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AHHOTANMA
KBanToBass xpoMoguMHaMHKa B HAcTosIIee BpeMs SBISETCS (QyHAaMEHTAJIbHOW TEOpPHEH CHIIBHOTO
B3aUMOACUCTBUA. J[aHHBIA KypC COHEPKHUT H3JIOKEHHE OCHOB KBAaHTOBOM XPOMOIWHAMHMKA M METOIIOB
TEOPETHYECKOTO OMHUCAHMSA PA3JIMYHBIX NPOLECcCOB aapoHHOM ¢u3uku. Kypc sBusercs ymiyOneHHBIM H

MpeAHAa3Ha4YeH ISl CTYACHTOB, CIICIIMATN3UPYIOIIUXCS B 00JIaCTH TEOPETUIECKON (PU3UKH.

1. lean u 3apa4un

]_le.]'ll) AUCHUIIINHBI

- OCBOGHME CTyIeHTaMH (pyHJaMEHTaJIbHBIX 3HAHUI B 00JIACTH COBPEMEHHOW (DM3HMKH 3IIEMEHTapHBIX
YacTHILl, U3yYEHHE OCHOB TEOPUHU CWIIBHBIX B3aMMOJCHCTBUN M METOJOB TEOPETHUECKOIO OMUCAHUSA

pa3IMUHBIX  TPOLECCOB  AAPOHHOMN

¢uznku, a

Takke mnpuoOpeTeHne 0a30BBIX  HABHIKOB

CaMOCTOSTCIIbHOU Hay‘iHO-HCCHGI[OBaTCHLCKOﬁ pa6OTBI.

33]13‘[1/[ JAUCHUIIINHBI

[0 ¢opmupoBanue 0a30BBIX 3HAHUN B 00JIACTH TEOPETUIECCKOHN (PU3UKH SIEMEHTapHBIX YACTHIL;

[ O6y‘l€HI/Ie CTYACHTOB COBPCMCHHBIM MCTOAAM TCOPCTUYCCKOI0 ONMCAHUSA PA3JIMYHBIX ITPOLICCCOB
CHJIBHOT'O B3aUMOACHUCTBHS U HaBbIKAM peuICHus CONNYTCTBYIOIIUX 3a4a4;

[l ¢dopMupoBaHHE MOIXOAOB K BBHINOIHEHHIO CTYJCHTAMH HCCIIEOBAaHUH B 00JIACTH TEOPETHUYECKOM
(U3MKH B paMKax BBIIYCKHBIX pa0OT Ha CTETIEHb MarucTpa.

2. Ilepeyens opMupyeMBbIX KOMIIETeH M

OcBocHue AUCHUIIJIMHBI HAITPABJICHO Ha (bOpMI/IpOBaHI/Ie [$1($91474:0)11170,€ KOMHGTGHL[I/Iﬁi

KOI[ 1 HAMMCHOBAHUEC KOMIICTCHIIMHN

I/IHILI/IKaTOpBI JOCTHIXKCHHUA KOMIICTCHIIMH

OIIK-1 Bnaneer cuctemoii pyHIaMeHTaIbHBIX
Hay4YHbIX 3HaHUH B o0acTu
(u3MKO-MaTeMaTHYECKUX HayK

OIIK-1.3 [TonnMaeT MeXAUCLIUIIMHAPHBIC CBS3U B O0JIACTH
MareMaTHK W (U3UKH U CHOCOOCH HMX MPHMEHSTh IPH
peleHnn 3a/1a4 NpoQecCHOHATBHON AEATENbHOCTH

OIIK-2 Nmeet npeacrapieHne 00 aKTyalbHBIX
mpobiemMax HayKH U TEXHHKH B 001acTH cBOeH
po¢eCcCUOHANBHON e TeNbHOCTH, CIIOCOOCH
Ha HayYHOM f3bIKe (hOPMYIHPOBATH
npogecCHOHANbHBIE 3a]1a41

OIIK-2.1 NmeeT npeacTaBieHrne O COBPEMEHHOM COCTOSTHUU
HCCIICAOBAaHUA B pPaMKax TeMaTW4YecKoil obmactu cBoei
npodeccuoHaIbHON 1S TeTbHOCTH

OIIK-2.2 Crniocoben OLICHUBATh AKTyaJIbHOCTh
WCCIIe/IOBAaHU B obnmactu cBoel mpodeccrnoHambHON
JEATEIILHOCTH U MX MPAKTUYECKYI0 3HAYMMOCTb

OIIK-4 Crioco0eH ycIeniHo peain30BbiBaTh
pelleHre MOCTaBIeHHOH 3a/1a4, IPOBECTU
aHaJIu3 pe3yJpTara v IIpeJCTaBUTh BbIBOABI,
MPUMEHSIS1 3HAHUSI ¥ HABBIKK B 00JIACTH
(bU3MKO-MaTeMaTHUECKUX HAYK U
WH(POPMALOHHO-KOMMYHHKAIIMOHHBIX
TEXHOJIOTUHI

OIlK-4.2 CrnocobeH TpUMEHSTh 3HaHWST B 0O0NacTH
(U3UKO-MaTEMaTHYECKUX HAyK JUIS PEIICHHUS TIOCTaBICHHOM
3a1auy, (POPMYJIHPOBAHUS BBHIBOJOB M OLIEHKH MOJYYEHHBIX
pe3yabTaToB

[IK-1 CnocoGen cTtaBuTh, HhOpMann30BHIBATH U
pemIarh 3aJ1a4u, B TOM YUCIIe pa3pabaTbIBaTh U
HCCJIEA0BATh MaTEMaTHYECKUE MOJIEIH
M3y4aeMBbIX SBJICHHUH U MPOIECCOB, CUCTEMHO
aHaJIM3MPOBATh HAy4HbIE TPOOIEMBI, [TOyYaTh
HOBBIE Hay4YHbIEC PE3yJIbTaThI

[IK-1.2 CnocoGeH  BbABHrarh  THUIIOTE3bl, CTPOUTH
MaTeMaTHYeCcKue MOAEIM Ul OIHUCAaHMA H3y4aeMbIX
SIBIICHUH U TPOLIECCOB, OLIEHUBATH KAU€CTBO pa3padoTaHHON
MOJENN

