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1. INEPEYEHD IINIAHUPYEMBIX PE3YJLTATOB OBYUYEHMUSI
Jucrminmna ywactsyer B hopMupoBanuu ciieayrommx KOMITETEHIIHH 00pazoBa-

TCIBHBIX IIPOTPAMM:
Kommnerennus IK- 1 «CriocoGen CTPOUTEL IPOCTEUIINE PU3UYECKAE U MATEMATHUCCKAC MOJ[E-
I IpubOPOB, CXEM, YCTPOMCTB M YCTAHOBOK OJIEKTPOHHMKU M HAHODJIEKTPOHHUKU DPa3IHIHOIO
()YHKIMOHATBHOrO HA3HAYEHUS, a TAKXKe HCIOIb30BATh CTaHIapTHBIC IPOrpaMMHEIE CPerCcTBA
UX KOMIIPIOTEPHOIO MOACIMPOBAHKSY CHOPMYTHPOBAHA HA OCHOBE CIIEIYIOLIAX npodeccuo-
HaJIbHBIX CTaHIaPTOB:

40.040 Wmxenep B o6nactu pa3paboTKi IUPPOBBIX OMOTHOTEK CTAHIAPTHBIX SUCCK U
CIOKHO(DYHKIIMO—HATIBLHEIX OJIOKOB
Obo6mennas TpynoBast pynkuus: PaspaGorka QJICKTPUYCCKUX CXCM U XapaKTepU3al(is CTaH-
JIAPTHBIX f9eeK OMOIMOTEKU
Tpynosrie pynxmmu: A/01.6 «PaspaGorka OJIEKTPUYCCKUX CXEM CTAHJAPTHBIX SYeCK OUOIIHO-
rexm», A/02.6 «OnpeneneHne OCHOBHBIX CTATHYCCKAX M JTHHAMIYCCKUX XapaKTEPUCTHK CTAH-
JIAPTHBIX s1YceK OUOIHOTEKM

Moaxommerenuuu, g

3anaqn npodeccnonanbuoii | MHIIKATOPSI JOCTHAKEHHST 1101-

dbopmupyembie B aHc- J
: AesITeTbHOCTH KOMIETEeH I
IHMIUIHHE

[IK-1.HD «Cnocoben | — amanus Hay4mo- 3HaHus:
CTPOUTD U UCIIOJIB30- TEXHUYECKOH HHPOPMA- | —  ompejencHue FETEPOCTPYKTY-
BaTh KBAHTOBOMEXAHM- UM, OTEYECTBEHHOIO U PBI, TUIIOB I'€TEPOCTPYKTYP, UX
YECKHUE U KJlaccuue- 3apy0eKHOTO OITLITA 110 IPUMCHEHHE B HAHOIJIEKTPO-
CKHME MOJIC/IN OTMCAHUS TEMaTHUKE UCCIICTOBAHMS; HUKE;
SIIEMEHTOB HAHODJIEK- — METoJa Orubaromeil BOIHOBOH

—  MaTeMaTH4YeCcKOe MOJIe-
TPOHHKY Ha OCHOBE (QYHKIIIH JUTS OTHCaHmst DJIeK-

JIMPOBAHUE BJICKTPOHHBIX

IOJIYIIPOBO/IHUKOBBIX
puOOPOB, CXEM U

TPOHHLIX COCTOSHUMI B rerepo-

reTepOCTPYKTYP, TYH- b CTPYKTypax;
. YCTPOUCTB pa3IMYHOIO

HCIBHBIX CTPYKTYD, —  ME30CKOIIMYECKUX ¥ KBAHTOBBIX
(bYHKIMOHAIIEHOTO .

MOJIEKYJISPHBIX 1 SBJICHUH B HAHOpA3MeEPHLIX
Ha3zHavyeHHs Ha 0ase

CBEPXIPOBOTHUKOBBIX CTPYKTypax: HAaHOYACTULIAX,
CTaH/TAPTHBIX IIAKETOB

CHCTEM HaHOKJIaCTepax. HAHOKOHTAK-
aBTOMAaTU3UPOBAHHOTO

TaX ¥ HAHOIIPOBOJIOKAX;

IIPOEKTUPOBAHUSI;

—  TEXHOJIOTHH MOJICKYJISPHO-
IIy9KOBOM SIMTaKCuy Jyist hop-
MUPOBaHU reTepocrpyxcryp,
MEXaHU3MOB (OPMUPOBAHUSL
IJIEHOK B MOJICKYJISIPIO-
JIy4E€BOH BIIUTAKCHUH, METO KA
HOHHOTO TPABJICHUS!, HONHOM
MUKPOCKOITHH;

— IIPHUHIMUIIOB CBEPXIIPOBO[IIKO-
BOM 3JIEKTPOHUKH, DIIEMCHTHAS
0a3a CBepXIIPOBOJHUKOBON
JJIEKTPOHUKHU, TICPCIICKTUBEI
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pa3BUTHS;
YMmenns:

| —  pAacCYHTHIBATH apameTponl
KBaHTOBBIX CHCTEM, HEOOXO (M-
MBIC JUIS UCIHOJB30BAHUS WX B
npubopax © H3NEIUSX HAHO-
SJIEKTPOHUKH;

— BBIIONHATH OLEHKY I1apaMer-

J POB ME30CKOIIMYECKUX CHCTEM,

| OnbIT FesaTeasHocTH:

—  PCIIEHHS PaKTHKO-
OPHUEHTHUPOBAHHEIX 34744

HAHOJIEKTPOHHUKHY: pacuéra
apaMEeTPOB PeabHEIX ME30-
CKOIIMYCCKUX CHCTEM, OLCHKH
apaMeTpOB IETEPOCTPYKTYD;

2 MECTO JUCHUIIJIUHBI B CTPYKTYPE OBPA3OBATEJLHONI
IIPOTI'PAMMBI

Hucunmmmna BXoquT B 9acts, Gopmupyemyio yuactauKamu 00pa3oBaTEILHEIX OTHOIIIE-
i boka 1 «{ucnummmHes (Mo rym)y» 00pa3oBaTeIbHOM IPOrpaMMBL.

