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

YTBEPKAEHO

IIpopekTop mo y4eOHoii padoTe u
JOBY30BCKOI IOAT0TOBKE
A.A. BopoHos

PaGouyas nporpamMma qucuunJIMHbI (MOXYJIs1)

10 AMCIMILINHE: OcHOBBI 00111e# TEOPUH OTHOCUTEIBLHOCTH
10 HANPABJICHHUIO: dotoHrKa 1 onTOMH(POPMATHKA
NpoduJIb MOATOTOBKH: ®oTOHMKA, KBAHTOBBIE TEXHOJIOTUHU U AByMEPHBIE MaTepHaIbI

OusTex-mkona GU3NKK U KccaenoBannii um. Jlanmay
kadenpa teopernueckoi puznku um. JI.J1. Jlannay

Kypc: 1
KBaJIMpUKALS: MarucTp

CemecTp, hopMBI MPOMEKYTOUHOH arTectanuu: 1 (oceHHUH) - DK3aMeH

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

CamocrositensHas padora: 45 yac.
[TonroroBka k 3x3ameny: 30 yac.
Bcero gacos: 135, Bcero 3a4. ex.: 3

KonuecTBo KOHTPOIBHBIX paboT, 3a1aHuil: 4

[Iporpammy cocraBui: C.H. Beprenec, xaua. ¢us.-MaT. HayK, TOICHT, JOIICHT

[Iporpamma obcyxieHa Ha 3acefanuu kadenpsl Teoperudeckoi puszuku um. JI.JI. Jlannay 23.05.2020



AHHOTANMA
B nauanme XX Beka B €CTECTBO3HAHUM YTBEpAWIACh BEJMKas Uaes O TOM, 4TO 3((EeKTsl TIpaBUTALMH
MOJTHOCTBI0  00ycrnoBieHbl  3(deKkraMn KpUBU3HBI MPOCTpaHCTBa-BpeMeHH. HaoOopor, KpuBu3HA
MPOCTPAaHCTBA-BpeMEHH co3faéTcs JBHXKYyIeiics B HEM Martepueil. Tak Bo3nmkia OOmias Teopus
OTHOCHUTENBHOCTH, JIPYro€ HAa3BaHUE KOTOPOM HEMOCPENCTBEHHO OTPAXKaeT JEKallue B €€ OCHOBE MJIEU ---
reoMeTpoarHaMuKa. MOXKHO CKa3aTh, YTO T€OMETPOAMHAMUKA SABJIsIeTCsl Haubosee oOuiel M3 BceX TEOpHi
TOJIs1, IOCKOJIBKY JIt00asi TeOpHsl OIS JOKHA OBITh B KOHIIE KOHILIOB CQOPMYJIHPOBAaHA B UCKPUBIEHHOM
MPOCTPAHCTBE -BPEMEHH, T.€. BKIIOUCHA B OOLIYIO0 TEOPHIO OTHOCUTEIBHOCTH. | eOMeTporHaMuKa MO3BOISIET
[IOCTABUTh
u 1aér (U3MYECKH HHTEPECHBIC, XOTA YacTO W YAUBMUTENIbHBIC, DPELICHUS TaKUX 3a/ad, KOTOphIE B
HEPEJSITUBUCTCKON HHIOTOHOBCKOW TEOPHH AaKe HE MOIVIM OBITh U MocTasieHbl. Hampumep, 3T0 3amada o
pacnpocTpaHeHHMM W 00 H3JIyYeHUH TPaBUTAUOHHBIX BOJH (KOTOpble OBUTM  3KCIEPUMEHTAIBHO
3apeTUCTPUPOBAHBI) HITU MPpodIieMa dBOIONUN BeeneHHo.

[lepBas wacTh Kypca JEKIUH TMpPENCTaBIsET COOOI CXKaThli Kypc JudQepeHIanbHOl TeOMETPHHU.
W3znoxenne Benércs Ha si3bike AU PepeHInaNBHBIX GOPM. ITO MO3BOIISET CHOPMYIUPOBATH U UCIIOIB30BAThH
CTpyKTypHble ypaBHeHHs Kaprana. Takoil momxon BeA€T K 3HAYUTEIHHOW SKOHOMHH B KOHKPETHBIX
BhIYKCIICHUSIX. Kpome Toro,

¢dbopmynupoBka uddepeHINaNbHON TeOMETpUM NpH MoMoIIM amnmnaparta anddepeHunanbHbX  Gopm
COOTBETCTBYET OOIIEIPUHATON B HACTOSIIIEE BPEeMs IPAKTUKE B MAaTEMaTHYECKOH U (pru3ndeckoil tuTeparype.

Bo Bropo#i wactu kypca Jeknuii QopMmyaupyercss U 000CHOBBIBA€TCS OCHOBHOE YpaBHEHHUE TCOPHH ---
ypaBHeHHe OHHIUTEHHA. 3areM NpH MOMOIIM ypaBHEHHWs OWHINTEHHA PpEIIaloTCsl KIACCHYECKUE 3ajadu
o0Imiell TEOpHH OTHOCUTEIHHOCTH: HBIOTOHOBCKOE MPHONMKEHUE, TPUOIKEHHE CIa0biX TPaBUTAIMOHHBIX
MOJIeH U U3JTy4YeHUE IPAaBUTALMOHHBIX BOJIH,

pewenue [IBapummnpaa A LEHTPaIbHO-CUMMETPUYHOTO paclpenesieHus Marepuu (u€pHas IsIpa),
pemenne Opuamana ypaBHeHUH DUWHIITENHHA JUIsi OOHOPOIHOW M m3oTpornHoi Bceenennoit. Bee atu 3amaun
ObUIM MTOCTABJICHBI U B OCHOBHOM PEIICHBI CAMUMH CO3JAaTeIsIMU 001Iei Teopun OTHOCUTEIbHOCTH. [loaToMy
o0Cy’KIeHHe yIOMSHYTBIX 3aJa4 COACPKUTCS MPAKTHYECKH BO BCEX y4EOHHMKAX IO PEISITUBUCTCKONH TEOPUH
rpaBUTallMM. [J1aBHOE OTIMYME HACTOSILEr0 Kypca JIEKUMH OT HUMEIOIUXCS Y4YeOHHMKOB COCTOMT B
UCTIONIb30BaHUM MaTeMaTHYeCKoro anmapara audQepeHanbHoi reoMeTpun, ChOpMyINPOBAHHON Ha SI3bIKE
muddepeHranbHbIX GOpM, M BO BKIIOYCHWH IOSBUBLIMXCS 3a MOCIEAHHE TOABI JKCIIEPHUMEHTAIbHBIX
JAHHBIX.

