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)

10 TUCHHILJIMHE: Pu3rKa MOIIHBIX Ja3€pPOB
110 HANPABJICHUIO: SnepHble pU3MKa U TEXHOJIOTHH
NpopuJIb NOArOTOBKHU: SAnepnas puznka, YTC n KoMIbloTepHbIe METOBI B (prznke

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

Kypc: 1
KBaJIMpUKALS: MarucTp

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

AynuTOpHBIX 4acoB: 45 BCETO, B TOM YHCIIE:
Jekuuu: 15 gac.
cemuHapsl: 30 gac.
nabopatopusle 3ansaTus: 0 gac.

CamocrosrensHas padora: 60 gac.
[TonroroBka k 3x3ameny: 30 yac.

Bcero gacos: 135, Bcero 3a4. ex.: 3

[Iporpammy cocrasuin: W.H. Boponwnu, kanj. puz.-mar. HayK, JOUEHT

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



AHHOTANMA
Hucuumnnnna "®u3uKa MOIIHBIX JIa3epoB" paccMaTpuBaeT KPyT BOMPOCOB, CBS3aHHBIX C (U3UKON pabOThHI
MOIIHOTO HOHOTO (POTOAMCONNAIIMOHHOTO JIa3epa U APYTUX MOIIHBIX JIA3€POB.
B u3noxxeHnn paccMaTpuBalOTCs CIIEKTPOCKONHS Ja3epHOTo Mepexosia, 0COOEHHOCTH pabounx ra3oBbIX Cpel,
crocoObl ¥ HWCTOYHHMKHM HAKauKd, CTPYKTypa YpOBHEH HoAa B MarHMTHOM I10Jie, KMHETHKAa XWMHYECKHX
peaknuui, MpoTeKaoUMX B ra3oBoil cpene. OcoOeHHOE BHMMAaHHE YIEICHO BOIPOCAaM HAaIlpaBIEHHOCTH
W3JIy4E€HHA U TIOJyYEHHUIO BBICOKOTO KOHTPACTA U3IIy4YEHHUS.
B xozne ocBoeHus npeaMeTa CTyAEHT U3YUUT CIAEAYIOINE BOPOCHL:
CriocoObl  mony4eHusi MHBEpCHOW HacenéHHoctH. Ilapamerpsl naszepHoro ummnynbca. lIpuHIUIBL
KOHCTPYHPOBAHUS KPYITHOMACIITAOHBIX HOIHBIX JIA3€POB.
CTyIeHT MOMy4YHUT HAaBBIKK pacdeTa B OaJaHCHOM MPUOIMKEHNH BBIXOAHON 3HEPTHIO J1a3epa.
B pamkax Kypca akmeHTHpyeTcss BHUMaHUE Ha T€X BOIPOcax (PU3UKH JIa3epPOB, KOTOPBIE MPUCYIINE TIaBHBIM
o0pa3om HomHOMY (hOTOIHUCOITMAIIIOHHOMY JIa3epy.
B pamkax Kypca CTyIeHTBI 3HAKOMSTCS C KpyNHEHIIeH ycTaHOBKOM AeHcTByromien ycranoBkod mnst JITC
"Uckpa-5".
Ha mpoBogumbIx ceMuHapax CTyZEHTBHl 00y4aloTCsl IPOBOAMTH pa3iM4YHbIC OLCHKH, Kacarommuecs padoTbl
HOMHBIX ycUIUTENeH B KPyMHOMACIITaOHOM YCTaHOBKE, M3J1araloT CBOM 3HAHUS IO METOIAaM YINpPaBICHUS
napaMeTpaMu JIA3epPHOTO My4Ka.

1. leau u 3apauun

eap AUCUMNIMHBI
OCBOCHHE CTylIeHTaMU (PU3uKH pabOThl MOIIHOTO HOMHOTO (hOTOMUCOIMAIIMOHHOTO JIa3epa U JPYTUX
MOIIHBIX JIA3€POB.

3agaum AUCHUILUIMHBI

¢dbopmupoBanre 06a30BbIX 3HAHUH B 0Onactu (u3uku Ja3epoB. [Ipennonaraercs, 4yTo mocie U3y4EeHUs
BOIIPOCOB CIIEKTPOCKOIMHU JIa3epHOTo Iepexosa, 0COOCHHOCTEH padodnx Ta3oBBIX Cpel, CIOCOO0B U
MCTOYHHUKOB HaKa4YKH, CTPYKTYpBl YPOBHEH 10/]a B MArHUTHOM I10JI€, KHHETUKN XUMHUYECKUX PEaKLIUi,
MPOTEKAIOIUX B T'a30BOM CPEAe CTYAEHT OBJIAJCET HaBbIKAM HNPUMEHEHHS MOJyYCHHBIX 3HAHUH Ui
peIIeHUs] TPAKTHYECKUX 3alad, CBA3AHHBIX NPOBEICHHEM HCCIEIOBAaHUNA HAa MOIIHBIX JIA3€PHBIX
YCTaHOBKaX.

CdopmupoBars yMEHHE [0 METOAAM YIIPABIEHHS TapaMEeTPaMU MOIIHBIX JIa3€POB.

2. llepedyens popmMupyemMbIX KOMIETeHUHH

OcBoeHue TUCIUILTMHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONIMX KOMITETEHITHINA:

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

VK-2.4 Ilpeacrapnsier myOIMYHO Pe3yabTaThl MPOEKTa (MK
OTHENBHBIX €ro JTamoB) B (OpME OTYETOB, CTaTeH,
BBICTYIUICHMH Ha HAyYHO-NPAKTUYECKUX KOH(EpeHIUsIX,
ceMHHapax | T.II.

YK-2 Cniocoben ynpaBisiTh
MCCIIeIOBATEIbCKUM IPOSKTOM Ha BCEX dTalax
ero peajau3anun

VYK-3.1 Opranuzyer ¥ KOOpAMHUPYET pabOTy y4acTHHKOB
MPOEKTa, CHOCOOCTBYEeT KOHCTPYKTHBHOMY IPEOIOJICHUIO
BO3HHUKAIOIINX Pa3HOIIIACHNA U KOH(PIUKTOB

VYK-3.2  VuureiBaeT B  CBOEM  CONMAIbHON U
poeCcCHOHAIBHON AEATEIBHOCTH MHTEPECH], 0COOCHHOCTH
MOBE/ICHUSI U MHEHHs (BKJIIOYas KPUTHYECKHUE) JIofeH, ¢
KOTOPBIMH ~ pabOTaeT/B3aMMOACHCTBYET, B TOM YHCIE
IIOCPEACTBOM KOPPEKTUPOBKH CBOUX JEHCTBUN

VYK-3 CnocoGeH oprann30BbIBaTh H PYKOBOIUTD
paboToii KoMaH/IbI, BEIpa0aThIBasi KOMaHIHYTO
CTpATEeTHIO IS JOCTHKCHUS IMOCTABICHHOMN

3a7a4n
VYK-3.3 CnocobeH mpeaBulieTh pe3yiabTarhl (TIOCIECTBHS)

KaK JIMYHBIX, TaK U KOJIJICKTUBHBIX ,I[eI\/’ICTBI/II\/’I

VYK-3.4 CnocobeH miaHupoBaTb KOMaHAHYIO padoTy,
pacnpenensaTh NOpy4eHUsl 4ieHaM KOMaHbl, OpraHW30BaTh
00CyXJIeHUE pa3HbIX UICH 1 MHEHHUI




YK-6 Criocoben onpeessTh U peaan30BhIBaTh
MPUOPUTETHI COOCTBEHHOMN AEATENBHOCTH U
CIIOCOOBI €€ COBEPIIEHCTBOBAHUS HA OCHOBE
CaMOOLICHKH

VK-6.2 OueHuBaeT CBOIO JIESATEIHLHOCTb, COOTHOCHUT LIE/H,
CIIOCOOBI W CPEJICTBA BBHITIONHEHUS JACATEILHOCTH C e
pe3ynbTaraMu

OIIK-1 Cnocoben (hopMynupoBarh eI U
3aJ1a4M MCCIICA0BAHNUS, BEIOUPATh KPUTCPUH
OLICHKH, BBISIBIISITH IPHOPUTETHI PELICHHS 3a/1a4

OIIK-1.3 Biageer CcHCTEMAaTHYECKMMM 3HAHUSAMH 110
HaNPaBJICHUIO JCATEIbHOCTH; YIIIYOICHHBIMUA 3HAHUSIMHU I10
BBIOPAaHHOW  HAmNpPaBIEHHOCTH TOJATOTOBKH, 0a30BBIMHU
HABBIKAMHU IMIPOBECHUSI HAYYHO- MCCIIEOBATEILCKUX PaboT
10 IPEAJIOKEHHON TeMe

OIIK-2 CriocobeH npuMeHSITh COBpEMEHHbBIE
METO/IbI UCCIIEIOBAaHUS, OLICHUBATD U
MIPEACTABIATH PE3YIbTAThl BBEIMOJIHEHHON
pabotbl

