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AHHOTANMA

B xypce «BzaumopeiicTBre miaa3mbl ¢ KOHCTPYKIHOHHBIMH MaTepHajaMi» OCHOBHOE BHHMAaHHUE yAeJseTcs
BO3EHUCTBUIO Ha Marepuasbl MOIIHbBIX IJIA3MEHHBIX IIOTOKOB, KOTOPBIE BbI3bIBAIOT IUIABICHUE MATEPUANIOB U
Jla’ke MHTEHCUBHOE UCTapeHne. AKTYaJIbHOCTh N3yUEHHs TAKUX PEKUMOB B3aUMOICHCTBHUS OOYCIIOBIICHA TEM,
YTO OHHM XapaKTepPHbI JJIS NEePEXOIHBIX MJIa3MEHHBIX MPOIECcCOB B OosbIMX Tokamakax tuma UTOP u ams
pa3palarbiBacMbIX B HACTOSIIEEe BpeMs IUIa3MEHHBIX TexHojorui. [logpoOHO aHanmM3upyloTCs OCHOBHBIE
IPOLIECCHl TIepe]] MOBEPXHOCTHIO TBEPAOTENbHONW MMIIEHH, Takue Kak (OpMHpOBaHHE CIIOS IUIOTHOM
MUIICHHOW IJIa3MBbl 32 CYET MOHHM3ALMK HCIIAPEHHOTO BEIECTBA, TOPMOKEHHE HAJICTAIOIIETO IUIa3MEHHOTO
[IOTOKa B IUJIOTHOM IIPUIIOBEPXHOCTHOM CJIO€ U IepeAaya »JHEpruM II0TOKa MHIIEHHOHM IasMe,
npeobpa3zoBaHue TMOMIOUICHHON O3HEPrMd B U3JIy4YCHHE MHLICHHOM IIa3Mbl, Mepefada 3HEpPruu Ha
MOBEPXHOCTh MuieHH. OOCyXgaroTcs pasziauyus B IapamMeTpax M JIUHAMHKE MHIICHHOW IUIa3Mbl B
3aBHCHMOCTH OT copTa oOmydaemoro wmarepuaia. OOCYXIOAlOTCsl XapaKTE€pHble WM3MEHEHHUS CBOWCTB
OOJIydEeHHBIX MaTepHasioB IPU Pa3IMYHOW MHTEHCHBHOCTH IUIA3MEHHBIX MOTOKOB. Pa30uparorcss OCHOBHBIE
MEXaHU3Mbl pa3pylICHUs] MOBEPXHOCTH MaTepuana M HMX BKIaJ B HWTOTOBYIO KApPTHHY pa3pylLICHHE B
3aBUCHMOCTH OT COpTa MaTepuana M XapakKTepUCTUK MoToka. OOCYKHaloTCsl COBPEMEHHBIE CpElCTBa
IUAarHOCTUKH, TpPUMEHSEeMbIE IJsl HCCIEeNOBaHUS MPOLECCOB B IUIa3ME€ W HAa MOBEPXHOCTH OOy4yaecMoOro
Marepuaia.

1. lean u 3apa4n

Henp AucoMnInHBI

Hare 0a3oBble 3HaHUS 00 OCHOBHBIX (DM3MYECKMX MpOLEcCax, MPOUCXOIAIINX MPHU B3aUMOACHCTBUU
IUIa3Mbl ¢ KOHCTPYKIIMOHHBIMH MaTepuajJlaMH Kak ¢ Lenblo (GopMupoBaHHsS (yHIaMEHTAIbHBIX
(U3NYECKUX MPEJCTaBICHUHI O B3aMMOACHCTBUH IIa3Mbl C TBEPIOTEIbHBIMU MaTepUalaMu, TaK U JUIS
NpUOOPETeHNsT NPAKTHMYECKHX HABBIKOB IO TPHMEHEHUIO MONYyYEHHbIX 3HAHWW IIpU pELICHUU
NPUKJIAAHBIX (QU3MUYECKUX W HAyYHO-TEXHHYECKHX 3allad, B YAaCTHOCTH, JUIs PpELICHUs 3anad,
CBSI3aHHBIX C DPa3pabOTKOM M CO3JaHMEM NEepBOH CTEHKM MEXKIYHapOJHOTO 3KCHEPHUMEHTAIBHOIO
TepmosiiepHoro peakropa UTOP.

3agaum AUCUMIIHHBI

»  CdopmupoBarh NpEACTaBICHUE O B3aMMOJEHCTBHM IUIA3Mbl C TOBEPXHOCTHIO MAaTEpUAIOB Kak
COBOKYIHOCTH OOJIBIIOTO KOJMYECTBA OJHOBPEMEHHO IPOTEKAIOUIMX (U3UUECKUX IPOIECCOB,
OTHOCHTENbHASL POJIb U BIMSHUE KOTOPBIX KaK Ha JUHAMUKY B3aMMOJICHCTBHS, TaK U €T0 KOHEYHBIE
pe3yabrarbl (YTO TMPOM30LUIO € MarepuanoM?) CyHIIECTBEHHBIM 00pa3oM 3aBHCAT OT YCJIOBHH
o0JIydeHHs MaTepuaa Ia3MOM.

» Ilpeamonaraercsi, 4YTO MO OKOHYaHMM Kypca CTYACHTHI MPHUOOPETYT YETKHUE MPEICTaBICHUS 00
OCHOBHBIX (DM3MYECKHMX SBJICHUAX, HMMEIOIIMX MECTO OBITh MHpPU B3aUMOJCHCTBHM IUIA3MBl C
KOHCTPYKUMOHHBIMA MAaTe€pHalioB, U CYMEIOT NPUMEHSITHh T[ONydYeHHbIE 3HAHUS [Jsl PELICHUs
[IPAKTUYECKUX 3a]jad, CBA3aHHBIX C B3aUMOJEHCTBUEM IUIA3MBbl C MaTEpUATIAMHU.

2. llepedyens popmMupyemMbIX KOMIETeHUMH

OcBoeHue TUCIUILTUHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONINX KOMITETEHITHIA:

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-1.1 3HaeTr W© CIOCOOEH  HCHONIL30BaTh B
nmpo)eCCUOHANBEHOW  NIeATEeNhbHOCTH  (PyHITaMEHTabHBIC

OIIK-1 Bnaneer cuctemoli pyHIaMeHTATbLHBIX
Hay4HbIe 3HaHHA B 00JacTH (PU3NKO-MaTeMaTH4eCKNUX HayK

Hay4YHBIX 3HAHUH B 00acTu
(hu3HMKO-MaTeMaTHIECKUX HAyK

OIIK-1.2 Cmocoben 0000maTe ¥ KPUTHYECKH OILCHUBATh
OIBIT M PE3yJbTaThl HAYYHBIX HCCIICJOBaHUII B 00JacTh
mpoeCCUOHATBHOM IEATEILHOCTH

OIIK-2.1 NmeeT npeacTaBieHne O COBPEMEHHOM COCTOSTHUU
WCCIICAOBAaHUA B pPaMKax TeMaTW4YecKoil obmactu cBoei
npodeccuoHaIBHON 1S TeTbHOCTH

OIIK-2 Nmeet npeacrapieHne 00 aKTyaabHBIX
mpobiemMax HayKH U TEXHHKH B 001acTH cBOeH
po¢eCcCUOHANBHON NesTENbHOCTH, CIIOCOOCH
Ha HayYHOM f3bIKe (hOPMYIHPOBATH
npogecCHOHANbHBIE 3a]1a41

OIIK-2.2 Crniocoben OLICHUBATh aKTyaJIbHOCTh
WCCIIeZIOBAaHU B obmactu cBoel  mpodeccroHanbHON
JEATEIIFHOCTH U MX MPAKTUYECKYI0 3HAYMMOCTb

OIIK-3.1 CrocobeH aHamu3upoBarTh 3ajady, MJIAHUPOBAThH
MyTH PELeHHs, Mpeiaratb U KOMOMHHUPOBATh CIIOCOOBI

OIIK-3 Criocoben BbIOMpaTh 1 (MIH) pELICHUS




paspabarbiBarh noaxosl K pemeHno TunoBbix |OITK-3.2  CnocobeH ucmonb30BaTh HCCIENOBATEIBCKHE
1 HOBBIX 33724 B 00macTi npoecCHOHaIbHOM |METOABI NPU PELICHWH HOBBIX 3a/1ad, NPUMEHsS 3HAHHS B
JEATeIbHOCTH, YIUTBIBAsi 0COOCHHOCTH U pas3IuUHBIX 00JIACTAX HAyKH (TEXHUKH)

