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AHHOTAIUSA THCHUIINHBI
«MuKpoMarHuTHOE MO/IeJINPOBAHME)

VYyeOHas aucuuiuinHa « MUKpOMarHuTHOE MOJIEJIMPOBAHUE» MPEAHA3HAUYECHA
IUI CTYZeHTOB OakanaBpuaTa 4 Kypca.

S3BIK peann3annu — PyCCKUM.
Heap u3yueHus AUCUUIUIMHBI - U3y4eHHE (DU3MUECKUX M MATeMaTUYECKUX

OCHOB pabOThl METOJ]a MUKPOMAarHUTHOTO MOJIETTUPOBAHMS, a TAKXKe TPHUOOPETEHHE
MPAKTUIECKUX HABBIKOB (POPMYJIMPOBKH W PEIICHUS HAYYHO-HCCIIEI0BATEIHCKIX
3a/1ay B 00JJaCTH HAHOMAarHeTu3ma.

3amauu:

o l3yuuth  TEOpeTHYECKHE  OCHOBBI,  (3aKOHBI,  B3aUMOJCHCTBUS)
MO3BOJISIIOIIME ONUCATh SIBIIEHUS W MPOILECCHl, PEATU3YIOIINUECS B MarHUTHBIX
cpelax Ha HAHOPa3MEPHOM YPOBHE.

e [lonyunth mpencTaBiIeHUs 0 METOAAX KOHEYHBIX PA3HOCTEN M KOHEYHBIX
AJIEMEHTOB JUIsl pelIeHUs] 3ajad MaremMaThyecko (Qusuku B objactu
HAaHOMAarHeTU3Ma.

o [losyunTh MpakTUYECKHI HABBIK padOTHl B MPOrpaMMHOM Tmakete The
Object Oriented MicroMagnetic Framework (OOMMEF).

bazoi s 0CBOEHHUsI JaHHOM JUCLUIUIAHBI SABISIIOTCA Kypchl « DHU3nKay,
«Auddepenuranbupie  ypaBHeHus», «Martemaruueckass ¢usuka»,  «DPusnka

MAarHUTHBIX TJIEHOK U HAHOPA3MEPHBIX CTPYKTYP».
B pesynbrare wW3yueHus JAHHOM AWCIHUIUIMHBL Yy  OOYYaroIIMXCS

dbopmupyroTes ciienyromue npodeccuoHaIbHbIE KOMIIETCHITUU:



Tun 3aga4

Koa v HamMeHoBaHMe

npogeccuoHaANbHOI Kon u HanMeHOBaHMe MHAUKATOPA 10CTHKEHUSI
KOMIIeTEeHIIUH KOMIIeTeHIIUH
(pe3yJIbTAT OCBOCHHS)
K-3 Cnocoben ocsauBathb | [IK-3.1 paspabarsiBaeT TpeOOBaHHMS K
NPUHIUNBL  TUIAHUPOBAaHUS U | CPEJICTBAM IMPOBEAEHUS SKCIEPUMEHTA,
METO/IbI ABTOMAaTHU3allUU | KOHTPOJIS U JUArHOCTHUKU
9KCICPUMCHTA Ha ocHoBe | IIK-3.2 pa3pabaTbiBaeT IPOEKTHBIC MaTepHAIb
I/IH(l)OpMaIlI/IOHHO- MpH IJIaHUPOBAHUU U aBTOMAaTU3aLIUU

N3MEPUTEIIBHBIX KOMIUIEKCOB KaK
Cp€ACTBa NMOBBIMIECHNSA TOYHOCTH 1
CHHIKXCHUA 3aTpar Ha €ro

9KCIICPUMCHTA B H36paHHOfI obacTu
QJICKTPOHUKU 1 HAHOJJICKTPOHUKU

Hayuno- IIPOBEJICHUE, oBiazeBate | ITK-3.3 tecTHpyeT M NPOBOIUT AUATHOCTHKY
HUCCIIEeI0BaTEIbCKUN HaBbIKaMH M3MEpCHUI B | u3menuil HAHORJIEKTPOHUKU
pEanbHOM BPEMEHH
[TK-4.1 mmanupyeT OCHOBHBIE JTAITBI
ITK-4 CriocobeH k opranuzanun .
p 1 9KCTIEPUMEHTAIBHBIX HCCIICIOBAHUN
1 TIPOBENICHUIO
9KCTIEPUMEHTAIBHBIX
o [IK-4.2 caMoCTOSATENBHO MPOBOIUT
HCCIIeJOBAaHHUH C IPUMEHEHHEM
9KCTIEPUMEHTAIIbHBIE CCIIEAOBAHNS,
COBPEMEHHBIX CPEJICTB U
HCTIONB3YSl COBPEMEHHBIE CPEICTBA U METOABI
METOJIOB
[IK-6.1 neMOHCTpUPYET 3HAHUE METOAOB
HCCIIeI0BaHUS TOBEPXHOCTH HU3KOPAa3MEPHBIX
IIK-6 CriocobeH miaHupoBaTh 1 CTPYKTYp, OCHOBHBIX TUIIOB U IIapaMETPOB
IIPOBOJUTH SKCICPUMCHTBI 110 71a00paTOPHBIX YCTAHOBOK IS
u MOJCIUPOBAHUIO 1 SKCHEPUMEHTAJIbHBIX UCCIIEI0BAHUIN
ay4dHo- MIPAaKTHYECKOMY OTPEEICHUIO
y . P Yy olpen [TK-6.2 ocymiecTBasieT MOJEIUPOBAHNE U
eIarorn4eCKuu CTPYKTYpPBI K CBOMCTE

MaTepruaIoB, IICPCIICKTUBHBIX
JUIA 3JICKTPOHUKHA 1
HAHOJ3JICKTPOHUKHU

MIPAaKTUYECKOe ONpeAeTIeHNEe CTPYKTYPHI U
CBOHCTB MaTepHaIoB

[IK-6.3 npuMeHsaeT METOIbI MaTEMATHUECKOTO
onrcaHus (HU3NIECKUX TPOIECCOB,
MPOTEKAINX B HU3KOPAa3MEPHBIX CTPYKTYPax

KOIL 1 HAMMCHOBAHHUC MHAUKATOpPA
JOCTHXKCHUSA KOMIICTCHIIUN

HaunmeHoBaHue moka3aresst OllCHHUBAHUS
(pe3ynpTaTa 00yUeHHUs M0 TUCIUTIINHE)

[IK-3.1 pa3pabateiBaeT TpeOOBaHUS K
CpelCcTBaM MPOBEICHHS YKCIICPHMEHTA,
KOHTPOJISI M INArHOCTUKU

3uaem OCHOBHBIC Tp€60BaHI/I$[, NpeaABABIIICMBIC K CPEACTBaAM
IIPOBCACHUS SKCIICPUMEHTA, KOHTPOJIA U AMArHOCTHUKHU

Ymeem ocymecTBIsTh pa3zpaboTKy TpeOOBaHMH K CpelcTBaM
MIPOBECHUS SKCIIEPUMEHTA, KOHTPOJISI U IMarHOCTHKH B
3aBUCHMOCTH OT MCCJIE/IOBATENILCKOH 3a1a4n

JOKYMEHTAIun

Bnaoeem naBrikamu OLICHKU COOTBETCTBHUA CPEACTB IIPOBEACHUA
OKCIICPUMEHTA, KOHTPOJIA U TUArHOCTUKU UX HOpMaTHBHOﬁ

HAHOJJICKTPOHUKU

ITK-3.2 pa3pabaTheiBaeT IPOEKTHBIE
Martepualibl IPU INIAHUPOBAHUU U
aBTOMAaTU3alluu OKCTICPUMEHTA B
n30paHHON 00JIACTH INEKTPOHHUKH U

3unaem TPUHIMIEI Pa3pabOTKU MPOEKTHBIX MAaTepHAJIOB MIPH
TUTAHUPOBAHNHU M aBTOMATHU3AIUU 3KCIIEPHMEHTa Ha OCHOBE
UH(OPMALIMOHHO-U3MEPUTENBHBIX KOMIUIEKCOB

Ymeem ocylecTBISITh HETIOCPEACTBEHHYIO Pa3pabOTKy POEKTHBIX
MaTepuaoB JIJIsl OKCIIEPUMEHTAIbHBIX 33124 B W30paHHON 00IacTH
SNEKTPOHUKHU U HAHORJIEKTPOHUKH

Bradeem naBbIKaMu SKCIUTyaTallii BEICOKOTEXHOJIOTHYHOTO
o0opyioBaHus B M30paHHOIT 001aCTH 3JIEKTPOHUKHU U
HAHONIEKTPOHUKHU

JUArHOCTHKY HU3J1ETUil
HaHO3JIEKTPOHUKH

IIK-3.3 TecTupyeT U NpOBOAUT

3uaem OCHOBHBIE MPUHIUIIBL, IPEABABIAECMbIC K TCCTUPOBAHUIO U
JUArHoCTUKEC HBHGHHﬁ HAHO3JICKTPOHUKHN

Ymeem OCYHICCTBJIATH MOATOTOBKY K IIPOLCCCY TECTUPOBAHUA U
JUArHOCTUKH I/IS,HCJ'H/Iﬁ HAHOJJICKTPOHUKHU




KO)_I 1 HAMMCHOBAHUC MHAUKATOpA
JOCTHXKCHUA KOMIICTCHIINHN

HanmeHoBaHMe TIOKa3aTens OlecHUBAHMS
(pe3ynpTaTa 00yJeHHUS 10 TUCIIATIINHE)

Bradeem naBrikaMu TPOBECHUS TUATHOCTUKU M TECTUPOBAHHS
M3JENNI HAHOAIEKTPOHUKHU B COOTBETCTBUH C TEXHIHUECKOW U
SKCIUTYaTallMOHHOM JOKYMEHTaIuen

[IK-4.1 mraHupyeT OCHOBHEIE STAIIBI
9KCTIEPUMEHTAIBHBIX HCCIICIOBAHUN

3Haem OCHOBHBIC 3TAIlbI OKCIICPUMCHTAJIBHBIX HCCIICTOBAaHHUI

Ymeem nnmaHupoBaTh 3TANBI MPOBEICHHUS YKCIICPUMEHTA IS
HCCIIENOBATEILCKHUX 3a0a4

Bnadeem HaBbIKaMy OpraHU3alUH U IIPOBEICHUS
9KCTIEPUMEHTAIBHBIX HCCIICIOBAHUH C MPUMEHECHHEM COBPEMEHHBIX
CPEZICTB U METO/IOB

[IK-4.2 caMOCTOATEFHO POBOIUT
9KCICPUMCHTAIBHBIC UCCIICIOBAHMUS,
HCTONB3Ys COBPEMEHHBIC CPE/ICTBA U
METO/bI

3naem COBPEMEHHBIE CPEACTBA U METOABI, ITO3BOJIAIOIINE
CaMOCTOATEIIbHO MMPOBOJAUTH SKCICPUMEHTAJIBHBIC NCCIICJOBAHUA

Ymeem onpenensTh MoIXOASIINAE METOIBI IS TPOBEACHUS
SKCIIEPUMEHTAIBHBIX MCCIIEOBAHMIMA

Braodeem naBbikamu HaCTpOﬁKPI BBICOKOTCXHOJIOTUYHOI'O
OGOpy}IOBaHI/IH B COOTBETCTBUU COBPEMECHHBIMU METOJaMU
MPOBCACHUSA SKCIICPUMECHTAJIbHBIX pa60T

ITIK-6.1 nemoHCTpHUpyeT 3HaHUE
METOJIOB UCCIIEJIOBAHUS [TOBEPXHOCTHU
HU3KOPA3MEPHBIX CTPYKTYP, OCHOBHBIX
THUIIOB U TIAPAMETPOB JIAOOPATOPHBIX
YCTaHOBOK ISl SKCIIEPUMEHTAIBHBIX
HUCCIIEIOBAaHAN

3naem METOAbI UCCIIEA0OBAaHNA MMOBEPXHOCTU HU3KOPA3SMEPHBIX
CTPYKTYp

Yumeem onieHUBaTh M BHIOMPATH MOJIXOSIINE TUIIBI U TApaMEeTPhI
J1a00PATOPHBIX YCTAHOBOK ISl 9KCIICPUMEHTAJIBHBIX MCCIICIOBAHUI

Bradeem meTonaMu ucciae10BaHUS HU3KOPa3MEPHBIX CTPYKTYD,
HaBBIKAMH OICHKH H OTIPEAEICHHS HOAXOISIINX [TapaMeTpOB
71a00pAaTOPHBIX YCTAaHOBOK JJISI 9KCIIEPUMEHTAJIBHBIX HCCIICTOBAHUH

[IK-6.2 ocyuiecTBisieT MOAEIUPOBAHHE
1 TIPaKTHYECKOE OTIPEICIICHUE
CTPYKTYPHI H CBOWCTB MaTEpHAIOB

3naem OCHOBBI MOJICTIMPOBAHHUS M PACUETOB aTOMHOI CTPYKTYPHI H
CBOMCTB MaTepHaIOB

Ymeem rcrionp30BaTh HEOOXOIUMBIE aTOPUTMEI M TIPOTPaMMHBIC
TIAKETHI IS OCYIIECTBICHUS MOICIHPOBAHUS CTPYKTYP U UX
CBOMCTB

Bradeem HaBBIKaMH MOAEIHPOBAHUS CTPYKTYP M CHCTEM C PA3HBIMHU
rapamMeTpamu

[IK-6.3 mpumMeHsieT MeTo bl
MaTEMaTHYECKOTO OIUCAHUS
(uU3NUECKUX MPOIECCOB,
MPOTEKAIOIINUX B HU3KOPA3MEPHBIX

CTPYKTypax

3Haem MeTOIBI MATEMAaTHIECKOTO OMHUCAHUS (PU3MIECKIX
MIPOIIECCOB, MPOTEKAIIUX B HU3KOPa3MEPHBIX CTPYKTYpax

Yumeem BoIOUpATh IOIXOSAIINMA SIS KOHKPETHON 33/1a4l METO]T
MaTEMaTHYECKOTO OIMMCAHUS

Bradeem naBbikaMu HaCTPONKH WMIIM MOJU(HKAMK TIPOrPAMMHBIX
QJITOPUTMOB U KOJIOB, UCIIOJIb3YEMBbIX JIJISl ONUCAaHUsT (PU3NUECKHUX
IIPOLIECCOB, MPOTEKAOIUX B HU3KOPa3MEPHBIX CTPYKTYypax

CTPYKTYPA U COIEPKAHUE ITPAKTUYECKOM YACTH KYPCA

JlaGopaTopHbie padoTsl (68/ uac.)

JlaGopaTopnasi padora Nel. Onucanne reoMeTpu4ecKux NapamMeTpoB U
pacdyerT MAarHMTHBIX NMOCTOSIHHBIX MOJEJHUPYEMOro O00beKTa HA OCHOBAHUM
IKCIMEPUMEHTAJBHBIX JaHHbIX (4 _/ 4ac.)

1. Wcnonb3yst u300pakeHHE SKCIEPUMEHTAILHOTO 00paslia, OIMUIIUTE €ro

reoMeTpuuecKyro (GopMy ©  paccuMTaiiTe IUIOMIAAh OBEPXHOCTH
(bheppOMarHuTHOTO CJIOS.
2. Tloctpoiite B OriginPro  metnu  rucrepesuca,  M3MEPEHHbBIC

BUOpOMarHeToMeTpe B
5

OKCIICPUMCHTAJIbHO HaA noJsiX  HU3MCPCHHBIX



napajieIbHO U MEPIEHANKYISIPHO OCH JIETKOTO HaMarHM4YuBaHus (0.J1.H.).
[TpoBenuTe HOPMHUPOBKY MOCTPOCHHBIX METENb TUCTEPE3HCA.

Onpenenure 3HAYEHUSI TaKUX XapaKTEPUCTUK (GOpPMBI METellb Kak
kospuutuBHas cwia (Hc), ocratounas namaramdeHHOCTH (M,/Ms), moss
s¢dextrBHON aHH30TpOrUU (Her).

3Hast COCTaB HKCIIEPUMEHTAILHONU CTPYKTYPbI U TEOMETPUUECKUE ITapaMeTPhI
U3MEPEHHOI0 00pasiia, paccyuTaiTe ero oobeM.

OmnpenenuB MarHUTHBIE MOMEHT o0Opaslla B HACHIIICHHH, pPacCUUTAMTe
BCIMYMHY HAMAarHMYCHHOCTH HacChIeHus oopasua (Ms).

Paccuuraiite Bennunny 3QPeKTUBHON MATHUTHON aHU30TPOIHH, UCIIONIb3YS

hopmyy K Z%Heﬁ M.

YuuTeiBas  OPHEHTALMIO OJLH. M  KPUCTAUIMYECKYIO  CTPYKTYpPY
AKCIIEPUMEHTAJILHOTO 00pa3ua, npousBeautre mnepecder APHEeKTUBHON
aHU30TPOIUK B KOHCTaHTY HaBeneHHo# (Ky), 1100 kpucramiorpaduueckon
aam3otponuu (Kc), koTopast OyIeT HCIOIB30BATHCS B MOJICIIUPOBAHHH.

U3 rpaduka teMmrmepaTypHOro M3MEHEHHUS HAaMarHMYEHHOCTU OIPEACIUTe
temneparypy Kiwopu (T;) wu paccumraiite KOHCTAaHTY OOMEHHOTO
B3auMoieicTus (A).

10. PaccuuTaiite miuHy (heppOMarHUTHOM KOPPESAIUU A JaHHOTO 00pasiia,

2A
UCIONIb3Ys popMyny |, = -
MM

JlabopaTtopHass padora Ne2. AHa/M3 IKCIEPUMEHTAJIbHBIX Pe3yJbTATOB

HCCJIeOBAHUS MAarHUTHOM CTPYKTYpPHI (4 / 4ac.)

1.

Hcnone3yss wn300pakeHHE JOMEHHOM CTPYKTYpPhl B pa3MarHUYEHHOM
COCTOSIHMM, TIOJIy4YeHHOE METOJOM MAarHUTHO-CHUJIOBOM MHKPOCKOIUU
(MCM), onpeaenuTe TUI aHU30TPOIIUU 00pa3lia.

3nas macmrad ckanupyemoit Ha MCM obGnactu 06pasiia, usmMepbTe CpeHuit
pasMep IOMEHOB.

OO6o03HaybTe HampaBiIeHHE HAMATHUYEHHOCTH B KaxaoM aoMeHe MCM
U300paKEeHHUS.

VYuuteiBas coctaB 00pasiia U TONIIUHBI CJIOEB, YCTAHOBUTE THM JOMEHHBIX
TpaHuIl.

Paznenure Ha uzobOpaxkennn MCM nedexTsl CKaHUPOBAHUSI CBSI3aHHBIE C
penbeoM U OCOOEHHOCTHM MArHUTHOM CTPYKTYpPhl — TOIOJIOTMYECKHE



CIIMHOBBIE KOHUTYypanuud (MarHUTHbIE BUXPH, CKUPMHOHBI, W3MEHEHUS
KHPAJTHLHOCTH IOMEHHBIX TPAHMII).

OO6paboTaiite n3zo0paxenue obOpasma No2 B pa3zMarHUYEHHOM COCTOSTHUM,
MOJIy9YeHHOE Ha MarHUTOONTHYecKoM Kepp-mMukpockore.

[To Bumy IOMEHHOW CTPYKTYyphl Ha wu300paxkeHnn Kepp-MHKpOCKOTTHH
OTIPEJICTNTE TUTT AaHU30TPOTIHH.

3nas macmTab ckaHupyemor obnactu oOpasuma Ha Kepp-mukpockore,
U3MEephTE CPEAHUIN pa3Mep JTOMEHOB.

Ucnonb3ys uzobpaxenus Kepp-Mukpockonuu uaMepeHHbie Ha 00pasiie Ne2
B TIpolecce IepeMarHUYMBaHUsA, OMPEASIUTe TIUIOTHOCTh IIEHTPOB
3apOKJICHUS JIOMEHOB.

10. ITocTpoiiTe 3aBHCHUMOCTh H3MEHEHHWsS CPEAHETO pa3Mepa TOMEHOB IpHU

N3MCHCHHNH BHCIIHCTO MarHMTHOI'O ITOJIA.

JlabopaTopHasi paboTa Ned4. YcranoBka, u3yuyeHue uHrepgeiica u padora

B nporpaMmmHoM nakere OOMMEF (4 / ugac.)

1.

S e

3aiiqute Ha cadT paspaborumka The Object Oriented MicroMagnetic
Framework https://math.nist.gov/oommf/ u ckauaiite BepcHio MpOrpaMMHOIO
NaKeTa HEOOXOAUMYIO Ui Ballleld ONEPALMOHHON CUCTEMBI.

Ckauaiite ActiveTcl Software, momxomsammii g Bameir OC, ¢ caiira
https://www.activestate.com/products/activetcl/downloads/ wu ycranoBute
JTAaHHBIN MMaKeT.

3amycture oommf.tcl.

B nosiBuBIIEMCSI OKHE BBIOCpHUTE Moamporpammy mmProbEd.

Bamyctute npumep 2D 3amaun u3 manku app\mmpe\examples.

3anycTuTe MOAIPOrpaMmy mmDisp u BbeIBemuTe OTOOpa)keHHUE
pacrpeeneHrss HaMarHHIeHHOCTH B MPOIIECCE pacyeTa.

[TocTaBbTe pacuer Ha May3y U COXpPaHUTE TMOJYYECHHOE H300paKeHue
MHUKPOMAarHuTHOW CTPYKTYPHI.

Otkpoiite moamporpammy MmGraph, Bo30OHOBHTE pacueT W IMOCTPOWTE
rpaduK U3MEHEHUS TIOJTHOM SHEPTHUH CUCTEMBI OT YHCIIa UTEPAITHA.
JloxxmuTech MOMEHTA, KOT/Ia TIOJMHAsT JHEPTHsl JOCTUTHET MUHUMyMa U
COXpaHUTE U300paKEHNE MUKPOMArHUTHOW CTPYKTYPHI.

10. Otkpoiite nognporpammy OXSii u 3amyctute npumep 3D 3amaun U3 manku

app\oxs\examples.

11. 3anycture mpoamporpammy MmmDataTable mns oroOpakenus: Tekymiero
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https://math.nist.gov/oommf/
https://www.activestate.com/products/activetcl/downloads/

3HAYCHUs] BEJIMYMHBI MArHUTHOTO TIOJS, a TaKKe KPUTEPHUS CXOIUMOCTU
3aJ1auH.

12. 3amyctute npoanporpammy MMATrchive ajis aBTOMaTHYECKOTO COXPaHCHHUS
nanabix B ODT daiie.

13. Umnoprupyiite manusie ODT (aiiza B OriginPro um mocTpoiiTe MeTIIiO
TUCTEpe3nca, MOIYYCHHYIO0 Ha MOJIeTHpOBaHUH 3D CTPyKTYypHI.

JlaGopaTtopnass padora Ned. MopeaupoBanue aAByMepHbIX (2D)
HaHocTpykTyp B OOMMEF (6 / wuac.)

1. Ucnoar3zys mmSlove2D 3amath AByMEpHYIO 3adady IjIsi HAHOCTPYKTYD
Pa3IMYHON reoOMEeTpUYECKON (HOPMBI.

2. Coxpanuth ¢aiin ucxoausix 3agad B hopmare MIF 1.1.

3. 3amycrute noamporpaMmy mMmDIsSp, BKIFOUHTE 0TOOpaskeHUE TIOTYICHHBIX
HaHOCTPYKTYp u coxpanutre OMF daitn naHHBIX CTPYKTYP.

4. 3amaiiTe HAHOCTPYKTYPY C OIPEACICHHBIMH MarHUTHBIMH TTapaMeTpaMu U
reoMeTpuei U HalauTe KOHPUTYpaIuio HaMarHM4eHHOCTH ¢ MUHUMAJIbHON
PHEpPrue, pean3yeMyro B OTCyTCTBHE BHEITHETO MOJSL.

5. Cpaenaiite CHUMYJSIMIO TMpollecca HaMarHMYMBaHUs oOpasla B JABYX
HanpasneHusix OX u Oy, coxpanus B ODT ¢aiine gannbie.

6. Umnoprupyiite nanupie ODT ¢aiima B OriginPro u moctpoiite KpuBbIC
HaMarHUYMBaHUS.

7. CmonenupyiTe IpoIecchl NMepeMarHiYuBaHusl B MOJSX OPUEHTUPOBAHHBIX
B0y OX 1 OY, coxpanute manabie B ODT (aiire.

8. Wmmoprupyiite nanuasie ODT ¢aiina B OriginPro u moctpoiite mneTin
TUCTepe3unca.

9. Hamummre ucxoausix kox B ¢popmare MIF 1.1 nns 2D HaHOCTPYKTYpHI €
OTIPEICTICHHBIMA MarHUTHBIMH ¥l TEOMETPHUSCKIMH TTapaMETPaMHU.

10. Mcnonb3yss KOMAaHJIHYIO CTPOKY CKOHBEPTUPYHTE HCXOMHBIA KO U3
koaupoBku MIF 1.1 B koguposky MIF 2.1.

JlaGopaTtopnass padora Ne5.  MopenunpoBanue TpexmepHbix (3D)
HAHOCTPYKTYP pa3jiu4Hoii reomerpuyeckoii popmbl B OOMMEF (6 /  wac.)

1. Ucnonw3ys OXSii 3a1aTh TPEXMEPHYIO 33734y JJI1 HAHOCTPYKTYP Pa3InIHOM
TEOMETPUUYECKON (HOPMBL.
2. Coxpanuth ¢aiin ucxoaHsix 3agad B popmare MIF 2.1.
3. Bamyctute noanporpaMMy MmDISP, BKIIOYNTE OTOOPAKEHHE MMOTYUSHHBIX
8



HaHOCTPYKTYp U coxpanute OMF (aitn nanasix 3D HaHOCTPYKTYD.

3amaiiTe HAHOCTPYKTYPY C OMPEAeICHHBIMA MAarHUTHBIMH TapaMeTpaMu U
reoMeTpruel 1 HaliuTe KOHPUTypaIiio HaMarHHYeHHOCTH ¢ MHHUMAaTbHOU
DHEPTUEH, PeaTU3yeMyI0 B OTCYTCTBHE BHEIITHETO TTOJISL.

CnhemaiiTe CUMYJSIUIO Tpollecca HaMarHWYMBaHUS oOpas3ia B Tpex
HampasieHusx Ox, Oy, Oz, coxpanus B ODT ¢aiine nanubie.
Wmnoptupyiite mnanaeie ODT ¢aitma B OriginPro u moctpoiite KpuBBIC
HaMarHU4YMBaHUS B TPEX HAMPABIICHUSIX.

CMopmenupyiTe MpoIecchl IepeMarHiuMBaHus B MOJISIX OPHEHTHPOBAHHBIX
B1os1b OX, Oy, Oz coxpanute nanusie B ODT daiine.

Nmmnoprupyiite ganasie ODT @aitna B OriginPro u mocrpoiite mneTiu
TUCTEpe3unca.

3anaiiTe HAHOCTPYKTYpY, Hcmob3ys 0ok ImageAtlas, u coxpanure OMF
(haiis1 MoTy4YeHHOU TeOMETPUH.

