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AHHOTANMA

B nabGoparopun kagenpbl NpeiCTaBICHO AOCTATOYHOE KOJIMYECTBO YCTAHOBOK IO KaKAOMY paseny Kypca.
JlaGopaTopHbIe YCTAaHOBKHM T'PYMITUPYIOTCS 110 TeMaM pasjelnia. TeMbl 1a00paTopHBIX paboT OpraHU30BaHbI B
MapIIpyThl, 10 KOTOPBIM MPOBOJUTCS BBINOJIHEHUE padoT cTyaeHTamu. st kaxaoi mabopaTtopHoil paGoTh
MOATOTOBJICHBI CHIEMAIbHBIC OMMCAHMSA: ONMUCAHUE TEMbI Pa0OTHI, ONMCAHNE YKCIIEPUMEHTA, TPOBOANMOTO B
nabopaTopHoil paboTe M TEXHUYECKOE ONKCAHWE JTAaOOPaTOPHOH YCTaHOBKU. B mabopaTopHOM MpaKTHKyme
paccMaTpuBalOTCs KIIIOYEBBIC MOHSATHS DKCIICPUMEHTAILHON (DU3HKH, CTYACHTHI 00Y4aloTCsl AIeMEHTapHBIM
JKCTIEPUMEHTAIbHBIM METO/IaM, a TAKXKEe HaBBIKaM PabOTHI ¢ 000PYIOBaHUEM.

[MpakTrueckast pabora B 1a00paTopuy MO3BOJISIET CTYAEHTaM Pa300parhCsi B 0a30BBIX (PH3MYESCKHUX BOIIPOCaAX,
0e3 KOTOpPBIX HEBO3MOXKHO ITyOOKOe MOHMMaHue obmiei (usnku. J{JIs yCrenrHoro oCBOeHHs J1a00opaTopHOro
NpPaKTHKyMa CIyIIaTeNl0 HEOOXOOMMO BJaAeTh 0a30BBIMH HAaBBIKAMU TIPOBEICHHS DKCIICPUMEHTA,
MOJTyYEHHBIMH B IIKOJIE, BJIaJETh OCHOBAMU MaTeMaTHYECKOTO aHaln3a, 3HaThb OCHOBBI JIMHEHHOH anreOpsl,
TEOPHHU BEPOSTHOCTEH, a TaKKe MPUMEHSATH 3HAHMUSI, TOJYYCHHBIC HA JICKIMOHHBIX M CEMHHAPCKUX 3aHATHUIX
o obmeit puzuke.

1. lean u 3apa4n

Henp AucoMnInHBI
¢opmupoBaHue 0a30BBIX 3HAHUI 1O OCHOBaM COBPEMEHHOH (U3MKM M yMeHusi paborars B
nabopatopun Ui JaJbHEWIIEro WCIOIb30BaHUS B JPYIMX JUCLHUIUIMHAX €CTECTBEHHOHAYYHOTO
CONEPIKAHUS;
(dhopMHUpOBaHUE KYJIBTYPBl SKCIEPUMEHTA, MCCIIEIOBATENbCKUX HABBIKOB M CIIOCOOHOCTH HPUMEHSTH
3HaHUS Ha [IPAKTUKE.

3axayu QUCHUTNIHHBI
- ¢opmupoBaHue y oOyqaronuxcs 0a30BbIX 3HAHUH 110 OCHOBaM COBPEMEHHON (PU3UKH;

- (QopMupoBaHUE KyIBTyphl DKCIIEpPUMEHTa: yMeHHe paboTaTh B J1abOparopuu, 3HATh OCHOBHEIC
METO/Ibl SKCIICPIMEHTA, YCTAHABINBATh JIOTHUYECKUE CBSI3U MEXK/y TIOHATHSIMH,

- (bOpMI/IpOBaHI/IG YMeHI/Iﬁ U HABLBIKOB IIPUMCHATH MOJYUYCHHBIC 3HAHUA IJId ITTOCTAHOBKHU
IKCIICPUMCEHTA, CAMOCTOATCIIbHOI'O aHaJIN3a IMOJYUCHHBIX PE3YJILTATOB.

2. llepedyenn popmMupyemMbIX KOMIETEeHUMH

OcBoeHue TUCIUILTUHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONINX KOMITETEHITHINA:

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA WNHaukaTopsl JOCTHKEHHS KOMIIETEHIIMH

YK-1 CriocoGeH oCcymiecTBIsTh MOKCK, YK-1.1 AnanusupyeT 3aaady, BRI 3Tallbl €€ PelIeHus,
KPUTHYECKUH aHaJN3 U CUHTE3 HHPOpPMaUK, |OCHCTBUSA MO PELICHUIO 3a1a4l

MPUMEHSATh CUCTEMHBIH MTOXOJ TSl PELICHUS
MOCTAaBJICHHBIX 3a7a4

OIIK-1 Cnocoben npuMeHsTh OIIK-1.1 CriocobeH aHanmM3upoOBaTh MOCTABICHHYIO 3ajady,
(byHIaMeHTaIbHbIE 3HAHUS, IOTy4YEHHbIE B HaMeyJaTh IMyTH €€ peleHUs

oOnacT (pU3NKO-MaTeMaTHUECKUX U (MITH)
€CTECTBEHHBIX HayK, U HCIIOJIb30BaTh UX B
npo¢ecCHOHANBHON e TeNbHOCTH

[IK-1 CnocoGeH m1aHupoBaTh U NPOBOAUTH [IK-1.1  Bnageer  ¢yHAaMEHTANbHBIMH  MOHATHUSIMH,
Hay4YHbIE SKCTIEPUMEHTHI (B U30paHHOI 3aKOHaMHM M TEOPUSIMH COBPEMEHHOMN (pU3HKH

MPEeIMETHOM 001acTH) U (MIIM) TEOPETUIECCKHUE
(aHaTMTHYECKIE M IMUTAIMOHHEIC)
HCCIEI0OBaHUS

[1K-3 CnocoGeH BbIOMpaTh U MPUMEHSATH [IK-3.1 3naer npuHUMIIBI PabOTHI M JHAana3oHbl paboumx
nozaxozsiee 000py10BaHUE, MHCTPYMEHTBI M |[TapaMETPOB MCIOIb3YEMOT0 HayYHOTO 000pyI0BaHUS
METO/IbI UCCIIEIOBAHUH IS PELICHHS 3a]1a4 B
M30paHHON IPeAMETHOM 00IacTH

3. IlepeyeHb NIAHMPYEMBIX Pe3yIbTATOB 00yUeHHUsI N0 JUCHMILINHE (MOLYJII0)
B pesynbrare 0cBOHUS AUCHUIIMHBI 00y4aIOIINeCs JOIKHbBI
3HAThb!



YMETb:

O (dbyHIaMeHTaNbHbIE 3aKOHBl M TIOHATHS KBAaHTOBOM MAakpo(M3MKH, a TaKKe TPAHUIBI HX

MIPUMEHUMOCTH;
O OCHOBHBIE METOZ]a OIUCAHUs KPUCTAUIMYECKUX CTIPYKTYp, IOHATUSA IPUMHUTUBHOH MU
JNIEMEHTApHON sueek, sueiika Buraepa-3eiitua, moHSATHS 0O0paTHOW pPEIIETKH M IMEPBOH 30HBI
bpwinrosHa;

[l OCHOBHBIE 3KCIIEPUMEHTAIBHBIE METOJBI ONPENEICHHUS NapaMeTPOB KPUCTATUINYECKUX CTPYKTYp:
PEHTTEHOBCKHE ¥ HEHTPOHHBIE METO/IBI HccieoBaHus, mudpakuus bparra-Bynbda;

U CrocoObl ONHMCAaHMS KOJUJICKTHUBHBIX BO30YKICHUH KPHUCTANIMYECKOM PEIIETKH, HMETh
npeacTapieHne 0 GOHOHAX;

[J  Meron omnucaHHs MOBEAECHHA IEKTPOHOB B TBEPIBIX TEJAX: 30HHAs TEOpHUs, paclpeiciieHue
®depmu-/lupaka, MOJICIIb CHIILHOM U clIaboi CBS3H;

0COOCHHOCTH CTPOCHHS MOTYIIPOBOJHUKOB, a TAKXKE MOBEACHHS JJICKTPOHOB B MOIYIIPOBOJHUKAX;
OCHOBHBIE II0JIO’KEHUSI JIEKTPOHHO-IBIPOYHON IPOBOJUMOCTH METAJJIOB U IIOJIYIIPOBOJHUKOB;
MMETh NIPEJICTABIEHNE O IPUMECHON POBOJIUMOCTH B MOIYIIPOBOJAHHKAX;

CBSI3b KOHTAKTHAsl Pa3HOCTH MOTEHINANOB U TepMoI/(C;

0a30Bble MOJEIIN ONMCAHUS ABJICHUN CBEPXTEKYUYECTH U CBEPXIIPOBOAUMOCTH;

IOJIOKEHUS. KBAHTOBOIO ONMCAHMUsI MArHUTHBIX CBOIMCTB TBEPIBIX TE.

