degepaibHOE TOCYIAPCTBEHHOE ABTOHOMHOE 00pa3oBaTe/ibHOe
y4peKIeHne BhICIIEro 00pa3oBaHus
«MOCKOBCKHI (PU3HKO-TEXHUYECKHUH HHCTHTYT
(HaLMOHAJILHBIN HCCJIEN0BATEIbCKHI YHHBEPCHTET))

YTBEPXJIEHO
H.0. TUpPeKTOpa GU3TeX-MIKOJIbI
(u3uKH ¥ HCCICNOBAHNNA UM.
Jlanaay
A.A. BopoHos

Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)

MO0 AMCIUIIHHE: KocMmonorus u rpaButanus
10 HAMPABJIEHUIO: [puknagHpie MaTemMaTHKa U Qu3nka
npopuiIb NOArOTOBKHU: OO6was u npukiagHas Gusznka

OdusTex-mkona QUMK U ucciaeqoBannil uM. Jlanaay
kadeapa QU3NKU BHICOKHX SHEPruil

Kypc: 1
KBAJM(PUKAIMA: MarucTp

Cemectp, hopMBI IPOMEKYTOUHOH arTecTanuu: |1 (oceHHui) - Dx3amMeH

AynutopHbix yacoB: 30 Bcero, B TOM YHCIIE:
nexuuu: 30 gac.
cemuHapsl: 0 yac.
naboparopHsie 3ansTus: 0 Jac.

CamocrositensHas pabora: 30 gac.
[ToaroroBka x sk3ameny: 30 yac.

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

[Iporpammy cocrtaBui: B.O. ConoBbes, a-p pus.-mar. HayK

[Iporpamma obcyxneHa Ha 3acefiann Kadenpbl Gu3uKu BeICOKUX dHepruit 04.06.2020



AHHOTANMA
VYpasuenus @puamana, nomydennole n3 OTO, B COBOKYITHOCTH C COBPEMEHHBIM 3HAU€HHWEM IMOCTOSHHOU
Xab0ma ¥ JaHHBIMH O TPOLEHTHOM COACP)KAaHUHM Pa3IMYHBIX BHJIOB BeIEeCTBAa BO BceleHHOH MO3BOISIOT
MOCTPOUTH CIIEHAapuil ucTopuu BeeneHHOH U pON3BOAUTE OCHOBHBIE pPacyeThl, IpUieM 0e3 He0OOXOIUMOCTH
MPUMEHEHHs] CPaBHUTENILHO CIIOKHOrO Maremarndyeckoro ammapara OTO. OkcTpanoisiuus B IPOLUIOE
HaOJII01aeMOro COCTOsIHNS BceeneHHOH IMO3BOJIIET BBIJECIUTH OCHOBHBIC ITAllbl €€ 3BOJIOIMU: NEPBUYHOE
COCTOSIHUE OYEHb BHICOKOHM IUIOTHOCTH M TEMIIEpPATyphl, SMIOXH HYKJICOCHHTE3a, peKOMOMHANU, 00pa3oBaHus
[EPBUYHBIX 3BE3/1 U TAJAKTUK, IEPEXO]] K PEXKUMY YCKOPEHHOTO PacIIUPEHHUS.
Kapruna 3Be3mHoro Heba 3amonHeHa, B OCHOBHOM, 3Be3laMH  IJIABHOW  IOCJICAOBATEIbHOCTH
lepumpynra-Paccena, otHocsmMes k Hacemenuio 1. B kypce 0o0cykIaroTcss HECIOXHBIE ypaBHEHHS
MEXaHUYECKOTO W TEPMOIMHAMHMYECKOTO PABHOBECHS ITHX 3B€3ll, OCHOBAaHHBIC HAa HBIOTOHOBCKOW TEOpWHU
TpaBUTAllMM M YPaBHEHUHM COCTOSHMSA HJCAIBHOTO ra3a. B kauecTBe Oosiee HK30THUECKOTO NpUMEpa
paccMaTpuBalOTCsl Oenble KapiuKH, IJIS ONMHUCAHUS KOTOPBIX TPEOYIOTCS 3JEMEHThI TEOPHH BBIPOKIACHHOTO
ANIEKTPOHHOTO Ta3a, KaK HEePEeIATUBUCTCKOIO, TaK M pessiTUBUCTCKOrO (mpeaen Yanapacekapa). O0cyxaaercs
Takke BO3HHKHOBeHHE nepBUYHbIX 3Be3 (Hacenenus 3) B «Temubie Beka» Beenennoii.
B kypce paccmarpuBaercs maremarnueckuid ammapar OTO u ocobenHoctu 3t0il Teopuu. s TOUHOTO
pereHus chepruueckn CMMMETPUYHOM 3anaun (pemreHus LlBapmmmibaa) o0cykaaeTcs IBUKCHAE TOYCUHBIX
gactull U (poToHOB. 3amada Komm i rpaBUTAMOHHOTO TOJIS pacCMaTpUBACTCsl HA OCHOBE T'aMUJIBTOHOBA
¢dopmamuzma OTO (moaxon dupaka m ApHoButTa-/lezepa-Musznepa). JlaroTcs cBelneHusl 00 H3IyYCHUH U
JNETEKTUPOBAHUH IPABUTALIMOHHBIX BOJIH, & TAKXKE O MEPCIEKTUBAX IPaBUTALIMOHHON aCTPOHOMUHU.

1. leau u 3apa4u

eap AUCUMNIMHBI
O3HaKOMIICHHE C COBPEMEHHBIM COCTOSTHUIEM KOCMOJIOTHH.

33]13‘[1/[ JAUCHUIIINHBI

OOy4HTh CTYIEHTOB METO/aM PEIICHUS 3a]ad KOCMOJIOTUU W CBS3SIM MEXIY (DU3UKOH MUKPOMHpA H
Bcenennoii.

2. llepedyens popmMupyemMbIX KOMIETeHUMH

OcBoeHue TUCIUILTMHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONIMX KOMITETEHITHIA:

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA WNHaukaTopsl JOCTHKEHHS KOMIIETEHIIMH

VYK-2.1 ®opmynupyeT B pamkax 0003HAYCHHON MPOOIEMBI,
HeNnb, 3aJadd, aKTyaJbHOCTh, 3HAYMMOCTH (HAy4HYIO,
NPaKTUYECKYI0, METOJUYECKYIO U UHYIO B 3aBUCHMOCTH OT
TUNA TPOEKTa), OXKHIAEMbIe pPEe3yJbTaTbl W BO3MOKHBIC

YK-2 CnocoGeH ynpasiaTh IPOEKTOM Ha BCEX
cdepbl UX MPUMECHEHUS

9Tamnax €ro peajn3anun

VYK-2.4 TpencrapnsieT myOIU4IHO pe3yNbTaThl IpoeKTa (WIn
OTHENBHBIX €ro JTanoB) B (opMe OTYETOB, CTaTei,
BBICTYIUICHMH Ha HAyYHO-NIPAKTUYECKUX KOH(EepeHIusX,
ceMUHapax | T.II.