10. 3aymaiiTe MacCHMB HaHOCTPYKTYp, MCIOJb3yst 0ok MultiAtlas, u coxpanuTe

OMPF (baiin mory4eHHOM TEOMETPHUH.

JlaGopaTropnass pabdora Ne6. Oco0eHHOCTH 3aJaHMSI TeOMeTPHH

moaeaupyemoro 3D o0bexkTa npu ucnoJb3oBanuu ScriptAtlas B OOMMF

(6_/ waac.)

1.

3anaiite 3D HaHOCTPYKTYpY C ONpeneseHHBIMU MarHUTHBIMU MTapaMeTpamMu
U reoMeTpueH, Ucnob3yst 6ok ScriptAtlas.

Coxpanuts (aiin ucxoansix 3a1ad B popmare MIF 2.1.

3anycrute noAamnporpaMmmy MmDIsp, BKIIOYHTE 0TOOPaKEHUE TTOTyUSHHBIX
HaHOCTPYKTYp U coxpanute OMF ¢aiin nanubsix 3D HaHOCTPYKTYD.

3ajaiiTe HaHOCTPYKTYPY C ONPEAEICHHBIMM MAarHUTHBIMHM IapaMeTpaMu U
reOMEeTpUeN, U HalluTe KOH(UTypallii0 HAMarHU4€HHOCTH ¢ MUHUMAJIbHOMN
DHEPrUEH, PEAIN3yEeMYIO0 B OTCYTCTBUE BHELIHETO ITOJIS.

3anmaiite maccuB 3D HAHOCTPYKTYp C OIpEAECICHHBIMU MArHUTHBIMU
napamMeTpaMH U TeOMETpHEH, Ucob3ys 010k ScriptAtlas.

Coxpanutsb Qaiin ucxonnsix 3aaad B popmare MIF 2.1.

3amycrute noamnporpaMMy mMmDISp, BKIFOUUTE 0TOOpaKEHUE MOTYYSHHOTO
MaccuBa HAaHOCTPYKTYp U coxpanute OMF ¢aiin.

Haiinute xoHUrypanuio HAMarHWYE€HHOCTH C MHHHMAJIbHOW DHEpPTHUeH,
peann3yemMyro B OTCYTCTBHE BHEIIIHETO MOJISl B MACCUBE HAHOCTPYKTYP.



JlaGoparopnasi padora Ne7. @d@opmupoBaHue He0OXO0AMMOH HAYAJIbHOM

KoHpurypanuu HamaramdeHHoctd 3D crpykryp B OOMMEF (6 /  wac.)

1. 3amaiite 3D HaHOCTPYKTYpPY C ONpeAeeHHIMA MarHUTHBIMU TTapaMeTpaMu
U reomeTpueii, ucronssys ook UniformVectorField, 3agaiite omHopoaHyto
HamMarHudeHHocTh 1o ocsim  OX, Oy, Oz. CoxpaHHTe TMOJyYCHHBIC
pacnpenenenus HamaranaeHHoctd B OMF daiinax.

2. 3anmaiiTe ABYXJIOMEHHOE COCTOSHHE 4epe3 oOpalleHHe K pa3HbIM perrnoHaM
Mozaenupyemoir reomepun. CoXpaHHWTE TIOJYYEHHOE pachpeneiieHue
HamaranueHHocTH B OMF datine u ncxoansiii ko 3agaun B MIF daiine.

3. 3amaiiTe  ABYXJOMEHHOE  COCTOSIHME,  HCHOJB3YS  MOIIPOrPAMMY
ScriptVectorField. Coxpanure MOJTy9EeHHOE pacnpeseneHue
HamarandeHHoctd B OMF daiine u ucxomnsiit kox 3agaun B MIF daiine.

4. 3amaiiTe BUXPEBOE COCTOSHUE, UCTIOJIB3Ys oanporpamMmy ScriptVectorField.
CoxpaHute morydeHHoe pacnpenenenne HamaranaeaHoctd B OMF aiine u
UCXOaHBIN Ko 3anaun B MIF daiine.

5. 3ajaiiTe MOJOCOBYIO JOMEHHYIO CTPYKTYpPY, HCIOJB3Ysl MOJANPOTPaMMY
ScriptVectorField. Coxpanure MOJTy9EeHHOE pacnpeseneHme
HamarandeHHoctd B OMF daiine u ucxomnsiit koz 3agaun B MIF daiine.

6. 3amaiiTe XaoTUYECKOE paCMpEEICHHe HAMarHWYEHHOCTH C pa3MepoM
AYEUKH Ax4x4 am®, Coxpanurte TOJIyYEHHOE pacnpeneneHmue
HamaranueHHocTH B OMF datine n ncxoansiii kox 3agaun B MIF daiiie.

7. CpaBHUTE TIOJIHBIC DHEPTHMHM CHUCTEMBI TPH PA3JIUYHBIX KOHMUTYpAIHASIX

HAMarHU4eHHOCTU W HaWAUTe KOHPUTYPAIUMIO ¢ MUHUMAJILHON YHEpTUeH.

JlaGoparopuasi padora Ne§. Buabl 00MeHHOr0 B3aMMOJAEMCTBUS NPHU
moaeaupoBanuu 3D oobekToB B OOMMEF (4 /  4ac.)

1. 3apaiite 3D HaHOCTPYKTYpY C ONpeneNeHHBIMU MAarHUTHBIMU MapaMeTpamMu
U reoMeTpue. B monydeHHON HAaHOCTPYKTYpe 3a7aiiTe KOCBEHHOE OOMEHHOE
B3auMoJiercTBUE J3sumommHcKoro-Mopusi.

2. 3anmaiiTe JBYX/IOMEHHOE COCTOSIHME, TIOCJI€ MHUHHUMHU3ALUUA HHEPrUH
coxpanute OMF @aiin pacnpenenenus HamarHuueHHOCTH. Omnpenenute
KHPaJbHOCTh JIOMEHHBIX TPAHMII.

3. M3meHnTe 3HAK KOHCTAHTHI OOMEHHOE B3aMMOJICHCTBUEC J[3SIIOMIMHCKOIO-
Mopust Ha TPOTUBOMOJIOKHBIN, TOBTOPUTE 3a1anus | u 2.

4. 3amaiite 3D HaHOCTPYKTYpPY TPEXCIOWHOW IUICHKH C OINPEeIeICHHBIMU
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MarHUTHBIMHM TapameTpamu. Mexay BEpXHUM M HIDKHUM CIOSIMH 3ajaiTe
KocBeHHOoe oOmenHoe B3ammojeiictBue RKKY ¢ antudeppomarauthoit
CBSI3bI0 Yepe3 HEMArHUTHYIO MPOCIIONKY.

3ajiaiiTe B Ka4eCTBE Ha4YaIbHOM KOH()UTypalluy Xa0TUYECKOE pacipeiesICeHre
HAMAarHMYE€HHOCTH B TPEXCIIOMHOM IIJIEHKE.
Haiigute koHurypamuioo ¢ MHHUMaIbHOM SHEprueil B OTCYTCTBHE
BHEIIIHETO MArHUTHOTO TOJIA.
Coxpanute morydeHHoOe pacnpenenenne HamaranaeaHoctd B OMF daiine u
UCXOaHBIN Ko 3amaun B MIF daiine.

JlaGopaTropnass paGora Ne9, MarHuTHasi aHM30TpONMsl TPH

moaeaupoBanuu 3D o6bekToB B OOMMEF (4 /  wac.)

1.

3anaiite 3D HaHOCTPYKTYpY C ONpeneeHHBIMU MarHUTHBIMU [TapaMeTpamMu
U TeoMeTpuerd. B TOJy4YEeHHOM HAHOCTPYKTYpE 3aJalTe€ OIJHOOCHYIO
aHU30TPOIHUIO.

[TpoBenuTe CUMYJSIIMM — TPOLIECCOB  NEPEMAarHUYMBAHUSA B MOJSX
OPUEHTUPOBAHHBIX NAPAIIEIBHO U MEPIEHANKYIISIPHO O.J1.H..

Bxrounte aBTomMatnueckoe coxpanenue gaHHbeix B ODT daiin.
Wmnoptupyiite nanaeie ODT ¢aitma B OriginPro m moctpoiite meriu
rucTepe3uca Ajs AByX CJIy4yaeB OpPUEHTAIMH BHEITHETO MAarHUTHOTO IOJIA.
3anaiitre 3D HaHOCTPYKTYpY C ONpeneseHHbIMU MarHUTHBIMU MTapaMeTpamMu
u reoMmerpued. B momydeHHON HAHOCTPYKType 3ajaiTe KyOMYEeCKYrO
aHU30TPOITHUIO.

[TpoBenuTe CUMYJSIMM  TPOLIECCOB  MNEPEMAarHUYMBAHUSA B  MOJAX
OpPUEHTHPOBAHHBIX BJI0JIb KpHucTauiorpadudeckux oceii [100], [010], [001] u
no auaronanu [111].

Brxurounte aBTomatndeckoe coxpanenue qaHHsix B ODT aiin.
WUmnoprupyiite manapie ODT ¢aitna B OriginPro u moctpoiiTe mneTim
rucTepesuca s AByX CIy4aeB OPUEHTALIMY BHEIIHETO MAarHUTHOTO OJISL.

JlaGopaTopHas padora Nel0. Cumyasiumst MPOoLEeCcCoB

nepeMarHMYMBaHMsI MO JAelCTBHEM BHelIHero MariuTHoro noJjsa B OOMMF

(6_/ uac.)

1.

3apaiite 3D HaHOCTPYKTYpy € ONpeIeICHHBIMH MArHUTHBIMU MTapaMeTpamMu

M reomerpuerd. B HayaabHOM COCTOSHMM  3aaUTE€  XA0TUYECKOE

pacrpeneneHue HaMarHu4eHHOCcTH. [IpoBenuTe cUMYISIIIMIO MOpolecca
11



HaMarHu4MBaHus BJ0JIb ocu OX.

Bxurounte aBToMatudeckoe coxpanenue qaHusix B ODT ¢aiin.
Wmnoptupyiite manasie ODT aiiza B OriginPro m mocTpoiiTe KpPHUBYIO
HaMarHUYUBaHUSI.

3amaiite B HaYalbHOW KOHQUTYypalMud JABYXJOMEHHOE COCTOSHUE.
Hccnenyiite TMHAMHUKY TOMEHHOM CTEHKHU MOJ JACHCTBUEM BPAIAOIIETOCA
MarHUTHOTO MOJisl B I1ockocTH OXY.

3amaiiTe B HayaJdbHOM  KOHQPUIypalldd  BHUXPEBOE  COCTOSIHHE
HaMarHu4eHHoctu. MccnenyiTe AMHAMHKY siipa BUXpPS MOJ JEUCTBUEM
MEPEMEHHOTO MAarHUTHOTO TOJIAL.

3anaiiTe 0JJHOIOMEHHOE COCTOSIHME HaMarHuueHHocTu. Mceneayiite mporecc
NepeMarHUYUBaHUSA  HAHOCTPYKTYpbl  TMMOA  JACHCTBHEM  JIOKaJbHOTO
CMEILAOLIErocsi MAarHUTHOTO 1oJIsl. BKiltounTe aBTOMAaTHYeCKOe COXpaHEHHE
nauabix B OMF daiin.

JlaGopaTopnasi padora Nell. Cumyjasimusi cnuHOBO auHamMuku 3D

o0bekTa nmop aeiicruem remneparypsl B OOMMEF (4 /  yac.)

1.

o

3anaiite 3D HaHOCTPYKTYpPY C ONPEECICHHBIMI MAarHUTHBIMH ITapaMeTpamu
M reoMerpued. B HayanbHOM  COCTOSSHUM — 3aJaiiTe€  BUXPEBYIO
HaMarHU4E€HHOCTb.

VYBenuuuBaite TeMIepaTypy, UYTO HAWUTH MOPENETbHYIO [git O KOTOPOM
JAaHHOE COCTOsTHME OYyJIeT OCTaBaThCsl yCTONUNBBIM.

VYBenuuuBaiite Temmnepatypy naiblie BeiBoAs Ha MmGraph 3aBucumocTs
m=f(T).

Haitgure Touky Kropu a1 Baiiei CTpyKTyphl.

YBenuubTe pazmep sUeUKu pa3oreHus B 2 paza u MOBTOpUTE 3a1anus 1-4.
[IpoBenuTe aHanU3 MOJYYEHHBIX PE3YJIBTATOB U CAEIANTE BBIBOJ O TOM, KaKk
pa3Mep siuelku pa30OMeHus BIUSET HAa JAMHAMUKY HaMarHWYEHHOCTH IOA
JNEWCTBUEM TEMIIEPATYPHI.

JlaGoparopnass padora Nel2. MogeaupoBaHue TONOJOTMYECKUX

cnuHOBBIX KoHpurypauuii B OOMMF (4 / uac.)

1.

3agaiite 3D HaHOCTPYKTYpY € TUIOCKOCTHOM MAarHUTHOM aHU30Tpornuei. B
Ha4aJIbHOM COCTOSIHMM 33JaiiTe BUXPEBYIO HAMAarHUYEHHOCTb.
CoxpanuTte pacnpeaenenue HamaranueHnoctu B OMF daiin.
N3menunte koaupoBky noaydenHoro OMF gaiina u3 binary 4 B text.
12



HmMnopTupyiiTe nojaydeHHOE pacnpeesienine HamarainueHHocTy B OriginPro.

1 ¢ . ([OM_ om
Hcnons3yst popmyay Ne = EU M-| ——x— |dXdY | paccamraiire pemmamny

TOITIOJIOTHYCCKOTIO 3apsaga IJIsd ,Z[aHHOﬁ KOH(bI/Il"ypaI_[I/II/I HaMarom4cHHOCTH.

3anaiire 3D HaHOCTPYKTYpY MEPIEHIUKYISIPHOM MAarHUTHOW aHU30TpOINUEH
¥ B3aumojencTBueM J[3sanommHckoro-Mopus. B HadambHOM COCTOSHUM
3a7aiTe CKUPMHOH.

[ToBTOpUTE NENCTBYUSA, ONMMCAHHBIE B ITYHKTAX 2-5, U1 TAHHOM CTPYKTYPHL.
CpaBHUTE BEIUYUHBI TONOJOTUYECKHUX 3apSAJIOB PACCUUTAHHBIE I BUXPS U
CKMPMMOHA.

JlaGoparopHasi padora Nel3. MoaenqupoBaHue MArHUTOCTATHYECKHUX

nojeid co3gaBaemMbix ¢eppoMaruuTHO HaHocTpykTypoii B OOMMF

(4 / _uaac.)

1.

3anaiite 3D HaHOCTPYKTYpY C ONpeneeHHBIMU MarHUTHBIMU [TapaMeTpamMu
u reometpueid. [Ipu sToM pazMep Mozaenupyemoil 00JacTH MPOCTPaHCTBA
JIOJDKEH B 2 pasa MpeBbIIIaTh TEOMETPUUYECKUE pa3Mepbl HAHOCTPYKTYPhI B
KaXXJIOM U3 HaIlPaBJICHU.

3ajaiiTe OJHOIOMEHHOE COCTOSIHME HAMarHUYEHHOCTH BI0JIb och OX.
Haitngure sHepreTnueckuii MUHUMYM JUUISL JAHHOU CTPYKTYPBI.

Bxitounte O0TOOpakeHHME MarHUTOCTaTUYECKUX TIOJIeH, CO3/1aBaeMbIX
HAHOCTPYKTypoi B mmDisp.

CoxpaHHTe MOTydYeHHOE pachpe/IeieHIe MarHuTocTaTndeckux mosieit B OMF
daii.

3amaiiTe MacCMB HAHOCTPYKTYp Tak, 4TOObI MojenupyemMas o0JacTh
MPOCTPAHCTBA MOJHOCTHIO OXBATHIBAJIA TAHHBI MACCUB.

3amaiiTe B KayecTBE HAYaIbHOW KOHQPUIypalMd HaMarHMYE€HHOCTHU
Xa0THUYECKOE pacCIpeeICHuE.

3anyCcTUTe MUHUMU3AIUIO SHEPTUU CUCTEMbI B OTCYTCTBUE BHEIIIHETO TOJIS.
[TomyuuTe pacnpeneieHue MarHUTOCTATUYECKUX IOJEH B3aMMOACHCTBUSA
MEXK]ly JIEMEHTAMH MACCUBA.

10. YMeHbLINTE pacCTOSHUE MEX]Y 2JIEMEHTAMU MAacCUBa U MMyHKTHI 7-9.

JlaGoparopHnasi padora Nel4. MoaesupoBaHue MJIEHOK U MHOTOCJIOMHBIX

crpykryp B OOMMF (6 / wac.)
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1. 3agaiite 3D o6nacte (EeppOMATHUTHOM IUIEHKH pPasMepoM 2x2 MKM?

OTpEICTICHHBIMU MAaTHUTHBIMU MapaMeTPaMU U TOJIITUHOM.

2. 3amgaiiTe B KauecTBe HadaJdbHOW KOHQPUTYpAllMd HaMarHUYCHHOCTU
Xa0TUYECKOE pacrpeieicHHE.

3. 3amycTuTe MUHUMH3AIUIO MOJHON SHEpruM cuctembl u coxpanute OMF
daiin pacnpeeneHe HAMarHHYEHHOCTH B DHEPTrEeTUIECKOM MUHUMYME.

4. JloGaBbTE MEPUOIUYECKHE TPAHUYHBIC YCIIOBUS Ha KpasX MOIEIHUPYEMOil
00JIaCTH ¢ KOJIMYECTBOM TpaHCsaui Bnoias Ox u Oy — 3.

5. IloBTOpUTE NEHCTBUS U3 MYHKTOB 2-3.

6. CpaBHUTE MOJyYEHHBIE PE3YyJIbTATHI 0€3 U C MEPUOANUYECKUMU TPAHUYHBIMU
YCIIOBUSIMHU.

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

8. 3amaiiTe B KauecTBe HayajdbHOM KOHPUTYpAllMM HaMarHUYEHHOCTU
OJTHOJTIOMEHHOE COCTOSIHHE.

9. 3amycTHTe MUHUMHU3AIUIO TOJHOW SHEPruu cuctembl U coxpanure OMF
daiin pacpeneneHne HAMarHHYEHHOCTH B SHEPT€TUIECKOM MUHUMYME.

10. Ucnonw3yst 3¢ (dekTuBHYIO MOjeb, omucaHHyr padore [Woo, S. et al.
Nature materials 2016, 15, (5), 501-506], npoBenuTe nmepecyeT MarHUTHBIX
napameTpoOB MOJECIUPYEMOUN CTPYKTYPHI.

11. 3amaliTe HOBYIO CTPYKTYypy HAaHOAUCKA C OXHUM 3((PEKTUBHBIM
(beppOMarHuTHBIM CJIOEM.

12. TloBTOpUMTE NEWCTBUS U3 MTyHKTOB §-9.

13. CpaBHUTE pe3yNbTaThl, MOJIY4YEHHBIE TP MOJCIHUPOBAHUN PEATbHON
MHOTOCJIOMHOM CTPYKTYpPHI U 3()P(PEKTUBHON MOIEIIH.

. YYEBHO-METOINYECKOE OBECIIEYEHHUE
CAMOCTOSATEJBHOM PABOTHI OBYUAIOIIIUXCA

Y4eOHO-METOAUYECKOE o0ecrieueHue CaMOCTOSITEIILHOU paboThI
oOydarormuxcst 1m0 aucuuriinHe  «MUKpOMarHuTHOEC  MOJIEIHPOBAHUEC)
npenacrasieHo B [Ipunoxenuu 1 1 BKIro9aeT B ceOs:

1aH-rpadyK BEITIOJHEHUS CaMOCTOSATEILHON pabOThI IO AMCIMIUIMHE, B TOM

YUCJIC TPUMCPHBIC HOPMBI BDCMCHH Ha BBIITOJIHCHUC 10 KAXKIAOMY 3aIaHUIO,
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MCTOANYICCKUC PCKOMCHIAIINH 110 UX BBIIIOJIHCHUIO,

TpeOOBaHHUS K

CaMOCTOSITEJIbHOM pa60TI)I;

npCaCTaBJICHUIO

n

0hOpMIICHUIO

KPUTEPUU OLICHKH BBITTOJHEHUSI CAMOCTOSITEILHON PaOOTHI.

XapaKTCPUCTHUKA SaHaHI/Iﬁ JJIA CaMOCTOSITEJIbHOM pa6OTI>I 06yqa}0mnxc;1 )41

pE3ybTaTOB

Il. KOHTPOJIb JOCTUXKEHWS IEJIEM KYPCA

Ne KonTpoaupyembie Koab! 1 3Tanbl OueHo4yHbIE CpeCcTBA
n/m pasjie/ibl / TeMbl Q’OPM“POBaH{If[ TeKYLUHMH KOHTPOJIb | IPOMEKYTOYH
AUCHMILTUHBI KOMIIeTeH Ui ast aTTecTALUS
1 Onucanue [1K-3 3HaeT JlaboparopHas 9K3aMeH,
F€OMETPUYECKUX I1K-4 pabora (ITP-6) BONpOCH! 1-7
apaMeTpoB U pacyer I1K-6 CobecenoBanue
MarHUTHBIX OCTOSIHHBIX (YO-1)
MOJIEJIUPYEMOro 0ObEKTa yMeeT JlaboparopHas 9K3aMEH,
Ha OCHOBaHUH pabora (ITP-6) 3aJaHue,
9KCHEPUMEHTAIbHBIX tan 1
JTAHHBIX CobecenoBanue
(YO-1)
Braneer | JlaGoparopHnas 9K3aMeH,
pa6ora (I1P-6) 3aJaHKeE,
T 1
CobecenoBanue
(YO-1)

2 | Ananus [1K-3 3HAeT JlaGoparopHas JK3aMEH,
DKCIIEPUMEHTAIIBHBIX pab6ora (ITP-6) Bonpocsl §-11
pe3yNbTaToB CobecenoBanue
MCCIJIEJOBAHNS MATHUTHOU (YO-1)
CTPYKTYpBI yMeeT JlaGoparopHas 9K3aMEH,

pabora (ITP-6) 3aJaHKe,
THUII 2
CobecenoBanue
(YO-1)

Braneer | JlaGoparopHas 9K3aMEH,

pabora (ITP-6) 3aJlaHKe,
THUII 2
CobecenoBanue
(YO-1)

3 | YcraHoBka, n3yueHue [1K-4 3HAeT JlaGoparopHas JK3aMeH,
uHTepdeiica u padbora B pabora (ITP-6) Bompock! 12-13
IIPOrPaMMHOM I1aKeTe CobecenoBanue
OOMMF (YO-1)

yMmeer JlaGoparopHas 9K3aMeH,
pabora (ITP-6) 3a/laHue,
TN 3
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CobecenoBanue
(YO-1)

BJIagcCT

JlaboparopHas
pa6ora (ITP-6)

9K3aMeEH,
3a7aHue,

THII 3
CobecenoBanue
(YO-1)

MopaenupoBanne
IBYMEpHBIX (2D)
HaHOCTpYKTYp B OOMMF

I1K-4

3HaACT

JlaboparopHas
pa6ora (ITP-6)

IK3aMEH,
Bompockl 14-15
CobecenoBanue
(YO-1)

yMeeT

JlaboparopHas
pa6ora (ITP-6)

9K3aMeEH,
3aJlaHue,

I 4
CobecenoBanne
(YO-1)

BJIaaCCT

JlaGopaTopHas
pabora (ITP-6)

JK3aMeEH,
3a7aHue,

THI 4
CobecemoBanne

(VO-1)

MopaenupoBanue
TpexMepHbIX (3D)
HAaHOCTPYKTYpP Pa3IN4HON
TeOMETPUUECKO (POPMBI
B OOMMF

I1K-4
I1K-6

3HaCT

JlabopaTopHas
pa6ora (I1P-6)

JK3aMCH,
BOIpockl 16-17
CobecenoBanue
(YO-1)

yMeeT

JlaGopaTopHas
pabora (ITP-6)

JK3aMeEH,
3a7aHue,

THI 5
CobecenoBanue
(YVO-1)

BJIaJcCT

JlabopaTopHas
pabora (ITP-6)

JK3aMeH,
3a7aHue,

THI 5
CobOecenoBanue
(YVO-1)

OcoOeHHOCTH 3a1aHuUs
TEOMETPHH
Mozenupyemoro 3D
o0BeKTa mpu
UCIIOJIb30BaHUU
ScriptAtlas B OOMMF

[1K-3,
[1K-4
[1K-6

3HACT

JlaGoparopHas
pabora (ITP-6)

9K3aMEH,
Bompock! 18-19
CobOecenoBanue
(YVO-1)

yMeeT

JlaGoparopHas
pabora (ITP-6)

JK3aMeEH,
3a7aHue,

THII 6
CobecenoBanue

(VO-1)

BJIAJIEET

JlabopaTopHas
pabora (ITP-6)

JK3aMeH,
3a7aHue,

THI 6
CobOecenoBanue
(YO-1)

dopmHpoBaHHE
Heo0X0AUMON HAYaAIbHOU

[1K-4

3HaCT

JlabGopaTopHas
pabora (ITP-6)

9K3aMeH,
Bompockl 20-21
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KOH(UTypaIuu
HamMarHu4deHHoctu 3D
ctpyktyp B OOMMF

CobecenoBanue
(YO-1)

yMeeT

JlaboparopHas
pa6ora (ITP-6)

9K3aMeEH,
3aJlaHue,

T™HI 7
CobecenoBanue
(YO-1)

BJIagcCT

JlaboparopHas
pa6ora (ITP-6)

9K3aMeEH,
3aJlaHue,

T™HI 7
CobecenoBanne
(YO-1)

Buner oOMeHHOrO
B3aUMOJCUCTBUSA IIPU
MojenupoBanuu 3D
00bekToB B OOMMF

[1K-4
[1K-6

3HaCT

JlaGopaTopHas
pabora (ITP-6)

JK3aMeH,
BOTIPOCHI 22-23
CobecenoBanue
(YO-1)

yMeeT

JlaGopaTopHas
pabora (ITP-6)

JK3aMeEH,
3a7aHue,

THII 8
CobecemoBanne

(VO-1)

BJIaJcCT

JlabopaTopHas
pa6ora (I1P-6)

9K3aMeH,
3a7aHue,

THII 8
CobecenoBanue
(YO-1)

MarnuTtHas aHAU30TpONUS
npu Mozaenuposanuu 3D
00bexToB B OOMMF

I1K-4

3HaCT

JlabopaTopHas
pabora (ITP-6)

9K3aMeEH,
BOTMPOCHI 24-25

yMeeT

JlabopaTopHas
pabora (ITP-6)

JK3aMeH,
3a7aHue,

THII 9
Co0OecenoBanue
(YVO-1)

BJIaJcCT

JlabopaTopHas
pabora (ITP-6)

JK3aMeH,
3a7aHue,

THII 9
Co0OecenoBanue
(YVO-1)

10

Cumysiiyst mpoueccoB
NnepeMaroin4YuBaHuA 1100
JENCTBUEM BHEIIHETO
MAarHuTHOTO I10JISI B

OOMMF

[1K-4
[1K-6

3HaACT

JlaGopatopHas
pabora (ITP-6)

9K3aMEH,
BOTIPOCHI 26-27
CobOecenoBanue
(YVO-1)

yMeeT

JlaGoparopHas
pa6ora (TTP-6)

JK3aMeEH,
3a7aHue,

tam 10
CobecenoBanue

(VO-1)

BJIAJIEET

JlabopaTopHas
pabora (ITP-6)

DK3aMeEH,
3aJlaHue,
tut 10
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CobecenoBanue
(YO-1)

11

Cumynanusi CHMHOBOM
nuHaMukd 3D o0bekTa
MO/ AEMCTBUEM
temnepatypsl B OOMMF

[1K-3,
[1K-4
[1K-6

3HaACT

JlaboparopHas
pa6ora (ITP-6)

IK3aMEH,
BOIPOCHI 28-29
CobecenoBanue
(YO-1)

yMeeT

JlaGopaTopHas
pa6ora (ITP-6)

JK3aMeEH,
3aJlaHue,
tum 11

CobecenoBanue
(YVO-1)

BJIagCcCT

JlaboparopHas
pa6ora (ITP-6)

9K3aMeEH,
3aJlaHue,

T 11
CobecenoBanne
(YO-1)

12

MoaenupoBanue
TOIIOJIOTHYECKHUX
CIIUHOBBIX KOH(pUTypanuit
B OOMMF

[1K-3,
I1K-4

3HACT

JlaGopaTopHas
pabora (ITP-6)

JK3aMeH,
Borpocsl 30-31
CobecenoBanue
(YO-1)

yMeeT

JlaGopaTopHas
pabora (ITP-6)

JK3aMeEH,
3a7aHue,

™I 12
CobecetoBaHne

(VO-1)

BJIaaCCT

JlaGopaTopHas
pabora (ITP-6)

JK3aMeEH,
3a7aHue,

I 12
CobecenoBanue
(YVO-1)

13

MonaenupoBanne
MarHUTOCTaTUYECKUX
MOJIEN CO3/1aBaEMBbIX
dbeppomMarHuTHOU

HaHOCTPYKTYpO B
OOMMF

[1K-3,
[1K-4

3HaCT

JlabopaTopHas
pabora (ITP-6)

9K3aMeH,
BoOMpockl 32-33
CobecenoBanue
(YO-1)

yMeeT

JlabopaTopHas
pabora (ITP-6)

JK3aMeH,
3a7aHue,

v 13
CobOecenoBanue
(YVO-1)

BJIajJeeT

JlaGoparopHas
pabora (ITP-6)

JK3aMeEH,
3a7aHue,

I 13
CobecenoBanue

(VO-1)

14

MopaenupoBaHue MIEHOK
Y MHOTOCJIOWHBIX
ctpyktyp B OOMMF

[1K-3,
[1K-4
[1K-6

3HaCT

JlabopaTopHas
pabora (ITP-6)

9K3aMEH,
Borpock! 34-35
CobecenoBanue
(VO-1)

yMeeT

JlaGoparopHas
pabora (TTP-6)

9K3aMEH,
3aJaHue,
tun 14
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CobecenoBanue
(YO-1)

Biajgeer | JlaboparopHas 9K3aMeH,
pa6ora (ITP-6) 3aJaHKe,

tvn 14
CobecenoBanue
(YO-1)

TunoBeie KOHTPOJIbHBIE 3a/IAHHS], METOJUYECKHAE MATEPUAIIbI, ONPEIEISIOIINE
MPOLIETypbl OLIEHUBAHMSI 3HAHUM, YMEHHI U HABBIKOB U (UJIM) OTIBITA ICSITEIbHOCTH,
a Tak)K€ KpUTEPUU U TOKa3aTesd, HEOOXOAMMBIEC ISl OLEHKUW 3HAHUM, YMEHMWI,
HABBIKOB M XapaKTEPU3YIOIIME 3Talbl (OPMUPOBAHUS KOMIIETEHUUH B IpoOLECCEe

OCBOCHMH O6paSOBaTeHBHOﬁ IIporpaMmel, IIpcaACTaBJICHLI B HpI/IJ'IO)KeHI/II/I 2.

