degepaibHOE TOCYIAPCTBEHHOE ABTOHOMHOE 00pa3oBaTe/ibHOe
y4peKIeHne BhICIIEro 00pa3oBaHus
«MOCKOBCKHI (PU3HKO-TEXHUYECKHUH HHCTHTYT
(HaLMOHAJILHBIN HCCJIEN0BATEIbCKHI YHHBEPCHTET))

YTBEPKAEHO

JAupexTop pusrex-mKoasl GU3NKu
U uccJegopanuii um. Jlanaay
A.B. Poraues

PaGouyas nporpamMma qucuunJIMHbI (MOXYJIs1)

N0 THCHUTIJINHE: JlazepHasi TeXHUKA
10 HANPABJIEHHIO: IIpuknagHbie MaTeMaTHKa U (pU3MKa
npopuiab NOArOTOBKH: OOmas u nmpukiagHas Gu3uKa

OusTex-mkona GU3NKK U KccaenoBannii um. Jlanmay
kadeapa mpoOiieM HHEPIIMOHHOTO TEPMOSIIEPHOTO CHHTE3a

Kypc: 1
KBaJIMpUKALS: MarucTp

CemecTp, (hopMBI POMEKYTOUHOM arTecTanuu: 2 (BECCHHHI) - DK3aMEH

AynuropHbIx yacoB: 30 Bcero, B TOM 4HCIIE:
Jekuuu: 15 gac.
ceMuHapsl: 15 gac.
nabopatopusle 3ansaTus: 0 gac.

CamocrosrensHas padora: 30 gac.
[TonroroBka k 3x3ameny: 30 yac.

Bcero gacos: 90, Bcero 3a4. ef.: 2

[Iporpammy cocraBui: b.A. BrickybOeHko, kaH/. pu3.-mar. HayK

[Iporpamma obcyxaeHa Ha 3aceqannu Kadenpsl npolieM HHEPLHOHHOTO TepMosiiepHoro cuntesa 04.04.2022



Hucnuminaa  "JlazepHast TexHHKA"

3HAKOMHUT C

AHHOTANMA

OCHOBHBIMM THIIAMH IIPOMBIIJICHHBIX JIa3€POB,

JOCTUTHYTBIMH Ha CETOIHSIIHUK JI€Hb, BBIXOJHBIMH XapaKTEPHUCTUKAMH H3JIYYEHHUS, M OCHOBHBIMH
HaIpaBIECHUAMHU IPAKTUUECKOIO IIPUMEHEHHUs J1a3epHOM TEXHUKU B HayKe, TEXHMKE, IPOMBIIUIEHHOM
Mpou3BOACTBE. boinblioe BHUMaHuE yheleHO OOIMIMM BOMPOCAM B3aMMOICHCTBHSA JIa3€pHOTO H3IyYEHHUS C
BEIIECTBOM M OCHOBHBIM 3((eKTaM 3Toro B3aumozaencTusa. O01acTH NpaKTUYECKOTO PUMEHEHHUS J1a3epoB
paccMaTpuBarOTCA B CBA3M C YHHKAJIbHBIMH CBOMCTBAMH JIA3€PHOTO M3IYYEHUS M JTOCTUTHYTBIM YPOBHEM
BBIXOZHBIX IIapaMETPOB JIa3€PHBIX UCTOUHUKOB. M3105keH1Ee MaTepualla, Kak IpaBuilo, BeAETCA Ha IOCTATOYHO

MPOCTOM YpOBHE ©0€3 WCHOIB30BAaHUS CIIOKHOH MaTeMaTHKHU.

Ocoboe BHuMaHue oOpamaercs Ha

OOIENPUHATHIC B JIa3€pPHON TEXHUKE EIMHUIBI M3MEPEHUH M MapaMeTphl, UX Pa3MEpHOCTH U YHCIICHHbIC

3HAYCHHS.
1. leau u 3apa4u

eap AUCUMNIMHBI

— O3BHAKOMJICHUEC CTYACHTOB C OCHOBHBIMHA TUIIAMU IIPOMBIIIICHHBIX JIA3CPOB;

— OCBOCHHUC CTyACHTAMH (1)I/I3I/IKI/I pa6OTBI MOIITHOI'O I\/’IO,I[HOFO (1)OTOI[I/ICOL[I/IaI_H/IOHHOFO Jia3epa U Apyrux

MOIIHBIX JIA3€POB.

3agauu AU CHUIIHHBI

— ¢opmupoBaHre 0a30BBIX 3HAHWH B 007acTH (U3HUKH JA3EpOB,

HU3JTy4YCHUA,

XapaKTCpUCTUK HX BbIXOAHOI'O

— 3HAKOMCTBO C OCHOBHLIMHU HAIPABJICHUAMU HPAKTUYCCKOIO IMPUMCHCHUA na3epH0171 TCXHHUKU B
HayKe, TCXHUKE, MTPOMBIIIJICHHOM ITPOU3BOCTBE,

— M3y4YeHHE OOILIMX BOIPOCOB B3aMMOJCHCTBHS JIa3€PHOTO M3IIyUCHHUS C BEIIECTBOM.

2. llepedyenn popmMupyemMbIX KOMIETEeHUMH

OcBoeHue TUCIUILTUHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONINX KOMITETEHITHINA:

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

WNHaukaTopsl JOCTHKEHHS KOMIIETEHIIMH

OIIK-1 Bnaneer cuctemoli pyHIaMeHTATBLHBIX
Hay4YHBIX 3HAHUH B 00acTu
(hu3HMKO-MaTeMaTHIECKUX HAyK

OIIK-1.2 Cnocoben 00600mars ¥ KpPUTHYECKH OIICHUBATH
OIBIT M pEe3yJbTaThl HAYYHBIX HCCIICJOBaHUII B 00IacTh
npo(heCCHOHANTBHOM ESTENbHOCTH

OIIK-1.3 [TonnMaeT MeXAUCIUIIMHAPHBIC CBS3U B O0OJIACTH
MareMaTHK W (U3UKH U CHOCOOCH HMX MPHMEHSTh IPH
peleHun 3a1a4 NpoQeccuOHaTbHON AEATENbHOCTH

OIIK-2 Nmeet npeacrapieHne 00 aKTyaabHBIX
mpo0iemMax HayKH U TEXHHKH B 001acTH cBOeH
po¢eCcCUOHANBHON NeSTeNbHOCTH, CIIOCOOCH
Ha HayYHOM f3bIKe (hOPMYIHPOBATH
npogecCHOHANbHBIE 3a]1a41

OIIK-2.2 Crniocoben OIICHUBATh aKTyaJIbHOCTh
UCCIICIOBAaHUM B obnmactu cBoed mnpodeccrnoHambHON
JESITEIbHOCTU U UX IIPAKTUYECKYIO 3HAYUMOCTb

OIIK-2.3 Brnageer mnpodeccHOHaNbHONW TEPMUHOIOTHEH,
HCIIONb3YEMOM B  COBPEMEHHOW  HAyYHO-TEXHUYECKOMN
nuTeparype, o0nagaeT HaBBIKAMU YCTHOTO M MHUCHMEHHOTO
U3JI0KEHUS PE3yJbTaTOB HayYHOW JESTEIbHOCTH B paMKax
npo¢ecCHOHATBHON KOMMYHHUKAIUN

