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O6JsiacTh MpUMeEHEHHUsI H MeCTO JUCHUIUVIMHBI B y4eOHOM mpouecce. YdeOHas IUCIMIUIMHA
«Pu3nKa BBICOKHX DJHEPIUi» SBISETCS BAPUATHBHOM YAaCThI0 MPOPECCHOHATBHOTO OJIoKa
JTUCIUTIIMH TTOATOTOBKHU CTYICHTOB 110 HanpasieHuto moarotopku 03.04.02 dusuka.

OcHoBbIBaeTcs Ha 0a3e OUCHMIUIMH TpPEAbLAYIIEro ypoBHs oOpasoBanusi: «OOmas u
JKcIepuMeHTanbHas (u3nka (DJIEKTPUUECTBO M MarHeTusMm)y», «OO0Ias u 3KCIepuMeHTalIbHas
¢usuka (OnTuka)», «OOmas u >KcHepuMeHTanbHas ¢u3uka (Pu3uka aroMa M ATOMHBIX
saBiIeHHH )», «OOmas u sKcrnepuMeHTainbHas (uiznka (DPu3nKa aTOMHOTO sapa W YacTHI)Y,
«KBaHnTOBasi MexaHWKa», a TaKXKe NPH HM3YyYCHUH TMPEIICCTBYIOMMX IUCHHUILUIMH «OO0mas u
sKkcepuMeHTabHass — ¢u3uka (Mexanuka)»y, «OOmas W  JKCIIepuMEHTaldbHas  (u3uka
(Monekynsipuast  pusuka. Tepmoaunamuka)», «Teopusi BEpOATHOCTH U  MareMaTHYeCKas
craTuctukay, «Teopus (YHKIHI KOMIUICKCHOTO IEPEMEHHOTO», «BEKTOpHBIH W TEH3O0PHBIN
aHammsy, «JuddepeHnnansapie ypaBHEHUs. VIHTerpalibHbIE YpaBHCHHS W BapHAIMOHHOE
ucuuciaeHuey, «Meroabpl MaTremMaTHuecKod (u3nkm», «YucieHHbIE METOAbl U MaTeMaTHYeCKoe
MojenupoBaHue. IHTerpupoBaHHBIE CUCTEMbI U KOMITBIOTEPHAS TpaduKay.

SIBnsieTcss OCHOBOM AJI M3YYEHUS COMYTCTBYIOMIMX TUCIHUILINH: «MeTOM0NOTHsl U METO/bI
HAYYHBIX HCCieoBaHui», «COBpEMEHHbIE HAHOTEXHOJIOTUNY, @ TAKXKE TOCIEAYIONIET0 U3YYCHUs
muciumuind: - «KommbrotepHoe wMonenupoBanue B (usuke / CoBpeMeHHbIE KOMIIBIOTEPHBIC
TeXHOJIOTUNY, «COBpeMEHHBIE MPOOIIeMbl HayKH 1 00pazoBanust /| CoBpeMeHHbIE TPOOIeMbl HAYKH
U TEXHUKH.

1. HopMaTuBHBIE CCBUIKH (npU HE0OX00UMOCMU)

2. CrpykKTypa JUCUMILINHBI (M0dy/sl)

*3a0unas hopma
0bOyuenus Ha baze

ouHast popma

XapakTepucTuka yueOHOU JUCIUILTUHBI obyuenus Ha 6ase

BIIO BIIO BIIO BIIO BIIO
(yexop.) (ycxop.) | (yckop.)
OO0pa3oBarenbHBIN YPOBEHD: Maructp
Hamnpasnenue noaroToBku 03.04.02 ®usuka
[Tpoduib OO6mmmit
KonnuecTBo copepkaTenbHbIX MOTyIEH 5

(Tem)

Jucuumnirna 6a30Boii / BapuaTUBHOMN YacTh
. 1
00pa30BaTeNbHOM POrpaMMbl

IIpodeccnonanbubiii 0,10k, BapuatusHas

qacTb

DopMBI KOHTPOJIA

*mexywue (MoOOYIbHbIL KOHMPOIL) U
npomexcymoynas ammecmayusi (IK3ameH)

ouHas popma *3a0unasn popma
Tokasarenm 0o0y4JeHus HfB?_[age 06yltegblflﬂo Ha 6a3]§no
BIIO BIIO
(yckop.) (ycxop.) | (yckop.)
KonnuecTBo 3a4eTHBIX eAMHHUIL (KPETUTOB) 6
KonuuectBo yacos 216
I'oxg moaroTOBKM 1
Cemectp 1
KonnuectBo yacos
- JJEKIIHOHHBIX 36
- PAKTUYECKUX, CEMUHAPCKUX 18
- 1a00PAaTOPHBIX
- CaMOCTOSITEIbHON pabOThI 162




B T.4. MHAUBUAYAJIIbHOC 3aJIaHUC

HenenbHoe KOIMYECTBO YacoB, B T.4. 3

ayJIUTOPHBIX 3

OCO - obmee cpenHee 00pa3oBaHUE
CIIO — cpennee npodeccroHaIbHOE 00pa3oBaHKe
BIIO — BricIIee nmpodeccronanbHoe 00pa3oBaHue
1- B cootBerctBuM ¢ OOII (ocHOBHOI 00pa30BaTENbHON MPOTPAMMON)

3. Onucanue TMCUUILTHHBI (MO0OJY.15)

IMeau u 3apa4n.

Ilens — chopMupoBaTh y CTYJCHTOB CUCTEMY 3HAHHUM U MOHATUI (QU3UKU aJAPOHOB, KOTOpas
BXoauT B coctaB CrannmaptHoit Mojenu yactun. O030p BaKHEHIIMX MOJOKEHUH U aKTyaJbHBIX
npo0seM cOBpeMEeHHOM (PU3MKH BBICOKUX SHEPIHil, Ha MPOBEPKY U PEIIeHHE KOTOPHIX HaleJICHBI
TEeKyllue ¥ IJIaHUpyeMble Ha Oyayliee W3MEpUTENbHBIE W TOUCKOBBIE JKCHEPHUMEHTHI.
PaccmoTpeHne COBpEMEHHBIX MOAXOJO0B K TEOPETUYECKOMY M IKCIEPUMEHTAIbHOMY U3YUYEHUIO
CHJIBHBIX B3aUMOJICICTBUN.

3aoauu — nath peCTaBICHUE O COBPEMEHHOM COCTOSIHUU T€OPUH B (PU3UKE IJIEMEHTAPHBIX
YacTUI] W WX B3aUMOJACHCTBUN, 4YTO TpEIIONaraeT CHCTEMAaTHYCCKUA 0030p Kpyra
JKCTIEPUMEHTANBHBIX (PAKTOB, KOTOpbIE HAIIM YCTOSBIIEECS TEOPETHUECKOe OOBSICHEHHE,
(GakToB, UISI KOTOPBIX HAWICHO THIOTETUYECKOE TEOpEeTHYECKOoe OOBsSCHEeHHE, W (PaKToOB, A
KOTOpbIX OOBsACHEHHE nHOO0 He HalJeHo, U000 HaxOIUTCA 3a pPaMKaMU CYIIECTBYIOIIHUX
BBIYMCIIUTEIBHBIX MeTO/0B. KpoMe TOro, narb 0030p T€X T'MIIOTETUYECKUX TEOPHUM, KOTOpHIE,
BO3MOXXHO, TMO3BOJSAT pPa3pelIUTh TPYAHOCTHU CIIOXKUBIICHCS K HACTOSILIEMY BPEMEHH
CTaHJApTHOM Mojenu. Jlare npeacTaBileHUE O METOJaX KBAaHTOBOM TEOPUHU IOJA, KOTOpas
aBiseTcs (QyHIAMEHTOM B TEOpUU (PU3UKH MHUKPOMHpA, a TakkKe TEOPHUH CUMMETPUU
AJIEMEHTapHbIX 4YacTull. O3HAKOMHUTH C CYIIECTBYIOLIEH CXEMOM 3JIEMEHTapHbIX 4YacTULl U
OCHOBHBIMHM  HAIIPaBICHUSAMH T[IOJIYUEHUSI HOBBIX OSKCIEPUMEHTANIBHBIX JaHHBIX B (DU3HKE
BBICOKMX JHEprui. PaccMOTpeTh TEXHHMKY MNETEKTUPOBaHUS W WACHTHU(UKAIIMM YacTUI[ B
pa3MYHBIX JHama3oHaX »dSHEPTUu, MPOBECTU aHANU3 (PAKTOPOB, OMPENENAIOIMUX TOYHOCTh
WU3MEPEHUM U JOCTOBEPHOCTH PE3YyJIbTaTOB.

TpeOoBanusi Kk pe3yjabTaTaM OCBOeHHS] AUCHUILUIMHBI: [Ipoliecc M3y4eHUs AMCHIUTUINHBI
HafpaBjieH Ha (OpPMHUPOBAHUE HIIEMEHTOB CIEAYIOIUX KoMIleTeHUuH B coorBercTBUM ¢ ['OC
BIIO no nanHOMY HanpaBiIeHUIO MOJTOTOBKH (IPOQUITIO):

a) oowexyrvmypnuix (OK):

— CHOCOOHOCTBIO MCIIONIB30BaTh OCHOBBI (DMIOCO(MCKUX 3HaHUM a8  (popMupoBaHUS
MupoBo33penyeckoii nosuimu (OK-1);

— CIOCOOHOCTBIO aHAJIM3UPOBATh OCHOBHBIE 3Tambl M 3aKOHOMEPHOCTH HCTOPHYECKOTO
pa3BuUTHs 00mIecTBa U1 POPMUpPOBaHUs rpaxaanckoi nosuimn (OK-2);

— CIIOCOOHOCTBIO HCHOJB30BATh OCHOBBI SKOHOMHYECKHMX 3HAHUH B pa3lU4HBIX cdepax
xusueaestensHoctu (OK-3);

— CHOCOOHOCTBIO HCIIOJIb30BaTh OCHOBBI MPAaBOBBIX 3HAaHUW B pa3lU4HBIX chepax
xusneaestensHoctu (OK-4);

— CHOCOOHOCTBIO K KOMMYHHKAIlMM B YCTHOH M NHCbMEHHOH (opMax Ha pYyCCKOM,
YKPaWHCKOM W WHOCTPAaHHOM SI3bIKaX ISl PEHICHHUS 337a4 MEXIINIHOCTHOTO M MEXKYJIbTYPHOTO
B3aumoieiictBus (OK-5);

— CIIOCOOHOCTBhIO paboTaTh B KOJUIGKTHBE, TOJIEPAHTHO BOCIPHHHAMAS COIMAJbHBIE,
ATHUYECKHUE, KOH(ECCHOHANBHBIE U KyIbTypHbIe pasnuuus (OK-6);

— CIOCOOHOCTBIO K CaMOOpraHu3almu u camooodpaszosanuto (OK-7);

— CHOCOOHOCTBIO HCIIONB30BaThb METOAbI M CPEACTBA (PU3UYECKOM KYIbTYPHI JUIs
oOecrieueH s TIOJTHOLIEHHOM COIMabHOM U npodeccuoHanbHO# nestensHocTr (OK-8);
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— CHOCOOHOCTBIO HCMOJb30BaTh MPUEMBI MEPBOM IMOMOIIM, METOMABI 3aIIUTHI B YCIOBUAX
ype3BblyaiiHbIX curyaruii (OK-9).

