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PabGouasi mporpamma
Y4eOHOro (3JIeKTUBHOI0) Kypca

«Snepunas pusuxa»



IMosicuuTeIBLHAS 3aIMCKA

Pabouas mporpamma mo 3J€KTUBHOMY Kypcy «SlnepHasi (pu3nka» Ha ypOBHE CpPEIHEro
o0miero o0pa3oBaHUs COCTaBlIEHA HA OCHOBE HOPMATHBHO-TIPABOBBIX JJOKYMEHTOB:

. denepanbHOr0 TOCYAAPCTBEHHOTO 00pa30BaTeIbHOIO CTaHIApTa CPEAHETO 0OIIeTo
oOpazoBaHusi (YTBEP)KACH IPUKAa30M MHUHHCTEPCTBA OOpa3oBaHHMs M Hayku Poccuiickoi
Oepnepaunn Ne413 ot 17.05.2012),

. denepanibHON  00pa30BaTENBHON MPOTPaMMbl CpPEIHETr0 O00Iero o0pa3oBaHHS
(manee — @OII COO), yrBepkIeHHON MpUKa3oM MUHUCTEPCTBA MpocBenieHus Poccuiickoi
Oepnepauun ot 18 mas 2023 r. Ne371,

. COOpHHK MPUMEPHBIX PadOYMX MPOTrpaMM. DIEKTHUBHBIE KYPCHI UL MPOGUIBHOM
HIKOJIBL: y4eb. mocooue st o0meodpaszopar. opranusanuii /[H. B. Antunosa u ap.]. — M. :
IIpocsemenue.

DJNeKTHBHBIN Kypc «SlnepHas Qu3MKay MNperHa3HAUYeH YYaIllUMCS CTapIIed IIKOJIBI,
BbIOPABIIMM €CTECTBEHHO-HAay4YHbIH, (PU3UKO-MAaTeMaTUYECKUH NMPO(GUIN UIU NPOSBUBIINM
MOBBIIICHHBI MHTEPEC K U3YYCHHIO (DM3HMKH, XUMHH, OMOJIOTHH, 3KOJOrud. JlaHHBI Kypc
UHTETPUPOBAHHBIN, OH CBSI3aH COAEP)KATEIIBHO ¢ KYpcOM (PM3UKM M MAaTeMaTUKH OCHOBHOM
mKOJbl. V3ydeHue npeasaraeMoro 3JIEeKTUBHOIO Kypca HalpaBlIeHO Ha YrilyOJeHue u
00001IeHNe 3HaHUH TIKOJILHUKOB O COBPEMEHHON KapTHHE MHpa, OCHOBAaHHOW Ha KBAaHTOBOU
MEXAHUKE U CIELMAIBHOW TEOPUH OTHOCUTENIBHOCTH. VIMEHHO 3TH pa3feiibl COBPEMEHHOMN
(GU3UKN MO3BOJIMIM HOHATH CYTh CTPYKTYPbl MaT€puUU M HCHOJIb30BAaTh 3TU 3HAHUS IS
CO3JaHMS SJEPHOM HHEPreTHKH, COBPEMEHHOH KBAHTOBOM JJIEKTPOHUKHU, pa3paboTarb
3¢ (deKTUBHBIC METO/bl AUAHOCTUKU U JIEYCHMs Pa3IUYHBIX 3a00JI€BaHUM, ClIeNaTh MHOTO
JPYTUX BaXKHBIX OTKPBITUH.

OO6mass  xapakrtepuctuka Kypca. [lpemyaraeMbrii  3JI€KTHUBHBIH KypC  IOCBSAIIEH
PAcCMOTPEHHIO TAaKUX TE€M, KaK JJIEMCHThI KBAHTOBOW MEXaHUKH U TEOPHH OTHOCHTEIBHOCTU
B MPUMEHEHHH K aTOMHOW U sepHON (hU3HKe, pa3NuyHble BUIBI PAIHOAKTUBHOCTH, B TOM
YHUCIIe U CIIOHTAHHOE JICJICHUE SAep, CBOMCTBA M MOJICIIM aTOMHBIX sIIEp, TPaIUIIMOHHBIE
AIEpHbIE peaklMW U SAEPHbIE peakluu TpPH SHEpPrusx KosmaiinepoB. PaccMoTpeno
MPOUCXOXKICHNUE AIEMEHTOB BO BceneHHOW M CHHTE3 HOBBIX CBEPXTSIKEIBIX DJIEMEHTOB B
naboparopusx y4€HbIX. YacTh pa3/elioB TOCBSINEHA SACPHOW SHEPreTUKE W TPUKIIATHBIM
WCCJICTOBAHMSIM B O0JIACTH PATUAIIMOHHON OWOIIOTHHU, DKOJIOTUU U TMPUMEHEHHUIO METOJIOB
AepHON (GUBKUKH B METUITIHE.

3HauuTeNbHAs YacTh 3JIEKTUBHOIO Kypca OTBEJEHa IMpakTU4YeCKUM paboTam, OOibluas
4acTh KOTOPBIX MMEET MCCIIEI0BATENIbCKUN XapaKTep.

Heas Kypca: pacmupenue, yriyoneHue u 006o0uieHre 3HaHui 0 (U3NYECKUX Ipolieccax
B oOnactu sepHOM (U3MKH, TNPUYMHAX M MEXaHU3Max MX IPOTEKaHUs, pa3BUTHE
MO3HABATEJIbHBIX MHTEPECOB U TBOPUECKUX CIIOCOOHOCTEW ydaIMXCsl 4yepe3 MpPaKTUYEeCKYIO
HAIPaBJIEHHOCTh O00y4eHHs (U3MKEe U MHTETPUPYIOLIYI0 posib (U3UKU B CUCTEME
€CTECTBEHHBIX HayK.

