Padouas nporpaMma quCHUILTHHBI (MOayJis1) «/lonmoHUTEIbLHBIE TJ1aBbI PU3HKI,
BKJIIOYAIOIIAsI OLIEHOYHbIE H MEeTOIHYeCKHe MaTePHaJIbI

1. TpeGoBanus Kk pe3yjabTaTaMm 00y4YeHUsI M0 TUCHUILIMHE (MOIYJIIO)
1.1. Ilepeyenb koMmereHuMi, GopMHpyeMbIX JUCHUIVIMHOH (Moay/J1eM) B mpouecce

OCBOEHHS1 00Pa30BaTEJbHOM NPOrPaMMBbl

I'pynna komneTeHUMi Karteropusi komnereHumii Koapbl u conepkanne KoMneTeHIH

YHuBepcallbHbIE - -
OobmenpodeccruoHansHbIC Du3UKo-MaTeMaTHYeCKas u OIIK-4. CnocobeH IUTaHUPOBATH
KOMIIBIOTEPHAS TPAMOTHOCTD TIpU | pabOTHI XUMHYECKOH
pelIeHny 3agau HanpaBJeHHOCTH, oOpabaTbiBaTh |
npodeccroHaNnbHON HMHTEPIPETUPOBATH MOJIy4E€HHBIE
ACATCIIBHOCTHU PE3YyIbTAThI C HUCITIOJIb30BAHUEM
TEOPETUYECKUX 3HAHUM 51
MPAaKTUIECKUX HABBIKOB PEIICHUS
MaTeMaTHYeCKuX W  (PU3UUECKUX

3a1a4
[IpodeccronanbHble - -

1.2. KomnereHUUM W MHAMKATOPbI HX JAOCTH:KEHHMs, (POPMHPYEMBIX IHCHMILIMHOMN
(Moay/1eM) B mpouecce 0CBOeHHsI 00pa30BaTeIbHON MPOrpaMMbl

Kox Kon
HHINKATOpa Conep:kaHue HHIUKATOPAa KOMIETEHIIUU
KOMIEeTeHIIMH
KOMIIeTeHIIu I
OIIK-4 OIIK-4.1 Hcnonp3yer 0a30BBle MaTeMaTHdyeckne © (OU3WUECKHE TOHATHI U

NIPUHLIUIIBL, 3aKOHBI M METOZBI MATEMaTHKH U (PU3UKH NPH IUTAHUPOBAHUN
paboT XMMHUYECKOH HAIPaBJICHHOCTH

OIIK-4.2 OOpabarbiBaeT  MOJYYEHHbIE  PE3yJbTaThl  C  HCHOJIb30BaHUEM
TEOPETHYECKUX  3HAHWM W NPAKTHYECKUX  HABBIKOB  PELICHHS
MaTEeMaTHYECKUX U (PU3NIECKUX 3a/1a4

OIIK-4.3 WnaTepnpetupyer pe3yIBTATHI XUMHYECKIX HaOIIONCHNH c
WCIIOJIb30BaHUEM 3aKOHOB M METOJIOB MAaTEMAaTHKH M (PU3UKH

1.3. Pe3yabTaTrhl 00y4eHust N0 JUCHUILIHHE (MOIYJIIO0)
esab n3ydyeHUus IMCHUIIMHBI (MOAYJIS1):
e (opmupoBaHue y OOYYArONIMXCS €CTECTBEHHOHAYYHOT'O MHUPOBO33PEHUSI M PA3BUTHUE
(PU3HYECKOTO MBIIUICHUS;
® I3y4YeHHE OCHOBHBIX (U3WYECKUX SIBICHUN; OBIaJeHUE (yHIaMEHTAIbHBIMU
MOHITUSIMH, 3aKOHAMH U TEOPUSMHU KJIACCHUYECKOM U COBPEMEHHOH (DM3HMKH, a Takke
MeToaamMu (PU3HYECKOTO MCCIICIOBAHNS,
® OBJIaJICHUE MTPUEMAMHU U METO/IAMH PEIICHUsI KOHKPETHBIX 3a71a4 U3 Pa3IMUHbIX 00J1acTei
¢buzuKy;
® yMEHHE BBIJCIUTh KOHKPETHOE (PU3UYECKOE COACpNKAHME B TMPUKIATHBIX 3a7adax
Oymy1ieil nesTebHOCTH.
B pesynbrare uzydeHus: JUCHUTIINHBI (MOAYJIs1) OOYJArOITHICS JOMIKEH
3HATh:
® OCHOBBI KBAHTOBOM (DH3HKHU;
e cMbIcH (yHAAaMEHTATbHBIX (PU3UYECKHX 3aKOHOB, TPUHIIMIIOB M TMOCTYJAaTOB; HUX
(hOpMyIIMPOBKYU ¥ TPAHULIBI TPUMEHUMOCTH;
® CBS3b LIUPOKOTO Kpyra (PU3MUECKUX SBIECHUN ¢ (yHIaMEHTAIbHBIMH MPUHIMUIIAMUA H
3aKOHaMU (DU3UKH; OCHOBHBIE METOJbI pEUIeHHs 33Jad IO OMHCAHUIO (PUINYECKUX
SIBIICHHI;
® MeTOJbI 00padOTKH Pe3yNbTaTOB (PUINIECKOTO IKCIIEPUMEHTA,
yYMeTh:
® [PUMEHSTh TEOPETUUYECKUE 3HAHUSA U SKCIEPHUMEHTAIbHBIE METOJIbI UCCIEIOBaHUS MPHU
pelieHny npohecCUOHATBHBIX 3aa4;




® JIPpOBOIUTH paC‘IéTLI, OCYHICCTBJIATL aHAJIM3 U HAa OCHOBC 3TOro ACJIATb 000CHOBaHHBIE

BBIBOJBI,

® AHAJIM3UPOBATH PE3YJIbTAThI Ha6JIIO)IeHHI>'I " OKCIICPUMCHTOB C MPUMCHCHUEM OCHOBHBIX

3daKOHOB U IPUHIHUIIOB (I)I/IBI/IKI/I;

