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: ®dusnka 1a3epos
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, hopMbl IpOMEXKYTOUHOH arTecTauuu: 1 (ocennuil) - JuddepennupoBannslii 3a4eT

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

CamocrositensHas padora: 45 yac.

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

[Iporpammy cocrtaBui: Bb.A. BrickyOeHKo, KaH[. (pu3.-Mat. HayK

[Iporpamma obcyxneHa Ha 3acefannu Kadeapsl podiieM HHEPIIMOHHOTO TepMosiepHoro cunte3a 04.04.2022



AHHOTANMA

Kypc «®usuka na3epoB» AaeT BO3MOXKHOCTb B CXarol M JOCTYHHOM (opMe MOIYUYUTH MPEACTaBICHHE,
BO-TIEPBBIX, O KJIACCUYECKOW ra30MHAMHKE, BO-BTOPBIX, 00 0COOEHHOCTSIX IBMKCHHS HEPABHOBECHBIX I'a30B
U JTa3€pHON KUHETUKE U O BIMSHHUM ra30JUHAMUYECKUX MPOLIECCOB HAa XapaKTEPUCTHKH Ta30BbIX JA3€POB, a
TaKKe 03HAKOMUTDH OyIyIIHX CIIEIHAIMCTOB C IKCIIEPUMEHTAIBHBIMHU HCCIEI0BAHUAME Ta30MHAMHYECKUX U
XUMHUYECKUX KHUCIOPOA-HOOHBIX JIa3epoB. JlatoTcs OCHOBBI Ta30JWHAMHUKHA CTAlMOHAPHBIX IIOTOKOB.
N3yuaroTcsi 3aKoHBI COXpaHEHUs, TEPMOAMHAMUYECKHE COOTHOILEHHUsS I1apaMeTpOB Ta30BbIX IIOTOKOB,
COOTHOILIGHUSI Ha CKadkax yiuioTHeHus. [laercs mpencraeneHue o razoguHamudeckux jazepax ([/1JD).
Paccmarpusarorces ['J]J1 ¢ 3apanee nepemeniaHHOM Ta30Boii cMechio. O0CYKIA0TCs pa3THYHbIe KOHCTPYKIIUU
HCCIICAOBATEIbCKIUX yCTAaHOBOK W TPeOOBaHUS K T€OMETPHM COIUI. BBOISTCS yaenbHbIE SHEPreTHUECKHE
xapaktepuctuku. UWsyuatorcss [JIJI ¢ cenektuBHBIM  BO30ykacHUEeM. CpaBHHBAIOTCS  yNEJlbHEIC
SHEPreTUYECKUE XapaKTEPUCTHUKU JIa3epOB C PA3NMYHBIMM CXEMaMH CMEIICHUS, NPUMEHSEMBIMH B
IKCTIEPUMEHTAX pa3IndHbIX aBTOPOB. OOCYKIAalOTCS JOCTOMHCTBA U HEeNOCTaTKH. JlaeTcst mpeacTaBieHue O
XUMHYECKUX KHCIOPOA-HOAHBIX Jlazepax, ux snemeHrax. OOCyKAarTcs pazIudHble THIIBI T€HEPaTOpOB
CHHIVIETHOTO KHCJIOpPOZa. OCOOCHHOCTH IIOTOKA penakcupyomero rasa. CpaBHuBaeTcs 3((EKTHBHOCTH
pa3nuyHbIX KOHCTPYKUUH. OOCyknaroTcsi TpeOOBaHHMs Ha MapaMeTphl JIa3€pHBIX YCTAHOBOK, JaeTcsi 0030p
UCTOPUU Ta30lMHAMHUYECKUX M XUMHUYECKHUX KHUCIOpOA-HOOHBIX JazepoB. Ocelaercs COBPEMEHHOE
cocTosiHUE poOIieMBbl, Kak B Poccun, Tak u B Mupe.

1. leau u 3apa4u

eap AUCUMNIMHBI

— AaTb CTyACHTaM 1 KypCa MarucCTparypsl NpcaACTaBJICHUC O KJIaCCUYECKOM ra3sognHaMUKC N O BINAHNN
ra3soAMHaMHYCCKHUX IMPOLUECCOB Ha XapPaKTCPHUCTUKU Ir'a30BbLIX JIA3€POB.

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

O3HaKOMHTH 6y,Z[YH_II/IX CIICHHUAIIMCTOB € SKCIICPUMECHTAJIbHBIMU UCCICOAOBAHUAMU I'a30AMHAMHUYCCKUX 1
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

YK-1.1 Ananuzupyet npoOieMHYI0 CUTYalHIO KaK CUCTEMY,
BBISIBJISAS €€ COCTAaBJIAIOLIME U CBSI3U MEKIY HUMU

VYK-1.2  OcymecTBisieT TMOWCK BapHaHTOB  pEIICHUS
MOCTAaBJICHHOH  NpOOJIEMHONW  CHUTyallud Ha  OCHOBE

YK-1 CnocoGeH oCymecTBIsTh KpUTHUECKUN
JOCTYITHBIX HCTOYHUKOB HH(POPMALHH

aHaJM3 MPOOIEMHBIX CUTYyalluii Ha OCHOBE
CHUCTEMHOTO TIOAX0/1a, BhIpadaThIBaTh
CTpaTeruro AeUCTBUI

YK-1.3 Pa3pabarsiBaeT CTpaTEeruo JOCTHKEHUS
[IOCTABJICHHON IeIM Kak I10CJIEA0BaTeIbHOCTh I11aroB,
NpEeNBUIA PE3YIbTaT KakIOr0 W3 HUX W OLIEHHWBAs HX
BIMSIHUE  Ha  BHEIIHEE  OKPYKEHHE  IUIAHUPYEMOM
JEATENBHOCTH W Ha B3aMMOOTHOLIEHHWS YYaCTHUKOB 3TOH
JeSITeIbHOCTU

VYK-3.1 Opranuzyer ¥ KOOpAMHUPYET pabOTy y4acTHHKOB
MPOEKTa, CHOCOOCTBYEeT KOHCTPYKTHBHOMY IPEOIOJICHUIO
BO3HHUKAIOIINX PAa3HOIIIACHNA U KOH(PIUKTOB

VYK-3.2 ~ VuureiBaeT B  CBOEM  CONMAIbHON U
po¢eCcCHOHAIBHON AEATEIbHOCTH MHTEPECH], 0COOCHHOCTH
MOBE/ICHUSI W MHEHHs (BKJIIOYas KPUTHYECKHUE) JIofeH, ¢
KOTOPBIMH ~ PabOTaeT/B3aMMOACUCTBYET, B TOM YHCIE
IOCPEACTBOM KOPPEKTUPOBKH CBOUX JEHCTBUM

YK-3 CnocobGeH oprann30BbIBaTh H PYKOBOJIUTD
paboToit KoMaH/Ibl, BEIpa0aThIBasi KOMaHIHYTO
CTpATEeTHIO JUIS JOCTHKECHUS IMOCTABICHHOMN
3a/1auu

