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duzuka MEPCICKTUBHBIX TEXHOJIOTHI: AJIbTCpHAaTUBHAA SHCPTCTUKA, HAYYHOC



AHHOTANMA

Jucruminna «CoBpeMeHHbIe (yHKIMOHATIbHBIE M KOHCTPYKIIMOHHbIE MaTepHalibhy HaIllpaBIeHa Ha Pa3BUTHE
NpoQUIBbHBIX KOMIIETGHIMH W  MpEACTaBICHHH 00 OCHOBHBIX (PU3MKO-XMMHUYECKHX  CBOMCTBaX
(YHKIIMOHATIBHBIX U KOHCTPYKIMOHHBIX MaTe€pUasioB BCICACTBHE YIIYOJICHUS M CHCTEMaTH3allMH 3HAHUI O
KJ1acCU(PMKALNKU, TEXHOJIOTUSIX MOMYyUYeHHs, 00pabOTKH U 0COOEHHOCTSX IKCIUTYyaTal[HOHHBIX XapaKTePUCTHK
(YHKIIMOHATIBHBIX M KOHCTPYKLMOHHBIX MAaTepHalioB C MLENbI0 IUIAHMPOBAaHMSA, pPa3padOTKH, aHaIM3a M
MpUMEHEHHsI JaHHBIX MaTepHajioB B 00aCTIX TPaJUIIMOHHON U aJbTEPHATHBHOMN SHEPTeTUKH.

1. leau u 3apauun

eap AUCUMNIMHBI

@®opmupoBaHue y OOY4YaIOIIMXCS CIEHHMAIM3UPOBAHHBIX MPEICTABICHUH O BHAAX, XMMHYECKOM
MPUPOAE, OCHOBHBIX (PUIUKO-XUMHUYECKHX CBOICTBAaX, TEHACHUMAX PAa3BUTHS W [PUMEHEHUs
(YHKIIMOHATIBHBIX U KOHCTPYKIIMOHHBIX MAaTepHAIOB B 00JIaCTH AEKTPOXUMHUYECKON SHEPIeTHKH.

33}13‘-[1/1 JAUCHUIIINHBI
OCHOBHBIMH 3aJa4yaMu U3YUCHUS AUCHUIIIIMHBI ABJIAOTCA:

— yrnyOnenue 0a30BbIX 3HAHMW W NPEACTABICHUH O XMMHUYECKOW MpHUpoAe, (PU3MKO-XUMHYECKUX
CBOMCTBaX, OKCIUIyaTallMOHHBIX  XapaKTePUCTUKaX (PYHKIMOHAIBHBIX W  KOHCTPYKIIMOHHBIX
MaTepHaoB, MPUMEHAEMBIX AJI CO3AAHUS ANEKTPOXUMUYECKUX HAKOIIUTENEH SHEPIUN;

- 0606H.IGHI/IG M CHCTEMaTu3alMs 3HAHHI O nponeccax u crocobax HOOJIyUYCHUA MAaTCpUalioB,
HCIIOJIB3YEMBIX B XUMHUYCCKUX NCTOYHHKAX TOKA,

— (opmupoBaHHE CHENUATU3MPOBAHHBIX 3HAHUH O MOJMMEpax, IOJIMMEPHBIX pPacTBOpax U
ANIEKTPONIUTAX Ul METAJUI-MOHHBIX OaTapei.

2. Ilepeyens opMupyeMBbIX KOMIIETeH M

OcBocHue AUCHUIIJIMHBI HAIIPABJICHO Ha (bOpMI/IpOBaHI/Ie CIeayronux KOMHGTGHL[I/Iﬁi

KOI[ 1 HAMMCHOBAHUEC KOMIICTCHIIMN I/IHILI/IKaTOpBI JOCTHIKCHHUSA KOMIICTCHIIMH

YK-1.1 Ananuzupyet npoOIeMHYI0 CUTYalHIO KaK CUCTEMY,
BBISIBJISAS €€ COCTAaBJIAIOLIME U CBSI3U MEKIY HUMU

VYK-1.2  OcymecTBisieT TMOWCK BapHaHTOB  pEIICHUS
MOCTAaBJICHHOH  TpOOJIEMHONW  CUTyalldd Ha  OCHOBE

YK-1 CnocoGeH oCymecTBIsTh KpUTHUECKUN
JOCTYITHBIX HCTOYHUKOB HH(POPMALHH

aHaJM3 MPOOIEMHBIX CUTYyalluii Ha OCHOBE

YK-1.3 Pa3pabarsiBaeT CTpaTEeruIo JOCTHKEHUS
[IOCTABJICHHON IeJIM Kak I10CJIEA0BaTeIbHOCTh I11aroB,
NpEeNBUIA PE3YIbTaT KakIOr0 W3 HUX W OLIEHHWBAs HX
BIMSIHUE Ha  BHEIIHEE  OKPY)KEHHE  IUIAHUPYEMOM
JEATENIBHOCTH W Ha B3aMMOOTHOLIEHHWS YYaCTHUKOB 3TOM
JeSITeIbHOCTU

CHUCTEMHOTO TIOAX0/1a, BhIpadaThIBaTh
CTpaTeruro AeUCTBUI

IIK-1.1 CrocobeH HaxomuTh, aHAIM3UPOBATh W 0000IIATH
nHpOpMaIHIo 00 aKTyalbHBIX PE3yNbTarax UCCIEIOBAaHHN B
pamMKax TeMaTHYeCKOW 00yacTH cBoell mpodeccrnoHambHON

[IK-1 CnocoGen craBuTh, (hopMann3oBeIBaTh 1 |ACATCIBHOCTH

pelarh 3aja4u, B ToM uncie pa3padareiBath 1 [IK-1.2  CriocoOeH  BBIABUTATH  THIOTE3bI, CTPOUTH
HCCJIE0BATh MaTeMaTHYECKUE MOJICIH MaTeMaTH4ecKue MOACTH JUI ONHCAHUS H3y4aeMbIX
M3y4aeMBbIX SBJICHUH U NMPOIECCOB, CACTEMHO  |BJIEHUH U MPOLECCOB, OLIEHUBATh Ka4eCTBO pa3pabOTaHHOM
aHaJIM3UPOBATh HAyYHbIE TPOOIEMBI, [TOJy4YaTh |MOJEIIN

HOBBIC HAYTHBIC PE3YJIbTAThI [IK-1.3 CrnocobeH NpUMEHATh TeopeThdecKue M (WJiIu)
SKCIIEPUMEHTAIbHBIE METOJIbI UCCIEN0BAHUN K KOHKPETHOU
HAay4YHOM 3a7ad€ W HWHTEPOPETHUPOBATH  MOJIYUYCHHBIC
pE3yNbTaThI

3. IlepeyeHb NIAHMPYEMBIX Pe3y/IbTATOB 00yUeHHUsI 0 JUCHMILINHE (MOLYJII0)
B pesynbrare 0cBOEHUS AUCLUIIMHBI 00y4aIOIINeCs JOIKHbI
3HAThb!




YMETb:

- OCHOBHBIC BUBI (PYHKIIMOHATHHBIX U KOHCTPYKIIMOHHBIX MAaT€PHAIIOB, HCIIOIB3YEMbIX JIJISI CO3/IAHUS
ANIEKTPOXUMHUYECKIX HAKOIUTENICH SHEPrHH, UX MPEUMYIIECTBA U HEIOCTATKH, (PU3NKO-XUMHUECKHE
CBOICTBA,

- OCHOBBI TEXHOIIOTHH MOJTy4eHUs 1 00paboTKH (PYHKIIMOHAIBHBIX U KOHCTPYKITHOHHBIX MaTepUAIIOB;

- OCOOCHHOCTH OKCIUTyaTal[MOHHBIX XapaKTEPUCTUK (YHKIIMOHANBHBIX W KOHCTPYKIIMOHHBIX
MaTepUajoB B 3JIEKTPOXUMHUUYECKHX HAKOIIUTEISIX SHEPTHH.

- moxOuparh Marepuai (Kjacc, COCTaB, XUMHUYECKasi MIPUPOAA) AJISl CO3AAHUS OTACJIBHBIX JIEMEHTOB
UIEKTPOXUMUYECKUX HAKOITUTENIEH SHEPTUH;

- OOBACHATh NPUHIMIBI PAaOOTHI Pa3MUHBIX (PYHKIMOHAIBHBIX MAaTepUalioB, HCIOIb3YEMbIX B
ANIEKTPOXUMHUYECKUX HAKOIMUTEISIX DHEPTUH, BEIOUPATh CIIOCOOBI X XapaKTePUCTHKH;

- QHAJIM3UPOBATh PE3YJIbTaThl UCTIBITAHUN (PU3UKO-XMMUYECKUX CBONCTB MaTepualloB;

- aHAJM3UPOBATh HAYYHYIO JIUTEPATYpy C LeNbio BbIOOpa mHpopManuu O paboTe, MEPCIEeKTUBAX H
XapaKTEPUCTUKAX PA3IUYHBIX MaTepuasioB 11t XUT;

- TOTOBUTh MaTepuaibl UId JIEKTPOXMMHYECKHX HAKOIMTEIEH SHEPIHM, BKIIOUYAsl JJIEKTPOJHBIC
Marepualibl, MeMOpaHbl Pa3IUUHON IPUPOABIL, )KUIAKHE IEKTPOIUTHI.

