degepaibHOE TOCYIAPCTBEHHOE ABTOHOMHOE 00pa3oBaTe/ibHOe
y4peKIeHne BhICIIEro 00pa3oBaHus
«MOCKOBCKHI (PU3HKO-TEXHUYECKHUH HHCTHTYT
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N0 TUCHMILJIMHE: Bgenenue B TeopHio ycKkopurenen
110 HANIPABJICHUIO: SnepHble pU3MKA U TEXHOJIOTHH
npopuJib NOArOTOBKHU: Snepuas puzuka, YTC 1 KOMITBIOTEpHBIE METOJIBI B (PU3UKE

OdusTex-mkona QUMK U ucciaeqoBannil uM. Jlanaay
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Kypc: 1
KBAJM(PUKAIMA: MarucTp
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AynutopHbIX yacoB: 60 Bcero, B TOM YHCIIE:
nexuuu: 30 gac.
cemuHapsl: 30 gac.
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CamocrositenpHas pabora: 45 gac.
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AHHOTANMA

VYckoputenu SBISIOTCS OCHOBHBIM MHCTPYMEHTOM (DHM3MKH 3JIeMEHTapHbIX dacThl. OT SHEpruu MydKoB, UX
(hOKYCHUPOBKH, TOKA ITy4Ka 3aBUCUT MHTEHCUBHOCTH B3aUMOACHUCTBUS YaCTUI] U YACTOTA IOJIE3HBIX COOBITHIA.
Pa3znuuHble THUIIBI YCKOpPUTENEH MO3BOJIAIOT pelllaTh pa3HbIE 3aJadd, OT IIOJIyYEHHUs] CBEPXBBICOKUX HEPruil
CTOJIKHOBEHHS 10 MOMCKA PENKHUX MPOLIECCOB B BHICOKOMHTEHCUBHBIX ITyUKax M PEIICHUS NMPUKIAAHBIX 3a1ad.
JlaHHBII Kypc SBISIETCS BBEIGHHEM B TEOPHIO YCKOPUTEIEH U 3HAKOMUT C OCHOBHBIMHU MOHATHAMHU (QU3UKH U
TEXHUKH yCKOpUTeNeil B 00beMe, JOCTaTOUHOM 1151 (PU3UKOB-3KCIIEPUMEHTATOPOB.

1. leau u 3apauun

esab AMCUUIIHHBI
- 00y4eHHe OCHOBHBIM ITPENICTABICHUAM O (DU3HKE YCKOPUTENCH 3apsKSHHBIX YACTHII.

3agaum AUCUMIIHHBI
(hopMHUpOBaHUE NPEACTABICHUHN O (PU3NIECKIX OCHOBBI METOIOB YCKOPECHUS 3apsDKEHHBIX YacTHUIL;
noiy4yeHue 0a30BbIX 3HAHUH 00 YCKOPUTEIBHON TEXHHKE;

(hopMHUpOBaHKE HABBIKOB pacyeTa OCHOBHBIX IApaMETPOB YCKOPHUTEJICH Pa3IMYHBIX THUIIOB, a TAKKE
[IPOEKTUPOBAHMS U pacueTa paAualliOHHON 3alUThI.

2. llepedyens popmMupyemMbIX KOMIETeHUMH

OcBoeHue TUCIUILTUHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONINX KOMITETEHITHIA:

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

YK-1.3 PaspabarsiBaeT CTpaTeruio JIOCTH)KEHUS
MOCTABJICHHOM 1€ Kak IOCJICAOBATEeIbHOCTh IIaroB,
HOpeABUIS PE3yabTaT KaKAO0TO0 M3 HUX M OLEHMBAs HX

YK-1 CriocoGeH ocymecTBIsATh KpUTHUECKUN
aHaJn3 NpOoOJIEeMHBIX CUTyalluii HA OCHOBE

CUCTCMHOTO ITogxo04a, BBIpa6aTI>IBaTb BIIMAHHUC Ha BHCIIHECC OKPYKCHUC HHaHpreMOﬁ
CTPAaTCruro ,Z[eﬁCTBHﬁ ACATCIIBHOCTU W Ha B3aMMOOTHOLICHHSA YYAaCTHHUKOB ITOU
JACATCIIBHOCTHU

OIIK-1 Cnocoben (hopMynupoBarh eI U
3aj1a4M MCCIICA0BAHNUS, BEIOUPATh KPUTCPUH
OLICHKH, BBISIBIISITH IPHOPUTETHI PELICHHS 3a/1a4

OIIK-1.1 UmeeT npeacTaBieHne 0 COBPEMEHHOM COCTOSTHUU
WCCIICAOBAaHUM B pPaMKax TeMaTW4YecKoil obmactu cBoei
npodeccuoHaIbHON 1S TeTbHOCTH

OIIK-2.2 Cnocoben 0000mare ¥ KPUTHYECKH OLIEHUBATH
ONBIT M PE3yJIbTaThl HAayYHBIX MCCIEJOBaHUA B 00JacTH

OIIK-2 CriocoOeH npuMEeHSTh COBPEMEHHEIE npo(eCCHOHANBHON NEATEILHOCTH

METO/IbI MICCIIC/IOBAHNUS, OLICHUBATH U
MPE/ICTABISATh PE3YJIbTaThl BBITOJTHEHHOMN
paboThI

OIIK-2.3 CnocobeH apryMEHTHPOBaHO BBIOMpATh CIOCO0
MPOBEICHUS] HAYYHOTO MCCIICIOBAHMS, IPUMEHSITH 3HAHUS B
obyacti MPOo(eCCUOHANBHON JEATENFHOCTH JJISl PEIICHUS
MOCTABIICHHON 3amaud, (OopMyTUpOBaHUS BBIBOAOB U
OLICHKU IOJTYYCHHBIX PE3yJIbTaTOB

