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1. MECTO JUCIHUILIUHBI B CTPYKTYPE OBPA3OBATEJILHOM
ITPOI'PAMMBbI

1.1. TpeboBanus K MpeABAPUTEIHHOM IMOATOTOBKE OO0YUYAIOIINUXCS, MPEAIICCTBYIOIIHE

U COITYTCTBYIOIIUE TUCIUTUIHHBI, HA KOTOPBIX OCHOBBIBACTCS M3YUCHHUE JAHHOM:
JMCHIUTUIAHBI TPOTPAMMbI MarHCTPATYPHI:
Hnocmpannwiii a3vix;
Memooonozus u Memoowvl HAYYHBIX UCCIEO08AHUIL;
Ob6vexmuo-opueHmupo8anHoe NPOCpPAMMUPOBaHUe,
Komnvromepnoe modenuposanue 6 gpuzuxe;,
Hayynvui cemunap;
DnexmponHbvle pecypcbl u Yu@posvle MmexHoI02UU 8 00PaA308aHUU;
Coépemennvie HAHOMEXHONO2UU,
DusuKa MacHUMHbBLX S8IEHULL U BbICOKOMEMNEPAMYPHAS C8EPXNPOBOOUMOCTIb
Komnvromepusvie cpeocmea ananusa 3kCnepumeHmanbHbix OaGHHbIX
Cneyuanvhvie Memoobl peutenuss uauueckux 3a0ay.

1.2, JlucuumniauHbl W TPAKTHKW, IS KOTOPBIX OCBOCHHE JIaHHOUW

HE00XO0UMO KaK MPE/IIECTBYIOIIEE:

IIpoussoocmeennas: npedoOunioMHas NPAKMUKA;
IIpousso0cmeennas npakmuKa: HayyHO-Uccie008amenbckas paboma,
Iloocomoska u 3awyuma BKP: mazucmepckou ouccepmayuu.

2. OIIMCAHMUE JUCHHUITVIMHBI

2.1.  OOmas XxapaKTepPUCTHKA

JUCIUILINHBI

HaumenoBanue nokazareis

3HaueHne moKa3areis

HazBanue o0pa3oBaTenbHOM MPOrpaMMBl

03.04.02 ®usnka (Marucrepckas rmporpamma;
Kommerorepras ¢uznka)

udp u Ha3BaHUE B COOTBETCTBUU C yUeOHBIM

IIJIaHOM

b1.B.O/l. ®usnka BEICOKUX SHEPTH

YacTb 00pa3oBaTeIbHON IPOrpaMMEl

BapI/IaTI/IBHaFI 4acTb

KonmyecTBo 3aueTHBIX CIVHUI] [/ Bcero yacos

3/108

2.2.  PacnpezneneHue 4acoB 10 epuoaaM o0ydeHus

O011ee KOJIUIECTBO YACOB
o = caMoCTosN-
®opma o 3 N
> 2 Jekuu- | jgadopa- | mpakTu- TeJbHOMU dopma
00y4eHus & = BCEro
s OHHBIX | TOPHBIX | YeCKHX padoTsl + KOHTPOJIsI
KOHTAaKTHas
OuHas 2 3 13 26 69 108 SK3aMeEH

3. HEJU JAUCHOUTTJIMHBI

Cohopmuposams y cmyoenmoe cucmemy 3HAHUU U NOHAMUL DU3UKU AOPOHO8, KOMOpAs
eéxooum 6 cocmas Cmanoapmuou Moodenu uwacmuy. O030p BANCHEUUWUX NOLONHCEHUU U
AKMyanbHulX NpooNeM CO8PeMeHHOU (HU3UKU BbICOKUX OIHepeUll, Ha NpoGepKy U peuieHue
KOMOpbIX Hayelenvl meKywue u niaHupyemvle Ha Oyoyujee usmepumenvbHvle U NOUCKOBbIE

IKCnepumennivl. PacczwompeHue COBPDEMEHHbBIX

nooxo0068 K

meopemu4yecKkomy u
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IKCNEPUMEHMATLHOMY U3YYEHUIO CUTBHBIX 83AUMOOEUCMBULL.

Jamv npeocmaenenue 0 Co8peMeHHOM COCMOAHUU Meopuu 8 (hu3uke 1eMeHmapHbIX
yacmuy U UX 63aUMOOEUCMBULl, YUMo Npeonoidzaem CUCMeMAmuyecKutl 0030p Kpyea
IKCNEPUMEHMATbHBIX (DAKIMO8, KOMOopble HAWLIU YCMOoseuleecs: meopemuyeckoe obvsacHeHue, U
Gaxmos, 01 Komopwvix o00viACHeHue IUbOO He HaAuoeHo, AUOO HAXOOUMCS 34 PAMKAMU
CYWecmeyIomux 8blYUCTUMENbHBIX Memo0os. Kpome mozo, oamv 0b630p mex cunomemuyecKux
meopuil, KOMopbvle, B03MOJICHO, NO360NAM  PA3PEUUMs  MPYOHOCMU — CLONCUBUEICS K
Hacmoswemy épemeHu cmaHoapmuou mooenu. [lamv npeocmagienue o mMemooax KEaHmogou
meopuu noss, KOmopas seisiemcs (QYHOAMEHmomM 6 meopuu QU3uKu MUKpoOMupd, a makdice
meopuu CuMMempuu dieMeHmapHulx uacmuy. O3HakomMums ¢ Cywecmeyiouell  cxemoul
9/leMEeHMAPHbIX yacmuy u OCHOBHBIMU HanpaeieHusMu NOTYYeHUs. HOBbIX
IKCNEPUMEHMANbHBIX ~ OAHHBIX 6  (DusuKke BblcOKUX dHepeuu. Paccmompemv — mexuuxy
0eMmeKmuposanus U UOeHMUGUKAYUU Yacmuy 6 pa3iudHblX OUana3oHax SHepeul, nPosecmu
amanuz axmopos, onpeoensiowux MoYHOCMb USMEPEHULl U OOCHOBEPHOCHb Pe3YbImamos.

