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

YTBEPKAEHO

JAupexTop pusrex-mKoasl GU3NKu
U uccJegopanuii um. Jlanaay

A.B. Poraues

PaGouyas nporpamMma qucuunJIMHbI (MOXYJIs1)

10 TUCHHILJIMHE: OOm1ast Teopust OTHOCUTEIIBHOCTH U KOCMOJIOTHS
110 HANPABJICHUIO: IIpuknagHbie MaTeMaTHKa U (pU3MKa
NpopuJIb NOArOTOBKHU: ®Pu3nKa U NeAaroruka

OusTex-mkona GU3NKK U KccaenoBannii um. Jlanmay
HEeHTp oO0pa3zoBareibHbIX porpamm JIOU

Kypc: 4
KBaJIMpUKALS: GakanaBp

Cemectp, GopMBI IPOMEXKYTOUHOH arTectauuu: 8 (BeceHHul) - nuddhepeHunpoBaHHbIi 3a4eT

AynutopHbIX 4acoB: 60 Bcero, B TOM 4HCIIE:
nexuud: 30 yac.
cemuHapsl: 30 gac.
nabopatopusle 3ansaTus: 0 gac.

CamocrosrensHas padora: 75 4ac.

Bcero gacos: 135, Bcero 3au. en.: 3

[Iporpammy cocrtaBui: A.B. Ilononuros, phd (k.¢.-M.H.)

[Iporpamma obcyxieHa Ha 3aceflaHuu IIeHTp 00pa3zoBaresbHbIX mporpamm JIOU 20.02.2025



AHHOTANMA
Kypc dopmupyer mupokoe npeacTaBiIeHHE O MPEAMETe OOIIel TeOpHH OTHOCHUTEIEHOCTH W KOCMOJIOTUU H
paccurTaH Ha JIIOZIeH, KOTOpPhIE 10 3TOTO HE CTAJIKUBAJIUCH C MIPEAMETOM.

CHauana Kypc 3aKJiaibIBacT HEOOXOIUMYIO MOHATHIHYIO 0a3y o nuddepeHuuansaoi reomerpun. Kirouesbie
CIIOBA: KacaTelbHOE paccioeHHe, MeTpHuka, cumBoibl Kpucroddenss, TteHzop KpuBu3HBI Pumana,
reoJe3UYECKHE.

3aTreM MEI nepeﬁ;[eM K nepe(bopMmepOBKe OOBIYHOM TCOPUHN TATOTCHUA HrroroHa Ha HOBOM SA3BIKC, YTOOBI
CBA3aTb HOBOC C YK€ XOPOIIO 3HAKOMBIM.

Jlanee MBI pacCCMOTPHUM PEXHM cIa0bIX IPaBUTALMOHHBIX TOJICH, TO €CTh TEOPHIO BO3MYILEHHH, 1 00CYIHM
IPaBUTALIMOHHBIE BOJIHBI, KOTOPBIE CENYAC ABIISIOTCS HEBEPOATHO aKTyaJIbHOW TEMOM.

Janee Mbl U3y4UM YIPOUICHHYIO PUHJUIEPOBY MOZEIb YEPHOW IbIPBI, a 3aTe€M Iepei]ieM K pacCMOTPEHUIO
HACTOSILIMX CHEPUUECKH CUMMETPUYHBIX pElICHUI ypaBHEHHM DHHIITEHA -- yepHO#l Abipsl LlBapummibaa
u Keppa.

B uactu kypca, nocssuenHoil Kocmonoruu, Mbl pacCMOTPUM UAEATU3UPOBAHHBIE KOCMOJIOIMUECKHUE MOAEIIH:
Bcenenyro @puamana u ap., 06cyaum 3G GeKTsl, KOTOPhIe 0Ka3bIBAET KOCMOJIOIMYECKas IOCTOSHHASL.

1. leau u 3apa4u

eap AUCUMNIMHBI

- M3YYCHHE COBPEMEHHOIO TCOPETUYCCKOTo ammnapara (U3MKH CHUJIBHBIX T'DAaBUTAIIMOHHBIX IMOJIEH, a
Takke PU3NKU Ha KOCMOJIOTHYECKHUX MaclTadax.

3agauu AU CHUILIHHBI

ITo uroram Kypca CTyAGHTBHI [OJDKHBI YMEThb YBEPEHHO BBIYHCIATE M OOBACHATH 3((PEKTHI,
BO3HHUKAIOIINE B CHWIBHBIX TPaBUTALMOHHBIX IOJIAX, HApuUMep, BOJNM3M YEpHBIX AbIp. Takxke OHHU
JIOJDKHBl YMETh BBIBOJIUTH U3 NEPBOIPUHLMUIIOB CTaHIAPTHBIE KOCMOJIOTMYECKHe Monenu BceenenHon
(¢ppuaAMaHOBCKYIO U T. I1.) U OOBSACHSTH, KAK OHHU COTJIACYIOTCSI C OTIBITHBIMH JAHHBIMH.