BJIAJIETD:

- OCHOBHBIMH XUMHYECKUMHU U (U3NUECKUMH TEOPHSIMU U KOHIEHIMSIMHU, ONHCHIBAIOIIMMHU
(U3MKO-XMMUYECKHE CBOMCTBA (PYHKIMOHAIBHBIX W KOHCTPYKUMOHHBIX MAarepuajoB, BKIIOYas
IIPOYHOCTHBIE XapaKTEPUCTUKU, IIEKTPOHHYIO U HOHHYIO INPOBOIUMOCTb, YCIIOBHS IPUMEHUMOCTH
MaTepHalioB;

- OCHOBHBIMH 3JIEKTPOXMMHUYECKMMHU METOAAMH XapaKTEPUCTUKU PA3IMYHBIX (YHKIHMOHAJIBHBIX MU
KOHCTPYKIIMOHHBIX MaTEPHAIIOB, UCTIOJIB3YEMBIX B JJIEKTPOXUMUYECKNX HAKOIUTEINAX SJHEPTHH;

- HaBbIKAMU MHTEPIPETALUN U 00CYKICHUS Pe3yJIbTaTOB MIPOBEJCHHOTO UCCIIEI0OBAHMS, OCHOBBIBASChH
Ha COBPEMEHHOM IUTEPATypE.

4. Coep:xanue TUCUMILIUHBI (MOYJIs), CTPYKTYPHPOBAHHOE 110 TeMaM (pa3iesiaM) ¢ yKazaHueM
OTBEJICHHOI'0 HA HUX KOJIMYECTBA AKAAEMHYECKUX YaCOB 1 BHI0B Y4eOHBIX 3aHATHI

4.1. Paznenbl TUCTMITIMHBI (MOJYJISI) ¥ TPYJIOEMKOCTH TI0 BUaM yUEOHBIX 3aHSATHIA

TpynoeMKOCTb 110 BUAAM Y4E€OHBIX 3aHATUH, BKIIIOYAs
CaMOCTOSITENIbHYO padoTy, Jac.
No Tema (pa3nen) TUCIUTUTMHBI
Jlekrum | Cemunapsr | JlaGopar. paboTs Camocr.
pabora
1 OObwmas xnaccupukanys MaTepraios. 2 1
) Kpucrannmmyeckass cTpykTypa TBEpABIX ) 1
Tel.
3 Heopranuueckue (byHKIIMOHATIbHbIE ) |
MaTepHallbl.
4 DNEeKTPOHHAs! TPOBOAUMOCTb. 2 1
5 [TosrynpoBOTHUKOBBIE MaTEPUATIBI. 2 1
6 Marepransl ¢ HMOHHOM W CMEIIAHHOU 2 1
IIPOBOJUMOCTBIO.
7 MarauTtHble MaTepHabl. 2 1
] CerHerosinekTpuku U MaTepHalel s ) |
TEPMOBJICKTPUIECKUX TPUMEHECHHH.
9 Heopranndeckne HaHOYACTHLIBIL. 2 1
10 [lonyyenne MarepuasioB B Pa3IUYHBIX ) 1
dhopmax.
1 W3rorToBieHue 3neKTpOAHBIX MaTepUasoB ) |
JUIS METaJUT-MOHHBIX OaTapei.
Kepamuueckue TBepabie NPOBOAHUKH AJIS
12 |TBepIOTOILIMBHBIX 3JIEMEHTOB u 2 1
MeTaJJI-MOHHBIX Oarapen.




TexHomornyeckue aCIIEKTBI

13 MPOU3BOACTBA METaJUI-MOHHBIX 2 1
aKKyMYJITOPOB
JlabopatopHble ¥ TPOMBILUICHHBIC

14  |MeToABl cHHTE3a PIEKTPOAHBIX aKTUBHBIX 2 1
MaTepHalioB U CENapaTopoB.

15 Kommekcet mertamnoB. Karamuzaropst ) |
JUISL TOTUTMBHBIX 3JIEMEHTOB.

16 [Tonmumeprl.  MonekynsipHas ~ Macca. 2 2
Metozs!l cCUHTE3A.

17  |PacTBOpBI NOIMMEPOB. 2 2

18 MexaHnuka IIOJINMEPOB. ®Da30BbIC ) )
MEPEXOIBI.

19 [IpoBogumocTh MTOJTUMEPHBIX ) )
MaTepHaIoB.

20 Mertobt 00paboTKH MOJTMMEPHBIX ) )
MaTepHaoB.

71 HonyquEIe IUICHOK, MeMOpaH, ) )
HOKPBITHH.

2 TBepable OIUMEPHBIE AIEKTPOIUTHL IJIs ) )
MeTaJlJI-MOHHBIX Oarapei.

23 ['eneBbie MONMMEpPHBIE JAEKTPOIUTHI IS ) )
METaJJI-HOHHBIX Oarapei.
Teepaple W TeneBble  IOJUMEpHBIE

54 |PICKTPOJHTBI JU1sl TOTUIMBHBIX SIIEMEHTOB ) )
u Ipyrux JIEKTPOXUMHUYECKUX
YCTPOMCTB.

25 CTUMyN-4yBCTBUTEIbHBIE  MaTepHAJIbL. ) )
CeHcopbl.

2% KoncTpykuuonHsle MeTaJJINYeCKue ) )
MaTepHallbl.

27 KoHcTpyKuMOHHBIE ~ HEMETAIIMYECKHE ) )
MaTepHallbl.
Komno3uunonssle [IOJIMMEPHbBIE

)y [MaTepHAIEL VYrnemnactuku. ) )
ApMHpOBaHHbBIE [IOJIMMEPBHI.
[Ipumenenue.

29  |ludposoe maTepuanoBeneHue. 2 2
TengeHurn  pa3BUTHS — MOJMMEPHBIX

30 |pyHKIMOHAIBHBIX M KOHCTPYKIIMOHHBIX 2 2
MaTepHaoB.

Nroro yacos 60 45

[TonroToBka k 3K3aMeHy 30 gac.

OO01mas TpynoEMKOCTh

135 ygac., 3 3aud.en.

4.2. CopepxaHue TUCHUIUTHHBI (MOAYIIA), CTPYKTYPHUPOBAHHOE 110 TeMaM (pa3zesiam)

Cemectp: 1 (Ocennwii)

1. Ob6mas kiaccuduKanus MaTepranoB.




Heoprannueckue, opraHudeckue, IOJMMEpHble U ruOpuaHble  Marepuansl. OCHOBHBIC
(U3MKO-XMMUYECKHE CBOMCTBA MaTCpHAJIOB, BKJIIOYAs MEXaHWUYECKHME CBOWCTBA, TEPMO- U
XUMHUYECKYH) CTOMKOCThb, IPOBOJMMOCTb, OITHYECKUE CBOMCTBA, TOKCUYHOCTb. IIpumepsl
MPUMEHEHUH B COBPEMEHHOM MHpEe C (POKycOM Ha BIEKTPOXUMHUYECKHE HCTOUYHUKH JHEPruH,
BKJIIOYasi METaJUI-MOHHbIE OaTapey U TOIIMBHBIC 3JIEMEHTHI.

2. Kpucrannuueckast CTpyKTypa TBEPABIX TEN.

Kpucramnmuueckass pemerka. JledekTsl KpUCTAIUIMUECKOW pPEIIETKH. METOAbl  TONy4eHHUs
HEOpPraHMYECKUX MaTEPHAIIOB.

3. Heopranmnueckue ¢GyHKINOHATIBHBIE MaTEPUAIIbI.

HCOpF AHUYCCKHUC MAaTcpualbl. OKCI/II[LI, KEpaMuKa, COJIM, MCTAJUIbI. HpI/IMepLI HauOoJIee 4YacTo
HCIOJIB3YIOMUXCS HCOPIraHNUCCKUX MATCPUATIOB B SJICKTPOXUMHUYCCKUX HAKOIMUTEIAIX SHCPIHUU.

4. DneKkTpoHHAs MPOBOANMOCTb.

[lonsTue NPOBOAHMK, MOJIYNPOBOJHUK, IUAIEKTPUK. OJEKTPOHHAas W HOHHAs IPOBOAMMOCTb.
Krnaccuduranus MaTrepualioB 1o 30HHOH CTPYKTYpe U MPOBOAUMOCTH. 3aBUCUMOCThH MPOBOAUMOCTH
OT TeMIleparypbl. JIEMEHTapHblE, KYIIpaTHbIE, >KEIe30ColeprKallue, HHTEPMETAIIIMYECKUE U
OpPraHUYeCKHE CBEPXIPOBOAHUKH.

5. IlonmynpoBOTHUKOBBIE MaTEPUAJIBI.

[Ipuuunel, onpenensiomue BOZHUKHOBEHUE MOMYTPOBOIHUKOBEIX CBOMCTB. OCOOEHHOCTH METOAOB
CHHTE3a [10JIYIIPOBOJHUKOB. TONOIOIHYECKUE U30JIATOPHI.