4. KOMIIETEHIIUA OBYYAIOIIEI'OCs, ®OPMUPYEMBIE B PE3YJIBTATE
OCBOEHHSA KOMIIOHEHTA OEPA30OBATEJIBbHOM NPOT'PAMMBI, X
NHIAUKATOPBI U IINTAHUPYEMBIE PE3YJIbTATBI OBYYEHUSA

Kommnerenuun HNuukatopsl PesysbTaThl 00y4eHHs

[IK-2. Cnioco6en npoBoaUThL [1K-2.4 Opranusyer coop, | [IK-2.4.1 HMmeer mnpencraBieHus o
HayqHBIC HCCICTOBAHM B H3y4YEHHE HAYIHO- METOAMKAX U TEXHOJIOTUSX (PU3MUECKHX
n30panHoit obnactn TEXHUYECKOH UCCIIEIOBAHUI c HOMOLIBIO
SKCIIEPHMEHTABHBIX H (H1H) MH(POPMALIUH 110 TEME COBPEMEHHOIO 000pyI0BaHus u
TCOPECTUYCCKUX CI)I/IBPI‘I@CKI/IX o 6

HCCIOTOBANMI € TIOMOLISIO UCCIIeIOBAHUN U crocobeH (GopMHPOBaTH HCCICIOBAHUS
CoBpeMeHHOi npuGopHOi Gasel (5 | IPOBOANT HaydHbIC Ha OCHOBE COBPEMEHHBIX AJICKTPOHHBIX
TOM HCIIE CTOKHOTO dusmieckoro | ACCTCTOBAHMS CPEICTB, TPOBOJAUTH  HAOIIOJCHUS,
06opyI0BaHIs) H ¢bu3nuecKux 0ObEKTOB. HU3MEPEHUs U PACUETHI.

MHPOPMAIIMOHHBIX TEXHOJIOTHH ¢ I1K-2.4.2 Ymeer 06001mars
Y4YETOM OTEUECTBEHHOTO U OTEYECTBEHHBIN U 3apyOEKHBIN OMBIT 11O
3apy0eKHOTO OIIBITA. TeMaTUKe  NPUKJIAJAHBIX  HAYYHBIX

UCCHENOBAHUN B  00JlacTM  CBOEH
npoQeCcCHOHATLHON JIESATEILHOCTH.

I1K-2.5 IMpoBoaut [IK-2.5.1 MmMeeT HaBBIKK OMpeeiIeHUs
pacyeTsl ¢ IOIy4YeHHBIMH | cep BHEJIPEHUS Pe3yIbTaTOB
JaHHBIMH C MIPUKJIAHBIX HAYYHBIX HUCCIECIOBAHUN B
WCTIOJIb30BaHHEM obmact cBoed  mpodeccrHoHaTbHOM
HOPMAaTHUBHBIX JeSITeIIbHOCTH.

CIIPAaBOYHHUKOB U [IK-2.5.2 Ymeer npoBOAMTH Hay4YHBIE
OCYILIECTBIISIET UCCIIeI0OBaHUS, JlaBaTh
KPUTUYECKUH aHAIIN3 CoJIepKaTeNbHYIO WHTEPIIPETAIUIO
Pe3y/IbTAaTOB NPUKIAJHBIX | MOJMYYEHHBIX PE3yJbTaTOB M BHEIPATH
HAyYHBIX HCCIEOBAaHUH, | MX B pa3nuuydble cdepbl  cBoei
MTOJTY9CHHBIX 3P EKTOB. PO ECCHOHATEHON NeSITETLHOCTH

S. IMPOI'PAMMA JUCHUIIJIMHBI

Ha3Banue Tembl ‘ Kparkoe conepkanue TeMbl (BONPOCHI TEMbI)

Pa3zpean 1.

1. Pannuit nepuoxn ¢usuku | 1.1. DnexktpoH, npoToH, GpoToH. OKpHITHE HEUTPOHA.
DJIEMEHTApHBIX YaCTHII. 1.2. Mognens atomMHoro siapa I'eiizendepra-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  CHMMETPUM W 3apsI0BOU
HE3aBUCHMOCTH.

2.3. [lonsiTe 0 U30CIHHE U U30AY0JIeTE 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; JAE€KYIUIEThl, OKTE€ThI 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 nsera 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),
yapmonuit, moaens SU(4), wapmupoBannbie 4actuubl (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 JIEKTPOHOB HYKJIOHAMH, TAPTOHBI U MAPTOHHAS MOJIEIb
(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. HMHBapnaHTHOCTh OTHOCHUTEIILHO r7100aIbHBIX
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.

Pasznen 2.

6. [Ipoueccol
B3alMOJICUCTBUSL.

ciraboro

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

6.2. Heifrpunnas runoresa [aymnu.

6.3. DJEeKTpOHHBIE HEUTPUHO ¥ aHTHHEHTPUHO: OCHOBHBIE
XapaKTepUCTUKH, TPYJHOCTH SKCIEPUMEHTAJIBHOM pPErucTpanu,
Henpsimble (Jleiimynckuii, Annen) u npsmele (Koysn, Paiinec)
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AKCIIEPUMEHTAJIbHBIE [TOKa3aTeNbCTBA CyllecTBOBaHUA. OTiunuune
HEUTPUHO OT aHTMHEUTPUHO, HKCIIEPUMEHTAIbHOE MOATBEPKICHUE
(deBuc). DxcnepuMeHTanbHbIE J0Ka3aTeNbCTBA CYIIECTBOBAHUS
HeiTpuHo (KoyaH, Paitnec).

