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1. Ileau 1 3a1a4u OCBOEHUSI AUCIHUILINHBI

OCHOBHOW 1IeNBI0 Kypca SBISAETCS IOATOTOBKA MAarucTpoB (U3MKH K HAy4dHO-
UCCIIEIOBATENILCKOH, HayYHO-UHHOBAI[OHHOM, OpraHu3aIMOHHO-YIIPABICHUYECKON
NeSITeIbHOCTH B HAYYHO-HCCIIEJ0BATEILCKUX HHCTUTYTAX, J1a00PaTOpHUsIX, KOHCTPYKTOPCKUX HIIH
MPOEKTHBIX OFOPO, HA MPEINPUATHIX TyTeM (POPMUPOBAHUS COOTBETCTBYIOIIUX KOMIICTCHITHIH.

B pesynbrate u3yueHus yuyeOHOW AUCIUIUTUHBI «METOIbl UCCIEIOBAHHS MaTEPHAIIOBY
o0y4yaeMble TOJDKHBI TPHOOpECTH POoQecCHOHATbHBIC KOMIIETCHIINH !

— CIIOCOOHOCTH MTPUMEHSATH Ha MPAKTUKE NMPo(ecCHOHANbHBIC 3HAHUS U YMEHUS,
HOJTyYEHHBIC TIPH OCBOCHHUU TPOGMIbHBIX (usnueckux qucuuruind ([TK-4);

— CIIOCOOHOCTH TOHUMATh U UCIIOJIb30BaTh HA MPAKTUKE TEOPETHUECKUE OCHOBBI
OpraHM3alliy U MIaHupoBaHus pusndeckux uccienosanuii (ITK-6);

— CIIOCOOHOCTDH y4acTBOBATh B IMOATOTOBKE M COCTaBIIEHUHM HAyYHOU JTOKYMEHTAIIUU
1o ycraHosiaeHHo# popme (TTK-7).

3ana4yu JUCUUIUIMHBIL

— CHCTEMAaTH3MPOBATh IOJYYCHHBIC paHee 3HAHUS MO TEPMOIMHAMHUKE, COBPEMEHHBIM
npobiaemMaM  3JIEKTPOJUTHO-TNIA3MEHHONH MOIM(UKAIMH METAUIOB € TOMOIIBI0 METOJIOB
KOMITBFOTEPHOT'O MOJICTTHPOBAHUS;

— MOJIyYUTHh HOBBIE 3HAHHS B 00JIACTH (DU3NYECKUX METOJOB HMCCIECIOBAHUS METAIIOB,
CIUIABOB M KOMITO3UI[MOHHBIX MAaTEpUaoOB, MO OCHOBAaM TEXHOJIOTHUHM TOJYYEHHUS U cdepax
NPUMEHEHHS COBPEMEHHBIX (PU3UYECKUX METOJIOB UCCIICTOBAHMS TBEP/IBIX TE,

— yMETh TNPUMCHATH IOJIYYCHHBIE 3HAHUS K PEUICHUIO TPUKIAIHBIX 3371ad (GHU3UKH
TBEPJIOTO Tea.

2. Hepeqeﬂb IJIAHUPYEMBIX pE3yabTaToB OﬁyquI/lH o ITMCIOMIIJIMHE

B pe3ynbraTe 0cBOCHUS AUCUUIUIMHBI O0yUYaOIIUICS TOJIKEH:
3Hamo

— OCHOBBI OpraHM3alM{ M IUIAHUPOBAHUS (U3MUECKUE HCCIEOBAHUM, B YaCTHOCTH,
METO/bI PELICHHUs BOIPOCOB, HEOOXOAMMBIX Ul pEIIeHUs HAay4YHO-MHHOBAIIMOHHBIX 33/1a4 B
00J1aCTH UCCIIe0BAHUS TBEPABIX TEIL.

— COBPEMEHHBIE METOJ/Ibl HCCIIEJOBAaHUS METAJJIOB, CIUIABOB M KOMIIO3MLMOHHBIX
MaTepuaioB, B YacTHOCTH, METOJbl MeTramiorpaduu, peHTreHorpaduu, HeHTpoHorpaduu,
AIIEKTPOHOTpauu U AIEKTPOHHON MUKPOCKOIIUH;
ymembp

— IUJJAaHUPOBaTh M OPraHU30BBIBaTh (PU3MUECKHE HCCIENOBaHMs, B YACTHOCTH,
OCYIIECTBIISATh OOOCHOBAHHBIN BBIOOp MaTepuana, B 3aBUCHMOCTH OT Ha3HAUYEHHUs, YCIOBUIl
HKCIUTyaTallK JeTajel, y3JI0B U MEXaHU3MOB, OCHOBBI TEXHOJIOTMH MOJU(PHUKAIIMKA TOBEPXHOCTH
Y HAHECCHHS CTeIIMaTbHBIX TOKPBITHH;

— CaMOCTOSITENIbHO — pa3paboTaTh  CTpATErHi0 IMOMCKa HEOOXOAMMOM  HayyHOU
UHPOpPMAIINH, a TAK)KEe UHINBUIYAILHBIN TUIAaH OCBOCHUS JIOTIOTHUTEIFHOTO MaTepHaa,
énademp

— METO/IaMHU TIOCTAaHOBKH KOHKPETHBIX 3a/1ad HAyYHBIX HCCIEOBAaHUH B 001acTH (DU3UKH
U peuarh MX C IMOMOINBIO COBPEMEHHON ammapaTypbl U HWH(GOPMAlMOHHBIX TEXHOJIOTUH C
MCIIOJIb30BaHUEM HOBEWIIEr0 POCCHMCKOrOo W 3apyOeKHOIO OIbITa, B YaCTHOCTH, HaBBIKaMU
OCBOCHMS HOBBIX, B TOM YHCII€ CIELHUAIN3UPOBAHHBIX, METOAMK pacueTa CTPYKTYPHBIX U
(ha30BBIX COCTABJISIFOIITUX

— NPaKTUYECKUMU METOJaMU pacyeTa IIyOMHbl MOAM(DUIMPOBAHHBIX MOBEPXHOCTHBIX
ClIO€B, €  WHCIOJb30BaHMEM  MeTauiorpaduu,  peHTreHorpaguu,  HelTpoHorpaduu,
AIIEKTPOHOrpauH U AIEKTPOHHONH MUKPOCKOITUH.

oceoumb Komnemenuuu.:



— CHOCOOHOCTh TIPUMEHSTh HA MPAKTUKE MPOGECCHOHATbHBIC 3HAHUS W yMEHUS,
MOJy4YEHHBIE TIPU OCBOCHHUH MPOPHIBHBIX prsnueckux auciuruiad (ITK-4);

— CHOCOOHOCTh TIOHMMATh W HUCIOJB30BaTh HA NPAKTHKE TEOPETHUYECKHUE OCHOBHI
OpraHM3alliy U IIaHupoBaHus pusndeckux uccienosanuii (ITK-6);

— CIOCOOHOCTh y4aCTBOBATh B TMOJTOTOBKE M COCTaBICHUU HAYYHOU TOKYMEHTAI[UU
1o ycraHosjaeHHo# popme (TIK-7).

3. Mecrto nucuuniunbl B ctpykrype OII BO

I[I/ICI_[I/IHJII/IHa <<M€TOHBI aHaJIM3a MaTepuajioB» HU3Yy4acTCd B CCABMOM HU BOCHBMOM
CeMECTpax W BXOJUT B YHUCIO BapuaTHBHbIX AucuuIUIMH broka 1  «/lucuumauss
o0pa3oBaTeNbHONW MPOTrpaMMBbl MOATOTOBKM OakanaBpoB (us3uku. B mpouecce ee u3ydeHus
CTYAEHT 3HAKOMHTCA C HAHOCTPYKTYPHBIMM OOBEKTaMH M 3aKOHAMU MHUKPOMHpA, y3HaeT To,
KaKum 06pa30M MOXXHO HaGJIIO[[aTB 9TH OOBEKTHI U UCIIOIB30BATh UX YHUKAJIbHBIC CBOMCTBA HA
npakTuke. M3ydaemblii MmaTepuan MomoOpaH B COOTBETCTBUM C HAay4yHbIM HaIlPaBICHUEM
kadenpsl obmIei u TeopeTrdeckoi ¢pusuku KI'Y.

OcHOBHOI Lienbl0 Kypca «MeTozbl HCCIeIOBaHUsS MarepualioBy SBISETCS MOATOTOBKA
MarucCTpoB (1)I/I3I/IKI/I K Hp&KTH‘IGCKOfI JACATCIIBHOCTH B obiactu MOJCIIMPOBAHUA CJIIOKHBIX
(HU3MUECKUX MPOLECCOB B HAYYHBIX HCCIIEA0BAHUSAX.

B pamkax kypca «MeTonbl HCCIENOBaHUS MarepuanoB» paccCMaTPUBAETCS ONHCAHUE
0COOBIX CBOMCTB OOBEKTOB U MPUHLIMIIOB MX MCCIIEI0BAHUH (CYILIECTBYIOLIMX U EPCIEKTUBHBIX) B
COBpCMeHHOfI TEXHOJIOI'HH. Kpr HC OrpaHU4YUBACTCA JIMIIb OIMCAHUCM HOBBIX MAarcpuajioB U
METOJIOB UX HCCJEIOBAaHUN — 3HAUUTENbHOE BHUMaHHE B HeM OyJeT yJelleHO MeToaaM BbhIOopa
TOT'0 UJIM UHOI'O METOAAa, IPUMCHHUTCIILHO K KOHKpCTHOfI HpaKTI/I‘-ICCKOI\/JI 3aaa4e.

