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1 HEJIb 1 3AJAYHN JTUCHUTIJIMHBI

[Iporpamma cocTaBieHa B  COOTBETCTBHMM C  TpeOoBaHusiMH  DenepaabHOro
roCyJapCTBEHHOI'0 00pa30BaTeIbHOIO CTaHAapTa BBICIIEIO OOpa3o0BaHMs - Marucrparypa Io
HarpaBiaeHuto mnoAaroroBku 28.04.03 Hanomarepuanst (®I'OC BO), pexomenganusMu
Mertonnyeckoii KOMUCCHMM M HAaKOIUIEHHOI'O OIIbITA MPENoAAaBaHUs AUCLMILIMHBI Kaderpoi
¢usuku PXTY um. JI.U1. Menneneesa. [IporpaMmMa paccuntaHa Ha U3ydeHHE Kypca B TEUCHHE
OJIHOTO CEMecCTpa.

Huctumuimna «KBaHTOBas MEXaHHWKa» OTHOCHTCS K BapHMATUBHOW YacTH 00s3aTeIbHBIX
JUCLHUIUIMH yuyeOHoro miaHa. [IporpaMmma TuCHMILIIMHBI IPEANONaraeT, YTo 00yJaromuecs UMEIoT
TEOPETUYECKYIO U MPAKTHYECKYI0 MOATOTOBKY B paMKaX IIKOJIBHOW MPOrpaMMbl 10 (U3MKE U
MaTeMaTHKe.

Heﬂb AUCHUILIMHBI — an06peTeHHe CTyACHTaMU 3HAaHWI 110 OCHOBHBIM pasaciamMm
(1)I/I3I/IKI/I U YMCHHUIO MIPUMCHATH UX B JPYIruX €CTCCTBCHHOHAYYHBIX JUCHUIIIMHAX.

3agauyd JMCUMIUIMHBI - PEIIEHUS KOTOPHIX OOECIEUYMBACT JOCTHKEHUE IIENH, -
dbopMupoBaHUEe TMpPEACTaBICHUI 00 OCHOBHBIX (PH3UYECKHX 3aKOHAX MPHUPOABI M METOoJax
TCOPCTUICCKHUX I/ICCJIGIIOBaHI/If/'I Pa3INIHBIX (1)I/ISI/I‘ICCKI/IX HBHGHHﬁ, a TaKXe IMOJYy4YCHUC
MIPEICTABJICHUS O COBPEMEHHBIX SKCIIEPUMEHTAIBHBIX METOJIaX UCCIIETOBAHMS.

JucunnimHa «KBaHTOBass MEXaHUKa» MPENoOJAacTcs B IepBoM cemecTtpe. KoHTpoib
YCIIEBAEMOCTH CTYJIEHTOB BEJIETCS 110 MPUHATON B YHUBEPCUTETE PEHTUHIOBOM CUCTEME.

Pa60qa$1 nporpamMmma AWUCHHUILUIMHBI MOXKCT 6I)ITI) pcajim3oBaHa C€ TPHUMCHCHUCM
AJIEKTPOHHBIX 00pA30BATENbHBIX TEXHOJOTHA U 3JIEKTPOHHOTO OOyYeHHs TMOJHOCTHIO WU
HJaCTU4YHO.

2 TPEBOBAHUA K PE3YJIBTATAM OCBOEHUA JUCHUIIJINHBI

HBy‘leHI/IC JAUCHOUIIIIMHBI HAIIPpAaBJICHO Ha HpI/IO6peTeHI/Ie CJICAYIOMIUX KOMIIeTEHIINI W
UHAMKATOPOB MX JOCTUKECHUS

YHI/IBepcaJ'lI)HbIX KOMIIETEHIIMH 1 HHAUKATOPOB UX JOCTUKCHUA

HawnmenoBanue
KaTeropun Ko n HauMeHOBaHME MHIMKATOpa
P Kon n Haumenosanue YK A . p
(rpymiel) noctxkenus YK
VK

YK-1. Crnocoben

OCYIIIECTBIIATh VK-1.2 Cucrematusupyer  UHGPOpPMAIHIO,
KPUTHYECKHHA aHaM3 | MOJYYCHHYID W3 pa3HbIX HCTOYHUKOB, B
NpoOJEeMHBIX CHUTYyalldil Ha | COOTBETCTBHHM C TPEOOBAHUSMM BBIIOJIHEHUS
OCHOBE CHCTEMHOTO | y4eOHOTO 3a/1aHHA.

noaxo/Aa,  BeIpabaThIBAaTh

CTpaTEruIo ICUCTBUIA.




Hqu)CCCHOHaHLHBIe KOMIICTCHIMHU U UHIAUKATOPHI UX JOCTUKCHUS

OcHoBanue
3anaua . | OOBexT wim 061acTh Kon u Kon u HanmeHoBaHMe (npodecenonaL 1t
npodeccnoHaTBEHOMI CTaHAapT, aHAIU3 OIBITA)
3HAHUA "HauMmenosanue [1K nHauKaropa goctmxenus [1K
EATEIBHOCTH O0600111eHHBIE TPYAOBBIC
byHKIIMHN
HayuHo-ucciienoBaTeJbCKHii THIT 33124 MPO(eCcCHOHATILHOM 1eATeJIbHOCTH
Beinonuenue XHUMHUYECKOE, [1K-1. Cnocoben [1K-1.1. 3HaeT coBpeMeHHbIE METO bl | AHAJIN3 TPEOOBAaHUH K
(GyHIaMEHTAJIBHBIX U | XUMHUKO- JIMarHOCTHPOBATH UCCIIEJIOBAHMSI CTPYKTYPBI MaTepuana | mpopecCHOHATbHBIM
MIPUKJIATHBIX paboT TEXHOJIOTHYECKOE CTPYKTYpy MaTepuajia | Ha MUKpPO- U HAHOYPOBHE. KOMIIECTCHITUSIM, TTPEIbSBISEMBIM
IMOMCKOBOTO, MTPOM3BOJICTBO; Ha MUKPO- ¥ K BBITYCKHUKAM HarpaBJICHU
TEOPETHUYECKOTO 1 HaHOYpPOBHE. MOATOTOBKY Ha PBIHKE TPy/a,
AKCIIEPUMEHTAILHOTO | CKBO3HBIC BUJIBI 0000111eHIE 3apYOEIKHOTO OIBITA,
XapaxkTepa ¢ LeJbIo npodeccnoHaTEHOM MPOBEICHUS KOHCYIbTAIIUN C
onpeeacHus EeITEILHOCTH B BEJYUIMMH pabOTONATEISIMH,
TEXHUYECKUX MIPOMBIIIIICHHOCTH 00beTMHEHUSIMU paboTOIaTENCH
XapaKTepUCTHK HOBOH | (B cepe 0Tpaciu, B KOTOPOi
TEXHUKH, a TAKXKE OpraHu3aIyy 1 BOCTPEOOBAHBI BBITYCKHUKH B
KOMIUIEKca paboT o0 | IPOBEICHHUS paMKax HarpaBJICHHUS
pa3zpaboTke Hay4HO- MOATOTOBKH.
TEXHOJIOTHICCKOM HCCIIEIOBATEIbCKUX
JIOKyMEHTAIUH. U OIBITHO-
KOHCTPYKTOPCKHUX

pabot B obnactu
XHMHYECKOTO M
XUMHUKO-
TEXHOJIOTHYECKOT0
MIPOM3BOJICTBA).