VYK-3.3 CrnocobeH mpeaBulieTh pe3yabTarhl (TIOCIECTBHS)
KaK JIMYHBIX, TAK U KOJJICKTUBHBIX ACHCTBUI




VYK-3.4 CnocobeH 1ulaHUpOBaTh KOMaHAHYIO —pPadoTy,
pacrpeaessTh MOPYYCHUS WICHaM KOMaHIbl, OpPraHNU30BaTh
00CyXJIeHUE pa3HBIX UJICH 1 MHEHHUI

OIIK-1 Cnocoben hopMynupoBarh eI U
3aJ1a4y MCCIICA0BAHNUS, BEIOUPATh KPUTCPUH
OLICHKH, BBISIBIISITH IPHOPUTETHI PELICHHS 3a/1a4

OIIK-1.3 Biageer cHCTEMAaTHYECKMMM 3HAHUSAMH 110
HANPaBJICHUIO JCATEIbHOCTH; YIIYOICHHBIMUA 3HAHUSIMHU T10
BBIOPAaHHOW  HAmNpPaBIEHHOCTH TIOJATOTOBKH, 0a30BBIMHU
HABBIKAMHU IIPOBECHUSI HAYYHO- MCCIIEOBATEILCKUX paboT
10 IPEAJIOKEHHON TeME

OIIK-2 CriocobeH npuMeHSITh COBpEMEHHBIE
METO/IbI UCCIIEIOBAaHUS, OLICHUBATD U
MIPEACTABIATH PE3YIbTAThl BBITOIHEHHON
pabotbl

OIIK-2.1 Cnoco0eH NpUMEHATH 3HAHUS M HABBIKU IIO
UCTIOJIb30BAaHHIO MH(pOpPMaMOHHO-KOMMYHUKAIIMOHHBIX
TEXHOJIOTUH I IOUCKA M U3YyYEHUS] HAYYHOH JIUTEPaTyphl,
MPUMEHEHHSI IPUKJIaJHBIX TPOTPAMMHBIX ITPOTYKTOB

OIIK-2.2 Cnocoben 0000mars ¥ KPUTHYECKH OICHUBATH
OIBIT M PE3yJIbTaThl HAYYHBIX HCCICNOBaHUA B 00IaCTH
npo(heCCHOHATBHOM ESTENbHOCTH

OIIK-2.3 CnocobOeH apryMeHTHPOBAaHO BBIOMpAaTh CHOCOO
MPOBEJCHUS HAyYHOTO MCCIIEIOBAaHUS, IPUMEHSITh 3HAHUS B
oOsactTi Mpo(eCCUOHANBHON NESTENbHOCTH MJISl PEICHUS

OI1IK-3 CriocobeH opopMIISITh Pe3yIIbTaThI
Hay4YHO-HCCIICIOBATEILCKOM ACATEILHOCTH B
BUJIE CTAaTeH, JOKJIAI0B, HAYYHBIX OTYETOB U
MPE3eHTANUH C UCIIOIb30BAaHHEM CUCTEM
KOMITBIOTEPHOM BEPCTKH M AKETOB O(PUCHBIX
nporpaMm

MOCTaBJICHHOM 3amaud, (opMyTUpOBaHUS BBIBOAOB U
OLICHKH MOJTY4YEHHBIX PE3yJIbTaToOB
OIIK-3.1 Bmageer npodeccCHOHAIBHON TEPMUHOIOTHEH,

HCIIONb3yEMOM B  COBPEMEHHOW  HAy4YHO-TEXHUYECKOMN
nuTeparype, o0nagaeT HaBbIKAMHU YCTHOTO M HMHCBMEHHOTO
U3JI0KEHUS PEe3yJbTaTOB HayuyHOW AEATENBHOCTH B paMKax
npo¢ecCHOHATBHON KOMMYHHUKAINN

OIIK-3.2 Bnapmeer HaBblkKamMu OQOPMIICHHS PE3YJIBTaTOB
HAay4YHO-UCCJIEJOBATEIbCKON NEATEIbHOCTH B BHUJE CTAaTEH,
JOKJIAJI0OB, HAy4YHBIX OTYETOB W  TNpe3eHTaluil ¢
UCIOJb30BAHUEM CHCTEM KOMIIBIOTEPHONW BEPCTKH U
MAKETOB O()HCHBIX MPOrpPaMM

[MK-1 Crioco0eH K cO31aHuI0 TEOPETHIECKUX U
MaTeMaTH4ecKuX Mojieliell B 001acTu siIepHO
(DUBMKH U TEXHOJIOTUH

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

K-1.2 Ymeer CO03/1aBaTh TEOpEeTUYECKHE u
MaTeMaTH4yecKue MOJENIM B 0o0NacTu siiepHOil (U3MKU U
TEXHOJIOTUHI

[1K-2 I'0TOB puUMEHSTh METO/IbI HCCIIETOBAHUS
U pacyeTa MpoLeccoB, IPOUCXOASIIUX B
COBPEMEHHBIX (PU3NYECKHUX YCTAaHOBKAX U
yCTpoiicTBax B 001aCTH sIEpHOH pU3HKH U
TEXHOJIOTUHI

I1IK-2.3 Bmageer HaBbIKAMU HMCIOJIb30BaHUS
WH(POPMAIIMOHHBIX TEXHOJIOTMHA W IAKEeTOB MPHUKIIAIHBIX
MPOTpaMM TPU MPOSKTUPOBAHUH U PacueTe YCTPOWCTB WU
00beKTOB (YCTaHOBOK, MarepuajoB, MPHOOPOB) B CBOeH
MPEIMETHOM 00JIacTH

[IK-2.4 CnocobeH caMOCTOSTENFHO IUIAHUPOBAaTh U
MPOBOIUTH HAyYHBIC MCCIIEAOBAHUS CAMOCTOSTENIBHO WIN B
COCTaBe HayYHOI'O KOJIJICKTHBA

3. IlepeyeHb NIAHMPYEMBIX Pe3yIbTATOB 00yUeHHUs! 0 JUCHMILINHE (MOLYJII0)

B pe3ynbrare ocBOeHUS TUCIUIUTHHBI 00y4YaronInecs JOKHBI

3HATb.

* 3aKOHBI COXPaHEHHs B paMKaX OJIHOMEPHON ra30MHAMHKH;

* YCTPOHCTBO M XapaKTEPUCTUKHU ra30/MHAMUYECKHX Ja3ePOB TOMOTEHHOTO U CMECEBOTO TUIIOB;

* YCTPOHCTBO M XapaKTEPHUCTUKN XMMUYECKUX KUCIOPOA-HOMHBIX Ja3epOB;

*  UMETh MpPEACTaBICHHE O COOTHOUICHUSX IApaMEeTPOB TEUSHHs ra3a M JKUAKOCTH B paMKax

OJIHOMEPHOU ra30MHAMUKH;

¢ HUMCTH NPCACTABICHUC O KUHCTHUKC PCIIAKCALIMOHHBIX ITPOLICCCOB,
® HUMCTb IIPECACTaBJIICHUEC 00 OKCIICPUMCHTAJIbHBIX YCTAHOBKaX W METOAAX HCCJIEI0BaHUMN
ra3ogMHAMUYCCKUX JIa3€POB U XUMHUYCCKUX KPICJ'IOpO)I-fIOZ[HLIX JIa3C€pOB.

