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1. IlnaHupyemble pe3yJbTAThl OCBOEHUS AU CHUILIMHBI

Pe3yabTaThbl 0CBOEHUSI AU CHUILIMHBI
(unouxamop oocmuoicenusi Komnemenyuu)

Ilnanupyembie o0pa3oBaTe/ibHbIE Pe3yJabTAThl
(OP) o0y4eHusi 1o IMCHHUILINHE

UMK-5.1. 3HaeTt " ymeert
aHaNM3MpoBaTb  TEXHUKO-TEXHOOTMYEeCcKoe
peweHne («aydywmne NpakTUKM»).

OP 5.1.1 xayecTBEeHHO OOBSICHUTH (hUBUUYECKHE

IIPOLIECCHI,  JIe)KAallUe B OCHOBE  JCHCTBUSA
MOJYIPOBOAHUKOBBIX ~ MPHOOPOB  Pa3IMYHOIO
Ha3HaYeHUs

OP5.1.2 BelunciaeHue KOHLIEHTpalMM HOCHUTENEH
3apsizia B OJIYTIPOBOIHUKAX.

OP5.1.3 YmeTb OLIEHUBATh KauecTBO
HOJYIPOBOAHUKOBBIX MarepuajoB CO3aBAEMBIX B
pe3ynbraTe pa3andHbIX TEXHOJIOTHH.

UMK-5.2. CoctaBnsaetr nnaH
9KCNEepUMEHTaNbHbIX  paboT,  npoBoauUT
aKcnepumeHTbl M 06pabaTbiBaeT pe3ynbTaThbl.

OP5.2.1 [TnanupoBarb KOMILIEKC
OKCTIIEPUMEHTAIBHBIX PadoT Ui OLEHKH KauecTBa
PabOTHI MOTYIPOBOTHUKOBBIX IPHOOPOB.

OP5.2.2 Ananu3upoBarh pabOTy OCHOBHBIX THIIOB

MOJTYIIPOBOAHUKOBBIX pubOpOB, ux
(yHKIMOHATIBHBIE  BO3MOXXHOCTH W OOJIaCTH
PUMCHCHHS
NMK-5.3. MpoeKktupyet n| OP5.3.1 Ymeer MIPOBOJUTH U3MEpeHne
obocHOBbIBaET, [0Ka3blBaeT  TEeXHMKO- | JIEKTPOYU3NIECKUX [1apaMeTpoB

TEXHONOTMYECKNE pPEeLeHUs Mo TemaTuke
nccnenoBaHuin.

MMOJIYyIIpOBOAHUKOB M 00OCHOBEIBAET TEXHOJIOTHIO
HX ITOJIYUCHUA.

2. DJranbl JOCTH:KeHHsI 00pa3oBaTe/IbHBIX Ppe3yJbTATOB B IMpolecce OCBOEHHS
AU CUMILINHBI
@DOpMBI TEKYIIETO KOHTPOJIS H
No | Paznens! u(nian) TeMbl AUCIUTUINH O0pasoBaTebHbIC Pe3yIbTaThI p yIers p
MIPOMEXYTOUYHON aTTeCTaLUH
OPS5.1.1
Texywuii KOHMpPONb:
Tecmul
Koumponvnas paboma
Tema 1. OcHOBHBIE CBEIEHUS 11O P p
1. Tpomedxcymounas
(bu3MKe TOTYIIPOBOTHUKOB
ammecmayus
3auem
OP5.1.2 Tecmot
Tema 2. CraTtuctuka OP5.13 Koumponvnas paboma
o | PHEKTPOHOB M JIBIPOK B Ipomescymounas
" | MOTYIPOBOJHUKAX. ammecmayusi
3auem




Tema 3. KoHTakTHBIE SIBIICHHS B OP5.2.1 Tecmu
OP5.2.2 Koumponvnas paboma
MOJTYITPOBOAHUKAX.
ITlpomescymounasn
3. | DIeKTpOHHO-IBIPOYHBIE U
ammecmayust
reTepONEPEXOIbI. 3auem
OP5.1.1 Pegpepam
Tema 4. bunionsipabie u Ipomescymounas
4. | noJeBbIe TPAH3UCTOPBI ammecmayusi
3auem ¢ oyenxoli
OP5.1.1 Peghepam
Tema 5. ONTOAIEKTPOHHBIE Ongtem 1o 1abopamopHoi
pabome
5. | momynmpoBOJHUKOBBIE TIPUOOPHI Mposescymounas
ammecmayust
3auem ¢ oyenxoli

3. OmneHouHble CpeACTBA /I NPOBEIEHHUS TEKYIIEro KOHTPOJAS W MeToAUYecKue
MaTepHaJibl, oNpeesiiolIue MPoue1ypy UX OlleHUBAHUS

Texkymuil KOHTPOJIb INPOBOJUTCS B TEUEHUE CEMECTpa C LEIbI ONpEIeNeHUs YPOBHS
yCBOEHUsI OOYyYarONIMMUCS 3HAaHWHA, (HOPMHUPOBAHHMS YMEHHUH W HABBIKOB, CBOECBPEMEHHOTO
BBISIBIICHUSI TIPEIoJaBaTeieM HEeJOCTAaTKOB
HEOOXOJMMBIX MEp IO €€ KOPPEKTUPOBKE, a TaKKe JJIsi COBEPIICHCTBOBAHUS METOAUKHU
oOyueHusi, opranu3anuu yueoHoi padotsl, u ¢pukcupyercs B opMe KOHTPOIBHOM TOUYKU HE MEHEe

OTHOI'0 pa3a B CEMCCTD.

