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AHHOTANMA

Kypc «®usuka na3epoB» gaeT BO3MOXHOCTh B CKaroil M JOCTYNHOW (hopMe MOMy4HuTh HpEACTaBICHUE,
BO-TIEPBBIX, O KIACCHYECKOM Ia30[JMHAMHKE, BO-BTOPHIX, 00 0COOCHHOCTSX ABMKECHHUS HEPAaBHOBECHBIX Ta30B
U Ja3¢pHOM KMHETUKE W O BIUSHUMU T'a30JMHAMHYECKUX MPOLIECCOB HA XapaKTEPUCTHKHU Ta30BbIX JIa3€pOB, a
TaKXKe 03HAKOMUTH OyIyIIMX CIEHMUAINCTOB C SKCIEPHUMEHTAIBHBIMU UCCIICIOBAHUSIMU ra30lMHAMUYECKUX H
XUMHYECKUX KHUCIOPOA-HOAHBIX J1a3epoB. JlaroTcsl OCHOBBI Ta30[MHAMUKH CTAlMOHAPHBIX ITOTOKOB.
N3yuaroTcsi 3aKoHBI COXpaHEHUs, TEPMOAMHAMUYECKHE COOTHOILEHHUsS I1apaMeTpOB Ta30BbIX IIOTOKOB,
COOTHOILIGHUSI Ha CKaukax YIUIOTHeHus. JlaeTcs mpencraBieHue o rasoamHamuueckux Jazepax (IZUT).
Paccmarpusarorces ['J1J1 ¢ 3apaHee nepemenanHoi ra3oBoil cMechbio. OOCYKIAIOTCS pa3IuvHbIe KOHCTPYKIIUN
HCCIICAOBATEIbCKUX YCTAaHOBOK M TpeOOBaHMS K TE€OMETPUHU COIUL. BBoaATcs ynenbHBIE IHEPrEeTHYECKHE
xapaktepuctuku. UWzydatorcss [JIJI ¢ cenektuBHbIM  BO3OyxaeHueM. CpaBHHBAIOTCS  yAelbHBIE
SHEPreTUYECKUE XapaKTEPUCTUKU JIa3epOB C pPA3NMYHBIMM CXEMaMH CMEIIECHHsA, NPHUMEHAEMBIMU B
9KCTIEPUMEHTAX pa3InuHbIX aBTOpPoB. OOCYXJaroTcsi JOCTOMHCTBA M HeloCTaTKH. [laeTcst mpencTaBieHue o
XUMHYECKUX KHCIOPOA-HOAHBIX Jlazepax, ux osneMeHtax. OOcCyXIaroTcs pa3indHble THIBI TEHEPaTopoB
CHHIVIETHOTO KHCIIOpPOZa. OCOOCHHOCTH IIOTOKa penakcupyromero rasa. CpaBhHuBaercst 3(QeKTHBHOCTDH
pa3nuyHbIX KOHCTpYKUuH. OOCyxknmaioTcsi TpeOOBaHUS Ha MapaMeTphbl JIA3ePHBIX YCTaHOBOK, JaeTcs 0030p
UCTOPUM Ta30AMHAMUYECKMX M XUMHUYECKMX KUCJIOPOI-HOAHBIX Ja3epoB. (CBEIIAaeTCsi COBPEMEHHOE
cocTosiHUE poOIieMBbl, Kak B Poccun, Tak u B Mupe.

1. leau u 3apa4u

eap AUCUMNIMHBI

— AaTb CTYACHTaM 1 KypCa MarucCTparypsl NpcACTABICHUC O KJIaCCHYECKOM ra30HAMHKE 1 O BIUSHUN
ra3soAMHaMHYCCKHUX IMPOLUECCOB Ha XapPaKTCPHUCTUKU Ir'a30BbLIX JIA3€POB.

3axauu QUCHUNINHBI
dopmupoBaHue 6a30BbIX 3HAHUI B 001aCTH (QU3UKH JIa3€POB.

O3HaKOMHTH 6y,£[y1HI/IX CIICIHUAJIUCTOB C SKCIICPUMCHTAJIbHBIMU UCCIICJOBAHUAMU Ia30JUHAMUYCCKUX U
XHUMHUYCCKHUX KI/ICJ'IOpO,Z[—I\/’IO,Z[HBIX JIa3C€poOB.

CdopmupoBarh yMeHHE pelIeHHs 3a/1a4 Ta30lMHAMHKH.
2. Ilepeyens opMupyeMbIX KOMIIETEH M

OcBocHue AUCHUIIJIMHBI HAIIPABJICHO Ha (bOpMI/IpOBaHI/Ie [$1($91474:0)11170,€ KOMHGTGHL[I/Iﬁi

KOI[ 1 HAMMCHOBAHUEC KOMIICTCHIIMHN I/IHILI/IKaTOpBI JOCTHIXKCHHUA KOMIICTCHIIMH

OIIK-1.2 Crmocoben 00001maTe ¥ KPUTHYECKH OILEHUBATh
OIBIT M PE3yJbTaThl HAYYHBIX MCCIICAOBaHUII B 00JacTH

OIIK-1 Bnaneer cuctemoii pyHIaMeHTaIbHBIX N
npo¢ecCHOHANBHON e TeNbHOCTH

Hay4YHbIX 3HaHUH B o0acTu
(u3HMKO-MaTeMaTHYECKUX HAyK

OIIK-1.3 [NoHnMaeT MeXIUCIUTLTMHAPHBIC CBSI3U B OOJIACTH
MaTeMaTHuKH ¥ (U3UKH M CHOCOOCH MX MPHUMEHATH IPH
peleHny 3a1a4 MpoecCuoHaNbHON e TeIbHOCTH

OIIK-2.2 Crniocoben OLICHUBATh AKTyaJIbHOCTh
WCCIIeZIOBaHN B obnmactu cBoel  mpodeccroHanbHON

OIIK-2 Nmeer npeacrapieHre 00 aKTyalbHBIX
JESITEIbHOCTU U UX MPAKTUYECKYI0 3HAYUMOCTD

npoOiieMax HayKd M TEXHUKU B 00JIaCTH CBOCH
poheCCUOHAIBHOH JIeTENNLHOCTH, CIIOCOOCH
Ha HAayYHOM S3bIKe (hOPMYIHPOBATH
npodecCUOHANBHEIC 3aJIauu

OIIK-2.3 Brnameer mnpodeccHOHANLHOW TEPMUHOIOTHEH,
UCHOJNB3YyeMOH B  COBPEMEHHOH  HAayYHO-TEXHHUYECKON
aurepatype, o0J1aaeT HaBBIKAMHM YCTHOTO M IMHCbMEHHOTO
U3JIOKEHUSI PE3yJbTaTOB HAyYHOW ACSTEIBHOCTH B pamKax
npodeccuoHaIbHONH KOMMYHHUKAIUU

OIIK-3 Cniocoben BbIOUpaTh 1 (MIIN) OIIK-3.1 CrocobeH aHamu3upoBaTh 3ajady, MJIAHHPOBAThH
pa3pabaThIBaTh MOJIXO/BI K PEIICHHUIO TUIIOBBIX |IIyTH pEIICHHs, NpemiaraTh U KOMOWHHPOBAThH CIOCOOBI
Y HOBBIX 337134 B 00J1aCTH MPO()ECCHOHATBHON | pereHusI

