Hoxywer nognncan oo MEHACEFERCTBO HAYKHU U BBICHIETO OBPA3OBAHUS
MiopMalins 0 Bragensiie: POCCUMCKOU ®EJIEPALIAN

®WO: CmupHoB Cepreit Hukonaesny
oot e PBEBOY BO «TBEPCKOM F'OCY IAPCTBEHHbIN YHUBEPCUTET
YHUKanbHbI MPOrpaMMHbIA KIKOY:

69e375c64f7e975d4e8830e7b4fcc2ad1bf35f08

YTBepxaaro:

: o R}’KOBO W
A b.b.Ilenpko

' &,:,_,.- d
5_(21 » é{/// Mas 2024 .

Pabouas nporpamma AUCIUIIIUHBI

OBIIASI ®U3UKA
duzuka aTOMHOI'O ﬂz[pa ) | 3J1€M€HTapHI>IX qacTuix

3akperuieHa 3a OO0ureit pusuku
Kadeapo:

Hanpasnenue 03.03.02 ®uszuka
MOATrOTOBKHU:

HampaBnennocts MeaunuHckas gpusuka
(npoduns):

Ksaymmbukanus: Bbakaaasp

dopma oOydcHUS: OYHAS

Cemectp: 6

[Iporpammy cocraBuii(u):

Kano. gus.-mam. Hayx, ooy., Lllyxnoe Anexceii /[mumpuesuu

TBeps, 2024



1. HEJIM U 3AJIAYUN JUCHUTIJINHBbI
e ocBOCHUA TMCHUIINHBI (MOYJIs):

L[eano OCBOCHUA NUCLHHUIIIINHBI ABJISACTCA:

co3manue (QyHIaMEHTAIbHOW 0a3bl 3HAHWK, HAa OCHOBE KOTOPOH B JaJIbHEHIIEM MOXKHO
pa3BuBaTh Oosiee YIUIYOJICHHOEC M JIETaJIU3UPOBAHHOE H3YUYCHHE APYTHX pasleioB (U3UKA U
CIEIUaTU3UPOBAHHBIX KYPCOB.

3agaun:

3amayaMu OCBOECHUS JUCIMIIINHEI SBIISIIOTCS:

1. M3ydYeHHE OCHOBHBIX IPHHIIMIOB (U3MKH SApa W SBICHUM, IMPOMCXOMSIIMX B MHPE
3JIEMEHTAPHBIX YACTHII;

2. YCTAHOBJICHUE CBS3U MEXKAY Pa3IUYHBIMH (PU3HUCCKHUMHU SBICHUSIMHM, BBIBOJ OCHOBHBIX
3aKOHOB B BHJIC MATEMaTHYECKUX YPAaBHCHUI;

3. MOCTaHOBKA M aHAJIU3 3aJ]a4, IPUMECHEHUE PA3INUYHBIX METO0B PEIICHUS.

2. MECTO JUCIMIIJIMHBI B CTPYKTYPE OOII
[Mukn (paznen) OIl: B1.0.13B1.0
TpeGoBanus k npeaBapuTeJIbHOI MOATOTOBKE 00y4al0LIerocs:

O6mmit kypc «®Pu3MKa aTOMHOTO SiApa W DJIEMEHTApPHBIX YaCTHID» CTaBUT CBOEH IIEJIBIO
MMO3HAKOMHTH CTYJICHTOB C OCHOBaMH HKCIIEPUMEHTAILHON U TEOPETUUECKON AJIEPHON (PU3BUKHU C TEM,
9TOOBI BBITYCKHUK (PU3UKO-TEXHUYICCKOTO (haKyIbTeTa MMEJ JOCTATOYHO TIOJHOE MPECTaBICHUE 00
OCHOBHBIX pe3yJbTaTaX M COBPEMEHHBIX TEHICHIUAX B Pa3BUTHUU MOJIOJOW HAyKH. JTO Kacaercs B
MEPBYIO OYEPEb: CBOMCTB ATOMHBIX SAEP; PAJAUOAKTUBHOCTH, AJIEPHBIX PEAKLIUNA U SKCIIEPUMEHTOB B
(u3MKe HU3KUX, CPCIHUX W BBICOKUX JSHEPTUi; HYKJIOH-HYKJIOHHBIX B3aUMOJICHCTBUH M CBOWCTB
SIIEPHBIX CHWJI; MOJENM AaTOMHBIX SJI€p; B3aWMOJCUCTBUSA SJICPHOTO M3JIYYEHUS C BEIIECTBOM;
(GyHIaMEHTAIBHBIX B3aUMOJCUCTBUNA B TPHUPOJE; KIACCUDUKANMKA DIEMEHTAPHBIX YaCTHII,
COBPEMEHHBIX aCTPO(PU3NUECKHUX TTPEACTABICHHIA.