6. MarepuaJbl ¢ HOHHOM B CMEIIaHHOW MTPOBOAUMOCTHIO.

WNonnas npoBogumMocTs. [IpuHIMI UMIIEJaHCHONW CIIEKTPOCKOINM ISl ONPEAETIEHUS POBOIUMOCTH
MatepuanoB. M3mepeHue ONEKTPONPOBOJHOCTH COEIWHEHHWH CO CMEIIaHHON MPOBOAMMOCTHIO.
Omnpenenenue yneiabHOTO CONPOTUBICHUSI.

7. MarHutHble MaTepUaiIbl.

OcHOBHBIE TUIIBI MAaTHUTHBIX MaTepUaJIOB, UCIIOIb3YyEMBIX B HacTosee BpeMs. Temneparypa Kropu.
[leTns ructepesnca. MarHUTOMSITKME M MarHUTOKECTKHE MaTepHalibl. 3aBUCUMOCTb KOIPLUUTUBHON
CHJIBI OT pa3Mepa 4acThll. MarHeToconpoTHBIeHHe. MarHUTOKAIOPUIECKUI AP PEKT.

8. CerHeToMIEKTPUKY U MaTepUaIbl AJ1s1 TEPMONIEKTPUUECKUX IPUMEHEHUH.

CerneroasiekTpuku. SIBnenue tepmosnexrpudecta. Jddekr 3eedeka u 3dpdexr [lenvrre. SApnenue
tepMoDJIC. TlpuHuun AeHCTBUS TEPMOIEKTPHUUYECKUX 3JIEMEHTOB. TepMOaIeKTpuiecKrue MOMYIIH.
KommMmepueckue TepMOdIeKTpUIeCKUe MaTepHaIbI.

9. Heopranuueckue HaHOYACTHUIIBIL.

KBanTOBEIE TOUKH. YIIepOmHbIE HAHOYACTHIIBL: (YIIEPEHBI, HAHOAIMA3bI, YIIIEPOIHbIC HAHOTPYOKHU.
Komnmonnnas crabunpHOCTh. Kitaccudukanysi HAHOYACTHIT M MaTepUAIOB HA WX OCHOBe. [ MOpuHbIE
OpraHO-HEOPraHWYECKUE MaTepuasibl. MeToAbl CHHTE3a HAHOYACTHUIl «CHU3Y BBEpPX» M «CBEPXY
BHH3Y.

10. TTomyuenne MarepraioB B pa3inyHbIX (hopmax.

Metoasl  pocTa  KpHCTAUIOB. MeTonpl  MOJNy4eHHs  BEUIECTBA B YIABTPAJUCIEPCHOM
HAaHOKPUCTAJUINYECKOM COCTOSIHUH. Metoasl (OpMHUpOBaHUS Tenei, TOJNCThIX IuIeHOK. CrocoOs
MTOJTy4E€HHS KEPAaMUYECKUX MAaTEPHATIOB. METOIBI 0CaXAECHNUS TOHKUX MJIEHOK.



11. I3roToBieHue 3IeKTPOAHBIX MaTEPUaIOB Ul METAIJI-MOHHBIX OaTapeil.

Heopranuueckue marepuaiibl, HNPUMEHSEMBbIE B KaueCTBE OTPULATEIbHBIX U IOJOXKUTEIbHBIX
anektponoB MUA. CnocoObl MomuduKanuu MarepuajoB € HHU3KOH SIEKTPOHHOW W HMOHHOMN
IIPOBOJUMOCTBIO JIJIs1 U3TrOTOBJIEHHUA 31eKTpoaoB MUA. Buspsl cBSI3yOLUIMX KOMIIOHEHTOB U UX POJb
IIPH U3TOTOBJIECHUH YIEKTPOIHOTO MaTepHaa.

12. Kepamuyeckune TBepible MPOBOTHHKH ISl TBEPAOTOIUIMBHBIX DJIEMEHTOB M METaJUI-HOHHBIX
Oarapeil.

dusnueckne CBOICTBa KepaMHUYECKUX MarepuanoB. Kepamuueckue TBepAble NPOBOAHUKU IS
TBEPJIOTOIIMBHBIX AIEMEHTOB M MeTa-uoHHBIX Oarapeil. NASICON u aHaJIOTWYHBIE MaTepUAIIBI.
OcobenHocTH paboOTHI ¢ KepaMUIECKUMU MeMOpaHaMHu.

13. TeXxHONOTHYECKHUE aCIECKThI MOPpOU3BOACTBA MCTAJINI-UOHHBIX aKKYMYJIITOPOB

OcHOBHBIE OmNEpaluy NP TMPOU3BOACTBE METAI-MOHHBIX AaKKyMYJSTOpOB. Bnusaue ycnoBuit
MIPOBEJIEHUS KaXI0H U3 orepaiuii Ha KOHeYHble XapakTepucTuku MUA.

14. JlaGopaTtopHble W NPOMBIIUIEHHBIE METOABl CHHTE3a AJIEKTPOAHBIX AKTHBHBIX MaTE€pHUalIoB U
CEenaparopos.

Cemaparopsl METaLI-MOHHBIX AKKYMYJSITOPOB, WX OCHOBHBIC XapaKTEPHUCTHKH M  CIOCOOBI
nonydeHus. [Ipupomublii U ucKyccTBeHHBIH Tpadutr. CrocoObl M3TOTOBICHUS W MOAW(DUKAINU
rpaduTa. MeTo/ibl CHHTE3a CMENIaHHBIX OKCHIOB M JIUTHH-Kene30 docdara.

15. Kommuekesl MeTamnoB. Karanuzarops! sl TOIUIMBHBIX 3JIEMEHTOB.

Kommnekcer meTtamios. Ilonstre KaTaJim3aropa. TeOprI BaJ’IaHI[I/IHa. Hocurenn AJId KaTaJIn3aTopoB.
KaTanmaTopr JIA  TOIUIMBHBIX DJJICMCHTOB: INUIATUHOBBIC W HCIUIATUHOBBIC TIPYIIIILL. VYcenoBust
ACrpafallii KaTaJInu3aTopoOB.

Cemecrtp: 2 (Becennuit)
16. ITomumepsl. MonekynsapHast macca. MeTOABI CHHTE3A.

[Tonmnmepsl. MonekynsipHas Macca. MeToapl CHHTE3A.

[Homumeprl. CTpoeHue NOJIMMEPOB, BKIIIOYAas OCHOBHYIO W OokoByto uenb. Kiaccubukanms mo
npupofe (CHHTETHYECKHME U OHOMONMMEpHI), IO MPUPOJAE OCHOBHOM IOJIMMEpPHOM Lenu
(xapOouenHble W TeTepOLENHbIE), M0 MAKPOMOJEKYJIAPHONH apXUTEKType (CLIMTHIC, JTUHEHHHBIE,
rpeOHeoOpa3Hble, IPUBUTHIC, ICHIPUMEPHI U 1p.). MonekynsapHas Macca. [loHsTue cpenHeuncioBoi
U CpeIHEBECOBOW MoJeKymapHoH wmacchl. I[lomuaucnepcHocTb. CBsI3b  MOJEKYISPHO-MACCOBBIX
XapaKTepCTUK CO  CBOHCTBaMH  moiuMmepoB. Meroabl  cuHTe3a. CBOOOIHOpagMKadbHAS
MOJMMEpPHU3alsl C Pa3IMYHBIMA METOJaMW HWHHULMUPOBaHUS (TepMo-, YOP- U panumanuoHHOE
MHULUMPOBaHKE). MeToasl CHHTE3a ¢ KOHTPOJIEM MOJEKYISPHOM MAacChl: KHMBas M ICEBIOKUBAS
paaukanbHas nonuMepusannd. [TonmukonaeHcanus.

17. PacTBOpBI MOJIMMEPOB.

PactBopel nosimMepoB. Bs3kocTe moaumepoB M MX pacTtBopoB. lloHsTHe Xxopomuid, IUIOXOH U
0-pactBopurens. CocrosiHME moMMepa B pacTBope. BiusHue mapaMeTpoB pacTBopa MojauMepa Ha
U3JeNnus U IUIEHKU Ha OCHOBE IIOJIMMEPOB.

18. Mexanuka noiaumepoB. Da3oBbie IEpPeXoabl.



Ilonsatue cermenta Kyna. Temmeparypa IUIaBi€HUS, CTEKJIOBaHMA M  KpPUCTaJUIM3ALIUU.
Kpucrammmynocts nonumepoB. CrekiiooOpazHoe, BA3KOTEKydee M BBICOKOIACTHYHOE COCTOSIHHE
nonmumepoB.  Kpusble gedopmanmy  moauMepoB  JUIs  PasIMYHBIX  (a30BBIX  COCTOSIHUIA.
PenakcanmoHHbIE POIECCHI B TOJIUMEpPaAX.

19. ITIpoBOANMOCTE MOTMMEPHBIX MaTEPUATIOB.

Kiaccuukanmst monuMmepHbIx MatepuanoB. Kommo3uTsl Ha OCHOBe MoiauMMepoB. I[IpoBomumocTs
MOJIMMEPHBIX MaTepuasoB. llodumepbl ¢ AMEKTPOHHOW MPOBOJUMOCTHIO, BKIIIOYAs MOIUIUPPOIL,
nonaHwivH, monu(3,4-3tunennuokcutnoden). Beenenue npoBoasmmx 100aBOK (caXka, YIIIepOIHbBIE
HaHOYACTHIIBI U JIP) B MOJIUMEPHI A7 MPUIAHUS UM MPOBOASIINX CBOMCTB. MIOHHAs MPOBOAMMOCTH B
nonumepax. [1onuneKTponuTsl.