2. Ilepeyens opMupyeMBbIX KOMIIETeH M

OcBocHue AUCHUIIJIMHBI HAITPAaBJICHO Ha (bOpMI/IpOBaHI/Ie [$1($9174:0)11170,€ KOMHGTGHL[I/Iﬁi

KOI[ 1 HAMMCHOBAHUEC KOMIICTCHIIMHN I/IHILI/IKaTOpBI JOCTHIXKCHHUA KOMIICTCHIIMH

VYK-1.1 Ananusupyet 3aaady, BeIIENISSA 3TAbl €€ PELICHNUS,
JIEHCTBUS IO PELIEHUIO 331a41

YK-1 CriocoGeH oCcymiecTBIsITh MTOKCK,
KPUTUYECKUH aHAJIN3 ¥ CUHTE3 HH(popManuy,
NPUMEHSTh CUCTEMHBIN MOAXO ISl PELICHHS
MOCTABJICHHBIX 3a/1a4

VYK-1.2 HaxomuT, KpUTHYECKH aHAIU3UPYET M BBHIOMpAeT
uHpOopMaLKI0, HEOOXOOUMYIO AJISl PELICHUS! MOCTaBICHHON
3a7a4n

VYK-1.3 PaccmarpuBaeT pas3iHyHBIE BapHUaHTHl PELICHUS
3a[1auM, OLICHUBAET UX IIPEUMYILECTBA U HEOCTaTKU

VYK-6.1 Ompenenser npUOPUTETH MPOGECCHOHATBHOM
NEeSITETbHOCTA M CHOCOOBI €€ COBEPILIEHCTBOBAaHHUS Ha

YK-6 CriocoGeH ynpaBisTh CBOUM BPEMEHEM,
BBICTPAMBATh U PEAIN30BBIBATH TPACKTOPHUIO
caMOpa3BUTHS Ha OCHOBE NPUHIIUIIOB
00pa3oBaHMs B TeUEHUE BCEH KU3HU

OCHOBC CaMOOILICHKH

VK-6.2 CnocobeH  mjaHUpPOBaTb  CaMOCTOSITEIIBHYIO
JEATEIbHOCTh B pEIICHHH Npo(ecCHOHANBHBIX —3ajad;
MOJBEprarh KPUTUUYECKOMY aHAIM3y IMpOAETIaHHyI0 padory;
HAaXOIUTh U TBOPYECKH HMCIOJIb30BaTh MMEIOIIMICS ONBIT B
COOTBETCTBHUHU C 33Ja4aMH CaMOPa3BUTHUS

OIIK-1 CniocobeH npuMeHSITh
(dyHIaMEHTAIbHbBIC 3HAHUS, MTOJTyUYCHHBIC B
obnacty pU3MKO-MaTeMaTHUECKUX U (HITH)
€CTECTBCHHBIX HayK, U HCIIOJIb30BaTh UX B
podeCcCHOHAIBHOMN JIeTeIBHOCTH

OIIK-1.1 CnocobeH aHanM3upOBaTh MOCTABICHHYIO 3ajady,
HaMeuarTb IIyTH €€ PEeLeHUs

OIIK-1.2 CnocobeH CcTpOUTh MareMaTu4ecKhue MOJIeNH,
MPOU3BOIUTH KOJTMUECTBEHHBIE PACUETHl M OLICHKH

OIIK-1.3 CnocoOeH ompenensits TpaHULbl TPUMEHUMOCTH
HOJIyYECHHBIX PEe3YJIbTaTOB

OIIK-2 CnocobeH ucronb30BaTh COBPEMEHHbBIE
MH(OPMAIIMOHHBIE TEXHOJIOTHU H
MPOrpaMMHbIE CPEACTBA IIPU PEIICHUHN 3a/1a4
npodecCHOHAIBHON IS TeIBHOCTH, COOTIoas
TpeboBaHus HHPOPMAIIMOHHOHN 0€30MacHOCTH

OIIK-2.1 Crnocoben MIPUMEHSTh COBPEMEHHBIE
BBIYHCIIMTEIIFHYIO TEXHUKY W CEpBHCHI ceTu VIHTepHeT B
obnactu (cdepe) npodeccnoHanbHON AEITETBHOCTH




OIIK-4.1 Brnageer weTromaMu Hay4HOTO IIOMCKa |
WHTEJUIEKTyaJIbHOTO aHaln3a WHGOpPMAalKU NPU PEICHUH
3a7a4 npodeccHoHaIBHOM AesITeNbHOCTH

OIIK-4 CriocoOeH ocymIecTBIATE COOp U OIIK-4.2 3HaeT 0OCHOBHBIC HCTOYHUKY HAYYHO-TEXHUYECKOU
00pabOTKy HAYYHO-TEXHUIECCKOH U (VI ) u (WIM) TEXHOJOrHYecKod uWHpopManuu B obnacTu
TEXHOJIOTUYECKON HH(POPMAIMH IS pEIIeHUsT  |POPEeCCHOHATBHON ACATEIBHOCTH

(byHI@MeHTaNbHBIX M IPUKIAHBIX 33124 OIlK-4.4 Bnageer HaBbIKaMU pPabOTHl C KOMIIBIOTEPOM H

KOMITBIOTEPHBIMH CETSAMH C IEIIbIO MOTYYCHUs, XpPaHESHHS U
00pabOTKM HAy4YHOW (TEXHHUYECKOW, TEXHOJIOTHUYECKOH)
uHpopManun

[IK-1.1  Bnageer  ¢yHAaMEHTANbHBIMH  HOHATHUSIMH,
3aKOHaMHM M TEOPUSIMH COBPEMEHHOH (pHU3HuKH

[1IK-1.3 Bnazgeer KyiabsTypoil IOCTaHOBKM Hay4HOM 3a/a4d U
MOJIEJINPOBAHUSI €CTECTBEHHOHAYYHBIX OOBEKTOB U CUCTEM

[IK-1 CnocoGeH m1aHupoBaTh U IPOBOAUTH
Hay4YHbIE SKCTIEPUMEHTHI (B M30paHHOI
MPEIMETHOM 001acTH) U (MJIM) TEOPETUICCKHUE

I[IK-1.4 VYmeer cTpoUTh MAaTEMaTUYECKUE MOACIH MJIA
OMHMCAHMSI W WCCIEAOBAaHUS TPOIECCOB U SBICHHA B
COOTBETCTBYIOIIUX HAYYHBIX 001aCTAX

(aHaTMTHYECKHUE M IMUTAIMOHHEIC)