JEATEIILHOCTH, YYUTBIBAsi OCOOCHHOCTH 1
OrpaHUYCHUS PA3IMYHBIX METOIOB PELICHHS

OIIK-4 Crioco0eH ycIenHo peain30BbiBaTh OIlK-4.2 CrocobeH TpUMEHSTh 3HaHWS B 0O0NacTH
pelIeHne MOCTAaBICHHOH 3a/1a4H, TIPOBECTH (U3UKO-MaTEMaTHYECKUX HAyK JUIS PEIICHHUS TIOCTaBICHHOM
aHaJIN3 pe3yabTara U MPeACTaBUTh BBIBOBI, 3a1au¥, (POPMYJIHPOBAHUS BHIBOJOB M OLIEHKH MOJYyYEHHBIX

MNPUMCHASA 3HAHUS U HABBIKA B obmactu PE3YJIbTAaTOB




(hM3UKO-MaTeMaTHYECKUX HAYK H
WH(POPMAIIMOHHO-KOMMYHUKAIIMOHHBIX
TEXHOJOTHHA

OIIK-4.3 CnocobeH apryMeHTHpPOBAaHO BBIOMpAThH CIIOCOO
MPOBEICHUS] HAYYHOTO HCCIICOBAHUS

OIIK-5 CriocobeH 1 roTOB K ITOBBIILIEHHIO

kB (puKaIy, MpodeccuoHaITbHOMY POCTY U
PYKOBOJICTBY KOJIEKTHBOM B cepe cBoeit
poeCcCHOHaTBHON e TENBHOCTH, TOJIEPAHTHO
BOCIIPUHUMasI COIMAJIbHBIE, STHHUECKHE,
KOH(ECCHOHAIILHEIE U KYJIETYPHBIC PA3IHIUS

OIIK-5.1 Cnocoben paboraTb B KOJJIEKTHBE, TOJEPAHTHO
BOCIIPUHUMAs COIIMAJIBHEIE, ITHHYECKHUE,
KOH(ECCHOHAIBHBIC M KYJIBTYPHBIC Pa3IndHs

OIIK-5.2 Bnaneer
KOJUIEKTUBOM B
eI TEIIHbHOCTH

HaBBIKOM
chepe  cBoelt

PYKOBOJICTBA  MAaJIbIM
npodeccruoHambHOM

OIIK-5.3 CrpeMurcss K TIONXYYECHUIO HOBBIX 3HAHHM,

poQecCHOHAIBHOMY M TMYHOCTHOMY POCTY

[IK-1 Criocoben crtaBuTh, (hOpMaIN30BBIBATH U
pemars 3aJa4u, B TOM YUCIIe pa3padaThIBaTh U
UCCIIEI0BAaTh MaTeMaTHYECKUE MOJICIIN
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO
aHAJIN3UPOBATh HAy4YHBIE MPOOJIEMBI, TIOJTy4aTh
HOBBIC HAYYHBIC PE3yJIbTaThI

[MK-1.1 CrnocobeH HaxoauTh, aHAIM3UPOBATH U 0000IIATH
nHpOpMaNKIO 00 aKTyalbHBIX Pe3yJIbTaTax HCCIICIOBAHUN B
pamMKax TemaTHdeckoi o0macTu cBoed mpodeccHoHaTbLHON
JEATEIEHOCTH

[IK-1.2 CnmocoOeH  BbABHrarh  THUIIOTE3bl, CTPOHUTH
MaTeMaTHYeCcKue MOAEIM Ul OIUCAaHMA H3ydaeMbIX
SIBIICHUH U MPOLIECCOB, OLIEHUBATh KAYECTBO pa3paboTaHHOU
MOJENN

[MK-1.3 CnocobeH NpUMEHATh TeopeThueckne W (W)
JKCIIEPUMEHTAJIbHBIE METOJIbl MCCIEOBaHUN K KOHKPETHON

IMK-3 Cniocoben npodeccnoHaabHO paboTarh ¢
MCCIIEIOBATEIbCKAM H UCTIBITATEIIbHBIM
obopynoBanueM (MpruOOpaMH U yCTaHOBKAMH,
CTIeATN3UPOBAHHBIMH TAKETaMH PUKIIAHBIX
porpamm) B U30paHHON TpeMETHON 00JIaCTH

Hay4yHOM 3ajade M  MHTEPIPETUPOBATh  I10JIyYEHHbIE
pe3yabpTarhl

[IK-3.1 Ilonumaer npuHOUNBI pPabOTHl HCHOIB3YEMOIO
00opynoBaHUs (cienmanu3upoBaHHBIX [IaKETOB
MPUKIIAAHBIX TPOTPaMM)

[K-3.2 Criocoben MIPOBOANTD SKCIIEPUMEHT

(MozmenupoBaHUE) C HCIIOIB30BAHHEM HCCIEI0BATEIHCKOIO
o0opynoBaHus (ITAKETOB MPHUKIIAIHBIX IPOTPAMM)

[IK-3.3 CnocoOeH oOneHMBaTH TOYHOCTh IOJyYEHHBIX
AKCIEPUMEHTANIbHBIX (UMCIEHHBIX) PE3yIbTaToOB

3. IlepeyeHb NIAHMPYEMBIX Pe3yIbTATOB 00yUeHHUsI 0 AUCHMUILINHE (MOLYJII0)
B pesynbrare 0cBOGHHS AUCLUIIMHBI 00y4alOIINeCs JOIKHbBI

3HaTh:
* 3aKOHBI COXPAaHEHMs B PAMKax OJHOMEPHOH ra3oJMHaAMUKH;
* YCTPOMCTBO M XapaKTEPUCTHUKH ra30INHAMUYECKHX JIa36pOB TOMOT€HHOTO 1 CMECEBOTO THIIOB;
* YCTPOMCTBO M XapaKTEPUCTUKH XUMHUUECKUX KHCIOPOA-HOIHBIX Ja3€POB;
. MMETh TPEACTABICHHE O COOTHOLIEHUSAX MapaMeTpOB TEYEHHWS ra3a W JKUIKOCTH B paMKax
OJIHOMEPHOU ra30AuHAMUKH;
* UMETH NPEICTABICHNE O KHHETHKE PENAKCAIIMOHHBIX ITPOLIECCOB;
. UMETh TIPEJICTAaBICHUE 00 OKCIIEPUMEHTANbHBIX YCTAaHOBKAX M METOJax HCCIEA0BaHUI
ra3oJMHaMUYECKHUX JIA3€POB U XUMUYECKUX KUCIOPOA-HOIHBIX JTa3€POB.
YMETB:
* OILICHMBATh IapaMETPhI Fa30BbIX TEUCHUH B paMKaX OJHOMEPHOU ra30lMHAMUKH;
* BBIOMpATh MapaMeTphl Ul SKCIEPUMEHTAIBHBIX YCTAHOBOK;
* IIPOBOAWTH DKCIEPUMEHTAIIBHBIE N3MEPEHUS;
* M3J1ararb pe3yJbTaThl SKCIIEPUMEHTOB B BUJE HAyYHO-TEXHUYECKOIO OTYETA.
BJIaJIETh:

* METOHOJIOTHel BHIOOpa aleKBaTHBIX METO/IOB UCCIIEIOBAHUS;

* HaBBIKaMH CaMOCTOSTEIbHOM paboTHI B 1aboparopuu u MHTEpHETE;

* KYJNBTYpOH MOCTAHOBKH U MOAETHPOBAaHUS (U3NUECCKUX 3a7ad;

* OCHOBHBIMH HaBBIKaMH IPE/ICTABICHUS CBOMX PE3YyJIbTaTOB Ha CEMUHApax, KOH(EPEeHIHsAX;

* HaBBIKAMH OCBOCHMS 0OJIBIIOr0 0ObeMa HH(OpMAIH, BKIIIOYasi pabOTy C HAYYHOH JTUTEpaTypoii;
* OCHOBHBIMU HaBBIKAMH HAIIMCAHUS HAyYHBIX CTaTEH;

* MaTeMaTH4YEeCKUM MOJEIIMPOBaHHEM (PU3NICCKUX 3a7ad.

