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I.

I1.

BBenenue

1.  Telcsun JjeT Ha3aJ HAa MAJICHBKOW KaMEHHCTOH IUIaHeTe, OOpallaroIieiicss BOKPYT
CKpPOMHOM 3B€3/1bl B PSIIOBOM CIMpaNbHON raJIaKTUKE, HALLM JAJIEKUE MPEAKU yCTPEMIISUIN
CBOH B30p B HE0O, 3aJaBasich BOIPOCOM O CBOEM MeCTe MeXAy 3emieii u HeOom. B
JIBa/IIaTh TIEPBOM BEKE JIFOJH 33Jaf0T T€ XKe KapJHHAIBHBIE BOIIPOCH O TOM, KaK BO3HHUKIIA
U pa3BHUBaiach BceneHHas, Kak MOSBIINCH 3/IECh JIIOAW, Ky[a OHU IBIKYTCS U OAWHOKH
mn Mbl BOo Bcenennoil. CmycTs BCero JIMIIP MIHOBEHHE B MacIiTabax KOCMHYECKOTO
BPEMEHHM 3TH BOIPOCHI HAUYMHAIOT MOIydYaTh OTBETHL. 3a nocienHue 40 JeT eHTPAIbHYIO
POJIb B 3TOM IIPOIIECCE CHITPATI KOCMHUYECKHE 30HIBI 1 KOCMHYIECKHE 00CEpBATOPHH.

2. Kocmuyeckue MoieThl U UCCIIEA0BaHMs, OCYIICCTBIsIEMbIE BO BCEM MHUPE B paMKax
HayK o KocMoce U 00 armoc(epe, HbIHE €XeIHEBHO NPHHOCAT HOBBHIE cBeleHUs. B xoxe
9TUX TOJICTOB M HCCIICJOBAHHI BBIIOIHSAIOTCSA HPOrPaMMBI, Kacaloluecs aCTPOHOMHUH,
Comnreunoit cuctemsl, ColHIIA M €T0 B3auMMOJEHCTBHA ¢ 3emyeil. B morne 3peHus Hayk o
KocMoce U 00 aTMocdepe HaXOAWTCS BCe — OT CPETHHX CIOEB 3eMHOI aTMocdepsl (Ha
BBICOTE OKONO 60 KHJIOMETPOB) IO VYTOJNKOB BceneHHOW, ymaleHHBIX OT HAc Ha
MUJUTHApbl CBETOBHIX JeT. UTOOBI JIydile MOHSATh, YTO U3YYalOT HayKH O KocMoce M 00
aTMocdepe, BO3MOXKHO, CIIEIyeT yCTAHOBUTH, KaKue OOJIACTH HCCICHOBAHHA K HHM He
OTHOCATCS, @ IMEHHO:

a)  Ilporpammsl Hayk O 3emiie KacaroTCs HayYHbBIX HCCIICIOBaHWH, CBSI3aHHBIX C
3eMiieil U ¢ OKpPY’KAIOMIMM €€ MPOCTPAHCTBOM BIUIOTH IO CPEIHUX CIIOEB aTMOC(ephl (Ha
BbIcOTe OKoino 60 kmimomeTpoB). OHHM OXBAaTHIBAIOT TaKHEe TEMBI, KakK TJI0OaIbHOE
MOTEIUICHUE ¥ UCTOIICHHE 030HOBOTO CIIOSL.

b)  OcymectBnsemble IIOABMH HCCIENAOBAaHHA W pa3pabOTK B KOCMOCE
BBIMOJIHSIOTCSI C TIOMOIIBIO OOUTAEMBIX KOCMHYECKUX KOpabiell U KOCMHYECKUX CTAHIIU.
XoTs i TPOBE/ICHHST KOCMHUYECKUX JKCIIEPUMEHTOB B 00JAaCTH HAayK O KOcMoce U 00
aTMoc(epe WHOTa MPUMEHSIOTCS KOCMHUYECKHE KOpaOiu U KOCMHUYECKHE CTAHIUH, OHU
[JIABHBIM 00pa30M HUCIONB3YIOTCS B MHBIX LENAX M HE HAXOMITCS B BEICHHH HAYK O
KocMmoce u 00 atMocdepe.

c¢)  IIporpammbl OHOTOTHYECKUX U (PU3UUECKUX UCCIICAOBAHHUNA MPEIyCMaTPUBAIOT
MIPOBEACHNE HAYYHOH paboOTHl HAa OOPTY KOCMUYECKHX KOPAOIeH M KOCMUYECKAX CTAaHIHHA
B MHTEPECaX MaTePHAIOBEICHUS U OHOJIOTMYSCKUX HayK.

d) Ilpwm ocymecTBiIeHNH MPOrpaMM a’3POKOCMUUECKUX TEXHOJIOTHH HCCIEIYIOTCS
TEXHOJIOTHH COBEPIICHCTBOBAHMS CaMOJIETOB M HOBBIX CPEJCTB BBIBEJCHUS Ha OpOHUTY

(paker).

O6cy:xxknenue B PaGoueii rpynmne mo Haykam 0 KocMoce
u 00 aTmocdepe

3. VYnpaeneHue mo BONPOCaM KOCMHYECKOTO IIPOCTPAHCTBA B COTPYAHHYECTBE C
EBporneiickuM KOCMHYECKUM areHTCTBOM mpoBeno CoBemanue sKcrepToB OpraHu3aun
OObeanHeHHBIX Hamuii 1mo perMoHaNbHBEIM y4eOHBIM LIEHTpAM KOCMHYECKOH HayKu U
TEXHUKH: CTaTyC U nanpHeimee passutue (Opackaru, Utamms, 3—7 cenrsops 2001 roxa).
Opnuo#t w3 rmaBHBIX menei CoBemaHust OBIIO PAacCMOTPEHHE W OOHOBJICHHE YUEOHBIX
NPOrpaMM PErHOHAIBHBIX LIEHTPOB B YETHIPEX 00JACTAX: TUCTAHIMOHHOE 30HIHPOBAHME;
CITyTHHKOBAasi METEOPOJIOTHS; CIyTHHUKOBAas CBfA3b, M KOCMHUYecKas Hayka. B Hactosmem
JOKJIAJIe COMACPIKUTCS M3NIOKEHHEe OOCYXKICHUs, cocrosBiierocs B PabGoueil rpymme mo
HayKaM 0 KocMoce u 00 atmMocdepe.
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4. Paboyas rpynma npoaHadM3MpoBalla M MEpecMOTpena Y4eOHYIO MpOorpammy st
TpeThero Kypca (mpuinoskeHue I), KOTOpbI HA4YHETCS B Y4eOHOM IICHTPE KOCMHUYECKOM
HayKd M TEXHUKH A3zmaTcko-Tuxookeanckoro pernona 1 asrycta 2002 ronma. YueGHbIe
IIPOrpaMMbl 11 BTOPOrO M IEPBOTO KypcoB npuBeneHel B npuioxeHusx II u III,
COOTBETCTBEHHO.

Leab kypca u pekoMeHayeMble TeMbI

5. Tlo muenmio Paboueil rpynmel, Kypc HayK O KocMoce M 00 armocdepe J0DKeH
OTBEYaTh NOTPEOHOCTSAM Pa3BHBAIOIINXCS CTPaH, CTPEMSILINXCS CO3/1aTh OOUIMH HAYIHBINH
MOTCHIIMAN B M3YYEHHHM KOCMOCAa KaK HEOOXOJMMOE CPEACTBO MOJICP)KKH Pa3BUTHUS
nH}pacTpykTypsl. OH MOIDKEH OBITh OPMEHTHPOBAH HA: CTYAEHTOB C IOJIOTOBKOH IIO
(¢U3MKEe WIM TEXHUYECKMM HayKaM, KEJIAIOIINX MPOAOJDKUTh 00ydeHHe B acIHpaHType
WIH 3aHATbCS HCCIEAOBAaHMSAMH B pPaMKax HayK O KOCMOCe; MpernojaBaTenei
YHHUBEPCUTETOB, KOJJIC/DKEH M CcpelHel IIKOJBI, KOTOPBIM TpeOYyIOTCsl XOpoIie oO0Iue
3HAHMS B 00JIACTH HAYK O KOCMOCE; HHKEHEPOB, CBSI3aHHBIX C KOCMHYECKUMH TOJIETAMH 1
paboraronux n1b0 B KocMoce, b0 Ha 3emiie; a TakKe YNpaBIeHUYECKHH IEepCOHAN B
0001 00651aCTH KOCMUYECKOH JIeSITEITbHOCTH.