HCCIEOBAHNS [1K-1.9 3naeT nepevyeHp BeAymMX NEPUOANUECKUX HAYIHBIX

W3aHU W CIOCOOCH BBIIENSATh aKTyallbHbIE HAyYHBIC
MyOIuKanuu B Mpo)eCCUOHANBHOM 001acTH

[IK-1.2 Hmeer miyOokoe 3HaHHWE W MOHMMaHHE O0a30BBIX
MaTeMaTHYeCKUX JUCLUILUIMH

[IK-2.2  VYmeer HaxomuTh  KIIOYEBBIE  MapaMeTphl,
onpeaciarommue Mn3lydyacMocC SABJICHUC, U MPOU3BOAUTH
[MK-2 CriocobeH aHanM3upoBaTh MOyYEHHBIC B |YUCICHHbBIC OLCHKH 10 MOPSJIKY BEIUYMHBI

XOJI€ HAYYHO-UCCIIEI0BATENLCKON PAOOThI [1K-2.3 CniocobeH npencTaBiiTh HayqHbIE YTBEPKACHHUS, HX

AAHHBIC U JICJ1aTh HAYYHBIC BBIBOIbI 000CHOBaHMS M JI0Ka3aTeIbCTBA, HAydyHbIE MPOOJIEMBI U UX

(3aKkioueHus) pelleHNsT SICHO W TOYHO B TEPMUHAX, IOHATHBIX A
npoeCCUOHANBHON ayIUTOpUH, B NMUCHMEHHOW W YCTHOM
dhopme

[1IK-4.1 3HaeTr yncieHHbIC TOPSIKA BEJINYHH, XapaKTEPHBIX
JUTSL COOTBETCTBYIOIIEH MpodeccHoHaIbHON 00macTu

[MK-4 CriocoOeH KpUTHYECKH OIIEHUBATh [IK-4.2 3HaeT WCTOYHHMKH TPOUCXOXKACHHUA U yMeEeT
MPUMEHUMOCTD UCIIOJIb3YEMbIX METOIUK U MPOU3BOAUTH  OLIEHKY  MOTPELIHOCTH  H3MEPEHHH W
METO/IOB JOCTOBEPHOCTH IKCIIEPUMEHTAIBHBIX PE3YIbTAaTOB

[IK-4.3 Cnocobern 000CHOBaTh MPUYUHHO-CIIEICTBEHHBIE
OTHOILLUEHHUSI UCIOJIb3YEMBIX IIOHATHI U MOJENEN

3. IlepeyeHb NIAHMPYEMBIX Pe3yIbTATOB 00yUeHHUsI N0 JUCHMILINHE (MOLYJII0)
B pesynbTrare 0cBOHUS AUCHUIIMHBI 00Yy4aIOIINeCs JOIKHbI

3HAThb!
[octynarer OTO, k kakuM HabMOnAEMBIM 3P PEKTaM OHO IPUBOIUT, a TAKXKE BBIBOA STUX 3P PEKTOB, B
YeM COCTOSIT JIEMEHTapHbIe KOCMOJIIOTHYECKHE MOJIeNIn BeeneHHoM 1 Kakue ecTh SKCIIepHUMEHTaIbHbIC
CBHUJICTENIBCTBA B UX I1OJIB3Y.

YMETh!
BoeiBogMTE cdeprudeckn cuMMETpUYHBIE peleHus ypaBHeHui OiinmreliHa ([IBapummnsaa, Keppa),
BbIBOAMTh TneprypOaruBHbie 3ddektst OTO (mpeneccus mnepurenusi Mepkypus), BBIBOOUTD
npocreimue monenu Beenennoit (hpuamaHoBekas u ap.).

BIIAJICTh!

Anmaparom auddepeHnmnanbHoi reomerpun, HeooxomumbiM B OTO, Teopueir Bosmyenuii B8 OTO,
TEXHHKOW Ka4eCTBEHHOTO aHaJIM3a ypaBHEHUH DHHINTEHA HA OOJIBIINX MaciTadax.

4. Coaep:xanue TUCUMILIUHBI (MOYJIs), CTPYKTYPHPOBAHHOE 10 TeMaM (pa3iesiaM) ¢ yKazaHueM
OTBEJICHHOI'0 HA HUX KOJMYECTBA AKAAEMHYCCKUX YaCOB 1 BHI0B Y4eOHBIX 3aHATHI

4.1. Paznenbl TUCTMITIIMHBI (MOJYJISI) ¥ TPYJIOEMKOCTH TI0 BUJaM yUEOHBIX 3aHSATHIA




TpyaoeMKoCTb 10 BHIaM y4eOHBIX 3aHSATHH, BKITIOUAst
CaMOCTOSITENIbHYO padoTy, Jac.

No Tema (pa3nen) TUCIUTUTMHBI
Jlekrum | Cemunapsr | JlaGopar. paboTsr Camocr.
pabora

1 Tensopnass anreOpa B HCKPUBICHHOM 3 3 7
MPOCTPAHCTBE-BPEMEHH.

) 31K OVTO: OT  paccjloeHHi | 3 3 ]
CBSI3HOCTEH K KPHUBH3HE.

3 Teopus HetoToHa Ha s13p1ke OTO. 3 3 7

4 PunpnepoBa Moaens 4epHOII IBIPHI. 3 3 8

5 YpaBHEeHUE OWHImTEHHA u 3 3 7
KOCMOJIOTHYECKasi IIOCTOSIHHASL.

6 Cnabble TPABHTALMOHHEIE NIONIA, TEOPHA 3 3 3
BO3MYLICHHH.

7 Jlarpanxer mogxox k OTO. 3 3 7
Kak pasnuunble kiaccudyeckue obnactu

8 3 3 8
¢uzuku BenyT cedst Ha pone OTO.

