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ABSTRACT

Master’s degree in 11.04.04 Electronics and Nanoelectronics

Study profile “Nanotechnologies in Electronics”

Course title: Basics of micromagnetic modeling

Variable part of Block 1, 5 credits

Instructor:

A.G. Kolesnikov, Engineer of the Physics of low-dimensional structures
department, School of Natural Sciences of Far Eastern Federal University.

Learning outcomes:

Specific Professional Competences

SPC-3, readiness to master principles of planning and methods of
automation of experiment on the basis of information and measuring complexes as
means of increase of accuracy and decrease in expenses on its carrying out, to
master skills of measurements in real time;

SPC-4, the ability to organize and conduct experimental research using
modern tools and methods;

SPC-6, the ability to plan and conduct experiments on modeling and
practical determination of structure and properties of materials promising for
electronics and nanoelectronics.

Course description: studying of the physical and mathematical foundations
for micromagnetic modeling; studying methods for measuring and calculation of
magnetic parameters such as anisotropy constant, exchange stiffness,
magnetization saturation; characteristic of domain structure in micro and
nanostructures; the study of experimental features on images of magnetic structure
obtained by different methods; acquisition of practical skills for simulation various
magnetic experiments by micromagnetic approach.

Main course literature:

1. Kudrevatyh N.V. Magnetism of rare-earth metals and their intermetallic
compounds [Electronic resource]: study guide / N.V. Kudrevatykh, A.S.



Volyogov. - Electron. text data. —Ekaterinburg: Ural Federal University, DIA,
2015. - 200 p. - Access mode: http://www.iprbookshop.ru/69622.html - EBS
"IPRbooks".

2. Yurchuk S.Yu. Methods of mathematical modeling [Electronic resource]:
a tutorial / Yurchuk S.Yu. - Electron. text data.— M .: Publishing House MISIS,
2018. - 96 c. http://www.iprbookshop.ru/78562.html

3. Meshkov I.N. Electromagnetic field. Part 1. Electricity and magnetism

[Electronic resource] / I.LN. Meshkov, B.V. Chirikov. - Electron. text data. -
Moscow, Izhevsk: Regular and chaotic dynamics, 2014. - 544 c. - Access mode:
http://www.iprbookshop.ru/28923.html - EBS "IPRbooks".

4. Apollonsky S.M. Electromagnetic fields of technical equipment. Volume
I. Methods of mathematical physics and their use in the calculations of
electromagnetic fields [Electronic resource]: monograph / S.M. Apollonian. -
Electron. text data. - M.: Rusayns, 2016. - 280 c. - Access mode:
http://www.iprbookshop.ru/61685.html - EBS "IPRbooks".

5. Ibatullin P.U. Physics. Part 2. Electricity and magnetism [Electronic
resource]: guidelines / Ibatullin R.U., Kuzmicheva V.A.— Electron. textual
data— M .. Moscow State Academy of Water Transport, 2016.— 39 p.
http://www.iprbookshop.ru/65692.html

Form of final knowledge control: exam.


http://www.iprbookshop.ru/78562.html
http://www.iprbookshop.ru/65692.html

AHHOTAIUA

Pabouas mporpamma  «OCHOBBI ~ MHKPOMAarHWTHOTO  MOJCIHUPOBAHUS)
npeaHa3HaueHa [ MarucTpaHTOB 2 Kypca, OOydarolluxcs IO Mporpamme
noAroToBku 11.04.04 «DneKTpoHUKA U HAHOAJIEKTPOHUKA», 00IIasi TPYA0EMKOCTh
OCBOCHHUS JUCUUIUIMHBI cocTaBiger 5 3adeTHbix equnui] (180 wyacos).
Jlucuurinea peanusyercst Ha 2 Kypce, B 3 CeMeCTpe.

Y4eOHBIM TIAaHOM MPEayCMOTpPEHBl JabopaTopHbie paboTel (36 uac.),
camMocTosITeNbHas pabota cTyaeHTa (63 9ac.), KOHTpOJIUpyeMasi CaMOCTOSITeTbHAsS
pabora crtymenta (9 wyac.), KPII (36 wac.). J[ucnunnuHa «OCHOBBI
MUKPOMarHuTHOTO MOJEIIUPOBAHUS» BXOJUT B BAPUATUBHYIO YaCTh, JUCIUTUTMHBI
npo¢eCCUOHANIBHOTO IMKJIa 00pa3oBaTelibHON nporpammel ¢ kogom b1.B.JIB.5.1,
peanusyeTcs Ha 2-M Kypce, B 3-M CEMeCTpe.

Hean: M3yueHue Pu3MUEeCKUX W MaTEeMAaTHUYECKHUX OCHOB pabOTHI METoja
MUKPOMAarHUTHOTO MOJICTTUPOBAHMS, a TaKXKe MPHOOPETECHUE  MPAKTUUYCCKUX
HABBIKOB (OPMYJTUPOBKM M PEHICHUS HAYYHO-HCCIEIOBATEIbCKUX 3aJad B
00JlacTU HAHOMarHeTU3Ma.

3agaum:

o l3yunTh  TEOpeTHYECKHE  OCHOBBI,  (3aKOHBI,  B3aUMOJCHCTBU)
MO3BOJISIONINE OIMUCATh SIBJICHUS W TIPOIECCHI, PEATM3YIOIIMECS B MarHUTHBIX
cpelax Ha HAHOPa3MEPHOM YpPOBHE.

o [lomyunuth mpeacTaBiIeHUs O METOAaX KOHEUHBIX Pa3HOCTEH M KOHEUHBIX
AJIEMEHTOB JUIsl pelleHus] 3a7ad MaremMaTuyeckol Qusuku B oOjactu
HaHOMarHeTU3Ma.

e [lomyuuTh MpaKTHYECKUII HABBIK pabOTHI B MPOrPaMMHBIX MakeTax 1he
Object Oriented MicroMagnetic Framework (OOMMF) u MuMax3.

ba3zon mis 0CBOGHUSA JaHHOM AUCLMIUIMHBI SBISIIOTCS Kypchl «Duszukay,
«Iuddepennmanbupie  ypaBHeHUs», «Martematudeckas ¢usnka»,  «Dusnka
MarHUTHBIX TUICHOK M HAaHOPa3MEPHBIX CTPYKTYp». Kypc «DPuzukm» HEoO0X0oaum

JUTsl TIOHUMaHUsl Tpupobl sBieHnil. B xypce «/luddepeninmanbapie ypaBHEHUDY



paccMaTpuBaOTCA TMOAXOMbI JJIi PEIICHHs HENpEepbIBHBIX (yHKUIUNA. MeTomas
KOHEYHBIX pAa3HOCTEd M KOHEYHBIX 3JEMEHTOB IIHPOKO HCIONb3YIOTCA s
TucKpeTu3auu  auddepeHianbHbiXx ypaBHeHUN. «MareMatuyeckas (Qu3nka
3HAKOMUT C OCHOBaMHU NPHUMEHEHHS MAaTEeMaTHYECKOIo ammnapara sl perieHus
busnueckux 3amad. «DU3MKa MarHUTHBIX IJICHOK M HAHOPA3MEPHBIX CTPYKTYp»
BBOJISIT B MPEIMETHYIO 00J1aCTh MarHeTU3Ma M MCHOJIb30BAHMS HAHOCTPYKTYD IS
3aJ1ay COUHTPOHUKH.

N3yyaemblii Matepuan sBisieTcs 0a30d s U3YYEHHUS TOCIEIYIOIIMX
JUCUUIUIMH TMPAKTUYECKOW HANpaBJICHHOCTH, B KOTOPBIX pPaccMaTpUBAETCA
UCCJIEIOBAHNE MArHUTHBIX CBOWCTB TBEPJBIX TE€A M HAHOCTPYKTYPUPOBAHHBIX
MaTepuaoB.

B pe3ynpraTe uM3ydeHUS JAHHOM JHUCHMIUIMHBI y  OOydarommxcs
dopMupyroTcs  cieayroue ooOmenpodeccuoHalbHble U NMPOQEeCcCCHOHANbHbIE

KOMIICTCHIIMH (Z)JIGMGHTBI KOMHGTGHHHﬁ).

Koa n Jrtanbl GOPMUPOBAHUA KOMIETEHIMT

(popmympoBka

KOMIIeTeHIUH
[K-3, 3HaeT TEOPETUYECKHE OCHOBBI 3JEKTPOJUHAMUKH CIUIOLIHBIX
TOTOBHOCTBIO cpen;
OCBANBATL TPHHIIIEL OCHOBHBIE  paszfenbl  (U3MKM  KOHIEHCHPOBAHHOTO
TIaHIpOBARIA " COCTOSIHUS, TS U3Y4eHUs PeppOMarHUTHBIX MaTEpPHAJIOB;
ZI]:TT SSZITHB ALuH NEPCIEKTUBHBIE  HAMpPaBICHHUS HAHOMIIEKTPOHWKH U
KCIIepHMEHTa Ha CIIMHTPOHUKH, B KOTOPBIX MCIIOJNB3YIOTCS WM MOTYT
OCHOBE HCIIOJIH30BaThCS CTA0MIIbHBIE CIIMHOBBIE KOH(PUTYpALTHH;
MH(OPMAIMOHHO- OCHOBHBIE METO/Ibl MCCJIEIOBAHNSI MarHUTHBIX CBOHCTB U
H3MEPUTCIIBHBIX JIOMEHHOH CTPYKTYpHI B (hepPOMAarHUTHBIX 0OBEKTaX.
KOMILIEKCOB KaK

YmMmeer MOJIb30BATBCA TCOPECTUYCCKUMU OCHOBAMHU MArH€TuimMa
CpCACTBa IMOBBIIICHUA

JUIsL  pacdyeTa MarHUTHBIX IapaMeTpoB  HCCIIEyeMOro
TOYHOCTH Y CHUKEHUS

3arpar Ha ero 0bBeKTa;

NpoBeIeHHe, IPUMEHSATH TeOpeTUYECKHE 3HAHHS st

OBJIaJIEBaTh MaTeMaTHYECKOTO ONUCAHUS MOJENH, COOTBETCTBYIOIIEH

HaBBIKAMI M3MEPCHUH KOHKPETHOMY 3KCIIEPUMEHTAIbHOMY CI1y4alo;

B peajIbHOM BpEMCHH OTIPEIENATE TIEPCIIEKTUBHBIE HaIIpaBJIEHHs
HAHODJEKTPOHUKM ¥ CIOUHTPOHUKH, B KOTOPBIX

UCTOJIB3YIOTCS WJIM MOTYT HCIIOJIb30BaThCsl CTaOMIIbHBIC
CIIMHOBBIE KOHPUTYpaLIUU;




HCIIOJIb30BaTh OCHOBHBIE CIIOCOOBI PCHICHHA HAYYHBIX U
HWHHOBAIIMOHHLIX 3aa4 HAHOJJICKTPOHHUKU W CHHUHTPOHUKH
AJI1 JOCTHUKCHUA KOHKPECTHOT'O pE3yJibTaTa.

Bnaneer

HaBBIKAMH MHTEpPIIpETauu Pe3yNbTaToB
MHKPOMarHUTHOTO ~MOJEIMPOBAHMSA ISl ONHCAHUSA H
JIOTIOJTHEHUSI pe3ynbTaToB 9KCIIEPUMEHTAIBHOTO
UCCIIEIOBAHHS,

HaBBIKAMH  NPAKTUYECKOTO  HCIIOJIB30BAaHUS  OCHOB
MarHeTu3Ma Jjsi UCCIEeIOBaHMS MAarHUTHBIX CBOWCTB U
JIOMEHHOH CTPYKTYpHI (hepPOMAarHUTHBIX OOBEKTOB;

HaBBIKAMU TNPUMEHEHUS COBPEMEHHBIX TOIXOJOB IS
MCCIICTOBAHMS MIOBEJICHUS HaMarHU4eHHOCTH B
(eppOMarHuTHBIX Cpenax;

CIoco0aMy M HaBBIKAMH, ITO3BOJISIIOIIMMU ONPEICIIATH
NEepPCIEKTUBHBIC  HANpPABICHUS  HAHOAIECKTPOHUKUA |
CIIMHTPOHUKH, B KOTOPBIX AKTUBHO HCIIOJIB3YIOTCS WM
MOT'YT UCTIOJIb30BAThCS CTaOMIIbHBIC CIIMHOBBIC
KOH(HUTypanuu;

11IK-4,
CIIOCOOHOCTBIO
OpraHu3aIuu
MPOBEJICHUIO
AKCIIEPUMEHTAIbHBIX
HCCIIeJOBaHUH
MIPUMEHEHUEM
COBPEMEHHBIX
CPEACTB U METOJIOB

C

3Haer

OCHOBHBI€ QJITOPUTMBbI MPOBEACHUS IKCIEPUMEHTATIbHBIX
HCCICA0BAaHUN MarHUTHBIX CBOMCTB;

OCHOBHBIC TMPOrPAMMHBIE TIAKEThl MHKPOMAarHUTHOTO
MOACIIUPOBAHUA U UX BO3MOXHOCTH,

NpUMEPLI HKUCHOJB30BaAHUA MCETOJAOB MUKPOMArHUTHOTO
MOZACIIMPOBAHUA JId PCHICHUA CHGIII/I(i)I/ILIeCKI/IX 3ajaa4,
BKJIIO4Hass CUMYJIAINUIO CTATUYCCKUX, AWHAMHUYCCKHUX H
TEPMHUUYECKUX MPOLECCOB;

OCHOBHBIC JTalbl IUIAHUPOBAHUS HKCIIEPUMEHTAJIBHBIX
HCCIIeTOBAHUI;

METOINKHU MIPOBEICHUS JKCIIEPUMEHTAIBHBIX
HUCCIIEJOBAHUMN.

YMeer

IUIAHUPOBATh OCHOBHBIE OJTambl AKCIEPUMEHTAIBHBIX
WCCJICIOBAHHM B 00JIACTH MarHEeTH3Ma;

UCIOJIb30BAaTh METOJIUKH MIPOBEJICHUS
SKCIICPUMCHTAJIbHBIX I/ICCHGI[OBaHI/Iﬁ Ha IIPAaKTUKE;

COCTaBUTH 3aga4y MHUKPOMArHuTHOIO MOJCIMPOBAHUSA U
BbIOMpaTh HEOOXOJIUMBIM NPOrpaMMHBIA MakeT € Y4YETOM
0CcO0EHHOCTEN UCCIIEN0OBaHUS,

NPUMEHSTh  OCHOBHBIE  QlTOPUTMBI  TMPOBEICHUS
OKCIIEPUMEHTATBHBIX HCCIEIOBAHUN MAarHUTHBIX CBOWCTB
JUTSL pEIICHUS DKCIIEPUMEHTAIBHBIX 33/1a4;

BBIOMpATh COOTBETCTBYIOLIUE CIOCOOBI TJIAaHUPOBAHUS
BpeMeHHU, ayauTopHoro ¢onma, GoHma 000pYyAOBaHUS IS
YCIECIIHOU OpraHu3aluu JKCHEPUMEHTAIIBHBIX
HICCIIETOBAHUN.

Bnaneer

HaBbIKaMH IJIaHUPOBAHUA OKCIICPUMCHTAJIBHBIX




HCCIICIOBaHUI B 001aCTH MarHETH3Ma;

HaBbIKaMH CaMOCTOATCIBHOI'O IMPOBCACHUA

HCCHCHOB&TGHBCKOﬁ pa6OTBI C IIOMOIIBIO MCTOAda
MHUKPOMAarHuTHOI'O MOJACIIMPOBAHUS;

HaBbIKaMU HCIIOJIB30BaHUsA METOAOB MHUKPOMAarHUTHOI'O
MOACIINPOBAHUA JIIA IMPOIrHO3UPOBAHHA

SKCIICPUMCHTAJIbHBIX PE3YJILTATOB.

I1K-6,

CIIOCOOHOCTBIO
IUTAHUPOBATH 5
MIPOBOHTH
IKCIIEPUMEHTHI o

MOJIETUPOBAHUIO U
[IPAKTUYECKOMY
OIIpeICJICHUI0
CTPYKTYpPbI U CBOMCTB
MaTepHaoB,

U1
ANEKTPOHUKHU "

MEPCICKTUBHBIX

HaHO3JIEKTPOHUKH

3Haer

OCHOBHBIC BOBHeﬁCTBHH Ha

CTPYKTYDY;
OCHOBHBEBIC

MCTOABI MAarduTHYO

0COOEHHOCTH  JIOMEHHOM

CTPYKTYpBHI,
CTPYKTYpPBI JIOMEHHBIX TPaHHMIl, a TAKKE TOMOJIOTMYECKHX
CIMHOBBIX KOH(UTYpaIuii;

OCHOBHBIE CcHOCOOBI W  (QOopMaTel NIpPEACTABICHUS
PE3yJIbTATOB MUKPOMArHUTHOT'O MOJICIIMPOBAHUS,
HalMCaHMsl HCXOTHOTO KOJAa 3aJay JuIsd
CHUMYJISIIMM KOHKPETHOro Tmpomecca B (eppoMarHUTHOM
cpene;

OCHOBBI

OCHOBBI

paboTsl B OZTHOM u3 MaKETOB

MHUKPOMAarouTHOIO MOACIIMPOBAHUS.

Ywmeer

AHAJIM3UPOBATH PE3YyJIbTAaThI MOJCIIUPOBAHUSA u

NPEJCTaBIATh MONyYeHHBIC JaHHBIC B rpaduueckoii popme
(rpaduxu,
CTPYKTYpPBbI U pacrpeiesieHne MarHuTOCTaTUYECKUX MOJIEN);

AuarpamMmal, HUIUTIOCTpalun MarauTHOM

MIPOBOJUTH pacuersl, KOTOpBIE HEOO0XOIUMBI

MOJIETTMPOBAHUS KOHKPETHOTO ()epPOMArHUTHOTO OOBEKTA;
COCTaBJIATh HCXOOHBIA KOJ 3aJaud JUIl CHUMYJISLUH

KOHKPETHOTO Ipoliecca B peppoMarHuTHOI cpene;
II0JIb30BAaThCS OJJHUM M3 IAKETOB MHUKPOMAarHUTHOTO

MOZACIINPOBAHUA.

Bnaneer

nporpammubiM  obecrieuenuem (OOMMEF, OriginPro,
ParaView) HeoOxoaumbIM 1711 00paOOTKH U BU3YyaIH3aIlluU
pEe3yNbTAaTOB HCCIIEJIOBAHMS, BBIMOJIHEHHOTO C IOMOIIBIO
MHUKPOMAarHUTHOTO MOJICTTUPOBAHUS;

HaBBIKAMH HAIMMCAHUS 0a30BBIX KOHCTPYKIIUH ISt
pea3anuu BBIYHCITUTEILHBIX IPOIIEAYP o
MHUKPOMarHUTHOMY MOJICTHPOBAHHIO;

NpUeMaMH  PCIICHUS  OCHOBHBIX

MATEMAaTHYCCKUX 3aaa4 B

busznyeckux U
OTHOM M3  TIAKETOB
MHUKPOMArHUTHOTO MOJICTUPOBAHHUSI.




|. CTPYKTYPA U COAEPX KAHUE MMPAKTHUYECKOM YACTHU KYPCA

JlaGopaTopHusie padoTsi (36/ uac.)

Jlabopatopnas padora Nel. Onucanue reoMeTpu4ecKuX NapaMeTrpoB U

pacderT MAarHMTHBIX TOCTOAHHBLIX MOICJIHUPYEMOIO 00beKTa HAa OCHOBAHHUH

JIKCHEPUMEHTAJIBHBIX JaHHBIX (2_/ 4ac.)

1.

Ucnonb3yst n3o0paxkeHUE SKCHEPUMEHTAILHOrO 00pasiia, OMUIIUTE €ro

reoMeTpuueckyro  (GopMy H  paccCuMTaWTe IUIOIMIA[Ah IOBEPXHOCTH

(beppoOMarHuTHOTO CIIOSI.

[Moctpoiite B OriginPro  memm  TUCTepe3nuca,  WU3MEPCHHBIC

DKCIIEPUMEHTAJILHO Ha BHOpOMAarHeTOMETpe B TIOJNAX HU3MEPEHHBIX

napauIeTbHO U MEPICHIUKYIAPHO OCH JIETKOTO HaMarHU4UBaHuA (0.J1.H.).

[TpoBeanTe HOPMUPOBKY IMOCTPOCHHBIX METEIb TUCTEPE3UCA.

OnpenenuTe 3HAYCHUS TAaKUX XapaKTEPUCTHK (OPMBI TETEbh Kak

kosprutuBHas cuia (Hc), ocratounas HamarHwdeHHOCTh (M,/Mg), moss

s¢dexTrBHON aHU30TPOITHH (Hetr).

3Has CcOCTaB DKCIEPUMEHTAJIBLHOM CTPYKTYphl W T€OMETPUYECKHUE

napaMeTpsl U3BMEPEHHOTO 00pasiia, paCCUUTANUTE ero 0ObEM.

OnpenenuB MarHUTHBIM MOMEHT oOpaslla B HACBHIINICHUH, pacCUUTAMTe

BEJIMYMHY HAMAarHUYEHHOCTH HachIeHus: oopasia (Ms).

PaccuuTaiite BenuunHy 3()(PEKTUBHON MarHUTHON aHU30TPOIIHUH, UCTIONB3YS
1

dbopmyny Kex :EHeff My,

VYuuteiBass  OpUEHTAIMI0 O.JIL.H. M  KPUCTANIMYECKYID  CTPYKTYpPY

AKCIIEPUMEHTAJILHOTO o0pasiia, mnpousBeaute rmnepecuer AhHEKTUBHON

aHU30TPOINHMU B KOHCTaHTy HaBeaeHHOH (K), mn0o kpucTamiorpaduyecKoi

anmzotponuu (Kc), koTopast OyaeT UCIOIB30BaThCS B MOJICITUPOBAHHH.

W3 rpaduka TemmepaTypHOrO0 HM3MEHEHUS HAMarHUWYCHHOCTH OIPEICITUTE

temneparypy Kiopu (T, u paccuuTtaiite KOHCTAaHTY OOMEHHOTO

B3auMoieicTBus (A).

10. PaccuuTaiiTe ayvHy (heppOMarHUTHOW KOPPEISAIUU ISl TaHHOTO 00pasiia,

2A
HoM -

S

ucmnosb3ys popmyny |, =



JlabopatopHass paGora Ne2. AHaJIM3 IKCNEPHUMEHTAJBHBIX Pe3yabTATOB

HCCJIeIOBAHUS MATHUTHOM CTPYKTYPHI (2_/__ 4ac.)

1.

Hcnone3yss wu300pakeHHE JOMEHHOM CTPYKTYphl B pa3MarHHUYEHHOM
COCTOSIHUU, TOJYYEHHOE METOJOM MAarHUTHO-CUJIOBOM MHUKPOCKOIUU
(MCM), onpeaenute TUI aHU30TPONIUU 00pa3lIa.

3nas wmacmrab ckanupyemoit Ha MCM o6nactu o0pasua, H3MepbTe
CpPEOHUN pa3Mep TOMEHOB.

O6o03HaubTe HaNpaBICHHME HAMAarHMYEHHOCTH B KaxjaoM nomeHe MCM
U300paxKeHHUS.

VYyuuthiBas coctaB o0paslia ¥ TOJIIMHBI CJIOEB, YCTAHOBUTE THUIT IOMEHHBIX
TpaHuIl.

Paznenure Ha uzoOpakennn MCM nedexThl CKaHUPOBAHUSI CBSI3aHHBIE C
penbeoM U OCOOEHHOCTH MArHUTHOW CTPYKTYpbl — TOIOJOTUYECKHE
CIIMHOBBIE KOH(UTypaluu (MarHUTHbIE BUXPU, CKUPMHOHBI, W3MEHEHUS
KUPAJIbHOCTH TOMEHHBIX TPaHUIT).

Oobpaboraiite n3o0paxkeHue oOpasua Ne2 B pa3sMarHM4eHHOM COCTOSTHHUH,
MOJlydeHHOE Ha MarHutoonTuaeckoM Kepp-Mukpockorre.

[Io Bugy nOOMEHHOW CTPYKTYypbl Ha wu300paxkenuu Kepp-mukpockonuu
OTIPEIECTUTE TUIT aHU3O0TPOIIHH.

3nas macmTab ckaHupyemor obnactu obpasma Ha Kepp-mukpockore,
U3MEphTE CPEAHMIA pa3Mep TOMEHOB.

Hcnonb3ys nzobpaxenus Kepp-Mukpockonuu u3MepeHHbie Ha 00pasiie Ne2
B Tpolecce TMEepeMarHUYMBAHMs, OMPEACIUTE IUIOTHOCTh IIEHTPOB
3apOKJCHUS JIOMEHOB.

10. TTocTpoiiTe 3aBHCHUMOCTh W3MEHEHHWsS CPEAHETO pa3Mepa TOMEHOB IpHU

N3MCHCHHNH BHCIIHCTO MarHMTHOI'O ITOJIA.

JlabopaTopHasi pabota Ne4. YcraHoBka, u3yuyenue uarepgeiica u padora

B nporpammuom nakere OOMMF (2_/ ugac.)

1.

3.

Baiiqute Ha cadT paspaborumka The Object Oriented MicroMagnetic
Framework  https://math.nist.gov/oommf/ u  ckagaiite  Bepcuio
IPOrPaMMHOTO MaKeTa HeOOXOUMYIO JIJIsl Balllel OTepaliiOHHON CHCTEMBI.

Ckauaiite ActiveTcl Software, momxomsammii gus Bameir OC, ¢ caiita
https://www.activestate.com/products/activetcl/downloads/ wu ycranoBure
JTaHHBIN MaKeT.

3amyctute commf.icl.



https://math.nist.gov/oommf/
https://www.activestate.com/products/activetcl/downloads/

o1

B mosiBuBIIIEMCS] OKHE BBIOEpUTE moAmnporpammy mmProbEd.

ZamycTute npumep 2D 3amaun u3 nanku app\mmpe\examples.

3amycTuTe  MOANPOTPAMMY mmDisp u BbeIBeIUTE OTOOpaKeHUE
pacrmpeziesieHus HAMarHH4eHHOCTH B MPOIIECCE pacuera.

[ToctaBpTe pacueT Ha May3y M COXpaHUTE MOIYYCHHOE H300pakeHHe
MHUKPOMAarHuTHOU CTPYKTYPHI.

Ortkpoiite moamporpammy mMmGraph, Bo30OHOBHTE pacueT W IMOCTPOWTE
rpauK U3MEHEHUS TIOJTHON YHEPTUU CUCTEMBI OT YHCIIa UTEPAITHA.
JloxkauTech MOMEHTa, KOT/A TIOJHAs SHEPrus JOCTUTHET MHHHUMyMa |
COXpaHUTE N300paKEHNE MUKPOMATrHUTHONU CTPYKTYPHI.

10. Otkpoiite nognporpammy OXsii u 3anmyctute npumep 3D 3amaun U3 manku

app\oxs\examples.

11. 3anycture mpoamporpammy MmmDataTable mns otoOpakeHus TeKymiero

3HAQYCHUS! BEJIMYMHBI MArHUTHOTO TMOJS, & TaKXKE KPUTEPUS CXOIUMOCTH
3aJa4u.

12. 3amycture npoanporpammy MMArChive s aBTOMaTHYECKOTO COXPaHEHHUSI

nanupix B ODT ¢atine.

13. Umnoptupyiite nanabie ODT ¢aiinma B OriginPro m moctpoiite mer:ro

IT'uCTCpC3ncCa, IOJIYIYCHHYIO Ha MOACIINPOBAHNHN 3D CTPYKTYPBI.

JlaGopaTopnass paGora Ned. MonaeaupoBanue aByMepHbIX (2D)

HaHocTpykTyp B OOMMEF (4 / wuac.)

1.

o

Hcnone3ys mmSlove2D 3anate AByMepHyrO 3amady sl HaHOCTPYKTYP
Pa3IMYHON TeOMETPUIECKON (HOPMBI.

Coxpanutb (aitsn ucxonueix 3aaad B popmare MIF 1.1,

3amycTute noganporpamMmmy MmDIsp, BKIIOYHTE 0TOOPaKEHUE TTOTYYSHHBIX
HaHOCTPYKTYp U coxpanute OMF (aiin naHHBIX CTPYKTYP.

3ajaiiTe HaHOCTPYKTYPY C ONPEACICHHBIMA MAarHUTHBIMHM [apaMeTpaMu U
reoMeTpuen U HalauTe KOHPUTypaluo HaMarHM4eHHOCTH ¢ MUHUMAJIbHON
DHEPrUEH, PEAIN3yEMYIO B OTCYTCTBUE BHELIHETO ITOJIS.

CnenaiiTe CUMYJSIIIMIO TIpollecCa HaMarHUYMBaHUs oOpas3ia B JABYX
narnpasieHusx Ox u Oy, coxpanus B ODT ¢aiine nanusie.

WNmnoprupyiite nanasie ODT ¢aiina B OriginPro u moctpoiiTe KpuBbIC
HaMarHUYUBaHUSI.

CmMopenupyiiTe npoiiecchl NepeMarHiuyMBaHusl B MOJIIX OPUEHTUPOBAHHBIX
B1osib OX u Oy, coxpanute ganabie B ODT (aiirne.

WNmnoprupyiite nanapie ODT ¢aiima B OriginPro u mocrpoiite netiu



9.

rucTepesuca.
Hamummure ncxomupix kox B popmare MIF 1.1 g 2D HaHOCTPYKTYpPHI €
OTIPEICTICHHBIMU MarHUTHBIMHU ¥ T€OMETPUUECKUMU TTapaMETPaAMHU.

10. Ucmonb3ys KOMaHAHYIO CTPOKY CKOHBEPTHPYHTE HWCXOIHBIA KOA U3

koaupoBku MIF 1.1 B kogupoBky MIF 2.1.