® OmnpeneNsITh Xapakrep (U3MYECKHX TMPOIECCOB MO KOMIUICKCY SKCIEPUMEHTAIBHOMN
nH(bOpMaIMU IpU TOMOIIH IpadUKOB, TAOIUI U YpaBHEHHUI;

® MIPEACTaBIATh 00pa0OTaHHYIO IKCIIEPUMEHTAIBHYIO M TEOPETUYECKYI0 MH(OpPMAIMIO B
YCTHOM M TMCbMEHHOW ¢opMe, B TOM YHCJIE C HCIOJB30BAHUEM COBPEMEHHBIX
KOMITbIOTEPHBIX TEXHOJIOTHUIA;

BJIAJ1€Th:

® HaBBIKaMU PabOTHI C IIMPOKUM KPYroM (pU3NYECKUX NMPHUOOPOB U 000PYIOBAHUS;
® HaBBIKAMU 0OOCHOBAHUS CBOMX CYXKACHUH M BbIOOpA METOJ1a HCCIEIOBAHUS.

2. O0bem, CTPYKTYpA U cOiepKaHUe JUCUMIINHBI (MO1YJIs1)

2.1. O0beM QU CHUILIHHBI (MO1YJIs1)

Buowt yueonoit pabomut Dopmut 00yuenusn
Ounan
OO01Iasi TPYI0EMKOCTD: 3aUCTHBIC CAMHHUITBI/TaChI 4/144
KonTakTHas padora: 64
3aHATHS JEKIIMOHHOTO THITA 32
3aHATHS CEMUHAPCKOTrO THIA 32
KoncyabTanuu 0
IIpomesxkyToUYHasi aTTeCTALUS 9K3aMeH
CamocrosiTesbnasi padora (CP) 80

2.2. Temsbl

(pa3mesbl) JAUCHMILIHHBI

(MoayJssi) ¢ YyKa3aHMeM OTBeIE€HHOr0 Ha HHMX

KoJIM4YeCTBa 9acoB 110 (l)OpMaM 06pa30BaTeJ’le0ﬁ JECATCJIBbHOCTH

Ounasa ¢hopma odyuenusn

Ne | HaumeHoBaHue
n/m | (pazaesnoB)

Buabl yueoHoii padoTsl (B yacax)

KoHTakTHas pa6oTa

3angTus
JEKIMOHHOI'0 THIIA

3aHATHSA CEMHHAPCKOIO THIIA CP

JI

1. DJIeMEHTBI
CTAaTUCTUKU

KBAHTOBOH

12

HHbIe 113 C JP HHbIe
0 12 0 0 0 26

2. Meramnsl,
TUDIICKTPUKA
MOJIyIPOBOIHUKU

TEOpHH

TOYKH 3pCHHUA 30HHO

10

0 10 0 0 0 27

3. DJEeMEHTBI
TBEPJIOTO Tena

buzukn

10

Ilpumeuanusn:

JI — nexumm, [13 — npaktuyeckue 3ansatus, C — cemunapsl, JIP — mabopatopusie pabots, CP — camocTosiTensHast

pabora.

2.3. Conep:xaHue IUCHMIUIMHBI (MOAYJs), CTPYKTYPHPOBaHHOe MO TeMaMm (pa3jejaM) H

BUJaM padoT

Conep:xkaHue JEKIMOHHOTO Kypca

Ne
n/n

HaumeHnoBaHue TeM (pa3jiesioB)

Coz[epma}me JIEKIITUOHHOTI'0 Kypca

1. | DaeMeHTBI KBAHTOBOM CTATUCTUKH

OneMeHThl KBaHTOBOM cratucTuku. KBaHTOBast cucrema u3
OIMHAKOBBIX 4YacTull. IIpUHIUN TOXIECTBEHHOCTH OAMHAKOBBIX
yacTull. CHMMETpUYHbIE U HECUMMETPUYHBIE BOJHOBbIE (DYHKLUH,
OTHCHIBAIOIINE COCTOSIHUS TOXKIECTBEHHBIX MUKPOYACTHUII.

Bozonst wu  ¢epmmonsl. [lpurmmn  Ilaymm.  KBanTOBEIE
CTaTUCTHUYECKHE pacrpeneneHus boze-DiHmreiina u  ®Depmu-
Hupaka. BbIpOXKIEHHBIM 3JIEKTPOHHBI Tra3 B  KpUCTaJUlax
(MeTaIb!).

2. | Meramisl,

JUBJICKTPUKHU

u

3HepFeTI/Iqe0KI/Ie 30HbI. CTaTUCTHUKaA CDepMI/I-[[I/IpaKa, OHCPIrus

2



MOJYITPOBOJHUKH C TOYKH 3PEHUS
30HHOM Teopuu

@epmu.  DNEKTPOH B HEPUOIMUSCKOM  ITOJIE

s dexTrBHAs Macca IEKTPOHA.

KpHCTaIIa:

3. | DnemeHTHI GU3UKH TBEPAOTO TEIA ®muka tBEpmoro Tema (DTT): ompenmeneHue, CBSA3p C APYTHUMH
JTUCLUIIMHAMH, OOBEKTHI M3Y4YEHH, KPYT penraeMbix 3am1ad. CBs3b
¢ kpuctaiutorpaduen, KpUCTAUIOPHU3NKON 1 KPUCTAJUIOXUMHUEH.
KonnencuposanHoe cocrtosHue. IToaxom K omucaHHIO TBEPABIX
ten. Ctpykrypa kpuctaioB. Cummerpus U (pusndecKre CBOWCTBA
KPHUCTAJJIOB.

Tumel KpUCTAJUIMYECKUX CTPYKTYp (0OImIas XapaKTepHCTHKA).

