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1. Ilepevenb NJIaHUPYEMBIX Pe3y/JIbTATOB 00y4eHHs 110 JUCHHUILINHE, COOTHECEHHBIX C
IUIAHUPYEMBIMH pPe3y/JIbTaTaAMHU OCBOCHHS 00pa30BaTe/bHOM MPOrpaMMBbl.

HucuuninHa «CoBpeMEeHHbIE dKCIEpUMEHTabHbIe MeTOUKM B @BD» mpenHazHaueHa
JUTSL IETATbHOTO OOYYEeHHS CTYACHTOB-(U3UKOB COBPEMEHHBIM JKCIIEPUMEHTAIBLHBIM METOIaM
(U3UKHA BBICOKMX DHEPTUHU, MPEIBAPUTEIbHBIC MPEACTABICHUSI O KOTOPHIX OHHU MOJY4YaroT MPH
paHee U3ydaeMbIX Kypcax (BBeJeHHE B (DM3HKY BBICOKUX SHEPTUM, SIKCIIEPUMEHTAIbHAS sSIepHAS

buzuka).

OCHOBHOW 1IENTBI0 OCBOCHHUS JUCLMIUIMHBI SBISETCA O3HAKOMIJIGHHE C (U3UKOM
JETEKTUPOBAHUS HMOHU3UPYIOIIUX M3JIy4eHUH M ¢ Haumbosiee pacHpOCTPaHEHHBIMU THUIIAMU
JIETEKTOPOB JJIEMEHTAPHBIX YACTHUIl U CBETOBOIO U3IIydeHHs. ISl TOCTHKEHUS IOCTABICHHOU

LIEJIA BBIACISAIOTCA 3a]a4l Kypca:
1. W3yueHue B3aUMOJEHCTBUS U3IYyUEHUS C BELLIECTBOM.

2. Wzyudenue pu3nuecKux NpoueccoB, IPOUCXOIAIIUX B JETEKTOPAX IEMEHTAPHBIX YaCTHUI]
IIPU PETUCTPALIUU MOHU3UPYIOIINX U3JIy4CHHM.
3. HM3yuenue Haubosee pacpOCTPaAaHEHHBIX TUIIOB JETEKTOPOB 3JIE€MEHTAPHBIX YACTHUIL
(COBpEMEHHBIX U IIPOLIOTO CTOJIETHUSA).

I[I/ICI_II/IHJ'II/IHB. HancJICHa Ha (1)OpMI/IpOBaHI/IC y 06yqa10meroc;1 HpO(I)eCCHOHaHLHOﬁ KOMIICTCHIIMHM:

Pe3ynbrarel ocBOCHUS
o0pa3oBarenbHON
MIPOrPaMMBI
(KOMTIETEeHIINN )

WNHpukatopsl

Pe3ynbrarel 00yueHus no
JUCLUTUIMHE

IK-1 Cnocoben
HCIIOIL30BaTh
CrelMaIu3upOBaHHbIE
3HAHUA B 00J1aCTH (PU3UKU
MPU PEIICHUH
IMOCTABIICHHEIX 3a7a4 B
HAay4YHO-MCCIEN0BATEIbCKON
esITeIbHOCTH B
COOTBETCTBUH C Ipoduiiem
IMOJTOTOBKH B 3aBUCHMOCTH
0T crielu UK 0OHEKTa
HMCCIICIOBAHUS.

I1K 1.1 [Ipumensier
CIelMaTU3UpOBAHHBIE
3HaHUS B 00JacTh
(U3HUKY IPU peIIeHUH
KOHKPETHBIX 3a/1a4 B
00J1aCTH HayYHBIX
MCCIEeOBaHUN B
COOTBETCTBUHM C
MpoQuIeM MOATOTOBKH B
3aBUCUMOCTH OT
crieniupuku 00beKTa
MCCIICIOBaHMUA.

I1K 1.2 Beioupaer
HanOosee 3¢ (heKTuBHBIE
METOJIBI pEIICHUS
KOHKPETHBIX 3a/1a4 B
00JaCTH HayYHBIX
MCCIICIOBAHNM B
COOTBETCTBHUH C
npoduiieM MOArOTOBKY B
3aBUCHMOCTH OT
crerupuKku 00BEKTa
MICCIICJOBAHMS.

3HATBH TEOPETHUUECKHE U
AKCIIEPUMEHTAIIbHBIE METO/IBI,
MPUMEHSEMbIE B COBPEMEHHBIX
PKCIIEPUMEHTAJIbHBIX METOJIMKAX B
DBDO, 0cHOBHBIE KOHIIEIIIIUH,
nexxalire B OCHOBE MOCTPOEHUS
IMTAaHHBIX METOJIUK, COBPEMEHHYIO
mUTEpaTypy 10 TEMaTUKE Kypca;
OCHOBHBIE TUIIBI JETEKTOPOB
AIIEMEHTapHbBIX YaCTHUIL
(COBpEMEHHBIX U MPOIILIOTO
CTOJIETHS) ¥ IPUHIIUIIBI UX
IEeCTBUS.

'YMeTh caMOCTOSATENBHO peIaTh
MpOoCTEeHIINE 3a/1a41 U TPOBOIUTH
OIICHKH JIJIs1 COBPEMEHHBIX
PKCIIEPUMEHTAIbHBIX METOJIUK B
DBD; pazobpaThcs MpU MOCTAHOBKE
(U3UYECKOTO IKCTIEPUMEHTA, KAKUE
IMTEeTEKTOPBI HEOOXOUMBI JIJIST
MOJIy4eHUs] JAHHOTO (hPU3UUECKOTO
pe3ynbpTaTa, yMeTh pa3padoTarh
ITAaHHBIE IETEKTOPHI U YMETh
paboTaTh C HUMH.

Biagers HaBBEIKAMU IIOCTAHOBKHU U
[peIIeHNs 3a]a4 HayYHBIX
MCCIIeIOBAaHM B 001aCTH (PU3UKU
COBPEMEHHBIX AKCIEPUMEHTATbHBIX
MeToauk B ®B3; 0cHOBHBIMU

METOJaMH HayYHBIX WCCIIEIOBAHUMH,




Pe3ynbTaThl OCBOEHUS

o0pa3oBaTesIbHOI Pe3ynbrarel 00yueHus no
Nunukaropel
IPOTrPaMMBI JUCLUIUIMHE
(KOMIeTeHINN)

HaBBIKAMH MCIIOJI30BAHUS 0a30BbIX
pa3zaenoB olmiel GU3NKU Ipu
PELICHUH HAyYHO-WHHOBAIIMOHHBIX
3aj1a4; 3HAaHUSIMU Ha YPOBHE,
MO3BOJISIIOIIEM ITPOBOIUTH

A (heKTHBHBIN aHAIN3 HAYYHOU H
TEXHUYECKON MHpOpPMaIMY B
00J1aCTH COBPEMEHHBIX

DKCIIEPUMEHTAIIBHBIX METOIUK B
DBD.

2. MecTO AMCUUIIUHBI B CTPYKTYPe MAarucTepcKoii mporpaMmsl

Jucuunnuza «CoBpeMeHHbIE 3KCIIEpUMEHTaNIbHbIE MeTOJUKU B PBO» aBnsercs oqHoN 13
JTUCIUILIMH 10 BBIOOpY Mo HampaBieHuto noaArotroBku 03.04.02 ®duszuka (mpoduib MOArOTOBKU
«O6mas u pyngamenrtanbHas pusnka»). CTyIeHTHl, IPUCTYNAOIINE K U3YYCHUIO JUCIUIUINHBL,
JIOJDKHBI MMETh OOLIyl0 0a30BYH0 NMOATOTOBKY B paMKaX IpPOTrpaMMbl MEPBBIX YEThIpeX JeT

oOyuenus B BY3e, B Tom uncne:

— UMeTh o0111ee npeAcTaBiIeHue 0 GU3NKE JIEMEHTAPHbIX YaCTHIL,
— 00J1a1aTh ONBITOM pelIeHU 3a/1a4 (PU3UKU JIEMEHTapHbIX YacTHIL,
— 3HATb OCHOBBI CXEMOTEXHUKH, DJIEKTPOHUKH U DJICKTPOTEXHHUKH,
— HMMETh IPAKTUYECKU OTBIT JJAOOPATOPHBIX U3MEPEHUH.

JlucumiuimHa JOJDKHA NPEIIECTBOBATh BBIITOJIHEHUIO MAaruCTEPCKOM AMCCEPTAlMH, T.K.
AT MAarucTpaHTy HEoOXOIMMble 3HAHUS, HABBIKU U MPEAOCTAaBISIET HHCTPYMEHTHI st
BBITTOJIHEHUS UCCIIEI0BAaHUM B 00J1aCTH (PU3UKH HJIEMEHTAPHBIX YaCTHIl B paMKaX MOJATOTOBKU €T0
KBaJIM(DUKALIMOHHOM paboTHI.

3. Tpya0oémMKoOCTh AUCHHMILIMHBI B 324¢THBIX €JHHULIAX C YKA3aHHEM KOJIHYeCTBA
aKajgeMMYecKHX YacoB, BbIIeJICHHbIX HA KOHTAKTHYIO pa0oTy 00y4aromierocs ¢
npemnogasareseM (10 BUAaM y4eOHbIX 3aHATHI) M HA CAMOCTOSATEJILHYIO padoTy.

