[poepamma y4yebHO20 Kypca
«AOQEPHAA ®U3UKA»

ABTOop: HO. A. MaHe6parues

MosacHUTenbHasa 3anucka

dNeKTMBHbLIW Kypc «fAgepHaa ¢u3uKa» npegHasHayeH yvawumcs CcTapuei

WKONbI, BbIGPaBWIMM ecTeCcTBEHHO-HayYHbl, ¢GU3MKO-MaTeMaTUYeCcKuUil npo-

dGUAM  MAM NPOABMBLWIMM TMOBbIWEHHbIM MHTEPEC K M3YYeHUo OU3UKU, XU-

MUK, 6uonoruu, skonoruu. [aHHbIM KypC WMHTErPpMPOBAHHbLIN, OH CBA3aH CO-

OEepXKATeNbHO C Kypcom OU3UMKM M MaTEMATWMKWM OCHOBHOM LWKOAbl. W3yyeHue
npegjiarae@Moro 3/eKTUBHOrO Kypca HanpaBieHo Ha yraybneHve u obobuieHue
3HaHWI LWKO/NIBHWKOB O COBPEMEHHOW KapTMHE MWpa, OCHOBAHHOW HA KBaH-
TOBOW MexaHuUKe W crneuuanbHOW TeopuM OTHOCUTENbHOCTU. UMEHHO 3Tu pas-

Jenbl COBPEMEHHOM GU3MKM MNO3BOAUAM TMOHATb CYTb CTPYKTYPbl MATepun U

MCMONb30BaTb 3TV 3HAHUA [NS CO3LaHWUA ALEPHOW SHEPreTUKW, COBPeMeHHOM

KBAaHTOBOM 31EKTPOHUKU, pa3paboTaTb 3PEKTUBHbIe MeToabl AMArHOCTUKKU U
NleyeHnn pasanyHbIX 3aboneBaHWI, cAenatb MHOTO APYruMX BaXKHbIX  OTKPbITUA.

HecmoTpAa Ha TO 4YTO OTAe/bHble BOMPOCbI KBAHTOBOM W AdepHOW  GU3UKK
M CneumanbHo TEeOpWUM OTHOCUTENbHOCTM  UM3y4aloT B LWKOJAbHOM  Kypce ¢u3un-
KW, MNpeAcTaBNeHHOW B HUX MWHOOPMAUMM HEJOCTAaTOYHO ANA  Toro, u4Tobbl B
OOJIKHOM  Mepe  OUEHWUTb UM MOHATb CYyTb MNPOMUCXOAALWMX NpoueccoB. [losHan
KapTMHa BO3HMKaeT TONbKO TOrAa, Korga AgepHaa ¢uM3MKa  BOCMPUHMMAETCS
Kak u4acTb CTaHZapTHOW Mmogzenwn, B KOTOPOM  WMHTErpuMpoBaHHO  paccmaTpuBsa-
IOTCA MpOLECcChl, MNPOUCXOAALLME HA YPOBHE 3/IEMEHTapHbIX  YacTul,  OTBevalo-
WMe 3a 3/1EeKTPOMArHUTHble, CUAbHble W cnabble  B3aMMOAEWCTBMS, M  Mpouec-
Cbl, TMPOUCXOAMBLUME HA PaHHUX CTaguAX pPas3BUTMA BceneHHol UM 3atem B
npoueccax 3BOMOLUMU 3BE3A.

ApepHaa ©¢uM3MKa — HayKa 3KcnepumeHTanbHad. MeTtogpl M npubopbl  Ans
dyHOAMEHTaNbHbIX  UCCAEAO0BAaHUMM B  COBPEMEHHOW fAaepHOW  ¢UM3MKe OCHOBaHbI
Ha MCNO/NIb30BaHWM  BLICOKMX TEXHOAOTUM WM  HECTAaHAAPTHbIX WHXEHEpPHbIX pe-
WeHMA. B 3HAuMTeNbHOW CTEeNeHWM 3TO OTHOCUMTCA W K MPUKNaZHbIM  UCCneno-
BaHMAM C MNpUMeHeHMeM sAepHO-PU3MYECKMX MEeTOAO0B B PajMauMoHHON  6Huo-
NIOTUM, 3KONOTUWM, XUMUM U MeguuMHe. ITO  NPOAEMOHCTPUMPOBAHO B Pas/inu-
HblX pasfenax 3/1eKTMBHOrO Kypca Ha npumepax Moaeseil CamMoro COoBpPeMeHHOro
3KCNepumeHTanbHoro  obopyposaHua  ana  dyHAAMEHTaNAbHbIX WM NPUKAAAHBIX
uccnesoBaHUi  (UMKAOTPOH M YCTaHOBKA [ANS CMHTE3a  CBEPXTAXENbIX  3/IeMeH-
TOB, CBEPXMNPOBOAALMN AOEPHbIM KONNakgep W MHOroueneBon AeTeKTop, WM-
NYyNbCHbIM pPEaKTop HEeWTPOHOB, r/Ny6OKOBOAHbLIN AETEeKTOp ANA  M3ydeHun obu-
3UKM HEUTPUHO, YCKOPUTENIbHbIA KOMMJIEKC 418 MNPOTOHHOM Tepanuwu).



O6wan XapakTepucTMKa Kypca. [lpeanaraembliit 3/IEKTUBHbIM Kypc no-
CBAWEH pPACCMOTPEHUI0 TaKMX Tem, KaK 3/1eMeHTbl KBAaHTOBOW MeXaHMKM n
TEOPWUM  OTHOCUTENBHOCTM B  MPUMEHEHWM K aATOMHOW W  sagepHon  dusuke,
pas/fivyHble BUAbl PAAMOAKTMBHOCTM, B TOM  4YMC/Ne U CMOHTAHHOe AeneHue
Adep, CBOMCTBA WM MOZENW aTOMHbIX S4ep, TPagUUMOHHbIe SAepHble peaKkuuu
M AfepHble peakuuMuM TMpu 3Heprusx Koanangepos. PaccmoTpeHo npoucxoxae-
HWE 31eMeHTOB BO Bce/fleHHOW W CUHTE3 HOBbIX CBEPXTAXKENbIX 3/1€MEHTOB B
nabopatopuax  y4éHblXx. YacTb pasfenosB NOCBALWLEHA AOEPHON SHepreTmke U
NPWKNAAHBbIM WCCNepoBaHWaAM B 061acTM  paguauMoHHOW  BMONOTUMKM,  3KONOTUK
M MPUMEHEHUIO MeToL4OoB fAepHON OGU3MKKM B MeauUMHe.

3HauuTeNbHAA 4YacTb  3/IEKTMBHOrO  Kypca  OTBEAEHA  MNpaKkTMyeckum  pabo-
Tam, 60sbWwas  4acTb KOTOPbIX WMMeeT MWCC/efoBaTeNbCKUIM  XapaKTep.

