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PaGouass mporpamMMa AHCHUMIUIMHBI pa3paboTaHa B  COOTBETCTBUUM C  CaMOCTOSATEIHHO
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AHHOTAIUA K padoyeil mporpamMmMe JUCUMUIIIMHbBI
CoBpemMeHHoOe pa3BuTHe obLen Teopun OTHOCUTENBbHOCTU ANA aCTPOHOMOB

JlaHHBIN JIEKIMOHHBIM KypC IOMOTaeT CTyAEHTaM-aCTPOHOMAaM IOHSTh COBPEMEHHbIE

MOAXOBI K Pa3BUTHIO U 0000IIEHUIO 00IIeH TEOPHUH OTHOCUTEIILHOCTH JIJIsl PEIICHUsI BOTIPOCOB 00

c€c

KBaHTOBaHWHU, OOBSCHEHHMH TMPOOJEeM TEMHOW MaTepud M TEMHON »JHEpPruH, TO €CTb,

COBPCMCHHBIC TCOPCTUYCCKUC NOAXOAbI IJISI HHTCPHNPCTALIMHA ACTPOHOMHUUYCCKHUX JaHHBIX. Kpr

OCHOBaHa Ha O630pHBIX " OpUTHUHAJIbHBIX HAYUYHBIX CTATAX.

10.

1.

12.

13.

Pa3zngennbl padoyeil nporpaMmel

MecTto OUCHMIUIMHBI B CTPYKType OCHOBHOH mpodeccuoHalbHOW —00pa3oBaTeabHON
nporpamMmsl Beiciiero oopasosanus (OIIOIT BO).

BxonHble TpeOOBaHUS i OCBOCHUS TUCIUTUTHHEI (MOYJIs), TIpeABApUTEIbHBIC YCIOBUS (TIPH
HaJIMYUH )

Pesynbrarel OOydeHHS MO JUCIUIUIMHE (MOJIYJII0), COOTHECEHHBIE C (HOPMHUPYEMBIMHU
KOMIICTCHIUAMHAU

dopma 00yueHUsI.

SA3bIk 00yUeHus.
ConeprxaHue TUCHUTLTAHBI.
O0beM AUCIHILTUHBI

CTpyKTypHpOBaHHOE IO TeMaM (paszesiaM) colepKaHue AUCIUIUTHHBI (MOIYJIs) ¢ YKa3aHUEeM
OTBCACHHOI'O HAa HUX KOJINYCCTBA aKaJCMHUYCCKUX YaCOB U BHUbBI yqe6HBIX 3aHSATUI

Tekymuil KOHTPOJIb M TPOMEKYTOUHAS aTTECTALIHS.

®onn oneHouHbIx cpenctB (POC) ansg oneHUBAHUS PE3yJITATOB OOYUYCHUS MO JUCIUILUIMHE
(Momyro).

[IIkama oreHuBaHus.

Tunossie KOHTPOJIBHBIC 3aIaHUA WJIKM WHBIC MaTCpUAJIbl JJISI TPOBCACHUSA TCKYIICTO KOHTPOJIA
yCIIEBaEMOCTH.

Tumnosbie KOHTPOJIBHBIC 3aJaHud WKW HWHBIC MaTCpuajibl AJId IMPOBCACHHUA HpOMG)I(yTO‘IHOﬁ
aTTCCTallnuu.



14. MatepuanpHO-TeXHUYEeCKass 0a3a, HHOOPMAIMOHHBIC TEXHOJIOTHH, TPOTPaMMHOE 00€CTICUCHHE
1 MH()OPMAITMOHHBIE CIIPABOYHBIE CUCTEMBI



1. Mecto nucuumiaudsl B ctpykrype OITIOII BO

HucuumnuHa «CoBpeMeHHOE pa3BUTHE OOIIel TEOpUH OTHOCUTENBHOCTU JUIsl aCTPOHOMOB)
peanu3yeTcst Ha 6-oM Kypce B 11-0M cemecTpe u SBISIETCS COCTaBHOM YacThi0 MPOo(hecCHOHATBLHOTO

0JI0Ka BApUAaTUBHOM YaCTH.

2. Bxoanble TpeGoBaHus VIS OCBOCHUS JUCHUILINHBI (MOYJIs1), IPpeABAPUTEIbHbIC YCIOBHSA

Kypc aBnsercs npogomKkeHUeM U pa3BUTHEM KYPCOB I10 00IIel TEOpUU OTHOCUTEIBLHOCTU U

COBpeMeHHOI\/'I KOCMOJIoruu 1Jjis1 aCTpOHOMOB

3. PesyabTaThl 00y4eHHs 0 AUCHHUILINHE (MOYJ/II0), COOTHECEHHBbIE ¢ (POPMHPYeMbIMH

KOMIICTCHIIUAMHA

B pesynbrare 0CBOCHUS TUCHUILTUHBI Y 00YYarOmUXCcsl JOJKHBI ObITh C(HOPMUPOBAHBI:

®opmupyemble
KOMIIETeHIIH U
(Ko KOMIEeTEeHIIUH)

IlnanupyemMblie pe3yabTaThbl 00y4eHUs MO0 TUCHUILVIHHE (MOIYJII0)

VYK-1.b

3-1 3namp: HyHgaMeHTATBHBIE OCHOBBI METOJIOB TTOCTPOCHUS TEOPHIA
rpaBUTAllUU

3-2 3namp: OCHOBHBIE CITIOCOOBI PACIIUPEHUS OOIIECH TEOPUH
OTHOCHUTEIIEHOCTH

Y-1Ymemp: ctpouts TEOpETHUECKHE MOAEIN TPABUTALIMH, UCIIONbB3YSI
KPUTHUYECKHUI aHAIN3 JaHHBIX

Y-2Ymemp: BoISIBIATD U yCTpaHATh TEOPETUUECKUE
HECOITIACOBAHHOCTH MOJAEIU

B-1 Bnaoems: MaTeMaTHYECKUM arnIapaToM, IpUMEHSIEMbIM B 0011ei
TEOPUH OTHOCUTEIBHOCTH U CMEXHBIX 001aCTAX