B IMIOATOTOBKC

06yqafonmxc;1 U IIPUHATHUA

4. OueHOYHBIE CPeICTBA /sl POBeIeHUsI MPOMEKYTOUHOI aTTecTaluu

3 cemecTp.
4.1. Omnpoc Nel
BAPUAHT Nel

1. CKOIIBKO Op6I/ITaJ'IeI71 H KaKOBO MAaKCUMAJIIbBHOC KOJIUYCCTBO 3JICKTPOHOB B K- o6omouke?

2. HazoBuTe Kakue HOCUTEIH SIBIISIOTCS OCHOBHBIMH B COOCTBEHHOM NMOJYIIPpOBOJAHHKCE.

3. [loscHuTe cyTh aguabaTudecKoro NpUOIMKEHHS, UCI0JIb3YEMOI0 NMPHU PEIIEHUN YPaBHEHUS

[IIpenuHrepa st Kpucrajuia.

4. 3anonuute mpobein B ppase:

«OHEepreTUYecKuil CHEKTP 3JEKTPOHOB B TBEPJAOM Telle INPEJCTaBIseT co0OM uepenoBaHUE

5. 3akonunTe Qppasy:

«HauBpIcmas OHCPIreTUYCCKAA

9JICKTpOHaMU B OCHOBHOM COCTOSIHHUUN HA3bIBACTCHA

BAPUAHT Ne2

30Ha B TBCpAOM TCJIC,

KOTOpad HOCIUKOM 3aIlO0JIHCHA




1. Cxoapko opOuTaneil 1 KAKOBO MaKCUMaJIbHOE KOJIMYECTBO AJIEKTPOHOB B L — 06oouke?
2. HazoBuTE KakKie HOCUTENH SIBISAIOTCS OCHOBHBIMU B IIPUMECHOM I1OJYIIPOBOJAHUKE.

3. TlosicHuTe CyTh BaJIEHTHOM ammpoKCHUMAalUH, HCIOJIb3YEeMOW NpH PEIICeHUU YpaBHEHUS
[Ipenunrepa ajas Kpucramia.

4. 3anonauTe NIpoden B paze:

«DHEPreTHUECKUi CIEKTP FJICKTPOHOB BHYTPU PA3PEIICHHON 30HBI .coevvrvrniiiiiiieeeeennnn. ».
(moacka3ka: JUCKPETEH MU HEMPEPHIBEH WM KBAa3HMHEIIPEPHIBEH ).

5. 3akonunTe Qpasy:

«Camast HHXKHSISA SHCPIreTUYCCKAsA 30HAa B TBCPAOM TCJIC, KOTOpasA COACPIKHUT CBOGOI[HBIG oT
SJICKTPOHOB YPOBHU B OCHOBHOM COCTOSAHHUHU HA3ZBIBACTCH ..ccvviiiiiiiiiiiiiiiiiiiiiiiiiinenn ».

BAPUAHT Ne 3
1.  Cxonpko opOuTaneil 1 KAKOBO MaKCHUMAaJIbHOE KOJIUYECTBO JJIEKTPOHOB B M- 060110uKe?
2. HazoBuTe Kakue HOCHUTEIH SIBISIFOTCSI OCHOBHBIMH B TOHOPHOM IOJIYIIPOBOJTHUKE.

3. ITlosicHuTe CyThb OJIHODJICKTPOHHOTO NPUOJIMKEHUS, HCIOJIB3YEMOr0 TIPU PEHICHUH
ypaBHeHus lIpenunrepa st kpucranmia.

4. 3anonuute nmpobein B ppase:

«Ecmu P (BenwuwmHa, oOpaTHas MPO3PAvYHOCTH MOTCHIMAIBHOTO Oapbepa) paBHA o, TO 3TO
(o1 e ) G OSSP T TR (moackaska: abCoOIIOTHO
CBOOOJHBIX JJIEKTPOHOB MM aOCOJTIOTHO CBSI3aHHBIX JJICKTPOHOB WIIM CHJIBHO CBSI3aHHBIX
AIEKTPOHOB)».

5. 3akonuute ppa3sy:

((HpI/IHIII/IHI/IaJ'II)HaSI pasHua MCXKXAY AUDJICKTPUKAMU U IMOJYOPOBOAHUKAMHU C OI[HOﬁ CTOPOHBI
U IIPpOBOAHUKAMU C I[perfI CTOPOHBI 3aKJIIIOYAaCTCA B TOM, YTO B OCHOBHOM COCTOSAHHH Yy
MPOBOAHUKOB B 30HC ITPOBOAUMOCTH ...connnniiiiinniiiriinetrnatteeaanneeennnneneanns ».

BAPHUAHT Ne 4
1. Cxonbpko opOuTaneil ¥ KAKOBO MaKCHUMaJIbHOE KOJIMYECTBO 3JIEKTPOHOB B N — 000s10uKe?
2. HazoBuTe Kakue HOCUTEIH SIBISIOTCS OCHOBHBIMU B aKIIEITOPHOM IOJIYIIPOBOJHUKE.

3. IlosicHUTE CyTh BBENECHUS CaMOCOIVIACOBAHHOI'O MOTEHIMAJIA, UCIIOIb3yEMOTO IIPU PEIICHUHN
ypaBHeHus llpenunrepa nis kpucrania.

