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HaumenoBanmne JAUCHHUIIIMHBI

CnennajgbHblil pu3HYeCKUuil NPAKTUKYM

O0bém qucuumianebl, 3E/ak.4.

10 3E ( 360 gac.)

Conepxanue

JAUCHHUIIIINHbI

Ha3Banue pa3aenoB (TeM) JUCUMILIIHMHbI

Conep:xanue pa3aesnoB (Tem)
JUCIHUIIINHDI:

IIpuGophl, TeXHHKA U METOAbI
IKCIEPUMEHTA U JUATHOCTHK.

($usznyeckoro

Mopaean "
JKCIEepUMEHTA.

METOAbI BbBIYUC/IUTECJIBHOIO

CucreMbnl
BBIYHCJIEHU

H METOAbI AHAJIUTHYECCKUX

AKTHUBHBIE M TIACCUBHBIE METO/IbI ANArHOCTHUKH (30H/IBI,
SHEPreTUUECKUE aHAIN3aTOPhl 3apsHKEHHBIX YacTHI);
CBUY nuarHocTHdeckue MeToAbl  (pe3oHaTopHad,
nHTEp(HEPOMETPHSL, CIIEKTPAIIBHBIA COCTAB M3IIyYCHUS);
OnTryeckast CHeKTpoMmeTpus (MOZETH pPaBHOBECHS,
paIuanoHHbIe MPOLECCHl B IUIA3MEHHBIX CHCTEMax);
NmmnenancHas CHEKTPOCKOIHS (m3mepeHus
AMITIATYJHO-4aCTOTHBIX " (ha30-4acTOTHBIX
XapaKTepucTuK  oOpasmuoB);  OIIP-crekTpomeTpust
(MeTonmpl  aHamM3a, aHan3  (OTOOMOTIOTHYECKIX
MPOIIECCOB, ONpEACTICHUE BEJIWYMH UM KOHCTAaHT
00MEHHOTO B3aUMOJICHCTBUA HMOHOB); Macc-
CHEeKTpOMEeTpHUs (METOABI aHaIU3a, BPeMA-IIPOJICTHEIE,
KBaJpyMHONbHbIE M  MarHUTHBIE  aHAJIM3aTOPHI);
PentreHoBckas crexkTpomeTpus ( METOJbl aHaIM3a,
CIUTOIIHON M TMHEHYaThIN CIIEKTP)

MeTon «BOISIHOrO MEIIKa»; MeToI 4acTull B S4YEHKe;
Meton MonTe-Kapio.

CuctemMbl M alIrOPUTMBI CHMBOJIBHON (@HAJTUTHYECKOH)
marematukd (CHCTeMbl CHMBOJIBHOW MaTeMaTHKU H
SI3BIKM [IPOrPaMMHPOBAHUST BBICOKOTO ypoBHs Maple,
MatLab u MathCad, Simulink); Metonsl peuienus
OOBIKHOBEHHBIX AU depeHInaNbHBIX  YpaBHEHHH,
MHTETrPaJbHBIX ypaBHEHHUH

HaumeHoBaHNe TUCHUIINHBI

KOMHLIOTeprIe TEXHOJOI'MH B HAYKE "

o0pa3oBaHum
O0béMm qucunmiannbl, 3E/ak. 4. 6 3E (216 4ac.)
ConepxaHue I1MCUMILINHBI
Ha3Banmue pa3gesioB (TeM) IMCUMILIHHBI Conep:xanue pa3iesoB (TeM)
AUCHUTINHBI:
YuciieHHO-aHAJIUTHYECKHE MTaKeThI IloHsgTre 0 4YHCIEHHO-aHAIMTHYECKNX ITaKeTaX.
IMaketst Maple, Mathematica wu MathLab,
IIpumepsl NporpaMMHpOBaHUs ¢ | IPUHIMUIBI  [OCTPOEHUS,  IOJb30BATEIBCKUE
HCIOJb30BaHHUEM YHIEHHO-AHAJIUTHYECKHX | OCOOEHHOCTH.
ImaKeToB

BBenenne B WEB-au3aiin

[TpumMepsl IpOrpaMMHUPOBaHHS C UCTIOIb30BAHUEM
YHJIEHHO-aHATU THYIECKUX MaKEeTOB Maple,
Mathematica u MathLab. Meronx Monre-Kapio.
MoaenupoBaHue CIIy4alHBIX OJTy>K TaHUH.
PerynspHoe © CTOXacTHYECKOE JBIDKEHHE B
ACUMMETPUYHOM BHXPE.

IIpuembr u mnporpammbl i1 WEB-nu3aiina,

IIPUMCDPBHI. COB,Z[aHI/IC OJICKTPOHHBIX y‘l66HI/IKOB.




TekcToBBIE IIPOLIECCOPBI

Hepapxuueckas oprasusaunust
NMPOTOKOJIOB M  PacCHpOCTpPaHeHHbIE
MPOTOKOJIOB

CE€TEBbLIX
CTEKH

CraHaapTbl M TEXHOJIOTHM MHOKeCTBEHHOI0
JOCTYIA JIOKAJIbHBIX ceTel

Opranuzanusi Me:KCeTeBOro B3aumMojeiicTBUs
Ha ocHoBe TexHoJornii TCP/IP

CeTH MHTErpaJbHOIO 00CTyKUBAHUS

Ceru noaBmAKHON NM(PPOBOI CBA3H

KoMnbioTepHoe MoeMpoBaHHe MPOLECCOB H
CHCTEM

ITporpammupoBanue B TeX u LaTeX. [Ipunuumnsi,
KOMIIOHOBKa TeKcTa, Habop ¢opmyn, Tabmuu u
PHUCYHKOB.

Mozens ypOBHEBBIX IPOTOKOJIOB B3aUMOCBSI3U
OTKPBITBIX cHcTeM. lIpoGiieMbl MPOEKTHPOBaHUS
cereil. Ha3HaueHue YpOBHEBBIX IPOTOKOJIOB.
Cesa3p  Mexny ypoBHamu. Kitaccubukarus
CETEBBIX (PU3MUYECKUX M JIOTUYECKUX TOMOJOTHH.
Wntepdeiicel  ¢usmveckoro  ypoBHsA.  Buasl
MOIYJSIIMK, TPUMEHSEMble B  IPOTOKOJIAX
(u3nyeckoro ypoBHS. MeToabl OOHapyXeHHS U
WCTIpaBJICHUs] OIIMOOK aHAJOTOBBIX U HHU(QPOBBIX
curHasioB. CHHXpOHHOE ympaBieHue. IIpoTokosnsl
YPOBHS 3BE€HA JaHHBIX.

0030p cranmaproB IEEE 802.x. Cucrema
agpecauuu, ucnonb3dyemas B cranpaprax IEEE
802.3-802.11. Obpabotka xommmsuii B Ethernet.
OrieHka POMyYCKHO#M crocobHocT cetn Ethernet
MIPH UCTIONB30BAHUN KAJPOB PA3UYHON JUINHBL.
OrpannyeHusi, HaKJIaAbIBacMble Ha ceTh Ethernet
pa3iInMYHbIMHU  TUIIAMU  CPCIBbI. CTaHI[apTBI u
texuomoruu Fast Ethernet, Gigabit Ethernet.
OrpaHuyeHus JOKAJIbHBIX CETEBBIX TEXHOJIOTHM
KaHaJIbHOT'O YPOBH:.

KnaccoBas cucrema agapecauuun B IPv4, eé
OCHOBHBIE  JOCTOMHCTBA U  HEIOCTATKH.
TexHonoruss  OECKJIACCOBOTO  pacrpeiesIeHusI
aagpecoB (CIDR). IIpotoxkon ARP. Ilporokoxn
DNS. dopmat nakera IPv4. OOmas ctpykrypa
Ta0JIMIBI MAPIIPYTHU3ALUN. AJITOPUTMBI PabOTHI ¢
MapIIpyTHOW TaOJUICH TpPH  HMCIOJNB30BAHUN
kiaccoBoil aapecauuu u  CIDR. IIpoTokossl
TparcnoptHoro ypoBHs UDP u TCP.

Komnorents! ISDN. Yposens 1 ISDN. Yposens 2
ISDN.

Cetu mnoaBuxHOM cBsi3u B craHpapre GSM.

Apxurektypa ceTu GSM. CpaBHeHue
Harpy304HoOH CIOCOOHOCTH METOZ0B
MYJIbTUIUIEKCHPOBAaHUS CHCTEM B  COTOBOH

tenepounn FDMA (AMPS), TDMA (GSM),
CDMA.

OCHOBHBIC TTOHSTHS TCOpUHU MOJCINPOBAHUA,

COBPEMEHHOE COCTOSIHHUE u oOmas
XapaKTEepPUCTUKA  MPOOJIEMBI  MOJEITHUPOBAHIS
WH(POPMALMOHHBIX IIPOLIECCOB.
MeTtononoruueckas OCHOBA  MOJEIHPOBAHHA.
Hcnons3oBanue MOJICJIMPOBAHUS npu
UCCJICIOBAaHUU u MIPOEKTUPOBAHUHU

I/IH(I)OpMaLII/IOHHBIX CHUCTCM.




