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1. HEJM U 3AJAYM JUCLHUANJINHBI

1.1. Heaun aucuMnaMHbI: yriayoneHue QyHIaMEHTaTbHOW MOJATOTOBKU B 00-
Jdactd (U3MKU TBEPJOrO Telsa, MO3BOJIIONEH OyayIiuM CHeluanucTaM HCIOJIb30-
BaTh (pU3MUECKHE MPUHIIUIIBI U 3aKOHBI, a TAK)KE PE3yJbTaThl (PU3NUECKUX OTKPBITHI
JUTSL CO3/IaHMSI HOBBIX TBEPJIOTENBHBIX IPUOOPOB U YCTPOMCTB.

1.2. 3agaun ocBOEeHHUS TUCIUIIJINHBI.

— oBJajZicHUEe (PyHIaMEHTAILHBIMUA MPUHIIUIIAMA M METOJAaMHU pelieHus Hayd-
HO-TEXHHUYECKUX 3a/1a4;

— OCBOEHHE OCHOBHBIX ITOJIO)KEHHH KBAHTOBOH MEXAaHUKH, KBAHTOBOM CTaTH-
CTUKH, XapaKTEPU3YIOIHNX CBOMCTBA TBEPJIbIX TEII;

— (hopMHpOBaHNE HABBHIKOB NMIPUMEHEHHS TEOPUH K TPAMOTHOMY aHAIHM3y JKC-
MEPUMEHTAIBHBIX U TEOPETUUECKUX PE3YIHTATOB, C KOTOPHIMU OakanaBpy MpUIETCS
CTAJIKUBAThCS TPU PEIICHUM TMEPCIEKTUBHBIX M MPAKTUYECKUX 3a]a4y CO3JaHUsl HO-
BBIX IPUOOPOB U YCTPOMCTB.

2. MECTO JUCHUIIVIMHBI B CTPYKTYPE OIIOII

HMucuumaa b1.B.01 «CneurnaBsl (U3UKW» OTHOCUTCS K JAUCIUILIMHAM 4Ya-
ctu O60ka b1 ydeGHoro mrana, GopMUpyeMoOil ydacTHUKaMU 00pa30BaTEIbHBIX OT-
HOIIICHUH.

3. MIEPEYEHB IUVIAHUPYEMBIX PE3YJIbTATOB OBYUEHHUS
MO I CHUTIJINHE

[Ipouecc m3yuenus aucuuiuinebl «Crenrnasbl (GU3UKKW» HaNpaBiieH Ha ¢Gop-
MHUPOBAHUE CIETYIOUUX KOMIETEHIIUI:

HK-7: cnocoOHOCTh UACHTUPHUIIMPOBATH HOBBIE 00JACTH HCCIEIOBaHUM, HO-
Bble MpoOJieMbl B cepe (U3NKH, MPOEKTUPOBAHUS, TEXHOJIOIMH W3TOTOBJICHHS U
MPUMEHEHUSI MUKPOAJIEKTPOHHBIX TPUOOPOB U YCTPOUCTB.

Kommne- Pe3yabTaThl 00yueHUs, XapaKTepUu3ywume

TEHUM c¢opMHPOBAHHOCTH KOMIIETCHIIUH

ITK-7 3HATH OCHOBHBIC MOJIOKEHUSI KBAHTOBOM TEOPUM TBEPABIX TEI; CIEKTP
KOJIeOaHMi aTOMOB KPUCTAJUTMUECKON PENICTKH, 30HHAS TEOPHSs, TBU-
KEHUE DJICKTPOHOB B TBEPABIX Teslax dP(HEeKTUBHAS Macca; OCHOBHBIC
MOJI0’KEHHUSI KBAHTOBOW CTATUCTHUKH;

yMeTb IIPUMEHATH METO/Ibl KBAHTOBOM CTATUCTUKH JJIsl pacueTa KOH-
IEHTpalUA CBOOOTHBIX HOCUTEJIEH U 3JIEKTPOIPOBOTHOCTU TBEPABIX
TE;

BJIa/IeTh HaBBIKAMH MPUMEHEHHSI OCHOBHBIX METOJIOB (PU3HUKO-
MAaTEMATUYECKOTO aHAJIN3A JIJI PELICHUSI €CTECTBEHHOHAYYHBIX 3a/a4;
HaBBIKAMH MPOBEJICHUS YKCIIEPUMEHTAILHBIX UCCIIEI0BaHMM, 00paboT-
KU Y HHTEPOPETALMH PE3YJIbTATOB SKCIIEPUMEHTA; HABBIKAMU MCITOJIb-




30BaHUA @HBHKO-MaTeMaTI/I‘{eCKOF 0 MOJICJIMPOBAHUA B HpaKTquCKOﬁ
ACATCIBbHOCTH.

4. OFBEM JIMCLUTUIMHBI (MOYJIS)

OO6mast Tpya10eMKOCTh JUCHUIUIMHBI «CrenriaBbl (PU3UKM) COCTaBIAECT 3 3a-
YETHBIC €UHUIIBI.

PaCHpCI[CJICHHe TPYAOCMKOCTH OUCHHUILIIMHBI 110 BUAaM 3aHATUM

Ounas popma 00yueHHst

Bup yueOHoit paboThl Bcero CemecTpsl
4acoB 4
AyauTOpHbBIE 3aHATHS (BCEro) 32 32
B Tom uncre:
Jlexiuu 16 16
Jlabopatopusbie padoTsI (JIP) 16 16
CamocrosiTesibHas paboTa 76 76
By npomMexxyTOYHOM aTTECTaIlUy - 3a4eT + +
OO6mIas Tpy10€MKOCTh gac 108 108
3ad. e]I. 3 3
3aouHasi popma o0yueHust
Bun yueOHoit paboTh Bcero CemecTpbl
4acoB 4
AyaAuTOpHBIE 3aHATHS (BCEro) 6 6
B Tom yucie:
Jlexkuu 2 2
JlabopaTopHsbie padotsl (JIP) 4 4
CamocrosiTesibHas padoTa 98 98
Yacel Ha KOHTPOJIb 4 4
By mpoMeKyTOYHOM aTTECTalUK - 3a4ET + +
OO6m1as Tpy10€MKOCTh gac 108 108
3a4. e1I. 3 3