Uenb Kypca: pacwupeHue, yrnybneHve m  obobuweHne  3HaHUMKA O  ¢uU3Mye-
CKMX npoueccax B 061acTM AfepHON OGOUSUKKM, MPUUMHAX W MEXaHW3Max UX
NpPOTeKaHWs, pa3BuWTME MO3HaBaTe/ibHbIX MWHTEPECOB U TBOpPYECKMX  cnocobHo-
CTe  yyawuxca 4yepes MNPaKTUYECKYl  HamnpaBneHHOCTb 0byyeHua ¢uU3MKe U
MHTETpUpylo Wy ponb GU3MKM B CUCTEME ECTECTBEHHbIX HayK.

3apaum Kypca:

— pa3BuUTME eCTeCTBEHHO-HAay4YHOrO0 MWMPOBO33PEHUA  YYaLLUXCH;

— pas3BuUTME MNPUEMOB YMCTBEHHOW [OEATENbHOCTY, NMO3HaBaTe/IbHbIX UHTEpE-
COB, CK/NOHHOCTEM M CMOCOBHOCTEW YyyYalMXCH;

— pa3BuMTME  MOTMBALUMM  y4yeHus, GopmUpoBaHME MOTPEOBHOCTM B  MOJYyYEHUU
HOBbIX 3HAaHWUMN W NMPUMEHEHMUU WX HA MPAKTUKE;

— pacwupeHue, yrnybneHne wu ob6obuweHne 3HaHWMIA No  U3MKe, XUMUK, OBUO-
norum;

— MCNO/Nb30BaHME MeXMpeaMeTHbIX cBA3el OU3MKM € MaTematukon, 6uono-
rven, XMMWUeW, WUCTOpPUEN, 3SKONOTMeN, pPaACCMOTPEHMEe 3HAYeHMsas 3TOro  Kyp-
Ca ANA YCNEewWHOro OCBOEHUA CMEXHbIX JAUCLMNAUH;

— COBEpLUEHCTBOBAHME  IKCMEPUMEHTA/IbHbIX YMEHWW U  HaBbIKOB B  COOTBET-
CcTBUM C TpebOBaHMAMM MNpPaBUA TEXHWKM Be3onacHoCTu;

— paccMoTpeHue CBA3U AepHOM GU3UMKM €  KU3HbIKD, C BakHewumnm cdepa-
MW OeATeIbHOCTU 4YenoBeKa;

— pasBMTME Y YYALLMXCA YMEHUA camocToaTeNbHO  paboTaTb €  [OMNOJIHUTENb-
HOW nNuTepaTypoW W Apyrumn cpeactBamu  MHbopmaLuu;

— ¢opmupoBaHMe Y  y4yalMXCA YMEHWW aHanuM3MpoBaTb, COMOCTaBAATb, MpU-
MEHATb TeopeTUYeCKMe 3HaHWUA Ha MNPaKTUKe;

— ¢dopmupoBaHME YMEHWUI MO PELIeHUO 3KCMepUMeHTaNbHbIX M TeopeTuye-
CKUX 3ajau.

OcHOBHble ugeun Kypca:
— €eAMHCTBO MaTepuasibHOro Mupa;
— BHYTPU- W MeXnpeAMeTHaAa WHTerpauus;



— B3aMMOCBA3b HaYKWM N MPaKTUKWU;
— B3aMMOCBA3b YeN0BEKa WU Opr)KaIOLLI,eVI cpeapl.

Yye6Ho-meToAMYecKoe obecneyeHue Kypca  BKAlOYaeT  yyebHoe  nocobue
ON1A yyalmxcs, WHTepHeT-pecypc «BupTyanbHas nabopatopua AgepHon  GpUIMKKMY,
NPorpaMmmy 3NEKTUBHOFO Kypca W WHTEpPHEeT-pecypc C OHNalH-Bepcuer Kypca u
cucTemolt ynpasneHus y4yebHbiM npoueccom Ha ocHoBe cuctembl MOODLE.

Buabl peatenbHocTU. YuebHoe rnocobue pans  yyawuxcs obecneumsaeT  co-
JepaTenbHylo  4YacTb Kypca. CogepskaHue nocobua pasbuto Ha naparpadbl,
BK/NtOYAET  AMAAKTUYECKUI  MaTepuan  (BOMPOCbl, YMNpa)KHeHWsa, 3ajauv, JAomMall-
HUI 3KCNEPUMEHT), NpakTuyeckue paboTbl.

Ha 3aHATMAX MO [JaHHOMY Kypcy yvawmeca yraybnawT  cBOM  3HaHMA O
AQepHOM PU3MKe, COBPEMEHHOW KapTMHe Mupa, npubopax U meTtomax ¢yHAa-
MEHTaNbHbIX W NPUKA3AZHbIX  WUCCNefoBaHWiA B 0ob6nacTM  agepHon  GU3MKW.
B pesynbTate WM3y4yeHMs Kypca pacliMpsaeTcs MUPOBO33pPeHMe  yyalyuxcs, pas-
BMBaeTCA WX  MNO3HaBaTe/ibHbI  WHTEpPeC, WHTeNNeKTyalbHble U  TBOpYECKue
cnocobHocTH,  dopmupyloTca  npeameTHble,  obuweyyebHble M cneuuduueckue
YMEHUS W HaBblKM LIKONbHMKOB.

Kypc  HacbiWeH  3KCepumMeHmMasnbHLIM — Mamepuasaom:  AeMOHCTPALMOHHbIM
SKCMEPUMEHTOM, MpPaKTUYECKMMM paboTamm Ha 6ase BUPTYaNbHON  WUHTEpHET-
nabopatopuu. Mo KeNaHWUO Yy4yuTens  HeKoTopble  MpakTMyeckme  paboTbl  MOMXK-
HO nepeBecTM B pa3psaf MWCCNenoBaTeNbCKuMx. Mcnonb3osaHue B y4ebHOM npo-
uecce npakTMyeckux paboT cnocobcTByeT MOTMBAUMKM  ONs 0606uweHun yueb-
Horo maTtepwvana, pacwwupseT BO3MOYKHOCTH WHAMBUAYANbHOTO "
anddepeHUMPOBAHHOTO  NOAXO4OB K 0byyeHWto, MOBbIWAeT  TBOPYECKYID  akK-
TUBHOCTb  y4alMXCs, pacwupseT MX Kpyrosop. BkaloyeHve Takux pabot B
SNEeKTUBHbIA  KypC MPMBMBAET LWKO/NbHUKAM MCCAefoBaTeNbCKMIA  MOAX04, K  Bbl-
NOMHEHUIO  MpPaKTUYecKMx paboT, nomoraeT oOBNaAeBaTb [AOCTYMHbIMW ANA  y4a-
WMXCA  HAyYHbIMM MeTodamMMu uccnefoBaHusA, GopmMupyeT U pa3BMBaeT TBOpYe-
CKOE MbllNEHNe, MOBbIWAET WHTEpPeC K MNO3HaHW  OU3UYECKUX  ABNEHUA U

nx 3aKOHOMepHOCTEI7I. [JaHHble npakTnyeckune pa60TbI CBA3aHbl C onpepene-
HMEM He TOJIbKO KayeCTBEHHbIX, HO U KOJIMYECTBEHHbIX XapaKTepucTuk. Cu-
cTematunyeckoe BblNO/IHEHNE KONNYeCTBEHHbIX 3KCNepumeHTaNbHbIX 3a4a4

pa3BMBaeT Y YuYalMXCA aKKypaTHOCTb, crnocobcteyeT BbipaboTke HaBbIKOB  TOY-
HOM KONMYECTBEHHOM OUEHKW pes3ysbTaTOB 3KCNEpPUMEHTA.