20. MeToapl 06paboOTKH MOTMMEPHBIX MaTEPUATIOB.

MCTOI[LI 06pa6OTKI/I MNOJIMMCPHBIX MAaTCpUuaJIOB. q)OpMOBaHI/Ie, JINTBC, OJOKCTpYy3us, aAJUTHUBHBLIC
TCXHOJIOTHH.

21. Tomy4denue miaeHOK, MEMOpPaH, IIOKPBITHIA.

CHMHKOATHHI, 2JIEKTPOPACTIbUICHHUE U JIEKTPOCITUHHUHT, TUTOrpadHIecKie METOIbI.
22. TBepaple MOTMMEPHBIE IEKTPOJIUTHI Ul METAJI-MOHHBIX Oarapeil.

Mertozs! noyuenus. IlonnmepHbie AIEKTPOIUTEI HA OCHOBE MOJIMITHICHOKCHA.

23. I'eneBble MOIMMEpPHBIE TEKTPOIUTHI U1 METAJII-MOHHBIX Oarapeil.

Hanonnenue monuMepHbIX MeMOpaH coyisiMd. MOHHBIE KHJIKOCTH KaK KOMITOHEHTBI MOJIUMEPHBIX
MeMOpaH.

24. Teepabple W TENEBBIE IOJUMEPHBIE DIIEKTPOJIUTHI JUIS TOIUIMBHBIX JJIEMEHTOB U APYTHX
JIEKTPOXUMHUYECKUX YCTPOMICTB.

Crpyktypa mnepdTopupoBaHHBIX cyabdocoaepkammx  monmumepoB  Nafion wu  Aquvion.
[TonmnOeH3nMH 1230161 U JIP. TIOIUMEPHI ISl TOTUTUBHBIX JIEMEHTOB.

25. CTuMyn-4yyBCTBUTENIbHBIE MaTepuaibl. CEHCOPEHI.

CTuMyn-4yBCTBUTEIbHbBIE MaTEPUAIIbl HA OCHOBE MOJIMMEPHBIX U THOPUIHBIX MaTepraaoB. CeHCOpHI:
ONITUYECKHE, TEMIIepaTypHbIe, CEHCOPHI AaBieHus. CEeHCOpHI sl ONpeaesIeH s TEIJIOBOTO pa3roHa B
METaJUI-MOHHBIX Oarapesix.

26. KOHCTpYKITMOHHBIE METAITTNYECKHE MaTepHAIIbI.

Meramnyeckue Marepuaibl. MeTaisl W criaBel.  Metonsl  TiepepaboTku. [IpodHoCTHEBIE
XapaKTEPUCTUKHU U IPUMEHEHUE.

27. KOHCTPYKHHOHHBIG HCMCTAJINIMUCCKUC MaTCPUAJIBI.

Hemerannmuueckue marepuansl. I'padur, kepamuka, monumepsl. [IpodHOCTHBIE XapaKTEPUCTHKU H
[IPUMEHEHHUE.

28. KoMImo3uimoHHbIE TOJIMMEpPHbIE MaTepHuaibl. YIIEIIACTHKA. APMHPOBAHHBIE ITOJIHMEPHI.
[Ipumenenue.

Buger HamonmHuTenei ans  mOMMMEpPHBIX  MarepuanoB. llnacTudukanus W apMUpOBaHHE.
VYrennactuku. ApMUPOBAHUE TKAHBIO.



29. lludpoBoe marepuanoBeicHUE.
MonenupoBaHu€e CBOMCTB, B TOM YHCJIE IPOYHOCTHBIX CBOUCTB.
30. TenneHunyu pa3BUTHS MOJUMEPHBIX (PYHKIIMOHAIBHBIX U KOHCTPYKIIMOHHBIX MaT€pPHaIOB.

TCH,Z[GHLII/II/I Pa3sBUTHUA IMOJIUMCPHBIX (1)YHKLII/IOH2UH:HBIX U KOHCTPYKIMOHHBIX MAaTCpUaJIOB, BKIIOYAA
KaK  OJICKTPOXUMHUYECKHUE HUCTOYHUKM TOKa U  TOIUIMBHBIC OJIEMCHTBI, TaK MW JPYTUC
DJICKTPOXUMHUUCCKUC YCTpOﬁCTBa, B TOM 4YHCJIC KYMHBIC CTCKJIa», CCHCOPBI U P.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HEO0X0AMMOM AJIsl OCYIeCTBICHHUS 00Pa30BATEILHOIO
npouecca 1o JHCHUIIMHE (MOLYJII0)

VYueOHast ayTuTOpHs, OCHAIICHHAS! MYJIETHMEIHA IPOEKTOPOM, MEJIOBOW WIIM MapKEPHOM TOCKOH.
6.IlepeuyeHnb pexoMeHYeMOM JINTEPATYPHI

OcHoBHas 1uTEparypa

Jluteparypa Bolaercst Ha 6a30BoOH Kadenpe:

1. Hamackun b. b., Ilerpuii O. A., llupnuna I, A.. Dnexkrpoxumus. — 3-e uU31., UCIP. —
Canxkr-IlerepOypr : Jlans, 2022. — 672 c.

2. Kupees, B. B. Bricokomonekyssipasie coequnenusi. Yacts 1. OO0 «M3parensctBo FOpaiit» 2017. —
361c - ISBN 978-5-9916-7150-7 (u. 1)

JomnonHurensHas aureparypa

Jluteparypa Bolgaercs Ha 6a30BoH Kadenpe:

1. Linden's Handbook of Batteries / edited by T.B.Reddy. - 4th Edition. - McGraw-Hill, 2010

2. Bect, A. Xumus tBepaoro tena. Teopus u npuwiokenud. Yacts 2. - M.: Mup, 1988

3. Cemuukos, 1O. /1., )Kunsios, C. @., 3aiiues, C. /I. BBenenne B XuMHIO IOJIUMEPOB. - AKaIeMuUs,
2012. - 978-5-7695-7071-1

4. Connues, 0. I1., Epmakos, b. C., [lupaitaen, B. }O. TexHonorus KOHCTPYKIIMOHHBIX MaTepHasoB,
2014

7. llepedyeHn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHHKAIMOHHOI ceTH ""UHTepHET", HEOOXOTUMBIX
JJI51 0CBOEHHSI TUCIMIIJIMHBI (MOTYJIs)

He ucnonesyrorces.

8. IlepeyeHb HHPOPMALMOHHBIX TEXHOJIOTHIi, HCIIOIb3yeMbIX NPH OCYLIECTBJICHUU 00Pa30BaTeJIbHOI0
npouecca 1o JHCHUIIMHE (MOIYJII0), BKJIIOYAs NepedeHb He00X0AUMOro NpOrpaMMHOro odecnedyeHnst
1 MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

He npenycmotpeHsl.
9. MeToauyeckue yKazaHusi AJis1 00y4arOIMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

CryneHT, M3y4arollMd IUCLUUIUIMHY, IOJDKEH, C OJHOW CTOPOHBI, OBIAAeTh OOIIMM IOHSATUHHBIM
arrnaparoM, a ¢ Apyroil CrOpoHsl, JOJKEH HAyYUThCS IPUMEHSTh TEOPETUUECKUE 3HAHUS Ha IIPAKTUKE.

B PE3IYIBTATC UIYUYCHUA AUCHUILIMHBI CTYACHT AOJDKCH 3HATH OCHOBHBIC OIIPCACIICHUA NUCHUILIIINHBI,
YMETb NPUMCHATH INOJYUYCHHBIC 3HAHUA YMCTb IIPUMCEHATH IIOJYYCHHBIC 3HaHUA [Jid PCHICHUA
Pa3INIHbIX 3a4a4.

VYenenrHoe ocBoeHHE Kypca TpeOyer:
— IMOCEUICHUS BCEX 3aHATHH, MPEAYCMOTPEHHBIX YUE€OHBIM IJIAHOM MO JAUCIHIUIAHE,
— BEJICHUS KOHCIIEKTa 3aHATHIA;

— BBINIOJIHEHHE 3aJaHUI TPAKTUYECKUX CEMHUHAPOB M CAMOCTOATENIBHYIO OOpa0OTKYy MOIyYeHHBIX
pe3yabTaToB;



— aKTHBHOM caMOCTOSITeTTbHON paboThI CTYACHTA.

CamocrosiTenbHas padoTa BKIIOUAET B Ce0s:

— YTEHHE PEKOMEH0BAaHHOM JINTEPaTyphl;

— TpopaboTKy y4yeOHOro MaTepuana, IOATOTOBKY OTBETOB HAa BOIIPOCHI, NPEJHA3HAUYCHHBIX I
CaMOCTOSTENBHOTO U3yUEHUS;

— MOATOTOBKY K BBINIOJIHEHUIO 3aJaHUN TEKYIIeH U MPOMEXKYTOUHOM aTTeCTalum.