4. Coep:xanue TUCUMILIUHBI (MOYJIs), CTPYKTYPHPOBAHHOE 110 TeMaM (pa3iesiaM) ¢ yKazaHueM
OTBEJCHHOI'0 HA HUX KOJIMYECTBA AKAAEMHYCCKUX YACOB 1 BHI0B Y4eOHBIX 3aHATHI




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

TpyaoeMKoCTb IO BHIaM y4eOHBIX 3aHSATHH, BKITIOUAs
CaMOCTOSITENIbHYO paboTy, Jac.

No Tema (pa3nen) TUCIUTUTMHBI
Jlekrum | Cemunapsr | JlaGopar. paboTs Camocr.
pabora
1 lazonunamuka - Hayka O JBHXKCHHHU 1
ra3oB
2 ["a3oBbIe a3epbl, UX TUITBI 1 1 29
3 OnHoMepHass ra3oAMHAMUKa, 3aKOHbI | )
COXpaHeHHUs
4 Hexoropslie ¢popmyinbl TepMOAMHAMUKA 1 2 2
5 VYpaBHeHHEe »3HEprun B Oe3pa3MEpHOM 1 5
BUJIE
6 YpaBHEHUE OHHEPIUM B MEXAHUYECKOU | 1 )
¢dopme, ypaBHeHue bepaymim
7 Oo6mas popmyna pacxona 1 2
] CoOTHOIICHUSI HAa CKAaYKax YIUIOTHEHHS 1 5 )
(ymapHBIX BOJHaxX)
9 CooTHoLIEHHSsI HA KOCOM CKadKe 1 2
10 IIpyHIMI [OENCTBUSA Ta30QMHAMHYECKUX | 1 )
J1a3epoB
1 DHepreTuvyecKue XapaKTePUCTHKH 5
ra3oMHaMU4ECKUX JIa3€pPOB
12 OHepreTuyeckue XapaKTEPUCTUKU ) )
ra3oMHaMUYECKHX JiazepoB Ha N20
13 |XuMuKo-ra3oquHaMU4ECKHUE J1a3epbl 1 2
14  |I'ermepaTopsl CHHIJIIETHOTO KHCIIOPOAA 1 1 2
15 DHepreTuvyecKue XapaKTePUCTHKH 1 5
IeHEepaToOpPOB CUHIJIETHOI'O KUCIIOPOAa
16 Opranuzanus CMEIICHUT OTOKOB B | ) )
XUMHYECKUX KUCIOPOA-HOAHBIX JIazepax
17 DHepreTuvyecKue _XapaKTepHCTHKH 1 5
XUMHYECKUX KUCIOPOA-HOAHBIX JIa3epOB
18 l:IepCHeKTI/IBbI pasBUTHL  XUMHUYECKUX | 1 )
HOJHBIX J1a3epOB
Hroro yacos 15 30 45
Iloaroroska k sKk3aMeHy 0 gac.

Oobmas TpynoEMKOCTb

90 yac., 2 3au.ex.

4.2.

Coneprxanue JUCIUIUIMHBL (MOAYIS), CTPYKTYPUPOBAHHOE IO TeMaM (pazzeiam)

Cemectp: 1 (Ocennuii)

1. raBOIH/IHaMI/IKa - HayKa O ABWKCHUU I'a30B

BBenenmne. lazommHamuka - Hayka O JIBIDKCHHH Ta30B.
razonuHaMuku. CoBpeMeHHas «(pu3ndecKas» ra3oinHaMuKa.

2. I'a3oBbI€ J1a3ephl, UX THIIBI

Uctopust co3naHusi KIIacCHYECKOU




Ponp razoguHamMuku B Ja3epHbIX Iporeccax. Cxema razoguHamuyeckoro nasepa. Mcropus
ra30IMHAMUYECKOTO J1a3epa.

3. OnHoMepHas ra30AMHAMHKA, 3aKOHBI COXPAHEHUS
YpaBHEHHE COXpPAHEHUS MACChl. YPAaBHEHHE COXPAHEHHSI SHEPTHH.
4. Hexotopbie popMysibl TEpPMOAMHAMUKA

CoorHomienne  PobGepra  Mailepa.  Apmabarmueckuii  mpouecc.  YpaBHeHue  Ilyaccona.
Annabatudeckue COOTHOIIEHHS. BrIpaXkeHue i CKOpOCTH 3BYyKa.

5. YpaBHeHMe dHepruu B 6€3pa3sMepHOM BUJIC

VYpaBHenue odHepruu B Oe3pasmepHoM Buje. Yucnmo Maxa. KoaddummeHt ckopocTH.
W3osuTponmueckoe TeueHue. ['azonunamudeckue GpyHKIum.

6. YpaBHeHHE SHEpruy B MexaHH4YeCcKor ¢opme, ypaBHeHue bepnymim

VYpaBHeHUE SHEpruM B MexaHudeckoi (opme, ypaBHeHue bepHymnn. OyHKIMS TpPUBEACHHOTO
pacxona. @opmyia pacxona. M3amepeHne ckopocTy MoToka ¢ nomouisio Tpyoku Iluro. Ilpumenenne
(bopMyIIbI UIs 1aBIEHUS B IOTOKE.

7. Obmas popmyna pacxona
OOmas gpopmyna pacxona. 3aKOH COXpaHEHUs UMITysbca. Ero mpuMmenenue.
8. CooTHOIIEHN Ha CKauKax YMJIOTHEHUs (yIapHBIX BOJHAX)

CooTHolIeHUsI Ha CKayKaX YIUIOTHEHUs (yZapHbIX BosHax). [lorepu monHoro pasjieHHs B IIPSIMOM
CKauKe.

9. COOTHOIIICHHS HA KOCOM CKauKe

COOTHOIIIEHHUS HA KOCOM CKauKe. HOTepI/I IIOJIHOI'O JaBJICHUS B KOCOM CKayKe. Comna JJI1 YCKOPCHUSA
ra3zoBOro I1oroka. TeueHue moaorpeBaceMoro rasa 1o pr6e MOCTOSAHHOT'O CCUCHUA.

10. ITpuHnMI ASCTBHUS ra30AMHAMUYECKHX JIa3epOB

[IpuHiMn ~ OedCTBUSA  Ta30AMHAMMYECKMX  JIa3epoB. THIBI  ra3oJMHAMHUYECKHX  JIA3€pOB.
lazommHamuueckue Jlazepsl C 3apaHee IEpPEeMENIaHHOW cMechlo. TpeOoBaHUST K COIUIaM
ra3oMHaMUYECKHX JiazepoB. [IpeacraBienns o KUHETHKE ra30AMHaMUu4ecKux Jiazepos Ha CO2.