VK-3.2 YunureiBaeT B cBOCH COIMaJIbHOH u
poeCCUOHANBHOM JeATEbHOCTH NHTEPECH], 0COOCHHOCTH
MOBEACHUS M MHEHHs (BKJIIOYAas KPUTHUYECKHE) JIIOAEH, C
KOTOPBIMH ~ PabOTaeT/B3auUMOACHCTBYET, B TOM YHUCIIEC
MOCPEACTBOM KOPPEKTUPOBKH CBOUX JCHCTBUIA

YK-3 CrnocoGeH oprann30BbIBaTh H PYKOBOJIUTD
paboToii KoMaH/Ibl, BEIpa0aThIBasi KOMaHIHYTO
CTpATEeTuIO JUIS JOCTHKECHUS ITOCTABICHHOMN
3a/1auu

OIIK-1 Brnaneer cucremoii ¢pynnamentanpabix |OIIK-1.1 3HaeTr W© CIOCOOEH  HMCHOJB30BaTh B
HAyYHBIX 3HAHHI B O0JIACTH Mpo(eCCUOHANBHON  JIEATENBPHOCTH  (yHJAaMEHTAIIbHBIC
(hM3UKO-MaTeMaTHIEeCKUX HAayK Hay4YHbIC 3HAHUA B 0071aCTH (PU3UKO-MATEMATHISCKUX HAYK

OIIK-2 Nmeer npeacrasnenne o6 akryanbHbix |OITK-2.1 MMeeT npencraBieHne 0 COBPEMEHHOM COCTOSIHUT
npoOiieMax HayKd M TEXHUKU B OOJIaCTH CBOGH |MCCIEOBaHMI B paMKaX TEMaTW4eckol o00JacTH CBOeH
poeCCUOHANTBHOM I TENFHOCTH, CIIOCOOCH  |TpOo(heCcCHOHATBHOM JIeATENLHOCTH

Ha HAyYHOM S3bIKe (hOPMYIHPOBATH
npodecCUOHANBHEIC 3aJIauu




OIIK-4 Crioco0eH ycIeniHo peain30BbiBaTh
pelleHue MOCTaBIEHHOH 3a/1a4, IPOBECTU
aHaJIu3 pe3yJpTara U IIPeJCTaBUTh BbIBOABI,
MPUMEHSIS1 3HAHUSI ¥ HABBIKK B O0JIACTH
(bHU3MKO-MaTeMaTHUECKUX HAYK U
UH(POPMALOHHO-KOMMYHHKAIIMOHHBIX
TEXHOJIOTUHI

OIlK-4.1 CnocobeH NpUMEHATh 3HAHUST M HABBIKH TIO
HCIOJIb30BAHUIO “H(OPMALIMOHHO-KOMMYHHKAIIHOHHBIX
TEXHOJIOTUH IS TIOMCKA M U3YYEHUS] HAy4YHOU JIUTEPATypHl,
MPUMEHEHHsI IPUKJIAHBIX TPOTPAMMHBIX IPOIYKTOB

OIIK-4.2 CrnocobeH mNpuMeHSTh 3HaHUS B o0JacTu
(bHU3MKO-MaTEMaTHYECKUX HAyK JUIS PeIICHUs IOCTaBICHHOM
3agaud, GOPMYIHPOBAHUS BHIBOAOB U OLIEHKU MOJTYYEHHBIX
pe3yabTaToB

OIIK-4.3 CnocobeH apryMeHTHpPOBAaHO BBIOMpATh CIIOCOO
MPOBEICHUS] HAYYHOTO HCCIICIOBAHUS

OIIK-5 CriocoOeH 1 roTOB K IMOBBIILIEHHIO
KBaJTU(UKAIMH, TPOPECCHOHATLHOMY POCTY U
PYKOBOJICTBY KOJJISKTHBOM B chepe cBocit
podeCcCHOHAILHOM NI TeIbHOCTH, TOJIEPAHTHO
BOCIIPUHUMAsI COIMATbHBIC, STHUUECKUE,
KOH(ECCHOHABHBIC M KYJIBTYPHBIC Pa3Indus

OIIK-5.3 CrpeMurcss K TIOIYYECHHIO HOBBIX 3HAHHM,

poQecCHOHAIBHOMY M TMYHOCTHOMY POCTY

[IK-1 CnocoGen craBuTh, HhOpMann30BHIBATH U
pemIarh 3aJ1a4u, B TOM YUCIIe pa3pabaTbIBaTh U
HCCJIEAOBATh MaTEMaTHYECKUE MOJIEIH
N3y4aeMBbIX SBJICHHUH U MPOIECCOB, CUCTEMHO
aHaJIM3MPOBATh HAy4YHbIE TPOOIEMBI, [TOyYaTh
HOBBIE Hay4YHbIE PE3yJIbTaThI

[IK-1.1 CriocobeH HaxomuTh, aHAIM3UPOBaThH U 0000IIAThH
nHpopMaIrioo 00 akTyalbHBIX pe3yJbTaTax HCCIIeJOBaHUN B
paMKax TeMaTH4YeCKOW OOJACTH CBOEH MpodeCcCHOHATEHON
IEITEILHOCTH

IMK-1.3 CnocobeH NpUMEHATh TeopeThueckue W (W)
JKCIIEPUMEHTAJIbHBIE METOJIbl MCCIEOBaHUN K KOHKPETHON
HayyHOM 3ajadye M  HHTEPIPETUPOBATH  IOJYUCHHBIC
PE3ybTaThl

I1K-2 CiocobeH caMOCTOSTEILHO HIIA B
Ka4eCTBE 4ieHa (PYKOBOIUTEIIS) MAJIOTO
KOJUIEKTUBA OPTraHU30BHIBATH U MIPOBOIUTH
Hay4YHbIC UCCIICJIOBAHUS U UX allPOOaIUio

[IK-2.1 Cnoco0eH miaHupoBaTb M MPOBOJAUTH Hay4yHBIC
UCCJICZIOBAHUSI CAMOCTOSTENIBHO MJIM B COCTaBE€ HAydHOI'O
KOJIJIEKTHBA

[IK-2.2 CnocobeH mNpoBOIUTH ampoOanuio pe3yabTaToB
Hay4YHO-HCCIICI0BATEIBCKOM paboTsI MOCPEICTBOM
MyOIMKaluK HAYYHBIX CTATEH U y4acTusi B KOH()EPEHIUSIX

3. IlepevyeHnb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCUHUILIHHE (MOIYJII0)
B pesynbsrare ocBOCHMS TUCIUTUIMHBI 00YYaIONTHUECs JOKHEI

cocraB BcelleHHOW, ypaBHEHHsI COCTOSHMS, YpPaBHEHUS

OiHTeiiHa, pemenue llIBapummiubaa, cBOMCTBAa I'PaBUTALMOHHBIX BOJH, YPaBHEHHE DPaBHOBECHS

DKCTpanoInupoBaTh COCTAaB U CBOMCTBA MaTepUU B MPOLLIOE U Oyayliee, peraTh ypaBHEHUS ABUKEHUS

3HATB!
VYpaBHeHue @puamaHa, COBPEMEHHBIN
3BE3/IbI.