Tt e€ ocBoenust TpebyroTes SHaHHUA, yMCHHS M OIBIT ACATEIBHOCTH, IIPUOGPETACMbIE
CTYACHTaMK [P U3YYCHHUH CICAYIOMNX TUCIUIIINE, MareMaTHaeckuii aHamms; Pusuka. Diex-
IPHICCTBO 1 MarHeTusM; Pusuka. ATomHast Gpusuka U cTpoeHue BemecTsa; Teopust BeposTHO-
CTEH M MaTeMAaTHYECKas CTATHCTHKA, Huddepennuansusie ypasuenns, Kpanrosas MEXaHWKa,
Crarucruaeckas Qusuka, Ksantopas CTaTucTHKa, DUNYECKUE OCHOBBI BNIEKTPOHUKY, Du3uKa
KOHIEHCUPOBAHHOTO COCTOSHUS.

3. OBBEM NVCHUILIUHBLI U1 BUABLI YYEBHOM PABOTHI
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4. COJEPKAHHUE JUCIUILINHBI
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Ompocer 1-4
1. Harosnexrponuka 32 - 16 64 Konrpons  pemenms  mpaxrmxo-
OPHCHTUPOBAHHBIX 34124
2. Jlaboparopusrit 16 16 KonTpons Bemonmennst u sammra
HIPaKTUKYM- | 1ab0PaTOPHEIX paGoT.
Kontposs Bemonserns UHIUBUTY -
I — QJIBHBIX ITPAKTHUKO-
S . - 18 | 54 | opuentuposanmex 3amanmii,
Ompoc 5

4.1. JlekuuoHHbIE 3aHATHS
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Beenerue B HaHOeKTPOHNKY. OCHOBHbIC pasjielibl (HampaBieHus:)
1. JIOPOXKHOH KapThI 110 HieKTponuke (Roadmap). 3axon Mypa.
Ha- 1 lIpencranenne nHEGOPMANUS B PU3NUESCKAX CUCTEMAX H KAKHE
p
HO-~ (r3HIECKHe BETIIMHDI B 0GBEKTH MOYKHO UCIIOIB30BATH IS
HICK KojupoBanust uHpopmarmu. I'ereponepexon u ICTEPOCTPYKTYpa.
e 2 1oy poBOTHIKOBEIE FETEPOCTPYKTYPEL.
HHKa w
3 WmkeHepus 30HHOM cTpyKTypsL. [10TyIpoBo/[HUKOBEIE
LeTEPOCTPYKTYPBL. MeTo1 orubaromei.
4 CTpyKTYpBI ¢ HOHIKEHHOM Pa3MEPHOCTHIO.
Pesonancnoe tymHennposanue u CBEPXPEIICTKH, SITHTAKCHALBHBIC T6X-
HOJIOTHH.
6 2 | KsanroBsrit adpext Xomra.
MexaHU3MEBI [ETOYUCIEHHOTO KBAHTOBOT'O s pexra Xoswra. JpobHbIit
KBaHTOBBIH 3 dext Xoia.
8 2 | KBanToBblit addext Xota 1 TONOI0rHuecKre s dexTs! B huzuxe xou-

ACHCUPOBAHHOI'O COCTOSHUS.
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Onuoonexrponnka. Kymonosekas 6okana TYHHEJINPOBAHHUS.

OJHOSIIEKTPOHHBIN TPAHZUCTOP U PYTHE pubOpPBI Ha OJTHOMIEKTPOH-
HOM TYHHEJIUPOBAHUH.

11

Cross-bar apxurekTypa. 3D HHTETpabHBIE MEKPOCXEMBL MewmpucTopsr,

12

MonexyspHast a1eKTpoHUKA.

13

Jlomennple rpanuie! B nonuanermwiere. Comuronst. HocuTenu cummna
0e3 3apsna, HocuTeNd 3apsaa 6e3 cruna. COMMTOH KaK HEHACBIIEeHHAs
CBA3b U PaJiKaIIbl B XuMuH. [lossiposs! B onmaneTieke. Qyruiepensr,
rpaden u HaHOTPyOKu. [lepcrekTrBa CO3IaHMUs TTOTEBBIX TPaH3UCTOPOB
Ha ocHOBe rpadena u napajokc Kieitna. Crioco6sr co3manms
3aIPCIICHHON 30HBI B TpadeHe.

14

HaHO(i)OTOHI/IKa, HaHOIUIa3MOHHKA U HAHOOIITHKA.

15-16

Ilepcrextupusie Hatpasnenus — JJHK-KOMITBIOTUHT, KBAHTOBLIC IH-
TepdepPCHIMOHHbIE TPaH3UCTOPEL. KBaHTOBEIE 3 (EKTH B METPOJIOTHH.

4.2.  IIpakTmveckue 3aHSTHSI

Ne moaynst
JUCHHTLINHbI

NempakTHYecKOro
3aHATHSA

O0beM 3anaTHii

(qacri)

HaumenoBanue 3ansiTust

Haun

—

[\9]

Pemenue 3agaun 06 onpeneieHuH 9rciia KBAHTOBBIX COCTOSHU TaCT -
bl B KBAHTOBOH sIME.

02JI1C

Meto MaTpuI pacripocTpadenusl.

KTp

[TpaBmiio Berapa.

OHH
Ka

Kraccnyeckuit u kBaHTOBBIN 3 dekTh X0JIIa.

OJ;IHOBJIGKTpOHHOC TYHHCJIPOBaHUE.

MCMpHCTI/IBHOCTb.

NN | B W N
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Haxosx/ieHue sHepreTuaeckoro cekTpa rpadena, Touxa Jupaka.

Jxo3edcorOBCKHMH TTIEpexo.