OrpaHHY4CHMA PA3INIHBIX MCTOIOB PCIICHUSA OIIK-3.3 BiameeT aHaIUTHYECKUMHM U BBIYHUCIHTEIHHBIMHU
METO/IaMH pEIICHUS, TOHUMAET U YYUTHIBACT Ha MPAKTHKE
TPaHULBI TPUMEHUMOCTH TTOTYYaeMbIX PEIICHHMA

[IK-1.2 CnocobeH  BbyIBHTaTh  THIIOTE3BI, CTPOUTH
[MK-1 CriocobeH cTaBuTh, GOpMaNTU30BLIBATE M |MAaTCMAaTHYCCKUE MOJCIM  JUISL  ONMHUCAHHUS  M3y4acMbIX
pelnars 3a1a41, B TOM YUCJIe pa3padaTbiBaTh U |ABIEHUH U IIPOLIECCOB, OLIEHUBATh Ka4€CTBO Pa3pabOTaHHOM
HCCJICO0BAaTh MATEMATUUYECKUE MOJICIIN MOACIN

U3y4aeMbIX SBJICHUHI U MPOLECCOB, CUCTEMHO  |[TK-1.3 Crnoco0eH NPUMEHATh TEOPETHUYECKHE W (WIIN)
aHAJIM3UPOBaTh HAy4YHBIC IIPOOJIEMBI, OIYYaTh |JKCIIEPMMEHTAIBHBIE METOMBI MCCIIEN0OBAHNI K KOHKPETHOM

HOBBIC HAYYHBIC PE3YIIBTATHI Hay4dHOW 3ajade ¥ HMHTEPIPETHPOBATh  MOJIYYCHHBIE
pesynbrarsl

[1K-3 Crniocoben nmpodeccronansHo paborars ¢ |[[1K-3.2 Crniocoben IPOBOJUTH OKCTIEPUMEHT

HICCIIENOBATENBCKMM 1 HCTIBITATETEHBIM (MOZIEIMPOBAHUE) € HCIIONB30BAHUEM HCCIICI0BATEIBCKOTO

00opynoBanueM (IpuboOpaMu M yCTaHOBKamMu, —|000pynoBaHus (IIAKETOB NPUKIATHBIX IPOTPaMM)

CHeNHaIN3UPOBAaHHBIMU NTakeTaMu NpUKIaAHbIX |[IK-3.3 CnocoOeH oleHMBaTh TOYHOCTh IOJyYEHHBIX
IporpamMm) B H30PaHHOM MIPEIMETHOM 00JIaCTH  |3KCIIEPUMEHTAJILHBIX (YMCIIEHHBIX) PE3YIIBTATOB

3. IlepeyeHb MIIAHUPYEMBIX Pe3yJbTATOB 00y4eHHS MO JUCHUILINHE (MOTYJII0)
B pe3ynbrare ocBoeHUS JTUCIUIUTHHBI 00y4Yaroninecs J0KHBI
3HATh:
- OCHOBHBIE (PM3UYECKHE MPOIIECCHI, pa3BUBAIOIIHECS MTPHU B3aUMOJICHCTBUY TNIa3MbI MaTepHaiaMH;
- TEOPETUYECKUE U DKCIECPUMEHTAIbHBIE METOJbI, MPUMEHSIEMbIC NMPU U3YUCHUU B3aUMOICUCTBUS
IJ1a3Mbl ¢ MaTeprajIamu;
- HOOCJEICTBUS BO3JCUCTBUS IUIA3Mbl HA MaTepUaibl B 3aBUCUMOCTH OT XapaKTEPUCTUK ILJIa3MBbl,
YCIIOBHUI 0OIy4eHHUsI M cOpTa MaTepuaia.
YMETh:
- MPOBOJIUTE CAMOCTOSTENBHO M B COCTAaBE KOJUICKTHBA SKCIEPUMEHTAIbHBIE/ TEOPETUYECKHE
HCCIIeIOBaHUS B 00JIACTH B3aWMMOJICUCTBHS IIIa3MbI ¢ MaTepraIaMu;
- YMETh BBIOMpATh U MPUMEHATH Ha MPAKTHUKE a/ICKBaTHBIE METO/IbI IUATHOCTHKHY;
- TOJy4aTh MAaKCUMAJIbHO TOUYHBIC 3HAYCHUSI U3MEPSIEMbIX BEIMYUH U IPABUIBHO OIICHUBATH CTENCHB
WX JIOCTOBEPHOCTH;
- aHaIM3UPOBaTh M 000O0IIATH PE3YIBTAThI AKCIIEPUMEHTALHBIX/TEOPETUISCKUX UCCIICA0OBAHUN;
- BBISIBIISITh M OIICGHWBATh HUMEIOIIUECS MPOOIEMBI/TIPOTUBOPEUNS] M CTaBUTH HOBBIC 3aJlauu
HCCIICTOBaHMH.
BJIAJIETh:
- DKCIEPUMEHTAIbHBIMU METOJAMH UCCIICAOBAHUS B3aUMOICUCTBUSA IJIa3Mbl C MaTepUaIaMu;
- HaBbIKaMU MPOBEACHUS MOJIETBHBIX PACUETOB;
- KyJIBTYpOH IPECTABICHHS CBOUX PE3YJbTaTOB HA CEMHHAPAX U KOH(PEPEHIINAX;
- HaBbIKaMU HaIMCAHMS HAYYHBIX CTaTeH.

4. Conep:xanue TMCUMIIMHBI (MOAYJIs1), CTPYKTYPHMPOBAaHHOE 1O TeMaM (pa3jejiaM) ¢ yKa3aHueM
OTBEJEeHHOI'0 HA HUX KOJIMYeCTBA aKaJeMHYeCKUX YacOB 1 BH/I0B YUeOHbIX 3aHATHH

4.1. Paznenbl nuctMIInHbl (MOIYJIS) M TPYAOEMKOCTH IO BUAAM yUEOHBIX 3aHATHH

TpymoeMKOCTb IO BHJAM YYeOHBIX 3aHATHH, BKITIOYAs
CaMOCTOATENIbHYIO padoTy, Jac.

Ne Tema (pa3znein) AMCUUTUIMHBL
Camocr.
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI
pabora
BBonHbIN pa3pmen: paspyluuTenbHas U
1 co3uiareibHass poib  IUIa3Mbl  TIpU ) ) 5
o0y4eHnun KOHCTPYKLIMOHHBIX
MaTepHaoB.




bananc osHepruum npu B3aUMOACUCTBUU
ITOTOKOB IIJIa3MbI C MaTepragamMu.

D ekt 3KpaHUPOBKH.

CBolicTBa TUTa3Mbl YKPAHUPYOIIETO CIOS.

O hekTHBHOCTD IKPAHUPOBKH.

K| W

[IpeoOpa3oBanre »dHEPruM IUIA3MBI B
W3IIy4eHHUE.

N3nyyeHre MUILIEHHON I1J1a3MBl.

0 || N [~ |W] N

MexaHu3Mbl 3pO3UHM KOHCTPYKLMOHHBIX
MaTepUasoB MO NEHCTBUEM IJIA3MBI.

W [ W B [ WIWIN] W

W |W| b |W[WIN| W

Opo3noHHAs CTOWKOCTh
KOHCTPYKLMOHHBIX MaTepUasoB.

10

[Ipobnema MarepuanioB Jjsi TEpBOU
crenku UTOP.

11

[Tnasmennas TexHonmorus. Pusznyeckue
OCHOBBI UMITYJIbCHOU 00paboTku
MOBEPXHOCTH.

Wtoro wacos

30

30

45

HO,I[FOTOBKa K 3K3aMCHY

30 gac.

OO01mas TpynoEMKOCTh

135 ygac., 3 3aud.en.

4.2.

Coneprxanue UCIUIUIAHBI (MOAYIS), CTPYKTYPUPOBAHHOE TIO TeMaM (pasziesiam)

Cemecrtp: 2 (Becennuit)

1. BBoasblii pasgen: paspyliuTenbHas M CO3UJATENbHAs pPOJb  IJIa3Mbl

KOHCTPYKIIMOHHBIX MaTCpUaJIOB.

npu  oOJTy4eHUH

YMepeHHbIe TOTOKM SHEPruH. YIyYlIeHHE CBOWCTB MAarepHajioB MpH OOJYyYEHHH ILI1a3MOMN
(TUTa3MEeHHBIE TEXHOJIOTHH).

