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PaGouasi nporpamMma AU CHUILTHHBI

2.1.6 ®u3zuka noHochepbl

Hayunas cnenuajabHocTh 1.6.18. Hayku 006 atmocdepe u kiumare

Upxytck 2026



PABOYVYIO I[TPOI'PAMMY pazpaboran
JOKTOP (PU3UKO-MATEeMAaTUYECKUX HAYK

Tammnua A.B.




1. MecTo ¥ poib AUCHUILIHHBI (MOaYJIs1) B cTpykType OIIOIT

Jucuumnuna «Pu3nka noHochepbl» BXOAUT B 00pa30BaTeIbHbIH KOMIOHEHT OCHOBHOM
npodeccuoHaIbHON 00pa3oBaTeIbHON MPOrpaMMBbl IO HAy4HOH crnenuanbHocT 1.6.18. Hayku
00 arMocdepe u KmMare.

JucuurminHa SBIsETCs 00s3aTENbHON Ui 00ydJalomuXcsl B aCMHUPAHTYpe MO HAyIHOU
crenpansHocTy 1.6.18. Hayku 06 atmMocdepe u kaumare.

3HaHUS U yMEHUs, TpuoOpeTaeMple aCIUPAaHTAMU TIOCIIEe U3YYCHUS TUCIHUILIMHEI, OYayT
UCIIONIb30BAThCS ISl PELEHUS HAay4dHbIX 3aJady, M HampaBiIeHbl HA MOJITOTOBKY K claaye
KaHUAATCKOTO PK3aMEHa U K JallbHEHIIIe HaydHOU paboTe.

2. Ileau v 3a1a4u TUCHUILIMHBI (MOTYJIs1)

Henbto muctuminubl «Pusznka MOHOCHEPH» SIBISIETCA MOJIy4YeHHE (yHIaMEHTATIbHBIX
3HAHMI 0 BEepXHEH atMocdepe 3eMIld U ee OCHOBHOW 9acTh — HOHOC(Eepe — U O BO3MOKHOCTHU UX
UCIIOJIb30BaHUs B Mpollecce JalnbHEHIero o0y4eHus, npu MPOXOKACHUN MPAKTUK, HATMCAHUS
Hay4yHBIX padoT, B CBOEH HAy4YHOU U ME€Jarornyeckoil 1eTeabHOCTH.

3amayamMu TUCHUIUTUHBI « DU3KKa HOHOC(EPBD SIBISETCS:

e JlomyueHne ¥ OCBOCHHE COBPEMEHHBIX 3HAaHUW O CTPYKTYpE OKOJIO3EMHOTO
KOCMHUYECKOI'0 MPOCTPAHCTBA, 0 (PM3MUECKUX MPOIeccax, KOHTPOIUPYIOUIUX COCTOSIHHE
noHocheps! U aTMochephl 3eMITH B UX H3MEHYUBOCTD.

e (O3HaKOMIJIEHHE C METOJaMHU MAaTeMAaTHYE€CKOT0 MOJEIMPOBAHUS MPOLECCOB B BEpXHEH
atMocdepe u noHochepe 3emiu.

e [IpuBuTHE HABBIKOB BBHINIOJHEHUS] MH)KEHEPHBIX PAcdyeTOB Ha KOMIIBIOTEPE OCHOBHBIX
XapaKTepUCTUK HEHTpanbHOU aTMochepbl, HOHOCHEPHI U MI1a3MOChEPHI.

3. TpeOoBaHu# K pe3yIbTaTaM OCBOEHHS IMCUHUIIHHBI (MOIYJIfA)

3HaTh:

e oO0mIMe CBEIEHUs O CTPOSCHUU BepxHEH aTMocdepsl 3eMiIl, METoIaX HaOI0ICHH 3a ee
COCTOSSHUEM M O 3HAYEHUM Teo(pU3NYECKUX HCCIIEeIOBaHUI B MpoOeMe COIHEUHO-
3EMHBIX CBSI3€H;

® OCHOBHBIE XapaKTEPUCTUKU (PU3UYECKUX IPOIECCOB, KOHTPOIUPYIOIIMX COCTOSHUE
HelTpaabHOU aTMocdeprl, HOHOChEpH! U M1a3MocepsI;

e o0mme cBeaeHuss 00 HMOHOCHEPHBIX CIOSX, MeXaHM3Max UX O0Opa3oBaHUS W
IPOCTPaHCTBEHHO-BPEMEHHBIX BapHaLIUsX;

® OCHOBHBIE TEOPETUYECKUE MOJXObl K ONMHUCAHUIO MOHOC(HEPHBIX MPOLIECCOB U OCHOBBI
MaTeMaTUYECKOr0 MOJIEITUPOBAaHMS HOHOC(hEPHI, I1a3Mocdepbl U BepXHel atMochepsl.

Ymern:

® KOJMYECTBEHHO OLEHUBAaTh OCHOBHBIE XapaKTEPUCTUKU BepXHeW armochepsl U
HOHOC(HEPHOH TUIa3MBbl;

®  BBINOJIHATH IPOCTEHIIYI0 00pabOTKY JaHHBIX HAOIIOACHUN;

® CMOJNIb30BaTh MaTeMaTUYeCKUWEe 3HaHMs i1 pelleHus 3a1ad  (QU3UKU BepxXHeH
atMocdepsl, HOHOCPEPHI, TTa3MOChEpHI.

Baagers:

® OCHOBHBIMU MaTe€MAaTUYECKMMHU METOJaMH pelleHHs PU3NUECKUX 3a/aY;

e MeroaaMu 00pabOTKU HKCIIEPUMEHTAIbHBIX TaHHBIX;

® HaBbIKAMH pabOTBl C  OCHOBHBIMH H3MEPHUTEIBHBIMH TPHOOpAMH ¥ IMaKeTaMH
YHUCIIEHHOM 00pabOTKH SKCIIEPUMEHTAIbHBIX TaHHBIX.