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

BaxxHo 10oOWTHCS MOHMMaHHS U3y4yaeMOro Marepuaia, a He MEXaHHYECKOro ero 3amomuHaHus. llpu
3aTPYIHEHUU H3Y4YEeHHS OTIENbHBIX TEM, BOIIPOCOB, CIEAyeT OOpamiarbesi 3a KOHCYIbTAlUAMH K
MIpenoAaBaTesto.

Bo3MoxeH nMpoMeKyTOUHBINA KOHTPOJIb 3HAHUI CTYIECHTOB B BHJE PELIEHUS 33a4 B COOTBETCTBUU C
TEMAaTUKOW 3aHATHH.



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
kadeapa 3MeKTPOXUMHIECKON YHEPIeTUKU

Kypc: 1

KBau(pukanus: MarucTp

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

2 (BeceHHUil) - DK3aMeH
PazpaGoTunkm:

C.M. Mopo3oBa, KaHJl. XMM. HayK
B.A. Busranos, kaHa. X¥UM. HayK
J.M. Utkuc, kKaHa. XuM. HayK



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

YK-1 CriocoGeH ocyecTBIsATh KpUTHUECKUN
aHaJn3 TpOOJIEeMHBIX CUTyalluii HA OCHOBE
CHCTEMHOTO TI0/IX0/1a, BhIpadaThIBaTh
CTpaTeruro AecTBui

VYK-1.1 Ananuzupyet npoOIeMHYI0 CUTYAIHIO KaK CUCTEMY,
BBISIBJISISL €€ COCTABIISIOLIHE U CBSI3U MEXKIY HUMH

VYK-1.2 OcymecTBisier MOHCK BapUaHTOB PELICHUSA
MOCTAaBIICHHONH  TpOOJIEMHON  CHUTyallud Ha  OCHOBE
JOCTYTHBIX UICTOYHUKOB HH(pOpMaH

YK-1.3 PaspabarsiBaeT CTpaTeruio JIOCTH)KEHUSA

MOCTABICHHON IIEIM KaK ITOCJIEIOBAaTeILHOCTE IIIaros,
MpenBUIA PE3ylbTaT KakIOT0 W3 HUX W OLEHHWBAas HX
BJIMSHHE HA  BHEIIHEE  OKPYXEHUE  IUIAHUPYEMOU
JESATENbHOCTH W Ha B3aMMOOTHOLIEHHUS YYaCTHUKOB 3TOM
JIeATCIbHOCTH

[MK-1 Crocoben crtaBuTh, (hOpMaIN30BBIBATH U
pemars 3aa4u, B TOM YUCIIe pa3padaThIBaTh U
UCCIIEI0BaTh MaTeMaTHYECKUE MOJICITN
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO
aHAJIN3UPOBATh HAyYHBIE MPOOJIEMBI, TIOJTy4aTh
HOBBIC HAYYHBIC PE3yJIbTaThI

[IK-1.1 CnocobeH HaxoJuTh, aHAIM3UPOBATh M 0000IIATH
nHpOpMANKIO 00 aKTyaIbHBIX Pe3ylbTaTax UCCISIOBaHUH B
pamMKax TeMmaTH4ecKoi o0macTé cBoed MpodeccHOHATLHOM
JEATEIIEHOCTH

[IK-1.2 CnocoGeH  BbLABHrarb THIIOTE3bl, CTPOUTH
MaTeMaTUYeCcKue MOAEIM Ul ONMCAHUS H3ydaeMbIX
SIBICHUH W MIPOLIECCOB, OLICHUBATh KAYeCTBO pa3padOTaHHON
MOJENN

IMK-1.3 CrnocobeH NpUMEHATh TeopeThudeckue W (W)
JKCIIEPUMEHTAJILHBIE METOJIbI MCCIIEIOBAHUI K KOHKPETHOM
HAayyHON 3ajadye W  HMHTEPIPETHPOBATH  IOTyYEHHbIE
pE3yIbTaThl

2. Iloka3are i OLleHUBAHUS KOMIIeTeHITHH

B PE3YIbTATC U3YUYCHUA AUCHUILIAHBI ((COBpeMeHHLIC (1)YHKL[I/IOH2UIBH516 U KOHCTPYKIMOHHBIC MAaTCpUaJIbD»

00yJaromuiics JOmKeH:

3HATb:

- OCHOBHBIC BU/IbI ()YHKIMOHAIBHBIX M KOHCTPYKLMOHHBIX MaTepUaJIOB, UCIIOIb3YEMbIX AJISi CO3AaHuUs
ANEKTPOXUMHUUECKUX HAKOMHUTENEH YHEPruH, UX MPEHMYIIECTBA U HENOCTATKH, (PU3UKO-XUMHUYECKUE

CBOICTBA,

- OCHOBBI TEXHOJIOTMH MOJyYEHHUS U 00paboTKN (YHKIIMOHATIBHBIX U KOHCTPYKIIMOHHBIX MAaTepHAJIOB;

- 0coOeHHOCTH

IKCIUTYaTallMOHHBIX  XaPAaKTCPUCTHUK q)YHKI_[I/IOHaJ'ILHLIX U KOHCTPYKIIMOHHBIX

MaTepHraioB B JICKTPOXUMHUYCCKUX HAKOIIUTEIIAX SHCPIUHU.

yMeThb:

- moxOuparh Marepuain (Kjacc, COCTaB, XUMHUYECKasi IPUPOAA) AJISl CO3AAHUS OTACNIBHBIX JIEMEHTOB
UIEKTPOXUMUYECKUX HAKOITUTENIEH SHEPTUH;

- OOBACHATh NPUHIMIBI PAaOOTHI Pa3MYHBIX (PYHKIMOHAIBHBIX MAaTepualioB, HCIOIb3YEMbIX B
ANIEKTPOXUMHUYECKUX HAKOIMUTEISIX DHEPTUH, BEIOUPATh CIOCOOBI X XapaKTePUCTHKH;

- QHAJIM3UPOBATh PE3YJIbTAThl UCTIBITAHUN (PU3UKO-XMMUYECKUX CBONCTB MaTepualloB;

- aHAJM3UPOBATh HAYYHYIO JIUTEPATYpy C LeNbi0 BbIOOpa MHpopManuu O paboTe, MEPCIEeKTUBAX H
XapaKTEPUCTUKAX PA3IUYHBIX MaTepuasioB 11t XUT;

- TOTOBUTH MarTepuaibl A DJIEKTPOXMMHYECKHX HAKOIMTEIEH SHEPIHM, BKIIOYAsl JJIEKTPOJIHBIC
Marepualibl, MeMOpaHbl Pa3INUHON PUPOABIL, )KUIKHE IEKTPOIUTHI.

BJA€Th:

- OCHOBHbBIMH XWUMHYCCKHUMHU H (1)H3I/I‘IGCKI/IMI/I TCOPUSAMHU U KOHUCTIHOHUAMH, OIHCbIBAIOIIUMHA

(1)I/ISI/IKO-XI/IMI/ILICCKI/IC CBOICTBa (I)YHKL[I/IOHaJ'IBHBIX U  KOHCTPYKHOHUOHHBIX MAaTCpUaJIOB,

BKJIrO4as

IIPOYHOCTHBIE XapAKTEPUCTUKU, IEKTPOHHYIO U HOHHYIO INPOBOIUMOCTb, YCIIOBHS IPUMEHUMOCTH

MaTcpualioB;

- OCHOBHBIMHU O3JICKTPOXHUMHUYCCKUMU METOHAAMU XAPAKTCPHUCTUKH Pa3JIUIHBIX q)YHKI_II/IOHaHBHBIX u
KOHCTPYKIIMOHHBIX MaTCPUAJIOB, UCIIOJIb3YCMbIX B SJICKTPOXUMHUYCCKNUX HAKOIIUTCIIAX DHCPIUH,
- HaBbIKaMH UHTCPHpETAlU U O6CY)I(I[€HI/I$I PE3YIBTATOB IMPOBEACHHOTO HUCCJIEAOBAHNs, OCHOBBIBAsICh

Ha COBPEMEHHOU JIUTEPATypE.




3. IlepeyeHb THNOBLIX (IPMMeEPHBIX) BONPOCOB, 32/1aHUI, TeM /ISl MOATOTOBKH K TeKylleMy KOHTPOJIIO
B Havase ka)x0ro 3aHATHS HPOBOIUTCS KPATKUH ONPOC 10 TeME MPEAbIIYIIEro 3aHATHS.

4. [lepeyens THNOBBIX (MPUMEPHBIX) BONMPOCOB U TeM [IJIsl IPOBeAeHUsI IPOMEKYTOUHOI aTTecTalluu
oOyuaroumuxcst

Bompocs! k augdpepeHInpoBaHHOMY 3a4eTy:

1. OOmiast kiaccuuKanyss MaTepHaloB: YeM MaTephal OTJIM4YaeTcss OT BemiecTBa? Kak
KI1acCH(UIUPYIOTCS TBEPAOTEIBHBIC MaTePUAIIBI TI0 CTPYKTYpE, O XMMHUUecKkoMy coctaBy? [Ipusenure
IpUMeEpBl 3aBUCHMOCTH (DYHKIIMOHAJIBHBIX CBOMCTB Marepualia OT XUMHYECKOTO COCTaBa, CTPYKTYPHI
WA MOP(OIIOTHH.