I B

[J TIpUMEHSTH N3yYeHHbIE 3aKOHBI KBAHTOBOM (DU3MKH [T PEIICHHUS KOHKPETHBIX 3a]ay;

[J yMeTb MOJIb30BaThCS KiacCU(UKAIMCH TUIIOB KPUCTAUIMYECKUX peméTok bpase;

[J 1OpuUMEHSTHb 3aKOHbI JUCTIepcHr (POHOHOB JUIsl pacu€Ta TEIUIOEMKOCTH KPUCTAIIIOB B MKax MOJEIIN
Jlebas u DiHIITEMHA;

[J BBIYMCIATH 3aKOH JTUCIIEPCUH JUIS DJICKTPOHOB U IBIPOK B paMKax cJIa00N M CUIIBHOM CBA3H;

[l ompenemnsTh YpOBEHb dHEPruH epMH B METa/UIaX U MOIYHPOBOIHHKAX OTHOCHUTEIHHO Kpasi 30HbI
IPOBOANMOCTH;

[J ompenensaTs BUI TEMIIEPaTypHOH 3aBUCUMOCTH JIEKTPOIIPOBOJHOCTHU IOIYIIPOBOAHUKOB;

[/ BBIYMCIATH BUJ BOJIBT-aMIIEPHON XapaKTEPUCTUKH p-n NEPEXOAA;

O aHAJIM3MPOBaTh (hU3MYECKHE 3a7aud, BBIJEIAS CYIIECTBEHHBIE M HECYIIECTBEHHBIC ACIEKTHI
SIBIICHHSA, M HAa OCHOBE MNPOBEAEHHOIO AaHAIN3Aa CTPOUTH YNPOIIEHHBIE TEOPETHUECKHE MOIAEITH
(UBNYECKUX SIBICHUM;

O NPUMEHATh pa3IUYHBIE MATEMaTHYECKHME WHCTPYMEHTBI pEIIEHUs 3adad HCXOnd U3
c(OpPMYIHPOBAHHBIX (U3NUECKUX 3aKOHOB, M IIPOBOJUTH HEOOXOIMMbIE aHATUTHUECKUE U YHUCIICHHbIE
pacy€Thl.

BJIAJIETh:

[l OCHOBHBIMH METOJIAMU PELICHHS 33/1a4 KBAHTOBOW MaKpO(pU3UKH;
0 OCHOBHBIMH MAaT€MaTWYeCKHMH HMHCTPYMEHTAMH, XapaKTePHBIMH IS 3a1ad KBaHTOBOU
Makpo(U3HUKH.

4. Conep:xanue TMCUMIIMHBI (MOAYJIs1), CTPYKTYPHMPOBAaHHOE 1O TeMaM (pa3jesiaM) ¢ yKazaHueM
OTBEJEeHHOI'0 HA HUX KOJIMYeCTBA aKaJeMHYeCKUX YacOB H BH/I0B YUeOHbIX 3aHATHH

4.1. Paznenbl tuctMIInHbl (MOIYJIS) M TPYAOEMKOCTH IO BUAAM yUEOHBIX 3aHATHH

TpymoeMKOCTb IO BHJAM Y4eOHBIX 3aHATHH, BKITIOUAs
CaMOCTOATENIbHYIO padoTy, Jac.
Ne Tema (pa3znen) AMCUUTUIMHBL
Camocr.
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI
pabora
| 3akon Kropu - Beilicca u oOmeHHOe 4 7
B3auMoJIciicTBHE B )eppOMarHeTHKaXx.
2 ONEeKTPOHHBIN MapaMarHuTHHIN 4 ]
pE30HaHC.
3 OmnpeneneHue HIMPUHBL  3alPELICHHOM 4 7
30HBI OITYIPOBOAHUKOB.
UccnenoBanue COOCTBEHHOM u
4 MPUMECHOW  (OTONMPOBOJUMOCTH B 4 8
MOJTYTIPOBOTHUKAX




Nsmepenue KOHTAaKTHOH  Pa3HOCTH
5 MOTEHIMAJIOB B IOJIYNPOBOAHHUKAX (B 4 7
repMaHUEBOM JHOJIE)

6 TyHHEenupoBaHHUE B MOITYITPOBOAHHUKAX 4 8

7 IIpoBepka 3akoHa Bunemana-®pania 4 8

] N3mepenue CEUYCHHS o0Opa3oBaHUs 5 7
JIEKTPOH-II03UTPOHHBIX Hap.

Nroro yacos 30 60

[TonroToBka k 3K3aMeHy 0 gac.

OO01mas TpynoEMKOCTh 90 yac., 2 3au.en.

4.2. CopaepxaHue AUCHUILTAHBI (MOIYIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (pasjieiiam)
Cemecrtp: 6 (Becennuit)
1. 3axon Kropwu - Beticca u oOMeHHOE B3auMoelicTBIE B (peppoMarHeTukax.

Uccnenyercst TemmeparypHasi 3aBHCHMOCTb MAarHUTHOH BOCHPHUMUMYHMBOCTH METAJLITMYECKOTO
raJIONUHAS B NapaMarHuTHON oOnactu (Bbiiie Touku Kropu). [To mamepenHoi temneparype Kropu
OLIGHUBAETCs SHEPrust OOMEHHOTO B3aUMOACHCTBUSL.

2. DJEKTPOHHBIN MapaMarHUTHBINA pEe30HaHC.

Uccnenyercs OIIP B monekyne JA®II. Ilo pesymbraram u3mepeHuil omnpeznemnsieTcst g-paxTop
aNeKTpoHa u mupuHa Juaun JI1P.

3. OnpeneneHue MUPHUHBI 3alIPEILIEHHON 30HbI I10JIyIIPOBOIHUKOB.

Uccnenyercst TemiieparypHas 3aBUCUMOCTb IIPOBOAMMOCTH IrepMaHus U KpeMmHus. Ilo pesynsratam
olnpezenseTcs NNPHHA 3allPEIEHHOM 30HBI M CPaBHUBAIOTCA MTOTPEMIHOCTH TPEX METOIOB.

4. UccnenoBanue cOOCTBEHHOHN U MPUMECHOM (POTOMPOBOAUMOCTH B TIOITYIPOBOAHUKAX
UccnenoBanne coOCTBEHHON U MPUMECHOM MTPOBOAMMOCTH B MOTYTPOBOIHUKAX.
Uccnenyercst criekrpaibHas 3aBUCUMOCTE (oTtoToka B obpasiax CdS u CdSe ¢ mpumecsMu HOHOB

MCIH. Ilo pe3yiibTaTaM OHNPCACIAIOTCA IIUPHUHA 3aHpCH_IeHHOﬁ 30HBI MOJYOPOBOAHUKA W DHCPIrUsd
HNOHM3AIUHU ITPUMECH.

5. 3mepenune KOHTAaKTHOM pa3HOCTH MOTEHIIMAIOB B MOJYIPOBOIHUKAX (B TEPMAaHUEBOM JIHOIE)

W3mepsiercs TemreparypHasi 3aBUCUMOCTb COIIPOTHBIIEHHMs repMaHueBoro auoza. Ilo pesymnsraram
OTIpeeNIAeTCsl KOHTaKTHAs Pa3sHOCTh MOTEHLIUAIOB (p-n)-Tepexoa.

6. TyHHENMpOBaHNE B MOJIYIPOBOIHUKAX

Hccnenyercs TpUHOMN JCWCTBHS TYHHENBHOTO 1uona. lM3mepsiercs ero BOJbT-aMIiepHast
XapaKTEepUCTHKA U ONPEIEIISIFOTCS OCHOBHBIE ITApaMeTphl AUO/A.

7. IIpoBepka 3akona Bunemana-®panua

UepbIpeXTOueUyHbIM METOJOM ONPEACISIOTCS KOI((GUIUEHTHl TEIIONPOBOIHOCTH U 3JIEKTPUUECKas
IIPOBOJUMOCTD [P KOMHAaTHOW TeMIlepaType Al MEAHM, JaTyHU, ajJlOMUHUS U AIOPaIbaIOMUHMUS.
ITo pe3ynpraram BeIYMCIsAeTCA MOCTOsAHHAA JlopeHna.

8. M3amepeHue cedeHus: 00pa3oBaHUs IEKTPOH-TIO3UTPOHHBIX Hap.




C moMOILBIO TEIEeCKOINa U3 IBYX CLHUHTWUISITOPOB U YEPEHKOBCKOTO JIETEKTOpa M3MEPSIETCS CEUeHUE
00pa3oBaHMsl ANEKTPOH-TIO3UTPOHHBIX Hap B CBUHLE. V3MepseTcs paauvanyoHHas JJIMHA U AJIMHA
MTOIJIOIICHHSI.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeO0XOAMMOM AJIsl OCYIeCTBJICHHUS 00Pa30BATEILHOIO
npouecca 1o JHCHUIIMHE (MOLYJII0)

Tema 1. KBanToBas Teopus Maraerusma

Pabora 9.1, x.325 JIK, 9 ycTanOBOK

3akon Kropu-Beiica u oOMeHHOE B3aumoielicTBie B heppomaraerukax (oopasen — Cd-rajgonnHuii)
Pabora 9.2, x.325 JIK, 7 ycTaHOBOK

Habnronenvie n n3ydeHre JOMEHHOM CTPYKTYPHI B PeppOMarHUTHOM TICHKE JKEJIe30- HTTPHEBOTO
rpaHara

Tema 2 DneKTpOHHBINH NapaMarHUTHBIN pE30HAaHC
Pabora 10.1, k.325 JIK, 7 ycTaHOBOK
DNeKTPOHHBIN NapaMarHuTHBIN pe3oHanc (B MI ' quanazone u B I'T' auanazone)

Tema 3. DHepreTHUecKre 30HbI B TBEPIOM TEJIE

Patbora 11.1, x.325 JIK, 8 ycraHoBOK

OnpenencHue MUPHUHBI 3aMPEICHHON 30HbI MOIYPOBOIHUKA (HA TIOCTOSHHOM TOKE, HA TICPEMEHHOM
TOKE U OECKOHTAKTHBIM METOIOM)

Tema 4. ®otoaddexr
Pa6ora 11.2, x.325 JIK, 6 ycraHOBOK
UccnenoBanme coOCTBEHHOM U TPUMECHON (HOTOMPOBOIUMOCTH B TIOITYIPOBOAHUKAX