[TnoTHBIE yHakoBKM: KyOWdeckas M TeKcaroHaipHas (Ha

KayecTBEHHOM  ypoBHe). [loHsATHE ©  CBEpXIPOBOAMMOCTH

(KBaHTOBBIE MPEICTABICHHS Ha KAUECTBEHHOM YPOBHE).
Conep:kaHue 3aHSITHII CEMHUHAPCKOTO0 TUIIA

I‘D‘il HaumeHoBanue Tem (pa3esos) Tun Copnepixanue 3aHATHI CEMHHAPCKOI0 THIIA

1. OneMeHThl KBaHTOBOM CTATUCTUKU I13 | Pacnpenenenue ®Depmu-/upaxa. BrIpoxneHHbIH
JNEKTPOHHBIA Tra3 B Kpucramiax. OHeprus Depmu.
Temneparypa epmu.

KBaHTOBasg TeopHs TEIUIOEMKOCTH TBEpIBIX Tel IO
DUWHIITEHHY u Jebato. XapaKkTepucTHIECKHe
temneparypel. [lpenenpubiii 3akoH [lebas. DOHOHBL
DreMeHTH! siiepHoi pusnku. JlozuMeTpust.
2. Mertamnsl, JUBJIEKTPUKH n | II3 | KBaHTOBBII  TrapMOHHUYECKMH U  aHFapMOHMYECKHH

MOJIyTIPOBOJAHUKU C TOYKH 3pEHUS OCLIUIIIISATOP.

30HHOH Teopuu Crpoenue atoMa. ATOM BOJOpOAA: pacuéT pacrnpeeneHue
IUIOTHOCTH ~ BEPOSITHOCTU JNIeKTpOHAa B aToOMe.
Pacnpenenenue ®epmu-/lupaxa. BripoxaeHHbIH
QIIEKTPOHHBIM Ta3 B Kpucramwiax. OHeprusi Depmm.
Temmneparypa @epmu.

3. OnemMeHTHl PU3MKN TBEPIOTO Tea II3 | KBantoBasg TeopHsl TEIUIOEMKOCTEH TBEPABIX Tel IO
OHWHIITEHHY 31 [ebato. XapakTepuCTUYECKUE
temrepaTypsl. [Ipenenbhsbiii 3axon [lebas. @OHOHBI.
I'eomerpuueckas KpHCTauorpadus. OcHOBBI
KPHUCTAJUIOXUMHH.

Beruncienue ko uiMenTa 3anoinHeHus Ui a) MPOoCTon

ky0 sueitkm; 0) mis OLK  sueiikn. Brrancienue

kodpdumuenra 3amonmHenus [LK sgeliku cTpyKTypBI

anMasa.

Pacuér pasmMepoB MycTOT B MIOTHOYNAaKOBaHHBIX

CTpyKTypax. Pacu€r osHeprum HMOHHOIO KpHUCTaUla

(npumep crpykrypa NaCL).

Pacuer papuyca mapa ans ciydas IJIOTHOYIIAKOBaHHOM

CTPYKTYBI, KOTOPBIi MOJKHO MTOMECTHTh B

TETPa3APHUECKYIO ITyCTOTY.

HccnenoBanne, KaknM 00pa3oM pacCUUTHIBACTCS YHEPTHS

peméTtku kpuctamuia NaCL s NA nmap MOHOB.
Cojaep:kaHue caMOCTOSTEIbHOI padoThI

No "

w/n HaumeHnoBanue Tem (pa3esioB) Copaep:kanue caMOCTOSTEIbHOI PadoThI

1. OneMeHThI KBAHTOBOM CTATUCTHKN | M3yueHMe JEeKIUOHHOrO Marepuana, MOATOTOBKA K 3aHITUSAM

CEMHHAPCKOI0 THUIIA, 03HAKOMJICHHE u npopaboTka
PEKOMEHIIOBaHHOW  JUTEparypbl, paboTta C  AJNEKTPOHHO-
O6MOIMOTEYHBIMU CUCTEMAMU
2. Meransl, JV3IEKTPUKI n | M3ydeHne JEKIMOHHOTO MaTepHana, MOATOTOBKA K 3aHATHIM
MOJYIIPOBOJHUKNA C TOYKHM 3PEHHS | CEMHUHAPCKOTO THIIA, O3HAaKOMJICHHUE u npopaboTka
30HHOHU TeopHun PEKOMEHIOBAaHHOW  JUTEpaTypbl, paboTa C  3JJIEKTPOHHO-
OMOJIMOTEYHBIMU CUCTEMaMHU
3. OrneMeHTh! GU3UKK TBEPIOTO Tena | V3ydeHue JIEKIMOHHOTO MaTepuasla, IOATOTOBKA K 3aHATHAM

CEMHHAPCKOT0 THIIA,
PEKOMEHIOBaHHOM  JIUTEpaTyphl,
OMOJMOTEYHBIMH CUCTEMAMK

O3HAKOMJICHHE u
pabota ¢

mpopaboTKa
3IIEKTPOHHO-




3. OueHo4YHbIe MaTepuaJbl 1JIsl NPOBEeJCHUS TEKYIIero KOHTPOJIsI YCIeBaeMOCTH (B TOM
yucjie py0esKHOro) M NPOMEKYTOYHON arrecTalud O0y4Yaloluxcsi MO0 JAMCHUIINHE
(MoayJ110)
[To pucuuruivHe (MOZIYJIIO) TPETYyCMOTPEHBI CIEAYIOLIME BUABI KOHTPOJIS KayecTBa

OCBOEHHUS:

® TEKYLIM KOHTPOJIb YCIIEBAEMOCTH (B TOM YHCIIE PYOESIKHBIN);

® [IPOMEXYTOYHAs aTTECTalMsl 00yJaroMXCs M0 AUCHUILTHHE (MOAYIIIO).
3.1.1. OueHo4yHbIe MAaTePHAJIBI A5 IPOBE/ICHUsI TEKYIIero KOHTPOJIs yCIeBaeMoCTH (B TOM
yucJie pyoesKHOro) mo AucuunjanHe (MoayJio)

Ne | Konrposupyemblie TeMbl (pa3aeJibl) HaumMeHoBaHMe OLIEHOYHOTO CpPeACTBA
n/n
1. OneMeHThI KBaHTOBOM CTATUCTHKU KonTponsHsIil paboTa
2. Meramibl, AWDIEKTPUKH W IMOdynpoBonHWKH ¢ | KoHTpombHBII paboTa
TOUYKHU 3pEHUs] 30HHOH TeopHUHU
3. DneMeHTHI (PU3UKHU TBEPOTO TEIa KoHuTponbHbIi paboTa