6.4. Omnepamusi TPOCTPAaHCTBEHHOW MHBepcun. CumMMmeTpus
OTHOCHUTEJIBHO OIEpaluyu IpOoCTpaHCTBEHHON MHBepcuu. [lapHOCTS.
BHyTpeHHsi1 MapHOCTh 3JIeMeHTapHbIX 4actull ($OTOH, JEUTpPOH,
- wu 7w-mesonnl). (1-0) Ilpo6nema. Hapymienme 3akoHa
COXpaHEHHUS POCTPAHCTBEHHOM MapHOCTHU B Ccl1abbIX
B3auMoeicTBusax. Onwit By.

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

6.6. Omepatop cnupanbHOCTU. CHHUPaNbHOCTH KakK KBaHTOBOE
yucyo. CnupanbHOCTH pelleHni ypaBHeHus Beiins.

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

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

6.9. t-menToH W T-HEWTpUHO. JlemTOHHbBIE 3apsAnbl. 3aKOH
COXpaHEeHHs JISNTOHHOTO 3apsiaa. [Ipobiema COTHEYHBIX HEUTPHUHO.
I'unoreza 0 HEUTPUHHOM OCLMIUISALIAM.

6.10. Yereipexdepmuonnas teopust @epMu: OCHOBHBIC MTOJIOKCHHSI,
MOCTPOCHUE JIarpaH)KMaHa B3aUMOJICUCTBUS KOHTAaKTHOTO THIIA,
3apsOKEHHbIE  clla0dble  TOKM, V—V—BapuaHT B3aUMOJEUCTBUA,
HENEPEeHOPMUPOBAHHOCTb.

6.11. TpancdopmanmonHsle cBoOiicTBa ypaBHeHUs Jlupaka W
OunuHeiiHble MHBapuaHThl. Hapymienue mapHoctd u V-A ¢opma
cr1aboro B3aUMOJACUCTBHUA. 3apsbKeHHbIE clia0ble TOkH. Ciadbie
pacrajibl CTpaHHBIX YaCTHIL.

6.12. Tlonstme o cmemmBaHUM cocTossHUE. Yrom Kabub6o.
Marpuna KobGasmm—Macakassl. [IpoOiemMa HeHTpanbHBIX Cla0bIX
TOKOB, UX OTKPBITHE.

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

7. CIIOHTaHHOE HapyllEeHUE
CUMMETPUH.

7.1. ToynncToHoBcKHE OO30HBI.

7.2. Mexanu3Mm Xurrca reHepariy Macc 4acTull.

7.3. CrnoHTaHHOE€ HapylIEHHE JIOKAUIBHOW  KalMOpPOBOYHOM
cummetpuu SU(2).

7.4. MaccuBHble nosig Sara-Mmuica.

8. CrangmapTHass MOJEIb
Baitn6epra—Canama.

8.1. Monens Baitn6epra—Canama.

9. MeToasbl
JIETEKTUPOBAHUS YACTHII.

9.1. CUHHTHUISIIMOHHEIE CUETUNKH.

9.2. [TonynpoBOAHUKOBBIE IETEKTOPHI.

9.3. IToporoseie u qudHepeHITHATEHBIC YePSHKOBCKUE CUETUNKH.
9.4. JleTeKTOpHI MEPEXOAHOTO U3ITYUCHHUS.

9.5. DirlekTpOMarHUTHBIC U aJIPOHHBIC KAIOPUMETPHI.

9.6. IIpomopuuoHansHbIe, Ipe(PoBbBIE W BPEMS-IPOCKIIHOHHBIC
KaMephbl.

10. UccienoBaTeabckue
MpOrpamMMbl HACTOSIIETO U

10.1. Hexoropsle mporpaMMmbl: NPUPOAA CIHMHA  aJpPOHOB
(monsipu3allMOHHBIE U3MEPEHUS ), TOUCK IK30TUYECKUX COCTOSHUM —
1J11000JI0B, IEHTAKBAPKOB U JP.
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Ommkaiiiero Oymymiero.

10.2. MccnenoBanue TUIOTHON U BO30YXAEHHOHN apOHHON MaTepuu
(KBapK-TJIIOOHHAS IJI1a3Ma U JIp. ).
10.3. ®usuka HEeWTpUHO, MOUCK A(DPeKTOB(YaCcTHI]) 3a MpeaeIaMu
CTaHIAPTHOU MOJIEIIH.
10.4. JIeWicTByrOIME YCKOPUTEIM M WX  XapaKTCPUCTHKH.
Yckopurenu OmKaidiero Oyaymniero.

6. CTPYKTYPA U COAEPKAHUE JUCHUIIJIMHBI

6.1. ®opma oOyueHust — 04Has1, Kypc — 2, ceMecTp — 3

KosimuecTBO yacos
HanMeHoBaHusi pa3aejioB U TeM Jleku. | Jladop. | Ilpakr. | CPC+ | Bceero
KOHT
Pazpea 1.
1. Pannuii meprosa GU3NKHU IeMEHTAPHBIX 1 6 v
YaCTHIL.
2. IIporeccrl CHIBLHOTO B3aUMOACHCTBUS. 1 6 7 14
3. JlokanpHas KaTMOPOBOYHASI MHBAPHAHTHOCTb. 1 7 8
4. CocTaBHBIC MOJICIIN ATPOHOB. 1 5 7 13
5. KBaHTOBast XpOMOTMHAMHKA. 2 5 7 14
Paznea 2.
6. [Iporiecchl ¢1aboro B3auMoICHCTBHSL. 1 7 8
7. CnHOHTaHHOE HapylIeHHE CHMMETPUHU. 1 7 8
8. CranmaprtHast Mosienb BaitnOepra—Canama. 2 5 7 14
9. MeTobl AeTEeKTUPOBAHHS YaCTHII. 2 5 7 14
10. UccaenoBarenbCKue MpOrpaMMbl HACTOSIILIETO 1 7 8
1 OJvpKalIero Oyymero.
HUTOI'O 3A CEMECTP 13 26 69 108

7.

