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N0 THCHUTIJINHE: BBenenue B pU3MKy 21€MEHTapHBIX YaCTHIL
10 HANPABJIEHHIO: IIpuknagHbie MaTeMaTHKa U (pU3MKa
npopuiab NOArOTOBKH: OOmas u nmpukiagHas Gu3uKa
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Kypc: 1
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CemecTp, hopMBI MPOMEKYTOUHOH arTectanuu: 1 (oceHHUH) - DK3aMeH
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[Iporpamma obcyxneHa Ha 3aceqanuu Kadenpsl GyHAaMEeHTAIBHBIX B3auMoaencTBUI 1 kocMomnorun 04.06.2021



AHHOTANMA

VYueGHbI Kypc «BBenenne B GU3MKy 31€MEHTapHBIX YACTHI» MPEACTABIIET COOOH BBEACHNE B COBPEMEHHYIO
Teopuio (PyHIAMEHTAJIbHBIX B3aUMOJCHCTBUM Ul CTYACHTOB, CIEIMAIM3UPYIOIINXCS KaK B TEOPETUYECKOH,
TaK ¥ SKCHEpUMEHTAIBHOU (u3uke. B Kypce mpeaocTaBisitoTCs OCHOBHBIC CBEICHMSA, HEOOXOAMMBIE IS

MOHUMAaHMS TPOOJIEMaTHKU (DU3UKH YaCTHII,
COBPEMEHHBIX TCOPHIA.

(GU3UKN  yCKOPHUTENBHBIX OSKCIIEPUMEHTOB U IOCTPOCHUS

Buumanue ynensiercs comepkanvio kak CTaHAapTHOW MoJenu, Tak U psaa Teopuid 3a e€ pamxamu (TBO,
CynepcuMMeTpusi), a TakkKe OOBSICHEHHIO CBSI3M, BO3HMKAIOIIEH MEXIy OHKCIEPUMEHTOM U TEOpHEH.
JlononHUTENbHO, B paMKax Kypca (U3MKM YacTHL, H3Y4aeTcsi psjAg TeM KBAaHTOBOW MEXaHWKH, HE
3aTparuBaeMbIX B CTAaHJAPTHOM MpOrpaMMe MO TEOPETHIECKON (HU3HKE.

1. lean u 3apa4n

]_le.]'ll) JAUCHUIIINHBI

OCBOCHHUE COBPEMEHHOM IKCIIEPUMEHTAIBHON U TEOPETUIECKON (PU3UKH PIIEeMEHTAPHBIX YACTHIL.

3agauu AU CHUIIHHBI

— OBJIa/ICHHE TEPMUHOJIOTHEH U METOOJI0OTHEl (PU3KKHM 37IeMEHTApHBIX YacTHII,

— IpUOOpEeTEHNE HABBIKOB aHAJIM3a PE3YIBTAaTOB (PU3NUECKHUX IKCIICPUMEHTOB TI0 (PU3UKE YACTHIL;

— u3yuenune CraHIapTHOM MOAENM M Teopuil 3a €€ pamMKaMHu, MPOBEPSIEMBIX B CYIIECTBYIOIIUX

YCKOPUTCIIbHBIX U UHBIX OKCIICPUMCHTAX.

2. Ilepeyens opMupyeMBbIX KOMIIETeH M

OcBocHue AUCHUIIJIMHBI HAITPAaBJICHO Ha (bOpMI/IpOBaHI/Ie ClIeayronux KOMHGTGHL[I/Iﬁi

KOI[ 1 HAMMCHOBAHUEC KOMIICTCHIIMHN

I/IHILI/IKaTOpBI JOCTHIXKCHHUA KOMIICTCHIIMH

YK-2 CriocoGeH ynpaBisiTh IPOEKTOM Ha BCEX
JTanax ero peajin3anuu

VYK-2.1 ®opmynupyeT B pamkax 0003HAYCHHON MPOOJIEMBI,
Lenb, 3aJaud, AakTyalbHOCTb, 3HAUYUMOCTb (Hay4dHYIO,
MPaKTUYECKYI0, METOANYECKYIO U MHYI0 B 3aBUCHMOCTH OT
TUIA TIPOEKTa), OXHUIAEMbIE PpE3yJIbTaTbl U BO3MOXKHBIE
cdepbl UX IPUMEHEHUS

OIIK-1 Bnaneer cuctemoii pyHIaMEHTaIbHBIX
Hay4YHbBIX 3HaHUH B o0acTu
(u3MKO-MaTeMaTHYECKUX HayK

OIIK-1.1 3HaeT W cHocoOEGH  WCIONb30BaTh B
Mpo(eCCUOHANBHON  JIEATENBPHOCTH  (yHJAaMEHTAIIbHBIC
HAy4HbIC 3HAHUS B 00JaCTH (PU3NKO-MATEMATHICCKUX HAyK

OIIK-2 Nmeer nipeacraBieHre 00 aKTyalTbHBIX
npoOiieMax HayKd M TEXHUKU B 00JIaCTH CBOCH
poheCCUOHATBHON JIeTENLHOCTHU, CIIOCOOCH
Ha HayYHOM s13bIKe (hOPMYIHPOBATH
npodecCUOHANBHEIC 3aJIa4u

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

OIIK-3 Cnioco6eH BbIOMpaTh 1 (MIIN)
pa3padaThIBaTh MOJAXO/IBI K PEIICHHIO THIIOBBIX
Y HOBBIX 337124 B 00actu npodeccrnoHansHon
JEATEIIbHOCTH, YYUTBIBAsi OCOOCHHOCTH 1
OrPaHUYCHUS Pa3IMYHBIX METOIOB PELICHHS

