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Bseaenue

B ocHOBY HacTosIIeH NpOrpaMMBl [T0JIOKEHB! CIEAYIOIINE AUCHUIUIMHBL TEOPUS AAPA, TEOPUS
3JIEMEHTApHBIX YaCTHLl, SKCIIEpUMEHTAIbHAS siIepHas PU3uKa, PU3HKa 37IEMEHTAPHBIX YaCTHUIL,
npubOpBl U TEXHUKA SIEPHOTO SKCIEPUMEHTa, pagHO3IeKTPOHHKA U BEIUHUCIUTEIbHAS TEXHIKA.

[Tporpamma paspafoTaHa 3KCIIEpTHEIM COBETOM BbhIcIel aTTecTauOHHOW KOMHCCHH
MunucrepctBa obpasoBanHus Poccuiickoit @enepanuu o ¢usuke npu yyactuu Poccuiickoro
HayyHoro ueHrpa "KypuaToBCckui HHCTUTYT", O6bEIHHEHHOTO HHCTUTYTA SAEPHBIX
uccnenoBaHuil ([lyoHa), MOCKOBCKOIro HHXEHEPHO-(DU3UUECKOTO HHCTHTYTa
(rocynapcTBeHHOro yHUBEpcHUTeTa) U HayuHo-HCCne10BaTeIbecKOro HHCTUTYTA SIAEPHOH (PU3UKH
MI'Y um. M.B. JlomoHoCOBa.

I. Teopus atomHoro sapa

(1 cneyuanucTOB-TEOPETUKOB N0 GU3MKE aTOMHOIO sApa)

1. SlnepHbie cUbl U MOJEIIH AJpa

1.1. O6wume cBoifcTBa sAepHOro BewecTsa. [lonHas aHeprus aaep. SHeprust cBa3u. XUMHUYECKHH
noreHuuan, umMnynsc @epmu (Moaens ¢pepmu-rasa).

1.2. HyknoH-HyKJIOHHBIE B3aUMOJIEHCTBHA IIPU HU3KUX SHEPrusax. MzoTomuueckas CHMMETpHS.
TenszopHble cuibl. Me30HHas TEOpHUS CHIBHOIO B3aUMOZECHCTBUA. DEHOMEHOIOTHYeCKHe
HYKJIOH-HYKJIOHHBIE TOTEHINaJbI. J[edTpoH.

1.3. O6onoveynas moaens siapa. CpenHuit saepHblil noTennnai. [locaenoBaTebHOCTD
OAHOYACTHYHBIX ypoBHEH. YacTuuHo-abIpouHblii dopManuiM. Metoa Xaptpu-Poxka.
[lpnbnuxenue xaotudeckux $as. ['uraHTckre pe3oHaHChl. 3apsaa0BOOOMEHHbBIE PE30OHAHCHI.
PensiTuBUCTCKHE MOJE/IM CPEOHETO NOJIA Aapa.

1.4. Tlapuble B3anMoAeRCTBUA cBEpXNpoBoasuero Tuna. Moaens bapnuna-Kynepa-1lpuddepa.
[TpeoGpazosanne boromoboBa, KBa3HYaCTHLEL. DHEPreTHYecKas 1Iesb, SJHEPrHsi OCHOBHOIO
COCTOSIHHUS.



1.5. PoTaunoHHble ¥ BUOpALMOHHBIE CIIEKTPHI sAAep. MOMEHTHI HHEPIMH. DJIEKTPOMAarHUTHbIE
nepexonbl M npasmia 0Toopa. Meton 6030HHBIX pa3noxeHuit. Moaens B3aUMOJIEHCTBYOLIMX
6030HOB 1 (PepMUOHOB. BBICOKOCITHHOBBIE cocTostHUA. CTaTUCTUYECKOE ONUCAHUE
CHIBbHOBO30YXIEHHBIX siaep. [110oTHOCTE YpoBHE# s/pa.

1.6. Slapo kak KoHe4Has pepmu-cucTeMa. MeTtoa ¢yHKuUmi [prHa. AHaTUTUYECKHE CBOWCTRA
bynxuui ['puna. CnexktpansHoe paznoxeHue. OnHovacTH4YHble PyHKIUHU [ prHa as
OecKOHEeUHbIX ¥ KOHEYHBIX cHCTeM. BaauMoneicTBre Mex 1y kBazuuacTalamu. [Tapasle
Koppessuuy B hopmanuzme GpyHkuui ['prna.

1.7. bera-pacnan siaep. 'amuneToHuan cinaboro B3aumoneictBus. [1pasuiaa otbopa st 6era-
nepexoaoB. ft-BeaHUHHBL [ HII0TE3a COXpAHEHHs! BEKTOPHOTO TOKA M YACTHYHOIO COXpaHEHHs
aKCHAJIbHO-BEKTOPHOTO TOKa. Mio-3axBaT. HecoxpaneHnue 4eTHOCTH B CJ1a0OM B3aUMOJICACTBHH.
Onucanue 6era-pacrnana cBOOOJHOro HEUTpOHA. MaTpHUHbIE 3/IEMEHTHI OeTa-NEPEXOA0B SAEp U
HX OLEHKM B AACPHBIX Moaensix. ITponeccr! ABOHHOIro ABYXHEHTPUHHOIO U O€3HEHTPUHHOTO
OeTa-pacnana.

1.8. [lpoTonHnklii pacnan, ansda-pacnan ¥ KJIaCTEPHbIE pacnaibl sAep. 3ana3/[pIBarolue
pacnajHble npoueccel. [enenune saep. CnonTaHHOE neneHue. MyabTHMOAQIBHOE JAEIeHHE.
Meton obonouednoit nonpaBku CTpyTHHCKOro. HapyuieHre YeTHOCTH B IIpoLieccax JAe/IeHMs.
TpaHCcypaHOBBIE U CBEPXTKEJIbIE 3JIEMEHTBI, OCTPOB CTAOUIIBHOCTH CBEPXTSIKEIBIX SIED.

2. Teopus a1epHBIX peakluii

2.1. BonHOBBIE PYHKIIMH HETIPEPHIBHOTO CHEKTPa. AHATUTHYECKHE CBONCTBA S-MaTPHIIBL.
JlMcnepcHoHHEIE COOTHOIIEHUS. AMIUIMTY1a paccessHus. T-matpuua. BeposTHOCTE U ceueHue
paccesnus. OntTuyeckas Teopema.

2.2. Paccesnue aByx 4acTHU 0€3 CIIMHA M CO CIUHOM. [IpHHLIMITEI HHBAPHAHTHOCTH U 3aKOHBI
coxpaneHus. OHOKaHaIbHOE U MHOTOKaHAIIbHOE paccesHue. bopHoBckuit psit. BopHoBCKoe
NpUOIMIKEHHE C IIJIOCKMMH U HCKAKEHHBIMU BOJTHAMH.

2.3. PaccesiHue 2JIEKTPOHOB Ha Apax. MynbTHIONBHOE pa3IoXeHHe. YIIPYroe U Heypyroe
paccesHue. PaquallMOHHBIE [TONIPABKH.

2.4. OnTryeckas MOZE/Ib B3aHMOIEHCTBUS HYKIOHOB ¢ siapamMyd. MHHUMas 4acTbh NOTEHLHAIA.
[Ipsimble sinepHble peakliMK. Peakunu BpiOMBaHMsl, OaXBaTa, NEpeIady.

2.5. PaccesiHMe Ha CHCTEMAX CBSI3aHHBIX YacTull. KBasuynpyroe paccesHue. MHOrokpaTHoe
paccesinue, Teopus [ naybepa. Snpo-snepuble cronkHoBenus. Peaknuu ciusinus. PaccesHue
Me30HOB Ha siapax. [lornomenue Me3oHoB. [Tu-me3oaromsl. ['unepsapa.

2.6. ManonykioHnHble cucteMsl. Y paBHenus QanneeBa. EdumoBckue cocrostuus. Onucanue
cn1abOCBsA3aHHBIX JIETKUX raJlo-snep.

2.7. PaccesHye yacTHIl BEICOKOH dHEepruH Ha sjpax. ®opm-dakropsl. [1posBnenue B saepHbIX
peaxiusiX KBapKOBBIX U IPYTUX HEHYKIIOHHBIX CTerneHe# cBoOOAbl.

3. Slnepuas actpodusuka

3.1. [lpoucxoxneHue U aBosronus Beenennoit. Hykineocunres HyknuaoB B CONHEYHOR cUcTEME
u ["anaktuke. Pu3nka aeMeHTAPHBIX YaCTHI[ ¥ KOCMOJIOTHsI. PETUKTOBbIE HYKIIOHBI, OaproHHAas
acuMmMeTpus 1 rpobiemMa cTabHIBHOCTH IIPOTOHA.

3.2. Conneunas sHeprus. OCHOBHEIE siepHbIe peakiiuu Ha ConHie. SlaepHble peakivy B
3Be3[ax B nporecce 3Bomouuy. [IpoHCX0XIEHHE 3JIEMEHTOB JIerde xeseza. Mozenu 38e3n u
5BOJTIOLIMSA 3B€3/1 10 B3pbIBa CBEpXHOBOM. bernbie kapauku.

3.3. Tlpupona B3pbIBOB CBEPXHOBbLIX. [AHaMuKa kosnanca. Posb HEHTPUHO B KoJu1ance
cBEepXHOBBIX. S- U R-mpouecchi. [1poucxoxaeHne cpefHUX U TSKENIBIX JJIEMEHTOB.
Kocmoxpononorus.

3.4. Helitpunnas actpodusuka. ConHeuHble HEUTPHHO U HEHTPHHO OT CBEPXHOBBIX.
Habmonenue B3pbiBa ceepxHoBoi 8K 1987A. CoBpeMeHHbIE A€TEKTOPBI COTHEYHBIX HEHTPURO,
npobiiema JepUIHTa COTHEYHBIX HEHTpUHO. Macca HEHTPUHO U THNIOTe3a HEHTPHHHBIX
OCLMJUTALIUH.



I1. ®u3nka 31eMeHTAPHBIX YaCTHII

(U1 CHIENMAIMCTOB-TEOPETHKOB 110 (H3HKE ATOMHOTO SApa)

1. O6wwmit 0630p 271€MEHTApHBIX YAaCTHIL M UX CBOMCTBA

I.1. Tabnuua snementapubix yactul. KBanToBblE yMcna yacTull. Crabple, 3J€KTPOMAarHUTHbIE H
CUJIbHbIE pacnabl 4aCcTHL,. DMIKUpPHUUYECKHE [TpaBuia otbopa.

1.2. Monens kBapkoB. M3otonuyeckas 1 SU(3) cuMMeTpHs CHIILHBIX B3aUMOJICHCTBHH;
CBOMCTBA C/1a0bIX ¥ 3JIEKTPOMArHUTHBIX B3aUMOAEHCTBHH 10 OTHOLICHHIO K 3THM CUMMETPHSIM.
CranapTHast MOJENb 371EKTPOCIadoro U CUIbHOTO B3aUMOAEHCTBUI. MaccoBbie (hOpMYJTBL.
LiBeToBas cuMMETpPHS CUIIBHBIX B3auMOAEHCTBUM. [TIoHATHE O KBAHTOBOH XpOMOJMHAMUKE.

2. BzaumoneHcTBHS 371eMEHTAPHBIX YaCTHII

2.1. p N-paccesanue. PopmaipHasi TEOPHs paccessiHUs p -Me30HOB HYKJIOHAMH.

2.2. PaccessHue 37IEKTPOHOB Ha HYKJIOHAX U 3JIEKTPOMArHUTHEIE GOpM-(haKTOphl HYKJIOHOB.
®opmyna Posenbiora.

2.3. Cnaboe B3aHMOAEHCTBHE, IEKTPOMArHUTHBIE ¥ CHIIBHBIE pacajibl YacTHII. DMITUPUIECKUe
npasuna orbopa. CoxpaHsrOWuUi cTpaHHOCTE ¢1abblii Tok. CranmapTHas Mozaens BainGepra-
['mamoy-Canama. Helitpanbhble Toku. Z- 1 W-6030HbI, KX IIMPUHBI B MOJIBI pacriaja.

2.4. dusnka HEXTPUHO. Y paBHEHUe Beitns. JlupakoBckoe U MailOpaHOBCKOE HEHTPHHO.
DIEKTPOHHOE, MIOOHHOE U Tay-HEWTpUHO. Macca HedTprHO. ['HroTe3a HEHTPUHHBIX
ocuw/utAnMi. ['unore3a aHoMaTbHOIO MarHUTHOTO MOMEHTa HEHTpHHO. COBpEMEHHBIE IaHHbIE
MO HEHTPUHHBIM OCLIMJIISLIHASIM.

2.5. Ilpoueccsl ¢ 6bonpioi nepenaueit umnynsca. [ToHaTHE 0 TapTOHHON Moaen. KBapkoBbIit
cueT. [ToHsATHE O KBAHTOBOH XPOMOIMHAMHKE.

II1. KBanToBasi Teopus noas

(U181 CMICHUATHCTOB-TEOPETUKOB 110 HU3UKE IITEMEHTAPHBIX YaCTHII)

1. Knaccuueckas Teopus 110Js

1.1. JlarpaneB ¥ raMUIIBTOHOB (OpMaIn3M B Kiaccuueckoit Teopuu. Teopema Herep n
COXpaHSIOIMECS BETUYMHBI. TeH30p sHeprun-umItyasca. TeH30pbl MOMEHTA U CIIMHA. 3apsi !
BEKTOp TOKa.

1.2. Cxansproe nose. YpasHenne KneitHa-I opnona u cBoHCTBa ero pemenuit. Pasnoxenue
TIOJIEH I10 MOJIOXKUTENILHO- U OTPUIATENIbHO-YAaCTOTHBIM PEIICHUAM U IUIOCKHM BOJIHAM.
KomniekcHoe (3apsbkeHHOE) nosie. BekTop 9Hepruu-uMITyJibca, TEH30p MOMEHTA. 3aps/l ¥ TOK
CKaJISIPHOTO OJIA.

1.3. BexTopHoe noie. Jlarpanxuas BEKTOPHOTO MM0Jisi. BEKTOp 9HEPrUH-UMITYJILCa, BEKTOD
COUHA, TEH30p HANPSPKEHHOCTH.

1.4. DnekTpoMarHuTHoe nose. Bekrop-norenuuan u HanpspkeHHoCTH. Kanubposounsie
npeoOpazoBanus. Ycnosue Jlopenna. [lonepeunsbie, npononbHas ¥ BpeMEHHas KOMIIOHEHTHI.
Bekrop aHEprun-uMnynbca, CuH.