YMETB:




BJIAJIETh:

OLIEHUBATh IapaMETPhl Fa30BbIX TEUCHUH B PaMKax OJHOMEPHOH ra3oJMHaMUKU;
BBIOMpATh MapaMeTphl AJIs1 IKCTIEPUMEHTAIbHBIX YCTaHOBOK;

IIPOBOJUTH IKCIIEPUMEHTAJIbHBIE U3MEPEHMUSI,;

M3J1arath pe3yibTaThl SKCIEPUMEHTOB B BUJE HAYYHO-TEXHUYECKOTO OTYETA.

METOI0JIOTHEH BHIOOpA a/IEKBATHBIX METOIOB UCCIICIOBAHHUS;

HaBBIKAMH CaMOCTOSITEIIEHOU paboThI B 1aboparopun U MHTEpHETE;

KYJIBTYPO# IOCTAHOBKU M MOJCIHPOBAaHUS (PU3MYESCKUX 3124

OCHOBHBIMU HaBBIKAMU IIPEJICTABICHHS CBOUX PE3yJIBTaTOB Ha CEMHHApPaX, KOH(PEPEHIHSIX;
HaBBIKAMH OCBOEHUS OOJBIIOTO 00beMa HHPOPMAITUH, BKITIOUast paboTy ¢ HAyYHOH JINTEpaTypoii;
OCHOBHBIMU HaBBIKAMU HAIIMCAHUS HAyYHBIX CTATCH;

MaTeMaTHYeCKUM MOJICITMPOBaHHEM (PU3NUSCKHX 3a/1au.

4. Conep:xanue TMCUMIIMHBI (MOAYJIs1), CTPYKTYPHMPOBAaHHOE 1O TeMaM (pa3jesiaM) ¢ yKazaHueM
OTBEJeHHOI'0 HA HUX KOJIMYeCTBA aKaJeMHYeCKUX YacOB 1 BH/I0B YUeOHbIX 3aHATHH

4.1. Paznenbl nuctMIiInHbl (MOIYJIS) M TPYAOEMKOCTH IO BUAAM yUeOHBIX 3aHATHH

TpynoeMKoCTh O BUJaM YUeOHBIX 3aHATHI, BKIIIOYas
CaMOCTOSTENIbHYIO padoTy, Jac.
No Tema (pazmern) TUCITUTUTHHEL
Jlextiun | Cemunaper | JlaGopat. paGoOTHI Camoct.
pabora
| lNazonunamuka - Hayka O JIBUXKEGHUU 1
rasoB
2 I"a3oBbI€ 1a3epbl, UX TUIIBI 1 1 29
3 OnHoMepHass Tra30AMHAMHUKA, 3aKOHBI 1 )
COXpaHeHHUs
4 Hexoropble popMynbl TEpMOAMHAMUKA 1 2 2
5 VYpaBHeHue sHeprum B Oe3pa3MepHOM | )
BUIC
6 VYpaBHEHHE BSHEPruM B MEXaHUYECKOM 1 1 )
¢dopme, ypaBueHue bepHymim
7 Oobmas Gopmyna pacxona 1 2
] CooTHOLIEHUSI Ha CKadyKax YIJIOTHEHUS | ) )
(YmapHBIX BOJHAX)
9 CooOTHOLICHHUSI HA KOCOM CKa4Ke 1 2
10 [lpuHuMn neiicTBUA Ta30IMHAMHYECKUX 1 1 )
J1a3epoB
1 OHepreTuyeckue XapaKTEPUCTUKU )
ra30AMHAMUYECKHX JIa3€POB
12 DHepreTuvyecKue XapaKTePUCTHKH ) )
ra3ouHaMU4eCcKuX jlazepoB Ha N20O
13 | XuMuKo-razoluHaMHUYEeCKHE JTa3ePhbl 1 2
14  |[enepaTopsl CHHIJIETHOTO KHCIIOPOAA 1 1 2
15 OHepreTuyeckue XapaKTEPUCTUKU | )
TeHepaToOpPOB CHHIJIETHOTO KHCIOPOAa
16 Opranuzauus CMEIICHUA MOTOKOB B 1 5 )
XUMHYECKUX KUCIOPOA-HOAHBIX Jla3epax
17 OHepreTuyeckue _XapaKTepHCTHKH | )
XUMHYECKUX KUCIOPOA-HOAHBIX JIa3epOB
18 l:[epCHeKTI/IBBI pa3BUTHSL  XUMHUYECKHX 1 1 )
HOIHBIX J1a3epOB
Nroro gacos 15 30 45
[loaroroska k sK3aMeHy 0 gac.




OO01mas TpynoEMKOCTh 90 yac., 2 3au.en.

4.2. CopaepxaHue TUCHUILTAHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (pasjieiiam)
Cemectp: 1 (Ocennwii)
1. 'a3onmHaMuKa - Hayka O IBU)KEHHH Ta30B

Beenenue. l'azonnHamuka - Hayka O JBWKEHUMM Tra3oB. lcTopus co3faHusi KJIaCCUYECKON
razoguHamMuku. CoBpeMeHHas «(puznueckas) ra3ognHaMHuKa.

2. I'a3oBEIC JIa3€pPbl, UX TUIIbL

Ponb ra3oAMHaMUKN B JIA3CPHBIX IIPOLCCCax. Cxema ra30AMHaAMHUYCCKOro Jia3cepa. I/ICTOpI/ISI
ra3soaAMHaMHu4€CKOTIo Jia3epa.

3. OgHoMepHast ra30IMHAMUKA, 3aKOHBI COXPAHEHUS
YpaBHEHUE COXPAHEHUS MACCHl. YPAaBHEHUE COXPAHEHUS SHEPIUH.
4. Hexortopsle (hopMysbl TEPMOAMHAMUKH

CoorHomienne  Pobepra  Maiiepa.  Anumabaruueckuii  mporiecc.  YpaBHeHuwe  [lyaccona.
Anmnabatnyeckue cCOOTHOLICHHA. BripaxkeHue 11 CKOPOCTH 3BYKa.

5. YpaBHeHHEe SHeprur B 6€3pa3sMepHOM BUE

VYpaBHeHue osHeprud B Oe3pasmMepHoM Buzae. Yumcno Maxa. Koadduument cxopoctu.
NzosnrTponmyeckoe Teuenue. ['a3onnnamuaeckue QyHKIINH.

6. YpaBHeHHE SHEPTHU B MEXaHHUYECKOU opme, ypaBHeHHE bepHyin

VYpaBHeHHE SHEpruM B MexaHuueckoil (opme, ypaBHeHue bepHymin. DyHKUUS NpPUBEIESHHOTO
pacxona. ®opmyina pacxona. MamepeHre CKOPOCTH MOTOKA ¢ moMotibio Tpyoku ITuto. [Ipumenenue
(dhopMyIIbl UI JaBJICHHS B TOTOKE.