Bonbmvie moToku SHepruw. Opo3usi MOBEPXHOCTH, OOBEMHOE pa3pyllleHHEe MarepuasioB IOJ
BO3/ICHCTBUEM ILIa3MBbI.

[Ipobnema MmareprajoB NHEPBOW CTEHKH MEKIYHAPOIHOIO SKCHEPUMEHTAIBLHOTO TEPMOSIEPHOTO
pexropa UTOP.

2. bananc sHepruy npu B3auMoJEHCTBUY IOTOKOB IUIa3Mbl ¢ MarepHuajIaMH.

OcHOBHBIE KaHAJIBI HOTEPh SHEPTUU M UX OTHOCHUTENBHBIHM BKJIAJA B 00Imuii 0anaHC B 3aBUCUMOCTH OT
XapaKTEPUCTHK IJIa3MEHHOTO NOTOKA U YCIOBUH OOIyUYeHHUS.

Harpes noBepxHoctu. PacipoctpaHeHne TemIoBOH BOJIHBI BIIyOb Marepraia. TermmoBoi CKUH-CIIO0H.
IIpenenpHBIi NMOTOK  JHEPTHH, KOTOPBIM MOXET IODIOIATECA  MaTepHalioM 3a  CYeT
TEIUIOIPOBOAHOCTH.

3. Dd ekt 3KpaHUPOBKH.

Ucnapenne marepuana. Monmzanus napa. OOpa3oBaHue MUIICHHOM TUIa3MBbI Tepe]] TOBEPXHOCTHIO.
KynoHoBckoe TOpMOXKEHHE IUIa3MEHHOTO II0TOKAa B IUIOTHOM MHIIEHHOW Iuia3me. [loriomeHue
sHepruu Totoka. «Vapor shielding effect» - adexT SkpaHHPOBKH MOBEPXHOCTU Marepuana oOT
BO3JICHCTBUS IUTA3MEHHOTO TIOTOKA CII0EM MUILIEHHOM TUIa3MBl.

DHepreTHYeCcKrii TOpPOT DKPAaHHPOBKM JIIsl PasHBIX MaTepHalioB. Pe3ynabraThl pacueToB H
IKCIIEPUMEHTOB.

4. CpoiicTBa M1a3Mbl 3KPaHUPYIOIIETO CIIOS.



dopmupoBaHue, IWHAMUKA M CTPYKTypa SKPAaHUPYIOLIETO CJIOS B 3aBHCHMOCTH OT COpTa
00y4aeMoro Marepuaia 1 ”HTEHCHBHOCTH OOTy4eHHUS.

XapakTepUCTUKN TPUIIOBEPXHOCTHOW IUIA3MBl: IUIOTHOCTB, TEMIIEpaTypa, DJIEMEHTHBI COCTaB,
MOHU3AIMOHHOE COCTOsIHUE. BIsiHne MarHUTHOTO TOJIS Ha TapaMeTpPhbl 9KPAHUPYIOLIETO CIIOsL.

5. 3¢ dhekTuBHOCTD SKPaHUPOBKH.

MexaHHu3MBI TIepellaud dHEPTUU Ha MOBEPXHOCTh OOMy4aeMOTo MaTephalia depe3 dKpaHUpPYHOIInH
CIIOH.

D dexT «caModIKpaHUPOBKI TUIOTHBIX (CTOJKHOBUTEIHHBIX ) IJIA3MEHHBIX TTOTOKOB.

O] dexTHBHOCTL OCHabNeHHs TEIUIOBOTO IMOTOKAa HA TOBEPXHOCTH Marepuaia B 3aBUCUMOCTH OT
XapaKTEPUCTHK ITOTOKA U YCIIOBUN OOITyUeHMUSI.

6. [Ipeobpa3oBaHue 3HEPTUH IJIA3MbI B U3Ty4EHHE.

[IpeobpazoBaHue 3HEPTUM HAJIETAIOMIETO IUIA3MEHHOIO IMOTOKAa B M3JyYCHHE MUIICHHOW IIa3MBbl.
Bo3zneiictBue u3nydeHuss Ha OKpY)KaroIlMe MaTepuaibl. Dpo3us MaTepuajioB TOJ BO3IEHCTBHEM
cBeTa. XapakTep pa3pylIeHUs TOBEPXHOCTH.

7. VI3ny4eHne MUILIEHHOM I1J1a3MBbl.

XapakTepUCTUKH W3Iy4YeHHUsS MUIICHHON TMa3Mbl. VHTEHCHMBHOCTH W CHEKTp wusnydeHus. O
BO3MOXKHOCTH CO3MaHHS MOIHBIX HUCTOYHMKOB EUV-msnyuenus (2 — 30 HM) Ha OCHOBE
B3aMMOJIEHCTBUS TTOTOKOB TUTa3Mbl C MaTepUaTaMH.

8. MexaHu3Mbl 3p03uH KOHCTPYKLIMOHHBIX MaTepUasoB Mo 1eHCTBUEM ILIA3MBI.

MexaHu3Mbl 3p03UH KOHCTPYKIIMOHHBIX MaTepUaJIOB 1101 AEHCTBUEM IJ1a3MBbl.

Krnaccuueckue» MexaHM3MBI 3po3uH: (U3MYECKOE pacIblICHHE, XUMHYECKOE PpacCIbUICHHE,
pPaaraliOHHO-CTUMYIUPOBAaHHAS PO3HS.

MakpocKONH4YeCcKHe MEXaHU3MBbl 3PO3WHU: BBIOPOC YACTHIl M Kamejb ¢ MOBEPXHOCTH OOIyd4aeMoro
Marepuana. Xpylnkoe paspylleHue MarepuanoB. KumneHue mnoBepxHocTHOro cios. Passutue
HeycroilunBocTtell Tuma Peneit-Teinopa wim KenbBuHa-lIenpMronsia B cioe  pacmiuaBa ¢
oOpa3zoBanneM Kamenb. OOpa3oBaHMe KpaTepa DSpOo3uUM M3-3a IEpeMElIeHUs pacljaBa o
MTOBEPXHOCTH.

9. Opo3ruoHHAsA CTOMKOCTh KOHCTPYKIIMOHHBIX MaT€pPHAaIOB.

Xapakrep  9pOo3UM M IIOBEPXHOCTHBIX  IOBPEXKACHUH  Hamboinee  pacHpOCTPaHEHHBIX
KOHCTPYKLHMOHHBIX MarepuasioB (CTajb, Melb, BOJIb(GpaM, MOIUOAEH, aTIOMUHHUNA, TUTaH, Tpadur,
yoierpaduToBble  KOMIO3UTHL Ap.). Kiaccupukanmuss MaTepualioB 1O XapakTepy pa3pyLICHHS
1oBepxHOCTH. CpaBHUTEIbHBIN aHAIU3 3PO3MOHHOM CTOMKOCTH COBPEMEHHBIX TEIUIO3AIUTHBIX
MaTepraos.

10. IIpobnema marepuanos st nepBoii crenku UTOP.

MexnyHapOoaHbIN SKCIIEPUMEHTANBHBIN TepMosiaepHblil peakTop U TOP. XapakrepucTuku mia3smsl B
UTOP. Ilotoku Terna u 4yacTvl Ha cTeHKy kamepbl MTOP Bo Bpems craunoHapHOH paOOTHI
TOKaMaka M HEepPexXOIHBIX IUIa3MEHHBIX MPOLECCOB. DpO3Ms MaTepuasoB, OOpaIIeHHBIX K IIIa3Me.
[Ipobnema BBIOOpa TemIo3alUMTHBIX MarepuanoB Uit nepBoit crenku MTOP. Kputepum BbiOopa
MarepuanoB. Haubonee mnepcriekTUBHBIE MaTepuaibl JUIs TepBOM cTeHKH W jauBepropa WTIP.
Pe3ynprarsl cBITAHUN MaTepHaioB.

11. IInazmenHas TexHoNOTHS. PU3NUYECKHE OCHOBBI UMITYILCHOW 00pa0OTKH MOBEPXHOCTH.

[Ima3smeHHass TEXHONOTUSA. YIPOYHEHUE KOHCTPYKLUHMOHHBIX MAaTEpUalOB HMITYJIbCHOW IUIa3MOM.
[loBrbllIeHNE MUKPOTBEPAOCTH, YBEJIWYCHHE KOPPO3UOHHOW CTOWKOCTH, CHMXKEHHME Kod(hduiueHra
TPEHHS, POCT U3HOCOCTOMKOCTH U T.II. PU3NYECKHEe OCHOBBI MMITYJILCHOW 00pabOTKH MOBEPXHOCTH.



