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1. Ilesiu ocBOEHUS JUCUMILIUHBI (MOYJIA)

Ilenu ocBoeHMs OUCUMILIMHBI «BBeneHHE B HAHOTEXHOJIOIIHMIO»: O3HAKOMIIEHHUE C
NPUHIMIAMU  CO3JIaHHUs  HAHOMATepualioB U  HAHOYCTPOWCTB, C  OCHOBHBIMHU
JOCTHXKEHUSMH B 00JIACTM HAHOTEXHOJOTMM M C BO3MOXHOCTSIMH W MEPCHEKTUBAMU
HAHOTEXHOJIOTUM B TaKUX OOJACTAX KaK 3JIEKTPOHMKA, 00paboTKa M CO3/laHHE HOBBIX
MaTepUaoB.

2.Mecro qucuMiinHel B cTpykrype OII marucrparypbl

JlucuMiinHa BXOAUT B BApUATUBHYIO YacTh MOAYJS MPOPEecCUOHATbHON MOJrOTOBKU MarucTpoB
U SBJISETCS NUCUUIUIMHOM 1o BbIOOpY. . Ilpemmaraemas mporpamma cocTaBi€Ha B COOTBETCTBUU C
tpedoBanusmu OI'OC BIIO 03.04.02 Duzuxa. Ins e€ ocBOeHHs] HEOOXOAUMBI 3HAHUS JUCIMIUINH:
"Kpucramnorpagus", "®uszuka KoHIEHCHUpOBaHHOrO coctosiHufA", "/udpakuOoHHBIA CTPYKTYpHBIN
anaim3z", "KBanToBas MexaHuka'.

OO0yuaromuiics T0HKEH:
3HaTh: OCHOBBI TEOPUU CUMMETPUHU, TEOPETUUECKHE OCHOBBI (PM3UKHU KOHAECHCHPOBAHHOI'O COCTOSHUS
BEIIECTBA, KBAHTOBOM ME€XaHUKH, PU3UKU NU(paKLIUU, METOJOB 3KCIEPUMEHTAIbHBIX HCCIEA0BaHUM
(U3UKM KOHJIEHCUPOBAHHOTO COCTOSIHMSI BELLIECTBA.
YMeTh: HOHUMAaTh U KPUTUYECKU aHAJIM3UPOBaTh 0a30Byl0 (U3HUECKYI0 HHPOPMALHUIO.
Bnazgers: HaBbIKaMu pabOTHI HA J1TAOOPATOPHOM 000OPYAOBAHUM, HABBIKAMH MPOBEIEHUS (PU3NUECKOTO
AKCIEPUMEHTA U aHAJIN3a MOJTYYE€HHBIX PE3YyJIbTaTOB.

"Matepuan Kypca MOXeT ObITh MOJIE3HBIM IPU U3YYEHUU TAKOM CHEIUMaIbHON TUCIUIUIMHBI KaK
"CoBpeMeHHbI€ ITPoOIeMbl PU3UKH".

3. Ilepeyennb NJIAHUPYEMBIX Pe3yJbTATOB 00y4eHHs M0 JMCHHUILITHHE.

3.1. KomnereHunu, (pOpMUPOBAHUIO KOTOPBIX CIIOCOOCTBYET AMCUMILIMHA

[Ipu ocBoeHMM AUCUMILIUHBI (OPMUPYIOTCS CIEAyOIne KoMIeTeHIIMH B cooTBeTcTBUN ¢ DI'OC
BO 1o nanHOMY HanpaBJIEHUIO MTOJATOTOBKH:

OIIK-6 CrnocoOHOCTh MCIMONB30BAaTh 3HAHUSI COBPEMEHHBIX IPO0JIEM U HOBEWIIMX JIOCTHXKEHHUN
(GU3HMKN B HAYYHO-HUCCIIE0BATENbCKON paboTe;

ITKB-1 Cnoco6rocts ocymecTBisth nmpodeCCHOHANBHYIO AEATENBHOCTh B 00JaCTH HAYYHOTO
UCCIIEIOBAHUSl CTPYKTYpPbI U GU3NYECKUX CBOWCTB MaTepUajIOB U HAHOCUCTEM