AToMHas pu3nKa

JAMCHMIIMHBI (MOAY/IH) U IPAKTHKH, 1JIs1 KOTOPBIX OCBOCHHE JAHHOW JUCIUIJIMHBI
(MoayJisi) He00X0AMMO KaK MpeauecTBYOLIee:

KBaHTOBast MexaHuka

dusnueckuil NpakTUKYM MO0 (GU3MKE aTOMHOTO si/Ipa U JIEMEHTAPHBIX YaCTHII
3. OFBEM JUCHHUIIVIMHbI

O01mas TPyI0eMKOCTh 33ET
Yacos 110 y4eOHOMY IUIaHY 108
B TOM YHCJIE:

ayIUTOPHBIC 3aHITHS 42
CaMOCTOsTEIbHAs paboTa 19
4acoB HAa KOHTPOJIb 27

4. INTAHUPYEMBIE PE3YJIBTATBHI OBYYEHUS 110 JUCHUIIJINHE,
COOTHECEHHBIE C INTAHUPYEMBIMHU PE3YJIIbTATAMU OCBOEHUA
OBPA3OBATEJIbHOM ITPOI'PAMMBbBI

OIIK-1.1: Ananu3upyet Gpuzndeckre 00BEKTHI M MPOIECCHl ¢ MPUMEHEHUEM 0a30BBIX
3HaHUU B 007aCTH (PU3MKO-MAaTEMaTHYEKCKUX HAYK

VYK-1.1: Ananuzupyer 3a1aqy, Bblieiss ee 0a30Bble COCTABIIAIONINE

VK-1.5: PaCCManI/IBaeT u npejrara€T BOSMOXKHBIC BApUAHTBI PCIICHUA IMOCTaBJICHHOMN
3aaa4u, OCHUBasA UX JOCTOMHCTBA U HCAOCTATKH



5. BUJAbI KOHTPOJIA

Bunael koHTpONISL B cemecTpax:

OK3aMCHBI

| 6

6. SI3BIK IIPEIIOJJABAHUA

SI3BIK TIpernojaBaHus: pyCCKUH.

7. CTPYKTYPA U COAEP)KAHUE JUCIUIIJIMHBI (MOAYJIS)

Kon HaumeHoBaHue pa3jie/ioB u Bun Cemectp | HacoB | HUcrtou- | llpumeuan-
3QHAT. TeM 3anatus | / Kypc HHUKH ue
Pasnen 1. CsoiicTBa aTOMHBIX
syep

1.1 |[Snpo KaK COBOKYMIHOCTH | JIek 6 2 JI1.2 JI1.1
MPOTOHOB U HEUTpOHOB. Macca u J1.3
SHEprusl sapa. DHEprus CBs3U
anpa.  KamenbHas  mojenb,

MOJTydMITUPUYECKast
Baiiizekkepa s macc  snpa,
CIIUH ¥ MarHUTHBIM MOMEHT S/Ipa.
KBanpynonbHbIi 2JIeKTpUUYECKUI
MOMEHT, Y€THOCTh, Marmyeckue
yucna, sAepHble  O0OJIOUKH,
000011IeHHAs MOJIENb sJIpa.

1.2 |PammoaktuBHBIC TpeBparicHus | JIek 6 2 JIL.2 JI1.1
sIep. PanmoakTuBHEIE JI1.3
CEMENCTBA. HckyccTBeHHas
PaOaKTUBHOCTD. Buner
pacmajos.

1.3 [BzaumopeiictBue HykinoHOB w|JIek 6 2 JI1.2 J11.1
CBOMCTBA SAEPHBIX CUJI. .3

1.4 |Mopenu aTOMHBIX siIep. Jlex 6 2 JI1.2 JI1.1

I3

1.5 [Dueprus  cBs3m. ®opmymna [IIp 6 2 JI1.2 JI1.1
Baiinzekkepa .3

1.6 |[bera-pacnan ITp 6 2 J1.2 JI1.1

I3

1.7 [Aunbspa-pacnan ITp 6 2 J1.2 J11.1

g3

1.8 [PaamoaxkTHBHEIH pacna. Ip 6 2 JI1.2 J11.1

.3

Paznen 2. SinepHbie peakiuu




2.1

Snepuble  peakuuud.  3aKOHBI
COXpaHEHUS B SIIEPHBIX
peakuusx. OHeprus ¢ TOpor
peakuuu. CedeHus  peakIui.
Kananel peakinuii. KunemaTtuka
SICPHBIX peakiui. MexaHu3Mbl
SIEpHBIX  peakiuid.  Mojenb
COCTaBHOTO siapa. Pe3oHaHCHBIE
snepubie  peaknuu. Dopmyna
Bbpeiita-Burnepa. [Ipsimbie
snepHbie peakiuu. Ontudeckas
MOJICIIb SIpA.

