1.1 CnocobeH HaxoJuTh, aHAIM3UPOBATh M 0000IIATH
nHpOpMaNKIO 00 aKTyaIbHBIX Pe3ylIbTaTax UCCISIOBaHHH B
pamMKax TeMmaTH4ecKoi o0macTu cBoed MpodeccHOHATLHOM

[MK-1 CriocobeH cTtaBuTh, GopMann30BbIBaTh 1 |ACATCILHOCTH

pears 3a1a4y, B ToM uncie paspadareiBath 1 [IK-1.2  CnocobGeH  BBIOABUTaTH  THIOTE3bl, CTPOUTH
UCCIIE0BAaTh MaTeMaTHYECKUE MOJEIN MaTeMaTUYeCcKue MOAEIM JUIsl ONMCAHUS H3ydaeMbIX
W3y4YaeMbIX SBJICHUN U MPOLIECCOB, CHCTEMHO  |SBJICHHH U MIPOLIECCOB, OLICHUBATh KA4€CTBO pa3padOTaHHON
aHAJIM3MPOBATh HAy4YHbIEC MPOOIEMBI, TIOJIyYaTh |MOIENIN

HOBBIC HAaYIHBIC PC3YJIbTATBI I1K-1.3 CnocoOeH mNpUMEHSTh TeOpeTHYecKHe U (WiIH)
9KCIIEPUMEHTAJIbHBIE METOJIbI MCCIIEIOBAHUI K KOHKPETHOM
HayyHON 3ajadye W HMHTEPIPETHPOBATh  IOTyYEHHbIE
PE3ybTaThl

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

3HATh:
MECTO U pOJIb OOIIMX BONPOCOB HAYKH B HAYYHBIX HCCIICTOBAHUSIX;
COBpEMEHHBIE MPOOIIEMbI (GU3UKH, XUMHUH, MATEMATHUKH;
TEOpeTUIeCKue MoK (DyHAaMEHTaIbHBIX MPOIIECCOB U SBICHUN B (PU3MKE U €€ IPUIIOKCHUSX;
HNPUHINIBI CAMMETPHH U 3aKOHBI COXPAHEHHUS;
HOBEHIIINE OTKPBITHS €CTECTBO3HAHMS,
MOCTaHOBKY MPOOIeM (PU3HKO-XMMHUYECKOTO MOJICITHPOBAHUSI;
0 B3aUMOCBSI3SX U (PyHIaMEHTAJILHOM €MHCTBE €CTECTBCHHBIX HAYyK;
HOBBIE IIEPCIIEKTUBHBIE METOIBI POCTA YIIIEPOJHBIX MATEPHAJIOB.
yMeThb:
3 (PEKTUBHO HCIIOIH30BaTh HA MPAKTUKE TEOPETUUECKUE KOMIIOHEHTHI HAyKH: TIOHATHS, CYXKICHHS,
YMO3aKIIIOUEHHsI, 3aKOHBI;
NPE/ICTaBUTh ITAHOPAMY YHHBEPCAIBHBIX METOJIOB U 3aKOHOB COBPEMEHHOT'O €CTECTBO3HAHUS;
paboTarh Ha COBPEMEHHOM DKCIIEPUMEHTAILHOM 000PY/I0BaHUY;
a0CTparupoBarbCsi OT HECYNICCTBEHHBIX BIUSHUN MPH MOJACIHPOBAHUU PEATBHBIX (PH3HMYECKUX
CUTYaLUiI;
TUIAHUPOBATh ONTHMAJIEHOE TIPOBEICHUE IKCIIEPUMEHTA.
BJIA/IETh:
TUTAHUPOBAaHHUEM, ITOCTAHOBKON M 00paOOTKOW pe3ylbTaToB (PH3HYECKOTO IKCIICPUMEHTA,
Hay4yHOH KapTUHOU MUDA;
HaBBIKAMH CaMOCTOSTEILHONH paboThl B JIAOOpAaTOPHH HAa COBPEMEHHOM JKCIIEPUMEHTAIBHOM
000pyIOBaHUY;
MaTeMaTHYeCKIUM MOJACITHPOBaHHEM (PU3NIECKHX 3a1ad.