Tpyno€MKOCTh TUCIIUTIIMHBI COCTABIISCT: 2 3a4ETHBIC SIMHUIIBI, 72 Jaca.

dopma IpoMeKyTOUHOU aTTecTanuu: 1 cemectp — 3K3aMeH.

Cemectp
No Bun nesareabHOCTH 1
1 Jlexkuun, g 32
2 [IpakTHdeckne 3aHATH, 4 -
3 JTabopaTopHbIe 3aHATHS, 4 -
3aHATHA B KOHTAaKTHOM (pOopMe, 9 U3 HUX
4 36
5) ayJIUTOPHBIX 3aHATUH, 4 32
6 B DJICKTPOHHOM opme, 4 -
7 KOHCYJIBTAIIUM, Yyac. 2
8 MIPOMEKYTOYHAsI aTTecTaluus, 4 2
9 CamocTosiTensHas padoTa, Jac. 36




|10| | Bcero, u |

72

4. Coneprxkanue IMCHUILIMHBI, CTPYKTYPHPOBAaHHOE 110 TeMaM (pa3jiesiaM) ¢ yKa3aHueM
OTBEJEHHOI0 HA HUX KOJMYECTBA aKaJeMUYeCKUX YaCOB U BU/IOB YUeOHBIX 3aHATHIA.

Hucuunnmza «CoBpeMeHHbIE SKCIEepuMeHTalbHble MeToauku B DBD» npencrariser

co0OH MOJTyroJJ0BOI Kypc, YATaeMblii B Maructparype ¢usndeckoro ¢akynprera HI'Y B 1-om
cemectpe OOmIast TPy JOEMKOCTh TUCIUILTMHBI COCTABISET 2 3a4€THBIC €ANHUIIBI, 72 Jaca.

IIporpamma Jexkumi

Kaaccndukanus 1eTeKTOpoB 3/1eMEHTAPHBIX YacTHI (2 yaca)

B3aumoneiicTBue u3jiyueHus ¢ BeuecTBoM (4 yaca)

1. BzaumopeiicTBue TSIKEIbIX 3apPsAKCHHBIX YaCTHI[ C BEIICCTBOM.

Nonuzanuonnsle notepu. ®opmyna bere-binoxa. [Ipober Tsokensix 3apsHKEHHbBIX YacTHILL.
MHorokpatHoe (KyJOHOBCKO€) paccesiHue. 0- 3JIeKTPOHBI.

2. TIpoxoxkmeHue IEKTPOHOB Yepe3 BEIIECTBO.

TopmosHnoe uznyuenue. Kpurtnueckas sneprus. [IpoGer 31eKTpoHOB.

3. BsaummopeiicTBre (POTOHOB C BEIIECTBOM.

dotosdppexr. Komnronosckoe paccesuue. Poxnenue nap. @oTosnekTpoHHast SMUCCHs
u3 TBepabix Ten. ESCA cnexktpockomnus.

4. DnroKTyalM HOHU3ALMOHHBIX MOTEPb.
5. CB3b MeXIy OTEpEl S3HEPTUU U MOHU3ALUEH.

V.

IlepBuunas u nonHas nonuzauus. Pakrop Pano. XapakTEpUCTUKHU ra30B.

du3nyeckue Npouecchl B ra3oBbIX JeTeKTopax (4 yaca)
1. TlepeHoc 3aps/10B B razax.

Jud¢y3us HOHOB U 3JIEKTPOHOB B OTCYTCTBUH 10JIA. Jlpeli) HOHOB B AJIEKTPUYECKOM
nose. [TonsumxHocTs noHOB. [lepe3apsiika noHos. Juddy3us noHOB.

Hpeiid 251eKTpOHOB B dIeKTpUdYecKoM mosie. JperioBbie CKOPOCTH.
Xapakrepuctuueckas sHeprus. JJuddysus snekrponos. peiid B MaruuTHOM 1oje. pdext
AIIEKTPOOTPHULIATEIbHBIX Ta30B.

2. Perucrpanus HOHU3AIMU B Ta3e.

Bo30y>xneHHbIe MOJIEKYIIBI B CHIIBHBIX AJIEKTPUYECKHUX MoJisAX. Bo30yxneHue Monekyn
AJIEKTPOHHBIM YapoM. MoJieKyIsipHbIe HOHBI B MHEPTHBIX razax. D¢ ekt Ilennunra.
PesonancHoe mznyduenue. doronoriomnenrne u GOTOMOHU3AIHS.

["a30Bo€ ycuieHre B CUIIbHBIX JIEKTPUUYECKUX NOJIX. MoHM3aMs MOTIEKy
31eKTpOoHHBIM yrnapoM. Koapdumment nonuzanuu TayHcenna. AccouuaTuBHas HOHU3ALIMSL.
3. IIpomopioHaibHbIE CUETUUKH.

Pexumbl padotsl. Koaddunuent ycunenus. Pazputue curaaisa BO BpeMEHH.

DIroKTyall ra30BOr0 YCUJICHHUS. DddextuBHOCTh HOHU3AIMU. Pactipenenenue
[Toits. Haceimenue naBunbpl. OrpaHuydeHre MPOMOPIIHOHATBHOCTH. DPhEeKT
MIPOCTPAHCTBEHHOTO IMOJIOKUTENBHOIO 3apsaa. BropuuHas noHU3aLus. DOoTOHHBIE

obpatusbie cBsi3u. MloHHBIE oOpaTHBIE cBsi3U. OH-251eKTpOHHAs SMuccHs. [amenue paspsiaa.
D¢ ekt cTapeHus B IPOBOJIIOYHBIX IETEKTOPAX.

TpekoBble neTekTOpHI (4 Yaca)
1. MsoronpoBosiouHble mponopiuroHaabHbie kamepsl (MIIK).



DNEKTPOCTaTUYECKUE U MEXAHUYECKUE XapaKTEPUCTUKU. EMKOCTD TPOBOJIOYKH.
Kondurypauus nosus. BiusHue MexaHn4eckux TOUHOCTEH. BiusiHue 35ekTpocTaTnyeckux
cui1. Oco0eHHOCTH KOHCTpYKIMU. Pamku. JInHuM noepxku u crielicepsl.

CunteiBanue curnana. Jluckpernusie cucreMsl. JIunuu 3anepxku. Meron nenenus
3apsnoB. Karoansnii ceem. Xapakrepuctuku MIIK. DddextuBaocts. [IpocTpancTBeHHOE U
BPEMEHHOE pa3pellieHue. 3arpy304Hasi ClIoCOOHOCTb.

2. Hpeiidpossie kamepsl (IK).

[Tnockue JAK.IIpuniumbl paboTsl U TUIIE IpeiidoBbIX sueek. [IpenensHoe
IPOCTPaHCTBEHHOE paspelnieHue. Pemenne geBo-npaBo HeomnpenenenHoctd. Pabora B CI'C
pexume. LHumunapuueckue K.

3. Bpewmsimpoekimonnsie kamepsl (BIIK).

[Tpunnun neiictus. Jpetidosiii 00beM u TOpIieBOi netekTop. Kanmubposka BIIK.
Jlazepuas kanmmuOpoBka. @usndeckue nporeccol B BITK. petid 21eKkTpoHOB B MArHUTHOM U
3JeKTprUecKoM noJisix. Juddy3ust 371eKTpOHOB B IPUCYTCTBUM MarHUTHOTO MOJIS.
VYrpasnsemblil pexxuM padoTel. CUNTBIBAaHUE HA TI3]IBI.

4. MukpocTpyKTypHbie ra3oBsie getektopsl (MCI'/]).

MuxkpocTpunoBble ra3oBbie Kamepbl. Konpurypamus nosns. Y cuieHue u
IPOCTPAHCTBEHHOE pa3pelleHue. 3arpy3ouHas cnocoOHOCTh U ctapenue. [Ipobou noa
BO3/ICIICTBUEM CUIIbHOMOHU3UPYIOLUX yacThll. [lomynpoBosiiye noKpeITUs U acCUBALIUS
KaTOJI0B.

Hpyrue MCI'I. Micro-Gap, Micro-Dot, Micro-Pin, MicroMegas, Micro-CAT, Well,
Micro-Groove, Micro-Wire.

5. T'azoBsie anekTpoHHBIE YMHOXHTENU ([DY).

[Tpuniun padotsl u reomerpust. Kondurypauus nomus. Ycunenue. ekt nuamerpa
neipok. Kackagnsie DY,

®dusnueckue npoueccsl B 'DY. @oronHble o0paTHbIe CBs3U. FIOHHBIE 0OpaTHBIE CBA3H.
O} dexTr! pazBUTHS JTaBUHBI B AbIpKe. D PEeKThI 3apsiku noHamu. Pabota B 4MCThIX
0J1arOpO/IHBIX ra3ax U MPHU BBICOKHUX JIaBICHUSX.

[TpoGou nmos Bo3aeHCTBUEM CHIIBHOMOHU3UPYIOLUX yacThil. [IpocTpancTBeHHOE U
BpPEMEHHOE pa3pelieHne. 3arpy304Has CHocOOHOCTh U CTapeHHe.

6. TMomympoBomuukoBsie aerextops! (ITI11T).

OnemeHTs! GU3nKK NoaynpoBogHUKOB. [Tpuniunet padots! [II1/1. Kpucrammnueckue
CUETUYHKHU.