Jlex

J1.2 J11.1
J1.3

2.2

B3aumopeiicteue  GoTtoHOB UM
3JIEKTPOHOB c AJIpaMHu.
Hetitponnas ¢wusuka. [leneHue
anep. Jenenue mM30TONOB ypaHa
HelTpoHamu. llenHass peakuus
JeneHus.  SlnepHble  B3PBIBBIL.
Snepasie  peakTopnl. Teopus
MOJAKPUTHYHOTO AJIEPHOTO
peakropa. Peakuun  cuHTe3a
nerkux  saxgep. TepmosiamepHas
SHEpPrusl. TpancypaHoBbIe
3JIEMEHTHI.

Jlex

J1.2 J11.1
Jd1.3

2.3

SnepHble peakiuu

J1.2 J11.1
Ja1.3

Pasnen 3. BsaumopeiictBue
HI[epHOFO I/I3J1yquH$[ C
BEIIECTBOM

3.1

B3aumoneicTteue  3apsKEHHBIX
yacTul co cpenou. Tspkenbie u
JIETKUe YaCTHULIBL. [Torepun
SHEpPruM Ha  HMOHHU3ALMIO U
BO30YXKICHUE aTOMOB.
Panuanuonnsie norepu. [Ipoberu
3apsHKEHHBIX YacTHII.
BzaumopeiictBue HEWTPOHOB C
BEIIECTBOM. 3amenseHue
HEHUTPOHOB. [Ipoxoxnenue
ramma-u3J1y4eHus yepes
BEIIECTBO: ¢dotorddexr,
KomnTon — addexr, poxnenue
3JEKTPOH-TIO3UTPOHHBIX nap.
Dddext BaBunora — Uepenkora.
Ho3zumerpus. buonorunyeckoe
JefCTBUE N3TyUEHUs U 3alUTa OT
HETo.

Jlex

J1.2 J11.1
J1.3

3.2

Helitponsl. BsaumopeiictBue ¢
BEIIIECTBOM.

JI1.2 JI1.1
Jd1.3

3.3

BzaumoaenctBue 4acTHUI] c
BEIIECTBOM

Cp

J1.2 J11.1
Ja1.3




Paznen 4, YacTuisl u

B3aUMO/CHCTBHUA.

4.1 |Yerwipe Tuna pyHmaMmeHTaIbHbIX | JIek 3 JIT.2 JI1.1
B3auMoercTeua. KoHCTaHTBEI U JI1.3
pagnychl B3aMMOJICHCTBHSL.
[TpuHIHTIBI OIMCaHUs
B3aHMMOJICHCTBUSA YaCTHIL B
KBaHTOBOM TEOPHH OJIS.
[lepeHocunky B3aUMOJECHCTBUSI.
OcHOBHBIE XapaKTEPUCTUKH
yacTtull. Knaccudukamus dacrtuir.
KBanToBple uYHMCIa YacTUL U
3aKOHBI COXpaHEHHUS.
AHTHuactunibl.  Bo3OykneHHbIS
COCTOSIHHSI aJIpOHOB. Pe30HaHCHI.
CrtpaHHble YaCTHUIIBI.
AHTUYACTHULIBL. Helitpanbhubie
YaCTHIIBL.
4.2 |DnexTpoMarHUTHbBIE Jlex 2 JIT.2 JI1.1
B3aMO/EICTBHUA. JI1.3
4.3 | CuibHbBIE B3aNMOIEHCTBHS Jlex 2 JI1.2 JI1.1
JI1.3

4.4 | Cina0Oble B3anUMOIEHCTBUA. Jlex 2 JI1.2 JI11.1
JI1.3

4.5 | O0benunenue B3aumoaencTeuil | Jlex 2 JI1.2 JI1.1
JI1.3

4.6 |[CoBpemennbie actpodusmueckue |Jlex 2 JIT.2 JI1.1
MIpeICTaBICHUS J1.3

4.7 |DOnemeHTapHbBIC yactuusl. | [Ip 2 JI1.2 JI1.1
BzaumoneiicTBusl 31€MEHTAPHBIX JI1.3
YaCTHII

4.8 |Hyxneocunre3 u Becenennas Cp 7 J1.2 J11.1

JI1.3

4.9 |DxcnepuMmeHTanbHbIe MeToabl B|Cp 5 JI1.2 J11.1
¢u3uKe  BBICOKMX  JHEprui. J1.3
Yckoputenu. BeTpeunble mydkH.

