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[Iporpamma  cocTaBrena  Ha  ocHOBaHHH  (MeZepalbHOTO  rOCYZAapCTBEHHOIO
00pazoBarebHOrO CTaHZapTa Beiciiero obpasosanus (OI'OC BO) HanmpaBieHHA NOATOTOBKH
44.04.01 Tlenarormyeckoe obpa3oBaHHe (YPOBEHb MarWCTPAaTyphl), YTBEpPKIEHHOTO MIPHKA30M
Munncrepcersa odpasoBarus B Hayku Poccniickoit @eepannu ot 22 ¢espais 2018 r. N 126.

llopsinka oprammsanuu yd4eOHOro mpomecca B 00pa30BaTEbHBIX OPraHH3alMAX BBICIIETO
npodeccrHonanbHoro odpasosanns Jlorenkoii Hapoanoii PecryOmuku, yTBep/KAeHHOTO MPHKa30M
Munncrepcersa oopasoBanus u Hayku JIHP Ne 1171 ot «10» Hos16ps 2017 r;

y4eOHOro miaHa H 0CHOBHOI oOpa3zoBaTenbHoIl nporpammel MaGOpMaTHKa B (hH3HuecKkoM
oOpasosanuy, HampasieHns noarotoBkn 44.04.01 Ilexarornyeckoe oOpasoBaHue, pa3paboTaHHEIX
B 'OV BIIO «/loHenkuil HAHOHAILHEIH YHHBEPCHTETY.

Paszpabotunk:
IOLEHT, K.().-M.H., JOIEHT
Ka(eapel o01eil (H3HKH H THIAKTHKH ;7/

s kIsang 7 A. B. besyc

IIporpayva y4eGHOI AHCIHILTHHEI yTBepkIeHa Ha 3aceiaHuH Kadeapsl obmed Gu3nKu u
JUIAKTHKH (PH3HKH
ITpotoxon Ne 13 ot «09» anpens 2020 r.

g
3aseaytommii Kadeapoit r/// H.T. Mamox
g

[MTporpavya yueOHOH MHCHHIUIMHEI 000peHa y9eOHO-METOANYEecKOoli KoMuccHell (Gpu3nKo-
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ITpotokon Ne 5 ot «15» anpens 2020 .
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1. OBJACTbH HIPUMEHEHMS 1 MECTO JUCHUILIMHEI B YYEBHOM
MMPOLIECCE

VYuebnas mucuuiimHa «®Du3MKa BBICOKMX JHEPTUN» SIBIAETCS BapUAaTHBHOM YacThIO
mucuuminH B1.B.JIB. «/lucuunnunsl no BwiOopy» bioka Bl «/luctumuussl (Momynau)» 1o
HanpasieHuto moarotoBku 44.04.01 Ilemarormueckoe oOpazoBanme (Marucrtepckas mporpamma:
WNudopmaruka B HpuzndeckoM oOpa3oBaHHH).

Jucuummaa peanu3yercs Ha Qusuko-texandeckom (akynprere ['OY BIIO [JonHY
kadenpoii oomuiei GU3NKKU U TUAAKTUKA DUUKH.

OTOT Kypc ONHUpPAETCSs Ha TEOPETUYECKYI0 U MPAKTUYECKYIO IOATOTOBKY CTYIEHTOB,
MOJTYYCHHYIO TIPH M3YYE€HUM IUCUUIUIMH OakanaBpuarta: «OOmas u dKCIepUMEHTalbHas (PU3nKa
(OnekTpuuecTBO M MarHeTHsMm)y», «O0mas u skcnepuMeHTaibHas ¢usuka (Onruka)», «O0mas u
JKcriepuMeHTanbHas  ¢u3uka (dusMka aroMa M aTOMHBIX  sIBJICHW)», «OOmas wu
JKcriepuMeHTanbHas (usnka (Pusmka aToMHOTO sfpa W dYacTuil)», «KBaHTOBas MexaHUKa», a
TaKKe MpPU M3YYEHUM NPEINIECTBYIONIMX IUCHUIUIMH «OOmas M 3KclepuMeHTalbHas (QHU3UKa
(Mexanuka)», «OOmas u  skcnepuMeHTanbHass  ¢uszuka  (MounekynapHas — (usmka.
Tepmoannamuka)», «Teopusi BEpOSITHOCTH M MaTeMaTH4YecKas CTaTUCTHKa», «Teopust QyHKIUH
KOMIIJIEKCHOTO TepeMeHHOro», «BekTopHbIi M TeH30pHBIM aHanu3y, «luddepennuanbubie
ypaBHeHUd. VIHTerpagbHble ypaBHEHUS U BapUaAIlMOHHOE UCUUCIIEHHE», «MeTo bl MaTeMaTH4eCKOn
¢buzukm», «YucieHHble METOIbl U MaTeMaTUYeCKOe MoJenupoBaHue. IHTerpupoBaHHbIE CUCTEMBI
Y KOMIIBIOTEpHAs! rpaduka».

[lonmyueHHble 3HaHUSA MCHOJB3YIOTCS CTYAEHTaMU TMPU M3YYEHHUH COIYTCTBYIOLIUX
mucuuIuine: «Hayunblil cemunap», «30paHHble T1aBbl PU3UKH KOHAEHCHPOBAHHOTO COCTOSIHUS»,
«[Tonp30BaTenbCKUE MPUKIAAHBIE MPOTrpaMMbl A (PU3UKOB», a TAKKE BO BPEMs BBIIOJIHEHUS
Hay4YHO-HCCIIEeI0BATEIbCKON paObOThI M IPH HAIIMCAHUM MarkCTEpCKOi TuccepTanuy.

2. CTPYKTYPA JUCHUIIJIMHBI

Xapakmepucmuka y4eOHou OUCUUNIUHBL

Hanpasnenue noaroToBku 44.04.01 Ilegarornyeckoe oOpazoBaHue
Marucrepckas nporpamMmma Hudopmatuka B puznueckom o0pa3oBaHUU
O6pazoBarenbpHas mporpaMma MarucrpaTtypa
Kpanuduxarnms MarucTp
KonmnuaecTBo conepxaTelbHbIX MOTyNeil 2
Jucuunnuza 6a30B0i / BapuaTUBHON YacTH .
. TUCIUIIMHA BapHATUBHON YacTu
00pa3oBaTeNbHOM MPOrpaMMBbI
®opmel kouTpostst (MK, sk3ameH, 3a4er) HK3aMEH — 3 CEMECTP
okasaremt o4Has ¢popma 3ao4Has popma
00yuyeHHs 00yueHus
KonmndecTBo 3a4eTHBIX eAMHUIL (KPEIUTOB) 3
I'on moaroToBku 2
Cemectp 1
KonnuecTBo yacos 108
- JIEKIITMOHHBIX 28
- IPAKTUYECKUX, CEMUHAPCKUX 14
- 1a00PATOPHBIX
- CaMOCTOSITEeIbHOIN paboThI 66
B T.4. UHANBUIYaJIbHOE 3a1aHUE
HenenpHoe KOMTMYECTBO YacoB, 3
B T.4. ayJIUTOPHBIX




3. OIMIMCAHHUE JUCIUIIJINHbI

Ieau u 3a1a4n.

IJens — chopMUpOBATH Yy CTYIEHTOB CUCTEMY 3HAHUH M MOHATUN (PU3UKHK aIpOHOB, KOTOpAsS
BXoauT B coctaB CranpaptHod Mognenu yactuil. O030p BaKHEUIINX MOJ0KEHUHN U aKTyaJIbHBIX
npo0OsieM COBpeMEHHON (PU3MKM BBICOKMX SHEPIHil, HA MPOBEPKY U PEHICHHE KOTOPHIX HAIlCJICHBI
TEeKylUlMe | I[UIAaHHpyeMble Ha Oyayllee HW3MEpUTEIbHbIE M IOUCKOBBIE HKCIIEPUMEHTHI.
PaccMoTpeHre cOBpeMEHHBIX MOJAXO0/0B K TEOPETHUYECKOMY M 3KCIEPUMEHTAIBHOMY HU3YyUEHUIO
CUJIbHBIX B3aUMO/JICHCTBHIA.

3a0auu — naThb TPEACTABIEHHE O COBPEMEHHOM COCTOSIHUM TEOpHUM B (HU3UKE
AJIEMEHTAapHBIX YaCTUIl M UX B3aUMOJIEUCTBHI, UTO MpeAnoaraeT cucTeMaTuueckuii 0030p Kpyra
SKCIIEPUMEHTAJIbHBIX (DAKTOB, KOTOpBIE HAIJIM YCTOSBILEECS TEOPETHUUYECKOE OObSICHEHUE,
(akToB, /Uil KOTOPBIX HaWJIEHO THUIIOTETHMYECKOE TeopeThyeckoe oObsicHeHue, u (PakToB, s
KOTOpbIX OOBACHEHHE MO0 He HailjeHo, KO0 HaxoAWUTCAd 3a paMKaMU CYIIECTBYIOIIUX
BBIYMCIIUTEIBHBIX MeTO/I0B. KpoMe TOro, garb 0030p T€X TMINOTETHUYECKUX TEOpPUM, KOTOpPHIE,
BO3MOJKHO, TIO3BOJIAT pPa3peliuTh TPYIHOCTH CIOXKUBLIEHCS K HACTOSALIEMY BpPEMEHH
CTaHAapTHOM Mojenu. JlaTh mnpeacraBieHME O MeETOJaX KBAaHTOBOM TEOpUU TMOJsl, KOTOpas
ABIeTCd (yHIAMEHTOM B TeOpuH (UMK MHUKPOMHpA, a TaKkKe TEOPHH CUMMETpUU
JJIEeMEHTapHbIX 4acTUL. O3HAKOMHUTh C CYIIECTBYIOIIEH CXEMOW DJIEMEHTAPHBIX 4YacTUIl |
OCHOBHBIMHM  HAIIPAaBJICHUSIMU T[OJIyYEHUS HOBBIX OKCIIEPUMEHTAJIBHBIX JaHHBIX B (hU3HKE
BBICOKMX JHepruil. PaccMOTpeTh TEXHUKY [ETeKTHpOBaHUS U UACHTU(UKAIMM YacTULl B
pPa3IMuYHBIX JMana3oHaX OJHEPrHH, MPOBECTH aHAIM3 (AKTOPOB, OMPEACSIONINX TOYHOCTb
W3MEPEHUN M JOCTOBEPHOCTh PE3YJIbTAaTOB.