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

C LCJIBIO KOHTPOJISI OCBOCHUA O6y‘laIOH_II/IMI/IC$I yqe6H0r0 Marcpuajia mpoBOAUTCA YCTHBIfI OIIpoC 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 CIOXXHOM (OpMBI: LEMOYKH M3 HAHOYACTHI, CIUpPATIbHbIE HAHOTPYOKHM W HUTH,
3aKpy4YeHHbIE HaHOTPYOKH, bamboo-shaped HaHOTPYOKH, KOHYChl M KOHHYECKHE 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) DnextpoHHOe 00MydYeHHE aMOP(HBIX HUTEH, IEHTOYHBIX CTPYKTYp, HAHOTPYOOK M HAHOYACTHIL,
anmasHbix yactull. BN 1 BCN marepuaiios.

13) O6nyuenue MmeTacTabMIIbHON (HOPMBI YITIEPO — aJIMa3s.

14) 3akoHomepHOCTH IIpeBpalueHus anmazarpadur. [lonmyyenne 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 mmoNy4YeHHs] OAHOCTOMHBIX HAHOTPYOOK: BIEKTPOLYTOBOH, JIa3epHBIN, pasiioKEeHUE
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) IIpurorosnenue karanuzaropa. [lapamerpsr metonos CVD. be3karanuzaropHsle METOIbI CHHTE32
SWNT. Karanuzaropsl U akTuBaTopbl. Buabl Karann3aTtopoB, NPOLIEHTHOE COOTHOLIEHHUE, MCXOIHOE
COCTOSTHUE MeTalJla-KaTajanu3aropa.

Hepequb KOHTPOJIbHBIX BOIIPOCOB IJId CAAYM 5K3aMCHaA:

1. Mopdonorus yriepoaabix ocaakoB U MUKpocTpykTypa SWNT. Ponb naBnenus rasa B arc- MeToze,
B laser metoze, npu CVD metoge.

2. Cxemsl MmeTonoB cuaTe3a SWNT.

3. 3aBHCHMMOCTH HHTEHCUBHOCTHU M3IIy4€HHMs Jlazepa U TEMIIEPaTypbl OKPYKAIOLIEH Cpebl U IaBICHUS
Ha noiryueHue SWNT.

4. Mexanusmsl pocta SWNT: poct o mexanusmy [1DKK, poct ¢ katanuzaropamu U3 peaKo3eMenbHbIX
3JIEMEHTOB, POCT TMPHU OJHOBPEMEHHOM HCHAapeHHMM W COKOHJCHCALIMM arOMOB YIIEpoAa u
MeTajula-KaTaanu3aropa.

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

7. Mertozap! UCCIEIOBaHUSA: PAMAaHOBCKAsl CIIEKTPOCKOINMS, PEHTTCHOBCKAs TU(PPaKIH, HEKTPOHHAS
mudpakuus, MK cniekrpockonusi.

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

10. HccnemoBanmsi peaknuu byimyapa Meromamu arMoc(epHOTo IaBiIeHHS, METOIOM BBICOKOTO
JaBJICHHUS.

11. MexaHH3M KaTaJIMTHYECKOTO pOCTa HAHOTPYOOK.

12. Mpespamenune CO. CocraB u pacxon razoBoil cmecu. Karamuzaropsl: pasmep 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 nasepHbIMU ciieaaMu. PocT u3 HaHOMOp noanoxku. CocTaB u CTPYKTYpa MOIJIOKKH.
Poct HaHOTpyOOK Ha TMOUIOKKE W3 TOPUCTOTO KpeMHHUs. PocT TepneHIuKyIsIpHO —TIaIKOH
MOBEPXHOCTH MOJIOXKKH.



16. Poct nanotpybok Meromom PE-HF-CVD.Poct ¢ ucnonb3oBaHueM TEHEBOH MAackd Ha TOPHCTON
MOBEPXHOCTH MOUIOKKHU. PocT B moToke rasa.

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

18. TeMIuIeTHBII METOJ pOCTa P MHUPOJIN3E YIIIEBOAOPOIOB B MPSIMBIX KaHAJIAX MOPUCTHIX OKCHIHBIX
MeMOpaH 0e3 Karanu3aropa.

19. MeTozbl pocTa ¢ UCHOJIB30BAHUEM KUIKUX YIIEPOJACOAEPKALINX MTPEKypCOPOB: METO/ Ha IMojaye
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. MeTox 1u1aBaroLIero Karaju3aropa: CXeMbl METoJa Spraying, cxema MeToAa pumping, pasaeiabHas
071a4a MapoB yIJIEBOAOPOIOB U MTAPOB KaTaIu3aTopa.

