degepaibHOE TOCYIAPCTBEHHOE ABTOHOMHOE 00pa3oBaTe/ibHOe
y4peKIeHne BhICIIEro 00pa3oBaHus
«MOCKOBCKHI (PU3HKO-TEXHUYECKHUH HHCTHTYT
(HaLMOHAJILHBIN HCCJIEN0BATEIbCKHI YHHBEPCHTET))

YTBEPXJIEHO
H.0. TUpPeKTOpa GU3TeX-MIKOJIbI
(u3uKH ¥ HCCICNOBAHNNA UM.
Jlanaay
A.A. BopoHos

Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)

MO0 AMCIUIIHHE: DKcrnepuMeHTaIbHas suepHas Gusnka
10 HAMPABJIEHUIO: [puknagHpie MaTemMaTHKa U Qu3nka
npopuiIb NOArOTOBKHU: OO6was u npukiagHas Gusznka

OdusTex-mkona QUMK U ucciaeqoBannil uM. Jlanaay
kadeapa pyHIaMEHTANbHBIX U IPUKIAAHBIX Ipo0ieM GU3NKH MUKPOMHpPA

Kypc: 1
KBAJM(PUKAIMA: MarucTp

Cemectpbl, HOpMbI IPOMEIKYTOUHON ATTECTAIMH:
1 (ocenHuit) - Dx3aMeH

2 (BeceHHMI) - DK3aMeH

AynutopHbIx yacos: 90 Bcero, B TOM YHCIIE:
nexuuu: 30 gac.
cemuHapsl: 60 gac.
naboparopHsie 3ansTus: 0 Jac.

CamocrositensHas pabora: 75 gac.
[ToaroroBka x sx3ameny: 60 yac.

Bcero gacos: 225, Bcero 3a4. ef.: 5

[Iporpammy cocrtaBui: J.B. lenosuu

[Iporpamma obcyxneHa Ha 3acefjanny Kadeapsl GyHIaMEHTATBHBIX W MIPUKJIAIHBIX MTPo0IeM (PU3HKH MUKPOMUPA
04.06.2020



AHHOTANMA

CoBpeMeHHBIE JKCIIEPUMEHTAIbHBIC YCTAaHOBKH B SACpHON (u3mke W (U3HMKE SIIEMEHTApHBIX YaCTHI]
MPEJCTABISIOT COOOM CIIOKHBIE U MAacIITa0HBIE COOPYKEHUSI, MHOT/A BKIIOUAIONIHE B Ce0st HECKOJIBKO THICSY
OTJENIBHBIX JETEKTOPOB Pa3HBIX TUMOB. B 3aBHCHMOCTH OT THMA JETEKTOpa, OHU CIIOCOOHEI PETrHCTPUPOBATh
pa3IUYHbIE AJIEMEHTAPHBIE YaCTHUIIBI U U3MEPSITh MX CBOMCTBA, TaKW€ KaK HUMITYIIbC, SHEPTHUS, THI YaCTHUIIbI.
Perucrpanus 4dacTuibl MPOUCXOIUT B PE3ylbTare €€ B3aUMOJCHCTBUS C MaTepUalioM JeTeKTropa. Takum
00pa3zom, AJisi MPOCKTUPOBAHMS DKCIIEPUMEHTAIBHBIX SIIEPHO-PU3NUECKUX yCTAHOBOK HEOOXOMUMO XOPOIIO
3HATh 3aKOHOMEPHOCTH (PU3NYECKUX MPOIECCOB, COMMPOBMKIAIONINX MPOXOKICHUE YaCTHIl Yepe3 BEIIECTRO,
MPHHIIUT paObOTHl ¥ XapaKTEPUCTHUKH JIETEKTOPOB Pa3IUYHBIX THIIOB, YCTPOWCTBO AIEKTPOHUKH CUUTHIBAHUS U
cOopa maHHBIX. M3y4eHnI0 TaKoTO JIOBOJIBHO MITMPOKOTO KPYyTra BOIIPOCOB MOCBSIIEH ATOT KYypC.

1. leau u 3apauu

eap AUCUMNIMHBI

- o0yuyeHHE OCHOBHBIM CII0COOAM pErHCTpAllMd W H3MEPEHHs CBOMCTB AJIEMEHTApHBIX YacTHII,
MPUMEHSIEMBIM B DKCIIEPUMEHTANBHON AaepHoi (usuke. PaccMaTpuBaloTCsi OCHOBBI MPOEKTUPOBAHUS
IKCTIEPUMEHTANIBHBIX AEPHO-(PU3NIECKUX YCTAaHOBOK.

33}13‘-[1/1 JAUCHUIIINHBI
- 03HAKOMJICHHE C OCHOBHBIMHU BHJIAMU B3aUMOJICHCTBUS YACTHII C BCUICCTBOM,

- (hopMHpOBaHME 3HAHUM MPUHIMIIOB PAOOTHI U YCTPOWCTBA OCHOBHBIX THUIIOB JIE€TEKTOPOBl "acTHil B
(u3MKe BBICOKMX U MPOMEXKYTOUHBIX SHEPTUi;

- 00BsICHEHHE CIIOCOOOB U3MEPEHUS SHEPTUH, CKOPOCTH U UMITYJIbCA 3JICMEHTAPHBIX YaCTHUI[ K METOZIOB
WX WICHTU(UKAII;

- oOydeHume MeToIaM pacdyeTa M KOHCTPYHUPOBAHHUS SKCHEPHUMEHTAJIBHBIX SAEPHO-(PU3NUECKUX
YCTaHOBOK.

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 JOCTHIKCHHUSA KOMIICTCHIIMH

VYK-1.1 Ananuzupyer npoOJIEeMHYIO CUTYaLHIO KaK CUCTEMY,
BBISIBJISAS €€ COCTAaBJIAIOLIME U CBSI3U MEKIY HUMU

VYK-1.2  OcymiecTBisier TIOMCK BapHaHTOB  pELICHUS
MOCTAaBJICHHOH  TpOOJIEMHONW  CUTyalldd Ha  OCHOBE

YK-1 CnocoGeH oCymecTBIsTh KpUTHUECKUN
JOCTYITHBIX HCTOYHUKOB HH(POPMALHH

aHaJM3 MPOOIEMHBIX CUTYalluii Ha OCHOBE
CHUCTEMHOTO TIOAX0/1a, BhIpadaThIBaTh
CTpaTeruro AeUCTBUI

YK-1.3 Pa3pabarsiBaeT CTpaTeruro JOCTHKEHUS
[IOCTABJICHHON 1eJIM Kak I10CJIE0BaTeIbHOCTh I1aroB,
NpEeNBUIA PE3YIbTaT KakIOr0 W3 HUX W OLIEHHWBAs HX
BIMSIHUE HAa  BHEIIHEE  OKPY)XEHHE  IUIaHUPyEeMOI
JEATEIBHOCTH W Ha B3aUMOOTHOIIEHHUS YYaCTHUKOB 3TOH

NEeSTENbHOCTH

YK-6 CriocobeH orpenensTh U peanu3oBeiBath |YK-6.1 YMmeeT pemars 3a1aun COOCTBEHHOTO JIMYHOCTHOTO
MPHOPUTETH COOCTBEHHOM ACSITEIBHOCTH H U npodeccHOHANBHOTO  Pa3BUTHS,  ONPEACsTH U
crocoObl ee COBEPILICHCTBOBAHMSI HA OCHOBE peann30BBIBATH MIPUOPHUTETHI COBEPILIECHCTBOBAHUS
CaMOOLICHKH COOCTBEHHOM JESITETLHOCTH