[Iydku  BTOPUYHBIX  YaCTHII.
JleTeKTOopHI. Peakuyn c
yacTuaMu. Bi3anmMonelcTBus u
pacraJibl YacTHII
Paznen 5. Kontponb
5.1 |3x3amen DK3aMeH 27 JI1.2 JI1.1

J1.3




Cnncok 06pa3oBaTe/ibHbIX TeXHOJIOT Uil

1 |AxrtuBHOE ciylIanue

8. OHEHOYHBIE MATEPHAJIbI JI5s1 IIPOBEJEHUWA TEKYIIEA U
ITPOMEXYTOYHOU ATTECTALLUU

8.1. OneHo4HbIe MaTepHUAJIbI /ISl IPOBEeHUS TeKYIIel aTTecTalun
Cwm. Ilpunoxxenue
8.2. OneHo4HbIe MaTEPHUAJIbI IJIsl IPOBEIEHHUS POMEKYTOYHOM aTTECTAIMHU
Cwm. Ilpunoxxenue
8.3. TpeOoBaHUs K PETUHT-KOHTPOJIIO

CryneHThl, OCBOMBIIHME MTPOrpaMMy Kypca MOTYT MOJIYYHTh OIEHKY 110 UTOraM CEMECTPOBOM
U TOJYCEMECTPOBOM PEUTHHIOBOM arrecTanuu coriacHo «IlojiokeHHI0 O PEeUTHHIOBOM CHCTEME
o0yuenus TBI'Y» (mporokoin Ne§ ot 30 ampens 2020 r.).

Ecnu ycnoBus «IlosoxeHnst 0 peITUHIOBOM CUCTEME . ..» HE BBIIIOJIHEHBI, TO 3K3aMEH CIaeTCs
cornacHo «IlonoxeHuto 0 MPOMEKYTOUHOM arrecTanuu (IK3aMeHaxX U 3aueTax) OO0ydaromuxcs IO
nporpaMMam Beicmiero oopasoanus TBI'Y» (mpotokon Nell ot 28 ampenst 2021 1.).

Monyinsb 1.
KoHnTtpoinbhas padora - 10 6amios
Pemenue 3amay Ha npakTuke - 15 6amios

Monyns 2

HtoroBas koHTponbHas padoTta - 20 6amioB
Pemenune 3anay Ha mpakTHke - 15 6anos
sK3aMmeH - 40 6anoB

9. YYHEBHO-METOINYECKOE U HTHOOPMAIIMOHHOE OBECIIEYEHHE
JUCHUITVIMHBI (MOYJIA)

9.1. Pekomenayemas JuTeparypa

9.1.1. OcHoBHasi IMTEPATYpPA

Indp Jlutepartypa

JI1.1 |CagenbeB U. B., Kypc obmeii pusuku. B 3-x T1. Tom 3. KBanToBas ontuka. ATomHas
¢uzuka. duzuka TBepAOro Tena. GU3nuka aTOMHOTO S1pa U 3JIEMEHTApHBIX YyacTul], CaHKT-
[TerepOypr: Jlans, 2023, ISBN: 978-5-507-47045-7,

URL.: https://e.lanbook.com/book/322505

JI1.2 [KamuronoB U. M., BBenenue B pusuky sapa u gactuil, Mocksa: @usmamiur, 2010, ISBN:
978-5-9221-1250-5,
URL.: https://biblioclub.ru/index.php?page=book&id=75503

JI1.3 | CuByxwun /1. B., O0mwmii kypc ¢pusuku, Mocksa: ®uzmatiut, 2002, ISBN: 5-9221-0230-3,
URL.: https://biblioclub.ru/index.php?page=book&id=82991

9.3.1 IlepeyeHb NPOrpaMMHOIo odecredeHust




1 Adobe Acrobat Reader

2 |WinDjView

9.3.2 CoBpeMeHHbIe Mpo(eccnoHAIbLHBbIE 0a3bI JAHHBIX U HHGOPMAIIHOHHBbIE CIIPABOYHbIE
CHCTEeMBI

9BC «JIaHp»

OBC «YHuBepcuterckas OMOIMOTeKa OHIAIH

1

2

3 3BbC «IOPAUT»

4 3bC «ZNANIUM.COM»

10. MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHUME JUCHUIIJIMHBI (MOAY JIS)

AyauT-s OobopynoBanue

3-2026 | KOMIUIEKT yueOHO# MeOenn, MepeHOCHOW HOYTOYK, TEPEHOCHON MYJIbTUMEANIHBIN
IPOCKTOP, IKPaH

3-218 KOMILICKT YueOHOI MeOeln, IepeHOCHOM HOYTOYK, IIPOSKTOP, SKPaH

3-228 KOMILICKT YueOHOI MeOeln, IepeHOCHOM HOYTOYK, IIPOSKTOP, SKPaH

3-226 KOMIUICKT y4eOHOl MeOenr, MuKIepHbIi myabT, AyIHOKOMIUIEKT, IHTepakTHBHAS
cUCTEeMa, TPOEKTOp, TeIeKOMMYHHUKAIMOHHBIE MKA(]bI, SKpaH, KOMIIBIOTED