OCHOBHBIE TEPMOIMHAMUICCKUE COOTHOMIEHHS | DICKTPOMATHUTHEIE
CBOMCTBA CBEPXIIPOBOJAHUKOB, BEIBOJ GOPMYII JUIst SHTPOIMH U TEIIOCM-
KOCTHU BOJIM3H KPUTHIECKON TEMIIEPATY DB, HCCIETOBAHNAE 3aBUCUMOCTH
TEIIOEMKOCTH OT TEMITICPATYPhl BOIM3M KPATHICCKON TEMIIEPATYPBI, BEI-
BOJ ypaBHeHu# JIoHI0HOB.

Oyuxumonan u ypasHenus I 'uusOypra-Jlannay, BeIpasxKeHue st
KPUTHYCCKOTO MATHUTHOTO MOJIS, JIOHIOHOBCKO# TITyOHHET
IPOHUKHOBCHUS M KOPPCIAUMOHHON ITIMHBI 9epe3 TapaMeTphl
(yHKnMOHaNA, yCIOBHE KBAHTOBAHHS ITOTOKA.

OHEprusi I'PaHuUIb! pasjieNa CBEPXIIPOBOSIICH U HOPMANLHOM a3k, pe-
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HH-
Ka

IeHne ypapHenus ['un3bypra-Jlannay 86musu BEPXHEr0 KPUTHUECKOTO
MAariuTHOrO IOJIst, pacyeT mapaMeTpa Kailiia, OIpeaessIomero pazimave
CBEPXIPOBOAHUKOB IIEPBOrO M BTOPOrO POJIA.

Mukpockommaeckas Teopus CBEPXIPOBOMMOCTH bapuna-Kynepa-
HIpuddepa, pemenne 3anaun Kymepa jutst maper aiextponos, SHEPIUs
CBCPXIIPOBOJIHIKA LD HAIMYMH KOH/IEHCATA KYTICPOBCKUX Iap, napa-
METp IOPSJIKA M PEIICHHE YPABHEHNUS CAMOCOTIACOBAHMS, SHEPIeTHC-
cKad IICJIb 1 CICKTP 9JIEMEHTAPHBIX BO3OYKICHII, PElenne Ypasiens
CaMoCOIIacoBaHMUA JUIsL TEMIIEPATY PhI IEPEXOIA M H30TOIMYCCKUL 3]-
(heKT, OTHOIICHHE DHEPreTHUECKOH e K TEMITEPaType mepexo/ia.

Beipaskenus s Toka B cranmonaproM u HecTanuonapHoM sddexre
Jbxozedceona, crynensku Hlammpo u IPUHIMIT pabOTh] CTaH apTa
HAIPSDREHUA, SKBUBAJICHTHAS SIICKTPHIECKast CXeMa JK03e(hCOHOBCKOTO
TICpEeXO/a, PeICHIE YPABHCHHS ISt (ashl M reHepalys 3IeKTPOMATHHT-
HOT'O TIOJTS.

OHeprust JKo3e)COHOBCKOTO TIepexoya, ypaBHeHue U1t hassl ¥ anaio-
U5l ¢ GH3HYCCKIM MAsTHUKOM M YaCTHIEH C MacCoi, THCTEPE3UC BOILT-
aMIIEPHOH XapaKTePUCTHKH, (asa M GHCII0 YaCTUI] KaK COIPSDKCHHBIE
KBaHTOBOMCXAHITICCKUE [IEPEMEHHEIE, YCIIOBHE KBAHTOBAHMS, MAKDO-
CKOIIMYECKHUE KBAHTOBBIC 3()(hEKTEL

OJIEMEHTHI HHTEIPATBHEIX CXEM Ha OCHOBE JK03€(COHOBCKUX MEPEX0-
HOB, THCTEPE3UC BOJIBT-aMIICPHON XapaKTEePUCTUKH JIKO3e)COHOBCKOrO
epexosa ¥ mpodiiemMa «3aIueikmy, ObICTpast OTHOKBAHTOBAS JIOT KA,
Bpementsie quarpammsr R-S tpurrepa u muepropa, B3amMHas KBANTO-
Basl JIOTHKA.

Jlxo3edcoHOBCKIE TIEpeX0 bl ¥ KBAHTOBAS SJICKTPOAMHAMUKA, CBEPX-
IIPOBO/IHMKOBBIE KyOHUThI, BRIDAYKEHUE IS SHEPTHH 3aPSLI0BOTO, TOTOKO-
BOTO ¥ ()a30BOT0 KyOHUTOB.

4.3. Jlaboparopubie paGoTsnI

Ne Moy s

AU CHUATTHHBI
Ne 1aboparopuo

"

NafOTLI
O0beM 3aHIATHH

(d9acpr)

HaumeHoBanme pagoTsI

—_

~

Brusnue 1apaMeTpOB IIOTOKA PEarcHTOB Ha CKOPOCTH MOJIEKYJISIPHO~
Hy‘-ICBOfI SIIMTAKCHUU ¢ aMMHAYHBIM HCTOYHUKOM a30Ta.

Hcenenopanue Mexann3Mos (opMHPOBAHUS IUIEHOK B MOJIEKYJISIPHO-
JIy4€BOU 3MUTAKCHH.

M3mepenue cKOPOCTH TPABIEHUS 1 10Ty YCHIE MUHEMAIBHO BO3MOKION0
pe3a pOKyCHPOBAHHBIM HOHHEIM ITYYKOM B 3aBUCHMOCTH OT HCCIIEIY MO0
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MaTepuaia.