Bo Bcex meromax TepMHuecKoil 00pabOTKM HEOOXOAMMO YUMTHIBATh (PU3UKO-XUMHUUYECKHE
ocoOeHHOCTH OOpabarbiBaeMoro marepuaia W (akTophl, BIHAIONME Ha (popMHpOBaHHE €ro
CTPYKTYpbI, IO3TOMY Jjsi BblOOpa Hambosiee ONTUMAIBHBIX PEXUMOB pabOThl B  KaXJIOM
KOHKPETHOM ciiydae TpeOyeTcsi 3HaHHe OCOOCHHOCTEH MarepHaia M WX BIMSHUEC Ha KOHEYHBIN
pe3yibTar.

OcBoenue I[aHHOI\/’I JUCILIUITIINHBI HCO6XOI[I/IMO KaK MpeACCTBYIOIICC IS IMPOXOXKIACHHA
Hay4YHO-UCCIIEIOBAaTENbCKONM TPAKTUKU W HAay4dHO-HCCIIEOBATEIbCKOM paboThl, a TaKxke Jyis
q)aKYJ'II)TaTI/IBHBIX AUCHUIIINH: 3JICKTPOXUMHKO-TCPMHUYICCKAs MOI[I/I(bI/IKaIII/IH CIINIaBOB U (1)I/ISI/IKO-
XMUMUYECKUE METO/Ibl 00pabOTKU MaTepHasoB.

[lepen nsyuenumem aucuMIIMHbl «MeETOAbl UCCIIEIOBaHUS MaTepUajoB» OOYYarOLIUICS
JIOJDKEH MMETh MpesCcTaBieHusl O (a30BbIX MPEBPAIICHUSAX BEUIECTBA B PaMKax KypcoB oOIIen
Gu3UKM 1 (U3MYECKOTO MaTepHajoOBEe/IeHHs, 3HATh OCHOBBI TEOPUM TEPMHUYECKOM M XHUMHKO-
TEPMUYECKOM OOpabOTKM MaTepualioB, JODKEH HMMETh NPEJICTaBICHUS O MOJEKYJISIpHO-
KMHETUYECKOW TEOPUM CTPOEHUS BEIECTBA, SBJICHUAX IEPEHOCAa TEIJIOTHI, 3aKOHax
AIIEKTPOCTATUKH, BJIEKTPOAMHAMUKH, ONTHKH, MHTEpGEpPEeHLMH, AUPPAKIUU U TOJSPU3ALNH.
Tpebyemble KOMIETEHIMM Ha MUHUMAJIbHOM U CpElHEM YpOBHE (HOPMHUPYIOTCS B paMKax
muctumine «MonekynapHas gusuka», «TepmonuHamuka», «ONEeKTpoAUHAMUKay, «ONTHKa».
Jns  ycBOeHMs JMCLUMIUIMHBI OT CTyAeHTa TpeOyercs 3HaHue Aud@epeHnnanbHOro u
HHTCrpajibHOr0 HCYHUCIICHHA, OCHOBHBIX MOJOKEHUH JIMHEWHOM anre6pl>1, BCKTOPHOI'0O H
TEH30pHOT0 aHan3a, PU3UKHU TBEPJOTO Tella, KBAHTOBOW TEOPHUHU.

OcBoenne HaHHOﬁ JUCHUITIIMHBI HeO6XO)II/IMO KaK MpEACCTBYIOMIECC I IMPOXOKIACHUA
HAYYHO-HUCCIIEJIOBATEIbCKON MPAKTUKU, U HAIIMCAHUS BBITYCKHOM KBaJM(UKAMOHHONW PabOTHI,
Omna H€O6XO)II/IMa IJI1  KOMIUJICKCHOI'O TIIOHMMAaHWS HAY4YHOI'0 HaIlpaBJICHUA ((CKOpOCTHafl
XUMHKO-TepMHUecKasi 00paboTka METayuIOB», pa3BUBAEMOr0 B pamMKax Mpoduis MoJroTOBKH
«®Du3KKa KOHJAECHCHPOBAHHOIO COCTOSHUSI BEIIECTBa». B HEKOTOPBIX METOJaX TEePMHYECKOM
00pabOTKM OKpY)Karollasi cpeia sBISETCS CIOXKHBIM (U3NYECKMM OOBEKTOM, HaIpHUMep,
Mapora3oBOid CMEChI0, MOATOMY JJisi BbIOOpa HamOOJee ONTUMAIBHBIX PEXHMOB pPabOTHI B
KaX/IOM KOHKPETHOM cilydae TpeOyeTcsl 3HaHHe OCOOEHHOCTEW MPOLIECCOB TEIUIOOOMEHa U MX
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BJIIMSIHUE HA KOHEYHBIN pe3yibTar.

[Tepen n3yueHneM AMCHUIUIMHBEI «METOIBI HCCIEIOBAHUS MAaTEPUAIIOBY OOydaroIIuics
JIOJKEH MMETD TMPEeICTaBlIeHHs O (pa30BbIX MPEBPALICHHUSIX BEIIECTBA B paMKaX KypcoB 0oOmIel u
TEOPETHYECKON (DU3UKH, YMETh HCIIOJIb30BAaTh COOTBETCTBYIOIINE yPaBHEHHS MaTeMaTHYECKOM
¢u3uku B paznuyHbIX (uznyecknx mopaensx. TpeOyemble 3HaHUS U yMEHUS (POPMUPYIOTCS B
paMkax 0a30BOi yacTH MPO(ECCHOHANBHOTO IMKJIA OCHOBHOW 00pa30BaTENLHON MPOrpaMMBI
OakanaBpuara.

OcBoeHne TaHHOW TUCHUIUIMHBI HEOOXOMMO KaK IPEIIECTBYIONIEE IS TPOXOKIACHHS
HAYYHO-HMCCIIEIOBATEIIbCKOH W TPOHM3BOJCTBEHHON NPAKTUK W HAYyYHO-MCCIIEI0BATEIHCKON
paboTel, a Takke JUIi  (AaKyIbTaTUBHBIX JUCHMIUIMH:  3JIEKTPOXUMHKO-TEPMUYECKas
MOU(UKAIHS CIUTABOB M (PU3UKO-XUMHUYECKHE METO IbI 00pabOTKH MaTepHaloB.

@®opmupoBaHNEe KOMIETEHINH, 3aKIaIbIBAEMBIX IPH W3YyYCHUH JAHHOH JWCIMIUIMHB,
OyZeT TpPONOIKEHO B paMKax MPOXOXACHUS HAyYHO-MUCCIEHAOBATEIBCKOM IMPAKTHUKH,
NPEAJUITIOMHON MPAaKTUKKM W TPH HOATOTOBKE K 3alUTE BBIMTYCKHON KBaTH(PUKAIMOHHOM
paboTHI.

4. O0beM JUCHUILINHBI (MOYJIs1)
4.1. O0beM JUCHUILUIMHBI B 324e€THBHIX eIUHUIAX C YKA3aHHEM aKaJeMHU4eCKNX
(acCTpOHOMMYECKHX) YACOB M BH/IbI Y4eOHOI padoThl

Bunsr yue6HoIi paboThl, Ounas popma
OO6m1ast TPyI0EMKOCTh B 3a4€THBIX €AMHHUIAX 5)

OO61mas TpyI0eMKOCTh B 4acax 180
AyIUTOpHBIE 3aHSTHS B Yacax, B TOM YHUCIIE: 44
Jlekuun 22
[IpakTuueckue 3aHATH 22
JlaboparopHbie 3aHATUS —
CamocTrosiTenpHas paboTa B yacax 100
KonTpoan 36

dopma MPOMEKYTOUHOM aTTeCTalllH Dk3ameH 8 cemecTp

4.2. O0beM KOHTAKTHOM padoTsl Ha 1 o0yuawinerocsi

Buapl yueOHBIX 3aHATHI Ounas dhopma
Jlexuun 22
[TpakTuueckue 3aHITH 22
JlaGoparopHble 3aHATHI -
Koncynsranun 3,1
3aver/3a4eThl

DK3aMeH/2K3aMEHBI 0,35
KypcoBsie paboTbl -
KypcoBbie mpoeKTsI —
Bcero 47,45




5.Conep:xaHue TUCHMILIMHBI (MOYJIs1), CTPYKTYPHPOBAaHHOE 110 TeMaM
(pa3nesnnam), ¢ ykazaHueM KOJINYeCTBA YaCOB M BUI0B 3aHATHI
5.1 TemaTtnyeckuii NJIaH y4eOHOM TUCUUIIJINHbBI

Hazsanne pasaciia,
TCMBI

Bcero
3.e/gac

AyIuTOpHBIE 3aHATUS

Jlekm.

[Ipakr.

JIao.

CamocTosTesbHast
pabota

O030p CTPYKTYPHBIX U
(U3NIECKUX METOJIOB
MCCIIEJOBAaHHS TBEPBIX
Tell.