Herekropsl ¢ p-n nepexoaoM. O6enHeHHas obnacTk. [lone 1 eMKocTh p-n mepexoja.
TexHonorust U3rOTOBJIEHUS.

[ToBepxHOCTHO-0aprepHbIe AeTeKTOPHI. Jndy3nonHo-apeiidoBbIe TETEKTOPHI.

Muxkpoctpunosslie nerektopbl. KoopaunatHoe paspemenue u mymMsl. [locinennue
JOCTHXKEHUS. [[ByXKOOpAMHATHBIE NETEKTOPBI. J[eTEKTOpBI ¢ ABOWHBIM METAJUIMYECKUM
CJIOEM.

JlerekTophl HAa OCHOBE MPUOOPOB ¢ 3apsaaoBoii cBsa3bio (I13C). Kpemuuessie npetidoBbie
NeTEeKTOpHI. JleTeKTopsl Ha OCHOBE MaTepualioB ¢ 6oabsiuM Z (Ge, GaAs u ap.).

Dddextrr 0bmyuenus I,

V. HU31yyeHHe U perucTpanus CBeTOBBIX CUTHAJIOB (4 yaca)
1. Baxyymubie hoTO31€KTpOHHBIE yMHOXHUTENU (DIY).

[Tpuniun padotsl. @oToSMUCCHOHHBIE MaTepuaibl. CypbMsSHO-IIET0YHbIE (POTOKATOIBI.
@DOTOKATO/BI C OTPULIATENILHBIM CPOJICTBOM K JIEKTPOHY. YIIbTpaduoIeTOBbIE (OTOKATOMABI.
JluHonHbBIE CTPYKTYpPHL. TE€XHOJIOTHS U3TOTOBIICHUS.

Dneprerudeckoe paspemenue. Excess Noise Factor. OnqHoh0oTO3IEKTpOHHBIEC CIIEKTPHI U
TEMHOBOM TOK. DPPEKT CHIBHOTO IMEKTPHUUECKOTO MOJIS.

®DY nHa mukpokaHanbHbIX TiactTuHax (MKII). ['ubpuaasie ®OY.

2. T'azoBbie ODY.



dotosmuccus B ra3. ObparHoe paccesHue GpoTornnekTpoHoB. ['azoBeie DDY Ha ocHOBE
I'5Y. KoMno3unuoHHbIe TUICHOYHBIE (POTOKATO 1. 3ammTa OTOKATOO0B.

3. TomynpoBoAHUKOBBIE IPUOOPHI.

®dotoauonanl. JlapuaHbie PoTOaMOABI. CBETOIMOIBI.

4. OpraHuyeckue CUUHTHILISATOPBIL.

MexaHn3M CHUHTUIIANMH. 3aBUCHMOCTE CBETOBBLIXO0AA OT IIJIOTHOCTH HOHU3ALIMH.
®opmyna bupkca. OqHOKOMIIOHEHTHBIE CHMHTHILISATOPBI. MHOTOKOMIIOHEHTHBIE
CIUHTHJUISATOPHI (TJTACTUKH ).

5. CuMHTHWUISLIMOHHBIE CUETYHUKH.

Onrtuka CUHTIILIATOPOB. CBEeTOBOABI. ONTHYECKHE BOJIOKHA. MeToIbl cBeTOCOOpa.
Bpemennoe paspenieHue.

6. Kpucrammueckre HECOPraHUIECKUE CITUHTUILIATOPBHI.

Mexanu3m cuuHTWLIALMNA. [1[enouHo-ranoniHpie CUUHTHILIATOPBI. beIcTphie
cuMHTHLIATOPBI. Kpocc-mroMuanrcieHITUS. PaguanimoHHbIe TOBPEXKICHHS B
KPUCTAJUTMYECKUX CHUHTHILIATOPAX.

7. CUUMHTWUISALMY B razax.
bnaropoansie ra3zel. Mexanu3m CUuHTHLIAIHN. CIEKTp U3Ty4EeHUsI U BPEMEHHbBIE

cBoiictBa. [IponopiiroHanbHbIe CHUHTUIUIALKYN B 3JIeKTpuueckoM none. Jpyrue ra3el (CFa,
TEA, TMAE).

VI. HUnentudguxanus yactuu (4 yaca)
1. YepeHKOBCKHE CUETUHKHU.

YepenkoBckoe uznydenne. OCHOBHbIE CBOWCTBA. M3myueHne B pa3TU4HbBIX 00JIacTsIX
criektpa. [lepBble YepeHKOBCKUE CUETUMKH. PaguaTopsl.

["a30Bbl€ UEPEHKOBCKUE CUETYMKU. 3aBUCUMOCTb I10KA3aTENs IPEIOMIIEHUS OT
nasienus. uddepenunanbabie cueTynku. [loporossie cuerunku. [loporosas kpusas u
pa3pelleHne CUeTYHKa.

AneporenbHble CUETUYUKH.

2. JlerexTopsl komel uepenkoBckoro uznydenus (RICH).

Onrtuueckue cxeMbl. 3epkana. Jlerektopbl GoTOHOB. JleTeKTOpH! (HOTOHOB HAa OCHOBE
BaKyyMHBIX (poTonpueMHuKoB. JlerekTopsl (hoToHOB Ha ocHOBe Csl poTokarona. /leTexTopsl
¢oronoB Ha ocHoBe NapoB TEA u TMAE. MHoroctyneHuatsie 1aBuHHbIe Kamepsl.  BIIK.

3. Cueruuku Bpemenu npoiuera (TOF).

[Tpuntun padotel. TOF Ha ocHOBE CIMHTHIUISIIIMOHHBIX cueTdyukoB. TOF Ha ocHOBE TIOCKHX
KaMmep ¢ pe3ucTuBHbIMU 3nekTpogamu (RPC).

4. JleTeKkTopbl HOHU3ALWOHHBIX TOTEPb.

3aBUCHMOCTD pa3pelIeHMsI OT MapaMeTPOB AeTeKTopa. MeTo/ cueTa KiIacTepoB HOHU3ALINN.
5. Jerexropsl nepexoanoro uznydenus (TRD).

CaolicTBa nepexoHoro uanydeHus. Merozasl peructpanuu B TRD. CpaBHeHHE pa3MuHbIX

METOJI0B MJIEHTU(UKALIUN YACTHULL.
6. MIOOHHBIE AETEKTOPHI.
7. HelTpoHHBIE 1ETEKTOPHI.
Peakuuu koHBepcun HEUTPOHOB. CHUHTWIIISALIMOHHBIE JETEKTOPBI HEUTPOHOB. ["a30BbIE
JIETEKTOPHI HeHTPOHOB Ha ocHoBe “He n BFs.

VIl. JlerekTopsl 11 HU3KO(OHOBBIX U ACTPOPU3MYECKUX IKCIIEPUMEHTOB (4 yaca)
1. JlerekTopbl HEUTPUHO. JI€TEKTOPHI COTHEYHBIX HEUTPUHO. [[eTEKTOPhI KOCMHYECKHUX
HEUTPUHO. [[eTEeKTOPBI pEaKTOPHBIX HEUTPUHO.
2. JlerexTopsl TeMHOM MaTepuy. CUMHTHUISILIMOHHBIE KPUCTAININYECKUE I€TEKTOPBI.
Kpuorennsie TBepAoTeNbHBIE AeTeKTOpBl. Kprorenusie nByx¢asnsie gerekropsl. TPC Ha
OTpHLaTeNbHBIX HOHaX. [1y3bIppKOBast kKamepa.



3. JlerekTopbl KOCMHUYECKUX JTydel. JleTekTopsl 1BoiHOTO OeTa-pacnana. JleTeKTopsl
AKCHOHOB.

VIIl. Kagopumetpsl (4 yaca)
1. DnexkTpoMarHUTHBIE JIUBHHU.

Kpurnueckas sHeprus, pagualioHHas JJIMHA, OJIHAs AJIUHA TpekoB. [IpogonasHoe
pasBuTue JUBHA. MakcuMyM uBHs. [lonepednoe passurue auBHsI. MOIBEPOBCKUN panycC.
@mrokryannu nuBHA. [IpenenbHoe sHepreTnyeckoe paspeuienue. OIroKTyaluu JUBHS B
COMIUIMHT KaJIOpUMETpax. Y TEUKU JIUBHS.

2. AJpOHHBIC JIUBHM.

OcoOenHoctu aaponHoro auBHA. HeBunumas sneprus. [IpononpHoe u nonepeyHoe
pasBuTHe nuBHA. OmrokTyanuu auBHA. OTHOWEHKE e/h 1 sHepreTHyeckoe pa3peleHue.
KomneHncanust kanopumerpos.

3. OgHOpOAHbIE TBEPOTEIbHbBIE KAIOPUMETPBHI.

YepeHKOBCKHUE KaJlOPUMETPBHI.

CUMHTWUIALMOHHBIE KPUCTAININYECKUE KAIOPUMETPBl. DHEPreTUUECKoe U
IPOCTPaHCTBEHHOE paspemnieHue. [[pumepsr KaropuMeTpoB B GU3MKE BBICOKMX YHEPTUUIA.
Pile-up sddexr.