OIIK-1 Brnaneer cucremoit pynnamenransabix |OINK-1.1  3Haer W cnocobeH — HWCMONB30Barh B
Hay4HBIX 3HAHUN B 00JIACTH npoeCcCHOHANBHON  JESTENbHOCTH  (yHAaMEHTaJIbHBIC
(hu3HMKO-MaTeMaTHIECKUX HAyK Hay4YHbIC 3HaHUS B 001acTH (U3NKO-MATEMaTHIECKUX HAyK

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

OIIK-2 Nmeet nipeacrasieHrne 00 aKTyalbHBIX
npoOiieMax HayKd M TEXHUKU B 00JIaCTH CBOCH
poheCCUOHAIBHOH JIeTENNLHOCTH, CIIOCOOCH
Ha HAyYHOM S13bIKe (hOPMYIHPOBATH
npodecCUOHANBHEIC 3aJIa4u

OIIK-2.2 Crniocoben OIICHUBATh aKTyaJlbHOCTh
UCCIICAOBAaHUM B obnmactu cBoed mpodeccrnoHambHON
JESITEIbHOCTU U UX IIPAKTUYECKYIO 3HAYUMOCTb

OIIK-3.1 CrocobeHn aHanu3upoBaTh 3ajady, [JIAHUPOBATbH
MyTH pemeHus], MpeiaraTh U KOMOMHHUPOBATh CIOCOOBI
peleHus

OIIK-3 CniocobeH BbIOMpaTh 1 (MIIN)
pa3pabarbIBaTh MOAXO/bI K PEIICHUIO TUITOBBIX

wr rr AT e A rarr AN Ay ria~dh A AT Ao e atE




1 HUBDbIX 3a/aq B UVJ1av 11 LIPUYPCLLUNUHAIbHUN
ACATCIIBHOCTH, YUUTBIBAA OCOOCHHOCTH U
OrpaHUYCHHUA PA3JINYHBIX METOAOB PCIICHHUA

OIIK-3.2 CrocobeH UCHONB30BaTh HCCIIEAOBATEIbCKHUE
METOJbl TIPU PEIICHUH HOBBIX 3a]a4, MPUMEHSS 3HAHHS B
pa3IMYHBIX 001aCTIX HAYKH (TEXHUKH)

OIIK-4 CriocoOeH ycIenHo peann3oBbIBaTh
peleHne MoCTaBIeHHOH 3a/1a4M, IPOBECTH
aHaJM3 pe3yJbTara 1 MPeACTaBUTh BHIBOIbI,
MPUMEHSs 3HAHNS U HaBBIKU B 00JIaCTH
(U3MKO-MaTeMaTHYECKUX HAYK U
MH()OPMALMOHHO-KOMMYHHKAIIHOHHBIX
TEXHOJIOTUI

OIIK-4.2 CrnocobeH mNpuMeHSTh 3HaHUS B o0JacTu
(bHU3UKO-MaTEMaTHYECKUX HAyK JUIS PEeIICHUs IOCTaBICHHOM
3agaudl, GOPMYIUPOBAHUS BHIBOAOB M OLIEHKU MOJTYYEHHBIX
pe3yabTaToB

[TK-1 Criocoben crtaBuTh, (hOpMaIN30BBIBATH U
pemars 3aJ1a4u, B TOM YUCIIe pa3padaThIBaTh U
UCCIIE/I0BAaTh MaTeMaTHYECKUE MOJICIIN
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO
aHAJIN3UPOBATh HAyYHBIE MPOOJIEMBI, TTOJTy4aTh
HOBBIC HAYYHBIC PE3yJIbTaThI

[MK-1.1 CnocobeH HaxoauTh, aHAIM3WPOBATH U 0000IIATH
nHpOpMaNKIO 00 aKTyalIbHBIX Pe3yJIbTaTax HCCIICIOBAHUN B
pamMKax TemaTHdeckoi o0nacTu cBoed mpodeccHoHaTbLHOU
JEATEIEHOCTH

I1K-2 CiocobeH caMOCTOSTEILHO HIIA B
Ka4eCTBE uieHa (PYKOBOIUTEIIS) MAJIOTO
KOJUIEKTUBA OPTraHU30BLIBATH U MIPOBOIUTH
Hay4YHbIC UCCIICJIOBAHUS U UX allPOOaIUio

[MK-2.1 Cnoco0eH TulaHUpOBaTh ¥ TPOBOJAWTH Hay4dHBIC
HCCJICAOBAHUS CAMOCTOSITENIbHO MJIM B COCTaBE€ HAy4YHOTO
KOJIJIEKTUBA

IMK-3 Cniocoben npodeccnoHaabHO paboTarh ¢
MCCIIEIOBATEIbCKUM H UCTIBITATEIIbHBIM
obopynoBaHueM (MprubOpaMH U yCTaHOBKAMH,
CIIeATN3NPOBAHHBIMH TTAKETaMH PUKIIAIHBIX
porpamm) B U30paHHON TpeMETHON 00JIaCTH

[IK-3.1 Ilonumaer npuHOUNBI pPabOTHl HCIOIB3YEMOIO

00opynoBaHUs (crierManu3upOBaHHBIX MIAaKEeTOB
MPUKIIAAHBIX TIPOTPaMM)
[K-3.2 Criocoben MIPOBOJIUTH SKCIIEPUMEHT

(MozmenupoBaHUE) C HCIIOIB30BAHHEM HCCIEI0BATEIHCKOIO
o0opynoBaHus (MTAKETOB MPHUKIIAIHBIX IPOTPAMM)

[IK-3.3 CnocoOeH oneHHMBaTH TOYHOCTh IOJyYEHHBIX
IKCIIEPUMEHTANIbHBIX (UMCIEHHBIX) PE3yIbTaTOB

3. IlepeyeHb NIAHMPYEMBIX Pe3y/IbTATOB 00yUeHHUsI 0 AUCHMILINHE (MOLYJII0)
B pesynbrare 0cBOHHS AUCLUIIMHBI 00Yy4alOIINeCs JOIKHbBI

3HATb.

[]  OCHOBHBIC BUIbI BSaHMOﬂeﬁCTBHﬂ qacCTuIl C BEICCTBOM,

O
MIPOMEXYTOUHBIX YHEPTH;
O
UACHTU(UKALIUHY;

HNPUHIMI PabOTHl M yCTPOMCTBO OCHOBHBIX THUIOB JETEKTOPOB YACTHIl B (PM3HMKE BBICOKHX U

CIIOCOOBI HU3MEPCHUA DSHCPIUU, CKOPOCTH U HUMITYJIbCAa DJJIEMCHTAPHBIX YaCTUl], MCETOAbI HX

[J NIpUHIMIIBI KOHCTPYUPOBAHUSI SKCIIEPUMEHTAIbHBIX YCTAHOBOK.

YMETb:

[l 3(¢hexTHBHO MPUMEHSITH BBILICyKa3aHHBIC 3HAHUS HA MPAKTHUKE JUIS pelIeHns QyHIaMEHTAIbHBIX U
MPUKJIAAHBIX HAYYHBIX 33/1a4 B 00JIACTH COBPEMEHHON (PM3UKHU 3JIEMEHTAPHBIX YaCTHII.

BJIAJIETh:
UJ

TEXHUKOM U MCTOAAMU pacCdYCTa XAPAKTCPUCTHUK KU OCHOBHBIX IIAPAMCTPOB IIPOCKTUPYCMbIX

IKCTIEPUMEHTANIBHBIX AEPHO-(PU3NIECKUX YCTAaHOBOK.