OIIK-3.3 Bunameer aHaIUTHYECKUMUA U BBIYUCIATEILHBIMUA
METOJIaMU PEIICHMs], TOHNMAeT U YYUTHIBACT HA MPAKTHKE
IpaHUIBl TIPUMEHUMOCTH MOTYYaeMbIX PeICHUN

[MK-1 Criocoben crtaBuTh, (hOpMaIN30BBIBATH U
pemars 3aJa4u, B TOM YUCIIe pa3padaThIBaTh U
UCCIIE/I0BaTh MaTeMaTHYECKUE MOJICITN
M3y4aeMBbIX SBJICHUH U IMPOIECCOB, CHCTEMHO
aHAJIN3UPOBATh HAyYHBIE MPOOJIEMBI, TIOJTy4aTh
HOBBIC HAYYHBIC PE3yJIbTaThI

IIK-1.2 CnocobeH BbyIBHTaTh  THIIOTE3BI, CTPOUTH
MaTeMaTHYecKue MOAEIH ISl ONUCAaHUA H3y4aeMBIX
SIBIICHUI | TPOLIECCOB, OIICHUBATh KAueCTBO pa3paboTaHHON
MOJENN

[IK-1.3 CrnocobeH mNpuUMEHATh TeopeTHyecKkue u (Win)
SKCIIEPUMEHTAIbHBIE METOJIbI UCCIEAOBAHUN K KOHKPETHOMN
HAay4YHOM 3ajade W HHTEPIPETUPOBATH  IOJyuYCHHBIE
pe3yabTaThl

3. IlepeyeHb NIAHMPYEMBIX Pe3y/IbTATOB 00yUeHHUsI 0 JUCHMILINHE (MOLYJII0)
B pesynbrare 0cBOEHUS AUCLUIIMHBI 00y4aIOIINeCs JOIKHbI

3HATb.

OCHOBBI ITOCTPOEHHS TEOPUH (PU3NKU 3JIEMEHTAPHBIX YaCTHUII.

YMETb:




pemarh 3a/1a4u, BOSHUKAIOIIUE B (PU3UKE IIEMEHTAPHbBIX YACTHUII.
BJIaJIETh:
HaBBIKaMM IIOMCKA 3HAYMMOM MHPOpMAINH, HaBBIKAMH CaMOCTOSITEIbHON paOOTHI.

4. Conep:xkanne TMCUMIIMHBI (MOAYJIs1), CTPYKTYPHMPOBAaHHOE 1O TeMaM (pa3jejiaM) ¢ yKazaHueM
OTBEJE€HHOI'0 HA HUX KOJIMYeCTBA aKaJeMHYeCKUX YacOB 1 BH/I0B YUeOHbIX 3aHATHH

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

TpynoeMKoCTh MO BUJaM YUeOHBIX 3aHATHI, BKIIIOYAs
CaMOCTOATENIbHYIO padoTy, Jac.
Ne Tema (pa3znen) AMCUUTUIMHBL
Jlextiun | Cemunaper | JlaGopat. paGoOTHI Camoct.
pabora
| @yHIaMEHTalIbHbIE B3aUMOACUCTBUS H 3 3
3JIEMEHTAPHBIE YACTHIIBI.
2 PensTuBucTCKasd KMHEMATHKA. 3 3
3 CummMmeTpuu B PU3UKE YACTHULL. 3 3
4 CuiibHOE B3aUMOJIEIICTBHE. 3 3
5 DJeMEHTBI TEOPUU PACCESTHHUSL. 3 3
6 Marpuna IJIOTHOCTH B KBAaHTOBOM 3 3
MEXaHUKE.
7 DeHOMEHOJIOTHUECKHE MOAXOMB K 3 3
OTIMCAHUIO CUJIbHBIX B3aUMOJCHCTBUI
8 KBaHTOBas 25I€KTpOIMHAMUKA. 3 3
9 Cnaboe B3aMOnEHCTBHE. 3 3
10 |3a nmpenenamu CTannapTHOW MOZIEIH. 3 3
Hroro yacos 30 30
[TonroToBka k 3K3aMeHy 30 gac.
Oobmas TpynoEMKOCTb 90 gac., 2 3a4.e.

4.2. Cogpep:xaHue OUCHUILTUHBI (MOIYIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszeiam)
Cemectp: 1 (Ocennuii)

1. q)yH,Z[aMeHTaJ'IBHBIe B3aPIMO,I[CI>iCTBH§I " DJICMCHTAPHBIC YaCTHULIBI.

[MapagurmMa oSJeMEHTapHBIX 4YacTHIl M WX B3auMonehcTBuwil. Tumbl  QyHIAMEHTaIbHBIX
B3aMMOJICHCTBHIA: rPaBUTALMOHHOE, 3JIEKTPOMarHuTHOE, CUiIbHOE, crnaboe. Knaccudukanus gactu:
aJlpoHBI U JICNTOHBI, (OTOH W TNPOMEXyTouHble 0030HBI. Kiaccudukarus aapoHOB, GapHOHBI U
4yucIna,
XapaKTepU3YIOLUE 3JIEMEHTApHbIE YaCTHLIbl. BpeMms XU3HM YacTHLbl M IUUPHUHA. AJJUTUBHBIE U

MC30HBI. TpI/I IMOKOJICHHUA JICITOHOB W KBAPKOB. CTaHI[apTHafI MOACIb. KBanToBnie

MYJIBTUIUVIMKAaTUBHBIC KBAHTOBBIC YHCJIA. CHI/IH, YCTHOCTDH P, CuT.