9 Cdepuueckue 38e3/5b1. 3 3 7

10 Wneanu3upoBaHHbIE  KOCMOJIOTHYECKHE 3 3 3
MOJIEIIH.

Hroro yacos 30 30 75

[ToaroroBka k sK3aMeHy

0 gac.

Oobmas TpynoEMKOCTb

135 ygac., 3 3au.en.

4.2.

Coneprxanue JUCUUIUIMHBL (MOAYIS), CTPYKTYPUPOBAHHOE IO TeMaM (pazzeniam)

Cemecrtp: 8 (Becennuit)

1. TCH30pHaH anre6pa B UCKPUBJICHHOM MPOCTPAHCTBC-BPCMCHHU.

Ten3opnass anreOpa B HCKPHBICHHOM IPOCTPAHCTBE-BPEMEHHM: METpHKa, airedpa KacaTelbHBIX
BEKTOPOB U 1-popM, epexoabl MEXIy CUCTEMaMH OTCUETa.

2. S3pik OTO: oT pacciaoeHuii U CBA3HOCTEN K KPUBU3HE.

Paccnoennst u kacaTelbHBIE pacCIOCHHS, MapauienbHBIA IepeHoc, TeH30p JleBH-UMBUTHI,
reoZIe3NYeCKie KaK KOBapHMAHTHO ITOCTOSHHBIC JIMHUM, KPHBHM3HA KaK IIEPEHOC IO OECKOHEYHO
MaJioMy KOHTYpY, TeH30pbl Pumana, Puuun u Beiinst u ux ¢pusndeckuii cMbIci.

3. Teopust Herotona Ha s1361xe OTO.

PacciioeHne  HBIOTOHOBCKOI'O — IPOCTPAHCTBA-BPEMEHH, TajWJIEeBbl  CUCTEMBl  KOOPAMHAT,
¢opmynupoBka Kaprana 111 HBIOTOHOBCKOW TeopuH, ¢opmynupoBka Teopur HbroroHa 06e3
KOOp/AMHAT, KPUTHKA T€OMETPUYECKOTO TOIX0AA K (PHU3HKE.

4. PunnsepoBa MOJIeNb YEPHOM IBIPHI.

[IpyHIMI SKBHBAJIEHTHOCTH, CHCTEMBbI YacOB W CTEpPKHEH B KPHUBOJMHEWHOM IIPOCTPAHCTBE,
cUcTeMa paBHOMEPHO YCKOPEHHBIX HaOJoaaTenei.

5. YpaBHeHUe DUHIITEHHA U KOCMOJIOTHYECKAsl TIOCTOSTHHAS.




ABTOMAaTHYECKOE COXPAaHEHHE MCTOYHHKA, KOCMOJIOTUYECKas IMOCTOSHHAsA, HBIOTOHOBCKHM Tpeed,
AKCMOMAaTUYECKUH TIOAXO0J] K TEOPUH DUHIITEHHA.

6. CnaOble TpaBUTAIIMOHHBIC MOJIS, TCOPUS BO3MYIIICHHUH.
JluneapusoBaHHas TCOPHUs TATOTCHHS, TPABUTAIIMOHHBIC BOJIHBI, BIUSHUE TATOTCHUS HA MATCPHIO.
7. Jlarpamxes nonxon k OTO.

BapuanoHHbIi TPUHIKIT ¥ HAYaJIbHbIC JIAHHBIC, PUHIIMI JeicTBrs [MnpdepTa U BapualMOHHBIN
Meron IlanmarnHup, narpaH’kMaH Marepud M TEH30p SHEPrUU-UMIyNbca, NpUHOUMN Maxa u
[IPOUCXOKICHUE UHEPLIUH.

8. Kak paznuunbie knaccuyeckue oonactu ¢pusuku BeayT cedst Ha pone OTO.

TepMmonuHamuKa, TUAPOAVMHAMUKA, DJIEKTPOJUHAMHKA, T€OMETPHUYECKas ONTHKA M KHHETHYeCKas
TEOpHS.

9. Cepuueckne 3BE3IblI.

KoopnuHatel M MeTpHKa CTaTHYECKOM CQepHuecKoil cHcTeMbl, (U3NUecKas HHTEPIpeTaIHs
MIBapUIIMIBIOBCKUX KOOPIMHAT, ypaBHCHHUS! BHYTPEHHETO COCTOSHHS 3BE3/IbI, TOCTPOCHHE 3BE3THOU
MOJIEIH.

10. Uneanu3upoBaHHBIE KOCMOJIOTHYECKUE MOECIIH.

[Tpubnuxenue nueanbHON XUAKOCTH JUIsl SHEPTUU-UMITYJIbCa MaTepun BeeaeHHoH, comyTCTByOmune
U CHHXPOHHBIE CUCTEMBI KOOPIHMHAT, BpEMEHHbIC TapaMeTphbl U MOCTossHHAs Xab0ia, sJeMeHTapHas
($bpuaMaHOBCKasi KOCMOJIOTHSI 3aMKHYTOH BceneHHoi.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HEO0X0AMMO AJIsl OCYIeCTBICHHUS 00Pa30BATEILHOIO
npouecca 1o JHCHUIIMHE (MOXYJII0)

VYueOHast ayTuTOpHs, OCHAIIICHHAS! MYJIbTHMEAHAIIPOEKTOPOM, SKpaHOM, (DIIOMacTEpHOM UM MEIOBOM
JIOCKOM.

6.IlepeyeHnb pekoMeHAYeMOM JIUTEPATYPHI
OcHOBHas JIuTEparypa
1. Teopernueckas ¢usuka [Tekcr] : B 10 T. T. 2 : Teopus nons : yue6. mocoowue aist By3zoB / JI. J1.

Jlanmay, E. M. Jludmmur ; nox. pen. JI. [1. Iluraesckoro .— 8-e u3n., crepeorurt. — M. : Ou3MaTiuT,
2001, 2003, 2006, 2012, 2014 .— 536 c.