10

Kpucrannorpadus xak
HaykKa.
Kpucrannorpadguueckue
WHJIEKCBHI, HAITpaBJICHUS
Y IPOEKIIUU

10

[IpeoOpazoBanus
CUMMETPHH

12

['pynmnbr cummeTpun

12

AHanu3 CTPyKTYPHBIX
VW3MEHEHUH B CTaJIH IIPH
TepMUYECKON 00paboTKe

12

Pentrenorpaguueckue
METO/Ibl HCCIICTIOBAHUS
MaTepuaIoB

12

I[Ipumenenne
TUGPAKIUH 3JIEKTPOHOB
Y HEUTPOHOB B
CTPYKTYpHOM aHaJIM3e

12

MakpocKkonuueckuin
aHaJIn3

12

Mertamnorpaduueckue
METO/Ibl UCCIIEI0BAHUS

12

10

DneKTpoHHas
MUKPOCKOTIHS

12

11

DNeKTpOMarHuTHBIE
METO/IbI HCCTIeIOBAHUS

14

10

12

AKYCTUYECKHE METOIbI
HUCCIIeOBaHUs

14

10

13

DK3aMeH

36

Hroro:

180

22

22

100

5.2. Conep:xanue:

Tema 1. O030p CTPYKTYPHBIX M (PU3MUYECKHUX METOA0B MCCICAOBAHUS TBEPABIX TeJI.

OcHoBHOI Ha0O0p (HUBUYECKUX METOJOB KaK €IWHAas CHUCTEMa, IMO3BOJISIONIAS U3MEPHUTh
WIH BBIYUCIUTH OOJNBIIMHCTBO U3 M3BECTHBIX CBOWCTB, XapaKTEPUCTUK U MApPaMETPOB TBEPBIX
TCJI: OCHOBHBIC 3HAHUA W HAaBBIKU, HpI/I06peTaeMme CTYACHTaMU,; (1)PI3I/I‘-IGCKI/IG SIBJICHUA,
JeXale B OCHOBE METOJOB; MPUHUMUIIMAIBHBIE W pPeaJbHbIE BO3MOXKHOCTH Pa3IMYHBIX




METOJIOB; OCOOCHHOCTH METOJIMK, TPEOOBAaHUS K HCCIEAyeMbIM o0OpasllaM M HCIIOIb3yeMOi
anmapatype (mpubopam).

Tema 2. Kpucramaorpapus kak Hayka. Kpucraanorpagpuueckume HHIEKCHI,
HanpasJieHus U npoexkuun. [Ipeamer kpucramtorpapuu. Kpucranmmaeckue u amoppHbIe Tena.
OcHoBHBIE MepUObl pa3BUTUS KpucTayiorpadguu. MakpocKoNUYecKne CBOWCTBA KPHUCTAJLIOB.
[ToHSTHS «OIHOPOMHOCTBY», «AHH3OTPOMHS», «CUMMETpUsi». CIOCOOHOCTh KpPHUCTALIOB K
camoorpanke.  MHmekcel  miockocted W HampaBieHuid.  Crepeorpaduueckue U
THOMOCTepeorpapuuecKue MPOCKIIHH.

Tema 3. IIpeoOpa3zoBanus cumMmerpuu. [lonsatine cummerpun. DIEMEHTHl CHMMETPHUH.
Knaccugukanus onepanuil cMkMMETpUH B 3aBUCHMOCTH OT MX XapakTepa. DJIE€MEHTbl CAMMETPHU
I mw II poma. DHanTHOMOpPGHBIMH W KOHTPYSHTHO paBHble ¢(urypsl. IloBopoTHbIE oOCH
CUMMETPHUU. 3€PKaIbHYIO IIJIOCKOCTh CUMMETPUU U LIEHTP UHBEpcUU. CII0KHBIE OCH CUMMETPHUH.
OCHOBHOH 3aKOH CUMMETPUHM KPHUCTAJUIOB. 3€pKajbHbIE OCH CUMMETpUHU. VIHBEpCHOHHBIE OCU
CUMMETPHH.

Tema 4. I'pynnel cummerpuu. Pemérku bpase. Cuctemsl o6o3Hauenuii: bpase,
lendmuca, I'epmana-Morena. Toueunbie Tpynmbsl CUMMETpUH. MaTpUYHOE MpPEICTaBICHUE
CUMMETPUYECKUX onepanuil u rpynn cummerpun. Muauuuposanue. 3akon ['aron. Cummerpus
JUCKOHTHHYyMa. DETOPOBCKUE TPYIIIIBL.

Tema 5. AHaJIM3 CTPYKTYPHBIX M3MEHEHHMI B CTAJIH NPH TePMHUYECKOH 00padoTke.
Omnpenenenue conepkaHus yriepoaa B MapTEHCUTE M KOJMYECTBA OCTATOYHOI'O ayCTEHUTAa B
3aKaJleHHOM cTaiu. PeHTreHoaHann3 OCTATOUHBIX MaKpOHAMNpsDHKEHUH. AHaau3 AePeKTOB IO
YIIMPEHUIO JIMHUKM. PeHTreHoaHanu3 BO3BpaTa M peKpUCTAUIM3annH. KadyecTBeHHBIM aHanu3
(dazoBoro cocrara craji.

Tema 6. Pentrenorpaguyeckue MeTOAbI HCCJIETOBAHUS.

®u3nYecKue OCHOBBI PEHTTEHOCTPYKTYPHOIO aHainu3a. TeopeTHd4ecKue OCHOBBI
PEHTIeHOCTPYKTYpPHOTO ~ MEeToJa  McCieqoBaHMU. AmmapatHoe oOecrieyeHHe  MeETOJI0B
CTpPYKTypHOro aHanu3a. KauecTBeHHBIM (a30Bblii aHanu3. BbiOop yciaoBuil cheMKH Hpu
¢da3zoBoM aHanu3e. YCTaHOBJIEHUE CTPYKTYpbl KpPUCTAJUIOB. PeHTreHoaHalu3 OCTaTOYHBIX
MakpOHamnpsKeHU. AHanu3 JedeKToB MO YIIMPEHUIO0 JIMHUU. PeHTreHoaHaian3 BO3Bpara.
Pexpucrannuzanus. AHanu3 30HHOM CTPYKTYpbl. AHaJIN3 MOJYJIUPOBAaHHBIX CTPYKTYp. AHaJIN3
¢da3zoBoro cocraBa crajid. 3aKOHBI MOracaHus AUPPAKIMOHHBIX MaKCUMyMOB. 3akoH Bymba-
bparra. Pemienue npakTuyeckux 3agad CTPYKTYpHOro M (a3zoBOro aHaiau3a IpU XUMHKO-
TepMUYECKOll 00paboTKe METalIoB M cIjiaBoB. LlemMeHTanus, MaHUpPOBaHHUE; a30TUPOBAHMUE;
HUTpoLEeMeHTalus; 1upPy3HoHHAsT METAJUTU3aLHs.

Tema 7. IlpumeHeHue AUQPAKIUU 3JIEKTPOHOB M HEHTPOHOB B CTPYKTYPHOM
aHaJm3e.

YerpoiictBo U npuHIMI paboThl AnekTpoHorpada. OCHOBHBIE METOJbI HEUTPOHOrpaduu.
MarepuanbHo-TexHHueckass 0aza ig  uccienoBaHuil.  [lpeumyiectBa M HEOCTATKH
HeUTpoHOrpaduu M DBIEKTPOHOTrpapuu MpHU pEHIeHUH TPAKTUYECKUX 3aaad (U3HUECKOTO
MatepHaioBeeHus. PU3UYecKie OCHOBbI HEUTPOHOrpa(hMUecKoro M 3JIEKTPOHOrpapUyYecKoro,
CHEKTPAJIbHOT0, MUKPOPEHTI€HOCIIEKTPAIbHOTO METO/I0B UCCIIEIOBAHUSL..

Tema 8. Makpockonu4yecKHii aHATU3.



OOme mNpUHOMOB MAaKPOCKOMMYECKOTO aHalu3a. XHMHUYECKHE PEAaKTHUBBI  JUIS
BBISIBJICHHSI MAKPOCKOTIMUECKUX 1e(PEKTOB, paKOBHH, IOp. MeTo bl Onpe/iesieHrs MUKPOTPEIIHH.
Bo3MOXHOCTH JIFOMUHECLIEHTHOTO METOAa. MarHuTHO-IOPOLIKOBBIA METO/.

Tema 9. Metasiorpaguyeckne MeToAbl HCCJIETOBAHUS.

W3zrorosnenune meranaorpadpuieckux Mn@oB. XMMUUYECKHE PEaKTHBBI Ui BbISBICHUS
MHUKPOCTPYKTYp. Meron cBersoro mois. Meton temHoro moisi. Metoz (a3oBoro KoHTpacra.
Merton nuddepennnanbHO-UHTEP(HEPEHIUOHHOIO KOHTPACTa. YBEJIMYEHUE U paspelIaroinas
CIOCOOHOCTh ~ onrTuyeckoro aHanmu3a. Mmmepcuonnass ontuka. KosinyecTBeHHBIH U
Ka4eCTBEHHbIH MeTamorpaduyeckuii aHanu3. AHalnM3 CTPYKTypbl IEpiMTa, MapTEeHCUTa U
OIpElEICHUE BEIMYMHBI 3€pHAa II0 CTAaHJAPTHBIM IIKamaM. MeToabl KOJIMYECTBEHHOU
MeTautorpadumu.