2. PexgruBucTCcKkas KHHEMAaTHKA.

WuBapuaHTsl 1 3aKOHBI cOXpaHeHusl. KuHeMaTtnueckne orpaHMYeHHs B PeakLusiX B3aUMOACHUCTBUS 2
— 2. llepemennble Manaenpmtama. OIJIUIC paccesHUs M IJUIUIC pokaeHus. I[loporm st
poxnenus yactuil."[lonmoporosoe" poxnenue. llporecchl B3auMONEHCTBUS YacTHIl C SAPaMU B
"KMHEMaTH4IeCKHu 3arnpenieHHbx oonactsax". [lonsrtue "o kymymsaruBHOM uucie". KuHemarnueckue

orpaHu4eHus B pacnaznax yactuy 1 — 3. I'padux Januna.




3. CummeTpuu B PHU3MKE YaCTHUII.

Teopema Hérep u coxpanstomuecs BenuunHbl. Teopema Burnepa u cummerpuu. I'pynna Ilyankape
U €€ IpeACTaBIICHUs, CIIUH.

4. CuinbHOE B3aUMOJIENCTBHE.

CocraBHas CTpyKTypa aApoHOB. Mojenb cocTaBHBIX TunepoHoB Cakartsl-MapkoBa-OxyHs. Monenb
npoOHo3apsaaHbIX KBapkoB [emn-Manna — L{Befira. CtpanHocTs, rumniep3apsn, dopmyna [emr-Manna
- Hummmkumsl. O606menue ¢popmynsl [enn-Manna - HUIumKkuMebl JU1st KBaHTOBBIX YKCEN C, b 1 t.
SU(3)-unBapuaHTHOCTh  CHIBHBIX  B3aumopedcTBuil. CrpanHocte ¥ SU(3)-MynbTHUIIETHI
aNeMeHTapHbIX 4YacTull. OKTeT M JAeKymieT OapuoHOB. OKTETHI INCEBIOCKAISIPHBIX M BEKTOPHBIX
Me30HOB. KBapkoBbIf cocTaB OKTETOB W JAeKyiuiera OapuoHoB. HeoOxomumocTh BBEOEHHSA
KBaHTOBOI'O uucia — IBera. M3oTonuueckas WHBAapUAHTHOCTb CHJIBHBIX B3aUMOZIEHCTBUI.
Uzoronnueckuii cinH. COOTHOLICHUSI MEKAY aMIUTUTYJaMH Pa3InIHbIX IporieccoB. COOTHOIICHUS
MEXIy aMIUIUTyAaMu pacriaza u300apbl. COOTHOLIEHUS MEXIy aMIUIMTYJaMU paccesHusl HyKJIOHOB
Ha HYKJIOHAaX W MU-ME30HOB Ha HyKJoHaX. COOTHOIIECHUS MEXy aMIUIUTyIaMH pacraia BEKTOPHBIX
ME30HOB Ha [Ba IICEBIOCKAJSPHBIX Me30Ha. G-ueTHOCTh. CBs3b (-UETHOCTH C 3apsA0BOM
C-4eTHOCTBIO W HM30TONMUYEcKHM cnuHOM. IIpaBuia orGopa mo (G-ueTHOCTH B pacmajgax ME30HOB.
"BoceMmepuunblii myTh". @opmyna [emn-Mana-Oxy6o. COOTHOIIEHUS MEXAYy MaccaMu aJ[poHOB,
CJICAYIOUINE U3 YHUTAPHON CUMMETPUH.

5. DneMeHTBl TEOPUHN PACCESTHHUSL.

Ceuenue paccesHuss U cHocoObl ero omnpexneneHus. KBaHTOBOMEXaHMYECKOE paccesHUEe B
npubnmxennu bopHa. @opmdakTopsl. S-Marpuna. CBsi3b BEPOSTHOCTH IMPOLIECCAa C MATPUYHBIMHU
asieMeHTaMu S-Matpulisl. PopMysa A LMPUHBL pacnaja 4epe3 MaTpUYHbIM 3JEMEHT S-MaTpHLbl U
¢dazoBelii  00beM. BoiBom BblpaxkeHust i 93()(EKTUBHOTO CEUEHHUS B3aMMOICHCTBHS Uepe3
MaTpU4HbIM 21eMeHT S-marpuibl U (a3oBblii 00beM. PekyppeHTHblE COOTHOWICHMS [UIs
MHOTOYaCTHYHOTO (ha30BOro o0beMa. YHUTAPHOCTh S-MaTpuilsl. OnTrdeckas Teopema.

6. Marpulia mI0THOCTH B KBAHTOBOM MEXaHUKE.

Craructudeckuii oneparop. [lonsipuzannoHHbIe MAaTPUIIHI TNIOTHOCTH JJISl YaCTHIL CO CIUHOM 1/2 1
1. Ionsipuzanusa P u acumMeTpus A B peakiusix pacCcesHus yacTull. BbIBoI COOTHOIIEHUSI Mexay P
1 A B peakIiu paccesiHus yacTuil co cnuHamu 0 u 1/2.