4. CHMIUIMHT KaJTOPUMETPBHIL.

CUMHTWUIALMOHHBIE COMILIMHT KasiopuMeTpsl. CaHBUY KasopuMeTpbl. Kamopumerpsl
Ha CUMHTHJUIMPYIOIIKX BOJOKHAaX. Spaghetti kanopumerpsr. Tile kanopumeTpsl.

["a30BbIE€ COMIUIMHT KQJIOPUMETPBI:  HA MPONOPLUOHATIBHBIX KaMEpax U CTPUMEPHBIX
TpyOKax, Ha C)KaThIX razax. KpeMHUEBBIE COMIUIMHT KaJIOPUMETPHI.

Bo3MO0XHOCTH pa3zieleHust 2JIEKTPOHOB U aJJPOHOB.

5. JKunkocTHbIe KaJOPUMETPHI.

KpunorenHsle KUAKOCTHBIE KaIOPUMETPHI. JKHIKOAPrOHOBBIE KAJIOPUMETPBHI.
KanopumeTpbl Ha ®UAKOM KpUIITOHE U KCeHOHE. KamopuMeTpbl Ha TEIUIbIX OpraHu4eCKUX
AKHUJIKOCTSIX.

6. KammOpoBka KaJIOpHMETPOB.

IX. JKCcNepUMEHTAIbHbIE METOAMKH IBAANATOrO CTOJIeTus (2 yaca)
1. HckpoBbie U CTPUMEPHBIC KaMEPHI.
Mexanusm npo6osi. CTpyKTypa U SpKOCTh cliefioB yactuil. [Tapamerpsl
BBICOKOBOJIbTHOTO uMnyibsca. Koncrpykuus. CunTeiBaHue.
2. Konnencanmonnsle kamepsl: Bunibcona u nuddy3noHHbIE.
O06pa3oBaHue Karenb B epechiiieHHoM nape. HelfTpanbHbie u 3apsibkeHHble Kamu. Poct
Karenb. VOHHBIE Karuii B MHEPTHBIX Ta3ax. KOHCTpyKIus kamep.
3. Ily3sIpbKOBBIE KAMEPHI.
O0pa3oBaHue My3bIPHKOB B TIEPErpeToil )KUAKOCTH. TemnoBast 1 noHHas Teopu. [IpuHIMI
paboTHI M KOHCTPYKIHS. PaGoune KuaKOCTH.
4. SlnepHble SMYyIbCUU.
CocraB smynscuit. @ororpaduueckuii mporecc. Teopus pororpaduueckoro mporecca.
[TposiBnenue. XapakTepUCTUKH CIEI0B YaCTHII.

CaMocTosiTe1bHasi paboTa cTY1eHTOB (36 4YacoB)

[Tepeuens 3anstuii Ha CPC O06bem, uac
N3yuenue Marepuana JeKIuil, IOArOTOBKA K OIpocam 16
N3yueHne TeopeTnueckoro Marepurasia, He OCBEIaeMOro Ha JEKIHIX 2
[ToaroroBka k 3K3amMeHy 18




5. IlepedyeHb y4eOHOM aUTEPATyPHI.

1. K. KinaitHkHeXT, [[eTeKTophl KOPIYCKYISPHBIX U3aydeHuid, Mup, Mocksa, 1990., ISBN 5-03-
001873-5 (1 7k3.)

2. 10. B. 3aneBckuii, [IpoBo0YHBIC ETEKTOPHI JIEMEHTAPHBIX YacTull, ATOMU31aT, MOCKBa,
1978. (1 7k3.)

3. 10. A. bynaros, I'. 1. Mep3on, b. Curap, B. A. Ueunn, Mlonn3anroHHble H3MEPEHUS B
(bu3HKe BRICOKUX dHEPruid, DHeproaromusaar, Mocksa,1988., ISBN 5-283-03896-3 (1 3k3.)
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6. Iepevyenn yaeGHO-METOAMYECKHX MATEPHAJIOB 110 CAMOCTOATEILHON padoTe
00y4YarIIHUXCs

CamocTosTenpHas padoTa CTYACHTOB 00ecreunBacTCs yIeOHO-METOIUYECKOM JINTEPaTypOi,
umMmeromielics B oudnmuorexke D CO PAH.
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JleTekTopsl acTpoyacTull U TEMHOM MaTEpUU

1. T'. B. Knangop-Knaitarporxayc, K. Lropoep, Actpodusuka 3JeMeHTapHbIX YacTHil, Pes.
)KypHaia «Ycrnexu pusndeckux Hayk», Mockga, 2000.

2. 1. FO. AkuMoB, DKCIIEpUMEHTAIILHBIC METOIbI IETEKTUPOBAHUS KOPITYCKYJISIpHOW TeMHOM
Martepun, [Ipu6. Tex. Dxcnep. N5 (2001) 6.

7. Ilepeuenn pecypcoB HH(OPMALMOHHO-TEJEKOMMYHHKAIIMOHHOI ceTn «AHTEpHET»,
He00XO0IMMBbIX /ISl 0CBOCHUSI IMCIUIIIMHBI.

J1J1s1 OCBOCHUSI AMCIUTUIMHBI UCTIONIB3YIOTCS CIICIYIOIINE PECYPCHI:

- ayekTpoHHAas nHpopManroHHO-00paszoBatenbHas cpena HI'Y (OHUOC);
- 00pa3oBaTelIbHbIC UHTEPHET-TIOPTAJIBI;

- ”H(POPMAIIMOHHO-TEIICKOMMYHUKAIIMOHHAS ceTh MIHTEpHET.

8. Mepeuenn HHGOPMALMOHHBIX TEXHOJIOTHIA, HCIOJIL3YeMbIX NIPH OCYIECTBICHHH
00pa30BaTeJIHLHOIO MpoIecca Mo THCIUILIHHE.

Jns obecrieyeHust peanu3alyy JAUCHUIUIMHBI HMCIOJb3YETCS CTAaHAAPTHBIM KOMILIEKT
nporpammHoro obecriedenus (I10), Bkimroyaromumii peryasipHo oOHoBIsieMoe IulieH3uoHHoe [10
Windows.

Hcnonp30BaHue CHENUATU3UPOBAHHOTO MPOTPAMMHOTO OOECTeueHUs ISl W3YYCHHUS
JTUCHUTIIIMHBI HE TpeOyeTcs.

9. MarepunanbHo-TexHu4YecKasi 6233, HEOOX0AUMAs /1151 OCYLIECTBJICHHSI
00pa30BaTeIbLHOIO MpoIecca Mo JTUCIUIIHHE.

Jlns peanuzannuy JUCHMILIUHBI HCIIOJIB3YIOTCS CHEHAbHbIE TOMEIIEHUS:

1. YueOHble ayTUTOpUHU AJIS TIPOBEACHUS 3aHATUH JEKIIMOHHOTO THIIA, TPAKTHYECKUX
3aHATUN, KypCOBOTO MPOEKTUPOBAHUS (BBIIOJHEHHS KyPCOBBIX paboT), IPYNIIOBBIX U
VMHAWBUAYAJIbHBIX KOHCYJIbTAUI, TEKYIEr0 KOHTPOJIs, IPOMEKYTOUHON U UTOrOBOI
aTTeCTallUU.

2. IlomerieHus JUIst CAMOCTOATENBHOM paboThl 00yUYaIOIIMXCSL.

VY4eOHble ayIUTOPUN YKOMITJIEKTOBAHbI CIIELIMATU3UPOBAHHON MEOENbI0 U TEXHUYECKUMU
CpeAcTBaMU OOYYeHHMs, CIYKAlUMHU JJs TpeAcTaBieHus ydeOHoW uHpopManuu OO0JbLION
ayJIUTOPHUHU.

[ToMemienust A CaMOCTOSTENbHONM PabOThl O0YYArOIMXCsl OCHAIEHBI KOMITBIOTEPHOM
TEXHUKOW C BO3MOXKHOCTBIO MOJKIIOUeHHsI K cetu "VMHTepHer" m obecrnedyeHneM OCTyIa B
3IIEKTPOHHYIO HHPOPMALIMOHHO-00pa3oBarenbHyto cpeny HI'Y.

Jlnst mpoBeieHust 3aHATUI JICKIIMOHHOTO TUTIA TIPEIJIararoTCs CIeayIomne Habophl
JIEMOHCTPAIIMOHHOTO 000PYAOBAaHUS M Yy4eOHO-HATIISAHBIX TOCOOUIA:

- KOMIUICKT JICKIIMU-ITPE3CHTALMN 10 TeMaM JAWCLUTIINHBIL.

MarepHuaabHO-TEXHHUECKOE OOecredeHrne 00pa3oBaTeIbHOrO IMpolecca Mo AUCHUIUINHE
JUI 00yYaroIMXCs U3 YNCIIA JIUL C OTPAaHUYEHHBIMU BO3MOXKHOCTSAMU 3710POBbS OCYLIECTBISAETCS
cornacHo «llopsiaky opraHM3alMyd M OCYIIECTBICHHS OOpa30BaTEIbHON JESITEIBHOCTH I10



o0pa3oBaTeNbHBIM MPOTpaMMaM JJisi WHBAIHIOB M JIUI[ C OTPAHUYEHHBIMU BO3MOXKHOCTSIMU
310poBbsi B HOBOCHOUPCKOM roCy1apCTBEHHOM YHUBEPCUTETE.