Ham mnpencraisiercsi, 4To MpeAjiaraeMblii Kypc JEKIHMH MOXKET ObITh IOJE3HBIM MAJIs IIHPOKOTO Kpyra
YHUTaTeNIel: CTyACHTOB, aCIIMPAHTOB, [IPETOIaBaTelIeii U HAyYHBIX PAOOTHUKOB (PM3NYECKUX CHEIMAIbHOCTEH.

1. leau u 3apauun

eap AUCUMNIMHBI

Jlate cTyneHTaM 3HaHUST HEOOXOJMMBIE IS OMUCAHHS PAa3IUYHBIX (U3NUECKUX SBICHHN B 001acTH
npwiokeHnd  (BBeneHme B audepeHIMANBHYI0O TEOMETPHI0 Ha OCHOBE COBPEMEHHOTO
MaTeMaTH4YecKoro ammapara, IpuMeHeHne anmnapara auddepeHnanbHOi TeOMETPUH MIPH TOCTPOSHUH
pensTUBUCTCKOW Teopun rpasutanuu, 1.6. OTO. B pesymbrare ompenenstoTcss Bce HEOOXOIMMBIS
MOHATHS U BEJIMYHMHBI, IPH MTOMOIIK KOTOPHIX (POPMYIHPYIOTCS KaKk OCHOBHOE YpaBHEHUE TEOPUU ---
ypaBHeHHe OWHINTEHHA, TaK W YpPaBHEHUS IBIDKEHUS Marepud. lIpW MmOMOIIM yCTaHOBIEHHBIX
ypaBHEHUH pemaeTcs psa QyHIaMeHTaIbHBIX 33]]a4 €CTECTBO3HAHHS.

3agaum AUCHUILUIMHBI
. N3ydyenune kpaTkoro Kypca anp¢epeHnnansbHOW TeOMeTpUH TpH  TOMOINM  armapara
Qg depeHIHanbHbIX GopM;
* omnpezeNicHHEe OCHOBHBIX MOHITHH M BEIMYWH, GOPMYIHPOBKA ypaBHEHHH, Hcnonb3yeMbix B OTO,
BayKHEHIIIee U3 KOTOPHIX --- YpaBHeHHe DIHIITEHHA;



. HAXOXJICHUE psla pelIeHUH ypaBHEHUs OWHIITEHHa (JMHEapU30BaHHBIA Ciydad, BKJIIOYast
I'PaBUTALIMOHHOE W3JIYyYCHME; LEHTPaJbHO-CUMMETPUYHOE pEILIEHHE, BKIIIOYAIOLIEE UYEPHOIBIPHOE;
m1o6aneHbIe MoaenH Beenennoit mo ®punmany);

* OBJIAJICHUE CTyJeHTaMH MeTogamu AuddepeHurnanbHON reOMETPUH U UX MPUIIOKEHHUS K PEIICHHIO
3agay OTO.

2. llepedyens popmMupyemMbIX KOMIETeHUMH
OcBoeHMe TUCIUIUINHBI HAlIPaBJICHO Ha ()OPMUPOBAHUE CIEAYIOINX KOMIICTCHITNH:

3. IlepeyeHb NIAHMPYEMBIX Pe3yIbTATOB 00yUeHHUs! 0 JUCHMILINHE (MOLYJII0)
B pesynbrare 0cBOGHHS AUCHUIIMHBI 00y4alOIINeCs JOIKHbI
3HAThb!

- OcHoBbl UG depeHITnaNIbHON TeOMETPUN (TEH30pHBIA aHAJIM3 Ha MHOTOOOpa3Wsx, armapar
Qg depeHIHanbHbBIX GOPM, TEOPUIO CBI3HOCTH Ha METPUUYECKUX MHOTO0OPa3MsiX, TEH30Pbl KPUBU3HEI
U KpY4eHUs), OCTYJIaThl M NpuHIUIBEI OOIIeH TeOpUH OTHOCUTEIBHOCTH, PEIATUBUCTCKON MEXaHUKU
B MCKPHBJICHHOM NIPOCTPAHCTBE-BPEMEHH;
- ocHoBHble ypaBHeHus: OTO, maBHBIM U3 KOTOPBIX SIBJISIETCS ypaBHEHUE DUHINITEHHA;
- CBOICTBA W OCHOBHBICE METOABI PEUICHHWA YpaBHEHUS OWHIITEHHa, BKIIOYas Clydail ciaObIx
I'PaBUTALMOHHBIX IIOJIEH, CHUIIBHBIX IOJIeHl B LIEHTPAJbHO-CUMMETPHUYHOM Ciydae, a TaKKe MOJIENH
Bcenennoit no ®puamany, Jiekamiye B OCHOBE BCEH COBPEMEHHOM KOCMOJIOTHH.

