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BBenenune

B ocHOBY HacTosIIell TporpaMMBbl MOJIOKEHBI CIEAYIOINE AUCUUIIIINHBL TEOpus Aapa,
TEOpHs SJIEMEHTAPHBIX YaCTHUIl, SIKCIIEPUMEHTaIbHas sigepHas pusuka, Gu3nKa 3JIeMeHTapHBIX
YaCcTHLl, TPUOOPHI U TEXHUKA AJIEPHOrO IKCHEPUMEHTA, PAJHOIIEKTPOHUKA U BHIYMCIUTEIbHAS
TEXHHKA.

[Iporpamma pa3paboTaHa SKCIEpTHBIM COBETOM IO ¢u3uKke Briciieit arrecTanmoHHON
KOMUCCUM Tpu ydactuun Poccuiickoro Hay4Horo uneHtpa «KypuaTOBCKHMH HHCTHUTYT»,
OObeIMHEHHOTO0 MHCTUTYTa SACpHBIX HccienoBaHuil (JlyoHa), MOCKOBCKOro HH)XEHEPHO -
¢u3nueckoro MHCTUTYTa, 1 HayuHo- uccienoBaTenbCKOro HHCTUTYTA sifiepHOl ¢pusuku MI'Y u
®usnyeckoro nHcturyta PAH.

1. Teopus aToMHOro siApa
1.1. Aoepnuie cunvt u modenu aopa

1. O6ume cBoiicTBa smepHOro BelecTBa. IlonHas sHeprus saep. DHEPrusl CBSI3U. XUMUYECKHUi
noTeHuuai, umiyssc ®@epmu (Moaens Pepmu-rasa).

2. HyKJIOH-HYKJIOHHBIE B3aUMOJICHCTBHS TPU HU3KUX DHEPTHsAX. M30TOmMYEcKas CHMMMETpHS.
TenszopHele cuibl. Me30HHas TeOpHs CUIBHOIO B3auUMOAECHCTBUA. (DEHOMEHOIIOrHYECKUe
HYKJIOH-HYKJIOHHBIE [IOTEHIIHAJIBL. JIeUTpOH.

3. O6osnoueunas Mojenb sapa. CpemHuii  snepHbId  moTeHuman. I[lociuemnoBaTenbHOCT
OJTHOYACTUYHBIX  ypoBHeH. YacTuuHo-apIpouHbI  dopmanuzM. Merox  Xaptpu-doxka.
[Tpubnmxenne xaotuueckux ¢a3. ['Mranrckue pe3oHaHCHl. 3apsiioBO - OOMEHHBIE PE30HAHCHI.
PensTuBUCTCKUE MOJENH CPEIHErO NOJIA AAPA.

4. Tlapuble B3aMMOJIEHCTBMS CBEpXIpoBoAsAllero Tuna. Moaens bBapauna - Kymepa -
[Mpuddepa. IpeodbpazoBanue boromoOoBa, KBa3UMYACTHIIBI. DHEpreTHUYECKas IIeNb, SHEPTHUS
OCHOBHOT'O COCTOSIHHMS.

5. PoranyonHble ¥ BUOPALMOHHBIE CHEKTPHI SAep. MOMEHTH MHEPLMH. DIIEKTPOMATHHTHBIE
nepexoabl U TMpaBuiia oroopa. Meron 0030HHBIX pa3nokeHui. Mojens B3auMOACHCTBYIOIINX
0030HOB u ¢epmMuoHOB. BricokocnuHOBBIe cocTosiHMS.  CTaTHCTHYECKOE — OINHCaHUE
CUJILHOBO30Y K JIEHHBIX siiep. [[MoTHOCTE ypoBHEH sipa.

6. Snpo xak xoneunas Depmu-cucreMa. Merosn (QyHKumit I'puHa. AHalTuUTHYECKHE CBOWCTBa
¢bynkiuit  ['puna. CnektpanbHoe pasnokeHue. OpHouacTwuHble ¢GyHKUIUU [puHa s
OCCKOHEYHBIX M KOHEUHBIX CHCTEeM. B3amMmopeicTBue Mexay KpazudyacTuiiamu. llapHbie
Koppemsiiuu B popmanuszme Gpynkuuii ['puna.

7. Bera - pacnan saep. I'amunbToHMaH cnaboro Bzammoneictsus. IlpaBuna orGopa mns -
nepexonoB. ft-Benuumnnbl. ['More3a coxpaHeHHsT BEKTOPHOTO TOKA M YACTHYHOTO COXPaHCHUS
aKCHaJbHO - BEKTOPHOT'O TOKa. Ll-3axBaT. HecoxpaHeHHne 4eTHOCTH B c1ab0OM B3aMMOJIEUCTBUU.
Ornucanmne Oera - pacmana cBOOOJHOrO HEWTpoHa. MaTpuyHbIe 3J€MEHTHI 0eTa - Mepexo0B
Sa/Iep U UX OIEHKHU B siIepHBIX Mozensx. [Iporeccel ABOMHOrO ABYX - HEUTPUHHOTO U 0e3 -
HelTpuHHOTO OeTa - pacnaja.

8. lMportonnslii pacnan, ambda - pachaj M KiIacTepHbIE paclaibl sjep. 3amas/IblBarolue
pacnannsie npouecchl. Jlenenue sgep. CrnoHtanHoe naeneHue. MylbTUMOAAIBHOE JCJICHUE.
Meton o6onoueunoit monpaBku CTpyTHHCKOTo. HapylieHne 4eTHOCTH B Ipolieccax JeNIeHUs.
TpaHcypaHOBBIE U CBEPXTSKEIIbIE 3JIEMEHTHI, OCTPOB CTAOUILHOCTH CBEPXTSKEIBIX SEP.

1.2. Teopusn adepuvix peakyuii
1. BonHOBBIE (GYHKIUM HETPEPHIBHOTO CIEKTpa. AHAIMTHYECKHE CBOWCTBA S-MaTPHIIBI.

JlucrniepcuoHHbBIE COOTHOIIEHUS. AMIUIMTYAA paccesHus. [-marpuua. BeposSTHOCTh M cedeHue
paccestHus. OnTudeckas Teopema.
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2. PaccestHue AByX 4acThIl 6€3 CIIMHA M CO CIMHOM. [IPUHIMIIBI MHBAPMAHTHOCTH M 3aKOHBI
coxpaHeHus. OIHOKaHAJbHOE U MHOTOKaHaJIbHOE paccesHue. bopHoBckui psig. bopHoBckoe
NpHUOIIKEHNE C TNIOCKUMU M HCKQKEHHBIMH BOJTHAMH.

3. PaccesHue SIEKTPOHOB Ha sapax. MyIbTHIONBHOE pPa3lioKeHHe. YIpPyroe M HeEyIpyroe
paccesiHue. PaquaninoHHble NOMPaBKU.

4. Onrrueckas MoJENb B3aMMOJEHCTBHS HYKJIOHOB ¢ sapaMd. MHHMMas 4acTh HOTECHIIMAIA.
[Ipsimble siaepHble peakiuu. Peakiiuy BbIOMBaHUS, OAXBATa, EpeIayH.

5. PaccesHue Ha cHCTeMax CBA3aHHBIX dYacTuil. KBasuynpyroe paccesHue. MHOTOKPaTHOE
paccesinue, Teopus ['nmayoOepa. SAnpo - spaepHple cTonkHOBeHHsS. Peakuuu ciausiaus. Paccesnue
M€30HOB Ha sanpax. [lornonienue Mme30H0B. T-me30aTomsl. ['unepsapa.

6. Manonykinonnsle cucrtembl. YpasHenus @anjeea. EQumosckue coctosuus. OnucaHue
c1a00CBS3aHHBIX JIETKUX TaJIo - sAep.

7. Paccesnye 4acTHI BHICOKOH SHEpruu Ha suapax. @opm-dakropsl. [IposBieHne B AAEpHBIX
peaKIMsIX KBAPKOBBIX U JPYTUX HEHYKJIOHHBIX CTETIEHEH CBOOO/IBI.

1.3. Hoepnasa acmpoghusuka

1. TIlpoucxoxnenue u sBomonus Beenennoit. HykneocuHTe3 HyKIUA0B B

Conneunoii cucreme u ['aaktuke. @U3nKa 3J€MEHTAPHBIX YAaCTULL U KOCMOJIOTHS. PenukToBbIe
HYKJIOHBI, 0apHOHHAs ACHMMETPHS B ITpobdemMa cTabMIbHOCTH IPOTOHA.

2. Conneunas sneprusi. OcHOBHBIC siiepHbIe peakiuu Ha ConHile. SnepHbie

peakiuu B 3B€3/1ax B mpoliecce 3Botonuu. [Ipoucxoxnenne aneMeHToB jerye xenesa. Moaenu
3BE3]1 ¥ BOJIFOLUSA 3BE3[ 10 B3PbIBA CBEPXHOBOI. benble Kapiauku.

3. Ilpupona B3pbIBOB CBEpXHOBbIX. /[MHamuka kosutanca. Posib HEWTPUHO B KoJLIarce
CBEepXHOBBIX. S - U R - mpomeccel. IlpoucxoxaeHue cpeaHHX U TSKEIBIX SJIEMEHTOB.
Kocmoxpononorus.

4. Heirpunnas actpodusuka. COJIHEUHbIE HEWTPUHO M HEUTPUHO OT CBEPXHOBBIX.
Habnronenue B3pbiBa cBepxHOBO 1987A. CoBpeMeHHBIE NETEKTOPHI COJIHEYHBIX HEUTPUHO,
npobiieMa JeduIUTa COJMHEYHBIX HEHUTpuHO. Macca HEHUTpPUHO M TUIOTe3a HEHUTPUHHBIX
OCLWJUISALIAN.

2. ®u3MKa 3JIeMeHTAPHBIX YaCTHI
2.1.  Oowuii 0630p InemMeHMaAPHBIX YACMUY U UX CEOUCMEA

1.Tabnuua snemeHTapHbIX yacTull. KBaHToBble yncna yacTuil. Crnadble, 3JIeKTpOMarHuTHbIE U
CHJIbHBIE paca/ibl YacTUIl. DMIIMPUUYECKHUE MTpaBuia oToopa.

2. Mognens kBapkoB. M3oronuueckas 1 SU(3) cuMMeTpHs CHIIbHBIX B3aUMOJIEHCTBHIA; CBOMCTBA
ClabbIX M DJIEKTPOMArHUTHBIX B3aUMOJCHCTBUN IO OTHOLIEHHIO K OSTHM CHMMETPHSM.
CrangapTHass MOJENb 3JIEKTPOCIA00ro M CHUIBHOTO B3auMoAeWcTBUHA. MaccoBble (HOpMYIIbL.
[[BeToBasi CUMMETpUS CHIIBHBIX B3auMOAeiCTBUH. [IoHATHE O KBAaHTOBOM XpOMOJINHAMUKE.

2.2.  Bzaumooeiicmeus nemeHmapHuix uacmuy,

1. nN-paccesnue. @opMabHas TEOPHS PACCEAHHS T-ME3OHOB HYKJIOHAMH.

2. PaccessHME DJIEKTPOHOB HA HYyKJIOHAX M OJIEKTPOMATHUTHBIE (HOPM-(aKTOPBI HYKIOHOB.
®opmyna Pozenbmrora.

3. Cnaboe B3aMMOJEHCTBUE, DIEKTPOMATHUTHBIE M CUJIBHBIE PACHIAIbl YACTHI. DMIIMPHYECKHE
npaBuia oToopa. CoxpaHsIOmMid CTpaHHOCTh cina0wlii Tok. CTaHmapTHas monaenb BainOepra-
['mamoy - Canama. Helitpanbabie Toku. Z - 1 W- 6030HBI, UX IIUPUHBI M MOJIBI pacraja.

