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PABOYASA NPOrPAMMA YYEBHOW OUCLUMUMNUHDI

®TO.B.02 Pusuka cpyHaameHTanbHbIX B3aumMoaencTBmmn

1. Koa n HaumeHoBaHue cneunanbHOCTH:

14.05.02 ATOMHbIE CTaHLMN: NPOEKTUPOBaHUE, IKCNIyaTauna U UHXUHUPUHT
2. Cneuunanun3auus:

[MpoekTpoBaHWe 1 aKkcnnyaTaumsa aToOMHbIX CTaHUUN

3. KBanudpukaumsa BbINYCKHUKA: MHXEHeP — PU3NK

4. ®opma oOGy4eHuUs: o4Has

5. Kachenpa, oTBevarowasn 3a peanusauuro AUCLUNIIUHBI:
Kadpenpa agepHon oU3nKu

6. CoctaBuTENnU NporpamMmbi:

K.(p.-M.H., aoueHT Tutosa Jlapuca ButanbesHa

7. PekomeHaoBaHa:

Hay4yHO — meToaMyYeckum coBeTom hmanyeckoro gpakynoteTa, npotokon Ne4 ot 18.04.2025 .

8. YuebHbI roa: 2027/2028 CemecTp(bl): 6



9. llenn n 3agayum y4ye6HoOM AUCLUNSIUHDI

Llenamu oceoeHusi y4ebHOU QuCyUNIUHbI S8/11H0MCS:

- npuobpeTeHne 3HaHWN O CBOMCTBAX YeTbipex (pyHOaMeHTasbHbIX B3auMOAENCTBUN
nNpu-podbl, UX MPOSIBNEHUA Kak Ha YpPOBHE MUKpoMUpa (dNnemMeHTapHbIX 4YacTuu), Tak u B
KocMonornyeckux macwrabax (saponoumss BceneHHon, dopmupoBaHue ee CTPYKTypbl);
Hay4YUTbCS MCMONb30oBaTb METOAbl, pa3paboTaHHble B obnactun usnkm yHaameHTanbHbIX
B3aMMOLENCTBUIN B HAY4YHOW OeATENbHOCTW; OBNageTb MeTogamu, paspaboTaHHbiMy B obnactu
PU3NKN pyHaaMeHTanbHbIX B3auMoLeNCTBUN

3adayu yyebHOU OuCyUNIUHBbI:

- 3HaTb cucTemMatmsauulo SNeMeHTapHblX 4YacTuul, Buabl (yHOAAMeEHTanbHbIX
B3aMMOLENCTBUN; CBOWCTBA YeTblpex (QyHOaAMEeHTanbHbIX B3auMOAEWCTBUN Npupoabl, WX
NPOSIBIEHNSA KaK Ha YpOBHE MUKPOMMUpPA (3MIEMEHTapHbIX YacTul), Tak U B KOCMOJTOrMYeCcKnx
macwTabax (aBontoumna BeceneHHon, hopmupoBaHme ee CTPYKTypbl);

- ymeTb o06o6wartb pes3ynbTaTbl HaydHbIX WUccrnegoBaHun B obnactm  U3nKK
anemeHTapHbiX Yactuy n Kocmonorum, ncnonb3oBaTb MeToAbl, paspaboTaHHble B obnactu
PU3NKN PyHOaMeHTanbHbIX B3anMog4enCTBUN B HAYYHOW OEATENbHOCTMU.

10. MecTo yuyebHOM AncuUNuHbI B cTpyKType OOI:
AvcuunnuHa oTHOCUTCA K (bakynbTaTUBHLIM AUCUUMNIIUHAM.

11. MnaHupyemble pe3ynbTaTbl 00yYeHUA no AucuunnuHe/mMoaynio (3HaHUA, YMeHus,
HaBbIKU), COOTHECEHHbIE C MMIaHMPyeMbIMU pe3yfibTaTaMuU OCBOeHUs1 obpa3oBaTenbHOMN
nporpaMmmbl (KOMMNETEHLUMAMM) U UHAUKATOPAMU UX AOCTUKEHUS:

Koga HassaHue Koa(bl) WHaukaTop(bl) MnaHupyemble pesynbTaTbl 06y4eHns
KOMNeTEeHLMUK

CnocobeH
npoBOANTb 3HaTb: CBOWCTBa YeTbipex (pyHAaMeHTanbHbIX
NPOU3BOACTBEHHO - B3aMMOAENCTBMIN NPUPOAbI, X MPOSBEHNS KaK
TexHornormyeckune Ha ypOBHE MMKpPOMMPA (3NEMEHTapHbIX YacTuL),
nccrneaoBaHus TaK U B KOCMOMOrM4yeckmx macurabax
CUCTEM U1 Briageet pewennem | (aBontoumst BeceneHHow, hopmmupoBaHue ee
obopynoBaHus MaTeMaTU4ecKnXx, CTPYKTYpbI);
aTOMHbIX HM3NYECKNX U

MK-1 | anekTpnyeckux MK-1.3 XMMUYECKNX 3a0a4 B | YMETb: MCMNOMNb3oBaTb MeToabl,
cTaHuun n KOMMNEKCHON paspaboTaHHble B 06nactu unsnku
A0EpPHbIX NHXeHepHOW dyHOaMeHTanbHbIX B3aMMOAENCTBUIA B HAy4YHON
SHepreTnyecknx AeATeNnbHOCTU AeATenbHOCTY;
YCTaHOBOK,
y4acTBoBaTb BO Bnapetb: meTogamn, paspaboTaHHbIMU B
BHEAPEHUMN obnactn puankn dyHaameHTanbHbIX
pesynbTaToB B3aUMOLENCTBUNA.
ncecnegoBaHun

12. O6bem agucumniinHbl B 3a4eTHbIX eguHuuax/vyac. — 2/72.
dopma NpoMEeXyTOHYHOM aTTecTauum — 3adeT
13. TpyaoemMkocTb No Buaam y4yebHou paboTbl

TpyooemMKocTb
Bug yuebHon paboTbl Bcero Mo cemecTpam
6 cemecTp
AyanToOpHbIE 3aHATUA 32 32
nexkumm 32 32
B TOM 4uche: npakTn4eckmne
naboparopHble
CamocTtosiTtenbHas pabora 40 40
B TOM Yumcne: Kypcosasi pabora (NpoekT)
dopma NPOMEXYTOYHON aTTecTalmm 3aver




WToro:

13.1. CopepxaHne QUCLIMNIIUHDI

Peanusauus
pasgena
HaumeHoBaHuWe pasgena ONCUMNMNHBI C
Ne n/n CopepxxaHue pasgena aMcumnninHbl
ANCUMNNNHBI MOMOLLLbHO
OHMNamnH-Kypca,
OYMK*
1. NNekuun
OnemeHTapHble YacTuubl. JKCNepUMeEHTanbHbIe https://edu.vsu.ru/e
METOAbl MCCNeaoBaHNACTPYKTYPbI YacTuL. KoHcTaHTbl | nrol/index.php?id=4
1.1 AnemMeHTapHbleYacTULbl. A A PYKTYP H 013
1 pagnycbl dyHAaMEHTarnbHbIX 013
B3aMMOLENCTBUN.
https://edu.vsu.ru/e
12 CuctemaTtuka Cuctematuka Jactuy.dyHaaMmeHTanbHble nrol/index.php?id=4
' yacTtuu,. hepMUOHBI 1 6O30HbI. AOPOHBbI. BaproHbI U ME3OHBI. 013
3aKoHbl COXpPaHEHWss B MUpe 4acTul. VIHBapuaHThbI ps:// /
3aKoHbI COXpaHEHNsIB Mupe P P H P hitps://edu.vsu.ru/e
1.3 4acTn n acuMmmeTpun. bBapnoHHoe n Me3oHHOE KBaHTOBbIE nrol/index.php?id=4
H- yucna. Yactuubl - aHTu4acTuubl. CTpaHHOCTb. 013
PT-T ma. K nHaTbl PuT hitps://edu.vsu.rje
1.4 CPT-Tteopema. C eopema. RoopAnHa C, . nrol/index.php?id=4
WHBApWaHTHOCTM B cnabbix B3aMMoaencTBuUsIX. 013
CunbHble B3ammoaencTeusi. Kanmbposo4Has . g
15 | Cunbrbie MHBapUaHTHOCTb. KBapkosas CTpykTypa 6ap1MoHOB 1 n:zlsi'ndixu'ﬁs‘;'i:j‘ii
' B3aMMOOENCTBMS. mMe3oHoB. KBapkoBas gMarpamMmma HyKITOH-HYKIOHHOMO 013 B
B3aMMOJENCTBUA. o
16 | TPYAHOCTM KBAPKOBOIA TpyaHocTu KeapkoBoii Teopuu. LiseT. BapuoHbl 1 ::E)Ism dzi”"r’f‘i'ig“f}
. . H =
TEOopUMN. MEe30HbI Kak Habopbl LIBETHbIX KBAPKOB. [TIHOOHBI, —;p—p—oﬁ
17 | Acumnrotnyeckas AcvmnToTuyeckass cesoboga. KoHdaitHMeHT. ::)Ism dzi”"r’f‘j'igui
. ! .D D. =
cBobopa. OTcytcTBME KBapKoB B CBOOOLHOM COCTOSIHUM. 013
OKcnepuMeHTanbHoe NoATBEPXAEHNE HanMuus hitps://edu.vsu.ru/e
1.8 Taxenble KBapKu. P ATBEPXA nrol/index.php?id=4
KBapKOB B afpoHax. TsKernble KBapKu. 013
19 | KeaTosas OnekTpoMarHuTHoe B3aumMogeincTemne. KeaHtoBas ::)lsm dZ?(u.\fgSLJ?.iLLJ—‘el
' anekTpoaMHamuKa. anekTpoaMHamuka. [aMma-KBaHTbI. 013 B
Cnaboe .
. Cnaboe B3anmopgenctaue. Teopus Gepmu. https://edu.vsu.ru/e
B3aMMoencTeue. o > :
1.10 JlenToHHble 3apagbl. Tunbl HenTpuHO. KanmbposoyHas | nrol/index.php?id=4
anekTpocnabbie o o 013
o Teopus anekTpocrabbix B3aMMOAENCTBUN. 013
B3aMMOLENCTBUS
Teopus Benukoro
Teopus Benukoro O6beauHeHus. MNMouck pacnaga https://edu.vsu.ru/e
O6beauHeHus. YeTbipe > -
1.11 npotoHa. O6beamHeHne YyeTbipex yHAaMeHTanbHbIX | nrol/index.php?id=4
dyHOaMeHTanbHble N N 013
o B3aMMOAENCTBUA. 013
B3aMMOOENCTBMIS.
OO0wwas Teopusi OTHOCUTENBHOCTMU. YpaBHeHUs
Obuian Teopus cynepcumMmMeTpun. dsonioLma BeeneHHom. BonbLuoii https://edu.vsu.ru/e
1.12 | oTHocuTenbHocTU. BonbLuon : : nrol/index.php?id=4
B3pLIB B3PbIB U €ro 3KCnepuMeHTarnbHble NPOsiBNEHUS. 013
ATanbl 3Bontouun BeceneHHon. o
OTcyTcTBME aHTMBELECTBa BO BceneHHoM.
3Be3gHas spa BceneHHon. WHdnauuns. 3sesgHas spa BceneHHon. https://edu.vsu.ru/e
1.13 | KoHe4Hble aTanbl 3aknounTenbHaa cTagusi KU3HW 3Be3q. nrol/index.php?id=4
3BOMOLUN CBepXxHOBble 3Be3/bl. HeNTpOoHHbIE 3Be30pbl. 013
KoHe4Hble aTanbiaBontoumm BeceneHHom.
https://edu.vsu.ru/e
114 MpoucxoxaeHue MpoucxoxgeHne XMMUYECKMX ar1eMeHTOB. YepHble Crol/index chpZided
. l -p p. =
XMMUYECKUXINEMEHTOB. Oblpbl N UXHabnoaeHue.

013

13.2. Tembl (paspenbl) AUCUUNNUHBLI U BUAbI 3aHATUX

Ne
n/n

(pasgena) ancumnnimHbl

Buabl 3aHATMI (KONMYECTBO YacoB)

HanmeHoBaHue TeMbl

Nekunn

Mpaktuyeckne | JlabopaTopHble

CamocTosiTenbHas
paboTa

Bcero
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1. OnemMeHTapHble4acTuLbl. 2 2
5 Cucrtematuka 5 2
yacTuu,.
3aKoHbl COXpaHEeHWsIB 5 5
MUpE YacTul,
CPT-Teopema. 2 2
CunbHble 2 2
B3aMMOENCTBUA.
6. TpyaHoCcTU KBAapKOBOM > 4 6
TEeopuu.
AcnmnToTndeckas
2 2
cBobopa.
8. Taxenble KBapKu. 2 2
9 KBaHTOBasi > 4
AneKkTpoaMHamuKa.
Cnaboe
10. B3aMMOJENCTBME. 4 4 8
anekTpocnabbie
B3anMOEeNCTBUA
Teopus Benukoro
11, O6beauHeHus. YeTbipe 4 4 8
dyHOaMeHTanbHble
B3aMMOLENCTBUS.
O6wasa Teopus
12. OTHOCUTESILHOCTM. 2 4 6
BonbLlion B3pbIB
3Be3gHasda apa
13, BceneHHon. KoHeuHble > 2 4
aTanbl
3BoONOLMN
14, MpoucxoxaeHue > > 4
XVMUYECKNXIINEMEHTOB.
WTtoro: 32 40 72

14. MeToanyeckmne ykasaHuAa Ansa odyvarowmxcsa Nno 0OCBOGHUIO AUCLUNIIUHbI:

CtyoeHTam Ha nekumnsix HeobxoaAnMMO BeCTVM NoApPOOHbIN KOHCNEKT U CTapaTbCs MOHATb
mMaTtepuan Kypca. Ons MNonHOro noHMMaHua maTtepuana cnegyet akTUBHO WCMOnb30BaThb
KOHCynbTaumn. [Ona camMoCTOATENbHOrO M3y4eHUst pasfenoB  Kypca, PeKoMeHAOBaHHbIX
npenogaeatenemMm, HeobxoAMMO MONb30BaATbCA OCHOBHOW W AOMOSIHUTENBLHOW NUTEpaTypoun,
NHTEPHEeT-pecypcamu.