YMETh!
- Ilonmp3oBarbes anmaparoM TEH30PHOTO aHAJIM3a HA MHOTO0Opa3HsIX;
- TIOJNB30BaTheA anmnaparoM AuddepeHnnanbHbIX Gopm;
- YMETb IPEACTaBIATh TEH30Pbl KPUBU3HBI U KPYUYCHHUS MPU IMOMOIIM anmnapara andepeHInaibHbIX
¢opm (ypaBuenus Kaprana);
- CcBOOOJHO BIaeTh OCHOBHBIMU ypaBHeHUs MU OTO;
- pewarpb 3aJa4d NPO M3IYUYCHHE IPABUTALMOHHBIX BOJIH B KBaJIPYHOJIbHOM NPUOIMKEHUH, T.C. B
HEPEJSITUBUCTCKOM CIIy4ac;
- pewarpb ypaBHeHusa OTO B ueHTpanbHO-CUMMETPHUYHOM ciiyyae (4epHas AbIpa), a TAKXKE B CiIydae
OJHOPOJHOTO U U30TPOITHOTO MpOCTpaHCcTBa (Moaenu Beenennoit mo @puamany).

BJIAJIETh:
- OCHOBHBIMH METOJIaMH MaTemaThudeckoro ammapara OOmield Teopur OTHOCHTEIBHOCTH,
PENSATUBUCTCKON MEXaHUKU B KPUBOM MPOCTPAHCTBE-BPEMEHU;
- HaBBIKAMH TEOPETHYECKOTO aHalu3a peabHBIX 3aJlad, CBA3aHHBIX KaK CO CBOWCTBaMHU
HUCKPUBJICHHOTO MPOCTPAHCTBA-BPEMEHU M MAaTEPHUM, BKIIIOUAs CHUCTEMBbI 3apsSHKCHHBIX YacTHII,
B3aMMOJICHCTBYIOIUX C 3JEKTPOMArHUTHBIM TOJIEM, TaK U CO CBOMCTBAMH CaMOTO TPaBUTAIMOHHOTO
TOJIsI, CBSI3AHHOTO WJIM HECBSI3AHHOTO C MaTEpHUEH.

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

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

TpyaoeMKoCTb IO BHIaM y4eOHBIX 3aHSATHH, BKITIOUAs
CaMOCTOSITENIbHYO padoTy, Jac.

No Tema (pa3nen) TUCIUTUTMHBI
Camocr.
Jlekrum | Cemunapsr | JlaGopar. paboTsr
pabora
Onpenenenue MHoOroo0pasuii,
1 BEKTOPHBIX W TEH30PHBIX TMOJNIeH Ha 3 3 5
MHOT000pa3usIX U ONepaIfii C HUMH




Onpenenenne nuddepeHnuaibHbx Gopm
Ha MHOT000pa3usx,
T epeHIpoBaHne 1 UHTETPUPOBAHNE

hopm

CBS3HOCTH U MCTpHKA Ha MHOFOO6pa3I/II/I;
CBA3HOCTB, COIJIaCOBaHHas1 C MeTpI/IKOI\/'I

VYpaBHenue reoge3ndeckod.  TeH3opsl
KpPUBHM3HBI M Kpy4YeHHA. YpPaBHEHHSA
Kaprana. HopmanbHble  KOOpIMHATHI
Pumana

[Moctymarer OTO. [lelicTBUE CHCTEMBI
MacCUBHBIX 3apshkeHHbIX yactull B OTO,
TEH30p JHEPrHUHU-UMITYJIbCA MaTepud U
3aKOH €r0 «COXPaHCHUSD)

VYpaBHeHHe OWHINTEHHA, TCEBIOTEH30D
SHEPIrUU-UMILYJIbCa M 3aKOH COXPAHECHHS
snepruu B OTO

I'paBuranmonnsie  BonmHBL.  W3mydenue
IPaBUTAIIOHHBIX BOJIH B
HEPEISITUBUCTCKOM ciydae
(KBagpynoIbHOE U3ITYUYEHHE)

IlenTpanbHO-CUMMETPUYHOE  PELICHHUE.
Metpuka  IlIBapummibaa. ®duznka
YEPHBIX JIbIp

OmHOpPOAHBIE W W3OTPOIHBIE MOJEIH
BcenenHnoii. dusuka Mojenen
Opuamana

Wtoro wacos

30

30

45

HO,I[FOTOBKa K 3K3aMCHY

30 gac.

OO01mas TpynoEMKOCTh 135 yac., 3 3au.en.

4.2.

Coneprxanue JUCIUIUIMHBI (MOAYIS), CTPYKTYPUPOBAHHOE TIO TeMaM (pasziesiam)

Cemectp: 1 (Ocennwii)

1. Onpenenenne MHOTOOOpa3nii, BEKTOPHBIX W TEH30PHBIX MMOJIEH Ha MHOTOOOpa3HsX U Olepaiui ¢
HUMH

Ompenenenne MHOroooOpasmii. MmuorooOpasuss ¢ kpaeM. KacarenbHOe TPOCTPaHCTBO K
MHorooOpazuio. OToOpakeHHe KacaTeNbHBIX MPOCTPAHCTB MPU OTOOpPaKEHHMH MHOT000pa3nid.
KokacarensHOe mpocTpaHCTBO. TeH30pbl OOLIEro BHIAa W TEH30pHBIC MO HA MHOTOOOpasuu U
olepaluy ¢ HUMH (CIOKEHUE, TEH30PHOE YMHOXKEHHE, CBEPTKA).

2. Ompenencane muddepeHIUAIBLHEIX (HOpM Ha MHOTooOpasusix, Iud(depeHIupoBaHne W
UHTErpupoBaHue HopMm

Onpeneneanie  muddepeHmanbHplx  GopM  Ha  MHOrooOpasuM  Kak  MONMIIMHEHHBIX
KOCOCUMMETPUYHBIX  (OpM  Ha  BEKTOPHBIX  MoNisiX. Boemnee — auddepeHnmpoBanue
muddepeHranbHbIX GopM U ero cBoicTBa. HTerpuposanue quddepeHnuansasix popm. Dopmya
Crokca. CpaBHeHME C  U3BECTHBIMH  (QopMylaMH M3  MareMaTHYECKOro  aHaju3a:
I"aycca-OcTporpaackoro u T.1.