4. dusuka HelTpuHo. YpaBHeHue Beiina. JlupakoBckoe W MalOpaHOBCKOE HEHTPHHO.
DJEKTPOHHOE, MIOOHHOE W Tay - HeHUTpuHO. Macca HeilTpuHO. ['mnore3a HEHUTPUHHBIX
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ocuwuSIIMMA. ['Mnore3a aHoMalTbHOrO MarHUTHOTO MOMEHTa HelTpruHO. COBpeMEHHbIE JaHHbIE
M0 HEUTPUHHBIM OCHUJIISALIUSM.

5. Ipouecchl ¢ Gonbmioi nepenadeil umiyssca. [oHATHE 0 MAPTOHHON Mozenu. KBapkoBblii
cuer. [loHaTre 0 KBAaHTOBOW XpOMOJIMHAMUKE.

3. KBanToBas Teopus mojs
3.1. Knaccuueckas meopus noas

1. JlarpamkeB u ramMmiIbTOHOB (GOpManuM3M B KiIaccudeckod Teopuu. Teopema Herep u
COXpaHSIOIIMECS BEJIMYMHBL. TEeH30p IHEPrUU-UMITyJIbca. TeH30pbl MOMEHTA U CHHUHA. 3apsii U
BEKTOD TOKa.

2. Cxansproe mose. Ypasuenue Kielinma-I'opmoHa m cBoiicTBa ero pemeHuii. Pasnoxkenue
noJie MO TOJOXKUTEIBHO M OTPUIATENIbHO-YACTOTHBIM PEIICHUSM M  IUIOCKMM BOJIHAM.
KommiekcHoe (3apspkeHHOE) mose. BekTop sHepruu-ummnyJsibca, TeH30p MOMEHTA. 3apsij U TOK
CKaJIIPHOTO TOJIS.

3. BekTopHoe none. Jlarpan:kuaH BEKTOPHOTO M0, BEKTOp HEprHH-MMITyJIbca, BEKTOP CIIMHA,
TEH30P HAIIPSDKEHHOCTH.

4, DIeKTPOMArHUTHOE TIOJIE. BeKTOp-TIOTEHMAn M  HANPsHKEHHOCTH. KamuOGpoBoYHbIE
npeoOpa3zoBanus. Ycnoue Jlopenma. [lonepeunsie, npoaoiibHas U BpeMEHHAss KOMIIOHEHTHI.
BexTop sHeprun-ummnyibca, CrivH.

3.2. Keanmoeas meopus c60600H020 nonsn

1. MeTon Bropr4HOro KBaHTOBaHus. [IpOCTPaHCTBO uncen 3amonHeHns. OnepaTopsl poXkKICHUS
n yHnuToxkeHus. [Ipocrpancto @oka. OnepaTopsl B IPEACTABIEHUN BTOPUYHOIO KBAHTOBAHUS.
[IpenunrepoBckas 1 raifi3eHOEproBcKasi KApTUHBI B METO/1€ BTOPUYHOI'O KBAHTOBAHUS.

2. TlocTynaThl KBAHTOBAHHS MOJIEBOH cUcTeMBbL. ONepaTophbl POKIEHHS M yHHYTOKEHUS. THUIIBI
MEPECTAHOBOYHBIX COOTHOILICHUH.

3. KBanTOBaHME CKAISIPHOrO, BEKTOPHOTO M CIIMHOPHOTO TOJEH. J[MHAMUYECKHME MEPEMEHHBIE
CBOOOJIHBIX TOJIEH M OTBEYAIOIIME MM OINEpaTopbl YHEPTUU-UMITYJIbCA, CIIMHA, TOKa, 3apsja.
[TonoxurenpHas onpeaeneHHOCTh dHepruu. [IpoeKknnoOHHbBIE OIepaToOpbl U CIIMHOBAsE MAaTpULa
IUIOTHOCTHU. 3apsiI0BOE CONPSKEHHUE.

4. DnexrpomarautHoe mone. MumedunutHas Merpuka. Ycinosue JlopeHna. JMHaMHYecKHe
nepeMeHHsbIe. [IpoeKIMOHHBIE OIIepaTOpHl, NOJIPU3ALMOHHAS MAaTPHUILIA IIIOTHOCTH.

5. TepecTanoBounble GYHKIMU U pa3IudHble THILI QyHKIMHA ['prHa. SBHBI BUI 0COOEHHOCTH
Ha KoHyce. HopmalibHOE pou3BeicHNE ONIEPaTOPOB.

3.3.  Onucanue g3aumodeiicmeus, Mampuya pacceanus, ceoicmea cummempuu. Memoo
meopuu 603MyuieHUil

1. lpencrasnenus TaitsenGepra, Ilpemunrepa, dupaka (Bzaumoneictsus). O6mas ¢opma
ornepatopa »sBomoonuu. OmnpeneneHue Marpuilbl paccessHus. CBOHCTBa  pENSITUBUCTCKON
MHBapUaHTHOCTH, YHUTAPHOCTH U IPUYUHHOCTH. Y CIIOBUE NPUYUHHOCTU boromobosa.

2. JlarpanKuaHpl PasIMYHBIX TUIIOB B3aMMOJEHCTBHMS M IIPUHIUNBI cuMMeTpuu. CHIIbHBIE,
AIIEKTpOMarHuTHBIC U cnabbie B3aumogeiictsus. C, P, T - mpeoOpazoBanus. Teopema Jlronepca -
[Taynu. P - HeueTHBIN narpankuaH caaboro B3auMOJICHCTBUS.

3. BepossTHOCTH W cedeHHs. PelATHBHCTCKH WHBAapUAHTHOE OIPEACICHUE aMIUINTY bl
peakiuu. MHBapuanTHbie (a3oBble 00beMbl. COOTHOIICHHE YHUTAPHOCTU JJIsl MHBAPUAHTHBIX
aMIUIATY 1 paccesHus. OnTudeckas TeopemMa.
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4, BeIBOJ XPOHOJIOTMYECKOTO MPEACTABIEHMS IS S-MATpUILl B TEOPUH BO3MYILEHHIA.
[IpuBenenue S-matpunbl k HOopManmbHOH (opme. Teopema Buka. Jlmarpammber deiliHMaHa.
Teopema Dappu.

5. DdpdekTsl HU3LMIEro MOpAAKA TEOPUHM BO3MYILIEHHMIl: KOMOTOH-3QPekT, (oTodPdeKT,
AHHUTWISIMS TIapbl, TOPMO3HOE H3NyUYEHHE W POXACHHUE Mapbl B mojie sapa, GopMdakTopsl,
€CTECTBEHHAs IINPUHA JIMHUH, [IO3UTPOHUM.

6. MyJIbTUIIONBHOE U3JTydEHHE.
3.4.  Oowuit memoo nepeHopmMuposKu

1. PacxoqumocTu B HM3IIMX IOPSAAKAX 3JIEKTPOAMHAMUKH: COOCTBEHHAS SHEPIUs 3JIEKTPOHA,
NOJIIpU3alusl  BaKyyMa, BEpIIMHHAs 4acTb. MeTonbl peryjspu3alud U BBIICICHUE
pacxoaumocteil. [lepeHopMHpoBKa Macchl M 3apsia B HU3LIEM IOPSJIKE N0 KOHCTAHTE CBS3H.
Pa3mepnas perymnspuzanus. CxeMa MUHUMaJIbHBIX BBIYUTAHUM.

2. Knaccudukauuss peHOPMHPYEMOCTH TEOPUM. IIpUMephl MEPEHOPMUPYEMBIX —TEOPHIA.
[IpuBoaumele U ckeneTHble auarpammbl. CTENEHb PacXOJUMOCTH IPOU3BOJIBHOW CKEIETHOU
nuarpaMMel. [lepeHOpMHpOBKa Macchl, 3apsijia, BOJHOBBIX (YHKIMH M BKJIaJa MPOU3BOJIBHOM
nuarpammbel. O61mas teopus R-onepaunu boromo6osa-ITapacioka. OneparopHble pa3iokeHus 1
UX OCHOBHBIE IIPUMEHEHUS.

3. 'pasvieHTHAas MHBAapMAHTHOCTh, TOXKIECTBA Yopaa - Taxakamu M PEHOPMHUPYEMOCTh
KBAaHTOBOM 2JI€KTpoAuHAMUKU. [lepeHopMupoBKa Macchl U 3apsja.

4. CymmupoBanue auarpamm. Ypasaenue Jlaiicona - IlIsunrepa. Ypasnenne bere-Connurepa.
WudpakpacHble pacxoAUMOCTH, MX (akTopuzalus M YCTpaHEHHE IpPU y4eTe MCITyCKaHUs
MSATKHX KBAHTOB.

5. Penopmanusanmonsas rpynna. VHBapuaHTHBIA 3apsan, ¢yHkuus emn - Manna - Jloy.
VYpaBuenne OBcsiHHUKOBa - Kanana - CumaHurka. AHOMaJIbHbIE Pa3MEPHOCTH.

6. BeluncrneHne paJMalMOHHBIX MONMPAaBOK K 3aKOHY KyJgoHa M MarHUTHOMY MOMEHTY.
JI>MO0BCKHIA CIBUT.

3.5. Keanmoeanue neabenegpix KanudopoeouHsIx meopuil

1. MeToa KOHTUHYaIEHOTO MHTETPHPOBAHUS.

2. KBantoBanue HeabeNeBHIX  KauIMOPOBOYHBIX — moneil.  IlocTynaT — KBaHTOBaHHS M
BcrioMorartenbHbie o PagneeBa-Ilonosa. [lepeHopMupyemocts. AcumnToTHdeckas: cBo0oaa
Ha MaJbIX paccTosgHusIX. KBaHTOBas XpoMOAMHAMUKA.

3. CrionranHoe HapymieHue cummerpun. Teopema IosnicToyHa, siBnenue Xurrca. KoHnenmus
kBazucpenuux boromo6osa.

3.6.  Onemenmsl akcuomamuueckoil K6AHMOBOU Meopuu NOA.
Ananumuueckue ceoiicmea amnaumyosl

1. Akcuomaruueckas Gpopmynuposka Boromo6osa. PajinalmoHHbIe OEPaTOPEL.

2. ®opmynupoBka Teopun mons Jlemana - CuManumka - I{umMMepMaHa. ACHMITOTHYECKHE
ycnoBus. Penykunonusie GopMyibl.

3. IepekpecTHas CUMMETpUs. AHAIMTUYECKUE CBOMCTBA AMILIMTYABI paccesHus 1o COS O.
Orpanunuenust @pyaccapa.

4. AnanuTuueckue cBoiicTsa auarpamM deiiHMaHa ¥ ypaBHeHHe JlaHay U1 UX 0COOEHHOCTEN
(ocobeHHOCTH TI€TNH, TPEYrojdbHUKA, KBaapartuka). [IpencraBmenne Mangenbcrama s
Y4eThIPEXYTOJIbHUKA.
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4. Teopwus 3JieMeHTAPHBIX YaCTHIL
4.1. O6wuii 0630p 31eMEeEHMAPHBIX YACMUY U UX CEOUICHEA

1.Tabnuiia s7IeMEHTapHBIX YaCTHIL: JICTITOHBI, ME30HBI, 0APUOHBI, ME30OHHBIE U OapHOHHBIC
pezonancel, W, Z - 6030Hbl. KBaHTOBBIE uMClla YACTHIl: Macca, CIUH, YETHOCTh, 3apsiOBas
YETHOCTh, U30CIIUH, CTPAHHOCTh, 4apM, G-4ETHOCTb.
2. Pacnansl U BpeMeHa xu3HM yacTull. Crnalble, JIEKTPOMArHUTHBIE M CHIIBHBIE pachajibl. Mx
XapaKTEepPHbIC BpPEMEHAa M LIMPUHBI PacajoB. OMIMPUYECKHUE MpaBUia OTOOpa HA OCHOBE
COXPAaHECHHUS 3aPSI0B: IEKTPHUECKOT0, OAPMOHHOTO0, IENTOHHOTO, TUTIEp3apsiaa, CTPAHHOCTH.