3agauu Kypca:
— Pa3BUTHUEC €CTCCTBCHHO-HAYYHOI'O MUPOBO33PCHHUA YHAIIIUXCA,

—  pa3BuTHE NUPUEMOB YMCTBEHHOH J€ATEIbHOCTH, I103HABATEIbHBIX WHTEPECOB,
CKJIOHHOCTEH U CIIOCOOHOCTEN yyaluxcs;

—  pa3BUTHE MOTHUBALMU YY€HHUS, (OPMHUPOBAHUE MOTPEOHOCTH B MOJYYEHHUH HOBBIX
3HAaHUU U IPUMEHEHUU UX HA IIPAKTHUKE;



—  pacmupenue, yriayosieHue u o0o0mieHue 3HaHui 10 PU3UKE, XUMHUU, OMOJIOTHH;

—  HCIIOJIb30BaHHUE MEXIIPEAMETHBIX CBs3ei (DM3UKM C MaTeMaTHKOW, OWOJIOTHEH,
XUMUEH, UCTOPHUEH, DKOJIOTMEH, PACCMOTPEHUE 3HAYEHHsI JTOr0 Kypca I YCIEIIHOIO
OCBOEHMS CMEXKHBIX JUCLUIUINH;

—  COBEPILIECHCTBOBAHUE KCIIEPUMEHTAIbHBIX YMEHUN M HABBIKOB B COOTBETCTBHUM C
TpeOOBAaHUSMU MPABUII TEXHUKU OE30MMACHOCTH;

—  paccMOTpEHHE CBSI3U SIEPHOW (PU3UKH C KU3HBIO, C BaKHEHIIMMH cdepamu
JIESITEIIBHOCTH YEJIOBEKA,

—  pa3BHTHE y Y4YalIUXCS YMEHHS CaMOCTOATEIhHO paboTaTh C JOMOIHUTEIBHON
JUTEPaTypoil U APYTUMHU CPEICTBAMHU HHPOPMAIUH;

—  ¢QopmupoBaHue y ydYalmuxcs yMEHUU aHaIM3UPOBAThH, COMOCTABISTH, MPUMEHSITH
TEOPETUYECKUE 3HAHUS Ha IIPAKTHUKE;

—  (QopmupoBaHHE YMEHHH MO PELIECHUIO 3KCIEPUMEHTAIBHBIX M TEOPETHUECKUX
3azad.

OcHoBHBIE HJIEU Kypca:

—  €IMHCTBO MaTe€pHaJbHOTO MUPA;

—  BHYTPHU- U MEXIIPEIMETHAsI UHTETpalys;

—  B3aUMOCBS3b HAyKH U IIPAKTUKU;

—  B3aUMOCBS3b YEJIOBEKA U OKPYKAIOWIEH CPEIBI.

Y4eOHo-MeToInYecKkoe obecriedeHre Kypca BKIIYaeT yueOHoe mocooue Uil yJamuxcs,
WHTEpHET-pecypc «BupryanbHas madoparopust saepHON QU3UKU», TPOrpaMMy JICKTHBHOTO
Kypca M WHTEPHET-PEeCypC C OHJIAlH-BEpCHUEH Kypca M CHUCTEMOM YIpaBIICHUs Y4EOHBIM
nponeccoM Ha ocHoBe cucteMbl MOODLE.

Buasl gestenpHOCTH. YueOHOE MOCOOHME ISl yHAIIUXCsd 00ECTICUMBAET COIEPKATEIBHYIO
yacth Kypca. Coaepkanue mocobus pazouTo Ha maparpadbl, BKIOYAET TUAAKTHYECKHIA
MaTepuan (BOMPOCHI, YIPaKHEHUS, 3aJadyd, IOMAIIHUA OKCIEPUMEHT), MPaKTHYECKHE
paboTHL.

Ha 3ansTusx no jaHHOMy Kypcy ydaliuecs: yriyoJisiioT CBOM 3HAaHHUA O sifiepHOM dusuke,
COBPEMEHHOM KapTWHE MHpa, mpubopax M MeroJax (YHAAMEHTAIBHBIX W IMPHUKIATHBIX
UCCIIeIOBaHUM B oOsiacTu siaepHo Qu3uku. B pesynpraTe M3yueHuUs Kypca paciiupsiercs
MHUPOBO33PEHUE yYalIUXCs, pa3BUBACTCA MX ITO3HABATENIbHBIA MHTEPEC, NHTEIUIEKTyaJIbHbIE
U TBOpYECKHE COCOOHOCTH, (POPMHUPYIOTCS MpeIMeTHbIEe, 00IIeydeOHble U crennduieckue
YMEHHMSI U HaBbIKU HIKOJLHUKOB.

Kype HaCBILICH AKCIEPUMEHTAIBHBIM MaTepUaIoM: JEMOHCTPALIMOHHBIM
HKCIEPUMEHTOM, NMPAKTHUECKUMH paboTaMH Ha 0a3e BUPTYaJbHON MHTEPHET- JJAOOPaTOpUH.
[To xemaHuIO y4yuTelss HEKOTOpbIE MpaKkTUYecKue paboThl MOXHO IEPEBECTU B paspsij
uccienoBaTenbckux. cmonb3oBaHne B yueOHOM  Ipoliecce MPaKTHYECKHX — padoT
CHOCOOCTBYET MOTHUBALIMH I 0000IIEHUS YUeOHOro MaTepuala, paciupseT BO3MOXXHOCTH
WHAMBUAYAIBHOTO U AU(PQHEpEeHLIUPOBAHHOTO TMOJIXOJ0B K OOYyYEHHIO, MOBBILIACT
TBOPYECKYIO0 aKTHBHOCTb YYAIIMXCS, PACHIMPSET MX Kpyro3op. Bxirouenue Takux paboT B
AJIEKTUBHBIA KypC NPHUBUBAET IIKOJIBHUKAM HCCIEAOBATEIBCKUN MOAXOJ K BBINOJIHEHHIO
MpPaKTUYECKUX paboT, MOMOraeT OBJIaJeBaTh JOCTYNHBIMU JUISl y4YallMXCSd Hay4YHBIMH
METOJaMU HCCIE0BaHus, (HOPMUPYET M DPA3BUBAET TBOPUYECKOE MBIIIJICHHE, IOBBIIIAET
UHTEpeC K MO3HAHUIO (PU3UYECKUX SIBICHUI U UX 3aKOHOMepHocTel. JlaHHbIe TpakTHYecKue
paboOThl CBSI3aHbl C ONPEJCIIEHHEM HE TOJbKO KAYECTBEHHBIX, HO U KOJMYECTBEHHBIX



xapakTepucTuk. CHcTeMaTHYeCKOe BBIMOJHEHUE KOJIMYECTBEHHBIX HKCIEPUMEHTAIbHBIX
3aJa4 pa3BUBACT y Y4YalllUXCS aKKypaTHOCTh, CIIOCOOCTBYET BBIpaOOTKE HABBIKOB TOYHOM
KOJIMYECTBEHHOW OLICHKU PE3yJIbTaTOB YKCIIEPUMEHTA.