Tema 10. DiieKTPOHHASI MUKPOCKOIIHSI.

dusnyeckre OCHOBBI NIEKTPOHHO-MUKPOCKOIIMYECKOT0, CHEKTPAIBHOIO,
MHMKPOPEHTI'€HOCIIEKTPAJIbHOTO METOJI0B MCCIIEN0BaHMs. AmmaparHoe oOecrieueHue MeTO/I0B
CTPYKTYPHOI'O aHaIM3a. YCTPOMCTBO M HPUHIMII pabOThl 3JIEKTPOHHOTO MMKpoOcKoma. PerieHue
NPaKTUYECKUX 3aJlad CTPYKTYPHOro M (pa3oBOro aHaiaM3a NpU XUMHKO-TEPMUYECKOH 00paboTke
MeTalyioB M cmaBoB. ®otoanekTpoHHass —crnekrpockonus (PIC);  ynpTpaduoneTonasd,
pentreHoBckasi (otornexTpoHHas crekrpockonus (POIC umn 3CXA); 0ke-CreKTpOCKOIHUS;
AEpHbI MarHUTHBIA pe3oHaHC (SIMP); snexTponHbIi napamMarHuTHbI pe3oHaHc (OIIP);
MeccOayIpOBCKasi CIIEKTPOCKOIIHSL.

Tema 11. AkycTuuyeckue U 3J1eKTPOMATHUTHbIE MEeTO/AbI HCCIeI0BAHMA.

AKyCTHUECKUE, BUXPETOKOBBIE, KOIPLUTHUMETPUUYECKUE U TEPMOIJIEKTPUUECKHE METO/bI
UCCIIEIOBAaHUSl CTPYKTYPHBIX M (Da30BBIX HPEBpAILEHU NpH TEPMUUECKOM 00pabOTKEMETalIoB.
HccnenoBanue MpeBpalieHui NpU OTXKUIE, 3aKajIKe, OTIYCKe, cTapeHuH. OTIyCKHas XpYNKOCTb
crai. OCHOBHbIE TEXHOJOTMUECKHE CXEMbl TepMHUueckoi oOpaboTku neraneil. Tepmuueckue
HanpspkeHus. BpiOOp W onTUMH3aIMA  PEXUMOB  TepMHUecKod o0paboTku. TexHomoruu
TEePMUYECKOM 00pabOTKH C UCIIOIb30BaHUEM BBICOKOKOHIIEHTPHPOBAHHBIX HCTOUHUKOB SHEPIHH.

Tema 12. AkycTuueckue U 3J1eKTPOMATHUTHbIE MeTO/AbI HCC/IEI0BAHMSA.

AKycTHUECKHE, BUXPETOKOBBIE, KOIPLUUTHUMETPUYECKHE U TEPMOIIEKTPUUECKHE METOIbI
UCCIIEIOBAaHNSI CTPYKTYPHBIX M (Da30BBIX MpeBpallleHuil NMpu TepMUYECKOil 00paboTKeMeTassIoB.
HccnenoBanue mpeBpalleHnil NMpu OTXKHIE, 3aKajKe, OTIyCKe, cTapeHuH. OTIyCKHas XPYMKOCThb
crami. OCHOBHbIE TEXHOJOTMUECKHE CXEeMbl TepMHueckoi o0OpaboTku neraneil. Tepmuueckue
HanpspkeHus. BpiOop M onTUMM3anUsl pEeXUMOB TepMHUYecKol oOpabotku. TexHomorum
TEPMUYECKOM 00pabOTKH C UCTIONb30BaHHEM BBICOKOKOHIIEHTPHPOBAHHBIX HCTOUHUKOB SHEPTHH.

6. MeToanueckne MaTepHAaJIbl /sl 00y4AIOMINXCs M0 0CBOEHUIO TUCIUTIIMHBI

Kypc «Metonbl uccienoBaHus MaTepualoB» NpPEJHA3HAuYeH Ul CTYINEHTOB WHCTUTYTA
($U3MKO-MaTEMaTUYECKUX U E€CTECTBEHHBIX HAyK HalpaBlieHUs MNOATOoTOBKU «Pusuka». g
YCBOGHHSI H3JIaraéMoro Marepuajga oOT ciymareneid TpeOyeTcss 3HaHHE MaTeMaTH4ecKoro
aHalM3a, BEKTOPHOIO M TEH30PHOIO aHalu3a, MOJEKYISIpHOW (QU3MKH, TepMOJUHAMUKH,
KBaHTOBOM MEXaHHKH, aTOMHOM U SACPHON (PU3UKH. .

B nmanHOM Kypce mpencTaBieHbl HEOOXOIHMMBbIE CBEACHMSI MO BEKTOPHOMY aHaIU3y U
BIIEMEHTAM TEH30pPHOTO aHalW3a, MO3BOJSIONIME B JajbHEWIIEM u3ydaTh (u3nueckue
BEJIMUMHBI, UMEIOILIUE BEKTOPHYIO WJIM TEH30pHYIO mpupony. Kak usBectHo, B (huzmke Kpome
CKJSIPHBIX BEJIMYMH: TEMIIEPATypa, Macca, IJIOTHOCTD BEILIECTBA BCTPEYAOTCS BEKTOPHBIE: T10JIE
CKOPOCTEH, YCKOPEHUH, CHUJIOBBIE XapaKTEPUCTUKU IOJEH, a Takke OOBEKTHI 0oJee CIIOKHOU

npupoabl — TCH30PHI. Onepaum/l C TAKUMH MaTeMaTH4YeCKUMU OObEKTaMH Tpe6y10T HEKOTOPOIro
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0co00r0 HaBBIKA, KOTOPBIM MPAKTUYECKH HE 3aTparuBaeTcs B paMKax JUCIUILTHHBI
«Maremarnyeckuil aHanu3». YacTMUHO BOCHOJIHHUTH 3TOT HpoOen M MpHU3BaHa IUCLMILIMHA
«MeTo/bl UCCIIEJOBAHNS MAaTEPUATIOBY.

Kypc cHaOxkeH HEOOXOIMMBIM KOJIMYECTBOM IPUKIAIHBIX 3aJad, B TOM YHUCIE
¢u3nueckoro xapaxrtepa, CHOCOOCTBYIONIMX JIYYIIEMY YCBOCHHIO TOHATHH M METOIOB
BEKTOPHOI'O M TEH30pPHOIO aHajiu3a, Oosee TOro (opMaiu3M MaKCUMaJIbHO NPHOIMKEH K
HyXJIaM Teopetndyeckoil ¢usuku. TeHsopHblil aHamu3 ans (u3Mka — 3TO MareMaTU4eCKHi
anmnapar, ¢ IOMOILBIO KOTOPOIO HE TOJIBKO COKPAaLarOTCS MHOTOCHCTEMHBIE BBIKJIAIKH, HO U
KOHIEHTpUpYyeTCs (pu3mueckas uies, Tak Kak HMCIOJIb30BAaHUE TEH30PHOTO aHAIM3a IMO3BOJISET

OTOJIBUHYTb Ha BTOPOM IIaH CIIOKHYIO T€OMETPUUYECKYIO KapTUHY (PU3UUYECKOTO SBICHHUS.

[lenp TaHHOTO Kypca COCTOUT B MOBBILIEHUH MPOGECCHOHAIBFHOTO YPOBHS HMOATOTOBKU
OakanaBpa, obOecriedeHUE HEOOXOAMMBIMM 3HAHUSIMM U DPa3BUTHE INPAKTHUECKUX HABBIKOB
paboTBl C OCHOBHBIMU MaTEMATUYECKUMU OObEKTAaMH BEKTOPHOI'O M TEH30PHOI'0 aHAJIN3A.
3azayaMy U3y4eHUs Kypca ABIIOTCA: 3aKPEIUTh U PA3BUTh 3HAHUS, YMEHHS U IIPUEMBI,
IIOJIyYEHHBIE IIPU YCBOEHUU KYPCOB, Ha KOTOPbIE OMMUPAETCS JaHHAs AUCLUIUIMHA; NOATOTOBUTh
UCXO/IHBI ypOBEHb 3HAaHMH M HAaBBIKOB, HEOOXOAMMBIX JUISl YCIEHIHOTO OCBOEHHUS KYypCOB
TEOPETUYECKON (PHU3HKH, HAPUMED, TEOPETHYECKAsi MEXaHUKaA, AEKTPOJANHAMHKA U T.1I.