4 | 4 | IlonydeHne MaKCUMATbHOTO Pa3peIICHUs] TPU CKAHUPOBAHUHU B 3aBUCHMO-
CTH OT OCHOBHBIX I1APAMETPOB HOHHOU MUKPOCKOITHH.
4.4.  Camocrositennnas paGora CTYAECHTOB
| 5 (Tg
® B | =
= = = ~
= |83
o § s S Bung CPC
= = = 5
TS L
S = &
=S
L 13| PaboTa ¢ xorcmexTom meximii.
13| Pabora ¢ mpodeccnonansubMu 6a3aMi TaHHbX HAYYHBIX CTaTeH: TIOUCK MH-
(bopmanuu o Temam IeKImi,
30 | Pemrenue IIPAKTUKO-OPUEHTUPOBAHHEIX 3a/1a4.
8 [Tonroroska x ompocawm 1-4.
2 11 Wsy4enue mo ucrounnkam B IPO(eCCHOHATBHBIX 0a3aX JTAHHBIX ¢bu3uku mpo-

[ICCCOB, HCCIEAYCMBIX B JIAOOPATOPHBIX paboTtax, BEIBOJI bopmyn u3 ommca-
HUSI JTA0OPATOPHBIX paboT, HATHCAHKE KPaTKOTO KOHCIICKTa OCHOBHBIX TeOpe-
TUYECKUX CBEIECHUH.

3 Obpaborka mMOIyYeHHBIX B JIab0PaTOPHOM HCCIIE/IOBAHUH JAHHBIX B BHJIC
MacCHBOB JJaHHBIX, TaOJIMI] U T.I.

2 [oxroroska oruéra 1o naGoparopsM paGotam.

OS]
—_—
O

Pabora ¢ KOHCIIEKTOM IIPAKTHYCCKIX 3aHSTHIL.

20 | Yrenne u pa36op peKOMEHI0BAHHOM JIUTEpaTyphl.

16 | MunmBunyansHoe IpakTHYecKoe 3amanue: paboTa ¢ mpodeccHOHANBHBIMIE
0asaMu TaHHBIX Hay4HBIX craTeil. Hammcamue pedepara Ha TeMbI mpaxTHYe-
CKHUX 3aHSATUH 3 MOy IS

7 [TojroroBxa x ompocy 3.

4.5. IlpumepHasi TeMaTHKa KypCOBBIX pabor (nmpoexToB)
He npenycmorpenst

5 HHEPEYEHD YYEBHO-METOAUYECKOT'O OBECIHEYEHH ST
IS CAMOCTOMATEJBHOMN PABOTBI
YueOno-meromueckoe 06ecnedeHne Ui caMoCTOSTEIBHOMN PabOoTEI CTYIEHTOB B COCTA-
se YMK mucrpmmansr (OPMOKC, http://orioks.miet.ru/):
Moayas 1

1. Teopermaeckuit MmaTepuar o TemaTuke JCKIUA ¥ CEMUHAPCKUX 3a0aHHH.
2. MerojmuecKre yKa3anus CTy[CHTaM.
3. Crmcox y4eOHOM nuTepaTyphL.

Mozuyis 2 «JIaboparopHerii mpakTHKyM-15




1. Onucanus maboparopasix pabor.

2. Chomcox KOHTPOIBHBIX BOIIPOCOB.

Mopyaxs 3 ,

4. Teopernaeckuii MmaTepuar nmo Temaruke JICKIMH ¥ CEMHHAPCKHUX 3a/[aHuUl].
5. Merojmueckue ykazanus cTyaeHTam.

0. Chmcox y4eGHOI uTeparypsl.

6. IHEPEYEHDb YYEGHOM JIUTEPATYPBI

Jureparypa:
I. Illyxa, A. A. Harosnextponuka : VaeGuuk g By3oB / A. A. Illyka ; mox penaxiueit A. C.
Curosa. - Mocksa : IOpaiir, 2025. - 297 ¢. - (Beicimee  o6pazosanue). - URL:
https://urait.ru/bcode/561199 (nara obparmenus: 05.06.2025). - ISBN 978-5-9916-8280-0. -
Texcer : anexTponnmIi.
2. Munikww, T, I HanoonekTpoHnKa. DiIeMeHTbL. IIpubopsr. Yerpoiictsa : Yue6. mocobue / I,
I". umikun, WM. M. Arees. - 5-¢ usj. - Mocksa : BUHOM. Jlaboparopust snanwmit, 2024. - 411 c.
- (Hamorexmomormm). - URL: https://e.lanbook.com/book/451529 (mara oGpamenus:
03.04.2025). - ISBN 978-5-93208-769-5. - Tekcr - DJIEKTPOHHBIA.
3. Cmupnos, B. M. Hanooiektponuxa, HaHO(OTOHHMKA W MUKDPOCHCTEMHAs TEXHIKA ° yuebnoe
1ocobue / B. M. CmupHoB. - Mocksa ; Bonorna : Nudpa-HUmkenepus, 2023. - 268 ¢. - URL:
https://znanium.com/catalog/product/2095088 (mata obpamenus: 16.08.2023). - ISBN 978-5-
9729-1244-5. - Tekcr : 3NeKTPOHHBIIA.
4. Hanoosexrponuka : Teopus u npakruka : Yue6uux / B.E. Bopucenxo, A.W1. Bopo6sesa, E.A.,
Yrruna, AJL Jlaunmok. - 7-e u3s., BJICKTpOHHOE m3fanme. - Mocksa : BTHOM. JlaGoparopus
sammi,  2025. - 369 ¢ -  (YuebHHUK I BbICIIel mKonbl). - URL:
https://e.lanbook.com/book/451532 (nara obpamennst: 23.07.2025). - ISBN 978-5-93208-770-1.
- Texer : a1eKk TpOHHBIIA.