I11.CIIMCOK YYEBHOM JJUTEPATYPbHI U UHOOPMAIIMOHHO-
METOANYECKOE OBECIIEYHEHUE JUCIHUIIJIMHbI

OcHoBHas JuTeparypa

1. KynpeBateix H.B. MarHetusm peako3eMeNbHbIX METaNIOB M UX
HHTEPMETAININYSCKUX COSTUHECHMM [DIIEKTPOHHBIM pecypc] : ydueOHoe mocobue /
H.B. KyapeBatbix, A.C. BoneroB. — OIEKTpOH. TEKCTOBBIE [aHHbIC. —
ExarepunOypr: Ypanbckuii penepanbubiii yausepcuret, 9bC ACB, 2015. — 200 c.
— Pesxum noctyma: http://www.iprbookshop.ru/69622.html — 55C «IPRbooks».

2. Opuyk C.IO. MeTtonbl MareMaTH4eCKOTO MOJICTUPOBAHMS [DICKTPOHHBIN
pecypc]: yuedbnoe nocodue/ FOpuyk C.}HO. — D1eKTpoH. TeKCTOBbIE AaHHbIe.— M.:
M3marensckuit  Jlom MUCuC, 2018. — 96 ¢. — Pexum ngocryma:
http://www.iprbookshop.ru/78562.html — 9BC «IPRbooks».

3. MemxkoB W.H. DnexrpomarautHoe mone. Yacts 1. DnekTpuuectBo u
MarHeTusM [DnekTponHsiil pecypc] / U.H. Memkos, b.B. Uupukos. — DiekTpoH.
TEKCTOBBIE NaHHble. — MockBa, MxeBck: PeryisapHas m xaoTuyeckas ITUHAMHUKA,
2014. — 544 c. — Pexxum aoctyma: http://www.iprbookshop.ru/28923.html — 9BC
«IPRbooks».

4.  Anomnorckuit C.M. DeKTpOMarHuTHBIE TIOJIsI TEXHUYECKOT0 000pY0BaHUS.
Tom I. Metoasl mMaremaTHuecko (PU3MKKM U MX HCMOJb30BAHUE MPHU pacdeTax
AJIEKTPOMArHUTHBIX TMoJjed [DnekTpoHHbId pecypc] : monorpadus / C.M.
ATNOJIJIOHCKUM. — DJIEKTPOH. TEKCTOBBIE AaHHBIE. — M. : Pycaitnc, 2016. — 280 c. —
Pesxxum noctyna: http://www.iprbookshop.ru/61685.html — 35C «IPRbooks.

5. HWbarymmun P.Y. @wusuka. Yacte 2. DIEKTpUYECTBO M MarHeTH3M
[DneKTpoHHBIN pecypc]: Mertoauyeckue pexkoMmenpauuu/ HWoarymmun P.Y.,
Ky3pmuueBa B.A.— OnektpoH. TekcToBble aAaHHble.— M.: MockoBckas
rocyJapCcTBeHHass  akajaeMus  BOJHOTO  TpaHcmopra, 2016.— 39 cC.
http://www.iprbookshop.ru/65692.html
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JlonoJIHUTeIbHAS JTUTepaTypa

1. CagenbeB U.B. Kypc obmieit pusuku. B 5-u 11. Tom 2. DekTpruyuecTBo U
MarHeTusM [DIEeKTpOHHBIN pecypc] : yueoHoe nocooue / M.B. CaBenbeB. —
OnektpoH. gad. — Cankt-IlerepOypr : Jlans, 2011. — 352 c. — Pexum
nocryna: https://e.lanbook.com/book/705 .

2. Jlannc6epr I'.C. DnemenTtapublii yueOHUK ¢usuku. T.2 DIeKTpUyYecTBO U
MarHeTusM [ DnekTpoHHbIl pecypce] : yueonuk / I'.C. JlanacOepr. — DIeKTpOH. J1aH.
— MockBa : ®wusmaraur, 2011. — 400 c¢. — Pexum pocryna:
https://e.lanbook.com/book/2240 .

3. KyapeBareix H.B. Maraetusm peako3eMenbHBIX METAUIOB W HX
WHTEPMETALTNICCKUX COSTUHEHUN [DNEeKTpOHHBIN pecypc] : yueObHoe mocobue /

H.B. Kynpesarbix, A.C. BoneroB. — DOIeKTpOH. TEKCTOBbIE JAHHBIE. —
ExarepunOypr: Ypansckuii ¢penepanpubiii yausepcuret, 9bC ACB, 2015. — 200
C — 978-5-7996-1604-5. — Pexum JOCTyTIA:

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

4, Acraiikua A.M. Metposorus u paarousMepeHusi [IJIEKTpOHHBIN pecypc]:
yueOHoe nocooue / Actaitkun A.U., [TomaszkoB A.Il., Hlep6ax FO.I1. — DnekTpoH.
TekcToBble JaHHble. — CapoB: Poccuiickuii ¢enepanbHblil SACpPHBIA LEHTP —
BHUUDOOD, 2010. - 405 C. — Pexxum JIOCTYTIA:
http://www.iprbookshop.ru/18440.html — 35C «IPRbooks».

5. bepmun b.B. TlonydyeHne TOHKMX IIJIEGHOK PEAKTHUBHBIM MAarHETPOHHBIM
pacnbuieHueM [ InexkTponHbi pecype] / b.B. bepaun, JI.A. Celimman. — DJIEKTpOH.
TekcToBbIe maHHble. — M. : TexHocdepa, 2014. — 256 ¢. — 978-5-94836-369-1.
— Pexxum noctyma: http://www.iprbookshop.ru/31877.html

HNuTepHer-pecypcesnl

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

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

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

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

http://www.magpar.net/static/magpar/doc/magpar.pdf

N o 0o R~ 0D e

http://gmsh.info/

HOpMaTl/IBHO-HpaBOBbIe AOKYMCHTDBI
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1. TOCT P 57700.6-2017 YucnenHoe MoaeIupoOBaHUe (PU3HMUECKUX MPOIIECCOB.
TepmuHbsl W ompeneneHus B 001acTH OECCETOYHBIX METOJIOB YHCIECHHOTO
MOJICTUPOBAHUS.

2. TOCT 19693-74 MexrocynapCTBeHHbIN cTaHAapT. Marepuanbl MarHUTHBIEC.
TepMUHBI 1 OIIpEIEIICHUS.

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

4. TOCT 8.417-02. I'CU. EquHuIbl BETUYHUH.

5. TOCT P 8.563-96. T'ocymapcTBeHHas cucTeMa oOOecCHeYeHHUs €IMHCTBA
n3MepeHni. METOAMKHN BBITIOJHEHUS] U3MEPEHUM.

HepequL I/IH(l)OpMa]_[I/IOHHbIX TEXHOJIOTUI U nporpaMmmMHoOrIo o0ecreyeHHsI
HpI/I OCYHICCTBIICHUN 06p330BaT€JII>HOF O IIpomecca 1o AUCHHUILIMHEC MOKCT
HCIIOJB30BATLCA CTAHAAPTHOC IIPOrpaMMHOC obecrieycHue KOMIIBIOTCPHBIX

yueOHbIx Ki1accoB (Windows, Microsoft Office).

IV.METOANYECKHUE YKA3AHUA 11O OCBOEHHUIO JUCHUIIJINHBI

B mpouecce oOyueHusi CTYJEHT [OJDKEH HE TOJBKO OCBOMUTH YYEOHYIO
IporpaMMmy, HO U IPUOOPECTH HaBBIKA CAMOCTOATEIbHON pad0Thl. CTYJEHT 10JKEH
YMETh MJIAHUPOBATH U BBIMOJHATH CBOIO PabOTy. Y I€NbHBIN BEC CaMOCTOSITENbHON
paboThl OOBIYHO COCTaBISiET MO BpeMeHU 35% OT BCEro BPEMEHH H3y4aeMOro
UKJIAa. JTO OTPAXKEHO B Y4YEOHBIX IUIaHAX M Tpadukax ydeOHOro mpoiecca, C
KOTOPBIMHU KaXK]IbIil CTYJIEHT MOXET O3HAKOMUTHCS Y MPENoAaBaTelis JUCIUILTAHBI
WM Ha Kadenpe.

I'maBHoe B mepuoa OOy4eHHSI CBOEM CHEUMAIBHOCTH — A3TO HAYyYUThCS
METO/aM CaMOCTOSATEIBHOIO YMCTBEHHOI'O TpyZa, CO3HATEIbHO Pa3BUBATh CBOU
TBOPUYECKHUE CIIOCOOHOCTHU U OBJIAJIEBAaTh HABBIKAMU TBOPUYECKOM paboThl. [[j1s 3TOTO
HEO0OXOJIMMO CTPOTO COOJIIOAATh JUCIUIUIUHY Y4eObl U MOBEACHUS.

KaxnoMmy CTyneHTy cienyeT COCTaBJIATb €KEHENENbHbIM U CEMECTPOBBIN
MJIaHbl paboThI, a TakKXKe TUIaH Ha KaXabld pabounii geHb. C Beuepa Bcerja HaJo
pacnpeaensats padoTy Ha CIeAYIOUHi 1eHb. B KoHIle Ka)K0ro JHS 11e51eco00pa3Ho

IHoABOAUTL MTOT pa6OTBI: TIOATCJIBbHO IIPOBCPHUTH, BCC JIKM BBIIIOJIHCHO IIO

21



HAMEUYEHHOMY IIJIaHy, HE ObUIO JIM KaKUX-TUOO OTCTYIUIEHWUH, a €CiH ObUIH, IO

KaKOM MPUYUHE 3TO Npou301uIo. Hy>KHO OCyHIECTBIATH CAMOKOHTPOJIb, KOTOPBII

SBIISIETCS. HEOOXOAMMBIM YCIOBHEM KaK YCHEIIHON y4eObl, TaK M IMOCIEIyIoIen

pabotel. Ecan 4To-TO OCTanoch HEBBIMOJHEHHBIM, HEOOXOAUMO U3BICKATh BpeMs

JUTS 3aBEPIICHUS 3TOM YacTH pabOThI, HE YMEHbIIasi 00beMa HEEeIbHOTO MIIaHa.
OpraHu3anus AesITeIbHOCTU CTYICHTA.

Jlabopamopnass paboma. llepen BBINMOJHEHHEM J1a0OPATOPHBIX PabOT
CTYJEHTbI JOJKHBl O3HAKOMHTBCSI C TEOPETUYECKUM MAaTEepUajoM MO TEKyILIEeH
Teme. EciM mnpu H3ydeHUM JAHHOTO MaTephala BO3HHUKJIM  BOIIPOCHI,
IIPOKOHCYJIBTUPOBATBCS € IpenojasareneM. [IpounTare HMHCTPYKLIMIO 11O
BBINIOJIHEHUIO JTaOopaTOpHOM paboTbl. COCTaBUTh IUIAH BBINOJHEHUS IS
JOCTHKEHHUSI TIOCTaBIEHHBIX 3afad. B ciydae 3arpyaHeHuil HeoOX0auMO
oOpatuThcsi K mnpenogaBatento. Creays COCTaBIEHHOMY IUIaHy, HadaTh
BBINIOJIHEHHE JabopatopHOil padoThl. [locie BBIMOMHEHWS KaXAOro ATama,
HEOOXOJUMO cJieNaTh aHajiu3 IOJNyYeHHBIX pe3yipTaToB. Ecim pesynbrar
YAOBIIETBOPSIET BCEM TpeOOBaHUSAM, YyKa3aHHbIM B 3aJlaHUU, MEPEUTH K
CIIeyIOlEMy ATany. B NpOTMBHOM ciydae, €Ciau pe3ysibTaT HE YJOBIETBOPSET
TpeOOBAHMSIM 3aJaHMs], MPUBOJAUT K HEKOPPEKTHBIM BBIBOJAM W/WUJIM OTBETaM,
HEO0OXOAMMO MpPOaHAIM3UPOBAaTh MPUYMHBI, MPUBEAIINE K omMOkam. PaboTa Haj
OLIMOKaMU SIBJISIETCS OJHUM M3 YCJIOBUH MpoIiecca COBEPIICHCTBOBAHUS 3HAHUM U
HAaBBIKOB a, CJIEI0BATENILHO, YCICIIHON y4eObl U paOdOTHI.

[Tocne BBIMOIHEHMS BCEX ITAOB JAOOPATOPHOM pabOTHI HYKHO COCTaBUTh
OoT4eT O TpojaenaHHoud pabote. [IpencTaBuTh MAHHBIA OTYET HA MPOBEPKY
MPENo/IaBaTelto.

Camocmosmenvruass paboma. BbIIONIHEHWE CaMOCTOSATENBHON pabOThI
CTYJIEHTaMHU HEOOXOJIMMO JIJIsl YCIIEIIHOTO 3aKPEIJICHUSI U3yYeHHOI0 MaTepralia u
HaBBIKOB MOJICJTUPOBAHUS, MPUOOPETEHHBIX Ha JabopaTopHbIX padoTax. ITporecc
BBITIOJIHEHMSI CX0XK C JJa0OpaTOpHBIMU pabOTaMH, C OJTHUM OTJIIMYHEM — OTCYTCTBYET
BO3MOYKHOCTh TEKYIIEH KOHCYJbTAallMM C MpernojaBaresieM MO BO3HUKAIOUIUM

omuOkam, MO0 TpyaHOCTsSM. biiaromapsi 5ToMy CTyJI€HT Ha4MHAET MPHOOPETaTh
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HABBIKM CAMOCTOSITEILHOTO aHaJIW3a U PEIIECHUs MPOOJIeM, YTO MO3BOJISET JyUllle
yCBOUTH Marepuai. llepen BBIMOTHEHHMEM CaMOCTOSTENBHOW pabOThl MPOYUTATH
MOCTABJICHHOE 3a/IaHUE U COCTABUTH IUIAH ACHCTBUM ISl €ro BeinojgHeHus. Crenys
COCTABJICHHOMY IUIaHY, Ha4yaTh BBIIIOJIHEHHE CAMOCTOSITEIBHOW paboThl. AHAIIU3
MOJIYYEHHBIX PE3YyJIbTaTOB, HEOOXOIUM IOCJE BBITOIHEHUS KaxXaoro stama. Eciu
pe3ynbTaT yAOBJIETBOPSET BCEM TPEOOBAHUSAM, YKa3aHHBIM B 3a/IaHUH, NIEPEUTH K
cienyromemMy 3tamy. [locie BbIMOTHEHUSI BCEX ATANOB CAMOCTOSITEIbHONM PabOThI
HY>)KHO O(QOpPMHUTH pe3yJbTaThl B BUE oTyeTa. lIpencTaBuTh AaHHBIA OTYET Ha
MIPOBEPKY IMPEMNO/IaBaTelt0 Ha TaOOPATOPHOM 3aHSITHH.

V. MATEPHMAJILHO-TEXHUYECKOE OBECIIEYEHHME
JUCHMUILIAHBI
Ha6op ATOPHBIC 3AHATHUA IIPOBOIATCA B KOMIIBIOTCPHBIX KJ1accax

naboparopHoro kopmyca (kopnyc L). [{ns npoBeneHus: uccienoBaHui, CBs3aHHBIX
C BBIIOJHCHWEM 3aJaHUs 10 TPaKTHKe, a Takke I OpraHU3aIHH
CaMOCTOATENLHON pabdOThl CTYJEHTaM JIOCTYMHO J1abopaTopHOoe 000py/I0OBaHUE U
CHeIMaTN3UPOBaHHbBIC KAOWHETHI, COOTBETCTBYIONTUE NCUCTBYIOIUM CaHUTAPHBIM
U MIPOTHUBOIIOXKAPHBIM HOPMaM, a TakKe TPEOOBAHUSAM TEXHUKU 0€30MaCHOCTH MPH

MPOBEICHUH YUEOHBIX ¥ HAYYHO-TIPOU3BOICTBEHHBIX PadoOT.

OcCHaIIeHHOCTh [IepeueHb JU1IEH3UOHHOTO
HaumeHoBanue crieniMaibHbIX .
N N CHENUAIIbHBIX IOMEIICHUHN U MPOrPaMMHOT0 00eCIICUCHUSI.
TIOMENIEHUM U IOMEIEHUN .
. MMOMENIECHUM IS PexBU3UTHI MOATBEPAKAAOIIETO
JUISL CAMOCTOSITETFHOM PabOTHhI N
CaMOCTOSITEJILHOM PabOThI JIOKYMEHTA
Crienmanu3upoBaHHas
naboparopus JlenapramenTa
o011ei U SKCIIepUMEHTAIBLHOM Microsoft
¢busuku: mabopatopust Office365/Microosoft/ CILIA/ITnarHoe 1O
690922, IIpumopckuii Kpai, T. TUICHOYHBIX TEXHOJIOTHIA. Microsoft
BraguBocTok, octpoB Pycckui, 1. CBepXBBICOKOBAKYyMHBIi Teams/Microosoft/CIIA/TInatHoe TTO
mosiyoctpoB CarepHbIi, MOCEIOK xkomiutekc Omicron Gwyddion — Free SPM (AFM,
Asike, 10, xopnyc L, ayn. L320 2. ACM Integra Aura NT MDT SNOM/NSOM, STM, MFM, ...) data
3. Photolithography system Suss analysis software / Department of
MicroTech MJB6 (Germany) Nanometrology/ Czech Metrology
KomnuecTBo mocagouHbIX Institute/ becrataoe 10
paboumX MecT JUIsl CTYJJeHTOB —
8

YYEBHO-METOJUYECKOE OBECIIEYEHUE CAMOCTOSTEJIBHON
PABOTBI OBYYAIOHINXCA
Ilnan-rpaguk BbINOJHEHHS CAMOCTOATEIbHON PA0OTHI 10 TUCHHUILIUHE
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Ne | ara/cpoxn | Bug camocTosiTelbHOI padoThl IIpumepHbie | Dopma
n/n | BbINOJHEHHUS HOPMBI KOHTPOJIA
BpeMeHHU Ha
BbINIOJTHEHH e
1 1 Henens IToaroroBka k 1aboparopHoii padore Nel | 4 gac. Pabora Ha
3aHATHU
2 2 "Henens IToaroroBka k 1aboparopHoi padore Ne2 | 4 gac. Pabota Ha
3aHATHU
3 3 Henenu IToaroroBka k 1aboparopHoi padore Ne3 | 4 gac. Pabora Ha
3aHATHU
4 4 Henenu [TonroroBka k maboparopHoit padore Ned. | 4 gac. PaGora Ha
BrinonHeHne caMoCTOATEIbHOTO 3a/1aHus 3aHATUU
1o teme 1
5 5 Henmens IToaroroBka k 1aboparopHoii padore Ne5 | 4 gac. Pabora Ha
3aHATHU
6 6 Henens BrinonHenue caMocTosTenbHOro 3a1anus | 4 gac. [TpoBepka
o Teme 2 JOMalIHEen
paboThI
7 7 Henens [ToaroroBka k maboparopHoii padore Ne6 | 4 ac. Pabora Ha
3aHATUU
8 8 Henens BrImonHeHue caMoCTOATeNbHOTO 3a1aHus | 4 Jac. [TpoBepka
o teme 3 JOMaIlTHEN
paboThI
9 9 Henens [TonroroBka k maboparopnoit padore Ne7 | 4 yac. Pa6ora Ha
3aHATHU
10 | 10 nenens BrinonHnenune caMocTosTenbHOro 3a1anus | 4 vac. [TpoBepka
o Teme 4 JOMalIHEen
paboThI
11 | 11 wenens [TonroroBka k maboparopHoit pabore Ne§ | 4 yac. Pa6ora Ha
3aHATUU
12 | 12 venens [ToaroroBka k nabopatopHoii padore Ne9 | 4 yac. Pabota Ha
3aHATHU
13 | 13 menens [ToarotoBka k abopaTtopHoii padote 4 yac. Pabota Ha
Nel0 3aHSTUU
14 | 14 nenens BrimonHenne caMocTosATepHOro 3a1anus | 4 Jac. ITpoBepka
o Teme 5 JOMaIlIHEeH
paloThI
15 | 15 nenens [ToaroroBka k naboparopHoii padbote 4 4ac. Pabora na
Nell 3aHATHU
16 | 16 Henens [ToaroroBka k naboparopHoii padbote 4 4ac. Pabora na
Nel2 3aHATHU
17 | 17 nenens [ToaroroBka k nabopatopHoii padboTte 6 Jac. Pabora na
Nel3 3aHSATUU
18 | 18 nenens [ToaroroBka k 1abopaTtopHoii padote 6 uac. Pabota Ha
Nel4 3aHITUA
Hroro 76 yac.
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XapakTepuCcTHKA 3aJaHUI JJI1 CAMOCTOSTEbHOM Pad0ThI 00y4AKOIIUXCH U
MeTOAMYeCKHUe PEKOMEHIAlMHU M0 UX BbINOJIHEHUIO

3amaHusl U METOJMYECKUE PEKOMEHIAIMM JUIsl CaMOCTOSITEIbHOM padOThI
00ecreurnBaOT MOJATOTOBKY JAOOPATOPHBIM 3aHATHSM, a TakKe 3aKpelieHUE
Marepuajia Mo IPOWAECHHBIM TeMaM. X mojgHOe coaep)KaHWe NPUBEICHO B
[porpaMMe ¥  METOAWYECKMX yKa3aHMAX. Meroaudeckue yKazaHus K
7a00paTOPHBIM 3aHATHSAM B JJIEKTPOHHOM BHJE M TI€UYaTHOM BHUAE OepyTca y

BCAYHICTO IMPCIIOAaBaTCIIA.

TpedoBanus Kk nmpeAcTaBICHUIO H 0POPMJICHUIO Pe3yJIbTATOB
CaMOCTOAITEIbHOI PadOThI

Pe3ynbTaThl caMOCTOSTEILHON Pa0OTHI OTPaKAIOTCS B KPATKUX OTYETaX, IJIe
MPUBOJATCS PE3YJbTAThl KaXIOTO M3 JIAOOPATOPHBIX 3aHATHN U 3aJaHuil s
CaMOCTOATENbHOM  paboThl. OTueThl 1O  JaOOpPATOPHBIM  3aHATUSIM |
CaMOCTOATEIBbHON padoTe MPEOCTABISIIOTCS MPENOIaBATEINIO B 3JIEKTPOHHOM BUJIE
(rme HEeoOXO0JMMO, KOMITBIOTEPHOE MOJEIUPOBAHUE M TOCTPOCHUE TPa(UKOB C
MOMOIIbIO BBIYUCIUTENBHBIX CPEJCTB) WJIM TMHUCHbMEHHOM BHJZE (€CIM 3aHsTHE
MPOBOAUTCS O€3 UCTIOIb30BAHUSI KOMITBIOTEPOB).

K npencraBnenuto marepuanoB MO pe3yibTaTam JIa0OpATOPHBIX 3aHSITHMA
NPEABABISIIOTCS CleAyIole TpeOOBaHMUS.

CTDVKTVDa KpaTKOIro OT4YCTa II0 PC3VyJjabTaTaM J'Ia60DaTODHOFO 3aHATUA U

CaAMOCTOSTEILHON PabOTEIL.