JlaGopaTopnasi paGora NeS. MopenupoBanue Ttpexmepubix (3D)

HAHOCTPYKTYP pa3iu4uHoii reomerpudeckoii popmbl B OOMMF (4 /  4ac.)

1.

Hcnonp3yss OXxSii  3amaTh TpeXMEpHYI 3aiady [Uii HaHOCTPYKTYP
Pa3IM4HON reoMeTpUIECKON (POPMBI.

Coxpanuts (aitn nucxoansix 3a1ad B popmare MIF 2.1.

3amycTtute noanporpaMmmy MmDIsp, BKIIOYHTE 0TOOpaKEHUE TTOTYYSHHBIX
HaHOCTPYKTYp U coxparnute OMF ¢aiin nanubsix 3D HaHOCTPYKTYD.

3anaiiTe HAHOCTPYKTYPY C OIpEAeCHHbIMA MAarHUTHBIMU NapaMmeTpamu U
reOMETpUEl U HaluTe KOH(PUTYpPALMI0O HAMarHUYEHHOCTH C MUHUMAJIbHON
SHEpPrueil, peain3yeMyIo B OTCYTCTBUE BHEUIHETO MOJIS.

ChenaiiTe cuMyJLMIO Tpollecca HaMarHMYMBaHUS oOpa3la B Tpex
HampasieHusx Ox, Oy, Oz, coxpanus B ODT ¢aiine nannbie.
WNmnoprupyiite nanasie ODT ¢aiinma B OriginPro u moctpoiite KpuBbIC
HaMarHWYMBaHUS B TPEX HANPaBICHUSIX.

CMopenupyiiTe mpoLEecChl NepeMarHMUMBaHus B MOJSIX OPHUEHTUPOBAHHBIX
B1ob OX, Oy, Oz coxpanure nanasie B ODT daiie.

Nmnoptupyiite nanaeie ODT ¢aiima B OriginPro m mocrtpoiite mnetiu
rucTepesuca.

3anmaiiTe HAHOCTPYKTYPY, Hcmonb3ys 0ok ImageAtlas, u coxpanure OMF
¢aiin noayueHHON T€OMETPHUH.

10. 3agaiiTe MacCUB HAaHOCTPYKTYP, Ucmoyib3ys 0ok MultiAtlas, u coxpanwure

OMPF (baiin mosry4eHHOM TeOMETPUH.

JlaGoparopuass pabdora Ne6. Oco0eHHOCTH 3aJaHMSl TeOMeTPHH

moaeaupyemoro 3D o0bexkTa mpu ucnosn3oBanum ScriptAtlas B OOMMF
(2_/__uac.)

1.

3agaiite 3D HaHOCTPYKTYpY € ONpeeIeHHBIMH MATHUTHBIMU MTapaMeTpamMu
U TeOMETpHeH, UCIoNb3ys 0ok ScriptAtlas.

Coxpanuts (aitnn ncxonueix 3amad B popmare MIF 2.1,

BamycTtute noanporpaMmmy mMmDIsp, BKIIOYUTE 0TOOpaKEHHE MOTYYCHHBIX



HaHOCTPYKTYp U coxpanute OMF (aitn nanapix 3D HaHOCTPYKTYP.

4. 3apmaiiTe HAHOCTPYKTYpPY C ONpECIICHHBIMH MarHUTHBIMH MapamMeTpaMu H
reoMeTpuei, U HalauTe KOH(QUTYpalMi0 HaMarHU4€HHOCTH C MUHUMAJILHOM
SHEprue, peam3yeMyo B OTCYTCTBHUE BHEITHETO MOJISL.

5. 3apmaiite MmaccuB 3D HaHOCTPYKTYyp C ONpeeiIeHHbIMH MarHUTHBIMU
napamMeTpaMH U TeOMETpHeid, UcTionb3ys 010k ScriptAtlas.

6. CoxpanuTh (aiis ncxoaHbIX 3a1a4 B popmate MIF 2.1,

7. 3amycrute nmoanporpamMmmy MmDIisp, BKIIOYHTE 0TOOpaKEHUE MOTyYEHHOTO
MaccuBa HaHOCTPYKTYp U coxpanutre OMF ¢aiin.

8. Haiimure koH(Hrypanmuro HAMarHMYEHHOCTH C MHUHUMAJIBHOW SHEPTUCH,
peannu3yeMyro B OTCyTCTBHE BHEILIHETO MOJIsl B MACCUBE HAHOCTPYKTYP.

JlaGoparopHasi padora Ne7. @opmupoBaHue He0OOXOAMMON HAYAJIbHON

koHpurypanuu HamaruudeHHoctu 3D crpykryp B OOMMF (4 /  uac.)

1. 3anaiite 3D HaHOCTPYKTYpY C ONpeneeHHBIMU MAarHUTHBIMU MTapaMeTpamMu
U reoMeTpuei, ucronb3ys ook UniformVectorField, 3amaiite oqHOpoHYIO
HamarHu4eHHoctb 1o ocsim  Ox, Oy, Oz. CoxpaHutre NOJy4YCHHbIE
pacmnpenenenus HamarandeHHocTH B OMF (haiinax.

2. 3apmaiiTe ABYXJOMEHHOE COCTOSIHME 4epe3 oOpalleHHe K pa3HbIM pEeruoHaM
MojsenupyeMon reomepun. CoXpaHUTE TIOJYYEHHOE paCHpPEACIICHUE
HamaranueHHocTH B OMF ¢datine u ncxoansiid ko 3agaun B MIF daiine.

3. 3amaiiTe  NIBYXJIOMEHHOE  COCTOSHHE,  HMCIOJB3YyS  TOJANPOrpaMMy

ScriptVectorField. Coxpanure MOJIYYCHHOE pacrpeielicHue
HamaranaeHHoctd B OMF daiine u ucxomnsiii kox 3agaun B MIF daiine.

4. 3anainite BHUXPEBOE COCTOSIHHE, UCIIOJIB3YS HOAMPOTPaMMY
ScriptVectorField. CoxpaHure MOJTyYECHHOE pacnpeseieHme

HamaraudeHHoctd B OMF ¢aiine u ucxonnsiit koz 3agaun B MIF daiine.

5. 3amaiiTe MOJOCOBYIO JOMEHHYIO CTPYKTYPY, HCIIOIB3YS TMOIIPOrpaMmy
ScriptVectorField. Coxpanure MOJTyYEeHHOE pacnpeneieHme
HamaranueHHoct B OMF daiine u ucxoansiii koa 3agauu B MIF daiine.

6. 3amaiiTe XaoTUYECKOE pACTPECIICHHE HAMarHUYEHHOCTH C pa3MepoM
AYEUKH Ax4x4 um’, Coxpanute MOJIy4YEHHOE pacnpeneneHue
HamarauueHHoctd B OMF ¢gaiine u ucxonnsiit kop 3agaun B MIF daiine.

7. CpaBHUTE TIOJIHBIC SHEPIHMHM CHUCTEMbl TIPH PA3JIMYHBIX KOHMUTYpaIHSIX

HAMarHU4eHHOCTH W HaWAUTEe KOHPUTYPAIUIO ¢ MUHUMAJILHON YHEPTHUEH.



JlaGopaTtopnasi paGora Ne§. Buabl 00MEeHHOro B3aUMMOAEHCTBUS TNPHU

moaeaupoBanuu 3D oobekToB B OOMMEF (2 /  4ac.)

1.

3anaiite 3D HaHOCTPYKTYpY C ONpeneeHHBIMU MAarHUTHBIMU ITapaMeTpamMu
U reomerpuerd. B TMOJy4YeHHOW HAHOCTPYKTYpE 3aJalTe€ KOCBEHHOE
oOMeHHOe B3anumoeiicTBue [3smommunckoro-Mopusi.

3agaiiTe JBYXJIOMEHHOE COCTOSIHME, TIOCJI€ MHUHUMH3ALUA SHEPrUu
coxpanute OMF (aiin pacmpenenenuss HamarHu4eHHOCTH. Ormpenenure
KUPAJIIBHOCTh JIOMEHHBIX TPAHUII.

M3MmeHnTe 3HAK KOHCTAHTHI OOMEHHOE B3aMMOJICHCTBHC J[3SITOIMIMHCKOIO-
Mopust Ha IPOTUBOIIOIOKHBIN, TIOBTOPUTE 3a1aHus | u 2.

3agaiite 3D HaAHOCTPYKTYpPY TPEXCIOMHOM IUICHKH C ONpPEACICHHBIMU
MarHUTHBIMH ITapamMeTpaMu. Mexay BEpXHUM M HUKHUM CIIOSIMU 3aJaiTe
KocBeHHOe oOmeHHoe B3aumojericteue RKKY ¢ antudeppomaruutHoi
CBSI3BIO YEPE3 HEMArHUTHYIO IPOCIIOKKY.

3amaiiTe B KayecTBE  HayalbHOW  KOH(PUTYpaUMud  XaOTUYECKOE
pacnpeesieHne HAMarHH4eHHOCTH B TPEXCIOMHOM IIJIEHKE.

Halinute KoOH(Qurypanuioo ¢ MHUHUMQJIbHOM DSHEpPrUed B OTCYTCTBHUE
BHEIIIHEI'0 MarHUTHOT'O TOJIS.

CoxpaHute morydeHHoe pacnpenenenne HamaranaeaHoctd B OMF daiine u
UCXOaHBIN Ko 3anaun B MIF daiine.

JlabopaTropuass pabGora  Ne9, MarHuTHasi aHM30TPONMS IPH

moaesupoBanuu 3D o6bekToB B OOMMEF (2 /  wac.)

1.

3anmaiite 3D HaHOCTPYKTYpY C OMpeaeIeHHBIMU MarHUTHBIMU MTapaMeTpamMu
U reoMeTpuerd. B TONydeHHOM HAHOCTPYKTYpE 3aJalTe OJHOOCHYIO
aHU30TPOIHIO.

[IpoBenute CUMYNSIUA  TPOLIECCOB  MEPEMarHUYMBaHMUS B TOJSAX
OPUEHTUPOBAHHBIX MAPATJIETBHO U NEPHEHANKYISIPHO O.J1.H..

Bxirounte aBTomatuyeckoe coxpanenue qanubix B ODT daiin.
WUmnoprupyiite nmanapie ODT ¢aiima B OriginPro u moctpoiite meTiu
rUCTepe3nca i IBYX CIIy4yaeB OPUEHTAIIMU BHEIIHETO MAarHUTHOTO TTOJIS.
3agaiite 3D HaHOCTPYKTYpY € ONpeneIeHHBIMH MAarHUTHBIMU MapaMeTpamMu
u reomerpuei. B TmoOdydyeHHOW HAHOCTPYKType 3aJalTe KyOMYECKYIO
aHU30TPOIHIO.

[IpoBenuTe CUMYNSIMA  TPOILIECCOB  IMEPEMarHMYMBAaHUS B TOJISX
OpPHEHTHPOBAHHBIX BIOJb Kpuctautorpadpuueckux ocer [100], [010], [001]



7.
8.

u 1o auaronamu [111].

Bxurounte aBTomMatudyeckoe coxpanenue qaHusix B ODT daiin.
Wmnoptupyiite mannbie ODT ¢aiina B OriginPro m mocTpoiite meriu
rUcTepe3nca s ABYX CIy4yaeB OPUEHTAI[MHN BHEIIHErO0 MAarHUTHOTO MOJIS.

JlabopaTopHast padora Nel0. Cumyasuus NpoLeccoB

nepeMarHMYMBaHUs MO AecTBUEM BHelIHero MarHuTHoro noJjass B OOMMF

(4 /_ 4ac.)

1.

3agaiite 3D HaHOCTPYKTYpY C ONpeeICHHBIMU MATHUTHBIMU MTapaMeTpamMu
U TeoMeTpueil. B  HadyallbHOM COCTOSIHMM  3aJaiiTe€ XaOTHYECKOE
pacmpeneneHue HaMarHM4eHHOCTH. [IpoBeauTe cuMyssinuioo mpouecca
HaMarHU4MBaHus BJ0JIb ocu OX.

BxrounTe aBToMaTHueckoe coxpanenue qaHHeix B ODT daitn.
WNmnoprupyiite nanasie ODT ¢aitna B OriginPro u moctpoiite KpuBYIO
HaMarHUYUBaHUS.

3amaiite B HAaYaJIbHOM KOHQPUTYpalMu JABYXJOMEHHOE COCTOSHHE.
Uccnenyiite TMHAMHUKY JTOMEHHOM CTEHKHU MOJ JACHCTBHUEM BPAIAIOIIETOCH
MarHUTHOTO MoJs B riockocT OXy.

3amaiite B HayalbHOW  KOH(UrypalMu  BHXPEBOE  COCTOSIHUE
HaMmMarHnueHHocTu. HMccienyire OUHAMUKY sipa BHUXpsl TOJ JEHCTBUEM
MIEPEMEHHOTO MArHUTHOTO TOJIA.

3ajgaiiTe OJHOJIOMEHHOE COCTOSIHME HaMarHudeHHocTh. Mccnemyiite
MPOLECC NEPEMATHUYMBAHUS HAHOCTPYKTYPBI MOJ JCUCTBUEM JIOKAIBHOTO
CMEIIAIOWIETOCS] ~ MAardHUTHOrO  Iojis.  BKIIOYMTE  aBTOMAaTHUYECKOE
coxpanenue ganHbix B OMF caiin.

JlaGopaTopHasi padora Nell. Cumyjasimus cnuHoBoil auHamuku 3D

oobekTa moj aeiicreuem tremneparypsl B OOMMEF (2 /  wac.)

1.

3agaiite 3D HaHOCTPYKTYpY € ONpeeIeHHBIMH MArHUTHBIMU MapaMeTpamMu
M reomMerpued. B  HadaJIbHOM  COCTOSSHMM  3aJlalT€  BUXPEBYIO
HaMarHU4e€HHOCTb.

VYBenuuuBaiite TeMIiepaTypy, YTO HAUTH MNPEAEHbHYIO gt 0 KOTOPOM
JaHHOE COCTOsTHUE OYyJIeT OCTAaBaThCsl YCTONUNBBIM.

VYBenuuuBaite TemmnepaTypy najbiie BeiBoAs Ha MmGraph saBucumocTs
m=f(T).

Haiinure Touky Kropu 1715 Baiien CTpyKTyphl.



YBenuubTe pazmep s4eiiku pa3oreHus B 2 pa3a u MOBTOpUTE 3afaHus 1-4.
[IpoBenuTe aHanU3 MOJYYEHHBIX PE3YyJIbTATOB U CAEIANTE BBIBOJA O TOM, KaKk
pa3Mep siueHKM pa3OMeHUs BIMSET HAa JAMHAMUKY HaMarHWYEHHOCTH I10A
JNEUCTBUEM TEMIIEPATYPHI.

JlabopaTtopnass padora Nel2. MoaeaupoBanue TONMOJOTHYECKHX

cnuHoBbIX KoHpurypamuii B OOMMEF (2_/  wac.)

1.

3anaiite 3D HaHOCTPYKTYpY C IJIOCKOCTHOW MarHUTHOW aHU30Tpornuel. B
HAYaJIbHOM COCTOSIHUY 3aJJalT€ BUXPEBYIO HAMAarHUYE€HHOCTD.
Coxpanure pacnpeneiaeHue HamaranueHHoctu B OMF daiin.
N3menute koaupoBky noixyuennoro OMF daiina u3 binary 4 B text.
NMnoptupyiiTe = MOJYyYEHHOE  PacHpeiciieHUE  HAMarHM4eHHOCTH B
OriginPro.
1 _ (om om

Hcrons3ys popmyny Ny = _” M| —x—— (dXdY  paccunraiire Bemmunny

4 ox oy
TOITIOJIOTMYCCKOI'O 3apsaaa IJid HaHHOﬁ KOH(I)I/Il"ypaI_[I/II/I HaMaroHm4cHHOCTH.
3anaiite 3D HaHOCTPYKTYpY NEPIEHIUKYIIPHOM MAarHUTHOM aHU30TPONUEN
1 B3auMojencTeueM /[[3smommHckoro-Mopus. B HadaibHOM COCTOSIHUM
3a1aiT€ CKUPMHOH.
IToBTOpUTE NEHCTBYUS, ONMMCAHHBIE B YHKTAaX 2-5, 1JI TaHHON CTPYKTYPHI.
CpaBHHTE BEIUYMHBI TOMOJOTUYECKUX 3aPSII0OB PACCUMTAHHBIE JJIs1 BUXPS U
CKHPMHOHA.

JlaGoparopuass padora Nel3. MoaenupoBaHue MArHUTOCTATHYECKHUX

nojeid co3gaBaemMbiX ¢eppoMarHuTHOl HaHocTpykTrypoii B OOMMEF

(2_/__uaac.)

1.

3anaiite 3D HaHOCTPYKTYpPY C ONPECICHHBIMH MarHUTHBIMH NTapaMeTpamu
u reometpueid. Ilpu 3TomM pazMep Moaenupyemoil 001acTh MpOCTPaHCTBA
JIOJDKEH B 2 pa3a MpEBbIIIATh T€OMETPUUECKUE pa3Mepbl HAHOCTPYKTYPHI B
Ka)XJIOM U3 HaIlpaBJICHUU.

3anaiiTe OJJHOJOMEHHOE COCTOSIHIE HAaMarHUYE€HHOCTH BI0Jb ocu OX.
Hannure sHepreTnueckui MUHUMYM ISl TAHHOW CTPYKTYPBI.

Bxuirounte 0TOOpaXk€eHME MArHMTOCTAaTUYECKUX TIOJIeH, CO3/1aBaeMbIX
HAHOCTPYKTypoi B mmDisp.

CoxpaHuTe NOJYYEHHOE pACIpPEICICHHe MAarHUTOCTAaTHYECKUX TMOJIed B

OMF ¢aiin.



6. 3agaiiTe MaccMB HAHOCTPYKTYp TakK, 4TOOBI Mojaenupyemas 00J1acTb
MIPOCTPAHCTBA MOJHOCTHIO OXBATHIBAJIA IAHHBIN MACCUB.

7. 3agaiiTe B KauecTBe HayaJbHOM KOHQPUTYpalMd HaMarHUYeHHOCTU
XAa0TUYECKOE pPaCIIpECIICHUE.

8. 3amycThTe MUHUMU3ALIUIO YHEPTHUU CUCTEMbI B OTCYTCTBUE BHEIITHETO TOJIS.

9. IMomyuute pacmpeneieHne MarHUTOCTATHYECKUX II0JIeH B3aWMOICHCTBUS
ME¥XK]y 2JIEMEHTAMH MACCUBA.

10. YMeHbILINTE pacCTOSHUE MEXTY FI€MEHTaMU MAacCUBa U MMyHKTHI 7-9.

JlaGoparopnasi padora Nel4. MoaesupoBaHue MJIEHOK U MHOTOCJIOMHBIX
crpyktyp B OOMMF (2_/ wac.)

1. 3amaiite 3D o6macTh (EPPOMATHHTHON IUICHKH pa3sMepoM 2x2 MKM
OTIpeICTICHHBIMA MarHUTHBIMH TIApaMETPaMHU U TOJIITUHOM.

2. 3ajaiiTe B KauecTBe HayajJbHOM KOHUTYpalMud HaMarHUYeHHOCTU
Xa0THUYECKOE pacIpeiesiCHHeE.

3. 3amycTHTe MUHAMH3AIUIO TIOJHOW SHEPTruu CUCTeMbl M coxpanute OMF
daiin pacnpeseneHe HaMarHHYEHHOCTH B DHEPTreTUYECKOM MUHUMYME.

4. JloGaBbTE MEPUOIUYECKHE TPAHUYHBIC YCIOBHS Ha KpasX MOICIUPYEMOil
00JIaCTH C KOJIMYECTBOM TpaHcisanuid Bnoiab OX u Oy — 3.

5. TloBTOpUTE NEHCTBUS U3 YHKTOB 2-3.

6. CpaBHUTE MOJYYEHHBIC PE3yJIbTATHI 0€3 U C MePUOANUYECKUMHU TPAHUIHBIMU
YCIOBUSIMHU.

7. 3agaiiTe MHOTOCJIOWHBIM HAHOJUCK, COCTOSIIUNA W3 5 (eppoMarHUTHBIX
CJIOEB pa3/IeTICHHBIX HEMAarHUTHBIMU MPOCIONKaAMHU.

8. 3amaiiTe B KauecTBe HayajdbHOM KOHQUTYpallMd HaMarHUYeHHOCTU
OJTHOJTIOMEHHOE COCTOSTHHE.

9. 3amycThTe MUHHUMHU3AIUIO TIOJHOW SHEpPruu cuctembl U coxpanure OMF
daiin pacpeaeneHne HAaMarHMIYEHHOCTH B DHEPTETUIECKOM MUHHUMYME.

10. Ucnonw3ys 3¢ ¢dekTHBHYIO MOeb, omucaHHyio pabdore [Woo, S. et al.
Nature materials 2016, 15, (5), 501-506], npoBeauTe mepecyeT MarHUTHBIX
napamMeTpOB MOJCITUPYEMOUN CTPYKTYPHI.

11. 3aymaliTe HOBYI CTPYKTYpy HAaHOJUCKA C OJHUM 3((PEKTUBHBIM
(beppOMarHuTHHIM CJIOEM.

12. IloBTOpPUTE ACHCTBUS U3 MMYHKTOB §8-9.

13. CpaBHUTE peE3yabTaThl, MOJIYYEHHBIE TIPU MOJCIHUPOBAHUN pPEATbHON
MHOTOCJIOMHON CTPYKTYpPHI U 3(h(PEKTUBHON MOJIEIIH.



Il.  YYEBHO-METOAMYECKOE OBECIIEYEHHUE
CAMOCTOSATEJBHOMN PABOTHI OBYUAIOIIUXCSI

YV4yeOHO-METOTUUECKOE

obecrieueHue

CaMOCTOSITCIIbHOM

paboTHI

06y‘IaIOHII/IXCH 110 AUCHUITIINHC «OCHOBBI MUKPOMAIrHUTHOT'O MOACIHUPOBAHU

npenacrasiieHo B [Ipunoxenuu 1 u Bkirovaer B ceOs:

HJ'IaH-l“pa(bHK BBIIIOJTHEHHSI CaMOCTOSITEIIbHON pa60TI>I 110 JTUCHHUIIJIMHC, B TOM

YUCJIC IPUMCPHBIC HOPMbI BPCMCHH Ha BBIIIOJIHCHUC 10 KAXKIOMY 3aIaHUTO,

XapaKTEPUCTHKA 3aJaHUN JUIsI CAaMOCTOSTENBHOM padOThl OOydaroIMUXCAd U

MCTOAUYCCKUC PCKOMCHIAIIWUH 110 UX BBIIIOJIHCHUIO,

TpeOOBaHUSI K

CaMOCTOSITEJIbHOM pa6OTBI;

KPUTCPHUH OOCHKH BLIIIOJTHCHUSA CaMOCTOSTEIILHOM pa6OTI>I.

npCaCTaBJICHUIO

0hOopMIICHUIO

pe3ynbTaTOB

I1l. KOHTPOJIb JOCTUXXEHUSI LIEJENA KYPCA

Ne Kounrposmpyemsie Koapl 1 3Tanmsl OueHo4yHbIE CpecTBA
n/n pasjie/ibl / TeMbl ‘l’OPM“POBam{ﬂ TeKYIIHMHA KOHTPOJIb | IMPOMEKYTOYH
JAUCUHMILTUHBI KOMIIeTeH Ui ast aTTecTalus
1 Omnucanune I1K-3 3HAET JIabopatopHas DK3aMEH,
rE€OMETPUUYECKUX pabora (ITP-6) BOINpPOCHI 1-7
rapamMeTpoB U pacyeT CobecenoBanue
MarHUTHBIX MOCTOSTHHBIX (YO-1)
MOJISIIUPYEMOTO OOBEKTA yMeeT JlaGoparopHas HK3aMeEH,
Ha OCHOBaHUU pab6ora (ITP-6) 3a/1aHue,
JKCIIEPUMEHTAIIBHBIX TUn 1
JTAHHBIX CoOecenoBanue
(YO-1)
Bianeer | JlaboparopHas 9K3aMeH,
pabota (ITP-6) 3aJlaHue,
trn |
CobecenoBanue
(YO-1)

2 | Ananu3 I1K-3, 3HaeT JlaGopatopHas 9K3aMeEH,
AKCIIEPUMEHTAIbHBIX I1K-6 pab6ora (ITP-6) Bonpocs §-11
pE3yIbTaTOB CobecenoBanue
UCCIIEIOBAaHNS MATHUTHOU (YO-1)
CTPYKTYPBI yMeeT JlaGoparopHas HK3aMeH,

pabora (TTP-6) 3ajJlaHue,
THI 2
CoOecenoBanue
(YO-1)




BJIAJIEET

JlabGopaTopHas
pabora (ITP-6)

9K3aMe€H,
3aJlaHue,
THUII 2

CobecenoBanune
(YO-1)

YcraHOBKa, U3y4EHHE
uHTepdeiica u padbora B

IIPOrPaMMHOM I1aKETe
OOMMEF

[1K-4

3HaACT

JlaboparopHas
pabora (ITP-6)

9K3aMEH,
Borpochl 12-13
CobecenoBanue
(YO-1)

yMeeT

JlaboparopHas
pa6ora (ITP-6)

9K3aMeEH,
3a7aHue,

THII 3
Co0OecenoBanue
(YO-1)

BJI1aaCCT

JlaGopaTopHas
pabora (ITP-6)

9K3aMe€H,
3aJaHue,
THII 3

CoOecenoBanue
(YO-1)

MoaenupoBanue
IBYMEpHBIX (2D)
HaHOCTpYKTYp B OOMMF

[1IK-4

3HACT

JlabopaTopHas
pa6ora (ITP-6)

9K3aMEH,
Borpochl 14-15
CobecenoBanue
(YO-1)

yMeeT

JlaGopaTopHas
pabora (ITP-6)

9K3aMe€H,
3a7aHue,

THI 4
CobecenoBanune

(VO-1)

BJIagcecT

JlabopaTopHas
pabota (ITP-6)

JK3aMeEH,
3a7aHue,

Tun 4
CobecenoBanue
(YO-1)

MonaenupoBanue
TpexMepHbIX (3D)
HAaHOCTPYKTYp pa3iIn4HON
reoMeTpUYECcKOi popmbl
B OOMMF

[1K-4

3HaACT

JlaGoparopHas
pabora (ITP-6)

9K3aMEH,
Bonpocsl 16-17
CobecenoBanue
(YO-1)

yMeeT

JlaGoparopHas
pabora (ITP-6)

9K3aMeH,
3a7aHue,

THN 5
CoOecenoBanue

(VO-1)

BJIagcCT

JlaGoparopHas
pabora (ITP-6)

JK3aMeH,
3a7aHue,

THI 5
CobecenoBanue
(YO-1)

Oco0eHHOCTH 3aIaHus
reOMEeTpUH
Moaenupyemoro 3D
00bEKTa IpU

IK-3,
[1K-4

3HACT

JlabopaTopHas
pabora (ITP-6)

9K3aMeH,
Bornpockl 18-19
CoOecenoBanue
(YO-1)




UCTIOJIb30BAHUH
ScriptAtlas B OOMMF

yMeeT

JlabGopaTopHas
pabora (ITP-6)

9K3aMe€H,
3aJlaHue,
TUII 6

CobecenoBanune
(YO-1)

BJIaACCT

JlaboparopHas
pabora (ITP-6)

JK3aMeEH,
3a7aHue,

THII 6
Co0OecenoBanue
(YO-1)

dopmMupoBaHUe
HE00X0TMMOM HaYaJIbHOMN
KOH(pUTYyparuu
HaMaraHuyeHHocTt 3D
cTpykTtyp B OOMMF

[1K-4,
[1K-6

3HACT

JlabGopaTopHas
pabota (ITP-6)

JK3aMeH,
Bompockl 20-21
CobecenoBanne
(YO-1)

yMeeT

JlaGopaTopHas
pabora (ITP-6)

9K3aMEH,
3aJ1aHNE,
THI 7

CoOecenoBanue
(YO-1)

BJIagCcCT

JlabopaTopHas
pa6ora (ITP-6)

9K3aMeEH,
3aJaHue,

THI 7
CobecenoBanue
(YO-1)

Buans 00MeHHOTO
B3aUMOJCHCTBUS MPHU
MozenupoBanuu 3D
00bexToB B OOMMF

[1K-4,
[1K-6

3HACT

JlabopaTopHas
pa6ora (I1P-6)

9K3aMEH,
BOIPOCHI 22-23
CobecenoBanue
(YO-1)

yMeeT

JlabopaTopHas
pabota (ITP-6)

JK3aMeEH,
3a7aHue,

THI 8
CobecenoBanue
(YO-1)

BJIaAcCT

JlaGoparopHas
pabora (ITP-6)

9K3aMeH,
3a7aHue,

THII 8
CobecenmoBanune

(VO-1)

MarnuTtHas aHA30TPONUSA
pu Mozenuposanuu 3D
00bexkToB B OOMMF

[1K-4,
I1K-6

3HACT

JlabopaTopHas
pa6ora (ITP-6)

9K3aMEH,
BONpockl 24-25
CoOecenoBanue
(YVO-1)

yMeeT

JlaGoparopHas
pabora (ITP-6)

JK3aMeH,
3a7aHue,

THI 9
CobecenoBanue
(YO-1)

BJIAJIEET

JlabopaTopHas
pabora (ITP-6)

JK3aMeEH,
3a7aHue,

THI 9
CobecenoBanue
(YO-1)




10 | Cumynsanus mpoIeccoB I1K-4, 3HAET JlabGopaTopHas 9K3aMEH,
nepeMarHu4uBaHus MoJ| ITK-6 pabora (ITP-6) BOMIPOCHI 26-27
JIEUCTBUEM BHEIIIHETO Co0OecenoBanue
MarHMTHOTO TIOJIS B (YO-1)
OOMMF yMeeT JlaGopaTopHas 9K3aMEH,

pabota (ITP-6) 3aJlaHue,
tun 10
CobecenoBanue
(YO-1)
Biangeer | JlaboparopHas 9K3aMeH,
pa6ora (ITP-6) 3aJlaHue,
trn 10

11 | Cumynsauusi CHUTHOBOM ITK-3, 3HAET JlabGopaTopHas JK3aMEH,
nuHamuku 3D oObekTa [TK-4, pabota (ITP-6) BONIPOCHI 28-29
MOJ TEUCTBHEM T1IK-6 CobecenoBanue
temmnepatypsl B OOMMF (YO-1)

yMeeT JlaGoparopHas 9K3aMeH,
pa6ora (I1P-6) 3aJjaHHe,
tun 11
CobecenoBanue
(YO-1)
Bianeer | JlaboparopHas 9K3aMEH,
pabora (ITP-6) 3aJ1aHue,
tun 11
CobecenoBanue
(YO-1)

12 | MoaenupoBaHue IK-3, 3HAeT JlabopaTopHas 9K3aMEH,
TOMOJOTUYECKUX I1K-4, pabora (ITP-6) Bomnpockl 30-31
CIIMHOBBIX KoHurypanwmii | [1K-6 CobecenoBanue
B OOMMF (YO-1)

yMmeeT JlaGoparopHas IK3aMEH,
pabora (ITP-6) 3aJlaHue,
vm 12
CobecenoBanue
(YO-1)
Bnajgeer | JlaGopatopHas HK3aMeEH,
pabora (ITP-6) 3aJlaHue,
Tumn 12
CobecenoBanue
(YO-1)

13 | MozaenupoBaHue I1K-3, 3HaeT JlaGoparopHas 9K3aMeEH,
MarHHUTOCTaTHYECKUX ITK-4, pabora (TTP-6) BONpOCHI 32-33
MoJIeH co3/1aBaeMbIX I1K-6 CobecenoBanue
(beppoOMarHuTHOM (YO-1)
HAHOCTPYKTYpOH B yMEeT JlaboparopHas JK3aMEH,
OOMMF pab6ota (ITP-6) 3a/1aHKe,

tun 13
CoOecenoBanue
(YO-1)
Bianeer | JlaboparopHas 9K3aMeH,
pabora (ITP-6) 3aJlaHue,

THn 13




Co0OecenoBanue
(YO-1)

14 | MogenmupoBanue mieHok | I1K-3, 3HAET JlabGopaTopHas JK3aMEH,

Y MHOT'OCJTOMHBIX I1K-4, pabora (ITP-6) Bornpockl 34-35
ctpykryp B OOMMF I1K-6 CobecenoBanue
(YO-1)

yMeeT JlaboparopHas JK3aMeEH,
pa6ora (ITP-6) 3aJlaHue,

Ul 14
CobecenoBanune
(YO-1)

Biajgeer | JlabopaTopHas JK3aMeH,
pabota (ITP-6) 3aJlaHue,

THI 14
CobecenmoBanune
(YO-1)

TuIIOBBIE KOHTPOJIBHBIE 3aIaHUS, METOAUYECKUE MATEPUAIIbI, ONPEICIISIOIINE
IpOLEIypbl OIEHUBAaHUA 3HAHWM, YMEHUHM W HABBIKOB M (WJM) OIbITa
NESATEIbHOCTH, a TaK)K€ KPUTEPUU U TOKa3aTesHd, HEOOXOAMMBIE ISl OLCHKHU
3HAHWI, YMEHUH, HABBIKOB M XapaKTEpHU3YyIOIIME H3Tanbl (POPMHUPOBAHUS
KOMIETEHIIMH B MpOLIECCE  OCBOGHMS  OOpa3oBaTENbHOM  MIPOTrpamMMBbl,

npeacrasiieHsl B [Ipunoxennn 2.