5. COJAEP)KAHME JUCLUTIIAHBI (MOY.JIS)

5.1 Conep:kanue pa3iesioB TUCUMILIMHBI U pacnpeaejeHue TPYyI10eMKOCTH
0 BUJAaM 3aHATHH




o4yHasi popma 00ydeHust

Ne | HaumenoBaHue TeMBI Jleky| JIa6. | CPC [Bcero
Conepxanue pasjena
/1 pao. 4yac
1 | O6uwe cBeneHus o dazoBoe npocTpancTBo. Uncno cocrosnuil. KBaHTOBBIE CHCTEMBI U3
KBaHTOBBIX CTaTUCTU- | OJMHAKOBBIX YAacTHUI [IpHHIMI TOXKIECTBEHHOCTH OJMHAKOBBIX MUKPO- 2 2 9 13
Kax yacTtul. CHMMeTpHUYHBIe 1 HECHMMETPUYHBIE COCTOSHUSA. BBIpoXkneH-
HBIE U HEBBIPOXKICHHbIE CHCTEMbI YaCTHIL
2 | Oyskuuu pacnpenene-| Oynkuun pacrnpeaenenus Oepmu-/Iupaka u bose-Ditniureiina. bozous n
HHS B KBaHTOBOM cTa- | (epMuoHbL [IIOTHOCTH YKCIa KBAHTOBBIX cocTosiHuit. Dueprust Pepmu 2 2 9 13
THCTHKE
3 | HopmanbHble Koneba- | AKyCTHYECKHE M OITHYSCKHE KOJIeOaH!s aTOMOB KPUCTAJUTMYECKOH pe-
HUSI pELIETKU meTkd. [Tonsitre o poHonax. Temmeparypa [lebast. TemmoeMKoCTs Kpu- 2 2 9 13
CTaJUIa IPH HU3KHX M BBICOKUX TEMIIepaTypax.
4 | KsanroBas teopus Pacripenenenne ®epmu-/lupaxa st BBIPOXKICHHOTO JIEKTPOHHOTO ra3a
CBOOOIHBIX AEKTPO- | B MeTayuiax. TemioeMKoCTh AIeKTPOHHOTO ra3a. 2 2 9 13
HOB B MeTaJlIax
5 | DnemMeHTHI 30HHOI BonHoBas GyHKIHS 3JIEKTPOHA B IPOCTPAHCTBEHHO MEPHOIUYECKOM
TEOPUH TBEPIBIX TeJI | Toiie. (MpUONKeHne caboi CcBsI3M) DHepreTHIecKre 30HbI B KpUCTall- 2 2 10 | 14
nax. 30HHBIE MOJIENTH METAUIOB, UAJIEKTPUKOB, ITOJIYIIPOBOTHAKOB.
KBasuyacTHIIb! 9IEKTPOHBI U JIBIPKH.
6 | IToHsTHe 0 KBaHTOBOH | DIEKTPONPOBOAHOCTH MeTauioB. DddexTrBHas Macca. [IoABIKHOCT
TEOPHUH AIEKTPOnpo- | HocuTeneil 3apsiaa. CBepXmpoBoauMocTh, Dddexr Meiicaepa. Beicoko- 2 2 10 | 14
BOJHOCTH METAJIOB TeMIepaTypHas cBepXnpoBoauMocTb. dddekr hxozedcona.
7 | CoOCTBEHHBIE TOITY- PaBHOBecHas1 KOHIICHTPAIHS YJIEKTPOHOB U ABIPOK B COOCTBEHHOM I10-
IIPOBOJHUKU IynpoBogHUKe. YpoBeHb OepMHu B COOCTBEHHBIX 3aBHCHMOCTD DJICK- 2 2 10 | 14
TPOIPOBOAHOCTH COOCTBEHHOTO HOJIYITPOBOIHHUKA OT TEMIIEPATYPHI.
8 | IIpumecHsle nomynpo- | JIoOHOpHBIE M aKIENTOPHEIE TpUMecH M YpoBHU. OCHOBHBIE H HEOCHOB-
BOJTHUKH HBIE HOCHUTENH 3apsiia. PaBHOBECHBIE KOHIICHTPALUH 3JICKTPOHOB H JbI- 5 5 10 | 14
POK B IIPUMECHBIX MOJTYIIPOBOAHKKAX. YPOBeHb DepMHU B COOCTBEHHBIX
U IPUMECHBIX HOJIYTIPOBOJHUKAX.
Hroro | 16 | 16 | 76 | 108
3aouHas ¢popma o0ydyeHust
No | HaumenoBaHue TeMbl Jlexu| JIa6. | CPC |Bcero
Conepxanue paznena
n/n paod. qac
1 | OOume cBeneHus o dazoBoe nmpocTpancTBo. Uncno cocrosHuil. KBaHTOBEIE CHCTEMBI U3
KBAHTOBBIX CTATHCTH- | OJMHAKOBBIX YaCTHUI [IPHUHIMII TOKIECTBEHHOCTH OANHAKOBBIX MHKPO- 1 ) 13 | 14
Kax yactul. CHMMETPHYHbIC 1 HECHMMETPHYHBIE COCTOSHHUS. BhIposkieH-
HBIE U HEBBIPOXKICHHbIE CUCTEMbI YaCTHII
2 | Oynxkuuu pacnpenene-| Oynkunn pacnpenenenus depmu-Iupaka n bosze-DHireiina. bo3oHb 1
HHS B KBaHTOBOM cTa- | (epMuOHBL [ITOTHOCTE yKcIa KBAaHTOBBIX cocTosiHUI. DHeprus depmu - - 12 | 12
THCTHKE
3 | HopmanbHble Koeba- | AKYCTHYECKHE U ONTHYECKHE KOJIEOaHNs aTOMOB KPUCTAITHIECKOM
HUSI PEICTKA pewetk. [TousTre o poHOHax. Temmneparypa [lebas. TemmoeMKkoCcTs KpH- - - 12 | 12
CTaJula IPY HU3KHX M BHICOKUX TEMIIEpaTypax.
4 | KganroBas Teopust Pacnpenenenue depmu-/lupaka Ui BBIPOXKIECHHOIO 3JIEKTPOHHOIO ra3a
CBOOOJIHBIX JIEKTPO- | B MeTauiax. TernaoeMKOCTh 3eKTPOHHOTO rasa. 1 - 13 | 14
HOB B MeTaJuIax
5 | DneMeHTHI 30HHOMH BosHOBast GyHKIHMS IEKTPOHA B IPOCTPAHCTBEHHO MEPHOINIECKOM
TEOPHH TBEPABIX TeJI | mode. (MpubimkeHne cnadoil CBsI3M) DHePreTHYECKHE 30HBI B KPUCTA- ) ) 12 | 12
nax. 30HHBIE MOJIENN METAIIOB, UAJIEKTPHUKOB, IOIYIPOBOIHHUKOB.
KBa3u4acTHIbl 3JICKTPOHBI U JIBIPKH.
6 | IToHsTHE O KBAHTOBOH | DIEKTPONPOBOAHOCTh MeTalIOB. DddekTrBHas Macca. [I0ABHKHOCTH
TEOPHUH IEKTPOIPO- HocuTenel 3apsaaa. CBepXmpoBoauMocTh, Dh ekt Meiicuepa. Bricoko- - - 12 | 12
BOJHOCTH METAJJIOB TeMIepaTypHas cBepXnpoBoauMocTs. Dddekr [xozedcona.
7 | CobcTBeHHBIE TTONy- | PaBHOBecHast KOHIEHTpALHS 3JIEKTPOHOB U JIHIPOK B COOCTBEHHOM I10-
IPOBOJHUKU JIynpoBoJgHUKE. YpoBeHb DepMHu B COOCTBEHHBIX 3aBHCHMOCTD JICK- - 2 12 | 14
TPOHPOBOIHOCTH COOCTBEHHOTO MOJTYIPOBOAHHUKA OT TEMIIEPATYPBI.
8 | IpumecHsle nomynpo- | JIOHOpHBIE M aKIIENTOPHBIE MPUMecH U YpoBHU. OCHOBHBIE 1 HEOCHOB-
BOJHUKHU HbIe HOCUTENH 3apsiia. PaBHOBECHBIE KOHIIEHTPALIMU 3JIEKTPOHOB U JbI- ) 2 12 14
POK B IIPUMECHBIX MOITYNPOBOIHUKAX. YpoBeHb DepMu B COOCTBEHHBIX
U TIPUMECHBIX MOJIYTIPBOJHUKAX.
Beero | 2 4 98 | 104
Konrtpoanb 4
Hroro 108




5.2 Ilepeyennb 1a00paTOPHBIX padoT

W e

BOJHHKaX MeTo oM 3(pdekTa Xoa.

Ornpenenenre SHEPruu aKTUBALIMK IPUMECH B MOJTYTPOBOTHUKE
N3yuyeHne mexaHn3ma U3JIyd4eHHS B MOJIYIIPOBOIHUKAX
N3yuenne HoTompoBOAMMOCTH MOTYITPOBOTHUKOB

N3mepenre KOHIIEHTpaluu U MTOABU>KHOCTH HOCUTEIIEH 3apsifia B MOJIYIIPO-

6. IPUMEPHAS TEMATHUKA KYPCOBBIX ITPOEKTOB (PABOT)
N KOHTPOJIBHBIX PABOT

B cooTBeTcTBUM € y4eOHBIM IUIAaHOM OCBOEHHUE TUCHUILUIMHBI «Crienriassbl (pu-
3UKW» HE NPEIyCMaTPUBAET BBINOJIHEHUE KYpCOBOTO MpoekTa (padoThl) WA KOH-
TPOJILHON pabOTHI.

7. OHEHOYHBIE MATEPHUAJIBI JIJISI TPOBEJEHMS
MPOMEKYTOYHOI ATTECTALIMM OBYYAIOILMXCS
MO JUCHUIIJIMHE (MOAY.JIIO)

7.1. Onucanne nokasaresjaeil 1 KPUTEPUEB OLICHMBAHUS KOMIICTEHIIUI HA
Pa3JIMYHBIX 3TANaX UX popMHUPOBAHUS, ONIMCAHUE LIKAJ OLCHUBAHUSA

7.1.1 DTan TeKyuero KOHTpOoJst

Pe3ynbpraTel TEKyLIEro KOHTPOJIS 3HAHUU U MEKCECCUOHHOM aTTECTalluU OLie-
HHUBAIOTCS M0 CJIEAYIOIIEN CUCTEME:

«aTTCCTOBAHY,
«HEC aTTCCTOBAH».

MCHTA, HaBbIKaMHU HMCIIOJIb30BaHUA (I)I/ISI/IKO'

JACATCIIbHOCTH.

MAaTeMaTH4C€CKOIo MOJACIINPOBAHUS B npaKTqucxoﬁ

Komme- Pe3yabTaThl 00y4eHHs, XapaKTePH3YIOLIHe Kpurtepuu
TEeHIHA yctl)ole/IPOByaHHOCT’b KgMﬂeTl;Hu);ll/lm ougﬂnnapﬂn;[ ATTecToOBaH He arrecroBan
[IK-7 [3HATH OCHOBHBIE ITOJIOKEHHSI KBAHTOBOH TEOPUHU VYcnemnoe Boinonnenue pa- |HeBpinonnenue
TBEPIIBIX TEI;, CIEKTP KOJeOaHUIT aTOMOB KPUCTAll- |BHINIONIHEHHE |OOT B CPOK, paboT B CpoOK,
JMYECKOW PEIIeTKH, 30HHAS TeOPHs, TBIKCHUE 7ma00paTOPHEIX |IPEIYCMOTPEH-  |IpeAyCMOTPEHHBIH
JJIEKTPOHOB B TBEPIBIX Tenax 3¢ ¢deKTHBHAS Macca; |pabot HBIA B pabounx  |B pabovmx mpo-
OCHOBHBIC MOJIOKEHHS] KBAHTOBOUM CTATHUCTHKU, porpaMMax rpaMMax
yMeTh IPUMEHATh METOIBI KBAHTOBOM cTaTHCTUKN |Perrenue Brmonaenne pa- |HeBwimonHeHne
JUTA pacdeTa KOHIIEHTPAIIMK CBOOOJHBIX HOCUTENEH [CTaHZapTHBIX |0OOT B CPOK, paboT B CpOK,
1 DJIEKTPOTIPOBOTHOCTHU TBEP/IBIX TEIT; MPAKTUYECKUX |MPEAYyCMOTPEH- |MpemaycMOTpEHHBIN
3az1a4y HBIH B pabounx  |B pabodmx mpo-
IporpaMMax rpaMMax
BJIa/IeTh HABBIKAMH IIPUMEHEHHUS OCHOBHBIX MeTO- |Pemenue npu- |Beimonnenue pa- |HeBbmonHeHwe
JIOB (PU3UKO-MATEeMAaTHIECKOTO aHaIu3a IS pellie- |KIaTHBIX 3a7a4 |00T B CPOK, paboT B CpPOK,
HUSl €CTECTBEHHO-HAYYHBIX 32/1a4; HABBIKAMU MPO-  |B KOHKPETHOW |MpeaycMOTpeH-  |mpemaycMOTpEeHHBIN
BEJICHUS SKCTIEpUMEHTAIBHBIX UCCIIEIOBAHMM, 00- |IpeIMeTHOW  |HBIM B paboynx  |B paboumx mpo-
pabOTKH U HHTEPIIPETAIH PE3yIbTaTOB KCIIepU-  |00macTu porpaMmax rpaMmax