5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJI5l OCYLIeCTBJIECHHS 00pa30BaTEJIHLHOIO
npouecca 1no JUCHUILInHE (MOIYJII0)

VYueOHast aymuTOpHs, OCHAIICHHAS! KOMIIBIOTEPOM M MYJIBTUMEIUINHBIM 000pyI0BaHUEM (IIPOEKTOP,
3BYKOBasi CHCTEMA).
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2. IlepcriekTHBHBIE PAaAMALIIOHHO-ITYYKOBBIE TEXHOJIOTHN 00paboTKu MatepuaioB [Tekct] : yueOHuK
1t By30B / [ puOkoB, B. A.[u np.]; nox pen. b. A. Kanuna; Pek.M-Bom o6pazoBanus PO .— M :
Kpyrsriii rog, 2001 .— 528 c.

3. Maprteiaenko H0.B. B3anmoneiictBue mia3mel ¢ moBepxHocTsMu. / Utorn Hayku u Texaukn. Cep.
®dwusuka masmel./ [lon pen. agpanosa B./1. - M.: BUHUTH, 1982. - T.3. - C.119.

4. Post D.T., Behrish R. Physics of plasma — wall interaction in controlled fusion. // -N.Y.: Plenum
Press, 1986. -379p.

5. Xappucon M. [Ipucrenounas rnasma. // B ku.: [Ipuknagnas ¢py3nka aTOMHBIX CTOIKHOBEHH.
[Inasma./ Ilox pen. bapuera K. u Xappucona M. - M.: Dneproaromuznar, 1987. - C.317.

6. Henocmacos A.B., Tokaps H.3. [Ipucrenounas nina3zma TokamakoB // Bonpocsl Teopuu 1iia3Mmsl. /
Ion pen. Kanomuesa b.b. - M.: Dueproatromusaat, 1990. - Beim. 18. - C.136.

7. WUrurxanos FO.JI., Kpamenunnukos C.U., Kykymkun A.C., FOmmanos [1.H. Ocobennoctn
MPOLIECCOB NEPEeHOCca B MPUCTEHOYHOM 1a3mMe TokaMaka. // torn Hayku u Texauku. Cep. Ousnka
mia3mel./ [lon pea. Hladpanora B. /. - M.: BUHUTH, 1990. - T.11. - C.4.

8. I'yceBa M.U., Mapteinenko H0.B. BzanmonelicTBre 4acTuil 1mia3Mel ¢ TOBEPXHOCTHIO. // Mtorn
Hayku 1 TexHukd. Cep. @uzuka mia3mel./ [lon pen. Hadpanosa B. /1. - M.: BUHUTH, 1990. - T.11. -
C.150.

9. Kurmunckuit A.I., Kyaunckuit B.B. MacconepeHoc npu B3auMoaeiCcTBUHU T1a3MBbl €
MOBEpXHOCTHI0. M.: DHeproaromusaar, 1991. - 206 c.

10. Kypnaes B.A. BHenpenue, oTpaxkeHre ¥ CTUMYIIUPOBaHHAS JecopOitus yacTuil // B kH.:
OHuMKIone1us: HU3KoTemreparypHoi miasmel. Beogusiit Tom 111 / ITox pen. B.E. ®oprosa, M.: Hayka,
2000. 585c.

11. Kypnaes B.A. B3aumogeiicTBue nina3Mel ¢ moBepxHOCThI0. M.: M3n. MUDU, 2003, 112 c.

12. Federici G., Scinner C.H., Brooks J.N. et al. Plasma-material interactions in current tokamaks and
their implications for next step fusion reactors. / Nuclear fusion. - 2001. — V.41. — No.12R. — P.1967.
13. Kalin B.A., Yakushin V.L., Vasiliev V.1, Tserevitinov S.S. Use of high temperature pulsed plasma
fluxes in modification of metal materials. surface and coatings technology, 1997.

JlononHuTeNbHAS TUTEPATypa
1. CoBpemMeHnHbIe MeTOABI UccaenoBanus nosepxHoctu [Texkct] = Modern techniques of surface
science//l. Byapad, T. lemuap , -M., Mup, 1989
2. B3auMoneiicTBrE MEIJICHHBIX YacTHII C BEIIECTBOM M nuarHoctuka miasmel [ Tekcer]/1O. B. Torr, FO.
H. SIBnunckui, -M., Atomu3aar, 1973

3. OcHOBBI aHaNIN3a MOBEPXHOCTH U TOHKUX TUIeHOK [ Tekcr], monorpadus/JI. dennman, 1. Maiiep ,
-M., Mup, 1989



4. IInerner B.B., TenvkoBckuii B.I. KoadduumenTs! pacnbiieHns TOBEPXHOCTH TBEPABIX TEJN JIETKUMHU
nonamu // Atomuas sHeprus. 1990. - T.69, Boin. 2. — C. 104.

5. T'ycera M.U. Maprsiaenko FO.B. Paguanonnsiit onmucrepunr / YOH. 1981. -T. 135, Beim. 4.-C.
671.

6. BerpambekoB JI.B. Dpo3us u Tpanchopmarys MOBEPXHOCTH MTPH HOHHOM OoMOapaupoBke // [Tyduku
3apspKEHHBIX yacTull ¥ TBeproe teno (Mroru Hayku u texnukn). 1993. - T.7. - C. 4.

7. bepn I. MonexynspHas razoBas nuHamuka. M.: Mup, 1981. - 320 c.

8. Mapteiaenko 10.B., MockoskuH I1.I. O karnensHOM 3p0o3un METAIIOB IO ACHCTBUEM ILIA3MEL. //
BAHT. Cep. Tepmosnepusiit cunres. — 2000. - Boin. 1, ¢.65

9. Philipps V., Roth J., Loarte A. Key issues in plasma-wall interactions for ITER: European approach
// Plasma Physics and Controlled Fusion. 2003. - Vol. 45. - P. 17-30.

10. Apxunos H.U., baxtun B., Bacenun C.I. u np./bananc sHepruu npu B3auMoaeiicTBUN
WHTCHCHUBHBIX TIOTOKOB BBEICOKOTEMIIEpaTypHOU T1a3Mbl ¢ Marepuaiamu // @usuka mia3mel. - 2002. -
T.28. - Ned4. - C.1.

11. http://knowledge.allbest.ru/manufacture/3c0a65625a2ac68a5c43a88521216d36_0.html

12. http://www.biblus.ru/Default.aspx?book=595b38q1

7. llepedyeHs pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHUKAIMOHHOI ceTH ""UHTepHET", HEOOXOTUMBIX
JJI51 OCBOEHHSI TUCIMIIJIMHBI (MOTYJIs)

1. http://lib.mipt.ru/catalogue/ — snexkrponHas oubianoreka dusrexa.

2. http://triniti.ru - anekrponnas 6udmuorexa AO "I'HL] P@ TPUHUTU" na BHyTpeHHEM caiite.
3. https://user.iter.org — uHpOpManonHbIii Toptan UTIOP

4. http://www.edu.ru — penepanbbiii mopran «Poccuiickoe 00pazoBaHue).

5. http://benran.ru —6ubnMOTEKA MO €CTEeCTBEHHBIM HaykaMm Poccuiickoii akaJieMUuu HayK.

6. http://www.i-exam.ru — enuHbIA IOpTan MHTEpHET-TecTUpOBaHMS B chepe oOpasoBaHusl.

8. IlepeyeHb HHPOPMALMOHHBIX TEXHOJIOTHIi, HCIIOJIb3yeMbIX NPH OCYLeCTBICHUU 00Pa30BaTeJIbHOI0
npouecca 1o JHCHUIIMHE (MOIYJII0), BKJIIOYAs NepedeHb He00X0AUMOro NpOrpaMMHOro odecnedyeHnst
¥ MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

Ha nexmoHHBIX 3aHATHAX UCIIONB3YIOTCS MYJIBTHUMEIUITHBIE TEXHOJIIOTHH, BKITIOYas IEMOHCTPALIHIO
MpE3EHTALNN.