11. SHCpFeTI/ILIeCKI/Ie XapPaKTCPUCTUKHU ITa30AUHAMHUYCCKHUX JIa3CPOB

XapaKTGpI/ICTI/IKI/I JIa3¢pOB C 3apaHCC nepeMemaHHoﬁ CMCCBIO. HpI/IHLII/IH ,Z[eﬁCTBHH CMCCECBBIX
ra3soAMHaMHUY4CCKHX JIa3€pPOB. Tpe6OBaHI/Iﬂ K CUCTEMaM CMCIICHUA U CMCCCBBIM COIlJIaM.

12. DHepreTuvecKue XapakKTepUCTUKH ra30lnHaMUYeCcKUX JlazepoB Ha N20O

DHepreTHYeckre XapaKTepUCTUKH Ta30[AMHAMUYECKHX Ja3epoB cMeceBoro Tuma. JIpyrue
M3ITyYalOIINe MOJICKYJIbI.

13. XuMHKO-ra30IMHAMUYECKUE JIa3€Pbl



XUMUKO-Ta30IMHAMUYECKHE JIa3€phl. Hcnonp30BaHue ra30iMHAMHAYECKUX mpouecCOB B XUMHYCCKUX
Jia3epax. HpI/IHL[I/IH ,I[eI\/’ICTBI/ISI XUMHYCCKOI'O KHCJ’IOpOZ[—fIO,Z[HOFO Jia3epa. HpeI[CTaBJ'IeHI/Ie O KMHCTHKCE.

14. I'eHepaTopbl CHHIJIETHOTO KHCIIOPO/a

I'eneparopsl cuHIIIETHOTO KHcnopoxaa. [Ipuanun neiictBus. TpeGoBaHHS K TeHepaTopaM CHHIJIETHOTO
KHCJIOPOAA.

15. DHepreTHyecKre XapaKTepUCTUKN TeHEPATOPOB CHHIJICTHOTO KUCIOPO/Ia
CxeMbl OpraHn3aIiy HOTOKOB JKUIKOCTH U Ta30B.
16. Opranu3zanys cMeIIeHus MOTOKOB B XUMUYECKHUX KUCIOPOI-HOAHBIX Jlazepax

Opranuzanus CMEIIeHHsI TOTOKOB B XHMUYECKUX KUCIOPOJ-HOMHBIX Ja3epax. BiwsiHue crocoOoB
CMEIICHHS Ha YHEPTETUUCCKUE XapaKTepuCTUku. TpeboBaHNs K OpraHU3allii CMEIICHHUS.

17. BHGPFCTI/I‘IGCKI/IG XapPaAKTCPUCTUKU XUMHUUYCCKUX KHCJIOpOI[—ﬁOI[HBIX JIa3€poOB

OHepreTUYecKue XapakTePUCTUKH XHMHUYECKMX KUCIOPOXA-HOAHBIX J1a3epoB. 3aBUCHUMOCTH
JIa3epHBIX XapaKTEepUCTHUK OT pJasieHus. OOmme TpeOoBaHMS K KOHCTPYKLMH XHUMHUYECKOTO
KHCJIOpOJ- HoHoro sasepa.

18. IlepcrieKTUBBI Pa3BUTHUS XUMHUECKIX HOTHBIX JIa3epOB
[TpumeHeHHs 1 epPCIEeKTUBBI XMMUYECKUX HOIHBIX JIa3epOB.

5. Onucanue MaTepuaJbHO-TeXHNYECKOH 0a3bl, He0OXOIMMON AJIl OCYLeCTBJIECHHS 00pa30BaTEIHLHOIO
npouecca 1no JUCUUILInHe (MOIYJII0)

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

6.IlepeyeHnb pekoMeHyeMOii TUTEPATYPbI

OcHoBHas 1uTeparypa
1. I'H. AbpamoBuy, «IIpuknamHas ra3oBast TMHAMUKay, H3IaHUE TIsITOE, N3MaTenbcTBO «K HAYKAY,
1991.
2. JLA. JlJannay «MexaHuKa CIUIOIIHBIX cpemy, MOCKBa, rOCYAapCTBEHHOE U3aTEIbCTBO
TEXHUKO-TEOPETHUECKOM uTeparypsl, 1954.
3. Ix. Anaepcon «l"a3oguHaMu4YecKue 1a3ephl: BBeAECHUE», MOCKBa, n3narenscTBo «Mupy», 1979.

JomonaurtensHas nureparypa
1. O.B. Auacos, H.H. Kynpsgues, C.C. HoBuxos, P.1. Conoyxun, H.A. ®omun, «/luarnoctuka
HEPaBHOBECHBIX COCTOSIHUI B MOJICKYJISIPHBIX Jia3zepax», MUHCK, U31arenbcTBO «Hayka u TeXHUKaY.
1985.
2. lon penaxuumeii F.Gross, J.F. Bott, «Xumnueckue na3eps» M3narensctBo «Mupy, Mocksa, 1980.
3. B.K.AGnexos, 10.H.leancos, B.B.[lpomkun, nox penakiueii akagemuka B.C.ABxyeBcKoro
«Xumuueckue nasepol», Atomusnar, Mockaa, 1980.
4. LR. Hurle, A.Hertsberg, Physics of Fluids 8, Ne 9, 1601 (1965).
5. B.K.Kontoxos, A.M.IIpoxopoB Crioco6 monyyeHust HHBEPCUH 3aCEIIEHHOCTH, ABTOPCKOE
cBuyieTenbeTBO Ne 223954, mpuoputer ot 19.11.1966, bromierens nzodperenunit Ne 25 (1968).

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



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

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

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

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

5. http://ufn.rw/ «Yenexu Gpusndeckux HayK» 0030pbI MO aKTyalIbHBIM (pru3mueckuM npobieMam

8. IlepeyeHb HHPOPMALMOHHBIX TEXHOJIOTHIi, HCIIOIb3yeMbIX NPH OCYLIECTBICHUU 00Pa30BaTeJIbHOIO
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), cofepramux Bu3yaabHbIH MaTepua s
JIEKIMH B BUJIEC IPE3EHTALNH, a TaK)Ke PU HEOOXOIUMOCTH CIIEIUATN3UPOBAHHBIX HAYYHBIX
pedepupyembix xkypHanos: poccuiickux (YOH, XKOTO, 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 dyepe3 Internet. s
KOHTPOJISI ¥ KOPPEKIUH 3HaHUH 00y4YaIOMmUecs MOTYT HCIIOIb30BaTh KOMITBIOTEPHOE TECTHPOBAHNUE, B
TOM YHCJIe Ha TOpTajie WWW.i-eXam.ru.

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

CTyneHT, M3ydalolMi AMCHUIUIMHY, IOJDKEH, C OJHOW CTOPOHBI, OBJIAJETh OOLIMM IOHATHUHHBIM
anmnapaToM, a ¢ Jpyroil CTOPOHBIL, JOKEH HAyUUThCS IPUMEHATh TEOPETUUECKUE 3HAHUS Ha MPAKTUKE.
B pesynbrare u3ydeHus TUCUUIUIMHBI CTYIEHT JOJDKEH 3HaTh OCHOBHBIE MOHATHS U MOAXOIb! K (PU3UKE
JIa3epOB, 3HATH OCHOBHBIE MOJENN M UX HEJAOCTATKHU U JTOCTOMHCTBA, IPUMEHATH NOJyYEHHbIE 3HAHUA
JUIsl pEeLIeHNs PA3JIMYHbIX 3a7ad.