[MK-1 CriocobeH K cO31aHuI0 TEOPETHIECKUX U
MaTeMaTH4ecKuX Mojieliell B 001acTu siAepHOI
(DU3KKH U TEXHOJIOTUH

[IK-1.3 Bnageer HaBbiKamMH pPabOTBI C COBPEMEHHBIMH
PacyeTHBIMH [IPOTPAMMHBIMHU CPEICTBAMU

[TK-2 T'0TOB NpUMEHSITH METO/IbI UCCIICTOBAHNUS
U pacyeTa MpoIeCCOB, MPOUCXOIAIIUX B
COBPEMEHHBIX (DHM3MYECKUX YCTAaHOBKAaX U
yCTpo#cTBaxX B 00IaCTH sIepHOM PU3HKH 1
TEXHOJIOTHH

[IK-2.2 Ymeer paccuuThIBaTh M MPOBOJUTH HCCIEIOBAHHS
MPOLIECCOB, MPOTEKAIOIMX B COBPEMEHHBIX (PHU3NYECKUX
YCTaHOBKaX M YCTPOMCTBaxX B 00JacTu siiepHON (pU3MKH U
TEXHOJIOTUHI

I1K-3 CnocobOeH 00bEKTUBHO OLIEHUTH
npearaeMoe pelieHrue WK MPOEKT 110
OTHOIICHHIO K COBPEMECHHOMY MHUPOBOMY
YPOBHIO, TOJITOTOBUTH IKCIIEPTHOE 3AKIIFOUCHHE

[IK-3.1 3Haer coBpeMEHHBII YpOBEHb Pa3BUTHSI HayKH W
TEXHOJIOTUH, MpodecCHOHANbHBIE TMPOOJIeMbl B  CBOEH
MpEeaMETHOM obnacTu

3. IlepeyeHb NIAHMPYEMBIX Pe3y/IbTATOB 00yUeHHUsI 0 JUCHMILINHE (MOLYJII0)
B pesynbrare 0cBOEHUS AUCLUIIMHBI 00y4aIOIINeCs JOIKHbI

3HATb.




OCHOBHBIE XapaKTEPUCTUKHN YCKOPUTENEH 1 ITyYKOB 3apsKEHHBIX YacTHIL,
OCHOBHBIE METO/Ibl YCKOPEHUS;
MIPUHIIUIIBI COXPAHEHUS YaCTHIL B ITyYKE B MPOLIECCE YCKOPEHUS;
OIMCaHHUe MyyKa B ()a30BOM IIPOCTPAHCTBE;
METOJ] BCTPEYHBIX ITYUYKOB;
METO/Ibl OXJIAKACHHUS IIyYKOB.
YMETb:
3¢ ($eKTUBHO MPUMEHSTH BbIIICyKa3aHHbIC 3HAHWS HAa MPAKTHKE JUIS pelieHus] PyHAaMEeHTaIbHBIX U
NPUKIAJHBIX HAyYHBIX 337a4 B 00JAaCTH COBPEMEHHOM IKCIIEPUMEHTANbHONW (U3MKH 3JI€MEHTapHBIX
YaCTHII.
BIIAJIETh:
TEXHUKOHN pacyeTa dKCIIEPUMEHTOB C BHYTPEHHEH MUILIEHBIO;
TEXHUKOH pacuera paauauOHHOM 3alUThl YCKOPHUTEII.

4. Conep:xanne TMCUMILIMHBI (MOAYJIs1), CTPYKTYPHMPOBaHHOE 1O TeMaM (pa3jesiaM) ¢ yKazaHueM
OTBEJEeHHOI'0 HA HUX KOJIMYeCTBA aKaJeMHYeCKUX YacOB H BH/I0B YUeOHbIX 3aHATHH

4.1. Paznenbl nuctMIiInHbl (MOYJIS) M TPYAOEMKOCTH IO BUAAM yUEOHBIX 3aHATHH

TpynoeMKoCTh MO BUJaM YUeOHBIX 3aHATHI, BKIIIOYAs
CaMOCTOATENIbHYIO padoTy, Jac.
No Tema (pazmen) TUCITUTUTHHEL
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI Camoct.
pabora
1 Beenenue. 2 2 3
) Yckopurenu IPSIMOTO JEUCTBUSL. ) ’ 3
YckopuTenu co BCTPEUHBIMU ITyYKaMH.
3 Huknnueckue yckopurenu. Ilonepeunas ) 5 3
YCTOHYMBOCTH U (POKYCHUPOBKA.
4 WNunyxmmonHoe yckopenue. berarpoH. 2 2 3
5 BY - yckopenme. ABTOdaszupoBka B ) ’ 3
LUUKIMYECKUX YCKOPHUTEISIX.
6 Bosmymienust U 10MycKu B UUKIMYECKUX ) 5 3
YCKOPUTEJISX.
Mertonel OXJIAXKICHUS IIy4YKOB
7 3apSDKEHHBIX YacTUL B LUKIMYECKUX 2 2 3
yckopurensix. HoBele MeTObI yCKOpEHUs!.
3 IIpocTpaHcTBEHHBII } 3apsn U ) 5 3
KOT€pEHTHbIE HEYCTOWYMBOCTH.
9 Turnel IUKIMIECKAX  PE3OHAHCHEIX ) ) 3
YCKOpHTEIEH.
10 |JIuHeWHBIE pe30HAHCHBIE YCKOPUTEIH. 2 2 3
1 JuHamMuka  yacTuln, B JIMHEWHBIX 2 > 3
PE30HAHCHBIX YCKOPUTEIIAX.
12 9(1)(1)(31@1,1 MPOCTPAHCTBEHHOTO 3apsjia B ) ’ 3
JIMHEHHBIX YCKOPUTEIISX.
13 KOHCprKLu/E;{ U TapameTphl JHHEHHBIX ) 5 3
YCKOpUTEIIEH.
14 |HMcToyHuKY 3apsKEHHBIX YaCTHII. 2 2 3
15 |PagmamumonHas 3ammuTa yCKOpUTENEi. 2 2 3
Hroro wacos 30 30 45
[TonroToBka k 3K3aMeHy 30 gac.
OO01mas TpynoEMKOCTh 135 yac., 3 3au.en.