3-227 KOMILICKT Y4eOHOM MeOeu, IIEPEHOCHON HOYTOYK, IPOEKTOP, SKpaH

11. METOJAUYECKUE MATEPHAJIBI VIS OBYYAIOLIUXCSI IO OCBOEHHUIO
JUCHUILIAHBI

Cwm. Ilpunoxxenue




ITPUJIOXKEHUE
OueHouyHble MATEPHUAJIBI JI IPOBEACHUS TEKYIIEH U MPOMEKYTOYHOM aTTeCTALMU
3axanue:

Penmts 3amady: Bo CKOJIBKO pa3 4MCIO pacmanos suep paauoaktuBHoro uoxa Bl B

TEUCHHWE TEPBBIX CYTOK OOJbILIE 4YMCIa PaclafoB B TeueHHWEe BTOphIX cyTok? I[lepumon

nonypacnana uzorona 3| pasen 193 vacam.
Cnoco0 arrecTanuu: NMCbMEHHBIN
Kpurepuu onenkmu:

- Bwvicokuit yposenv (3 6anna): Ilonumaer (U3MKYy SBICHHS, COCTaBIISCT

MAaTCMATHYCCKUC BBIPAKCHHUA I ITOJTYUCHUS PCIICHNA. HOHY‘I&GT HpElBPIJILHLIfI OTBCT.

- Cpeonuni ypoeenv (2 6anna): llonumaer ¢usuky sBieHus. HcnbIThIBaeT
CJIO’)KHOCTHU C COCTaBJICHMEM MAaTEMATHUYECKUX BBIPAKEHUU ISl MOJYYCHUS PEIICHUS.

[TosryyaeT npaBUIIbHBIN OTBET.

- Huskuit yposenv (1 o6ann): llonumaer Qusuky sBrenus. cnwiThiBaert
CJIO)KHOCTH C COCTAaBJICHHEM MaTEeMaTHYECKUX BBIPAKCHUH NJISl TIOJYUYCHHS pPEIICHUS.

N3-3a anre6panueckoii HETOYHOCTH HE TIOJTyYaeT MPaBUIIbHBIN OTBET.

3ananue:

Pemmre 3amady: Onpenenuts B J1a0OPaTOPHOM CHUCTEME KOOPAMHAT KUHETUYECKYIO

9 (V)
SHEPIHIO sizipa B¢ | 00pasyromerocs pu NoporoBOM 3HAYECHHH SHEPTHH HEWTPOHA B PEAKIUK

5C(n.a);Be

Cnoco0 arrecTanMu: IMMCLMEHHBIN
Kpurepuu onenkmu:

- Bwvicokuit yposenv (3 6anna): Ilonumaer (U3MKY SBICHHS, COCTaBIISET

MAaTEMAaTUYCCKUEC BBIPAKCHUS JJIS MMOJTYUCHHA PCILICHUS. HonyqaeT HpaBHHBHBIﬁ OTBCT.



- Cpeonuit yposenv (2 6anna): llonumaer ¢usuky sBienus. McnweiThiBaeT
CJIO)KHOCTH C COCTaBJICHUEM MAaTEMaTHYECKUX BBIPAXKCHHUHA I TOTYyYEHUS PEUICHHS.

[Tony4daeT npaBUIbHBIN OTBET.

- Huszkuit ypoeenv (1 o6ann): lTlonumaer ¢Gu3uky sBieHUs. VCHBIThIBaeT
CJIO’KHOCTH C COCTaBJICHHEM MAaTEMATHUYECKUX BBIPAKEHUU ISl MOJYUYEHUS] PEIICHUSI.

N3-3a anre6panyeckoil HETOYHOCTH HE MOy4YaeT MPaBUIIbHBIA OTBET.

3ananue:

1. Pewmts 3amaqy: BBIUKMCINTE yeIbHYIO SHEPTUIO CBA3H uIs sipa t2C
2. Pemmre 3amauy: OnpenenuTs KHHETHYECKUE YHEPIUHU (.-9ACTHIBI U KOHEYHOTO
212 s 208
sajpa Opu o-pacnage =B all+ta,

Cnoco0 arrecTalMu: MMCLMEHHBINA
Kpurepuu onenkmu:

- Bwvicokuii yposenv (3 6anna): Ilonumaer (U3MKY SBICHHS, COCTAaBISET

MAaTCMAaTHYCCKHC BbIPAKCHUA AJIA IMOJTYUYCHUA PCUICHUA. HOquaCT HpaBHHBHBIﬁ OTBCT.