Tema 5. KonTakTHas pa3sHOCTH MOTEHIIMATIOB
Pabora 4.3, x.325 JIK, 9 ycTaHOBOK
N3mepeHne KOHTAaKTHOM Pa3sHOCTH MOTEHIMAJIOB B IOMYIIPOBOAHUKAX (B TE€PMaHUEBOM JTHOJIE)

Tewma 6. TyHHETBHBIE OB
Pa6ora 11.5, x.325 JIK, 8 ycraHoBOK
TyHHenupoBaHHUe B MPOBOIHUKAX

Tema 7. ®u3uKa BBICOKMX SHEPIUI

Pa6ora 7.1, x.325 JIK, 2 ycraHnoBku

W3mepeHne BpeMeHH KU3HU MIOOHA

Pa6ora 7.4, x.325 JIK, 2 ycraHoBKu

HccnenoBanue noniameHuss KOCMHYECKOTO U3JIy4eHHs B CBUHIIE
Pa6ora 7.4A, x.503 JIK, 3 yctaHOBKHK

W3y4eHue nmorameHnss KOCMU4eCKOr0 M3ITydeHHUs B CBUHILIE

6.IlepeyeHnb pekoMeHyeMOIi TUTEPATYPbI

OcHoBHas 1uTeparypa
1. KBanToBast MUKpO- 1 Makpodusuka [Tekcr] : yaebd. mocobue st By3oB / 0. M. [unentok .— M. :
®duszmarknura, 2006 .— 640 c.
2. KanToBas (n3nka KOHJAEHCUPOBaHHbBIX cucTeM [ Tekcr] : yuel. mocobue /it By3oB / H. A.
Kupnuenko ; M-Bo obpazoBanuus u Hayku PD, Mock. ¢us.-texH. un-t (roc. yu-T .— M. : MOTH,
2012 .— 200 c.
3. Coopnuk 3a1a4 o oduiemy Kypey ¢usuku [Teker] : B 3 u. Y. 3 : AromHas u sinepHas pusmka : yueo.
nocobwue Jist By30B / mox pea. B. A. OBunHKkHHA .— 2-€ U3J1., ucrp. U gon. — M. : ®uzmarkaura, 2009
—512¢
4. JIaboparopHsbiii mpakTukyM 1o oomieit ¢pusuke [Teker] : B 3 1. T. 3 : KBanToBas ¢gusuka : yueod.
nocobwue st By3oB / @. @. Uromwn, FO. A. Camapckuid, FO. M. [umnentok ; nox pen. 0. M.
Hunenroka ; Mock. ¢u3.-TexH. UH-T (TOC. YH-T) .— 2-€ U34., uctp. u gon. — M. : ®uzmarkaura, 2005
—432c.

6. Kanmamuukos H.IT., CmonabipeB M.A./OcHOBBI Qu3nku B 2-x ToMax M.-JlaGoparopust 3uanuii, 2017



JlononHuTeNbHAS TUTEpATypa
1. Beenenue B pusuky tBepaoro tena [Tekcr] : yuebHuk it By3oB / U. Kurrens ; mep. mop pen. A. A.
I'yceBa .— 2-e u3g., crepeorun. / nepened. ¢ u3a. 1978 r. — M. : Meaua Crap, 2006 .— 792 c.
2. Jlekumu 1o obmieit ¢pusnke. Crpoenue Bemectsa [Teker] : yue6. mocoome aist By3oB. U. 1/ A. J1.
I'magyn ; M-Bo oOpasoBanus u Hayku Poc. denepaunn, Mock. ¢us.-TexH. uH-T (roc. yHT .— M. :
H3zn-o MOTU, 2007 .— 128 c.
3. BBeneHre B KBaHTOBYIO (PM3UKY cucTeM MHOTUX yacTull [ Tekcr] : yueb. mocobue ais By30B / A. A.
UBanoB ; M-Bo oOpazoBanus u Hayku Poc. @eneparinu, Mock. (pu3.-TexH. UH-T (TOcC. YH-T) .— 2-€ U3/.,
nepepad. u gorn. — M. : Uzp-so MOTH, 2007 .— 163 c.
4. OcHoBol pusuku [Teker] : Kype obmieii ¢pusnkn : B 2 T. T. 2 : yueOHUK Ju1st By30B. KBaHTOBas 1
craructuueckas ¢usuka. Tepmopnnamuka / B. E. benonyukun, J{. A. 3aukun, 0. M. [lunexiok ; nox
pen. FO. M. llunentoka .— 2-e u3a., ucnp. — M. : ®uzmaraut, 2007 .— 608 c.
5. OCHOBBI KBaHTOBO# (pu3MKH U cTpoeHue BemecTa [ Texct] : yae6. mocooue st By3oB / U. I1.
Kprios ; M-Bo Bbictl. u cpefl. crien;. oopasosanust PCOCP , Mock. pusuko-rexH. uH-T (TOC. YH-T) .—
M. : MOTH, 1989 .— 184 c.

6. O6umwit kypce ¢pusuku [Texer] : B 5 1. T. 5 : AromHas u aaepHas ¢pusuka : yued. mocodue i By30B /
. B. CuByxun .— 2-e u3n., crepeorunt. — M : @usmariut : MOTU, 2002, 2006,2008 .— 784 c.

7. llepedyenn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHMKAIMOHHOI ceTH ""UHTepHeT" , HEOOXOTUMBIX
JJIS OCBOCHUSI JUCHMILIUHBI (MOLYJIs1)

http://mipt.ru/education/chair/physics/index.phpCaiit xadenps! oomeit Gusnku
http://www.physics.ru- 00pa3oBaTenbHbIN CAUTCANTEMEHTAPHBIMHU CBEJCHUAMU 110 (PU3UKE.
http://www.edu.ru- henepanbhsiii nopran «Poccuiickoe o0pa3oBaHue».
http://benran.ru-6u6GmuoTeKa MO €CTeCTBEHHBIM HaykaM Poccuiickoii akaieMun Hayk.

wbkwbh =

http://www.i-exam.ru- equHbli moprai MHTepHeT-TecTupoBanus B cepe 00pa3oBaHUs.

8. IlepeyeHb MH(POPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NIPH OCYLIECTBJICHNH 00Pa30BaTeILHOIO
npouecca 1o AMCuMILINHe (MOAYJII0), BKJII0OYasi lepeYeHb He00X0AUMOr0 NPOrpaMMHOI0 olecredeHust
H HHPOPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)

B naGopatopHOM NpakTUKyMe Ha 4acTH paboT KOMIIBIOTEPHI HCIONb3YIOTCS KaK M3MEPUTEIbHbIC
npuOopsl U 000pynoBaHUs st 00paboTku JaHHbIX. Ha qaHHbIX KoMnbioTepax ucnoibiytorcs OC
MSWindows, FreeDOS, nporpamma MathCAD, a Taxxe nporpamMmmsl pazpaboTaHHbIC
MpOrpaMMHCTaMHu Y4eOHO-METOINYECKOTO LEHTPa Kadenpol.

B nporiecce caMocTosSTENbHOM PabOTHl 00YYarONIHXCsl BO3MOXKHO UCIIOJIB30BAHUE TAaKUX MPOTPAMMHBIX
cpenacts, kak Mathcad, Scilab, Originu np.

9. MeToauveckue YKazaHnus QJist oﬁyqaloumxm 0o 0OCBOCHMIO JTHCHUIIINHBI (MO)_Iy.Tlﬂ)

CTyneHT, U3y4aronfii Kype, J0JDKEH ¢ OJJHOH CTOPOHBI, OBJIAJIETh OOIUM MOHSATHIHBIM anaparoM, a C
JIPYroi CTOPOHBI, TOXKEH HAYUYUTHCS] IPUMEHSATh TCOPETUUECKHUE 3HAHUS HA MPAKTHUKE.

B PE3YIBTATC UBYUCHUA NUCHUIUIMHBI CTYACHT JOJI’KCH 3HATh:

VYeneniHoe 0CcBOeHUE Kypca TpeOyeT HanpshKEHHON caMOCTOATENBHOM paboThl cTyeHTa. B mporpamme
Kypca TPpUBEACHO MHMHUMAJIBbHO HeoOXoguMoe BpeMsi s paboThl CTyOeHTa HajJ TEMOHU.
CamocrosiTenpbHas paboTa BKIIOUAET B Ce0s:

- UYTEHME U KOHCIIEKTUPOBAaHHE PEKOMEHIOBaHHON JIUTEPATYPBhI;

- TpopaboTKy yueOHOro marepuana (M0 KOHCIIEKTaM JIEKIMH, y4eOHOW W HaydyHOW JHUTepaType),
[IOJTOTOBKY OTBETOB Ha BOIPOCHL, IPEIHA3HAUEHHBIX JJIS CaMOCTOSTEIbHOIO H3y4YeHMs,
J0Ka3aTeNIbCTBO OTAEIBHBIX YTBEPHKACHH, CBOICTB;

- PpCHICHUC 3aaa4, NpCJ1aracMblX CTYACHTAM Ha JICKOUAX U NPAKTUICCKUX 3aHATUAX,
- IOATOTOBKY K MMPAKTUYCCKUM 3aHATHAM, KOJIJIOKBUYMAM, saqéTy.

PykoBOACTBO ¥ KOHTPOJL 3a CaMOCTOSTENBHOW pabOTON CTy[AeHTa OCYIIECTBISETCS B (dopMme
WHIUBUAYAJIbHBIX KOHCYIBTALIUH.