4. Conep:xanue TMCUMIIMHBI (MOAYJIs1), CTPYKTYPHMPOBAaHHOE 1O TeMaM (pa3jesiaM) ¢ yKazaHueM
OTBEJE€HHOI'0 HA HUX KOJIMYeCTBA aKaJeMHYeCKUX YacOB H BH/I0B YUeOHbIX 3aHATHI

4.1. Paznenbl nuctMIInHbl (MOIYJIS) M TPYAOEMKOCTH IO BUAAM yUEOHBIX 3aHATHH

TpymoeMKOCTb IO BHJAM YYeOHBIX 3aHATHH, BKITIOYAs
CaMOCTOATENIbHYIO padoTy, Jac.

Ne Tema (pa3znein) AMCUUTUIMHBL
Jlekmun | CemuHapb JIabopar. paboThl Camocr.
P pat-p pabora
1 Baenenue. ] 3 3




HMonuzamnuoHHslie norepu TAXKEJIBIX

2 1 3 3
3apsHKEHHBIX YaCTHIL.

3 [Ipober 3apsKEHHBIX YaCTHII B BEIIECTBE. 1 3 3

4 TopMo3HOE U3TydeHHE. 1 3 3

5 KynonoBckoe B3anmozeicTBue 4acTHIl C 1 3 3
SIIPAMHU.

6 Wznyuenne Basunoa-YepeHnkona. 1 3 3

7 BzaumoneiicTBrie (hOTOHOB C BEIECTBOM. 1 3 3

] B3aumopeiicteue HEUTPOHOB c | 3 3
BEILIECTBOM.

9 CUMHTWUIAIIMOHHBIC JETEKTOPHI. 1 3 3

10 |PoroymHOXHTENH. 1 3 3

1 Bonpocel cBerocOopa W MarHUTHOU 1 3 3
3aIUTBHI.

12 |YepeHKOBCKHE IETEKTOPHI. 1 3 3

13 |["a3opa3psiaHbIE IETEKTOPHI. 1 3 3
Pexumel paboTsl ra3opaspsIHbIX

14 |RETEKTOpOB. Honnzaunonsneie, 1 3 3
[IPOIOPLIOHAJIbHBIE, npeiidossie,
HCKPOBBIE KaMEPBHI.

15 [TomynpoBOZHUKOBEIE JETEKTOPBI. 1 3 3
SAnepubie POTOIMYIBCHUH.

16 JlBe KOHUENIMH 3KCIEPUMEHTAIbHBIX | 1 )
YCTaHOBOK.

17 CTpyKTypa yCTaHOBOK Ha KoJlIaiepax. 1 1 2

18 UsmepeHne  UMITyJIbCOB  YacTHLl B 1 1 )
MarHuTHOM II0JIE.

19  |BepmmuHHBIE IETEKTOPHI. 1 1 2

20  |Kamopumerpsi. 1 1 2

71 OHepreTuyeckoe paspelieHue | 1 )
KaJIOPUMETPOB.

22 |MIOOHHBIE JETEKTOPHI. 1 1 2

23 MeTtoap! uaeHTH(PUKAITIY YACTHII. 1 1 2

24  |HeliTpuHHBIEC AETEKTOPBI. 1 1 2

25 DNeKTpoHHKa B  sJIepHO-(pU3HUecKOM 1 1 )
JKCIIEpUMEHTE.

26  |DnmeMeHTHI TPUTTEPHOM 3JIEKTPOHUKH. 1 1 2

27 CnyuyaiiHple CcOBHAAEHHUs B JABYX WIU | 1 )
HECKOJIbKUX KaHaJIaX.

28 CraHaapThl SIEKTPOHUKH. 1 1 2

29 Tpurrepusie cuctembl. Cuctemsl cOopa 1 1 2
nauubix (DAQ).

30 Cucremsl Tpurrepa u cOopa ITaHHBIX B | 1 )
KPYITHBIX 9KCIIEPUMEHTAX.

Hroro yacos 30 60 75

[TonroToBka K 3K3aMeHy 60 gac.

Oobmas TpynoEMKOCTb

225 ygac., 5 3au.eq.

4.2.

Coneprxanue JUCHUIUIMHBL (MOAYIS), CTPYKTYPUPOBAHHOE IO TeMaM (paszesiam)

Cemectp: 1 (Ocennuii)

1. Beenenue.




O0630p marepuana kypca. Knaccupukanus ¥ OCHOBHbBIE XapaKTEpPUCTHKH AeTeKTopos. IIpomeccsr,
MPOHUCXOASIINE TIPH MTPOXOXKACHUH YaCTHIL Yepe3 BEIIECTBO.

2. I/IOHI/ISaLII/IOHHBIe TOTCPHU TSAKCIIBIX 3aAPSAKCHHBIX YaCTHUII.
I/IOHI/I3aI_II/IOHHBIG MOTCPHU TAKCIIBbIX 3APAKCHHBIX YaCTHUII. BLIBO,I[ (I)OpMy.]'H:I bere-bioxa u ee ananus.
3. Hp0661" 3apsKCHHBIX YaCTHUIl B BCILICCTBC.

[IpoGer 3apspkeHHBIX  vacTul B BemecTBe. (DIyKTyauud  HMOHHM3ALMOHHBIX  IOTEPb.
Henpra-3nekTponbl. TOHU3aUMOHHBIE IOTEPU AIEKTPOHOB.

4. TopMO3HOE U3TyUYEHHE.

Topmosznoe n3nyuenue. @opmyna bere-T aittnepa. Pagunanunonnas anvna. Kputuueckas sHeprus.
5. KynoHoBckoe B3anMOAEMCTBIE YaCTHI] C APaMH.

KynonoBckoe B3aumozelicTBue 4acTull ¢ siipaMu. MHOTOKpaTHOE paccesiHUE.

6. Uznyuenue BasunoBa-Yepenkona.

Nsnyuenne Basunopa-UepenkoBa. @PU3MUECKUE OCHOBbI YEPEHKOBCKOIO H3JIYYEHUS M €0
XapakTepuUCTUKH. [lepexoHoe H3mydeHue.

7. BzaumoneiicTBue (POTOHOB C BEIICCTBOM.

B3aumopeiictBue poroHoB ¢ BemecTBOM: (oTod(P(HeKT, KOMITOHOBCKOE PAacCEsIHUE, POXKICHHE e+e-
nap.

8. B3aumozeiicTBie HEUTPOHOB C BEIIECTBOM.

B3aumozeiicTBre HEUTPOHOB C BEIIECTBOM. YIPYTO€ U HEYIIPYIO€ PacCEesHUE HEUTPOHOB. SepHble
pEeaKIuH.

9. CI_II/IHTI/IJ'IJ'IHLII/IOHHBIG ACTCKTOPHI.

CL[I/IHTI/IJ'IJ'IHHI/IOHHLIC ACTCKTOPLI. CI_[I/IHTI/IJ'IJ'IXLII/IOHHBIC MaTcpualibl. XapaKTCpI/ICTI/IKI/I
CHUHTUIIIATOPOB.

10. ®OTOyMHOXXHUTETH.
®oroymuoxutenu. XapakrepucTuku @IY. Cucrema muranus OIY. Lllymer GIY.
11. Bonpocsl cBeTOCOOpa M MATHUTHOM 3aIl[UTHI.

Bonpocsl cBerocbopa u MarHUTHO# 3amuThl. [lomynpoBoaaukoBbie GoTonpueMHUKH. BpemenHoe u
SHEPreTHYECKOE PA3PEIIEHNE CUMHTUIUILIMOHHBIX JI€TEKTOPOB.