7.1.2 JTan npoMe;KyTOYHOT0 KOHTPOJISI 3SHAHU I
Pe3ynbTaThl MPOMEKYTOUHOIO KOHTPOJIS 3HAHUM OLIEHHMBAIOTCA B 4 ceMmecTpe
Uit ouyHOM ¢opMbl oOydeHus, B 4 cemecTpe sl 3a04HOM (POpMBI OOyUYEHHS IO
IBYXO0ATbHOM CHCTEME:
«3a4TEHO»
«HE 3a4TECHO»

Komme- Pe3yJbTaThl 00y4eHHs, XapaKTepH3YIOLHe Kpurtepuu
TEHIUA yCQ)OpanOByaHHOCT’I; KE))MHeTI;Hu}I’/mm QHEHHB:I:HHﬂ 3a'lTeH0 He 3auTeno
[IK-7 |3HATB OCHOBHEBIC MTOJIOKCHUS KBAHTOBOH TCOPHH Tecr Brimonuenue tecta |BrimonaHeHue
TBEPJIBIX TEJI;, CICKTP KOJIcOAHUH aTOMOB KPUCTAJLITU- Ha 70 — 100 % Mmenee 70 %
YECKOHN PeIIeTKH, 30HHASI TSOPHS, IBIKCHHE IICK-
TPOHOB B TBEPJIBIX Tesax 3 PekTuBHAS Macca; oc-
HOBHBIC TIOJIOXKCHHUSI KBAHTOBOM CTAaTHCTHKY,
YMeTh IPUMCHATH METOIBI KBAHTOBOM cTaTiCcTUKN  |Pemenwne cran-  [[IpomemoHcTpupo- |3amaun
JUTS pacdeTa KOHICHTPAIMK CBOOOJHBIX HOCUTENEH U |TapTHBIX MPAaKTH- |BaH BEPHBIA X0 HE peIIeHBI
3IEKTPOMPOBOTHOCTH TBEPIBIX TEI, YECKHX 3a/1a9 petieHus B 00b-
IIMHCTBE 33124
BJIaJeTh HABBIKAMH ITPUMEHECHHS OCHOBHBIX MEeTOI0B |Pemenne mpu- [IpomemoncTpupo- |3amaun
(hM3UKO-MaTEMAaTHIECKOTO aHAIIN3A JIJISI PEIICHHS KJIAIHBIX 3a71a9 B |BaH BEPHBII X0 HE peIIeHBI
€CTECTBCHHO-HAYUYHBIX 3a/1a4; HABBIKAMH MPOBEJCHUS |KOHKPETHOM peleHus B 6011b-
SKCIEPUMEHTAILHBIX UCCIICAOBaHUI, 00paOOTKHU U MPEMETHOM 00- |IMIMHCTBE 3a7a4
HHTEPIPETALNHU PE3yJIbTATOB SKCIICPUMCHTA; HABBI-  |JIACTH
KaMH{ HKCIOJIb30BaHUSA (PU3MKO-MATEMaTHUECKOTO
MOJICJIMPOBAHMS B IPAKTUYCCKOM JCSITEIbHOCTH.

7.2 IlpuMepHBIil NepeYeHb OLEHOYHBIX CPEACTB (THMOBbIC KOHTPOJIbHBIE
3aJaHNsl WIH HUHbIe MaTepuajibl, HeO0X0AUMbIe JJIs1 OLCHKU 3HAHMHA, YMEHMH,
HABBIKOB M (MJIM) ONBITA AeSITEJIbHOCTH)

7.2.1 IlpumepHbIil IepeYeHb 3aJaHUM I OATOTOBKH K TECTUPOBAHUIO

1. N3BecTHO, 4TO yAETbHOE CONPOTHUBICHUE OIYIPOBOIHUKOB ONpeaesseTcs GopMyJIIou:
1
p=—".
enu

HenocpencTBeHHO M3 M3MEPEHUI yNEIbHOTO CONPOTHUBIIEHUS HEJb3s PACCUUTATh KOHICHTPALUIO
CBOOOJHBIX HOCHUTENEH N U MOJABUKHOCTD [l. YKaKUTE, KaKOW JTOTOJIHUTEIbHBIN 3P QeKT (SBICHHE)
HE00XO0IMMO U3MEPUTH JJIsl OLICHKH [ U N:

a) a¢dext IlenbThe;

0) ad ekt TepmModc;

B) a@dext Xona.

2. KoHneHTparnusi cBOOOTHBIX HOCUTEJICH B TIOJTYIIPOBOTHUKE ONPEACIISETCS MEK30HHBIMU TTEPEX 0-
JTaMH ¥ MOHU3AIMel IPUMECHBIX YpoBHEl. B kakoii o6iacTu TemmnepaTyp cOXpaHsSeTcs IOHATHE
TIOJTYTIPOBOIHUK N-THIIA, P- THTIA!

a) B 00JIaCTH YaCTUYHON MOHHU3AIMU IPUMECEH;

0) B 00acTH MOJIHOM MOHU3AILIMYU TIPUMeECei;

B) B 00J1aCTH COOCTBEHHOM MTPOBOIUMOCTH.

3. IToaBM>XHOCTH HOCUTENEH 3apsaa MOXKET OBITh MpeAcTaBIeHa POpMyIIOii:
er

m ¥



Kakwue nporieccsl onpenenstoT napaMeTp BpeMsl pestaKkcalum:
a) pacCerBaHHE HA MOHU3UPOBAHHBIX MPUMECSX;
0) paccenBaHKE Ha KOJICOAHUSX PEIICTKH;
B) 3aXBaT HA JIOBYIICUHBIC ICHTPHI;
T') BCE NMEPECUUCIICHHBIC MEXaHU3MBI.

4. Ha puc.la npeacraBieHa S3HepreTHUECKas TarpaMM p-n repexojia B paBHOBECHH, TIPU TIPSIMOM U
00paTHOM CMEIICHUH.

¢
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s Iy 0000
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Kakne nmapameTpsl OJTYIIPOBOIHUKOB OMPEACISIOT BHICOTY MOTEHIIMAIFHOTO Oaphepa B COCTOSTHUH
paBHOBECHS:
a) KOHIICHTPALIMHU MPUMECEH aKIeNTOPOB U JOHOPOB B P U N 00JIACTSAX MOIYIIPOBOJIHUKOB;
0) nuddy3uoHHAs JUTMHA AJIEKTPOHOB U ABIPOK B MOIYIIPOBOJIHUKAX;
B) BpeMsl )KU3HU HEOCHOBHBIX HOCHUTENIEH 3apsa.

5. Kak u3aMeHHTCSs BBICOTA TOTEHIIMAIBHOTO Oapbepa MpH MPSIMOM CMEIICHUH:
a) YBEJIUYUTCS;
0) YMCHBIIIUTCS;
B) OCTaHeTCs 0€3 U3MCHCHHIA.

6. Ha puc.la npencraBiena sHepreTuyeckas [uarpaMM p-n nepexoza B paBHOBECHH.

Ea E (ag.0), U>0
Q0 ~
a £
9 E 11 [e]ele]e)
Eg k 9 e
F 1Y Ec Fp. VAR Fn
F
- - Ev
Ey Ln 'Lp &
-Lpo +Ln * !
(dn* dp)
a 6

Kakoe cMerenue npuiiokeHo K p-n nepexoay Ha puc 167
a) MPSIMOE CMEIIIEHHUE;
0) oOpaTHOE CMelleHue.

7. Kak u3MeHHTCS BRICOTA TOTEHIIUATIBLHOTO 0apbepa Mmpu 0OpaTHOM CMEIIEHUH:
a) YBEITUYUTCS;
0) yMEHBIIIUTCS,
B) OCTaHeTCs 6€3 U3MECHEHHIA.

8. Ilpu BBeieHUH B MOJTYIIPOBOIHUK N-TUIA ¢ KOHIIEHTpaIeld HocuTelneil n = Ng akientopHoi
IIPUMECH ¢ KOHLEHTpaui Na KOHLIEHTpaLUs 2JIEKTPOHOB:

a) HE U3MEHUTCS,

0) yBEIUYUTCS;

B) YMEHBIIUTCS HAa BETUYUHY Na.