TpeGoBanus K pe3yabTaraM OCBOCHHMH JAWCHUILIMHBI. [Iponecc mM3ydeHUs TUCHUIIIIUHBI
«®Du3nKa BHICOKMX SHEPruii» HampaBlieH Ha GOPMUPOBAHUE 3JIEMEHTOB CIEAYIOUINX KOMIETEHIIHUM
B cooTBercTBUU B cooTBeTcTBUU ¢ PI'OC BO P® nHampaBiieHHS MOATOTOBKH HaIpPaBIICHUS
noarotoBku 44.04.01 Ilemarornueckoe oOpa3oBaHWE W OCHOBHOW 0Opa30BaTENbHON MPOrpPaMMBI
BBICIIETrO MpodecCuoHAIBHOT0 00pa3oBaHus HampapiieHHs oarotoBku 44.04.01 Ilegaroruueckoe
o0OpasoBaHue (Marucrepckas nmporpamMMa: HHpopMaTuka B (PU3UIECKOM 00pa30BaHUN):

a) ynueepcanovnvix (YK):
HaumenoBanue N
Ko n HaumeHoBaHWE YHUBEPCAIBHOM KOMITIETCHIIMH BBIMTYCKHHUKA
KaTeropuu (TpyIIbI)
CucremHoe u YK-1. Cnoco6eH ocylecTBIsATh KpUTHUECKUI aHAIU3 MPOOIEMHBIX
KPUTHYECKOE CUTYaIMil Ha OCHOBE CHUCTEMHOTO MOAX0/1a, BRIPAObaThIBATh CTPATETUIO
MBIIICHAE NEHCTBUM
PaspaGoTka 1 YK-2. Cnoco6eH ynpaBisaTh IPOEKTOM Ha BCEX ATArax ero

0) oowenpogpeccuonanvnvix (OIIK):

HaumeHnoBaHwue Kon n HanMeHoBaHUe 001enpoecCHOHATBHOM KOMITIETCHITHH
KaTeropuu (TPyIIbI) BBIITYCKHHUKA
KonTtpous u otenka | OITK-5. CriocoOeH pa3pabarbiBaTh MPOrpaMMbl MOHUTOPUHTA
dbopMupoBaHus pe3ynbTaToOB 00pa3oBaHus 00YJArONIUXCS, pa3padaThIBaTh U
pe3yabTaToOB peaTM30BBIBAThH MPOTPAMMBI TIPEOJIOJICHHS TPYAHOCTEH B 00yUeHHH
oOpa3oBaHus
HayuHbie 0CHOBBI OIIK-8. CnocoOeH MpoeKTUPOBATh MEAArOrMYECKYIO ICATEIbHOCTD Ha
MeIarOrHueCcKOM OCHOBE CICI[MAJIbHBIX HAYYHBIX 3HAHUI U PE3yJIbTaTOB UCCIICIOBAHHIA

JACATCIBHOCTH




8) npogpeccuonanvuvix (IIK):

HaunmenoBaunue tuma

Janan . Koxa n HanmeHnoBanue npodeccHoHaIbHONW KOMIIETEHIIMY BBIITYCKHUKA
npodeccuoHaIbHO N
JeSITENIbHOCTH
NedUZ0PUNeCKS [IK-2 Crioco6HOCTh  (hopMuUpOBaTH  00pa30BaTENbHYIO Cpeay H
UCTIOJIb30BaTh NPO(ECCHOHANBHBIC 3HAHWS W yYMEHUS B pean3aluu
oeamenbHoOCmb . .
3a/1a4 MHHOBAIlMOHHOM 00pa30BaTeIbHOM MOJIUTUKY.
HayuHo- [TK-5. Cnoco6GHOCTh aHATTM3UPOBATH PE3YIIbTAThl HAYUYHBIX UCCIICIOBAHUM,
uccneoosamenbckas | NPUMEHATh WX TPU PEHICHWH KOHKPETHBIX HAyYHO-HCCIIEOBATEIbCKIX
oesamenbHOCmb 3a1a4 B cdepe HayKM M OOpasoBaHHUs, CAMOCTOSTEIBHO OCYILECTBIATH
Hay4yHOE HCCIIEJOBaHUE.
[1IK-6. [OTOBHOCTh ~ WCIIONB30BaTh  WHIWBUIyalIbHbIE  KpEaTHBHBIC
CIOCOOHOCTH U1l CAMOCTOSITENIHHOIO PELIEHUsI NCCIIEI0BATENbCKUX 3a/1au.
npoekmuas ITK-10. I'oToBHOCTH MPOEKTUPOBATh coaepKaHue Y4eOHBIX
desmenbHoCmb JWICIUTUIAH, TEXHOJIOTUN M KOHKPETHBIE METOIUKH OOyUCHHS.
ynpaenenueckasn [1K-15. T'oTOBHOCTh OpPraHU30BHIBATH KOMAHAHYIO paldOoTy Ui peleHus
oesamenbHoCmb 3a7a4  pa3BUTUSl OpraHU3allvii, OCYLIECTBISIOMMX O0Opa30BaTENbHYIO
JIEATENTbHOCTb, peai3allii SKCIIEPUMEHTATBHON padoOThI.
KyJ1bmypHo- ITK-20. ['0TOBHOCTh K HCIIOJB30BAaHUIO COBPEMEHHBIX WH(OPMAIMOHHO-
npoceemumenbckas | KOMMYHHMKAIIMIOHHBIX TEXHOJIOTUM M CPEACTB MaccOBOM MH(pOpMaIMu Ui
desmenbHoCmb pelleHus KyJIbTYPHO-IIPOCBETUTENBCKUX 3aa4.

B pe3yiabTaTe nNpoxoxkaeHusi MPAKTHUKU CTYAEHT H0JIKeH

3namo:

® [IPUHIUIBI PEIIATUBUCTCKON KBAHTOBOH MEXaHUKH,

® 0COOEHHOCTH SIZICPHBIX CHIT;

® CBSI3b CHMMETPHH C 3aKOHAMH COXPaHCHHUS;

e KiIaccu(UKAIMIO YACTHII,

e MOJCINb (PU3MUECKOTO BaKyyMa;

® [IOHATHUS IOJIA, KATHOPOBOYHOIO 0030HA, BHYTPCHHEH CHMMETPHUU YACTHI], YETHOCTH,
JISHTOHOB ¥ KBapPKOB;

3aKOHBI COXPaHCHMSI TIPH B3aMMOICHCTBUH 3JIEMEHTAPHBIX YaCTHII;

noJsie Xurrca, COBpeMEHHYIO TEOPETUUYECKYIO U SKCIIEPUMEHTAIbHYIO CUTYAIUIO;
TEOPHUH CJIA00TO U CHIIBHOTO B3aUMOJICHCTBUIA;

0COOEHHOCTH IIBETOBBIX CHJI, TIOHSTHE III00HA M KBAPKOB;

MYIIBTHUILIETHI aIPOHOB;

CrangaptaHyio Mogens;

teopun Bemukoro OObeAMHEHUS W MOJEIH C JOTOJHHUTEIBHBIMH Pa3MEPHOCTIMH

IpOCTPpAaHCTBA-BPEMCHHU, KOTOPLBIC BBIXOJAT 3a paMKU CTaHﬂapTHOﬁ MOJCIIN,
¢ KaK CO3Aar0TCAd U MPOBOAATCA SKCIICPUMCEHTEI 110 (1)I/ISI/IK6 BBICOKHX 3HepFHI>i.

Ymems:

L4 NPUMCHATH METO/AbI KBAHTOBOM (1)I/ISI/IKI/I K YCTAHOBJICHUIO CBOICTB MHKpOOG’bCKTOB;

L4 AHAJIIN3UPOBATDH CBOICTBaA MHKPOYACTHUL, BBITCKAOIINEC U3 UX CUMMCTPUU,

L4 HUCIIOJIb30BATh METOHBI, pa3pa60TaHHbIe B oOmacTu (I)I/IBI/IKI/I QJICMCHTAPHBIX YaCTUIl B
HAaYYHOU U NICAArorn4ycCKou ACATCIbHOCTH,

AHAJIIU3UPOBATH AUArpaMMbIl (I)CﬁHMaHa;

YCTaHABJIMBATb CUMMCETPHIO MI/IKpOO6’beKTa;

HCIIOJIb30BATH 3aKOHBI COXpPAaHCHUS ITPHU aHAJTIU3C peaKLIPII:I MCXKIY YaCTHLIAMU,
NpCACTaBJIATh PCAKIIMN KBAPKOBBIMHA JUArpaMMaMU.