HaumeHnoBanmne JUCIUIINHEBI

HNHocTpaHHBIN A3BIK B IPO()eCCHOHATLHOU

JAesITeJIbHOCTH
O0bém qucunniannel, 3E/ak.4. 6 3E ( 216 yac.)
Copep:kanue TUCHUILIHHBI
Ha3zBanmue pa3nesioB (TeM) IMCUMILTHHBI Conep:xanue pa3jiesioB (TeM)
AMCUUIJIMHBI
I'pammaTuka OcHoBHBIE rpaMMaTHYECKHe CHOCO0BI

CTHINCTHKA aHTJIHIICKOI0 A3bIKA

Teopus 1 npakTUKa HHPOPMALUOHHOM
00padoTKH TeKcTa

IIpakTika BeeHUs TUCKYCCHIl B 1€JI0BOM
o0 eHnn

Teopusi M NPaKTHKA Pa3BUTUS HABBIKOB
NUCbMEHHOH KOMMYHUKAILUU

MOCTPOCHHUs aHrIMicKoro s3bika: affixation, word
order.

I'pammaruueckue kareropuu: tense-forms of a
verb, passive and active voice, finite and non-finite
forms of a verb, modal verbs, conditionals (0, 1, 2
and 3), comparison.

Yactu peun: nouns, pronouns, adjectives, adverbs,
determiners, prepositions.
Ipemnmoxenne:  simple,
sentences.

compound, complex

BrIpazurtenbHble cpeACcTBa AHMIIUICKOTO SI3bIKA.
CruncTuyeckue NpuéMal.
q)}/HKHI/IOHaJ]BHI)IC CTHIIN

CoBepILIEHCTBOBAHNE  HABBIKOB  OMNpEIEJICHUS
CTPYKTYpBl U OCHOBHOH M€V OPUTHHAJIA.
COBEepIICHCTBOBAHNE  HABBIKOB  ONPENCIICHUS

KOMMYHUKAaTUBHOM HaIpaBI€HHOCTA OPUIHMHAIA.
CoBepIIeHCTBOBAaHNE HABBIKOB CEMaHTHYECKOH

KOMIIPECCUM  OPUTMH&JIA Al COCTaBJICHUS
BTODUYHOTO  opurmHaia  (pedepata  win
AHHOTAIUH).

CoBepIICHCTBOBAaHME HABBIKOB  ONEpauuid C
OCHOBHBIMH CMBICJIOBBIMH OJIOKaMHU.
CoBeplIeHCTBOBAaHHE HaBBIKOB Y4ETKOTO
COONIONICHNsT ~ ajrOpUTMa AHHOTHPOBAaHHUS |
pedepupoBaHus.

[IpakTtuka Hamucanus pedepaTHBHOM CBOAKM Ha
OCHOBE HECKOJBKMX OpHWTHHAJIOB, CBS3aHHBIX
MEXIy CO00H TeMaTH4ecKu.

CoBepIICHCTBOBAaHHE YMEHHUH [eNaTh BBIBOL,
3aKIIIOYEHHE Ha OCHOBE OTpeepUpOBaHHBIX
OpPWTHHAJIOB.

Developing a Delivery Style.
Exchanging Opinions.
Examine ldeas.

Dealing with Facts.

Using Visual Aids.
Comparing.

Persuading.

NookrwdpE

Punctuation.

Introductions. Conclusions.
Abbreviations.
Background to Writing.
Selecting Key Points.

agrwbdE




HaumenoBanue JAUCHHUIIIMHBI

CoBpemMeHHbIe TIP00JIEeMbl (PU3UKH

O0béM qucHUILIMHEBL, 3E/aK. 4. 2 3E (72 gac.)
Cojaep:xkaHue THCIHUILIHHBI
Ha3Banue pa3iesoB (TeM) JUCHUILIHHBI Conep:xanue pa3aesioB (Tem)
AMCHUILIMHBI

DJIeKTPOHHAs Teopusl MpoBoanMocTH. Teopus
CBEePXIPOBOIUMOCTH

Teopml CBEPXTEKYUYECTH

IIpo6aeMsbI niIa3MeHHON acTPoGU3NKH

KBanToBas TEOpus MarHeTusMa

IK30THUYECKHE COCTOSTHHS BelieCTrBa

Knaccuueckast teopuss mpoBoauMoctu pyae u eé
HEeNOCTaTKU. TeopHs BBIPOXKJIEHHOIO 3JIEKTPOHHOIO
raza ®epmu. Teopus kBasuuactuy bioxa. Paccesnue
KkBa3uuacTull B kpucramie. IloBepxHocTh Depmu.
OHeprerudyeckue 30HBl  bpummosna.  Mertaisl,
MOJIYTIPOBOHUKH U JUIIEKTPUKU: 3aMIPELICHHbIE 30HBI.
Oddexkr Xomma. Dddext Meiiccuepa. Teopema
Jlanpay: CBEPXIIPOBOJHUK Kak HaeanbHbBIA
muaMmarHetuk. YpasHerue Jlonmonos (1935). Teopus
I'maz6ypra — Jlargay. CBepXIpOBOIHHUKH TIEPBOTO U
BTOpOro pomoB. Buxpm AOpumkocoBa. KBaHTOBaHHE

MarHUTHOTO MOTOKA B CBEPXITPOBOHUKAX.
Kyneposckue mapel (Teopus bapnuna — Kymepa —
puddepa — Boromo6osa). Kpurnyeckas
TeMIIepaTypa, BBICOKOTEMIIEpATyPHbIE
CBECPXIIPOBOJIHUKH. TyHHeJ'H)HLIe KOHTAaKThI
CBEPXIPOBOHUAKOB: 3¢ dhexTh JIxxo3edcoHa.
CKBU /1.

Omeiter T1JI. Kamumer ¢ xuakum  renvem  (1938).
®azoBass nuarpamma coctosHuil g He. OnbiTel
AnpponukamBmwii. DOHTaHHPOBAHUE, TEMIICPATYPHBIH
Hacoc. bo3ze — KOHOEHcAIWs, TEOpUs CBEPXTEKYUECTH
Jlanmay. Bropoii 3Byk. Buxpesrie cocrostnus B He 11
(omeITEI BaitHeHa).

3Be3apl Kak IJIa3MEHHBIE 00pa3oBaHuSA. MarHWTHBIE
OJIst 3Be37 M ranakTuk. [IpoGnema nuHaMo. AKKperys.
Marsauro-poTallMoOHHas ~ HEYCTOWYMBOCTb.  J[XKeTbl.
Kocmuueckue mydn CBEpXBBICOKUX SHEPTHH.

[MapamarneTusm u auamarsetusM. 3akoH Kiopu u ero
o0bsacHenue no JlamxkeseHy. PeppoMarHeTH3M: 3aKOH
Kropu Beiicca. Teopus  ¢eppomarHeTusma
lefizenOepra. @eppoMarHuUTHEIE JHOMEHEL. CIITHOBBIC
BOJIHBI B  MarHeTHKax B  KBa3HKJIACCHYECKOM
npubimkeHun: ypaBHeHue Jlanmay Judpumua.
MarHuTHble  TOJPEHIETKH, aHTHU(EPPOMArHEeTH3M.
Temneparypa Heens. Tomnonorudueckue COJUTOHBI
HaMarHM4eHHOCTH. llunmmHapudeckue Bo30YyXICHUS
benasuna — Ilosskosa.

Kunxue KPHUCTaLIBL. CernerosaeKTpuKu u
CErHETOMAarHeTHKH. KommnosurHsle MaTepHabl
((eppoaneKTpUKY, MAaHTaHUTHI). OJEKTPOAMHAMUKA
MaTepualoB  C  OTPULATENBHBIM  IOKa3aTeleM
npesioMieHust (JieBble cpefpl). MapTeHCHUTHI, TaMsTh
¢dopmel. KBasukpucramuisl. @oTOHHBIE KPHCTAIUIBL.

HaumenoBanmne JUCIUIINHBI

Du3uKa HeJIMHEHHbIX NPOLECCOB

O0béM qucuuILIMHbL, 3E/aK.4.

4 3E (144 gac.)

Conep:xanue

JTUCIUIIINHBI




Ha3sBanmue pa3aesioB (TeM) IMCUUILTHHBI

Conep:xanue pa3jiesoB (TeM)
JAUCHMIJIHHBI:

BBeaenne

I'mapoguHaMuvyecKkne BOJHbBI

IIpocTbie BOJIHBI

Hepapxust noOHATHI yCTONYMBOCTH
Teopemsbl JIanyHoBa

CrnekTpajbHasi TeoOpusi

Coautonnl KopreBera — 1e Bpuza (KnB)
KBasuimnneiinast teopust
JIeHrMIOPOBCKHUI1 KOJLJIAIIC
TpexBoiHOBOE B3aUMOeiCTBHE

Pe3onanchl

Kal'lI/I.]IJ'IﬂpHO-FpaBI/ITaIIHOHHbIe BOJIHBI

Pome m mecto HemmHeiHBIX >3(dekroB. JluHeWHbIE
3JIEKTPOMarHUTHHIE BOJHBI.

I'’- wu MI'AT - Bonuel. HenuneliHOCTH B
TUAPOJUHAMUYECKUX MOJEISX.
[Ipocteie  HedMHEWHBIE BOJHBI  (ONPOKHUABIBAHUE,

(a3oBoe ImepeMenInBaHue).
YcToHUnBOCTE CHIEKTpanbHas, TMHEHHas, hopManbHas,
o JIsmyHoBy.