4.2. Cummempus 31eMeHMAPHBIX YACMUY

1. I'pynna Ilyamkape. CrnumH 1  crnupanbHocTh, auckpetnie C, P u T cumMmerpum.
Hcnonp3oBanne ciupaabHOCTH JIJIsl OTTMCAHUS YaCTHI] C BRBICOKMMH CITHHAMMU.

2. V3oTonunueckas MHBAPUAHTHOCTh CUIBHBIX B3auMojeiicTuil. G-4eTHOCTh; mpaBuiia 0T6opa,
BBITEKAIONINE U3 coXpaHeHus: G-ueTHOCTH.

3. U3oTonuueckue  CBOMCTBA  AJIEKTPOMArHUTHHIX  B3auMojelcTsuii.  M3oTomuyeckue
COOTHOUIEHUSI MEXJy MAarHUTHBIMU MOMEHTaMH TUNEpOHOB, COOTHOLICHUS MEXAY
aMIUTUTYIaMd  (DOTOPOXKACHHS | PATUAIIMOHHBIX PACIaIOB PE30HAHCOB.

4. SU(3)-cummMeTpus CHIIBHBIX B3ammozeicTBuiil. Knaccudukaums s1eMEHTApHBIX YACTHI[ I10
npencrasiaeausMm SU(3). Hapymenune SU(3)-cummerpun u maccoBbie popmysibl. COOTHOLICHHS
MEKIy BEPOSTHOCTSAMH Pa3IM4YHBIX MPOIEcCOB, BbhiTekaomme u3 SU(3)-cuMMmeTpun; pacmaibi
0030HHBIX M OapHOHHBIX pPE30HAaHCOB. HapymieHue yHUTaApHON CHMMETPUU B TIpOIEccax
paccesHus. Yactuisl ¢ yapmoM. BBeaenue npera. I mooHHas runoresa.

5. DIeKTpOMarHuTHEIE M clabble B3aUMOJEHCTBUS B YHMTApHOM cuMMeTpun. COOTHONICHUS
MEXIy DJJICKTPOMarHUTHBIMH BEpIIMHAMH ¢ BEPOSTHOCTSAMH DPAJMAIMOHHBIX PACMaIoB.
DNEeKTpOMarHUTHOE paclIeIJIeHHe Macc. YHUTapHas CTPYKTypa CiIa0bIX B3aWMOJCUCTBUHU.
CranmapTHasi MOJIEIb JIEKTPOCIa00TO B3aMMOICHCTBHS.

6. KsapkoBas MojieIb dJIeMEHTapHBIX YacTHl. KBapku M UX OCHOBHBIE CBOICTBA, LIBET, MACCHI
KBapKOB M MaccoBbie (Gopmyibl. Tsokenbie b- u t- kBapku. DieKTpOMarHUTHbIE W ciaOble
B3aUMOJICHCTBUSL B paMKax KBapKOBOM MOJENH, OLEHKH BeposiTHOcTel mnepexonoB. [IpaBuia
Oky0o - IBeiira. ['r00HEI.

4.3. Jlunamuka cuibHbIX U IJ1IEKMPOMAZHUNIHBIX 83AUMOOCICMEUTL

1. iN u nK-paccesnme: nannble ombiTa, ()a30BBIA aHANIU3, PE30HAHCHI. JIMCHIEPCHOHHBIE
cooTHomenusi. Ypasuenue Uy-Jloy, ypaBuenus N/D-metoma. DoTOpOKIcHHE T-ME30HOB H
pe30HaHCOB Ha HykJoHax. [laHHble ombiTa 0 (hoTOpokaeHUU. BekTopHas TOMHUHAHTHOCTD.
PosxieHue aipOHHBIX PE30HAHCOB B

e’ - e BcTpeuHhIX MydkaX. IIpoBepka yHUTapHOH CHMMETPHH, ®—@-CMeIINBaHue. Bemmunaa
otHomeHus R, o6nacts BONU3M |/\y 1 HOBBIE TsKEIbIE KBapKU. JlyallbHOCTh MEXTY aJpOHAMHU U
KBapKaMH B TIOJTHOM CEUEHHH € ¢ aHHUTWIAINN B a/[POHBL.

Hannbie ombita 0 poxaeHun yactull B TN um NN-cronkHoBeHusx. JudpakiuoHHbIH u
MYJIbTUTIEPH(PEPUICCKUN MEXaHU3M POXACHUS. [IOFOCHBIC YICHBI B aMIUTATYJIC POXKICHUS.
OnpeneneHne XapakTepUCTUK TT-B3auMOoAeHCTBUS MeTooM Yy-Jloy.

2. PaccesiHue DJIEKTPOHOB HA HYKJIOHAX M OIEKTPOMATHMTHBIE (OPM(PAKTOPH HYKIOHOB.
DKCTIIepUMEHTAIBHBIC JaHHBIe, (Qopmysia Po3eHOMIOTa, MUCTICPCHOHHBIE COOTHOIICHUS IS
dopmpakTopoB.  ['mybokoneympyroe paccesHue. [lapToHHas  Mojenb, MaciuTaOHas
WHBAPUAHTHOCTb.

3. Toku B (uU3MKE DIEMEHTAPHBIX YACTHI: KOMMYTALIMOHHBIE COOTHOLIEHHS IJii TOKOB,
COXPAHSIONIMECS TOKH, DJICKTPOMArHUTHbIC U ciabbie TOKH, anreOopel TokoB SU(2)xSU(3) u
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SU(3)xSU(3). BektopHasi JOMUHAHTHOCTh B 3JICKTPOMArHUTHBIX B3aUMOJICHCTBHAX. YacTUIHOE
COXpaHCHHE aKCHAJbHOIO TOKa, MPHUOJMKCHHE MSATKHX ITHOHOB, MPaBWIO CyMM Ajyiepa -
Baiicbeprepa. AHOMasIbHBIE TOXKIECTBa Y OpAa.

4. KBanToBas XpOMOJMHAMHKA: OTKJIOHEHHMS OT MAacIUTaOHOW MHBAPUAHTHOCTH B HPOLECCAX
rITy6OKOHEYIPYTOTO paccesHUs MEKTPOHOB M HEHTPHHO Ha aJpOHAX, B € ¢ AHHHUTHISINM B
anpoHsl. JlyaabHOCTh, METOJ MpPaBWJI CYMM B KBaHTOBOH XPOMOJWHAMMKE, IOHSITHE O
BaKyyMHBIX KOHJICHCATaX.

4.4. Cnaowie e3aumooeiicmeus

1. Vuusepcanmbnoe V-A-Bzaumopeiicteue. Toku ¢ AS#0, yron Ka6u66o. Coxpanenue
CTPaHHOCTH B HEUTpalbHBIX TOKax, TMIIOTE3a CUMMETPUU JIEITOHHBIX U KBAPKOBBIX JyOJIETOB.
[TpomexxyTounsle 6030Hbl. BBenenue uapma, mexanusm GIM. Mogens ['msmoy - Canama -
BaiinGepra, yron BaitnOepra. HeiftpaiabHbie TOKH.

2. Cnencteus V-A yHUBEPCAIBHOTO B3aUMOJIEIHCTBUS TIPH HU3KUX 3HEprusax. OKTETHas cXeMa
Kabub60. ve-paccessHue u p-pacnaj. -pacnaj ¥ JENTOHHbIE pacraibl aJpoOHOB, JABOHHON [3-
pacmaja IByXHEUTpuHHOTO Tuma. [Ipouecce p-3axsara.

3. Henenronusle pacnansl afapoHoB. Ilpasuno AT=1/2 u ero o6o6menue. CoxpaHeHHE
BekTopHOro Toka, runore3a PCAC. Coornomenue ['onpadeprepa-Tpeiimana.

4. Pacnanpl HelTpanbHbIX K-Me30HOB M Hapymienune CP-unBapuanTHOCTH. EHOMEHOJOTHUS
pacnazoB K-Me30HOB: HEJNENTOHHBIE, JeNTOHHbIE pacnaasl. Hecoxpanenne CP u T B pacnagax
HeUTpaabHbIX Ka0HOB. MHTEepdepenronnbie 3¢ (deKThl B pacnagax K°-Me30HOB.

5. ®usuka HeWTpUHO. B3anMoelicTBUE HEUTPUHO ¢ HYKJIOHaMH U siapamu. Tpu

TANIAa HEWTpuHO. Macca HeWTpuHO. ['mnoresa HEUTpPUHHBIX ocuWLIALUANA. HeWTpuHHBIE
DKCIEPUMEHTBl HA YCKOPHUTENSAX, PEaKTOpax, JETEKTUPOBAHUE COJIHEYHBIX HEUTPHHO U
HEHTPUHO OT B3pHIBOB CBEPXHOBHIX. be3HeHTpUHHBIN NBOWHOM B-pacnan saep.

6. Cnabble B3aMMOJIEHCTBUS NPHM BBHICOKUX SHEprusix. HeliTpuuHble peakuuu. VX onmcanue B
HNapTOHHOW MoJiesy, MPUOIMKEHHAs MacIiTaOHasi MHBAPHAHTHOCTb.

7. TIoucKHu BBIXO/IA 32 PAMKH CTaHIaPTHOM MOJIEIH: OHATHS O CyNIEPCHMMETPUH,
CyneprpaBUTallii, TEOPUU CYTIEPCTPYH.

4.5. Cunvnule 63aumooeiicmeus npu blCOKUX IHEPUAX

1. O630p >KCIEPHMEHTANBHBIX NAHHBIX O POKICHHM M DPACCESHMU YaCTHIl IIPH BBICOKHX
SHEPIusX, IOBEJCHHE MOJHBIX CeYEeHUH, JIudQepeHINaIbHbIX CEYEHUH, MpoIecchl ¢
nepesapsakond.  VIHKIIO3MBHBIE — CEYEHMS  POXKJIEHHUsA,  CHEKTPbl,  MHOYKECTBEHHOCTb.
[TpubnmxenHas MacTabHasi UHBAPUAHTHOCTbD.

2. CTporye OrpaHMYeHUs Ha MOBEIEHHE AMIUIMTYJ pPACCESHHS TPHM BBHICOKMX DHEPIHSX.
Orpannuenne @pyaccapa, Teopema [lomepanuyxka.

3. luppakuroHHbIe SBJEHMS TP BHICOKMX dHeprusx. Ilomoca Pemke W pe3OHAHCHI
PemxeBckass acumnroTHka M MyJbTUniepudepuueckue mnpormeccel. [lomepoH. DiKkoHanbHOE
npuOIMKeHne W MOJedb KBa3WIIOTEHIMana. PemkeoHHas MoJenb JUIsl HMHKJIIO3MBHBIX
IIPOLIECCOB.

4. Tlpoueccel ¢ Gonbimmu P). Keapkossiii cuer. [IpumeHenus kBapkoBoi Moaend. OCHOBHBIE
IIPEACTABICHUS KBAHTOBOW XPOMOJUHAMUKH.

5. finepnas pusuka
5.1. B3aumooeiicmeue a0epHbIX U31y4eHUll C 6eULEeCBOM
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[.ITpoxoxaeHne 3apsHKEHHBIX YacTHI[ 4Ye€pe3 BEHEeCTBO. MOHM3AIMOHHBIE TOTEPU U HX
¢baroktyarnu. OJHOKpAaTHOE M MHOTOKpAaTHOE paccesHue. B3auMopeicTBue SJIEKTPOHOB U
¢otoHoB ¢ BemecTBOM. M3nyuenue BaBunosa-UYepeHkona.

