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1. MECTO JUCHUILIAHBI B CTPYKTYPE OFPA3OBATEJBHOM ITPOT'PAMMBI

1.1.TpeGoBanus K NpenBapUTEIbHON MOArOTOBKE OOYyYarOUIMXCs, MPEAIIECTBYIOINUE U
COITYTCTBYIOIIME AUCHUIUIMHBI, HA KOTOPBIX OCHOBBIBACTCS U3yYCHHE JTaHHOM:

JUCHUTUITUHBI IPOTPAMMBI MarCTPaTyphl:

Hnocmpannwiil sA3v1K,

DnexmponHvle pecypcvl U Yu@posvle mexHoI02UU 8 00paA308aHUU;

Dusuka 8vlCOKUX IHEPeUll,

Komnvromepnoe modenuposanue 6 gpusuxe;,

Memooonozusn u Memoowvl HAYUHBIX UCCIEO0BAHUIL.

1.2 luctuMIuiiHbl ¥ NPAKTUKH, [UISI KOTOPBIX OCBOGHHME JAHHOM JTUCIUIUIMHBI
HE00XO0IMMO KaK MPEe/IIIeCTBYIOIICE:

IIpouzeoocmeennas. npedOunioMHas NPAKMuUKA,

IIpousso0cmeennas: npoeKmHoO-mexHoI02U4ecKas NPaKmuKd,

Iloocomoska u 3awyuma BKP: mazucmepckou ouccepmayuu.

2. OIMIUCAHMUE JUCIUIIJINHbI

2.1.006mmas xapakTeprucTruKa

HanmeHnoBaHue mokas3aress 3HaueHue MoKa3aTels

HasBanwue o0pazoBaTenbHON TPOrpaMMbl 44.04.01 Ilenarormueckoe oOpa3zoBaHue
(marucrepckas nporpamma: Maopmarnka B
(u3nueckoM 00pa3oBaHNN)

udp u Ha3BaHUE B COOTBETCTBUU C yUEOHBIM b1.B.OJ1 U30panHbIe rmaBbl PU3NKH
IUIAHOM KOHJICHCHPOBAaHHOT'O COCTOSTHHS
Yactp 00pa3oBaTenbHON MPOTPaMMEBI Bapuartupnas yactp
KonnuecTBo 3a4eTHBIX eIUHHULL / BCEO YacOB 5,5/198

2.2.PacnipenieneHre 4acoB 10 meproaaM o0ydeHHsI

O01ee KOJIHYECTBO YaCOB
o = CaMOCTOS-
dopma =Y 9 .
= & JIeKIH- | Jlabopa- | MpaKTH- TeJbHOM dopma
00y4eHus & = BCEro
8 OHHBIX | TOPHBIX | YeCKHX pa6oThIi+ KOHTPOJIsI
KOHTAKTHAsA

OuHas 1 2 17 17 38 12 SK3aMeEH
OuHas 2 3 13 26 87 126 JK3aMeH
OuHas, Bcero 30 43 125 198
3aouHasa 1 2 2 4 66 12 SK3aMeEH
3aouHasa 2 3 2 4 120 126 SK3aMeEH
3aoy4Hasi, BCETO 4 8 186 198

3. HEJIX JUCUUIIJIMHBI

Llenv Oucyunnumel cocmoum 6 yenyonenuu y OyOYWUX MASUCMPOS 3HAHUL NO POV
meopemuyecKkux npoodnem 8 oonacmu Gu3uKU KOHOEHCUPOBAHHO2O COCMOANHUS U 3HAKOMCMEO C
npoonemamu Co8peMeHHOU (QUIUKU NOAYNPOBOOHUKOS, (DUUYECKO20 MAMeEPUAIO8e0eHUs;
U3yyeHue COBPEeMEHHOU  (QU3UKU  NOJNYNPOBOOHUKOS,  (PUIUYECKO20 — MAMepuanogeoeHusl;
npuoopemenue OnviMa UCNOIb30BAHUS MEMOO08 U3VUeHUs CBOLUCME MAmepuanos; uzydexue




4

@DYHOAMEHMATbHBIX NOHAMUL, 3AKOHO8 U Meopull, OMHOCAUWUXCS K Qu3uUKe KOHOEHCUPOBAHHO2O
cocmosanus ~ ewjecmea;  uzyuenue — Memooo8  PUIUYECKUX ~— UCCIe008aHUull  Pu3UKU
KOHOeHcuposannozo cocmosanus. Chopmuposams y — 6yOywux Ma2ucmpos OCHOBHbIX
npedcmasnenutl 6 obracmu Haubonee Nepedosvix Meopemudeckux npeonoLoNHCeHUull U
paspabomox no usuxe MACHUMHBIX AGLEHUU U QUIUKe HUSKUX meMnepamyp, a maxdice
Cnocobax noayuenus 6blCOKOMEMNEePAMYPHbIX CEEPXNPOBOOHUKOE U NEPCHeKMmU8ax ux
npaKmuueckoeo npumenenus. Hszopaunvie 2naebl GU3UKU KOHOEHCUPOBAHHOZO COCMOSHUS
npeoycmampusaem CaMOCMOAMENbHYI0 00pabomKy CcmyOeHmamuy meopemuyeckux OCHO8
He0bX00uM020 Mamepuaid, n0020moeKy 0y0ywe2o cneyuaiucma K npenooasaHuo NoaIy4eHHbIX
3HAHUL YYEeHUKAM 6 CpeoHell WKOle UIU CAMOCMOSMENbHOU HAYYHOU pabomuvl 6 obiacmu

Qusuxu.

4. KOMIIETEHIIUM OBYYAIOLIEI'OCs, ®OPMUPYEMBIE B PE3YJIBTATE
OCBOEHU S KOMIIOHEHTA OBPA3OBATEJIbHOM TPOI'PAMMBI, X
NHIAUKATOPBI U IIVTAHUPYEMBIE PE3YJIbTATbBI OBYUEHUSA

Komnerennun Nuaukaropsl PesynbTathl 00yyeHusi
[TK-3 Cnocoben [1K-3.1 Cnocoben [1K-3.1.1 YmMeer cTaBuTh U peliaTh
oTIpeneniTh chepy HCII0JIb30BaTh HCCIIEI0BATEIbCKUE 3a/1a4uu B

NPUMCHCHHS
pe3yabTaTOB HAYYHO-
UCCIIEIOBATEIbCKIX
pabor

TEOPETUYECCKHE U
NPAaKTUYCCKUE 3HAHUS
JUTS IOCTAaHOBKH U
pelLicHHs
UCCIIEIOBATEIIbCKIX
3aj1a4 B MPEIMETHON
00J1aCTH B COOTBETCTBUU
¢ npoduaeM U ypoBHEM
oOydeHus u B o0macTu
o0Opa3oBaHMsl.

IpeJMETHOH 00J1acCTH B COOTBETCTBUH
¢ mpo¢uieM 1 ypoBHEM OOydYEHUS U B
obsactu 00pa3oBaHUsI.

[1K-3.1.2 VYwmeer aHanu3MpoBaTh W

IMPUMCHATDb PE3YJIbTAThL HAay4YHBIX
I/ICCJ'IeI[OBaHI/Iﬁ pu PCLUICHUN
KOHKPCTHBIX HUCCICI0OBATCIIBCKHUX

3aJa4 (I)I/ISI/IKI/I TBEPAOro Teiia.

[TK-3.2 Cniocoben
IIPOEKTUPOBATh pabouue
pOTpaMMBbl YUeOHBIX
npeameToB «OKC»
(OTHenpHBIX
CHEIHUATH3UPOBAHHBIX
pa3zenoR).

[1K-3.2.1 VYmeer aHanu3upoBaTh H
CHCTEMaTH3HPOBATh pe3yIbTaThI
COOTBETCTBYIOLINX Hay4YHBIX
uccienoBaHu B oOnactu  (PU3BHKHU
KOH/ICHCUPOBAHHOT'O COCTOSIHUS.

[1K-3.2.2 VYmeeT: BeCTH TMOHCK W
aHaIM3  Hay4HOMl UHpOpMaLny;
OCYILECTBIISITh TMTAaKTHIECKYIO
00paboOTKy M aJanTalui0 Hay4YHbBIX
TEKCTOB B IENIAX HX IEpeBojia B
yueOHble MaTepuaibl, a TaKKe yMeeT
pa3pabarbiBaTh pabodne MporpamMMmbl
o TpeAMEeTy, Kypcy Ha OCHOBE
MIPUMEPHBIX OCHOBHBIX
0011eo0pa3oBaTeNbHBIX MPOTpaMM U
o0ecrneynBaTh WX BHITIOJIHEHUE.
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ITPOI'PAMMA JUCHUIIJIMHBI

HasBanune TeMbI

Kparkoe cogep:kanue Tembl (BOIPOCHI TEMbI)

Pasznen 1.

