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HNEPEYEHB YCJOBHBIX OBO3HAUYEHUI

BM - BuGparnmonHast MarHUTOMETpHS
BMP - BricOKOBaKyyMHO€ MarHeTpOHHOE PaCIbUICHUE
K/ - KOHCTPYKTOpCKasi JOKyMEHTaIUs
MKM - mukpomertp, 1 mxm = 0,001 Mmm
MMH - MHOrocCy101MHbIE MATHUTHBIE HAHOCTPYKTYPBI
oy a - OJJHOMEPHBIN TO3ULIMOHHO-UYBCTBUTEIILHBIN JETEKTOP
Ir - IaH-Tpaduk
M - IporpaMMa U METOJAMKH MUCIIBITAHUI
ITHP - PednekromeTpust monsspru30BaHHBIX HEUHTPOHOB
1o - IPOrpaMMHOE O0ecTieueHne
PJI - PeatrenoBckas qudpakroMmeTpust
P3M -Penxo3eMenpHBIN MeTaLT
PP - PentrenoBckas peduexromeTpus
T3 - TEXHUYECKOE 3a7]aHUE
XPS - DOTOAIEKTPOHHAS CIIEKTPOCKOIIHS
ILL - Uactutyt Jlays-JlanxeBena
A - aHI'CTpEM, BHECUCTEMHAs €AMHMIIA JUIMHBI, paBHas 0.1 HM
A - JUIMHA BOJIHBI, U3MEPSAETCS B aHICTpEMax
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BBEJIEHUE
KitoueBbie cioBa: CHUHTWUISIIUOHHBIA CYETUMK, TMO3UIIMOHHO-UYYBCTBUTEIBHBIM JIE€TEKTOP,
OJTHOMEPHBIN JETEKTOpP, CUUHTHILISTOP, IPOTOTHUI CYETYNKA, TBEPAOTEIbHBIH KOHBEPTOP, Ta30pa3psiIHbIHI

MOAYJIb, MArHETPOHHOC HAIIBIJICHHUC.

Lenp pabGoThl — mpoBEeACHHE CHHXPOTPOHHBIX M HEUTPOHHBIX HCCIENOBaHMN (pa3paboTok),
HEOOXOJUMBIX NJISl peHIeHHs] MPUHIUIHAIBHO HOBBIX (yHIaMEHTAIbHBIX UM KPYIHBIX MPUKIATHBIX
3aJa4, B TOM 4YHCJE: MOAJEpKKAa HAyYHbIX M HAyYHO-TEXHHUYECKHX IPOEKTOB, BBIMOIHAEMBIX
OpraHM3alUsIMH, B TOM UYHUCJIE COBMECTHO C OpPraHU3alMsIMHM, AECHCTBYIOLUIMMH B PEaIbHOM CEKTOpE
HSKOHOMHKH, MPEICTABUTEIIIMU MEXAYHApOIHOTO HAYYHOTO COOOIIECTBA, a TaKKe IPOCKTOB
uccieaoBaresnel B Bo3pacrte 10 39 JeT; nmoiepkka pazpaboTku U Tpancdepa mpopbHIBHBIX TEXHOJIOTHHA,
CO3aHHBIX C MCIIOJIb30BAHUEM PE3YJIbTATOB CUHXPOTPOHHBIX M HEUTPOHHBIX HCCIEAOBAHUMN, a TAKKe
YCKOPUTENbHBIX, PEAKTOPHBIX U SIEPHBIX TEXHOJOTHI, B TOM YHWCJIE€ B paMKax pPa3BUTUS AIEPHOMN
menuiuHbl. [TonroToBka crenuanucToB B 06JacTu pa3pabOTKH, MPOESKTUPOBAHHS U CTPOUTEIHCTBA
MCTOYHUKOB CUHXPOTPOHHOT'O M HEUTPOHHOT'O U3JIy4YEHMs], a TAK)KE HAYUHBIX KaJApOB AJIs IPOBEACHUS
CUHXPOTPOHHBIX W HEUTPOHHBIX HCCIENOBaHUM (pa3paboTOK) B LENSAX IOJYYCHUsI Pe3yJIbTaTOB
MHUPOBOTO YpOBHS, B TOM YHCIIE: pa3padoTKa M peaau3alus o0pa30BaTelIbHBIX MPOrPaMM BBICIIETO
00pa30BaHUsl M JIOTOJHUTENIBHBIX NPO(PECCHOHANBHBIX IPOrpaMM, HANpPaBICHHBIX Ha CO3JIaHHE
MPOPBIBHBIX TEXHOJOTWYECKUX PEUIEHUH C TMPUMEHEHUEM CHUHXPOTPOHHBIX © HEHUTPOHHBIX
UCTOYHUKOB; OpraHu3alus U TMPOBEJACHHWE HAyYHbIX KOH(EPEeHIUH, IIKOJ W CEMUHApOB IS
uccienoBarened U oO0ydJaroIMXcs MO HampaBJICHUsIM peanusanuu DeaepanbHONH MPOTpaMMbI B

Bo3pacte 10 39 ner.

OcHoBHBIE 337]auu TEPBOTO 3Tala UCCIENOBATEIbCKON MPOrpaMMbl B OCHOBHOM COCTOSUIH B
00OCHOBAaHHUH U MOUCKE TEXHUYECKUX PEIIEHUH, ISl CO3JaHUSI HOBBIX JE€TEKTOPOB TEILIOBBIX U XOJOAHBIX
HeﬁTpOHOB AJI1 TPpUMCHCHUSA WX HA PA3JIMYHBIX CTAHLUAX HGfITpOHHOFO paccedHrd U Ha HCTOYHHKAX
HEHTPOHOB pa3Horo THMA. [l 3TOM 1enn ObLT BBIMIOJHEH PsiJl HAYYHBIX U HAyYHO-METOANYECKHX padorT,
KOTOpBIE 3aJI0KUIM OCHOBBI ISl HEMTOCPEACTBEHHOTO TPOM3BO/ICTBA JIETEKTOPOB HA CIEAYIOIIMX 3Tanax
HCCIIEIOBATENIBCKOW MporpamMMbl. OJHO M3 OCHOBHBIX HANpaBJICHUM HMCCIEAOBAaHUM B pamMKax MpPOEKTa
COCTOUT B U3yueHHH 3()H(HEKTUBHOCTH UCIIOIB30BaHUS PA3TNYHBIX KOHBEPTEPOB HEUTPOHHOTO H3ITyUEHUS
B ACTCKTOPHBIX TEXHOJIOTUAX. O,Z[HI/IM u MEPCICKTUBHBIX HaHpaBHGHHﬁ paccMaTpruBarOTCA
TOHKOIIJICHOYHBIE CTPYKTYpHI, coaepskamue ciaou ragonuaus (Gd) mmm kagmus (Cd). Ha mepBom aTamne
UCCIIEIOBaHUM ObUIO Ba)KHO HCCIIEIOBATh XapaKTEPUCTUKH TOHKOIUICHOYHBIX CTPYKTYpP, COJEp KalluX
yKa3aHHbIE 3JIEMEHTHI. J[J1s1 3TOi 1enu ObUT CHHTE3UPOBAH P 00pa3lioB M MPOBEACHA UX CTPYKTypHas

XapakTepu3alusl METOJaMHU PEHTTeHOCTPYKTYpHOH Iu(pakuuu, pegeKTOMETPUH, MarHUTOMETPHH.
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HccnenoBanusiMM  TOATBEPIKJICHO BBICOKOE KAadeCTBO CO3/1aBAEMBIX CTPYKTYp, KOTOpBIE 00JaiaroT
TOJILIUHAMU HAIIBUIIEMBIX CJIOEB, COOTBETCTBYIOLIMX HOMUHAIBHBIM, HU3KMMH 3HAUYEHUSIMU MEKCIIONHBIX
LIEpOXOBAaTOCTEH. YCTAaHOBJICHHOE BBICOKOE KAauyeCTBO IIOJYYEHHBIX TOHKOIUIEHOYHBIX CTPYKTYD
MO3BOJISIET 3aK/IIOUUTh, YTO PACCMATPUBAEMBIE CUCTEMBI MOT'YT OBITh HCIIOJIb30BAHBI B KAUECTBE JIEMEHTOB
JNETEKTOPHBIX TEXHOJIOTUH B JanbHeimeM. CiaenyeT OTMETUTh, YTO MCIOJIb30BAHUE TOHKOIUIEHOYHBIX
CTPYKTYp B Kaue€CTBE KOHBEpTEpPa HEUTPOHHOT'O U3JIyUYEHHUs II0Ka HE pealn30BaHo HUTAE B Mupe. IToaromy
JaHHas paboTa, BBINOJIHAEMAs! B paMKax MPOEKTa, SBJISIETCS YHUKAIbHOM.

3a oTYEeTHBINA Tepuo OblIa IPOBEIeHa MaciTabHas padoTa Mo MOATOTOBKE MH(MPACTPYKTYPHI
IUISL CO3JIaHUSI OTTBITHO-3KCIIEPUMEHTAIBHOIO YYacTKa M0 HAHECEHUIO TOHKOIIJICHOUHBIX 00p COAeprKaIux
nokpeITuii. Co3/1aHue IETEKTOPOB ¢ KOHBEpTEpOM M3 KapOuaa 6opa B4C sBrsieTcs CymecTBEHHO YacThIO
Bcex HccaenoBanuil. [[o Hacrosimero BpemMeHu B Poccum HET MaccOBOrO IPOM3BOJCTBA IETEKTOPOB C
OOpHBIM KOHBEPTEPOM, MO3TOMY DPAa3BUTHE COOTBETCTBYIOLIEH HH(PACTPYKTYphI SIBISETCS OCOOCHHO
BaXXHBIM. B paMkax 3Tol 4acTu uccienoBaHui MpoBeeHa 3HAUNTENIbHAs HayYHO-MeToIu4ecKas padoTa,
KOTOpasi COCTOsUIa U3 CIENYIOIIMX Pa3/ieioB:

1. MHccnenoBaHo BIUSHUE PEXUMOB BaKyyMHOTO MAarH€TpOHHOTO pacHbUICHUS Ha
XapaKTEPUCTUKHU IJIEHKH KapOuaa 6opa B4C, ocaxgaemMoil Ha METAITMIECKHE TTOAJIONKKHU (QTFOMUHUEBBIC
JIMCTBI, IUTACTUHBI U3 HEPKABEIOIIEH CTaIM, AIIOMUHUEBAs U MeIHas (OJIbra).

ITo pe3ynbraTam HCCIEIOBaHMS OIpPEENICHbl ONTHUMAJIbHBIE TOJIIMHBI Clos KapOuaa 6opa, KOTOpbIe ¢
OJTHOW CTOPOHBI COXPAHSIOT KA4eCTBO IMOKPBITHS, C JPYrOM CTOPOHBI OOECIEYMBAIOT MAaKCUMAIbHYIO
CTECIIEHb KOHBEPCUU HEUTPOHHOTO U3ITYUYCHHUS.

2. Pa3zpaboTaHa KOHCTPYKIIMSI MarHETPOHA, UMEIOLIETO BEICOKUN KO3()(PULIMEHT NCTIOIb30BaHUS
MaTepHalia MUIIeH! — Kapoua 6opa B4C.

[lomyyeHHBI pe3yabTaT Bak€H C TOYKM 3PEHHS HKOHOMHYECKOW 3(PQeKTHUBHOCTH
MCIIOJIb30BAaHUs JAHHON TEXHOJOTUH JJIsl MACCOBOTO NPOU3BOACTBA JETEKTOPOB HEUTPOHOB. MUIIEHb 11
MarHeTpoHa, oboraiieHHas u3orornom 10B, sABiaseTcs NOBOJBHO TOPOTUM MPOIYKTOM, B CBSI3U C 4eM
YCIIOBHS JIS1 €70 MAaKCUMAJIbHO 3(()EKTUBHOTO MCIIOIb30BAaHMS IPEACTABIISIIOTCS YPE3BBIYAHO BaXKHBIMH.

3. IIpoBeneHsl TeCcTOBbIC HambuleHUs kapouna 6opa B4C Ha momumepHbIe MICHKH U3 JIaBCaHA
(Mylar) n nonmuumua (Kapton).

Hcnonb30BaHMe TOJMMEPHBIX OCHOB JUIsl KOHBEpTEpa HEUTpoHOB mM3 KapOuma Gopa B4C B
JETEKTOpaXx HEUTPOHOB SBJSETCS HETPUBHAJIBHON TEXHOJOTUYECKOH 3anauei, MOCKOJBbKY HOOMUTHCS
YCTOWYMBOT'O MOKPBITHS HE yAaBAJIOCh IOKA HUKOMY. Y CIIEHIHBIE PE3YJIbTaThl, IIOJyUYEHHBIE B 3TOM YacTH
HCCIJIEIOBATEIBCKOTO IPOEKTA, SIBJISFOTCS] IPOPBIBHBIMU U ITO3BOJIAT CO31aBaTh JETEKTOPHI C YHUKAJIBHBIMU
XapaKTEPUCTUKAMHU.

4. Ins nanpHeiIiero pa3BUTHs TEXHUKU HamblUieHHs KapOuaa 6opa B4C Ha monmmepHbie

OCHOBBI HayaTa PEKOHCTPYKLHUs JEHCTBYIOIIEW BaKyyMHOH HambLIMTENbHON ycTaHoBkM VSR300 mon
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MarHeTpOHHOE HAHECCHHME Ha PyJIOHHBbIE MaTepualibl. Ha mepBoM aTame paspaboTaHa KOHCTPYKTOpPCKAS
JIOKyMEHTAIHSI.

5. Hauara peanu3zainusi 1jaaHoB 110 CO3JaHUIO U BHEIPEHUIO JE€TEKTOPOB TEMIOBBIX HEUTPOHOB C
KOHBepTepoM u3 kapouma 6opa B4C Ha cTaHIIUAX HEHTPOHHOTO PACCESHUS, Ha PA3INYHBIX UCTOYHUKAX B
Poccun u 3a pybexom. PazpaboTranbl KOHCTPYKTOPCKHE JOKYMEHTAIlMM Ha MPOU3BOICTBO JETEKTOpa C
KOHBepTepoM u3 KapOuma Oopa B4C Ha aqroMUHHEBON TOJUIOKKE U TMO3UIIMOHHO-UYyBCTBUTEILHBIM
MOHUTOPHBIM JIETEKTOPOM MEJIJICHHBIX HEUTPOHOB ¢ KOHBEPTEPOM M3 KapOuaa 6opa B4C.

6. B yacTu pa3BUTHS JETEKTOPHBIX TEXHOJIOTMH IJi PETUCTPALMU TEIUIOBBIX HEHUTPOHOB,
OCHOBaHHBIX Ha UCMOJIh30BaHUM ra3za 3He B kauecTBe KOHBepTepa, Oblia pazpaboTaHa KOHCTPYKTOPCKAS
JOKYMEHTAIUA ISl CO3/IaHUs MO3UIIMOHHO-UYBCTBUTEIBHOTO JETEKTOpa C PE3UCTUBHOM HUTHIO. [laHHas
TEXHOJIOTHUS YK€ UCIIOJIB3YETCs] B MUPOBBIX HEUTPOHHBIX LIEHTPAX U 3apEKOMEHI0Bajia ce0sl KaK HaJlexHast
u 3QdexTruBHasA. B paMkax uccieqoBaTenbCKoro NpoeKTa CTaBUTCA 3a/ia4a JOCTUYb JIYUIITUX [TOKa3aTenen
JUISl TPOCTPAHCTBEHHOTO Pa3peIlICHUs BI0JIb aHOJHON HUTH Ha YpoBHE 1-1.5 mMm.

7. IlpoBeneHbl TEOPETHMUECKUE M DKCIEPUMEHTAIBHBIE HCCIEAOBAHUS IO OIPEIECICHUIO
ONTUMAJIbHOW KOHCTPYKIIMHU PETUCTPUPYIOIIETO Ta30pa3psiIHOI0 MOAYJIS C TBEPAOTEIBHBIM KOHBEPTEPOM.
PaccMmoTpeHnsl TBEpAOTENbHBIE TOHKOIIJIEHOYHBIE JETEKTOPBI TEIUIOBBIX U XOJIOJHBIX HEUTPOHOB HA OCHOBE
nzotona 10B u 1eTeKTOphI C BBICOKUM BPEMEHHBIM Pa3peIIeHUEM ¢ TOHKOIUIEHOYHBIM n30TonoM 10B pis
PE30HAHCHON HEUTPOHHOMN HXO-CHEKTPOMETPHH. BBIMONIHEHHBIN aHAN3 OKA3bIBAET, YTO I1e/Ieco00pa3Ho
JUIsL BHEAPEHUS B Ha OKCIEPUMEHTAJIbHbIE CTAaHIUMU [0 HEHUTPOHHOMY PpACCESHHUIO CIEAYIOIIHE
texHuueckue penienus: 1) Ctpoy-TpyOku, paboTaroiiye Ha MpoayB, IPUUEM MaJIOro TuaMeTpa, Halpumep,
2 mm, ¢ 10B4C Ha kaToze, T.K. OTHOCUTEIBHO JIETKO U3rOTaBIMBAIOTCS HAMOTKOUN Ha CTEPKEHb JTTMHOM |
MeTp u Oonee. 2) [IpoBonounsie mponopunoHansHbie kKamepsl (MWPC). 3) IlepcrieKTUBHBIMU SIBIISIOTCS
MUKPOCTPYKTYypHbIe JeTekTopbl GEM u MicroMegas (MM), oHH mipeBocxoaaT cTpoy-Tpyoxu u MWPC
10 MHOTHM XapaKTEPUCTHKAM, MPEXKJIE BCEro — MO ObICTPOAECHCTBUIO U BPEMEHHOMY pa3pelIeHHUIO.

8. B yacTu pa3BUTHA CUMHTHUISIMOHHBIX JETEKTOPOB TEIUIOBBIX M XOJIOAHBIX HEHUTPOHOB
pa3paboTaH MPOTOTUI OJHOMEPHOTO IMO3UIIMOHHO-UYBCTBUTEIBHOTO CYETYMKA HEHTPOHOB Ha OCHOBE
CHMHTHWILIATOPOB ZnS/6LiF 1 TBepAOTENBHBIX (OTOIINEKTPOHHBIX yMHOXKUTENEH. PaspaboTana nporpamma
1 METOAMKH HCIIBITAHUN NMPOTOTUIIA OJHOMEPHOIO MO3UIMOHHO-YYBCTBUTEIBHOTIO CYETUYHKA HEUTPOHOB
Ha OCHOBE CIMHTHIUIATOPOB ZnS/6LiF u TBepaoTenbHBIX (HOTOIIEKTPOHHBIX YMHOXKUTEEH. [IpoBeneHbI
WCIBITaHUsl MPOTOTUINA OJJHOMEPHOTO MO3ULHMOHHO-UYYBCTBUTEILHOIO CUETYHMKA HEHTPOHOB HA OCHOBE
CHMHTHILIATOPOB ZnS/6LiF 1 TBepAOTENbHBIX (POTOIEKTPOHHBIX YMHOXKHUTEICH. Y CIIeNIHAs peain3aius
BCEX IIOCTaBJIEHHBIX B MPOMEXKYTOYHBIM OTYETHBIM MEpUOA 3aJa4 JIEMOHCTPUPYET BBICOKHU
WCIIOJTHUTENIbCKUN YPOBEHb YYACTHUKOB IPOEKTA.

9. B paMmkax HCCIEI0BATEbCKOTO MPOEKTa CO3/JAa€TCSl YHUKAIbHBIM CHUHTWIUISIIUOHHBIN

nerektop COEPA s HoBoro audpakToMeTpa, Co31aBaeMOro Ha UMIynscHOM uctounuke "PAJIDKC" na
16



6aze muHeniHoro yckopurens MAM PAH. Meromom Monrte-Kapino monenupoBaHus OnpeaeneHb
ONTUMAJIbHBIC TapaMeTpbl JETeKTOpa M €ro OCHOBHBIX Y310B. Pa3zpaboTaHa KOHCTpyKTOpCKas
JOKYMEHTalusi JUisl CO3JaHusl JEeTeKTopa U U3rOTOBJEHBbl HEKOTOphle ero y3mbel.  [Ipoekt
CUMHTWUISILIHOHHOTO JI€TEKTOpa AJIi HEUTPOHHOTO T paKTOMETpa peainu3yeTcsl BIIEPBbIE.

9. IlpoBemena Hay4yHO-TEXHHMYECKass paboTa IO H3YYEHUIO BO3MOKHOCTH YBEIHUCHHS
3G HEKTUBHOCTH PETUCTPAIMM HEHTPOHOB HEHTPOHHBIMM JETEKTOpPAaMH Ha OCHOBE CIMHTWLIATOpA U
KpeMHueBoro oroymHoxutens. Co3gaHo 5 TeCcTOBBIX 00pa3loB, KOTOpble OyAyT MPOTECTUPOBAHBI Ha
MMy4Ke HEUTPOHOB B TEUEHUE CIEAYIONIMX 3TANOB peaIn3alliK UCCIeI0BATEIbCKOIO MPOEKTA.

3HaYUTEIbHOE MECTO B OTUETHOM Iepuojie 3aHsuM paboTel B obOjmactu oOpa3oBaHUS U
MOJTOTOBKH Ka/poB. B MOCKOBCKOM (DHM3MKO-TEXHHYECKOM HMHCTHTYTE€ COBMECTHO ¢ OOBeAMHEHHBIM
MHCTUTYTOM SIIEPHBIX UCCIIEJJOBaHUI cO37aHa HayuyHO-0OpazoBaTesbHAs 1a00paTopusl MEPCHEeKTUBHBIX
TEXHOJIOTUH JIJIs1 YCTAaHOBOK U SKCIIEPUMEHTOB MeracaiieHc. B 3agaun nabopatopuu OyaeT BXOJIUT:

- IpoBeicHHE (PYHIaMEHTANbHBIX U MPUKJIAJIHBIX HayUYHbIX HCCIEI0BAaHUN MUPOBOTO YPOBHS B
obnactu (U3MKH, TEXHUKA M TEXHOJIOTHUH [IJII YCTAHOBOK M JKCIEPUMEHTOB MEracaieHC, a TakKe B
CMEXKHBIX 00JIaCTsIX;

- MHTerpanusi J1abopaTOpUu B HALIMOHAIBHBIE M MEXAyHapoIHbIE KOJIabOpaluu C IIENbIo
YCHJIEHHUS SKCIIEPTU3BI B 00JaCTH JESTEIBHOCTH J1JabOpaTopuy;

- KOHIIEHTpalus Ha 0a3e 1abopaTopuu BEAYLIMX YYEHBIX W UX ydacTHe B 00pa30BaTEeIbHOM
nporecce MOTU, Birodast pyKOBOJICTBO HAYYHO-HUCCIIEIOBATENHLCKON pabOTON CTYICHTOB, aCIIUPAHTOB,
MoobIX HccnenoBareneil. [lpoBeneHo pecypcHoe U HH(pacTpyKTypHOEe oOecredyeHHe B OTYETHOM
nepuojie  Hay4yHO-oOpa3zoBaTeNbHOM  jaboparopuu A pealid3allud  BBIMOJHEHUS  HAay4HO-
HCCIIEIOBATENILCKUX MPAKTUK CTYJIEHTOB M AacHUPAHTOB, pealM3yeMbIX B paMKax padoThl HAYyYHO-
o0pa3zoBaTeNbHON J1a00PATOPUH.

B 2022 roxy Oynmer mpou3BeneH HaOOp OOYyYalOIMIMXCS W3 YUCIA CTYJACHTOB M acCIUPaHTOB
busTex-mkoasl pusuku u uccnegopanuit uM. Jlannay MOTU nis ygactusi B HaydYHO-HCCIICIOBATEIBCKIX
NPAKTUKAaX W BBINOJHEHUM HAy4YHO-HUCCIIEHAOBATENbCKUX paboT. C 3TOH LEbI0 3a OTYETHBIM NEpUO[
cOpMHPOBaH U YTBEpXKJEH MEPEeUYeHb HAyYHO-HCCIENOBATEIbCKUX pabOT M PyKOBOAWTENEH Hay4dHO-
UCCIIEIOBATENbCKUX MPAKTHK CTYJCHTOB U aCIHPAHTOB

B nporecce BbIMONMHEHHS NpPOEKTa 3a OTYETHBIM MepUOJ pa3paboTaHO TPU MPOrPaMMBI
JOMOJTHUTEIBHOTO NPO(PECCHOHATBHOTO 00pa30BaHUs, HALEIEHHBIX Ha (OPMHUPOBAHUE HOBBIX
KOMIIETEHIIMH Y CIIeUAIMCTOB €CTECTBEHHOHAYYHOT 0, OMOMETUIIMHCKOTO U apXEOJIOTHUECKOT0 MPOpHIIS.
PazpaGoranbl y4eOHBIE TUIaHBI W KaJIeHIApHbIE ydeOHble TpaduKH MpPOTpaMM JIOMOJTHUTEIBHOTO
npodeccnoHanbHOT0 00pa3oBaHus, (POHI OLIECHOYHBIX CPEACTB U CUCTEMA OLIEHKH 3HAHUM, METOJUYECKHE
TEKCTOBbIE U BUueomMarepuasbl. OCHOBHBIC IPEUMYILECTBA pa3pab0TaHHBIX IPOTPAMM — 3TO BO3MOKHOCTh

OXBaTa MIMPOKOTO KpyTa MpoQecCHii sl MOATOTOBKH CIEIIHAIMCTOB B 00JIACTH PaOOTHI C CHHXPOTPOHHBIM
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Y HEUTPOHHBIM U3TY4YECHUEM, a TaKXKe MPU HEOOXOIMMOCTH BO3MOXHOCTh IPUMEHEHHUS TUCTAHIIMOHHBIX
00pa30BaTeNbHBIX TEXHOJIOTHIA /ISl YACTH ayAUTOPHBIX 3aHSITHH.

PeanuzoBana oOpazoBaTenbHas MporpaMMa i TOJATOTOBKM CHELHATUCTOB B 00JacTu
pa3paboTKu, MPOEKTUPOBAHUSI U CTPOUTENHCTBA HCTOUHUKOB CUHXPOTPOHHOT'O U HEUTPOHHOT'O U3ITyUEHUS,
a TaK)Ke HAYYHBIX KaJIPOB /ISl MPOBEICHUS CHHXPOTPOHHBIX U HEHTPOHHBIX UCCIIEOBAHMM (pa3paboToK)
B LIEJISIX MIOJTyYEHUs PE3yJIbTaTOB MUPOBOI'O YPOBHS:

Monayns 1 «HelTpoHHBIE 1ETEKTOPHD)

Monyns 2 «I[Ipukinagnas HeUTpoHHAS HUZHKA»

Monyns 3 «IIpoekTupoBaHHE HHTEIEKTYyaIbHBIX CUCTEM»

Monynb 4 «DNeKTpOHHUKA U aBTOMAaTHKA (PU3NYECKUX YCTAHOBOK

ITo utoram oOy4deHus ciaymiaTeNy, YCHEIIHO BhIMOIHUBIINE BCe TpeOOBaHUs 00pa30BaTeIbHOM
MpOrpaMMBbl M TPOIIEANINE UTOTOBYIO aTTecTaluio (BeaAoMocTh utoropoi arrecranuu B [IPUJIOXXEHUN
H) otuncnens! npukazom ot 01.12.2021 Ne406 1k ¢ mocneayroieit Bejauei yI0CTOBEPEHHH O TTOBBIIIICHUH
KBaJTM(HUKAIIMK yCTAaHOBJICHHOTO 00pasIa.

ITpoBenena Beepoccuiickas HayqHO-TIpaKTHUECKash KOH(PEPEeHIINsT MOJIOJBIX YUEHBIX «3a1aun U
METOAbl HEUTPOHHBIX MCCIICIOBAHUM KOHJACHCHPOBAHHBIX cpely mpoBeaeHa 2-3 mekadbps 2021 roma B
yHuBepcutere «/[yona». B paboTte koHpepeHuu npuHsian ydactiue 70 MOJOJIBIX YUYEHBIX YHUBEPCUTETA
«dy6na», OUSAU, Beicmx yueOHBIX 3aBefneHuil Poccuiickoit @enepanuu ¥ OJMKHETO 3apyOeKbs.

[Tporpamma koH(pepeHIMK BKI0Yana 31 goKIax Mo TeMaTHKE UCCIeIOBaHUH.
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1.1 MeponpusiTusi 10 NPOBEJCHUI0O CHHXPOTPOHHBIX M HEHMTPOHHBIX HCCJIeNOBaHM (pa3padoTok),
HeO00XO0IMMBIX /ISl pellleHUs] IPMHIMINAIBHO HOBBIX (DYHAaMEHTANbHBIX M KPYIHbBIX NPUKJIATHBIX
3aja4

1.1.1. HccaenoBaHue BJIHSHHS PEKUMOB TEXHOJOIMYECKOI0 TMpollecca BaKyYyMHOIO
MATHETPOHHOI'0 PACHLLICHHS HA XaPAKTEPHCTHKH ILIEHKH KapOuaa 6opa °BsC, ocakgaemoii Ha
MeTa/UINYeCKUe MONJI0KKH (AJIOMHHHEBbIE JIHMCTHI, IJIACTHHBI M3 HeprKaBewollell crajm,

aJIOMUHHMeBasi U MeaHas ¢oabra).

[lepcrieKTUBHBIM HaNpPaBICHUEM PAa3BUTUS HEUTPOHHBIX JCTEKTOPOB SIBISETCS HCIOJIb30BAHUE
TOHKOIJIEHOUHEIX KOHBEPTEPOB HEHTPOHOB Ha OCHOBE Kapbuaa 6opa B4C, o6oraménnoro nzoronom B,
HaHECEHHBIX Ha AIIOMUHHUEBYIO MOAJIOKKY. B X0/1e KOHBepTalluu HEHTPOHHOTO U3ITyUEHUS B 3apsKEHHBIE
YacTULBI JIMIIb YacTh U3 HUX BBIXOJIUT M3 KOHBEpPTEpa M MOXKET ObITh 3aperucTpupoBaHa, a apyras
Ipornajgaer B MaTepuane KOHBepTepa U B TMOJUIOKKE. YMEHBIICHHE TOJIIMHBI IIEHKH KOHBEpTEpa
YBEJIMUMBAET YaCTh PETUCTPUPYEMBIX YaCTHUIl, HO YMEHBIIAET WX 00Iee KOJIMYECTBO, T.C. YMCHBIIAET
s dexTrBHOCTE. ONITUMaTBHAS TONIIMHA CIIOSI KOHBEPTEPA OMPEACIISIeTCs BEIMUYNHAME Mpodera YacTHIl B
kouBeprepe B4C, n kak mokaszano B paborax [1.1.1.1, 1.1.1.2], He momxHa mpeBbmarh 3 MKM. Jlis
NOBBIIIEHUS S()(PEKTUBHOCTU JI€TEKTOpa MNPUMEHSETCS MHOTOCIONHAs KOHCTPYKIIMS, COJepsKarast
HECKOJIBKO CIIOEB KOHBEpTEpa, JHMOO PpACIOJIOKEHHE MHOTOCIOWHON KOHCTPYKIMU TOJ MAaJlbIM
(CKONB3SIIIKMM) YTIIOM K MaJIaloieMy my4Ky HEHTpoHOB. Pa3paboTaHbl ¥ HCIIONB3YIOTCS PA3IMYHBIC THUITBI
JETEKTOPOB, HMCITOJIB3YIOIINX TOHKOMIeHOYHbIe KoHBepTepsl BsC [1.1.1.3-1.1.1.6]. Ha cranmmsx
crposiierocss Heirponnoro ucrounmka ESS (European Spallation Source, ESS), r. Jlyun, IllBenus,

JIETEKTOPBI Ha OCHOBE TBEPAOTEIbHBIX OOPHBIX KOHBEPTEPOB IJIAHUPYIOTCS KAK OCHOBHOM THII IETEKTOPOB

[1.1.1.7].