10 OHeHO‘lHLIe cpeacrea AJid NPOBEACHUS TEKYHIETr0 KOHTPOJIA U HpOMe)KyTOqHOﬁ
aTTeCTalum 1Mo AMCHUMIIJIMHE.

10.1 ITopsinok npoBeeHNsl TEKYLIEro KOHTPOJISI H IIPOMEKYTOYHOM aTTecTaluu 1o
AUCHHUILINHE
Texywuit Konmpono
Texymmii KOHTPOJIb OCYIIECTBIISIETCS B X0JI€ CEMECTpPa IyTeM IIPOBEPKHU PELICHUH 3a1a4
CTyACHTaMHU U3 3al[aHI/If/'I AJi1 CaMOCTOATCIIBHOI'O PCIICHHUA.

Ilpomesricymounan ammecmayusn

OcBoeHME KOMIIETEHIIUI OIICHUBAETCS COTJIACHO IIIKaJle OIIEHKH YPOBHs C(HOPMUPOBAHHOCTH
KomrereHIMH. [lomokuTenbpHasi ONEHKa MO AMCIUIUIMHE BBICTABIISIETCS B TOM CIlydae, €CIIu
3asiBneHHas komrnereHiwms [1K-1 chopmupoBaHna He HUXKE TOPOTOBOTO YPOBHSI.

OxoHuaTenbHasi OlleHKa paboTHI CTYJCHTa B TCUECHHE CEMECTpa MPOUCXOANUT Ha SK3aMEHE.
DK3aMeH MPOBOJUTCS B KOHIIE CEMECTpa B AK3aMEHALMOHHYIO CECCHIO MO OuiieTaM B YCTHOM
dopme. Bompocbl Ounera mnoaOuparoTCs TakUM o00pa3oM, YTOOBI MPOBEPUTH YPOBEHB
chopmupoBanHoctu komnerenuu [1K-1.

BbeiBog 00 ypoBHE c(HOpPMHUPOBAHHOCTH KOMIICTCHIIMH TNPUHUMACTCS IPEIOIaBaTEeIIeM.
Kaxnpr1ii Borrpoc 6usera onennBaetcs ot 0 1o 5 6aymioB. [lonoxurenpHas OIleHKa CTaBUTCS, KOT/1a
BCE KOMIIETCHIIMM OCBOEHBI HE HUXKE IMOPOTroBOr0 YpOoBHA. OIEHKU «OTIMYHO», «XOPOIIOK,
«YIOBJIETBOPUTEIFHO» O3HAYAIOT YCIICIIHOE TPOXOXKICHHWE MPOMEKYTOUYHOW aTTECTAIIHH.
Kputepuu u mikanbl OlleHUBaHUS WHANKATOPOB JOCTHKEHHS PE3YIbTaTOB O0YUCHHS OTPaXKEHBI B
Tabmune 10.2.

CooTBeTCTBHE HHAUKATOPOB A PE3YJILTATOB OCBOCHUA TUCHUIIJIMHBI

Ta6muma 10.1

Pe3yabTatr o0y4eHHUs no
AMCUUIJINHE

3HaTh TEOpETHUECKHE U
AKCIEPUMEHTAJIbHBIE METO/IBI,
MIPUMEHSIEMbIE B COBPEMEHHBIX
AKCIIEPUMEHTAJIbHBIX METOJIUKAX B
®BD, ocHOBHEIC KOHIICTIIIHNH,
JeXalire B OCHOBE MOCTPOEHUS
JTAHHBIX METOJUK, COBPEMEHHYIO
JUTEPaTypy MO TEMATUKE Kypca;
OCHOBHBIE THUIIBI JETEKTOPOB
AIIEMEHTAPHBIX YaCTHII (COBPEMEHHBIX
Y TIPOIILJIOTO CTOJIETHS) ¥ IIPUHIIAITHI
HUX JICUCTBUSL.

HNuauxarop OueHovHbIe cpeacTBa

IIK 1.1 IIpumenser
CHelHaTu3UpPOBaHHbIE
3HaHUs B 00JacTH
(U3HKY IpU peLIeHUH
KOHKPETHBIX 3a/1a4 B
00JacT Hay4YHBIX
HCCIIE0BAHUN B
COOTBETCTBHH C
npo¢uieM NOArOTOBKU
B 3aBUCHUMOCTH OT
cnenuuK o0beKTa
UCCIIEIOBaHUS.

Pemienue 3aaa4, 9K3aMCH




IIK 1.2 Beibupaer
HauboJee

3¢ (HeKTHBHBIC METOIBI
peleHusI KOHKPETHBIX
3aa4 B 00JIacTH
HAYYHBIX
HCCIICIOBAHUN B
COOTBETCTBUH C
npoduIeM MOArOTOBKU
B 3aBUCUMOCTH OT
cnenudukd 00beKTa
WCCIICIOBAHMS.

YMeTh caMOCTOSTENIbHO peliaTh
IIPOCTEUIINE 3a1a4U U IIPOBOJUTH
OLICHKH JIJISl COBPEMEHHBIX
AKCIIEPUMEHTAIBLHBIX METOJUK B
®BD; pa3zoOpaThcs MPU OCTAHOBKE
(U3NIECKOTo SKCIIEPUMEHTA, KaK1e
JETEKTOPBI HEOOXOIUMBI JISI
MOJIyYEHHUs JAHHOTO (PU3NYECKOTO
pe3ynbTaTta, yMeTh pa3padboTaTh
JTAaHHbIE IETEKTOPbI U yMETh paboTaTh
C HUMH.

Baaaersb HaBbIKaMH IOCTAaHOBKU U
pellieHus 3a1a4 HayYHbIX
UCCIICIOBAaHMIA B 001aCTH (PU3HKH
COBPEMEHHBIX HKCIEPUMEHTATbHBIX
MeToauk B ®B3; 0CHOBHBIMU
METOJIJaMHU HaYYHBIX UCCIIEIOBAaHUM,
HaBbIKaMU HCII0JIb30BaHUs 0a30BbIX
pa3zeioB obuien Gpusnku npu
pelIeHnr HayYHO-UHHOBAIIMOHHBIX
3aJa4; 3HaHUSIMU Ha YPOBHE,
MO3BOJISIFOIIEM ITPOBOJUTH

3¢ (eKTHBHBIN aHATN3 HAYYHOU U
TEeXHUYeCKOH nHpopMaiu B 001acTH
COBPEMEHHBIX IKCIEPUMEHTATbHBIX
Meroauk B ®BO.

Pemenue 3amay, sx3amMeH

10.2 OnucaHue KpUTEPHEB M IIKAJ OLleHUBAHUS HHIUKATOPOB I0CTHKEHHS Pe3y/bTaTOB
o0y4enus no gucnuinHe «CoBpeMeHHbIE IKCIIEPUMEHTAJIbHbIC MeTONUKH B PBI».

Taoauua 10.2

Kputepun ouneHuBaHus pe3y1bTATOB 00y4eHUs!

Ixana
OICHUBAHUA

Crada 3agagui:

JK3aMeH:

BBITIOJIHEHO U cjaHo He MeHee 90% 3a1a4 B TEUEHUE CEMECTpa

Omauyno

- JJaH pa3BepHYTHIN OTBET HAa BOMPOCHI OWJIETa U OIIEHKA HAa MUCHhMEHHOW YacTu
9K3aMeHa (MJIM CPEIHSsI OIIEHKA 3a JIB€ IMOTOKOBBIE KOHTPOJIbHBIE PabOTHI) HE
HIKE «XOPOLIOY,

— TOYHOCTh ¥ KOPPEKTHOCTH MPUMEHEHHSI TEPMUHOB U TTOHSATHI;

- YMEHHE JIeNaTh BEIBOJIBI M 0000IICHNUS,

— HAJITMYHME MCUEPIBIBAIONINX OTBETOB Ha JIOMIOJIHUTEIbHBIE BOMPOCH], UMEIOIINE
MPUHIMITUATBFHOE 3HAYSHHE JJTsl TAHHOW JUCIUTLTNHBL.

B orBerax Ha BOMpOCH OOYYArOUIUHCS MOT JOIYCTHUTh HEMPHUHIUITHAIHHBIC
HETOYHOCTH.

Craua 3aaHuii:
BBHITIONTHEHO U c1aHo He MeHee 80% 3a71ad B TEUEHHE ceMecTpa
IJK3aMeH:

Xopowio




- JlaH MpaBWJIbHBIN OTBET Ha BOMPOCHI OMJeTa U OIEHKAa HAa MUCbMEHHOW YacTH
9K3aMeHa (WJIM CPEIHSIsI OIEHKA 3a JIBE MOTOKOBHIE KOHTPOJBHBIC PabOThI) HE
HUXKE «YJOBJIETBOPUTEIBLHOY,

— HAQJIMYME MPaBUJIBHBIX OTBETOB Ha JOMOJHUTEIbHBIE BOIPOCHI, HMEIOIINE
MIPUHLHUITAAIBHOE 3HaYEHUE JJI1 JAaHHOM TUCLUIUINHBIL.

B oTBeTax Ha BOMPOCH! 00YYArOIIHICS MOT JIOMYCTUTh HE3HAYUTEIILHBIC OIIUOKH.