Ha npakTtnyeckmx 3aHATuAX HeobxoauMmo yMeTb pellatb 3ajadn 1M aHanuanpoBaTb
pelleHne, Ha YCTHbIX onpocax oby4yaembli JOMKEH YMETb AEMOHCTPUPOBATL MOSTyYEHHbIE HA
NeKkumsiX N NPaKTUYECKNX 3aHATUSX 3HAHUS, YMEHUS U HaBbIKW, OTBEYaTb Ha MOCTAaBMEHHbIE
BOMpPOCHI, NogAepXnBaTb ANCKYCCUIO MO CYLLLECTBY BONpoca.

MeTogunyeckoe obecneveHne aygutopHon paboTbl: y4ebHO-MeToguyeckme nocobusa ans
CTYOEHTOB, Y4€OHMKN N y4ebHble Nocobus, aNeKTPoHHbIE N IHTepHeT-pecypcebl.

MeTtogunyeckoe obecrneyeHne camMocToATENbHOM paboTbl:  y4ebHO-MeToandeckme
nocobmsi Mo opraHM3auum CaMoCTOATENbHOMW pPaboTbl, KOHTPONbHblE 3adaHua U TecTbl B
OyMaXHOM M 3NEKTPOHHOM BapuaHTax, TECTMPYIOLWME CUCTEMbI, OUCTaHUWOHHbIE OopMbI
obuweHns ¢ npenogasatenemM. KOHTpONb caMoCcToATENbHOM paboTbl peannayeTcs C MOMOLLbIO
OnpocoB, TECTOB, BOMPOCOB MO TeMam 3a4aHnin 1 T.4.

15. lNepeyeHb OCHOBHOM WU [AONONHUTENLHOW nUTEpaTypbl, PEeCypCOB MWHTEPHET,
HeobxoAnMbIX ANsi OCBOEHUA AUCLUMIINHBI

a) OCHOBHasa nuTeparypa:
Ne n/n NcTouHnk

1 KanutoHoB N. M. BBeageHne B dmauky sigpa n yactuy, : y4eb. nocobue gnsa ctyg. dms. dak. Knacc. yH-
’ TOB M OpYrMX By30B, 00y4. MO cneumanbHocTu "Apep. uaunka" n HanpaeneHuo "®uauka" / 1. M.




KanutoHoB .— N3a. 3-e, ucnp. n gon. — M. : KomKHura, 2006 .— 327c.

CyxoBonbckuii B. .. ONTUMU3aLMoHHbIE MOSENN MEXNONYNALMOHHBLIX B3aumogenctemi / B.I'.

2. CyxoBonbckuid, T.P. Vcxakos, O.B. Tapacosa ; Poc. akag. Hayk, Cnb. ota-Hue, VIH-T neca nm. B.H.
CykayeBa, MexgyHap. Hayy. LeHTp nccneaoBaHnin 9KCNepPUMEHT. COCTOSIHUIA opraHnuama

npwu MNpe3ngnyme KpacHosp. Hayd. ueHTpa, Cnb. degep. yH-T ; oTB. pea. P.I". Xnebonpoc .—
HoBocunbupck : Hayka, 2008 .— 161 c.

©) gononHuTenbHasa nutepartypa:
Ne n/n McTouHmnK

4 BrnvH-Ctonn, P. dyHgameHTanbHble B3aMmogencTamst U atomHoe sapo / P. bnvH-Ctonn .— M. : M,
' 1976.— 359 c.

Axvesep, Anekcangp Unbwu. MNMonsa n dyHgameHTanbHble B3anmoaenctens / A. . Axuesep, C. B.

5. MenetmuHckuin ; AH YCCP, Xapbk. ouns.-TexH. uH-T .— Knes : Hayk. gymka, 1986 .— 550 c.
6 lFotdppua K. KoHuenumm domnsmnkn anemeHtapHbix Yactuy, / K. F'ottdppua, B. Banckond ; MNMepesog ¢
’ aHrn. B. I'. byaaHoBa; Nog peg. [v ¢ npegucn.] A. 1. CyxaHosa .— M. : Mup, 1988
7. — 239 c.
8 MyxuH K.H. QkcneprmeHTanbHasa saepHas dmaumka: B 2 kH. / K.H. MyxuH. — M. : QHeproatomusaar,
' 1993. —KH. 1, 2.
9 LWnpokos tO. M. ApepHasa dmsuka : yueb. nocobmne ana ctyq. doma. cney. Bysos / HO.M. LLUnpokos, H.I1.

KOognH .— 2-e n3ga., nepepab. — M. : Hayka : duamarnut, 1980 .— 727 c.
10. | OkyHb J1. Bb. ®u3uka anemeHTapHbIx Yactuy, / J1.b. OkyHb .— M. : Hayka, 1984 .— 223 c.
®payaHenbaep . CybaTtomHan dmaumka / . PpaysHdenbaep, 3. XeHnu ; nep. ¢ aHrn. nog pes. B.B.

11| Tonmauesa — M. : Mup, 1979 — 736 c.

3enbpoeny A. b. Penatusnctckas actpodmsnka / A.b. Senbgosuy, U.. Hoenkos .— M. : Hayka,
12.

1967 .— 654 c.
13 BucHoBaTtbii-KoraH I'. C. PenatuBuctckas actpoduanka n gpuandeckas kocmonorus / I.C.

BucHoBaTbin-Koran .— M. : URSS, 2011 .— 362 c.

B) MH(pOPMALMOHHBIE 3NEKTPOHHO-00pa3oBaTenbHble pecypchbl (odmumanbHble pecypcbl UHTEPHET)™:
Ne n/n Pecypc

14. | www.lib.vsu.ru— 3HB BI'Y.