3.2. Ilnanupyemblie pe3yabTaTbl O0yYeHHS MO JAUCHUILIMHE (MOIYJI0), COOTHECEHHbIE C
(opMupyeMbIMU KOMIIeTEHIMAMM.
B pe3ynbraTe ocBO€HUS AUCUUILIMHBI OO yJarOUIUICS JOTDKEH:

3HaTb 00 OCHOBHBIX JOCTH)KEHHSX B OO0JIACTM HAHOTEXHOJIOTUH M MEPCIEeKTHBaX HX pa3BUTHUS B
pa3nuuHbIX 06nacTsaX Hayku U TexHuku (OIIK-6);
yMeTh [OHUMAaTh, U3JIaraTb U KPUTHUECKU aHAIU3UPOBATh 0a30BYI0 (M3MUYECKYI0 MHGOPMALIUIO MPHU
paboTe ¢ HAaHOCTPYKTYPUPOBAHHBIMU 00bekTamMu U HaHouHcTpyMeHTamu (OIIK-6, ITIKB-1));
BJIaJleTh TEOpUEH U MPAKTUKON B YAaCTU MOJYYECHHS] U HCCIIEIOBAHUS HAHOMATEpUAJIOB JUISl PELIEHUs
pa3nuuHbIX MaTepuanoeaueckux 3anad (OIIK-6, IIKB-1).

4. Coaep:xxanue gucuuninasl BBEJIEHUE B HAHOTEXHOJIOTI'MTIO
OO0beM TUCHUIUTMHBI cocTaBiisieT 3 3aderHble enuuuibl (108 axamemuueckux yacoB). OObeM
KOHTAKTHOM pabOThl U CaMOCTOSITEIbHONW pabOThl 0OyYarOMIeTocs MO JUCIUIUIMHE YKa3aH B ydeOHOM
I1aHe 00pa3oBaTEIbHON MPOTPAMMBI.

4.1. Copaep:kanue JTUCHUILIMHBI MO pa3genaMm (TeMaM), COOTHECEHHOe ¢ BHIAMH H
TPYAOEMKOCTHI0 3aHSATHI JeKIHOHHO-CEMHUHAPCKOT0 THIIA
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4.2. Pa3BepHyTOe onUCaHUe COEPKAHUA TUCUMILIHHBI N0 pa3aeiaM (TeMam)
1. BsepeHue. BeeseHne B npobnemaTvKky AWCLMNAUHLI, NpeacTaBieHne pabouyein nporpammbl,

ocmbicneHne TpeboBaHMI K opraHM3auum npouecca obyyeHUA, camocToATeNIbHON paboTbl U dopm
aTrectaumm.

2. BO3HUKHOBEHHE HAHOTEXHOJIOTMH. YTO Takoe HaHoOTexHonorna? Wcrtopma HAHOTEXHONOTUMU.
EctecTBEHHble rpaHWLUbl Pa3BUTUA CYLLECTBYIOWEN MUKPOSNEKTPOHUKN. YTO Mbl OTHOCMM K
HaHomaTepuanam? Co3gaHne o6BEKTOB MO NPUHLMNAM C8EPXY-8HU3 U CHU3Yy—688epX. VCKycCcTBEHHan
cbopka, camoopraHusauma n camocbopka.