V. CHUCOK YYEBHOM JIUTEPATYPbI H UH®OPMAIIMOHHO-
METOANYECKOE OBECIIEHEHHUE JUCIHUIIJINHBbI
OcHoBHas JuTEparypa
(anekmponHbie u nevammuvle U30aHLs)

1. KynpeBateix H.B. Marnetusm peako3eMeNbHBIX METAUIOB W HX
HHTEPMETANINYSCKUX COSTUHECHMM [DIIEKTPOHHBIM pecypc] : yueOHoe mocobue /
H.B. KynpeBatbix, A.C. BoseroB. — OIeKTpOH. TEKCTOBbIE [laHHbIC. —
ExarepunOypr: Ypansckuii dpeaepansubiii yausepcuret, 9bC ACB, 2015. — 200 c.
— Pesxum noctyma: http://www.iprbookshop.ru/69622.html — 55C «IPRbooks».

2. HOpuyk C.}O. Metoapl MaTeMaTHUYE€CKOTO MOJICIUPOBAHUS [DJICKTPOHHBIN
pecypc]: yueoHoe nmocodue/ FOpuyk C.}O. — DyieKTpoH. TEeKCTOBBIE JaHHbIe.— M.:
Wznarensckuii JJom MUCuC, 2018. — 96 c. http://www.iprbookshop.ru/78562.html
3. MemkoB W.H. DnexkrpomaruutHoe none. Yacte 1. DnekrpuuectBo u
MarHeTusMm [DnekTpoHHbI pecypce] / U.H. Memkos, b.B. UupukoB. — D1eKTpoH.
TEKCTOBBIE NaHHble. — MockBa, MkeBck: PerynspHas m xaoTmyeckas ITHUHAMHUKA,
2014. — 544 c. — Pexxum gocryna: http://www.iprbookshop.ru/28923.html — 3BC
«IPRbooks».

4.  Anomnorckuii C.M. DneKTpoMaraHuTHBIC MMOJS TEXHUIECKOTO 000Py10BaHUSI.
Tom 1. Metoasl MaTeMaTnyeckod (U3MKKM M UX HMCIOJIH30BAHHE IPHU pacyeTax



http://www.iprbookshop.ru/69622.html
http://www.iprbookshop.ru/78562.html
http://www.iprbookshop.ru/28923.html

AIIEKTPOMArHUTHBIX TONIeH [DNeKTpoHHBI pecypce] : wmoHorpadus / C.M.
ATOJIJIOHCKUM. — DJIEKTPOH. TEKCTOBBIE AaHHBIE. — M. : Pycaitnc, 2016. — 280 c. —
Pexxum moctyna: http://www.iprbookshop.ru/61685.html — 9BC «IPRbooksy.

5. MHWbarymnmun P.Y. @wusuka. Yacte 2. DIEKTPUYECTBO U MarHeTH3M
[DneKkTpoHHBIN pecypc]: Mertoauyeckue pekoMmenpanuu/ HWobarymnun PV,
Ky3pmuueBa B.A.— DOnekTpoH. TekcTOBble HAaHHble.— M.: MocKoBcKas
rocyJapCTBeHHass  aKajgeMHsl  BOJHOro  TpaHcmoprta, 2016.— 39 cC.
http://www.iprbookshop.ru/65692.html

JlonoJiHUTEIbHAS JINTEPaTypa
(neuammwvie u snexmponnvie uzoanus)

1. CagenbeB U.B. Kypc obmiel pusuku. B 5-u t1. Tom 2. DnexkTpuyuecTBo
U MarHeTusM [DJIeKTpOHHBIN pecypc] : ydueOHoe mocooue / M.B. CaBennes.
— DnextpoH. gaH. — Caunkrt-IlerepOypr : Jlanp, 2011. — 352 ¢. — Pexum
noctyma: https://e.lanbook.com/book/705 .

2. Jlannc6epr I'.C. DnemeHTapHblid yueOHUK ¢(u3uku. T.2 DIEKTpUUECTBO H
MarHeTusM [DieKTpoHHbIH pecypc] : yueObnuk / I'.C. JlanacOepr. — DIEKTPOH.
naH. — MockBa : ®uszmamimr, 2011. — 400 c. — Pexum pocrymna:
https://e.lanbook.com/book/2240 .

3. KympeBareix H.B. MardgetusMm peako3eMenbHBIX METAUIOB W HX
MHTEPMETANTIMYECKUX COCTUHEHUM [DJIEKTPOHHBIM pecypc] : yueOHoe mocobue /

H.B. Kynpesarsix, A.C. BoiseroB. — ONEKTpOH. TEKCTOBBIE JaHHBIE. —
ExarepunOypr: Ypanbckuii dpenepanbubiii yausepcurer, ObC ACB, 2015. — 200
Cc — 978-5-7996-1604-5. — Pexxum JOCTyIIA:

http://www.iprbookshop.ru/69622.html

4, Acraiikua A.Jl. Metponoruss U paauon3aMepeHusi [IJIeKTpOHHBIN pecypc]:
yaeOHoe nmocooue / Actaitkun A.U., [Tomaszkos A.Il., lllep6ak FO.II. — DnexTpoH.
TekcToBble naHHble. — CapoB: Poccuiickuii ¢enepanbHblil SACPHBIA LEHTP —
BHUND O, 2010. — 405 C. — Pexum JOCTYyTIA:
http://www.iprbookshop.ru/18440.html — 35C «IPRbooks».

5. bepmun b.B. IlonydyeHne TOHKMX IUJIEHOK PEAKTUBHBIM MAarHeTPOHHBIM
pacnblieHueM [OnekTpoHHbI pecypc] / b.B. bepmun, JI.A. Ceiligman. —
DneKTpoH. TeKCcToBbIe naHHbie. — M. : Texnocdepa, 2014. — 256 c. — 978-5-
94836-369-1. — Pexxum nocrtyma: http://www.iprbookshop.ru/31877.html

IIepeyens pecypcoB HHPOPMALMOHHO-TEJIEKOMMYHUKAMOHHOM CeTH
«AHTepHeT»

1. http://math.nist.gov/oommf/

2. http://deparkes.co.uk/wp-content/uploads/2014/02/userquidel.pdf

3. http://mumax.qithub.io/
4. https://arxiv.org/pdf/1406.7635.pdf



http://www.iprbookshop.ru/61685.html
https://e.lanbook.com/book/705
https://e.lanbook.com/book/2240
http://www.iprbookshop.ru/69622.html
http://www.iprbookshop.ru/18440.html
http://www.iprbookshop.ru/31877.html
http://math.nist.gov/oommf/
http://deparkes.co.uk/wp-content/uploads/2014/02/userguide1.pdf
http://mumax.github.io/
https://arxiv.org/pdf/1406.7635.pdf

5. http://www.magpar.net/static/magpar/doc/html/install.html

HopmaTuBHO-paBoBbIe JOKYMEHTBI

1. TOCT P 57700.6-2017 YUucnennoe mojieaupoBanue GpU3ndecKux MpoIeccoB.
TepmuHbsl W ompeneneHuss B 00JacTH OECCETOYHBIX METOJIOB YUCIECHHOTO
MOJIECJIMPOBAHUS.

2. TOCT 19693-74 MexrocynapCTBeHHbIH cTaHAapT. Marepuanbl MarHUTHBIC.
TepMUHBI U OIIpENEIICHUS.

3. T'OCT 15971-90. Cucremsl o00paboTku wuHbopManuu. TepMHHBI H
ONpENEIICHUS

4. TOCT 8.417-02. I'CH. EnuHuIIb BETUYHH.

5. TOCT P 8.563-96. T'ocymapcTBeHHass cucTeMa OOECICUEHUs CINMHCTBA
U3MepeHU. MEeTOIMKH BBINIOJIHEHUS U3MEPEHUM.

Ilepeyenb nHGPOPMAIMOHHBIX TEXHOJOTHHA  MPOTrPAMMHOI0 00ecneYeHust
[Ipu ocyuiecTBaeHUU 00pa30BATENBHOIO MPOLECCA MO AUCIUIUIMHE a TAKXKe
JUISL  TPOBEICHUS TMPOCTHIX PacyeToB U TOCTpOEHHUS TpadUKOB MOMKET
UCIIOJIb30BAThCS  CTAaHJApPTHOE TPOrPaMMHOE O0OECIeuYeHHe KOMITbIOTEPHBIX

yueOHbIx kinaccoB (Windows, Microsoft Office).

V. METOANYECKHUE YKA3AHUSA 1O OCBOEHUIO JTUCHUITJIMHBI
B mpouecce oOydeHus CTYIEHT AOIKEH HE TOJIBKO OCBOUTH Y4EeOHYIO

mporpaMmy, HO U TPHOOPECTH HABBIKM CAMOCTOSITENbHOM paboThl. CTyIeHT
JIOJDKEH YMETh IUJIJAHUPOBAaTh M BBINOJIHATH CBOKO pPaboTy. YenbHBIN Bec
CaMOCTOATENbHON pabOThl OOBIYHO coOCTaBisAeT 1Mo BpeMeHu 35% oOT Bcero
BPEMEHU HM3y4aeMOro IMKJIa. JTO OTPAKEHO B y4eOHBIX IUIaHax U rpadukax
y4eOHOro MpoIecca, ¢ KOTOPBIMU KaXKIbIH CTYJEHT MOKET O3HAKOMHUTBLCA Y
MpernoiaBaresis JUCIUIUIMHBI WU Ha Kadepe.

['maBHoe B mepuoa OOydeHHsSI CBOEM CHEHMAIBHOCTH — A3TO HAYYUThCS
METOJlaM CaMOCTOSITEJIbHOIO YMCTBEHHOTO TPyJa, CO3HATEIIbHO Pa3BUBaTh CBOU
TBOPYECKUE CIOCOOHOCTH M OBJAJCBAaTh HABBIKAMU TBOPYECKOW paboThI. Jlmst
ATOTO HEOOXOMMO CTPOTO COOJIIOAATh AUCIUIIIINHY yueObl U TTOBEICHUS.

KaxmoMy CTyaeHTy cienyeT COCTaBIATh €XKEHENEIbHBIM U CEMECTPOBBIN
TIaHbl pabOThI, a TaKXKe TUTAH Ha KaXablid padounii neHb. C Bedepa Bceraa Halo

pacnpenenartb paboTy Ha cCleaylomud JeHb. B KOHIE KaXaoro JHs


http://www.magpar.net/static/magpar/doc/html/install.html

11€JI€CO00pa3HO TOABOJIUTH WUTOT PalOTHI: TIIATEIILHO TPOBEPUTH, BCE JIU
BBITIOJTHEHO 10 HAMEUYEHHOMY IUIaHy, HE OBbUIO JIM KaKUX-JIHOO OTCTYIUICHUH, a
ecnd ObUIM, MO KakoW NpUYMHE JTO Tmpousonwio. HyKHO oOCylIecTBIsTH
CaMOKOHTPOJIb, KOTOPBIA SIBISETCS HEOOXOJMMBIM YCIOBHEM KaK YCICITHOM
y4eObl, Tak U mocieayromeid padoTsl. Eciii 4TO-TO OCTanoCh HEBBINOIHEHHBIM,
HE0OXOIMMO M3BICKATh BpeMsl IS 3aBEpUICHUS 3TOM 4acTH pabOThl, HE yMEHbIIas
o0beMa HeJIENbHOTO TUIaHA.

OpraHuzaius AesITeIbHOCTU CTYICHTA.

Jlabopamopnass paboma. llepen BBINOJHEHHEM JIA0OPATOPHBIX padoOT
CTYJEHTBI JIOJDKHBI O3HAKOMHTHCS C TEOPETHYCCKUM MATEPHUATIOM IO TEKYIICH
teMe. Eciu nmnpu u3ydeHMM JTaHHOTO MaTephalia BO3HHMKJIM  BOIPOCHI,
MIPOKOHCYJIBTUPOBATHCS € TpemojaaBaTesieM. [IpoynTaTh WHCTPYKIUIO — T10
BBITIOJIHEHUIO JlabopaTopHOM paboThl. CoOCTaBUTh TIUIaH BBINOJHEHUS  JUIS
JOCTIDKEHUSI TIOCTABJICHHBIX 3amady. B ciywae 3arpyaHeHuil HeoOX0auMo
oOpatutbcss K mpemnojaBatento. Creays COCTaBIEHHOMY IUIaHy, HadaTh
BBITIOJIHEHUE JabopaTopHoil pabotel. [locine BBIMOTHEHUS KaXJOro JTara,
HEOOXOJMMO CJeNaTh aHajin3 TOJNyYeHHBIX pe3ynpTaToB. Ecmm pesynbrar
YIOBIETBOPSIET BCEM TpeOOBaHUSM, YyKa3aHHBIM B 3aJaHUU, TNEPEUTH K
clenyroneMy 3Tany. B MpoTHBHOM ciy4ae, €clu pe3ysbTaT HE YAOBIECTBOPSET
TpeOOBaHMSIM 3aJaHMs, MPUBOAWT K HEKOPPEKTHBIM BBIBOJAAM W/ OTBETaM,
HEO0OXOIMMO MPOAHATM3UPOBATh MPUYHMHBI, MPUBEIIHE K ommbOkam. PaboTa Hax
OIMMOKaMH SIBIIICTCS OJHUM U3 YCJIOBUH MPOIECCa COBEPIIICHCTBOBAHUS 3HAHUN U
HAaBBIKOB a, CJI€I0BATEIbHO, YCIEITHOW y4eObl U paOOTHI.

[Tocne BBIMOTHEHUST BCEX ATAMOB JaOOPATOPHOU pabOThl HYKHO COCTABUTH
oTyeT O mnpojaenaHHod padote. IlpencraBuTh AaHHBIA OTYET HA MPOBEPKY
MIPETO0/IaBaTEeIIo.

Camocmosmenvruass paboma. BbIlONIHEHWE CaMOCTOATEIBHOW pPabOTHI
CTyJIEHTaMH HEOOXOIUMO JIJIsl YCITCITHOTO 3aKPEIJICHUSI H3yYCHHOTO MaTepHalia u
HABBIKOB MOJIETMPOBaHUS, PUOOPETEHHBIX HA JIabopaTopHbIX padoTax. [Iporecc

BBIITIOJIHEHUSA CXOX C Ha60paTOpHBIMI/I pa6OTaMI/I, ¢ OJHUM OTIMYUEM —



OTCYTCTBYET BO3MOYKHOCTh TEKYLIEHd KOHCYJIbTAllMM C MpErnojaBaTeiIeM IIo
BO3HUKAIOIIUM OIIMOKaM, TUO0 TpyAHOCTSAM. brarogapst 3SToMy CTyJ€HT HAaUHMHAET
npuoOpeTaTh HABBIKM CAaMOCTOSITEIBHOTO aHaju3a M pEeIIeHUs NpoOsieM, YTo
IIO3BOJIAET JIy4ll€ YCBOWTH Marepuai. llepen BBIIOJHEHHEM CaMOCTOSTEIBHOU
paboThl MPOUYUTATh MOCTABICHHOE 33/IaHUE U COCTaBUTH IUIAH JCUCTBUM IS €ro
BbIlIONHEHUA.  Cienys  COCTaBICHHOMY  IUIaHy, HayaTb  BBINIOJIHEHUE
CaMOCTOSITENIbHOM paboOThl. AHAIN3 MONYYEHHBIX PEe3yJIbTaTOB, HEOOXOIUM TOCTE
BBITIOJIHEHUS KaK0ro dTana. Eciu pe3ynbrar yJoBIeTBOPSET BCEM TPEOOBAHUSM,
YKa3aHHBIM B 33JlaHUH, NIEPEUTH K clieayromemy dtamy. [locne BpimonHeHus Bcex
ATANoOB CaMOCTOSITENIbHONW pabOThl HY)KHO O(OPMHUTH Pe3yJbTaThl B BUAE OTUETA.
[IpenacTaBuTh NaHHBIA OTYET HA MPOBEPKY MpenojaBaTell0 Ha JabOpaTOPHOM
3aHITHH.

VI. MATEPMAJILHO-TEXHUYECKOE OBECIIEYEHUE
JUCHUATIIMHBI
f[a6 Op aTOPHBIe 3aHATUA HpOBOI[HTCH B KOMHBIOTepHBIX KJ1accax

naboparopHoro kopmyca (kopmyc L). Jlns npoBeneHus uccienoBaHuil, CBA3aHHbBIX
C BBHINOJHEHWEM 3aJaHUs MO0 TpPaKTHKE, a Takke [UIsl OpraHu3aliH
CaMOCTOATENbHON pabdOThl CTYJAEHTaM JOCTYMHO J1a0opaTopHOE 000pYIOBaHUE U
CHeLMATN3UPOBAHHbIE KAOWHEThI, COOTBETCTBYIOLIUE IEUCTBYIOIIMM CaHUTAPHBIM
¥ TIPOTUBOTIOKAPHBIM HOPMaM, a TaKkke TPEOOBaHUSAM TEXHUKU OE30MMaCHOCTH MPHU

MPOBEICHUH YUEOHBIX ¥ HAYYHO-TIPOU3BOICTBEHHBIX PabOT.

HaumenoBanne
000py10BaHHBIX
noMemeHuii u mnomeueHuii | IllepeyeHb 0CHOBHOI0 000PY10BAHUA
Jif) {1 CAMOCTOSITeJILHOM
padoThI

VYuebHas ayauTopus s Oducnas mebenb. KonndecTBo mocajoyHbIX pabouux MecT AJis
MIPOBEJICHUS 3aHATUI CTYACHTOB - 12

JIEKIMOHHOIO THIa
kopnyc L, ayn L441

Yuranbueie 3a1b1 Hayunoit | Mono6iok HP ProOme 400 All-in-One 19,5 (1600x900), Core

oubmmorexku IBOY ¢ 13-4150T, 4GB DDR3-1600 (1x4GB), 1TB HDD 7200 SATA,
OTKPBITBIM JOCTYIIOM K DVD+/-RW,GigEth,Wi-Fi,BT,usb kbd/mse,Win7Pro (64-
donay (kopmyc A - bit)+Win8.1Pro(64-bit),1-1-1 Wty

ypoBeHb 10) Cxkopoctb noctyna B Uateprer 500 MoOuTt/cek.

Paboune mecTa mist JIIOAEH ¢ OrpaHUYEHHBIMU BO3MOXKHOCTSIMH




37I0pOBbSl OCHAIICHBl JUCIUIESIMA W TpuHTEepamMu bpaitns;
000py/IOBaHbI: TOPTATUBHBIMU  YCTPOMCTBAMH ISl UYTCHHS
IJIOCKOMEYATHBIX TEKCTOB, CKAHUPYIOUIMMH W YHUTAIOUIUMU
MalllTMHaAaMHU BHJACOYBCJIICUHUTCIICM C BO3MOXXHOCTBIO PCTYJISIUU
[[BETOBBIX CIIEKTPOB; YBEINYUBAIOIIMMHU 3JIEKTPOHHBIMU JTyIIaMHU
H YIBTPa3BYKOBLIMU MAapKUPOBIIUKAMU




[Tpunoxenue 1

MUHHUCTEPCTBO OBPA3SOBAHNS 1 HAYKU POCCUMCKOU ®EJEPALIN
denepanbHOE TOCYIAPCTBEHHOE aBTOHOMHOE 00pa30BaTENbHOE YUPEKICHHE
BBICITICTO OOpa30BaHUs

«/{aJabHEeBOCTOYHBIN (eepabHbIN YHUBEPCUTET»
(ABDY)

HA3BAHHME HIKOJIbI (PUJINAJIA)

YYEBHO-METOJUYECKOE OBECHEYEHUE CAMOCTOSTEJIBHON
PABOTBI OBYYAIOLHINXCA
10 AUCHMININHE «OCHOBBI MUKPOMATHUTHOI'0 MOJCJTUPOBAHU
Hanpasiaenue noaroroku 11.04.04 JjieKTpoHMKa M HAHOYJIEKTPOHUKA
npopuib « HaHOTEXHOJIOTUY B 3JIEKTPOHUKE
dopMa NOATOTOBKH OYHAA

BaaauBocTok
2017



HJIaH-Fpa(l)l/IK BBINIOJIHEHHUSI CAMOCTOSITEILHOM paﬁoTLI o IMCIMNIIJINHE

Ne | lata/cpokn Bua camocTosTeIbHOI padoThI IIpumepHbie | Popma
1n/n | BbINOJHEHHUS HOPMBI KOHTPOJIs
BpeMeHH Ha
BbINOJIHEHHE
1 1 Henens [Toaroroska k ytaboparopHoit padore Nel | 2 gac. Pabora Ha
3aHATUHU
2 2 Henens [ToaroroBka k ytaboparopHoit padore No2 | 2 gac. Pabora na
3aHATUU
3 3 Henenu [ToaroroBka k maboparopuoii padore Ne3 | 2 gac. Pabora Ha
3aHSTUU
4 4 Henenu [ToaroroBka k 1aboparopHoit padore Ne4. | 4 gac. Pabora na
BrinonHeHne caMoCTOATEIHHOTO 3a/1aHus 3aHITUU
1o teme 1
5 5 Henens [ToaroroBka k maboparopuoit padore Ne5 | 4 yac. PaGora Ha
3aHATUH
6 6 Hegens BrinmonHenue caMocToATeIbHOTO 3a1aHus | 2 vac. [IpoBepka
o Teme 2 JIOMaIlHEN
paboThI
7 7 Henens [ToaroroBka k 1aboparopHoit padore Ne6 | 4 gac. Pabora na
3aHSITHU
8 8 Henens BrImonHeHne caMocToATENBHOTO 3a1aHus | 3 yac. [TpoBepka
o teme 3 JIOMaITHeH
paboThl
9 9 Henens ITonroroBka k nabopaTtopHoii padote Ne7 | 4 yac. Pabora Ha
3aHATUHU
10 | 10 Henens BrinonHenue camoctosTensHOro 3a1auus | 4 gac. [TpoBepka
o teme 4 JIOMaIIHen
paboThl
11 | 11 nenens ITonroroka k nabopaTtopHoii padote Ne§ | 4 yac. Pabora Ha
3aHATUHU
12 | 12 wenens ITonroroBka k nabopaTtopHoii padote Ne9 | 4 yac. Pabora Ha
3aHATUHU
13 | 13 menens [TonroroBka k nmabopaTopHoOii paboTe 4 yac. Pabora Ha
NelO 3aHSITUU
14 | 14 venens BrInonHenue caMocToSTeNbHOro 3a1anus | 4 vac. ITpoBepka
o TeMe 5 JTOManTHeH
paboThI
15 | 15 venens [ToaroroBka k 1abopatopHOit paboTte 4 qac. Pabora na
Nell 3aHATHHU
16 | 16 Henmens [ToaroroBka k 1abopatopHOit paboTte 4 qac. Pabora na
Nel2 3aHATHHU
17 | 17 wenens [TonroroBka k nmabopaTopHOit paboTe 4 yac. Pabora Ha
Nel3 3aHATHHI
18 | 18 enens ITonroroBka k nmabopaTopHoii paboTe 4 yac. Pabora Ha
Nol4 3aHSITAN
Uroro 63 yac.




XapakTepuCTHKA 3aJaHUIH J1JI51 CAMOCTOSITEJIbHO padoThl 00y4aIOIIUXCHA U
MeTOAUYECKHE PEKOMEHIAUM 110 UX BbINIOJTHEHHIO

3amaHusi U1 METOAMYECKUE PEKOMEHJAIMU [JIsi CaMOCTOSATEIbHON paboThl
00eCIeuynBaOT TMOATOTOBKY JIA0OPATOPHBIM 3aHATHSIM, a TAaKXKE 3aKperIcHUe
Marepuaia Mo NpoHJeHHBIM TemaMm. VX TmoJiHOe cojiepKaHue MPUBEICHO B
nporpaMMe M METOAMYECKMX  yKa3aHMsX. MeToAuYecKue YyKa3zaHusi K
7a00paTOPHBIM 3aHSATUSIM B DJEKTPOHHOM BHUJE U TIEYaTHOM BHUIE OepyTcs y

BCAYHICTO IIPCIIOAaBaTCIIA.

TpeGoBanus K nNpeacTaBIeHUI0 U 0(POPMJICHUIO Pe3yJIbTATOB
CaMOCTOAATE/IbHON PadOThI

Pe3ynbTaThl caMOCTOSTEILHON PadOTHl OTPAKAIOTCS B KPATKUX OTYETaX, TJIe
MPUBOMSITCS PE3YJIBTAThl KaXJAOT0 U3 JIAOOPATOPHBIX 3aHSATUN U 3aJaHUN IS
caMOCTOATENbHOM  paboThl. OTueTl MO  JA0OPATOPHBIM  3aHATHIM U
CaMOCTOATEILHOM paboTe MPEOCTABIISIIOTCS MTPETOIaBaTEII0 B JIEKTPOHHOM BUJIE
(rme HeoO0XO0JMMO, KOMITBIOTEPHOE MOJCIUPOBAHHE M IOCTPOCHHE TPauKOB C
MOMOII[LI0 BBIUUCIUTEIIBHBIX CPEACTB) WM MUCBMEHHOM BHJIE (€CIU 3aHsITHE
MIPOBOJUTCS O€3 UCIIOJIB30BAHUSI KOMITBIOTEPOB).

K npexacraBnenuio marepuaioB MO pe3yibTaTaM JIa0OpPaTOPHBIX 3aHSATUN
NPEABSIBISIOTCS CIAEAYIONINE TPEOOBAHUS.

CTDVKTVDa KpaTKOI'o0 OT4YCTa II0 pPC3VvJibTaTaM Ha6ODaTODHOFO 3aHATHA U

CaAMOCTOSITEILHON PabOTEL.

Ecnu nns manHOTO 3aHATHS HEOOXOAMMO TPEIOCTAaBUTH MaTepHallbl B
AIIEKTPOHHON (PopMe, TO OHU TMOJATOTABIMBAIOTCA KaK TEKCTOBBIC JTOKYMEHTHI B

penakrope MS Word.