YMETb:
B CHWJIBHBIX H CJIa0BIX TPABUTALUOHHBIX TOJISIX.

BIIAJIETh:

MeTtogamMu TEH30pHOTO aHalIM3a U PUMaHOBOM I'€OMETPHUH, TEOPUH BO3MYILIEHUMN, TEPMOAUHAMUKH W
CTaTHCTHUYECKOH (PU3MKU B HCKPUBIEHHOM IIPOCTPAHCTBE-BPEMEHH.

4. Conep:xanue TMCUMILIMHBI (MOAYJIs1), CTPYKTYPHMPOBAHHOE 1O TeMaM (pa3jesiaM) ¢ yKazaHueM
OTBEJE€HHOI'0 HA HUX KOJIMYeCTBA aKaJeMHYeCKUX YacOB H BH/I0B YUeOHbIX 3aHATHH

4.1. Paznenbl nuctMIInHbl (MOIYJIS) M TPYAOEMKOCTH IO BUAAM yUEOHBIX 3aHATHH

TpymoeMKOCTb IO BHJAM YYeOHBIX 3aHATHH, BKITIOYAs
CaMOCTOATENIbHYIO padoTy, Jac.

Ne Tema (pa3znein) AMCUUTUIMHBL
Camocr.
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI
pabora
1 VYpaBuenus Opuamana v UX perieHus. 2 2




) HaOGmionarenbHele naHHble 0 BeenenHoi ) )
B LICJIOM.

3 CaoiicTBa panHeil BceneHHoi. 3 3

4 Onoxa peKoMOHMHAILINH. 2 2

5 [Ipobnema HavyadbHBIX YCIOBUI U TEOPHS 3 )
UHQISIUH.

6 Maremarngeckuii anmapar OTO. 3 3

7 Pewenue [IBapummibaa u ) )
reo/ie3nYeCcKHe.

8 Teopus Bo3mymenuit u 3¢ dpextsr OTO. 2 2

9 I'paBuTaIiOHHas yCTOMYMBOCTD 3BE3. 3 3

10 |YpaBuenus csszeit OTO. 2 2

11 I'amunbroHOBa hopmynuposka OTO. 2 2

12 Uznyuenue u JIETEKTUPOBAHUE ) 3
IPaBUTAIL[IOHHBIX BOJIH.

13 I'paBUTAIIMOHHbBIE BOJIHBI KaK HCTOYHUK ) )
nHpopmaunu o BeeneHHOM.

Hroro yacos 30 30

[TonroToBka K 3K3aMeHy 30 gac.

Oobmas TpynoEMKOCTb 90 yac., 2 3a4.ex.

4.2. Cogep:xaHue OUCHUILTUHBI (MOIYJIsl), CTPYKTYPUPOBAHHOE 110 TeMaM (paszeiam)
Cemectp: 1 (Ocennutit)
1. ¥YpaBrenus Opuamana U UX pelIeHHUs.

JIBa ypaBHeHHs, nonydeHHsle A. ®@puamanom B 1922 romy SBHIMCH CaMbIM HEOXUAAHHBIM U
cunbHbIM TipenckazanveM OTO. U3 Hux cnenoBano, uyto BceneHHas He MOXKET OBITh CTAaTHYECKOH.
Bce BO3MOXHBIE ClLieHApUU HBOJNIONMHM OBUTM PACCMOTPEHBI M MPOAHATU3WPOBaHBI B paboTax
Opuamana 1922 n 1924 rr. B MoauduIupoBaHHbIX TEOPHUSX TPABHTAIMU CTPYKTYpa YpaBHEHUH, B
OCHOBHOM, COXpaHSETCH.

2. HaOmronarensHble faHHBIE O BCelleHHON B IIEJIOM.

Haumnast ¢ 1920-x romoB mosiBisieTCsl Bce OOINbINE JOKa3aTeNLCTB pacilupeHus: BceneHHOH,
YTOUYHEHHOE 3Ha4€HUE MOCTOsHHOW Xab0ma mpeacka3blBaeT €€ BO3pacT OKoJIo 14 MIpA. JeT, JaHHbIE
MO0 PEIMKTOBOMY H3IIyUYEHHIO CBHUJICTEIBCTBYIOT O TOpSYEeM IMPONUIOM, 00 OJHOPOAHOCTH |
M30TPOITHOCTH paHHedl Bcenenno#, o wmamoctu (107-5) oTkinoHeHW. MOXHO CUUTaTh
YCTaHOBJICHHBIM TIPOIIGHTHBIA COCTaB BeIleCTBa (TEMHAasi JHEPrusi, TEMHas Marepus, OapuOHHas
Marepusi, U3IydeHne) U OJIM30CTh TEOMETPHH ITPOCTPAHCTBA K IIIOCKOM.

3. CgoiicTBa panHei BeeneHHoil.

OKCTpanoysiiysi KapTHHBI MHpa B MPOLIIOE € MOMOIIBI0 ypaBHeHMH @puiamaHa M03BOJSET
BBIUUCIIATh IUIOTHOCTh M TEMIIEpaTypy BELIECTBa B paHHEHl BceneHHOH BILIOTH 10 ee BO3pacTa B
JOJIM CEKyHJ, a Halli 3HaHUS (U3MKK MHUKPOMHpA OAal0T BO3MOXHOCTH OIMCBHIBATH D3IIOXHU
HYKJICOCHHTE3a, peKOMOMHAINY, BOZHUKHOBEHNE (JOHA PEITMKTOBOTO MU3IIyUYCHHS U T.II.

4. Drioxa peKoMOWHAIIHH.

[TocreneHHOe MOHMKEHHE TEMIIEpaTypbl B KOHIIE KOHIIOB JI€JAeT HHEPreTH4YECKH BBITOIHBIM
MPHUCOEIMHEHUE 3JIEKTPOHOB K sApaM U o0pa3oBaHuWE aTOMOB. MBI paccMarpuBaeM IHpolecc
pexoMOMHAIMK Ha OcHOBe ypaBHeHHMs Caxa M moiydaeMm Aisl Bo3pacTa BceseHHOH B 3Ty 3moxy
uu¢psl 0koso 370 ThIC. JIeT.