™

NGO

10.

OIEHOYHBIE MATEPHAJIBI (CPEACTBA) JJIAA TEKYIIEI'O KOHTPOJIA
YCHEBAEMOCTH, MIPOMEXXYTOYHOM ATTECTALIUU

7.1. KoHTpoJibHbIE BONPOCHI

Paznen 1
Habmonenue u perucrpanus snemeHTapHbIx yactull. Kinaccudukanus meronos. [Ipubopsr.
OKCIEpUMEHTAJIBHOE UCCIIEN0BAaHNE YacTull. Pe30HaHCHI.
[TpousBoacTBO dYacTull B 3KcnepuMeHTax. Yckoputenu. Knaccuduxanus. MoigHocTu
COBPEMEHHBIX YCKOPUTEIIEH.
Antnuactunbl.  Omnpenenenne. CpoiictBa. [lpumepsl. AntuBemectBo. OnpeneneHue
MCTUHHO HEUTPAJIbHON YaCTHULIBI.
Krnaccudukanus aneMmeHTapHbIX 4acTHll. JIenToHs! (moapoOHO).
AJIpOHBIL: OIIPENIENIEHNE, CBOMCTBA, KBAPKOBOE cTpoeHNEe. CBOMCTBA KBapKOB.
N3oronnueckas cummetpust. CyrnepMybTUILIETHI.
N3oTonnyecknii COMH M HU30MYJbTUILIETBI. bapuoHHBIA OKTeT. ME30HHBI HOHET.
Bo30yxneHHble cocTosiHUS 0apHOHOB (CPaBHUTH OKTET U ACKYILJIET).
Kakomy ¢akty ¢pusndyeckn cooTBETCTBYyeT M30TONMMUYEeCcKass HHBapHaHTHOCTH? C ueM cBsi3aHa
BBICOKAsl CTENIEHb CHMMETPUYHOCTH U30TONMYECKUX MYJIbTHUILIIETOB?
@yHIaMeHTaNbHbIE B3auMoAecTBHsL. OnucaTrh KaKablii BUJ B3aUMOAECUCTBUSI, CPABHUTH 110
MHTEeHCHUBHOCTH. Kitacc yacTuI| — NepeHOCUNKOB B3aUMOIEUCTBUSI.
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Knaccudukanust snmementapubix dactunl B CtanmapTHOW monenu. Teopun oO0BEIUHEHUS
B3aUMOICHCTBUM.

DeKTpoMarHuTHoe B3auMoeiictere. [ToHsTHE A5IeKTpocaadoro B3auMoIeHCTBHUS.
Ocobennoctu cnaboro B3aumozencTeus. [lepeHocunKy B3auMOIeHCTBUSI.

CwibHoe B3aumojeiicteue. Teopun Benukoro o0beTMHEHHS.

XapakTepHble BpeMeHa (yHIaMEHTaJbHBIX B3aMMOACHCTBUH. B KadecTBe mpumepa
OTIpeIeNINTh, KAKHe BHIBI B3aUMO/ICHCTBHS OTBETCTBEHHBI 3a pacmapl: 1)A” — p + 7 (Bpems
KU3HU GaproHa A™: Ta. = 6-1072% ¢); 2)K' »p* + vu; 3 >y + v (KY, mu n — Me30HEI).
O06ocHoBaTh. BbInojiHEeHNE KaKUX 3aKOHOB COXPaHEHUSI HEOOXO0IMMO MTPOBEPUTD MPHU 3aITUCH
ATUX PpacaioB (KOHKPETHO JJIs KKIOTO cirydas)?

CdopmynupoBaTh 3aKOH COXpaHEHUS CTPAHHOCTH. B Kakux B3aUMOJCHCTBUSX OH
CIIpaBeUIMB, ¢ KakuM (U3ndecKuM 0OBEeKTOM cBsizaH? Ha OoCHOBE 3TOro 3akoHa 3amucarb

HEJOCTAONIYI0 YacTHIy B pacmage Q ~ -6apuona Q ~ — Z %+ X, ecm 6apuon = ° umeer
maccy 1315 Mb»B, crpanHocTs S = —2 U HyNEBOH ayeKTpuueckuil 3apsin. Macca Q-

OapuoHa paBHa 1672 M»aB, crpanHocTh S = -3, anekrpuueckuii 3apsig Q = —1.

bapuonnslii 3apsa. Dnexrpudeckuit 3apsi. M3ocnuH.

Jlenitoubl. JlenTOHHBIN 3apsi.

[Tonsitue ctpanHoctu. CTpaHHbBIE YaCTHUIIBI.

3aKOHBI COXPAHEHUS JIENTOHHOTO U OApMOHHOTO 3apsI0B, CTPAHHOCTU. B kauecTBe npumepa
ONPENIETUTh, UCXO/IS U3 3aKOHOB COXPAHEHUS KOJUYECTBA JICNTOHOB pa3inyHOro Tuma Le, Ly
, L ¢, Kako# u3 pacmaoB MIOOHa Oy/IeT UMETh MECTO: L~ —> €~ +y Wi L~ —> e + ve+
Vi

Knaccudukanus 3aKoHOB coxpaHeHHs B (DU3HKE 3IIEMEHTApHBIX YacTHIl. AJITUTHBHBIC
3aKOHBI coxpaHeHusi. CHMMETpUH, JISKAIME B UX OCHOBE.