9. B cUIIBHBIX JEKTPUUECKUX MOJISAX ApeiioBas CKOPOCTh NEKTPOHOB CTAHOBUTCS CPAaBHUMOM €
TEIIOBOM CKOpocThI0. Kakoit addekT Habmomaercs npu 3Tom?

a) CBEpXIIPOBOIUMOCTb;

0) pa3orpeB dJIEKTPOHHOTO Ta3a;

B) 3¢ ekt Xoina.

10. B cuiibHONETUPOBAHHOM TOIYIPOBOJHUKE COCTOSIHUE CBOOOHBIX HOCUTEINIEH BBIPOKICHO U
ypoBeHb DdepMu HaXOUTCS B pa3pellIeHHBIX 30HaX. B kakux mpubopax mpuMeHsIeTCsl p-n MePexXo
Ha BBIPOXKJICHHBIX TOJTYIIPOBOTHUKAX:

a) BBINIPSMUTEIbHBIN IO/,

0) TYHHENIBHBIN AUON;

B) ITOJIYIIPOBOIHUKOBBII Ja3ep.

7.2.2 IlpuMepHBIii epeveHb 3aJaHUI 1Sl pellleHUs CTAHAAPTHBIX 32124

1. OGpazen; kpeMHUSI N-TUIA, HAXOAAIIUKWCS B COCTOSHUM TEPMOJIMHAMUYECKOTO PAaBHOBECHS IPH
temneparype 300 K, xapakrepusyercs CIeAyIOIUMU MapaMeTpaMu: YIEelIbHOE COMPOTUBICHHUE 5
OM:-CcM; MOJABHXXHOCTH 3J1eKTpoHOB 1600 CMZ/B-C; MOJBH>KHOCTH JBIpOK 600 CMZ/B-C; coOCTBEHHAs
kounenTpanus nHocuteneit 1,4-101° em; sdpexTuBHas MIOTHOCTH ypOBHEil B 30HE MPOBOIUMOCTH
10%° cm3. UsBecTHO, uto E. — Eg = 50 M3B. Onpenenure:

a) KOHIICHTPALIMIO AJIEKTPOHOB U JIBIPOK;

0) nonoxxenue yposHs depmu;

B) BEPOSITHOCTH COOBITHI, COCTOSIIIINX B TOM, YTO JOHOPHBIM YPOBEHB 3aHAT U CBOOO/ICH.

2. IIporuiecc MHXKEKIIUHA HOCUTEIICH PUBOIUT K pa3AeieHUIO KBa3nypoBHEH DepMu, OTHOCAIIMXCS K
JJIEKTPOHAM M AbIpKaM. [Iokaxkure, 4TO IIpU HAPYLICHUU TEPMOJMHAMHYECKOIO PABHOBECUS IIPO-
W3BEJCHUE KOHIICHTPALMM HOCUTENEN OCTAeTCsA TEM K€, YTO U B PABHOBECHOM COCTOSIHHMHM, €CIHU

E

BMECTO IIMPHUHBI 3alPEIIEHHON 30HbI £y HCMONB30BaTh apameTp £ 0 (EFH — B
3. Ilycth rpagueHT moreHIuMaga B oOpaslie KpeMHHUsT COOCTBEHHOM NPOBOJMMOCTH  OCTaBIISASET
400 B/M, a TIOIBIKHOCTH 2JIEKTPOHOB U ABIPOK pasHbl 0,12 1 0,025 M%/B-c cootBeTcTBeHHO. OMpe-
JIeIUTE 7151 ’TOTO o0pasia:

a) CKOpOCTH Jipeii(pa 3IeKTPOHOB U ABIPOK;

0) yaelnbpHOE CONPOTHUBIIEHHE KPEMHUSI COOCTBEHHOI MPOBOJMMOCTH, TOJIarasi, 4To KOHIIEH-

Tpanus COOCTBEHHBIX HOCUTEJIEH TOKa 2,5-10% M3,

B) TIOJIHBIH JpeiidOBHIil TOK, €CIM TIIOMAb OMEePEvHOro ceden s oopasia pasHa 3-10° M2,

4, HOKa)KI/ITe, 4TO MPOBOAMMOCTH MaTepuaia N- U p-TUIA ONPEACIIAIOTCSA HpI/I6JII/I)KCHHBIMI/I BbIpa-
KECHHUAMU

o,=eN,u, " o,=eN_u,

rae Ng 1 Na — KOHIIEHTpalluu JOHOPOB H aKIEITOPOB (rd).

5. Imeetcst oOpazell KpeMHHsSI p-THUIA JUIMHOW 5 MM, IIUPUHON 2 MM M TONIMHON 1 MM. Beraucnu-
T€ KOHIICHTPAIIUIO IPUMECH B 00pasIle, €ClIn deKTpudIecKkoe conpoTuBienue oopasma 100 Om. Ilo-
JBUKHOCTB 3JIEKTPOHOB U ABIPOK paBHEI 0,12 1 0,025 M%/B-c, a KOHIEHTpaIHs COOCTBEHHBIX HOCH-
Teneit 2,5-10'° M. Onpenenure oTHOIIEHNE HIEKTPOHHON TPOBOAMMOCTH K JBIPOYHOA.



6. UuCTBIi KpuCTAIMUecKuii repmanuii conepsxnt 4,5-10%8 atomos/m>. Tpu temmeparype 300 K
omuH atoM u3 Kaxaeix 2-10° atomoB nonusupoBan. [10ABUKHOCTH IEKTPOHOB H ABIPOK IIPH 3TOM
Temneparype pasubl 0,4 u 0,2 M*/B-c. Onpeaenurte MpoBOAMMOCTb YHCTOTO repManus. OmpeiennuTe
npoBogumocTs npu 300 K repmanus, nerupoBaHHoro sneMeHToM |l rpymnmel, npuyeM Ha Kaxible
107 aTOMOB repManus TIPUXOAUTCA | IPUMECHBII aTOM.

7. [InactuHa U3 repManus N-THIA UMeET yaeiabHoe conpotusieHue p = 0,1 Om-cMm U mmpuny d =
1072 em. K myacTuHe IpuioskeHa pasHocTh noTenmuanos U = 1 B. Berunciure:

a) IVIOTHOCTh TOKa;

0) BpeMs1, KOTopoe oTpedyeTcst sl TOro, YTOObI HOCUTEINb 3apsi/ia IepeceK IJIaCTHHY;

B) OTHOIICHHUE IJIOTHOCTEH TOKOB JIBIPOK U 3JIEKTPOHOB.
[onosxute, 4to 1 = 3900 cM?/B-c; 14, = 1900 cm?/B-c; ni = 2,4-108 cm®,

8. Imeetcs p-n-mepexojl, B KOTOPOM KOHIIEHTpALXsl MPUMECH B JBIPOYHOI 00JacTu OOIbIIe KOH-
[EHTPALMU TPUMECH B 3JIEKTPOHHON 00JacTH; p-00JIacTh Mepexoa UMeeT YJeIbHOE COPOTUBIIE-
uue 0,013 Om-cMm; N-o6macts — 44,5 Om-cm. [TogBUKHOCTD IBIPOK £, = 480 cM?/B-c, 3JIEKTPOHOB —
1400 cm?/B-c. KonrenTpamusi co6cTBeHHBIX HocuTeneil cocrapmser 1,6-10° cvm?. Haiinure xoH-
TaKTHYIO Pa3HOCTh MOTEHILIUAJIOB.

9. Onpenenure TONIIMHY T€PMAHUEBOTO AJIEKTPOHHO-ABIPOYHOIO TMepexoia, cHOPMUPOBAHHOTO
METOJIOM BIUIABJIEHUS aKLENTOPHOM MPUMECH B MOJYNPOBOJHUK N-TUIA C KOHLEHTpalueil J0HO-
poB 10% cm®. O6paTHOe Hampsxenme Ha mepexone — 100 B; oTHOcHTeNnbHas AMAIEKTpHUUECKAs
HpOgHI/IIIgleMOCTL repManusi — 16. KoHueHTpauys akienTopoB B peKpUCTaUIM30BAHHON o0jacTu —
101 M3,

10. Kakass yacTb pe3KOro 3JeKTPOHHO-IBIPOYHOTO IEpexoja pacHojokeHa B 0a3e AHOAa, €CiH
KOHIEHTpALUU IpUMecel B MPUJIETAIONIUX 00JIacTsIX pa3inyaroTcs Ha 4 nopsaka’?

7.2.3 IIpumepHbIi NIepevYeHb 3aJaAHUI /I PelleHus MPUKJIATHBIX 32124

1. Beiuncnure 3HaU€HUE KOHTAKTHON Pa3HOCTU MOTEHIIMATIOB Ha AJIEKTPOHHO-ABIPOYHOM MEPEXO/IE,
c(hopMUPOBAHHOM B KPUCTAJJIC T€PMaHUs C KOHIICHTPALUEH IOHOPOB 10 em®, MyTeM BILUIABIICHUS
aKIIENTOPOB C KOHIIEHTpaluen 10 cm3. CoberBenHast KOHILIEHTpalUsl HOCUTEJIEH 3apsija B repma-

arm 1018 em™.

2. VienbHas MPOBOAMMOCTh p-001acTH MOTyHPOBOAHMKOBOIO AMoAa paBHa o, = 100 Om™t-cm™; n-
obmactu on= 1 Omt-cm; monepeunoe ceuenne 0,5 x 1 Mm?; amHa muoma 2 M. Ilepexon Haxo-
qutcst nocepenuHe. TermnoBoil Tok coctasiseT 5 MKA npu 300 K. BeruvcnuTe HanpspkeHus, Mpu
KOTOPBIX TOK noja 0ynet paBeH 1 u 10 MA. YTOUHUTD pe3ysIbTaThl, yuTs NaJ€HUE HAPSDKEHUS Ha
00BEMHBIX COMPOTHUBIICHUSIX p- U N-00acTei.