1. Ctpoenue kpucramionB

1.1. Kpucramueckue u amopdusie Tena. CTpoeHHe KpPUCTAILJIOB.
TpaHcisaioHHass CUMMETpuUsl. DJIeMEHTapHas sueika. Pemerku
bpaBe. Wunekcel Mwuiiepa. TodedHble M MOPOCTPAHCTBEHHBIC
rpynnbl. OCOOEHHOCTH PAacTPOCTPAHEHHS BOJH B MEPHOIUYCCKHX
cTpykTypax. 3akoH Bynbda - Bbparra. OOGpaTHas pemieTka. 30HBI
bpuitrosHa.

2. JledexThl B KpHCTAIIAX.

2.1. Jledextsl B kpuctamuiax. Toueunsie aedekTol, MX 00pazoBaHUe
u gubdysus. Bakancun. KomOuHamum aroMHBIX J1e(EKTOB.
KpaeBbie u BuHTOBbIE nuciokauuu. Bekrop broprepca. DHeprus
JHUCIOKaui.  J[BMKeHue  JUCIIOKaIMi. [lepenonzanue u
CKOJIbKeHHEe. MexaHn3Mbl 00pa30BaHus IUCIOKAIMHA B KpHCTaJIaX.

3. XuMHUI€eCKasi CBS3b.

3.1. Tumbl XWUMHYECKOH CBSI3U B KpuCTaiax. MexaToMHOe
B3aMMOJICHCTBUE U CWIIbI CBSI3U B TBEpIOM Tese. CTpyKTypHbIE U
buznyeckue 0COOEHHOCTH MOHHBIX, KOBAJICHTHBIX, METAIITNYECKUX
Y MOJIEKYJIIPHBIX KpUCTAIUIOB. [NIOTHOYIIaKOBaHHBIE CTPYKTYPHI.
AMopdHble Tenma - METONAbl IMOJIydeHUs U JU(pakirOHHOTO
UCCIIEN0BAHNS CTPYKTYphl. JKuakue kpuctamwibl. PuU3MKa TOHKUX
mieHok. HanomaTepuaibl.

4. KBa3uuacTHUIlbI.

4.1. OnucaHue SHEPreTUYEeCKOro COCTOSIHMSI KPUCTAUIOB C
oMouIpo0 raza ksazuuactull. IIpumeps! kBazuuactul. DOHOHBI,
MarHoHbl, 3KCUTOHBI, MJIA3MOHBI U Jp. DJIEKTPOHBI B METAJJIE KaK
kBasu4actuubl. KBasunmmyibsc. 3akon nucnepcuu. Teopema bioxa.
I'pannunbie ycnoBus. IlnotHocth cocrostHuil. CraTucTHKa rasa

kBaspyacTull.  bozonel u  ¢depmuonsl.  B3aummopeiicTBue
KBa3MYaCTHUII.
5. Konebanus 5.1. Konebanue KpUCTAJUIMYECKOM  pEMETKH -  (OHOHBI.

KPUCTAJUIMYECKOU
PEILLETKH.

AKycTudeckass M oOINTH4eckas BeTBU KoseOaHui. TemmoemkocTh
pewmerky, JlebaeBckas uactota. ®aktop [lebas - Yomiepa B
pacceMBaHMM PEHTTEHOBCKUX Jyded. AHTapMOHH3M U TEIJIOBOE
pacupenue.  Temmoemkocts.  TemmeparypHas  3aBUCUMOCTH
TerioeMKocTH. Mogenn OiHmteitHa u  Jleb6as.  ['panuiist
CIIPABEUIMBOCTU KJIACCHYECKON TEOPHH.

6. DIEKTPOHHBIC COCTOSTHUS
B KpHCTaJIJIax.

6.1. DnexkTpoHHBIE COCTOSHUS B KpucTamax. OJXHOdIEKTpOHHAsS
mojenb. [Ipubnmxenue cna®o- ¥ CHIIBHOCBSI3aHHBIX 3JEKTPOHOB.
30HHas cXeMa M THUIIbI TBEPABIX TeN. BBIPOXKIEHHBIN AJIEKTPOHHBIN
ra3. OJIEKTPOHHAas TEIUIOEMKOCTh, MOBEpXHOCTh depmu. Tenszop
3¢ (deKTUBHBIX Macc. DJIEKTPOHbI U JbIpkH. LluKnoTpoHHas macca.
ITonoxxenne ypoBHst @epMu B HEBBIPOKICHHBIX NTOJIYTIPOBOIHUKAX.

7. Kunetnueckue

7.1. Kunerndeckue ypaBHEHHUS. DJEKTPO- U TEIJIONPOBOJHOCTb.

IIPOLIECCHI. Bpems  penakcanuu. MexaHM3MBl  PacCesHHUsS  AIIEKTPOHOB.
Paccesnue Ha mnpumecsx U nedekrax. OIEeKTpOH-POHOHHOE
B3anMojieiicTBre. HopManbHble mpoIiecchl, Mpoleccsl mepedpoca.
Marnurocomnporusienne u 3¢pdext Xomna. KBaHTOBBINH 3dekT
XoJa.

Paznen 2.

1. Pannuii nepuoa gusuku
DJIEMEHTAPHBIX YaCTHII.

1.1. DnexTpoH, NpoToH, PoToH. OKpPHITHE HEUTPOHA.
1.2. Monens aromHoro sigpa ['eiisen6epra-lBaneHko.
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1.3. HykimoH—HYKJIOHHBIE B3aMMOICHCTBHS.

1.4. Me3onnas teopust FOxaBbl.

1.5. KBaHTbI CUIIBHOTO B3aUMOJICHCTBUSI.

1.6. [TuoHBI M KX OCHOBHBIC CBOWCTBA.

1.7. HeiiTpanbHbIe T-ME30HBI.

1.8. AHOManbHBIC MATHUTHBIE MOMEHTHI ITPOTOHA U HEHUTPOHA.

1.9. M1ooHbL.

1.10. OcoOeHHOCTH B3aMMOJCUCTBUS T-ME30HOB U [L-ME30HOB C
AIpaMH.

1.11. JIByXM€30HHBIE TEOPHUH.

1.12. OTkpbITHE 3apskeHHBIX T-Me30HOB (ITayam). OTkpbiTne T-
ME30HOB.

1.13. ®usnka KOCMUYECKHX JTy4eH.

2. Ilpoueccs
B3aUMO/ICHCTBHSI.

CHJIBHOT'O

2.1. CroiicTBa IIEPHBIX CHUIIL.

2.2. IlpuHuumnbel  3apsg0BOM  CHMMETPHHM W 3apsJIOBOM
HE3aBUCHMOCTH.

2.3. [lonsiTe 0 U30CIHUHE U U30AYONIeTE HYKIIOHA.

2.4. [TpuHIMT U30TOMTUYHOW WHBAPUAHTHOCTHU SACPHBIX CHIL

2.5. Bektop coctosaust HykioHa. O606menHsIii npuHmun [laynu.
2.6. M30oTonmueckue MyJabTHUILIETH HYKJIOHOB U TT-ME30HOB.

2.7. W3otommueckas (3apsnoBas) HWHBAPHAHTHOCTh CHIILHOTO
B3aUMOJICUCTBUS.

2.8. Omneparop u3ocnuna. SU(2)- u SU(3)-cummeTpun, MaTpUIlbl
[Taynu u I'enur-ManHa.

2.9. WMsocnuH cuctembl uactull. [lpaBuna cymmupoBaHUS
M30CTIHOB, KodpduuuneHTs! Kiebma—I oprona.

2.10. M3ocnuH cCHUCTEMBI IBYX HYKIIOHOB M CHCTEMbl MMOH—HYKIIOH.
[Tporecchl MUOH—HYKIOHHOTO PACCESTHHUS.

2.11. baproHHOe YuClo. 3aKOH COXpaHEHHUs: OApMOHHOTO YHCTIA.
2.12. CtabunbpHOCTH poTOHA. [[MOH—HYKIJIOHHBIE U TMOH—TTHOHHBIE
PE30HAHCHI.

2.13. V-(ctpannsie) wactumsl: Me3ousl K, K*, K=; runmeponsr A°
X0 = B u Q.

2.14. CtpaHHOCTh. 3aKOH COXPaHEHUS! CTPAHHOCTH B CHUJIBHBIX H
AJIEKTPOMArHUTHBIX Ipolieccax.

2.15. T'unep3apsin. [Ipasuno Hakano-Hummmpkumer-1enn-ManHa.

3. JloxkanbHasa
KaJTMOpOBOUYHAas
WHBApUAHTHOCTD.

3.1. KamubOpoBounsie monsa. (['mobampHBIE KaTMOPOBOYHBIE
NIPEBPAICHHS.

3.2. lHBapUaHTHOCTh OTHOCHUTEIHHO TIIO0ABHBIX KaTHOPOBOUHBIX
NPBpAIIEHUH U 3aKOHBI COXPAHEHUSI.

3.3. 3aKOoHBI COXpaHEHHUs SJIEKTPUYECKOTo 3apsaa U OapuOHHOTO
qHcoa.