OIIK-2.1 Cnoco0eH NpPUMEHATH 3HAHUS M HABBIKU IIO
UCTIONIb30BAaHHIO MH(pOpPMaMOHHO-KOMMYHHUKAIIMOHHBIX
TEXHOJIOTUH I IOUCKA M U3YyYEHUS] HAYYHOH JIUTEPaTyphl,
MPUMEHEHHSI IPUKJIaJHBIX IPOTPAMMHBIX IIPOLYKTOB

OIIK-2.2 Cnocoben 0000mmars ¥ KPUTHYECKH OIECHUBATH
OIBIT WM PEe3yJIbTaThl HAYYHBIX HCCICNOBaHUA B 00IaCTH
npo(heCCHOHANTBHOM ESTENbHOCTH

OIIK-2.3 CnocobOeH apryMeHTHPOBAaHO BBIOMpAaTh CIOCOO
MPOBEJCHUS HAyYHOTO MCCIIEIOBAaHMS, IPUMEHSITh 3HAHUS B
oOsactTi MpoeCCHOHANBHON NESTENbHOCTH MJISl PEIlCHUs

OIIK-3 CriocobeH opopMIISTh Pe3yIIbTaThI
Hay4YHO-HCCIICIOBATEILCKOM ACATEILHOCTH B
BUJIE CTAaTeH, JOKJIAI0B, HAYYHBIX OTYETOB U
MPE3eHTANUH C UCIIOIb30BAaHHEM CUCTEM
KOMITBIOTEPHOM BEPCTKH M AKETOB O(PUCHBIX
nporpaMmm

MOCTaBICHHON 3amaud, (OopMyTUpOBaHUS BBIBOAOB U
OLICHKH MOJTYYEHHBIX PE3yJIbTaToOB
OIIK-3.1 Bmageer npodecCHOHAIBHON TEPMUHOIOTHEH,

HCIIOIb3YEMOM B  COBPEMEHHOM  HAy4YHO-TEXHUYECKOH
nuTeparype, o0nagaer HaBbIKAMU YCTHOTO M HMHCBMEHHOTO
U3JI0KEHUS PEe3yJbTaTOB HayuyHOW AEATENBHOCTH B paMKax
npo¢ecCHOHATBHON KOMMYHHUKAIUN

OIIK-3.2 Bnapmeer HaBblkKamMu OQOPMIICHHS PE3YJIbTaTOB
HAay4YHO-UCCJIEJOBATEIbCKON NEATEIbHOCTH B BHUJE CTAaTEH,
JOKJIaI0OB, HAy4YHBIX OTYETOB W  TNpe3eHTaluil ¢
UCIOJb30BAHUEM CHCTEM KOMIIBIOTEPHONH BEPCTKH U
MAKETOB O(HUCHBIX MPOrPaMM

[MK-1 CriocobeH K cO31aHuI0 TEOPETHIECKUX U
MaTeMaTH4ecKuX Mojieliell B 001acTu siAepHOI
(DUBKKH U TEXHOJIOTUH

[IK-1.1 3naet uzndeckoe onucaHue SBICHHUA U TPOIECCOB
B 00JIaCTH SJIEPHOH (PU3MKH U TEXHOJIOTHIA

K-1.2 Ymeer CO3/1aBaTh TEOpEeTUYECKHE u
MaTeMaTH4yecKue MOJENIM B 0o0NacTu siiepHOil (U3MKHU H
TEXHOJIOTUHI

[1IK-2 T'0TOB puUMEeHSTh METO/IbI HCCTIETOBAHUS
U pacyeTa MpoLeccoB, IPOUCXOASIIUX B
COBPEMEHHBIX (PU3NYECKHUX YCTAaHOBKAX U
yCTpoiicTBax B 001aCTH sIEPHOH pU3HKH U
TEXHOJIOTUHI

I1IK-2.3 Bmageer HaBbIKAMU HMCIOJIb30BaHUS
WH(POPMAIIMOHHBIX TEXHOJOTMH W IaKeTOB MPHUKIAIHBIX
MPOTpaMM TPU MPOSKTUPOBAHUH U PacueTe YCTPOWUCTB WU
00beKTOB (YCTaHOBOK, MarepuajoB, MPHOOPOB) B CBOEH
MPEIMETHOM 00JIacTH

[IK-2.4 CnoocobeH caMOCTOSTENBFHO IUIAHUPOBAaTh U
MPOBOIUTH HAyYHBIC MCCIEAOBAHUS CAMOCTOSTENIFHO WIN B
COCTaBe HayYHOI'O KOJIJICKTHBA

3. IlepeyeHb NIAHMPYEMBIX Pe3yIbTATOB 00yUeHHUsI N0 JUCHMUILINHE (MOLYJII0)
B pesynbrare 0cBOEHHS AUCHUIIMHBI 00Y4aIOIINeCs JOIKHbI

3HATb.




YMETB:

- CIIEKTPOCKOIIMIO Ja3epHoro mepexoga 2pl/2 — 2p3/2 atoma ioga M €ro CBEPXTOHKYIO CTPYKTYpY,
BJIMSIHUE MarHUTHBIX II0JIEH Ha XapaKTEePUCTUKU N1€PEX0/a;

- paboune BeUeCcTBa, UCIOJIb3yeMble B HOTHBIX (DOTONMCCOMAIIMOHHBIX J1a3epax, MX 0COOEHHOCTH NpU
[IPUMEHEHUY;

- Ha3HauCHHUE U XapaKTEPUCTUKUA U 0COOEHHOCTH NMpUMEHEHUs Oy(hepHbIX Ta30B;

- COCOOBI M NCTOYHUKH HAKAYKHU;

- KHHETUKY XUMHYECKUX PEaKUH U UX KIacCU(UKALHIO;

- METOABI OIPEAETICHUS 3allaCeHHON PHEPruH, PeKUM CBOOOTHOM reHepanuu, Kak OJUH M3 METOHOB
OIIpeEIICHUS 3allaCEHHON dHEPTUH;

- pasaMyHble CIOCOOBI MOIYISIMH JOOPOTHOCTH pPE30HATOpa, IPUMEHAEMble B  HOIHBIX
(hoToaMCCOIMALIMOHHBIX JIa3epax;

- 33JJAIOLIUN FeHepaTop C AKTUBHOM CHHXPOHU3aLHUEH MOJ;

- PeXUM ycuieHus1, OanancHoe npubmmwkenue, Gopmyna Opanna-Honsuka;

- TIOHATHE OTHOJIAPU3ALMM H3IY4YEeHHUs, CIIOCOObI YIIpaBilIeHUs Mosisipu3anueid n3mydeHus ((azosbie
1acTuHKY, snenus [lokkenbca, Keppa, ®apanes);

- JeNOJSIpU3aLUI0 U3JIydYeHUsl B MOIHOM J1a3epe (IBOMHOE JydyelnpesoMICHUE B ONTUYECKUX AETassX,
KyOndeckasi HeTMHEHHOCTh BO3AyXa M CTEKJIa, HATMYME MarHUTHBIX IMOJICH, MOPOXKACHHBIX TOKAMH B
HMCTOYHMKAX HAKAYKH);

- KOHTPACT U3ITyYEHUs, METOABI U YCTPONCTBA AJIS OJTyYEHHUS BBICOKOTO KOHTPACTa U3ITyUCHUS;

- OT 4Yero 3aBUCAT KauyeCTBO IIyyKa, €ro IPOCTPAaHCTBEHHO-YIJIOBBbIE XapaKT€PUCTUKU, METOAbI
MTOJTyY€HHS BBICOKOH SIPKOCTH M3Iy4YEHHS B HOAHOM JIa3epe;

- NPUHLOUOBI TOCTPOEHUS] KPYHMHOMACIITAOHOW J1a3epHON YCTaHOBKH, €€ OCHOBHBIE CHUCTEMBI (Ha
npumepe ycranoBku "Hckpa-5").

- BBIOMpaTh Tra3oBbIE CMECH M PE30HATOp IS OLEHKM 3allaCeHHOW OSHEPrMU METOIOM CBOIHOM
reHepalty, OIIeHUBATh 3allaCEeHHYI0 YHEPTHIO 110 BEINYHMHE SHEPTUU CBOOOIHOM reHepanuy;

- 110 COCTaBy T'a30BOM CMECH BBIYUCIISATH CEUCHHE YCWIJICHHS W 10 M3BECTHOMY 3HAUSHHIO TUIOTHOCTH
3araceHHOM dHepruy ko3P PUIMeHT ycuneHus ¢1adboro CUrHaia JJa3epHoro YCHUINTEIS;

- OUCHUTH JONMYCTHMBbIC MApa3UTHBIC OTPAKEHHS B JKAYIIEM pEXHME (B PEKUME HAKOIUICHHS
WHBEPCHOW HACEIIEHHOCTH);

- B 0aJIaHCHOM IPUOJIMKEHUH PACCUUTATh BHIXOAHYIO SHEPTUIO YCHIIUTENS TIPH U3BECTHOM 3araceHHOM
1 COCTaBE Ia30BOM CMECH U 33IaHHOM BXOJHOM HEPTUN yCUIIUTEILS;

- OLICHUTH HEOOXOIMMBII BaKyyM B KIOBETHI B 3aBUCIMOCTH OT BPEMEHHU HAKayKH.

