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AHHOTa M K pa6o4yel nporpaMmme AU CHUIIUHBI

OCHOBHOM Le/IbI0 JaHHOW JUCLUUIJIMHBI fIBJSIETCA O3HAaKOMJIEHUWE CTYyJEeHTOB C
OCHOBaMM QU3HWYECKUX TMPUHUUIOB pETUCTpAllMM YacCTUl, a TaKXe MpPUMEHEHUe
COBpEMEHHBIX METOJ0B U NOJXO0/0B JJIl CO3JaHUs JAeTEeKTOPOB U 3JIEKTPOHHBIX YCTPOWCTB
JUI1  COBpeMEeHHbIX CUCTEM (U3UYEeCKOro 3KcnepuMeHTa. JlaHHad  [AUCLUIIMHA
NpeAoCTaBAsIET CTYJEHTAM 3HAaHUS O MEeTOJaX U MPUHIUIAX OpraHU3alUU TEeXHUYECKHUX
CpeACcTB AJid GU3NYEeCKHX IKCIIEPUMEHTOB U UX CTPYKTYPHOM opraHusaunuu. B pamkax kypca
M3y4alOTCsl OCHOBHble MeTOJbl (QU3UYECKOTO ISKCIEPUMEHTA, HPUHLMIIbI HOCTPOEHUS
YCTPOUCTB, COBpeMEeHHasi CXeMOTeXHUKa U [ocJeJHUe TeHJeHLUUH B pa3BUTUHU
HAaHOCEKYHAHOU UU(POBOM U aHAJIOTOBOU TEXHUKH.

JuvcuuniinHa peanusyeTcs Ha 2 Kypce B 3 CEMeCTpe U BXOJAUT B COCTaB BApUAaTUBHOU
YacTH.

06beM AUCUMIIMHBI COCTaBJsIeT 2 3.e., B TOM 4YMcae 36 akKaJeMHUYeCKHUX dvaca,
OTBEeJIEHHbIX Ha KOHTAKTHYI0 pabOoTy 0Oy4armlMxcs ¢ npenojaBaTeseM, 36 akaJeMUYeCKUX
4yaca, OTBeJIeHHbIX Ha CaMOCTOSITeIbHYI0 paboTy 006y4yaroUuXCsl.

[IpoMexxyTo4YHas1 aTTecTalys 0 AUCLUIIMHE (MOJYJ/II0) — 3a4€eT B 3 ceMecCTpe.



1. MecTo AUCHUINIMHBI (MOAYJIfI) B CTPYKType 06pa30oBaTe/IbHOM NPOrpaMMbl

JlucuuiinHa «JKCllepuMeHTalbHasd (QU3MKa 3JIeMeHTapHbIX 4YaCTUL» BXOJUT B COCTaB
BapUaTUBHOM 4aCTH.

2. BxojgHble TPeGOBaHUSA JJiA OCBOEHUS AUCHUIUIMHBI (MOAYJisl), mMpeABapUTeJIbHbIE
yCJIOBUA

BakasaBp mo J1060¥ Ppu3NKO-MaTeMaTHYeCKOW cnenuanusauud. Kypcel MaTeMaTHYeCcKOro
aHaJ/IM3a, IMHEHHOHU aireopbl U AuddepeHiMalbHbIX yPAaBHEHU M, METO0B MaTeEMaTUYECKOM
bu3uKH, pa3fes ONTHKA U3 Kypca obuieid (U3UKH, pasfelibl TeopeTHYecKass MeXaHHKa,
3JIEKTPOJMHAMHUKa U KBaHTOBasl MeXaHUKa U3 Kypca TeopeTH4YeCKOH PU3UKH, a TaKkKe KypcC
aTOMHOM GU3UKU U PU3UKH aTOMHOTO s1/ipa ¥ 4YaCTHULI.

3. [ll1aHupyeMble pe3y/ibTaTbl 06YYeHUA MO JUCHHUIUIMHE (MOAYJII0), COOTHECEHHBIE C
Tpe6yeMbIMU KOMIIETEHIIUSIMU BbINTYCKHUKOB

B pe3ysibTaTe 0CBOEHUS AUCLUILJIMHBI Y 06y4a0UIUXCs JODKHBI ObITh CGOPMUPOBAHBI:

KomnereHuuu Pe3ysibTaThl 00y4eHUA

OIIK-5 3HaTb TeHJEHILIMU U NepCIIeKTUBbI Pa3BUTUS COBPEMEHHOU
A/1lepHOM QU3UKH, a TaKXKe CMEXHbIX 00J1acTel HayKH U
TEeXHUKHU

YMeTb UCII0JIb30BaTh llepeJ0BOM 0Te4eCTBEHHbIN U
3apy6eKHbIM ONBIT B 06J1aCTH COBPEMEHHOU Si/IepHOU
$U3MKHM IpU TOCTAaHOBKe HAy4YHOU 3a/ja4u

BiazieTh HaBbIKaMU HAyYHO-WHHOBALMOHHOTO
IIPOrHO3MPOBAHUS NIPU pellleHUH UCCIe0BaTeNbCKUX
3a/1ay B 06J1aCTH COBPEMEHHOM s1/1epHON PHU3UKH.

MIIK-1 3HaTb OCHOBHBbIE pa3/iesibl U HallpaBJieHUus B U3uKe
3JIeMeHTapHBbIX YaCTHULI,

YMeTb CTPYKTypUPOBATh SIBJIeHUS QU3HNKU 3J1eMEeHTapPHbBIX
4acTHull, CO3/1aBaTh UJIW MOAOUpPaTh GU3UUYECKYIO0 MO/JIEb
JIISI UX ONTMCaHMUS.

BHageTb MeTOA4dMH OL€HKHU 'paHULIbl IDUMEHUMOCTHU
(1)H31/I‘{eCKI/IX MOﬂeﬂeﬁ, onpenesATb UX HeJOCTATKHU U
HEeCOOTBETCTBHUA.