5. IlpobneMa HaYambHBIX YCIOBUHA U TEOPUST UHQISIIH.

[Ipobnempl HayalbHBIX ycloBHWi B 310Xy bonbiioro B3speiBa celiwac mpeiaraercs pemiarh Ha
OCHOBE TEOpPUHM SKCHOHEHIIMAIBHOTO OBICTPOro pasayBaHMs MmacmTaba anuHel B nepsbie 107-30
ceKyHibl (Teopust HHIAMK). VICTOUHMKOM TPaBUTAlIMOHHOTO TIOJIST B 3TO BPEMS SIBISETCS BaKyyM
KTII, mi1oTHOCTh dHEpPTHM KOTOPOTO HE W3MEHSAETCA IpH pacllMpeHuu BceleHHOM, a JTaBieHHe
BaKyyMa SIBJISICTCSI OTPHULIATENIbHBIM, II03TOMY OH IIOPOXKJAET OTTAJIKUBAHUE, KOTOPOE IIPEOI0JIEBAET
CTaHIApTHOE AJisl TrpaBuUTauuu npuTspkeHue. CreHapuil MHQIAIUM MO3BOJSIET PEIIMTH MAacCy
npoOiiem teopun bombimoro B3pbiBa: 0JHOPOJHOCTH, M30TPOITHOCTH, INIOCKOCTHOCTH, OTCYTCTBHS
MOHOTIOJIEN U T.II.

6. Maremaruueckuii anmapar OTO.

Cranpgaptubiii maremaruueckuit ammapar OTO BkirodaeT TEH30pPHBIM aHaNU3 W PHUMaHOBY
reoMeTpuio. Mpl HaYMHAEM C MCIOJIb30BAHUS KPUBOJMHEHHBIX KOOPAMHAT OOIIEr0 BHJA B IJIOCKOM
IIPOCTpaHCTBE. Meu puMaHOBOM TIeoMeTpuu NEpBOHAYaJbHO MIUIIOCTPUPYIOTCS Ha Marepuale
TEeOpHUH MoBepxHOCcTeil. BBOAATCS OCHOBHBIC IOHATHS TEH30pa, METPUKH, CBA3HOCTH, KOBAPHAHTHOTO
muddepeHIpoBanus,  TeH30pbl  Pumana, Puuum, Oiamreiitna.  CTposiTcs — TEH30pHI
SHeprun-umIyisca matepuu. U3 neiicrus ['mnpbepra-Oiinmreiina BeiBogsaTcs ypasaeHus OTO.

7. Pewienne IBapummibaa v reoIe3nYECKUe.

OO6cyxmaercs TouHoe pemieHue llIBapimmiabaa, KOTOPOE MPUMEHSETCS K OIMUCAHUIO0 JTUHAMUKH
JBW)KEHUSI MPOOHBIX Tel W (OTOHOB B MPHUCYTCTBUM CQEPUYECKH CUMMETPHUYHOTO HCTOYHHKA
rpaBuTaluu. PaccMarpuBaeTcsi paccessHUE M NaJCHUE Ha UEHTP [ BaKyyMHOIO pEIICHUS
[Bapimmnpaa. BBoasTcs MOHATHS TPaBUTALIMOHHOTO pajudyca Tela, TOPU30HTAa U IEHTPAIBHOM
CUHTYJISIPHOCTH.

8. Teopust Bosmymienwuii u 3¢pdexrsr OTO.

Cpenu 3¢pdpexro OTO, HaOMoORaEMBIX B CPABHUTEIHHO CIA00M TI0JIE PACCMATPUBAIOTCSI OTKJIOHEHHE
Jy4a CBeTa, KpacHOE CMEIICHHWEe W aHOMaJbHOE JBIDKCHHE mepurenans Mepkypus. Pacuerst
HPOU3BOASATCS B TEOPUHU BO3MYIICHHH.

9. I'paBUTaIIIOHHAs yCTONYUBOCTD 3BE3].

Ha ocHOBe HBIOTOHOBCKOI TEOPUHM TSATOTEHHUS BBIBOAHUTCS YCIOBHE MEXaHWYECKOTO PaBHOBECHUS
CTalMOHAPHOUN 3BE3/IbI. Monenupys BEIIECTBO 3BE3/IbI ypaBHEHHUEM COCTOSIHUS
MenpeneeBa-KnaneipoHa MOKHO OLIEHUTb, HAIIPUMED, TEMIIEpATypy B LEHTpe 3Be31bl. CBETUMOCTH
3Be3n [maBnoii IlocnmemoBaTelbHOCTH OOYCIIOBICHA CpPAaBHUTEIHLHO MEMJIEHHOW TEpMOSACPHOM
peakuuen TopeHusl BOAOpPOAa, T.€. INPEBPALLICHUS €ro, B KOHEUHOM MTOre, B resuid. st onucanus
(M3UKKM BHYTPU 3BE€3[l NPUHATO HCIOJIB30BaTh YPaBHEHHE IMOJIUTPOIIBI, KOTOPOE SIBIISETCS
JIOCTaTOYHO OOIIUM M TPUMEHSIETCS HE TOJNBKO K 3Be3naMm [maBHou [locnemoBarenbHOCTH, HO H,
HarnpuMep, K OEITbIM KapJIuKaM, B KOTOPBIX IOMHUHHUPYET BBIPOXKICHHBINA JJICKTPOHHBIN T'a3.

10. Ypasuenus csszeit OTO.

Tenzop DHHIITEHA TOKIECTBEHHO YIOBIETBOPSIET CBEPHYTHIM TOXJecTBaM buaHKH, 4TO O3Ha4aeT
JUHEHHYO0 3aBUCUMOCTh Mexay ypaBHeHusAMU OTO u ux npousBonueiMu. 4 u3 10 ypaBaenunit OTO
HE CcOoJlepKaT BTOPBIX NPOU3BOAHBIX 10 BPEMEHM, W, CJIENOBATEIbHO, SBISIFOTCA OTPaHUYEHUSIMU
(cBsI3siMM), HaJO)KEHHBIMU Ha HavyajbHbIC JaHHbIC. B YacTHOCTHM, TaKuM CBOHCTBOM oOnajgaer u
maBHOe ypaBHeHne @Ppuamana. B coorBercTBUH ¢ BTOpOM TeopeMod Herep Hanmuume cBszel
spasieTcst cnenctBueM wuHBapuantHocth OTO mpu obmmx mnpeoOpazoBaHusix 4-X KOOpAMHAT
IIPOCTPAHCTBA-BPEMEHH.

11. F'amuneroHOBa hopmynupoka OTO.



Haubonee sicnoe nonumanue crpykrypsl ypaBHeHH OTO naeT raMuiIbsTOHOB TIOAXO K 3TOH TEOpUH.
31ech posib KOOpJAMHAT, KaK OKa3blBAa€TCsl, UIPalOT KOMIIOHEHTbI METPUKU IIPOCTPAHCTBA, T.€.
MPOCTPAHCTBEHHO-TIO00HOM TUIIEPIIOBEPXHOCTH, @ POJIb UMITYJILCOB UTPAIOT KOMIIOHEHTHI TEH30pa,
[IOCTPOEHHOTI'O U3 BHELIHEHW KPUBU3HBI 3TON I'MIIEPIIOBEPXHOCTU. 4 ypaBHEHUSM CBSA3E€H HaXOIATCS B
uHBOMIOLMK B anredpe ckobok Ilyaccoma, uTto oTpaxkaer cBoOooy BbIOOpa cemeilcTBa
[IPOMEKYTOUHBIX TMIIEPIIOBEPXHOCTEN IIPU IIEPEX0/IE€ OT HAYAJIBHOIO COCTOSHUS K KOHEUHOMY.