3. HaHOMHCTPpYMEHTbl, HAHOMATEPHAJbI M HAHOTEXHOJIOTHM. DNEeKTPOHHBIE MHKPOCKOIIBI
paciIupsOT TpaHUlbl ONTHKU. [ludpakiuoHHAas W CKaHUPYIOLIAs BBICOKOBOJBTHAS AJIEKTPOHHAs
Mukpockonus. CkaHupyrouas 30H10Basi MUKPOCKOTIMS: IPUHLUIIBI paboThl U MeToabl. CKaHupyromas
TYHHEJIbHAsE MHUKPOCKOINHUSA. ATOMHO-CHJIOBasi MHUKPOCKONHS.  DJIEKTPOCHUIIOBAasl MMKPOCKOIHSI.
MaruutHo-cusioBasi MHKpockonus. CkaHupyromas OJMKHENoJbHAas ONTHYECKass MMKPOCKOIUS.
Hanotexnosorus u mpoGinembl 3anucu uHQopMmanmu. KsantoBass Touka. OIHOZIEKTPOHHBIE
3allOMMHAIOIIME YCTPOUCTBA U OJHOAJIEKTPOHHBIE TPaH3UCTOPbI. KBaHTOBBIN KOMIIBIOTEP. YTJIEPOIHBIE
KapKacHbIE CTPYKTYphl: dyiiepeHsl, HaHOTpyOku. Hawmoanmas. I['paden. Hayunbie 3amaum u
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TeXHUYecKue Mnpodbiembl. PazHooOpa3Hble BO3MOXKHOCTH MPUMEHEHHUS HAHOCTEKOJI. MoOJeKyispHble
HAHOTEXHOJOTUU. AMuUUIbHBIE MOJIEKYIbl W TEXHOJOTHS CO3JaHMUS (PYHKIHMOHAIBHO AKTHBHBIX
MOHO- ¥ MYJIbTUCJIOEBBIX MOJIEKYISPHBIX IUIEHOK ( TexHoJsorus Jlenrmiopa-biomkerr). buonatunku u
nH(popMalMOHHbIE TepMHHANBL. Pa3BuTne TexHUKH (OTOOOPAOOTKM: JUTOrpadus CBEPXAAIBHErO
yibTpaguosieTa, 5SJIEKTPOHHAas U peHTreHoBckas Jsutorpadus. IlodydeHne KOMIIAKTHPOBAHHBIX
HaHOMaTEpHUAJIOB.

4. B03MO:KHOCTH HAHOTEXHOJIOTHIl B Pa3JIU4YHBIX OTpPAciaAX OJIEKTPOHUKA U HHYOpPMAIOHHBIE
TexHojoruu. Hanomartepuansl U Meronbl uXx o0paboTku. CBs3b HAHOTEXHOJOTHH C mpoliemMamu
OKpY)Kalolllel cpeibl U SHEPreTUkH. BO3MOXKHOCTHM NPUMEHEHHS HAHOTEXHOJIOTWMH B aBHAalUU U
KOCMOHAaBTHKE.

5. Pa3BuTHe HAHOTEeXHOJIOTHII B MHpe. AMEpUKaHCKas CTpareruss B 00JaCTH HAHOTEXHOJIOTHH.
PasButne HanoTexHosIOTMI B cTpaHax EBpombl. Pa3zButume HanHoTexHosnorumii B Snonum u Kwrae.
Curyauus B obsactu HaHOTexHojIoruit B Poccum.

5. O0pa3oBaTeibHbIE TEXHOJIOTHH

TpaguuuonHsle  00pa30BaTENIbHBIE TEXHOJIOTUU: KJIACCHYECKOEe JICKIIMOHHOE OO0ydeHue
(JIeKLIMOHHBIE 3aHATHS), 00yUYEeHHE C TOMOIIbI0 Y4eOHON KHUIH (camocTosITeNbHas paboTa), 00yueHue ¢
MTOMOIIBIO CUCTEMBI MANBIX IPYNI (IIPU MPOBEIECHUU JTA0OPATOPHBIX 3aHATHIL),

TexHOJIOTUH MPOEKTHOTO O0YYCHHUS: BBIMIOJIHEHHE KyPCOBOTO IMPOCKTA.

HubopmMamoHHO-KOMMYHUKAITHOHHBIE 00pa30BaTeIbHbIC TEXHOJOTHH: TEXHOJIOTHHA CMEIIAHHOTO
oOydeHus, BKIOUawmue B cebs mouck mHbopmanuu B HHTepHeTe (camocrosATenbHas padoTa),
MPUMEHEHHE CIICIHATN3NPOBAHHBIX MMAKETOB JIUIS TIOJIyUYSHHs aHaIN3a AKCIIEPUMEHTANBHBIX JaHHBIX U
MOCTPOCHHSI  DKCIIEPUMEHTAIBHBIX  3aBHCUMOCTEH  (JlabopaTtopHbIe  3aHATHS), TPUMEHEHUE
ayJMOBH3YAJIbHBIX TEXHUYECKHUX CPEACTB (JIEKIIMOHHBIC 3aHSTHS).