2. KBanTtoBas Teopust cBOOOIHOTO MO

2.1. MeTton BTOpr4HOTrO KBaHTOBaHUS. [IpocTpaHCcTBO uncen 3anonHenus. Oneparopsl
poxaeHus U yHuutoxeHus. [Ipocrpanctso ®Poka. OnepaTophl B IPEICTABICHHH BTOPHIHOTO
kBanTOBaHus. [llpeMHrepoBCckas U rain3eHOEproBcKas KapTHHLI B METOJIE BTOPUUHOTO
KBaHTOBAHHS.

2.2. TlocTynaThl KBAHTOBAHUS MOJIEBOH CUCTEMBL. OriepaTopb! pOXAEHHUA U YHUYTOKEHUS. THITbI
IIEPECTAaHOBOUHBIX COOTHOINEHHUH.

2.3. KBaHTOBaHHUE CKAJIAPHOT0, BEKTOPHOTO ¥ CIMHOPHOTO NoJied. JIuHaMu4ecKie epeMeHHbIe
cBOOOIHBIX NOJIEH M OTBEYAIOIIME UM OTIEPATOPhI IHEPrUH-UMITYJIbCA, CIIMHA, TOKA, 3apsaja.
[TonoxurensHas OnpenesieHHOCTb 3HEprur. JIpoeKIMOHHbIE ONEPaTOpbl X CIIMHOBAA MaTpHULA
NAOTHOCTH. 3apsi0BOE COTIPSIKEHHE.



2.4. DnextpomarnuTHoe none. MunebunutHas metpuka. Ycioue Jloperua. JJuHamuyeckue
nepeMeHHble. [IpoeKnOHHBIE ONepaTophl, NOJSIPH3AHOHHAs MATPUIIA TUIOTHOCTH.

2.5. llepecranoBo4nble QyHKUMH 1 pa3vyHbie TUNBI GyHKIMHA [ prHa. SIBHBIH BUA
0coOEHHOCTH Ha KOHyce. HopManibHOe npou3BeieHre OnepaTopoB.

3. Onucanue B3aUMOAEHCTBUSA, MaTPHIIa PAaCCEsHUS, CBOMCTBA CHMMETPHH. MeTo Teopuu
BO3MYIIEHUHA

3.1. Ilpencrasnenus I"aitsen0epra, Ulpenunrepa, Jupaka (B3aumoseitctus). O6wmas popma
orneparopa 3BoJIoLMU. Onpeaenenne MaTpHubl paccesHusi. CBOMCTBA peNsSITHBUCTCKOM
MHBAPUAHTHOCTH, YHHTADHOCTH U NMPUYHHHOCTH. Y CJI0BHE TPHYMHHOCTH boromobosa.

3.2, Jlarpan xuaHbl pa3iMUHbIX THNOB B3aUMOJIEHCTBUS U PUHIMITBI CHMMETPUH. CHIIbHBIE,
2JIEKTPOMArHuTHeIE ¥ cnadble B3aumonencTeus. C, P, T-npeobpazopanus. Teopema Jlionepca-
[Taynun. P-HedeTHbI# narpamkuan cnaboro B3auMoIeHCTBHUS.

3.3. BeposiTHOCTH ¥ ceueHMs. PensTHBUCTCKH UHBAPHAHTHOE ONPEACITICHUE aMIUIUTY bl PEaKHH.
uBapuanTHble pa3oBsie 06beMbl. COOTHOIIEHHE YHUTAPHOCTH 11 HHBAPUAHTHBIX aMIIIUTY I
paccesuusi. OTHYECKAsA TEOpeMa.

3.4. BeIBOJI XpOHOJIOTHYECKOTO ITPEACTABICHUS [UIst S-MaTPHIbl B TEOPUH BO3MYIIECHH .
[TpuBenenue S-maTpuLbl K HopMmaneHOH dopme. Teopema Buxka. Juarpammer DeitnMana.
[eopema dappu.

3.5. O dexTs! HU3LIEro NOPSIKA TEOPUK BOSMYLIEHHH: KOMITOH-3¢dekT, poTosddekT,
AHHUTUIISIIKS Tapbl, TOPMO3HOE M3ITyYeHHE H POXKJIEHHUE MTaphl B roJie sapa, GopMbakTopsl,
€CTEeCTBEHHas] IIUpHUHA JTUHUH, TO3UTPOHUH.

3.6. MynbTUIIOJIBHOE HU3ITyYEHHE.

4. O0mui METO/I NEPEHOPMHUPOBKH

4.1. Pacx0MMOCTH B HU3LIMX NOPsIKAaX 3JIEKTPOJUHAMUKU: COOCTBEHHAs IHEPIHUsl JIEKTPOHA,
[0JISIpU3aLMsA BaKyyMa, BEPLIMHHAA 4aCTb. MeTObI pery/sipu3aliy ¥ BblAC/IEHUE
pacxoaumocTed. [lepeHOpMUPOBKA MacChl M 3apsja B HU3IIEM ITOPSAKE IT0 KOHCTAHTE CBSI3H.
Pasmepras perynspusanus. CxeMa MUHUMAaIbHBIX BEIYMTAHUH.

4.2. Knaccugukanus peHOpMUPYEMOCTH TEOPUH. [IpMeEpBI IEpEHOPMHUPYEMBIX TEOPUH.
[IprBomuMEBIe U CKeNeTHbIe nuarpaMmbl. CTENeHb pacXOAUMOCTH IPOU3BOJIBHOH CKENETHOH
auarpammbl. [lepeHOpMHpOBKa Macchl, 3apsi/ia, BOJHOBBIX (DYHKLMH U BKJIa[a IPOU3BOJIbHOM
auarpammMbl. O6mas Teopus R-onepauun boromro6osa-Ilapactoka. OnepaTopHble pa3aoXeHHst U
X OCHOBHbBIE IPUMEHEHHUS.

4.3. ['pamueHTHAs UHBAPMAHTHOCTD, TOXAECTBa Y opaa-Taxakaiid H peHOPMUPYEMOCTD
KBaHTOBOM 3JIEKTPOJMHAMUKH. [lepeHOPMHUPOBKA Macchl ¥ 3apsa.

4.4. CymmupoBanue auarpamm. Y pasaenue [laiicona-IlIsunrepa. Ypapunenue bere-Connurepa.
WuppakpacHble pacXoAUMOCTH, UX (HaKTOpU3aLUs U YCTPaHEHHE [IPU yUeTe HCITYCKaHHS
MSATKUX KBaHTOB.

4.5. PenopmanusauuonHas rpynna. iHBapuaHTHbBIH 3apsa, ¢ynkuus ['enn-Manna-Jloy.

Y pasuenue OBcsaHHUKOBa-Kanana-CuMaHurka. AHOMaJIbHbIE Pa3MEPHOCTH.

4.6. Boruncienne paJualiOHHBIX MTONPaBOK K 3akoHy KyjioHa H MarHUTHOMY MOMEHTY.
JIoMOOBCKHUH CABHT.

5. KauroBaHnue HeabeneBbIX KaTMOPOBOYHBIX TEOPHH

5.1. Meton KOHTHHYaNLHOTO HHTETPHPOBAHUSL.

5.2. KpanToBanue HeabeneBbIX KaTMOPOBOUHbIX MoNeH. [ocTynaT kBaHTOBaHUS U
scrniomorarenpable nonst danneesa-Ilonosa. [lepeHOPMUPYEMOCTE. ACHMITOTHYECKAs CBOGO 1A
Ha MaJibIX PacCTOSHUAX. KBaHTOBas XPOMOJIHHAMHUKA.

5.3. CrioHTaHHOE HapylleHue cumMeTprn. Teopema ['onacToyHa, sipaenue Xurrca. Konuenuns
kBasucpeauux boromobosa.



6. DneMeHTbl aKCUOMATHYECKOH KBAHTOBOM TEOPHH IO, AHATUTHYECKUE CBOHCTBA
aMIUTATYAbI

6.1. Axcuomaruueckas popmynrpoBka borono6osa. PagnannoHHbIe OnepaTopEI.

6.2. ®opmynuposka Teopuu nosus Jlemana-Cumanvuka-liuMmepmana. ACUMIITOTHYECKHE
ycnosus. Peaykuuonnsie gopmyiisl.

60.3. [IepexpecTHas CUMMETPHUSA. AHATUTHYECKHIE CBOKCTBA aMILIUTY /b PACCESHUA 10 COS q .
Orpanuuenus Opyaccapa.

6.4. AnaquTuyeckue cBolicTa nuarpamm deitnmana u ypasHenue Jlanmay st ux
ocobeHHoCTeR (0CODEHHOCTH NETNH, TpeyroNbHUKa, KBajparuka). [IpeacraBieHue
Manaenbcrama i1 YeThIPeX yroJbHUKA.

IV. Teopus 3/1eMeHTAPHBIX YaCTHI

(U1 CIIELIMATUCTOB-TEOPETHKOB 110 QU3MKE JICMEHTAPHBIX YACTHIL)

1. O0uii 0630p 3JIEMEHTAPHBIX YACTHII U UX CBOMCTBA

1.1. Tabnuua s/1eMEHTAPHBIX YaCTHUIL: JIETITOHBI, ME30HBI, OapUOHBI, ME30OHHbIE i GApHOHHBIE
pe3oHanchl, W, Z-6030Hb1. KBaHTOBBIE YKCTa YAaCTHIL: Macca, CIIUH, YETHOCTD, 3apsaaoBas
YETHOCTb, M30CIHH, CTPAHHOCTD, YapM, G-4ETHOCTS.

1.2. Pacnaznb!l n BpemeHa xKu3Hu yacTuil. Crnabble, 31eKTpOMarHUTHBIE U CUNBHBIE pacraibl. Mx
XapaxKTepHbI€ BpEMEHA ¥ LUIMPUHBI pacnasoB. OMIHPUYECKUE ITpaBriia 0TO0pa Ha OCHOBE
COXpaHEHHUS 3apAI0B: dJIEKTPHYECKOT0, DapHOHHOrO, JIESNITOHHOTO, THNep3apsiia, CTPaHHOCTH.

2. CHMMETpHS IEMEHTAPHBIX YaCTHI]

2.1. I'pynna ITyankape. CrivH ¥ ciupaibHOCTh, AnckpeTHble C, P u T cummeTpuu.
McrnonezoBaHue CiMpanbHOCTH 118 OMMUCAHUS YaCTHUL] C BBICOKHMHU CITHHAMH.

2.2. MI30Tonu4eckas MHBApDMAHTHOCTh CHIIBHBIX B3aUMOAEHCTBUE. G-4€THOCTD; paBuia 0Toopa,
BbITEKAIOLIUE U3 COXpaHEeHHs G-4eTHOCTH.

2.3. M3oTonu4eckye CBOKCTBa 3/1EKTPOMArHUTHEIX B3auUMOJIeiicTBUMN. M30TONKMYeckue
COOTHOUIECHHUS MEXY MAarHUTHBIMH MOMEHTaMH I'HIIEPOHOB, COOTHOIIEHUS MEXIY
aMILUTHTyaMH GOTOPOXKAEHHS U paJMallOHHBIX PACIIaOB PE30OHAHCOB.

2.4. SU(3)-cuMmMeTpHUs CHIBHBIX B3auMoaeicTBul. Knaccudukarys sneMeHTapHbIX YacTULL 110
npeacrasnenusm SU(3). Hapywenue SU(3)-cummerpuu u maccoBble popmysbl. COOTHOLIEHHS
MEX1Y BCPOSATHOCTAMM Pa3iMUlbIX [IPOLECCOB, BbiTekaromue U3 SU(3)-cuMMeTpu; pacraibl
6030HHBIX U OApHOHHBIX pe3oHaHCOB. HapyuleHue yHUTapHOM CUMMETPHUH B IIpolieccax
paccesiHus. YacTuubl ¢ yapmom. Beenenue nBera. [ JIF00HHasA THNOTE3A.

2.5. DNEeKTpOMardMTHeIE U C1abble B3aUMOICHCTBHS B YHUTAPHOH CUMMETPUH. COOTHOLIEHHUS
MEXIY 3JEKTPOMAarHUTHBIMH BEPUIMHAMH U BEPOSITHOCTSMH paJHallMOHHBIX Pacnauos.
DeKTpOMAarHUTHOE paclleUIeHHe Macc. Y HUTapHas CTPYKTypa C/1abbIX B3aUMOJEHCTBUH.
CrangapTHast MOJIENb JIEKTPOCIaboro B3auMOAEHCTBHUS.

2.6. KBapkoBas Mozeb 3JIeMEHTapHbIX yacTHll. KBapku W MX OCHOBHBIE CBOMCTBA, BET, MACChI
KBApKOB W MaccoBble GOpMyJIbl. TsoKesble b- i t-kBapKu. DIEKTPOMAarHUTHEIE U cllabble
B3aUMOJIEHCTBUSA B paMKax KBapKOBOM MOJEINH, OLlEHKH BeposTHOCTEH nepexo1oB. [IpaBuna
Oxy6o-LiBeiira. [ m100HEI.

3. JIMHaMHKa CHJIbHBIX M 371€KTPOMarHUTHLIX B3aUMOACACTBHH

3.1. p N- u p K-paccesHue: qanHbIe OMbITa, Hha3soBbIH aHATHU3, pE30OHAHCHI. JJHCIEpCHOHHBIE
cooTHolleHus. Y papHeHue Uy-Jloy, ypasuenus N/D-metona. GOTOpOXKIEHHUE P -MEZOHOB U
pEe30HAHCOB Ha HYK/IOHaX. JlaHHbie onblta 0 GOTOpOXKAEHNH. BEKTOpHAs JOMHUHAHTHOCTE.
Poxnenue agpoHHBIX PE3OHAHCOB B €+-€--BCTPEUHbIX My4uKax. [IpoBepka yHUTApHOH
CUMMETPHH, W - ] -cMeluuBaHue. BennunHa oTHOWeHUs R, obnacTe B6u3u I/y v HOBBIE
TsDKEJIbIe KBapKH. JlyanbHOCTh MeXy aApOHAMH U KBApDKAMH B MIOJIHOM CEYEHHH e+-e--
AHHUTUJISILIMY B aJlPOHBI.