4. O0beM AMCUUILIUHBI (MOAYJIsI) W BHAbI Y4eOHOH padoThI
OO0mas TpyA0€MKOCTh JUCIUIUIMHBI COCTABISIET 3 3a4eTHBIX eauHuIbl/ 108 gacos.

Buna yueOHoii padoThI Bcero yacos /




3a4YeTHBIX eINHHIL

AyauTopHbIe 3aHATHS (BCETO) 36/1

B tom uncie:

Jlexuyu 36/1
CemuHapbl

CamocrosiTesibHas padoTa (Bcero) 72/2

Bu nmpoMexxyTouHO# aTTectanuu (3a4ert, 3K3aMeH) 3ayer
KonTakTHas pa6ora (Bcero) 36/1
OO01mast Tpy10éMKOCTh (4achl/3a4eTHBIC €TMHUIIBI) 108/3

5. Coneprxxanue IMCUMILTHHBI (MOTYJIA)
5.1. Conep:xanue pa3/ie10B U TeMbI JUCHUIIMHBI (MOTYJI51)

Pa3nen 1. Ctpykrypa BepxHeii aTMocdepsbl

Tema 1. Ob6mee crpoenue BepxHei atmocdepsl. Tepmocdepa n noHocdepa. IHEpPreTHUSCKHMA
6ananc B repmocdepe. Typbomnaysa. ['uapocrarnueckoe paBHOBecue. Y OeraHue yacTull U3
aTMochepsl.

Tema 2. Cnouctast CTpykTypa HOHOC(Ephl. PernonanbHble U BpeMeHHbIE (CYTOYHBIE, CE30HHBIE,
TeJIMOLUKINYECKUE)  BapualMd  OCHOBHBIX  IapaMETpPOB  HOHOC(EPHBIX  CIIOEB.
HonocdepHble aHOMATUH.

Pa3nen 2. OcHoBHBbIE (pr3HNYECKHE MPOLIECCHI B HOHOC(hepe

Tema 1. Houmsupytomiee wusnyuenue ConHia. Honuzammss HelTpanbHOW aTMocgepsl.
WonunzanuonHas GyHKIUS | TEOPHsI TPOCTOro ciiost YernmeHa. POTOIIEKTPOHBI.

Tema 2. YpaBHenue OanaHca noHuzanuu. OoToxuMuyeckoe paBHOBecue. THUIBI XMMHUYECKHX
peakiuii B noHochepe.

Tema 3. lucdys3us B nonocpepe. AMOUNOISIpHOE MPUOTHKEHHE.

Pa3nen 3. O6pa3oBanue noHOCEPHBIX CJI0EB

Tema 1. Huwxnsasa umonochepa. dopmuposanue cinoes D, E, F1. OGpa3oBanue cnos F2 B
CPEIHEIIUPOTHOM HOHOChEPE.

Tema 2. TennoBas CTpyKTypa CpeAHEIIMPOTHON HOHOChEPHI.

Pa3nes 4. BzaumopeiicrBue nonocgeps ¢ niasmocdepoi

Tema 1. Buemnss wuonochepa. Ponp KOHGHUrypanuuu TreOMarHuTHOro mojis B (U3MKE
noHocgepsl. KoHIenuus 3aMKHYTHIX U PA30OMKHYTBIX T€OMarHUTHBIX CHUJIOBBIX JTMHUM.

Tema 2. [IlepeHoc miasMbl MEXAy TI'€OMarHuTHO  CONPSKEHHBIMM — HMOHOC(Epamu.
[TnazmocdepHbIit pesepByap. 3amoyiHeHHE I1a3MOc(epHOro pe3epByapa HOHOCHEpHOU
nnasMo. IonapHeli BeTep.

Pa3nes 5. DaexkTpoannamuka noHocgepsbl

Tema 1. IIpoBoarMOCTh MOHOC(HEPHOH MIa3Mbl. DIEKTPOAUHAMHUYECKUE Apeidbl B HOHOChEpE.
[TpuHIMIIBI TMHAMO TEOPUH U TeHEpalusi TOKOB B HOHOChEpE.

Tema 2. OcOOEHHOCTH HMOHOC(EPHBIX IMPOLECCOB B BBICOKUX M HKBATOPHAIBHBIX IIUPOTAX.
['eodusnueckoe paitoHMpOBaHHE

Paznen 6. HeperyJisipuble siBjieHHs1 B HOHOChepe

Tema 1. MonocdepHbie Bo3MyIIeHHs: Kiaccudukaiusi, MOp(oIorus, MEXaHU3MBI.

Tema 2. Peaxiust HoHOC(EPHI HAa COJIHEYHbIE BCIBIIIKA 1 MAarHUTHBIE OypH.

5.2. Pa3nenbl TUCHUILIAHBI (MOXYJIs1) H BUABI 3aHATHH

AyIUTOpHBIC 3aHATHS
Bcero Dopma
Ne Paznen IIpakTHyeckne CPC
qyacoB |Jlekuuu KOHTPOJISA
3aHATHS
1 [Crpykrypa BepxHeii aTMochepbl 16 4 12 3a4er
2 |OcHoBHBIE (hM3HYECKUE ITPOLIECCHI B 18 8 10 3a4er