Kaxnas mnpaktuueckas paboTa BKJIIOYAeT KpaTKUE TEOPETUYECKUE CBEICHUS W
9KCIIEPUMEHTAIbHYIO YacTh. PaGOThI BBIMONHAIOTCA MHAMBUAYAJILHO WU B rpynmnax mo 3—4
YeNloBeKa. BBIMOTHEHWE HWCCIIeNOBaHUN TpeOyeT mpeaBapu- TEIBHONH TOJATOTOBKHU: TEPEe.
MIPOBEJICHUEM SKCIIEPUMEHTA YUUTEIb pab0TAET OTACIBHO C KaXK0M IPyNION yyaruxcs.

DJIEKTHBHBII KypC JONMYCKaeT WCIOJIb30BaHUE (110 YCMOTPCHHIO YYHTENS) JFOOBIX
COBPEMEHHBIX 00pa30BaTECIbHBIX TEXHOJOTHH, pPa3IMYHbIX OpPraHW3aI[MOHHBIX (opm
oOyJeHus: JIeKIMH, CEeMUHApoB, Oecel, TMPaKTHYECKUX U JabOpaTOpHBIX padoT,
UCCIIEIOBATEIIbCKUX Pa0dOT, KOH(MEPEHITHIA.

B xauecTBe OCHOBHOW OpraHM3allMOHHOHN ()OPMBI NMPOBENCHUS 3AHATUN IpeNIararoTcs
JEKIIMOHHO-CEMUHAPCKOE 3aHsITHUSA, Ha KOTOpBIX Jaérci OOBSICHEHUE TEOPETHYECKOro
Marepualla W pPEWArTCs 3aJadyd 10 JaHHOM Teme. JlIg TMOBBILIEHUS HMHTEpeca K
TEOPETUYECKUM BOIIpOCAM UM 3aKpPEIUICHUs M3YYEHHOIO0 MaTepualla IIpelyCMOTPEHBI
JIEMOHCTPAIlMOHHbIE OIBITHI U JJA0OPATOPHBII MPAKTUKYM.

dopMaMM KOHTPOJIA 32 YCBOCHUEM MaTepUaja MOT'YT CIIYXKUTb OTYETHI 110 MPAKTUYECKUM
paboTam, CaMOCTOSITENbHBIE  TBOpPUECKHE  pabOThI, TECTbl, WUTOrOBblE  yueOHO-
UCCIIEI0BATEIbCKAE MPOEKTHL. MITOroBoe 3aHsATHE NMPOXOAUT B BUJAE HAYYHO-IIPAKTUYECKON
KOH(EpPEHIIMH WA KPYTJIOTO CTOJIA, HA KOTO- POM 3aCIyIIMBAIOTCS JOKIJIAABI yJaIuXCcs MO
BBIOPAHHOW TEME€ HMCCIIEIOBAHUS, KOTOPBIE MOTYT OBITh IPEACTaBICHBI B Gopme pedepara
WK 0TY€Ta MO MCCie10BaTeIbcKol padore.



IInanupyemblie pe3yJbTaTbl OCBOCHHS Kypca

B pesynbrare u3ydeHus 3MEKTUBHOTO Kypca Ha YPOBHE CPEIHEro 001Iero oopa3oBaHus y
yuanmxcs 0yayT chopMHUpOBaHbI CIEAYIOINE MPeIMeTHbIe pe3yabTaThl.

Vuawutica nayuumces:
pacKkpbelBaTh Ha TpUMepax posib sAepHOH (usuku B (HOpMUPOBAHMHM COBPEMEHHOM
Hay4YHOW KapTHHbl MHpPAa M B MPAKTHUUYECKOW J[EATEIbHOCTU 4YEJIOBEKa, B3aUMOCBS3b
MEXIy (U3UKON W JIPYrMMH €CTECTBEHHBIMH HayKaMH;
OOBSCHATH M aHAIM3UPOBATH POJIb U MECTO (PU3MKU B (POPMHPOBAHUH COBPEMEHHOMN
HAayyHOM KapTUHBI MHpa, B pPa3BUTUHU COBPEMEHHOM TEXHMKHM M TEXHOJOTHH, B
MPAKTUYECKONW JEATEIbHOCTH JIIOJIEH;
XapaKTepu30BaTh B3aUMOCBS3b MEXIY (DM3UKOH M JAPYIrMMU €CTECTBEHHBIMH HAyKaMHU;
NOHUMAaTh U OOBSCHATH WEIOCTHOCTh (U3NYECKOH TEOpUH, pa3nuyaTh TpaHHIBl e
MPUMEHUMOCTH U MECTO B ANy APYrux (U3NYECKUX TEOpUH;
BJIaJE€Th  NpUEMAMHU  IOCTPOEHMUSI  TEOPETUYECKUX  JOKa3aTeNbCTB, a  TaKke
MIPOTHO3UPOBAHUSI OCOOCHHOCTEH MpOTeKaHUs (U3MUYECKUX SIBICHHH M TMPOIECCOB Ha
OCHOBE IOJYYE€HHbIX TEOPETUUYECKUX BBIBOJIOB U JOKA3aTEIbCTB;
CaMOCTOSITENIFHO TIAHUPOBATh M TMPOBOAHUTH (PU3MUECKHE SKCIEPUMEHTHI;
peliaTh MPakTHKO-OPUEHTUPOBAHHBIE KaUeCTBEHHBIC U pacUETHBIE (PU3NYECKUE 3a/1a4U C
OTIOpPOH KaK Ha M3BECTHBIC (PU3NYECKHE 3aKOHBI, 3aKOHOMEPHOCTH W MOJEIH, TaK W Ha
TEKCThI ¢ U30BITOYHON HH(OpMAIIUEH;
OOBSICHATh TPAHUIBI MPUMEHEHUS H3YyYEHHBIX (PU3NYECKUX MOJeNel NpU perIeHuu

(1)H31/I‘{€CKI/IX U MCXKIIPCAMCTHBIX 3ad/ia4;

— BBIABHUI'AaTb THUIIOTC3bI Ha OCHOBC 3HaHUA OCHOBOIIOJdararonmux Q)HSHHGCKI/IX

3aKOHOMEPHOCTEW U 3aKOHOB;
— OOBSACHATH NMPUHLIHUIBI PA0OTHI U XaPAKTEPUCTUKU M3YYCHHBIX MAIIMH, TPUOOPOB U
TEXHUYECKUX YCTPOUCTB;
— OOBSCHATH yCIOBHS NMPUMEHEHHS (U3UYECKUX MOJENCH MpH peleHuH (PU3MYeCKUX
3aJa4, HaXOIUTh aJIeKBaTHYIO IIPEJIOKEHHOH B 3a7aue (U3UYECKyI0 MOJENb, pa3peuarhb
npobjeMy Kak Ha OCHOBE MMEIOIIUXCS 3HAHWM, TAK U MPHU MOMOIIHM METO/IOB OICHKH.