7. DeHOMEHOJIOTUYECKHNE MOAXOAbI K ONTMCAHUIO CUIBHBIX B3aUMOAECHCTBUMN

I'mybokoHneynpyroe paccesiHue. B3anmojeiicTBre JIENTOHOB C HYKJIOHAMH B TMapTOHHOW MOJIEIH.
boepkenoBckasi mepemeHHas X u ee (usuueckuid cmbicil. CTpyKTypHBIE (YHKUMH U CEUCHHS.
B3anmopeiicTBue agpoHOB Mpu OONMBIIMX PHEPrHSX M HEepelaHHbIX uMmynscax s M t. [IpaBmma
KBapKoBoOro cuera. JlunonsHas ¢popmyna 11t popMdakTopoB HyKIOHOB.

8. KBaHTOBAas A1eKTpOAMHAMUKA.

OmnucaHue MpoIeccoB B3aUMOACHCTBUS ¢ moMomsio nquarpamM dDeilinmana. DddexTuBHbIE TEOpUU
nonisd. YpaBHenue Jlupaka. bucnimHopsl, marpunel Jupaka u ux cBoiictBa. GopMynsl Ui ciena oT
[IPOU3BEICHUS HECKOJIBKUX Tamma-marpull. [Ipasuna deiiHmMana 1151 KBAHTOBOM IEKTPOAUHAMUKH B
JIECTHUYHOM NpuOmmkeHnnu. (DeHMaHOBCKMI Mponararop, KaauOpoBOYHAs HMHBAPHAHTHOCTB.
KomnroHOBCKOE paccessHue B HAMHU3IIEM MOPSI/IKE MO0 KOHCTAHTE CBSI3H, CIEACTBUS KaJIMOPOBOYHOM
MHBapHaHTHOCTU a1 aMruTynael. @opmyna Kneitna-Humuneel s ceuenus. PaccedHue ee-ee B
KDOJI. MarpuyHble 37IeMEHTHI M CEYCHHE, CICICTBHsI KaTMOPOBOYHON WHBApUAHTHOCTH. PaccesHue
cBeta Ha cBete. O¢ddexkruBHoe neiictBue Oinepa-leitzenbepra. IloMck akcHMOHOB W APYIHX
9K30TMYECKUX 4YacTUL], B3aUMOJCHCTBYIOIUUX C DJIEKTPOMAarHETU3MOM. OJIEKTPOMAarHUTHbBIE
MIPOLIECCHI B YCKOPHTENAX YaCTHIL: 3JIEKTPOMArHuTHAs JUCCOLUAIINS.

9. Ciraboe B3auMOJIEHICTBHE.



UYetbipex-pepmuonHoe cinaboe B3aumojeiictBue. bera-pacnmaa HeitpoHa u runepoHoB. CrekTp
JIEKTPOHOB. 3aBUCUMOCTb BEPOSITHOCTH pacliaja OT 3HEproBbliesieHus. PaccesHue HEHTpuHO Ha
nentoHax. OOparHblil Oera-pacnaz, 3aBUCUMOCTh CEUEHUH OT DHEPTUU M NEePEAaHHOTO HMITYJIbCa.
Teopust anexTpocnaboro B3aumopelicTBusi BaitnOepra-Canama. CnaOwlii u3ocnuH. 9 4IeHOB
narpamkuana moxenu. KamubpoBounass mHBapuaHTHOCTh. CHOHTAHHOE HAapyLIEHUE CHUMMETPHH.
BosHukHOBeHHE Macc KanmuOpoBOouHBIX 0030HOB W u Z. Helitpanbupie Toku. KoHCTaHTBI CBsI3U
HEUTpaJIbHBIX TOKOB C JIENTOHAMH M KBapkamMHu Kak ¢yHKuuu yria BaiinOGepra. CeoiictBa W,
Z-6030H0B, pactiaasl W -> v u Z -> vv. Unuciao copToB HEUTPUHO M3 MIUPUHBI pacnana Z-6030Ha B
HEBUAMMBIE MOABI. XUITCOBCKMI 0030H U ero cBoiicTBa. KoHCTaHTHI CBsI3M M mmpHuHA pacnana H ->

11.
10. 3a mpenenamu CTaHIapTHON MOJIEINH.

Berymue koHCTaHTHI CBs3M (PyHIAMEHTAIBHBIX B3auMmojeicTBuii al, a2, a3. OcHOBHBIE uACH
Besmkoro oobeanHenust (GUT). KBuHTET KBapKOB U JIEITOHOB B TIEPBOM TOKOJICHHHU. JIeNTOKBapKH,
pacnax Hykiona. [lorstue o cynepcummerpun. Axcruon KX/ n akcHOHOTIOJOOHBIE YaCTHIIHI.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, He00X0AMMO AJIsl OCYIeCTBICHHUS 00Pa30BATEILHOIO
npouecca 1o JHCHUIIMHE (MOLYJII0)

VYuebHas ayIuTopusl, OCHAIEHHAs MYJIbTUMEIHAIPOCKTOPOM U SKPAHOM, JTO0CKOM.
6.IlepeyeHnb pekoMeHyeMOii TUTEPaTyPbI

OcHoBHas 1uTeparypa
1. ®uzuka anemenTapubix yactuil [ Texct]/JI. b. Oxyns, -M., Hayka, 1984

2. Jlenrronwt u kBapku [Teket] / JI. b. Oxynb .— 3-¢ u3j., crepeotun. — M. : Equropuan YPCC, 2005
—352c.

JomnonHurenbsHas auTeparypa
1. BBenienue B kBaHTOBYIO Teopuro ofisi [ Tekcer] : [yueOnuk juist By3oB] / M. Ileckun, J1. Ulpenep ;
nep. ¢ anm. mox ped. A.A. benasuHa, A. B. bepkoBa .— M. ; keBck : PerynspHas n xaoTndeckas
nuHamuka, 2001 .— 784 c.
2. KBanTtoBas mexanuka. Teopernueckuii MunumyM [Tekct], reopernueckuil Munumym/JI. Cacckunp,
A. ®punman, -CI16., [Turep, 2015
3. I. ®paysudenpaep, 3. Xennu. Cydaromuas pusuka — M.: U3a. Mup, 1979.