12. YepeHKOBCKHE JETEKTOPBI.

UYepeHKOBCKHE JeTeKTOpbl. Tumbl paanaropoB (ra3, XHIKOCTb, TBEPHOE TeENO, a’porelib).
Cwmecrutenu cnekrpa. lloporoBeie n nuddepeHuuanbHpie c4eTYUKH. CHEKTPOMETPH MOJHOTO
nornomenns. RICH nerekropsr.

13. T'a30pa3psHblie JeTEKTOPHI.



l"azopaspsanbie nerexkTopbl. Pu3Kka ra3zoBoro paspsna. JlapunHoe ycwienue. IIponopuuoHanbHbIi
CUETUHK.

14. Pexumbl pa®oThl Ta30pa3psaHBIX JETEKTOPOB. VOHHM3aLMOHHBIE, NPOMOPIHOHAIBHEIC,
npeiidoBbie, HCKPOBBIE KAMEPHI.

Bri6op razoBoro HamonmHeHus. PexuMel paGoThl ra3opa3psaHbIX JETEKTOPOB: MPONOPIHOHAIBHBIN,

rerepoBCKHii, CTPUMEPHBII, HCKPOBOIA.
Honnzaunonnsle, MponopuuoHalIbHbIe, ApeiioBble, NCKPOBBIE KaMephl. BapuaHThl KOHCTPYKLUH.

OCHOBBI PEKOHCTPYKIIUU TPEKOB.
15. TTomynpoBOIHUKOBEIE JIETEKTOPHI. SIepHbIe (OTOIMYITBCHH.
[TomynpoBogHUKOBBIE 1eTeKTOpbl. Du3nyeckne OCHOBBI PadOTHI MOTYHPOBOJHUKOBBIX JETEKTOPOB.
[ToBepxHOCTHO-0aphepHbIe, TH(D(HY3nOHHO-APEH(HOBBIE NETEKTOPbl. MUKPOCTPUIIOBEIE AETEKTOPHI.
Snepubie  potosmynbeun. «Kiaccnmyeckuey» JETEKTOphl IMPEXHHUX JIeT: Kamepsl BuibcoHa,
TP Py3nOHHBIE KAMEPBHI, ITy3bIPHKOBLIE KAMEPHI.

Cemecrtp: 2 (Becennuit)

16. JIBe KOHIIENIINH SKCIIEPUMEHTAIBHBIX YCTaHOBOK.

DKCIepUMEHTaJIbHbIE YCTAaHOBKM C (DMKCHPOBAHHOW MMIIEHBIO M YCTAaHOBKM Ha KOJUIaiiiepax:
CpaBHEHHE IBYX KOHLENIMHI. THUIlbI MUIIEHEH: TBEpAOTEIbHBIE, CTPYiiHbIE, pellet, moisipuzoBaHHbIE.

17. CtpykTypa yCTaHOBOK Ha KoJulaiiaepax.

«JlykoBUYHas» CTPYKTypa YCTaHOBOK Ha KoJUlaijepax (BHYTPEHHHMH TpeKep, 3JICKTPOMArHUTHBIA U
aJpOHHBIN KaJIOPUMETPHI, MIOOHHAsI cucTeMa). [IpuMepsl KpyMHBIX YCTaHOBOK Ha KoJUIalaepax.

18. M3mepenre UMITyIbCOB YaCTHUI] B MATHUTHOM IIOJIE.

W3mepeHne uMIynbCcOB 4YacTUL B MarHuTHOM 1oje. PaspemieHue 1o ummynscy. TuIbl
HCITOJIb3YEMBIX MarHUTOB: THIIOJIBHBIE, COJIEHOUAAIBHBIE, TOPOUIAIIBHEIE.

19. BepminHHBIE TETEKTOPHL.

Bepumnnbie JIeTEKTOPBI: MOJTYIPOBOJJHUKOBBIE (MUKPOCTpUIIOBBIE, IHUKCENIbHBIE),
CUMHTWUISINUOHHBIE (QubepHbie, straw, TPC, rpymma perexkropoe MPGD (MSGC, GEM,
Micromegas).

20. KanopumeTpsl.

Kanopumerpsl. Kinaccudukarys kalopuMeTpoB 10 Ha3HAYCHUIO (JIEKTPOMAarHUTHBIC, aiPOHHbIE) U
0 CTPYKType (TOMOTEHHBIE, CJIOUCTBIE).

21. DHepreTuieckoe pa3pelieHne KaJopUMETPOB.
DHepreTUyecKoe pazpenieHre KalopuMeTpoB. DaKkTopkl, ONpeeNonue pa3peieHue.
22. MIOOHHBIE AETEKTOPHI.

MirooHHBIE JACTCKTOPBL: HA3BHAYCHUC, UCITIOJIb3yCMasl MECTOANKA, PA3PCIICHUC 110 UMITYJIBCY. HpI/IMepLI
MIOOHHBIX CHCTEM OOJIBIINX YCTAHOBOK.

23. Metonp! ueHTH()UKAIINN YACTHII.



Mertonpl uIeHTH(PUKALNN YacTUI: TT0 BPEMEHHU IpOJIeTa, M0 CKOPOCTU (IIOPOrOBBIE YEPEHKOBCKHE,
RICH, DIRC neTtexTophl, NETEKTOPHI MEPEXOAHOTO H3IIYHYECHHS), MO BEIWYMHE HOHHM3AI[MOHHBIX
noTepb, 0 (opMe pa3BUTHS JTUBHSL.

24. HedTpUHHBIE TETEKTOPEI.

Heiirpunable neTekTopbl. JleTeKTOphl KOCMHYECKHMX HEUTPUHO, HEHTPHHHBIC JETEKTOpPHl Ha
peaxkTopax M Ha yCKOPHUTEISAX.

25. DnekTpoHUKa B SAJIEPHO-(PU3HMUECKOM IKCIIEPUMEHTE.

DJeKTpOHHKA B siAEpHO-(U3MUECKOM sKcnepuMeHTe. CTpyKTypa amnmaparypbl SKCIEPHMEHTa B
nenoM. Front-end arekTpoHMKa: YCHIMTENN, TUCKPUMHUHATOPHI H JP.

26. DneMeHTHI TPUTTEPHON STEKTPOHHUKH.

DJIeMEeHTHl TPHUITEPHON 3JIEKTPOHHMKH: CXEMbl COBMAJICHHMH, JOTMYEeCKHe MaTpHIlbl, IH(poBbIe
3a0epKKU U Ap. DNEeKTpOHHBIE MoAynu LudpoBoii obpadorku curHanoB: ADC, TDC, cueruukw,
PETHCTPBI.

27. CnyuaiiHbple COBMAJCHUS B IByX MJIM HECKOJIBKUX KaHaJaX.

CnyuyaiiHple COBHAJEHUS B JByX WIM HECKOJBKHUX KaHajlaXx. MeprBoe BpeMs 3JIEKTPOHUKH.
IIpocueTsl.

28. CtaHmapTsl SJIEKTPOHUKH.

VYpoBuu norudeckux curaanos (NIM, ECL, TTL, LVDS). Crannaptsi anekrponuku NIM, CAMAC,
VME.

29. Tpurrepubie cuctembl. Cuctembl coopa ganHbix (DAQ).

Tpurrepusle cucteMbl. MeToasl 0TOOpa COOBITHIA, HWCIONB3YeMblE B TPUTTEPHOW JIOTHKE.
MHOroypoBHEBBII TpUTTED.

Cuctemsl coopa gannbsix (DAQ). Annaparnas u nporpamMHuas yactu DAQ. B3aumoneiictsue DAQ
¢ TpurrepHoii cucremoii. Opranuzanus “Slow control” 1 MOHUTOPUPOBAHUS B peaIbHOM BPEMEHH.