Bnaoembs:
e  MeToJaMH, pa3paboTaHHBIMU B 00JacT (GU3MKU (yHIAaMEHTAIBHBIX B3aMMOICHCTBUMA —
MaTeMaTUYeCKUMU MOJENSIMH  B3aUMOJICHCTBUH, METOJaMH TEOPUH CHMMETpPHUH,

(1)I/I3I/I‘-I€CKI/IMI/I OCHOBaMH 3KCIICPUMCHTAJIbHBIX I/ICCHGI[OBaHI/Iﬁ QJICMCHTAPHBIX YaCTHII.

4. COAEPKAHME JUCHUIIJIMHBI 1 ®OPMbI OPTAHU3AIIUU YUYEBHOI'O

MNPOLECCA
IHopsaxoBbIi Kpartkoe coaep:xxanue TeMbl
HOMeEp, TemMa
CoaepxareabHblii MoayJab 1

Tema 1. OnexTpoH, npotoH, ¢poTtoH. OKpbITHE HEWTpoHa. MoAEns aTOMHOTO spa

Pannuit  nepuop | I'elizenOepra-lBaneHko. Hyxnos—HykI0HHBIE B3aUMOJICHCTBU.

buzuku Me3sonnas teopust FOkaBbl. KBaHThI criibHOTO B3aumoiercTBys. [IMOHBI 1

3JIEMEHTAPHBIX WX OCHOBHBIE CBOWCTBAa. HeWTpanbHble 7-ME30HBL. AHOMAaJbHbIE

YaCTHII. MarHUTHbIE MOMEHTHI TNPOTOHA W HeWTpoHa. MriooHbl. OcoOeHHOCTH
B3aMMOJICMCTBHUSI T-ME30HOB W [-ME30HOB C siApamu. [[ByXMe30HHBIE
Teopru. OTKpHITHE 3apsDKeHHBIX T -mMe30HOB (ITayam). Otkpeitne ml-
Me30HOB. PH3MKa KOCMMYECKUX JTy4eH.

Tema 2. CaoiicTBa sAnepHbIX cuil. [IprHOMNBI 3apsIOBOM CHMMETPHUU U 3apsI0OBOM

[Ipoueccer HezaBucuMocTU. [loHATHE O M30cIMHE W M301y0seTe HykiaoHa. [IpuHium

CUJIBHOTO W30TONMYHOM HMHBApUaHTHOCTH SJEPHBIX CHI. BekTop cocrosiHuA

B3aMMO/ICHCTBHS. HykiaoHa. O606menasd nmpuHIUn [laynu. M3oTonmudeckue MyabTHILIETHI
HYKJIOHOB M T-Me30HOB. M3oTomuyeckas (3apsaoBasi) MHBApUAHTHOCTH
cuipHOTO B3aumojeicTBus. Omepatop wu3ocnuHa. SU(2)- u SU(3)-
cumMmerpuu, Matpuusl Ilaynu u I'enn-Manna. M30ocnuH cucTeMbl 4acTuil.
[IpaBuna cymmupoBaHus HW30CHUHOB, Kodddunuentsl Knebma—I'opaona.
N3ocnuH cucteMbl IByX HYKJIOHOB M CHUCTEMbI MHOH—HYKIOH. IIponecchl
NMOH—HYKJIOHHOTO paccesiHud. baproHHOe 4Yuciio. 3aKOH COXpaHEHUs
6apuonHoro uucia. CTabuiIbHOCTh NMPOTOHA. [IMOH—HYKIIOHHBIE U MMHOH—
MMOHHBIC PE30HAHCHL. V-(CTpaHHBIC) YACTHUIIBI: ME30HBI K°, K*, K
TUTIEPOHBI A%, 3t 30 =t E% oum Q. CtpaHHOCTh. 3aKOH COXpaHEHUS
CTPAaHHOCTH B CHJIBHBIX M 3JEKTPOMArHUTHBIX Ipoueccax. [ umnepsapsa.
IIpaBuno Hakano-Hutmmxumer -1 enn-ManHa.

Tema 3. KanubpoBounbie mons. (I'moOanbHble KamuOpOBOYHBIE MPEBpAICHHUS.

JlokanpHas HNuBapraHTHOCTH OTHOCHUTEJILHO rI100aNbHBIX KaJTMOpPOBOYHBIX

KamuOpoBOUHAas NPBPAIICHUN U 3aKOHBI COXPAHEHUS. 3aKOHBI COXPAHEHUS AIEKTPUUECKOT O

MHBApUAHTHOCTb. 3apsga u OapuoHHOro uucia. CTaOWIBHOCTH DJJEKTPOHA W TPOTOHA.
JlokanpHas U(1)—uHBapuaHTHOCTh JMPAKOBCKOTO TIOJIA.
DNEeKTPOMarHUTHOE TMO0JI€ KaK KaluOpPOBOYHOE BEKTOPHOE 0OEe3MaccoBO€
nosie. ['pynma SU(2) npeBpatienuit u kanuOpoBouHoe moje Sura-Mumica.
TeH30p HampsHKEHHOCTH U JarpaHkuaH cBoOoaHoro mons Snra-Muca,
ypaBHeHue aBkeHus. O600uienne Ha ciydail rpynnst SU(3).

Tema 4. Mopens ®epmu-fAura. Mogenr CaxkaTel: BbIOOp (PyHIaMEHTATBHBIX

CocraBHble gacTull, (OpMYITHpPOBAaHHWE B paMKaX TEOPUH TPEXMEPHOU YHUTAPHOU

MO/IENIH aJIPOHOB. CUMMETPUHU, TCEBIOCKAISIPHBIA OKTET U CHHIJVIET ME30HOB, BEKTOPHBIN
OKTET ¥ CHHIJIET ME30HOB, TIpoOiieMa OapUOHHBIX  COCTOSIHUU.
BocemuyacTuaHbin IIyThb. Mopenb I'enn-Manna—HeemaHa.
CynepmynbTumiietsl. ['UnoTe3a yHUTApHOM CUMMETpUU. MaccoBble




dhopmynel Oxy6o-I"enn-ManHa.

Tema 5.
KsanroBasg
XpOMOJMHAMUKA.

Ksapku. KBanTOBBIE umcna KkBapkoB. TpexkBapkoBas wmoxenb I'emn-
Manna—lIBeiira: OKTE€Tbl M CHHIJIETBI ME30HOB; ACKYIUIETHI, OKTETHl M
CHHIJIETHI 0aprOHOB. TppexKkBapKoBask MOJIENIb C Y4€TOM ClMHA. Mojens
SU(6). MaruutHbele MOMEHTHI OaproHOB. CTaTHUCTHMKAa KBapKOB (XaH—
Ham0Oy, ®poitna, Musimoto, boromto6oB—CrpymuHckuii—TaBxenumze).
Apomatrel u uBera kBapkoB. Cummerpust SU(3). (I'enmn-Mana—@pury—
JlewirBaitiep, BaiinOepr). Me3oHHbIE W OapHOHHBIC COCTOSIHHS Kak
useroBble cuHriieTel rpynnbl SU(3).. Txenble kBapku. YapmMupoBaHHBIN
KkBapk: runore3a [emoy—Mnuonynoca—Maiianbl, OTKpBITHE J/P—dacTHIIBI
(Tunr, Puxrep), yapmonuii, mogens SU(4), yapmupoBaHHblie yacTulbl (D—
n F—wme3onbl, Oapuonbl). KpacuBblii KBapk: OTKPBITHE HIICHIOH—YACTHIL
(Jlenepman), ObIOTMOHHMH, KpacHBbI€ YacTHUIbl. TOI (MCTUHHBIN) KBapK.
OKCliepUMEHTAJIbHBIE  CBUJETENICTBA HA TOJb3y  CYIIECTBOBBAHUS
KBapKOB: MCCIIE0BAaHUS TP ITyOOKOM HEYIIPYroM pacCessHUU 3JIEKTPOHOB
HYKJIOHAMH, TapTOHBI W HapToHHas Mojenb (Deitaman), pacmam m°-
ME30HOB, MPOLIECCHl aHHUTWISIMN JIEKTPOHOB U MO3UTPOHOB B aJPOHBI,
npoueccel [Ipemna—Sura. TokoBeie u OiokoBble KBapku. Jlarpanxuan
CBOOOJHBIX  TOKOBBIX  KBapKOB. VIHBapHaHTHOCTb  OTHOCHUTENIHHO
r00aNbHBIX KanuOpoBOYHBIX mpeBpameHuit rpynnel  SU(3)c, 3akoH
COXpaHEHHs LBETOBOro  3apsiia. HBapUMaHTHOCTb  OTHOCHUTENBHO
JIOKAJIbHBIX KanuOpoBOUHBIX mpeBpamieHuil rpynmsl SU(3)c.: HeaOeneBbl
KaJauOpOBOYHBIE IOJIsI, CAMOJEHCTBHME, KBAHThl KalIMOPOBOUHBIX IOJEH,
XAapaKTEPUCTHKU TIJIIOOHOB. JlarpawknaH KBaHTOBOM XPOMOJIWHAMUKH.
[Tonatue 06 acuMOTOTUYHOW CBOOOAEC M KOH(MAWHHMEHT KBapKoB. J[Byx— u
TPEXTOKOBBIE ITPOLIECCHI.