9. MeToauveckue YKazaHnus QJist oﬁyqaloumxm 0o 0OCBOCHMIO JTHUCHUIIINHBI (MO)_Iy.Tlﬂ)

B Hacrosimee Bpems 3HaHHS O B3aUMOJIEHCTBUY IIJIa3Mbl ¢ MaTepHaIaMu HEOOXOIUMBI CIICIIMATNCTaM B
CaMbIX Pa3JIMYHBIX OOJIACTSAX COBPEMEHHOM HAYKH M TEXHOJIOTUH. [103TOMY CTYIEHT, H3y4atomuil Kypc
"B3auMoneiicTBue TUIa3Mbl ¢ KOHCTPYKIIMOHHBIMH MarepuanaMmu’, JOJDKEH C OAHOW CTOpPOHBI, B
MOJTHOH Mepe OBJaAeTh 0a30BBIMH 3HAHUSIMH O BO3ICHCTBHM IUIa3Mbl Ha Marepuajbl, a C JIPYrou
CTOPOHBI, IOJDKEH HAyYUTHCS IPUMEHITh TEOPETUIECKHIE 3HAHUS Ha TIPAKTHKE.

B pesynbrare u3ydeHus AUCIMIUIMHBI CTYICHT IOJDKEH TBEPIO YCBOUTH OCHOBHBIC 3aKOHOMEPHOCTHU
B3aMMOJICHCTBUS IUIa3Mbl C MaTepHajaMd M yMETh OIICGHUBATh CTENEHb BIMSHUS Ha O3TH
3aKOHOMEPHOCTH  pa3IMYHBIX OKCIIEPUMEHTAJbHBIX MapaMeTPOB: HWHTEHCHBHOCTH  TEIIOBOTO
BO3JICHCTBUS IUIa3MEHHOTO IOTOKA, IJIOTHOCTh M TeMIIEpaTypy OOIydaromiel Ijia3sMbl, T€OMETPHIO
MarHUTHOTO TOJS, COPT OOJIy4aeMoro marepuaiga M T.J., C TEM, YTOObI YCHEIIHO IHPUMEHSATH
MOJTy4EHHbIE 3HAHUS JJIS1 PEIICHNS] KOHKPETHBIX MPAKTUYECKUX 3a/1au.

CTyIeHTYy HEOOXOOMMO OCBOHMTH METOIUKY IPOBEICHHS TPHOIU3UTEIBHBIX OLEHOK pe3yJIbTaToB
BO3JICHCTBUS IJIa3Mbl HAa KOHKPETHBIE KOHCTPYKIMOHHBIE MaTepuasibl B 3aBUCHMOCTH OT BEJIHYHHBI
TUIa3MEHHOTO TEIIOBOTO TIOTOKA M copTa Marepuasna. [ mpoBeneHns KOPPEKTHBIX OLCHOK Ha OCHOBE
JIOCTYIHBIX AKCIIEPUMEHTAIbHBIX JAHHBIX, KOTOpPBhIE MHPAKTHYECKH BCErJa HMMEIOT 3HAYNUTEIIbHBIH
pa3dpoc 1O BETWMYMHAM, CTYIEHTY HEOOXOOMMO 3HAaTh (HU3MYECKHE NPUHIMIBI  Pa3HBIX
HKCTIEPUMEHTAIbHBIX METOJOB (30HIOBBIC, ONTHUECKUE, CIIEKTPaJbHbIE M T. 1.), a TaKKe IMOHUMATh
OTPaHMYCHUS] ITHX METOJOB U HCTOYHHKH BO3MOYKHBIX TIOIPEITHOCTEH H3MEPEHUIA.

VYeneniHoe ocBOoeHUE Kypca TpeOyeT HanpshKEHHON caMOCTOATENBHOM paboThl cTyeHTa. B mporpamme
Kypca TpUBEICHO MHHHMAaJIbHO HEOOXOAMMOE BpeMs [uii padoThl CTyAGHTa HaJ TEMOW.
CamocrosiTenpbHas paboTa BKIIOUAET B Ce0s:

— YTEHHUE U KOHCIIEKTHPOBAHNE PEKOMEH/I0BAHHOM JINTEPATYPHI,

— npopaboTKy yueOHOro Marepuana (1o KOHCIEKTaM JIEKIUH, yueOHOM 1 HaydHOU JTHuTepaType),



— IOATOTOBKY OTBETOB Ha BOIIPOCHI, [IPEJHA3HAYCHHBIX JJIs1 CAMOCTOSTEIbHOIO U3Y4YEHNUS,

— pellieHue 3a/1a4, IpeAIaraéMblx CTyIEHTaM Ha JIEKIUAX U IPAKTUYECKUX 3aHATHSIX,

— MOArOTOBKY K IIPAKTUUECKUM 3aHATHUAM, 3K3aMEHY.

Jlnst Toro, 4TOOBI CTYAEHTHI Jy4llle YCBauBalIM yuyeOHBIH MaTepHuall, B Hauasle 3aHATHSA, KaK MPaBHIIO,
npoBoguTcs KopoTkuil (10-15 MuHYT) ompoc Mo MaTepuaity MPOLICAIINX 3aHATHHA B yCTHOW (opme.
PyKOBOJICTBO M KOHTPOJIb 3a CAMOCTOSTEJILHON PabOTOil CTyAEHTa OCYIIECTBISETCS CHUCTEMAaTHYEeCKH
MyTEM OIpOoca B PeXUME JUCKYCCHH IO TEME, a TaKke B (OpMe WHANBUIYATbHBIX KOHCYIIBTAIUH.
BaxxHo n0OMTBbCS MOHMMAaHUS W3y4yaeMoOro Marepuajia, a HE MEXaHHMYECKOro €ro 3alOMHHAHUS.
ITokazareneM BIQAEHUS MaTepUaIOM CIYXKHUT YMEHHE pemarh 3aaadu. Jns GopMHUpOBaHHS yMEHHS
MPUMEHATh TEOPETUYECKUE 3HAHUS Ha NPAKTUKE CTYACHTY HEOOXOIMMO peliaTh KaKk MOXKHO OoJbIie
3amad. [lpm 3arpymHeHMM W3y4eHUS OTAEIBHBIX TEM, BOIPOCOB cleayeT oOpamarbes 3a
KOHCYJIBTAllUsIMU K JIEKTODY.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPABJIEHUIO: [Ipuxnagaeie MaTeMaTHKa U GU3NKA

npopuiIb NOArOTOBKHU: OO0was u npukiagHas Gusnka
OusTex-mkona QUMK U ucciaeoBanuil uM. Jlanaay
kadeapa mIa3MeHHON SHEPreTUKH

Kypc: 1

kBaTuuKkanus: MarucTp

Cemectp, (hopMBI IPOMEKYTOUHOH aTrTecTanuu: 2 (BECEHHUN) - DK3aMeH

Pa3paborunk: B.M. Cadponos, 1-p ¢hu3z.-Mat. Hayk, npodeccop



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-1 Bnaneer cuctemolt pyHIaMeHTaTBLHBIX
Hay4YHBIX 3HAHUH B 00JacTH
(hu3HMKO-MaTeMaTHIECKUX HAyK

OIIK-1.1 SHaer © CIOCOOEH  HCHONIL30BaTh B
nmpoeCCHOHANBPHOW ~ NIeATENhbHOCTH  (PyHIaMEHTaTbHBIC
Hay4HbIC 3HAHUS B 001acT (PU3NKO-MATEMATHIECKUX HAyK

OIIK-1.2 Crmocoben 0000mmaTe ¥ KPUTHYECKH OILCHUBATh
OIBIT M PE3yJbTaThl HAYYHBIX MCCIICJOBAHUII B 00JacTh
mpoeCCUOHATBHOM IEATELHOCTH

OIIK-2 Nmeet npeacrapieHne 00 aKTyalbHBIX
mpobiemMax HayKH U TEXHHKH B 001acTH cBOeH
po¢eCcCUOHANBHON NesTENbHOCTH, CIIOCOOCH
Ha HayYHOM f3bIKe (hOPMYIHPOBAThH
npogecCHOHANbHBIE 3a]1a41

OIIK-2.1 NmeeT npeacTaBieHne O COBPEMEHHOM COCTOSTHUU
WCCIICAOBAaHUA B pPaMKax TeMaTW4YecKoil obmactu cBoei
npodeccuoHaIBHON 1S TeTbHOCTH

OIIK-2.2 Crniocoben OLICHUBATh aKTyaJIbHOCTh
WCCIIeZIOBAaHU B obnmactu cBoel mpodeccrnoHanbHON
JEATEIILHOCTH U MX MPAKTUYECKYI0 3HAYMMOCTb