Kpatkuit otuer mo pesynabraraMm 1a0OpaTOpPHOTO  3aHATHS, JUOO
CaMOCTOSITENILHOM PabOTHl TOKEH OBITh 000OMIAIONINM JOKYMEHTOM, BKIIIOUYATh
BCI0O MH(OpPMAIMIO0 IO BBINOJIHEHUIO 33JaHUN, B TOM 4YHCIIE MCXOJHBIM KO
MOJICTIUPYEeMON  3ajaud, TOCTPOCHHBIE TpaduKH, pacdeTbl, HEOOXOIUMBIC
HNOSICHEHUS U WILTIOCTPALIMA MUKPOMAarHuTHOW CTPYKTYPBI U T. 1.

CTpyKTypHO KpaTKHii OTYET MO pe3yibTaTaM J1abopaTOpHOTO 3aHATHUS, 00
CaMOCTOSITENILHOM pabOThl COCTOUT U3 CIAEAYIOLIUX YaCTEH:

e lcxoaHbie JaHHBIC K BBITTOJHEHUIO 3a/1aHUi — 00s3aTeIbHasi KOMIIOHEHTA
OTYeTa, HAYMHAETCS C HOBOW CTpPAHUIIBL, COJAEPXKAT yKa3aHWE BapHaHTa, TEMY,
11aH paboThl U T.1.);

e OcHOBHas 4acTb — MaTepuaibl BBITOJHEHUS 33JaHUN, pa3OMBaeTCs MO
pyOpHKam, COOTBETCTBYIOUINX 33JaHUSAM PaOOTHI, C HEPAPXUIECKON CTPYKTYpOI:
paszzesnbl — Nopa3Aesbl — MYHKTHI — HOJIYHKTHI U T.1I.

e BriBoasl — o0s3aTenbHasi KOMIIOHEHTa OTYETa, COAEPXKUT 0000IIaronme
BBIBOJIBI IO paloTe (KakWe 3aJaud PEIICHbI, OLIEHKAa PE3yJbTaTOB, YTO OCBOEHO

IIPU BBIMOJIHEHUU paOOTHI);

Kpartkuit  oTuer 1o  pesyiabTraram  JIaDOpaTOpPHOTO  3aHSATUS U
CaMOCTOATENEHON paboThl opopMIIsieTCsl O TTpaBuiIaM 0hOPMIICHHS MUCbMEHHBIX
pabot crynentamu J[BOY.

Heo6xoaumo o0patuth BHUMaHUE Ha CIEIYIONIUE acleKThl B 0(OpMIICHUU
KpPaTKUX OTYETOB:

e Halop TekcTa (ecau HEOOXOIMM OTUET B AIEKTPOHHOM (hopme);

® CTPYKTYpUPOBAHUE PaOOTHI;

e odopMIIeHHE 3aroJOBKOB BCEX BHJIOB (pyOpHK-TIOAPYOPUK-TTYHKTOB-
MOJITYHKTOB, PUCYHKOB, TaOJUII, TPUIIOKECHH );

e odopmIIeHHE NTEPEUHCICHUN (CTMCKOB C HyMEpAaIlel Ui MapKUpPOBKOM);

e odopmiieHrEe Ta0JIHIL;

e odopmiieHne WLTIOCTpanuii (rpaduku, pucyHkd, (ororpaduu, CXEMbI,

«CKPHUHILOTBI»);



e Habop u ohopMIIEHHE MAaTEMATHUECKHX BBIPAKEHU I OpMYVII),
Y,

Eciun Habop TekcTa OCYIIECTBISETCS HA KOMIIBIOTEpE, TO HEOOXOIUMO
MPUACPKUBATHCS CIAEAYIOMMX TPEOOBAHUIA:

e [euaTh — Ha OJHOW CTOpOHE JucTa Oenon Oymaru dopmara A4 (pasmep
210 Ha 297 MMm.);

® HHTEPBaJ MEXCTPOUYHBINA — MOTYTOPHBIIA;

o mpudt — Times New Roman;

e pazmep mpudrta — 14 nT., B TOM 4YHUCIE B 3arojioBkax (B TabmuIax
nomyckaercst 10-12 mr.);

® BBIPAaBHUBAHHE TEKCTA — IO MIUPUHEY;

e 110J1s1 cTpaHuubl — aeBoe — 30 MM, npaBoe — 10 MM, BEpXHEE U HUKHEE —
20 MM,

® HyMepalus CTPaHUI] — B TPAaBOM HUKHEM YTJIy CTPaHUIIBI (I CTPAHUIL C
KHWKHOW OpHEHTalMel), CKBO3HAs, OT TUTYJBHOIO JHMCTa JO0 THOCIeIHeN
CTpaHHUIIbI, apaOCKUMU LU pamu;

® PEKUM aBTOMATUYECKOTO MEPEHOCa CIIOB, 33 MCKIIIOUEHHUEM 3arojOBKOB
BCEX YpOBHEH (MEPEHOC CIOB JUIS OTACIBHOTO ab3ara OJOKHUPYETCs CpelcTBaMU
MSWord ¢ mnomompro komanumel «®Dopmar» — ab3al mpu BBIOOpPE OIIUH

«3aIPeTUTh AaBTOMATHYCSCKHI TIEPEHOC CIIOBY).

I'paduueckas nHpopManus: HU300paKeHUs] MHUKPOMATHUTHON CTPYKTYpBHI,
rpaduky, auarpaMmbl MOJEJEH, CXEeMbl, 3KpaHHbIe (OPMBI U T.M., JOJHKHBI
OTBEYaTh TpeOOBAHUSIM BU3YaJbHOMN HaIJISIIHOCTH pe/ICTaBlICHUS
WUTIOCTPATUBHOTO MaTepuajia Kak Mo pa3MepaM rpapuieckux OOBEKTOB, TaK U
pasperaronieil crmocoOHOCTH OTOOPaKEHUS TEKCTOB, IIBETOBOMY O(GOPMIICHUIO U
JIPYTUM Ba)KHBIM I0JIb30BATEIILCKAM TTapaMeTpam.

Pexomenayercss B cpene mporpamMmHoro npuioxenus mmbDisp OOMMF
HACTPOUTh MapamMeTpbl MacIITA0MPOBAHUS M LIBETOBOWM CXEMbl JJI HArJIAIHOTO

OTOOPa’KEHUSI MUKPOMAarHUTHOM CTPYKTYPHI.



[IpuBeneHHble B OTYET M300paKEHUSI PEKOMEHIYETCS OTMacIITaOHMpOBaTh
JUTSL 3aIIOJIHEHHSI CTPAHUILBI OTYETA «I10 IIUPUHEY.
N3o0paxkenus u rpa@uku B KpaTKOM oT4eTe O(POPMIISIOTCA KaK PUCYHKH, C

3aroJIOBKaMu, MOMEIIaeMbIMU HIDKE 00JIaCTH PUCYHKOB.

KpHTepI/II/I OII¢HKH BBIINIOJITHCHUA CaMOCTOSITEJIbHOM paﬁoTLI

OHGHI/IBaHI/IC PE3VYJIIBTATOB JIEI6OI)3TODHBIX 3aHATUM M CaMOCTOSITEIbHBIX

Da6OT IIPOBOAMNTCH 110 KPUTCPUAM!

e [I0JIHOTA M KAYE€CTBO BBLINIOJIHEHHBIX 3aJaHUH,

® BIAJCHUE METOJaM{ M MPHEMaMHd MHUKPOMAarHUTHOTO MOJECIMPOBAHUS B
UCCIEMYEMBIX BOMPOCaX, TMPUMEHCHHE CICIHATM3UPOBAHHBIX MPOTPAMMHBIX
cpeacTB (eciau HeoOX0aUMO);

® OTCYTCTBHE (DAKTUUYECKUX OIIMOOK, CBA3aHHBIX C IOHUMaHUEM MPOOJIEMbI
WJIM 3a]1a49H;

® OTCYTCTBHE 3HAYMUTEIIBHBIX OIIMOOK B MPHBOAUMBIX KOJIHMYECTBEHHBIX

pe3yJibTaTax.



[Ipunoxenue 2

MUHUCTEPCTBO OBPA3OBAHUSA M HAYKU POCCUMCKOM ®EJEPALIMN

denepanbHOE rOCyJapCTBEHHOE aBTOHOMHOE 00pa30BaTeIbHOE YUPEIKICHUE
BBICIIETO 00Pa30BaHUs

«/laIbHEeBOCTOYHBIN (eepabHbIi YHUBEPCUTED)
(ABDY)

HA3BAHME HIKOJIbI (PUJINAJIA)

®OH/J OONEHOYHBIX CPE/JICTB
1o AucHUILInHE «OCHOBBI MUKPOMATHUTHOTO MO/IEJIUPOBAHUS)
Hanpasiaenue noaroropku 11.04.04 JjieKTpoHNKA M HAHOJIEKTPOHUKA
npoduis «HaHOTEXHOJIOTHU B 3JIEKTPOHUKE)
dopma NOArOTOBKYU OYHAS

BiaaguBocTok
2017



MMacnopt ®OC

Koa n Jrtanbl GOPMUPOBAHUA KOMIETEHIMHI
(popmymposka
KOMIIeTEeHI[UH
I1K-3, 3Haer TEOPETUYECKHE OCHOBBI D3JIEKTPOJUHAMHUKHU CILIOIIHBIX
TOTOBHOCTBIO cpex;
OCBANBATDL ITPHHIIIBL OCHOBHBIE  paszfenbl  (DU3MKM  KOHIEHCHPOBAHHOIO
TIaNpOBATIA " COCTOSIHUS, JUTSI U3Y4eHUs PeppOMarHUTHBIX MaTEpPHAJIOB;
l;dlf;(())hi[;”lfl/l3aul/ll/l NEPCIEKTUBHBIE  HAMpPaBICHHUS HAHOAJIEKTPOHHKH U
SKCIIepHMEHTa Ha CHMHTPOHUKH, B KOTOPBIX HCIOJB3YIOTCS WM MOTYT
OCHOBE HCIIOJIb30BaThCS CTAOUIIbHBIE CIMHOBBIE KOH(PUTYpaLIUK;
MH(POPMAIIMOHHO- OCHOBHBIE METOJIbI UCCJIEIOBAHUSI MATHUTHBIX CBOWCTB U
H3MCPUTCJIBHBIX JIOMEHHOU CTPYKTYpPHI B (DeppOMarHUTHBIX 00BEKTaX.
KOMILICKCOB KaK | yveer MOJIb30BAThCA TEOPETHUYECKMMH OCHOBAMHM MarHeTh3Mma
CpEICTBa TMOBBIIICHUS
TOUHOCTH 1 CHIKCHIS JUIsL pacdyeTa MarHUTHBIX IapaMEeTpOB  HCCIEyEMOI0o
3arpar Ha ero 00beKTa;
IIpOBEICHNE, PUMEHSTh TEOPETHUYECKHE 3HAHUS JUIst
OBJIaJICBaTh MaTEMaTUYECKOI0 ONHUCAHMSI MOJIEIH, COOTBETCTBYIOLIEH
HaBBIKAMI M3MEPCHUH KOHKPETHOMY 3KCIIEPUMEHTAIbHOMY CIIy4alo;
B pCJIbHOM BPCMCHH onpenenaTh HEePCIIEKTHBHEIE HanpaBJICHUs
HAHODJICKTPOHUKA M CIOUHTPOHUKH, B  KOTOPBIX
UCIONB3YIOTCS. WJIM MOTYT HCIIOJIb30BAaThCsl CTAOMIIbHBIC
CIIMHOBBIE KOH(PHUTYpAIINH;
UCTIOJIF30BaTh OCHOBHBIE CITOCOOBI PEUICHHUS HAYYHBIX W
WHHOBAIIMOHHBIX 3a/1a4 HAHODJEKTPOHUKHA W CHHUHTPOHUKHU
JUTSL TOCTUKEHUSI KOHKPETHOTO pe3ynbTara.
Brnaneer HaBBIKAMU UHTEepHpeTanuu pe3yabTaToB
MHUKPOMarHUTHOTO ~MOJAETIMPOBAHUS Il ONUCAHHUA U
JIOTIOJTHEHHUSI pe3yabTaToB 9KCHEPUMEHTAIBLHOTO
UCCIIC/IOBaHMS;
HaBBIKAMH  TPAKTUYECKOTO  HCIIOJNB30BaHHUS  OCHOB

MarHeTusma J/Ji MCCIEJI0BAaHUS MAarHUTHBIX CBOICTB U
JIOMEHHOH CTPYKTYpPHhI (heppOMarHuTHHIX OOBEKTOB;
HaBbIKAMHU TMPUMEHEHUS COBPEMEHHBIX MOAXO0J0B JUIs
WCCIIEJOBAHMSI MIOBE/ICHUS
(beppOMarHuTHBIX Cpeaax;
crnoco0amMy W HaBbIKAMH, TO3BOJISIONIUMH OIpPEeNiTh
NIEPCIIEKTUBHBIE  HAIIPABJIEHUS  HAHOMIEKTPOHUKUH U

HaMaromn4€HHOCTH B

CIIMHTPOHUKH, B KOTOPBIX AKTHBHO HCIOJB3YIOTCA HIIN

MOT'yT HCITIOJIB30BaATHCA cTaOMIILHBIE CIIMHOBBIC

KOH(UTypaluH.




I1K-4,

CIIOCOOHOCTBIO K
OpraHU3aIHNH u
MIPOBEACHUIO
AKCIIEPUMEHTAIIbHBIX
HCCIICIOBAHNH C
MIPUMEHEHHUEM
COBPEMEHHBIX

CPEIICTB U METOJIOB

3Haer

OCHOBHBIE€ QJITOPUTMBI MPOBEACHUS IKCIIEPUMEHTAIBHBIX
HCCIeTIOBaHUM MarHUTHBIX CBOMCTB;
OCHOBHBIC TPOTPAMMHBIE TAKEThI
MOJICTTUPOBAHUS M UX BO3MOKHOCTH;
MPUMEPbl UCMOJIB30BAHUS METOJIOB MHUKPOMArHUTHOTO
MOJCIIUPOBAHUSA JUIA pEUIeHUs CrHerudUUecKknx 3ajad,

MHUKPOMAruuTHOI'O

BKJIIO4asd CUMYJIAINUIKO CTATUYCCKUX, OUHAMHUYCCKUX U
TEPMHYECKUX MPOLECCOB;
OCHOBHBIC O3STallbl INJIAHUPOBAHUS OSKCIICPUMCHTAJIbHBIX
HCCIICIOBAHUIA;
METOAUKHU

HUCCIIETOBAHUN.

IIPOBCACHUA OKCIICPUMCHTAJIBHBIX

VYmeer

HJ'IaHI/IPOBaTI) OCHOBHBIC OTallbl E)KCHepI/IMeHTaJ'IBHLIX
HCCJIEIOBAHUI B 001aCTH MarHETU3Ma;

HCII0Jb30BaTh METOIUKHU MIPOBEICHUS
HKCIIEPUMEHTAIbHBIX MCCICI0OBAHNI Ha MPAKTUKE;

COCTaBHThH 3a/1ady MHUKPOMAarHHUTHOTO MOJICIIMPOBAHUS U
BBIOMPATh HEOOXOAMMBINA TMPOTPaMMHBIA MAKeT C y4eTOM
0CcO0EHHOCTEN UCCIIeI0BaHMS,

HpI/IMerlTB OCHOBHBIC aJIFOpI/ITMI)I HpOBeILCHI/IH
BKCHCpI/IMeHTaJII)HI)IX I/ICCJICI[OBaHI/Iﬁ MAardmuTHBIX CBOI>'ICTB
JUTSI PEIICHHUS SKCIIEPUMEHTAIbHBIX 3a/1a4;

BBIOMPATh COOTBETCTBYIOIIME CIIOCOOBI TUIAHUPOBAHUS
BpEMEHH, ayAuTOpHOro QoHaa, ¢hoHma oO0OpYyAOBaHUS IS
YCTEITHOM OpraHu3aIyu AKCIIEPUMEHTATBHBIX

HUCCJIETOBAHUM.

Bnaneer

HaBbIKaMH IJIaHUPOBAHU A
HCCIIeIOBAaHUM B oOmactu Marac€Tui3mMma,

HaBbIKaMH CaMOCTOATCIBbHOI'O

OKCIICPUMCHTAJIbHBIX

IMPOBCACHUA

UCCIICIOBATEIIbCKOM  pabOThl ¢ TOMOINBIO  METOoja

MHUKPOMAariuTHOI'O MOJACIIMPOBAHUA;
HaBbIKaMM HCIIOJIB30BaHUA MCETOAOB MHUKPOMArHUTHOI'O
MOACIINPOBAHUA

s IPOTHO3UPOBAHUS

9KCIICPUMCHTAJIbHBIX PE3YJILTATOB.

I1K-6,

CIIOCOOHOCTBIO
IJIAaHUPOBATh "
IIPOBOJUTH
9KCIIEPUMEHTHI 1o
MOJIETUPOBAHUIO U
MPaKTUYECKOMY
OTIpeIeNICHUI0
CTPYKTYPBI U CBOMCTB
MaTepuasos,

3HaeT

OCHOBHBIE BO3IEIICTBUS Ha

CTPYKTYPY,
OCHOBHbIE

METO/bI MardiuTHYHO

OCOOEHHOCTH  JIOMEHHOM

CTPYKTYpBHI,
CTPYKTYpbl JIOMEHHBIX TPaHMI], a TaK)X€ TOMOJIOTMYECKHX
CIHMHOBBIX KOH(UTYpaIuii;
OCHOBHBIE CcHOCOOBI W  (opMaTel MPEICTABICHUS
pe3yJbTaTOB MUKPOMarHUTHOTO MOJIEIIMPOBAHMS;
OCHOBBI HANMCaHUS HCXOJHOTO KOJa 3aJadyl Jyis
CUMYJISIIUM KOHKPETHOro Tpouecca B (QeppoOMarHUTHOU

cpere;




MEPCTIEKTUBHBIX TSI OCHOBHl  paboOTBl B OJHOM U3  IIAKETOB
ANMEKTPOHUKHU u MUKPOMAarHUTHOTO MOJCITUPOBAHUS.
HAHO3JIEKTPOHUKH
Ymeer aQHAIM3UPOBATh  pE3yJbTaThl  MOJEIUPOBAHUS U
MIPEJICTaBIATh NOJMyYeHHbIE JaHHBIE B Tpadudeckoil hopme
(rpaduku,  nuarpaMMbl, — WUIIOCTpAllMM ~ MarHUTHOMN
CTPYKTYpPBI U pacnpeiielieHne MarHuTOCTaTUYECKUX MoJei);
MIPOBOJIUTH pacyersl, KOTOpbIE HEOOXOTUMBI
MOJICIIMPOBAHMS KOHKPETHOTO (DeppOMAarHUTHOTO 00BEKTa;
COCTABJIATh MCXOAHBIA KOJ 3afaudl Al CHUMYJISIIHUA
KOHKPETHOTO Iporiecca B (peppoOMarHUTHOM cpene;
MOJIb30BaThCs OJHUM W3 IAKETOB MHKPOMAarHUTHOTO
MOJIEJTUPOBAHUSI.
Brnaneer nporpammubiM  obecrieuenuem (OOMMEF, OriginPro,
ParaView) HeoOX0onuMbIM I 00pabOTKH U BH3YaJIU3aLUU
pEe3yNbTaTOB HCCIICJIOBAHMS, BBIMOJIHEHHOTO C IOMOIIBIO
MUKPOMAarHUTHOTO MOJIETTUPOBAHUS;
HaBbIKAMHM HalMCaHUs 0a30BbIX KOHCTPYKIMH IS
peanuzanuu BBIUYHCIUTENbHBIX npoLeayp o
MHUKPOMarHUTHOMY MOJICITUPOBAHHIO;
NpUEMaMH  PCIICHUS  OCHOBHBIX  (PU3UYECKUX U
MaTeMaTHYeCKUX  3aJa4 B OJHOM M3  IIAKETOB
MHUKPOMarHUTHOTO MOJAETHPOBAHHUS.
Ne Koutposmnpyemsie Koasbl u 3Tansi OueHovHbIe cpeaACTBa
n/n pasjeiibl / TeMbl ‘l’OPM“POBaHI’i" TeKYIIHMHA KOHTPOJIb | MPOMEKYTOYH
AUCHHUILTHHBI KOMIeTeH Uit as aTTecTalus
1 Onucanue I1K-3 3HaeT JlaGoparopHas JK3aMeEH,
FEOMETPUUYECKUX pabora (ITP-6) BOIPOCHI 1-7
MapaMeTpoB U pacueT CobecenoBanue
MarHUTHBIX MOCTOSTHHBIX (YO-1)
MO/JIEIUPYEMOT0 OOBEKTA yMeeT JlaboparopHas HK3aMeEH,
HAa OCHOBAHUH pab6ora (ITP-6) 3ajlaHue,
AKCIIEPUMEHTATBHBIX Tur 1
JTAHHBIX CoOecenoBanue
(YO-1)
Bianeer | JlaboparopHas 9K3aMeH,
pabora (ITP-6) 3aJlaHue,
oI 1
CobecenoBanue
(YO-1)

2 | Ananms IK-3, 3HAET JlabopaTopHas JK3aMEH,
AKCIIEPUMEHTAIIbHBIX ITK-6 pabora (ITP-6) Bomnpocs §-11
pe3yIbTaTOB CobecenoBanne
HCCIIEA0BAHUS MArHUTHOM (YO-1)




CTPYKTYpBI

yMeeT

JlabGopaTopHas
pabora (ITP-6)

9K3aMe€H,
3aJlaHue,
THUII 2

CobecenoBanune
(YO-1)

BJIaACCT

JlaboparopHas
pabora (ITP-6)

JK3aMeEH,
3aJjaHue,

THII 2
Co0OecenoBanue
(YO-1)

VcTaHOBKa, H3y4CHUE
uHTepdeiica u padora B
POrpaMMHOM IaKeTe
OOMMF

I1K-4

3HACT

JlabGopaTopHas
pabota (ITP-6)

JK3aMeH,
Bompockl 12-13
Co0OecenoBanue
(YO-1)

yMeeT

JlaGopaTopHas
pabora (ITP-6)

9K3aMe€H,
3aJaHue,
THII 3

CoOecenoBanue
(YO-1)

BJIagCcCT

JlabopaTopHas
pa6ora (ITP-6)

9K3aMeEH,
3a7aHue,

THII 3
CobecenoBanue
(YO-1)

MoaenupoBanue
IBYMEpHBIX (2D)
HaHOCTpYKTYp B OOMMF

[1IK-4

3HACT

JlabopaTopHas
pa6ora (I1P-6)

9K3aMEH,
Borpochl 14-15
CobecenoBanue
(YO-1)

yMeeT

JlabopaTopHas
pabota (ITP-6)

JK3aMeEH,
3a7aHue,

Tun 4
CobecenoBanue
(YO-1)

BJIaAcCT

JlaGoparopHas
pabora (ITP-6)

9K3aMeH,
3a7aHue,

THI 4
CobecenmoBanune

(VO-1)

MopaenupoBanue
TpexMepHbIX (3D)
HaHOCTPYKTYp Pa3IM4HON
reoMeTpHUECcKOi (hOpMBI
B OOMMF

[1K-4

3HACT

JlabopaTopHas
pa6ora (ITP-6)

9K3aMeH,
BoMnpockl 16-17
CoOecenoBanue
(YO-1)

yMeeT

JlaGoparopHas
pabora (ITP-6)

JK3aMeH,
3a7aHue,

THI 5
CobecenoBanue
(YO-1)

BJIAJIEET

JlabopaTopHas
pabora (ITP-6)

JK3aMeEH,
3a7aHue,

THI 5
CobecenoBanue
(YO-1)




Oco0eHHOCTH 3a1aHNs
reOMETPUH
Mojenupyemoro 3D
00beKTa IpU
UCIIOJIb30BaHUU
ScriptAtlas B OOMMF

I1K-3,
[1K-4

3HACT

JlabGopaTopHas
pabora (ITP-6)

9K3aMeH,
Bompock! 18-19
Co0OecenoBanue
(YO-1)

yMmeeT

JlaGopaTopHas
pabota (ITP-6)

9K3aMe€H,
3aJlaHue,
TUIL 6

CobecenoBanune
(YO-1)

BJIaACCT

JlaboparopHas
pa6ora (ITP-6)

9K3aMeEH,
3a7aHue,

THII 6
Co0OecenoBanue
(YO-1)

dopMupoBaHUE
HEOO0XO0AMMOI HaYaIbHOMI
KOH(pUTypauu
HamMaramdeHuoctu 3D
cTpykTtyp B OOMMF

I1K-4,
I1K-6

3HacCT

JlaGopaTopHas
pabora (ITP-6)

JK3aMeH,
Bompockl 20-21
CobecenoBanue
(YO-1)

yMeeT

JlaGopaTopHas
pa6ora (ITP-6)

9K3aMEH,
3aJlaHNE,
THI 7

CoOecenoBanue
(YO-1)

BJI1aacCCT

JlaGopaTopHas
pabora (ITP-6)

9K3aMe€H,
3aJjaHue,

THI 7
CobecenoBanune

(VO-1)

Buant 06MeHHOTO
B3aMMO/ICHCTBUS TpU
MozenupoBanuu 3D
00bekT0oB B OOMMF

[1K-4,
I1K-6

3HACT

JlabopaTopHas
pabota (ITP-6)

9K3aMEH,
BOINpPOCHI 22-23
CobecenoBanue
(YO-1)

yMeeT

JlabopaTopHas
pabora (ITP-6)

JK3aMEH,
3a7aHue,

THI 8
CobecenoBanue
(YO-1)

BIajJieeT

JlaGoparopHas
pabora (ITP-6)

9K3aMeH,
3a7aHue,

THIT 8
CoOecenoBanue

(VO-1)

MarauTtHass aHU30TPOTIHS
pu MozenupoBanuu 3D
00BexToB B OOMMF

[1K-4,
I1K-6

3HaACT

JlaGoparopHas
pabora (ITP-6)

9K3aMEH,
BONpockl 24-25
CoOecenoBanue
(YVO-1)

yMeeT

JlaGoparopHas
pabora (TTP-6)

JK3aMe€H,
3a7aHue,

™I 9
CoOecenoBanue

(VO-1)




Bianeer | JlaboparopHas 9K3aMeH,
pabora (ITP-6) 3aJlaHue,
T]n 9
CobecenoBanue
(YO-1)

10 | Cumynsmust mporeccoB [1K-4, 3HaeT JlaGoparopHas 9K3aMeEH,
repeMarHuIruBaHus O] I1K-6 pabora (ITP-6) BOIPOCHI 26-27
JCHCTBHEM BHEIITHETO CobecenoBanue
MarHuTHOTO TIOJIS B (YO-1)
OOMMF yMeeT JlaGoparopHas 9K3aMeEH,

pa6ora (ITP-6) 3aJlaHue,
trn 10
Co0OecenoBanue
(YO-1)
Bianeer | JlaboparopHas 9K3aMEH,
pabora (ITP-6) 3aj1aHue,
tun 10

11 Cumynsuus CouHOBOU T1K-3, 3HAEeT JlaGopaTopHas 9K3aMe€H,
nuHaMuku 3D oObekTa I1K-4, pa6ora (I1P-6) BOIpoCHI 28-29
OJT ICHCTBUEM I1K-6 CobecenoBanue
temneparypsl B OOMMF (YO-1)

yMeeT JlaboparopHas 9K3aMEH,
pabora (ITP-6) 3aJ1aHue,
tun 11
CobecenoBanue
(YO-1)
Bianeer | JlaboparopHas 9K3aMEH,
pabota (ITP-6) 3aJlaHue,
o 11
CobecenoBanue
(YO-1)

12 | MozaenupoBaHue I1K-3, 3HaeT JlaGoparopHas 9K3aMeEH,
TOIOJIOTHYECKUX I1K-4, pab6ora (ITP-6) Borpock 30-31
cnuHOBbBIX KoH(puryparnwmii | [TK-6 CobecenoBanune
B OOMMF (YO-1)

yMeeT JlaboparopHas HK3aMeEH,
pabora (ITP-6) 3aJlaHue,
Tumn 12
CobecenoBanue
(YO-1)
Brnageer | JlaGopatopHas 9K3aMeEH,
pabora (TTP-6) 3ajJlaHue,
Tumn 12
CobecenoBanue
(YO-1)

13 | MoaenupoBaHue IK-3, 3HaeT JlaboparopHast 9K3aMEH,
MarHUTOCTaTHYECKUX [1K-4, pabora (ITP-6) BOMpockl 32-33
HOJIEW CO3JaBaEMBbIX T1IK-6 CoOecenoBanue
(beppoOMarHuTHOM (YO-1)
HAHOCTPYKTYpOH B yMEET JlabopaTopHas JK3aMEH,
OOMMF pabora (ITP-6) 3aJlaHue,

THn 13




Co0OecenoBanue
(YO-1)
Brnazeer | JlaboparopHas JK3aMEH,
pabora (ITP-6) 3aJlaHue,
tun 13
CobecenoBanue
(YO-1)
14 | MogenmupoBanue mieHok | I1K-3, 3HAET JlabGopaTopHas JK3aMEH,
1 MHOT'OCJTOMHBIX I1K-4, pabota (ITP-6) Bornpockl 34-35
ctpykryp B OOMMF I1K-6 CobecenoBanue
(YO-1)
yMeeT JlabGopaTopHas JK3aMEH,
pabota (ITP-6) 3aJlaHue,
tan 14
CobecenoBanue
(YO-1)
Brnazeer | JlaboparopHas 9K3aMEH,
pa6ora (ITP-6) 3aJlaHue,
tan 14
CobecenoBanune
(YO-1)
[MIkana OLICHUBAHUSA YPOBHA C(l)OpMI/IpOBaHHOCTI/I KOMHeTeHHI/Iﬁ
Koa n Jrtansl GOpMUPOBAHMA KpHMTepuH NMoKa3aTeJIn ERR) I8
(hopMyTHPOBK | KOMIETEHIINH
a
KOMIIETCHIINHU
[K-3, 3Haet TEOpEeTUIECKUE CnocoGHOCTD 3Haet ocHoBHbI | 60-74
TFOTOBHOCTH OCHOBBI IepecKas3aTh U | DJIEKTPOAUHAMUKHU
10 OCBaMBAaTh 3IEKTPOAUHAMUKH 0OBICHUTD CIUTOIIHBIX cpen,
Eﬁ::;;:;’;mﬂ CILTOIITHBIX CpPe; yIeOHBIH ) KIaccH()UKAITIIO
u METOIBI OCHOBHBIC pasciibl | TCOPETUICCKUU OCHOBHBbIX MCETOO0B
ABTOMATH3AIIN ¢bu3uxn Marepuai C | nccinenoBaHus
9KCIICPUMECHTA KOHACHCHUPOBAHHOTI'O ,IlOCTaTO'IHOﬁ MarHMTHBIX CBOMCTB
Ha OCHOBEC COCTOSAHUA, JJIs1 | CTCIICHBIO Hay‘lHOfI u ,I[OMSHHOﬁ
MH()OPMAILOHH U3Y4EHHUS TOYHOCTH U | CTPYKTYpHI;
0" (heppoMarHuTHBIX TIOJTHOTHI, c 3HaKoM c
HU3MEPUTCIIbHBIX
KOMILIEKCOB KaK MaTepualioB, MPUBECICHUEM OCHOBHBIMHU
cpeicTBa NIEPCIEKTUBHbBIE NIPUMEPOB pasgenamu  pusHMKH
OBBIIICHUS HaIlpaBJICHUS KOHJIEHCUPOBaHHOI'O
TOYHOCTHU n HAHOJJICKTPOHUKHU u COCTOsIHHUA, JUIA
CHMXCHHSA CIIMHTPOHUKH, B H3Yy4YECHUS
sarpatr Ha €ro KOTOPBIX (eppOMarHUTHBIX
TIPOBCACHHC, HCIOJIb3YHOTCA Wi MaTCpI/IaJ'IOB;
OBJIAJI€BATH
HABLIKAMM MOT'YT MCIOJIB30BATHCA 3HaeT, KakK
I/I3MepeHI/Iﬁ B CTa6I/IHBHBIe CIIMHOBBIC OIIPEACIIUTD
peanbHOM KOH(HUTypanuuy; BO3MOYKHBIE
BpEMCEHHU OCHOBHBIE METOAbI TIEPCICKTUBHBIC
HCCIICAJOBAHUS HanpaBJICHUA




MarHUTHBIX CBOWCTB H
JIOMEHHON CTPYKTYpbI
B (eppOMarHUTHBIX
00BEKTax.