Yuamudc;z noJyyum e603MONCHOCMb HAYYUMbCA.

— OMNMHCHIBATh U aHAJIM3UPOBATH MOJYYEHHYIO B pe3yibTaTe MPOBEAEHHBIX (PU3HUECKUX
HKCIEPUMEHTOB MH(OPMAIIMIO, ONPENENATh €€ JOCTOBEPHOCTb;

— MOHUMAaTh U OOBACHATH CUCTEMHYIO CBSI3b MEXIY OCHOBOIIOJAralolIMMU Hay4YHBIMU
HNOHATUSAMM: TPOCTPAHCTBO, BpeMs, Marepus (BELIECTBO, IIOJ€), IBMKEHHE, CHIIa,
SHEprus;

— pemaTrb  JKCIEPUMEHTAJIBHBIE, KAueCTBEHHbIE W  KOJMYECTBEHHBIE  3aJa4u
OJIMMITMATHOI'O  YPOBHA  CJIIOKHOCTHU, HCIIOJIB3Ys (1)I/ISI/I‘ICCKI/IG 3aKOHBI, a TaKXe
yYpaBHEHHMsI, CBSI3bIBaIOIINE (PU3MUYECKUE BETMUYUHBI;

— AHAJIM3UPOBATh I'PaHUIBI TPUMCHHUMOCTHU (bHSI/I‘ICCKI/IX 3aKOHOB, IIOHUMATh BCGO6HH/II>1
xapakTep (yHIaMEHTAIbHBIX 3aKOHOB M OIPAaHMYEHHOCTh MC- TOJb30BAHUS YaCTHBIX
3aKOHOB;

— ¢opmynupoBaTh W pellaTh HOBBIE 3a/aud, BO3HHUKAIOIIME B XOJI€ Y4eOHO-
HCCJIEIOBATEILCKON U MPOEKTHOM NeATeIbHOCTH;

— YCOBCPUICHCTBOBATH HpI/I60pBI n METOAbI HCCICAOBAaHHI B COOTBETCTBUU C
MIOCTaBJICHHON 3ajavei;

— HCIOJB30BAaTh METOJbI MAaTEMATUYCCKOTI0O MOACIIMPOBAHUSA, B TOM YHUCIIC HpOCTefIIHHQ
CTaTHUCTUYECKUE METO/bI, 1 00pabOTKU pe3yIbTaTOB IKCIIEPHUMEHTA.



Coaepxanue Kypca

Beenenue (1/2 4)

Nznyuenue abcomoTHO 4EPHOTO Tena W KBaHTOBas rumorte3a [lmanka, otkpeitme Jx. JIxk.
TomcoHnoM si5iekTpoHa. OTKpBITHE PEHTIeHOBCKOro uanydeHusa. Otkpeitne A. A. bekkepenem
panunoaktuBHOCTH. OmbiThl IIbepa m Mapuu Kropu. Co3ganue A. DUHIITEHHOM crielMaaibHON
TEOPUU OTHOCUTEIILHOCTH. B3anMOCBs3b MEXIy Maccoi u 3Hepruei. [nmaBHas ¢opmymna XX B.:
Eo = mc2.

OkcniepuMeHT 3. Pesepdopaa 1Mo OTKPBITHIO «IUIAHETAPHONW» MOJEIH AaTOMHOTO sijpa.
KBanroBanue suepruu u monens H. bopa.

[TocnencTBust 3TUX OTKPBITHH AJIs1 CO3/AaHMS KBAHTOBOM MEXaHMKH M SIIEPHOM (U3MKH Kak
OCHOBBI TEXHHMYECKOTO TIporpecca dyeinoBeuectBa B XX H
XXI BB., co31aHusg KapTUHBI MHUKPO- U MakpoKocMoca Ha ocHoBe CTaHAapTHOM MOAENU.

Tema 1. KBanTOBBIii MHpP aTOMOB U MoJeKyJ (3/3 1)

Mogens atroma bopa u nuHeityaTteie cnekTpbl. KBanToBanue sHepruu. Bomnel marepun JI.
ne bpoitnsa. KopmyckynsapHo-BoJIHOBOM Jyanu3M. Jludpakiuusi 3JIEKTPOHOB Ha KpHCTaJLIaX.
doroadpdext u sdpdexkr Komnrona. [lpunmun neompenenéHHoctn [eitzenOepra. YpaBHeHUE
[lpenunrepa. BonHoBas QyHkuus u €€ BeposiTHOCTHas uHTeprperauus. KBaHTOBbIA 3(dekT
TYHHEJIMPOBAHUS.

KBantoBanue yrimoBoro momeHta. CnuH anektpona. [lpunmmn  3ampera [laynu.
DOnekTpoHHbIEe 000s10uKK aToMOB U [lepmoanueckuit 3akon MeHesneeBa.

Monekyinbl. CHeKkTpbl aTOMOB U MOJIEKYIL.
Tema 2. Macca u JHeprusi B peJIiTUBHCTCKOI Teopuu (2/4 4)

OCHOBHBIE TIOCTYJAThl CIIEHUAIBHOM TEOPUH OTHOCUTENbHOCTH. [IpeoOpasoBanmst [anmmmes u
Jlopenna. THBapraHTHOCTh HHTEpBAA.

Macca B KJIacCMUECKOW MEXaHHKE M TEOpUU OTHOCUTENbHOCTU. [IpeoOpazoBanus JlopeHma mis
HMMITYJIbCa U SHEpruu. Macca — pesITUBUCTCKUI MHBapuaHT. CBsI3b SHEPTUU U MacChl MOKOs Eg =
mc2. [Ipumepsl nepexojia Macchl B SHEPTHUIO M DHEPTUU B Maccy. JledeKT Macchl U PHEPTHUsl CBA3U
AACP. Macce n OHEPTHUA COCTABHBIX CHCTCM. PengruBucrckas KMHEMAaTHUKAa U 3aKOHEI COXpPAaHCHUSA
SHEPTUU U UMITYJIbCA.