B-2 Bnaoems: MeTo1aM1 TEOPETHUECKOTO UCCIIEIOBAHUS SIBICHUN 1

6




MPOLECCOB B T'PaBUTALUU

OIIK-1.b 3-1 3namp: OCHOBHBIE MATEMATUYECKHUE METOIbI, UCIIOJIb3yEMbIE TTPU
IIOCTPOECHUH PACLIMPEHHBIX MOJENIECH IPaBUTALUN

Y-1Ymems: pemiats TUIIOBBIE 331a4H OOICH TEOPUH OTHOCUTEIBHOCTH
U PACUIMPEHHBIX MOJIENel rpaBUTALUN

Y-2¥Ymems: cTponTh MaTEMaTUUECKUE MOJIENH SIBJICHUH U MPOLECCOB B
rpaBUTAIIUN

B-1 Braoems: HABBIKAMU MIOCTPOCHUS HOBBIX MOJEJICH Ha
OCHOBE NMCIOLINXCS OKCIICPUMEHTAJILHBIX U
HAOJIFOAATENBHBIX JaHHBIX

1. ®opma 00yueHHsI: OUHAs.
2. SA3bIK 00y4eHus1: pyCCKUN.
3. Conep:xxaHue TUCUMILTHHBI
Tema 1

Cospemennsle actpodusuueckue noarsepxxacaust OTO. [pumenennus OTO B actpodusuke.
Hepemennsie npo6iemst. [TyTtu nanpHelero pa3BuTus.

Tema 2

Crnioco6s! pemenns 3aga4 B OTO. [logcranoBka METPUKH B JICHCTBUE UITH TIPSIMOE TTOTyUYEHUE
ypaBHeHU DHIITeHA. KOMIIbIOTEpHbIE aHATUTHYECKUE CUCTEMBI I perieHus 3agad B OTO.

Tema 3

HrroronoBckuit npenen. IlapameTpr3oBaHHbINA TOCT-HbIOTOHOBCKUH Gopmanmsm (ITITH)
pa3IMYHbIX NOPAIKOB. [IpuMeHeHne K IpoBepKe MOJENEN TPaBUTALUU: «JIOPOKHAsL KapTa»
nonyuenus [1TTH napametrpoB monenu

Tema 4

TepMonnHaMuKka YepHBIX JbIp. 3aKOHBI TEPMOJAMHAMUKHI U COBPEMEHHBIE 00CYKICHUS.
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[Tpobnemsl pacmupenus 2ro Hadana. Madopmanmonusiil mapagoke. MicnapeHue 4epHbIX JbIp.

Mertonbl Xokunra, [lapuxa-Bunbueka, ux JOCTOMHCTBA U HEIOCTATKH.

Tema 5

CBoiicTBa YepHBIX ABIP C MO3ULUH YAAJICHHOTO Habmoaarens. « Teopema 06 OTCyTCTBUH BOJOCH.
OS¢ dexr [lenpoysza. Cyneppanuarusi.

Tema 6

KBantoBanue rpaButanuu. Ananoru guarpamm @eitnmana. Kontpwiensl. Mojenu ¢ monpaBkamMu
BBICILIMX MOPSAKOB 1O KpuBU3He. KBa3ukinaccuueckoe NpuoInKeHue, ero rpaHullbl
MPUMEHUMOCTH.

KpoTtoBbie HOpBI. Y CI0BHS CYIIECTBOBAHUS PEILICHUS, IOMYCTUMBIE BUJIBI MaTEPUH, TPOOIIEMBI C
YCTOMYMBOCTBIO pellieHHs. Bo3MOKHBIE TPOSIBIICHUS B peaibHOM BceneHHou.

Tema 7

Teopun nadnsun. Bropuunsiii pasorpeB. Mojaens bpanca-/lukke kak nepBoe paciumpeHue
o6meit Teopun otHocuTenbHOCTH (OTO). Unen I1.Xurrca o BBeZieHUH B pacCMOTpPEHHE
KBaJIpaTU4YHBIX WwieHOB. Jlarpamxuansl Xurrca. I'paButanus JlaBnoka. CTpyHHBIE MOJENH
rpaBUTALIMU C MTOTIPAaBKaMH BTOPOTO MOPsAIKa 0 KpuBHU3HE (TpaButaius ['aycca-bonns)

Tema &

MHuoromepHas rpaButanus. Mojenn ¢ HeKOMIAKTHBIMU JJONOJHUTEIbHBIMA U3MEPEHUSMHU.
Mopens ADD. Uepnsie asipel Ha LHC. Monenu Randall-Sundrum. Moaenu DGP. Uadpa-kpacubie
mogudukamuu OTO. [Tpobnema cunbHoM cBsA3u. Moaens [laynu-®dupua u npodiema Ban/lama-
Benpr™mana-3axaposa. [IpunusHoit 3apsa.

Tema 9

MoaudunupoBannas HeroTtoHoBCcKas tuHamuka. Mojenu Xopaaecku. KpoToBbie HOpHI B
pacIIMpeHHBIX MOJIeTIAX TpaBuTanuu. Kocmomornueckast apostorust B Mojaenu bpanca-/lukke.
OTCKOK.

Tema 10



[TerneBas kBantoBas rpaBurtaius. [lepemennbie Amrekapa. KsantoBanue. KocMmonoruueckas
sBosronusa. Beenennas ¢ orckokom. [letneBas kocMonorusi.