[MK-1.3 CnocobeH NpUMEHATh TeopeTHdueckne W (WIn)
9KCIIEPUMEHTAJIbHBIE METOJIbl MCCIEJOBaHUN K KOHKPETHON
HayyHOM 3ajadye M  HHTEPIPETUPOBATH  IOJYUCHHBIC
PE3ybTaThl

3. IlepevyeHpb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCHUILIHHE (MOIYJII0)
B pesynbrare ocBOCHUS TUCIUTUIMHBI 00YYaIONTHUECs JOKHEI

3HAThb:



JarpaHkuaH KBaHTOBOM XPOMOJMHAMUKH;

0COOCHHOCTH KBAaHTOBAaHHS KAIMOPOBOYHBIX TEOPHIA;

npaswia GeliHMaHa I KBAaHTOBOM XPOMOJUHAMHUKY;

MEPEHOPMHUPOBKY B KBAHTOBOH XPOMOIMHAMHUKE;

YPaBHEHUS pEHOPMATIM3aLMOHHOMN TPYTIIIBI;

OIIpe/ICJICHUE U CBOICTBAa MHBAPUAHTHOTO 3apsijia KBAHTOBOW XPOMOIMHAMUKH;
aCHMITOTHYECKYIO CBOOOY B KBAHTOBOM XPOMOJHHAMHUKE;

MapTOHHYIO MOJIEJIb, TAPTOHHBIC (PYHKIIMU pacrpenencHus 1 QyHKIUH GparMeHTalum;
0COOCHHOCTH OMUCAHUS MPOIIECCOB CHIIBHOTO B3aMMOJICHCTBHSI BO BpEMEHHITOI00HOM 001acTH;
OIIEPaTOPHOE PA3IOKECHUE U BAKYYMHBIC KOHICHCATBI;

0COOCHHOCTH OIHMCAHUS ME30HOB U OAPHOHOB B PaMKaX IMOTEHIIMAIBLHOTO MOAX0/a;
MOJIEITh MEIIIKOB;

YPaBHEHUs CaMO1yaJIbHOCTH, OJTHOMHCTAHTOHHOE PELICHUE U €TO CBOMCTBA.

oo ooooooo

YMETb!

[l 3¢¢dhexTHBHO MPUMEHSITH BBIIIEYyKa3aHHBIC 3HAHUS HA MPAKTHUKE JUIS pelIeHns pyHIaMEHTaIbHBIX U
MPUKJIAAHBIX HAYYHBIX 33/1a4 B O0JIACTH COBPEMEHHON TEOPETHUECKON (PM3UKU DIIEMEHTAPHBIX YacTULL.
BIIAJICTh:

TEXHUKON BBIUYHCIEHUS OCHOBHBIX XapaKTEPUCTHK MPOLECCOB CHIBHOTO B3aUMOJEHCTBUS;
OCHOBHBIMHU METOJAMHU PETYIISIpU3aLMI UMITYJIbCHBIX UHTEIPAJIOB;

OCHOBHBIMHU CXEMaMH BBIUUTAHUS PACXOAUMOCTEN;

METO/I0M PEHOPMaIM3allMOHHOM IPyNIIbl B KBAHTOBON XPOMOJAMHAMUKE;

METOJIOM JUCTIIEPCUOHHBIX COOTHOIICHHH;

METO/IOM IIpaBUJI CYMM B KBaHTOBOI XpPOMOIIMHAMUKE;

TEXHUKON ONMHMCAHMS ME30HOB B paMKaX IMOTEHIIMAJIBHOTO MOAX0AA;

TEXHUKOW ONMCAHMs aJpOHOB B paMKax MOJEJIN MEILKOB;

TEXHUKOW ONMCAHMI TOTOJIOTHYECKH HETPUBHUAJILHBIX MOJIEBBIX KOH(PUTYpaLni.

Ooo0Ooooooo

4. Coep:xanue TUCUMILTUHBI (MOYJIs), CTPYKTYPHPOBAHHOE 10 TeMaM (pa3iesiaM) ¢ yKazaHUeM
OTBEJICHHOI'0 HA HUX KOJIMYECTBA AKAAEMHYECKUX YaCOB 1 BHI0B Y4eOHBIX 3aHATHI

4.1. Paznenbl TUCTMITIIMHBI (MOJYJISI) ¥ TPYJIOEMKOCTH TI0 BUJaM yUEOHBIX 3aHSATHIA

TpynoeMKOCTb 110 BUAAM YU€OHBIX 3aHATHH, BKIIIOYAs
CaMOCTOSITENIbHYO padoTy, Jac.
No Tema (pa3nen) TUCIUTUTMHBI
Camocr.
Jlekrum | Cemunapsr | JlaGopar. paboTs
pabora
1 Bgenenne. 2 2 3
PacxogumocT B KBaHTOBOM TEOPHH TIOJIS
2 u ux yCTpaHEHHe METOJIOM 3 3 3
MEPEHOPMHUPOBKH.
3 Meron pevHopManmauHOHHoﬁ CPYIIIBl B ) ’ 3
KBaHTOBOH XpPOMOAWHAMHUKE.
WHBapnaHTHBIN 3apsg u
4 aCHUMITOTHYECKasi cBOOOJa B KBAHTOBOU 2 2 4
XpOMOJIMHAMHUKE.
5 [TapTonHas Mozenb. 3 3 4
6 ONEKTPOH - O3UTPOHHASI AHHUT UM B 3 3 4
aIPOHBI.
7 Wnknro3uBHBIA pacnaln Tay -JENTOHA B 3 3 4
a/IpOHBI.
] Bxnax CWIBHOTO B3aUMOICHCTBUS B 3 3 4
3NIEKTPOCIadbie MPOLECCHI.
9 [IpaBuna CyMM B KBaHTOBOH 3 3 4
XpOMOJIMHAMUKE.
10 KoHdaliHMEeHT KBapKOB: MOTEHIHAIbHbIC ) ) 4
MOJIEIIH.




11 KoH(aiiHMeHT KBapKOB: MOJIEITh MEIITKOB. 2 2 4

12 Tomonornyeckass CTpyKTypa Bakyyma B ) ’ 4
KBaHTOBOH XpPOMOAWHAMHUKE.

Hroro yacos 30 30 45

[TonroToBka K 3K3aMeHy 30 gac.