- Cpeonuni ypoeenv (2 6anna): llonumaer ¢usuky siBiaeHus. VcHbIThIBaeT
CJIO)KHOCTH C COCTaBJICHHEM MAaTE€MATHUYECKUX BBIPAKEHUUN ISl MOJYUYEHUS] PEIICHUS.

[Tosmyyaer npaBUIIbHBIN OTBET.

- Huskuii yposenv (1 o6ann): llonumaer ¢usuky sBinenus. cowiThiBaet
CJIIO)KHOCTH C COCTABJICHHEM MaTEMaTHYECKUX BBIPAKCHUH IJIS TIOJYYCHHS PEIICHUS.

N3-3a anredpanyeckoid HETOYHOCTU HE TOJTy4aeT MPaBUIIbHBIN OTBET.

MeToanyeckue MaTepuabl 1A 00y4al0IUXCS 110 OCBOCHUIO M CUMIINHBI
Cemunap 1: Pemenue 3amau Ha Temy «PaccesiHue 3J1eMEHTApHBIX YacTUIl U pa3Mepbl

aTOMHBIX snep». [Ipumepsl 3anau:

1. Anbda-yacTuipl c¢  kuHeTHMueckod osHepruedl T =6.5MbdB  ucneIThIBalOT
197 :
pe3ephopaoBCcKoe paccesHue Ha sape 3omoTa ' Au. Onpemenuthb: 1) mapamerp

CTONKHOBEHMs b s anbga-uacTvi, HaOmogaeMelx mnox yrmom & =909



2) MUHUMAJIbHOE  PACCTOSIHUE  T'min  CONMDKCHHSI  alib(a-4acTHIl €  SOpOM;
3) kunetnueckyio (T) u 4) norennmansayio (E) sHepruu anb(a-4acTul B 5TOH TOUKE.

2. Ilporon c¢ xuHeTnueckoi suHepruerd T =2 M»>B Hanmetaer Ha HEMOABUXXHOE SIIPO
197 Au. Onpeenuts nuddepeHnranbHOe cedeHHE paccesHus da/ dQ Ha yron 6= 60° .
Kax nu3menutcs Bennunna qudPepeHnnanbHOro CeUeHus: pacCesiHusl, €ClId B KaueCTBE
paccenBaroniero sapa BeIopats 2’ Al?

3. BBIYMCIUTH CeUeHHME pacCesHUs a -4acTHUIIBI ¢ KuHeTHuueckoi sHeprueit T =5 M»aB
KYJIOHOBCKHMM monieM sipa 2°®Pb mox yrnamu Gombure 90°,

Cemunap 2: Pemenue 3a1a4 Ha TeMy «DHeprus cBa3u saep. KanenbHas Moaens sapay.

IIpumeps! 3amau:

1. BBIYMCIHTB yIENbHYIO SHEPTHIO CBsA3H 11 saapa 12C.
2. Haiitu 5Hepruy OTIENeHNs HEATPOHA U IIPOTOHA OT sapa “2C.
3. Haiitu sHepruro otnenenus anbda-gactuupt ot 2C.
Cemunap 3: Pemenne 3amau Ha Temy «KBaHTOBBIE XapaKTEPMCTHKH SIEPHBIX

cocrossHuY. [Ipumepsl 3a1au:

1. Onpenenuth COMHBI M YETHOCTH OCHOBHBIX COCTOSIHUH HW30TOINOB KHCIOPOIA
®0-*0. Otset: /27, 0, 5/2°,0".

2. OmpenenuTh CIIUHBI U Y€THOCTH OCHOBHBIX COCTOSIHHY simep oK U »Ca. OTBeT:
3/2" u 7/2° COOTBETCTBEHHO.

3. Tlpencka3aTh MarHUTHBI MOMEHT SIIpa 5, SC B OCHOBHOM COCTOSIHUH, OITHPAsiCh
Ha OJHOYACTHYHYIO MOJCIIb oOomouek. OtBer: +5,79 My

4. TlpejackasaTh MarHUTHBIH MOMEHT sijpa =C B OCHOBHOM COCTOSIHHH, OITHPAsICh
Ha OJHOYACTUYHYIO MOJENIb 00oouek. OTBeT: +0.64

Cemunap 4: Pemenue 3a1a4 Ha TeMy «PagmoaktuBHOCTEY. [Ipumepsl 3a1a4:

1. AxtuBHOCTH mpemapara 2P pasna 2 MkKu. CKOIBKO BECHT Takoil mpenapar?
NepUO/I TToJypacmaaa paseH 14.5 cyTok.

2. B pesymbrare o -pacnana pamuii 2°Ra mpespamaerca B pamoH 2?’Rn. Kaxoii
00BEM pajioHa MPU HOPMAJTBHBIX YCIIOBHSIX OYJET HAXOIUTHCS B paBHOBECHH C | T
panus’? T[Tepuon noJypacnazia 226Ra T12(Ra) = 1600 ner,
22Rn - Ty(Rn) = 3.82 nns.