OIIK-3 CniocoOeH BRIOMPATh U (HITH)
pa3pabaThIBaTh MOJXOJIbI K PEIICHHIO THIIOBBIX
Y HOBBIX 337124 B 001acTH npodeccnoHamTbLHON
JIeATEIIbHOCTH, YIUTBIBAsi OCOOCHHOCTH U
OTPAHUYCHUS PA3TUYHBIX METOJIOB PCIICHHUS

OIIK-3.1 Crocoben aHanu3upoBaTh 3ajady, [JIAHUPOBATDH
MyTH pemeHus], MpeiaraTh U KOMOMHHUPOBATh CIOCOOBI
peleHus

OIIK-4 CriocoOeH ycrenHo peanu30BbIBaTh
pelIeHne MoCTaBIeHHOH 3a/1a4M, IPOBECTH
aHaJM3 pe3yJbTara i MPeACTaBUTh BHIBOIbI,
MPUMEHSS 3HAHNS U HaBBIKU B 00JIaCTH
(U3MKO-MaTeMaTHUECKUX HAYK U
MH()OPMAMOHHO-KOMMYHHKAIIHOHHBIX
TEXHOJIOTUI

OIIK-4.2 CrnocobeH mNpuMeHATh 3HaHUS B o0jacTu
(bHU3MKO-MaTEMaTHYECKUX HAyK JUIS PeIIeHUs IOCTaBICHHOM
3agaudl, GOPMYIUPOBAHUS BHIBOAOB U OLIEHKU MOJTYYEHHBIX
pe3yabTaToB

OIIK-4.3 CnocobeH apryMeHTHpPOBAaHO BBIOMpATh CIIOCOO
MPOBEICHUS HAYYHOTO HCCIICIOBAHUS




OIIK-5.1 Crocoben paboraTh B KOJUIEKTHBE, TOJEPAHTHO

OIIK-5 CriocoOeH 1 roToB K MOBBILICHUIO BOCTIpUHUMAS ConuabHBIC, OTHHYECKHUE,
KBaJ’II/I(bI/IKa]_H/II/I, HpO(I)eCCI/IOHaJII)HOMy pocty u KOH(iJeCCI/IOHaHBHBIe M KyJIbTYPHBIC pa3IM4nsi

PYKOBOJZICTBY KOJJIEKTHBOM B cpepe cBoeit OIIK-5.2 Bmageer HaBBIKOM  PYKOBOJCTBA  MajbIM
mpoeCCUOHANBHOM JIeITENLHOCTH, TOJIEPAHTHO |[KOJUIGKTUBOM B cdepe  cBoell  mpodecCHOHAIBHOM
BOCIPUHUMAsI COLMAJIbHBIC, STHUYECKUE, JesITeTbHOCTH

KOH()ECCHOHANBHBIC U KYIBTYPHBIC pasnuius  (OI1K-5.3 CTpeMuTcs K TOTYYeHHMIO HOBBIX 3HAHHIA,
po(eCCHOHATBHOMY M IMYHOCTHOMY POCTY

[IK-1.1 CriocobeH HaxomuTh, aHAIM3UPOBaTH U 0000IIATH
uHpOpMaNNIo 00 aKTyalbHBIX Pe3yibTaTaX MCCIIEIOBAHUHN B
paMKax TemaTHueckoi o0macTh cBoed mnpodeccruoHaTbHON
[IK-1 CnocoGeH craBuTh, (hopMann3oBeIBaTh 1 |ACATCIBHOCTH

pemiarh 3a/1a4u, B ToM uncie pa3padareiBath 1 [[IK-1.2  CriocoOeH  BBIIBUTATh  TUIOTE3bI, CTPOHTH
HCCJIEA0BATh MaTEMaTHYECKUE MOJIEIH MaTeMaTHYecKue MOAETH ISl ONUCAaHUA H3y4aeMBIX
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO  |BJIEHUH M MTPOIIECCOB, OIIEHNBATH KA9€CTBO pa3paboTaHHOMH
aHaJIM3UPOBATh HAy4YHbIE TPOOIEMBI, [TOJy4YaTh |MOJEIN

HOBBIC HAYTHBIC PE3YJIbTAThI [IK-1.3 CrnocobeH mnpuUMEHATh TeopeTHyeckue u (Win)
SKCIIEPUMEHTAIbHBIE METOJIbI UCCIEAOBAHUN K KOHKPETHOMN
HAay4YHOM 3aja4e W HHTEPIPETUPOBATH  IOJyuYCHHBIE
pe3yabTaThl

IMK-3.1 Tlonumaer npuMHOUNBI pPabOTHl HUCIONB3YEMOTO
00opynoBaHuUs (cienmanu3upOBaHHBIX MAKETOB

[TK-3 Criocoben npodeccrnoHanbHO paboTaTh ¢ MPUKITAHBIX TPOTPAMM)

UCCIIeI0BATEIbCKUM U UCTIBITATEIbHBIM
o0opynoBanueM (MpruOOpaMH U yCTaHOBKaMH,
CIIEeLUATN3UPOBAHHBIMU TTAKETAMU TPUKIIATHBIX

IIK-3.2 Crocoben IIPOBOJNTH AKCIIEPUMEHT
(MOIETMPOBaHKE) C KCIOJIb30BAHUEM HCCIICIOBATEIHCKOTO
obopynoBaHus (MTAKETOB MPHUKJIAIHBIX IPOTPAMM)

MporpaMm) B n30paHHON MTPEIMETHOM 00IacTH
IMK-3.3 CnocobeH oIleHUBaTh TOYHOCTh IOJyYEHHBIX

OKCIICPUMCHTAJIBHBIX (‘H/ICJ'IGHHBIX) PE3YJIIbTATOB

3. IlepevyeHnb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCUHUILIHHE (MOIYJII0)
B pesynbrare ocBoOeHHS JUCUUIUIMHBI 00yYaromuecs JOJKHBI
3HATh:
— 00 OCHOBHBIX HaNpaBICHUSAX MPAKTUYECKOTO MPUMEHEHHs Ja3epoOB B HayKe, TEXHHKE,
MIPOMBIIIJIEHHOM TTPOU3BOICTBE;
— HUMETb MpPEICTAaBICHHE O COBPEMEHHOM COCTOSIHUM B pPa3pabOTKEe JIa3epHBIX HCTOYHUKOB H
JOCTUTHYTHIMU Ha CETOTHSIIHUM IEHb BRIXOAHBIMU XapaKTEPUCTUKAMH.
YMETh:
— HAXOJIUTh TIOJXO/IBI PEIICHUS] PAa3INYHBIX 3324, BCTPEUYAIOIINXCS B SKCIIEPUMEHTAIBLHON MPAKTHKE, C
MOMOILBIO JTa3€PHBIX HCTOYHUKOB.
BJIaJICTh:
METOJIONIOTHEN BRIOOPA aIeKBATHBIX METOJIOB UCCIICIOBAHHS,
HaBBIKAMH CaMOCTOATENBbHOM padoThl B Jaboparopuun u UnTepHeTe;
KyJIBTYypOU IOCTAHOBKH M MOJICIIMPOBaHYSI (PU3HUECKUX 3a]1ay;
OCHOBHBIMHU HaBBIKAMU MPEJICTABICHUS CBOMX PE3YJbTaTOB HA CEMUHApax, KOH()EPEHLHUSX;
HABBIKAMH OCBOCHUS OOIBIIOT0 00beMa HHPOPMAITUH, BKITIOUAast paboTy ¢ HAYYHOH JINTEpaTypoii;
OCHOBHBIMHU HaBBIKAMH HAITMCAHMS HAYYHBIX CTATEH;
MaTeMaTH4eCKUM MOJICTIMPOBaHUEM (PH3MUECKUX 3a]1a4;
MPAKTUKOW UCCIICIOBAHMS U PELICHUS TEOPETUUECKHUX U MIPUKIJIATHBIX 3a]1a4;
METOJaMH aHaJlM3a U MPUMEHEHHUs JIa3epHON TEXHUKHU AJI PEIIeHUs] KOHKPETHBIX 3a7ad HayYHbIX
HCCIETOBaHMM.