VYenemHoe OocBOeHHME Kypca TpeOyeT HampspDKEHHOW —caMOCTOSTENbHOW  paboThl  CTYIEHTA.
CamocrosiTenbHas padoTa BKIIIOUAET B ceOs:

— npopaboTKy ydeOHOro Mmarepuana (10 MarepuaiaMm JeKIMH B BHIEC MPE3CHTAlMU), MOATOTOBKY
OTBETOB HAa BONPOCHI, MPEAHA3HAYEHHBIX MJI1 CaMOCTOATEIBHOIO H3Y4YEHMs, J10Ka3aTelbCTBO
OTJIEJIbHBIX YTBEPKICHUM, CBOICTB;

— pelleHue 3a/1a4, peAIaraéMblX CTyIEHTaM Ha JIEKLUAX U IPAKTHYECKUX 3aHATHSIX,

— MOJTOTOBKY K MPAaKTHYECKUM 3aHATUAM, TupdepeHmpoBaHHOMY 3a4ETYy.

PykoBOJACTBO W KOHTPOJIb 32 CaMOCTOATENBHON pabOTOH CTyJeHTa OCYIIECTBIsAeTCS B Qopme
VHIUBUAYaJIbHBIX KOHCYIBTAlUN WM KOHTPOJIA.

[Ipu moaroroBke K MpakTHYECKUM 3aHSATHSIM HEOOXOAMMO MOBTOPATH paHee M3Y4YCHHbIM Marepuai. B
Hauaje 3aHiITHSA, KaK MPaBHJIO, MPOBOAUTCS KopoTkui (10-15 MuHYT) ompoc Mo Marepuany
MPOLICAIINX 3aHATUH B YCTHOM WJIM NHCbMEHHOW ¢opme. Tak Kak BaKHO HOOUTHCS NMOHUMAaHHS
M3y4aeMoro Marepuana, MpH 3aTpyJHEHHH B BOCHPHUATHM MaTepuana CTyIEHTaM PEKOMEHIyeTCs
o0pamarscs 3a KOHCYJAbTAlUsIMH K MPETo1aBaTelIio.

ITpoMe:KyTOYHBIH KOHTPOJIb 3HAHWH MPOBOJUTCS B BUJE 3aUeTa, HA KOTOPOM CTYICHTY Ipeasiaraercs
MUCBMEHHO OTBETUTH HA TEOPETHUYECKUN BOIMPOC, PEIIUTH OJHY 3aJa4y U OTBETHTh Ha BOIMPOCHI 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 IpOMEXKYTOUHOH arTecTanuu: 1 (ocenuuil) - JluddepeHupoBanHbiii 3a4eT

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 n3ydeHus AuCIUIUIMHBL «DU3KKa j1a3epoBy 00yJatONUiCs JOKEH:

3HATh:
* 3aKOHBl COXPAaHEHMs B PAMKax OJHOMEPHOH ra3oJUHaMUKH;
* YCTPOMCTBO M XapaKTEPUCTHUKH ra30lMHAMUYECKHX JIa36pOB TOMOT€HHOTO 1 CMECEBOTO THIIOB;
* YCTPOMCTBO M XapaKTEPUCTUKH XUMHUUECKUX KHCIOPOA-HOIHBIX JIa3€POB;
. MMETh TPEACTABICHHE O COOTHOLIEHUSAX MAapaMeTpOB TEYEHHUS raza M JKUIKOCTH B paMKax
OJTHOMEPHOU ra30MHAMUKH;
* UMETH NPEICTABICHNE O KHHETHKE PENAKCAIIMOHHBIX ITPOLIECCOB;
. UMETh TIPEJICTAaBICHUE 00 OKCIEPUMEHTANbHBIX YCTAaHOBKAX M METOJax HCCIEA0BaHUI
ra3oJMHaMUYECKHUX JIA3€POB U XUMUUYECKUX KHUCIOPOA-HOIHBIX JTa3€POB.
yMeThb:
* OILICHMBATh TapaMETPhI Fa30BbIX TEUCHNUH B paMKaX OJHOMEPHOW ra30lMHaMUKH;
* BBIOMpATh MapaMeTphl Ul SKCIEPUMEHTAIBHBIX YCTAHOBOK;
* TIPOBOIWTH DKCIEPUMEHTAIBHBIE N3MEPEHUS;
* M3J1ararb pe3yJbTaThl SKCIIEPUMEHTOB B BUJE HAyYHO-TEXHUYECKOIO OTYETA.
BJIaJeTh:
* METOJOJIOTHEel BHIOOpa aIeKBaTHBIX METOMIOB UCCIIEOBAHUS;
* HaBBIKaMH CaMOCTOSTEIbHOM paboTHI B 1aboparopuu u MHTEpHETE;
* KYJNBTYpOH MOCTAHOBKH U MOAETHPOBAaHUS (U3NIECCKUX 3a7ad;
* OCHOBHBIMH HaBBIKaMH IPE/ICTABICHUS CBOMX PE3YyJIbTaTOB Ha CEMUHApax, KOH(EPeHIHsAX;
* HaBBIKAMH OCBOCHMS 0OJIBIIOr0 00ObeMa HH(OpMAIHH, BKIIIOYasi paboOTy C HAYYHOH JTUTEpaTypoii;
* OCHOBHBIMU HaBBIKAMH HAIIMCAHUS HAyUHBIX CTaTEH;
* MaTeMaTH4YEeCKUM MOJEIMPOBaHHEM (QU3NICCKUX 3ajad.

3. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIPOCOB, 3aJaHHI1, TeM JJIsl IOATOTOBKHU K TeKylleMy KOHTPOJII0

Hepequb KOHTPOJIbHBIX TCM:

1 Tema. HpI/IMeHeHI/Ie 3aKOHOB COXpAaHCHUA IJId OLICHKHU IMapaMCTPOB OJHOMCPHBIX I'a30BbIX ITOTOKOB.
2 Tema. Ucnonn3oBaHue ra3soAMHaMHUYCCKHUX (1)YHKI_H/II\/’I B 3a1a49ax ra3oauHaMHKH.

3 Tema. OLIGHKa mapaMeTpoOB TCUCHUS C HAJIMYUCM CKAYKOB YIIJIOTHCHUS.

4 Tema. OueHka mapamMeTpoB KOHCTPYKIMHU Ta30[IMHAMHUYECKAX M XHUMHYECKUX KHUCIOPOI-HOIHBIX
J1a3epoB.

4. lepeyens TUNOBBIX (MPUMEPHBIX) BOIMPOCOB U TeM JIJIsl IPOBeAeHUs IPOMEKYTOUHOI aTTecTalluu
oOyuaroumuxcst

Ha nuddepenunpoBanHoM 3adere CTyIeHTY JOCTaeTcs OWIIET, Tae eMy IpeaiaraeTcs:
1) TMCbMEHHO OTBETUTH HA TEOPETUUECKHIA BOIIPOC;

2) pemnTh OJHY 3a1auy;

3) OTBETHUTDH Ha BOIIPOCHI IO TEME Kypca.