6.1. CamocTosiTesibHasi padoTa 00y4alommxcs 1o JUCIUILINHE (MOTYJI10)

No Pa3nean (Tema) 3aganue Yacel MeTtoauueckue ®opma
/i JAMCIMILTHHBI PeKOMeHIaluu 110 KOHTPOJISI
BBINIOJIHEHUIO 321aHUS
1 Koncnexruposan Hcnonp3oBarhb Ormpoc,
O630p CTPYKTYPHBIX He  MarepHaloB Marepuanbl JEeKIMA U [IpoBepKa
1 usHICCKUX yueOHoM CEMHUHapOB [0 [KOHCIEKTa,
METOOB JUTEPATYPHI, 8 «Metonam aHaju3a |[IpoBepKa 3a/1au
OTBETHI Ha MarepHuaoB» u
HCCIIE/I0BaHUS
KOHTPOJIbHBIE uctouHukn [1-3] w3
TBEPAbIX TEJ. o
BOIIPOCHI CIIMCKa OCHOBHOM
JUTEPATYPBI.
2 Koncnextuposan Hcnons3oBarsb Ormpoc,
Kpucramnorpadus ue  MaTepuasoB Marepualbl JEKIUH W [IpOBEpKa
KaK HayKa. yueOHoM CEMHUHapOB M0 [KOHCIEKTa,
Kpucramnorpaduyec | muteparypsl, 8 «Mertonam aHaJIM3a [[TPOBEpKa 3aJad
KM€ UHIEKCHI, OTBETHI Ha MaTepuaoB» u
HaIlpaBJICHUs U KOHTPOJIbHBIE ucrounukun [1-3] w3
MPOEKIINU BOIIPOCHI CIIMCKa OCHOBHOM
JUTEPATYPBI.
3 Koncnextuposan Hcnons3oBarsb Ormpoc,
ue  MaTepuasoB Marepuaybl JEKIUH W [IpOBEpKa
yueOHoM CEMHUHapOB M0 [KOHCIEKTa,
ITpeoOpa3oBanus JUTEPATYPBHI, 8 «Mertonam aHaJIM3a [[TPOBEpKa 3aJad
CUMMETpUU OTBETHI Ha MaTepuaIoB» u
KOHTPOJIbHBIE ucrounukn [1-3] wu3
BOIIPOCHI CITMCKA OCHOBHOM
JUTEPATYPBHI.
4 Koncnextuposan Hcnons3oBars Ompoc,
ue  MaTepuasoB Marepuanbl JIEKIMH U [[IpOBEpKa
I'pynmnel cummerpun | yueOHOI 8 | cemunapoB M0 [KOHCIEKTa,
JUTEPATYPBHI, «Mertonam aHaJIM3a [[IPOBEpKa 3a1ad
OTBETHI Ha MaTepHaIoB» U
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KOHTPOJIbHBIE ucrounukn  [1-3] wu3
BOIIPOCHI CIIMCKa OCHOBHOM
JIUTEPATYPHI.
5 Koncnexruposan Hcnons3oBarsb Ormpoc,
AHaus ue  MaTepualioB Marepuaibl JIEKIUH U [IpOBEpKa
yueOHoM CEMHUHapOB [0 [KOHCIIEKTA,
CTPYKTYPHBIX
SAMCHOHMI B CTaIl JUTEpaTypHl, «Meronam aHaJu3a [IpoBepKa 3ajad
. OTBETHI Ha MaTepuaoB» u
IIPU TEPMHUYECKOU
KOHTPOJIbHbBIE uctounukn [1-3] wu3
o0OpaboTke N
BOIIPOCHI CIIMCKa OCHOBHOM
JIUTEPATYPHI.
6 Koncnexruposan Hcnons3oBarsb Ormpoc,
ue  MaTepualioB Marepuaibl JIEKIUH U [IpOBEpKa
Pentrenorpadpuuecku | yaeOHON CEMHUHaApOB 10 [KOHCIICKTA,
€ METO/bI JUTEpaTypHl, «Meronam aHaJu3a [IpoBepKa 3ajad
HCCIJIEJOBAHUS OTBETHI Ha MaTepuaoB» u
MarepuasaoB KOHTPOJIbHBIE uctouHukn [1-3] w3
BOIIPOCHI CITCKa OCHOBHOM
JIUTEPATYPHI.
7 Koncnexruposan Hcnonp3oBarsb Ormpoc,
[Ipumenenue ue  MaTepualioB MaTepualibl JIEKIUHA | [IpOBEpKa
TG paKIuu yueOHoM CEMUHApOB 110 [KOHCIIEKTA,
3JIEKTPOHOB U JUTEpaTyphl, «Meronam aHaJu3a [IpoBepKa 3ajau
HEHUTPOHOB B OTBETHI Ha MarepHuaoB» u
CTPYKTYPHOM KOHTPOJIbHBIE uctouHukn [1-3] w3
aHayuze BOIIPOCHI CIIMCKa OCHOBHOM
JIUTEPATYPHI.
8 | Makpockonmueckuii | Pemenune Hcnonb3oBarsb Ompoc,
aHaIu3 3a/laHusl, OTBETHI MaTepualibl JIEKIUHA | [IpOBEpKa
Ha BOIIPOCHI K CEMHUHapOB [0 [KOHCIEKTa,
3a4eTy «Mertonam aHaJu3a [IpoBepKa 3ajau
MaTepuaoB» u
uctounukn [1-3] w3
CIIHCKA OCHOBHOM
JIUTEPATYPHI.
9 | Merainorpaguueckn | Pemenue Hcnons3oBars Omnpoc,
€ METOABI 3aJlaHus, OTBETHI MaTepuanbl JIEKIUH | [IpOBEpKa
UCCIIEIOBaHUS Ha BOIIPOCHI K CEMHUHapOB M0 [KOHCIEKTa,
3a4eTy «Mertonam aHaJu3a [IpoBepKa 3ajau
MaTepuaIoB» u
ucrounukd [1-3] w3
CIIHCKa OCHOBHOM
JIUTEPATYPHI.
10 | OMeKTpoHHas KoHcnektupoBan Hcnons3oBarh Ormpoc,
MUKPOCKOTIHS ue  MaTepuasoB MaTepualibl JIEKIUMWA U [IPOBEpKa
yueOHoM CEMHUHapOB M0 [KOHCIEKTa,
JUTEPaTypHl, «Mertonam aHaJIM3a [[IPOBEpKa 3a]ad
OTBETHI Ha MaTepHaIoB» u
KOHTPOJIbHBIE ucrounukn [1-3] wu3
BOIIPOCHI CITMCKA OCHOBHOM
JIUTEPATYPHI.
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11 | OnexkrpomarnutHele | Pemenne Hcnonp3oBars Omnpoc,
METObI 3aJjaHusA, OTBETHI Marepuanbl JEKUUl U [IpoBEpKa
UCCIIEJ0OBaHUS Ha BOIPOCH K CEMUHApOB 0 [KOHCIIEKTa,

3a4ery 10 «Metonam aHalu3a |[IpoBEpKa 3a/1ad
MaTepHajIoB» u
ucrounukun [1-3] u3
CIIUCKA OCHOBHOM
JUTEPATYPBI.

12 | AkycTudeckue Pemenue Hcnonp3oBars Omnpoc,
METObI 3aJjaHusd, OTBETHI Marepuanbl JEKUUl U [IpOoBEpKa
UCCIIEJ0OBaHUS Ha BOIPOCH K CEMUHApOB 0 [KOHCIIEKTa,

3a4ery 10 «Metonam aHalu3a |[IpoBEpKa 3a/1ad
MaTepHajIoB» u
ucrounukun [1-3] u3
CIIUCKA OCHOBHOM
JUTEPATYPBI.

6.2. TemaTuka u 3aJaHus U1 MPAKTHYECCKHUX 3aHATHH
Hwxe npuBeneHsl IpUMeEpHBIE IIaHbI IPAKTUYECKUX 3aHATHM.

Cemumnap 1.
Tema: O630p CTPYKTYPHBIX H (pH3HYECKHX METO/I0B HCC/Ie0BAHUSA TBePAbIX TeJl.

3adanus:

1. I[ToBTOpenue paznena «PazoBbie MpeBpalIeHus» U3 Kypca «MonekymnspHas Gusukar
13 yuyeOHOro IJ1aHa MOATOTOBKM OakanaBpoB 1o HampaieHuio 011200.62 «Ddusukay.

2. Pemenue 3agau. [Ipumeps! 3a1ay:

2.1. PaccunTarh COOTHOIICHUE CTPYKTYPHBIX M ()a30BBIX COCTABJISIONIUX B CTAISIX 15,
45, Y8, Y12. BeiOpaTh BO3MOXKHBIE M ONTUMATIbHBIE METO/IBI UCCIIETOBAHUS.

2.2. OnpenenuTs IUana3oH JJIUH MAapTEHCUTHBIX UIVT U CPEIHEro PacCTOSHHUS MEXIy
HUMHU 110 MuUKpodoTtorpadpuu. byner nu J0CTaTOYHO pa3peuieHus ONTHYECKOro MHUKpPOCKONa
JUISl OLIEHKH 3THX NTapaMeTpoB?

3. KoncnektupoBaHME COOTBETCTBYIOIIMX MaparpadoB U3
auteparypsl [1-3] n u3 ciicka AONONIHUTENBHON JIUTEpaTypsl [1].

OO6cyxaemble BOIPOCHI: THUIBI CTPYKTYp M MX OCHOBHBIE XapakTepUCTUKU. OOBEKTHI
CTEpPEOJIOTMYECKOTO HCCIIEA0BaHMsI, CIOCOOBI MX MOATOTOBKM K aHaiu3y. [IpuHIMIbI, METONBl U
TOYHOCTH CTepeosiorudeckoil pekoHcTpykuuu. [Tpuniun KaBansepu-Akepa-Inaronesa. Mertosbt
NOJy4YeHUuss  MepBUYHOM  MHpopMamMM M pacueTHble  XapakTepucTuku.  [loHsTue
IIPEICTaBUTEIILHON BBIOOPKM B cTepeosoru. MeToabl ompeneiaeHuss oObeMHOM nonu ¢as,
CpPEJHEro pasMepa 3€pHAa WM 4YacTHUIBl, CPEOHET0 PACCTOSHUA MEXKIy YacTULAMU,
pacmpeseneHus 3€peH WM 4YacTUIl 0o pa3MmepaM, Kod3(pduiueHTa BBITIHYTOCTH (OPMBI,
CBSI3aHHOCTH CTPYKTYpBI. PacnipeneneHue 2371eMEHTOB CTPYKTYPBI B IPOCTPAHCTBE.