noHocdepe
3 |O6pazoBanre HOHOC(HEPHBIX CIOCB 24 8 16 3aueT
4 BsaumopetictBre noHochepsl ¢ 12 3a4er
azmMocgepoit 16 4
5 |OnexTpoarHaMuKa HOHOC(EPHI 16 4 12 3aueT
6 |HeperymsipHble siBineHus B HoHOChepe 18 8 10 3a4er
HToro (uacel) 108 36 72
Hroro (3.e.) 3 1 2
5.3. Pa3z[e.m>l U TEMbI TUCIHUIIJINHBI (MOL[yJ'Iﬂ) U MEKIUCHUIIJINMHAPHBIC CBA3HU
No HanMenoBaHme 00ecne nBaeMbIx Ne Ne pazges1oB u/MiIM TeM JaHHOMH TUCHHMIIUHBI,
He00XOAMMBIX JJIs1 H3Y4YeHHs oDecnevynBaeMbIX
n/m | (mocjaeayouuX) JUCHUIIMH U MPAKTHK
(mocyeyromux) AMCUMILIMH
1 HccnenoBaTenbekasi MPaKTHKA Paznensr 1-6
5.4. llepeyeHb JeKIIMOHHBIX 3AHATHH
Ne Ne pa3nesia u TeMbl HaunmenoBanmue TpynoemkocTh OueHovHbIe
n/n JUCIHUITHHBI (MOYJIsA) HMCIO0JIb3YeMbIX TEXHOJIOT Wil (4achl) CpeACTBa
1. CTtpyKTypa BepXHei aTMOChephI JICKIUS 4 YCTHBII OIIPOC
2. OCHOBHBIE ¢busnyeckne YCTHBIH OTIPOC
JIEKIUS 8
TIpoIieccHl B HOHOC(hepe
3. O06pazoBanue HOHOC(EPHBIX f— 8 YCTHBIH OIpOC
CII0eB
4, BSaI/IMO,I[CI\/'ICTﬁPIe noHocgepsl ¢ f— 4 YCTHBIH OIpOC
ra3MocQepoit
5. OneKTpoIMHaMHKa HOHOChEphI JIEKIHS 4 YCTHBIH OTIPOC
6. Heperynsapnsie SIBJIICHHUSA B f— 8 YCTHBIH OIpOC
noHocdepe
5.5. IlepeyeHb CEeMUHAPCKHUX, IPAKTHYECKUX 3aAHATHH M J1a00paTOpHBIX pador
JlaHHBIN BUJ 3aHATHN HE IPELYCMOTPEH
5.6. [lepeuyeHb U coep:KkaHNE CAMOCTOSITETbHOI PaGoThI
Pasnen Tema Bun camocTosATe1bHOI padoThI Pexomennyemast Bcero
JuTeparypa 4acoB
1 CrpykTypa BepXHei KoHcriekTrpoBaHue U BBIACICHIE OCHOBHas
aTMocQepsl TJIABHBIX TE3HCOB IO TEME, JIUTEparTypa:
(dhopMynIHEpOBaHUE MPOOIEMHBIX 1,2,3,8,10 12
BOIIPOCOB T10 TEME. JIOTIOJTHUTEJIbHAs
auteparypa: 2,6
2 OcHOBHBIE (pHU3NYECKUE KoncnexrupoBanue U BblJIENICHNE OCHOBHas
npoLecchl B HoHOchepe TJIaBHBIX TE3UCOB I10 TEME, JauTeparypa:
(dhopmynupoBanue MPOOIEMHBIX 1,2,3,6,7,8,10 10
BOIIPOCOB T10 TEME. JIOTIOJTHUTEbHAsI
aureparypa: 1,2,5,6,7
3 O6pa3oBanue KoHcniekTrpoBaHue U BBIACTICHNE OCHOBHas
MOHOC(EPHBIX CIIOEB [JIABHBIX TE3UCOB IO TEME, JuTeparypa:
(dhopmynupoBanue MPOOIEMHBIX 1,2,3,6,7,8,10 16
BOIIPOCOB T10 TEME. JIOTIOJTHUTEbHAsI
JIUTEeparTypa:
1,2,3,5,6,7
4 Bsanmopeiictue KoncnexkrupoBanue U BblJICNICHAE OCHOBHas
MOHOC(EpHI ¢ TJIaBHBIX TE€3UCOB IO TEME, aureparypa: 3,6,10 12
iazmocdepoit (dopmynrpoBaHHe POOIEMHBIX JIOTIOJIHUTEJIbHAs
BOIPOCOB 10 TEME. aureparypa: 2,3,5




5 DJeKTpOoIMHAMHKA KoncnekrupoBaHue U BbLJICNICHUE OCHOBHas
noHochepsl TJIABHBIX TE€3HCOB I10 TEME, naureparypa: 1,3,8,10 12
(dhopMynHEpoBaHUE MPOOIEMHBIX JOTIOJTHUTENbHAS
BOTIPOCOB TI0 TEME. nuteparypa: 2,4,5
6 Heperynspusie siBnenns | KoncmexkTupoBaHue U BBIICICHHE OCHOBHas
B HOHOC(hepe TJIaBHBIX TE3HCOB II0 TEME, JUTEepaTypa:
(dhopMynHEpoBaHUE MPOOIEMHBIX 1,3,5,8,10 10
BOIIPOCOB II0 TEME. JOTIOJTHUTENbHAS
nureparypa: 1,2,4,6

MeToauuecKkue YKa3aHud 10 OpraHm3anuuun CaMOCTOATEIbHOI p360TbI

3HaHPII>i, IMOJIYYCHHBIX BO BPEMS Ay AUTOPHBIX 3aHSATHH.

1) Pabora ¢ KOHCTIEKTaMH JISKIIAIH
AcCnupaHT TOBTOPSIET COJIEPIKAHHUE JICKIIUH, MCIOIb3ys MaTepHajbl KOHCIICKTa, B Cilydac

Kaxnplii BUJ camMOCTOSITENIbHOM pabOTHl HAMpaBIICH HA 3aKpeIUICHHE W YriiyOJieHue

HEOOXOJMMOCTH JIOMONHSET WX WHPOpMamMed U3 PEKOMEHIYyeMOW W JIOTIOJHUTEIbHOU
JUTEPATYPHI.