OIIK-3 CniocobeH BbIOMpaTh 1 (MIIN)
pa3pabaThIBaTh MOJAXO/IBI K PEIICHHIO THITOBBIX
Y HOBBIX 3371a4 B 00actu npodeccrnoHansHon
JEATEIILHOCTH, YYUTBIBAsI OCOOCHHOCTH U
OrpaHUYCHUS Pa3IMYHBIX METOIOB PELICHHS

OIIK-3.1 CrocobeH aHamu3upoBaTh 3ajady, [JIAHUPOBAThH
MyTH PELeHHs, Mpeiaratb U KOMOMHHUPOBATh CIIOCOOBI
peleHus

OIIK-3.2 CnocobOeH WHCIIOIb30BaTh HCCIIENOBATEILCKUE
METObl NPHU PEIICHUN HOBBIX 3a]ad, NPUMEHSsS 3HAHWS B
pa3nuyHBIX 001aCTIX HAYKH (TEXHUKN)

OIIK-3.3 Brnameer aHaIUTUYECKUMUA U BBIYUCIATEILHBIMUA
METOJJaMU pEIICHMs], TOHNMAeT U YYUTHIBACT HA MPAKTHKE
IPaHUIBl TIPUMEHUMOCTH MOTy4YaeMbIX PeIICHUN

[IK-1 CnocoGen cTtaBuTh, HhOpMann30BHIBATH U
pemIarh 3aJ1a4u, B TOM YUCIIe pa3pabaTbIBaTh U
HCCJIEA0BATh MaTEMaTHYECKUE MOJIEIH
M3y4aeMBbIX SBJICHHUH U MPOIECCOB, CUCTEMHO
aHaJIM3MPOBATh HAy4HbIE TPOOIEMBI, [TOyYaTh

[IK-1.2 CnocoOeH  BbABHrarh  THUIIOTE3bl, CTPOUTH
MaTeMaTHYeCcKue MOAEIM JUIsl OIUCaHMA H3y4aeMbIX
SIBIICHUH U MPOLIECCOB, OLICHUBATh KAU€CTBO pa3paboTaHHON
MOJENN

IMK-1.3 CnocobeH NpUMEHATh TeopeTHueckne W (W)
JKCIIEPUMEHTAJIbHBIE METOJIbl MCCIEJOBaHMN K KOHKPETHON

HOBBIC HAYYHBIC PC3YJIbTAThI HAay4yHOM 3aJay€ W HUHTEPIPETUPOBATH  IIOJYUYEHHBIE
pe3yIbTaThl
[TK-3 Cnocoben npodeccuonansho padorars ¢ |[I1K-3.2 Crnocoben IPOBOJIUTH 9KCTICPUMCHT

HCCIIEIOBATEIIHCKIM U UCTIBITATEIbHBIM
o0opynoBanueM (MpruOOpaMH U yCTaHOBKaMH,
CHeIHAaTN3UPOBAHHBIMHE MTAKETAMH MTPHUKIIATHBIX
MporpaMm) B n30paHHON ITPEIMETHOM 00IacTH

(MonenupoBaHKe) C HCIOIb30BAaHUEM HCCIIEIOBATEIBCKOTO
00opynoBaHus (IIAKETOB MPUKIIAAHBIX IPOTPAMM)

IMK-3.3 CnocobeH oIleHHBaTh TOYHOCTH IOJyYEHHBIX
9KCIIEPUMEHTAIILHBIX (UMCIICHHBIX) PE3YJIbTaTOB

2. Iloka3are i OLleHUBAHUS KOMIIeTeHITHH

B PE3YIbTATC UIYUCHUA AUCHHUILIJIMHBI «B3aHMO,I[eI>iCTBPIe j1asMbl C KOHCTPYKIMOHHBIMHU MaTcpuaiaMm»

00yJaromuiics JOKeH:

3HATb:

- OCHOBHBIE (pU3MYECKHE MPOLIECCHI, PA3BUBAIOIINECS TP B3aUMO/IEHCTBUY IIJIa3Mbl MaTepUaIaMH;
- TEOPETHYECKHE W IKCIEPUMEHTAIBHBIE METONBI, PUMEHSEMbIE NPU W3YYEHHH B3aUMOIEHCTBUS

IJ1a3MBblI C MaTe€pruaIaMu,

- IOCJICACTBUA BO3):[€I\/’ICTBI/I$I Ij1a3Mbl Ha Marcepuajibl B 3aBUCHMMOCTU OT XapaKTCPUCTUK ILJIa3MBbI,

yCIOBUH 00TydeHHs U cOpTa MaTrepuaia.
YMeThb:

- IIPOBOAUTHL CAMOCTOATCIIBHO M B COCTAaB€ KOJIJICKTHBA BKCHepI/IMeHTaHBHBIe/ TCOPECTUUCCKUC
HCCIICAOBAHUA B obmacTu B3aHMMOJICHCTBUS I1J1a3MEI C MarcpuaiaMu;

- YMCTb BBIGI/IpaTB 1 IIPUMCEHSATH Ha IPAKTHUKE aACKBATHBIC METOAbI AUArHOCTUKH,

- M[OoJIy4aTb MAaKCUMAJIbHO TOYHBIC 3HAYCHUS U3MCPSACMBIX BCIIMYUH U IPABUIBHO OLICHUBATL CTCIICHDb

X JOCTOBECPHOCTD,

- AHaJIM3UpOBATh U 0606H_IaTI> PE3YJIIbTAThI 3KCHepI/IMeHTaJ'ILHLIX/TCOpeTI/ILICCKI/IX HCCHeﬂOBaHHfI;
- BBIABIIAAT M OLCHHUBATh HMMCIOIIMCCA HpO6JIeMLI/HpOTI/IBOpe‘II/I}I N CTaBUTh HOBBLIC 3aJa4H

HUCCIENOBAHUMN.




BJIAA€Th:

- 3KCIIEPUMEHTAIbHBIMH METOaMU MCCIIEJ0BaHUA B3aUMOACHCTBUSA IJIa3Mbl C MaTepUalaMu;
- HaBBIKAMH MPOBEJCHUS MOJCIBHBIX PACUETOB;

- KyJIbTYPOH IpEeACTaBIEHHs CBOUX PE3yJIbTaTOB HA CEMHHApaxX U KOH(EPEHIHAX;

- HaBBIKAMH HAITUCAHMS HAYYHBIX CTATEH.

3. IlepeyeHb THNOBBIX (IPMMEPHBIX) BONPOCOB, 3aJaHHI1, TeM JJIsl IOATOTOBKHU K TeKylIeMY KOHTPOJII0

C menpr0 KOHTPOJISI OCBOSHHUS OOydYalOIIUMHUCS y4eOHOTO MaTepualia MPOBOIUTCS YCTHBIA OMPOC B
HayaJie 3aHsTHs WIN B KOHLE 3aHATUS 110 IPOUIEHHON TEME.

4. [lepeyens THNOBBIX (MPUMEPHBIX) BOIMPOCOB U TeM [IJIsl IPOBeAeHUs IPOMEKYTOUHOI aTTecTalluu
o0yuarumuxcst

Attectanus 1o AMCUMIUINHE «"B3anMopeilicTBue IM1a3Mbl ¢ KOHCTPYKIIMOHHBIMH MaTrepHaiaMu'»
ocymecTBisieTcs B opme 3x3amMeHa. JK3aMeH MPOBOIUTCS B YCTHOH (opMe ¢ BKIIOUYEHHUEM B OMIIET
3a7a4d, MOAOOHOW pPacCMOTPEHHBIM B JIEKIMOHHOM Kypce. Kaxnaplii Ounmer copepur aBa
KOHTPOJIBHBIX Bompoca. [lo Xomy oTBera CTyOeHTYy 3alaloTCsl JOMOJHUTEIbHBIE BOIPOCHL IO
obcyxxmaemoit Teme. Ilpu mpoBeneHHM YCTHOTO 3K3aMEHa CTYJICHTY HMpPEAOCTaBisieTcss 45 MHUHYT Ha
noaroroBky. Omnpoc oOyyaromerocsi Mo OWeTy Ha yCTHOM 9K3aMEHE, KaK MpaBWIIO, AJIUTCS OKoJo 1
aCTPOHOMMUYECKOI'O yaca.