2. Kpucrammmyeckas CTpyKTypa TBEpIBIX TeJ: KaKuUM 00pa3oM BbIOMpaeTcs dleMeHTapHas sdeika B
KpUCTaJUIMYecKoM coeanneHun? [lepedrcnure cuHronnu pemerok bpase u B ueM UX OTIHYHME IPYT OT
Ipyra, Kakue IapamMeTpbl 3JIEMEHTapHOW sYeliku MM cooTBeTcTBYyIOT? Kakme THmbl OedeKToB
HabmronaroTcst B Kpuctauiax? Kakue xapakTepHble 3HaUuCHHsI KOHLIEHTPaUUH J1e()eKTOB MPU KOMHATHOM
TEMIIEpaType U KaK KOHIEHTpaIus Ae()EeKTOB 3aBHCUT OT TeMIIEpaTyphl?

3. Heopranuueckue ¢yHKIMOHaIbHbIE Marepuaisl. llepeuncnnure npuMepsl MarepuaoB Haubosee
4acTO MCIOJB3YIOIIUXCA B DJJICKTPOXUMHYECKUX HAKOMUTENAX HHeprud Omnumure Kak Ie(eKTs
KPUCTAIJIMYECKOM pPEHIeTKH MOTYT YIydIIaTh HWIM YXyAlmaTh (DyHKIMOHAJIBHBIE XapaKTePHUCTUKU
MatepuanoB. [lepeuncianTte 0CHOBHBIE METO/BI MTOTyYEHNS HEOPraHMYECKUX MaTEpHaoB.

4. DnexTpoHHAas MPOBOAMMOCTb. [IpuBenuTe Kiaccu(UKamuio MaTepUaIOB MO 30HHOH CTPYKTYpe H
npoBogumocty. Kak mpoBoIMMOCTb 3aBUCUT OT TEMIEPaTypbl IUIsl pa3HbIX KJIACCOB MaTepUaloB?
[IpuBenute npuMepsl 3IEMEHTAPHBIX, KYIPAaTHBIX, JKEIE30COAECPKAIIMNX, WHTEPMETAUIMYECKUX H
OpPraHUYECKHUX CBEPXIPOBOIHUKOB. KakoB MeEXaHU3M CBEPXIIPOBOAMMOCTH B JaHHBIX Marepuaax?

5. IonynpoBoaHUKOBBIE MaTepualbl. [lepeunciuTe B KakUX Marepuaiax 1 10 KaKuM NPUYUHAM CTOUT
OXHJATh MOJYIIPOBOJHUKOBBIE CBOWcCTBa. Ilepeuncianre M onummTe OCOOCHHOCTH METOAOB CHHTE3a
HOJIYIIpOBOJHUKOB. UTo Takoe Tomosorudeckuil mzonsarop? Ilpusenure npumepbl TONOJOTMYECKHX
H30JISITOPOB.

6. Marepuasnsl ¢ HOHHOH U CMELIaHHOM MpOoBOAMMOCTBHIO. Ilepeuncnure n oObsicHUTE QU3NUECKUN
CMBICIT SKBHUBAJIEHTHBIX CXEM, HCIOIb3YEMbIX JUIs ONUCAHMSA ToAOrpadoB HMIIEIAHCA TBEPABIX
ANIEKTPONUTOB. B ueM pasnuune ONOKHPYIOIMX W HEOJIOKHUPYIOUIMX TBEepAbIX dnekTpoiutoB? Ilo
KaKOMy HPUHIMITY BBHIOMPAIOTCS aMIUIMTYJbl U 9aCTOTHI BO3JCHCTBYIOIIETO CHUTHANA MPU W3MEPEHHUN
CIEKTPOB UMIIEIaHCA TBEPABIX dJICKTPOIUTOB?

7. MaruutHeie Marepuaibl. Ha3oBUTe OCHOBHBIE THUIIBI MarHUTHBIX MaTre€pHaiOB, HUCIOJIb3YEMbBIX B
HacTosee Bpems. OnMMUIIMTe OCHOBHBIE TOYKH / yUYacTKU IeTIN Tucrepesnca. Hapucyiite n oobsicHuTE
3aBHCUMOCTb KO3PIMTUBHOW CHJIBI OT pazMepa 4acTHil. YTO Takoe MarHeTOCONPOTHUBIIEHUE U KAKOBBI
IPUYHHBI €T0 BOSHUKHOBEHHA? UTO Takoe MarHUTOKaJIOpHUUECKUi 3P exT?

8. Cer”ero’eKTpUKU U Marepuaibl JUIsl TEPMOJIEKTpUUECKUX NpuMeHeHuil. IlpuBeaure npumepsl
CETHETO-, MUPO- U THE30UICKTPUKOB M ONMIINTE OOJNIACTH WX MpHUMEHEHHWs. B deM 3akitouarorcs
addextrl [lenbthe n 3eebexa? Uto Takoe MOOPOTHOCTH TEPMOIEKTPHKOB M KAaKUE XapaKTEPHBIC
3Ha4YEHUS JTaHHOTO MapaMeTpa y pa3HbIX MaTepuanoB?

9. Heoprannueckue HaHouacTHLbl. KakoBbl XapakTepHbIE pa3Mephl, MO3BOJSIOIIME HPUMEHSITH
TEPMHUH «HaHOMaTepHal», 4yeM OHHU ompenesstorcs? Ha kauecTBEHHOM ypoBHE OOBSICHUTE HPUPOIY
s¢pdeKxTa TUIa3MOHHOTO PE30HAHCA W MPHUBEOUTE INPUMEP €ro MNPaKTHYECKOro HCIOIb30BaHUS.
[Tepeuncnure OCHOBHBIE THUIIBI YIVIEPOJHBIX HAHOMATEPUAJIOB U MX XapaKTepHbIE OCOOCHHOCTH.

10. Ilonmydyenue MarepuasioB B pa3ziuyHbiXx ¢opmax. OOBsICHUTE KakMM 00pa3oM IO METOAy
YoXpalnbCKOro OKa3bIBAETCS BO3MOXKHO BBIPACTUTh MOHOKPHUCTAUIBI OOJBIIOrO pa3Mepa IpH
CYLIECTBEHHO MEHBIIUX pa3Mepax 3aTpaBoOuHOro kpucramia. ONUIIUTe OCHOBHBIC CTAUH OTYYCHUS
MarepualioB pa3InYHOM MOp(OIOrHU MO 307b-reib mporeccy. [Ipeanoxure merox GpopMHUpOBaHHS
TOHKOM TOJIMKPUCTAJUINYECKON IUIEHKH OKCHIA Tajulds HA IOBEPXHOCTH MOHOKPHUCTAJUIMYECKON
IUTACTUHBI KPEMHUS.



11. M3roToBneHue 31IEKTPOJHBIX MaTepHajioB Ul METAI-MOHHBIX Oarapeil. [IpuBeante npumeps
HEOPraHMYEeCKHX MarepuajoB, NPUMEHSIEMBIX B KadueCTBE OTPHULATENBHBIX 3iekTpogoB MUA.
Paccunraiite xapakTepHble 3HAY€HHA TEOPETUYECKOW YNETbHOW €MKOCTH 3TuX MmarepuanoB. C uem
CBsI3aHa HeoOpaTHUMas MOTePsi eMKOCTH JIaHHBIX MaTepHalioB B XO/i€ MEPBBIX LIMKJIOB 3apsiia-paspsiaa’
IIpuBenure npuMepbl HEOPraHUYECKUX MAaTE€pUaOB, IPUMEHSIEMBIX B KaueCTBE I10JIOKUTEIbHBIX
anektponoB MUA. PaccuuTtaiite XapakTepHble 3HAYCHHSI TEOPETHUECKOW YyAETbHOH E€MKOCTH 3THX
MmarepuasioB. Kakue crnocoObl MOIU(UKAUK TO3BOJSIOT HCHONb30BaTh MarTepuaibl C HHU3KOH
SJIEKTPOHHOW M MOHHOM MPOBOAMMOCTBIO B Ka4e€CTBE AKTHBHBIX MAarepuajoB MJsi H3TOTOBICHHS
anexktponoB MUA?

12. Kepamuueckue TBepAble IPOBOJHUKM IJsl TBEPAOTOIUIMBHBIX 3JIEMEHTOB M METaJUI-MOHHBIX
Oarapeii. HazoBute TBepAbIil TUTUH-TIPOBOISILINNA 3JCKTPOIUT C PEKOPAHON MOHHON MPOBOAMMOCTHIO,
0OBSCHUTE MPUPOAY AAHHOTO ABICHUSA. ONMUIINTE METObI CHHTE3a JINTHH-TIPOBO/SIIINX ICKTPOIUTOB
co crpykrypoir NASICON, rpanar, aprupogut. OnuimuTe MOAXOMbI K CO3MAHUIO TOJUMEPHBIX H
[OJIMMEP-KEPaMUUECKUX JIEKTPOJIUTOB.