3.1.1. TunoBbie KOHTPOJbHBIE 3aJAHUS

KonTpoJbHblii padoTa

KonTpoJsbHnas padora 1

Bonpoc 1

1. BoruncnuTh yJenbHbIE TEIIOEMKOCTH C KPUCTAJUIOB aJIOMUHUS M MEIU IO KJIACCUYECKOU
TEOPUHU TETUIOEMKOCTH.

2. OrmpenenuTb OTHOCUTENbHYIO IMOTPEIIHOCTb, KOTOpas OyJeT [OIMylIeHa, €clId IpH
BBIYMCIIEHUH TemioeMkoctTd C  BMECTO 3HAYeHMs, J1aBaeMoro Teopued OWHIITENHa,
BOCITIOJIB30BaThCS 3HAUEHHUEM, J1aBa€MbIM 3aKOHOM /JlronoHra u Iltu.

3. Onpenenuts sHepruto U u temnoeMkocts C cucteMsl, cocrosinei u3 N=10% Kiaccuueckux
TPEXMEPHBIX HE3aBUCUMBIX TaPMOHUYECKUX ociuIsAsTOpoB. Temmneparypa T=300 K.

4. OmnpenenuTs MakCHUMaldbHYI) 4YacTOTy COOCTBEHHBIX KojeOaHWN B KpHCTasie 30J0Ta IO
teopun Jlebas. Xapakrepuctuieckas temreparypa paa 180 K.

5. Onpenenuts yroia ¢ Mexay opOUTaIbHBIMH MOMEHTAMH UMITYJIBCOB JBYX 3JEKTPOHOB, OJIUH
U3 KOTOPBIX HaXoAuTcs B d-COCTOSHUU, Apyroi — B f-COCTOSHUM, MPU CIEAYIOUINX YCIOBHUSIX:

1) momHoe opOuTambHOE KBaHTOBOE 4HCIO L=3; 2) UCKOMBIH yroin — MaKCUMAaJlbHBIH; 3)
HCKOMBIN yTOJ1 — MUHUMAaJIbHBIN.
Bonpoc 2

1. Haiitu mmotHocTh Kpuctauia HeoHa (mpu 20 K), ecnu u3BECTHO, 4YTO pelIeTKa
rpaHelleHTpUpOoBaHHast KyOuueckoil cuHronuu. IlocTosiHHas peleTky npu To| ke TeMIeparype
paBHa 0,452 HM.

2. BbluuciIuTh ylenbHbIE TEIUNIOEMKOCTH C KPUCTAJUIOB AJOMUHHUSA UM MEIU IO KJIACCHUYECKOU
TEOPUHU TETNIOEMKOCTH.

3. OnpenennuTs OTHOCUTENBHYIO aTOMHYIO MacCy KPHUCTallla, €CIM U3BECTHO, YTO PACCTOSHUE
Mexay OmmxailmimmMu cocemHumMu  atomMamu  paBHo 0,304 HMm. Pemerka o0beMHO-
LEHTPUpPOBaHHas KyOuueckoil cuuronuu. IlnoTHocts kpucrania paBHa 534 kr/m3.

4. BplYUCIUTH IMOCTOSHHYIO PELIETKU KpUCTaia Oepuiuins, KOTOPBIM IpeacTaBisieT coOoif
IEKCaroHaJIbHYIO CTPYKTYpy ¢ IUIOTHOM ynakoBkoi. I[lapamerp pemerku paseH 0,359 Hwm.
[LnotHOCTH KpHcTamia Gepuiuis pasaa 1,82%103 kr/m’.

5. CucrteMa IIOCKOCTeH B MPUMUTHBHOM KyOMUYECKOM peleTke 3ajaHa MHAEKcaMu Mwuiuiepa
(221). HaiiTu HauMMeHbIIME OTPE3KH, OTCEKAEMbIE IIJIOCKOCTBIO Ha OCSIX KOOpAMHAT, HU
n300pa3uTh Ty MIOCKOCTh rPahUUECKH.

6. BeruuciuTh yron @ Mexay HOpMaasiMH K IJIOCKOCTSAM (B KyOMYeCKOW pemieTKe), 3a/laHHbIX
unaexcamu Musiepa (111) u (111).

7. OnexkTpoH ABUXKETCs co ckopocThbio v=200 Mm/c. OnpenenuTts AIUHY BOJIHBI Je bpoins,
YUUTBIBasi U3MEHEHHE MACChl AJIEKTPOHA B 3aBUCUMOCTH OT CKOPOCTH.



8. Kakyo yCKOpSIOIIyI0 pa3HOCTh MoTeHuanoB U JOIDKEH MPOUTH 3JEKTPOH, YTOOBI JUIMHA
BOJIHBI Jie bpoitns A 6p11a paBHa 0,1 HM?

9. OmpenenuTh JUIMHY BOJHBI Jie bpoisis A 3yeKTpoHa, ecliu ero KMHeTuueckas sHeprus T=1
K3B.

10. Ompenenuts JIMHY BOJIHBI Jie bpoitng A 37eKTpoHOB, O0MOapIUpYyIOIIMX aHTHUKATO[
PEHTTEHOBCKOM TpyOKH, €Cii TpaHHIla CIUIOIIHOTO PEHTIE€HOBCKOIO CIIEKTpa MPUXOJIUTCS Ha
JUTUHY BOJIHBI A=3 HM.

KontpoubHnas padora 2

Bonpoc 1

1. Haiitu mmotHocTh Kpuctauia HeoHa (mpu 20 K), ecnu u3BeCTHO, 4YTO pemieTKa
rpaHelleHTpUpOBaHHast KyOudeckoil cuHronuu. IlocTosiHHas peneTky Mpu TO| ke TeMIieparype
paBHa 0,452 HMm.