0) oowenpopeccuonanvnvinu komnemenyuamu (OIIK):

—  CHOCOOHOCTBIO  HCIIONIB30BaTh B NMPO(ECCHOHANBHOM  AEATENbHOCTH  0a30BBIE
€CTeCTBEHHOHAy4YHbIe 3HAHHWA, BKIIOYas 3HAHUS O MpeIMeTe M OOBbEeKTaxX H3yueHHUs, MeToax
MCCIICIOBAHMSI, COBPEMEHHBIX KOHIEMIMAX, JOCTHKECHUAX M OTPAHUYEHUSIX €CTECTBEHHBIX HayK
(mpeskae Bcero XUMuM, OMOJIOIHH, KOJIOTHH, HayK o 3emite U yenoBeke) (OITK-1);

— CIIOCOOHOCTBIO HCIOJB30BaTh B NPOPECCHOHATBHON JEATETbHOCTH 0a30Bble 3HAHUSA
(GyHIIlaMEHTAJIbHBIX pa3/le]ioB MaTeMaTUKH, CO3[aBaTh MaTEMaTHUYECKHE MOJENIM TUIIOBBIX
npoeCCUOHATIBHBIX 3a/la4 M HMHTEPIPETUPOBATh MOIYUYEHHBIE PE3YJIbTaThl C YYETOM TIPaHMIL
npuMenumocT moaesneit (OITK-2);

— CIIOCOOHOCTBIO HCHOJNB30BaTh 0a30Bble TEOPETHUECKUE 3HaHUS (DyHIaMEHTaJIbHBIX
paszenoB o0IIel ¥ TeopeTHUSCKON (BU3UKHU s pereHus npodeccruonanbabix 3amad (OIIK-3);

— CIIOCOOHOCTBIO NMOHUMATh CYITHOCTh M 3Ha4eHUE MH(OPMAIMK B Pa3BUTUH COBPEMEHHOTO
o0miecTBa, OCO3HaBaTh OMACHOCTh U Yrpo3y, BO3HUKAIOIIKE B 3TOM IIpolecce, COONI0AaTh
OCHOBHBIC TpeOoBaHus uHPopMalmonHoi 6e3omnacuoctu (OITK-4);

— CIMOCOOHOCTBIO HCIIOJIb30BaTh OCHOBHBIE METOJbI, CIIOCOOBI W CpEACTBAa MOJYyYEHUS,
XpaHeHus, NepepadOTKu MHPOpPMALUM W HABBIKU pabOTHI ¢ KOMIIBIOTEPOM KaK CO CpPEICTBOM
yrmpasienus unpopmarueii (OITK-5);

— CIIOCOOHOCTBIO pemaTh CTaHAAPTHBIC 33/1a49H MPO(PECCHOHANBHOM IEATEIIFHOCTH Ha OCHOBE
uHdopMaMoHHOW © OubOnuorpaduveckord KyiabTyphl € TNpUMEHEHHEM HH(POPMAIMOHHO-
KOMMYHHUKAIIIOHHBIX TEXHOJIOTHH M C YYETOM OCHOBHBIX TpeOOBaHUI WH(MOPMAIIMOHHON
6e3omacHoctu (OITK-6);

— CIIOCOOHOCTBIO HCIIOJIb30BaTh B CBOEH MPO(GECCHOHATBHONW JESTETbHOCTH 3HAaHHE
uHoctpanHoro s3eika (OITK-7);

— CHOCOOHOCTBIO KPUTHYECKH MEPEOCMBICIHBATh HAKOIUIGHHBIA OIBIT, H3MEHSATH IPH
HEOoOXOIMMOCTH HarpaBiieHue cBoeii aestensHoctu (OITK-8);

— CHOCOOHOCTBIO TMOJYYUTh OPraHU3AIMOHHO-YIIPABJICHYECKHE HAaBBIKM IpH paboTe B
HAYYHBIX TPYIIIAx U APYTHX MAIbIX KOIeKTuBax ucnoauutenei (OI1K-9).

0) npogheccuonanvnuix (I1K):

HAY4YHO-HCCIeJ0BATE]bCKASL H MPOEKTHAsI 1eSITeJIbHOCTh:

— CHOCOOHOCTBIO HCIOJNB30BATh CHENHATM3UPOBAHHBIC 3HAHUS B 007acTH (U3HMKH LIS
0CBOEHHsI TPOPUIbHBIX puzndeckux aucimmuimd (ITK-1);

—  CIHOCOOHOCTBIO TIPOBOJAUTH HAy4YHBIE HWCCIEAOBaHUS B  HM30paHHOW  0OJacTu
OKCIIEPUMEHTANbHBIX U (WJIM) TEOPeTHUECKUX (PU3MUECKHX HCCIENOBAaHUN C TMOMOIIBIO
COBpEeMEHHOM mpuOopHOIl 0a3zbl (B TOM 4YHCIE CIO0XHOIO (U3MYECKOTO O0OpyIoBaHHs) U
UH()OPMAIIOHHBIX TEXHOJIOTHIA C yYETOM OT€UECTBEHHOTO 1 3apyOexHoro onbita ([TK-2);

HAYYHO-MHHOBAIIMOHHAS 1€ TEJIbHOCTh:

— TOTOBHOCTBIO NPUMEHATh Ha MNpPAaKTUKE MpOo(ecCHOHAlIbHbIE 3HAaHUA TEOPUHU M METO/0B
¢busnueckux uccnenaosanuii (IMK-3);

— CIIOCOOHOCTBIO TPUMEHATh Ha TPAKTUKE Mpo(ecCHOHANbHbIE 3HAHUS M yMEHWUS,
MOJIyYEHHBIC IPU OCBOSHHUHU MPOGMIbHBIX (usnueckux mucuuruind (ITK-4);

— CIIOCOOHOCTBIO TMOJIB30BAThCS COBPEMEHHBIMU METOJaMHU 00pabOTKH, aHalu3a M CHHTE3a
busrueckoit nHpopMaIK B M30paHHO# 001acTH ¢pusndeckux ucciepoBanuii (IK-5);

OPraHM3alMOHHO-YIIPABJIEHYECKAS 1eATeJbHOCTh:

— CHocOOHOCTBIO TOHMMAaTh W HWCIOJB30BaTh Ha TMPAKTHKE TEOPETUUYECKHE OCHOBBI
OpraHu3aIliy U TUIAHUPOBaHUs pusndeckux uccienosanuii (IK-6);

— CHOCOOHOCTBIO YYacTBOBATh B TOATOTOBKE W COCTaBJICHWH HAaydyHOW TOKYMEHTAIIUU IO
yctanoBneHHoi ¢popme (I1K-7);

— CIIOCOOHOCTBIO TMOHMMAaTh M TPUMEHSTh Ha TPAKTHKE METOIBI YIpaBlieHHs B cdepe
npupojomnois3zoBanus (I1K-8);

nefaroruyeckasi  MpoCBeTUTEIbCKas 1eATeJIbHOCThD:



6

— CIIOCOOHOCTBIO TNPOEKTUPOBATh, OPraHU30BBIBATE U AHAIM3UPOBATH IEArOrMUYECKYIO
NS TENbHOCTb, obecrieunBast [I0CJIEI0BATEIBHOCTD U3JI0KEHUS Marepuaia U
MEXTUCUUILTHHAPHbIE CB3U GU3nKH ¢ npyrumu auciuuinaamu (11K-9).
— CITIOCOOHOCTBIO METOAMYECKH IPaMOTHO TUIAHUPOBATH JIEKIIMOHHBIC M MPAKTUYECKUE 3aHATHS 11O
paszienaM y4eOHBIX TUCHMIUIMH U MyOJIMYHO M3JIaraTh TEOPETHUECKUE U NMPAKTHUECKUE pa3zieibl
y4eOHBIX AMCUUIUIMH B COOTBETCTBHU C YTBEP)KACHHBIMU Y4eOHO-METOIUYECKUMH ITOCOOHSIMU
(I1IK-10).
B pe3ysbTarte n3yueHust MOAYJIsl CTY/ACHT J0JIKeH
3namop:
® [IPUHIUIIBI PEISTUBUCTCKOM KBAHTOBOM MEXAHUKU;
e 0COOEHHOCTHU SIJIEPHBIX CUJI,;
® CBsI3b CUMMETPUU C 3aKOHAMM COXPaHECHMS;
e KJacCU(UKALHUIO YaCTHLI;
e MoJelb (PU3NYECKOTO BAKYyyMa;
® [IOHATHUSA M0JIs, KaIMOpPOBOYHOro 0O30HA, BHYTPEHHEH CUMMETPUM YAaCTHLl, YETHOCTH,
JIENTOHOB U KBapKOB;
3aKOHbBI COXPAHEHUS IPU B3aUMOJCHCTBUN IEMEHTAPHBIX YaCTHLL;
noJjie Xurrca, COBpEMEHHYIO TEOPETUUYECKYIO U SKCIIEPUMEHTAIBHYIO CUTYALIHIO;
TEOPHH C€J1a00r0 U CUIBHOTO B3aUMOAEHCTBUIH;
0COOEHHOCTH LIBETOBBIX CHJI, IOHSATHE IJIFOOHA U KBAPKOB;
MYJIbTUIUIETHI aJPOHOB;
Cranpaptayro Mogens;
teopun Benukoro OObeIMHEHUS M MOJEIU C JONOJHUTEIbHBIMU Pa3MEPHOCTIMU
IIPOCTPAHCTBAa-BPEMEHHU, KOTOPHIE BBIXOAAT 3a paMKH CTaHAapTHON MOJENH;
® KaK CO3JAI0TCS M MPOBOAATCS SKCIIEPHUMEHTHI IO (PU3HUKE BBICOKUX YHEPTHUH.
Ymemes:
®  [PUMEHATh METO/bl KBAHTOBOM (PU3MKU K YCTAHOBJIEHUIO CBOMCTB MUKPOOOBEKTOB;
®  aHANU3MPOBATh CBOMCTBAa MHUKPOYACTHII, BHITEKAIOIINE U3 UX CUMMETPHH;
HCIIOJIb30BaTh METOJbl, pa3paboTaHHble B 00jacTh (DU3HKU 3JIEMEHTAPHBIX YacTHUI[ B
Hay4YHOH U NEJaroru4eckou esTeIbHOCTH;
aHAJIM3UPOBATh AuarpaMMbl DeliHMaHa;
yCTaHaBJIMBAaTh CHMMETPUIO MUKPOOOBEKTa;
MCIIOJIb30BAaTh 3aKOHBI COXPAHEHMSI IIPH aHAJIU3€ PEAKIMI MEXKIY 4aCTULIAMU;
MPEJICTaBIIATh peaKlUK KBAPKOBBIMH TUarpaMMaMHu.
Bnaoemu:
e  MeToJaMH, pa3pabOTaHHBIMU B 00JacTU (GU3MKU (yHIAMEHTAIBHBIX B3aUMOACUCTBUI —
MaTEMaTUYECKUMU MOJEISIMU  B3aUMOJEHCTBUN, METOJAaMU TEOPUU CUMMETPHH,
(bu3NYECKUMU OCHOBAMU SKCIIEPUMEHTAIbHBIX UCCIIEIOBAaHUM 3JIEMEHTAPHBIX YaCTHILI.

4. ConepkaHue THCHHMILIMHBI (MOAYJ151) U (JOPMBI OpPraHU3aNMHU Y4eOHOr0 mpoiecca

Kypc nucnumnvnel «@u3nKa BHICOKMX JHEPruii») mperycMaTpuBaeT cliegyronue GopMbl
OpraHu3aIu y4eOHOro MpoIecca: JICKIMU, MPAKTUYECKHE 3aHATHSA, CaMOCTOATENbHas padoTa
CTYJIEHTA.

Marepuan A3NaraeTcs C HUCIIOIb30BaHUEM 00BSICHUTETFHO-WILTIOCTPATHBHBIX,
BPUCTHUYECKMX M MCCIEIOBATEIbCKUX METOJIOB IMpenojiaBaHus. JIEKIUU COMPOBOXKIAIOTCS
JICKITMOHHBIM BKCHepI/IMeHTOM.

B yuebHOM mporecce MUPOKO NPUMEHSIOTCS AaKTHBHBIE M HWHTEPAKTUBHBIE (HOPMBI
poBeJeHUs 3aHATUN (pa300p KOHKPETHBIX CUTyallui, JAUCKYCCHUS, NOJEMHKa), BHeayIUTOpHAas
camocTosiTeNbHas paboTa, OaNIbHO-PEHTHHTOBas CHUCTEMa OIIEHKH YCIEBAaeMOCTH, JTUYHOCTHO-



OPHUEHTHPOBAaHHOE 00y4eHHE, MPOOIeMHOE 00ydeHHE, OJIOYHO-MOAYIFHOE O0yUCHHE.

Hcnons3oBanue B y4eOHOM IPOIIECCE WHTEPHET-PECYPCOB MO JAHHOMY KYpCY; PEUICHHUE

3a7a4, MaKCHMaJIbHO NMPHOJIMKEHHBIX K KOHKPETHBIM HAy4YHO-HCCIICTOBATEILCKUM CUTYAIHsM;
JMCKYCCHH B TIPOIIECCE MOMCKA MyTed pelieHus cPOpMYIUPOBAHHBIX MPOOJieM; 1abopaTopHbIE
paboTHI.

CamocrosTenbHas paboTa CTYICHTOB IPEIyCMaTPUBACT BBIMOJIHEHUE WHAWBUIYAIbHBIX
3aJaHUi, MOJIrOTOBKY K Ja0OpPaTOPHBIM 3aHATHSIM, H3y4eHHE Yy4eOHOH W METOIUYECKON
JUTEPATyphl, COCTABICHHE KOHCIIEKTOB, aHHOTAIMI CTaTel, n3yuyeHnue npubOpoB U 000PYAOBaHMUS,
IPOBEJCHUE OSKCIEPUMEHTa, OOpabOTKy TIOJNydEHHBIX pE3yNbTaToOB, aHAIU3 IIOJYYCHHBIX
pe3ynpraToB. CTYIEHTBl  M3y4yalOT JOINOJIHUTEIbHYIO  JIMTEpaTypy IO  NpeAMeTy s
pacmupeHuss W YriayOJieHWs 3HAHUH, NPUHMMAIOT y4YacTHE B IIOMCKE HOBBIX JaHHBIX 11O

3aJIaHHONM TeMe, IIPUBUBACTCA UHTEPEC K NIPEIMETY.

IHopsaaxoBbIi Kpartkoe cogep:xanue TeMbl
HOMep, TeMa
ConepkarejbHblid MOAYIb 1

Tema 1. DneKTpoH, npotoH, GoToH. OKphITHE HEUTpOHA. MOJEIH aTOMHOTO sapa

Pannwnit nepuon | ['efizenbepra-lBaneHko. Hyxion—HyKiOHHBIE B3aUMO/CICTBHUA.

buzuku Me3zonnas teopust FOkaBel. KBanThI cunbHOro B3aumopeictus. IInonsl u

3JI€EMEHTapHBIX UX OCHOBHbIE cBoiicTBa. HeHTpaiibHble T-ME30HBI. AHOMAaJbHBIC

YaCTHIL. MarHUTHBIE MOMEHTHI TPOTOHAa M HEWTpoHa. MiooHbl. OcobeHHOCTH
B3aUMOJICHCTBUSL T-ME30HOB U |L-ME30HOB C sapaMu. JIByXMe30HHBIE
teopun. OTKpHITHE 3apsKeHHBIX T -Me30HOB (ITaysm). OTKphITHE -
Me30HOB. DU3HMKa KOCMUYECKHX JTy4eH.

Tema 2. CaoiicTBa saepHbIX cuil. I[IpuHIUIIBI 3apsA0BOIl CUMMETPUU U 3apsI0BOI

ITpoueccsl He3aBUCUMOCTHU. [loHsATHE 0 M30cIuHE U u301y0nere HykiIoHa. [IpuHuun

CUJIBHOTO M30TONUYHOW WHBAapMAHTHOCTH SJEPHBIX CWJI. BekTtop cocTosHus

B3auMoJieiicTBuA. | HykjoHa. O6060menHbii npunuun [laymu. M3oronuueckue MysabTHUILIETHI
HYKJIIOHOB M T-Me€30HOB. M3o0Tomnmueckasi (3apsaoBasi) MHBapUaHTHOCTb
cuinbHOTO B3auMmonencTBus. Omepatop wusocnuHa. SU(2)- u SU(Q3)-
cumMeTtpun, Matpuuel Ilaynu n I'emir-Manna. M30cniMH CUCTEMBI YacTHII.
[TpaBuna cymMMupoBaHUS M30CHUHOB, K03(hduuuentsr Knebma—Ioprona.
M3ocnuH cucTembl JIByX HYKJIOHOB M CHUCTEMbI MHOH—HYKJIOH. IIponeccs
IIMOH—HYKJIOHHOTO paccesiHus. baprnonHoe 4uciio. 3akOH COXpaHEHUs
O6apuonHoro uucia. CTabMIbHOCTH MPOTOHA. [[MOH—HYKIIOHHBIE M NMHOH—
MUOHHBIE PE30HAHCHL. V-(CTpaHHBIE) YaCTHIIBI: ME30HBI KO, K K
TUIIEPOHBI AO, )t ZO, =, EO; u Q. CrpanHOCTh. 3aKOH COXpPaHEHUS
CTPaHHOCTH B CHJIBHBIX M AJIEKTPOMAarHMTHBIX Hpoleccax. I'nnepsapsn.
ITpaBuno Hakano-Hummmxnmer-I'enn-Manna.

Tema 3. KamuOpoBounsle mnons. (I'moGanbHble KanuMOpOBOYHBIE MpPEBpAILCHHS.

JlokanbHas HHBapnaHTHOCTh OTHOCHUTEIEHO rI100aJIbHBIX KaJTMOpOBOYHBIX

KaIuOpOBOUHAs IPBPALIEHUI ¥ 3aKOHBI COXPAaHEHUs. 3aKOHBI COXPAHEHMSI JIEKTPUIECKOTO

WHBAapHAHTHOCTb. | 3apsiia U OapuoHHOro umcia. CTaOWIBHOCTH AJIEKTPOHA M MPOTOHA.
JlokanpHas U(1)-nHBapuaHTHOCTD JUPAKOBCKOTO TOJIS.
DIIeKTPOMarHuTHOE T0JIe KaK KaJIMOPOBOYHOE BEKTOPHOE Oe3MaccoBoe
none. ['pynma SU(2) npeBpatenuit u kamuOpoBouHoe mojie Sxnra-Mumica.
TeH30p HaNpsHKEHHOCTH W JlarpaHkuaH cBoOoaHoro nois fAnra-Muica,
ypaBHeHue ABmkeHus. O6o06menue Ha cinydail rpynmnset SU(3).