4. 3anonHuTe poben B ¢pasze:

«I'padpyk 3aBUCHUMOCTH JHEPTHHU JJIEKTPOHA OT BOJHOBOI'O BEKTOpa MpEeJICTaBisieT COOOi
................................... » (MmoJickaszka: mapabory Ui runepooay Ik dIKCTIOHEHTY).

5. 3akoHuuTte ¢pasy:



«C TOUKM 3peHHs 30HHONW TEOpUHM TBEPAOrOo Teja pa3HUIAa MEXAY AUIICKTPUKAMH U
MOJIYNPOBOHUKAMHU 3AKTIOUACTCSA B BEITHUMHE FX ..uueeeeeeeninineiiiiiiiiieiiiiiiniiiiiiininenes ».

4.2. Omnpoc Ne2
BAPUAHT Nel.
1. HazoBuTe Kakue HOCUTEIHN SIBIIAIOTCI OCHOBHBIMHU B C06CTBGHHOM MMOJYIIPOBOJHHKC.

2. llpm BO3pacTaHUU TEMIEPATYPHl YACIBHOE COMNPOTHBICHUE METAIUIOB ....cccvvverenne.
(Bo3pacTtaer? yObiBaer? He u3MeHseTcsA?), a COOCTBEHHBIX IOJYNPOBOJAHHKOB -
.................................................. (Bo3pacTaer? yObiBaeT? HEe H3MEHsETCS?).

3. B uyem, corjiacHo 30HHOW TEOpPHUH, 3AKJIIOYAETCS pa3HUIIA MEXKAY IPOBOJHUKAMH U
JHUAIEKTpUKaAMU ?

4. 3anonauTe nmpobein B ppase:

«BHyTpu paspemeHHON 30HBI B pe3ylibTaTe TEIJIOBOIO0 BO30YXKAEHUSA JJIEKTPOHBI MOTYT
epexoaAuTh Ha Oojiee BBICOKME DOHEPreTMYECKUE YPOBHHM, €CIM Ha 3THUX YPOBHSX

5. 3amonuute pobern B gpase:

((SHGPFGTI/I‘ICCKI/II;'I CIICKTP OJJICKTPOHOB B TBEPAOM TCJIC HNPCACTABIIACT coboit HUepCaoBaHUC

6. DIekTpompoOBOAHOCTH MpH Oojiee HHU3KUX TeMIepaTypax  MOSBISeTCS OblcTpee Yy
TOJTYTIPOBOJTHUKA «.eouvveeneeennanneannnnn. (cob6CTBEHHOTO, TOHOPHOTO, AKI[ENITOPHOTIO).

BAPUAHT Ne2 .
1. HazoBuTe, Kakue HOCUTEIH SIBIAIOTCS OCHOBHBIMHU B NPUMECHOM IOJIYNPOBOIHUKE.

2. Ilpu BO3pacTaHuM TEeMIEPATYPhl YAECIbHOE COMNPOTHBICHHUE METANIIOB ..cccvveeeeeeeen.
(Bo3pacraeT? yObIiBaeT? He H3MEHSETCA?), a MPUMECHBIX MOJIYNPOBOJHUKOB ..cccoeeerrrerennnnn..
(Bo3pacTtaet? yObIBaeT? HE U3MEHSIETCA?).

3. B d4em, corilacHO 30HHOM TEOpUH, 3aKIKOYAETCS pa3HULA MEXAY NPOBOJHUKAMHU U
MOJIYIPOBOTHUKAMU?

4. 3anonHuTe poben B ¢paze:

«Ecnu B 30HE€ HET HU OJHOIO QJICKTPOHA, TO IMPU HAJOKCHUU IJCKTPUUCCKOTO ITOJIA 9TAa 30HA
......................... (I[aeT? HC z[aeT?) BKJIaJ B SJICKTPOIIPOBOAHOCTDb KpUCTAJLIIA».

5. 3anonuute npoben B ¢pase:
«DHEPTreTHUECKUH CIEKTP PJICKTPOHOB BHYTPH PA3PEIICHHON 30HBI ...vvvvveeeeeennienreenennnn. ».
(moxckaska: JUCKPETEH WM HeNpPEephIBEH UM KBa3UHEIPEPHIBEH ).

7.97eKTPONPOBOTHOCTh JOHOPHOTO MOJYIPOBOJHUKA MTPU HU3KUX TEMIlepaTypax o0ycloBlIeHa
CBOOOJTHBIMH ....evvvneeneennennn. (3nekTpoHaMH, JbIPKaMU)

BAPHUAHT Ne 3.



1. HazoBuTE Kakue HOCUTEIIH SIBJISIOTCSI OCHOBHBIMH B JOHOPHOM IMOJYIIPOBOOHUKE.

2. Ilpm BoO3pacTaHUM TEeMIEpPaTyphl YAEIHHOE CONPOTHBICHUE METAIIOB ..occrvvereeennnn.
(Bo3pacTaeT? yObIiBaeT? HEe HM3MEHSETCS?), a JOHOPHBIX MOJYIPOBOIHUKOB = ..ccvvvvvrireerennnns
(Bo3pacTaet? yObIBaeT? HE U3MEHSAETCS?).