Kaxkgasa npaktuyeckas paboTa  BK/IKOYAET  KpaTKMe TeOpeTUYEecKMe  CBeAeHuWs
M 3KCMEePWMMEHTaNbHY0 4YacTb. PaboTbl  BbIMOAHAKTCA WHOMBUAYAZIbHO WU B
rpynnax no 3-4 4YesnoBeka. BbinosHeHWe wccnepoBaHuit  TpebyeT npensapu-
TENbHOM  NOArOTOBKM: Nepesj MNpoOBeAEHUMEM  IKCNEPUMMEHTa yuuTenb paboTaeT
OTAENbHO C KaXAOW Trpynnow y4valimuxcs.

JNEeKTUBHbIM  KypCc  OOMyCKaeT  UCMONb30BaHME (MO  YCMOTPEHUIO  yuuTens)
NobbIX coBpeMeHHbIX 0b6pa3oBaTeNbHbIX TEXHO/IOTMW, Pas3/IMYHbIX OpraHu3aLuu-



OHHbIX ¢dopm 0OyyeHUA: NeKuuit, cemuHapoB, becen, nNpPaKTUYECKUX WU nabo-
paTopHbIX paboT, uccnepoBaTeNnbCKUX PaboT, KoHdepeHUuWi.

B  KayecTBe  OCHOBHOM  OpraHM3aUMOHHOM  GOpMbl  MPOBEAEeHUA  3aHATUM
npeanaralwTca  NEKUMOHHO-CEMMHAPCKOE  3aHATMA, Ha KOTOpbIXx Aaétca  obbsAc-
HeHVMe TeopeTMYecKoro matepuana M pelwalTcs 3a4ayu no pJaHHol Teme. [na
NOBbILIEHUA WHTEPECA K TEeOPEeTMYECKMM  BOMPOCAaM U 3aKpPEeneHus  U3yYeHHO-
ro Mmatepuana npeaycMOTPeHbl [AEMOHCTPALMOHHblE OMbiTbl M 1aboOPaTOPHbLIN
NPaKTUKY M.

dopmamm  KOHTpONA 3a  YCBOEHMEM  MmaTepuana MOTryT CAYXWUTb OTYETHI
Nno npakTuyeckum  paboTtam, camocToATeNbHble  TBOpPYeCcKMe  paboTbl,  TecTbl,
utorosble y4yebHO-UCCNEAOBAaTENbCKME  MPOEKTbl.  WMToroBoe  3aHATME  NpPOXOAWUT
B BMAE  HAYYHO-NMPAKTUYECKOW KOHDEPEeHLUMM UAM  KPYrAoro CTona, Ha KoTo-
pOM  3ac/AywuBaloTCA  AOKAafbl  y4yawuxcs Mo  BblBpaHHOM Teme UCCAefOBaHUA,
KoTopble MoOryT 6bITb npeacTasneHbl B dopme pedepata MAM OTYETa MO UC-
cnepoBaTeNbCKOM paboTe.

CopepxaHue Kypca

BeegeHue (1/2 u)

MN3nydyeHne abcontoTHO HYEPHOro Tesa M KBaHTOBaA runoTtesa llnaHKa, oT-
KpbiTne K. K. TOMCOHOM 3/1eKTpOoHA. OTKpPbITUE PEHTITeHOBCKOrO U31y4YeHUA.
OTKpbiTne A. A. bekkepesnem pagmoakTMBHOCTU. OnbiTbl MNbepa n Mapumn Kio-
pu. CosgaHune A. DUHWTEMNHOM CNeuManbHON TEOPUU OTHOCUTENbHOCTU. B3au-
MOCBA3b MeXAy Maccon u sHepruein. MnasHaa dopmyna XX B.: Eg = mc2.

dkcnepumeHT 3. Pesepdopfa NO OTKPbITUIO  «MNJAHETAPHOU» MOZENAUN aTOM-
Horo Aaapa. KBaHToBaHue 3sHeprum m moaenb H. bopa.

MocnencrTemAa 3TUX OTKPbLITUN A1A CO34aHUA KBAHTOBOWM MexXaHUKU U aaep-
HOM OU3MKM KaK OCHOBblI TEXHUYECKOro nporpecca 4esnoseyectBa B XX u
XXI BB., CO3A4aHMUA KapPTUHbI MWUKPO- U MAKPOKOCMOCa Ha ocHoBe CTaHAaapT-
HOM Mmoaenn.

Tema 1. KBaHTOBbIii MuUpP aTOMOB U monekyn (3/3 u)

Mopenb atoma Bopa W nuHel4daTble crnekTpbl. KBaHTOBaHMe 3Hepruu.
BonHbl maTepun J1. pe bBponnsa. KopnyckynspHo-Bo/sIHOBOM Ayanusm. Oun-
dpakyma s3NeKTPoHOB Ha Kpuctannax. Potosadpdekt m addekt KomnTtoHa.
MpuHuMN HeonpeaenéHHoctu leseHbepra. YpasHeHue LpeauHrepa. BosnHo-
Bas GYHKUUA N €€ BepoATHOCTHAsA WHTepnpeTauma. KBaHTOBbINM 3PP eKT TyH-
HeupoBaHUA.

KBaHTOBaHWe YyrnoBoro MOMEHTa. CnuH 3/1eKTPOHa. MpuHumMn 3anperta
Maynn. DNeKTpoHHble 060/I0YKM aTOMOB U Mepuoamnyeckui 3aKOH MeHge-
neesa.

Monekynbl. CnekTpbl aTOMOB W MOJIEKYA.



Tema 2. Macca u 3Heprus B PeNATUBUCTCKON Teopum (2/4 u)

OCHOBHble ~ MOCTy/NaTbl  CMNeuuanbHOW  TeopuuM  OTHocuTesibHOCTU.  [lpeobpa-
30BaHMA [anunea w JlopeHua. WHBapMaHTHOCTb WHTepBana.