3.4. CTaOUIBHOCTD 3JEKTPOHA U ITPOTOHA.

3.5. Jlokanpuas U(1)-mHBapuaHTHOCTH JUPAKOBCKOTO TIOJIS.

3.6. DnexkTpoMarHUTHOE TMOJe KaK KaluOpOBOUYHOE BEKTOPHOE
6e3maccoBoe Mosie.

3.7. I'pynna SU(2) npeBparienuii u kaauOpoBouHoe mose SHra-
Munnca.

3.8. TeH30p HampsHKEHHOCTH M JarpaHKHaH CBOOOJHOTO OIS
Sura-Mwiica, ypaBHeHue aBuxkeHHs. OO0o0mieHune Ha ciydait
rpynmsl SU(3).
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4. CocTaBHBIE
aJIPOHOB.

MOJEIH

4.1. Monens @epmu-SHra.

4.2. Mopens Caxkarel: BbIOOp (yHZAMEHTATBHBIX YACTHII,
dbopMyIupoOBaHME B paMKax TEOPUHM TPEXMEPHOH YHUTAPHOU
CUMMETpPUH, TICEBIOCKAISPHBIA OKTET U CHHIJIET ME30HOB,
BEKTOPHBIH OKTET M CHHIJIET ME30HOB, IpobjeMa OapHOHHBIX
COCTOSIHHUI.

4.3. BocemMuuactuuHblii 1yTh. Mogens ['emn-Manna—Heemana.
CynepMyJIbTUILIETHI.

4.4, Twunore3a yHHTapHOH CHMMETpUU. MaccoBbie (GOPMYIIBI
Oxky0o0-I'esi-ManHna.

5. KBanToBasa
XPOMOJMHAMUKA.

5.1. KBapku. KBaHTOBBIE UnClIa KBAPKOB.

5.2. TpexkBapkoBas wmonenb I emr-Manna-1[Beiira: OKTeTH U
CHHIJIEThl ME30HOB; AE€KYIUIEThl, OKTEThl U CUHIJIETHI OAPHOHOB.

5.3. TppexkBapkoBas MoJielb ¢ yaeToM cirHa. Moaens SU(6).

5.4. MarautHble MOMeHTBI O6aprnoHOB. CTaTHCTHKA KBAapKOB (XaH—
Ham0y,  ®poitnn,  Musmoro,  boronto6oB—CtpyMuHCKHI—
TaBxenumaze).

5.5. Apomars! u usera kBapkoB. Cummerpust SU(3). (I'emn-ManH—
Opuru—JleiTBaiinep, BaitnOepr). Me3oHHble W OapUOHHBIC
COCTOSIHUS KaK 11BeTOBble cuHIJIEeThl rpynnbl SU(3)c.

5.6. Tsoxensle kBapku. YapMupoBaHHBIM KBapk: runoresa [nemoy—
WNnmonynoca—Maiiansl, oTkpeiTie J/¥—dactunel (Tunr, Puxrep),
yapmonuii, moaens SU(4), wapmupoBannbie vactuibl (D— u F-
ME30HbI, 0APUOHBI).

5.7. KpacuBblii KBapkK: OTKpbITHE wHrcHiIoH—JacTull (Jlegepman),
OBIOTHOHUH, KPACUBBIC YACTHIIBI.

5.8. Tom (MCTUHHBIN) KBapK.

5.9. OKCrepuMEHTaJIbHbIE CBUJICTEIIBCTBA Ha IIOJIb3Y
CYLIECTBOBaHMsI KBApKOB: UCCIIEI0OBAHMS IPH IITyOOKOM HEYNpPyroM
paccessHUM AIIEKTPOHOB HYKJIOHAMH, MTAPTOHBI U MAPTOHHAS MOJIEIH
(Deiinman), pacmag  m°-ME30HOB, TIPOLECCHl  AHHMTMISIIHH
AJIEKTPOHOB U MTO3UTPOHOB B aJIpOHBI, ITporeccsl [pemna—SHra.
5.10. ToxoBble u OJOKOBBIE KBapku. JlarpaHkuan CBOOOJHBIX
TOKOBBIX KBapKOB.

5.11. MHBapnaHTHOCTH OTHOCHUTEJILHO r1100aJIbHBIX
KamuOpoBouHBIX NpeBpamieHuid rpynnsl SU(3)c, 3aKOH COXpaHEHUs
I[BETOBOTO 3apsija.

5.12. VlHBapHaHTHOCTh OTHOCUTENIFHO JIOKAJIhHBIX KaTHOPOBOUHBIX
npespariennii rpynnsl SU(3).: HeabeneBbl KanMOPOBOYHBIE OIS,
CaMOJICHICTBUE, KBAHTHI KAJMOPOBOYHBIX TOJEH, XapaKTEPUCTHKH
TIII0OHOB. Jlarpanxuan KBaHTOBOM XPOMOJIMHAMUKH.

5.13. Tlomarme 00 acMMOTOTHYHOW CBOOOJAE W KOH(pAHMEHT
KBapKOB. JIByX— M TPEXTOKOBBIE IPOIIECCHI.

6. [Ipoueccol
B3alMOJICUCTBUSL.

ciraboro

6.1. Monenu KOHTaKTHOTO THIA. beTa-pacraa aTOMHBIX Sep, THITBI
Oera-pacnazoB. OcCOOEHHOCTH SHEPreTHYecKoro crekrpa Oera-
AIIEKTPOHOB, HHTEPIIPETAIINH.

6.2. Heifrpunnas runoresa [laymnu.

6.3. DJEeKTpOHHBIE HEUTPUHO ¥ aHTHHEHTPUHO: OCHOBHBIE
XapaKTepUCTUKH, TPYJHOCTH SKCIEPUMEHTAIBHON pPErucTpanu,
Henpsimble (Jleiimynckuii, Annen) u mnpsmeie (KoysH, Paiinec)
HKCIEpUMEHTAIbHbIE JI0Ka3aTeIbCTBAa CylIecTBOBaHM. OTinune
HEUTPUHO OT aHTWHEHTPHHO, SKCIIEPUMEHTAIFHOE TIOATBEPIKICHHE
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(deBuc). DxcnepuMeHTanbHbIE J0Ka3aTeNbCTBA CYIIECTBOBAHUS
Heitirpuno (Koysn, Paitnec).

6.4. Omnepamusi TPOCTPAaHCTBEHHOW HWHBepcun. CummeTpus
OTHOCHUTEJIBHO OIEpaluyu IpoCcTpaHCTBEHHON MHBepcuu. [lapHOCTS.
BHyTpeHHsi1 mapHOCTh 3JIeMeHTapHbIX 4acTull (HOTOH, JEHUTpPOH,
- wu 7w-mesonnl). (1-0) Ilpo6nema. Hapymienme 3akoHa
COXpaHEHHUS POCTPAHCTBEHHOM MapHOCTHU B CI1abbIX
B3auMoieicTBusax. OnsiT By.

6.5. ®epmuOHBI C HYJIEBOH Maccoil. YpaBHeHHE Beiins, cBoiicTBa
peLICHU.

6.6. Omepatop cnupansbHOCcTU. CHHPaANbHOCTH KakK KBaHTOBOE
yucyo. CnupanbHOCTH pelleHni ypaBHeHus Beiins.

6.7. Teopust nByXKOMHOHEHTHoro HedTpuHo (Jlanmay, JIu, SHr,
Canam).  JIeBOBUHTOBBIE =~ HEWTPUHO U IPAaBOBUHTOBBIE
AHTUHEUTPUHO. DKCIIEPUMEHTAJIbHOE OIpe/ieJieHHe CHUPATbHOCTH
HeiTpuHo (I'onpaxabep).

6.8. MrooHHbIE HEHUTPUHO U AHTUHEUTPUHO. DKCHEPUMEHTAIbHOE
MOATBEPIKICHNE Pa3HULIBI MEXY Ve U Vy (Jlenepman, [lBapir).

6.9. t-menToH W T-HEWTpUHO. JlemTOHHBIE 3apsAnbpl. 3aKOH
COXpaHEeHHs JISNTOHHOTO 3apsiaa. [Ipobiema COTHEYHBIX HEUTPHUHO.
I'unoreza 0 HEUTPUHHOM OCUMIUISALIUM.

6.10. Yerpipexdepmuonnas teopust @epMu: OCHOBHBIC MTOJIOKCHHSI,
MOCTPOCHUE JIarpaH)KMaHa B3aWMOJAEWCTBUS KOHTAaKTHOTO THIIA,
3apsOKEHHbIE  clla0dble  TOKM, V—V—BapuaHT B3aUMOJEUCTBUS,
HENEPEeHOPMUPOBAHHOCTD.

6.11. TpancdopmanmonHsle CcBOiicTBa ypaBHeHUs Jlupaka W
OunuHeiiHble MHBapuaHThl. Hapymienue mapHoctd u V-A dopma
c1aboro B3aUMOJACHCTBHUA. 3apsokeHHbIE ciiadbie Toku. Crabbie
pacmajibl CTpaHHBIX YaCTHII.