Tema 3. AToMHBIe 1Ipa U PAAMOAKTUBHOCTD (3/4 4)

OcHOBHbBIE CBOWMCTBA aTOMHBIX sIJIep: COCTaB, pa3Mmep, Gpopma, 3aps, Macca sapa, SHEPrus CBA3U.
N3otonsl. I'panuiibl cTaOUIBHOCTH aTOMHBIX siiep. CIMH MPOTOHA M HEUTPOHA. YTJIOBOH MOMEHT
anapa.
Anepurpie cunbl. Kinaccudeckass MpOTOHHEUTPOHHAsT MOJENb siApa. SpepHbie Moaenu: ¢gepmuras,
KarenbHasi, 000104eYHas U 0000IEHHAsT MOJIENb SApa.
KopoTkozeicTByrolye HyKJIOHHbIE KOPPESALUU B SiAPaX U KYMYJISTUBHBIN sIepHBIN 3P EKT.
PannoaktuBHOCTE. Buibl pamuoaktuBHOCTH: a-, b-, g-pacnan, cnontanHoe
JICJICHHE.
I'panu1ibl cTaOUIBHOCTH aTOMHBIX AJ€p. 3aKOH PaJuO0aKTUBHOTO pacraja.
[Iepnon nmonypacnaga. AKTUBHOCTb PaJMOAKTUBHOIO NCTOYHHKA.
Kauecmesennvie u pacuémuule 3a0aqu.

Mamemamuueckuu npakmukym «Cmamucmudeckuii Xxapaxmep paouoaKxmueHo20 pacnaoa.

Tema 4. Sinepublie peakuuu (2/2 4)

SlnepHble npeBpalieHus B skcepuMenTax Pezepdopnaa. OTKpbITHE MPOTOHA U HEWTpoHa. Peakiyu
nenenus suep. llenHas snepnas peakuus. TepmosinepHble peakuuu. Iloamoporosble peakunuu.
Poxnenune antunporoHos. M3ydueHne CTpyKTypbl IPOTOHOB U A€ B ITyYKaX JIEKTPOHOB.



Kauecmeennvle u pacuémuoie 3a0auu.
Tema 5. Ilpoucxo:kaeHue 3j1eMeHTOB BO Beesiennoii (2/4 4)

dyHaaMeHTalIbHbIE B3auMoaeicTBUs. CTaHIapTHasE MOJieb. bobiioi B3pbIB. ATOMBI BOAOPOJA U
Jeryaimmx 35emMeHToB. CMHTE3 3JIEMEHTOB B 3BE37aX. B3pbIBbl CBEPXHOBBIX 3BE3/] U HEUTPOHHbBIC
3BE3/IBL.

Tema 6. CUHTE3 HOBBIX CBEPXTHKEIBIX 3JIeMeHTOB (1/2 4)

TpancypanoBeie u TpaHchepMHueBBbIe AIeMEHTH. «OCTPOB CTAaOMIBHOCTH» U CHHTE3 HOBBIX
CBEPXTsDKENBIX 2JIeMEHTOB. JlabopaTopus siAepHBIX peakiuii uMmeHu akagemuka I'. H. ®néposa.
Mognenb UUKIOTPOHA U JETEKTOpa [UIsl PETHUCTPallMu  CBEPXTSKENBIX dieMeHToB. Kak
PETUCTPUPYIOT CBEPXTSHKENBIE AIIEMEHTHI.

Tema 7. YckopuTesu U KoJuiaiiaepsl (2/4 4)

[TpuHuMnBl paboThl JUHEWHBIX U LUKIMYECKUX YCKOpUTENeW. J[BU)KeHHE 3apspKEHHBIX 4acTUll B
AJIEKTPUUYECKOM M MarHUTHOM mosie. B. W. Bekcnep: npunnun aBrodasupoBku. A. M. Byakep: nnes
ANEKTPOHHOTO OXJIAKICHHS U TEpBbIe BCTpeuHble Kombla. bomibimoit agponnsiii komnaiaep (LHC)
B EBpone u xomnaiinep pensrtuBuctckux sjep (RHIC). Monens yckopuTenbHOTO KOMILIEKCA
HUKA — poccutickoro koJiaiiepa TSKEIbIX HOHOB.

Tema 8. UccienoBanue CTONKHOBEHMI peIITUBUCTCKUX sep (1/3 u)

UTo mpoMCXOAMT TPU CTOJIKHOBEHUSIX PEIATUBUCTCKUX siaep. JeTeKTopbl sl perucTpaiuu
MPOJAYKTOB sIEpHBIX peakiuii. OCHOBHBbIE XapaKTepUCTHUKU peakiuil. Tpurrep nans otbopa
coObITuii. Bpewms-npoekimonHass kamepa. OJEKTPOMArHUTHBIM KaJIOPUMETP, CHIUKOHOBBIC
JETEKTOPBI JUIS ONPEIEIICHUS BEPIIMHBI B3aUMOICHCTBUS.

Tema 9. SinepHasi JHepreTnka u r;100anbHbIE MP00OJIeMbl YesnoBedecTBa (1/3 1)
SlnepHas sHepreTHKa U Ii00ajgbHBIE MPOOJIEMBbl UenoBedecTBa. SaepHble peakTopsl. [IpuponHbie
SJIEPHBIE PEAKTOPBI.

Pewenue kauecmeennvix u pacuémuuix 3a0a4. Mnmepaxmusnas mooens 10epHo20 peakmopa.
Tema 10. SInepnas ¢pusuka u meauuuHa (1/3 4)

SnepHas ¢uszuka wu MeauuuHa. MoJelb  YCKOPUTENIBHOTO KOMIUIEKCAa JUIs I[POTOHHOU
pasvoOTEPAIINH.

Tema 11. SInepnas ¢usuka ¢ neiirponamu (1/3 1)

Anepuple  uccnenoBaHus c¢  HedTpoHamu. CBOMCTBA  HEHTPOHHBIX  IMydkoB. Mogens
HCCIIEIOBATEIbCKOTO HUMIIYJIbCHOTO peakTopa Ha OblcTpbix HeWTponax WBP-2. Ilpumenenue
HEUTPOHHOI'0 AaKTUBALIMOHHOIO aHaJM3a B JKOJIOTWM. fnepHasd mnaneronorus. Ilouck Boabl Ha
Mapce npu oMoy UICTOYHUKA HEUTPOHOB.

Tema 12. Paguoouoaorus (1/3 u)
Uro u3ydaet paauoouosorus. CocraB KOCMUYECKOTO M3ITydeHUsS] M €r0 BO3JICHCTBUE HA YKUBBIC
opranu3msl. [Tunotupyembie TOIETH B KOCMOC U PaUAIIHOHHBIE PUCKHA. ACTPOOUOIIOTHS.
Mooenuposanue paduayuonnvix nogpexcoenuti kiemox ¢ cpede GEANT.