IlepeueHb KOHTPOJIBHBIX BOIIPOCOB:

1. BzaumopeiicTBHE HOHOB U AJIEKTPOHOB C BEIIECTBOM. MeXaHU3MBI NIEpPeaun X IHEPTUH TBEPIOMY
TeIy.

2. banaHc 3HEpruu Npu B3auMOACHCTBUH ITOTOKA I1J1a3Mbl C MATEPHATIOM.

3. OcHOBHbIC KaHAJIBI IOTEPh YHEPrHU MPU B3aUMOJCHCTBHU IOTOKA IUIA3Mbl C MAaTEPHUAIIOM U HX
OTHOCHUTEJBHBI BKJIaJ B OOUmMH OallaHC SHEPTUU B 3aBUCHMOCTH OT WHTEHCHBHOCTH IOTOKa M
YCIIOBHUH 0OITy4eHHSI.

4. Pemenue YpaBHCHHA TCIUIONIPOBOAHOCTU Jid IMOCTOSHHOTO IIOTOKa TCIUIA, IMOCTYNArOLICro Ha
MOBCPXHOCTb MaTcpualia. TeMnepaTypa MNOBCPXHOCTH. TemmoBoil CKHH-CJIOH.

5. HpeﬂeHBHBII\/’I INOTOK OJOHCPIruu, KOTOpLIﬁ MOXCT [OITIOmaThCse MaTrcpuajioMm 3a CUCT
TCIUIOIIPOBOAHOCTH.

6. Tepmuueckoe ucnapeHue wmarepuana. Wonmzamms mapa. OOpa3zoBaHuE MUIICHHOW TIJIa3MBbl.
TopMokeHne OTOKa B MUILIEHHOM m1a3Me. Ilomtomenne s3Hepruy moToka.

7. DddeKT 3KpaHUPOBKU. DHEPreTHUECKUN TOPOT SKPAaHUPOBKH.

8. IlnotHOCTB, Temmeparypa, COCTaB INPHIIOBEPXHOCTHOHM I1a3Mbl. OIEHKH KYJIOHOBCKOW JJTHHBI
TOPMOYKEHUS IJIa3MEHHOTO IIOTOKA B 9KPAHHPYIOIIEM CIIOE.

9. Kakoe Konu4yecTBO HCIIAPEHHOTO MaTeprasa J0CTaTOYHO ISl SKPaHUPOBKH ITOBEPXHOCTH?
10. MexaHU3MBI ITepeiadyd SHEPTUU Ha MOBEPXHOCTh Marepuaia Yepe3 3KpaHUPYIOIIHUA CIOH.
11. Dddert «caM03KpaHUPOBKM MIIOTHBIX MOTOKOB CTOJKHOBHTEIBHOM MIa3MBbl.

12. Paznuuust B MeXaHW3MaX 3KPaHUPOBKU TKENBIX (BONb(paM, MeIb) U JeTKuX (rpaduT, HUTPU
0opa) MaTepuanos.

13. DkcnepuMmeHTanbHOE omnpexaeieHue kodhduuueHta SkpaHupoBKH. CpaBHEHHE C pe3yjibTaTaMu
YHUCIIEHHOTO MOJIETMPOBAHHS.

14. U3znydyeHue wmulieHHOH I11a3Mbl. CHekTp u3iydeHHs. MHTEHCUBHOCTP U IPOCTPaHCTBEHHOE
pacnpeneneHne u3nydeHue. Dpo3usi OKPYKaIOLUINX MaTEpUaIoB MOA JeHCTBUEM H3ITy4CHHUSI.

15. Pa3nuums B Xxapakrepe MOBPEXACHUIN MOBEPXHOCTH MOJ ACHCTBUEM U3ITYYCHHS U TIOTOKA TJIA3MBI.
16. Dpo3ust KOHCTPYKLIHMOHHBIX MaTe€pHalOB TOJ IEHWCTBHEM IuTa3Mbl. Kiaccuueckue) MeXaHH3MBbI
9po3uu: (UINUECKOE paclbUICHHE, XHUMHYECKOE paclbUICHHE, PpPaAHallOHHO-CTUMYJINPOBAHHAS
3po3usl.

17. MakpocKon4ecKne MEeXaHH3Mbl 3PO3UH: BBIOPOC YaCTHIl U Karelb ¢ MOBEPXHOCTH 00Iy4aeMoro
Marepuaina. Xpynkoe paspyuienne Marepuaios. I1y3pIpbkoBOe KUTICHHE TOBEPXHOCTHOTO CJIOSI.

18. MOXHO JIn BCKUIISITUTD )KUJKOCTh, HArPEBasi €€ C MOBEPXHOCTHU?

19. VYcnoBust pasButhsa HeycroWuumBocTH Thma Penei-Telnopa u KensBuHa-l'enpmronsna B ciioe
pacimasa.

20. JlBmkeHue pacijiaBa IO TOBEpXHOCTH MaTepuana. [lepemerienue pacmiiaBa Toj JE€HCTBHEM
nasnieHus ma3Mbl. OLeHKH ATUHBI TepemeneHus. CpaBHEeHHE C pe3ybTaTaMy SKCIIEPHUMEHTA.



21. MexayHapoJHbIH 3KCIIEpUMEHTaNbHbIN TepMosiaepublil peaktop UTOP. [lortoku Temna u gactui
Ha creHKy kamepsl WTOP. Dposust marepuanoB, oOpamieHHBIX K miazme. [IpoGimema BbIOOpa
TEIUIO3AIIUTHBIX MaTepuasioB 11 nepBoi crenku UTOP.

22. Kpurepuu BriOOpa marepuaioB st kamepsl UTOP. Haubonee nepcrekTHBHBIE TEIUIO3AIIUTHBIE
Marepuaibl. Pe3ynbsrarel HCIIBITAHUI MaTEpPUANOB.

23. [Inazmennas TexHoorus. Gu3ndeckne 0CHOBLI UMITYJILCHOW 00pabOTKH TOBEPXHOCTH.

[IprMepbl KOHTPOJIBHBIX 33IaHUN:

1.

A) OrneHuTs BKIIAJ pPEaKTUBHOW CHJIbI, BO3HHUKAIOIIEH BCIIEJACTBHE HWCIApPEeHUs 00Iy4aeMoro
Marepuana, B yBeJIMUeHUE IABJICHUS Ha MOBEPXHOCTH MaTepHaa.

B) Pemmts 3amady 00 OJHOMEPHOM paclpOCTPaHEHHM TEIUIOBOI BOJHBI B MaTepHaje U ciydas
MOCTOSIHHOTO MOTOKa Terua, MOCTYTAIOIETO Ha MTOBEPXHOCTb. Koa¢dpdpuument
TEMIEPATyPOIPOBOAHOCTH 110J1araTh IOCTOSHHBIM.

2.

A) Ouenuts TeMIeparypy 3KpaHUPYIOILEro CJIOS IJIsl Cllydasi YepHOTEIBHOTO M3JTyYeHHs] MUILICHHON
mna3Mel. [lonydeHHBIN pe3yapTaT CpaBHUTH C PE3yJIbTaTaMU IPsSMBIX M3MEpeHHi Temneparypsl. [lo
pe3ynbTaraM CpaBHEHUS CIEJIaTh BHIBOJ O PEaIbHOM XapaKTepe U3IIydeHusl.

B) Jlns psiga KOHCTPYKIIMOHHBIX MaTepuasioB (Boidb(ppaM, Mellb, CTallb, OCPUILTHIA, rpaduT) ONEHUTH
MpEeNIbHBIA TOTOK JHEPruH, KOTOPBHIH MOXET IOIIOIIAThCS MarepuajioM M OTBOAUTHCS BIIYOb
MarepHaa 3a c4eT TeIJIONPOBOIHOCTH.

[Tpumepsl 5K3aMEHAIMOHHBIX OWJICTOB (3alaHMi, TECTOB M JAp. MAaTepHalOB, HCIOJIB3YyEeMBIX UL
MPOBEICHUS 3a4eTa, IK3aMeHa):

1.

A) banaHc sHepruu mpH B3aUMOJEHCTBUU IJIA3MEHHOTO MOTOKAa ¢ MarepuaioM. OCHOBHBIE KaHAJbI
norepb 3Hepruu. Ponb W3MyyeHHMs MHILIEHHOM I1a3Mbl B oOmieM OajaHce B 3aBHCHMOCTH OT
MHTEHCUBHOCTH TTOTOKA.