3. CBSI3HOCTB U MCTpHKA Ha MHOFOO6paBI/II/I; CBA3HOCTB, COIIaCOBaHHAsA C MeTpHKOﬁ




Omnpenenenue CBI3HOCTH HA MHOTOOOpa3uu, JIEHCTBYIOIIEH Ha BEeKTOpHBIE MO PacnpocTpanenue
JEUCTBHS CBSI3HOCTH Ha NPOU3BOJIBHBIE TEH30pHBIC IMOJs. BBeneHHe METpHKM Ha MHOTOOOpa3u.
Omnpenenenue CBI3HOCTH, COMIACOBaHHOM ¢ MeTpukoil. CumBoinbl Kpuctodders.

4. YpaBHeHue reofe3ndeckoi. TeH30psl KpUBU3HEI M KpydeHUs. YpaBHeHusa Kaprana. HopmansHbie
KoopauHaTel Pumana

[ToctynupoBanue ypaBHEHUS I€OAE3UUECKON. BBIBOA ypaBHEHHsI r€0€3UYECKON U3 BapUALMOHHOTO
npunuuna. OnpeneieHne U TeOMETPUYECKUI CMBICT TEH30POB KPUBHU3HBI U KPYUEHUS IIPH OMOILIU
ypaBHeHuil Kaprana. Mcnosnb3oBanue ypaBHeHuidt Kaprana Juisi SIBHOTO BBIYMCIIEHUS TEH30pa
Pumana B npocThix npumepax (aBymepHas cdepa). OnpeneneHrue HOpMalbHBIX KoopauHatr Pumana u
(JIoKaIBHO) METPUUYECKOTO TEH30Pa B TUX KOOPAMHATAX.

5. Hocrtymaret OTO. JleiicTBue cucTeMbl MAacCHBHBIX 3apspkeHHBIX uwactull B OTO, Ttensop
SHEPrUU-UMITYJIECA MaTEePUH U 3aKOH €r0 «COXPaHECHUS)

dopmynupoBka Tpex ocHOBHBIX moctynaroB OTO. BeiBog npu moMomu MOCTYJAaTroB C
UCTIONIb30BaHMEM HOPMAJIbHBIX KOOpAMHAT PuMaHa ypaBHEHUs ABMKEHHUS CBOOOTHON YaCTHIIBL
OTUM ypaBHEHHMEM SIBISIeTCS ypaBHEHUE Teofezndeckoil. (OOoOmieHne AeicTBUS CHUCTEMBI
3apsHKEHHBIX YacTHIl U anekrpomarHuTHoro noisi B OTO. BeiBog ypaBHEHMI ABMKEHUS ISl STOH
CUCTEMBI. TEH30p JSHEPrUU-UMIYJIbCa MaTepud Ha MPUMEPE CHCTEMBI 3apsSOHKEHHBIX YaCTULl H
snekrpomarautHoro nosist B OTO. Onpenenenue TeH30pa SHEPTUU-UMITYIbCa MaTepuu ISl JIH000i
MaTepualbHOW  CHCTEMBI,  OINWCHIBAEMOW  JIEHCTBHEM. 3aKOH  «COXPaHEHHs»  TEH30pa
SHEPIUU-UMILYJIbCA MATEPUU.

6. YpaBHeHHe DUHIITENHA, TICEBAOTEH30p IHEPTUU-UMITYIIbCA U 3aKOH coxpaHeHus s3uepruu B OTO

Jlornueckuii BbIBOA ypaBHEHHs DHHIITEHHA, NCXOAS U3 MOCTYIATOB U HEPEISTHBUCTCKOTO IpeJena.
@dopmanbHbBIN BBIBOJ YpaBHEHHUS DUHINTENHA U3 MPUHIIMIIA HAUMEHBIIETo AercTBus. [lceBnoTeH3op
SHEPrUU-UMITYJIbCA TPABUTALMOHHOTO TOJISI ¥ 3aKOH COXpaHeHus dHeprun-umiryasca B OTO.

7. I'paBuTanmoHHBIC BOJHBL. M3mydeHHE TpaBUTALMOHHBIX BOJH B HEPEJIATUBUCTCKOM Clyyae
(KBagpynoOIBHOE U3ITYUEHHE)

@ukcanus KOOpAWHAT MpH TOMOIIM TapMOHHYECKOro yclioBus. JIMHeapu3anus ypaBHEHHS
OviHmTeitHa. M3ydeHne cBOMCTB MIOCKUX TPaBUTAILIMOHHBIX BOJH: PAaCIpPOCTPAHEHUE CO CKOPOCTHIO
CBETa, CIHMPAIBHOCTH IUIIOC/MUHYC /Ba. M3ydeHue 3ama3bplBaloLIero pelIeHus] JTMHEapU30BaHHOTO
ypaBHEHUs] OMHINTEHHA M BbIIEJICHUE M3 HEro TI'PaBUTALMOHHOIO M3iydeHus. PasnoxeHue 1o
0o0paTHOH CKOPOCTH cBeTa (HEpENSTUBUCTCKHHA ciy4aid) u GopMmyna uii HHTEHCUBHOCTHU
KBaJ[pyIOJIBHOIO U3JIyYEHHUS.

8. LlenTpanpHo-cuMMeTpudHOE pemienne. Merpuka Bapiimunbsaa. @u3nka YepHBIX JBIP

HaxoxneHnue LEHTpaIbHO-CUMMETPUYHOIO pPEIIEHUs B IIyCTOTE€ M IPU HAJIWYUU CTAaTUUYECKOIO
LEHTPAIBHOTO 3JIEeKTpUueckoro 3apsina. Merpuka LlBapmmunbaa u e€ cBoiictBa. Hanbonee oOmme
KOOPJUHATHl B LIEHTPaIbHO-CUMMETPUYHOM ciyyae: koopauHarel Kpyckana. [loka3aresibcTBO Ipu
nomoInu koopauHat Kpyckamna toro ¢akra, yTo npoOHasi yacTula 3a KOHEYHOE COOCTBEHHOE BpEMsI
JOCTUraeT 0COOCHHOCTH YEPHOM JBIPBI, @ TAK)KE TOTO YTO 33 TPABUTAIL[MOHHBIM PaIIyCOM JIBH)KEHHE
BO3MOXKHO JIMIIb K LEHTPY. Jloka3zaTenbcTBO NHpH NOMOIIM OLIGHOK YaHapacekapa TOro YTO
HEUTpOHHAsI 3Be3/1a ¢ Maccoil Ooibllell KPUTHUECKOW HAaYMHAET KOJUIATICHPOBaTh IMOJ JCHCTBUEM
IPaBUTALIMOHHBIX CHJI, IPEBPAIASCH B YEPHYIO ABIPY.