6. YueGHO-MeTOIMUECKOE O0ecTieYeHre CaMOCTOATEIbHON PadoThl CTY1eHTOB

OcCHOBOI €caMOCTOSITEIHHON AESITEIbHOCTU SBJISETCS PACCMOTPEHHE METOJMYECKHX MaTepUaIoB
IpU MOATOTOBKE K JA0OpaTOpHBIM paboTaM W pa3lielioB TEOPUU  JUISL BBINOJIHEHHUS 3aJaHHuil 1o
MOATOTOBKE pedepara WK MPEe3eHTALMU 110 OJHON U3 BHIOPAHHBIX TEM.

[Ipy BbBINOJSHEHHE CAMOCTOSTEIBHOW pabOTHl CTYAEHTHI IMOJIb3YIOTCS PEKOMEHI0BAaHHBIMU
METOJMYECKUMH  MaTepHallaMH, JIMTEpaTypol M  JIIEKTPOHHBIMH  pecypcamu. Jlomyckaercs
HCIIOJIb30BAHUE CAMOCTOSTEIbHO HAMICHHBIX MIEYATHBIX WIIN AJIEKTPOHHBIX HCTOYHUKOB.

7. XapakTepucTHKAa OLEHOYHBIX CPeACTB /Jsl TeKyllero KOHTPOJIA YycCleBaeMOCTH,
NPOME:KYTOYHOM aTTecTAllNU 10 JMCHHUIIJIMHE

Texymuii KOHTPOJb YCHEBAEMOCTH MPOBOJUTCS IO OTYETaM O BBINOJHEHHBIX J1a00PAaTOPHBIX
paboTax u mpe3eHTalMsIM 10 BBIOPAHHBIM CTY/I€HTaMU TEMaM.

Otyet mo yrabopatopHoOil paboTre mpenanonaraet: oGOpPMIICHHE BHITIOJTHEHHOW BO BPEMS 3aHATHUS
abopaTopHON pabOTHl C OKOHYATEIBHBIMH pe3yjbTaTaMW B BHZE TpaukoB, TaOIUIl U paCUETHBIX
(¢bopMyJl, MUCbMEHHBIE OTBETHl Ha BOIPOCHI, KOTOPbIE JAIOTCS K KaKI0M JiabopaTopHOW paboTe mis
JOMaIlHell TOJAroTOBKM (BOMPOCHI K J1a0OpaTopHbIM paboTaM HaxoAsTcs B npuioxeHun Kk PII B
pazneie «DoH OLIEHOUHBIX CPEJCTBY).

[IpesenTanus A0OKHA COJIEP)KaTh CBA3HO W3JIOKEHHBIM Marepual MO BBIOPAaHHON TeMme ¢
pUCYHKaMM, cXeMaMM, TabnuuamMu U (QopMmynaMH, a TakK >K€ KpaTKyl aHHOTalWI0 Marepuana,
MIPEJICTABICHHOIO B [IPE3EHTALIUH.

OtueTel W TpE3EHTAlMM OLEHUBAIOTCA 10 msATHOanbHOW mikane. llomydeHHble OIEHKHU
YUUTBIBAIOTCS IPU BBHICTABJICHUU UTOTOBOM OIIEHKU Ha 3K3aMeEHeE.
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DK3aMeH NPOBOAMUTCS B YCTHOM (popMe MO BOIIpocaM, 3apaHee JaHHBIM CTYJIEHTaM JJis JOMalllHen
MOATOTOBKH, KOTOPBIE OXBATHIBAIOT BCE Pa3/€ibl H3YUEHHOTO Kypca.

OneHka «yodosremseopumenbHo» CTaBUTCS IPU YCIOBUU BBIIOJIHEHUS JIaOOPAaTOPHOTO MPAKTUKyMa
Y 4YaCTMYHBIX OTBETOB Ha JiBa BOIpPOCA 3a4ETHOTO OMJIeTa U CyMMAapHOi OLIEHKON He MeHee 6 3a OTYEThI
110 JTabopaTOPHBIM paboTaM M MPE3EHTAIUH.

OneHka «xopouio» CTaBUTCS MPHU YCIOBHM BBIIIOJHEHUS JTJaOOPATOPHOIO MPAKTUKyMa U OTBETOB
Ha ABa BOIIPOCa 3a4€THOIO ouiiera ¢ HEOOIBIIUMU HEAOYCTaMU WJIN HCTIPUHIUIIKMAJIbHBIMHA OIIMOKaMHU U
CYMMapHOM OIIEHKOM He MeHee 8 3a 0TYeThI IO Jab0PaTOPHBIM paboTaM U MpPE3EHTALUH.