ITokazareneM BiQAEHUS MaTepUaIoOM CIYXKHUT yMEHHE pemars 3aaadu. Jns GpopMHpOBaHHS yMEHHS
MPUMEHATh TEOPETUYECKUE 3HAHUS Ha NPAKTUKE CTYACHTY HEOOXOIMMO peliaTh KaKk MOXKHO OoJbIie
3amad. [Ipu pemenny 3a1a4 Kaxkaoe JeiicTBUE HEOOXOMMO apryMEHTHPOBATh, CChUIASICh HA U3BECTHBIC
TEOPETHUYECKHE CBEACHHS. 3HAUYUTEIBHO OOJIErYUTh PELICHHE 3a7add MOXET XOPOLIO BBITOJHEHHBIH
YepTeX, €eCIM OH COOTBETCTBYET YCIOBHMIO 3agadd (IPSIMOWM yroia HapHCOBaH MPSAMBIM,
pPaBHOOCOPEHHBIH TPEYTOJIbHUK - PaBHOOGAPEHHBIM M T. A.). [lpy MOATOTOBKE K MPAaKTUYECKUM
3aHATHUAM HEOOXOAMMO MOBTOPATH paHee N3yUEHHBIE OCHOBHBIE OIpEeIeHNUs, POPMYIUPOBKH TEOPEM.
B Hauane 3anATHs, Kak mpaBuiio, npoBoautcs KopoTkud (10-15 mMuHYT) ompoc mo marepuainy
MPOUICIINX 3aHATHH B YCTHOM WM muchMeHHOU (opme. OOBIMHO TPUICPKHUBAIOTCS CIEIYIOIICH
CXEMBI: U3YUYCHHE MaTepuaia JEKIHHA 1O KOHCIEKTY B TOT )K€ JIeHb, Korna Oblla MpocaylaHa JeKIHs
(10-15 muHyT); OBTOpEeHHE Marepuana HakaHyHe cienyromei nexnuu (10-15 munHyT), MpopaboTka
y4eOHOro Marepuaia 1Mo KOHCHEKTaM JICKIUH, yueOHOH M HayyHOW JHMTepaType, MOArOTOBKA OTBETOB
Ha BOIPOCHI, NPEIHA3HAUCHHBIX AJIS CaMOCTOATENbHOro u3ydeHus (1 dac Henenro), MOATOTOBKA K
MPaKTUYECKOMY 3aHATHIO, pemieHue 3agad (1 wac). BakHo n0OOMTBHCS MOHMMAHUS HM3y4aeMOTrO
Marepuaja, a HE MEXaHUUYECKOro ero 3anoMuHaHus. [Ipu 3aTpyaHEHUM U3y4yeHMs OTAEIbHBIX TEM,
BOIIPOCOB, cjeqyeT oOpamarbcs 3a KOHCYJIbTalMAMU K JIGKTOPY HJIM MPENoJaBarelio, BeXyLeMy
[IPAKTUYECKUE 3aHSTHUS.

JlononHutenbHas IUTEpaTypa:

1. Mopozos A.U. ®u3zuka tBeproro tena. Kpucrammueckas pemerka. @ononsl. M.:.MHUPDA, 2010

2. Mopo3zo A.M. ®usuka TBepAOro Tena. DNEeKTPoHBI B Kpucrauie. Metamnsl. [lomynpoBogHUKY.
Husnexrpuku. Maraeruku. Ceepxnpooauuku. M.:MUP3A, 2010.
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1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

YK-1 CriocoGeH oCcymiecTBIsTh MOKCK,
KPUTUYECKUH aHAJIN3 ¥ CUHTE3 HH(opManuy,
NPUMEHSTh CUCTEMHBIN MOAXO ISl PELICHHS
MOCTABJICHHBIX 3a/1a4

VYK-1.1 Ananusupyet 3aaady, BBIAEISSA 3Tallbl €€ PelIeHus,
JeMCTBUS IO PELICHUIO 3a1a91

OIIK-1 CrocobeH npuMeHSTh
(byHIaMeHTalbHbIE 3HAHUS, IOTy4YEHHbIE B
oOnacT (pU3MKO-MaTeMaTHUECKUX U (MITH)
€CTECTBEHHBIX HayK, U HCIIOJIb30BaTh UX B
npo¢ecCHOHANBHON e TeNbHOCTH

OIIK-1.1 CniocobeH aHanmM3upoBarh MOCTABICHHYIO 3aady,
HaMeuarTb IIyTH €€ PEeLeHUs

[IK-1 CnocoGeH m1aHupoBaTh U NPOBOAUTH
Hay4YHbIE SKCTIEPUMEHTHI (B M30paHHOI
MPEeIMETHOM 001acTH) U (MJIN) TEOPETUIECCKHUE
(aHATMTHYECKHUE ¥ IMUTAIMOHHEIC)
HCCIICAOBAHHUS

[IK-1.1  Buageer  ¢yHAaMEHTAIbHBIMH
3aKOHaMHM M TEOPUSIMH COBPEMEHHOM (pU3HKH

IIOHATHUAMMU,

[1K-3 CnocoOeH BbIOMpaTh U MPUMEHSATH
noaxozsiee 000py10BaHHE, HHCTPYMEHTHI U
METO/IbI UCCIIEOBAHUM I PELLICHHS 3a/1a4 B
M30paHHON peAMETHOMH 00IacTH

[IK-3.1 3naer npuHOMIIBI PabOTHl M JHana3oHbl paboumx
apaMeTpoB MCIOIb3YEMOT0 HayYHOTO 000pyI0BaHUS

2. Iloka3aTe/in OLlEHUBAHUA KOMITETEHIU

B pesynprare wusyueHus IUCHUIUIMHBI «OCHOBBI COBPEMEHHON (M3UKHU: J1a0OPAaTOPHBIN IPAKTHKYM»

00yJarouics JTOIKEH:

3HAThb:
[ (bYH,Z[aMeHTaJ'H)HLIe 3aKOHbl W IIOHSATHS KBAHTOBOI MaKpO(bI/IBI/IKI/I, a TaKXC TIpaHUIBl HX
IIPUMCHUMOCTH,
[ OCHOBHBIC MCTOJAa OHNHUCAHUA KPUCTAJUIMYCCKUX CTPYKTYp, MNOHATUA HpHMHTHBHOﬁ n

JIIEMEHTApHON siveek, sueiika Buraepa-3eifTna, moHSATHS 0OpaTHOW pPEMETKH W TEPBON 30HEI

BpumtrosHa;

[J  OCHOBHBIE HKCIIEPUMEHTAJIbHBIE METO/bl OIPEAEICHUs MapaMeTPOB KPUCTAIIMUECKUX CTPYKTYP:
PEHTTEHOBCKUE M HEUTPOHHBIE METOABI HcciaeaoBanus, nudpakuus bparra-Bynbda;

0 CIOCOOBI
npeacTaBicHue 0 GOHOHAX;

OMHCaHUSl KOJUIGKTUBHBIX BO30YXKIEHUH KPUCTAIUIMYECKOH pENIETKY,

UMCTb

[l Meroj omucaHHs TMOBEACHUA IJEKTPOHOB B TBEPIBIX TejlaX: 30HHAs TEOpHUdA, paclpeiesieHue
®epmu-Jlupaka, MOJIEITb CUIILHON U CIIA00W CBS3U;

N I A

yMeTh:

0COOCHHOCTH CTPOEHHS MOITYTIPOBOJHUKOB, a TAK)KE MIOBEJCHHUS 3IEKTPOHOB B MTOIYIPOBOIHHUKAX;
OCHOBHBIE TIOJIOKEHMSI IEKTPOHHO-BIPOYHON MPOBOAMMOCTH METAJIOB U MOITYITPOBOAHHUKOB;
UMETb IIPEJCTaBIEHUE O IPUMECHOM IPOBOIMMOCTH B IOJIyIIPOBOAHUKAX;

CBSI3b KOHTAKTHAas pa3HOCTH MOTeHIUaN0B 1 TepMoIIC;

0a30BbIC MOJIETTH OTIMCAHUS SIBIICHUH CBEPXTEKYUECTH U CBEPXIIPOBOAMMOCTH;

TTOJIO’KEHUSI KBAHTOBOTO OIMCAHMUs MATHUTHBIX CBOMCTB TBEPABIX TEI.



[J TpUMEHSTH N3yYeHHbIE 3aKOHBI KBAHTOBOM (DU3MKH [T PELICHHUS KOHKPETHBIX 3a]ay;

[J yMeTbh MOJIb30BaThCS KiIacCU(UKAIMEH TUIIOB KPUCTAUIMYECKUX peméTok bpase;

[J TOpuUMEHSTHb 3aKOHBI JUCTIepCHU (POHOHOB JUIsl pacu€Ta TEIUIOEMKOCTH KPUCTAIIIOB B MKax MOJEIN
Jlebas u DiHIITEMHA;

[J BBIYMCIATH 3aKOH JTUCIIEPCUH JUIS DJICKTPOHOB U IBIPOK B paMKax cJIa0Oi M CUIIBHOI CBA3H;

[l ompenemnsTh YpOBEHb dHEPruH (epMH B METa/ulaX U MOIYHPOBOIHHKAX OTHOCHUTEIBHO Kpasi 30HbI
MIPOBOANMOCTH;

[J ompenensaTs BUI TEMIIEPATypHOH 3aBUCUMOCTH JIEKTPOIIPOBOJIHOCTHU IOIYIIPOBOAHUKOB;

[J BBIYMCIATH BHJI BOJBT-aMIIEPHOM XapaKTEPUCTHKHU P-N IEpexoaa;

O aHAJIM3MPOBaTh (hU3MYECKHE 3a7aud, BBIJEIAS CYIIECTBEHHBIE M HECYIIECTBEHHBIC ACIIEKTHI
SIBIICHHSA, M HAa OCHOBE MPOBEAEHHOIO AHAIN3a CTPOWUTH YHPOIIEHHBIE TEOPETHUECKHE MOIAEITH
(UBNYECKUX SBICHUI;

O NPUMEHATh pa3IUYHBIE MATEMaTHYECKUE WHCTPYMEHTBI pEIIEHUs 3adad HCXOnd U3
c(OpPMYIHPOBAHHBIX (U3NUECKUX 3aKOHOB, M IPOBOJUTH HEOOXOINMbIE aHATUTHUYECKUE U YHUCIICHHbIE
pacy€Thl.