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

22. Mertonmpl pocTa € HMCHOJB30BAaHMEM TBEPABIX YINIEPOACOAEpKAIMX MpeKypcopoB. CHHTE3 C
HCIOJIb30BaHUEM YTIIEPOIHOTO OPOLIKA.

23. TepmoobpaboTka caxapo3bl Oe3 KaTain3aTopa.

24. Tepmuueckoe paznoxenue kampops — C10H110

25. Pe3ynbraThl 3KCIIEPUMEHTOB C pa3iMYHBIMU MpeKypcopamu B merojax floating (spray). floating
(nebulized spray), floating, floating (pumping), floating (pa3menbHass momada) CTaMOHAPHOE
pa3MelieHne KaTaau3aTtopa

[Tpumeps! 3K3aMEHAIIMOHHBIX OMIIETOB.

[Ipumep 1.

1. Mexaum3mbl pocta SWNT: poct no mexanusmy [IKK, poct ¢ karanuzaropamu U3 peaKo3eMeIbHbBIX
3JIEMEHTOB, pOCT IIPU OJHOBPEMEHHOM HCIAPEHMM W COKOHJEHCALlMM aroOMOB YyIVIepoja U
MeTaJljia-KaTaian3aropa.

2. TepmooOpaboTka caxapo3bl O3 Karaau3aropa.

[Ipumep 2.
1.MexaHu3M KaTaJIMTHYECKOTO POCTa HAHOTPYOOK.

2. Ilpespamenune CO. CocraB u pacxox ra3oBoil cmecu. Karammzatopsl: pasmep u (opma vacTuil,
XuMuueckuii cocras. [IpuMmensemMble kaTanu3aropsl. I10BbIIEHME aKTUBHOCTH KaTaau3aropa.

Kpurepun onennBanus
Onenka ommuyHo 10 OanoB - BBICTABJISIETCSl  CTY[EHTY, IIOKa3aBIIEMY BCECTOPOHHHUE,
CHUCTEMaTU3UpPOBaHHbIC, [IYyOOKHE 3HAHHUS YYEeOHOHM MNpOorpaMMbl AMCHUIUIMHBI, MPOSBISIOMIEMY
MHTEpeC K JaHHOW MpPEeAMETHOM 00IacTH, MPOAEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO U TBOPUYECKH
MPUMEHSTH UX Ha MPaKTHKE MPU PEILICHMH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPAaBUIILHOE 0OOCHOBAHHE
HPUHATHIX PELICHAMN.
Ouenka omm4yHO 9 0OamoB -  BBICTABISETCS  CTYIEHTY, IOKAa3aBIIEMY BCECTOPOHHHE,
CHUCTEMaTH3UpPOBaHHbIC, [IyOOKHE 3HaHMA Y4eOHOW NpOrpaMMbl AMCLUIUIMHBI U YMEHUE YBEPEHHO
IPUMEHATH UX Ha IPAKTHUKE MPH PEIICHNH KOHKPETHBIX 3a/]1a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHUE
MPHUHATHIX PELICHUH.
Onenka ommyHO 8§  GasnoB - BBICTaBJSIETCA CTYIACHTY, IIOKa3aBLUIEMYy BCECTOPOHHUE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI M YMEHHE YBEPEHHO
MPUMEHSATh X Ha MPAKTHKE MPH PEIICHUH KOHKPETHBIX 33/1ad, IPaBUIbHOE OOOCHOBAHHUE MPUHSATHIX
peleHui, ¢ HEKOTOPbIMU HEIOUETAMHU.
Onenka xopomio 7 0ajoB - BBICTABIAETCS CTYACHTY, €CJIM OH TBEPAO 3HAET MaTepuall, TPaMOTHO U IO
CYLIECTBY M3JIaraeT €ro, yMeeT IPUMEHSTH I10JyUYCHHbIC 3HaHMUsS HA IPAKTUKE, HO HEJOCTATOYHO
rpaMOTHO 00OCHOBBIBAET MOITYUYECHHBIEC PE3YIIBTATHI.
Ouenka xopomio 6 6aj0B - BHICTABISETCS CTYAEHTY, €CJIM OH TBEPIO 3HAET MaTepuall, 'paMOTHO U TI0
CYLIECTBY M3J1araeT ero, yMeeT NPUMEHATh MIOJyYCHHbIE 3HAHUS Ha MPAKTHUKE, HO JIOIYCKAET B OTBETE
WM B PELIEHUH 3a7jad HEKOTOPble HETOYHOCTH.
Onenka xopomo 5 6anoB - BBHICTABISIETCS CTYIEHTY, €CJIM OH B OCHOBHOM 3HA€T MaTepuall, TPaMOTHO
U IO CYLIECTBY W3JIaraeT €ro, yMeeT INPUMEHSThH [10JyYCHHbIC 3HaHUsI Ha IIPAKTHKE, HO JOIyCKAaeT B
OTBETE WJIH B PEILICHUH 3a]a4 JOCTATOYHO OOJBIIOE KOJIMYECTBO HETOYHOCTEH.