19



K TOHKOMNEHOYHBIM HOKPBITUSAM U3 KapOunaa

O6opa, WHCIONB3yeMBIM B KayecTBe KOHBepTepa

HEUTPOHOB, MPEABIBISACTCS Psii TPEOOBAHUM: BHICOKAS
aare3us K TOJJIOXKKE, OJHOPOJHOCTb TOJIIIMHBI,
IUIOTHAsl CTPYKTypa (HauMEHbIIEEe KOJUYECTBO IIOD),
MHHUMAJIBHOE KOJIMYECTBO IpuMecel. Hanecenue
MIEHOK C TpeOYEeMbIMU XapaKTepUCTUKaMHU, OCOOCHHO
Ha JICTKOIIABKUH QIFOMUHUHN, YCIOXKHSIETCS 0COOBIMU
cBOMCTBaMM KapOuga Oopa — BBHICOKOI TemmepaTypoi
MJIABJICHUS, XPYNKOCTbIO M  HETEPNHUMOCTBIO K
TEIJIOBOMY yAapy.

Kak npumep ycnemrHoro pemieHusi 3ajadd 1o

paapa60TI<e TC€XHOJIOTMHM HAHCCCHHUSA IIJIICHKHW MOXKHO

MPUBECTH  COBMECTHYIO  pa3paborky ESS m
Puc. 1.1.1.1. Muxpodororpapun cpesa miénku kapouna  Jlunuénunrckoro Yuusepcurera, Ilsenus [1.1.1.8]. B
6opa °B4C u3 nmy6muxaruu [1.1.1.8], nonydenHoii npu

100°C (a) u mipu 400°C (b) paborax [1.1.1.8, 1.1.1.9] npuBoasTCs pe3yJabTaThl

HaHeceHns kapoua 6opa 1°B4C ¢ MCrmonp30BaHHEM MAarHETPOHHOTO PACTIBUICHHS TIPH HATPEBE MOIOKKH

u3 amomuHus TtomumHoM ot 100 ‘C gmo 500 °C. JlaHHBI crmoco0 TMO3BOJNSET IOJNYy4YaTh

BBICOKOKauecTBeHHbIC TUICHKH B4C Ha amiOMHHHEBBIX U JIPYTrUX METALTUYECKUX MOMJIOKKAX.

YMeHbIIeHHE TONIIMHBI MOAJOKKH YIydIlIaeT XapaKTEpPUCTUKH JIETEKTOpa, YTO OCOOCHHO Ba)KHO IS

MHOTOCIIONHBIX JeTekTopoB. Hanecenue mnénok B4C Ha amromMuHueByro Qojpry M Ha MHOJUMEpHBIE

WIEHKU TpeOyer obecneunTh (GOPMUPOBAHME IUICHOK MPH HU3KUX TEMIIEpaTypax HarpeBa KaMepbl H

MTOJITIOKKH.

3amauell UCCIIeIOBAaHMM SBIISICTCS MOTYyYeHHE TOHKUX OJHOPOJIHBIX TIEHOK KapOuma 6opa 10B4C,
o0JaaronuX BEICOKOM aAre3uei K moIoKKaM OOJIBIIION TIIONIAId U3 aJFOMUHHEBOTO JucTa. [1pu aToMm,
UCIIOJIb3Ysl MAarHETPOHHOE PACIIBUICHUE, TTOyYUTh YCTOWYUBBIC TUIEHKH MPU TMOHIKEHUN TEMIIEPaTyphI
notokk ot 200°C mo 50°C, m wumccrnemoBaTh XapaKTEPUCTUKU IUIEHKH: CTPYKTYpPY, IUIOTHOCTb,
ONTHUYECKUE CBOMCTBA U XUMHYECKUM COCTAB MOIYy4aeMOU MIIEHKH.

Jlis OLIEHKM BO3MOXKHOCTM HaHECEHUs IUIEHKH KapOuaa Oopa U CpaBHEHMsI PE3yJIbTaTOB C
pe3yJIbTaTaMu, ToJTy4eHHbIMHU B pabote [1.1.1.8], TecToBOE pacmblLIeHHe IPUPOAHOTo Kapouaa 6opa "*B4C
BhINosHeHo npu Temreparype 400°C na mogepuusupoBanHoii ycranoske "MAT'HETPOH" (r. Botkunck)
[leHTpa BBICOKMX TEXHOJOTHHA M HAHOCTPYKTYyp MHcTHTyTa (pu3mkm JlarectaHCKOro Hay4yHOTO IIEHTpa
(IHLL PAH, r. Maxaukana). CocraBHas munieHb u3 "*B4C pasmepom 120x65x3MM, OOHIMpOBaHas Ha
ME/JIHOE OCHOBaHHE, YCTAaHOBJIEHa B MarHeTpoH, C pa30ajJaHCHpOBKOH BToporo tuma (pasbamaHc

MarHuTHOTO TOJIA B CTOPOHBI) C KOX(HUIMEHTOM HecOalaHCHpOBaHHOCTH 1,2. MarHuTHas cucrema
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MarHeTpoHa BBINOJHEHA M3 INOCTOSHHBIX MarHuToB Sm-Co. MHAyKuMs MarHMTHOrO IOJI Haj
noBepxHOCThI0 MuIeHH coctaisier 700°c, a Ha paccrostHun SMM — 3500°c (M3MEpEeHO MarHUTOMETPOM
NOVOTEST M®-1). Paccrosiane mutienp noaioxkka — 120mMM. BayTpu nunusapudeckoro 6apabaHna, Ha

KOTOPOM pa3MelleHbl MOAJIOKKH YCTaHOBJICHBI AJIEMEHTHI JIsl HarpeBa oOpaTHON CTOPOHBI MOJIOKKHU J10

400°C. Ioanoxku: kpemHuit KO® (40 OM-cMm), UCHIONB3YEMbIH B KAUECTBE «CBUACTEISDY, U ATIOMUHUNA

0,5x100x100MmMm.

B OCHOBY MOJTy4YEeHUS

.~~~ TOHKOIUIEHOYHBIX MOKPBITHN u3
Kapouaa 6opa npu HU3KHUX
TeMIIepaTypax 3aJI0KEHO
dhopmupoBanue MIEHOK npu

MarHeTpOHHOM pacHblJICHUU MULIICHH U3
kapOusa 6opa ¢ MPUMEHEHHEM HOHHOTO
accuctTupoBaHusa. PabGoThl BBIIOTHEHBI
Ha BakyyMHOH yctaHoBke VSR-300
(cbopxka KOMITAaHWH POBBAK
r. ®ps3uHO), TIPEACTaBICHHOW Ha pPHC.

1.1.1.2.

Puc. 1.1.1.3. ®ororpadus kamepsl (1) VSR-300 ¢ pa3menieHreM B Heil MarHeTpoHa ¢
muireHsio B4C (Ha ¢oro moacTaBka 2 MaraeTpona), maruetpona ¢ Al murrensio (3),

noHHoro ucrounuka (4), TOHa (5)

OOBbeTMHEHHOTO UHCTUTYTA sIepHBIX HcciaenoBanuii (OUSAN, r. yona). Ha puc. 1.1.1.3 npencraBieHo

¢doto BakyymHOU Kamepbl. B 1ieHTpe kamepsl 1 ycranoBkum VSR-300 U-o0pasHoro tuma pasMepom
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400(1I)x700(B) MM pa3merieHsI 1Ba cOaTaHCHPOBAHHBIX MArHETPOHA 2 U 3 ¢ KOCBEHHBIM OXJIKICHHEM
mumenn B4C (marnerpon 2) u mumnern Al (Maraerpos 3), umeromux pazmepsl 5x100x400MM, 1 HOHHBIN
MCTOYHUK 4 OUMCTKH U aCCUCTUPOBAHMS, Pa3MEIIEHHbIN MEeX Iy HUMU. MarHuTHas CHCTEMa MarHETPOHOB
BBINOJIHEHA HA OCHOBE MOCTOSHHBIX MarHuTOB Nd-Fe-B ¢ ycTaHOBKO# TOpH30HTAIBHOTO IIyHTa 3X16 MM
u3 cranmu Ct3 s yBEJIMYEHHUS IIUPHUHBI 3PO3MOHHOM KaHaBkW A0 10 mm. MarnutHOoe moje Haj
MIOBEPXHOCTHIO MHILIEHU cocTaBisieT okoio 0,1 Tn. PaccrosiHue MuiieHb MarHeTpoHa — ou1oxka 80 mMm.
B Bepxneit vactu kameps! pazmemién TOH 5 nns mporpesa kameps! u nooxek 10 250°C.Ha puc. 1.1.1.4
npencrasieHa 3D Mozaens kaMepsl ¢ pa3MelieHHeM MarHeTPOHOB, HOHHOTO MCTOYHMKA U MOJJIOkKEK, Ha
KOTOpBIE OCYIIECTBISICTCS HaHeceHHe KapOuma Oopa. HambiieHne mMIEHKM OCYIIECTBISETCS Ha
BHYTPEHHIOIO IMMOBEPXHOCTh LMJIMHAPUYECKOTO OapabaHa 6, Tae 3aKpeIuIsIOTCS YeThIpe MOMJIOKKU 7
pasmepom 400x280MM u3 amomMuHHEBOro smcra TtoimmHoW 0,5 MM B cpemneld wactu OapabaHa
Pa3MEIAOTCs «CBUACTENN», MPEACTABISIONIME COO0OM IUTACTMHKK TOJIMHON 0,2 MM U3 KpEeMHWS,
MOJMPOBAHHOTO B KPUCTAIIIMYECKOM MmockocTH <100>, ciyskaniue 1yt KOHTPOJISI TOJIIIMHBI HAMTBLIIEMOTO

CJI0S TUIEHKH.

Puc. 1.1.1.4. 3D moxens kamepsl (1) VSR-300 ¢ pa3menienneM B Heit
MarueTpona ¢ mumieHpio B4C (2), maraerpona ¢ Al mumienbio (3), HOHHOTO

ucrounuka (4), 6apadana (6) ¢ moanoxkamu (7)

I.[J'If[ OILICHKH aAre3nu nMpuMEHAIaChb IJIEHKA C JIMIIKUM CJIOEM, BECJIMYWHA aAr¢3uu OCHHUBAJIACh 110

MPOLIEHTY OTOPBAHHOW OT MOJUIOKKHU TMUIEHKU. [y mosrydeHuss Mukpodororpadpuil ceueHus: IUIEHKU
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KapOuga Oopa, BBIIOJIHIEMBIX C TPUMEHEHHEM CKaHUPYIOIIETO 3JEKTPOHHOTO MHKPOCKOIA,
UCTOJNB3YIOTCS KPEMHHUEBBIE IJIACTUHBI-CCBUACTENN», DPACKaJIbIBAEMbIC I10 HAceyke, HAHECEHHOW C
00paTHO# CTOPOHBI.

MarneTpoHHOe HaHeceHHEe KapOuaa Oopa Ha allOMHUHHEBBIE MOAJOXKKH MPOTECTHPOBAHO Ha
yctaHoBKe «Maraerpon». Ha momnoxky amomuHus mwiomansio 10x100 mm2, Harperyio no 400°C,
HaHeceHa IJIEHKa U3 IPUPOAHOTo Kapouia Oopa rmpu AByX JaBiIeHUsX pabodero rasza aprona — 0,75 u 3,75
MTOpp M OMHAKOBOI MOIIHOCTH pa3psiaa MaraeTpoHa 233 Bt (2 + 3 Br/cm?). Tok 1 HanpspkeHHe TTpH
stom — 370 MA, 630 B u 570 MA, 410B cooTBeTCTBEHHO. 3a BpeMs OCakIeHUs CIIOEB 360 MUHYT MOy YCHBI
Ipo3payHble MUICHKH TEMHO KOPUYHEBOrO IIBeTa MPHUMEPHO OAMHAKOBOW TommuHbl (930HM u 900HM
COOTBETCTBEHHO) C XOPOIIeH aare3uel u 0JJHOPOJHOCTHIO TOJIIMHBI, TPUYEM BTOpPOii cBeTiiee. KayecTBo
HAHECeHMs IUIEHKH OIICHMBAJIOCh C IOMOIIBI0 «OOpPa3IOB-CBUAETENEH» - HEOOIBIINX KPEMHHEBBIX
MJIACTUHOK, MPUKPEIUICHHBIX K aTIOMHHHEBOM MOIokKe mpu HambuieHuH. Ha puc. 1.1.1.5 mana oboux
00pa3moB Ha KPEMHHEBOW MOMJIOKKE MPUBEICHBI MHUKpodoTorpaduu MmIEHOK CKOja IMoJ yriiom 45°,
ClIeJIaHHBIE C TIOMOIIBIO0 CKAHUPYIOIIETO AJIEKTPOHHOT0 MUKpockona. Eciu ménka nepBoro oopasua (puc.
1.1.1.5a) umeer OIHOPOIHYIO CTPYKTYPY M MHHHUMAIbHBIA penbed MOBEPXHOCTH, TO IMJIEHKA BTOPOTO
obpasma (puc. 1.1.1.56) umeer sIpko BBIPAXKEHHYIO
CTOJIOYATYIO CTPYKTYPY, BEPOSTHO OOYCIIOBICHHYIO
KJlacTepu3aleld MOTOKa pachbUIsieMoro KapOumia
Oopa w3 Ta3oBoM  (a3el, BCIEACTBHE  4YEro
dbopmupyercs cToiaduaras CTPyKTypa ¢ 3aMETHBIMHU
MopaMu, 3apokJaeMasi OCTPOBKAMHU MPU OCAXKJIEHUU
KJIACTEPHBIX MOTOKOB, PAaCTyIIMMH B BHJI€ CTOJIOLIOB,
KOTOpBIE  3aKaHYMBAIOTCA  HA  TOBEPXHOCTH
BBIIMTYKJIBIMH HEOJHOPOJHOCTSMHU.

HccnenoBanue HaHeceHUs1 kKapOuaa OGopa mpu
Ooiee HU3KMX TeMIepaTypax BBIIOJHEHO Ha
ycraHoBke VSR-300. [lng ynydmieHust aare3uu
MMOBEPXHOCTh MOJITI0KKHU OblIa aKTUBUPOBAHA ITYYKOM

MOHOB pabodvero ra3a, a Ha TOUIOKKY HaHECEH

HOJCION aJIFOMUHHUA.

Puc. 1.1.1.5. MI/IKpO(IJOTOFpa(l)I/II/I CKOJIa erMHI/IeBOﬁ MI/IKpO(I)OTOl“pa(bI/II/I CcKoOJIa 06pa3ua Ngl IIOJ
HOJIOKKH C TWIEHKOH "*B4C mon yritom 45°, momy9eHHoN
npu 400°C u pazsom nasienun: 0,75mMTopp (a) u yrioMm 45° u 90° K TUJIOCKOCTH TOBEPXHOCTH

KPEMHHEBOW TIJIACTUHKH C TIEHKOU mpuBeaeHbl Ha puc. 1.1.1.6. [Inéaka momyveHa 3a BpeMs OCaKICHUS
CJI0S1 AJIFOMHMHHSL, COCTABIIAIONIEN 7 MUHYT U ITOCIIEAYIOIIEro ocaxaeHus ciosd B4C B TedeHue 5 yacos mpu

temmnepatype noanoxku 200°C, napnenuu aprona 1,4 mTopp, u MomntHOCTH MaraeTpoHoB Al-maraerpona
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n Bs4C-marnerpona 2 kBt u 1,7 kBT coOOTBETCTBEHHO, MOIyUYeHa IJIEHKA TEMHO-KOPHUYHEBOIO LIBETA C

xopoueii anresueit, umeromias cioid Al 380 um u cioit B4C 1030 M.

100nm JEOL e — 100nm JEOL 2
30.0kV SEI SEM WD 6.5mm  5:54:45 X 30.0kv SEI sEM WD 6.5mm  11:30

Puc. 1.1.1.6. Mukpodotorpadun mnéuaku odpaszna Nel, ocaxxnénnoii mpu 200°C, nasnenuu Ar 1,4
MTopp.
®doTo ceBa — MOBEPXHOCTD MOJ yTiIoM 45°.
doto cripaBa — oA yriaoM 90°: ciieBa HalpaBo — aKTHBUPOBaHHBIH ci10#, ciioit Al (380 um), cioit B4C

(1030 um)

Ha ¢oto cmpaBa siBHO BuIHA cTOJI0OYATas CTPYKTypa C TPaHUIEH MEXKIY CIIOSMU aTOMUHUS U
kapOuna 6opa. Croucrasi CTpyKTypa HaHECEHHs KapOuaa 6opa oOBACHIETCS HECTAOMIBHOCTBIO PaOOTHI
MarHeTpOHa, KOTOpbIC TPUBOIMIM K MEPUOANYCCKHM COOSIM HAHECEHHs CJIOS, OXJIaXICHUIO
MMOBEPXHOCTHOTO CJIOSl TUIEHKM OOPa30BAHHMIO HOBBIX IIEHTPOB KPHCTAUIM3AIMH, YTO O3HAYall0 POCT
(dakTUuecKku HOBOTO ciosi. TeM He MeHee, MPOBEAEHHBIN IKCIIEPUMEHT MOKa3biBaeT ()OPMUPOBAHUE TIPH
temmeparype 200°C CTpyKTypbl aHaJIOTHYHOM CTPYKTYype, Moay4aeMoii apropamu my6nukanuu [1.1.1.8].
JUis  TIOBBINIEHUS aAre3Wd TNPUMEHEHA AaKTHBAlMs MOBEPXHOCTH TOUIOKKH H  (hopMupoBaHme
AIFOMUHUEBOTO TIOJICIIOS.

[Tpumensist 00Iy4eHHE OCaKIAEMOTr0 Ha TOJJIOKKY MaTepuana MIEHKH TOTOKOM HOHOB (MOHHOE
ACCHUCTHPOBAHHUE), YAAETCS HE TOJIBKO YIIYUIIIHTh aATre3UI0 K TIOUTOKKE, HO U IOJTyYUTh TIOKPBITHE C IPYTOH
CTpyKTypoil u cBoiictBamu. Ha puc. 1.1.1.7 mpencraBnena mukpodororpadus miéHku obOpasma Nel4,
MoJydeHHas: mpu Temmeparype nomnoxku 200°C ¢ mpuMeHEeHHWEM HMOHHOTO acCHCTUpOBaHMs. BuaHa
MEJIKOKPHCTAINTNYECKasi IUIOTHOYNAaKOBaHHAsL CTPYKTypa ciiost kapouna 6opa. [1pu sToMm cioit anmoMuHus
c(OpMHPOBAJICSI TOXKE B BHUJEC MEIKOKPUCTAJUIMYECKOH, HO MO-APYroMy CIIOKEHHOH CTPYKTYpbl. [lpm
packosie KPeMHUEBOM IJIACTUHBI - CBUACTEINS IIPOXOIUT, IIO-BHIUMOMY, U3JIOM CIIOEB IJIEHKH 110 TPpaHUIAM

3épeH KPHCTAJUIOB, YTO CO3JAET CIOKHBIA penbeHBIA BUA KaXaoro ciosi, ocooenHo Al-crost ¢ Gonee
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KpyHHBIMU KpucTajiamu. TonuHa HaHec€HHOTo citost B4C 450 uM. [Inénka nMmeer TEMHO-CEpBII LBET C

3CJICHOBATbIM OTTCHKOM.

~ 100nm JEOL 2/2 2 — 100nm JEOL 20
X 35,000 . I SEM . : X 100,000 30.0kV SEI SEM WD 5.8mm  12:59:17

Puc. 1.1.1.7. Mukpodotorpaduu moxa yriom 45° miénku odopasma Nel4,
ocaxnénnoit mpu 200°C B atmocdepe Ar ¢ HOHHBIM accUCTHpoBaHueM, nasienue 1,2 mTopp.
Croii Al (380 um), cioit B4C (450 um). doto ciea yBenuyenue x35000. @oto cnpasa - x100000 ¢

JPYTOro MOJIOKESHHUS, T/1e BUIHA CTpYKTypa Al-cios.

Ha puc. 1.1.1.8 npuenena mukpodotorpadust ¢ yBenunueHuem x20000 minéuku obOpasma Nel6,
MOJTyYeHHOH MpU HU3KOM Temnepatype, okoio 50°C, ¢ mpuMeHeHueM HOHHOTO acCUCTUpoBaHus. BuHo,
4TO MpPH TOHIKCHWH TEMIIepaTypsl MomIokku a0 S0°C xapakTep CTPYKTYpHI ciiost kKapOuma Oopa He
n3MeHwiIcs. [Ipu aTom aare3ust méHkH He yXyammiack. OQHAKO MOHMKEHUE TEMIIEPaTyphl MOBIUSIIO HA
Al-cioii, KoTopbIii cOPMUpPOBAJICS B BUJE CTOIOYATON CTPYKTYpHI, T.€. HA POCT AITIOMHUHHEBOTO CIOS

MMOTOK MOHOB HE OKA3bIBAET TAaKOro ke BiusHus, kKak npu 200°C (cm. puc. 1.1.1.7, cripasa).

L] lpm JEOL 3/18/2020
X 20,000 30.0kvV SEI SEM WD 5.8mm 12:49:48

Puc. 1.1.1.8. Mukpodororpadus moj yriiom 45° miéaku oopasma Nel6, ocaxxnéHHOM

B atMocdepe Ar pu 50°C, ¢ npuMeHeHrneM HOHHOTO accuctupoBanus. Jlasmn. 1,2 mTopp.
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Ha puc. 1.1.1.9 npusenena muxkpodororpadus ¢ yseaunuenuem x75000 rui€Hku 3Toro e odpasma
Nel6 B Tom ke monoxkenuu. Ha 3Toit Mukpodotorpaguu Xopomo pazaudyuMa MEJIKOKPUCTAITHIecKas
IJIOTHOYIAaKOBaHHAs cTpykTypa ciost B4C Tommmnoi 500 HM, cTpykTypa nepexoanoro cios (Al + B4C)

70 uM u cronbuaTast crpykrypa Al-crost tommuaoi 280 HM. I[BeT MIEHKH TEMHO-CEPBIA.

— 100nm JEOL 3/18/2020
X 75,000 30.0kV SEI SEM WD 5.8mm 12:51:48

Puc. 1.1.1.9 Muxpodororpadus nox yriom 45° o6pasua Nel6.
Croii Al (280 um), nepexoanoii cioit (Al+ B4C) 70 um, cioii B4C (500 um).

! il
- 10um JEOL 2/26/2020
30.0kV SEI SEM WD 6.5mm 5:33:10

Puc. 1.1.1.10. Muxkpocgotorpadus odpasma Nel6. O6Benens! ockonku ciost B4C.

Ha puc. 1.1.1.10 npuBenena mukpodotorpadus ¢ yBenuuennem 300 muéHku oOpasua Nel6 Ha

KPEMHUEBOI! MJIaCTUHE, CKOJIOTON C TPEX CTOPOH M MOATOTOBIECHHON AJIsl UCCIIEA0OBAHUS CTPYKTYPBI CKOJIa
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w1€HKU. Buano, uro cinoit B4C ckanbiBaeTcs HE IO Kparo CKoJja MOUI0KKH — KPEMHUEBOH IJIACTUHBI, KaK
aT0 npoucxoaut ¢ Al-cioem, uro siBHO BuaHO Ha puc. 1.1.1.8, a Ha HEKOTOPOM yJaJICHUU KaK B OHY, TaK
U B Apyrywo cropony. Kpome Toro, mpu ckomie ciost B4C 00pa3yroTcsi KyCKu, KOTOpBIC MPU H3JIOME
pacchIMaroTes, o MpUMeEpy ciaoMa 3akai€HHoro crekia (Ha puc. 1.1.1.10 o6Benensr). Ha puc. 1.1.1.8 cnoit
B4C oropBan ot Al-cnos. Ilo-BuamMomy, 3TO CBSi3aHO € HpPOYHOCTBIO ciosi B4C, mpeswlmaromieit

cueruienue ¢ Al-coem.

cps[eV
o] || B C —#16
] [ #14
8] ‘ —#1
71 l Spectrum Boron Carbon Oxygen Aluminium Silicon Argon Iron Nickel
1 #16 80.69 11.43 1.59 0.04 0.00 5.64 0.56 0.05
6: E ‘ #14 79.30| 11.37 3.21 0.08 0.00 5.490.53 0.02
5 ‘ Ar #1 77.35 14.79 6.24 0.02 0.00 1.280.32
Rl
33111
[
2 ‘ Ar
3 I\
o A / \&
3 Pl 2§ / —z
0.0 0.5 1.0 1.5 2.0 25 3.0

Energy [keV]

Puc. 1.1.1.11. DHeproaucnepcMOHHBIC PEHTTEHOBCKHE CIIEKTPHI TNIEHOK B4C, momyueHHBIX 6€3 HOHHOTO

accuctupoBanus (Nel) u ¢ npumeHeHrneM noHHOTO accuctupoBanus (Nel4, Nel6)

Ha puc. 1.1.1.11 npencraBieHbl 3HEPrOoAUCIEPCUOHHBIE PEHTIC€HOBCKHE CIEKTphl MIEHKH B4C
obpazuoB Nel, Nel4 u Nel6. Ilo cpaBHeHuio ¢ miuéHkoi obOpasma Nel, momydeHHoi 0Oe3 MOHHOTO
acCUCTHpOBaHMA, B IIEHKax oOpasnoB Nel4 u Nel6, rae mpUMEHEHO HOHHOE AacCUCTHPOBAHUE,
COJIep’KaHue KHCIOpOoJa MEHbILE, HO YBEJIMYEHO COAEp KAHHWE aproHa M M3MEHEHO COOTHOLIeHHE Oop-
yIJIepo.

Ha puc. 1.1.1.12 npuBenéH pe3yapTaT U3MEPEHUs, IOKa3aTeNs IPETOMIICHUS U MOTJIOIIEHUS CBETA
s éHkU obpasna Nell, momydennoro npu temnepatype noioxku 200°C ¢ mpuMeHeHHEeM HOHHOTO
accuctupoBaHud, ToiammHon 850 HM B auamnazoHe miuH BoJH 300 M — 1000 aM. CpenHee 3HaueHue
TOKa3aTesl MPEIOMIICHUS ISl BUIUMOM 00acTu coctapiisier Oonee 2.5. [Tormomenne BUIUMOTO CBETa B
MaTepHale Takke Benuko. [Ipy yMeHbIIeHUH AJTUHBI BOJIHBI B YIBTPaQHOIETOBOM 00JIACTH MOKAa3aTelhb

MpCIOMJICHUS YMCHBIIACTCA IPU CTPCMUTCIIBHOM POCTC MOTJIOMICHUS.
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Puc. 1.1.1.11. Tlokazarenu npenomiuenus (n) u nornomenus (k) mnéaku B4C, Tommunoi 850 HM.

Jns ompeneneHusl ONTUMAIBHOTO peKMMa HaHeceHUs IMIEHKM kapoupa 6opa B4C orobOpanb
YyeThlpe 00paslia C CYIIECTBEHHO PAa3HBIMU PEXHUMaMU. BBIOOp ONTHMAIbHOTO peXHMMa OCHOBAH Ha
CpPaBHEHUU pe3yJbTaToB HaHeceHus IUIEHKH B4C. OTnuuutenbHble 0COOEHHOCTH MOMYYEHHS TUIEHOK
kapouaa 6opa B4C npu pa3HbIX pexxuMax HaHECEHUs CBEJICHBI B Ta0muIry 1.

I'maBHBIM (akTOpOM, yIyUIIAIOUIMM KadeCTBO IIEHOYHOTO TOKPBITUS, SBISETCS NMPUMEHEHUE
MOHHOTO accucTtupoBaHus. [IpuMeHeHHe MOHHOTO aCCHCTUPOBAHMS CYLIECTBEHHO MEHSIET CTPYKTYpPY
mnéaku B4C: cronbuartas cTpykTypa ucyesaer, W IUIEHKA MPECTaBIsSECT COOOW TJIOTHYIO CTPYKTYPY,
COCTOSIIITYI0, CKOPEE BCETO, U3 HAHOPa3MEPHBIX HEOPUEHTUPOBAaHHBIX kKpucTauioB B4C. [Inénku o6pa3ion
Nell, Nel4 m Nel6, momydeHHbIE C NPUMEHEHHMEM HOHHOTO AaCCUCTHUPOBAHUS, CTAHOBSTCS MEHEeE

MIPO3payHbIMU M UX LBET NpH ToimHe 6osee S00HM cTaHOBUTCS YEPHBIM.

Ta6muma 1.1.1.1. OcHOBHBIE 0COOEHHOCTH PEKUMOB HaHeceHHs TUIEHKU B 4C

Oo6pasze | Ilepexon | Temnepar Hanecenne Tonmmaa
Accucrt LBET
0 H CIOH | MOJI0XKKH B4C CIIOEB
B4C -300 Al — 380 aMm TemHO-
Nel HET 200°C HET
MHUH B4C - 1030HM | xOopu4HEBBIN
Al =270 am
€CTh 200°C
(Al+B4C)—
Nell npu 200°C B4C -180 eCTh UeEpHprit
70HM
200°C MUH
B4C — 850um
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TémHo-
200°C Al - 300 am
Nel4 HET 200°C €CTh CephIil C
B4C - 90 mun B4C - 440um
3€JIEHOBAThI
Al — 280 um
ecTh
50°C (Al+B4C)- TémHuo-
Nel6 npu 50°C €CTh
B4C - 90 mun 70HM cephIit
50°C
B4C - 490um

B ornuume ot HUX TUIEHKH, TTONyYeHHBIe 0€3 accucTupoBanus Oonbmieit TonmuHb! (1030 HM amis
oOpasua Nel), UMEIOT LIBET KOPUYHEBOTO TOHA. JTO CBA3AHO C TEM, YTO IUIEHKH, MOJTYYCHHbIE C HOHHBIM
aCCHUCTUPOBAHMEM, HMEIOT 3HAUYUTEIbHO OONBIIMI  ONTHYECKUH KOIPOUIMEHT MpeIoMIICHHUS.
[ToBepxnocte mnéuku B4C obpasmoB Nell u Neld, ocaxmaemoii mpu Temmeparype 200°C, mokpsita
"kparepamu" (puc. 1.1.1.7), uTo, BepoATHO, CBSI3aHO C PACIBUICHUEM PA30TPETO MOBEPXHOCTH IMTOTOKOM
MOHOB aproHa. JTO MOATBEP)KIACTCS TEM, UYTO MOBEPXHOCTh IUIEHKU obOpasna Nel6, ocaxnaemoil mpu
temneparype 50°C, oTingaercst 00bIIeH TTIaAKOCTRI0 U oTCyTcTBHEM "KparepoB” (puc. 1.1.1.8, 1.1.1.9).
Ckopee Bcero, u3-3a HeIOCTaTOYHOM sHeprun atoMoB Al, dopmupyercst cronduaras crpykrypa Al-cios
npu 50°C. Ilo-BuaumoMy, HE XBaTaeT SHEPruM MaJarollero M3JIy4deHHs: MOHOB Al Ha paspylleHHE
crosoyaroro pocra KpuctauinToB Al-cnos. YBennueHne coaep kaHus aproHa B COCTaBe INIEHKU 00pa3lioB
Nol4 u Nel6, BepOATHO CBSI3aHO C MIPUMEHEHWEM MOHHOTO aCCUCTHUPOBAHUS MpHU ocaxaeHuu ciost B4C u
"3amevarpiBaHusa" aTOMOB Al B CTPYKType IUIEHKH. VI3MeHEHHMs] B KOJWYECTBEHHBIX IOKa3aTelsax
cojiep>kanus 0opa U yriaepo/ia B 3TUX 00pasiax CKopee BCEro MOXXHO OOBSCHUTh YBETMUCHHEM INIOTHOCTH
ciost B4C, 4To MoBBIIIAET MIIOTHOCTH 0OJIaKka MaTepualia MIEHKH, PacCIbUIIEMOT0 3JIEKTPOHHBIM ITyYKOM
CKaHUPYIOIIEr0 MHUKPOCKOINA B PEXKHUME MOJYyUYEHUS SHEProAMCIEPCHOHHBIX CekTpoB. Ha yBennuenue
IUIOTHOCTH YKa3blBaeT TaK >K€ BBICOKUH Ko3(duument nperomieHus. CTpeMHUTENbHOE YyBEIUYEHHE
KO3 pHIMEHTa TOTJIOMEHNS, IPH YMEHBILICHUH JTMHBI BOJIHBI B YIBTPa(pHOIETOBON 007aCTH, BEPOSITHO
CBSI3aHO cO CTPYKTypo# iéHku B4C, cocrosieil n3 mioTHOynaKkoBaHHBIX HAHOPAa3MEPHBIX KPUCTAIUIOB.
Anre3us Bcex 00pasIioB, 3a UCKIt0OUeHHeM o0pasiia Nel, BICOKasl.