1-as u 2-as Teopemsl JIsmyHOBA.

Cnextp kosebanuid, nuHeapusanust MI'J] ypaBHeHui.
Ponp HeonHOpoaHOCTH.

Hucnepcus, ypaBuenune KnB. CpoiicTBa COTUTOHOB
KnB.

KBazununeiinas teopus.

JleHrMIOpOBCKUI KOJLIAIC.

TpexBOIHOBOE B3aUMOJICHCTBUE.

Pe3oHaHCHI B cl1a00HEIUHENHBIX CUCTEMAX.

KaHI/IHHﬂpHO-FpaBI/ITaHI/IOHHLIe BOJIHBI.

BB¢€

HaumeHoBaHNe TUCHUILINHBI

CHjIbHOTOYHAS PCJIATUBUCTCKAsA

cuwiibHOTOYHBIX POII (mpoxoJkeHue).

3J1eKTPOHUKA
00bém qucunnannel, 3E/ak.u. 4 3E (144 4ac.)
Conepxanue 1M CUMILINHBI
Ha3Banmue pa3gesioB (TeM) IMCHMILIHHBI Conep:xanue pa3iesnoB (TeM)
AUCIHUILIMHBI:
BBenenue B npeamer IMonsiTue «CHITBHOTOYHASI PEISITHBHCTCKAsI
JNEeKTpoHUKa».  KoMmMmyTammst  GONBIIMX  TOKOB.
CHJIBHOTOYHBIE BBICOKOBOJIBTHBIE KOMMYTAaTOPBI —
Pa3pSIHAKH.
CHJIBHOTOYHBIE YCKOPHTENH SJICKTPOHOB, MX THUIIBI H
HcToYHMKH BBICOKOTO HANPSLKeHUs  AJs ADAMETDEL
CHJILHOTOYHBIX YCKOPHTEJIeil 3JIeKTPOHOB. P PBL
JlmnaABIE JINHUH. OuHOYHAs u JIBOMHAS
®opMHpOBAHHE  HMIYJIbCOB  HANPSKEHHS | dhopmupyromue miann. KoakcHatbHble JTHHIM.
CHJILHOTOYHBIX YCKOPHUTeJIeil 3JIeKTPOHOB.
B3pbiBHas 3MUCCUS 3IEKTPOHOB. B3pbIBOIMUCCUOHHBIH
I'enepanus TPAHCIOPTHPOBKA | KaTol. IIpenesbHblii TOK TPaHCIIOPTUPOBKU AKCUAJILHO-
CHJILHOTOYHBIX PEISTHBHCTCKHX | CUMMeTpHdHOro Tpy6uaroro POII B BakyymHoit TpyGe
3JIeKTPOHHBIX Ny4ykoB (PJII). . . .
KoakcuanpHblii [OHOA ¢ MAarHUTHOM  H3OJIIIUCH.
[IpenenbHBIA TOK BaKyyMHOI'O AHMOAA. Y CTOMYUBOCTD
I'enepauusn U TPAHCIOPTHPOBKA | Dot © YYMHOTO HOZa. YCTO ©

TOKa  TPaHCHOPTHPOBKH.  BupTyanpHbIli  Karon.

JIMOKOTpOHHAS HEYCTONUYHUBOCTb.




JAuarnocrtuka napamerpon PIII

IIpodaemsl renepanun PII MukpocekyHaHOi
AJIMTEIbHOCTH co CTa0MJIbHBIMU
napaMeTpamMmu.

MGTO,HI)I AUArHOCTUKU 3HECPIUU 3JICKTPOHOB, IMOJIHOI'O
TOKa, HpO(i)I/IJ'IH IJIOTHOCTH TOKA, IMMAUTY-YTIJ1a TpaeKTOpI/Iﬁ
3JICKTPOHOB

BpemenHast 1 npocTpaHCTBEHHasl AMHaMUKa npoduis
wiotHocTH Toka POII, npuunnel. [lytn crabunmzanmu:
MHOTOOCTPHHMHBIA KaTO, MarHUTHas MpoOKa, METOJ
OpICTpOli  MarHUTHOM  Kommpeccwd. IlomepedHo-
JIE3BUUHBIN B3pHIBOOMUCCHUOHHBIN KaTOJ.

HaumenoBanmue AUCHHUIIIMHBI

du3nueckre MeToabl JMATHOCTHUKH

O0béM qucHUILIMHEBL, 3E/aK. 4. 4 3E ( 144 gac.)
Conep:xaHue q1MCUMILUIHHBI
Ha3Banue pa3aenoB (TeM) JHCUMILIIHHbI Conep:xanue pa3aesnoB (Tem)
JTUCIUILIMHBI
3oHa0Basi IMATHOCTHKA. Meroapl IUAarHOCTUKM  (U3MYECKUX MapaMeTpOB.

MI/IKPOBOJIHOB&H AHATrHOCTHKA.

JlazepHasi IMarHOCTHKA.

OOMHOYHBIA 3IEKTPUYECKUH 30HI. OJeMeHTapHas
TEOpUSl DJJEKTPOHHOW M HOHHOM 4YacTeil BOJIBT-
aMIICPHOM XapaKTEpUCTUKU  30HAA B OTCYTCTBHUHU
MarHuTHOTO IOJIS.

JIBoiiHOW  anexTpuyeckuil  30HA.  KoHcTpykimu
JNEKTPUYECKHUX 30HI0B. CXEMBI 30HI0OBBIX U3MEPEHUIL.
OMUTHPYIOLUHN 3JIEKTPOHBI 30HI.

Onpenenenue  TeMmepaTypsl M KOHLEHTpalUU
JJIEKTPOHHON  KOMIOHEHTHI  IIa3Mbl.  30HAOBBIE
HU3MEPEHUs B CMECAX ra30B U B DIEKTPOOTPULATEIBHBIX
rasax. 3OHJOBBIE HM3MEPEHHUS MApaMETPOB ILIA3MBIL,
Haxojsllelcs B MarHuTHOM 1oje. BiusHue
HAaIPaBJICHHBIX IIOTOKOB 3apsDKEHHBIX YacTHLl Ha
pe3ynbTaThl 30HJOBbIX U3MEPEHUM.

W3mepenue mnoreHnuana IUlasMbl IO IUIA3MEHHBIM
myMaMm M C  HCIOJb30BAaHHEM  TEPMO3OHJA.
«Pe3oHaHCHBIN» 30HA. ABTOMAaTHU3alMs 30HIOBBIX
n3MepeHuil. MarHUTHBIHM 30H]: KpaTKas TEOPHsL, CXEMBI,
TOYHOCTh U3MEPEHHS IAPAMETPOB ILIA3MBI.

[IpoBoguMOCTs W AUAIEKTPUUYECKas MPOHULIAEMOCTb
I1asMpl B BBICOKOYACTOTHOM  mosie.  BuwusiHue
TEIJIOBOIO JIBUXKEHUS IEKTpoHOB Ha BY-cBolicTBa
mia3Mel.  YcimoBue — ciaboro  BosneiictBus  BY
QJICKTPUYCCKOT'O MOJIA Ha TapaMETPHI I1JIa3MbI.
DNeKTpOoIMHAMUYECKHE  CBOMCTBA TUTa3MBI,
Haxojsmielics B MarHutHoMm mnojne. OOGopyaoBaHue,
HCTIONB3yeMOe Ul TUaTHOCTUKH IapaMeTpoB IUIa3MBbl
MHUKpPOBOJIHOBBIMU NIOJIsIMU. CBOICTBa pe30HATOPOB
colepKaluX IJIa3MEHHyK cpeny. PesoHaropHas
JIUATHOCTUKU MapaMeTPOB ILIa3MBbI.

PacnpocTtpanenne  MUKpPOBOJIH B IUIa3MEHHBIX
BOJIHOBOJIaX. BOJIHOBOAHAs AMarHOCTHKa MapamMeTpoB
I1JIA3MBI. 3OH}1HpOBaHI/IC IJ1a3MBbl ITy4YKaM MHUKPOBOJIH.
Pacnpoctpanenue MHUKPOBOJTH B TTa3Me.
Hcnonp3oBanue MMPOXOaAIINX U OTPAXKECHHBIX BOJIH JJIA
JUArHoCTUKU MapaMETpOB IJIa3MBI. OTceuka BOJIH Kak
Cp€ACTBO JUArHOCTUKH. MI/IKpOBOHHOBaf{
nHTEphEepOMeTpHS.

MerToabl uccieoBaHus HapaMeTPOB PA3IUUHBIX CPE] C
BU3yalnu3aluen HOJIS. Wnrepdepomerpust c
Bu3yanuzanueil nosisi. TeHeBoe QoTorpaduposanue.
Wureppepomerpus c (oToaneKTpruUeCcKOi




KopnyckyJsipuasi AMarHocTuka.

perucrpanueil. Tunsl narepdepomerpos. JJunarnoctuka
[0 MOBOPOTY IJIOCKOCTHU MONSIPU3ALMU CBETA.