Brinonnenue XUMHUYECKOE, [1K-3. Cnocoben [1K-3.1. 3naet TpeboBaHus K Amnanu3z TpeOoBaHUI K
(byHIaMEHTAIBHBIX U | XUMHKO- CaMOCTOSATENFHO 9KCIIEPUMEHTAIBHBIM 00pa3iam npodeccroHanbHBIM
MPUKIIAJIHBIX PadoOT TEXHOJIOTUIECKOE POBOJIUTH HAYYHO- HaHOMAaTEpPUAJIOB U HAHOCHCTEM H KOMITETEHIIUSM, TIPEAbSBISIEMbIM
MIOUCKOBOTO, MPOU3BOCTBO; UCCIIEJOBATEIbCKHE pe3ynbTaTaM Hay4HO- K BBIIIYCKHHKaM HaIrpaBIeHUS
TEOPETUYECKOTO U paboThI 10 CO3AAHUIO, | UCCIIEIOBATEIBCKUX PA0OT MO MX HOJTrOTOBKY Ha PBIHKE Tpy/a,
IKCTIEpUMEHTANBHOTO | CKBO3HBIE BUIBI UCCIIEJOBAaHHIO U pa3paboTke. 0000111eHIE 3apyOEIKHOTO OIIBITA,
XapaxTepa ¢ LeIbI0 npoEeCCUOHATIBHON | IPUMEHEHHUIO NPOBEICHUS KOHCYIbTALUH C
OIpeeICHUS JEATeILHOCTH B HAHOCHCTEM H I1K-3.2. YMmeeT BbIOMpATh METOABI U | BEAYIIUMH PaOOTOAATEISIMH,
TEXHUYECKHUX MPOMBIIIICHHOCTH HaHOMAaTEpPHAaJIOB. CpeACTBa MPOBEICHUS HCCIEOBaHNHN | 00beAMHEHUSAMH padoTonaTeneit
XapaKTEePUCTHK HOBOM | (B cepe U pa3paboToK. OTpaciu, B KOTOPOi
TEXHUKH, & TAKXKe OpTaHu3aIH U BOCTPEOOBAHBI BBITYCKHUKHU B
KOMILIeKca paboT IO | IPOBEJCHUS paMKax HarpaBJICHUS
pa3paboTke Hay4JHO- MIOJITOTOBKH.
TEXHOJIOTUYECKOM UCCIIEJOBATEIbCKUX
JOKYMEHTAIHH. Y OIBITHO-

KOHCTPYKTOPCKHUX

pabot B obactu

XUMHUYECKOT0 U

XHMHUKO-

TEXHOJIOTHYECKOTO

IIPOU3BO/JICTBA).

TexHoJI0rHYeCKuil THII 32124 NPO(PeCCHOHATbHOM 1eATeJbHOCTH

HayuHo-uccnenoBarenbCkuil




B pe3ynbraTe u3yueHus AUCUUIUIMHBI CTYACHT MarucTpaTyphl JOJKEH:

3name:

- (u3nMYecKre OCHOBbl MEXAHMKH, (PM3UKU KOJeOaHUH M BOJH, JIEKTPUYECTBA U MarHeTu3Ma,
AIIEKTPOAMHAMHUKY, CTATUCTHUECKOW (PU3UKU W TEPMOAWHAMHKH, KBAHTOBOH (DM3HMKH; CMBICI
(GyHAaMEHTAIbHBIX (U3NYECKUX 3aKOHOB, NPUHLMIIOB M IOCTYJIATOB; MX (OPMYIMPOBKH U
TpaHUIIBI IPUMEHUMOCTH; CBSA3b LIMPOKOTO Kpyra (GU3NYECKuX SBJICHUN C (yHIaMEHTAIbHBIMU
IPUHIUIIAMYI U 3aKOHaMU (PU3HUKH; OCHOBHBIE METO/IbI PEIIEHUS 33/1a4 110 ONMCAHUI0 (PU3NYECKUX
SIBJICHUIA; METOABI 00pabOTKH Pe3yabTaTOB (PU3UUECKOTO IKCIIEPUMEHTA.

Ymeme:

- IPUMEHATH TEOPETUUECKHUE 3HAHUS U SKCIIEPUMEHTAIbHBIE METO/IbI UCCIICAOBAHMS IIPU PELICHUN
npodeCCHOHATIBHBIX 3a/1a4; IPOBOAUTH PACUYETHI, OCYILECTBIIATH aHAJIN3 U HA OCHOBE 3TOTO JIe/1aTh
00OCHOBAaHHBIE BBIBOJBI; AHATU3UPOBATH pE3YAbTAThl HAOMIOJCHUH M SKCIEPHUMEHTOB C
IPUMEHEHUEM OCHOBHBIX 3aKOHOB U NPHUHIMIIOB (PU3UKH; ONPEIENATh XapakTep (PU3MYECKHX
IPOIIECCOB 110 KOMIUIEKCY SKCIIEPUMEHTATBHON HH(DOPMAIIUK MPH OMOIIH rpaduKOB, TAOIHI U
YPaBHEHMIA; IPEICTaBIATh 00pa0OTaHHYIO SKCIIEPUMEHTAIILHYIO U TEOPETHUYECKYIO0 HH(POPMALIUIO
B YCTHOW W MHUCbMEHHOHU (hopMe, B TOM YHCIIE C HCIIOJIb30BAHHEM COBPEMEHHBIX KOMITBIOTEPHBIX
TEXHOJIOTUI

Braoemy:
- HaBBIKAMH PA0OOTHI C MUPOKHM KPYroM (PU3NIECKUX MPUOOPOB U 0OOPYHAOBAHUS, HABBIKAMH

000CHOBaAHMS CBOUX CY)K,ZLCHI/Iﬁ u BBI60pa METOA4a UCCIICAOBAHMA.

3 OFBEM JIUCHUILIMHBI U BUJIbI YYEBHOM PABOTHI

O0beM TMCHMIINHBI
Bup yueOHoit padoTbl AKaL

3E . AcTtp.u.
OO01asi TPy10€eMKOCTb M CHUIIITHHBI 3 108 81
KonTakTHas padoTa — ayIMTOPHBIE 3aHATHS: 0,8 32 24
B TOM 4HcJje B (pOpMe NPAKTHYECKON MOATOTOBKY (npu
Haauyuu) i i i
Jlexun 0,4 16 12
B TOM 4KcJIe B JOpMe MPaKTUIECKOM MOArOTOBKH (npu Haiuuuu) - - -
[Tpaktuueckue 3ansatus (I113) 0,4 16 12
B TOM 4HKCJIe B JOpMe MPAKTUIECKOM MOJArOTOBKH (npu Haiu4uu) - - -
Jlaboparopusbie pabotsl (JIP) - - -
B TOM 4KcJIe B JOpMe MPaKTUIECKOM MOJATOTOBKH (npu Haiu4uu) - - -
CamocrosiTesbHasi padoTa 1,2 40 30
KonrakTtHas camoctostenbHas padota (AmmK uz VII ons 3au / 3au i i
coy.) 12
CamocrosaTenbHOE U3ydYeHUE pa3zesioB JUCUUIUIUHEI (wiu Opyeue ’ 40 30
BUOBL CAMOCMOSIMENbHOL pabompt)
Bua konTpoJs:
Ik3aMeH (eciu npedycmompen YII) 1 36 24
KonrtakTHas paboTa — mpoMeXKyTOYHAS aTTECTAIIHS 1 0,4 0,3
[ToaroroBka K SK3aMeHy. 35,6 23,7
Bua uTOroBoro KOHTpoJIs: IK3aMeH




4 COAJEP KAHUE JUCHUIIJINHBI

4.1 Pa3znennl TUCHUIIMHBI U BUABI 3aHATHH 1J19 CTYACHTOB OYHOI'0 OTACJICHUSN

Pa3nen nucuMIINHLI

Bcero

B T.4. B
dopme np.
noAr. (npu
Hanuuuu)

Jlek-
10707

B T.4. B
¢popme np.
noar. (npu
Haauuuu)

IIpak.
3aH.

B T.4. B
¢opme np.
noar. (npu
Hanuuuu)

Jlao.
pabo-
ThI

B T.4. B
¢opme np.
noar. (npu
Hanuuuu)

Cam.
pabo-
Ta

Pasznea 1. DiaemMeHTHI
KBAHTOBOH CTATHCTUKH.

22

10

11

OneMeHTHI KBaHTOBOM
cratucTuku. KBanToBas
CHCTEMAa M3 OJUHAKOBBIX
yactull. [IpuHmmn
TOKJECTBEHHOCTH
OJMHAKOBBIX YaCTHII.
CuMMeTpUYHbIC U
HECUMMETPHUYHBIE
BOJIHOBbIE (DYHKIINH,
OITMCEIBAOIINE COCTOSHUS
TOXJIECTBEHHBIX
MHKPOYACTHII.