7. Obmas popmyna pacxona
Oo6mas popmyrna pacxona. 3aKoH cOXpaHEHHUsS UMITYIbca. Ero mpuMeneHue.
8. CoOTHOIICHUS HA CKauKaX YIJIOTHEHUS (yIapHBIX BOJTHAX)

COOTHOIIIEHUST HA CKAYKax YIUIOTHCHUA (y,[[apHLIX BOHHaX). HOTepI/I MOJIHOI'O AAaBJICHUA B IPAMOM
CKa4Ke.

9. COOTHOIIIEHHST Ha KOCOM CKa4yKe

COOTHOIIICHUST HAa KOCOM CKaJKe. HOTepI/I IIOJIHOI'O AaBJICHUA B KOCOM CKa4iKe. Comna IJIs1 YCKOPCHU A
ra3oBOro I1oroka. TeucHne nogorpeBacMoro rasa 1o prGe IIOCTOAHHOI'O CCUCHMA.

10. IIpuHuun nelcTBUS Ta30IMHAMUYECKHUX Ja3epOB

[IpyHIMO — gEeWCTBUS  Ta30AMHAMMYECKMX  Ja3epoB. TuUIbl  ra3oiMHaAMUYECKUX  JIA3€POB.
lasommHamuueckue Jazepsl C 3apaHee IMEpeMEIIaHHOW cMechlo. TpeboBaHHMS K comiaM
ra3olMHaMU4eCcKuX JlazepoB. [IpeacTaBnenuss o KHHETHKE ra3olMHaMudeckux J1azepoB Ha CO2.




11. DHepreTuyecKkue XapaKTepUCTHUKU Ta30JMHAMHYECKUX Ja3epoB

XapaKkTepUCTUKU JIa3€pOB C 3apaHee IEPEMELIAHHOW cMechblo. [IpuHIMI JEeHCTBHUS CMECEBBIX
ra3oMHaMUYECKHX JIa3epoB. TpeOoBaHUs K CHCTEMaM CMELICHUSI U CMECEBBIM COILIAM.

12. DHepreTuueckue XapakTepUCTUKH Ta30AMHAMUYECKHX JlazepoB Ha N20

DHepreTUYecKue XapakTEpPUCTHUKM Ta30JMHAMHYECKUX Jia3epoB cMmeceBoro tuma. [pyrue
U3JIyYarollye MOJIEKYJIbL.

13. XuMHuKO-Ta30JuHAMHUYECKHUE JIa3ephl

XUMUKO-Ta30IMHAMUYECKHE JIa3€phl. Hcnonp3oBaHue ra30iMHAMHAYECKUX IMpoHEeCCOB B XUMUYCCKUX
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'eneparops! cuHIIIeTHOTO KUciopoaa. [Ipuniun aerictBus. TpeOGoBaHUS K TeHEpaTOpaM CHHIVIETHOTO
KHCJIOPOAA.

15. DHepreTHyecKre XapaKTepUCTUKN TeHEPATOPOB CUHIJICTHOTO KUCIOPO/Ia
CxeMbl OpraHn3aIy HOTOKOB JKUIKOCTH U Ta30B.
16. Opranu3zanys cMeIeH s MOTOKOB B XUMUYECKHUX KUCIOPOI-HOAHBIX Jlazepax

Opranmzanus CMEIICHHsS TTOTOKOB B XUMUYECKHX KHCIOPOA-HOMHBIX J1a3epax. BiusHue crnocoOoB
CMEIICHHS Ha YHEPTETUUCCKUE XapaKTepucTuku. TpeboBaHus K OpraHU3allii CMEIICHHUS.

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

OHepreTuyecKue XapakTePUCTUKU XHMHUYECKMX KUCIOPOA-HOAHBIX J1a3epoB. 3aBUCHUMOCTU
Ja3epHBIX XapaKTEepUCTHUK OT JasineHus. OOmme TpeGoBaHMS K KOHCTPYKLMH XHUMHUYECKOTO
KHCJIOpOJ- HoHoro sasepa.

18. IlepcrieKTUBBI Pa3BUTHS XUMHUECKIX HOTHBIX JIa3epOB
[TpumeHeHMs 1 epPCIeKTUBBI XMMUYECKNUX HOIHBIX JIa3epOB.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJI5l OCYLIeCTBJIECHHS 00pa30BaTEJILHOIO
npouecca 1no JUCUUILInHe (MOIYJII0)

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

6.IlepeyeHnb pekoMeHyeMOii TUTEPATyPhI

OcHoBHas 1uTeparypa
1. I'H. AbpamoBuy, «IIpukiamHas ra3oBas TMHAMUKay, H3IaHUE TIsITOE, N3MaTenhcTBO «K HAYKAY,
1991.
2. JLA. JlJannay «MexaHuKa CIUIOLIHBIX cpemy, MOCKBa, rOCyAapCTBEHHOE U3aTEIbCTBO
TEXHUKO-TEOPETHUECKOM uTeparypsl, 1954.
3. Ix. Auaepcon «l"a3oguHaMU4YecKue 1a3ephl: BBeAECHUE», MOCKBa, n3naTenbcTBo «Mupy», 1979.

JomnonHurensHas aureparypa



1. O.B. Auacos, H.H. Kynpsgues, C.C. HoBuxos, P.1. Conoyxun, H.A. ®omun, «/lunarnoctuka
HEPaBHOBECHBIX COCTOSIHUI B MOJICKYJISIPHBIX Jia3zepax», MUHCK, U31aTenbcTBO «Hayka u TeXHUKa.
1985.

2. Hon penakuumeii F.Gross, J.F. Bott, «Xumnueckue na3eps» M3narensctBo «Mupy», Mocksa, 1980.
3. B.K.AGnexos, 10.H.leancos, B.B.[1pomkun, nox penakiueii akagemuka B.C.ABayeBcKoro
«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 3aCEIEHHOCTH, ABTOPCKOE
cBuyieTenbeTBO Ne 223954, mpuoputer ot 19.11.1966, bromterens nzodperenunit Ne 25 (1968).

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

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

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 noptan MHTEpHET-TEeCTHPOBaHUS B cpepe 0Opa3oBaHusl.

5. http://ufn.ru/ «Ycnexu Gpusnueckux HayK» 0030pbI MO aKTyalIbHBIM (pr3nueckuM npodieMam

8. IlepeyeHb MH(POPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NIPH OCYLIECTBJICHNH 00Pa30BaTeILHOIO
npouecca 1o AMCUMILINHe (MOAYJII0), BKJIIOYasi lepeYeHb He00X0AUMOro NPOrpaMMHOI0 odecredyeHust
H HH(POPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)

Skype, Zoom

Ha nex1inoHHBIX 3aHATUSX UCIIONb3YIOTCS MYIBTUMEIUIHBIE TEXHOJIOTUH, BKIIIOYasl JEMOHCTPALIUIO
npeseHTaunii. Mcnons3oBanue Qaiinos (B popmare pdf), cogepraiux Bu3yaabHbINH MaTepral s
JIeKIMH B BUJIE MPE3EHTALNi, a TaKXKe IPU HEOOXOIUMOCTH CIIeLNaTN3NPOBAHHBIX HAYYHBIX
pedepupyembix xxypHanoB: poccuiickux (YOH, XKOT®, nucema B dKOTO, Dusnka TBep0TrO TENA U
np) u anmnosizeiaHbIX (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 U KOPPEKLNH 3HaHUH 00ydaromuecs: MOTYT MCIIOIb30BaTh KOMITBIOTEPHOE TECTUPOBAHNUE, B
TOM YHCJI€ HA TIOpTaje WWW.i-eXam.ru.