MeToabl AMaTHOCTUKH 110 paccessHUIo cBeTa. PaccesHue
NEKTPOMAarHUTHEIX BOMH B MmasMe.  CroekTp
¢GuyKTyaluu  IUIOTHOCTH ~ YacTHIl B IIJIa3Me
(u30TepMuUecKas ¥ HEU30TEpMHYECKas IUIa3MBbl).
Henuneiinple npoueccbl. TexHUKa 3KCHIEPUMEHTA IO
HCCIIEOBAaHMIO PACCESHUS CBETA B IIIa3Me.

tapk >PQeKT B TOCTOSHHOM W MHKPOBOJIHOBOM
nonax. JIommIepoBCKOe W JIpyTrHe  MEXaHHU3MBI
YIIUPEHUS CIEKTpanbHbIX JHHUHA. CBs3p mpodumms
CHEKTPANbHBIX JIMHHKA C MapaMeTpamMH IUIa3MBI.
OnpezneneHue  JIEKTPOHHON — TeMmepaTypsl IO
WHTEHCUBHOCTHU CHEKTPaJbHbIX JHUHUA. TOpMO3HOH U
PEKOMOMHAIMOHHBIH ~ KOHTHHYYMBL.  JlMarHocTtuka
MapaMeTpPoB IUIa3Mbl 110 HEMNPEPHIBHOMY H3IIyUEHHIO.
Onruueckast XpoHOrpadust mia3Msl.

MeTtoapl Hccaea0BaHUsl TOTOKOB SHEPTUU U3 MJIa3MBbl.
W3mepeHuss NOJHBIX MOTOKOB 4YacTWl. MarHurtHele
aHaNIM3aTopsl  MOTOKOB 3apsOKEHHBIX  YacTHLL.
DNIEeKTPOCTaTUUECKUE AHAIU3ATOPhl SHEPTUM HOHOB U
3JIEKTPOHOB. Macc-aHanu3 HMOHOB IUIa3Mbl. AHalu3
rapaMeTpoB MOTOKOB HEWUTpalbHBIX YacTUL. MeTonabl
pETUCTpallii  KECTKOIO0 M3JIyYEeHUs U3 IUIa3MBl.
30HIUpPOBAaHWE  TUIA3Mbl  ATOMHBIMH  ITyYKamHu.
UccnenoBaHue »>1eKTpUYECKUX TMOJEH B IJIa3Me C
MOMOIIIBIO MTYYKOB 3apsKEHHBIX YaCTHIL.
DNEeKTPOCTaTUUECKHE aHAIM3aTOPhl YHEPTUH MOHOB U
3JIEKTPOHOB. Macc-aHanu3 HMOHOB IUIa3Mbl. AHalu3
apamMeTpOB MOTOKOB HEUTPAJIBHBIX YaCTHUI]

MeTonpl  perucTpalMu  KECTKOTO H3JIy4EeHUS U3
1a3Mbl. 30HAUPOBAHUE TJIA3Mbl ATOMHBIMH ITy4YKaMHU.
UccnenoBanue 53JIEeKTpUUECKUX IMOJIEH B IUIa3Me C
[IOMOUIBIO NYYKOB 3apsKEHHBIX YaCTHIL.

HaumeHoBaHNe TUCHUILINHBI

du3nka razoBbIX pa3psiioB

O0béMm qucunmiannabl, 3E/ak. 4. 5 3E (180 4ac.)
Conepxanue I1MCUMILINHBI
Ha3Banue pa3aenoB (TemM) JUCUMIIIMHbI Conep:xanue pa3jiesoB (TeM)
AUCHUILINHBI:

Beenenue. CamocTosiTeILHBIN pa3ps.

Tuaerommii paspsn.

Jyrosoii pa3psn

Hckposoii pa3psin

[TpoGoii m 3akuraHue CaMOCTOSTEIBHOTO paspsiga B
MOCTOSIHHOM, ~OJHOPOJHOM  3JIEKTPUYECKOM  IOJIe.
W3meHenne Toka paspsaa BO BpeMeHH. [loTeHuman
3a)KUTAHUS.

Pacnipenenenne mapaMeTpoB paspsga O IHHE
paspsaHoro mpomexxyTka. BAX Trieromero paspsja.
OmnpeneneHne yCIOBHH 3aKUTaHUS TICIOLIETO pa3psiaa
nu ero noxanaepxkanus.  KaronHelt  cimol
MOJOXKUTEIBHBIA ~ CcTOJN0  Tielomero  paspsja.
[Tepexonubie obnactH, UM Y3HMOHHBIE NPOLECCHI,
KOHTPAKIHsI, CTpaTH(GUIUPOBAHHE U T. 1.

JlyroBele pa3psabl U OCHOBHBIC MPOIECCHI B HUX.
OO06pa3oBaHre U TMHAMUKA Pa3BUTHS JIABHH.
UckpoBoii paspsn  (naBuHA,

CTpuMep), KpuTepuit

BO3HUKHOBEHHS. MOTHHS




Koponnerii pazpsn.

BbicokouacToTHBIN pa3psg

OnTuyeckuii pa3psaa

CBU-pa3psia

Ofmue CBOICTBA W MPUHIMIBI COOTBETCTBHS
ra3oBbIX pa3psiaoB

Ilma3zMeHHBIE TEXHOJIOTHH. 3aK/II0UeHHe

Koponnsiii  paspsa. Kputepuit 3axwuranumsa. BAX
KopoHHOTo  paspsipna.  Kopownseli  paspsn B
BBICOKOBOJIBTHBIX JIMHUAX NEpeau.

BbICOKOUACTOTHBIN pa3psz

BUY - emxoctHO# paspsn. Kpurepuii 3axxuranus. BAX -
BUYE pa3psna. Jse ¢opmer 2BYE. BY -
MHOYKUMOHHBIA paspsa. Kpurepuil 3axuranus. BAX
paspsja.

OnTrueckuii pa3psn. Kpurepuit 3axxuranus.

CBY - mpo6oii, mpemensHble pd s mpobost.
VYpaBHenue kuHeTukn uoHM3anuu CBU-paspsana.
ODyHKIUA paclpeeneHus YacTull 1o >Heprusim B CBY
paspsine. CBU-pa3psan B pe3oHaTope.

[MpuHOMIEI TOA00MS pa3psSIoB.

ITnasmeHHble TexHomoruu. Paspsamel B masepax
HenpepelBHOro zeiicteus.l'azoBeie nasepsl. IIpunnun
reHepanuuy, OCHOBHbIe mponecchl. IIpakTuueckas
peanu3sanys ra3oBbIX JIA3EPOB - IBE€ MOJEIIH.

HaumeHoBaHHe JMCHUILIHHDbI

MartemaTu4eckne MeTOAbI B pusnke

O0béM qucHUILINHBL, 3E/aK.4.

4 3E (144 gac.)

Coaep:xxaHue IMCUUILTHHBI

Ha3Banue pa3gesioB (TeM) IMCUMILIHHBI

Conep:xanue pa3iesnoB (TeM) TUCHUIINHBI:

TeH30pbI B TPEXMEPHOM eBKJIHI0BOM
MPOCTPAHCTBE

TeH30pBI IEPBOTO M BTOPOTO paHroB. TeH30p BTOPOTo
panra kak ad¢punop. OnpeneneHne TeH30pa
MPOM3BOJILHOTO PaHTa. 3aKOH MpeoOpa3oBaHMs
KOMITOHEHT T€H30pa MPOU3BOJIBHOTO paHra. TeHzopHas
anreOpa. AHTUCUMMETpUIHBIE TeH30pHL. [lomydenue
WHBAPHAHTOB C IIOMOIIBI0 aHTUCUMMETPHYHBIX TEH30POB.
CumMeTpuuHblil adunop. Paznoxxenune adpdpunopa Ha
CUMMETPHYHYIO U aHTUCUMMETPUYHYIO YacTH.

Tenzopusie nons. uddepeHnnpoBanne TeH30pa MOJIS.

JluHeiiHbIe NPOCTPAHCTBA

AKCHOMBI JIMHEIHOTO POCTpaHCTBA. B3anMHbIe Oa3uCHI.
KonTtpaBapuaHTHBIE 1 KOBapHAHTHBIE BEKTOPHL.
TeH30pHOE NPOU3BEACHHUE JTMHEUHBIX TPOCTPAHCTB. basuc
B TEH30pHOM Npou3BeaeHun. KoopauHats! TeH30pa.

AddunHoe npocTpaHCTBO N H3MepeHUH

TouedyHO - BEKTOpHAs akcHOMaTHKa aQpHHHOTO
npoctpancTBa. AdduHHAS KOOPAUHATHAS CUCTEMA.
[Ipeo6pazoBanne adpunHHOTO penepa. OOIIee MOHATHE O
TeH3ope. 3aadya TeH30pHOTo ucuncieHust. OCHOBHBIE
oTIepanyy TEeH30pHON anreOphl: CI0KEHNEe TEH30POB,
YMHOKEHHE TEH30POB, CBEPTHIBAHKE TEH30pPa, ONepanus
MOJICTAaHOBKH MHJIEKCOB. OpueHTanus B N-MEpHOM
adpUHHOM ITPOCTPAHCTBE.