Oobmas TpynoEMKOCTb 135 gac., 3 3au.en.

4.2. Cogep:xaHue OUCHUILTUHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszeiam)

Cemecrtp: 2 (Becennuit)

1. Beenenue.

Brenenue (dacts I).

[Ipennoceuiku K co3gaHui0 KBaHTOBOM xpomoanHamuku. SU(3) cumMmerpus B ¢U3MKE agpOHOB U
KBapKoBasi Mozielib. KBantoBoe urcio “uset”. Heabenesnl kanuOpoBouHble Moyst. KBapKu U TITIOOHBI.
JlokanbHas kanuOpoBOYHAs MHBAPUAHTHOCTH TEOpUHU. JlarpamkmaH KBaHTOBOH XPOMOJMHAMUKH.
KoBapuaHTHBIE U aKCHaIbHBIE KATHOPOBKU.

Brenenue (vacts II).

Oco0eHHOCTH KBAaHTOBaHMS KalMOpPOBOUHBIX Teopwil. [IpencraBneHne B3auMOACHCTBUS U MaTpHLa
paccesiHUsI B KBAaHTOBOW XpomojrHaMuke. O0mue cBoiictBa S -marpuisl. Teopembl Buka. [IpaBuna
dellHMaHa 17151 KBAaHTOBOM XPOMOANHAMUKH.

2. PaCXO,I[I/IMOCTI/I B KBAaHTOBOU TCOPHUHU NOJIA U UX YCTPAHCHUC MCTOJOM ICPCHOPMUPOBKHU.

TexHMKa BBIYMCIEHUS IETJIEBBIX IONPaBOK. MeETOnbl peryiaspu3alliid HUMILYJIbCHBIX HHTEIPaJoB.
Cxembl BeluMTaHus pacxonumocteid. Kontpunenst u nepenopmupoBku. IlpeoOpasosanus laticona.
[IpruuHbI pacxoguMOCTEN B KBAHTOBOU TEOPUU IOJIA.

3. Metox peHOpMaNHU3aIlMOHHOM TPYIIEI B KBAHTOBOM XPOMOIWHAMUKE.

IlepeHOpMHUpPOBKA B IIIOOAMHAMUKE. MeTo peHOpMaIN3allMOHHON Ipynnbl. IHBapHaHTHBIN 3apsn
KBaHTOBOH XPOMOJIMHAMUKHU. YpaBHEHHS pEHOPMIPYIIBI B (GDyHKIIMOHATBHOU U AuddepeHInanbHOR
dhopme.

PenopmrpynnoBas Oeta - QyHKIMS B paMKax TEOpHH BO3MyILIeHWH. Brruncnenue Oeta -GyHKUUH
KBAaHTOBOM XPOMOJMHAMHKH B OJHOTIETICBOM MPUOIMKESHUH.

4. luBapuaHTHBIH 3apsj] 1 aCUMIITOTUYEcKast CB000/1a B KBAHTOBOW XPOMOJMHAMUKE.

Berymasi koHCTaHTa CBSI3M CHIJIBLHOTO B3aUMOJICHICTBUSI Ha OJHOICTICBOM ypoBHE. MacmTaOHBIN
napaMeTp Teopud. MHBapHaHTHBIA 3aps] B BBICIIMX TMETIEBBIX NpUOMMKeHusx. l3Biedenue
Oerymeil KOHCTAHTBI CBS3M KBAHTOBOW XPOMOJMHAMHUKH U3 OSKCHEPHUMEHTAJIbHBIX JaHHBIX.
[ToporoBeie 3¢ dexThl. 3aBUCUMOCTD PE3yAbTaTOB TEOPUU BOSMYIICHUH OT CXEMBbI BEIUNTAHHUS.

5. IlapToHHas Mozeb.

Kunemaruka mpoueccoB JIENTOH -aJpoHHOTO paccesiHusl. CeueHus: ynpyroro paccesHus 3JIeKTpOHa
Ha TOYEYHOM M pealbHOM IPOTOHE. [nyOoKoHEympyroe paccessHue JIENTOHOB Ha HYKJIOHAX.
CtpyKTypHBIE ¢byHKLIMY, ObEepKEHOBCKUMN CKEHJIVHL. HuddepennunansHoe CEYeHne
[TyOOKOHEYHPYTOTo 3JIEKTPOH - IPOTOHHOTO PACCESIHUSA. DKCIIEPUMEHTANIbHBIC JAaHHBIE.

[lapronnsie ¢yHKUMU pacnpeneneHus, QYHKUUM (PparMEeHTAlMH, CHIOCOObI HMX MapaMeTpHU3alHu.
OmneparopHoe pa3oXeHHE U MOMEHTBI CTPYKTYPHBIX (PYHKIUH. YpaBHEHHE PEHOPMATH3AIMOHHON
TPYMIIBI JUI1 MOMEHTOB CTPYKTYPHBIX (DYHKIMI 1 €ro peieHre B paMKax TEOPUH BO3MYILICHHH.

6. SHGKTpOH - HO3UTPOHHAA aHHUTHUJISAWA B aIpDOHEL.




Kunemarvka u cedyenne mnpouecca JIEKTPOH - MO3UTPOHHON aHHUTWIIALMYU B afpoHbl. OcoOeHHOCTH
OTMCaHUS TIPOIIECCOB CHUIILHOTO B3aWMOJICHCTBUSI BO BPEMEHHIION00HON oOnactu. JlucrnepcnoHHoe
COOTHOILIEHUE JUIsI aApOHHON (YHKLUMHU TMONSAPU3ALUHA BakyyMa. J[MCIIEpCMOHHOE COOTHOLICHUE IS
¢bynkn Annepa. Bkiaa cuiibHOTO B3aMMOJECHCTBHS B aJpOHHYIO (DYHKIIMIO TIOJIIPU3ALIMH BaKyyMa.
Boruncnenne R -oTHOmIEHHS B paMKax TEOpUM BO3MYILEHHH. DKCIEpUMEHTAIbHBIC JAaHHBIE M HUX
TEOPETUYECKUI aHAIU3.