9. MeToauyeckue yKazaHusi AJis1 00y4arOIMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

CTyneHT, M3y4YalolMi AWCHMIUIMHY, JIOJDKEH, C OJHOW CTOPOHBI, OBIAJETh OOLIMM IOHATHHHBIM
anmnaparoM, a ¢ APyroi CTOPOHBI, JOJKEH HAYYUThCS IIPUMEHSATH TEOPETUUECKHE 3HAHUS Ha IIPAKTHKE.

B pesynbrare u3y4eHus TUCHUIUIMHBI CTY/IEHT JJOJDKESH 3HaTh OCHOBHBIC OHSATHS U TIOIXOBI K (PH3HKE
J1a3epoB, 3HaTh OCHOBHBIC MOJICJIM U X HEJOCTATKH M JIOCTOMHCTBA, IPUMEHSATH MOJyYCHHbIC 3HAHHS
JUTSL pEILICHHs] Pa3TMYHbIX 3a/1a4.

VYenemHoe  OCBOeHHME Kypca TpeOyeT HanpshKEHHOHM CaMOCTOATENBHOM — paboThl  CTyICHTA.
CamocrosiTenpbHas paboTa BKIIIOUAET B Ce0s:

— MmpopaboTKy ydeOHOro marepuana (10 MarephajaM JICKIMA B BHJE INPE3CHTAIMU), MOATOTOBKY
OTBETOB Ha BOIPOCHL, IPEAHA3HAUYCHHBIX JUII CaMOCTOSATEIBHOTO W3YYEHHs, J0Ka3aTeiIbCTBO
OTHENBHBIX YTBEPKICHHI, CBOMCTB;

— peleHue 3a1a4, IpeiiaraéMbIX CTYJICHTaM Ha JICKIUAX U TMPAKTUICCKUX 3aHATHSIX,

— MOJTOTOBKY K MPAKTHYECKUM 3aHATHAM, Tr(depeHImpoBaHHOMY 3a4ETy.

PykoBOACTBO W KOHTPONb 3a CaMOCTOSATENBHOM paboTON CTygeHTa ocymiecTBisieTcss B (opme
UHAUBUYaIbHBIX KOHCYJIBTAlIMHA WM KOHTPOJIS.

ITpu moaroTroBKe K MPaKTUYECKUM 3aHATUSAM HEOOXOJMMO IOBTOPSTH paHee M3y4eHHbII Marepuan. B
Hayale 3aHiATHs, KaK NpaBwio, npoBoaurcs kopotkuid (10-15 muHYT) ompoc mo marepuaiy
MPOUICIINX 3aHATHH B YCTHOH WIM NMHChbMEHHOW ¢opme. Tak Kak Ba)XHO JOOUTHCS MOHUMAHHS
M3y4aeMOro Marepuasia, IpH 3aTPyIHEHWH B BOCHPHUATHH MaTepuaia CTyACHTaM PEKOMEHIyeTcCs
o0palnarscs 3a KOHCYJIBTAIMAMU K IIPETIOaBaTeio.

IIpoMexyTOUHBI KOHTPOJIb 3HAaHWN MPOBOAMTCS B BHJE 3a4€Ta, HA KOTOPOM CTYAEHTY NpEIJIaraeTcs
[IUCBMEHHO OTBETUTh Ha TEOPETUUYECKUN BOIIPOC, PEIIUTbh OJHY 3aJady U OTBETUTb Ha BOIPOCHI IO
TeMe Kypca.






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 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

YK-1 CriocoGeH ocyecTBIsATh KpUTHUECKUN
aHaJn3 TpOOJIEeMHBIX CUTyalluii HA OCHOBE
CHCTEMHOTO TI0/IX0/1a, BhIpadaThIBaTh
CTpaTeruro AecTBui

VYK-1.1 Ananuzupyet npoOIeMHYI0 CUTYAIHIO KaK CUCTEMY,
BBISIBJISISL €€ COCTABIISIOLIHE U CBSI3U MEXKIY HUMH

VYK-1.2 OcymecTBisier MOHCK BapUaHTOB PELICHUSA
MOCTAaBIICHHONH  TpOOJIEMHON  CHUTyallud Ha  OCHOBE
JOCTYTHBIX UICTOYHUKOB HH(pOpMaH

YK-1.3 PaspabarsiBaeT CTpaTeruio JIOCTH)KEHUSA

MOCTABICHHON IIEIM KaK ITOCJIEIOBAaTeILHOCTE IIIaros,
MpenBUIA PE3ylbTaT KakIOT0 W3 HUX W OLEHHWBAas HX
BJIMSHHE HA  BHEIIHEE  OKPYXEHUE  IUIAHUPYEMOU
JESATENbHOCTH W Ha B3aMMOOTHOLIEHHUS YYaCTHUKOB 3TOM
JIeATCIbHOCTH

YK-3 CriocoGeH opraHu30BbIBaTh H PYKOBOJIUTH
paboToil KoMaHabI, BEIpadaTeIBasi KOMaHIHYIO
CTpATEeTuIo JUI JOCTHKEHUS ITOCTABICHHOMN
3a1auu

VYK-3.1 Opranuzyer ¥ KOOpAMHUPYET pabOTy y4aCTHHKOB
MPOEKTa, CHOCOOCTBYET KOHCTPYKTUBHOMY IPEOIOJICHUIO
BO3HMKAIOIINX PA3HOIIACHI U KOH(IMKTOB

VK-3.2 YyuuteiBaeT B cBOCH COITMATBLHON u
poheCCUOHATBHON JeSITEeNbHOCTH HHTEPECH], 0COOCHHOCTH
MOBEACHUSI U MHEHHs (BKJIOYas KPUTHUYECKUE) JIIONEH, C
KOTOPBIMH ~ pabOTaeT/B3aMMOJICHCTBYET, B TOM YHCIC
MOCPEACTBOM KOPPEKTUPOBKH CBOUX JCHCTBUIA

VYK-3.3 CnocobeH npeaBuieTb pe3yiabTaTsl (MOCIEICTBHA)
KaK JIMYHBIX, TAK U KOJUIEKTUBHBIX JE€HCTBUI

VYK-3.4 CnocobeH T1ulaHUpOBaTh KOMaHAHYIO pPadoTy,
pacrpeaessTh MOPYYCHUS WICHaM KOMaHIbl, OpPraHNU30BaTh
00CyXJIeHUE pa3HBIX UJICH 1 MHEHHUI