BJIAJIETh:

- METOAOJIOTHEH BBIOOPA aEKBAaTHBIX METOJOB UCCIICIOBAHMS;

- HaBbIKAMH CaMOCTOSATENBHOM paboThl B maboparopuu u UHTepHETE;

- KyJBTYpO# MMOCTAaHOBKU M MOJIEIUPOBAHUS (PU3NUECKUX 3a/1a4;

- OCHOBHBIMH HaBBIKAMU TIPE/ICTABIICHHUSI CBOUX PE3YJIBTATOB Ha CEMHHAPaX, KOHPEPEHIIHSAX;

- HaBbIKAMH OCBOEHUS O0JBIIOro 00bemMa nHpopMannu, BKIodast paboTy ¢ Hay4yHOH JIUTEpaTypoH;
- OCHOBHBIMH HaBBIKaM{ HAaIIMCAHUS HAyYHBIX CTaTei.

- MaTeMaTHYECKUM MOAETMPOBAHNEM (PU3NUECKHX 3a/1a4.

- MPAKTUKOM UCCIIEOBAHUS U PEIIeHHs TEOPETUYECKHUX U MPUKIIAIHBIX 3a1a4;

- METOAaMU YIIpaBJICHUS [TapaMeTPaMy MOLIHBIX J1a3€pPOB.

4. Coep:xanue TUCUMILIUHBI (MOYJIs), CTPYKTYPHPOBAaHHOE 10 TeMaM (pa3iesaM) ¢ yKazaHUeM
OTBEJICHHOI'0 HA HUX KOJIMYECTBA AKAAEMHYECKUX YaCOB 1 BHI0B Y4eOHBIX 3aHATHI

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

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

Tema (pa3nen) TUCIUTUTMHBI
Camocr.

Jlekrum | Cemunapsr | JlaGopar. paboTs pabora




doTonuccouuanys KaK Cc1oco6
[IOJIyY€HHs HWHBEPCHOM HACEIEHHOCTH.
Paboune BemecTBa st HOMHOTO Ja3epa.

1 1 2 2
CriekTpocKoIusl  JIa3€pPHOTO  Iepexoa.
YpOBHEH Hoja B MAarHUTHOM  IIOJIE
(addexr 3eemana).

) E:HOC06BI HaKaukd aKTUBHOM cpebl ) 4 4
HOJTHOTO Ja3epa.

3 Kunernka XHMHYECKHX IIPOLECCOB B ) 4 4
HOIHBIX Ja3epax.

4 PexxuiM cBOOONIHOM TeHepanuu B HOTHOM | ’ )
Jasepe.
[onapuzanns W3ITy4EHUSI.

5 Pacnpocrpanenue cBeTa B ) 4 4
AHU30TPOIHBIX cpenax. MeTtozst

yIpaBJICHUEM NOJIApU3aLel CBeTa.

CriocoObl  MOJYJISALIMK  JTOOPOTHOCTH B
6 HomHOM Jsa3epe. 3ajaroliye TeHepaTophl 2 4 4
HaHO- ¥ CyOHAHOCEKYH/IHBIX UMITYJIbCOB.

Pexnm YCUIICHUA B 0aJaHCHOM

7 2 4 4
MPHUOIINKESHUH.

8 [TapameTpsl J1a3epHOTO UMITYIIBCA. 2 4 34
[Tpunnune! KOHCTPYUPOBaHUS

9 KpPYITHOMACIITA0HBIX HOAHBIX Jla3epOB 1 2 2
HAHOCEKYH/IHbIX UMITYJIbCOB.

Hroro yacos 15 30 60

[TonroToBka k 3K3aMeHy 30 gac.

Oobmas TpynoEMKOCTb 135 gac., 3 3au.en.

4.2. Cogpep:kaHue OUCHUILTUHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszaeiam)
Cemecrtp: 2 (Becennuit)

1. ®oTtoaucconmanysi Kak croco0 MolydeHUs] HHBEPCHOHM HacenéHHoctu. Pabouuwe BemiecTBa JUist
HoxgHoro nazepa. CieKTPOCKOMHUS Ja3epHOro Mepexoja. ypoBHeH Hoaa B MarHUTHOM monie (3¢ ekt
3eemana).

Beenenne B kypc. Mcropudeckas crnipaBka. DoTopucconuanis Kak crnoco0 MoMydeHHs WHBEPCHON

HacenéuHocTu. Pabouue BCIICCTBA JJIA fIO,I[HOFO Jia3epa.

Crexrpockornusi nazepHoro nepexona. llupruna nuaMM gromuHecueHIMH. Ponmb OydepHBIX Ta30B.
Bpewms xu3Hu atoma Hoga B BO30YKICHHOM cocTosHUU. CTpyKTypa ypoBHEH Hoga B MarHMTHOM
none (3pdexT 3eemana).

2. CriocoObl HaKaYKW aKTHBHOM cpellbl HOJHOTO Jla3epa.

CnocoObl HaKau4KKM aKTUBHOW cpenbl HomHOro jiasepa. MICTOUHMKM Hakaykd (MMITYJIbCHBIC JIAMIIBL,
OTKPBITHIN pa3ps U T.1.) UX XapakrepucTuku. [Tuponus. Pons OydepHbix ra3os.

3. KuHeTrnka XuMHU4YeCKUX MponeccCoB B I710,E[HBIX Jia3epax.

Kunernka XuMHUYECKHX MpOLECCOB B HWOOHBIX JNazepax. Kimaccuduranms XMMHUYECKHX PEaKIMU.
Peaxnuu Tymenus u pekomOuHanuu. CKopocTh XUMUYECKUX peakunii. KoncranTa ckopocTu.

4. PexxuM cBOOOJTHOM TeHepaIiu B HOJHOM Jla3epe.




PexxuM CcBOOOMHONM TeHepalul B HWOMHOM Jlazepe. DHEPrus TeHepalMu W BpeMeHHas (dopma
HMITyJIbCa.

Pexnm CBO60Z[HOﬁ TrCHCpallun, KaKk croco0d OLICHKH 3allaceHHON OHCPTHUU

5. llomspuzanms wusnmydeHus. PacmpocTpaHeHWe CcBeTa B aHU3O0TPONHBIX cpefax. MeTonbl
yIpaBJICHUEM NOJIApU3aLUel CBeTa.

[Tonspuzauust w3nyyeHus. M30TponHble W aHM30TPOIIHBIE cpenpl PacnpocTpaHeHue cBeTra B
AHU30TPOMNHBIX cpenax. MeTonsl ynpasineHueM monspusanueil cBeta. Da3oBble IUIACTUHKH Kak
3JIEMEHTHI, U3MEHSIOUINE COCTOSIHUE NOJSpU3alluy CBETOBOIO M3JlydeHus. IIpumepsl nmpuMeHEeHUs
MOJIAPU3aLOHHBIX YCTPOKCTB B Ja3€PHBIX YCTAHOBKAX.

6. CrnocoObl Momynmsnuu JOOPOTHOCTH B HOMHOM Jiazepe. 3ajaioliue TEeHeparopbl HaHO- U
CYOHaHOCEKYHTHBIX UMITYJIbCOB.

CriocoObl  MOIysIIUK  TOOPOTHOCTH pE30HATopa B HOAHOM Jiazepe. AKTHBHAS MOIYJSIIHS
JNOOPOTHOCTH pPEe30HATOpa. DJIEKTPOONTHYECKHE MOIYIHMPYIOLIME 3aTBOPHI Ha OCHOBE 3(dekToB
IMokkenbca u Keppa. Mogynsiiusi 10OpOTHOCTH MAarHUTHBIM TOJieM 3aJlalolire TEeHEepaTophl C
Monynsiuelt Ko GUIreHTa yCHIIeHUs CPeIbl MATHUTHBIM TIOJIEM.
3amaromuii TEHepaTop C aKTHBHOW cuHXpoHm3ammeir wmon. OcobenHoctu 310 ¢  akTHBHOM
CHUHXPOHU3AIMEH MOJ] HOTHOTO (POTOAMCCOIMAIIMOHHOTO JIa3epa.

7. PexxuM ycuieHust B 6a1aHCHOM TIPUOKEHUH.

Hacwimenne — ycunenusi.  bamancrHoe — mpuOmmkenwe. OHeprus — HacwimeHus.  Dopwmyna
O®panna-Hoasuxka.

8. ITapaMeTpsl 1a3epHOTO UMITYJIbCA.

Kontpact wuznydennsa. CrocoObl TOJIy4YeHHs BBICOKOIO KOHTpacTa. KoHTpacT Mo MOIIHOCTH.
Bripezatomue siueitku [lokkenscss u Keppa. DHepreTtudeckuii KOHTpacT. AKTUBHBIE W TaCCHBHBIE
3aTBOPHI, UCIIONb3yeMble B MOMHBIX jJa3epax. 3arBop Papaznes. [IpoctpaHcTBeHHBIE (QUIBTPHI, Kak
cpeacTBo 60phOBI ¢ caMOBO30YKIEHHEM Ha OOPATHBIX Mapa3UTHBIX CBA3SIX

KauectBo myuka. PacxomgumocTe HM3iIydeHUs W pacupeAesieHHE IUIOTHOCTH JHEPTUU B ONMKHEM
noine. HeomHopormHocTh paGoueil cpedbl, BbI3BaHHAS IONIOLICHHEM CBETa HAKAUKW Ha CTEHKAxX
JIa3€PHOM KIOBETHI.