Tema 4. Mogens ®epmu-SAnra. Mopens Cakarel: BbIOOp (PyHIaMEHTAIBHBIX

CocTaBHbIE yacTull, (OpMyJIMpOBaHHWE B paMKaX TEOPUHM TPEXMEPHOM YHHUTApHOU




MOZACIIN aAPOHOB.

CUMMETPHUH, TMCEBIOCKAISIPHBIA OKTET U CHHIJIET ME30HOB, BEKTOPHBIN
OKTET M CHHIVIET ME30HOB, MpodiemMa OapUOHHBIX COCTOSHHU.
BocbmuuacTuuHbIN IyTh. Mogens I'ennn-Manna—HeemaHna.
CynepmynbTUIIETEl. ['WmoTre3a yHUTApHOW CcUMMETpUU. MaccoBbie
dbopmynel Oky6o-I'enn-ManHa.

Tema 5.
KBanToBas
XPOMOJMHAMHUKA.

KBapku. KBaHTOBBIE uymcina KBapkoB. TpexkBapkoBas Mojenb ['em-
Manna—L{Beiira: OKTE€Tbl M CHHIJIETBI ME30HOB; AEKYIUIETHI, OKTETHl W
cUHINeThl O0aproHOB. TppexkBapkoBas MOJEb C YUeTOM clivHa. Monesb
SU(6). Maruutable MOMeHTHI OapuoHOB. CTaTHCTHKa KBapkoB (XaH—
Ham0y, ®poiiaa, Mmusmoro, boromo6oB—CrpyMuHckuii—TaBxenumse).
Apomatel u nsera kBapkoB. Cummerpus SU(3). (I'emn-Mana—®puru—
JletiTBaiinep, BaitHOepr). Me3oHHbIE W OapUOHHBIC COCTOSHHS Kak
useroBbie cuHreTsl rpymmbl SU(3).. Txkensie xkBapku. YapmMupoBaHHBIM
kBapk: runotesa [ nemoy—nuomynoca—Maiianbl, OTKphITHE J/P—4aCTHIIBI
(Tunr, Puxrep), uapmonuii, moaens SU(4), yapmupoBaHHble yacTuilbl (D—
u F—me3onbl, Gapuonsl). KpacuBblii KBapK: OTKPBITHE HIICUIOH—YACTHUIL
(Jlemepman), OBIOTHOHUI, KpacHBBIE YacTHIBI. TOm (MCTHHHBINA) KBapK.
OKCIIEpUMEHTAIbHbIE  CBHJIETEIBLCTBA HA MOJIb3y  CYIIECTBOBBAHUSA
KBapKOB: UCCJIEI0BAaHUS IIPU INIYOOKOM HEYIIPYIOM PacCEestHUM 3JIEKTPOHOB
HYKJIOHAMH, TapTOHbl M MapToHHas Mojnenb (DeitHmaH), pacmaj n°-
ME30HOB, IIPOLECCHl AaHHUTWJISILIMM AJIEKTPOHOB M MO3UTPOHOB B aJPOHBI,
nponecchl JIpemna—Snra. TokoBele M OJOKOBbIE KBapkH. Jlarpawxuan
CBOOOJHBIX  TOKOBBIX  KBAapKOB. IHBapMaHTHOCTb  OTHOCHUTEIBHO
I00aNbHBIX KaTuOpOBOYHBIX mpeBpamieHuid rpymnmbl  SU(3)., 3akoH
COXpaHEHHs  ILIBETOBOrO  3apsAna. VIHBapHMaHTHOCTh  OTHOCHUTEJIBHO
JIOKAJIbHBIX KaJIMOpoBOUHBbIX mpeBpamieHudl rpynnsl SU(3).: HeaOeneBbl
KaJTMOpPOBOUYHBIE MOJIs, CaMOJeMcTBUE, KBAHThl KaIMOPOBOYHBIX IOJEH,
XapaKTepUCTUKU TJIIOOHOB. JlarpaHkmaH KBaHTOBOM XPOMOJMHAMUKH.
[TonsiTHe 06 acCUMITOTUYHOM cBOOO/E M KOH(paHMEHT KBapKoB. [IByx— u
TPEXTOKOBBIE TPOLIECCHI.

ConepikarejibHbIH MOAYJIb 2

Tema 6.
ITponeccel cnaboro
B3alMOJICUCTBUSL.

Mopnenu xontakTHOoro tuna. (bera-pacmaa aromMHBIX siaep, TUIBI Oera—
pacnazoB. OCOOEHHOCTH HHEPreTHYECKOro CIEKTpa OeTa—3JIeKTPOHOB,
uHTepnperauuu. Helitpunnas runoresa [laynu. DneKkTpoHHbIE HEUTPUHO U
AHTUHEUTPUHO: OCHOBHBIE  XApPaKTEPUCTHKH, TPYIHOCTH
AKCIIEPUMEHTAJIbHONU perucrpauuu, Hempsmble (JleinmyHckui, AsieH) u
npsamble  (Koysn, PaiiHec) »skcmepuMeHTanbHble  JOKa3aTeNbCTBa
CYILIECTBOBAHUA. Otnauune HEUTPUHO oT AHTUHEUTPHHO,
SKCIIEpUMEHTalbHOe MoATBepxkAeHue ([leBuc). DkcrnepuMeHTallbHbIE
JokazaTtenbcTBa cymecTBoBaHus HeWTpuHo (Koysn, Paitnec). Onepanus
IIPOCTPAHCBEHHON uWHBepcuH. CHUMMETpUS OTHOCUTENBHO ONEpaluu
npocTpaHCcBeHHON  uHBepcuu. IlapHocTh. BHyTpeHHsAs  mapHOICTh
3NEMEHTapHBIX dYacTh ((QOTOH, MEHTPOH, T- M T -Me30HHI). (T—0)
[Ipob6nema. Hapymienne 3akoHa COXpaHEHHS MTPOCTPAHCTBEHHONW MAapHOCTH
B cia0bIXx B3aumozencTBusaX. OnbiT By. @epMUOHBI ¢ HYJIeBOW Maccoil.
VpaBHenue Beiins, cBoiictBa pemieHud. OmnepaTop  CIHPAIbHOCTH.
CnupanbHOCTh Kak KBaHTOBOE 4Hci0. CIIMpaIbHOCTH PELLIEHUIN ypaBHEHUS
Beiina. Teopust nByxxommoHeHTHoro HeWtpuno (Jlammay, Jlu, SHr,
Canam). JIeBOBMHTOBBIE HEUTPUHO M IPABOBUHTOBBIE AHTHMHEUTPHHO.
OKCIEPUMEHTAIBHOE OnpeneIeHue CHUPAIBHOCTH HEUTPUHO
(T'onmbxabep). MrooHHBIE HEUTPUHO 51 AHTUHEUTPHUHO.




DKCIepUMEHTAIbHOE NOATBEPKACHHE PA3HULIBI MEXIY Ve 1 v, (Jlenepman,
[IBap1r). T-1€NTOH U T-HEUTPUHO. JIenTOHHBIE 3apsiabl. 3aKOH COXpaHEHUs
JentoHHOTO 3apsna. IIpobmema conHeuHbIX HeWTpuHo. [HmoTesa o
HEUTpUHHON ocimusanuy. YeTsipexdepmuonHas Teopust OepMu: OCHOBHBIC
[IOJIOKEHHUS, IOCTPOCHME JIarpaH)KMaHAa B3aUMOJEUCTBUSA KOHTAKTHOIO
TUMA, 3apsDKeHHble chnabble TOKH, V—-V—BapuaHT B3aMMOJCHCTBUS,
HENEPEHOPMUPOBAHHOCTh. TpaHchOpMaIlMOHHBIE CBOWCTBA ypaBHEHUS
Jupaka u ounuHelinsle nHBapuaHThl. Hapymenue napHoctu u V-A popma
cinaboro B3auMOJAEHCTBUA. 3apsokeHHBbIe cinabbie Toku. Crnalble pacmajabl
cTpaHHbIX yactull. IlonsTie o cmemuBaHuu coctosHuid. Yron Kabub6o.
Martpuna KobGasmm—Macakasel. [IpoOiieMa HeWTpadbHBIX ClIaOBIX TOKOB,
uX OTKpbITHE. 3apsoBoe cupsbkeHue. CP- u CPT-uHBapHaHTHOCTS.

Tema 7. l'oynncronoBckue 0030HBI. Mexanu3M Xurrca TeHepall Macc YacTHIl.
CnonTtanHoe CrnoHTaHHOE HapylieHHe JIOKAIbHOW KanmuOpoBouHoW cumMmerpun SU(2).
HapylleHue Maccusnsle nons Slara-Mmuica.

CUMMETPUHU.

Tema 8. Mopens Baitn6epra—Canama.

CranpaptHas

MOJIETh

Baitn6epra—

Canama.

Tema 9. CuvHTWUIALMOHHBIE  CUETYMKHU.  [loNynmpOBONHHMKOBBIE  IE€TEKTOPHI.
Meronpl [Toporoseie n nuddepeHnnanbHbIe YePEeHKOBCKUE CUETUMKHU. JIeTeKTOphI
JIETEKTUPOBAHUS MEPEXOJHOTO U3IYYEHUsl. DJICKTPOMArHUTHbIE U aJPOHHbBIE KaJOPUMETPHI.
YaCTHIL. [TponiopunonanbsHble, qpeiioBbIe U BPeMs-TIPOCKIIMOHHBIE KAMEPHI.

Tema 10. Hexotopble mporpammbl: HpupoAa CHMHA AAPOHOB (MOJIAPU3ALIMOHHBIE
HccnenoBatenbCku | U3MEPEHHUs ), OUCK SK30TUYECKUX COCTOSHUM — III000JIOB, IEHTAKBAPKOB

€ TIporpamMMBbl
HACTOSIIETO U
OmKamIero
Oynymiero.