6.12. Tlonstme o cmemmBaHUM cocTossHUE. Yrom Kabub6o0.
Marpuna KobGasmm—Macakassl. [IpoOiemMa HeHTpanbHBIX Cla0bIX
TOKOB, UX OTKPBITHE.

6.13. 3apsnosoe cipspkenue. CP- u CPT-uHBapuaHTHOCTB.

7. CIIOHTaHHOE HapyllEHUE
CUMMETPUH.

7.1. ToynncToHoBcKHE OO30HBI.

7.2. Mexanu3Mm Xurrca reHepali Macc 4acTull.

7.3. CrnoHTaHHOE HapylIEHHWE JIOKAIBHOW  KalMOpPOBOYHOM
cummetpuu SU(2).

7.4. MaccuBHble nosig Sara-Mmuica.

8. CrangmapTtHass MOJEIb
Baitn6epra—Canama.

8.1. Moaens Baitn6epra—Canama.

9. MeToasbl
JIETEKTUPOBAHUS YACTHII.

9.1. CUHHTHUISIIMOHHEIE CUETUNKH.

9.2. [TonynpoBOAHUKOBBIE IETEKTOPHI.

9.3. IToporoBeie u qudHepeHITATEHBIC YePEHKOBCKUE CUETINKH.
9.4. JIeTeKTOpHI IEPEXOAHOTO U3TYUCHHUS.

9.5. DirlekTpOMarHUTHBIC U aJIPOHHBIC KAIOPUMETPHI.

9.6. IIpomopiuoHanbHbIe, Ipe(oBbIE U BPEMS-IPOCKIIHOHHBIC
KaMmephl.

10. UccienoBaTeabcKkue
HNpOrpaMMBbI HaCTOSIIETO U
Omkaiiiero Oyaymiero.

10.1. Hexoropble TporpaMMbl: TpUpOJa CIIMHA  aJPOHOB
(moNsIPU3aIIMOHHBIC U3MEPEHUS ), TOUCK IK30THUECKUX COCTOSIHUI —
TIII000JIOB, TICHTAKBapKOB U JIP.

10.2. UccrnenoBanue TIIOTHOM B BO3OYXIEHHOW apOHHON MaTepun
(KBapK-TIIOOHHAS IJIa3Ma U JIp.).
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10.3. dusuka HEUTpUHO, MOUCK d(PPEeKTOB(YACTHI]) 3a MpeaeIaMu
CTaHIAPTHOW MOJIEIIH.

10.4. JleiicTByrOIME YCKOPUTEIM M WX  XapaKTCPUCTHKH.
Yckopurenu OmKaidiero Oyaymniero.
6. CTPYKTYPA U COAEPKAHUE NUCHUIIJINHBI
6.1. ®opma oOyuyenus — ounasi, Kypc — 1, cemectp — 2
KosimuecTBO yacos
HanMeHoBaHusi pa3aejioB U TeM Jlekn. | Jladop. | IIpakt. | CPC+ | Bceero
KOHT
Paznea 1.
1. CtpoeHne KpuCTaJIIOB 2 2 5 9
2. JlebexThl B KpHCTaJLIAX. 3 3 6 12
3. XuMuvecKas CBs3b. 2 2 5 9
4. KBa3uuacTHIBL. 2 2 5 9
5. KonebaHus KpUCTALTNYECKOHN PEIICTKH. 3 3 6 12
6. DIEeKTPOHHBIE COCTOSHUS B KPHUCTAIIIaX. 3 3 6 12
7. Kunetnaeckne npoIiecchl. 2 2 5 9
HUTOI'O 3A CEMECTP 17 17 38 72
6.2. ®opma o0yueHHs — o4Hasi, Kypc — 2, cemecTp — 3
KosnuecTBO yacos
HaumeHnoBanus pa3aesioB u TeM Jleku. | Jladop. | IIpakrt. | CPC+ | Beero
KOHT
Paznen 2.
1. Pannuit mepuo GU3UKK dNIEMEHTapHBIX 1 5 8 11
YaCTHII.
2. Iporecchl CHIILHOTO B3aMMOJICHCTBUSI. 1 3 9 13
3. JlokanpHas KaTMOPOBOYHAS MHBAPUAHTHOCT. 1 3 9 13
4. CocTaBHBIE MOJICIIN AJPOHOB. 1 2 8 11
5. KBaHTOBast XpOMOIMHAMHUKA. 2 3 9 14
6. [Ipomecch caboro B3auMOACHCTBHS. 1 3 9 13
7. CIOHTaHHOE HapyIIeHHWEe CHMMETPHH. 1 2 9 12
8. CranaaptHast Mojieib BaitnOepra—Canama. 2 3 9 14
9. MeToapl IETEKTUPOBAHUS YACTHII. 2 3 9 14
10. MccaenoBaTesbcKue NporpaMMbl HACTOSILIETO
N 1 2 8 11
1 OnKaero Oy Iymero.
NUTOI'O 3A CEMECTP 13 26 87 126
HUTOI'O IO KOMITOHEHTY OIIOII 30 43 125 198
6.3. ®opma oOyueHus — 3a04Has1, Kypc — 1, cemectp — 2
KosunuecTBO yacos
HanMeHOBaHuUsI pa3iesioB H TeM Jlekn. | Jlaoop. | IIpaxt. | CPC+ | Bceero
KOHT
Paznea 1.
1. CTpoeHre KpUCTAIUIOB 0,2 0,4 8 8,6
2. JlebexThl B KpHUCTaAILIAX. 0,3 0,6 10 10,9
3. Xumuueckas CBsI3b. 0,3 0,6 9 9,9
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4. KBa3u4uacTHIIBL. 0,3 0,6 10 10,9
5. KonebaHus KpUCTAITNYECKON PEIICTKH. 0,3 0,6 10 10,9
6. DJIEKTPOHHBIC COCTOSHUS B KpHUCTaJLIaX. 0,3 0,6 10 10,9
7. KuneTrueckue IpoIiecChl. 0,3 0,6 9 9,9
UTOI'O 3A CEMECTP 2 4 66 72
6.4. ®opma oOydeHust — 3a049Has, Kypc — 2, cemecTp — 3
KoaudecTBO 9acoB
HanMeHoBaHusi pa3aejioB U TeM Jleku. | Jladop. | Ilpakr. | CPC+ | Beero
KOHT
Pa3nen 2.
1. Pannwmii mepron Gpu3ukm 31eMeHTapHBIX 0.2 12 122
YaCTHII.
2. TIporeccrl CUIBLHOTO B3aUMOACHCTBHSL. 0,2 0,6 12 12,8
3. JlokanpHas KaIMOPOBOYHASI HHBAPHAHTHOCTb. 0,2 12 12,2
4. CocTaBHBIE MOJIENIN aIPOHOB. 0,2 0,6 12 12,8
5. KBaHTOBast XpOMOTMHAMHKA. 0,2 1 12 13,2
6. [Iporiecchl c1aboro B3auMoIeHCTBYSL. 0,2 0,6 12 12,8
7. CIOHTaHHOE HapyIlIeHHEe CHMMETPHH. 0,2 12 12,2
8. CranaaptHast Mojieib BaitnOepra—Cainama. 0,2 0,6 12 12,8
9. MeToapl IETEeKTUPOBAHUS YACTHII. 0,2 0,6 12 12,8
10. HCCH?[IOB&TCHLCKI/IC MpOrpaMMbl HACTOSILETO 0,2 12 12,2
1 OnpKafIero Oy Iymero.
HUTOI'O 3A CEMECTP 2 4 120 126
HUTOI'O IO KOMITIOHEHTY OIIOII 4 8 186 198

7. OHEHOYHBIE MATEPHUAJIBI (CPEACTBA) UIs1 TEKYIIEI'O KOHTPOJISA
YCIHEBAEMOCTH, IPOMEXYTOYHOU ATTECTALIUA

7.1. KoHTpO/IbHBIE BONIPOCHI

Pa3zpen 1

Nunexcsl Munnepa.
TodeuHnble U MPOCTPAHCTBEHHBIC TPYIIIIHI.

agrwdE

bporra.
OO6partHas pemieTka. 30HbI bpritosHa.

B©Oo~NOo®

TBEPJIOM Telle.

12. Tunbl xuMHuyeckod cBsi3U B Kpuctauiax. CTpyKTypHble U (U3NYECKHEe OCOOEHHOCTH

MexaHun3Mbl

HOHHBIX, KOBAJICHTHBIX, MECTATINIMYCCKUX U MOJICKYJIAPHBIX KPUCTAJLIIOB.
13. AMOp(bHBIe TCJIa - MCTOABI TOJTYUCHUSA U r[[I/I(I)pa.I(LII/IOHHOI"O HUCCIICAOBAHUSA CTPYKTYPEIL.

14. ’Kunxue kpucTamibl.
15. ®usnka TOHKUX IUIEHOK.