9. OgHOpoaHBIEC U N30TpONHBIE Mojen Beenennoit. ®usnka moxeneit ®puamana

U3oTtponHOe TpOCTpaHCTBO. 3aKpbiTas H30TPONHAs Monenb. OTKpbITas H30TPOIHAS MOZECIb.
Kpachoe cmemienue.

5. Onucanue MaTepuaJIbHO-TeXHNYECKOH 0a3bl, HeOOXOIMMON AJIl OCYLeCTBJIECHHS 00pa30BaTEJILHOIO
npouecca 1no JUCHUILInHE (MOIYJII0)



a) HeobOxomrMoe o6opyaoBaHue JUis JIEKIUKA ¥ MPAKTHYECKUX 3aHATUI: I0CKA, MEJ, TPATIKA.
JKenarenbHO TakKe NPUMEHEHHE MYJIBTUMEIHIHOTO 000pyIoBaHus (TIPOCKTOP), LIS JTydIIei
OpraHu3aIuH JCKINH.

0) Heobxomumoe mporpamMmmHOe oOecrieueHue: He TpedyeTcs

6.IlepeyeHb pekoMeHAyeMOM JIUTEPATYPHI

OcHOBHas JIuTEparypa
1. JIekuuu no o61eit Teopun otHocutenbHocTH [Teket] / C. H. Beprenec ; M-Bo o6pa3oBaHusi 1 HayKu
P®, Mock. ¢us.-trexs. us-t (roc. yH-1) - M.M®DTHU,2017
2. Teopernueckas ¢usuka [Tekcr] : 8 10 T. T. 2 : Teopus mons : yue6. mocobue st By3oB / JI. 1.
Jlannay, E. M. Jludmmun ; mox. pen. JI. IT. Tluraesckoro .— 8- uzn., crepeoturt. — M. : Ou3mMamiuT,
2001, 2003, 2006, 2012, 2014 .— 536 c.

JlomomHUTEbHAS IUTEpaTypa
1. O6mast reopus otHOcuTenbHOCTH [Teker] : [ydeb. mocobue mist By30B] / I1. A. M. [lupax ; mep. ¢
anrn. . B. Hcaesa ; nox pea. 1. U. baoxunuesa .— M. : Atomuznar, 1978 .— 65 c.

7. llepedyenn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHMKAIIMOHHOI ceTH ""UHTepHeT" , HEOOXOTUMBIX
JJIS OCBOCHUS] JUCHMILIUHBI (MOLYJIs1)

He HCIOJIB3YIOTCA

8. IlepeyeHb MH(OPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NPH OCYLIECTBJICHNH 00pa30BaTeILHOIO
npouecca 1o AMCuMILINHe (MOIYJII0), BKJII0OYasl lepeYeHb He00X0AUMOr0 NPOrpaMMHOI0 olecredeHust
H HHPOPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)

OnekrponHas 6ubnuorexa lib.mipt.ru
9. MeTonnueckue yKa3anus 1J1si 00y4al0UIUXCs 110 0CBOSHHIO TUCHMILTHHBI (MOTYJIsI)

WunuBunyanbHas paboTa MpernoiaraeT caMoOCTOSITENbHOE BBIIOIHEHHE CTYIEHTOM OIPEAEICHHOIO B
«3amanum» Habopa ynpaXHEHUH W 3a]lad B COOTBETCTBHU C TEMAaTUKOW CeMUHAapCKuX 3aHsATHi. [lpu
HEOOXOAMMOCTH CTYAEHT TMOdy4daeT KOHCYJIbTAllMI0 IO BBHINOJHEHUIO OTICJNBHBIX 3agad Y
MperojaBareist BeIyLIEro 3aHATHA KaKk BO BpPEMs IPOBEACHUS CEMUHAPCKUX 3aHITHH, TaK U BO
BHEYPOYHOE BpEMs II0 COIVIACOBAHMIO C IIpernojaBareieM. «3aJaHue» pas3laeTcsi BCEM CTYIEHTaM B
BUJE Y4eOHO-METOIMYECKOTO0 MaTepHualia, CoIepsKallero NporpaMMy Kypca M yHpaKHEHUs, U 3a/1auu,
BKJIIOYEHHBIE B JIBa JOMAalIHUX 3azaHus. CTyNEHT TakKe MMEeT BO3MOXHOCTh B TE€UEHHUE CEMEcCTpa
MOJTy4YaTh KOHCYJIBTAllMHU TI0 BBITIOJHEHHUIO KYPCOBOW PaOOTHI.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

110 HANIPABJICHUIO: ®DoToHUKa 1 ONTOMH(POPMATHKA

Nnpo¢uJIb NOATOTOBKH: @DOTOHNKA, KBAHTOBBIE TEXHOJIOTUH U IByMEPHBIE MAaTEPHAIIBI
OusTex-mkona QUMK U ucciaeoBanuil uM. Jlanaay
kagenpa reopernueckort ¢puzuku um. JI.J1. Jlannay

Kypc: 1

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

Pa3paborunk: C.H. Beprenec, xaua. ¢u3.-MaT. HayK, TOICHT, JOIICHT



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

2. Iloka3aTe/in OLlEHUBAHUA KOMITETEHIU

B pesynbrare n3ydenus AuciiuIuinHbl «OCHOBBI 00IIIEH TEOPUH OTHOCHUTEILHOCTHY O0YUaIOIIMNACS JTOJIKCH:

3HATb:

- OcHoBbl UG (depeHITnaNIBHON TeOMETPUN (TEH30pHBIM aHAJIM3 Ha MHOTOOOpa3Wsx, ammapar
muddhepeHITMaIBHBIX (OPM, TEOPUIO CBI3HOCTH HA METPUUYECKUX MHOTO000Pa3UsIX, TEH30Phl KPUBU3HBI
W Kpy4YeHHUs), MOCTYIaThl U NMpUHIUIE OOIIel TeOpUH OTHOCUTENLHOCTH, PENIITUBUCTCKON MEXaHHUKH
B HCKPUBIICHHOM IIPOCTPAHCTBE-BPEMEHU;

- ocHoBHbIe ypaBHeHUs1 OTO, maBHBIM U3 KOTOPBIX SBISIETCS YpaBHEHHE DHHINITEHHA;

- CBOICTBAa W OCHOBHBIC METONBI PEIICHUS YpaBHEHUS OWHINTEHHA, BKIIOYas CiIydail CiraObix
IPaBUTAIIMOHHBIX TOJIEH, CHJIBHBIX TOJE€H B IEHTPaJIbHO-CHMMETPHYHOM CiIy4ae, a TaKKe MOeNn
Bcenennoit no ®@puamany, aexaniue B OCHOBE BCE COBPEMEHHOM KOCMOJIOTHU.

yMeTh:

- Ilonmp3oBarbes anmapaTroM TEH30PHOTO aHAJIM3a HA MHOTO0Opas3Hsx;

MIOJIb30BATHCS arnmnapaToM IuddepeHInanIbHbIX GopM;

YMETh IPEICTABIATh TEH30Pbl KPUBU3HbBI M KPYUEHHsI IIPY NOMOIIHM anmapara auddepeHnuaibHbIX
¢dopm (ypaBuenus Kaprana);

- CcBOOOJHO BIaeTh OCHOBHBIMU ypaBHeHUs MU OTO;

- pewarp 3aJa4d NPO M3IYUYCHHE IPABUTALMOHHBIX BOJIH B KBaJIPYHOJIbHOM HPUOIMKEHUH, T.C. B
HEPEJSITUBUCTCKOM CIIy4ac;

- pewarp ypaBHeHusa OTO B ueHTpanbHO-CUMMETPHUYHOM ciiyyae (4epHas AbIpa), a TAKXKE B CiIydae
OJHOPOJHOTO U U30TPOITHOTO MpOCTpaHCcTBa (Moaenu Beenennoit mo @puamany).

BJIaJeTh:

3. Ilep

- OCHOBHBIMH METOJIaMH MaTemaThudeckoro ammapara OOmield Teopur OTHOCHTEIBHOCTH,
PENSATUBUCTCKON MEXaHUKU B KPUBOM MPOCTPAHCTBE-BPEMEHU;

- HaBBIKAMH TEOPETHYECKOTO aHalu3a peabHBIX 3aJlad, CBA3aHHBIX KaK CO CBOWCTBaMHU
HUCKPUBJICHHOTO MPOCTPAHCTBA-BPEMEHU M MAaTEPHUM, BKIIIOUAs CHUCTEMbl 3apsSHKCHHBIX YacTHII,
B3aMMOJICHCTBYIOIUX C 3JEKTPOMArHUTHBIM TOJIEM, TaK U CO CBOMCTBAMH CaMOTO TPaBUTAIMOHHOTO
TOJIsI, CBSI3AHHOTO WJIM HECBSI3AHHOTO C MaTEepHUEH.

€4eHb TUINOBBIX (IPUMEPHBIX) BONIPOCOB, 3aJaHMUIi, TeM JIJI HOATOTOBKH K TeKYIEMY KOHTPOJIIO



3. [lepeyeHb THUNOBBIX KOHTPOJIBHBIX 3aJaHUIl, MCHOJb3yeMbIX AJf OLEHKHM 3HAHMI,
YMEHHIi, HABbIKOB

ATTGCTaL[I/IH IO JUCHUIITINHEC «OCHOBEI OGH.ICﬁ TCOPHUU OTHOCHUTCIBHOCTH» OCYHICCTBIIACTCA B
(bopMe HUTOTOBOI'0 3K3aM€Ha ITOCJIC OCCHHETO CEMECTPA U3YUCHU .

YMeHuss U HaBBIKM CTYJEHTOB ONpPEACNSAIOTCS MO WTOraM CJadyd JOMallHUX 3ajlaHuil. Bcero
CTyJIEHTaM TMpe/JlaraeTcsi JBa JOMAIIHUX 3aJlaHusl B CEMECTp. 3aJaHUe COACPKUT TPU THUIIA
3alad W yOpakKHEHHH. TUMOBBIE 3a7auM W YHNPaXKHEHUsS pa3OMparoTcsi Ha CEMHUHAPCKHX
(MpaKTUYECKUX) 3aHATUSIX. AHAJIOTUYHBIC 33/1a4¥ U YIPAKHEHHUS CTYIEHTHI JOJKHBI PELIUTh
CaMOCTOATEJIbHO, HCIOJIb3Yysl PEKOMEHJOBaHHYIO JuTeparypy. Kpome Toro, cryaeHTam
MpEeAIaratoTCs CHEUHAIbHO MOMEYEHHBIE 3a7a4d MOBBIIIEHHOM CI0KHOCTH. PelieHue Takux
3a/1a4 TpeOyeT OT CTY/IEHTa HAaBBIKOB M MPEJACTABIIICT COOOM OIICHKY HAaBBIKOB PEIICHUS 3a7ad
MTOBBIIIIEHHOM CIIOKHOCTH.