Cojaep:katebHbI MOAYJIb 2

Tema 6.
[Ipomeccer ciaboro
B3aUMOIEICTBHUAL.

Mopenun xonraktHoro tumna. (bera-pacman atomHbIX siiep, Turbl Oera—
pacnazioB. OcoOEHHOCTH DYHEPreTUYECKOrO CIEKTpa OeTa—3JIeKTPOHOB,
uHrepnperanuu. Helitpunnas runore3a [laynu. D1eKTpoHHbIE HEUTPUHO U
AHTUHEUTPUHO: OCHOBHBIE  XapPaKTEPUCTHUKH, TPYJIHOCTH
AKCIIEPUMEHTAJILHON perucTpanuu, Henpsimbie (JlednmyHckuii, AJeH) u
npsimble  (Koysn, PaiiHec) okcnepuMeHTalbHBIE — JI0Ka3aTeIbCTBA
CYILECTBOBAHUS. Otnauune HEUTPUHO oT AHTUHEUTPHUHO,
JKCIIepUMEHTanbHOe ToaTBepxkaeHue ([eBuc). DxcnepuMmeHTaIbHBIE
nokazatenbcTBa cymiectBoBanus HeltpuHo (Koysn, Paitnec). Omneparus
IIPOCTPAHCBEHHOW MHBepcUU. CHUMMETpUS OTHOCUTENBHO OIlepanuu
OpOCTpaHCBeHHON  uHBepcuH. [lapHocTh. BHyTpeHHsiE  mapHOICTH
37eMeHTapHbIX uacTHll ((DOoTOH, AeiTpoH, n’- M 7w -Me30HEI). (T1-0)
[Ipo6nema. Hapymienue 3akoHa COXpaHEHUs MPOCTPAHCTBEHHON MapHOCTH
B cnabbIx B3aumojelcTBusax. OnbliT By, depMHOHBI ¢ HyNIeBOH Maccoi.
VYpasuenne Belina. Omnepatop cnupanbHOcTH. CHHpaNbHOCTh — Kak
KBaHTOBOE umcio. CrnupalbHOCTH pelieHui ypaBHeHUs Beina. Teopus
JBYXKOMIIOHEHTHOro  Hedtpuno  (Jlammay, Jlu, Sur, Canam).
JIecBOBUHTOBBIE ~ HEUTPUHO M TIPaBOBUHTOBBIE  AHTHUHEUTPHUHO.
OKCIIEpUMEHTAIIBHOE ONpeeIeHNE CIUPAIbHOCTU HEHUTPHUHO
(Fonbxabep). MrooHHBIE HEUTPHUHO 51 AHTUHEUTPHUHO.
DKcIepuMeHTaTbHOE MOATBEPIKICHUE Pa3HULBI MeXy Ve 1 vy (Jlegepman,
[IIBapiy). T-1€NTOH U T-HEUTPUHO. JIeNTOHHBIE 3apsA/bl. 3aKOH COXpAaHEHUS
JenTtoHHoro 3apsanga. [lpoGinema conHeuHbIX HeWTpuHO. ['umoresa o




HelTpuHHOH ociusanun. YersipexdepMmuonnas teopust epMu: OCHOBHBIE
MIOJIOKEHMSI, TIOCTPOEHUE JIarpaHXKuaHa B3aUMOJECUCTBHSI KOHTAKTHOI'O
TUTA, 3apsDKeHHBIE chnadble TOKW, V—-V—BapuaHT B3aWMOJICHCTBUS,
HEMEPEHOPMHUPOBAHHOCTh. TpaHcopMaMOHHBIE CBOWCTBA ypaBHEHUS
JHupaka n OnnmnHelHbIe nHBapuaHTel. Hapymenue mapHoctu u V-A ¢popma
ciaboro B3auMoJeHCTBHS. 3apshKeHHbIe cina0ble TOkH. Cralbie pacraibl
cTpaHHbIX YacThil. [loHATHEe 0 cMemmBaHUM cocTostHUE. Yronm Kabu66o.
Marpuna Kobasmm—Macakasbl. [Ipobnema HEHTpambHBIX CIIa0BIX TOKOB,
ux OTKpbITHE. 3apsioBoe crpsbkeHue. CP- u CPT-uHBapuaHTHOCTS.

Tema 7. loynacronoBckue 0030HBI. MexaHu3M XwWrrca TeHEpalMd MacC YacTHII.
CrionTanHoe CrioHTaHHOE HapylleHue JIOKadbHOW KainnOpoBouHoU cummerpun SU(2).
HapylIECHHE Maccusnsle nons SHra-Muica.

CUMMETPHUH.

Tema 8. Mogens Baitn6epra—Canama.

CrangapTtHas

Mojenb BaitHOepra—
Cayama.

Tema 9. CuvHTWUIALMOHHBIE  cu€TuukHu.  [loympOBONHUKOBBIE  JETEKTOPHI.
Meronsl [ToporoBeie u nuddepeHnnanbHble YePEeHKOBCKHE CUETUUKU. JleTeKTOpbI
JNETEKTUPOBAHUS MEPEXOIHOTO U3IIy4eHUs. DIEKTPOMAarHuTHbIE U aJpOHHBIE KAJIOPUMETPHIL.
YacTHII. [IponopimoHanbHble, Tpei(oBbie U BpeMs-MPOEKIIMOHHbIE KaMepHhl.

Tema 10. Hexotopsie mporpamMmpl: MpuUpojaa CIWHA aJPOHOB (MOJISIPU3AMMOHHBIE
HccnenoBaTenbCku | M3MEPEHHUs), MOUCK IK30THUECKUX COCTOSHUN — IIH000JI0B, IEHTAKBAapKOB

€ TPOTPaMMBI
HACTOALLETO U
OJIrHKaMIIero

Oymymiero.

U Jp., WCCIENOBAaHWE IUIOTHOW ¥ BO3OYXIEHHOW aIpOHHOW MaTepuu
(KBapK-TIIOOHHAss TUIa3Ma W J1p.), (u3mka HEUTPUHO, TIOUCK
s dexToB(yacTuIr) 3a TpeaeIaMyd CTaHIAPTHOW Mojenu. JleWcTByromue
YCKOPUTENH U UX XapaKTEPUCTUKH. Y CKOPHUTENIHU OIKaiiero Oyaymero.




Temaruueckuii mjian

ConepxareJibHbIH MOTYJIb 1

KoaundecTBo 9acoB

Ounas ¢popma o0ydenust

3aounas popma obyuenus

B T.4. B T.4.
= = X =
HasBanusi coagep:kaTejbHbIX el = % £ 2| 5 % s
Mony.neii 1 Tem AR EE IR EE:
2 5|2l g|5¢e 58 BIE| 2| g|E¢g 58
el S| & 58 F8& 2l £| 5158 &8
AR 2 ¢l¢e |5
El R ® = =l 5|8 =
31 = o =
Tema 1.
Pannmit  mepwox  usukm 2 6
AJIEMEHTAPHBIX YaCTHII.
Tema 2.
[Tporeccr CUJIBHOTO 2 | 2 6
B3aUMOJIEICTBH.
Tema 3.
JlokanpHas  KanMOpPOBOYHAS 4 | 2 6
WHBApUAHTHOCTb.
Tema 4. 5 |2 6
CocTaBHbIE MOJIETU aJIPOHOB.
Tema 5. 4|2 6
KBanToBas xpoMouHaAMUKA.
Hmozo
no cooepircamenbHoMy 14 | 8 30
Mmooy 1
Copep:xareJibHbIN MOTYJIb 2
Tema 6.
[Iporeccer ciraboro 2 |1 6
B3aHMOJIEHCTBUS.
Tema 7.
CrioHTaHHOE HapyleHue 2 |1 6
CUMMETPHH.
Tema 8.
CrangapTHas MOJI€JIb 2 |2 6
Baiin6epra—Canama.
Tema 9.
MeToapl J€TEKTUPOBAHUS 6 | 2 8
YaCTHII.
Tema 10.
HccnenoBaTeabcKkue 5 10
MPOrpaMMBbI HACTOSIIIETO U
Onukaiiiiero Oyaymiero.
Hmozo
no cooepicamenbHoMmy 14 |6 36
MO0y 2
Bcezo uacoes 108 | 28 | 14 66
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5. METOAUYECKHUE PEKOMEHJAIMU JJIAA IPOBEAEHUSA JEKIIMOHHBIX,
INPAKTUYECKHX U JABOPATOPHBIX 3AHATHM

TeMpbl JIEKIITUOHHBIX 3aHATHI

o Konuuecmeo
i Hazeanue memut waCos

1 [PanHuit nepuon GpU3HMKYU 3JIEMEHTAPHBIX YAaCTHULL. 2

2 |[Ipomecchl CHIIBHOTO B3aMMOICHCTBHSL. 2

3 |loxambHas xkanuOpoBOYHASI MHBAPUAHTHOCTb. 4

4 |CocTaBHBIEC MOJIENH AJPOHOB. 2

5 |KBaHTOBas XpOMOIMHAMUKA. 4

6 |[Ipomeccer c1aboro B3anUMOICHCTBUS. 2

7 |CrioHTaHHOE HapyllleHue CUMMETPUH. 2

8 |CrammaptHas mojaens BaiinOepra—Canama. 2

9 |MeToBI IETeKTUPOBAHUS YACTHII. 6

10 [AccnenpoBarenbCKue IPOTPaMMBbl HACTOSIIETO U OFKAWIIero Oyaymero. 2
BCEI'O 28

TeMbl NPAKTHYECKUX 3aAHATHI
o Konuuecmeo
i Hazeanue memut 4ACOs

1 |[Iporecchl CUILHOTO B3aUMOICUCTBUSI. 2

2 |loxanpHas kanuOPOBOYHASI HHBAPUAHTHOCTb. 2

3 |CocTaBHbIE MOJIETH aAPOHOB. 2

4 [KBaHTOBas XpOMOJMHAMHUKA. 2

5 |[Iporecchl ci1aboro B3auMOIeHCTBUSL. 1

6 |CnoHTaHHOE HApPYIICHHE CUMMETPHH. 1

7 |Monenp Baiin6epra—Canama. 2

8 |MeTobl NETeKTUPOBAHUS YACTHIL. 2
BCEI'O 14

Ha60paTOpHBI€ 3aHATHUS HC IPEAYCMOTPCHBI y‘le6HBIM IIJTaHOM.