Takum 00pa3oM, ONTUMAILHBIM PEKHUMOM SIBIISETCS PEKUM ToiydeHus: 00opa3noB Nel4 u Nel6.
ITpuuémM, ecnu UCKIIOYEHHE HAHECEHMs NMEPEXOAHOI0 CJIOS HE YXYAIIAeT aAre3uto, TO JYYIIUM CIIEIyeT
cuntath HaneceHue M€HKH B4C mpu 50°C, HO 0e3 dpopmupoBanus nepexoanoro ciosi (Al+B4C). Drot
PEXUM MPEANOYTUTENHHO UCTIOIB30BaTh Mpy HaHeceHuH MIEHKU B4C Ha amomuHueByio Gonbry.

MeTo10M MarHeTpOHHOTO PacTbUICHHSI TP HOHHOM aCCUCTHUPOBAHUY MOTYYEHBI IIJIOTHBIE MIEHKU
B4C c BbIcOKO# anresueil Kk mo/uIoKKaM M3 KpeMHHs U amtomuHus. @opmuposanue mié¢Hok B4C mpu

temneparype 50°C n1aét BO3MOKHOCTh HAaHECEHUS Ha aJTIOMHUHHUEBYIO (DOJIBIY, OpraHUYECKHE MaTepHaIbI,
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Ha TUIACTMACCHI U TOJIMMEPBI, B TOM YKCJIE€ HA JIABCAHOBBIC U MOJUUMHIHBIC TUIEHKU, KOTOPbIE MOXKHO
HCI0JIb30BaTh JJIs CO3AAaHUS JETEKTOPOB HEUTPOHOB.
[Tomy4yeH HOBBINM TOHKOIIEHOUHBIN (DYHKIIMOHALHBIN MaTeprasl Ha ocHoBe B4C.
Jns mosydeHus ONTUMANbHOrO MOKpbITHS IIEHKOM B4C cremyer mpoBeneHue omepauuii B
CJIEYIOILEM NOPSIKE:
1. OTkauka kaMepsl C 3arpy’KEHHBIMH MOAJIOKKAMH U3 antoMuHUEBBIX miacTtuH 0,5x280x400 MM 10
nasnerns 5-10° Topp.
2. IIporpes kameps! pu Temriepatype 200°C B TeueHun 3 4acos.
3. OcThIBaHME KaMepbl 10 yCTaHOBICHHOM TeMiepaTypsl moanoxku 50 —200°C.
4. OuncTKa NOBEPXHOCTHU NOJJI0KKN IOTOKOM MOHOB Al IpH peXKUMe HOHHOTO ucTouHuka 1,8 kB Tok
50 — 70 ma pacxon raza Ar 20 cT.MM/MHH.
5. Hanecenune Al - mozcioss MarHeTpOHHBIM pacblICHHEM — JaBieHue B Kamepe 1,2 mTopp, pexum
crabmim3anuu MomHocTy 1 kBT, Bpemst 14 munyT.
6. Hanecenue B4C marneTpoHHBIM pacmblUieHHMEM — JaBieHue B kamepe 1,2 mTopp, pexum
cTabmin3anuu MoIHocTy 1,7 kBT, BpeMs ycTaHaBIMBAeTCsS B 3aBUCUMOCTH OT JKEJIaeMON TOJIIIUHBI.

7. OxnaxaeHue KaMephl.

CIIMCOK UCIIOJIb30OBAHHBIX NCTOYHHUKOB

[1.1.1.1] Stefanescu, 1., et al., Nucl. Instr. Meth. A, 2013, vol. 727, p.109-125,
d0i:10.1016/j.nima.2013.06.003

[1.1.1.2] Piscitelli F., et al, INST.2013.vol.8.p.04020

[1.1.1.3] Lacy J.L., et al, IEEE Trans. NS 2013.vol.60. N2.p.1140-1146

[1.1.1.4] Kohli M., et al, Nucl. Instr. Meth. A, 2016, vol. 828, p.242-249

[1.1.1.5] Anastasopoulos M., et al, JINST, 2017, 12, P04030, doi:10.1088/1748-0221/12/04/P04030
[1.1.1.6] Piscitelli F., et al, INST, 2017.vol.12. p03013, doi:10.1088/1748-0221/12/03/P03013
[1.1.1.7] Kirstein O., et al., POS, 2015, vol. 227, p. 029, doi:10.22323/1.227.0029

[1.1.1.8] Hoglund C., et al., J. Appl Phys, 2012, vol. 111(10), 104908, doi:10.1063/1.4718573
[1.1.1.9] S. Schmidt, et al., J. Mater. Sci., 2016, 51:10418-10428, doi:10.1007/s10853-016-0262-4

[Ipunoxenus:

1. OT4éT 0 IPOBEAEHHBIX UCCIIEAOBAHUSIX TI0 OMPEACICHUIO ONTUMAIbLHBIX PEKUMOB.
®aiin [punox.1.1.1.pdf
2. Ilporokoisl uccnenoanuit [pumoxkl.1.1 2.pdf
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1.1.2. Pa3paGoTka KOHCTPYKIMH MArHeTPOHA, HMeIOLIero BBICOKUH KOI(pUUHEHT

MCI0JIb30BAHUS MATEPHAJIA MUIIEHH — KapOuaa 6opa °B4C, ¢ npuMeHeHneM IPOrpaMMHOrO MAKeTa

Elcut u nporpammHoro nakera Pretarger /st MoaeJJMPOBAHUS MATHUTHOM CHCTEMbl MATHETPOHA H

NPOrHO3MpPoBaHNus KO3IPPUINEHTA HCI0Ib30BAHUS MUILIEHH.

BBEJIEHUE

HpI/I HAHECEHHUM TOHKOIUIEHOYHBIX HOKpBITI/II\/'I U3 JParouCHHbIX U OOPOroCTOAIIMNX MAaTCpHUaJIOB

BaKyyMHBbIM MarHeTpOHHBIM pacHbLICHHEM 0CO00 Ba)KHOM XapaKTEpUCTUKONH MarHeTpoHa SBIseTCS

3(1)(1)CKTI/IBHOCTI) HCIIOJIB30BaHHA Mar€prajla MHUIICHH, T.C. OTHOCHUTCIbHAA BCIWYWMHA KOJMYCCTBaA

Puc. 1.1.2.1. CBsi3b hopMBI 3p03UH MHIICHH
MarHeTpoHa ¢ CBEUCHHEM IUIA3MBbI U
KoH(pUTyparyeil MarHUTHOTO TOJIS

a) hororpadus BHIpabOTaHHOI MUIIECHY;

0) cBeTsmasics MIa3Ma ¢ TOpLa MUIICHH;

B) BUJ [10]] YIJIOM Ha CBETSLIYIOCA IIJIa3MYy;

r) ¢opmMa CWIOBBIX JWHUH MAarHUTHOTO TIONS B
CCUYCHHH.

BEIIECTBA, PACMbUIAEMOro 10 YTHIM3AIMH MHUIICHU. OTa
BEJIMYMHA XapaKkTepu3yercs K03 punmeHToM Ke
ucrionb3oBanus Matepuana wmumenn (KMUMM): K, =
mo

-m
m—"lOO%, rJie M, — HavaJbHas Macca MuIeHH, (mgy —
0

m,) — Macca MHIICHH A0 €€ yTHIM3alHH. Y THIH3AIus
HACTYIaeT MpU BbIPaOOTKE MHUIIEHH-KATOZa, JOCTUTAroIIen
MUHUMAJIbHO JONMYyCTUMYIO TOJNIIMHY KaToJa B 30HE
MakcUMaIbHOU BeIpaboTKHU. TumnoBkie 3Hauenus ainsi KUMM
coorBeTcTBYIOT Ke = 12 — 25%. BTOopuuHOe mpuMeHEeHHE
METAJIMYECKUX MHILIEHEH BO3MOXHA Ui TOBTOPHOIO
UCIOJIb30BaHUSA  TpPH  TepeIulaBKe  yTUIU3WPOBAHHBIX
MUIIEHEH, XOTsI Ha MPAKTUKE 3TO PEIKO MPUMEHSETCs, TaK
KaK YTWIM3UPOBAHHAS MUIIEHB IOCIE MEPEIUIaBKH MOXET
cojepkaTh OOJIBIIOEC KOJWYECTBO MpuMeceld. Bropuunoe
MPUMEHEHHE KePaMUUECKUX YTHIM3UPOBAHHBIX MUIICHEH, B
TOM YHClie MHIIEHeH u3 kapbupga 6opa B4sC HEBO3MOXKHO.
[TosTOMYy TIpU IPUMEHEHUH B KaUECTBE MHILEHH CIIEYEHHBIX
13 JJOPOTUX MOPOIIKOBBIX CMECEH, CoJIepKalIiuX H30TOI bopa
B kepammueckmx mmactuH °B4C  OYeHb  BaXKHO
UCTOJIb30BAHNE MAarHETPOHHBIX PACIBUIMTENBHBIX CUCTEM
(MPC) ¢ MakcuMaibHO BO3MOXKHOW 3((HEKTUBHOCTHIO
MCIOJIb30BaHUS MaTepHaja MUILIEHU. JTO B MEPBYIO OUepeib
3aBHCHUT OT KOHCTPYKUIUU MAarHUTHOW CHCTEMbI MarHeTpOHa.
CoBepIIEHCTBYS MAarHUTHYIO CHUCTEMY, MOXKHO JOCTHYb
3HayeHuit Ke = 65 — 80%. Kpome storo, yBennuenne KUMM

NPUBOJIUT K PpACIIUPEHUIO 30HBI PACHbUICHUS OT Y3KOU
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APO3HOHHOW KaHAaBKW, HANIOMUHAIONIEH B cedeHuH ToueuHbld ucTtouHuK (s MPC c Ke = 12%), mo
IIMPOKOM 30HBI PacTbUICHUS, COOTBETCTBYIOIIEH B CEYCHUU NPOTHKEHHOMY UCTOUYHUKY (1t MPC ¢ Ke =
80%). PaciupeHre 30HbI PACIbUICHHS TOBBIIIAET OJHOPOAHOCTh U PABHOMEPHOCTh HAIMBUIIEMOTO CIIOSI
wi€Hku. [lpakTHueckyio peanu3anuio Moa0opa MarHUTHOM CHCTEMbI MPH KOHCTPYMPOBAHUM TaKOTO
BBICOKO3()(DEKTUBHOTO MarHeTpoHa Yya00HEE BCEro BBHIMOJHATH C TNPUMEHEHHEM KOMIIBIOTEPHOTO
MOJICIIMPOBAHUS U pacyETa MPOTrHO3UPYEMOT0 MPOGUIIS YPO3UN MUIIICHH MarHeTpOHa.

MOJAEJIb MATHETPOHHOTI'O PA3PAIA

MPC npencraBnsitor coO0i pa3sHOBHAHOCTb PACTIBIIUTEIBHBIX CHCTEM Ha OCHOBE TJICIOIIETO
ra3oBOro pa3psjaa B peKMME aHOMAJIBHOTO pa3psAla, COACPKAIUX MATHUTHYIO CUCTEMY, YAEPKHUBAIOLIYIO
AJIEKTPOHBI TJIa3Mbl Y KaTOAA JJIsl MHOTOKPATHOTO CTOJIKHOBEHHS 3JIEKTPOHOB C aTOMaMu pabouero rasa
710 MAaKCUMAJIbHOTO Pacxo/Jia KHHETUYECKOM SHEPTUH 3JEKTPOHOB HA MOHU3AIMIO aTOMOB paboyero rasa.
VYaepxaHue 3JIEKTPOHOB B 3aMKHYTOW OOJACTH CKPEUICHHOTO 3JIEKTPUYECKOIO0 M MarHUTHOIO MOJeH
MIPOUCXOUT 3a c4€T cuiibl JlopeHna, 3acTaBisitolIel 3JeKTPOHBI IBUTaThCsl MapaieIbHO MOBEPXHOCTH
KaToJla-MUIICHN IO LUKJIOUIHBIM 3aMKHYTBIM TpPaeKTOpHUSAM, o0pa3ys B JApeioBoM HpUOIMKEHUU
3aMKHYTBIH TOK Xomna. [lnanapusie MPC umeroT TyHHeneoOpa3HOe 3aMKHYTOE MAarHWTHOE TOJIE,
UMEIolIee B CEUEHUH apOYHbIA BUJT (PUCYHOK 1T), B KOTOPOH JIMIIIb BEPXHsS 4aCcTh CBOJA UMEET 00JIacTh,
r7ie BEKTOp MarHUTHOMW MHAYKLMU TapajuieleH MOBEPXHOCTH Karoia. Tak Kak 3JeKTpUYECKOe I0Jie
HaNpaBJICHO NEPHEHIUKYISIPHO MOBEPXHOCTH, TO Takass (opMa MAarHHUTHOTO IOJS BO3JCHCTBYeT Ha
AJIEKTPOHBI HE OAMHAKOBO, YTO IPUBOIUT K HEOAHOPOAHOCTH IJIOTHOCTH HOHU3UPYIOLIUX 3JIEKTPOHOB U,
COOTBETCTBEHHO, K HEOJMHAKOBOM IUIOTHOCTHM OOpa3oBaHMs HOHOB paboyero rasza, MPOU3BOMASAILIUX
HEOJIHOPOJHOE paclbUIeHHE Kartofa-mMuiieHu. HaOmrogeHusi mokasplBalOT Ha TO, YTO KOHQUTYypauus
MarHMTHOI'O NOJIs, paCIpEENIEHUE IPKOCTH CBEUEHUS TIa3Mbl pa3ps/ia, INIOTHOCTh TOKA 10 IIOBEPXHOCTH
KaToZla M paclbUICHUE (dpO3Hs) KaroJa-MuIleHH B3auMocBs3anbl. Ha puc. 1.1.2.1 [1.1.2.2] warmsgHO
BHJIHA dTa CBsA3b, IpeIcTaBieHHas B Tabm. 1.1.2.1.

Anamu3 tabn. 1.1.2.1 u pumc. 1.1.2.1 mnoxassBaer, 4to (opma 3po3uM TPSIMO CBSI3aHA C
pacripesielieHueM SIPKOCTH CBEUEHHs IUIa3Mbl M KOH(HUIypalMd MarHUTHOTO TIOJISL, OMPEAEISIOIIEro
pacnpezesieHne KOMIOHEHTh Bx BekTopa B MarautHoro nons. M3 ananu3za cieyroT BbIBOABIL:

1) oCHOBHBIE MPOIIECCH HOHU3AIMHU PabOUEro ra3a, OTBETCTBEHHBIE 32 PACIIBUICHHE U APO3HIO KaTo/1a-
MUIIEHH TPOUCXOAT B IPUITOBEPXHOCTHOM CIIOE;

2) MakcuMaJbHasi SPKOCTh CBEYCHUS TUIA3MBbl, COCPEIOTOUCHA B IPUTIOBEPXHOCTHOM CJIO€, COBIIA/IaeT
¢ HauOOoJbIIeH IITyOMHON 3pO3UH MUILICHHU;

3) rpaHuIlbl 00JIACTH PO3HUHU ONPEACIAIOTCS IPAHUIIAMKA CBEUCHHS MJIa3Mbl M TPAHHIIAMH BEJTHYUHBI
Bx oTnuuHOIM OT HYJIA;

4) 5po3uOHHYI0 00J1aCTh MOYKHO YCIIOBHO pa3/ejMTh Ha 00JacTh OOIICH 3pO3MU U IPO3UOHHYIO

KaHaBKY;
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5) ¢opma obnacTu 0OIIEH PPO3UN COTIACYEeTCs CO CBEUCHHEM IUIa3Mbl Oe3 yuéra Haubosiee sipKoro
CBEYEHMSI IJIa3MbI B BUJIE «ILIHYpa» U MPOEKIMEN paclpeeeHusl BETUUnHBbI By;

6) HEeHTp YPO3MOHHON KaHABKHU COBIAIACT C MAKCUMAILHOM SIPKOCTBIO «IIHYpa» TIa3Mbl U BEpXHEH
00JIaCThIO TPHITOBEPXHOCTHBIX KYIOJI000Pa3HBIX CHJIOBBIX JHMHHI MArHHUTHOTO TOJIsA, TaM, TIE BEKTOP
HWHAYKIWHA TapaJlJICIICH MMOBECPXHOCTHU KaTOJa-MUIIICHHU

7) IPKOCTh CBEYCHHUs IUIa3Mbl OcllabeBaeT Tak e, Kak ocjabeBaeT KommoHeHTa By Bektopa B

MAar"dHuTHOI'O I10JI4.

Tadmuma 1.1.2.1

CpaBHeHI/Ie SpO3UU MHUIICHU CO CBCUCHUCM I1JIa3MbI U KOH(I)I/IpraI_II/IGI\/'I MAar"HuTHOIO I10JIA.

CBEYEHHE
CBEYEHUE IIIa3MBI KOH(pUTYparus
9PO3HsI MHIIICHH, IUIa3MBI C
TIOJT YTJIOM, MAarHMTHOTO ITOJI,
puc. 1.1.2.1a TOpLA,
puc. 1.1.2.18 puc. 1.1.2.1r
puc. 1.1.2.16
Ha4aJo Ha
HEOOIBIIOM
HAYajo
pPacCTOSIHUU OT
COBIIAAaET C HaYajo COBIIaJacT | HAYallo
TPaHUIIBI IEHTPA,
rpaHULlaMU C TPaHHIIAMH OTPaHUYEHO
o0iacTu OKOHYAHHE
CBEUEHHUS cBeueHwus I1a3Mbl | 3HaueHneM Byx=0
OTPaHHYCHO
[Ia3MBI
NPUKUMHBIM
KOJIBIIOM
AMeeT IUIaBHOE IIABHOE yBETHUCHUE
IIABHOE
yBEIMUCHUE HapacTaHue COCTaBJIAIOIIEN By
HapacTaHue
TITyOWHBI CBETSILETOCS OT LIEHTPA U KpacB
dbopma CBETSILIETOCS
9PO3UU OT o0J1aka Kax 1o K cepellnHe Kak
OCHOBHOMH o0J1aka Kax 1o
IIEHTpa U KpaB | TOJIIIUHE, TaK U 10 BEJIMYMHE, TaK
oOJactu TOJIIIMHE, TaK U MO
K CepeliiHe 0 SIPKOCTH OT U TI0 BBICOTE
3pO3uH SIPKOCTH OT IISHTpa
MMIIIEHH, BUIA IIEHTpa U KpacB ) croJidna
U KpaéB K
1/x2 K CepelinHe MEPICHIUKYIISIPHO
CepeIHEe MUIIICHU
MHIIIEHU MHUIIIEHN
MaKCHUMaJIbHast MakCUMaJIbHasT | MakCHUMaJbHas MaKCUMAaJIbHOU
Dpo3UOHHas
riryOouHa SIPKOCTh SIPKOCTh BBICOTHI CTOJIOEIL,
KaHaBKa
KaHaBKU B CBETSILETOCS CBETSAIIETOCS rae
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CepeiuHe
MHUIIIEHHU C
IUTABHBIM
YMCHBILICHHUEM K
KpasiM, BUAa

rayCCHaHbl

«IIHypa»
HpI/IXOI[I/ITC}I Ha
cepeuny
MUIIEHH C
pe3KUM
ocaa0JIeHHEM K

LHEHTPY U Kpasm

«UIHYpa»

MMPpUXOAUTCS Ha

CepeuHy MUIICHU

C pE3KUM
ocl1a0JIEHUEM K

LEHTPY U Kpasim

cocTaBJstromas By
MaKCHMaJIbHa,
MIPUXOIUTCS Ha
CepeIuHY
MHIICHU C peBKI/IM
oci1a0JIeHHEM K

LEHTPY U Kpasm

Pacnpenenenue

IIJIOTHOCTHU

MaKCHMaJIbHas
IUIOTHOCTH
CBCUCHUS BCeit
MJ1a3Mbl y
MTOBEPXHOCTH C
MOHOTOHHBIM
ocnabeBaHHEM
MpY yAaJIeHUU

OT MUIICHHU

CBEUEHHUE
ocita0eBaer K

LEHTPY U Kpasim

MaKCHMAaJIbHOE
3HAUYCHUE
BeJINYHMHBI By Ha
MMOBEPXHOCTH
MUILIEHU C OOIIM
MOHOTOHHBIM
ocialeHueM MpH
YIQJICHUH OT

MHIICHH

Ha ocHOBe MHOTOJIETHUX MCCIIEIOBaHHI MAaTHETPOHHOTO pa3psiia, 0000mEHHbBIX B padote [1.1.2.2],
MO>KHO MarHeTPOHHBIN pa3psia pa3OUTh Ha TPH XapaKTepHbBIC 00J1aCTH: KaTOIHBIHN CJI0M, 00J1aCTh YACTHYHO
3aMarHMYCHHOW TUIa3Mbl M aHOJHBIA ciod. Ha puc. 1.1.2.2 cxemMarnyHo MOKa3aHO MarHUTHOE IIOJIE,

AJIEKTPUUYECKOE TOJIE U XapaKTepHbIE 00JIaCTH IIa3Mbl. B MarHeTpoHHOM paspsae A TunudHbeix MPC

BeNnnuyuHa B nHAYKIIMU MaraHuTHOTO 1mojst Haxoautcs B npegenax 0,1 — 0,001 T

AHOIHBIH CI10H

Q01acTh YaCTHYHO
3aMArHUYECHHOM I1J1a3MBbI

=il
| Y-

e

X
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Puc. 1.1.2.2. Cxema pacmonoXxeHus: XapaKTepHBIX o01acTel pazpsaa
B MPC.

KaroaHblil ciioil HauMHAETCsl OT MOBEPXHOCTU KaToAa-MUILIEHH. TOJNIIMHA CI0S UMEET BEJINYUHY
0,1 — 10 MM u onpenensieTcs paArnyCcoM LUKIOUIHOTO YCKOPSIOIIEroCs IBUKEHUS 3JIEKTPOHA, KOTOPHIH B
CBOIO OUEPE/Ib ONPEAEIIAETCS MPUIOKEHHBIM Pa3psIHbIM HanpshkeHueM U 1 BeIMYMHONW KOMIIOHEHTHI Bx
BeKTOpa B MarHuTHOM wMHIykuuu. B 3TOM cllo€ NpPOMCXOAMT OCHOBHOE MAJCHUE HaNpsKEHU,
cocrasistoniee 80 — 90% ot paspsaaHoro HanpsbkeHuss U. HanpskeHHOCTD AJIEKTPUYECKOro MOJis UMEET
BBICOKOE 3HaueHue 8-10° B/m, pesko criagaroriee Ha Kparo TpaHUIlbI CI0sI MEHEee 4-10* B/M. B kaTomHom
CJI0€ HE MPOUCXOJUT MOHHM3AIMU pabodvero rasza, Tak Kak MMEETCs HAchIIEHHE, ONpPEesIieMOe TOKOM
paspsaa U MOHHBIM TOK paBeH TOKY paspsizaa: I; = I, 3HauuT NEpEeHOoC TOKa paspsla OCYyIIECTBISAETCS
noHamu. OTCyTCTBUE MPOIIECCOB MOHU3AIUH OOBIACHSAET OTCYTCTBHE CBEUCHHS, IIOATOMY KaTOIHBIN CIOMH
Ha3bIBAIOT TEMHBIM KaTOAHBIM MpocTpancTBoM, TKII. 31ech KOHLIEHTpaIusi HOHOB UMEET MaKCUMAJIbHYIO
BEJIMUUHY N; = Mypqy, ONPEACTISEMYIO YCIOBUEM YCTOWYMBOCTH MarHeTpOHHOTO paspsiaa: a - [ = 1, rae
a =0,001 +0,1 — ko3pdHUIUEeHT BTOPUIHONW HWOHHO-IJEKTPOHHOM SMUCCHH, 3aBUCSIIUN OT COCTaBa
pabouero ra3za u MaTepraia MUIIEHH, f — KO3OPGUIMESHT FIEKTPOHHOW HOHU3AIMK pabouero ra3a (B CBsI3H
C MaJOCThIO BEJIMYUHBI aABTORJICKTPOHHONW W TEPMODJIEKTPOHHOM JMHCCHEH MOXKHO TpPEeHEOPEYD).
BropuuHble 371€KTPOHBI HE COCTABIISAIOT TOK pa3psizia, a JUIIb 00ECIIeYNBAIOT YCTOHUYMBOCTD pa3psana. Tak
KaK KOHIICHTPALIMsI BTOPUUHBIX 3JIEKTPOHOB ONIPEAEISAETCSA BEIPAXKEHUEM N, = & * N;, TO IPUCYTCTBYIOIINMA
B TKII 271€KTpOHHBINM TOK BTOPUYHON 3JIEKTPOHHOM SMUCCUHU MEHBIIE HOHHOI'O TOKA U onpenensercs: [, =
a - I;. Heo6xo1mMo MOHMMATh, 4TO B 3TON 00aCTH HApSALy C 3JEKTPOHHO-HOHHBIM paBHOBECHEM Paboyero
raza TPHUCYTCTBYIOT BBIOMTHIE W3 MHUIICHH-KATOJAa aTOMBI, MOJIGKYJbl U KIIACTEPHBIE OOpa30BaHHUS
MaTepHala KaTro/ia, KOTopble MOABEPTaloTCs Mepe3apsaKe — MOHU3aIMK Ha 00a 3apsaa 1 peKoMOMHALNY, a
MOJIEKYJIbl MOTYT Pa3BaIMBAThCS HA aTOMBI 1 HOHU30BAThCS, COOMPAThCs B 00J1€€ yCTOWYUBBIE COSAMHEHMUSI
C PEaKIIMOHHBIM ra30M, MOJIEKYJIbI KOTOPOTO Pa3BaJIMBAIOTCS, HIOHU3YIOTCS U BCTYMAIOT B MOJIEKYJISIPHbIE
CBSI3M C MaTepUaoM MUILLEHU. FIMEHHO B TOHKOM KaTOJHOM CJIO€ IPOMCXOAST PEaKTUBHbBIE ITPOLIECCHI, A
MOHBI PaboYero raza NpUOOPETAIOT OCHOBHYIO SHEPIHI0, HEOOXOAUMYIO JUIS PAcHbUICHUS MUIICHU
ocpesICTBOM €€ OoMOapIupOBKU. MarHeTpoHHOE PaclbUIEHHE OYeHb YHEPTOEMKO M COCTABIISICT OKOJIO
500 »B Ha oguH aToMm MuIIeHH. Tak, Ha BRIOWBaHUE aTOMOB M3 MUIIIEHU BCETO PACXOyeTcst dHeprus 15 —
40 »B, cocTosimast ©3 TOPOTOBOM PHEPTUM PACHBbUICHUS (SHEPTUH CBsI3M), cocTaBisronieit 15 — 30 5B, u
SHEPrUM PACMBUIEHHBIX aTOMOB, Jexanled B npenenax 1 — 10 3B. OcranpHas sHEprus UAET Ha HArpeB
MunieHd. HanpsbkeHne MarHeTpoHHOro paspsiaa Haxogurces B npenenax 250 — 800 B. Ilpu yBennuenun
HaIPsDKEHUS YBEIIMYUBACTCS YHEPTHUs 00MOapIUPYIONIMX HOHOB M BO3pacTaeT Kod(hPHUIIMEHT paciibUICHHUS,
HO TIpU 3TOM YCHJIMBAETCS TaKKe MpOIecC UMIUIAHTAIMKM (BHEIPEHHs]) MOHOB B KPUCTAIIMYECKYIO
PEIETKY MHIICHH, IPUBOIAINHN K e€ aedopmar, 00bEMHOMY UCKXKEHHUIO U, KaK CIEJCTBUE, HATPEBY

MHUILIEHH, TpeOys 3P PEKTUBHOE OXIJIAKICHHE.
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O06nacTh YaCTUYHO 3aMarHMYEHHOM TJIa3MBI TPUMBIKAET K KATOJHOMY CIIOI0 U HAYMHAETCS TaM, TIe
3aKaHYMBACTCS HMOH-3JICKTPOHHOE pPaBHOBECHE Pa0OuUero ra3a W BBIMICANINE W3 MHUIICHH SJIEKTPOHBI
3aKOHYMJIM HabOp PHEPrHH U HAUMHAIOT pacXxo0BaTh €€ Ha MoHM3anui0. Hannune noHu3anum o0bsCHsET
cBeueHue »Tod oOmactu. Ilo Mepe ymanmeHHs OT MHILEHHM KOJHWYECTBO JJIEKTPOHOB, CHOCOOHBIX K
MOHM3AIIMN YMEHBIIACTCSI, YMEHbBIIAss KOJIUYECTBO AKTOB HOHM3AIMH, YeM OOBICHSETCS OCIalbieHHe
CBEUCHME TU1a3Mbl. HaunMHas OT rpaHuLbl C KATOAHBIM CJIOEM YUCJIO CTOJIKHOBEHUM HACTOJIBKO YaCTOE, YTO
BBITIOJIHSETCS. COOTHOLIEHHE W, T, » 1; w; ' 7; <1, roe w,, w; — UUKIOTPOHHBIC YACTOTHI MIJIsI
3JIEKTPOHOB U HOHOB; Ty, T; — BPEMSI MEXKIY CTOJIKHOBEHUSAMMU JIJIS QJIEKTPOHOB U HOHOB. Eciu 310 yciioBue

BBIITOJIHACTCA, TO SKBUITOTCHIUAJIN 3JICKTPUYCCKOTI'O IMOJIA COBIIAaAat0T ¢ CHUJIOBBIMU JIMHUSAMU MArHUTHOT'O

TI0JISL ¥ CIIPABEJIMBO COOTHOLIEHUE: ExBE=0 [3, 4], o3Hauaro1Iee, YTO CUIIOBBIE TMHUU SJIEKTPUUECKOTO
TOJISI CTAHOBATCS TIEPIICHANKYIIPHBIMU CHIIOBBIM JIMHUSM MarHUTHOTO ToJisl. TakuM 00pa3oM, MarHuTHOE
0JIe OKa3bIBAET OMpPEEIIAIONIee BIUSHUE HA JIBUXKEHHE JIEKTPOHOB, @ HAa UOHBI (w; * T; < 1) HeT, oHH
JBIDKYTCS OECTIPENATCTBEHHO K KaTOy B/I0JIb C(OOPMHUPOBAHHBIX CHIIOBBIX JIMHHH JIEKTPHUUECKOTO TOJIS.
[ToaTomy 3Ty 00nacTh pa3psia U HA3bIBAIOT YaCTUYHO 3aMarHuyeHHOU. [lo Mepe yaaneHus: oT MUILIEHH,
MarHMuTHOE IIOJIE€ CMaJaeT, W YKa3aHHbIE YCJIOBHS, IOCTENEHHO OcCHabissich, MPOManalT. OTHUM
OTIPEIENIAIOTCS TPAHUIIBI PACTIPOCTPAHEHHSI 00JIaCTH YaCTUYHO 3aMarHMUEHHOH IJIa3MBbl, XapaKTepHBIE J10
ocnabnenus nonst 10 0,001 T, rae w, - T,~30 ... 90. DKCepUMeHTHI TOKa3bIBAIOT, YTO MEPEXOAHAS 30HA
HAYMHAETCs TaM, TJe BeTUYMHA MHAYKINH cragaeT A0 BenuuuHbl okoio 0,02 Tn. TommuHza 3T0it 00macti
cocraisieT oT 10 no 100 mMm, a magenue Hanpsixerus — 10 ... 15% ot Hanpsokenuss U MarHeTpoHHOTO
paspsana. HanpskEHHOCTD IEKTPHYECKOro TI0Ms 110 MEpe YIaleHHs OT MHIIEHH m3Mensercs ot 2-10* B/m
B IIOIPAaHMYHOM CJI0€, CHavyasa crajaas ObICTpo, 3aTeM Bcé Oojiee TUIaBHO M MPUOJIMKAETCS 10 3HAYCHHIH,
O6mu3KKX K Hy10. OcOOEHHOCTHIO 3TOM 001aCTH SIBIISIETCS CYIIECTBOBAHHE JBYX BCTPEYHO HAIpPaBICHHBIX
MTOTOKOB 3apsKEHHBIX YaCTHUI[: HOHHOTO, MPECTABIIAIONIET0 HOHBI, 00pa30BaHHbIE HOHU3AIMEH pabodero
rasa 3JICKTPOHHBIM yAapOM, U 3JIEKTPOHHOTO, COCTOSILErO U3 3JIEKTPOHOB, BEIOUTHIX U3 aTOMOB Ta3a Impu
MOHM3AIMH, KOTOPbIE BMECTE C MOHAMHU COCTAaBJISIOT Pa3psAIHBIM TOK, U BBICOKOOHEPIMUHBIX BTOPUUHBIX
3JIEKTPOHOB, PHEPTUsl KOTOPBIX Ocia0eBaeT Mo Mepe yAaleHusl OT Karoaa-muiieHu. [loatomy B oTinnuune
OT 00pa3yIOUIMXCSl HOHOB Ta3a, CBOOOIHO HAYMHAIOIIMX YCKOPEHHOE JBIKEHHE BJOJb CUJIOBBIX JMHUHN
ANIEKTPUYECKOTO TIOJIsI B HANPaBJICHUU KaToAa, AJIEKTPOHBI YJEP>KUBAIOTCA BO3JEHCTBUEM MAarHUTHOTO
MOJIs, 3aCTABJIAIONIETO0 WX JBHUIaThCSA MO LHUKJIOUAHBIM TPACKTOPHUSM BJOJIb MOBEPXHOCTH MHILIEHHU.
JIBM>KEHHE B CTOPOHY aHOJa MPOMCXOUT JIMIIB IIPU CTOJKHOBEHUH C aTOMAMH ra3a, KOTOpOe IPUBOAUT K
MIEPECKOKY 3JIEKTPOHA Ha OoJiee y1anéHHbIe OT MULIICHN TPACKTOPUH. ECiy sHEprust 3JIeKTPOHA T0CTaTOYHA
JUISL MOHU3AIMH, TO IPOUCXOAUT MEPECKOK W MOHU3ALMS aTOMa, €CII SHEPrus 3JIEKTPOHA HEJAOCTaTOYHA
JUTS. HIOHU3AIUH, TO MIEPECKOK IPOUCXOAUT B pe3yJbTaTe yIpyroro cToakHoBeHus. [loaToMy Ha rpanuie c
AQHOJHBIM CJIOEM TOK I1JIa3Mbl B OCHOBHOM COCTOUT U3 3JIEKTPOHOB, a HAa IPAHULIE C KATOAHBIM CIIOEM — U3

HOHOB.
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AHOZIHBIN CJIOM HENOCPEACTBEHHO IPUMBIKAET K aHOAY M CIYXKHUT Uil TPaHCIOPTUPOBKHU
OJICKTPOHOB K aHOLY. Haz[eHHe HaMpsKCHUA Ha aHOJHOM CJIOC MaJio U COCTABJIACT BCIMYMUHY HOpAAKA
OJTHOTO-JIBYX TIOTCHIIMAJIOB MOHU3AIMK pabodero rasza, Ay aprora okoisio 15...30 B. Pa3psgnsbiii Tok B
aHOJTHOM CJIO€ OCYIIIECTBIISIETCS JIEKTPOHAMHU.