Ilepnommueckue u3xanms:
I. DM3VIKA U TEXHHKA TTOJIYIIPOBOJHUKOB = SEMICONDUCTORS / PAH, ®uzuko-
rexandeckuit HHCTUTYT nMen A.Q. Wodde; . pen. P.A. Cypuc. - CII6. : Hayka, 1967 - . —
URL: http://journals.ioffe.ru/journals/2 (nata o6paremus: 20.10.2025). — Pexxum zocryma: cso-
OOTHBIH.
2. YCIIEXM OU3BUYECKUX HAVK : Hayynpnit sxypran / ®usnaeckuii HHCTUTYT uM. 11, H.
Jlebenesa PAH, Penakmust xyprana YOH. - M. : PAH, 1918 - . - URL:http://ufn.ro/  (mara 06-
parmenus: 20.10.2025). — Pexxum JocTyna: cBOOO HbIN
3. XYPHAJI OKCIIEPUMEHTAJILHOM 1 TEOPETUYECKOM ®U3UKMY - Hay4anoni sxyp-
nan / PAH, Vu-t ¢pusndeckux mpo6nem um. I1.J1. Kamumer, - M. : PAH, Hayxa, 1873 - . - URL:
http://jetp.ras.ru/cgi-bin/r/index (nara obpamenus: 20.10.2025). — Pexxum gocryma: cBo6oqHbit
4. [IMCBMA B XYPHAJI DKCITEPUMEHTAJIBHOM M TEOPETUYECKOIT OU3NKHN =
JETP Letters / Poccmifckas akanemus Hayk, HucrutyT dusmaeckux npobuem mv. I1. JI. Kanuis:
PAH. - M. : UKIT Axanemknura, 1965 - . —URL: https://jetplettersras.ru/ (mara obpamenus:
20.10.2025). — Peskum roctyma: cBOGOIHBIH
5. JOURNAL OF APPLIED PHYSICS / American Institute of Physics. - USA : AIP, [6.r.]. -
URL: https://pubs.aip.org/aip/jap (nara o6parmerus: 20.10.2025). — Pexxum mocryma: mo moj-

1mecke MUDT.
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7. HHEPEYEHB ITPO®ECCUHOHAJBHBIX BA3 JAAHHBIX, THO®OPMAIMOH-
HBIX CITPABOYHBIX CUCTEM

1. NSM Archive. Characteristics and Properties = HoBble mommynpoBouukoBsie Marepuansl: Xa-
PAKTEPUCTHKA ¥ CBOMCTBA: DNEKTPOHHEIH apxus / webmaster Anexceit Tomvages // OTU nm.
A.®@. odde PAH : [caiit]. — Mocksa, 1998-2001. -

URL: hitp://www.ioffe.ri/SVA/NSM/rintroduction.html (mara obpamenus: 20.10.2025).

2. OUIIC : MH)OPMAIMOHHO-IIONCKOBAS. CHCTEMA: caut. - Mocksa, 2009 - . - URL:
mps://wwwl.ﬁDs.ru/elektronnve-servisV/informatsionno-poiskovava-sistema/index.Dht) (mara
obpamenmsi: 20.10.2025)

5. MATLAB : [pasnen caiira] // MathWorks [caiiT]. - 1994-2020. -
URL: https://www.mathworks.com/help/matlab/index.html (mata obpamenus: 20.10.2025)

6. WebCSD // The Cambridge Crystallographic Data Centre (CCDC) : [caitr]. -
URL: https://www.ccde.cam.ac.uk/structures/ (mata obpamenus: 20.10.2025). - Pesxum Jocrya:
JULL aBTOPH3. ToJIb30oBaTeneit MUDT

7. APS Physics: [caift] / American Physical Society Sites. - URL: https://www.aps.org/ (nata
obpamenwst: 20.10.2025). — Pexum JIOCTYIIa: CBOOOIHBIMN.

8. OBPA3OBATEJIBHBIE TEXHOJIOTUH

OcBoenne 06pazoBaTeLHOM NPOTrpaMMbI 06ECIeUnBACTCS pecypcamMu 3NIEKTPOHHON HH-
opmanmonHo-0GpaszoBarensHoil cpeast OPUOKC http://orioks.miet.ru.

B xoze peanusanuu o0ydenms HCIOJIB3YIOTCS TEXHOJIOTHH CMEIAHHOTO 00y YEHHS.

[IpumensieTcst mearoruyeckast Moienn O0Y4YeHHUsA TUIIA «IEPEBEPHYTHIH Kiraccy. Y4eo-
HBIH IIPOLECC HAYMHACTCS ¢ [OCTAHOBKH IPOBIEMHOrO 3allaHusl, UL BBIIOJNHEHUS KOTOPOIo
CTYZACHT JIOJIKCH CaMOCTOSTENBHO 03HAKOMUTECS C MaTEPHAIOM, PAa3MEIICHHBIM B JIIEKTPOHHOR
cpesie. B aytaTopun MpoBEpAIOTCS W IOMOIHSAIOTCS TOJIyYEHHBIC 3HAHUS C HOMOIIBIO JIUCKYC-
CHI ¥ PEUICHUs IPAKTUYCCKUX 3a1a4. PaGoTa moBouTes: mo cirenyromeit cxeme: CPC (onait-
HOBast IPEAyAUTOPHAsS PabOTa C HCHOIL30BAHUEM BHELIHETO WIIH BHYTPEHHETO pecypca B
OPHOKC) - aymuropras pabora (cemunap c IIPEJICTaBIEHUEM U OOCYKJIEHHEM BLITOJIHEIHON
paboThI, penieHre MPaKTHUECKUX 3a,a9 C OIIOPOH Ha PE3yTBTATHI CAMOCTOSTEILHOMI paboTEI) -
o0paTHast CBSI3b ¢ 00CYXKIECHHEM U [OJBEICHIEM UTOTOE.

JIst B3aMMOIEHCTBIS CTYIEHTOB C TIpero/aBaTeieM HCIIONIB3YIOTCS CEPBUCHI 0OpaTHON
ceasu: OPMOKC «Jlomanrame 3a[laHusI», SIEKTPOHHAS I10YTa IIPEOIaBaTElsl, UCTAHIIMOHHbIC
KOHCYIbTalu (BHIeoKoHpepenmun) «SIumexc TememocTy.

B nponecce obyuenus mpu mpoBeneHuN 3aHATHH 1 AUIA CaMOCTOSITENILHON paboThl Uc-
HOJIB3YIOTCSI BHYTPEHHUE 3JICKTPOHHBIE pecypekl B cucteme OPOKC.