BJIaJeTh:
[l OCHOBHBIMH METOJaMH PEIICHHS 337a4 KBAHTOBOM MaKpO(PHU3UKH;
O OCHOBHBIMH MaTEMaTHYECKMMHM HWHCTPYMEHTAMHM, XapaKTepHbIMH JUIs 3aJad KBaHTOBOM
Makpo(U3HUKH.

3. IlepeyeHb THNOBLIX (IIPMMEPHBIX) BONPOCOB, 32/1aHUI, TeM /ISl HOATOTOBKH K TeKylleMy KOHTPOJII0



3. [lepedyeHb THMOBBIX KOHTPOJIbHBIX 3aJaHUi, HCMOJIb3yeMbIX VIS OLlEHKH 3HAHUIi, yMe-
HUM, HABBIKOB

JUist BBIOJTHEHUS KaXKI0U J1aOOpaTOpHON pabOTHl CTYJACHT JOJDKEH MOATOTOBUTHCS K BBITOJHE-
HUIO pa0OTHI, CIaTh TOATOTOBKY MPEIOIaBaTEII0, BBIMOJIHUThH SKCIIEPUMEHTAIILHYIO YacTh pado-
ThI, BBITIOJHUTh HEOOXOAMMBIE pacdyéThl U 0hOpMUTH PaboOTy, claTh pPabOTy MpErnoaaBaTelio.
JUJist 31U ThI KaXK10# paboThI MPETyCMOTPEHBI KOHTPOJIBHBIE BOIIPOCHI:

Pa6ora 9.1
3AKOH KIOPU-BEMCA 1 OBMEHHOE B3AUMOJIEVICTBUE B ®EPPOMATHE-
TUKAX

1. 3anumurte ypaBHEHUs, OMUCHIBAIOIME MarHUTHOE moiie B cpene. [laiite ompeneneHue
BEJIMYMH, BXOASIIUX B 3TU YPABHEHUS.

2. Kakue BemecTBa OTHOCSTCS K Ua- mapa- u peppoMarueTukam?

3. Kakosa npupoza nua-, napa- u peppomarnernzma’?

4. HazoBuTe HEOOXOIUMBIE YCIOBHS JJIS TOSBICHUSI MAarHUTHOW YIOPSIIOYEHHOCTH B (ep-
poMarHeTukax?

5. C dyem cBs3aHO TOsIBJICHHE TOMEHOB B (heppomarnetuke? Kakue (pakTopbl BIHSIOT Ha
(bopMHpOBaHUE TOMEHHON CTPYKTYpbI?

6. Ilouemy BenMKO 3HAYEHHWE MarHUTHON BOCIIPHMMYHMBOCTH BELIECTBA X JUIsI (heppoMarHe-
THUKOB?

7. Tlouemy mpu ompeneneHHON TeMnepaType GpeppoMarHeTHK CyIIeCTBEHHO U3MEHSET CBOU
MarHuTHbIE CBOMcTBa?

8. Uro Takoe Touka Kropu?

9. Kakum o0pa3zom u3 TeMnepaTypHOIl 3aBUCUMOCTH X (/') MOXKHO OIpeNeIUuTh TeMIeparTy-
py Kropu?

10. Kak no usBectHO Temneparype Kropu onpenenuTs ycpelHEeHHY SHEPriui0 0OMEHHOIro
B3aUMO/ICHCTBHS, IPUXOASAIIYIOCS Ha OJWH aTOM?

11. Kak BHelIHee MarHUTHOE MOJIe BIMSAET Ha JIOMEHHYIO CTPYKTYpy deppomarHeTukos. Ka-
KH€ TIPOIECChl MPOUCXOIAT B (heppOMarHeTHKE ¢ POCTOM HANPSHKEHHOCTH MarHUTHOTO
nosisi?

12. [laiiTe kadecTBEHHOE OOBSICHEHHE 3aBHCHUMOCTH B{H) mpu mnepeMarHuIuBaHUN Qeppo-
MarHeTHKa.

13. Kak MOKHO yIpaBIIsATh IUPUHON METIIN TUCTEpe3uca B (heppOMarHUTHBIX MaTepraiax?

14. Yem otnumuarorcsi peppumarHeTMku oT ¢eppoMarHetukoB? Kakue Hanbosee BakHbIE
cBoiicTBa pepputon?

15. KakoBa Meronuka peructpanuu nemiu rucrepesuca. Kak Bel onpenensiere ocHOBHBIE
napamMeTpsl METIH TUCTePe3nca: OCTaTOYHYIH0 HAaMarHHYEHHOCTh, KOIPIHUTUBHYIO CHITY,
NOTEpU Ha NepeMarHuyuBaHue?

16. B uem 3akimrouarorcst Marauroontuieckue 3hdextsr Keppa u dapanest?

17. Kakue MeTobl perucTpallii U CTUpaHUs MarHUTHOW 3amucu Ha peppOMarHUTHOM IJIeH-
ke Bl MOKeTe mpeioKuTh?

18. Yto coboii mpeAcTaBisoT JaOUpPUHTHBIC, TUHEWHbIE, IIMIUHIpUYecKre JoMeHbl? Kako-
BBI UX pa3mepbl?

Pa6ora 10.1
SJIEKTPOHHBIN TTAPAMATHUTHBIN PE3OHAHC
1. Yto Takoe 3yeKTpOHHBIN MapaMarHUTHBIA pe3oHaHc? [louemy OH Ha3bIBaeTCs mapamar-

HUTHBIM?



How

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Kak pacienisitoTcsi 3JHepreTHUecKue YpOBHH 3JICKTPOHOB B TOCTOSIHHOM MAarHUTHOM I10-
ne? Kakoit ¢popMyIioil OmUChIBAIOTCS 3aCEIICHHOCTH 00Pa30BaBIINXCS TTOTYPOBHEH?

[Tpu KakKX yCIOBHSAX HACTYIAET HACBIIICHUE TapaMarHUTHOTO pe30HaHca?

Kakum 00pa3oM HapyllleHHOE TeIJIOBOE PaBHOBECHE BOCCTAHABJIMBAETCS IMOCIIE BBIKIIO-
YEHUS! BHEILTHETO BO3MYILECHUS?

Kakue mpuunHbl NpUBOIAT K YUIMPEHUIO JIMHUU 3JEKTPOHHOTO MapaMarHUTHOTO PEe30-
HaHca?

Kakoe B3aumopeiicTBue (CIMH-CIMHOBOE, CIUH-PEIIETOYHOE) 3aBUCUT OT TEMIIEPATypPhI
obpasua? Kakoe B3auMOIeHCTBHE CYIIECTBEHHO BIMAET HA ()OPMY JTMHHUU JIEKTPOHHOTO
napaMarHUTHOTO pe3oHaHca?

KakoBa npupona oomenHoro B3aumoseiictBus? Kak oHO cka3biBaeTcst Ha popMe JTHMHUU
3JIEKTPOHHOTO MapaMarHUTHOTO pe3oHaHca’?

Uro Takoe TOHKas CTPYKTypa JMHHUNA 3JIEKTPOHHOTO ITApaMarHUTHOTO pe3oHaHca?

Yem o0OBsicHSIETCS CBEpXTOHKOE pacuieruienne? Kak oHO Cka3bIBaeTCsl Ha CIEKTpE DJIEK-
TPOHHOT'O TApaMarHUTHOTO pe3oHaHca?

Yro Takoe (/-daktop uiau GakTop CHEKTPOCKONMMYEcKoro pacuieruienus? Beerna mu us-
MEpEeHHs C TOMOIIBIO 3JIEKTPOHHOTO MTApaMarHUTHOTO PEe30HAHCA MPUBOAT K 3HAYCHUIO
g, paBHOMY 2 (Kak J1j1s1 CBOOOJIHOTO 3JIEKTPOHA)?

B none Mn*? umeercst 5 271eKTPOHOB, CIIMHBI KOTOPBIX HE CIApeHbl (Ha BHemHed 3-d -
o0osouke). CKONMBKO JIMHUN AJIEKTPOHHOTO MapaMarHUTHOT'O PE30HAaHCa MOKHO HAOJro-
JaTh HAa HoHaxX M+ ?

SIBeHME AIEKTPOHHOTO MapaMarHUTHOTO PE30HAHCa MOXKHO OMHCATh KIIACCHYECKH, HC-
CJIeysl TIPEIIECCUI0 BEKTOPAa MarHUTHOTO MOMEHTA 3JICKTPOHA B MAarHUTHOM TMoJie. Yemy
paBHa KPYroBas 4acTOTa TaKOM MPEIecCuu, €ClIi UHAYKIKS MAarHUTHOTO TOJIs paBHA B (p.

W3 xakux 3JIEMEHTOB COCTOMT JIaDOpaTOpHasi YCTAaHOBKA I HAOIIOEHUS AJIEKTPOHHO-
ro napaMarHuTHoro pezonanca? KakoBo ux HazHaueHHe?

B pammouacToTHOM AmanazoHe OOBIYHO MPUMEHSIFOTCS JIBa METOJa M3MEPEHHs DIIeK-
TPOHHOTO MapaMarHUTHOT'O PEe30HAHCa: OJWH U3 HUX - METOJ PeaKIMH T'eHepaTopa, Ipy-
roil OCHOBaH Ha U3MEHEHHH TOOPOTHOCTH KOHTYpa BCIEACTBUE TApAMarHUTHBIX TTOTEPH.
Kakoii 13 MeTo/10B ucronb3yercs B 1abopaTopHoii padote?