12. M3myueHue U A€TEKTUPOBAHNE TPABUTALIMOHHBIX BOJIH.

Jnis u3nydeHHs TPaBUTALMOHHBIX BOJIH HEOOXOIMMO MPHUCYTCTBUE CHCTEMBI C MEPEMEHHBIM
KBaJpyIOJIbHBIM MOMEHTOM Macc. T HTEeHCUBHOCTb U3/1y4€HUs NPONOPLUUOHATIbHA KBAAPaTy MOIYJIs
TpeThbell MPOM3BOAHON KBaJIpyHOJIBHOTO MOMEHTa. B OoybIIMHCTBE cily4yaeB 3Ta WHTEHCHBHOCTD
KpailHe MaJja, OJHaKO, KaK JOKa3aHO HEJaBHUMHU pe3yibratamu yctaHoBok LIGO, cymecTByioT
KaTacTpoduyeckue cOOBITHSI, JAarollue OTPOMHBIM BHIOPOC SHEPTHH B BHJE TPABUTALUOHHBIX BOJIH,
HOpsIIKa HECKOJIBKUX Macc 1mokost ConHua. Oka3blBaeTCs, Ka4Y€CTBEHHBIH BBIBOJ KIIFOYEBBIX (OpMyI
3/1eCh MOXKHO TpoBecTH 6e3 ucmonb3oanus OTO.

13. I'paBuTaLInOHHBIEC BOJHBI KaK UCTOUYHUK MH(POpManuu o BeeneHHOM.

['paBuTanIOHHAsT aCTPOHOMHUS JaeT OOJbIINE HalleXK/Ibl HA BO3MOKHOCTh MOMYYUTh HHPOPMALIUIO O
CaMbIX paHHHX 3Moxax pa3Butus Bcenennoil. 3amyck kocmuueckoro nerekropa eLISA u mpyrux
MPOEKTOB TO3BOJIUT JETEKTHPOBAaTh HE TOJBKO BOJIHBI C 4acToTo coreH lepn, HO u Ooiee
HHU3KOYACTOTHBIE, 4 TAK)KE IOBBICUT YyBCTBUTEJIBHOCTh. BMeCTE ¢ HEUTPUHHOW aCTPOHOMMEHR 3TO
MO3BOJINT 3aIVISIHYTh B IITyOOKO€ MPOLILIOE.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, He00XOMMO AJIsl OCYIeCTBICHHS 00Pa30BATEILHOIO
npouecca 1o JHCHUIIMHE (MOXYJII0)

VYuebHas ayquTopHsi, OCHAIlEHHAs! MYJIbTUMEANAIIPOSKTOPOM U 3KPAHOM.
6.IlepeyeHnb pekoMeHyeMOIi TUTEPaATyPbI

OcHoBHas nuTeparypa
1. Beenenue B Teoputo panneii Beenennotit : Teopust ropstuero Bonbmoro B3peia [ Teker]/J1. C.
Topbynos, B. A. Py6akos , -M., IEHAH/I, 2016
2. COOpHUK 337124 110 TEOPUH OTHOCUTENHHOCTH ¥ rpaBuTaiyu [ Texct] = Problem book in relativity
and gravitation / A. Jlafitman [u ap.] ; mep. ¢ aar. A. I1. bornmapesa, 10. A. laaunosa nox pex. Y. M.
XanaraukoBa .— M : Mup, 1979 — 535 c.
3. C. Baiia6epr. Kocmonorus. - M.: YPCC, 2012. - 605 ctp.

JomnonHurensHas aureparypa
1. O6mras actpodusuka [Tekcr] : [yde0. mocobue st By30B] / A. B. 3acos, K. A. IloctHoB ; Mock.
roc. yH-T uM. M. B. JlomoHocoBa, ®usnueckwii dak., [oc. actpornom. un-1 um. I1. K. lllrepudepra .—
2-e n3n., uenp. u gon. — Ppssuno : Bek 2, 2011 .— 576 c.
2. C dero Havyanach kocMonorus: co. crareit / coct. B.M. Mauapckuii — M. — Moxesck: HUL
«Perynspnas u xaoTudeckas AMHaMuKa», 2014. - 568 cp.
3. AJI. Honros, S.b. 3enpnoBuy, M.B. Caxxun. Kocmonorus panneit Beenennoit. — M.: MI'Y, 1988. —
199 ctp.

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

caiit Actponomuueckoro uacturyta CIIOI'Y http://www.astro.spbu.ru/sites/default/files/ BOOK _1.pdf
- B.B. UBanos. ®uzuka 3e3a. CI16, 2018 — 539 ctp.

8. IlepeyeHb HHPOPMANMOHHBIX TEXHOJIOTHIi, HCIIOJIb3yeMbIX NPH OCYLIeCTBICHUU 00Pa30BaTeJIbHOI0
npouecca 1o JHCHUIIMHE (MOIYJII0), BKJIIOYAs NepedeHb He00X0AUMOro NpOrpaMMHOro odecrnedyeHnst
¥ MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)



He npenycmotpeHsL.
9. MeTonuyeckne yKazaHus JJIsl 00y4AIOIIMXCH 10 OCBOCHUIO AU CHUILTHHBI (MOXYJIs)

CTyneHT, W3ydYaromuid JUCIUILUIMHY, JIOJDKEH C OJHOH CTOPOHBI, OBIJIETh OOIIUM IMOHITHHHBIM
anmnaparom, a ¢ Apyroil CTOpoOHbI, JOJAKEH HAYUYUTHCS IPUMEHSTh TEOPETUUECKUE 3HAHUS HA TIPAKTHUKE.

B pesynerare M3ydeHUs NTUCHUIUIMHBI CTYAEHT JOJDKEH 3HATh OCHOBHBIE OINPENEIEHUS AUCIUILINHEL,
YMETb IPUMEHSTH [10JIyUEHHbIE 3HAHUA JJIs1 PELICHUS Pa3IM4HbIX 3a/ady.

VYenenrHoe ocBoeHUe Kypca Tpedyer:

— IIOCEIICHUS BCEX 3aHATHUH, IPEAYCMOTPEHHBIX YUE€OHBIM IJIAHOM IO AUCIMIUINHE,

— BEJICHUS KOHCIICKTa 3aHATHH;

— HanpspKEHHOW CaMOCTOSTENIEHOM PabOoThI CTYy/IEHTA.

CamocrosiTenbHas padoTa BKIIOUAET B Ce0s:

— YTEHHE PEKOMEH0BaHHOH JINTEPaTyphl;

— TpopaboTKy y4deOHOro MarepHuaja, MOATOTOBKY OTBETOB Ha BOMPOCHI, MpPEAHA3HAYECHHBIX VIS
CaMOCTOSTENBHOTO U3yUEHUS;

— pelueHue 3aaad, MpeAgaraéMbeIX CTyAeHTaM Ha 3aHATHAX;

— IOATOTOBKY K BBITIOJTHEHHIO 33JaHHUI MPOMEKYTOUHOH aTTeCTalnu.