30. Cucremsbl Tpurrepa u c6opa JaHHBIX B KPYITHBIX 3KCIIEPHMEHTAX.

Oco0eHHOCTH MOCTPOCHHUS CHCTEM TPHUITEpa M cOOpa JaHHBIX B KPYITHBIX dKCTIepUMeHTax. CHCTEMBI
tpurrepa u DAQ B skcnepumentax Ha LHC.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeO0XOXMMON AJIsl OCYIIeCTBICHHUS 00Pa30BATEILHOIO
npouecca o JHCHUIIMHE (MOLYJII0)

VYuebHas ayquTopHsi, OCHAIlEHHAs! KOMITBIOTEPOM U MYJIBTUMEIMHHBIM 000py10BaHHEM (TIPOEKTOP,
3BYKOBasi CHCTEMA).

6.IlepeyeHb pekoMeHAYeMOM JIUTEPATYPHI

OcHoBHas JuTeparypa

1. Beenenue B ¢husuky Boicokux sHepruit [Texct] / /1. Ilepkunc ; ep. ¢ anmi. A. B. bepkosa ; mop pen.
b. A. lonromeunna - M.Oueproaromusnart, 1991

2. K. I'pynen, [lerektopsl aneMeHTapHbIX YacTul, Cubupckuii Xxponorpad, 1999

JomnonHurensHas aureparypa



1. P. bok, X. I'por, /1. Hon, M. Perniep, MeTonb! aHanu3a qaHHBIX B GU3NYECKOM DKCIIEpUMEHTE., M.,
Mup, 1993

2. Rossi, L., Fischer, P., Rohe, T., Wermes, N. _Pixel Detectors From Fundamentals to Applications,
Springer, 2006

7. llepedyeHs pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHUKAIIMOHHOI ceTH ""UHTepHET", HEOOXOTUMBIX
JJI51 OCBOEHHSI TUCIMIIJIMHBI (MOTYJIs)

0a3a nannbix Particle Data Group (http://pdg.lbl.gov), nouckosas cucrema INSPIRE
(http://inspirehep.net/) u anekrpoHHbIe Bepcuu xxypHanoB Phys. Lett., Phys. Rev., Eur. Phys. J., Nucl.
Phys., Nucl. Instrum and Meth.

8. IlepeyeHb MH(POPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NPH OCYLIECTBJICHNH 00Pa30BaTeILHOIO
npouecca 1o AMCUMILINHe (MOAYJII0), BKJIIOYasi lepeYeHb He00X0AUMOr0 NPOrpaMMHOI0 odecredeHust
H HH(POPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)

Heobxonumoe nporpammHoe obecniedenue: Adobe Reader.

ObecrieueHne caMOCTOSTENHLHON paboThI: 1OCTyH K 0a3ze ganHbix Particle Data Group
(http://pdg.1bl.gov), ObubmuoTeke U ANEKTPOHHBIM BepcHsM )KypHanoB Phys. Lett., Phys. Rev., Eur.
Phys. J., Nucl. Phys., Nucl. Instrum and Meth.

9. MeToauyeckue yKazaHus AJis1 00y4arOIIMXCs 10 OCBOCHUIO U CHUIIMHBI (MOXYJIs1)

CryneHT, M3y4yalOlM{d AWCUUIUIMHY, JOJDKEH C OJHOM CTOPOHBI, OBJAAETh OOIIMM IMOHITHUHHBIM
arrnaparoM, a ¢ Apyroil CropoHsl, JOJKEH HAyYUThCS IPUMEHSTh TEOPETUUECKUE 3HAHUS Ha IIPAKTUKE.

B pesynbrare m3yueHus NUCHUIUIMHBI CTYAEHT JOJDKEH 3HATh OCHOBHBIE OIpeNeTeHUs AUCIUILINHBI,
YMETh IPUMEHSATH TOyYCHHBIC 3HAHUS JIJISl PEIICHUS pa3InIHbIX 3a/1ad.

YcnemHoe 0cBOCHUE Kypca TpeOyeT:

— TIOCEIIICHUS BCEX 3aHATUH, MPETYCMOTPEHHBIX YU4EOHBIM TUTAHOM T10 AUCIUILTHHE;

— BeJICHUS KOHCIICKTA 3aHSITUH;

— HANPSHKEHHOW CaMOCTOSTEILHOM PaOOTHI CTY/ICHTA.

CamocrosTenbHast padoTa BKIIFOUAET B CeOs:

— YT€HHE PEKOMEHIOBAHHOU JTUTEPATYPHI;

— mpopaboTKy yd4eOHOro MarepHuayia, IMOATOTOBKY OTBETOB Ha BOIPOCHI, MPEIHA3HAYCHHBIX IS
CaMOCTOSITEIbHOTO U3yUEHUS;

— peleHue 3aad, MpeAjaraéMbpIX CTyJIeHTaM Ha 3aHATHSX;

— TIOATOTOBKY K BBITIOJTHEHHIO 33JaHHUI MPOMEKYyTOUHOM aTTeCTaltu.

[Mokazarenem BiajeHHs MarepHajoM CIYXXHT YMEHHE 0e3 KOHCIIEKTa OTBeYaTh Ha BOMPOCH IO TEMaM
JUCITUILIUHEL

BaxxHo 10OUTHCS MOHMMAaHUS W3ydaeMOro MaTepuala, a He MEXaHH4YECKOTro ero 3armoMmuHaHus. [lpu
3aTPYIMHEHUN W3yYCHUs OTJENBHBIX TEM, BOMIPOCOB, CIEAYeT OOpamarhcsd 3a KOHCYIBTAUAMU K
MIpenoaBaTesio.

Bo3mokeH mpoMekyTO4HBIH KOHTPOJIb 3HAHUH CTYAEHTOB B BUJE PEIICHHUS 3a7ad B COOTBETCTBUH C
TEMATUKOH 3aHSATHIA.



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

Cemectpbl, HOpMbI IPOMEIKYTOUHON ATTECTAIMH:
1 (ocenHuit) - Dx3aMeH

2 (BeceHHMH) - DK3aMeH

Pa3paborunk: A.B. JenoBuu



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

YK-1 CriocoGeH ocyecTBIsATh KpUTHUECKUN
aHaJn3 TpOOJIEeMHBIX CUTyalluii HA OCHOBE
CHCTEMHOTO TI0/IX0/1a, BhIpadaThIBaTh
CTpaTeruro AecTBui

VYK-1.1 Ananuzupyer npoOIEMHYIO CUTYaIHIO KaK CHCTEMY,
BBISIBJISISL €€ COCTABIISIOLIHE U CBSI3U MEXKIY HUMH

VK-1.2 OcymecTBiser MOWCK BapUaHTOB  PELICHUSA
MOCTAaBIICHHONH  TpOOJIEMHON  CHUTyallud Ha  OCHOBE
JOCTYTHBIX UICTOYHUKOB HH(pOpMaH

YK-1.3 PazpabarbiBaet CTpaTeruio TOCTHKEHUS

MOCTABICHHON IIEIW KaK IIOCJIeNOBaTCIbHOCTh IITaroB,
MpenBUIA PE3ylbTaT KakIOT0 W3 HUX W OLEHHWBAas HX
BJIMSHUE HA  BHEIIHEE  OKPYKEHHUE  IIAHHUPYEeMOM
JESTENbHOCTH W Ha B3aUMOOTHOIIEHHUS yYaCTHUKOB 3TOM
JIeATCIbHOCTH