7. llepedyeHs pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHHKAIMOHHOI ceTH ""UHTepHET", HEOOXOTUMBIX
JJI51 OCBOEHHST TUCIMIIJIMHBI (MOTYJIs)

http://arxiv.org/ - apXxuB 3NEKTPOHHBIX MyOnuKanwmii. http://pdg.lbl.gov/ - 6a3a nanneix Particle Data
Group. http://nuclphys.sinp.msu.ru/ - pecypc “Snepnas pusuka B Unteprere”.

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 nexiuoHHbBIX 3aHATHIX UCTIONB3YIOTCSA MYJIBTUMEIUITHBIE TEXHOIIOTUH, BKITIOYas IEMOHCTPALIUIO
Npe3eHTAlUMN.

9. MeToauyeckue yKazaHusi AJis1 00y4arOIIMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

CryneHT, m3yJaromuii TuCIUIUINHY “BBeneHne B QU3MKy 3JIeMEHTAPHBIX YacTHUIl’, JTOJDKEH, C OJHOU
CTOPOHBI, OBJIJICTh OOIIMM TOHSATHWHBIM AaIaparoM, a C JAPYTod CTOPOHBI, JOJKEH HAYYUTHCS
NPUMEHSITh TEOPETUUYECKUE 3HAHUS Ha MpakThke. B pesynbrare U3ydyeHHs OUCLMILUIMHBL CTYACHT
JOJDKEH 3HaTh OCHOBHBIE OINpPEAENEHUS W TOHATHS, YMETh NPUMEHATh NOJIy4YeHHbIE 3HAHUS IS
pELIEHUS Pa3IMYHbIX 3a7a4.

VYenenrHoe ocBoeHHE Kypca TpeOyer:



— IIOCEIICHUS BCEX 3aHATHUH, TPEAYCMOTPEHHBIX YUE€OHBIM IJIAHOM IO AUCIMIUINHE,
— BEJICHUS KOHCIICKTa 3aHATHH;

— J)KapKo# caMOCTOsITeNTbHON pa0dOThI CTY/ICHTA.

CamocrosiTenpbHas paboTa BKIIOUAET B CE0s:

— YTEHHE PEKOMEH0BAaHHOM JINTEPaTyphl;

— TpopaboTKy y4deOHOro Marepuaja, MOATOTOBKY OTBETOB Ha BONPOCHI, MpPEAHA3HAYECHHBIX VIS
CaMOCTOSITENBHOTIO U3yUEHUS;

— pCUICHUC 3a71a4, npcajraraCMbiX CTyACHTAM Ha 3aHATUAX,

— INOATOTOBKY K BBIITIOJIHCHUIO 3a,[[aHPII71 TeKyuIefI n HpOMe)KyTO‘lHOﬁ aTTCCTalum.

ITokazarenem BJIAACHUSA MAaTCPUAIIOM CIIYKUT YMCHUC 0c3 KOHCIIEKTa OTBEYaTh Ha BOIIPOCHI 110 TCMaM
JUCIHMITIIIUHBI. Baxno I[O6PITLC$[ NNOHMMaHus H3y4aeMOro marcpuajja, a HC MEXaHHUYECKOI'o €Tro
3allOMHMHAaHMA. HpI/I 3aTPpYAHCHUU H3YUCHUA OTACIbHBIX TCEM, BOIIPOCOB, CICAYCT O6paH.IaTBC$I 3a

KOHCYJBTallMsIMU IIperofaBarelto. Bo3MoykeH IpoMeKyTOUHBI KOHTPOJb 3HAHUI CTYIEHTOB B BUJE
pelIeHys 3a1a4 B COOTBETCTBHH C TEMATHKOM 3aHATHH.



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 QpyHIaMEHTATbHBIX B3aUMOACHCTBUIA U KOCMOJIOTHH
Kypc: 1
kBaTuuKkanus: MarucTp

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

PaszpatGoTunk: M. /. ®utkeBuy, KaHa. GU3.-MaT. HAYK, ACCUCTEHT



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

VYK-2 CnocoGeH ynpaBiaTh 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

OIIK-1 Bnaneet cuctemoli pyHIaMeHTATBLHBIX
Hay4YHBIX 3HAHUH B 00acTu
(hu3HMKO-MaTeMaTHIECKUX HAyK

OIIK-1.1 SHaer © CIOCOOEH  HCHONIL30BaTh B
nmpoeCCHOHANBLHOW ~ NIeATENhbHOCTH  (PyHIaMEHTaTbHBIC
Hay4YHbIC 3HaHUS B 001acTH (U3NKO-MATEMaTHIECKUX HAyK