JlanHbIe onbiTa 0 poxaeHHH 9acTULl B p N 1 NN-CTOJIKHOBEHHUAX. JudpakuOHHbIN 1
MyJbTUIEpUEpUYeCKH MEXaHU3M pOoxaeHUS. [10TI0CHbIE YIeHB] B aMILTUTY A€ POXKICHUS.
OnpeneneHue XapakTEPUCTHK p p -B3auMozelcTBrsg MeTtonoMm Uy-Jloy.

3.2. PaccessHye 371eKTPOHOB Ha HYKJIOHAX ¥ 3JIEKTPOMArHUTHEIE GOPM-PaKTOphl HYKIIOHOB.
DKCrepUMEHTa/IbHBIE JaHHble, hopmyna Po3eHOMOTa, AUCIIEPCHOHHBIE COOTHOLIEHUS J1s
dopm-daxTopos. [ nybokoHeynpyroe paccesuue. [lapronHas Monesnb, MacmtabHas
MHBApUAHTHOCTD.

3.3. Toku B pu3mKe 3/I€MEHTAPHBIX YACTUI: KOMMYTallMOHHbIE COOTHOIIEHHUS 11 TOKOB,
COXPpaHSIOLIHECS TOKH, 3IeKTPOMArHuTHble U ciabble TokH, anredps! TokoB SU(2)xSU(3) u
SU(3)xSU(3). BexTopHast TOMHHaHTHOCTb B JIEKTPOMAarHUTHBIX B3auMoaeHcTBusX. HacTuuHoe
COXpaHeHHUE aKCHalbHOro Toka, MpUOIMKeHHe MATKIUX THOHOB, IPaBUIIO CyMM AJljepa-
Baiicbeprepa. AHOMaNbHbIE TOXAECTBA Y OpJa.

3.4. KBaHTOBas XpOMOJMHAMHUKa: OTKJIOHEHHS OT MaclITaOHONH HHBAPUAHTHOCTH B MIPOLIECCAX
r1yOOKOHEYIIPYTOro paccesHUs NEeKTPOHOB U HEHTPHHO Ha aJpoHax, B €+-e--aHHUTHIISALHY B
azpoHbl. JlyanbHOCTb, METO/ ITPABHJI CYMM B KBAaHTOBOW XPOMOJHWHAMHKE, IOHITUE O
BaKyyMHbBIX KOH/IEHCATaX.

4. Crnabble B3aMMOAEHCTBUSA

4.1. YuuepcansHoe V-A-B3aumoneiicteue. Toku ¢ D S=/0, yron Ka6u660. Coxpanenue
CTPAaHHOCTH B HEHTPAJILHBIX TOKAX, THIIOTE3a CHMMETPHH JIENITOHHBIX ¥ KBAPKOBBIX 1yOIETOB.
ITpomexxyTounsle 6030HbI. Brenenue yapma, mexanusm GIM. Mogens ['mamoy-Canama-
Ba#n6epra, yron Batin6epra. Hefitpanbasie Toxu.

4.2. CneACTBUSl YHUBEPCAIBHOIO V-A B3aUMOJEHCTBUS IIPU HU3KUX dHEprusx. OKTeTHas cxema
Kabu660. ne-paccesinye u m -pacna. b -pacnaz W JenToHHBIE pacnajibl alpoOHOB, ABOHHOH b -
pacna/l IByXHeHTpuHHOro tuna. [Ipoueccsl m -3axBara.

4.3. Henenronusle pacnanbl anpoHoB. [Tpasuino DT=1/2 n ero o6o6menue. Coxpanenue
BekTopHOro Toka, runote3a PCAC. CootHomenue [Nonpadeprepa-Tpeiimana.

4.4. Pacnans! HelWTpanbHBIX K-Me30HOB 1 Hapyineaue CP-nHBapnanTHOCTH. DEHOMEHOIOTHS
pacniazios K-Me30HOB: HeJleNTOHHBIE, JTeNTOHHbIE pacnazsl. Hecoxpanenne CP u T B pacnanax
HeHTpanbHbIX KaoHOB. MHTepdepeHnonHbIe 2 dexThl B pacnanax KO-me30HOB.

4.5. dusvka HeHTpuHO. B3auMozelicTBre HEATPUHO C HYKJIOHAMH U gapamu. Tpu Tura
HeHTpUHO. Macca HelTpuHO. ['MnoTe3a HEHTPUHHBIX OCHMJUIANUA. HEHTPHHHBIC SKCIIEPUMEHThI
Ha yCKOPHUTEJISIX, PEakTopax, JETEKTUPOBAHHE COJTHEYHBIX HEUTPUHO U HEUTPHHO OT B3PBIBOB
CBEPXHOBBIX. Be3HEeHTPUHHBIH ABOHHOM b -pacnan suep.

4.6. Criabple B3aUMOJIEHCTBUSA IPH BBICOKMX dHeprusix. Helitpunnsle peakuun. Vix omncanue B
NapTOHHOM MOJENH, TPUONHKEHHAs MacluTabHas HHBapUHAHTHOCTb.

4.7. [Toucku BBIXOZIA 3@ pAMKH CTaHAapTHON MOJIEIIN: TIOHATHS O CYIIEPCUMMETPHH,
CyneprpaBUTaLuu, TEOPUH CYNEPCTPYH.

S. CHsIbHbBIE B3aUMOEMCTBUS [TPU BBICOKUX JHEPIUAX

5.1 O630p IKCIIEPHUMEHTAIBHBIX TAHHBIX O POXKIECHUH M PACCESHUH YaCTHI TIPH BBICOKUX
SHEprusx, MoBeAeHNE TIONHBIX ceueHnH, MU pepeHIHaIbHBIX CEUCHHH, TPOLECCHI C
ncpc3apﬂ,m<0171. MHKII03UBHBIE CEUEHUS POXXIOCHUSA, CIICKTPDI, MHO>XECTBECHHOCTbD.
[TpubnwxeHHas MaclITaOHAass HHBAPHAHTHOCTB.

5.2. Ctporue orpaHuyueHUs Ha IOBEACHUE AMIIIUTY I PACCESAHHUS TIPU BEICOKHX SHEPTHSIX.
Orpanunuenne Ppyaccapa, Teopema [lomepanuyxa.

5.3. JluhpakuMoHHbIE SBJIEHWs! IPU BBICOKUX dHEprusax. [losroca Pe/ke n pe3oHaHChI.
Pe/ukeBCcKas aCHMIITOTHKA U MyJIBTHIIEpU(DEPHUYECKHE TTponecchl. [lIomepon. DHKoHaNIbHOE
nprOIMKEHNE ¥ MOZENb KBAa3UIIOTEHINANA. PekeoHHas MOJEIb Ul HHKIIO3MBHBIX IPOLECCOB.
5.4 ITponeccy! ¢ GornpiuMu P* . Ksapkossiit cuet. [IpuMeHEHUs KBAPKOBOH MOJIETH. OcHoBHBIE
NpeCTaBAeH s KBAHTOBOW XpPOMOYHAMHKH.



V. SInepuas ¢pusuka

([UTst CHEHAIUCTOB-3KCIIEPUMEHTATOPOB 110 (PU3MKE aTOMHOIO s7pa)

1. BzaumonencTBue siAEPHBIX U3JTYYEHUH C BELIECTBOM

I.1. Ilpoxoxxnenne 3apsHkeHHBIX YacTHI Yepe3 BELIECTBO. MIOHH3aLMOHHBIE TIOTEPU U UX
¢nykryanuu. OqHOKpaTHOE U MHOTOKpaTHOE paccesHue. B3auMoAeCTBHE 371€KTPOHOB U
¢oroHOB ¢ BemecTBOM. M3nyuernue Basunoa-Yepenkosa.

1.2. Pe3oHaHCHOE paccesiHue ramma-iydei. Db ekt Méccbayapa.

1.3. B3aumopeiicTBiE HEHTPOHOB C BELIECTBOM. 3aMeJIeHHEe HEUTPOHOB. Y IbTPaxoJI0HbIE
HEHTPOHBI.

2. du3uKa aTOMHOTO s1Apa

2.1. O6wwme cBoiicTBa saepHOro BeuiecTBa. OCHOBHBIE XapaKTEPUCTHKHU siZep: MJIOTHOCTD, 3apsi,
CIUHBI /1€p, YeTHOCTD, CIIEKTPH! BO30YyXxaAeHu s, siaepHas HecTabuIbHOCTh, CBOMCTBA SAEPHBIX
CHJI, HYKJIOH-HYKIIOHHO€E B3auMoJeCTBYE. SnepHbie 00010YKU. DHEPTUs CBA3H slep.
M3zoTtonuyeckuit crivH. AHaJIOTOBBIE COCTOSHUSA. [ Hnepsinpa 1 6apHOHHbIE PE3OHAHCHI B SIpaXx.
2.2. Mopenu anpa. KanensHas Mozens sapa. Monens ¢pepmu-raza. OnHo4acTu4Has
obonoueunas moznenar. CpenHui ssaepHbld notenuran. CnuH-opouransHas cBsi3b. OcTatodHoe
szaumoercTere. O6obimeHHas Mozens sapa. Porannonssle 1 BUOPALIMOHHBIE YPOBHH.
Konnekrusuble 2ddexTrl B siApax. [ MranTckue pe3oHaHChl. 3apsa0Bo-0OMEHHBIE PE3OHAHCEL.
[IpaBuna otbopa [Uis 3MEKTPOMAarHUTHBIX U OeTa-nepexoaoB. KBasnuacTu4Has MOJENb /1pa,
napHble KOPPENSLIMHA CBEPXIIPOBOAALIETO THIA. [[TOTHOCTE HU3KOJEXKAIUX COCTOSHUH B sApax.
2.3. bera-pacnan. DnemeHTapHas Teopus 6era-pacnana. [Ipasuna ot6opa u hopma bGera-crexTpa,
KOppEeJIILIMOHHBIE XapaKTEPUCTUKH. Pa3pelneHHble 1 3anpelicHHble 6eTa-Nepexoibl.
OnexTpoHHbIH 3axBaT. HapymeHnue ueTHOCTH B ¢i1abbIX B3aMMoAeHcTBHAX. bera-pacnan
HeliTpoHa. [|BOHHOM NByXHEUTpUHHBIN U Oe3HEHTpUHHBIN OeTa-pacnan.

2.4. VlcnyckaHue siipaMy NTPOTOHOB, allb(a-pacna, AejIeHHe, KIacTepHble pacHnaibl saep.
3ara3abIBaroIIMe MpoLecchl pacnana saaep. Hapymenne yetHocTH nipu AeneHHH. CIOHTaHHO
nessiuecs H3oMepbl. TpaHCypaHOBBIE U CBEPXTSDKEIIBIE JJIEMEHTHI.

2.5. BsaumojeicTBUE SAEP C 3EKTPOMArHUTHBIM U3Ty4eHHEM. My IbTUIIONBHbIE IEPEXObI U
npasuia oTbopa [T raMMa-u3nyyeHus. BHyTpeHHsas koHBepcHs. QOTOAAEPHBIE PEAKLIHH.
KynonoBckoe Bo3OyxaeHHE s1ep. [ MraHTCKie My IbTHIIONBHBIE PE30HAHCHI.

3. SlnepHele peakuuu

3.1. OCHOBBI TEOPHH SOCPHBIX peakUi. 3aKOHBI COXpaHEHH. [IpHHIIMI AeTaBHOTO
paBHoBecus. Kanans! peakunu. Matpune! paccesuus. Ontudeckas MOJENb B3aUMOICHCTBHS
HYKJIOHOB C SIpaMH.

3.2. Peakuuu ¢ MeJICHHBIMH HeliTpoHaMu. Pe3oHaHCHBIN 3axBaT HEHTpoHOB. Popmyna bpeiita-
Burnepa. Paccestnue HeiiTpoHOB sinpamu. PaccesiHue HeHTpoHOB KpucTtaiamu. OTpaxkenue u
nosisipu3aiys HeHTpoHoB. [IudpaknuonHoe paccesHue. HeRTpoHHas CIIEKTPOCKOTIHUS.

VY 1pTpaxooaHble HEUTPOHEI.

3.3. Ilpsimele sinepHble peakunu. Heynpyroe paccesuue. Peakuun nepenadd. SnepHele peakuuu
nepesapsiiki. 3apsIoBOOOMEHHBIE PE3OHAHCHI.

3.4. VicciienoBaHue siipa ¢ TOMOLIBIO OBICTPBIX 3/IEKTPOHOB, ME3OHOB, ITPOTOHOB. Me30aTOMBI.
O6pasoBanue u cBoifcTBa runepsaep. Ksapku B sapax.

4. SinepHas acTpodu3KKa
4.1. duzuka 351EMEHTAPHBIX YAaCTHII U KocMoJIorust. Panuss Beenennas.

TIporcxoxaeHue JerdaifluX 3J1eMeHTOB, GapuoHHas acummerpus BeeneHHoH u nipobiema
cTabuIbHOCTH TpoToHa. HyKiieoCHHTE3 2JIeMEHTOB B 3Be3nax. OCHOBHbIE sICPHBIE PEAKLHH -
nctounnky suepruu ConHua. SnepHble peakiuy B 3Be3/laX B npouecce apomouun. Mozenn

3BE37| U 3BOJIKOLIMA 3BE3/ 10 B3PhIBA CBCpXHOBOﬁ.



4.2. Ilpupona cBepXHOBbIX. MexaHH3M B3pbIBa CBEPXHOBOU. Posip HEHTPHUHO B KoJIarnce
cBepxHOBbIX. OOpazoBanne HYKINI0B B S- U R-niponeccax. [IponcxoxaeHue cpetHux u
TSDKEJILIX 3JIEMEHTOB. KOCMOXpoHOOrus.

4.3. He#itpuHHnas actpodusuka. ConHeuHble HEHTpHO. COBpEMEHHBIE N€TEKTOPhI COTHEYHBIX
HEeHTpHHO, TpobiieMa AedHuIMTa COTHEYHBIX HEHTPUHO, Macca HEHTPUHO U THIIOTE3a
HEHTpHHHBIX ocuusuauui. HabmoneHue HEUTPUHO OT CBEpXHOBBIX. ITOMCKH TEMHOH MaTepuu
BO BceneHHOR.