OIIK-1 Cnocoben (hopMynupoBarh eI U
3aj1a4M MCCIICA0BAHNUS, BEIOUPATh KPUTCPUH
OLICHKH, BBISIBIISITH IPHOPUTETHI PELICHHS 3a/1a4

OIIK-1.3 Biageer cHCTEMAaTHYECKMMM 3HAHUAMH 110
HATPaBJICHUIO JCATEIbHOCTH; YIIYOICHHBIMUA 3HAHUSIMHU I10
BBIOPAaHHOW  HANpPaBIEHHOCTH TIOJATOTOBKH, 0a30BBIMHU
HABBIKAMHU IMIPOBECHUSI HAYYHO- MCCIIEOBATEILCKUX paboOT
10 IPEAJIOKEHHON TeME

OIIK-2 CriocobeH npuMeHSITh COBpEMEHHBIE
METO/IbI UCCIIEIOBAaHUS, OLICHUBATD U
MIPEACTABIATH PE3YIbTAThl BBEINOIHEHHON
pabotbl

OIIK-2.1 Cnoco0eH NpUMEHATH 3HAHUS M HAaBBIKU IIO
UCTIONIb30BAaHHIO MH(pOpPMaMOHHO-KOMMYHHUKAIIMOHHBIX
TEXHOJIOTUH I MOUCKA M U3YyYEHUS] HAYYHOH JIUTEpPaTyphl,
MPUMEHEHHSI IPUKJIaJHBIX TPOTPAMMHBIX ITPOTYKTOB

OIIK-2.2 Cnocoben 0000mmarTs ¥ KPUTHYECKH OICHUBATH
OIBIT WM PE3yJIbTaThl HAYYHBIX HCCIEIOBaHUA B 00IAaCTH
npo(heCCHOHANTBHOM ESTENbHOCTH

OIIK-2.3 CnocobOeH apryMeHTHPOBAaHO BBIOMpAaTh CHOCOO
MPOBEJCHUS HAyYHOTO MCCIIEIOBAaHUS, IPUMEHSITh 3HAHUS B
oOsactTi MpoeCCUOHANBHON NESTENbHOCTUH NJISl PEICHUs

OI1IK-3 CriocobeH opopMIISITh Pe3yIIbTaThI
Hay4YHO-HCCIICIOBATEILCKOM ACATEITLHOCTH B
BUJIE CTAaTeH, JOKJIAI0B, HAYYHBIX OTYETOB U
MPEe3eHTANUH C UCIIOIb30BAaHHEM CUCTEM
KOMITBIOTEPHOM BEPCTKH M AKETOB O(PUCHBIX
nporpaMmm

MOCTaBICHHOM 3amaud, (OopMyTUpOBaHUS BBIBOAOB U
OLICHKH MOJTY4YEHHBIX PE3yJIbTaToOB
OIIK-3.1 Bmageer npodeccCHOHAIBHON TEPMUHOIOTHEH,

HCIIONb3YEMOM B  COBPEMEHHOW  HAyYHO-TEXHUYECKOMN
nuTeparype, o0nagaer HaBbIKAMH YCTHOTO M HMHCBMEHHOTO
U3JI0KEHUS PEe3yJbTaTOB HayuyHOW AEATENBHOCTH B paMKax
npo¢ecCHOHATBHON KOMMYHHUKAINN

OIIK-3.2 Bnapmeer HaBblkKamMu OQOPMIICHHS PE3YJIbTaTOB
HAay4YHO-UCCJIEJOBATEIbCKON NEATEIbHOCTH B BHUJE CTAaTEH,
JOKJIAI0OB, HAy4YHBIX OTYETOB W  TNpe3eHTaluil ¢
UCIOJb30BAHUEM CHCTEM KOMIIBIOTEPHONH BEPCTKM U
MAKETOB O(HCHBIX MPOrPaMM

[MK-1 CriocobeH K cO31aHuI0 TEOPETHIECKUX U

[TK-1.1 3naet ¢uzndeckoe onvcaHue SBICHUA U TPOIECCOB
B 00JIaCTH SJIEpHON (PU3MKH U TEXHOJIOTHIA




MaTeMaTHYeCKHX MOJIEIICH B 00JIacTH SIepHOI
(DUBKKH U TEXHOJIOTUH

[K-1.2 Ymeer CO03/1aBaTh TEOpEeTUYECKHE u
MaTeMaTHyecKue MOJENIM B 0o0NacTu siiepHOil (U3MKU U
TEXHOJIOTUHI

[IK-2 T'0TOB pUMEeHSTh METO/IbI HCCIIETOBAHUS
U pacyeTa MpoLeccoB, IPOUCXOASIIUX B
COBPEMEHHBIX (PU3NYECKHUX YCTAaHOBKAX U
yCTpoiicTBax B 001aCTH sIepHOH pU3HKH U
TEXHOJIOTUHI

I1IK-2.3 Bmageer HaBbIKAMU HMCIOJIb30BaHUS
WH(POPMAIIMOHHBIX TEXHOJIOTMHA W IaKEeTOB MPHUKIAIHBIX
MPOTpaMM TIPU MPOSKTUPOBAHUH U PacueTe YCTPOWCTB WU
00beKTOB (YCTaHOBOK, MarepuajoB, MPHOOPOB) B CBOeH
MPEIMETHOM 00JIacTH

[IK-2.4 CnoocobeH caMOCTOSTENFHO IUIAHUPOBAaTh U
MPOBOIUTH HAyYHBIC MCCIIEAOBAHUS CAMOCTOSTEIFHO WIN B
COCTaBe HayYHOI'O KOJIJICKTHBA

2. Iloka3aTe/in OLlEHUBAHUA KOMITETEHIU

B pesynbrare n3ydeHus AuCIUIUIMHBL «DU3KKa J1a3epoBy» 00y4alONUICs JOKEH:

3HATb:

* 3aKOHBI COXPAHEHHs B paMKaX OJIHOMEPHOHN ra30MHaAMHKH;

* YCTPOHCTBO M XapaKTEPUCTUKH ra30/MHAMUYECKHX Ja3ePOB TOMOTEHHOTO U CMECEBOTO THUIIOB;

* YCTPOMCTBO M XapaKTEPHUCTUKN XMMUYECKUX KUCIOPOA-HOMHBIX Ja3epOB;

*  UMETh MpPEACTaBICHHE O COOTHOUICHHUSX IApaMEeTPOB TEUCHHs ra3a M J>KUAKOCTH B paMKax

OJTHOMEPHOU ra30AMHAMUKH;

¢ HUMCTBb NPCACTABICHUC O KHHCTHUKC PCIIAKCALIMOHHBIX ITPOLICCCOB,
® HUMCTb IIPEACTaBJICHUEC 00 OKCIICPUMCHTAJIbHBIX YCTAHOBKaX W METOAAX HCCIIET0BAHUMN
ra3ogMHaMUYCCKUX JIa3€POB U XUMHUYCCKUX KPICJ'IOpO)I-fIOZ[HLIX JIa3C€pOB.

yMeTh:

* OLEHHUBATh MapaMeTPhl Fa30BbIX TEUCHUI B paMKax OJHOMEPHOH ra30JMHaMUKU;
* BBIOMpATh MapaMeTphl Ui SKCIEPUMEHTAIBHBIX YCTAHOBOK;

* IIPOBOAWTH DKCIEPUMEHTAIBHBIE N3MEPEHUS;

* M3J1ararb pe3yJbTaThl SKCIIEPUMEHTOB B BUJE HAyYHO-TEXHUYECKOIO OTYETA.