U JIp., HCCIEJOBaHWE TIUIOTHOW M BO30YXKAEHHON aapOHHOW MaTepuu
(KBapk-TJIOOHHass Mmjia3Ma W Ap.), (usuka HEUTpUHO, TOHUCK
saddekToB(yacTuil) 3a mpenenaMu CTaHAapTHOW monenu. [leiicTByromue
YCKOPHUTENIN U UX XaPAKTEPUCTUKHU. Y CKOPUTENU OJIMIKAUIIIero Oy ymiero.




Temaruyeckuii NJaH (3anoaHsemcst Co2IACHO Y4eOHOMY NIAHY)

CoaepskaTeJbHbIH MOAYJIb 1

KoanyecTBo 4acoB

Ounas gopma

3aounas popma

Ha 0a3e 001Iero cpeaHero

Ha 0a3e cpeHero

Ha 0a3e BBICLIEro

npodeccuoHaIbLHOr0 npogdeccuoHaJIbLHOr0
o0pa3oBaHus
Hazpanus o0pa3zoBaHusi o0pa3zoBaHus
COJepKATETBHBIX MOAYJIEi B T.4. B T.4. B T.4. B T.4.
U TeM ol 2|2 |8 o | o | 3 o | 2|8 |8 o | £ |8
o S22 8 | » S| 2202 | ¢ = | 215:E | ¢ BEEE
s | £E(8|5l2g5s¢El 8| £E| 8| 5|85/ 8| E| 8 |&|eg|se| 8| E| 8 |25|s¢&
g = =2 g RS 2.0 g = T & RS | 209 K = T El2& 20 g = T RS |20
Z = < |9 g H© > = < c s | HO Z = s | © g H© Z = o g | O
[9) HQSQEN 5} = o SQEN 5 = QSQEN 5} E SQEm
= 1 88w E = = = e S w | 8 = = b= 2|8 =| & = = 5 |13 =|E =
O O O
El 8|2 |E E| g |3 = E | g2 |3 Elz |2
Tema 1.
Pannunit  mepuox  ¢usukm | 19 | 3 16
AJIEMEHTapHbBIX YACTHII.
Tema 2.
[Ipoueccnl cuipHOrO | 21 3 |2 16
B3aMMO/ICHCTBUSI.
Tema 3.
JlokanbHas  kanuOpoBouHast [ 22 | 4 | 2 16
MHBApUAHTHOCTD.
Tema 4.
CocTaBHBIE MOJIENH afpoHOB. | 22 | 4 | 2 16
Tema 5.
KBanToBas xpoMoauHamuka. | 24 | 4 | 3 17
Hmozo no cooeprcamenvrnomy
Mooyio 1 108 | 18 | 9 81
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Conep:kareJibHbII MOTYJIb 2

KoauuecTBO 4acoB

Ounas gopma

3aounast popma

Ha 0a3e cpeaHero
Ha 0a3e 001Eero cpeHero

Ha 0a3e BBICLIET 0

06DAZ0BANMSE npodeccuoHAIBLHOI0 npogdeccuoHAIBLHOr0
P o0pa3oBaHus 00pa3oBaHus
HaszBanus
CO/IepIKATENBLHBIX MOJLY.Tei B T.4. B T.4. B T.4. B T.4.
R R w w
u TeM o g (2 |E e | g |E |8 o | 2|E |8 g |5 |2
<] Z B o 2 o % 2 B ool © 5 LB | 2 <] [~ B oA
= = omoygm = = 5] o o = §c<s = = 5] QDE@N = = 5] 095«:
54 S| O =) = o = O = o = 54 S| 5] ) = 54 ) (5] = o =
Q 5| 7| 2 |w ) o =t o e w ) Q = o | & > 0 Q =t o= > 0
A S| 2| 5legFe| = g 2 S | 28| Fe| = 2 = | 5|8 Bel = 2 S | S8 HG
9] | &l a8 s ) = Q, H ol S s ) = Q| B al 8« [5) = H ol s s
% Q n o 1= Q n o < Q a o X Q [ o
Fl sl 818w = = s | 8| ex=|E Bl |88 x| E Sl 5 | o wv| S
gl gz | B E| & |3 = el gz |8 gz |E
153 =) [5) =) o =) o =)
Tema 6.
[Ipoueccnt cmaboro | 22 3 |3 16
B3aMOJICUCTBHS.
Tema 7.
CrioHTaHHOE HapyllIeHue 22 | 4 | 2 16
CUMMETPUHU.
Tema 8.
CranpapTHas MOJEIb 22 4 2 16
Baiin6epra—Canama.
Tema 9.
Meroasl JETEKTUPOBAHUS 22 4 | 2 16
JACTHII.
Tema 10.
HUccnenosarensckie
1 20 | 3 17
MPOrPaMMBbl HACTOSILETO U
Oymkaiiero Oyymero.
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Hmozo no
cooepycamensvromy modynro 2 | 108 | 18 | 9 81
Bcezo uacosé no
216 | 36 | 18 162

MO0y




6. TeMbl ceMMHAPCKUX 3aHATHH.

CeMuHapckue 3aHATHS HE IPEIYCMOTPEHbI yUYEOHBIM TIAHOM.

7. TeMbl NPAKTUYECKUX 3aHATHH.

HasBanune TeMbI

HpOHGCCH CHJIBHOI'O B3aHMOHeﬁCTBHH.

JlokanpHas KanuOpOBOYHASI HHBAPUAHTHOCT.

CocraBHEbIE MOJCIIN aAPOHOB.

KBaHTOBass XpOMOAMHAMUKA.

[Tporieccrl c1aboro B3anMOCHCTBHUS.

CrioHTaHHOE HapylIeHue CUMMETPUHU.

Monens Baitn6epra—Canama.

oo s w(N(e |2

Metoapl JETEKTUPOBAHUS YACTHII.

IIpumepHsie 3a1a4u Kypca @U3HKH BHICOKUX SHEPIruid

1.

©oNoO

11.

12.

13.

14.

15.

Bb4ucanTh CBETUMOCTD UIMHIPUYECKOTO 00bEMA BCTPEUHBIX MPOTOHHBIX MMYYKOB C TOKOM
L =0,5 A u 1,=0,2 A Pa3mepsl mwmungpa: pamuyc r=0,2 mm u mgmuaa 1=0,5 m. Ilyukn
MePEeCeKaroTCsl MO yrioM, OJU3KUM K HYyJ0. IHTEHCHBHOCTh TyYKOB paBHOMEpPHAs BHYTPU
LHWIMH]IpA.

B myuke mpUCYTCTBYIOT L UM T-ME30OHBI C OAMHAKOBBIM uMilyibcoM p = 1 I'3B/c. Haiitu
UHTEpPBAJI, B KOTOPOM JOJDKEH HAaXOAHWTHCA KOIDMUIMEHT NpPEIOMIICHHS  BEIIeCTBA
paanaTopa 4epeHKOBCKOTO CUETUHKA, YTOOBI PErHCTPUPOBATH TOJIBKO |L-ME30HBI.
Yckopurens AedTpoHOB nMeeT pamuyc r=10 m. Ummynsc peiitponoB p=2 ['»B/c. Haiitu
HANPSHKEHHOCTh MArHUTHOTO TIOJISL M YACTOTY YCKOPSIOIIETO AJIEKTPUUYECKOTO TOJISL.

B nyuke m-Me3oHOB ¢ ummynbcoM p=1 I'aB/c umeercs mpumech 3JI€KTPOHOB C TEM XKe
UMIyIbCcOM. B myuke ycTaHoOBieHBl ABa c4y€rumka Ha paccrosHuun L = 10 M. C kakoit
TOYHOCTBbIO HEOOXOJIMMO H3MEPSATh BpeMs MpOJIETAa YACTHIl JJIS pa3JeeHUs T-ME30HOB U
IIEKTPOHOB?

Beoipasuts maccy npotona 938,28 M»aB B rpammax. 1 3B = 1,602 * 10 9 Tk

Beipazuts 1 a.e.m. 1,67 10% 1B JHEepreTHUecKux enuuumnax. 1 sB = 1,602 * 1072 JIx
Bo3mosxken mu pacnag %° — A +7° ?. Eciu 11a, TO 3a cUeT KaKMX CHJI OH TIPOMCXONT?
OG6OCHOBAaTH BO3MOXKHOCTh MM HEBO3MOXKHOCTB pacmaga Q~ — = + K°

3a cueT Kakoro B3aMMOJEHCTBHS MPOUCXOJAT (€Cau 3TO JEHCTBUTENBHO HMEET MECTO)
pacmamsl A" — p+y, A" > p+x°?

BoiOpate peakuuio, KoTopas JEWCTBUTENBHO IPOUCXOOUT U OOOCHOBATH  OTBET:
p+p—>p+Z +K® p+p—o>p+Zt+7°

3a cYeT Kakoro B3aWMOJCHCTBHS MPOMCXOIMT pacmax u —>€ +v, +v,? Kakue 3aKoHbI

COXpAHEHHUSI BBIMOJIHSAIOTCS?
[Ipoucxomur 1M Ha caMOM Jele peakuus v,+—> p+e€ ? Ecnmm pa, To Kakue 3aKOHBI

COXpPAaHCHUA BBITIOJTHAIOTCS ?
BBI6paTB PCaKnuro, KOTOpas JEHCTBUTEIIHLHO OpOUCXOAUT H 000CHOBATh BLIGOp C TOYKH

3peHus KBapKOBOTO CTPOEHHS YaCTHI: P+ P — P+ p+7z*, p+p—>p+p+7°

BriOpaTh paspelieHHy0 peakiuio U 000CHOBaTh BBIOOP, MCHOJB3YS 3aKOHBI COXpaHEHUS:
PNz +72° prp—o p+n+K +K .