6. METOANMYECKHUE PEKOMEH/JALINU 11O OPTAHU3ALIMN
CAMOCTOSTEJBbHOM PABOTHI CTYJIEHTOB

CamocrosTenbHas paboTa CTyJICHTOB MO Kypcy «®Du3nKa BHICOKUX SHEPTHil» MpeaycMaTprBaeT:

— CHCTEMaTH4ECKOE MOCELEHUE JIEKINOHHBIX 3aHATHH, BEJICHUE KOHCIIEKTA JIEKIIW;

— TIOBCEJHEBHOE M3Y4YEHHME JIEKLIMOHHOTO MaTepuala M COJEp)KAaHUSA TEXHUUYECKOU
JUTEPaTyphl, PEKOMEHIyeMbI€ 3TON MPOTrpaMMOii 1 pabodnuM y4eOHBIM IJIAHOM;

— J0OPOCOBECTHYIO MOATOTOBKY K MPAKTHUECKUM 3aHITUSAM;
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Opraﬂmaunﬂ CaMOCTOSITEIbHOI paﬁoTbI CTYACHTOB

No Konuuecmeo
wn Ha3zeanue memoi wacos
1 2 3
M3oTonuueckas (3apsiioBasi) HHBAPHAHTHOCTh CHIIBHOTO B3aWMOICHCTBUS.
1 |®opmamusm mzocnunaa. SU(2)— u SU(3)—cummerpun, marpuisl [laymu u 8
['enmni-Manna.
2 |[Ipoueccel TN—paccessHUSI ¥ COOTHOIICHUS MEXIY X CCUCHHUSIMHU. 5
3 DIEeKTPOMarHUTHOE TI0JI€ KaK KaJIMOpPOBOYHOE BEKTOPHOE Oe3MaccoBe 5
oJie.
4 Mogenb Cakatbl: MCEBIOCKAISPHBIA OKTET U CUHTJIET ME30HOB, BEKTOPHBIN 5

OKTET U CUHIJIET ME30HOB, TpoOieMa OAPUOHHBIX COCTOSIHUH.

['unoreza yHutapHoil cummerpuu. CynepMyIbTUIIETHl (YHUTapHbBIE
5 |mynbruruieTsl). HapyiieHue yHUTapHOH CUMMETPHH M MaccoBbie (hopMyITn 5
15t Me30HOB. MaccoBsie popmyiiel Oky6o-I"emr-ManHa.

TpexkBapkoBast MOJIeNIb. MyabTHIIIIETH ME30HOB. [locTpoeHre GaprOHHBIX
coctosiHuil: Tabmunel FOHra, MOJHOCTBIO CHUMMETPUYHBIE COCTOSHUS,
6 [cocTosiHMST CcO CMemaHHOW CHMMETpHEeH ¥ HX OPTOTOHAIW3AIMS, 5
[MOJIHOCTBI0 ~ aHTHCHMMMETPUYHBIE  coctostHus.  Hapymenme — SU(3)—
CUMMETPUU U MacCOBbIE (GOPMYIIBI.

['pynna SU(2) mpeBpamieHnii u HeabelneBo KanuOpoBOYHOE moje SHra-
7 |Mumica. TeH30p HampsHKEHHOCTH W JIarpamXKWaH cBOOOJHOTO ToJis SIHra- 6
Muica, ypaBHenue aBmxkeHus. O0o0menne Ha cirydait rpymms SU(3).

8 |KBaHTOBast XxpoMOIMHAMHUKA. | TTFOOHBI. 8
9 YpaBuenue Beiss.  CrnupansHocTh. Teopuss  ABYXKOMIIOHEHTHOTO 6
HEUTPUHO.

TpanchopmarioHHble  CBOMCTBa  ypaBHeHus Jlupaka. buinHelHbie
10 |uHBapmaHTBI, WX TOBEJCHHE MPU MPOCTPAHCTBEHHOW WHBEpcUU. V-A| 6
(dhopma c1aboro B3auMOICHCTBUS.

CroHTaHHOE HapyIICHHE JIOKAIbHOW KanmnOpoBouHoi cummerpun SU(2).

11 MaccuBHbIe KaTMOpoBOYHBIE 0030HBI. b030H Xurrca. Macca hepMHUOHOB. 6
CrannmapTHas MOJIENb Baitn6epra—Canama It ciaaboro 51

12 |pneKTpOMarHUTHOTO B3aUMOJICHCTBHI: JICNITOHHBIA cekTop. O000IIeHnE HA| 2
QiieKTpociiaboe B3auMo/ieiicTBUE KBapKOB. OCHOBHBIE PE3yIbTaThl.
BCEI'O 66

7. UHIABUAYAJBHBIE 3ATAHUSL.

I/IH,I[I/IBI/II[yaJ'IbHBIe 3aaHus HE ITPEAYCMOTPCHBIL y‘le6HBIM IJIAaHOM.

8. KOHTPOJILHBIE 3AJAHUS K TIPOMEXYTOUYHOM ATTECTALIUU
IIpuMmepHbIe 327241 Kypca @U3MKH BBICOKUX JHEPIUH

1.  BbluMCANTH CBETUMOCTH HMIMHIPUYECKOTO 00BEMA BCTPEUHBIX MPOTOHHBIX MYYKOB C TOKOM
1 =0,5 A u 12=0,2 A Pasmepsl mwmmagpa: paguyc r=0,2 MM u gmuHa 1=0,5 M. Ilyukm
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11.

12.

13.

14.

15.

16.

12

MIEPECEKAIOTCS IO/ YIJIOM, OJM3KUM K HY/I10. IHTEHCUBHOCTh ITy4YKOB paBHOMEpHAasi BHYTPU
LHWIMHJIpA.

B myuke mpucCyTCTBYIOT [ M T-ME30HBI C OJMHAKOBBIM HMITyJdbcoM p = 1 I'3B/c. Haiitu
UHTEpBAIL, B KOTOPOM [OJDKEH HAaXOJUTbCA KOIDOUIIMEHT NpPEeIoMIICHUsT  BEUIecTBa
paanaTropa YepPEeHKOBCKOIO CYETUYMKA, YTOObI PETUCTPUPOBATH TOJIBKO [I-ME30HBI.

Yckopurens AeUTpoHOB mMeeT pamuyc r=10 m. MUmmynsc geiitporoB p=2 [aB/c. Haiitn
HanpspKEHHOCTh MATHUTHOT'O TOJISL M YaCTOTY YCKOPSIFOIIETO 3JIEKTPUYECKOTO MO,

B myuke m-me30HOB ¢ mMmmmyinbcoM p=1 I'3B/c mMeercs mpuMech 3JIEKTPOHOB C TEM K€
uMIyascoM. B myuke ycrtaHoBiieHbl JBa cuétumka Ha paccrosHun L = 10 M. C kakoi
TOYHOCTBIO HEOOXOJUMO HM3MEPATh BpeMsi MPOJIETa YACTHIl JUIS PA3JEIICHUS] T-ME30HOB H
AJIIEKTPOHOB?

Bripasuts Maccy npotona 938,28 MaB B rpammax. 1 5B = 1,602 * 10 ~° Ik

Bripasuts 1 a.e.m. 1,67 1072 1 B sHeprerudecknx equamnax. 1 3B = 1,602 * 10720 JTx
Bosmoxen m pacnan 2° — A +z° 2. Eciu f1a, To 32 c4eT KaKuX CHJI OH HPOUCXOIUT?
OG6OCHOBATH BO3MOKHOCTH MM HEBO3MOXKHOCTH pacmaga Q- — =~ + K°

3a cyeT Kakoro B3aUMOJEHCTBUS MPOUCXOIAT (€CIHU 3TO JIEHCTBUTEIBHO HMMEET MECTO)
pacagel A* > p+y, A" 5> p+x°?