13

1.2

Bbo3zonb! 1 hepMUOHBI.
[Tpuunun [Taymnn.
KBanToBBIE
CTaTUCTUYECKUE
pactpenenenus bose-
OliHITelHa 1 Pepmu-
Jupaxa. BeIpoxkaeHHBIN
JJIEKTPOHHBIN T'a3 B
KpucTayIax (MeTaJuibl).




Paznen 2. MetaJjuibl,
AHAJIEKTPUKH U
MOJIYNIPOBOHUKH €
TOYKHU 3peHUs] 30HHOI
TEOPHUH.

14

10

2.1

DOHEpreTU4ecKue  30HbL:
CTaTUCTHUKA Depmu-
Hupaka, sHepruss ®@epmu.
DNeKTpoH B
MEPUOINYECKOM noJse
Kpuctayma: 3(QQdeKTuBHAs
Macca IEeKTPOHA.

14

10

Paznen 3. DiemeHTBI
¢usukm TBEPIOTO TEIA.

36

20

3.1

®usuka TBEPAOro TeNa
(OTT): onpenencHue,
CBS3b C APYTUMHU
JTUCIUILIMHAMEU, OOBEKTHI
W3y4YeHUs, KpyT
pemaeMsbIx 3a1a4. CBs3b ¢
Kpucrtayuiorpaguen,
KpUCTAIIO(PHU3UKON U
KPHUCTAJIOXUMHUEH.

18

10

3.2

KonnencuposanHoe
cocrosiHue. [lonxox
OIMCAHUIO TBEPIBIX TEJI.
CTpyKkTypa KpHCTAIIIOB.
Cummerpus u puzndeckue
CBOWCTBA KPUCTAJLJIOB.




3.3

THunbl KPUCTAIIINYECKUX
CTPYKTYp (0O11ast
XapaKTEpUCTHKA).
[1n0THBIE yTaKOBKHU:
KyOuueckas u
rekcaroHajibHas (Ha
KaueCTBEHHOM YPOBHE).
[TonsTue o
CBEPXIPOBOAMMOCTHU
(KBaHTOBBIC
MpEeCTaBICHNS Ha
KaueCTBEHHOM YpPOBHE).

UTOIro 72
IK3aMeH 36
UTOIro 108




4.2 Coaepxanme pa3iejioB IUCUUNINHBI

Pa3nen 1. DjieMeHTHI KBAHTOBOM CTATHCTUKH.

1.1. DemMeHThI KBAaHTOBOM CTAaTUCTUKU. KBaHTOBasi cUCTEMa M3 OJIMHAKOBBIX YacTull. [IpuHuun
TOX/IE€CTBEHHOCTH OJIMHAKOBBIX 4YacTull. CHMMETpUUYHBIE W HECUMMETPUYHBIE BOJHOBBIC
(GYHKIMH, ONUCHIBAIOIINE COCTOSIHUS TOXK/IE€CTBEHHBIX MUKPOYACTHII.

1.2. bozonsl u pepmuonsl. [Ipunnun [Maynu. KBantoBsle cratuctiuueckue pacnpeaenenus bose-
Oitamreiitna u @epmu- Jlupaka. BeIposkIeHHBIN JIEKTPOHHBIN T'a3 B KpUCTaLIax (METaJLIbI).

Pa3nen 2. MeTta/uibl, IM3JI€KTPUKH U MOJYNPOBOIHUKH ¢ TOYKH 3pPeHHUsI 30HHOI TeOpuu
2.1. DOueprernueckue 30HbI: craTucTuka Pepmu-lupaka, sHeprus PepMu. OIEKTPOH B
NEePUOANYECKOM ToJie KpucTamia: 3¢pGeKTUBHAS Macca dJIEKTPOHA.

Pa3nen 3. DiemeHTHl PU3UKH TBEPAOTO TeJIA.

3.1. ®usuka tBEpaoro Tena (OTT): onpenenenue, CBA3b ¢ APYTUMHU TUCHUILUIMHAMU, OOBHEKTHI
U3YYeHHUs, Kpyr pemaeMbix 3amad. CBs3b ¢ kpucramiorpadueil, KpucrauioGu3uko u
KPUCTAJUIOXUMUEH.

3.2. KongencupoBannoe coctostaue. [loaxon k onucanuo TBEPABIX Ted. CTPyKTypa KpUCTaIIIOB.
Cummetpus ¥ pU3NIECKHE CBONCTBA KPUCTAILIOB.

3.3. Tumbl KpUCTAJUIMUECKUX CTPYKTyp (oOmias xapakrepuctuka). [I10THBIE yHmaKoOBKH:
KyOHWueckass ¥ TeKcaroHaJlbHas (Ha Ka4eCTBEHHOM ypoBHE). [IoHSATHE O CBEpPXIPOBOIUMOCTH
(KBaHTOBBIE MPEICTABIICHUS HA KAYECTBEHHOM YPOBHE).



5 COOTBETCTBHUE COAEPKAHUSA TPEBOBAHUSAM K PE3YJIBTATAM OCBOEHUA JNCIHUITJIMHBI

Paznen
Ne B pe3ynbpTaTe 0CBOCHMS TUCHMIUIMHBI CTYIEHT JOJIKEH: 1 >
3Harth:

11" duzHUecKre OCHOBBI MEXaHUKHU, PU3UKU KOJICOAHH U BOJTH, JJIEKTPUYECTBA M MAarHETU3MA, dJIEKTPOJUHAMUKH, + +
CTAaTUCTUYECKOM (PU3UKHU M TEPMOJIMHAMUKHU, KBAHTOBOU (DU3HMKH;

o | embICI dbyHIaMeHTaIbHBIX (PU3UYECKUX 3aKOHOB, MIPUHLIUIIOB U MOCTYJIATOB; UX (DOPMYIMPOBKU U TPAHUIIBI + +
MIPUMEHUMOCTH;

3 | CBA3b LIMPOKOro Kpyra dbusznueckux sBIEHUN ¢ (QyHIAMEHTAIbHBIMH MPHUHLUIAMU U 3aKOHAMU (DU3UKU; + +
OCHOBHBIC METO/IbI PEIICHHUSI 33124 110 ONHUCAHUI0 (DU3MUECKHX SBIICHHI,

4 |- meTonbl 00pabOTKH pe3yIbTaTOB (hH3UIECKOTO IKCIIEPUMEHTA. + +

YMmersn:

g |- TPAMEHATL TEOPETHYECKME 3HAHUA W OKCNEPUMEHTAIBHBIC METOAB HCCIEJOBAHMA NP  PELICHHH| +
npodecCHOHANTLHBIX 33]1a4;

6 |- IpoBOAMTH PacuéThl, OCYIIECTBISATh aHAIN3 M Ha OCHOBE 3TOT'O JieJIaTh 000OCHOBAaHHBIEC BHIBOJIBI; + +

7 |- @HAIM3MPOBATE PE3YNBTATHI HaOJIIOJICHUHN U SKCIIEPUMEHTOB C PUMEHEHHEM OCHOBHBIX 3aKOHOB U MPUHIIUIIOB + +
¢bu3uKu;

g |~ OMPENENATE XapaKTep (hU3MUECKUX MPOIIECCOB IO KOMIUIEKCY IKCIIEPUMEHTaIbHOW HH(OPMAIIUK TTPHU TOMOIITH + +
rpaduKoB, TabJUI U YPAaBHEHMI;

g |~ MPEACTaBIATH 00paboTaHHYIO SKCIIEPUMEHTAIFHYIO M TEOPETHUECKYI0 HH(OPMAIIUIO B YCTHOM M MUCHbMEHHOM + +
(dhopme, B TOM YHUCJIE€ C UCTIOTB30BAHIEM COBPEMEHHBIX KOMITBIOTEPHBIX TEXHOJIOTHI.