4.2. CopaepxaHue IUCHUILTUHBI (MOYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (pasjieiiam)
Cemectp: 1 (Ocennwii)
1. Beenenue.

XpOHOJIOTHS Pa3BUTHS yCKOPUTEIbHOU (DM3WKW M TEXHUKU. YCKOPUTEIHM B COBPEMEHHOW HayKe U
MPOMBIIIJIEHHOCTH.  YCKOPEHHE B  UIEKTPOCTATHUYECKUX, BHUXPEBBIX W  BBICOKOYACTOTHBIX
AMEKTPUUECKUX MosiX. [IpHHIMNHanbHEIe cXxeMbl yckopuTeneid. CBetumocTh yckopurens. Obmactu
UCIOJNBb30BaHUSl  ycKopuTenedl B (yHIAMEHTanbHOW  HayKe W Pa3IMUHBIX  OTPAcisix
AKU3HENEATEIIbHOCTH YEJIOBEKA.

2. Yckoputenu npsiMoro AeHCTBUS. YCKOPUTENN CO BCTPEUHBIMU ITyYKaMHU.

VYekopurenu — TpaHchopMaropHoro  Ttuma. KackagHble  yCKOPHTENH.  DJIEKTPOCTaTHUECKHUE
YCKOpPHUTEINH.

Meton BcTpeuHblx myuykoB. HaxoruieHme nerkux 4yactun. HakoruleHHWe TSOKENbIX YacTHIIL.
YckopHuTenbHO-HAKONUTENbHbIE KOMIUIEKCH. JInHelHble Komaiaepbl. CUIbHOTOYHBIE AJIEKTPOHHBIE
U WOHHBIE IyYKH. VIMITyJIbCHBIE HCTOYHUKH MOIIHOCTH. CHIIBHOTOYHBIE AUOABL. TpaHCIIOPTUPOBKA
CHJIbHOTOYHBIX IIyYKOB.

3. luxnuueckue yckopurend. [lonepednas ycToMuMBOCTh U JOKYCHPOBKA.

[Tonepeunast yctoiunBoCTh U (hoKycHpoBKa. (DOKyCHpOBKAa HEOIHOPOIHBIM MAarHUTHBIM IIOJIEM.
Kputepuii ycroitumBoctn u OeTaTpoHHBIE KojeOaHUS B mepuoamyeckux cucremax. [Ipocreiimne
anmeMeHTsl (hokycupyromei cucrembl. OnucaHue cUCTeMbl 4acTHIl B ()a30BOM IPOCTPAHCTBE,
teopema JlnyBuis, uaBapuanT Kypanta-CHalifiepa, SMUTTaHC ITydKa.

4. H1yKIMoOHHOE yCKOpeHue. beraTpoH.

Unpykunonnoe yckopenue. berarpon. Jlunelineid OeTarpoH (JMHEWHBIH HMHIYKIMOHHBIN
YCKOPHTEIb).

5. BY - yckopenue. ABTo(a3zupoBKa B IIUKINIECKUX YCKOPUTEIISX.

ABTO(da3upoBKa B IUKINYECKHX YCKOPHUTENSAX: paBHOBECHAs 4acTHIA, NPUHIMI aBTO(A3HPOBKH,
(azoBble Konebanus, 3pPeKTrBHAS Macca U KpUTHUECKasl YHEPTHUSL.

6. BOBMYH_ICHI/IH " JOITYCKH B HUKIIMYCCKUX YCKOPHUTCIIAX.

Pe3onanchl 6eTaTpoHHBIX KOJIeOaHUH, TapaMeTPUUYECKUI PE30HAHC, PE30HAHCHI CBA3H, HEJIMHEHWHBIC
pe3oHaHchl. CHHXPOTPOHHBIE KOJIEOAHUs TPH HAJTMYUH BO3MYILICHUH.

7. MeTtoapl OXJIaXACHHS ITyYKOB 3apSKEHHBIX YaCTUIl B IUKINYECKUX yCKOpHUTENsax. HoBble MeTObI
YCKOPEHHUSL.

Pa,I[I/IaI_H/IOHHOC, QJICKTPOHHOC, NOHU3AITMOHHOC (MIOOHHOG) 1 CTOXaCTHYCCKOC OXJIAXIACHUC.

YckopeHue 3IeKTpOHHBIX Kojiel. JlazepHble M IuIa3MeHHBbIE MeToAbl yckopeHus. CHHXPOTPOHHOE
n3inydeHue. Jlazeprl Ha CBOOOIHBIX ANMEKTPOHAX.