MIIK-3 3HaTb OCHOBHbIE BU/Ibl 9KCIIEPUMEHTOB B QU3MKe BICOKUX
HEpPrui U Heo6XxoUMoe JiJisi ITOro 060py/l0BaHHE

YMeTb NJIaHUPOBATh U CTABUTh 3KCIIEPUMEHTBI JJ1
vcciie[JoBaHus sIBJIeHUN QU3UKHU BbICOKUX SHEPTUH




BiageTp CIIOCOOHOCTBIO YMCJIEHHO UIU TEOpEeTHUI€eCKH
MOAECJINPOBATL PE3YyJIbTAThI 3KCIIEPUMEHTOB B Cl)I/IBI/IKe
BBICOKHX 3Heprm?1 WU aHAJIM3UPOBATb OTKJIOHEHHUA
peasbHbIX JdHHbLIX OT MOAEJIMPOBAHHbIX

4. 06beM JUCUUIIMHBI (MOAYJIs) COCTABJSET 2 3.€., B TOM 4HKcie: 36 akaJleMU4eCKUX 4acoB,
OTBEJIEHHbIX Ha KOHTAKTHYI0 paboTy 00y4yarouiyMxcs ¢ npemnojaBaTeseM, 36 akaJeMUYeCKUX
4acoB, OTBEIEHHbIX HA CAMOCTOSITEJIbHYI0 Pab0Ty 00ydatoIuXcs.

KoHTakTHas paboTa BKJ/IIOYAET B Ce6si: 3aHATUS JIEKIIUOHHOTO THUIA U 3aHATHUSA
CEMHHAPCKOro TUIIA.



5. CozepkaHre AUCUMIIMHBI (MOAYJsl), CTPYKTYpUpPOBaHHOe Mo TeMaM (pa3jesaM) C yYKa3aHHEM OTBEJEHHOr0 Ha HUX KOJIMYEeCTBa
aKa/leMUYeCKHUX YacoB U BU/Ibl YYeOHBIX 3aHATUN

HauMmeHoBaHue U Bcero B ToM yncie
KpaTKoe coaepkKaHue (ak.4.) KoHTakTHas pa6oTa
pa3jesioB U TeM (pa6oTa BO B3aMMOeliCTBUM C IpenojaBaTejeM)
AUCLUIUIUHBI (MOAYJIA), Budsl KoHmakmuot pa6omvwl, akademu4yecKue 4acwi! g -
)
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OCHOBBI perucTpanuu 4 1 1 2 2 Onpoc
YacTHI U
B3auUMO/leficTBUE
W3JIY4eHHs C BEIeCTBOM
H3MmepuTesibHbIE 6 2 2 4 2 Onpoc, [IpoBepka
CUCTEeMbI HAa OCHOBE JIOMaIllHero 3a/laHus
ra3oBbIX
MOHHU3AI[MOHHBIX
JIeTEKTOpPOB
[IpumeHenune 6 2 2 4 2 Omnpoc, [IpoBepka
MOJIYTIPOBOIHUKOBBIX JIOMaIllHero 3aJIJaHus
JIETEKTOPOB
®oTOHHBIE METO/IbI 8 2 2 4 4 Onpoc, [IpoBepka
perucTpanuu U3jay4eHuin JIOMaIllHero 3aJlJaHus

1TeKyu4uﬁ KOHMpOJ1b ychegsaemocmu moicem 6bIMmb peasu306dH 8 pamMKax 3ausmut JIEKYUOHHO20 U(U/IU] CeMUHApPCKO20 munda.



[IpuknagHbie 8 2 4 4 Onpoc, TectupoBaHue

WcCIeJOBaHUA U

pa3paboTKH

MeTo bl U3MepeHUs 8 2 4 4 Omnpoc, [IpoBepka

aMIIMTY/bl U BpEMEHU JlOMalllHero 3aJjlaHusl

CUTHAJIOB

HHTerpasibHble CXEMBI 8 2 4 4 Omnpoc, [IpoBepka

creLaJM3UpPOBaHHOTO JlOMalllHero 3aJjaHusl

Ha3HayeHusd ASIC.

[TocTpoeHuUe CII0KHBIX 4 1 2 2 Omnpoc, IIposepka

dU3NYECKUX YCTAaHOBOK JlOMallHero 3alaHus
8 2 4 4 Onpoc, I[IpoBepka

JJleKTpoOMarHuTHas JOMallHero 3aJlaHusl

kasopumetpus (SPD,

MPD)

JuddysuoHHas onTuka | 8 2 4 4 Onpoc, llposepka

BO BpEMEHHOM JJOMeHe JOMaIlHero 3alaHus

ITpoMmexxyTOYyHaA 42 3auer

aTTecTanus

Mroro 72 | 36 36

*JlabopaTopHbIe 3aHATHUS, MPAKTUUECKHE 3aHATHUS OTHOCSATCS K NIPAKTUYECKON MOATOTOBKE 00YYaI0 X CH.

2 o o
Yacwvl Ha nposedenue npomestcymodnou ammecmayuu BbLOCTISIIOMCSL U3 HACO8 CAMOCHOSIMEbHOL pa60mbl o6yqa}0u¢ezocg
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Moayib 1: OCHOBBI perucTpanuy 4acTUL, 1 B3aUMO/A el CTBYE U3JIyYeHHUs C BelleCTBOM
1.1 CtpykTypa BewecTBa. EAMHUIBI M3MepeHUs B PU3HNKe BBICOKUX SHEPTUH.

1.2 Peructpanus yactuu. Knaccupukauus AeTEKTOPOB.

1.3 BsaumoencTBYE U3JIydYeHHUA C BellleCTBOM. UCTOYHUKHY Y BUJbI U3JIyYEeHUM.

1.4. YckopUTeNu U 1eTEKTOPBI B QU3UKe BbICOKHUX 3HEPTUU

Mopayab 2: U3MepuTe/IbHBIE CUCTEMBI HA OCHOBE ra30BbIX MOHU3aLMOHHBIX AETEKTOPOB
2.1 OcHOBHBbIE IPUHLMIIBI MOHU3AILMM B ra3ax U perucTpayus 4acTull,

2.2 PerucTpanuys 6e3 ra3oBoro yCUuJeHus.

2.3 NoHM3aMOHHBIE METO/bl PErUCTPALMU C Fa30BbIM YCHUJIEHUEM.

2.4 llpenmymecTBa ¥ INpMMEHEHHMEe HWOHMU3ALUMWOHHBIX KaMep MW MpPONOPLHUOHATBHBIX
CYETUYUKOB.

2.5 TexHuyeckue pellleHUs A/ CA4UTBIBAaHUA U 00pabOTKH CUTHAJIOB.

2.6 CueTuunku ['elirepa-MroJiiepa ¥ UX MPUMEHEHHUE.

2.7 llponopyxoHa/ibHble U ApelPOBbIe KAMEPHI.

2.7 BO3MOXHOCTH MHOTOIIPOBOJIOYHOW NNPONOPLHUOHATBHON KaMephl.

2.9 becnipoBoJioyHbIe KaMephl - Micromegas, GEM.