6. OOmas cTpyKTypa Kypca JOJDKHA CJIEJOBaTh AHAJOTWYHOW CTPYKTYpe IPYTHX
MIPOTpaMM aCHHUPaHTYPhI, @ UMEHHO JEBSATH MECSIIEB 3aHATHI C IPUMEHEHHEM Pa3IMIHbBIX
METO/10B 00yUEHUS — JICKIUH, KOHCYJIBTAINH, IIPAKTHYECKUX 3aHATHH, CEMHHAPOB U T. . —
U Ha MOCJIEAHEM dTale 3KCHEPHUMEHTANBHBIA MPOEKT MPOAOIDKUTEIBHOCTBIO OKOJO ABYX
MecCsIeB. 3aTeM AOJDKEH IOCIEN0BaTh HAYYHO-HCCIEIOBATENBCKAN MPOEKT MPOJOIIKU-
TEJIFHOCTBIO B OJMH TOJ, OCYIIECTBIISIEMBI OOBIYHO Ha POJMHE YYacTHHKAa M, KakK
TIPaBUJIO, aKTYAJIBHBIN JUIS €r0 CTPaHbl; B TEUEHHE 3TOT0 Neproia o0ydaromuecs 0ObIYHO
JIOJDKHBI UMETh JBYX PYKOBOJHUTEIEH — OJHOTO M3 PErHMOHAIBHOIO LEHTPA U OJHOTO W3
ero/ee cTpaHbl. BBUIO cOYTEHO BEChMA JKEJIATEIbHBIM, YTOOBI SKCIIEPUMEHTAIBHBIA IPOEKT
ObUI TEPBBIM 3TAlloM OJHOTOJMYHOTO MpOEKTa, Ojaromaps 4eMy OKOHYMBIIHMH Kypc
BepHyJca OBl Ha pOAWHY, TONY4YMB, 1O KpaiHeH Mepe, HEKOTOphIe MAaHHBIE U
COOTBETCTBYIOIIYIO MOATOTOBKY B NPOBEJCHUM HAyYHBIX HCCIEIOBAHUM, a TaKKe UMes
paboure KOHTAaKTBl CO CBOMM PYKOBOJIHUTENEM M3 IIEHTpa. DTO O3HA4ajo ObI, YTO Jaxe
TE€Ma OHKCIIEPUMEHTAJIBHOTO IIPOEKTa MJOJDKHA OBITh BBIOpaHa INPH KOHCYJIBTAllMK C
PYKOBOAMTEIIEM HA POJIMHE 00YUarOIIEerocs.

7.  PabGouas rpymma mNOAYEpKHYNIA, YTO PETHOHAIBHBIM IIGHTpaM JOJDKHA OBITh
IpesocTaBiieHa cBo001a BEIOOpa METOI0B 00Y4eHHs Ha Kypcax, KpUTepHeB 0TOOpa U T. 1.,
KOTOpBIE TIPEIIOYTHTENBHBI JUIi HUX W COOTBETCTBYIOT MOTPEOHOCTSIM MX pPErmoHa, Mx
KOHKPETHBIM YCJIOBHSIM M YPOBHIO KOMIIETEHTHOCTH. Pabodas rpymma pexoMeHIoBasa
ceMb TeM; OblUla TaKKe NPEUIOKEHa M paccMOTpeHa BOcbMas TeMa — "KOCMHYECKas
reonesus”. Ilo mMHenuro I'pymmel, MOXHO ObIO OBl OXHIATh, YTO KypC IO HayKaM O
KocMoce M 00 atMocdepe OyneT BKIIIOYATh HECKOJNBKO (HAIpHMeEp, OT TpexX /0 ISTH) U3
3THX CEMH WIM BOCBMH TE€M B COOTBETCTBHH C pEUICHHEM IIEHTpa, IPOBOJSIIETO KypC.
VYuebHyio mporpaMmy MO>KHO HHTEPIIPETHPOBATh THOKO W BapbUPOBATH B COOTBETCTBHH C
KOHKPETHBIM IIOCTPOCHHEM Kypca; IpeaaraeéMble TeMbl YKa3bIBalOT B OOIIEM BHJEC Ha
OKHJIaeMble MIMPOTY W TIIyOMHY n3ydeHus. B psge ciywaeB, Harmpumep B OTHOIICHHH
TEXHOJOTUM KOCMHYECKHMX allapaToB, pa3pabOTYMK Kypca MOXKET CYECTh HYXKHBIM
BKJIIOUUTH JIMIIL HEKOTOpPBIE JIEMEHTHl Kypca, HO YydeOHas mporpamMma Morya Obl
MIOCITY>KUTB TIOJIE3HBIM PYKOBOJICTBOM JUISI ONIPEAEIIEHHS TOT0, YTO HEOOXOANMO BKITIOUUTh
B Kypc. Tem He MeHee o0mmue TpeOOBaHMS HA yPOBHE aCIIMPAHTYPhI IOIDKHBI COXPAHSTHCS
B TIOJTHOM OOBEME.
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8.

HpennaraeMLIe BOCEMb TEM TIIECPCUYUCIICHBI HHXKCE. KOHTpOHI)HO-I/I?;MepI/ITeJ'IBHaS{

arnmaparypa 0ObITHO OTHMCHIBAETCS B paMKaxX COOTBETCTBYIOIIEH TEMBI.

1.

Maremaruka JJIA YUCHBIX U UHXKCHEPOB, CBA3AHHBIX C KOCMOCOM

B kauectBe BBCIACHUA K TEMEC MATCMATHUKU JJId YUCHBIX U MHXKCHECPOB, CBA3AHHBIX C
KOCMOCOM, KypC TOBBIIICHUA KBaJ'II/I(bI/IKaHI/II/I Mor 6])1 BKJIIOYATh CJICAYIOMIUEC
JIUCUUIUIMHBL:  aireOpa, TeoOMeTpus, TPUIOHOMETpHs, JIMHeWHas anredpa,
BBIYKMCIIMTENIbHAS MaTeMaThuka, OOBIKHOBEHHbIE aU(QepeHIHatbHble ypaBHEHHS,
TEopHs BEPOSATHOCTU U cTaTHCTHKA (pactpenenenus [lyaccona u I'aycca), BBeneHue
B UMCIICHHBII aHanu3, IOPOCTOE KOMIIBIOTEPHOE IPOrPAMMUPOBAHUE, OCHOBBI
BEKTOPHOTO aHann3a. MoXeT OBITh KeJaTeIbHBIM MIHUPOKO MCIOIB30BaTh IPUMEPHI,
B3ATHIC us3 TaKHuX pas3aciioB KOCMHYECKOM (I)I/ISI/IKI/I, KakK JBHXXCHUC B
TpaBUTAIIUOHHOM I10JI€, CIIYTHHUKOBBIC Op6I/ITI)I u 1. m. Ilocne KypcCa NOBBIIICHUA
KBaIM(UKALUY MOTYT OBITh IPOYUTAHBI CIEAYIOIIUE KypPChI:

CTAaTUCTHKA W AHAJIW3 AAHHBIX: AHAIU3 IIOIPELIHOCTEH, aHAIU3 C IOMOILBIO
BPEMEHHBIX DAJOB, TPEHbI, aHaI3 Dypbe, BIMSAHME LIYMOB HA JaHHBIC,
METOJbl  1OA00pa HSMIMPUYECKOW KPUBOH, HAWMEHBIIUX  KBaJpaToB,
MaKCHMAJILHOTO MPAaBONONO0HS, JHUHEHHOW (GUIbTPALUK, CTATUCTUYECKUE
KPUTEPUH 3HAUUMOCTH;

METOJbl YHCIECHHOTO aHalu3a: WHTEPIHOJANUS WU OKCTPANOJSAIUSI, METOJIbI
KOHEYHBIX Pa3HOCTEH, NHTETPUPOBAHNE;

MOJICTIMPOBaHKE: YHCIEHHOE peleHne auddepeHnnanbHbIX ypaBHEHHH B
YaCTHBIX  IIPOM3BOJHBIX, IIOCTPOEHUE IIPOCTOM  YMCIOBOW  MOJEIH,
MPaKTHYECKOEe MPUMEHEHNE YHCIOBOW MOJIEIIH.