3. HaiiT TemioBoil TOK JUisi T€épMaHHMEBOTO IJIOCKOCTHOTO AMOAA MPU KOMHATHOW TeMIeparype
(300 K), eciu momma s momnepeyHoro ceuenus S = 4 mm?;, o, = 1 Cum/em; on=1 Cum/cm; Lp = Ln =
0,15 cm. Konmentpamusi COOCTBEHHBIX HOCUTENEH Ni = 2,5:10'% cm3; momBHIKHOCTD 3JIEKTPOHOB
Ln = 3900 cM%/B-C; TIOIBIIKHOCTD JBIPOK 14, = 1900 cM?/B-c.

4. HexoTopsIil 101 BMEET TerIoBoi ToK Is = 10 MKA, MpUIIOKEHHOE K TUOAY HAMNPSHKEHHE PaBHO
0,5 B. ITonp3ysch ynporieHHbIM ypaBHeHHeM BAX auosa, HallTH OTHOIIEHUE MPSIMOTO TOKa K 00-
paTHOMY IpM KOMHATHOM TeMIEparType.



5. I/IMeeTCH KPEMHHMEBBIH oA co cieayommmMu mapamerpamu: Na = 9-1022 m3; Ng = 21022 M3
S=10°m% 1y =0,03 M?/B-c; Ln = 0,05 M?/B-c; = 7, = 1 mxc; T = 300 K; ni =1,48-10% m3
HaiiTH cBSI3b MEX/Ty TOKOM U HAIIPSKEHHEM.

6. meercs uneansubiii p-N-nepexox npu temneparype 300 K. TpeOyercst onpenenuts:
a) Kakoe MpsiMoe CMeIeHHEe HEOOX0IUMO, YTOOBI MOMYYUTh MPSMON TOK, PaBHBII TEIJIOBO-
My TOKY ls;
0) Kakoe MpsiMoe CMEeLIeHHe HeoO0X0AUMO Ul mojydyeHus Toka, B 100 pa3 Gosbliero, yem
TEIUI0BOH TOK ls.

7. Jlnsa uneansHOro p-n-nepexoja TpedyeTcs OnpeaeInTh:
a) IpU KaKOM HampsDKeHUU o0paTHBIi TOK OyaeT nocturath 90 % BEIWYMHBI TETIJIOBOTO TO-
Ka IPH KOMHATHOH TeMIlepaType;

0) oTHOLIeHHE ToKa mpu npsaMoM HanpsbkeHun U,, = 0,05 B k Toky nms Toit ke camoii Be-
JIUYUHBI 00PAaTHOTO HAMPSHKCHHUS.

8. Imeercs muiaHapHBINA p-N-TIepeXO]], BHINOIHEHHBIA U3 KpeMHHS: pn =5 Om:cM; 7, = 1 MKC B N-
obnactu u pp = 0,1 Om-cM; 7 = 5 MKC B p-obnactu. Haiitu:

a) OTHOIIEHHE JABIPOYHOTO TOKA K 3JICKTPOHHOMY;

0) IUIOTHOCTP TOKA, MPOTEKAIOIIETO Yepe3 MpAMOii riepexo mpu npsimom cmeniennu 0,3 B.

VYuecth, 49TO coOcTBeHHas  KoHmeHTparus Hocutenedt  ni=10%cm3;  nmomsmxmOCTH
i = 1400 cM?/B-c; 1, = 500 cM?/B-c.

9. B uneanbHoM p-n-mepexone npu temmeparype 300 K mpsmoe cmemenue B 0,1 B BbI3bIBaeT
oIpezieNIeHHBI TOK HocuTesel 3apsaa. Kakoe He00X01MMO MpsIMOE CMEILlEHUE, YTOObI TOK yBEJIH-
yucs B 2 paza?

10. B cobOcTtBeHHOM MONYyNpoBOAHUK (Si) ¢ KOHIEHTpalued CBOOOAHBIX  HOCHUTEJeH
n’=p>=12-10"m"° (T =300K )BBeJm JIOHOPBI ¢ KoHIeHTpauued N, =107 m™ . Tlpumecs cun-

TaTh MOJIHOCTHIO MOHU3UPOBaHHON. MeX30HHBIMH IepexofaMu npeHeOpeub. HaliTu KoHIeHTpa-
LIAX JIEKTPOHOB N U JBIPOK P.

7.2.4 IlpumepHbIi NIepevYeHb BONPOCOB /IS MOATOTOBKH K 3a4eTy

@da30B0€ MPOCTPAHCTBO. YUCIO COCTOSTHUM.

KBaHTOBBIE CUCTEMBI U3 OJIMHAKOBBIX YaCTHIL

[IpyHIMI TOXKAECTBEHHOCTH OJAMHAKOBBIX MUKPOYACTHII.

CHMMeETpHUYHBbIE U HECUMMETPHUYHBIE COCTOSTHUSI.

BrIpoKAEHHBIE U HEBBIPOXKICHHBIE CUCTEMBI YACTHI]

[11OTHOCTB YKMCIa KBAHTOBBIX COCTOSTHUN. DHeprust Gepmu

HopwmaiibHbie KoneOaHus peteTku

AKYCTHYECKHE U ONITUYECKUE KOJIEOaHHsI aTOMOB KPUCTAJIIMYECKOM pellIeTKe.

. OyHKIMU pacnpeAeieHusl B KBAHTOBOW CTATUCTUKE

lO @ynkunu pacnpeneneaus epmu-lupaka nu boze-OHiTeiHa.

11.Temnepartypa Jebas. TennoeMKoCcTh KpUcTajljia IPU HU3KUX U BBICOKUX TEM-
neparypax.

12.KBanTOBasi TEOpHUsI CBOOOTHBIX AJIEKTPOHOB B METAJIIaX.

oCoNOOR~ODE



13.Pacnpenenenne @epmu-Jlupaka st BBIpOKIACHHOTO 3JIEKTPOHHOTO ra3a B Me-
Tajuiax.

14. TernnoeMKOCTh JIEKTPOHHOTO Ta3a.

15.5030HbI 1 PEPMHUOHBI.

16.Knaccuueckas Teopusi 3J€KTPONPOBOJHOCTH.

17.Monenb CBOOOTHBIX IEKTPOHOB.

18.Tennoas u aperidoBas CKOPOCTH.

19.TToHsiTHE BpeMEHU peNlaKkcallK U MOJABUKHOCTH HOCUTENeH 3apsiaa. OrpaHu-
YeHUE MOJICIH.

20.BeipoxieH1€e 37E€KTPOHHON TEMII0EMKOCTH.

21.Monenb 3ommepdenbaa. Hemocratku moaenu.

22.KBaHTOBas TeOpuUst MOITYNPOBOIHUKOB.

23.D1EeKTPOHBI B UI€ATIbHOM KPHUCTAJLIE.

24.Ypasuenue lllpenunrepa.

25.Cob6cTBeHHbIE QYHKITMN U COOCTBEHHBIE 3HAUCHUS YHEPTHH.

26.KBanTOBas Teopus MOTYNPOBOJHUKOB. ATMabaTHyecKoe MPUOIMKECHHE.

27.KBaHTOBas Teopus MOTYNPOBOTHUKOB. OTHOIEKTPOHHOE MPUOIHKECHHE.

28.I1pubmmkenre cBOOOTHBIX IJIEKTPOHOB.

29.ITpubnmkeHrne CUIbHOMN CBSI3H.

30.Mogenp Kponura-Ilennu.

31.30HHas CTPYKTypa HOIYTPOBOJHUKOB.

32.3aBUCUMOCTb YHEPTUHU IEKTPOHA OT BOJTHOBOT'O BEKTOPA.

33.[Tousarue 3oubl bpusiosna.

34.OHepreTuyeckas CTPYKTypa KPEeMHHUSI.

35.0HepreTuyeckasi CTPyKTypa repMaHusl.

36./IBi>keHre PIEKTPOHOB B KPUCTAITMYECKOM peleTKe.

37.Ilonstre > dexTrBHAST Macca

38. AKycTHYECKHE U ONITUYECKUE KOJIeOaHHsI aTOMOB KPUCTANTMIECKON PEIICTKH.

39.TemnoeMKOCTh KpUCTalIa IPU HU3KUX U BBICOKUX TeMIlepaTypax

40.CraTtucTuka 3JIeKTPOHOB U JABIPOK B MOIYIPOBOIHUKAX.

41.1110THOCTH COCTOSTHUM B TPOCTPAHCTBE UMITYJILCOB U B SHEPI€THUECKOM IPO-
CTPaHCTBE.

42 . Oyukus pacnpenenenns Oepmu-/lupaka.

43.Pacdet KOHIIEHTpAIIMU CBOOOTHBIX HOCUTEIICH.

44 . BeIpoxkICHHBIC U HEBBIPOXKACHHBIC cUCTeMbI yacTuil. uTerpan @epmu.

45.Co0OCTBEHHBIN MOTYIIPOBOIHUK. TeMIiepaTypHasi 3aBUCUMOCTb KOHIIEHTpaITi!
CBOOOJHBIX HOCUTENEH U ypoBHS Depmu. HeBBIpOKACHHBIN CITydai.