Macca B K/JaCCMYECKOM MexaHWKe WU Teopum OTHocuTenbHOCTU. [peobpa-
30BaHMA JlopeHua AnAa UMMNyabca W 3Hepruu. Macca — pPesiATUBUCTCKUMIM  WH-
BapuaHT. CBA3b 3HEeprMM M maccbl nokoa Eo = mc?. Tpumepbl nepexoja Mmac-
Cbl B 3HEPruio M 3Heprum B maccy. JedekT maccbl M 3Heprua ceBA3U  agep.
Maccbl W 3Heprma CcoCTaBHbIX cUCTeEM. PenAaTMBUCTCKaA KMHEMaTMKa U 3aKo-
Hbl COXPaAaHEHWA 3SHEpPrun u MMmnynbca.

Tema 3. ATOMHble agpa W paguoakTusHoctb (3/4 u)

OcHOBHble CBOMCTBa aTOMHbIX A4ep: cocTaB, pasmep, dopma, 3apsag, Macca
A4pa, JHeprus cBA3uM. M3oTombl. [paHuubl  CTabWAbHOCTM  aTOMHbIX  AJep.
CnuMH npoTOHa W HeWTpoHa. Yrn0BOW MOMEHT Aapa.

floepHble cuabl. Knaccuyeckas  MPOTOH-HEWTPOHHas  Mogenb  agpa.  Agep-
Hble mogaenun: depmu-ras, KanenbHasa, obosioyeyHaa w 0606WéHHan mozenb
aapa.

KopoTKogencTByloWMe  HYKNOHHble  KOppenauum B  AApax W KYMYNATUBHbIN
A0EpPHbIN  3bdeKT.

PagnoaKkTUBHOCTb. Buabl pagunoakTmusHocTu: a-, b-, g-pacnaa, cnoHntaHHoe
AeneHuve.

lpaHUubl CTabWMAbHOCTM aATOMHbIX fAZ4ep. 3aKOH pPaAMOAKTMBHOIO  pacnaja.
Mepvoa nonypacnaga. AKTMBHOCTb pPaAMOaKTUBHOTO MCTOYHMKA.

KayecmeseHHble U pac4émHobie 3a0a4u.

Mamemamuyeckuli npakmuKym «Cmamucmudeckuli xapakmep paduoak-
mueHoz20 pacrnada».

Tema 4. flpaepHble peakuun (2/2 u)

fliepHble npeBpaweHuMa B 3KcnepumeHTax Pesepdoppa. OTKpbITME  npoTO-
Ha W HenTpoHa. Peakumnm peneHusa aAgep. LenHasa AgepHaa peakuusa. Tepmo-
agepHble  peakuuu. [lognoporosble  peakuun. PoxkageHwe  aHTMNpoOTOHOB. W3y-
YeHMe CTPYKTYpbl MNPOTOHOB W fAfAep B My4YyKax 3S/IEKTPOHOB.

KauecmeeHHble U pacyémHbeie 3a0a4u.

Tema 5. MpoucxoxkgeHne 3s3nemeHTOB BO BceneHHoii (2/4 u)

PyHAAMeHTaNbHble  B3aMMoaencTBus. CraHgapTHan mogaenb. bonbwoi
B3pblB. ATOMbl BOAOPOZA W Nervyamwmx snemeHToB. CUHTE3 3/71eMeHTOB B 3BE3-
hax. B3pbiBbl CBEPXHOBbLIX 3BE34 W HENTPOHHble 3BE3Abl.



Tema 6. CMHTE3 HOBbIX CBEPXTKENbIX 3nemeHToB (1/2 u)

TpaHcypaHoBble W TpaHchepmueBble 3neMeHTbl. «OCTPOB  CTabuabHOCTU» U
CUHTE3 HOBbIX CBEPXTAXKENbIX 3n1emeHTOB. Jlabopatopua sAepHbIX peakuui
MMeHN aKagemuka [. H. ®néposa. Mopaenb UMKNOTPOHA M JeTeKTopa Ana pe-
TUCTPALMN  CBEPXTAXKENBIX 3/1EeMEHTOB. Kak peructpupytoT CcBepxTAXEénble 3ane-
MEHTbI.

Tema 7. YcKkoputenu wu Konnaigepbl (2/4 u)

MpuHUuMNbl pPaboTbl NIMHEMHbIX U UMKAUYECKUX YycKopuTenein. [BuKeHue
3aPAXKEHHbIX 4YacTuUL, B 3/IEKTPUYECKOM U MarHMTHom none. B. WN. Bekcnep:
npuvHuMn  astodasmpoBkM. A. M. byakep: wges 3N1eKTPOHHOTO OXNaKAEHUs W
nepsble BCTPeYHble Kosbla. Bonbwoit agpoHHbIM Konnaagep (LHC) B EBpone
n Konnavmpep penatmsuctckux agep (RHIC). Mogenb yCKOpUTENbHOINO KOM-
nnekca HMKA — poccuiickoro Konnangepa TAXKENbIX MOHOB.

Tema 8. UccnepoBaHue CTONIKHOBEHUI penatuBucTcKux agep (1/3 wy)

YTO NPOMCXOAMT MNpPU  CTONKHOBEHWAX  PENATUBUCTCKUX  Adep. [JeTekTopbl
ONA perucTpaummM  NpoAyKTOB  AAepHblX  peakuuit. OCHOBHble  XapaKTepPUCTUKM
peakumin.  Tpurrep  pgns otbopa  cobbiTit.  BpemaA-npoeKuMoHHasa  Kamepa.
DNEKTPOMArHUTHbIA  KanopumeTp, CU/JMKOHOBble  AETEeKTopbl  ANs  onpejeneHus
BEPLWMUHbI B3aMMO e MCTBUA.

Tema 9. flpepHana saHepreTuka u rnobasnbHble nNpobaembl
yenoseuecrsa (1/3 u)

flaepHaa aHepreTMka U rnobanbHbie npobiembl 4YenoseyecTBa. fAgepHbie
peaktopbl. [pupoaHble SAaepHble pPeakTopbl.

PeweHue KayecmeeHHbIX U pacyémHbIx 3a0ad.

UHmepakmueHaa moodesb A0epHO20 peakmopd.

Tema 10. ApepHaa ¢usmka u meguumHa (1/3 u)

ApepHas ¢u3MKka M meguumHa. Moaenb YCKOPUTE/NIbHOFO KOMMeKca Ans
NPOTOHHOW paaMoTepanuu.

Tema 11. fApepHaa ¢u3mnKa c HeuTpoHamu (1/3 u)

AfepHble  uccnepoBaHMA ¢ HeWTpoHamu. CBOWCTBa  HEMTPOHHbIX  MY4YKOB.
Mogenb uccnepoBaTeNbCKOrO  MMMY/IbCHOTO — peakTopa Ha  ObICTpbIX  HEWTpOHax
NUBP-2.  lMNpumeHeHune HEMNTPOHHOIO  AKTUMBAUMOHHOIO  aHaaM3a B 3KOJIOTUM.
AlnepHas nnaHetonoruA. Towuck BoAbl Ha Mapce npu  NOMOWM  WUCTOYHWMKA
HEUTPOHOB.