Teopetnueckuii Bonpoc BbIOMpaeTcs n3 HaOopa KOHTPOJBHBIX TEM, MPUBEICHHBIX B MPUKPEIIIEHHOM
¢aite. 3agaya BbIOMpaeTCcss U3 CIMCKAa KOHTPOJIBHBIX 33/a4, IPUBEACHHBIX B MPUKPEIJICHHOM (haiine.
Hexotopble U3 JONOIHUTENBHBIX (YTOYHSIOMINX) BOIPOCOB MPUBECHBI B IPUKPEIUICHHOM (aiiie.

Kpurepun onennBanus

Onenka ormuuao 10 OamnoB - BBICTABJISIETCSl  CTYACHTY, IIOKa3aBIIEMy BCECTOPOHHHUE,
CHUCTEMaTU3UpPOBaHHbIC, [IyOOKHE 3HAaHUS Y4YEOHOW NPOrpaMMbl TUCLMIUIMHBI, MPOSBIAIOMIEMY
MHTEpeC K JaHHOW MPeAMETHOH 001acTH, MPOJEeMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPYECKU
MPUMEHSTh UX Ha MPAKTHKE NP PElICHUH KOHKPETHBIX 3aa4, CBOOOTHOE U PaBUIbHOE 0OOCHOBaHHE
HNPUHATHIX PELICHAMN.



Ouenka ommmMyHO 9 OamuoB -  BBICTABISETCA  CTYHACHTY, IIOKa3aBIIEMy BCECTOPOHHHE,
CHCTEMaTH3UPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW HpOrpaMMbl JUCLUUIUIMHBI U YMEHUE YBEPEHHO
MPUMEHATh X Ha NPAKTHKE MPU PeIIeHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHHUE
MPUHATHIX PELICHUH.

Onenka OmIMYHO § Oa/uIOB -  BBICTABISCTCS  CTYIEHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, ITyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
MPUMEHATh UX HAa MPAKTUKE NPU PELICHUH KOHKPETHBIX 3ajlad, NPaBUIIBHOE 00OCHOBAHHE MPUHATBHIX
peleHui, ¢ HEKOTOPbIMU HEOUETAMH.

OHGHKa XOpouIo 7 0alIoB - BEICTABISACTCS CTYACHTY, €CJIKM OH TBCPAO 3HACT MATCPpHAJI, TPAMOTHO U I10
CylmIeCTBY H3Jiarac€t €ro, ymMeCcT NPUMCHATH IIOJTYUCHHBIC 3HAHUA HaA IPAKTUKE, HO HEAOCTATOYHO
rpaMOTHO 000CHOBBIBAECT MOJIYYCHHBIC PC3YJIbTAThI.

Ouenka xopoio 6 6ajIoB - BBICTaBISAETCS CTYIACHTY, €CIIM OH TBEPO 3HAET MaTepHaj, IPaMOTHO H I10
CYILLECTBY M3JIaraeT €ro, yMeeT NPUMEHATh MOJIYyYEHHbIC 3HAHUS HAa MIPAKTHKE, HO JOIYCKAET B OTBETE
WM B PELIEHUHU 3a7jad HEKOTOPble HETOYHOCTH.

OHGHKa XOpo1Io 5 0alIoB - BEICTABIAETCS CTYACHTY, €CJIK OH B OCHOBHOM 3HACT MAaTCpuall, rpaMOTHO
1 IO CYHIECTBY HU3JIaracT €ro, yMeeT NPUMCHATH IMOJYUCHHBIC 3HAHUA Ha IPAKTHUKE, HO JOIIYCKAcT B
OTBCTC WJIM B PCUICHUU 3a1a4 JOCTATOYHO 0OJIBIIIOE KOJIMUECTBO HETOUHOCTEH.

OneHka ymoBIETBOPUTENbHO 4 Oanya - BBICTABISETCS CTYIEHTY, MOKa3aBIIeMy (parMEeHTapHBIH,
pa3pO3HEHHBII XapakTep 3HAHUM, HEJAOCTATOYHO MpaBHUJIbHBIE (OPMYIUPOBKH 0a30BBIX MOHITHH,
HapyLIeHHs JJOTHYECKOW MOCIIEN0BATEILHOCTH B U3JIOKEHUH MPOrPaMMHOTO MaTrepuaia, HO IPU 3TOM
OH OCBOWJI OCHOBHBIC Pa3Jieibl yueOHOW NMpOrpaMMBbl, HEOOXOAMMBIE Ul JaJbHEHIIero oOy4eHus, U
MOJKET IPUMEHSTH MOJy4YeHHbIE 3HAaHUA 110 00pa3iy B CTAHJAPTHON CUTYyalLlnH.

OreHka yIOBICTBOPUTEIBHO 3 Oamia - BBICTABISIETCS CTYICHTY, MOKa3aBIIEeMY (parMeHTapHBIH,
pa3po3HEHHBIH XapakTep 3HaHWM, JOomycKaronlemy OmHOKH B (GOpMyIrpoBKax 0a30BBIX MOHATHH,
HapyUICHUS JIOTHYECKOW ITOCIEeIOBAaTEIbHOCTH B H3JIOKECHUHM IPOTPAMMHOTIO Marepuaia, ciabo
BJIaJICET OCHOBHBIMH pa3JieiaMH y4eOHOH MpOorpaMMbl, HEOOXOIMMBIMH JUIsl AabHEHIIero o0yueHus u
C TPYAOM IIPUMEHSET MMOJTYYCHHBIC 3HAHUS JJa)Ke B CTAHAAPTHOW CHUTYAIIHH.

O1reHKa HEYIOBIECTBOPUTENBHO 2 Oaluia - BHICTABISCTCS CTYACHTY, KOTOPBIA HE 3HAET OOJIBIICH YacTh
OCHOBHOTO COZEp)KaHUsl Y4eOHOW IpOrpaMMbl JUCHHIUIMHBL, JIONMYCKaeT TIpyOble OMMOKH B
(OpMyITHPOBKaX OCHOBHBIX NMPHHIUIIOB U HE YMEET UCIIOJIb30BATh ITOJyYCHHBIC 3HAHHS TIPH PEIICHUN
THUIIOBBIX 33]1a4.

OueHKa HEyIOBJIETBOPUTENBHO | 0ai - BBICTABISACTCS CTYACHTY, KOTOPHIH HE 3HAET OCHOBHOIO
coziepKaHusl yu4eOHOW MpOrpaMMBbl TUCHUIUIMHBI, JOIyCKaeT rpyOeiinne ommOKd B (popMyITupoBKax
0a30BBIX NOHATHH JUCHUILIMHBI U BOOOIIE HE MUMEET HAaBBIKOB PEIICHHs THUIIOBBIX IMPAKTHYECKUX
3ajad.

5. MeTonuueckune MaTepuasbl, onpeaeasonie NPpoueaypsbl OeHUBAHUA 3HAHUI, YMEeHH i, HABBIKOB H
(W1M) oNbITA AESITEILHOCTH

JuddepeHnmpoBaHHblli 3a4€T MPOBOAUTCS B YCTHOH Qopme mo Owneram. B kaxaom Ounere
NPE/ICTaBICHBI OJWH TEOPETHYSCKU BOMPOC, OIHA 3a/ada ¥ OAWH YTOYHSIOUIMH BOIPOC IO TEeMe
kypca. [Ipu nposenennn muddepeHunpoBaHHOro 3auera odyvaromemycs npeaocrasisercs 30 MUHYT
Ha MoAToTOBKY. Orpoc 00y4aromerocsi He J0JHKEH MPEBbIMIaTh OHOTO aCTPOHOMUYECKOTO Yaca.