15. | https://ledu.vsu.ru — OnekTpoHHbIV yHUBepcuTeT BI'Y

16. | https://e.lanbook.com — 3BC «JlaHb»

17. | https://iwww.studentlibrary.ru — O6C «KoHCynbTaHT cTygeHTa»

18. | https://urait.ru — OBpa3oBaTenbHada nnatgopma «KOPANT»

19. | htips://frucont.ru - NHdOpMaLMOHHO-TENEKOMMYHMKALMOHHas cuctema « KoHTekcTym»

16. NepeyeHb y4eOHO-MeTOANYECKOrO ObecneyYyeHUs ANA CaMOCTOATENIbHOW paboThbl

Ne n/n McTovHNK

1 MeTognyeckne pekoMeHaaumMm no opraHM3aumm camocToaTenbHoON paboTel cTyaeHToB - Baxtenbs B.M.,
" | TutoBa J1.B. — BI'Y

17. OO6pasoBaTenbHbleé TEXHOMOrMKU, WUCNONb3yeMble MNpu peanusaumm y4ebHomn
OUCLUMNNUHBbI, BKIKOYaA AUCTaHUMOHHble oOpasoBaTenbHble TexHonorum (OOT,
3NeKTpoHHoe oby4yeHue (J0), cmewaHHoOe OOyyYeHue):

Mpyv  npoBedeHWM  3aHATM  NO  AUCUMNIMHE  MUCMONb3ylTCA  cnegyloline

obpasoBaTenbHble TEXHONOMMMN:

— aKTUBHblE U MHTEpPaKTMBHblE (DOPMbI MPOBEAEHNS 3aHATUM;

—  KOMMNbOTEPHbIE TEXHOMOMUW NPY NPOBEAEHUN 3aHATUINA:

— nNpe3eHTaUWOHHble MaTepuanbl U TEXHONMorMM npu OObSACHEHUM MaTepuana Ha
NEKUMOHHbIX 1 NPAKTUYECKUX 3aHATUAX;

- cneuyuanuspoBaHHoe obopyaoBaHue Npu NPoBeAeHUN nabopaTopHbIX paboT;

— pa3bop KOHKpPeTHbIX CUTyauuid Mpu MOCTaHOBKe Lenein W 3agad kK paspaboTke
NpUKNagHblX nporpaMm, npu BblGope nporpaMMHOro obecrnedyeHuss Mo YCTaHOBMEHHbIM
KpUTEPUsIM, Npu paspaboTke NporpamMm Mo npeaycMOoTPEHHbIM anropuTtMamM 1 meToaa.



http://www.lib.vsu.ru–/
https://e.lanbook.com/
https://www.studentlibrary.ru/
https://urait.ru/
https://rucont.ru/

Ona camocTtosTenbHon paboTtbl ucnonb3dyetca IABC YHuBepcuteTckas OGubnuoTteka
online - www.lib.vsuru - 3HB BIY. [MporpammHoe ob6ecnevyeHne, npuMmeHsiemoe npwu
peanusaumn gucumnnuHbl — Microsoft Windows, LibreOffice, CodeBlocks, Adobe Reader,
Mozilla FireFox.

AnctaHuMoHHbIE obpasoBaTernbHble TexXHONorum (4oT) NPUMEHAITCA C
ncnonb3oBaHMemM obpasoBaTenibHOro noprana «ANeKTPOHHbIN yHMBepcuTeT BIY».

18. MaTepmanbHO-TEXHNYECKOEe obecneyeHme QUCLUUNIIUHDI:

YyebHasa ayguTtopus
CneumanusnpoBaHHas mebenb
KoMnbloTepHbIN Knacc, NoOMeLLeHne Arsi CaMoCcTosATENbHON paboTbl

CneumanusnpoBaHHasi Mebernb, KOMMNbIOTEPbl C BO3MOXHOCTbIO NMOAKIIOYEHUS K CETH
«MHTepHeT» 1 obecrnevyeHnemM AocTyna B 3NEKTPOHHYI0 MH(OPMaLMOHHO-06pa3oBaTeNbHYHO
cpeny yHvMBepcuteTa

Microsoft Windows 10, LibreOffice, Adobe Reader
19. OueHoOuYHbIe cCpeacTBa Afsl NPOBeAeHUA TeKyLen U NPOMEXYTOYHOM aTTecTauum

MopsiAOK OLEHKM OCBOeHUst obyvallwmmncs y4yebGHOro Marepuana onpenensieTcs
coAepxaHnem criefylLmx pasaenos AMCUMNNUHBI

HaumeHoBaHne WHaukaTop(bl)
Ne KomneteH
/n pasgena AuCuMnnHbI L) AOCTUXEHUSA OueHouHble cpeacTsa
(mogyns) KOMMNEeTEHLUN
1 OnemeHTapHble
) Yyactuubl.
5 Cucremaruka
' yacTumu.

3aKoHbl COXpaHEeHUsIB
MUpe YyacTtuu,.

4. | CPT-teopema.
CunbHble
B3aNMOAENCTBUS.
TpyaHoCcTU KBapKOBOM
TEopun.
AcumntoTnyeckas
cBobopa.

8. | Tshxenble KBapKM.
KsaHTOBas
ANeKTpoaMHamMumKa.
Cnaboe MK-1 MK-1.3
B3aumopencTame.
anektpocnabble
B3aMMoOJencrTeus
Teopua Benukoro

11. O6beanHeHus. YeTkipe

dyHAaMeHTanbHble
B3aUMOJEeNCcTBUSA.

O6uwas Teopus

12. | OTHOCUTENBLHOCTMU.
BonbLuon B3pbiB
3Be3gHasd apa
BceneHHon. KoHeuHble
aTanbl

3BONHOLMN
MpouncxoxageHne
XUMUYECKNXINEMEHTOB.

Konnokeuym, cobecefoBaHue no
BOMpOCaM K 3a4eTy

10.

13.

14.




HaunmeHoBaHne WHankartop(bl)
Ne KomneTteH
/n pasgena AuCuUMNnHbI L) [OCTUXEHMUSA OueHouHble cpeacTBa
(mogyns) KOMMeTeHU M
lMpomexyTodHasa aTTecTaums MNMepeyeHb BONPOCOB K 3a4eTy
¢hopMa KOHTPONSA — 3a4eT C OLEeHKON MyHkT 20.2

20. TunoBble OLEHOYHbIE cpeAcTBa UM MeToAMYECKUME MaTepuanbl, onpeaensiowume
npoueaypbl OLeHUBAHUA

20.1. TeKywW UM KOHTPOSb yCNeBaeMoCcTu

KoHTponb ycneBaeMocTu MO AUCLMNIIMHE OCYLLLECTBSIETCS C MOMOLLbIO CNEQYHLNX OLEHOYHbIX
cpencTs:
MepeyeHb BONPOCOB BXOQHOIrO KOHTPONSA:
Tunbl B3aumogencTeun. KoHCTaHTbl U paguycbl B3anMogencTBUN.