DTOT mepedeHb ObLI HAMEPEHHO OrpPaHMYeH, OTYACTH C TeM 4YToOBbl JaTh
PErMOHANIBHBIM  LIGHTPaM BO3MOXHOCTb II0 CBOEMY YCMOTPEHHIO BHOCUTH
JIOIIOJIHEHMSI, YMECTHbIE MJI APYIHX INpeUlaraéMblX MMM JIUCLUUIUIMH HayKu O
KOCMOCE, @ OT4YacCTU B OXKUAAHUM TOrO, 4YTO OT CIyLIaTeled KypcoB MOKET
MOTPeOOBATHCS BBINOJIHEHHE HEOOJIBIINX MMPOEKTOB, C TEM YTOObI OHU HAYYWIIUCH B
IIOJIHOM Mepe UCNOIb30BaTh MATEMATHUKY .

CTpyKTypa, COCTaB, IMHAMHKA U SBOJIIOLUS IUIAHETHBIX aTMochep

Atmocdeps (Bkitouast atMmochepy 3emiin)

DHepreTudeckuil 6ajgaHc MIaHeThl 3eMIIst

CTpykTypa, COCTaB M JUHAMHUKA aTMOC(epsl 3eMitn

CoutHeyHasi paiManus U BIMSHAE H3MEHUYMBOCTH B aTMocdepe 3emitu
CpaBHeHue ¢ aTMochepamMu APYTruX MIaHeT

JlonroBpemeHHast 1 KpaTKOBPEMEHHast SBOJIIOLIUS aTMOChepbI
PernonanbHas KJIMMaTOJIOT U

®uznka noHocheps

CTpyKTypa ¥ H3MEHUYHMBOCTh HOHOC(HEPHI 3eMiTi
HonocdepHbie METObI, 0COOCHHO KOCMHUYECKHUE METOIBI
JlnHamuka HOHOC(EPHOI T1a3Mbl

OnTH4ecKre IMUCCUU U3 HOHOCHEPHI

HoHocdeps! IIaHeT U UX CIYTHUKOB

B3anmogeiictBusi nonochepst U arMochepsl

Paauocesi3s uepes nonochepy



4.  ConHeuHblil BeTep, MarHuTocdepa 1 KOCMUYECcKast Morozaa

ConHevHas akTHBHOCTD U €€ BIMSHUE
MarHuTHbIC OIS 3eMIIN U JPYTUX TUIaHET
MaruuTochepb! 3eMIH U JPYTUX MIaHeT
MexniaHeTHas cpefa U KoCMU4ecKast moroja

5. ActpoHOoMmUS U acTpodhU3nKa

BBenenue B acTpoHOMUIO

CTpyKTypa ¥ SBOJIOIHUS 3BE3]1 U TaIaKTHUK
AcTpoHOMHYECKHE HAOIOICHHUS HA BCEX JUITMHAX BOJH
Kocmuueckue myun

OCHOBBI KOCMOJIOTUH

6. OCHOBEBI IIPOCKTUPOBAHUA, CTPOUTCIILCTBA U 3allyCKa KOCMHUYECCKUX allliapaToB

OpOuranibHasi IMHAMUKA U CPEJICTBA 3aITyCKa

N3mepenune u crabmmM3anysi mojg0XKeH!s B MPOCTPAHCTBE
I'enepupoBanue 1 aKKyMyJIHPOBaHUE SHEPTUU
VYnpasieHue TeIeMeTpUIeCKUMU 1 KOMaHIHBIMHU TaHHBIMH
MexaHHUECKHe pacyeThl M UCTIBITAHUS

TenoBble pacyeTsl U TEPMOPETYIUPOBAHNE

DakTOpbl, YUUTHIBAEMBIE B pacueTax M0JIE3HON Harpy3Ku
Marepwuassl, IpUMEHAEMBIC B KOCMHUECKUX CHCTEMax

7. KocMuueckas Guosnorus

BBezieHne B KOCMHYECKYIO OHOJIOTHIO

Ob6mas Gpu3HoNIOrnyecKas peakins Ha KOCMHYCCKHA MOJIeT
Pagnanus u pagroGHOIOTHst

dakTop prcKa st 300POBbs IPU paboTe B KOCMOCE
JKuznp B KOCMOCe

8. Kocmuueckas reone3ust

CucTeMbl KOOP/IMHAT: C IPUBSI3KON K 3emJie, r1o0alibHbIe U perHOHaIbHbIC

3amaHue CUCTeM KOOPIUHAT 0 HAOMIOACHUAM U3 KOCMOCa

I'nobGanbHas cucrema onpeaeneHus mecrornoioxenus (I'CM): Teopus u peanuzanus
I'eorpaduueckas nnpopmaiponnas cucrema (I'MC): Teopus u peanuzanus
HayuHble mpuMeHEHHsT KOCMHUYECKOW T'e0e3uu: apeli() KOHTHHEHTOB, PAcCTOSHUE
Mexay 3emieit u JIyHoi u T. .

0030p pexomengauuii Komurera no paccMOTpeHHI0 y4eOHbIX
NnporpamMmm

9. Komurer mo paccMOTpeHHIO YY€OHBIX TMPOTPaMM, CIICIUAIBHBIN OpraH, CO3IaHHBII
Y4eOHBIM EHTPOM KOCMHUYECKON HAYKH M TEXHUKH A3MAaTCKO-THXOOKEaHCKOTO PEerrHoHa
Uit moAroToBKM K CoBemaHuio, cocTosBIieMycs B ceHTs0pe 2001 roma, mpemioxKut
MEPECMOTPEHHYI0 YYEOHYIO TpOrpaMMy Ui TPEThEro Kypca. YIOMSIHyTas ydeOHas
IporpamMma, paccMOTpeHHas Pabodell rpynmoi, BKIIF0YaIa Cleayrolee:

A/AC.105/L.240
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Mooyne/
noomooyns  Tema

1 Teoperuyeckue TEMbI
1.1  Crpykrypa, cocTaB U AMHAMHUKA [UIAHETHBIX aTMOChep
1.1.1  Crpykrypa atmMocdepsl 3emuu
1.1.2  CocraB atmMoceps! 3eMiH
1.1.3  JIunamuka atMochepbl 3emin
1.1.4  ConHeuHas paauaiys U ee BIHsSHAC Ha aTMOChepy

1.1.5  Artmocdepsl IIaHeT U CITyTHUKOB

1.2 ®wusuka nonocheps
1.2.1  CrpykTypa U ©3MEHYHBOCTH HOHOC(HEPHI 3eMIIn
1.2.2  HoHocdepHbie METOIbI: HA3EMHBIE, C HCIOIb30BAHUEM PAKET U CITyTHUKOB
1.2.3  JlnHamuKa HOHOC(HEPHOI ITa3MBbl
1.2.4  OnTHyeckne SMUCCHA