HAHODJICKTPOHHKH W
CIIMHTPOHHKH, B
KOTOPBIX
UCTIONB3YIOTCS, WA
MOTYT
HCIIOJIb30BATHCS
CTaOUIIbHBIE
CIIMHOBBIE
KOH(UTryparuy,
3HaeT, KaK MOXKHO
pEIuThH Hamnbonee
TUIOBBIC HAYYHBIE H
MHHOBAIIMOHHBIE
3a/1a4H,
3aTparuBaoIKe
HAHODJICKTPOHHUKY H

CHUHTPOHHUKY.
Ymeer MIOJIb30BATHCS Ymerts Ymeer 75-89
TEOPETUIECKUMU CHCTEMaTU3UPOBATh | CAMOCTOSATENIEHO
OCHOBaMHU MarHeTu3Ma | Hay4HYIO HCIOJIb30BaTh
JUTSE pacdeTa | HHGOPMALUIO 0 | TeopeTHyeCcKue
MAarHUTHBIX (dheppoMaraHuTHOM 3HaHUA MAarHeTu3Ma
napameTpoB o0BeKTe, hiuvt pacuera
HCCIIEyEMOT0 BBIIIOJIHATH MarHUTHBIX
00beKTa; TUIIOBBIE 337]aY¥l 110 | MapaMeTpoB
MIPUMEHSTh pacuery HCCIIElyEMOI0
TEOpeTHYecKHe 3HAHUS | MarHUTHBIX 00beKTa;
JUIL MaTeMaTH4YecKOro | mapaMeTpoB YMeeT npoBOAUTH
OTIHCaHUSA MOJIENH, | HCCIEeTyeMOTo MaTeMaTHYECKOe
COOTBETCTBYIOILIEH 00BeKTa OIMCAaHUE
KOHKPETHOMY reOMETPUYECKOMN
SKCIIEPUMEHTAIILHOMY MOJIEIH,
CIIy4aro; COOTBETCTBYIOILIEH
ONpeAessTh KOHKPETHOMY
HEepPCIEKTUBHBIE 9KCIEPUMEHTAIEHOM
HaIpaBJICHUS y 00BeKTY;
HAaHODJICKTPOHUKU U Ymeer Ha
CIMHTPOHHKH, MIPAaKTHKE
KOTOPBIX OTIpENIeIUTh
HCIOJIB3YIOTCS WK BO3MOXHbIE
MOTYT HUCIIOJIb30BATHCS NepCIEeKTUBHbIE
CTaOMIIbHBIC CITHHOBBIE HaIpaBJICHUS
KOH(Urypanunmy; HAHOAJIEKTPOHUKH H
HCIONb30BaTh CHUHTPOHUKH, B
OCHOBHBIE  CIIOCOOBI KOTOPBIX

pelleHUs] HAyYHBIX H
HMHHOBAI[MOHHBIX 33724
HAaHOMIEKTPOHUKH U
CIMHTPOHHUKH TUIs
JOCTHKEHUS
KOHKPETHOTO
pe3yibTara.

UCTIONB3YIOTCS WX
MOTYT
HCIIOJIb30BATHCS
cTabuIIbHBIE
CIIMHOBBIE
KOH(UTypannmy;
Ymeer  pemath
TUIIOBBIE HAayYHBIE H
WHHOBALMOHHBIE




3amadd B 00JacTAX
HAHODJICKTPOHUKH H
CHUHTPOHHUKH it

JIOCTIIKEHUS
KOHKPETHOTO
pe3yabTara.
Bmaneer HaBBIKAMH Baneer Bnaneer 90-100
HHTEPIPETAIINN HaBBIKAMH OCHOBaMH TCOPUH
pe3yIbTaToB MPAKTHYCCKOTO MarHeTu3ma,
MHUKPOMAarHUTHOTO HCITOJIE30BaHMUs Bnageer
MOJICIMPOBAHUSL Uil | OCHOB MarHeTH3Ma | HaBbIKAMH
OTIMCaHMUS " | s peLICHUs | UHTEPIPETALUH
JIOTIOTHEHHS MPOCTBIX ~ HAYYHO- | PE3yJIbTaTOB
pe3yibTaToB HMHHOBAI[HOHHBIX MHUKPOMArHUTHOTO
9KCICPUMCHTAIBHOTO 3amad B 0O0JACTAX | MOJACIHUPOBAHUS IS
HCCIIETOBAHHUS, HAHOAJICKTPOHHUKH OIHCaHUS u
HaBBIKAMH U CIIMHTPOHUKH. JTOTIOJTHEHMS
MPAKTHYIECKOTO pe3yIbTaTOB
HCIIOJIb30BaHUS OCHOB 9KCIEPUMECHTAIBHOTO
MarHeTH3Ma JUTSE HCCIIEIOBAHUS,
HCCIIETOBAHUS Bnageer
MAarHUTHBIX CBOMCTB M HaBEIKAMHU
JOMEHHON CTPYKTYpbI MPaKTHYECKOTO
(beppOMarHUTHBIX HCIIOJIB30BaHUS
00BLEKTOB; OCHOB  MarteTusMa
HaBBIKAMH OISl UCCIIEIOBAHMS
MIPUMCHCHUS MAarHUTHBIX CBOWCTB
COBPEMEHHBIX u JIOMEHHOM
MOIX0I0B JUTS CTPYKTYPBI
HCCIIETOBAHUS (beppOMarHUTHBIX
MTOBEAEHHS 00BEKTOB;
HaMarHWYeHHOCTH B Bnageer
(heppOMarHUTHBIX HaBBEIKAMHU
cpenax; MPUMEHEHHS
criocodamu u COBPEMEHHBIX
HaBBIKAMH, TOJX0I0B ISt
MTO3BOJISIOIIUMU HCCIIeTOBAHUS
OMpEeeNATh MTOBEICHHUS
NEePCICKTUBHBIC HaMarHMYEHHOCTH B
HAIpPaBICHUS (beppOMarHUTHBIX
HAHOYJIEKTPOHUKH U cpenax;
CIIUHTPOHHUKH, B Bnageer
KOTOPBIX aKTHBHO crocobamu u
HCTIONB3YIOTCS WA HaBLIKAMU,
MOTYT HCITOJIb30BATHCS TO3BOJISTFOIIIMH
CcTaOMUIbHBIE CITHHOBBIE OTpeneNiTh
KOH(HUTypaIHH. MIEPCIICKTHBHBIC
HaTpaBJICHUS

HAHOJJICKTPOHUKU U

CHMHTPOHUKH, B
KOTOPBIX AKTHBHO
UCTIONB3YIOTCS WU
MOTYT

HCIIOJIB30BAThHCA




CTaOMIIbHBIE

T1K-4,
CIIOCOOHOCTBIO
K OpraHu3aluu
U NOPOBEIECHUIO
SKCIIEPUMEHTAI
BHBIX
HMCCIICIOBAHUN C
MIPUMEHEHUEM
COBPEMEHHBIX
Cpe/CTB it
METOJIOB

CIIMHOBBIC
KOH(HUTypanuy.
3Haer OCHOBHBIC Moxert 3HaeT OCHOBHEIE 60-74
AITOPUTMBI nepecKasath U | aJTOPUTMBI
TIPOBEICHUS OOBSICHUTh TIPOBEICHUS
SKCIEPUMEHTAIBHBIX yaeOHBIH AKCIEPUMEHTAIBHBIX
HUCCIIEIOBaHUMN TEOPETUUECKUI HCCIIEIOBAHUMN
MAarHUTHBIX CBOMCTB; MaTepHuan C | MAarHUTHBIX CBOMCTB,;
OCHOBHBIE IIOCTATOYHOM 3Haer
MPOrPaMMHBIC TAKETHl | CTCTICHBIO HAYYHOW | MPOTPaMMHBIC
MHUKPOMArHUTHOTO TOYHOCTH 1 | MakKeThl
MOJICIUPOBAHUSI W WX | MOJHOTHI, C | MHKPOMAarHUTHOTO
BO3MOKHOCTH; MIPUBEACHUEM MOJICIIUPOBAHMS U HX
TIPUMEPBI TIPUMEPOB BO3MOXXHOCTH;
HCIIOIb30BaAHUS 3HaeT OCHOBHBIE
METOJIOB TIPUMEPEI
MHKPOMarHUTHOTO HCIIOJIb30BaHMS
MOJICTAPOBAHUS  JUIS METOJIOB
pemeHus MHKPOMarHUTHOTO
crenu(puIecKux MOJICTTUPOBAHUS JIJISt
3ajad, BKJIFOYAs pelieHus
CUMYJISIITUIO crenupUuIecKux
CTaTUYCCKHX, 3a/a4, BKIKOYas
JUHAMHYECKHX u CUMYIISLIUIO
TePMHICCKUX CTATUYECKUX,
TIPOIIECCOB; JIUHAMHYECKUX U
OCHOBHBIE  DTaIlbI TePMHUICCKUX
TUTAHUPOBAHUS MIPOIIECCOB;
AKCIEPUMEHTAIBHBIX 3HaeT OCHOBHBIE
UCCJICJOBAHUI; 9Talbl IVIAHUPOBAHUS
METOIUKH 9KCIEPUMEHTATBHBIX
MIPOBEACHUS HMCCIIEIOBAHUMN;
3KCIIEPUMEHTAIIbHBIX 3HaKOM C
HCCIIeTIOBAaHUM. 0a30BBIMHU
METOJUKAMHU
MIPOBEACHUS
AKCICPUMEHTAITBHBIX
HCCIIEIOBAHUMN.
Ymeer IJIAaHUPOBATh YMmeTs Ymeet npoBoauth | 75-89
OCHOBHBIC 3Tambl | MPOBOJUTH IJIAaHUPOBAHHE
AKCIIEPUMEHTAITLHBIX MHKpPOMarHUTHOE OCHOBHBIX 3TAIoB
HCCIIeIOBAaHUIH B | MOJENMPOBaHUE 9KCICPUMEHTAIBHBIX
00J1aCTH MarHeTru3ma; CTaHAaPTHBIX HCCIeOBaHUH B
HCII0JIb30BaTh SKCIIEPUMEHTOB TI0 | 00JIACTH MarHeTU3Ma;
METOJMKH NPOBEACHUS | UCCIEIOBAHUIO [IpousBoauTh
9KCIEPUMCHTAIBHBIX MarHUTHBIX MPOCTBIC  JCHUCTBUS,
HCCIIeTIOBaHUI Ha | CBOWCTB M | Kacaromuecs
MIPAKTHKE; CTPYKTYPbl MHKPO | CTaHIApTHBIX
COCTaBUTh 3aJady | ¥ HAHOOOBEKTOB [IPUEMOB
MHKPOMarHUTHOTO BBIYUCIICHUH TS
MOJCTTUPOBAHUS u MHKPOMAarHUTHOTO
BBIOMpATH MOJICTTUPOBAHUS
HEOOXOIUMBIH peansHOTO 00BEKTa U




MPOTPAMMHBIN MAKET C

BBEIOMpATh

y4eTOM OCOOCHHOCTEH HEOOXOJUMBII

HCCIICIOBAHUS, MIPOTPAaMMHBIA TIaKeT
TIPUMEHSTH c yaeToM

OCHOBHBIC aJITOPUTMEI 0COOCHHOCTEH

MIPOBEACHUS HCCIIeI0OBAHUS,;

IKCIEPUMECHTAIBHBIX Ymeer

HCCIIeT0OBaHUi MIPUMCHSTh

MAarHUTHEIX ~ CBOMCTB OCHOBHBIE METO/IBI

ISt peleHus MPOBEACHUS

SKCIEPUMEHTAIBHBIX AKCIEPUMEHTAIBHBIX

3ajJ1a4; HCCIIEIOBAHUH
BEIOMpATH MAarHUTHBIX CBOMCTB

COOTBETCTBYIOIIHE Ha TIPaKTHKE.

CIIOCOOBI

TUTAHUPOBAHHUSI

BpPEMCHHU,

ayauropHoro  (Gonna,

¢dbonma oOoOpyIOBaHUS

JU1st YCIEIIHOMI

OpraHU3aIud

9KCIEPUMEHTAIBHBIX

HUCCIIEIOBAHUM.

Brnaneer HaBbIKAMU Brnaneer Brnaneer 90-100
TUTAHUPOBAHHUSI HaBBEIKAMU HaBBIKAMU
IKCICPUMEHTAIBHBIX UCIOJb30BaHMUS TUTAHUPOBAHHUS
HCCIIeTI0BaHUI B | MUKPOMArHUTHOTO | 3KCICPUMEHTATbHBIX
00JacTH MarHeTH3Ma, MO/ICITUPOBAHHUS HCCIIeT0OBaHUIT B

HaBBEIKAMU JUISE aHAJIMTHKA | | 00JIACTH MarHeTU3Ma;
CaMOCTOSITEIIBHOTO MIPOTHO3UPOBAHUS Bnaneer
MIPOBEACHUS SKCIICPUMCHTANBHBl | HaBBIKAMH
HCCIIEI0BATEIBCKOM X pe3yIbTaTOB CaMOCTOSTEIILHOTO
paboTEl ¢ TMOMOIIBIO MIPOBEICHUS
MEeToJa HCCIIE0BATEIbCKOM

MUKPOMAarHUTHOTO
MOJICTIMPOBAHMUSI;
HaBBIKAMU
WCTIONIb30BaHUS
METO/I0B
MHUKPOMarHUTHOTO
MOJICTAPOBAHUS  JUIS
MIPOTHO3UPOBAHUS
SKCTIEPUMEHTAIBHBIX
pe3ynbTaToB.

paboThl ¢ TIOMOIIBIO
MeTOoa
MHUKPOMArHuTHOIO
MOJICJIMPOBAHHS;
Bnaneer
HaBBIKAMU
HCTIOJIb30BaHUS
METOJIOB
MHUKPOMarHUTHOTO
MOJICIIUPOBAHUS IS
MIPOTHO3HUPOBAHUS
OKCIICPUMEHTAJIbHBIX
PE3yJIbTATOB,;
Bnageer
HaBBIKaMH PECHICHUSA
3a1a4y cpenHein
CJIIO)KHOCTH B OJTHOM
u3 MaKETOB
MHUKPOMarHUTHOTO
MOJICITUPOBAHHS B




COOTBETCTBUH c
MporpaMMon Kypca.

I1K-6,
CIIOCOOHOCTHIO
IUTAHUPOBATh U
MIPOBOIUTH
9KCICPUMCHTBI
o
MOJICIUPOBAHH
0 u
MIPAKTUIECKOMY
OTIpE/ICIICHUIO
CTPYKTYPBI "
CBOICTB
MaTepHUaloB,
HepCHeKTI/IBHLIX
IS
JJICKTPOHUKU U
HAHODJICKTPOHH
KH

3Haer OCHOBHBIE Moxer 3naer ocHoBHBIe | 60-74
METOIbl BO3ACHCTBHSA | MepecKas3aTh U | METOABI BO3AEHCTBHS
Ha MarHUTHYIO | OOBSICHUTB Ha MarHuTHYIO
CTPYKTYDY; yueOHBII CTPYKTYDY;

OCHOBHBIE TEOPEeTHYECKUI 3HaeT OCHOBHBIC
0COOEHHOCTH Marepua c | ocobeHHOCTH
JOMEHHON CTPYKTYPBI, | JOCTaTOYHOM JIOMEHHOU
CTPYKTYPbl JOMEHHBIX | CTEIICHBIO HAy4HOH | CTPYKTYpBL,

TpaHuL, a  TaKkKe | TOYHOCTH U | CTPYKTYpBI
TOIOJIOTHYECKUX TIOJTHOTBI, C | ZOMEHHBIX IpaHUL, a
CITMHOBBIX NPUBEICHHEM TaKKe
KOHUTypanuii; PUMEPOB TOIOJIOTHYECKHX

OCHOBHBIE CIIMHOBBIX
crocoObl ¥ (opmMaThl KOH(UTypauui;
MIPEACTaBICHUS 3HaeT OCHOBHBIE
pe3yapTaToB cnoco0bl U opmatsl
MHUKPOMAarHUTHOT'O Npe/ICTaBICHUS
MOZCITUPOBAHUS; pE3yIbTaTOB

OCHOBBI MHKPOMAarHUTHOT'O
HAIlUCAHUST HCXOJHOTO MOJCIUPOBAHUS;
Koma  3amaud  Juist 3Haer OCHOBBI
CHMYIISILIAA HaIMCaHUS
KOHKPETHOT'O HCXOJIHOTO Koza
nporecca B 3a7a4u JUIst
(beppoMarHuTHON CUMYJISILIA
cpere; KOHKPETHOTO

OCHOBBI  PabOTHI mporiecca B
B OJHOM M3 IaKeTOB (beppoMarHuTHOI
MHUKPOMAarHUTHOTO cpene;
MOZEITUPOBAHUSL. 3Haer OCHOBBI

paboTBl B OJHOM U3
NaKeTOB
MHUKPOMAarHUTHOTO
MOJICTTUPOBAHHSI.
Ymeer aHATN3UPOBATh Ymeer Ymeer 75-89
Ppe3yybTaThl IUIAaHUPOBATH, aHaJIM3UPOBATh
MOZCIUPOBAHUS W | TaKKEe  YaCTHYHO | Pe3yJbTaThl
NPENCTaBISTh OPraHU30BHIBATh MOJCIUPOBAHUS |
NOJTy4YEeHHBIC JaHHBIC B | MPOCTHIC NPEICTaBISITh
rpaduueckoii  opme | mccepoBaHMA C | HOMyYeHHBIE JaHHBIC
(rpaduxw, HCIOJIb30BaHUEM B rpaduieckont
JIarpaMMBbl, MHUKPOMarHutHoro | dopme;
WILTIOCTPALMN MO/JIEJTUPOBAHHS YMeeT npoBOIUTH
MarHUTHOM CTPYKTYpBI | JUIS PEIlleHHs 3a/lad | pacyeTbl,  KOTOpbIE
u pacripezesieHue | B obnacTu | HEOOXOAUMBI
MarHUTOCTATHYECKHX | HAHODJIEKTPOHHKU dbopmupoBanust
Tosen); 1 CITMHTPOHUKHU HCXOZHOTO KOjaa JuIst

MPOBOANTD MO/JIETTMPOBAHHUS
pacyerTsl, KOTOpBIE KOHKPETHOTO
HEO0XO0IUMBI (heppOMarHUTHOTO
MOJIEITMPOBAHHMS 00beKTa;
KOHKPETHOTO Ymeer




(heppOMarHuTHOTO CaMOCTOSITEIEHO
00BeKTa; COCTaBJISTh
COCTaBIIATh HCXOHBIH KO,
HCXOIHBIM KO 3aJa4K 3a1a4n JUTSE
JUTSE CUMYIISILIAN CHUMYIISILIN
KOHKPETHOTO KOHKPETHOT'O
mporecca B mporiecca B
(eppomMarHuTHOU (beppoMarHuTHOM
cpene; cpene;
TOJIb30BAThCS Ymeer
OIHHM M3 IIaKETOB [TOJIE30BATHCSA OJHUAM
MHUKPOMAarHUTHOT'O u3 MTaKeTOB
MO/JICITUPOBAHHSI. MHUKPOMArHUTHOTO
MOJICITUPOBAHHUS B
COOTBETCTBUHU c
IIPpOrpaMMoH Kypca.
Bmaneer MPOrpaMMHBIM Bianeer Bnaneer 90-100
obecrieueHreM HaBBIKAMHU MPOrPaMMHBIM
(OOMMF, OriginPro, | opranusaiuy, obecrieucHrEM
ParaView) mwianupoBanuss U | (OOMMF,
HEOOXOAMMBIM JUIsL | TIPOBE/CHHUS OriginPro, ParaView)
00paboTKn U | HAy9IHBIX HEOOXOAUMBIM  JUISA
BU3yaIH3aI[HU HCCIIeIOBaHUI B | oOpaboTku u
Pe3yibTaToB obnactd  (U3UKH | BU3yaIU3alUU
HCCIIeIOBAHUS, MarHUTHBIX pe3yIbTaTOB
BBITTOJTHEHHOTO ¢ | aBneHuit IUIS | MCCIICOBAHMA,
ITOMOIIBIO peleHus BBITIOJTHEHHOTO c
MHKPOMArHUTHOTO (yHIAMEHTAIBHBIX | TOMOIIBIO
MO/ICITUPOBAHUS; BOIIPOCOB U | MEKPOMAarHUTHOTO
HaBLIKAMU MPUKIAAHBIX 33724 | MOJCIHUPOBAHHS;
HamucaHusi  0a30BBIX | CHIUHTPOHUKH YBepeHHO
KOHCTPYKIHUI JUTSE BlIaJiceT  HAaBBIKAMH
peanuzanuu HamucaHus 0a30BEIX
BBIYMCITUTELHEIX KOHCTPYKIIH# JUTS
poIeayp 1o peanu3aiiu
MHUKPOMAarHUTHOMY BBIYHMCIUTELHBIX
MO/ICITUPOBAHHUIO; poIeIyp 1o
npueMaMu MHUKPOMArHUTHOMY
pelIeHHsT  OCHOBHBIX MOJICIUPOBAHHIO;
busmyeckux u Bnageer
MaTeMaTHYECKUX NpUeMaMH  PelieHUs

3aJa4 B OJHOM U3
MIaKETOB
MHUKPOMAarHUTHOTO
MOJIEITMPOBAHHUS.

OCHOBHBIX
¢bm3nyecKnx u
MaTeMaTHYECKUX

3a1a4 B OJHOM W3

ITaKE€TOB
MHUKPOMArHuTHOI'O
MOACIUPOBAHUA B
COOTBCTCTBUU C

IpOrpaMMou Kypca;

Bnaneer
HaBBIKOM
HCIOJIE30BAHUS
METOJIOB




ONTUMHU3AIUN u
IUTAHAPOBAHUS  JJIA
YCHEIHOM
OpTraHU3aINH
HCCIIEIOBAHUMN.

MeToauueckune PEKOMEHIAUA, ONIPpEAC/TIAIOIIHUE ITPOUEAYPHI OLICHUBAHUA
PE€3yJabTaTOB OCBOCHUA TUCHHUILJINHBI

Texkymas arrecrauus CTyACHTOB

Texkymas  arrectauuss  CTYJEHTOB  mO  aucuumuimHe  «OCHOBBI
MHKPOMArHUTHOTO MOJEIUPOBAHUS» MPOBOJUTCS B COOTBETCTBUU C JIOKAIBHBIMHU
HOpMaTUBHBIMU akTamMu JIBDY u siBnsieTcss 00s13aTeIbHOM.

Texkymas arrecraumss 1o aucuUIIMHE «OCHOBBI MHUKPOMAarHUTHOTO
MOJICTUPOBAHUS»  MPOBOAUTCA B  Qopme  abOpaTOPHBIX  3aHATUA U
CaMOCTOATENBHBIX padoT, MO pe3yJbTaTaM KOTOPBIX MPOU3BOJAUTCS OIICHKA
pe3ynbTaTtoB  00yuyeHusi CTyldeHToB. OIlleHKa OCYHIECTBISETCS  BEAYLIUM
IIPENoAaBaTeNIEM.

OObeKTaMu OIIEHUBAHUS BBHICTYTAIOT:

- yyeOHasg JUCHUIUIMHA (AaKTUBHOCTh HA 3aHATHUSIX, CBOEBPEMEHHOCTH
BBINOJIHEHUS PA3JIMYHBIX BUJIOB 33/IaHUM, ITOCEIIAEMOCTh BCEX BUOB 3aHITUU I10
aTTECTyEeMOM JUCHUILINHE);

- YPOBEHb OBJIQJICHUS MPAKTUYECKUMH YMEHHSIMH M HAaBBIKAMHU IO BCEM
BUJIaM y4eOHOM paboThI;

- pe3yNbTaThl CAMOCTOSITEIbHON PaOOTHI.

OueHvBaHWe pPE3yJIbTAaTOB OCBOCHUS [UCLMIUIMHBI Ha JTane TeKylleh
aTTeCTallud MPOBOJAUTCA B COOTBETCTBUM C HCIIOJb3YEMBIMU OLIEHOYHBIMU

CPEACTBAMH M KPUTEPHUSIMH.




Kpurepuu oieHKH KpaTKHUX OTYETOB MO Pe3yJIbTaTaM NPAKTHYECKHUX

3aHATHN

OueHuBaHME pPE3yNbTaTOB PabOThl Ha JIAOOPATOPHOM 3aHATHUU, a TaKKe
BBITIOJITHCHHUST CaMOCTOSITEIBHOW  paOOThl TPOBOJAUTCS TPU  TPEICTABICHUN
KpaTKOro OT4YeTa B DJJIGKTPOHHOM WJIM MHUCBMEHHOM BHUJE MO JABYXOayuIbHOM
HIKaJe: «3a4TeHO», «HE 3aUTECHO.

OneHKa «3a4T€HO» BBICTABIACTCS CTYJIEHTY, €CIM OH MPEACTaBISET
MPEernoJlaBaTeslto  KpaTKUH  OTYET, YAOBJIECTBOPSIOMIUNA  TpeOOBAHHSIM IO
MOCTABJICHHBIM 33JIaHUSIM, JIEMOHCTPUPYET BJIAJICHUE METOJIaMH W MpHUeMaMu
TEOPETUUYECKUX U/WIIH MPAKTUYECKUX aCTIEKTOB paOOTHI.

OuLeHKa «HE 3a4TEHO» BBICTABISIETCA CTYIAEHTY, €CIM OH HE BIAJECET
METOJaMU U TMpUEeMaMU TEOPETUUYECKUX W/WUIM TPAKTUUECKUX AaACIEKTOB,
paccMaTpuBaeMbIX Ha 3aHSTUHU, JOMYCKAeT CYIIECTBEHHBIE OIMMOKM B paboTe,
MPEACTABIISIET HEMOJIHBIMA OTYET MO BBIMOJHEHUIO 33/IaHHI.

IIpomexxyTouHasi aTrecTaums CTyJI€HTOB

[IpomexyTouHass arTecTauus CTYOEHTOB IO JAWcCHUIUIMHE «OCHOBBI
MUKPOMAarHuTHOTO MOJCIUPOBAHUS» MPOBOJAUTCS B COOTBETCTBUU C JIOKAJIbHBIMU
HOpMaTUBHBIMU akTamu JIBOVY u sBnsieTcs 00s13aTeIbHOM.

[TpoMexyTouHas arrectanus 1Mo JUcUUILUIMHE « OCHOBBI MUKPOMArHUTHOIO
MOJICITUPOBAHUs» TMPOBOAUTCA B BHUJE HK3aMeHa, Gopma dK3aMeHa — «YCTHBIN
ornpoc B (opMe OTBETOB HAa BOMPOCHI», «IPAKTHUUYECKHE 3aJaHUs IO THUIIAM.
Jlomyck K 5K3aMEHy BO3MOXEH TOJBKO TMOCJE 3allUThl OTYETOB MO BCEM
7abopaTopHBIM paboTaM Kypca M 3alIUThl KypCOBOM paOOThI C OLIEHKOM (3aaHue
Ha KypCOBYIO pabOTy MPHUBEICHO B pasjieie OICHOYHBIX CPEICTB I TEKYIIeH
aTTeCTallH).