Jlnst moBBIIEHUsT TOOPOTHOCTH KOJIEOATEIHLHOTO KOHTYpa SKCIEPUMEHTATBHOM YCTa-
HOBKH €ro JeTalu U 3KpaH mnocepedpeHsl. Kak Bennka 10OPOTHOCTH MCIIOJIB3YEMOTO B
pabore xoHTypa? JIoOOpPOTHOCTH KOHTYpa MOKHO OIPEAETUTh, UCIOJb3Ysl T€HEepaTop u
ocumiorpad yCTaHOBKH.

Jlns 9ero B yCTaHOBKE MO HAONIOJCHUIO 3JIEKTPOHHOTO IMapaMarHUTHOTO pE30HaHCa
OPUMEHSEeTCS MOJYJISIIUA MarHUTHOTO TOJIst?

Kak momkHBI OBITh B3aMMHO OPHEHTHPOBAHBI NIOCTOSTHHOE MAarHUTHOE TMOJIE ¥ MAarHHT-
HBII BEKTOP BBICOKOYACTOTHOT'O MOJISI IPU HAOIIOACHUH JIEKTPOHHOTO NMapaMarHUTHOTO
pe3onanca?

Kakum crnocobom n3mepsieTcs HHAYKIUS TOCTOSHHOTO M IEPEMEHHOr0 MoJiei B 1abopa-
TOPHOI yCTaHOBKe?

Kakoe BiMsiHHE Ha CUTHAI 3JEKTPOHHOIO MapaMarHUTHOI'O PE30HAHCA OKa3bIBaeT HEOJ-
HOPOJHOCTh MAarHUTHOTO TIOJISI?

DKpaH Koj1e0aTeIbHOr0 KOHTYpa XOPOIIO BBIOJHSAET CBOE Ha3HAUYEHHUE, €ClIM OH o0pa-
3yeT 3aMKHYTO€ KOJIBIIO BOKPYT KOHTYpa. CKa3bIBaeTCs JIM Ha pe3yiibTaTaXx U3MEpeHui -
(dakTopa HaNUYKE TAKOTO KOJIbLIA MEXKAY KaTyIIKaMHU, CO3Jal0IlMMU MarHUTHOE MoJie?
Jlyig Kakol 1IeJM B yCTAaHOBKY IO HAOJIIOJIEHUIO 3JIEKTPOHHOI'O pe30HaHca BBeJeH (pa3o-
Bpalarenb?

Kak 3aBUCHT BelMYMHA CHUTHAJIA JJIEKTPOHHOTO MapaMarHUTHOTO PE30HAHCAa OT TeMITe-
patypsl oOpasma?

OmneHnTe, KaK MEHSIETCS BEIMYMHA CHUTHANA 3JIEKTPOHHOTO NapaMarHUTHOTO PEe30HaHCa
C POCTOM YaCTOThI BHICOKOYACTOTHOTO 10Jis1 (1pH BhinmosiHeHuu ycnosus hCJ = 1UQBo).



24.

How

o

10.
11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Kakue ¢akTopbl BHOCAT OCHOBHOH BKJIQJ B MOTPENTHOCTH OmpeseneHus "-(akropa u
mUpuHbl TMHUA Ha JJDIIT?

Pabora 11.1

OITPEJEJIEHME IIIMPUHBI 3ATIPEIEHHOM 30HBI [TOJTYITIPOBOJHNUKA
OO0BscHUTE TPUYMHY 00pa30BAHUS YIHEPTETHUECKUX 30H B TBEPJIOM Tele.

Kakue BemecTBa Ha3bIBAIOTCS METaJUIaMH, MOJYIPOBOAHUKAMH, OUAJIEKTpUKaMu? Yem
00BsCHSAETCS pa3Inyie MEXAy HUMH C TOUKH 3pEHUs 30HHOU Teopun?

I'ne pacniosioxxeH ypoeHb depMu B MeTaIaxX U B IOJIYIIPOBOAHUKAX ?

Kak o0pasyroTcs B KpucTaiaX JIOKaJIbHbIE YHEPreTUYECKHE YPOBHH M NMPUMECHBIE 30-
HBI?

Uewm onpenensieTcs LIMPHUHA Pa3pelICHHONW 30HbI U YUCIIO COCTOSIHUM B HEM?

Kakoil pynkuueit onpeaensercs BEpoATHOCTb 3all0JTHEHUS JIEKTPOHAMH YPOBHEHN B 30HE
IIPOBOAMMOCTH U BEPOSITHOCTD MOSIBJIIEHUS ABIPOK B BAJICHTHON 30HE?

ITpu kakux ycnoBusx pacupeneneHue O@epMu MOXKeET ObITh 3aMEHEHO paclipeleIeHueM
bonbumana? He Oyner nu npu sTom HapyieH npunuui [laynu? B kakux ciydasx mnosy-
IIPOBOJHMK HA3bIBAIOT HEBBIPOXKACHHBIM, U B KAKUX - BBIPOKIECHHBIM?

KakoB MexaHu3M coOCTBEHHOM U MPUMECHOHN MPOBOIUMOCTH?

YeM 00bsACHACTCS Pa3IUUHBIA X0/ TEeMIIEpaTypHOH 3aBUCUMOCTH COIPOTHUBIICHUS y Me-
TaJJIOB U MOJTYIPOBOJAHUKOB?

OOBsicHUTE, UTO TAKOE ABIPKA U BIPOYHAs IPOBOAUMOCTh?

Uro HaspIBaeTcs APPEeKTUBHON Maccoil HocuTenei 3apsna? Kakos ¢usmueckuii cMbIcH
3TOTrO MOHATHSA?

Urto Ha3bIBAIOT MOJIBUKHOCTBIO HOCUTEJIEH 3apsja; KaKk OHAa 3aBUCUT OT TEMIIEpaTyphl B
nonynpoBogHuKax? IIpy Kakux yCIOBUSIX MOXKHO NpeHeOpedb 3aBUCHMOCTBIO MOJIBUXK-
HOCTH HOCHUTEJIEH 3apsjia OT TeMIepaTyphl?

JU1st 3KCTIEpUMEHTAIBHOTO OIPEeNICHHs IMPUHBI 3alpeIleHHON 30HbI B paboTe uccie-
JIyeTCsl 3aBUCUMOCTb IIPOBOJAMMOCTH IOJIYIPOBOJHUKA OT TemrepaTypsl. M3 kakux co-
oOpaXkeHUH ciiefyeT BbIOUpaTh paboumii quana3oH remmneparyp?

[ToueMy u3MepeHus yAeIbHOTO COMPOTUBIICHUS MOIYITPOBOIHUKOB IPOU3BOASAT OOBIYHO
IpU OYEHb C1a00M OCBELICHUHU WU B TEMHOTE?

B ueM npenmyiecTBo NOTEHIMOMETPUUECKOIO METOAa U3MEPEHUSI HAPSKEHUST MEXKTY
30HJaMU Ha oOpasle nepeq U3MEpeHUEeM HANpPsHKEHHs BOJIBTMETPOM, MOTPEOIIAIOUINM
TOK?

B skcnepumenTe wucnomb3yercss oOpasell IMOJyITPOBOAHUKOBOTO Marepuana IMpsiMo-
yrosbHON (Gopmbl. HackoIbKO BBICOKMMH JOJDKHBI ObITh TpeOOBaHHUS K NMPaBUIBLHOCTU
reomeTpudeckoit popmer odpasna?

Kak wuckmounts Biusiue tepmo 3JIC, KoTOpas MOXKET BO3ZHUKHYTh MEXKIY 30HJIOM U
obpaziom?

Pacnipenenenue nmpumeceil B MOIYNPOBOJHUKOBBIX 00pa3liax MOXET ObITh HEOJHOPOJ-
HbIM. Kak OleHUTb 3JIEeKTPUUYECKYIO OJTHOPOJHOCTH 0Opa3ia?

C kakoil TOYHOCTBIO CJIEYET U3MEPATh CONPOTUBIICHHUE NPU BEIOPAHHOM CIIOCO0E M3Me-
PEHMS €T0 TEMIIEPATYPHI?

Yerpanstores i BiusiHAS TepMO DJIC M KOHTaKTHON Pa3HOCTH MOTEHIMAIOB C ITOMO-
IIbI0 MOCTA IIEPEMEHHOr0 TOKa?

B uem nmpenmymiecTBa 0€CKOHTAKTHOTO €MKOCTHOT'O METOJ1a U3MEPEHUS COPOTUBIICHUS
HOJYIpOBOIHUKOBOrO oOpasua? Kakue TpeGoBaHUS NPEABABISIOTCS K HCCIEIYEMOMY
o0pa3ily U K JUIJIEKTPUYECKUM MPOKJIaJKaM, H30JUPYIOLUUM o0Opa3el] OT MJIaCTUH KOH-
JIEHCAaTOpa P UCIIOIb30BAHUM 3TOr0 MeToaa?

[Touemy A onpeneneHus MUPUHBI 3aIPELUICHHON 30HBI CIIEyeT HCIOIb30BaTh 4acThb
rpaduka 1ma — coOTBETCTBYIOIIYIO 00Jiee BBICOKMM TeMIeparypam?
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Kakue ¢axTopsl 0Ka3bIBaloT HanboJiee CyIIeCTBEHHOE BIUSHIE HAa TOYHOCTH OIpesierie-
HUS [IUPUHBI 3aIIPELIEHHON 30HBI B IPOBEJCHHOM Bamu skcrniepumeHTe.