2. Pe3onancHoe paccessHUe ramMma-y4deit. Dpdekt Meccbayapa.

3. B3aumojeiicTBue HEWTPOHOB € BEIIECTBOM. 3aMeJIEHHE HEHTPOHOB. YJIbTPaxoJOAHbIE
HEHUTPOHBI.

5.2. @u3suxa amomnozo aopa

1. O6mme cBoiictBa snepHoro BemecTBa. OCHOBHBIE XapPAaKTEPUCTHKH sEp: IUIOTHOCT,
3apsij, CIUHBI J€p, YETHOCTb, CIIEKTPbl BO30YXAEHUs, sfepHas HecTaOuiabHOCTh. CBoOicTBa
SICPHBIX CUJI, HyKJIOH - HYKJIOHHOE B3aUMOJICHCTBHE. SIepHble 000I0YKH. DHEPTusl CBSI3M SEp.
N3oTtonnueckuil criuH. AHaJIOroBble COCTOSHUA. ['unepsipa u 0aproOHHbIE PE30HAHCHI B SIIpaX.
2. Mogpenu sapa. Kanensnas Mozens sapa. Mogens ®@epmu-rasa. OpHodacTudHas 000104edHast
mozaenb. Cpemnuit  simepHblii  moteHiman. CrouH-opOuTanbpHas  CcBs3b.  (OcTaTodHOE
B3auMmozeiicteue. OOoOImIeHHass Mojenb sAapa. PoTanuoHHble W BUOpalMOHHBIE YPOBHH.
KonnexktuBHble 3QeKTrl B gnpax. [ MraHTckue pe3oHaHChl. 3apsSA0BO - OOMEHHbIE PE30HAHCHI.
[TpaBuna otOopa A AIEKTPOMArHUTHBIX M Oera-mepexonoB. KBasuuacTuuHas MOAenb sjpa,
MapHbIE KOPPESLUU CBEPXIIPOBOAsIIEro Tuna. [I1oTHOCTh HU3KOIeKAIIUX COCTOSIHUN B Spax.
3. Bera-pacnaj. DnemeHTapHas Teopus Oera - pacmana. Ilpasuma ort6opa u Qopma Gera -
CIEKTpa, KOPPEIALNOHHBIE XapaKTepPUCTHKH. Pa3penieHHbIe U 3arpenieHHble 0eTa - Mepexo/bl.
DneKkTpoHHBIM 3axBaT. HapyiieHwe 4eTHOCTH B CclIaObIX B3aMMOJEHCTBHAX. bera - pacman
HeiTpoHa. /IBoliHOM ABYX- HEHTPUHHBIN 1 0€3- HEUTPUHHBINA OeTa - pacma.

4. Vicnyckanue spaMu IIPOTOHOB, allb(a - pacmai, JeeHHe, KIacTEPHbIE PACTIaIbl

5. szep. 3anasapIBaroIIKe NPOLECCHI paciiana saep. HapyleHne 4eTHOCTH NIPH JIETIEHHUH.

6. CrnioHTanHo Aensmuecs u3oMepbl. TpaHCYpPaHOBBIE M CBEPXTSKEIBIE SJIEMEHTHI.

7. B3auMoIeiicTBHE siep ¢ DJIEKTPOMATHWTHBIM H3JIydeHUEM. MyJIbTUIIONBHBIE TEPEXObl U
npaBuia oTOopa Ais ramma-usnydeHus. BHyTpeHHss koHBepcusi. DoTosepHbIE peakiuu.
Kynonosckoe Bo30y:xieHue siaep. [ uranrckue MyJibTUIIONIbHBIE PE30HAHCHI.

5.3. Aoepnvie peakyuu

1. OcHOBEI TeOpUM AMEPHBIX peaKLuii. 3aKOHBI COXpaHeHHs. [[pUHIMI eTaIbHOIO PABHOBECHS.
Kananbr peaknuu. Matpuinsl paccessHusa. Ontuyeckass MOJEIb B3aMMOJECHUCTBUS HYKJIOHOB C
SJIpaMHu.

2. Peakiuu ¢ Me/yIeHHBIMHM HeHTpoHaMH. Pe3oHaHCHbIH 3axBat Heifrponos. ®opmyna Bpeiira -
Burnepa. PaccesHue HeWTpoHOB sjpamu. PaccesHue HEUTpOHOB kpucTtaiaMu. OTpakeHHe U
noysipu3anus  HeUTpoHOB. JudpakuuonHoe paccesHue. HeWTpoHHass  CIIEKTPOCKOIIHS.
YIIpTpaxonoiHbIe HEUTPOHBI.

3. IIpsmele aaepHble peakuuu. Heynpyroe paccesinue. Peakunu nepenaun. SnepHble peakuuu
nepe3apsaaku. 3apsaoBo - 0OMEHHbBIE PE30HAHCHI.

4. ViccnenoBanue spa ¢ MOMOMLIBIO OBICTPBIX JIEKTPOHOB, ME3OHOB, POTOHOB. ME30aTOMBI.
O6pa3oBaHue u cBoiicTBa runepsaep. Ksapku B siapax.

5.4. Aoepnaa acmpogusuka

1. ®wusuka smeMeHTapHBIX YaCTHUI] U KocMmouiorus. Panusis Beenennast.

[TpoucxoxxaeHue neryammx >JIE€MEHTOB, OapuoHHas accumeTpusi Bcenennoit u mpobiema
cTabminbHOCTH NpoToHA. HykiieocnHTe3 3meMeHTOB B 3Be3/aX. OCHOBHBIE SEPHBIC PEAKIIMHU -
uctouyHuky sHepruu ConHua. fnepHble peakuuu B 3Be€3[aX B MpoOIEcce 3BOMIOLMH. Moaenu
3BE3]] U OBOJIIOLIMS 3BE3[] 10 B3PhIBA CBEPXHOBOM.
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2. Ilpupona cBepxHOBBIX. MexaHU3M B3pbIBa CBEpXHOBOW. Poib HEUTpHMHO B KoJtamce
cBepxHOBbIX. OOpa3oBanue HyKIMI0B B S - U R - mponeccax. [Ipoucxoxaenue cpeaHux u
TSDKEJNBIX JIEMEHTOB. KocMOXpoHOIIOTHS.

2. Heiitpunnas actpodusuka. ConaHeuHble HEUTpUHO. COBpEMEHHBIE JETEKTOPhI COJHEYHBIX
HEUTpUHO, MpobseMa AePUIMTAa COJHEYHBIX HEHUTPHUHO, Macca HEWTPUHO M THUIOTE3a
HEUTpUHHBIX  ocusinuid. HaGmioneHne HEHTpUHO OT CBepxXHOBBIX. [lowcku TemMHOM
Marepuu Bo BeeneHHoi.

5.5. Quszuxa 3nemenmapuvix uacmuy u ux 63aUMOOCUCMEUIL

1. Macchl 1 KBaHTOBBIE YKCIIa 3JIeMEHTapHbIX YacTull. [IpaBuna orbopa s

CJ1a0BbIX, HIEKTPOMArHUTHBIX, CUIIBHBIX PACIIaI0B.

2. VzoTonmueckne CBOMCTBA CUIBHBIX  B3ammogeicTeuil. SU(3)-cMMMETpHS  CHIIBHBIX
B3auMoieicTBUi. MaccoBsie (popmyiiel. Moienb KBapKoOB.

3. NN u nN-paccesnue. ®a30Bblii aHamu3. PaccesHue 3JIEKTPOHOB Ha HYKJIOHAX U Spax.
DeKTpOMarHuTHble GOpMPaKTOPbI HYKIOHOB U SIZIEP.

4. Paccesnue OBICTPLIX HYKJIOHOB Ha sapax. Teopus [naybepa.

5. Cnaboe B3aumoneiictBue. Mogens Baitnb6epra - I'impmoy-Canama. HeiiTpanbHble TOKH.
CoxpaHeHre BEKTOPHOIO TOKA, THIIOTE3a YaCTUYHOTO COXPAHEHHUS aKCHAJIbHO-BEKTOPHOI'O TOKa
u ux cneacteusi. Habmoneane W- 1 Z- 6030HOB.

6. ®usuka seliTpuHo. JlupakoBckoe U MaliopaHOBCKoe HeifTpuHO. Macca HeliTpuno. I'unoresa
HEUTPUHHBIX oclmLIsAuid. [Iponeccel JBOWHOrO IBYX - HEUTPUHHOTO U 0e3 - HeWTpUHHOTO OeTa
- pacriaja saep.

7. Tny6Gokoneynpyrue mpouecchl. [[apTOHHO - KBapKkoBash CTPYKTypa aapoHOB. OCHOBHBIE
MI0JIO’KEHUSI KBAHTOBOM XPOMOJIMHAMUKH.

6. DyieMeHTapHbIE YaCTHIbI
6.1. Cunvnote 63aumooeiicmeusn

1. KBaHTOBEIE UHCHIa QJICMCHTAPHBIX YaCTUIl U PE30HAHCOB.

2. JluckpeTHble CHMMETpPUH. IIpOCTpaHCTBEHHOE OTpaXKEHHE, 3apAf0BOE  CONpSKEHUE,
obparmenue Bpemenu, CPT-teopema.

3. CaoiicTBa BHyTpeHHeil cuMmeTpun. M30Tonuueckas MHBAPUAHTHOCTD. 3apsA10Basi CAMMETPHS
u G-uetHocTh. Cxema ['enn-Manna - HumumkuMel. YHUTapHAss CUMMETPUS U KIacCHU(pUKAIUS
YaCTHUIl U PE30HAHCOB MO MyJbTUIUIETaM. MaccoBast ¢popmyna ['enn-Manna - Oky6o0. Mogaens
KBapkoB. KBaHTOBasi XpOMOIMHAMUKA.

4. CTONKHOBEHMS DJIEMEHTApHBIX 4YacTHI. HYKIOH-HYKJIOHBIE CTOJIKHOBEHHS IIPU MabIX
sHeprusix. Jleiitpon. VYmpyroe paccesnue Il m K-ME30HOB M HYKJIOHOB Ha HYKJIOHax.
[Monsipuzanmonnsie siBnenus. Heynpyrue mpoueccsl. OOpa3oBaHNe Pe30HAHCHBIX COCTOSIHUM B
mporeccax croiakHoBeHus. dopmyna bpeiita-Burnepa. OOmue cBOWCTBa paccesHUS TpU
BBICOKUX DHEPTHUSIX.

5. OCHOBHEBIE NPE/CTABICHHS TEOPHU KOMILIEKCHBIX MOMeHTOB. Teopema Ilomepanuyka.

6. Mukmo3uBHbIe IIporecchl. Ilpolecchl Ha BCTPEYHBIX MPOTOH - MPOTOHHBIX U MPOTOH -
AHTUTIPOTOHHBIX MTyYKaX.

6.2. DnekmpomazHumHuovie 63auM0O0eicCmeus

1. IlpuHIMI MMHHAMANBHOCTH 3JIEKTPOMArHUTHOTO B3amMojeiicTeus. IlpaBuia orGopa 110
u3zoTonuyeckomy cruny. [Ipoueccrl GOTOPOXKICHUS U ANEKTPOPOKICHUS.
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2. PaccessHMe SIEKTPOHOB M MIO-ME30HOB HYKJIOHAMH M SIPAMH. DJIEKTPOMATHHTHBIC
dopmdaxTopsl. MarHUTHBIE MOMEHTHI 2JIEMEHTAPHBIX YAaCTHII.