N A I A

4. Coaep:xanue TUCUMILIUHBI (MO1YJIs), CTPYKTYPHPOBAHHOE 10 TeMaM (pa3iesiaM) ¢ yKazaHUeM
OTBEJICHHOI'0 HA HUX KOJMYECTBA AKAAEMHYCCKUX YaCOB 1 BHI0B Y4eOHBIX 3aHATHI

4.1. Paznenbl TUCTMITIIMHBI (MOJYJISI) ¥ TPYJIOEMKOCTH TI0 BUJaM yUEOHBIX 3aHSATHIA

TpyaoeMKoCTb 10 BHIaM y4eOHBIX 3aHSATHH, BKITIOUAs
CaMOCTOSITENIbHYO padoTy, Jac.




No Tema (pa3nen) TUCIUTUTMHBI

Jlekrum | Cemunapsr | JlaGopar. paboTsr Camocr.
pabora
1 CBoiicTBa 1a3epHOTO H3IIy4YCHUSI. 1 1
) OCHOBHBIE  THIIBI 11a3epo /A 1 1
[IPAKTUYECKUX IPUMEHEHUH.
3 B3aumozeiicTBHE J1a3€pHOTO U3ITYUYEHHUS C ) ’ )
BEILECTBOM.
4 Jlazeppl B cucTemMax JIUCTaHLMOHHOTO ) 5 )

KOHTPOJISI OKPYKAIOIIel Cpeibl.

Jlazeppl B cucremMax — U3MEpEHUs
5 pa3MepoB, JIMHEHHBIX IEpPEMEICHUH, 2 2 2
OINITUYECKOr0 KauecTBa PA3JIMYHbIX CPEL.

6 [IpumMenenue na3zepoB B MEAULIUHE. 2 2 2
7 [Ipumenenue mnazepoB I 00pabOTKH ) 5 2
MaTepuasoB.
8 Jlazepsl B BOeHHOM Jiene. 2 2
OcCHOBHBIE TEHACHLIUH COBPEMEHHOTO
9 pa3BUTUA JIa3€pHOM TEXHUKU U €€ 1 1
MPaKTUYECKOTO PUMEHEHHSI.
Hroro gacos 15 15 30
[TonroToBka K 3K3aMeHy 30 gac.
Oobmas TpynoEMKOCTb 90 gac., 2 3a4.ex.

4.2. Cogpep:xaHue OUCHUILTUHBI (MOIYIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszeiam)
Cemecrtp: 2 (Becennuit)
1. CBoiicTBa a3epHOroO U3ITy4YCHUSI.

BBenenue B npeamer.
Hcropudeckas cipaBka. DTanbl pa3BUTHUS JIA3ePHBIX NCTOYHUKOB CBETA.
CBolicTBa JIA3EPHOTO H3ITYUYCHUS.

MOHOXpOMaTI/I‘IHOCTL, pPacxoguMoOCTb, KOTCPCHTHOCTb HU3JIYyUYCHUS. CDOKYCI/IpOBKa JIa3€pHOI'0
H3JIy4YCHUA. KJIaCCI/I(bI/IKaI_II/IH 3a4a4, p€lIa€MbIX € UCIIOJIb30BAHUEM JIA3€PHBIX HCTOYHUKOB.

2. OCHOBHbIE TUIIBI JIA3€POB AJIs IPAKTHUECKUX IPUMEHEHUH.

du3nznyeckne 0CHOBHI paboTHI Ja3epa. OOIIMe TPUHLIUIIBI TOCTPOSHHS JTa3ePHBIX HCTOUHHKOB.
Krnaccuduxarus 1 0CHOBHBIE XapaKTEPHCTUKH JIa3epPOB.
OcHOBHBIE THIIBI J1a3epoB, pazpabdareiBacMbix B UJIDU.

3. BzaumopeicTBuE J1a3epHOTO U3IYUYECHHSI C BEIIECTBOM.

B3anmopeiicTBre na3epHOTro U3Iy4eHUs ¢ ONOIOTNYeCKUMHU 00BEKTaMH.

OcHoBHbIe 3 QEKThl B3aMMOJCHUCTBHS Ja3epHOI0 M3IYUYCHUS C OpraHaMH 3peHHsS MU KOXKHBIM
mokpoBoM. TexHHKa 0e30macHOCTH IpU padoTe ¢ 1a3epami.

[IpoxoxaeHue 1a3epHOTo U3IIyYCHHS Yepe3 aTMoc(hepy 1 Apyrue Cpebl.

OcHOBHBIE (DaKTOPBHI B3aMMOJCHUCTBHS, NMPHBOIIIINE K OCIAONCHHIO JIA3EPHOTO H3IYYCHUS IIPH
MIPOXOXK/IEHHH €T0 B aTMOC(HEPHOM BO3yXE, B BOIHOM cpefe.

4. JIazepsl B cucTeMax AMCTAHIMOHHOTO KOHTPOJISI OKPY>KAarOIEH Cpeibl.




MeToasl AMCTAaHIIMOHHOTO KOHTPOJIS OKPY’KaIOIIeH Cpefibl, OCHOBAaHHbIE HA TOIJIOIIEHUH JIa3epHOTO
U3IIYyUYCHUS.

OcHOBHBIE  CX€Mbl  JUCTAaHIIMOHHOTO  30HAWMpoBaHMA. JlumapHoe  ypaBHenue. Meton
muddepeHIabHOro momionieHus. OmnpeneneHre yTeueK MPHUPOJHOTO Ta3a M3 MaruCTPaIbHBIX
ra3onpoBOJIOB.

MeTonpl TUCTAHIIMOHHOTO KOHTPOJISI OKPYXKAIOIIeH Cpebl, OCHOBAaHHBbIE HAa KOMOMHAIMOHHOM
paccessHuu U QuroopectieHyn. OnpeneiaeHue 3arpsa3HeHNs TOBEPXHOCTH BOJ HEPTETIPOIyKTaMHU.

5. Jlazepsl B cHCTeMax W3MEPEHHS Pa3MEPOB, JIMHEWHBIX MEPEMEIIEHUH, ONTHYECKOIO KadyecTBa
pa3IMuHbIX Cpel.

Wutepdepomerpbl ¢ J1a3epHBIMH HCTOYHMKAMHU U3IydeHHs. VHTeppepoMeTpuyecKrue MEeTObI
M3MEpPEHUS NEPEMENIEHUI 1 ONITHYECKUX HEOTHOPOIHOCTEM.