[loka3zarenem BiajgeHHs MaTepHajoM CIYXHT yMEHHE 0e3 KOHCIIEKTa OTBeYaTh Ha BOMPOCHI [0 TEMaM
JUCLUAIUIMHBIL.

BaxxHo 10oOWTHCS MOHMMAHUS M3y4aeMOro MaTepuala, a He MEXaHMYECKOro ero 3amomuHaHus. llpu
3aTPYIHEHUU H3y4YCHHS OTICIBHBIX TEM, BOIPOCOB, CleXyeT oOpamarbcs 3a KOHCYIBTALMSAMU K
MIpENoAaBaTelto.

Bo3MOXeH npoMeXyTOUHBINH KOHTPOJIb 3HAHWUHM CTYAEHTOB B BHJE PEIICHHA 337ad B COOTBETCTBUU C
TEMaTUKOW 3aHATUH.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPABJIEHUIO: [Ipuxnagaeie MaTeMaTHKa U GU3NKA

npopuiIb NOArOTOBKHU: OO0was u npukiagHas Gusnka
OusTex-mkona QUMK U ucciaeoBanuil uM. Jlanaay
kadeapa QU3NKU BHICOKHX SHEPruil

Kypc: 1

kBaTuuKkanus: MarucTp

Cemectp, hopMBI IPOMEKYTOUHOH arTecTanuu: |1 (oceHHuil) - Dx3aMeH

Pa3padorunk: B.O. ConoBbes, a-p pus.-mar. HayK



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

VYK-2 CnocoGeH ynpasiaTh IPOEKTOM Ha BCEX
JTamax ero peajn3aun

VYK-2.1 ®opmynupyeT B pamkax 0003HAYCHHON MPOOIEMBI,
HeNnb, 3aJadd, aKTyaJbHOCTh, 3HAYMMOCTH (HAy4HYIO,
NPaKTUYECKYI0, METOJMYECKYI0O U UHYIO B 3aBUCHMOCTH OT
TUMA TPOEKTa), OXKHIAEMbIe pPEe3yJbTaTbl W BO3MOKHBIC
cdepbl UX MPUMECHEHUS

VYK-2.4 TpencrapnsieT myOIUYHO pe3yNbTaThl IpoeKTa (WIn
OTHENBHBIX €ro JTanoB) B (opMe OTYETOB, CTaTei,
BBICTYIUICHMH Ha HAyYHO-NIPAKTUYECKUX KOH(EepeHIusX,
ceMUHapax | T.II.

YK-3 CrnocoGeH oprann30BbIBaTh H PYKOBOJIUTD

paboToii KoMaH/IbI, BEIpa0aThIBasi KOMaHIHYTO
CTpATEeTHIO JUIS JOCTHKECHUS IMOCTAaBICHHOMN
3a/1auu

VK-3.2 YunureiBaeT B cBOCH COIIMaJIbHOH u
MpoeCCUOHANBHON JeATeNbHOCTH NHTEPECH], 0COOCHHOCTH
MOBEACHUS M MHEHHs (BKJIIOYAas KPUTHUYECKHE) JIIOAEH, C
KOTOPBIMH ~ PabOTaeT/B3auMOAICHCTBYET, B TOM YHUCIIE
MOCPEACTBOM KOPPEKTUPOBKH CBOUX JCHCTBUIA

OIIK-1 Bnaneer cuctemoii pyHIaMeHTaIbHBIX
Hay4YHbIX 3HaHUH B o0acTu
(u3MKO-MaTeMaTHYECKUX HayK

OIIK-1.1 3HaeT W cHocoOEGH  HCIONb30BaTh B
Mpo(eCCUOHANBHON  JIEATENBPHOCTH  (PyHJAaMEHTAIIbHBIC
HAy4HbIC 3HAHUS B 00JaCTH (PU3NKO-MATEMATHICCKUX HAYK

OIIK-2 Nmeer npeacrasieHre 00 aKTyalbHBIX
npoOiieMax HayKd M TEXHUKU B 00JIaCTH CBOCH
poheCCUOHATBHOM JIeTENNLHOCTH, CIIOCOOCH
Ha HayYHOM S3bIKe (hOPMYIHPOBATH
npodecCUOHANBHEIC 3aJ1a4u

OIIK-2.1 NmeeT npeacTaBieHrne O COBPEMEHHOM COCTOSTHUU
WCCIICAOBAaHUM B pPaMKax TeMaTW4YecKoil obmactu cBoei
npodeccuoHaIbHON 1S TeTbHOCTH

OIIK-4 Crioco0eH ycIenHo peain30BbiBaTh
pelleHre MOCTaBIEHHOH 3a/1a4, IPOBECTU
aHaJlu3 pe3yJpTara v IIPeJCTaBUTh BbIBOABI,
MPUMEHSIS 3HAHUSI ¥ HABBIKK B O0JIACTH
(bU3MKO-MaTeMaTHUECKUX HAYK U
WH(POPMALOHHO-KOMMYHHKAIIMOHHBIX
TEXHOJIOTUHI

OIlK-4.1 CnocobeH NpUMEHATh 3HAHUST M HABBIKH TIO
HCIOJIb30BAHUIO “H(}OPMALIMOHHO-KOMMYHHUKAIIHOHHBIX
TEXHOJIOTUH IS TIOMCKA M U3YYEHUS] HAy4YHOU JIUTEPATypHl,
MPUMEHEHHSI TPUKJIAHBIX TPOTPAMMHBIX IPOIYKTOB

OIIK-4.2 CrnocobeH mnpuMeHATh 3HaHUS B  o0JacTu
(HU3UKO-MaTEMAaTHYECKUX HAyK JUIS PEeIICHUs IOCTaBICHHOM
3agaud, GOPMYIHPOBAHUS BHIBOAOB U OLIEHKU MOJTYYEHHBIX
pe3yabTaToB

OIIK-4.3 CnocobeH apryMeHTHpPOBAaHO BBIOMpATh CIIOCOO
MPOBEICHUS HAYYHOTO HCCIICOBAHUS

OIIK-5 CriocoOeH 1 roTOB K MOBBIILIEHHIO
KBaJTU(UKAIMH, TPOPECCHOHATLHOMY POCTY U
PYKOBOJICTBY KOJJICKTHBOM B c(hepe cBocit
podeCcCHOHAILHOM IS TeIbHOCTH, TOJIEPAHTHO
BOCIIPUHUMAsI COIMATbHBIC, STHUUECKUE,
KOH(ECCUOHAIBHBIC M KYJIBTYPHBIC Pa3In4us