3. ITpoBepKa IPHUMEHMMOCTH KBAHTOBO# 3JIEKTPOIMHAMUKH TIPH BBICOKUX HEPIUAX.

4. Me30aToMsl.

5. TIporiecchl Ha BCTPEUHBIX € - € M €' - €' IMydKax.

6.3. Cnaowvle é3aumooeiicmeusn

1. Bera-pacnan. ®opma crexTpos. KoppensuuoHnHble SKCIIEpUMEHTHI B OeTa - pacmane. bera -
pacnan HeWtpoHa. K-3axBar. Mro-saxBar. Pa3pemiennbie u 3anpenieHubie nepexosnl. [IpaBuna
orbopa ®epmu u ['amoBa-Temnepa. HecoxpaHeHne NpoOCTpaHCTBEHHONW YETHOCTH B CIIA0BIX
B3aMMOJCHCTBUSIX.

2. VHuBepcaabHas TeopHs cIabbIX B3aMMOJeHcTBIM. [ UoTe3a 0 cOXpaHEeHHH BEKTOPHOTO TOKA.
JIByXKOMIIOHEHTHOE HEUTpUHO. DJEKTPOHHOE, MIOOHHOE€ U Tay - HelTpuHo. CoxpaHeHue
JIEITOHHOTO 3apsa.

3. Pacnanpl ¢ usmeHeHneM ctpanHocTH. [pasuna T=1/2 u AQ=AS.

4, YuurapHas CMMMETpHS B ClIa0bIX B3aUMOJIEHCTBUAX 1 yron Ka6u66o.

5. ®usuka K-me30H0B. Wutepdepenionnbie ssBaeHus ¢ HapymeHueM CP- nHBapuaHTHOCTH B
pacmanax K-Me30HOB.

6. HeiiTpuHHBIE SKCIIEPUMEHTHI HA YCKOPHMTENSAX IIPU BBICOKMX M HM3KHX 3HEPIHSX, PEaKTOpax,
JETEKTUPOBAHUE COJHEUYHBIX, aTMOCPEPHBIX HEUTPUHO U HEUTPUHO OT B3PHIBOB CBEPXHOBBIX,
AKCIIEPUMEHTHI 110 TIOUCKAM HEUTPUHHBIX OCLIVILISALMIM.

7. Mogens I'mmoy - Canama - BaiinGepra u HeiiTpaibHble TOKH B CI1a0BIX B3aUMOICHCTBUSIX.
Mexanusm Xurcca u Maccol yactuu. Habmopenue Z- u W - G030HOB B HKCHEpUMEHTax Ha
YCKOPUTEJISIX.

6.4. duzuxa amomnozo aopa

1. SnepHble cUIBI M OOIKE CBOWCTBA AIEPHOTO BEILECTBA. DHEPIHs CBS3H.

Mopenmu siapa. OpnHovactuuHast oOosnodewyHas Mozenb. (OO0OImeHHass MOAENb  sapa.
Potanmonnsie u BuOpainmonusie ypoBau. Monens depmu-raza. KpazuuactuyHas MoJenb sapa.
KBasuvacTnaHbIe U HU3KOJICKAIIHE BO30YKICHHBIC COCTOSTHUS SIEp.

2. B3auMoieiicTBYS JIENITOHOB M aJpPOHOB BBICOKOH DHEPIMHU C SApPAMHU. DIEKTPOMATHUTHBIE
dopmbaxTops! sinep. Teopus I'maydepa 11 B3auMoIeHCTBHIA aIpOHOB C SIIPAMH.

3. ®oTosaepHBIE MPOLECCHL. | UTaHTCKUE MyJIBTUIIONBHBIE PE30HAHCHL. Peakiuu mepe3apsiiki.
bera - pacnax simep. AHAJIOTOBBIN U TaMOB - TEJJIEPOBCKUN PE30HAHCHI.

4. OcoOeHHOCTH POXKIEHUS MHOHOB M KAOHOB IIPU B3aMMOJEHCTBHU IIPOTOHOB C SAPAMH.
I'unepsinpa. Iu - u K - me3oatomMbl

7. MeToauKa 3KCNIePUMEHTAIbHBIX HCCJIeI0BAHNI
7.1. Memoowt nonyuenusn

1. Vekopurenu 3apsokeHHBIX uacTull. JIuHeifHble ycKoOpHTenu. LIMKIMYEeCKHE yCKOPUTENH.
[Mpunuun aBtodazuposku. XKectkas doxycupoBka. HakonutenbHble KOJblIa U YCKOPUTEIN Ha
BCTPEUHBIX MMy4kaX. KOJUIEKTHBHBIH METOH YCKOpeHHs. Meroabl (HOKYCUPOBKH MY4YKOB U
cernapaunus 4acTHL.

2. SlnepHble peakTophl M UX TUMBL [ToJTydeHne TEMIOBbIX U YIbTPaX0I0HbIX HEHTPOHOB.

7.2. /lemeKkmopul 31eMeHMapHblX Yacmuy,
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1. T'azopaspsnnbie nerexrophl. Cuerumku [eiirepa-TpocTa, NPOHNOPLHHOHANBHBIE CUETYUKH,
WOHM3ALMOHHBIE KaMepbl. CHMHTHUIALIMOHHBIE CYETYUKH.

2. Yepenkosckue cueT4uku. [101ynpoBOTHUKOBBIE CUETUUKH.

3. TpekoBble  J€TEKTOPHl ¢  (GUIBMOBBIM cheMoM uH(opmanuu. Kamepa Buibcona,
y3bIPbKOBBIE KAMEPbI, UCKPOBBIE U CTPUMEPHBIE KaMepbl. MeTo1 siAepHBIX (OTOIMYIIBCHUI.

4, BechunbMoBbIE Kamepbl. [IponopUMOHaNbHBIE M ApeH(OBBIE KaMepbl. [ 0J0CKOMMYECKHE
CHCTEMBI U3 CUMHTHUISIIUOHHBIX U YEPEHKOBCKUX CUETYUKOB.

7.3. Memoowt usmepenuit u mamemamuyeckoii 00padomku OaHHbLX

1. Meromp CIIEKTPOMETPUYECKUX W3MEPEHUM. MarnuTHsble CIIEKTPOMETPBI.
CrieKTpOMETpUYECKHE TPAaKThl M3MEPEHUH C IMOJyIPOBOJHHUKOBBIMH M CLUHTWUIALMOHHBIMU
CYETYMKAaMHU C BBIBOJOM JaHHBIX HAa DBM. MeTtobl n300pakeHNs MHOTOMEPHBIX CIIEKTPOB.

2. Jlo3uMeTpHuecKye u3MepeHus. J{oImycTuMble NOTOKH M3TydeHuil. CocoObI 3allUTHI.

3. Metoapl aBTOMAaTHUYeCKOH 00paboTKH (oTorpaduii TPEKOBBIX IIPUOOPOB. MeXaHHKO-
ONITUYECKHE U DJIEKTPOHHBIC CHCTEMBI CKAaHUPOBAHUS C BBIBOJIOM JTaHHBIX HAa DBM.

4, dusuyeckue YCTAHOBKM C aBTOMATMYECKUM BBIBOJOM JaHHbIX Ha OBM. Tumbl
HAaKONMUTENbHBIX ycTpoWcTB. lcmonp3oBanume pasHbix kiaccoB OBM  ans  npuema,
IpeaBapuUTeIbHOW 00pabOTKM M HaKOIUIeHWs HHGpOpMAalMM, a TakXke Uil KOHTPOJIs H
yIIpaBJICHUS.

7.4. Memoowt 00padbomku IKCnepumMeHmaibHoIX OAHHBHIX

1. OcHOBHBIE NOHATUS MaTEMATUYECKON CTATUCTUKM. TeOpUs CTAaTHCTUYECKUX OLEHOK M
MIPOBEPKHU TUIIOTE3. MeToa MakcUMallbHOTO NpaBonoaoous. [InanupoBanue skcnepuMeHTa.

2. CucTeMbl MaTeMaTHYECKHX IPOrpaMM OOpaOOTKM M aHaum3a (U3MYECKUX PpE3yIbTATOB.
I'eomeTpuueckass peKOHCTPYKLHUs My4dKoB yacTull. CUCTeMa paclio3HaBaHUs OIPENEIECHHOIO
KJ1acca coObITUH. AHaMU3 (PU3HUECKUX Pe3yIbTaTOB.

8. OcHoBHbBIE CBeleHH 110 IKCIIEPUMEHTAJBLHOM siiepHoi Gu3nke
8.1. Ocnosnvie ceoiicmea rj1emMeHmMapPHBIX YAcCmMuy

1. I[BI/DKGHI/IG 3apsKCHHBIX YaCTHIL B DJJICKTPUYCCKHUX W MArHUTHBIX TIOJAX; YpPaBHCHHA
JABUXXCHUA.

2. B3auMo/eiicTBUE 3apsKEHHBIX YaCTHUI[ C BEIIECTBOM. VOHM3AIMOHHBIE TOTEPH U MPOOET
TSKEJIBIX 3apsDKEHHBIX YacTHIL, IPOXO0XKIEHUE OeTa-yacTHIl Yepe3 BellecTBO. BzanmonelictBue
HEUTpalIbHBIX YaCTHUI] C BELIECTBOM.

3. DneMeHTapHbIe YacTHIBl M sAapa. OCHOBHBIE XapaKTEPUCTUKH szep. Pusmueckue cBOMCTBa
YaCTHIL: 3apsAJibl, Macca, CIIMH, YeTHOCTh, U30CIIMH. BpemeHna k13Hu 4acTuL.

8.2. Memoowt pecucmpayuu r1eMeHmMapHbIX Yacmuy

1. Metozp!l perucTpanyy 3apsKEHHBIX U HEHTPATbHBIX YaCTHII.

2. ['a30HATIONHEHHBIE CUCTYHKH M WX THIBL MOHH3alMOHHBIE Kamepbl. | a30HaIOIHEHHbIE
KaMepbl ¢ ONITUYECKUM METO/I0M cheMa nHpopMmanuu. FICKpoBbIe U CTpUMEPHBIE KaMEPHI.

3. la30HamONHEHHBIE  KaMephl C  OIEKTPOHHBIMM ~ METOJaMH  CheMa  HH(OPMALWH.
MHOronpoBoJI0YHbIE HCKPOBbIE, IPOMOPLHUOHATIBHBIE U Apeii(OBbIE KAMEPHI.

4. CUMHTHIIALIMOHHEIE U YEPEHKOBCKHUE JIETEKTOPBI. DOTOYMHOKHTEIH.
5. TonmynpoBOIHUKOBBIE AETEKTOPEL. [103UIIMOHHO-1yBCTBUTENLHEIE IETEKTOPBL.
6. Perucrpanys 4acTuIl ¢ MOMOILBIO My3BIPEKOBLIX KaMep.
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8.3. Cmamucmuueckan oopadbomka pe3yiomamoe uzmepeHuil

1. Ocuosbl Teopun BeposTHOCTEH. Ciyuaiinble BenuduHbl. OCHOBHBIE 3aKOHBI PACIIPEIEIECHHUS
CllydaifHBIX BeJIMYUH: OMHOMHUanbHOE pacnpeneneHue [lyaccona, pacnpenenenue ["aycca.

2. OCHOBBI TEOPUH OIIMOOK U3MEPEHHIA.
3. OCHOBBI TEOPUM NIPOCYETOB PETUCTPUPYIOLINX CUCTEM.

9. O01mas paaAno031eKTPOHNKA U BHIYUCIUTEIbHASI TEXHHUKA
9.1. Memoowt pacuema IneKmpuuecKkux yeneiu u cxem

1. Ananu3 nMHEHHBIX >JIEKTPUYECKHX Lienel. DKBUBAICHTHBIE CXEMBbL. 3akoHbI Kupxroda,
TeopeMa 00 SKBUBAJIEHTHOM TIE€HEPATOpE, METOJ Y3JIOBbIX IOTEHIIMAJIOB, METOJ KOHTYPHBIX
TOKOB. UeThIPEXIIOIIOCHUKH.