2. BblUMCIUTD yJeNbHBIE TEINIOEMKOCTH C KPUCTAJJIOB AaJIOMUHHUSA M MEIU IO KJIACCHUYECKOU
TEOPUH TETNIOEMKOCTH.

3. OnpenennuTs OTHOCUTENBbHYIO aTOMHYIO MacCy KpHUCTala, €CIM M3BECTHO, YTO PACCTOSHUE
Mexay OmmxkaiimmmMu cocemHuMu atomMamu  paBHo 0,304 HMm. Pemerka o0beMHO-
LEHTPUpPOBaHHAs KyOuueckoil cuaronuu. IlnoTHocTs Kprucrania paBHa 534 kr/m3.

4. BpIYUCIUTH TMOCTOSHHYIO PEIIETKH KpUcCTalia Oepuiuivs, KOTOpBIM MpeAcTaBiseT co0oil
TeKCaroHaJIbHYIO CTPYKTYpy ¢ IUIOTHOM ymnakoBkoi. [lapamerp pemerku paseH 0,359 Hwm.
[InotHOCT KpHcTamia Gepuius pasaa 1,82%103 kr/m’.

5. CucrteMa IIIOCKOCTeH B MPUMUTHBHOM KyOMUYECKOH pelieTke 3ajaHa MHAEKcaMu Mwusuiepa
(221). HaiiTh HamMeHbBIINE OTPE3KH, OTCEKAEMBbIC IIJIOCKOCTBIO HA OCSIX KOOpPJIWHAT, |
n300pa3uTh ITY MIOCKOCTh rPpahuIeCcKH.

6. BeruuciuTh yron @ Mexay HOpMasiMH K IJIOCKOCTSAM (B KyOMYeCKOW pemieTKe), 3a/laHHbIX
unaekcamu Mustepa (111) u (111).

7. OnexkTpoH ABUXKETCS co ckopocThio v=200 Mwm/c. OnpenenuTts ATUHY BOJIHBI Jie bpoiins,
YUUTBIBasi U3MEHEHHE MACChl AJIEKTPOHA B 3aBUCUMOCTH OT CKOPOCTH.

8. Kakyto yckopstoiryo pa3HOCTh MoTeHIMaaoB U JOMKEH TMPOUTH AJIEKTPOH, YTOOBI JTHHA
BOJIHBI Aie bpoiins A Obina paBHa 0,1 HM?

9. OmpenenuTh JJIUHY BOJIHBI JIe¢ Bpoiisis A 3JIeKTpoHA, €Clii ero KWHeThdeckast sHeprus T=1
K3B.

10. Omnpenenuth AMUHY BOJHBI 1€ bpoilnis A 37eKTpoHOB, OGOMOApIMPYIOLIUMX aHTHKATOJ
PEHTI€HOBCKOM TPYOKH, €CJIM I'paHHIla CIUIOIIHOTO PEHTIC€HOBCKOTO CIEKTpa MPHUXOJUTCA Ha
JUTHHY BOJHBI A=3 HM.

Bonpoc 2

1. BoruucnuTh yaenbHbIE TEIIOEMKOCTH € KPUCTAJUIOB aJIOMUHUS M MEIU MO KJIACCUYECKOU
TEOPUU TETNIOEMKOCTH.

2. OrmpenenuTb OTHOCUTENBbHYIO MOTPEIIHOCTh, KOTOpas OyJeT [OIMylleHa, €clId MpH
BBIUUCICHUM TeruloeMKocTh C BMECTO 3HAu€Hus, JaBaeMOro Teopueld OHHIITENHA,
BOCITOJIB30BaThCS 3HAUEHHUEM, J1aBa€MbIM 3aKOHOM /JlronoHra u Iltu.

3. Onpenenuts suepruto U u ternoemkocts C cucteMsl, coctosimei u3 N=10% kiaccuyeckux
TPEXMEPHBIX HE3aBUCUMBIX TapMOHUYECKUX ocMuIATOpoB. Temmneparypa T=300 K.

4. OnpenenuTb MaKCUMalbHYI YacTOTy COOCTBEHHBIX KojeOaHMH B KpUCTAJUIE 30JI0Ta IO
teopun Jlebas. Xapakrepuctuieckas remreparypa paBaa 180 K.

5. OmpenenuTh yroi ¢ MEXIy opOUTaTbHBIMU MOMEHTAaMH UMITYJIbCOB JBYX 3JIEKTPOHOB, OJMH
U3 KOTOPBIX HaXoAWuTCs B d-COCTOSHUU, Ipyro — B f-COCTOSTHUM, MPH CIEAYIOUINX YCIOBHUSAX:
1) momHoe opOuTampbHOE KBaHTOBOE 4HCIO L=3; 2) UCKOMBIH yroin — MaKCHUMAaJbHBIH; 3)
HCKOMBIN yTOJ1 — MUHUMAaJIbHBIN.

3.1.2. MeTtoanueckue MaTepHabl, ONpeAe/sONde MPOoLeIypbl OLECHHMBAHUS 3HAHWIA,
YMeHHH, HAaBbIKOB M (WIH) ONbITA [eATEJbHOCTM B XOJAe TeKYylero KOHTPOJs
yCIeBaeMOCTH

KonrpoJubHas padora



OneHuBaeTcsi HE TOJNBKO INIyOWHA 3HAHUIM MOCTaBJIEHHBIX BONPOCOB, HO U YMEHHE
U3JI0KUTH TUCHbMEHHO.

Kpumepuu oyenuganus: mociaen0BaTeNbHOCTb, IOJIHOTA, JOTUYHOCTD U3JI0KEHHUS, aHAJIN3
pa3IMYHBIX TOYEK 3PEHMs, CaMOCTOsATeNIbHOE 0000I1IeHne maTtepuana. M3noxeHue marepuana
0e3 (paKTUIECKNX OIIHNOOK.

OneHka «omauuno» CTaBUTCS B ClIydae, KOI/la COOJIIOJICHBI BCE KPUTEPHH.

OreHka «xopouioy CTaBUTCS, €CIM O0yYaroIuics TBEPIO 3HAET MaTepua, TPaMOTHO U
[0 CYUIECTBY M3JIaraeT €ro, 3HaeT MpakTHYecKylo 0a3y, HO JOMYyCKaeT HeCyIIeCTBEHHbIE
MIOTPELIHOCTH.