HaBbIku CTyZIEHTOB MpPOBEPSAIOTCS B pE3yNbTaTe pEHICHUS KOHTPOJBHBIX pPAa0OT, KOTOpPHIE
MPOBOJATCS BO BpeMs AayIUTOPHBIX 3aHATHH. 3a/lladyd aHaJOTUYHBI THUIIOBBIM 3ajlayaw,
BKJIFOYCHHBIM B JIOMAITHUE 3aJaHus, KaK PAaCCMOTPEHHBIX Ha CEMHHAPCKUX (IMPAKTHYECCKUX )
3QHSTHSIX, TaK U MPEIIAraeMbIX ISl CAMOCTOSITEIIEHOTO PelieHus . 3aaHusl KOHTPOJIBHBIX padoT
OILICHEHHI B ONpEACICHHYI0 CYMMY 0aJlIOB, YTO MO3BOJISIET OIICHUTh YPOBEHb YMEHUS U HABBIKOB
CTYAEHTOB.

IIpuMepsl KOHTPOJIBHBIX 3aJJaHUN:

1. Omnpenenuth OCHOBHBIE CBOMCTBA 3JIEKTPOHEUTPATIbHOM MJ1a3MBlI.
A. BbluMcauTh NOJAPU3ALUOHHBIN ONEPAaTOp M PajuyC DSKPAHUPOBAHMS HU3KO
TEMIIEpaTypHOH IUIa3MBbl.
b. OmnpenennTes NPOCTPAHCTBEHHYIO M BPEMEHHYIO AMCIEPCHIO IOJSPU3ALMOHHOTO
orepaTopa B IpeZeiie BBICOKON IUNIOTHOCTH.
B. Ompenenuts monpaBKU K YpaBHEHHMIO COCTOSHUS HU3KO- U BBICOKOTEMIIEPATYPHOMN
IIJ1a3MBl.

Kaxnpiii Bompoc 3ajjaHus OLECHEH B ONPEACICHHYI0 CyMMY OalIoB B 3aBHCHMOCTH OT
CIIO)KHOCTH M YpOBHS (3HaHUs, yMeHMs W HaBblku). [lomHas cymma OaioB mnpumepa
KOHTPOJIbHOM paboThl paBHa 50.

Konkpertnsie ycioBust Habopa 6amioB 3a paboTy B ceMecTpe MOTYT 3aBHUCETh OT JIEKIIMOHHOTO
MOTOKA U OTIpeNIeNIAt0TCs JIeKTOpoM. OOLIMM OcTaeTcs Cieayrolee MPaBUIIo.

B Teuenme cemectpa CTyAeHT HaOWpaeT CyMMy OajUIOB IO pe3yJbTaTaM TECTOBBIX OMPOCOB
(Hanmpumep, 50 GaysioB), MO pe3yabTaTaM cladd ABYX 3agaHuil (Hampumep, 80 GamioB) u 1o
pe3yibTaTaM JBYX KOHTpOJbHBIX (Hampumep, 100 6amios). Kpome Toro, 3a pemienue 3amau
MOBBIIIEHHON CJIO)KHOCTU JIOMAIIIHEro 33JaHusi CTYACHT MOXET Ha0paTh NpeMHUalIbHbIE
(6onycHbIe) Oautbl 110 ABYM 3amanusMm (Hampumep, 30 6amios). [lonHbIM O6amn oneHUBaeTCs B
naHHOM ciydyae cymmoil 230 6amnoB. Ilo pesynbraTaM HTOTOBOTO pEHTHHIra CTYIEHT MOXKET
HaOpaTh HEKOTOPYIO CYMMY, KOTOpast OIICHUBAETCS B % OTHOCHUTEIIFHO MOJTHOTO Oaia.

3a. [lepeyeHb THNOBBIX KOHTPOJBHBIX 3aJaHMH, HCHOJb3yeMbIX ISl OUEHKH 3HAHUIA,
YMeHHUIi, HABBIKOB (OCEHHUI cemecTp)

HToroBasi sK3aMeHaIlMOHHAs OIEHKAa BBICTABJIICTCS CTYACHTY C YYETOM OLICHKH €ro paboThl B
cemecTpe.



DK3aMeH MPOBOJUTCS B YCTHOU (popme. DK3aMeHAIIMOHHBIE OMIIETy MOTYT COACPkKaTh HAPSIAY C
TEOPETUUYECKHUMH BOIPOCAaMH, TakKe M TUIOBbIe 3amauu. Popma Ousera ompenensercs
JIEKTOPOM U 3aBUCHUT OT JIEKIIMOHHOT'O MOTOKA.

TpamunmonHas opma OmIeTa COASPKUT 2 TEOPETHUSCKUX BOMPOCA U OJTHY TUTIOBYIO 3a/1a4y.
OtBer cryaeHTa oueHuBaetcs o 10-0amuibHOM HIKae.

bunersl Takke MOryT coCTOATH W3 3 — 5 OTHOCUTENIBHO INPOCTBIX BOIIPOCOB M BOIpPOCA
(BOIIPOCOB) TMOBBIIEHHOW CHOXHOCTU. [IpocThle BOMPOCH OIEHUBAIOT YPOBEHb 3HAHUM.
CI10kHBIE BOIIPOCHI OIIEHUBAIO YPOBEHb YMEHUI U HABBIKOB.

[Tpumep Ouneta ¢ BOmpocamu pa3HOrO YPOBHSI:

1. BblumMcauTe aMIuIMTyny TYHHEIBHOTO TOKAa JUIA CIydas KOHTAKTa JBYX OJMHAKOBBIX
CBEPXIPOBOTHUKOB.

2. Haiitu ypaBHEeHME COCTOSHUS IS MoJen Xa66apa ¢ 6ECKOHEYHBIM OTTAIKUBAHUEM.

3. BBIUMCIUTH aMILIUTY/ly pacCessHUs CIMHOBBIX BOIH B Ipubamxenuu bopha-Jlaiicona.

4

3anucarh JIECTHUYHOE YPaBHCHHEC IJId IBYX BO36y>KIIeHI/II>'I C IIPOTUBOIIOJJIOKHBIM 3HAKOM
IMPOCKIHHU CIIMHA, OTHOCAIIUXCA K HYOKHEH Xa66apI[0BCKOI71 30HC.