[Toxaxurte, 4To a1 peakuuu (HOTOPONKIACHUS ®_Me30Ha Ha MOKOSIIEMCS npoTtoHe (T. e.
peakuuu Yy + p — ¢+ p) 1a00paTOPHBI UMIYIBC POXKICHHOTO @ me3oHa (B npUOIIMKEHUU
PaBEHCTBA MacC IMPOTOHA U @ -Me3oHa: mp = m? = M) Ha mopore paBeH npumepHo 3M/4 =




16.

14

750 MbB/c. Kak Oyzmer BBHIIISIIETh Ha IMOpPOTE YIIIOBOE pAacHpelesieHHEe POXKIACHHBIX P
Me30HOB? 1ol KakuM yTJIOM B JI.C. IO OTHOLICHHIO K HANPaBICHUIO UMITYJbca (POTOHA OyayT
OHHU BbUIETATH?

Jaiite oTBeTHI Ha Botpockl (Puc.1):

Puc. 1. Perucrpanus co6bituii: mpumep. @oTo ¢ My3bIpbKOBOM BOJOPOJHOMN KaMephl AJTUHOH (110

o w

6
7.
8.
9.

mydky) 1 m.

UYro 3xeck npousonuro? ONUIIUTE Ka4ECTBEHHO, OIIPEEIIUB 3HAK 3aps/a IIy4KOBOU
YaCTHUIBL.

OxapakTepu3yiTe Ka4eCTBEHHO (3HAK 3aps/a, JHEPTUN) KaXKIbli U3 TPEKOB U 4TO
MIPOU30LIO C KaKJOW U3 YaCTHIL

Uro 3a yactuna ocraBuia 3Tot ciien? HazoBure TepMHUH, KOTOPBIM MOJIB3YIOTCS Ul HUX.
[Touemy MeHsieTcs cTeneHs "4epHOTHI" ITOrO ciena?

UYro 3a yactuna ocraBuiy 31H cieabl? [Ipeanoxure Hanbosee BEpOATHYIO IPUUUHY
MOSIBJICHUS TAKUX CJIEJIOB.

KTo MOr ocTaBUTB 3TOT ClIe/l M KAKOBO €r0 BO3MOKHOE ITPOUCXOKACHUE?

UYro 31ech npouzonuio?

Kakue wactuiisl (3HaK 3apsia, YJHEPTUsI) MOTJIA OCTaBUTh ITH CJIEIIBI?

Kaxk Bobirmsiien 6b1 3TOT Kaap k coBpeMeHHOM netekrope (6e3 TPC, B TPC)?

10. MosxHO Ji OBIIIO OBI CETOIHSI MMOTYIHTh TAaKOH ke Kaap 0e3 NCIOb30BaHus (DOTOIIICHKH?

17.

™=

Uro npouzoniio Ha 3ToM Kaape? Onummre kauecTBeHHO. (Puc.2)

Puc. 2. Perucrpanus coObITHI: IpUMEp BTOpOI/I Ta Ke HYSBIpBKOBaH Kamepa.

OxapakTepu3yiTe 3TOT CIIE]I.
Uto 3T0 32 COOBITHE U YEM OHO MOXKET OBITh BBI3BAHO?
OxapakTepu3yere KaueCTBEHHO (3HAK 3apsiia, 3HEPruH, COOBITUS Ha 3TOM TPEKE) ITOT CIEN.
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18. Perucrtpamus coosiTuii (Puc.3).

,D <

| =%

Puc. 3. IIponanoBast my3bIpbKoBasi Kamepa ¢ 3-Ms TAaHTAJTIOBBIMHU TTACTUHAMU-MHIIICHSIMHU.

1

=

HaﬁHHTe Ha CHUMKC ACJIbTA-3JICKTPOHBI, JAJIMICBCKUC 3JICKTPOH-TIO3UTPOHHBIC ITAPHbI.

2. IlomeITaiiTech pa3aciinTb, Ha TJjia3, TPCKHU 3apsKCHHBIX YaCTHIL C 3apiaaoM 1 u ¢ Oonee
BBICOKHUM 3apsA10M.

3. Pa3,[[eJ'II/ITe BTOpPHUYHBIC TPCEKHU HaA TPCKU IOJIOKHUTCIBHO 3apsi’KECHHBIX W OTPULATCIBHO

3apPsKCHHBIX YaCTHII.

8. Tembl J1a00paTOPHBIX 3aHATHH
JlaGoparopHble 3aHATHS HE IPETYCMOTPEHBI YUEOHBIM IUIAHOM.

9. CamocrosiTesbHAs padoTa.

CamocrosTenbHas padoTa CTYICHTOB MPeAyCMaTPUBAET MPOPAOOTKY TEOPETHUSCKIX OCHOB
NPOCIYIIAHHOTO  JIGKIHOHHOTO  Marepuana; H3ydeHHe OTICIbHBIX TEM W BOIPOCOB,
3allJIAHUPOBAHHBIX JJII CAMOCTOSITEILHOTO HW3y4YCHHS, HW3ydeHHe Y4YeOHOW M METOAUYECKOMH
JIMTEPATYPhI; COCTABICHNE KOHCIIEKTOB; PEIICHHUE 3a/1a4; CUCTeMAaTH3aIUI0 H3Y4EeHHOIO MaTepHaa
nepei MOJTyJIbHBIM KOHTPOJIEM U 9K3aMECHOM.

CamocrosiTe/ibHasA Ha3Banue Tembl
padora. Ne

M3oTonmyeckas (3ap51n013a51) HHBAPUAHTHOCTb CHUJIBHOTO B3aHMMOJCHCTBUS.

! ®opmanusm mzocnura. SU(2)— u SU(3)—cummerpun, matpuisl [laymu u
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I'enn-Manna.

N

HpOHGCCH TEN—paCCCHHI/IH N COOTHOIICHUA MEXAY UX CCUCHUIMMU.

3 DJIEKTPOMArHUTHOE T10JIe KaK KaTHOPOBOYHOE BEKTOPHOE O€3MaccoBe MoJIe.

Mogens CakaTbl: ICEBJOCKAISAPHBIA OKTET M CUHIJIET ME30HOB, BEKTOPHBIN
OKTET ¥ CUHTJIET ME30HOB, pobiieMa 0apHOHHBIX COCTOSHUH.

['unore3a yHutapHoit cummerpuu. CynepMmynbTUILIETHl (YHUTapHBIE
5 MYJIbTHILICTHI). HapyllieHue yHUTapHOW CHUMMETPHHM U MaccoBbie (popmyIu
Ju1st Me30HOB. MaccoBsie popmyiiel Oky6o-I"em-ManHa.

TpexxBapkoBasi Mojienib. MynbTHILIETH Me30HOB. [locTpoeHne GaprOHHBIX
coctogHui: Tabmuupl HOHra, mOJHOCTBIO CHUMMETPUYHBIE COCTOSHHS,
6 COCTOSIHMS CO CMEIIAHHOM CUMMETPHUEH U UX OPTOrOHAIM3ALMS, IOJTHOCTBIO
aHTHCUMMeTpH4Hble coctosiHus.  Hapymenune  SU(3)-cummerpun U
MacCOBbIE (POPMYIIBI.

I'pynma SU(2) mpeBpamienuii u HeabGeneBo KanuOpoBodHOe Tosie SIHra-

7 Munca. TeH3op HampsHKEHHOCTH M JIarpaHKHaH CBOOOTHOTO mois SHra-
Muica, ypaBHeHue apmxeHus. O6o0menne Ha cydaid rpynmst SU(3).

8 KBanToBass xpoMoanHamukKa. ['JI0OHBI.

9 VYpasuenue Beitng. CiupanbHOCTh. Teopusi ByXKOMIOHEHTHOTO HEUTPHUHO.
Tpanchopmannonnsie  cBoiicTBa  ypaBHeHus Jupaka. bununelinbie

10 WHBApUAHTHI, UX TIOBEACHUE IIPU POCTPaHCTBEHHON nHBepcuu. V—A ¢gopma

ciaboro B3aHMOﬂeﬁCTBHH.

CrHoHTaHHOE HapyIICHUE JIOKaIbHOW KainuOpoBouHOW cumMmerpun SU(2).

11
MaccuBHbIe KaTMOpoBoUHbIE 0030HBI. bo30H Xurrca. Macca ¢hepMHOHOB.

CranpaptHas MOJIEJIb Baitn6epra—Canama TUTSt cimaboro u
12 3JIEKTPOMArHUTHOI'O B3aMMOJAEUCTBUI: JIeNTOHHBIN cexTop. O0o0IIeHne Ha
AJIeKTpociiadoe B3auMo/ieiicTBre KBapKoB. OCHOBHBIE PE3YJIbTATHI.

10.

11.

1.
2.
3.

NGO

10.
11.
12.

13.
14.

NuauBuayanbHble 3a1aHUs
NuauBuayanbHble 3aaHUs HE TIPETYCMOTPEHBI YUYEOHBIM TIIAHOM.

KonTpoJsbHbBIE BOPOCHI

HabGmonenue u perucrpanus snemeHTapHbIx yactull. Kimaccuduxanus meronos. [Ipubopsr.
OKCIEpUMEHTAILHOE UCCIIEN0BAaHNE YacTull. Pe30HaHCHI.

[TpousBoacTBO wacTull B JKcrepuMeHTax. Yckopurenu. Kiaccupukanus. MomHocTu
COBPEMEHHBIX YCKOPHUTEIEH.

Antnyactunpl. Onpenenenue. CpoiictBa. [Ipumepsl. AHTuBemecTBo. OnpenerneHre UCTUHHO
HEUTPAJIbHOM YaCTULBI.

Knaccugukanus snemMenTapHbix yactuil. JIentoHs! (HogpoOHO).

AJIpOHBIL: OIIpENIENIEHNE, CBOWCTBA, KBAPKOBOE cTpoeHNEe. CBOMCTBA KBApKOB.

N3oTonuueckas cummerpusi. CynepMyabTUILUIETHI.

M3oronuyeckuii CHOUMH W HU3OMYJIBTUIUIETHI. bapuUOHHBIM OKTET. ME30HHBIM HOHET.
Bo30yxaennble cocTosiHUS 0apHUOHOB (CPaBHUTH OKTET U JAEKYIUIET).