OneHka «ydosremeopumenvHo» CTaBUTCS, €CIM OOy4YarOUIMICA OCBOMJI  TOJBKO
OCHOBHOM MarepHall, HO HE 3HAeT OTAENIbHBIX JEeTalleH, T0MYCKAaeT HETOUHOCTH, HEAOCTATOYHO
MpaBWIbHbIE (OPMYIUPOBKH, HApyIIaeT MOCIEA0BAaTEIbHOCT, B M3JIOKEHUU Marepuaa,
3aTPyJHAETCS C OTBETAMM, IIOKAa3bIBAa€T OTCYTCTBUE JIOJDKHOW CBS3M MEXAYy aHAIU30M,
apryMeHTaluel 1 BbIBOJaMH.

OueHka «HeyooeremeopumenvHoy CTaBUTCA, €CIM OOydYarOIIMICS HE OTBEYaeT Ha
ITOCTaBJIEHHBIE BOIIPOCHI.

3.2. OueHoYHbIe MATEPHAJIBI JISI IPOBEACHHUS ITPOMEKYTOYHON aTTeCTalluH
3.2.1. 3apanust W/MJIM MHbIEe MATEePUAJIbI ISl IPOBEJeHUS TPOMEKYTOYHON aTTecTalluu

1 DOneMmeHTbl KBaHTOBOM cTaTHUCTUKHM. KBaHTOBas cucTeMa U3 OJUHAKOBBIX YACTHIL.
[TpuHIMIT TOKIECTBEHHOCTH OJMHAKOBBIX YaCTHII.

2 CuUMMETpUYHbIE U HECUMMETPHUYHBIE BOJHOBBbIE (YHKIIMH, OMHMCHIBAIOIIUE COCTOSHHS
TOXKJIECTBEHHBIX MUKPOYACTHIl. BO30HBI U (EPMUOHBI.

3 Ilpunmun Ilaynu. KBaHTOBBIE cTaTHcTHYecKue pacnpezneneHus bosze-OiHmTeiiHa U
®epmu- Jlupaka. BeipokeHHBIN 3JIEKTPOHHBIN ra3 B KpUcTayiax (MeTasuibl).

4 Mertamuibl, AWDIEKTPUKUA W TOJYNPOBOAHUKM C TOYKM 3pEHUS 30HHOM TEOpUH.
OHepretndeckue 30HbI: cratucThka @depmu-/lupaka, sHeprus Pepmu. OIEKTPOH B
NEPUOIMYECKOM T0JIe KpucTaiia: 3¢ (eKTUBHAS Macca JIEKTPOHA.

5 DOmnemeHnTsl Gpusuku TBEpAOro Tena. Pusuka tBEpaoro tena (OTT): onpenenenue, cBs3b ¢
APYTUMH  JUCLUUIUIMHAMH, OOBEKTHl M3Y4YeHHs, Kpyr pemiaeMblx 3anad. Ces3p ¢
KpucTaysiorpadueit, KpucTamioGU3NKol U KPUCTAIIIOXUMHEH.

6 KonnencupoBanHoe coctosgHue. Ilonxon k onucanuro TBEPABIX Ten. CTpykTypa
KpucTtayioB. CUMMeETpus U pU3nUecKre CBONCTBA KPUCTAILIOB.

7 Tumbl KpUCTAJUIMYECKUX CTPYKTYyp (0oOmas xapakrepuctuka). I[IIOTHBIE yHaKOBKH:
KyOudeckasi U reKkcaroHaibHas (Ha KaYeCTBEHHOM YPOBHE).

8 IloHsATHE O CBEPXIIPOBOAUMOCTH (KBAHTOBBIE MPE/ICTABICHUS Ha KAYECTBEHHOM YPOBHE).
3.2.2. MeTtoaguyecknue MaTepHaJbl, ONpeAe/siiOIMe MPoUeAYPbl OLEHMBAHUSA 3HAHWIA,
YMEHH, HABBIKOB B X0/1¢ IIPOMEKYTOYHON aTTeCTAllUH

IIpoueaypa oueHMBaHUs 3HAHUI (TeCT)

[TpenyaraemMoe KOJIMYECTBO 3aJaHUI 20

ITocnemoBaTenbHOCTD BEIOOPKHU Omnpenernena 1o pasnenam

Kpurepnu oneHkn - IPABIJIBHBIN OTBET HAa BOMPOC

«5» ecim npaBuwiIbHO BbINONHEHO 90-100% TecToBBIX 3a1aHui

«4» ecin MPaBUIILHO BBINIOJIHEHO 70-89% TecTOBBIX 3a1aHUl

«3» eciu MPaBUIBHO BBIIOIHEHO 50-69% TecTOBBIX 3a1aHUH
Ilpouenypa oneHuBaHus 3HAHUH (YCTHBIN O0TBET)

IIpenen AIUTENBHOCTH 10 MuHYT

IIpennaraemoe KOJUYECTBO 3aJaHUN 2

IMocnenoBarenbHOCTh BBIOOPKHU BOpocoB u3 | CryvaiiHast
Ka)KIOT0 paszeia
Kpurepuu oneHku - TpeOyeMbIii 00bEM U CTPYKTYpa

- U3NIOXKCHHE MaTeprana 6e3 (pakTHIeCKUX OMMOOK
- JIOTMKa W3JI0KEHUS

- HCIOJIb30BAHUE COOTBETCTBYIOIICH TEPMHUHOIOTHH
- CTHJIb PEYH U KYJIbTYPa PCUH




- O100P MPUMEPOB MX HAYYHOU JIUTEPATYPHl M IPAKTUKU

«5» ecnu TpeOOBaHMUS K OTBETY BBHIIIOJHEHEI B ITOJTHOM 00beMe

«4» ecnmm B IICJIOM BBbIIIOJTHCHBI Tpe6OBaHI/I$I K OTBCTY, OJHAKO €CTb

HeOOJIbIIINE HETOYHOCTH B U3JI0KEHHHI HEKOTOPBIX BOIPOCOB

«3» ecnu TpeGOBaHI/IH BBITIOJTHEHBI YaCTUYHO — HC BBIACPIKAH O6"beM, €CTh

Q)aKTI/I‘IeCKI/Ie OHII/I6KI/I, HapyuicHa JIOrHKa H3JI0KCHUA,
HEOOCTATOYHO MCHOJIB3YETCA COOTBETCTBYIOMIAA TCPMUHOJIOTHH

IIpouenypa ouneHnBaHus YMeHHIi M HABBIKOB (pelleHHe NMPOOJEeMHO-AHAJIUTHYECKHX H
NPaKTHYECKUX Y4eOHO-TIPo(ecCHOHAIBHBIX 3a1a4)