OIIK-5.3 CrpeMurcss K TOIY4YEHHUIO HOBBIX
npo(heCCHOHATLHOMY U IMYHOCTHOMY POCTY

3HAHUM,

[IK-1 CnocoGen ctaBuTh, HhOpMann30BHIBATH U
pemIarh 3aJ1a4u, B TOM YUCIIe pa3pabaTbIBaTh U
HCCJIE0BATh MaTEMaTHYECKUE MOJICIH
M3y4aeMBbIX SBJICHHUH U MPOIECCOB, CUCTEMHO
aHaJIM3MPOBaTh HAy4HbIE TPOOIEMBI, [TOy4aTh
HOBBIE Hay4YHbIE PE3YyJIbTaThI

[IK-1.1 CriocobeH HaxomuTh, aHAIM3UPOBaTH U 0000IIATH
nHpopMaIrio 00 akTyalbHBIX pe3yJbTaTax MCCIeJOBaHUN B
paMKax TeMaTW4YeCKOW OOJaCTH CBOEH MpodeCcCHOHATEHON
IEITEILHOCTH

IMK-1.3 CnocobeH NpUMEHATh TeopeTHueckne W (W)
JKCIIEPUMEHTAJIbHBIE METOJIbl MCCIEJOBaHUN K KOHKPETHON
HAayyHOM 3ajadye M  HHTEPIPETUPOBATH  IOJYUCHHBIC
PE3ybTaThl

I1K-2 CiocobeH caMOCTOSTEILHO HIIA B
Ka4eCTBE 4ieHa (PYKOBOIUTEIIS) MAJIOTO
KOJUIEKTUBA OPTraHU30BLIBATH U MIPOBOIUTH
Hay4YHbIC UCCIICJIOBAHUS U UX allPOOAIUIo

[IK-2.1 Cnoco0eH miaHupoBaTb M MPOBOAUTH Hay4dHBIC
UCCJICZIOBAHUSI CAMOCTOSTENIbHO MM B COCTaBE€ HAydHOI'O
KOJIJIEKTHBA

[MIK-2.2 CnocobeH mNpoBOIUTH anmpoOanuioo pe3yabTaToB
Hay4YHO-HCCIICI0BATEIBCKOM paboTsI MOCPEICTBOM
NMyOIMKalUuK HAYYHBIX CTATeH U y4acTusi B KOH()EPEHIUSIX

2. Iloka3are M OLleHUBAHUS KOMIIeTeHITHH




B pesynbrare n3ydeHus AUCIUTUIMHBL «KOCMOIOTHS U rpaBUTaIUs 00yUarOIIHUHACS TOJHKEH:

3HATb:

VYpaBuenne @puamana, COBpeMEHHBIM COCTaB BceneHHOW, ypaBHEHHsS COCTOSHHS, YpPaBHEHHS
OiiHmTeitHa, pemenue llBapimuibaa, cCBOMCTBa TI'paBUTALMOHHBIX BOJIH, YpaBHEHHE PaBHOBECHS
3BE3/BI.

yMeTh:

3KCTpaHOJ’II/Ip0BaTB COCTaB M CBOICTBa MaTCpuu B MPOLIJIOC U 6y;[yLuee, peuiath YpaBHCHUSA ABUXKCHUS
B CHIIBHBIX M CIIa0BIX IrpaBUTAllMOHHBIX MOJIAX.
BJIAA€Th:

MetonamMu TEH30pPHOIO aHajlu3a U PUMAHOBOM I€OMETpPUHU, TEOPUM BO3MYILEHUH, TEPMOAUHAMUKYU U
CTaTUCTHYECKON (PU3UKU B UCKPUBJICHHOM IPOCTPAHCTBE-BPEMEHH.

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

4. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIIPOCOB M TeM JJISI IPOBEAEeHHUA NIPOMEKYTOYHOM aTTecTaluu
o0yuyarommxcst

IlepeueHb KOHTPOJIBHBIX BOIIPOCOB:

. Kax onienuts Temneparypy (OHOBOTO M3IIy4eHHS B Pa3INYHbIE MIOXH?

. Kak u3mensiercst cocras marepuu pH 3BoiOIUN BeeneHHoin?

. Korna Mo>xxHO TOBOPHUTH 0 TEpMOJMHAMUYECKOM paBHOBECHH B paHHel Bcenennoit?
. Kakue npobnemsr panneit Beenennol pemnaer crieHapuii HHQISAIUI?

. KaxoBa poinb sHeprum Bakyyma B 3BoJonry BeenenHoit?

. KaxoBa nprumHa BO3HUKHOBEHHS] HEOAHOPOAHOCTEN B paHHel Beenennoit?

~N O LD W~

. Uem omnmuaroTcsi Apyr OT Jpyra MepBble KocMoiormueckue monenu (DiHmTelHa, ne Currepa u
®puamana)?

8. Uem obecrieunBaeTcst paBHOBECUE PA3IMYHBIX KOMIIAKTHBIX OOBEKTOB?

9.Yto cBUAETENBCTBYET O IPUCYTCTBUU TEMHOU Marepur Bo BeenenHnoit?

10. Kakumu HabIr0neHUAMH YCTAHOBIICHO YCKOPEHHOE paciuupenne BeenenHon?

11. Kak moxer craBurhbed 3agada Komru B OTO?

12. Kaxoii cMmbicn umeeT anredpa cssizeit B OTO?

IIpumepsI KOHTPOIBHBIX 3aJAHHMN:

1. BeruncnuTh COBpEMEHHBIH Bo3pacT BeeneHHoM.

2. Beruucnuthb Bo3pacT BeeneHHoH B 310Xy peKOMOWHAIUH.

3. HaiiTu Bpems HayaJla yCKOPEHHOTO paclIMpeHns BeeneHHoi.

4. Haiitu Bpemsi, yepe3 KOTOpoe MacIITaOHBINA (GaKkTop METPUKH yABOUTCS.

5. OneHnuTs HEOOXOAUMBIN POCT MacIITAOHOTO (pakTopa 3a BpeMsi HH(ISAIHH.

6. BeluncnnTh cedeHne 3axBaTa MEUIEHHO ABIDKYIIMXCS YacTul B MeTpuke [IIBapummnbia.

7. BRIYMCIUTD MPEIECCHIO OPOUTHI PUHUTHOTO JIBWKEHUS B MeTpHke [1IBapiimmibsaa B IpUOIMKEHUH
¢11aboro 1oJs.

8. Haiitu Bpems pajguanbHOro CBOOOJHOTO TAJCHUS Tejla Ha TPABUTALMOHHBIA PajnyC METPHUKH
[IBapimunbaa.

[Ipumepsl 3K3aMEHALMOHHBIX OUJIETOB:

buner 1.

1. BeiBox ypaBuenuit OTO u3 BapranimOHHOTO IPUHIIMIIA.

2. Tpu HacesneHUs 3BE31I.

buner 2.

1. BeiBox ypaBHeHUsI TpaekTopuu GoToHa B MeTpuke LlIBapummibia.
2. I'maBHas nocnenoBatenbHOCTh [ epummnpynra-Paccena.

burer 3.