3. B 4ewm, coriacHO 30HHOW TEOpPHH, 3aKJIIOYAETCS pa3sHUIA MEXAY MOJYNPOBOJHUKAMH H
JHUAIEKTpUKaAMU ?

4. 3anomauTe NIpoden B (paze:

«Ecnu B 30HE BCE BO3MOXKHBIC COCTOSIHHMS 3allOJIHCHBI 3JICKTPOHAMH, TO 3Ta 30HA IIPH
HAJIO)KEHUU  DJIEKTPUUECKOTO  TOMA  eevenneeeeeeeeennnnnns (maer? we maer?) BKiIag B
AIEKTPONPOBOJHOCTh KPUCTAIIIIAY.

5. 3akoHuute Ppasy:

«Camass HWXKHSS OHEPIreTHYCCKAasd 30HAa B TBEPAOM TCJIC, KOTOpad COACPKUT CBO60,I[HI>IC OoT
OJICKTPOHOB YPOBHH B OCHOBHOM COCTOSAHHH HA3BIBACTCS ....coconvviiiiiiiiiiiiiiiiaiae ».

6HpI/I BBICOKHX TEMIICpaTypax B cOOCTBEHHOM MOJYIIPOBOAHHUKE OCHOBHBIMU HOCHUTCIISIMU
ABIAKOTCA ..ovvvvivviiiennn,

BAPUAHT Ne 4.
1. HazoBuTE Kakue HOCUTEIH SIBISAIOTCS OCHOBHBIMU B AKLENITOPHOM IOJIYNPOBOIHUKE.

2. Ilpu BO3pacTaHuUM TEMOEPATYpPHl YIEIbHOE CONPOTUBICHHE METAIIOB ...cccccevveeernnnnen.
(Bo3pacTaeT? yObIBaeT? HE M3MEHSETCS?), a AKIENTOPHBIX MOTYIPOBOJTHUKOB = ..ocvvvvvvrreeeeennns
(Bo3pacraet? yObIBaeT? HE U3MEHSETCA?).

3.B 4EeM, COIJIaCHO 30HHOM TCOPHUH, 3AKIKOYACTCA pa3HUIA MCKAY MNOJIYINPOBOAJHHUKAMH U
JAUDJICKTPUKAMU C OHHOﬁ CTOPOHBI U ITPOBOAHUKAMHU C I[perﬁ CTOpOHbI?

4. 3anonauTte npobden B paze:

«DJEKTPOHBI MOKHO CUYHTATh JIEKTPOHAMU MPOBOJUMOCTH TOJBKO B TOM CiIy4yae, €CIM OHHU
HAXOJIATCS B ceuviivvrreeeeeaeeesaintsreeeeesesessnnnsseseeeeeesesanseeaeeeseanns pa3pemeHHo 30He.

5. 3akoHuute Ppasy:

«HauBpIcmias OHEPreTUYCCKaAs 30Ha B TBEPAOM TCJIC, KOTOpasd LCIWKOM 3all0JIHCHA
SJICKTPOHAMU B OCHOBHOM COCTOSAHHH HA3BIBACTCSH ....ooviniiiiiiiiiiiiiii e ennns

6. DNEKTPONPOBOJHOCTh AaKIENTOPHOTO TIOJYNPOBOJAHMKA TPH HHU3KUX TeMIepaTypax
00YCIIOBIIEHA CBOOOJHBIMM ....eeueeneeaneennnen. (371eKTpOHAMHU, BIPKaMU).

4.3. Omnpoc Ne3

BAPUAHT Nel.

1. B monynpoBoIHUKE SHEPTETHYECKAas MIIOTHOCTh COCTOSIHUIN TI0 Mepe yAaleHUsI OT HUKHETO Kpas
30HBI TIPOBOIAMOCTH -....eeevvereeneeeneenneeneeanneenens (YMeHbIIaeTcs, yBEIMINBACTCS, OCTACTCS
MOCTOSTHHOM). 2. B cnyuae HEBBIPOKIACHHOTO
TIOJTYIIPOBOTHUKA K DJICKTPOHAM TPUMEHHUMA CTATHCTHKA ..c.vveeeenrieneereeeeeeneesneenseeneesneens (TONTBEKO
®epmu-/lupaka, Toapko MakcBenna-bonsiiMana, 00e BBIIIE IEPEUNCICHHBIE).

3. B mosrynpoBoTHHKaX B OCHOBHOM COCTOSIHHH BCE Pa3pelICHHBIC YPOBHH C DHEPTHEH OOJIbIICH
SHEPTUU DEPMH ..o (TIOJTHOCTRIO 3aMOTHEHBI, YaCTHYHO 3aI0JTHEHBI, COBCEM HE



3aroJTHEHBI ) AJICKTPOHAMH. 4. Ecnin ypoBeHb @epmu
HaXOJUTCS IOCEPEANHE 3alPEIIEHHON 30HbI, TO 3TO O3HAYAET UTO MOJIYIPOBOJHUK -
................................................ (coOCTBEHHBIN, HEBBIPOKICHHBIN TOHOPHBIN, HEBBIPOKICHHBIN
AKILIEIITOPHBIN, YACTUYHO BBIPOKICHHBIN JOHOPHBIN, YACTUYHO BBIPOKICHHBIN AKLENTOPHBINI,
MOJIHOCTHIO BBIPOXKICHHBIN ).

5. DNeKTPOIIPOBOIHOCTE MPH 00JIee HU3KHUX TeMIIEpaTypax MOSABISETCS y TOTYIPOBOTHUKA
...................................................... (coOCTBEHHOT 0, MPUMECHOT0, TOJIBKO JJOHOPHOTO, TOJIBKO

aKIIENTOPHOTO).

BAPUAHT Ne2 .