Tema 12. Paguobuonorua (1/3 u)

Yto wu3yyaeT pagmobuonorma. CocTaB KOCMMUYECKOrO W3/yYeHUs U ero BO3-
OEUCTBME Ha KMBble OpraHusmbl. [WnoTMpyemble MONETbI B KOCMOC W pajua-
UMOHHble pPUCKU. AcTpobuonorusa.

ModenuposaHue paduayuoHHbIX rnoepexcoeHuli Kn1emokK 8 cpede GEANT.

Tema 13. Bsaumopeiicteue wusnydyeHua c sewecrsom (1/3 u)

Bsaumogpelicteme 3apAXeHHbIX 4acTuu, ¢OTOHOB U  31eKTPOHOB C Beuje-
cTBOM.

Tema 14. [JeTeKTOpbl 3apAXEHHbIX YacTul,
n ramma-KBaHToB (1/3 u)

PasnnuHble TUNbl  OETEKTOPOB: rasoBblid, GOTOIMYAbCUM, My3blpbKOBaA  Ka-
Mepa, CUMHTUANALUMOHHBIN,  MOAYNPOBOAHMKOBbLIM, OETEKTOP Ha  OCHOBE  MWU-
KPOKaHaNbHbIX naacTvH. CbEM CWUrHaia C AeTeKTopa. JHepreTMyeckue M Bpe- Ms-
NpoNéTHble cnekTpbl. COBpeMEHHble MeToApl CbEMa M OUMOPOBKU MHOOP- Mauuu.

Tema 15. BuptyanbHaa nabopatopusa «OCHOBbl U3mepeHUnA
curHanos c getekropos» (2/4 u)

Tema 16. BuptyanbHaa naboparopua «CUMHTUANALUOHHDLINA Teseckon
ANA U3yYeHUA KOCMMUUECKUX nydei» (2/4 u)

Tema 17. BuptyanbHaa nabopatopua ramma-cneKrpockonuu (2/4 u)

Tema 18. BupTtyanbHaa nabopatopus CNOHTAHHOrO
aeneHuva agep (2/4 4)

Tema 19. MatemaTtnyeckKmuii npakTUKym no obpaboTKe pe3ynbTaTtoB
namepeHuin B cpeae ROOT (2/4 u)

Tema 20. MatemaTUyeckmMii NPaAKTUKYM MO MOAEeSIMPOBaHUIO
paguauMOHHbIX NOBpPEeXKAeHui KneTtku B cpeae GEANT (2/4 u)



TemaTnyeckoe nnaHupoBaHue

Kypc paccyuumaH Ha 35/70 u (1 uau 2 4 8 Hedenro). NTorosBoe 3aHATUE
npoxoaut B Gopme Hay4yHO-MpPAKTUYECKOW KOHbepeHuun.

MNpepnaraemoe TematMyeckoe MNAAHUMPOBaHWE — TMPUMEPHOE, TaK e Kak U
pacnpegeneHve YacoB Ha MPOXOXAEHMe MmaTepuana U MNpoBeAeHWe  MPaKTUKY-
Ma. ABTOp oOCTaBifseT 3a yuyuTeneM nNpaBoO W3MEHATb CoAep)KaTeNbHOe Hanon-
HEHME YPOKOB, a TaK¥e  KOpPPEeKTUpoBaTb  [AEMOHCTPAUMOHHbIN K nabopaTtop-
HbI 3KCMEePMMEHT, MUCXOAA W3 BO3MOXKHOCTEe o00pa3oBaTesbHOro y4ypexaeHuA.

KonnyectBoO
YyacoB
Tema OcHOBHOe copaepXXaHue
35 70
BeepeHue (1/2 4)
Bennkne oOTKpbITUA M3nyyeHune abcontoTHO YépHOro Tena u 1 2
KOHua XIX — Haua- KBaHTOBaA runote3a [lnaHKa, OTKpbI-
na XX B. ™e K. K. TOMCOHOM 3N1eKTpOoHa.

OTKpbITME PEHTTeHOBCKOTrO W3/yYe HUA.
OTtkpbiTe A. A. bekkepenem paamoa k-
™BHOCTU. Onbitel lbepa n Mapumn
Kiopn. CosgaHune A. DHWTENHOM
cneupanbHOM TeOPUU OTHOCUTENbHO-
CTW. B3aMmocBA3b MeXKay Maccon u
3Hepruen. [nasHaa ¢opmyna XX B.:

Eo = mc2.

dkcnepumeHT J. Pesepdoppa no or-
KPbITUIO MAAHETapPHOW MOLEeNU aTom-
HOro fAgpa. KBaHTOBaHWe 3Heprum u
mogenb H. bopa. lNocnepcTtBmA 3Tmx
OTKPbITUW AN1A CO3A4aHMA KBAHTOBOW
MeXaHWKW U AaepHON OU3MKM  KaK oc-
HOBbl TEXHMYECKOTrO nporpecca Yenose-
yectBa B XX n XXI BB., co3gaHumA
KapTUHbI MMKPO- WM MaKPOKOCMOCA Ha
ocHoBe CTaHZapTHOW Mogenu

Tema 1. KBaHTOBbLIN MUp aToMOB U Monekyn (3/3 4)

OCHOBHble NpUHL, K- Mopgenb atoma bopa u nuHenyaTble 1 1
Nbl KBAaHTOBOW Mexa- crnektpbl. KBaHTOBaHWe 3Heprnn. Bon-
HUKKN Hbl maTepuun J1. pe-Bponna. Kopnycky-

NIAPHO-BO/IHOBOW ayanusm. [udpakuma




lpodonxeHue

KonnyectBo
Tema OcHOBHOe copaep)KaHue Hacos
B35 70
3N1IeKTPOHOB Ha Kpuctannax. Potoad-
dekt n apdekt KomntoHa. MpuHLUMN
HeonpeaenéHHocTn [eliseHbepra
YpaBHeHue LpeaunH- YpasHeHue LpeanHrepa. BonHoBas 1 1
repa. loHAaTne BON- bYyHKLUMA U e€ BEepOATHOCTHAA WHTep-
HOBOW  YHKL UK. npetauna. KBaHTOBbIM 3OPeKT TyHHe-
KsaHTOBOE TYyHENNU- IMpOBaHU A
poBaHue
KBaHTOBaHMe yrno- KBaHTOBaHMWe yri1OBOr0 MOMEHTA. 1 1
BOoro momeHTa. CnuH CnuH anektpoHa. [MpuHuMn 3anpeta
anekTpoHa. [MpuHUMN Maynn. SneKkTpoHHble 060N0YKM aTo-
Maynn moB U lNepuoanyecknii 3akoH MeHge-
neesa.
Monekynbl. CnekTpbl aToMOB U mose-
Kyn
Tema 2. Macca u 3Heprua B pensiTMBUCTCKOM Teopum (2/4 4)
OcHoBHble noctyna- OcHOBHble MOCTy/NaTbl CreuyaibHOM 1 2
Tbl  CneumanbHOW  Te- Teopumn OTHOCUTENbHOCTU. [peobpaso-
opun OTHOCUTE/IbHO- BaHue lanunea w JlopeHua. WHBapwu-
cm QHTHOCTb WHTEpBana
Macca, sHeprusa, Macca B KIacCMYECKOW MexaHUKe u 1 2
MMNYyNbC B PenaTu- Teopun OTHOCUTeNbHOCTU. [peobpaso-
BUCTCKOW ¢u3MKe BaHuA JlopeHua Ana umnynbca u
3Hepruun. Macca — penATUBUCTCKUN
MHBapMaHT. CBA3b 3HEPruuM W macchbl
nokos Eg = mc2. MNpumepbl nepexona
MacCbl B 3HEPruvi0 W 3HEPrum B Maccy.
[OedbeKT Mmaccbl u sHeprua cBsA3u Agep.
Maccbl 1 3Heprusa COCTaBHbIX CUCTEM.
PenatuBucTckaa KMHemaTuMKa W 3aKo-
Hbl COXPaHEHWA 3Heprunm u MMMyabca.
Mpumepbl PU3MYECKMX MPOLECcCOB.
PeweHue 3aday