Tema 13. B3aumopneiicTBue usiaydenusi ¢ Bemecrsom (1/3 1)

B3aumMoneiicTBre 3apspKeHHBIX YacTHUI], (POTOHOB M AJIEKTPOHOB C BEIECTBOM.



Tema 14. JlereKTOpbI 3apsSIsKeHHBIX YACTHIl 1 TaMMa-KBaHTOB (1/3 1)

PaznuuHbple  TUIBI  JETEKTOPOB:  ra3oBbl,  (OTOIMYJIbCHM,  Iy3bIpbKOBas  Kamepa,
CUMHTWUISIIMOHHBIN, IOJIYIPOBOJHUKOBBIN, JAETEKTOP Ha OCHOBE MHUKPOKAHAJIBHBIX ILJIACTHH.
CpéM curHanma c JeTeKTOpa. DHEPreTMUeCKHe M BPeMs-IPOJETHbIE clEeKTpbl. COBpeMEHHbIE
METO/bI ChéMa U OLU(POBKH HH(POPMALIUH.

Tema 15. Bupryanbnas snaboparopusi «OCHOBbI M3MePEHHsI CATHAJIOB C
neTeKTOpoB» (2/4 u)

Tema 16. BupryaibHas JjaGopaTopusi «CUMHTHUISIIHOHHBIA TEJIECKON /sl H3yYeHHsT
KOCMHUYECKHX Jy4ei» (2/4 4)

Tema 17. BupryanabHasi JiabopaTopusi raMMa-cneKkTpockonuu (2/4 y)

Tema 18. BupryaibHasi J1abopaTopusi CIOHTAHHOIO AejieHus siaep (2/4

1)

Tema 19. MaTtemaTH4ecKkHii MPAKTHKYM 110 00padoTKe pe3y/ibTAaTOB U3MepeHUii B
cpere ROOT (2/4 1)

Tema 20. MaTemaTH4ecKUii MPAKTHKYM 110 MOJEITUPOBAHUIO PATHAIIMOHHBIX
noBpexIennii kietku B cpene GEANT (2/4 4)



TeMaTnueckoe IJIAHUPOBAHUE

Kypc paccuuman na 35/70 u (1 unu 2 u, 1,54 6 Hedenro). UITOTOBOE 3aHATHE MPOXOJIUT B
dhopme HaydHO-IPAKTHYECKOW KOH(EPECHITHH.

[Ipennaraemoe TemaTuyeckoe IUIAHUPOBAHHE — MPHUMEPHOE, TaK K€ KaK W pacrpeiesieHue
4acoB Ha MPOXOXKJIEHUE MaTepuajga U IMPOBEICHUE MPAKTHKyMa. ABTOP OCTaBIISET 3a yYUTEIIEM
MpaBO M3MEHATh COJIEPKATEIIbHOE HAIOJHEHUE YPOKOB, a TaKXke KOPPEKTUPOBATH
JEMOHCTPALIMOHHBIA W JaOOpaTOpHBIN  OKCHEPUMEHT, HMCXOAsS M3  BO3MOXKHOCTEH
00pa30BaTENbHOTO YUPEKICHUS.

KosmmyecTBo yacoB
Tema OcHoBHoOe coep:kaHue
35 70 | 51
Beeaenue (1/2 )
Benukue W3nydyenne aOCOMIOTHO YEPHOTO Tela M KBAHTOBAS 1 2 1
OTKPBITHSI KOHLIA runiore3a Ilnanka, orkpeitue JIx. /x. Tomconom
XIX — navana 3JICKTPOHA.
XX B. OTKpeITHE PEHTIE€HOBCKOrO M3iydeHus. OTKpbITHE A.
A. bekkepenem pannoaktuBHOCTH. OnbiThl IIbepa u
Mapuu Kropu. Co3ganue A. DUHIITEHHOM
CIEUAJIBHOM TEOPUHM OTHOCHUTEIBLHOCTU. B3anMocBs3b
Mexay maccoil u sHeprueil. ['maBnas dopmyna XX B.:
Eo = mc2
OkcnepuMeHT D. Pesepdopra mo OTKphITHIO
IUTAaHETapHOW MOJIeNM aTOMHOro siapa. KBantoBaHue
sHeprun u Mozenb H. bopa. IlocinencrBus 3Tux
OTKPBITHM ISl CO3aHUSI KBAHTOBOW MEXAaHUKU H
AIEpHON (U3UKHU KaK OC- HOBbI TEXHHYECKOIO
nporpecca yenoBeduectBa B XX u XXI| BB., cozmanus
KapTUHBI MHUKPO- M MaKpOKOCMOCA Ha OCHOBE
CranmapTHoil Momenn
Tema 1. KBanToBBIii MUP aTOMOB M MoJieKyJa (3/3 4)
OcHoBHbIE Mopens aroma bopa u nuHEHYaThIE CIIEKTPHI. 1 1 1
IIPUHIUIIBI KBanrToBanue sHeprun. Bomnel marepuu JI. ne-bpoiis.
KBaHTOBOM MeXxa- KopnyckynsapHo-BonHOBOM nyanusMm. Judpaxuus
HUKHU ANIEKTPOHOB Ha Kpuctamiax. ®otorddext u 3¢pdexr
Komnrona. Ilpunnun Heonpenenénnoctu I'eiizendepra
YpaBHeHue VYpasuenue llpenunrepa. BonHoBas pyHkuus u eé 1 1 1
[IIpenunrepa. BEpOATHOCTHAsI nHTepnpeTanus. KBanToBbiil addext
[TonsiTue BOI- TYHHEJMPOBAHUS
HOBOW (DYyHKIIUU.
KBanToBoe
TYHEJUIUPOBAHUE
KBanToBanue KBanToBanue yrioBoro momeHta. CHIHMH 3JIEKTpOHA. 1 1 1
YIJI0BOTO [Mpunun 3ampera [laynu. DnekTpoHHbIE 000JI0UKH
MomeHTa. CrinH atoMoB U [lepunonnueckuii 3akoH MeHaeneesa.
AJIEKTPOHA. Mounekynbl. CHEKTpsl aTOMOB U MOJIEKYJI
[Tpunaun [Taynu




Tema 2. Macca U JHeprusi B peJIATHBUCTCKOI Teopum (2/4 1)

OcHOBHBIC
IOCTYJIAThI
crmenuaJbHOM Te-
opuu
OTHOCUTCIIBHOCTHU

OCHOBHBIE TIOCTYJIAThl CIEIUAIBLHON TEOPUU
otHocutenbHOCTU. [IpeobpazoBanue [anunes u
Jlopenna. MHBapu- aHTHOCTH MHTEpBAJIA