7. IHKIIXO3UBHBIN pacnaj] Tay -JIEITOHA B a{POHBI.

Kunemaruka M muprHa aJpoOHHOIO pacmajga Tay - JjentoHa. CuUibHbIE IONPaBKU K aJpOHHOU
¢yHkuun nonspuzaudu Bakyyma. 4 4 9 Cneuuduka omucaHusi WHKIIO3MBHOTO pacmajga Tay -
JIENTOHA B paMKax TEOPUU BO3MYIUEHUI. OKCIIEpUMEHTalbHblE JaHHbIE U UX TEOPETHUYECKUI
aHaJu3.

8. BKJ'Ia)I CHJIBHOI'O BSaHMOZ[ef/'ICTBHH B 3neKTpocna6He MMPpOLCCCHI.

AHOMaJbHBI MarHUTHBIA MOMEHT MIOOHA. ODKCIIEPHUMEHTAIbHbIC JaHHBIE U UX TEOPETHUYECKUH
aHaJIu3.

OBomonust Oeryiieil KOHCTaHThI CBS3U JIEKTPOMArHUTHOTO B3aMMOJCHCTBHSA: BBIYMCICHHUE CIIBUTA
MOCTOSTHHOM TOHKOW CTPYKTYpBI Ha MaciTabe Macchl Z -6030Ha. DKCIepUMEHTaJIbHbIE JaHHBIE U UX
TEOPETUYECKUH aHAIN3.

9. IlpaBuia cyMM B KBaHTOBOI XpOMOJUHAMUKE.

[leprypOaTuBHBIA BKJIad B KOPPEISUUOHHYIO (PYyHKIHIO KBapKOBBIX TOKOB. OmneparopHoe
pa3ioxeHue U BaKyyMHble KOHAEHcaTbl. KBapk -alpoHHasl AyajlbHOCTb. BbluncieHHE KOHCTaHTBI
pacnaza po -Me€30Ha B paMKax MeToja NpaBui cyMM. lIpenMyiiecTBa 1 HEIOCTAaTKH METOJA MPaBUII
CYMM.

10. KondaiiHMeHT KBapKOB: MOTEHIIMAIHLHBIC MOJICIIH.

3akon Kynona B cnuHOpHON snekTpoanHamuke. KBapk - aHTUKBApKOBBIA IOTEHIMAT B
MpUOJIMKEHUU OAHOTIIFOOHHOTO oOMeHa. Onrcanne Me30HOB M 0apHOHOB B paMKaX MOTEHIHAIBLHOTO
noaxona. Hekoropele Mozmenu CTaTHYECKOTO KBapK - AHTHKBAPKOBOIO MOTEHIHMana. MeTozs
peryisipuzauuu CUHryIsIpHeIX Dyphe - npeoOpasoBanuil. Mccnenosanne koHpaiHMEHTa KBapKOB Ha
penIeTke.

11. KoH(haltHMEHT KBapKOB: MOJIETh MEIIKOB.

deHoMeHONIOTHYECKOE omucaHue BakyyMHOro 4 4 10 cocrossHMs B KBaHTOBOM XPOMOIWHAMUKE.
DopMyaMpOBKAa MOIEIM MEIIKOB, TPAHUYHBIC YCIOBHUS Ui KBAapKOBBIX M DIIOOHHBIX MOJIEH.
JlaBnieHrie BHYTpU MelIKa U €ro yctoiuuBocTh. Moaens "MIT bag'": npeumyniecTBa U HEJOCTATKH.
OcHOBHBIE Pe3yabTaThl U 00JaCTh NPUMEHUMOCTH MOJIEIH MEILKOB.

12. Tononornueckas CTpyKTypa BakyyMa B KBAHTOBON XpOMOJIMHAMUKE.

EBxknunoBsl koHGuUrypanun nojiessix cucteM. Muaekc [lonTpsruna. YpaBHEHUs] caMOIyalbHOCTH.
Wucrantonsl B Teopun SHra-Mwuiica m ux ¢Qusndeckas uHTepnperanus. OZHOMHCTAaHTOHHOE
peweHue s kanuOpoBouHoil rpynmnsl SU(2) u ero cBoiictBa. Bkiiag MHCTAaHTOHOB B MPOLIECCHI
CUJIBHOTO B3auMoneucTBus. HccienoBaHHe TOIOJIOIMYECKOM CTPYKTYphl BaKyyma KBaHTOBOM
XPOMOJMHAMUKH Ha PEIIETKE.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, He00XOMMO AJIsl OCYIeCTBICHHS 00Pa30BATEILHOIO
npouecca 1o JHCHUIIMHE (MOIYJII0)

KOMITBIOTEpP ¥ MYJBTUMENNHHOE 000pyIOBaHUE (TIPOCKTOP).
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AHHUTHIISIIUY B anpoHbl. JlyoHa: Usnarensckuii otnen OUAN, YHII-2011-49, 144 c., 20118. 7.

7. llepedyenn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHMKAIMOHHOI ceTH ""UHTepHeT" , HEOOXOTUMBIX
JJIS1 OCBOCHUS] JUCUHMILIUHBI (MOLYJIs1)

JIOCTYT K OnbiroTeke 1 6a3zaM JIaHHBIX 110 KypHanaMm TeopeTndeckas U Mmaremarndeckas pusuka,
European Physical Journal C, Journal of High Energy Physics, Lecture Notes in Physics, Nuclear
Physics B, Physics Letters B, Physics Reports, Physical Review D, Reviews of Modern Physics.

8. IlepeyeHb HHPOPMANMOHHBIX TEXHOJIOTHIi, HCIIOJIb3yeMbIX NPH OCYLeCTBJICHUH 00Pa30BaTeJIbHOIO
npouecca 1o JHCHUIIMHE (MOIYJII0), BKJIIOYAs NepedeHb He00X0ANMOro NpOrpaMMHOro odecnedyeHnst
1 MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

Heo0xonumoe nporpammuoe odecnieduenne Adobe Acrobat Reader.