3. VaensHOe comepkanue u3otona “'C, yCBOEHHOTO A€pPEBOM HPH €T0 KI3HH, 3aTeM
yMeHbIITaeTcs BCIEACTBHE [3 -pachaja ¢ HepuojoM mHodypacmaga 5700 fer.
OnpeneauTh BO3pacT JEPEBAHHOrO IpeaMeTa, 0OHAPYKEHHOTO MPH PACKOIKaX,
eclu yjenbHas aKTUBHOCTh C 3Toro mpeamera coctasiseT 0,1 oT ynembHoi
AKTUBHOCTHU CBEXKeCPyOIIEHHOTO IepeBa.

4. Wcnonb3ys hopmyiy Baiiizexkepa, OlIEHUTh, HAUMHASA C KAKOIO MACCOBOTO YUCIIA
CTAHOBUTCS SHEPIreTUYECKU BOBMOXKHBIM « -pacnaa. Oteer: A>150.

5. OUeHUTh MepHoj HOIypachafa pajiHOaKTUBHOIO sjpa, HUCITYCKAIOMIEro o -

qacTuibl ¢ dHeprueil 1 M»aB, ecmu simpo “%Th umeer mepuoj mojypacmaia
T =1.4-10" JIeT ¥ UCIYCKAeT o -4acTHIBI ¢ dHeprueil 4 M»aB, a ms sapa % Po
nepuoj noinypacnaga T=3-10" cu E, =88 M»3B. OtBeT: T =3.2-10% ner.

Cemunap 5: Pemenue 3anad Ha temy «/lenenue saep. SAnepHsie peakuun». [Ipumepsr

3a1a4:

1. C nomomisto hopmyisl Beltzekkepa
a. BeluncnuTe 3HEPrHIO, BEICBOOOXKIAEMYIO TIpH AeleHUM sigpa 22U Ha JBa
OJIMHAKOBBIX OCKOJIKA.
b. Haiinute kpuTHYeckoe 3HaueHue Z%/A, IpPU KOTOPOM CTAHOBUTCH
DHEPTEeTUYECKH BO3MOKHBIM JICJICHHE sIpa Ha JIBA OJMHAKOBBIX OCKOJIKA.
2. B0O3MOXHBI M peaKIiu:
1. a+'Li >¥B+n;
2. a+2C— UN+d

Mo ICUCTBUEM « -9acTHIl ¢ KHHeTH4YecKou sHeprueid T, =10 M»aB?

Otget: 1. Bo3aMoxHa, 2) HEBO3MOKHA.

3. Bomuucaute mopor peakmuu: N + o« — YO + p, B AByx ciydasx, eciu
HaJIeTaroIeH YaCTUILIEH SIBIIICTCS:
1) « -wactuna, 2) aapo “N. Dueprus peaknun Q = 1.18 MsB. O0bsicHUTH
pe3ynbTaT.
4. OmnpenenuTth, Kakyl0 MHHMMAJIBHYIO DHEPIHIO JOJKEH UMETh MPOTOH, YTOOKI
CcTajia BO3MOYKHOM PEAKIUS

p+d > p+p+n.



Cemunap 6: Pemienue 3a1a4 Ha TeMy «J€MEHTApHbBIE YaCTULIBI M KX B3aUMOJEHCTBUEY.

IIpumeps! 3amau:

1.

Kaxkas MHHHMAJIbHAasA KHMHCTHYCCKas OHCPIUsiA qacTuIl KaXXJ101ro nus3

CTAJIKMBAIOIIMXCS MyYKOB PP — KoJulaigepa HEoOXoauma A MPOTEKAHUS
peakmuit: 1) p+p—o>Q +Q ; 2) p+p—o2’+A; 3) p+pPo>A+A?
OHeprud TIOKOS  YaCTHII; mlDC2 =938,27 MsB mQ_C2 =1672,43 M5B
m,c* =1192,55 M5B, m,c? =1115,63 M>5.

HaiiTn, xakue W3 caMbIX TSDKENBIX sIep M aHTHAIEP MOTYT 00pa3oBaThCs B
peakiuu p+ p TMpU COYJapeHUU MPOTOHA C DHEprueu Ep =3-10%5B ¢

HEIOABKHBIM IIPOTOHOM M Ha BCTPEYHBIX ITyYKaX MPOTOHOB, YCKOPEHHBIX 0

TAKOM K€ SHEPTUH.

Omnpenenurts yactumbl X , 00pasyroIIdecs B CIEAYIOIIUX PEAKIUAX CHIBHOTO
B3auMozeicTBus: 1) 7 +p—>K +p+X ; 2) K +p—>Q +K°+X ; 3)
P+PpPoE +77+X

Moryr mm cnenyrome peakmuu: 1) gz +p—-o>K +E +KY ; 2)
7 +p—o>AT+72%3) K'+n—>Y"+7° npoucxoauTh B pe3yibTaTe CHILHOTO

B3aUMOJIEUCTBUA.