YK-6 CriocobeH onpeessTh U peaan30BhIBaTh

VYK-6.1 YmMmeer pemarp 3a/laud COOCTBEHHOTO JTMYHOCTHOTO

MIPUOPUTETHI COOCTBEHHOU JIEATENHHOCTU U u  TpodeccHOHaTbHOTO  pa3BUTHA,  ONPEACNATh U
CHOcOOBI ee COBEPILICHCTBOBAHMS HA OCHOBE peaNn30BLIBATh IPUOPUTETHI COBEPIIICHCTBOBAHUS
CaMOOIICHKH COOCTBEHHOU JI€SITEILHOCTU

OIIK-1 Brnaneer cucremoii ¢pynnamentanpabix |OIIK-1.1 3HaeTr W© CIOCOOEH  HMCHOJB30BaTh B
HAyYHBIX 3HAHHI B O0NIACTH mpo(eCCUOHANBHON  JIEATENBPHOCTH  (yHJAaMEHTAIIbHBIC

(bPISI/IKO-MaTeMaTI/I‘leCKI/IX HayK

HAay4YHbIC 3HAHUS B obOmacTu (I)I/I3I/IKO—MaT6MaTI/I‘IGCKI/IX HayK

OIIK-2 Nmeet npeacrapieHne 00 aKTyaabHBIX
mpobiemMax HayKH U TEXHHKH B 001acTH cBOeH
po¢eCcCUOHANBHOMN NesTENbHOCTH, CIIOCOOCH
Ha HayYHOM f3bIKe (hOPMYIHPOBATH
npogecCHOHANBHBIE 3a]1a4U

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

OIIK-2.2 Crniocoben OLICHUBATh AKTyaJIbHOCTh
WCCIIeZIOBAaHU B obnmactu cBoel mpodeccrnoHanbHON
JEATEIIFHOCTH U MX MPAKTUYECKYI0 3HAYMMOCTb

OIIK-3 CniocoOeH BRIOMpPATh U (HITH)
pa3pabaThIBaTh MOXO/IbI K PEIICHHIO THIIOBBIX
Y HOBBIX 3371a4 B 001acTH npodeccnoHambLHON
JIeATEIIbHOCTH, YIUTBIBasi OCOOCHHOCTH U
OTPAHUYCHUS PA3TUYHBIX METOJIOB PEIICHHUS

OIIK-3.1 CrocobeH aHamu3upoBaTh 3ajady, [JIAHUPOBAThH
MyTH PELeHHs, Mpeiaratb U KOMOMHHUPOBATh CIIOCOOBI
peleHus

OIIK-3.2 CnocoOeH HCIIOIb30BaTh HCCIIENOBATEILCKUE
METO/bl TNPU PEIICHUN HOBBIX 3a]ad, IPUMEHSsS 3HAHWS B
pa3nMyHBIX 001aCTIX HAYKH (TEXHUKN)

OIIK-4 Crioco0eH ycIeniHo peain30BbiBaTh
pelleHue MOCTaBIeHHOH 3a/1a4, IPOBECTU
aHaJlu3 pe3yJpTrara v IIpeJCTaBUTh BbIBOABI,
MPUMEHSIS 3HAHUSI ¥ HABBIKK B O0JIACTH
(bU3MKO-MaTeMaTHUECKUX HAYK U
WH(POPMALOHHO-KOMMYHHKAIIMOHHBIX
TEXHOJIOTUHI

OIlK-4.2 CrnocobeH TpUMEHSTh 3HaHWST B  0O0NacTH
(U3UKO-MaTEMaTHYECKUX HAyK JUIS PEIICHHUS IOCTaBICHHOM
3a1auu, (POPMYJIHPOBAHUS BBHIBOJOB M OLIEHKH MOJYYEHHBIX
pe3yabTaToB

[IK-1 CnocoGen cTtaBuTh, hOpMann30BHIBATH U
pemIarh 3aJa4u, B TOM YUCIIe pa3pabaTbIBaTh U
HCCJIE0BATh MaTEMaTHYECKUE MOJICIH
M3y4aeMBbIX SBJICHHUH U MPOIECCOB, CUCTEMHO
aHaJIM3MPOBATh HAyYHbIE TPOOIEMBI, [TOyYaTh
HOBBIE Hay4YHbIE PE3yJIbTaThl

[IK-1.1 CriocobeH HaxomuTh, aHAIM3UPOBaThH U 0000IIATH
nHpopMaIrio 00 akTyaJdbHBIX pe3yJbTaTax MCCIe0BaHUN B
paMKax TeMaTW4YeCKOW OOJaCTH CBOEH MpodeCcCHOHATEHON
IEITEILHOCTH

[1K-2 CnnocobeH caMOCTOSTEILHO HITH B
Ka4yecTBe uJieHa (PYKOBOIUTEIS) MAJIOTO
KOJUICKTHBA OPTaHW30BEIBATh U MTPOBO/IUTH
HAyYHbIC UCCIICIOBAHMS U MX arpoOaIiuio

[IK-2.1 Cnoco0eH miaHupoBaTb M MPOBOAUTH Hay4dHBIC
UCCJICZIOBAHUSI CAMOCTOSTENIBHO MJIM B COCTaBE€ HAydHOI'O
KOJIJIEKTHBA

[1K-3 Cnocoben npodeccnonaabHO paboTaTh ¢
HCCIIeIOBATEIbCKUM U UCTIBITATEIbHBIM
o0opynoBanueM (MpruOOpaMH U yCTaHOBKaMH,
CTIEeLMATN3UPOBAHHBIMU TTAKETAMU TPUKIIATHBIX
MporpaMm) B n30paHHOU ITPEIMETHOM 00IacTH

[MK-3.1 Tlonumaer npuMHOUNBI pPabOTHI HUCIONB3YEMOTO
000opynoBaHuUs (cienmanu3upOBaHHBIX MAaKETOB
MIPUKJIAJAHBIX TPOTPAMM)

IIK-3.2 Crocoben IIPOBOJNTH AKCIIEPUMEHT
(MOIETMPOBaHKE) C KCIOJIb30BAHUEM HCCIICIOBATEIBCKOTO
obopynoBaHus (MTAKETOB MPHUKIIAIHBIX IPOTPAMM)

IMK-3.3 CnocobeH oIleHHBaTh TOYHOCTH IOJyYEHHBIX
9KCIIEPUMEHTAIILHBIX (UUCIICHHBIX) PE3YJIbTaTOB




2. Iloka3zare/iM OLCHMBAHMS KOMIIETCHIMIA
B pesynbrare n3yueHus AUCHMIUIMHBI « DKCIIEPUMEHTANIbHAA sSAepHas PU3KKay 00ydarOIUNHCS JOIKEH:

3HATb:

[]  OoCHOBHBIE BUJBI B3aUMOAECHCTBUS YACTHUL] C BEILIECTBOM;
[l npuHOMO PabOThl M YCTPOWCTBO OCHOBHBIX THIIOB JETEKTOPOB YacTHUIl B (PU3MKE BBICOKHX M
MIPOMEKYTOYHBIX SHEPTHIA;
O CrocoOBl M3MEPEHHsI PHEPruH, CKOPOCTH W HMIIyJbCa 3JIEMEHTApHBIX YacTHI, METOIbl HX
UACHTU(UKALIIHY;
[J NIpUHIMIIBI KOHCTPYUPOBaHUSI SKCIIEPUMEHTAIbHBIX YCTAHOBOK.

yYMeThb:

[l 3(¢hexTHBHO MPUMEHSTH BBILIEYyKa3aHHBIC 3HAHUS HA MPAKTHUKE JUIS pelIeHns QyHIaMEHTAIbHBIX U
MPUKJIAAHBIX HAYYHBIX 33/1a4 B O0JIACTH COBPEMEHHON (PM3UKHU 3JI€MEHTAPHBIX YaCTHII.
BJIaJeTh:

O TEXHUKOM M METOJaMHU pacdyeTa XapakTEPUCTHK M OCHOBHBIX IapaMETPOB IPOEKTHPYEMBIX
IKCTIEPUMEHTANIBHBIX AePHO-(PHU3NIECKUX YCTAaHOBOK.