Cphaua 3aJaHMI;

BBITIOJIHEHO U cZlaHO He MeHee 70% 3a1a4 B TEUCHHE CeMeCTpa

JK3aMeH:

- JIaH IPaBUJIbHBIM OTBET Ha OJIMH BOMPOC OMJIETa U OIICHKA Ha TUChbMEHHOM YacTH
9Kk3aMeHa (WM XOTs Obl OJHA W3 JBYX OILIGHOK 33 MOTOKOBBIC KOHTPOJIbHBIE
paboThI) HE HUXKE «YIOBICTBOPUTEIIBHOY,

— HAJINYUC HpaBI/IJ'IBHI)IX OTBCTOB Ha JOOIIOJIHUTCIIBHBIC BOHpOCI)I, HUMCHOIIIHC
MPUHIMITHAILHOE 3HAYCHHUE JIJIS TAHHOM TUCIUIUIMHBI.

Yooenemesop
UMenbHO

Cpaua 3aJaHMK:

cnano meHee 60% 3a1au B T€YCHUE CEMECTpa

JK3aMeH:

- HE JaHbBI MPABWIBHBIC OTBETHI HA BONPOCHI OMJIETa M OIIEHKA HAa MHCHMEHHOMN
4acTU HK3aMEHA «HEYOBIIETBOPUTEIHHO,

—HE OTBEYAaeT Ha JOMOJHHUTEIbHBIC BOMPOCHI, HMCIOIIME MPHHIMITAATHHOES
3HAYCHUE JIJIS JAHHOU JTUCITUILINHEL.

Heyoosenemeso
PUMETbHO

10.3 Tunosble KOHTPOJIbBHBIE 3aJaHUusl U MaTepua’bl, H606X0}II/IMLIB AJIsi  OIECHKH

pe3yJibTaToB 00y4eHHs

3aIIaHI/Iﬂ AJIAA CAMOCTOATECIBbHOIO peICHUS

=

Haiitu npo6Ger B Bo3ayxe K-me30H0B ¢ sHeprueit 10 MaB.

2. CkoabpKo BpeMeHH JoinkeH padorats BOIIII-2M, 4To0bI onpeaenuTs Maccy m-Me30Ha ¢
TounocThio 0.01 MaB? Ceuenne poxaenus — 100 cm?, monnas mupuna — 8 MaB,

¢ pexTuBHOCTH peructparmn — 0.5.

3. Haiitu nmpoGer snexTpoHoB ¢ sHeprueit 60 KaB B npeiidoBoii kamepe, 3amoHeHHON

aprOHOM.

4. OueHUTb TOYHOCTH U3MEPEHHUs FIPPEKTUBHOI Macchl 1-Me30Ha ¢ Maccoit 550 M»sB B
peakuuu €'’ —ny B Konopumerpe aerekropa CHJI. Dueprus myukos 2x510 MaB.

o

[Tocuurtath npober p-me30HOB ¢ 3Heprueit 500 M»aB ¢ cBuHILe.

6. OueHuTh CBETUMOCTh (O-(haOPUKH, UCXOMIS U3 CIEAYIONINX TapaMEeTPOB ITyYKOB: TOKH
ny4ykoB — 0.3 A, my4yku Kpyrisle, ox ~ 6z ~ 0.1 MM, yactoTa oOpamenus — 20 MI', yucno

Oanueit -5.

7. Tlocuurtath ociabjaeHUEe HHTCHCHBHOCTD Iy4Ka BBICOKOOHCPIUYIHBIX IIPOTOHOB B CJIOC

OeToHa 1 M 3a CYET sIZIEPHOTO MOTJIOMICHHUS.
8. OILEeHUTh TOYHOCTh U3MEPEHHS MaCChI 7°
nerekropa KM/I-2.

9. OuenuTh OCNabICHNE HHTEHCHBHOCTD MyYKa KL -Me30HOB 3a CUET SepHOTo
B3auMo/ieiicTBHs B Kosopumerpe aerekropa CHJI Tommunoii 35 cm Nal(Tl).

-Me30Ha ¢ 3Hepruei 300 MaB B kasnopumerpe

10. C xakoii BepoATHOCTBIO MPOUCXOIUT U3ITYUECHHUE Y-KBAHTA OJHOKPATHOTO TOPMO3HOTO

2

m3nyuyenus: Ha BOIIII-4 3a ogHo cTonkHOBeHMEe? CedeHue mpoiiecca 2- 10%cm , 4acTOoTa

obpamenus — 0.8 MI'n, ceerumocts 5-103%cm?c™,

11. TlocunTaTh MOHU3AIMOHHBIE TIOTEPU B TOHKOM CJI0€ CHMHTHIIISIIMOHHOM TJIaCTMACChI 5

MM JJIs JIEKTPOHOB, [I-ME30HOB U K-Me30HOB ¢ nonHoi 3Heprueit 510 MaB.




12. OueHuTh BEPOSATHOCTD MOMAIaHUs C CUETYHK JIBYX Y-KBAaHTOB OJTHOKPATHOTO
TOPMO3HOT0 U3JIy4eHus 3a 04HO cTojikHOBeHue B BOIIII-4. Ceuenue npouecca 2-10°
25cm?, yactora obpamenus — 0.8 MI', ceerumocts 5-10¥cm ¢,

13. O1ieHHUTH BEPOSITHOCTD PerucTpanuu y-kBanrta ¢ sneprueii 100 MaB B kpucramie Nal(Tl)
TOJIIIUHOM 5 CM.

14. CUMHTWUISLIMOHHBINA TEJIECKOI COCTOUT U3 JIBYX IJIACTMACCOBBIX CUETYUKOB pa3MepamMu
1X1 xB.M Kax/1b1i1 Ha paccTosTHUU 1 M. OLIEHUTh CKOPOCTh CYETa KOCMUYECKUX YACTHI] B
TeJeCcKoIIe.

15. y-xBaHT ¢ 3Heprueii 5 I'3B BxoauT B cioii xene3a. HailTu cooTHomeHue
SHEProBbiieeHui Ha ToamHe S u 10 cm.

16. HaiiTu romoBOE HEPTOBBIICTICHHE KOCMUYECKIX YaCcTHUIl C CTakaHe BOJbl. CpaBHUTH C
SHEPrHeH, HeoOX0MMO 1JIs HarpeBa BobI Ha 1°.

17. [locunTaTh aMIUIUTYly UMITYJIbca Ha BeIxoje POV ¢ muacTMaccoOBbIM CLIUHTUIUIATOPOM
TOJIIUHON | CM OT KOCMUYECKUX YaCTHII.

18. y-ucrounnk Co® aktuBHOCTBIO 1 MKHM H37TydaeT 0JJHOBPEMEHHO /BA Y-KBAHTA C
sueprueii 1.18 u 1.33 MaB. Hcrounuk nomereH Mexxay nsyms kpuctauiamu Nal(Tl)
pasmepamu 5X5x5 cm® Ha paccrostauu 10 cm. Haiitn cKopocTh cueTa coBIaneHuit IByX
CUYETYHKOB.

19. IMocuuraTs cpexuuii mpoder B Bakyyme Ks-mMe30Ha, poxkaeHHoro B peakiuu €6 —KsKi
npu sHepruu 2E = 3 ['3B. Bocnonb3oBatbes TaOMMYHBIMU JAHHBIMH.

20. PaccunTath SHEpreTHIecKoe pa3peuieHne CHMHTIUISIIIMOHHOTO CYETYMKA C KPUCTAIIIOM
BI'O (cBeroBrixon 10% ot Nal) ot y-kBaHTOB € 3Heprueit 1.12 MaB.

21. PaccuuTath OCITa0ICHHE HMHTEHCUBHOCTH COJTHEYHBIX HEHTPHUHO B TOJIIE 3SMITH.
DHeprus 1 MaB, ceyenne — okono 10 cm?,

22. 3arpy3ka Kax10# mpoBoJIouky ApeiidoBoii kamepsl nerektopa CH/L cocrapnser 1 MIm.
Jlns 3amycka mepBUYHOTO TpUrrepa Tpedyercst cpabaTbiBaHUE TPEX MPOBOIOYEK Ha
OJIHOM IIpsAIMOM. PaccunMTars CKOPOCTh CYETa CIIy4alHbIX 3aITyCKOB, €CIIM 4acTa
oOparenus myykoB 16 MI'm.

23. Vicxons n3 COOTHOIICHUS HEOTIPEIETICHHOCTEH OIIEHUTh, Ha KAKOM PacCTOSIHUN
IPOUCXOAT (€7€7)-CTOIKHOBEHUS, B KOTOPBIX POXAar0TCs B-Me30HbI ipu sHeprum 2E =
10 I'3B.

BOl'lpOCbI K 9K3aMEHY

1. BzauMopgeicTBUE TSKENbIX 3apsKEHHBIX YacTHI[ C BEHIECTBOM. MOHUW3alMOHHBIE TOTEPH.
®opmyna bere-brnoxa. [IpoOer TskenbIx 3apsiKeHHBIX YacTUll. MHOTokpaTHOe (KyJTOHOBCKOE)
paccesinue. d- S7eKTpoHBL. DIIOKTyallud HMOHW3AIMOHHBIX TOTeph. CBSA3b MEXIy NoTepei
SHEpruu u uoHuzanuei. [leppuyunas u nonHas noHuzauus. CTaTUCTHKA poxkaeHus nap. Pakrop
damno.