1. B mosynnpoBOIHUKE 3HEPTeTUYECKAs IJIOTHOCTh COCTOSIHUM 110 MEpE yAaJIE€HUS! OT BEPXHETo Kpasi
TN (912005 0)7 0 T0) 1 SRR (YMeHbIIaeTCsl, yBEIIMYMBACTCS, OCTACTCS IIOCTOSTHHOM ).

2. B cinyyae BBIPOXKICHHOTO MOJYIIPOBOJHUKA K 3JIEKTPOHAM TNPUMEHUMA CTaTUCTHKA
.............................................. (tonpko depmu-/lupaka, Tonbko Makcpema-bonabsiimana, 00 Bbiie

MepPEUYHCIICHHBIE). 3.B
MOJIYIIPOBOTHUKAX B OCHOBHOM COCTOSTHHH BCE€ Pa3pelICHHBIE YPOBHHU C SHEPTrHe MEHbIICH
SHEPTUU DEPMU ..o, (TIOTHOCTBIO 3aIOJIHEHBI, YACTUYHO 3aM0JIHEHBI, COBCEM HE
3ar0JHEHbI) AIEKTPOHAMH. 4. Ecnu ypoBenb @epMu
HAXOJHTCS B 3alpelieHHON 30He BOIM3HU AHA 30HBI TpoBoAuMocTH (HO He Ommke 2KT), To aTo
03HAYAET, UTO TMOTYIIPOBOITHUK = ..veevrerrerrureerureesiueeennreesssreesnsneessseeennnes (coOCTBEHHBIH,

HEBBIPOKICHHBIN JOHOPHBII, HEBBIPOXKICHHBIN aKIIEITOPHBIM, YACTUYHO BBIPOXKICHHBIN
JIOHOPHBIHM, YACTUYHO BBIPOXKACHHBIN aKLENTOPHBIN, OTHOCTHIO BHIPOKICHHBIH).

5. Ilpu BBICOKHX TeMIIepaTypax B COOCTBEHHOM IOJIYIPOBOJHUKE OCHOBHBIMU HOCUTENISIMU
SBIITEOTCST « . eve ettt ettt et et e et et et et e et et e e et e eeaees

BAPUAHT Ne 3.
1. B monynpoBoAHMKE SHEPreTUYECKasl INIOTHOCTh COCTOSTHUM BOJIM3M HUXKHETO Kpasi 30HbI
MIPOBOIUMOCTH ...unevveeernnrreeeaiireeennnnneeens (MMHMMabHA, MAKCUMAaIIbHA, OJJUHAKOBA BO BCEH 30HE).

2. B ciryuae coOCTBEHHOTO TOTYIPOBOJHHUKA K 3JIEKTPOHAM TNPHUMEHHUMA CTaTHCTUKA
.............................................. (tosibko depmu-Zlupaka, Toabko MakcBenna-boibimana, o0e Bblie
MIEPEYUCIICHHBIE). 3.B
JMBJIEKTPUKAX B OCHOBHOM COCTOSTHUM BCE€ pa3pellleHHbIe YPOBHHU C HEprueil OoJblueil sHepruu
DEPMU ..o, (TIOJTHOCTBIO 3aIOJIHEHBI, YACTUYHO 3all0JIHEHbI, COBCEM HE
3aI10JIHEHBI) AIEKTPOHAMH. 4. Ecnu ypoBeHb
depmMu HAXOUTCS B 3aMPEIEHHON 30HE BOJIM3M MTOTOJIKA BAJICHTHOM 30HBI (HO He Ommxke 2KT), To
3TO O3HAYAET, YTO MOIYIPOBOIHUK = ..oeorieerurerreenrienureereenineenseenreeneesneenseennees (coOcTBEHHBIH,
HEBBIPOKJCHHBIN JTOHOPHBIN, HEBBIPOXKICHHBIN aKIENTOPHBIN, YACTUYHO BBIPOKICHHBIN
JIOHOPHBIN, YACTUYHO BBIPOXKIEHHBIN aKIEITOPHBIHN, TOJIHOCTHIO BBIPOXKIEHHBIN ).

5. DneKTponpoBOAHOCTH JOHOPHOTO MOJIYIIPOBOIHUKA ITPH HU3KUX TEMIIEpAaTypax 00ycIoBIeHA
CBOOOIHBIMH .....eeeneieniieeniieieesieenieesseeseesneeeeees (IBIpKaMHU, DIIEKTPOHAMH).

BAPHUAHT Ne 4.
1. B monynpoBoIHUKE SHEPreTHYECcKas MJIOTHOCTh COCTOSIHUN BOJIM3M BEPXHETO Kpasi BaJ€HTHON

c70)5 03 (R (MPHUMAaIbHA, MAaKCHMaJIbHA, OJMHAKOBA BO BCEH 30HE).
2. B cityyae HEBBIPOKIEHHOTO PUMECHOIO MOIYITPOBOJIHHKA K AJIEKTPOHAM MPUMEHHUMA
CTATHCTHKA ...evveereeeeenaiireeeeeeeenaiieeeeeeeeens (Tonpko depmu-/upaka, Toneko MakcBemia-bonbimana,

00e BbIIlIE IEPEYUCIICHHBIE).
3. B musnekTpukax B OCHOBHOM COCTOSIHUU BCE pa3pelIeHHbIe YPOBHH C SHEPrUel MeHbIIen
HEPTHH DEPMH ..ot (TTOJTHOCTBIO 3aTIOJTHEHBI, YACTHYHO 3aMIOITHEHBI,