Teopun B pun3mke anemMeHTapHbIxX Yactuy. dnarpammbel PenHmaHa.
KBaHTbl nonen. dyHaameHTanbHble 6030HbI.

Cuctematuka YyacTtuy. PyHaameHTanbHble YacTuubl. KBapku. BapnoHbl 1 Me30HbI.

o M 0w bdPRE

3aKOHbI coxpaHeHus B omamnke YacTuy,. bapnoHHoOe 1 NenTOHHbIE KBAHTOBbLIE YnUCha.

CTpaHHOCTb.

6. CunbHble B3aumogencteums. AgpoHbl. KBapkoBas CTpyKTypa neryamimx 6apmoHoB v
ME30HOB.

7. User.

8. [MooHbl. KBaHTOBas XpoMoguHaMuKa.

9. OKpaHupOBKa M aHTUIKpaHMpoBKa. ACUMNTOoTMYEcKass cBoboaa n KoHaNnHMEHT.

10. Cnabble B3aumopencTeums. JIenToHHble 3apsabl. HenTpuHo.

11.Cnabble pacnagpl. KoHcTaHTa crniaboro B3aMmoaencTBuS.

12. 3apsiKeHHble N HenTpanbHble cnabble TOKW.

13. P-cummeTpus. HecoxpaHeHne YeTHOCTU B crnabbix B3aMMogenCcTBUSIX.

14. 3apsipoBoe conpsixeHune. CP-npeobpasoBaHue.

15. O6pawieHune spemeHn. HapyweHune CP-nuBapmaHtHocTu. CPT-Teopema.

16. KoHcTaHTbl B3anmoagencTeunn. NepeonpeaeneHne KOHCTaHTbI craboro B3anmMogencTBus.

17.Cb6eratowmecs KOHCTaHTbl. Benukoe obbegnHeHume.

18. X- 1 Y-6030HbI, (pyHAameHTanbHble 6030HbI MUHUMansHon SU(5)-moaenw.

19. CnoHTaHHOe HapylleHne cuMmMmeTpun. MexaHmnsm Xurrca.

20. Pacnag npoToHa v gpyrme npeackasaHus Teopuin Bennkoro o6beanHeHus.

21.lMokoneHnsa pyHaamMeHTanbHbIX PepMUOHOB.

22.Cneayrowmn atan odbegnHeHnsa - CynepcummMmeTpus.

23. OCHOBHblE NONOXeHNS 0bLLEeN TEOPMN OTHOCUTENBHOCTM.

24.eomeTpUsa NPOCTPaHCTBA-BPEMEHMU.

25.BceneHHasa. bonblion B3pbiB. Teopus ropsyen BeceneHHon.

26. OTanbl aBonoumn BeceneHHon.



27.5pnepHble peakuun B 3Be3fax.

28. OBontouuns 3Be3q. HykneocuHTes.

29. B3pbiBbl CBEPXHOBbLIX 3BE3[.

Onucanue KputepueB 1 WKanbl oueHnBaHUA KOMMeTeHLNN (p63yJ'IbTaTOB O6yLIeHVIFI) npu arrectauum

Kputepun oueHBaHUs KOMNETEHLNI

LLIkana ougeHok

OOGyyarowmiics AeMOHCTPUPYET MOMTHOE COOTBETCTBME
3HaHUN, YMEHWI, HaBbIKOB NPMBEAEHHbLIM B Tabnmuax
rokasatensiM, cB0604HO onepupyeT NpUobpeTeHHbIMK
3HaHNAMU, YMEHUAMMU, NPpUMEHAET UX Npn peLueHnmn
NpakTn4yeckmnx sagad

OTnn4Ho

OO6yvatoLmiicst EMOHCTPUPYET COOTBETCTBUE 3HAHUNA,
YMEHWIN, HaBbIKOB NpMBEAEHHbIM B Tabnmuax
rokasaTtensiM, HO JOoNycKaeT He3HauYNTENbHbIE OLIMOKN,
HETOYHOCTW, UCTbITbIBAET 3aTPYOHEHUS MPU PeLLEeHNI
npakTU4YecKnx 3agad

XopoLuo

Ob6yvatominca 4eEMOHCTPUPYET HEMOMHOEe
COOTBETCTBME 3HAHWIA, YMEHUIN, HABLIKOB NPUBELAEHHBLIM
B Tabnuuax nokasarensm, JOMyCcKaeT 3Ha4YMTENbHbIe
OLUMOKM NPU peLLeHnn NpaKkTUYeCcKMX 3agad

yﬂOBﬂeTBopMTeﬂbHO

O6yvatouminca 0eMOHCTPUPYET SBHOE HECOOTBETCTBUE
3HaHWIA, YMEHWUI, HABbIKOB NPUBEAEHHbIM B Tabnuuax
nokasaTensim

HeypoeneTsBoputensHO

20.2. NMpomexyTo4yHaa aTrecTauus

OLIEHOYHbIX CPEACTB:

© © N o 00k WD PE

[MepeyeHb BONPOCOB K 3a4eTy:
OKcnepuMeHTanbHble METOAbl UCCeOBaHUS CTPYKTYPbl AIEMEHTapHbIX YacTul,

Buabl doyHaaMmeHTanbHbIX B3anmMogencTeum. MIx cBoncTtaa.

Cuctematuka ANnemMeHTapHbIX YacTud.

3aKOHbI COXpaHeHNA B MUpe 3NNIeEMEeHTapPHbIX YacTul,.

CPT-teopema.

10. OTanbl aBonouun BeceneHHonm.

I'Ipome>|<yTquas=| arrectauma no gucuuniinHe ocywecTBiAaeTcaA C MNOMOLLbHO

I'Ipomcxo>|<,quv|e XUMNYECKNX 311EMEHTOB. l-‘|eprIe Oblpbl N NX Ha6mop,eHv|e.

HentpoHHble 3Be3abl. KoHeYHble aTanbl aBontounn BeceneHHo.

3aknountenbHasa ctagus Xu3Hu 3se3n. CBepxHoBble 3Be3bl.

11. CvnbHble B3aumogencTeusi. KanmbpoBoyHasi MHBapUaHTHOCTb.

12. BonbLUON B3pbIB N €ro 3KCNepuMeHTarnbHble NPOSBNEHUS.

13. KBapkoBasi CTpykTypa 6ap1MoHOB 1 ME30HOB.

14.YpaBHEHUS CynepCUMMETPUN.

15. KBapkoBas agnarpamma HyKIOH-HYKITOHHOIro B3aMMOAENCTBUS.

16. Obwas Teopmst OTHOCUTENBLHOCTW. JBONOLUNA BceneHHoN.

creayroLmx

OTcytcTBME aHTUBeLLecTBa BO BceneHHon. MHdnaums. 3sesgHas apa BeceneHHon.