UCIIONIB3YsI

2) Pabora c nmuteparypoit
ACTUpaHT OCBaMBaeT MaTepHual, MPeIHA3HAYCHHBIH [UIS CaMOCTOSTEIBHOTO H3YydYCHHS,
PCKOMEHAYEMYI0 H JIOTIOJIHUTCIIBHYIO JINTEPaTypy,

COCTABIJISIET IMOJIPOOHBIH

KOHCIICKT TEMbI, aHAJIM3UPYCT, Q)opMyanyeT HpO6J’ICMHHe BOIIPOCHI I10 TEMC

6. YueOHo-MeTOAMYecKOEe U MH(OPMAIIMOHHOE o0ecTiedeHne AUCIUTIIHHBI

6.1. OcHOoBHAs JIUTEpaTypa

ABTOp, Ha3BaHHE, MeCTO U3IaHUSs, H31ATEIbCTBO, IO/
. 9 KoanuecrBo
Ne H3JaHNUA y4eOHOH U y4eOHO-MeTOAMYeCKOM
IK3EMILISIPOB
JINTEPaTypsbl
Conneuno-3emHas gusuka : 4.1 / C. U. Akacody, C. 3B (http://irbis.iszf.irk.ru):
1 | Yenmes ; Ilep. c anrn. nox pea. I'.M. Huxonbckoro . - M. : N ——
Mup, 1974. - 384 ¢ P Aoty
5 Bayap 3. ®usnka mianeTHBIX HoHOChep. M.: Mup, 1976. OB (http://irbis.iszf.irk.ru):
HEOrpaHMYEHHBIN 1OCTYI
3 bpronemm B.E., Hamramanze A.A. ®usnka noHOC)EpHI. 9 (http://irbis.iszf.irk.ru):
M.: Hayka, 1988. HEOTPaHUYEHHBIN TOCTYII
Bpacee I'., Comomon C. AspoHomus cpeaHeit armochepsl. 3B (http://irbis.iszf.irk.ru):
4 | Xumus u pusuka ctpatocheps! u Mezochepst. - JL.: "
HEOrpaHUYEHHBIN 10CTYI
I'unpomereonsaar, 1987.
Kepebuos I'.A., Muzyn 10.I"., Munranes B.C.
5 | ®usnveckue mporecch B MOJsIpHON noHocdepe. M. 3
Hayxka, 1988.
5 Kpunbepr U.A., Tammmma A.B. Horocdepa n b (http://irbis.iszf.irk.ru):
wia3mocdepa. M.: Hayka, 1984. HEOI'PaHUYEHHBIN JOCTYI
7 Patxkmudd /1. Beenenue B puzuky noHocdepsl u 35 (http://irbis.iszf.irk.ru):
Maraurocdepsl. M.: Mup, 1975. HEOI'PaHWYEHHBIN JOCTYI
5 PumGer I'., Cappuot O. Beenenue B pusuky nonochepsl. | Ib (http://irbis.iszf.irk.ru):
JI.: 'mppomereonsnar, 1975. HEOI'PaHWYEHHBIN JOCTYI
VYurren P., [Tonnos U. OcHoBsl asponomuu. JI.:
9 2
I'mppomereonsaar, 1977.
10 | Xaprpusc Jx.K. BepxHsis atmocdepa v cOTHEUHO-3eMHBIE 4
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http://irbis.iszf.irk.ru/
http://irbis.iszf.irk.ru/
http://irbis.iszf.irk.ru/
http://irbis.iszf.irk.ru/
http://irbis.iszf.irk.ru/

\ ces3u. JI.: 'mapomereonsnar, 1982.

6.2. JlomoJiHUTEJIbHAS JTUTEpaTypa

Ne ABTOp, Ha3BaHHWeE, MECTO U3JAHUS, U31ATEJIbCTBO, 0] KonuyectBo
" | m3naHus y4eOHOIl U y4eOHO-MeTOAMYEeCKOH JTUTEPATYPHI IK3EeMILISIPOB
Mapos M.SI., Konecanuenko A.B. BeeneHue B IaHETHYIO Ob

1 | asponomuro. M., Hayka, 1987. (http://irbis.iszf.irk.ru):
HEOI'PAaHUYEHHBIN JOCTYI
Brekke A. Physics of the Upper Polar Atmosphere. 2th ed. 2b
2 | Chichester: Springer Praxis, 2013. (http://irbis.iszf.irk.ru):
HEOTPAaHUYEHHBIN JOCTYI
Hunsucker R.D.,Hargreaves J.K. The High - Latitude B
3 lonosphere and its Effects on Radio Propagation [Text] / R. (http://irbis.iszf.irk.ru):
D. Hunsucker, J. K. Hargreaves. - Cambridge : Cambridge ) —
Univ. Press, 2003. - 639 p. HEOTPAHUYCHHBIN JOCTYII
Kelley M.C. The Earth's B
4 lonosphere. Plasma Physics and Electrodynamics [Electronic (http://irbis.iszf.irk.ru):
resource] / M. C. Kelley. - San Diego : Acad. Press, 1989. - ) —
485 p HCOIrpaHUYCHHBIN JOCTYII
Schunk R.W., Nagy A.F. lonospheres: Physics, Plasma 3b
5 | physics, and Chemistry. 2th ed. Cambridge University Press, | (http://irbis.iszf.irk.ru):
2009. HEOrpaHWYEHHBIN TOCTYTI
Prolss G. Physics of the earth's space environment. Springer- 2b
6 | Verlag Berlin, 2004. (http://irbis.iszf.irk.ru):
HEOTPaHWYEHHBIN TOCTYI
v [onynsipuas asponomus / A.J]. lanunos. JI. 5

I'unpomereonsaar, 1978.