MATEMATHYECKOE OIIMCAHHUE ITPO®UJIA BBIPABOTKW MUIIIEHU

I[J'I}I MaATEMATUYCCKOIro OIIMCaHUA (bOpMI:I SpO3UU MHUIICHU CUCTCMY KOOPAHWHAT pacrojiaracM B
IJIOCKOCTH apo4Horo mMarauTHoro mosst (puc. 1.1.2.11) u cBs3piBaeM Havasmo O KOOpAWHAT C HEHTPOM
MUIIEHM MarHeTpoHa Tak, 4To och OX HampaBieHa BIOJb IOBEPXHOCTH MHUIIEHH, a och Oy —
NECPpNCHAUKYJIIPHO TTOBCPXHOCTHU. BTOpI/I‘IHBIG OJICKTPOHELI, BBUICTAIONIUC TMCPIICHAUKYJIAPHO IMJIOCKOCTU
MHUIIICHU, IIOA BOSﬂeﬁCTBHeM SJICKTPHUYCCKOIO MOJIA ABUTArOTCA C YCKOPCHUCM MapaJlJICIbHO OCHU Oy y

BO3/ICHCTBUE MarHUTHOT'O MOJISl OTKJIOHSET 3JEKTPOHBI NEPIEHANKYIAPHO MI0cKkocTh XOY 10 HUKIOUJE,
paguyc KOTOPOU OIIPENEIAeTCs BBIPAXKECHUEM: T = %%, rae m=9,1*103! xr, e=1,6*10"° Kynon. Cunras,
uro Bbicota d TKII paBHa I, BBIOTHsIEM €€ BEIYMCICHHE, UCXO/s U3 BEJTMYNHBI KOMIOHEHTHI Bx MHAYKIIMN
Y BEJIMYMHBI HAIPSDKEHHOCTH JIEKTPUYECKOTO IIOJIsA, KOTOpask ONPENEsAeTCs U3 COOTHOIIECHN £ = %. B

paccMaTpUBaEMOM CEYEHUHU YCKOPEHHBIE 3JIEKTPOHBI BXOAT B 00J1aCTh YACTUYHO 3aMarHUYEHHON IJ1a3Mbl
napaiensHo  ocu  Oy. brmaromapst o4eHb 4YacTbIM HMOHHU3YIOIIUM  CTOJIKHOBEHHSIM  3JIEKTPOHOB
AJIEKTPUUYECKOE TI0JIE U3MEHSET CBOIO KOH(HUIypalHio ¥ CTAHOBUTCA MEPHEHIUKYISPHBIM CHIOBBIM
JUHUAM MAarHuTHOro mnois. IIpoucxomurt pasmencHue 37EKTPOHOB: YacTh JIBHKETCS NEPIEHAUKYIISIPHO
MarHMTHBIM CHJIOBBIM JIMHHSAM, YacTb BJAOJb CUJIOBBIX JHMHHMHU. KONMM4YeCTBO NEpBBIX, yIEP:KUBAEMBIX
BO3JICMCTBHEM HA HUX MAarHUTHOTI'O I0JIsA, IPUBOMSILETO K BPALLICHUIO 110 OKPY>KHOCTH, 3aBUCUT OT yIja
MEXKIY BEKTOPOM CKOPOCTH DJJIEKTPOHOB M BEKTOPOM MAarHUTHOM HMHIYKLHH, KOTOPBIA OIPENEIseTCs
oTHomeHUueM Bx/B. DT 251eKTPOHBI BBI3BIBAIOT HOHU3AIMIO 00JIACTH YaCTUYHO 3aMarHMYCHHOM TIJ1a3Mbl 1
(bopMHPYIOT 10JI€ 3p03uH, (hopMa KOTOPOTO 3aBUCHUT OT KOJINYECTBA 3aXBaUC€HHBIX 3JICKTPOHOB HaJl TOUYKOMH

obnacTu karoja. Pacripenerienue OTHOCUTEIbHON MIyOUHBI Ne 3p03uK ONpeeseTcs:

max B_x ’
he GO~ [ n(, ) 222 dy, (11.2.1)

rae d(X) — Beicota TKII, n(X,y) — KOHIIEHTpaIIKst aKTOB HOHU3AIMH. [Ipyrast 4acTh 3JICKTPOHOB BI0JIb
CHJIOBBIX JIMHHUHM YCTPEMIISIETCST K BEPXHEH TOYKE CBOJA KyIOJIOOOPA3HOTo IMOJIsl, TA€ BEKTOP MHIYKIIUH
napaJijicJICH IMOBCPXHOCTU MUIICHHU. BCHGI[CTBI/IG 3TOI0, B BerHeﬁ OGHaCTI/I CBOAa KOHUCHTPUPYCTCA
60J'IBH_IOG KOJIMYCCTBO BJICKTPOHOB, IJIOTHOCTH PACHPCACIICHHUA KOTOPLIX MOAYUHACTCA PACTIPCACICHUIO
laycca. VloHu3amust STUMK 3JI€KTPOHAMH OTBETCTBCHHA 3a DPO3HMI0 00JaCTH KAaHABKH, IMUPUHA KOTOPOH
CBsS3aHA C IUIOTHOCTBIO TOKAa MAarHETPOHHOTO pa3psiga, a TIyOMHa — KOJIWYECTBOM 3aXBauyCHHBIX

3JIEKTPOHOB HaJl 3PO3MOHHON KaHAaBKOW B JIAHHOM TouKe. Pacmpenenenne OTHOCUTENBHOM IilyOuMHBI by B

npoduie KaHaBKU ONPEIeIIAeTCS:
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2
(i)

202

hg(x)~ f;:l;(xx) n(x,y)exp dy, (1.1.2.2)

1-B,/B
rne o= Tx — JuUCHepcHsl paclpeneieHus, 3aJaBaeMas B 3aBUCUMOCTH OT IUIOTHOCTH

5
MarHeTpoHHOI'O pa3psja, U XapaKTepu3yemas JO0IyCTUMBIM YIJIOM OTKJIOHEHHUS BEKTOpa B MHAyKIuM OT
IIOBEPXHOCTU Karonaa. PacnpeneneHne KOHIEHTpauy aKTOB HOHU3ALUU IPONOPLIHUOHAIBLHO N3MEHEHHUIO

WHIYKIINH, TOUHEEe €€ KOMIIOHEHTHI B,, y/Iep:KUBaloIen 2JIeKTPOHBDI:

Bx(x..'V)
n(x, y)"*m, (1123)

Htorossiii mpouis 3po3uH OnpeaesieTcs HOPMUPOBAHHON CyMMOM HOPMUPOBAHHOTO PO
APO3UMHON KAaHABKU W HOPMHUPOBAHHOTO MPOQMIS 30HBI SPO3MH, YMHOKEHHOW Ha TOI0MpaeMBbIii
kodpdunuent K, kotopbiii u3mensercs B npenenax ot 0,1 g0 0,8 u mokaspiBaeT A0 YIACPKAHHBIX
ANIEKTPOHOB OT KX OOMNIET0 4YHWcia, 3aBUCALIET0 OT IUJIOTHOCTH TOKAa MAarHeTpOHHOrO paspsaa
(3MeKTpUYECKO MOITHOCTH M0/IaBa€MOM Ha MarHETPOH):

h(x) = hg(x) + k- he(x) (1.1.2.4)
MPOI'PAMMHBINA MAKET PRETARGER

[IporpammHas peanuzanusi ONHCAHHOW MOJENTH pacyéra NPOTHO3MPYEMOro MPOQHIIsS 3pO3uu
MHUIIIEHH MarHeTpOHa Ha3BaHa porpammoii Pretarger (Prediction of target erosion). BxoausiMu JaHHBIMU
MIPOrPaMMBbI SIBJISIOTCSI JaHHBIE B BUJIE TEKCTOBBIX TaOJUIl pacrpeaeseHus] MHIyKIIMU MarHuTHOTO TMOJIS
B(X,y) u e€ xommoneHToB Bx(X,y) u By(X,y) Hag moBepXHOCThIO MuIIIEHH. DYHKIIMOHATBHBIC BO3MOXHOCTH
MporpaMMbl  BKIIIOYAIOT pacyeT mpoduieil BbIpaOOTKM Marepwalia MHUIICHH MarHeTPOHHBIX
pacHbUIMTENbHBIX CUCTEM IUIAHAPHOTO TUNA JIIOOBIX pa3MepoB W KoHcTpykuui. [Iporpamma Pretarger
npeoOpa3yeT BXOJHbIE TAOIUIBI B MATPHUIbl JaHHBIX, BBHIOJIHAET BBHIUHUCICHHUE 110 MPUBEIEHHBIM BbIIIE
dbopmysaM U BEIBOIUT rpaduik nmpodusst h(X) mporuo3upyemoii 3po3un MuilieHu. BxoHbIe TaHHbBIC B BHJIE
Ta0JIUIl MOTYT OBITh COCTaBJICHBI JTUOO MPSMBIMH U3MEPEHHSIMH paclpeieleHUs MarHUTHOTO TOJS C
MOMOUIbI0 MarHeTOMeTpa, JMOO C TMOMOIIBI0 MPOrpaMMbl MAarHUTOCTATUYECKOTO MOJAEIUPOBAHUS U
pacuéra pU3nYecKuX Mojei Mo MoIeaN KOHCTPYKLMU MarHeTpoHa U €ro MarHUTHOM cuctemsl. B kauecTBe
MporpaMMbl pacdyéra MarHUTHOTO TIONIE MO MOJENHM MAarHUTHOM CHCTEMbl MarHeTpoHa BBIOpaH
nporpammMusblii komruieke ELCUT [1.1.2.5], ocHoBaHHBIN Ha MOJICIMPOBAHUH (PH3UUECKUX MOJIEH METO0OM
KOHeuHbIX 31eMeHTOB. IIpu 3Tom 06bexTsl ELCUT o6ecreunBaioT MOCTAHOBKY 3aJayH, ONMHCAHHUE ee
F€OMETPUYECKON MOJENH, MOCTPOCHHUE CETKM KOHEYHBIX AJIEMEHTOB M €€ pemeHue. Mcrnonb3oBaHue

ELCUT ocobenno nienecoo0pa3Ho Ha 3Tare MpOeKTUPOBAHUS HOBBIX MAarHETPOHOB.

MOJIEJIUPOBAHUE KOHCTPYKIIMA MATHUTHON CUCTEMBI MATHETPOHA
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MarnuTHass CUCTeMa CTaHAApPTHOTO cOaJlaHCMPOBAHHOTO MarHeTpOHAa B TONEPEYHOM CEUEHUH
MpEeJCTaBIseT cO00M EHTPaIbHBII MarHUT U JBa NepupepUitHBIX 0OpaTHOM MOISPHOCTH, pa3MeIIEHHbIC
Ha OOIIeM MAarHUTOINPOBOJE TaK, YTO CHUJIOBBIC JIMHUM MArHUTHOTO MOJS 00pa3yloT KyIOJIOOOPa3HYIO
dbopmy. Jlns paspabOTKM MarHETpPOHOB € OOJBIIMM KOA(D(PHUITMEHTOM HCIIOIH30BaHUSI MUIIEHU CIEAYET
CTPOUTh MarHUTHYIO CUCTEMY MCXO/s U3 CIEAYIOIIEro NpUHIUNAa. MarHUTHYIO CUCTEMY HAJ0 OCTPOUTH
TaK, YTOOBI CUIIOBBIC TMHUY BOJIM3HM MHUILIEHH BBITJISAZCTH KaK ABa «Kynoia». [Ipu aToM nmocepennne Mexy
HUMU CUJIOBBIE JIMHUU OIYCKAIOTCSA, M UHIAYKIUS B 3TOM MECTE Ha MOBEPXHOCTU MHILEHU JOJKHA OBITH
0JIM3Ka K HYJII0, WJIM MEHbIIIE HyJIsl HA HE0ONbIIyI0 Bennuuny. [Ipy ynaneHun ot moBepXHOCTH MUIIEHH
JIBa MaJIbIX «KYI0J1a», 00pa3yeMble CUIIOBBIMU JTMHHUSIMHU, CABUTAIOTCS K CEpEeIUHE, a I10JIe B CPEIHEH YacTH
CTAaHOBUTCS MOJIOKUTEIbHBIM. IIpH ynaneHuM OT NOBEPXHOCTHM MMILEHU CHIJIOBBIE JIMHUM CHayaia
MPUOOPETAIOT CEAJIOBUAHBIN BUI, 3aT€M BBIIPSIMIIAIOTCS U, MPHU OOJIbLIEM YAaJ€HUU, MPOUCXOAUT UX
MpeBpalieHe B equHbINA Kymnoil. [Ipyu mocTpoeHnn MarHuTHOM cUCTEMBI TAKOTO BUa HEOOXOAUMO, YTOOBI
WHIYKIHS IO IIEHTPOM MaJIbIX KYITOJIOB Y TIOBEPXHOCTH MHIIICHH OblJIa MaKCUMaIbHOM, opsiaka 0,12 —
0,15 Tn. Ilpu Takux BeJIMYMHAX Y TOBEPXHOCTH MUIICHH, HEOOXOIMMO, YTOOBI HaJl MUIIEHBIO B 00JIaCTH,
IZIe CUIOBBIC JIMHUM BBIIPSAMISIOTCS U TEPEXOJAT B €IMHYIO KYyNOJI00OpasHyio (opmy, BelWYHHA
nHaykuun He npesbimana 0,04 Tia. B atoMm ciyuyae BONIM3M MUIICHH IUIa3Ma TOPUT B OOJACTH MaJIbIX
KyIoJIOB, oOpa3ysl /Ba IIHypa, GopMupyromue ABe TyOOKHe SpO3HOHHBIE KaHaBKU. MexIy HUMH
MOSIBIISICTCS TPETHI TJIAa3MEHHBIH IIHYP B IICHTPE «Cesiay MPH AOCTHKEHUH TaM UHAyKuuu 6omee 0,02 T,
HauMHAIOMKK (OPMHUPOBAHUE IIEHTPATBHONW 3PO3HMOHHON KaHABKU. Tak KaK IMPOUCXOIUT IUIABHBIN
Mepexo/l OT JBYXKYIOJbHOTO BUAA CHUJIOBBIX JUHHUM B OJHOKYIOJBHBINA, TO TPAHUIBI MEXAYy KaHaBKaMU
pa3MmbiBatoTcs. [logOupas cooTHoOIIEHNE BETWYMH MHAYKIMHU, MOXHO MOJIY4YUTh (popmy oOIiel 3po3uu
MmuteHu 01m3Kyio k [1-o6pasnoit popme, Tem cambim yBenuuns KUMM no Benmnuun 6omee Ke = 60%.

KoncrpykruBHOe pemenue Nel

Ha puc. 1.1.2.3 noka3aHa 1BeToBasi [uarpaMmMa KOMIIOHEHTHl WHAYKIIMM MarHUTHOTrO mois Bx
MOJICIM MAarHUTHOW CHUCTEMBI, paccuuTaHHou mnporpammoit ELCUT. Mogens MarHUTHOM CHCTEMBI
paccurTaHa Ha pabOTy MarHeTpoHa ¢ MHIIEHbIO MUpHHON 100 MM, TOBEPXHOCTH KOTOPOH OTCTOUT OT
MOBEPXHOCTU MarHUTOB Ha 10 MM. B Mozenu 3ai0:keHO MCIOJIB30BAaHWE MAarHUTOB HEOJIUM-Kese30-00p
Mapku N45 — N48. Bricota marautoB 20 mM. TosmuHa o0Iero MarHuTONpPOBOIa-OCHOBAHUSI M3 CTaJIH
Ct3 — 5 MM, mmpuna 106 mm. Ha paccrossHum 15 MM pasmemiéH MarHuTHbIA 3KpaH u3 ctainu Ct3,
TOJNIIMHON TOYHO 2 MM M BBICOTOM 20 MM, CKOIIEHHBIH 1o yriioM 30 rpaaycoB K MarHUTHOM CUCTEME.

MarnuTHas cuctemMa COCTOUT (CleBa HaIlpaBo OT LIEHTPA):

1. [Tnactuna u3 Ct3 tommmHOW 1 MM, TpenHa3HA4YeHHAs IJIs MPWKUMA IEHTPATbHBIX BCTPEUYHO

HaIpPaBJIEHHBIX MAarHUTOB JAPYT K APYTY 3a CUET MAarHUTHBIX CHUIT;

2. lleHTpanbHbplii MarHUT IIUPUHOM 15 MM, HampaBiIeHWE HaMarHUYEHHOCTH KOTOPOTO BJOJb

TOPU30HTA U HAIIPaBJICHA K LIEHTPY, IPUMAarHU4eH K CTaJIbHOM IIACTHUHE;
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3. JIONOMHUTENbHBIM K IIEHTPaJbHOMY MAarHuT UIMPUHON 3,5 MM, HUMEIOIUN BEpTHKAIBHOE
HaIpaBJICHUE HAaMarHMYEHHOCTH CBEPXY BHU3, IJIOTHO MpPHXKAaT K LEHTPAaJbHOMY MarHUTY
(mpuMarHuyeH);

4, Ilepudepuitapiii MarHuT MmmMpWHOW 11 MM (IMcTaHIMOHHBIN 3azop 15,5 MM), umeromui
TOPU30HTAIILHOE HallpaBJIEHNE HAMarHHYEHHOCTH, HAIIPaBJIEHHOE K LIEHTPY;

5. JIONOTHUTENbHBIM K Nepu(epuilHOMYy MarHuT IIUPUHOM 7,5 MM, HMMEIOUIMH HampaBieHUE

HaMarHMYEHHOCTHU CBEPXY BHH3, INIOTHO MPUXKAT K nepudepuitHoMy MarHuTy (IpUMarHiuyeH ).

®dopmynia MAarHUTHOW CUCTEMBI (CHMMETPUYHAS, TO3TOMY IIPUBOIUM MIPABYIO MOJOBUHY ):
0+0,5 (C13) +15,5 («—15) =19 ({3,5) + 34,5 (3a30p 15,5) + 45,5 («11) + 53 (17,5) + 68 (3a30p 15)
+70 2mMm C13)

R

| | ||I|".'.||\

Puc. 1.1.2.3. IiBeToBast kapTa KOMIOHEHTHI HHAYKIUN MarHUTHOTO MOJIs Bx MarHUTHOU cuctemsl Nel

Ha puc. 1.1.2.3 npezncraBiieHbl CUJIOBBIE JIMHUM MarHUTHOTO TOJII W IIBETOBas Juarpamma
KOMITOHCHTBI MHAYKIIUU MAaraHuTHOT'O ITOJIA B)C, HaHpaBHGHHOﬁ BJOJIb ITIOBCPXHOCTHU MHUIIICHU. Bemuuuna Bx
XapaKkTepu3yeT MHTEHCHBHOCTh MOHM3ALMHU IUIa3Mbl U (popMupoBaHue 3po3uu muiieHu. Ha rpaduke,
npencraBieHHoOM Ha puc. 1.1.2.4 mpencraBieHo pacnpenesneHre UHAYKIUA B MarHUTHOTO TOJSI U €ro
KOMITOHEHT Bx 1 By Ha ypOBHE TOBEPXHOCTH MUIIIEHHU OT IIEHTpa MuiieHu 10 70 MM ot 1ieHTpa. M3 rpaduka
BUJIHO, YTO Ha PAacCCTOSIHUU 25 MM OT IIEHTpa MUILEHU UHAYKLUS B MarHUTHOTO 10JiA paBHa Hymo. LleHTp
«KYIOJIa» OIPCACIIACTCA B TOYKAX OGHy.HGHI/I}I BCIIMYNHBI KOMIIOHCHTbBI By B »THx TOukax BelMYMHA
KOMIIOHEHTHI Bx IOCTUTaeT MaKCHUMAaJIbHOTO 3HadeHHs. O1o — 12,2 MM, 25 MM u 39,2 mM. Benmumna
WHIYyKIUA Bx coctaBisieT okoio 0,14 T aiist mepBOro «KyTmosiay, BTOPOH «KYIOI» He 00pa3yeTcs B CBS3H

C MaJIOCTBIO BETMYMHBI HHAYKIMU, BXx TpeThero «kymnoia» okoio 0,125 Tn. Ha puc. 5 npusenén rpadux
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pacnpeziesieHnss MHAYKIMA B U ero KOMIIOHEHT Bx u By Ha ypoBHE 5 MM OT MHUUIEHH. 3]I€Chb YXKeE
0o0pa3yroTcs Tpu «Kymolsay. L[eHTphl «KymonoB» mpuxomsarcs Ha 16 MM, 25 mm u 35 MM. BenuuuHs
naaykuuu Bx cocrasisitor 0,06 T, 0,03 Ta u 0,06 Tn cooTBeTCTBEHHO. B 3TOM citydae «ropsat» Tpu
IJJA3MEHHBIX IIHYpa ¢ UEHTPAaMHU B yKa3aHHBIX TOYKaX. IHTEeHCMBHOCTh LEHTPAJIBHOIO IIHYypa B 2 pasa
cnabee OOKOBBIX IUIa3MEHHBIX IIHYpOB M Oosee, yeM B 4 pasa ciiabee pacCMOTPEHHBIX paHee IBYX
MIPUIIOBEPXHOCTHBIX TUIa3MEHHBIX MHYpoB. Ha puc. 1.1.2.6 npuBenén rpaduk pacupeaeneHus WHIYKITUA
B u ero xommoneHT Bx u By Ha ypoBHe 10 MM OT mMuIieHH. 31ech HAOIIOAACTCSI NCYE3HOBEHHE OOKOBBIX
«KyTIOJIOB» M 00pa30BaHME €IMHOTO «KYIOJIa» C IEHTPOM Ha 26 MM. BenwumHa wmHAYKIMU Bx 37€Ch
coctaBisieT uyTh Oonee 0,35 Tn. PaccmarpuBas kpuByro Bx Ha BcexX TpEX rpadukax, MOKHO 3aMETUTh
BHEITHIOIO TPaHUILy PaclpoCTpaHeHHs KaHaBKHU 3po3uu. OHa ornpenenseTcst 4yTh O0JbIle MecTa eperunda
MakcuMaiabHOTO 3HaueHwus. [1o mepBomy rpaduky 310 oT 8§ — 9 MM 10 41 — 42 mm. [To BTopomy (5 MM oT
muiieHn) ot 9 — 10 mm 10 40 — 41 mm. Io Tperremy (10 MM oT mumenn) ot 11 -12 MM 10 39 — 40 mMm.
MaruutHas cuctemMa MMeeT OOKOBBIE «KYTOJbHBIE» 0Opa3oBaHHUs, KOTOPbIE HAXOIATCS 3a MpelernaMu
MUIICHH W TOMAJal0T B 00JAacTh PACIONOXKEHUS KPEIUICHUS MUIICHW U JAPYTUX KOHCTPYKTHUBHBIX
3JIEMEHTOB. MakCUMyM Mapa3uTHOTO pacHbUIEHUS IPUXOAUTCS Ha 67 MM, rie By paBHO Hyt0. MHAYKIMS
Bx B 1ol Touke paBHa 0,07 Ti, 4To mpeACTaBISIET TOCTATOYHO OOJBITYIO BETUYHHY, U TPEOYIOTCSI MEPHI,
npeaoTBpamatomue 3to. Heooxoaumo 3amumars 06actb, rae Bx 6onpmre 0,02 — 0,03 Ti. D10 ot 52 MM.
MeTo0B 3alIUThl MHOTO, 3TO MOKPBITHE H3OJIAIMOHHBIM MAaTEPHUAIOM, YTOOBI MCKIIIOUUTH JBUKCHHE
MOHOB, O0eCTieUeHHe MIABAIOIIET0 MOTEHI[MANA B 3TUX MECTa JJIsl HCKIIFOUCHUS ABM)KCHUS TOKA, WIH UX
koMOuHarus. OO6acTh pacnpoCTpaHEHHs IJ1a3Mbl OT TOBEPXHOCTH MHUILIEHH B CTOPOHY MOMAJIOKKH
orpannunBaercs BenuuuHor 0,02 Tn. Ilnazma B JaHHOM KOHCTPYKIIMM MAarHUTHOM CHUCTEMBI
pacnpocTpansiercss 10 38 MM, TO €CTb MMEET CPAaBHUTEIBHO NPUIOBEPXHOCTHOE ropeHue. Ilpu stom
MarHuTHas CUCTeMa MOCTPOEHA TaK, YTO Ha MOBEPXHOCTH MUIIEHU UHIAYKIUS Bx UMEeT BEIUUYUHY OKOJIO
0,14 Tn, uro obecneynBaeT 3aXKUTaHHWE pa3psga W, COOTBETCTBEHHO, pabOTy MarHeTpoHa mpHu Ooiee

rIIyOOKOM 3HaYeHHH BaKyyMa.
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Puc. 1.1.2.5. I'paduk pacnpenencHuss HHAYKIIAA MarHUTHOTO TIOJIS HA PACCTOSIHUU 5 MM OT MUILIEHU

Puc. 1.1.2.6. I'paduk pacnpeneieHuss HHAYKIUH MATHATHOTO TOJISl HA paccTOsiHUA 10 MM OT MUIIICHH

Pacuér mpornoszupyemoit GopMbl OTHOCUTEIHLHON 3PO3UHM MHIIICHHU OCYIIECTBIISETCS C MIOMOIIBIO
OpPUTMHAILHON MporpamMMbl Pretarger. BxoHsIMU JTaHHBIMHE /1715 BBITIOJIHEHUS PacyETOB SBISIETCS TabIna
pacupeneseHuss HHAYKIUK B ¥ €ro KOMIIOHEHT Bx U By HaJl IOBEPXHOCTHIO MULIeHU. Pe3ynbrar pac4€ToB
IIPOTHO3UPYEMOI (OPMBI APO3UN MPU MAKCUMAIBbHOM U MUHHMAJIBHOM pPEXHME pabOThl MarHeTpoHa
npeactasieH Ha puc. 1.1.2.7. [Ipu MakcumMaabHOM peXUMe MarHeTpoHa 30Ha 3po3uH mupe. KopruaHeBbiM
o0o03HaueH pexxuM Manoi MourHocTH. [llupuna obnactu 3po3un pacupoctpansiercs ot 1,5 mm g0 50 mMm.
OposuiiHas KaHaBKa pacnpocTpansercs oT 9 mm 1o 42,0 mm, T.e. umeeT mupuHy 33 mm. Koadduunent

MCIOJIb30BaHUS MaTepuasa MUILEeHU cocTaBisieT 0onee 60% (33mm/50Mmm).

wopma 3po3un n

‘ 705 645 585 525 465 405 345 -285 -225 -165 -105 45 15 75 135 185 255 315 375 435 495 555 615 675
675 615 555 495 435 375 315 -265 -185 -135 75 -15 45 105 165 225 2B5 345 405 465 525 585 645 705

Puc. 1.1.2.7. I'paduk nporuozupyemoii popMsl 3p03uH NPU MAKCUMAJILHOM M MUHUMaJIEHOM PEXUME PabOThI
MarHeTpoHa

HccnenoBanyne NOHAEMOTOPHBIX CHII, BO3IECHCTBYIOIINX HA OTAEIbHBIE COCTABIIAIOIINE 3JIEMEHTHI
MarHUTHOM CHUCTEMbI IPOSKTHPYEMOT0 MarHeTpOHa, MOKa3aly OMIMOOYHOCTh TPUMEHEHUS IIEHTPATbHON
CTaJIbHOM IutacTuHbl. Hamuuue cranbHOW MUIACTHHBI TOJNIIMHOW 1 MM MEXAy LIEHTpPaJbHBIMH BCTPEYHO
HalpaBJICHHBIMI MarHUTaMM HE BBINOJHSET CBOEH (YHKIMH, TaK KaK >Kele30 BXOIUT B HACBHIIIEHUE U

[EHTPaIbHBIC MATHUTHI PACTATKUBAIOTCS C OOJIBIIION CHUIIOMN.
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CxaTb pacTaJKUBAIOIIMECS MArHUThl OOJBIION CHUJIBI TPEeOYeT CHEeLHaTbHOTO KPeIyIeHHs. JTO

YCIIOXKHSIET COOPKY MAarHUTHOM CHCTEMBI.