CummeTpus IpOCTpaHCTBA-BPEMEHHU.

KanuGpoBouHasi cuMMeTpHsl.

Buytpennss cummerpusi dactuil. M3ocmuaoBas cummetpus SU(2). Cummerpus SU(3)
M30CIIMHA U TUIiep3apsiaa.

MynbTUIUITMKAaTUBHBIE 3aKOHBI coxpaHeHus. CuMMeTpuH, Jexanie B uX ocHoBe. O0mue u
YaCTHBIC 3aKOHBI COXpaHEHUS B (PM3HKE IEMEHTApHBIX YacTull. Hecoxpanenne 4eTHOCTU B
Ca0bIX B3aMMOJICHCTBHSIX.

DHepreTUkKa peakifii 4acTuil. DJHEPreTUKa pacnagoB YaCTHIL.

Vupyroe u Heynpyroe paccesinue. Ceuenne paccesinua. OTHOKaHAIbHOE U MHOTOKaHAJIbHOE
paccesiHue.

Kocmuueckue nyun. lllupokue armochepHbie TUBHH.

Kunematuka yactun. Macca yacTui.

PenstuBuctckas Teopust Jupaka. yactuiibl co cnuHom 1/2.

[TonsiTue pusnueckoro Bakyyma.

Poxnenue u yanuroxxkenue yactull. Jluarpammel OeliHMaHa.

[TonsiTne n3oronuyeckoro cnuua. HykIoHHBIN 1yOmeT.

IIrnonHsbli TpUIUIET. M30MynBTUILIETHI aIPOHOB.

[TonsiTve KaTMOPOBOUYHBIX OO30HOB.

Pasznen 2

bera-pacnan sinep. Pacrian npoTtoHa u HEMTpOHa.

Teopus @epmu cnaboro B3auMOCHCTBHS.

Yetbipe hepmuoHHbIe quarpammbl OeitHmana uist c1aboro B3auMoAeHCTBHUS.

AJIpOHHBIN U JTENTOHHBIN TOKH.

[Mepenocurku ciaboro B3aumozencTeus W=E Z°—6030HBLI.

Hapymenre 4eTHOCTH B CaOBIX peaKiusX.

Teopus sinepubix cui KOxaBeI.

AHOMaJbHbIE MAarHUTHBIE MOMEHTHI IPOTOHA U HEUTPOHA.
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44. I'my6oko Heynpyrue npoiecchl. OObsICHEHHE.
45. Mogenu agponos @epmu, Cakarsl.

46. KBapkoBasi MOJICNIb aJ]pOHOB.

47. liBeroBoe B3aumMoieicTBHE. [ TIOOHBI.

48. KBanToBasi XpOMOAMHAMUKA.

49. KBapkoBbI€ 1UarpaMMmBbl.

50. Oco0eHHOCTH LIBETOBOI'O B3aUMOIENCTBU.
51. Cymnocts CrangaptHoit Moaenu.

7.2.  Tembl NHCbMEHHBIX PadOT (THIIBI 32/124)
KonTponbHble paboThI 110 MPaKTUKE TeMaM:

— Ilpoueccsl CHIIBHOTO B3aUMOAEUCTBHUS.

— JlokanpHast KamuOpPOBOYHAS HHBAPHAHTHOCTb.

— CocraBHble MOJIENH aJPOHOB.

— KBaHTOBas XpOMOAMHAMUKA.

— Ilponeccsl ciiaboro B3auMoIeHCTBUSI.

— CrnoHTaHHOE HApyIIEHUE CUMMETPHH.

— Mopaenp Baitn6epra—Canama.

— Mertoabl AETEeKTUPOBAHUS YACTHII.

KonTponbHast paboTa 1o HpOBEpKE TEOPETUYECKUX 3HAHMM — IO BCEM TEMaM, C
UCIOJIb30BAaHUEM YKa3aHHBIX BBIIIE KOHTPOJIHBIX BOIIPOCOB.

7.3. OOpa3sen coaep:kaHHsl YK3aMeHAIMOHHOT0 OWJjeTa (MPH HAJIWYMH IK3aMeHa
MO THCIMIIJIHHE)

9K3AMEHAIIMOHHBIA BUJIET Ne 1

1. Anrtmuactunpel. Onpenenenue. CoiictBa. Ilpumepnl. AnTuBemecTBo. OrnpescieHue
VMCTUHHO HEUTPAIIBHON YACTHIIBI.

DKCIEepUMEHTAIBHOE HCCIE0OBaHUE YacTUll. Pe30HaHCHI.

3. BriOparh pa3penieHHy0 peakinuio U 000CHOBATh BBHIOOP, MCIIONB3YS 3aKOHBI COXPAaHEHHS:

N

PNz +7° p+p— p+n+K*+K".

B cnywae BeneHus yueOHOro rmpoiiecca ¢ UCHOJIb30BAaHUEM 3JIEKTPOHHOTO OOY4YEeHUs U
JTUCTAHIIMOHHBIX 00pa30BaTENbHBIX TEXHOJOTHH, CoJep)kaHue OujeTa MOKET OTIHYAThCS OT
MIPUBEJICHHOTO.