6.3. IlpodeccuonaibHbIe 0a3bl AAHHBIX, HCIOJIb3yeMble PH OCYIeCTBJIEHHH
00pa30BaTeIbLHOIO MpoIecca N0 JUCIHILIMHE:
e basa gaHHbIX HaOMIOIEHUHN OTAeNa PU3NKU OKOJI03€EMHOTO KOCMUYECKOT0 IIPOCTPAHCTBA

NC3® CO PAH (http://depl.iszf.irk.ru/)

e ApxuB  HabmogeHudt  reodusmuueckoir  obcepBatopun  HNC3d CO  PAH
(http://atmos.iszf.irk.ru/)

e Hayunas 6a3a ganusix Scopus (https://www.scopus.com)

e Hayuynwsie ganHble (marepuanbl) usgarenbctBa Cambridge University  Press

(http://www.cambridge.orq)

6.4. UudopmanuoHHbie, HHPOPMALNOHHO-CIIPABOYHBIE CHCTEMbI, HCI0JIb3yeMble MPH
OCYLIECTBJIEHHH 00Pa30BaTEe/IbHOIO NPOLECCA 0 AUCHHUILIHHE:

e HMudpopmannoHHO-CIIpaBOYHAs
http://irbis.iszf.irk.ru

e ['ocynapcTBeHHas
http://www.gpntb.ru/

uHpopmanus B

myOJIMIHast

ouodInoTEKE

HAaYYHO-TCXHHUYCCKasA

NCcie® CO PAH

ouobmmoTeka Poccun

e Kypnansl AMepukanckoro ¢gusudeckoro odectsa http://publish.aps.org/

e HayyHas dJeKTpoHHas Oubnuorexka + Poccuiickuit Munekc Hayunoro I{utmpoBanus

https://elibrary.ru

e MeXIyHApOAHBIA KaTajJor W TOWUCKOBas CHUCTEMa IO MYyOJIUKAIMsIM B 0OJAaCTH acTpo(U3UKH

http://adsabs.harvard.edu/abstract _service.html
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http://www.cambridge.org/
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e MexayHaponHas cUCTeMa HWHAEKcHpoBaHUs  nyoOnmukamuii  Web  of  Science
http://webofknowledge.com

e Hayunsie pecypcsl 3apyOexxHoro msnatenbctBa Elsevier B.V. — Freedom Collection
(https://www.elsevier.com)

6.5. [IporpamMHoe oGecnieyeHue

JIMIeH3MOHHOE W CBOOOIHO pAaCIpPOCTPaHSEMOE IMPOTrPaMMHOE OOECIICYCHHE, B TOM YHCIIC
OTEYECTBEHHOTO MPOM3BOJICTBA HCIIOJIB3YeMOE TPU OCYILECTBICHHH 00pa30BaTeIbHOTIO
nporiecca 1o TUCIHUILIHHE:
e Omnepanmonnas cuctema Ubuntu 18.04 (cBo6oaHo pactpoctpansemoe [10)
e  Oducnsiii maker Libre Office (cBoOomHO pacnpocTtpansemoe [10)
7-Zip (cBoboaHo pacnpoctpansemoe [10)
Adobe Acrobat Reader DC (cBo6oaHO pacnpoctpansiemoe [10)
Mozilla Firefox 1 (cBoGoano pacmpoctpansemoe 110)
VLC Mediaplayer (cBo6oano pacnpoctpansemoe 110)
K-Lite Codec Pack (cBo6oxHo pacnpoctpansemoe I10)
Oneparrionnast cuctema Microsoft Windows 10 Pro
Cepsep BuneokoHdpepeniicssu Jitsi Meet

7. Obpa3oBaTe/IbHbIE TEXHOJIOTUHU

B yuebHOM mporecce HCHOIB3YIOTCS KAaK aKTUBHBIE, TaK HHTEPAKTUBHBIE (HOPMBI
MIPOBE/ICHUS 3aHATUM.

WuTepakTuBHBIE (OPMBI BKITIOYAIOT B CE0SI:

o Jlekuuu;

e Taopueckue 3agaHus B (hopMe U3JI0KEHUS TPOOIEMHOI0 MaTepuaa;

e [pynmoBele OLIEHKM U B3aMMOOLIEHKM: a WMEHHO pELEH3UPOBAaHUE AaCIHpaHTaMH
BBICTYIUIEHUW IPYT JIpyTa.

AyIUTOpHBIE 3aHATHS TPOBOJATCS B HMHTEPAKTHBHOM (opMe ¢ HUCIONIb30BaHUEM
MyJbTUMEAUMHOTO obOecnedeHus (HOyTOyK, mpoektop). [IpeseHTannn mo3BossioT KayeCTBEHHO
WITIOCTPUPOBATh ay[AUTOpPHBIE 3aHATHS cXeMaMM, (opMylamMH, 4YepTeKaMH, PUCYHKaMU U
CTPYKTYpUPOBaTh MaTepuasl 3aHATHA. OJIEKTPOHHAs Npe3eHTalMs IO03BOJIIET OTOOpa3uTh
IIPOLIECCHI B AMHAMUKE, YTO yJIydlIaeT BOCIPUITHE MaTepuaa.

CamocrosrenbHas paboTa BKIIOYAET B ceOsL:

¢ hopmynupoBaHue MPoOIEMHBIX BOIIPOCOB B PE3YJIbTATE CAMOCTOATEILHOTO U3yUEHHS TEMBI C
IIPUBJIEYEHNEM OCHOBHOM M JIOMOJIHUTEIBHON JTUTEPATYpPhI;

® [I0MCK HayYHO-TEXHMYECKOM HMH(OpMallMK B OTKPBITBIX MCTOYHHKAX C LENbI0 aHAIW3a U
BBISIBJICHUSI KJTFOUEBBIX OCOOCHHOCTEH;

® KOHCIIEKTHPOBAHMUE;

ITpu HeoOxonuMocCTH, B IIpoliecce paboThl HaJl 33JaHUEM, aCTTUPAHT MOKET MOJIYYUTh
MHAUBUAYAJIbHYIO KOHCYJIBTAIMIO Y IPETIOAaBaTeIs.