Ecnu nans naHHOrO 3aHSATHUST HEOOXOIMMO TMPEJOCTaBUTh MAaTepUaIbl B
AIIEKTPOHHON (PopMe, TO OHHU IMOJATOTABIMBAIOTCA KaK TEKCTOBBIC JTOKYMCHTHI B

penakrope MS Word.
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Kpatkuit otyer 1o pesynbrataM J1abOpaTOPHOTO  3aHATHSA, JHOO
CaMOCTOSTEIILHOW PaOOThI JIOJDKCH OBITh 00OOIIAIONIUM JOKYMEHTOM, BKJIHOYATh
BCI0O HWH(OPMAIMIO IO BBIMOJHCHUIO 33JaHHA, B TOM YHCIIC HMCXOJHBIA KOJI
MOJICIUPYEMON  3a/lay¥, TIOCTPOCHHbIC TpaduKd, pacyeThl, HEOOXOJAUMBIC
MOSICHCHUS U WILTIOCTPAIIMA MUKPOMArHUTHOW CTPYKTYPBI U T.]1.

CTpyKTYpHO KpaTKHi OTYET IO pe3yJibTaTaM JJabopaTOpHOTO 3aHATHSA, JTHOO
CaMOCTOSTEIILHOW PA0OThI COCTOMT U3 CIICAYIOUIMX YaCTCH:

e licxomHbIe JaHHBIC K BBHIOJHCHUIO 3aJIaHUI — 00s13aTeIbHAs KOMIIOHEHTA
OTYeTa, HAUMHACTCS C HOBOM CTPaHMIIBI, COACpKAT YKa3aHHE BapHaHTa, TEMY, TUIaH
paboThI U T.11.);

e OcHOBHas YacTh — MaTepuaibl BBIOJHEHUS 3aJaHUN, pa30MBaETCS IO
pyOpHKaM, COOTBETCTBYIONIUX 3aJaHUSIM Pa0OTHI, ¢ HEPAPXUICSCKON CTPYKTYpPOH:
pas3eIbl — MoIpa3Aeiibl — IMYHKTHI — OITYHKTHI U T. 1.

e BrIBomBI — 00s13aTeNIbHAsE KOMIIOHEHTA OTYETa, COACPKHUT 0000IIaronie
BBIBO/IBI ITO paboTe (KaKue 3a/1a4 PEIICHBI, OIICHKA Pe3y/IbTaTOB, YUTO OCBOCHO IPH

BBITIOJIHEHUU PabOTHhI);

Kpatkuit oTdet 1o pesyapraTam J1a00paTOPHOTO 3aHATHS U CAMOCTOATEIHLHON
paboThl oopMIIsieTcs 1Mo mpaBuiIaM o(OpMIICHUSI TUCHMEHHBIX pa0OT CTyIEHTAMU
JIBDY.

Heobxoaumo 00patuTh BHUMaHUE Ha CIEIYIONIME acleKThl B 0(OpMIICHUN
KpPaTKUX OTYETOB:

e Ha0op TekcTa (eciau HEOOXO0IUM OTUET B JIEKTPOHHOHU (hopme);

® CTPYKTYpUPOBaHUE PaOOTHI;

e odopMIIeHHE 3arojoBKOB BCEeX BHIOB (pyOpHK-NOAPYOPUK-ITYHKTOB-
MOJITYHKTOB, PUCYHKOB, TaOJUII, TPUIIOKECHH );

¢ o opMIIeHHE TTEPEUHCIICHNI (CITUCKOB C HyMepaIiei min MapKUpOBKOH );

e odopmiieHHE Ta0JIHII;
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e odopmieHue wutocTpanuii (rpaduku, puUCyHKH, (oTorpaduu, cXemsl,
«CKPHUHILIOTHI»);

e Habop U opopMIICHHE MaTEeMaTHYECKUX BbhIpakeHuu (popmyi);

Ecnmu Habop TEKCTa OCYIIECTBISICTCS Ha KOMITBIOTEPE, TO HEOOXOAMMO
MIPUICPKUBATHCS CISAYIOMINX TPEOOBAHMIA:

® [IeYaTh — Ha OJTHOM CTOpPOHE JucTa Oenoit Oymaru popmara A4 (pasmep 210
Ha 297 MM.);

® UHTEPBAJ MEKCTPOUHBINA — IOy TOPHBIA;

e 1mpudt — Times New Roman;

e pasmep mpudrta — 14 nT., B TOM 4YHCIEe B 3arojioBkax (B TaOiuIax
nomyckaercst 10-12 mr.);

® BBIPAaBHUBAHHE TEKCTA — IO MIAPUHEY;

e 11011 cTpaHuIlsl — JieBoe — 30 MM, npaBoe — 10 MM, BepxHee u HikHee — 20
MM;

e HyMepars CTPaHHI] — B TPAaBOM HUKHEM YTy CTPAHHUIIBI (I CTPAHUIT C
KHIDKHOM OpUEHTAIlMei ), CKBO3HAs!, OT TUTYJIBHOTO JINCTA JI0 TIOCIIEAHEH CTPAHUIIBI,
apaOckumu udpamu,

® PSKMM aBTOMATHYECKOTO TEPEHOCa CIIOB, 33 MCKIIFOYCHHEM 3arojIOBKOB
BCEX YpOBHEH (MEPEHOC CIOB IS OTACIBHOTO ab3ara OJOKHUPYETCS CpelicTBaMu
MSWord ¢ momomisto komauab «@opmaT» — ad3all Ipu BEIOOPE OIIUHU «3aIPETHTD

aBTOMATHUYECKHUI MTEPEHOC CIIOBY).

I'paduueckas nHpopManus: HU300paKeHUs] MHUKPOMATHUTHON CTPYKTYpHI,
rpaduKu, TuarpaMMbl MOJIEJIEH, CXEMbl, SKpaHHbIE (DOPMBI U T.11., TOJKHBI OTBEYATh
TpeOOBAHUSIM BHU3yaJIbHOM HArJISAHOCTA TMPEACTABICHUS WILIIOCTPATUBHOTO
MaTepuajga Kak IO pa3MepaM rpapuueckux OOBEKTOB, TaK W pa3pelaroliei
CIOCOOHOCTH OTOOPa)KEHUSI TEKCTOB, IIBETOBOMY O(DOPMIIEHHUIO U JPYTUM BasKHBIM

IMOJIb30BATCIbCKUM ITapaMETpaM.
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PexomMenayercs B cpeae mporpammHoro mpuitokenus mmbDisp OOMMEF
HACTPOHUTHh MapaMeTphbl MACIITAOMPOBAHHS W I[BETOBOW CXEMBI JJIsS HATJISIHOTO
OTOOPaKEHUSI MUKPOMAarHUTHOM CTPYKTYPBHI.

[IpuBeneHHbIE B OTYET M300paKCHHUSI PEKOMEHIYETCS OTMacCIITa0HMpOBaTh
JUTSI 3AITOJTHEHUSI CTPAHUIIBI OTYETA «I10 TITUPUHEY.

N3o0pakenns u rpaduiky B KpaTKOM OT4YeTe O(DOPMIISIOTCS KaK PUCYHKH, C

3aroJIOBKaMiu, IToMCiaCMbIMH HHUKC obnacTu PUCYHKOB.

KpHTepI/II/I OIICHKH BBIINNOJITHCHUA CaMOCTOSITEJIbHOM paﬁoTbl

OHGHI/IBaHI/Ie PC3VJIBTATOB Jla6ODaTODHI>IX 3aHATUM W CaMOCTOSTEIbHBIX

paboT IPOBOAUTCS MO KPUTEPUIM:

e II0JIHOTA M KAYECTBO BBHITIOJTHEHHBIX 3aJaHUH,

® BJIAJICHUE METOJaMHU U MPUEMaMUu MUKPOMATHUTHOTO MOJCIIUPOBAHUS B
UCCIIEyEMBIX BOMpOcax, MNPUMEHEHUE CHEHUATM3UPOBAHHBIX MPOTPAMMHBIX
cpeacTB (eciau HeoOXO0aUMO);

® OTCyTCTBHE (DAKTUUYECKHUX OIMIMOOK, CBSI3aHHBIX C IOHUMaHUEM MPOOIEMbI
WM 3aJ1a4H;

® OTCYTCTBHUC 3HAYUTCIBbHBIX omurOOK B IMPUBOAUMBIX KOJIHUYCCTBCHHBIX

pe3yiibTaTax.
®OH/J OUEHOYHBIX CPEJICTB
Kon u Jrtansl GopMHPOBAHHMA KOMIIETCHIMH

(popmympoBka

KOMIIETCHIIUH
I1K-3, 3HaeT TEOPETUYECKHE OCHOBBI 3JIEKTPOJUHAMHUKHU CIUIOIIHBIX
TOTOBHOCTBIO cpexn;
ocBanBaTek MPUHIHIIET OCHOBHBIE  paszfenbl  (U3MKM  KOHIEHCHPOBAHHOTO
TUTAHUPOBAHHUS U

. COCTOSIHUS, JUTSI U3Y4eHUS PeppOMarHUTHBIX MaTepHUasoB;

METOIBI
ABTOMATH3ALY NEPCIIEKTUBHBIE  HANPABICHUS HAHOMIEKTPOHUKU U
SKCIIEpHMEHTa Ha CIUHTPOHUKH, B KOTOPBIX MHCIOJNB3YIOTCS WIA MOTYT
OCHOBE UCIIOJIb30BAThCS CTAOUIIbHBIE CTMHOBBIE KOH(UTYpaIiH;
nH(OPMAaLIOHHO- OCHOBHBIE METOJIbl UCCJIEI0BaHUSI MAarHUTHBIX CBOMCTB U
H3MEPUTCIILHBIX JIOMEHHOH CTPYKTYpPHI B (heppOMarHuTHHIX 00BEKTaX.
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KOMIIJICKCOB Kak
Cp€acTBa IOBBIIICHUA
TOYHOCTH U CHMIKCHHUA

3arpar Ha ero
IIPOBEJCHHUE,

OBJIaZICBaTh HABBIKAMHU
U3MEPEHUI B

PpE€aJIbHOM BPEMCHU

Ymeer

ITIOJIB30BATHCSI TCOpeTI/I‘-IeCKI/IMI/I OCHOBaAMH Marb"vetui3ma
JUIsL  pacdera
00BEKTA;

MAariuMTHBIX IapaMCTPOB  HUCCICAYCMOI'O

MNPUMCHATH TCOPCTUICCKHUEC 3HAHUSA IS MATCMATUYCCKOTI'O

OIMKMCaHUusA MOACIH, COOTBCTCTBYIOHIeﬁ KOHKPETHOMY
SKCIICPUMCHTAJIBHOMY CJIy4alo,

OIpeacIIATh MNCPCICKTUBHLIC HaIpaBJICHUA
HaHOJ3JICKTPOHUKHU u CIIMHTPOHHKU, B KOTOPBIX

UCTIONB3YIOTCS WJIM MOTYT HCIIOJIB30BAThCS CTA0MIIbHBIC
CIIMHOBBIE KOH(HUTYpaIHH;

UCIIOJIb30BAaTh OCHOBHBIE CITOCOOBI PEUICHHUS HAYYHBIX U
WHHOBALIMOHHBIX 3a]a4 HAHOXJIEKTPOHUKH U CIUHTPOHUKHU
JUIsL JOCTHIKEHUSI KOHKPETHOIO pe3yJibTaTa.

Bnaneer

HaBbIKaMH HUHTCPIIPCTAllA
MOJCIUPOBAHUA  OJIA

pPE3YyJIbTAaTOB OKCIICPUMCHTAJIBHOT'O

pe3yabTaToOB
MUKPOMAarHuTHOTO ONMCaHUs W
JIOTIOJIHEHUS
UCCIJIEIOBaHMUS,
HaBbIKAMU  IIPAKTUYECKOI'O  MCIIOJIB30BAaHUSI  OCHOB
MarHeTusma JJisi MCCJIEI0BAaHUS MArHUTHBIX CBOMCTB U
JIOMEHHOH CTPYKTYpbI (peppOMarHUTHBIX OOBEKTOB;
HaBbIKAMM NPUMEHEHUS COBPEMEHHBIX IOAXOAOB IS
UCCIIE0BAHUS MOBEJCHUS
(beppOMarHuTHBIX Cpeax;

crocodbamMu u HaBbIKaMM, IIO3BOJIAIOIIUMU OIPCACIIATH

HaMaroHm4€HHOCTH B

MEPCICKTUBHLIC HaIlTpaBJICHUSA HAaHOJ3JICKTPOHUKHA u
CIIMHTPOHHUKH, B KOTOPBIX AKTUBHO UCITOJIB3YIOTCA NI MOT'YT

HCII0JIb30BAThCS CTAOUIIbHBIE CTMHOBBIE KOHPUTypaIUu.

[1K-4,

CIIOCOOHOCTBIO K
OpraHu3aIu 5
MIPOBEICHUIO
AKCIIEPUMEHTAIBHBIX
HCClIeIOBaHNH C
MIPUMEHEHHEM
COBpeMeHHI)IX CpGI[CTB
1 METOJIOB

3Haer

OCHOBHBIEC QJITOPUTMBI IIPOBENCHUS IKCIIEPUMEHTAJIBHBIX
HUCCIIeJOBAaHUM MarHUTHBIX CBOMCTB;

OCHOBHBIC IIPOrpaMMHBIC TMAKE€Tbl MHUKPOMAarHuTHOI'O
MOACIIUPOBAHUA U UX BO3MOXHOCTH,

NpUMEPBI HUCHOJb30BaHUA MCETOJOB MUKPOMArHUTHOTO
MOZACIIMPOBAHUA JId PCIICHUA CHGIII/I(i)I/ILIGCKI/IX 3ajaa4,
BKJIIO4asds CUMYJAIUIO CTATUYCCKUX, AWHAMHWYCCKUX U
TEPMHUYECKUX MPOLIECCOB;

OCHOBHBIC JTallbl IUIAHUPOBAHUS SKCIIEPUMEHTAJIBHBIX
HCCIIeIOBAHUII;

METOINKHU

MMPOBCACHUA OKCIICPUMCHTAJIbHBIX

HUCCIIETOBAHUMN.

Ymeer

IJIAaHUPOBATb OCHOBHBIC 3Tallbl
HCCIIeIOBaHUM B obiactu Mar"a€Tus3mMa,

SKCIICPUMCHTAJIbHBIX

HCIIOJIB30BaTh METOJHUKU IMPOBEACHUA

SKCIICPUMCHTAJIBHBIX I/ICCJ'Ie,Z[OBaHI/Iﬁ Ha MPaKTUKE,
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COCTaBUTh 3a7auy MUKPOMAarHUTHOTO MOJEIUPOBAHUS U
BBIOMPATh HEOOXOAMMBINA MPOTPaMMHBIA MaKeT C y4eTOM
0COOEHHOCTEH Hccile0BaHus,

IIPUMEHSTD QITOPUTMBl  IIPOBEIEHUS
DKCIEPUMEHTAIbHBIX MCCICIOBAaHUN MArHUTHBIX CBOMCTB
JUISl PELICHUS SKCIIEPUMEHTAIIBHBIX 3a1a4;

OCHOBHBIC

BBIOMPATh COOTBETCTBYIOUIME CIOCOOBI IUIAHUPOBAHUS
BpPEMCHH, ayAUTOpHOro (QoHma, GoHIa 00OPYIOBAHMS IS

YCIIEUTHOM OpraHu3aIH HKCIIEPUMEHTATBHBIX
UCCIIE0BAHUN.
Bnaneer HaBBIKAMU TUTAHUPOBAHHS HKCHEPUMEHTAIBHBIX
UCCIIC/IOBaHMI B 00JIACTH MarHETU3Ma;
HaBBIKAMU CaMOCTOSITEIIEHOTO MIPOBEICHUS
UCCIIEIOBATENILCKOM  pabOThl € TMOMOLIBI0  METojIa
MUKPOMAarHUTHOTO MOJIETTUPOBAHUS;
HABbIKAMU HCIOJIb30BaHUS METOJ0B MHUKPOMArHUTHOTO
MOJIETTMPOBAHUS IS IPOTHO3UPOBAHUS SKCIIEPUMEHTATBHBIX
pe3yJIbTATOB.
Ne Kontposmpyemsie Konapl u 3Tanbl OueHo4yHbIE CpeCcTBA
n/m pasjiesibl / TeMbl q’OPM“POBaHI’iﬂ TeKYLIHMHA KOHTPOJIb | POMEKYTOYH
AUCHUILTUHBI KOMIIeTeHIIUI asi aTTecTALUS
1 Onucanue I1K-3 3HAeT JlaboparopHas 9K3aMeH,
F€OMETPUYECKUX pab6ora (ITP-6) BONpOCH! 1-7
napaMeTpoB U pacueT CobecenoBanue
MarHUTHBIX OCTOSIHHBIX (YO-1)
MO/JIEJIUPYEMOT0 0ObEKTa yMeeT JlaGoparopHas 9K3aMEH,
Ha OCHOBaHUH pab6ora (ITP-6) 3aJaHue,
HKCIEPUMEHTAIBHBIX tut 1
TAHHBIX CobecenoBanue
(YO-1)
Braneer | JlaGoparopHas 9K3aMeH,
pabora (ITP-6) 3aJlaHKe,
tvn 1
CobecenoBanue
(YO-1)

2 | Anamms I1K-3 3HAeT JlabopaTopHas 9K3aMeEH,
AKCIEPUMEHTAIBHBIX pabora (ITP-6) Bompock! §-11
pe3yNbTaToB CobecenoBanue
WCCIICJOBAHNS MAaTHUTHOU (YO-1)
CTPYKTYPbI yMmeer JlaGoparopHas 9K3aMeH,

pabora (ITP-6) 3a/laHue,
UM 2
CobecenoBanue
(YO-1)
Braneer | JlaGoparopHas 9K3aMeEH,
pabora (TTP-6) 3aJjaHue,
THUII 2
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CobecenoBanue
(YO-1)

YcraHoBKa, U3y4eHHUE
uHTepderica u padbora B

IIPOIPaMMHOM I1aKETE
OOMMF

I1K-4

3HaACT

JlaboparopHas
pa6ora (ITP-6)

IK3aMEH,
Borpockl 12-13
CobecenoBanue
(YO-1)

yMeeT

JlaGopaTopHas
pa6ora (ITP-6)

JK3aMeH,
3aJaHue,

THII 3
CoOecenoBanue
(YVO-1)

BJIagCcCT

JlaboparopHas
pa6ora (ITP-6)

9K3aMeEH,
3a7aHue,

THII 3
CobecenoBanne
(YO-1)

MoaenupoBanue
JIBYMEpHBIX (2D)
HaHOCTPYKTYp B OOMMF

[1K-4

3HACT

JlaGopaTopHas
pabora (ITP-6)

JK3aMeEH,
Bonpocs! 14-15
CobecenoBanue
(YO-1)

yMeeT

JlaGopaTopHas
pabora (ITP-6)

JK3aMeEH,
3a7aHue,

I 4
CobecetoBaHne
(YVO-1)

BJIaaCCT

JlaGopaTopHas
pabora (ITP-6)

JK3aMeEH,
3a7aHue,

THI 4
CobecenoBanue
(YVO-1)

MonaenupoBanne
TpexmepHbIX (3D)
HAaHOCTPYKTYpP Pa3IN4HON
reoMeTpruIecKoi hopMel
B OOMMF

[1K-4

3HaCT

JlabopaTopHas
pabora (ITP-6)

9K3aMeH,
Bompockl 16-17
CobecenoBanue
(YO-1)

yMeeT

JlabopaTopHas
pabora (ITP-6)

JK3aMeH,
3a7aHue,

THI 5
CobOecenoBanue
(YVO-1)

BJIajJeeT

JlaGoparopHas
pabora (ITP-6)

JK3aMeEH,
3aJlaHue,

THI 5
CobecenoBanue
(VO-1)

Oco0eHHOCTH 3aJaHus
reOMEeTpHH
Mozaenupyemoro 3D
00BeKTa MpH
UCTIOh30BaHUHT
ScriptAtlas B OOMMF

[1K-3,
[1K-4
[1K-6

3HaCT

JlabopaTopHas
pabora (ITP-6)

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

yMeeT

JlaGoparopHas
pabora (TTP-6)

JK3aMeEH,
3aJlaHue,
U 6
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CobecenoBanue
(YO-1)

BJIagcCT

JlaGoparopHas
pa6ora (ITP-6)

9K3aMeEH,
3a7aHue,

THII 6
CobecenoBanue
(YO-1)

DopMHUpOBaHHE
HEeo0XO0AUMOU HAaYaILHON
KOH(HUTypaIu
HaMarsndaeHHocTu 3D
ctpyktyp B OOMMF

I1K-4

3HaACT

JlaGopatopHas
pa6ora (ITP-6)

IK3aMEH,
Bompockl 20-21
CobecenoBanue
(YO-1)

yMeeT

JlaGoparopHas
pa6ora (ITP-6)

9K3aMeEH,
3aJlaHue,

™I 7
CobecenoBanue
(YO-1)

BJIaaCCT

JlaGopaTopHas
pabora (ITP-6)

JK3aMeEH,
3aJlaHue,

THI 7
CobecemoBanne

(VO-1)

Buasl oOMennoro
B3aUMOJICHCTBUS TIPU
MozenupoBanuu 3D
00bexToB B OOMMF

I1K-4

3HaCT

JlaboparopHas
pa6ora (I1P-6)

JK3aMCH,
BOIIPOCHI 22-23
CobecenoBanue
(YO-1)

yMeeT

JlaGopaTopHas
pabora (ITP-6)

JK3aMeH,
3a7aHue,

THII 8
CobecenoBanue
(YVO-1)

BJIaJcCT

JlaboparopHas
pabora (ITP-6)

JK3aMeH,
3a7aHue,

THII 8
CobOecenoBanue
(YVO-1)

MarsuTHas aHU30TPOIHS
npu Moaenuposanuu 3D
00bexT0B B OOMMF

[1K-4
[1K-6

3HACT

JlaGoparopHas
pabora (ITP-6)

9K3aMEH,
BOTIPOCHI 24-25
CobOecenoBanue
(YVO-1)

yMeeT

JlaGoparopHas
pabora (ITP-6)

JK3aMeEH,
3a7aHue,

THIT 9
CobecenoBanue

(VO-1)

BJIAJIEET

JlaGoparopHas
pabora (ITP-6)

JK3aMeH,
3a7aHue,

T™HI 9
CobOecenoBanue
(YO-1)

10

CuMynsiuysi mpoLeccoB
NepeMarHMYMBaHus IO

[1K-4
I1K-6

3HaCT

JlaGoparopHas
pabora (ITP-6)

9K3aMeH,
BOMPOCHI 26-27
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NENCTBUEM BHEIITHETO
MAarguTHOTO MOJS B
OOMMF

CobecenoBanue
(YO-1)

yMeeT JlaGoparopHas IK3aMEH,
pa6ora (ITP-6) 3aJaHKe,
tun 10
CobecenoBanue
(YO-1)
Braneer | Jlaboparopnas IK3aMEH,
pa6ora (ITP-6) 3aJaHue,
tun 10

11 | Cumynsnusi CHUHOBOM ITK-3, 3HAET JlaGopaTopHas 9K3aMeH,
muHamuky 3D oObekTa [1K-4 pabota (ITP-6) BOMPOCHI 28-29
01 J€HCTBUEM CobecenoBanue
temmepatypsl B OOMMF (YO-1)

yMeeT JlaGoparopHas 9K3aMeH,
pabora (ITP-6) 3aJaHKe,
tun 11
CobecenoBanue
(YO-1)
Braneer | Jlaboparopnas JK3aMCH,
pa6ora (I1P-6) 3aJaHKeE,
trm 11
CobecenoBanue
(YO-1)

12 | MoaenupoBanue [1K-3, 3HAET JlabopaTopHas 9K3aMEH,
TOIOJIOTHYECKUX I1K-4 pa6ora (I1P-6) Borpockl 30-31
CMHOBBIX KoH(purypanuii | [TK-6 CobecenoBanue
B OOMMF (YO-1)

yMeeT JlaGoparopHas JK3aMCH,
pabora (ITP-6) 3aJlaHKe,
tan 12
CobecenoBanue
(YO-1)
Brnaaeer | JlabopaTopHas JK3aMeEH,
pabora (ITP-6) 3aJaHKe,
tumn 12
CobecenoBanue
(YO-1)

13 | MoxaenmupoBanue [1K-3, 3HAeT JlaboparopHas JK3aMEH,
MarHUTOCTaTHYECKUX [1K-4 pabora (ITP-6) BoOMpockl 32-33
MoJIel co31aBaeMbIX I1K-6 CobecenoBanue
(eppoMarHuTHOM (YO-1)
HaHOCTPYKTYpOH B yMeeT JlabopaTopHas 3K3aMEH,
OOMMF pabora (ITP-6) 3a/laHue,

vn 13
CobecenoBanue
(YO-1)
Bnaneer | JlaboparopHas JK3aMEH,
pabora (ITP-6) 3a/laHue,
Hn 13
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CobecenoBanue
(YO-1)

14 | MogaenupoBanue ienok | [1K-3, 3HAeT JlaboparopHas IK3aMEH,

1 MHOTOCJIOMHBIX I1K-4 pa6ora (ITP-6) Borpockl 34-35
cTpyktyp B OOMMF CobecenoBanue
(YO-1)

yMeeT JlabopaTtopHas 9K3aMEH,
pa6ora (ITP-6) 3aJjaHKe,
tun 14

CobecenoBanue
(YO-1)

Bnajgeer | JlabopatopHas 9K3aMEH,
pa6ora (ITP-6) 3aJaHKe,

tan 14
CobecenoBanue
(YO-1)

IlIkaJia oueHUBaHNUsI YPOBHA CPOPMHUPOBAHHOCTH KOMIIETEHIIUI

Kon u Jrtanbl GopMUpPOBaAHUSA KPUTEepUHU NnoKa3areju 0asbI
¢opmynupoBk | KOMIETEHUUH
a
KOMIIeTEeHIIUH
I1K-3, 3Haer TEOPETHUYCCKHE CriocoGHOCTD 3Haer ocHOBHI | 60-74
FOTOBHOCTH OCHOBBI IepecKa3aTh A | JJIEKTPOAUHAMHKHA
10 OCBaMBaTh 3IEKTPOAUHAMUKH OOBICHHUTH CILTOIIHBIX cpen,
MIPUHITHUIIB] o
CIUTOLIHBIX CPEJ; y4eOHBIN Kiaccudukarmio
IUTAHUPOBAHUSA U .
OCHOBHBIE Pa3JeNbl | TEOPETHIECKUI OCHOBHBIX  METOJIOB
METOBI
aBTOMATH3AIUH (huzukn MaTepHan C | uccnenoBaHus
9KCIIEPUMEHTA KOHJIEHCUPOBAHHOT'O JIOCTaTOYHOM MarHuTHbIX CBOMWCTB
Ha OCHOBE COCTOSIHMS, JUISl | CTETEHBbIO HAY4YHOH | U JIOMEHHON
MH(pOPMALIHOHH U3y4eHHUs TOYHOCTH U | CTPYKTYDBI;
0- (heppOMarHUTHBIX MOJTHOTHI, c 3HaKOM c
N3MEPUTENBHBIX
MaTepHaIoB; HMPUBEICHUEM OCHOBHBIMHU
KOMIIJIEKCOB Kak
cpesicTBa HNEPCHIEKTUBHEIE MPUMEPOB pasnenamMu  (QU3MKH
HOBBIIICHIS HaNpaBJICHUSL KOHJIEHCUPOBAaHHOIO
TOYHOCTH u HaHODJIEKTPOHUKH U COCTOSIHUS, JUTSt
CHHUXCHHS CIIMHTPOHHKH, B H3y4YeHUS
3arpar Ha  €ro KOTOPBIX (beppOMarHUTHBIX
MpOBEICHHE .
POBCIL ’ HCIOJIb3YOTCS U MaTepuaos;
OBJIaIEBATh
MOTYT HCIIOJIB30BATHCS 3Haer, KaK
HaBBIKaAMU
WsMepeHuii B CTaOMIIbHBIE CIIMHOBBIE OTIpeNIeIUTh
peabHOM KOH(I)I/Ipra[H/H/I; BO3MOXXHBIC
BpPEMEHHU OCHOBHBIE METOJBI HNEePCHIEKTUBHBIE
UCCIIEI0BaHUs HanpaBJIeHUS
MarHUTHBIX CBOMCTB U HAHODJIEKTPOHUKH U
JIOMEHHOH CTPYKTYypBI CHMHTPOHUKH, B
B (eppoMarHUTHBIX KOTOPBIX
00BEKTaX. UCTIONB3YIOTCS, WA
MOTYT
HCIOJIb30BATHCS
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CcTaOuJIbHBIC
CITHHOBBIE
KOH(HUTypanuy,
3HaeT, KaKk MOYKHO
peluTh
TUTNIOBBIC HAYYHBIC H
HHHOBAIIMOHHBIE

Hauboee

3aJ1a4Hu,
3aTparuBaronue
HAHOJJICKTPOHUKY U

CHUHTPOHUKY.
Ymeer TIOJI30BATHCS YmMmetpb Ymeer 75-89

TEOPETHICCKUMHU CHUCTEMAaTH3HPOBATH | CAMOCTOSITEIBEHO

OCHOBaMH MarHeTHW3Ma | Hay4HYIO HCTIOB30BaTh

JUTSt pacueTa | HHGOPMAIIHIO 0 | TeopeTHYecKue

MarHUTHBIX (heppoMarHuTHOM 3HaHHUA MarHeTu3Ma

napameTpoB o0beKTe, JUTSt pacuera

ucciegyemoro BBIIIOJIHATH MAarHUTHBIX

o0beKTa; TUIIOBBIC 3aJ]a4M MO | apaMeTpoB
TIPUMEHSTH pacuery HCCIIAYEMOTO

TEOPETHICCKHE 3HAHUS | MAarHUTHBIX 00BEKTa;

JUII MaTeMaTHYeCKOTO | mapaMeTpoB YMeeT npoBOIHTh

OTIHCAHUS MOJIENH, | MCCIIeTyeMOTO MaTeMaTHIECKOe

COOTBETCTBYIOIICH o0BeKTa OTIHCaHWe

KOHKPETHOMY reoOMEeTPUUYECKOU

IKCIIEPUMEHTAIHLHOMY MOJIETH,

CIIy4aro; COOTBETCTBYIOIIEH
OTIpEJIeINATh KOHKPETHOMY

TMEPCHECKTUBHBIC SKCIICPUMEHTAJIbHOM

HaIpaBJICHUSL y 00BeKTY;

HaHODJICKTPOHUKH U Ymeer Ha

CIMHTPOHUKH, B MPaKTHKE

KOTOPBIX OTIpENICITUTh

HCTIONB3YIOTCS WA BO3MOJKHBIE

MOTYT HMCIIOJIb30BATHCA TMEPCHCKTUBHLIC

CTa6I/IJ'H>HI)Ie CIIMHOBBIC HanpaBJICHUA

KOH(UTyparmu;
HCIIOJIb30BaTh
OCHOBHbBIC CIIOCO0BI
pelIeHUs HAyYHBIX H
MHHOBAIIMOHHBIX 337124
HAaHODJICKTPOHUKH U
CIIMHTPOHUKHI ISt
JIOCTHXKCHUS
KOHKPETHOT'O

pesyibrara.