Kputrepuu BbICTaBJIeHHSI OLEHKH CTYAEHTY HAa JK3aMeHe 110

aucuuIInHe «OCHOBBI MHUKPOMATHUTHOI'O MOAC/ITMPOBAHUID):



Bbamner
(pedTHHTOB
O OILICHKH)

OneHKa
(cranpaprtHas)

TpeboBanus k cHhOPMUPOBAHHBIM KOMIIETCHITUSM

86-100

«OTJIMYHO»

OneHka «OTJIMYHO» BBICTABIISETCS CTYAEHTY, €CIIM OH IIyOOKO
U MPOYHO YCBOWJI MPOTPaAaMMHBIA MaTepuall, WCUYEPIBbIBAOIIE,
IIOCJIEZI0BATENBHO, YETKO U JIOTUYECKU CTPOWHO €ro M3J1araert,
yMEeT TECHO YBS3bIBaTh TEOPHIO C MPAKTHUKOH, CBOOOIHO
CIpaBJIAETCA C 3aJayaMH, BOIPOCAaMU M JIPYTUMHU BUAAMH
MPUMEHEHHUS 3HaHUH, IPUYEM He 3aTPYyIHSAETCS C OTBETOM MpHU
BUJIOM3MEHEHUM 33JaHUN, HCIOJIB3YeT B OTBETE Marepuall
MOHOTpaUUYECKON JUTEpaTyphl, MNPaBUIHLHO OOOCHOBBIBAET
IIPUHSTOE PEIIECHUE, BIaJE€eT Pa3HOCTOPOHHUMHU HABBIKAMU U
MpUEMaMHU BBITIOJTHEHHS MPAKTUYECKUX 3a]1a4.

76-85

«XOopouro»

OneHka «XOpOIIO» BBICTABISAETCS CTYIEHTY, €CJIM OH TBEPIO
3HaeT Marepuai, 'paMOTHO W IO CYLIECTBY M3JIaraeT ero, He
JIOTIyCKasi CYLIECTBEHHBIX HETOYHOCTEH B OTBETE HAa BOIPOC,
OPaBUIbHO TPUMEHSIET TEOPETUYECKUEe IIOJOXKEHUsS MpU
pElIeHNH MPaKTUYECKHX BOIPOCOB U  3aJad, BIAJEET
HE00XOMMBIMU HaBBIKAMU U IPUEMaMH UX BBIIOJTHEHUS.

61-75

«YZOBJIETBOPUT
€JIbHO»

OHCHKa «YOOBJICTBOPUTCIIbHO» BBICTABJIACTCA CTYACHTY, €CIIU
OH MMEET 3HaHUS TOJHLKO OCHOBHOTO MaTepualia, HO HE YCBOMII
ero  jJeraield, JOMyCKaeT HETOYHOCTH, HEIOCTATOYHO
npaBWibHbIE  (DOPMYJTUPOBKH,  HApYIIEHHS]  JIOTHYECKOU
MOCJICOBATEIFHOCTH B U3JIOKEHUHU MPOTPAMMHOI0 MaTepHaa,
UCIBITBIBACT 3aTPyJHEHUS TPU BBINOJIHEHUU TMPAKTUYECKUX
pabor.

0-60

«HCYHOOBJICTBOD
HUTCIBHO)

OueHka «HEYAOBIETBOPUTEIBHO» BBICTABIAETCA CTYIEHTY,
KOTOpPbI HE 3HAET 3HAYUTEIbHOW YacTU MPOTPAMMHOTO
MmarepHaa, J0IMyCKaeT CyIeCTBEHHbIE OIIMOKH, HEYBEPEHHO, C
OOJBIIMMH 3aTPYIHEHUSMHU BBINOJIHSET MPAKTUYECKUE paOOTHI.
Kak mnpaBuiio, OLEHKAa «HEYAOBIETBOPUTEIBHO» CTABUTCS
CTyJEHTaM, KOTOpble HE€ MOTYT MPOJOJDKUTH O00ydeHue O0e3
JIOTIOJTHUTEIIBHBIX 3aHATHH 110 COOTBETCTBYIOLIEH TUCIUIUIMHE.
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10.
11.

12.

13.
14,
15.
16.
17,

18.

OneHOYHbIE CPEICTBA /IJIsl IPOMEKYTOUHON aTTECTAIHH
CobecenoBanue (YO-1)

Bomnpocsl k 3x3amMmeny
OCHOBHBIE THUIIBl YNOPSIOYEHUSI MArHeTUKOB. VICTOYHMK MAarHUTHOTO
MomeHTa atoma. Kpurepuit peppomarnerusma.
OOMeHHOE B3auMOJIeCTBHE. DHEPTHUsI OOMEHHOTO B3aUMOJICHCTBRUS.
MaruutHas KpucTaorpaduueckas AHU30TPOIIHS. DHeprus
KpUCTAUIOTpapUIecKoi aHM30TPOITUHU PA3TMYHBIX KPUCTAIIJIOB.
HapeneHHast MarHUTHasE aHU30TPOIMHU. JHEPTHsl HABEACHHON aHU30TPOIHH.
Marnurocratuueckas sHeprusi. Pa3maranumBaroliiiee mnosie.
DHeprusi MarHUTHOTO MOMEHTA BO BHEIIIHEM MarHUTHOM IIOJIE.
AntudeppoMarautHas U (eppoMarHuTHass KOCBEHHass OOMeHHas cBsizb. [lone
HACBIIIEHYS, OVIMHENHAS 1 OMKBa/IpaTHAs! KOCBEHHAss OOMEHHAsI CBSI3b.
Bzaumopeiicteue  I3sutommmnckoro-Mopust  (BJAM). Bmmsinue  maHHOTO
B3aMMO/JICMCTBUS HA MArHUTHYIO CTPYKTYpY. MeTozb! n3MepeHus BenmuuHbl BJIM.
JlomeHHast TpaHurIIa U €€ SHEPTHs. TUTbI JOMEHHBIX TPAHMII.
[Iporiecchl cMelleHnst JOMEHHBIX IpaHull. Kputrueckure moss.
Metoasl HccienoBaHUsi MarHUTHBIX NapaMETpoOB U JOMEHHON CTPYKTYpHI.
DKCIepUMEHTaTbHbIE METO/IbI OLICHKH SHEPIuun aHU3O0TPOIUH,
HaMarHMYE€HHOCTH HACBIIICHUS.
Buapl moaxoaoB sl MOACIUPOBAHUS MAarHUTHBIX CUCTEM. TeopeThdecKkue
OCHOBBI MUKPOMAarHuTHOT'O MOJICTUPOBAHUSI.
MeTtoa KOHEUHBIX Pa3HOCTEN U METOJ KOHEUHBIX 3JIEMEHTOB.
Crnoco0Osbl 3aanus reomeTpun AByMepHbIX (2D) Hanoctpyktyp B OOMMF.
MonenvupoBaHue HEOOXOIUMON MarHUTHOU KoHpurypamuu B 2D o0bekTax.
Crnioco06s1 3aanus reometpun TpexmepHbix (3D) manoctpykryp B OOMMEF.
biioku aHM30TpONMHU, MAarHUTOCTATUYECKOTO U OOMEHHOTO B3aUMOJICHCTBUI
pu MojenupoBanuu 3D nanoctpyktyp B OOMMEF.
Ucnons3oBanue ScriptAtlas B OOMMF s mMoaenupoBaHUsl CIOXHBIX

Tr€OMETPUYECKUX OOBEKTOB.



19.

20.

21,

22,

23.

24,

25,
26.

217,

28.

29.

30.

31.

32.
33.

Jlornyeckue onepanuu A9 MOJEIUPOBAHUS  CIIOKHBIX TPEXMEPHBIX
reomeTpudecknx 06bekToB B OOMMF.

Crnoco0b1 3a1aHUs HE0OX0IUMOM HavyaJbHON KOH(pUrypanuu
HaMarHUYeHHOCTH Npu MojenupoBanuu 3D nanoctpykryp B OOMMF.
Hcnonp3oBanue  ScriptVectorField B OOMMF mis  dopmupoBaHus
HE00XOIMMON HayaIbHOW KOH(PUTYypallii HAMarHU4E€HHOCTH.

brmoku gana  ommcaHus mpsMoro oOMEHHOTO  B3ammogehcTBus 3D
HaHocTpykTyp B OOMMEF.

Buael koCcBEeHHOro OOMEHHOro B3aumMoAeucTBUd. bBIIOkM IS omucaHus
KOCBEHHBIX 00MeHHBIX B3auMoerictBuii 3D Hanoctpyktyp 8 OOMMEF.
Tunsl aHu30TpOINUM, 3aJaBaeMble Ipu MozenupoBanuu 3D HaHOCTPYKTYp B
OOMMF.

W cTouHMKY MarHUTHOW aHU30TPOIHMH B peabHBIX MarHUTHBIX OOBEKTAX.
[loBeneHne HAMarHWYEHHOCTH IOJ JEHCTBUEM OJHOPOJHOTO MAarHUTHOIO
HOJISL.

MopnenupoBaHue MPOLECCOB NEPEMArHUYMBAHUS I10J] IEUCTBUEM BHEIIHEIO
marauTHOTO 1ot B OOMMF. DHeprust B3anMOeiCTBISI HAMATHUYEHHOCTH
C BHELITHUM I1OJIEM.

BnusHue TemmepaTyphl cpenbl Ha NMOBEAEHUE HAMATHWUYEHHOCTH. DHEPIHs
TEIJIOBBIX (DIYKTYyalHil.

Cumynsius mporeccoB CnMHOBOM nuHamMukud 3D oObekTa mona aecTBHEM
temneparypsl B OOMME.

@dopMysia TOMOJOTHYECKOTO 3apsiia JJid CHOUHOBBIX KOH(pUTYypauui.
OCHOBHBIE BHJBI TONOJOTUYECKUX OOBEKTOB B JIOMEHHOW CTPYKType
dbeppoMarHeTuka.

dopmupoBanue BuXxpeBoii konpurypamun HamaranaeHHoctd 8 OOMMEF.
Anmzotponus hopmbl. PasmaranuuBarommii gpakrop. [lone MmarHuToCTaTHKHY.
MopnenvupoBaHue KapTHUHBI paclpeeieHUus] MarHUTOCTaTUYECKUX MoJieh

BOKpyT 3D nHanoctpykrypsl B OOMMEF,



34. Ilepmoguueckue rpaHUYHbIE YCIOBHS AJISi MOJACTUPOBAHUS yUacTKa IJICHKU B
OOMMF.

35. OddexTruBHAS MOJIEIH AJI1 OMTUCAHUS MHOTOCIOWHBIX CTPYKTYP.

Tunsl 3K3aMeHAIITMOHHBIX 3aJaHUM

Tun 1. Cpenaiite onucaHue reoMeTpuueckoi (OpMbI  pealbHOTO
00BEKTa, a TAKXKE PACCUUTANTE BETMYMHBI BCEX MAarHUTHBIX MAapaMETPOB COTIIACHO
JTAHHBIM U3 YKCIIEPUMEHTA.

Tun 2. Ilo 3KCEepUMEHTATbHO U3MEPEHHOMY H300paKEHUI0 MarHUTHOU
CTPYKTYpPbl ONpENEIUTe TUN aHU30Tponuu. ONUIINTE TOMEHHYIO CTPYKTYpy H
OTMETHTE Ha HEW JOMEHHBIE TPAHUIIBL.

Tum 3. Otkpoiite mnporpammy ansi wmojaenupoBanus 2D  0OBEKTOB.
3amycTUTe TOTOBYKO HIporpaMMy M3 THpuMepoB. BbiBenute oToOpakeHue
MUKPOMArHUTHOU CTPYKTYpbI Ha SKpaH.

Tum4. 3apmaiite 2D HAHOCTYKTYpY C ONpEIEICHHBIM MArHUTHBIMH H
reomerpudeckumu napamerpamu B OOMMF u 3amyctuTe CUMYyIISIIIUIO Tpolecca
nepeMaranunBanus. [locrolite nernm rucrepesuca.

Tun 5. 3apaiite 3D HaHOCTPYKTYpYy € HEOOXOIUMOM TeOMETpHUECKOU
dopmoii B OOMMEF. Coxpanute OMF (aiin mosy4eHHONU CTPYKTYPHI.

Tun 6. 3anaiite 3D HaHOCTPYKTYpy C HEOOXOIUMOM T'€OMETPUUYECKOU
dopmoii B OOMMEF, ucnione3ys ScriptAtlas. Coxpanure OMF ¢aitn nony4eHHoi
CTPYKTYPBHI.

Tun 7. 3agaiitTe HeoOXOAMMYIO HadallbHYH0 KoHburypamuioo B 3D
Hanoctpykrype B OOMMF. Coxpanute OMF ¢aiin momyueHnHo# koHpUTypalyu.

Tun 8. Cwmogmenupyiite 3D HAHOCTPYKTYpY TPEXCIOWHON TUICHKUA C
KOCBEHHBIM 00MEeHHBIM B3auMoeiicteueM B OOMMEF.

Tun 9. Cwmopenupyiite 3D HaHOCTPYKTYpYy ¢ KyOMUeCcKOW aHHU30TPOMUEH
B OOMMF.

Tun 10. CMmopenupyiite  mermo  rucrepesuca Baojip  oJLH. 3D

HaHOCTpykTypsl B OOMMEF.



Tun 11. Cmopenupyiite noBeneHne HaMarHn4eHHOCTH 3D HaHOCTPYKTYpHI
npu yBenuueHuu remmnepatypsl B OOMMEF.

Tum 12. 3apaiite Buxpb, ckupmMuoH B 3D Hanomucke B OOMMEF.
Coxpanutre OMF ¢aiin mogydeHHON CTPYKTYpHI.

Tun 13. Tlomyuute pacnpeneneHue MarHUTOCTATHYECKUX TMOJIEH BOKPYT
3D nanoctpyktypsl. Coxpanure OMF ¢aiin nosydeHHON CTPYKTYPBHI.

Tun 14. CmMopenupyiiTe MHOTOCIOMHYHO IUIEHKY C  B3auWJeHCTBHEM
Hzsnommackoro-Mopuss B OOMMF, wucnonb3ys peanbHyio U 3DPEKTHUBHYIO

MOACIIN.

OHCHOquIe cpeacrea JJisd Telcymeii arrecranumn
Tunosele 3agaHus 111 CAMOCTOSITEIbHOU pa6OTBI CTYACHTOB

Tema 1. Bapuanm 1

3a0anue 1.1 B mmSolve2D mnonyunts u coxpanute OMF files cnemyrommx
CTPYKTYp C MarHATHBIMH TlapaMeTpaMH: HAaMarHMYCHHOCTh HACHIIICHUS
1200x10° A/m; koHCTaHTa 06MEHHOTO B3aumoneiicTeust 11x10™ JIx/M; KOHCTaHTa
oxHoocHOH axmsorpormu 5x10* Jhx/m® Bmomp ocu Oy, KOHCTAaHTa 3aTyXaHHS
['unsbepra 0,1. 'eomerpuueckas popma CTPYKTYD:

a) kBagpat 50x50x20 uM®, pasmep staeiiku 2 HM;

6) smmurc 100x50x10 um®, pasmep staeiiku 1 HM;

B) KBaJIpaTHbIN MaccuB [2x2] HaHOAUCKOB AuaMeTpoM 0=50 um, ToimuHoi 10 HM,

paccTosiHuEe MEKIY LIEHTpaMu JUCKOB 2d, pasmep stueiiku 1 HM.

3aoanue 1.2 Jns crtpyktypsl w3 3amanus 1.1(a) HaiTH KOHQPUTYpAIUIO
HAMarHU4eHHOCTH, OOJAJaloONyl0 MHUHUMAJIBHOM SHEPrHe B OTCYTCTBHUE
BHEITHETO  BO3JICHCTBHS, 3aJlaB  CJCAYIONIME HAYaJlbHBIE KOH(UTYpaIuu
HAMarHU4eHHOCTHU: Xa0THYECKOe pacrpeeneHme HAMarHU4eHHOCTH;

OJIHOZIOMEHHOE; BUXpb; aHTUBUXpb. CoXpaHWUTE TMOJy4YEHHbIE KOH(PUTYpaluu



(OMF file) u ucxomnyro 3amauy (MIF file), npensapurensHO co3/1aB OTACITBHYIO

MarKy AJjs pacdCToOB.

3aoanue 1.3 Jlns CTPYKTypbl, HCIHOJIB30BAaHHOW B 3amanuu 1.2, mpoBecTH
MOJICJTUPOBAHUHM KPWBBIX HaMarHWYMBaHUS + TeTeNb THCTEpe3nuca BIOJb
Hanpasieanii OX wu Oy. HavanpHyio KoHbuUrypamuioo 3agaTh (daiioMm,
WCIIOJIB3YWUTE COCTOSHHE C MUHUMAJIBHOW JHEPrUEH, ONPENEICHHOE BO BTOPOM
3alaHdd.  BxilounTe aBTOMAaTHYECKOE COXpaHEHWE CKaJspHBIX JdaHHBIX U
KOHQUTYpallii HAMarHUYEHHOCTH Ha Kaxaom Imare. CoxpaHHTE HMCXOAHYIO

3agauy (MIF file). [Toctpoiite moydeHHbIC TTETIIH.

3aoanue 1.4 CKOHBEPTUPYUTE MCXOJHYIO 3ajady U3 3afaHus 1.3 W3 KOAUPOBKHU

MIF 1.1 B koguposky MIF 2.1

Tema 1. Bapuaum 2

3a0anue 1.1 B mmSolve2D mnonyunts u coxpanute OMF files cnemyrommux
CTPYKTYp C MarHATHBIMHA TapaMeTpaMH: HAaMarHUYCHHOCTh HACHIIICHUS
480x10° A/m; koHcTaHTa 0OMeHHOTo B3ammomeiicteus 9x10™ JIk/M; KOHCTaHTA
KyOmaeckoit anmsorpormu 3x10° JDx/m®; koHcTaHTa 3aryxanust ['mius6epra 0,3.
['eomeTpudeckas popma CTPYKTyp:

a) HaHOJUCK nuamMeTpom 50 HM, TommuHou 20 HM, pa3Mmep sIUeUKH 2 HM;

6) mpsimoyrombHUK 300x200x10 uM®, pasmep staeiiku | HM;

B) MPSIMOYTOJIbHBIM MacCHUB [2x2] HAHOTOUEK KBaJpaTHON (HOPMBI CO CTOPOHOM
a=50 uM, TonuuHoM 10 HM, pacCTOsITHUE MEXIY LIEHTpaMU HAHOTOYEK 2a, pa3Mmep

sqderku 1 HM.

3aoanue 1.2 Jns cTpyktypsl w3 3amanus 1.1(a) HaiTh KOHQPUTYpAIUIO
HAaMarHW4eHHOCTH, OOJaJaronlyl0 MHHUMAJIbHOM SHEPIHE B OTCYTCTBHE

BHEILIHETO  BO3JECHUCTBUS, 3aJlaB  CJEAYIOLIME HadallbHble KOH(UTYypaluu



HAMarHUYE€HHOCTH: Xa0THYECKOE pacrpeaeeHue HAMarHMYeHHOCTH;
JIBYXJOMCHHOE,  dYeThIpeXJOoMeHHOe;  BHXpb.  CoOXpaHHUTe  IOJYYCHHBIC
konpurypauuu (OMF file) u ucxomuyro 3amauy (MIF file), npeasapureasHo

CO3J1aB OTACJIbHYIO IIAIIKy IJIsd paCuCTOB.

3aoanue 1.3 Jlnsg CTPYKTYphl, HWCIOJB30BaHHOM B 3amaHuu 1.2, mpoBecTu
MOJICJIMPOBAHUM KPHUBBIX HAaMarHW4YMBaHUs + TMe€TeIb TUCTEpE3nca BHOJb
Hanpasiennii OX wu Oy. HavanpHyto KoHbuUrypamuioo 3agaTh (dailioMm,
WCIIOJIB3YUTE COCTOSHHE C MUHUMAJIBHOW JHEPrUEH, ONPENEIIEHHOE BO BTOPOM
3aJlaHid.  BKIIIOYMTE aBTOMATHYECKOE COXPAHEHWE CKaJspHBIX MJaHHBIX U
KOH(UTypaliui HAMarHMYEHHOCTH Ha KaxjaoM mare. CoXpaHHTe HUCXOIHYIO

3agaay (MIF file). IToctpoiiTe momydeHHbBIC ETIIN.

3aoanue 1.4 CKOHBEpTUPYWUTE UCXOJHYIO 3ajady U3 3aaanus 1.3 u3 KOIUPOBKHU

MIF 1.1 B komupoky MIF 2.1

Tema 1. Bapuanm 3

3a0anue 1.1 B mmSolve2D mnonyunts u coxpanute OMF files cnemyrommx
CTPYKTYp C MAarHUTHBIMHA T[apaMeTpaMH: HaMarHW4eHHOCTb HACBHIIICHUS
1000x10° A/m; KOHCTaHTa 0O6MEHHOTO B3auMoeiicTeust 15x10™ JIx/M; KOHCTaHTa
3aryxanus ['mnsbepra 0,5; B CTpyKTypax UMEETCs TOJbKO aHU30TpOmnus (GOpPMBI.
['eomeTpuueckas opMa CTPYKTYp:

a) mpsiMoyronbHuK 25x100x10 HM®, pasmep staeiikn 2 HM;

6) ammurc 300x200x10 um®, pasmep staeiikn 1 Hym;

B) pSAA M3 4YETHIPEX HAHOAWCKOB JuUaMeTpoM O=75 HM, TOJNIMHOW 5 HM,

paccTosiHUE MEKIY LIEHTpaMu JUCKOB 2d, pasmep stueiiku 1 HM.

3aoanue 1.2 Jnsa cTpykrypsl w3 3amanus 1.1(a) HailiTH KOHQUTYpAIUIO

HAMArHUYEHHOCTH, OOJAJaloNlyl0 MHUHHUMaJIbHOM »JHEpPrHuel B OTCYTCTBHUE



BHEITHETO  BO3JCHCTBHS, 3a7aB  CJICAYIONIME HadajdbHbIe KOH(HTyparuu
HaMarHWYCHHOCTH: Xa0THIECKOE pacnpeseieHue HaMarHWYCHHOCTH,
OJTHOJIOMEHHOE; JBYXJOMCHHOE BJIOJIb M TOMEPEK UIMHHOW cTopoHe. COXpaHUTe
nonydeHubie koHpurypammu (OMF file) m wucxomnyio 3amauy (MIF file),

MNpEaABApPUTCIIBHO CO34aB OTACIIbHYIO ITIAIIKY I paCdCTOB.

3aoanue 1.3 Jlns CTPYKTypbl, HCIHOJB30BAaHHOM B 3amanuu 1.2, mpoBecTH
MOJICIMPOBAHUU KPHUBBIX HaMarHW4YMBaHUs + Te€TeIb TUCTEepe3nca BJOJb
HanpaBneHuii OX wu Oy. Hauwanenyio koHurypamuio 3amaTh (aiimom,
WCIIOJIB3YUTE COCTOSHHE C MUHUMAJIBHOW JHEPrUEH, ONPENEIIEHHOE BO BTOPOM
3aJlaHid.  BKIIOYMTE aBTOMATHYECKOE COXPAHEHHE CKAJSAPHBIX JaHHBIX U
KOH(HUrypallii HaMarHM4€HHOCTHM Ha KaxjaoM Mmare. COXpaHHTe HUCXOIHYIO

3agauy (MIF file). ITocTpoiiTe moay4eHHbIC METIIH.

3aoanue 1.4 CKOHBEPTUPYUTE MCXOJHYIO 3aJady U3 3afaHus 1.3 W3 KOAUPOBKHU

MIF 1.1 B kogupoky MIF 2.1

Tema 1. Bapuanm 4

3a0anue 1.1 B mmSolve2D mnonyunts u coxpanute OMF files cnemyrommx
CTPYKTYp C MarHATHBIMH TlapaMeTpaMH: HaMarHMYCHHOCTh HACHIIICHUS
1400%x10° A/m; KOHCTaHTa 06MeHHOTO B3anMozeicTBust 30x10™2 JIx/M; KoHCTaHTa
OIHOOCHOH aHm3oTpormu Broidb ocu OX 3x10° JDk/M’; KOHCTaHTa 3aTyxaHums
['unebepta 0,3. ['eomerpuyeckas Gpopma CTpyKTyp:

a) HaHomoJsiocka JuHOW 250 HM, mmpuHoM 10 HM U TommmHOM 20 HM, pasmMep
STYCHKH 2 HM;

6) smmumcons 200x500x10 um®, pasmep stueiiku 1 Hm;

B) MAacCHB M3 4deThlpex HaHOMmolIocok 20x300x10 um®, paccrosHne MEXTY

LHEHTpaMH noJIocok 60 HM, pazMep ssuerku 1 HM.



3aoanue 1.2 Jlna crtpykrypsl w3 3amanus 1.1(a) HaiTH KOH(PUTYpAIUIO
HAMAarHUYE€HHOCTH, OOJagarollyl0 MHHHUMAIbHOW OSHEPrUe B  OTCYTCTBHE
BHEIIIHETO  BO3JCHCTBUS, 3aJaB  CICAYIOIIME HavajdbHbIE KOH(HTYypaluu
HAMarHUYCHHOCTH: Xa0THYECKOE pacrpeeacHme HAaMarHM4eHHOCTH;
OJTHOJIOMEHHOE;  YeThIPEXJIOMEHHOE;  BHXpb.  COXpaHUTE  IOJyuYCHHbBIC
konpurypauuu (OMF file) u ucxomuyro 3amauy (MIF file), npeasapureasHo

CO3J1aB OTACJIbHYIO IIAIIKy JIsd paCuCTOB.

3aoanue 1.3 Jlns CTPYKTyphbl, HCIOJIB30BAaHHOW B 3amanuu 1.2, mpoBecTH
MOJICJIMPOBAHUM KPUBBIX HaMAarHWYMBaHWA + TI€TE€Ib THUCTEpE3uca BJIOJIb
HampaBiaeHuii OX wu Oy. HawanpHyro «koHburypanuoo 3aaath (aitiom,
WCIIOJIB3YUTE COCTOSHHE C MUHUMAJIBHOW JHEPrUEH, ONPENEIICHHOE BO BTOPOM
3a1aHuu.  BxirounTte aBTOMAaTHYECKOE COXPAHEHUE CKAISPHBIX JIaHHBIX U
KOH(Urypalui HAMarHMYEHHOCTH Ha KaxjaoM mare. CoxpaHUTE HUCXOIHYIO
3agaay (MIF file). IToctpoiiTe momy4deHHbBIC METIIN.

3aoanue 1.4 CKOHBEpTUPYWUTE UCXOJHYIO 3ajady U3 3aaanus 1.3 u3 KOIUPOBKHU

MIF 1.1 B komupoky MIF 2.1

Tema 1. Bapuanm 5

3a0anue 1.1 B mmSolve2D mnonyuuts u coxpanute OMF files cnemyrommx
CTPYKTYp C MarHUTHBIMH TapaMeTpaMH: HaMarHMYE€HHOCTb  HACBILICHHUS
800x10° A/m; KOHCTaHTa O6MEHHOTO B3auMmoeiicTBust 15x10™ JIx/M; KOHCTaHTa
KyOW4YeCcKor aHU30TPOIUU 3x10° Jix/m%;, xoHcTaHTA 3atyxanus ['miasOepta 0,5.
['eomeTpuueckas opma CTPyKTYp:

a) smturic 25x100x5 uM®, pasmep sUeHKd 2 HM;

6) mapamtenemnumen 100x200x50 um®, pasmep staeiiku 1 HM;

B) KBaJpaTHbI MaccuB [3x2] HAHOTOUYEK TPEYroiabHOU (POopMbI (PABHOCTOPOHHUMN
TPEYTOJIBHUK CO CTOPOHOH a=50 HM), paccTOsHHE MEXIy IEeHTpaMu 2a, pa3Mmep

s4erku 1 HM.



3aoanue 1.2 ]Jlna cTpykTypbl u3 3amanus 1.1(a) Halitu KoH(Urypanuio
HAMarHWYEHHOCTH, OONaJaroNlyl0 MHUHUMAJIBHON JSHEprueil B  OTCYTCTBHUE
BHEIITHETO  BO3JCHCTBHS, 3aJaB  CJICAYIONIME HadajdbHbIe KOH(HTyparuu
HaAMarHUYCHHOCTH: Xa0TUIECKOE pacmpeseneHme HaMarHUYCHHOCTH;
OJTHOJIOMEHHOE; BHXpPb, aHTHUBUXph. CoOXpaHUTE TOJIy4YCHHBIE KOHMUTYpaIH
(OMF file) u ucxomnyro 3amauy (MIF file), npensapurensHO cO3/1aB OTACITBHYIO

IMarKy AJis1 paCucToOB.

3aoanue 1.3 Jlnsi CTPYKTypbl, HCIOJIB30BAaHHOW B 3amaHuu 1.2, mpoBecTH
MOJICIMPOBAHUU KPUBBIX HaMarHWYMBaHWA + TMI€TeNb THUCTEpe3uca BJOJIb
HampaBiaeHuii OX wu Oy. HawanpHyro xkoHburypanuioo 3amath (aitiom,
UCIIOJIb3YUTE COCTOSSHHE C MUHUMAJIBHOW SHEPrUEH, OMNPENEICHHOE BO BTOPOM
3alaHdd.  BKJIIOuMTe aBTOMAaTHYECKOE COXpaHEHUE CKaJspHBIX JaHHBIX U
KOH(pUTypallM HaMAarHUYEHHOCTH Ha KaxaoM mare. COXpaHUTE HCXOIHYIO

3agauay (MIF file). IToctpoiiTe mosy4eHHbIC METIIH.