Padora 11.2
VCCJEJIJOBAHUE COBCTBEHHOM U IIPUMECHOM ®OTOIIOBOJIUMOCTH B
[MTOJIYITPOBOAHUKAX
1. B dewm 3akiodaercs siBIeHUE BHYTpeHHETO GoTod(DdeKTa B MOTyNPOBOTHUKE?

2.

How

N O

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Kakue HocuTenM TOKa Ha3bIBAIOTCS PaBHOBECHBIMU U HepaBHOBecHbIMH? Kakue HocuTe-
71 00yCIOBIUBAIOT (DOTOMPOBOIUMOCTD?

Kakumu daxTopamu onpeensercs: BeTM4nHa TEMHOBOTO TOKa?

Urto Ha3zwiBaeTCs KpacHOW rpanuieii Gorodddekra? Uem oHa ompemensercs s coO-
CTBEHHBIX M IPHUMECHBIX MTOJyTIPOBOIHUKOB?

3aBucCHUT M KpacHas rpanuia Goroaddexra ot TemrepaTypsl oopasna?

OOBsicHUTE 3aBUCUMOCTH (HOTOA(PEKTA OT JUIMHBI BOJTHBI A JAIOIIETO CBETA.

OObscHUTE BAMSHUE TEMIIEPATYPhI MOTYIPOBOAHMKA Ha €r0 (POTOUYBCTBUTEIBHOCTD.
[ormnomenue cBeTa MOKET ¥ HE IPUBOJAUTH HETIOCPEACTBEHHO K MOSIBICHHIO CBOOOIHBIX
HocuTesneil Toka. HazoBute mMexaHu3Mbl OTOINEKTPUUECKH HEAKTUBHOTO MOTJIOLICHUS
CBeTa.

Yro Takoe “KBAaHTOBBLIU BBIXOX ?

Uro Ha3bIBaeTCs BpEMEHEM XU3HU HEPaBHOBECHBIX HocuTenei Toka? HazoBurte mexa-
HU3MbI PEKOMOMHAIINY, YMEHBIIAIOUINE BPEeMs KU3HU HOCUTENEH TOKa.

[Ipocrneaure 3a coOMOACHNEM 3aKOHA COXPAHEHMS SHEPTHH M MMITYJIbCa MPU B3aHMO-
JIeicTBUM (POTOHA C DIIEKTPOHOM, IPUBOISIIEM K MEXK30HHOMY MEPEXOY AJIEKTPOHA.
[upuHa 3ampenieHHol 30HbI MOXET OBITh OINpeNeeHa KaK 10 CHEeKTPAIbHON 3aBUCH-
MocTé (poTOTOKA (yKa3aHHBIM METO/ MPUHSAT B 1a00paTOpHOil paboTe), TaK U MO CIEKTPY
nponyckanus. Kakoit 13 3TUX METO0B NpeArnouTUTENbHEE?

[Touemy ¢oTOCONPOTUBIIEHUSI U3TOTABIMBAIOTCS M3 TOHKUX IMOJTYIPOBOJAHUKOBBIX ILIE-
HOK, MPOITYCKAIOIIUX Yepe3 ce0sl 3HaUMTENbHYIO YacTh 1a/1alollero ceeTa?

M3 kakuX OCHOBHBIX YacTel COCTOUT JabopaTopHasi yCTaHOBKA JUIs M3y4eHHsI (POTOIpO-
BoxuMocTu? KaxoBo nx HasHadyeHue?

C kakoll 1emnplo mepesl BXOJHOH IIeIbl0 MOHOXPOMAaTOpa pacnojaratoT GOKyCHPYIOLIYIO
TuH3Y?

Kakue Tunsl nepexo/1oB HaOMIOAIOTCS B 00paslie MOITYNPOBOJHHUKA MPHU MOTJIOMIEHUH
KBaHTOB cBeTa?

[Touemy Ha kpuBOMl (POTOTOKA BUIHBI OJUH WJIM [[BA, a HE TPU MOJHUMAIOLIMX y4acTKa
(Tepexo/1 U3 BaJICHTHOW 30HBI B 30HY HMPOBOJUMOCTH, IEPEXO0] U3 BaJCHTHOW 30HBI Ha
HNPUMECHBIN YPOBEHb, IEPEXOJ] C IPUMECHOTO YPOBHS B 30HY IPOBOJIUMOCTH)?

Jlnist 9ero CHeKTPaNbHYI0 3aBUCHMOCTH (DOTOTOKA MEPECYUTHIBAIOT HA TOCTOSHHBINA TO-
TOK (pOTOHOB?

Kak ompenensercst mupuHa 3anpenieHHON 30HBI U YHEPrus HOHHU3AIMKA NPHUMECH 10
CHEeKTpaIbHOM KpuBOH (oTOoTOKA?

Kak Bnmsier Ha TOYHOCTH OTIPENIEIICHNUS IUPUHBI 3aMPEIICHHON 30HBI IUPUHA BXOTHON
Y BBIXOJIHOM 111e7Iell MOHOXpomaTopa?

Mo>HO 7T Ha J1a0OpaTOPHOH yCTAaHOBKE ONMPEICIUTh MIMPHHY 3allpPEeIICHHON 30HBI Tep-
MaHMs U KpeMHUs?

OObBsicHUTE, TIOYEMY CIeKTpaibHas KpuBas (ororoka oOpasma CdS mpu cmemeHun ot
KPacHOM IrpaHuIlbl B CTOPOHY KOPOTKHX JJIMH BOJIH IOCIIE PE3KOro nojbemMa ObICTpo cra-
naet?

[Touemy mokaszanusi mpuboOpa, u3Mepsouiero (GoTOTOK, yCTaHABIMBAIOTCS HE cpasy, a
gepe3 HEKOTOPOE BPEeMsI TTOCTIe OCBEIEHHS TTOTYITPOBOTHUKA?



24.

Kakne (akropbl BHOCAT CYIIECTBEHHBII BKJAJ B MOTPEIIHOCTH ONPENEICHUS IUPHHBI
3alpeICHHOM 30HbI U SHEPTHH HOHU3AIMHU MpUMecH obpasna CdS?

Paoora 4.3
N3MEPEHUE KOHTAKTHOM PA3HOCTU ITIOTEHIIMAJIOB B ITOJIYIIPOBO/-
HUKAX
1. TloyeMy mpu CONPUKOCHOBCHHH JBYX IPOBOISIIMX JJICKTPUUYCCKHH TOK MaTEpHAJIOB

2.

10.

11.
12.
13.

BO3HHMKAET KOHTAKTHAs pa3HOCTh MOTEHIIUAIOB?

Kaxoit Bug umeeT QpyHKIUs pacrpeesieHus SJIEKTPOHOB B MTOJIHOCTHIO 3aIOJHEHHON Ba-
JICHTHOM 30HE?

UYro Takoe “mpipka’? KakoBsl ee 3apsaa u macca? OObsCHUTE, MOYEMY C TIOMOIIBIO “IIbI-
POK” MOXKHO XapaKTEpHU30BaTh KOJUIEKTUBHBIE COCTOSIHUS SJIEKTPOHOB B MOYTH 3aIl0J-
HEHHBIX 30HaX?

KakoBsl pa3mepbl 001acTi, B KOTOPOH JIOKAJIM30BaHA KOHTAKTHAs Pa3HOCTh MOTEHIIMA-
70B? OMHAKOBBI JIM 3T Pa3Mephl Y Pa3HbIX METAJIJIOB M TIOJYIPOBOIHUKOB?

B kakyto ctopony cMmeniaercsi ypoBeHb @epMu B MOIYIPOBOJIHHUKAX JI-TUIA 110 CpaBHE-
HUIO ¢ OECIIPUMECHBIMU MOJTYIPOBOJHUKAMU ?

Kakue nocutenu 3apsiia Ha3bIBAalOTCSI OCHOBHBIMU?

Bo3Hukaer 11 KOHTaKTHas Pa3HOCTh MOTCHIIMAJIOB Ha T'PAHMIIC COOCTBEHHOTO W IIPH-
MECHOTO MOJIyIPOBOJIHUKOB?

[Ipu xakux TemmepaTypax U HampsDKEHUSAX p-n TEPeXo]] BeAeT cedsl Kak BBIIPSIMHUTEINb
TOKa?

Kakoii skcriepiMeHTanbHbId METOJT UCIIONB3YeTCsl B paboTe AJsi U3MEPEHHUS] aKTUBHOTO
COTNPOTHUBIICHUS roAa?

Kakoe ¢gusnyeckoe siBleHHE UCTIONB3YETCS ISl OXJIAXKICHUS U HarpeBaHus padoueil ka-
Mepbl?

Kakue Toku 1omycTuMbl B pexxuMe HarpeBa paboueil kamepbl?

Kak u3mepsiercsa remneparypa paboueii kamepsl B JaHHOM paborte?
Pp-n TIepexo]l, KpOME aKTUBHOTO CONPOTHUBIEHUS, XapaKTepu3yercs eMKOCcThio. Ee Benu-
YHHY MOKHO Ipy00 OIEHHTH KaK eMKOCTh KOHJeHcaTopa ¢ TonmuHoi =1CT°cm u £ = 16.
BHocuT nu Hanu4ue 3Toi eMKOCTH CYIIECTBEHHYIO OmUOKY B onpenenenun AV1

Pabora 11.5

TYHHEJIMPOBAHUE B ITOJIVIIPOBOJHUKAX

Uem oTiMUarOTCs BBIPOXKIECHHBIE MOIYIPOBOJAHUKH OT HEBBIPOXKJIEHHBIX? I'e pacmosna-
raercs ypoBeHb PepMHU B 3TUX MOJYNPOBOJHUKAX?