Kpucrannuueckue u amopdnsie Tena. CTpoeHre KpUcTamioB. TpaHCIAUOHHAs CHMMETPHS.
OnemeHTapHas siueiika. Pemerku bpase. [110THOYIakOBaHHbIE CTPYKTYPBI.

OcoOeHHOCTH pacnpoCTpaHEHHs] BOJH B IMEPHOAMYECKHX CTPYKTypax. 3akoH Bymnbda -

JedexTsl B kpuctamiax. Toueunsle nedekTsl, uX oOpa3zoBanue u qudpdys3us. Bakancuu.

Hedexrs! B kpuctamuiax. KomOnHamu aTOMHBIX J1€(EKTOB.

KpaeBbie u BuHTOBBIE AMcTOKaK. BekTop broprepca. DHeprust [1ucinokanui.

0. IBwxenune nucinokanuid. Ilepernosn3anue W CKOJbXKEHHE.
nuciokanui B kpuctaiax. Mcrounnk ®@panka-Puaa.

11. Tunmbl XUMHYECKON CBS3M B KpHCTaiaX. MeXaToOMHOE B3aUMOJICMCTBUE M CHIIBI CBS3H B

o0Opa3oBaHUs




16.
17.

18.

19.

N

N O

10.

11.

12.
13.
14.
15.

16.

17.
18.
19.
20.

21.

22.
23.
24,
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Hanomarepuainsl.

Onucanue SHEPreTUYecKOro COCTOSIHMSL KPUCTAJJIOB C IIOMOINBIO Tra3a KBa3MUYaCTHIIL.
ITpumeps! kBaznyacTul. POHOHBI, MATHOHBI, JKCUTOHBI, IIJIA3MOHBI U JIp.

ONEKTpOHbl B ME€Talleé Kak KBazuuyacTulpl. KBasummmynbc. 3akoH aucnepcuu. Teopema
bioxa. ['pannynbie ycnoBus. [110THOCTE cOCTOSTHUIM

CraTuctuka raza kBazuyactull. bo3ons! 1 pepmuonsl. B3aumozeiicTBue KBa3n4acTHII.

Paznes 2

Habmronenue u peructpaius snemMeHTapHbIx yactull. Knaccudukanus meronos. [Ipubopsi.
OKCHepUMEHTAIbHOE HCCIIE0BaHueE YacTull. Pe3oHaHChlI.

[TpousBoacTBO dYacTull B 3KcnepuMeHTax. Yckoputenu. Krnaccuduxanus. MoiqHoctu
COBPEMEHHBIX YCKOPUTEIIEH.

Antnyactunsl. Onpenenenue. CoiictBa. Ilpumepsl. AnTuBemectBo. OnpeneneHue
VUCTUHHO HEUTPAJIILHON YACTHIIBI.

Knaccudukanms snmeMeHTapHbIX 4acTHIl. JIenToHs! (moapoOHO).

AJIpOHBIL: OIIpeeNIeHre, CBOMCTBA, KBApKOBOE cTpoeHre. CBOMCTBA KBapKOB.

Uzotonuueckas cummetpus. CynepMylbTUILIIETHI.

M3oronuyecknii COMH M M30MYJBTHUIUIETHl. bapHOHHBIM OKTeT. ME30HHBIM HOHET.
Bo30yxaeHnbie cocTosiHUS 6apHOHOB (CPAaBHUTH OKTET U JACKYILIET).

Kakomy ¢akty ¢puszndeckn coOTBETCTBYeT H30TONMMYEeCKast HHBaprHaHTHOCTH? C ueM cBsi3aHa
BBICOKAsI CTENIEHb CHMMETPUYHOCTH U30TOMMYECKUX MYJIbTHILIETOB?

dyHIaMEeHTAIbHBIC B3auMOJIelCcTBH. Onucarh KXl BUJ B3aUMOJACHCTBUS, CPAaBHUTH 10
uHTeHCUBHOCTHU. Kitace 4acTuil — mepeHOCYMKOB B3aUMOICHCTBHUS.

Knaccugukanus snementapusix vactun B CranmapTHOH Mozenu. Teopuu oObeauHEHUS
B3aUMOJICHUCTBUIA.

DJeKTpOMarHuTHOE B3auMoJieiicTBre. [ToHsATHE 3IIeKTPOCIaboro B3auMOICHCTBUSI.
Oco0Oennoctu cinaboro B3aumoaencTBus. [lepenocurku B3auMo1eiCTBUS.

CunpHoe B3anmoaericTeue. Teopun Bennkoro oobenHeHus.

XapakTepHble BpeMmMeHa (yHIAMEHTAIbHBIX B3auMoJeHcTBUH. B kadecTBe mpumepa
OTIpe/IeNUTh, KaKKe BU/IbI B3aMMO/EHCTBHS OTBETCTBEHHEI 32 pacnansl: 1)A” — p + n (Bpems
KI3HM 6apuoHa A™: ta. = 6-1072% ¢); 2K »pt + vu; 3 >y + v (KY, mun — Me30HEI).
O06ocHoBaTh. BrInoaHEHNE KaKUX 3aKOHOB COXPAaHEHUsI HE0OX0AMMO MTPOBEPUTH IIPU 3aITUCH
ATUX pacagoB (KOHKPETHO JJIsl KAKJIOTO cirydasi)?

ChopmynupoBaTh 3aKOH COXPaHEHHs CTPaHHOCTU. B Kakux B3auMOJIEHCTBHUAX OH
CIpaBeUINB, ¢ KakuM (u3nueckuM oObeKTOM cBsi3aH? Ha ocHOBe 3TOro 3akoHa 3amucarhb

HEJIOCTAIONIYI0 YacTHIly B pacmane Q ~-6apuona Q- — Z %+ X, ecrn Gapuon = ° umeer
maccy 1315 M5B, crpanHocTs S = —2 M HyneBo#l anekTpuueckuil 3apsn. Macca Q-

Oapuona paBHa 1672 M»aB, ctpanHOCTh S = -3, anekTpuueckuii 3apsg Q = —1.

bapuoHHBI 3apsn. DnekTpuyeckui 3apsia. M3ocnuH.

Jlenrousl. JlenTOHHBIN 3aps.

[Tonsitue ctpanHocTH. CTpaHHBIE YACTHUIIBIL.

3aKOHbBI COXPAHEHHUS JIENTOHHOTO U OApMOHHOTO 3aps0B, CTpaHHOCTU. B kauecTBe npumepa
OTIPENIeNIUTh, UCXO/IS U3 3aKOHOB COXPAaHEHMs KOJIMYECTBA JIENTOHOB pa3nuyHoro tuna Le, Ly
, L ¢, Kako#t u3 pacnaioB MIOOHa Oy/IeT UMETh MECTO: |1~ —> €~ +y Wi L~ —> e + ve+
Vi

Knaccudukanus 3aKoHOB coxpaHeHHs B (DU3HMKE 3JIEMEHTApHbIX YacTHll. AJJUTUBHBIC
3aKOHbI COXpaHeHus. CUMMETpUH, JIeXkKallue B UX OCHOBE.

CummeTpus IpOCTPaHCTBA-BPEMEHM.

KanubpoBouHas cuMmmeTpusi.

Buyrpennsis cummerpusi dactui. M3ocrnmuoBas cummerpust SU(2). Cummerpus SU(3)
U30CIIMHA U TUIep3apsia.



25.

26.
217.

28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44,
45.
46.
47.
48.
49.
50.
51.
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MynbpTUIUIMKAaTUBHBIE 3aKOHBI coxpaHeHus. CuMMeTpuH, Jexalue B ux ocHone. OO0miue u
YaCTHBIC 3aKOHBI COXpaHEHUsl B (PU3MKE IIEMEHTAPHBIX yacThil. HecoxpaHeHrne 4eTHOCTH B
C1a0bIX B3aMMOJCHCTBHSIX.

DHepreTuka peakuil yacTull. DHepreTuKa pacnaioB 4acTHULL.

Yupyroe u Heynpyroe paccesnue. Ceuenue paccesnus. OTHOKaHAIBHOE U MHOTOKaHAJIbHOE
paccesiHue.

Kocmuueckue nyun. llupokue atmochepHbie JIUBHH.

Kunemaruka vactui. Macca yactuil.

PenstuBuctckas teopus Jlupaka. yacTUIsl co cniuHoM 1/2.

[TonsiTHe pusnueckoro Bakyyma.

Poxxnenue u yunuroxxenue yactull. Jluarpammel OeliHMaHa.

[TonsiTrie U30TONMMYECKOTO ciHA. HyKIIOHHBIH Ty0er.

[TronnsIi TpumieT. U30MynbTUILIETH aJPOHOB.

[TonsiTHe KaMMOPOBOYHBIX OO30HOB.

bera-pacnan sigep. Pactian npoTtoHa u HEUTpoHa.

Teopus @epmu c1aboro B3auMOICHCTBHS.