HpOMe)KyTO‘IHaH arrecranusga
Ha nmuddepennnpoBanHoM 3aueTe CTYIEHTY A0CTACTCs OUIIET, TAe eMy MpeaiaracTcs:
1) mMCbMEHHO OTBETUTH HAa TEOPETUUECKHI BOMPOC;
2) pewmuTh OJHY 3aJ1auy;
3) OTBETUTH Ha BOIIPOCHI 110 TEME Kypca.

Teoperuueckuii Bonpoc BbIOMpaeTcst u3 Habopa KOHTPOJIBHBIX TEM, IPUBEICHHBIX HIKE. 3a1aua

BbIOMpAeTCsl M3 CIMCKAa KOHTPOJBHBIX 3a/Jay, IPUBEAECHHBIX HIke. Hekoropele wu3
JIOTIOJTHUTEIBHBIX (YTOUHSIOLINX ) BOIIPOCOB IIPUBEIEHBI HUXKE.

Ilepeyenn TeopeTHYeCKMX BONPOCOB:

1. YpaBHEHHE HEPA3PBIBHOCTH.

2. [IpyHuMn nefcTBUS ra30JMHAMUYECKOrO Jla3epa CMECEBOIO THUIA U €ro OCHOBHbBIE
XapaKTePUCTHUKHU.

3. 3aKOH COXpaHEHHsI SHEPTUU JJIsl CTPYHKHU TOKa B OJTHOMEPHOM TEUCHUU.

4. BriBoa (hopmyiibl ra30Boro pacxojia Aisi IpOU3BOIBHOTO CEUECHHUS.

5. Opranu3zaiys CMeIeHHs ra30JMHAMUYECKUX JIA3€POB CMECEBOI0 THIA U UX JOCTOUHCTBA
U HEIOCTaTKU. DHEPreTUYECKUE XapaKTePUCTUKH ra30IMHAMUYECKUX J1a3€POB CMECEBOT0 THUIIA.
6. ["azonunamuueckue pyHKUNU T, TT, €, (, BBIBOJ.

7. [TpuHIMIT NEHCTBUSA KUCIOPOA-MOAHOTO Ja3epa U €r0 OCHOBHBIE XapaKTEPUCTUKH.

8. Bb1Boz1 BbIpaykeHUS 17151 CKOPOCTH 3BYKa.

9. [IpuHuMn neicTBUS ra30AMHAMUYECKOTO JIa3epa U €ro SHEPreTHUYECKUE XapaKTEPUCTUKH.
10.  T'enepaTopbl CHHIJIETHOTO KHCIOPOAA

11.  BeBog cooTtHomenus Pobepra Maiiepa.

12. TpeGoBaHus K CUCTEME CMELICHUS ra30BBIX J1a3€POB CMECEBOT0 TUTIA (Ta30JUHAMHYECKHX,
XUMUYECKHUX ).

13.  TpebGoBanus K OpraHH3alM{ MOTOKOB ra3a W KUAKOCTH B TE€HEpAaTOpax CHHIJIIETHOTO

KHUCJIOPOJIa B XUMUYECKUX KUCITOPOI-HOTHBIX Jlazepax.

14. Jlokazath, YTO i JOCTHIXKEHUS CBEPX3BYKOBOW CKOPOCTH Ta30BOTO IOTOKa 0O€3
MOJIOTPEBa U COBEPIIEHUS HaJI HUM paOOTHl HEOOXOIMMO CHavaa Cy>KeHHe, a TOTOM paclIupeHue
MOTOKa.

15.  Tumnsl reHepaTOPOB CUHIJIETHOTO KUCIOPOAA B XUMHUECKUX KUCIOPOA-HOIHBIX Jla3epax 1
UX XapaKTePUCTUKH.

16.  3akoH coxpaHeHus ummnyinsca. ClelcTBUE U3 3aKOHA COXPAHEHUS UMIYIbCA AJI TEYCHHUS
B TpyO€ MMOCTOSIHHOTO CEYEHUSI.

17. Croco05n1 oprann3alv CMCUICHUA Ira30B B Ira30AMHAMHWYCCKUX U XUMHUYCCKUX Ta30BbIX
naszepax. [IpenmyinecTBa U HEIOCTATKU.

18.  VYnapHuas agmabata. BeiBog popmyIibl.

19. s gero HyxeH nuddyzop B razoanHaMuyeckux Jsazepax? Ha kakom mpuHIUIE OH
pabotaet?

20.  BweiBog ypaBHeHus bepnymnu.

21. TpeboBanus K TeHEpPaTOpPaM CHUHTJIETHOTO KUCIOPOJa B XUMUYECKUX KHCIOPOA-HOIHBIX
Jazepax.

22. [IpuHIMT  1EMCTBUS XUMHUYECKUX KHUCJIOPOA-HOAHBIX JIAa3€pOB. DHEPreTHUYECKHUE

XapaKTECPHUCTHUKU. HpeHMYH_[eCTBa M HCJAOCTATKH IO CPAaBHCHUIO C JIa3€paMUu JPYIrux TUIIOB



3anauu k U PepeHUNPOBAHHOMY 3a4eTy:

1. [locTpouth moOJIOKEHHE 3BYKOBOH BOJHBI B MOMEHT BpeMmeHu t=1,2,3 cex or ee
BO3HUKHOBEHHUS Ul CJIy4yaeB, KOrJa 3BYK pacHpOCTpaHSAETCS B Cpele, MABIKYILEHCS CO
CKOPOCTBIO:

a) V=0, 6) V= g ,B) V=D,1) V=2D,rne D — ckopocTs 3ByKa.

OnpenenuTs MoI0KeHHE OTHOAIONIeH 3BYKOBBIX BOJIH.

2. 3BYK pabOThI IBUTATENs 3apETUCTPUPOBAH depe3 2,15 cek mocie mposiera caMmoseTa HaJl
NYHKTOM peructpanuu. Onpenenuts CKOpoCTh CaMoJieTa, €ClIi BeicoTa nosera H =1xm.

3. Omnpenenuth MakCUMaJbHYIO CKOPOCTb IIOTOKA BO3JyXa, IPU KOTOPOH eIe MOXKHO
paccMaTpuBaTh BO3AYX KaK HEC)KMMAeMyl JKUAKOCTb, €CIM JONYCTUMO IpeHeOperarb
U3MEHEHHEM IUI0THOCTH 10 1%. [lapaMeTpbl TOpMOKEHHsI CTaHIapPTHBIE HA YPOBHE MOPSI.

4. Ha Beicore H =11xm camoner moctur ckopoctu 300M/cek. C Kakoii CKOPOCTBIO
IIPOMCXOUT IOJIET: C 103BYKOBOI MIIM CBEPX3BYKOBOI1?

S. Jlo 1 1mocie M33HTPOIUYECKOro CKaTHs B HEKOTOPOM 00bEeMe BO3/yXa MPOU3BENIEHBI
U3MEpPEHUsi CKOpPOCTH 3ByKa. OmpenenuTh Ha CKOJIBKO M3MEHWJIACh IJIOTHOCTh BO3[yXa, €ClU
CKOpOCTh 3ByKa Bo3pocia Ha 3%. OnpeaenuTs W3MEHEHHEe TUIOTHOCTH BO3/AyXa MOCie yJapHOH
BOJIHBI, €CJIM CKOPOCTb 3ByKa Bo3pocia Ha Te ke 3%.