Tema 11

Mopenu ¢ HapyLIEHHEM JIOPEHII-UHBApUAHTHOCTU. MaccuBHBIN IpaBUTOH. Pannyc BaliHinTelHa.

Tema 12

Kondopmnuast rpaButanus

7. O0beM TUCHUTJIMHBI
00beM y4ueOHON Harpy3KH B aK. yacax
B TOM YHCJIE
% ayl. 3aHATHA | 4
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2 S = S
= T ) <
Q = &)
o = < Q
= ° |3 | & 38
]
HA3BAHUWE JUCLUITJIIMHBI Q % S i - T E
= T > e o = o
2 &8 | B S ¥ | E g g 3
= = o SHES = = = &
< ) > o s = © o
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m g x 3 = o )
S o | =
@) E 8
@)
CoBpeMeHHOE pa3BUTHE 00IIIeH
TEOPUU OTHOCUTEIIBHOCTH JJIsI 2 72 36 36 0 36
aCTPOHOMOB
8. CTpyKTypUpOBaHHOE N0 TeMaM (pa3iejiaM) coAepKaHue JUCHUNIMHBI (MOTYJIA)

€ YKa3aHMeM OTBeJIeHHOI0 Ha HHUX KOJHMYEeCTBA aKaJeMHUYeCKMX 4YaCOB M BHAbI y4eOHBIX
3aHATHH




N3yuenne xkypca «CoBpeMeHHOE pa3BHTHE OOIMEH TEOPUHU OTHOCHTEIBHOCTH ISt
aCTPOHOMOB» BKJIIOYaeT B CeOs JIEKIMH, Ha KOTOPHIX pPAacCMATPUBACTCS TEOPETHUECKOE
COJIep’KaHue Kypca U CaMOCTOSTEIbHYI0 padoTy, 3aKIIOYAIOIIYIOCS B IMOJATOTOBKE K JIEKIIMOHHBIM
3aHATUAM. TGMBI, paccMaTpUuBaArOTCA HA JICKHUAX WU 3aKPCIIAIOTCA CaMOCTOATCIBHO, IO BOIIPOCAM,
BBI3bIBAIOIIUM 3aTPYAHCHUSA, IIPOBOAATCA KOHCYJIbTAIUU.

Buabl yueOHOH HATPY3KH H
HX TPY10€MKOCTb, 4aChI
dopMa TeKyLero
KOHTPOJIA
2
2 HanMeHoBaHMe g ycrneBaeMoCTH U
- pasaena IUCHHILINHbBI % & IPOMEKYTOTHOU
3} s
& @ 4 - aTTecTaluu
[=] = o2 =
o = = = o =
< = -~ < @
S =158 = |&
o a8 = |8
= | 2|53 = |E
@ S o o =
Q e (&) =]
==} = =
= =
= @)
=
1 CoBpeMeHHbIe acTpou3nveckue
noareepxkaeHus OTO 2 - - - 2
2 Crioco0s1 pemennst 3ana4 B OTO | 5 - - - )
3 HreroToHoBCcKkuit mpeaen ) - - - )
4 TepMoauHaMUKa YEPHBIX JBIP 2 } } } 2
CBolcTBa YEPHBIX ABIP C
5 MO3UILINH YJAJIEHHOTO 2 _ _ _ 2
HaOJIFOHaTesd
6 KBanToBanme rpaBUTallvn 2 _ _ _ 2 COGGCGI{OB&HHG,
orpoc
7 Teopuu undusaun 2 oL } 2
8 MHoromMmepHas rpaBuTanus 4 - - - 4
9 Mogenu XopHOeCKH 2 - - - 2
10 [lerneBast kBaHTOBAs
rpaBUTAIUS 4 - - - 4
1 Mogenu ¢ HapyLLIEHHEM JIOPEHII-
MHBapHAHTHOCTH 4 - - - 4
12 Kondopmuas rpaButanus 2 - - - 2
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3ayer/3K3aMeEH B
IIpomexyTouHas aTTecTanus 2 2 dopme
cobecenoBaHus
HUTOI'O: 36 - - - 36
9. Texyuuii KOHTPOJIb ¥ MPOMEKYTOYHAS aTTeCTAlUA.

Texymmuit  koHTponb 10 auciuiuimHe «CoBpeMeHHOE pa3BUTHE OOImeld Teopuu
OTHOCUTENIbHOCTH JUIsl aCTPOHOMOB» OCYIIECTBIISIETCS Ha JIEKIMAX M 3aKII0YaeTcs B OLEHKE
aKTUBHOCTH M KadyecTBa y4yacTHSl B OIpocax U cobeceloBaHHUSIX MO MpoOiieMaM, M3ydyaeMbIX B
paMKax TCEM JICKIITMOHHBIX BaHHTI/II\/'I, APTYMCHTUPOBAHHOCTU IMO3ULUH; OLCHUBACTCA IMMHUPOTA
HCIOJIb3YCMBIX TCOPCTUICCKUX 3HAHUH.

Atrtectranus no aucuuiuinHe «CoBpeMEHHOE pa3BUTHE OOIIEH TEOPHH OTHOCHUTEIBHOCTH
IUIL aCTPOHOMOBY MPOBOAMTCS B (hopMe 3aueTa B (OopMe MUCbMEHHON paboThI ¢ MOCIEAYIOUINM
cobeceZI0BaHUEM T10 TPOrpamMMe.

PeByanaTBI cadyu 3a4€Ta OICHUBAIOTCS 110 IIKAJIE «3a4YTCHO», «HE 3a4TCHO).