CIIMCKAa OCHOBHOIM

Cemunap 2.

Tema: Kpucramorpagusa kak Hayka. Kpucramiorpagpuueckue HHIEKCHI,
HanpasJieHus U npoexkuun. [Ipeamer kpucramnorpadpuu. Kpucrannmmyeckue u amopgHsbie Tena.
OcCHOBHBIE TIEPHOJBI Pa3BUTHSI KpucTauiorpadguu. MakpoCKOTTMYECKHE CBOMCTBA KPHUCTAJLIOB.
[ToHSTHS «OTHOPOAHOCTBY», «AHHU3OTPOMHUS», «CUMMETpUs». CIOCOOHOCTh KpPUCTAIOB K
camoorpanke.  WHmekcel  miockocted u  HampaBineHuid.  Crepeorpaduueckue U
THOMOCTepeorpaguuecKue MPOeKIIHH.
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Cemunap 3.

Tema: IlpeoOpa3oBanuss cumMmerpuM. IloHsTHe cUMMETpUM. DJIEMEHTHI CUMMETPUHU.
Knaccugukanus onepanuil cCHMMETpUH B 3aBUCUMOCTH OT UX XapakTepa. DJIE€MEHTbl CAMMETPHU
I mw II poma. DHaHTHOMOpPGHBIMH W KOHTPYSHTHO paBHble ¢(urypsl. IloBopoTHbIE oOCH
CUMMETPHUU. 3€PKAIBbHYIO IIJIOCKOCTh CUMMETPUU U LIEHTP UHBEpcUU. CII0KHBIE OCH CUMMETPHUH.
OCHOBHOH 3aKOH CUMMETPUHU KPHUCTAJUIOB. 3€pKajbHbIE OCU CUMMETpUU. VIHBEpCcHOHHBIE OCU
CUMMETPHH.

Cemunap 4.

Tema: I'pynnbl cummerpuu. Pemérku bpase. Cucrembl oOo3HaueHuii: bpase,
[llendnuca, I'epmana-Morena. TodeuHble TPYNIBI CUMMETpUH. MaTpHYHOE MpEICTaBICHUE
CUMMETPUYECKUX ollepauuil u rpynn cummerpun. Muaunuposanue. 3akon ['aton. Cummerpus
JUCKOHTHHYyMa. DENOPOBCKUE IPYIIIIBL.

Cemmunap 5.
Tema: AHaJIN3 CTPYKTYPHBIX U3MEHEHMIl B CTAIU NPH TepMuU4eckoii o0padoTke.

3aoanusn:

1. KoncnekTsl cooTBeTCTBYIOIKX Maparpados yueOHo# aurepatypsi [1],[2] u [3].

2. Pemenue 3aga4, pa3060op BOIIPOCOB TECTA..

IIpumepnoe 3amanme. PacuimdpoBka 3IEKTPOHOIPAMMBI CTalld IMOCIE TEPMHUYECKOM
00paboTKH.

3. [loaroroBka mpe3eHTaly A0KJIaaa ¢ HEOOXOAUMBIMU HILTIOCTPALIASIMH.

Tembl 10151 10KJIa10B (pedepaToB)

— DKcrepuMeHTalbHble METONbI OMpEENICHUs COACpXKaHHUS yriepoaa B MapTEHCHUTE
3aKaJICHHOM CTaJjlu;

— Anmapatypa a7 IpOBEACHHs CTPYKTYPHBIX UCCIIeI0OBaHUM;

— Pa3pemaromas cnocoOHOCTh anbTepHATUBHBIX METOJOB CTPYKTYPHOT'O aHAJIN3A;

— KommiekcHble HcciaenoBanusi, MPOBOJIMMBIE C TTOMOIIBIO COBPEMEHHBIX (PU3UUYECKUX
METO/IOB aHaJIM3a CTPYKTYpPbl MAaTEPHAIIOB.

O6cyxnaembie Bompochl: OrmpeneneHUe COAEp)KaHUS VyriaepoJa B MapTEHCUTE U
KOJIMYECTBA OCTAaTOYHOTO AayCTEHHWTAa B 3aKAJEHHOW CcTaiu. PeHTreHoaHaln3 OCTaTOYHBIX
MaKpOHamnpsiKeHU. AHann3 1e(deKTOB MO YIIUPEHHWIO JUHUU. PEHTreHoaHanu3 BO3BpaTa U
pekpuctamm3anui. KauecTBeHHBIN aHANMNU3 (a30BOr0 COCTaBa CTANH.

Cemunap 6.

Tema: Pentrenorpaguyeckne MeToabl HCCIEI0BAHUA MATEPHAJIOB.

3aoanus:

1. KoHcnieKkThl cOOTBETCTBYIONUX NaparpadoB yueOHo mutepatyps! [1],[2] u [3].

2. Pemenue 3anau.

IIpumepHoe 3aganme. PacnmdpoBka peHTreHOrpaMMbl CTalIM IOCIE TEPMHUECKON
00paboTKH.

3. IToaroroBka mpe3eHTalMU JOKJIaJa ¢ HEOOXOJUMBIMU WILTHOCTPALUSIMU.

Tembl a1 10KJIa10B (pedepaToB)

— Omnpenenenne 0CcTaTOYHOTO AyCTEHUTA B YTIIEPOAUCTOM CTAJN;

— Bp100p XapakTepucTHUECKOro PeHTI€HOBCKOTO U3JIyUeHHUs 0]l KOHKPETHYIO 3aa4y;

— OnTumu3aIys pexuMoB MOJTYyYeHUs] PEHTI€HOBCKON AU(paKTOrpaMMmBbl;

— Omnpenenenns KOHUEHTPALUHU YIIIEpoJa B MapTEHCUTE CTaIH MPH OTITYCKE.

Ob6cyxnaemble Bonpochl: KauecTBeHHBIN (ha30BbIi aHau3. BeIOOp ycinoBuil CheMKH MpH
¢dazoBoM aHanM3e. YCTaHOBJIEHUE CTPYKTYpbl KpHUCTaIOB. PeHTreHoaHanu3 OCTaTOYHBIX
MakKpoHanpspkKeHud. AHanu3 neeKToB 1O YIIMPEHWIO JIMHUHM. PeHTreHoaHanan3 BO3Bpara.
Pexpucrammmzanus. AHaIU3 30HHOM CTPYKTYpbl. AHAJIN3 MOIYJIMPOBAHHBIX CTPYKTYp. AHaJIN3
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¢azoBoro cocraBa cranu. CTpyKTypHbIE U (a30BbIe IPEBPAIICHUS IPU TEPMUUECKON 00paboTKe.
[IpeBpaiienust npu OTKUTE, 3aKajlKe, OTIYCKe, cTapeHuu. VccnenoBanue OTHyCKHOW XPYIKOCTH
crany. OCHOBHBIE TEXHOJOTHUECKHE CXEMbl TEPMHUYECKOH OOpabOTKM 1eTaneil u METOIOB
KOHTpOJISl KadecTBa TepMooOpaboTku. TepMmuyeckue HampspKeHMsT M MX  KOJIMYECTBEHHAs
olleHKa. BpIOOp M omTuMH3aIMs PEKUMOB TEPMUYECKOH 00paboTku. Pentrenorpaduueckue
WCCJICIOBAHMSI KA4eCTBA TEPMUUYECKON 00paOOTKH CTaJICH U CIUIABOB.

Cemmunap 7.

Tema: Ilpuvenenne audpakuum 3NIEKTPOHOB M HEHATPOHOB B CTPYKTYPHOM
aHaJm3e.

3aoanun:

1. KoHncniekThl cooTBeTCTBYIOIMX Maparpados yueOHoi murepatypsr [1],[2] u [3].

2. Pemrenue 3amgau.

IIpumepHoe 3aganue. PacumdpoBka 3JIEKTPOHOTPAMMBI CTAJIH IOCIE TEPMHUECKOM
00paboTKH.

3. [ToaroroBka mpe3eHTAMK JOKJIAJa C HEOOXOIUMBIMU MILTIOCTPALMSI MU.

Tembl 111 10KJIa10B (pedepaToB)

— 3ajauyn, KOTOpbIE HEBO3MOYKHO PEUINTh O€3 METOI0B HEHTPOHOTpaduu;

— Anmapatypa a7 IpoBeJeHHs] HEUTPOHOTpadUUECKUX UCCIICIOBAHMIA;

— Pazpemmaromas criocobHOCTh HeliTpoHOTrpaduu 1 AmekTpoHorpaduu;

— KowmmiekcHble HcclenoBaHUs, MPOBOJUMBIE C TIOMOIIBIO MPOCBEUYMBAEMOTO
AJIEKTPOHHOI'O MUKPOCKOIIA.

OO6cyxaaembie BOIPOCH: YCTPONCTBO M MPUHIUN PaboThI snekTpoHorpada. OCHOBHbBIE
MeToJIbl HelTpoHOTpaduu. MarepuanbHO-TeXHUYecKas 0a3a i uccienoBanuii. [Ipenmymiecrsa
U HEJOCTaTKU HEUTpoHorpaduu U SJEKTpoHOrpaduu HpH PpPEUICHHH MPAKTUYECKUX 3ajiad
¢usmueckoro  MarepuanoBefeHusA.  DU3NYECKHE  OCHOBBI  HEHTpOHOTpadHUuecKoro u

3JIEKTPOHOrpahuvecKoro, CIIEKTPAJIBHOTO, MUKPOPEHTI€HOCIIEKTPAIBHOTO METOZIOB
WCCIIEI0BAHHS.