8. IIpocTpaHCTBEHHBIN 3apsi] U KOTEPEHTHBIE HEYCTOMINBOCTH.

Crarnueckue 3(¢GeKTbl MPOCTPAHCTBEHHOTO 3apsiia; HEKOTEPEHTHBIN CABUT 4aCTOThI OCTATPOHHBIX
koneOanuii (popmyna Jlacnerra). KorepentHeie koneOaHusi mydka. MHKpEMEHTBI KOTE€PEHTHBIX
HeycToHunBocTel. Mmmenanc nunuaapuyeckod kamepbl. Kpurepmit Kaiina-lInemns). 3aryxanue
Jlannay m gpyrue xuHerndeckue 3¢dexrsl. HeycToiunBoCcTH B ETIOYKE MaIbIX CIYCTKOB. Jpyrue
BUJIbI KOTEPEHTHBIX HEYCTOMYHUBOCTEN.



9. TUMBI MUKITUYECKUX PE30HAHCHBIX YCKOPUTEIEH.

Tunbl IUKINYECKUX PE30HAHCHBIX Yyckopurenei. OmnucaHue M KOHCTPyKLUMsA. MarHutel U uX
MUTaHUE. YCKOPSIONME CUCTEMBI. LIMKIMYECKUE YCKOPUTENN C MOCTOSHHBIM MAarHUTHBIM IIOJIEM
(IMKIIOTPOH, CHHXPOLMKIOTPOH, MUKPOTPOH). LIMKINYecKuil yCKOpUTENh ¢ TIOCTOSTHHOW OpOHUTOM —
CHUHXPOTPOH.

10. JInHeliHbIe pe30HAaHCHBIE YCKOPUTEIH.

OCHOBHBIE XapaKTEPUCTUKU ycKopstomux cucreM. OcoOEHHOCTH CHCTEM CO CTOSYEH BOJHOM.
HuadparmupoBanHblii BOHOBOA. Pe3onartop ¢ TpyOkamu npeiida.

11. luHaMuKa YacTHILl B JIMHEHHBIX PE30HAHCHBIX YCKOPUTEIISAX.

[IpononsHOEe  nBWXeHHME B mone BouHbL [IpenrpynnupoBka uactun. DOKycCHpOBKa 4YacTHL B
JIMHENHBIX PE30HAHCHBIX YCKOPHUTEIAX.

12. D¢ dexTs TPOCTPaHCTBEHHOTO 3apsi/ia B IMHEHHBIX YCKOPUTEISIX.

IIpononpHOE OBHMXKEHHE B CAMOCOINIACOBAaHHOM IToJyie. Harpys3ka TOKOM M ONTHMHU3ALMs TapaMETPOB
ycKopurens. BiausiHue KylloHOBCKOTO IIOJSL.

13. KoHCTpyKIMs U TapaMeTphl IMHEHHBIX YCKOPUTETEH.

JIvuHeliHbIE  pPE30HAHCHBIE  YCKOPUTENM  JJEKTPOHOB.  JIMHEHHBIE  yCKOPUTEIM  HOHOB.
CBepXIpoBOsILIME IMHEHHbBIE YCKOPUTEIH.

14. ICTOYHHKM 3apsHKEHHBIX YaCTHULI.

OnexkTpoHHble MyIIKU. FIOHHBIE HICTOUHMKU HA OCHOBE BBICOKOBOJIBTHOTO paspsiaa. DIP-uctounuku.
JlazepHbple WOHHBIE WCTOYHUKH. VOHHBIE HMCTOYHHUKH C ODJIEKTPOHHBIM ITyYKOM-HOHH3aTOPOM.
HcTouHuKY NOISIpU30BaHHBIX MOHOB.

15. PagranionHas 3aniiuTa yCKOPUTENEH.

Bakyym B yckoputensx. PanuanuonHas 3amura yckoputeneil: BzaummopneiicTBhe 4acTHL €
OCTAaTOYHBIM Ta30M B YCKOpHUTENIC: HOHW3AaLUMOHHBIE MoTepu W uX (uuykryanuu (straggling);
OJJHOKpaTHOE M MHOTOKpaTHOE€ paccesHue. TuUlMYHblE BaKyyMHBIE YCIOBHUS B Ppa3iIMUYHBIX
yCKOpHUTENX. PagnaninonHas 3amura yCKOpUTENIEH.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeO0XOAMMON AJIsl OCYIIeCTBICHHUS 00Pa30BATEILHOIO
npouecca o JHCHUIIMHE (MOLYJII0)

HeobOxoauMoe 000pyaoBaHue IS KLU U PAKTUIECKUX 3aHATHIA: ydeOHas ayIuTOpHs, OCHAILICHHAS
KOMITBIOTEPOM U MYJIBTUMEMHHBIM 000pYI0BaHUEM (IIPOCKTOP, 3ByKOBasi CHCTEMA).
ObecrieueHue caMOCTOSTENLHON pabOTHI: TOCTYI K OUOIHOTEKE.

6.IlepeyeHnb pekoMeHAYeMOM JIUTEPATYPHI

OcHoBHas JuTeparypa
1. OcHoBbl pusukn 1 TexHukH yckopurenei [Texcr]: B 3-x T/ A. H. JleGenes, A. B.
[ManpHoBhT.2il[Mknrueckue yckoputuenan - M.Oueproussar, 1982
2. N.H. Memxos, E.M. Ceipecun "YckopuTenu 3apssKeHHBIX YacTHIL B AAEpHON (r3nKe U QU3NKe
BbICOKUX 3Hepruit”, Jlekuuu ansg momoasix yuensrx, OUSAN, 1998.
3. M.H. Memkos, “TpaHciopTUpOBKA ITY4KOB 3apsKeHHbIX yacTul’, HoBocubupck, “Hayka”, 1991.