Yetbipe dhepmuoHHbIe quarpammbl OeitHmana 11 cnaboro B3auMoAeCTBHS.

AJZIpOHHBIN U JENTOHHBINA TOKH.

[epenocunku ciadoro Bzaumozencreus W=, Z°—6030HbL.

Hapymienne 4eTHOCTH B claObIX peaklusx.

Teopus sinepubix cuit KOkaBbl.

AHOMaJIbHbIE MATHUTHBIE MOMEHTHI IPOTOHA M HEHTPOHA.

['my6oxo Heynpyrue mponeccsl. O0bsIcHEHHE.

Monenu agponoB @epmu, Cakartsl.

KBapkoBast MOZIEIIb aIPOHOB.

L[BeToBOE B3anmoeiicTBue. [ TIOOHBI.

KBanToBas xpoMognHaAMUKa.

KBapkoBbIie 1uarpaMmel.

Oco0eHHOCTH LIBETOBOTO B3aUMOJICHCTBUS.

CyuHocts CtangaptHoit Mogenu.

7.2. Tembl nMCHbMEHHBIX PA0OT (THNBI 321a4)
KoHTponbHbIe paboThI 110 MPAaKTHUKE!
Paznen 1

— CtpoeHune KpucTaaioB

— JledexTsl B KpucTaIax.

— Xumuueckast CBSI3b.

— Ksa3zuuactumsl.

— Konebanus kxpucTainyecKo pemerkH.

— DJEeKTPOHHBIE COCTOSHUS B KPHCTAJLIAX.

— Kunernueckue nporueccsl.

Paznen 2
— Ilporecchl CHIIBHOTO B3aUMOICHCTBHUS.
— JlokanpHas KanmMOPOBOYHASI NHBAPUAHTHOCTD.
— CocraBHbIE MOJIEIIHA A/IPOHOB.
— KBaHTOBaSI XpOMOHI/IHaMI/IKa.
— IIpomeccsl cnaboro B3anMoOeHCTBHUSA.
— CroHTaHHOE HApyIIEHUE CHMMETPHH.
— Mopenp Baitn6epra—Canama.
— MeTO)IBI )IeTeKTI/IpOBaHHﬂ qacCTHUuI.
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KonrponbHast paboTa Mo NpoBepKEe TEOPETHMUYECKUX 3HAHMKA — IO BCEM TEMaM, C
UCIOJIb30BAHUEM YKa3aHHBIX BbIIIE KOHTPOJIBHBIX BOIIPOCOB.

7.3.00pa3en cojep:KaHUsl IK3aMEHAIIMOHHOTO OuJieTa (IPU HAJUYUM IK3aMeHa 10
JUCIMIIINHE)

Pazgen 1

3K3AMEHAIIMOHHBIN BUJIET Ne 1

1. Kpucrammmueckue u amopdusie Tena. CTpoeHne KpucTawioB. TpaHCHsIMOHHAS
CUMMETpHS.
2. JKunukvie KpUCTalIbl.

Pa3zgen 2

3K3AMEHAIIMOHHBINA BUJIET Ne 1

3. AHTHYACTHUIILL Onpenenenue. CBo¥icTBa. [Tpumepsr. AHTHBEIECTBO.
Onpenenenre UCTUHHO HEUTPaIbHON YaCTUILIBL.
4, DKcIepuMEeHTaIbHOE MCCIIeIOBaHNE YacTHIl. Pe30HaHCHI.

5. BwiOparth pa3pemieHHYI peakiuio W OO0OCHOBaTh BBIOOP, HCIIONB3YsS 3aKOHBI

—0
coxpanenns: P+nN—>z" +7°, p+p—o p+n+K +K .

B CJIydac BCIACHUS y‘Ie6HOl"O nponecca € UCIOJb30BAHUEM JJICKTPOHHOI'O O6y‘IeHI/I${ n
JUCTaHIIMOHHBIX O6pa3OBaT€JII)HbIX TCXHOHOFI/If/'I, COACPpIKaHNC ouilera MOXKET OTJIHYATLCS OT
MMPUBCACHHOI'O.

8. PACHTIPEAEJIEHUE BAJIJIOB, KOTOPBIE NIOJIYYAIKOT OBYYAIOIIUECS

OOmiast olleHKa 3HaHUM O00yyaromMXCs MO JUCHUIUIMHE MpoBoauTcs no 100-OammpHON
HIKaJe HUCXOJ W3 MaKCUMyMa, MPHUBEACHHOro B Tabiuie Huxke. OpraHu3aluoHHO-y4deOHas
paboTa B ayIUTOPHM OLIEHMBAETCA HAa OCHOBE TAKUX KPUTEPUEB KaK IMOCEHIAEMOCTb 3aHATH,
CBOEBPEMEHHOE M KaueCTBEHHOE BBINIOJHEHUE JIOMAIlHUX 33JaHUi, aKTUBHOCTh BO BpeMs
NPOBE/IEHUS JIEKIIMOHHBIX M NPAKTUYECKUX 3aHATHH (ydacTHe B OOCYXJEHHUH TEKYILEro Hu
IPOIIEHHOr0 MaTepuaia, peleHne 3a1a4 U T.11.).

8.1.®opma obyuenus — ounasi, Cemectp 2

Homepa pasaenos Bunsi padot MakcumaibHoe
KOJIHYeCTBO 0AJJIOB
Opranu3aioHHO-y4eOHas paboTa B ayAUTOPUH 5
CamocTosiTenpHas paboTta 5
1 KonTponbHbie paboThI IO IPAaKTHKE 20
KontponbHas paboTa 1o TEOPETUIECKOMY 30
MaTepHaity
HUTOro 60
JK3aMeH 40
OO0uuii uTor 3a cemecTp 100
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8.2. ®opma oOyueHust — ounasi, Cemectp 3

Homepa pa3nesios Buasl pador Maxkcnmaibnoe
KOJIHYeCTBO 0AJJIOB
OpranuzaimoHHo-y4eOHast paboTa B ayTUTOPUHI 5
CamocrosTenpHas paboTa 5
2 KoHTponbHBIE pabOTHI IO MPAKTHKE 20
KoHTposbHas paboTa mo TEOpeTHYECKOMY 30
MarTepuaiy
UTOro 60
IK3aMeH 40
QO0muii uTor 3a ceMecTp 100
8.3. ®opma oOyuenus — 3aouHas, Cemectp 2
Homepa pasnenos Bunsi padot Makcnmanroe
KOJIHYeCTBO 0AJJIOB
Opranu3aiioHHO-y4e0Has paboTa B ayAUTOPUH 5
CamocrosTenpHast paboTta 5
1 KoHTponbHBIE pabOTHI IO MPAKTHKE 20
KoHTpomnbHas paboTa o TEOpETHIECKOMY 30
Marepuaty
nToro 60
IK3aMeH 40
Oo0mmii uTor 3a cemecTp 100
8.4. ®opma oOyuenus — 3aouyHas, Cemectp 3
Homepa pa3zaenos Buaepi pador Makcnmannnoe
KOJIHYeCTBO 0AJJIOB
Opranu3anoHHO-y4eOHas paboTa B ayAUTOPUH 5
CamocrosTenpHast paboTta 5
2 KoHTponbHbBIE pabOTHI IO MPAKTHKE 20
KoHTposbHas paboTa o TeOpeTHYECKOMY 30
Marepuaity
HUTOIro 60
JK3aMeH 40
OQo0muii uTor 32 CEMeCTp 100

CooTBeTCTBHE 0AIIIOB OILICHKC

Onenka no NATHOAILHOM IIKAaJIe
KoanuecTBO 0a/1710B -
w3 100 ECTS JKk3ameH, 1udepeHINPOBAHHBIH 3aver
3ager

90-100 A OTJINYHO 3a4YTEHO
80-89 B 3a4TEHO
75-79 C XOpotHo 3a4TEHO
70-74 D 3a4TEHO
60-69 E YJIOBJIETBOPUTEIIHHO BUS——
35-59 FX HE 3a4YTEHO

0-34 = HEYJIOBJICTBOPUTEIEHO o 3a9Tem0
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9. OBECHEYEHHE OBPA30OBATEJIBHOI'O ITIPOLHECCA JJIA JIUL C
OI'PAHUYEHHBIMU BO3MOKHOCTAMMU 310POBbsA 1 UHBAJIM1OB

B xone peanuzanyy JUCHUIUIMHBI UCIIOJIB3YOTCS CIEAYIOIINE JOMOJHUTEIbHBIE METOABI
00y4YeHHs, TEKYIIEr0 KOHTPOJIS YCIIEBAEMOCTH U MPOMEXKYTOYHOH aTTecTalli 00yJaroImuxcs B
3aBUCUMOCTH OT UX MHIMBHUYalIbHBIX OCOOEHHOCTEH:

1) JUTSL CIICTIBIX U CITa00BUISIINX

- ek o(QOpMIISIFOTCS B BHUAE DJIEKTPOHHOIO JOKYMEHTa, JOCTYIHOIO ¢
MIOMOIIBI0 KOMITBIOTEPA CO CHEIUATH3UPOBAHHBIM ITPOrPAMMHBIM 00eCTIeUeHHEM;

- JUIs  BBIIOJHEHUS  3aJaHMs  NpU  HEOOXOAMMOCTH  IPENOCTaBIIAETCS
YBEIMYMBAIOIIEE YCTPOUCTBO; BOSMOXKHO TAK)KE UCIIOJIb30BAHUE COOCTBEHHBIX YBEINYMBAIOIINX
YCTPOMCTB;

— MUCHMEHHBIE 3a7]aHNs O(POPMIISIFOTCS YBETUUYEHHBIM IIPH(PTOM.