I'panuenTtsl mokasaresns MpPEIOMIICHUS, BbI3BaHHbIE HEOIHOPOIHBIM IOIVIOLIEHHEM CBETa HaKauKu
BHYTpH 00beMa akTUBHOW cpenbl.HaBeneHHble ga3epHbIM UMITYJIECOM HEOIXHOPOAHOCTH TOKAa3aTesst
npenomienus. CamodoxycupoBka. MHTerpan pacnana.

Henonsipuzanys w3nydyeHuss B HOAHOM Jjasepe. Jlemonspuzauuss W3Iy4EHHs] H3-32 JBOHHOTO
Jy4YenperoMICHHs B ONTUYECKUX JETANSIX OCEBOW CUMMETPHH, KAYECTBO CTEKJIA IO OAHOPOIHOCTH U
JIBOMHOMY JTydenpesomiIeHuto. Jlemonspuzanuss W3-3a KyOWYEeCKOH HETMHEHHOCTH BO3JyXa H
ONTUYECKOro cTekna. Jlemonsapuzanust W3IY4YCHHS H3-32 HAIWYUsl MArHUTHBIX TOJEH TOKOB
HUCTOYHUKOB HaKayKu.

9. IlpuHIMIBI KOHCTPYHMPOBAHUS KPYHMHOMACIITAOHBIX HOAHBIX JIa3epOB  HAHOCEKYHJHBIX
HMITYJIECOB.

OcHoBHBIE TexHUUECKHE TpeOoBaHus K yctanoBkaM aist JITC. CtpykrypHas cxema yCTaHOBKH.

Ha3HauyeHne u XapakTepHCTHKAa OCHOBHBIX CHCTEM YCTaHOBKH. KpymHomacmrTaOHbIE yCTaHOBKU
ronnbix Jazepos ("Mckpa-5", Perun, Asterix) .

5. Onucanue MaTepuaJIbHO-TeXHNYECKOH 0a3bl, HeOOXOIMMON AJIl OCYLeCTBJIECHHS 00pa30BaTEJILHOIO
npouecca 1no JUCHUILInHE (MOIYJII0)

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



6.IlepeyeHnb pekoMeHyeMOii TUTEPATyPbI

OcHoBHas 1uTeparypa
1. K. Xomna, K.Komma ®oroxumuueckuii HomHblit naszep. B kH. "Xumuueckue nazepst”, M., "Mup",
1980r.
2. I'bpenepnos, 3.®umn, K.Burre Momnslit flogasiit mazep. M., "Oneproaromusaar”, 1985r
3. B.C.3yes, B.A.Karynun. Hayunsie 0CHOBBI MOIIIHBIX (hOTOAUCCOIIMOHHEIX Ja3epoB. "KBaHTOBas
anexkrpoHuka", T.24, Nel2, ctp.1105-1113, 1997t

JomnonHurenbHas aureparypa
1. IL.T Kpiokos, B.C.JIeroxoB. PacripocTpaneHue uMIynbca CBeTa B pe30HAHCHO YCUITUBAIOIIEH
(mornomaromieit) cpene. YOH, 1.99, Bom.2, ctp.169-227, 1969r.
2. C.IJlykumoga, N.K.Kpactok, I1.I1.ITammunH, A.M.IIpoxopoB. Anogu3zaniyis CBETOBBIX ITYyYKOB Kak
METO/I TTOBBIIICHUS SIPKOCTH JIa3epHBIX YCTAHOBOK Ha HEOAUMOBOM CTEKJIe. Tpylbl MHCTUTYTa OOIIeH
¢uzuku AH CCCP, 1.7, ctp.92-147, 1987T.
3. H.®.bopucosa u ap. @opMupoBaHHe J1a3epHOTO My4Ka ¢ PABHOMEPHBIM MPOCTPAHCTBEHHBIM
pacnpenenenneM. KBanroBas anekTpoHuka, T.18, Ne3, 1991r., ctp.355-358.
4. b.Jl.boposuu, B.C.3yes, B.A.Karynun u np. CUIbHOTOUHBIE W3TyYarOIIUe pa3psiibl U ra30BbIe
Jla3epsl ¢ ONTUYECKOM Hakadkol. MToru Hayku u TexHuky, cep. "Paguorexnuka”, .15, M., BUHUTH,
1978 .
5. B.I1.Apxanos, b.J1.boposnu, B.C.3yeB u ap. MoamsIii 1azep ¢ Haka4Kkoi CBETOM (POHTA yIapHOit
BOJIHBI, CO3/ITaBAEMOM B3PBIBOM B3pBIBYATOTO BemlecTBa, "KBanToBas anekrponuka', T.19, No2,
cTp.135-138, 1992r.

7. llepedyenn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHMKAIMOHHOI ceTH ""UHTepHeT", HEOOXOTUMBIX
JJIS1 OCBOCHUSI JUCHMILIUHBI (MOLYJIs1)

1. http://lib.mipt.ru/catalogue/ — snexrpoHHast Oubianoreka Pusrexa.

2. http://www.edu.ru — ¢penepanpabIii TOpTan «Poccuiickoe oOpa3zoBaHue.

3. http://benran.ru —6ubnuoTeka Mo ecrecTBeHHBIM HaykaMm Poccuiickoii akazieMun Hayk.

4. http://www.i-exam.ru — eauHblii nopran MHTEpHET-TECTHPOBaHUS B cpepe 0Opa3oBaHusl.

5. http://ufn.ru/ «Ycnexu ¢pu3zndeckux HayK» 0030pHI MO aKTyaIbHBIM (PU3NUECKUM IpodieMam.

8. IlepeyeHb MH(POPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NIPH OCYLIECTBJICHNH 00Pa30BaTeILHOIO
npouecca 1o AMCUMILINHe (MOAYJII0), BKJIIOYasi lepeYeHb He00X0AUMOr0 NPOrpaMMHOI0 odecredyeHust
H HHPOPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)

Skype, Zoom

Ha nex1inoHHBIX 3aHATUSX UCIIONb3YIOTCS MYIBTUMEIUIHbBIE TEXHOJIOTUH, BKIIIOYasl JEMOHCTPALUIO
npeseHTaunii. Mcnons3oBanue Qaiinos (B popmare pdf), cogepraiux Bu3yaabHbIN MaTepral s
JeKIMH B BUJIE MPE3EHTALNi, a TakXKe IPU HEOOXOIAUMOCTH CIIELHATN3NPOBAHHBIX HAYYHBIX
pedepupyembix xypHanoB: poccuiickux (YOH, XKOT®, nmucema B dKOTO, Dusnka TBep0TO TENA U
np) u anmiosi3eraHbIX (Physical Review Letetrs, Physical Review A, Physical Review B, Journal of
Chemical Physics, International Journal of Quantum Chemistry u np.), noctynnsix uepe3 Internet. s
KOHTPOJISI ¥ KOPPEKLNH 3HaHUH 00ydaromuecs: MOTYT MCIIOIb30BaTh KOMIIBIOTEPHOE TECTUPOBAHNUE, B
TOM YHCJI€ Ha TIOpTaje WWW.i-eXam.ru.

9. MeToauyeckue yKazaHusi AJis1 00y4ar0IIMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

CryneHT, M3y4arollMd IUCLUUIUIMHY, IOJDKEH, C OJHOW CTOPOHBI, OBIAAETh OOIIMM IOHSATUHHBIM
arrnaparoM, a ¢ Apyroil CrOpoHsl, JOJKEH HAyUUThCs IPUMEHSTh TEOPETUUECKUE 3HAHUS Ha IIPAKTUKE.

B PE3YIbTATC U3YUCHUSA NUCHUIUIMHBI CTYACHT JOJIKCH 3HATh OCHOBHBLIC IMOHATHA U ITOAXOAbI K pa60Te
MOIIHBIX JIa3€POB, 3HAThb OCHOBHLIC MOJCIIN U UX HEAOCTATKU U JOCTOMHCTBA, IPUMCHATDL IIOJIYYCHHBIC
SHAaHUA OJId pCHICHUA pa3JIMYHbIX 3a4a4.

VYenenrHoe ocBoeHue Kypca Tpedyer:

— MOCEIICHHUS BCEX 3aHATHH, IPEAYCMOTPEHHBIX YY€OHBIM TJIAHOM 10 AUCLUILINHE,
— BeJICHHsI KOHCIIEKTA 3aHITHI;

— HanpspKEHHON CaMOCTOSATENILHONW PaOOTHI CTY/ICHTA.



CamocrosiTenbHas paboTa BKIIOUAET B Ce0s:

— YTEHUE PEKOMEHIOBAaHHOH JIUTEPaTypBI;

— TpopaboTKy y4yeOHOro MaTepuaina, IOATOTOBKY OTBETOB HAa BOIIPOCHI, NPEIHA3HAUYCHHBIX I
CaMOCTOSITEIIbHOTO H3yUCHHUS;

— peleHue 3a1a4, npeaiaraeMbIX CTYICHTaM Ha 3aHATHSX;

— MOJTOTOBKY K BBIITOJIHEHHIO 33JJaHUH TEKYyIIeH 1 MPOMEKYTOYHOM aTTeCTaluy.