IIpennaraemoe KOJUYECTBO 3aJaHUN 1
[TocnenoBaTenbHOCTH BEIOOPKH Crnyuaiinas
Kpurepuu onenxku: - BBIJICTICHUC M IOHUMAHUE TIPOOIIEMBI

- yMeHHe 0000111aTh, CONOCTABIATH PA3IUUHbIE TOYKH 3PESHUSI

- IIOJTHOTA UCIIOJIb30BAHUSA HCTOUHUKOB

- HAJIMYKUE aBTOPCKOM MO3ULIMU

- COOTBETCTBHE OTBETA MIOCTAaBICHHOMY BOIIPOCY

- HCHOJNB30BaHME COLMAIBHOTO OnbITa, MarepuanoB CMIU,
CTaTUCTUYCCKHUX JaHHBIX

- JIOTUYHOCTb U3JIOKEHHUS

- YMEHHE cJieaTh KBAIM(PHINPOBAHHBIC BHIBOABI M 0000IIEHHS C
TOYKH 3pEHUS PELICHUS TPOECCHOHATIBHBIX 33134

- YMEHHE IIPUBECTH IIPUMED

- OTIOpa Ha TEOPETHIECKUE MOT0KEHHS

- BJIaJICHHE COOTBETCTBYIONIEH TEPMUHOJIOTHEN

«5» ecnm ’I‘p€6OBaHI/IH K OTBCTY BbIIIOJIHCHBI B IIOJIHOM o0BeMe

«4» ecnm B IICJIOM BBbIIIOJTHCHBI Tpe6OBaHI/I$I K OTBCTY, OJHAaKO €CTb

HC6OJ'II)1HI/Ie HCTOYHOCTU B H3JI0XKCHUHN HeKOTOpI)IX BOHpOCOB.
3arpyaasercs B (OpPMYJHUPOBAaHUM  KBaJTHU(PHUIIMPOBAHHBIX
BBIBOJIOB 1 00001IEH It

«3» ecnu TpeOOBaHNUs BBITIOJHEHBI YACTHYHO — MIBITAETCS 000CHOBAThH CBOIO

TOYKY 3pEHHs, OJHAKO ciabo apryMeHTHUPyeT HaydHbIe
MOJIOKEHHS, NPAKTHYECKH HE CIIOCOOCH CaMOCTOSTENBHO
chopMyIHpOBaTh BHIBOJIBI M 0000IIEHMS, HE BHIUT CBS3b C
podecCHOHANBEHON NIESITENEHOCTRIO

4. YueOHO-MeTOAMYECKOE M MATEPHAJBHO-TeXHHYECKOe of0ecneyeHue JUCHUIIMHBI
(Moay.Jist)
4.1. D1eKTPOHHbBIE U (WIN) NeYaTHbIEe ydeOHbIe U3IaHUSA

1.

KpaBuenko, H. }O. ®wuzuka : yueOHuk u npaxktukym s By3oB / H. }O. KpaBuenko. —
MockBa : MzmarensctBo FOpaiit, 2023. — 300 c. — (Bricmee o0pa3oBanue). —
ISBN 978-5-534-01027-5. — Tekcr : anektponHblii / OOpa3oBarenbHas maTdopma
HOpaiit [caiiT]. — URL: https://urait.ru/bcode/511701.

@uszuka: yuyeOHMK W TpakTUKym s By3oB/ B. A.Uneun, E.lO. baxtuna,
H. b. Bunorpanosa, II. 1. Camoiinenko ; nox penakuued B. A. Mnpnna. — Mocksa :
WNznarensctBo [Opaiit, 2023. — 399 ¢c. — (Bricmiee obpazoBanme). — ISBN 978-5-
9916-6343-4. — Texkct : anexkrponHsblit // OOpa3oBarenpHas miaatgopma FOpaiit [caiT].
— URL: https://urait.ru/bcode/511376.

l'opnay, B. B. ®usuka : yuebnoe nocodue st By3oB / B. B. 'opnau. — 2-e uza., ucrp.
nu gon.— MockBa: WM3marenbctBo  Opaiit, 2023.— 215c¢.— (Bsicuee
obpazoBanme). —  ISBN 978-5-534-08111-4. —  Tekct : DIEKTPOHHBIH  //
O6pazoBarenpHas wiatdopma Opaiit [caiit]. — URL: https://urait.ru/bcode/511866.

4.2. DieKTpoOHHBIE 00pa3oBaTebHbIE PeCypChl

1.

2.

DnextponHas o6uGmHoTeunas cuctema «IBC  IOPAMT» Biblio-onlineru (3BC
«IOpaiit») [DnexTponnslii pecypc]. — URL: https://urait.ru/.

OnekTpoHHO-O0ubnmoreyHass cucrema ZNANIUM [Onextponnsiii pecypc]. — URL:
https://znanium.com/.