2.10 PaccMoTpeHre MHOT'03a30pHOM Pe3UCTHUBHO-IIJIOCKON KaMepbl U ee 0COOEHHOCTEM.

2.11 IlepcneKTHUBBI U IPMMEHEHMe BpeMs-IIPOEeKIIMOHHOU KaMepbl B COBpPEMEHHOM HayKe.

Mopayas 3: [IpyMeHeHMe IOJIyIPOBOAHUKOBBIX A€TEKTOPOB

3.1 lloHumaHue mponeccoB 0Opa3oBaHWS HOCUTeJIEW 3aps/ia B MOJYNPOBOAHUKAX TMOZ,
BO3/IeCTBHEM 3apSHKEHHBIX YaCTHUI, P-N IEPEXOJ,

3.2 IlpumeHeHnue auoo0B, BKao4as PIN-guoabl, B AeTEKTUPOBAaHUU YaCTHUILI,

3.3 OueHka 2JHepreTU4YeCKOro paspelleHUd U  KOOPAMHATHOIO  pa3pelleHus
N0JIyIPOBOJJHUKOBBIX e TEKTOPOB.

3.4 CoBpeMeHHbIe METO/bl U TEXHOJIOTUX U3TOTOBJIEHUS MMOJIyIIPOBOAHUKOBBIX [IeTEKTOPOB.
3.5 [IpyHIMN paboThl MUKPOCTPUIIOBBIX AE€TEKTOPOB.

3.6 OcobeHHOCTH JipeliPOBBIX eTEKTOPOB U UX IPUMEHEHHE.

3.7 llukcenbHble AeTeKTOphl, Takue Kak [13C u Medipix, ¥ nepcrneKTUBbI UX UCIOJIb30BaHUS.
3.8 CoBpeMeHHble CYMTBIBAIOLIME 3JIEKTPOHHBbIE YCTPOMCTBA JJIA MOJIyNIPOBOJHUKOBBIX
JleTEKTOPOB.

Moay/ib 4: ®OTOHHbIE METOAbI PETUCTPALAU U3/IyYEeHU U

4.1 Knaccudukanuus GoToMeTpUYECKHUX BEJTUYHH.

4.2 OpraHv4ecKue W HeOpraHWYeCcKHe CUUHTUIATOPBI. CBedyeHHE CLUHTUJIATOPOB U
OCHOBHbIE TOHATHUS.

4.3 AHa/1M3 MEeTO/0B JUCKPUMHUHALIMU YaCcTHUI] 10 GOopMe CBETOBOU BCIIbIIIKH.

4.4 Bo3M0>XHOCTHU BpeMs-NIPOJIETHBIX U3MEPEHUU NIPU PErUCTPaALUY YaCTHUL].

4.5 fIBnenve BaBusioBa-YepeHKoBa U ero IpUMeHEHHUe.

4.6 ®0TO3/IeKTPOHHBIE YMHOXXUTEJIU: YCTPOUCTBO, XapaKTEPUCTHUKU U chepbl IPUMEHEHUS.
4.7 JlTaBuHHbIE GOTOAMO/Ibl, KOHCTPYKIIMS, XaPAKTEPUCTUKHU.

4.8 KpemHueBble (QOTOYMHOXKMUTEJNH, KOHCTPYKLMS, XapaKTEPUCTUKA U 00J1aCTH
NpUMeHEeHUs

Mopayas 5: [Ipuk/1agHbIe UCCIe0BaHUSA U Pa3paboTKH

5.1. [IpyuMeHeHHEe IPOTOHOB B OHKOJIOTUH JiJIs1 Iy4eBOU Tepanuu.

5.2. U3roToBJieHHE U UCCIe[lOBaHUE TPEKOBBIX MeMOpPaH /Il pa3HO0OpPa3HbIX MPUMEHEHHU M.
5.3. OueHka pajalluOHHON CTOMKOCTU MUKPOCXEM U 3JIEKTPOHHBIX KOMIIOHEHTOB.

5.4. U3yyeHune BJIUAHUSA paJjUaliuy Ha )KUBbIe CUCTEMBI.



5.5.[IlpumeHnenue petektopoB B [I3T [/ AMAarHoCTUKUM MU U3y4eHUS OUOJIOTUYECKUX
IPOLIECCOB.

5.6. Pa3paboTka COBpEMEHHBIX JIETEKTOPOB JJIs1 YJIyUlllEHUs] PEHTTEeHOBCKHUX UCC/e/JOBAaHU M.
5.7. llpuMeHeHUe HEUTPOHOB AJi1 pafiUorpapruiecKoro uccaie0BaHus.

5.8. Hel'TpoHBI /1711 U3y4eHHUS 3/71eKTPOAHBIX MaTepUaJoB.

5.9. Ucnosib30BaHKE HEUTPOHOB AiJ/1s1 OOHApPYKEeHHS BOJAOPOACOepKalMX MaTEPUAJIOB.
5.10.IlpuMmeHeHre HEUTPOHOB /11 0OHApYyKEHUS B3PbIBYAThIX BELECTB U HAPKOTHUKOB.
5.11.Actpobuosioruyeckie UccaefoBaHusA: HccienoBaHue BO3MOXKHOCTH CYIECTBOBAHMUS
YKU3HU Ha APYTUX [IJIaHETaX U KOCMHUYECKUX 00'beKTax.

5.12. IUJAPBI ¥ yMHBIE aBTOMOOUJIU

Moaysib 6: MeToAbI U3MEpEHUA aMIJIUTY/Abl U BpEMEHHU CUTHAJIOB

6.1 AHa/1M3 CBOMCTB KOAKCHaJIbHBIX KabeJsiei, BOJITHOBOTO CONPOTHBJIEHUS U 3a/1€PXKKHU
pacnpocTpaHeHUsI CUTHAJOB.

6.2 M3ydyeHure oTpa>keHUU U ONLUHU COTJIAaCOBAHUS JIMHUH CBSA3U.

6.3 [IpeumMy1iecTBa 1 0CO6EHHOCTH AP PepeHLIMaTbHOM Iepeilayy CUTHAJIOB.
Wcnosnp3oBaHKe BUTBIX Nap [/ llepeiadyy JaHHbIX.

6.7. Jlorn4yeckue 3neMmeHThbl. Komnaparop.

6.8 Lludppo-aHasoroBbie Npeobpa3oBaTEH.

6.9 O3HakoOMJIeHHe C aMIIMTYJHbIMU IpeoOpa3oBaTessIMM, OCHOBAaHHBIMU Ha MeETOJe
BusikuHCOHa.

6.10 IlpumeHeHue mpeoOpas3oBaTesiell MapajjeJbHOTO KOAUPOBAaHUA [JJ TOYHOTO
HaJIOroBO-LU$pPOBOro Npeobpa3oBaHMUS.

6.11 UnTerpanbHas u guddepeH1ipaibHasg HEJIMHEMHOCTEM.

6.13 U3yyenue crangaptoB NIM, CAMAC, VME u VXS 1 ux npuMeHeHre B pa3JIMYHbIX
3KCIepUMeHTax

6.4.IlpuMeHeHre MaTeMaTU4YeCKUX METOJOB: JEKOHBOJIIOLMS, anlpoKcHuManus QyHKUHeH
0’KM/]Ja€MOT0 CUTHaJIA.