J'Ia3epHLIe ,Z[I/I(l)paKLII/IOHHBIe HU3MCPUTCIIN PA3MCPOB.

JlcTaHIMOHHOE 3MEPEHUE CKOPOCTEH MMOTOKOB KUIKOCTH, raza. OCHOBHBIE H3MEPUTEIBHBIC CXEMBI
U IPOLENYPhl U3MEPEHUM.

6. [Ipumenenne 1a3epoB B METUIIUHE.

HuskouHnTeHcUBHAs j1a3epHas Tepamnusl.

CHCKTpaHBHBIﬁ Aramna3oH MW HWHTCHCHUBHOCTH JIA3€PHOIO0 H3JIYUYCHUA. OCHOBHBIE MEXaHH3MBI
BOSﬂeﬁCTBHH JIA3CPHOI0 U3JIYUCHHUS Ha OMONIOrHuecKue OObEKTEI.

CunoBas JIa3€pHas TCparius.

Usmenenne ¢u3MUeCcKOro COCTOSHUS OMOTKAaHM TPU BO3JACHCTBUM JIA3€PHOTO  HM3ITyUCHUSI.
Tepmorepanus omyxosnei. TepMonnacTuka XpsIIeBbIX TKAHEH.

Jlazepnas xupyprus.

OcHOBHBIE TapaMeTpbl  JIA3€PHBIX HCTOYHWUKOB, HEOOXOIWUMBIC JJIsi PACCEUYCHUS M YAAICHUS
OMOTKaHU.

7. llpumeHenue na3epoB g 00pabOTKH MaTepuasoB.

8. JIazepbl B BOGHHOM J€II€.
JlazepHbIe 1eneykazareny u JarbHOMEPHI. JIa3epHbIe TOKaTOPHI.
Jlazepsr B ycTpolicTBax (pyHKIIMOHAIIEHOTO MOAABIEHUS ONITUKO-3JIEKTPOHHBIX CUCTEM.

J'Ia3epLI JJIs1 CUJIOBOT'O BO3,E[€I71CTBPI$I Ha 00BEKTHI BOCHHOM TEXHUKH.

9. OcHOBHEBIE TCHACHIIUN COBPCMCHHOI'O pPa3BUTHUSA na3€pH0ﬁ TCXHUKHU M €€ IMPAKTUICCKOIO
IIPUMCHCHMUA.

Jla3epsl ¢ AMOJHON HAKAYKOM.
Cuctembl Ha OCHOBE HEJTMHEHHOTO MPeoOpa30BaHMsl YaCTOTHI JIA3€PHOTO U3ITY4YEHHUS.

OcHOBHEBIC COBPEMCHHBLIC HAIIPABJICHHUS IIPUMCHCHU MOIIHLBIX JIa3€POB.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJI5l OCYLIeCTBJIECHHNS 00pa30BATEILHOIO
npouecca 1no JUCHUILInHE (MOIYJII0)

VYueOHast aymuTOpHs, OCHAIICHHAS! KOMIIBIOTEPOM M MYJIBTUMEIUINHBIM 000pyI0BaHUEM (IIPOEKTOP,
3BYKOBasi CHCTEMA).

6.IlepeyeHnb pekoMeHyeMOIi TUTEPATYPbI

OcHoBHas 1uTeparypa



1. JIx. Penu. [IpombinieHHOE TpUMeHEeHHE Ja3epoB. M., «Mup»,1981

2. V. Iptonu. JlazepHast TEXHOJIOTHS U aHAIU3 MarepuanoB. M., «Mup»,1986

3. K.W. Kpsunos, B.T. IIpokonenko, A.C. Mutpodanos. [IpuMeHeHHe J1a3epoB B MAIIMHOCTPOCHUH U
npudopoctpoenunu. JI., « MammHoctpoenue», 1978

JomnonHurenbpHas auTeparypa
1. 3. 1. Xunknu( pen) Jlazepusiit koHTposb atMochepsl. M., «Mup», 1979
2. b. A. Anekcees u Jip. JIazepsl U coBpeMeHHOE TPUOOpocTpoeHre. Marepraibl HIKOJIbI —CeMUHApa
—BoicTaBku, C-IletepOypr, 1991
3. ' T'ypzansn, B.I. [Imutpues, J[.H. Hukorocsn. CnipaBounuk. HenuneitHo-ontudyeckue
Kkpuctauibl. CBOHCTBa U IPUMEHEHNE B KBAHTOBOM 3ieKTpoHuKe. M., «Pagno u csa3p» 1991
4. 10.B. Adanacses u ap. Mexaynapoassiii Gopym «CoBpeMEHHBIE MOIITHBIE JIa3ePhbl U HX
npuMmeHeHne» Kpantosas anexkrponuka, 30, Ne5, 462-470,(2000)
5. B.II. MunaeB «JIazepHble annaparsl Il XUPYPIUU U CUJIOBOM TEPAIMM HA OCHOBE MOIIIHBIX
MOJTYTIPOBOJHUKOBBIX M BOJIOKOHHBIX J1a3epoBy». KBaHToBast anekrponuka, 35, Nell, 976-983,(2005).

7. llepedyeHn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHUKAIIMOHHOI ceTH ""UHTepHET", HEOOXOTUMBIX
JJI51 OCBOEHHST TUCIMIIJIMHBI (MOTYJIs)

1. http://lib.mipt.ru/catalogue/ — snexrponHas Oubiaroreka dusrexa.

2. http://www.edu.ru — penepanbHbiii mopran «Poccuiickoe 00pazoBaHue).

3. http://benran.ru —6ubMMOTEKA 1O €CTECTBEHHBIM HaykaMm Poccuiickoii akajJieMUuH HayK.

4. http://www.i-exam.ru — euHbIH opTan MHTEpHET-TEeCTHPOBaHUS B chepe 0OpazoBaHusI.

5. http://ufn.ru/ «Yenexu Gpusndeckux HayK» 0030pbI MO aKTyaIbHBIM (PU3NUECKUM IIpobdieMam.

8. IlepeyeHb HHPOPMALMOHHBIX TEXHOJIOTHIi, HCIIOJIb3yeMbIX NPH OCYLIeCTBICHUH 00pPa30BaTeJIbHOI0
npouecca 1o JHCHUIIMHE (MOIYJII0), BKJIIOYAs NepedeHb He00X0ANMOro NPOrpaMMHOro odecrnedyeHnst
¥ MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

Skype, Zoom

Ha neKunoHHBIX 3aHSATHAX UCTIOJIB3YIOTCS MYJIBTHMEANHHBIC TEXHOIOTUH, BKITFOYAsk IEMOHCTPAIIHIO
npe3erTanuii. cnons3oBanue daiinos (B popmare pdf), cogepramux Bu3yaabHbIH MaTepua s
JIEKIMH B BUJIE IPE3EHTALNH, a TaK)Ke PU HEOOXOIUMOCTH CIIEIUATU3UPOBAHHBIX HAYYHBIX
pedepupyembix xkypHanos: poccuiickux (YOH, XKXOTO, nucema B XKOTD, dusnka TBEpaorO TEna u
np) u annosizeiuHbIX (Physical Review Letetrs, Physical Review A, Physical Review B, Journal of
Chemical Physics, International Journal of Quantum Chemistry u np.), roctynHbix depe3 Internet. s
KOHTPOJISI ¥ KOPPEKIUH 3HaHUI 00y4JaIOMmUecss MOTYT HCIIOIb30BaTh KOMITBIOTEPHOE TECTHPOBAHNUE, B
TOM YHCJIe Ha TTOpTajie WWW.i-eXam.ru.