ObecrieueHue caMOCTOSTENBLHON pabOTHI: JOCTYH K OnbIuoTeKke 1 6a3aM JaHHBIX 10 )KypHajJaMm
Teopernueckas u matemarudeckas ¢usuka, European Physical Journal C, Journal of High Energy
Physics, Lecture Notes in Physics, Nuclear Physics B, Physics Letters B, Physics Reports, Physical
Review D, Reviews of Modern Physics.

9. MeToauveckue YKazaHnus NJist oﬁyqaloumxm 0 0OCBOCHMIO JTHCHUIIINHBI (MO)_Iy.Tlﬂ)

CryneHT, W3ydYarolmMid JUCIUILUIMHY, JIOJDKEH C OJHOH CTOPOHBI, OBIQJETh OOIIUM IMOHITHHHBIM
anmnaparom, a ¢ Apyroil CTOpOHbIL, JOJKEH HAYUYUTHCS IPUMEHSTh TEOPETUUECKUE 3HAHUS HA TIPAKTHUKE.

B pe3YIbTAaTC U3YUYCHUA AUCHUIUIMHBI CTYACHT NOJDKCH 3HATH OCHOBHBIC OIPCACICHUSA AUCHUIIINHBI,
YMETb NPUMCHATD IMOJYUYCHHBIC 3HAHUSA IJIA PCIICHUA pa3IMYHbIX 3aa4v.

VYenenrHoe ocBoeHUE Kypca Tpedyer:

— MIOCEIICHUS BCEX 3aHATHUH, TPEAYCMOTPEHHBIX YUE€OHBIM IJIAHOM IO AUCIMIUINHE,
— BEJICHUS KOHCIICKTa 3aHATHH;

— HanpspKEHHOW CaMOCTOSITEIEHOM PaboThI CTy/IEHTA.

CamocrosiTenbHas paboTa BKIIOUAET B Ce0s:

— YTEHHE PEKOMEH0BAaHHOM JINTEPaTyphl;

— TpopaboTKy y4deOHOro MarepHuaja, MOATOTOBKY OTBETOB Ha BOMPOCHI, MpPEAHA3HAYECHHBIX [UIS
CaMOCTOSITENBHOTO U3yUEHUS;



— peleHue 3aad, MpeAgaraéMbpIx CTyJIeHTaM Ha 3aHATHSX;
— TIOATOTOBKY K BBITIOJTHEHHIO 3aJaHHUI MPOMEKYyTOUHOM aTTeCTalllu.

ITokazarenem BnageHus MarepuaioM CIIYXXUT YMCHUC 0e3 KOHCIIEKTa OTBEYaTh Ha BOIIPOCHI IO TEMaM
JAUCIUITIIIMHBI.

Baxno I[O6I/ITLC}I IOHMMaHUs MU3y4acMOIro Marepuajia, a HE MEXaHHNYCCKOTO €ro 3alilOMHHAHUA. HpI/I
3aTPYAHCHUN HU3YUYCHUSA OTACIBbHBIX TEM, BOIIPOCOB, CJICAYCT OGpaH_[aTBCSI 3a KOHCYJIbTALlUAMU K
IpernoaaBareiito.

Bo3mokeH mpoMekyTO4HBIH KOHTPOJIb 3HAHUH CTYAEHTOB B BUJE PEIICHHUS 3a7ad B COOTBETCTBUH C
TEMAaTUKOU 3aHATHIL.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPABJIEHUIO: [Ipuxnagaeie MaTeMaTHKa U GU3NKA
npopuiIb NOArOTOBKHU: OO0was u npukiagHas Gusnka
OusTex-mkona QUMK U ucciaeoBanuil uM. Jlanaay
kadeapa QyHIaMEHTATBHBIX U IPUKIAAHBIX Ipo0ieM GU3NKH MUKPOMHpPA
Kypc: 1
kBaTuuKkanus: MarucTp

Cemectp, (hopMBI IPOMEKYTOUHOH aTrTecTanuu: 2 (BECEHHUN) - DK3aMeH

PaszpatGoTunk: O.B. Tepsies, n-p ¢pus.-mar. Hayk



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-1 Bnaneer cuctemoli pyHIaMeHTATBLHBIX
Hay4YHBIX 3HAHUH B 00acTu
(hu3HMKO-MaTEeMaTHIECKUX HAyK

OIIK-1.3 [NoHnMaeT MeXIUCIUTLTMHAPHBIC CBSI3U B OOJIACTH
MaTeMaTuKl M (U3UKH M CHOCOOCH MX MPHUMEHATH IPH
peleHny 3a1a4 MpoecCuoHaNbHON e TeIbHOCTH

OIIK-2 Nmeer nipeacrapieHre 00 aKTyalbHBIX
npoOiieMax HayKd M TEXHUKU B 00JIaCTH CBOCH
poheCCUOHATBHOH JIeSTENLHOCTH, CIIOCOOCH
Ha HAayYHOM S3bIKE (hOPMYIHPOBATH
npodecCUOHANBHEIC 3aJIauu

OIIK-2.1 NUmeeT npeacTaBIeHUE O COBPEMEHHOM COCTOSTHUHU
WCCIICZIOBAaHUI B paMKax TeMaTW4YecKoil obmactu cBoei
npodecCuoHaTbHON e TEIHHOCTH

OIIK-2.2 Crniocoben OIICHUBATh aKTyaJlbHOCTh
UCCIICIOBAaHUM B obnmactu cBoed mnpodeccrnoHambHON
JESITEIbHOCTU U UX IIPAKTUYECKYIO 3HAYUMOCTb

OIIK-4 CriocoOeH ycIenHo peann30BbIBaTh
peleHne MoCTaBIeHHOH 3a/1a4M, IPOBECTH
aHaJM3 pe3yJbTara M MPeACTaBUTh BHIBOIbI,
MPUMEHSs 3HAHNS U HaBBIKU B 00JIaCTH
(U3MKO-MaTeMaTHYECKUX HAYK U
UH()OPMAMOHHO-KOMMYHHKAIIHOHHBIX
TEXHOJIOTUI

OIIK-4.2 CrnocobeH mNpuMeHATh 3HaHUS B o0jacTu
(bHU3MKO-MaTEMaTHYECKUX HAyK JUIS PeIIeHUs IOCTaBICHHOM
3agaud, GOPMYIUPOBAHUS BHIBOAOB U OLIEHKU MOJTYYEHHBIX
pe3yabTaToB