10. ®onx oneHouHbIX cpeacTs (POC) 111 ONeHNBAHUSA Pe3yJIbTATOB 00yYeHH s
N0 AUCHUNINHE (MOAYJII0).

TpeGoBaHus K CTPYKTYype U coiepkaHuI0 GOHIA OLIEHOYHBIX CPeICTB
TeKYLero KOHTPOJIA ¥ MPOMEKYTOYHOM ATTeCTAIlUM N0 IUCHUILIHHE

HepequL OLCHOYHLIX CPCACTB, MPHUMCHACMBIX Ha KaXJO0M 3TallC MPOBCACHUA TCKYIICTO
KOHTPOJIA U HpOMG)KyTO‘IHOfI aTTeCTalluy IO AUCHUIIIINHE, ITPCACTABJICHLI B TaG.HI/ILIG

[IpencraBnenue
Haumenosanue
Kparkas xapakTepucTuka OlleHOYHOTO CPEJICTBa OLIEHOYHOTO

OLIEHOYHOTO CPEJICTBA
cpezactsa B GpoHJe

OueHo4HbIe cpecTBA TeKYIero KOHTPOJISA

Temaruueckuii onpoc | CPEACTBO  KOHTPOJIS, OPraHM30BaHHOE — KaK [lepeuens Tem,
crienraibHas Oecea 1Mo TeMaTHKE MPEAbLIyIICH U3y4YaeMbIX B
(B hopme O0TBETOB Ha JIEKIMU U PACCUMTAHHOE HA BBIACHEHHE 00beMa paMKax
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BOHpOCBI) " Ka4yeCTBa 3HaHHﬁ, yCBOGHHBIX OGy‘-IaIOH_[I/IMI/ICH AUCIHUITIIINHBI
0 OTIPE/ICIICHHOMY pa3Jielly, TeMe, IpodiemMe.
CpencTBO  KOHTPOJIS, OPraHU30BaHHOE — Kak [epeyens Tem,
cBoOoHast Oeceda, AMCKyCCHsS IO TEMaTHKE U3y4acMbIX B
Cobece0Banme U3y4aeMOM JMCUMIUIMHBI, PAcCYUTAHHOE Ha pamKax
BBISICHEHHE OOBbeMa 3HaHHW O0ydaromerocs: Imo JTUCIUIIINHBI
(B popme Gecenpl, BCEM M3YUYCHHBIM pa3jieiaM, TeMaM; CBOOOIHOTO
JIUCKYCCUM TIO TEME) HUCIIOJIL30BAHUS TEPMUHOJIOTHH JIA
apryMEHTHPOBAHHOTO BBIPAXKCHHS COOCTBEHHOM
MTO3HIINH.

OueHoYHbIE CPeICTBA MPOMEKYTOUHON aTTeCTAlUMN

[Tucemennas pabota

Cpenctso, IIO3BOJISIOIIIEE oneHuTth | [lepeueHb BompocoB
c(hOpMHUPOBAHHOCTH CUCTEMATUUECKUX K 9K3aMEHY
MIPEACTABICHHUI 0 MeTomax Hay4YHO-

HCCHGHOB&TGHBCKOﬁ ACATCIIBHOCTH.