B kakux moaynpoBOAHHKAX AOMYCTUMO MCIOJIb30BaHHE BOJIbIIMaHOBCKOTO pacmpesere-
HUSI CBOOOJHBIX HOCHUTENEH 3apsaa mo sHeprusM BMecTo depMHMEBCKOro pacrpejese-
HUsA?

K xakum ¢pu3ndeckuMm ciaeCTBUSAM NPUBOAUT CHIIBHOE JIETHPOBAHUE TOIYIPOBOJHUKOB,
00pa3yromux p-n nepexon?

N300pa3ute BOJBTAMIIEPHYIO XapaKTEPUCTHKY TYHHEJIBHOTO IHOMAA, YKaXHUTE Ha Hei
BETBb TYHHEJIMPOBAHUS U BETBb AU(PPY3MOHHOTO TOKA.

Kakue napamerpsl BAX onpenenstor nonoxeHnue ypoHeil @epmMu B MOIYNPOBOJHUKAX
p-n niepexonaa?

KakoB MexaHH3M MPOX0XKJIEHH MPSIMOT0 U 0OPaTHOTO TOKA B TYHHEIBHOM JH0je?
OO6bsicHuTe padboTy cxeMbl A noinydeHus BAX TyHHENbHOro 1o/a - cTaTH4ecKou (1o
TOYKaM) U TMHAMHUYECKOH (Ha 3KpaHe ocumuiorpada).

YeM 00BSACHUTH, YTO YACTh BOJbTAMIIEPHON XapaKTEPUCTUKU HE BHUJIHA HA HKCIEPUMEH-
TajbHO NosyueHHOU BAX?



9. Kakue npuMeHeHHs TYHHEIbHBIX TH010B BBl MOXKeTe MpeasoxKuTh?

10. U300pa3ute cxemy reHepatopa Ha TyHHEJIBHOM nuoje. UeM ompenemnsercs dactoTa M
rapMOHUYHOCTb KOJIEOaHUH 3TOT0 reHeparopa?

11. OneHnTE MOIIHOCTD U3IYYCHHUS DKCIICPUMEHTAIBHON CXEMbI reHepaTopa Ha TYHHEIbHOM
JHOJIC.

4. Kputepuu olleHNBAHUA
[To pe3ynbraTam MOATOTOBKU padboTy BhIcTaBisieTcst oT O 10 10 OanioB cOrilacHO YpOBHIO MOJ-
roToBKH cTyzAeHTa. Ilo pesynpratam cnaum BbicTaBisercs oT 0 1o 10 6amioB coryiacHO ypOBHIO
MOJATrOTOBJICHHOTO OTYETA U 3HAHUH CTyAeHTa. M3 momydeHHbIX 6amioB 3a Kaxayo padoTy pac-
CUHTBIBAETCSI CPEeIHUI Oallt

Orenka Bauier
10
OTJINYHO 9
8
7
XOPOIIIO 6
5
4
YIIOBJICTBOPUTEIHHO 3
HEYJIOBJICTBOPHUTEILHO i

W3 monydeHHBIX 0a/UIOB 32 KaXAYyI0 pabOTy pacCUMTHIBAETCS CPEAHHI Oaii, KOTOpbI ompene-
JIIET OLCHKY 3a 3a4€T.

Ouenka «otjm4yHo (10)» BbICTABIAETCS CTYIEHTY, MTOKa3aBIIEMYy BCECTOPOHHHE CHUCTEMAaTH3H-
pOBaHHbIE TTTyOOKHE 3HaHUS Y4eOHOI porpaMMBbI U 3a €€ mpelieJaMy, a TaK)Ke YMEHUE YBEpeH-
HO MPUMEHSTh UX Ha MPAKTUKE TIPU BBIMOJIHEHUH U cl1aue JJa00paTOpHO paboTHI.

Ornenka «oTan4Ho (9)» BBICTABIISIETCS CTYIEHTY, MOKA3aBIIEMY BCECTOPOHHUE CHCTEMATH3HPO-
BaHHbIE NTYOOKHE 3HaHUS y4eOHOM POrpaMMbl U YMEHHUE YBEPEHHO IPUMEHSTh UX Ha MPAKTHKE
IIPU PELICHNN HECTAaHIAPTHBIX 3a]1a4.

OneHka «0TJM4YHO (8)» BBICTABIAETCS CTYACHTY, MMOKa3aBIIEMy BCECTOPOHHUE CHCTEMAaTH3UPO-
BaHHBIE INTyOOKHE 3HAHUA YU4eOHOM MPOrpaMMbI M YMEHHE YBEPEHHO MPUMEHATh WX Ha MIPAKTHKE
P BHITIOJIHEHUH U cAa4de JJaOopaTOpHOU pabOoThl, OJTHAKO JOMYCTUBIIEMY HEKOTOPHIE HETOYHO-
CTHU IIPU OTBETE.

OmeHka «xopouio (7)» BBICTABISIETCS CTY/ACHTY, €CJIH OH MPOAEMOHCTPHPOBAI TBEPJOE 3HAHUE
U YBEpPEHHOE NMOHMMaHHE MaTepuana yu4eOHON MporpaMMbl U yMEHHE CBOOOAHO MPUMEHSATH (-
3MYECKHE 3aKOHBI Ha MPAKTHKE MPH BHITOJIHEHUH U c/ladye J1a0opaTopHOi paboThI.

Omenka «xopouio (6)» BBICTABISIETCS CTYACHTY, €CJIH OH MPOAEMOHCTPHPOBAI TBEPJOE 3HAHUE
MaTepuaia y4eOHON mporpaMMbl U YMEHUE MPUMEHTh (U3NYECKHE 3aKOHBI Ha MpPaKTUKE MpU
BBITOJIHEHUH U CcJlaue J1abopaTopHOM paboTHI.




Omenka «xopomo (5)» BBICTaBIISICTCS CTYJCHTY, €CIIU OH MPOJEMOHCTPUPOBAI TBEPJOE 3HAHUEC
U [IOHMMaHHe Marepuana ydeOHOH MporpamMMbl U yMEHHE NPUMEHATh (PU3NUECKHE 3aKOHBI Ha
NPaKTUKE TP BHIMOJIHEHUH U cJaue Ja0opaToOpHOi paboThl, OJJHAKO JOIYCTUI MIPHU OTBETE P
rpyOBIX HETOUHOCTEH.

Ol1leHKa «yT0BJIETBOPUTEILHO (4)» BBICTABIACTCS CTYACHTY, MOKa3aBlIeMy (hparMeHTapHbIH
XapakTep 3HAHUH, JOMYCKaBIIEMY HETOYHOCTH B ()OPMYITMPOBKE OCHOBHBIX 3aKOHOB U 0a30BBIX
MOHSTHIA, HO TPU 3TOM MPOAEMOHCTPUPOBABIIEMY CIIOCOOHOCTh BBINOIHITH OCHOBHBIEC 3aJaHUS
IpY BBIIOJHEHUH U cllaue J1abopaTOpHO pabOThl U BlaJieHUE OCHOBHBIMH Pa3/iellaMu y4eOHOM
POrpaMMbl, HEOOXOIMMBIMHU IS JAIbHEHUIIIEro 00yUYeHUSI.

O1leHKa «yT0BJETBOPUTEIBLHO (3)» BBICTABIIACTCS CTYACHTY, MOKAa3aBIIEeMy CHJIBHO (pparmMeH-
TapHBIA XapakTep 3HAHUH, JOMyCKaBIIEMy IpyOble OMMOKH B ()OPMYIUPOBKE OCHOBHBIX 3aKO-
HOB U 0a30BbIX MOHITHIA, HO MPU 3TOM MPOJIEMOHCTPUPOBABIIEMY CIIOCOOHOCTh MPHU 3TOM IPO-
JIEMOHCTPUPOBABILIEMY CIIOCOOHOCTh BBIIIOJHITH OCHOBHBIE 3a/IaHUS NPH BBIMOJIHEHUH U Clladye
1abopaTopHO paboThl U BaJIeHHE OCHOBHBIMM pa3zzeliaMu y4yeOHOH mporpammbl, HEOOXOIU-
MBIMHU JUIsI JalbHEUIIEero o0y4eHusl.

Ol1ieHKa «HeY/0BJIeTBOPUTEIbHO (2)» WM «HEYT0BJIeTBOPUTENLHO (1)» BhICTaBISETCS CTY-
JIEHTY, KOTOPBIM HE 3HACT 3HAUYUTENBHYIO YaCTh OCHOBHOI'O COJEPKAHUS IIPOrpaMMBbl, CUCTEMA-
TUYECKHU JOMYCKaeT rpyObie OmMOKH MpH (HOpMyTUPOBAaHUHA OCHOBHBIX (PU3NYECKHUX 3aKOHOB
WIN He CIOCOOEH KOPPEKTHO MPUMEHATh (PU3MUECKUE 3aKOHBI JJayKe JUIs peIlieH sl TPOCThIX 3a-
Jad.

5. MeToau4yeckue MaTepHaJibl, onpeae/siiolie Npoueaypbl olleHUBAHUS 3HAHUI, YMEHUI,
HABBIKOB M (WJIH) ONBITA 1eATEJILHOCTH

[TpomMexxyTodHast arTecTanus Mo Kypcy MpoBOAUTCS B (opme audPepeHIUPOBAHHOTO 3a4eTa.
Orenka 3a qud. 3a4€T BHICTABIISAETCS Ha OCHOBE OIICHOK, MOJYYSHHBIX CTYIACHTAMU MPU 3aIIUTe
nabopaTopHbIX paboT. [y moaydeHHs MOJ0KUTEIbHON OLEHKH 3a 3a4€T CTYACHTY JOJIKEH BbI-
MOJTHUTH U 3aIIUTUTH BCE paOOTHI, MPETyCMOTPEHHBIE YIEOHBIM IJIAHOM.