Kakomy ¢akty (u3zndecku COOTBETCTBYET M30TONMUYEcKass MHBapuaHTHOCTh? C ueMm cBs3aHa
BBICOKAsI CTENIEHb CUMMETPUYHOCTH U30TOMUYECKUX MYJIbTUILIETOB?

@yHIaMeHTalbHbIE B3auMoAeWcTBUA. OnucaTh KaXkIblil BUJ B3aUMOJEHCTBHUS, CPABHUTH IIO
uHTeHcUBHOCTHU. Kitace yacTuil — nepeHOCYMKOB B3aUMOAECHCTBHUS.

Knaccugukanus snementapueix yactull B CranpaptHod Mopnenu. Teopuun o0beaMHEHUS
B3aMMOJICHCTBHH.

DneKTpoMarHuTHOE B3auMoJieiicTBue. [ToHsaTHE AI1eKTpOoc1aboro B3auMoIecTBuUS.
OcobenHoctu cmaboro B3anMmoieicTBusl. [lepeHocunkn B3auMoeCTBHUS.

CunbHoe B3aumoaelicTeue. Teopun Benukoro oobeuHeHus .




15.

16.

17.
18.
19.
20.

21.

22.
23.
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.
50.
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XapakTtepHble BpeMeHa (yHIaMEHTAJIbHBIX B3auMOJCHCTBUUA. B kadectBe mnpumepa
OIPEEIUTh, KAaKUE BUJbI B3aUMOJACHCTBUSA OTBETCTBEHHBI 34 Paclajbl: DA" - p+ 7 (Bpems
Xu3HH Gapuona A Ta. = 6:10% ¢); 2)KF »pt + vu; 3 =y +y (K7, mumn — Me30Hb).
O6ocHoBaTh. BblnoHeHNEe KaKkuX 3aKOHOB COXPAaHEHHUs HEOOXOIMMO MPOBEPUTH IMPH 3alUCH
3TUX pacnajgoB (KOHKPETHO Ul KaKJ0ro ciayyasi)?

CdopmynnpoBaTh 3aKOH COXpPAHEHUS CTPAHHOCTU. B KakuxX B3aMMOAECHCTBUSAX OH CHPABE/INB,
¢ KakuM (pusmueckuM oObeKkTOM cBsizaH? Ha ocHOBe 3TOro 3akoHa 3amMcaTh HEJOCTAIOIIYIO
yacTuily B pacnage Q  -Oapuona Q — = 0+ X, ecin OapuoH = % pmeer maccy 1315 M»B,
CTPAaHHOCTb S = —2 | HYJIEBOH 3JIeKTpuUecKuid 3apana. Macca Q ~ -6Gapuona paBHa 1672 M»B,
CTPAaHHOCTH S = —3, aeKTpuueckuit 3apan Q = —1.

Bapuonnslii 3apsana. DnekTpuyeckuit 3apsia. M3ocnuH.

Jlenrrousbl. JIenTOHHBIN 3aps.

[TonsiTue ctpanHocTH. CTpaHHbBIE YACTULIBI.

3aKOHBI COXpAHEHHUs JIENTOHHOTO U OapHOHHOTO 3apsa0B, CTPaHHOCTH. B kadecTBe mpumepa
OIIPEJEINTh, UCXO U3 3aKOHOB COXPAaHEHUS KOJIMYECTBA JIENTOHOB pasiunyHoro tuma Le, L,
L ., xakoii U3 pacnasioB MIOOHA OyJeT UMETb MECTO: L —€ +y mm U —€ + ve+tv,
Knaccugukarus 3aKkoHOB coXpaHeHHs B (U3UKE SJIEMEHTAPHBIX YacTUI. AJJIUTUBHBIC 3aKOHBI
coxpaHeHus. CUMMETpHH, JIEKAIIUE B UX OCHOBE.

CuMMeTpHs IPOCTPAHCTBA-BPEMEHHU.

KanubpoBounas cummeTpusi.

Buytpennsiss cummerpusi yactuil. M3ocnuHoBas cummerpus SU(2). Cummerpus SU(3)
M30CIHUHA U TUnep3apsaa.

MynbTHIIMKATUBHBIE 3aKOHBI coxpaHeHus. CHMMETpUH, Jexalue B UX ocHoBe. OOmme u
YacTHbIE 3aKOHBI COXpaHEHUs B (PU3MKE SJIEMEHTAapHBIX 4acTull. HecoxpaHeHHWe 4YETHOCTU B
c1a0bIX B3aMMOJICHCTBUSIX.

DHepreTuka peaklyii 4yacTull. DHEPreTUKa pacnagoB YacTHULI.

VYupyroe u Heynpyroe paccesnue. Ceuenue paccestHus. OJJHOKaHaJIbHOE M MHOTOKAaHAJIbHOE
paccesiHue.

Kocmuueckue nyun. lllupokue atmochepHbie JIUBHHU.

Kunemaruka gactuu. Macca gactu.

PenstuBucrckas Teopus Jupaka. yacTHIIbI CO CIUHOM 1/2.

[TonsiTHE PU3HUECKOro Bakyyma.

Poxnenue u yanuroxxenue yactull. Jluarpammel OeitHMaHa.

[TonsTHe n30TONMMYECKOro criuHa. HykiioHHBIHN 1y6uier.

IInonHbI TpuIeT. M30MynbTHILIETHI aIPOHOB.

[TonsiTHE KAMTUOPOBOYHBIX OO30HOB.

bera-pacnaz saep. Pacriax nmpoToHa u HEMTpOHA.

Teopus @epmu cnaboro B3auMoOCHCTBHS.

Yetbipe hepmuoHHbIe quarpammbl OeitHmana uist c1aboro B3auMoAeHCTBHS.

AJIpOHHBIN U JTENTOHHBINA TOKH.

[Tepenocurku c1ab0TO B3aUMOICHUCTBUS W=, Z° 6030HEI.

Hapymienue yeTHOCTH B cl1abbIX peaklUsX.

Teopus anepubix cui KOKaBsl.

AHOMaJIbHbIE MATHUTHBIE MOMEHTHI IPOTOHA U HEUTPOHA.

['my6oko Heynpyrue npoiecchl. OObsICHEHHE.

Mopenu agponoB depmu, CakaTsl.

KBapkoBast MoJienb apOHOB.

[{BeToBOE B3aumozeiicTBue. [ 1IOOHBI.

KBanToBas xpoMoJuHaMHKa.

KBapkoBbIe 1uarpaMMel.

Oco0EHHOCTH IIBETOBOI'O B3aNMOIENCTBU.
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51. Cymnocts CTangaptHoit Monenu.

12.00pa3en 3x3aMeHAIIHOHHOT0 OHUJIeTa

Munucrepcrso odopazopanust u Hayku IHP
'OV BIIO «/[oneukuit nayuonaivbHlil ynugepcumen»

O06pa3oBarenbHbINA YPOBEHDb Ma2ucmp

dakyapTeT (DU3HKO-TEXHUYECKHUIA

Hanpasnenue noarorosku. 03.04.02 PU3UKA

Cemectp 1 Kadenpa obmieit pm3nkn 1 TUIAKTHKA QU3HKI
Vuebnas qucumiuinga « DU3UKA 8bICOKUX IHEPZULL)

3K3AMEHAIIMOHHBIN BUJIET Ne 1
1. DKcriepuMeHTaIBbHOE UCCIIeIOBaHNE YaCTHII. Pe3oHaHCHI.
2. KanuOpoBoyHast CHMMETPHSL.
3. LiBeroBoe B3aumopeicTBue. [ TIOOHBI.

VYTBepKIeHO Ha 3aceTaHUU KaQenpbl oouieil puzuku u OudaKkmuKku uuxu

nporokoni Ne  or" " roua
3aBeAyIONIHiA Kadeapoii beweenu b.H.
9K3aMEHATOP be3yc A.B.

14. Kpurepuu oueHuBanus
(Paspabamvigaromces u ymeepacoaromes kagheopou na ocnoge [lonoxcenus [JonHY)

CornacHo MOAYJIBHOMY IPUHIIUITY OpraHU3alMy y4eOHOro Mpolecca cojiepKaHue yueOHbIX
KypCcoB 10 00111el (pr3uKe COCTOUT U3 IBYX COAEpkKaTelbHbIX Moaynel. Kaxaplii conep:kaTenbHbIN
MOJZlyJIb COCTOUT M3 TEOPETHUYECKOTO MaTepuana ¥ NPAKTUYECKHUX 3a]ad, BBIIOJHEHUE KOTOPBIX
TpeOyeT OBIa/ieHusl TEOPUEH B yKa3aHHOM B MOJlyJie OObeMeE.