CpenctBo, MO3BOJAIONIEE TOTYUYUTh IKCIIEPTHYIO TpebGoBanust k
OLICHKY 3HAaHWMW, YMEHMH M HaBBIKOB MO JUIS HOPAIKY
CobecenoBanue
OLICHUBAHMS W aHAIM3a PA3IUYHBIX (PAKTOB M POBEICHUS
SBJICHHUI B CBOEH MpoQecCuoHaIbHOM 00IacTH. cobeceoBaHUs
11. MIxaJjia oneHUnBaHNA.
I[nanupyemsl Kputepuu oneHuBanus pe3yjbTaToB 00y4eHUs
e pe3yJabTaThl
oByuenHsI He 324TEeHO 3a4TEHO
3HATD: OtcyTcTBHE B niezom B VYcnemnsie u
3HaHUH’ yCIHEIIHbIE, HO L[EJIOM YCIIEUTHO | CUCTeMaTHYeCKHe
HIAMEHTAaJh
bynn dbyHIaMeHTallbH | HE e, HO 3HAHUS
HBIE OCHOBBI
BIX OCHOB CUCTEeMAaTHUYECKH | COoeprKalee (byHIaMeHTalbHbI
METOJIOB
METO/IOB € 3HaHUs OTJIeTIbHbIE X OCHOB METOJIOB
MOCTPOCHHUS
MOCTPOEHUS (dbyHIaMEHTAIbH | IPOOEITBI MOCTPOEHUS
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TEOpUi TEOpUU BIX OCHOB 3HAHUA TEOpUi
rpaBUTAIUN rpaBUTALAN METOI0B (dyHIaMEHTaIbH | TPaBUTAIlUU
MOCTPOEHUS BIX OCHOB
VK-1.b 3-1 N
Teopuit METOJIOB
rpaBUTAIUU MTOCTPOCHUS
Teopui
rpaBUTAIIUN
3HATD: OtcyTcTBHE B niezom B VYcmemHoe u
3HAHUH HIIH yCIenrHoe, HO 1IEJIOM YCIICIITHO | CHCTEMAaTHYECKOe
OCHOBHBIC
dbparmeHTapHOE HE e, HO 3HaHHE OCHOBHBIX
CIIOCOOBI
3HaHHE CUCTEMATHUYECKO | coliepiKaiiiee croco0oB
pacIIMpeHus
5 OCHOBHBIX € 3HaHue OTHEIbLHBIE paciupeHus
oO1meit Teopun o
croco0oB OCHOBHBIX pooebI o01eit Teopuu
OTHOCHUTEJIBEHO
pacumpeHus cr1oco0oB 3HaHHUE OTHOCUTEIBHOCTH
CTH .
oOmeit Teopun pacIIupeHus OCHOBHBIX
VK-1.E 3-2 OTHOCHUTEIILHOCTH | O0IIIei Teopuu CI10co00B
OTHOCHUTEIBHOCT | pacIIupEHUs
u oO1eit Teopun
OTHOCHUTEJIBHOCT
u
3HATD: OtcyTcTBHE B niezom B VYcmemnoe u
3HAHUN WA yCHEUIHOE, HO LIEJIOM YCIIELTHO | CUCTEMAaTUYECKOe
OCHOBHEIE
dbparmeHTapHOE HE e, HO 3HaHWE OCHOBHBIX
MaTeMaTH4YeCK
MIPUMEHEHUE CHUCTEMATHUYECKO | coliepiKaiiee MaTeMaTHYECKUX
W€ METOJIBI,
OCHOBHBIX € IpUMEHEHHUE OTJIENBHBIC METOJIOB,
UCIIOJIb3yEMBIE
MaTEMaTHYECKUX | OCHOBHBIX poOebI HCIIOTb3YEMBIX
npu
P METOOB, MaTeMaTU4YeCKH | 3HAHUE MIPU TTOCTPOCHUH
MMOCTPOCHUHU
HCITOJTh3yEMBIX X METOMOB, OCHOBHBIX PaCIIMPEHHBIX
pacIupeHHBIX N
N IIPU TIOCTPOCHUHU | UCTIONB3YEMBIX | MAaTEeMaTHYECKH | MOJENCH
Monenei
pacIIUpEeHHBIX npu X METOIOB, rpaBUTAIUN
rpaBUTAIUN .
MoeeHn MMOCTPOEHUHU HCIIOJIb3YEMBIX
OIIK-1.b 3-1
rpaBUTALAN paciupeHHBIX npu
MoZeIIen IIOCTPOEHUH
rpaBUTAIUN PaCIIMPEHHBIX
MoJeen
rpaBUTAIIUN
VYMETH: OtcyTcTBHE B nieizom B VYcmemnoe u
YMEHUS CTPOHUTHh | YCIICITHOE, HO 1IEJIOM YCIICIITHO | CHCTEMAaTHYECKOe
CTPOUTH
TEOPETHUCCKHIE HE e, HO YMEHHUE CTPOUTH
TEOPETUUECKHE
p MOJIENIN CHUCTEMATHYECKO | coneprkaliee TEOPETHUECKHUE
MOJIENIN
TpaBUTAIUH, € yMeHUue OTJIENBLHBIC MOJEITH
TpaBUTAINH,
UCIIONB3YS CTPOUTH poOEeITbI rpaBUTAIUH,
HCIIONB3YS N
KPUTHYCCKHIA TEOPETHUYECKUE | YMEHHUE CTPOUTH | UCIIONB3YS
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KPUTUYECKUI aHaJN3 JTaHHBIX MOJEITH TEOPETHUYECKUE | KPUTHUUECKHUI
aHaJIu3 rpaBUTAIUH, MOJENHN aHaJIN3 JaHHBIX
AHHBIX UCIIONb3YS rpaBUTAIUH,
KPUTHYECKUI UCIIOJIb3YS
VK-1.b V-1 o
aHaliv3 JaHHBIX | KPUTUYECKUU
aHAJIN3 JTaHHBIX
VYMETH: OtcyTcTBHE B niezom B VYcmemnoe u
YMEHHUS YCIICIIHOE, HO 1I€JIOM YCIICIIHO | CUCTEMATHYECKOE
BBISIBIIATE U
BBEISABIISITE U HE e, HO YMEHHE
YCTPaHSTh
YCTpaHATh CHUCTEMaTUYECKO | coJieprKallee BBISIBIISITE U
TEOPETUYECKHUE
TEOPETUUECKHUE € YMEHHE OTJIENbLHBIC YCTPaHSTh
HeCcoTJIacoOBaHH
HECOIJJACOBAHHOC | BBISBIATEH U poOEeITbI TEOPETHYECKUE
OCTH MOJICITH
TH MOJEINA YCTPaHSTh yMEHUE HECOIJIaCOBaHHOC
VK-1BVY-2 TEOPETHUYECKUE | BBIABISTH U T MOJIEIHN
HECOTJIaCOBAHHO | YCTPAHSTH
CTH MOJIEIH TEOPETUYECKHUE
HECOTJ1aCOBaHHO
CTH MOJIEIH
VYMETH: OtcyTcTBHE B nieizom B VYcmemHoe u
YMEHMS peniaTh YCIICIIHOE, HO 1I€JIOM YCIICIIHO | CUCTEMAaTHYECKOE
emarh
p THUMOBEIC 3aa9l | HE e, HO YMEHHE periaTh
THUIIOBEIE