JomnonHurensHas aureparypa

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

https://arxiv.org crarbu paznenos hep-ph, hep-th

8. IlepeyeHb MH(POPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NIPH OCYLIECTBJICHNH 00Pa30BaTeILHOIO
npouecca 1o AMCUMILINHe (MOAYJII0), BKJIIOYasi lepeYeHb He00X0AUMOr0 NPOrpaMMHOI0 odecredyeHust
H HHPOPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)

Ha nexmusix BO3MOXXHO UCTIOJIb30BaHUE MYJIBTUMEIUWHBIX TEXHOJIIOTUNA, BKITIOYas IEMOHCTPALIUIO
Npe3eHTALUN.



9. MeToauveckue YKazaHnus QJist oﬁyqaloumxm 0o 0OCBOCHMIO JTHCHUIIJINHBI (MO)_IyJ'lﬂ)

CryneHT, W3y4aromuid IUCIUILINHY, JODKEH C OJHOW CTOPOHBI, OBIAACTh OOIIWM IMOHITHHHBIM
anmnaparom, a ¢ Apyroil CTOPOHbI, JOJKEH HAYUYUTHCS IPUMEHSTh TEOPETUUECKUE 3HAHUS HA TIPAKTHUKE.

B PE3IYIBTATC UIYUYCHUA AUCHUILIMHBI CTYACHT AOJDKCH 3HATH OCHOBHBIC OIIPCACIICHUA AUCHUILIIIMHBIL,
YMETb NPUMEHATD IMOJYUCHHBIC 3HAHUS AJI pCUHICHUS pa3JIMYHbIX 3a/4a4.

VYenenrHoe ocBoeHUE Kypca Tpedyer:

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

— BEJICHUS KOHCIICKTa 3aHATHH;

— HanpspKEHHOW CaMOCTOSTEIEHOM PaboThI CTY/IEHTA.

CamocrosiTenbHas paboTa BKIIOUAET B Ce0s:

— YTEHHE PEKOMEH0BaHHOH JINTEPaTyphl;

— TpopaboTKy y4yeOHOro MaTepuaina, IOATOTOBKY OTBETOB HAa BOIIPOCHI, NPEJHA3HAUCHHBIX I
CaMOCTOSTENBHOTO U3yUEHUS;

— pelieHue 3a/1a4, MpeagaraeMblX CTy/IEHTaM Ha 3aHITHAX;

— HOATOTOBKY K BBINOIHEHHIO 3aJaHUH TEKyIeW U MPOMEXYTOUYHON aTTECTAIUH.

[lokazarenem BiaJeHHUs MaTEpUaIOM CIY>KUT yMeHHE 0e3 KOHCIIEKTa OTBeYaTh Ha BOMPOCHI 110 TeMaM
JUCLUAIUIMHBIL.

BaxxHo 10oOWTHCS MOHMMaHHS U3y4yaeMOro Marepuaia, a He MEXaHHYECKOro ero 3amomuHaHus. llpu
3aTPYHEHUU M3YYEHHsI OTIENbHBIX TEM, BOIIPOCOB, CIIEAYeT OOpamarbesi 3a KOHCYJIbTalUsAMH
MIpenoAaBaTelto.

PexomeHnyercss B KauyecTBE CaMOCTOSTEIBHOW pPalOTHI OIepekaroniee MO XOAy JIEKIUH YTeHHE
y4eOHHKa U3 CITUCKA OCHOBHOM JTUTEpaTyphl, a TAKKe MOHOTpaduu

- U.Musnep, K. Topn, JIx. Yunep «I'paButamus» TT.1-2 --- M.: U3narensctBo «Mup» 1977.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

110 HANIPABJICHUIO: [Ipuxnagaeie MaTeMaTHKa U GU3NKA

Nnpo¢uJIb NOATOTOBKH: ®u3nKa U MeAaroruka
OusTex-mkona QUMK U ucciaeoBanuil uM. Jlanaay
HEeHTp o0pa3zoBareibHbIX porpamm JIOU

Kypc: 4

KBaJIH(UKALUS: OakanaBp
Cemectp, hopMBI IPOMEKYTOUHOH arTectanuu: 8 (BeceHHul) - JlnddepeHunpoBaHHbIi 3a4eT

Pa3paborunk: A .B. Ilononutos, phd (k.¢.-M.H.)



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

VYK-1 CriocobeH oCymiecTBIsTh MTOUCK,
KPUTHYECKUI aHAJIM3 U CUHTE3 HH(POPMALHH,
NPUMEHSATh CUCTEMHBIH MOXO/ sl PEICHUS
MOCTABJICHHBIX 33]1a4

VYK-1.1 Ananusupyert 3aaady, BBIJIEsS 3TAIbl €€ PelleHus,
JeMCTBUS IO PELICHUIO 3a1a91

VK-1.2 HaxomuT, KpUTHYECKH aHAJIU3UPYET M BBHIOMpAET
nH(pOpMaIINI0, HEOOXOMUMYIO ISl PEIeHHUs TTOCTaBICHHON
3a1auu

VYK-1.3 PaccmarpuBaeT pa3nuyHbBIE BapUaHTHl PELICHUS
3a[a4M, OLICHUBACT WX MPEUMYILECTBA U HEAOCTATKH

YK-6 CriocoGeH ynpaBisTh CBOUM BPEMEHEM,
BBICTPAMBATh U PEaIM30BBIBATH TPACKTOPUIO
CaMOpa3BUTHS HA OCHOBE MPUHIIUIIOB
00pa30oBaHusl B TCUCHUE BCEH )KU3HH