1.2.5 HoHocdeps! Apyrux MiIaHeT U CIyTHUKOB

2 DKCHEepUMEHTHI
2.1 HaOmnroeHust 3a 030HOM € MMOBEPXHOCTH 3eMIIH
2.2 PammoBomHOBOE 30HIUpPOBaHHE HOHOC(EPHI (HOHO30H)
2.3 3onnx Jlenrmiopa Uit U3MEPEHHUsT KOHLIEHTPALIHH JIEKTPOHOB
2.4  Onrudeckoe GpopMHUpOBaHKE H300paKEHHIH UCTOLICHHS TIa3Mbl

2.5  DKCIIEpHMEHT I10 MOJICIMPOBAHHIO Ha HEHTPaIbHOU aTMochepe

3.1  ConneuHslit BeTep, MaruuTocepa 1 KOCMUYECKast oroja
3.1.1 DOnements! ¢pu3uku CoiHIA
3.1.2 MarnutHoe noje 3eMJIU U APYTUX IIaHET
3.1.3 Maruutocdepa 3eMIH U IPyrUX IJIaHET
3.1.4 MexnnaneTHas cpena

3.1.5 Kocmuueckas noroaa

3.2 AcrtpoHomus U acTpodu3nKa
3.2.1 Bsenenue B acTpOHOMHUIO
3.2.2  AcTpoHOMHYECKHE NPHOOPHI U METO/IbI HAOIIOACHHH
3.2.3  HM3yuenwue 3Be3] M rajakTHK B oNTHYECKON 1 OmkHelt unppakpacHoii (MK) obnactu cniektpa
3.2.4  Actpodu3snka yacTHI] BEICOKUX YHEPruit

3.2.5 PanmoactTpoHOMHYECKHE UCCIIEIOBAHUS

4.1 DoToMeTpHsI JBOUHBIX 3BE3]]
4.2  UurepdepoMerpruueckue UCCIIeIOBAHUS INIAHETAPHBIX TYMaHHOCTEH

4.3  M3ydeHue paguoITyIbCapoB C MCIOIb30BaHUEM PAIHOTEICCKONA-TUTaHTa METPOBOTO
nuanaszona (I'MPT)/moBoportHoro paguoreneckona B Ytu (IIPTY)
4.4  V3mepeHue TeMIepaTypbl BHEIIHUX IJIAHET C Ucnoib3oBanueM MK-nerekropon

4.5 l3yuyeHue COTHEYHOTO CIIEKTpa



10. TIpemnoxxeHHas mpoueaypa OlEeHKU I TPEThEeTo Kypca Cleayromas:

bannw
Teoperndeckne muckMeHHEBIE paboThI (4 padoTsl x 300 OamioB) 1200
[MpakTryeckne 3aHATHA

VYyactue B npakTHdecknXx 3aHATHX (10 MpakTHUECKUX 3aHATHH X 450

45 GamioB)

DOK3aMEHBI 110 PAKTUYECKUM 3aHATHAM (2 3K3aMeHa x 75 6ansoB) 150
CemuHapsr (4 cemuHapa x 75 0aoB) 300
OKCIIepUMEHTAIbHBII IPOEKT _300

Bcero 2400

[ocne obcyxnenus B Paboueii rpymre, rae ObUTO MPEIOKEHO BKIIOYCHHE TMSATONH TEMBI
0 MIPOCKTHPOBAHUIO, CTPOUTEIHCTBY H 3aIyCKy KOCMHUYCCKHX ammaparoB (CM. MyHKT 16,
HIKE), MPOIIEIypa OICHKHN OblIa M3MEHEHA, KaK TIOKa3aHO B MTyHKTE 3 MpHIIoKeHus 1.

IMepecmoTpenHnas yueGHasi mporpaMma s TPeThEro Kypca
10 HAYKAM 0 KocMoce 1 00 atmocgepe

PexomMeHnaaunum no CTpyKType TpeTbero Kypca

11. Tperuii Kypc OyIeT COCTOSTD M3 CIEAYIOIIUX MATH MOJYJIEH:

1.  Teopus

2. DKCIIepUMEHTHI

3. Teopus

4.  DKCHEepPHUMEHTHI

5. DKCHepuMEHTANbHBIA MIPOSKT

Bonee monmHOe ommcaHue y4eOHOTO IUTaHA, KOTOPHIA HYXKHO BBIIOJHATH, OCOOEHHO IO
TEOPETUYECKIM MOJYJISIM, TPUBOAUTCS B MIPHUIIOKEHUH I.

IIpensnaraemble U3MeHEeHUsI B y4eOHOM IJIaHe BTOPOro Kypca

12.  OO6miee umcno y4eOHBIX YacOB, OTBEJEHHBIX Ha JICKIUU W OKCIIEPUMEHTaJIbHBIC
3aHATHS Ha BTOpOM Kypce (cm. mpuiiokenue II), cocraBnsio 300 yacoB Ha KaKIbld BUJL
3aHsaTHil. OCHOBHBIE PEKOMEHIyeMble U3MEHEHUS B paclpeiesieHuH 9acoB 00CyKIAI0TCs
HUKE.

HN3menenus B TEOPETHYECCKUX TEeMaX

13. Ha Bropom kypce 50 dyacoB OBLIO OTBEACHO Ha aCTPOHOMHUIO U aCTPOQPH3HKY.
B nepecMoTpeHHO#t yueOHOM MporpaMme 3TO YKCIIO TOJDKHO OBITh YBelnueHo 1o 60 yacos
U JIOTIOJIHUTENIBHO JIOJDKHO OBITH BbIAENEHO 33 yaca Ha (DM3UKY IUIAHET M paclpesielieHO
CJIeIyIONINM 00pa3oM:

Yacoe
ATMocdepsb! TIaHeT U CITyTHUKOB 12
HoHnocdeps! Ipyrux IiaHeT U CIIyTHUKOB 8
MarnuTtHoe mojie 3eMIIn U JPYTUX TUIaHEeT 6
MaruauTocdepa 3eMiiu U APYTUX IIIaHET 7

Bcero 33

A/AC.105/L.240
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Takum oOpazoM, B mpemiaraeMoM ydeOHOM IulaHe Obulo  Obl  J00aBIIEHO
43 OTIOMHUTENBHBIX Yaca Ha aCTPOHOMHUIO, aCTPOPHU3HUKY U (PU3HKY IIIAHET.

14. Ha Bropom kypce 50 4yacoB ObUIO OTBEJEHO Ha ONTHYECKHE M J1aOOpaTOpHBIC
MCCIIEIOBAHMsI TIPOLIECCOB B KOCMOce. B mepecMOTpeHHOM yueOHOM IUIaHe /I TPEThero
Kypca 3TO YHCIIO JOJDKHO OBITh COKpalieHO a0 8 W BKIoueHo B Temy "HMonochepHoe
pacnpocTpaHeHue paJTuoBOIH U METOIbI H3MEpEHuUs" .

15. Ha Btopom kypce 50 YacoB OBUIO OTBEIEHO Ha MOJEIMPOBAHHE KIUMATa,
HEeWTpanbHON aTMochepsl, paguoakTUBHBIX 3P dekToB a3pozoneil, HoHOChHEphl U YHUCIOBOE
MOACINPOBAHUEC TIIA3BMCHHBIX ITY3BIPHKOB. B MEPECMOTPEHHOM y‘Ie6HOM IUIaHE UIA
TPETHETO Kypca 3TO YHCIIO YaCOB JOJDKHO OBITh COKpAILIEHO 0 MPUMEPHO 15, 0OTBOANMBIX
Ha 3KCIICPUMEHT 10 MOJICIMPOBAHKIO aTMOChepbl/HoHOChEPHI B MOIyJIC 4.

16. Kpome Toro, mpemmaraercs oTBecTH 59 uacoB Ha HOByIO TeMmy "OCHOBHI
MIPOEKTHUPOBAHUS U 3aITyCKa KOCMHYECKHUX almaparoB'.