KoncTpykTuBHoe pemenne Ne2

IR d \ 1 il

Puc. 1.1.2.8. IIBeToBast kKapTa KOMIOHEHTHl HHAYKIIUH MAarHATHOTO TOJIA BX MarHUTHOH cucTeMbl No2

MaruutHas cuctema No2 cOCTOMT M3 MarHUTOB BeICOTON 20 MM (CieBa HAMpaBo OT IIEHTPA):

1. [lenTpanbHBIN MarHUT MUPUHONW 18 MM, HampaBlieHHEe HAMAarHUYEHHOCTH HaIpaBjicHa BBEPX;

2. JIonoJHUTENBbHBI K NEHTPAIPHOMY MArHUT IMUPUHON 13 MM, HMEIOIIHMI BEPTUKAIBHOE
HalpaBJi€eHUE HAMarHMYEHHOCTH CBEPXYy BHHU3, IUIOTHO MPHUXKAT K LEHTPAIbHOMY MAarHuTy
(mpuMarHuyen);

3. IIpomexyTtok 12,5 MM

4. JlonoJIHUTENbHBIA K TepuepruitHoOMy MarHuT MmUpuHOM 11 MM, WMEIImMA HampaBlieHUE
HaMarHW4eHHOCTH K LIEHTPY;

5. [lepudepuiinplii MarHUT UIMPUHOW 7,5 MM, UMEIOIMHA TOPU3OHTAIBLHOE HAIpPaBICHUE
HaMarHM4YEHHOCTH, HAMPABJIEHHOE K CBEPXY BHU3, INIOTHO MPUKAT K JOMOJTHUTEIILBHOMY MarHury;

6. [IpomexyTok 15 mm;

7. Oxpan Ct3 2 mm. Ckoc 4,5x1,5 MM, oOpaiiéH BHYTpb.
®dopmyIia MAarHUTHON CUCTEMBI (IIPAaBOil MTOJIOBUHBI):

09 (118) 22 (| 13) = 34,5 (3a30p 12,5) + 45,5 («—11) + 53 (|7,5) + 68 (3a30p 15) =70 (2mm C13)
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Puc. 1.1.2.9. T'paduk pacnpeneneHus HHAYKIHUA MATHUTHOTO HOJISL Y TIOBEPXHOCTH MHILICHU
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Puc. 1.1.2.10. I'paduk pacupeneneHnss HHAYKIUA MATHUTHOTO MOJISI HA PACCTOSIHUM 5 MM OT MUIICHU

Ha puc. 1.1.2.8 mpencraBiieHbl CHJIOBBIC JHHUM MarHUTHOTO TIOJS W IIBETOBas auarpaMma
KOMITOHCHTBl WHAYKIIMA MarHUTHOTO moist Bx marHuTHOM cucteMbl Ne2. Ha rpaduke puc. 1.1.2.9
IIPUBECHO pACIpPENEICHUE MHIYKIUU B MarHUTHOrO IOJISI U €ro KOMIIOHEHT Bx um By Ha ypoBHE
MOBEPXHOCTH MUIlIeHH. Ha paccTositHum 25 MM OT IIEHTpa MUIIIEHU UHIAYKIHS B MarHUTHOTO TOJISl UMEET
OTpHUIIATEeNIbHOE 3HA4YeHHUE, T.€. J0OaBJseTCs IJIa3MEHHBIM HIHYp oOpaTHOro HampasiieHus. LIeHTpsl
«KynoJsioB» — 12 mm, 25 mm u 38,3 MmMm. Bennuuna unnykuuu Bx coctasisier okoso 0,155 Tn ansa nepsoro
«kymomna», Broporo okojo -0,1 T, tperbero okono 0,14 Tin. DTy 3HaUYeHUS HEMHOro OOJIBIIE, YEM Yy
MarHMTHOHN cucTeMbl Nel, HO MIMpPHUHA MEXTy KpaHUMH «KyIoJlaMm» MeHbIne Ha 1 mm. Ha puc. 1.1.2.10

npuBeEH TpaduK pacrpeaesieHuss MHIAYKIUA B U ero KOMIIOHEHT Bx u By Ha ypoBHE 5 MM OT MHIIICHH.
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L{eHTpBI «KYTIOIOB» MPUXOATCS Ha 15 MM, 25 MM U 35 MM, 9TO mHUpeE, 4eM y MarHUTHOU cucteMbl Nel u
cMenieHo K neHTpy. Bennunnsl unnykuuu Bx cocrasisitor 0,078 T, 0,025 T u 0,072 Tit cOOTBETCTBEHHO.
Ha puc. 1.1.2.11 npuBenén rpaduk pactpeneacHus HHAYKIUNA B 1 ero KOMIIOHEHT Bx u By Ha ypoBHe 10
MM OT MUIIIEHHU. 371eCh HAOIOAACTCSI €IUHBIN «KYIIOI» C IEHTpOM Ha 25,5 mMm. Benmnunna unaykiun Bx
3nech cocraisieT uyTh MeHee 0,35 Tn. Ha puc. 1.1.2.12 npuBenén rpaduk pacnpeneneHust UHIYKIUU B 1
€ro KOMIOHEHT Bx u By Ha ypoBHe 15 MM OT MuIieHn. MakCUMyM Mapa3uTHOTO PACHbUICHUS MATHUTHOM
cucteMbl No2 IpUXOIUTCS TaKKe Ha 67 MM C TaKOH )K€ BETMYMHON MHIYKIIUK Bx B 3T0M Touke (okoso 0,07

To). B menom MaraHuTHasi CHCTEMa OYEHb IMTOX0XKA.

DOosHavenn . ¥ »

hazyuumn (T,
Q‘ - 1 1 1 1 " Mlomaagaan
O ——— — — o & wapanes
AN L P P ° - P Fe—®
p 1 1 & H T —
s H - : S F Fe,
e e P - P e Fl——
r I - Lt e 2 iy e,
ood faceod - } oo Fageend - e
N2 i i e : : : H . o
, N ~o e e Pt  Hirgrvaeccn
N e N L [P —
on M : 5 : 5 3 Fareh 3 3 )
/ Y- § i § i 3 § i  MinomaneTe #aprs:
i\ : .
: N, :
S P \ | \
o0 g : "
.
oo e, s T
= . \
- W
o '\.\ N,
\ o
an H H H t H t H
P P \ P o
i o o : S A N
003 - »
| : : : . : : I
1 H 1 I N 1 P
o0 E o f o N :
eeneest eeneest i fept
b, »
N -
005 3 £
-, -
. >
N
806 . R S S S P SR S S SR S PR S S S S S P S S S S
o 2 4 6 o mn 12 AL 16 m a0 =2 24 26 2 an »n M k] » N0 -2 44 A6 L S0 52 5 % 58 &0 62 2] 66 & o
L) | € -]

Puc. 1.1.2.11. I'paduk pacupenesieruss MHAYKIUHA MAarHUTHOTO MOJISI HA pacCTOosHUU 10 MM OT MUILIEHH
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Puc. 1.1.2.12. T'padux pacnpezencHuss HHAYKIIMA MATHUTHOTO TI0JISI HA paCCTOAHUM 15 MM OT MUILIEHU

Pacuér nporno3upyemoii HopMbl OTHOCHUTENHHON SPO3HH MUIICHH ITOKA3aJl TOXO0KUE PE3yIbTaThI.
Pesynbprar pacu€roB mporHo3upyemMoit GopMbI 3pO3UU MPH MAKCUMAIBHOM U MHHHMAIBLHOM PEXKHME
paboThl MarHeTpoHa npeactasiieH Ha puc. 1.1.2.13. [Ipu MakcumManbHOM peXKrMe MarHETPOHA 30Ha SPO3UHN
mupe. CHHUM 0003HaueH peXuM Majioi MomHocTH. [Ilupuna o6iacTu spo3uun pacmnpocTpansercs ot 1,5
MM 710 50 MM. Dpo3uiiHas kaHaBKa pacnpocTpassercs oT 9 MM a0 42,0 MM, T.e. UMeeT IWHUPHUHY 33 MM.

Koadduurent ncnonp3oBanus Marepraia MUIeHu coctasisieT 6onee 60% (33mm/50Mm).

Dopyd Jposuu -~

. 705 6H45 585 525 465 405 -345 -285 -225 -165 -105 45 15 75 135 195 255 315 375 435 495 555 615 €715
675 615 -555 485 435 -375 315 -255 -185 -135 75 -15 45 105 165 225 285 345 405 485 525 585 645 705

Puc. 1.1.2.13. I'padux nporHo3upyeMoit GopMbl SPO3HH MTPU MAKC. U MUH. pabOTHI MarHeTpOHA

MaruuTtHas cucTeMa COCTaBjeHa W3 MarHuTOB, JIETKO COOMpAaeMbIX B IIEHTPAIbHOW 30HE U
TPeOYIOIMMX CKJICHKA WM HE3HAYMTEIIBHOTO MpYKMMa B mepudepuitHoi vyactu. B 1iemom marHuTHas

crcTeMa TeXHUYEeCKH coOMpaeMasi U B3sTa 32 OCHOBY IPHU MPOCKTUPOBAHUN MAarHETPOHOB.

CIIMCOK UCIIOJIb30OBAHBIX HCTOYHUKOB

[1.1.2.1] AO.A. A.B. lyxomnenbHUKOB «MarHeTpoHHbIE pacbUIUTEIbHbIC cUCTeMBL. Y. 1,

YcTpoiicTBo, mpuHIHUI PaboThl, mpuMeHeHue», M.: M3parensctBo MI'TY um. H.D.  baymana, 2014.

[1.1.2.2] C.A. I'pumun, JI.B. Jleckos, H.IT. Ko3noB «DaekTprudeckne pakeTHbIC ABUTATEIH. M.:
Mamunoctpoenue, 1975. — C. 272.

[1.1.2.3] A.1. Mopo3oB «®Pu3ndeckre 0CHOBbBI KOCMUYECKUX 3JIEKTPOPEAKTUBHBIX JIBUTATEIICH.

DneMeHThl IMHaMuKH oTokoB B DOPJI» M.: Atomuznar, 1978. — C. 328.

[1.1.2.4] ELCUT mnporpamMmma MOAETHUPOBAHHS 3JIEKTPOMATHUTHBIX, TEIUIOBBIX W MEXaHHYECKHX 3a/1adu

[DnexTponHsIit pecypc]. — Pexxum goctyma: http://wwwe.tor.ru/elcut/

TIpunoxenus.

1. Koncrpykropckas nokymentarus. [Ipunox.1.1.2 2.pdf
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1.1.3. TecroBble HaHecenuss kapOuma oopa °B4C Ha nosuMepHble IJIEHKM W3 JaBCaHa
(Mylar) u mosimumuaa (Kapton).
Beenenune

Bo3MoxHOCTh HaHECEeHUsT TOHKOIUIEHOYHBIX TMOKpHITHH KapOuma Oopa Bs4C, oborameHHOTO
m3otonoM °B, Ha MoNMMepHBIE MISHKH JAéT BO3MOXKHOCTH CO3/IaHHS HOBHIX JETEKTOPOB HEHTPOHOB,
KOTOpBIE OYIyT 00J1a1aTh JIyYIIMMHU XapaKTEPUCTUKAMH 10 CPABHEHHIO C IETEKTOPAMH, HCITOJIB3YIOIIMHU
B KauecTBE KOHBEPTEPA HEHTPOHOB TOHKOIUIEHOUHBIE TIOKpHITHS °B4C, HAHOCHMEIE HA ANIOMUHHEBBIE
mucThl. [losBNsIeTCS BO3MOMKHOCTH TMOBBIIMICHUSI TUIOCKOCTHOCTH, YTO JAacT BO3MOXXHOCTH TIOBBICHTH
TpeOOBaHUSI K TEOMETPHH JETEKTOpa M YMEHBIIHMTH 33a30p aHOI-KaToA. JTO B CBOKO OYepenb BEAET K
VIIYYIICHUIO BPEMEHHOTO U MPOCTPAHCTBEHHOTO Pa3pelICHUs, B TOM YHCIIE K TOBBIIICHUIO 3arpy309HON
CIIOCOOHOCTH.

CHOXHOCTh MarHeTpOHHOTO HaHEeceHus KapOupa Oopa Ha MOMUMEpHBbIE IUIEHKU CBs3aHA C

: =
-
7 | noauMepHbIX MarepuainoB. Paszpaborannas B OMAU

CPaBHUTEIBHO HU3KOM TEMIIEpaTypol ILIaBICHUS

OpUTHHAJIbHAS TEXHOJOTHS TMO3BOJIIET HAHOCHUTD
TOHKHME IUIEHKH KapOupa ©Oopa MarHeTpOHHBIM
pacmblIEHMEM TpU  HU3KMX  TeMIeparypax B
BaKyyMHOW Kamepe W 0e3 HarpeBa MOJJIOKKH. B
OCHOBY TIOJyY€HUS! TOHKOIUIEHOYHBIX MOKPBITUH U3

KapOuaa Gopa Mpu HU3KUX TEMIIEpaTypax 3aJI0’KEeHO

Puc. 1.1.3.1. JTaBca"oBas IIEHKA C TOHKOILIEHOYHBIM
10B,C. dbopMupoBaHre  MIEHOK TpPH  MArHETPOHHOM

CrneBa-Hampagso:
bupro3oBsrii — 160 1M,

JKénrprii — 100 nwm, IPUMEHEHHEM HOHHOTO aCCHCTHPOBaHHs. PaGoThl

pactbUICHHM  MUIIEHW U3 Kapbmma Oopa ¢

BBINOJIHEHBI Ha BakyyMmHOH yctanoBke VSR-300 (cOopka xomnanmu POBBAK, r. ®pssuno). JlanHbie
paboThI SBISIOTCS MPOJOIDKEHUEM pabOT MO HAHECEHUIO KapOuma 60pa Ha MOMOKKH U3 ATFOMHUHHEBBIX
JIUCTOB U BBIMOJHEHBI HA TOM k€ 000pYAOBaHUU.

PE3YJIbTATDBI
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Ha puc. 1.1.3.1 mpuBenensl GpoTorpadguyu TaBcaHOBBIX MIEHOK ¢ mokpsitueM °B4C. TecToBble

HaHecenus °B4C BHITIOMHANKCH TIPH MPEIBAPHTEIHHOM TIPOrpeBe KaMeph! mpu Aasnenuu 5-10° MTopp u

Puc. 1.1.3.2. JJaBca"oBas IUIEHKA ¢ TOHKOIUIEHOYHBIM

1o,C.

MomHOoCTh MarHeTpoHa ¢ MUIIIEHbIO U3 kKapOua 6opa coctarmsuia 0,85 kBt. Tonmuna cinost kapouga 6opa

temriepatype 130°C B teuenun 180 munyt. [anee,

ITIOCJIC OXJIAXKJICHUA MIEHOYHBIMH

35°C

KaMepbl ¢

MOJIOKKAaMHU 10 BBITIOJIHSUIACH ~ OYMCTKA
MO/JIOKEK MOTOKOM HMOHOB OT MOHHOT'O HMCTOYHMKA,
paborarorero npu HampspkeHun 1500B 1 monHOM
toke 50 — 70 MA. IlokpbITHE CJIOEM aTtOMUHUS
TOJNIIUHON OKOJIO 70 HM BBITIOJIHEHO MPU MOIIHOCTH
MarHeTpoHa C aJlOMUHUEBOM MuileHbio 1 kBT ¢
skcno3uiment S MunayT. [Ipn 3TOM HabII01A7ICSt HATPEB
kamepbl 10 55°C, dYro TpeboBajgo OdYEpPEIHOTO
oxnaxaeHus no 35°C. Hanecenum kapOuma Oopa
OCYILIECTBISIJIOCh TOCIIOMHO € OCTAaHOBKAMHM TP

NOBBIIIEHUH TeMIlepatypbl B Kamepe Oosee 55°C.

10B,4C ompeesiach IIUTEIBHOCThIO IKCIO3UIHMK. M3rOTOBIEHBI MO YETHIpE 00pasiia C MOKPHITHEM

kapbugom 6opa °B4C pasmoii Tommmubl nascanoBeix (Mylar) n mommummunaex (Kapton) miéHok c

o6mnactrio Hanecenus °B4C pasmepom 250x250 mm. Ha puc. 1.1.3.2 npusenena dororpadus obpasua Ne

1

B tabmumy 1.1.3.1 cBeeHBI XapaKTePUCTHKH IMOJTYICHHBIX 00pa3IloB.

Tabmuua 1.1.3.1.

OcHoBHBIC XAPAKTCPUCTUKH MOJTYUCHHBIX O6p3,3]_[OB MOJIMMCPHBIX IUIEHOK C IOKPBITUEM 10B4C

O6pa3ze DKCIO3UINA
Jara IMomoxKa Tommuna 1°B4C IiBer
I B,C, MunyT
Nel 07.11.2021 | naBcan 45 130 IIypIIypHBII
0.9.11.202
Ne2 . JIaBCaH 60 160 OMPIO30BBIN
Ne3 12.11.2021 JIaBCaH 30 100 JKEITHIN
cepo-
Ned 14.11.2021 JIaBCaH 150 450 o
3€JIEHBIN
Ne5 15.11.2021 | monmuuMH 160 500 cephIit
Ne6 17.11.2021 | momuumus 55 150 CUHUHI
Ne7 21.11.2021 | momuuMuI 45 130 Ty PITYPHBII
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Ne8

24.11.2021

IHOJIMHUMU [,

30

100

JKENTHIN

Tonmuuubl cnos kapOuma Oopa AaHbl OIEHOYHO. TO4yHBIE 3HAa4YeHUs OyIyT TOJYyYEHBl IMPHU
MPOBEJICHUU MCCIEAOBAHUN CBUIETENEH,

IJIaCTUHBI, YCTAHABJIMBACMBIC B HGHTpaHBHOﬁ qaCTH 6apa6aHa C IIOAJIOKKaMMU.

BbIBO/IbI

MeTo10M MarHeTpOHHOTO PacIbUICHHS] TP HOHHOM aCCUCTHUPOBAHUY 10Ty YEHBI IITIOTHBIC IIIIEHKU
B4C c¢ BbicOKOW anaresweil K TMOJUIOKKAM M3 TOJMMEPHBIX JIABCAHOBBIX M TOJMUMHUIHBIX IUIEHOK.
[Tonmyyennsie 0Opa3iibl MpeAHAa3HAYECHbl U JalbHEHIINX HCCIEIOBAaHUNA Ha JETEKTOpax HEHTPOHOB B

KayecTBEe KOHBEPTEPHOT'O MaTepHala.

IIpunoxenus.

1. Akt usrorosnenus. ®aitn [punox.1.1.3_1.pdf

2. Otuér mo HaHeceHHUIo KapOuaa 6opa Ha nonuMepHbie weHKH. Daiin [Tpunoxk.1.1.3_2.pdf
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1.1.4. PexoHcTpyKIMsI BAKYyMHOH HanbLIMTeIbHOH cuctemMbl VSR300 mox marsHerpoHHoe
nanecenne °B4C Ha py/IoHHBbIE MATEPHAJIBI U3 MOJUMEPHBIX IIEHOK M METAJLINYECKOi (OJIbIH.

(1 ouepenn)

B nacrosiniee BpeMs B UCCIIEIOBATENbCKUX LIEHTPAaX MUpa HaOJI0aeTcs MOBBIIICHHbIN HHTEpeC K
Pa3BUTUIO HEUTPOHHBIX MCCIEAOBAaHUM. MAET CTPOUTENBCTBO HOBBIX HCCIENOBATENBCKUX LIEHTPOB
(marmpumep, European Spallation Source (ESS) B IllBenmu, ITMK B Poccuu) u pasButue mpubOOpHO-
MHCTPYMEHTAJIbHOM 0a3bl JIJIsl OCHAIIEHUS SKCIIEPUMEHTAIbHBIX CTAaHIIMII HEUTPOHHBIX HICTOYHUKOB paHee
MOCTPOCHHBIX PacHpeaeTuTebHBIX HcTouHMKOB (Spallation Source) HaydHBIX HCCIEI0BATEIBCKHX
LEHTPOB. DTO CBSI3aHO C YHUKAJIBbHBIMU BO3MOXHOCTSIMU HCCJIEJIOBAHUS MAaTEPUM C TOMOUIBIO
HEUTPOHHOT'O U3JIyUYECHUS.

K HacTos1emy BpeMeHH U3TOTOBIEHO OOJIBIIIOE KOJIMYECTBO AETEKTOPOB C MPUMEHEHUEM TOHKOTO
cnost kouBeprepa B4C. Bece oHM OTHOCATCS TUIY ra3opa3psiAHbIX JETEKTOpOB. B kadecTBe mokaszarens
COCTOSIHMSI TEXHHUKM M MHUPOBOTO YpPOBHS Pa3BUTHS MPUOOPHO-MHCTPYMEHTAIbHOW ©a3bl MOXHO
paccMOTpeTh TpebOBaHUS K Ta30pa3psIHbIM JETEKTOpaM, MPUMEHSIONIUM AITIOMUHHEBBIC JIHCTHI
ToMIMHOK 0,5 MM C KOHBEpPTEPOM U3 TOHKOCIOIHOro kapbuma 6opa °B4C, u mpemHasHaueHHBIM [T
MpUOOPOB CTpOSIIErocs Beayiiero EBporneiickoro pacnpenenutenbHoro ucrounuka ESS, Jynn, lIBemws.

TpebGoBanus mpusenens! B Tadbmmre 1.1.4.1.

Tabmuma 1.1.4.1. TpeboBaHus K JETEKTOpaM Ha OCHOBE 10B,4C (ESS, r.Jlynn, Benus)

Bpemennoe ITmontane IImoTHOCTH
HaumenBanue | [Inama3oH, [IpocTpancTBEeHHOE
paspeleHue, JeTEeKTOopa, MOTOKa,
npubopa A paspelenue, MM?
MKC M2 u/c/cm?
LOKI
Small Angle
3-20 100 2x8 10 10"9
Neutron
Scattering
SKADI
Small Angle
2-18 100 5x10 20 10"9
Neutron
Scattering
ESTIA
Vertical 5-9,4 100 1x8 0,25 10"9
Reflectometer
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FREIA
Horizontal 2-23 100 0,5x2 0,16 10"9
Reflectometer
C-SPEC
Cold Chopper 1,5-20 10 25x25 47,47 10nN7
Spectrometer
VOR
Bi-Spectral

0,8-20 10 20x20 25,65 1017
Chopper

Spectrometer
CAMEA
Inverse TOF 1-8 10 o5x5 2,4 10710
Spectrometer
POWTEX
Bi-Spectral

0,5-20 10 2x2 11,69 1019
Powder

Diffractometer
HEIMDAL

Thermal

1-13 100 3x3 15,002 1019
Powder

Diffractometer
BEER
Material
Science & 0,1-7 10 2x5 6,4925 1017

Engineering

Diffractom.

W3 Tabau1s! BUIHO, YTO COBPEMEHHBIE JETEKTOPBI HEUTPOHOB UMEIOT OOJIBIITYIO PETHCTPUPYIOIITY IO

IIomank, T.6. JUIS CO3JaHHS COBPEMEHHBIX JETEKTOpOB Ha OCHOBe KoHBepTepa °BsC HeoO6Xommmo
10 o

o0OecreunTh HAaHECEHHE TOHKOTro cjosi kapoOuma 6opa “Bs4C Ha mommoxku OomibImon miomanu. Jlms
nerexktopoB ESS paspaborana Texsonorus HaneceHus °B;C Ha MOITOXKKHM U3 AFOMHHHEBBIX JIHCTOB
ToauHoi 0,5 MM OOJIBIION ILIOIIAIN.

OpurnHanbHasT MeTOAWKa, pa3padboranHas B OUWAN coBMeCTHO ¢ TroCyIapCTBEHHBIM
yHuBepcuTeToM «JlyGHa» TO3BONSET BHINONHATh MAarHeTpOHHOEe HaHeceHHe °B4C HpH TIOHIKEHHH

Temnepatypsl B kamepe 70 S0°C, 4yTo 1o3BoJIsIeT MPUMEHSATH B KQUeCTBE MOJIOKKH aTFOMUHHEBYIO (DOJIBTY
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Y TOJIMMEpHBIE MUIEHOYHbIE MaTepHaibl, a UMeHHO nomuuMmuanyo (Kanton) m naBcanoByro (Maiinap)
mwiénku. Onpo6osaHo HaHeceHue konseprepa °B4C tommunoii 50, 80, 300 u 500 HM Ha aTIOMHHHEBYIO
dbonbry TommuHOM 20 MKM, Ha TOJUUMHIHYIO IUICHKY TOJIIMHONW 20 MKM M Ha JaBCAaHOBYIO TIEHKY
tommuHON 20 MkM. IIpuMeHeHHe B JeTeKTOpax Ha OCHOBE TOHKOTO ciosi KoHBeprepa °BsC BMecTo
MOJIOKKHA W3 AJIOMHUHHMEBBIX JIMCTOB MOJIOKKHA U3 MOJIMMEPHBIX IUIEHOK CYIIECTBEHHO YIIyYIlIaeT
XapaKTEPUCTUKU JIETEKTOPOB 33 CUET YMEHBILICHUS TOJIIMHBI MOAJIOKEK U MOBBIIIEHUS IJIOCKOCTHOCTH
KOHBEPTEPHOTO ci1osl. [T03TOMY CO3/1aHMe YCTAaHOBKH, TIO3BOJISIONIEH HAHOCHTH TOHKOIISHOUHEIH ‘°B4C
Ha TOJUMEpPHbIE IUIEHKA OONBIION IUIONIAIW, MO3BOJUT CO3/1aBaTh CaMble COBPEMEHHBIE ETEKTOPHI
HEUTPOHOB.

K mHacrosmemy BpemeHH pa3zpaboTaHa KOHCTPYKIUS ¥ W3TOTABIMBACTCS IPOMBIILIICHHAS
IPOXO/HAS BAKYyMHAs yCTAHOBKA JIMHEHHOTO THIIA JUTS MarHETPOHHOTO HaHeceHHs Kapouaa 6opa °B4C
Ha aJIOMUHUEBBIC JIUCTHI, AJIOMUHUEBYIO (OJBrYy M IOJMMEpPHbIE MaTepuayibl pabodei IIIoNaibio
400x1200 mwm, mmaHupyeMas K pasMmenieHuio B jabopatopum HelTpoHHoW (usuku (JIHO OUAN).
W3rotoBneHne M MOHTaX YCTaHOBKM IuUlaHupyercs 3aBepmiuTh B 2022 roxy. Celuac HCHoOib3yeTcs
naGoparopHas ycraHoBka VSR300 nm1s HameceHust konpeprepa °B4C Ha aNIOMHUHHEBBIE MOJUIOKKH
tonuHon 0,5 mm pasmepom 250x250 MM, 4YTO TO3BOJISIET W3TOTABJIMBATH JETEKTOPHI HEUTPOHOB
pa3IUyHOTO TUMA ¢ pabdoueit oomacteio 10 250x250 mM. BBenenue B cTpoii B 2022 roay NpOMBIIITIEHHON
YCTaHOBKHM [JacT BO3MOXHOCTb YBEIWYMTH Iulomaap KoHBeprepa 10 400x1200 MM. DTO mO3BOJIUT
M3TOTABIMBATh JIETEKTOPbl C Tropa3fo Oonbinedl paboueil 00macThio, MOAOOHBIE JETEKTOpaM,
u3rorasirBaeMbiM B IlIBerun.

[lepeHeceHNe OPHTMHANBHOH COOCTBEHHOW METONMKH BaKyyMHOTO HaHeceHus °BsC Ha
NONUMEpHBIE TNEHKM K HaHeceHHIo °B4C Ha pyJIOHHBIE MaTepHANbl AACT BO3MOMKHOCTH CO3JAaHHUS
YHUKQJIbHBIX JIETEKTOPOB HEUTPOHOB KakK MO IUIOIIAJX, TaK U MO MPOCTPAHCTBEHHOMY U BPEMEHHOMY
paspemieHuo. B ToM yuciie mosBUTCS BO3MOKHOCTh u3roraBiuBath B OMSAN HOBBIN Kinacc Straw-
JNEeTeKTOpOoB AuameTpoM S MM unu 10 mm u gymuHoit 7o 3000 mm.

[lepBbIM 1maroM B JOCTHUKEHUU TIOCTABJIECHHON WEIN SBISIETCS MOJECPHU3AIMUS HMEIOLIeHCs
naGoparopHoif BakyymHOM ycraHoBkn VSR300 mox namecenume °B4C Ha pyJNOHHBIE MAaTepHAEL.
Brimonnenne monepausanuu ycranoBkn VSR300 momkHO o0ecrednTh BKIIOUYEHHE B COCTAB YCTAaHOBKH
CJIEYIOIINUX OCHOBHBIX Y3JIOB:

a) YCTpoiCTBO MEPEMOTKH;

b) MarneTpoHHBII pacHbLIUTEN;

C) MoHHBI# HCTOYHHK;

d) MonTaxkHbie (JIaHIbI C BBOJAMH WA OT/ACTbHBIC BBOJIBI,
e) MHBepTOp MUTAaHUSI MarHETPOHA,;

f) NaBepTOp NUTaHUS MOHHOTO MCTOYHUKA.
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KoncTpykTrBHBIE TpeOOBaHUS K MOAEpHHU3aMK BakyyMHOi yctaHoBkH VSR300:

1) MarHeTpoHHBI ~ PACHBUIMTEIb C KOCBEHHBIM  OXJQKICHHEM MHUIICHU JIOJDKCH HMETh
cOaJlaHCUPOBAaHHYIO MATHUTHYIO CHCTEMY ToJ MUIlIeHb pazmepoM 400x100 MM 1 obecrieunBaTh BHICOKUI
KO2(DPUITMEHT UCTIOTB30BAHUS MaTepraia MUIICHH.

2) YCcTpOiCTBO IEPEMOTKH JOJDKHO HMETh MEXaHH3M NMEPEMOTKH, 00ECIICUNBAIOIINI 3arpy3Ky PyJIOHA
naBcaHoBOM MIEHKHU ToauuHOM 20-30 MM, mupuHoit 400 mm u nuHoM He MeHee 100 M, pa3MenéHHY0
Ha 00o0OuHe crangapTHOro Auamerpa. [lpuBoj ycTpoiicTBa mepeMOTKH TOJKEH 00ecreunBaTh CKOPOCTh B
muanazone 1-100 mm/mMun. JlomkHa OBITH TIPEAYCMOTPEHA PEBEPCHMBHAS TEPEMOTKA IUICHKH. Bai
MEXaHHU3Ma IIEPEMOTKH, PACTIONOKEHHBIN B 30HE HAHECEHMSI TIOKPBITHUS, TOJKEH OXJIAXAAThC IPOTOUHOU
BOJI0M. MeXxaHH3M MepeMOTKH JI0JIKEH OBITh U30JIMPOBAH OT KOPITyca BaKyyMHOM KaMephl.

3) MuBepTOp MHUTAaHUS MarHETPOHA JOJDKCH OBITh YHUIOJISPHBIM MOITHOCTHIO He MeHee 4,5 kBt u ¢
BO3MOXHOCTBIO peryiaupoBku 4acToThl oT 0 g0 100 xI'1.

4) MarHeTpoHHBIA PACIBUINTEb M YCTPOMCTBO TMEPEMOTKH JOJKHBI OBITh YKOMIUIEKTOBAHBI
HE0OXOUMBIMHA BaKyYMHBIMH BBOJIJAMH WJIM YCTAHOBOYHBIMH ITOPTaMHU C BAKYYMHBIMHU BBOJIAMH, a TAKXKE

HEOO0XOIMMBIMU 3JIEMEHTAMH 11 MOHTaKa BHYTPH BaKyyMHOM KaMmephl.