OIIK-2 Nmeet npeacrapieHne 00 aKTyalbHBIX
mpobiemMax HayKH U TEXHHKH B 001acTH cBOeH
po¢eCcCUOHANBHOM IesTENbHOCTH, CIIOCOOCH
Ha HayYHOM f3bIKe (hOPMYIHPOBATH
npogecCHOHANbHBIE 3a]1a41

OIIK-2.1 NUmeeT npeacTaBIeHUE O COBPEMEHHOM COCTOSTHUHT
WCCIICZIOBAaHWI B paMKax TeMaTW4YecKoil obmactu cBoei
npodecCuoHaTbHOU e TEBHOCTH

OIIK-3 CniocoOeH BRIOUPATh U (HITH)
pa3pabaThIBaTh MOXO/IbI K PEIICHHIO THIIOBBIX
Y HOBBIX 337124 B 00acTH npodeccuoHamTbHON
JIeATEIIbHOCTH, YIUTBIBasi OCOOCHHOCTH U
OTPAHUYCHUS PA3TUYHBIX METOJIOB PEIICHHUS

OIIK-3.3 BiameeT aHaIUTHYECKMMHM U BBIYHUCIMTEIHLHBIMHU
METOJJaMH pelIeHHs], TOHUMAeT U YYUTHIBAET HA MPaKTHUKE
CPaHULbl MPUMEHUMOCTH MOJIYyYaeMbIX PEIICHUN

[IK-1 CnocoGen ctaBuTh, HhOpMann30BHIBATH U
pemIarh 3aJ1a4u, B TOM YUCIIe pa3pabaTbIBaTh U
HCCJIE0BATh MaTEMaTHYECKUE MOJICIH
M3y4aeMBbIX SBJICHHUH U MPOIECCOB, CUCTEMHO
aHaJIM3MPOBATh HAyYHbIE TPOOIEMBI, [TOTyYaTh
HOBBIE Hay4YHbIE PE3YyJIbTaThI

[IK-1.2 CnocoOeH  BbABHrarh  THUIIOTE3bl, CTPOUTH
MaTeMaTHYeCcKue MOAEIM Ul OIUCaHMUA H3y4aeMbIX
SIBIICHUH U MPOLIECCOB, OLIEHUBATh KAYECTBO pa3paboTaHHOU
MOJENN

[MK-1.3 CnocobeH NpUMEHATh TeopeTHdeckue W (W)
JKCIIEPUMEHTAJIbHBIE METOJIbl MCCIEJOBaHUN K KOHKPETHON
HayyHOM 3ajadye M  HHTEPIPETUPOBATH  IOJYUCHHBIC
PE3ybTaThl

2. Iloka3arein OLleHUBAHUS KOMIIeTeHITHH

B pe3YIbTAaTC N3YYCHUA JUCIIUITIIMHBL <(BBC,[[€HI/I€ B (I)I/I3I/IKy QJICMCHTAPHBIX YaCTUL» 06yqalomm‘/ics[ JOJIKCH:

3HAThb:

OCHOBBI TIOCTPOCHUA TCOpI/Iﬁ (I)I/IBI/IKI/I QJICMCHTAPHBIX YaCTHUII.

yMeTh:

pemarb 3a/ja4uv, BO3HUKAIOIIHUEC B (I)I/I3I/IKG QJICMCHTAPHBIX YaCTHUII.

BJIad€Th:

HaBBIKAMU IIOMCKa 3HAYMMOI I/IH(i)OpMaLII/II/I, HaBBIKAMH CaMOCTOSITCIIbHON pa6OTBI.

3. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIPOCOB, 3aJaHHIi, TeM JJIsl IOATOTOBKHU K TeKylIeMy KOHTPOJII0

C 1enbl0 KOHTPOJS OCBOSHHUS O0ydYaromUMUCS Y4eOHOTO Marepuana MPOBOIUTCS YCTHBIA OMPOC B
HayaJie 3aHsATHS WIN B KOHLE 3aHATUS 110 IPOUIEHHOM TEME.

4. IlepeyeHb THNOBBIX (IIPMMEPHBIX) BONPOCOB M TeM /1J1 IPOBeJAeHHs POME:KYTOUHOI aTTecTaluu

o0yuaruuxcst

Hepequb KOHTPOJIBHBIX BOIIPOCOB

1. Knaccudukanus ¢pyHnaMeHTaIbHBIX YACTHIL M UX B3aUMOACHCTBUH.

2. I/IHBapI/IaHTBI peHHTHBHCTCKOﬁ KHMHCMATUKU U 3aKOHbI COXPAaHCHUA.

3. Paccednue 2 — 2. [lepeMenHbsle MaHzenpmrama.

4. Pacnan 1 — 3. I'padux Januua.
5. CedeHue paccesiHus.

6. brépkeHoBCKM ckelnuHT. IlapTOHHAs MOzETb.




7. CTpyKTypHBIE QYHKIIMU aJPOHOB.
8. Marpwuria rmioTHOCTH.

[IprMepbl KOHTPOJIBHBIX 33JaHUU

1. Haitnure mist peaknuu QotopokacHus (u-me3oHa Ha mokosimemcs: npotone B JI.C.O., ummynbc
POXIEHHOTO Ha nopore (pru-Me30Ha B IPUOIIKEHIH PABEHCTBA MacC apOHOB.

2. Jloka3aTb, YTO €CIM B KakKOH-THOO CHUCTEMe OTcueTa HampaBJICHUS IBMXKECHHUS IBYX ()OTOHOB
COBIAJIAIOT, TO OHH Oy/AyT COBIIAATh U B 000N IPyroi cuCTeMe OTCUeTa.