6. B nByx monerax Ha BeicoTe 12 KM MaxmMeTp nokasbiBan yucio M nozera 2.1. B nepsom
cilydae TeMIieparypa Bo3ayxa oTiaudanachk oT cranaapTHoi Ha +15°C, B npyrom —Ha -15°C. HaliTu
pa3sHUIly UCTUHHBIX BO3AYIIHBIX CKOPOCTEH B MOJIETaX.

7. B moToke 06e3 yaapHBIX BOJIH MaxXMETp MOKa3bIBaeT B OJTHOW TOUKe yros Maxa 27,7°, B npyroi
- 35,8°. KakoBO COOTHOIIEHNE MEX/1y CTATUUECKUMH JaBJICHUSMH B 3THX TOUKAX?

8. Haiitu ckopocTh 3ByKka, uncia M u A aig CTpyd BO3AyXa, BRITEKAIOIEeH U3 OajloHa co
CKOpPOCTBIO, paBHOW TIOJOBHHE MaKCHUMAJIIBHOW TEOPETHYECKOH CKOPOCTH HWCTECUYCHHS.
Temneparypa B 6ayone 127°C.

9. Kakyro MakcuManbHyI0 CKOPOCTh BO3JlyXa MOKHO MOJYYHUTh B CBEPX3BYKOBOH TpyOe 6e3
MIOJIOTPEBA, €CITH YUECTh, YTO BO3IYX CXKIKaeTcs rpu 1 =78°K?

10.  IlocTpoWTh 3aBUCHMOCTH CKOPOCTH MOTOKA HAa BBIXOJIE M3 CYXAIOIIErocsi KOHUYECKOTO
coruIa OT JaByieHHs B OayioHe (HaumHas oT 10 atm abc¢.), eciy BO3AyX MCTEKaeT U3 OajioHa B
aTMocdepy U Temrieparypa Bo3ayxa B 6amione - 300°K.

11.  OmnpenenuTth CKOPOCTH CaMOJIETa, TEMIIEPATYPY BO3/1yXa 32 OOPTOM U BBICOTY 0JIETA, €CIH
TEpPMOJIaTUMK, YCTaHOBJIEHHBI Ha HOCY caMmolieTa MOKa3bIBaeT Temieparypy To, TpyOka IIuto
JTaeT CTaTHYSCKOE U ITOJIHOE aBJICHUS, COOTBETCTBEHHO, Pcr 1 Po.

12.  BwIBeCTH COOTHOWICHHS JUISI OMpPEENICHHs] CKOPOCTH CBEPX3BYKOBOTO CaMOJIETa IIO
noka3anusM aaryuka [Tuto. Hanucars nporpammy (B MATCADe) ans onpeneneHust CKOPOCTH.
13. Commo JlaBanst paboTaeT B JOKPUTHYECKOM peXHMMe. B MUHHMAaTbHOM CEUYEHHMH COTLIA
P1=0,8 arta, B cpenme, Kyga NpPOMCXOIUT HCTeueHHe ra3a paasineHue Ps=larta. Ilmomanu
MHHHMAIbHOTO ¥ BBIXOJHOTO cedeHumit comna pasubl 0,1m% u 0,15M2, cootBeTcTBeHHO. HaiiT
6e3pazMepHble CKOPOCTH B MUHUMAJIBHOM U BBIXOJJHOM CEYEHHUSX.

14.  Hcreuenue Bo3ayxa u3 OaysioHa B aTMocdepy NpPOUCXOAMT dyepe3 corio Jlapans.
Temmneparypa Bo3ayxa B 6ayone pasHa 27°C, naBnenue paBHo 0.5 atu. OTHOIIEHUE BBIXOAHON



IUIOUIA/I COIJIa K MUHUMAJIbHOM paBHO 2. OnpeneinuTb CKOPOCTh MOTOKA Ha BBIXOJIE U3 COILIA.
TpeHueM u IpyruMu MOTEPSIMU B COTLIIC IPEHEOPEYb.

15. Hcreuenne Bo3myxa w3 OamuioHa B arMocdepy MPOUCXOMUT dYepe3 coruto JlaBais.
Temmnepatypa Bo3nyxa B 6amuione paBHa 27°C, naBnenue paBHo 10 ara. OTHOIIICHHE BBIXOIHON
MJIOIIA/IU COTIa K MUHUMAIbHOUM paBHO 2. OnpeieuTh CKOPOCTh MOTOKA U JaBJICHUE B CTPYE Ha
BBIXOJI€ U3 coIula. TpeHuem u IpyruMu rnoTepsMu B COILIE MpeHeOpeyb.

16.  OueHuTH CKOPOCTh OXJIAXKICHHUS raza B MOTOKE Yepe3 COIUIO ra30AMHaMUYEeCcKOro Jia3epa
(B rpan/cex). Temneparypa rasza nepen coriom To=2673°C. Comio paccunTaHo Ha yuciio Maxa
M=5.9. BeicoTa kpuTHueckoro ceucHus cormia he=0,3mMM. CunrtaTh [uHHY coria paBHOi ~10hr.

IlepeyeHb TOMOJIHUTEIbHBIX (YTOUYHAKIIMX) BONPOCOB JJIA caaun 1u¢depeHiupoBaHHOIO
3a4yera:

[MazoanHamMuka cTalluOHAPHBIX TOTOKOB.

3aKOHbl COXpPAHEHHUS, TEPMOJUHAMUYECKHE COOTHOLIECHUS MapaMeTpOB Ta30BbIX I[OTOKOB,
COOTHONIEHUS HA CKAYKaX YIUIOTHEHUS.

["azomuaamudeckue nazepst (I'J1J1).

I'/IUT ¢ 3apaHee nepeMenIaHHON ra30BOM CMECHIO.

KoHcTpyKinu uccneaoBaTeabCKuX YCTAaHOBOK U TpeOOBaHMSI K T€OMETPUU COIL.

VY nenpHbIe SHEPTETHUYECKUE XapPAKTEPUCTHKH.

['JIJI ¢ ceneKTUBHBIM BO30YKICHHEM.

CpaBHEHHE YIEIbHBIX HHEPreTUUECKUX XapaKTEPUCTHK JIA3€pOB C PA3IUYHBIMUA CXEMaMU
CMEUICHUs1, TPUMEHSAEMBIMHU B SKCIIEPUMEHTAX Pa3IUYHbIX aBTOPOB.

[IpencraBieHne 0 XUMUYECKUX KUCIOPOA-MOIHBIX J1a3€pax, UX JIEMEHTaX.

Pa3nuuHble TUIIBI TEHEPATOPOB CUHIJIETHOTO KUCIOPOAa.

Oco0eHHOCTH MTOTOKA PEIAKCUPYIOIIETO rasa.

CpaBHenue 3pPeKTUBHOCTU Pa3TMUYHBIX KOHCTPYKIIUIL.

TpeOoBanwMs K TapaMeTpaM JTa3ePHBIX YCTAHOBOK.

00630p UCTOPUH TA30MHAMUYECKUX U XUMHUYECKHUX KHUCIOPOI-HOTHBIX JIa3epOB.

CoBpeMeHHOE COCTOSIHHE MPoOIIeMbl, Kak B Poccuu, Tak U B MUpe.