13. TexHonoruueckrue AacmeKTbl MPOU3BOACTBA METAJUI-MOHHBIX AakKKyMmyasTopoB. llepeuucnute
OCHOBHBIE OIlEpalliy IPU IPOMU3BOACTBE METALI-MOHHBIX aKKymyasaTopoB. Kak nopsaok BBeneHue
KOMITOHEHTOB 3JIEKTPOIHON MacChl BIUSET HA KOHEUHbIE XapaKTEPUCTUKN KOHEUHBIX aKKyMYJIATOPOB?
14. JlaGoparopHble M IPOMBIIUICHHbIE METOAbI CHHTE3a 3JIEKTPOJHBIX AKTUBHBIX MAaTEpHAJIOB H
cenaparopoB. Kakue Marepuanbl NpPEUMYLIECTBEHHO HCIIONB3YIOTCS B KaueCTBE CEIapaTopoB
METaJJI-HOHHBIX aKKyMyJsITopoB? Kakum oOpazom ux monyyaror? Kakue TpeGoBaHUS MPEIBSIBISIOTCS
K cemaparopaM M KakuM o0pa3oM OHHU JOCTHraroTcs? B yem oTinune mpupoIHOTO M MCKYCCTBEHHOTO
rpadura? Kakue crnocoObl M3rotoBieHUs u Momudukanuu rpaduta Bl 3Hacte? Kakue mapameTps
Marepuaga M3MEHSIOTCS npu Momudukanmu rpadura? OnUIINTE METOABI CHHTE3a CMELIaHHBIX
OKCHJIOB W JIUTHit-xkene30 ocdara.

15. Kommuiekebl mMetamioB. Karanuzaropsl Ui TOIIMBHBIX 37eMeHTOB. OmnpezeneHue KarajauzaTopa.
Teopuss bananauna. Komiuiekcel MeTayuioB, METAJUIMYECKHE KaTalu3aTopbl. [ OMOTEHHBIH U
TeTepOreHHbl KaTanu3. TWmbsl M NPUHOUN paboThl KaTajiu3aTOpoOB MJIS TOIUIMBHBIX 3JEMEHTOB.
OTpaBieHue Karaau3aropa.

BOHpOCLI K 3K3aMCHY:

1. Tlomumepsl. CTpoeHHEe MOJIMMEPOB, BKIIOYas OCHOBHYIO M OokoByro memnb. Kiaccudukamnus
1oJauMepoB. MeTob! I0Ty4eHHUs I0TUMEPOB.

2. IloHsATHE MOJIEKYIISIPHO-MACCOBBIX XapaKTEPUCTUK IIOJIMMEPOB, BKIIIOYasl IOJUAUCIEPCHOCTb. CBA3b
MOJIEKYJIIPHO-MACCOBBIX XapaKTEPHUCTUK MTOJIMMEPOB C X CBOWCTBAMHU.

3. PactBophl monmuMepoB. BsizkocTh monmuMepoB u ux pacTBopoB. [loHSATHE XOpoIui, MiIOXOoH H
0-pactBopurens. CocTosiHMe monMMepa B pacTBope. BiusiHue mapaMeTpoB pacTBOpa MOJKMMEpa Ha
U3JeNus U IUIEHKU Ha OCHOBE IIOJIMMEPOB.

4. MexaHMKa MOJMMEPHBIX MarepuanoB. Kpusele qedopManun moauMepoB IS pa3iIudHbIX (a30BbIX
COCTOsIHMU. PenmakcalinoHHBIE TPOLECCHI B TOIMMEPaX.

5. ®azoBeie mnepexonnl. [lomstue cermenta Kyna. Temmeparypa miaBieHHs, CTEKJIOBaHUS U
KpUCTaJUIA3aLHH. KpucrammusocTs MTOJINMEPOB. CrexnooOpasHoe, BSA3KOTEKy4ee u
BBICOKOJIACTUYHOE COCTOSIHUE IIOJTMMEPOB.

6. Ilomumepsl ¢ MOHHOW MPOBOAUMOCTHIO. [loMMANEKTPOIUTHL. XUMHUYECKas CTPYKTypa M METOIBI
MOJTy4EHUS.

7. IlpoBopsiue KOMITO3UTHBIE MaT€pHaJIbl HA OCHOBE MOJWMEPOB. Bumbl mpoBomsmmx m00aBOK U
METObI BBEICHUS.

8. [Momumepsl €  DIEKTPOHHONH MPOBOJUMOCTBHIO, BKIIIOYAS — TOJHIIUPPOJ, TOJTHAHWINH,
o (3,4-3TUICHTUOKCUTHO(DEH).

9. MeTO}IBI O6pa60TKI/I MNOJIMMCPHBIX MAaTCpUaJIioOB. q)OpMOBaHI/Ie, JINTBE, OKCTPY3ud, aAJUTUBHLIC
TEXHOJIOI'NMH, CIIMHKOATUHTI, 3JICKTPOPACIIBIJIICHUE U SJICKTPOCIIMHHUHI, HI/ITOFpa(bI/I‘ICCKI/Ie MCTOAbI.

10. MeTonb! ony4ueHre MOTUMEPHBIX ITICHOK U MeMOpaH.
11. MexaHu3M KOOPIMHAIMH JINTHS HOIUITUICHOKCHIOM. KpHCTamInaHOCTh MOMMATHIICHOKCHA.
12. Bausnue temnepaTypbl Ha HOHHYIO IPOBOAMMOCTD HOJIUMEPHBIX IEKTPOIHUTOB.

13. Tumnbl 100aBOK [UIs MOBBIIICHHs TPOBOANMOCTH. Hanbosee yacto UCIONb3yeMbIe COJIM B Ka4ECTBE
100aBOK.

14. Bnusaue OprUpOAbL )1063.BKI/I Ha MCXAaHHUKY IIJICHKHU. BJ'IaFOHOFJ'IOH_ICHI/Ie Pa3INIHBIX I[O63.BOK.

15. TBep,Z[BIe U TCICBBIC TMOJHUMCPHBIC JJICKTPOJIUTHL 11 MCETAJUI-MOHHBIX 6aTapeI71. MeTO,I[BI
MOJIyUCHHH. HOHI/IMepHBIe OJICKTPOJIUTBI HA OCHOBE MOJIM3THIICHOKCHU A,



16. Ilonumeps! anst co3naHusi MeMOpaH Ui TOIUIMBHBIX 31eMeHTOB. CTpyKTypa neppTopupoBaHHBIX
cynbhocoaepxkanux nonumepoB Nafion m Aquvion. [TonubeH3MMUAA30IBI U Jp. MOTUMEPHI LIS
TOTJTUBHBIX JIEMEHTOB.

17. Ompenenenue cTUMYIN-4yBCTBUTEIBHBIX MaTepranoB. [Ipumepsr.

18. Buzbl ceHCOPOB ISl OTIPEIENICHUS TEIJIOBOTO Pa3roHa: HEOPraHMUECKUE U OpraHuYEeCKuUe.

19. Mertamnsl U CIUIaBbl KaK KOHCTPYKLMOHHBIE MaTepuanbl. Metoabl nepepadotku. IlpouHocTHBIE
XapaKTEpUCTUKU U IIPUMEHEHUE.

20. Hemerannnueckue marepuaisl. [ padut, kepamuka, HoIuMeps! Kak KOHCTPYKIIMOHHbBIE MaT€PUaIIbI.
[IpodHOCTHBIE XapaKTEPUCTHKN U TIPUMEHEHHE.

21. KoMNO3WMLIMOHHBIE TONMMEpPHBIE MaTepHalibl. YIICIUIACTUKUA. APMHUPOBAHHBIC IIOJUMEPHI.
[Ipumenenue.

22. lludpposoe marepuanosegenue. MojenpoBaHue CBOWCTB, B TOM YHCIIE TPOYHOCTHBIX CBOHCTB.

23. TenpeHIUHN pa3BUTHUS IOTMMEPHBIX (PYHKIIMOHAIBHBIX M KOHCTPYKIIMOHHBIX MaTepHaioB, BKIIOYAS
KaK 2JIEKTPOXMMHUYECKUE UCTOYHUKH TOKA U TOIUIMBHBIE JIEMEHTBI, TaK U JPYTUe 3JIEKTPOXUMHUUECKUE
YCTPOMCTBA, B TOM YHCJIE «YMHBIE CTEKJIA», CEHCOPHI U JP.

JlonoMHUTENbHBIE BOIPOCHL:

1. Ha pucyHke mpejacTaBiieHa peHTIT€HOIpaMMa KPUCTALTUHYECKOTO OJUMEPa, OTUITHICHOKCHIA, U
KpUCTaJUTMYECKOTO0 HeopraHmdeckoro okcuaa, LiCoO2. CooTHecuTe pPEHTIeHOTpaMMBI OOBSCHUTE
CBOM BBIOOP.

2. Ha pucynke mpencraBieHsl JaHHbIE HW3MEPEHHS MOJEKYISIPHO-MACCOBBIX XapaKTEPCTHK
epTOPUPOBAHHOTO CYAHL(MOMOHHOTO TOoJIMMeEpa co CTpykTypoit Nafion w3 AByX pas3HBIX HapTUil.
Bynyt nu ormnMuarhcs MpPOYHOCTHBIE XapaKTEPUCTHKH IUICHOK, IMONYYEHHBIX W3 Pa3HBIX MapTHi
nonumepa? [louemy?