Macca, sHeprus,

Macca B KJIIaCCHYECKOW MEXaHUKE U TEOPUHU
otHocutenbHoCcTH. [IpeobpazoBanus Jlopenna mmst

MMITYJIBC B UMITYJIbca 1 OHepruu. Macca — pensTHBHMCTCKHE
PEIATUBHCTCKON uHBapuaHT. CBsI3b HEPIHMH W Macchl mokoss EQ = mc”.
dusnKe [Tpumepsl mepexoia MacChl B DHEPTHIO M SHEPIrUU B
Mmaccy. JlehekT macchl M dHEprus CBsA3U sjaep. Maccel u
9HEPrusi COCTaBHBIX CHCTEM. PensiTuBUCTCKAs
KUHEMAaTHKa U 3aKOHBI COXPAHCHHS DHEPTUU U
umnynbsca. [I[puMepsl GU3NYECKUX MPOIIECCOB.
Pewenue zaoau
Tema 3. AToOMHBIE S1IPA 1 PAAUOAKTUBHOCTD (3/4 1)
OCHOBHBIE OCHOBHBIC CBOMCTBAa aTOMHBIX SIJIEP: COCTaB, pa3Mmep,

CBOMCTBA aTOMHBIX
sanep

(dopma, 3apsn, Macca sapa, dSHeprust cBsa3H. M30Tomsl.
['parnnbl ctabuinbHOCTH aTOMHBIX siaep. CiiH MpoToHA
Y HEUTPOHA. YTIJIOBOM MOMEHT si/ipa

S nepHbie Moaenu

Snepubie cunbl. Knaccuueckass MpOTOH-HEUTPOHHAS
MoOJeNb snpa. SnepHple Moaenu: (hepMu-ras,
KarelbHas, 000JI0ueuHass U 0000mEHHAs MOJIEIb Sapa.
KopoTkozeicTBytomiyie HyKJIOHHbBIE KOPPETSIUU B
AIpax U KyMYJSTHUBHBIN SepHbIT 3 dexT

PannoakTHBHOCTS.
Bubel
PaIHOAKTUBHOCTH

PannoaktuBHOCTh. Bubl paawoaktuBHOCTH: a-, b-, O-
pacnaj, CHOHTaHHOE JICJIEHHE.

['panuIel CTAOUIBHOCTH aTOMHBIX SIep. 3aKOH
paavoakTUBHOrO pacnaga. [lepuon momypacnana.
AKTUBHOCTh PaJIMOAKTUBHOTO MCTOYHHUKA.
Kauecmeennvle u pacuémuule 3adavu.
Mamemamuueckuii npaxmuxym « Cmamucmuyeckuti
xapakmep paouo- akmueHo20 pacnaoay

Tema 4. SInepubie peakuuu (2/4 1)

SnepHsble peaknuu

Snepubie mpeBpaiieHus B dKcriepuMenTtax Pesepdopna.
OTKpbITHE TIPOTOHA M HEUTpoHA. Peakuuu neneHus
anep. Llennas anepnas peakuus. TepmosinepHbie
peakuuu

IIpumepsl aepHBIX
peakumit

[Tonmoporoseie peakuuu. PoxnaeHne aHTUIIPOTOHOB.
N3ydyeHne CTpyKTypbl IPOTOHOB U SIJEP B IydKax
JNEKTPOHOB. Kauecmeennvle u pacuémuvle 3a0aqu

Tema 5. IIpoucxoxaenne 31emMeHTOB BO Beestennoii (2/4 1)

Ot OO0JIBLIOTO
B3pBIBA JI0 aTOMa
BOJIOpPOJIA

dyHnaMeHTalbHbIe B3auMoencTBus. CtanaapTHas
MOJeIb. bonbioil B3pbIB. ATOMBI BOJOpOAA U
JIETJalIluX DJIEMECHTOB

CuHTE3 DIIEMEHTOB
B 3BE€3/1aX

CuHTe3 7eMEHTOB B 3BE3/1aX. B3pbIBBI CBEPXHOBBIX
3BE3] U1 HEUTPOHHBIE 3BE3/bI




Tema 6. CHHTE3 HOBBIX CBEPXTSIKEIBIX 3JieMeHTOB (1/2 u)

CuHTE3 HOBBIX TpaHcypaHoBbIE U TpaHCHEPMHUEBBIE JIEMEHTHI. 1
CBEPXTSKENBIX 2Je-| «OCTpoB CTaOMIBHOCTUY» U CUHTE3 HOBBIX
MEHTOB CBEpXTsKENBIX neMeHToB. JlabopaTopus saepHBIX
peakuuii umenu akagemuka I'. H. ®népoaa.
Mogenb HUMKIOTPOHA U JIETEKTOpa JI PEeTUCTpaluu
CBEpXTsKENBIX AMeMeHToB. Kak peructpupyior
CBEPXTSKENBIE 3JIEMEHTBI
Tema 7. Yckopureqau W Kojuiaiiaepsl (2/4 4)
Yckopurenu, [TpuHuMnBl pabOTHl JTUHEMHBIX U IUKIMYECKUX 1
MPUHIIAIIBE HX ycKopHTenel. J[BukeHne 3apsyKeHHbIX YacTHIl B
paboThI IEKTPUYECKOM U MarHuTHOM nosisix. B. M. Bekcnep:
npuniun aBrodasupoBku. A. M. Byakep: unes
AJIEKTPOHHOTO OXJIAXKJICHHS U TIEPBbIE BCTPEUHBIC
KOJIbIIa
CoBpeMeHHbIE Bosbioii aapouusiit kownaiaep (LHC) B Espore u 1
KOJITaiIephI xoyutaiiiep penstuucrckux saep (RHIC). Mopens

IIPOTOHOB U AIEP

yckoputenbHoro komiuiekca HUKA — poccutickoro
KOJIJTalIepa TSKEIbIX UOHOB

Tema 8. HUcciienoBanue CTOJKHOBeHUH peasituBuUcTCKuX siaep (1/3 1)