[TokazareneM BiIaJeHHs MaTEPHAJIOM CIIy)KHT YMEHHE 0e3 KOHCIIEKTa OTBEYaTh Ha BOIPOCHI IO TEMaM
JHMCILUIIIHHBL

BaxHo 10OWTHCS MOHMMAHUS W3y4aeMOro Marepuana, a He MEXaHHYeCKOro ero 3arnoMuHaHus. [Ipu
3aTPYIHEHUU M3YYEHHsI OTIENbHBIX TEM, BOIIPOCOB, CIIEAyeT OOpamarbesi 3a KOHCYJIbTalUsAMH
MPEIo/IaBaTeto.

Bo3MOXeH MPOMEXYTOUHBIH KOHTPOJIb 3HAaHUH CTYICHTOB B BHJE PEIICHHS 33]a4 B COOTBETCTBHH C
TEMAaTUKOW 3aHATHH.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

110 HANIPABJICHUIO: SnepHble pU3MKA U TEXHOJIOTHH

npopuJib NOArOTOBKHU: Snepuas duzuka, YTC 1 KOMITBIOTEpHBIE METOJIBI B (PU3UKE
OusTex-mkona QUMK U ucciaeoBanuil uM. Jlanaay
kadeapa npobiieM HHEPLIMOHHOTO TEPMOSIIEPHOTO CUHTE3a

Kypc: 1

kBaTuuKkanus: MarucTp

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

Pa3paborunk: W.H. Boponuy, ka1, Gpu3.-Mar. HayK, JOIEHT



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

YK-2 Cnocoben ynpaBisiTh
MCCIIeIOBATEIbCKUM IPOSKTOM Ha BCEX dTalax
ero peajan3anun

VYK-2.4 Ilpeacrapnsier myOIMYHO PE3yabTaThl MPOEKTa (MK
OTHENBHBIX €ro JTamoB) B (OpME OTYETOB, CTaTeH,
BBICTYIUICHMH Ha HAyYHO-NPAKTUYECKUX KOH(EpeHIUsIX,
ceMUHapax | T.II.

YK-3 CrnocoGeH oprann30BbIBaTh H PYKOBOJIUTD
paboToii KoMaH/IbI, BEIpa0aThIBasi KOMaHIHYTO
CTpATEeTHIO IS JOCTHKESHUS IMOCTAaBICHHOMN
3a/1auu

VYK-3.1 Opranuzyer u KOOpAMHUPYET pabOTy y4acTHHKOB
MPOEKTa, CHOCOOCTBYEeT KOHCTPYKTHBHOMY IPEOIOJICHUIO
BO3HHUKAIOIINX PAa3HOITIACHNA U KOH(PIUKTOB

VYK-3.2  VuureiBaeT B  CBOEM  CONMAIbHON U
poeCcCHOHAIBHON AEATEIBHOCTH UHTEPECH], 0COOCHHOCTH
MOBEICHUSI W MHEHHs (BKJIIOYas KPUTHYECKHUE) JIofeH, ¢
KOTOPBIMH ~ PabOTaeT/B3aMMOACUCTBYET, B TOM YHCIE
IIOCPEACTBOM KOPPEKTUPOBKH CBOUX JEHCTBUN

VYK-3.3 CnocobeH mpeaBulieTh pe3yiabTarhl (TIOCIECTBHS)
KaK JIMYHBIX, TAK U KOJJICKTUBHBIX ACHCTBUI

VYK-3.4 CpnocobeH miaHupoBaTb KOMaHAHYIO padoTy,
pacnpenensaTh HOpy4eHUsl 4ieHaM KOMaHbl, OpraHW30BaTh
00CyXIeHUE pa3HbIX UICH 1 MHEHUI

YK-6 CriocobeH onpeiessTh U peaan30BhIBaTh
MPUOPUTETHI COOCTBEHHOMN AEATENBHOCTH U
CIIOCOOBI €€ COBEPIIEHCTBOBAHUS HA OCHOBE
CaMOOILICHKH

VK-6.2 OueHuBaeT CBOIO JI€STE€IHLHOCTb, COOTHOCHUT LIE/IH,
CIIOCOOBI W CPEJICTBA BBHITIONHEHUS JACATEILHOCTH C e
pe3ynbTaraMu

OIIK-1 Cnocoben (hopMynupoBarh eI U
3aJ1a4y MCCIICAOBAHNUS, BEIOUPATh KPUTCPUH
OLICHKH, BBISBIISITH IPHOPUTETHI PELICHHS 3a/1a4

OIIK-1.3 Biageer cHCTEMAaTHYECKMMM 3HAHUSAMH 110
HaNPaBJICHUIO JCATEIbHOCTH; YIIYOICHHBIMUA 3HAHUSMHU I10
BBIOPAaHHOW  HANpPaBIEHHOCTH TOJTOTOBKH, 0a30BBIMHU
HABBIKAMHU IMIPOBEICHUSI HAYYHO- MCCIIEOBATEILCKUX paboT
10 IPEAJIOKEHHON TeME

OIIK-2 CriocobeH npuMeHSITh COBpEMEHHbBIE
METO/IbI UCCIIEIOBAaHUS, OLICHUBATD U
MIPEACTABIATH PE3YIbTAThl BBEIMOJIHEHHON
pabotbl

OIIK-2.1 Cnoco0eH NpUMEHATH 3HAHUS M HABBIKU IIO
UCTIONIb30BAaHHIO MH(pOpPMaMOHHO-KOMMYHHUKAIIMOHHBIX
TEXHOJIOTUH I OUCKA M U3YyYEHUS] HAYYHOH JIUTEPaTyphl,
MPUMEHEHHSI IPUKJIaJHBIX TPOTrPAMMHBIX IIPOILYKTOB

OIIK-2.2 Cnocoben 0000mars ¥ KPUTHYECKH OICHUBATH
OIBIT WM PEe3yJIbTaThl HAYYHBIX HCCICNOBaHUA B 00IaCTH
npo(heCCHOHANTBHOM ESTENbHOCTH

OIIK-2.3 CnocobeH apryMeHTHPOBAaHO BBIOMpAaTh CIOCOO
MPOBEJCHUS HAyYHOTO MCCIIEIOBAHMS, IPUMEHSITh 3HAHUS B
oOsactTi MpoeCCHOHANBHON NESTENbHOCTH MJISl PEIlCHUs

OIIK-3 CriocobeH opopMIISTh Pe3yIIbTaThI
Hay4YHO-HCCIICIOBATEILCKOM ACATEILHOCTH B
BUJIE CTAaTeH, JOKJIAI0B, HAYYHBIX OTYETOB U
MPE3eHTANUH C UCIIOIb30BAaHHEM CUCTEM
KOMITBIOTEPHOM BEPCTKH M AKETOB O(PUCHBIX
nporpaMmm

MOCTaBICHHON 3amaud, (OopMyTUpOBaHUS BBIBOAOB U
OLICHKH MOJTYYEHHBIX PE3yJIbTaToOB
OIIK-3.1 Bmageer npodeccCHOHAIBHON TEPMUHOIOTHEH,

HCIIONB3YEMOM B  COBPEMEHHOM  HAyYHO-TEXHUYECKOMN
nuTeparype, o0nagaer HaBbIKAMU YCTHOTO M HMHCBMEHHOTO
U3JI0KEHUS PEe3yJbTaTOB HayuyHOW AEATENBHOCTH B paMKax
npo¢ecCHOHATBHON KOMMYHHUKAIUN

OIIK-3.2 Bnapmeer HaBblkKamMu OQOPMIICHHS PE3YJIBTaTOB
HAay4YHO-UCCJIEJOBATEIbCKON NEATEIbHOCTH B BHUJAE CTAaTEH,
JOKJIaI0OB, HAy4YHBIX OTYETOB W  TNpe3eHTaluil ¢
UCIOJb30BAHUEM CHCTEM KOMIIBIOTEPHONH BEPCTKM U
MAKETOB O(HCHBIX MPOrPaMM

[MK-1 CriocobeH K cO31aHuI0 TEOPETHIECKUX U
MaTeMaTH4ecKuxX Mojeliell B 001acTu siAepHOi
(DUBKKH U TEXHOJIOTUH

[IK-1.1 3naet uzndeckoe onucaHue SBICHHUA U TPOIECCOB
B 00JIaCTH SJIEpHOM (PU3MKH U TEXHOIOTHIA

K-1.2 Ymeer CO3/1aBaTh TEOpeTUYEeCKHe u
MaTeMaTH4eckue MOJENIM B 0o0NacTu siiepHOil (U3MKH U
TEXHOJIOTUHI




[TK-2 T'0TOB NpUMEHSITH METO/IbI UCCIICTOBAHUSA
Y pacyeTa MpoIeCCOB, MPOUCXOIAIIUX B
COBPEMEHHBIX (DM3MYECKUX YCTAaHOBKAaX U
yCTpo#cTBaxX B 00IaCTH sIepHOM PU3HKH 1
TEXHOJIOTHH