46.TIpumecHbIN TOTYyTPOBOJHUK. TeMiepaTypHas 3aBUCUMOCTh KOHIICHTPAIIUH
CBOOOJHBIX HOCUTENEH U ypoBHS Depmu. HeBBIpOKACHHBIN CITydai.

47.KomneHCcupOBaHHBIN MOIYIPOBOJHUK. TeMiiepaTypHas 3aBUCUMOCTh KOHIIEH-
Tpanuu cBOOOJHBIX HOocUTeNel U ypoBHa Depmu. HeBbIpok1eHHBIN clyyai.

48.CubHOJIETUPOBAHHbBIE TTOJIYIIPOBOJHUKH U MOTyMeTauibl. TemneparypHas 3a-
BUCHMOCTb KOHLIEHTpAILlMK CBOOOIHBIX HOCUTENEH U ypoBHs DepMmu.

49.KoHTaKkTHBIE SIBJICHUS B OJyIPOBOAHUKAX. P-n mepexo.



50.0Heprernyeckas AMarpaMMa B paBHOBECHUH, IIPU IIPSIMOM U OOPAaTHOM CMellle-
Huu. BAX p-n nepexona.

7.2.5 IlpumepHbId NepevYeHb BONPOCOB /ISl MOATOTOBKH K IK3aMeHY

He nmpenycMoTpeHO yueOHBIM TJIaHOM.

7.2.6 MeToauka BbICTaBJIEHUsI OLIEHKHU NPHU NMPOBeIeHUU MPOMEKYTOUHOM
arrecTauuu

[IpomexyTouHas aTTecTalus MPOBOJUTCS MO TECT-OMIIeTaM, KaX bl U3 KOTO-
PBIX COJIEPKUT S BOIIPOCOB U 3aAa4dy. Kaxkaplil MpaBUIIbHBIIA OTBET HA BOIIPOC B TECTE
orneHnBaeTcs 1 Oayuiom, 3ajada olleHMBaeTCs B 5 OaminoB. MakcuMalibHOE KOJIMYe-
cTBO HaOpaHHBIX OawtoB — 10.

1. Omnenka «He 3auTeHO» CTaBHTCS B Ciydae, €CIM CTYJICHT HaOpal MeHee
7 Gaos.

2. OneHka «3a4TeHO» CTAaBUTCSA B CiIydyae, €CIIM CTYJACHT HaOpasl oT 7 10
10 6amnmos.

[Ipu monyueHun ouneHKH «3adTeHo» TpeOyemble B pabodeil mporpamme 3Ha-
HUS, YMEHHUs, BIIQJICHUSI IO COOTBETCTBYIOIIMM KOMIETCHIIMSAM Ha MPOMEXKYTOYHOM
ATare CUUTAIOTCS TOCTUTHYTHIMHU.

7.2.7 IlacnmopT OLlEeHOYHBIX MATEPHAJIOB

Ne| Kontpoaupyemsbie pa3aeibl | Kox xonrposupye- HaumeHoBaHue
n/n (TeMbI) THCIATLIHHBI MOl KOMIIeTeHIHH OIIEHOYHOT0 CpPe/ICTBa
(WM ee yacTu)
1 | Obume cBefeHUs O KBAHTOBBIX I1K-7 Tecr, 3amuTa 1a00paTOPHBIX PadOT
CTaTUCTHKAX
2 | OyHKIMU pacupeaeseHns B KBaH- ITK-7 Tecr, 3amuTa 1a60paTOpHBIX pabOT
TOBOM CTaTUCTHKE
3 | HopmanibHbIe KOJIeOaHUs PEIIETKH I1K-7 Tecr, 3anuTa 1a60paTOPHBIX pabOT
4 | KBaHToBas Teopusi CBOOOIHBIX [1K-7 Tecr, 3amuTa 1a00paTOPHBIX PAdOT
AJIEKTPOHOB B METAJLIAX
5 | DneMeHThl 30HHOM TeOpuH TBEp- [1K-7 Tecr, 3amuTa 1a00paTOPHBIX PabOT
JIBIX TEJ
6 | [lonaTue o KBaHTOBOI TeOpHH [1K-7 Tecr, 3amuTa 1a00paTOPHBIX PabOT
AJIEKTPOIPOBOTHOCTH METAIIIIOB
7 | CobcTBEHHBIE TOTYIPOBOTHUKHI I1K-7 Tecr, 3amuTa 1a00paTOPHBIX PabOT
8 | [IpuMecHBIE TOTYIPOBOTHUKH I1K-7 Tecrt, 3anmTa 1a60paTOpHBIX pabOT

7.3. Meroguuyeckue MaTepuaJibl, ONpeAe/JA0IIHe NMPOUeAyPbl OLCHUBA-
HHSI 3HAHUH, YMEHHH, HABBIKOB M (WJIM) ONbITA eATEJIbHOCTH

TectupoBaHue OCYIIECTBIACTCS, JIMOO MPU MOMOIIHA KOMITBIOTEPHON CHCTEMBI
TECTUPOBAHUS, IUOO C UCIOIH30BAHUEM BBIJJAHHBIX TECT-3aJaHUN Ha OyMa)KHOM HO-
cutene. Bpemsa tectupoBanus 30 MuH. 3aTeM OCYLIECTBIISIETCSI IPOBEPKA TECTA Mpe-
MoJaBaTeJIeM U BBICTABIIETCS OIIEHKA COTJIACHO METOJIMKE BBICTABJICHUS OLIEHKU MTPU
MPOBEJEHUU MPOMEKYTOUHOW aTTECTALUU.



Pemenue crangapTHBIX 3a/lay OCYIIECTBISIETCA, TUOO MPU MOMOIIM KOMIIbIO-
TEPHOW CUCTEMBI TECTUPOBAHMS, MO0 C MCIOJHb30BAaHUEM BBIJAHHBIX 3a7a4 Ha Oy-
Ma)XKHOM HocuTtene. Bpems pemrenus 3anad 30 MuH. 3aTeM OCYLIECTBIISIETCS POBEP-
Ka penieHus 3ajad NpernojaBaTesieM U BBICTABJISETCS OLIEHKA, COTJaCHO METOJIUKE
BBICTABJICHUS OIIEHKH MPU MPOBEJACHUU MTPOMEKYTOUHON aTTECTAIINH.

Pelienrie nmpukiagHbIX 3ajlad OCYIIECTBISIETCS, JIMOO MPU MOMOIIY KOMIIbIO-
TEPHOW CUCTEMBI TECTUPOBAHMS, MO0 C MCIOJH30BAaHUEM BBIJAHHBIX 3a7a4 Ha Oy-
Ma)XKHOM HocuTene. Bpems pemienus 3anad 30 MuH. 3aTeM OCYIIECTBIISIETCS POBEP-
Ka pelieHus 3aJlay MpernojaBaTesieM U BBICTaBJISETCS OIEHKA, COTJACHO METOJUKE
BBICTABJICHUS OLICHKU TP MPOBECHUU TPOMEKYTOUHOM aTTeCTAIINH.

8 YYEBHO-METOANYECKOE U HTH®POPMALIMOHHOE
OBECIIEYEHME JUCIIUITJINHbI

8.1 IlepeueHnb yueOHOM JUTEPATYPbI, HEOOXOAUMOM JISI OCBOCHUS AHCIH-

IIJIMHBI
OcHoBHas JuTeparypa

1. CaBeawseB U.B. Kypc oOmeli ¢pusuku : B 3 1.: yueb. nocodue. T.3: KBantoBas onrtuka.
AtomHas ¢usuka. Ousuka TBepaoro tena. PuU3MKa aTOMHOTO siApa M DJIEMEHTapHBIX YacTull /
N.B. Cagenbes. - CII6. : Jlanp, 2007. -320 c. - (YueOnuku amns By30B. CrieruanbHas TuTeparypa). -
ISBN 978-5-8114-0629-6; 978-5-8114-0632-6

2. Jlanpay JI.AA. Teopernueckas ¢usuxa: B 10 T.: yueb. nocobue. T. V; Y. 1. Cratucruye-
ckas ¢usuka / JIJI. Jlangay, E.M. Jludummu; mox pen. JI.IL. [TutaeBckoro. - 5-¢ u3M., CTEpEOTHIL. -
M.: ®usmataut, 2002. - 616 c. - ISBN 5-9221-0053-X. - ISBN 5-9221-0054-8

3. AUponos U.E. KBanrtoBas ¢usuka: OcHOBHbIE 3aKOHBI: yuebd. mocodue / M.E. Upomos. -
M.: JIaGopatopus bazoBeix 3nanuii, 2001. - 272 ¢. - ISBN 5-93208-055-8

4. MlonoBa NU.I'. ®usnka KOHACHCUPOBAHHOTO COCTOSIHUS M DJIEMEHTHI KBAHTOBOW MEXaHU-
KU [D7eKTpoHHBIH pecypce]: yuebd. mocobue / V.I'. [Tonosa, A.B. baarun. - Poctos-Ha-/lony : JloH-
ckori I'TY, 2021. - 66 c. - Kaura mu3 xomnekuuu Jonckoir I'TY - ISBN 978-5-7890-1861-3.
URL: https://e.lanbook.com/book/237722

5. ymueoun U.M. N30paHHble T7aBbl TEOpETUUECKON (DU3UKHU: CTaTUCTUYECKas (pU3MKa
[OnexTpoHHbIii pecypce]: yued. nocodue / .M. Hlynuebun, JIL.U. SInuenko. - Boponex: Boponex-
CKH rocyAapCTBEHHBINA apXUTEKTYypHO-CTpouTeabHbIN yHUBEpcuTeT, ObC ACB, 2019. - 90 c. - T'a-
paHTupoBaHHBIN cpok pasmemieHuss B OBC no 01.03.2025. - ISBN 978-5-7731-0767-5. URL:
http://www.iprbookshop.ru/93257.html

6. OCHOBBI KBAaHTOBO# CTATHCTHMKH M (PM3UKHM TBEPAOro Tesaa [DJIEKTPOHHBIN pecypc]:
yue0. mocodue / A.I'. Mockanenko, M.H. I'apmuna, E.Il. Tarestauna. - Boponex: ®I'BOY BO
«BopoHexckuii rocyJapCcTBEHHBIN TeXHUYeCKUui yHuBepcuteT», 2017. — 109 c.