8. MaTepuajibHO-TeXHHYECKOE o0ecneuyeHne TUCIHMIUHBI (MOLYJI51)

Jnst  oOydeHUsT WMEIOTCS CIENUANbHBIE TIOMEIIEHHs] ISl TPOBEICHHS 3aHATHA
JEKIIMOHHOTO THMA, CEMHHAPCKOTO THIA, I'PYNIOBBIX W HMHIUBHIYaJIbHBIX KOHCYJIbTALIUH,
TEKYIIETO KOHTPOJIS U TIPOMEXYTOYHON aTTEeCTAIlNH, a TAKXKe MTOMEIICHHS ISl CAMOCTOS TEITbHON
paboTHI.

CrnennanpHble  MOMEIICHHS  YKOMIUIEKTOBAHBI  CIICIHAIM3MPOBAHHOW  MeOenblo,
TEXHUYECKUMU CPEICTBAMU OOyUEHHUSI, CYKALIMHU JUISI TIPEICTaBICHUS HHPOpPMALUU OOIbIION
ayAUTOPHHU, KOMIIBIOTEPHBIM 000pPYyI0BaHHEM.
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9. KoHTpoJIb Ka4yecTBa OCBOCHUS NMPOrPpaMMbl ACITMPAHTYPbI
Heabp KOHTPOJIA — MoNydeHHEe WHMOpPMAMKU O pe3ybTarax OOyYeHHUsS U CTENEHU X
COOTBETCTBUS pe3yIbTaTaM OOYUICHHUS.
IInanupyemMble pe3yJbTaThbl 0CBOCHHS IMCHUIIIHHbI

3HaTh:

® COBpPEMCHHBIC MPEJICTABICHUS O CTPYKTYpe BepXHeEl arMocdepsl B 1ej0M, 00 OCHOBHBIX €€
obnactsx, BKItouyas repmochepy, nonochepy u miazmochepy

® COBpPEMCHHBIC METOJABl HCCICNOBaHUs HMOHOCPepsl M €€ TOBEACHHS B Pa3IHYHBIX
reo(pU3NIECKUX YCIOBHSIX

® OCHOBHBIC TEOPETHUYECKUE TMPEICTABICHUS O CTPOCHHH atMocepbl, HOHOC(HEpbl U
1azMocdepsl.

Ymersn

® [IPUMCHUTH COBPEMCHHBIC 3HAHUS O CTPOCHHM W CBOMCTBAaxX BepXxHEH arMocdepsl s
OHUMAaHHS T€O0U3NICCKUX SIBJICHHI B OKOJI036MHOM KOCMHYECKOM IIPOCTPAHCTBE

® [POBOJUTh KAaYECTBEHHBIN aHAU3 HMOHOCPEPHBIX JaHHBIX HAa OCHOBE TCOPETUYECKHUX U
SMIUPUIECKUX MOJICIeH

® KOJIMYCCTBEHHO OIICHUTH BIUSHHE TOTO WM HHOTO IpoIiecca Ha OOIIYI0 KapTHHY ITOBEICHUS

HOHOC(EPHI.

Baanernb

e 0a30BOMl TEPMHMHOJIOTHMEH [UIsI ONKMCAHUS XapaKTEPHCTUK aTMOc(epbl, HOHOC(EpH U
masMochepbl

e MeroaaMu 00pabOTKH IKCIIEPUMEHTATBHBIX TAHHBIX
e HaBBIKaMH PabOTHI C HAYYHOU WHPOpPMAITEH B 00J1aCTH MOHOCHEPHBIX UCCIICTIOBAHUI
® OCHOBHBIMH MaTE€MaTHYECKMMH METOJaMH pelIeHus 3anad (Pu3uku BepXHEW aTMocdepsl,
noHocgepsl U miazmMocgepsl.
Texkymmi KOHTPOJIb

Texymuii KOHTpOJIb YCHEBAEMOCTH AacHHUpaHTa, T.€. IMPOBEPKAa YCBOEHUS Y4eOHOTO
MaTepuaia, perysipHO OCYIIECTBIISETCS HA MPOTSHKEHUH ceMecTpa. TeKylmuil KOHTpOIb 3HaHUI
00y4aroluXcsi OPraHU30BaH KaK YCTHBIM TPYNIOBOM ONpOC JUIsl IOBTOPEHUSI U 3aKpErIeHUs
[JIABHBIX TE3UCOB TeM, (OpMyIupoBaHHs U 0OCyXAeHHs NpoOneMHbIX BompocoB. Ilocie
OCBOEHHUSI Marepuajia pasjelia ydalluecsi TOTOBST KOJUJIEKTHBHOE COOOILEHHE IO OCBEIIEHUIO
OCHOBHBIX U MPOOJIEMHBIX BOIIPOCOB.

Texymas camocrosiTenbHas paOoTa acnupaHTa HampaslieHa Ha yriayOleHue u
3aKpeIICHUE 3HaHUM, U pa3BUTHE NIPAKTUYECKUX YMEHUN aCIIMPAHTA.