_ | oOwmeii Teopun CHUCTEMATHUYECKO | COAEpIKalee TUIIOBBIE 33]]a41
3a7a4d o0Ien o
OTHOCHUTEJIBHOCTH | € YMEHHUE OTJEJIbHbIE o01eit Teopuu
TEOpUHn
p Y PaCUIMpPEHHBIX | peuarb pooebI OTHOCHUTEIIBHOCTH
OTHOCHUTEIIBHO .
MoJienen TUIIOBBIE 33J1a4M | YMEHHUE pelaTh | U pacHIMPEHHBIX
CTH U o .
IpaBUTALAN o01el Teopun | TUIIOBBIE 3a/1a4M | MOJeNel
pacIIipeHHBIX .
§ OTHOCUTEJIBHOCT | O0IEel TeOpuu | rpaBUTALIMU
Mozenei
U U OTHOCHUTEIIBHOCT
rpaBUTaLUU
pacIIUPEHHBIX U U
OIIK-1.B V-1 MoZeIIen pacILIUpEHHBIX
rpaBUTaLUU MoZeIIeH
rpaBUTaLUU
YMETD: OtcyrcTBHE B nenom B YcneuHoe u
YMEHMS CTPOUTH | YCIIEIIHOE, HO LIEJIOM YCIICIIHO | CUCTEMAaTU4YeCKoe
CTPOMTH
MaTeMaTHUYeCKUe | He €, HO YMEHHUE CTPOUTH
MaTeMaTH4eCK .
MOJIEJIM SIBJICHUH | CUCTEMAaTUYECKO | COAEprKaIee MaTeMaTHYECKHE
1e MOJIENH .
8 Y TIPOLIECCOB B € yMeHue OTJENIbHBIE MOJIETIH SIBJICHUH
SBJICHUHN U
IpaBUTALAN CTPOMTH pooebl U IIPOLIECCOB B
IIPOLIECCOB B
MaTEMaTUYECKH | YMEHHUE CTPOUTH | TpaBUTALIUU
IpaBATALUU
P 1 € MoJenn MaTEeMaTHYECKH
OIIK-1.B V-2 SIBIICHUI 1 € MOJIe/HU
MPOLIECCOB B SIBJIEHUW 1

MPOLIECCOB B
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rpaBUTAIUN rpaBUTAIIN
BJIAJIEThH: OrcytcTtBue/dpar | B nenom B YcnentHoe u
MEHTapHOE YCHEIIHOE, HO I[EJIOM YCIICITHO | CHCTEMaTU4eCKOe
MaTeMaTH4ecK
BJIQJICHUC HE e, HO BIIQJICHUE
UM arnmnapaTom,
MaTEeMAaTHYECKUM | CUCTEMAaTUYECKO | coaeprKaliee MaTeMaTHYECKUM
MPUMEHSIEMbIM
S anmaparom, € BJIaJICHHE OTJICITbHBIE anmapaToM,
B 001I1EiH
m NPUMEHSIEMBIM B | MAaTEMAaTUYECKU | MIPOOEIIbI MIPUMEHSIEMbIM B
TEOpUHU . .
oOmelt Teopun M armapaTom, BIIQJICHUE oO1eit Teopun
OTHOCHUTEIEHO
OTHOCUTENIbHOCTH | IPUMEHSEMBIM B | MAaTEMaTHYECKU | OTHOCHUTEIbHOCTH
CTH H .
U CMEKHBIX oOuieif Teopur | M anmaparom, U CMEXKHBIX
CMEKHBIX
obmacTsx OTHOCHUTEIILHOCT | MPUMEHSIEMBIM B | 00JIaCTAX
o0nacTax .
U ¥ CMEKHBIX o01eit Teopuu
VK-1.5 B-1 o0JacTsax OTHOCHUTEIBLHOCT
U ¥ CMEKHBIX
o0nacTax
BJIAJAETD: OtcytctBue/ppar | B nenom B YcnemHoe u
MEHTapHOE YCIEIIHOE, HO I[EJIOM YCIICITHO | CHCTEMaTHU4eCKOe
METOJIaMU
BJIa/ICHUE HE e, HO BJIa/ICHUE
TEOPETUIECKOT
MeTOoaMH1 CUCTEMAaTHYECKO | COoeprKalee METOJIaMHU
0
TEOPETUYECKOr0 | € BiIaJIeHue OTJIENIbHbIE TEOPETUUYECKOTO
UCCIIETOBaHUS
A 8 UCCJIEIOBAHMUS METOJIaMHU poOGeITbI UCCIIETOBaHUS
SBJICHUHN U . .
SIBIICHUN U TEOPETUYECKOTO | BIIaJICHUE SIBIICHUH 1
MIPOLIECCOB B
MIPOIIECCOB B UCCIICTOBAHUS METOJIaMU MIPOILIECCOB B
rpaBUTALlUU .
rpaBUTALAN SIBIICHUH U TEOPETUYECKOTO | TpaBUTAIUHI
VK-1.B B-2 IpOLCCCOB B HUCCICOOBaAHUA
rpaBUTALlUU SBJICHUHN U
MIPOLIECCOB B
rpaBUTALlUU
BJIAJIEThH: OrcytctBue/dpar | B nenom B YcnentHoe u
MEHTapHOe yCHEIIHOE, HO 1[EJIOM YCIIEUTHO | CUCTEMaTH4eCcKoe
HaBBIKaMU
BJIa/ICHUE HE e, HO BJIa/ICHUE
MOCTPOCHHUS
HABBIKAMU CHUCTEMAaTHYECKO | CoeprKaIlee HaBbIKaMU
HOBBIX
. MOCTPOCHHUS € BJIaJICHHE OTJICITbHBIE MTOCTPOCHUS
Mojeneit Ha . .
HOBBIX MOJIEJIeH | HaBBIKAMH poOEeITbI HOBBIX MOJIeNIeH
OCHOBE
HAa OCHOBE MTOCTPOCHHUS BIIQJICHUE Ha OCHOBE
UMEIOIIUXCSI .
UMEIOLTUXCS HOBBIX MOJIeJIel | HaBBIKAMU HUMEIOLIUXCSI
IKCIIEPUMEHTA
JKCIIEPUMEHTANb | HAa OCHOBE MOCTPOCHUS SKCIIEPUMEHTAIIb
JTBHBIX U .
HBIX U HUMEIOLIUXCS HOBBIX MOJIEJIEH | HBIX U
HaAOIIOaTENbH
HAOJIOIATENIbHBIX | DKCIIEPUMEHTAl | HAa OCHOBE Ha0JI01aTENbHBIX
bIX JAHHBIX
a1 JTAHHBIX bHBIX U UMEIOILIUXCS TAHHBIX
OIIK-1.b B-1
HaAOJI0IaTENbHBI | SKCIIEPUMEHTAIT
X JTAHHBIX BHBIX U
HaOJII01aTeTHHBI
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X JAHHBIX