JlononHuTeNbHAS TUTEpATypa
1. FO.M. Ao, C.M. Bap3aps, A.I1. Uepnsie “Brenenue B pusuky yckopureiei. 3agaqn’’, U31-BO
MI'Y, 1999.
2. Komomenckuit A.A. “©usnyeckre 0CHOBBI METOAOB YCKOPEHHS 3apsKEHHBIX YacTuil”, - M.
Hznparenscteo MI'Y, 1980.

7. llepedyeHs pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHHKAIIMOHHOI ceTH ""UHTepHET", HEOOXOTUMBIX
JJI51 0CBOEHHSI TUCIMIIJIMHBI (MOTYJIs)

He ncnonesyrores

8. IlepeyeHb HHPOPMALMOHHBIX TEXHOJIOTHIA, HCIIOIb3yeMBbIX NPH OCYLIeCTBICHUU 00Pa30BaTeJIbHOI0
npouecca 1o JHCHUIIMHE (MOIYJII0), BKJIIOYAs NepedeHb He00X0ANMOro NPOrpaMMHOro odecrnedyeHnst
1 MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

Heo0xonnmoe nporpammuoe obecnedenue: Adobe Reader.

9. MeToauyeckue yKazaHusi AJis1 00y4arOIIMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

CryaeHT, W3ydalIui JAUCHUILINHY, JOJDKEH C OJHOW CTOPOHBI, OBIAQJETh OONIUM TMOHSTHHHBIM
anmapaToM, a ¢ JPYroil CTOPOHBIL, JOKEH HAYUUThCS IPUMEHATH TEOPETHUECKIE 3HAHUS Ha MPaKTUKE.
B pesynbrate m3yueHus TUCHUIUIMHBI CTYAEHT IOJKEH 3HAaTh OCHOBHBIEC OMpPENEICHUS AUCIUIIUHBL,
YMETh IPUMEHSATH TTOyYCHHBIC 3HAHUS JIJISl PEIICHUS pa3InIHBIX 3a/1ad.

YcnemHoe 0cBOCHUE Kypca TpeOyeT:

— TIOCEIICHUS BCEX 3aHATUH, MPETYCMOTPEHHBIX YU4EOHBIM TUTAHOM T10 AUCIHILTHHE;

— BeJICHUS KOHCIICKTA 3aHSITUH;

— HANPSHKEHHON CaMOCTOSTEITLHON PaOOTHI CTY/ICHTA.

CamocrosTenbHas padoTa BKIIFOUAET B CeOs:

— YT€HHE PEKOMEHIOBAHHOU JTUTEPATYPHL;

— mpopaboTKy yd4eOHOro Marepualia, MOATOTOBKY OTBETOB Ha BOMPOCH], MPEAHA3HAYEHHBIX IS
CaMOCTOSITEIbHOTO U3yUYEHUS;

— peleHue 3aad, MpeajaraéMpIx CTyJIeHTaM Ha 3aHATHSX;

— TIOATOTOBKY K BBITIOJTHEHHIO 3aJaHHUI MPOMEKYyTOUHOM aTTeCTalllu.

[Mokazarenem BiajeHUsS MaTEpUAIOM CIYKUT YMeHHE 0e3 KOHCIIEKTa OTBeYaTh Ha BOMPOCHI 110 TEMaM
JUCITUILIUHEL.

BaxxHo 10OWTHCS TMOHMMaHMSI U3ydyaeMOro mMarepuana, a He MEXaHHYeCKOro ero 3amoMmuHaHus. [lpu
3aTPYIMHEHWN W3yYCHUs OTICIBHBIX TEM, BOIPOCOB, CIEMyeT OOpaIiarhCs 3a KOHCYJIbTAIMSAMH K
MpenoaBaTesio.

Bo3mokeH mpoMexyTO4HBIN KOHTPOJIb 3HAHUI CTY/IEHTOB B BHJE PEIICHHs 337ad B COOTBETCTBUH C
TEMATUKON 3aHSITHIA.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

110 HANIPABJICHUIO: SnepHble pU3MKA U TEXHOJIOTHH
npopuJib NOArOTOBKHU: Snepuas duzuka, YTC 1 KOMITBIOTEpHBIE METOJIBI B (PU3UKE
OusTex-mkona QUMK U ucciaeoBanuil uM. Jlanaay
kadeapa QyHIaMEHTATBHBIX U IPUKIAAHBIX Ipo0ieM GU3NKH MUKPOMHpPA
Kypc: 1
kBaTuuKkanus: MarucTp

Cemectp, hopMBI IPOMEKYTOUHOH arTecTanuu: |1 (oceHHuil) - Dx3aMeH

Pa3paborunk: J.W. Kazakos, 1-p ¢huz.-Mat. HayK, npodeccop



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

YK-1 CriocoGeH ocymecTBIsATh KpUTHUECKUN
aHaJn3 NpOOJIEeMHBIX CUTyalluii HA OCHOBE
CHUCTEMHOTO TIO/IX0/1a, BBIpadaThIBaTh
CTpaTeruro AecTBui

YK-1.3 PazpabarsiBaeT CTpaTeruio JIOCTH)KEHUSA
MOCTAaBJICHHOM 1€ Kak IOCJICAOBATeIbHOCTh IIaroB,
HOpeABUIS PE3yabTaT KaKAOTO0 M3 HUX M OLEHMBAs HX
BIMSIHUE Ha  BHEIIHEE  OKPYXEHHE  IUIAHHUPYEMOM
JEATEIIFHOCTH W Ha B3aUMOOTHOIICHHSI YYaCTHUKOB 3TOMN
JesITeIbHOCTH