17. TpygHOCTK KBapkoBown Teopun. Liser.

18. O6beanHeHne YeTblpex (pyHOaMeHTanbHbIX B3aMMO4ENCTBUN.

19. KeapkoBas cTpykTypa 6apnmoHOB 1 Me30HOB. [M0OHbI.

20. Teopusa Benukoro O6beanHenns. MNMouck pacnaga npoToHa.

21. KoHparHmeHT. AcumnToTnyeckasa cesoboaa.

22. KannbpoBoyHasa Teopus anekTpocnabbix B3ammogencteun. + W n Z-6030Hbl.

23. JKcnepMMeHTanbHoe NOATBEPXKAEHNE HANUYNS  KBApKOB B agpoHax. TsxKenble KBapKu.
24.Cnaboe B3anmogencteue. JlenToHHble 3apsabl. Tunbl HENTPUHO.

25. aﬂeKTpOMaFHI/ITHOe B3anmopencteme. KsaHtoBas ANIeKTpoanHamMumKka. [aMmma-KBaHTbI.

Cnaboe B3aumopgencTteue. Teopua depmu
I'IpomemyTquaﬂ arrectauma npoBoanTCcA B COOTBETCTBUU C lNonoxeHnem o I'IpOMG)KyTO‘-IHOVI

atTecTauunm obyyaroLmMxca No NnporpaMMam BbiCLLErO 06pas3oBaHus.

KOHTpOnbHO-M3mMepuTenbHble Matepuanbl MPOMEXYTOYHOW aTTecTauun BKNwYawT B cebs
TEopeTuyeckne BOMPOCbl, MNO3BOMSAOLWME OUEHUTb  YPOBEHb  MOSYYEHHbIX  3HaHWUW  U/nunu
npakTuyeckoe(ne) sagaHue(s), nossonsLee(ne) oLueHnTb cteneHb COPMUPOBAHHOCTU YMEHUI U(KIK)
HaBbIKOB, U(1NK) ONbIT AEATENbHOCTH.

I'Ipvl OUEeHNBaHUN NCNONb3YIOTCA KONMMYECTBEHHbIE UMMM Ka4eCTBEHHbIE LLKallbl OLIEHOK. KpI/ITepI/IVI
oueHnBaHunA npmuBeneHbl Bbllle.

Onucanue Kputepues U LKanbl OLleHnBaHNA KOMMETEHL MM (pGSyJ'IbTaTOB O6y‘-IeHI/IF|) npun atrectauumn

Kputepun oueHBaHUs KOMNETEHLNI Likana oueHok

OOyyaroLmiics AeMOHCTPUPYET MNONTHOE COOTBETCTBUE
3HaHUN, YMEHWI, HaBbIKOB NPUBEAEHHbIM B Tabnmuax
nokasaTensim, cBo6o4HO onepupyeT NPMobpeTEeHHLIMM
3HaHNAMU, YMEHUAMU, NPUMEHAET UX NPU peLUEeHnNn
npakTnyecknx sagad

OGyyvaroLmincs 4eEMOHCTPUPYET COOTBETCTBME 3HAHUN,
YMEHWUIN, HaBbIKOB NpMBeAeHHbIM B Tabnmuax
nokasaTensam, HO JOMyCcKaeT He3HaYnTeNbHble oWnBKN,
HETOYHOCTM, UCMbITLIBAET 3aTPYAHEHUS NPU peLleHnn
npakTU4ecKknx 3agay

3ayTeHo

O6yvatoLumimnca 0eMOHCTPUPYET HEMOSHOEe
COOTBETCTBME 3HAHWIA, YMEHUIN, HABLIKOB MPUBELAEHHBLIM
B Tabnuuax nokasatensiM, 4ONYCKaeT 3Ha4YNTENbHbIE
OLLUMOKM NPU peLLEHNN NPaKTUYECKMX 3adad

O6yvatoLumimnca 0eMOHCTPUPYET SBHOE HECOOTBETCTBME
3HaHW, YMEHWNI, HAaBbIKOB NPMBEAEHHbIM B Tabnmuax HesauyTteHo
nokasartensam

Mpumep KOHTponbHO-U3MeputTenbHoro matepuana (KUM)
YTBEP>XXOAKO
3asenyrownn kageapom
SA0€epHON U3NKK

Twutosa J1. B.

HanpaBneHme noaroToBKU:



14.05.02 ATOMHbIE CTaHLMW: NPOEKTUPOBaHUe, aKcnnyaTaumsa 1 UHKUHUPUHT.
Oucumnnuna: ©®TA.B.02 dusnka dyHaameHTanbHbIX B3anMogencTamm
Bua koHTpons: 3ayer

KoHTponbHO-nameputenbHbli matepman Ne1

1. Buabl cbyHOameHTanbHbIX B3auMoaencTeun. Mx ceonctsea.
2. KsapkoBas cTpykTypa 6apMOHOB 1 ME3OHOB. [ MHOOHBI.

MpenopaeaTenb

noanuce

21. ®oHA oUeHOYHbIX CpeacTB

TecT

1. BbibepeTe BepHOe yTBepXaeHue
1) Y Bcex yacTtuu AOMKHbI ObITb aHTU4YACTULbI

2) |_|pl/l CTONKHOBEHUN Napbl YaCTUlbl-aHTUYaCTULa nponcxogant nx ncHesHoseHmne

3) AHTMYacTuubl obnagatoT 6omnee BbICOKON aHEPrnen, Yem obblYHbIe YacTULbI

pacwmndpoBka nognucu

4) dyHoameHTarnbHble B3aMOAENCTBUSA B aHTMBELLLECTBE HE OTNIMYatoTCs OT oyHAaMEHTanbHbIX

B3aMMOOEeNCTBUN B BELL,ECTBE
2. NepeHocunKamm CUNbHOro B3aMMOLENCTBUS SBNSIKOTCA....
1) Keapku 2) MooHbl 3) MniooHbl 4) B5030HbI
3. Yactuyamm, oTHOCALWMMCS K rpynne agpoHOB, ABNSAIOTCS...
1) NlenToHbl 2) AnekTpoHbl 3) BapuoHbl 4) POTOHLI
4. CKONbKO Ha CErogHALHNA OeHb OTKPbITO BUOOB HENTPUHO?
1)12)23)34)4
5. ConocTtaBbTe TEOPUM C NPEAMETOM TOrO, YTO OHU ONUCHIBAKOT
Ykaxume coomeemcmeue 01 8cex 4 sapuaHmos omeema:
1) OnekTpomarHMTHOE B3anmogencrTene
2) Bce B3anmogencTsus
3) Bce B3anmogencTtsusi, KpoMe rpaBuUTaLMOHHOMO
4) CunbHoe B3auMogencTene
5) BaanmopgencTeme, obbeanHsoLLee arieKTpoMarHMTHoOE 1 criaboe B3aMogencTeus
_1_KBeaHTOBasa xpoMmoguHamMmuka
_ 2 Onektpocnabasa Teopus
_3_ Teopwusa Benunkoro obbeanHeHns
_4 KeaHTOBas anekTpoaMHamuka
Omeem: 1) 3nekTpoMarHUTHOE B3aMOLENCTBME
2) Bce B3anmogencTteusi- 3 Teopus BENUKOro 06beanHeHns;
3) Bce B3anmopgencTens, KpoMe rpaBUTaLMOHHOro-
4) CunbHoe B3aumogencTeme - 1 KeaHTOBasi XpOMOOMHAMMKA;
)

5) BaanmopgencTteme, obbeanHsoLLee 3N1eKTPOMarHUTHOE 1 criaboe B3aMmMogencTaus.