2. B3aumopeiicTBue 37€KTPOHOB U (POTOHOB € BellecTBOM. TopMmo3Hoe uznyuenue. Kpurnueckas
sHeprus. [Ipober snextpoHoB. Potospdexr. KomnronoBckoe paccesHue. CrekTp 3JIEKTPOHOB
otnaun. Poxxnenne nap. Tunsl 371€KTPOHHON SYMUCCHUU.

3. [lepenoc 3apsioB B razax. uddy3ust HOHOB U AIEKTPOHOB B OTCYTCTBUHM 1oJsl. Jpetid noHoB
B anekTpuueckoM moge. [TonsuxHocTh HOHOB. Ilepesapsaka monos. Auddysus nonos. [peiid
9JICKTPOHOB B 3JIeKTpUuYecKkoM TmoJje. JlpeligoBbie CKOpOCTH. XapaKTepUCTUUECKas SYHEPTHUS.
Huddysus snekrponoB. Xonoanele u ropsune rassl. Jpeiip B marHutHOM mone. Dddext
JNEKTPOOTPHULIATEIBHBIX Ta30B.

4. Peructpanust HOHH3aluu B ra3e. Bo30yk/1eHHbIE MOJIEKYIIbI B CUIIBHBIX AJIEKTPUYECKUX TOJISAX.
Bo30yxnenue MosieKyll 3JIEKTPOHHBIM YAapoM. MoJeKylspHble MOHBI B HHEPTHBIX TIa3ax.



O¢ddexr [lennunra. Pe3onancHoe uznmyuyeHue. ['a30Boe ycuIeHHE B CHUJIBHBIX 3JIEKTPHUECKUX
nonsax. MoHuzanus Monekyn 31eKTpoHHbIM ynapoMm. Koaddunuent monmzanum TayHcenna.
AcconuarvuBHas nonnzanus. Monuzannonnas kamepa. Cetka @puiia.

5. IlponopuuoHalibHblE CUETUYUKH. PexumMbl paOoThl. EMKOCTH LMIMHIPUYECKOTO CUETYMKA.
Koadduuuent ycunenus. Pazpurue curnana Bo BpemeHU. DIOKTyalluu ra3zoBOro YCHUJICHHUS.
Hacpimenne naBuHBI, 3QQGEKT MPOCTPAHCTBEHHOTO MOJOXKHUTEIBHOTO 3apsia U OTpaHHYCHHE
IPONOPLHUOHATBLHOCTH. Bropnunas nonunzanus. @otoHHble oOpaTHbIe cBsi3U. VloHHbIE 0OpaTHBIE
cBsi3u. Mon-amekrponHas smuccus. [amenue paspsga. IddexTsl cTapeHus B MPOBOJIOYHBIX
JNETEKTOpax.

6. MHoronpoBosouHble npornopuroHanbHble  kamepbl (MIIK). DOnekrpocraruueckue u
MEXaHHUYECKHUE XapaKTepuCTUKU. EMKocTh mpoBonouku. Koudurypamwss mons. BrusHue
MEXaHUYECKUX TOYHOCTEH U ANeKTpocTaThdeckux cuil. OCOOEHHOCTH KOHCTPYKLUUU. Pamku.
Jlunuu nmoaaepkku u cnericepsl. CunThiBaHuEe curHaia. JucKpeTHbIe CUCTEMBL. MeTo 1 eneHust
3apsaoB. Katomueiii cbem. Xapakrepuctuku MIIK. DddexruBnocts. IlpocTpancTBennoe u
BPEMEHHOE pa3pelieHue. 3arpy304Hasi CllocOOHOCTb.

7. Hpetidhoseie kameps! (JIK). Bpemsimpoekuunonnsie kamepsl (TPC). ITnockue JIK. ITpuaimms
paboTsl 1 THIIBI ApeiidoBbIX sueek. [IpenensHoe mpocTpancTBEHHOE pa3pelieHue. Pemenue neso-
npaBo HeomnpeaeneHHocTu. Jlunum 3aaepxku. Padora B CI'C pexume. Hununapuyeckue /K.
[Tpunuun peiicteus TPC. JlpeiidoBsiii 00beM u TopueBoid aerekrop. Auddysus 3nekTpoHoB B
IPUCYTCTBUM MAarHUTHOIO NOJISA. YTIpaBisieMblid peskuM paboThl. CUMTHIBAHUE HA MBI

8. MuxkpoctpykTypHble TazoBble jerektopbl (MCI'Zl). MuxpocTpurnoBble Ta30Bble KaMephl.
Kondurypauus nons. YcuieHne v npocTpaHCTBEHHOE pa3pelieHue. 3arpy30yHasi CHOCOOHOCTh U
crapenue. [IpoOou mox BO3JIEHCTBUEM CHUIBHOMOHU3MpYIOIUX vacTull. [lomympoBonsiiue
IOKPBITHUSA U NaccuBanus karonos. Jpyrue tunst MCIL/I.

9. T'azoBsie anexkTpoHHble yMHOXUTENH (I'DY). IIpuniun pabotsl u reomerpus. Konduryparms
nosist. Ycwienue. Dddext auamerpa orBepctuil. Kackamueie ['DY. ®dusnueckne mporecchl B
['DY. ®oroHHbBIE 1 HOHHBIE 0OpaTHBIE CBSA3U. PaboTa B 4MCThIX OaropoaHbix razax. [Ipodou mon
BO3JICHICTBHEM CHJIBHOMOHM3HUPYIOMIUX YacTHIl. [IpoCcTpaHCTBEHHOE W BPEMEHHOE pa3pelicHue.
3arpy3o4Hasi ClioCOOHOCTb U CTapeHue.

10. ITomynpoBoaHukoBbeie TpekoBble Aerekropsl (ITIIJ]) Ha ocHOBe p-n mepexoja. DIEMEHTHI
¢uzuku  nonynpoBogHUKOB. [lpuniunel paboter IIIT/I. JlerekTopsl ¢ p-n  MnepexoaoM.
Obennennass o6nactb. Ilode u  eMKocTb p-n  mepexoja. TexXHOJOrHs HW3TOTOBIICHHS.
MukpocTtpunoBsle neTekTopsl. KoopamHaTtHOe paspemeHne W IIyMbl. J[ByXKOOpJIHWHATHBIE
nerektopsl. [Tukcensueie gerekTopsl. I dexts o0myuenus T/,

11. [JIpyrue THMIbBI MOJYNPOBOAHHUKOBBIX TPEKOBBIX JETEKTOpOB. IloBepXHOCTHO-OaphepHBIE
netektopel. JuddysnonHo-npeiidoBsie AeTeKTOpbl. JleTeKTopsl Ha OCHOBE MNPUOOPOB C
3apspoBoil  cBsa3pio (I13C). Kpemuuesble npeiidoBbie aeTeKTOpbl. JIeTEKTOpHI Ha OCHOBE
MatepuaioB ¢ 6onpmuM Z (Ge, GaAs u ap.).

12. BakyyMmHbie (hoTo3eKTpoHHBIE YMHOKUTEH (DY), [Tpuniun padboTel. POTOIMHCCHOHHBIC
MaTcpHraJibl. CypBMSIHO-IJ_IeHO‘-IHBIe q)OTOKaTOI[BI. CDOTOK&TOIIBI C OTpULATCIIbHBIM CPOJACTBOM K
JJIEKTpOHY.  YabTpaduosneroBeie  (orokaroasl. JuHOAHBIE  CTPYKTYphl. TexHOIOTHA
U3rOTOBIICHHUs. DHepreTuyeckoe paspemieHue. Excess Noise Factor. OmnHO(OTO31€KTpOHHBIE
CIIEKTPBI 1 TEMHOBOM TOK.



13. Apyrue tunsl poronpueMHukoB. DY Ha MukpokananbHbIX muactuHax (MKII). I'ubpunasie
®DY. Kpemuuersie poromauoabl. Jlapuaabie hotoanoasl. Kpemauersie OV (SiPM).

14. Oprannyeckue CHUHTWIIATOPBI. MeXaHu3M CUMHTUIUISIIUNA. 3aBUCUMOCTh CBETOBBIXOJA OT
mwiotHoctd  woHmzanuu.  @dopmyna  bupkca.  OZHOKOMIOHEHTHBIE  CHUHTUIUISTOPHI.
MHOTOKOMITOHEHTHBIE CHUHTHIUIATOPHI (Tu1acTUku). CUMHTWUISIMOHHBIC cueTduku. OnTHka
CUMHTWLIATOPOB. CBeroBoabl. OmnTHueckue BoOJIOKHA. Metonbl cBetocOopa. Bpemennoe
paspernicHue.

15. HeOpFaHI/I‘{eCKI/Ie KPpUCTAIIMYECKHUEC CHUHTHUIIIATOPEI. KpI/ICTaJ'IJ'II/I‘IeCKI/Ie HCOPraHNM4CCKUE
COUHTUIIATOPHI. Mexanuszm CHHHTHHHﬂHHﬁ. H_ICHO‘-IHO-I‘EUIOI/II[HBIG CIHUHTUJUIATOPHI. BBICprIe
COUHTUIIIATOPEL. KpOCC'J'IIOMI/IHI/ICHeHI_II/IH. HOSI/ITpOHHaH OMHCCHUOHHAasA TOMOFpa(bI/IH Ha OCHOBC
KPUCTAUNIMYCCKUX CHHUHTUILIIATOPOB. Pa[[I/IaLII/IOHHI)IG MOBPCKACHHUA B KPUCTANIMYCCKUX
COUHTUIIIATOpPAX.