6.5 AHa/IM3 MeTO/I0B U3MEpPEHUSI BpEMEHHU NPoJieTa YacTHIL.

6.6 [lepcrieKTUBBI NPUBA3KHU K NIepeJHEMY U 33/lHEMY PPOHTAM CUTHAJIIOB C PUKCUPOBAHHBIM
OpPOrOM.

6.7 IlpuMeHeHUMe BpEMEHHO-aMIJIUTYJHOU KOppeasiquu /[Ji1 TOYHOrO HW3MepeHUs
BPEMEHHOT0 pa3pelleHus.

6.8 OeHka 3pPeKTUBHOCTHU METO/1A CJIe/ISIEero Mopora B KOHTEKCTE U3MePEHHU I BpEMEHH.
6.9 H3syuyeHue anHasu3a GOpMbl MMIyJbCa CUTHAJIOB JJi ONTUMU3ALUU BpPEMEHHOTro
paspelleHusl.

6.10 IIp¥Mepbl 3KCIEPUMEHTOB C M3MEPEHWEM BPEMEHHOI'0 pas3pelieHus] U COBMECTHOTO
aHaJM3a BpeMsA-aMILIATYy/a.

6.11 llepeauckpeTHU3al i CUTHAJIOB /IJ1s1 MOBBILIEHUS] TOUHOCTHA U3MEPEHUM.

Mogaysb 7: UHTerpajbHble cCXeMbl ClelMa/IM3UPOBAHHOrO HasHayeHus ASIC.
7.1. UcTopus pa3BuTus UHTerpasbHbix cxeM (MC) 1 oCHOBHbIE NOHATHUS.

7.2. bunoJsisipHbiv ¥ noseBor TpaHductop. MOIl u KMOII - TexHosi0THH.

7.3. U3roroBsieHue KkoHaeHcaTtopos B UC.

7.4. TexHO/10TUA pa3MelleHUus UHAYKTUBHOCTEN Ha YUIle

7.5. Pe3ucTophbl U3 MOJMKPEMHUS U METAJJIOB.

7.6. [lpumep UC TLR431A: obpaTHas uHxeHepus npocreiein UC.

7.7. Texnonorusa npoussBo/ctsa UC Ha niiactuHe. PoTonutorpadus.

7.8. ASIC CITIROC (Continuous Integration Time Readout Chip) - UC g1 cdUTbIBaHUSA
CUTHAJIOB C JIeTEKTOPOB B QU3HKE BbICOKUX S9HEPTHUM U MEAULIMHCKOUN TeXHUKE.



7.9. ASIC LArPix (Liquid Argon Pixel detector) - UC aJisi cduThIBaHHS 3aps/ia C TUKCEJbHOM
NJIOCKOCTHU B kuAKkoparoHoBo# BIIK akcnepumenTa DUNE.

7.10. ASIC SAMPA (Slow Acquisition and Monitoring for PArticle physics) - UC npuMeHsieMast
B BIIK (ALICE/LHC u MPD/NICA).

Mopayb 8: [locTpoeHue C/10XKHBIX GU3NYEeCKUX YCTAHOBOK (2 TeMbI Ha BBIOOP)
8.1. 3xcnnepumeHT COMPASS: YcTaHOBKa /1711 N3y4YeHHs CBOMCTB A/jlepHOM MaTepUuu
8.2. dkcniepuMeHT JUNO: HeHTpUHHBINA peaKTOPHbINA 3KCIIEPUMEHT

8.3. dkcnnepuMeHT DUNE: HeHTpUHHBINA yCKOPUTENBbHBIN 3KCIIEPUMEHT

8.4. lerextop MPD skcnepumenTta NICA

8.5. dkcnnepuMeHT baiikan: AcTpodpU3ndeCKU HEMTPUHHBIN J€TEKTOP.

Mogayb 9: dnektpomaruutHas kaaopumetpus (NICA/SPD)

9.1. N1eKTpOMarHUTHbIU JIMBEHbB, JE€TEKTOPHI IOJIHOTO NOTJIOLUIEHHUS, yTEeUKH

9.2. BapuaHThl peasusayUu  3JE€KTPOMAarHUTHBIX  KaJIOPUMETPOB: TOMOTEHHBbIe,
reTeporeHHbIE.

9.3. JJIeKTpOMarHUTHbIN KaJIOPUMETP TUIIA LIALLJIbIK

9.4. CyuThIBaOILas 3J1eKTPOHUKA

9.5. KoHcTpyk1usa kasnopuMeTpa B skciepuMeHTe NICA/SPD.

9.6. MeToAbl UCIBITAaHUHN U KaJIMOPOBKU MOJyJIel KaJIOpPUMETPOB.

9.7. AHanu3 JaHHbIX

Moayab 10: ludpdy3sronHas onTrka Bo BpeMeHHOM JoMeHe (TD-DO)

10.1. CnekTpockonus 6/MxHero MHGpaKpacHOro Arana3oHa

10.2. /luddysnoHHass ONTHKA: HENpepbIBHbIA CBET, MOAYJALMSA MO 4YacTOTe, BPEMEHHOH
JlIOMeH

10.3. UcToYHUKHU CBeTa NUKOCEKYHHOIO Mana3oHa

10.4. PerucTpanuda CBeTOBBIX BCIbIIIEK IMKOCEKYHHOI0 JUala3oHa

10.5. U3mepenue u aHanu3 DTOF criekTpoB

10.6. OnTruyeckue GaHTOMBI: METO/ bl U3TOTOBJIEHUS W BaJMIaLlUU

10.7. AnTOpUTMBI CUMYJIILUN U PEKOHCTPYKLIUU

6. q)OH,El OL€HOYHbIX CPEeACTB AJIA OLEHHUBAHUA PE3y/IbTATOB Oﬁy‘leHl/lﬂ nmo AUCOUIIVIMHE
(Mony.r0)

6.1. TunoBble 3aJJaHUsl W HWHble MaTepuasbl, HEOOXOJUMbIe JJisi OLEHKH pe3yJIbTaTOB
00y4YeHuUs:

TunoBble Bonpockl /1Sl NIPOBeieHUsI TEKYI el IPOBEPKU yCIIEBA€MOCTH U 3a/JaHus J1s
poBe/IeHUs IPOMEXKYTOUHOW aTTecTaluu (3a4eTa):

MOﬂy.]Ib 1: OcHOBBI perucrpagvm 4acTul U BBaHMOﬂeﬁCTBHe HN3JIy4Y€HHA C BeleCTBOM
1. Kakue €eaANHHUIL bl USMEPEHHUA B (1)1/13m<e BbICOKHX 3Hepr'1/11‘/'1 HUCIIOJIB3YOTCA OJIA

XapaKTepPUCTUKHU 3JIeMeHTAPHBIX 4YaCTUL?