Cemunap 8.

Tema: MakpocKONIMYECKU aHAIU3.

3aoanus:

1. KoHCcTIeKTHI COOTBETCTBYIOMMX MaparpadoB yueoHo# nureparyps [1],[2] u [3].

2. Pewenne 3anad.

IIpumepnoe 3amanme. OLEHUTh HAJU4YHE€ MUKPOTPELIMH B 3aroTOBKE IOPIIHEBOIO
najbla Mo pe3yjabTaTaM MaKpOCKOIMYECKOrO aHaIu3a. .

3. IToaroroBka mpe3eHTalMK JOKJIaJa C HEOOXOAUMBIMU HMILTIOCTPALlUsMHU.

Tembl a1 10KJIa10B (pedepaToB)

— TeopeTndeckue 0CHOBBI CTEPEOTIOTUU

— TumbI CTPYKTYp 1 UX OCHOBHBIE XaPaKTEPUCTUKH.

— OOBEKTHI CTEPEOTIOTNUECKOTO UCCIEI0BAHUS, CIOCOOBI MX TOATOTOBKH K aHAIIU3Y.

— [IpuHIUIBI, METOIBI U TOYHOCTH CTEPEOJIOTHUECKON PEKOHCTPYKIINH.

— [Ipunnun Kasansepu-Akepa-Inarosnesa.

— Merozp! nomy4yeHus: NepBUYHON HHPOPMAIIMK U PACUETHBIE XapaKTEPHUCTUKH.

— IonsTHe mpecTaBUTENIbHOI BEIOOPKU B CTEPEOJIOTHH.

OOGcyxmaembie BOPOChl: MeToabl onpeneneHus 00beMHOM 10u a3, CpeaHero pazMepa
36pHa WM YaCTHUIbl, CPEAHETO PACCTOSAHMUS MEXKIY YacTULAMH, PACIpElEIeHHs] 3€peH WU
yacTUll MO pa3MepaM, Kod(pQuIueHTa BBITIHYTOCTH (OPMBI, CBSI3aHHOCTU CTPYKTYPBHI.
Pacnipenenenuie 351eMEHTOB CTPYKTYpbl B NPOCTPAHCTBE. MeETOIbl KOJIMYECTBEHHOIO aHAIU3a
MUKpOCTPYKTYpbl. Coneprkanue U nopsiiok BeimonHeHus padot mo 'OCT 5639-82 «Cranu u
crutaBbl. MeTonbl BbIsBIEHUS U omnpeaeneHus Bennuussl 3epHa» u 'OCT 1778-70 «Crains.
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Mertamiorpadguueckie MeTOMbI OINpENeICHUs] HEMETATIMUECKUX BKJIIOUEHHI». YCTpPOHCTBO U
NPUHIMIT PabOThl aBTOMATHYECKUX aHAIW3aTOpOB u300pakeHuit. [lopsgox paboTel Ha
ananuzarope EPIQUANT.

Cemmunap 9.

Tema: Mera/uiorpaguyeckue MeTOAbl HCCIET0BAHMS.

3adanus:

1. KoHCTIEKTHI COOTBETCTBYIOMIUX MaparpadoB yueOHou uteparypsl [1],[2] u [3].

2. Pemenue 3aaau.

IIpumepHoe 3aganne. PaccunraiitTe yaenbpHOE 3JIEKTPUUECKOE COMTPOTUBIICHUE rpadeHa.

3. [loaroroBka mpe3eHTaMU JOKJIaa ¢ HEOOXOJUMBIMU MILTIOCTPALUSIMU.

Tembl 1151 10KJIa10B (pedepaToB)

— Iopsimok poBeAeHUS KOJTMYECTBEHHOTO aHAIN3a Ha COBPEMEHHBIX IMMPOTPAMMHBIX
KOMILJIEKCaX;

— ToyHOCTH aBTOMaTUYECKOTO aHAJIN3a, HHCTPYMEHTAIBHBIC TIOTPEITHOCTH, TIOTPEITHOCTH,
CBSI3aHHBIE C IPENapHUpPOBAHUEM.

— Metonpl ONTy4YeHus IIEPBUYHON WH(POPMAITHH JIJTsI KOJIMYECTBEHHOTO aHAIN3a CTPYKTYPHI
CIIaBOB Ha ONTHUYECKOM MHUKPOCKOIIE;

— Meronp! oTy4eHus IePBUIHON HHPOPMAIIAH JUTS KOJIMISCTBCHHOTO aHAJIN3a U3JIOMOB Ha
PacTPOBOM AIIEKTPOHHOM MUKPOCKOIIE

— Omnpenenenre pazMepa HeMETaUTMYECKUX BKIIFOUEHHH B cTasiX U ciuiaBax o ['OCT
1778-70 «Cranp. MeTtamutoropapuueckue METOIbI OTIPE/ICIICHUS] HEMETALTMYESCKUX BKITFOUCHUI)

— Omnpenenenne pazmepa 3epHa 1o 'OCT 5639-82 «Cranu u criaBel. MeToIbl BBISIBJICHUS U
OTIpeIeTICHUS] BEJIMYMHBI 3€PHA

OO6cyxnaembie Borpockl: [IpaBuia onpenenenne npeicTaBUTeIbHON BHIOOPKHU B
crepeonorud. [lopsgok onpenenenust 00beMHOI 1011 (a3 B criaBe MeToAoM [ aronesa u MeToI0M
cexynmx. [Topsiok orpeaeneHus CpeaHero pa3Mepa 4acTUI] METOI0M ceKymuX. KommaecTBeHHBIHN
aHaJIM3 CTPYKTYPHI JIETUPOBaHHOM NaryHu OmnpeeneHue IIOTHOCTH JUCIOKAIUN B aTFOMUHHEBOM
CILIaBe.

Cemunap 10.

Tema: DJIeKTPOHHAs MUKPOCKOIHUSI.

3aoanusa:

1. KoHncnekThsl cooTBeTCTBYIOMKX Maparpados yueOHo# mutepatypsi [1],[2] u [3].

2. Pewrenue 3azad.

I[Ipumepnoe 3aganue. PacumdpoBka 3IEKTPOHHO-MUKPOCKOIIMYECKOTO H300paXKeHHS
CTaJIM TOCTIe TEPMHUUECKON 00paboTKH.

3. [ToaroroBka mpe3eHTaIy A0KIaaa ¢ HEOOXOTUMBIMU HILTIOCTPALIASIMH.

Tembl a1 10KJIa10B (pedepaToB)

— 3ajaum, permaeMble METOJIOM AJIEKTPOHHONH MUKPOCKOIHUU.

— MeToab! IpUroTOBIEHU 00Pa3LOB AJIS IPOCBEYMBAOILIETO AIEKTPOHHOIO MUKPOCKOTIIA

— PactpoBasi 31eKTpoHHAs MUKPOCKOIHS;

— AHanu3 COBPEMEHHOM 3JIEKTPOHHO-MUKPOCKOIIMYECKON TEXHUKU;

— Meroapl  TOBBIMIEHUS  pa3pellarolield  CIHOCOOHOCTH  MPH  AJIEKTPOHHO-
MHUKPOCKOITMYECKHUX UCCIETOBAHUSIX.

O6cyxnaembie BOMPOChl: (DPHU3NYECKHUE OCHOBBI PEHTTCHOCTPYKTYPHOTO, 3JIEKTPOHHO-
MHUKPOCKOTTHYECKOTO, CIIEKTPAIILHOTO, MHUKPOPEHTI€HOCTIEKTPAIBHOTO, MarHuTHOTO,
aKyCTHYECKOr0  aHaiu3a. TeopeTHuuecKue  OCHOBBI  PEHTICHOCTPYKTYPHOTO  MeEToJa
UCCIIEJIOBaHUN. ATmapaTHoe o0ecrieueHrne METOI0B CTPYKTYPHOTO aHaiu3a. 3aKOHBI MTOTracaHus
TU(GPAKIIMOHHBIX MakCUMyMOB. 3akoH Bynbga-bparra. PemieHne mnpakTudeckux 3ajad
CTPYKTYpHOTO U ()a30BOT0 aHAIM3a MPU XUMUKO-TEPMHUUYECKOM 00pabOTKe METAIIIIOB U CILIABOB.
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Cemunap 11.

Tema: J1eKTPOMArHUTHBIE METOAbI HCCIEI0BAHUS.

3aoanusa:

1. KoHncniekThl cooTBeTCTBYIOIMX Maparpados yueOHoi murepatypsr [1],[2] u [3].

2. Pemrenue 3amgau.

IIpumepHoe 3ananue. IloctpoeHne M aHanM3 3aBUCHUMOCTH KOJPLUTUBHOM CHIIBI OT
KOHILIEHTPALlUU yIiIepoJa B OTOXKKEHHOHN YrJIepOAUCTON CTaJIN.

3. [loaroroBka mpe3eHTaMK JOKIa1a C HEOOXOIUMBIMH UIUTIOCTPALHSMH.