17. Takum 00pa3oM, OOMIHIT [TaH TEOPETHUCCKUX MOIYJICH CIICIYIOIIIHIA:

Mooyne/
noomooyns  Tema

1.1 Crpyxrypa, cocTaB U JMHAMUKA TUIAHETHBIX aTMOchep
1.1l Ocnosnble nonsTHS, Kacatomumecs arMocepbl 3eMIu
1.1.2 Tunamuka atMocdepsl Semiu
1.1.3 Conuneunas panuauus u ee Bausnue Ha atMocdepy

1.1.4 Armocdepsl IIaHET U CIIyTHUKOB

1.2 dusuka nonocdeps
1.2.1  Crpykrypa u u3MeHIHBOCTH HOHOC(hEPH 3eMIK
1.2.2 HonocdepHoe pacnpocTpaHeHHe PAAHOBOIH H METOIBI H3MEPEHHUSI
1.2.3  Jlunamuka nonocdepHoit mmazMer
1.2.4  Vsnygenue ot ceTsmerocs He6a

1.2.5  Vounocdeps! mpyrux MIaHeT u CIlyTHUKOB

3.1 Conueunblii BeTep, MaruuTochepa 1 KOCMUYECKast TIOro[a
3.1.1  Dnementsl pusuxu Connua
3.1.2  MaruautHOe moie 3eMIi U APYTHX MIaHET
3.1.3  Maruutocdepa 3eMiu 1 APYTHX MIAHET
3.1.4  Kocmuueckas moroga

3.1.5  Merozbl M3MepeHHUs MapaMETPOB MArHUTHBIX ToJeit CONHIA U 3eMiu

3.2 Acrtponomus u actpodusuka
3.2.1  BseneHue B aCTPOHOMHUIO H aCTPODHUIUKY
322 AcrpoHomuyeckue MPUOOPHI M METOBI HAGIOAEHUI
3.23  Msyuenue 3Be3. U rajakTHK B ONTHYECKOH U OnmskHeit NK-06/1acTH criekTpa
3.2.4  Actpodusmka JacTHI] BEICOKHMX SHEprUit

3.2.5  PamuoacTpoHOMHS
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Mooyne/
noomooyns  Tema

3.3 OcHOBBI MPOEKTHPOBAHHS, CTPOMTENHCTBA H 3aITyCka KOCMHUECKUX ArlapaToB
3.3.1  Opb6uranbHas TUHAMEKA, YIIPaBIeHHE ¥ HABEICHHE
3.3.2  TeHepupoBaHHe M aKKyMYJTHPOBAHHE YHEPIHI
3.3.3  Tememerpus u TemekoMaHIa
3.3.4  Bompockl MEXaHHYECKUX U TEIUIOBHIX PACUETOB H PACUETOB MONE3HOH HATPY3KH

3.35 MaTCpI/IaJ'IBI KOCMHYCCKHUX CUCTEM

HN3meHeHnus B IKCIIEPUMEHTAX

18. Ha BTOpoMm Kkypce Bcero Obi10 12 skcneprMeHTOB (cM. mpunokenue II), 13 KoTopbIx
cllellyeT IPEKPaTUTh CIeYIOIHe:

leneBas ¢pyHKIMSI MOHOXpOMaTopa

AGcopOLIMOHHAs CTIEKTPOCKOITHS ISl ONPE/IENICHHs] TNIOTHOCTH KOJIOHKH
H3mepeHne MarHUTHOTO 10JIs1 3eMJIH IPOTOHHBIM MPELIECCHOHHBIM MarHUTOMETPOM
WurepdepomeTpust cBeueHns1 HOHOCHEPHI

Wzmepenne ¢iyopecteHn poIaMHHOBOTO KPacHTest

Hpez[nara}oTCﬂ CJICAYOIINE HOBBIC SKCIICPUMCHTLI:

dotomeTpus TBONHBIX 3BE3T

HuTepdepomerpryecKie NCCICI0BAaHMS TUTAHETAPHBIX TYMaHHOCTCH
DKCIEPUMEHT 10 MOJICIIMPOBAaHUIO Ha aTMOc(epe/noHochepe
W3zydenue pamuonyiascapos ¢ ucnons3oBanueM I MPT/TIPTY
W3ydeHue coTHEUHOTO CIEKTpa

Pacnucanue KypcoBBIX 3aHATHI

19. [eBstumecsiunblii kypc Oyner Bkiaroyars 200 mecTHyacoBbIX pabOuYMX JHEH, BCEro
1200 gacoB. DTH Yackl OyIyT pacOpeaesaThCs CICAYIONIMM 00pa3oM:

Ilpoyenm

obwezo

Buo 3ansmuii u pacnucanue Yacoe  epemenu
Teopernueckue nexuun: 5 reM, 60 4acoB Ha KXY TEMY; 300 25

3 nexmuu exxenaeBHo ¢ 09.00 mo 10.00, 10.40 mo 11.50
uc 11.50 no 13.00 yacos

[IpakTHyeckue 3aHATHS: 12 IPaKTUYECKUX 3aHATHIH; 180 15
MOHEIEbHUK, BTOPHUK U cpeaa ¢ 14.30 go 17.30 gacoB

Pa6ota B 6ubimoreke: kaxayto marauiy ¢ 14.30 xo 17.30 yacos 60

Koncynprammu n ceMrHaAphI: KaKABIH YeTBEepT 60

¢ 14.30 no 15.30 gacos

O3HaKOMHUTENBHBIC TIOC3/IKH: 5 MIECTHIHEBHBIX HEEb (B 1Ba 180 15

nprieMa); 6 4acoB/JICHb

OK3aMeHHI (BKITI0Yask BpeMs Ha TMOJITOTOBKY) 120 10

Pabora Hag nmpoektoM (10 mATHIHEBHBIX HENENb, 6 YaCOB/ICHB ) 300 25
Bcero 1200 100
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Annex [

Specifications for the curriculum of the third course

1. Details of the theoretical topics are as follows:

Module/
submodule  Topic and hours

1
1.1 Structure, composition and dynamics of planetary atmospheres (60 hours)
1.1.1  Basic concepts of the Earth’s atmosphere (12 hours)

Atmospheric nomenclature, hydrostatic equations, scale height, geopotential height;
chemical concepts of the atmosphere; thermodynamic considerations, elementary chemical
kinetics; composition and chemistry of middle atmosphere and thermosphere; thermal
balance in the thermosphere; modelling of neutral atmosphere

1.1.2  Dynamics of the Earth’s atmosphere (16 hours)

Equation of motion of neutral atmosphere; thermal wind equation; elements of planetary

waves; internal gravity waves and atmospheric tides; fundamental description of

atmospheric dynamics and effects of dynamics on chemical species; lidar technique
1.1.3  Solar radiation and its effect on atmosphere (20 hours)

Solar radiation at the top of the atmosphere, attenuation of solar radiation in the atmosphere,
radiative transfer, thermal effects of radiation, photochemical effects of radiation, modelling
of radiative effects of aerosols

1.1.4  Atmospheres of planets and satellites (12 hours)

Inner and outer planets; atmospheric structure and composition of the Moon, Jupiter, Mars,
Venus and Saturn and their important satellites

1.2 Ionospheric physics (60 hours)

1.2.1  Structure and variability of the Earth’s ionosphere (12 hours)
Introduction to ionosphere; photochemical processes; Chapman’s theory of photoionization;
production of ionospheric layers; loss reactions and chemistry of ionospheric regions;
morphology of the ionosphere

1.2.2  Ionospheric propagation and measurement techniques (16 hours)
Effect of ionosphere on radio wave propagation; refraction, dispersion and polarization;
magneto-ionic theory; critical frequency and virtual height; oblique propagation and
maximum usable frequency; ground-based techniques—ionosonde; radars; scintillations and
total electron content (TEC), photometers, imagers and interferometers, ionospheric
absorption; rocket- and satellite-borne techniques—Langmuir probe, electric field probe,
retarding potential analysers, mass spectrometers, magnetometers, vapour release, satellite
drag for neutral density