CronkHOBEHUS UTO nmpouCXOAUT NPU CTOJKHOBEHUSX PENSTUBUCTCKUX 1
AJep IpU BBICOKMX | siaep. JeTeKTopbl AJisf perucTpaluu MpoayKTOB
SHEPrusix U HUX AepHbIX peakiuid. OCHOBHbIE XapaKTEPUCTHKH
perucrpanus peakuuid. Tpurrep mis or6opa coObiTuil. Bpems-
IPOEKIMOHHAsT KaMepa. DIeKTPOMarHUTHBIN
KaJOPUMETP, CUIMKOHOBBIE JI€TEKTOPbI IS
OIpEEIICHUsI BEPIINHBI B3aUMOJECHCTBUS
Tema 9. SInepHasi JHepreTHKa M rji00ajJbHbIE POGJIeMbI YeioBedyecTBa 1/3 u)
SAnepnas SnepHas sHepreTHka M ri00agbHBIE MPOOIEMBI 1
JHEpreTuKa u yenoseudecTBa. SAnepHsie peaktopsl. [Ipuponnsie
r1100anbHbIe AJIEPHbIE PEAKTOPBIL.
po0IIEMbI Pewenue kauecmeenuvix u pacuyémuuvix 3a0au.
YyeJI0BEeYeCTBa Humepaxmuenas mooenv 10epHo20 peakmopa
Tema 10. Sinepuasi pusuka u meauuuHa (1/3 q)
Anepnas ¢usuka u | SAnepnas ¢uszuka u MeauuuHa. Mojaenb 1
MeIuIuHa YCKOPUTENBHOIO KOMILIEKCA ISl IPOTOHHON
paaroTepanuu
Tema 11. Sinepnas ¢usuka ¢ ueiitponamu (1/3 4)
Snepnas ¢pusuka c | SAnepHsie uccnegoBaHusi ¢ HelTpoHamu. CBOMCTBa 1

HEUTPOHAMH

HEUTPOHHBIX MYyYKOB. MOJIENh HCCIIEIOBATEIHCKOTO
UMITYJIbCHOTO peakTopa Ha OBICTpBIX HehTponax MBP-2.
IIpuMeHeHne HEWTPOHHOTO AKTUBAIIMOHHOIO aHAJIN3a B
sKosoruu. Snepnas rianeronorus. Ilouck Boael Ha
Mapce npu oMOIIM UCTOYHUKA HEUTPOHOB

Tema 12. Paaunoomuosiorus (1/3 4)




PangnoGuonorus Yro mzyuaer paguodbmoinorus. CocraB KOCMUYECKOTO 1 3
U3JIIy4EHUS] U €ro BO3JCHCTBHE HA >KUBBIE OPTaHU3MBI.
[Tunotupyembie MONETHI B KOCMOC U paJUallMOHHBIC
pUCKU. ACTpoOUOIIOTHSL.
MonenupoBanue paguallMOHHBIX MOBPEKICHUHN KIETOK
B cpene GEANT
Tema 13. BzaumopaeiicTBue uzjiyueHus ¢ Bemectsom (1/3 4)
B3anmoneiictBue B3aumoselicTBue 3apsHKEHHBIX YacTHIL, (POTOHOB H 1 3
3apSKEHHBIX 9JIEKTPOHOB C BELIECTBOM
YaCTHII c
BEIIECTBOM
Tema 14. JleTrekTopbl 3apszKEHHBIX YACTHII H ramMMa-kKBaHTOB (1/3 u)
JleTexTopsl PaznuuHble TUIIBI JETEKTOPOB: T'a30BBIM, 1 3
3apSKEHHBIX dboTtosmybCcHH, My3bIPEKOBasi KaMepa,
YacTUIl U ramma- CUUHTHUISIIMOHHBIN, MOTYIPOBOJIHUKOBBIN, JETEKTOP
KBaHTOB HAa OCHOBE MUKpPOKaHAIbHBIX MIacTHH. ChEM
CUTHAJIa C JETeKTOpa. DHEPreTUYECKUue U BpeMsi-
npoi€THbie creKTpbl. COBPEMEHHbIE METO/ABI ChéMa U
oun(poBKH HHPOPMAIHN

Tema 15. BupryanbHas jsa6opaTtopusi «OCHOBBI U3MepEHHsI CHTHAJIOB C IeTEKTOpoB» (2/4

4)

Ilposeoenue
BUPMYATbHOU
1ab6opamopHoll
pabomul
«OcHosbl
usmepeHus
CUCHANI08 C
0emeKmopo8y

O06paboTKa MOTYYEHHBIX Pe3yJabTaTOB U 0(hopMIICHHE
paboTsl

4

Tema 16. Bupryaiabnas nadopaTtopusi «CHUMHTHJISINMOHHBINA TeJecKon 1J1

KOCMHMYECKHX Jiydeit» (2/4 1)

s U3YyUCHUS

IIposedenue
8UPMYATLHOU
nabopamopHou
pabomuwl

« Cyunmunnayuo
HHbIL  MeNecKon
u3yyeHus
KOCMUYECKUX
Jydeniy

o

OOpaboTka MOJyYEHHBIX PE3YJIbTaTOB U OPOPMIICHHE
paboThI

4

Tema 17. BuptyanabHasi JadopaTopusi raMMa-creKTpockonuu (2/4 )

IIposeoenue
BUPMYAIbHOU
1ab6opamopHoll
pabomuvl
«l'amma-
CNeKMpOCKONUSLY

O0paboTka MOMYYEHHBIX PE3YNIbTATOB U OPOPMIICHHE
paboThI

2




Tema 18. BupryajabHasi 1a60paTopusi CIIOHTAHHOTO AejieHus saaep (2/4 1)

IIpogedenue O06paboTka MOJTYYEHHBIX Pe3yabTaTOB U 0hopMIICHHE 2 4
BUPMYATILHOT paboTHI
1ab0pamopHoll
pabomul

«Cnoumannoe
OenleHue s0epy»

Tema 19. MaTeMaTHYeCKHii MPAKTHKYM 0 00padoTKe pe3yibTaTOB U3MeEPEeHUil B
cpene ROOT (2/4 u)

Ilposeoenue O06paboTka MONYYCHHBIX PE3yJbTaTOB M OhopMiIcHUE 2 4
Mamemamuyeckoeo | paboThI
NPAKmMuKyma no
obpabomke
pe3yibmamos

usmepeHuli 8 cpeoe
ROOT

Tema 20. MaTeMaTHYeCKHii MPAKTHKYM 110 MOJEJTHPOBAHHIO PATHANMOHHBIX
noBpe:kaeHuit kiaerku B cpexe GEANT (2/4 u)

Ilposeoenue OO0paboTka MOJYYEHHBIX PE3YJIbTATOB U OPOPMIICHHE 2 4
Mamemamuueckoeo | padboThI
NPaKmMuKyma no
MOOeNUPOBAHUIO
PAOUAYUOHHBIX
no8pescOeHUll
KIemKu 6 cpeoe

GEANT
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