2) JUTS TIIYXUX U CJIA00CIIBITIAIINX

— JeKIUH OOPMIISIOTCS B BUJIE SJIEKTPOHHOTO JJOKYMEHTA;

— IIUCbMEHHBIE 3aJ[aHUs BBIIIOJIHAIOTCS Ha KOMITBIOTEPE B MUCbMEHHOH (opMme;

— 9K3aMeH TPOBOJUTCS B IHCHBMEHHOH (OpME Ha KOMIBIOTEPE; BO3MOXKHO
npoBesieHue B (hopMe TeCTUPOBAHMUS.

3) UISL JIAL C HApYIIESHUSIMHA OTIOPHO-/IBUTATEIBHOTO anmapara:

— JeKIMu Oo(QOpMIISIIOTCS B BHUAE 3JIEKTPOHHOIO JOKYMEHTa, JOCTYIHOIO ¢
MIOMOIIBIO0 KOMITBIOTEPA CO CHENHUATM3HPOBAHHBIM IPOTPAMMHBIM 00ECTICYCHHEM;

— MUCbMEHHBIE 3aJ[aHUs BBIIIOJIHAIOTCS Ha KOMITBIOTEPE;

— 9K3aMeH U 3a4€T MPOBOJIATCA B YCTHOW (pOPME HMIIM BBHIMOJHAIOTCS B THCBMEHHON
(dopme Ha KOMITBIOTEPE.

[Ipy HEOOXOOUMOCTH NPEIYyCMATPUBACTCS YBEIMYCHHE BPEMEHH MJIsi IOATOTOBKH
OTBETA.

[Iponienypa  mpoBeACHUST  NMPOMEXKYTOYHOH  aTTecTallik  JJIs  OOYdYaroOUIMXCs
YCTAQHAaBJIMBAaeTCSI C Y4€TOM HX HMHIMBUAYAJIBHBIX THCUXO(U3UYECKHX OCOOEHHOCTEH.
[TpomerxyTouHas aTTecTalus MOXKET IPOBOJUTHCS B HECKOJIBKO ATAIIOB.

IIpoBenenue mpoueAaypbl OLEHMBAHUSA PE3YJIbTATOB OOYYEHMsI JIOMYCKAeTcss C
UCTIOJIb30BaHUEM JUCTAHIIMOHHBIX 00pPa30BaTEIbHBIX TEXHOIOTHH.

ObecneunBaercs A0CTYN K WH(GOPMAIIMOHHBIM U OMOIMOrpauueckuM pecypcaM B CETH
WuTepHer s Kaxaoro oOywaromierocst B gopmax, aJalTUPOBAHHBIX K OTPaHUYEHUSIM HX
3JI0pOBbsI U BOCTIPUSTHS HHPOPMALIUU:

1) JUTSL CIIETIBIX M CITA0OBUIAIINX

— B IIEYaTHOM (pOpMe yBETUUEHHBIM IIPUPTOM;

— B (hOpMe DIEKTPOHHOTO TOKYMEHTA;

2) JUIS TITYXUX ¥ caOOCTBIIIAINX

— B Ie4aTHOM Gopme;

— B (hopMe 3IEKTPOHHOTO JJOKYMEHTA.

3) IUIsE 00YYarOIIUXCsl C HAPYIICHUSIMH OTIOPHO-/IBUTATEIBHOTO arapara:

— B IIEUaTHOM Qopme;

— B (hopMe IIEKTPOHHOTO JJOKYMEHTA.

10. MATEPUAJIBHO-TEXHUYECKOE OBECIIEYHEHHUE YYEBHOI'O TPOLHECCA

VY4eOHble 3aHATHS IpOBOAATCA B 4-M yuyeOHOM Kopmyce (r. Jonenk, mp. TeaTpanbHBIi,
1. 13). lns npoBeeHUs JIEKIMOHHBIX 3aHATHIA TpeOyeTcs ayIuTopusi, 000py10BaHHAs MEIOBON
WM MapKepHOW JOCKOHM, MyJIbTUMEIUIHBIA MPOEKTOP M SKpaH, HOYTOYK, KOMILJIEKT y4eOHOM
MeOenu Ui CTyJIeHTOB, pabodyee MeCTO MperoiaBaresis, BbIxol B UHTepHEeT — MpOBOIHON MM C
ucrnoip3oBanueM Wi-Fi.
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Jlnst  BeIMOJIHEHHWS — JabopaTOpHBIX — paboT  Tpebyercs  yabopaTtopuu €O
CHELMATU3UPOBAHHEIM  000pYIOBaHHEM, KOTOpPOE OTBEYAaeT COBPEMEHHBIM TpeOOBaHUAM
u(ppoBOro 06pazoBaHus: UMEET B HATUUUU OOJIBIIOE KOJTUYECTBO PA3IMYHBIX TUIIOB JAaTUYHUKOB,
KOTOpbIE MOJKJIIOYAIOTCS K HOYTOyKy (IJIaHIIETY) M MO3BOJSIOT OCYIIECTBIATH cOOp
SKCIIEPUMEHTANBHBIX JaHHBIX, TpaQUuecKuil aHalu3 JaHHBIX, pPEIICHHE MaTeMaTHYeCKHX
ypaBHEHUM, 00pabOTKY IKCIIEPUMEHTATBHBIX JTaHHBIX.

Jlis caMOCTOSITENIbHOM paboOThl UCIIOJIB3YIOTCS TEKCTOBBIE U AJIEKTPOHHBIE PECypCHI
Hayuynoii OMOIMOTEKM YHHBEPCHUTETa W JPYTUX ODJICKTPOHHBIX OHOIMOTEYHBIX 0a3 NaHHBIX,
yueOHO-MeToInYeckoe oOecreueHue, MPeICTaBICHHOE B Y4EOHO-METOJUYECKOM KaOHHeTe
Kadeapsl oOmien Gpu3nku U TuAaKTuky pusuku (ayn. 220).

OOyuyaromuecs HMMEIOT BO3MOXXHOCTh HCIIOJIb30BAaTh  y4yeOHble MaTepuanbl IO
JTUCITUIIIMHE, pa3MmenieHHbie Ha tiatrgopme Moodle LlenTpa mucTaHmuoHHOrO 00pazoBaHUs
®OI'BOY BO «loHI'Y». Ilpn u3ydeHUH AUCIUTLIMHBI MPUMEHSIOTCS JIEKTPOHHOE OOy4YEeHHE U
JTUCTAaHIIMOHHBIE 00pa30BaTEIbHBIC TEXHOJIOTHH.

C  wucnonp3oBaHHMEM  pecypcoB  MIaTGOpMbl  JUCTAHIIMOHHOTO  00pa3oBaHUS
OCYILECTBIISICTCS TEKYIIUH KOHTPOJb 3HAHWK OOYYalOUIMXCS HAa OCHOBE TECTUPOBAHHS U
MIPOBEPKHU PE3YyIbTATOB CAMOCTOSTENLHOM paOOTHI.

11. PEKOMEHAYEMAS JIMTEPATYPA

11.1. OcHoBHas nuTEpaTypa

1. I".Keitn. CoBpemeHnHas ¢u3uka anneMeHTapHbix yactui. M: Mup, 1990. — 360 c. — URL.:
https://www.twirpx.com/file/972518/ (nara ob6pamenus: 01.01.2023) — Pexum gocryma: B
CBOOOAHOM A0CTYyIIE. — TeKCT: AIEKTPOHHBIN.

2. A. U. Axueszep, M.II1.Pekano. buorpadus snementapusix yactuil. K: HaykoBa gymka,
1979. —264 c. — URL: https://www.twirpx.com/file/274503/ (mnata obpamenus: 01.01.2023) —
Pexum noctyna: B cBOOOAHOM AOCTYyIE. — TEKCT: 3IEKTPOHHBIN.

3. b.C. Nmxanos, .M. Kanurtonos, H.I1. FOqun. Yactuiel 1 aToMHBIE siipa: Y4eOHHUK
IUIsE BY30B - 2-¢ wusn.mchnp.u gom. - M.: UHzmarensctBo JIKU, 2007. - 584c. — URL:
https://www.twirpx.com/file/1701896/ (mara oOpamenus: 01.01.2023) — Pexum npocryma: B
CBOOOJTHOM J0CTYyIE. — TEKCT: 3JeKTPOHHBIMH.