BJAA€Th:

* METOJOJIOTHEel BHIOOpa aleKBaTHBIX METOMIOB UCCIIEIOBAHUS;

* HaBBIKaMH CaMOCTOSTEIbHOM paboTHI B 1aboparopuu u MHTEpHETE;

* KYJNBTYpOH MOCTAHOBKH U MOAETHPOBAaHUS (QU3NICCKUX 3a7ad;

* OCHOBHBIMH HaBBIKaMH IPE/ICTABICHUS CBOMX PE3yJIbTaTOB Ha CEMUHApax, KOH(EPeHIHsAX;

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

* MaTeMaTH4YEeCKUM MOJEIMPOBaHHEM (QU3NICCKUX 3a7ad.

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

Hepequb KOHTPOJIbHBIX TCM:

1 Tema. HpI/IMeHeHI/Ie 3aKOHOB COXpAaHCHUA IJId OLICHKHU IMapaMCTPOB OJHOMCPHBIX I'a30BbIX ITOTOKOB.

2 Tema. Ucnonn3oBaHue ra3soAMHaMHU4YCCKHUX (bYHKI_H/II\/’I B 3a1a49ax ra3oaMHaMHKH.

3 Tema. OLIGHKa mapaMeTpoOB TCUCHUS C HAJIMYUCM CKAYKOB YIIJIOTHCHUS.

4 Tema. OLIGHKa mapaMCeTpOB KOHCTPYKIUHU Ta30JUHAMUUYCCKUX U XUMHUYCCKUX KHCHOpOH—ﬁOHHBIX

J1a3epoB.

4. IlepeyeHb THNOBBIX (IIPMMeEPHBIX) BONPOCOB M TeM /IJ1 IPOBeJAeHHs POME:KYTOYHOH aTTecTaluu

o0yuaruuxcst

Ha I[I/I(l)(i)epeHL[I/IpOBaHHOM 3a4CTC CTYACHTY NOCTACTCA 6I/IJ'ICT, rAc EMy IpcaiaracTes:

1) IIHMCBbMCHHO OTBCTHUTH Ha TeOpeTI/ILICCKI/Iﬁ BOIIPOC;

2) pemnTh OJHY 3a1auy;
3) OTBETHUTDH Ha BOIIPOCHI IO TEME Kypca.




Teopernueckuii BONPOC BBIOMpAETCsl U3 HA0Opa KOHTPOJBHBIX TE€M, MPUBEICHHBIX B MPUKPETTICHHOM
¢aiine. 3agada BHIOMPAETCS U3 CIHMCKA KOHTPOJIBHBIX 337ad, MPUBEACHHBIX B MPUKPEIUICHHOM (aiie.
HexoTopslie u3 10MONHUTENBHBIX (YTOYHSIOMIKX) BOIPOCOB MPUBEACHBI B IPUKPEIUICHHOM (aiine.

Kpurepuu onieHuBanus
Ouenka oramyHo 10 OamioB - BBICTABIISICTCA ~ CTYICHTY, IIOKa3aBIIEMy BCECTOPOHHHE,
CHCTEeMaTH3UPOBaHHbIE, DIyOOKHE 3HAaHUS Y4eOHOW MpOrpaMMbl AWUCHMIUIMHBI, MPOSBISIOMIEMY
MHTEpeC K JaHHOW MpPEJIMETHOH 00NIAaCTH, MPOAEMOHCTPUPOBABIIEMY YMEHUE YBEPEHHO M TBOPYCCKH
IPUMEHATH UX Ha IPAKTHUKE TPH PELICHNH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHUE
NPUHSATHIX PEIICHUH.
Ouenka omMyHO 9 Oa/IoB -  BBICTABISIETCS  CTYACHTY, IIOKAa3aBIIEMy BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUILUIMHBI M YMEHHE YBEPEHHO
NPUMEHSATh X Ha TPAKTHKE TPH PEIICHUU KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPaBHIbHOE 000CHOBAHHUE
HNPUHATHIX PELICHAMN.
Ouenka oOmIMYHO 8 Oa/IOB -  BBICTABISIETCS  CTYAEHTY, IIOKa3aBIIEMy BCECTOPOHHHE,
CHCTeMaTH3HPOBaHHbIC, TIyOOKHE 3HAHUS y4eOHOW MpPOrpaMMbl TUCLHHUILUIMHBI M YMEHHE YBEPEHHO
NPUMEHATh MX Ha MPAKTHKE IPHU PEIICHUH KOHKPETHBIX 3a/ad, MPaBUIbHOE 00OCHOBAHUE MPUHATHIX
pelIeHnH, ¢ HEKOTOPBIMU HEI0UETaMHu.
Ouenka xopo1o 7 6ajioB - BBICTABISETCS CTYACHTY, €CIIM OH TBEPJO 3HAET MaTepuall, 'paMOTHO U IO
CYIIECTBY H3JIaraeT €ro, yMeeT NPUMEHSTHh IOJy4YCHHbIC 3HAHUS Ha INPAKTHKE, HO HEIO0CTaTOYHO
IpaMOTHO 0OOOCHOBBIBAET MOJYYECHHBIC PE3YIIBTAThI.
OmeHka Xopoio 6 0ajioB - BBICTABISETCS CTYACHTY, €CIIM OH TBEPJO 3HACT MaTepHall, IPaMOTHO H IO
CYILECTBY M3JIaraeT ero, yMeeT NMPUMEHSTh MOMyUYCHHbIC 3HAaHHUS Ha MIPAKTUKE, HO JIOIyCKAeT B OTBETE
WM B PEIICHUH 3a]1a4 HEKOTOPBIE HETOYHOCTH.
Ouenka Xopo1o 5 6aioB - BEICTABISETCS CTYACHTY, €CJIM OH B OCHOBHOM 3HAaeT Marepuall, IpaMOTHO
U TI0 CYIIECTBY HM3JIaraeT €ro, yMeeT MPUMEHSTh NOJTyYeHHbIC 3HAaHHs HAa MPAKTHKE, HO JIOMyCKaeT B
OTBETE WJIH B PEIICHUH 3371a4 JOCTATOYHO OOJIBIIOE KOIUYECTBO HETOYHOCTEH.
OueHka ynOBIETBOPUTENbHO 4 Oajula - BBICTABIISETCS CTYIEHTY, NOKa3aBLIEMY (parMeHTapHBIH,
pa3pO3HEHHBIN XapakTep 3HAHWH, HEJIOCTATOYHO IPAaBHWIbHBIE (OPMYIUPOBKH 0a30BBIX IMOHSITHH,
HapyULIEHUs JOTHYECKON MOCIeI0BAaTeIbHOCTH B U3JIOKEHUHU IIPOrPaMMHOI0 Marepuasa, HO MPHU 3TOM
OH OCBOWJI OCHOBHBIE Pa3Zeiibl yueOHOW MPOTrpaMMBbl, HEOOXOAMMBIC Ul MAJIbHEWIIEro OOyYeHHs, U
MOKET IPUMEHSTh TOJIyYeHHBIE 3HaHUS 110 00pa3ily B CTAaHJAPTHOW CUTYaIHH.
OueHka yIOBIETBOPUTENbHO 3 Oajula - BBICTABISETCS CTYAEHTY, MOKa3aBLIEMY (parMeHTapHBIH,
pa3pO3HEHHBIN XapakTep 3HaHHi, JOIyCKAIOUIeMy OIMMOKA B (OpPMYIHpOBKax 0a30BBIX NOHSITHH,
HapyLICHUs] JIOTHYECKOM IOCIEeI0BaTEeIbHOCTH B M3JIOKEHHUH IPOrPaMMHOIO Marepuana, ciabo
BJIaJICET OCHOBHBIMU pasziejiaMu y4eOHOH IporpaMMbl, HEOOXOJUMBIMU IS albHEHIIero o0y4eHus 1
C TPYAOM IIPUMEHSET MOIy4YEeHHbIC 3HAHUS JJa’Ke B CTAHAAPTHON CUTYalHU.
OueHka HEyIOBIECTBOPUTENBHO 2 0ajia - BBICTABISCTCS CTYIEHTY, KOTOPBII He 3HAaeT OojblIel yacTu
OCHOBHOTO cOAep)XaHUs y4eOHOW MporpaMMbl JIUCHUIUIMHBI, JOIMyCKaeT rpyOble OmMOKH B
(bopMyIHPOBKaX OCHOBHBIX IPUHIUIIOB M HE YMEET MCIOIb30BaTh NOITYyUYEHHbIC 3HAHUS NP PEIICHUN
THUIIOBBIX 33]1a4.
OreHka HEYNOBIETBOPUTEIBHO | 0amm - BBICTABISCTCS CTYIEHTY, KOTOPBIH HE 3HAaeT OCHOBHOTO
cojiepKaHusl y4eOHOH MpOorpaMMbl TUCIUILTUHBI, JOMycKaeT rpyOeiiie omuOK B GOpMYTUPOBKaX
0a30BBIX TOHITUH IUCUUILIMHBI ¥ BOOOIIE HE MMEET HABBIKOB PELICHUS THIIOBBIX MPAKTUYCCKHX
3ajad.