9. MeToauveckue YKazaHnus NJist oﬁyqaloumxm 0o 0OCBOCHMIO JTUCHUIIJINHBI (MO)_Iy.Tlﬂ)

CTyneHT, M3ydalolMi AMCHUIUIMHY, IOJDKEH, C OJHOW CTOPOHBI, OBJIAJETh OOLIMM IOHATUHHBIM
anmnapaToM, a ¢ JPyroil CTOPOHBI, JOKEH HAyUUThCS IPUMEHATh TEOPETUUECKUE 3HAHUS Ha MPAKTUKE.

B pesynbrare usydeHus IUCLMILIMHBI CTYIEHT IOJDKEH 3HATh OCHOBHBIE IOHSATHS M IIOAXOAbI K
JIa3epHOM TEXHUKE, 3HaTb OCHOBHBIE MOJAEIM M WX HEAOCTaTKH M JOCTOWHCTBA, NPUMEHATH
[IOJIyYEHHBIE 3HAHUS AJIs PELIECHUs pa3IMyYHBbIX 3a/au.

VYemenmiHoe OoCBOeHHME Kypca TpeOyeT HampspDKEHHOW —caMOCTOSTeNbHOW  paboThl  CTYICHTA.
CamocrosiTenbHas padoTa BKIIIOUAET B ceOs:

— npopaboTKy ydeOHOro Mmarepuana (10 MarepuaiaM JeKIMH B BHIE MPE3CHTAlMU), MOATOTOBKY
OTBETOB HA BONPOCHI, MPEAHA3HAYEHHBIX MJI1 CaMOCTOATEIBHOTO H3Y4YEHMs, J10Ka3aTelbCTBO
OTJIEIBbHBIX YTBEPKICHUM, CBOICTB;

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

— MOArOTOBKY K IPaKTUUECKUM 3aHATHSIM, 3a4€TY U dK3aMEHY.

PykoBOACTBO W KOHTPOJIb 32 CaMOCTOATENBHON pabOTOH CTyJeHTa OCYIIECTBIsAEeTCS B Qopme
VHIUBUAYaJIbHBIX KOHCYIBTAlUN WM KOHTPOJIA.



ITpu moxroroBke K MPaKTUYECKUM 3aHATUSAM HEOOXOAMMO MOBTOPSTH paHee M3ydeHHBbIH MaTtepuai. B
Havyaje 3aHiATHA, KaK MpaBHJIO, MpoBoguTcs KopoTkui (10-15 MuHYT) ompoc mo marepuainy
MPONIC/IINX 3aHATUH B YCTHOH WM MHCbMEHHOW ¢opme. Tak Kak BaXHO JOOWTHCS MOHUMAHHS
M3y4aeMOIro Marepuana, IpH 3aTpyIHEHHH B BOCHPHUATHH MaTepHaja CTYyJEHTaM pPEKOMEHIYETCS
o0palnarscs 3a KOHCYJIBTAIMAMU K IIPETIOAaBaTeio.

HpOMGXCYTOqHLIﬁ KOHTPOJIb 3HAHUM OpOBOAUTCA B BHUJAC 3a4€Ta, HAa KOTOPOM CTYACHTY IMPCJIaracTcsia

[IUCBMEHHO OTBETUTbh HA TEOPETHUECKUN BOIIPOC, PELIUTHh OJHY 3aJady U OTBETUTb Ha BOIPOCHI IO
TeMe Kypca.



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 npobiieM HHEPLIMOHHOTO TEPMOSIIEPHOTO CUHTE3a
Kypc: 1
kBaTuuKkanus: MarucTp

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

PaszpatGoTunk: Bb.A. BrickyOeHKo, KaH[. pu3.-Mat. HayK



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-1.2 Cnocoben 00600mars U KpPUTHYECKH OIICHUBATH
OIBIT M PE3yJbTaThl HAYYHBIX HCCIICJOBAHUII B 00JacTh
npo(heCCHOHANTBHOM ESTENbHOCTH

OIIK-1.3 [TonnMaeT MeXAUCIUIIMHAPHBIC CBS3U B O0OJIACTH
MareMaTHK W (U3UKH U CHOCOOCH HMX MPHMEHSTh IPH
peleHuy 3a/1a4 NpoQecCHOHaTBHON AEATENbHOCTH

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-2.2 Crniocoben OIICHUBATh aKTyaJlbHOCTh
UCCIICIOBAaHUM B obnmactu cBoed mnpodeccrnoHambHON
JESITEIbHOCTU U UX IIPAKTUYECKYIO 3HAYUMOCTb

OIIK-2.3 Brnameer mnpodeccHOHaNbHONW TEPMUHOIOTHEH,
HCIIONb3YEMOM B  COBPEMEHHOM  HAy4YHO-TEXHUYECKOMN
nuTeparype, o0nagaeT HaBBIKAMU YCTHOTO M MHUCHMEHHOTO
U3JI0KEHUS PE3yJbTaTOB HAyYHOW JESTEIbHOCTH B paMKax
npo¢ecCHOHATBHON KOMMYHHUKAIIUN

OIIK-3 CniocoOeH BRIOMpPATh U (HITH)
pa3pabaThIBaTh MOJXOJIbI K PEIICHHIO THIIOBBIX
Y HOBBIX 337124 B 001acTH npodeccuoHamTbLHON
JIeATEIbHOCTH, YIUTBIBAsi OCOOCHHOCTH U
OTPAHUYCHUS PA3TUYHBIX METOJIOB PEIICHHUS

OIIK-3.1 CrocobeHn aHanu3upoBaTh 3ajady, [JIAHUPOBAThH
MyTH peIeHus], MpeyiaraTh U KOMOMHHUPOBATh CIOCOOBI
peleHus

OIIK-4 CriocoOeH ycIenHo peann30BbIBaTh
peleHne MoCTaBIeHHOH 3a/1a4M, IPOBECTH
aHaJM3 pe3yJbTara i MPeACTaBUTh BHIBOIbI,
MPUMEHSS 3HAHNS U HaBBIKU B 00JIaCTH
(U3MKO-MaTeMaTHUECKUX HAYK U
MH()OPMAMOHHO-KOMMYHHKAIIHOHHBIX
TEXHOJIOTUI

OIIK-4.2 CrnocobeH mNpuMeHSTh 3HaHUS B  o0JacTu
(bHU3MKO-MaTEMaTHYECKUX HAyK JUIS PeIIeHUs IOCTaBICHHOM
3agaud, GOPMYIHPOBAHUS BHIBOAOB U OLIEHKU MOJTYYEHHBIX
pe3yabTaToB