YK-6.1 Ormpenenser NOpUOPUTETHI
JEATEIIbHOCTH M CIIOCOOBI
OCHOBE CaAMOOLICHKU

npodeccruoHaIbHON
€¢ COBEpPILICHCTBOBAaHHS Ha

VK-6.2 CnocobGeH  MIaHUpPOBaTh  CaMOCTOSITEILHYIO
NEeSITebHOCTE B PEIICHUH NPOQEecCHOHANBHBIX —3ajad;
MOZABEPraTh KPUTHYECKOMY aHAINM3y HPOAETIaHHYI0 pabory;
HAXOJUTh U TBOPYECKH HCIIOJIb30BaTh UMEIOLIUICS OMBIT B
COOTBETCTBHUH C 3a/1a4aMU CaMOPa3BUTHS

OIIK-1 Criocoben npuMeHSTh
(byHIaMeHTalbHbIE 3HAHUS, IOTy4YEHHbIE B
oOnact (pU3NKO-MaTeMaTHUECKUX U (MITH)
€CTECTBEHHBIX HayK, U HCIIOJIb30BaTh UX B
npo¢ecCHOHANBHON e TeNbHOCTH

OIIK-1.1 CriocobeH aHanmM3upoBaTh MOCTABICHHYIO 3ajady,
HaMeyarb MyTH €€ PELCHUS

OIIK-1.2 CpnocobeH CcTpOUTb MareMaTU4ecKhue MOAEIH,
MPOU3BOAUTH KOJMYECTBEHHBIE PACUETHI U OLICHKH

OIIK-1.3 CnocobeH ompenensTs TpaHHIbl TPUMEHHUMOCTH
MOJTyYEHHBIX PE3yJbTaTOB

OIIK-2 CriocobeH ucnonb30BaTh COBPEMEHHBIE
MH()OPMALMOHHBIE TEXHOJIOTUHU U
NPOrpaMMHBIEC CPEACTBA MIPU PEIICHUHN 33134
poheCCUOHATBHOM JIeITENILHOCTH, COOTIOnas
TpeboBaHUg HHYOPMAIIMOHHOW OE30TIaCHOCTH

OIIK-2.1 Criocoben MPUMEHSATh COBPEMEHHEBIE
BBIYHMCIIMTENIBHYIO TEXHUKY U CEpBHCHI ceTu VIHTepHeT B
obmactu (cdepe) mpodeccrnoHaTHHON AeATEIIEHOCTH

OIIK-4 CriocobeH ocymiecTBiIsITh cOOp U
00paboTKy HayYHO-TEXHUYECKOHN U (HJITH)
TEXHOJIOTMYECKOH MH(OPMAIINK ISl PELICHHS
(yHIaMEHTAIBHBIX U MPUKJIAJHBIX 339

OIIK-4.1 Bnameer MerogamMM HAay4yHOTO TIOMCKAa H
MHTEJJIEKTYaJbHOTO aHajdu3a HMHGOPMAIMU IPU pEIIeHUU
3a1a4 npodeccuoHaNbHON AEATEIbHOCTH

OIIK-4.2 3naeT 0CHOBHBIE HCTOYHUKH HAYYHO-TEXHUYECKOM
u (W) TexHoJIornyeckod wuHpopMauuu B objactu
npodeccuoHaIbHON 1S TeTbHOCTH

OIIK-4.4 Bnageer HaBbIKaMu pabOTHl C KOMIIBIOTEPOM H
KOMIIBIOTEPHBIMU CETSMU C LIENbIO [IOJYUYEHUs], XpPaHEHUs U

[MK-1 Crioco6eH mi1aHupoBarh U MPOBOAUTH
Hay4HbIE SKCTICPUMEHTHI (B U30paHHON
MPEeIMETHOM 001acTH) U (MITH) TEOPETUICCKUE
(aHanUTHYECKUE U UMHUTALIMOHHBIC)
HCCIICIOBAHMSI

00pabOTKM Hay4yHOW (TEXHHYECKOW, TEXHOJOTHYECKOMN)
nHpopMaIun
I1IK-1.1 Bnameer  gyHIaMeHTanbHBIMH  TIOHSTHIMH,

3aKOHaMH U TCOPUAMUA COBpeMeHHOﬁ (1)I/I3I/IKI/I

[IK-1.3 Bnageer KyasTypoil IOCTAaHOBKH Hay4YHOH 3ala4d U
MOZIEIIMPOBAHUS €CTECTBEHHOHAYUYHBIX OOBEKTOB M CHCTEM

[IK-1.4 VYmeer cTpouTh MaTeMaTHUYECKHE MOJENU IS
ONMCAaHUSI W HCCICAOBAaHMUS NPOLIECCOB U SIBICHUA B
COOTBETCTBYIOIINX HayYHBIX 00JACTIX

[1K-1.9 3naet nepeyeHb BeAYLINX NEPUOAUUECKAX HAYUHBIX
U3aHUH W CIOCOOEH BBIIENATH AaKTyaJbHbIE HAyYHBIC
myOIMKauy B MpogecCHOHANBHOM 061acTn

[IK-1.2 Mmeer myOokoe 3HaHWE W TMOHMMaHHE O0a30BBIX
MaTeMaTHYECKUX JAUCIUIUINH

[1K-2 CnocoGen aHanu3upoOBaTh MOTyYCHHBIE B

[IK-2.2  VYmeer HaxomuTh  KIIOYEBBIE  IapaMeTpBhl,
OIIpEeNeNIAIOIME HU3yyaeMoe SIBJI€HHE, W IPOU3BOIUTH
YHUCJIEHHBIE OLIEHKH IO MOPSIIKY BEIUYHNHBI




XOJI€ HAYYHO-UCCIIE0BATENLCKON PabOTHI I1K-2.3 CrniocoGeH npencTaBisaTh HaydHbIE YTBEPKICHHS, UX