1. Onenka Bo3pacra BeeneHHol B 310Xy peKOMOMHAIIWY.
2. YpaBHenus OpuamaHa v UX IPUMEHEHHE B KOCMOJIOTHH.
buner 4.

1. Onenka npenena Yanapacekapa uist OEIbIX KapJIUKOB.

2. TemneparypHas uctopus Bcenennoil.

buner 5.

1. Ouenka Bo3pacTa BceneHHON 110 U3BECTHBIM JJAHHBIM.
2. 'anakTUKY U UX CKOIUICHUS.

Kpurepun onennBanus
Onenka "ommuno" (10 Gaiios) BBICTABIISIETCSI  CTYACHTY, IIOKa3aBIIEMYy BCECTOPOHHHE,
CHUCTEMaTU3UpPOBaHHbIC, [IyOOKHE 3HAaHUS Y4YEOHOW NPOrpaMMbl TUCLMIUIMHBI, MPOSBIAIOMIEMY
MHTEpeC K JaHHOW MPEeAMETHOH 001acTH, MPOJEeMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPYECKU
MPUMEHSATh UX Ha MPAKTHKE NP PELICHUH KOHKPETHBIX 3aa4, CBOOOJHOE U PaBUIbLHOE 0OOCHOBaHHE
HNPUHATHIX PELICHAMN.
Onenka "ortnmuuno" (9 0amioB) BBICTABIISIETCSI  CTY[AEHTY, IIOKa3aBIIEMYy BCECTOPOHHHE,
CHUCTEMaTH3UPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW MpOrpaMMbl JUCLUUIUIMHBI U YMEHUE YBEPEHHO
MPUMEHATh X Ha NPAKTHKE IPU PeIleHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHHUE
MPUHATHIX PELICHUH.
Onenka "ormmmuno" (8 0amioB) BBICTABJISIETCSl  CTYIEHTY, IIOKa3aBIIEMy BCECTOPOHHME,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHON MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
MPUMEHATh UX HAa MPAKTUKE NPU PELICHUH KOHKPETHBIX 3aj]lad, NPaBUIIBHOE 00OCHOBAHHE MPUHATBHIX
pELIEHN, ¢ HEKOTOPBIMHU HENOYETAMU.
Onenka "xopomo" (7 0aiioB) BBICTABIAETCS CTYIEHTY, €CIIM OH TBEPAO 3HAET MarepHuall, IPaMOTHO U
[0 CYIIECTBY M3JIaraeT €ro, yMeeT NPHUMEHSTH MOJy4YECHHBIC 3HAHHWS Ha MPAKTUKE, HO HEJOCTaTOYHO
IrpaMOTHO 00OCHOBBIBAET MOITYYCHHBIEC PE3YIJIBTATHI.
Onenka "xopomro" (6 6anoB) BBICTABIAETCS CTYIEHTY, €CIIM OH TBEPAO 3HAET Marepuall, TpaMOTHO U
[0 CYLIECTBY M3JaracT €ro, yMeeT NMPUMEHATh MOJYUYCHHbIC 3HAHMS HAa MPAKTHUKE, HO JOIYCKaeT B
OTBETE WJIH B PEIICHUH 337124 HEKOTOPbIE HETOYHOCTH.
Onenka "xopomo" (5 0ayuioB) BBICTAaBISETCS CTYACHTY, €CIM OH B OCHOBHOM 3HAET MaTepuall,
IPaMOTHO ¥ IO CYIIECTBY M3JIaraeT €ro, yMeeT NPHUMEHITh IOJyYeHHbIe 3HaHMS Ha IPaKTHKE, HO
JIOITyCKAeT B OTBETE WM B PELICHUHU 3aa4 JOCTATOYHO OOJIbIIOE KOJTUYECTBO HETOUHOCTEH.
Onenka "ynoBneTBopUTenbHO" (4 Oama) BBICTABISETCS CTYACHTY, IMOKa3zaBlieMy (parMEHTapHBIH,
pa3pO3HEHHBII XapakTep 3HAHUM, HEJIOCTATOYHO IpaBHUJIbHBIE (OPMYIUPOBKH 0a30BBIX MOHITHH,
HapyILIEHHUs JIOTHYECKOW MOCIIeIOBATEIIbHOCTH B M3JIOKEHUH IPOTPAMMHOTO Marepuaia, HO MPH 3TOM
OH OCBOMJI OCHOBHBIE pa3ieibl y4eOHOH MmporpaMmsbl, HEOOXOAUMBIE JUIS JalbHEHIIero oOy4deHus, u
MOYKET IPUMEHSTH MOJy4YeHHbIE 3HAaHUA 110 00pa3iy B CTAHJAPTHON CUTYyallnH.
Onenka "ynosierBoputenbHO" (3 Oayia) BBICTABISIETCS CTYACHTY, MOKa3aBIIeMy (parMEHTapHBIH,
pa3po3HEHHBIH XapakTep 3HaHWM, JONycKaronlemy OmHOKH B (POpMyIHpoBKax 0a30BBIX MOHATHH,
HapyIIEHUs] JIOTUYECKOH TIOCIEe0BAaTeIbBHOCTH B H3JIOKEHHHM IPOrPaMMHOIO Marepuaia, ciaalo
BJIaJIeET OCHOBHBIMHU pa3jesiaMH y4eOHOW MporpaMmbl, HEOOXOAUMBIMHE JUTS TaJIbHEHIIEro o0y4eHus 1
C TPYZIOM IIPUMEHSET [TOJyYCHHbIE 3HAHUS AaKe B CTAHAAPTHOW CUTYalHH.
Onenka "HeymoBneTBopuTenbHO" (2 0Oajuia) BBICTABISIETCA CTYACHTY, KOTOPBIA HE 3HAeT OoJbLIei
YaCTH OCHOBHOTO COZEPXKaHMS Y4eOHOM HporpaMmbl TUCHUIUIMHBI, JOIMYyCKaeT rpyOble OMMOKH B
(hopMyIIMpOBKaxX OCHOBHBIX MIPHUHIMUIIOB H HE YMEET HCIIOJIb30BaTh MOMyUYEeHHBIC 3HAHUS MIPH PELICHUU
THUIIOBBIX 33/a4.
Onenka "HeynosierBoputenbHO" (1 0aymur) BbICTaBISETCS CTYJACHTY, KOTOPBIA HE 3HAET OCHOBHOTO
cozep)kaHusl y4eOHOH MporpaMMbl IUCLUILTUHBI, JOIycKaeT rpyOeiimne ommOKd B (HOPMYTUPOBKAX
0a30BBIX TOHATUH JUCLUIUIMHBI U BOOOIIE HE MMEET HABBIKOB DPEIICHHS THIIOBBIX MPAKTHUYECKHX
3ajay.

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

[Ipu npoBeneHun ycTHOro sk3ameHa oOydaromemycs npepoctasisercs 30 MUHYT Ha HOATOTOBKY.
Ompoc oOyuatomerocs 1o OujeTy Ha YCTHOM »OSK3aMEHE HE JOJDKEH IIPEBBIIIaTh OIHOTO
aACTPOHOMMYECKOTO Yaca.