Biaagern:

10 |- HaBBIKAMH PabOTHI C IMUPOKUM KPYTroM (PU3HUYECKHX IMPUOOPOB B 000PYIOBAHHUS; + +

11 |- HaBbIKaMu 0OOCHOBAHMSI CBOUX CYKJICHUU U BBIOOpA METOA UCCIIEIOBAHUS. + +
Koa u HaumenoBanue YK Kox 1 HaumeHoOBaHMe MHAMKATOPA HocTHKeHUuss YK
VYK-1. Cnocoben ocymecTBisTh Kputnueckuit | YK-1.2 Cucrematuzupyer HHGPOpMaAIUIO, TOIYYEHHYIO U3

1o |aHamM3 MpOOJIEMHBIX CHUTYallMii Ha OCHOBE| pa3HBIX MCTOYHHKOB, B COOTBETCTBHH C TpeOOBaHUSIMU + +
CUCTEMHOTO nojaxozja, BBIPAa0aThIBATh | BHITIOTHEHUS Y4€OHOTO 3a/TaHHUS.
CTpaTETUI0 JICHCTBHIA.
Koa n naumenoBanue IIK Kox n HaumeHoBanue uHAUKaTopa nocruskenus IK
[TK-1. CnocobeH quarHocTupoBaTh [1K-1.1. 3HaeT coBpeMEeHHbIE METO/IbI UCCIIEOBAHUS

13 |cTpykTypy MaTtepuaia Ha MUKPO- U CTPYKTYpBI MaTeprajia Ha MUKPO- K HAHOYPOBHE. + +

HAaHOYPOBHE.




14

15

[TK-3. CiocobeH caMOCTOSTEIEHO MPOBOIUTH
HAY4HO-UCCIIeI0BATEIbCKIE PAOOTHI 10
CO3/IaHUI0, UCCIICIOBAHHIO U TIPUMEHEHHUIO
HAHOCHCTEM M HAaHOMAaTepHAJIOB.

ITK-3.1. 3HaeT TpebOBaHUs K SKCIIEPUMEHTAIBLHBIM 00pa3Lam
HaHOMAaTEepHaJIOB U HAHOCUCTEM U pe3ysibTaTaM HayyHO-
UCCIIEJ0BAaTEIbCKUX PaloT 10 UX pa3paboTKe.

I1K-3.2. YMeet BbIOMpaTh METOIBI M CPEJICTBA MTPOBEACHUS
WCCJICTIOBAHMN U pa3paboToK.




6 IPAKTUYECKHUE U IABOPATOPHBIE 3AHATUSA

6.1 IlpakTHyecKkue 3aHATHS
IIpuMepHbIe TeMbI NPAKTHYECKUX 3aHATHI 10 JUCIUIJIMHE.

Ne Ne paznena
/T | TUCUUTUIMHBI
1 1 KBaHTOBBIN rApMOHMYECKUI M aHTAPMOHUYECKUI OCITUILISTOP. 2
2 1 Crpoenue aroma. ATOM BOAOpOJA: pacy€T pacrnpeaeacHue
IJIOTHOCTH BEPOATHOCTH 3JIEKTPOHA B aTOME.
Pacnpenenenue ®epmu-/lupaka. BbeIpOKIEHHBIN 3JIEKTPOHHBIN
ra3 B kpuctajuiax. JHeprust @epmu. Temneparypa OepMmu.
KBanrtoBas Teopust TerioéMKocTel TBEPABIX Tel 0 DUHIITEHHY
4 2 u Jlebaro. XapakTepucTuueckue Ttemieparypbl. l[lpeaenbHblii 2
3akoH JleOass. DOHOHEL.
I'eomeTrpuueckas kpucramiorpadus. OCHOBBI KPUCTAILLIOXUMUHU.
5 3 Breruncnenne xkodguimeHTa 3amojiHeHUsT JUIsl a) MPOCTON KyO 2
staeriky; 0) st OLK sraeiiky.
Breruucnenne  kosddunuenta 3anmonHenuss LK sueliku
CTPYKTYphl ~ ajMasa. Pacuér  pasmepoB  mycToT B

TeMmbl IPaKTUYECKUX 3aHATUN Yacsl

6 3 IUIOTHOYMAKOBAaHHBIX CTPYKTypax. Pacdyér sHeprum WMOHHOTO 2
kpuctaia (mpumep ctpykrypa NaCL).
Pacuer pamuyca mapa s ciyvas IUIOTHOYIaKOBAaHHOMW

7 3 CTPYKTYpBI, KOTOPBIH MOXHO TIOMECTHUTh B TETPAdIPHUYCCKYIO | 2
MyCTOTY.

8 3 HccnenoBanue, kKakuM 00pa3oM pacCUUTHIBACTCS YHEPTUS 5

pemérku kpucrauia NaCL s NA nap noHos.

6.2 JlabopaTopHbie 3aHATHS.
JIaGopaTopHBIif MPAKTUKYM IO TUCHHILTHHE «KBaHTOBas MEXaHHMKa» HE MPEIYCMOTPEH.

7 CAMOCTOATEJIBHASA PABOTA

CamocrodrenbHas paboTa MPOBOJAUTCA C LENbI0 YIUIyOJeHHUs 3HaHUHM MO AMCLUUILUIMHE U
pelycCMaTpUBaeT:

— O3HAKOMJIGHHE M MpOpabOTKy PEKOMEHJOBAHHOW JHUTEpaTypbl, paboTy C 3JIEKTPOHHO-
OMOMMOTEYHBIMU CHCTEMaMHU, BKJIIOYas TMEepeBOAbl NyOJMKAaIMii M3 HaydHbIX KYpHAJIOB,
nuTUpyeMsIX B 6azax Scopus, Web of Science, Chemical Abstracts, PUHII;

— IIOCEUIeHHE OTPACIIEBBIX BBICTABOK U CEMHHAPOB;

— yuactue B cemunapax PXTY um. M. MenzeneeBa o reMaTuke Kypca;

— HOJITOTOBKY K BBIITOJIHEHHIO KOHTPOJIBHBIX pabOT MO MaTepuaity JEKIMOHHOTO Kypca;

— MOATOTOBKY K cAaue 3K3aMeHa (4 cemecTp) 1o Kypcey.

[InanupoBaHne BpeMEHHM Ha CaMOCTOSITENIbHYIO PabOTy, HEOOXOAMMOIO Ha H3Yy4EHHE
JUCLUIUINHBL, CTYAE€HTaM JIydlle BCEro OCYLIECTBIATh HA BECh IIEPUOJA  HM3ydEHUS,
npelycMaTpuBasi IpU 3TOM pEryjspHOe MOBTOpPEHHE MpOHJIeHHOro Marepuana. Martepuail,
3aKOHCIEKTHUPOBAHHBIA Ha JIEKIMIX, HEOOXOAMMO PEryJspHO [OIOJHATh CBEJCHUSAMU U3
JUTEPATYpPHBIX HICTOUHUKOB, IPE/ICTABICHHBIX B yueOHOM nporpamme. [Ipu pabote ¢ yka3aHHbBIMU
UCTOYHHKAMU PEKOMEHAYETCS COCTaBIATh KpPATKUM KOHCIEKT Marepuana, ¢ 00s3aTeIbHBbIM
¢bukcupoBanrem 6ubIMOrpadUueCKNX JaHHBIX HCTOYHHKA.



8 IPUMEPBI OHEHOYHbBIX CPEACTB J1JIsA KOHTPOJIA
OCBOEHMSA JUCIHAIIJIMHbI

COBOKyHHaSI OLCHKa II0 JUCHUIINIMHE CKJIaAbIBACTCA U3 OICHOK 3a BBIIIOJIHCHUC
KOHTPOJIbHBIX paboT (MakcuMalbHas olieHKa 24 6ajia) 1 KTOrOBOro KOHTPOJIS B hopme sK3amMeHa
(MakcumanbHas ornenka 40 0aioB).

8.1 lIlpumepHasi TeMaTHKa pe)epaTHBHO-AHAJIUTHYECKOI PadoThI.
PedeparuBHo-ananuTHyeckast paboTa o AUCHUILUIMHE HE TPEAYCMOTpEHA.

8.2 IIpuMepsI KOHTPOJIBLHBIX BOMPOCOB /Il TEKYIIEr0 KOHTPOJISI 0CBOCHHS THCIIUIITIUHbI
Jlisi TeKyIIero KOHTPOJS TMPEAyCMOTPEHO 2 KOHTPOJIbHBIE DPa0OThL. MakcuManbHas
OIICHKA 32 KOHTPOJIbHYIO padoty 1 u 2 (4 cemectp) cocTarisieT 1Mo 12 6auioB 3a Kaxaylo.