OnekTpoHHass Oubnnoredynass cucrema «KoHCynbTaHT cryAeHTa» [DNEeKTpOHHBIN
pecypc]. — URL: https://www.studentlibrary.ru/.



https://www.studentlibrary.ru/
https://znanium.com/
https://urait.ru/

4. e-Library.ru: Hayunas snexTpoHHas Oubnmoreka [DnexkTponHslii pecypc]. — URL:
http://elibrary.ru/.
5. Hayunas snektponHas O6ubnuoreka «KubepJlennnka» [Dnexrponnsiii pecypc]. — URL:
http://cyberleninka.ru/.
6. Wudopmannonnas cucrema «EnnHoe OKHO mocTyma K oOpa3oBaTelbHBIM pecypcamy»
[DnexTponnsrtii pecypc]. — URL: http://window.edu.ru/.
7. @enepa’bHbIl LEHTP HHPOPMALMOHHO-00PA30BATENBHBIX PECYPCOB [DIEKTPOHHBIH
pecypc]. — URL: http://fcior.edu.ru/.
4.3. CoBpeMeHHbIe Npo(eccHOHAIBbHBIC 0a3bl JaAHHBIX M MH(OPMAIMOHHBIE CIIPABOYHbIE
CUCTEMBbI

OOyuaromMes  obecriedyeH JA0CTyn (yAaJeHHBIM JOCTYN) K HHXKE CJEIyIOIUM
COBPEMEHHBIM Tpo(decCHOHANBHBIM 0a3aM JaHHBIX ¥ WH(POPMAIMOHHBIM  CIIPABOYHBIM
CHUCTEMAaM:

1. CnoBapu u »SHUMKIONEOUM Ha Akagemuke [OnextpoHHbli pecypc]. — URL:
http://dic.academic.ru.

2. Cucrema uH(popmManmoHHO-TIpaBoBOro obecrieueHus «['apanT» [DneKTpoHHBIN pecypc].
— http://www.garant.ru/.

4.4. KoMIIeKT JIMIEH3MOHHOI0 M CBOOOJAHO PACHPOCTPAHAEMOIO IPOrpaMMHOIO
o0ecreyeHusi, B TOM YHCJIe 0Te4eCTBEHHOI0 IPOM3BOACTBA
1. JluneHsuoHHoe mporpaMMHOe oOecliedeHHe: oOmepalnuoHHas cuctema Microsoft
Windows, naket opucHbIx npuioxenuit Microsoft Office.
2. CBobOomHO pacmpocTpaHseMOe TpPOorpaMMHOE oOOecriedueHre: CBOOOIHBIC TAKETHI
oucuHbix npunoxennit Apache Open Office, LibreOffice.
3. IlporpammHoe oOecriedeHHE OTEUYECTBEHHOTO IMPOU3BOJACTBA: CIIPABOYHO-NPABOBAs
cucrema «l'apant» (OneKTpOHHBIM nepuoandeckuil cnpaBoyHUK «Cucrema 'APAHT»),
obpasoBarenpHas miatgopma IOPAWT (DnextponHas 6ubamorednas cuctema «OBC
FIOPAWT» Biblio-online.ru (OBC «IOpaiit»)), >1EKTPOHHO-OUOIHOTEYHAs CHCTEMa
ZNANIUM, snextponnas 6ubnunoreunas cucremMa « KOHCYIbTaHT CTyIeHTaY.
4.5. O0opynoBaHHe M TeXHUYECKHE CPeICTBA 00yYeHH S

Jnsa peanuzanuy AMCUMIUIMHBL (MOZYJISI) HCIOJIB3YIOTCA ydeOHbIE ayIuTOPUHU IS
NpOBEACHUS Y4YeOHBIX 3aHATUH, KOTOpPhIE OCHAIIEHbI OOOPYAOBAaHHMEM U TEXHUYECKUMHU
cpeacTBaMu OOydYeHHs, U MOMEILEHHUs Uil CAMOCTOSTEIbHOW paboThl 00yUaroUXcs, KOTOphIE
OCHAIIIEHbl KOMITBIOTEPHON TEXHUKOH C BO3MOXHOCTBIO MOAKIIOUEHUS K ceTu «MHTepHeT» H
oOecreueHbl JOCTYIIOM B JJIEKTPOHHYIO MH(POpPMaIMOHHO-00pa3oBaTenbHyio cpeny PXTY um.
JI.U. MenneneeBa. [lomyckaeTrcsi 3aMeHa 000pY/I0BaHUS €r0 BUPTYaTbHBIMH aHATOTaMH.

HaumeHoBaHHe y4eOHBIX ayAUTOPHI VISl OCHaLIEHHOCTh YYeOHBIX ay[AMTOPHI VISl IPOBEJeHUS
NpoBeAeHUs YUeOHbIX 3aHATUHI 1 Y4eOHBbIX 3aHSITUI ¥ TOMEeLeHUH /15l CAMOCTOSITeIbHOM
NMOMeELIeHMI 1JI5l CAMOCTOSITeJIbHOM padoThI 000py10BaHMEM M TeXHMYECKHMMH CPeICTBAMM
padoThI* o0y4eHust
VY4yeOHblE  ayguTOpMM  JUIA  TPOBeACHHS | YueOHas ayIQuTOpHs YKOMIUIEKTOBAaHA CIEHUAIM3MPOBAaHHON
yuEOHBIX 3aHITHH MeOeblo, OTBEYAroUIed BCEM YCTAHOBJIECHHBIM HOpPMaM |

TpeOOBaHMAM, O0OPYIOBAaHHEM M TEXHWYECKUMH CPEICTBAMH
00y4eHus (MOOWIIBHOE MYJIBTHMEINHHOE 000PYI0BaHHE).
[Tomemenune 11t caMOCTOSTENEHON paboThI IlomemieHne  OCHAIIEHO  KOMIIBIOTEPHOM  TEXHUKOM ¢
BO3MOXKHOCTBIO ~MOAKMoueHus Kk cetu «UHTepHeT» U
obecrieueHHeM JIOCTyINa B 3JEKTPOHHYIO HH()OPMAIOHHO-
obpaszoBatenpHyto cpeny PXTY um. J[.M. MenneneeBa u K
3bC.

* Homep KOHKpPETHOW ayAWTOPHHM YKa3aH B PACIHCAHWN YYEOHBIX 3aHITHH W PaCIHCAHUH IIPOMEXYTOUHOM
aTTeCTallMu.



http://www.garant.ru/
http://dic.academic.ru/
http://fcior.edu.ru/
http://window.edu.ru/
http://cyberleninka.ru/
http://elibrary.ru/defaultx.asp
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