3. BeKTopHbIIl HEUTpaNbHBIN PO-ME30H MOXET pachacTbCsl MOCPEACTBOM CHIIBHOTO B3aUMOJEHCTBUS
Ha JIBa 3apsDKEHHBIX IH-ME30HA. 3Has, 4To P-ueTHocTh mHM-Me30Ha paBHAa -1, HAlTH YETHOCTH
po-Me30Ha. PaspenieH nu pacnaj po-Me30Ha Ha JiBa HEHTPAJbHBIX IIMOHA IOCPEACTBOM CHUJIBHOIO
B3aMMOJICHCTBHS?

4. Haiinure mopor peakuuu POXIACHHS JIEKTPOH-TIO3UTPOHHOW MHaphl MpH paccesHUd (QOToHA Ha
JJIEKTPOHE.

5. Iokaxwure, uTo pacnaja (OTOHA B DJICKTPOH-NMIO3UTPOHHYIO Mapy 3ampeiieH. UTo moMeHseTcsl, eciu
JIOPEHL-CUMMETPHS ISl (POTOHA OKaxkeTcsl HapylieHHoi: E=p+ap”3?

6. Paccmotpu oToOpaxkeHne nmpocTpaHcTBa MUHKOBCKOTO B IPOCTPAHCTBO APMHUTOBBIX MATPHUIL: X \mu
— M=xMmu \sigma \mu, rge \sigma — wmarpuusl [laynu c eaumnnuynoii marpuueii. [loctpoiite
o0paTHOe 0TOOpaKeHue.

7. Iloay4nTh KOMMYTallOHHBIE COOTHOILIEHUS TeHEpaTopoB rpymibl Ilyankape.

8. Haiitu C u P yeTHOCTH CcHCTEMBI COCTOALIECH M3 4acTUIBI co cmuHOM 0 M e€ aHTUYacTHUIIBI, €CIU
OpOUTaNTBHBI MOMEHT UX OTHOCHTEJILHOTO JBMKEHHS paBeH L. Cuntarh U3BECTHBIM, YTO BHYTPEHHHE
YETHOCTH YaCTUIbl U AHTUYACTHUIIBI OAMHAKOBBHI.

9. TlokaxkuTe, 4YTO CHELYIOIINE BEJIWYHMHBI SIBISIOTCS PEISITUBUCTCKUMHU HHBapHaHTamMu: d"4x,
d"3p/p™0, p~0\delta”3(p).

10. KakoBbI BO3MOKHBIE 3HAYEHUS TTOJTHOTO U30CIUHA PA3IMYHBIX IBYXITHUOHHBIX COCTOSHH?

[Tpumepsl 5K3aMEHAIMOHHBIX OWJICTOB (3alaHMi, TECTOB M JAp. MAaTepHaliOB, HCIOJIB3YyEeMBIX UL
MPOBEICHUS 3a4eTa, IK3aMeHa):

buner Nel
1. Ceuenue paccesiHus.

2. Haiinure nnst peakuuu QotopoxaeHus (u-me3zona Ha mokosimeMmcs: nporone B JI.C.O., ummynbe
POXKIEHHOTO Ha 1opore (hu-Me30Ha B MPHOIMKEHUN PaBEHCTBA MaceC aJ{pOHOB.

Buner Ne2
1. CtpykTypHBIe QYHKIMH aPOHOB.
2. Hatitn C 1 P 4eTHOCTH CHCTEMBI COCTOSIICH M3 YaCTHILI cO cnuHOM O M €€ aHTHYACTHULBI, €CIU

OpOUTATBHBI MOMEHT UX OTHOCHTEJILHOTO JBMKEHHS paBeH L. CunTaTh U3BECTHBIM, YTO BHYTPEHHHE
YETHOCTH YaCTUIbl U AHTUYACTHUIIBI OAMHAKOBBHI.

Kputepun onennBanus

Onenka ommyHO 10 OamioB - BBICTABISCTCS  CTYACHTY, IIOKa3aBLIEMY BCECTOPOHHHE,
CHCTEeMaTH3UPOBaHHbIE, DIIyOOKHE 3HAHMSA Y4eOHOW NporpaMMbl IUCHUIIIMHBL, TPOSBISIOIIEMY
HWHTEpeC K JaHHOW NPEAMETHOW 00JacTh, MPOJEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPUYCCKHU
MPUMEHATh X Ha NPAaKTHKE MPU PeIleHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHHUE
NPUHATHIX PELIEHUM.

Onenka omM4YHO 9 Oa/uioB -  BBICTaBISCTCS  CTYIEHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, ITyOOKHE 3HAHUS y4eOHON MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
MPUMEHSTh UX Ha MPAKTHKE NP PElICHUH KOHKPETHBIX 3aa4, CBOOOTHOE U PaBUIbHOE 0OOCHOBaHHE
HPUHATHIX PELICHAMN.

Ouenka ommMyHO 8§ OamuoB -  BBICTABISETCA  CTYHACHTY, II0OKa3aBIIEMy BCECTOPOHHHE,
CHUCTEMaTH3UPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW HpOrpaMMbl JUCLUUIUIMHBI U YMEHUE YBEPEHHO
NPUMEHATh MX Ha MPAKTHKE MPU PELICHNH KOHKPETHBIX 3a]ad, MPaBWIbHOE 00O0CHOBAaHHE MPUHATHIX
pELIeHN, ¢ HEKOTOPBIMH HEOUETAMH.