1.2.3  Tonospheric plasma dynamics (16 hours)

Basic fluid equations; steady state ionospheric plasma motions owing to applied forces;
generation of electric fields; electric field mapping; collision frequencies; electrical
conductivity; plasma diffusion; ionospheric dynamo; equatorial electrojet; ionospheric
modelling

1.2.4  Airglow (8 hours)

Nightglow; dayglow; twilight glow; aurora; applications of airglow measurements for
ionospheric dynamics and composition

1.2.5  Tonospheres of other planets and satellites (8 hours)
Ionospheres of Mars, Venus and Jupiter

10
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Module/
submodule

3.1
3.1.1

32
3.2.1

322

323

324

325

33

Topic and hours

Solar wind, magnetosphere and space weather (60 hours)

Elements of solar physics (6 hours)

Structure and composition of the Sun; the Sun as a source of radiation; sunspots and solar
cycles; solar flares

Magnetic field of the Earth and other planets (12 hours)

Models for generation of geomagnetic fields; secular variations of geomagnetic fields;
international geomagnetic reference fields; local elements of geomagnetic fields;
determinations of geomagnetic coordinates of stations; diurnal variation of geomagnetic
fields; magnetic fields of other planets

Magnetosphere of the Earth and other planets (14 hours)

Solar wind and its characteristics; interplanetary magnetic field and sector structure;
formation of geomagnetic cavity, magnetopause; magnetosheath and bow shock; polar cusp
and magnetotail; plasma sphere and Van Allen radiation belts; magnetosphere of other
planets

Space weather (16 hours)

Geomagnetic storms, sub-storms and current systems; coronal mass ejections; modification
of the Earth’s magnetosphere during magnetic disturbances and its implications; effect of
magnetic disturbance on high, mid, and low latitudes

Measurement techniques for solar and geomagnetic parameters (12 hours)

Optical techniques for solar parameters; radio techniques for solar parameters; X-ray
techniques for solar parameters; techniques for magnetic measurements

Astronomy and astrophysics (60 hours)

Introduction to astronomy and astrophysics (18 hours)

Basic parameters in astronomical observations (magnitude scale, coordinate systems), stellar
classification, Hertzsprung-Russell diagram, Saha equation, Jean’s criteria for stellar
formation, stellar evolution, galaxy classification, cosmology

Astronomical instruments and observation techniques (12 hours)

Telescopes: f/# (a telescope of focal ratio f/# has an aperture equal to one #th of its focal
length), plate scale, types of telescopes, seeing conditions, diffraction limited resolution;
photometers: spectrometers (interferometers, gratings), imaging detectors (microchannel
plate (MPC), charged couple device (CCD) and IR arrays), high angular resolution
techniques (speckle, lunar occultation, adaptive optics)

Optical and near IR studies of stars and galaxies (12 hours)

Spectral energy distribution (in optical and IR bands) in stars, rotation of stars, study of
binary stars, gaseous nebulae, extinction curve of interstellar matter, dust, rotation curves of
galaxies, spectral energy distribution, colour-colour studies (imaging of galaxies in different
bands)

High-energy astronomy (6 hours)

Atmospheric transmission, detection techniques for X-rays and gamma rays, X-ray
telescopes, imaging and spectroscopy, radiation processes, accretion disks in black holes and
X-ray binaries, active galactic nuclei

Radio astronomy (12 hours)

Radio telescopes, aperture synthesis, interplanetary scintillation (IPS) techniques, very long
base interferometry (VLBI), pulsars, radio galaxies, distribution of HI gas in galaxies,
radiation mechanisms

Spacecraft design, construction and launch (details to be determined)

11
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2. The revised practical modules are as follows:

Module/
submodule

2
2.1
2.2
23
2.4

4
4.1
4.2

43
44
45
4.6
4.7
4.8

Topic

Operation of Langmuir probe
Ionospheric sounding using an ionosonde
Surface monitoring of ozone

Optical imaging of plasma depletions

Photometry of binary stars

Interferometric study of planetary nebulae or measurement of temperature of outer planets
using IR detectors

Mass of suspended particles using quartz crystal microbalances
Optical depth measurement using filter photometers

Modelling experiment on atmosphere/ionosphere
Characterization of interference filters

Radio pulsar studies using GMRT/OSRT

Study of solar spectrum

3. The evaluation of students will be based on their performance in theory, practical
exercises, seminars and pilot projects. Students will have to present one seminar in each of
the five theoretical topics. The allocation of points in theory, practical exercises, seminars
and pilot projects will be as follows:

Points
Theory (5 topics, 100 points each) as follows:
Written exam (3 hours), 80 points per topic 400
Class tests by each lecturer, 20 points per topic 100
Subtotal 500
Experiments:
Examinations (including orals) 80
Continuous assessment, dedication and discipline 120
Subtotal 300
Seminars (5 presentations, 20 points each) 100
Pilot project 200
Total 1,000
4.  The grades will be given as follows:
A+ or distinction 750 points or more (75 per cent or more)
A or first class 600 to 749 points (less than 75 per cent to 60 per cent)
B or pass class 500 to 599 points (less than 60 per cent to 50 per cent)

12
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Annex I1

Revised curriculum for the second course

1. The second post-graduate course in Space and Atmospheric Science was held at the
Centre for Space Science and Technology Education in Asia and the Pacific from 1 August
2000 to 30 April 2001. The first course was organized in two phases: phase I (six months),
which was conducted at the regional centre and phase II (six months), which was
conducted in the home country of the participants. For the second course, the duration of
phase I was increased to 9 months at the centre and of phase II to 12 months in the home
country. After the successful completion of both stages, all the eligible participants were to
be assessed by a host-country university of the regional centre for the award of a Masters
in Technology degree in space science. Changes in the curriculum vis-a-vis the first course
are outlined below.

Changes in the number of hours in the curriculum after the first course

2. Table 1 shows the differences between the first four modules in the first and second
course, using the titles of modules and submodules for the first course.

Table 1
Comparison of modules/submodules in the first and second courses

Number of hours

Module/ First Second
submodule  Topic course course
19
1.1 Structure and composition of neutral atmosphere 40 50
1.2 Plasma aspects of Earth’s environment 40 50
1.3 Astronomy and astrophysics 40 50
Subtotal 120 150
b
2.1 Measurement of mass of suspended particles 20 25
2.2 Measurement of Earth’s magnetic field by proton precession 20 25
magnetometer
2.3 Absorption spectrometry to determine column density of minor 20 25
constituents of the atmosphere
24 Measurement of methane concentration in air samples 20 25
2.5  Low-current measurement using Langmuir probe 20 25
Additional hours in second course o 25
Subtotal 100 150
34
3.1 Ionospheric physics and radio wave propagation 40 50
32 Optical and laboratory studies of space processes 40 50
33 Modelling of atmospheric processes 40 50
Subtotal 120 150
4

13
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Number of hours

Module/ First Second
submodule  Topic course course
4.1 Characterization of interference filters 20 25

4.2 Interferometry using a Fabry Perot interferometer 20 25

4.3 Optical imaging/filter photometry 20 25

4.4 Use of dye in dye lasers 20 25

4.5 Ionospheric sounding using an ionosonde 20 25
Additional hours in second course o 50

Subtotal 100 175

Total 440 625

“The number of hours in the first course was insufficient because there was too little time for (a)
discussions during the lectures and (b) explaining the mistakes made by students in written examinations.

"The number of hours in the first course was insufficient because the available time was inadequate
for reading, preparing, demonstrations, observations, repetitions, checking and writing about experiments.

3. No attention was given to pilot projects in the first course owing to (a) shortage of
time and (b) lack of knowledge about possible experiments in the home country of
participants. This resulted in the following problems:

(a) Finalization of the pilot project was delayed;
(b) The availability of data to participants was delayed;

(c) Participation and interaction with the supervisor appointed by the regional
centre was too little to be of any significance;

(d) The occasional change of supervisors in the home countries of participants.

In view of the above, two months were exclusively devoted to the pilot project in the
second course.

B. Syllabus followed in the second course

4.  Table 2 shows the syllabus followed in the second course, with details of the
theoretical topics covered in modules 1 and 3.