EBKJINI0BO NPOCTPAHCTBO N H3MepeHuii

[TonsTHE 00 €BKIMIOBOM MpOCTpaHcTBe. TeH30pHas
anrebpa B EBKJINI0BOM IIPOCTpaHCTBE. TeH30pHas
anrebpa B €BKINAOBOM IIPOCTPAHCTBE.
OpTtorOpMupoBaHHEIH perep. COOCTBEHHO €BKIIMIAOBEI
npocTpaHcTBa. I1ceBIOeBKINIOBHI IPOCTPAHCTRA.
JIByMepHOe NCeBAOEBKIN0BO MPOCTPAaHCTBO. Bpaienue
OPTOHOPMHPOBAHHOTO Pernepa B ICEBJOEBKINI0BON
mwiockocTy. Mi3MepeHue mwiomanei 1 yrios Ha
MICEBIOEBKIINA0BOM MockocTU. TpexmepHOe
NICEBIOEBKJINAOBO IPOCTPAHCTBO MHAEKca 1. N-MepHOE
TMICEBJIOCBKJINIOBO TIPOCTPAHCTBO MHAEKCA 1.
OpTOTrOHATIBHBIE U TICEBAO-OPTOrOHAIBHBIE
npeobpaszoBanms. Kpasnaddhurnas n appurHas TpyHIIs
npeoOpaszoBanmil. I'pymnma KBa3uIBIKEHUH U TpyTIIia
JIBUYKEHUI B €BKIMIIOBOM IIpocTpaHcTBe. M3mMepenue
00BEMOB B BELIECTBEHHOM €BKJIMJOBOM NIPOCTPAHCTBE.
[TonsiTue o reomerpuueckoM oObekTe. JInHeiHbIE
reoMeTpuuecKre 0OBbeKTh B appUHHOM U €BKIHIOBOM
MIPOCTPaHCTBAX.

Juddepenuupyembie MHOT000pa3us U TEH30PbI

Omnpenenenre MHOrooOpasust. TeH30pbl Ha MHOTOOOpa3uH.
MeTtpuyeckuil TEH30p B BEKTOPHOM IpocTpaHcTse. Iloe
METPUYECKOro TeH30pa Ha MHOroobpasuu. KacarensHoe
a¢puUHHOE IPOCTPAHCTBO.

PumaHOBBI IPOCTPAHCTBA U MPOCTPAHCTBA
apuHHOI CBA3ZHOCTH

PumanoBo nmpoctpancTBo. EBKiIMI0BO TpocTpaHCTBO Ry
KaK YaCTHBIM Clly4ail puUMaHOBa IIPOCTPAHCTBA.
HeeBknmaoBel mpocTpaHcTBa. M3MepeHne 00beMOB B
pumaroBoM npoctpaHcTse V. [IpoctparcTBo addpuHHOM
CBSI3HOCTH.

Annapat adcor0THOro audgepeHUMpPoOBaAHUS

[TapanrensHbII IEpeHOC BEKTOPa B IPOCTPAHCTBE
ap¢uHHOM cBA3HOCTH. AOCOMIOTHEIN quddepeHnnan u
abcomroTHast MPONU3BOIHAsA. AGCOIIOTHOE
mudepeHIIpOBaHNE B PUMaHOBOM MPOCTpaHCcTBE V.
Kpusslie B puManoBoM npocTpaHcTse Vi, 'eonesndeckue B
PUMaHOBOM NPOCTPAHCTBE V.

TeH30p KPUMBU3HBI

TeH30p KpUBHU3HBI, €TO CBOMCTBA U TEOMETPUIECKUM
cmbicit. KpuBH3Ha pruMaHOBa IIPOCTPAHCTBA B JAHHOU
TOYKE B IaHHOM JIByMEpHOM HampaslieHHH. TeH30p
KPHUBHU3HBI B CIIy4dae JBYMEPHOTO PIMaHOBA MPOCTPAHCTBA
V. IIpocTpaHCcTBO MOCTOSIHHOM KpHuBU3HBI. KoHdopmHOE
COOTBETCTBHE PIMAHOBBIX IPOCTPAHCTB.

HaumenoBanmne JUCIUIINHBI

Teopusi aroMHOIO0 siApa

O0béM qucHuILIMHLL, 3E/aK.4.

4 3E (144 4gac.)

Copaep:kanue TUCHMILIHHbI

HasBanmue pasaeJio Copaepxxanue pa3aesioB (TeM) IHCHUAIIIHHBI:

(TeM) TUCUMILJIUHBI




Tunsl B3auMoAeiicCTBUIA
YacTHIl ¥ sijiep

DnemMeHTapHbIe U QyHIaMeHTaIbHbIe YacTUIbl. O0mmas xapakTepuctuka 4
THIIOB B3aUMOJCHCTBHUS JIEMEHTAPHBIX YaCTHUII: CHILHOTO, JIEKTPOMAarHUTHOTO,
c1aboro ¥ rpaBUTAIMOHHOTO. MacmTadb! GH3NUECKUX BENHIHH (SHEPTHIHA,
paccTosiHui) B iAepHO Qu3HKe U HU3HKE dJIeMEHTapHBIX YacTHIl. CTaOMIbHbIE
HecTaOWIBHEIE siapa. Marudeckue supa. M30Toms! 1 13oMephl. DHEPrUs CBA3H
anep. Pasmeps! u popma siiep. MeTopl UX onpeaeieHus.

SlnepHbie MoaesU.
IIpupoaa sigepHBIX CHIIL.

JeiiTpon

Knaccndukamus snepusix moaeneid. Kamensaas monens sapa. @opmyna
Baiizekkepa. Obonoueunas mozens sapa. O6001meHHas Moaenb sapa. Moenb
KBapKOBBIX MeLIKOB Ui sinep. KopoTkoaeiicteue. KBanTtoBbIE OOMEHHBIE
BUpTyalbHbIe nponecchl. [TnonHas teopus KOxapel. Brutouenue apyrux
CKaJISIPHBIX ¥ BEKTOPHBIX Me30HOB. COBpEMEHHBIH M0X0/] K 00BSICHEHUIO
MeXaHU3Ma JIepHOTO (CUIBHOI0) B3aUMOIeHCTBUSA. [ MIOOHBI 1 KBapKU.
JleTpoH B MpHOIIMKSHUN IEHTPATIBHBIX CHI. JIeHTpoH B MpHOIImKeHUN
TpexMepHOU MepHOH cepraeckoit sMbl. [Ipobiiema neTpoHa ¢ yaeTom
HELEHTPAJIBHOTO XapaKTepa SACPHBIX CHIL.

SlnepHble peakuMu.

3apsinoBasi CHMMeETpPHA
CHJILHBIX B3auMMO/Iel CTBHI

OcCHOBHBIE IOHATHS U onpeenieHns. OOme cBOMCTBA SAAESPHBIX PEAKIIUH.
Yupyrue u Heynpyrue saepHble peakiuu. [Ipomeccsl neneHus u cuHTe3a suep.
[Tpsimble, pe30HAHCHBIC U HEPE3OHAHCHBIE peaknyu. Peaknnu cpbiBa, MoaxBaTa,
3axBata u 1p. PoTosaepHsIe, 3MEKTPOSACPHbIC PEAKIUN U Ap. 3aKOHEI
COXpaHEHHs B AJEPHBIX peakuusax. Anboa - pacag. OcobeHHOCTH anbda -
pacnana. [IpoxoxkaeHue 4acTuI] yepe3 MOoTeHIUAIbHBIH 0apbep (TyHHEIbHbIN
a¢dekT). beta - pacnan. DHepreTUYeCKuii CIIEKTP 3JICKTPOHOB B IpoIiecce Oeta
- pacnaga. Metoapel onpeseneHus Maccsl HelTpuHo. @epmuesckue u ['amos -
TennepoBckue nepexopl. ['amma - pacnan. Snepuas uzomepus. dddexr
M¢éccbayapa. M3mepeHne KpacHOTO CMEIICHUS.

YpasHenue Iupaka.

IHonspuzannoHHas
MATpHILA JIOTHOCTH

Mertpuxka Ilaynu u metpuka brépkena B mpoctpancTse MUHKOBCKOTO.
VYpaBuenue Jlupaka 11t GepMUOHOB B PEIIATUBHCTCKOM KBAHTOBOI MEXaHUKE.
Paznnunsle npencrasinenus (Gpopmsl 3anmcu) ypasHenus upaka. CoiicTsa o-
Matpull dupaka u y-matpur] pox Hefimana. CiiH Kak MUPKYIALIUS TOTOKA
SHEPTHUH B M0JIE BOJHBI 3JeKTpoHa. CIMpaIbHOCTh U KUPATBHOCTb.
JIByxKoMIOHEHTHas (opMyITHpPOBKa ypaBHeHHs [lupaka.

PeasituBucTckas Teopus
KBAaHTOBBLIX IIEPEX010B.

MeToabl BLIUMCIEHHS
MATPUYIHLIX 3JIEMCHTOB

PenaruBucTckas KBaHTOBas TEOPHS BO3MYIICHUIT [T YaCTHUI] CO CTUHOM.
O6mas hopmyra Juist BEpOSITHOCTH MepPeXo/ia MOJSIPpU30BaHHOTO pepMHUOHA U3
HA4aJIbHOT'O COCTOSIHUS B KOHEYHOE COCTOSIHHE B Pe3yJIbTaTe B3aUMOACHCTBHS.
S—matpuma. uarpammer @eitamana. O0mrwe GopMyIIsl sl BEPOSTHOCTEH
pacrmajia moJsIpU30BaHHBIX (DEPMUOHOB M CEYCHU PACCESTHUS MOISIPH30BaHHBIX
1 HETOJISIPU30BaHHBIX ()EPMHUOHOB Ha APYTHX YAaCTHLAX M siApax. dusndeckue n
Heu3nuecKkne pacxoJMMOCTH.