OObeKkTaMH OIIEHUBAHUS BBICTYIIAIOT:

e VYuyeOHas AWUCUUIUIMHA - AKTUBHOCTh HA 3aHATUSAX, CBOEBPEMEHHOCTH BBIITOJHEHHS
pa3IMYHBIX BUJOB 3a/IaHUH, IOCEIIAEMOCTb 3aHATUM;
e (CreneHb YCBOCHUS TEOPETUUECKUX 3HAHUH.
OueHo4HbIE CpPeICTBA /ISl OLIeHKH TeKYyIlel ycrneBaeMOCTH aCIMPAHTOB

Xapakrepucruka OC s odecnedyeHus: TEKYLIEro KOHTPOJIs 10 JMCHHUIIHHE

Pa3gen/Tema (0]8 Copep:xaHue 3a1aHus
Pazgen 1. CtpykTypa BepxHei cobecenoBanne | CocTaBUTh W OOCYAWTh Ha 3aHATHH NPOOIEMHBIC
aTMocepsl BOIPOCHI 10 U3YUEHHOMY pasJieny
Paznen 2. OcHOBHBIE pH3HUIECKHE cobecenoBanue | CocTaBUTh W OOCYIWTH Ha 3aHATHH HPOOJIEMHBIC
npolecchl B HOHOChepe BOIPOCHI 10 U3YyUEHHOMY pa3Jieny
Pazgen 3. O0pazoBaHre HOHOCHEPHBIX cobecenoBanne | CocTaBUTh W OOCYIUTh Ha 3aHITHH TPOOJIEMHBIC
CJIOEB BOIPOCHI 10 U3YYEHHOMY pa3fieiy.
Paznen 4. BzaumopeiictBue nonocepsr | cobecenoBanue | CocTaBUTh W OOCYAWTH Ha 3aHATHU TNPOOJIEMHBIE
¢ miazMocgepoii BOIIPOCHI 10 U3YYEHHOMY pa3jeiy.
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Paznen 5. DnexrpoauHamMuka cobecenoBanue | CoctaBuTh M OOCYAWTH HA 3aHSITUH IMPOOJEMHbIE
HoHOC(ephI BOIIPOCHI 10 M3YYEHHOMY pa3zeny.
Pasnen 6. Heperymsipabie siBIeHAS B cobecenoBanue | CocTaBuTh W OOCYIUTh Ha 3aHATHH NPOOJIEMHBIC
HoHocepe BOIPOCHI 10 M3YYCHHOMY pa3zeny.

IIpomeskyTouHas aTTecTANMS

IIpomexyTouHass arTecTalusi acCHUPAHTOB IO JUCHMIUIMHE OCYIIECTBISETCA IO
OKOHYAHHWIO JUCIMIUIMHBI B BHUJE 3a4eTa B COOTBETCTBUHU C IpaMKOM Y4eOHOIO Ipolecca.
ITpoBepka HanMuus KOHCIEKTOB IO IUCLMILIMHE fBISETCA JOMYCKOM K 3auery. B ciyudae
HAJIMYMS y4eOHOH 3a/10JDKEHHOCTH (TIPOIYIIEHHBIX 3aHATUH U (MIJIM) HEBBITIOJIHEHHBIX 33/1aHUi),
acnupaHT oTpadaThIBACT MIPOMYIIEHHBIE 3aHATHS U BBIIOJIHACT 3aJaHHSL.

OueHouHbIe CpecTBA /15 NPOBEeHNs IPOMEKYTOYHOI aTTecTalnu

Bomnpocsl 1u1s 3a4era

Pa3nen 1. CtpykTypa BepxHei atMochepsl

. O6uree cTpoeHue BepxHEH aTMOcepbl. ATMOC(HEPHBIE CIIOH, TEPMHUHOJIOTHSL.

. 'mapocratuueckoe paBHOBECHE.

. ATmocdepnsie BeTphl. ['eocTpoduueckuii BeTep. TepMudeckuii BeTep.

. DOHepreTUyecKkuil 6aaHCc B aTMOC(HEPHBIX CIIOAX.

. BeprukanpHoe cTpoeHre HOHOC(EPHI.

. IIpocTpaHcTBEHHO-BpEMEHHAas! CTPYKTypa HOHOC(EPHI.

. BeicokommupoTHas noHocdepa.

. DKBaTopualibHas HOHOCchepa.

Pa3nen 2. OcHOBHBIC (pU3UUECKHE MTPOIIECCHI B HOHOC(hepe

1. XuMuueckue peakiiuy B HOHOC(QEpHOH I1a3Me.

2. doroxuMuUecKoe paBHOBecHe 1 (hopMupoBaHue HIKHeW noHocdeps! (ciou D, E, F1).
3. AMOunomstpHas 1uddy3us.

3. Auddys3us noHochepHoit m1a3mel 1 00pa3oBaHue cperHEUPOTHOTO F2-crrost.
4. CkopocTb (hOTOMOHU3AIMH B OTHOPOIHON aTMocdepe. Teopust MpoCcToro cios.
5. KopriyckynsipHast ”oHU3aIMs ¥ aBpOpaIbHBIN OBall.

Pa3nen 3. OGpa3oBaHue HOHOC(EPHBIX CIIOEB.

1. O6pazoBanue D — o6mactu noHOChEpPHI.

2. O6pazoBanue E u F1-cnoes nonocdepsi.

3. O6paszoBanne F2-o6mactu mOHOCHEPHI.

4. D¢ dexTuBHbBIE KO3(PPULIMEHTH peKOMOMHALINY B HOHOC(HEPHBIX CIOSIX.
Pa3nen 4. Bzaumonelicteue nonocgepsl ¢ miazmochepoit

1. BuemHsist nvoHOC(epa 1 B3auMOIEHCTBHUE C MI1a3MOChEPOit.

2. IlepeHoc ma3Mbl MKy TEOMarHUTHO CONpPsKEHHBIMU HOHOc(hepamu. [InazmochepHslit
pesepByap.

3. 3anonHeHue mia3MochepHoro pezeppyapa HOHOC(HEpHOH MIIa3MOH.