Memoouueckue pekomeHoayuu o OPZAHU3AUUU CAMOCHOAMENbHOU PAdOmbl

CHYOeHMm08:

1.
2.

N3yuuTh peKOMEHAYEMYIO JIUTEPATYPY.

[IpocmoTpeTh 3a1aum, pa300paHHbIC HA Ay TUTOPHBIX 3aHATHAX.

Pa3zo0patph 3a1auu, peKOMEHIOBaHHbIE MPENOJaBaTENEM JJIsi CAMOCTOSATEIBHOTIO
pEelIeHUs], UCIONb3Ys, MPU HEOOXOAMMOCTH, MPUMEPHI PEIICHHUS aHaJOTWYHBIX
3a1ad.

OO6cynuTh TpoOIEMBI, BOSHUKIITUE TIPH PEIICHUH 337124 C MPETO0/1aBaTeIIeM.

B teuenue cemectpa qBa pasza (Ha MOAYJIbHBIX HEACISIX) HEOOXOAUMO:

1) CAaThb MPCIOAaBaTCI/II0O PCHICHUA AOMAIIHUX 3aj/lda4, IMOJYYCHHBIX M3 YKA3aHHBIX

C60pHHKOB 3aja4,



2) OTBETHTbH Ha TCOPETUUYCCKUE BOIPOCHI.

[Tpumepsnr Boripocor (http://nuclphys.sinp.msu.ru/misc/questions.htm):

CocraB u pa3mep siapa. N-Z nuarpaMmma aTOMHBIX SIAED.

Macca u 3Heprus cBs3u sapa. @opmyina Baiiizekkepa.

PannoaktuBHBIN pacnan saep. 3aKOHbI paAMOaKTUBHOTO pacaja sapa.
Anba-pacnan. KyJgoHOBCKH 1 IEHTPOOCKHBIN OaphepHI.

bera-pacnaz. DxcnepumeHTalIbHOE OOHApYKEHUE (aHTH )HEUTPHHO.
I"amma-niepexo/ibl B siapax. DNEKTPUUECKUE U MAaTHUTHBIE TaMMa-TIEPEXObI.
JIEUTpOH - CBSI3aHHOE COCTOSIHUE HEUTPOHA U ITPOTOHA.

CsoiicTBa HYKJIOH-HYKJIOHHOI'O BSaHMOﬂeﬁCTBH}I.
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Me3oHHas Teopus sIEPHBIX CUIL.

10. AAnepHbie peakiuu. 3aKOHBI COXPAHEHUSI, KHHEMATHKA.
11.Mexanu3msl saaepHbix peakiuil. [Ipsmeie peakiuu. CocTaBHOE SIPO.
12.Jlenenwne siaep.

13.Mogaenb simepHbIX 000JI0YEK.

14.OgHovacTHYHBIC U KOJUICKTHUBHBIC BO30YKIACHUS SIEP.

15. dynnamenTanbabie yacTuilbl CTaHIapTHOW MOACIN
16.3aKkoHbI COXpaHEeHHs B (PU3UKE YACTHIL.

17.YacTuIsl 1 aHTUYACTHUIIBI.

18.Pe3oHaHCHBIEC YaCTHIIHI.

19.9nexTpoMarHuTHbIC B3auMoAeUCTBUS. CTPYKTypa HYKJIOHA.
20.130ocnuH. M30CcIMHOBBIE MYJIHTUILICTHI.

21.CrtpanHoctb. Poxxenue u pacnaa CTpaHHBIX YaCTHIL.
22.CunpHbIe B3anMmoaecTBus. KBapku. I'moons!. LBer.
23.KBapkoBast cTpykTypa aApoHOB. bapronbl. Me30HbI.
24.Cnabplie B3aumoerictBus. [IpomexxyTounbie 6030HBI.
25.Cnabble pacrajpl JIENTOHOB U KBAPKOB.
26.1IpoctpancTBeHHas MHBepCHsl. P-4eTHOCTD.

27.3apsioBoe comnpsikeHue. 3apsaosas yeTHOCTb. CP-uHBepcus.
28.00pamenue Bpemeru. CPT-teopema.

29. ®ynnameHTanbHble B3aumoeiicteus. O0bennHenue B3aumoeicteuil. [Ipobnema

HECTaOMJIBHOCTH TIPOTOHA.



30.HykneocunTtes Bo Beenennoit. SInepHbie peakiiny B 3Be37aX.

31.Kocmuueckue yun. COCTaB U MPOUCXOKICHHUE