JomnonHauTensHas muTeparypa

7. Pembe3a C.H. ®usuka tBepaoro tena: yued. mocodue. U.1 / C.1. PemOe3a. - Boponex:
'OYBIIO «Boponexckuii rocynapcTBeHHBIN TeXHIUeCKui yHIUBepcuTeT», 2007. — 207 c.

8. Pembe3a C.U. ®usuka tBepaoro tena: yued. mocodbue. .2 / C.1. PemOe3a. - Boponex:
'OVYBIIO «Boponexckuii rocynapcTBeHHBIN TeXHHUECKUH yHIUBepcuTeT», 2007. - 137 c.

9. Enndganos I'.U. ®usuka tBepaoro tena: yued. nocoobue / I'.'1. Enudanos. - 4-e usm.,
crepeorur. - CII6. : Jlans, 2011. - 288 c. - (YueOHuku it By30B. CrnienuanbHasl TuTeparypa). -
ISBN 978-5-8114-1001-9

10. Enudanos I''M. ®usuka TBepaoro tena [DICKTPOHHBIA pecypc]: yued. mocobue /
I""U. Enudanos. - 4-e uzn., crep. — CII6.: Jlans, 2022. - 288 c. - Kuura u3 xomieknuu Jlanp - Ou-
3uka. - ISBN 978-5-8114-1001-9. URL.: https://e.lanbook.com/book/210671
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11. Pem6e3a E.C. KBanToBas, aromHast u sjepHas pusnka [DIEKTpOHHBIM pecypc]|: Kypc
nekiuit: yue6. mocobue / E.C. Pembe3a, B.C. XKene3nsiid, A.A. KocsikoBa. - DIeKTpOH. TEKCTOBBIE,
rpad. naH. (3,95 M6). - Boponex: ®I'bOY BIIO «BopoHeXckuii TOCY1apCTBEHHBIA TEXHUYESCKUI
yauBepcuteT», 2011.

12. EBcrokoB B.A. Ilpaktuka pemenus 3amaq 1mo Gusnuke [DIEKTpOHHBIN pecypc]: yueO.
nocobue. U.5 :KBantoBas ¢u3uka. - DIIEKTpOH. TEKCTOBEIe, Tpad. maH. (2,8 MO). - Boponex:
®OI'BOY BIIO «BopoHexckuii rocy1apcTBEHHbBIN TEXHHUECKU YHUBEpcUTEeT», 2013.

13. MeToanyeckue yKa3aHus K J1a00OpaTopHbIM paboTaM 1O KBAHTOBOW (PM3UKE MO TUCIIH-
winHe «®Pusnka» I8 CTYIEHTOB BCEX CHEIHAIbHOCTEW O4yHOW ¢opMbl oOyueHus / YyeOHo-
naboparopHbeiii meHtp kadenaper obmei ¢usuku; Coct.: A.I'. Mockanenko, A.Jl. I'py3zes,
0.C.Xabapoga, E.Il. Taressauna. - Boponex:I'OYBIIO «BopoHexckuii Tocy1apCTBEHHBI TEXHU-
yeckuil yausepcuter», 2010. - 44 c. (Ne 210-2010)

14. ®u3uka. [MoaynpoBOAHUKH [DIEKTPOHHBINA pecypc|: METONMYECKUE YKa3aHHS K HU3Y-
4eHHUIO TeMbl «[10oTympoBOTHUKIY TSI CTYJICHTOB BCEX TEXHHUYECKUX HAMPABIICHUH U CIIEUATBHO-
creii ounorr popmbr oOyuenust / Kad. ¢usuku; coct.: A.B. byrakoB. - DIeKTpOH. TEKCTOBBIE U
rpa¢. nanusie (1,0 MO). - Boponex: ®I'BOY BO «Boponexckuii TocyaapCTBeHHBIH TEXHUYECKHN
yHuBepcutet», 2021 (Ne 200-2021).

8.2 Ilepeyenb MH(POPMAIMOHHBIX TEXHOJOTMi, MCMOJb3YeMbIX NPH OCY-
IIEeCTBJIEHNH 00Pa30BaTEJIBLHOIO MpoLecca Mo JUCHUIIMHE (MOXYJII0), BKJIIOYAS
nepeyeHb JHULIEH3UOHHOIO NMPOTrPAMMHOIO obecnedeHusi, pecypcoB uHdopma-
HMOHHO-TEJIeKOMMYHUKANMOHHOU ceTH «AHTepHeT», cOBpeMeHHbIX nmpodeccu-
OHAJILHBIX 023 JTaHHBLIX U MH()OPMAIUMOHHBIX CIIPABOYHBIX CHCTEM

IIporpamMmmHoe o0ecnieueHre KOMIIBIOTEPOB /1JIsl CAMOCTOSITEJILHON U Ay IMTOPHOI padoThI:
— Omnepanuonnsie cucteMbl cemeiictBa MSWindows;
— Ilaket opucusix nporpamm LibreOffice;
— IIporpamma npocmotpa daiinoB WinDjview;
— IIporpamma npocmoTpa daitno popmata pdf Adobe Acrobat Reader;
— MHWurepner-6pay3sepst Mozilla Firefox, Google Chrome;
— Marematnueckuii maker MathCad Express, Smath Studio;
— Cpena pazpabotku Python;
— Cucrema ynpasneHust Kypcamu Moodle;

Hcnosib3yemble 3JIeKTPOHHbIE OUOJIMOTEeYHbIE CUCTEMBI:
—  Monyns kauroo6ecneueHHoct AUBC «MAPK SQL»:
http://bibl.cchgeu.ru/provision/struct/;
— OBbC UznarenscrBa «JIAHBY, B ToM uncie k komuiekusam « MHxKeHepHO-TEXHUUECKHE
Haykmy, «Duszukay: http://e.lanbook.com/;
— OBC IPRbooks: http://www.iprbookshop.ru;
— HayuHas dnekTpoHHas oubnmoreka eLIBRARY.RU: http://elibrary.ru/.

HNHpopmanoHHbIe CIPABOYHbIEC CUCTEMBbI:
— mopral (eaeparbHbIX TOCYIapCTBEHHBIX 00pa30BaTEIbHBIX CTAHAAPTOB BBICIIETO 00pa3o-
Banus: http://fgosvo.ru;
— eIHMHOE OKHO JO0CTyIa K 00pa3oBareIbHBIM pecypcam: http://window.edu.ru/;
— OTKpBITHINA 00pa3oBatenbHbli pecypc HUSAY MU®U: http://online.mephi.ru/;
— OTKphITOC 0Opa3oBanue: https://openedu.ru/;
— (Quuyeckuii nHHOpMAMOHHBII opTai: http://phys-portal.ru/index.html
— Tlpodeccuonanbhbie cripaBouHble cucteMbl « Texakcnept»: https://cntd.ru
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— DnexTpoHHas HHPpOpMaLMOHHAs oOpa3zoBarenbHas cpena BI'TY:
https://old.education.cchgeu.ru

9 MATEPUAJIBHO-TEXHUYECKAS BA3A, HEOBXOJANMASA
JJIA OCYIMECTBJIEHUSA OBPA3OBATEJIBHOT'O NTPOLHECCA

1. Jlekunonnasi ayauropusi 311/4, ykoMIuieKToBaHHas CHEIUATU3UPOBAHHON MEOEbI0 U
OCHAIIeHHasi 000py/IOBaHUEM /ISl JICKIIMOHHBIX JIEMOHCTPALUN: MYJIbTUMEANA-TIPOCKTOPOM, CTa-
[IMOHAPHBIM SKPaHOM, HA0OpaMH JEMOHCTPAaLIMOHHOTO 00opynoBaHus (yueOHbIi kopiryc Ne 4, pac-
II0JIO’KEHHBIN 110 ajgpecy: MockoBckuii nip., 179):

KOMIUICKT yueOHoM Mebenu: pabodyee MecTo mpemnoaaBaTelis (CTo, CTy);

paboune Mecta 00ydJaronIuXcs (CTOMBI, CTYJIbs) HA 22 YeloBeKa.

npoektop BenQ MP515 DLP;

skpaH ScreenMedia HaCTEHHBIH.

OTHETYUIUTEIb.