3aoanue 1.4 CKOHBEpTUPYWUTE UCXOJHYIO 3ajady U3 3aaanus 1.3 u3 KOIUPOBKHU

MIF 1.1 B koguposky MIF 2.1

Tema 1. Bapuanm 6

3a0anue 1.1 B mmSolve2D mnonyunts u coxpanute OMF files cnemyrommx
CTPYKTYp C MarHMTHBIMU [apaMeTpaMu: HAaMarHM4Y€HHOCTb HACBIIICHHS
1000x10° A/m; KoHCTaHTa 0OMeHHOTO B3anmoxeiictust 18x10™% [ix/M; KoHCTaHTa
OJIHOOCHOW aHu3oTponuu BaoiaL QY 5x10° JI)K/M3; KOHCTaHTa 3aTyXaHUs
['unbbepta 0,2. ['eomerpuyeckast opma CTPyKTyp:

a) mapatenenumes 100x25x10 HM®, pasMep sUeHKH 2 HM;

0) kpyraeiii HaHnoguck auamerpoM 200 HM u TommmHON 30 HM, pa3smep SUeHKH

1 aMm;



B) KoJab10 auametpoMm 300 M, TonmuHoM 20, nuameTp Kpyrioro orsepctust 50

HM, pa3Mep sueiiku 1 HM.

3aoanue 1.2 ]Jlna cTpykTyphl u3 3amanus 1.1(a) HaliTu KoH(UTypaluio
HAMarHWYeHHOCTH, OONaJaroNlyl0 MHUHUMAJIBHON JSHEprueii B  OTCYTCTBHUE
BHEITHETO  BO3JCHCTBHS, 3a7aB  CJICAYIONIME HadaldbHble KOH(HUTypaIruu
HaMarHWYCHHOCTH: Xa0THIECKOE pacnpeseieHme HaMarHWYCHHOCTH,
OJTHOJIOMEHHOE; IBYXJIOMEHHOE;, deTpbIpexjoMeHHoe. COXpaHHTE IOJyICHHbBIC
xoHpurypauuu (OMF file) u ucxomnyro 3amauy (MIF file), npeasapurensHO

CO3J1aB OTACJIbHYIO IIaIIKy IJI paCuCTOB.

3aoanue 1.3 Jlnsi CTPYKTyphbl, HCIOJB30BAaHHOM B 3amanuu 1.2, mpoBecTH
MOJICIMPOBAHUU KPUBBIX HaMarHWYMBaHUs + Te€TeIb TUCTEpE3uca BJIOJb
HampaBiaeHuii OX wu Oy. HawanpHyro «koHburypanuoo 3aaath (aitiom,
WCIIOJIB3YUTE COCTOSHHE C MUHUMAJIBHOW JHEPrUEH, ONPENEIIEHHOE BO BTOPOM
3a1aHuu.  BxirounTte aBTOMAaTHYECKOE COXPAHEHUE CKAISPHBIX JIaHHBIX U
KOH(Urypallii HaMarHM4eHHOCTHM Ha KaxjaoM Mmare. CoxXpaHHTe HUCXOIHYIO

3agauy (MIF file). IToctpoiiTe mosay4YeHHbIEC METIIH.

3aoanue 1.4 CKOHBEPTUPYUTE MCXOJHYIO 3adady U3 3afaHus 1.3 W3 KOAUPOBKHU

MIF 1.1 B koguposky MIF 2.1

Tema 1. Bapuaum 7

3a0anue 1.1 B mmSolve2D mnonyunts u coxpanute OMF files cnemyromux
CTPYKTYp C MArHUTHBIMH TlapaMeTpaMH: HaMarHMYECHHOCTb  HACBIIICHHS
1050x10° A/m; KoHCTaHTa 0OMeHHOTO B3anmoxeiictmst 30x10™% [ix/M; KoHCTaHTa
3aryxanus ['mnsbepra 0,1; B CTpyKTypax UMEETCs TOJBKO aHW30TPOIHUs (OPMEI.
['eomeTprueckas hopMa CTPYKTYp:

3 .
a) MPSIMOYTOJILHUK ¢ yceueHHbIMU yriaamu 80x30x10 uM”, pazmep sueiiku 2 HM;



0) mnpsMoyroabHbli KpecT JiuuHOM 400 HM, mupuHod 30 HM, TONIIMHOW 5 HM,
pa3mep stueiiku 1 HM;
B) KoJibl0 uameTpomM 300 HM, TonmmHOM 20 HM, B IIEHTPE OTBEPCTHE KBaIpaTHOMN

dbopmbl co ctopoHoit a=50 HM, pazMep suciiku 1 HM.

3aoanue 1.2 [ns crtpykrypsl u3 3amaHug 1.1(a) HailTu KOHQUTYpaIUIO
HAMarHUYE€HHOCTH, OOJagarollyl0 MHHHUMAIbHOW OSHEPrUe B  OTCYTCTBHE
BHEIIIHETO  BO3JCHCTBHUSA, 3aJaB  CICAYIOIIME HavajdbHbIE KOH(HUTYyparuu
HAMarHHYEHHOCTH: Xa0THYECKOE pacrmpeaeacHme HAaMarHU4eHHOCTH;
OJHOJOMEHHOE; IBYXJIOMEHHOE; BUXph. COXpaHHWTE MOJydYeHHBIE KOH(MUTYpAIIUH
(OMF file) u ucxoanyto 3amauy (MIF file), mpenBapuTenbHO CO3/1aB OTACIBHYIO

TMAIKy JJIs pacyeToB.

3aoanue 1.3 Jlnsg CTPYKTYphI, HCIOJB30BAaHHOM B 3amaHuu 1.2, mpoBecTd
MOJICJIMPOBAHUM KPUBBIX HaMarHMYMBaHuWg + T€TeNb THCTEepe3nca BAOJb
HampaBiaeHuii OX wu Oy. HawanpHyro «koHburypanuoo 3aaath (aitiom,
WCIIOJIb3YWUTE COCTOSHHE C MUHUMAJIBHOW JHEPrUEHd, ONPENEIIEHHOE BO BTOPOM
3a1aHuu.  BxiounTte aBTOMAaTHYECKOE COXPAHEHUE CKAISPHBIX [JIaHHBIX U
KOH(UTypaluy HAMarHM4eHHOCTH Ha KaxaoMm Imare. COXpaHHTEe HUCXOIHYIO

3agauay (MIF file). IToctpoiiTe momy4YeHHbIC ETIIN.

3aoanue 1.4 CKOHBEPTUPYUTE MCXOJHYIO 3adady U3 3afaHus 1.3 W3 KOAUPOBKHU

MIF 1.1 B komupoky MIF 2.1

Tema 1. Bapuaum 8

3a0anue 1.1 B mmSolve2D mnonyunts u coxpanute OMF files cnemyrommux
CTPYKTYp C MAarHUTHBIMH TIapaMeTpaMH: HaMarHHYEHHOCTh HACHIIICHHUS
1300%x10° A/m; xoHCTaHTa 0OMeHHOTO B3aumoxeiictus 8x10™? x/m; koHcTaHTa
OIHOOCHO aHm3oTpormu Baoims OX 5x10° JIx/m®; koncranTa 3aTyXaHUs

['unb6epta 0,3. ['eomerpuyeckas Gpopma CTPyKTyp:



a) paBHOCTOPOHHUI TPEYTrOJbHUK CO CTOpOHOM 50 HM, pa3mep STYEHKH 2 HM;

0) HaHomoJocka AHOM 350 HM, mmpuHoi 10 HM, TommumHON 15 HM, pasmep
sueriku 1 HMm;

B) BEpPTUKAJIbHBIA MAaCCHUB M3 YETBIPEX PABHOCTOPOHHUN TPEYTOJBHUKOB CO

ctopoHoit 50 HM paccrosgHue Mexay nentpamu 100 HMm, pazmep stueriku 1 HM.

3aoanue 1.2 ]Jlna cTpykTypbl u3 3amanus 1.1(a) HaliTu KoH(Urypanuio
HAMarHWYeHHOCTH, OONaJaroNlyl0 MHUHUMAJIBHON SHEprueii B  OTCYTCTBHUE
BHEIITHETO  BO3JCHCTBHS, 3aJaB  CJICAYIONIME HadajdbHble KOH(HIyparuu
HaMarHWYCHHOCTH: Xa0THYECKOe pacmpeiesieHmie HAaMarHU4eHHOCTH;
OJTHOJIOMEHHOE; BHXpPb, aHTHBUXPh. CoXpaHHTE TOJy4YCHHBIE KOH(UTYpaIUH
(OMF file) u ucxomnyro 3amauy (MIF file), npensapurensHO cO3/1aB OTACIBHYIO

IMarKy AJis1 paCucCToOB.

3aoanue 1.3 Jlist CTPYKTypbl, HCHOJIB30BAaHHOW B 3amanuu 1.2, mpoBecTH
MOJEIUPOBAHUM KpPHUBBIX HAMarHMYMBaHWs + TIE€TEJIb THUCTEPE3UCa BIOJb
HampaBiaeHuii OX wu Oy. HawanpHyro xkoHburypanuioo 3amath (aitiom,
WCIOJIB3YUTE COCTOSIHUE C MUHHMMAJIBHOW JHEPrUeH, OIPEIEIICHHOE BO BTOPOM
3aaHuu.  BxirounTte aBTOMAaTHYECKOE COXPAHEHUE CKAISPHBIX [JIaHHBIX U
KOH(pUTYpallu HaMAarHUYEHHOCTH Ha KaxaoM mare. COXpaHUTE MCXOIHYIO

3agauy (MIF file). IToctpoiiTe mosydeHHbIEC METIIH.

Tema 2. Bapuaum 1

3aoanue 2.1 Hanummrte kon ucxomHou 3amaun B popmate MIF 2.1 nns 3amanus
TCOMETPUN TPEXMEPHBIX O0OBEKTOB CO CICAYIOIIMMH MarHHTHBIMU ITapaMeTpaMu:
HAMATHUYEHHOCTBI0  Hackimenus  1200x10° A/M; KOHCTAaHTOM OOMEHHOIO
B3auMoeiicteusg 11x10™*2 Jx/m. TlomydeHHBI KOA HEOOXOIWMO 3amyCTUTh B
Oxsii u coxpanute OMF files mnomydennsix crpykryp. ['eomerpuyeckue
napameTpbl CTPYKTYD:

a) Kyb co cTopoHoii 150 HM. Pasmep stueiiku 2x2x2 HM .



6) y4aCTOK MHOTOCIONHOM IueHKH pasmepom 400x400 uM?, pasmep stueiiku B
IJIOCKOCTH 2 HM, cocTosilied u3 4 ¢GeppOMarHUTHBIX CJIOEB TOJIIUHON & HM,
pa3/IeICHHBIX HEMArHUTHBIMU MPOCIONKaMH 10 4 HM;

B) TpeyrojibHasg IMpU3Ma, B OCHOBAaHUU KOTOPOH JIEKUT PaBHOCTOPOHHHI
TpeyroJbHUK co ctopoHod 150 HM, BeicoTa mpu3mbl 50 HM. Paszmep sueiiku

pas6uenust 2x2x10 HM®.

Tema 2. Bapuaum 2

3aoanue 2.1 Hanumure Kox ucxoaHou 3agauu B dopmare MIF 2.1 mis 3amanus
TEOMETPUU TPEXMEPHBIX OOBEKTOB CO CIACAYIOIMUMH MarHUTHBIMU ITapaMeTpaMu:
HAMAarHMYeHHOCTBI0  HaceimeHms  480x10° A/m;  umHa dbeppoMarHuTHOM
koppesiiun 8 HM. [loaydeHHbINH Ko He00X0 MO 3amycTuTh B OXSii 1 COXpaHHUTh
OMF files nosy4eHHBIX CTPYKTYp. ['eoMeTpHyecKre mapaMeTphbl CTPYKTYP:

a) mpsAMOyroibHbI mapamienenmmnen 150x300x200 um®. Pasmep stueiikn 2x2x2
HM .

0) ABYXCJIOWHBIA HAHOIUCK AuameTpoM 250 HM, pa3Mep SYEHKH B IIIOCKOCTH 2x2
HM, TOJIIIMHA Kakaoro ciaos 10 aMm;

B) MATUYTOJbHAS MPU3Ma, BIUCAHHAS B OKPYXHOCTh nuamerpoMm 300 HM, BbICOTa

npu3msl 100 BM. Pasmep sdeiiku pasouenust 2x2x20 HM .

Tema 2. Bapuarnm 3

3aoanue 2.1 Hanumurte kox ucxoaHou 3amauu B hopmare MIF 2.1 s 3ananus
T€OMETPUU TPEXMEPHBIX OOBEKTOB CO CICAYIOIIMMH MarHUTHBIMU MapaMeTpamu:
HAMArHMYIEHHOCTBIO  Hachimenus  1400x10° A/M; KOHCTAaHTOM OOMEHHOIO
3aumozeiicTBist 9x10™? [ix/M. TTonydeHHbIH Ko He0OOXOAMMO 3amycTHTh B OXSil

u coxpauutb OMF files nonydeHHbIX CTpyKTYyp. ['eomeTpuueckue mapamMeTphbl

CTPYKTYP:



a) ssmtunconn 300x200x10 um’. Pasmep staeiiku pasouenus 1x1x1 v,

0) IBYXCJIOWHAas CTPYKTypa, COCTOSIIAs U3 ABYX HAHOAUCKOB auameTpamu 200 HM
u 100 HM, BEpXHUI TUCK CMEIIEH U3 LeHTpa HWkHero Ha 50 uM. Pa3mep sueiiku B
IIOCKOCTH 1x1 HM, TommuHa Kaxaoro ciios 10 aM;

B) Hagmuce OOMMPF, BrmcanHas B mpsMOyrodsHHK 250x50 um®. Slueiika

1x1x5 HMC.

Tema 2. Bapuanm 4

3aoanue 2.1 Hamumure kox ncxoaHou 3agauu B dopmare MIF 2.1 mist 3ananus
T€OMETPUU TPEXMEPHBIX OOBEKTOB CO CIEAYIOIIMMHU MAarHUTHBIMU MapaMeTpamu:
HAMAarHMYeHHOCTbI0  Hacelmienns  800x10° A/m;  mHAa  (eppOMarHUTHOIM
koppesiiyn 9 uM. [loaydeHHbIH Ko He00X0auMO 3amycTuTh B OXSii 1 COXpaHHUTh
OMF files mony4eHHbIX cTpYKTYp. ['eoMeTprudeckre mapaMeTphl CTPYKTYp:

a) smmrc 300x200 am®. PasMep sueifkn B IIIOCKOCTH 2X2 HM-.

0) TpexcioitHas CTPYKTypa, COCTOsSIAs M3 JBYX (PEppOMarHUTHBIX HAHOJHMCKOB

nuamerpamu 300 HM 1 200 HM u TonmmHOM 10 HM, pa3aeneHHBIX HEMarHUTHOU
npocrnoikoit 5 uM. Pasmep sueliku B muiockoctu 1x1 HM.

3
B) OBaJibHAs MpU3Ma, BlUcaHHas B MpsAMoyroiabHUK 300x200 HM®, BbICOTA MPU3MBI

90 uM. Pasmep stueiikn pasouenmst 2x2x10 Hm®,

Tema 2. Bapuaum 5

3aoanue 2.1 Hamummure kox ncxoaHou 3agaun B hopmare MIF 2.1 mis 3amanus

T€OMETPUU TPEXMEPHBIX OOBEKTOB CO CIEAYIOIIUMHA MAarHUTHBIMU MapaMeTpamu:
3 .

HaMarHu4eHHOCThbI0  HaceimeHus  480x10° A/M;  KoOHCTaHTOM  OOMEHHOIO

. 12 .
B3aumozeiicteust 25x10™° JIx/m. [lomydeHHbIl koA HEOOXOAMMO 3allyCTHTh B



Oxsii u coxpanute OMF files momyuennsix crpykryp. ['eomerpuueckue
napaMeTpsl CTPYKTYP:

a) cdepy auamerpom 300 HM. Pasmep staeiikn 2x2x2 HM',

6) MaccHB M3 Y4eTHIpeX HAHOMOIOCOK 10x50x2 um’. Hampasnenue Tpancsiun OX,
paccTosiHMEe MEXIy IEeHTpaMu HaHomoJyiocok 20 HM. Pa3mep sueliku pa3OueHus
2x2x2 HM .

B) mammuce NANO, Brnumcannas B mnpsMoyrombHHK 400x90 um®.  Sueiika

2x2x5 HM’,

Tema 2. Bapuaum 6

3aoanue 2.1 Hamumure kox ncxoaHou 3amauu B dopmare MIF 2.1 mis 3amanus
TEOMETPUU TPEXMEPHBIX OOBEKTOB CO CIACAYIOIMUMH MarHUTHBIMU ITapaMeTpaMu:
HAMATHMYEHHOCThI0  Hachimenus  580x10° A/M;  KOHCTaHTOM  OOMEHHOTO
B3aumomeiictust 16x10™° Jx/m. ITonydeHHBIH KO HEOOXOAUMO 3aIlyCTUTh B
Oxsii u coxpanute OMF files momydennsix crpykryp. ['eomerpuyeckue
napameTpbl CTPYKTYP:

a) cepy auamerpom 300 HM. Pasmep staeiikn 2x2x2 HM,

0) Hanokosbio quamerpom 300 uM, quamerp oTBepcTHs 150 HM, TomuHa 20 HM.
PasmMep sueiiku pasOuenns 2x2x2 HM .

B) TpeyroyibHas TpPU3Ma, B OCHOBAHHHM KOTOPOH JICKHUT MPSIMOYTOJIBHBIH
TpeyroyibHUK (IuHa kateToB 100 HM 1 200 HM), BbicoTa npusMbl S0 HM. Pa3zmep

staeiikn pasOuerus 2x2x10 Hm®,

Tema 2. Bapuaum 7

3aoanue 2.1 Hanumurte kox ucxoaHou 3amauu B dopmare MIF 2.1 s 3ananus
T€OMETPUU TPEXMEPHBIX OOBEKTOB CO CIEAYIOIIUMH MAarHUTHBIMU MapaMeTpamu:

HAMATHUYEHHOCTBIO  Hachimenns  1580x10° A/M; mwmHa  deppoMarHUTHOI



koppesitun 7 HM. [loaydeHHbIi ko1 HeoOXoauMo 3amycTuTh B OXSii 1 cCOXpaHHUTh
OMF files mony4enHsIx cTpykTyp. [ 'eoMeTprudeckre mapaMeTphl CTPYKTYp:

a) mpAMOyronbHbI mapamrenenumnen 300x200x100 uv’. Pasmep staciikn 2x2x2
HM.

0) kBaJipaTHBIN MaccuB [2x2] HaHOUCKOB auaMeTpoM 0=50 HM, TommuHOoMi 10 HM,
paccTosiHue MeXIy IeHTpamu auckoB 2d. Pa3mep stueiiku pasouenus 1x1x10 HM.
B) TpeyroyibHas MpU3Ma, B OCHOBAHUM KOTOPOH JICKHUT MPSIMOYTOJbHBIN

TpeyroiapHukK (anuHa katetoB 100 uM 1 200 HM), BbicoTa npu3Mbl 50 HM. Pazmep

staeiikn pasOuerms 2x2x10 Hm®.

Tema 2. Bapuanm 8

3aoanue 2.1 Hanummre koa ucxogHou 3amauu B popmate MIF 2.1 nns 3apanus
rE€OMETPUU TPEXMEPHBIX OOBEKTOB CO CIEAYIOIIMMH MarHUTHBIMU IapaMeTpaMu:
HAMATHMYEHHOCThI0  Hachimenus  900x10° A/M;  KOHCTaHTOM  OOMEHHOTO
B3aumozeicTust 30x10™% Jhi/m. ITomydeHHBIH KO HEOOXODMMO 3alyCTUTh B
Oxsii u coxpanuts OMF files momyuennsix crpyktyp. ['eomerpuueckue
napaMeTpsl CTPYKTYP:

a) smwmcony Bparmenus 100x150x100 um®. Pasmep staeiikn 2x2x2 HM'.

0) maccuB u3 4 HaHomuckoB guamerpoM d=100 HM, TtommmuON 10 HM.
Hamnpasnenue tpancisnun OY, paccTosiHUe MEXIy IeHTpaMu auckoB 2d. Pazmep
staeiikn pasOumerms 2x2x10 Hm®.

B) Hagmuce Modeling, Brmcanmas B mpsmoyromeHuK 450x50 Hm®. Sueiika

1x1x5 HMC.

Tema 3. Bapuanum 1

3aoanue 3.1 Hanumurte kox ucxoaHou 3agauu B hopmare MIF 2.1 s 3ananus
TEOMETPHHM TPEXMEPHBIX OOBEKTOB, HCHOJB3ys SCriptAtlas, co cremyromnmu

MAarHUTHBIMH TMapaMeTpaMu: HAMarHUY€HHOCTHIO HACHIILICHUS 480x10° A/M;



KOHCTAHTOM OOMEHHOI0 B3aMMOIEHCTBUSA 10x1072 Jlx/m. TlomydeHHBIM KOJ
HeoOxoaumo 3anyctuth B OXSil u coxpanute OMF files momydeHHBIX CTPYKTYP.
["'eoMeTpudeckre mapameTpsl CTPYKTYD:

a) muuHAp nuamerpoMm 100 HM U BbicoTOM 50 HM C KBaJpaTHBI OTBEPCTHEM B
HeHTpe, cropoHa kBajpara 30 um. Pasmep stueitku 1x1x1 HM®,

0) chepy muamerpoM 150 HM C OTBEpCTHEM KOHYCHOH (DOPMBI, BBIXOSAIIUM M3
nentpa. Pazmep stueiikum 2x2x2 HM3;

B) CTPYKTYPY JHUCK Ha JIUCKe, TOJIUHBI JUcKoB 10 HM, nuameTpsl 200 M u 100
HM, BepXHUH JUCK cMelleH Ha 50 HM U LeHTpa HKHero. Pasmep stueriku 1x1x10

3
HM .

Tema 3. Bapuaum 2

3aoanue 3.1 Hanummre koa ucxogHo 3amauu B popmate MIF 2.1 nns 3apanus
TCOMETPHHM TPEXMEPHBIX OOBEKTOB, HCHOJB3ys SCriptAtlas, co criemyronmu
MAarHUTHBIMHA I1apaMeTpaMH: HAMarHM4YEHHOCTHKO HACBHIICHUS 1400x10° A/m;
mHa (peppomarHutHON Koppessiuu 6 HM. [lomyueHHBI Kox HE0OXOIUMO
samyctuth B OXSii u  coxpanuth OMF files monydeHHBIX — CTPyKTYp.
['eomeTpudeckue mapameTpbl CTPYKTYP:

a) KOJbI0 TodmuHOM 20 HM, AuameTpsl BHemHUN — 200 HM, BHyTpeHHHH — 150
uM. Pasmep staeiixu 1x1x10 HvC,

0) ABYXCJIOWHBIA HAHOAUCK AuameTpoM 250 HM, pa3Mep SYEHKH B IIIOCKOCTH 2 X2
HM, TOJIIIMHA KaKIoro ciiost 10 HM;

B) KBaJpaTHBIH MaccuB u3 4Xx HaHoauckoB 0=50 HM u TOmuHON 10 HM,

paccTosiHuEe MKy IeHTpaMu JuckoB 2d. Pasmep stueriku pa3zouenus 1x1x20 M,

Tema 3. Bapuarnm 3

3aoanue 3.1 Hanumurte kox ucxoaHou 3agauu B hopmare MIF 2.1 s 3ananus
TEOMETPHHM TPEXMEPHBIX OOBEKTOB, HCHOIB3ys SCriptAtlas, co cremyrommu

3
MarHUTHBIMH TapaMeTpaMu: HaMarHW4eHHOCThIO Hachimenus 1400x10° A/wm;



KOHCTAHTOM OOMEHHOI0 B3aWUMOIEHUCTBUSI 9x1071? Jx/m. [lomydeHHBIM KOJ
HeoOxoaumo 3anyctuth B OXSil u coxpanute OMF files momydeHHBIX CTPYKTYP.
["'eoMeTpudeckre mapameTpsl CTPYKTYD:

a) snmmnconn Bpamenust 100x500x40 um®. Pasmep stueiikn pas6uerms 1x1x1 .
6) yuactox rieHkH 300x300 HM? ¢ HAHOIOpAaMH KBagpaTHON (OpMBI (CTOpOHA
kBaapara a=100 HM), ynmakoBaHHBIMA B KBAJPATHBI MacCUB Ha PACCTOSHHUM 2a
MEXIy IEeHTpaMH, ToimuHa T1ieHKd 10 wM; Pa3smep sueiiku pazOueHwMs
Ax4x10 um®,

B) OBaJIbHAs MPU3Ma, BIHCaHHas B MpaMoyroabHuk 200x100 HM®, BBICOTA IIPU3MBI

90 mm. Pasmep staeiikn pas6uerms 2x2x10 am®,

Tema 3. Bapuanm 4

3aoanue 3.1 Hanummre koa ucxoaHou 3amauu B popmate MIF 2.1 nns 3apanus
TCOMETPHUHM TPEXMEPHBIX OOBEKTOB, HCHOJB3ys SCriptAtlas, co criemyronmu
MAarHMTHBIMHA TapaMeTpaMy: HAMAarHUYEHHOCTHK) HACBHILLCHUS 800x10° A/m;
mHa (peppomarHuTHOM Koppessinmu 9 HM. [lomydeHHBI KOA HEOOXOAMMO
samyctuth B OXSii u  coxpanuth OMF files monydeHHBIX CTPyKTYp.
['eomeTpudeckue mapameTpbl CTPYKTYD:

a) mpu3Ma B OCHOBAaHHMM, KOTOPOM JISKUT PABHOCTOPOHHUN TPEYrOJbHUK CO
cropoHoit 50 HM. Beicota mpu3mbt 20 HM. Pasmep staeiikn pasouennst 1x1x10 Hwm®,
0) cdhepa pamuycoM 75 HM, B ILEHTpPE KOTOPOM HAXOIUTCA TOpa KBaJgpaTHOM
dopmsI (cropona kBagpata 40 um). Pasmep staeiiku pasouenus 1x1x1 um®,

B) MAacCUB U3 4X HAHOILIOCOK pazMepoM 10x50 um®, Tommmuoit 10 aM. Paccrosue
MEXy IEHTpaMu coceAHuX HaHomojiocok 40 HMm. Pa3Mmep sueliku pa3oueHus

2x2x10 aMe.

Tema 3. Bapuaum 5

3aoanue 3.1 Hanummrte kon ucxoaHou 3amaun B popmate MIF 2.1 nns 3amanus

TEOMETPUHM TPEXMEPHBIX OOBEKTOB, MCHONB3ys SCriptAtlas, co cienyronmu



MAarHMTHBIMHA [MapaMeTpaMH: HAMAarHUMYEHHOCTBbIO HACBIIICHUS 1000x10° A/wm;
JuHa  (GeppoMarHuTHON Koppensiuu 7 HM. [lomydeHHBIM KOJ HEOO0XO0IMMO
samyctuth B OXSii m  coxpanuth OMF  files monydeHHBIX  CTpyKTYp.
['eomeTpuueckrue mapameTpsl CTPYKTYP:

a) IpAMOYTOIbHBIN KpecT anuHoi 100 HM, mupuHa HaHOTOJIOCOK 20 HM, TOJIIIMHA
10 um. Pa3mep suetiku pazouenus 1x1x10 HM,

0) cdeprueckas Hanodactuna core-shell muamerpom 90 HM, ToimMHA 000JI0YKH
20 am. Pasmep sueiikm pazomenus 1x1x1 av°. HaMarHM4eHHOCTh HACKHIIIEHHUS B
000JI0YKE B 2 pa3a HIXKE.

B) MaccuB 13 4X HAHOIHMCKOB, VIOPSZOYCHHBIX B CTOUKY, C AHaMeTpoM 50 HM’,
tonmuHOW 10 HM. PaccrosiHue Mexay LHEeHTpamMu COCeIHUX HAHOIHUCKOB 100 HM.

Pa3zmep stuetiku paszouenus 2x2x10 HM.

Tema 3. Bapuaum 6

3aoanue 3.1 Hanummre koa ucxogHou 3amauu B popmate MIF 2.1 nns 3apanus
TCOMETPUH TPEXMEPHBIX OOBEKTOB, HCIHONB3ys SCriptAtlas, co crnenyrommmu
MAarHMTHBIMHA [apaMeTpaMH: HAMAarHUMYEHHOCTHI) HACBIIIECHUS 1050x10° A/m;
KOHCTaHTOi oOMeHHOTo B3ammosmeicTBus 20x10™%% Jhi/m. ITomydeHHBIH KOJ
HeoOxomumo 3amyctuth B OXSii u coxpanute OMF files noixy4eHHBIX CTPYKTYD.
["'eomeTpryeckue napaMeTpbl CTPYKTYp:

a) TMpuU3Ma B OCHOBAaHUHM, KOTOPOW JICKHUT MPSMOYTOJBHBIX TPEYTOJbHHUK C
karetamu, 100x200 am®. Boicota mpusmbl 100 uM. Pasmep sueiiku pasGueHs
2x2x10 HM’.

0) muwmHAP B OCHOBaHWHU, Kotoporo ammnc 100x50 uM m BwIcOTOM 50 HM C
KBaJpaTHBII OTBEPCTHEM B IIEHTpE, CTOpoHa KBaapara 20 M. Pazmep sueiiku
1x1x1 um’,

B) ABYXCIIOMHYIO CTPYKTYpY, COCTOAILYIO U3 aucka (nuametp 200 HM), HA KOTOPOii
pacnosioxke npsaMoyroasHuk S0x100 HM’, TOJIMHEL cJI0eB 10 HM. Pasmep sueriku

1x1x10 am’.