4. ITonsapHeIii BETED.

Pa3zpnen S. DnexkrpoanHamuka HOHOChHEPHI

1. ITpoBoIMMOCTE MOHOC(EPHOH TIITA3MBI.

2. Nonoctepnoe nuHamo. ['enepanus 31eKTpUYecKHX mosei B noHochepe.

3. Ponb npeiidoB moHoChepHOI Mm1a3Mbl B HOHOC(hEPE BHICOKUX U YKBATOPHUATBHBIX IIHAPOT.
Paznen 6. Heperynsapusle siBeHus B HoHochepe

1. Tunsl nOHOC(HEPHBIX BO3MYIIICHUH.

2. Cnopaanyeckuii E cnoit. Mopdonorust 1 MexaHuzMel 00pa3oBaHusl.

3. Peakmust HoHOC(EPHI HA COTHEYHBIE BCIBIIIKH.

4. Nonocdepusie Oypu.

03O O1lh~ Wi —

3agaHus K 3a4ery
Pa3nen 1. Ctpykrypa BepxHei atMochepbl
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1. Ouenute noaHyto Maccy arMochepsl 3eMild U cpaBHHTE ee ¢ Maccoit 3emuu. Cpeanss
IUIOTHOCTB 3emin 5 r/em’, cpeanuid paguyc 3emin 6300 k.
2. [Tokaxkute, 4TO €CIIU IIKAIa BBICOT aTMOC(EpHI IMHEWHO 3aBUCUT OT BHICOTHI h
H(z) = Hy + Bh,
TO BBICOTHBIHN NpoduiIb JaBiieHUst OyeT UMETh BUJ

H(h) -1/B

0

P(h) = P,

3. YkaxxuTe HanpaBJjeHHUe reocTpouueckoro serpa Haa VpKyTcKoM, €Cli LIEHTP aHTHLMKIIOHA
pacroJIokKeH B SIKyTHH.

Pa3nen 2. OcHoBHBIC (hU3UUYECKUE MTPOIIECCHI B HOHOCHEpE

1. ITonyuuTe ypaBHEHHE IS ONIPENICIICHUS] YPOBHS IEpPexXo/ia OT 00J1acTH (POTOXUMHUIECKOTO
paBHOBecHsI K TU(PHY3MOHHOMY PABHOBECHIO.

2. XapakTepHoe BpeMs *KU3HU aToMa X B OMHAapHOU peakiuu paBHO 15 Munyram. Beruncnure
JIOJI0 aTOMOB X, KOTOpast OCTaHeTcs nocie 45 MUH.

3. Haiingure MakcMMaabHOE 3HaY€HUE CKOPOCTH (DOTOMOHHU3AIMH, BBICOTHBINA IPOQHIIE KOTOPOM
UMeeT BUJ:

q(2) = qoexp(1 — z — secy - exp(—2)).

Pa3nen 3. O6pa3zoBanre HOHOC(HEPHBIX CII0CB

1. Konnearpanust XV B armocdepe onpenensiercs CaeayroluMi PeaKusIMu
X+Y,->XY+Y, KoHCTaHTa peakuuu k;
XY +X — X, +Y, KoHCTaHTa peakuui k,

BriBeauTe ypaBHEeHHE, KOTOPOE CBS3bIBAET paBHOBECHBIE KOHIIEHTpauuu XY u Y, .

2. MoxxeT 11 B THEBHBIX ycnoBusx F2 cioit obpazoBarscs ke 200 km?

3. BeruncnuTe BeMMYNHY AJIEKTPOHHON KOHIIEHTPAIUH, €CIIM 3HaUeHus anbda u 6eTa cioes

YenmMeHa paBHbI COOTBETCTBEHHO 3-10° eM> 1 2:10° em™®,

Pa3nen 4. BzaumopetictBue nonocdepsi ¢ miazMochepoit

1. Bo ckosibko pa3z 00beM JUMOIbHOM cuitoBoii TpyOku ¢ L =5 Gomnbiie o6bema TpyOku ¢ L =2 ?
2. Bo ckonbko pa3 BpeMs 3al0JHEHHsI CUIoBoM TpyOku ¢ L = 5 Oosnbliie BpeMeHH 3aroIHEeHUs
TpyOku ¢ L =2 ?

Pa3znen S. DnexktpoanHamMuKa HOHOC(HEPbI
1. [I10THOCTH TOKA B HOHOC(EPE ONPEAEIAETCS BhIpaKEHUEM

j=0,E-b)o+0,bx(Exb)+o, (bxE),
IZie O, Op Oy - IPOJIOJIBHAS, [IEIEPCCHOBCKAS M XOJUIOBCKast IPOBOAUMOCTH; E — BeKTOp

R
IIEKTPUICCKOTO OIS, b — CTMHUYHBIA BEKTOP MarHUTHOTO T0JIs. BhIBeIUTE BBIpAKCHHE JIS
TEH30pa IPOBOAUMOCTH B AUIIOIBHON cucTeMe KoopauHar (e;, e, e ), monaras

E=E&+E,6+E6,;, b=-%,.

Pa3nen 6. Heperynsipubie siBiieHusi B uoHocgepe
1. O6wsicuuTe noBeaeHue F2-crnost noHOCGEpsl MPU YCUIEHUH MEPUANOHATIBHOIO HEUTPATBHOTO
BETPa HAINPABIIEHHOI'O K MOJIOCY U K 3KBATOPY.

Kpurepun ouenku:

- OLIEHKA «3aYTeHO» BBICTABIIACTCS ACMUPAHTY, €CIIM OCHOBHOW MaTepuall YCBOEH, acCHHpPaHT
npuoOpen HeoOXOIUMBbIC 3HAHUS U YMEHUS;

- OIICHKa «HE 3aYTEHO» - €CIIM OCHOBHOW MaTepual YCBOCH HEIOCTAaTOYHO, ACIHUPAHT He
npuoOpen HeoOXOIMMbIX 3HAHUN U YMEHHI
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