2. JIabopaTopusi GU3UKH KOHIEHCMPOBAHHOIO COCTOSIHUSA ayn. 213/4, yKOMIUIEKTOBaH-
Hasl CHEIHaTU3UPOBAHHON MeOebI0 U OCHAIIeHHAss 000pYIOBaHUEM JJIsl MPOBEACHUS 1abopaTop-
HBIX 3aHATUH (yueOHbII Kopiyc Ne 4, paconoKeHHbIH 1Mo aapecy: MockoBckui mp., 179):

KOMIUIEKT y4eOHOil mebenu: pabodyee MecTo mpernoaBaTens (CTod, CTy);

paboure Mecta 00ydaromuXxcst (CTOJBI, CTYJIbs) Ha 16 4eloBeK;

aBTOMATHUYECKasi MHOTOKaHAJIbHAS 30HJI0Basi yCTAHOBKA,

ocumiorpad C 9- 4 A (2 mrykwn);

U3MepuTelb yaenbHoro conpotusnenus BMII-0,5-001;

mukpotBepaomep [IMT-3;

gactoromep Y3-34,

BosibT™MeTp B7-20;

ocrmutorpad C1-67;

BOJIETMETp celeKTUBHBIN GMS;

ocumiuiorpad MCP OCVY-10A;

rereparop curHainoB FG-515;

nabopatopHblif nctounuk nutanus HYS5003 (2 mrykn);

rereparop 1'3-104,

myabTUMeTp AM-1109;

BOJIET™METp B6-9;

oOyuaroliee ycTpoicTBO (2 MITyKN);

OTHETYIINTEb.

3. AucnieiiHplii KJacce AN CaMOCTOSITENbHONM paboThl CTYNEHTOB, YKOMILJIEKTOBaHHBIN
CTHeMATM3UPOBAHHON MEOEbI0 M OCHAIIECHHBIN TEePCOHAIBHBIMUA KOMITBIOTEPAMH C JIMIIEH3UOH-
HBIM TIPOTPaMMHBIM 00€CIIeYeHHEM C BO3MOXXHOCTBIO MOAKIIOUEHUs K ceTu «MIHTepHeT» U JOCTY-
MOM B AJIEKTPOHHYIO HH(POPMAIIMOHHO-00pa30BaTelibHYI0 Cpelly yHUBepcutera, aya. 209/4 (yueb-
HBIH Kopityc Ne 4, pacnonoxkeHHbIH o aapecy: MockoBckuii np., 179), ocHaiieHHbI He00X0a1-
MBIM 000PYJOBaHHEM:

KOMILIEKT y4eOHOI Mebenu: paboyee MeCTo npenogasarens (CTo, CTy);

paboune Mecta 00yJaronuxcs (CTOJbI, CTYJbs) Ha 2() YeIoBeK.

KOMIbIOTEp-cOopKa kad.9;

komnbiorep B cocTtase: (H61/IntelCorei3/Ks/M/20" LCD);

KOMIbIOTEp-cOopKa Kad.7;

KOMITbIOTEp-cOOpKa Kad.3;

kommbioTep B cocrase: (H61/IntelCorei3/Ks/M/23" LCD);

KOMIThbIOTEp-cOOpKa Kad.S;

KOMIIbIoTep-cOopKa Kad.4;

KOMIIbI0TEp-cOopKa Kad.8;
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KOMITbIOTEp-cOOpKa Kad.2;

KOMIIbIOTEp-cOopKa Kad.6;

KoMITbrOTEP-cOopKa kad.10;

kowmil. B cocT: Cuct.6010k RAMEC GALE,monutop 17" LCD;
KOMITbIOTEp-cOOpKa Kad.1;

sKkpaH Projecta ProScreen HacTeHHBIN pyTOHHBIIH;

npoektop BenQ MP515 DLP;

OTHETYIITUTEIb.

10 METOJIMYECKHUE YKA3ZAHUS JUISI OBYYAIOLUXCS
MO OCBOEHMIO JUCLUATIJIMHBI (MOY.JIST)

[To guctumunae «CrenriaBbl GU3UKWY YATAOTCS JISKIIUHU, TIPOBOJATCS J1a00-

PAaTOPHBIC 3aHATHA.

OCHOBOM M3yuY€HUs TUCUUIUIMHBI SIBISIFOTCS JIEKLIUHU, Ha KOTOPBIX U3JIararoTcs
HauboJiee CyIIECTBEHHbIE U TPYAHbBIE BOIPOCHI, a TAK)KE BOIIPOCHI, HE HALIEAIIUE OT-
pakeHus B yueOHOU uTepaType.

JIabopaTopHbie pabOThI BBITOIHSIIOTCA Ha Ja00PaTOPHOM OOOpPYAOBAHHUH B CO-
OTBETCTBUHU C METOAMKAMH, MPUBECHHBIMU B YKa3aHUSIX K BBIITOJIHEHUIO PaboT.

bonpmioe 3HaueHne MO 3aKPEIJICHHIO M COBEPIICHCTBOBAHHUIO 3HAHUI MMEET
caMocTosiTeNbHasi paboTa cTyieHToB. MHpopmaiuio 000 Bcex BUAX CaMOCTOSITEb-
HOM pabOThI CTYICHTHI OTYYaAIOT Ha 3aHATHSIX.

KonTponb ycBoeHHsS MaTepuaia AUCUUTUIMHBI IPOU3BOAUTCS TECTUPOBAHUEM.
OcBoeHME AUCHMILIMHBI OLICHUBAETCS Ha 3a4eTe.

Buy yueOHbIX
3aHSATUH

J1eATeNbHOCTh CTYIEHTA

Jlexuusa

Hanucanune koHCHEKTa JIEKUUWA: KPAaTKO, CXEMaTUYHO, MOCIEA0BATEIHHO
¢buKcUpOBaTh OCHOBHBIE TMOJIOKEHHUS, BBHIBOJBI, (OPMYITUPOBKH, 00001I1e-
HUSI; TIOMEYaTh BAYKHBIE MBICIIH, BBIACJATH KJIIOUYEBBIE CIOBA, TEPMHUHBI.
IIpoBepka TEPMUHOB, MOHATUH C IOMOILBIK SHUMKIIONEAUMN, CIOBapeEH,
CIIPAaBOYHHMKOB C BBINMMCHIBAHUEM TOJIKOBAHUU B TeTpaab. OOO03HaUCHHE
BOIIPOCOB, TEPMUHOB, MaTepuaia, KOTOPbIE€ BbI3BIBAIOT TPYAHOCTH, ITOUCK
OTBETOB B PEKOMEHYEMOM JHUTEpaType. Eciim camocTosTENbHO HE y1aeT-
csi pazo0Oparbcsi B MaTepuaie, HeoOX0oAuMo chOpMyIHPOBATh BOMPOC U
3aaTh MPEMOJABATEIIIO HA JIEKIIUY.

JIaGoparopHas
paborta

JlabopatopHbie pabOTHI MO3BOJSIIOT HAYYUTHCS MPUMEHSTH TeOpeThye-
CKHUEC 3HaHUA, HOJ'IyLIGHHBIG Ha JICKIINH, HpI/I pCHICHI/II/I KOHerTHBIX 3aaa4.
UYro6bl Hanbomee paloOHAIBHO U MOJIHO UCIOIB30BaTh BCE BO3MOXKHOCTH
a00paTOPHBIX, JJISl TIOJITOTOBKH K HUM HEOOXOJAMMO: pa3o0paTh JEKIIHIO
M0 COOTBETCTBYIOIICH TeMe, 03HAKOMHUTBLCS C COOTBETCTBYIOIIMM pa3e-
JIOM y9e0OHHUKA, TPOpadOTaTh AOMOJHUTEIBHYIO JTHTEPATYPY.

CamMmocTrogTeapHas
paborta

CamocrosTenbHas paboTa CTYIEHTOB CHOCOOCTBYET TIIyOOKOMY YCBOE-
HUIO Y4yeOHOro MaTepuaia W pa3BUTHIO HaBBIKOB camooOpa3oBaHus. Ca-
MOCTOSATENNbHAasl paboTa MpearnoaaraeT ciaeIyonue COCTaBIsaIoIINeE:

- pabota ¢ TeKkCcTaMH: YYECOHHMKaMH, CIPAaBOYHHKAMH, IOTIOTHUTEIHHOU
JUTEPATypOi, a TaKXKe NMPOpadOTKa KOHCIIEKTOB JICKIUA;

- paboTa HaJ TeMaMH JUIsl CAMOCTOSATEIBHOTO N3Y4EHUS;

- yyacTue B paboTe CTyIeHUEeCKUX HAyYHBIX KOH(pEepeHIINH, OJTUMITHA;

- ITIOAT'OTOBKA K HpOMe)KYTO'-IHOI\/’I aTTeCTalumn.




IToaroroska
K IPOMEKYTOUYHOU
aTTecTaluu

I'oToBUTBHCS K HpOMe)KYTOHHOﬁ arreCTaluu CJICAYCT CUCTCMATUYCCKU, B
TEYEHUE BCEro cemecTpa. MIHTeHCMBHAs MOATOTOBKA TOKHA HAYaThCS HE
MO3/IHEE, YEM 3a MECSL-IIOJATOpA 10 MPOMEXKYTOUHOW arrectauuu. JlaH-
HBIE Tepes 3a4eToM Tpu JHS 3¢ (eKTUBHEE BCETO HCIOIb30BaTh JAJIS IMO-
BTOPEHHMS M CUCTEMATU3allMK MaTepuraa.
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