12. TunoBble KOHTPOJbHbIE 3a/laHUSl WM HHble MaTepHajbl Js NPOBeJIeHHUS TeKYIIero
KOHTPOJIfl YCIIeBaeMOCTH.

Mamepuanvt meKyuyezo KORmMpOJia yCnesaemocmu 00yuaouuxcsa

Bomnpoc 1

Cospemennsbie actpodusnueckue noareepxacaus OTO. [lpumenerus OTO B actpodusuke.
Hepemennsie npobsemsl. [1ytu nanpHeiero pa3Butus.

Bompoc 2

Cnioco06s1 pemenust 3anau B OTO. ITogcranoBka METPUKH B JCHCTBUE UITH MIPSIMOE MOJTy4YeHHUE
ypaBHeHMH DiHIuTetHA. KOMIIBIOTEpHBIE aHAIMTHYECKUE cUcTeMBI Juisl perienus 3ana4d B OTO.

Bomnpoc 3

Herotonosckuii pexaen. [lapamerpuzoBanHblii mocT-HbIOTOHOBCKUH (hopmay3m (ITITH)
pa3IMYHbIX MOPAIKOB. [IpruMeHeHue K mpoBepKe MoJiesiel TpaBUTAIlUU: «IOPOKHAs KapTay
nonyuenus [1TTH nmapametrpoB monenu

Bompoc 4
TepmoarHaMuka 4epHBIX AbIP. 3aKOHBI TEPMOAMHAMUKN U COBPEMEHHBIE 00CYKICHHUS.
[Ipobnemsl pacmupenus 2ro Hadana. Madopmanmonuslil mapagoke. MicnapeHue 4epHbIX JbIp.

Mertonbl Xokunra, [lapuxa-Bunbueka, ux JOCTOMHCTBA U HEIOCTATKH.

Bomnpoc 5

CaoiicTBa YepHBIX JIBIP C TO3UINH yAaTeHHOTo Habmoaarens. « Teopema 006 OTCYTCTBHUU BOJIOCH.
S¢dexr [lenpoysza. Cyneppanuarusi.
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Bomnpoc 6

KBantoBanue rpaButanuu. AHanoru guarpamm @eitnmana. Kontpwiensl. Mojenu ¢ monpaBkaMu
BBICIIMX MOPSAKOB MO kKpuBHu3He. KBazukinaccuyeckoe nNpuoOInMKeHHe, ero rpaHulibl IPUMEHUMOCTH.

Bomnpoc 7

KporoBbie HOpBI. Y CIIOBHSI CyIIECTBOBAHUS PEILICHUS, JOMTYCTUMBIE BU/IbI MaTEPUH, IPOOJIEMBI C
YCTOMYMBOCTBIO PeLICHMs. BO3MOXKHBIE IIPOSBICHUS B peaJIbHOW BceneHHoM.

Bomnpoc 8

Teopun nnsarmr. BropuyaHsiii pa3orpes.

Bompoc 9

Mognens bpanca-/lukke kak nepBoe pacuupenue ooueit reopun otnocurenbHoct (OTO). Unen
I1.Xurrca o BBEICHUH B pACCMOTPEHUE KBaJAPAaTUYHBIX WICHOB. Jlarpanykuansl Xurrca.

Bomnpoc 10

I'paBuranus JlaBinoka. CTpyHHbIE MOJIEIN TPABUTALIMH C MTOTIPABKaMH BTOPOTO MOPS/IKA 110 KPUBH3E
(rpaButauus 'aycca-boHH?)

Bompoc 11

MHoromMmepHas rpaBuTaiis. Mojaenu ¢ HeKOMITAKTHBIMH JIOTTOJTHUTEIIbHBIMU U3MEPECHUSIMHU.
Mogaens ADD. Yepnbie apipsl Ha LHC.

Bomnpoc 12

Mogenu Randall-Sundrum. Mognenu DGP. Mudpa-kpacusie monudpukanuun OTO. [Ipobrema
cunpHOH cBs13u. Monens [laynu-®@upua u npodnema Ban/lama-Bensrmana-3axapoa. [IpunuBHo#
3aps.

Bompoc 13

MoaudunupoBannas HeroToHOBCKast tuHaMuka. Mojenu XOpHIECKH.
17



Bomnpoc 14

KpoToBbie HOpBI B pacHIMPEHHBIX MOJIESIX IPaBUTAIUH.

Bompoc 15

Kocmonorunueckas sBomtonusa B mojaenu bpanca-/{ukke. OTCKOK.

Bomnpoc 16

IleTneBas kBanTOBas rpaBuTauus. [lepemennsie Amrekapa. KBantoBanue. Kocmonornueckas
spommonusd. Beenennas ¢ orckokoM. IlerneBas kocMmomorus.

Bomnpoc 17

Mogenu ¢ HapylIeHuEeM JIOPEHII-MHBAPUAHTHOCTH. MaccuBHBIN rpaBUTOH. Paguyc BaitHmTeliHa.

Bompoc 18

Kondopmuas rpaButanusi.

13. TunoBble KOHTPOJIbHbIE 3aJaHMs WM HHbIe MaTepuajabl /sl NPOBedeHHS
MPOMEKYTOYHOH aTTeCTaAIMH.

Mamepuanbl npwue.ucymouuoﬁ ammecmayuu oﬁyualomuxc;l

Bomnpoc 1

Cospemennsbie actpodusnueckue noareepxacaus OTO. [lpumenenus OTO B actpodusuke.
Hepemennsie npobsemsl. [1ytu nanpHeiero pa3BuTus.