5. Ou3KKa 2JIEMEHTAPHBIX YACTHIL U UX B3aUMOACHCTBUH

5.1. Maccel M KBaHTOBbIE YKCa jeMeHTapHbIX YacThl. [IpaBuna otbopa s ciaadblx,
3/IEKTPOMArHUTHBIX, CUJIBHBIX pacnaios.

5.2. M3oronuyeckue cBOWCTBa CUIBHBIX B3auMoneiictBuit. SU(3)-cUMMeTpHs CUIIBHBIX
B3aMMOJeNCTBHH. MaccoBble (popmynbl. Monens KBapkoB.

5.3. NN- u p N-paccesnue. ®a3oBbiif aHamuz. PaccessHue 3,1€eKTPOHOB Ha HYKJIOHAX M sSApax.
DnextTpoMarsuTHbIE GOpMAaKTOPE! HYKJIOHOB U SIEp.

5.4. PaccesHpe OBICTPBIX HYKJIOHOB Ha siipax. Teopus ['nay6epa.

5.5. Cnaboe B3aumoieictBue. Moaens BaitnGepra-I' namoy-Canama. HefiTpanbHbie TOKH.
CoxpaHeHHe BEKTOPHOIO TOKA, FTMII0TE3a YACTUYHOrO COXPAaHEHHS aKCUAIbHO-BEKTOPHOIO TOKA
u ux cienctsus. Habmonerue W- u Z-6030H0B.

5.6. ®u3uka HEUTPHHO. [lupakoBckoe U MaliopaHOBckoe HEHTPUHO. Macca HelTpuHo. ['unoresa
HEUTPUHHBIX ocHyiLIALUA. [Iponeccs! ABOHHOrO NBYX-HEUTPUHHOTO U 6e3HeUTpUHHOrO Heta-
pacnaja saep.

5.7. 'nybokoHeynpyrue mpouecchl. [lapToHHO-KkBapKoBas cTpyKTypa aapoHOB. OCHOBHbIE
MIOJTOYKEHUS] KBAHTOBOH XPOMOJUHAMHUKM.

VI. DnemeHTapHBIE YaCTHIBI

(U1 CIeLHaIHCTOB-9KCIIEPUMEHTATOPOB 0 (PU3HKE aTOMHOTIO Spa)

1. CunpHble B3aUMOIEHCTBHSA

1.1. KBaHTOBBIE UnCIa 371EMEHTAPHBIX YaCTUIl U PE30HAHCOB.

1.2. luckpeTHbie cUMMeTpHUH. [IpocTpaHCTBEHHOE OTpaXKeHUE, 3apsIOBOE CONPKEHHUE,
obpatueHue Bpemenn, CPT-teopema.

1.3. CBoiicTBa BHYTpEHHEN CHMMETpHH. M30TONH4eckas HHBapHAHTHOCTD. 3apsiioBas
cummetpus U G-yeTHocTh. Cxema I'enn-ManHa-HumumoxuMel. YHUTapHas CHMMETPHUS U
KJIaCCH(UKAIIMS YaCTUIl U PE30HAHCOB 110 MyJIbTHIUIETaM. MaccoBast popmyna ['enn-ManHa-
Oxy60. Monens kBapkoB. KBaHTOBasi XpOMOIUHAMHUKA.

1.4. CTONKHOBEHHS 37IeMEHTApHBIX YacTUL. HyK/IOH-HYK/IOHBIE CTOJIKHOBEHHS TIPH MaJTbIX
sneprusax. JJedtpon. Ynpyroe paccesuue [I- 1 K-Me30HOB M HYKJIOHOB Ha HYKJIOHAX.
[MonsipusaunoHusle apneHusd. Heynpyrue npoueccsl. O6pa3oBaHHe pe30HAHCHbBIX COCTOSIHUI B
npoteccax crojxHoBeHus. Popmyna bpeiira-Burnepa. Obumue CBOMCTBA paccessHus Mpu
BBICOKMX JHEPIUAX.

1.5. OCHOBHbIC NPEACTABIIEHUS TEOPUH KOMIUIEKCHBIX MOMEHTOB. Teopema [lomepaHuyka.
1.6. Muknro3uBHBIE NTpoLecchl. [Iponeccrl Ha BCTPEUHBIX MPOTOH-IIPOTOHHBIX U MTPOTOH-
AQHTUIPOTOHHBIX ITyYKaXx.

2. DNEeKTpOMarHUTHbBIE B3aUMOIEHCTBHUS

2.1. TIpyHUAI MUHAMAIILHOCTH 3JIEKTPOMAarHAUTHOro B3auMoeicteus. Ilpasuna otbopa no
M30TOMHUYECKOMY crMHY. IIponeccsl GOTOPOXKAEHUS U INEKTPOPOIKACHHUS.

2.2. PaccessHue 3IEKTPOHOB M MIO-ME30HOB HYKJIOHAMH U AApaMH. DJIEKTPOMAarHUTHbIE
dopmdakTopbl. MarHUTHBIE MOMEHTBI 3JIEMEHTAPHBIX YACTHII.

2.3. [Iposepka MPUMEHUMOCTH KBAHTOBOH JJIEKTPOAMHAMHUKH ITPH BBICOKUX JHEPIUX.

2.4. Me3oaToMbl.

2.5. Ilpoueccsl HA BCTPEUHBIX €--€-- U e+-e+-TTy4YKax.



. Cnabble B3aUMOIEHCTBUS

.1. beta-pacnan. ®opma criekTpoB. KoppensuuoHHbIE 3KkciepuMeHTHI B 6eTa-pacnaze. beta-
pacnan neitpona. K-3axsar. Mro-3axBat. Paspemienssle 1 3anpelnennsle nepexonsl. [Ipasuna
otbopa Pepmu u I'amona-Temnepa. Hecoxpanenne npocTpaHCTBEHHOM YETHOCTH B CIabbIX
B3aHMMOEHCTBHSX.

3.2. YHuBepcabHas TeOpHs c1abblX B3aMMONeHCTBUH. [HIoTe3a 0 COXpaHEHNH BEKTOPHOTO
TOKa. JIBYXKOMIIOHEHTHOE HERTPHUHO. DIEKTPOHHOE, MIOOHHOE U Tay-HeATpuHO. CoxpaHeHHe
JEMTOHHOTO 3apsiza.

3.3. Pacnazpl ¢ u3amenenuem crpannocty. [Ipasuna T=1/2 u DQ = DS.

3.4. YHuTapHasi CAMMETPHS B Cl1abbIx B3auMOAEHCTBUAX U yroy Kabu66o.

3.5. ®usuxa KO-me30H0B. IHTEepdepeHLIMOHHEIE sBIeHNSs ¢ HapymeHneM CP-MHBapHaHTHOCTH
B pacnajax KO-me3oHos.

3.6. HelTpuHHBIE S5KCIIEPUMEHTBI HA YCKOPUTEINSIX MPU BBICOKHX M HU3KHX JHEPrHUsiX, pecakTopax,
JIETEKTUPOBAHHE COJTHEUHBIX, aTMOCGHEPHBIX HEUTPUHO U HEHTPUHO OT B3PBIBOB CBEPXHOBBIX,
IKCIIEPUMEHTBI 10 [TIOMCKAM HEHTPUHHBIX OCLHJIIALIUHA.

3.7. Monens ['nsmoy-Canama-Baiin6epra u HelTpagbHbIE TOKH B C1a0bIX B3aUMOJECHCTBUAX.
Mexanusm Xurcca u maccel yactuu. Habmonenne Z- 1 W-0030HOB B 3KCIIEPUMEHTax Ha
YCKODHUTEJISAX.

LI LI

4. ®dusuka aTOMHOTO spa

4.1. Slnepuble cunbl ¥ 001LIME CBOHCTBA SAEPHOTO BELUECTBA. DHEPIHsl CBSI3H.

Monein sjipa. OaHouactuunas 00ooUeyuHas Mojenb. O00OIeHHAs MOIEb S/pa.
PoTauunonHpe 1 BuOpanMoHHble ypoBHH. Mozesb Gepmu-ra3a. KazuyactuyHas Moaenb sapa.
KBazuuacTU4YHbIE M HU3KOJIEXKAILKE BO3OYXKIEHHBIE COCTOSHUS SIED.

4.2. B3auMoneHcTBHA JIENTOHOB U aAPOHOB BBICOKOH SHEPIHH C ApaMU. DJIEKTPOMArHUTHbIE
dopmbaxTops! gaep. Teopus ['naybepa st B3aUMOIEHCTBHE aZipOHOB C SAPaMHU.

4.3, @oTOsACpHBIE MPONECCHl. | HraHTCKHE MYTBTHIIONBHBIE pE30HAHCHL. Peakuuy nepesapsaku.
bera-pacnan simep. AHaJIOrOBbIN U raMOB-TEJJIEPOBCKHHM pE30OHAHCHI.

4.4, OcoOeHHOCTH POXKIAEHHUS ITMOHOB U KAOHOB NPY B3aUMOAECHCTBUH NPOTOHOB C SIAPaMHU.
I'nnepsnpa. I[lu- n K-me3oatomsl.

VII. MeToauka 3KcnepuMeHTAJBHBIX HCCIeA0BAHMI

(D1 CHIENMATHCTOB-3KCIIEPUMEHTATOPOB 110 (PH3HKeE SApa U 3JIEMEHTAPHBIX YaCTHII)

1. MeTobl nojiy4eHus

1.1. YckopuTenu 3apsyKeHHBIX YacTHL. JInHeHHble yekopuTenu. [ [UKIn4eckie yCKOpUTENH.
[Tpunuun aBrodasuposku. Kecrkas poxycuporka. HakonuTeibHbIE KOJIBLIA U YCKOPUTEIH Ha
BCTpeuHbIX Myykax. KonnekTUBHBIA MeTo/ yckopeHusi. MeToabl GOKYCHPOBKH HYyUKOB U
cernapaums 4acTul.

1.2. SlnepHble peakTophl U UX TUIBL. [JonydyeHre TemIoBbIX U yIbTPaxoJO HBIX HEHTPOHOB.

2. JleTeKTOphI 3JIEeMEHTaPHBIX YaCTHI

2.1. I'azopaspsinublie nerekropsl. Cuerunki ['edirepa-TpocTta, MPONOPLHOHAIBHBIE CIETUHKH,
MOHM3ALMOHHbIE KaMepbl. CUMHTHIIISIHOHHBIE CUETYHKH.

2.2. YepeHKOBCKHE CUETUUKH. [J0yNPOBOAHAKOBLIE CUCTUUKH.

2.3. TpexoBble IETEKTOPEI ¢ (PUIbMOBBIM cheMoM HHpopmanuu. Kamepa Bunbcona,
My3BIPbKOBBIE KAMEPBI, HCKPOBBIE U CTPUMEpHbIE KaMepbl. MeTo siiepHbIX GOTOIMYILCUH.
2.4. BechubmoBbIe Kamepsl. [IponopluoHabHble U ApeiidoBrie kamepsl. [ onockonuyeckne
CHCTEMBI M3 CUMHTHJUISIIMOHHBIX U YEPEHKOBCKUX CYETYHKOB.

3. MeTo/p! U3MEpPEHUH ¥ MaTeMaTHYECKON 06pabOTKH JaHHBIX



3.1. MeToasl CIEKTPOMETPHYECKHX U3MEPEHUH. MarHUTHbIE CIIEKTPOMETPAIL.
CnexTpoMeTpU4ecKHe TPaKThl U3MEPEHUH C MTOJTYTTPOBOAHUKOBBIMU M CLUHTHJUISILHOHHBIMH
CYETUYMKAMH C BRIBOJOM JaHHBIX Ha OBM. MeToznb! nzobpaxenuss MHOrOMEpHBIX CIIEKTPOB.
3.2. JlozumMeTpudeckue u3mepeHus. JlomycTumMble NOTOKH U3TyuyeHUH. CriocoOB! 3alUThL.
3.3. Mertoas! aBToMaTHueckoi 00paboTku GoTorpaduit TpeKoBbIX MpubopoB. MexaHuko-
ONTHYECKHE M JJIEKTPOHHBIE CUCTEMBI CKAHHPOBAHHUS C BHIBOJOM JAaHHBIX HA DBM.

3.4. du3nyecKue yCTAaHOBKH C aBTOMATUYECKHUM BbIBOJOM JaHHBIX Ha OBM. Tumnsl
HAKOMUTENBHBIX yCTPONCTB. Mcnosnp3oBanue paszHbix kiiaccoB OBM s npuema,
TipeaBapruTEAbHON 0OPAabOTKY U HAKOTIEHUs MH(POPMAITHH, a TAKXKE I KOHTPOJIS H
yTIpaBJICHUS.

4. Metoznsl 00pabOTKH IKCIIEPHUMEHTATBHBIX AaHHBIX

4.1. OcHOBHBIE IOHATHS MaTEMATHYECKON CTATUCTUKH. TEOpHSA CTATUCTHUYECKHX OLEHOK U
NPOBEPKH runoTe3. MeToa MakCuManbHOro npasjonoaoous. InaHupoBanue IKCnepuMeHTa.
4.2. CucteMpl MaTeMaTHYECKUX Nporpamm o0paboTKH U aHaIM3a GU3UYECKUX Pe3yIbTATOB.
['eomeTpryeckas peKOHCTPYKLMS Ny4KOB yacTull. CUucTeMa pacrno3HaBaHHs ONpeNEeHHOro
KJjacca COOBITHH. AHAIN3 QU3UUYECKUX pe3yJILTATOB.

VIII. OcHoBHBIE CBeAeHHS MO IKCIIEPHMEHTAJIbHOM siiepHo dH3nKe

(110 TEXHUUYECKON OTpaciiv HAYKH)

1. OCHOBHBIE CBOHCTBA 3JIEMEHTAPHBIX YaCTHLL

1.1. JIBroxeHne 3aps>KeHHBIX YaCTHLL B ANIEKTPUUYECKMX U MAaTHUTHBIX T10JISX; YPABHEHHUS
JIBHXKEHUS.

1.2. B3auMoaeHCTBHE 3apsXKEHHBIX YaCTHUIl ¢ BeIECTBOM. MlOHM3alMOHHbBIE TOTEpH U NTpoder
TSDKEJIBIX 3apsDKEHHBIX YacTHUIl; IIPOXOKIAEHHE OeTa-4acTHIl Yepes BemecTso. B3aumoneiicraue
HEUTPAIBLHBIX YaCTHLI C BENIECTBOM.