6. Kakon 13 oyHaameHTanbHbIX TUMOB B3aUMOLENCTBUN paHblLLle OCTarbHbIX BblAENAEeTCH nNpu

NOHMXEHUN SHEPIrnn yactuy?



1) NpaBuTaumoHHoe 3) CunbHoe

2) OnektpomarHutHoe 4) Cnaboe

7. Kakne yacTuubl CHATAOTCS UCTUHHO SNEMEHTaPHBLIMU?
1) NenToHbl 2) MMtooHbI 3) Me30oHbI 4) BapuoHbI

8. Kakoe
B3aumMopgencTeune
3a pacnag

17'(958) — 37°, s ( v

npeacTaBneHHbIn 3

Avarpammon n' (958 } .l

denHmaHa? u

1) CunbHoe 5 C u

B3aumMmogencTeue; } ?rD
u

2) Cnaboe
B3anmopgenctene; 3) OnekTpomarHMTHoe-B3anmMogencTeme;

oTBevaet

=1
“-\(_-l"
=
[}

4) OnekTpocnaboe B3anmogencTemne

9. Kakon doyHaameHTanbHbI 6030H SIBNSETCHA NEPEHOCHMKOM 3S1EKTPO-MarHMTHOroO
B3aMoaencTBus?

1) W- 1 Z — 6030HbI; 2) 'paBnToH; 3) MooH; 4) POTOH.

0

10. 72- -ME30H KMHETNYECKasA 3HEPInAd KOTOPOro HyJmw, pacnagaeTcqa Ha ABa raMMa-KBaHTa,
QHEPIrnn KOTOpPbIX paBHbI. KakoB yron mexay HanpasneHnamMmmn asmxxeHus ramMma-KBaHTOB?

1) 0 2) 90 rpagycos 3) 180 rpagycos 4) 45 rpagycos

11. Kakoe 3Ha4yeHe MOXET NPUHMMAaTb KBaHTOBOE YNCIO «LBET», XapaKTepusyroLiee CoCTosHE
KBapKOB?

1) 6enbivi 2) cuHKMIA 3) aHTUXKENTLIN 4) PMONEeTOoBbLIN

12. KakoB paguyc gencteusa cnabblx cun?

1) 6eckoHeyqHo 6onbLuon 2) nopsgka 1 m 3) meHee 1 oM 4) npumepHO 1 HM
13. AQpOHBbI COCTOAT U3

1) Tpex KBapKOB 2) AByX KBApKOB N OAHOr0 aHTUKBapKa 3) ABYX aHTUKBAPKOB 1 OQHOro KBapka 4)
13 MPOTOHOB N @HTUNPOTOHOB

14. K doyHOoameHTanbHbIM hepMmoHam OTHOCSTCA:
1) NPOTOHbI M HEMTPOHBI; 2) FHOOHbI; 3) KBapKU U NEeNTOHbI 4) agpOoHbI
15. CP-npeobpaszoBaHne — 3TO

1) onepauusa 3apsaaoBoro conpsxeHmna 1 UHBepCcn CUCTeMbl KOOpAUHAT,
2) ornepauuna nsAMeHeHnda 4eTHOCTU U MaccChbl,

3) onepauusi 3epkarnbHOro OToBpaKeHMs U UBMEHEHMUS CMUHA;

4) onepauusi nepexoda OT YacTuLbl K aHTU4acTuLe

Bonpocl

1. Kakmm cnocobom MOXXHO OLUEHUTb KOHCTaHTY cnaboro B3aI/IMO,EI,eI7ICTBI/19|?



OT1BeT: OLEHUTb KOHCTaHTY cnaboro B3aMmMoaencTBust MOXXHO U3 CpaBHEHNA BpEMEH XU3HU

A nk-.
A" =n+n"
(cvnbHbIV pacnagn) r=10"%3¢
2T =n+mn"
(cnabbin pacnag) T =15%10"
I(‘d_) — 10— 13
T(Z7)
2. Kakume nokoneHusi nenToHOB BaM U3BECTHbI?
OTBerT:

1-e nokoneHwue: v,,e”,u, d
2-e NOKOSEeHne: v, 1™, C, 8

3-e nokorenwue: v, 77, b,t

3. TNoyemy BO3HMKNA HEOBXOAMMOCTb BBEAEHMS NENTOHHOrO 3apaaa?
OTBeT: ANA TOro, YTobbl BbIAENUTL KNACC NENTOHOB U3 MHOXECTBA YacTuL, U pasnnyinTb
HENTPUHO N aHTUHENTPUHO ObiN BBeAEH NENTOHHbIV 3apsd. AHTUHENTPUHO OTNMYaeTCcs OT
HEeNTPMHO 3HAKOM NENTOHHOro 3apsaa, U NENTOHHbIA 3apsif COXpaHSaeTcs B Nobom
B3anMOOEeNCcTBUN.

4. B uyem cocTtosina uges akcnepmmeHTa [Jasuca? YTo 3TOT SKCNEPUMEHT nokasan?
OteeT: [IaBvc paboTtan Haa pagvioXMMUYECKUM SKCNIEPUMEHTOM MO PErMCTPaLIMN HEATPUHO,
— 3axBaT HeNTPUHO B peaKLum:
7, + 37C1 - AT + e~ . B pesynbTarte 9KCNepuMEHTa BbISICHUNOCH, YTO HEMTPUHO 1
AHTUHENTPUHO HETOXOECTBEHHbI.

5. Kak oTnuumTb pacnag, NpoUCXOasALLMIA 32 CHET CUINBHOTO UMK 3NEKTPOMAarHUTHOTO
B3aMMOAENCTBUA, OT pacnaga, uayLlero 3a cyeT cnaboro B3aMmoaencTemsa?

OTBeT: CunbHbIN pacnag - 107%% — 1072 ¢,
Cnabbiit pacnag ~ 1072 c.
OTnnYMTENbHBLIM NPU3HAKOM SIBNIEHWS Craboro pacnaga siBsieTcs NnosiBrneHne
HENTPUHO (AHTUHEWUTPUHO).