B) Ilepenaua sHepruu Ha MOBEPXHOCTh Marepuaia. llepenaua sHepruu uyepes 3KpaHUPYIOMIUN CIOH.
KOHBEKTHBHBII ~ NEpEeHOC  Temyia, O3JIeKTPOHHAs  TEIUIONPOBOAHOCTh,  H3iIydeHHe. Oddext
«CaMO3KPaHUPOBKM» IS TUIOTHBIX IOTOKOB IIJIa3MBbl.

2.

A) DkcrepuMeHTalbHbIE METOABI MCCIIEJOBAaHUS XapaKTEPUCTUK 3KPAaHUPYIOILEro CJIO0s: CKOPOCTHAs
¢dorocbeMka, onTuueckas HHTEPPEpOMETpHUs, CHEKTPOCKOIUS, JIa3epHOE paccesHue, pagualrdoHHas
Kajopumerpust. ConocraBieHue pe3ybTaToB U3MEPEHU ¢ pe3yabTaTaMH PacyeToB.

B) MexayHapoaHblii SKcIiepuMEHTaNbHBIH TepMosaaepHblii peakrop UTOP. [Toroku Teruia u yacTui Ha
creHky kamepbl WTOIP. DOposust marepuainos, oOpamieHHbIX K Iuia3me. [IpoGiema BbeiOOpa
TEIUIO3AIIUTHBIX MaTepuasioB 1j1s nepBoi crenku UTOP.

Kpurepuu onieHuBanus
Ouenka «ommyuno (10)» BeicTaBiusiercs oOydaromieMycsi, €CIIM OH I[I0Ka3ajl BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
NPUMEHSATh UX Ha MPAKTHKE NPU PEIIeHHH KOHKPETHBIX 3a7a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHUE
MIPUHSATHIX PELICHUH;
olleHka «omM4HO (9)» BBICTaBNISETCS OOydYalONIEeMyCs, €CJIM OH IIOKa3aJl BCECTOPOHHHE,
CHCTeMaTH3HPOBaHHbIC, TIyOOKHE 3HAHUS y4eOHOW MPOrpaMMbl TUCHUIUIMHBI U yMEHHE YBEPEHHO
MPUMEHATh X Ha NPAaKTHKE MPU PeIlIeHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHHUE
NPUHATBIX PEHICHUH, HO TMPH 3TOM OBUIM JOMYIICHBI HEOOJBIINE HETOYHOCTH, KOTOPHIC OBLIH
CaMOCTOSATEJIEHO OOHAPYKEHbI U HCIIPABIICHBI;
OllcHKa «OTIMYHO (8)» BBICTABIsSETCS OOYydYalONIEeMyCs, €CJIM OH IIOKa3aJl BCECTOPOHHHE,
CHCTeMaTH3HPOBaHHbIC, NIyOOKHE 3HAHUS y4eOHOW MPOrpaMMbl TUCHUIUIMHBI U yMEHHE YBEPEHHO
MPUMEHATh X Ha NPAaKTHKE MPU PeIlIeHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHHUE
NPUHATBIX pEIICHWH, HO TNPH ITOM OBUIM JIOMYIIEHBI HEOOJIBIINE HETOYHOCTH, KOTOPBIC MOCIe
yKa3aHus 3K3aMeHaTopa ObUTH CaMOCTOSTEIbHO UCIIPABIICHBI;



OLIEHKa «X0po1o (7)» BhICTABIAETCS 00Y4arOMEMYCsl, €CJIM OH TBEPJO 3HAET MaTepuall, FpaMOTHO U O
CYLIECTBY W3JIaraeT €ro, yMmeeT IPUMEHATh IIOJIyYE€HHbIE 3HAHMs Ha IIPakTHKE, HO JIOIyCKaeT
HETOYHOCTH B OTBETE MJIH JIEJIAeT HECYIIECTBEHHBIE OIIMOKY NPHU PELICHUH 3a/1a4;

OLICHKA «X0pomIo (6)» BBICTABISIETCS 00yJaromeMycs, €CJIM OH TBEPJO 3HAET MaTepHual, IPaMOTHO U MO
CYLIECTBY H3JIaraeT €ro, yMeeT INPUMEHATh IOJyYEHHBbIE 3HAHMS Ha NPAKTUKE, HO JOIyCKaeT
HeOOoJIbIINE OMMOKK B OTBETE W (WJIN) TPH PEIICHUY 3a]1a4;

OLIEHKa «XOpo1IO (5)» BhICTABIAETCS 00Y4aIOMEMYCsl, €CJIM OH TBEPJO 3HAET MaTepuall, FpaMOTHO U O
CYLIECTBY H3/1araeT €ro, yMeeT IPUMEHATh IIOJIYYEHHbIE 3HAHMsS Ha IPAKTUKE, HO OTBEYAET
HEYBEPEHHO U (MJIM) JOITycKaeT OMMOKY IPY PELICHUH 3a7ad;

OLICHKA «YIOBJICTBOPHUTEIBHO (4)» BBICTaBIsETCS OOydaromeMycs, MOKa3aBIIeMy (QparMeHTapHBIH,
pa3po3HEHHBIH XapakTep 3HAHWH, HETOYHbIe (OPMYIMPOBKH 0a30BBIX MOHITHH, HAPYIICHUS
JIOTHYECKON MOCIIEN0BATEIBHOCTH B H3JI0KEHUHU IIPOrPaMMHOI0 MaTEPHAIIA, €CIIHA IIPH 3TOM OH BJIAJIEET
OCHOBHBIMHU pa3zieiaMu y4eOHOM MporpaMmbl, HEOOXOAUMBIMHU JAJIsl JaJIbHEHIIEro 00y4eHns: 1 MOXKET
MPUMEHSTH MOJy4YeHHbIE 3HAaHUA 110 00pa3ly B CTAHJAPTHON CUTYyalLlny;

OLIEHKA «YIOBJIETBOPHUTEIBHO (3)» BBICTaBIsIETCS OOydaroleMycs, MOKa3aBIIeMy (QparMeHTapHBIH,
pa3po3HEHHBIH XapakTep 3HAHWH, HETOYHbIe (OPMYIHPOBKH 0a30BBIX MOHITHH, HAPYIICHUS
JIOTUYECKOW TOCIENOBAaTENIbHOCTH B U3JOXKEHWM MPOrpaMMHOIO MaTepuana, HE BIAJCIOLEMY
HEKOTOPBIMH pasJieslaMi y4eOHOW HpOorpaMMbl, HO YMEIOIIEMY HPUMEHSATh MOMy4YeHHBIC 3HAHUS 10
00pa3ily B CTAaHJapTHON CHTYalluy;

OLICHKA «HEYIOBJIETBOPUTENHHO (2)» BBICTABISIETCA OOydaroUIeMycsi, KOTOPbI He 3HaeT Oosbliel
YaCTH OCHOBHOTO COZEPXKaHMS Y4eOHOM HporpaMMmbl TUCHUIUIMHBI, JOIMYyCKaeT rpyOble OMMOKH B
(hopMyIIMpPOBKaxX OCHOBHBIX MOHATUI IUCLUILIMHBI M HE YMEET MCIIOIb30BATh MOIYYECHHBIC 3HAHUS IPU
pEILIEHUH TUIIOBBIX IPAKTHYECKUX 3a7a4;

OLICHKA «HEYJOBJIETBOPHUTENbHO (1)» BhICTaBIsieTcss 00ydaromemMycs, oKa3aBlIeMy MOJHOE HE3HaHHE
y4eOHON NPOrpaMMbl JUCIUILIMHEI.

5. MeTonuueckne MaTepuajbl, onpeaeasionie NPpoueaypsl OeHUBAHUA 3HAHUI, YMEeHH, HABBIKOB H
(Wy1M) oNbITA AESITEILHOCTH

[Ipu npoBeneHuM yCTHOro 3K3amMeHa oOydaromemycs HpeaocTaBisercs 45 MUHYT Ha HOATOTOBKY.
Ompoc ofyuatomerocs 1o OujeTy Ha YCTHOM OJK3aMEHE HE JIODKEH TMIPEBBIIIATh JIBYX
ACTPOHOMMUYECKHX YacOB.

Bo Bpemsi mpoBeneHusi 3K3aMeHa 0Oyyarommecs MOTYT IIOJIb30BarbCsi MPOrPaMMON TUCLMILIMHEI,
CIIPABOYHOM JIUTEPATYPOM, BEIYUCIUTEIIBHOU TEXHUKOM U CBOUMU KOHCIIEKTAMM.