4. C. M. bunenpkuit Macchl, cMeIMBaHUE W OCIIILISAIUHN HelTpuHo // YOH. — 2003. —
T. 173. — C. 1171—1186. — URL.: https://www.ufn.ru/ru/articles/2003/11/b/ (mata obpamienus:
01.01.2023) — Pexum moctyma: B CBOOOJHOM JOCTYyIE. — TEKCT: AJIEKTPOHHBIN.

5. A.A. UYepuoB, E.M. Twumapruzos, X.C. DbarmacapoB u gap. CoBpeMmeHHas
kpuctayorpadus. B 4 tomax. M.: Hayka, 1980. — TekcT: HemocpeCTBEHHBII.

6. JIx. bneiikmop. @usuka tBepaoro tena. M.: Mup, 1988. — TekcT: HenocpeCTBEHHBIH.

7. BJL. bonu-bpyesnu, C.I'. KanamnukoB. ®usuka nonynpoBonuukoB. M.; Hayka,
1979. — TekcT: HeOCPECTBEHHBIM.

8. 10.1. Cuporun, M.II. llackonbsckasi. OcHOBHI kpuctamuiopusuku. M.; Hayka,1979. —
TeKkcT: HemoCpeICTBEHHBI.

9. JIx. 3aiiman. llpuHnmmel Teopuu TBepmoro Ttema. M.: Mup, 1974. — Tekcr:
HEIOCPEICTBEHHBIN.

10. JT [. Jlarmay, E.M. Jludpmm. Cratuctudeckas ¢usuka. M.; Hayka, 1976. — Tekcrt:
HEIOCPEICTBEHHBIN.

11. JI.J. JTarnay, E.M. JIudmmi. Mexanuka crutomsbeix cpea. M.: Hayka, 1976. — Tekcrt:
HEIOCPEICTBEHHBIN.

12. H. Amkpo¢r, H. Mepmun. @uzuka tBepaoro tena. M.: Mup, 1979. 1.1, 2. — TekcT:
HEIOCPEICTBEHHBIMN.
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11.2. domonHuTeIBHAS JUTEPATYPA

13. N.®. I'unzOypr Hepeménnsie mpobiemsl (yHmameHtaapbHOW (usuku (pyc.) //
Ycnexu ¢uzmueckux Hayk. — 2009. — T. 179. — C. 525-529. — URL:
https://www.ufn.ru/ru/articles/2009/5/d/ (nata ob6pamienus: 01.01.2023) — Pexxum gocrtyma: B
CBOOOAHOM A0CTYyIIE. — TeKCT: AIEeKTPOHHBIN.

14. 1O. T'. Kynenko HaGnropeHune OCUMIUIALNNANA MIOOHHBIX HEHTPUHO B DIIEKTPOHHBIE
HerTpuHO B 3kcnepumente T2K // Y®H. — 2013. — T. 183. — C. 1225-1230. — URL:
https://www.ufn.ru/ru/articles/2013/11/d/ (nara ob6paruenus: 01.01.2023) — Pexum goctyma: B
CBOOOAHOM A0CTYyIIe. — TeKCT: AIEeKTPOHHBIN.

15. Library of CERN — URL: http:/library.cern/services/loan (mata oOparieHus:
01.01.2023). — Pexxum JOCTYyIIA: ISl aBTOPU3UP. TOJIb30BaTenel — TEKCT : AIIEKTPOHHBIN.

16. Y. Kurenr BBenenme B ¢usuky TBepmoro tema. M.: Hayka, 1978. — Tekct:
HENOCPEICTBEHHBIH.

17. C.B. BoncoBckuii. MarHetu3sm. MarnutHele CBOWCTBa 1ua-, mapa-, ¢eppo-,
antudeppo-, u heppumaraetnkoB. M.: Hayka, 1971. — 1032 c. — Tekct: HemocpeACTBEHHBIH.

18. I'.C. Kpununk. ®usnka MarHuTHBIX sBieHuii. M.: MI'Y, 1976. —367 c. — Tekcr:
HEMOCPEICTBEHHBIH.

19. Y. Kurens, KBanroBas Teopus tBEpabix Ten. M.: Hayka, 1967. — 491 c. — TekcT:
HEMOCPEICTBEHHBIH.

20. B.B. llImunr. BBeaenne B Gpusnky cBepxmpoBoaHukoB. M.: Hayka, 1982. — 396 c. —
TekcT: HemocpeICTBEHHBIH.

21. Bricokoremmeparypubie  cBepxnpoBogHuku. /Ilom pen. JI. Hencoma, M.
VYurrtunxema, T. Ixopxka. M.: Mup, 1988. — 400 c. — Tekct: HenmocpeACTBEHHBII.

22. H. MorT, 3. [/[pBHC DNEKTPOHHBIEC MPOLECCH B HEKPUCTAIIMUECKUX BemlecTBax. M.:
Mup, 1982. 1.1, 2. — TekcT: HEMOCPEACTBEHHBIMN.

12. AH®OOPMAILIMOHHBIE PECYPCbI

1. Hauunonanbuast 3JIEKTPOHHAS OndmMoTexa (H3Bb): dbenepanpHas
rocyiapcTBeHHass umHpopMaimonHnas cucrema / MunucrepctBo Kynbrypel P®; Poccwuiickas
rocynapcTBeHHass oubnnoreka. — MockBa, 2019- . — URL: https://rusneb.ru/ (mata oOpamieHwus:

01.09.2023). — PexumM jmoctyma: cBOOOIHbIH, moanmucka. HeoOxoauma ycTaHOBKA MTPOrPaMMHOTO
oOecrieyeHus. — TeKCT: AJIeKTPOHHBIH.

2. eLIBRARY.RU: nayunas snextpoHHas oubnuoreka: caiit. — Mocksa, 2000- . —
URL: https://elibrary.ru (mara oo6pamenus: 01.09.2023). — Pexum mocTyma: i aBTOPU30B.
MOJIb30BaTeNe. —TEKCT: dJIEKTPOHHBIMN.

3. Hayunas snextponHas Oubnunoreka «KuOepJlenmnkay»: caiit / Acconuanus
«OTtkpbiTas Hayka». — Mocksa, 2014- . — URL: https://cyberleninka.ru/. — Pesxxum nmocrtyna:
cBOOOHBIN. — TeKCT: NEeKTPOHHBIH.

4, DNeKTpOHHO-OUOIMOTEeUHAS cucremMa «Jlanby»: [caiT]. — URL:

https://e.lanbook.com (mata oOpamenus: 01.09.2023). — Pexxum nmoctyma: Juis aBTOPH3OB.
IOJIb30BaTesel. — TEeKCT: 2JIEKTPOHHBIM.

5. IBC IOpaiit: snexTpoHHas 6ubnuoTeyHas cucrema: caT. — Mocksa, 2013. —
URL: https://biblio-online.ru (mata oopamenuns: 01.09.2023). — Pexxum nocTymna: it aBTOPU30B.
[OJIb30BaTeseH. — TEKCT: DJIEKTPOHHBIMN.

6. Dy1eKTPOHHO-0ubnoTeuHast cucrema JlouIl'Y: caiit / ®I'BOY BO «lonl'V». —

Honenk, 2016- . — URL: http://library.donnu.ru/ (mata oOpamenus: 01.09.2023). — Pexum
Jnoctyna: cBOOOIHBIN. — TeKCT: 3IeKTPOHHBIM.
7. JJekTpoHHbI Katajsor Hayunoit 6uGmuorexu [lonl'Y: pasnen caiira / Hb

Joul'Y. — Tekcr: anexrpounsiit // DBC JJoul'Y: caiit. — URL: http://library.donnu.ru/catalog/
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(mara o6pamenus: 01.09.2023). — Pexum gocTyma: TOHWCK CBOOOJHBIN, 3JIEKTPOHHBIC
JIOKYMEHTBI — Ji1s1 Ttosb3oBaTene JJonl'y.

8. OuexktpoHublii apxuB [doul'Y: pazgen caiita / Hb Jounl'Y. — Tekcr:
anektponubii // OBC [oul'Y: caiit. — URL: http://repo.donnu.ru/ (mata oOpaiieHus:
01.09.2023). — Pexxum q0CTyIa: CBOOOIHBIIA.

13. MIPOTPAMMHOE OBECIIEYHEHHUE

1. Windows 7 PRO (kopnoparuBnas smnen3us Jorl'Y Ne 46484614)

2. Microsoft Office (koprnopatuBHas aunen3us oY Ne 46472919)

3. Microsoft Visual Studio (yiunien3ust mporpammbl Dream Spark jyist BeICIIMX y4eOHBIX
3aBeJICHUN)

4. AntuBupyc Kacnepckoro, Adobe Acrobat Reader, xPDF (yiuuensun GPL, Apache,
BSD nnst cB0G0IHOTO POTPaMMHOTO 00ECIICUCHHS ).
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