Tembl 1151 10KJIa10B (pedepaToB)

— MeTtoas! IpEelU3MOHHOTO U3MEPEHUS YIEIBHOIO AIEKTPOCOIIPOTUBIIECHHS METAILIIA;

— Mertozp! onpeaeneHus: KOOPUUTUBHON CUJIbl (heppOMArHUTHOTO MaTepHaa;

— Metozsl u3MepeHHs CKOPOCTH yJIbTPa3ByKa B MaTepHalle;

— BuxpeTokoBble METOIbI HCCIIEOBAHUS MAaTEPUATIOB;

— TepMo3nexkTpruecKkre METO bl UCCIIEI0BAHUS METAIIIOB.

OO6cyxgaemple BOMPOCHL: AKYCTHUECKHE, BUXPETOKOBBIC, KOIPLUUTUMETPUUYECKHE U
TEPMORJIEKTPUUYECKUE METO/bl HCCIIEAOBAaHUS CTPYKTYPHBIX U (Da30BbIX MpEBpALEHUN Npu
TepMuyeckoii oOpaboTkemeramioB. lccrnegoBanue mpeBpalleHUd MpPU  OTXKHUIE, 3aKalKe,
ornycke, crapeHud. OTnyckHass XpynkocTb cTaidd. OCHOBHBIE TEXHOJIOIMUECKHE CXEMBbI
TepMUuYecKkoil 00paboTku neraneil. Tepmudeckue HanpspkeHus. Bpibop u  onTumuzanus
PEXKUMOB TEPMHUUECKON 00pabOTKHU.

Cemunap 12.

Tema: AkycTHYeCKHEe METOAbI HCCJIeIOBAHUSI.

3aoanusn:

1. KoncnekTsl cooTBeTCTBYIOMKX Maparpados yueOHo# mutepatypsi [1],[2] u [3].

2. Pewrenue 3azad.

IIpumepnoe 3aganue. [locTpoeHre U aHaIM3 3aBUCUMOCTU CKOPOCTH YIbTPa3ByKa OT
KOHIICHTpALUU yIIepoJa B OTOKKEHHOHN yIIIepOAUCTON CTAIIN.

3. [ToaroroBka mpe3eHTaly A0KJIaaa ¢ HEOOXOAUMBIMHU HILTIOCTPALIASIMH.

Tembl a1 10KJIa10B (pedepaToB)

— MeTtozas! u3MepeHNs CKOPOCTH YJIbTPa3ByKa B MaTepHalIe;

— BuxperokoBble METO/IbI HCCIIEIOBAaHUS MAaTEPUAIIOB;

— TepMoanexkTprueckre METO bl HCCIIEN0BAHUS METAIIIIOB.

OO6cyxaemple BOMPOCHI: AKYCTHMUECKHE, BUXPETOKOBBIE, KOIPLUUTUMETPUUYECKHE U
TEPMODIIEKTPUYECKUE METOMABI HCCIEAOBaHUS CTPYKTYPHBIX W (Da30BBIX MpeBpallleHUH mpu
TepMUYecKkol o00paboTkemeTauioB. MccnenoBanue mpeBpalieHud TpU  OTHXKHUTe, 3aKalike,
oTnycke, crapeHuu. OTIycKHas XpYNKOCTb cTainu. OCHOBHBIE TEXHOJIOTMYECKHE CXEMBI
TepMuyecko o00paboTku neraneil. Tepmuueckue HanpspkeHus. Bpibop u  onTumuzanus
PEKUMOB TEPMUUECKON 00pabOTKH.

7. IlepeyeHb OCHOBHOM ¥ J1OMOJHUTEJIbHOM JTUTEPATYPHI, HEOOXOAUMO 111
OCBOCHUS TUCHMILIMHBI (MOLYJIs1)

a) OCHOBHAasI

1. Kanbiruna O.H. , YerBepuxoBa A.I., bepaunckuii B.JI. ®usnyeckue MeTOabI
uccnenoBanus BemectB: Opendypr: OI'Y, 2014 - 141 c.

https://biblioclub.ru/index.php?page=book red&id=330539

2. AbpuxocoB A.A. OcHOBBI Teopuu MeTamioB: Yueb. mocobue / Ilom pen. JLA.
®DabKOBCKOTO - 2-€ U3M., A0I. u uctp. - M.: ®U3MATIIUT, 2010. - 600 c. ISBN 978-5-9221-
1097-6. https://biblioclub.ru/index.php?page=book view red&book id=67590

3. Brmacos B.C. MeramnoBeaenue: YueObnoe nocodue s cryaerTos / B.C. Brmacos. - M.
Anbda-M: THOPA-M, 2009. - 336 c.: un. ISBN 978-5-98281-167-7

16



https://biblioclub.ru/index.php?page=book_red&id=330539
https://biblioclub.ru/index.php?page=book_view_red&book_id=67590

http://znanium.com/bookread2.php?book=165545

0) 10MOJTHUTEIbHAS

1. TpezynoB B.M. dusnyeckue cBoiicTBa marepuaioB [DIEKTPOHHBIM pecypc]: yueO.
nocobue / B.W. I'peizynoB, T.U. I'pezynoBa, O.A. Knemnora, C.E. Kpsiosa, E.IO. Ilpuiimak,
H.B. ®upcosa. — 2-e u3x., crep. — M.:®JIMHTA, 2015. — 248 c.

https://biblioclub.ru/index.php?page=book_view red&book id=461082

2. 3yeB A.1O., lsetkoB J[.C. TepmoauHamMuKa U CTPYKTypa TBEPAOTO TEJNA : MPAKTUKYM :
Yyebnoe mocobme. - ExarepunOypr : W3n-Bo VYpan. yu-ta, 2013. - 128 c. /
https://biblioclub.ru/index.php?page=book_view_red&book_id=239717

3. Oeukun M. B., Illepcto6uToBa B. H. ABTOMaTH3amusi KOHTPOJIS U3/IETUI HA OCHOBE
pentrenorpaduu: monorpagus. OpenOypr: OI'Y, 2017 - 136 c¢. ISBN: 978-5-7410-1990-0

https://biblioclub.ru/index.php?page=book_red&id=485637

4. KomapoB O. C., Kepxenuesa JI. ®., Makaesa I. I. MarepuanoBenenue B
MalIMHOCTPOCHHUH: YueOHUK / MuHcK: Beimmiimas mkoina, 2009 — 304 c.

https://biblioclub.ru/index.php?page=book red&id=144216&sr=1

8. IlepeueHb pecypcoB HH(POPMALIMOHHO-TEJIEKOMMYHHKAIIMOHHOM CeTH

«I/IHTepHeT», H606XOI[I/IMI)IX AJIF OCBOCHHUA JUCIHHUIIJIMHBI

HNudopmannorHo-006pa3zoBaTesbHbIC PECYPCHI:

1. OGmepoccuiickuit Mmaremarnyeckuit mopran Math-Net.Ru.

DNEeKTPOHHBIC OMOIMOTEUHBIC CHCTEMBI:

1. YuuBepcuterckas onbnmuoreka onmaiin http://biblioclub.ru

2. «JIanb» http://e.lanbook.com/

3. OBC «Znaniumy http://znanium.com

4. HayuHo-oOpa3oBaTesibHbIN LIEHTp 10 HaHoTexHonorusm MIY «®DyHnaMmeHTanabHbIE
OCHOBBI HaHOTexHoJorui» http://nano.msu.ru/education/courses/basics Oo61eodpa3zoBareabHbIC
KYPCBI JICKIHI

5. Meramiorpadgudeckas 0a3a TaHHBIX

http://www.modificator.ru/terms/metallography.htmi

9. OnucaHue MaTeprabHO-TeXHUYECKO 0a3bl, HEOOXOAUMOM 151

OCYIIECCTBJICHUA OﬁpaSOBaTeJIbHOFO nmpomecca mo AMCIuuIlInHe
AyauTopust VIS JIeKIMIi:
Kopnyc E, Ne 209, komuuyectBOo mnocafgodyHblx MecT — 30, MyIbTUMEAMMHBIN KOMIUIEKC,
BKJIIOUAIOIIUNA IKpaH, HOYTOYK U MPOEKTOP.
Aynuropus Ui NPAKTHYECKUX 3aHATHIA:
Kopmyc E, Ne 212, konmu4ecTBO OCaI0uHBIX MECT — 24.
AyIMTOPHH AJISl CAMOCTOSATEIbHOI padoThI:
YuranbHblid 3an koprmyca «E», koaumuecTBO mocaloyHbIX MecT — 22, 9 KoMIbrOTepoB (6 JUIs
yuTaTesen, 3 s COTpyAHUKOB); | ckaHep.
YuranbHelid 3an kopryca «bl», xomumdectBo mocanouHbix mecT — 200. 3 xommbroTepa Juis
coTpynHukoB; 1 mpunrep; 1 xonup/mpunrep; 1 mpoekrop; 2 3kpaHa Juisl IpoekTopa; 1 BopoTa
«Antusop»; 1 WIFI-Touka nocryna. JInnenznonnoe I10: AUBC MapkSQL.
Kommbrotrepnsiii knacc, koprnyc "E", ayn.227, komudecTBO mHocalouHbIX MecT — 16, Biok
cucremublii KM Office T3-4170, monutop Philips. Jlunensuonnoe I10: Windows 8.1 Pro
norosop Ne 50155/51P4393 ot 12.12.2014 ¢ OOO Codr-naita ITpoextsr, MathCAD Education
norosop Ne 208/13 ot 10.06.2013 ¢ OOO KOuutAnshaCodrt.
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