2. llepeuucauTe U KJacCUPULUPYHTE OCHOBHBIE TUIIBI JI€TEKTOPOB, UCIIOJIb3yEMbIX [l
perucTpanuu 4acTuL,.

3. Kakue MCTOUYHUKU U BU/bl U3/IYYEHUH UCIOIb3YIOTCS B QU3UKE BbICOKUX SHEPTUI?
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4.

Kak ocy1iiecTBisieTCs yCKOpeHUe 3apsKeHHbIX YaCTHIL B YCKOPUTEJISIX BBICOKUX
sHepruit? ONMIIUTe OCHOBHbIE TApaMeTPhbl yCKOPUTEJIEeH U UX POJIK B GU3UKe
3JleMeHTapHbIX YaCTHUIL,

MO,E[y.IIb 2: I/IBMepI/ITeJIbeIe CUCTEMBbI HAa OCHOBE I'a30BbIX NOHN3AIIHMOHHBIX JETEKTOPOB

5.

Kakre ocHOBHBI€e ITPOLECCHI IPOUCXOAAT B ra30BbIX AeTeKTOpax PU perucTpanuu
4YacTUL, ¥ KAKOBbI UX IPUHLUIIBI pabOThbI?

Kakue MeTO/ibl perucTpanuy 4acTUuL, 6e3 ra3oBoro yCuJeHHUs CyLleCTBYIOT, U B KAKUX
CUTyaLUAX UX IPUMEHSIOT?

B 4eM 3ak/1104al0TCA MOHHU3ALMOHHbIe MeTO/ bl PErUCTPALIUK C Fa30BbIM yCUJIEHUEM, U
KaKHe eTeKTOPbI UCIIOJIb3YI0TCS HA OCHOBE 3TUX IPUHLUIIOB?

Kakue npeumyuiectBa ¥ 06/1aCTU IPUMEHEHUsI HOHU3alMOHHBIX KaMep U
IPONOPLHOHAIBbHBIX CYETYUKOB B U3MEPUTEJIbHBIX CUCTEMAX?

Kakue cyliecTByIOT TeXHUY€ECKUE pelleHUs /s C{UThIBaHUSA U 06pabOTKU CUTHAJIOB
B ra30BbIX JleTeKTOpax?

Mopyns 3: [IpuMeHeHyre MOYyIPOBOAHUKOBBIX AeTEKTOPOB

10.

11.

12.

13.

14.

15.
16.

Kakue npoueccbl NpOUCXOAAT B MOJYNIPOBOJHUKAX PU NONAJAaHUH 3apsKEHHBIX
YaCTHUL, U KaK OHU BJIMSIOT HA UX pErucTpanu?

B 4yeM 3aksit04aeTcd NpUuMeHeHUue Ao 0B, BKaodad PIN-auoabl, B 1eTeKTUpPOBaHUU
JacTuu?

Kak oueHMBaeTcsl sHepreTUYECKOE pa3pelleHrMe U KOOPJUHATHOE pa3pelieHue
NOJIyIPOBOJHUKOBBIX JIETEKTOPOB, U KaK 3TO BJIMSET HA UX IPUMEHEHUE?

Kakue coBpeMeHHble METO/|bl U TEXHOJIOTUX UCII0JIb3YIOTCA IPU U3TOTOBJIEHUH
NOJIyIPOBOJHUKOBBIX e TEKTOPOB?

Kak paboTaroT MUKPOCTPUIIOBbIE e TEKTOPHI, U KAKOBbI OCHOBHbIE 00JIACTH UX
NpUMeHeHUA?

Kakue ocobeHHOCTH ApelPOBBIX 1€TEKTOPOB M B KaKUX chepax OHU UCI0Jb3YIOTCS?
Kakue nukcesibHbIE AeTEKTOPHI IPUMEHSIOTCS, U KaKUe MepCreKTUBbI UX
HCIIOJIb30OBAHHUSA?

Mogayib 4: DoTOHHBIE METO/bI PETUCTPALMHU U3JTyUYeHU U

17.

18.

19.
20.
21,
22,
23.

YTo npeAcTaBIAIOT CO60M OpraHMYecKrHe U HeOpraHuyecKre CIIMHTUJLISITOPDI, U
KaKOBbI OCHOBHbIE XapaKTepPUCTUKU UX CBEYEeHUA?

Kak npoBoguTCa aHa/IU3 METO/0B JJUCKPUMHUHALIMU YacTUL, 10 pOpMe CBETOBOM
BCIIBIIIKU?

B 4yeM 3aks1t049aroTCA U/jies BpeMA-NpoJIeTHbIX U3MEePEHUU IPU PETUCTPALMU YACTULL?
Kak ucnosnb3syetcs usnyyenue BaBuioBa-UepeHKoBa B pU3UYECKUX UCCIeJOBAHUAX?
Kak ycTpoeHbl $pOT03/IeKTPOHHBIE YMHOXXUTE/H, U B KAKUX chepax UX MPUMEHSAOT?
YTo Takoe JJaBUHHbIE POTOANO/bI, U KAKOBbI UX XapaKTEPUCTUKU?

Kak pa6oTaioT kpeMHHeBble GOTOYMHOXKUTENU? [IpyuBeIUTE MPpUMeEPhI UX
NpYMEHEHUS.

Mogayab 5: [Ipuk/iaiHble HcCle0BaHUs U pa3paboTKU

24,

Kak paboTaroT NpOTOHHBIE YCKOPUTEJIH, U KAKUM 00pa3oM NIPOTOHBI UCIIOJIb3YIOTCA
JU151 JIeYeHUs omyxoJien?
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25.

26.

217,
28.

29.

30.

31.

32.

33.

Kak co3pawTcs TpekoBble MeMOpaHbl /11 pa3/IMYHbIX NpuMeHeHUi? Kakue
TeXHUYEeCKHE CJI0XKHOCTU BO3HUKAIOT NIPY UX IPOU3BO/CTBE, U KaK OHU
npeojosieBarTCA?