1.3. DneMeHTapHbIE YaCTHLBI U sipa. OCHOBHBIE XapakTepUCTHKH faep. PU3NYECKNE CBOHCTBA
YaCTHLL: 3apsibl, Macca, CIIMH, Y4eTHOCTb, H30CIIMH. BpeMeHa jXM3HH 4acTHLL.

. MeT1o/1bl perucTpaluy 3J1EMEHTapHbIX YaCTHLL

1. MeTonbl perncTpauuy 3aps>KeHHbIX U HEUTPaslbHbIX 9aCTHLL.

2.2. 'a3oHanoiHeHHbIE CYSTUHKY U UX TUIbL. IOHW3alMOHHbIE KaMepbl. ['a30HaIoIHEHHbIE
KaMepbl ¢ OIITHYECKUM METOJOM CheMa MH(pOopMauuu. FICKpoBbie U CTPUMEPHBIE KAMEPBL.
2.3. TazoHanosHEHHbIE KaMePB! C 37IEKTPOHHBIMU METO/IaMH CheéMa HH(GOPMaIHH.
MHOTOIIPOBOJIOYHBIE UCKPOBLIE, IPONOPLIHOHATBHBIE U IPEH(POBLIE KAMEDBDI.

2.4. CUMHTHUNISLIMOHHBIE H YEPEHKOBCKHE 1€TEKTOPbl. DOTOYMHOXHUTEIH.

2.5. [lonynpoBOHMKOBbIE AETEKTOPbI. [103MLMOHHO-TyBCTBUTENBHBIE JETEKTOPHI.

2.6. Peructpanus 4acTul ¢ NOMOILBIO ITy3bIPbKOBBIX KaMmep.

[N N

3. Cratuctrueckas oOpaboTka pe3yabTaToB H3MEPEHUH

3.1. OcHoBsl Teopun BeposiTHocTel. CirydaiiHble BeTUYHHBI. OCHOBHBIE 328KOHBI PACIPENe/ICHUS
ClydaiHbIX BeJIMUMH: OHHOMHATBbHOE pacnpenenenue [lyaccona, pacnpenenenue ['aycca.

3.2. OcHOBBI TEOPUH OUIMOOK U3MEPEHUH.

3.3. OCHOBBI TEOPHH MPOCUETOR PErUCTPUPYIOLUMX CUCTEM.

[X. O6mas paanodeKTPOHHKA H BbIYHCIHTEIbHAS TEXHHKA

(10 TeXHUYECKO! OTPACIH HAYKH)

1. MeTo/p! pacyeTa 3JEKTPHUECKUX LENeH 1 CXeM

1.1. AHaiu3 IMHEHHBIX YIEKTPUUECKHX [enei. DKBABAJICHTHBIE cXxeMbl. 3akoHb! Knpxroda,
TeopeMa 06 IKBHBAIEHTHOM I€HepaTope, METO Y3/I0BbIX TOTEHLMAIOB, METOX KOHTYPHbIX

TOKOB. UeThIpeXIOIOCHUKH.



1.2. AHanu3 31EeKTPUYECKUX CUTHANIOB. [lenbTa-QyHKUUS ¥ cTyneHYaTas QyHKLus.
[Ipeobpazoranne Oypoe.

1.3. llepenaua curuanos yepes JuHeHHble cucTeMbl. JuddbepeHinanbHble ypaBHEHUS,
OITHChIBAIOLINE ITPOLIECCH] B AJIEKTPUUYECKUX LENsIX. VIMITy/IbCHAs XapaKTepUCTHKa TMHEHHON
cucreMbl. MaTerpan cynepnosuuuu. Gopmyna cBepreiBanus. [lepenaTounas GyHkuus.
[Tepexonnble npoitecchl B JIMHHBIX LEISAX.

1.4. OcHoBBI onepauHOHHOTO HcyHcnenus. [Ipeobpazopanue Jlannaca.

1.5. OcHoBbl ayiredpb! TOTUKU. COCTABICHUE TOTUUYECKHX 3JIEKTPOHHBIX CXEM.

2. [lonynpoBoaHHKOBBIE TPUOOPBI

2.1.dusnyeckre NPUHLHKIEI pabOTHI [T0JYIPOBOJHUKOBBIX MpubopoB. Mx knaccupukanus.

2.2. IlonynpoBoaHuKoBEIE AXOABL. [IpHHIIMN NEACTBUS, OCHOBHBIE XapaKTEPUCTHKH, NapaMETPBI
U peXKHUMBI pabOThl. PA3HOBHIHOCTH OMOXOB: UMITYJILCHBIE JHOJbI, JHObI C HAKOIIEHHEM
3apsiia, TYHHEJIBHBIE IUOMABI, CTAOMIIMTPOHBI, CBeTOU3IYYAIOIINE THOIBI U Ap. [TpuMeps!
IPUMEHEHUS.

2.3. bunonsipable TpaH3UCTOPBI. [IpHHLKN NEHCTBHA, OCHOBHBIE XapaKTEPUCTHKH, [1aPAMETPLI H
pexuMBbl paboTel. CxeMbl BKITIOYEHHS, SKBUBAJICHTHBIE CXEMBI, paboTa B IMHEHHOM U KJTKOYEBOM
pexumax. PazHOBUOHOCTH TPUOAOB. [IpUMeEpEI UX NTPUMEHEHUS.

2.4. llonesrie Tpan3ucTopel. [IpuHUMN AeHCTBYS, pA3HOBHIHOCTH MOJIEBBIX TPAH3UCTOPOR.
OCHOBHbIE XapaKTEPUCTHKH, IapaMETPBI U peXHUMBbI paboThl. [IpuMepb! npUMeHeHus.

2.5. Jlpyrue pasHOBUAHOCTH NOJYMPOBOJHUKOBBIX NPUOOPOB: JUHHUCTOP, THPUCTOP,
OZIHONEPEXOIHBIH TPAH3UCTOP U Ap. MIX OCHOBHbBIE XapaKTEPUCTUKU U napameTpsl. [IpymMeps
[IPUMEHEHHUS.

3. UnTerpanbHble CXEMBbI

3.1. 'ubpuaHble © MOHOIUTHBIC UHTETPAIbHBIE CXEMBl. MOHOJIUTHBIEC HHTErPATIbHbIE CXEMbI HA
ocrose ounonspHeix u MIII-Tpan3ucTOpoB, X 0cO6EHHOCTH. TeXHOIOrH H3rOTOBIECHUS
MHTErpajbHbIX CXEM Pa3THYHBIX THIIOB.

3.2. AHan0roBble HHTErpanbHble cXeMbl: A dHepeHIHaNbHbIE U ONEPallOHHbIE YCHIIUTEIH,
peryJisiTOpbl HaNpsDKEeHUs, Ipeodpa3oBaTei KOJA-aHAJIOT ¥ aHaIor-KoA. MX ocHoBHblE
rapaMeTpbl, IPUMEPDI IPUMEHEHHS.

3.3. Jlormueckue MHTErpaJIbHbIE cXeMBbl. MX kiaccubuKanus o cxeMo-TEXHHUECKOMY
ucrionHeHu0. OCHOBHbIE MapaMeTpkl. beicTponeiicTBue cxeM. CHCTEMA JIOTHYECKHX 3JIEMEHTOB.
Tuns! TpurrepoB. [IpumMeps! IpuMeHeHHs.

3.4. InrerpajibHbIE CXEMBI CO CPEIHEH CTENEHBIO HHTErpaliiK: CYETYHKH, PETUCTPBI,
KOMMYTaTOPBbI, 1€ PATOPbl, CYMMATOPb! H Ap.

3.5. IHTerpaibHble CXeMbI € O0JIbLION CTENEHBIO HHTErPALUMH: CJIOKHBIE JIOTHIECKHE
YCTpOWCTBA, 3a[IOMUHAIOLINE YCTPORCTBA, MUKpoIpoueccopsl u Ap. [yt nanpHeimero
MOBBILIEHUS CTEIICHH HHTEIPaAIlHH.

4. DNeKTpOHHBbIE H3MEPUTEbHbIE ITPUOOPEI

4.1. Knaccudukanus u3MEpUTENbHBIX IIPUOOPOB; UX KIIACCHI TOYHOCTH.

4.2. DneKTpoHHO-TyueBble ocuunnorpadsel. Mx ocoBHble 610KkM. CKOPOCTHBIE OCLUMILIOrpadBI,
cTpobocKOnHUecKUe OCHHIIOrpadbl, ocLIorpadbl Ha 3aMOMHHAIOLIMX TPYOKax.

4.3. VI3amepuTebHbIE T€HEPATOPBI, KX TUIIBI U XapaKTEPUCTHKH.

4.4. Lndposble npubOpE! U M3MEPEHUS aHATIOTOBBIX BEJIMUMH (HAIIPSIKEHUS, TOKA, YAaCTOThI X
ap.). VIX mpHHIUT OEHCTBUS U yCTPOHCTBO.

5. OCHOBHBIE CBEIEHHS 10 MIEKTPOHHBIM M (YPOBLIM BBEIUUCIHTENBHBIM MaIMHAM
S.1. TIpHHUMIBI NOCTPOEHUS ¥ pabOTHI AMEKTPOHHBIX LH(PPOBBIX BHIUMCIUTEIBHBIX MAIIHH.
[lpoueccopst. MIx coctaB v QyHKLHM.



5.2. 3anoMuHaromue ycrpoictsa. Ux ¢pyHkunu. OnepaTHBHBIC X BHELIHHE 3aTIOMHUHAOLIHE
ycrpoicTBa. YcrpoHcTBa BBOJA U BbIBO/1a MHMOpMALMH.

5.3. HenocpencreenHas cBsizb OBM ¢ u3MepuTeNbHBIM 000pYIOBaHUEM.

5.4. YcrponceTBa Juis ONIEPAaTHBHOIO B3aUMOAEHCTBUS onepaTopa u OBM. Jlucmneun.

5.5. bonbmmue, Manele 1 Mukpo-OBM. Cocras u xapaktepuctuku BM.

5.6. OcHoBeI porpammHoro obecneuenus IBM. Onepaunonnsle cucteMsl. VX QyHKUHH.
MalHHO-OpUEHTHPOBAHHBIE U IPOGIEMHO-OPHEHTHPOBAHHBIE SI3BIKHA IPOrPaMMHPOBAHMS.

6. Hajie)xHOCTh paaARO3NIEKTPOHHBIX YCTPOMCTB

6.1. OCHOBHBIE NOHSATHUS TEOPUU HANEKHOCTH.

6.2. [1lpryuHbl OTKA30B annaparypsbl.

6.3. OueHKa HaZeXXHOCTH pa3padaThIBAIOUIUX YCTPOUCTB.
6.4. MeToabl NOBBILIEHUS HAJIC)KHOCTH.

X. HpubGopsl saepHOH 3JIEKTPOHHKH

(1o TEXHUYECKOH OTPacIu HAyKU)

1. 3ana4n 3EKTPOHHOM annapaTypbl B 9KCIIEPUMEHTAILHOMN sIepHON (HU3UKE

I.1. O6o61eHHast 0J10K-cxeMa IAePHO-(PU3NUECKOT0 IKCIIEPUMEHTA.

1.2. Cneuudunxa 3KCepUMEHTOB B 00,1aCTH (PU3NKH aTOMHOTO s/pa (HU3KUE SHEPTUH) U
3JIeMEHTapHBIX YacTHII (BBICOKHE SHEPIHH).

1.3. Jlornueckas u cieKTpoMeTpryecKas HHGOpMaIus, mojydaemas ¢ 1eTEKTOPOB.

1.4. KosmuectBo HHGOPMALIUH, OTY4YAaEMON B 3KCIIEPUMEHTAX pa3IMYHBIX THHOB. MeTo/b!
NnpeaBapHTeILHOrO 0TOOpa IMocTynaromeil HHPOpMaIuy.

. YCTpoicTBa AJI U3MEPEHHUST HHTEPBAJIOB BpEMEHHU

1. XapakTepucTuka JeTEKTOPOB C TOUKY 3PEHHUs MOTydeHUs] BpeMeHHOI HH(popMaLKy.
2.2. Pa3bpoc UMITyIECOB MO BPEMEHH BO3HUKHOBEHHS. CxeMbl BpEMEHHOH IIPUBSI3KH.

2.3. CnocoObl H3MEPEHUS HHTEPBAJIIOB BPEMEHH. TOYHOCTD, paspeliaroias CHocoOHOCTh U
JMana3oH U3MEPEHHS.

oo

3. YerpoicTBa A/t M3MEPEHHUS aMIUIUTY L UMITYJIbCOB

3.1. XapaKkTepuCTHKH AETEKTOPOB ¢ TOYKU 3PEHHS MOMYUEHHUS aMIUIUTY IHOH HH(QOpMaLUH.
3.2. [llymbl 1 MeTo1bI 60pBOBI C HUMH.

3.3. CnieKTpOMETpHUECKHE YCHIHTENH, UX XapaKTEPUCTUKU. POPMUPOBAHUE UMITYIBLCOB I
NOJYYECHUS ONTUMAIBHOTO OTHOLIEHHs CUTHAN/10yM. bopbba ¢ Hal0XXEHUAMH HMITYJIbCOB.
3.4. Crioco6b! U3MEPEHUS aMIUIUTY UMITYJILCOB. MeTOibI TOBBIIEHUS TOUHOCTH K CKOPOCTH
npeobpazoBanus. MeToabl cTabUIM3ayUy CIIEKTPOMETPHYECKOTO TPAKTA.

3.5. AMIUIMTYIHBIE aHAIA3ATOPLI, UX XapPaKTEPUCTUKH.

4. Jlorr4yeckue CXeMbl pericTpaluy 1 0TOopa JaHHbIX

4.1.CyerHble cXeMbl. THITBI cXeM, X OBICTPONECHCTBHE.

4.2. Cxemn! coBnageHui. [TpuHunn paboThl, KpaTHOCTH COBNAJAEHHU, pa3peliaionee Bpems,
spdextuBHOCTb. Cirydaiinple coBnaaeHus. AHTHCOBNAAEHHS, X 9P HEKTHBHOCTD.