PeasituBucTCKAs Teopust
paccesinusi. @®opmynia
Mortra. ®opmyJia
Po3eno.rora

PenstuBrcTCKasi KHHEMATHKA MIPOIIECCOB paccessHUsA. MeToIbl yueTa SHepTud 1
MMITyJIbca OT/Ia41 YacTHIl U Ajep MuiieHu. JlabopaTopHas cucrema, cucrema
LEHTpa Macc U NpOU3BOJIbHAs cucTeMa oTcueTa. Dopmyna uis

I HepeHITMaTbLHOTO U ITOJIHOTO CEUSHUH pacCesTHUs PEeIsSITUBUCTCKUX
(hepMHOHOB Ha IPOM3BOJIHLHOM IOTEHIIHANE. PaccestHre HeToJIIpu30BaHHBIX
PENATUBUCTCKUAX TOYCUHBIX IEKTPOHOB HETIOABIDKHBIM KYJIOHOBCKHM IIEHTPOM.
®opmyna MoTra anst cedeHus paccesiHus. [IpeaenbHbli nepexon K
HEPENSITUBUCTCKOMY CIIydaro u noxydenue hopmynbsl Pesepdopmaa. Paccesnue
PEISATUBUCTCKUX TOYEUHBIX 3JIEKTPOHOB Ha NMPOTOHAX C YYETOM HUX CTPYKTYPBI.
DJIeKTpUYecKUi 1 MarHUTHBIN popm-pakTopsl. Dopmyna Pozendimora.




I'pynnoBoii moaxoa K
KJaccu(pUKANMT YaCTHII.

MyJIbTHILIETHI YACTHI B
rpymnax SU(2), SU(3),
SU(4)

CraOuibHbIe M HeCTaOMIIbHBIC YacTHIBl. Pe3oHaHchl. [IepBbie MONBITKH
KIIaccu(UKAIINH HIEMEHTAPHBIX YaCTHII 10 UX MaccaM M CITHHAM.
CoBpeMeHHBIH MoIX0 K Kiaccu(UKAIINH YaCTUI], OCHOBAHHBIA Ha UX
B3aUMOJICHCTBHAX. DJIeMEHTapHbIE U (hyHIaMEeHTAIbHBIC 9acTHIEL. Anredpa
reneparopo yuurapHsix rpym SU(N). @yHaaMeHTa bHbIE, CONPSKEHHBIC,
OpHBOIMMBIE U HenpuBoanuMbie npeactasierus rpynn SU(N). Cxemsr FOHra.
MynbTHIUIETHI HyKJIOHOB, CKaJISIPHBIX M BEKTOPHBIX ME30HOB, OAPHOHOB 1
GapuoHHBIX pe3oHaHCcOB. MaccoBble cooTHoIIeHus. Monens depmu - Sura u
Mozens Cakatebl.

Cna0oe B3anMojelcTBHE.

Teopuss ®epmu. [IpaBuio
otoopa ®epmu u I'amona -
TeJsepa

ITonbITKH 00BICHEHUS HECOPEPBIBHOT'O SHEPIETUYCCKOT'O CIICKTPa 3JICKTPOHOB,

HCTyCKaeMBIX B TIporieccax B " - pacmaza sinep. Pasiuanble HHTEpNpETAIIT
aToro aBineHus. ['unoresa [laynu. AHanorus ¢ 3J1€eKTpOANHAMUKOM.
I'amMunbronnan caaboro B3anmoneiictBus. OcHoBHI Teopun Pepmu (V -

Bapuant) B! - pacmaza azep.

Hecoxpanenue P-yeTHocTH.
V - 24 B3auMoaeiicTBHe.
JAuckpeTHbie CHMMeETPUH

O06o0061IeHre TeOpuH Ha citydaitl cyneprnosuimn S, V, A, T, P - BapuanTos mnpu
coxpaHeHuHu P - yeTHocTH. HecoxpaHneHue MpoCTpaHCTBEHHON YETHOCTH.
IIpenckazanus JIu u fHra u sxcnepument By. IlepBble HONBITKH 0OBSICHEHUS
HECOXpaHEHUs! P -4eTHOCTH JJBYXKOMIIOHEHTHOCTBIO 0€3MaccoBOI0 HEHTPHHO.

Toxk - TokOBasi Teopust
¢J1a00r0 B3aNMOJeiCTBHS.

®u3uka HeiTpuHo. Macca
HEMTPHHO U HEHTPUHHbIE
ocumIsMu. Mozgeib
BaiinOepra - Canama

O6o00611eHre Ha Bce YacTULBL. J(HaroHanbHbIE U HelaroHaJbHbIE IIPOIECCHI.
VYron Kabu660. YHUBEpCaIbHOCTh KOHCTAHTHI ¢l1a00r0 B3anMoaeicTeus Gr.
JupakoBckue, BeiineBckue n MaliopaHOBCKHE HEHTPUHO. DIEKTPOHHEIE,
MIOOHHBIE U TAyOHHbIE HEUTPUHO. JIenToHHbIe uncia. Pa3nnyuHble 3aKOHBI UX
COXpaHEHHUS.

ITpo6aema maccel HeHTpruHO. CIOCOOB! € IKCIEPUMEHTAIBHOTO OPeIeICHUS.
HeliTpuHHbIE OCIMIUISINNY U UX Kiaccuukanus. TeopeTndeckue cieicTBUs 1
CpaBHEHHE C IKCIIEPUMEHTAIbHBIMH IaHHBIMU. ATMOC(EpHBIE, COJTHEUHBIE,
raJlakTH4eCKUE U KOCMUYECKHE HEUTPHHO.

HaumeHoBaHNe TUCHUILINHBI

Kinaccuyeckasi 1 KBAHTOBasA TCOPUHA MOJIA

O0béM qucHUILIMHBL, 3E/aK.4.

4 3E (144 gac.)

Conep:xxaHue IMCUMILTUHBI

Ha3Banmue pa3sneson
(TeM) AMCUMILIUHBI

Copnep:xaHue pa3aesioB (TeM) TUCHUILIMHBI:

MeToa KOrepeHTHBIX
COCTOSTHHII B KBAHTOBOM
ONTHKE

KBaHTOBasI TEOPHSI HIIEKTPOMArHUTHOTO TOJISI B TIOTIEPEYHON KaIMOPOBKE.
I'aMHUIbTOHNAH 3JIEKTPOMArHUTHOTO TOJIS C 3aJaHHBIM BHEITHUM HCTOYHUKOM.
YpasHenus Sara — @enpamana. KorepeHTHBIE COCTOSHUS U151 POTOHOB M MX
IpUMEHEHUE IS pellieHus ypaBHeHU Snra — @enbaMaHa B caydae 3aJJaHHOTO
MCTOYHUKA (TTyaCCOHOBCKOE pacIipe/ie]ICHIe YUCell pacipeaesieHus: OTOHOB).
®opmyna S.B. 3enpmpoBuya a1t BAKYyMHOW aMITIUTYAbI hoTOHOB. Omncanme
JieTeKTopa (POTOHOB M yCIOBHE KOTEPEHTHOCTH B ONTHKE. MOAETH JEeTeKTOpa
I'may6epa — Apexku. CTpyKTypa MaTpHIbl INIOTHOCTH 10 ['mayGepy.
[MaprmaneHas MaTpuIa MIOTHOCTH AETEKTOpa B MIPUOIMKESHUN HEITPEPHIBHOTO
cnekrpa Baiickonga — Buraepa (teopus 3aryxanus). Y pasHenue ["aiitnepa s
BPEMEHH JKU3HH BO30YKJICHHOT'O aTOMa M CJIBUTa CHEKTPAJIbHBIX JIMHHUH.
Monens nazepa no ['may6epy. @opmyia I'maybepa 1i1st ckopocTH cuera
(hoTOHOB.




O0o001IeHHbIE KOTepeHTHBIe | [pymmoBas WHTEpHpeTanus KOTEPEHTHBIX COCTOSHUM Ha MpHMEpe TPYIIBI
COCTOSIHUS leitzenbepra — Befinsg. YcimoBHe TOMHOTHI KOTEPEHTHBIX COCTOSHUH Kak
cneacteue nemmsbl Llypa. O6o6menHble KorepeHTHBIE coctosHu (OKC) mms
npou3BoibHOM Tpynnsel JIu. 'eomerprmueckas unaTepnperanuss OKC Ha s3bpIke
paccnoenuii. [Jleficteue omeparopa mpexacraBieHus Ha OKC. IMTommora OKC.
MakcuManpHasi cralMoHapHas mofanredpa u ycioBue Ommzoctn OKC k
KBa3UKJIACCHYECKOMY COCTOSIHUIO (BBIOOp MIIAJIIIETO BEKTOpa B KavyecTBe
Bakyyma). Merox opout A. Kupuiniosa 1 KOrepeHTHBIE COCTOSHUSL.