Kak onjeHrnBaeTcs paaliOHHas CTOMKOCTb MUKPOCXEM U 3JIEKTPOHHBIX
KOMNOHeHTOB? Kakue MeTO/ibl UCIIBITAHUM IPUMEHSAIOTCA [l ONIpeiesIeHUs
pagualnMOHHON CTOMKOCTU?

KakuM 06pasom ucciefyoTcs BJAUSHUE paualiiu Ha XKKUBble CUCTEMbI?

Kak npuMensitoTcs getektopsl B [I9T /15 AUarHOCTUKYU U U3ydyeHUs OUOJIOTHUYECKUX
nporneccoB? Kakue paguodapmnpenapaTsbl ucnosib3ytoTcd B [13T-ckaHupoBaHuy, 1
KaK OHM B3aUMOJIeHMCTBYIOT C TKAHAAMU OpraHusMa?

PaccMoTpuTe pazpaboTKy COBpeMEHHBIX ,eTEKTOPOB JJIfl yAy4YllleHUsI pEHTTeHOBCKUX
vccienoBaHuM. Kakre TexHU4YeCKrue NHHOBALMU NPUMEHSIOTCA [J1S1 yBeJIMYeHUs
MHPOPMaTUBHOCTH PEHTI€HOBCKOM ToMorpadpuu?

Kak paboTaioT HEUTPOHHbIE AeTEKTOPHI, U KaKue MpobJyieMbl BO3SHUKAIOT NIPU
pervcTpanuu HeMTPOHOB?

B kakux 06/1aCTAX NPUMEHSIOTCS HEUTPOHBI JJ1S1 U3yYeHHS 3JIEKTPOAHBIX
MaTepHaJioB, U KaKre CBOMCTBa 3TUX MaTepHUaJoB U3y4aloTCs?

Kak ucnosib3yoTcs HeMTPOHBI /17151 00HapyKeHUs BOLOPO/COoepKalliuX MaTepHasoB,
B3pbIBYATHIX BelL|eCTB U HApKOTUKOB? Kakue MeTo/ bl leTEKTUPOBaHUS
NPUMEHSIOTCSA B IaHHBIX IPUJIOKEHHUSAX, U KAKOBBI UX XapaKTePUCTUKU?

Kak npumenstoTtcs JINJJAPrbI B chpepe yMHBIX aBTOMOOU/IEN U KaKKe TPO6JIeMbl
BO3HMKAIOT NpH Mcnosib3oBanuu JIN/IAPoB?

MopyJib 6: [lepesiaya HAaHOCEKYH/JHBIX CUTHAJIOB

34,

35.

36.

37.

38.

39.

40.

41.

Kakure ocHOBHBIe TapaMeTpbl KOAKCUAJIbHBIX Kabesied 0Ka3blBalOT BJIUSAHKE HAa UX
XapaKTEePUCTUKHU Nepeiladyd HaHOCEKYH/HbIX CUTHa/0B? O6'bSICHUTE CBOMCTBA
BOJIHOBOI'O CONIPOTUBJIEHUS U 3a/leP>KKH paclpoCTPaHEHUs CUTHAJIOB B
KOAKCHaJIbHbIX KabeJisiX.

YTo Takoe OTpaXKeHHA CUTHAJIOB, U KaK OHU BO3HUKAIOT HA JIMHUAX CBA3U? Kak
pelarTcs NpobJyeMbl OTPAXKEHHUU € MOMOILbIO ONIIMU COT/IaCOBAHUA JIUHUHN CBA3U?
B 4yeM cocToaT npeuMyiecTBa AudpdepeHMasibHON epe/jaul CUTHAJIOB, U KaK OHa
IprYMeHseTcs B lepeJiade JaHHbIX? Kak BUTbIe Tapbl UCNOJIb3YIOTCA AJ1d lepefjadn
HaHOCEKYH/HbIX CUTHAJIOB U KAKMM 006pa30M 3TO NMOBbILIAET Ka4eCTBO Mepejayin?
Kakue MeTo/ibl K3MepEeHHUs BpeMEeHU NPoJieTa YacTUL, IPUMEHSATCH B PU3UIECKUX
akcriepuMmeHTax? OueHuTe UX 3G PeKTUBHOCTDb U TOUYHOCTb.

YTo Takoe BpeMeHHO-aMILJIUTY/AHasl KOppeJsilivs, U KaK OHa IPUMeHsIeTCs A1
TOYHOTO U3MepeHUs BpeMeHHOro pa3pelieHusa? Kakre TexHUYeCKHe acleKThl
YUYUTBIBAKOTCS MIPU UCIIOJIb30BAHUU 3TOT0 MeTo/a?

Kak nepesuckpeTusanus CUrHaJ0B MOXeT [MOBBICUTh TOYHOCTD ONpe/iesIeHUs
BpeMeHU Npuxo/ia curHasos? Kakve MeTo/ibl NepeJUCKpeTU3AL U UCTIOIb3Y0TCA Bbl
3HaeTe?

OnuuMTe posib KOMIAapaTopa B Ipoliecce CYUThIBAaHUA CUTHaIOB. Kakue c ero
IIOMOILBIO MOXHO CJle/1aTb U3MepeHus1?

Yrto npefcTaBisOT cO60U IMPpo-aHaNOrOBble IPe0Opa30BaTeN, U KaK OHU
IPUMEHAITCA /11 00pabOTKH CUTHAJIOB IIPU UX CYUTBIBAHUN?
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42.YTo Takoe MHTerpasibHas u AudpdepeHnMaibHasi HEJJMHENHOCTH, U KaK OHU BJIUSIOT
Ha [POoIecC CYUThIBaHUsA CUTHaI0B? KakuM 06pa3oM MOKHO y4eCTb 3TU
HeJIMHEMHOCTH?

43. OnuwmurTe npuMeHeHue cravgapToB NIM, CAMAC, VME u VXS. Kakue nperumyl1ecTBa
NpeoCTaBAAKT 3TU CTaHAAPTHI B IpoLiecce 06pabOTKU U CYUTBIBAHUSA CUTHAJIOB?

Mopaysb 7: UHTerpa/ibHble CXeMbI ClieljdaJu3upoBaHHOr0 Ha3HayeHus ASIC.
44. PaccMOTpUTE UCTOPHIO pa3BUTHUSA UHTerpaibHbIX cxeM (MC) ¥ ocHOBHbIE NOHATHS,

CBsI3aHHbIe € 3TOM obJiacTbio. Kakue Tunel TpaHauctopoB npuMeHsawTcs B UC, u
KaKHe TeXHOJIOTUU UCIO0Jb3YIOTCA A/ UX U3TOTOBJIEeHUA?