lpodonxeHue

Tema

OcHoBHOe cope p>XKaHue

KonuuectBo
yacoB

35 70

Tema 3. AToMHble fapa U paguoakTMBHocTb (3/4

u)

OcHOBHble CBOWCTBA
dTOMHbIX A4ep

OcCHOBHble CBOWMCTBa aTOMHbIX Aaep:
coctaB, pasmep, ¢opma, 3apag, Mmacca
Agpa, sHeprua ceAasn. Msotonbl. [pa-
HULBl CTabUIbHOCTU aTOMHBIX A4ep.
CnuH NpoTOHa W HelTpoHa. YrnosoW
MOMEHT Aapa

AloepHble mogenu

ApepHble cunbl. Knaccnyeckaa npo-
TOH-HEMTPOHHAaA MoZenb Aapa. fAaep-
Hble Mogenu: depmu-ras, KanenbHas,
obonoyeyHas un 0bobWEHHAA Moae/Nb
Aaapa.

KopoTKoZelcTByO W ME HYKIOHHble
KOppensauuu B A4pax U KYMyAATUBHbIN
AfepHbIN  apdeKT

PagnoaKTUMBHOCTD.
Buabl pagmoaKTus-
HOCTH

PaanoaktmBHOCTb.
Hoc: a-, b-,
neneHue.
lpaHuupl  cTabunbHOCTU
3aKOH  pPaAMOaKTUBHOrO
oA, nonypacnaja.
TUBHOIO MUCTOYHMKA.
KayecmeeHHble U pacyémHeble
MamemamuyecKuli MPAKmMUuKym
«CmamucmuyecKuli Xapakmep
aKMueHo20 pacnada»

Buapl
g-pacnag,

paaMoaKTuB-
CMOHTaHHOE

ATOMHbIX

pacnaga.
AKTUBHOCTb

anep.
MNepwu-
pagvoak-

3a0a4u.

paduo-

Tema 4. flpepHble peakuum (2/4 4)

floepHble  peakuunu

flnepHble npeBpalleHUA B 3KCNepu-
meHTax Pesepdoppa. OTKpbiTME npoTo-
Ha U HeWTpoHa. Peakuun pgeneHun
anep. LlenHas apepHaa peakuma. Tep-
MOAJEPHbIe  peakumu

Mpumepbl  AAEPHbIX
peakuumn

Moanoporosble peakuuu. PoxaeHue
aHTUMPOTOHOB. M3yuyeHue CTPYKTYpbl




lpodonxeHue

Tema

OcHOBHOe copaepkaHue

KonunyectBoO
YyacoB

85 70

NPOTOHOB W AQep B MNy4kaX 3S/1EKTPOHOB.
KayecmeeHHble u pacqéme/e 30004u

Tema 5. MpoucxoxaeHne anemeHToB BO BceneHHon (2/4 4)

OT 6onblOro B3pbiBa dyHOaMeHTaNbHble B3aMMOZENCTBMUA. 1 2
[0 aToma BoZopopAa CraHpapTHaa mogenb. bonbwol B3pbiB.

ATomMbl BOAOPOAA W Nervauimx sne-

MEHTOB
CuHTE3 3/71eMeHTOB B CuHTE3 32/71emeHTOB B 3BE34ax. B3pbiBbl 1 2

3BE34ax

CBEPXHOBbIX 3BE34, U HEMTPOHHbIE
3BE3apl

Tema 6. CMHTE3 HOBbIX CBEpPXTAXKENbIX 3anemeHToB (1/2 4)

CuHTE3 HOBbIX
CBEPXTAXKENDbIX 3Ne-
MEHTOB

TpaHcypaHoBble U TpaHcPepmumeBble
anemeHTbl. «OCTpoB CTabunbHOCTU» U
CMHTE3 HOBbIX CBEPXTAMENbIX 3NemMeH-
ToB. JlabopaTopua AOEpHbIX peakuni
MMeHU aKagemuka [. H. ®néposa.
Mogenb UMKNOTPOHa W pgeTekTopa AnA
perucTpaumumn CBEPXTAXKENbIX 3dNeMeH-
TOB. Kak pernctpupytoT CBEpXTAXKEnble
aNeMeHTbI

Tema

7. Yckoputenu u konnawngepbl (2/4 4)

YckopuTenu, npuH-
uMnbl - MX paboTbl

MpuHUKMNbI  pPaboTbl NIMHEMHbIX W Ux-
KNIMYeCKnUX yckoputenei. [sukeHue
3apPAKEHHbIX YacTUL, B 3/1EKTPUYECKOM
M marHutHom nonsx. B. W. Bekcnep:
npuHumMn astodasmposku. A. M. bya-
Kep: uaea 3NEeKTPOHHOr0 OX/NaXAeHMUA
M nepBble BCTPEYHble KONbLA

CoBpemeHHble Kon-
navigepbl MNPOTOHOB U
anep

Bonbwoi agpoHHbIN Konnanpep (LHC)
B EBpone u Konnanaep penAaTMBuUCT-
ckux agep (RHIC). Mogenb ycKopu-
TenbHoro Komnaekca HUKA — poc-
CUIACKOTO Ko/Mnanpaepa TAKENbIX WOHOB




lpodonxeHue

KonunuectBo
yacosB
Tema OcHOBHOe copgepkaHue
35 70
Tema 8. UccnepoBaHue CTONKHOBEHUWN penAamBUCTCKUX spep (1/3 y)
CTonkHOBeHUA Agep Yto npoucxoauT NpU CTONKHOBEHUAX 1 3