2. AHanuM3  DNEKTPHYECKMX  CUTHanoB. Jlembra-QyHKIMS ®  cTynmeHdaTas  (QyHKIHSL
[IpeobpazoBanne Dypoe.

3. llepenaya curHagoB 4Yepe3 JMHEHHbIE cucTeMbl. JludQepeHuanbHble  ypaBHEHHS,
ONMCHIBAIOIIUE IMPOLIECCHl B 3JEKTPUUECKUX Lemnsax. MMmynbcHas XapaKTepUCTHKa JMHEHHOU
cucreMbl.  Muterpan cynepnosunuu. @®opmyna cBepTbiBaHus. llepemarounas (yHKIMs.
[IepexoniHble MPOLIECCHI B JIMHHBIX LEMAX.

4. OcHoBbl onepanmonHoro ucuucienus. [peodpasosanue Jlamnaca.

5. OcHoBbI anre6pbl Torukd. COCTaBIEHHE JTOTUYECKUX SIEKTPOHHBIX CXEM.

9.2. Ilonynposoonuxoswvie npudoput

1. ®usnueckne NpUHIMIBI PAGOTHI MOIYIIPOBOIHUKOBBIX MPUOOPOB. UX Kiaccupukamms.

2. TlonynpoBOIHUKOBBIE AUOBL [IpHHIMI N€iCTBHSA, OCHOBHBIE XapPAKTEPUCTHKH, HAPAMETPHI
U PEeXUMbl paboThl. Pa3HOBHIHOCTH AMONOB: MMIIYJIbCHBIE IHOABI, JUOJBI C HAKOIICHHEM
3apsga, TYHHEJIbHBIE AMOABI, CTAOWJIMTPOHBI, CBETOM3JIydamollue auoabl U Ap. Ilpumepst
IIPUMEHEHHS.

3. bunonsapHble TpaH3UCTOphl. [IPUHIMN I€HCTBUS, OCHOBHBIE XAapAKTEPUCTUKH, TIApaMETPhl 1
pexXuMbI paboThl. CXeMbl BKIIIOUEHHS, SKBUBAJIEHTHbBIE CXEMBbI, paboTa B JIMHEHHOM U KJIIOUEBOM
pexumax. PazHoBuaHOCTH TpHOAOB. [IprMepsl UX IPUMEHEHH .

4. TloneBble TPaH3WCTOpPHL. IIpMHIMI JEHCTBHS, Pa3sHOBHIHOCTH MOJEBBIX TPAaH3UCTOPOB.
OCHOBHBIE XapaKTEPUCTUKH, TapaMeTPbl U PeKUMBI paboThl. IIpumepsl mpuMeHeHwMs..

5. Jlpyrue  PasHOBHAHOCTH  MOJYIPOBOJHUKOBBIX — NPHOOPOB:  JMHHCTOpP,  THUPHCTOP,
OJIHOIIEPEXOHBIN TPAaH3UCTOP U Jp. MIX OCHOBHBIE XapaKTEpUCTUKH M NapameTpsl. IIpumepst
IIPUMEHEHUS.

9.3. Humezpanovnsie cxemol

1. TuGpuaHble 1 MOHOJMTHBIE UHTETPATIBHBIE CXEMBI. MOHOJIUTHBIE UHTETPATILHBIE CXEMBI Ha
ocHoBe Oumnomnsipabix u MJIII-TpaH3ucTopoB, uX 0coOeHHOCTH. TEXHOJOTHSI M3TOTOBIICHUS
MHTErPAJIbHBIX CXEM Pa3IU4HbIX THIIOB.

2. AHaNOrOBBIE MHTETPAIbHBIE CXEMBI: AU(PEPEHIMANLHBIE W ONEPANMOHHBIE YCUINTENH,
PEryJsITOpPbl  HANpsDKEHHs, MpeoOpa3oBaTeld KOJ-aHANOr M aHajor-kold. VX OCHOBHBIE
MapaMeTpbl, IPUMEPBI IPUMEHEHUS.

3. Jlornueckue MHTErpalbHBIE CXeMbl. MX KioaccHHMKAMs IO  CXEMO-TEXHUYECKOMY
ucnonHennto. OcHoBHbIE NapameTpbl. beicTponeiicTBue cxem. Cuctema JIOTHYeCKUX 3JIEMEHTOB.
Tunel Tpurrepos. I[Ipumeps! IpuMeHeHuUs.
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4, lurerpanbHble CXEMBI CO  CPEIOHEH CTENEHBI0 HWHTETPALMU: CYETYMKHM, PETHUCTPEL
KOMMYTaTOPbI, JeMUPpaTOpbl, CyMMaTOPhI U Jp.

5. VHTerpanbHble CXeMBI ¢ GOJIBIION CTENEHBI0 MHTErPALIMHI: CJI0XKHBIE JJOTHYECKHE YCTPOUCTBA,
3allOMMHAIONIME YCTPOWCTBA, MHKpoIpoueccopel u aAp. llytm panpHemero mnoBbIIICHUS
CTEIEHU UHTErPALH.

9.4. Dnekmponnvie uzmepumespHvle NPUGOPLL

1. Knaccudukanus n3MepuTeNbHbIX IIPUOOPOB; HX KIACCHI TOYHOCTH.

2. DreKTpoHHO-IIyueBble octumiorpadsl. Ux ocHoBHble 610ku. CKOPOCTHBIE OCLHLIOrpadsl,
CTpoOOCKONMYECcKre ocIorpadsl, ocuuuiorpadsl Ha 3alIOMUHAIOIINUX TpyOKax.

3. I/I3MepI/ITeHLHHe reHepaTopsbl, UX TUIIBI U XaPAKTCPUCTHUKH.

4, Nuposbie PUOOPHI I M3MEPEHHS aHAIOTOBBIX BEJIMYHMH (HAIPSIKEHHUS, TOKA, YaCTOTHI U
np.). IX npuHUun AelcTBUS U yCTPOUCTBO.

9.5. Ocnosnvle ceedenus no I1eKmMPOHHbIM uud)poebm GbIUUCIUME/IDHBIM MAUIURAM

1. Mpunuunel nocTpoeHus M paGoOThl AIEKTPOHHBIX LU(PPOBLIX BHYUCIUTEIBHBIX MALIUH.
[Tporneccoprl. Ix cocTaB ¥ pyHKIIHH.

2. 3anomuHaromye ycrpoiicta. Mx Qynxumuu. OnepaTUBHbIE M BHEHIHHE 3alOMHMHAIOIIME
yCTpoiicTBa. Y CTpOHCTBA BBO/IA U BBIBOJIA MH(OPMAIUH.

3. HenocpencTteennas cBsizb IBM ¢ H3MepUTEIBHBIM 000DY10BAHHEM.
4. YcrpolicTBa [y ONepaTUBHOTO B3aUMOJIEHCTBHUS onepaTopa 1 DBM. Jlucruen.
5. Bonbmme, mansle U Mukpo-IOBM. Cocras u xapakTepucTuku DBM.

6. OcHoBbl mporpamMmHoro obecrnedenus DBM. OnepanmonHbsle cucTeMbl. WX (yHKIuM.
MammHHO-OpUEHTHPOBAHHBIE U TPOOIEMHO-OPUEHTUPOBAHHBIE SI3bIKM IIPOTPAaMMUPOBAHUS.

9.6. Haoescnocmo paouoiieKmpoHHbIX yCMPOUCME

1. OcHOBHBIE TIOHATHS TEOPHHU HAJEKHOCTH.

2. TIpuuMHBI OTKA30B alnapaTyphbl.

3. OueHka HaJEKHOCTH Pa3pabaTHIBAIOIIMX YCTPOHUCTB.
4. MeTozibl IOBBIIEHHS HATEKHOCTH.

10. IIpudops! siAepHOT 31eKTPOHUKHU
10.1. 3a0auu r31eKmpoHHOI annapamypsl 8 IKCHEPUMEHMATLHOU A0EPHOU hu3uKe

1. O606uIeHHas GI0K-CXeMa A1epHO-PU3MIECKOTO IKCIIEPUMEHTA.

2. Cneunduka >KCHIEPUMEHTOB B 007acTH (U3MKM aTOMHOTO sipa (HU3KHE DHEPTUH) U
HJIEMEHTAPHBIX YaCTHI] (BBICOKUE SHEPTHH).

3. Jloruueckas ¥ CEKTPOMETpUUECKast HH(POPMAIIUS, OTyuaeMas ¢ JeTeKTOPOB.

4. KonnuecTBo MHPOPMALMM, ITIOTy4aeMOl B OKCIEPHMEHTAX PAa3MYHBIX THIOB. METOMIbI
IpeBapUTEeILHOrO 0TOOpa MocTymnarouie nHpopMaluu.

10.2. Yempoiicmea 0151 usmepenus uHmepeaios epemeHu

1. XapakrepucTrka 1eTEKTOPOB C TOYKU 3PEHHS MOTyYEHUsS BpEMEHHON HHPOPMAIIHH.
2. Pa36poc HMITyIECOB 110 BPEMEHH BO3HUKHOBEHHs. CXEMbI BDEMEHHOM MPUBS3KH.
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3. CrocoObl M3MEpEHHs] HMHTEPBAIOB BpeMeHU. TOYHOCTB, paspelnaromas CIoCOOHOCTh U
Jana3oH U3MEpPEHUs.

10.3. Ycmpoiicmea 0nsa usmepenus amniaumyo UMnYabCoe

1. XapaKkTepuCTHKH IETEKTOPOB ¢ TOYKH 3PEHHMS TIONTYYEHHUS aMILTUTYTHON MH(OPMALUH.

2. lymbl 1 METOIBI GOPLOBI ¢ HUMHM.

3. CreKTpoMeTpUYECKHE YCWIUTENH, MX XapaKTepPUCTHKH. DOpPMHMpPOBAHHE MMITYJIbCOB JUIS
MOJTYYCHHST ONITUMAIILHOTO OTHOIICHHS CUTHA/ITyM. bopp0a ¢ HaJ0KEHUSIMHU UMITYJIHCOB.

4. CnocoObl M3MEPEHHsT aMILIMTYJ] UMITYJI5COB. METO/BI TOBBILIEHUS TOYHOCTH M CKOPOCTH
npeoOpazoBanus. MeTo bl cTabuUIN3aiy CIIEKTPOMETPUIECKOTO TPAKTA.

AMITUTY THBIE aHAJIN3ATOPBL, MX XapaKTEPUCTUKH.

10.4. Jlocuueckue cxemovl pecucmpayuu u omoopa OAGHHBLX

1.CyeTHbIe cxeMbl. THITBI CXeM, UX OBICTPOJICHCTBHE.

2. Cxembl coBmajeHuid. [IpuHuMn pa®oThl, KPaTHOCTh COBNAJCHUHN, pa3pellaroniee BpeMms,
s dextuBHOCTh. CitydaiitHbIe COBIACHUA. AHTUCOBIAICHUS, UX YP(HEKTUBHOCTD.

3. Jlpyrue TUIBl JTOTMYECKHX CXeM: (OPMHPOBATENH, JIMHUHM 3aJEPKKHM, IUCKPUMHHATOPEL,
CXEMBI MPOMYCKaHUs, Pa3BETBUTENN U Jp. VX XapaKTepUCTUKU U IPUMEPHI TPUMEHEHUSI.

4. BICTpBIE MIPOLIECCOPHI IS PEABAPUTETHLHOTO 0TOOPA COOBITHIA.

10.5. Inekmponnsvie ycmpoiicmea 011 pecucmpayuu KOOpOuHam 4acmuy,

1. TomockonMYECKHE CHCTEMBI M METO/IBI PETHCTPALMKE MH()OPMALIUH B HHX.

2. DJNEKTPOHHBIE METOIbI CUMTHIBAHUS HMH(GOPMAlMM € MCKPOBBIX KaMep CO CIUIOIIHBIMH
AIIEKTPOIaMH (TEIEBU3HMOHHBIN, aKyCTHUECKHUN U T.11.).