COBCEM HE 3aIOJTHEHBI) AJICKTPOHAMH. 4. Ecnu ypoeHs @epMu
HAXOJHTCS B 3alpPEIICHHON 30He BOJIU3M MOTOJIKA BAJIGCHTHOW 30HBI (ipuueM Ommke, uem 2KT), To
9TO O3HAYAET, YTO MOTYITPOBOHIK = eevvvreerrrreerreessreeasereessseeesseeesseessseennns (coOCTBEHHBIH,
HEBBIPOKICHHBIN JJOHOPHBIN, HEBBIPOXKICHHBIN aKIENTOPHBIN, YACTUYHO BBIPOKICHHbBIN
JIOHOPHBIN, YACTUYHO BBIPOXKIACHHBIN aKIENTOPHBIN, OTHOCTHIO BHIPOKICHHBIH).

5. DNeKTPOIPOBOIHOCTH AKIEITOPHOTO TOJTYIPOBOJHUKA ITPH HU3KHUX TEMIEpaTypax 00ycCIOBJICHA

CBOOOTHBIMH ....cccuvveeaerieennreeensreeesseessseesnsseesseens (IBIpKaMU, DIIEKTPOHAMH ).

4.4.0npoc Ne4

BAPUAHT Nel.

1. B p- mepexo/e npu MpsiMOM CMEIICHUH MPEOOTATACT ...vevvenveenrerveeeenneeeneenneense KOMITIOHEHTa

toka (muddy3nonnas, aperdonas, HE Ta U HE ApyTas).
2. B ciydae momauu Ha p-T MEPEXO]] MPSIMOTO CMEIIEHUS TTOTEHITUAIBHBIN Oapbep JJsi OCHOBHBIX

HOCHTEIICH 3APSATIA  .ovveeeveeeieerieeeeereeseneeveeeeneenns (YMeHBIIIaeTCs, YBEIIMYMBACTCS, OCTACTCS
HEU3MEHHBIM). 3. Eciu Ha
MIOBEPXHOCTH OJYIPOBOTHUKA KOHIICHTPAIUS OCHOBHBIX HOCUTEJICH 0OJIbIIe, YeM KOHIICHTPAIUS
OCHOBHBIX HOCHUTEIEH B O0BEME, TO OTO .vvvvvvvveeennnnnns (oboramenue, o0eHeHne, ciabdas
HUHBEPCHS, CUIbHAS HHBEPCH). 4. Eciiu ypoBenb @epmu

HaxOJIUTCS 30HE MPOBOJAUMOCTH, TO 3TO O3HAYAET YTO MOJIYIPOBOJAHUK -
.......................................................... (cobcTBEHHBIHN, HEBBIPOKACHHBINH JOHOPHBIH,
HEBBIPOKJICHHBIN aKIENITOPHBINA, YACTUYHO BBIPOXKICHHBIN JJOHOPHBIN, YaCTUYHO BBIPOKICHHBIN
AKLENTOPHBIH, OTHOCTHIO BBIPOKICHHBIH). 5.
bapbepHas eMKOCTb — 3TO EMKOCTD P-TI IIEPEXOA .. .vvnnennineennenneineenneineenaennnns (B oTCyTCTBUE
CMEILEHUS, IPU IPSIMOM CMEILLEHUH, IIPU 0OOPaTHOM CMELIECHUN ).

BAPUAHT Ne2 .

1. B p-11 mepexo/ie mpu 00OpaTHOM CMEIICHHUH IMPEOOIATACT ...oeevveervreenreeeereeereeenreenes KOMIIOHEHTA
toka (nuddy3nonnas, nperidosas, HE Ta ¥ HE APYTasi).

2. B ciyuae nonauu Ha Gapbep LIoTTKH 00paTHOTO CMEIIEHHS TOTCHIIMAIBHBINA Oapbep Js
OCHOBHBIX HOCHTEIICH 3APSAIA ..evveervreeereeererreenreenveensnenseens (YMeHbIIaeTcs, yBeIIMINBACTCS,
OCTaeTCs] HCU3MCHHBIM). 3.
Ecii Ha MOBEPXHOCTH MOTYIIPOBOIHHKA KOHIICHTPAITNS OCHOBHBIX HOCUTEIICH MCHBIIE, YeM
KOHIIEHTpAIMsl OCHOBHBIX HOCUTENEH B 00beMe, HO O0JIbIle, YeM KOHIIEHTpAIUs Ha IIOBEPXHOCTH

HEOCHOBHBIX HOCUTEIIEH, TO 3TO ..vvvvvvenennnnnnnns (oGoramenue, o0enHenue, ciadbass ”HBEPCHS,
CUJIbHAsI UHBEPCHS). 4. Ecnu ypoBens depmMu HaXOAUTCS B
3anpenieHHoN 30He BOIM3M Ha 30HbI TpoBoAUMOcTH (HO He ommke 2KT), To 310 03HauaeT, yto
TTOJTYIIPOBOIHUK = .evveeriieeenureeenireeenireesnireesneeesneeesneeenanes (coOCTBeHHBIHN, HEBBIPOKACHHBIN

JIOHOPHBIH, HEBBIPOKICHHBIN aKIIENTOPHBIN, YACTUYHO BBIPOKACHHBIN JJOHOPHBIN, YACTUYHO
BBIPOKACHHBIN aKIENTOPHBIN, TOJTHOCTHIO BHIPOKICHHBIH).