[1K-2.3 Bnagneer HaBbIKAMU UCIIOJIb30BaHUS
WH(POPMALIMOHHBIX TEXHOJIOIMHA M IaKEeTOB MPHKIAIHBIX
IpOrpaMM MpHU NPOEKTUPOBAHUM U pacyeTe YCTPOWUCTB WM
00beKTOB (YCTaHOBOK, MarepuajoB, MpHOOpPOB) B CBOEH
MpeMETHOM 0bmacTu

[IK-2.4 CnocobeH caMOCTOSTENFHO IUIAHUPOBATh U
MPOBOJUTH HAayYHBIE MCCIIEIOBAHUS CAMOCTOSTEIBHO WU B
COCTaBe HAyYHOTO KOJIJIEKTUBA

2. Iloka3arei OLleHUBAHUS KOMIIeTeHITHHA

B PE3IYIBTATC U3YUCHUA TUCHUILIJIMHBI «Du3uka MOIITHBIX JIA3CPOB» 06yqa10m1/1171c5{ JOJIKCH:

3HAThb:

- CIIEKTPOCKOIHIO JazepHOoro mepexofa 2pl/2 — 2p3/2 atoma iioa M €ro CBEPXTOHKYIO CTPYKTYpY,
BIIMSIHIE MarHUTHBIX TIOJICH Ha XapaKTEPUCTUKH MEPEX0/a;

- paboune BelecTBa, UCTOIb3yeMble B HOMHBIX (DOTOANCCOIMALMOHHBIX JIa3epax, UX 0COOCHHOCTH MPH
NPUMECHCHHH;

- Ha3HauCHHUE U XapaKTePUCTUKU U 0COOEHHOCTH MPUMEHEHHs Oy(hepHBIX Ta30B;

- CIOCOOBI M UICTOYHHUKH HAKaYKU;

- KHHETHKY XMMHUYECKUX PEaKLUil U X KJIaCCU(UKALINIO;

- METOJIbl OIPENEJICHUS 3allaCeHHON SHEPruH, PEKUM CBOOOIHONM TeHepaluH, KaK OIWH U3 METOIOB
OIIpEAEIICHNUS 3alIaCeHHON YHEPTHH;

- pa3nuyHble CIOCOOBI MOAYMSLUUM JOOPOTHOCTH PE30HATOpa, INpPUMEHseMble B HOIHBIX
(oTonMCCONMAIIOHHBIX JIa3epax;

- 38110 TeHEPaTOp C aKTUBHON CUHXPOHU3ALUEH MO

- pe)XUM ycuiieHus1, banancHoe npubnmkenue, hopmyna Opanna-Honsuka;

- TOHSATHE OTIOJSPU3ALMHU W3IYUYCHHs, CIOCOOBI yIpaBIeHUs mojsipusauuedl nsnydeHus (¢asoBbie
IJIaCTUHKH, siBiieHus [lokkensca, Keppa, @apanes);

- JENOJSIPU3ALHUI0 H3JIyUYeHHUs] B MOIHOM J1a3epe (OBOKWHOE JydenpesOMIICHHE B ONTUYECKUX AETaIsX,
KyOnuecKkasi HelIMHEHHOCTh BO3[yXa M CTEKJa, HAJMYME MarHUTHBIX IOJEH, MOPOXKICHHBIX TOKAaMU B
MCTOYHHMKAX HAKAYKH);

- KOHTPACT U3JIy4eHHs, METO/IbI U YCTPOWCTBA ISl ITOTYYEHHs BBICOKOTO KOHTpAacTa M3IyYeHNUS;

- OT 4Yero 3aBUCSAT KaueCTBO IIyYKa, €ro MPOCTPAHCTBEHHO-YIJIOBBIE XapaKTEPUCTUKH, METOABI
IIOJIyYEHUS BBICOKOH SIPKOCTU U3JIyYEHHUS B HOTHOM JIA3€PE;

- MPHUHLMUIBl TOCTPOCHUS KPYIMHOMACIITAOHOW JIa3epHON YCTAaHOBKH, €€ OCHOBHBIE CHUCTEMBbI (Ha
npumepe ycranoBku "Hckpa-5").

yMeThb:

- BBIOMpaTh Tra3oBbIE CMECH M PE30HATOp MAJs OLIEHKM 3allaCeHHOW SHEPrMHM METOIOM CBOJHOM
reHepalru, OLEHUBATh 3alaCEHHYI0 SHEPTHIO [0 BEJTMUMHE SHEPTHUH CBOOOTHON TeHepalui;

- 110 COCTaBy I'a30BOM cMeCH BBIUUCIIATH CEUEHHUE YCHJIEHHS U 110 U3BECTHOMY 3HAUEHUIO IUIOTHOCTH
3araceHHOM 3Hepruy k03P PUuLneHT ycuneHus c1adoro CUrHana Ja3epHoro YCHUINTEIs;

- OLIEHUTb JOIIyCTUMBIEC I1apa3sUTHBIE OTPAKEHHUs B JKAYLIEM pexuUMe (B PEKUME HAKOIUICHUS
WHBEPCHOW HACEJIEHHOCTH);

- B 0aJlaHCHOM IPUONMKEHUH PACCUUTATh BHIXOAHYIO SHEPTUIO YCHIINTENS IPH U3BECTHOM 3araceHHON
U COCTaBE Ta30BOM CMECH M 3a/IaHHOI BXOJHOW SHEPIUN YCHIIUTEIS;

- OLIEHUTh HEOOXOIMMBII1 BaKyyM B KIOBETHI B 3aBUCHMOCTH OT BPEMEHHU HAKauKH.

BJA€Th:

3. ep

- METO/I0JIOTHEH BHIOOPA aJICKBATHBIX METO/IOB UCCIICI0BAHMS;

- HaBBIKAMH CaMOCTOSITEIEHOU paboTHI B laboparopun u MHTEpHETE;

- KYJIBTYPOI IOCTAaHOBKU M MOJECIMPOBAaHUs QU3HYESCKUX 3a/1a4;

- OCHOBHBIMH HaBBIKAMU TPEJICTABICHUS CBOUX PE3YJbTATOB HA CEMUHAPAX, KOH(PEPCHIUX;

- HaBbIKAMH OCBOCHUS OO0JBIIOr0 00beMa HHGOPMAIINH, BKIIOUast paboTy ¢ HayYHOW JIUTEPaTypOH;
- OCHOBHBIMH HAaBBIKAMU HAIIMCAHUS HAyYHBIX CTATCH.

- MaTeMaTHYEeCKUM MOJICIMPOBaHHEM (PU3NUESCKHX 3a/1au.

- IPAKTHKOH UCCIICJOBAaHHS M PEIICHUS TEOPETUUCCKUX U TMPHUKIIAJIHBIX 33]1a4;

- METO/IaMH YIPaBJICHUS IapaMeTPaMH MOIIIHBIX JIA3EPOB.

€4YCHb THUIIOBBLIX (l'lpl/IMepHLIX) BOIIPOCOB, 33[{3}[]/1]7[, TEM JIsl MOATOTOBKH K TEKYIIEMY KOHTPOJIIO




ITepeueHb KOHTPOIBHBIX TEM:

1. CiexTpoCKOMHs JIa3epHOTO Mepexoa.

2. KuneTtrnka XMMHUYeCKHUX peaKIfil B MOAHBIX Ja3epax.
3. PexxuM cBOOOAHOM reHeparyy.

4. KoHTpact uznyueHusl.

4. lepeyens THNOBBIX (MPUMEPHBIX) BOIMPOCOB U TeM [IJIsl IPOBeAeHUsI IPOMEKYTOUHOI aTTecTalluu
oOyuaroumuxcst

Ha sx3amene cTyneHTty qocraercst OWieT, Tae eMy IpeaiaraeTcs
1) nMCbMEHHO OTBETUTH HA TEOPETUUECKHUI BOIPOC,

2) pewnTs OOHY 3aja4dy U

3) OTBETHUTDH Ha BOIIPOCHI IO TEME Kypca.

TeopeTnueckuii BOIpPOC BBIOMpaeTCss M3 HA0Opa KOHTPOJBHBIX TEeM, NPUBEICHHBIX HIKE. 3ajada
BbIOMpaeTcss M3 CIHCKAa KOHTPOJBHBIX 3a]ad, MPHUBEICHHBIX HIKE. HeKoTopble M3 JOMOTHUTEIbHBIX
(yTouHSIOLINX) BOIPOCOB MPUBEIEHBI HUXKE.

[TepeueHb KOHTPOIBHBIX BOIPOCOB:

1. Pabouune BemectBa Juisi HomHOTO Jiazepa. CHEKTPOCKOMUS J1a3epHOrO rmepexona. Bpems ku3Hu
aroma iioga B BO30yXI€HHOM COCTOSIHUH.

2. Cpena iionHoro nasepa. bydepnsie raspl, ux HazHauenue. lllupuna muaum nznyuyenus. CeueHue
YCHJIEHUs], pelaKkcalys oLypOBHEH.

3. CnocoObl HaKa4YK¥ aKTUBHOW Cpeibl HOMHOTO sa3epa. ICTOYHNKH HaKauKy.

4. KuHeTWKa XMMHUYECKHMX peakuuid B HoAHBIX Ja3epax. Peakmus "tymenus". KoHCTaHTBI cKOpOCTH
"Tymenus" B pa3IMyHbIX ra3ax.