3. Ilpennoxure Marepuana C BBICOKOM HOHHOM MPOBOJMMOCTBIO U TEPMUUYECKOH CTOMKOCTBIO 10
3000C.

4. Onumure pa3audre B MOHHON NMPOBOAMMOCTHU JJISi HOHHOM KUAKOCTH, MOJIUMEPHOTO 3EKTPOIUTA
Y TBEPJIOM CONH.

5. OueHuTe TpeWMyIIeCTBA W HENOCTAaTKH YIICIUIACTHKOB IO CPaBHEHUIO C METAJTMYECKUMU
MaTepuagaMu.

[Tpumeps! 3K3aMEHAIIMOHHBIX OMIIETOB.

[pumep 1:

1. Kepamuueckue wmarepuansl. Omnpenenenne u Meronsl mnonydeHus. Crpykrypa NASICON wu
00bsSICHEHHE HOHHOM MPOBOIMMOCTH.

2. Ilpepnoxxute Marepuan, KOTOPbIA ObI MOT MCIIONB30BAaThCs U1l CO3AAHUS OUIONIAPHBIX IUIACTUH B
TOIIUBHOM D3JIEMEHTE C MPOTOHNPOBOASALICH mnoauMepHOH MmemOpanoii. Ilepeuncnure Kputepuu
BBIOOPA B COOTBETCTBHUHM C SKCIUTYaTallMOHHBIMH XapaKTePUCTUKAMH.

[Ipumep 2:

1. IlpuBeanTe mpuUMep HONUMEPHBIX MAaTEpPHAIOB (MOXXHO KOMIIO3UTHBIX), OOJIQJAOMINUX HOHHOM
MPOBOJUMOCTBIO U OOBSICHUTE B3aUMOCBSI3b XUMUYECKON CTPYKTYPOH M MPOBOJUMOCTHIO

2. IlepeuncnuTe METOIBI MOJyYEHUS TUIEHOK, MEMOPaH U MOKPBITHHA. [laiiTe KpaTKylo XapaKTepUCTHKY
Ka)kJJOMY METOZY.

Kpurepun onennBanus

Onenka ommmuao 10 OammoB — BBICTABISIETCS  CTYACHTY, IIOKa3aBIIeMy BCECTOPOHHHUE,
CHUCTEMaTU3UpPOBaHHbIC, [IYyOOKHE 3HAaHUS YYEeOHOHM MpOorpaMMbl AMCHUIUIMHBI, MPOSBISAIOLIEMY
MHTEpeC K JaHHOW MpPEeAMETHOM 00IacTH, MPOAEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO U TBOPUYECKH
MPUMEHSTH UX Ha MPaKTHKE MPH PEILICHMH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPAaBUIILHOE 0OOCHOBAHHE
HPUHATHIX PELICHUH.

Ouenka omm4yHO 9 OamnoB — BBICTABISAETCS  CTY[ACHTY, IIOKa3aBIIEMy BCECTOPOHHME,
CHUCTEMaTH3UpPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW NpOrpaMMbl AUCLUIUIMHBI U YMEHHUE YBEPEHHO
MPUMEHATH UX Ha IPAKTHUKE MPH PEIICHNH KOHKPETHBIX 3aJ]1a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHUE
MPHUHATHIX PELICHUH.



Ouenka ommM4yHO & OamioB — BBICTABISAETCS  CTYIACHTY, IIOKa3aBIIEMy BCECTOPOHHHE,
CHUCTEMaTH3UpPOBaHHbIC, [IyOOKHE 3HaHMA Y4eOHOW NpOrpaMMbl AUCLUUIUIMHBI U YMEHUE YBEPEHHO
NPUMEHATh UX Ha MPAKTHKE IPHU PEIICHUH KOHKPETHBIX 3a/ad, MPaBUIbHOE 00OCHOBAHUE MPUHATHIX
PELICHUH, ¢ HEKOTOPBIMH HEZOUETAMH.

Ouenka xopomo 7 6aJijIoB — BBICTaBIISETCS CTYACHTY, €CIIM OH TBEPIO 3HAET MaTepual, IpPaMOTHO H T10
CYLIECTBY M3JIaracT €ro, yMeeT NPHUMEHATH IOJyUYCHHBIC 3HAHHWA Ha IPAKTUKE, HO HEJOCTaTOYHO
IpaMOTHO 0OOOCHOBBIBAET MOJYYECHHBIC PE3YIIBTAThI.

OI_IeHKa XOpo1Io 6 0anI0B — BBHICTABIIAETCS CTYACHTY, €CJIKX OH TBCPAO 3HACT MATCPpHAJI, TPAMOTHO H I10
CylI€CTBY U3JIarac€t €ro, yMeCT IPUMCEHATD MOJTYUYCHHBIC 3HAHNA Ha IMPAKTUKE, HO JOITYCKACT B OTBCTC
HJIN B PCIICHUHU 3a1a49 HCKOTOPBIC HCTOYHOCTH.

Ouenka xopomo 5 6aJiIoB — BBICTABIISAETCA CTYACHTY, €CIIM OH B OCHOBHOM 3HA€T MaTepHaj, IPaMOTHO
U IO CYLIECTBY M3JIAraeT €ro, yMeeT MPUMEHTh MOJIyYEHHbIE 3HaHHUS Ha MPAKTHKE, HO JOIYCKaeT B
OTBETE WJIH B PEIICHUH 3371a4 JOCTATOYHO OOJIBIIOE KOJTUYECTBO HETOYHOCTEH.

OueHka yIOBJIETBOPUTENBHO 4 Oama — BBICTABISIETCS CTYACHTY, MOKa3aBIIeMy (parMeHTapHBIH,
Pa3po3HEHHBIA XapakTep 3HAHIM HEAOCTAaTOYHO NpaBWIIbHBIE (OPMYIMPOBKH O0a30BBIX IMOHSIUN
HapyllIeHHUsl JOrMYECKON M0CIEeJ0BaTebHOCTU B U3JI0KEHUU [IPOrPaMMHOI0 MaTepuala, HO IIpU 3TOM
OH OCBOMJI OCHOBHBIE pa3ienbl yueOHOH MporpamMmbl, HEOOXOAUMBIE ISl AajbHeHmero o0y4eHus, u
MOKET IPUMEHSTh TOJIyYeHHBIE 3HaHUS 110 00pa3ily B CTAaHJAPTHOW CUTYaIHH.

OueHka yJIOBJIETBOPUTENBHO 3 Oama — BBICTABISIETCS CTYACHTY, MOKa3aBIIeMy (parMeHTapHBIH,
Pa3po3HEHHBI XapakTep 3HaHWY JOMYCKAIOIIeMy OMIMOKA B (HOPMYIHPOBKAax Oa30BBIX MOHSTHH
HapyLIEHUs] JIOTHYECKOM IOCIEe0BaTEeIbHOCTH B M3JIOKEHHUH IPOTPaMMHOIO Marepuana, ciabo
BJIaJIe€T OCHOBHBIMH pa3jesiaMi y4eOHOH MPOrpaMMBbl, HEOOXOAUMBIMHU [T abHEHIIEro 00ydeHus U
C TPYZIOM IIPUMEHSET [10JIyYEHHbIE 3HAHUS AAXKE B CTAHAAPTHOM CUTYalUH.

OueHka HEyIOBICTBOPUTEIHHO 2 Oansa — BBICTABIISETCS CTY/IEHTY, KOTOPBII He 3HAaeT OOJIbIIeH 4acTH
OCHOBHOTO COZCP)KaHUSl Y4eOHOW NpOrpaMMbl JUCHMIUIMHBI, JOMYyCKaeT TIpyOble OIIMOKH B
(bopMyIHPOBKaX OCHOBHBIX IPUHIMIIOB M HE YMEET MCIOIb30BaTh NOITYyUYEHHbIC 3HAHUS NP PEIICHUN
TUIOBBIX 3a]a4.

OreHKa HEYIOBJIETBOPHUTENBHO | 0aymn — BBICTABISICTCS CTYIACHTY, KOTOPBI HE 3HA€T OCHOBHOTO
cojiep KaHusl y4eOHOH MpOorpaMMbl TUCIUILTUHBI, JOMycKaeT rpyOeiiiue omuoK B GOpPMYITHPOBKaX
0a30BBIX TOHITUN TUCHUIUIMHBI U BOOOIIE HE MMEET HABBIKOB PEIICHHsS TUIOBBIX MPAKTHYECKUX
3aj1au.

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

B ocennem cemectpe npenycMmorper auddepeHIupoBaHHbIi 3aueT (YCTHBIN, KOTOPBIH MPOBOAUTCS IO
BOIIpOCaM MporpaMMbl (B OuiieTe JBa TEOpPETHUECKHX Bompoca). Ompoc mo OWJIeTy HE MOXET
npeBbIiaTh 60 MUHYT, Ha TIOJTOTOBKY BBIJENsACTCS HE Ooee 60 MUHYT.

B BeceHHeM cemecTpe TIpeAyCMOTPEH YCTHBIM SK3aMe€H, MPOBOOUMBIA 1o Owieram. B
9K3aMEHAIIMOHHOM Omiere aBa Bompoca. Omnpoc nmo OuineTy He JOJDKEeH MpeBblmark 60 MUHYT, BpeMs
Ha MOATOTOBKY OTBeTa He 6ojee 60 MUHYT.