AaHHBIC U CJIaThb HAYYHBIC BHIBOAbL 000CHOBaHUSI U JIOKA3aTEIbCTBA, Hay4HbIC np06neMLI U UX

(3aKTrOUeHMS) pelIeHusT SICHO W TOYHO B TEPMHUHAX, MOHATHBIX JJId
npoeCCHOHaNBHOW ayIMTOPUH, B NMHUCHMEHHON W yCTHOH
dopme

[1IK-4.1 3naer yncneHHbIe MOPAIKA BEITMYHUH, XapaKTEPHBIX
JUIS COOTBETCTBYIOLIEH MpodeccnoHaIbHON 00IacTu

[TK-4 CriocoOeH KpUTHYECKH OLICHUBATh [IK-4.2 3HaeT WCTOYHUKH TPOUCXOKICHUS H yMEeT
MIPUMEHHUMOCTb UCIIONIb3YEMBIX METOAUK H MPOU3BOAUTH  OLEHKY  TOTPEIIHOCTH M3MEPEeHUH U
METOJIOB JIOCTOBEPHOCTH DKCIEPUMEHTAIIbHBIX PE3YJIbTaTOB

[IK-4.3 CnocobeHn 000CHOBaTh NPUYMHHO-CJIC/ICTBCHHBIC
OTHOIICHHS UCTIONB3YEMbIX TIOHITUH U MOesIei

2. Iloka3areim OLleHUBAHUS KOMIIeTeHITHH

B PE3IYIBTATC UIYUYCHHUA JUCHHUIIINHBI <(O6H_Ia$[ TCOpHUA OTHOCHUTCIIBHOCTH U KOCMOJIOTHAI» 06yqa}0mnﬁc;1
JOJIKCH:

3HATb:

[octynarer OTO, k kakuM HaOMOKAEMBIM 3P PEeKTaM OHO IPUBOIUT, a TAKXKE BBIBOA STUX 3P PEKTOB, B
YeM COCTOSIT IEMEHTapHbIe KOCMOJIOTHYECKHE MOJIeNIn BeeneHHoM 1 Kakue ecTh KCIIepHUMEHTaIbHbIC
CBHUJICTENIBCTBA B UX I1OJIB3Y.

yMeThb:

BreiBogMTE cdeprudecku cuMMETpUYHBIE peleHus ypaBHeHui OiinmreliHa ([IBapummnsaa, Keppa),
BbIBOAMTh TneprypOaruBHbie 3ddektst OTO (mpeneccus mnepurenusi Mepkypus), BBIBOOUTD
npocreimue monenu Beenennoit (hpummaHoBekas u ap.).

BJIA/IeTh:

Anmaparom auddepeHnmnanbHoi reomerpun, HeooxomumbiM B OTO, Teopuerr Bosmyenuii B8 OTO,
TEXHHKOW Ka4eCTBEHHOTO aHaJIM3a ypaBHEHUH DHHINTeHA HA OOJIBIINX MaciuTadax.

3. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIPOCOB, 3aJaHHIi, TeM JJIsl IOATOTOBKHU K TeKylIeMy KOHTPOJII0
IIpumepB! KOHTPOIBHBIX 3aJaAHHM:

1. BeiBecTn ypaBHEHHE T€0[Ic3UIECKUX Ha IBYMEPHOH chepe

2. I[lomyuynTs BbIpakeHUE JJIsl BDEMEHHM NaICHUS HaOoaTeNsl Ha YepHYIO JbIpY
3. [lomyunTth ypaBHeHHE DWHINITEIHA C TIOMOIILIO0 BapHAIINH JIEHCTBUS

4. BriBecTH npenieccuto nepurenus Mepkypust

4. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIPOCOB M TeM JJISI IPOBEAEeHHUA IIPOMEKYTOYHOM aTTecTaluu
o0yuyarommxcst

. Tenzop Pumana n-mepHoii chepsbl.

. PunyiepoBa Mozenp 4epHOM JbIPHI.

. Tpu npocreiinre naeanu3upoBaHHble MOAed BeeneHHo.
. Pemrenne IIBapummibia.

. S13pix OTO: oT paccnoeHuit 1 CBI3HOCTEN K KPUBU3HE.

. Teopust Herotona Ha s13pixe OTO.

. YpaBHeHHe DUHIITEHHA U KOCMOJIOTHYECKasl IIOCTOSTHHASL.
. Jlarpamxes nonxoxn k OTO.

1

2

3

4

5. letictBue DitHmTeiina-I mnnoepra.

6

7

8

9

10. Kak paznnunbie kinaccuueckue obmactu Gu3nku BeayT ceds Ha done OTO.

Kpurepun onennBanus



Onenka "ommuno" (10 Ganmos) BBICTABIISIETCSI  CTY/IEHTY, IIOKa3aBIIEeMy BCECTOPOHHHUE,
CHUCTEMaTU3UpPOBaHHbIC, T[IYyOOKHE 3HAHUS YYEeOHOHM MpOorpaMMbl AMCHUIUIMHBI, MPOSBISAIOLIEMY
MHTEpeC K JaHHOW MpPEeAMETHOH 00IacTH, MPOAEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO U TBOPUYECKH
MPUMEHSTH UX Ha MPaKTHKE MPU PEILICHMH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPAaBUIILHOE 00OCHOBAaHHE
HNPUHATHIX PELICHAMN.

Onenka "ortnmuuno" (9 06amioB) BBICTABJISIETCSl  CTY[EHTY, IIOKa3aBIIEMy BCECTOPOHHHE,
CHUCTEMaTH3UpPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW NpOrpaMMbl AUCLUIUIMHBI U YMEHHE YBEPEHHO
IPUMEHATH UX Ha MPAKTHUKE MPH PEIICHNU KOHKPETHBIX 3aj]1a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHUE
MPUHATHIX PELICHUH.