HAHODJICKTPOHUKH H
CIOHHTPOHHKH, B
KOTOPBIX
UCTIONB3YIOTCS WA
MOTYT
HCIIOJIb30BAThCS
CTaOuJIbHBIE
CIIMHOBEIE
KOH(UTyparmu;
Ymeer  pewath
THUIIOBBIC HAYYHBIC H
MHHOBAIIMOHHBIE
3aMa4yd B 00JIACTIX
HAHODJICKTPOHUKH H
CIIMHTPOHUKHI ISt
JIOCTHIKEHUS
KOHKPETHOT'O
pe3yibTara.
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Bruaneer HaBBIKAMU Bnaneer Bnaneer 90-100
MHTEPIIPETAINN HaBBIKAMU OCHOBaMH TEOpUHU
pe3yIbTaToOB MIPaKTUIECKOTO MarHeTHu3Ma;
MHKPOMarHUTHOTO HCIIOJIb30BaHMS Bnaneer
MOJICIUPOBAaHMUA  JJISl | OCHOB MarHeTh3Ma | HaBBIKAMHU
ONHCaHUS u | s pellieHUs | UHTePIpPETAIUN
JTOTIOJTHEHHMSI MPOCTBIX  HAYYHO- | PE3yJbTATOB
pe3yIbTaToOB HMHHOBAIIMOHHBIX MHUKPOMAarHUTHOTO
9KCIEPUMEHTAILHOTO 3aJad B 00JacTAX | MOJCIUPOBAHUS IS
HCCIIeTOBAHMS, HAHORJICKTPOHUKH M | OTIMCAHUS u

HaBBIKAMU COUHTPOHUKH. JIOIOJTHCHHS
MIPaKTUIECKOTO pe3yIBTaToOB
HCIIOJIb30BAHMS OCHOB AKCIEPUMEHTAIEHOTO
MarHeTu3Ma JUISt HCCIICIOBAHUS;
HCCIIEIOBAHUS Bnageer
MAarHUTHEIX CBOMCTB U HaBBIKaMHU
JIOMEHHOH CTPYKTYpPBI MPAaKTUIECKOTO
(heppOMarHUTHBIX HCIIOJIB30BaHUS
00BEKTOB; OCHOB  MarHeTusMa

HaBBIKaMU ISl WCCIIEIOBAHHUS
TIPUMEHECHUS MAarHUTHBIX CBOMHCTB
COBPEMCHHBIX u JIOMEHHO
IIOJX0I0B st CTPYKTYPBI
HCCICIOBaHUS (beppOMarHUTHBIX
[MOBECHUS 00BEKTOB,;
HaMarHUYeHHOCTH B Bnaneer
(heppOMarHUTHBIX HaBBIKAMU
cpenax; MPUMEHCHUS

crocobamu u COBPEMEHHBIX
HaBBIKAMU, MOIXO/I0B JUISt
ITO3BOJISIOIIMMHU HCCICIOBaHUS
oTIpeNeNiTh MMOBEJICHUS
MIEPCIICKTHBHEIC HAMAarHWYEHHOCTH B
HaIpaBJICHUSL (beppOMarHUTHBIX
HAaHORJICKTPOHUKH U cpenax;
CIIUHTPOHUKH, B Bnageer
KOTOPBIX aKTHBHO crocobamu u
HCIIONIB3YIOTCS HIH HaBBIKAMU,
MOTYT HCITIOJIb30BATHCS MTO3BOJISIOIIUMH
CTaOMIIbHBIE CITMHOBBIE OmpenensiTh
KOH(HTYpanuu. MIEPCIICKTHBHEIC
HaIpaBJICHUSI
HaHORJICKTPOHUKH |
CIIMHTPOHUKH, B
KOTOPBIX aKTHBHO
UCTIONB3YIOTCS WM
MOTYT
HCIIOJIE30BATHCS
CTaOUJIbHBIC
CITHHOBBIE
KOH(UTypanuy.
TIK-4, 3Haer OCHOBHbIE Moxer 3HaeT OCHOBHEIE 60-74
CIIOCOGHOCTBIO aJIrOPUTMBI repecKas3arh H | aJIfTOPUTMBI
K OpraHusalniu IPOBEICHHU 0OBACHUTH HPOBEICHHU
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U TPOBEACHUIO
9KCIEPUMEHTAN
BHBIX
HCCJIEIOBAHUM C
MIPUMEHEHHUEM
COBpPEMEHHBIX
CpENCTB "
METOJIOB

AKCIEPUMEHTATBHBIX Y4eOHBIH AKCIEPUMEHTATBHBIX
HCCIe0BaHUM TEOPETUUECKUN HCCIeI0BaHUMN
MarHUTHBIX CBOWCTB,; MaTepHuai C | MarHUTHBIX CBOMCTB;
OCHOBHBIE JIOCTATOYHOMN 3Haer
MPOTPaMMHBIEC TIAKETHI | CTENICHBIO HAYYHOW | MPOTpPaMMHBIC
MHUKPOMarHUTHOTO TOYHOCTH U | TaKeThI
MOJICIIUPOBAHKS. U MX | MOJHOTEHI, C | MUKPOMAarHUTHOTO
BO3MOXKHOCTH; MPUBEICHUEM MOJICIIUPOBAHUS U UX
MPUMEPHI MPUMEPOB BO3MOXKHOCTH;
HCTIOJIb30BaHUS 3HaeT OCHOBHbBIC
METOZOB TIpUMEPEI
MHKPOMarHUTHOTO HCTIONIB30BaHUS
MOJICIUPOBAHUA IS METOZIOB
pemeHns MHKPOMarHUTHOTO
cnenu(UIecKuX 3a1ad, MOJICTUPOBAHIS IS
BKITIIOYAS. CHUMYJIALUIO peleHus
CTaTUYECKHUX, cnenupuIecKux
JUHAMUYECKUX u 3a7a4, BKJIIOYast
TEPMUYCCKUX CUMYJISIIIHIO
MPOILIECCOB; CTaTUYECKHUX,
OCHOBHBIC  Tallbl TUHAMAYECKHX U
TUTAHUPOBAHHS TePMHAYIECKHAX
SKCIIEPUMEHTATBHBIX TIPOIIECCOB;
HCCIIEeIOBAHUN; 3HaeT OCHOBHBIE
METOIHKH ATaIbl TUTAHUPOBAHUSA
MIPOBEACHUS 9KCIICPUMEHTATBHBIX
9KCICPUMEHTAIBHBIX HCCIICIOBaHUH;
WCCIIeTOBAaHUM. 3HaKoM ¢
0a30BBIMHU
METOMKAMU
TIPOBEICHUS
AKCIIEPUMEHTAIBHBIX
HCCIIEJOBAHUMN.
Ymeer TUTAHUPOBATH YmeTpb Ymeer npoBoauth | 75-89
OCHOBHBIC 3Tambl | MPOBOAUTH IUTAHUPOBAHKE
9KCIEPUMEHTATBHBIX MHUKPOMarHUTHOE OCHOBHBIX 3TAIOB
WCCIIeTOBaHUMA B | MOJEIIMPOBAHKE 9KCICPUMEHTAIBHBIX
00J1aCTH MarHeTU3Ma; | CTaHIAAPTHBIX HCCIICI0BaHHI B
HCIIOJIb30BATh 9KCIEPUMEHTOB M0 | 00JaCTH MarHeTU3Ma,
METOIMKH MPOBEACHUS | MCCIICIOBAHUIO [Ipou3BouTH
SKCIIEPUMEHTATBHBIX MarHUTHBIX MPOCTBIC  JIEHCTBUA,
HCCIIeTIOBaHHN Ha | CBOICTB U | Kacaromuecs
MIPaKTHKE; CTPYKTYPBI MAKPO M | CTaHIAPTHBIX
COCTaBUTh 3aJady | HAHOOOBEKTOB MIPUEMOB
MHUKPOMAarHUTHOTO BBIYHCIICHHIA JUTSE
MOIETUPOBAHHSI u MHKPOMardHUTHOTO
BBIOMPATH MOICTMPOBAHHS
HEOO0XOIUMBIH peansHOTO 00BEKTa U
MPOTPaMMHBIN MaKET C BBIOHpATH
Y4eTOM O0COOCHHOCTEH HEO0XOIUMBIN
HCCIICIOBaHHS; MPOTPAMMHBIA TTaKeT
MPUMEHSTD c Y4eTOM
OCHOBHBIC aJITOPUTMBI 0COOCHHOCTEH
MIPOBEICHUS HCCIICIOBaHHSA;
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IKCIIEPUMEHTATBHBIX Vmeer

HCCeI0BaHUMH MIPUMEHSITD

MAarHUTHBIX  CBOWCTB OCHOBHBIC METOJIBI

TSt pemeHns TIPOBEICHUS

AKCIEPUMEHTATBHBIX AKCIIEPUMEHTATBHBIX

3a/1a4; HCCJIeI0BaHUN
BBIOMPATH MAarHUTHEIX CBOMCTB

COOTBETCTBYIOIINE Ha TPaKTHKE.

CII0CO0BI

TUTAHUPOBAHHUS

BpPEMEHH, ayAUTOPHOTO

¢bonna, ¢bonna

obopynoBaHUs IS

YCHEIIHOM

OpTaHU3aINH

9KCIICPUMEHTATBHBIX

HCCJIeIOBAHUM.

Bnaneer HaBBIKAMU Bnazeer Bnazeer 90-100
HJ'IaHI/IpOBaHI/ISI HaBbIKaMH HaBbIKaAMH
SKCIIEPUMEHTAIBHBIX HCIIOJIb30BaHMS TUTAHUPOBAHHS
HCCaCIOBaHUI B | MUKPOMAarHUTHOTO | SKCHEPUMEHTAIbHBIX
00J1aCTH MarHeTHU3Ma; MOJICITUPOBAHHS HCCICIOBaHUMI B

HaBBIKAMU I aHAIMTHKA M | 00JIACTH MarHEeTHU3Ma;
CaMOCTOSTEIIBHOTO MIPOTHO3UPOBAHUS Bnanmeer
HpOBe}leHHH BKCHepHMeHTaHBHLI HaBbIKaAMH
HCCIIEIOBATEIBCKON X pe3ybTaToB CaMOCTOSITEIBHOTO
paboThl € TOMOIIBIO MPOBEJCHUS
MeToaa HCCJIEI0BATEIbCKOMN
MHUKPOMarHUTHOTO paboThl C TMOMOIIIBIO
MOJICITUPOBAHHS; MeToza

HaBBIKAMU MHKPOMarHUTHOTO
HCIIOJIb30BaHMS MOJICIUPOBAHHS;
METOJI0B Bnaneer
MHUKPOMarHUTHOTO HaBBIKAMU
MOI[CJ'II/IpOBaHI/ISI JJIs1 UCIIOJIb30BAHUA
MPOrHO3UPOBAHUS METOJIOB
3KCHepI/IMeHTaJ'H)HI)IX MI/IKpOMaFHI/ITHOFO
pe3ynbTaTOoB. MOJIETUPOBAHUS  JIJIsI

MIPOTHO3UPOBAHUS
AKCIIEPUMEHTAIBHBIX
pe3yIBTATOB,;
Bnageer
HaBBIKAMU PCIICHHUS
3aja4 cpenHein
CIIO)KHOCTA B OJHOM
u3 MMaKEeTOB
MHUKPOMArHUTHOTO
MOJICTTUPOBAHUS B
COOTBETCTBUH ¢
MporpaMMon Kypca.
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MeToauueckue peKOMeHaluu, ONnpeae/siioiiue npoueaypbl oeHNnBaHuA
’
PE3yJabTAaTOB OCBOCHUA TUCHUIIJINHBI

Texkymas arrecranus CTyJ1€eHTOB

Tekymasi arrectauusi CTYAEHTOB MO AUCHUIUIMHE «MHMKPOMAarHUTHOE
MOJICIMPOBAHUE» MPOBOJAUTCA B COOTBETCTBUU C JIOKAJIBHBIMU HOPMATHUBHBIMU
aktamu JIBDOYV u sBasercst 00s3aTeIbHOM.

Tekymas arrecranus M0 JUCUUILUIMHE « MUKPOMAarHuTHOE MOJICIIUPOBAHUE)
poBOAUTCS B (opMe J1a0OpaTOPHBIX 3aHATHHA M CaMOCTOSITEIBHBIX PabOT, IO
pe3yabpTaTaM KOTOPBIX MPOU3BOAMUTCS OIICHKA PE3yJbTaTOB OOYYEHUS CTYACHTOB.
OneHka OCyIIECTBIISIETCA BEAYIIUM MPETOAaBATEIEM.

OObeKTaMu OIICHUBAHUS BBHICTYTAIOT:

- yueOHasg JUCHUIUIMHA (AKTUBHOCTh HA 3aHSATHUSX, CBOEBPEMEHHOCTh
BBITOJIHEHUS PA3JIMYHBIX BHJIOB 33/IaHUM, MMOCEMIAEMOCTh BCEX BUJIOB 3aHSITUU IO
aTTeCTyeMOM JUCITUIUIMHE);

- YPOBEHb OBJIAJICHUSI MPAKTUYECKUMH YMEHUSMH M HaBBIKAMHU IO BCEM
BUJIaM y4eOHOI paboThI;

- pe3yJbTaThl CAMOCTOSITEIbHON PabOTHI.

OueHuBaHUE PE3yJIbTATOB OCBOCHUS JHUCIUIUIMHBI HA JTale TEKYIIEeH
aTTeCTallul TPOBOJUTCA B COOTBETCTBUU C MCIHOJIB3YEMBIMH OLEHOYHBIMHU

CPEACTBAMH U KPUTEPHUSAMH.

KpuTtepun o1ieHKH KPaTKUX 0TYETOB MO Pe3yJbTaTaM NMPAKTUYECKHX

3AHATHN

OrneHnBaHue pe3yNbTaTOB PAOOTHI HA JTAOOPATOPHOM 3aHATHUU, a TAKKE
BBITIOJTHEHUS CAMOCTOSATEIIBHONU PabO0Thl IPOBOIUTCS MPU MPEACTABICHUHN KPATKOTO
oT4yeTa B DJJIEKTPOHHOM WJIM TMHCBMEHHOM BHJE 10 JABYXOaJIbHOM IIKaJje:

«3a4YTCHO», «KHEC 3a4TCHO».



OueHka «3a4TE€HO» BBICTABISIETCS CTYJIEHTY, €CIM OH IIPEICTaBIISET
MpernoJiaBaTeslto  KpaTKUi  OTYEeT, YAOBJIETBOPSIOMIUNA  TpeOOBAHHSIM IO
MOCTABJICHHBIM 33JIaHUSIM, JIEMOHCTPHUPYET BJIQJICHUE METOJlaMH W MpHUeMaMu
TEOPETUUECKUX W/UITU IPAKTUYECKUX aCIIEKTOB PaOOTHI.

OuLeHKa «HE 3a4TEHO» BBICTABISETCA CTYIEHTY, €CIM OH HE BIAJEeT
METOJaMH W TpPUEMaMH TEOPETUYECKUX W/MIW TMPAKTHUYECKUX AaCIEKTOB,
paccMaTpuBaeMbIX Ha 3aHSTUHU, JIOMYCKAeT CYIIECTBEHHBbIE OIMMUOKM B padoTe,

npCaACTaBIIACT HEIIOJIHBIN OTYET I10 BBIIIOJIHECHUIO SaHaHHﬁ.

IIpome:kyTouHasi aTTecTauus CTY/IEeHTOB

[TpomexxyTOUHAs aTTECTAIUS CTYICHTOB 10 TUCIUTUINHE « MEKPOMarHuTHOE
MOJICIUPOBAHUEY» MPOBOAUTCS B COOTBETCTBUU C JIOKAJIbHBIMU HOPMATHUBHBIMHU
aktamu JIBDY u sBisieTcs 00s3aTeNbHOM.

[IpomexxyTouHass — arrectamsl IO  JAUCIHUIUIMHE  «MHKpPOMarHuTHOE
MOJICIMPOBAHUEY» ITPOBOJUTCS B BUJIE K3aMeHa, hopMa IK3aMeHa — «yCTHBIN OIPocC
B ()OopME OTBETOB Ha BOMPOCHD», IPAKTHUECKHUE 3aJaHMs MO TUMam». J[omyck k
HK3aMEHY BO3MOKEH TOJIBKO IOCJE 3alUThl OTYETOB MO BCEM JAaOOPATOPHBIM
paboTam Kypca M 3alluThl KypCcOBOW pabOThl C OLIEHKOHN (3aJjaHHe Ha KypCOBYIO

paboTy NpUBENCHO B pa3/ieiie OUEHOUYHbBIX CPEJCTB JUIsl TEKYILEH aTTeCTalluu ).

KpnTepnn BBICTABJCHHUA OCHKHU CTYJACHTY HA 9K3aMCHE 110 TUCHUIIJIUHE

«MI/IKpOMaI‘HI/ITHOC MOJICITUPOBAHUEC

bamst Ouenka TpeOGoBanust K CHOPMUPOBAHHBIM KOMIIETECHIISM

(pedTUHIOB | (cTaHAApTHAs)

O OLIEHKH)

86-100 COTIIUIHO O1eHKa «OTIUYHOY BBICTABISIETCS CTYICHTY, €CITH OH TITyOOKO 1

IIPOYHO YCBOWJI IPOTPaMMHBII MaTepual, HCYEPIBIBAIOIIE,
MOCJIEI0BATENbHO, YETKO U JIOTHUECKU CTPOMHO €ro M3jaraer,
yMEeT TECHO YBS3bIBAaTh TEOPUIO C TPAKTUKOW, CBOOOIHO
CHpaBIs€TCS C 3ajJayaMH, BOIPOCaMU U JPYTUMHU BUIAMH
MIPUMEHEHUSI 3HAHUM, IPUYEM HE 3aTPYAHSAETCA C OTBETOM IIPH
BUJIOM3MEHEHUH 3aJaHMi, HCIOJIb3YyeT B OTBETE MaTepuall
MOHOTpapUUECKON JIUTEpPaTypbl, NPaBHIBHO OOOCHOBHIBAET
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NPUHATOC PCIICHUC, BJIAACCT PA3HOCTOPOHHMUMH HABBIKAMH U
InpruEMaMi BBITIOJTHEHUSA MMPAKTUYCCKUX 3a/1a4.

76-85

«Xopouo»

OneHka «XOpOIIO» BBICTABISAETCS CTYIEHTY, €CJIM OH TBEPAO
3HaeT Marepuai, IpaMOTHO U IO CYLIECTBY H3Jaraer ero, He
JIONyCKasl CYLIECTBEHHBIX HETOYHOCTEH B OTBETE Ha BOIPOC,
IPAaBUIBHO IPUMEHSET TEOPETUYECKUE IIOJOXKEHUS IIpU
pelIeHNH IPaKTUYECKMX BOIPOCOB W  3aj1ad, BIIAJEET
HE0O0XOAMMBIMU HaBbIKAMH U IPUEMAMHU UX BbITOJIHEHUS.

61-75

«YJIOBJIETBOPUT
€IbHO»

OI_IGHKa «YAOBJICTBOPUTCIIBHO» BBICTABJIAACTCA CTYACHTY, CCIIM
OH MIMEET 3HaHUS TOJIHKO OCHOBHOTO MaTepHualia, HO HE YCBOMII
€ero  Jeraield, JOMyCKaeT HETOYHOCTH, HEIO0CTaTOYHO
npaBUiIbHBIE  (OPMYJIUPOBKM,  HApyUICHUS  JIOTHYECKOM
MOCIIEIOBATEILHOCTH B U3JI0KEHUU MPOTPAMMHOI0 MaTepuaa,
WCTIBITBIBACT 3aTPYAHCHUS TPH BBINOJHCHUU TPAKTHYECKUX
pabor.

0-60

«HCYOOBJICTBOP
HUTCIBHO»

OueHka «HEYJIOBJIETBOPUTEIBHO» BBICTABIIAETCS CTYIEHTY,
KOTOpPBIM HE 3HAET 3HAYUTEJIbHOM 4YacTH MPOrPAMMHOIO
MaTtepuana, J0MycKaeT CyIeCTBEHHbIE OIIMOKH, HEYBEPEHHO, C
OOJIBIIIMMU 3aTPYTHEHUSIMH BBITIOTHIET MPAKTUUECKUE PAOOTHI.
Kak mnpaBuiio, Ol€eHKa «HEYAOBJIETBOPUTENBHO» CTABUTCS
CTYJICHTaM, KOTOpbIE HE MOTYT MPOJOJIKUTH OO0ydeHHe Oe3
JOTIOJTHUTEIBHBIX 3aHATHI MO COOTBETCTBYIOUIEH NUCLMUILIUHE.
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10.
11.

12.

13.
14.
15.
16.
17.

18.

OneHOYHbIE CPEACTBA JIsl MPOMEKYTOYHOM aTTeCTAHI
CobecenoBanue (YO-1)

Bonpocsl k 3k3aMeHny
OCHOBHBIE THUIIBI yHOPSAJOYECHHUS] MArHEeTUKOB. VCTOYHMK MAarHUTHOTO
MoMeHTa atoma. Kputepuii peppomarneruszma.
OOMeHHOe B3auMOJIeiCTBHE. DHEPIrusi OOMEHHOI'O B3aUMOJICHCTBUS.
MaruauTHas KpUcTayiorpaduyueckas AHU3O0TPOIIHSL. OHeprus
KpUCTauIorpaguueckol aHM30TPOITUHU PANTMYHBIX KPUCTAIIJIOB.
HaBeneHHast MarHUTHAs: aHU30TPOIIMHU. JHEPTHs HABEACHHON aHU30TPOIHH.
MarnuToctaruueckas 3Heprusi. Pazmaranumsaroniee nose.
DHeprys MarHUTHOI'O MOMEHTA BO BHEIIIHEM MarHUTHOM TIOJIE.
AntudeppoMarautHas U (heppoMarHuTHas KOCBEHHass OOMEeHHas cBs3b. llome
HACBIILIEHUs, OWTMHEHHAs U OMKBapaTHasi KOCBEHHAs OOMEHHAS CBSI3b.
Bzaumoneiicteue  J[3sutommHckoro-Mopus  (BJIM). BimsiHue  nmaHHOTO
B3aMMOJICHCTBUS HA MATHUTHYIO CTPYKTYpY. MeToibl u3mMepenust BenmunHbl B/[M.
JIoMeHHas rpaHuLa U €€ SHEPrusl. TUITbl JOMEHHBIX TPAHHLL.
[Tpouecchl cMeleHst AOMEHHBIX rpaHull. Kputudeckue mossi.
MeTonbl UCClIeOBaHNUS MAarHUTHBIX MapaMeTpoB U JOMEHHOW CTPYKTYPBHI.
OKCIEpUMEHTAIbHBIE METO/IbI OLICHKHU HEPrUn aHU30TPOIIHH,
HAaMarHM4eHHOCTH HACBIIICHHUS.
Bunpl noaxonoB s MOAENMPOBAHUS MArHUTHBIX CUCTEM. TeopeTudeckue
MuKpOMarauTHOE MOZEIMPOBAHUE.
MeTo KOHEUHBIX Pa3HOCTEN U METO]I KOHEYHBIX JIEMEHTOB.
Crnioco0Osb1 3aanus reometpun AByMepHbIX (2D) nanoctpykryp 8 OOMMF.
MonenupoBaHue HEOOXOIMMON MarHUTHOW KOoHQurypamuu B 2D o0bekTax.
Crnoco0Osb1 3aanus reometpun TpexmepHbix (3D) nanoctpyktyp B OOMMEF.
biioku aHM30TpONMHU, MArHUTOCTATHYECKOTO U OOMEHHOTO B3aUMOJEHCTBHUI
npu moaenupoBannu 3D nanoctpykryp 8 OOMMF.
Ucnonb3oBanue ScriptAtlas 8 OOMMF st MomenupoBaHHUsST CIOMKHBIX

TeOMETPUICCKHX OOBEKTOB.
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19.