CopaepxaresbHbIC MOXYJIH Dopma KOHTPOJIA banibl
ConeprkarenbHbId MOTYIH | Teopus 15
KonTtponpHas pabora 10
ConepxaTenpHblii MOAYJIb 2 Teopus 15
KonTposnbHas pabora 10
OK3aMeH 50
OO0t utor 100

s olleHMBaHMS aKaJEeMHYECKONH YCIEeBAaeMOCTH OOYYalOIIMXCS HCIONb3YyeTCs IIKaa
oleHUBaHusl, pekoMeHtoBanHas npukazom MOH JIHP ot 30.10.2015r. Ne 750:

Ouenka no Ouenka mo 100- OueHka 1o rocy1apcTrBeHHOMH Ouenka no
IKaJje 0a/JIbHOM mIKaJIe IKaJjie rocy1apcTBeHHOM
ECTS (3xk3ameH, 1ud depeHIMPOBAHHBIN IKaJje

3a4er) (3auer)
A 90-100 5 (OTIMYHO) 3a4TE€HO
B 80-89 4 (xoporo) 3a9TEHO
C 75-79 4 (xopomu1o) 3a4TE€HO
D 70-74 3 (yIOBIETBOPHUTEIHHO) 3a4TE€HO
E 60-69 3 (YIOBJIETBOPHUTEIHHO) 3a4TEHO
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FX 35-59 2 (HeyOBIETBOPUTEIHHO) HE 3a4T€HO
C BO3MOXKHOCTBIO TIOBTOPHOM CauH

F 0-34 2 (HeyIOBIIETBOPUTEIIHHO) HE 3a4TECHO

C BO3MOXHOCTBIO ITOBTOPHOM CHa4H

IIPU YCIIOBUU 00s13aTeNIbHOTO Habopa
JIOTIOJIHATEIIBHBIX 0aJUIOB

3HaHue TeOPETUYECKON YaCTH Kypca OLEHUBAETCS 10 CIEAYIOIIUM KPUTEPUM:

1. Crynent nomyyaet 75-100% 6asijioB OT MAKCUMaJIBHOTO, €CITH MOKa3al

B IyOOKHE M TIOJHBIE OTBETHI Ha TEOPETUYECKHE BOIPOCHI; TIyOOKOE IMOHMMaHHUE

(UBUYECKON CYITHOCTH MPOOJIEMBI;

B yMEHHE MPOBOJAUTH JIOTUYECKHE PACCYXKACHUS U OO0OOIIEHHS M COMPOBOXKIATH HUX

COOTBETCTBYIOILMMH J0Ka3aTeJIbCTBAMU;

2. Crynent nomyyaet 60-74% 6aj10B OT MaKCUMAaJIbHOT'O, €CJIH MTOKa3aJl

B [IyOOKMe W TIONHBIE OTBETHl HAa TEOPETHYECKHE BONPOCH C HE3HAYUTEIHHBIMH
HOTPEIIHOCTSMH, 3aT€M HCIPABICHHBIMU CAMUM CTYJEHTOM; NOHUMaHHUE (PU3HMUECKON CYIHOCTH
paccMaTpuBaeMbIX MpooiieMm;

N YMEHHE JIOTMYECKH PacCyk/1aTh U IPOBOAUTH JOKA3aTEIbCTBA;

3. Crynent nonydaet 35-59% 6amioB OT MAKCHUMAJIbHOTO, €CJIN TIOKa3aJl

B [IpU OTBETE Ha TEOPETUYECKHE BOIPOCHI PsAJl HETOYHOCTEH, KOTOPHIE CTYAEHT HE B
COCTOSIHUU CAMOCTOSATEIbHO UCIIPABUTD;

4. Crynent nonyyaet 0-34% 06amioB OT MaKCHUMaJIBHOTO, €CIIU

N HE BBINOJIHEHbBI TPEOOBaHNUS, U3JI0’KEHHBIE B MIPEbIIYIINX TYHKTAX;

B HET OTBETOB HA TEOPETHUUECKUE BOIIPOCHI.

Ixzamen oyenueaemcs ¢ 50 d6annos.

[l OLIeHKM DK3aMeHa IPeroJaBaTeab PyKOBOJACTBYETCS CIEAYIOIUMHY IPUHIAIIAMMU:

50 6an10B — MokazaHbl CUCTEMATHUYECKUE U TITyOOKHE 3HaHUS IIPU OTBETE Ha TEOPETUYECKHE
BOIPOCHI OMJIeTa, BBIMOJIHEHA ITPaKTHYECKasi YacTh OUJIETa B TIOJTHOM 00BbEME;

45 0aJ10B — MOKa3aHbl CUCTEMATUYECKUE U TTyOOKHE 3HAaHUS MPH OTBETE HAa TEOPETUUECKUE
BONPOCHI OMJIETa, BBHIOJHEHA MpAKTUYeCKas 4yacTb OWJieTa B MOJHOM OObeMe, HO IMpH OTBETE
JIOTTYIIIEHbI HECYIIIECTBEHHBIE OIIHUOKH;

40 6aaJI0B — TOKa3aHbl HE CUCTEMaTHMYeCKWe U HE IIyOOKHME 3HAaHMS IpPU OTBETE Ha
TEOpEeTUYECKHE BOIPOCH OMJIETa, MPAaKTUYEeCKasl YacTh OuieTa BBINOJIHEHA HE B MOJIHOM 00BEME,
IMpU OTBETE JOMYIICHO HECKOJIBKO CYIICCTBCHHBIX OHH/I6OK;

30 6an10B — MOKa3aHbl MOBEPXHOCTHBIE 3HAHMS NPU OTBETE HA TEOPETHUYECKHE BOIMPOCHI
Ounera, mpakTUYecKast 4acTh OnseTa He BBINOJIHEHA, IPH OTBETE JOMYIIEHO MHOI'O CYIIECTBEHHBIX
OomuoOoK;

20 6a,1510B — MTOKa3aHbl OYEHb TOBEPXHOCTHBIEC 3HAHUS, JAaHBI YACTUYHBIE OTBETHI HA MIPOCTHIE
BOIPOCHI 10 3HAHUIO OCHOBHBIX OMpeIeIeHU U (POpMyI1, BOCIIPOU3BEIEHBI OTAENbHbIE (ParMeHThI
MaTepuaa ¢ TOMOIMIBIO AK3aMEHATOPa;

10 6ays10B — IOKA3aHbI OYEHb TTOBEPXHOCTHBIE 3HAHMS, JAHBl YACTUYHbIE OTBETHI HA IPOCTHIE
BOIIPOCHI IO 3HAHWUIO OCHOBHBIX onpeneneHm‘/i nu (bOpMy.]'I, HC BOCHPOU3BECACHBI OTACIbHBIC
(parMeHThl MaTepHaja ¢ OMOIIBIO IK3aMEHATOPa;

0 — mosiHOE HE3HAHME MaTepHaa.

15. MaTepuajibHO-TEXHUYECKOE o0ecreyeHue y4eGHOro nmpouecca

1. JInst mpoBeneHUs JIEKUMOHHBIX 3aHATHI TpeOyeTcs ayaUuTOpHs Ha TPYIIy, 000pyIOBaHHAS
MEJIOBOW WJIM UHTEPAKTUBHOMN JOCKOM.

2. Jlns oOecnedyeHuss NPaKTHYECKHX 3aHATHH TpeOyeTcs ayauTopus Ha TpymImy,
000pyI0BaHHAsE MEJTOBOM WJIM MHTEPAKTHBHOM TOCKOH.
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3. Beixox B MHTEpHET.

4. Wi-Fi goctyn B KOpItycax yHUBEPCUTETA.

5. TekcTOBBIE M JIEKTPOHHBIE pecypchl HayuHO# OHOITHOTEKH YHHBEPCUTETA.
6. CTeH/bI.

16. PexoMeH10BaHHAas JIUTepaTypa

OcHoBHasi 1UTEpaTYypa

1.
2.
3.

oo

RB oo~

13.
14.
15.

16.
17.
18.
19.
20.
21.

I".Keiin. CoBpeMeHHas Gpu3nKa 3JIeMEeHTapHbIX yacTuil. M., Mup, 1990.

A. U. Axuezep, M.II1.Pekano. buorpadwust anemenrapusix yacrui. K., Haykosa gymka, 1979.
CoBpeMeHHOe ecTecTBO3HaHME: DHumKIoneaqus: B 10 Tomax. Pu3Mka 371€MEHTAPHBIX YACTHILL.
Actpopmsuka. T.4. nox pen. FO.A.INamkosckoro. M., Mznarensckuii lom MATICTP-TIPECC,
2000.

NmixanoB b.C. Yactunbl u atoMHble siapa: YdeOHuk ansi By3oB / WmixanoB bopuc
CapkucoBuy, Kanurono Urops Muxaiinosuu, FOmun Hukonait IlpokodbeBuu. - 2-e
u3 . uenp.u jpomn. - M.: U3narenscrso JIKU, 2007. - 584c.

OnemenTtapuble yactullpl. nox pen A.J[.Cyxanosa. M., Hayka, 1973.
I".B.Knanpop-Knaitarporxayc, K.I{ro6ep. Actpodusmka 3meMeHTapHbIX 9actull. M., k."Ycrnexu
bmugeckux Hayk", 2000.

K.I'pynen. nerekropsl anemenTapHbix dactuil. H., Cubupckuii xponorpad, 1999.

JI. b. Okyns. Jlentons! u kBapku. M., Hayka, 1990.

JI. b. Oxynb. Craboe B3auMOAEHCTBUE dIEMEHTapHbIX YyacTull. M., ®usmarrus, 1963.

. E.Ham0y. KBapku. M., Mup, 1984.
. IIpobnembr  simepHor  (M3MKM W (UBHKK  DJIEMEHTApHBIX dYacTuil. cO. crareid IocB.

AW.Anexanosa. M., Hayka, 1975.

. C.OraBa, C.CaBana, M.Hakarasa. CocTaBHbIE MOJEIN 3JIEMEHTapHbIX yacTul. M., Mup,

1983.

T.B.llumkuna, H.M.Iymeitko. ®uznka srmeMenTapHbix yactuil. M., BI'Y, 2002.
P.®eiinman, C.BaitnOepr. DnemMeHTapHble YacTUIbI U 3aKOHbI pusuku. M., Mup, 2000.
A.A. BopoObeB, H.C. Pynenko, B.M. CwmeranuH. TexHuka HCKpOBbIX Kamep. M.,
Artomuzaar, 1978.

A.T. Curenxo, B.K. TapkoBckuii. Jlekuuu mo Teopuu sapa. M., Atomuznar, 1972.
Anbda-, 6eta-, ramma - ciekrpockonus. Ilox pen. K. 3ur6ana. M., Aromusaar, 19609.

B.T". ConoBneB. Teopust aromuoro sigpa. SAnaepusie monenu. M., Daeprousaat, 1981.

B.1. Kanamnukosa, M.C. Ko3anaes. Jlerekrops! anemeHTapHbIX yactull. M., Hayka, 1966.
®. bouu, Beenenue B pu3uky sijpa, aIpoHOB U 3JI€MEHTApHBIX YacTull. M., Mup. 1999.
K.H. MyxuH. OkcriepuMeHTanbHas sjepHas ¢usuka. T.1, 2. M., Dueproaromusaar. 1993.
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