OIIK-1 Cnocoben (hopMynupoBarh eI U
3aj1a4M MCCIICA0BAHNUS, BEIOUPATh KPUTCPUH
OLICHKH, BBISIBIISITH IPHOPUTETHI PELICHHS 3a/1a4

OIIK-1.1 UmeeT npeacTaBieHne 0 COBPEMEHHOM COCTOSTHUU
WCCIICAOBAaHUA B pPaMKax TeMaTU4YecKoil obmactu cBoei
npodeccuoHaIBHON 1S TeTbHOCTH

OIIK-2 CriocobeH npuMeHSTh COBPEMEHHbBIE
METO/Ibl HCCIICIOBAHUS, OLIEHUBATh U
MPECTABISATH PE3YIBTAThl BHIIOJTHEHHOM
paboThI

OIIK-2.2 Cnocoben 0000mare ¥ KPUTHYECKH OLIEHUBATH
ONBIT M PE3yJbTaThl HAayYHBIX MCCIECJOBaHUI B 00JacTH
npodecCHOHAIBHON IS TeTbHOCTH

OIIK-2.3 CnocobeH apryMEHTHPOBAaHO BBIOMpATh CIOCOO
MPOBEICHUS] HAYYHOTO MCCIICIOBAHMS, IPUMEHSITH 3HAHUS B
obyactTi MPo(eCCUOHANBHON NEeATENFHOCTH JJISl PEIICHUS
MOCTABIICHHON 3amaud, (OopMyTUpOBaHUS BBHIBOAOB U
OLICHKU IOJTyYCHHBIX PE3yJIbTaTOB

[MK-1 CriocobeH K cO31aHUI0 TEOPETHIECKUX U
MaTeMaTH4ecKuX Mojieliell B 001acTu siIepHOi
(DUBKKH U TEXHOJIOTUH

[IK-1.3 Bnageer HaBblKamMH pPabOTBI C COBPEMEHHBIMH
PacyeTHBIMH [IPOTPAMMHBIMU CPEICTBAMU

[TK-2 T'0TOB NpUMEHSITH METO/IbI UCCIICTOBAHNUS
Y pacyeTa MpoIeCCOB, MPOUCXOIAIIUX B
COBPEMEHHBIX (DM3UYECKUX YCTAaHOBKAaX U
yCTpo#cTBaxX B 00IaCTH sIepHOM PU3HKH 1
TEXHOJIOTHH

[IK-2.2 Ymeer paccuuThIBaTh M MPOBOJUTH HCCIEIOBAHHS
MPOLIECCOB, MPOTEKAIOIMX B COBPEMEHHBIX (PH3NYECKUX
YCTaHOBKaX M YCTpPOMCTBaxX B 00JacTu siiepHON (PU3MKH U
TEXHOJIOTUHI

I1K-3 CnocobOeH 00bEKTUBHO OLIEHUTH
npearaeMoe pelieHrue WK MPOEKT 110
OTHOIICHHIO K COBPEMECHHOMY MHUPOBOMY
YPOBHIO, TIOJITOTOBUTH IKCIIEPTHOE 3aKIIFOUCHHE

[IK-3.1 3Haer coBpeMEHHBII YpOBEHb Pa3BUTHSI HayKH W
TEXHOJIOTUH, MpodecCHOHANbHBIE TMPOOJIeMbl B  CBOEH
MpEeaMETHOM obnacTu

2. Iloka3aTe/in OLlEHUBAHUA KOMITETEHIUA

B pe3ynbrare n3ydeHus AUCIUIUIMHBL «BBEIeHUE B TEOPUIO YCKOPHUTENICH» 00yUaIONIMIACS JOIKEH:

3HATb:

OCHOBHBIC XapaKTCPHUCTUKHN yCKOpPITCJ'ICﬁ U ITYYKOB 3apsAKCHHBIX YaCTHUII,

OCHOBHBIC METO/Ibl YCKOPCHU I,

NPUHIIMAITBI COXPAHSHMS YaCTHII B ITyYKe B MPOLIECCE YCKOPSHHUS;
OIMCaHue MyyKa B ()a30BOM IIPOCTPAHCTBE;

METO]] BCTPEYHBIX ITy4YKOB;
METO/Ibl OXJIAXKICHHS ITy4KOB.
yMeThb:

3¢ ($eKTUBHO NPUMEHSTH BBIIICyKa3aHHbIC 3HAHWS HA MPAKTHKE JUIS pelieHUs] PyHAaMEeHTaIbHBIX U
NPUKIAJHBIX HAy4HBIX 337a4 B 00JAaCTH COBPEMEHHOM IKCIIEPUMEHTANbHONW (PU3MKH 3I€MEHTapHBIX

JaCTHIL.
BJIA/ETh:

TEXHUKOHN pacyeTa dKCIIEPUMEHTOB ¢ BHYTPEHHEH MUILIEHBIO;
TEXHUKOH pacuera paaualOHHOU 3alUThl YCKOPHUTEII.

3. IlepeyeHb THNOBLIX (IPHMMeEPHBIX) BONPOCOB, 32/1aHUI, TeM /ISl HOATOTOBKH K TeKyIleMy KOHTPOJII0

He npenycmorpeno.