3. MeTopl CYNTHIBAHUS MH(POPMALMHE C HCKPOBBIX KAMEp C IPOBOJIOYHBIMHU JIEKTPOIAAMH, C
HPONOPLHUOHATIBHBIX KaMep U ¢ Ipei(OBBIX KaMep.

10.6. Haxkonnenue u oopadomka ungopmayuu 60 epems IKCnepuMeHma

1. Tumbel HaKONUTENBHBIX YCTPOMCTB, WCIONB3YEMBIX B suepHOil (usuke. Hakoruienne
MHOTrOMepHOM nHpopmMaruu. MeTtos! yBenuueHus 3¢p¢GeKTUBHOTrO 4yrcia kaHanoB.Habmonenue
3aperucTpupoBaHHON nH(popManuu. MeToabl 1300pakeHNUs MHOTOMEPHBIX CIIEKTPOB.

2. HemocpeacTBeHHOE Mcnonb3oBanne DBM pasHBIX KJIAcCOB B MPOIECCE SKCIEPUMEHTA IS
npuema, MpeIBapUTEIbHON 00pabOTKM M HAKOIUICHHUS MH(POPMAIIMH, a TaKKe Ui KOHTPOJS U
YIPAaBIEHUS XOA0M IKCIEPUMEHTA.

10.7. Aemomamu3zauusn oopadbomku uHGopmayuu, 3apeucmpupo8anHoil Ha homonyenke

1. Meronsl 06paGoTku HHGOPMALMH, HOTYIEHHOM ¢ (PUIBMOBBIX KAMED.

[TomyaBromatuueckue cucrteMbl o0Opabotku. Ilpunimn neiictBus. DyHKIMM omepaTtopa B
CHUCTEMAaX PA3IIMYHBIX THUIIOB.

2. CucteMbl C aBTOMATUYECKHMM CKAHHMPOBAHHEM II0 Kaapy. MeXaHHKO-ONTHYECKHE H
AIIEKTPOHHbIE cHCTeMbl ckaHupoBaHus. Dynkuum OBM mpu aBromaTmueckoil oOpaboTke
MH(pOpMaLNH, 3apEerUCTPUPOBAHHON Ha (DOTOIUICHKE.

3. Crannapr KAMAK .Hasnauenune u npunnuns crangapra KAMAK. VicnonHUTENbHBIE OIOKH.
OnnokapkacHas cuctema. Opranuzanusi padoTbl. Ha3zHaueHue M yCTpPOWCTBO KOHTpPOJUIEpA.
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Opranuzanus pabOThl KapKaca NpPH HAJWYUU B HEM HECKOJIBKUX YIPABISAIOMMUX OJIOKOB
(xoHTpOJUIEpOB). MHOTrOKapKacHasi BETBEBas CHUCTEMa. YCTPOMCTBO KOHTpoJuiepoB. OCHOBBI
nporpaMMHOTO obecrieueHus ammaparypsl B ctangapre KAMAK. Jlpyrue cranmaptel (NIM u

T.J.).

11. ®u3nka BHICOKMX IHEPIruii
l. AcTpodu3nuKa BbICOKHX JHePrui

1. DHeprernyeckuil CHEKTp NEPBHUYHOTO KOCMHUYECKOTO M3JIy4YEHHMsI U €ro OCHOBHBIE
ocobeHHOoCTH ((hopMa CIIEKTpa, HEOJAHOPOIHOCTH CIIEKTPa U UX BO3MOXKHBIE IPUYMHBI, TOTHAS
SHEPrusi KOCMUYECKOI0 U3TyUYEeHHs, TOCTYIAOLIEr0 Ha 3eMIIIO0)

2. SInepHBlil cocTaB MEPBUYHBIX KOCMUYECKUX JIyueil 1 ero 0ocoOeHHOCTU. PacipocTpaHeHHOCTb
AJIEMEHTOB BO BceneHHOM U B KOCMUYECKUX Jiydax. MIHTepnperanus pasindui.

DNEeKTPOHBI, MO3UTPOHBI, (POTOHBI U AHTHUIIPOTOHBI B COCTaBE IMEPBHYHOTO KOCMHYECKOTO
U3JTy4EHUs TPU Pa3HBIX SHEPTHUSX.

3. 'eomaruuTHbIe >3QPEKTHI, UX UCIOIB30BaHUE JUISl ONIPE/IEICHUS] SHEPreTUYECKOTI0 CIEKTpa U
3apsia MepBUYHBIX KOCMUYECKUX YACTHII.

4. CBoiicTBa KOCMMYECKOTO H3JIy4YEeHHUs BOJIU3M MOBEPXHOCTH 3eMiM U moj 3emieil (cocras,
MHTEHCUBHOCTH). MeTroauKa HCCIe0BaHNs KOCMUYECKMX 4YacTHIl pa3HbIX OJHEpruil (Ha
CIyTHHKaX 3eMJH, B aTMoc(epe, Ha ropax U Mo 3eMiei).

5. Illupoxkue atrMocdepHble JHUBHM M UX CBOMCTBA. MeTOAbl PETrUCTPALUU MIUPOKHUX
aTMOC(EepHBIX JTUBHEH (B TOM YHCIIE 110 PAJAHO - U YSPEHKOBCKOMY U3IIyUEHHIO).

6. OCHOBHbIE MCTOYHMKM KOCMHMYECKOIO M3Iy4yeHHs. MexaHH3Mbl YCKOPEHHUS KOCMHYECKHX
YaCTHIL.

7. 'amMa-acTpOHOMUS BBICOKHX M CBEPXBBICOKUX dHepruil. [lonckn ramma-u3imydeHust BBICOKOU
SHEPrUH OT OCTATKOB CBEPXHOBBIX 3BE3I.

8. bonbmoit B3peiB. KpacHoe cmemienne. PenmkroBoe n3ilydeHue, ero SHEpreTH4ecKUil CIeKTp,
IIPOUCXOXKICHHUE.

9. Temnast matepus Bo BceneHHol 1 ee BO3MOXKHas IpUpoJa.

10. Peructpaius noTOKOB HEUTPUHO HU3KUX SHEPTUM OT BCHBIIIKKA CBEPXHOBOM

8K 1987A Ha pa3nuuHBIX YCTaHOBKax B MHpE.

11. ITpobnema BepxHeW TpaHUIBl SHEPTETHUECKOTO CIEKTpa KOCMHUYECKUX MPOTOHOB M SAEP.
DKCrepUMEHTAJIbHbIE TAHHBIE.

1. IKCNepUMeHTATbHASI TEXHUKA JIJISA MCCJIeI0BAHUS MPOLECCOB, MPOTEKAIIINX MPH
BbICOKOW JHeprumn*

12. Metonpl yckopeHus 4YacTull. JIMHEWHBIE M I[UKIUYECKHE YCKOPUTENH: IUKIOTPOH,
dazoTpoH, cuHXpoha3oTpoH. Me3oHHbIe (PadpuKy.

13. Kommaiinepsl, HakONMUTENIbHBIE KOJbIA. YcTpoucTBO. JloctonHcTBa. IIpumepsnl
JIEUCTBYIOIINUX U MIPOESKTUPYEMBIX KOJIIAIepOB.

14. KpynHeiiie 1edCTBYIOINUE U POSKTUPYEMBIE YCKOPUTEIHU 3apsHKEHHBIX YaCTHII.

15. Kocmuueckue ny4u, Kak ICTOYHUK CBEPXBBICOKMX YHEPIHA.

16. MeTon peHTIeHO-IMYJIbCUOHHBIX KaMep B KOCMUYECKHX JTy4ax.

17. Herexktopbl yactuil. KMIynbCHbIE WOHU3ALMOHHBIE W MPOIMOPIHOHAIBHBIE KaMEpHl,
npeiidoBbie KaMephl, CIUHTUIUTSIIIMOHHBIE CYETYMKH, MUKPOCTPHUIIOBBIC U MaJOBbIE IE€TEKTOPHI,
My3bIPHKOBBIE KaMepbl, YEPEHKOBCKHE CUETUYMKH, KOJBIIEBOH YEPEHKOBCKHM CHEKTPOMETD.
W ckpoBble U CTpUMMEpPHBIE KAMEPBI.

18. MeTtoap! uaeHTU(GUKAIIMN YaCTHII.

19. MeTonbl U3MEpEHUs SHEPTUHU: MAarHUTHBIE CIIEKTPOMETPhI, MOHU3ALIMOHHBIE KaJOPUMETPHI,
JIETEKTOPBI MEPEXOTHOTO U3ITyUCHHUS.



16

20. OcHOBHBIE TpeOOBaHUS, TMPEIBIBIAEMbIE K TPEKOBBIM JIETEKTOPAM H KaJIOPUMETPaM:
reoMeTpruecKuil pakTop, NPOCTPAHCTBEHHOE M SHEPIETUUECKOE pa3peLIeHue.

21. KowmmiekcHble YCTaHOBKM Ha YCKOPDHUTENSX K B KOCMHMUYECKHMX Jyuax. I[Ipumepsl
JENCTBYIOIIUX U IPOEKTUPYEMBIX YCTAHOBOK.

1. KuneMaTUKa nNpu aHaJIKM3e NMPOLECCOB B3aUMO/IECTBYUS M pacnaga yacTum®

22. OcCHOBHbIE KHHEMAaTUYECKHUE XapaKTEPUCTUKU: OJHEPIHsl, UMIYIbC (MOMEPEeYHBId H
MIPOJIOJIBHBIN, YETHIPEX-UMITYJIbC). MaHIenbpIITaMOBCKHE TIEpeMEHHEIE: S, T, U. , peitHmaHOBCKast
nepeMeHHas X, ObepKeHOBCKHE IEPEMEHHBIE, OBICTPOTa U MCEBIOOBICTPOTA.

23. ®dusnueckue CHCTEMBbl KOOpJIMHAT: CHUCTEeMa IIeHTpa Macc, JjJabopaTtopHas cucTeMa,
cuMMeTpuyHas cucrema u Ap. CBsi3b XapaKTePUCTHK YaCTHUI[ B THX CUCTEMaxX: Mpeo0pa3oBaHUs
Jlopenia. UuBapuaHTHI JIOPEHIICBCKUX MPE0Opa3oBaHUI

24. BHyTpeHHHE KBAHTOBBIC YHCIA: CIIMH, W3OTOICIHH, JICITOHHBIA M OApUOHHBIN 3apsbl,
CTPaHHOCTh, YapM, ObIOTH, TOIl M 3aKOHBI UX COXpaHeHHUs. JIMCKpeTHass CUMMETpHs. 3aKOHBI
COXPAHEHUS.

25. IuddepeHnnanbHOE ¥ TIOTHOE CEUCHHUE PEAKIINi, MATPUYHBIN 3JIEMEHT, ()a30BbIid 00OBEM.
26. OcoOeHHOCTH KHHEMATUKH paciiaja Ha B, TPU WK O0Jiee YaCTHII.

IV O61mme cBoiicTBa gyHIaMeHTAJBHBIX B3aHMOeHCTBUIA

27. DnexTtpocnalbie, CUIbHBIE W TPAaBUTAIMOHHBIE B3aUMOACHCTBHs. berymiue KOHCTaHTHI
B3auMOIecTBUI. XapakTepHble d((EeKTUBHBIC CEUEHUS U JIPYyTUe OCOOCHHOCTH Pa3HBIX THUIIOB
B3auMoeiicTBui. OyH/IaMEHTAJIbHBIE YACTULIBI U UX POJIb B MPOLECCAX B3AUMOJICUCTBHUSL.