Table 2
Syllabus followed in the second course
Module/ Number of
submodule Topic hours
1
1.1 Structure, composition and dynamics of the neutral atmosphere 50

1.1.1  Structure, composition, hydrostatic equilibrium, scale height thermodynamics

1.1.2 Solar radiation, its transfer through the atmosphere, acrosols and radiative
effects of aerosols

1.1.3  Atmospheric dynamics, large-scale motions, tides’ gravity waves and
turbulence

14
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Module/ Number of
submodule Topic hours
1.1.4  Greenhouse gases and trace gases: their chemistry and measuring techniques
and global warming
1.1.5  Satellite measurement of neutral parameters
1.2 Plasma aspects of Earth’s environment 50
1.2.1  Geomagnetism, global electric circuit
1.2.2  Plasma physics
1.2.3  Magnetospheric processes and solar wind, solar activity
1.2.4  In-situ measurements of plasma parameters
1.2.5  Ionospheric irregularities
1.3 Astronomy and astrophysics 50
1.3.1  Basic astronomy (planetary, stellar and extragalactic)
1.3.2  Gamma-ray, X-ray and UV astronomy
1.3.3  Optical, IR and far IR astronomy
1.3.4  Millimeter wave, radio and solar astronomy
1.3.5 Recent advances in astronomical detection techniques
2
2.1  Measurement of mass of suspended particles 25
2.2 Surface monitoring of minor constituents 25
2.3 Determination of the slit function of a monochromator using a helium-neon 25
(He-Ne) laser as light source
2.4  lonospheric sounding using an ionosonde 25
2.5  Low-current measurement using Langmuir probe 25
2.6  Optical imaging of plasma depletions 25
3
3.1  Ionospheric physics and radiowave propagation
3.1.1  Formation and structure of the ionosphere
3.1.2  Theory of ionospheric radio propagation
3.1.3  Radio sounding of the ionosphere (ionosonde, HF Doppler, meteor wind radar,
spaced receiver technique, total electron content)
3.1.4 Ionosphere scintillations, tomography and GPS systems
3.1.5 Ionospheric radars (VHF backscatter radar, incoherent scatter radar and MST
radar)
3.2 Optical and laboratory studies of space processes
3.2.1 Basic optics
3.2.2  Photometers and images
3.2.3  Spectral imaging of the atmosphere
3.2.4  Laser sounding of the atmosphere
3.2.5 Laboratory astrophysics
3.3 Modelling of atmospheric processes
3.3.1 Climate modelling
3.3.2  Modelling of the neutral atmosphere
3.3.3 Modelling of radiative effects of aerosol
3.3.4 Modelling of ionosphere

15
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Module/ Number of
submodule Topic hours

3.3.5 Numerical simulation of plasma bubbles

4
4.1  Absorption spectrometry to determine column density of minor constituents 25
4.2 Filter photometer for optical depth measurement 25
4.3 Measurement of Earth’s magnetic field by proton precession magnetometer 25
4.4  Interferometry using a Fabry-Perot interferometer 25
4.5  Measurement of transmission of MgF, window 25
4.6  Characterization of interference filters 25

5 Pilot project

“Two months.

5. Module 5, a pilot project of two months’ duration, was conducted at the completion
of the four modules. Because many of the participants did not have a clear-cut idea of what
was feasible as a one-year home project in their countries, the pilot project at the regional
centre initiated the foundation of that project. The pilot project was undertaken in
consultation with the supervisors in the regional centre’s host country as well as in the
home country. The purpose of the two-month module was to allow participants to work
under the guidance of a regional centre host-country supervisor and get (a) guidance on the
course of action to be pursued at home; (b) all the necessary experimental data, if required;
and (c) the necessary software tools etc.

C. Evaluation procedure followed in the second course

1. Modules 1 and 3 (theory)

6.  Faculty members taught each subsection of the modules. At the end of their lectures,
all faculty members gave a one-hour class test. The average of all the class tests was
calculated for each subsection. For each of the subsections, each participant was required
to give one seminar, which was evaluated by a committee of faculty members. Finally, for
each of the subsections, a three-hour written examination was conducted. The allocation of
points was as follows:

Points
Three-hour written test 125
One-hour class test (average of five tests) 50
Seminar 25
Total 200

7.  The total for modules 1 and 3, with 200 points per topic and six topics was
1,200 points.

16
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Modules 2 and 4 (practical)

8.  Points were given for completing practical exercises in the 12 topics under modules
2 and 4 and one practical exercise was chosen in each module for practical examination
and evaluation. The allocation of points was as follows:

Points
Points for completing 12 practical exercises
in modules 2 and 4 (40 points each) 480
Practical examination in one practical exercise
each in modules 2 and 4 (60 points each) 120
Total 600

9.  The total for the course was 2,400 points and grades were given based on a
percentage of the points received as follows:

A+ or distinction 75 per cent or more
A or first class Less than 75 per cent to 60 per cent
B or pass class Less than 60 per cent to 50 per cent

One-year project

10. After completing the stage I at the regional centre, all participants are expected to
complete a one-year project in their home country under the supervision of a supervisor in
that country with regular communication with the regional centre’s home-country
supervisor. After completion of the one-year project work, each participant is expected to
write a thesis, which must be approved and signed by both the supervisors as well as the
candidate. The thesis is sent for evaluation to a supervisor appointed by the regional centre.
After obtaining approval from that supervisor, the thesis is sent to the host-country
university for consideration for the award of a Masters in Technology degree in space
physics for those who are eligible.

17
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Annex 111

18

Curriculum for the first course

1. The first Post-Graduate Course in Space and Atmospheric Science was held at the
Centre for Space Science and Technology Education in Asia and the Pacific from 1 June to
30 November 1998.

Table
Syllabus followed in the first course
Phase and Number of
module Title (duration) lectures
I First semester (three months)
I.1 Atmospheric science 60
1.2 Ionosphere and solar terrestrial interaction 60

Project work and laboratory work
Visit to astronomical observatory (two weeks)
Exams

Second semester (three months)

1.3 Instrumentation, techniques and data processing 75
1.4 Modelling 50
II Project work in home country of participant (six months)

2. The detailed course content of the theoretical portion of the course was as follows:
Module 1: Atmosphere

Structure and composition, hydrostatic equilibrium, scale heights, thermodynamics,
solar radiation and its transfer through atmosphere, aerosols and radiation

Atmospheric electricity, global electric circuit
Atmospheric dynamics, large-scale motions, tides, gravity waves, and turbulence

Ozone, trace gases and chemistry, methods of measurements, ozone depletion;
concentration of carbon dioxide (CO,) and other greenhouse gases, global warming,
long-term changes in atmosphere due to anthropogenic changes

Module 2: Ionosphere and solar terrestrial interaction
Basic plasma physics
The sun, solar radiation, solar activity, solar wind, geomagnetism, magnetosphere

Photoabsorption and photoionization, formation of ionospheric layers, magneto-ionic
theory, radio propagation in ionosphere, radio sounding, maximum usable frequency
(MUF) and high frequency (HF) radio link calculations, features of ionosphere at
low latitudes, equatorial electrojet, equatorial sporadic-E and equatorial spread-F

Solar flares, geomagnetic storm and effects in the ionosphere, magnetosphere-
ionosphere coupling

Radio propagation through ionosphere, Faraday rotation, differential phase and
group delay measurements, ionospheric tomography, radiowave scintillations
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Radiowave scattering processes, coherent and incoherent backscatter radars

Probe theory, probe characteristics, in-situ measurements, airglow emissions,
principles of optical measurements, optical acronomy

High-energy astronomy, X-ray astronomy, X-ray sources, detection techniques;
gamma-ray astronomy, sources, telescope and detectors in space, ground-based
Cerenkov telescopes and very high energy gamma-ray astronomy; engineering
trends and recent advances in detection techniques