45. Kak co3pgarorca koHaeHcaTopsl B UC, 1 Kakre MeTObl U3TOTOBJIEHUS IPUMEHATCS
JUIS1 pa3MellleHrus MHAYKTUBHOCTe! Ha uyune?

46. OnumKYTe TEXHOJIOTUU U3TOTOBJIEHUS PE3UCTOPOB U3 nosnkpeMHus B UC.

47. Kak ocyiyecTBiisieTcs TexHoI0rusA npoussBo/crea MC Ha niacTuHe, U 9YTO Takoe
doTonuTorpadus B KOHTeKCTe npousBocTBa UC?

48. OnuuurTte npuMeHeHue ASIC CITIROC B cHUTbIBAaHHUU CUTHAJIOB C IeETEKTOPOB B
du3rKe BbICOKUX IHEPTUHM U MEeAULIMHCKOUN TeXHUKE.

Mogayib 8: [locTpoeHue ClI0XKHBIX PU3NUECKUX YCTAaHOBOK
49. Kakyo nenb npecienyet akcnepuMeHT COMPASS, 1 kakue 0CHOBHbIE [IeTEKTOPbI

VCII0JIb3YIOTCA B yCTaHOBKe?

50. KakuM 06pa3oM HEUTPHUHO B3auMoielcTBYIOT B JleTeKTope JUNO, U Kakue MeToibl U
TEeXHOJIOTUY IPUMEHSIOTCA B 9KCIIEPUMEHTE JIJIS UX peructpanuu’?

51. KakoBa ocHoBHas 3aja4a skcnepuMeHTa DUNE. Kakve npuHIIMIBI U METO/ bl
perucTpanuu JexarT B OCHOBe xujkoaproHoBoi BIIK 6a1mxHero geTekTopa
3KcrepuMeHTa?

52. Kakue feTeKTopbl HCNoJb3yI0TCs B ycTaHOBKe MPD/NICA, 1 kakue npoLeccol U
YaCTULbl OHU NpeJJHa3HAa4YEeHbl PETUCTPUPOBATH?

53. Yto npexcTaB/isieT cO60M HEUTPUHHBIN 3KciepuMeHT balikan? Kakue neTeKTophl U
NPUHIUITBI UCTIOJIb3YIOTCS JJIsl pETUCTPALUHK acTPOPU3UIECKUX HEUTPHUHO B 3TOM
3KCIepuMeHTe?

Mopayab 9: dnekTpoMariuTHas kajopuMetpus (NICA/SPD)

54. DJIeKTPOMAarHUTHBINU JIMBEHb U €r0 Pa3BUTHE B BellleCTBE. JHEPTETUYECKOE
paspelueHue

55. Pa3HuIa Me/1ly TOMOTeHHbIMU M reTepOreHHbIMU KajiopuMeTpaMu. Kakue
IpeuMylecTBa U HeZJOCTaTKU y KaXJ0ro U3 TUMOB?

56. [IpuBeuTe NprUMepbl MATEPUAJIOB, IPUMEHSIEMbIX B TOMOTE€HHbIX U T€TEPOreHHbIX
KaJIOpUMETPax.

57. KoHCTpyKIMs KajlopuMeTpa Tuna "mwauuiblK”. CHMThIBAHUE CUTHAJIa B KaJIOPUMETpe
Tuna "mauiblk". Kakue MaTepraJsibl HCIOJIb3YIOTCS B KAYeCTBE aKTUBHOU U
NaCCUBHOM Cpeabl?

58. Kakue ocHOBHbIEe TPeOOBaHUS NPEbABJSIOTCSA K CUMTHIBAIOILEN 3JIEKTPOHUKE A1
KaJIOpuMeTpoB?

59. KoHCTpyKI M 3/1eKTPOMarHMTHOTO KaJlopuMeTpa B aKcnepuMmeHTe SPD?

13



60.

61.

Kakure MeTo/1bl HCIIOJIB3YIOTCS [IJIs1 KATMOPOBKHU KaJlopuMeTpa. TecThl Ha my4YKax
YCKOpPUTEJIEH.
OcHOBHbIE MeTO/Ibl aHA/IM3Aa JAHHBIX C KaJIOPUMETpA.

Moayab 10: iluddpy3roHHas onTuka Bo BpeMeHHOM goMeHe (TD-DO)

62.

63.

64.
65.
66.
67.

68.

69.

70.

Kakue ¢pusnueckre ocHoBbI Os1kHeN UK-criekTpockonyu UCnoJib3yOTCs B
6MoMeJUIMHCKUX NpUI0KeHUsax? Kak uamMepsa0Tca KOHLEHTpauu
OKCUTeMOTJIOOHHA U JIe30KCUTreMOrJIo0ruHa?

CpaBHHTE METO/AbI: HENPEPBIBHBIN CBET, MOAYJIUPOBAHHbIN 110 YaCTOTE CBET U
BpeMeHHOM JjloMeH. KakoBbI MpenMyI1ecTBa UCM0JIb30BaHUSI BPEMEHHOI0 IOM€EHa B
IudPy3rmoHHOU onTUKe?

Yrto Takoe fudpPy3noHHOE NMPUOIMKEHHE U KOT/Ja OHO TPUMEHUMO?

Tunbl ICTOYHUKOB CBeTA [/l TeHepalii UMIYJIbCOB B TMKOCEKYH/HOM /Mana3oHe
Tunel eTEKTOPOB perucTpaLUK KOPOTKUX UMITYyJILCOB B OJHOPOTOHOM pPEXKUME.
Yrto Takoe BpeMs npoJsieta potoHa (DTOF) u kak oHo usmepsietca? Kakue
OTpaHUYeHUs HaKJIaAbIBalOTCH Ha 3JIEKTPOHUKY B 3TOM 06s1acTH?

Kak ¢popmupyetcs cnektp DTOF u yTo oH oTpaxaeT? Kakue napaMeTpbl TKaHU
MO>kHO u3BJiedb U3 DTOF cniekTpoB? Kak npoBoAMTCS OArOHKA MoJesiel 1o/
JKCIlepUMeHTaJIbHble JaHHble?

/1151 4ero ucnoJib3yTcs onTuyeckre GpaHToMbl B Audpdy3noHHom ontruke? Kakue
MaTepHraJsibl IPUMEHSIOTCS AJ1s1 Co3iaHUsA GpaHTOMOB? Kak Npou3BOJUTCS prioBepKa
OIITUYECKHUX XapaKTepI/ICTI/IK?