8. PACHIPEJEJIEHUE BAJIVIOB, KOTOPBIE NIOJYYAIOT OBYYAIOIIUECSA

OO0mast olleHKa 3HaHWM 00y4YarOIIMXCS MO AUCUUIUIMHE MpoBoAuTcs no 100-6annbHoi
HIKajle MCXOJs M3 MakCUMyMa, IMpHBEIEHHOro B Tabiuue Huke. OpraHu3aluoHHO-yueOHas
paboTa B ayIWTOPUH OIICHWBAETCS HAa OCHOBE TaKHX KPUTEPUEB KaK IMOCENIAeMOCTH 3aHSTHH,
CBOEBPEMEHHOE U KaueCTBEHHOE BBIMOJIHEHUE JOMAIIHUX 3a/laHHi, aKTUBHOCTH BO BpeMs
MIPOBEJCHUS JIEKIMOHHBIX W TMPAKTUYECKUX 3aHATUN (ydacTHe B OOCYXKIEHHHM TEKYLIero u
IpoiiIeHHOT0 MaTepHaia, peleHne 3a1a4 1 T.11.).
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8.1. Cemectp 1

Homepa pazgenoB Buasbi pador MakcumaibHoe
KOJIHYeCTBO 0AJL10B
Opranu3aiiioHHO-y4eOHas paboTa B ayAUTOPUH 5
CaMocTosiTenbpHas paborta 5
1,2 KouTpoibHbie pabOTHI 110 IPAKTHUKE 20
KontponbHas paboTta 1o TeoOpeTHIecKOMY 30
Marepuany
HUTOI'o 60
JK3aMeH 40
OO0mmii HTOT 32 CEMeCTp 100

CooTBeTcTBYE 0AJLIOB OLIEHKE

OrieHKa 110 MATHOAIILHOM IIKaJIe
Konnuectso 6amios u3 "
100 ECTS Ok3ameH, nuddepeHInpoBaHHbIN 3ayer
3a4eT

90-100 A OTJIUYHO 3a4YTEHO
80-89 B 3a4YTEHO
75-79 C xopoto 3a4TeHO
70-74 D 3a4TEHO
60-69 E yIOBIETBOPUTEIHLHO B,
35-59 FX HE 3a4TEHO

0-34 = HEYJIOBJICTBOPUTEIILHO -,

9. OBECIIEYHEHHUE OBPA30OBATEJIbBHOI'O NTPOLECCA JJIs JINL C
OI'PAHUYEHHBIMU BO3MOXKHOCTAMMU 31JOPOBbs 1 UHBAJINIOB

B xone peanu3zanuu TUCHHUILTHHBI UCIIOJIB3YIOTCS CIEAYIOIINAE JOMOIHUTEIbHBIC METOIBI
00ydYeHUsI, TEKYIIEro KOHTPOJIS YCIIEBAEMOCTH U MPOMEKYTOYHON aTTeCTAIlUU O0YJIArOIINXCS B
3aBUCHUMOCTH OT UX UHIUBUAYAIbHBIX OCOOEHHOCTEH:

1) JUISL CTICTIBIX M CIIA0O0BUIAIINX

- neKuud oQOpMIISIOTCA B BHJIE DSJEKTPOHHOTO JOKYMEHTAa, IOCTYIMHOTO C
MTOMOIIHI0 KOMIIBIOTEPA CO CIEIUATH3UPOBAHHBIM ITPOTPAMMHEIM 00CCIICUCHUEM;

- JUIS ~ BBIMOJHEHHsS  3aJlaHusi TpU  HEOOXOAMMOCTH  MPEAOCTaBISIETCS
YBEJIIMYUBAIOIIEE YCTPOUCTBO; BOZMOXKHO TaK)Ke MCIIOIH30BAHUE COOCTBEHHBIX YBEITUIHBAFOIIHX
YCTPOMCTB;

- MUCbMEHHBIC 33JIaHusT ODOPMIISIOTCS YBEIIMYCHHBIM IPUDTOM.

2) JUIS TITYXUX ¥ caOOCTBIIIAINX

- JIEKIIUU OPOPMIISIFOTCS B BHJIC DJICKTPOHHOTO JOKYMEHTA;

- MMCbMEHHBIE 33JIJaHUS BHIMOIHSIOTCS Ha KOMITBIOTEPE B MUCbMEHHOU Qopme;

- 9K3aMEH TIPOBOJUTCS B THCHBbMEHHOH (OpME HAa KOMIBIOTEPE; BO3MOXKHO
npoBeqieHne B popmMe TeCTUPOBAHUS.

3) JUTSL JIUI] ¢ HAPYIICHUSIMHA OTIOPHO-/IBUTATEIILHOTO aIllapara:

— JTeKIuu Oo(OPMIISIOTCS B BHIE OJIEKTPOHHOTO JOKYMEHTa, JOCTYMHOIO C
MTOMOIIHI0 KOMIIBIOTEPA CO CIEIUATH3UPOBAHHBIM ITPOTPAMMHBIM 00€CIICUCHHUEM;

— MMCEMEHHBIC 33JIJaHUS BBIIOJHSIOTCS Ha KOMIBIOTEPE;

- 9K3aMEH U 3a4€T MPOBOATCS B YCTHOW (hOpME HITU BBITIOJNHSIOTCS B MUCHMEHHOMN
¢dopme Ha KOMITBIOTEPE.

[Ipn HEOOXOMMMOCTH TIPEIyCMATPUBACTCS YBEIMYCHHWE BPEMEHH IS TOJTOTOBKU
OTBETA.
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[lponexypa mpoBeAeHHMS  NPOMEXKYTOUYHOHW  aTTECTAllMM  JUIL  OOYYaroIIuXcs
YCTAQHABIMBACTCS C Y4YETOM HX HMHIMBUAYAJIBHBIX TCHUXO(U3UYECKHX OCOOEHHOCTEH.
[IpoMexyTouHast aTTECTAaLUsI MOKET IPOBOAUTHCS B HECKOJIBKO ATAIIOB.

[IpoBenenne mpoueAypbl OIEHMBAHUS PE3YJIbTAaTOB OOYUYCHHs JIOMYCKAeTCs C
UCTIOJIb30BaHUEM JMCTAHIIMOHHBIX 00Pa30BaTEIbHBIX TEXHOJIOTHH.