[TK-1 Criocoben crtaBuTh, (hOpMaN30BBIBATH U
pemars 3aa4u, B TOM YUCIIe pa3padaThIBaTh U
MCCIIE/I0BaTh MaTeMaTHYECKUE MOJICIIN
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO
aHAJIN3UPOBATh HAyYHBIE MPOOJIEMBI, TIOJTy4aTh
HOBBIC HAYYHBIC PE3yJIbTaThI

IIK-1.2 CnocobeH  BbyIBHTaTh  THIIOTE3BI, CTPOUTH
MaTeMaTH4ecKue MOAEIH ISl ONUCAHUA H3y4aeMBIX
SIBIICHUI W TPOLIECCOB, OIICHUBATh KAueCTBO pa3paboTaHHON
MOJENN

[IK-1.3 CrnocobeH mnpuUMEHATh TeopeTHyeckue u (Win)
SKCIIEPUMEHTAIbHBIE METOJIbI UCCIEAOBAHUN K KOHKPETHOMN
HAay4HOM 3ajade W HHTEPIPETUPOBATH  IOJyuYCHHBIE
pe3yabTaThl

2. Iloka3aTe/in OLlEHUBAHUA KOMITETEeHIU

B pesynbrare n3ydeHus AUCIUTUIMHBI «KBaHTOBasI XpOMOJIMHAMHKAY» 00YyYaIONIUICS JOIDKEH:

3HATb:

MOACIb MCIIKOB,

oo ooooooo

yMeThb:

JarpaHkuaH KBaHTOBOM XPOMOJMHAMUKH;

0COOCHHOCTH KBAaHTOBAaHHS KAINOPOBOYHBIX TEOPHIA;

npaswia GeliHMaHa I KBAHTOBOU XPOMOJUHAMHUKY;

MEPEHOPMHUPOBKY B KBAHTOBOH XPOMOIMHAMHUKE;

YPaBHEHUs pEHOPMATIM3aLMOHHOMN TPYTIIIBI;

OIIpe/ICTICHUE U CBOICTBAa MHBAPHUAHTHOTO 3apsijia KBAHTOBOW XPOMOIMHAMUKH;
aCHMITOTHYECKYIO CBOOOY B KBAHTOBOM XPOMOJHHAMHUKE;

MapTOHHYIO MOJIEIIb, TAPTOHHBIC (PYHKIMU pacrpenencHus 1 QyHKIuH GparMeHTalum;
0COOCHHOCTH OMHCAHUS TMPOIIECCOB CHIIBHOTO B3aMMOJICHCTBHS BO BpEMEHHITOI00HOM 00J1acTH;
OIIEPaTOPHOE PA3IOKECHUE U BAKYYMHBIC KOHICHCATBI;

0COOCHHOCTH OIHMCAHUS ME30HOB U OAPHOHOB B PaMKaxX MOTCHIIMAIHLHOTO MOAX0/a;

ypaBHEHHsI CaMOyaIbHOCTH, OJHOMHCTAHTOHHOE PEILIEHUE U €r0 CBOMCTRA.

[l 3¢¢hexTHBHO MPUMEHSTH BBILIEYyKa3aHHBIC 3HAHUS HA MPAKTHUKE JUIS pelIeHns QyHIaMEHTAJIbHBIX U
MPUKJIAAHBIX HAYYHBIX 33/1a4 B 00JIACTH COBPEMEHHON TEOPETHUECKON (PM3UKU DIIEMEHTAPHBIX YacTULL.

BJaJeTh:




TEXHUKOW BBIUUCIIEHUS] OCHOBHBIX XapaKTEPUCTUK IIPOLECCOB CHIIBHOIO B3aUMOJEHCTBHUS;
OCHOBHBIMH METOJAMH PETYIISIPU3ALNHI UMITYIbCHBIX HHTEIPAJIOB;

OCHOBHBIMHU CXEMaMU BBIYMTAHUS PACXOAUMOCTEH;

METOJOM PEHOPMAJIN3ALMOHHON IPyIIIbl B KBAHTOBOM XPOMOJINHAMUKE;

METO/I0M JUCIIEPCUOHHBIX COOTHOIIEHU;

METOJIOM ITPaBWJI CyMM B KBAHTOBOM XPOMOJIWHAMUKE;

TEXHUKOW ONMCAHUs ME30HOB B PaMKax IOTEHLUAIBHOTO [I0JX0Aa;

TEXHUKON ONMHMCAHMS aJpOHOB B paMKaX MOJIEIH MEIIKOB;

TEXHHUKOM ONUCAHUS TONOJOTMYECKH HETPHUBHAIBHBIX MOJIEBBIX KOHPHUTYPALIUiA.
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3. IlepeyeHb THNOBBIX (IPHMEPHBIX) BOIPOCOB, 3aJaHUI, TeM JJIsl IOATOTOBKH K TEeKyllleMy KOHTPOJIIO
He npenycmorpeno.

4. [lepeyens TUNOBBIX (MPUMEPHBIX) BOIMPOCOB U TeM [IJIsl IPOBeAeHUsI IPOMEKYTOUHOI aTTecTalluu
o0yuarouuxcst

IlepeueHp KOHTPOIBHBIX BOIPOCOB JJIS CAA4YM dK3ameHa Bo 10-oM ceMectpe:

. JlarpaH>kMaH KBaHTOBOM XpOMOJUHAMUKH.

. OcoOEHHOCTH KBaHTOBaHUS KAJIMOPOBOYHBIX TEOPUH.

. IlpaBuna ®@eliHMaHa 111 KBAHTOBOW XPOMOANHAMUKH.

. MeToasl perynspu3ay AMITYJIbCHBIX HHTETPAJIOB.

. CXeMbl BBIYUTAHUS PACXOAUMOCTEH.