Pa3nes 1. [Ipumepbl BOpocoB K KOHTPOJIbHOM padote Ne 1. KonrposabHas paGora cogepkut
2 3a1a4m, o 6 6a/10B 32 BONpPOC.

Bomnpoc 1.1-1.2

1. BeruuciauTh ynenbHbIE TEIJIOEMKOCTH C KPUCTAJUIOB ATIOMHUHHS U MEIU IO KJIACCHYECKOM
TEOPUU TETIOEMKOCTH.

2. OnpenenuTb OTHOCUTEIBHYIO MOTPEIIHOCTh, KOTOpasi OyAeT JOIMyIIeHa, €CIU MPY BEIYUCICHUN
teruioeMkocTd C  BMeCTO 3HAYeHHs, JaBaeMOro Teopuel DiHIITelHa, BOCHOJIb30BATHCSA
3HAYEHUEM, 1aBa€MbIM 3aKOHOM /Jlrononra u Iltu.

3. Onpenenuts dHepruo U u Temnoemkocts C cucTeMsl, cocTosmeii 13 N=102° knaccuueckux
TPEXMEPHBIX HE3aBUCHMBIX TAPMOHUYECKUX OCHIILIATOpOB. Temmneparypa T=300 K.

4. Onpenenuth MAaKCUMAIIbHYIO YaCTOTY COOCTBEHHBIX KOJIeOaHU# B KpHCTaslie 30J10Ta 110 TEOPUHU
Hebas. Xapakrepuctuueckas temmeparypa pasua 180 K.

5. OnpeaenuTs yroia ¢ Mexay opOUTaIbHBIMU MOMEHTAMH UMIYIBCOB JBYX 3JIEKTPOHOB, OJHMH
13 KOTOPBIX HAXOJIUTCS B d-COCTOSIHUU, IPYroil — B f-COCTOSIHUU, MPU CIAEAYIOMUX YCIOBUAX: 1)
MOJIHOE OpOUTaIbHOE KBAaHTOBOE YKcio L=3; 2) UCKOMBIN yroi — MaKCUMaJbHBIN; 3) UCKOMBIN
YTOJl — MUHHUMAaJIbHBIN.

Pa3nen 2-3. [IlpuMepsl BOMPOCOB K KOHTPOJIbHOI padoTe Ne 2. MakcumaiabHas ouenka — 20
0aJ710B.

Bonpoc 2.1-2.2

1. Haiitu mnotHocTh Kpuctaia HeoHa (mpu 20 K), ecnu u3BeCTHO, 4YTO pelIeTKa
rpaHelleHTpUpOBaHHas KyOuueckoil cuHronuu. IlocTosHHAs pemeTky Ipu TOU ke TemIeparype
paBHa 0,452 HMm.

2. BblUMCIUTh yJenbHbIE TEINIOEMKOCTH C KPUCTAJIJIOB AJIOMUHUS U MEAM IO KIACCHUYECKOM
TEOPUU TETIOEMKOCTH.

3. OnpenennuTs OTHOCUTENBHYIO aTOMHYIO MacCy KpHUCTalla, €CIM U3BECTHO, YTO PACCTOSIHUE
MEeXIy OJKaluMu coceTHuME atomamu paBHo 0,304 aMm. PemeTka 00beMHO-IICHTpUPOBAHHAS
KyOudeckoit cunronuu. IlnoTHocTh KpucTania paBHa 534 kr/m3.

4. BpIUUCINUTH TMOCTOSIHHYIO DPEIIEeTKH KpHUCTala OepuUIHs, KOTOPBIM MpelCcTaBisieT coOoi
TEKCAaroHAJIbHYIO CTPYKTYpy C IUIOTHOM ynakoBkoi. [lapamerp pemerku paseH 0,359 Hwm.
[InoTHOCTH KpHcTamia Gepummus paHa 1,82%103 kr/m°.

5. CucreMa IIIOCKOCTeH B MPUMUTHBHON KyOMUYECKOW pelieTke 3ajaHa MHAeKcamu Muiuiepa
(221). HaitT HauMeHBIHE OTPE3KH, OTCEKAEMBbIE IITIOCKOCTHIO HA OCSAX KOOPAMHAT, U H300pa3uTh
3Ty IUIOCKOCTh TpauIecKu.

6. BbruuciuTh yroa ¢ Mexay HOPMaISIMH K IUIOCKOCTSM (B KyOMYeCKO# pelieTke), 3aJaHHbIX



nHaexkcamu Mwmepa (111) u (111).

7. DNeKTpoH ABMKETCS co cKopocThio v=200 Mm/c. OmnpenenuTs JUIMHY BOJIHBI A€ bpoiins,
YUUTHIBasI U3MEHEHHE MACChI 3JIEKTPOHA B 3aBUCUMOCTH OT CKOPOCTH.

8. Kakyro ycKopsIoOmIyro pa3HOCTb MmoTeHIHanoB U J0IDKEH MPOUTH 3JEKTPOH, YTOOBI JJIMHA
BOJIHBI Jie bpoitns A 6puta paBaa 0,1 HM?

9. Onpenenuts ATUHY BOJHEI Jie Bpoiiis A aekTpoHa, eciii ero KuHeTnueckas dHeprust T=1 k3B.
10. OmnpenenuTh IMHY BOJIHBI JIe¢ bBpoins A 37eKTpOHOB, OOMOApAMPYIONIUX aHTUKATO
PEHTICHOBCKOW TPYOKH, €CJIM I'paHUIla CIUIONIHOTO PEHTTEHOBCKOTO CIIEKTpa MPUXOAUTCS Ha
JUTMHY BOJHBI A=3 HM.

8.3. BonipochI 111 HTOrOBOro KOHTPOJIsl OCBOCHUS IUCIHUILIMHBI (4 ceMecTp — IK3aMeH).

MaxkcuMalibHOE KOJIMYECTBO OaJuIoB 3a 3k3aMeH — 40 0ayuioB. DK3aMeHAlMOHHBIA OWJIET
coziepuT 2 Borpoca u 2 3amauu. Kaxxaplif Borpoc u 3aja4a oreHruBaroTcs mo 10 6amios.

8.3.1 IIpuMepbl KOHTPOJIbHBIX BONPOCOB /IS HTOTOBOI0 KOHTPOJISI 0CBOEHHS TUCHMIIHHBI
(2 cemecTp — 3K3aMeH).

DK3aMeHaIMOHHBIN OMJIET BKJIIOYAaeT KOHTPOJIbHBIE BOIIPOCHI MO pa3zaenaM 1 u 2 paboueit
POrpaMMbl TUCIUIUIMHBI U COIEPKUT 4 Bompoca.
1 Boripoc — 10 6amnos, Bonpoc 2 — 10 6aymos, Boripoc 3 — 10 6amos, Boripoc 4 — 10 6amios.

1. DnemeHTHl KBaHTOBOM cTraTUCTHKU. KBaHTOBas cucremMa M3 OAMHAKOBBIX yacTull. [IpuHuun
TOKJIECTBEHHOCTH OJIMHAKOBBIX YACTULL.

2. CuMMeTpUYHBIE ¥ HECHMMETPUYHBIC BOJHOBBIC (YHKIWH, OIMCBHIBAIONINE COCTOSHUS
TOKJAECTBEHHBIX MUKpOYacTHUll. Bo30HbBI U hepMUOHBI.

3. Hpunnun Ilaynu. KBanToBsle cTtatrcTuueckue pacnpeaenenus boze-OitHiureiina u @epmu-
Jupaka. BeIpo)kI€HHBIH 31€KTPOHHBIN Ta3 B KpUCTaIaX (METaIbl).

4. MeTtainibl, TUAJIEKTPUKU U MTOIYIPOBOJIHUKH C TOUKH 3pPEHUS 30HHON TEOpUU. DHEpreTUUeCcKue
30HbI: cratuctuka ®epmu-/upaka, sHeprus depmu. DNEKTPOH B NEPUOJUYECKOM II0JIE
KpucTayia: 3ppexTuBHas Macca IEKTPOHa.