BoiOpate peakiuio, KoTopas JEHCTBUTENBHO TPOUCXOJUT U OOOCHOBATH  OTBET:
p+p—p+Z +K® p+po>p+Zt+2°

3a cyeT Kakoro B3aMMOJACHCTBHS MPOUCXOAMT pacmapx u —>e +v, +V,? Kakue 3akoHbI

COXpaHeHI/ISI BI)IHOJ'IHSIIOTCSI?
[Ipoucxomut nu Ha camoMm jaene peakuums V,+—> p+e ? Ecam ga, To Kakue 3aKOHBI

COXpaHEHHUS BBITTOJTHSIOTCS?
BriOpath peakiuio, KoTopasi JEHCTBUTEIHHO TPOUCXOIUT W O0OOCHOBATH BBHIOOpP C TOYKH

3peHHs KBapKOBOTO CTPOGHHMS 4acTHI: P+ P — P+ P+7z°, p+p— p+p+7x°

BriOpath pasperieHHyr0 peakiuio W 000CHOBAaTh BBIOOP, MCMOJB3YS 3aKOHBI COXPAHCHHS:
p+n—>z +7° p+p— p+n+K*+K .

[TokaxuTe, 9To AN peakuuu (POTOPOKIACHUS #-Me30Ha Ha MOKOSIIEMCS npotoHe (T. €.
peakuuu Y + p — ¢+ p) 1a60PaTOPHBIA UMITYJIBC POKJIEHHOTO #_Me3oHa (B mpuOIMKEHUH
paBeHCTBa Macc MPOTOHA U ? -Mmes0Ha: mp = m# = M) Ha mopore paBeH npumepHo 3M/4 =

750 MbsB/c. Kak Oynmer BBITISACTh HA MOPOTE YIIIOBOE PACHpPENEICHUE POXKICHHBIX P.
Me30HOB? [loJ1 KakuM yriioM B JI.C. 10 OTHOIICHUIO K HAIlPaBJICHUIO UMIYJbca (poToHa OyayT
OHU BbLIETATh?

JlaiiTe oTBeThI Ha Borpockl (Puc.1)

EY "ﬁ\} d / )ﬁ'
Forn-, - o TP

nyuky) 1 m.
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1. Yro 3xech npousonuio? OnuuinTe Ka4eCTBEHHO, ONPECIIUB 3HAK 3apsiia MyYKOBOU
YaCTHIIBI.

2. OxapakTepu3yiTe KaueCTBEHHO (3HAK 3apsijia, YHEPTHH ) KaXIbIH U3 TPEKOB U YTO
MPOU30LILIO C KAKIOW U3 YaCTHULL

3. Uro 3a yactuna octaBuia 3ToT ciea? HazoBure TepMUH, KOTOPBIM MOJIB3YIOTCS ISl HUX.
4. TloueMy MeHsi€TCS CTENEHDb "UEPHOTHI" ITOTO ciena’?
5. Yro 3a yactuna octaBuiu 3TH cieapl? [peanoxute Hanboiee BEpOATHYIO IPUIHHY

TIOABJICHUA TaKHUX CJIICAOB.

6. KTo MOT OCTaBUTBH TOT CJI€]I U KAKOBO €0 BO3MOXKHOE IIPOUCXOXKICHUE?

7. Yto 31ech MpOU301ILI0?

8. Kakwue yacTuipl (3HaK 3apsiaa, SHEPTHSI) MOTIM OCTAaBUTh 3TH CIIE/IbI?

9. Kaxk BeITIISAICIT OBI ATOT Kajp K coBpeMeHHOM neTekTope (6e3 TPC, B TPC)?

10. MoskHO J1 OBUTO OBI CETOJTHS MOJTYYUTh TaKOH ke Kajp 0e3 UCTIONb30BaHUs (POTOTUICHKH?

17. Peructpanus co6situii (Puc.3).

j » 1
7 TN
fi ! l'.' \
VA 4
1 ) U { ||
‘/“ “ 4 \" . J
f\ 3 t .
)’ \ | \ /
i \ y
{{ \
3 \/ !/
r !/
ya'
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gy 1
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lm-.‘.yi a )/ o P e
R /-
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N\ ')."‘
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i .

—
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Puc. 3. HpOHaHOBaH IMy3bIPEKOBAs KaMepa € 3-Ms TaHTAIOBBIMH IIJIACTUHAMH-MUIIICHSIMH.

=

Haiigute Ha CHUMKE ACIbTAa-3JICKTPOHBI, JAJTUICBCKUC JJICKTPOH-TIO3UTPOHHBIC I1APhbI.

2. IlompITailiTech pasaciinTb, Ha rja3, TPCKU 3apsKCHHBIX YaCcTULl C 3apiaoM 1 u ¢ Gonee
BBICOKHM 3apsaa0M.

3. Pazgenute BTOPHUYHBIC TPCKHU HA TPCKU MNOJIOKHUTCIBHO 3apsKCHHBIX W OTPHULATCIBHO

3apSAKCHHBIX YaCTHUILI.

18. UYro mpou3sonuio Ha 3TOM Kaape? Onummure kauecTBeHHO. (Puc.2)



Lt

R o

14

“# e >
o
t R = 3

Puc. 2. Perucrpanus coObITHiA: TpuMep BTOpoid. Ta ke my3bIpbKoBast Kamepa.

1. OxapakrepusyiTe 3TOT CIe].
2. UYt0 3T0 32 COOBITHE U YeM OHO MOJKET OBITh BBI3BAHO?
3. OxapaxTepu3yere KaueCTBEHHO (3HaK 3aps/a, YHEPTUH, COOBITHS Ha TOM TPEKE) 3TOT CIIE].

9. OBPA3BEIl MOAYJIBHOI'O KOHTPOJISA

TroY BIIO JIOHEIKA HAIIMOHAJIbHbI YHUBEPCUTET»

Hanpasnenue noocomoexu:
Maeucmepckas npoepamma:

IIpoepamma nooecomosku:
Cemecmp
Yuebnas oucyuniuna

DU3NKO-TEXHUUECKHH (aKyIbTeT

44.04.01 Ileoazozuueckoe oopazoeanue

Ileoazocuueckoe oopazoeanue (Ilpogpunv: Hnughpopmamuxa 6
dusuueckom oopazoseanuu)

Mazucmpamypa

3

Du3uKa 6vblCOKUX 9Hep2m?

MOAVJIbHAA KOHTPOJIbHAS PABOTA

1. AHTHYaCTHUIIBI.

BAPUAHT Nel

Onpenenenue. CpoiictBa. IIpumepsl. AHTHBENIECTBO.

OrnpeneneHne UCTUHHO HEUTPaIbHON YaCTHIIbI.

2. BpiOparp pa3pelieHHyl0 peakinuio M 000CHOBATh BBIOOp, HCHOIB3YS
—0

3aKOHBI COXpaHEeHHs: p+nN—>7z° +7°%, p+p—>p+n+K" +K .

VYTBepk/IeHO Ha 3aceaHuU Kadeapoii oOmien Gpu3nKu U TMAAKTUKU (PU3HKH,

(3 2

IPOTOKOJI Ne OT

3aB. kadenpoit
[IpenonaBarens

20
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10.

11.

12.
13.
14.
15.

16.

17.
18.
19.
20.

21.

22.
23.