ObecneunBaeTcs A0CTyN K WH(POPMAIMOHHBIM U OMOIHOrpadMuecKuM pecypcam B CETH
Wurtepner mms kaxzaoro oOywaromerocss B (opMmax, aJanTUPOBAHHBIX K OTPAaHUYEHHSIM HX
3JI0pOBbBsI U BOCTIPHATHS HHPOPMALIUH:

1) IUTSL CHIEMBIX U CIIA00BUIALINX

— B IICUATHOHN (pOpME yBETUUYEHHBIM MIPUPTOM;

— B (hOpMe 3JIEKTPOHHOTO JOKYMEHTA;

2) IUISL TIIYXHUX M CIa00CTBIIIAIINX

— B IeUaTHOM dopme;

— B (hopMe IIEKTPOHHOTO JJOKYMEHTA.

3) IU1s1 00YHArOIIUXCS ¢ HAPYIIECHHSIMUA OIOPHO-BUTaTEIbHOTO arapaTa:

— B [IEYAaTHOH (opme;

— B (hOpMe JIEKTPOHHOTO JOKYMEHTA.

10. MATEPHAJILHO-TEXHUYECKOE OBECIIEYEHUE YYEBHOT'O
MPOLIECCA

VY4eOHble 3aHATHS poBOAATCsA B 4-M yueOHOM kopmyce (T. Joneuk, np. TearpanbHblii,
1. 13). Jlis npoBesieHHs JICKIUOHHBIX 3aHATHI TpeOyeTcs: ayAuTopusi, 000pyI0BaHHAS MEJIOBOIl
WIA MapKepHOH NOCKOH, MyJIbTHMEIMIHBIA MPOSKTOP M JKpaH, HOYTOYK, KOMIUIEKT y4eOHOMH
MeOenu Ui CTyJIeHTOB, paboyee MeCTO IpernoiaBaTelis, BbIxo B IHTEpHET — MPOBOIHOM MM C
ucnonb3zoBanuem Wi-Fi.

Jns  BolmonmHeHUss — ja0opaTopHbIX  paboT  TpeOyercs  ynabopaTopuud €O
CHEUAIM3UPOBAaHHBIM  00OPYJOBaHMEM, KOTOPO€ OTBEYAaET COBPEMEHHBIM TpPeOOBaHUSAM
U(ppoBOro 06pa3oBaHUsA: UMEET B HATMUUU OOJIBIIOE KOJMYECTBO PA3IMUHBIX THIIOB JaTYHKOB,
KOTOpBbIE MOJKIIOYAIOTCS K HOYTOyKy (IUIaHIIETY) M MO3BOJISIIOT OCYHIECTBISATH COOp
HKCIEPUMEHTAIbHBIX JIaHHBIX, TIpaUYecKuid aHanu3 JaHHBIX, pPELIeHHEe MaTeMaTUYeCKUX
ypaBHEHUH, 00paOOTKY IKCIIEPUMEHTAIIbHBIX TaHHBIX.

Jisi caMOCTOSITEIbHOM paboThl MCIONB3YIOTCS TEKCTOBBIE M 3JIEKTPOHHBIE PECYpCHI
Hayunoii OMONMOTEKM YHUBEpPCUTETa M JAPYTUX AIIEKTPOHHBIX OMONIMOTEUHBIX 0a3 JaHHBIX,
y4eOHO-MeTOIMUecKoe oOecleyeHne, MNpeACTaBICHHOE B Yy4eOHO-METOIUYECKOM KaOuHeTe
kadenps! oOuel Gpusuky u 1uaakTuku pusuku (aya. 220).

OOyuaronecss HUMEIOT BO3MOXHOCTb  HCIIOJB30BaTh y4eOHBbIE MaTepuaibl 10
JTUCLUILIMHE, pa3MelieHHble Ha 1iatdpopme Moodle IlenTpa aucTaHIMOHHOTO OO0pa3oBaHUsA
OI'bOY BO «/loul'Y». IIpn u3ydeHUn QUCHUIUIMHBI IPUMEHSIOTCS 3JIEKTPOHHOE O0y4YeHHe U
JUCTaHIIMOHHBIE 00pa30BaTeNIbHbIE TEXHOJIOTUH.

C  ucnonp30BaHMEM  pecypcoB  IMIaTGOpMbl  JUCTAHIMOHHOTO  0Opa30BaHUS
OCYIIECTBIISIETCS TEKYLIUMH KOHTPOJb 3HAHUN OOy4arolmMXxcsd Ha OCHOBE TECTUPOBAaHUSA U
IPOBEPKU PE3YIbTATOB CAMOCTOSATEIBHOM pabOTHI.
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11. PEKOMEHIAYEMAS JIMTEPATYPA

11.1. OcHoBHas nuTepaTypa

1. I" Keiin. CoBpemenHas ¢pu3nka sieMeHTapHbIX yactuil. M: Mup, 1990. — 360 c. — URL.:
https://www.twirpx.com/file/972518/ (mata obOpamenus: 01.01.2023) — Pexum pocryma: B
CBOOOJTHOM J0CTYyIE. — TEKCT: 3JEKTPOHHBIMH.

2. A. 1. Axuesep, M.I1.Pekano. buorpadus snemenrapubix yactuil. K: HaykoBa gymka,
1979. —264 c. — URL: https://www.twirpx.com/file/274503/ (nata ooOpamenus: 01.01.2023) —
Pexwum noctyna: B cBOOOAHOM A0OCTYIIE. — TEKCT: JIEKTPOHHBIH.