20.

21,

22,

23.

24,

25,
26.

217,

28.

29.

30.

31.

32.

33.

34,

Jlornyeckue omnepanuu JAJIS  MOJCIUPOBAHUS  CIIOKHBIX TPEXMEPHBIX
reomeTpuieckux 00bekToB B OOMMEF.

Crioco0sl 3a/1aHUs HEO0OX0IUMOM HavyaJIbHOU KOH(UTYpaIiu
HaMarHUYEeHHOCTH npu MojienupoBanuu 3D Hanoctpyktyp B OOMMEF,
Wcnonp3oBanue  ScriptVectorField B OOMMF s dopmupoBanus
HEOOXO0MMON HAYaIbHOW KOH(UTYpaIIii HAMarHUY€HHOCTH.

broku 11st onucanus nmpsMoro 0OMEHHOTO B3auMoaecTBust 3D HAHOCTPYKTYp
B OOMMF.

Bunbl kocBeHHOro 0OOMEHHOro B3auMojeicTBus. bioku st omucaHus
KOCBEHHBIX 00OMeHHbIX B3auMoeiictBuit 3D Hanoctpyktyp B OOMMEF.
Tumnsl aHU30TpOIINH, 3aaBaeMble TIpu MozenupoBanun 3D HaHOCTPYKTYp B
OOMMF-.

VcTOYHMKY MarHUTHOW aHU30TPOITMH B peabHBIX MAarHUTHBIX 00BEKTaX.
[ToBeneHre HaMarHMYEHHOCTH TOJ JEHCTBHEM OJHOPOIHOTO MAarHUTHOTO
HOJIS.

MopenupoBaH#e MPOLECCOB MEPEMArHUYMUBAHUS TIOJ] ICHCTBUEM BHEITHETO
marauTHoro 1mojsi B OOMMEF. DHeprust B3auMo1eiCTBUS HAMarHHYEHHOCTH C
BHEITHUM TIOJIEM.

BnusiHue temmeparypbl cpeibl Ha MOBEACHHE HAMAarHWYEHHOCTH. DHEPIHs
TETJIOBBIX (ITYKTYaIHii.

Cumynsius OpoleccoB CNUHOBOM nuHamuku 3D oObekTa mona AeicTBHEM
temneparypsl B OOMME.

dopMyIia TOMOJIOTUYECKOTO 3aps/ia sl CIMHOBBIX KOHuUryparuit. OCHOBHbIE
BU/IbI TOTIOJIOTHYECKUX OOBEKTOB B IOMEHHON CTPYKType heppoMarHeTHka.
dopmupoBanue BuxpeBoii konpuryparun HamaranaeHHoctd 8 OOMMEF.
Anuzotponus popmbl. Pazmarunuuaronuii gpakrop. [Tojge MarHuToCTaTUKY.
MopnenupoBaHre KapTHUHBI paclpenesieHus] MarHUTOCTAaTHUYECKHUX —TIOJeH
BOKpyT 3D nanoctpyktrypsl B OOMMEF.

[leproanueckue rpaHUYHBIC YCIOBUS JIJIsl MOJICTTMPOBAHUS yUaCTKa MJICHKH B

OOMMF.
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35. DddexTuBHAs MOJEH AJIsI OMMMCAHUS MHOTOCIIOMHBIX CTPYKTYD.

Tunbi IK3AaMECHAIINOHHBbIX 3auaHm71

Tun 1.  Cpaenaiite onucanue reoOMeTpUIECKO POpMbI peaTbHOTO O0BEKTA,
a TaK)Ke PacCUMTANTE BETUYMHBI BCEX MATHUTHBIX NApaMETPOB COrJIAaCHO JaHHBIM
U3 SKCIIEPUMEHTA.

Tun 2. Ilo sKcepUMEHTaIbHO HU3MEPEHHOMY M300paKEHHIO0 MarHUTHON
CTPYKTYpBl ONpENEIUTe TUN aHU30Tponuu. ONUIINTE JTOMEHHYIO CTPYKTYpYy H
OTMEThTE HAa HEW TOMEHHBIEC TPAHUIIBI.

Tun 3. Otkpoiite mnporpammy aias MoaenupoBaHus 2D  0OBEKTOB.
3amycTuTte TOTOBYIO MpOrpaMMy HW3 NpUMEpoB. BbiBenure oToOpaxeHue
MUKPOMArHUTHON CTPYKTYpbl Ha SKpaH.

Tum 4. 3apmaiite 2D HaHOCTYKTYpY C OIpeneJCeHHBIM MAarHUTHBIMH U
reoMmerpuueckumu mapamerpamu B OOMMF u 3amyctuTte cuMyISLUIO MpoIiecca
nepemaranurBanus. [locroiite neTin rucrepesuca.

Tun 5. 3apaiite 3D HaHOCTPYKTYpy C HEOOXOAUMON T'€OMETPUYECKOM
dbopmoit B OOMMEF. Coxpanute OMF (aiin nosry4eHHON CTPYKTYPHI.

Tun 6. 3anaiite 3D HAHOCTPYKTYpy C HEOOXOAUMON T'€OMETPUYECKOM
dopmoii B OOMMEF, ucnione3ys ScriptAtlas. Coxpanure OMF daitn mony4enHoi
CTPYKTYPBL.

Tun 7. 3agaiitTe HeoOXOAMMYIO HadalbHYH0 KoHburypamuio B 3D
HanocTpykrype B OOMMF. Coxpanute OMF ¢aiin momyueHnHoi#t koHpuUrypamuu.

Tun 8. Cmogemupyiite 3D HaHOCTPYKTYpPY TPEXCIOMHOW TUICHKH C
KOCBEHHBIM 00MeHHBIM B3aumozaeicrsueM 8 OOMMEF.

Tun 9. Cwmopenupyiite 3D HaHOCTPYKTYpY € KyOMUeCKOW aHU30TPOIHEH B
OOMMF.

Tun 10. Cmopenupyiite mnerno  rucrepesuca Baojib  o.JLH. 3D

HaHOCTPYKTYpsl B OOMMF.
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Tum 11. CMopaenupyiite noBeAeHNe HaMarHU4eHHOCTH 3D HaHOCTPYKTYPbI
npu yBenudeHuu temmneparypsl B OOMMEF.

Tun 12. 3apmaiite Buxpb, ckupmuoH B 3D nHanmomucke B OOMMF.
Coxpanure OMF daiin noxyyeHHON CTPYKTYPHI.

Tun 13. Ilomyunre pacnpeneneHrue MarHuTOCTaTHYECKUX MoJield BOKpyr 3D
HaHOCTPYKTYpbl. Coxpanutre OMF ¢aiin momy4eHHON CTPYKTYPBHI.

Tum 14. CMopenupyilte MHOTOCIOMHYIO IUIEHKY C  B3auJCHCTBHEM
Hzsnomunckoro-Mopust B OOMMF, wucnons3yst peaibHyio u 3((HEKTHUBHYIO

MOJIEJIN.
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OueHouHbIe CPEeACTBA I TEKYLIEH aTTeCTAlNH
TunoBsie 3aaHMS I CAMOCTOSITEIIBHON PabOTHI CTYJCHTOB

Tema 1. Bapuanm 1

3a0anue 1.1 B mmSolve2D momyunts u coxpanute OMF files cnemyrommx
CTPYKTYp C MarHHTHBIMH IlapaMeTpaMH: HaMarHMYCHHOCTb HACHIIICHHS
1200x10% A/m; koHCTaHTa 0OMeHHOTro B3auMoekcTeus 11x1071? JIxx/M; koHCTaHTa
onHoOocHOH aHm3otpormu 5x10* JIx/M® Bmons ocu Oy, KOHCTaHTa 3aTyXaHUS
I'mne6epta 0,1. ['eomerpuyeckas Gpopma CTpyKTyp:

a) kBagpar 50x50x20 am3, pasmep sueiiku 2 HM;

6) smmmnc 100x50x10 um®, pasmep sueiiku 1 HM;

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

paccTosTHUEe MEXKIy IEHTpaMu JHUCKOB 2d, pa3mep stuciiku 1 HM.

3aoanue 1.2 Jlna cTpykTypbl u3 3amanus 1.1(a) HaliTu KoHUTrypaluio
HAMarHU4eHHOCTH, OOJAJaloNyl0 MHUHUMAJIbHOM SHEpPrue B OTCYTCTBHUE
BHCIITHETO  BO3JCHCTBHS, 3aJaB CJCAYIOMME HaYalbHBIE KOH(UTYpaIuu
HaMarHU4eHHOCTH: Xa0THYECKOE pacrpeesieHue HaMarHW4eHHOCTH,
OJIHOJIOMEHHOE; BUXPb; aHTUBUXPb. CoxpaHuTe noixyueHHsie KoHpurypamuu (OMF
file) u ucxonnyro 3amauy (MIF file), npensapurensHO CO3/1aB OTACIBHYIO MATIKY JJIS

pacyeToB.

3aoanue 1.3 Jlist CTPYKTypbl, HCIOJB30BAaHHOM B 3amanuu 1.2, mpoBecTH
MOJICJIMPOBAaHUM KPUBBIX HaMarHMYuMBaHUs + TMeTelb THUCTepe3nca BJIOJb
HarnpasieHuii OX u Oy. HauanbHyto KOHQUrypariuo 3a1ath (Hailsiom, HCHOIb3YHTE
COCTOSIHUE€ C MUHHUMAJIbHOM SHEpPrHeil, OINpeJeseHHOe BO BTOPOM 3aJaHUMU.
BxurounTe aBTOMaTH4E€CKOE COXPAHEHUE CKAISPHBIX JaHHBIX M KOH(UTypairuu
HaMarHMYEeHHOCTH Ha KaxkjoM miare. Coxpanute ucxomnyto 3anady (MIF file).

ITocTpoiiTe nOyYEeHHBIE NIETIIN.
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3aoanue 1.4 CKOHBEpTUPYUTE UCXOAHYIO 3a/1auy U3 3aaanus 1.3 u3 koguposku MIF

1.1 B konupoBxy MIF 2.1

Tema 1. Bapuaum 2

3aoanue 1.1 B mmSolve2D momyunts u coxpanute OMF files cnemyrommx
CTPYKTYp C MAarHUTHBIMH [apaMeTpaMH: HAMarHUYEHHOCTh HACBIIICHUS
480x10% A/m; koHcTaHTa 0OMeHHOro B3ammogeiicTBus 9x10712 Jx/M; KoHCTaHTa
Kyonueckoii anmzorporun 3x10% JIx/m>; xoHcTanTa 3aryxanus I'masbepra 0,3.
['eomerpudeckas popma CTpyKTyp:

a) HaHOAMCK JuameTpoM S0 HM, TonuHon 20 HM, pa3Mep STYEHKH 2 HM;

6) npsamoyroasHuk 300x200x10 am3, pasmep sueiiku 1 HM;

B) MPSIMOYTOJIbHBIM MacCHUB [2x2] HAHOTOUEK KBaJpaTHON (HOPMBI CO CTOPOHOM
a=50 HM, TommumHOM 10 HM, paccTOsIHME MEXAY LIEHTPAaMH HAaHOTOYEK 2a, pa3Mep

sdeiku 1 uM.

3aoanue 1.2 ]Jlna cTpykTypbl u3 3amanus 1.1(a) HaliTu koHUTrypaluio
HAMarHU4eHHOCTH, OOJAJaloONlyl0 MUHUMAJIbHOM SHEPrHe B OTCYTCTBHUE
BHCIITHETO  BO3JCHCTBHS, 3aJaB CJCAYIOMME HAYalbHBIE KOH(UTYpaIuu
HaMarHU4eHHOCTH: Xa0THYECKOE pacrpeeiieHIe HaMarHU4eHHOCTH;
JBYXJIOMEHHOE;  4YeThIpeXJIOMeHHOe;  BUXpb.  CoXpaHUTE  TOJy4YCHHbBIC
xoHuryparuu (OMF file) u ucxoauyto 3agauy (MIF file), npeapapurensHo co3nan

OTACJIIBHYIO ITAIIKy OJIA PaCuCTOB.

3aoanue 1.3 Jlisi CTPYKTypbl, HCIOJB30BAaHHOM B 3amaHuu 1.2, mpoBecTH
MOJICJIMPOBAHUM KPHUBBIX HAaMarHW4YMBaHUs + TMETeIb TUCTEPE3Uca BJOJb
HarnpasieHuii OX u Oy. HauanbHyto KOHQUIypaluio 3a1ath (HainsiomMm, HCHOIb3YHTE
COCTOSIHUE€ C MHHHUMAJIBHOM DHEPIHel, ONpENETIeHHOE BO BTOPOM 33JaHUMU.

BxirounTe aBTOMaTMUeCKOE COXpaHEHWE CKaJSPHBIX JAHHBIX M KOH(UTyparuu
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HaMarHMYeHHOCTH Ha KakaoM mare. Coxpanure mcxonanyro 3amauay (MIF file).

[TocTpoiiTe MOTyYEHHBIE TIETIIN.

3aoanue 1.4 CKOHBEpTUPYUTE UCXOAHYIO 3a/1auy U3 3aaanus 1.3 u3 koguposku MIF

1.1 B konupoxy MIF 2.1

Tema 1. Bapuanm 3

3a0anue 1.1 B mmSolve2D momyunts u coxpanute OMF files cnemyrommx
CTPYKTYp C MAarHUTHBIMH TIapaMeTpaMH: HaMarHMYEHHOCTh  HACBIIICHHUS
1000x10°® A/m; koHCTaHTa 0OMEHHOTO B3auMoeicTus 15x107? JIxx/M; KOHCTaHTa
3aryxanusi ['mnsbepra 0,5; B CTpyKTypax UMEETCs TOJBKO aHU30TpOIus (HOpMBbI.
['eomeTpuueckas hopma CTPyKTyp:

a) npsiMoyrosbHUK 25x100x10 uMS, pasmep sueiiku 2 HM;

6) smmmnc 300x200x10 am3, pasmep siueiiku 1 HM;

B) PSi/I U3 YETHIPEX HAHOAUCKOB TuamMeTpoM 0=75 HM, TOJIIIMHOHN 5 HM, pacCCTOSTHHE

MEXy IIEHTpaMH JHUCKOB 20, pa3mep sueriku 1 HM.

3aoanue 1.2 ]Jlna cTpykTypbl W3 3amanus 1.1(a) HaliTu KoHUTrypaluio
HAMarHWYEHHOCTH, OOJIQJaroNlyl0 MUHHUMAJIBHON JSHEprueii B  OTCYTCTBHE
BHCIITHETO  BO3JCHCTBHS, 3aJaB  CJIACAYIONIME HadajdbHbIe KOH(HIyparuu
HaMarHWYCHHOCTH: Xa0THYECKOE pacnpeseieHme HaMarHWYCHHOCTH,
OJTHOJTIOMEHHOE; JBYXJIOMCHHOE BJIOJIb U TOMNEPEK JIMHHOW cTopoHe. CoXpaHuTe
nonyueHnsie koHpuryparuu (OMF file) u wucxomnyio 3amauy (MIF file),

NpCaABApPUTCIIBHO CO34aB OTACIBbHYIO IIAIIKY JJIA paCdCTOB.

3aoanue 1.3 Jlisi CTPYKTYpbl, HCIOJB30BAaHHOM B 3amaHuu 1.2, mpoBecTH
MOJICJIMPOBAHUM KPHUBBIX HAaMarHW4YMBaHUs + TME€TeIb TUCTEPE3Uca BJOJb
HarnpasieHuii OX u Oy. HauanbHyto KOHQUrypaluo 3a1ath (Haisiom, HCOIb3YHTE

COCTOSIHUE C MHUHHUMAJIbHOW JHEPrUEM, OIpPENEIICHHOE BO BTOPOM 3a/IaHUMU.
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BKJIIOUHTE aBTOMATHYECKOE COXPAHEHHE CKASPHBIX JaHHBIX M KOH(UTyparuu
HaMarHMYEHHOCTH Ha KaxkaoM miare. Coxpanute ucxomnyro 3anady (MIF file).

[TocTpoiiTe mOTy4YEeHHBIE NIETIIN.

3aoanue 1.4 CKOHBEpTUPYUTE UCXOAHYIO 3aauy U3 3afanus 1.3 u3 koguposku MIF

1.1 B konupoxy MIF 2.1

Tema 1. Bapuanm 4

3a0anue 1.1 B mmSolve2D mnonyuuts u coxpanuth OMF files cnemyrommx
CTPYKTYp C MArHATHBIMH [apaMeTpaMH: HAMarHMYCHHOCTh  HACHIIICHUS
1400x10°® A/m; koHCTaHTa 06MeHHOTO B3auMoelcTus 30x10712 JIxx/M; KoHCTaHTa
OIHOOCHOM aHm3oTpormu BAoab ocu OX 3x10° JIx/M®, KoHCTaHTa 3aTyxaHms
I'mne6epta 0,3. 'eomerpuueckas popma CTpyKTYyp:

a) Ha”omosiocka AmMHON 250 HM, mupuHOoi 10 HM U TonumHON 20 HM, pasmep
STYCHKH 2 HM;

6) smwmrnconn 200x500x10 am3, pasmep sueiiku 1 HM;

B) MaccHB M3 9eThipex HaHononocok 20x300x10 am3, paccTosiHue Mexmy LeHTpaMu

1oa0cok 60 HM, pa3mep stueiiku 1 HM.

3aoanue 1.2 ]Jlna cTpykTypbl W3 3amanus 1.1(a) HaliTu KoHUTrypaluio
HAaMarHW4YeHHOCTH, O0OJIaJalolyl0 MUHUMAJIbHOM B3HEprued B OTCYTCTBUE
BHEIITHETO  BO3JCHCTBHS, 3a7aB  CJIEAyIONIMEe HadajdbHble KOH(HUTyparuu
HaMarHW4YeHHOCTH: Xa0THUYECKOE pacnpezeneHue HaMarHW4eHHOCTH;
OJTHOJIOMEHHOE;  YEeTBIpEXJIOMEHHOE;  BHUXph.  COXpaHUTE  MOJyYCHHBIC
koHduryparyu (OMF file) u ucxonnyro 3agauy (MIF file), npenBapurensHo co3nas

OTJCJIbHYIO IAIIKy I paCuCTOB.

3aoanue 1.3 Jlnsg CTPYKTYphl, HWCIOJB30BAaHHOW B 3amaHuu 1.2, mpoBecTH

MOACIUPOBAHNH KpPHUBBIX HaMarHM4WMBaHHA + [eTenb Tucrepe3nuca BIOJIb
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Harnpasyieanit OX u Oy. HavanpHyro KOHpUrypamuto 3aaath GaiioM, UCIOIb3yHUTe
COCTOSIHE€ C MHUHUMAJIBHON »HEpPrUeHl, OIpeNesIeHHOE BO BTOPOM 3aJIaHUU.
BrrounTe aBTOMAaTHYECKOE COXpaHEHWE CKASPHBIX JAHHBIX W KOH(PUTYparuu
HaMarHMYEHHOCTH Ha KaxjaoM miare. Coxpanute ucxomnyto 3anady (MIF file).
[TocTpoiiTe mOITy4YEeHHBIE NIETIIN.

3aoanue 1.4 CKOHBEpTUPYUTE UCXOAHYIO 3aAauy U3 3afanus 1.3 u3z konuposku MIF

1.1 B xomupoBry MIF 2.1

Tema 1. Bapuaum 5

3a0anue 1.1 B mmSolve2D mnonyunts u coxpanuth OMF files cnemyrommx
CTPYKTYp C MarHATHBIMHA TlapaMeTpaMH: HAaMarHMYCHHOCTh HACHIIICHUS
800x10° A/Mm; KOHCTaHTa 0OMeHHOro B3auMmojeiicTusa 15x10™%2 JIx/M; KoHCTaHTa
KyOuueckoi ammzorpormu 3x10% Jx/m3; xoHcTanra 3aryxamus ['mms6epra 0,5.
['eomeTpudeckas popma CTpyKTyp:

a) omumanc 25x100x5 um®, pasmep sueliku 2 HM;

0) napamnenenunesn 100x200x50 am?, pasmep sueiiku 1 HM;

B) KBaJpaTHbIA MaccuB [3x2] HAHOTOUYEK TPEYroiabHOU (POpMbI (PABHOCTOPOHHUI
TPEYTOJBHUK CO CTOPOHOUM a=50 HM), paccTOsHHE MEXIY LIEHTpaMH 2a, pa3Mmep

syerku 1 uM.

3aoanue 1.2 ]Jlna cTpykTypbl u3 3amanus 1.1(a) HaliTu koHUTrypaluio
HAMarHU4eHHOCTH, OOJAJaloONlyl0 MUHUMAJIbHOM SHEPrHe B OTCYTCTBHUE
BHEIIIHETO  BO3JCUCTBUS, 3aJaB CJCAYIONIME HadajdbHble KOHMUrypaluu
HAMarHUYEHHOCTH: Xa0TUYECKOE pacrpeneneHue HAMarHUYE€HHOCTH;
OJIHOJIOMEHHOEC; BUXPb; aHTUBUXPb. Coxpanute noixyueHHsie KoHpurypamuu (OMF
file) u ucxonnyro 3amauy (MIF file), npeasapureabHO cO3/1aB OTACTBHYIO HAMKY IS

pacyeToB.
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3aoanue 1.3 JInsi CTPYKTYpbl, HCIOJB30BAaHHOM B 3amaHuu 1.2, mpoBecTH
MOJICIMPOBAHUU KPUBBIX HaMarHWYMBaHWsg + TM€Tellb THUCTEpe3uca BJOJIb
HarnpasiaeHuit OX u Oy. HauanbHyto KoHPUTYparuio 3a1ath (HainsiomM, HCTIOTb3YHTE
COCTOSIHUE€ C MUHUMAJIbHOM SHEprueil, OINpeJeseHHOe BO BTOPOM 3aJaHUMU.
BxurounTe aBTOMaTH4ECKOE COXPAHEHHE CKASIPHBIX JAaHHBIX M KOH(UTrypanuu
HaMarHMYEeHHOCTH Ha KaxkaoM miare. Coxpanute ucxomHyro 3anady (MIF file).

[TocTpoiTe MOTyYEHHBIE TIETIIN.

3aoanue 1.4 CKOHBEpTUPYUTE HCXOAHYIO 3a/1auy U3 3aaanus 1.3 u3 koguposku MIF

1.1 B kogupoky MIF 2.1

Tema 1. Bapuaum 6

3aoanue 1.1 B mmSolve2D mnonyunts u coxpanute OMF files cnemyrommx
CTPYKTYp C MarHATHBIMH TlapaMeTpaMH: HAaMarHMYCHHOCTh HACHIIICHUS
1000x10° A/m; koHCTaHTa 0OMEHHOTO B3auMoseicTus 18x107? JIxx/M; KOHCTaHTa
0/1H0OCHO# aHu30Tponuu Bonbs Oy 5x10° J:x/M3; koHcTaHTa 3aTyXanus [ uisbepra
0,2. 'eomeTpuueckas popMa CTPYKTYp:

a) napayutenermresn 100x25x10 am®, pasmep sueiikn 2 HM;

0) kpyriblid HaHOgUCK AruameTpoM 200 HM u TonmuHou 30 HM, pa3Mep sueiku 1 HM;
B) KoJb1I0 AuameTpoM 300 M, TonuHo# 20, fuameTp Kpyriioro orsepetus 50 HM,

pasMep aueiiku 1 Hm.

3aoanue 1.2 ]Jlna cTpykTypbl u3 3amaHus 1.1(a) HaliTu KoHUTypaluio
HAMarHW4eHHOCTH, O0OJIaJaloNlyl0 MUHUMAJIbHON OSHEprueil B OTCYTCTBUE
BHEIIHETO  BO3JCHCTBUs, 3aJaB  CJIEAYyIOUIMEe HadajdbHble KOH(Urypaluu
HAMarHUYEHHOCTH: Xa0TUIECKOE pacnpeseneHme HAMarHUYCHHOCTH;
OJTHOJIOMEHHOE; IBYXIOMEHHOE; ueTpbipexigoMeHHoe. COoXpaHHUTE MOITyYeHHbIE
koHduryparyu (OMF file) u ucxonnyro 3agauy (MIF file), npenBapurensHo co3nas

OTJCJIbHYIO IIAIIKy I paCdCTOB.
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3aoanue 1.3 Jlnsg CTPYKTYphl, HCIOJB30BaHHOM B 3agaHuu 1.2, mpoBecTu
MOJCIMPOBAHUU KPHUBBIX HaMarHWYMBaHWsS + TI€TeIh TUCTEPE3WCa BJOJb
HarnpasyieHnit OX u Oy. HavanpHyro KOHpUTrypanuto 3aaath GhaiioM, UCIIOIb3YIUTe
COCTOSIHUE€ C MHUHHUMAJIBHOW DHEPTHEH, OMpEJeICHHOC BO BTOPOM 3aJaHUMU.
BrrounTe aBTOMAaTHYECKOE COXpaHEHWE CKASPHBIX JAHHBIX W KOH(PUTYparuu
HaMarHMYEHHOCTH Ha KaxkjoM miare. Coxpanute ucxomnyro 3anady (MIF file).

[TocTpoiiTe mOTy4YEeHHBIE NIETIIN.

3aoanue 1.4 CKOHBEpTUPYUTE UCXOAHYIO 3a/1auy U3 3aaanus 1.3 u3 koguposku MIF

1.1 B komupoxy MIF 2.1

Tema 1. Bapuaum 7

3a0anue 1.1 B mmSolve2D mnonyunts u coxpanute OMF files cnemyrommx
CTPYKTYp C MarHATHBIMH I1apaMETpaMH: HAaMarHMYE€HHOCTb HACBIILICHHUS
1050x10°® A/m; koHCTaHTa 0OMeHHOTO B3auMoercTus 30x10712 JIxx/M; KoHCTaHTa
3aryxanus ['miasOepra 0,1; B CTpyKTypax MMEETCs TOJIbKO aHU30TPOIHUS (DOPMBIL.
['eomerpuyeckas popma CTpyKTyp:

a) MPAMOYTOJILHUK ¢ ycedeHHbIMU yriaMu 80x30x10 am3, pasmep sueliku 2 HM;

0) mpsMoyroapHbI KpecT jumHOM 400 HM, mupuHoi 30 HM, TONIIMHOW 5 HM,
pasMep saueiiku 1 Hwm;

B) KoJb10 auameTpoM 300 HM, TonmuHoi 20 HM, B HIEHTPE OTBEPCTUE KBAJAPATHOM

dbopmel co cropoHoit a=50 HM, pa3mep sueiku 1 HM.