15

KpuTeplm ONCHUBAHUA MOJYJILHOI'O KOHTPOJIsI

Homep 3a0anusn Konuuecmeo vannoe
3ananue 1 15
3ananue 2 15
Bcezo 30

10. OBPA3EL DK3AMEHALIMOHHOI'O BUJIETA

Teopemuueckue 60npocevl K IK3aMeHy
Habmonenue u perucrpanus snemMeHTapHbIX yactull. Kinaccudukanus meronos. [Ipubopst.
DKclepuMEeHTAIbHOE HCCIeI0BaHNE YacTULl. Pe30HaHCHI.
[IpousBojacTBO wyacTHll B JKclepuMeHTax. Yckoputenu. Kriaccudukanus. MouniHocTi
COBPEMEHHBIX YCKOPUTEIIEH.
AnTtnuactunel. Onpenenenue. Cpoiicta. [Ipumepsl. AnTuBeniectBo. OnpenesneHne UCTUHHO
HEUTPAIbHON YaCTHUIIHI.
Knaccudukanus snemenTapHbIx yactull. JlenToHs! (10gpoOHO).
AJpOHBI: OIIpeieNieHne, CBOMCTBA, KBapKkoBoe cTpoeHre. CBOMCTBa KBapKOB.
N3otonnueckast cammeTrpusi. CyrnepMyabTUIIIETHI.
N3oTonnuecknii COMH H  U30MYJIbTUIUIETBI. bapuOHHBIM OKTET. ME30HHBI HOHET.
Bo30yxaeHHble cOCTOSHUS OapUOHOB (CPaBHUTH OKTET U JIEKYIUIET).
Kakomy dakty pusmyecku cOOTBETCTBYET M30TONMYEcKass MHBapHaHTHOCTH? C ueM cBs3aHa
BBICOKAsl CTETIEHb CUMMETPUYHOCTH U30TONTMYECKUX MYJIbTUILIIETOB?
dyHAaMEHTAIbHBIE B3auMoAeHCTBHUSA. Onucarh KaXAbl BUJ B3aWUMOJCUCTBUS, CPABHUTH IO
MHTEHCUBHOCTH. Kitacc yacTul — nepeHOCYMKOB B3aUMOJCHCTBHUS.
Knaccudukanus smementapubix yactuil B CranmapTHo monenu. Teopun oObeaMHEHUS
B3aUMOJIECHCTBUH.
DnexkTpoMarHuTHoe B3aumoaencTBue. [lonsarue snexkTpocaaboro B3auMoAeicTBUS.
OcobGenHocTH ciaboro B3anMoieicTBusl. [lepeHocurKy B3auMOACHCTBUSA.
CunbHOe B3aumoreiicteue. Teopun Benukoro o0bemnHeHus .
XapakTepHble BpemMeHa (yHIAMEHTAJbHBIX B3auMoJeicTBuil. B  kadectBe mpumepa
OIpeNennTh, KaKHe BUJIbI B3aMMOJICHCTBHS OTBETCTBEHHHI 3a pacmanpl: 1)A” — p + 1 (Bpems
KU3HM GapuoHa A™: Ta. = 6-10% ¢); 2)K* ->u* + vy 3)n =y + v (K', m u . — Me30mHbI).
O6ocHoBaTh. BpIMosIHEHNE KaKkuX 3aKOHOB COXpaHEHUs HEOOXOJAMMO MPOBEPHUTH MPH 3alUCH
3THX pacnajoB (KOHKPETHO JUIsS KaXKJIOTO ciydast)?
CdhopmynupoBaTh 3aKOH COXpPAHEHUS CTPAHHOCTU. B KakuX B3auMMOJCWCTBUAX OH CIPABEJINB,
¢ kKakuM (uzmueckuM 00BEKTOM cBsizaH? Ha ocHOBe 3TOro 3akoHa 3amucarh HEAOCTAIONIYIO
yactuly B pacnage 2~ -6apuona Q- — = O+ X, ecin OapuoH = 0 umeer Maccy 1315 M»B,
CTPaHHOCTBh S = —2 U HYJIEBOU AJeKTpUUecKuii 3apsia. Macca Q ~ -6apuona paBHa 1672 M»sB,
CTPaHHOCTh S = —3, anekTpuueckuit 3apan Q = —1.
bapuonHslii 3apsa. Dnextpuueckuit 3apsaa. M3ocnuH.
Jlerirronsbl. JlenTOHHBIN 3apsia.
[Tonsarue crpanHocTH. CTpaHHBIE YACTHUIIBI.
3aKOHBI COXpaHEHHS JIENTOHHOTO U OApHMOHHOTO 3aps/I0B, CTPAHHOCTH. B kauecTBe mpumepa
OTIPENIeNIUTh, UCXO/I U3 3aKOHOB COXPaHEHHUs KOJIWYECTBa JIENTOHOB pa3nuyHoro tumna Le, Ly,
L ., kakoit u3 pacnagoB MIOOHA OyIeT UMETh MECTO: L~ —> €~ +y WM U~ —> € + ve+ v,
Knaccudukarus 3akoHOB COXpaHEHUS B (PU3UKE dTIEMEHTAPHBIX YaCTHIl. AJAUTHBHBIC 3aKOHBI
coxpaHeHusa. CUMMETPHH, JIeKAIIUE B UX OCHOBE.
CummeTpus IpOCTPaHCTBA-BPEMEHHU.
KanubpoBouHas cummeTpus.



24,

25.

26.
27.

28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44,
45.
46.
47.
48.
49,
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Buyrpennsis cummerpust yactuil. M3ocnuHoBas cummerpus SU(2). Cummerpus SU(3)
M30CIMHA U runep3apsaa.

MynbTUIUIMKATUBHBIE 3aKOHBI cOoXpaHeHus. CHUMMeTpuu, Jexamue B ux ocHoBe. OOmue u
YacTHBIE 3aKOHBI COXpaHEHHs B (M3MKE AIIEMEHTapHBIX YacTull. HecoxpaHeHHe 4eTHOCTH B
caObIX B3aUMOJICHCTBUSX.

DHepreTuka peakuil yactul. JHepreTuKa pacnaioB 4acTHUll.

Yupyroe u Heynpyroe paccesHue. Ceuenue paccessHusl. OJJHOKaHaJIbHOE M MHOTOKaHaJIbHOE
paccesiHue.

Kocmuueckue nyun. [llupokue atmocdepHbie TUBHHU.

Kunemartuka vactun. Macca gacrui.

PensrtuBucrckas teopus Jupaka. yacTuibl co criuHom 1/2.

[TonsiTHe pusmveckoro Bakyyma.

Poxnenue n yanuroxenue yactuu. {uarpammel OeiiHmana.

[Tonsatue nzoronuyeckoro crnvua. HykiaoHHBIHN 1yOmeT.

[InonHb1 TpUmIeT. 30MyJIBTHILIETHI aIPOHOB.

[TonsiTHE KAIIMOPOBOYHBIX OO30HOB.

bera-pacnian sinep. Pacnian mpotoHa u HENTpoHa.

Teopus ®epmu cn1aboro B3auMOACHCTBHUA.

Yersipe pepmuonHbie nuarpammsl OeitHmana Juist ¢1aboro B3auMOIeCTBUS.

AJZIpOHHBIN U JENTOHHBIN TOKH.

IMepenocunku ciaboro B3anmoaeiicTeus W* Z°—6030HBI.

Hapymienne yeTHOCTH B Cl1aObIX peakusX.

Teopus anepubix cui KOkaBbI.

AHOMaJbHbIE MAarHUTHBIE MOMEHTHI IPOTOHA U HEUTPOHA.

I'my6oxo Heynpyrue npoueccbl. OObsICHEHHE.

Monenu agpoHoB @epmu, Cakarbl.

KBapkoBast Moziesib aIpOHOB.

IIBeToBOE B3auMoaeiicTBrE. [ TIH00OHBI.

KBaHTOBass XpoMOMHAMUKA.

KBapkoBble quarpaMMel.

50. OcobeHHOCTH IBETOBOr'O B3aUMOIEICTBUS.
51. Cymrocth CtanmapTHO Monenu.
Oopa3zey IK3aMeHAUUOHHO20 Ouema
IOy BIO «IOHEIKHA HAIIMOHAJIbHbIA YHUBEPCHUTET»
OU3NKO-TEXHUYECKUHN (PaKyJIbTET
Hanpaenenue noocomosku: 44.04.01 Ileoazozuueckoe obpazosanue
Maeucmepckas npoepamma: Ileoazozuueckoe oopaszosanue (Ilpogunv: Hugpopmamuxa ¢
duszuuecxom oopazosanuu)

IIpocpamma noocomoexu: Mazucmpamypa
Cemecmp
Yuebnas oucyuniuna Du3zuKa 6bICOKUX IHEPUlL

BMJIET Nel
1. DxcniepuMeHTaNbHOE UCCIeI0BaHUE YacTHll. Pe30HaHCHI.
2. KanuOpoBoyHast CHMMETpHSL.
3. IIBeToBO€ B3auMoaeiicTBue. [ TI0OHEL.

VYTBepk/IeHO Ha 3aceaHuu Kadeapoii oOmiel Gpu3nKu U TMAAKTUKU (PU3HKH,
IPOTOKOJI Ne oT*“ ” 20 T

3aB. kadeapoii
[IpenonaBarens




Kpumepuu OUCHUBAHUA IK3AMEHA

Homep 3a0anusn Konuuecmeo dannoe
3ananue 1 15
3ananue 2 15
3ananue 3 20
Bcero 50 6ansoB
11. OBPA3EIl TECTOBOI'O 3AJIAHUSA

He npedycmompeno

12. KPUTEPUM OLIEHUBAHUSA
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[Io kypcy mpenmonaraercs IpoBeICHHE MPOMEXYTOYHOW aTTECTAlMM B BUJAE MOJYJIBHOTO
KOHTPOJIS, BBIMIOJHEHHE KOHTPOJIBHBIX PAa0OT M dK3aMeHa. DK3aMeH CHA0T CTYIEHTHI C LEJbI0
MTOBBIIICHUS] PEUTHHTA.

Pacnpeodenenue 0annos, Komopvie MOZym nOAYUUMb CIYOEHM bl

6 npoyecce uzyiuenusn 0uCl{unﬂqul

®opma KOHTPOJISI

MakcumaJjbHoOe
KOJINYeCTBO 0aJ1710B

KontponpHas padorta Nel 10
KontponbHas padota Ne2 10
MoayabHBIN KOHTPOJIb 30
Dk3ameH 50
HlIxana coomeemcmeus 6a1108 HAUUOHAIbHOU UWIKATlE
Ouenka no
Ouenka Onenka o .
N OueHka 1Mo rocyIapcTBEeHHOM HIKaJIe rocy/1apcTBeHH
no mkajue | 100-6amnbHoit . s
ECTS . (3x3amMeH, U PepeHIUPOBAHHBIN 3a4eT) oii mKaJie
(3auer)
A 90-100 5 (OTIUYHO) 3a4TEHO
B 80-89 4 (xopo110) 3a4TEHO
C 75-79 4 (xopor1o) 3a4TE€HO
D 70-74 3 (YAOBIETBOPUTENBHO) 3a4TEHO
E 60-69 3 (YAOBIETBOPUTEIBHO) 3a4TEHO
2 (HeyIOBIETBOPUTEIHHO
FX 35-59 (meyn P . ) HE 3a4TE€HO
C BO3MO>KHOCTBIO TIOBTOPHOI cliaun
2 (Hey/10BJIETBOPUTENHHO)
F 0-34 C BO3MOKHOCTHIO TIOBTOPHOM C/Ia4Ml MPH YCIOBUH HE 3a4TCHO
00s13aTenpHOr0 Habopa JOMOJHUTENBHBIX 0AJIOB

Ixzamen oyenusaemcs 6 50 o6annos.