Space biology

Module 3: Instrumentation techniques and data processing

Radio sounding: ionosondes, HF Doppler technique, spaced receiver technique
Radio beacon methods for electron content, tomography and scintillation studies

Radars for atmospheric and ionospheric studies, coherent backscatter radar,
incoherent backscatter radar, meteor radar and mesosphere/stratosphere/troposphere
(MST) radar

In-situ probes and artificial modification experiments, Langmuir probe, double
probe, retarding potential analyser (RPA), magnetometer, mass spectrometer, and
chemical release experiments; balloon-borne conductivity, ion density and electric
field probes for stratosphere

Optical aeronomy experiments, photometers, spectrometers, imaging camera for day
and night airglow emissions

Lidar techniques, principle and application, aerosol lidar, Rayleigh lidar, Doppler
lidars and differential-absorption lidars (DIALSs)

Instrumentation for atmospheric chemistry and aerosol studies, Dobson absorption
spectroscopy, cryosampler, gas chromatography, sun photometer, aerosol sampler,
remote sensing techniques

Techniques for laboratory measurements, instrumentation for laboratory experiments
on photoabsorption and photoionization

Instrumentation for astronomical observations, telescopes, polarimetry, high
resolution and spectrophotometry and spectroscopy, array detectors

Module 4: Modelling

3.

Ocean-atmosphere and land-atmosphere interaction, past climate studies
Tropospheric and stratospheric ozone chemistry, aerosol-solar radiation interaction

Continuity equation, ionospheric models, numerical simulation studies, ionospheric
scintillations, planetary atmospheres

For the experimental portion of the course, 8 of the following 11 experiments should

be carried out:

1. Characterization of interference filters
2. Interferometry using a Fabry Perot interferometer

3. Measurements of mass of suspended particles

19



A/AC.105/L.240

20

10.
11.

Measurements of Earth’s magnetic field with a proton precession
magnetometer

Argon mini arc light source
Use of dye in dye lasers

Absorption spectrometry to determine column density of minor constituents of
the atmosphere

Measurements of methane concentration in air samples
Principle of operation of an ionosonde
Low-current measurements using a Langmuir probe

Optical imaging/filter photometry
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Annex IV

Recommended teaching material

Atreya, S. K. Atmospheres and ionospheres of the outer planets and their satellites. New
York and Berlin, Springer-Verlag, 1986.

Atreya, S. K., J. B. Pollack and M. S. Matthews, eds. Origin and evolution of planetary
and satellite atmospheres. Tucson, University of Arizona Press, 1989.

Bennett, J., M. Donahue, N. Schneider and M. Voit. The cosmic perspective. New York,
Addison Wesley Longman, 1998.

Boyd, T.J.M. and J. J. Sanderson. Plasma dynamics. London, Nelson and Son, 1969.

Brasseur, G. and S. Solomon. Aeronomy of the middle atmosphere. Dordrecht, D. Reidel
Publishing, 1984.

Budding, E. Astronomical photometry. New York, Cambridge University Press, 1993.

Christiansen, W. N. and J. A. Hogbom. Radiotelescopes. New York, Cambridge
University Press, 1988.

Daglis, I. A. Space storms and space weather hazards. NATO science series II:
mathematics, physics and chemistry. Vol. 38. Dordrecht, Kluwer Academic Publishers,
2001.

Davies, K. Ionospheric radio waves. London, Blaisdell Publishing, 1969.

Davies, J. K. Satellite astronomy: the principles and practice of astronomy from space.
Chichester, Ellis Horwood, 1988.

Degaonkar, S. S. Space science and Earth’s environment. Gujarat University, 1975.

Fichtel, C. E. and J. 1. Trombka. Gamma-ray astrophysics: new insight into the universe.
NASA reference publication 1386. Greenbelt, Maryland, Goddard Space Flight Center,
1996.

Giraud, A. and M. Petit. Tonospheric techniques and phenomena. Dordrecht, D. Reidel
Publishing, 1978.

Hargreaves, J. K. The upper atmosphere and solar-terrestrial relations. New York, Van
Nostrand Reinhold, 1979.

Hargreaves, J. K. The solar-terrestrial environment. Cambridge, Cambridge University
Press, 1992.

Jansen, F., R. Pirjola and R. Favre. Space weather: hazard to the earth? Zurich, Swiss Re
Publishing, 2000.

Jastrow, R. and M. H. Thompson. Astronomy fundamentals and frontiers. New York, John
Wiley and Sons, 1972.

Kelley, M. C. The Earth’s ionosphere: plasma physics and electrodynamics, San Diego,
Academic Press, New York, 1989.
With contributions from R. A. Heelis.
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Kitchin, C. R. Optical astronomical spectroscopy. Bristol and Philadelphia, Institute of
Physics Publishing, 1995.

Lang, R. K. Sun, Earth and sky. New York, Springer-Verlag, 1995.

Lang, R. K. 3rd enlg. and rev. ed. Berlin and Heidelberg, Springer-Verlag, 1999.
I: Radiation, gas processes and high-energy astrophysics. II: Space, time, matter and
cosmology.

Mattei, J. A. and J. R. Percy. Hands-on astrophysics. Cambridge, Massachusetts, American
Association of Variable Star Observers, 1998.

Matsushita, S. and W. H. Campbell, eds. Physics of geomagnetic phenomena. New York,
Academic Press, 1967.

McCormac, B. M. and A. Ombholt, eds. Atmospheric emissions. New York, Van Nostrand
Reinhold, 1969.

Pasachoff, J. M. and L. Golub. The solar corona. Cambridge, Cambridge University Press,
1997.

Phillips, K.J.H. Guide to the Sun. Cambridge, Cambridge University Press, 1992.

Ratcliffe, J. A. Introduction to the ionosphere and magnetosphere. Cambridge, Cambridge
University Press, 1972.

Rees, M. H. Physics and chemistry of the upper atmosphere. Cambridge, Cambridge
University Press, 1989.

Rishbeth, H. and O. K. Garriot. Introduction to ionospheric physics. New York, Academic
Press, 1969.

Shimazaki, T. Minor constituents in the middle atmosphere. Dordrecht, D. Reidel
Publishing, 1985.

Shu, F. H. The physical universe: an introduction to astronomy. Berkeley, University of
California, 1982.

Stix, M. The Sun: an introduction. Berlin and New York, Springer-Verlag, 1991.
Tinbergen, J. Astronomical polarimetry. Cambridge, Cambridge University Press, 1996.

Walker, G. Astronomical observation: an optical perspective. Cambridge, Cambridge
University Press, 1987.

Wentzel, D. G. Astrophysics for university physics courses.
http://www.seas.columbia.edu/~ah297/un-esa/astrophysics/index.html

Zeilik, M. and J. Gaustad. Astronomy: the cosmic perspective. New York, John Wiley and
Sons, 1990.

Zirin, H. Astrophysics of the Sun. Cambridge, Cambridge University Press, 1988.
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Annex V

Explanatory notes for the curriculum

CCD charged coupled device

CO, carbon dioxide

DIAL differential-absorption lidar

f/# a telescope of focal ratio f/# has an aperture equal to one #th of its focal
length

GIS geographic information system

GMRT/OSRT  Giant Metrewave Radio Telescope/Ooty Synthesis Radio Telescope

GPS global positioning system

He-Ne helium-neon

HF high frequency

HI region region of space where there is a large amount of ordinary hydrogen gas

IR infrared

MCP micro channel plate

MgF, magnesium florid

MST mesosphere/stratosphere/troposphere

MUF maximum usable frequency

RPA retarding potential analyser

sporadic-E E-region traces seen in an ionogram (mode of VHF propagation via the
ionosphere that is of sporadic nature)

spread-F diffused F-region trace seen in an ionogram (nighttime plasma instability
phenomenon typical for the Earth’s equatorial ionosphere)

TEC total electron content

uv ultra violet

VHF very high frequency

VLBI very long base interferometry

X-ray electromagnetic radiation with wavelengths shorter than those of

ultraviolet radiation but longer than those of gamma rays
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