30. Kputepun oneHnBaHus

CryneHThl, MOMydUBIIAE 32 PabOTy B CEMECTpe K Hadaly 3K3aMEHAIMOHHOW CECCHH OIICHKY
«HeynoBineTBopuTenbHO» (MeHee 30% ycBOoeHMsI MaTepuana), CUUTAIOTCA HE YCBOMBIIUMU
MaTCpHrall U HC BBINIOJIHUBIIMMU 3aJaHHA KypCa, IIO3TOMY K 9K3aMCHY HC JOITYCKAarOTCH.
CryneHThl, OTBETHBIINE Ha 4 BOIPOCA, MOJIY4aeT OLIEHKY «OTIMYHOY ().

Hrorosas OIICHKA BBICTABJIACTCA B COOTBECTCTBUU CO CXEMOM:

Ornenka basnbl Kpurepun

10 10 6amnoB 3a HK3aMeH U OIIEHKa 3a paboTy B ceMecTpe He
HIKE 8.
9 6annoB 3a 5k3ameH U 10 GansoB 3a paboTy B ceMecTpe

9 9 GayIoB 3a BK3aMEH M OIleHKa 3a paboTy B CEMECTpe He
OTan4HO HIDKE 8.

8 8 OaJTOB 3a SK3aMEH U OIIEHKA 3a paboTy B ceMecTpe He
HUXe 6.

7 6asioB 3a 3k3aMeH U Oosiee 8 6ayioB 3a paboTy B
ceMecTpe

7 7 6ayIoB 3a 3K3aMeEH M OlIeHKa 3a padoTy B cEMecTpe He
HIXKE 5.

6 6ayIoB 3a 9Kk3aMeH U Oosee 8 6ayioB 3a paboTy B
ceMecTpe

6 6 0asuIoB 3a dK3aMEH M OIleHKa 3a paboTy B ceMeCTpe He
Xopouio HIKE 5.

5 6anioB 3a sk3aMeH U Oosiee 7 6ayioB 3a paboTy B
ceMecTpe

5 5 GaJuIoB 3a dK3aMEH M OIleHKa 3a paboTy B CEMeCTpe He
HUXe 3.

4 4 Oayia 3a HK3aMEeH U OIIeHKa 3a paboTy B CEMECTpe He
YJIOBJIETBOPUTEIHHO HIKE 3.

3 3 Gajuta 3a K3aMEH M OIleHKa 3a paboTy B cemecTpe 3.




Hey/10BJIETBOPHTEIBHO 2 2 Oayta 3a 9K3aMEH M OIICHKa 3a paboTy B cemecTpe 3.

1 1 GaJ 3a 3K3aMEH U OIIEHKa 3a paboTy B cemecTpe 3.

5. MeToauyeckue MaTepuaJibl, onpeaesiioiue nNpoueaypbl oleHMBaHUA 3HAHUH, YMEHUId,
HABBIKOB M (MJIM) ONBITA JeSITeJILHOCTH

CryneHTbl, JONMYyIICHHbIE K AK3aMEHY, OTBEUAlOT Ha BOIPOCHI OWieTa, UMesi BO3MOKHOCTh Ha
MOJArOTOBKY He MeHee | udaca. OTBeThl HPEJCTABISIOTCS B MUCBMEHHOM BHUZE, MO KOTOPHIM
IPOBOJUTCS YCTHOE COOECeI0BaHNUE.

Orenka 3a OTBET Ha OMJIET BBICTABJISIETCSI B COOTBETCTBUU CO CIEAYIOUINM KPUTEPUSMHU:
CryneHT, OTBETUBIINN PABUIIBHO

Ha | Bompoc, Moyy4aeT OLeHKyY «HeyaoBm» (1);

Ha 2 BOIpOCa, MOJIY4aeT OLICHKY «yIoBI» (3) uin (4), B 3aBUCUMOCTH OT MOJIHOTHI TPaBUIIbHBIX
OTBETOB U OTBETOB Ha JIPYT'He BOIIPOCHI,

Ha 3 BoIpoca, MOJy4aeT OLEHKY «xopomio» (5), (6) wiu (7), B 3aBUCUMOCTA OT TOJHOTHI
MPABUJIbHBIX OTBETOB U OTBETOB Ha JIPYTHE BOIIPOCHI,

Ha 4 BoIpoca, MOJIy4aeT OLEHKY «OTau4Ho» (8), (9) umu (10), B 3aBUCUMOCTH OT IOJHOTHI
MPABUJIbHBIX OTBETOB U OTBETOB Ha JIPYTHE BOIMPOCHI,

Bo Bpems mpoBeleHusl dK3aMeHa CTYJEHTBl MOTYT I10JIb30BaThCsl IPOrPaMMON JIUCLHUIIIIMHBI U
cOOpHMKaMU JIOMAIIHUX 3aJaHuil. Y4eOHOH, y4eOHO-METOIMYEeCKOH ©  CIpaBOYHOU
JUTEPaTypOH MOJIB30BATHCA BO BPEMsI dK3aMe€Ha HE JOIycKaeTcs. Bo BpeMs sK3aMeHa JOJIKHBI
OBITh TAKXKE BBIKIIFOUCHBI MOOHMITLHBIC TEIE(OHBI.

[lepen HauanoM SK3aMEHAILMOHHOM CECCUU CTYEHTHI MOJIy4atoT [epeueHb BOIPOCOB, OTBETHI Ha
KOTOpble HEOOXOJMMO 3HATh JUIsl YCHEIIHOM caayu sk3ameHa. DopMyIupoBKH BONPOCOB B
OuieTax CTyJIEHTHI Y3HAIOT BO BpeMs KOHCYJIbTaIUil.

CryneHThl, MOJIYYMBIIME HTOTOBYIO OLEHKY «oTiauuHO» (10) m pemmBiIIMe W 3alIUTHUBIINE
3a/la4i IOBBIIIEHHOW CJIOKHOCTH JIOMAIHErO 3aJaHus, MOTYT IOJY4YUTb JOIOJIHHUTEIbHBIC
3a4eTHBIE €AMHUIIBI 110 KypCYy.