3aoanue 1.2 Jns cTpyktypsl u3 3amaHus 1.1(a) HaiiTh KOHQPUTYpAIUIO
HAMarHU4eHHOCTH, OOJAJaloONyl0 MHUHUMAJIbHOM SHEPrHe B OTCYTCTBHUE
BHEIITHETO  BO3JCHCTBHSI, 3aJlaB  CJIACAYIOIIME HAYaJbHbIE KOH(UTYpaIuu
HAMarHU4eHHOCTHU: Xa0THYECKOe pacrpeeneHme HAMarHU4eHHOCTH;

OJIHOZIOMEHHOE; JABYXJOMEHHOE; BUXph. COXpaHUTE MOITyUYEHHbIE KOHQUTYpaIuu
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(OMF file) u ucxomuyio 3amauy (MIF file), npeasapureabHO CO3/1aB OTACIBHYIO

IMarKy AJjis1 paCucToB.

3aoanue 1.3 Jlnsg CTPYKTYphl, HCIOJB30BaHHOM B 3amaHuu 1.2, mpoBecTu
MOJCIMPOBAHUU KPHUBBIX HaMarHWYMBaHUsS + TI€TEIh TUCTEPE3Nca BJIOJb
HarnpasieHuit OX u Oy. HauanbHyto KoHpUTYparuio 3a1ath (Hainiom, HCTIOTb3YHTE
COCTOSIHUE€ C MUHUMAJILHOM DSHEpPrueu, OINpeeiIeHHOE BO BTOPOM 3aJlaHUU.
BrrounTe aBTOMAaTHYECKOE COXpaHEHWE CKASPHBIX JAHHBIX W KOH(PUTYparuu
HaMarHMYEHHOCTH Ha KaxaoM miare. Coxpanute ucxomnyto 3anady (MIF file).

[TocTpoiiTe MOTy4YEHHBIE TIETIIH.

3aoanue 1.4 CKOHBEpTUPYUTE UCXOAHYIO 3a/1auy U3 3aaanus 1.3 u3 koguposku MIF

1.1 B komupoxy MIF 2.1

Tema 1. Bapuanm 8

3a0anue 1.1 B mmSolve2D mnonyunts u coxpanute OMF files cnemyrommx
CTPYKTYp C MArHUTHBIMH TIapaMeTpaMH: HaMarHMYEHHOCTh  HACHIIICHHUS
1300x10°® A/m; KoHCTaHTa 0OMeHHOro B3auMozeicTeua $x1071? JIx/M; KOHCTaHTa
0ZIHOOCHOM anm3oTponuu BAosb OX 5x10° JIxx/m3; koHcTaHTa 3aTyxanus I uis6epra
0,3. 'eomeTpuueckas ¢popma CTPYKTYP:

a) paBHOCTOPOHHUM TPEYTOJBbHUK CO CTOpoHOM 50 HM, pazmep STUEHKH 2 HM;

0) HaHomoJsocka JHOM 350 HM, mmpuHOi 10 HM, TommmHON 15 HM, pazmep
ssueriku 1 HM;

B) BEPTHKAJIbHBI MAacCHB M3 YEThIPEX PABHOCTOPOHHUH TPEYTrOJBHUKOB CO

ctopoHoit 50 HM paccrosiHue Mexay nentpamu 100 HM, pazmep sueiiku 1 HM.

3aoanue 1.2 Jlna cTpykTypbl W3 3amanus 1.1(a) HaliTu KoHUTypaIHUIO
HAMarHU4eHHOCTH, OOJAJaloONlyl0 MHUHUMAJIBHOM DHEPrUeii B OTCYTCTBHUE

BHEILIHETO  BO3JECHUCTBUS, 3aJlaB  CJEAYIOIIME HadallbHble KOH(pUTYypaluu
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HAMarHUYeHHOCTH: Xa0TUIECKOE pacnpeseneHue HaMarHUYCHHOCTH;
OJIHOJIOMEHHOE; BUXPb; aHTUBUXPb. CoXpaHuTe noixyyeHHsie KoHpurypanuu (OMF
file) m ucxomnyro 3amauy (MIF file), npensapurensHoO cO3/1aB OTACITBHYFO MAIKY JJIS

PacucTOB.

3aoanue 1.3 Jlns CTPYKTypbl, HUCIHOJB30BAaHHOW B 3amanuu 1.2, mpoBecTu
MOJICJTUPOBAHUHM KPWBBIX HAMarHW4YMBaHUs + TeTeNbh THCTEpe3nuca BIOJb
HarnpasieHuit OX u Oy. HauanbHyto KoHPUTYparuio 3a1ath (HainiomM, HCTIOTb3YHTE
COCTOSIHE€ C MHUHUMAJIBHON DHEpPrUeHl, OIpenesIeHHOE BO BTOPOM 3aJIaHUU.
Bxirounte aBTOMaTHYECKOE COXpAaHEHHE CKAISPHBIX JAaHHBIX U KOH(puUTrypauun
HaMarHMYEeHHOCTH Ha KaxaoM miare. Coxpanute ucxomHyro 3anady (MIF file).

[TocTpoiiTe MOTy4YEHHBIE TIETIIH.

Tema 2. Bapuaum 1

3aoanue 2.1 Hamumure Kox ncxoaHou 3agauu B dopmare MIF 2.1 s 3ananus
TEOMETPUU TPEXMEPHBIX OOBEKTOB CO CIACAYIOIMIMMH MAarHUTHBIMU ITapaMeTpaMu:
HaMarHWYeHHOCThI0 Hachimenuss 1200x10% A/M; KOHCTaHTOW OOMEHHOTO
B3aumozpeiicTeus 11x1072 JIx/m. TlomydeHHbIi Kox He0OX0QUMO 3amycTHTE B OXSil
u coxpanutb OMF files nonydennbix cTpykTyp. ['eomerpudeckue mapameTpsl
CTPYKTYD:

a) Ky6 co ctopoHoii 150 um. Pasmep stueliku 2x2x2 HMS,

0) y4acTOK MHOTOCIOWHON meHku pasmepoM 400x400 um?, pasmep s4eiliku B
IJIOCKOCTH 2 HM, cocTosimed u3 4 ¢GeppOMarHUTHBIX CJIOEB TOJIIUHON & HM,
pa3zeeHHBIX HEMAarHUTHBIMH MTPOCIIONKaMH 110 4 HM;

B) TpeyrojibHas TIIPU3Ma, B OCHOBAaHWU KOTOPOH JIGKUT PaBHOCTOPOHHHM
TPEYTroJbHUK cO cTopoHOW 150 HM, BbicoTa mpusmbl 50 HM. Pasmep sueiiku

pasouenus 2x2x10 ame,
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Tema 2. Bapuaum 2

3adanue 2.1 Hanummre koa ucxonHou 3anaun B popmare MIF 2.1 nis 3amanus
Tr€OMETPUU TPEXMEPHBIX OOBEKTOB CO CIEAYIOIIMMH MAarHUTHBIMU MapaMeTpamu:
HAMATHUYEHHOCTBIO  Hacwhimenuss  480x10° A/m; nnmHa  (eppOMAarHUTHOM
koppessiuu 8 HM. [TomydeHHBIH Ko He0OX01uMO 3amycTuTh B OXSii 1 COXpaHUTh
OMF files mony4enHbIX cTpyKTYp. [ eoMeTprudeckue mapaMeTphl CTPYKTYp:

a) npaMoyroibHbIi napamtenenunes 150x300x200 um®. Pasmep sueiikn 2x2x2
M3,

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

B) MSATUYTOJbHAS MPHU3Ma, BIIUCAHHASI B OKPYKHOCTH auametpom 300 HM, BbICOTa

npusMel 100 aM. Pasmep sueiikn pazouenns 2x2x20 am®,

Tema 2. Bapuanm 3

3aoanue 2.1 Hamumure kox ncxoaHou 3agauu B opmare MIF 2.1 mist 3ananus
TCOMETPUU TPEXMEPHBIX O0OBEKTOB CO CICAYIOIIUMH MarHUTHBIMU ITapaMeTpamu:
HaMarHMueHHOCThI0  HachimeHus  1400x10% A/M; KkoHCTaHTOH  OOMEHHOTO
B3aumozeincteusa 9x10712 JIxx/m. TomydeHHsIi Ko HEOOX0AUMO 3amycTHTh B OXSil
u coxpanutb OMF files nonydennbix cTpykTyp. ['eomerpudeckne mapameTpsl
CTPYKTYD:
a) smmuncons 300x200x10 ume. Paszmep sueliku pasouenus 1x1x1 ave,
0) AByXCIIOMHAsI CTPYKTypa, COCTOSINAsA U3 JBYX HAaHOJIUCKOB nuameTpamu 200 HM
n 100 HM, BEpXHHI AUCK CMENIEH U3 HEeHTpa HUkHero Ha 50 HM. Pazmep sueiiku B
1ockocTH 1x1 HM, TommmHa Kaxaoro ciaos 10 aMm;

3

B) Hagnucek OOMMF, Bnucannas B mnpsmoyroiabHuk 250x50 HM®. Suyeiika

1x1x5 am?.
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Tema 2. Bapuanm 4

3adanue 2.1 Hanummre koa ucxonHou 3anaun B popmare MIF 2.1 nis 3amanus
IE€OMETPUH TPEXMEPHBIX OOBEKTOB CO CIEAYIOUIMMH MarHUTHBIMU IapaMeTpaMu:
HAMATHUYEHHOCTBIO  Hacwhimenus  800x10° A/m; nnmHa  (eppOMAarHUTHOM
koppemsiiu 9 HM. [lomydeHHbIH Ko HeoOxoauMo 3ammycTuTh B OXSii 1 COXpaHHTB
OMF files mony4enHbIX cTpyKTYp. [ eoMeTprudeckue mapaMeTphl CTPYKTYp:

a) smumanc 300x200 um?. Pasmep siueliky B IIIOCKOCTH 2X2 HMZ.

0) TpexcioiHasi CTPyKTypa, COCTOSIIas U3 ABYX (EeppOMArHUTHBIX HAHOIHCKOB
nuamerpamu 300 HM 1 200 HM ¥ TonmuHOM 10 HM, pa3/ieIeHHBIX HEMarHUTHOMN
pocioiikoil 5 HM. Pazmep aueliku B muiockoctu 1x1 HM.

B) OBaJIbHAs MMPU3Ma, BIKCAHHAS B IPAMOYronbHUK 300x200 HM®, BEICOTA IPU3MBI

90 um. Pasmep stueiiku pa3ouenus 2x2x10 ave,

Tema 2. Bapuaum 5

3aoanue 2.1 Hanumurte ko ucxoanou 3agauu B popmare MIF 2.1 nnst 3ananus
T€OMETPUU TPEXMEPHBIX OOBEKTOB CO CIEAYIOIMIUMH MAarHUTHBIMU MapaMeTpamu:
HAMarHWYeHHOCThIO  HacbimeHns  480x10° A/M; KOHCTaHTOH  OOMEHHOTO
B3aumoencTeus 25x1072 Jlx/m. TlomydeHHbIH Kox He0OX0AUMO 3armycTuTh B OXSii
u coxpauutb OMF files nonydeHHbIX CTpyKTyp. ['eomeTpuueckue mapameTpsbl
CTPYKTYD:

a) cpepy nuamerpom 300 um. Pazmep sueiiku 2x2x2 am3,

0) MaccuB u3 ueThipex HaHonosnocok 10x50x2 ume. Hanpasnenue tpancasaiuu OX,
paccTosHUE MEXAYy IEHTpaMu HaHOMosocok 20 HM. Pa3mep sdeiiku pa3zOueHus

2x2x2 HMS,

B) naamack NANO, Biincannas B npsamoyroibHuk 400x90 mme. Sueiika 2x2x5 am®,
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Tema 2. Bapuaum 6

3adanue 2.1 Hanummre koa ucxonHou 3anaun B popmare MIF 2.1 nis 3amanus
Tr€OMETPUU TPEXMEPHBIX OOBEKTOB CO CIEAYIOIIMMH MAarHUTHBIMU MapaMeTpamu:
HAMarHW4eHHOCThIO  HacbimeHus  580x10° A/M;  KOHCTaHTOH  OOMEHHOTrO
B3aumoeiicteus 16x1072 Jlxx/M. TloaydueHHBIi Ko He06X0AUMO 3aycTUTh B OXSii
u coxpanutb OMF files monydeHHbix cTpykTyp. ['eomeTrpuueckue mapameTpsl
CTPYKTYD:

a) cpepy nuamerpom 300 am. Paszmep sueiikm 2x2x2 aM3,

0) HaHokoJsblio quaMerpoM 300 HM, quametrp oTBepcTHs 150 HM, TomumHa 20 HM.
Pasmep sueiiku pazoreHus 2x2x2 Hvm°,

B) TpEeyrosibHas TMpPU3Ma, B OCHOBAaHHMH KOTOPOH JICKHUT TPSIMOYTOIHHBINA
TpeyroibHUK (IuHa kaTteToB 100 HM 1 200 HM), BbicoTa mipu3Mbl S0 HM. Pa3zmep

srueliky pazonenns 2x2x10 avC,

Tema 2. Bapuaum 7

3aoanue 2.1 Hamumure Kox ncxoaHou 3agauu B dopmare MIF 2.1 mist 3ananus
TCOMETPUN TPEXMEPHBIX O0OBEKTOB CO CICAYIOIIMMH MarHATHBIMU ITapaMeTpamu:
HAMArHWYEHHOCTHI0  HachlmeHns  1580x10° A/M; umHa  (eppOMarHUTHON
koppesityn 7 HM. [ToaydeHHbIH Ko HeoO0XoauMo 3amycTuTh B OXSii 1 COXpaHHUTD
OMF files nosy4eHHBIX CTPYKTYp. [ 'eoMeTpUUYeCKHE MapaMeTphbl CTPYKTYP:

a) mpamoyroieHeli napamtenenunes 300x200x100 am®. Pasmep sueiiku 2x2x2
M3,

0) xBaipaTHBIN MaccuB [2x2] HaHOUCKOB auaMeTpoM 0=50 uM, TommuHoMi 10 HM,
paccTosiHue MexTy LieHTpaMu 1uckoB 2d. Pasmep sueiikn pazouenus 1x1x10 ave,
B) TpeyroysibHas TpPU3Ma, B OCHOBAHHHM KOTOPOH JICKHUT TMPSIMOYTOJIBHBIH

TpeyroibHUK (IauHa kateToB 100 HM 1 200 HM), BbicoTa npu3Mbl S0 HM. Pa3zmep

sueliku pazouenus 2x2x10 ave,
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Tema 2. Bapuanm 8

3adanue 2.1 Hanummre koa ucxonHou 3anaun B popmare MIF 2.1 nis 3amanus
TCOMETPUHU TPEXMEPHBIX OOBEKTOB CO CICAYIOIIMMU MarHUTHBIMHU IMapaMeTpaMu:
HaMarHW4eHHOCThI0  HacbimeHus  900x10° A/M;  KOHCTaHTOH  OOMEHHOTrO
B3anmoeiicteus 30x1072 Jlxx/M. TTomaydeHHBIi Ko He06X0AUMO 3armycTUTh B OXSii
u coxpauutb OMF files monyuennsix cTpykTyp. I'eomMeTpryeckue mapaMeTpbl
CTPYKTYD:
a) siumnconn Bpamenus 100x150x100 um®. Pasmep sueiiku 2x2x2 HM,
0) MmaccuB u3 4 HaHOIMCKOB TuameTpoM 0=100 uMm, TosmuHon 10 HM. Hanpapienue
tpancisaiuu Oy, paccrosHHE MEXmy IeHTpamu auckoB 2d. Pasmep sueiiku
pazouenus 2x2x10 ame,

3

B) Haamuck Modeling, BrnmcanHas B mpsmoyronbHuk 450x50 HM®. Slyeiika

1x1x5 am?.

Tema 3. Bapuaum 1

3aoanue 3.1 Hanummre koa ucxogHoi 3amauu B popmate MIF 2.1 nns 3apanus
TEOMETPHHM TPEXMEPHBIX OOBEKTOB, HCIHOJB3ys ScCriptAtlas, co cremyrommmu
MarHMTHBIMM IIapaMETPaMU: HAMAHUYEHHOCTHIO Hacelmenus 480x10% A/wm;
KOHCTaHTOM oOMeHHOro B3ammojeicteus 10x10%2 JIm/m. IlomydeHHBI KOJ
HeoOxoaumo 3amycTuth B OXSii u coxpanute OMF files nmoiaydeHHBIX CTPYKTYP.
['eoMeTpuyeckue nmapameTpbl CTPYKTYD:

a) uunuHap nuametpoMm 100 HM u BbicoTOM 50 HM C KBaJpaTHBI OTBEPCTHEM B
1IeHTpE, cTopoHa kBaapara 30 uM. Pasmep sueiiku 1x1x1 mm,

0) chepy nuametpoM 150 HM C OTBEpCTHEM KOHYCHOM (DOPMBI, BBIXOISIIUM M3
uentpa. Pasmep sueliku 2x2x2 HMS,

B) CTPYKTYPY JAMCK Ha TUCKE, TOMUHBI TUCcKOB 10 HM, tuameTpsl 200 M u 100 HM,

BEpXHUMU TUCK cMelleH Ha 50 HM u 1ieHTpa HuKHero. Pasmep sueiiku 1x1x10 M,
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Tema 3. Bapuaum 2

3adanue 3.1 Hanummre koa ucxonHou 3anaun B popmare MIF 2.1 nis 3amanus
TCOMETPHHM TPEXMEPHBIX OOBEKTOB, MCHOJB3Yys SCriptAtlas, co ciemxyronmu
MAarHUTHBIMHA TTapaMEeTPaMH: HAMAarHWYEHHOCTHK) HACBHIIICHUS 1400x10% A/m;
mHa (peppomarHutHoM Koppensiuuu 6 HM. [lomyudeHHbI KoJa HE0OX0IUMO
samyctuth B OXSii u  coxpanuth OMF files momydyeHHBIX —CTpyKTYyD.
["'eoMeTpuyeckue napameTpbl CTPYKTYp:

a) KOJIbIT0 TomuHOM 20 HM, tuaMeTpsl BHEIHUN — 200 HM, BHYTpeHHHH — 150 HM.
Pasmep stueiiku 1x1x10 v,

0) IBYXCIOWHBIN HaHOAUCK AuaMeTpoM 250 HM, pa3Mmep sTUeHKH B IIIOCKOCTH 2X2
HM, TOJIIMHA Kakaoro ciaos 10 aMm;

B) KBaIpaTHBIA MacCHB U3 4X HAaHOAUCKOB 0=50 HM ¥ TOIIIHHOM 10 HM, paccTOsHUE

MeX Ty LeHTpamu auckoB 2d. Pasmep sueiiku pazouenns 1x1x20 am®,

Tema 3. Bapuanm 3

3aoanue 3.1 Hanumurte kox ucxoanou 3agauu B hopmare MIF 2.1 ans 3ananus
TEOMETPHHM TPEXMEPHBIX OOBEKTOB, HCHOJB3ys ScCriptAtlas, co cremyromumu
MAarHMTHBIMHA [apaMeTpaMH: HAMAarHUYEHHOCTHI) HACBIIIECHUS 1400x10° A/m;
KOHCTaHTOM oOMeHHOro B3ammopeiicteus 9x10712 Jlk/m. IlomydeHHBIH KOJ
HeoOxoaumo 3amycTuth B OXSii u coxpanute OMF files nmoiaydeHHBIX CTPYKTYP.
['eoMeTpudeckre mapameTpsl CTPYKTYP:

a) smmncounn Bpamenus 100x500x40 am®. Pasmep suelixu pa3ouenns 1x1x1 ame,

0) yuactok miaeHkn 300x300 mm?

C HaHOMOpaMHU KBaJpaTHOM (opMmbl (CTOpOHA
kBagpaTa a=100 HM), ymakoBaHHBIMU B KBaJpaTHBI MacCUB Ha PAaCCTOSHUHU 2a
MEXy LIeHTpaMH, ToJrHa ieHku 10 um; Pazmep staeiiku pazouenust 4x4x10 M,
B) OBaJIbHAS MIPU3Ma, BIIMCAHHAA B IpaMoyronbHuk 200x100 HM®, BEICOTA IPU3MBI

90 nm. Pasmep stueliku pasouenus 2x2x10 ave,
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Tema 3. Bapuanm 4

3adanue 3.1 Hanummre koa ucxonHou 3anaun B popmare MIF 2.1 nis 3amanus
TeOMETPUU TPEXMEPHBIX OOBEKTOB, HCHONB3ys SCriptAtlas, co cremyrommmu
MAaTHUTHBIMH TTAPAMETPAMH: HAMATHMYEHHOCTHIO Hackimenus 800x10° A/m; nnvuna
(deppomarauTHOU Koppesnsuuu 9 HM. [lomydeHHbIN Ko HEOOXOAUMO 3aIlyCTUTh B
Oxsii u coxpaants OMF files momyueHHbIX cTpyKTYp. ['eomMeTpryeckue mapamMmeTpbl
CTPYKTYP:

a) NMpuU3Ma B OCHOBaHUM, KOTOPOHM JIEKUT DPABHOCTOPOHHMHM TPEYTOJBHUK CO
croponoii 50 um. Beicora mpusmsel 20 HM. Pasmep sueiiku paszouenus 1x1x10 am®,
0) cepa paguycom 75 HM, B LIEHTPE KOTOPOM HAXOIUTCA MOpa KBaAPaTHOU (POpPMBI
(cropona xBazpara 40 um). Pasmep sueiikn pazouenns 1x1x1 ame,

B) MacCHB M3 4X HaHOIUIOCOK pazmepoM 10x50 um?, Tonmmuuoi 10 uM. PaccTosnue
MEXIYy UEHTpaMH cOceAHUX HaHomosiocok 40 HM. Pa3mep sueiiku pa3OuneHHs

2x2x10 uMm?.

Tema 3. Bapuanum 5

3aoanue 3.1 Hanummre koa ucxogHoi 3amauu B popmate MIF 2.1 nns 3apanus
TEOMETPHHM TPEXMEPHBIX OOBEKTOB, HCIHOJB3ys ScCriptAtlas, co cremyrommu
MArHMTHBIMM TapaMeTPaMH: HAMATHMYEHHOCThIO Hachimenus 1000x10% A/m;
mHa (peppomarHutHOM Koppessiuu 7 HM. [lomydeHHbIi kox HE0OX0IUMO
samyctuth B OXSii u  coxpanuth OMF files momydyeHHBIX CTPyKTYyp.
["'eoMeTpuyeckue napameTpbl CTPYKTYp:

a) IPAMOYTOIbHBIN KpecT niauHoi 100 HM, muprHa HaHOTIOJIOCOK 20 HM, TOJIIIMHA
10 am. Pasmep sueiiku paszouenus 1x1x10 am®.

0) chepuueckas Hanodactuna core-shell quamerpom 90 HM, TonUHA 000I0YKH
20 um. Pasmep sueiiku pazouenus 1x1x1 am®. HaMarHMYEHHOCTH HACBILIEHUS B

000JI04KE B 2 pa3a HIXeE.
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B) MaccuB U3 4X HAHOJMCKOB, YIOPAJZOYEHHBIX B CTOUKY, ¢ guameTpoM 50 Hm?,
tonuuHod 10 HM. PaccTtosiHue Mexy LEeHTpaMHu COCeIHUX HaHOAUCKOB 100 HM.

Pasmep sueiiku pazouenus 2x2x10 a3,

Tema 3. Bapuaum 6

3aoanue 3.1 Hamumurte kox ucxoaHou 3agaun B hopmare MIF 2.1 st 3ananus
TCOMETPHH TPEXMEPHBIX OOBEKTOB, HCIONB3ys SCriptAtlas, co cremyrommmu
MATHUTHBIMH TIapaMeTPaMU: HAMarHUYEHHOCThIO HachimeHus 1050x10° A/m;
KOHCTaHTOH oOMeHHOro B3aumopeiicteust 20x1071? JIx/m. IlomydeHHBI KoOx
HeoOxoaumo 3amyctuth B OXSii u coxpanute OMF files mosydeHHBIX CTPYKTYD.
['eoMeTpudeckue napameTpbl CTPYKTYD:

a) MpU3Ma B OCHOBAHUH, KOTOPOU JISKHUT MPSIMOYTOJEHBIX TPEYTOJIBHHUK C KATETaMHU,
100x200 um?. Bricota mpusmel 100 aM. Pasmep suelikn pazouenns 2x2x10 ame,

0) nmumuHAp B OocHOBaHWHU, KoToporo »mmuic 100x50 aM u BeIcOTOM 50 HM C
KBaJIpaTHBI OTBEPCTHEM B IIEHTpE, CTOpoHa kBaapara 20 HM. Pa3mep sdeiiku
1x1x1 HMC,

B) JIBYXCJIOMHYIO CTPYKTYPY, COCTOSIIYI0 U3 aucka (auamerp 200 HM), Ha KOTOpOi
PacIoNoKeH NpAMOYronbHUK 50x100 HM?, ToammHs! cnoeB 10 aM. Pasmep sueiikn

1x1x10 HM®.

Tema 3. Bapuaum 7

3aoanue 3.1 Hamumure kox ucxoaHou 3agaun B opmare MIF 2.1 st 3ananus
TCOMETPUH TPEXMEPHBIX OOBEKTOB, HCIHONB3ys SCriptAtlas, co crenyrommmu
MarHUTHBIMHA [TapaMeTPaMK: HAMarHUYEHHOCTEIO HackleHns 800x10% A/m; mmna
dbeppomaraHuTHOM Koppenanuu 8 HM. [lomyueHHbI KO HE0OXOAUMO 3aIllyCTUTh B
Oxsii u coxpauuts OMF files monyueHHbBIX cTPYKTYp. ['eoMeTpryecKue mapamMmeTphbl
CTPYKTYP:

a) ky0 co cropororr 100 HM ¢ OTBepCTHEM KOHYCHOW (hOPMBI, BBIXOJSAIIUM U3

nentpa. Pasmep stueiixu 2x2x2 HMS,
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0) mupaMuy B OCHOBAHUM, KOTOPOI NekuT kBaapaT 90x90 M2, BeicoTa NpH3MBbI
100 M Pasmep sueiiku 2x2x2 HM®,

B) MaccuB U3 4X HaHOIUIOBOJIOK AuamMeTrpoM 40 uM, qiuHoil 100 HM, yTakOBaHHBIX
B KBaJPATHBIA MAcCUB C paccTosHHeM Mexay neHtpamu 100 HM. Pa3mep sueiiku

1x1x10 uM°.