5. Dnements! ¢u3uku TBEpAOro tena. dusuka tBEpAoro tena (PTT): onpenenenue, cBs3b C
OpYTMMHU  TUCUUIUIMHAMH, OOBEKThl M3y4yeHHs, Kpyr pemaembix 3agad. CBsi3p ¢
KpHucTamiorpaduei, KpUCTauIoPU3UKON U KPUCTAIUIOXUMUEH.

6. KonnencupoBannoe coctostaue. [loaxon k onucannio TBEPABIX Teld. CTpyKTypa KpPHCTAILIOB.
Cummerpus 1 pusznyeckre CBOWCTBA KPUCTAIIIOB.

7. Tunbl KPUCTAIIMUECKUX CTPYKTYp (0011ast XxapakTepuctuka). [110THBIE yITakoBKH: KyOHueckas
Y TeKCaroHaJpbHas (Ha KAaUECTBEHHOM YPOBHE).

8. IloHsaTre 0 cBepXNMpPOBOIUMOCTHU (KBaHTOBBIE IPECTABICHUS HA KAYECTBEHHOM YPOBHE).

8.4 CTpykTypa U npuMepbl 0MJ1€TOB JJIsl SK3amMeHa (4 cemecTp)
DK3aMeH 10 JUCIUTIINHE «JlOTOTHUTEIbHBIC TJIaBbl (U3UKKY» MTPOBOIUTCS B 4 ceMecTpe
¥ BKJIIOYAaeT KOHTPOJIbHBIE BOPOCHI 1O paszzaenaM 1 — 3 yueOHOH mporpaMMbl JUCHUIUIMHEL buser

JJI1 OK3aM€Ha COCTOUT U3 2 BOITIPOCOB U 2 3aaa4, OTHOCAIINXCA K YKa3aHHBIM pa3/icjiaM.

[Tpumep Ounera J1s SK3aMeHa:

«Ymeeporcoaro» Munucmepcmeo nayku u gvicuiezo 0opazosanus PO

3aB.kad. pusznkm Poccuiickuii XMMHUKO-TEXHOJOTHYECKU YHUBEPCUTET
(HOJ’D{(HOCTL, HAaNMCHOBAHHC M. ﬂ‘H. MeHI[e-]‘[eeBa

Kadenper) Kadenpa ¢pusukn

B.B. 'opes 28.04.03 HanomaTepuaibl

(Tonmes) (. O. Daamas) KBaHTOBasi MeXaHHKAa




« » 20 1. ‘

Buuer Ne 1
1. DnemeHTHl KBaHTOBOM CTaTUCTUKH. KBaHTOBas cucrema u3 OAMHAKOBBIX yacTul. [IpuHnummn
TOXJAECTBEHHOCTH OJAMHAKOBBIX YaCTHII.
2. KongencupoBannoe coctostaue. [Tonxon k onucanuto TBEPABIX Ten. CTPYKTypa KPUCTAILIOB.
Cummetpus 1 pu3nuecKre CBOMCTBA KPUCTAJLIOB.
3. 3agaua 1*.

4. 3amaya 2*.

*BBIIACTCS TIPerojaBaTesieM, IIPOBOJIUBIINM CEMUHAPCKHUE 3aHATHS B CEMECTPE, Ha OTACITHHOM
OJIaHKe.

9 YYHEBHO-METOJANYECKOE OBECIIEYEHHUE JUCHUIIJIMHBI

9.1 Pexomenayemasi iuTeparypa
A. OcHoBHas UTEpaTypa:

1. YeproB A.I'., BopoOwseB A.A. 3agaunuk no ¢usuke. - M.: Boicu. mk. - 1988. - 527 ¢

2. Tpopumosa T.U. Kypc ¢usuku: yued. mocobue mis By3oB. - M3n. 17-e, crep, - M.:
N3naTensckuii neHTp «Axagemusi», 2008. - 560 c.

b. lonosHuTebHAs JIUTEpaTYypa:

1. Upono U. E. KBanToBas ¢usuka. OcHOBHBIE 3aKOHBI [ DIEKTPOHHBIN pecypc]: yueOHoe
nocobue - 7-e uzn. (311.). — M.: Jlaboparopus 3nanmii, 2017 — 261 c.

9.2 PexoMeHayeMble HCTOYHUKH HAYYHO-TEXHUYECKOI HHpOpMAINU
o PazgarouHblii HITIOCTPATUBHBIN MaTepHall K JEKIUSIM U CEMUHApaM.
e MeTonuueckre peKOMEH/IAlMH 110 BBITIOJIHEHUIO JIA0OPATOPHBIX PadoT.

Pecypchl nH(pOpMaIMOHHO—TENEKOMMYHUKAIMOHHOM ceTu HTepHeT:
o http://www.rsl.ru - Poccuiickas 'ocynapcrBennas bubnmmoreka

e http://www.gpntb.ru - TocymapcTBeHHas myOJUYHAs HAyYHO-TEXHUYECKAs
oubmuoreka Poccun

o http://lib.msu.su - Hayunass OubmHOTEKAa MOCKOBCKOTO TOCYIAPCTBEHHOI'O
YHHUBEPCHUTETA

o http://window.edu.ru - IlonHoTekcTOBas OMOAMOTEKa Yy4YeOHBIX U y4eOHO-
METOJIMYECKUX MaTepHaiOB

e http://abc-chemistry.org/ru/ - ABC-Chemistry : becrmatHas HaydHas XMMHAYeCKast
uHpopManus

o http://www.fips.ru/cdfi/fips2009.dll - Caiitr DUIIC. Uupopmarus o maTeHTax

e http://findebookee.com/ - mouckoBas cucrema 1o KHUram

o http://elibrary.ru - Hayunas snektponHas OubInoTeKa

o http://lcweb.loc.go - bubnmoreka Konrpecca CIIIA

9.3 CpeacrBa odecrnievyeHsi OCBOCHUSA U CIUATINHbBI


http://www.rsl.ru/
http://lib.msu.su/
http://www.fips.ru/cdfi/fips2009.dll
http://findebookee.com/
http://lcweb.loc.go/

Jna peanuzanuu  paboueld mporpamMmbl  MOATOTOBIEHBI  CIEAYIOLIUME CpENCTBa
o0ecrieueHust OCBOCHUS TUCHHUTIIIUHBI:

. KOMIIBIOTEPHBIC MIPE3EHTAIIMM MHTEPAKTUBHBIX JeKIuid — 23, (o0Iee Yucio
cnaiigoB — 274);

. 0aHK TECTOBBIX 3aJaHUIl I TEKYIIETO KOHTPOJS OCBOCHHS AMCIUILUINHBI
(ob1ee yrcio Bornpocos — 578);

. 0aHK TECTOBBIX 3aJaHUM JJISI HTOrOBOIO KOHTPOJIS OCBOCHHUS AMCIUILUIAHBI

(ob1mree yrcio Bornpocos — 145).

10. IEPEYEHb HH®OPMAIIMOHHBIX TEXHOJIOT' U,
HNCITIOJIB3YEMBIX B OBPA3OBATEJIBHOM ITPOLHECCE

HNudopmannonnyro HOJIEPKKY U3Y4YEHUS JUCIUTUINHBI OCYILIECTBIISET
Nudopmanmonno-6ubanoreunsiii nentp (MBL)) PXTY wum. .M. MenneneeBa, KOTOpBIi
oOecrieynBaeT OOY4YaIOUIMXCS OCHOBHOW y4eOHOH, y4eOHO-METOAMYECKOH W Hay4yHOH
JUTEPATypoi, HEOOXOIUMOMN AJIsl OpraHu3alMyu 0o0pa30BaTENBLHOrO Mpolecca MO JAUCLUIIIMHE.
OO6muii 06sem MmHOTOOTpaceBoro ponmaa MBI Ha 01.01.2021 cocraBnser 1 716 243 3k3.