OIIK-4.3 CnocobeH apryMeHTHPOBAaHO BBIOMpATh CIIOCOO
MPOBEICHUS] HAYYHOTO HCCIICIOBAHUS

OIIK-5 CriocobeH 1 roTOB K ITOBBIIIEHHUIO

kB (puKaIyy, mpodeccuoHaITbHOMY POCTY U
PYKOBOJICTBY KOJIEKTHBOM B cepe cBoeit
poeCcCHOHaTBHON e TENBHOCTH, TOJIEPAHTHO
BOCIIPUHUMasI COIMAJIbHBIE, STHHUECKUE,
KOH(ECCHOHAITLHEIE U KYJIETYPHBIC PA3IHUINS

OIIK-5.1 Cnocoben paboraTb B KOJJIEKTHBE, TOJEPAHTHO
BOCIIPUHUMAs COIIMAJIBHEIE, ITHHYECKHE,
KOH(ECCHOHAIBHBIC M KYJIBTYPHBIC Pa3InHs

OIIK-5.2 Bnaneer
KOJUIEKTUBOM B
eI TEIIHbHOCTH

HaBBIKOM
chepe  cBoelt

PYKOBOJICTBA  MAaJIbIM
npodeccruoHambHOM

OIIK-5.3 CrpeMurcss K TIOIYYECHUIO HOBBIX 3HAHHMH,

poQecCHOHAIBHOMY M TMYHOCTHOMY POCTY

[TK-1 Criocoben crtaBuTh, (hOpMaIN30BBIBATH U
pemars 3aa4u, B TOM YUCIie pa3padaThIBaTh U
MCCIIE/I0BAaTh MaTeMAaTHYECKUE MOJICIIN
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO
aHAJIN3UPOBATh HAyYHBIE MPOOJIEMBI, TIOJTy4aTh
HOBBIC HAYYHBIC PE3yJIbTaThI

[MK-1.1 CnocobeH HaxoauTh, aHAIM3WPOBATH U 0000IIATH
nHpOpMaNKIO 00 aKTyalbHBIX Pe3yJIbTaTax HCCIICIOBAHUN B
pamMKax TemaTH4eckoi o0macTu cBoed mpodeccHoHaTbLHON
JEATEIEHOCTH

[IK-1.2 CnocoGeH  BbABHrarh  THUIIOTE3bl, CTPOUTH
MaTeMaTHYeCcKue MOAEIM Ul OIHUCAaHMA H3y4aeMbIX
SIBIICHUH U TPOLIECCOB, OLIEHUBATH KAU€CTBO pa3padoTaHHON
MOJENN

[MK-1.3 CnocobeH NpUMEHATh TeopeTHdueckne W (WIn)
9KCIIEPUMEHTAJIbHBIE METOJIbl MCCIEJOBaHUN K KOHKPETHON

IMK-3 Cniocoben npodeccnonaabHO paboTarh ¢
MCCIIEIOBATEIbCKAM H UCTIBITATEIIbHBIM
o0opynoBaHueM (MpruOOpamMH U yCTaHOBKAMH,

CIICUAIINM3UPOBAHHBIMUA TAKCTAMU HNPUKITAIHBIX

porpamm) B U30paHHON TpeMETHON 00JIaCTH

Hay4yHOM 3ajade M  MHTEPIPETUPOBATh  I10JIyYEHHbIE
pe3yabpTarhl

[IK-3.1 Ilonumaer npuHOUNBI pPabOThl HCIOIB3YEMOIO
00opynoBaHUs (cienmanu3upoBaHHBIX [IaKETOB
MPUKIIAAHBIX TIPOTPaMM)

[K-3.2 Criocoben MIPOBOJIUTH SKCIIEPUMEHT

(MozmenupoBaHUE) C HCIIOIB30BAHUEM HCCIEI0BATEIHCKOIO
o0opynoBaHus (ITAKETOB MPHUKIIAIHBIX IPOTPAMM)

[IK-3.3 CnocoOeH oOneHMBaTH TOYHOCTh IOJyYEHHBIX
SKCIIEPUMEHTANIbHBIX (UMCIEHHBIX) PE3yAbTaToOB




2. Iloka3zare/iM OLCHMBAHMS KOMIIETCHIMIA
B pesynbrare u3ydeHust AUCHUIUIMHEL «JIazepHast TeXHUKa» 00yJaromuiics JOKEeH:

3HATh:
— 00 OCHOBHBIX HANpaBICHHUAX IPAKTUYECKOTO IPUMEHEHHUS J1a3epoB B HayKe, TEXHUKE,
MIPOMBIIIJIEHHOM IIPOU3BOACTBE;
— HMeThb MPEACTaBICHHE O COBPEMEHHOM COCTOSHMM B pa3pabOTKe Ja3epHbIX HCTOYHUKOB H
JOCTUTHYTBHIMH Ha CETOAHSIIHUMN JE€Hb BHIXOAHBIMH XapaKTePUCTHKAMH.

yMeTh:
— HaXOJUTh MOJAXO/BI PELICHMSI pa3INYHBIX 3a]a4, BCTPEYAOIINXCS B OKCIIEPUMEHTAIIBHON IIPAKTHKE, C
[IOMOILBIO JIa3€PHBIX UCTOYHUKOB.

BJIaJeTh:

O

METOJI0JIOTHEN BHIOOpA aJIeKBaTHBIX METO/IOB UCCIICIOBAHNS;

HABBIKAMH CaMOCTOSTENBHOM paboThl B 1aboparopuu u UHTepHETE;

KYJIETYpPOU MTOCTAHOBKH M MOZCIUPOBAaHUS (DU3UIESCKUX 33134,

OCHOBHBIMH HaBBIKAMU TIPEJICTABICHUS CBOMX PE3YJbTaTOB HA CEMUHApax, KOH(QEPCHIIUsX;
HaBBIKAMHU OCBOCHHsI O0JIBIIIOTO 00heMa HH(OPMAIIHH, BKIIFOUYasi padoTy ¢ HayYHOU JTUTEPaTypoOu;
OCHOBHBIMHU HaBbIKAMU HAIMCAHUS HAYYHBIX CTAaTeH;

MaTeMaTUYeCKUM MOJICTUPOBaHUEM (U3HUSCKUX 3a]1ad;

MIPaKTUKOW MCCIIEIOBAHMS U PEIICHNUS TEOPETUIECKUX U MPUKIIAJAHBIX 3a/1a4;

METOAMU aHAJIW3a U IPUMEHEHUS JIA3€pPHON TEXHUKHU ISl PELICHUS KOHKPETHBIX 3a7a4 Hay4YHBIX
HCCIICIOBAHMH.

Ooooooooo

3. IlepeyeHb THNOBLIX (PMMeEPHBIX) BONPOCOB, 32/1aHUI, TeM /ISl HOATOTOBKH K TeKylleMy KOHTPOJII0

IlepeueHb KOHTPOJIBHBIX TEM:!