Taroke UCTIOTB3YIOTCS. BHEIIHME YJIEKTPOHHBIE pecypcesr:

Jdexuust 1 Benenne B HanoonekTpoHuKy. OCHOBHBIE pasziesIsl (HalpaBIeHust) JOPOKHOH Kap-
TBI 10 B1IeKTpoHuKe (Roadmap). 3akon Mypa. IIpencrasnenne urdopManus B GUIHMUECKUX CHC-
TeMax U Kakue QU3MIECKUC BEJMIMHBI U 00BEKTHI MOYKHO HCIIONB30BATE JULL KOJTUPOBAH KIS UH-
(opmarmu. I'eteponepexo u [eTEPOCTPYKTYPa.

https://youtu.be/ZtNtBc70yPI

Jexmus 2 [TonynposogaukoBsie TeTEPOCTPYKTYPEI
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https://youtu.be/g4vOsD6AyQU

Jexumst 3 Umokernrepust 30HHOH CTPYKTYpbL. IoJ1yIpoBOAHEKOBBIE TETEPOCTPYKTYPLL. MeToj
oruOaroImei.

https://youtu.be/ZmRThg2mNzY

Jlexnus 4 CTpyKTypEI ¢ TOHIKEHHOM PasMEpPHOCTEHIO.

https://youtu.be/M0jQowr14zM

Jexuus 5 PesonancHoe TynnennpoBanue u CBCPXPEHICTKH, SIIUTAKCUATBHEIC TEXHOIOIMH,
hitps://youtu.be/cq2YQVZNACs

Jlexuus 6 Ksanrossrit apdext Xomra.

https://youtu.be/M18ziXBLzOA

Jlexumst 7 MexaHU3MBI [ENIOYHCICHHOTO KBAHTOBOTO spdexra Xomna. J[poOHBIH KBAHTOBLIH
sddexr Xomia.

hitps://youtu.be/MoOAU;ftP Q

Jexmust 8 KpanToBslit adpexr Xoiwia u Tononornaecke abdexTh! B QH3HKE KOHICHCHPOBAH-
HOI'O COCTOSIHUS.

https://youtu.be/vMVQFxnbmfc

Jlexnus 9 Oyaosnexrponnka. Kymonosckas OJI0Kama TyHHEINPOBAHMS.
https://youtu.be/JF3gJelcqC4

Jexums 10 OJIHO2IEKTPOHHBIH TPAHZUCTOP 1 ApYTHe IPUOOPEI HA OTHOAIEKTPOHIOM TYHHCIH-
POBaHUH.

https://youtu.be/BvK2-7Qf8rM

Jlexmus 11 Cross-bar apxurtextypa. 3D WHTETPaIbHbBIC MUKPOCXEMBL. MeMpHCTOpPEIL.
https://youtu.be/AMDd-OGhleg

Jlexums 12 Mosexysipaast 31eKTpoHuKa.

https://www.youtube.com/watch?v=e1pL4HmBiak

Jdexunst 13 Jlomennsle rpanuust B nommanermiene. Comurons, Hocurenu crumna 6es 3apsiia,
ocurelw 3apsja 0e3 ciaunHa. CONMUTOH Kak HeHACHIIEHHAsd CBA3Db U pamuKaisl B xumud, Iloms-
POHEI B 110JinaneTunene. Dyiepensl, rpadeH 1 HaHOTPYOKH. IIepCcekTHBa CO3Manms TONCBEIX
TPAaH3UCTOPOB HA OCHOBE TrpadeHa U napanokce Kieitna. Crioco6b! co3aHus 3aIperieniiol 30Hb!
B rpadeHe.

https://youtu.be/ziGVGqYuDlg

Jlexuns 14 HanodoTonuka, HAaHOIIA3MOHHUKA W HAHOOIITHKA.

https://youtu.be/IFg9L.sKTS40

Jexmus 15 TlepcreKTHBHLIE HAIPABICHHS — JHK-KOMIBIOTHHT, KBAaHTOBbIE HHTEP(EPEHIIHOH-

HBIC TPaH3UCTOPBI. KBaHTOBBIE 3 )eKTHI B METPOIOTHH.
htgas://WWW.Voutube.com/watch?v=TBUthDWRnY
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9.

MATEPUAJBHO-TEXHUYECKOE OBECIIEYEHUE

AACIIUITIIAHBI

Hanvenosanme
ayauTo-
pUi U TOMeIeHuit

Y4e0HBIX

JUISL CAMOCTOSITE b
O padoThl

OcHameHHOCTL y9eGHbBIX AyIUTOpHIl H
HOMEIEHHH sl CAMOCTONTENLHOM pa-
00ThI

|

Ilepeuenn HPOrpaMMHOIO
odecreyeHust

VaebHas aymropus

My srume nuiinoe o6opynoBanue

Oneparnmonnas cucrema
Microsoft Windows or 7
BepCHuH # Bole, Microsoft
Office Professional Plus
i Open Office, Gpaysep
(Firefox, Google Crome);
Acrobat reader DC

Jlaboparopust uzu-
KM KOHJ[CHCHPOBAH-
HOTO COCTOSHUSI
(ayx. 4130)

Wcrounuk mutanus Agilent E3634A.
Boxsr™erp Agilent 34411A.

Bonsrmerp Agilent 34405A.

Wcrounuk muranust Agilent E6545A.,
HMcrounnk muranus Agilent E6545A.
Ocrunorpad YeTBIPEXKaHAIbHbINA
mudp.zanom. Agilent DSO6054A.