5. Auddy3roHHAsT EMKOCTh — 3TO €MKOCTD P-TT TIEPEXOJIA v vvvenreeneeennreenneenneennnenns (B
OTCYTCTBHUE CMEILEHUS, IPH MPSIMOM CMEIIEHUH, TP 0OPaTHOM CMEILEHUH).

BAPUAHT Ne 3.
1. B p-n1 nepexojie npy NpsIMOM CMELIEHUHU MPEOOIIATAET TOK ...cevvemreeurenueenneenrenueeneennes HOCUTEJIEN
TOKa (OCHOBHBIX, HEOCHOBHBIX, BKJIaJ] 000MX OJJMHAKOB).
2. . B cnyuae nonauu Ha 6apbep LLloTTku npsiMmoro cMenieHus MOTeHIMAIbHBIN Oapbep A
OCHOBHBIX HOCUTEIIEH 3APATA ..ecvviveeiieniienieeiieieeienieenneeanans (YMeHbIIaeTcsl, yBEITUUUBAETCs,
0CTaeTCsi HEU3MEHHBIM). 3.
Ecnu Ha mOBEpXHOCTH MOJIYNPOBOAHUKA KOHIIEHTPALMsI HEOCHOBHBIX HOCUTENEH 0oJIbllie, yeM
KOHIIEHTpAIUsl OCHOBHBIX, HO MEHbIIIE, YeM KOHILEHTPalMsi OCHOBHBIX HOCUTENIEH B 00beMeE, TO 3TO



................................ (oboramenue, odbemHeHne, ciadast HHBEPCHS, CHIIbHAsT HHBEPCHS ).

4. Ecniu ypoBenb depMu HAXOIUTCS B 3aIIPELICHHOM 30HE BOJIM3H MTOTOJIKA BAJICHTHON 30HBI (HO HE
ommke 2KT), To 3TO 03HAYAET, YTO MOTYITPOBOMIHIK = ovuvvrersvreessreeessreesssseesssseessssessssseesssesssneenns
(coOCTBEHHBIH, HEBBIPOXKICHHBIN JTOHOPHBIH, HEBBIPOXKICHHBIH aKIIENITOPHBIHN, YACTUIHO
BBIPOKACHHBIN JOHOPHBIH, YACTUYHO BBIPOXKICHHBIHM aKLIENTOPHBIH, IOJTHOCTHIO BBIPOKICHHBIH ).
5. bapbepHas eMKOCTh P-TI TIEPEX0JA OOYCTOBIICHA ... .vveureenrenrseereneenneannenneannn ceenns
(M3MeHeHueM 3apsijia Ha MeTaJUTypruuecKoi rpaHuIle, I3MEHEHUEM 3apsia HOHU30BaHHbBIX
npumeceil B OI13, n3ameHeHneM 3apsa HHKEKTUPOBAHHBIX YepPe3 MEPEX0/ CBOOOIHBIX HOCUTENIEH

3apsaa).

4 cemecTp.

Bompocel o kypey  «IloaynpoBOgHUKOBAs 3JIEKTPOHUKAY.

Knaccugukarus BemecTs 1o yienbHOM 31eKTpU4ecKoi mpoBoauMocTy. [1oaynpoBoHUKH.

MozenpHOE IpeACTaBICHNUE U 30HHAs JUarpaMMa COOCTBEHHOIO IOJIYIPOBOIHUKA.

MozenbHOE IpeaCTaBICHNE U 30HHAs JuarpaMmma JOHOPHOTO IOJyIIPOBOJHUKA.

MogenbHoe NpeACTaBICHUE U 30HHAs AMarpaMMa akIeNTOPHOTO MOJYIPOBOJHUKA.

30HBI pa3pellieHHbIX 3HA4YeHUN sHepruu B Kpuctauie. OOpa3oBaHUE 30H B3HEPrUM U3
SHEPreTUYECKUX YPOBHEH MPH COMMKEHUHN aTOMOB.

6.  Merauibl, IUIEKTPUKU U TTOIYIIPOBOAHUKH C TOUKH 3pEHHsI 30HHON TEOpUHU TBEPABIX Tell.

7. I'maBHas 3ajaya CTaTHCTUKHM JJIEKTPOHOB U JBIPOK B KpHUCTauIax. OYHKIMHM IUIOTHOCTH
COCTOSIHUHM M (DYHKIIMU pacupeeseHust CBOOOIHBIX HOCUTENEH 3apsiia.

8.  Pacuer KOHIEHTpaLMU HOCUTENEH 3apsiia B COOCTBEHHOM MOIYIPOBOIHHKE.

9.  Pacuer KOHLEHTpaLMU HOCUTENEH 3apsijia B IPUMECHOM HOJIYIIPOBOIHUKE.

10. TemmeparypHasi 3aBUCHMOCTH 3JIEKTPOIPOBOJHOCTH B COOCTBEHHOM TOJYIPOBOIHHKE.
MoznenbHble IPEICTaBICHNS U 30HHBIE AMArPaMMBbI IIPOLIECCA HAIPEBAHHUS.

11. TemmnepaTypHasi 3aBUCUMOCTb JJIEKTPONPOBOJHOCTH B JOHOPHOM  IIOJYIPOBOJHHKE.
MonenbHble IPEICTaBICHNS U 30HHBIE AMArPAMMBI IIPOLIECCAa HATPEBAHUS.