1. BzaumoneicTBuE J1a3epHOTO U3IYUYCHHSI C BEIIECTBOM.

2. JIazepsl B cuCTEMaxX JUCTaHLMOHHOIO KOHTPOJIS OKpY’Karollel cpeabl.
3. IlpumeHeHue J1a3epoB B MEAULIHE.

4. Jlazepbl B BOGHHOM JIeJIE.

4. [lepeyens TUNOBBIX (MPUMEPHBIX) BOIPOCOB U TeM JIJIsl IPOBeAeHUsI IPOMEKYTOUHOI aTTecTalluu
oOyuaroumuxcst

@DOopMBI KOHTPOJISI: MPOMEKYTOUHBIN — 3alIUTa pedepara, 3aueT, UTOTOBBIH — dK3aMeH

Ha sx3amene cTyneHTy nocraercst OWieT, Tae eMy Ipeaiaraercs
1) nMCbMEHHO OTBETUTH HA TEOPETUUECKHUI BOIPOC,

2) pewmnTh OOHY 3aJady U

3) OTBETHUTDH Ha BOIIPOCHI IO TEME Kypca.

Teopernueckuii BoIpoc BbIOMpaeTcss M3 HaOopa KOHTPOJBHBIX TEM, NPHUBEAEHHBIX HIDKE. 3anada
BbIOMpaeTcs M3 CIHMCKAa KOHTPOJIBHBIX 33/ad, NPUBEACHHBIX HIKE. HeKkoTopble W3 JOMOTHUTEIbHBIX
(yTouHSIOLTNX) BOIPOCOB MPUBEIEHBI HUXKE.

Bomnpocs! k 3k3aMeHy:

1. OcHOBHblE TUIIBI U BBIXOAHBIE XAapPaKTEPUCTUKU M3JIyYEHUs JIA3€pOB U1  IIPOMBIIICHHON
00paboTKK MaTrepuasos.

2. OCHOBHBIE CXEMBI JIA3EPHOTO JAUCTAHIMOHHOTO 30HAMpPOBaHUS arMocdepbl. JIngapHoe ypaBHEHHE.
Merton nuddepeHIInanbHOTO MOTIOMCHHS.

3. MeTto KOMOWHAIIMOHHOTO paccesTHUs M HaBeJIGHHOW (DIIFOOPOCIEHINH B CUCTEMAaX JIUCTAHIIMOHHOTO
30HJIUPOBAHUS OKPYKAIOIIEH Cpe/Ibl.

4. CrieKTpaJIbHBIN AMANa30H U3YUYSHHS U BBIXOJHBIC XapaKTEPUCTUKU HPOMBIIIIICHHBIX JIA3€POB.
5. UatepdepoMeTpsl ¢ Ta3epHBIMA UCTOUHUKAMH CBETA.

6.JlazepHbie AUdpaKIMOHHBIC U3MEPUTENN Pa3MEPOB

7.CBepiieHue, CBapKa, pe3Ka U HOBEPXHOCTHOE YIPOUYHEHHE MaTepHasoB.



8.0cHOBHBIC (PM3NYECKHUE MTPOIECCHI U TEXHOIIOTHYECKHE CXEMBI JIa3epHON 00pabOTKN MaTepuasos.
9.0cHOBHbIE COBpEMEHHbIE HAIPaBJICHUS IPUMEHEHUS MOIIHBIX J1a3€pOB.
10..Knaccudukamnus 3aqa4, pemaeMbpIX ¢ UCTIOIL30BaHHEM JIa3epHBIX HCTOYHUKOB.

11.0cHoBHBIE (DaKTOPHI B3aMMOJCHCTBUS, MPUBOISIIINE K OCIAOICHUIO JIA3€PHOTO U3IyYeHHS IIpU
MPOXOKIIEHUH €r0 B aTMOC(EepHOM BO3IyXe, B BOAHOI cpene.

12.CucteMbl Ha OCHOBE HEJIMHEHHOTO Ipeo0pa30BaHusl YaCTOThI JJA3€PHOTO N3ITYUCHHUS.
13. B3aumopelcTBUE a3€PHOTO U3IYUYEHHS ¢ OMOJIOTHYECKUMHU OObEKTaMU.
14. JIa3epHas Tepanus U XUPYPIHsl.

15. OcHoBHbIE (KT B3aMMOJCHCTBHS JTa3epHOTO H3IYYCHHs] C OpraHaMU 3pEHUS M KOXKHBIM
okpoBoM. TexHrKka 0€30MacHOCTH IpH paboTe ¢ J1azepamMu.

16. JIazepbl B BOGHHOM [i€JI€.

[IepeyeHb KOHTPONBHBIX 3aJAHUIA.

1. Yuer pacxonIuMOCTH JIa3€pHOIO U3JIyUeHUs.

OueHka omomeHus Ja3epHoro u3nydeHus B armochepe B K nuanasone.
OCHOBHBIE COOTHOUICHUS ISl JIA3E€PHBIX HHTEP(PEPOMETPOB.

Oxna npo3paunoctu arMocdeps! B BugumoM 1 UK nuamasone.

kv

Pacuer npenenbHO NOMyCTUMBIX YPOBHEH BO3/IEHCTBYSI Ja3€pPHOIO U3/IyUECHHUS Ha IVIa3a U KOXY.

[TpumMepbl 3K3aMEHAIIMOHHBIX OUJIETOB:
buner 1.

1. OcHOBHBIE THUIIBI U BBIXOJHBIE XAPAKTEPUCTUKM H3IY4YEHUS JIA3€pOB Ul  [POMBIIUICHHON
00paboTKK MaTreprasos.

2. Pacuer OpeaAciibHO JOITYCTUMBIX ypOBHeﬁ BOSHeﬁCTBHH JIA3CPHOI'0 U3JIYUYCHUS HaA IJ1a3a U KOXY..

buier 2.

1. Metonq kOMOWHAIIMOHHOTO pAacCesHHS W HABENCHHOW (DIIOOPOCIEHIIMM B  CHCTEMax
JTUCTAHIIMOHHOTO 30HIMPOBAHUA OKPYKAIOIIeH cpebl.

2. OCHOBHBIEC COOTHOIIICHUS JUTSI Ta3EPHBIX HHTEPPEPOMETPOB.

buner 3.
1. OcHoBHBIE PU3NUECKHE MTPOIECCH] M TEXHOJIOTHYECKHE CXEMBI JIA3ePHOH 00pabOTKU MaTepHaIOB.
2. OreHka NOTIONICHHUS JIa3epHOTo u3mydeHus B armocdepe B UK nuamazone.

buner 4.
1. CucreMbl Ha OCHOBE HEJIMHEWHOTO NMPe0Opa30BaHMs YaCTOTHI JIA3EPHOTO U3ITyYCHHUSI.
2. Oxna npo3pauHocTy arMocdepsl B BuaumoM u UK auamnazone.

buner 5.
1. Jlazepbl B BOGHHOM JIETIE.
2. YueT pacXOAUMOCTH JIa3€pHOTO U3ITy4EHUs.

[TepeueHb OMONHUTENBHBIX (YTOUHSIOMNX ) BOIPOCOB JUIS CIAYH SK3aMeHa!
1. JlumapHOoe ypaBHEHHE.

BbIX0otHBIE XapaKTEPUCTHKH HPOMBIIIICHHBIX JIA3€POB.
B3anmopeiicTBre na3epHOTro U3Iy4eHUs ¢ ONOIOrNIeCKUMHU 00BEKTaMH.
JlazepHas Tepanus U XUpyprusi.

kv

TexHrka 6€30MaCHOCTH MPH padoTe ¢ JIa3epaMu.