I[J'IH OIICHKHU 3K3aMCHa MPCIOAaBaTCIIb PYKOBOJACTBYCTCS CICAYIOIIUMHA NPUHIUIIAMHA:
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50 6an110B — OKa3aHBI CUCTEMATHYECKHE U TITYOOKHE 3HAHUS IPU OTBETE HA TEOPETUYECKHE
BOMPOCHI OMieTa, BBIMOJIHEHA MPAKTHYECKast YacTh OMJIETa B IOJTHOM 00beMe;

45 0a10B — [T0Ka3aHbl CUCTEMATUYECKUE U ITyOOKUE 3HAHUS IIPU OTBETE HA TEOPETUUYECKUE
BONPOCHI OMJIeTa, BBIMOJHEHA MPAKTHYECKas 4acTh OWJieTa B IMOJHOM OOBEMe, HO INPH OTBETE
JOITYIIEHBI HECYIIECTBEHHBIEC OIINOKH;

40 0ayuI0B — MOKa3aHbl HE CHCTEMAaTHYECKHE U HE TIJIyOOKHE 3HaHHWs NpU OTBETE Ha
TEOPETHUYECKHE BOIMPOCHI OMIIeTa, MPaKTHYEeCKast 4acTh OmiieTa BBHIMOJIHEHA HE B MOJHOM OOBEMe,
IIPU OTBETE JIOMYIIEHO HECKOJBKO CYIIECTBEHHBIX OIINOOK;

30 6an10B — TMOKa3aHBl NOBEPXHOCTHBIE 3HAHUS TPU OTBETE HA TEOPETHUYECKHE BOIPOCHI
Ousera, MpakTUYeCKas 4acTh OuiieTa HEe BBIMOJIHEHA, IPH OTBETE JOMYIIEHO MHOTO CYIIECTBEHHBIX
OoImuoOoK;

20 6a1710B — MMOKa3aHbI OYEHb MOBEPXHOCTHBIC 3HAHUS, TAHBI YACTHYHBIC OTBETHI Ha MPOCTHIE
BOTIPOCHI 110 3HAHHIO OCHOBHBIX OTIpeNesieHui 1 (popMyI, BOCITPOU3BEACHBI OT/ACIbHBIE (PparMeHTHI
MaTepHalia C MOMOIIBIO SK3aMEHATOPA;

10 6an10B — MOKa3aHbI OYEHb IOBEPXHOCTHBIE 3HAHUS, IaHbl YACTUYHbIE OTBETHI HA MTPOCTHIE
BOTIPOCHI 10 3HAaHUIO OCHOBHBIX OIpenesleHuii u (OpMysa, HE BOCIPOW3BEICHBI OTIENbHBIC
(bparMeHTsI MaTepHalia C MOMOIIBIO AK3aMEHATOPA;

0 — moyHOE HEe3HAaHWE MaTepHaa.

13. MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHUE YYEBHOI'O ITPOLECCA.

JIexIMOHHBIE 3aHATUS IPOBOJATCS B AYAUTOPUH, OCHAILIEHHONW MYJIBTUMEANMHON TEXHUKOU U
nockoi. [lpakTHueckue 3aHATUS TPOBOJATCS B KOMIIBIOTEPHOM Kjacce, 00OpYyAOBaHHOM
KOMIIbIOTEpAaMH C JIMIIEH3MOHHBIM IIPOrpaMMHBIM OOecleyeHHueM, J0CTynoM K cetu MHTtepHer,
CTOJIaMH, JTOCKOH.

14.  PEKOMEH/JOBAHHAS JIUTEPATYPA

Koa-Bo Hanu4uue
Ne IK3EMILISAAPOB | 3JIEKTPOHHOM
HaumenoBanmue
n/n B OMOJIMOTEKe BepCcuM B
JMouHY IBC

Ocnosnaa numepamypa

I".Ketin. CoBpemMeHHas (pr3HKa JI€MEHTAPHBIX YaCTHII.
[@rexrponnsiit pecypc] M: Mup, 1990. — 360 c.

1. DnekrpoHHbie nanuble, URL: - -
https://www.twirpx.com/file/972518/ (B cBoGO1HOM

JOCTYIIE)

A. N. Axuesep, M.I1.Pekano. brorpadus anemeHTapHbIX
yactul [ OnekTpoHHbIN pecype]. K: Haykosa nqymka, 1979.
2. —264 c. - -
OnextponHble naHHbie, URL:
https://ww.twirpx.com/file/274503/ (B cBoGoTHOM H0CTYTIE)

b.C. Mmxanos, U.M. Kanuronos, H.I1. FOamun. YacTuis:
Y aTOMHBIE sifipa: YUeOHUK 71 BYy30B [ DJIEeKTPOHHBIN
pecypc] - 2-e uzn.,ucnp.u jom. - M.: U3natensctBo JIKU,
3. 2007. - 584c. - -
OnextpoHHble qanHbie, URL:
https://www.twirpx.com/file/1701896/ (B cBoGOIHOM

JIOCTYTIE)



https://www.twirpx.com/file/972518/
https://www.twirpx.com/file/274503/
https://www.twirpx.com/file/1701896/
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C. M. bunenskuii Maccel, CMeIIMBaHUE U OCLIUIIISAIIUA

uedtpuno // YOH. — 2003. —T. 173. — C. 1171—1186.
4. OnexrpoHHble qanHble, URL: - -
https://www.ufn.ru/ru/articles/2003/11/b/ (B cBoGOIHOM

JIOCTYTIC)

Jlonoanumenvhasn numepamypa

N.o. I'mu36ypr Hepeménnsie po0IIeMbI
¢dbyHnamentanpHol  pusuku  (pyc.) /l Ycnexu
¢usnueckux Hayk. — 2009. — T. 179. — C. 525-520.
DnextponHble qannbie, URL:
https://www.ufn.ru/ru/articles/2009/5/d/ (B cBoGoIHOM

JIOCTYIIE)

0. T'. Kynenko HaGmrogenue oCHMUIALMA MIOOHHBIX
HEUTPUHO B DJIEKTPOHHBIE HEUTPUHO B  OIKCIEPUMEHTE
T2K // YO®H. — 2013. — T. 183. — C. 1225-1230.
DnextponHble nannbie, URL:
https://www.ufn.ru/ru/articles/2013/11/d/ (B cBoGoHOM

JIOCTYIIE)

15. ”TH®OPMALIMOHHBIE PECYPCHBI

[N

. Caiir I'OY BIIO «/louHY», URL.: http://donnu.ru/ (mata obpamenus 15.04.2019)

2. bubmmoreka I'OY BIIO «JlouHY», URL: http://library.donnu.ru/ (mara oOpaieHus
15.04.2019)

3. Hayunas 6ubnmotexa, URL: http://elibrary.ru (mata o6pamienus 15.12.2018)

4. MOH JIHP, URL.: http://mondnr.ru/ (mara o6parmienus 20.05.2019)

5. okymenramus mo pabore ¢ s3eikom R, URL: https://cran.r-project.org/manuals.html (marta

obpamienns 03.01.2017)

16. IPOTPAMMHOE OBECIIEYEHUE

1. Windows 7 PRO (xopnopatunas nunienszust JJOHHY Ne 46484614);

2. Microsoft Office (kopniopatuBnas muuensus JOHHY nuuensus Ne 46472919);

3. Microsoft Visual Studio (munensus mporpammsl DreamSpark anst BwicHIMX y4eOHBIX
3aBEJCHUN);

4. Kaspersky Antivirus Free (murensus Kaspersky Antivirus EULA);

5. Adobe Acrobat Reader (uiiensus Adobe EULA).

6. A3pik R — cBOOOHAS TporpamMMHas cpefa A CTaTUCTUYECKUX BBIYUCIEHUN U Tpaduku
(open source, mutersust GNU GPL 2).



https://www.ufn.ru/ru/articles/2003/11/b/
https://www.ufn.ru/ru/articles/2009/5/d/
https://www.ufn.ru/ru/articles/2013/11/d/
http://donnu.ru/
http://library.donnu.ru/
http://elibrary.ru/
http://mondnr.ru/
https://cran.r-project.org/manuals.html
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Pabouass mporpamma paccMOTpeHa W TIepeyTBEpXkJACHa Ha 3aceqanuu Kadeapbl oOIiei

(U3HKY ¥ TUIAKTHKN QU3NUKH ¢ U3MEHEeHUssMH (0e3 n3MeHeHuit) Ha 20 y4eOHBIN TO/I.
[TpoTokom Ne or“ 7 20 T
3aB. kadeapoii H. I'. Mamok

PabGouass mporpamMma paccMoTpeHa M TIepeyTBEepKJeHa Ha 3acefdaHuu kadeapsl oOmen

(GU3HMKY ¥ TUAAKTUKN GU3NUKH C U3MEHEHUAMH (06e3 u3mMeHenuit) Ha 20 y4eOHBIN TO/I.
[TpoToxom Ne or“ 7 20 T
3aB. kadeapoit H. I'. Mamtok

PabGoyass mporpamMma paccMOTpeHa M TepeyTBEepKJeHa Ha 3acefdaHuu Kadeapsl oOmen
(bYB3UKH U TUAAKTUKA QU3HKH ¢ U3MeHeHUsIMHU (0e3 n3MeHeHui) Ha 20 y4eOHBIH TO/I.

[Tpotokom Ne or“ ” 20 1.

3aB. kadeapoi H. I'. Mamiok