OO6o01IeHHbIe KOTepeHTHble cocTosHud Juis rpymnel  SU(2). Peanmsanus
CnuHOBbIE KOTEPEHTHBIE HETPUBOAMMBIX TIpencTaBieHud rpynnsl SU(2) Ha MpOCTpaHCTBE MOJIIMHOMOB.
COCTOSAHUSA Br16op BakyyMHOTO BEKTOpa M HOPMHPOBKA CITHHOBBIX KOT€PEHTHBIX COCTOSHHI
JUTSL TIPOM3BOJIHOTO Beca. BeramciieHne cpeqHnX Mo KOTEPEHTHOMY COCTOSTHHIO
JUISL OCHOBHBIX CITHHOBBIX OIIEPaTOPOB.

IIpuMeHeHHE  CNIMHOBBIX ~ KOTEPEHTHBIX  COCTOSIHMHM Ol ONHMCaHUs
JIOKJIN30BAaHHBIX BO30YKAeHHH B (heppomarHeTvkax. ['aMHIBTOHHAH MOZIEIH
lefizenOepra u ero ycpemHEHHE 10 CIMHOBOMY KOTEPEHTHOMY COCTOSIHUIO B
npuONIMkeHnn cnaboil aHuzoTponuu. HempepwiBHBII Tpenen W ypaBHEHHE
Jlanmay — Jludmuna. Jomenubie ctenku brmoxa — Heems. JIByxmepHsbie
MarHuTHble Buxpu bemaBuna — IlonskoBa M TOHONOTWYECKHM 3apsa. Yuer
CIMHOBOTO  OOMEHa  YeTBEPTOro IOpsiAKa B MOJEIM  HM30TPOITHOTO
(eppomarnetnka Ieitsendepra — TsaoOmukoBa. Tomonornueckue Bo30yXKICHUS B
TpPEXMEPHOM MarHeTHKe HereizeHOeprosckoro tuma (Moaens Panneesa - DHIA).
OreHKa SHEpPriy BO30YKACHHS Yepe3 HHAeKe Xomnda.

HaumeHnoBanue AMCHHILINHEI BBeneHue B KJaccHYeCKYI0 U KBAHTOBYIO
TEOPUIO MOJIs

O0bém qucuumnnel, 3E/ak.4. 4 3E (144 gac.)

Conep:xaHue TUCHUTLTUHBI

HazBanue pa3ae/io Conep:xaHue pa3aesioB (TeM) TUCIUNINHBI
(TeM) TUCUHMILTUHBI

OcHoBHBIE Heo0xommuMocTh IpUMEHEHUs CIIEIIaNbHBIX METOJIOB B KBAHTOBOH
NpeACTABJICHUS 0 TEOPUH PACIPEIEIIEHHBIX CUCTEM B CBSI3H C HEPUMEHUMOCTBIO TEOPHH
KOTrepeHTHBIX BO3MYIIEHHUH (OTCYTCTBHEM MalbIX apameTpoB). MmmocTpanus
COCTOSIHMAX yYKa3aHHOM CHUTyallMu Ha MpUMepax: JOKaJIN30BaHHbIE BO30YKICHNS B

cpeliax, CBETOBBIC ITyYKH (J1a3ephl), COTUTOHBI B KBAHTOBOH
XpOMOJIMHAMHUKE (HU3KOIHEPTeTHIeCKoe MPUOIKEeHHE).
KBazukinaccuueckoe npubmmxenre u 1/N-pasiioxkeHue Kak CriocoObI
BBEJICHUS KOTEPEHTHBIX COCTOSHUH, pacCMaTPHBAEMBIX KaK

3¢ (deKTUBHOE MPUOIMIKEHUE ITPH OITUCAHUK KBAHTOBBIX MPOTSKEHHBIX
00BexToB. KorepeHTHBIE COCTOSHUS 1 BEUBIIET-aHAIH3.

KorepenTHble cocTosiHusl | ['ayccoBckue BoJIHOBbIE MakeThl [IIpeaunrepa kak COCTOAHMS,
B HePeJSITHBUCTCKOM MUHHUMU3UPYIOLIKE TPOU3BEACHUE HEOMIPEACICHHOCTE KOOPAUHAT U
KBAaHTOBOHM MeXaHHKe uMIyJibcoB. KorepeHTHbIe COCTOSTHUS KaK COOCTBEHHbIC (DYHKIIUU

OIEpaTOpa YHUUTOXKEHUS. Y HUTAPHBIN orlepaTop cMmeleHus Beis.




I'omomopdaoe npencrasieane baprmana — Curana — @oxka. [ToHOTA
KOTePEHTHBIX cOoCcTOsSHMIA. [lepexos oT N-npeacTaBiIcHAS K Z-
npezcTaBieHuo. HopManbHO-TOpoKaatonye onepaTophl B TonoMopd-
HOM IIPEJICTABJICHUU ¥ UX MPUMECHEHUE JIJIS PEIICHHUS OIIePaTOPHBIX
ypaBHeHuUH. KorepeHTHBIE COCTOSIHUS IS CITydasi MHOTHX CTEIICHEH

CBOOO/TBI.
HanmeHoBaHHMe THCHUTLINHBI Teopusi 3JIeMEeHTAPHBIX YaCTUII 1 KBAPKOB
O0béMm nucunminnabl, 3E/ak. 4. 5 3E (180 4ac.)

Coz[epma}me JAUCHHUIIIIMHBI

Ha3Banue pa3nenoB
(TeM) TUCHMIIHHBI

Conep:kanue pa3aesnoB (TeM) TUCHMILIHHbI:

BBenenmne B Kypc.
IIpocTeiinmue KBAaHTOBbIE
MOJeJIM CTPYKTYPBbI
aTOMHBIX f/1ep

[TepBrie mpencTaBiaeHust 0 CTpykType yactull. CoctaBHbIe MOeTU. OMBITHI
Pesepdopna. [InanerapHas mozens atoma. Mosaens MBanenko -1 eiizenoepra
JUIsL aTOMHBIX SIIEP, COCTOSALINX U3 HEUTPOHOB U MPOTOHOB. OnMcaHue
CTPYKTYPHI S7EP B paMKax HEPENATUBUCTCKON KBAaHTOBOM MEXaHUKU. Sl iepHbIe
dhopm-daxTopsl. CTpykTypa saep /p-obonouku. PenstuBuctckas Teopus
paccesiHUs SIEKTPOHOB Ha si/ipax /p-000II0YKH M SKCIICPUMEHTAIBHOE
ONPEJENICHUE paclpeeleHUs AIEPHON MaTepuu.

deHoOMEeHO0JI0rnYecKoe
onmcaHue CTPYKTYpPhI
3JIeMEHTAPHBIX YACTHUIL

BeIcoko3HEpreTHYECKOE paccestHuE MIEKTPOHOB HA TOUEYHBIX MIPOTOHAX.
®opmyna Mortra. IIpoTOH Kak mpoTskeHHas yacTula. JIupakoBCKUM U
[Maynesckuii hopM-daktopbl. VX CBA3b C MIOTHOCTHIO paclpeeieHus
AIIEKTPUUYECKOTO 3apsa U MarHuTHOro MmomeHta. @opmyina Po3endirora.
OmnpbiTel XogmTaarepa no SKCIepUMEHTaAIEHOMY ONPEAEICHHIO CTPYKTYPhI
MPOTOHA. DJIEKTPUUECKUI U MarHUTHBINA (hopM-(haKTOpHI MPOTOHA U HEHTPOHA.
WX puzndeckuii CMBICT U 3KCIIEpUMEHTaIbHOE onpesienieHne. Onucanne
CTPYKTYPBHI ME30HOB U THIICPOHOB.

Heauneiinble Mogenn
TeOPHUHM MoJIeil U YacTHull.
CocTaBHBIE MOJIEJIN YACTHIL

Onucanne XapakTepPUCTHK YaCTHUI[ B paMKaxX HEJTMHEWHBIX TEOpHil.
Yactuieno100HbIe pelieHns HETMHEWHBIX YPaBHEHUN Kak 00pa3bl
MPOTSKEHHBIX 4acTHLL. JJOCTUTHYTBIE PE3YIbTAThl B ONIMCAHUU CBOMCTB YaCTHUI]
U TOJIeH, TPYAHOCTU HeJIMHEHHBIX Teopuil. Monenu @epmu - Snra u OxyHs -
Cakatsl. ATomHbIe Mostenu ["onaxabepa u @pumra. OnricaHue BHyTpeHHEH
CTPYKTYPHI YaCTHI] C TOMOIIIEI0 HOBOTO ypaBHeHus dupaka (1971). KBapkoBbie
Mozer. YHurtapaele cummerpun. Cummerpus SU(3). Beenenue crinHa.
Cummetpust  SU(6). Maccosbie cooTHoteHus. ['Ty00KO-HEYIPYTroe 2IEKTPOH -
MpOTOHHOE paccessHue. CKeHIUHT U ero HapyiieHue. [lapTonHas MoJienb.
KBapxku B ponu nmaproHoB. l[BeTHbIe kBapku. Benukoe o0bpeiuHeHNE.

HanmeHnoBanue IUCIUTIIHHBI dusuka Jjia3epos

O0béM qucuunanebl, 3E/ak.4. 4 3E (144 gac.)

Conep:kanue TUCHMILUIHHbI

HasBanmue pa3aesioB (TeM) IMCUMILIHHBI Conep:xanue pa3iesoB (TeM)

AUCHUIIIIMHBI




Ill/lf)JIeKTpH‘-IeCKl/Ie ONTHYCCKHEC BOJTHOBOIbI.