NPy BbICOKMX 3Hep-
TMAX W WX perucTpa-
umA

penaTMBUCTCKUX agep. [eTekTopbl Ans
perMcTpaumm MpoAYyKTOB SAEPHbIX pe-
aKkumit. OCHOBHble XapaKTepuCTUKM
peakuuin. Tpurrep pns otbopa cobbl-
TMA. Bpemsa-npoeKuMOHHAa Kamepa.
JNEeKTPOMArHUTHbIW Ka/JIoOpUMETp, Cu-
JIMKOHOBbIE [JETEKTOPbl ANA onpejene-
HWUS BepWWHbl B3aMMoaencTBuMA

Tema 9. fAnepHaa 3HepreTMKa M rno6anbHbie NpPoGreMbl
yenoBeyecTBa 1/3 4)
fAlnepHana sHepreTUKa floepHana 3sHepreTUKa W rnobanbHble 1 3
n rnobanbHble npobnembl 4enoseyecTsa. faepHble pe-
npobnembl yYenoseye- akTopbl. [pupoaHble AdepHble peakTo-
cTBa pbl.
PeweHue KayecmeeHHbIX U pacyém-
HbIX 3a0a4. MHmMepakmueHas Mooesnb
A0epHo20 peakmopa
Tema 10. AlpepHas c¢usmka u megmumHa (1/3 4)
flnpepHana ¢u3mka u ApepHas ¢u3vka n meauumHa. Mo- 1 3
MeauLMHa JeNb YCKOPUTEe/IbHOrO KOMM/AeKca AanA
NPOTOHHOW paguoTepanuu
Tema 11. ApepHaa ¢usmka ¢ HeuTtpoHamm (1/3 y)
flpepHans ¢m3mka ¢ fAloepHble UcCCnefoBaHMA C HEUTPOHa- 1 3

HeUTpOHa MK

mu. CBOMCTBA HEUTPOHHbBIX MYYKOB.
Mogenb wuccnefoBaTebCKOTO UMMYAbC-
HOTO peaKkTopa Ha ObICTPbIX HEWTPOHaX
MBP-2. MpvmeHeHWe HeNTPOH HOro
AKTMBALLMOHHOIO aHanM3a B 3KOMOTUMN.
fApepHasa nnaHetonorua. [louck Boabl
Ha Mapce npu NOMOLLM MUCTOYHMKA
HeWTpOoHOB




lpodonxeHue

Tema

OcHoBHOe cope pXaHune

KonunyectBO
YyacoB

35 70

Tema 12. Pagunobuonorusa (1/3 4)

Pagnobuonorus

Yo umsyvaeT pagmobuonorua. Coctas
KOCMWYECKOTO M3Ny4eHWA WU ero BO3-
JelicTBMe Ha KuBble opraHuM3mbl. [u-
notMpyemble MONETbl B KOCMOC W pa-
OMaUMOHHbIE  puUckU.  AcTpobuono-
rva.

MopennpoBaHune pagnaLMOHHbIX MNO-
BpeXXAeHU Knetok B cpege GEANT

Tema 13. BsaumogeincTBue WU3Ny4YeHUsl C BeLLECTBOM

(1/3 u)

Bsaumogeiictene  3a-
PAKEHHBIX — YacTUL, C
BeLLecTBOM

B3aMmogecTBMe 3apsMKEHHbIX 4acTuu,
GOTOHOB ¥ 3/EKTPOHOB C BELLECTBOM

Tema 14. [eTeKTopbl

3apsiKeHHbIX YacTvil, M ramma-kBaHToB (1/3 )

[leTeKTOpbl 3apaxeH- PasnnyHbie TUNbl AETeKTOPOB: raso- 1 3
HbIX YacTUL, W ram- Bbli, GOTOIMYNbCWMM, My3bIpbKOBAA Ka-
Ma-KBaHTOB Mepa, CUMHTUANALMOHHbLIN, nonynpo-
BOOHWKOBbIW, [ETEKTOP Ha OCHOBE MU-
KPOKaHaNnbHbIX MAacTUH. CbéEm
CUrHasa C JeTekTopa. DJHepreTUyeckue
1 Bpema-nponéTHble cnektpbl. Cospe-
MEHHble MeToAbl Cbéma U oundpoBKU
MHbopMa Lumn
Tema 15. BuptyanbHaa nabopatopusi «OCHOBbI M3MEPEHWUSI CUrHanoBs
C AeTeKkTopoB» (2/4 u)
MposedeHue supmy- O6paboTKa MONyYeHHbIX pe3ynbTaToB U 2 4

aneHol nabopam op-
Holi pabomebl  «OCHO-
8bl U3MepeHUA cue-
Hanos ¢
demexkmopos»

opopmneHune pabotbi




lpodonxeHue

Tema

OcHoBHOe cope p>XKaHue

KonuuectBo
yacoB

35

70

Tema 16. BuptyanbHas nabopatopusi « CUMHTUNNSALUMOHHBLIA Teneckon
ANA U3y4YeHuss KOCMMUYECKUX ny4den» (2/4 4)

MposedeHue supmy- Ob6paboTKa MNONYYEHHbIX pPe3ynibTaToB MU 2 4
anbHoU nabopamop- obopmneHue paboTbl

Holi pabomei

«CYUHMUNAAYUOH-

HbIll  meneckon 014

usyyeHus Kocmuye-

CKux sy4e i»

Tema 17. BuptyanbHass nabopatopusi ramma-crnekrpockonuu (2/4 4)
MposedeHue 8supmy- ObpaboTKa MNONYYEHHbIX pPe3ynibTaToB WU 2 4
anvHol nabopamop- obopmneHue paboTbl
Holi pabomel «lam-

Ma-Crie KmpoCKOMuUSA »

Tema 18. BuptyanbHasi nabopatopusi CMOHTaHHOro peneHus sapep (2/4 4)
lMposedeHue supmy- O6paboTKa MNONyYeHHbIX pPe3ynbTaToB U 2 4
aneHol nabopamop- opopmneHne pabotbl
Holi pabomel  «CrioH-
maHHoe OdeneHue
A0ep»

Tema 19. MateMaTMyeCcKUi MNpPakTMKyM no obpaboTke pe3ynbTaToB

n3mepeHun B cpege ROOT (2/4 W)
lMposedeHue mame- O6paboTKa MNOMyYeHHbIX pPe3ynbTaToB U 2 4
mMamu4eckKo2o rpaK- opopmneHne pabotbl
mukyma no obpa-
b6omke pesynemamos
usmepeHuli 8 cpede
ROOT
Tema 20. MatemMaTMyecKU MNpPaKTMKyM MO MOAENIMPOBaHUIO paAvaLMOHHbIX
noBpeXxaeHUn knetkn B cpepe GEANT (2/4 w)
MposedeHue mame- O6paboTKa NOMyYeHHbIX pPe3ynbTaToB U 2 4
mMamu4eckKko2o MpakK- opopmneHne pabotbl




lpodonxeHue

KonunyectBO

Tema OcHOBHOe copaep)KaHue (el

35 70

mukyma no modenu-
posaHuto paduauyu-
OHHbIX nospexcdeHuli
Kaemku 8 cpede
GEANT

MnaHupyemble pe3ynbTaTbl OCBOEHUA Kypca

B pesynbTate M3y4eHWUA INEKTMBHOrO Kypca Ha YypoBHe cpegHero obuiero
obpasoBaHMsA Yy  yyawmxca 6yayT chopmupoBaHbl  cAedylowume  npeAMeTHble

pesynbraThl.
Yyawulica Hayyumcs:

— pacKkpbiBaTb Ha npumepax ponb AdepHoW OGUSUKM B POpMMPOBAHUM
BPEMEHHOW Hay4yHOM KapTUHbI MMpPa M B MPAKTUYECKON AeATeNbHOCTU

NOBEKa, B3aMMOCBA3b MeXay OU3MKOW W APYrMMWM  eCTeCTBEHHbIMW  HayKa-

MU;

— 00bACHATL WM  aHanAM3MpOBaTb pPOJb M MecTo OU3MKM B GOPMUPOBAHUK
BPEMEHHOW HAyyHOW KapTWHblI MMpa, B Pa3BUTUM COBPEMEHHOW TEXHMKM
TEXHONOTUWN, B MNPAKTUYECKOW AeATeNbHOCTU Noael;

— XapaKTepu3oBaTb B3aMMOCBA3b MeXAy OW3MKOM U APYrMMKM  ecTecTBeHHbI-

MW HayKaMu;

— MOHMMaTb M OBDBACHATb LESOCTHOCTb (GU3MYECKON Teopuu, pasnuyatb rpa-

HUUbl €& NPUMEHMMOCTU W MeCTO B pAdy Apyrux ¢U3MUecKUX Teopwuit;

— BnageTb npuémamm NOCTPOEHMA  TeopeTUYeCKMX  OO0Ka3aTe/IbCTB, a TaKXe

NPOrHO3MpPOBaHUA ocobeHHoOCTEMN npoTeKkaHuA dU3NYECKUX  ABNEHUN

npoueccos Ha OCHOBe NONYy4YeHHbIX  TeopeTUuveCKuUx BbIBOAOB WU  [AOKa3a-

TEeNbCTB;
— CamoCTOATeNbHO M/AaHMPOBaTb M MPOBOAUTL (GU3MUECKUE 3SKCMEePUMEHTbI;

— peuwatb NPaKTUKO-OPUEHTUPOBAHHbLbIE Ka4yeCTBEHHbIE n paCLIéTHbIe ¢M3VILIe-
CKne 3agaumn C OI'IOpOVI KaK Ha Wu3BeCTHble ¢M3qucme 3aKOHbIl, 3aKOHO-

MEPHOCTU W MOAENW, TaK W Ha TeKCTbl C U36biITouHON WHbOpMaL e i;

— 0b6bAcHATbL rpaHnubl npumeHeHuA U3YyYEeHHbIX ¢M3VI‘-IECKVIX MO,D,EﬂeVI npu

peweHUn GUINYECKUX U MeKnpegmMeTHbIX 3ajay;

— BblABUTATb  FMNOTE3bI Ha OCHOBeE 3HaHMA OCHOBOMNOJIArakwWwmx ¢M3W~IECKMX

3aKOHOMEepPHOCTe M W 33aKOHOB;



MpodonxeHue

06bACHATL  NPUHUMNbLI  PaboTbl UM XapaKTEPUCTUKM  M3YYEHHbIX  MaWWH, NpubopoB MU
TEXHUYECKUX YCTPOMCTB;

06bACHATL YCNOBUA NPUMEHEHMA OGU3MYECKMX MoJeneil npu peleHun ©¢u- 3uYecKMx 3agau,
HaxoAMTb  aAeKBaTHY MNPeAJ/ioKeHHOW B 3agade  ¢GuM3Muye- CKyl0  MmoZenb, paspewartb
npobsemy Kak Ha OCHOBE WMEIOLWMUXCA 3HAHWK, TaK M MNPU MOMOLLM METOA0B OLEHKM.
Yyawulica nosayyum 803MOXHOCMb HAYyYUMbCA:

ONUCbIBaTb W  aHaAM3MPOBaTb MNOJIYyYEHHYID B  pe3yabTaTe MPOBeAEHHbIX  U-  3UYECKUX
3KCnepMmeHTOB MHbOpPMauMio, onpefensaTb €& [0CTOBEPHOCTb;

MOHMMaTb U OBDBACHATb  CUCTEMHYIO  CBA3b  MeMAYy  OCHOBOMOAAralWMMKU  HayYyHbIMU
MOHATUAMMU: MPOCTPAHCTBO, Bpems, matepua (BelecTso, MNose), ABUMNKEHMUE, CUNa, 3SHeprus;
pelwaTtb 3KCMEPUMEHTaNbHbIe, KayeCTBEHHble U  KO/NMYECTBEHHble  33aJa4u  OAMMMMALHOTO
YPOBHA  CNOXHOCTM, MCNONb3yA  GU3MYECKME 3aKOHbl, a TaKKe YpaBHEHMs, CBs3blBalOWMe
dU3nYecKme BESNUUHBI;

aHaNM3MpoBaTb  TPaHULUbl  MPUMEHMMOCTM  PU3MYECKMX  33KOHOB, MOHMMaTb  Bceobwwui
XapakTep ¢yHOAMEHTaNbHbIX 3aKOHOB WM OTPaHMYEHHOCTb WMC-MOJb30BAHMUA YaCTHbIX 3aKOHOB;
bopmynnpoBatb n pewatb HOBble 3a4a4n, BO3HMKatoLWme B xoae y4yebHo-
NCCNepoBaTeIbCKOM U MPOEKTHOM AeATesIbHOCTU;

yCcOBepLEHCTBOBaTb Npubopbl M MeTodpl WCC/AeAO0BaHMA B COOTBETCTBMM C  MOCTABAEHHOM
3afaveif;

MCMONb30BaTb  MeToAbl  MaTeMaTMYyeCKoro  MOAeNMpOBaHWA, B  TOM  uYMc/ie npocTeiwwume
cTaTUCTUYECKME MeTodpl, AnA o6paboTKM pes3ynbTaTOB 3KCMNe- pUMeHTa.

CpenctBa o6y4yeHUAs U BOCNUTaAHUSA

KomnbloTepHbIh Knacc.
MHTepakTMBHAA  AoCKa.
MHTepHeT-pecypchbl.
MynbTUMe AUIHBIN  NPOEKTOP.
Buoeodunbmel.

Cnucox Aumepamy pot

OkyHb /1. 5. dnemeHTapHoe BBeaeHMe B GU3MKY dnemeHTapHbIX yactuy, /1. 6. OKyHb.
— M.: Hayka, 1985.
SliHwmelH A. dBonoumna ¢umsmkn / A. diHwWTenH, J1. UHdenba. — M.:Hayka, 1965.