Pa3paboTan 3cku3HbIN MpoekT MoAepHm3aluu ycranoBkd VSR300 B cocTage:
e COOpOYHBII YepTEK,
e Yepréx N3MEHEHUN KOHCTPYKLMHU YCTaHOBKH,
e UepTexku JONMOTHUTENIBHBIX y3JI0B,
e CxeMsl.
B 2022 romy mmanmpyetcsi monepHuzamnuio ycraHoBku VSR300 3aBepmmuTh W BBeCTH €€ B
SKCIUTyaTallMio JUIs M3TOTOBJIEHHS TOHKOCIOWHBIX KOHBepTepoB '°BsC Ha MONMMMEPHBIX IUIEHKAX B

pyJIOHax.

TIpunoxenus.

1. Koncrpykropckas nokymenrtarms. Paiin [punosxk.1.1.4.pdf
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1.1.5. Ta30Bblil JAeTEKTOP MeIJIEHHBIX HEHTPOHOB € TBEPAOTEJbLHBIM KOHBEPTEPOM M3
kapOuaa 6opa 1°BsC na amomunueBoii mogsoxke. (1 ouepenn)

NmmynwscHbiil peaktop UBP-2 sBisieTcs OCHOBHOM HCCIIEIOBATENBCKOM ycTaHOBKOM JlabopaTopun
HerTpoHHOW (usuku um. .M. @panka u 0azoBoii ycranoBkoir OWSN. HomuHanbHas MOITHOCTH
peaktopa cocraBisier 2 MBT, a miurenbHOCTh uMmiyibca coctaBisieT 320 mkc. InoTHOCTH moTOKa
TETJIOBBIX HEHTPOHOB C TIOBEPXHOCTH TEILIOBOTO 3aMeuTens coctapiser 10%m/(cm? ¢). Peaktop UBP-2
uMeeT 14 wuccrnenoBaTeIbCKUX KAaHAJIOB Ui BBIBOJIAa HEHTPOHHBIX IYYKOB, MpPEJHA3HAYEHHBIX IS
MIPOBEJICHUS HCCIEAOBAaHUN KOHACHCHPOBAHHBIX CPell U OMOJIOTUYECKUX CHUCTEM METOJAMU PACCESHUS
HeiTpoHOB. B Kkanamax BbeIBOAa (OPMHUPYIOTCS IYYKH HEHTPOHOB, KOTOpBIE HAIPABISIOTCS Ha
CHEIMAM3UPOBAHHBIC YCTAHOBKH, Ka)Xas W3 KOTOPBIX OOOpYyJOBaHAa CHUCTEMOW JIE€TEKTUPOBAHUS
HEUTPOHHOTO U3JIyYEHUs], aIallTUPOBAHHON K METOJUKE U3MEPEHUN, TPUMEHSIEMON Ha YCTAHOBKE.

OIIHO U3 BaXKHEUIIINX HATPABJICHUM UCCIIEIOBAHUH SBIISIETCSA Pa3BUTUE CYIIECTBYIOIINX U CO3/ITaHUE
HOBBIX TEXHOJIOTUH, HA OCHOBE KOTOPBIX CO3JAIOTCS JAETEKTOPhl HEHTPOHOB MJISl AKCHEPUMEHTAIbHBIX
ycTaHoBOK peakropa BP-2.

Heiitponsl He SBISIOTCS MNPSMO HOHU3UPYIOIIMM HU3JIYyYEHUEM, T[OCKOJIbKY HE HMEIOT
aNeKTpuyeckoro 3apsaa. Jlns uX perucrtpanuy  IOPUMEHSIOTCS KOHBEPTEpPHbIE MaTepuaibl U
PETUCTPUPYIOTCS BTOPUYHBIE 3apsDKEHHBIE YacTHIIbI, OOpa30BaHHBIE B pe3yibTaTe B3auMOCHCTBUS
HEUTPOHOB M ATOMHBIX SIJIEp MaTepHalia KOHBEpTEpa.

Jis oBbitieHust 3(HEKTUBHOCTH PETUCTPAIIMH TETUIOBBIX HEUTPOHOB MPUMEHSIOTCS MAaTEPUAITHI C
OONBIIMMHI CEUCHMSIMH 3aXBaTa TEIUIOBBIX HeiTpoHOB, Takme kak kak °Li, 1°B, ®He, ™Gd u ¥Gud.
Haubonee pacrnpocTpaHEHHBIMU SIIEPHBIMU pPEAKLUSIMU, MCIONb3YEeMbIMH B JETEKTOpaxX TEIJIOBBIX

HEUTPOHOB, SBJISIOTCS:

SLi + n -> a(2,05 MaB) + 3H(2,72 M3B), 0,(E,, = 0,025) = 940 b;

198 +n -> (1,47 MaB) + 'Li(0,84 MaB) + v(0,48 MaB) (93,7%),

0B +n -> (1,78 MaB) + ‘Li(1,01 MaB), (6,3 %), o, (E, = 0,025) = 3837 b;

3He + n -> p(0,57 M»B) + 3H(0,19 M»B), 0, (E,, = 0,025) =5328 b;

15Gd + n -> 1%Gd + v(0,08, 0,18, 0,28 M»B) + conv.electrons, o, (E,, = 0,025) = 60740 b;
157Gd + n -> 1%Gd + v(0,08, 0,18, 0,28 M»B) + conv.electrons, o, (E,, = 0,025) =253200 b.

B nacrosimiee Bpems B Jlaboparopuu HewtponHoU (uzuku uM. .M. ®panka, OUAN ocBoeHbI
TEXHOJNOTHH W3TOTOBIEHUS 2-X TUIIOB HEHTPOHHBIX JETEKTOPOB: Ta30BBIX Ha OCHOBE °He wu
CIMHTUUIAIIMOHHBIX Ha ocHoBe °LiF/ZNS(AQ).

[lepcrieKTUBHBIM HaIpPaBJICHUEM Pa3BUTHS CYLIECTBYIOIUX nAeTekTopoB B OUSAUN saBnsercs

pa3paboTKa ACTEKTOpPOB Ha OCHOBe Kapbmma O6opa B4C, koTOpble HAXOAST IIMPOKOE NMPUMEHECHHE B
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MHUPOBBIX Hay4YHBIX LIEHTpaX, Takux Kak: European Spallation Source (ESS) u Japan Proton Accelerator
Research Complex (J-PARC) u ucronb3yioTcsi B KA4eCTBE 3aMEHbI IETEKTOPOB Ha 0CHOBE He.

B JIH®, HayuyHo-skcniepuMeHTaIBHBIA oTHen Komruiekca crektpomerpoB (HOOKC) UBP-2 B
paMKax HcclenoBaTenbckod mporpammbl (mpoekta) mo Tteme: “‘PASPABOTKA W CO3JJAHUE
COBPEMEHHbIX SKCITEPUMEHTAJIbHBIX CTAHIIMM NICTOYHUKOB UMITYJILCHOI'O WJIN
I[MTOCTOAHHOI'O TUITA”
pa3pabaTrbIBaeTcs ra30BbIM JETEKTOP MEAJICHHBIX HEUTPOHOB C TBEPAOTEIHHBIM KOHBEPTEPOM U3 KapOuaa
6opa B4C Ha amroMuHHEBOH TTOIJIOKKE.

Herextop mpenHazHaueH Juist kaHana Ne 4 peakropa MBP-2 - ycranoBka FOMO (Crniektpomerp
MaJIOYTJIOBOTO paccesHUsl HEUTPOHOB) M OyAeT HCMOIb30BATHCS B KAadeCTBE MOHHUTOpA TEIJIOBBIX
HEUTPOHOB.

bnarogapss Hu3kol >()(PEKTUBHOCTH NaHHBIM THMN JETEKTOpa MOXXET OBbITh HCIOJB30BaH IS
M3MEpEHUs] UHTEHCUBHOCTU MPSIMOTO HEUTPOHHOIO MyYKa, TaK KaK BbIIEPKUBAET OOJIbLINE 3arpy3KH U
UMeeT JIUTEIbHOE BpeMs JSKcIutyatauuu. Jlerektop paboTaeT B MPONOPIHOHAIBHOM PEXHME IMpPH
MUHUMaJIbHOM Ta30BOM CHJIGHHMHM IS HUCKJIIOUEHHMsS CO3JaHus Oonbmioro oO0bEMHOIO 3apsja.

Pe3ynbTarsl U3MEpEeHU C MOMOIIBI0 ATOr0 AETEKTOpa MOBBICAT KAYECTBO AKCIIEPHUMEHTAIBHBIX
JAHHBIX, TMOJYYECHHBIX C MTOMOIIBI0 METOJOB MajoyIrJioBoro paccesaus HeirpoHoB (MYPH), Bapuanum
KOHTPAcTa U METOJ1a METOK.

C nmoMo1pio 3TUX MeTO0B Ha criekTpoMerpe FOMO MokeT ObITh MoTydeHa cieyromas HHPOopMaus:
o Pa3mepsl, mpocTpaHCTBEHHBIE KOPPEIAIMKA M (opMa YacTHIl, arioMepaTroB, TOp U (WJIN)
(dbpakTambHas pa3MEPHOCTh KPUCTAUITMUECKHX, aMOP(HBIX 00pa3loB, KOJUIOWIHBIX PacTBOPOB,

OHOJIOTMYECKNX OOBEKTOB B JHUaria3oHe OoT 1 am A0 HECKOJIBKHNX COTCH HAHOMCETPOB,

o CrtpykTypHBIC U3MEHEHUS MpH (Ha30BBIX MEPEX0/IaxX;

o CreneHp NOIUAUCIIEPCHOCTH;

° ArrperaimoHHOE YUCJIO;

o MonekyJisipHbIii BEC;

o Omnpenenenre MIOTHOCTA 00BEKTA;

o HccnenoBanne oqHOPOJHOCTH OOBEKTOB.

o AHanu3 IOTHOCTH paclpeieleHUs U3y4aeMbIX 00bEKTOB

CornacHo mnyHkta 1.1.5 «I'a30BbIil [I€TEKTOpP MEMIJICHHBIX HEWTPOHOB C TBEPAOTEIbHBIM
KOHBEpTepoM M3 KapOuaa 6opa B4C Ha amomMHHHMEBON MoaoXKKe» MiaHa rpaduka, Obuia paspadboTaHa
KOHCTPYKTOpPCKasi JOKYMEHTalus: cOOpOYHble uepTexu M ueprexu netaneil. Ha Pucynke 1.1.15.1.

MIPEJCTaBIICH COOPOYHBIN YEPTEK JICTEKTOPA.
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Pucynox 1.1.15.1. I"a30Bblii 1eTEKTOP MEIICHHBIX HEUTPOHOB C TBEPAOTENBHBIM KOHBEpTEpOoM B4C
Ha ATIOMUHHUEBOM MOJUTOXKKE: a) BHeIHMIA BUI JeTEKTOpa - KOopmyc (KoXyX) - Marepuan AMro6; 6) Paspes
nerexkropa: 1. Ilmardopma; 2. Jletektop ¢ TBepAOTEIbHBIM KOHBepTepoM u3 B4C Ha amtoMHHHEBOM
MOJIJIOKKE U aHOJTHAS TUIOCKOCTH; 3, 4. Kopryc (KoxyX).

JlerekTop mpeacTaBiseT COOOH HMIMHAPUYECKYIO MPOMOPLUOHATIBHYI0 MHOTOIPOBOJIOYHYIO
Kamepy HU3KOTo naBieHus. Kopnyc (KoyX) U3TOTOBJICH M3 aTIOMUHHUEBOTO CciuiaBa AMTr6, ero BHEIIHUMA
muametp coctanisieT 300 MM (BMecTe ¢ Ta30BBIM pazbeMoM 338 MM) , BHyTpeHHHUH 264 MM, BeicoTa 100
MM (BMecTe ¢ TpyOkol moaBoja arMochepHOro naBieHusl 156 MM), TONIIMHA BXOTHOTO OKHA 6 MM,
MaKcHUMalbHas IUIONAAb JAeTeKTHpYIoIlel o6aacTu cocTaBiaseT 366 cm? T'aGapuThl jgeTekTopa
o0ycioBlieHbl TpoduiieM MydKa HEHTPOHOB U TpeOyemoil 3((PEeKTUBHOCTHIO perucTparuu. TonmuHa
BXOJIHOTO OKHa HE MPUBOJAUT K 3HAUUTEIHLHOMY OCIa0JIECHUIO MPOXOISIIETO MOTOKA HEHTPOHOB U B TO K€
BpeMs 00eCieuuBaeT MEXaHUYECKYI0 HaI&KHOCTh KOHCTPYKIIUU JETEKTOpA.

B oObeMe nerexkTopa pacmolioKeH TBEPAOTENbHBIM KOHBepTep u3 KapOuma Oopa B4C Ha
ATIOMUHHEBON TMOJI0XKKE, BBHIITOIHAIOMIUN POJIb KaTo/1a, U OJIHA aHOJHAsI IIIOCKOCTh PAcoIOKEHHAs! Ha
paccrostaun 10 MM OT Katoga. AHOIHAS TUIOCKOCTh MPECTaBIsET COO0H TEKCTOIMTOBYIO PaMKy B (hopme
KOJIbIla C BHEIIHUM AuamMeTpoM 260 MM, BHyTPEHHUM JuaMeTpoM 216 MM U BBICOTOM 6 MM ¢ HaTSIHYTHIMU
TOHKHMMH TI030JI0YEHHBIMU TTPOBOJIOKAMHU JramMeTpoM 50 MKM U IIIarom 5 M.

Jlist peructpaniu HEWTPOHOB HCIOJIB3yeTcsl pabouast razoBast cmech Ar +CO2 (90:10) npwm

aTMOC(EPHOM JIaBJICHUH.
57



B nporuiecce pazpaboTku TOKyMEHTAUU OBUIM MPHHATHI CIEAYIOMNE KOHCTPYKTOPCKUE PELICHHUS,
HCXO/IA U3 TEXHUUECKUX XapakTepucTuk kanana Ne 4 peaktopa UBP-2 - yctanoka FOMO:
- PaGoTsl getekTopa B BakyyMHOM CUCTeME 00ecledrBaeTCsl YIUIOTHEHUEM MHAMEM KOpITyca AETeKTopa U
KOpITyca C KPBIIIKOH, 3aKpbIBAIOIICH JETEKTOPHYIO SJIEKTPOHUKY.
- OGecrieyeH OMONHUTENBHBIN MOIBOJI aTMOC(HEPHOT0 IaBJICHHUS K IETEKTOPHOH 3IIEKTPOHHUKE, KOTOPBIH
MO3BOJIUT 00ECIEYUTh paboTy IETEKTOPHOM IEKTPOHUKN B HEUTPOHOBO/IE B YCIOBHUSX BaKyyMa.
- Ucnonp3yeTcs ra30oBbIi pa3beM THma “ObicTporo moakiaoueHne” Mmapka Swagelok Company B 60koBO#
4acTU JETEKTOpa, KOTOPbI IO3BOJUT MPOBOAUTH IIEPE3aloiHEHUE AETeKTOopa Ta30BOM CMEChIo
HENOCPEACTBEHHO Ha SKCIIEPUMEHTAILHON YCTaHOBKE.

B nmerekTopHO# ANEKTpOHHWKE OYIyT HCIIONB30BAThCS PATUAIIMOHHO-CTOMKHE KOMIIOHEHTHI,

KOTOpBIE MO3BOJIAT paboTaTh IETEKTOPY B MPSIMOM HEUTPOHHOM IyUKe.

Ipunoxenus.

1. Konctpykropcekas nokymenrtanus. ®aiin [Ipunox.1.1.5.pdf
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1.1.6. T103MIIMOHHO-YYBCTBUTEIbHbIH MOHUTOPHBIN [1eTEKTOP MeNJICHHBbIX HEHTPOHOB ¢
TBEPAOTEILHBLIM KOHBEPTEPOM U3 KapOuaa 6opa °B4C. (1 ouepenn)

[To3MIIMOHHO-YyBCTBUTENBHBIA MOHUTOPHBIN IETEKTOP MEIJICHHBIX HEUTPOHOB C TBEPAOTEIIBHBIM
KOHBepTepoM u3 Kapbuma Oopa B4C sBnsercss nanpbHEHIIMM pa3BUTHEM JAETEKTOPOB TEIUIOBBIX H
XOJIOJHBIX HEUTPOHOB, MPEICTABISIONINX COOOW Ta30BbIE MHOTOIPOBOJIOYHBIC MPOMOPLIHUOHAIBHBIC
kamepsl (Multi Wire Proportional Chambers — MWPC), cocTosiiie u3 cucTteMbl 3JEKTPOJOB (aHOAA U
KaToja), pa3MenIEHHBIX B TEPMETHYHOM KOPITyCe, 3al0JHEHHBIX Ta30Boi cMechio. B nmerektopax MWPC
HECKOJIbKO TOHKHUX IMPOBOJIOYEK, Pa3MEIIEHHBIX B PsJ C ONpEeAENEHHBIM IIAaroM B OAHOW IJIOCKOCTH,
BBICTYIIAIOT B KayecTBE aHOJMA, a KAaTOAOM SBJISICTCS pa3MeNICHHas Ha ONpeAcTEHHOM OJUHAKOBOM
paccTOSIHUU OT TIOCKOCTH aHOZAA TOKOMPOBOJAIIAS MOBEPXHOCTh HA IJIOCKOW MOMAJOXKKE. B kauecTBe
KOHBepTepa HEHTPOHOB (TMpeoOpa3oBaTessi HEUTPOHOB B PETUCTPUPYEMBIE 3aPSKEHHbIE YACTULIBI) MOXKET
BBICTYIIaTh CaM ra3, JTUOO TOHKWH CJIOW TBEpJOTEIHHOTO KOHBEpTEpa, HAHECEHHOTO Ha MOBEPXHOCTb
karoza. Jlyis onpeaeneHuss KOOPAUHATHI MECTa COOBITHS KOHBEPTALIUH (3aXBaTa) HEHTPOHA UCIIONb3YIOTCS
AHOJIHBIC MPOBOJIOYKH U TOKOMPOBOJAIINE CTPHIBI (StrIPS — MOJ0CKM), HAHECEHHBIC HAa KAaTO/ W/WIH Ha
JIOTIOTHUTEIHHO BBEACHHYIO B KaMepy MOJUIOKKY. [Ipr 3TOM OHM OpPHUEHTHPYIOTCS BO (PPOHTAIBHOM
IUIOCKOCTH JETeKTOpa TaKUM O0pa3oM, YTO AaHOJHbIE IMPOBOJOYKH OPUEHTHPOBAHBI BAOJIb OJIHOM
KoOpauHaTHI (Hampumep, X), a CTPUITBI OPHEHTHPOBAHBI BJIOJIb APYTOi KOOPIUHATHI (COOTBETCTBEHHO, Y),
a Z — KoopIMHATa OPUEHTUPOBAHA BJIOJIb OCH ITy4YKa HEUTPOHOB.

CoBpeMeHHBIE HCCIIEOBATETLCKUE HWCTOYHUKH HEUTPOHOB, B OCOOCHHOCTH CTPOSIIUECS,
nanpumep, [IUK (r. I'atunna, Poccust), ocobernno ESS (r. Jlynn, [lIBerus), rae miaHUupyeTcs MOTYyYUTh
CaMbIii MOIIHBIA MMOTOK HEHUTPOHOB, ISl TIPOBEACHHS MCCIICAOBAHUI HAa HEUTPOHHBIX pedieKToMeTpax,
HYKJAIOTCS B pa3paboTKe HOBBIX JIETEKTOPOB, KOTOPBIC, B OTJIMYUE OT IIHUPOKO HCIOIH3yEMbBIX TeITHEBBIX
JIETEKTOPOB, OyayT 001a1aTh JYYIIMM MPOCTPAHCTBEHHBIM U BPEMEHHBIM pa3pelieHueM, 001ee BICOKOM
CKOPOCThIO cuYéTa M MpPU OSTOM HMEThb HE MEHBUIYI0O YYBCTBUTEIBHOCTH M OOJBIIYIO IJIOLIAAb
YyBCTBUTEIHLHOU 00JIACTH.

I'enuesbie MWPC — nerekTopbl, NOCTPOEHHBIE 1O TEXHOJOIMM IPUMEHEHUS B KauyecTBE
KOHBEPTEPA M OTHOBPEMEHHO PabOuero ras, COCTOAIMI U3 u30Tona reaus *He, orpaHuueHs! CKOPOCTHIO
cuéra, KOTOopas y HUX MoxkeT jocturarh 10 kI'/mm? [1.1.6.1]. IIpocTpaHCTBEHHOE pa3peleHne, KOTOpoe
MOXET OBITh IOCTUTHYTO C TPUMEHEHUEM TEXHOJIOTHH Ha OCHOBE 3He, cocTapisgeT okoio 1,5 mm. OxgHoM
U3 aKTyalbHBIX HEPa3peIIMMbIX TPOOJIEM TeTUEBBIX JETEKTOPOB SIBISETCS HAIUYUE TOJICTOTO BXOTHOTO
OKHa, HCTIOIB30BaHHE KOTOPOTO CBA3aHO C HEOOXOMMMOCTBIO IPHMEHEHHS BRICOKOTO JaBIeHus Taza “He
(3 -20 6ap) mis mossieHUs 3G(GEKTUBHOCTH PETUCTPAIMH HEUTPOHOB. DTO MPHUBOANUT K PACCCHBAHHIO
HEHTPOHOB Ha BXOJHOM OKHE Ha ypoBHe okoio 102 OxHaxo, o 3¢ heKTHBHOCTH, cocTaistomei 50 — 90

% B nuanasone 2,5 — 30 A [1.1.6.2], 5Ta TeXHOIOTHS MPEBOCXOMUT APYTHE CYIIECTBYIOIINE TEXHOIOTHH.
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B MWPC - nerekTopax, MOCTPOEHHBIX IO TEXHOJIOTMHM NPUMEHEHHUS B KadecTBE KOHBEpTEpa
HEHTPOHOB TOHKOTO cost u3orona °B, a mmenno kapouna 6opa B4C, oboraménnoro no uzoromy °B s0
96%, 3a cuét monbopa pabouero raza MOXKeT ObITh IMOJy4€Ha BHICOKAsi CKOPOCTh CUYETA U, CIIEIOBATENBHO,
3arpy304Hasi ClocoOHOCTh M BpeMeHHoe paspemnieHne B 10 — 100 pa3 Gomblie, 4eM B JE€TEKTOpax IO
texnonoruu *He. DdheKTHBHOCTh PErUCTPALUU HEHTPOHOB MIPH Pa3MENIEHHH MIOCKOI0 TBEPAOTENLHOTO
xoHBepTepa \°B meprneH MKy IspHO OCH ITydKa HEHTPOHOB COCTABIAET OKOJIO 4 %. DP(heKTHBHOCTE MOKHO
3HAYUTENIbHO YBEIMYUTh IMPH HAKJIOHE KOHBEpTEpa TaK, YTOOBI €ro MOBEPXHOCTb HAXOAMJACh IO
CKOJIB3SIIIIEM YTJIOM 0 K OCH ITyuKa HEHTPOHOB. DTO CBSI3aHO C YBEJIMYEHUEM JUIMHBI IIyTH HEHUTPOHOB B
ClI0e KOHBEpPTEpa, TO €CTh JUISl HEUTPOHOB yBenuuuBaercs dpdekTuBHas TommuHa 0,y KOHBEPTEPHOTO

ciost puzrueckoi ToIuHbI d:
d

sina

doy = (1.1.6.1)

Jnst yraa a = 5° addextuBHas TommuHa d,g 6ospiie pusudeckoi Tommubl d B 11,5 pas.

B pesynbTaTe 3axBaTa HeWTpoHa H30TOIoM 6opa °B mporcxoauT Bo3OyXkIeHHE Apa U paciaj ¢
06pa3oBaHHEM JIBYX HOHOB — H30TOMNA IUTHS 'Li 1 ambga-dacTuisl “He 1o [ByM KaHamaM:

YB+n—*He (1.47 MaB) + 'Li (0.84 MaB) + v (0.48 MaB) (94%)
1°B+n—*He (1.77 M»B) + 'Li (1.01 M»B) (6%)

Ipuuém, vactuis: *He u ‘Li pasneraioTcs IpakTHYECKH B IPOTHBOTIONOKHBIE CTOPOHBHL.

C omHOW CTOpPOHBI, Ye€M TOJIIE CJIOW KOHBEpTEepa, TeM OOJbIIee KOJIWYECTBO HEHTPOHOB
npopearupyer ¢ HuM. C Apyroif CTOpPOHBI, B TOJNCTOM KOHBepTepe anb(a-uacTuia ¥ HoH 'Li,
obpasyrolyecs B pe3yIbTaTe 3aXBaTa HEHTpoHa M pacmana uzoTtona °B, MOryT M3 Hero He BEHIINTH U He
OymyT 3apeructpupoBanbl. JmmHa mpobera B Marepuane konBeprepa B4C ambda-yacTuiibl coctaBiser
okomo 3,4 mkm, a ‘Li — 1,7 mxm [1.1.6.3]. KOMIPOMHCCHBIM peIIeHHEM C IENbI0 PErHCTPaIuy
HauOOJBIIET0 KOJMYECTBA YACTUIl U MONyYCHUSI MaKCUMaTbHOU 3()()EKTUBHOCTH TPU BBIXOJE YACTHI] C
SHEPTUSMHU, TO3BOJISIFOIIMMH YBEPEHHO UX 3aPETUCTPUPOBATH, SBISETCS TOJIIMHA CII0s KOHBEPTEpa OKOJIO
1 MxMm.

OpnuM 13 Hambosee yIayHbIX MOMBITOK CO3/IaHUS IETEKTOPa TEIUIOBBIX U XOJOIHBIX HEUTPOHOB
Ha OCHOBE KOHBeprTepa m3 kapbuma Oopa B4C sBisercs nerekrop Multi-Blade, onucannbiii B pabore
aBropos F. Piscitelli u np. «The Multi-Blade Boron-10-based Neutron Detector for high intensity Neutron
Reflectometry at ESS» [1.1.6.4]. [lerekTop mpeacTaBisieT co00i 00beAMHEHHBIC B €IUHBINA T€PMETHIHBIH
KOpIYyC MapajyielbHO CTOSIINE MHOTOMPOBOJIOYHBIE HEMPEPHIBHO MpOAyBaeMble pabOodMM Ta3oM IpU

aTMOC(epHOM JABICHUH MPONOPIIMOHATEHBIE KAMEPHI.
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Kameps! BBIIIOJIHEHBI KaK OAMHAKOBBIE HE3aBUCHUMBIE SIYEHKU
CO CBOMM KaTOJOM, aHOJOM MU CTpUIOBOM cucremoi. Karon
IpeCTaBiIsieT co00i IIOCKYI0 MOJUIOKKY ¢ HaHECEHHBIM Ha
He€¢ TOHKHMM CJIOEM KOHBEpTEpa HEUTPOHOB HAa OCHOBE
TBEPJOTEIBHOTO COEAMHEHUS O0pa, 000raméHHOro U30TOIIOM
198, Kameps! HakIOHEHBI HA MAIBI YTOI 0 OTHOCUTEIHHO OCH
NAJAIOIIEro IMy4YKa HEUTPOHOB TaK, YTO HEUTPOHBI BXOZAT B
KOHBEPTEpP IMOJ CKOJIB3SIIMM YIJIOM JOTOM JK€ BEIMYUHBI
OTHOCHTEJIBHO TIOCKOCTH KaTojaa. AHOJ MpeACTaBiIsIeT co0on
pPAacCIIOJIOKEHHBIE B OJHOM IIIOCKOCTH, OTCTOSINEH Ha
OIIMHAKOBOM PpACCTOSIHMM OT KOHBEPTEpa, MapajuleIbHbIC

ITPOBOJIOYKHA C OHpe,HCJ'IéHHHM OJJWMHAKOBBIM mrarom,

OTIPENETISAIONMNUM TEPBYIO KOOpAWHATY (Hampumep, X-
Puc. 1.1.6.1. ®otorpadus nerexropa Multi- KOOpAMHATY) © €€ paspenieHue, ¢  YCTAaHOBJICHHBIC
Blade. NEPICHIUKYIISIPHO OCH MAJArOIIETo MyJka HeHTpoHOB. KOHIIBI
MIPOBOJIOYEK 3aKPEIUICHBI HA MJIACTUHAX U3 U30JIALMOHHOIO MaTepuaia ¢ KOHTaKTHBIMU IIJIOLIaIKaMH MO/
KaKIyl0 MpoBosiouKy. CTpumoBas cucTemMa MpelcTaBiseT co00il TOKOMpPOBOIAAILIUE MapalijiesibHbIe
MOJIOCKH OJIMHAKOBOH IIMPUHBI M, HAHECEHHBIC C OMPEICIIEHHBIM IIAroM N, OMPEISISIIONINM BTOPYIO
KOOpJIWHATY (COOTBETCTBEHHO, Y KOOpAMHATY) U e€ paspemieHrne. CTpUIbI HAHECEHBI HA KaToJ W/WIH Ha
JIOTIONIHUTEBHO BBEACHHYIO B KaMmMepy IMOMJIOKKY M JJIEKTPUYECKH HW30JMPOBAaHHBIE OT KaTo[a,
HaImpaBlIeHWE KOTOPBIX MEPHEHAMKYJISIPHO AHOAHBIM IPOBOJOYKAM TaKUM 00Opa3oM, 4YTO aHOJHBIE
MIPOBOJIOYKH OPUEHTHPOBAHBI BAOJIL OJHOW KOOPAMHATHI (KOOpAWHATHI X), @ CTPUIBI OPUEHTUPOBAHBI
BJIOJIb APYTON KOOPAMHATHI (KOOPAMHATHI Y), a TPEeThsl KoopArHaTa (Z KOOpAMHATA) OPUEHTHPOBAHA BJIOIb
OCH TTy4YKa HEUTPOHOB.

Db beKTUBHOCTh perucTpainuu HerTpoHoB aerekropom Multi-Blade umeer 44% st HEHTPOHOB
nmHOM BonHEL 2,5 A, 56% s 4,2 A n 65% st 5.1 A. Dty 3HaueHHs 06eCIIeUHBAIOTCSA B OCHOBHOM 34
C4€T YMEHBUICHHS SKPAaHUPOBAHUS TOPIIOM TMOMJIOKKH W YMEHBIICHHUS PACCEMBAHUS HEUTPOHOB
BEIIECTBOM MOJIOKKH. DKPAaHUPOBAHUE HEUTPOHOB TOPIIOM MOJJIONKKH, UMEIOUIEH TOJIIMHY 2 MM,
YMEHBIIEHO C MOMOUIbIO BBIMOJTHEHUS BBHIOOPKM TOJ YIJIOM o TOpla MOAJIOKKH, OOpaméHHOTO K
MaJaroieMy My4Ky HEHUTPOHOB, CO CTOPOHBI MPOTHBOIIOJIOXKHONW OT KOHBEPTEPHOIO CIOS, TaK, YTO
MOJTOKKA MTPUHUMAET BU Jie3Bus win Hoxa (blade), HanpaBnenHoro k magatoniemy mydky. Mckimodyenne
paccerBaHus HEUTPOHOB MOIOKKOM MOTYYEHO 3a CUET TOTO, UTO TOJIIMHA clios KoHBepTepa B4C caenana
7,5 MKM, B CBSI3M C Y€M BEChb IOTOK HEHTPOHOB IOIJIOIIAETCS KOHBEPTEPHBIM CJIOEM U MPAKTUYECKH
MTOJIHOCTHIO MCKITIOYAETCSI €r0 MPOHUKHOBEHHE B MOJIOKKY. ABTOpPAMHU JIETEKTOPA TIPOBEACHBI UCIIBITAHHS

OIBITHOTO O0Opas3iia IEeTEKTOpa ¢ yriioMm moBopora a = 5°. O0pazen coOpan mpu: h = 4 MM (paccrosiHue
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aHOJ-KaTOJ-CTPUIIbI), ar S = 4 MM (MeXIy aHOAHBIMU IPOBOJIOYKAMU), IIMPUHA CTPUIOB M = 4 MM.
KonBepTep, HaHeCEHHBIN Ha MOANOXKKY, UMeeT pa3mep 2x100x140 mMm. IIpocTpancTBEHHOE pa3penieHue
ONBITHOTO JAeTekTopa coctaBwio 0,5 x 2,5 mM. IlpeaenbHas CKOpOCTh OILEHEHA IO AHAJOTHH C
AHAJOTMYHBIMU JETEKTOPaMH, HE MMEIOIIMMH HAKIOHA KOHBEPTEPHOTO CJOS M OXKHpaeTcs okojio 10°
I'/mm? [1.1.6.4].