4.3. Jlpyrue THIIbI IOTUYECKHX cXeM: (OPMHPOBATENH, IMHUY 33AEPKKHU, TUCKPUMHHATOPEI,
CXEMbl NPOITYCKAHKS, pa3BETBUTENH U Ap. VX xapakTepuCTHKH W NPUMEPD] IPHMEHEHHS.

4 4. BpICTpBIE TIPOLECCOPBI AJIs TIPEIBAPHTENBLHOTO 0TOOpa COOBITHIA.

5. DAeKTPOHHBIE YCTPOHCTBA ISl PETUCTPALMH KOOPAMHAT YaCTHIL

5.1. TonocKonu4eckre CHCTEMbI M METOJIbl PETHCTPAIIMM UHPOPMALIHH B HUX.

5.2. DNEKTPOHHbBIE METOb! CUUTHIBAHHMSL MH(OOPMALMH ¢ HCKPOBBIX KaMep CO CIUIOIIHBIMA
371EKTPOIaMH (TEJIEBU3HOHHBIH, aKyCTHYECKUH U Ip. ).



5.3. MeToabl C4UTbIBaHUS MHOOPMALHUH C UCKPOBBIX KAMED C IIPOBOJOYHBIMH JIEKTPOAAMH, C
IPONOPLIMOHANBHBIX KaMEP U C IpeioBbIX Kamep.

XI. AcTpodu3uka BbICOKHX 3Hepruii

1.1. OHEpreTH4eCKUH CIEKTP NEPBHYHOIO KOCMHYECKOTO U3TYYEHHS U €r0 OCHOBHBIE
ocoOeHHOCTH (popma CNEeKTpa, HEOAHOPOIHOCTH CIEKTPa U UX BO3MOXKHBIE ITPUYNHBL, IOJHAS
SHEPTHUst KOCMHUYECKOT0 U3JIy4YEHHUs, NOCTYNAIOLIEro Ha 3eMJTIO).

1.2. SlncpHbid cocTaB MepBUYHBIX KOCMUUYECKHX JIyYel ¥ ero 0COOEHHOCTH.
PacnpocTpaHeHHOCTD 31€MEHTOB BO BeeneHHOM U B kocMu4eckux yyax. MHTepnperamus
pasiIu4ni.

ONEeKTPOHBI, TO3UTPOHBI, POTOHB! ¥ AHTHUIIPOTOHBI B COCTABE MMEPBUYHOIO KOCMHUYECKOTO
U3TY4EHHUS [IPU pa3HbIX SHEPTHUSX.

1.3. T'eomarnuTHbIe 2QPEKTHI, HX HCMONB30BAHUE AJIS ONpPENEIIEHHS JHEPIeTHYECKOTO CIIEKTPA U
3apsa NEPBHYHBIX KOCMHUYECKUX YaCTHIL.

1.4. CBOHCTBA KOCMHUYECKOr0 U3TyueHHUs BOIU3M MOBEPXHOCTH 3€MJIH U MO 3eMJIEH (cocTas,
MHTEHCUBHOCTD). MeTouKa Ucce10Baitst KOCMUYECKUX YacTHL] pa3HbIX 3HEPruM (Ha
CIyTHHMKaxX 3eMJIH, B aTtMocdepe, Ha ropax u IoJ 3emiei ).

1.5. [lIupokue aTMOC(HEPHBIE TUBHU U UX CBOHCTBA. MeTOMBI pETHCTPAITHH LIKPOKHX
aTMOC(EPHBIX JINBHEH (B TOM YHCIIE 1O PaJHO- X YePEHKOBCKOMY H3TYYESHHIO).

1.6. OCHOBHBIE HCTOYHHKH KOCMHUYECKOTO U3JTyYeHHUS. MexaHU3MBbl YCKOPEHHS KOCMUYECKHX
YacTHl.

1.7. FaMmma-acCTpPOHOMHSA BBICOKMX M CBEPXBBICOKUX 3HeprUi. [IOnCKM ramMmma-usnydeHus
BBICOKOH JHEPI'MH OT OCTATKOB CBEPXHOBBIX 3BE3I.

1.8. bosbioit B3peis. Kpacnoe cMmelnenne. PenukToBoe U3JTydeHUe, ero SHEPreTHUYECKHH CIIEKTp,
IIPOUCXOXKIACHHE.

1.9. Temnas MaTtepus Bo Beenennoit 1 ee Bo3MOXHast IpHpoa.

1.10. Perncrpanust NOTOKOB HEUTPHHO HU3KUX JHEPrHH OT BCIIBILIKK cBepXxHOBOH 8K 1987A Ha
pa3THYHBIX YCTAHOBKAX B MHUPE.

1.11. I'Tpobnema BepXHEH rpaHHUIIbI 3HEPTETUUYECKOTO CIIEKTPa KOCMHYECKHUX NPOTOHOB M sEp.
DKcriepuMeHTalIbHbIE JIaHHBIE.

XII. IkcnepuMeHTANbHASL TEXHUKA VIS HCC/IEI0BAHUS MPOLECCOB, NPOTEKAMHX NPH
BBLICOKOH 3HEpruu™

2.1. Mertoap! yckopeHus vacTull. JINHEHHBIE H HUK/IHYECKHE YCKOPHTENH: IUKIIOTPOH,
dazoTpoH, cuHXxpohazoTpoH. Me3oHHbIE dabprku.

2.2. Konnainepsel, HAKOMUTENBHBIE KOJIbLA. Y CcTpoHcTBO. JlocTonHcTBA. [IpuMeps!
JIEUCTBYIOUIUX U NIPOEKTUPYEMbIX KOJIJIaHAEpOB.

2.3. Kpynneiiluye NeHCTBYIOLIME U TPOEKTUPYEMBIE YCKOPHUTEIH 3apPSKEHHBIX YACTHILI.

2.4. KocMuueckne JIyud KaK HCTOYHHUK CBEPXBBICOKUX JHEPTUH.

2.5. Metoa peHTT€HOAOMYJIbCHOHHBIX KaMep B KOCMUYECKHX JTydax.

2.6. lerextopsl yactull. MIMnynscHBIE HOHU3ALMOHHBIE U TPONIOPLIHOHAJIBHEBIE KAMEDEI,
npeidoBbIe KaMEPDI, CUMHTHILISLMOHHBIE CYETYUKY, MUKPOCTPUIIOBBIE U TaJ0BBIE IETEKTOPSI,
TY3bIPLKOBBIE KAMEDPDI, YEPEHKOBCKHUE CYETYHKH, KOJIbLIEBOH YEPEHKOBCKUH CIIEKTPOMETP.
VCcKpOoBbIE ¥ CTPUMMEPHBIE KAMEDHI.

2.7. Metoan! uaeHTU(UKAIIMH YaCTULL.

2.8. MeToapl U3MEpPEHUS! DHEPTHH: MAaTHUTHBIE CIIEKTPOMETPhI, HOHH3alIHOHHBIE KaTOPUMETPBI,
NETEKTOPBI IEPEXOIHOTO HU3TYYEHHS.

2.9. OcHoBHbIe TpeOOBaHUsI, MTPEIbIBIIEMBIE K TPEKOBBIM JETCKTOPaM U KalOpUMeTpaMm:
reoMeTpuuecKui pakTop, MPOCTPaHCTBEHHOE U SHEPTETHUYCCKOE pa3peUICHHUE.

2.10. KOMIIJIEKCHBIE YCTAHOBKM Ha YCKOPHTENSIX U B KOCMHUECKHX JTydax. [Ipumepbl
NEUCTBYIOLIMX U [IPOEKTHPYEMBIX yCTAHOBOK.



XIII. KuneMaTHKa NpH aHA/IN3€e NPOLECCOB B3aUMONENCTBUSN U pacnaja 4acTuu*

3.1. OcHOBHBIE KHHEMATHYECKUE XaPaKTEPUCTHKHU: IHEPTHUS, UMITYJIbC (TIOTIEPEYHbIH U
NIPOIONIBHBIH, YETBIPEXUMITYIIBC). MaHAeNbIITaAMOBCKHE IEPEMEHHBIE: S, t, U , peifHMaHOBCKast
nepeMeHHas X, ObepKEHOBCKHE MEpeMEHHbIe, OBICTPOTA H [1CEBIOOBICTPOTA.

3.2. duznyecKkue CUCTEMBl KOOPAMHAT: CHCTEMA LIEHTpa Macc, JlabopaTopHas CHcTema,
CHUMMeTpHUHas cucrema u Ap. CBsI3b XapaKTEPUCTHK YaCTHUL B 3THX CHCTeMax: npeoOpa3oBaHus
JlopeHna. 'HBapuaHThl IOPEHICBCKUX MPeoOpa3OBaHHUi.

3.3. BRyTpeHHHE KBAaHTOBBIE YHC/A: CIIMH, U30TOINCITHH, JIENITOHHBIA 1 GapHOHHBIHA 3apsiabl,
CTPaHHOCTb, YapM, OBIOTH, TOIl - ¥ 3aKOHBI UX COXpaHEHHUs. J(UCKpeTHas CUMMETpUs. 3aKOHBI
COXpaHEHHUS.

3.4. InbdeperuranbHOE U IOTHOE CEUEHNE peaklni, MaTPUUHbIH 3J1€MEHT, (a3oBbli 00beM.
3.5. OcobenHocTH KMHEMATHKH pacraza Ha JIBe, TpH WK 0oJiee YacTHll.

X1V. O0mue cBoiicTBa pyHaaMeHTANBLHBIX B3aHMOJAEHCTBHIA

4.1. Onektpocnabple, CHIBHBIE H IPaBUTALIMOHHBIE B3aUMOICHCTBUS. beryiime KOHCTaHThI
B3aUMOICHCTBHH. XapakTepHble 3)()EKTHBHBIE CEUEHHS U APYrHe 0COOEHHOCTH Pa3HbIX THUIIOB
B3aUMOJEHCTBHHM. OyHAaMeHTalbHbIE YaCTHIIBI U UX POJIb B IIpoIIeccax B3aUMOAEHCTBUS.

4.2. YHUBepCcaIbHBIA XapaKkTep B3aUMOAEHCTBUH U Bennkoe oObequHeHHE.

4.3. OTKpbITHE NO3UTPOHA, MIOOHA, P -M€30HA, CTPAHHBIX U OYaPOBAHHBIX YaCTHLI.

4.4. ®epMuOHBI (JIEMTOHBI, KBApKH) ¥ 0030HBI (I1I0OHBI, GOTOHBI, W+-, W--, Z0-6030HHBI,
runoretrvueckuit 6030n Xurrca, ME30HB! M Pe30HAHChI). Pacnanel yacTull OA BIHMSAHUEM
CUJIbHBIX, ONEKTPOMArHUTHBIX K C1a0bIX CHUII.

4.5. Otxkpeitue W+-, W--/ Z0-6030H0B. OTKpHITHE t-KBApKa.

4.6. Anpons! (0apHOHBI, ME30OHBI, pe30HaHCH) U sapa. KBapkoBas CTpYKTypa aJpOHOB.

4.7. 'unoTe3a cynepCHMMETPUYHBIX YacTl. Benukoe o6benunenue. Pacnan npoToHa.

4.8. CP-HapylueHue 1 ero akcrepiMeHTanbpHble nposieHus. CPT-teopema.

4.9. Pacriagsl HEHTpabHBIX KAOHOB. YTkl cMelnBanust Kabu6o. Marpuua Kabasum-Mackassl.
OcuuIsUMK CTPAaHHOCTH. Perenepauusi KaOHOB.

XV. Ctpykrypa agipoHOB

5.1. MarHuTHbIE MOMEHTHI U Z-(PaKTOpPHI YACTHII.

5.2. [TapToHHas CTPYKTypa HYKJIOHA U3 SKCIIEPUMEHTOB I10 IITyOOKOHEYIPYTrOMY PacCesHHIO ep,
nu.gif (53 bytes)p, p: KBapK#, HX CIIHH H 3NIEKTPHYECKUE 3apS bl

5.3. BaneHTHbIe © MOPCKHE KBAPKHU U TIFOOHBI H X CTPYKTYpHbIE QYHKIMHY B aApOHAX U sApax.
Mertoabt ux uaMepeHus. boepkeHoBckuit ckeinuur. KBantoBoe uncino "user".

5.4. CBoiicTBa KBApKOB M I'JIFOOHOB K3 IKCIEPUMEHTOB 1O IEKTPOH-TIO3UTPOHHON AHHUTUIISLIMH
B @/pOHbl; Macca KBapKOB, UX CIIMH U 3apsili, IKCIIEPUMEHTAabHOE 10Ka3aTeNbCTBO
CYLIECTBOBAHHUS "LIBETHOr0" 3apsja.

5.5. [Ipo6nema HeBbUIETAHUS LiBeTa (KOH(QANHMEHT) U aJpOHH3ALHS] KBAPKOB.

5.6. PaccestHie 3/1eKTPOHOB M HEUTPHHO Ha HykJIoHaX. @opmynel Pezepdopaa, Motra v Jupaka.
5.7. Kpapxonwuii. [ToreHnuansHoe OMUcaHye IBETOBBIX B3aUMOAEHCTBUM. OCHOBHBIE ITOJI0XKEHUS
KBaHTOBOH XpOMOJMHaMHUKU. Mexanusm [Ipenna-SHa.

XVI. CBoiticTBa 1eNTOHOB

6.1. DnexTpOHBI, MIOOHBI, HEUTPUHO (BEH/IEBCKUE, IMPAKOBCKHE, Maitopana). x sapsaael, Maccel,
JIENITOHHBIE YUC/Ia, CIUPATLHOCTE, HAPYILIEHHE YETHOCTH. [TOKOIEHUS JIENITOHOB M KBAPKOB U UX
BO3MOXKHOE YHCII0. MeTomb! orpeie/ieHns (KOCMOJIOTHYECKHE H YCKOPHTEIBHEIE).

6.2. Cnabble B3aUMOICHCTBHUSA [TPH BLICOKHX HEPTUAX. Y HUBEPCATBHBIA XapaKTep c1adbIx
B3aMMOJIEHCTBUM. B3auMonefCTBIS HEHTPUHO ¢ KBapKaMH. 3apsHKEHHBIE 1 HEHTPAIbHbIC TOKHU.
CeueHus cnabbIx B3aMMOJIEHCTBUH.