. YpaBHEHUs peHOPMaJIM3aMOHHON TpyNIbl B (PYyHKIMOHAIBHOHN 1 AuddepeHumnaab-Hoi Gopme.
. IHBapuaHTHBIN 3apsii KBAHTOBOM XPOMOJINHAMUKH.
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. PenopmrpynmoBas Oeta-hyHKIMS KBAaHTOBOI XpOMOAWHAMHKY B paMKaxX TEOPHH BO3MYIICHUH.
9. beryias KOHCTaHTa CBA3M CHJIBHOTO B3aUMOJICHCTBUS HA OJHOIIETIIEBOM YPOBHE.

10. MacmtabHblil mapaMeTp KBAaHTOBOH XPOMOAMHAMUKH.

11. lHBapuaHTHBIN 3apsig KBAHTOBOH XPOMOAWHAMHKY B BBICIINX METIEBBIX MPUOIMKCHUAX.

12. H3pnedeHne Oerymieil KOHCTAHTHI CBS3M KBAaHTOBOW XPOMOAWHAMHKH W3 SKCIIEPUMEHTAIBHBIX
MaHHBIX.

13. KunemMaTHKa nmpoIieccoB JENTOH-aAPOHHOTO PACCESTHHUSL.

14. Tmy6okoHeynpyroe paccesHue JENTOHOB Ha HyKJIOHAX.

15. CrpykrypHbIe QYHKINHN, ObEPKEHOBCKHI CKEHIINHT.

16. TuddepennuansHoe ceueHNE IITyOOKOHEYTPYTOTO IEKTPOH-TPOTOHHOTO PACCESIHHUS.

17. Tapronnslie GyHKIMM pactpeneneHus u GyHKIUN GparMeHTaIIH.

18. KunemaTuka v cedeHue rnpoiiecca 31eKTPOH-TO3UTPOHHON aHHUTHIIALUY B aJPOHBI.

19. OcobeHHOCTH OMUCAHUS MTPOIECCOB CHIILHOTO B3aUMOJICHCTBUSI BO BPEMEHUITOJOOHON 00JIaCTH.
20. lucnepcuOHHOE COOTHOLICHUE [UIsl a[pOHHON (QYHKIMH HOJISIPU3ALIUH BaKyyMa.

21. JlucniepcronHoe cooTHOIIEHUE Ui GyHKIMU Anjepa.

22. Boruncnenue R-oTHOIIEHNS 3IEKTPOH-TTI03UTPOHHON aHHUTUIISIIIAY B aJIPOHBI.

23. Cneun¢uka omucaHus WHKIIO3UBHOTO pachaja Tay-JIeNToHa B aJpoHbl B paMKaxX TEOpUH
BO3MYILCHUMN.

24. Onucanue aIpOHHOTO BKJIa/1a B aHOMAaJIbHBI MarHUTHEIA MOMEHT MIOOHA.

25. BeluMClicHHE aJPOHHOTO BKJIaJa B CIABHI MOCTOSHHOW TOHKOW CTPYKTYphl Ha MacmTade MacChl
Z-0030Ha.

26. [IpaBmiia cyMM B KBAHTOBOM XpOMOJIMHAMUKE.

27. OneparopHoe pa3ioKeHUE U BaKyyMHbIEe KOHIeHCaThl. KBapKk-aapoHHas 1yabHOCTb.
28. KBapk-aHTHKBapKOBBIH IMOTEHIIMA B IPUOIMKEHUH OJTHOTITFOOHHOTO OOMEHA.

29. MeToapl peryasipu3aiiu CUHTYISpHBIX Dypbe-ipeodpa3zoBaHuii.

30. Mozenb MEILIKOB, TPaHUYHBIE YCJIOBUS JUIsl KBAPKOBBIX U [NIIOOHHBIX IIOJIEH.

31. YpaBuenus camonyanbHocTu. Manexc [lonTpsruna.

32. UHcTanToHBI B Teopuu SHra-Musica u ux gu3nueckas HHTEPIPETAIIHS.

[TpumMepbl 3K3aMEHAIIMOHHBIX OUJIETOB:
buner 1.



1. JlarpamXuiaH KBaHTOBOI XPOMOJIMHAMUKH.

2.ITapronnbie QyHKIMH pacnpeneneHus u GyHKIUN GparMeHTaIUH.

buner 2.

1.0co0eHHOCTH KBAaHTOBAHHUS KATHOPOBOYHBIX TCOPHI.

2.KuHemaTHKa 1 ceueHHe Mpolecca MEKTPOH-TIO3UTPOHHON aHHUTHIISIIMN B aJPOHBI.

buner 3.

1.ITpaBuna delinMaHa A1 KBAHTOBOM XPOMOJUHAMUKHY.

2.0co0eHHOCTH OMTUCAHUS TIPOIIECCOB CHIILHOTO B3aUMOJICHCTBHUSI BO BPEMEHUTIOA00HOH 00NacTy.
buner 4.

1.CxeMbl BBIYUTaHUS PACXOTUMOCTEH.

2.JlucniepCHOHHOE COOTHOLICHHUE IS aJpOHHON (DYHKIMHU TOJIIPU3ALH BaKyyMa.

buner 5.

1.YpaBHeHUs1 peHOPMAITU3AIMOHHON TPYIIIBI B QYHKIIMOHATHLHON U quddepeHansHol hopme.
2. JlucriepcoHHOE COOTHOIIEHHE T (PYHKIIUU AJijiepa.