5. MeTonuyeckne MaTepuaJbl, onpeaesiiome NpoueIypbl OlleHUBAHUS 3HAHWIN, YMEHNH, HABHIKOB H
(W) onbITA AESATEJIbHOCTH

HuddepeHunpoBaHHBIA 3a4eT MPOBOOUTCS B ycTHOW ¢opme mo Owieram. B kaxmom Ouete
MPEACTaBICHbl OAWH TEOPETHUYECKHH BONPOC, OHA 3a/jada M OAWH YTOYHSIOMIMN BONPOC IO TeMe
kypca. IIpu npoBenennn auddepeHunpoBaHHOro 3adera oOydaromemycs npeagocrasugercs 30 MUHYT
Ha 1oAroToBKy. Onpoc o0yyaronerocsi He JOKEH MPEBbINIATh OHOTO aCTPOHOMUYECKOT0 Yaca.



HpOMe)KyTO‘IHaH arrecranusga
Ha nuddepenumpoBanHom 3auere CTyIEHTY JOCTaeTcs OUJIET, I/ie eMy Mpeaaraercs:
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 COXpaHEeHUsI SHEPTUU AJIsl CTPYUKHU TOKA B OTHOMEPHOM 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,
XUMHUYECKHX).

13.  TpebGoBanus K OpraHW3alM{ MOTOKOB Tra3a W JKUAKOCTH 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 nuddyszop B razoauHamudeckux lazepax? Ha kakoM mpuHIUIE OH
pabotaet?

20.  BweiBog ypaBHeHus bepnymnu.

21. TpeboBanus K TeHEpPATOpPaM CHUHTJIETHOTO KUCIOPOJAa B XUMHUYECKUX KHCIOPOI-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
U3MEHEeHHEM IUI0THOCTH 10 1%. [TapaMeTpbl TOpMOKEHHsI CTaHIapTHBIE HA YPOBHE MOPSI.

4. Ha Beicore H =11xm camoner moctur ckopoctu 300M/cek. C Kakoii CKOPOCTBIO
IIPOMCXOUT IOJIET: C J03BYKOBOM MJIU 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 3BYyKa Bo3pocia Ha 3%. OnpeaenuTb W3MEHEHHE IUNIOTHOCTH BO3/yXa IOCie yIapHOM
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/y CTATUUECKUMH JaBJIECHUSMH B 9THX TOUKAX?

8. Haiitu ckopocTh 3ByKka, uncia M u A 1 cTpyd BO3AyXa, BRITEKarOIIeH U3 OajioHa 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 caMmoJieTa MOKa3bIBaeT Temieparypy To, TpyOka IIuto
JTaeT CTaTUYECKOE M IOJHOE JTaBJIEHUsI, COOTBETCTBEHHO, Pcr 1 Po.

12.  BwIBeCTH COOTHOWICHWS JUISI OMpPEIENICHHs] 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 cedeHmit corma 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.
Tpenuem u ApyrumMu MOTEPsIMU B COIUIE MPEeHEOPeUb.

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 ~10hc.

IlepeyeHb TOMOJIHUTEIBHBIX (YTOYHAKIIMX) BONPOCOB A caaun 1u¢depeHiupoBaHHOIO
3a4yera:

[MazoarHamMuka cTaliMOHAPHBIX 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.

CpaBHEeHHME YIEIbHBIX HHEPreTUUECKUX XapaKTEPUCTHK JA3€pOB C PA3TUYHBIMU CXEMaMU
CMEUICHUs1, TPUMEHSAEMBIMHU B SKCIIEPUMEHTAX Pa3IUYHbIX aBTOPOB.

[IpencraBieHne 0 XUMUYECKUX KUCIOPOA-MOIHBIX J1a3€epax, X JIEMEHTaX.

Pa3nuuHble TUIIBI TEHEPATOPOB CUHIJIETHOTO KUCIOPOAa.

Oco0eHHOCTH MTOTOKA PEIAKCUPYIOIIETO rasa.

CpaBHenue 3 PeKTUBHOCTU PA3TMUYHBIX KOHCTPYKITUH.

TpebGoBanus kK mapamMeTpam Ja3epHBIX YCTAaHOBOK.

00630p UCTOPUH TA30MHAMUYECKUX U XUMHUYECKHUX KHUCIOPOI-HOTHBIX JIa3epOB.

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