6.3. OcunIsAUHAY HEWTPAIBLHBIX KAOHOB H I'MITOTE3a HERTPUHHBIX OCLMIISAIHH. Ocuunnsannu
HEHTPHHO B IOTHOM Belnectse (3¢ dexr Muxeesa-CMmupHoBa-Bonsdenmreina).



6.4. ContHeYHble HEUTPUHO U UX POUCXOXAECHHE. DKCIIEPUMEHTHI JleBUca U UX pe3ynbTaThl.
["annmesble nerextopel. [IpuMepel 6osnee MO3MHUX IKCIEPUMEHTOB IO H3YUEHHIO IIOTOKOB
COJTHEYHbIX HEUTPUHO U ocuuuisnni (Kamuoxanae u np.).

XVII DnekTpoMarHuTHbIC B3AaHMOIEHCTBHS *

7.1. Topmo3HOE ¥ CHHXPOTPOHHOE H3nyueHue. M3nyuenne Bapunopa-UYepernkosa. [lepexoanoe
u3srydenye. Poxaenue 31eKTpOH-NO3UTPOHHBIX Nap GOTOHAMHU. DHEPreTHUYECKHE 3aBHCHMOCTH
CEYEHUN H TTOTEPD JHEPTHUH.

7.2. OcoOEHHOCTH MTPOXOXKACHUS 3apsHKEHHBIX YacTHUI[ yepe3 BelecTBo. MoHU3alOHHbIE
norepu snepruu. Gopmyna bere-I"aiiTnepa. Paguanuonsas ajinHa U KpUTUYECKAs! JHEPTHUA.
7.3. Oddext Jlannay-Ilomepanuyka-Muraana.

7.4. DneKTpOHHO-(OTOHHBIH Kackaa. OCHOBHbBIE pe3yIbTaThl TEOPHH (YUCIIO YACTHL B
MaKCHUMYyME KacKaza, 110J10§KE€HHC MaKCHUMyMa, 32aRUCUMOCTb OT 3HEPTHU U ATOMHOTO Homepa).
7.5. Kackan B atMocdepe, paauyc JMBHA, COCTaB yacTHl. CBsI3b C QHEPrUer MepBUUHOM
9aCTHIbI.

7.6. UepeHKOBCKOE M pafuoHN3Ty4YeHHe JIUBHS. [ [puMEpPBI YCTaHOBOK ISl H3yUYEHHUS IHPOKUX
atMoc(epHBIX JIUBHEH. [IeHcTBYIOIHE U NPOEKTHPYEMBIE YCTAHOBKH [UIS PETUCTPALlUU
KOCMHYeCKHUX Jydyeil npenenbHo BeicokuX aHepruit (1IIAJI-1000 u np.).

7.7. ObHapyxeHHe "u3nomMa" B JHEPreTHYECKOM CIEKTpe NEPBUYHOTO KOCMHYECKOTO U3TyUEHHUS
npu 3Hepruu 5-106 I'3B u ero coppemenHoe o0bsicHenue B nudHy3noHHON MOETH.
B03MOXHOCTh TAJTAKTHYECKOHN ¥ BHETATAKTHYECKOH IPOTOHHOM aCTPOHOMHMH NPH NPEAEILHO
BBICOKMX JHEPTUsIX KocMHudeckux yactun (109 - 1011 I'sB).

XVIII. CranpaptHas Mogenas

8.1. [TonsTue 0 KaMMOPOBOYHOM NMPUPOJIE CHIIBHBIX U AJIEKTPOCIa0bIX B3aUMOIEHCTBUH.
OcHoBHble nonoxenns CrannapTHod Mogaenu.

8.2. DkcnepuMeHTanbHoe oOHapyxenne W+-, W-- u Z0-6030HOB.

8.3. Ponb runmoTeTHyeckoro ckansipHoro Xurrc-603oHa B TeOpHH. BO3MOXKHBIE 3KCITEPUMEHTHI
1JIst ero oOHapyXEHHs B €+e-- U pp-CTOJKHOBEHHUSX.

XIX. CusibHble B3aUMOIEHCTBHA

9.1. [lortepeunsle ceueHUs IPOLECCOB B3aumozecTBus. [lonHble, yrpyrue u Heynpyrue
NonepeyHble CeUeHNs. DKCIIepUMEHTalIbHOE ONpe/iesieHHe MONEPEYHbIX CEUEHUH Pa3HBIX
npoueccos. Onruueckas Teopema. [Ipenen @pyaccapa.

9.2. 3aBUCHMOCTB TONEPEYHBIX CEYEHHH OT NPUPOb] U IHEPTUH COYNAPAIOLIMXCS YaCTHIL
(3KCIepUMEHTaJIbHBIE JaHHBIE U TEOPETUUYECKHUE NTpeicKa3zaHusl). PaccesHUe YaCcTHLl Ha s/ipax.
dopmpakTopsl.

9.3. MHOXECTBEHHOE POXKIEHHE YaCTHI] IIPH BBICOKHUX 3HEPTHUSAX - YHUBEPCAIBHBIH IIpolecc.
OKCKIIIO3UBHBIA, HHKITIO3UBHBIA U 3BEHTYaJIbHBIH CIIOCOOBI aHaTH3a npoLeccoB. OCHOBHbBIE
XapaKTEePUCTHKU MPOLIECCA: MHOXKECTBEHHOCTb, UMITYJIECHBIC U YIJIOBBIE pacpeleneHus.

9.4. OcHOBHBIE MEXAHHU3MBI AIPOHHbBIX B3aUMONEHCTBHH (IHU(PAKIIMOHHBIE TIPOLIECCHI,
rronuzaius u GpparmeHTauus; knacrepusauus, 3hdexkT THANpOBaHUS U OTHOCHTEIbHOE
[IOCTOSIHCTBO TONEepeyHOro umMnynbca). CTpyu. ACHMMETPHS pa3jieTa BTOPHUHBIX YACTHL B
CHCTEME LIEHTPA MacC CTOJIKHOBEHHS ME30HOB U HYK/IOHOB. (PEHHMAHOBCKHH CKEHITHHT.

9.5. OTKpBITHE SIEPHO-KACKALHOrO MPOoIecca B KocMuuecknX Tydax. OcoGeHHOCTH anpOHHbIX
B3aUMO/JIECTBHAHM IPH CBEPXBBICOKUX DHEPTUAX.

9.6. B3auMoIeCTBHE alpOHOB C AApaMH U saep ¢ siupamu. OCHOBHbBIE XapaKTEPHUCTHKH.
3aBHCHMOCTb OCHOBHBIX [1apaMETPOB CTOJIKHOBEHHS OT aTOMHOro Homepa CriocoObl onucanus
CTONKHOBEHMH C siApaMu: rnayOepoBCKMI MOAXO0M, SACPHO-KACKaAHBIE MOJEH, CTPYHHbIE
MOJIE/IM, MOJIENbL HE3ABUCHMBIX CTOJIKHOBEHHUH.

9.7. KBapk-rnrooHHas njaa3Ma M ee NpOosIBICHUS.



9.8. IlpuHUKIBI TOCTPOEHH MOJeNeH ATIS OIIMCAHHUSA ITPOLECCOB MHOXKECTBEHHOTO POXKAEHHS!
YaCTHLl B MATKHUX Npoueccax (CTaTUCTUYECKHE, THAPOAMHAMHYECKHE MOIEITH,
MYyJbTHIIEpHEPUYIECKHE, KBAPK-TTIOOHHBIE ¢ Jp.). OCHOBHbBIE NpefcKa3aHus MOAEIEH.

OcHoBHas sMTEpaTypa

Axueszep AWM., llynsra H.B. DnexrponuHaMrka BEICOKHMX 3Heprui B Bemectse. M.: Hayka,
1993.

Mypsun B.C., Capsryesa JI.1. ®usuka anpoHHsx npoueccos. M.: Dueproatomusnar, 1986.
I'pumu B.I'. KBapku ¥ anpoHbI BO B3aUMOJEHCTBUSAX YaCTHUI] BBICOKUX 3HEpTHil. M.
Ouneproaromusgar, 1988.

Epmostos I1.®. JlenToHHbIE B3aUMOAEHCTBHS NTPH BBICOKUX dHeprusx. M.: M3x-so MI'VY, 1987.
Oxyub JL.b. Beenenne B pusuky anemeHtapusix yactui. M.: Hayka, 1992.

Oxynp JI.b. JlenToHb! 1 kBapku. M.: Hayxa, 1990.

[Mepxunc J1. Beenenue B pu3KKy BbICOKMX dHepruit. M.: DHeproaromusaar, 1991.

Myp3un B.C. Beenenue B pusuky kocMuueckux jiydet. 3-e usn. M.: M3a-so MI'Y, 1988.
lonpnanckuit B.U., Hukutun FO.I1., Pozenrtans M.JI. KunemaTuueckue MEeTOIb! B hU3UKE
BblcOKHX SHeprui. M.: Hayka, 1987.

Xpucruanced I'.b., Kynukos I'.b., ®omun FO.A. KocMuyeckoe usmydeHue CBEpXBLICOKUX
snepruit. M.: Hayxa, 1975.

®usuueckas snuuxioneaus / Iloa pea. A.M. ITpoxopora. T. 1 - 5. M.: CoB. sHuHKIONENHS;
Bonwiias poccuiickas saHnukoneans, 1988 - 1998,

OcHoBHas nuTeparypa nno pasaeny I (s TeOpeTHKOB)

Bop O., Morrenscon b. Ctpykrypa aromuoro siapa. T. 1, 2. M.: Mup, 1971, 1977.

Awszenbepr W, I'paiinep B. Mukpockonuueckas teopus sinpa. M.: Atomusnat, 1976.

Murpnan A.b. Teopust KOHEUHBIX HEPMU-CUCTEM U CBOHCTBA aTOMHBIX saep. M.: Hayka, 1983,
Conoseer B.I'. Teopus cnoxusix sinep. M.: Hayxka, 1971.

breitzo JK.I1., Punka XK. KBantoBas teopust koHeuHbIX cucteMm. Knues: @ennke, 1998.

Tewnop [x. Teopus paccesuusi. M.: Mup, 1976.

base AWM., 3enpnosuu f.b., Ilepenomos A.M. Paccesinue, peakuuu U pacnaasl B
HepeasITUBUCTCKOM KBaHTOBOH Mexanuke. M.: Hayka, 1971.

Knoy3 ®. Kapku u naptonsl. M.: Mup, 1982.

bensies B.b. Jlexunu no teopun ManodacTHYHBIX cucteM. M.: Duneproaromusaar, 1986.
Kanmenckuii C.I'., ®ypman B.M. Anbta-pacnan u pogcTBeHHBIE SAEPHbIE peakiuu. M.:
Oueproaromusaar, 1985.

OcHnoBHas nuTepatypa no pasaeny Il (ans reopeTuxos)

Jluprunn E.M., TTuraesckuit JLI1. PenstuBrcrckas kBaHToBas Teopus. U. 2. ['n.14, 15. M.:
Hayxa, 1971.

Oxynb JI.b. CnaGele B3auMoOAeNCTBHS 3JIEMEHTAPHBIX YacTHl. M.: ®usmatrus, 1963; JlenTons!
U kBapku. M.: Hayka, 1983.

Yesuten I'. dusnka aneMeHTapHbix yactuil. [11. 4, 5. M.: Hayka, 1966.

Baitubepr C. YOH. 1976. T. 118. C. 505.

Bnuu-Croiin P. @yHaameHTanbHbIe B3aUMOIEHCTBUS B aTOMHOE 1po. ['1. 3, 4. M.: Mup, 1976.
Annpees U.B. XpomoauHaMuKa U )KECTKHE MPOLECCH! IIPH BBICOKMX dHeprusax. M.: Hayka, 1981.
deitnman P. Bzaumoneiicteue hoTOHOB ¢ anpoHamu. M.: Mup, 1975.

boym @., Qorens I1. ®usuka MaccuBHbIX HEUTPHHO. M.: Mup, 1990.

Snepuas acrpodusuka: C6. crareit / [lon pen. Y. bapuca, [I. Knertona, /1. Illpamma. M.: Mup,
1986.

Opukcon T., Baitze B. [Inous! u siipa. M.: Hayka, 1986.

OcHoBHas sMTepatypa no pasaeny Il (ns reopeTrnkos)

Boromo6os H.H., Hlupkos JI.B. Benenue B Teopuro kBaHTOBaHHBIX noneH. M.: Hayxka, 1976.
Jlanpay JI.J., Jludumn E.M. Teopus mons. I'n. X-XII. M.: Hayka, 1973.



CnaBroB A.A., ®angees J1.[1. Beenenue B Teopuio kanuGpoBouHbIX mojeil. M.: Hayka, 1978.
Axuesep AU, bepecreuxuit B.b. KpantoBas anexrponunamuka. M.: Hayka, 1969.

brepken /1., Apemnn C. PensituBuctckas kBanTopas teopus. T. 1, 2. M.: Hayka,1978.
boromo6os H.H., upkos JI.B. KBantorbie mons. M.: Hayka, 1980.

bepecreuxu#t B.b., Jinpuimu E.M., [Turaesckuit A.H. KpantoBas anexkrpoannamuka. M.: Hayka,
1980.

llIgeGep C. BBeneHue B penSTUBUCTCKYIO KBAHTOBYIO TEOPHIO N0Js. M.: MI31-BO HHOCTp. JIUT.,
1968.

Kanu6posounsle noms: C6. crareit. M.: Mup, 1977.

boym @., dorens [1. Pu3nka maccuBHBIX HeHTpHHO. M.: Mup, 1990.

OcHoBHas nMTepaTtypa 1o pasaeny [V (11 TeOpeTHKOB)

Oxynb JI.Lb. CnaOble B3aUMOCHCTBHS d71€MEHTapHbIX yacTull. M.: ®usmarrus, 1963; JlenToHbI
u kBapku. M.: Hayka, 1983.

Hosoxmnnos FO.B. BeeneHue B TeopHto 3/eMeHTapHbIX YacTHIl. [71.8-16. M.: Hayka, 1978.
deiinman P. B3aumopeiicTBre ¢oTOHOB ¢ agpoHamu. M.: Mup, 1975.

Tpetiman C., IIxaxus P., I'pocc J1. Jlekuun no anrebpe Tokor. M.: Atomusaar, 1977.
Kanu6posounsie mons. C6. crareit: M.: Mup, 1977 [0630p E. AGepc u B. Jlu].

Henuna H.®. ®usnxa aneMeHTapHbIX 9actull. M.: Beici. k., 1977.