OueHka ynoBIETBOPUTENHHO 4 0aja - BBICTABISICTCS CTY/ICHTY, IOKa3aBIIEeMy (parMeHTapHBIN,
pa3pO3HEHHBIN XapakTep 3HAHWH, HEJIOCTATOYHO IPAaBHWIbHBIE (POPMYIUPOBKH 0a30BBIX IMOHSITHH,
HapYyILEHUS JIOTHYECKON MOCIIEI0BATEeIbHOCTH B U3JI0KEHHU [IPOrPAaMMHOIO Marepuasa, HO IpH 3TOM
OH OCBOWJI OCHOBHBIE Pa3Jeiibl yueOHOW MPOTrpaMMBbl, HEOOXOAMMBIC Ul MAJbHEWIIEro OOydeHHs, U
MOXXET IIPUMEHSATH [OTyYCHHBIE 3HAHUS 110 00pa3ily B CTaHIAPTHON CUTYaIHH.

OueHka y/nOBIETBOPUTENHEHO 3 0ajla - BBICTABISICTCS CTY/ICHTY, IOKa3aBIIEeMy (parMeHTapHBI,
pa3pO3HEHHBIN XapakTep 3HaHHi, JOIyCKAIOUIEMy OIMMOKA B (OpPMYIHpOBKax 0a30BBIX MOHSITHH,
HApYILCHUS] JIOTUYECKOH IOCIIeIOBAaTEIbHOCTH B HW3JIOKEHHH IIPOrPaMMHOIO Marepuaia, ciaabo
BJIaJICET OCHOBHBIMU paszieliaMu y4eOHOH IpOorpaMMbl, HEOOXOJUMBIMU IS abHEHIIero o0y4eHus 1
C TPYZIOM IIPUMEHSET ITOJyYCHHbIC 3HaHHS IAKE B CTAaHIAPTHOW CUTYaIHH.

OueHka HEyJOBJIECTBOPUTENILHO 2 0alia - BBICTABISICTCS CTYACHTY, KOTOPBIH He 3HaeT Ooublieil yacTu
OCHOBHOTO cOAepXaHUsI y4eOHOH MporpaMMBbl JIUCHUIUIMHBI, JOIMyCKaeT rpyOble OmHMOKH B
(bOpMyIHPOBKaX OCHOBHBIX NPUHIMIIOB U HE YMEET HCIIOIb30BATh IOJIYYCHHBIC 3HAHUS IIPU PEIICHUN
THUIIOBBIX 33/1a4.

OreHka HEyHOBICTBOPUTENBHO | Oan - BBICTABIACTCS CTYACHTY, KOTOPBIH HE 3HA€T OCHOBHOIO
cojiep KaHusl y4eOHOW MpOorpaMMbl TUCHUILTUHBI, JOMycKaeT rpyOeiie omuoK B GOpMYTUPOBKaX
0a30BBIX TOHITUH IUCUUILIMHBI ¥ BOOOIIE HE MMEET HABBIKOB PEUICHUS THIIOBBIX MPAKTUYCCKHX
3aj1au.

5. MeTonuyeckne MaTepuaJbl, onpeaesioIe NpoueIypbl OlleHUBAHUS 3HAHUIN, YMEeHNH, HABHIKOB H
(W) onbITA AESATEJIbHOCTH

I[Ipu mpoBenennn yctHOro U QGEPEHIMPOBAHHOTO 3adeTa M dK3aMeHa oOydJaromiemycs
npepocrasisiercss 30 MuHYT Ha moarotoBky. Ompoc oOywaromerocs 1Mo OWIeTy Ha yCTHOM
nehdepeHIIMPOBAHHOM 3a4eTe U dK3aMEHE HE JOJDKSH IPEBBINIAaTh OHOTO ACTPOHOMUYECKOTO Yaca.