OneHka «omauuno» CTAaBUTCS MPHU YCIOBUU BBINOJHEHUS Ja00PATOPHOTO MPAKTUKyMa U MOJIHBIX
OTBETOB Ha J[Ba BOMPOCA 3a4ETHOr0 OmieTa W cyMMapHOU oreHkoi 10 3a oT4eThl 1o Jab0paTOPHBIM
paboTam U npe3eHTaluu.

8. YueOHo-MeToaMUYecKOe M HH(POPMALMOHHOE 0O0ecnieYeHUue TUCIHIINHBI (MOTYJIs).

a) OCHOBHAasl JIMTeparypa:

1.Crapoctun B.B. Marepuansl u MeTo/ibl HaHOTEXHOIOTUH. YuebHoe nocobue. — M.: BUHOM.
Jlaboparopwus 3nanmii, 2010. —431 c. —

ISBN 978-5- 9963-0346-5.

2. MuponoB B.JI. - OcHOBBI ckaHupymoLIed eKTpOHHOU Mukpockornuu / B.JI. Muponos. — M.:
Texnocdepa, 2004. — 144 c.

3.I'yces, A.M. Hanomarepuaibl, HAHOCTPYKTYpbl, HaHOTeXHOJoruu: MmoHorpagus / A.M. I'yces. -
2-e u3a., ucop. - M. : @uzmatiur, 2009. - 416 c. - ISBN 978-5-9221-0582-8 ; To xe [DneKTpOHHBIN
pecypc]. - URL: http://biblioclub.ru/index.php?page=book&id=68859 (11.11.2015).

4.EnuceeB, A.A. ®yHkiuoHanbHble HaHoMarepuaibl / A.A. Enucees, A.B.Jlykamun. - M. :
Ouszmatur, 2010. - 454 c. - ISBN 978-5-9221-1120-1 ; To xe [Dnexrponnsiii pecypc]. - URL:
http://biblioclub.ru/index.php?page=book&id=68876 (11.11.2015).

5. bopucenko B.E. Hanosnextponuka: yue6Hoe mocobue / B.E. bopucenko, A.l. BopoObeBa,
E.A. YTkuna. — M.: BUHOM. JlabGopaTtopus 3nanuii, 2011. — 223 c.

ISBN 978-5 94774-914-4

6.AnnpueBckuii P.A. OcHOBbl HAaHOCTPYKTYpHOro MarepuanoBefeHus. Bo3moxHocTH U
npo6semsl. — M.: BUHOM. JlaGoparopwus 3uanmii, 2012. -252 c.

— ISBN 978-5-9963-0622-0

0) 10MOJIHUTE/IbHAS JIATEepaTypa

1.Pynckoit, A.. Hanotexnonoruu B metamutypruu / A.W. Pyackoii ; denepanbHOE areHTCTBO 110
oOpazoBanuto, Cankt-IlerepOyprckuii rocyaapcTBeHHbIM noiauTexHudeckuil ynusepcuter. - CIIO
Hayka, 2007. - 186 c. : cxem., un., Tabu. - bubmumorp. B kH. - ISBN 978-5-02-025312-4 ; To xe
[DnexTponnsiii pecypc]. - URL: http://biblioclub.ru/index.php?page=book&id=362993 (12.11.2015).

2. HeBomun, B.K. 30H710BBICE HAHOTEXHOJIOTHHU B 3JeKTpoHuKe : moHorpadwus / B.K. Heronun. -
N3zn. 2-e, ucnp. - M. : Texnocdepa, 2014. - 174 c. : un., cxem., Tadi. - (Mup 31eKTpoHHKH). - Bubnuorp.
B kH. - ISBN 978-5-94836-382-0 ; To ke [Onexrponnsli pecypc]. - URL:
http://biblioclub.ru/index.php?page=book&id=260697 (13.11.2015).