@®ounn UBIL[ pacnomaraer y4eOHOH, y4eOHO-METOAMYECKOM M HAay4YHO-TEXHUYECKOU
aUTEepaTypoil B (hopMe MEYaTHBIX U JCKTPOHHBIX M3IaHWH, a TAKXKe BKIIOYAeT O(HIIMAIbHEIC,
CIpaBOYHO-OMONIMOrpaduueckre, CHelUATU3UPOBAHHbIE OTEYECTBEHHbIE M 3apyOexHbIe
nepuonuueckue u  uHpopmanumonHeie  um3nanus. UWBL[  obecmeumBaer  goctynm K
npodeccroHaIbHBIM 0a3aM TaHHBIX, HHPOPMALIMOHHBIM, CIIPABOYHBIM M TIOMCKOBBIM CUCTEMaM.

Kaxnprii oOyuarommuiicsi obecriedeH CBOOOIHBIM JOCTYIIOM U3 JII000H TOYKH, B KOTOPOH
uMeeTcss JocTyn K ceTh MHTepHeT M K »IeKTpoHHO-Oubnuoreynoil cucteme (OBC)
YHuBepcurera, KOTopas COACPKUT PA3IUYHbIE U3/1aHUS 10 OCHOBHBIM H3y4YaeMbIM JTUCIUIUIMHAM
U cOopMHUpPOBaHA 10 COIJIACOBAHUIO C MpaBooOIagaTeNsIMU y4eOHOW U y4eOHO-METOAMYECKON
JUTEPATYpPHI.

Jns  OGojee TOJHOTO M ONEPAaTUBHOIO  CIPaBOYHO-OmOIMorpaduyeckoro u
uH(popmanmoHHoro obciyxuBanus B MBI peanuzoBana TexHosorus DIEKTPOHHOM TOCTaBKU
JIOKYMEHTOB.

[TonHbIl mepedeHb DSIEKTPOHHBIX HH(POPMALMOHHBIX PECYPCOB, HCIOJIB3YEMBIX B
npoliecce 00y4eHus, MpeICTaBlIeH B OCHOBHOM 00pa30BaTesIbHOM Mporpamme.

11. MaTepuabHO-TeXHHYECKOe o0ecnedeHue
AU CIHUIIIIMHbI
B cooTBeTcTBUU ¢ y4yeOHBIM IUIAHOM 3aHATHUS MO JTUCHUILIMHE «DPHU3MKa» MPOBOJATCS B
dopme JeKnMid, CEMHHAPOB, JAOOPATOPHBIX 3aHATHH H  CAMOCTOSTENFHOW  pabOTHI
oOyuatorerocs.

11.1. O6opynoBanue, HeoOX0qUMOe B 00pa30BaTeJbLHOM IpoIecce:

e VYuyebHas ayauTOpHs IS MPOBEACHHS JICKIIMOHHBIX U MPAKTUYECKUX 3aHSATHUH,
0o0opyloBaHHAsT 3JIEKTPOHHBIMHU CPEJACTBAMH JEMOHCTpAuK (KOMIIBIOTEP CO
CpeICTBAaMU 3BYKOBOCIIPOM3BEEHUS, IPOCKTOP, SKPaH) U yueOHON MeOeTbIO.

e VYyebHasg nabopaTopHs, OCHaIIeHHas JiabopaTOpHOW MeOenblo, HAayYHBIM H
TEXHOJOTHYECKUM 000PYIOBaHUEM ISl TPOBEIEHUS JIa0OpaTOPHBIX padoT.

e bubmuoreka, wumeromas padodyre KOMIBIOTEPHBIE MeCTa IS CTY/ACHTOB,
OCHAII[EHHBIE KOMITBIOTEpaMHU C BbIXOAOM B MHTepHeT W moctymoM K 0Oa3am
JTAHHBIX.

e Texnonornueckoe obopynoBaHue sl 0OpaOOTKH, MOJATOTOBKH W IPOBEICHHS
1a00paTOpHBIX PaboT:



e 10 xomnbrorepoB 2014 roaa;

e 10 xommbrorepoB 2002/2004 rona;

e 10 mab. ycTaHOBOK /I IPOBEACHUS CTY/. IpakTukyMma, 2014 rona;
o ®ortometp potornexrpuyeckuii FOuuko 1201, 2018 rona;
e Mono6aox Lenovo tun 3, 3 mr., 2019 roxa;

e Becol nopunonnsie AND-HT-500, 2 mir., 2019 ropa;

e CekynnoMmep Mexanundeckui, 17 mr., 2019 rona;

e AxBaguctuwiuisitop AD-25, 2019 rona;

e Pedpakromerp «Kommakty, 2 mt., 2019

o IMkad cymmneasiii HIC-20-02, 2019

e Bechol maboparopuasie BJIT3-510c, 2 mr., 2019

e pH-merp-mmnmuBonsT™eTp pH-420, 2 mit., 2019

11.2. YueOHO-HATJAAAHbIE TOCOOUSA
WHpOopMallmOHHO-METOIUYECKUE MaTePHaJIbl: YIeOHbIE TTOCOOUS MO IUCIUILTMHE; pa3JaTOYHbINA
MaTepuai K pasziesam JEKIIMOHHOTO Kypca; 3aIaYHIKH B OYMa)kKHBIX dK3EMIUIIpax.

11.3. Komnborepsl, HHPOPMANUNOHHO-TEJEKOMMYHHMKAIMOHHbIE CEeTH, AaNIMapaTHO-
NMPorpaMMHbIe U ayJANOBU3YaJIbHbIE CPEACTBA:

[lepconasibHbIE KOMIIBIOTEPHI, YKOMILIEKTOBaHHbIE npourpsiBarensiMu CD u DVD, npunrepamu
U MPOTrpaMMHBIMU CpPEACTBAMM; MPOEKTOPbl M IKpaHbl; LUPPOBbIE KaMepbl; KOIMUPOBAIbHbIE
anmnaparsl; TIOKaJIbHAas CETh C BBIX0J0M B MIHTEpHeT.

11.4. IleyaTHbIe U 3JIEKTPOHHBIE 00pa30BaTe/IbHbIe U HH(POPMALIMOHHbIE PeCypChl:
HNHpopMalinOHHO-METOJUUECKUE MaTepHalIbl: yueOHbIe TOCOOUS MO TUCIUILIMHE; pa3AaTOuyHbIN
MaTepuai K paszienam JEeKIHOHHOIO Kypca;

DJeKTpOHHbIE 00pa30BaTeIbHBIE PECYPCHL: AIEKTPOHHBIE TPE3EHTALNH K pa3/iesiaM JEKIIMOHHOTO
Kypca; yu4eOHO-METOJUYECKHe pa3pabOTKH B 3JIEKTPOHHOM BHUJE; CIIPaBOYHBIE MaTepuajbl B
MIEYaTHOM M 3JIEKTPOHHOM BHJIE.

11.5. IlepeyeHb JIMIEH3MOHHOT0 NPOTPAMMHOI0 00eCIeYeHHU:



Ne HaunmeHoBaHue PexBusursl norosopa | Konnuyecrso sunensuit | Cpok 0OKOHYAHHA
LI MPOrpaMMHOI0 MOCTABKH neiicTBUS JUIIEH3UH
NPOAYKTA

1. Calculate Linux Desktop CBoOoaHo He orpannyenno beccpouno
pacmpoctpansiemoe [10

2. LibreOffice CBoOoaHo He orpannyenno beccpouno
pacmpoctpansiemoe [10

3. ABBYY EineReader CBoOoaHo He orpannyenno beccpouno
pacmpoctpansiemoe [10

4, . CBoOoaHoO He orpannyenno beccpouno

7-Zip
pacmpoctpansiemoe [10
5. Google Chrome CB00OIHO He orpannueHHO beccpouno
pacmpoctpansiemoe [10
6. VLC Media Player CB00OIHO He orpannueHHO beccpouno
pacmpoctpansiemoe [10
7. Discord CB00OHO He orpanuueHHO beccpouno
pacmpoctpansiemoe [10
8. Autodesk AutoCAD CB00OHO He orpannueHHO beccpouno
pacmpoctpansiemoe [10
9. IntelllJIDEA CB00OHO He orpanuueHHO beccpouno
pacmpoctpansiemoe [10
10. FreeCAD CBoOoaHo He orpannuenno beccpouno
pacrpoctpansemoe 110
11. SMath Studio CBoOoaHO He orpannuenno beccpouno
pacripoctpansemoe 110
12. KonTpakt Ne 90-  JluneHn3us 1Jig akTuBaluu 12 mecsieB
1339A/2021 ot Ha pabouuX CTaHIHUAX, |(€XKEroJHOe MPOoIeHUE
Corel Academic Site 07.09.2021 MOKPBIBACT BCE paboyune | TOAMUCKH C IPABOM
Standard MecTa B YHUBEPCUTETE nepexoja Ha
OOHOBJIEHHYIO BEPCHIO
MPOIYKTa)