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

He npenycmorpeHo.

4. [lepeyens TUNOBBIX (MPUMEPHBIX) BONMPOCOB U TeM [IJIsl IPOBeAeHUs IPOMEKYTOYHOI aTTecTalluu
o0yuarumuxcst

[TepeyeHb KOHTPOIBHBIX BOIIPOCOB AJIA ClIa4M 3K3aMeHa B 9-oMm ceMecTpe:

. OOBSCHUTP 3aBUCUMOCTh HOHU3AIMOHHBIX IMOTEPh OT UMITyIhca B opmyne bere-bioxa.

. OryKTyaluu MOHU3ALMOHHBIX TIOTEPh U UX MPOSBICHUE B SKCIIEPUMEHTE.

. ®usnyeckas cyTh u3nydeHus BaBunoBa-UepeHkoBa U €ro CBOMCTBA.

. CpaBHHTP XapaKTEPUCTHUKH JIByX BHUJIOB U3IYUCHUS: YEPEHKOBCKOTO i TOPMO3HOTO.

. OOBSCHUTH SIBJIEHUE MHOTOKPATHOTO PACCESTHHSI M KaK OHO MPOSIBIIACTCS B DKCIIEPUMEHTE.
. OmmcaTth OCHOBHEIE BUJIBI B3aUMOJICHCTBUS (DOTOHOB C BEIIIECTBOM.

. O0mrast cxema CHUHTHWILIAIIMOHHOTO JAETEKTOPA.

0 NN N bW

. DOTOYMHOXHUTENN U UX XapAKTEPUCTHKHU.

9. Iloporoseie u nuddhepeHnnanbHbIe YePEHKOBCKUE CUETYUKH.

10. ®usnveckue 0CHOBHI pabOTHI MOIYIPOBOAHUKOBBIX JETEKTOPOB U MX OCHOBHBIC THIIBI.
11. JlaBuHHOE ycuiieHHE U paboTa MPONOPLIHOHAIBHOTO CUETUHKA.

12. Pa3nuunble pesxuMBbl padOThI ra30pa3psaIHbIX JETEKTOPOB.

13. TIponopuuoHanbHble U ApeiioBbIe KaMephl.

[lepeueHp KOHTPOIBHBIX BONPOCOB IS CIa4yM 9K3aMmeHa B 10-om cemecTpe:
1. OcobGeHHOCTH YCTaHOBOK € (PMKCHPOBAHHOM MUIICHBIO U YCTAHOBOK Ha KOJUIaiiepax.
2. VI3mepeHne uMIynbCOB YaCTHL] B MArHUTHOM T0JI€. THUIIBI MArHUTHBIX CHCTEM.

3. ToaynpoBOmHHKOBBIE M CHUHTHJUISIMOHHBIC (PUOEpHBIC METEKTOPHl B KAa4eCTBE BEPIIMHHBIX
JETEKTOPOB.

4. Nerexropsr straw u TPC.

5. PaznuyHble TUIIBI KAJIOPUMETPOB U UX CPABHEHHUE.

6. DaxTophl, ONIPENEIIAIOLIUE pa3pelieHUe KaTopUMETpa.

7. MIOOHHBIE IETEKTOPBI HAa KOJUIalIepax.

8. MeTtozp! MACHTU(HKAIINH YACTHI] IO BPEMEHH MPOJIETa U 10 CKOPOCTH.

9. OcoOeHHOCTH HEHUTPUHHBIX JAETEKTOPOB TMpPH M3yUYCHHH KOCMHYECKUX, PEAKTOPHBIX U
YCKOPHUTENBHBIX HEUTPUHO.

10. Front-end u Tpurrepnas anekrpoHuka. CTaHIapThl HIEKTPOHHUKH.
11. @yHKIIMU CUCTEMBI COOpa TaHHBIX U €€ B3aUMOJICHCTBUE C TPUTTEPHON CUCTEMOM.
12. Cnyualinbie COBIIaJICHHS, TPOCYETHI. MepTBOE BpEeMS U €r0 NCTOUHUKH.



[Tpumeps! 3K3aMEHAIMOHHBIX OMIIETOB

B 9 cemectpe:

buner 1.

1.®u3nueckas cyTh u3nydeHus BaBunosa-UepeHkoBa 1 ero CBONWCTBA.

2.00BSICHUTD SIBIIEHHE MHOTOKPAaTHOTO PacCesHHs U KaK OHO MPOSIBISETCS B SKCIIEPHMEHTE.
buner 2.

1.JIaBuHHOE ycuieHue u padboTa MpornopIHOHATBHOTO CYETUHKA.

2.DOTOYMHOXHTENIN U UX XapaKTEPHUCTUKHU.

buner 3.

1.Pa3znuuHble pexXUMBI pabOThI ra30pa3psiiHbIX JETEKTOPOB.

2.CpaBHUTH XapaKTEPUCTUKHU JIBYX BUJIOB M3JIyUCHHUS: YEPEHKOBCKOTO M TOPMO3HOTO.
buner 4.

1.Onucarb OCHOBHBIE BUJIbI B3aUMOIEHCTBUS (DPOTOHOB C BEIICCTBOM.

2.00BSICHUTD 3aBUCHMOCTb HOHM3ALIMOHHBIX IOTEPh OT UMITyiIbca B (popmyine bere-bioxa.
buner 5.

1.IToporoeeie u auddepennnambHbIe YePEeHKOBCKHE CUCTUYHKH.

2.006mast cxeMa CHUHTUIUISIIIUOHHOTO JETEKTOpa.

B 10 cemectpe:

buner 1.

1.M3MepeHne UMIyJIbCOB YAaCTUI] B MATHUTHOM TI0JI€. THITBI MATHUTHBIX CHCTEM.
2.Front-end u TpurrepHas snekTporuka. CTaHIapThI AIIEKTPOHUKH.

buner 2.

1.0cob6eHHOCTH  HEWTPUHHBIX JAETEKTOPOB MpPU M3YYEHHMM KOCMHUYECKHX, pEaKTOPHBIX U
YCKOPHUTENBHBIX HEUTPUHO.

2.DakTopshl, ONPEACIAIONINE PA3PELUICHUE KAIOPUMETPA.

buer 3.

1.MroOHHBIE IETEKTOPBI Ha KOJUTaWAepax.

2.CnyyaiiHple COBIAICHUS, TPOCYETHl. MepPTBOE BpEMS U €r0 HCTOUYHUKH.

buer 4.

1.DOyHKIMU CUCTEMBI COOpa TaHHBIX U €€ B3aUMOJICHCTBUE C TPUTTEPHON CUCTEMOM.
2.Pa3uyHbIe TUIBI KAJTOPUMETPOB U UX CPABHEHUE.

buer 5.

1.ITomynpoBOJHUKOBBIE M CHUHTWUISIIMOHHBIE (HUOEpHBIC JETEKTOPHl B Ka4eCTBE BEPUIMHHBIX
JETEKTOPOB.

2.0co0eHHOCTH YCTaHOBOK € (PMKCUPOBAHHON MUIIEHBIO U YCTAHOBOK Ha KOJJIalaepax.