Bompoc 2
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Crnioco6s! pemrenns 3aga4 B OTO. [logcranoBka METPUKH B JICHCTBUE WITH TIPSIMOE TTOTyUYEHUE
ypaBHeHMH DiHIITetHA. KOMIIBIOTEpHBIE aHAIIMTHYECKUE cucTeMBbl Juisl perienus 3ana4d B OTO.

Bomnpoc 3

HrroronoBckuit npenen. [lapameTpr3oBaHHbINA TOCT-HbIOTOHOBCKUH Gopmanmusm (ITITH)
pa3IMYHBIX NOPALKOB. [[puMeHeHne Kk IpoBepKe MOJENIEN TPaBUTALUU: «JOPOKHAs KapTa»
nonydenus [ITTH napametrpoB monenu

Bompoc 4
TepmoanHaMuka 4epHBIX AbIP. 3aKOHBI TEPMOAMHAMUKN U COBPEMEHHBIE 00CYKICHHUS.
[Ipobnemsr pacmupenus 2ro Hadana. Madopmarmonuslil mapagoke. MicnapeHue 4epHbIX JbIp.

Mertonpl Xokunra, [lapuxa-Bunbueka, ux JOCTOMHCTBA U HEIOCTATKH.

Bomnpoc 5

CBoiicTBa 4epHBIX ABIP C MO3ULUH YAAJICHHOTO Habmoaarens. « Teopema 00 OTCyTCTBUH BOJOCH.
OS¢ dexr [lenpoyza. Cyneppanuarusi.

Bomnpoc 6

KBantoBanue rpaButanuu. AHanoru auarpamMMm @eiinmana. Kontpunensl. Mozenu ¢ nonpaskamu
BBICIIMX MOPSAKOB 10 KpuBHU3HE. KBaznkiaccuueckoe npuOInkKeHne, ero rpaHulibl IpPUMEHUMOCTH.

Bomnpoc 7

KporoBbsle HOpBI. Y CIIOBHSI CyIIECTBOBAHUS PEILIEHUS, JOITYCTUMBIE BU/IbI MAaTEPUH, TPOOIIEMBI C
YCTOMYMBOCTBIO PeLIeHMsI. BO3MOXKHBIE IIPOSBICHUS B peaJIbHOW BceneHHOM.

Bomnpoc 8

Teopun nadnsun. Bropuunsiii pa3orpes.

Bomnpoc 9

Mopenb bpanca-/lukke kak nepBoe pacmupenue oomieit reopun otHocutensHocTu (OTO). Unen
[1.Xurrca o BBEIECHUM B PaCCMOTPEHUE KBAIPATUYHBIX WICHOB. Jlarpankuanbel Xurrca.
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Bomnpoc 10

I'paBuranus JlaBinoka. CTpyHHbIE MOJIEIN TPABUTALIMH C MTOTIPABKaMH BTOPOTO MOPSIKA 110 KPUBH3E
(rpaButanus 'aycca-bonH?)

Bompoc 11

MHoromMepHas rpaBuTaiys. Mojaenu ¢ HeKOMITAKTHBIMH JIOTIOJTHUTEIIbHBIMU U3MEPECHHUSIMHU.
Mogaens ADD. Yepnbie apipsl Ha LHC.

Bomnpoc 12

Mogenu Randall-Sundrum. Mogenun DGP. Mndpa-kpacusie monudpukanuun OTO. [Ipobrema
cunpHOM cBs13u. Monens [aynu-®@upua u npodnema Ban/lama-Benstmana-3axaposa. [IpunusHo#
3aps.

Bompoc 13

MopaudunupoBannas HeroToHOBCKast tuHaMuka. Mojenu XopHIECKH.

Bompoc 14

KpOTOBI:Ie HOPBI B PACIIUPCHHBIX MOJCIIAAX I'paBUTAIUH.

Bomnpoc 15

Kocmonorunueckas sBomonusa B mojaenu bpanca-/{ukke. OTCKOK.

Bompoc 16

[TerneBas kBantoBas rpaBurtaius. [lepemennbie Amrekapa. KsantoBanue. KocMmonornueckas
sposronusa. Beenennas ¢ orckokom. [letneBas kocMonorusi.

Bomnpoc 17

Mopenu ¢ HapyLIEHHEM JIOPEHLI-UHBApUAHTHOCTU. MaccuBHBIN IpaBUTOH. Pannyc BaliHmreliHa.
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Bomnpoc 18

KondopmHuas rpaBuTarusi.

14. MarepuajbHo-TexHHYecKasd 0a3a, HH(OPMALMOHHBICE TEXHOJOIHHM, IPOrpaMMHOe
o0ecreyeHne 1 HH(POPMAILIHOHHBIE CTIPABOYHbIE CHCTEMbI
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HNuTepHeT-pecypcesl.

1. https://ufn.ru

MarepuajibHO-TeXHHYECKOE o0ecreyeHue

B cootrBercTtBUM ¢ TpebGoBaHusmu 1I. 5.3. oOpasoBarenpHOTO cTaHmapra MIY 1o
HaIPAaBIIEHUIO MOATOTOBKU «Du3nKay.

Kypc Mmoxer ObITh NpoYdTaH B MOTOYHOW AayAMTOPUU TPH HAUIMYMM: PAOOTAIOMIUX
IEKTPUUECKUX PO3ETOK, KOMIIBIOTEPA, IPOEKTOPA, IKpaHa, yueOHOM JOCKH.
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