6. YTO Takoe 3apsKEHHbIE U HENTparnbHble crabble TOKN?
OTBeT: 3apsXeHHbIN cnabbli TOK — MexaHU3M criaboro B3anmoaencTBms NENTOHOB U
KBapKOB, OMOCpeAOoBaHHbIN 0OMEHOM BUPTYanbHbIMU W 1 W ~Go30HaMH.
HenTpanbHbi cnabbli TOK — TOK, HE MEHSIIOLLMIA 9NEKTPUYECKMX 3apsa0B yHacTBYHOLMX
YacTuL; CBSI3aH C 3f1EKTPMUYECKN HENTParbHbIM KBAHTOM cnaboro nons Z — 6030HOM.
7._HapucoBatb KBapKoBble AuarpamMmmbl pacnagos:

1) 7°>2y;2) 7° >e +e";3) p°(770) > e +e’




Kakne B3aMmMoaencTBnst OTBETCTBEHHbI 32 3TU
pacnagbl?

OtBerT: r/_/J_/‘/_/ ks

1) 7° >2y u

OneKkTpoMarHuTHOe B3aumMoaencTeune. °

=1

2) 7’ e +e'

OneKkTpoMarHMTHoe
B3aumogencTeme. 0

é‘+
3) p°(770) > e +e* u
?.'
SnekTpom ?FH uUTHOE o 0 770 o
B3anmoencTame.
u
.

8. Kakue un3 nepeyvYncrieHHbIX HXe YeTblipex cnocobos pacnaga K" -Me30Ha BO3MOXHbI? Ons
paspelleHHbIX HapucoBaTb AnarpamMmmbl, Ana 3anpelleHHblX yKa3aTtb Npu4nHy 3anperta.

i

1) K" >z +e +e";2) K »e"+v,;3) K > 2% +e" +1,;4) K 5> 7" +7°

OTBerT:
1) K" >7z"+e +e’
Pacnapg 3anpeLleH 3akoHOM COXpaHEeHUs CnunHa.

2) Kf >e" +v,

3) K > z°+e" +¥,

Pacnag 3arpeLleH 3aKOHOM COXpaHeHunda nenToHHOoro Yncna.



4) K" > +7°

u u
Kt L
E ol
+ —
W \d )
T
u

9. BO3MOXHO N1 paccesiHne HeUTPUHO Ha SNEKTPOHe ¢ y4acTueM 1) HenTpanbHoro criaboro Toka; 2)
3apshkeHHoro cnaboro Toka? B crnyyae nonoxutensHOro oTeeTa NPMBECTU AMarpaMmMy npouecca.

OTBerT:

O6a Buaa paccesiHNst BO3MOXHbI, T.K. B HEATParnbHbIX CNabblx TOKax NepeHoCYMKoM B3aMOoAencTBUs
ABnseTca Z -6030H, B 3apsKeHHbIX cnabbix Tokax - W ™.

\/3_ \//ﬁ}e
\\ 7 ‘-._\W_
" "
‘I}/\ ‘G/\E_

10. MonoXuTernbHbLIN NMOH pacnagaeTcs creayowWwmm obpasoM: 7+ — i1 +Vv,, . NpoaHanusvposatb

BbIMOJTHEHNE 3aKOHOB COXpaHEHUA N HapucoBaTb AuarpamMmy pacrnana.

OTBerT:

3akoH coxpaHeHus nsocnuHa I:

. 101
l1-=-+—-
2 2

3akoH coxpaHeHus 6apuoHHoro 3apaaa B

0—-0+0

3aKOH COXpaHeHUs ANeKTpUIeckoro 3apsiaa Q: 3 V% A% v
+1—->+1+0

3aKkoH COXpaHEeHUA CTPaHHOCTHU:

0—-0+0

11. MNokasatb, YTO rammMa-KBaHT He MOXET nepenaTb BCIO SHEPTUIO N30NMPOBaHHOMY 3NIEKTPOHY.



OTBeT:

3anuwem 3aKoH COXpaHEeHUs IHEPTUM 1 UMMYIbCa B CUCTEME, e SNIEKTPOH NOKOUTCH nocne
nornoweHns poToHa:

P, =—P,; PZc? +mic’ + p,c =m,c?. TM COOTHOLIEHNS ONHOBPEMEHHO COGIIONAOTCS TOMBKO

npu p, = p, =0, To ecTb Npu OTCYTCTBUM POTOHA.

12. Onpegenutb B KaknX N3 NpUBEAEHHbIX HKE pacnafoB, SHEPreTUYeckne CnekTpbl NPOAYKTOB UMEOT
AWCKPETHBLIN, a B KAKNX HEMPEPbIBHLIN XapakTep.

D —>u+v,2) Ki s>y +v, 3y n—>p+e +v, 4 4 —>e +v,+v,

OtBeT: CornacHo 3akoHam COXpaHEHUs! UMMYNbCca U SHEPTUM OUCKPETHBIN CNEKTP NPOAYKTOB peakLmm
OyneT B criyyae, Korga B BbIXOAHOM KaHare peakuuy BO3HUKaEeT ABe YacTulbl, B Crly4ae, ecriv YyacTuy,
Gonee AByX, cnekTp OyaeT HernpepblBHLIM

13. lMNMokasaTtb, 4To 63 BBEAEHNSA KBAHTOBOMO YMCNa «LBETY», NPUHMMAIOLLErO TPU 3HAYEHWs1, KBapKoBast
CcTpykTypa A++, A—, Q- npotnBopeunT npuHumny Maynu.

OrtBeT: YKa3daHHbl€ YaCTULbl COCTOAT U3 TPEX OANHAKOBbLIX KBAPKOB, KOTOPbIE COrnacHoO npuHUuuny
I'Iaynm, He MOorytT oagHOBpEMEHHO HaxoaAnTbCA B OQHOM U TOM >X€ KBAHTOBOM COCTOAHUN. |_|03TOMy
BO3HMKAET HEOOXOANUMOCTb BBEAEHMS LOMOMHUTENBHOrO KBAHTOBOIO YNCHa, npuHMMatroLiero Tpu
3Ha4YeHnda N Ha3BaHHOro «LBeT»

14. Vicxoas w3 cpeaHero BpemMeHu XnsHu npotoHa Tp = 1033 neT, oLeHWUTb CKOMNMbKO ero pacnagios
AomkHo nponcxoauTb B 100 T Boabl B TeveHune 1 roga? Oteet: Np = 0.33 Brog

15. KakoBa JHEpPIrn4d, oreevarouiad Mmacce MnaHka? I'Iplee,u,MTe BblpaXXEeHNe U 3Ha4yeHne Ny1aHKOBCKOM

ONVHbI.
OTBeT: Mp = Vhe/G = 1.2:10° [3B/c2, Lp = VGh/c® = 1.6:1032 cm