16. CUMHTWUIALIMM B HEOPraHUYECKUX Tra3ax M >KUAKOCTAX. biaropoansie raspl. MexaHU3MbI
CUMHTWJUTSIUN. DKCUMEPHBIA MeXaHU3M CHUHTIUIAIMA B BY®. CuuHTWUISIIMY B BUIUMOU U
uH(ppakpacHoit obOnactu. CHekTp HU3Ty4eHHs U BpPEMEHHbIE CBOMCTBa. [IpomopuuoHanbHBIE
CUMHTWJUISIUMHA B 3JIEKTPUYECKOM MoJie. [[pyrue ra3oBble CUUHTHILIATOPHI.

17. YepenkoBckue cuetyuku. YepeHkoBckoe usnyudeHue. OCHOBHbIE cBoicTBa. M3nyuenue B
pasin4HbIX o0nacTsaX crnekrpa. IlepBble YepeHKOBCKHE CUETYMKH. PaaumaTopbl U JOOPOTHOCTH
cueTyrKa. ['a30Bble UEPEHKOBCKME CUETUYMKH. 3aBUCHUMOCTb II0Ka3aTessl MPEIOMIICHHUS OT
nasnenus. Juddepenumansuele cuetyuku. IloporoBele cuertunku. IloporoBas kpuBas u
paspelieHre cueTyrka. MHOroKaHajabHble CYETUYUMKU. A3EepOrebHbIEe CUETUUKU.

18. Herextopsl kosienr udepeHkoBckoro wu3nydeHus (RICH). Ontuueckue cxembl. 3epkana.
Herexropsl ¢poronoB. Ilepsas nokonenne RICH. Jlerextops! poToHOB Ha ocHOBe napoB TEA u
TMAE. MHuoroctynenuatsie naBuaHbie kKamepbl 1 TPC. JlerekTopbl poToHOB Ha ocHOBe DY,
Bropoe nokonenne RICH. Jlerekrops! hoToHOB Ha ocHOBe Csl ¢oTokarona u rubpuansix OIY.
Absporensubie RICH.

19. pyrue merons! uneHtupukanuu yactul. Cuetunku BpemeHu nposera (TOF). Ilpunnun
pabotel. TOF Ha ocHOBe CHMHTHIUIALMOHHBIX cueTynkoB. TOF Ha ocHOBe MJIOCKHX Kamep ¢
pesuctuBHbIME ekTpogaMu (RPC). Cuerunku [lectoBa. JleTeKTOpbl HOHU3AIIMOHHBIX MTOTEPD.
Metoxa cuera kiactepoB noHM3auuu. Jlerekropsl mepexoanoro usnyderus (TRD). Metons
peructpauuu B TRD. CpaBHeHHE pa3Tu4HBIX METOJI0B UACHTU(UKAIIUY YaCTHULL.

20. JleTeKkTopbl MIOOHOB M HEHUTPOHOB. THIBI MIOOHHBIX JIETEKTOpOB. Peakuum koHBEpcuu
HEWTPOHOB. Perucrpanus TEIUIOBBIX M 3MH-TEINIOBBIX HEUTPOHOB. CHHUHTHIUISIIUOHHBIE
JIETEKTOpbl HEUTPOHOB. ['a30BbIE NETEKTOpbI HEUTPOHOB. Peructparusi OBICTPBIX HEHUTPOHOB.
Bero-neTexkTopbl HEUTPOHOB B HU3KO(OHOBBIX SKCIIEPUMEHTAX.

21. JleTekTopbl TEMHOW MaTEPUHU M KOTEPEHTHO PACCESIHHBIX HEUTPHUHO. [[pMHIMIIBI perucTpannn
anep otaaud. Kpuorenusie nByxdasHbie qeTekTopbl. KproreHHble TBepa0TeIbHbIC JETEKTOPHI.
CUMHTWUIALMOHHBIE  KpUCTaUIMYeckue JerekTtopsl. TPC Ha OTpULATENbHBIX HWOHAaX.
[Ty3sippkOBasi Kamepa. OHeEpreTHYeckas KaluOpoBKa JIETEKTOPOB METOJOM pacCesHUs
HEUTPOHOB. DAKTOPHI rameHusi. IKCIEPUMEHTHI MO0 KOTEPEHTHOMY PACCESTHUIO HEUTPUHO HA
saqipax.

22. Jlpyrue OEeTeKTOpbl Ui HU3KO(OHOBBIX IKCIEPUMEHTOB. JI€TEKTOpbI acTpOoPHU3NUECKUX,
YCKOPUTEIIBHBIX U PEAKTOPHBIX HEUTPUHO. JIeTEeKTOpbl HEUTPUHO OT CBEPXHOBBIX. J[€TEKTOPHI
COJIHEUHBIX HEUTPUHO. J[€TEKTOpBI PEaKTOPHBIX HEUTPUHO. JI€TEKTOPBI KOCMUYECKUX JIydeH.



JleTekTophl rpaBUTALIMOHHBIX BOJH. [leTeKTophl JBOWHOrO OeTa-pacnaia, akCHOHOB, m-€-gamma
npouecca u Jpyrux peIKHUX MPOLECCOB.

23. DnekTpoMarHuTHele JUBHU. KpuTHueckas sHeprus, paauallMOHHAas JIJIMHA, IOJIHAA JUIMHA
TpekoB. lIponosbHOe pasButue JsmBHA. Makcumym nuBHA. llomepeuHoe pa3BUTHE JIMBHSL.
MounbepoBckuii paauyc. OnrokTyaunu JUBHs. OIIOKTyalluu JIMBHS B COMIUIMHT KaJIOPUMETPAX.
VYTeuku JIMBHS.

24. Anponnble nuBHU. OcoOeHHOCTH anpoHHOro JuBHA. HeBuaumas sneprus. IlponosnbHoe u
nonepeyHoe pasButue JuBHA. Dmroktyanuu JsuBHA. OTHomenue e/h um sHeprernyeckoe
paspeuieHue. Komnencanus kajJlopumMeTpoB.

25. Tunel xanopumerpoB. OAHOPOIHBIE TBEPAOTEIbHBIE KaJOPUMETPbl. YepeHKOBCKUE
KanmopuMeTpbl. CHUHTHIUTSIIIMOHHBIE KPUCTANINYECKHE KaTOpUMETpbl. COMIUIUHT KaTOPUMETPHIL.
CUMHTHJUIALIMOHHBIE COMIUIMHT KaylopuMmeTpsl. CoHIBHUY KajmopumeTpbl. Kamopumerpsl Ha
CIUMHTHJUTMPYIOIIMX BOJOKHax (spaghetti, tile, shashlik). ['a3oBbie COMITUHT KalOpPUMETPHI.
Kpuorennsie xuaKocTHbIE KaopuMeTpbl. KamopuMeTrpsl Ha xKuakom aprone. Kamopumerps! Ha
JKUJKOM KPUIITOHE U KCEHOHE.

26. Jlerextopsl 20-ro cronerus. KonneHcannonHsie kamepsl: BuiibcoHa u nuddysnoHHbIE.
OO6pa3oBaHue Karelb B epechlieHHOM nape. HeliTpanbHbie 1 3apsbKeHHbIe Karii. Poct kamerns.
Honnble Karum B UHEPTHBIX ra3zax. Koncrpykuusa kamep.

27. Jerextopsl 20-ro ctonerus. I1y3pippkoBbie kamepbl. OOpa3oBaHKe My3bIPHKOB B EPETPETON
xuakoctu. TemmoBas u noHHast Teopud. [IpuHIKn paboThl U KOHCTpYKLMS. Pabouune KuaKoCcTH.

28. Hpyrue gerektopsl 20-ro croserus. SnepHble amynbcuu. CocTaB  3MYJIbCUH.
®ororpapuueckuit  npouecc. Teopus  dotorpapuueckoro  mpouecca. IIposBieHue.
XapakTepucTUKH ciefoB yacTull. VIckpoBble M CTpUMEpHBIE Kamepbl. MexaHu3sM mpo0os.
CrpyKkTypa u SpKOCTb ciie10B yacTull. [lapameTpbl BEICOKOBOJIBTHOTO UMIyibsca. KoHCTpyKIus.
CuuTthiBaHUE.

IIpumep OmneTa Ha IK3aMeH

1) [MosicHUTH TPUHIUIIBI PaOOTHI M YCTPOMCTBA ClIeAyIOIUX nprudopos: JlpeiidoBbie kKameps
(AK). Bpemsinpoekumonnsie kamepsl (TPC). [Tnockue K. Ilpuniunel paOboThl M TUIIBI
npeidoBbix siueek. [IpenensHoe mpocTpaHCTBEHHOE pa3pelieHue. Penenne neBo-npaso
HEOIPEEeICHHOCTH.

2) Ilpusectu u nosicauth popmyny bupkca. [Ipenesbl npUMEHUMOCTH.

OneHouyHble MaTepHalbl MO MPOMEXKYTOUHOM arTecTaluy, NMpeAHa3HAuYE€HHBbIE ISl MPOBEPKHU
COOTBETCTBUS YPOBHS MOATOTOBKHU Mo qucuuruinHe TpedoBanusm CYOC, xpansarcs Ha kadeape-
paszpabotuuke PII/] B meqaTHOM M SJIEKTPOHHOM BHJIE.