Omneparmonnas cucrema
Microsoft Windows or 7
BEPCUU U BBIIIE, Microsoft
Office Professional Plus
i Open Office, Gpaysep
(Firefox, Google Crome);
Acrobat reader DC

[Tomemenue s ca-
MOCTOATEILHOU  pa-
0OTBI 00y YaroIHIXCs

KOMHBIOTepHaH TCXHUKaA C BOBMOXXHOCTBIO

noxkmodeHuss Kk cetn  «Murepmer» n
00cCIIeICHHEM JIOCTYIA B BJIEKTPOHHYIO
MH(pOPMAIMOHHO-00pa30BaTENbHYI0  Cpe-

1y MUDT

Onepanmonnas cucrema
Microsoft Windows or 7
BEPCUH M BBIIE, Microsoft
Office Professional Plus
i Open Office, Gpaysep
(Firefox, Google Crome);
Acrobat reader DC

10. ®OHJbI ONEHOYHBIX CPEJCTB JJI5I IPOBEPKU
CO®OPMUPOBAHHOCTHU KOMIIETEHIMA/IIOAKOMITE TEH I
®OC no noxxomnerennuu [1K-1.HD «Crocoben CTPOUTH U HCIIOJIB30BaTh KBAHTOBOMEXAHIYE-

CKHC U KJIACCHYCCKHUE MOJIEC/IN OIIUCAHUS YIEMEHTOB HaHOBJICKTPOHUKHN HAa OCHOBE IIOJIYIIPOBO I~

HEKOBBIX ICTCPOCTPYKTYDP, TYHHEIBHBIX CTPYKTYP, MOJNEKYJIAPHBIX B CBEPXIIPOBO/(HUKOBLIX CH-

CTEM.

DOHJI OIEHOYHBIX CPEJCTB MPEACTABICH OTIETHHEIM JOKYMEHTOM H pa3MEIleH B COCTABE
YMK 1MCIMIUIHEL 51eKTpOHHOM HHPOPMALHOHHOMN obpasoBarenpHol cpeasl OPUOKC// URL:

http://orioks.miet.ru/.

11. METOJIUYECKHUE YKA3ZAHUSI JIJISI OBYYAIOIIUXCSI

IO OCBOEHMIO JUCHUILINHBI

11.1. OcobennocTa opranusanun npouecca o0yyeHust
Hocemenye JeKIMi, CEMUHAPOB U Ta60PATOPHBIX paboT o0s3aTeNBHO.
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JononnuTensaoit hopmoit ayTHTOPHON pabOTHI ABJIAIOTCA KOHCYJIBTAIIMHY, Koncynnra-
1K TIPOBOJIATCS JIEKTOPOM M IIPEHOJIABATENICM, BEIYIMM IPAKTHICCKHC 3aHATUS 1O paciruca-
ITHIO, 3apance COrIacoBaHHOMY CO CTYEHTAMH.

Lein mexnui, cemunapos — 06ydenne 6azoBbM S3HAHUSIM U YMEHUSIM ¢ YaCTHIHBIM
OXBATOM MaTepHasa HOBBILICHHOIO ypoBHA. OCBOCHUE MUCIUILIMHBI Ha TOBLIIEHHOM YPOBHE B
3HAYUTCIBHON CTEICHU OCYIIECTBISETCS CTYHCHTOM CaMOCTOSTENLHO. JlexTop mpenocrasiser
CTYACHTaM BCe HEOOXOAUMBIC JIUIS 5TOTO METO[MYECKHE MaTEpHAJIbI, a TAKXKE IIPOBOIUT JITS JKE-
/[AIOIUX  CXCHENICbHBIE KOHCYIbTanud. Tema KoHCYIbTarmu, Kakx IPaBHJIO, MOBTOPSIET TEMY
JICKIUH, KOTOpasi YUTallach Ha HeJeNe, IIpe/IecTBYONCH KoHCynbTanuu. Ha komcyinranmsx
00CYKIAIOTCs 3a1a9M TTOBBINIEHHOTO YPOBHA CIIOXKHOCTH, TCOPETHIECKUN MaTepuall o TeMe.
besycnosno, Bo Bpemst koncymnbranuit MosxHo HOJIyYUTh IIOMOILB U II0 BCEM BOIIpOcaM 0a30BOI0
YPOBHSL.

Ha cemunapax, mpoBoMMEBIX B IHATOrOBOM PEXKHUME, CTYACHTEI IIOJIYyYalOT CIICIUATHHBIC
SHAHUA JUIS 3aKPCIICHUS IIPE/IMETa [IOCPEICTBOM Pa3bopa M PELIeH s MOJIEIbHbIX sajay. Kax-
Jlad 3a1ava NpeaCTaBIsieT CO00H MUHHATIOPHYIO HCCIICI0BATEIILCKYIO TIPOOTIEMY, a Iporece of
PCIICHIS - MOJICIPYET  HAYYHO-HCCIC0BATENbCKYI0 pabory. Kak Imokaspmaer [IpaKTHKa,
HauOOJIBIIYIO TPYAHOCTH HPH PEIICHUH IPEJCTABIAET POpMaNH3alHs YCIOBHS, T. €. IIePEBOJT
HH(OPMAIIH ¢ PYCCKOTO SA3BIKA HA S3BIK MATEMATHYECKIX 3aKOHOB, ()OPMYJT U OTHOIICHWHA. B
AAIHOM CJly4ae, JJIst OOJErdeH s! OUCKa OTBETa HEOOXO0IUMO HAY4YUTh CTYACHTOB OTOPACHIBATE
HECYIICCTBCHHBIC JICTAH YCIIOBHS, II0Ih30BATHCS YIIPOIIEHHBIMA MOICISIMU 1 CXEMAaMH, OITH-
parbCs Ha U3BECTHBIE (DPU3UUECKUE 3aKOHEL.