5. Kunernka xMMHUYECKUX peakLUuil B HOMHBIX Ja3epax. Peakuuu pekoMOuHauuu Hoja ¢ paguKaiaMu.
KoHcTaHTBI CKOPOCTH pEAKIUH.

6. Pexxum cBOOOMHOM reHepanyi. JHeprus TeHepalnu.
7. Pexxum cBOOOMHOM TeHEepalny, Kak crioco0 OIEHKH 3amaceHHON SHEPTUH.

8.  3apmaromme reHepaToppl HAaHO- W CyOHAHOCEKYHIHBIX HMMITYJIBCOB. AKTHUBHAs MOJIYJISLIHS
JOOPOTHOCTH PE30HATOPA.

9. DnekTpoonTUiecKkue MOAYIHPYIOLIHE 3aTBOPBI Ha ocHOBe adexToB Ilokkensca u Keppa.

10. Crpykrypa ypoBHel iona B mMarHuTHoM mone (3ddexr 3eemana). Momynsius koddduienTa
YCHJICHUS CPeIbl MarHUTHBIM IIOJIEM. 3a/Ial0Ilue TeHepaTopbl ¢ MOMYIALUH KOdQPHUIIUEHTA YCHICHUS
Cpebl MAarHUTHBIM TIOJIEM.

11. 3apmarommii TeHepaTtop C aKTUBHOW cuHXpoHu3anuedl mox. Ocobennoctu 37 ¢ akTHBHOM
CHUHXPOHH3AIENH MoJ HOTHOTO (POTOAMCCOLMALMOHHOTO JIa3epa.

12. Pexxum ycunenus. Jueprus Haceimenns. ®opmyna @panna-Honsuka.
13. HanpaBneHHOCTD U3ny4yeHusa. MeToibl MOMy4YEeHUs BBICOKOM SIPKOCTU B MOIHBIX JIa3epax.

14. HeO,Z[HOpO,Z[HOCTB pa60qel‘/'1 Cpcabl, BbI3BAHHAA IMOMNIOIICHUCM CBCTA HAKAYKU HAa CTCHKaX na3epH0171
KIOBCTHEI.

15. I'panuenTs! NOKa3aTessl NPEIOMIICHUS, BbI3BaHHbIE HEOAHOPOIHBIM IOIIOLUIEHUEM CBETa HAaKauKU
BHYTpPH 00bEMa aKTUBHOMW CPEbI.

16. HaBenenHele  JIa3epHBIM  WMITYJIBCOM  HEOTHOPOTHOCTH  IIOKA3aTeNs  MPEJIOMIICHHS.
CamodoxycupoBka. ViHTerpan pacnana.

17. Tonspusamus cBeta. MeTop! ynpapiaeHus NoJIspU3aliieil ceera.

18. Jlenomnsipuzanus u3jiyuyeHus: B HOIHOM Jiazepe. MeTobl yMEHbIIEHUS AENOsIpU3aliiy.

19. KonTpact uznyuenus. Konrpact no momuoctu. Beipesaromue sueiiku [Tokkenscs u Keppa.

20. KonTpacT m3imydeHus. DHepreTuueckuil KOHTpacT. [IpocTpaHcTBeHHbIE (DUIBTPHI, KaK CPEICTBO
00pbOBI ¢ cCaMOBO30YKI€HUEM Ha OOPATHBIX MAPAa3UTHBIX CBS3SX.

21. KoHTpacT n3nyyeHust 0 MOIHOCTH U SHEPTHUH. AKTUBHBIE U TACCHBHBIE 3aTBOPHI UCIIOIb3YEMbIE B
WONHBIX JIa3epax.

22. IIpyHIUIBI KOHCTPYHPOBAHHS KPYITHOMACIITAOHBIX HOAHBIX JIA3€POB HAHOCEKYHIHBIX UMITYJILCOB.
brox cxema. OcHoBHEIE cucTeMbl. Ontnyeckas cxema. (Ha mpumepe ycranoBku "Hckpa - 5").



3amaqn K 3K3aMeHy
3anaua Nel

AxTHBHas cpea HOAHOTO (OTOMUCCOIMAIIMOHHOTO YCHUIIUTENSI COCTOUT M3 CMECH CIICIYIOIIUX Ta30B:
Stopp n-C3F7I + 100topp Xe +200Ar + 450Topp CO2.

Brruncinte cedeHre BEIHYXACHHOTO u3nydeHus 3¢ Ha repexoze 3 — 4.
3amaga No2

AKTuBHas cpefa HOAHOro (POTOANCCOUMAIMOHHOTO YCHIIUTEINSI COCTOUT U3 CMECH CIEIYIOIIUX ra30B:
3,5topp n-C3F71 + 200topp Ar + 420topp CO?2.

BbruciuTh Npy TUIOTHOCTH 3aNacéHHON SHEPTUH Ha JABYX BO30YXKAEHHBIX MOAYPOBHIX CBEPXTOHKOM
CTpyKTyphlI 3am = 3 [[>x/cM2 BerYuCINTh KOA(GGUIHEHT YCUIICHHUS cllaboro curaaina Ha nepexoze 3 - 4.

3agaya Ne3

AKTuBHas cpefa HOAHOro (POTOANCCOLMAIMOHHOTO YCHIIUTEINSI COCTOUT U3 CMECH CIEIYIOIIUX ra30B:
20topp n-C3F71 + 600Topp SF6. B nuanazone muiotHocTed BXxogHoro curaana 0Bx2/[x/cM2 Ha
nepexone 3 — 4 MOCTPOUTH 3aBUCHMOCTH BBIX(BX). JnmurtenmbHOCTh mMmmynbca lHc. IlnoTHOCTB
3araceHHou sHepruu 3an=>3J[x/cm2

3anaua Ne4

[TnoTHOCTH 3amacéHHOM PHEprHU Ha JBYX BEpXHUX B030yxaEHHBIX ypoBHsAX CTC aromaphoro iona
paBHa 2,5][x/cM2. Ompenenuth naeiaenue OydepHoro raza (CO2), mpu koTtopoM Kod(hGUIIUEHT
ycuieHust cinadoro curnania Ha nepexone 3 — 4 Oynet pasasim K0=100; 30.

3amgaua Ne5

Onpenenuty faBieHue OydepHoro raza (Xe), HpU KOTOPOM JIOPEHLEBa IIUPUHA JIMHUH
JIOMHUHECIICHITUH OyJIeT paBHa JOIITUIEPOBCKOi mmupuHe mpu temmeparype S00C.

3agaua Ne6

[TnoTHOCTH 3amac&HHOM PHEprHU Ha JBYX BEpXHUX B030yxaEHHBIX ypoBHsAX CTC aromaphoro iona
paBHa 2]lx/cMm2. Onpenenuts naBienne OydepHoro raza (Ar), mpu KOTOpoM KOI(MQUITMEHT YCHUIICHUS
ciaboro curHana Ha nepexoje 3 — 4 oyzner pasabeiM K0=100; 50.

3amgaya Ne7

Omnpenenuth TeMmmneparypy aOCOMIOTHO YEPHOTO Tella, MAaKCHUMyM CIEKTPalbHOW WHTEHCHBHOCTH
M3ITy4eHH KOTOPOTO COOTBETCTBYET MaKCUMyMYy mosiockl noromieHust C3F71.

3anaua Ne§

KakoBa Temmneparypa 4€pHOro Tena ¢ MakCUMalbHbIM M3iyudarenbHbiM KIIJ[ B mosocy nomiomeHus
C3F71?

3amgauya Ne9

PaccunTarh MOILTHOCTD M SHEPIHIO YCUJIEHHOI'O CIIOHTAHHOIO M3JIY4YEeHHUs AJI1 KOHKPETHBIX IIapaMeTpPOB

romHOoTO hotomucconmonHoro yeunurens (Lak = 100 cm; Dak = 4 cwm; 3am,max = 3 Jx/cM2; Hak =

10 mMxc, KO,max = 1000).

3anaua NelO

KroBera ionHoro ycunutens ¢ BHyTpeHHUM auamerpoM Din=54 mm u aktuBHOH mymHOW L=100 cm
3anonHenHass aktuBHoi 20 Topp n-C3F7J + 147 topp SF6. B skcmepumeHTe Ha CBOOOAHYIO
reHepauuio ¢ 3epkanamu pesoHaropa R1=100% u R2=10% 3apeructprupoBaHHasi SHEpIus IreHepaun
cBOOOHOM TeHepanuu coctaBuna Eren=60 JI. Onenuts noporoByro sHepruto Emop. IlaccuBHBIME
MOTEpsIMU BHYTPHU pe3oHaropa mnpeHeOpedb. OUEHUTh IUIOTHOCTh 3allaCeHHOW SHEPrHMH B aKTUBHON
cpeze.

[TepeueHb OMONHUTENBHBIX (YTOUHSIOMNX ) BOIPOCOB JUIS CIAuH SK3aMeHa!
1. AGconroTHO Y€pHOE TeNno Kak UcTOUYHHUK Hakadku DJIJ1.