28. YHuBepcanbHbIN XapakTep B3auMoieicTBull 1 Bennkoe o0bennHeHue.

29. OTKpBITHE TO3UTPOHA, MIOOHA, TT-ME30HA, CTPAHHBIX U 0YapPOBAHHBIX YACTHII.

30. depMHOHBI (JENTOHBI, KBAapKHM) M 0030HB (TMOOHBI, (GoToHE, W*,Z° — 6030HSHI

TUIOTETUYECKU 0030H Xurrca, ME30HBI M pe30HaHChl). Pacmanel yacTuil Moja BIMSIHUEM
CUJIbHBIX, JJIEKTPOMAarHUTHBIX U CIa0bIX CHIIL.

31. Otkpeitne W*,Z° — 6030H0B. OTKpHITHE t-KBapKa.

32. Aaponsl (6aprOHBI, ME30HBI, PE30HAHCHI) U siipa. KBapkoBas CTpyKTypa aApOHOB.

33. T'umoTe3a cynepcuMMETPUIHBIX YacTHIl. Bennkoe o0weaqunenue. Pacman nporoHa.

34. CP-Hapy1ieHue 1 ero skcrepuMeHTanbHble npossieHus. CPT — reopema.

35. Pacmanibl HEHTpaTbHBIX KAOHOB. YTl cMemmBanus Kabub6o. Matpuia Kabasmu-MackaBsl.
Ocuwianuu cTpaHHOCTU. Perenepanysi KaOHOB.

V CrpykKTypa agpoHoB

36. MarHuTHbIE MOMEHTHI U §-(aKTOPHI YACTHII.

37. IlapToHHast CTPYKTypa HYKJIOHA M3 SKCIIEPUMEHTOB IO TJIyOOKOHEYIIPYTOMY PacCesHUIO €,
VD, V p: KBapKH, UX CIIUH U DJIEKTPUYECKUE 3aPsbl.

38. BasieHTHbBIE M MOPCKHE KBapKU U IIFOOHBI U UX CTPYKTYpHbIE (DYHKIMM B alpOHaX U Apax.
Merons!l ux usMepeHusi. bBbepKeHOBCKHN CKEMIMHT. KBaHTOBOE YHCIIO «IBETY.

39. CoiicTBa KBapKOB U TIIIOOHOB U3 3KCIEPUMEHTOB 110 MIEKTPOH-NIO3UTPOHHON aHHUTMIISILIUA
B AaJIpOHBI: Macca KBapKOB, HUX CIOMH M 3apsj, OKCIEPUMEHTAIBHOE JOKa3aTelIbCTBO
CYILLIECTBOBAHMS «LIBETHOI'0» 3apsija.

40. ITpoGema HeBbUIETAHHS 1[BETa (KOH(AIHMEHT) U aJpOHHU3AIINS KBAPKOB.

41. PaccessHue 5JEKTPOHOB M HEUTpUHO Ha HykJoHax. Dopmynsl Pesepdopma, Morra u
Hupaka.

42. KBapkoHnuii. [loTeHianpHOE ONMMcaHue BETOBBIX B3aUMOAEHCTBUI. OCHOBHBIE MTOJIOKEHHUS
KBaHTOBOM XpoMoanHaMuKu. Mexanusm Jlperna-SHa.
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VI. CBolicTBA JIEITOHOB

43. DnekTpoHbI, MIOOHBI, HEHUTpUHO (BEiJIeBCKHE, OUPAKOBCKUE, Mailopana). Wx 3apsmsbl,
MAaccChl, JIENTOHHBIE 4YMCJIA, CIUPAIBHOCTb, HApYyIIEHHWE 4YEeTHOCTH. IlokosieHus 1€nTOHOB H
KBapKOB U UX BO3MOXKHOE 4nci0. MeTo bl onpeseneHus (KOCMOJIOTMYECKHE U YCKOPUTEINIbHBIE).
44. CnaOble B3aUMOJCHCTBUS IPH BBICOKMX HSHEPrUsX. YHHBEPCAJIbHBIM XapakTep cialbIxX
B3auMOJeicTBUI. B3aumoaeicTBust HEUTPUHO ¢ KBapKamH. 3apsiKEHHbIE U HEUTpaJIbHbIE TOKH.
Ceudenus cnabbIX B3aUMOJCHCTBUI.

45. Ocruianui HEUTPATbHBIX KAOHOB W THUIOTE3a HEUTPUHHBIX OCHWUIIIUN. OCHUUISIIIT
HEUTpHHO B MI0THOM BetecTBe (3¢ dexT MuxeeBa-CmupHoBa-Bonbdenireiina).

46. ConHeyHble HEUTPUHO U UX MPOUCXOXKACHHUE. DKCIEPUMEHTHI JleBuca M UX pe3ysbTaThl.
["annueBsle nerekropbl. [Ipumepsl Oojiee MO3MHHE 3KCIEPUMEHTOB 0 H3YyYEHHUIO MOTOKOB
COJIHEYHBIX HEUTpHUHO U ociuusinuil (Kamuokanae u npyrue).

VII. DJjekTpoMarHuTHbIE B3aUMoOJelcTBUS *

47. Topmo3noe u cCHHXpOTpoHHOE u3nydenne. M3nyuenne BaBuioBa-Uepenkosa. [lepexomnoe
u3inydeHue. PojxxaeHne 371eKTpOH-NO3UTPOHHBIX Map (GOTOHAMU. DHEPreTHUECKUE 3aBUCUMOCTH
CEYEHUH U NIOTEPb IHEPTUH.

48. OcoOEHHOCTH NPOXOXKACHUS 3apsHKEHHBIX YacTHUI] depe3 BeulecTBO. MoHW3alMOHHbIE
norepu sHeprun. Popmyina bere-I"alitnepa. Paguanmonnas qiuHa U KpUTHYECKAsk SHEPTUSL.

49. Ddodexrt Jlannay-Ilomepanuyka-Muraana.

50. OnexTpoHHO-(OTOHHBIM Kackaa. OCHOBHbIE pe3yJbTaThl TEOPUU (YUCIO YACTUL[ B
MaKCUMYyMe KacKa/ia, MOJI0)KEHUEe MaKCHUMYyMa, 3aBUCUMOCTb OT SHEPI'HU U aTOMHOT'O HOMEpa).
52. Kackag B atmocdepe, paauyc JUBHSA, cOocTaB 4acTuil. CBsi3b C JHEpPrued NEpBUYHON
YaCTHLIBI.

53. YepeHKOBCKOE U pajuousiiydeHue JUBHs. [IpuMepbl yCTaHOBOK JUIsl M3Y4YEHHS IIMPOKHUX
atMochepHbIx TuBHEH. JleiicTByromme W TPOEKTUPYEMble YCTAaHOBKH JUIS PETUCTPaldd
KOCMHMYECKHUX Jyuei rpeaesibHo Beicokux sHepruit. (ILIAJI-1000 u ap.)

54. OOHapyxeHue "uzinomMa" B~ DHEPreTHYECKOM CIIEKTPE TMEPBUYHOTO KOCMHUYECKOTO
U3JIy4EeHUS IIPU SHEPTUU 5%10° B u ero COBpeMeHHOe 00bsicHeHne B U y3noHHOM MOIENH.
B03MOXXHOCTh TaJIAKTUYECKON M BHETAIAKTUYECKON MPOTOHHOM ACTPOHOMMH MPU MPEAEITHHO
BBICOKUX DHEPTUsAX KOCMUYECKHUX YACTHIL] (109 — 10" mMB).

VIIl. CranpaptHas Moaeab

55. Tlonsitue 0 KamTUOPOBOYHOM TMPHUPOJIE CUIBHBIX M BJEKTPOCIA0bIX B3aWMOJCHCTBUU.
OcHoBHbIe nToso)keHus1 CTangapTHON Mogenu.

56. DxcrepuMenTanbHoe 06Hapyxkenue W', W™ u Z° 6030HOB.

57. Ponb TUNIOTETUYECKOTO CKAISIPHOTO XHUITC-0030HA B TeOpUH. BO3MOXKHBIE 3KCTIEPUMEHTHI
JUIS €70 OOHAPYKEHHS B € € U pp CTOIKHOBEHHSIX.

IX. CuibHbIE B3aMMOACIHCTBUA

58 Ilonepeunble ceueHus IMpoleccoB B3aumojaeicTBus. IlonmHble, ynpyrue u
HEYIpyTHe NonepeyHble ceYeHus. DKCIEPUMEHTAIbHOE ONpeIeIeHUe MONePEUHbIX CEYeHUN
pasHbIX nporeccoB. Ontudeckas treopema. [Ipenen dpyaccapa.

59. 3aBUCHUMOCTb MOMNEPEYHbIX CEYEHUH OT MPHUPOJBI M SHEPTrUU COYAAPSIOIUXCS YaCTHUIL
(3KCIEpUMEHTAJIbHBIE JIaHHbIE U TEOpPETHUYECKUE Ipeacka3aHus). PaccesHue yacTull Ha siapax.
dopmbakTopsl.
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60. MHOXECTBEHHOE POXKJIECHHUE YacTUIl MPH BBICOKUX DHEPIUsIX - YHHUBEPCAJIbHBIN MpoIlecC.
OKCKJIIO3UBHBIM, MHKIIO3UBHBI M 3BEHTyaJIbHBIH CHOcoObl aHaiu3a mporeccoB. OCHOBHBIE
XapaKTEpUCTHKHU MPOLECCa: MHOKECTBEHHOCTb, UMITYJIbCHBIE U YTJIOBBIE PACIIPEIETICHHUSL.

61. OcHOBHbIE MEXaHM3Mbl AJPOHHBIX B3aUMOACUCTBUI (AM(PAKIMOHHBIE MPOLECCHI,
nuoHu3anus u (parmeHtanus; kKiacrepuszanus, 3(GQeKkT IMIUpOBaHHSA W OTHOCHUTEIIEHOE
MIOCTOSIHCTBO TOMNEPEeYHOro ummyibca). CTpyn. ACUMMETpHs pas3iieTa BTOPHUYHBIX YacTHUI] B
CHCTEME LIEHTPAa MacC CTOJKHOBEHHUS ME30HOB U HYKJIOHOB. DEHHMAaHOBCKUI CKEWJIVHT.

62. OTKpBITHE s1I€PHO-KACKAIHOTO Mpoliecca B KOCMUYeCcKHX JyyaX. OCOOEHHOCTH aJpOHHBIX
B3aUMOJICVCTBUI IIPU CBEPXBBICOKUX YHEPTUSX.

63. BzaumopnelicTBue anpoHOB C sapamMu U saep C anpamu. OCHOBHBIE XapaKTEPUCTHUKH.
3aBUCUMOCTb OCHOBHBIX ITapaMEeTPOB CTOJIKHOBEHMsI OT aTOMHOro HoMepa CriocoObl OIMCaHUS
CTOJIKHOBEHHUH C siipaMH: TJ1ayOepOBCKHI MOJXOJ, sIE€pPHO-KAcKaJHble MOJENH, CTPYHHbIE
MOJIETN, MO/IENIb HE3aBUCUMBIX CTOJIKHOBEHHIA.

64. KBapk-rinrooHHas I11a3Ma U €€ NMPOSIBICHUS.

65. IlpuHIUOBI TOCTPOEHUST MOJIENEH Ui OMMCAHUS MPOLECCOB MHOKECTBEHHOI'O POXKJICHUS
yacTUl B  MATKUX  Ipoueccax  (CTaTUCTHYECKHE, TUAPOJUHAMUYECKHE  MOJEIH,
MyJibTUIIEpUPEpUYECKUE, KBAPK-TIOOHHBIE U JIp.). OCHOBHBIE NpeACKa3aHusl MOJIEIEH.
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