Ha jtaGoparopusix paborax mo aucrnummmme B 7 CEMECTPE CTYAEHTBI 3HAKOMSITCS ¢ OCO-
OCHHOCTSAMY IPOLECCa BEIPAUBAHUS TCTEPOCTPYKTYP C MPUMEHEHHEM METOJI0B MOJICKYIAPHO-
JIyYCBOH DIIMTAKCHH, MPOLECCAMH HOHHOI'O TPaBJICHAA M MOHHOW MHMKpockonwei. [Tpu Brios-
HEHHIH JIADOPATOPHEIX PaboT B 1a6OPATOPHsIX CTYIEHTBI 3HAKOMSTCS C IPaBUIAMHU TEXHUKH Oe3-
OTIACHOCTH, TEXHOJIOTHIECKUM 000pYIOBAHHEM B JIAGOPATOPHUSIX, ¢ TEXHONOTHICCKUMEL orepa-
[IHAMH, KOTOPBIC MOYKHO BBIIOTHUTH Ha 5TOM 000PYA0BAHUH, C 0COGEHHOCTSIMH paboThI HA HTOM
obopynosaruu. [Ipu BeIIONHEHUN 11abopaTopHON paboThl CTYIEHT CHAYAA [OIDKCH IpOITH J10-
HYCK, IIp1 KOTOPOM IIPOBEPAETCS €r0 FOTOBHOCTD K BBIIOJHEHHIO PaGOTHI. IIpu stoMm rposepsi-
CTCS BBIIOJIHECHUE CTYICHTOM MHIMBHUJIYANBHOTO MPAKTHYECKOTO 3a/aHus K maboparopHoii pa-
Oore. B ToM ciiydae, eclu CTYACHT He BBITOTHII UHJTUBUIY alIbHOC MIPAKTHYECKOE 3a/IaHKeE, OH
He JIOIy CKAaCTCs K BBITOIHEHHIO JIAO0paTopHoi paboThL.

JlaboparopHbie paGoThI IPOBOJATCS O PYKOBOJCTBOM OIIBITHOTO coTpyanuka jsaboparo-
PUH, KOTOPBIA YIPaBIAET NEHCTBUAMU CTYICHTOB, KOMMEHTHUPYSI IIPH 3TOM KaK10€¢ JCHCTBHE C
obopynosanuem. B mporecce Takoro 3HAKOMCTBA ¢ TEXHOIOIHUECKIM 000pyI0BAHUEM CTY/ICH-
ThI HPHOONIAIOTCS K paboTe, KOTOpas BBITONHAETCS Ha IIPOU3BO/JICTRE.

Ilocie mpoBeneHus paGoTH CTYIEHTEI IPOBOJIT 0OPabOTKY IOJIYYICHHBIX PE3YJILTATOB I
UX aHAIIK3, Ha OCHOBE KOTOPOTO (hOPMYIIMPYIOTCS BBIBOJBL. 3aTeM OCYIIECTBIISIETCS 3AIUTA BbI-
IIOJIHEHHOW paboThI (MHIWBHUYaIbHO HITH B COCTABE TPYIIIBI) B IIPOCTABISIETCS 3aUCT 110 1a00-
paTopHoi pa®ore. 3aluTa BKIIOYAET IPETOCTABIEHHE OTYETA 110 pabote, oopmiienoro B co-
OTBETCTBUM C TPEOOBAHUSIMHE, U3JIOKEHHBIMU B OINUCAHUH K pabore, 000CHOBAHHUE 110y UCHHBIX
PE3YJIBTATOB M CNICNIAHHBIX BBIBOJIOB, @ TAKXKE OTBETHI Ha KOHTPOJIBHBIE BOIPOCHL.

JlaGopaTopHble paboThI IPOBOISTCS B MHTCPAKTUBHOM PEKHME IIPU PabOTe B MaJIBIX
IPYIIaxX 1 juajiore ¢ mperojasaTeneM ¢ pa3bopoM KOHKPETHBIX CHTYAIHil B IIPOIIECCE BHITOJ-
TICHHS UCCIICIOBAHME ¥ IIPH 3aIUTE II0JIYYCHHBIX PE3yIHTATOB.
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Komnrpons pemérnnix TIPaKTHKO-OPUEHTHPOBAHHBIX 3a/1a49 OCYIIECTBISETCS 1a oIpocax.
KonTpons sumonuerns HHWMBUIYATIBHBIX PAKTUKO-OPHCHTUPOBAHHBIX 33 aHMii (pabora ¢ Ga-
SAMH JIANNLIX M HAIlMCaHuE pedyepaToB) MPOBOIUTCS Ha cemunapax B 8 cemecrpe. Ilpu srom
CTYACHTBI BLICTYIIAIOT B IPYIIIE ¢ JOKIAMAMH 110 TeMe pedeparos, opranuzyercs JUACKY CCHSL,

11.2. Cucrema KOHTPOJISI 1 OL[CHUBAHU L

Jlis onenku ycnesaemocTn CTYACHTOB TI0 JUCHUIUIMHE MUCIONL3YETCS HAKOIMTEIbHAs
OajulpHas cucTema.

bamiamn B 7 cemecrpe onenuBaercs: BoNmHenme K&X/I0r0 KOHTPOJILHOTO MEpPOIIPHS-
THS B cemecTpe (4 mabopaTopHble paboTh-KAKIAs IO 5 GamIoR MaKCHMyM, 3 KOHTPOJIBHBIE pa-
OOTBI-KaXIast 9 GaioB MaKCHUMyM, 3 TecTa- KaXIbIid 110 4 6amia MaKCUMyM, KOJJIOKBHyM-10
OamioB MakcuMyM, B cymme 69 0amioB) u caada sK3ameHa (31 Gamn). Bamramu & 8 ceMecTpe
OHNCHUBACTCS: BBITONHCHUE KAXKJ[OT0 KOHTPOILHOIO MCPOTIPUATUS B ceMecTpe (B cymme 64 Gai-
JIOB), aKTHBHOCTD B cemectpe (16 6amios) u craua maddepeHIupoBaHHOTO 3a4&Ta (20 baion).

CTpyKTypa U CPOKH C/IaUM KOHTPOJIBLHBIX MCPOLPHUATUH TOCTYIHEI B XKypHANE YCIICBACMOCTH 3
OPHOKC, http://orioks.miet.ru/

PABPABOTUMKMU:
Ipodeccop VuOm, 1. d.-m. 1. = /' A. A. Topbanepny /

Cr. mperno iasarens ,*m /'A. E. Hlupoxos /
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