MeToabl MOAe/IUpPOBaHUS PACIPOCTPAaHEHHUS CBeTA B TKaHAX. UTO Takoe obpaTHas
3aZavya B TD-DO v kak oHa pelaeTca? AIropuTMbl peKOHCTPYKIUH.

6.2. lllkasa U KpUTEPHUU OLLEHUBAHUS

PesynbraT | KpuTepuu oneHUBaHUA 3HAHUW, YMEHUHM U HABBIKOB
OCBOEHUS
JUCUHUIJINH 2/ 3/ 4/ 5/
b He 3a4TeHO0 3a4TEHO 3a4TEHO 3a4TeHO0
3HaHu4 OTcyTcTBUE 3HAHUH B nenom B uesom Ycnemnelie u
yCHellHble, HO yCIIEeUIHOe, | cuCTeMaTUu4yecK
He HO vie 3HaHUs
CUCTeMaTH4eCK | copeprkaile
ve 3HaHUs e
OT/e/bHbIe
npo6esbl
3HaHUS
YMeHnusa OTcyTcTBHE YMeHUsA B nesiom B nesiom YcnemHoe u
NPUMEHSATH 3HAHUSA yCIEUIHOE, HO yCIIEeUIHOe, | cuCTeMaTUu4yecK
byHAaMeHTabHBIX U He HO oe yMeHUe
aKTyaJIbHbIX IPOOJIEM. CUCTEMATHYeCK | cozeprKalle | IPUMEHATh
oe yMeHUe e 3HaHUsA
NPUMEHSATH OTAeNbHbIe
3HaHUs npo6esibl
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yMeHUe
IPUMEHSATD
3HaHUA
HaBbiku OTtcyrcTBue/PparmenTtapH | B nesnom B nenom Ycnewnsle u
ble HaBbIKU B pellleHUU yCIlelllHble, HO yCIlelllHble, | CUCTeMaTHYecK
3aja4 He HO Ve HaBbIKU B
CUCTeMaTHUYyeCcK | cofepikalle | pellleHUH 3aa4
Ve HaBbIKU B e
pelleHUHU 3a/1a4 | OTAe/IbHbIE
npo6esibl
HaBbIKU B
pelieHuU
3a/,a4

7. PecypcHoe o6ecnieyeHue

[lepeyeHb OCHOBHOM M JONOJIHUTEJbHON y4eOHOM JTUTEPATYPHI:

OcHoOBHas JiMTEpaTypa:

1. K. T'pynen, b. lIBapy. /leTekTopbl 3JieMeHTapHbIX 4YacTUl: OCHOBbBI U INPHUMEHEHUH.
UzpatenbcTBo CubUpckuit xpoHorpad, 2008. ISBN: 978-5-87550-099-5.

2. AIl lutoBuu. fApepHas ajieKTpoHMKA: Y4yebHoe mocobue Jja By3oB. H3gaTenbcTBO
JHeproaromusaat, 1984. I[SBN: 5-283-00535-4.

3. E.A. Menewko. beicTpogencTByOImass HWMIyJbCHAsA 3JIEKTPOHMKA. W3gaTenbcTBO
®U3MATJIUT, 2007. ISBN: 978-5-9221-0909-0.

4. 10.K. AkumoB. POoTOHHbIE MeTO/Ibl perucrpanuu usnydyenui. Usgarenscrso OUAH, 2014.
ISBN: 978-5-9530-0380-3.

5. I0.K. AkumoB. [losynpoBOJHUKOBbIE JE€TEKTOPHI sJepPHbIX U3ay4yeHUU. HU3aaTenbCcTBO
OHAHN, 2009. ISBN: 978-5-9530-0213-4.

6. 10.K. AkumoB. 'a30Bble JeTeKTOphl AAepHbIX usaydeHui. UsgatenbctBo OUAU, 2011.
ISBN: 978-5-9530-0272-1.

7. 10.B. 3aHeBckuil. [IponopyuoHanbHble U ApeiidoBble kamepbl. U3gaTenbcTBO ATOMU3 /AT,
1979.

8. k. B. bumaH. [losiynpoBoAHUKOBbIE PUOOPHI U perucrpanus usaydeHu. U3gatenbcTBo
AxaneMuyeckas npecca, 1985. ISBN: 978-5-512-75212-7.

9. b. ®. BycunoBckui, A. U. BecnasioB. ®u3ukKa J1eTEKTOPOB. YuebHOoe nmocobue. U31aTebCTBO
JlabopaTtopus 3HaHu#H, 2012. [SBN: 978-5-904933-59-2.

10. B. B. 3yeB. MoHuM3aMOHHBIE AeTEKTOPHI YacTul, U ¢oToHOB. U3aaTtenbctBo MI'Y, 2009.
ISBN: 978-5-211-05449-3.

JlonosiHUTe/IbHAsA JIUTEPATypa:
1. P. JI. ®sppoy. CoBpeMeHHble MeTOAbl [JO3UMETPUU pajualuu. H3aaTenbCcTBO
AxageMuyeckas npecca, 1996. ISBN: 978-5-12-247662-1.
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2. C. Jlepya, II. [wamesnb. [leTeKTOpbl pajvalid¥ [Jsd MeAULMHCKOM ToMorpadpuu.
U3paTtenbctBo Springer, 2016. ISBN: 978-5-32-929852-6.

3. @. Caysiu. 'a3oBble pagualnMoHHbIEe eTeKTopbl: OCHOBbI U NMpUMeHeHUs. U3naTenbcTBO
Hayka, 1988. ISBN: 5-02-008194-8.

4. I'. EkyTbesid. [losynpoBoJHUKOBbIE TPUOOPHI U perucTpanus U3aydeHUud. U3aaTenbcTBoO
KomKnura, 2007. I[SBN: 978-5-98223-782-1.

5. . KHos. Peructpauus v usMmepeHue usnydyeHud. MU3patenbctBo Buabsamc, 2005. [SBN:

978-5-8459-0805-9.

6. AM.A6pamMoB u ap. "OCHOBBI 3KCHEPUMEHTAJbHBIX METOJOB sJepHOH ¢uanku." M.
ATtomusgar, 1977.

7. A.C.BopoHoB, [1.A.®posioB. UMny/ibCcHbIE U3MEPEHHUSI KOAKCHUAJIbHBIX KabeJsiek cBSA3U. — M.:
Paayo u cBs3b, 1985. - 96 c., n.

8. JLU. [lonomapes. Ilog 3Hakom kBaHTa. M.: DU3MATJINUT, 2005 - 416 c.

9. Technical Design Report of the Spin Physics Detector at NICA.
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