Henocratkom nerextopa Multi-Blade siBisiercst mckakeHne XapakTEpUCTHK B Hadalle KaJIOu
KaMepbl. ODTO CBSI3aHO C HAJIMYMEM BBIOOPKM C ToplLa MOAJOXKKU IO YIJIOM @, KOTOpas HMeeT
HEPaBHOMEPHYIO TOJIIIMHY U 3aHUMAET 3aMETHYI0 4acTh (0koJ10 25% — mnpu yriie moBopoTa o = 5° mUpUHe
100 MM 1 TonmuHe 2 MM). Ha 9T0ii AyinHe ni1aBHO M3MEHSETCsl pACCTOSHUE AaHOA-CTPUIIBI KaMephI (CTPUIIBI
HaXOZATCS MOJ MOTEHIMAJIOM KaToJa), YTO MCKaXKaeT 3JEKTPUUYECKOE MOJIE B ra3opa3psaIHON Kamepe U
CO3/1aéT HEOJHOPOJHOCTh KaK B OTAEJIbHON KaMmepe, TaKk U BO BceM jeTekTope. Kpome 3Toro, BaxHbIM
(bakTOpOM SBIIAETCS HEYCTPAaHUMOE HEOJAMHAKOBOE HApyIIEHUE IJIOCKOCTHOCTU KaKJOW IOAJIOKKH,
cBs3aHHOE ¢ e€ nedopmarmed moj BO3ACHCTBHEM HANPSHKEHUH B JOCTaTOYHO ToOJICTOM (7,5 MKM)
KOHBEPTEPHOM CJIOE, YCTPaHEHHE KOTOPOM 3a CUET YBEIMYEHUS TONIIMHBI MOUI0KKH MOXKET IIPUBECTH K
YBEJIIMYECHUIO TITYyOMHBI U JUIMHBI BBIOOPKH Ha 0OpPaTHOW CTOPOHE MOAJIOKKU U K YBEIIMYCHUIO BETUYNHBI
3a30pa MEX/Jy aHOJIOM U CTPHUIIAMU U €r0 NPOTSHKEHHOCTH, YTO YCHIINT UCKAXKEHHUE IEKTPUUECKOTO MO
MEX]y aHOJOM U KaTOoZOM, co3/1aBas eu€ OosblIe HEOJHOPOAHOCTH KaK B OTJCIIBHONW Kamepe, Tak U B
nerekTope B 1esnoM. [103ToMy yMeHbIIeHHE yTiia MoBopoTa a (Hanpumep, A0 a = 2°, xoraa 3¢ dekTuBHas
tonmuHa O, yBenmumBaercs modtd B 30 pa3), Ka3ajaoch Obl, JOJKHO YBEIUYUTH 3()(HEKTHBHOCTH
nerexkropa Multi-Blade, ymeHbIuTE TpeOyeMyto TONIIHHY KOHBEPTEPHOTO CIIOS i 0CIa0UTh Ae(opMaIinio
KaToJla, OJTHAKO JJISl 3TOr0 MOTpedyeTcs YMEHbIIUTh TOJIINUHY MOJIOKKH, YTO HEBO3MOXHO BCIIEICTBUE
yBenu4eHus: nedopmManuii YTOHYEHHON MOJUIOKKHM W3-32 YHOPYTUX HANpsHKEHUH YMEHBIICHHOTO CIOS
KoHBepTepa. Kpome 3Toro, npu yMeHbIIEHUH yIila TOBOPOTA HAKJIAIbIBAIOTCS MOBBIIICHHBIE TPEOOBAHUS
K TOYHOCTH T€OMETPUH Ha YPOBHE JI0JIEH YITIOBBIX MUHYT B Ka)XKJI0M KaMepe JAeTEeKTopa.

M3MeHeHHe pacCTOSTHUS aHOJ-KaTOJ OKa3blBAET CUJIbHOE BIUSHHME Ha CKOpOCTh cuéra. OnHako
YMEHBIIEHUE PACCTOSHUS aHOJ-KATOJ U Il1ara MEXy IIPOBOJIOYKAMH C LIEJIBIO NOBBILIECHHSI 3arpPy304HON
CIIOCOOHOCTH W yJYYIICHHs BPEMEHHOT'O W IMO3MIMOHHOTO paspermeHus nerekropa Multi-Blade raxxe
HEBO3MOXHO PEaIM30BaTh B CBA3H C PE3KUM MOBBILIEHUEM TPeOOBaHUI K CTAOUIBHOCTH PACCTOSIHUS aHOI-
KaToJl ¥ AaHOJA-CTPUIBI, TaK KaK HaNpPsDKEHHOCTh IPONOPIMOHAIBHA KBaJpaTy PpacCTOSHHS, a IpU
YMEHBIIEHUH ITOIO PACCTOSHUS HEIMHENHOE N3MEHEHHUE OIS 10 MAaKCUMAJIBHOTI'O 3HAaYEHUSI IPOUCXOIUT
Ha MaJOM IPOMEXKYTKE M HE3HAUUTENbHBIE OTKJIOHEHHS OT T€OMETPHH IMPHUBOIAT K 3HAUYUTEIHHBIM
M3MEHEHMSIM I'a30BOT0 YCUIICHHS], YTO YCHJIMBAET IPOCTPAHCTBEHHBIE HEOAHOPOIHOCTH.

Takum oOpasom, koHCTpyKIus nerekTopa Multi-Blade ompenensier orpaHudeHust mo BeITHYHHE
JambHEHIIero mNoBBIIEHUS 3(P(EKTUBHOCTH PETHCTpPAllMd HEHTPOHOB, 3arpy30YHOW CIIOCOOHOCTH,

BPEMEHHOI'O U TIO3UIIMOHHOTO pa3pelIeHus.
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[locTraBneHHas 3agadya JOCTUTAeTCs M3MEHEHMEM KOHCTPYKLMH JETEKTOpa 3a CU€T TOro, 4ro B
KAauecTBE IOAJOKKM KAaToJa MCHOJIb3yeTCs TOHKas paJlallMOHHO-CTOMKAs IOJUMEpPHas IUIEHKA, C
MIPOTUBOIMOJIOKHBIX KOHIIOB 3aKpEIUIEHHAs Ha IUIAaCTUHAX U3 PaJUallMOHHO-CTOMKOTO H30JISILIMOHHOTO
MaTepuasa, aHOJHBIE MPOBOJIOYKHM 3aKperyieHbl Ha IUIACTHHAX U3 aHAJOTMYHOIO MaTepuana, MpudéM
3aJjaHHas TOJIIMHA IUIACTUH KajauOpoBaHAa M B HHUX BBIIOJHEHBI JIBA OTBEPCTUS MOJ CTEP)KHHU
KaJMOpOBaHHOIO JMaMeTpa, UMEIONIMe Pe3b0OBbIE OTBEPCTHUS, B KOTOPBIE BCTABICHBI BUHTHI, MPHUEM
CTEpHHU pa3MeEIICHbI MOMapHO APYT HAMpPOTHUB ApPYyra B MPHUKPEIUIEHHBIX K KOPIYCY HANpaBIISIOUIUX C
BO3MOXXHOCTBIO IIEPEMEIIECHHS B HAPABICHUH 110 IJTMHE KaMep Ui PeryJIUPOBKU HATSKEHUS KaTOIOB Ha
MIO/JIOKKE M3 IOJUMEPHON IUIEHKM M MHOTIONPOBOJIOYHBIX aHOJOB C IIOMOIIbIO BpallleHUs BHUHTOB,
TOJIOBKH KOTOPBIX OMUPAIOTCS CHAPY>KU Ha CTEHKY KOpITyca JIeTeKTOpa, Ha 00e Maphbl CTep)KHEeH HaHU3aHbI
C MOOYEPETHBIM pa3MEIICHUEM IUIACTUHBI C KaTOJIOM Ha MOJUMEPHOH MIEHKE U MIACTUHBI C aHOIHBIMU
MIPOBOJIOYKAMU C YCTaHOBKOM MEXIY IUIACTUHAMU MPOCTABOK ONPEAeIEHHON KaTUOPOBAaHHOW TOIIMHBI
TakK, 4T0 (OPMHUPYIOTCS OJIMHAKOBBIE MApaJIEIbHO CTOSALINE KaMephl.

B pamkax rpanTa pazpaboTaHa KOHCTPYKIUS HOBOTO MO3HUIIMOHHO-YYBCTBUTEIIBHOTO JIETEKTOPA.

CIIMCOK UCITIOJIb30OBAHHBIX UICTOYHHUKOB

[1.1.6.1] B. Guerard, R. Hall-Wilton, and F. Murtas, “Prospects in mpgds development for neutron
detection,” arXiv:1410.0107, 2014.

[1.1.6.2] C. Hoglund, “B4c thin films for neutron detection,” Journal of Applied Physics, vol. 111, no.
10, 2012.

[1.1.6.3] F. Piscitelli u np. «The Multi-Blade Boron-10-based Neutron Detector for high intensity
Neutron Reflectometry at ESS» (Journal of Instrumentation (JINST) Volume 12, P03013, Published 15
March 2017; arXiv:1701.07623v1 [physics.ins-det] 26Jan 2017.

[1.1.6.4] A. Andronic, C. Garabatos, D. Gonzalez-Diaz, A. Kalweit, and F. Uhlig, “A comprehensive
study of rate capability in multi-wire proportional chambers,” Journal of Instrumentation, vol. 4, no. 10,
p. P10014, 2009).

1. IIpunoxxeHwus.

2. 1. Koncrpykropckast gokymenrtauus. ®aiin [punox.1.1.6.pdf
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1.1.7. Ta30Bblii MO3UIIHOHHO-YYBCTBUTEJbHbIH JEeTEKTOP C PEe3UCTUBHOH HUTHI [JI
NMPUMEHEHHS HA BHICOKO-TMIOTOYHBIX UMIYJIbCHBIX HCTOYHHKAX HEHTPOHOB. (1 ouepenn)

3HAUUTENbHOE YHCIO DJKCIHEPUMEHTOB B sAJepHON (u3nke U (U3NKE KOHACHCUPOBAHHOIO
COCTOSIHUMS BellecTBa TpeOYyIOT onpeesieHusl MPOCTPAHCTBEHHOTO paclpeesieHus: HeUTPOHHBIX MyYKOB
00 ompeeNieHrs KOOPAUHATH TOUKH PETUCTPAIIMA HEUTPOHOB. B 3aBHCUMOCTH OT THUIA YKCIIEPUMEHTA
K JICTEKTOpaM TPEIbSIBISIOTCS Pa3IndHbIe TPEOOBAHUS, CBSI3aHHBIC C MPOCTPAHCTBEHHBIM Pa3pelIeHUEM,
MepeKpbIBAEMOM TUIOMIAIb10, ObICTpOAeHcTBHEM, (D (DEKTUBHOCTHIO K HEUTPOHAM, YYBCTBUTEIBHOCTBIO K
raMMa-u3JIy4eHuio U T. . BaxHoe 3HaueHHE HMeeT TaK K€ CTOMMOCTh MpHOOpa M CKOPOCTh €ro
pazpaboTku. [lns pemieHWsS psga HAYYHBIX M TEXHHMYECKHUX 3a7ad, CBSI3aHHBIX C HEUTPOHHBIM
pacceMBaHMEM Ha COBPEMEHHBIX BBICOKOIIOTOYHBIX HCTOYHHMKAX HEUTPOHOB, pPaccMaTpUBAETCS
BO3MOYXHOCTbh MPUMEHEHUS MO3UIIMOHHO-YYBCTBUTEIBHBIX JIETEKTOPOB TEIJIOBHIX HEUTPOHOB Ha OCHOBE
MIPOIMOPLIMOHAIBHBIX CUETYMKOB HEUTPOHOB C PE3UCTUBHBIM aHOOM, KPATKO HA3bIBA€MbIX MO3UIIMOHHO-
qyBCTBUTEIbHBIME cueTuynkamu (ITHC).

[MpuHIMI paboThl cueTyMKa qocTaTouHo TpocT. [lo ocu kopmyca cyeTywka, OTHOBPEMEHHO
CIIy’KaIllero KaToJOM, pacrojiaraeTcs TOHKash aHOTHAS MPOBOJIOKA C JOCTATOYHO OOJBIIMM YACTbHBIM
cornpotusieHueM. Kopryc repMeTndecky 3amasH U HaloOJIHEH Ta30BOM CMEChIO, Co/ieprKalliell KOHBEpTEp
HEUTPOHOB, 4Yalle BCEro %He. Curman cHumaercs OJTHOBPEMEHHO C O00OMX KOHIIOB cueTyuka. B
3aBHCHMOCTH OT MECTa PErHCTPAIlU HEUTPOHOB OYJET M3MEHSTHCS COMPOTUBICHUE COOTBETCTBYIOIIUX
y4acTKOB aHojia. TakuMm oOpa3oM, CUTHAIIBI ¢ KOHIIOB TPYOKHU 3aBUCAT OT TOYKH PETHCTPAINH, U MO HX
COOTHOIIIEHUIO MOKHO HAaNTH KOOpPAMHATY HEWTPOHA IO OCH, MapauleibHOM aHoay. To4dHOCTH
onpeereHusI KOOpAUHATHI cocTaiisieT 00br9HO 0,5% - 1% ot mymmHbl aHomHON HUTH. KoopauHaTa mo ocw,
MEepHEHUKYISIPHONU aHOAY, ONPEEISAETCS C TOYHOCTBIO JI0 IMAaMETpa CUETUHKA.

Takue cYeTYMKH JOCTATOYHO MPOCTHI B MPOU3BOJICTBE M HAAECXKHBI B 3KcILTyartanuu. [IpocTora
KOHCTPYKIIUU TIO3BOJISIET TPOU3BOUTH UX B MTPOMBITIUICHHBIX MacmTabax. Jlerekropubie cuctemsl u3 [TUC
HIMPOKO MPHUMEHSIIOTCS Ha JKCIEPUMEHTAIBbHBIX YCTAHOBKaX B BEAYIIMX 3apyOeKHBIX HEHUTPOHHBIX
LIEHTpax, KaKk Ha crauuoHapHbix [1.1.7.1-1.1.7.2], Tak 1 Ha uMnynbCcHBIX [1.1.7.3] ucrounnkax. TunuyHsie
napaMeTphbl THIIOBOTO CYETYHKA 3apyOe)KHOTO IIPOU3BOICTBA: AUAMETp cueTyrka 6,4- 8,5 mm. (1/4° -1/37),
mirHa cuerynka 400 mm - 1000 mMm), mpoctpancTBeHHoe paspemienue 0,5%-1% oT IIuHBI cueTdyHKa.
OOBIYHO AETEKTOPHBIE CUCTEMBI COOMPAIOTCSI U3 OTIENIbHBIX CYETUYUKOB, OOBEAUHIEMbBIX B MOAYJIH, TaK
KaK MOJyJIbHasI KOHCTPYKIIUS y100HA TPU 00CTyKUBAHUHU, HACTPOHKE U peMOHTE. Tak, THTUYHBIN MOTY b
JETEKTOpa TEIJIOBBIX HEHTPOHOB mpou3BoicTBa ¢upmbl Peitrep-Ctoke (Reuter-Stokes) cocrout uz 8
cueTynkoB. [IpuMeHeHue MOIyNbHON KOHCTPYKIMHM JETEKTOpa IO3BOJSIET COKPATUTh BpeMs COOpKU
JETEeKTOPHOM CHCTEMbI, YCKOPUTh U YIPOCTHTH €€ BBOJA B JKCIUIyaTanuio. Bmecte ¢ Tem, BBOI B

OKCIUTYyaTallui0 HOBBIX BBICOKOMHTCHCHUBHBIX HCCIICAOBATCIBCKUX HCTOYHHUKOB HCﬁTpOHOB BBI3BIBACT
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HEO0OXOUMOCTh Pa3pabOTKH HOBBIX JETEKTOPOB U JIETEKTOPHBIX CHUCTEM, TaK KakK CYIIECTBYIOIIHE
npuOOpPHI HE MOTYT B MOJHOM CTEIICHH PEaIn30BaTh BECh MOTCHIMA TAKUX HCTOYHHUKOB. [1.1.7.4].

Ha momeHT Havana HacTOSIMMX paboOT OTeUeCTBEHHAs! MPOMBIIINIEHHOCTh HE BBIMYyCKalla TOTOBBIX
moayneit ITYC TennmoBbIX HEUTPOHOB, a CaMU CYETYMKH MPOU3ZBOAATCA €IUHUYHBIMU ONBITHBIMHU
naptusiMu. {7151 co3aaHusl HOBBIX M MOAEPHU3AIUHU CYIIECTBYIOIIMX CUCTEM JIETEKTHUPOBAHUS TEIIOBBIX
HEHUTPOHOB OBbUTH CPOPMYITUPOBAaHBI TPeOOBAHUS K THIIOBOMY MOJYJIO Ta30BOW MO3UIIMOHHO-
YYBCTBUTEIBHON JI€TEKTOPHON CHCTEMBI U3 MO3UIIMOHHO-UYBCTBUTEIBHBIX CUETYMKOB U MOATOTOBIICHA
KOHCTPYKTOPCKasi JOKyMEHTALMsl Ha TUIIOBON MOZYJIb.

TumnoBo#t Moyb JeTeKTOpHOU cucTeMbl Ha ocHOBE [TUC TermnoBhIX HEUTPOHOB pa3padaThIBACTCs
JUTSl IPUMEHEHHUS B IETEKTOPHBIX CUCTEMAaX 3KCIEPUMEHTAIBHBIX YCTAHOBOK HEMTPOHHOTO PacCenBaHuUs,
UCIOJIb3YEMBIX B si/IepHON (pusuke u (u3NKe KOHICHCUPOBAHHOI'O COCTOSIHMS BellecTBa. JleTekTopHast
CUCTEMA MOXET COCTOSITh W3 OJHOIO WM HECKOJIbKHX MOAYJIEH, 3aKpEIUICHHBIX Ha JKECTKOM pame.
KonnuecTBo Moaysiel onpenensiercss 4yBCTBUTENIbHOM TUIOIIAIbIO JETEKTOPHOU CUCTEMBI, B 3aBUCUMOCTH
OT pemaeMoil ¢pu3znyeckoi 3agaun. MOHTaXX MOJyJIeil OCYIIECTBISCTCS C TIEpEAHEH CTOPOHBI IETEKTOPA.
[To3urmonnpoBaHue MOTyJIEH HA paMe IETEKTOPHOM CUCTEMBI TPOU3BOIUTCS C TIOMOIIIBIO KaTHOPOBAHHBIX
IITMEHbKOB M OTBEPCTUH AuameTpoM 2mM. Kperienne Moayield K paMe OCyIIECTBIISIETCS CTaHIapTHBIMHU
KpEene)KHBIMU dJIeMeHTamMu Rexroth.

MonynbHast KOHCTPYKIIUS JOJHKHA 00€CTIeYnBaTh:

e Bo03MOXHOCTH pabOTHl B pEXHUME BpPEMEHHU-TIPOJETa HA COBPEMEHHBIX BBICOKOIIOTOYHBIX

MCTOYHUKAX HEUTPOHOB, B TOM YHCIIE B PAOOTAIONINX B UMITYJILCHOM PEXHUME.

e brIcTpyto cOOpKY 1 pa300OPKy AETEKTOPHON CUCTEMBI.

e B03MOXHOCTb 3aMEHBI OT/IETLHOIO MOAYJIsI

e BBICOKYIO TEXHOJOTMYHOCTh M HU3KYI0 CTOMMOCTb KOHCTPYKIIUH.

e Moynu T0JKHBI UMETh BO3MOXKHOCTh BEPTUKAJIBHOTO U TOPU30HTAIBHOTO Pa3MELICHUSI.
[Ipemyararorcsi KOHCTPYKTUBHBIE PEIIEHUs JJII MOAYJS JE€TEKTOpa Ha OCHOBE T'a30BBIX MO3ULIMOHHO-
YYBCTBUTEIbHBIX CYUETYMKOB C PE3UCTUBHON HUTHIO.

B Mopyne mpensaraercsi NpUMEHUTh MOACPHU3UPOBAHHBIE CUETUUKHU, AHAJIOTUYHBIE CUETYMKAM
nponssogcrea «HII® KOHCEHCYC» mapxu ['EJIUIA-8/600-12,5/J1. Cuerunx T'EJIMI-8/600-12,5/]1
pa3paboTaHHbIEe JUIsI PETUCTPALUU IMOTOKOB MEIJICHHBIX HEHTPOHOB B IMPOIMOPLHOHAIBHOM DPEKUME.

JunameTp Katoja cueTyuka § MM, AnuHa Katoga 600MM, ATMHa 4yBCTBUTEIBHOM 001acTH opsiaka 586 MM.
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Puc. 1.1.7.1 Cxema pacrosioKeHHs CYETUUKOB.

Monyne npeanaraercsa coOuparh U3 8 MO3UIUMOHHO-4YBCTBUTEIbHBIX CYETYMKOB TEIUIOBBIX HEHTPOHOB,
CMOHTHPOBAHHBIX Ha )KECTKOM OCHOBaHHH. CUETUYMKH pacroiaratoTcs B JBa cjiosi. KomuuecTBo cCueTunkoB
4yeTHOe. B KakJJoM clioe paccTOsHUE MEXy CUETYMKAMH COCTaBiseT 14 MM (IpuMepHO V3D, rmeD -
auaMeTp cyeTurka). CUeTYNKHM BO BTOPOM CJIO€ CABUHYTHI 110 TOPU30HTAIN OTHOCUTENIBHO TEPBOro Ha 7
MM (Y 3 D/2), TeM caMbIM IIepEeKpbIBasi 3a30p MEX/y CYCTIHKAMH TepBOro ciiosi. TaKkoe pacronoKeHne
MO3BOJISICT TIEPEKPHITh UyBCTBUTEIBbHYIO 00JaCTh JETEKTOpa 0€3 CylecTBeHHOM norepu 3(hHeKTuBHOCTH
Ha KpasxX cueTyrkoB. OJUH MOIYNb MEepeKphIBAET UYBCTBUTENBHYIO 00macTh 57X 586 Mm?. B kauectse
OCHOBaHHUs MPUMEHEH aTIOMHHHEBBIH mpoduias Bosh Rexroth 45 wimu amamormunsiii. Ha ocHoBaHus
KpEMsTCA CUETYUKHU, MO3UIMOHMPYIOIIUE 3JIEMEHTHI (IMPOCTAaBKM) M Kopmyca mnpenycunurtened. Jlms
KpEIUICHHUs] CUeTYMKa B KOpIyce NpeAyCHJIUTENs HPeAyCMOTPEeH BXOAHOH kosuiekrop. KoHcTpykius
MOJTYJISl JIETKO MacIiTabupyeTcs Mo Ipyrue pa3Mepsl CUeTYMKOB. B cirydae HE0OX0IMMOCTH Ha KECTKOE
OCHOBAaHHE KPEMUTCS 3allUTa OT IEepepacCestHHbIX M (OHOBBIX HEHTPOHOB U3 OOPUPOBAHHOW PE3MHBI
TOJIIIMHON 5 MM WJIX KaJIMUS TOJIIIMHON 1 MM.

PabGota Ha BBICOKONOTOYHBIX HMIYJIbCHBIX HMCTOYHUKAX HEHUTPOHOB TpeOyeT MOBBILICHUS
MaKCUMAaJIbHOW 3arpy3Kd JETEKTOPOB, TaK e, KaK M O0OLIed CKOPOCTH cyeTa JETEKTOPHOW CHUCTEMBI.
Pemenue naHHoi 3a1a4n COCTOUT B YBEIMUCHUH OBICTPOJICHCTBHUS OTAETBHBIX CUCTUMKOB ITyTEM MoA00pa
COOTBETCTBYIOLMX MMapaMETPOB ra30BOM CMECH BMECTE C MPUMEHEHUEM MHOI'OCIONHOIO pacloIoKeHUs
CcueT4yuKoB. [Ipm MHOrOCIONHOM pacHoJIOKEHUH BO3MOXKHO IPUMEHEHHME CYETYMKOB C MEHbIIEH
3G (EKTUBHOCTHIO, HE TNPHUBOJMAIIEE K CYIIECTBEHHOMY YMEHBIICHUIO 3()(EKTHMBHOCTH AETEKTOPHOMH
CHCTEMBl B II€JIOM, HO CHIDKAIOIIas 3arpy3Ky OTIENbHOTO CUeT4YMKa. TeM CcaMblM YMEHBIIAIOTCS
TpeOOBaHUs K OBICTPOJIEHCTBHUIO PETMCTPUPYIOLIEH JIEKTPOHUKH M K «MEPTBOMY BPEMEHM» CUETYHKA.
ITpu 3TOM KOJMYECTBO CaMOI0 JOPOTOCTOSILEr0 KOMIIOHEHTa CUETUYHMKOB - ra3a KOHBEpPTEpPa HEHTPOHOB
He B ileTeKTOpHOI CHCTEME He yBEITHUMBAETCS, U YBEIHUEHHE ObICTPOEHCTBIS CHCTEMBI TIOTydaeTcs 3a

CYET YBEIUYECHUS KOJIUYECTBA PETUCTPUPYIOLIUX KaHAJIOB.
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Puc. 1.1.7.2 Cxema pacnosioxeHus 3JIEMEHTOB MOTYJIS.

Jlns mepenaud CcUrHajga €O CYETYMKOB IPUMEHEHBI 3apsiIOUyBCTBUTEIBHBIE MPEAYCUITUTENN
paspabotku JIH® OUSAUN. Ha omHolt muiaTe MOHTHPYIOTCS 4 YCHIMTENBHBIX KaHala, B KOpITyce
MpeIyCUIINTENs pacroiaraloTcss 2 miaThl. Tak Kak CUTHaAJl CHUMAaeTcs ¢ 000MX KOHIIOB CUETYHKA, JUIS
OIHOTO MoOayJisi TpeOyerca 8§ yCHWIMTENbHBIX KaHaioB. Jlng 3amad, He TpeOyHOHMX BBICOKOIO
OBICTPOJCHCTBUS U KOOPAWHATHOTO pa3pelIeHHs], KOJIMYECTBO YCHIIMTENIbHBIX KaHAJIOB MOXET OBITh
YMEHBIIIEHO B /IBa pa3a MyTEM IOMApHOTO MOCJIE0BATEILHOTO COEANHEHNS CUETUYMKOB.

Peructpupytomue 31eKTpOHHBIE OJOKH, 3a HCKIOYEHHEM NpeayCUSUTeNel, Mpeanaraercs
BBIHECTH OT HEUTPOHHOTO My4Ka Ha paccTosiHue A0 15 M. Tem cambIM CHU3UTCS paguallMOHHAs Harpy3ka
Ha 00OpyJIOBaHHE, MOBBICHUTCS MX HAJAEKHOCTb M CPOK CIyXObl. [ aeTeKTOpoB mpearosaraercs
ucrnonb3oBate Onoku B crangapre NIM oOmero Ha3HaueHHs, C BO3MOXKHOCTBIO pPa3pabOTKU
CTELUATM3UPOBAHHBIX AIEKTPOHHBIX OJIOKOB PabOTHI € ieTeKTopamMu. JlJisl moiaun BEICOKOTO HANPSHKEHUS
npemiaraercss npuMmeHuth Omoku CAEN N1470 [1.1.7.5], omudpoBKYy CHTHAJIOB MpeiaraeTcs
OCYIIECTBIISITh C TOMOIIBI0 OJOKOB MHOTOKaHaIbHBIX OIu(dpoBimKoB ¢opmbl curHamra CAEN 6730
[1.1.7.6].

PazpaboTrana KOHCTPYKTOpCKasi TOKYMEHTAllUs B COCTaBe COOPOYHOIO YepTeKa U uepTexen
netaneil Juis IeTeKTOPHOTO MOAayJsl mepBoi ouepenu. PazpaboTaHa KOHCTPYKTOpCKasi JOKYMEHTAIUs B
cocTaBe COOPOYHOTO UepTekKa U YEPTEIKEH JeTaJIeH Isl BapUaHTa JETEKTOPHOM CHCTEMBI, BKITIOUYAIOIIEH B

cebst Tpu Moy, IIpu 5ToM TepeKpbiBaeMas 4yBCTBUTEIbHAS TLIOMAb COCTaBIAeT 169 X 586 MM2,

CIIMCOK UCHTOJIB3OBAHHBIX UCTOYHUKOB
[1.1.7.1] G. J. Cuello et al 2016 J. Phys.: Conf. Ser. 746 012020
[1.1.7.2] S. Muhlbauer et al 2016 NIMA 832, 297-305
[1.1.7.3] K. D. Berry et al 2012 NIMA 693, 179-185
[1.1.7.4] K. Kanaki et al 2018 JINST 13 P07016
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[1.1.7.5] https://www.caen.it/products/n1470/
[1.1.7.6] https://www.caen.it/products/n6730/

Ipunoxenus:

1. Koncrpykropekast nokymentarms. [Ipunox.1.1.7.pdf
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1.1.8 TeopeTuveckne U IKCNEPUMEHTATbHbIE UCCIETOBAHUSA 10 ONMPeAeIeHUI0 ONTHMAJIbHOM
KOHCTPYKIHMHU PErucTPUPYIOLIEro ra3opaspsiiHOr0 MOAYJsi C TBepPAOTEeJbHBIM KOHBEPTEPOM

(coBmectno ¢ HUII KU IMUSAD. dorosop 400/1995 ot 25.11.2021).

1. O6uiue nosoxeHus1

HawnnydimyM KOHBEpTOPOM JIJIst pETUCTPAIIMH TETIOBBIX M XOJIOHBIX HEHTPOHOB CUUTAETCS U30TOII
renus 3He. OHAKO B CBA3M C PE3KMM COKpAIlEHHEM MIPOU3BOCTBA H30Tona *He B mocnenHee AecsaTuneTne
(c 2000 r.), BBI3BABIIIEM YBEIMYCHHE €r0 CTOMMOCTH Oo0Jiee YeM Ha MOPSI0K, BEAETCS aKTHBHBIM MOMCK
aIbTepHAaTUBHOTO eMy KOHBepTopa. OTMETHM Takke APYroil HEJOCTaTOK: B psije 3ajad, TaKuX, Kak
HEHTPOHHAS BPEMSI-TIPOJICTHAS AXO-CIIEKTPOMETPHS, TJe TpeOyeTcs BBICOKOEC BPEMEHHOE pa3pellieHue
nopsinka 10-100 NS neTexTop, BRIMOTHEHHBINM HA TA30BOM KOHBEPTOPE, IPOCTO HE TOUTCS, €r0 BPEMEHHOE
paszperieHue ~1 ps u xyxe. J[eTekTopbl, BBIMOIHEHHBIE HA TBEPIOTENIbHBIX TOHKOIIJICHOYHBIX KOHBEPTOPAX
19B n 1°B4C, 06manarT yka3aHHEIM BpeMeHHEBIM pasperernem 10-100 ns.

[Tone3Ho HAMOMHHTH, YTO TEIUIOBOM HEUTpOH objamaer sHeprueii ET=kT=25.2 meV (k -
nocrosuHas bosbimana, 8,61-10° eV/K, T=293K — komnaTHas Temneparypa no KeibBuHy), IMeeT JUIMHY
BosHbI A0=9.04/NET=1.8 A u gBIKETCS CO CKOpPOCTBIO Vo=0.43VET =2.163 km/s (mm/ps), rae E1 (meV).