Tema 3. Bapuaum 7

3aoanue 3.1 Hamumure kox ucxoaHou 3agauu B dpopmare MIF 2.1 s 3ananus
TCOMETPHH TPEXMEPHBIX OOBEKTOB, HCIONB3ys SCriptAtlas, co cremyrommmu
MATHHTHBIMHA [ApAaMETPaMi: HAMATHHYEHHOCThIO Hachimennst 800x10° A/m;
JuHa (peppoMarHuTHOW Koppemsuud 8 HM. [lomydeHHBIM KOoA HE0O0X0IUMO
samyctuth B OXSii u  coxpanuth OMF fileS monydeHHBIX CTPYKTYP.
["'eoMeTpuyeckue napameTpsl CTPYKTYp:

a) kyo co cropoHoid 100 HM ¢ OTBEpPCTHEM KOHYCHOW (POPMBI, BBIXOIALIUM W3
nentpa. Pasmep saeiiku 2x2x2 HM

0) mupaMuly B OCHOBaHUHU, KOTOPOU JEKUT KBajpaT 90x90 um’. Beicora IIPU3MBI
100 am Pa3mep stueiiku 2x2x2 HM.

B) MaccuB U3 4X HaAHOIUIOBOJIOK fuaMeTpoM 40 uM, jurHor 100 HM, ymakOBaHHBIX
B KBAJPAaTHBI MacCUB ¢ paccTosHHEM Mexay neHtpamu 100 HM. Pasmep sueliku

1x1x10 HMS,

Tema 3. Bapuanm 8

3aoanue 3.1 Hamumure kox ncxoaHou 3agaun B hopmare MIF 2.1 mis 3amanus
TCOMETPUH TPEXMEPHBIX OOBEKTOB, HCIHONB3ys SCriptAtlas, co crnenyrommmu
MATHUTHBIMH [[apaMETPaMH: HAMATHMYCHHOCTBIO HachimeHns 950x10° A/m;
JUIMHa (eppoMarHUTHOM Koppensiuuu S5 HM. llomydeHHBI KOA HEOOXOAMMO
samyctuTh B OXxSii u  coxpanute OMF files monydeHHBIX — CTPYKTYD.
["'eoMeTpudeckue mapameTpsl CTPYKTYD:

a) y4acTOK IATHCIONHOMN mienkn 500x500 uM®, ctpykrypa ®M/HM/OM/HM/OM
(rne ®M-beppomarauTHseiii cioil, HM-HemarauTHsiid cioif). 5 HM Tommuna @M
cios, 2.5 um toimuaa HM cnos;

6) KOHYC B OCHOBAHHH, KOTOPOH jexuT oBan 200x90 um’. Beicota konyca 100 HM

Pa3zmep stueiikm 2x2x2 HM®.



B) CTPYKTYPY JUCK Ha JAUCKE, TOJIIMHBI TUCKOB 5 HM, quaMeTphl 150 HM u 50 HM,

. N 3
BEpXHUU TUCK cMelieH Ha 50 HM u 1ieHTpa HuKHero. Pasmep sueitku 1x1x5 Hm'™.

Tema 4. Bapuanum 1

3aoanue 4.1 Hanumure kox ucxoaHou 3agauu B dopmare MIF 2.1 s 3ananus

HAHOCTPYKTYPBI co CJIe IYIOIITUMU MarHUTHBIMH napamMeTpaMu:

HAMATHUYEHHOCThIO — Hackimenus — 480x10° A/M; KOHCTaHTOH OOMEHHOIO
. 12

B3aumozeiicTeust 10x10™° [x/m. ['eomeTpust CTpYKTYpBI AUCK Ha TUCKE, TOJIIIHHBI

nuckoB 10 um, nquametrpsl 200 aM u 100 HM, BepxHHl AUCK cMenieH Ha S0 HM U

. 3

neHTpa HrkHero. Pazmep siueiiku 1x1x10 am™. HeobxoquMo 3aaaTh cieayronme

HavajbHbIC KOHQUIYypallMd HaMarHW4eHHOCTH U coxpanuth OMF  files

MOJTYYEHHBIX CTPYKTYP:

a) B BEPHEM JIUCKE OJTHOJIOMEHHOE COCTOSHHE, B HUKHEM BUXPb;

0) B BEpXHEM JHUCKE JIBYXJTOMEHHOE COCTOSHUE, B HIDKHEM YETHIPEXIOMEHHOE;

B) B BepxHeM 2D xaoTnueckoe pacnpeiesieHue B HUKHEM JBYXIOMEHHOE.

Tema 4. Bapuaum 2

3aoanue 4.1 Hanummre koa ucxogHoi 3amauu B popmate MIF 2.1 nns 3apanus
HAHOCTPYKTYPbI co CJIEIYIOILUMHU MarHUTHBIMU napameTpaMHu:
HAMATHUYCHHOCTBIO  Hachimenns  1400x10° A/m; wmna  deppoMarHUTHOMN
Koppessinuu 6 HM. ['eoMeTpusi CTpYKTYphl KBaJpaTHBIM MacCUB U3 4X HAHOJNCKOB
d=50 uM u tommmuO¥M 10 HM, paccTosiHHEe MeXay IeHTpamu auckoB 2d. Pazmep
sueiiku paszouenust 1x1x10 HMC. HeoGxonumo 3amaTh crieayrolue HadalbHbIC
KoHbUrypanuu HamMaraudeHHoctd u  coxpanuth OMF  files momydeHHbIX
CTPYKTYD:

a) B Ka)KI0M JIUCKE OJHOJOMEHHOE COCTOsIHIE T —> 4 «—;

0) B KaXXJIOM JIMCKE BUXPb;

B) XaOTHUYECKOE pacipeiesiCHHE.



Tema 4. Bapuanm 3

3adanue 4.1 Hanummre xon ucxoaHou 3anaun B popmare MIF 2.1 ansa 3amanus
core-shell wactuiel cepuueckoit GopMbl paarycoM 75 HM, TONIUHA 00OJOYKH
20 HM, CO CIEIYIOUIMMHA MAarHUTHBIMA TlapaMeTpaMH: HaMarHMYE€HHOCTHIO
nacermenns 1200x10° A/m u 900x10° A/m s 000104YKH;, KOHCTAHTOH OOMEHHOTO
BsaumopeiictBust  9x10™2  JDx/m. Pasmep sueiikm  pasomenms  1x1x1 HMmC.
Heobxoammo 3anaTh cleayronme HadalbHbIe KOH(PUTYpaIlii HAMarHH4eHHOCTH 1
coxpauutb OMF files monyueHHBIX CTPYKTYD:

a) B IIEHTPE OJIHOJIOMEHHOE —>, B 000JI0UKE OJTHOJIOMEHHOE <—;

0) B IIEHTpE BUXPh, 00010UKa HackIeHa 1o ocu Oz,

B) B IEGHTPE IBYXJOMEHHOE COCTOSIHHE, B 000JIOUKE Xa0THUECKOE pacIpeielICHHUE.

Tema 4. Bapuaum 4

3aoanue 4.1 Hanumure kox ucxonHou 3amaun B ¢popmare MIF 2.1 nns 3apanus
HAHOCTPYKTYPbI co CJIeIYIOIUMU MarHUTHBIMH napameTpamu:
HAMArHHYECHHOCTBI0  HachimeHuss  800x10° A/M; mHa  deppoMarHUTHOI
Koppesiuuu 9 HM. ['eomMeTpusi CTPYKTYphl MacCUB U3 4X HAHOIOJIOCOK pa3MepoM
10x50 M, tommmuoit 10 HM. PaccTosiHME MEKIy LEHTPAMH — COCEIHHX
HAHOMONOCOK 40 HM. Pasmep sueiiku pasOumenms 2x2x10 um®. Heo6xommmo
3a/laTh CIEAYIONINEe HadaJlbHbIe KOHPUTYypalii HAMarHUYeHHOCTU W COXPAHUThH
OMF files moiy4eHHBIX CTPYKTYP:

a) B KOKJIOM MOJIOCKE OJJHOJIOMEHHOE COCTOSIHUE T »L;

0) B KaXXJI01 MOJIOCKE ABYXJIOMEHHOE;

B) Xa0TUYECKOE pacipeieicHHE.

Tema 4. Bapuaum 5

3aoanue 4.1 Hanummrte kon ucxoaHou 3amaun B popmate MIF 2.1 nns 3amanus
HAaHOCTPYKTYPBI co CIIE IYIOIITUMHU MarHUTHBIMH napamMeTpaMH:

HAMATHUYEHHOCTBIO  Hackimenus  980x10° A/M; KOHCTaHTOH  OOMEHHOIO



B3aumozeiicTaus 12x10™2 Jlx/M. ['eomeTpust CTpyKTYyphl UCK, HA MOBEPXHOCTH
KOTOPOTO PacIoiokKeHa HAaHOCTPYKTYypa KBaJApaTHOW (OpMBbI, TOJIIUHBI KaXKI0TO
cnos 10 mm, nuamerp aucka 200 HM, ctopoHa kBaapara 90 HMm. Pazmep sueniku
1x1x10 am°. HeobxomumMo 3amaTh CIICYIONTNE HadadbHbIE KOH(PUTYpAIUU
HamarandeHHocTd U coxpanuTb OMF files moydeHHbIX cTpyKTYD:

a) B BEPHEM CJIOE€ OJIHOJIOMEHHOE COCTOSIHUE, B HUKHEM BUXPb;

0) B BEpXHEM CJIO€ YETHIPEXIOMEHHOE COCTOSIHUE, B HUKHEM JIBYXJOMEHHOE;

B) B BepxHeM cioe 2D xaotuyeckoe pacnpesenenue, B HivkHeM 3D xaoTtuueckoe
pacrpeneieHue.

Tema 4. Bapuaum 6

3aoanue 4.1 Hanumure kox ncxoaHou 3agauu B dopmare MIF 2.1 mis 3amanus
HAaHOCTPYKTYPBI co CIIE IYIOIITUMU MarHUTHBIMH napamMeTpaMH:
HAMArHWYCHHOCTBIO  HachimeHust 1000x10° A/M;  mwmHa — eppoMarHUTHOI
Koppemsiuun 8 HM. l'eoMeTpust CTpPYKTypbl KBaApAaTHBIM MAacCuB H3 3X
HAHOCTPYKTYp KBajapaTtHoi (opmbl. CtopoHa kBaapara 0=50 HM, TOJIIMHON
10 1M, paccrosiHie Mexy ueHtpamu 2d. Pasmep sueiiku pasouenns 1x1x10 mv’.
Heobxoaumo 3anaTh cieayrome HadallbHble KOHPUTYpaIlii HAMarHn4eHHOCTH |
coxpauutbh OMF files monay4ueHHBIX CTPYKTYD:

a) B KXI0H HAHOCTPYKTYPE OTHOTOMEHHOE COCTOSIHHE —> ¥ <—;

0) B KaXJ10M HAHOCTPYKTYpPE BUXPb;

B) XaO0TUYECKOE paclpeieiicHuE.

Tema 4. Bapuaum 7

3aoanue 4.1 Hanumurte kon ucxomHou 3amaun B dopmare MIF 2.1 nns 3amanus
core-shell gacTumpr xyOwmueckoit ¢opmbl, cTtopona kyba 100 HM, TOJIIKMHA
obomoukn 20 HM, CO  CICAYIOIIMMH  MArHUTHBIMH  TapaMeTpamu:
HAMATHHYEHHOCTBIO Hachimenus 800x10° A/M u 400x10° A/M mis 000JI0YKH;
KOHCTAHTOM OOMEHHOIO0 B3aUMOJIENUCTBUS 9x101? Jlx/M. Pa3zmep siueiiku

pasouenns  1x1x1 av°.  HeoGxomumo  3amath CIeAYIIIUe  HayajbHbIE



KoHQUTypanuu HamaramdeHHoctd u  coxpanuth OMF  files momydenHbIX
CTPYKTYp:

a) B 1eHTtpe 2D xaoTtmdeckoe pacmpejeneHue, B obosouke 3D xaoTumyeckoe
pacnpeseneHue;

0) B IIeHTpe ABYXJOMEHHOE COCTOSIHME, 000JI09Ka HaCkIeHa 1Mo ocu Ox;

B) B LIEHTPE OJHOJOMEHHOE COCTOSHHUE <, B 060mouke 1.

Tema 4. Bapuanm 8

3aoanue 4.1 Hanumure kox ucxonHou 3amaun B ¢popmare MIF 2.1 nns 3apanus
HAHOCTPYKTYPbI co CJIeIYIOIUMU MarHUTHBIMH napameTpamu:
HAMAarHMYeHHOCTBI0  HacelmieHns  800x10° A/m;  mHa dbeppoMarHuTHOM
Koppemsiiut 9 HM. ['eomMeTpusi CTPYKTYyphl MacCMB U3 4X HaHOIPOBOJIOK
nuamerpom 30 uM®, mmuHOM 80 HM. PaccrostHue MEXAY LEHTPAMU COCEIHUX
HAHOTPOBONOK 40 HM. Pasmep sueiikn pasomenms 1x1x20 um®. HeoGxommmo
3a/1aTh CIICAYIOIINEe HadaJlbHBIC KOH(PUTYpAIMd HAMarHWYECHHOCTH M COXPaHUTh
OMF files mosy4eHHBIX CTPYKTYP:

a) B Ka)<10i IPOBOJIOKe ofHOA0oMeHHoe coctosHie T ¥ T 4

0) B KaXXJ10M TTPOBOJIOKE BUXPb;

B) XaOTUYECKOE pacipeieicHHE.

Tema 5. Bapuaum 1

3aoanue 5.1 Hamummrte kon ucxoaHou 3amaun B hopmate MIF 2.1 nns 3amanus
HAHOCTPYKTYPbI co CJIEIYIOIUMU MarHUTHBIMH napameTpamu:
HAMArHMYIEHHOCTBIO  Hachimenus  1400x10° A/M; KOHCTAaHTOM OOMEHHOIO
B3anmozeiicTeust 30x10™% JIx/m; Kyoudeckoit anmzorpornueit [1 0 0] u K;=5x10
Jx/m°. Teomerpust CTPYKTYpbl AUCK TonmuHoi 10 M, nuametp 80 HM. Paszmep

stueiik 1x1x10 mm’, IIpoBecTr CUMYIISIIAIO CIEAYIOMIMUX TPOLECCOB:



a) HamarunuuBanue u3 Random state;
0) MeTIM rucTepe3rca B JIBYX HAIPABJICHUSX MMAPAILICIIBHO M MEPIICHIUKYIIIPHO
[JIOCKOCTH;

B) MTOKA3aTh MOBEACHUE sIpa BUXPS BO Bpamjaroiemcs mnoie 60 .

Tema 5. Bapuanum 2

3adanue 5.1 Hanummre koa ucxonHou 3anaun B popmare MIF 2.1 nis 3amanus
HAHOCTPYKTYPbI co CJIeIYIOLIUMU MarHUTHBIMU napameTpamu:
HAMATHUYEHHOCTBIO  Hachbiuumenus  1000x10° A/M; KOHCTaHTOH OOMEHHOI'O
B3aumozmeiictust 10x10™% JIx/M; 0IHOOCHO! annzotponuen [1 0 0] u K,=4x10*
T/, KBagpatnas HanocTpykTypa co cropoHoi 70 HM u ToimuHOM 10 HM.
Pa3zmep stueriku 1x1x10 HM. [IpoBecTr cUMYIISIIAIO CIEAYIOMIMUX IPOLIECCOB:

a) HaMmarHnuuBanue u3 Random state;

0) meTnM rucTepesrca B JABYX HAIPABICHHUSAX MapajlieIbHO W MEPICHIUKYIISIPHO
JIETKOU OCH;

B) MTOKa3aTh MOBEACHUE sIpa BUXPs BO Bpamaromiemcs mnoje 40 O.

Tema 5. Bapuanm 3

3aoanue 5.1 Hanummre koa ucxogHoi 3amauu B popmate MIF 2.1 nns 3apanus
HAHOCTPYKTYPbI Cco CJIEIYIOLUMU MarHUTHbIMH napameTpaMHu:
HAMATHMYCHHOCTBIO  Hachimtenns  580x10° A/m;  mmHO#t  deppoMarHUTHOM
koppermsinai 10 HM; ogHOOCHOI aHmsotpormei [0 1 0] m K;=2x10° Jhx/m’.
[IpssmoyrosibHast HaHocTpykTypa 20x90 HM® U TONMHUHOHA 10 HM. Pasmep sueiiku
1x1x10 um’. TIpoBecTu CUMYJISIUIO CIEAYIOMIMNX MPOLECCOB:

a) HamarauuuBanue u3 Random state;

0) meTau ructepesrca B JBYX HaIPaBJICHUAX MAPAIUIENBbHO U MEPIECHIUKYISIPHO
JUTMHHOW CTOPOHE;

B) 33J1aTh JIBYX/JIOMEHHOE COCTOSIHUE U MOKa3aTh MOBEICHUE JOMEHHON CTEHKH BO

Bpataromiemcs mnoie 50 9.



Tema 5. Bapuanm 4

3aoanue 5.4 Hanumurte konx ucxoaHou 3agauu B dopmare MIF 2.1 ais 3ananus
HAHOCTPYKTYPBI co CJIeIYIOIITUMU MarHUTHBIMH napameTpaMu:
HAMATHUYEHHOCThI0  Hackimenus  1220x10° A/M; KOHCTaHTOH OOMEHHOIO
B3anmozeicTsus 15x10™2 x/M; 0aHOOCHOM anuzotponuei [1 0 0] u K;=3x10°
I[)K/M3. [IpsimoyronbHas HaHocTpykTypa 30x70 HM® ¥ TONIIMHON 10 HM. Pasmep
stueiikn 1x1x10 mv’, [IpoBecTr CUMYIISIAIO CIETYIOMIMNX MTPOLECCOB:

a) HaMmarHnuuBaHnue u3 Random state;

0) meTnM rucTepe3uca B JBYX HAMNPABICHHUSIX MapauieIbHO W MEPIEHINKYIISIPHO
JUTMHHOW CTOPOHE;

B) 33J1aTh JIBYXJOMEHHOE COCTOSIHHE M IOKa3aTh IMOBEJACHUE JTOMEHHOM CTEHKH BO

Bpamaromemcs mnoie 50 9.

Tema 5. Bapuaum 5

3aoanue 5.1 Hanummre koa ucxogHou 3amauu B popmate MIF 2.1 nns 3apanus
HaHOCTPYKTYPbI co CJIeIYIOLTUMU MarHUTHBIMH napameTpaMu:
HAMATHHYEHHOCTBIO  Hachimenuss 900x10° A/m;  mimHOM  (eppOMarHUTHOI
koppemsitmu 11 HM; Ky6uueckoil ammsorpommeit [1 0 0] n K;=3x10° Jhi/n’.
HaHocTpykTypa paBHOCTOPOHHETO TPEYTOJIbHUKA CO CTOPOHOM 50 HM M TOJIIIMHON
10 BMm. Pasmep sueiikm 1x1x10 HM. [IpoBecTH CUMYIISIIHIO CIEIYFOIIAX
IIPOLIECCOB:

a) HamaranuuBanue u3 Random state;

0) meTnM TrucTepe3uca B JBYX HAMPABJICHUSIX MapaJJIeIbHO W TEPICHIUKYISPHO
MJIOCKOCTH;

B) [I0OKa3aTh MOBEACHUE s/Ipa BUXPS BO Bpawaromiemcs mnojue 60 .

Tema 5. Bapuaum 6




3adanue 5.1 Hanummre koa ucxonHou 3anaun B popmare MIF 2.1 nis 3amanus
HAaHOCTPYKTYPbI co CIEAYIOIIUMU MarHUTHBIMU napaMeTpaMu:
HAMATHUYEHHOCThI0  Hackimenus — 480x10° A/M; KOHCTaHTOM OOMEHHOIO
B3anmogeiicteus 12x10™ Jix/M; oaHOOCHOI anmzotponuei [0 1 0] u K,=2x10*
I[)K/M3. OBanbHas HaHOCTPYKTypa 70x40 HM’ ¥ TOMIMHON 10 HM. Pasmep sueiiku
1x1x10 mv’, [IpoBecTr CUMYIISLINIO CIIEIYIONIUX MTPOIECCOB:

a) HaMmarHuuuBaHue u3 Random state;

0) MmeTyiv TUCTEpe3nca B JIByX HAIMPABJICHUSAX MapaJUICIbHO U MEPHEHIUKYISPHO
JIETKOU OCH;

B) MTOKa3aTh MOBEACHUE sAIpa BUXPS BO Bpamaromiemcs mnojue 50 .

Tema 5. Bapuaum 7

3aoanue 5.1 Hamumure kox ncxoaHou 3amauu B dopmare MIF 2.1 mist 3amanus
HAHOCTPYKTYPBI co CIIe IYIOIITUMUA MarHUTHBIMH napamMeTpaMu:
HAMATHUYCHHOCTHI0 Haceimenns  1000x10° A/m;  mwmHOM  deppoMarHUTHOM
KOppenaiuu S5 HM; OJHOOCHOW aHum3otpornueit [0 O 1] u Ki=3x10® Jhx/m°.
Hanomnpososoka guamerpoM 30 HM u mmmHOi 90 HM. Pasmep staeitku 1x1x5 av’,
[TpoBecTH CHMYJISIINAIO CIICTYIOIINX MPOIIECCOB:

a) HamaranunBanue u3 Random state;

0) meTiM rucTepe3uca B JIBYX HAMNPABJICHUSX MapalieIbHO U MEPHEHAUKYIISIPHO
JUJIMHHOMW CTOPOHE;

B) 3aJ1aTh JIBYXJIOMEHHOE COCTOSTHUE M MOKa3aTh MOBEICHUE JOMEHHOW CTEHKU BO

Bpataroniemcs mnojue 100 .

Tema 5. Bapuanm 8

3aoanue 5.1 Hamumurte kox ucxoaHou 3agauu B popmare MIF 2.1 ans 3ananus
HaHOCTPYKTYPbI co CIEAYIOUUMHU MarHUTHBIMHA rapameTpamMu:
HAMATHUYEHHOCTBI0  Hackimenus  800x10° A/M; KOHCTaHTOH  OOMEHHOIO
B3anMozencTBus 9x10™2 Jx/M; omHoocHoM anuzotponuedt [1 0 O] u K,=1x10°

Jlx/m°. HaHoKomIbIO BHemHuiT quametp 150 HM, BHyTpeHHU 100 HM U TONIHUHON



10 HMm. Pasmep suebikm 1x1x10 HM®. [IpoBecT CUMYJSALMIO CIEAYOIINX

IPOIIECCOB:
a) HaMmaranyuBanue u3 Random state;

0) MeTIU THCTepe3rca B JBYX HANPABICHHUAX MapauiebHO W MEPICHIUKYISPHO
IUTOCKOCTH;

B) 3a71aTh IBYXJOMCHHOC COCTOSHHC U ITOKA3aThb IMOBCACHNC NOMCHHBIX CTCHOK BO

Bpaiaromemca noise 100 3.



3aganue Ha KypCOBYIO padoTy

OCHOBHOIl 11€JIbI0 KypCOBOT'O TMPOEKTUPOBAHUS SIBJIAECTCS MPUOOpETEHUE
HaBBIKOB TMPOBEJEHUS CAMOCTOSITEILHOTO HCCIEIOBAHUSI MarHUTHBIX CBOWMCTB
METOJOM MHUKPOMAarHMTHOTO MOJEIUPOBAHUS, aHAJIN3a MOJYYEHHBIX PE3YJIbTAaTOB
Ha HKCIIEPUMEHTE U MOJIETUPOBAHHUH, pab0Ta CO CIPABOYHOM JIUTEpaTypOil.

3ajmaHue Ha KypCOBOM MPOEKT COAEPKUT TPU 33Ja4H, COIJACHO
WHIUBUyalIbHOM TeMe. BbriOop Tembl ompenensiercss Tub0 CTyI€HTOM COBMECTHO
C Hay4YHBIM PYKOBOJIMTEJIEM, COTJIACHO TeMaTUKe BhImyCcKkHOUM KBanupUKaIMOHHBII
pabotsl (BKP), nubo dopmynupyercss mnpenojaBaTesieM IUCIHUIUIMHBI, €CIIU

temaTtuka BKP He cBA3aHa ¢ JaHHBIM KypCOM.

3agava 1
[IpousBecTu aHanu3 JIUTEPATYpPhl HA BRIOPAHHYIO TEMY KYpPCOBOI'O MPOEKTA.
VY cTaHOBUTH OCHOBHBIE JOCTHXKEHUS 110 UCCIIEIOBAHUIO JAHHOTO BOMIPOCA, a TAKKE
omucaTh  METOJbl  TOJYYCHUS  KOHKPETHBIX  pe3yiabTaroB. (OO003HAYUTH
aKTyaJbHOCTb TMPOBEJEHUSI CAMOCTOSATEIIBHOTO MCCJIEIOBAHUSI C MCIOJIb30BAHUEM
METOJla MHUKPOMAarHMTHOTO MOJCIHMPOBaHUSA. BBISBUTH IepedeHb BOIPOCOB, Ha
KOTOpPbIE MOJKET OTBETUTh JaHHOe wuccienoBanne. ChopMynupoBaTh 11eIb
KYpPCOBOI'O MPOEKTa U MEpeuYeHb 3a7ad, KOTOPhle HEOOXOJAMMO BBIMOJHUTH IS
JOCTHOKCHUS MOCTABIICHHOM 1ICIIH.
3apaua 2
Onucath TEOPETHUYECKHE OCHOBBI MUKPOMArHUTHOTO TMOJX0J1a, OCHOBHBIE
BO3MOXXHOCTH METOJIa MHKPOMArHUTHOTO MOJCIUPOBAHUS ISl KMCCIIECIOBaHUS
(beppoMarHuTHeIX O00BEKTOB. Takke MNPOBECTH MPOTPAMMHOIO oOOecreyeHus,
UCIIOJIb3yeMOTO B KypcoBOM TmpoekTe. CIUCOK WCIOJIb30BAaHHBIX OJIOKOB B
OOMMF nns co3manus Monend OOBEKTa HCCIEIOBAHMS, a TaK)Ke OIMCAHHE
CHHTAKCHMCa M TYHKTyallUM KaXJOro0 KOHKPETHOro OJoKa MpU HaNUCaHUU

HCXOAHOI'0 KOAa 3aJaydu. Ecnu MOACIUPOBAHHUEC OCHOBBIBAJIOCH HA JdHHBIX M3



9KCIICPUMCHTA, TAKKXC HYXHO IPUBCCTHU KPATKOC OIIMCAHUC MCTOJO0B KOTOPBIMH

OBLIN IMOJIYUCHBI SKCIICPUMCHTAJIbHBIC PC3YJIbTATHI.

3agaua 3

Onucanve KOHKPETHOTO OOBEKTa UCCIEIOBAHUS COTJIacCHO TeMaTHKe
KypcoBoii  pabGoTel. Eciu  MonaenupoBaHHe  MPOBOAUIIOCH HA  OCHOBE
AKCIIEPUMEHTAIBHBIX JAHHBIX, HEOOXOIUMO MPUBECTU PE3YNIbTATHI HIKCIIEPUMEHTA.
[IpoBecTn aHANIN3 PKCHEPUMEHTAJBHBIX PE3YJIBTATOB M PACCUUTATh MAarHUTHBIE
napameTpbl O00BbEKTa wucciaenoBaHuil. [Ipy OTCYTCTBUM H3KCIEPUMEHTAIbHBIX
JAHHBIX TIO0 PSAY MarHUTHBIX IMapaMEeTpPOB, NMPOBECTH aHAJIU3 JIUTEPATYphl IO
UCCJIEJOBAaHUIO JTaHHBIX CBOWMCTB MOJOOHBIX cucteM. Ha OCHOBaHMUM OINMCaHHBIX
MAarHUTHBIX U F€OMETPUUYECKUX MapaMeTpoB C(HOPMUPOBATH MCXOAHBIX KOJ JUIS
MOJICJIMPOBAaHUS JaHHOro o0ObekTa. IIpoBecTH CUMYISALUIO NPOLECCOB s
BBIIIOJIHEHUS TIEPEYHs 3a7a4, ONpPEACIICHHBIX B Hadaje uccienoBanus. Crenars
aHaJIM3 MOJYYEHHBIX pPE3yJIbTaTOB, CHOPMYIUPOBATH OCHOBHBIE PE3YJIBTATHI H
BBIBOJIBI.

OTt4eT Mo KypcoBOMY IIPOEKTY JOJIKEH COJIepPKaTh:

- TUTYJIbHBIM JIUCT;

- COZIEPIKAHNUE;

- 1eTb PabOoThI U 3a/1a4u KypCOBOIO MPOEKTA,;

- 0030p JTUTEPATYPHI;

- ONIMCaHUE MUKPOMArHMTHOIO MOAXO0Aa,;

- ONIMCaHUE apaMeTPOB 0OBEKTA UCCIIEIOBAHNS;

- pacyeT ¢ UCI0Ib30BAHNEM MUKPOMAarHUTHOTO MOJIEIUPOBAHMS,

- BBIBO/IbI 110 TIPOU3BEACHHBIM pacyeTam;

- CIIUCOK HCII0JIb30BaHHOM JINTEPATYPHI.

Otuer BbmMonHseTcs corimacHo TpeboBanusm ['OCT 2.105-95 na omHoi
cropone nucta popmarta A4 (210 x 197 mm). TekcT oTuera Mo KypcoBOMY MPOEKTY
JOJDKEH COCTOSTh M3 PAa3/esioB, CHAOXKEHHBIX 3arojOBKaMH B COOTBETCTBUU C

cojiepKaHreM. B TekcTe oTueTa yKa3bIBatOTCS CCHUIKH Ha JIUTEPATYPY.