Heanneiino-ontnyeckue 3¢ eKThl B BOJTOKOHHBIX
CBETOBO/AX, 3JIEMEHTHI U YCTPOiicTBA ¢ UX
HCNOIb30BaHUEM

Jlazepsl

IInanapHsIit JTUDIEKTPUYECKUN BOJIHOBOI.
Hanpasnsemble BonHbL. J{MCIEpCHOHHOE YypaBHEHHE
IUTaHAPHOTO BOJHOBOJA.

D¢ dexThl KOMOMHAIIMOHHOTO ¥ BBIHYXJICHHOTO
KOMOMHAIIMOHHOT'O PacCesiHUS B BOJIOKOHHBIX
ceeroBosax. BKP na3zepsl u ycunurenu, OCHOBHbIE
CXEMBI M 00JIaCTH IPUMEHCHHS.

Jlazepsl: TBepAOTENbHBIE C ONTUYECKOW HAKAuKOH,
ra30BbIC, OIYTIPOBOJHUKOBEIE.
CBOJCTBA JIA3€PHOTO M3ITYIEHHS.

HaumeHoBaHNe TUCHUILINHBI

BoruncianTebHbIN IKCIIEPUMEHT B (pU3UKe
CJI0KHBIX CHCTEM

O0bém qucunniannel, 3E/ak.u. 8 3E (288 uac.)
Conep:xanue qMCUUILTHHBI
Ha3Banue pa3aenoB (TeM) JUCHMIIIIHHbI Conep:xkanue pa3aenoB (Tem)
JUCHUILINHBI:
MartemaTu4eckoe MOACJIHPOBAHHE u | CtaHoBIeHHue MOHATHUA BBIYUCIUTEIIBLHOTO
Bbl‘lHCﬂl/lTeﬂbelﬁ 3KcnepHMeHT OKCIICpUMEHTAa B XOJC pPa3BUTHA U3SMCPUTCIIBHO-
BBIYHUCIINTCIIbHBIX KOMIIJICKCOB. Passurue

MeTtoapl MOAeTUPOBAHUS OJHOMEPHBIX CHCTEM

MeToabl MOACTHPOBAHUA
TPEXMEPHLIX CUCTEM

ABYMEPHBIX U

BBIYUCIUTCIBHOI'O 3KCIICPUMCEHTA B CI)I/ISI/IKG CJIOKHBIX
CHUCTEM.

Bribop ¢du3nIecKoi MOJIETIH. ITocTpoenue
MaTeMaTHYeCKOH MO/IETIH. PazpaboTka
BBIYHUCITUTEIHLHOTO ajgropuTMa. Pa3zpaGotka
MPUKIIAJHOTO IPOTPAMMHOTO 00ECTIeYeHHUSI.

IIpoBenenue BBIUUCIIUTENFHOTO JKCIEpUMEHTA.

AHanu3 pe3yJbTaTOB YHCIEHHBIX JKCIEPUMEHTOB,
COIOCTaBJIEHUE c pe3ynbTataMu HaTYypHBIX
9KCIIEPUMEHTOB.

Kunetnueckoe omnucaHue KOJUIEKTUBHBIX SIBICHUN B
0CCCTONKHOBHUTENFHOW TIa3Me. YpaBHeHHWe Biacora.
Pemienne  kMHETHYECKMX  ypaBHEHMH  METOJIOM
npeoOpa3oBaHuid. UmnclieHHOE pelleHHe ypaBHEHHS
BrnacoBa. MeTox «BOASIHOTO MENIKa».

Metoa JacTHIl AJsl OHOMEPHBIX JIEKTPOCTATHYECKUX
MIPOIIECCOB B ITa3Me.

Obmast cxema Meroga yactun. DopMmupoBaHHe
HA4aJdbHOTO  paclpefeNieHHs] YacTUll.  ANropuT™M
OTHOMEPHOTO MOJICIMPOBAHUA METOJOM YacTHIl B
suerike. IIpumepsl MoJenupoBaHMS OJHOMEPHBIX
IIa3MEHHBIX CUCTEM.

OpHoMmepHasl DSIEKTPOMAarHUTHas MOJENb IUIa3MBI.
UucneHHOe pellleHHe YPaBHEHUM ABMXKEHMs 4YacTHUI[ B
JJIEKTPOMAarHUTHOM IIOJIE.

KonnekTuBHOE yCKOpEHHE HOHOB PEISITUBUCTCKOTO
IUTa3MEHHOTO CTyCTKa.

MeTto yacTull B ;YEHKE AJIs1 IBYMEPHBIX U TPEXMEPHBIX
3NIEKTPOCTATHYECKHUX HPOLIECCOB.

Oransl pa3paboTKU CIOXKHBIX porpamMmM. OOrmias cxema
METOaa 4YacCcTull B STYCHKE 1A ABYMEPHBIX H
TPEXMEPHBIX ICKTPOCTATHUECKNX Mojienel. [Ipumeps
MO/IETIMPOBAHMUS TPEXMEPHBIX TUIA3MEHHBIX CHCTEM.




HccaenoBanne mapaMeTrpoB  INIa3MEeHHBIX
CHCTEM M YCKOpHUTeJeH 3apsiZKeHHbIX 4YacTHIY
n0CPeICTBOM BbIYHCJIUTETBHOTO
IKCIEePUMEHTA

Mopenu reHepanuu MHOT03apS/IHBIX MOHOB B
ISP ucTOYHUKAX

IlocTanoBKa BEIYHCIUTEIHEHOTO OKCIICPUMCHTA.
HpOBeI[eHI/IC BBIYUCJIUTCIIBHOTI'O OKCIICPUMCEHTA
«yz[epmaHI/Ie U Harp€B 1Uia3Mbl B  OTKPBITHIX
MAarHuMTHBIX JIOBYIIKax B YCJIOBUAX PC30HAHCOB U
ABTOPE30HAHCOBY. O6HIa§I CXCMa IKCIICPUMCEHTA.
I[I/IaFHOCTI/IKI/I B BBIYHCJIUTCIbHOM 3KCIICPUMEHTE.

DneMeHTapHBIE TMpoIecchl, mpoTrekatomme B OL[P
miasme. Bpemsa xu3Hu HOHOB. UucineHHbIE MOJENH
rerepanuu M31.

Pacuer 3apsinoBoro cocrostans M3U B D1P mnazme.

BBICOKOHPOH3BOHHTeJIBHBIe METOabI HapanneﬂbeIe BbIYUCJICHUA B MOACINPOBAaHUN
Bbl‘lﬂc.ﬂeﬂﬂﬁ. IJIa3MCHHBIX IPOLECCOB METOJOM YaCTULL B sTueike.
Busyanuzanus BIDKCHHUA 3apsAKCHHBIX 4YaCTU B
Metoambl BU3YyaJIU3alHH MO eJIMpPYyeMbIX Y 1 A P 1l
QJICKTPUYCCKUX U MArHuTHBIX TIOJIAX PA3JTIMYHbIX
fiponeccos. MPOCTPAHCTBEHHBIX U BPEMEHHBIX KOHPUTYpaIHid.
Course Title Computational experiment in the physics

of complex systems

Course Workload, Credits and Academic
Hours

8 Credits (288 Academic Hours)

Course C

ontents

Course Module Title

Brief Description of the Module Content

Mathematical
experiment

modeling and computational

Methods for modeling one-dimensional systems

Methods for modeling two-dimensional and
three-dimensional systems

Formation of the concept of a computational experiment
in the course of development of measuring and
computing systems. Development of a computational
experiment in the physics of complex systems.

Choice of a physical model. Construction of a
mathematical model. Development of a computational
algorithm. Application software development.
Conducting a computational experiment. Analysis of the
results of numerical experiments, comparison with the
results of full-scale experiments.

Kinetic description of collective phenomena in a
collisionless plasma. Vlasov equation. Solution of
kinetic equations by the method of transformations.
Numerical solution of the Vlasov equation. “Water bag”
method.

The particles method for one-dimensional electrostatic
processes in plasma.

General scheme of the particles method. Formation of
the initial distribution of particles. Algorithm for one-
dimensional modeling by the particles in a cell method.
Examples of modeling one-dimensional plasma
systems.

One-dimensional electromagnetic model of plasma.
Numerical solution of the equations of motion of
particles in an electromagnetic field.

Collective acceleration of ions in a relativistic plasma
bunch.

The particles in a cell method for two-dimensional and
three-dimensional electrostatic processes.

Stages of development of complex programs. General
scheme of the particles in a cell method for two-
dimensional and three-dimensional electrostatic models.
Examples of modeling three-dimensional plasma
systems.




Investigation of the parameters of plasma
systems and charged particle accelerators by
means of a computational experiment

Models for the generation of multiply charged
ions in ECR sources

High-performance computing methods

Setting up a computational experiment.

Conducting a computational experiment “Containment
and heating of plasma in open magnetic traps under
conditions of resonances and autoresonances”. General
layout of the experiment.

Diagnostics in computational experiment.

Elementary processes occurring in ECR plasma. lon
lifetime. Numerical models of multiply charged ions
(MCI) generation.

Calculation of the charge state of MCI in ECR plasma.

Parallel computing in the simulation of plasma
processes by the particles in a cell method.

Methods for visualization of simulated | Visualization of motion of charged particles in electric

processes and magnetic fields of various spatial and temporal
configurations.
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