Tema 3. Bapuanm 8

3adanue 3.1 Hanummre koa ucxonHou 3anaun B popmare MIF 2.1 nis 3amanus
TeOMETPUU TPEXMEPHBIX OOBEKTOB, HCIONB3ys SCriptAtlas, co cruenyrommmu
MATHHTHBIMH TTApPAMETPAMHK: HAMArHHYIEHHOCTBIO Hachimenus 950x10° A/m; nnvna
dbeppomarauTHo# Koppensiuu 5 HM. [loaydeHHbl Ko/l HE0OX0UMMO 3aIyCTUTh B
Oxsii u coxpaants OMF files momy4yeHHbIX cTpyKTYp. ['eomMeTpryeckue mapamMmeTpbl
CTPYKTYD:

a) y4acTOK MATUCIONHOM muenkn 500x500 um?, crpykrypa ®M/HM/OM/HM/OM
(rne ®M-beppoMarauTHbiii cinoii, HM-HemarautHsii cioif). 5 HM TosuHa OM
cios, 2.5 um toiamuaa HM cnos;

0) KOHYC B OCHOBaHMH, KOTOpoi nexut oBan 200x90 um?. Bricora konyca 100 HM
Pasmep stueiiku 2x2x2 HM,

B) CTPYKTYpY JMCK Ha JAUCKE, TOJIIMHBI TUCKOB 5 HM, quaMeTphl 150 aM u 50 HM,

BEPXHUI TUCK cMenleH Ha 50 HM U 1eHTpa HIKHETO. Pasmep sueliku 1x1x5 a3,

Tema 4. Bapuaum 1

3aoanue 4.1 Hanumurte kox ucxoaHou 3agauu B hopmare MIF 2.1 ans 3ananus
HAHOCTPYKTYPBI CO CIIETYIONTMMH MarHUTHBIMH TTapaMeTpaMu: HaMarHU4E€HHOCTHIO
Haceimenns 480x10° A/M; KoOHCTaHTOH oOMeHHOro B3ammopeicTBus 10x1072
Jlx/m. I'eoMeTpust CTPYKTYpBI IUCK HA TUCKE, TOJIIMHBI TUCKOB 10 HM, TuaMeTpsbl

200 am u 100 HM, BepxHuUil AuCK cMenieH Ha 50 HM M LeHTpa HUXKHEro. Pazmep
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suehiku 1x1x10 am3. Heo6XxoauMo 3a1aTh ClIeAyIomye HadanbHble KOH(QUrypanuu
HamarandeHHocTd U coxpanuTh OMF files momydeHHBIX cTpyKTYD:

a) B BEpHEM JIUCKE OJTHOJIOMEHHOE COCTOSIHUE, B HWKHEM BUXPb;

0) B BEpXHEM JHCKE JIBYXIOMCHHOE COCTOSIHHE, B HUKHEM YETHIPEX JOMEHHOC;,

B) B BepxHeM 2D xaoTnueckoe pacupeiesieHue B HUKHEM JBYXJIOMEHHOE.

Tema 4. Bapuaum 2

3aoanue 4.1 Hanumure kox ucxoaHou 3agaun B hopmare MIF 2.1 st 3ananus
HAHOCTPYKTYPBI CO CIETYIONIMMU MAarHUTHBIMU MTapaMeTpaMu: HaMarHU4E€HHOCTHIO
naceimenus 1400x10% A/m; nnmaa GpeppoMarauTHOM Koppensanun 6 HM. I'eomeTpus
CTPYKTYpBI KBaJIpaTHBIH MacCHB W3 4X HaHOAWCKOB 0=50 HM u TommuHON 10 HM,
paccTosHue Mexay neaTpamu auckos 2d. Pasmep sueiiku pazouenns 1x1x10 mve,
Heob6xonumo 3anath ciaeayronme HayallbHble KOHPUTYpallui HaMarHU4eHHOCTH U
coxpauutb OMF files monyueHHBIX CTPYKTYP:

a) B K&K/IOM JIHCKE OJHOJOMEHHOE COCTOSIHIE | —> ¥ <—;

0) B KaXXJIOM JMCKE BUXPb;

B) XaOTHUYECKOE pacipe/ieicHHE.

Tema 4. Bapuanm 3

3aoanue 4.1 Hanumure koa ucxoanou 3agauu B ¢popmare MIF 2.1 nns 3amanus
core-shell vactuibl cheprueckoit GopMbl paguycomM 75 HM, ToMHA 00010uKH 20
HM, CO CJICIYIOIIUMHU MarHUTHBIMH ITapaMeTPaMH: HaMarHU4eHHOCTBIO HACBIIICHHUS
1200x10° A/M u  900x10® A/M s 000JNOYKHM, KOHCTAaHTOII OOMEHHOTO
Bzaumogeiicteus  9x107?  JIx/M. Pasmep suelikm paszOuenms  1x1x1 am®,
HeoOxoaumo 3aaath Cieayrolne HadyaabHble KOH(PHUTypaluy HaMarHHYeHHOCTH U
coxpauutb OMF files momyueHHBIX CTPYKTYP:

a) B IICHTPE OJIHOJIOMEHHOE —>, B 000JI0UKE OJHOIOMEHHOE <—;

0) B IIEHTpE BUXPh, 000J10UKa HackIeHa 1o ocu Oz,

B) B LIEHTPE IBYXJOMEHHOE COCTOSIHUE, B 000JIOUKE XaOTHUECKOE pacIpeesIeHUE.
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Tema 4. Bapuaum 4

3aoanue 4.1 Hanumnre Ko ucxonHoH 3amaun B popmare MIF 2.1 nns 3apanus
HAHOCTPYKTYPHI CO CIEAYIONIMMU MarHUTHBIMU MTapaMeTpaMu: HAMAarHUYEHHOCTHIO
Haceimenus 800x10° A/M; mmuHa peppoMarauTHOM Koppensuun 9 uM. ['eomerpus
CTPYKTYphI MacCHB M3 4X HaHOmomocok pazmepoM 10x50 am®, Tommmunoit 10 Hw.
PaccrosiHne Mexay LIEHTpaMu cocelIHUX HaHomosiocok 40 uM. Pa3mep sueiiku
pasomenus 2x2x10 um3.  HeoOxoammo  3amaTh  CHEAYIOIIME  HAYaIbHBIE
KoH(purypanuu HamaranaeHHocTH U coxpanutb OMF files nomydenHbIx cTpykTyp:
a) B KaXKJI0H MOJIOCKE OJTHOJIOMEHHOE COCTOSIHUE T i;

0) B KaXKJI01 MOJIOCKE ABYXJIOMEHHOE;

B) Xa0THUYECKOE pacipe/iesiCHHE.

Tema 4. Bapuaum 5

3aoanue 4.1 Hanumure Kox ncxoaHou 3agauu B dopmare MIF 2.1 st 3ananus
HAHOCTPYKTYPBI CO CIETYIONMMH MAarHUTHBIMU [TapaMeTpaMu: HaMarHU4E€HHOCTHIO
Haceimenus 980x10% A/M; koHcTaHTOlf OOMeHHOro B3aumojeicTeus 12x1071?
Jlx/m. T'eoMmeTpusi CTPYKTypbl JUCK, Ha MOBEPXHOCTH KOTOPOIO PpaCIOJIOkKEHA
HAHOCTPYKTypa KBaJApaTHON (DOpPMBI, TONIIMHBI Kaxaoro cios 10 HM, nuametp
nucka 200 uM, cropona kBazapaTa 90 um. Paszmep sueiiku 1x1x10 am®. HeoOxomumo
3a/laTh CIEAYIOIINEe HadaJlbHble KOHPUTYypalii HAaMarHUYeHHOCTU U COXPAHUThH
OMF files moiy4eHHBIX CTPYKTYP:

a) B BEpHEM CIJI0€ OJHOJJOMEHHOE COCTOSIHUE, B HIDKHEM BHUXDb;

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

B) B BepxHeM cioe 2D xaotuyeckoe pacnpezenenue, B HxkHeM 3D xaoTtuueckoe
pacrnpeziesieHue.

Tema 4. Bapuanum 6

3aoanue 4.1 Hanumurte kox ucxoaHou 3agauu B hopmare MIF 2.1 anst 3ananus

HaHOCTPYKTYPHI CO CIICAYIOIMUMU MArHUTHBIMU ITaApaMEeTpaMu: HAMarHn4CHHOCTBIO
64



Haceimenus 1000x10° A/M; nanHa peppoMarauTHOM Koppensuuu 8 um. [eomeTpus
CTPYKTYPBI KBaJpaTHBIM MaccuB U3 3X HAHOCTPYKTYp KBaapaTHOU popmbl. CTopoHa
kBajgpaTta d=50 um, Toamuuoi 10 HM, paccTrosHEe Mexay HeHTpamu 2d. Pasmep
suelikn pasomenus 1x1x10 am3. HeoGxomuMo 3agaTh CIEQyIOIIME HAYaIbHBIE
KOH(UTrypalu HaMmarHuueHHOCTH U coxpanutb OMF files mony4deHHBIX CTPYKTYD:
a) B Ka)K10i HAHOCTPYKTYPE OTHOJOMEHHOE COCTOSIHIE —> V <—;

0) B K&XJ10l HAHOCTPYKTYPE BUXPb;

B) XaOTHUYECKOE pacipeiesiCHHE.

Tema 4. Bapuaum 7

3aoanue 4.1 Hanumure koa ucxoaHou 3agauu B ¢popmare MIF 2.1 nns 3amanus
core-shell wacturipl kyonueckoit popmel, cropona kyoa 100 HM, TOJIIHA 000JIOUKH
20 HM, CO CIEIyIOUIMMHA MAarHUTHBIMH TlapaMeTpaMH: HaMarHHYE€HHOCTHIO
Haceimernus 800x10° A/m u 400x10% A/M s 000I0YKH; KOHCTAHTOW OOMEHHOTO
B3auMogeiicteus  9x107?  JI/M. Pasmep sueiikm paszOuenms 1x1x1 am®,
Heobxoammo 3a1aTh cleayrome HadalbHbIe KOHPUTYpAIMd HAMarHUYEHHOCTH U
coxpauutb OMF files monyueHHBIX CTPYKTYP:

a) B nenrpe 2D xaormueckoe pacmpexnenenue, B obonouke 3D xaoTtuueckoe
pacnpeienieHue;

0) B LIEHTpE ABYXJOMEHHOE COCTOSIHME, 000JI0UKa HackIeHa 1o ocu Ox;

B) B IIEHTPE OJHOJJOMEHHOE COCTOSIHUE v, B 06onouKe 7.

Tema 4. Bapuanum 8

3aoanue 4.1 Hanumure kon ucxomHou 3amaun B ¢popmare MIF 2.1 nnst 3amanus
HAHOCTPYKTYPBI CO CIETYIONTMMH MarHUTHBIMH TTapaMeTpaMu: HaMarHU4€HHOCTBIO

Haceimenus 800x10° A/M; mmmHa peppoMarauTHOM Koppensuun 9 Hm. 'eometpus

3

CTPYKTYpbl MaccuB M3 4X HaHONPOBOJIOK auameTpoM 30 HM®, niuuHOM 80 HM.
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PaccrosiHue MeXy LEHTpaMu COCEIHUX HaHOMpoBoOK 40 HM. Pa3Mmep sueliku
pasouenus 1x1x20 am3. HeobGXxomumo  3ajaTh  cJeAyIOIIMe  HadyajbHbIE
KOH(UTrypaluu HaMarHnueHHOCTH ¥ coxpanuth OMF files momydeHHBIX CTPYKTYP:
a) B Ka)K10i IPOBOJIOKe oxHogoMenHoe coctosane T ¥ T4

0) B KaXXJI0i ITPOBOJIOKE BUXPb;

B) XaOTHUYECKOE pacIipeiesiCHHE.

Tema 5. Bapuanm 1

3adanue 5.1 Hanummre koa ucxonHou 3anaun B popmare MIF 2.1 nis 3amanus
HAHOCTPYKTYPBI CO CICAYIONTUMH MarHUTHBIMU MapamMeTpaMu: HaMarHUI€HHOCTHIO
Haceimenns 1400x10% A/m; koHcTaHTOil oOMeHHOro B3ammopeiicTBus 30x10°
12 Tlx/m; xy6uueckoii anmszorpommeii [1 0 0] u Ky=5x10° Jx/m°. T'eomerpus
CTPYKTYpHBI AuCK TonummHoi 10 HM, auamerp 80 HM. Pasmep sueiiku 1x1x10 v,
[IpoBecT CUMYJISITUIO CIISTYIOMIUX MTPOIIECCOB:

a) HaMarHnuuBaHue u3 Random state;

0) meTaM TUCTepe3uca B JBYX HANPABJICHHUIX MapaJlIeIbHO W TEPICHIUKYIISIPHO

TJIOCKOCTH;

B) MTOKa3aTh MOBEACHUE sIpa BUXPs BO Bpalaromiemcs mnoje 60 .

Tema 5. Bapuaum 2

3aoanue 5.1 Hanumurte kox ucxoaHou 3agauu B hopmare MIF 2.1 ans 3ananus
HAHOCTPYKTYPHI CO CJICAYIOIIMMHU MarHUTHBIMU ITapaMeTpaMH: HAaMarHH4€HHOCTHIO
Haceimenns 1000x10% A/m; koHcTaHTO#l oOMeHHOTo B3ammozekcTBus 10x10°
12 Mlak/m; ommoocHoi ammsorpormedt [1 0 0] m Ki=4x10* JIx/m3. Kpagparnas
HAHOCTPYKTypa co ctopoHoit 70 HM u TommmuHoi 10 HM. Pazmep sueiiku 1x1x10
aM®, TIpoBeCcTH CUMYJIAIMIO CIIEAYIOIIHMX HPOLIECCOB:

a) HamarauurBanue u3 Random state;

0) meTM rucTepe3uca B JBYX HANpPABJICHUSIX MapaliedbHO W MEPHEHAUKYJISPHO

JIETKOU OCH;
66



B) IIOKAa3aTh MOBEJICHUE fAIpa BUXPA BO Bparjatouiemcs nose 40 9.

Tema 5. Bapuaum 3

3aoanue 5.1 Hamumure ko ncxoaHou 3agaun B hopmare MIF 2.1 s 3ananus
HAaHOCTPYKTYPBI CO CJICTYIONTIMH MarHUTHBIMU ITapaMeTpaMu: HaMarHHIE€HHOCTBIO
Hacelmenus 580x10% A/m; mnmmOM  (eppomarnmTHOM Koppenmsmun 10 Hm;
omHoocHol ammsorpommeir [0 1 0] m K;=2x10° Jlx/M3. IlpsamoyroibHas
Hanoctpykrypa 20x90 uM? u Tonmmuol 10 HM. Pasmep sueiikm 1x1x10 mm3,
[TpoBecTH CUMYIISINIO CIICAYIOIINX MPOIIECCOB:

a) HaMarHnguBanue u3 Random state;

0) meTau rUcTepe3nca B JBYX HAIPABJICHUAX MMAPAILICTBHO W MEPICHIUKYIISPHO
JUTMHHOW CTOPOHE;

B) 3aJaTh JIBYXJIOMEHHOE COCTOSHHE M MOKa3aTh MOBEICHUE JOMECHHOW CTCHKH BO

Bpamaromiemcs mnoie 50 9.

Tema 5. Bapuanm 4

3aoanue 5.4 Hanummrte kon ucxoaHoi 3amauu B hopmate MIF 2.1 nns 3amanus
HAHOCTPYKTYPBI CO CIICIYIONIMMH MarHUTHBIMH MTapaMeTPpaMU: HaMarHHYEHHOCTHIO
Hacemenuss 1220x10° A/m; koHCTaHTOM oOMeHHOro B3ammoneiictBus 15x10°
12 l/m; ogroocHOM anmsorporueil [1 0 0] m K;=3x10% [Im/m3. TIpsmoyronsHas
HaHocTpykTypa 30x70 uM?> u Tonmumuol 10 HM. Pasmep sueitkm 1x1x10 mm3,
[TpoBeCTH CHMYJISAIINAIO CIICTYIONINX MTPOIIECCOB:

a) HamaranuuBanue u3 Random state;

0) meTnu rucTepe3nca B JIBYX HAIPABJICHUSAX MMAPAJLICIBHO M MEPICHAUKYIISPHO
JUIMHHOW CTOPOHE;

B) 3aJ1aTb ABYXJOMCHHOC COCTOSHUC M IMOKA3aThb ITOBCICHUC I[OMeHHOfI CTCHKH BO

Bpataromiemcs mnoie 50 9.

Tema 5. Bapuaum 5
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3aoanue 5.1 Hanumurte kox ucxoaHou 3agauu B hpopmare MIF 2.1 ans 3ananus
HAHOCTPYKTYPBI CO CIIEIYIONIMMHA MarHUTHBIMH TTapaMeTpaMu: HaMarHUY€HHOCTHIO
Haceimenns 900x10% A/m; mnmmOM  (eppomarnmTHOM Koppenmsmun 11 Hwm;
KyOnueckoii ammsotpormeii [1 0 0] m K;=3x10® JIx/m°. Hamoctpykrypa
PaBHOCTOPOHHETO TPEYToJbHUKA cO cTopoHOoM 50 HM u TommmHOoN 10 HM. Pa3zmep
sueliku 1x1x10 av3. [IpoBecTr CUMYJIALMIO CIIEYIOIMX IIPOLIECCOB:

a) HaMaranguBanue u3 Random state;

0) meTiM TUCTepe3uca B JBYX HANPABJICHHUIX MapaJUIeIbHO W TEPICHIUKYIISIPHO
TUTOCKOCTH;

B) MTOKa3aTh MOBEACHUE sIpa BUXPS BO Bpaaromiemcs mnojue 60 .

Tema 5. Bapuaum 6

3aoanue 5.1 Hanumurte kon ucxoaHou 3agauu B popmare MIF 2.1 anst 3ananus
HAHOCTPYKTYPBI CO CICAYIOITUMH MarHUTHBIMU MapaMeTpaMu: HaMarHUIeHHOCTHIO
Haceimennss 480x10° A/M; KOHCTaHTOH OOMEHHOTO B3ammopeicTBua 12x10°
12 Tlx/m; onnoocHoi anmsorponmeil [0 1 0] m Ky=2x10* Jx/m>. OBanpHas
HaHoctpykrypa 70x40 umM? u tonmuuol 10 M. Pasmep sueiikm 1x1x10 mm3,
[IpoBecT CUMYJISITUIO CIISAYIOMIUX MTPOIIECCOB:

a) HaMarHnYuBaHue u3 Random state;

0) meTiM TUCTepe3uca B JBYX HANPABJICHHUIX MapaJlieIbHO W TEPICHIUKYIISIPHO
JIETKOU OCH;

B) MTOKa3aTh MOBEJACHUE sJIpa BUXPS BO Bpamiaroiemcs mnojie 50 .

Tema 5. Bapuaum 7

3aoanue 5.1 Hamummure kox ncxoaHou 3agaun B opmare MIF 2.1 st 3ananus
HAHOCTPYKTYPBI CO CJICTYIONTMMH MarHUTHBIMH TTapaMeTpaMH: HaMarHHYEHHOCTBIO
Haceimenus 1000x10° A/M; nnamHOM (DeppOMArHMTHONM KOPPENSALMH 5  HM;
onHoocHOM anuzoTponueii [0 0 1] u Ki=3x10® [lx/m®. HaHONIPOBOIOKA AMAMETPOM
30 M u gmHOM 90 HM. Pasmep sueiikm 1x1x5 mm®. IIpoBecTH CHMYyJIAIMIO

CJICYFOIIHX MPOIECCOB:
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a) HaMmarHuuuBaHue u3 Random state;

0) meTIM rUcTepe3rca B JIBYX HANpPABJICHHIX MapaJlIeIbHO W MEPHCHINKYIISIPHO
JUIMHHOM CTOPOHE;

B) 3aJaTh JIBYXJIOMCHHOE COCTOSHHE M ITOKa3aTh MOBEICHUE JOMCHHOW CTCHKH BO

Bpautatouiemcs nose 100 3.

Tema 5. Bapuanm 8

3adanue 5.1 Hanummre koa ucxonHou 3anaun B popmare MIF 2.1 nis 3amanus
HAHOCTPYKTYPBI CO CICAYIONTUMH MarHUTHBIMU TTapaMeTpaMu: HAMarHUY€HHOCTHIO
Hacbimerus 800x10° A/m; koHcTaHTOI 0OMeHHOTro0 B3auMoneiicTeus 9x1072 Iirx/m;
onHoOocHOH anm3orponmeit [1 0 0] u K;=1x10° JIm/M3. HaHOKOIbLIO BHEMIHMIA
nuametp 150 um, BHyTpeHHui 100 uM u Tonuuuo# 10 HM. Pazmep stueitku 1x1x10
aM®, [IpoBeCcTH CUMYJIAIUIO CIIEAYIOIHMX HPOLIECCOB:

a) HaMarHnuuBaHue u3 Random state;

0) meTiM TUCTepe3uca B JBYX HANPABJICHHUIX MapaJlIeIbHO W TEPICHIUKYIISIPHO
MJIOCKOCTH;

B) 3aJaTh JBYXJIOMEHHOE COCTOSIHME U MOKa3aTh MOBEJACHUE JOMEHHBIX CTEHOK BO

Bpamaroniemcs rnojue 100 O.

69



3ajanne HA KYpPCOBYIO padoTy

OCHOBHOI1 1IEJIbI0 KypPCOBOI'O IPOEKTUPOBAHUS SIBIIAETCA INPUOOpPETEHUE
HABBIKOB IIPOBEACHMS CAMOCTOSITEIBHOIO MCCICIOBAHUSA MAarHUTHBIX CBOWCTB
METOJI0OM MHUKPOMAarHUTHOTO MOJIEJTUPOBAHMS, aHAIN3a MOJYYEHHBIX PE3YyJIbTaTOB
Ha SKCIEPUMEHTE U MOJICTUPOBAHUHU, PaOOTa CO CIIPABOYHON JTUTEPATYPOH.

3ajaHue Ha KypCOBOM MPOEKT COAEPKUT TpU 3a4a4M, COIJIACHO
WHIUBUyaJIbHOM TeMe. BpIOOp TeMbl onpenensercs 1100 CTYJEHTOM COBMECTHO C
Hay4YHBbIM PYKOBOJUTEJIEM, COIVIACHO TeMaTHKEe BBITyCKHON KBaau(pUKallMOHHBIHI
pabotel (BKP), nubo ¢opmynupyercs mnpenogaBaTesieM IUCUUIUIMHBI, €CIIH

tematuka BKP He cBA3aHa ¢ JaHHBIM KypCcOM.

3agaua 1
[IpousBectu aHanu3 JIUTEPATYPhl HA BHIOPAHHYIO TEMY KypCOBOI'O MPOEKTA.
Y CcTaHOBUTH OCHOBHBIE JOCTUKEHHUS MO UCCIIEIOBAHUIO IAHHOTO BOIIPOCA, a TAKKe
OMHUCaTh METO/IbI OJIyYEHHUSI KOHKPETHBIX pe3ybTaToB. O003HAUYUTh aKTyaIbHOCTh
MPOBEJECHUSI CAMOCTOATEIBHOTO MCCIEAOBAaHUA C UCIOJIb30BAaHUEM METOJA
MUKPOMAarHuTHOTO MOJIETUPOBaHUs. BBIIBUTH MEpeueHb BOIMPOCOB, HA KOTOPHIE
MOXET OTBETUTh JaHHOe wuccienoBanue. ChopmyIupoBaTh I1EIb KYypPCOBOTO
MPOEKTa U TEPEeUeHb 3aJ1a4y, KOTOPbIe HEOOXOIUMO BBITIOJHUTH ISl TOCTHXKCHHUS
MMOCTABJICHHOW LIEJIH.
3amaya 2
Onucath TEOPETUYECKHE OCHOBBI MHUKPOMArHMTHOTO MOJX0J1a, OCHOBHBIE
BO3MOXXHOCTH METOJIa MHMKPOMAarHUTHOTO MOJECIUPOBAHUS ISl HCCIIEI0BaHUs
beppoMarHuTHeIX OO0BEKTOB. Takke MPOBECTH MPOTPAMMHOIO OOECIeUeHUs,
HCIIOJIb3YEMOT0 B KypcoBOM MpoekTe. CUCOK UCmofib3oBaHHbIX 610k0B B OOMMF
JUIS CO3IaHUsI MOJIesId OOBEKTa MUCCIICIOBAHMS, a TaKXKe OMKMCAaHWE CUHTaKCHCa U
MyHKTyallud KakJI0TO KOHKPETHOTO OJIoOKa TpH HAMKMCAaHUU HMCXOJHOTO KOJa

3aJa4u. Ecmu MOJACIUPOBAHHUEC OCHOBBIBAJIOCH HA JAHHBIX U3 SKCIICPUMCHTA, TAKKC
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HY>XHO TIIpUBCCTH KpPATKOC OIIKMCAHHUE MCTOJOB KOTOPBIMHU ObLIN IMOJIY4CHBI

OKCIICPUMCHTAJIBHBIC PE3YJIbTATHI.

3agava 3

Onucanre KOHKPETHOTO OOBEKTa UCCIEJOBAHMUS COTJIACHO TEMAaTHKe
KypcoBoil  pabGoTel. Ecmm  MomgenupoBaHWe  MPOBOAMIIOCH HA  OCHOBE
HKCIIEPUMEHTAJIbHBIX JIaHHBIX, HEOOXOJIMMO MPUBECTU PE3YJbTAThl IKCIIEPUMEHTA.
[IpoBecTH aHaM3 SKCHEPUMEHTAIBHBIX PE3YJIbTATOB M PACCUUTATh MArHUTHBIE
napamMeTpbl 00beKkTa wuccienoBaHuil. [Ipu OTCYTCTBUU H3KCHEPUMEHTATBHBIX
JaHHBIX IO PSIy MarHUTHBIX NapaMeTpoB, MPOBECTH aHAIN3 JIUTEPATYphl IO
VCCJIEIOBAHUIO JIAHHBIX CBOMCTB MOJOOHBIX cHcTeM. Ha OCHOBaHMM ONMMCAHHBIX
MarHUTHbIX U T€OMETPUYECKHUX IMapamMeTpoB CHOPMHUPOBATH HMCXOJHBIX KO JIs
MOJICJIMPOBAHUSl JTaHHOTO oOO0BekTa. llpoBecTH CUMYINSALMIO MPOLECCOB IS
BBINIOJIHEHHS TIEpEeUHsl 3a7a4, ONpPEACIICHHbIX B Hauaje uccieaoBaHus. CrenaTh
aHaJl3 TOJYYEHHBIX PE3yJIbTaToOB, C(HOPMYIHPOBATb OCHOBHBIE PE3YJbTaThl U
BBIBOJIBI.

OTt4eT o KypcOBOMY IIPOEKTY JOJDKEH COJEPKaTh:

- TUTYJIBHBIU JIUCT;

- COIepKaHuUE;

- 1IeJ1b pabOTHI U 33JJa4l KYpPCOBOI'O IIPOEKTA,;

- 0030p JIUTEPATYPHI;

- OIIMCAaHWE MUKPOMAarHMTHOIO IOAXO0/a,;

- OTIMCaHHE NTApAMETPOB 0OBEKTA UCCIIEIOBAHMS,

- pacyeT ¢ UCIOIb30BAHUEM MUKPOMAarHUTHOTO MOJIETUPOBAHMS,

- BBIBOJIBI 110 IPOU3BEAECHHBIM pacyeTam;

- CIIMUCOK UCTIOJIb30BaHHOM JIUTEPATYPHI.

Otuer BeIMONHSIETCS corjacHO TpeOoBanusM ['OCT 2.105-95 Ha onHou
cropone nucta popmata A4 (210 x 197 mm). TekcT oTuera Mo KypcoBOMY MPOEKTY
JIOJDKEH COCTOSITh W3 Pa3/iesioB, CHA0XKEHHBIX 3arojOBKaMU B COOTBETCTBUHU C

COACPIKAHUCM. B tekcte oTuera YKa3bIBAIOTCA CCBIJIKH Ha JIMTCPATYPY.
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