Kpurepun onennBanus
Onenka "ommunao" (10 OGaiios) BBICTABIISIETCSI  CTYJCHTY, IIOKa3aBIIEMYy BCECTOPOHHHE,
CHUCTEMaTU3UpPOBaHHbIC, [IyOOKHE 3HAaHUS Y4YEOHOW NPOrpaMMbl TUCLMIUIMHBI, MPOSBISIOMIEMY
MHTEpeC K JaHHOW MPEeAMETHOH 001acTH, MPOJEeMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPYECKU
MPUMEHSATh UX Ha MPAKTHKE NP PELICHUH KOHKPETHBIX 3aa4, CBOOOJHOE U PaBUIbHOE 0OOCHOBaHHE
HPUHATHIX PELICHAMN.
Onenka "ortnmuuno" (9 0amioB) BBICTAaBIISIETCSI  CTY[AEHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHUCTEMaTH3UpPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW HpOrpaMMbl JUCUUIUIMHBI U YMEHUE YBEPEHHO
MPUMEHATh X Ha NPAaKTHKE MPU PeIlIeHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U NMPaBUIbHOE 000CHOBAHUE
MPUHATHIX PELICHUH.
Onenka "ormmmuno" (8 0amioB) BBICTABJISIETCSl  CTYIEHTY, IIOKa3aBIIEMy BCECTOPOHHMUE,
CHCTeMaTH3UPOBaHHbIE, ITyOOKHE 3HAHUS y4eOHON IMPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
MPUMEHATh UX HAa MPAKTUKE MPU PELICHUH KOHKPETHBIX 3ajlad, NPaBUIIBHOE 00OCHOBAHME MPUHATBHIX
pELIEHN, ¢ HEKOTOPBIMHU HENOYETAMU.
Onenka "xopomo" (7 0aiioB) BBICTABIAETCS CTYIEHTY, €CIIM OH TBEPAO 3HAET MarepHall, IPaMOTHO U
[0 CYIIECTBY M3JIaraeT €ro, yMeeT NPHUMEHSTH MOJy4YCHHBIC 3HAHHWSA Ha MPAKTUKE, HO HEJOCTaTOYHO
rpaMOTHO 00OCHOBBIBAET MOITYUYCHHBIEC PE3YIJIBTATHI.
Onenka "xopomro" (6 6anoB) BBICTABIAETCS CTYIEHTY, €CIIM OH TBEPAO 3HAET MarepHall, TpaMOTHO U
[0 CYLIECTBY M3JaracT €ro, yMeeT NMPUMEHATh MOJYYCHHbIC 3HAHMS HAa NPAKTHUKE, HO JOIYCKaeT B
OTBETE WJIH B PEIICHUH 337124 HEKOTOPbIE HETOYHOCTH.
Onenka "xopomo" (5 0ayuioB) BBICTAaBISETCS CTYACHTY, €CIIM OH B OCHOBHOM 3HAET MaTepuall,
IPaMOTHO ¥ IO CYIIECTBY M3JIaraeT €ro, yMeeT NPHMEHTh IOJyYeHHbIE 3HAHMS Ha IPAKTHKE, HO
JIOITyCKAeT B OTBETE WIM B PELICHUH 3a7a4 JOCTATOYHO OOJIBbILIOE KOJTUYECTBO HETOUHOCTEH.
Onenka "ynoBneTBopUTenbHO" (4 Oama) BBICTABISETCS CTYACHTY, IOKa3zaBlIeMy (parMEHTapHBIH,
pa3pO3HEHHBII XapakTep 3HAHUM, HEJIOCTATOYHO IpaBHUJIbHBIE (OPMYIUPOBKH 0a30BBIX MOHITHH,
HapyIIEHUs JIOTHYECKOW MOCTIeIOBATEIILHOCTH B M3JIOKEHUH IPOTPAMMHOTO Marepuaia, HO MPHU 3TOM
OH OCBOMJI OCHOBHBIE pa3ieibl y4eOHOM MmporpaMmsbl, HEOOXOAUMBIE JUIS JalbHEHIIero oO0y4deHus, u
MOYKET MIPUMEHSTH MOJTy4YeHHbIE 3HAaHUA 110 00pa3ily B CTAHJAPTHON CUTYyallnH.
Onenka "ynosierBoputenbHo" (3 Oayia) BBICTABISIETCS CTYACHTY, MOKa3aBIIeMy (parMEHTapHBIH,
pa3po3HEHHBIH XapakTep 3HaHWM, JOmycKaronlemy OmHOKH B (POpMyIrpoBKax 0a30BBIX MOHATHUH,
HapyIIEHUs] JIOTUYECKOH TI0CIEe0BAaTeIbHOCTH B H3JIOKEHHHM IPOrPaMMHOrO Marepuaia, ciaalo
BJIaJIeET OCHOBHBIMHU pa3JesiaMH y4eOHO! MporpaMmbl, HEOOXOANMBIMHE JUIS JaJIbHEHIIEro o0y4eHus U
C TPYZIOM IIPUMEHSET [TOJyYCHHbIE 3HAHUS AaKe B CTAHAAPTHOW CUTYalHH.
Onenka "HeymoBneTBopuTenbHO" (2 0Oajuia) BBICTABISIETCA CTYACHTY, KOTOPBIA HE 3HAeT OoJbLIei
YaCcTH OCHOBHOTO COJEPXKaHMS Y4e€OHOM HporpaMmbl TUCHUIUIMHBI, JOMYyCKaeT rpyOble OMMOKH B
(hopMyIIMpOBKaxX OCHOBHBIX NPHUHIMUIIOB H HE YMEET HCIIOJIb30BaTh MOMyUYeHHBIC 3HAHUS MIPH PELICHUU
THUIIOBBIX 33/a4.
Omnenka "HeynosierBoputenbHO" (1 0aymr) BbICTaBISETCS CTYJACHTY, KOTOPBIA HE 3HAET OCHOBHOTO
cozep)kaHusl y4eOHOH MporpaMMbl IUCLUILIUHBI, JOIycKaeT rpyOeiimne ommOKd B (HOPMYTUPOBKAX
0a30BBIX MOHATUH JUCLUIUIMHBI U BOOOIIE HE HMMEET HABBIKOB DPEIICHUS THIIOBBIX MPAKTUYECKHX
3ajay.



5. MeTtonu4eckne MaTepuabl, onpeneasone Npouexypbl OeHUBAHUA 3HAHUI, YMeHH I, HABBIKOB H
(W) onbITA AESATEJILHOCTH

[Tpu npoBeneHUH OIICHWBAHUS 3HAHWI OOy4aromeMycs MPEAOCTABISETCS BPEeMs Ha MOATOTOBKY Ha
ycMOTpeHue 3k3ameHaropa. Ompoc oOydaromerocst mo OWieTy Ha YCTHOM S5K3aMEHE HE JOJDKEeH
MPEBBIIIATH OJHOTO aCTPOHOMHUYECKOro yaca. OIeHWBaHHE 3HAHUU MPOU3BOAMUTCS B COOTBETCTBHU C
BBILIIEYKAa3aHHBIMH KPUTEPUSMH B COOTBETCTBUH C COEPKAHUEM AUCIUITIHHBL.