Kpurepun onennBanus

O6yqalou_[eMyC;1 CTAaBUTCA OLICHKA B COOTBCTCTBUU C IMPOACMOHCTPUPOBAHHBIM YPOBHCM MOATOTOBKH,
OLICHMBAHUE TMPOU3BOAUTCA Ha YCMOTPCHHS OJOK3aMCHATOpa B COOTBETCTBUH C O0COOEHHOCTSIMU
JAUCHUIUIMHBL U CIICAYIOIHUMU KPUTCPUAMU:

Onenka "ommuno" (10 GayioB) BBICTABIISIETCSl  CTYAEHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHCTEeMaTH3UPOBaHHbIE, DIIyOOKHE 3HAHMSA Y4eOHOW NporpaMMbl IUCHUIIIMHBL, TPOSBISIOIIEMY
HWHTEpeC K JaHHOW NPEAMETHOW 00JacTh, MPOJEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPUYCCKHU
MPUMEHATh X Ha NPAaKTHKE MPU PeIleHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHHUE
MPUHATHIX PELICHUH.

Onenka "ormmmuno" (9 OamioB) BBICTABJISIETCSl  CTYIEHTY, IIOKa3aBIIEMy BCECTOPOHHMUE,
CHCTeMaTH3UPOBaHHbIE, ITyOOKHE 3HAHUS y4eOHON MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
MPUMEHSTh UX Ha MPAKTHKE NP PElICHUH KOHKPETHBIX 3aa4, CBOOOTHOE U PaBUIbHOE 0OOCHOBaHHE
HPUHATHIX PELICHAMN.

Onenka "ortnmuuno" (8 0OamioB) BBICTAaBIISIETCSI  CTY[AEHTY, IIOKa3aBIIEMY BCECTOPOHHHUE,
CHUCTEMaTH3UPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW MpOrpaMMbl JUCLUUIUIMHBI U YMEHUE YBEPEHHO
INPUMEHATh MX Ha MPAKTHKE MPU PELICHNH KOHKPETHBIX 3a]ad, MPaBWIbHOE 000CHOBAaHHE MPUHATHIX
pelIeHui, ¢ HEKOTOPBIMH HEOYETAMH.



Onenka "xopomo" (7 0anioB) BBICTABIAETCS CTYIEHTY, €CIIM OH TBEPAO 3HAET MarepHall, TPaMOTHO U
[0 CYIIECTBY M3JIaraeT €ro, yMeeT NPHUMEHSTH MOJyYCHHBIC 3HAHHWSA Ha MPAKTUKE, HO HEJOCTaTOYHO
rpaMOTHO 00OCHOBBIBAET MOITYUYCHHBIEC PE3YJIBTATHI.

Onenka "xopomo" (6 6anoB) BBICTABIAETCS CTYIEHTY, €CIIM OH TBEPAO 3HAET MarepHall, TpaMOTHO U
[0 CYLIECTBY M3JaracT €ro, yMeeT NMPUMEHATh MOJYYCHHbIC 3HAHMS HAa MNPAKTHUKE, HO JOIYCKaeT B
OTBETE WJIH B PEIICHUH 337124 HEKOTOPbIE HETOYHOCTH.

Onenka "xopomo" (5 0ayuioB) BBICTAaBISETCS CTYIACHTY, €CIM OH B OCHOBHOM 3HAeT MaTepuall,
IPaMOTHO ¥ IO CYIIECTBY M3JIaraeT €ro, yMeeT NPHMEHITh IOJyYeHHbIE 3HAHMS Ha IPaKTHKE, HO
JIOITyCKAeT B OTBETE WM B PELICHUHU 3aa4 JOCTATOYHO OOJIbIIOE KOJTUYECTBO HETOYHOCTEH.

Onenka "ynoBneTBopUTenbHO" (4 Oama) BBICTABISETCS CTYACHTY, IOKa3zaBlIeMy (parMEHTapHBIH,
pa3pO3HEHHBII XapakTep 3HAHUM, HEJAOCTATOYHO IpaBHUJIbHBIE (OPMYIUPOBKH 0a30BBIX MOHITHH,
HapyILIEHUs JIOTHYECKOW MOCIIeIOBATEIIbHOCTH B M3JIOKEHUH IPOTPAaMMHOTO Marepuaia, HO MPHU 3TOM
OH OCBOMJI OCHOBHBIE pa3eibl y4eOHOM MmporpaMmsbl, HEOOXOAUMBIE JUIS JalbHEHIIero o0y4deHus, u
MOJKET MIPUMEHSTH MOJy4YeHHbIE 3HAHUA 110 00pa3iy B CTAHJAPTHON CUTYyallnH.

Onenka "ynosierBoputenbHO" (3 Oayia) BBICTABISIETCS CTYACHTY, MOKa3aBIIeMy (parMEHTapHBII,
pa3po3HEHHBIH XapakTep 3HaHWM, JOomycKaronlemy OmHOKH B (POpMyIrpoBKax 0a30BBIX MOHATHH,
HapyIIEHUs] JIOTUYECKOH TI0CIEeI0BAaTeIbHOCTH B H3JIOKEHMHM IPOrPaMMHOIO Marepuaia, ciaalo
BJIaJICET OCHOBHBIMHU pa3JesiaMH y4eOHO! MporpaMmbl, HEOOXOANMBIMHE JUTS JaJIbHEHIIero o0ydeHus 1
C TPYZIOM IIPUMEHSET MOJyYCHHbIE 3HAHUS AaKe B CTAHAAPTHOU CUTYalHH.

Onenka "HeymoBneTBopuTenbHO" (2 0ajuia) BBICTABISIETCA CTYACHTY, KOTOPBIA HE 3HAeT OoJbLIei
YaCTH OCHOBHOTO COZEPXKaHMS Y4eOHOM HporpaMMmbl TUCHUIUIMHBI, JOIMYyCKaeT rpyOble OMMOKH B
(hopMyIIMpOBKax OCHOBHBIX MIPHUHIUIIOB H HE YMEET HCIIOJIb30BaTh MOMyUYEeHHBIC 3HAHUS MIPH PELICHUU
THUIIOBBIX 33/a4.

Onenka "HeynosierBoputenbHO" (1 0aymr) BbICTaBISETCS CTYJACHTY, KOTOPBIA HE 3HAET OCHOBHOTO
cozep)KaHusl y4eOHOH MporpaMMbl IUCLUILTUHBI, JOIycKaeT rpyOeiimne ommOKd B (HOPMYTUPOBKAX
0a30BBIX MOHATUH JUCLUIUIMHBI U BOOOIIE HE MMEET HABBIKOB DPEIICHHS THIOBBIX MPAKTHYECKHX
3aj1ay.

5. MeTonuueckune MaTepuasbl, onpeaeasonie Npoueaypsl OeHUBAHUA 3HAHUI, YMEeHH, HABBIKOB H
(Wy1K) oNbITA AESITEILHOCTH

[Ipu mpoBeneHNU olleHWBaHMS 3HaHWK OOydYarolIeMycs MPEJOCTaBIsIeTCS BpeMsl Ha IMOJITOTOBKY Ha
yCMOTpeHue 3K3aMeHaropa. Ompoc oOyuaromierocs 1mo OuiIeTy Ha YCTHOM 3K3aMEHE HE JOJKEH
MPEBBIIIATH OJHOTO acTPOHOMHUYECKOro yaca. OlleHWBaHWE 3HAHUI MPOU3BOAUTCS B COOTBETCTBUH C
BBIIIEYKAa3aHHBIMU KPUTEPUSAMHU B COOTBETCTBUU C COAEPHKAHUEM TUCLUIUIIMHEI.