4. [lepeyens TUNOBBIX (MPUMEPHBIX) BOIMPOCOB U TeM JIJIsl IPOBeAeHUs IPOMEKYTOUHOI aTTecTalluu
o0yuaruuxcst

IlepeueHp KOHTPOJIBHBIX BOIIPOCOB JJIS CAAYM dK3aMeHa B 9-0M ceMecTpe:
. YCKOpHTENH 3apspKEHHBIX YacTll. HazHaueHne, npuMEeHEHNe, Tl yCKOPUTENEH.
. MarHuTtHas cuctemMa yCKOpUTENeH.

1

2

3. ®oKyCHpPOBKAa MArHUTHBIM IOJIEM.

4. YpaBHEHUE ABUKEHUS YACTULIEI B MATHUTHOM MOJIE€ YCKOPUTES.
5

Marpuunasi ¢opma pelieHusi ypaBHEHHS JBUKEHHUS. MaTpHLbl epexoia pasInyHbIX JIEMEHTOB.
MarpuyHsblil METOZ AaHAJIN3a YCTOMYMBOCTH JIBUKCHHSL.

6. 3aMKHyTOE peELIeHHE ypaBHEHUS IBIKCHMA. CBsi3b OeTaTpOHHOW (QYHKIMH C MaTpUYHBIMU
JJIEMEHTaMHU.

7. Cnabast u cuiibHasi JOKyCHpPOBKa

8. AHanu3 OeTaTpOHHOTO JABMKEHMS Ha (a30Boil miockocTH. ©a30BbIif 00bEM MyUKa.
9. 3aBUCHUMOCTB TAPAMETPOB OPOUTHI OT SHEPTHUH YACTULIBL.

10. Pe3onancHbI pexxuM yckopenus. [IpuHiun aBToha3upoBKH.

11. AHanu3 CHHXPOTPOHHOTO JBMKEHUS, (pa3oBas IIOCKOCTh, cenaparpuca.

12. CHUHXpOTPOHHOE U3TTyUYCHHE.

13. CroxacTuieckoe OXJIaKICHUE Ty YKOB.

14. DnexTpoHHOE OXJIAXKICHHE TyYKOB.

15. Biusaue OPOCTPAHCTBCHHOI'O 3apsAa Ha HCKOTCPCHTHBLIC 66TanOHHI>Ie kosncOanus. HaxomneHue
HWOHOB.

16. BaustHue npocTpaHCTBEHHOTO 3apsiia BCTPEYHOTO My4Ka.

17. BnusiHre IpOCTPAHCTBEHHOIO 3apsa Ha HEKOTePEHTHbIE CHHXPOTPOHHBIE Konebanus. [lonsaTue o
KOTE€PEHTHBIX HEYCTONUNBOCTSX.

18. VYckopurenn €O BCTPEYHBIMH ITyYKaMHU: CBETUMOCTb, OTpaHUUYCHHE CBETUMOCTH 3(ddexramu
BCTpEUH.

19. OcobeHHOCTH YCKOpHUTEIEH Pa3IMYHBIX THIIOB (JIMHEWHBIC U IIUKINYECKHE YCKOPUTEIN).

20. OcobeHHOCTH YCKOPHUTENEH pa3inIHbIX TUIOB (IIMKIOTPOH, OETaTPOH, MEKPOTPOH, CHHXPOTPOH).

[Tpumeps! 3K3aMEHAIMOHHBIX OUIIETOB:

buner 1.

1. Yckopurenu 3apspKeHHbIX yacTuil. HazHauenue, mpuMeHeHHe, TUITBI yCKOPHUTENEH.
2. AHanu3 CHHXPOTPOHHOTO ABMXEHUs, (ha30Basi MIOCKOCTh, Cemaparpuca.

buner 2.

1. MarautHas cucteMa yCKOpUTeeH.

2. CHHXpOTPOHHOE U3Ty4YEHHE.

Kpurepun onennBanus

O6yqalou_[eMyC;1 CTaBUTCA OLICHKA B COOTBCTCTBUU C IMPOACMOHCTPUPOBAHHBIM YPOBHCM IOATOTOBKH;
OLICHMBAHWE IIPOU3BOAUTCA Ha YCMOTPCHHUSA OK3aMCHATOpa B COOTBETCTBUH C OCOOEHHOCTIMU
AUCHUIUIMHBL U CIICAYOIHUMU KPUTCPUAMU:

Onenka "ommmuno" (10 Gassos) BBICTABJISIETCSl  CTYAEHTY, IIOKa3aBUIEMY BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, DIyOOKHE 3HAaHUS Y4eOHOW MNporpaMMbl AWUCHMIUIMHBI, MPOSBISIOMIEMY
HWHTEpeC K JaHHOM NpeAMETHOW 001acTH, MPOJEeMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO U TBOPUYECKH
MPUMEHATh UX Ha IPAKTHUKE TPH PEIICHNH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHUE
MPUHATHIX PELICHUH.

Onenka "ormmmuno" (9 0amioB) BBICTABJISIETCSL  CTY[EHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI M YMEHHE YBEPEHHO
MPUMEHSTh X Ha MPaKTHKE MPU PEILICHUH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPAaBUIILHOE 0OOCHOBAHHE
HNPUHATHIX PELICHAMN.

Onenka "ortnmuuno" (8 0amioB) BBICTABJISIETCSl  CTY[EHTY, IIOKa3aBIIEMy BCECTOPOHHHE,
CHUCTEMaTH3UPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW NpOrpaMMbl AMCLUIUIMHBI M YMEHUE YBEPEHHO

NPUMEHATh MX Ha MPAKTHKE IPHU PEIICHUH KOHKPETHBIX 3a/ad, MPaBUIbHOE 00OCHOBAHUE MPUHSATHIX
pELIeHN, ¢ HEKOTOPBIMH HEAOUETAMH.