12. TemmeparypHasi 3aBHCHMOCTb DJIEKTPOIPOBOJHOCTH B AaKIENTOPHOM IOJYIPOBOIHHKE.
MonenbHble IPEICTaBICHNS U 30HHBIE AHMarpaMMBbl IIPOLIECCA HAIPEBaHUS.

13. Tlomoxxenue ypoBHs @epMu B COOCTBEHHOM M MTPUMECHOM ITOYTIPOBOHHKE.

14.  DnexTponpoBOJHOCTH MOTYIMPOBOJAHUKOB. TOKH B MOTYITPOBOIHUKAX.

15. HepaBHOBecHbIE HOCUTEIH 3apsi/ia B OJYNIPOBOJHUKAX. Y paBHEHHE HEIPUPHIBHOCTH.

16. BaemHsss W TepMOAMHaAMHUYecKas pabOThl BBIXOJAa B MOJYNPOBOJHUKAX N- U p-THIIA.
VYpaBHenue Puuapacona.

17.  Dddext nons. 3oHHas auarpamma npu 3pQexre mos.

18. KonTakT Metaiui-omynpoBoaHuk. bapeep LLoTTkw.

19. 3onnHas nuarpamma 6apbepa LLIOTTKHM pH BHEIIHEM HAIPSKEHHUH.

20. Bonpr-amnepHas xapakrepucTika 6apbepa LloTTku.

21. OGpa3oBaHMe U 30HHAS AUArpamMma p-n nepexoja.

22. ®DusnyecKwid ¥ METAJUTYPrHUecKuil p-n mepexo. CHMMETPUYHBIA ¥ HECHMMETPUYHBIN p-N
IIEPEXOI.

23. KoMmoHeHTH TOKa B p-n Tepexoje B PABHOBECHOM M HEPABHOBECHOM (TPH HATUYHU
BHEIIHETO HAINPSKEHMSI) COCTOSTHUU.

24. BonpT-amnepHas XxapaKTEpPHUCTHKA p-N epexoa.

25. bapwepHas u qudy3uoHHAsS EMKOCTH p-h MEPEXoAa.

26. T'erepomepexonsl. OmpeneneHue, YCIOBHSA MPAKTHUECKOTO CYNIECTBOBAaHHS, 00IacTh
IIPUMEHEHHSL.

27. Tereponepexomsl. [IprMepsl 30HHBIX AHAarpaMM U 00JIaCTH IPHUMEHEHHS.

28. Bunel uznyuaTenbHON U O6€3bI3TydaTeNbHON pekoMOuHauu. BHyTpeHHU KBaHTOBBIM BBIXOA
JIFOMUHECIEHIIMN TTOJIYIIPOBOITHUKOBOIO MaTepHaIa.

agrwpdE



29. PexoMOMHANMOHHOE W3TyYCHHE TOMYMPOBOAHUKOB TpHU (YHIAMEHTAIBHBIX TEepexojax.
[IpsiMble 1 HETIPSIMBIE TIEPEXOJIBL.

30. PexoMOMHALMOHHOE U3Jy4EHUE MPU MEPEX01aX MEXy 30HOU U IPUMECHBIMU YPOBHSIMH.

31. CnexTtp peKOMOUHAIMOHHOTO U3TyUCHHSI.

32. MexaHM3Mbl MHXEKIMM HEOCHOBHBIX HOCUTEJIEH 3apsi/ia B U3JIydarolleM AUOE.

33.  MomHoCTh U3Iy4YeHus 1uona. BHyTpeHHMIi 1 BHEIIHUI KBAaHTOBBIE BBIXObI, 3(h(PpeKTUBHOCTD
MH)XEKINHU, KO3(QOUIMEHT BbIBOJIA U3ITyUEHHUSL.

34. CnoHTaHHOE W  BBIHYXJCHHOE M3JIydeHHE aroMa. VIHBEpCHOHHAs  3acelleHHOCTb
SHepreTudeckux ypoBHel. TpexypoBHeBas cucreMa.

35.  VYcnoBus co3aaHus HHBEPCHOHHOMN 3aCEIEHHOCTH YPOBHEH B J1a3epHBIX MOITYIPOBOJHUKOBBIX
IMoAax. 3aBUCHMOCTh MHTEHCHBHOCTH W3IYYEHHUS MOJYIMPOBOJHUKOBOIO Ja3epa OT YpPOBHA
BO30OYXKICHHUS.

36. Buyrpennuii porordpdexr. CoOCTBEHHOE, IPUMECHOE U FKCUTOHHOE TOTJIONICHNUE M UX BKIIA]
B (hOTONPOBOJUMOCTb.

37.  ®otonpoBoAUMOCTh. POTOPE3UCTUBHBIN P (DEKT.

38. BrusHue MOBEPXHOCTHON pekoMOMHAIMKU U 1uddy3un HocuTenen 3apsaa Ha CIEKTPaTbHBIC
XapaKTePUCTHKH (POTOTOKA.

39. XapakTepuCTHKH U IapameTpsl GoTope3ucTopoB. Penakcanus GoTonpoBOAUMOCTH.

40. dotordpdext B p-n mepexoxe. DororampBanmyeckuii pexum. BentunmpHas (oto-2/C.
ConneuHnsle O6atapeu.

41. ®oTOAMOIHBIN PEKUM MOTYIIPOBOJHUKOBOTO M0/1A. XapAKTEPUCTUKHU MOTYIIPOBOIHUKOBOTO
¢boTonno1a KaKk MPUEMHHUKA ONITUYECKOT0 U3JIyUeHHUS.