Ouenka xopoio 7 6ajioB - BBICTaBISAETCS CTYIACHTY, €CIIM OH TBEPO 3HAET MaTepHaj, IPaMOTHO H I10
CYILIECTBY M3JIaracT €ro, yMeeT NPHUMEHSTHh IMOIYy4YEHHBIC 3HAHMS Ha NPAKTHKE, HO HEIOCTAaTOYHO
IpaMOTHO 0OOOCHOBBIBAET MOJYYECHHBIC PE3YIIbTAThI.



OueHka Xopoto 6 0ajioB - BBICTABISETCS CTYIACHTY, €CII OH TBEPIO 3HAET MaTepHaj, IPaMOTHO H I10
CYILIECTBY M3JIaraeT ero, yMeeT MPUMEHSTD MOJTyUYCHHBIC 3HAHUS Ha MPAKTHKE, HO JIOMYCKAeT B OTBETE
WM B PEIICHUH 3a]1a4 HEKOTOPBIE HETOYHOCTH.

OueHka xopo1o 5 6ajuIoB - BBICTABISACTCS CTY/ACHTY, €CIIH OH B OCHOBHOM 3HAaeT MaTepuall, paMOTHO
W TI0 CYIIECTBY M3JIaraeT €ro, yMeeT IMPUMEHSTH IOJyYCHHBIC 3HAHMS Ha MPAKTUKE, HO JIOMyCKaeT B
OTBETE WJIY B PEILICHUH 33/1a4 JOCTATOYHO OOJIBIIOE KOJTHYECTBO HETOYHOCTEH.

OueHka ymOBIETBOPUTEIbHO 4 Oamia - BBICTAaBISAETCS CTYICHTY, MOKa3aBIeMy (parMeHTapHBIH,
pa3pO3HEHHBIN XapakTep 3HAHWH, HEJIOCTATOYHO IPaBHJIbHBIC (OPMYIMPOBKH 0a30BBIX MOHITHH,
HapYILCHUS JIOTUUECKON MOCIIECA0BATEIBHOCTH B U3JIOKEHHH NIPOrPaMMHOI0O MaTepHala, HO IPU ITOM
OH OCBOWJI OCHOBHBIE Pa3JIeibl yueOHOW MPOTrpaMMBbl, HEOOXOAMMBIC Ul NalbHEHWIIero oOy4eHHs, U
MOXXET IIPUMEHSATH [OJIyYCHHBIC 3HAHUS 110 00pa3ily B CTaHIAPTHON CUTYaIHH.

OueHka ylOBIETBOPUTEIbHO 3 Oaiia - BBICTAaBISAETCS CTYICHTY, MOKa3aBIeMy (parMeHTapHBIH,
pa3pO3HEHHBIN XapakTep 3HaHHi, JOIYCKAIOUIEMy OIMUOKM B (OPMYIHPOBKaX O0a30BBIX MOHSATHH,
HApYILCHUS] JIOTMYECKOH MOCJIEOBAaTeIbHOCTH B M3JIOKCHHUM NPOrPAMMHOIO Marepuaina, ciiabo
BJIaJICET OCHOBHBIMU pa3JeliaMi yu4eOHOU MpOrpaMMbl, HEOOXOMUMBIMHE JUTS JaJIbHEHUIIEro 00yUeHHs U
C TPYZIOM IIPUMEHSET ITOJy4YCHHbIC 3HaHHS IAKE B CTAaHIAPTHON CUTYaIHH.

OneHKa HEYIOBIETBOPUTEIBHO 2 0ajuia - BHICTABISIETCS CTYACHTY, KOTOPBIA HE 3HAeT OOJbIIECH YacTH
OCHOBHOTO COJCp)KaHUsI y4eOHOHW MpOrpaMMbl JUCIMIUIMHBI, JONyCKaeT rpyOble OIMMOKH B
(OpMyIHPOBKaxX OCHOBHBIX PUHIIUIIOB M HE YMEET UCIIONB30BaTh MOTYyYCHHBIC 3HAHHS NTPU PEIICHUN
THUIIOBBIX 33/1a4.

OreHka HEYNOBIETBOPUTEIBHO | 0ajml - BBICTABISIETCS CTYACHTY, KOTOPBI HE 3HAET OCHOBHOTO
cojiep KaHusl y4eOHOH MpOorpaMMbl IUCHUILTUHBI, JOMycKaeT rpyOeiiinne omnOKy B (GOpMYITUPOBKAX
0a30BBIX TOHATHH TUCHUIUIMHBI U BOOOIIE HE WMEET HABBIKOB DPEIICHUS THIIOBBIX IPAKTHYCCKHX
3aj1au.

5. MeTonu4eckne MaTepuabl, onpeneasone Npouexypbl OeHUBAHUA 3HAHUI, YMeHH I, HABBIKOB H
(W) onbITA AESATEJIbHOCTH

OK3aMeH TMpOBOMATCS B YCTHOH ¢opme mo Owieram. B Kaxkaom OwWiere mNpencTaBIeHO JBa
TeopeTuuecKkux Bompoca. [Ipu nmpoBeneHnn sk3amMeHa odydaromemycs npenocrasisercss 30 MUHYT Ha
noxrotoBky. Onpoc 00y4aromerocst He JOJKEH MPEBBIIIATh OJHOTO aCTPOHOMHYECKOIO Jaca.