13. Kontpakt Ne 90- 500 munen3uit 12 mecsieB
Kaspersky Endpoint 13335A/2021 ot (e>xerogiHOE TIPOJICHUE
Security as GusHeca — 07.09.2021 MOJIMUCKH C TIPAaBOM
CranpaptHelil Russian nepexosa Ha
Edition. OOHOBJIEHHYIO BEPCHIO

MPOIYKTa)

14. CBoOoanO He orpannuenno beccpouno

GIMP
pacrpoctpansemoe 110
15. |OBS (Open Broadcaster CB000HO He orpanunueHHo Beccpouno

Software) Studio

pacnpoctpansiemoe [10

12. TPEBOBAHMUS K OHEHKE KAYECTBA OCBOEHMUS ITPOT'PAMMBI



http://www.jetbrains.com/idea/buy/license-matrix.jsp

HanmenoBanue

OcHOBHBIC ITOKA3ATEJIH OLIEHKH

DopMbI U METOABI

pa3aesioB KOHTPOJISI M OLICHKH

Paznea 1. 3naem: Onenka 3a
DNIeMEHThI - (pusmveckre OCHOBBI KBAHTOBOM CTATUCTHKHU KOHTPOJIbHYIO paboTy
KBaHTOBOM (ucxomHble «0a30BBICY» MOJIOKEHHSI, OCHOBHBIE Nel (1 cemectp)
CTaTUCTUKHU KBAHTOBbIE CTATUCTHUYECKHE paclpeiesieHus);

Ymeem:

- IPUMEHSATh UCXOHBIC (PU3UUECKHE (TEOPETUICCKHE)

3HAHUS [IPU PELICHUH NMPO(EeCCHOHATBHBIX 3a/1ay;

- IPOBOJMTH OLIEHOYHBIE PACUETHI I OCYILECTBIATH (Ha

KayeCTBEHHOM YpOBHE) aHaiu3, HaOII0AaeMBbIX

SIBJICHUM.

Braoeem:

- HaBBIKAMH OOOCHOBaHHSI CBOUX CYXKICHHH, YTO

CIOCOOCTBYET  MpPaBHJIBHOMY BBIOOPY  METOAUKHU

MPOBOJMMOTO CTYJICHTOM HCCIICIOBAHMUSL.
Paznea 2. 3naem: Onenka 3a
Meraisl, - 9JIEMEHTHI 30HHOUM TE€OPUU IIPU TPAKTOBKE KOHTPOJIbHYIO paboTy
JTUAJIEKTPUKU U Pa3IMYHBIX CBOMCTB METAJUIOB, JUAJIEKTPUKOB U Nel (1 cemectp)
MOJTYITPOBOJIHUKHU | TIOJIYITPOBOJTHUKOB;
C TOUYKH 3pEHUS Ymeem:

30HHOU TEOPHUH

- IPUMEHATh UCXO/IHbIE (pU3NYEecKHe (TEOPETUUECKHUE)
3HaHHUSA NPU PEIIeHUN NPOo(PECCUOHATBHBIX 3a/1ay;

- IPOBOJMTH OLEHOYHBIE PACUETHI M OCYLLECTBIATH (Ha
KayeCTBEHHOM YpOBHE) aHalu3, HaOII0AAaeMbIX
SIBJICHUI.

Braoeem:

- HaBbIKAMM OOOCHOBAaHHUSI CBOMX CYXKJIEHHH, YTO

CIIOCOOCTBYET — NPAaBWIBHOMY  BBIOOPY  METOIUKH
HPOBOJMMOTI'O CTYJICHTOM HCCIIC/IOBAHMSI.
Pasnen 3. 3naem: Onenka 3a
DneMeHTbI - 6a30BbIe (pU3MUECKHE MOHATHS O KBAHTOBBIX KOHTPOJIbHYIO padoTy

(bu3uKN TBEpAOro
Tena

TEOPHSX TETIIOEMKOCTH (Ha puMepe
KPUCTAIIMYECKUX Te);

- 2JleMeHTbl (U3UKU TBEPAOTro Tena (UCXOJHBIE
MOHSITUS 0 KpUcTajuiorpaduu, TUIIAX
KPUCTAITIMYECKUX CTPYKTYP; CBEACHHUS O SIBICHUU U
KBaHTOBOI TPAKTOBKE CBEPXIIPOBOJUMOCTH)

Ymeem:

- IPUMEHATH UCXO/IHBIE (PrU3NYECKHe (TEOPETUIECKNUE)
3HAHMS MPH PEIIeHHN MPO(PECCHOHABHBIX 3a/1aY;

- IPOBOJIUTH OLICHOYHbIE PACUEThl U OCYLIECTBIIATH (Ha
Ka4eCTBEHHOM ypOBHE) aHaiu3, HaOII0JaeMbIX
SBJICHUI.

Bnaoeem:

- HaBBIKAMH OOOCHOBaHHS CBOWX CYXKAEHHH, YTO
CIOCOOCTBYET  MPAaBUIBHOMY  BBIOOPY  METOIUKHU
MPOBOUMOTIO CTYAEHTOM HCCIIEIOBAHMUS.

Ne 2 (1 cemectp)
OreHka 3a sK3aMeH
(1 cemectp)

15 OCOBEHHOCTH OPTTAHU3AIIMU OBPA3OBATEJIBHOT'O ITPOLHECCA J1JIA
NHBAJINJIO0B U JIMI] C OT'PAHUYEHHBIMH BO3MOKHOCTAMMU 3/10POBbSA




OOyueHne UWHBAIMJAOB M JMIl C OrPAaHMYCHHBIMH BO3MOXKHOCTSIMH  3JIOPOBBS
OCYIIIECTBIISIETCS] B COOTBETCTBHH C:

- Ilopsinxom opraHM3alid M OCYIIECTBICHHS 0Opa30BaTENbHOW JESTEIBHOCTH 10
o0Opa3oBaTelbHBIM IpOrpaMMaM — IporpamMmam OakalaBpuara, mporpammam OakajiaBpuara,
nporpammam maructparypsl (IIpukas Munodpuayku PO ot 05.04.2017 Ne 301);

— Ilonoxennem O TOpsAKE OpraHu3allud W OCYILECTBICHHUS 00pa3oBaTeIbHOU
NEeSTeIbHOCTH 10 00pa30BaTeNbHBIM IPOrpaMMaM  BBICIIETO 00pa3oBaHUs — MPOrpamMm
OakanmaBpuarta, IporpaMM  CHCIHAIMTETa,  OporpaMm  Maructpatrypel B PXTY
uM. JI.11. MenneneeBa, npuHATBIM pemieHueM YueHoro cosera PXTY um. J[.M. MengaeneeBa
o1 30.10.2019, mnporokon Ne 3, BBeAeHHBIM B J€WCTBUE mpuUKa3oM pekTtopa PXTY
uMm. JI.1. MenneneeBa ot 14.11.2019 Ne 646A;

- MeTonyeckuMU peKOMEHAAMUSIMHU [0 OpraHu3aluu 00pa30BaTeNbLHOrO Mpolecca s
00y4YeHHsI MHBAJIUIOB U JIUI] C OTPAaHMYCHHBIMH BO3MOXXHOCTSIMH 37I0POBbSI B 00pa30BaTEIbHBIX
OpraHMu3aIysaX BhICIIEro 00pa3oBaHus, B TOM YUCIIE OCHALIEHHOCTH 00pa30BaTeIbHOrO Mpoliecca
(yrBepkaeHbl 3amectuTelieM MuHucTpa oOpazoBaHus U Hayku PO A.A. KiumoBbiM oOT
08.04.2014 Ne AK-44/058H).
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