3. b.C. Nmxanos, .M. Kanutonos, H.I1. FOqun. Yactuiel u aToMHBIE siipa: Y4eOHHUK
Ui BY30B - 2-¢ wu3n.ucnp.u gom. - M.: HsmarensctBo JIKU, 2007. - 584c. — URL:
https://www.twirpx.com/file/1701896/ (nara oOpamenus: 01.01.2023) — Pexum npocryma: B
CBOOOAHOM AOCTYyIIE. — TeKCT: AIEeKTPOHHBIN.

4. C. M. bunenpkuit Macchl, cMeIMBaHUe U OCIILISIUN HeTpuHo // YOH. — 2003. —
T. 173. — C. 1171—1186. — URL.: https://www.ufn.ru/ru/articles/2003/11/b/ (nata obpamieHus:
01.01.2023) — Pexum moctyma: B CBOOOJHOM JOCTYyIIE. — TEKCT: AJIEKTPOHHBIN.

11.2. JlomonHUTENbHAS JIATEPATYPA

5. N.®. T'mnzbypr Hepeménnsie mpoOnembl (yHmameHTanbHONH (u3uku (pyc.) //
Ycnexu ¢usnueckux Hayk. — 2009. — T. 179. — C. 525-529. - URL:
https://www.ufn.ru/ru/articles/2009/5/d/ (nara ob6pamienus: 01.01.2023) — Pexxum mgocrtyma: B
CBOOOIHOM jocTyme. — TeKCT: AEeKTPOHHBIH.

6. 10. I'. Kynenko HaOmronenue oCIuLISIIUN MIOOHHBIX HEHTPHHO B DIIEKTPOHHBIE
HelTpuno B skcnepumente 12K // YOH. — 2013. — T. 183. — C. 1225-1230. — URL:
https://www.ufn.ru/ru/articles/2013/11/d/ (nara ob6paruenus: 01.01.2023) — Pexxum goctyma: B
CBOOOIHOM jocTyme. — TeKCT: AEeKTPOHHBIH.

7. Library of CERN — URL: http://library.cern/services/loan (mara oOpaieHus:
01.01.2023). — Pesxum 1ocTyMa: Uit aBTOPU3UP. MOJIb30BarTeleid — TeKCT : 371eKTPOHHBIA.

12. NHO®OPMALIMOHHBIE PECYPCBHI

1. Hauunonanbuast 3JIEKTPOHHAS OnbMoTexa (H3Bb): dbenepanbHas
rocyiapcTBeHHass uH@popMmaimonHas cucrema / MunucrepctBo Kynbrypel P®; Poccwuiickas
rocyaapcTBeHHas oubnmoreka. — Mocksa, 2019- . — URL: https://rusneb.ru/ (mata oOpamieHus:

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

2. eLIBRARY.RU: nayunas snextpoHHas Oubnuoreka: caiit. — Mocksa, 2000- . —
URL: https://elibrary.ru (mara oo6pamenus: 01.09.2023). — Pexum moctyma: i aBTOPU30B.
MOJIb30BaTeNe. —TEeKCT: 2JIEKTPOHHBIN.

3. Hayunas snextponHas Oubnunoreka «KuOepJlenmnkay»: caiit / Acconuanus
«OTkpeiTas Hayka». — MockBa, 2014- . — URL: https://cyberleninka.ru/. — Pexum mocryma:
cBOOOHBIN. — TeKCT: ANEeKTPOHHBIH.

4, DNeKTpOHHO-ONOIMOTEeUHAS cucremMa «JIaHby: [caiiT]. — URL:

https://e.lanbook.com (mata oOpamenus: 01.09.2023). — Pexxum jgoctyma: Juisi aBTOPU30B.
MOJIb30BaTese. — TEeKCT: 2JEKTPOHHBIM.

5. IBC IOpaiit: >nexTpoHHas 6ubnuoreyHas cucrema: caT. — Mocksa, 2013. —
URL: https://biblio-online.ru (nara oopamenus: 01.09.2023). — Pexxum qocTyma: it aBTOPU30B.
[IOJIb30BaTeseH. — TEKCT: DJIEKTPOHHBIN.
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6. Dy1eKTPOHHO-0ubmoTeuHast cuctema JJonIl'Y: caiit / ®I'BOY BO «/lonl ' V». —
Honernk, 2016- . — URL: http://library.donnu.ru/ (mata oOpamenus: 01.09.2023). — Pexum
JIOCTYTIa: CBOOOHBIN. — TEeKCT: 2JIEKTPOHHBIH.

7. JJekTpoHHbI Katajsor Hayunoit 6uGmuoreku [lonl'Y: pasnen caiita / Hb
Joul'Y. — Tekct: anekrponnsiii / DbC loul'Y: caitr. — URL: http://library.donnu.ru/catalog/
(mara oOpamenus: 01.09.2023). — Pexxum pocTyma: MOMCK CBOOOTHBIN, 3IIEKTPOHHBIE
JIOKYMEHTHBI — 7151 TTosib3oBaTesne Jonl'y.

8. daexTponnblii apxuB Joul'Y: pasmen caiita / Hb Jlonl'Y. — Tekcr:
anekTponnsi // DBC Jlonl'Y: caiit. — URL: http://repo.donnu.ru/ (mara oOparieHus:
01.09.2023). — Pesxxum roctymna: CBOOOHBIA.

13. INPOI'PAMMHOE OBECIIEYEHUE

1. Windows 7 PRO (koprnoparusnast nunien3us Joal'Y Ne 46484614)

2. Microsoft Office (kopnoparusnas nunensust o'y Ne 46472919)

3. Microsoft Visual Studio (auuensust mporpammbl Dream Spark [uist BBICIINX yueOHBIX
3aBEICHUI)

4. AwntuBupyc Kacnepckoro, Adobe Acrobat Reader, xPDF (nmmuenszuun GPL, Apache,
BSD ny1s1 cBO601HOTO TPOrpaMMHOT0 00ECTICUEeHHUS ).
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