Onenka "ormmmuno" (8 0ayioB) BBICTABIISIETCSL  CTY[EHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHON MPOrpaMMbl JUCLUIUIMHBI M YMEHHE YBEPEHHO
MPUMEHATh X Ha MPAKTHKE MPH PEIICHUH KOHKPETHBIX 33/1ad4, IPaBUIbHOE OOOCHOBAHHUE MPUHSATBHIX
pELIEHN, ¢ HEKOTOPBIMHU HENOYETAMU.

Onenka "xopomo" (7 0anoB) BBICTABISETCS CTYACHTY, €CIIM OH TBEPAO 3HACT Marepuai, FPaMOTHO U
[0 CYIIECTBY M3JIaraeT €ro, yMeeT NMPHUMEHSTh MOJy4YEeHHbIC 3HAHWS Ha MPAKTHUKE, HO HEIOCTaTOYHO
rpaMOTHO 00OCHOBBIBAET MOITYUYCHHBIEC PE3YIIBTATHI.

Onenka "xopomio" (6 0anoB) BBICTABISETCS CTYACHTY, €CIIM OH TBEPIO 3HAET MaTepuai, rPaMOTHO U
M0 CYLIECTBY HM3JIaraeT €ro, yMeeT NPUMEHSTHh MOJyYeHHbIC 3HAHHWS HA NPAKTHUKE, HO JIOMYCKAaeT B
OTBETE WJIH B PEIICHUH 337124 HEKOTOPbIE HETOYHOCTH.

Onenka "xopomo" (5 OamioB) BBICTABISETCS CTYAEHTY, €CIM OH B OCHOBHOM 3HAeT Marepual,
IPaMOTHO M MO CYIIECTBY H3JIaraeT €ro, yMeeT HMPUMEHATh MOJy4YEeHHbIC 3HAHUs Ha IMPAKTHKE, HO
JIOITyCKAeT B OTBETE WM B PELICHUH 3aa4 JOCTATOYHO OOJIBbIIOE KOJTUYECTBO HETOUHOCTEH.

Onenka "ynoBneTBopuTedbHO" (4 Oana) BBICTABISIETCA CTYIEHTY, IOKa3aBHIEMY (QparMeHTapHBIMH,
pa3pO3HEHHBII XapakTep 3HAHUH, HEIOCTATOYHO IpPaBUIbHBIE (OPMYIUPOBKH 0a30BBIX MOHSITHI,
HapyILIEHUs JIOTHYECKON MOCIe0BaTeIbHOCTU B U3JI0KEHUN MPOTPaMMHOTO MaTepuana, HO MPH 3TOM
OH OCBOMJI OCHOBHBIE pa3zieibl yueOHOW HmporpaMMbl, HEOOXOJUMBIE IS JalbHEHIero ooyueHus, 1
MOJKET MIPUMEHSTH MOJTy4YeHHbIE 3HAaHUA 110 00pa3iy B CTAHJAPTHON CUTYyallnH.

Onenka "ynoBnerBoputensHO" (3 Gajuia) BBICTABISETCS CTYACHTY, IMOKa3aBIIeMy (parMeHTapHBI,
pa3po3HEHHBIH XapakTep 3HaHWM, Jomyckaroniemy omuOku B (popMynrpoBKax 0a30BbIX HOHSTHH,
HapyIIEHUs] JIOTUYECKOH IMOCIeq0BaTeIbHOCTH B H3JIOKEHUM NPOTPAMMHOTO MaTepuana, ciado
BJIaJICET OCHOBHBIMU paszieslaMy y4eOHOH IporpaMMbl, HEOOXOAUMBIMHU IS AaJbHEHIEro 00y4eHus 1
C TPYZIOM IIPUMEHSET [TOJyYCHHbIE 3HAHUS AaKe B CTAHAAPTHOW CUTYalHH.

Onenka "HeynoBieTBOpUTENbHO" (2 Oamia) BBICTABIISICTCS CTYACHTY, KOTOPBIA HE 3HAeT OoJbLIei
YaCcTH OCHOBHOTO COJEpXaHUS y4eOHOW MporpamMMbl JUCLUIUIMHBL, JOMYyCKaeT IpyOble OmMOKU B
(hopMyIIMpPOBKaX OCHOBHBIX IPUHIIUIIOB U HE YMEET UCIOIb30BaTh MOIYUYCHHBIC 3HAHUS [P PELICHUU
THUIIOBBIX 33/a4.

Onenka "HeynoBierBoputenbHO" (1 6aymn) BBICTABISIETCS CTYACHTY, KOTOPBIH HE 3HA€T OCHOBHOTO
cozepkaHusl yueOHON MporpaMMbl IUCLUILTUHBI, JOMycKaeT rpyOeiimue omuOKd B (GOPMYIUPOBKaX
0a30BBIX TMOHATUH IUCLUIUIMHBI M BOOOIIE HE MMEET HAaBBIKOB PELICHUS THUIIOBBIX HMPAKTHYECKHX
3ajay.

5. MeTonuueckne MaTepuaIbl, ONpeIesoNIne MPoueIypPbl OIleHHNBAHUS 3HAHU, YMEHUIl, HABBIKOB U
(W1M) oNbITA AESITEILHOCTH

HuddepeHumpoBanuplid  3a4eT  OpoBOgUTCs B yctHoW  Qopme. Ilpm  mpoBeneHuun
muddepeHpoBaHHOTO 3adera oOydaromiemycs mpenocrasisercss 30 MUHYT Ha MOATOTOBKY. Ompoc
oOyuarorierocst Ha TuddepeHINPOBaHHOM 3a4eTe HE JIOJDKEH MPEBBIIIATh OJHOIO0 aCTPOHOMHYECKOTO
Jaca.