3. Ou3uKo-XMMHS HAHOYACTHUIl, HAHOMATEPUAIOB H HAHOCTPYKTYp: Yy4yeOHOe rmocobue /
A.A. bapeibun, B.A. baxtuna, B.W. Tomwmn, H.II. Tomununa. - Kpacnosipck :  Cubupckuii
dbenepanbubiii yausepcutet, 2011. - 236 c. - ISBN 978-5-7638-2396-7 ; To ke [DneKkTpoHHBIN pecypc].
- URL: http://biblioclub.ru/index.php?page=book&id=229593 (11.11.2015).

4. Jlertapenko, H.H. Cnenuansabie pa3aenbl KBAaHTOBO-MEXaHUYECKHUX METOO0B PACUue€TOB CBOWCTB
KJIACTEPOB M HaHOMaTepHayioB : yuyeOHoe mocooue / H.H. [dertapenko. - M. : MUDU, 2008. - 156 c. -
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ISBN 978-5-7262-1074-2 ; To xKe [DnexTpoHHBIH pecypc]. - URL:
http://biblioclub.ru/index.php?page=book&id=231586 (11.11.2015).

5. Ceprees, A.I'. Hanometponorusi / A.I'. Ceprees. - M. : Jloroc, 2011. - 415 c. - ISBN 978-5-
98704-494-0 ; To ke [DnexTponHsIit pecypc]. - URL:
http://biblioclub.ru/index.php?page=book&id=84986

Pecypchl nHGOPMALMOHHO-TEJIEKOMMYHUKAUMOHHOM ceTn «AHTEepHeT»:

Cucrema »5IeKTpOHHOM TOJAEpPKKUM oOpa3oBaTrenpHOro mporecca «MoH  yHHUBEPCUTET»
https://uni.ivanovo.ac.ru

[Ipodeccronanbubie 6a3bl JAHHBIX U HTHPOPMALIMOHHO-CIIPABOYHBIE CHUCTEMBI:
OBbC «YHuBepcurerckas Oudinoreka onnaiin» www.biblioclub.ru
OnekrponHas 6ubmmorteka UBI'Y _http://lib.ivanovo.ac.ru
Onexrponnslit katajgor Hb MBI'Y http://lib.ivanovo.ac.ru/index.php/ek

[Iporpammuoe obGecrieuenue: omepammoHHas cuctemMa Microsoft Windows, maker oducHBIX
nporpamMm Microsoft Office u(wm) LibreOffice, natepuer-6pay3zep Microsoft Edge n(unm) Yandex
Browser.

9. MaTepuajibHO-TeXHUYECKOe olecriedeHne JUCHUNINHBI (MOLYJIs1)

VYueOHble ayIUTOPUH:

- ISl IPOBEJCHUS 3aHATHUI JIEKIIMOHHOTO TUIA ¢ KOMIUIEKTOM CHEUAIN3UPOBAHHON yueOHOU Mebenu u
TEXHUYECKUMHU CpEJCTBAMU OOy4YeHHMs], CIyXKallUMU JJs TMpeAocTaBieHUs ydeOHON HHOopManuu
00JIbIION ayUTOPUH;

- 1Sl IPOBEICHUS Ja00PATOPHBIX 3aHATUN C KOMILIEKTOM HEOOX0AUMOro 000py10BaHUS;

- JUld  KOHCYJAbTalMi, TEKYIIEro KOHTPOJS U NPOMEKYTOYHOM aTTecTalud C KOMIUIEKTOM
CHelHalM3UpOBAaHHON yuyeOHON MeOenu U TEXHUUYECKUMHU CPeICTBaMU 00yUEeHUS;

[Tomemienne [uisi caMOCTOSITENIBHOM PabOThI, OCHAIEHHOE KOMIUIEKTOM CHEIMaIU3UpOBAaHHON
y4eOHOU MeOenu, KOMITBIOTEPHOM TEXHUKOW C BO3MOXHOCTBIO MOJKIIOUEHHUs K ceTu «MHTepHeT» n
obecnieuenunem poctymna B JUOC.

JleMoHCTpalMoHHOE 00Opy/IOBaHUE U Y4eOHO-HArJISIIHbIE MOCOOMS Ul 3aHATUN JIEKLIHOHHOIO
THIa, 00ECIIEUYNBAIOIINE TEMATUUECKNUE NILTIOCTPALIMU: NPEe3eHMAyuu no U3y4aemvimM memam
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