Onenka "xopomo" (7 0anoB) BBICTAaBISETCS CTYACHTY, €CIIM OH TBEPAO 3HACT MaTepuai, FPaMOTHO U
[0 CYIIECTBY M3JIaraeT €ro, yMeeT NPHUMEHSTh MOJy4YEeHHbIC 3HAHWS Ha MPAKTUKE, HO HEIOCTaTOYHO
rpaMOTHO 00OCHOBBIBAET MOITYUYCHHBIEC PE3YJIBTATHI.

Onenka "xopomio" (6 0anoB) BBICTABISETCS CTYACHTY, €CIIM OH TBEPIO 3HAET MaTepuai, rPaMOTHO U
M0 CYIIECTBY HM3JIaraeT €ro, yMeeT NPUMEHSTHh MOMyYeHHbIC 3HAHHWS HA NPAKTHUKE, HO JIOMYCKAaeT B
OTBETE WJIH B PEIICHUH 337124 HEKOTOPbIE HETOYHOCTH.

Onenka "xopomo" (5 OamioB) BBICTABISIETCS CTYAEHTY, €CIM OH B OCHOBHOM 3HaeT Marepuad,
IPaMOTHO M MO CYIIECTBY H3JaraeT €ro, yMeeT HMPUMEHATh MOJY4YECHHbIC 3HAHUs Ha IMPAKTHKE, HO
JIOITyCKAeT B OTBETE WM B PELICHUHU 3aa4 JOCTATOYHO OOJIbIIOE KOJTUYECTBO HETOYHOCTEH.

Onenka "ynosneTBopuTedabHO" (4 Oana) BBICTABISIETCA CTYIEHTY, IOKa3aBHIEMY (parMeHTapHBIMH,
pa3pO3HEHHBII XapakTep 3HAHUH, HEIOCTATOYHO IpPaBUIbHBIE (OPMYIUPOBKH 0a30BBIX MOHSTHI,
HapyIIEHUs JIOTHYECKON MOCIE0BaTeIbHOCTU B U3JI0KEHUN MPOTPaMMHOTO MaTepuana, HO MPH 3TOM
OH OCBOMJI OCHOBHBIE pa3zieibl yueOHOW HMporpamMMbl, HEOOXOJUMBIE IS JalbHEHIero ooyueHus, 1
MOJKET MIPUMEHSTH MOJy4YeHHbIE 3HAHUA 110 00pa3iy B CTAHJAPTHON CUTYyallnH.

Onenka "ynoBnerBoputensHO" (3 Oayuia) BBICTABISETCS CTYACHTY, ITOKa3aBIIeMy (parMEeHTapHBI,
pa3po3HEHHBIH XapakTep 3HaHWM, Jomyckaronlemy omuOku B (GopMynupoBKax 0a30BbIX MOHSTHH,
HapyIIEHUs] JIOTUYECKOH IMOCIeq0BaTeIbHOCTH B H3JIOKEHWM NPOTPAMMHOTO MaTepuana, ciado
BJIaJICET OCHOBHBIMU pasziesiaMy yueOHOH IporpaMMbl, HEOOXOAUMBIMHU IS AaJbHEHIIEro 00ydeHus 1
C TPYZIOM IIPUMEHSET MOJyYCHHbIE 3HAHUS AaKe B CTAHAAPTHOU CUTYalHH.

Onenka "HeynoBieTBOpUTENbHO" (2 Oamia) BBICTABIISICTCS CTYACHTY, KOTOPBIA HE 3HaeT OoJbLIei
YaCcTH OCHOBHOTO COJEpXaHUS y4eOHOW MporpamMMbl JUCLUIUIMHBL, JOMYyCKaeT rpyOble OmMOKU B
(hopMyIIMpPOBKaX OCHOBHBIX IPUHIIUIIOB U HE YMEET UCIOIb30BATh MOIYUYCHHBIC 3HAHUS [P PELICHUU
THUIIOBBIX 33/a4.

Onenka "HeynoBierBoputenbHO" (1 6amn) BBICTABISETCS CTYACHTY, KOTOPBIH HE 3HA€T OCHOBHOTO
cozepkaHusl yueOHON MporpaMMbl IUCLUILTUHBI, JOMycKaeT rpyOeilmue omuOKy B (GOPMYIUPOBKaX
0a30BBIX MOHATUH IUCLUIUIMHBI M BOOOIIE HE MMEET HAaBBIKOB PELICHUS THUIIOBBIX HMPAKTHYECKHX
3aj1ay.

5. MeTonuueckne MaTepuaIbl, ONpPeIesONINe MPoueIyPbl OIleHNBAHUS 3HAHU, YMEHUIl, HABBHIKOB U
(Wy1K) oNbITA AESITEILHOCTH

[Ipu mpoBeneHUM olleHWBaHMS 3HAHUK OOydYaroIIeMycs MPEJOCTaBIseTCs BpeMsl Ha IMOJITOTOBKY Ha
ycMOTpeHue sk3aMeHaropa. Omnpoc oOywaromierocss mo OWJIETYy Ha YCTHOM JK3aMeHEe He JOJDKEeH
MIPEBBINIATH OJJHOTO aCTPOHOMHUYECKOro yaca. OleHuBaHuE 3HAHWM MPOM3BOAUTCA B COOTBETCTBUU C
BBIIIEYKAa3aHHBIMU KPUTEPUSAMHU B COOTBETCTBUU C COAEPHKAHUEM TUCLUIUIIMHEI.