Kpurepun onennBanus



Onenka ormuuao 10 OamnoB - BBICTABJISIETCSl  CTYACHTY, IIOKa3aBIIEMy BCECTOPOHHHUE,
CHCTeMaTH3UPOBaHHbIC, DIIyOOKHE 3HAHUS YYEeOHOW TWPOrpaMMbl IHCHUILIHHBL, TPOSBIISIOMIEMY
MHTEpeC K JaHHOW MPEeAMETHOH 001acTH, MPOJEeMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPYECKU
NPUMEHSATh X Ha MPAKTHKE MPU PEIIeHHH KOHKPETHBIX 3aj1a4, CBOOOIHOE U MPAaBUIbHOE 000CHOBAHUE
HNPUHATHIX PELICHAMN.

Ouenka ommmMyHO 9 OamuoB -  BBICTABISETCA  CTYHACHTY, II0OKa3aBIIEMy BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIC, TIyOOKHE 3HAHUS y4eOHOW MPOrpaMMbl TUCLHHUIUIMHBI U yMEHHE YBEPEHHO
MPUMEHATh X Ha NPAaKTHKE MPU PeIleHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHHUE
NPUHSATHIX PEIICHUH.

Onenka oOmIMYHO § Oa/uIOB -  BBICTABISCTCS  CTYIEHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHCTEeMaTH3UPOBaHHbIE, ITyOOKHe 3HAHUS y4eOHON MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
NPUMEHATh MX Ha MPAKTHKE MPU PEHICHUH KOHKPETHBIX 3a]ad4, MPaBUIbHOE 000CHOBAaHHME MPUHSATHIX
pelIeHni, ¢ HEKOTOPbIMU HEZ0UeTaMu.

Onenka xoporio 7 0aioB - BBICTABIISETCS CTYACHTY, €CJIM OH TBEPJO 3HAET Marepuall, TPaMOTHO U 1O
CYILECTBY M3JIaraeT €ro, ymeeT HPUMEHATh IOJy4YCHHbIC 3HAHUS Ha MNPAKTHKE, HO HEAOCTATOYHO
rpaMOTHO 00OCHOBBIBAET MOITYUYCHHBIEC PE3YIIBTATHI.

Ouenka xopoio 6 6ajoB - BBICTaBISAETCS CTYIACHTY, €CIIM OH TBEPO 3HAET MaTepHaj, IPaMOTHO H I10
CYLIECTBY M3JIaraeT €ro, yMeeT MPUMEHSITh NOITY4YCHHbIC 3HAaHHUSI Ha MIPAKTUKE, HO JOIYCKAeT B OTBETE
WIN B PELICHNH 3a]1a4 HEKOTOpbIe HETOYHOCTH.

Onenka Xopomio 5 6ajuIoB - BBICTABISIETCS CTYACHTY, €CJIM OH B OCHOBHOM 3HAeT MaTepuall, FPaMOTHO
U TI0 CYIIECTBY M3JIaraeT €ro, yMeeT INPUMEHATH MOJyUYCHHbIC 3HAHUS Ha MPAKTHUKE, HO JIOMyCKaeT B
OTBETE WJIM B PELICHUH 3a]a4 JOCTATOYHO OOJBIIOE KOJIMYECTBO HETOUYHOCTEH.

OreHka ymOBIETBOPUTEIbHO 4 Oaiia - BBICTABISETCS CTYICHTY, MOKa3aBIIEMY (parMeHTapHBIH,
pa3pO3HEHHBII XapakTep 3HAHUM, HEJAOCTATOYHO IpaBHUJIbHBIE (OPMYIUPOBKH 0a30BBIX MOHITHH,
HapyIIEHUs JIOTHYECKOW MOCIIeIOBATEIILHOCTH B M3JIOKEHUH IPOTPAMMHOTO Marepuaia, HO MPHU 3TOM
OH OCBOWJI OCHOBHBIE Pa3Jieibl yueOHOW MpOorpaMMbl, HEOOXOAMMBIE Ul JaJbHEWIIero oOy4eHus, U
MOKET MMPUMEHSTH TIOJTyYeHHBIC 3HAHUS 110 00pas3ily B CTAaHJAPTHOW CHTYaIlHH.

OreHka yIOBICTBOPUTEIbHO 3 Oamia - BBICTABISETCS CTYICHTY, MOKa3aBIIEMY (parMeHTapHBIH,
pa3po3HEHHBIH XapakTep 3HaHWM, JOomycKaronlemy OmHOKH B (GOpMyIrpoBKax 0a30BBIX MOHATHH,
HapyIIEHUs] JIOTUYECKOH TI0CIEe0BAaTeIbBHOCTH B H3JIOKEHHHM IPOrPaMMHOrIO Marepuaia, ciaalo
BJIaJICET OCHOBHBIMHU pa3jesiaMH y4eOHOW porpaMmbl, HEOOXOAUMBIMHE JUTS TaJIbHEHIIEro o0ydeHus U
C TPYAOM MIPUMEHSET MMOJYYCHHBIC 3HAHUS JJa)Ke B CTAHAAPTHON CHTYAIIHH.

OneHka HEyJOBJIETBOPUTENBHO 2 Oalia - BBICTABISIETCA CTYACHTY, KOTOPBII HE 3HAaeT OOJNbIIEH YacTH
OCHOBHOTO COAEp)KaHUs y4eOHON IpOorpaMMbl JUCHMIUIMHBI, JONyCKaeT rpyOble OmMOKH B
(OpMyIHPOBKaX OCHOBHBIX IMPHHIUIIOB U HE YMEET UCIIOJIb30BATh ITOJyYCHHBIC 3HAHHS TPH PEIICHUN
THUIIOBBIX 33/a4.

OueHka HEYNOBIETBOPUTENbHO | 0aml - BBICTABISIETCS CTYAEHTY, KOTOPBI HE 3HAET OCHOBHOTO
coziep)KaHusl yu4eOHOW MPOrpaMMBbl TUCHUIUIMHBI, JOIyCKaeT rpyOeiinne ommOKu B (popMyITupoBKax
0a30BBIX MOHATUH JUCLUIUIMHBI U BOOOIIE HE HMMEET HABBIKOB DPEIICHHUS THIOBBIX MPAKTHYECKHX
3ajay.

5. MeTonuueckne MaTepuajbl, onpeaeasonie Npoueaypsbl OeHUBAHUA 3HAHUI, YMEeHH i, HABBIKOB H
(W1M) oNbITA AESITEILHOCTH

OK3aMeH TpOBOAATCS B YCTHOH Qopme mo Owieram. B kaxkjaom Owiere mNpencTaBIeHO OJMH
TEOPETUYECKUII BONIPOC, OJHA 33/1a4a W OJWH YTOYHSIOUIMIA BOIPOC Mo Teme Kypca. [Ipu nmposeneHnn
sK3aMeHa oOyuaroniemycsi mpenoctasisiercss 30 MUHYT Ha moArotoBky. Ompoc oOyudaromierocs He
JOJDKEH TIPEBHIATh OHOTO aCTPOHOMHYECKOTO Jaca.