Hunmmxuma K. @yngamedtanbhble yactuubsl. M.: Mup, 1965.

I"azuoposuy C. du3nka aneMeHTapHbix yactdil. M.: Hayka, 1969.

Kioys ®. Kpapku n naptosbl. M.: Mup, 1982.

Kommune 1O., bykcbaym @. Cnaboe B3auMoIeACTBHE JIENTOHOB U KBapKoB. M.
Oueproaromusnar, 1987.

OcHoBHas tuTepatypa 1o pasaeny V (Ui 3KCIEpUMEHTATOPOB)

I'ypesuu M.U., TapacoB JI.B. ®usuka HEUTpOHOB HU3KKX 3HEeprui. M.: Hayka, 1965.

Myxunu K.H. Beenenue B snepHyto dpusuky.M.: Atomusaar, 1965.

Myxun K.-H. DxcnepumenTtaibhas saepaas ¢usuka. T.1, 2. M.: DHeproatomusaat, 1993.
Anbda-, 6era-, ramma-criektpockonus / [Tox pen. K. 3urbana. M.: Aromuzpar, 1969.
ConoseeB B.I". Teopus atomroro siupa. Slnepasie monenu. M.: Dueprousaar, 1981.

Cutenko A.T., Tapkosckuit B.K. Jlekuuu o Teopun sinpa. M.: Atomuzaat, 1972.

Kum E. Me3onHble aTOMBI ¥ siiepHast cTpykTypa. M.: Atomuzaat, 1975.

Bouu @. Beenenue B pu3UKy siapa, afpoHOB H 3leMeHTapHbIX yactull. M.: Mup, 1999.

boym @., ®orens [1. Pusuka MmaccuBHbIX HelTpuHo. M.: Mup, 1990.

Anepuas actpodpusuxa: C6. craredt / [log pen. Y. bapuca, [I. Kne#itona, 1. lllpamma. M.: Mup,
1986.

OcHoBHas nuTepatypa no pazneny VI (s 3KCIepUMEHTaTOPOB)

Oxynb JI.B. CnaGble B3anMOIEHCTBHS 37IeMEHTapHbIX YacTull. M.: @usmarrus, 1963; Jlentonsl
¥ xBapku. M.: Hayka, 1983.

Jlanpay JI.J., ludwnn E.M. KpanTtoBas mexannka. M.: Hayka, 1974.

®usnka BEICOKUX JHEPTHH U Teopus dnemMeHTapHbix yactul: C6. crareit / [Tox pen. H.H.
boronto6osa. Kues: HaykoBa aymka, 1967.

Hanuty P. CrpaHHble YacTHIBI M CHIIbHBIE B3aUMOAeHCcTBUA. M.: AToMu3zar, 1966.
l"azuoposuu C. Qusrka snemeHTapHbIx yacTul. M.: Hayxa, 1969.

bepuireiin /1. DnemenTapHble YaCTHLBI M UX Toku. M.: Mup, 1970.

Jlu 1., By LI. Cnabsie BzaumoneiicTeus. M.: Mup, 1968.

®epmu . Jlekuuu o [I-Me30HaX U HYKJIOHAX.

Hummmkuma K. @ynnamenTtansHble yactiiel. M.: Mup, 1965.

Kommunc 1O., Bykcbaym @. Crnaboe B3aMO/ICHCTBHE NENTOHOB U KBapKOB. M.:
DOneproaromusnar, 1987.

OcnogHast nuteparypa 110 pasaeny VII (1u1s 3kcrnepuMeHTaTopoB)

Komap E.I'. OcHOBBI yckopuTenpHOH TeXHUKH. M.: ATtomuzaar, 1975.



Jlesun B.E. Sineprnas ¢usuka u saepHble peakTopbl. M.: ATomusaart, 1975,

Kanamnukosa B.M., Ko3anaes M.C. [lerexTops! anemeHnTapHbIX dacTul. M.: Hayka, 1966.
HMckposas kamepa / M.M. Jaitcon, b.A. Jlonromenn u ap. M.: Atomuznar, 1967.

Bopo6ses A.A., Pyneuxo H.C., Cmetanun B.M. Texuuka uckpoBbIx kKamep. M.: AToMH31aT,
1978.

ITyssipekosbie kamepnl / FO.A. Anexcanapos, I'.C. Bopoxues u ap. M., 1963.
ABroMaTH4ecKas 06paboTka JaHHBIX MY3BIPHKOBHIX M UCKpOBBIX Kamep: CO6. crareit. M..:
Atomusgar, 1971.

CraTHCTHYECKHE METO/IBI B 3KCIIepuMeHTaTbHOM dusuke: CO. ctateit / [Tep. mox pen. A A.
Tsankuua. M.: Atomusnar, 1976.

Kysneuos A.B., [Tonocesaun b.A., Ctynun 1O.B. Muuun-2BM B axcniepMeHTaNbHON (U3UKE.
M.: Atomuzaar, 1975.

Bunorpanos B.M. JIuckpeTHble nrpopMaHOHHbIE CUCTEMBI B HAYUHBIX MCCIIEIOBAHUAX. M.
Artomusaar, 1976.

OcHoBHas nurepatypa no pazaenam VIII-X (o TexHuueckUM Haykam)

Kanamnukosa B.U., Kozanaes M.C. JlerexTops! 3neMeHTapHbIX yacTH. M.: Hayka, 1966.
BopoOweB A.A., Pynenxo H.C., Cmeranun B.Y. Texuuka uckpossix kamep. M.: Atomusnar,
1978.

losbnanckuit B.M., Kynernko A B., IToaropeuxuit M.. CraTucTHKa OTCYETOB NpH
perucTpalmy sAepHbIX yacTul. M.: dusmarrus, 1959,

becconos JILA. TeopeTnueckre OCHOBBI INEKTPOTeXHUKH. M.: Brici. mkona, 1973.
Crenanenko W.I1. OcHOBBI TeOpHM TPaH3UCTOPOB U TPAH3UCTOPHBIX cxeM. M.: Dreprus, 1977.
bykpees U.H., MancypoB b.M., I'opsiueB B.Y1. MUKpO3JIEKTPOHHBIE CXEMBI IIUDPOBBIX
yctpoiicte. M.: Cos. panuo, 1975.

Menemko E.A. MaTerpanpHble cXeMbl B HAHOCEKYH/IHOH SACPHOH 31€KTpoHUKe. M.: AToMuU31aT,
1977.

Kyuenko A.B., TTonocssnu b.A., Crynun KO.B. Muuu-3BM B 3kcnieprUMeHTaTbHON (H3MKeE.
M.: Atomuzgar, 1975.

JlononHuTeNnpHas TUTepaTypa no paszaeny |

Jleitn A. Teopus snpa. M.: Atomuzaar, 1967.

Xaiin 2., Ilepensman WM., Cubopr I'. Jlenenue sgep. M.: Atomuzaart, 1969

Jlanpay JI., JIndumn E. Keanrosas mexanuka. Y. 1. JI.: OI'U3, 1948.

JlonionHuTebHAS ITEpaTypa no pazaeny Il

Henuna H.®. dusuxa sanementapubix yactull. M. Beicuias wmkona, 1977.

Huumpxuma K. @yrpamentanshble yactuisl. M.: Mup, 1965.

["aznoposuy C. Pusuka snemenTapubix 4actun. M.: Hayka, 1969.

Knoys @. KBapku u naptossl. M.: Mup, 1982.

Knnanpmop-Knaitarporxaye I'.B., llItaynt A. HeyckopurtensHas ¢u3uka 3J1eMEHTapHBIX YacTHII.
M.: Hayka, 1997.

JlonomHuTenpHas auTepaTypa no pasaeiny Il

Pamon I1. Teopus nosis. CoBpemennblit BBOAHBIA Kypc. M.: Mup, 1984,

Muukcon K., 3ro6ep X.b. Ksantosas teopus noss. T. 1, 2. M.: Mup, 1984.

boronto6os H.H., Jlorynos A.A., Tonopos U.T. OCHOBEI aKCHOMATHYECKOIO NMOAX0AA K
KBaHTOBOM Teopuu monsa. M.: Hayka, 1969.

Cnaboe Bzaumoneiicteue: CO. crareit / Ilox pen. M.K. I'aiinepa, M. Hukonunya. M.
OueproaromMusaart, 1984.

JononuutensHas auteparypa no pasaeny [V

Hryen Ban Xbto. JIeKIMK IO TEOPHH YHUTAPHOH CUMMETPUH JJIEMEHTAPHBIX HacTUL. M.
Artomusaar, 1967.

bepurrein k. DnemenTapHble yacTULbl ¥ UX TOKH. M.: Mup, 1970.

Kagpimescxust B.I'., Tasxenunase A.H. Ksasunorennuanbaeiii MeTo // [Ipo6iempr
Teopetuueckoit pusuku: C6. crareit. M.: Hayka, 1986.



Annep C., lamen P. Anre6pa Tokos. M.: Mup, 1970.

JlononHuTeMbHAS TUTEpaTypa N0 pazneny V

[Tpecton M. ®usuka siapa. M.: Mup, 1964

Boym @., ®orens [1. Pusnka MaccuBHbIX HeHTpuHO. M.: Mup, 1990.

I'potn K., Knangop-Knaitarporxayc I'.B. Cnaboe B3aumozeicTBue B QU3HKe A1pa, 4aCTULL U
actpodusuke. M.: Mup, 1992.

3penos B.I1. U3nyyenune BaBunosa-UepeHkoBa U ero NpUMEHEHHUE B 1epHOH dpu3uke. M.:
Atomuszzar, 1968.

Nuxanos b.C., Kanuronos K.M., Tyreine M. A. Hykneocunres Bo Beenennoit. M.: Usn-so
MI'V, 1999.

JlomonuuTeibHAS TUTEparypa no pasaeny VI

Jnuwnn E.M., TTuraesckutt JLIT. Penstusucrckas teopus. T. 1, 2. M.: Hayka, 1970.
KommuHc 10., Bykcbaym @. Craboe B3auMOIeHCTBHE JIEITOHOB M KBapKoB. M.:
OHeproaTroMuzgar, 1987.

boym @., ®orens [1. Pusnka MmacCUBHBIX HEHTpHHO. M.: Mup, 1990.

I'potu K., Knannop-Knatarporxayc I'.B. Cnaoe BzanmoaeficTBue B pU3UKE Spa, YACTHIL U
actpodusuxe. M.: Mup, 1992.

JlononuuTeNnbHas 1uTepatypa no pasaeny VII

JInureyn Jhx. [IpuHiuisl paboThl HHKIHYECKUX ycKopuTenedt. M.: M3a-Bo unoctp. aut., 1963.
3anenckuii HO.B. [IpoBonounble neTeKTOPBI 31eMEHTAapHBIX YacTil. M.: Atomusaar, 1978.
I'ynta H.JI., T'om C. Kamepa Bunscona u ee npumenenue B pusuke. M.: 31-B0 HHOCTp. NUT.,
1976.

[Mayann O., ®aynep I1., ITepxunc . MccnenoBanue snemMeHTapHBIX YacTHI GOTOrpapUyecKuM
meTonoM. M.: M31-Bo nHOCTp. NUT., 1962.

[TonynpoBOAHUKOBBIE NE€TEKTOPBI SIIEPHBIX YacTULl M X npuMenenne / FO.K. Azumos, A .U.
Kanunun u ap. M.: Atomusaar, 1967.

JlonmonuuTensHas nuTeparypa 1o paaenam VIII-X

Bunorpanos B.U. luckpeTHble UHGOPMAIIMOHHEBIE CHCTEMBI B HAYYHBIX UCCIIEIOBAHUIX. M.
Artomusar, 1976.

Kypouknn C.C., Mypun N.JI. CoBpemenHas saepHas anekrponuka. T. 2: [{udpobie
MHGOpPMaLlHOHHBIE CUCTEMBI U yCTpoiicTBa. M.: ATomusnatr, 1975.

CospemeHHas siaepHas anektponuka. 1. 1: MamepuTensHbie cucremsl U yctpoiicersa / M.C.
Kpawenunnnkos, C.C. Kypoukun, A.B. Marsees, E.1. Pexun. M.: Atomusznar, 1974.
3enenckui 1O.B. [IpoBosodHble AeTEKTOPEI 3IeMEHTapHbBIX YacTull. M.: Atomusnat, 1978.

CocraBuTenu IIporpaMMali:
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3aBenyromui kabenpoi GHIUKKU aTOMHOTO sAApa #

¥ KBAaHTOBOM T€OPUH CTOJIKHOBEHUH

dusnveckoro dakynprera MI'Y umenn M.B.JTomoHOCOBa a

1npoceccop 7 & Y .Capun
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MOCKOBCKMI TOCYIAPCTBEHHbI1 YHUBEPCUTET
nvenu M.B. JOMOHOCOBA

OU3NUYECKNA ®PAKYJIBTET

INPUKA3
<€£(_0>> 03 20)106 T MockBa Ne 4 ’/[7 1e

O06 yTBep:KI1eHHH BPEMEHHbIX pa004YHX NPOrpamMmM KaHIHAATCKHX 5K3aMEeHOB
Ha ocHoBannu pemreHus YuéHoro coBeta GU3NIecKoro GaxkyapreTa

IMMpHUKa3kblBatko!

YTBepAuTh MpUilaraeMbie BpeMEHHble pabouue NporpamMmbl KaHIUIATCKUX
3K3aMEHOB 110 CIIEAYIOLIMM CIIELUATBHOCTSIM:

- 1.1.2 JlubdepeHunanbable ypaBHEHUSI 1 MaTeMaTu4eckas (PU3MKa,

— 1.1.10 buomexanunka u OUOMHKEHEPHUS;

— 1.3.1 ®usuka kocMoca, aCTpOHOMHUS;

— 1.3.15 Pusuxa aToOMHBIX A[Ep U DNEMEHTapHBIX YacTHI, (PU3MKa BHICOKHX
3HEprui;

- 1.6.9 I'eodusuxa;

— 1.6.17 OxeaHomnorus;

— 1.6.18 Haykxu 06 atmocdepe u knumare.

OcHoBaHue: BblnKcka U3 rnporokona Ne 1 3acenanus Yuénoro cosera ot 24.02.2022.

Jlexkau

¢usuyeckoro paxky/brera yar
npodeccop A/ H.H.ChicoeB