1. Onpenenuts Temmeparypy aOCONIOTHO YEPHOTO Tesla, MAKCUMYM CIEKTPAJIbHOW MHTEHCHBHOCTHU
U3Iy4YeHHS KOTOPOTO COOTBETCTBYET MaKCUMyMY Tosockl ornomenust C3F71.

2. OnpeaenuTb HHTEHCUBHOCTD U3ITyUEHHsI TAKOTO HCTOYHHMKA BO BCEM CIEKTPAIbHOM JHara3oHe.

3. OmpenenuTh MHTEHCUBHOCTh M3ITyYEHUs TaKOTO0 MCTOYHUKA B monoce nornomenus C3F71. Kakosa
WHTEHCHUBHOCTb MTOTOKA (POTOHOB B mos1oce Hakayku? Uemy paBeH uznmydarenbHbiid KI1J1?

4. OtBetuth Ha Bompock 1.2-1.3, ecnu Temmneparypa 4€pHOTO Tesa MPeBBIAET onpeneiaéHuyto B m.1.1.
B JIBa pasa.

5. KakoBa Temmeparypa 4€pHOro Tesa ¢ MakcuManbHbIM u3inydarensHeiM KIIJ[ B monocy nomiomenus
C3F71?



[Tpumeps! SK3aMEHAIMOHHBIX OMJICTOB (3aJaHMH, TECTOB M Jp. MAaTE€pPUaIOB, HCIOIb3YEMbIX IS
MPOBEICHUS 3a4eTa, IK3aMeHa):

buner Nel

1. TeopeTrueckuii BOIPOC U3 CIIHCKA KOHTPOJIBHBIX BOIIPOCOB.

2. 3anayva.

3. Bompoc u3 crimcka TOTOTHATENBHBIX (YTOYHSIONINX ) BOIIPOCOB

buner Ne2

1. TeopeTrueckuii BOIPOC U3 CIIHCKA KOHTPOJIBHBIX BOIIPOCOB.

2. 3anayva.

3. Bompoc u3 crimcka TOTOTHATENBHBIX (YTOYHSIONINX ) BOIIPOCOB

Kpurepuu onieHuBanus
Ouenka oramyHo 10 OamioB - BBICTABIISICTCA ~ CTY[CHTY, IIOKa3aBIIEMy BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, DIyOOKHE 3HAHUS Y4eOHOW MpOorpaMMbl AWUCHMIUIMHBI, MPOSBISIOMIEMY
MHTEpeC K JaHHOW MpPEJIMETHOH 00NIACTH, MPOAEMOHCTPUPOBABIIEMY YMEHUE YBEPEHHO M TBOPYECCKH
MPUMEHATH UX Ha IPAKTHUKE TPH PEIICHNH KOHKPETHBIX 3a]1a4, CBOOOHOE U MPaBUIbHOE 000CHOBAHUE
NPUHSATHIX PEIICHUH.
Ouenka omMyHO 9 Oa/IoB -  BBICTABISIETCS  CTYACHTY, IIOKAa3aBIIEMy BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHON MPOrpaMMbl JUCLUIUIMHBI M YMEHHE YBEPEHHO
NPUMEHSATh X Ha IPAKTHKE TPH PEIICHUU KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPaBHIbHOE 000CHOBAHUE
HPUHATHIX PELICHAMN.
Ouenka oOmIMYHO 8 Oa/IOB -  BBICTABISIETCS  CTYAEHTY, IIOKa3aBIIEMy BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIC, TIyOOKHE 3HAaHUS y4eOHOH MpPOrpaMMbl JUCHUILUIMHBI M YMEHHE YBEPEHHO
NPUMEHATh MX Ha MPAKTHKE IPHU PEIICHUH KOHKPETHBIX 3a/ad, MPaBUIbHOE 00OCHOBAHUE MPUHSATHIX
pelIeHnH, ¢ HEKOTOPBIMU HEI0UETaMHu.
Ouenka xopo1o 7 6ajioB - BBICTABISAETCS CTYACHTY, €CIIM OH TBEPJO 3HAET MaTepuall, 'paMOTHO U IO
CYIIECTBY H3JIaraeT €ro, yMeeT NPUMEHSTHh IOJy4YCHHbIC 3HAHUS Ha ITPAKTHKE, HO HEIOCTATOYHO
IpaMOTHO 0OOOCHOBBIBAET MOJYYECHHBIC PE3YIIBTAThI.
OtmeHka xopoto 6 0ajioB - BBICTABISETCS CTYACHTY, €CJIM OH TBEPJO 3HACT MaTepHall, TPaMOTHO H IO
CYILECTBY M3JIaraeT ero, yMeeT NMPUMEHSTh MOMyUCHHbIC 3HAaHHUS Ha MIPAKTUKE, HO JIOIyCKAeT B OTBETE
WIN B PEIICHUH 3a]1a4 HEKOTOPBIE HETOYHOCTH.
Ouenka XopoIo 5 6aioB - BBICTABISETCS CTYACHTY, €CJIM OH B OCHOBHOM 3HAaeT Marepuall, [paMOTHO
U TI0 CYIIECTBY HM3JIaraeT €ro, yMeeT NMPUMEHSTh NONTyYeHHbIC 3HAHHs HAa TMPAKTHKE, HO JIOIyCKaeT B
OTBETE WJIH B PEIICHUH 3371a4 JOCTATOYHO OOJIBIIOE KOJTUYECTBO HETOYHOCTEH.
OueHka ynOBIETBOPUTENbHO 4 Oajla - BBICTABISETCS CTYIEHTY, MOKa3aBLIEMY (parMeHTapHBIH,
pa3pO3HEHHBIN XapakTep 3HAHWH, HEJIOCTATOYHO IPAaBHWIbHBIE (OPMYIUPOBKH 0a30BBIX MOHSITHH,
HapyLIEHUs JOTHYECKON MOCIeI0BaTeIbHOCTH B U3JIOKEHNHU IIPOrPaMMHOI0 Marepuasa, HO IPHU 3TOM
OH OCBOWJI OCHOBHBIE Pa3Zeiibl yueOHOW MPOTrpaMMBbl, HEOOXOAMMBIC Ul MAJIbHEWIIEro OOyYeHHs, U
MOKET IPUMEHSTh TOJIyYeHHBIE 3HAaHUS 110 00pa3ily B CTAaHJAPTHOW CUTYaIHH.
OueHka yIOBIETBOPUTENbHO 3 Oajla - BBICTABISETCS CTYIEHTY, MOKa3aBLIEMY (parMeHTapHBIH,
pa3pO3HEHHBIN XapakTep 3HaHHi, JOIyCKAIUIeMy OIMMOKA B (OpPMYIHpOBKax 0a30BBIX MOHSITHH,
HapyLIEHUs] JIOTHYECKOM IOCIEe0BaTEeIbHOCTH B M3JIOKEHHUH IPOTPaMMHOI0O Marepuana, ciabo
BJIaJICET OCHOBHBIMU paszieiaMu y4eOHOH MporpaMMbl, HEOOXOJUMBIMU IS TalbHEHIIero o0y4eHus 1
C TPYAOM IIPUMEHSET MOIy4YEeHHbIC 3HAHUS JJa’Ke B CTAHAAPTHON CUTYalHH.
OueHka HEyIOBIECTBOPUTENHHO 2 Oajuia - BBICTABISCTCS CTYIEHTY, KOTOPBII He 3HaeT OojblIel yacTu
OCHOBHOTO COJepXaHUsl y4eOHOW MpOrpaMMBbl JIUCHUIUIMHBI, JOIMyCKaeT rpyOble OmMOKH B
(bopMyIHpOBKaX OCHOBHBIX IPUHIUIIOB M HE YMEET MCIOIb30BaTh NOIYyUYEHHbIC 3HAHUS NPH PEIICHUN
THUIIOBBIX 33/1a4.
OreHka HEYNOBIETBOPUTENBHO | 0aym - BBICTABISCTCS CTYIEHTY, KOTOPBIH HE 3HAaeT OCHOBHOTO
cojiep KaHusl y4eOHOH MpOorpaMMbl TUCIUILTUHBI, JOMycKaeT rpyOeiiiue omuoK B GOpPMYITHPOBKaX
0a30BBIX TOHATUH IUCUUILIAHBI ¥ BOOOIIE HE MMEET HABBIKOB PELICHUS THIIOBBIX MPAKTUYECKHX
3ajad.

5. MeTonuyeckne MaTepuaJbl, onpeaesioIe NpoueIypbl OlleHUBAHUS 3HAHUIN, YMEeHN, HABHIKOB H
(W) onbITA AESATEJILHOCTH



DK3aMeH MpOBOAUTCS B ycTHOW Qopme mo Owieram. B kaxkaoMm Owuiere MpencTaBIeHO OAWH
TEOPETUYECKUIT BOIIPOC, OJJHA 3a/1a4a U OJMH YTOYHSIOMIMI Bompoc 1o teme Kypca. [Ipu npoBeneHnn
sK3aMeHa oOyuaromiemycsi mpenocrasisiercss 30 MUHYT Ha moaroroBky. Ompoc oOyuwaromierocst He
JOJDKEH TPEBHIIATh OHOTO aCTPOHOMHYECKOTO Yaca.