Heiirponsl C 60mbiieit AIHHON BOJHBI (MEAJICHHBIC) Ha3bBalOT XonoaHbivMu (Tabmuma 1.1.8.1),
HaTpuMep, HEHTPOHHI ¢ JuTHON BoiHBI A=10 A mmerot sHeprmo ~0.8 meV u ckopocts ~0.4 mm/us B
cooTBercTBHH ¢ E=81.787/A\? =5.2276-10°v?, rie pasmeproctu E (meV), A (A), v (m/s).

Cy1iecTByeT CpaBHUTEIHHO HEOOJBIIOE KOJIUYECTBO KOHBEPTOPOB HEUTPOHOB B 3apsHKCHHBIC
YaCTHIIbI, KOTOPhIE MOXKHO 3apeructpupoBath [1.1.8.1]. Hapsay ¢ koHBepTOpOM BCTpedaeTcst U APyrou
TePMUH — paduamop. B o0oCHOBe KOHBEpCHMHU JEKUT peakus HEHTPOHHOro 3axBara, HAyIIas C
OTHOCUTEJIbHO OoubiiiM ceueHueM: (A, z) + n —(A+1, z2)*, xorga sapo aToMa-KOHBEPTOpPA C aTOMHOM
Maccoil A ¥ 3apsiioM Z COeTUHSIETCsl ¢ HEUTpoHOM N 1 0Opa3zyet Oosee Tsxénoe Bo3OykaeHHoe sapo A+,

pacrnajaroiieecs Ha 3apsoKeHHbIC (DparMEHTHI C BBIJICTICHUEM 3HAUYNTEIILHON SHEPTHH.

Tabmuua 1.1.8.1. O6menpunsaTas knaccuukanus HEUTPOHOB MO FSHEPTUSAM.

Energy classification | kinetic energy E (eV) wavelength (A) velocity (m/s)

ultra cold (UCN) E <3107 A > 520 v <7D
very cold (VCN) 3.10" < F <5.107° 520 > A > 40 75 < v <99
cold 5-107° < E < 0.005 40 > A >4 99 < v < 990
thermal 0.005 < £ < 0.5 4>=A>04 990 < v < 9900

epithermal
intermediate
fast

0.5 < E < 103
103 < E < 10°
10° < E < 1019

04> X>0.01
0.01 > A > 0.001
0.001 >A>3.10"6

0900 < v < 4.4-10°
4.4-10° < v < 4.4-106
1.4-10% < v < 1.3.107
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https://ru.wikipedia.org/wiki/%D0%90%D1%82%D0%BE%D0%BC%D0%BD%D0%BE%D0%B5_%D1%8F%D0%B4%D1%80%D0%BE
https://ru.wikipedia.org/wiki/%D0%90%D1%82%D0%BE%D0%BC%D0%BD%D0%BE%D0%B5_%D1%8F%D0%B4%D1%80%D0%BE
https://ru.wikipedia.org/wiki/%D0%9D%D0%B5%D0%B9%D1%82%D1%80%D0%BE%D0%BD
https://ru.wikipedia.org/wiki/%D0%9D%D0%B5%D0%B9%D1%82%D1%80%D0%BE%D0%BD

MO3KHO YTBEPKAaTh, uT0 H30ToI 6opa °B B TBepIOTENLHOM TOHKOIIEHOYHOM BapHaHTE KapOuaa
6opa® [2, 3] cranm KOHBEPTOPOM, KOTOpBIi BO MHOTOM He ycTymaeT °He, a B psjle XapaKTepHCTHK H
MPEBOCXOAUT mocieaHuii. Hampumep, OH MO3BOJISET MOTYYUTh BHICOKOE BPEMEHHOE pa3pellieHHe.

[puponHeii Gop, comepammii m3oTonm !B, MIMPOKO pAacIpOCTpaHEH M  CYIIECTBYET
BBICOKOITPOU3BOIUTENIbHAS TEXHOIOTHS 00OTAIICHUS €r0 U30TOIIOM U8B no koHIeHTpanuit 90-99%.

VCHemno npuMeHsieTcs B KadecTBe TBEPOTENBHOTO KOHBEPTOpa Takke m3oTomn mutus °Li. On
YaIe BBOAUTCS B CIIMHTIILIATOPHI, HanpuMep?S, ZnS(Ag)/CLiF 1 B HacTosmeM 0630pe OMyIIIeH.

Pexxe TIPHMEHSIOTCS ApyTHe KOHBEPTOPHI, HANpHMep, TOHKOIIEHOUHBIH Tamonmmuuii °'Gds,
KOTOPBIN XapaKTepU3yeTCsi PEKOPAHO OOJBIINM CCUCHHEM 3aXBaTa TEIUIOBBIX HEUTpoHOB (255000 barn).
[Ipu 3axBare HEWUTpOHA SAPOM TAJOIUHUS HUCIYCKAIOTCS KOHBEPCHOHHBIC JJIEKTPOHBI OTHOCHUTEIHHO
uuskux suepruii 100-200 keV, uro sBiasieTcss HeIOCTaTKOM, T. K. TOPOT PEKEKI[HH TOCTOPOHHETO raMMa-
¢dona ycranaBiauBaoT Ha ypoBHe 100 KeV, T.e. moJ mOpOroM OKa)XeTCs M TOJIE3HBIH CHUTHAIL. DTOT
KOHBEPTOP TAK)KE B HACTOSAIIEM 0030pe HE paCCMaTPUBAETCS.

OOmuii mporpecc B pa3BUTHH JAECTEKTOPOB HOHU3UPYIOIIUX U3ITyYeHUH, OCOOCHHO CBS3aHHBIN C
co3anueM bonbIoro agpoHHOTo KoJuiaiiepa, He MOT He KOCHYThCS ISTEKTOPOB T.X.H. B mociennue rojs
B OKCHEPUMEHTANIbHON (U3MKE BBICOKMX OHHEpPruil MOABWICA U OypHO pa3BHUBAETCS HOBBIM Kilacc
JIETEKTOPOB, HA3BAHHBIX MHKPOCTPYKTypHBIMH: MPGD — Micro-Pattern Gaseous Detectors®. Kak
MOKa3aHO HWXE, ITH JCTEKTOPhl HAYMHAIOT YCIEIIHO MPUMEHSTHCS IS PETUCTPAllMU T.X.H., HA YTO
oOpariieHo 0co00e BHUMAaHHE B HACTOSIIEM 0030pe.

JleTekTHpoBaHUE T.X.H. IPOU3BOAUTCS MTyTEM PaAMALIMOHHOTO 3aXBaTa HEUTPOHA SAPOM H30TOMNa 6opa
19B ¢ mocnemyromuM pa3zBanoM Bo30ykKIEHHOTO s/pa Ha (Ba (parMeHTa (B CKOOKAX yKa3aHa BEPOSATHOCTb,
C KOTOPOH UAET peaKius):

n+ 1B — 7Li(1.01 M»3B) + “He, (1.78 MaB), 6.1%
n+ 18 — ’Li (0.84 M>B) + “He (1.47 MaB) + y (0.47 MaB), 93.9%. (1.1.8.1)

3apskeHHBIE GparMeHTH — sAapa 'Li n *He — anbda-yacTuna (o)) ¢ cyMMapHBIM SHEPTOBBIICTCHHEM
2.79 MeV BbIXOAAT MO0 OHH, JINOO IPYTroi U3 INICHKH B I'a3 ¢ MOTEPSMHU SHEPIUU BHYTPHU IICHKH, YaCTh

sHeprun 0.47 MeV yHocUT raMMa-KBaHT. DPPEKTUBHOCTh PErHCTPALUU CHTHAJIA ONPENEsIeT CeUeHUe

1 Hoglund C. // Radiation Physics and Chemistry 113 (2015) P.14. As shown 1°B4C films are not damaged
by radiation during many years in neutron detection.

2 Jlumeun B. u 1p.
http://rnsiks2014.pnpi.spb.ru/uploads/attachment/88/%D0%9B%D0%B8%D1%82%D0%B2%D0%B8%
D0%BD.pdf

3 Stoykov A. et al. arXiv:1408/6119v1, 2014. Coobmaercsi 0 JOCTUTHYTOM YyBCTBUTEILHOCTH K TaMMa-
dony 10 ((°Co) npu > dexTHBHOCTH pEriCTpaliy TEMIOBBIX HEHPOHOB 65%.

4 Croci G.
https://indico.cern.ch/event/757322/contributions/3325227/attachments/1841391/3019217/Croci-
MPGD2019.pdf
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peakiuu (1.1.8.1), koTOpoe 3aBUCUT OT JUITMHBI BOJTHBI HEUTPOHA, U JJI TEIUIOBOTO HEHTPOHA paBHSETCS
6(A0)=3836 barn. Oto ceyenune — ocTaTroyHO OOIBIIOE, BCero Ha 28% MEHbIIIE, YeM CEUEHHE PErUCTPALIUH
curHana remem “He.

I'as 1°BF3, oGoramennsii n3otonom °B, mpuMeHstomuiics B kadecTBe KOHBepTOpa eme ¢ 30-x
TOJI0B, ABIAETCA A006UmMblM U 1O TOH TpHuuHe omacHeM. OTMeTuM, uTo ra3 *°BF3 ¢ oboraiienueM 10

° Kak anpTepHaTHBa “He, B MOHMTOpAX,

KoHIeHTpanuu 96% uzotornoM °B, mpuMeHseTcs U CErogHs
BBITIOJTHEHHBIX Ha TpyOKax mpu atMoc(epHOM AaBieHUU. MOKHO BCTPETUTH U MPOBOJOYHBIE KaMephl
MWPC, nanonuennsie \°BF 3. HeoctaTkom Takoro rasa B CpaBHEHHH C TCITUEM SABJISCTCS OOJIbIIas JITHHA
mpoOera B ra3e SHEPTHYHBIX (PArMEHTOB, U MIPHU TAaKUX MPOOErax TPYJIHO JOKAIM30BaTh TOUKY 3axBaTa
HEHTPOHA, HY)KHO CO3/1aBaTh eIile OOJIbIICE TaBICHUE YeM B FEJIUH, YTO YCIIOKHSACT KOHCTPYKIIUIO KOPITyCa.
PaboTer Ha 3Ty TeMy B 0030p€ OIMyIICHBI.

B ynusepcutere B Lund (IlIserust) comectro ¢ ESS (European Spallation Source) paspaborana
TEXHOJIOTHS HANbUICHHs KAaueCTBEHHBIX IUIEHOK Kapbmma Gopa °BsC, oboramenHoro msotomom °B
[1.1.8.2]. OcHoBHAs 3a7aua CO3AAHHOTO MOAPA3JeNeHNs — HanblieHne 6000 M? IIEHOK JUIS AETEKTOPOB
ESS. B kauecTBe MOANIOXKKH, KaK MPaBHIIO, UCIOIB3YeTCs JUCTOBOM almOMUHUHM ToimuHoi 0.5 mm.
CTOMMOCTb HaITbUICHHUS TOHKOTIGHOUHBIX KOHBEPTOPOB U3 Kapouna 6opa °B4C cocrasmser ans ESS 1000
eBpo 3a 1 kB. M. OTCIOIa, TIPH OJJMHAKOBBIX 3(PMEKTHBHOCTH M anepType, CTOMMOCTh jAeTekTopa Ha OB
TOJTyYaeTcs Ha MOpsAI0K MeHblIe ueM Ha “He.

Ha puc.1.1.8.1 npusenens ceuenus peaxruu (1.1.8.1) ms 1°B u npupoanoro !B. Kak BunHo, y
BTOPOT'0 B MHTEPECYIOIIEH HAaC 00JIacTH T.X.H. CEYEHHE Ha IIECTh MOPSAIKOB MEHbIIIE.

3apspkeHHbIe TpOAyKThl peakiuu  (1.1.8.1) BeIIeTalOT W3 TOYKM 3axBaTa HEUTpOHA B
MIPOTHBOIOJIOKHBIE CTOPOHBI U30TPOIHO, KakK Moka3zaHo Ha puc. 1.1.8.2. B otiinume ot remus, 34ech 4acTh
SHEpPruu (PparMeHTOB 6ceeda Tepsiercs B Todjie ieHkd. [Ipoaykrel peaknuu (1.1.8.1) — sHepruuHsie,

6 we menee 50000

CHJIbHOMOHHM3HUPYIOIIUE Ta3 YacTHUIIbl, 00pa3yIolue MpH MOJHOW OCTaHOBKE B aproHe
a5IeKTpoH-HOHHBIX Tap (3apsa 8 fC). Takoif cMrHam MOKHO 3aperHCTPHPOBATH JJICKTPOHHUKON 0Oe3
AOMOJIHUTCIIBHOT'O YCUJICHUS. OI[HaKO HYXXHO YYUTBIBATH IMMOITIOHMICHUEC SHCPIrvu B BCIICCTBEC IJICHKU, YTO
YMEHBIIAeT KOJIUYECTBO 3JIEKTPOHOB B ra3e. Kpome Ttoro, Gospmime mpoOerd B Tra3e IHEPIUYHBIX
(GparMeHTOB C pa3IMYHON OPUEHTANMEH BBI3BIBAIOT 3HAYUTEIbHBIC (DIYKTyalluyd aMILUIUTY bl UMITYJIbCOB,

MMOATOMY HE0OXOAMMO ycuiieHue nepBudHOro 3apsiaa B 10-100 pas.

% C. Czajkowski et al. Construction and Development of a BFs Neutron Detector at Brookhaven National
Laboratory (BNL)” https://www.bnl.gov/isd/documents/77530.pdf
® C TonkomIeHOUHBIM KOHBEpTOpOM °B mprMeHseTcs ra3oBas cMeCh Ha OCHOBE aproHa IpH

aTMOC(epHOM JABJICHUH Ha MPOJYB, YTO CYIIECTBEHHO YIPOILAET KOHCTPYKIIMIO KOPITyCa.
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Puc. 1.1.8.1. Ceuenus peakiiuy 3aXBata HeHTpoHa sapamMu u30TonoB 6opa °B u npupoxunoro B

OTJINYAIOTCS Ha 6 MTOPSIAKOB.

[ToguepkHem, uTo 11t 60JIee TOUHOM JIOKAJIU3AIMH B POCTPAHCTBE HEUTPOHA, HAIIPUMEP, MEHBIIIE
1 mm HeoOxomumo orpaHmuMBaTh Hpodern (Tak, npoder anbda-dyacTunbl ¢ sHeprued 1| MeV B
ATFOMUHHUEBOU (oiibre cocTaBmseT ~10 um), mo 3Tol mpudrHe NOTPEOYETCs TAKKE YCUITHBATH IEPBHYHBIHA
3apsi.

[IpoGer anbda-yactunpl ¢ sHeprueid 1 M»sB B aprone cocramiseT nmpuOIU3UTENbHO 1 CcM, B
pe3yJbTaTe MOHU3AIMU aTOMOB Ta3a BIOJb Tpeka oOpaszyercs 40000 map anextpoH-uoH (~6 fC). Eciu
orpanuuuTh npoder a0 100 um, To notpedyer ycunenus 3apsina ~1000 pas.

g 5bdekTUBHON perucTpanuu T.X.H. HEOOX0IMMO CO37aTh OMPEIEICHHYIO0 KOHIIEHTPALUIO SIep
0B ga MyTH HEUTPOHA, /ISl YETO CIIOH KOHBEPTOpa JIOJKEH OBITh JOCTAaTOYHO TOJICTHIM. OJIHAKO, JJIMHA
npoOera 3aBUCHUT OT SApa M €ro YHEPTUH, a TAK)KE OT INTOTHOCTH BEIIECTBA M XOpoIo u3BectHa: 3.27 (4.05)
pm jus spaep renust “He ¢ aneprueit 1.47 (1.78) MeV u 1.69 (1.90) um ans saep nutus 'Li ¢ aueprueii 0.84
(1.01) MeV. Buano, 4to TomuHa KOHBEPTOPHOTO CJIOS AOJDKHA OBITH opsiika 1-3 um, uHaue Oyaer maia
BEpPOSITHOCTh BBIXOJA U3 TUieHKH, cM. puc. 1.1.8.3. [lpu Takoit tommmHe kKoHBepTOpa 3(HPEKTUBHOCTD
peructpanuu HeWTpoHa He Oosblie 5%, uTo sBisgercs HegoctaTkoM. s yBenuueHus: 3¢p(HEeKTUBHOCTH

HE00X0IMMO HAOUpaTh HYKHOE YUCIIO MOHKUX CIOEB.
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Puc. 1.1.8.2. ITpoyKThl peakiiuy 3aXBaTa HeHTpoHa aapoM °B BHYTpH MIEHKHU BHUIETAIOT B

MIPOTHBOIOJIOKHBIE CTOPOHBI U30TPOITHO TaK, YTO JIMOO AIpO JIUTHSA, TU00 aib(a-yacTuiia nonagaer B ra3

Substrate

Bomon Converter

Gas

pabouero 3a30pa IETEKTOPA, TIe PETUCTPUPYETCS, KaK 3apspKEHHAsT YacTUIIA.

D¢ PeKTUBHOCTh TOHKOIUICHOYHOT'O JIETEKTOPA HEMb3sI BBIPA3UTh MTPOCTOM POPMYIIOif, KaK B CITydae
ra3oBOro KOHBEPTOpa, T.K. HApsAy C BEpOSATHOCTHIO 3axBaTa HEUTpPOHA HEOOXOAMMO YYHUTHIBATH
BEPOSITHOCTh BBIXOJa ()parMEHTOB M3 TUICHKH B Ta3. [103ToMy BOCIOJIb3yeMCsl TIPUBEACHHBIMU Ha PHC.
1.1.8.4 3aBucumocTssMu 3P PEKTUBHOCTH PETHUCTPAIIUN HEHTPOHA OT YHCJIa CIIOEB IJICHKU B OT €€ TOJIIUHBI

nns e BonH A=1.8A u A=10A, 3aumcTBOBanHBIME U3 pabots [1.1.8.3, 1.1.8.4]. 13 pucyHKa BHIHO, 4TO

Ui oiyyenus s pextuBHocTH 60-70% HE0OX0MMa cyMMapHas TonmuHa wieHkd 30-40 pm.

Ta6nmna 1.1.8.2. Jlnuna npobera GpparMeHTOB peakIny 3aXBaTa HeHTPOHA SApaMH KOHBepTOpoB B u

6|_| B YUCTBIX MaTCprajiaX U B COCANHCHUSAX.

material R(pm) R(pm)
(2050 KeV) | SH(27T40 KeV)
pure 9Li 21 132
96% enriched $LiF 5.2 32.8
R(pm) R(pm) R(pm) R(pm)
a(1470 KeV) | TLi(830 KeV) | a(1TT0KeV) | TLi(1010 KeV)
pure B 3.3 1.5 4.1 1.8
98Y% enriched 1°B,C 2.9 1.2 3.7 1.5
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Puc. 1.1.8.3. BeposTHOCTS €esc BbIX0aa (pparmentos peaxiuu (1.1.8.1) u3 mienxu °B4C kak pyHkuus
TOJIIIUHBI TUICHKH.

BepositHocTs Bhixoma ¢parmenToB peakiuu (1.1.8.1) w3 meHKM 3aJaHHONW TONIIUHBI JAacT
nporpamma SRIM. Ona cnienimanpHO pazpaboTaHa IS peIIeHUs dTOH 3a1a4H.

Kommnekc mporpamm SRIM + Geant4d + Garfield mo3Bomsier MOTHOCTBIO MOAECTHUPOBATH
XapaKTepPUCTHKH JETEKTOPOB T.X.H. HE TOJBKO C Ta30BBIM, HO M C TBEPAOTEIbHBIM KOHBepTOpoM °B
[1.1.8.5].

U3 npakTukn paboTHI ¢ ra30BBIM KOHBEPTOPoM *He IOpor AMCKpUMHHAIMK raMMa-(hOHa IPUHSTO
ycranaBiauBath Ha ypoBHe 100 keV. Kak Oyner mokazano Hwxke (puc. 1.1.8.6), mpu Takom mopore
4yBCTBUTENBHOCTh K TamMMa-(QoHy ¢ KoHBepTopoM °B He Xyxke 107, a 3((eKTHBHOCTh PErucTpaluu
HEUTPOHA MOXKET OBITH MOTyUYeHa JOCTATOYHO BHICOKOM.

g onpenenenust 3pGEeKTUBHOCTH PETUCTPALMH T.X.H. HEOOXOAUMO 3HATh BEPOSTHOCTH BHIXO/1a
(hparMeHTOB U3 IUICHKH B Ta3. Pacyer, BEIMOIHEHHBIN 17151 TpyOKH 1o iporpamme SRIM, npuBenen Ha puc.

1.1.8.3[1.1.8.6].
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Puc. 1.1.8.4. 3aBUCHMOCTH KOHBEPCHOHHOH 3((heKTHBHOCTH OT TONIIHMHEI cios ‘°B (a); 3aBHCHMOCTH

5(HEKTHBHOCTH PETHCTPALIMH HEHTPOHA OT TOJIIMHBI KOHBEPTOPA ISl TEIUIOBBIX HeiiTpoHoB A=1.8 A
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JUTst pa3HbIX TonuH 1eHkH (D) u 3aBucumMoctr 3 (HEeKTUBHOCTH pErucTpallii HEHTPOHA OT YUCIIa CIIOCB

JUTSL Pa3HbBIX TOJIIUH (C).

3Has 3TO, MOKHO OIEHUTH A (PEKTUBHOCTh PETHCTPAIIUU T.X.H. TT0 hopMyJIe:
€= €esc -{1-exXp—[(Na-p/A)-o(L)- N-ts -A/Ao)]}, (1.1.8.2)
e €esc — 0eperes us puc. 1.1.8.3, (Na-p/A)-6(ro)=422 — npousBeicHUE KOHIICHTPALIMH sep U30TOMa Oopa
Na-p/A=1.1-10% B cm® u ceuenus peaxrmu (1.1.8.1) 6(A)=c(ko)-Mho mpurnMas 6(ho)=3836 barn; n-t,y —

CyMMapHasi TOJIIIMHA KOHBEPTOpa ¢ yueToM 3(pPEeKTUBHOM TOJIIMHBI IJICHKA KOHBEpTOpa tsg [CM].

O030p U oLeHKA TBEPAOTEIbHBIX TOHKOIIEHOYHBIX 1€TEKTOPOB T.X.H. HA 0OCHOBe u30Tona 10B

OIHOKOOPIMHATHBIE I€TEKTOPHI HA Ta30Pa3PSAAHBIX NPONOPHHOHATbHBIX CYETYHKAX — CTPOY-
TpyOKax

OTMeTHUM IIHPOKOE pacmpocTpaHenue mias perucrpanud T.X.H. [TY]J] (amrn. PSD — Position
Sensitive Detector), BEIMOMHEHHBIX Ha TOHKOCTEHHBIX CTPOY-TpYOKax' ¢ HaIbIEHHEM Ha KaToJ Kapommaa
6opa 1°B4C, o6oramennoro uzoronom °B. D10 06yCcI0OBIEHO TEM, UTO Ta30Basi CMECH HA OCHOBE JIELIEBOTO
aproHa HaXOAUTCS MPU aTMOC(HEPHOM JIaBIICHUHU U MOXKET UCIIOJIb30BaThCs Ha MPOyB. Jlnamerp TpyOouek
MOXKET OBITh 2-5 MM Tipu JutnHe | 1 GoJiee METPOB, UTO YIydIIaeT MPOCTPAHCTBEHHOE Pa3pEIICHHE ITOTIEPEK
TpyOOK.

Kap6uz 6opa, B otauune ot unctoro °B (cm. Tabmumy 1.1.8.3), 061agaeT 2MeKTponpoBOIHOCTEIO,
¥ MOKHO HE OTacaThCs MPOOOEB OT HEXKENATETHHOTO HAKOTUJICHHS 3apsI0B Ha TOBEPXHOCTH KaTO/a.

B pa6ore [1.1.8.6] u nmpyrux paboTax 3THX aBTOPOB MPENJIOKEHbl MHTEPECHBIE PEIICHUs ¢
npodWISIMU CTPOY-TPYOOK AraMeTpoM 4.5 mm B (opMe «3Be310UEK», UCKITFOYAIONIMMHA MEPTBBIC 30HBI

Mexay TpyOkamu B 6110ke, puc. 1.1.8.5.

" Ctpoy-Tpy6Ku (Straw, pycck. “cosioma’) — 9T0 TOHKOCTEHHbIE TPYOKH Majloro AMaMeTpa, KOTophle
CTaJIM BO3MOKHBIMU JJIs1 pETUCTPALMK T.X.H. OJ1arofapsi TOMy, 4TO UCIOJIb3YEeTCsl IPOCTast ra30Basi CMECh,
Hanpumep, ArCO; npu atmochepHOM J1aBIeHUH (HA TIPOIYB).
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31x boron-coated straws,
4.43 mm diameter each

Aluminum tube, 1.15" ID

Puc. 1.1.8.5. Brnoku U3 cTpoy-TpyOOK pa3IMuHBIX mpoduiiei (a), B TOM ducie B popme
“36e300uex ", YTO UCKITIOYAET MEPTBBIC 30HBI MKy TPYOKaMH, IPUCYIIUE KPYTIBIM

TpyOKam.

[Ipennonoxum, 4to t,y — d3PPeKTUBHAS TOMIMIMHA KOHBEPTOPA B KPYTJIOH CTpOy-TpyOKe,
Toraa B TpyOkax ¢ popMoil “36e300uex”’ TonmmHa yBenuuubaercs 10 1.3:1,p B 0OAHOM BapuaHTe
u 1.98t,¢ Bo BTopom, Ha oTorpadpuu crpapa MokazaH peaybHbIN OJ0K-MOAyJb. 13 Gi0K0B
MOXKHO CcOOMpATh JETEeKTOphl T.X.H. C UyBCTBUTENBHOH amepTypoii 1 M2 KombIieBEIE
TU(PPAKTOMETPHI C U3THOOM JIETEKTHPYIOIEH MOBEPXHOCTH, KOTOPBI YMEHBIIIAET Mapajlake B

TOPU30HTAIIBHOM IIOCKOCTH.

UYewm Oomplie TakKUX TPYOOK Ha ITyTH HEUTPOHA, TEM BBILIE U 0THOpoIHEE 3P PEeKTUBHOCTD

PSD o miomtaau nerexropa, puc. 1.1.8.6.

B pabore [1.1.8.6] oTmeuaeTcs HCKIIOYUTEIBHO BBICOKAs HAACKHOCTh TPYOOK
NPUBEICHHOM KOHCTPYKIMH. YCKOPEHHbIE TECThl TE€PMETHYHO 3aKJIECHHBIX TPYOOK C
TOHKOIUIEHOYHBIM ~TOKpPBITHEM KaTofoB Kap6umom Oopa °B4C, BHINONHEHHBIE TIpH
IKCTpeMalIbHBIX TemnepaTypax -70°C u +125°C, nokaszanu Bpems xu3Hu aerektopa 30 et (Ha
JOBEpUTEIbHOM HUHTEepBase 99%). M3 aMIIUTYyAHBIX CIIEKTPOB, MpUBEACHHBIX Ha puc. 1.1.8.6

s T.X.H. (a) 1 ramma-dona (b), monydeHa 9yBCTBUTENBHOCT K TaMMa-(hory 10 npn mopore

73 keV.
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Puc. 1.1.8.6. Jerextopsl T.X.H. (b) ¢ paboueit 06macTsio 100x100 cm?, cobpanHble U3 GI0KOB, C

HaHCCCHHBIM Ha BHYTPCHHUC IMOBCPXHOCTU KaxXaoi TPY6KI/I TOHKOINVICHOYHBIM KOHBEPTOPOM 10B4C.
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Puc. 1.1.8.7. AMIuTyIHbIC CIICKTPBI [T T.X.H. (8) 1 ramMa-Qona (b), oTkyaa noaydyeHa
YYBCTBUTENBHOCTH K TaMMa-(GoHy I 0HO# TpyOku rpu nopore 73 keV, coctapistomas 1078,
[TockonbKy TpW pErHCTpallid HEWTpPOHa cpadaThiBaeT TOJBKO OJHA TPyOKa, TO KOHIIBI
OJTHOMMEHHBIX TPYOOK B OJIOKEe OOBEIUHSIOT BMECTE HA BXOJIE YCHUJIUTENS, KaK Moka3aHo Ha puc. 1.1.8.8

[1.1.8.7].

(0N
{ ™9
OOOOODDDDD
UIUIVUIUIOIUIVIUIY)
mia OOOOOOODOD
OOO0OODOOD}—
OOOOOOODOD

Gigabit Ethernet Serial Stream

:> *PC or PC
Cluster

Ethernet Switch (Hub)

Puc. 1.1.8.8. Cxema noaxiito4eHus OJIOKOB HEUTPOHHBIX CTPOY-TPYyOOK K anektponuke [1.1.8.7].

Jerextop Multi-Grid

Ha puc. 1.1.8.9 npencrasnen merexrop Multi-Grid, cozpannsrit coBmectro ILL u ESS mist Bpemsi-
nposietHoro audpakrpomerpa [1.1.8.8-1.1.8.10] (mmHa BOJHBI HEUTpOHA HU3MEPSETCS MO BPEMEHHU
IpoJIeTa).

B koHeyHOM BapuaHTE€ KOHCTPYKIIMUA HEHUTPOH MepecekaeT 28 KOHBEPTOPHBIX CIOEB C YHCIOM
ATIOMHHHUEBBIX TUTACTUHOK TommmHoN 0.5 mm Np=14, Ha KOTOpBIC MICHOYHBIM KOHBEPTOpP M3 KapOuma
6opa °BsCs, oGoramennbii 10 80% mn3oromom °Bs, HaHeCeH C JBYX CTOPOH. DTO 00OECIEUMBAET
JI0CTATOYHO BBICOKYIO 3)()EKTUBHOCTD PErUCTPAIMK HEHTPOHOB ¢ A=4-6 A,

B nentpe ka0 s4EeUKU pa3MeIleHa IIPOBOJIOYKA-aHO I JAJIs1 YMHOKEHMS IIEPBUYHOIO 3apsA/ia, KaKk
B IIPOIOPIIMOHAIEHOM CUETYHKE.

Karomom Takoit ‘“‘mpybku” ABISIOTCS TPOBOASAIIME CTEHKH sdeek. KapOua Oopa Xopormmid
TIPOBOJTHYK C yAETbHBIM 3IEKTPHIECKHM conpoTupienreM R~102 Ohm-m.

OpHa KOOpAMHATA HEUTPOHA OMPEIEIIIETCS 10 HOMEPY cpaboTaBIIeH SUCHKH, a BTOpas — IJICHUEM
3apsiia BAOJIB OOIIeH Ui BeeX siueek aHOAHOW mpoBoniouku. CoiictBa Takoro PSD momo6usr LPSD c

JTMaMeTpoM TpyOKHu 2 CM.
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Puc. 1.1.8.9. Moayns Multi-Grid u3 MHOTHX 3JIEMEHTAPHBIX SUEEK.

JIBYXKOOp/IMHATHBIE 1eTeKTOPbI HA MPOBOJIOYHBIX MPONMOPUHOHATbHBIX Kamepax MWPC

Jlpyroii MeToJ, IIMPOKO HCIOIB3YEMBIH JUIS MOBBIMIECHNS 3(PPEKTUBHOCTH PETHCTPALMH T.X.H.
TOHKOIIJICHOYHBIM KOHBEPTOPOM, OCHOBBIBAETCS] HA MAJIOM YTJIE ¢ BX0JIa HEHTPOHA B IUNICHKY KOHBEPTOPA,
Kak nokasaHo Ha puc. 1.1.8.10 [1.1.8.11].

Meron mo3BosisieT yBeaHYUTh 3)(HEKTHBHYIO TONIIMHY OJHOM IUICHKH, Hanpumep, d,p= 11.5 um

npu puznyeckoit Tomnae d=1 pm u yriae a =5, 6maroaaps cootHomeHuo: ds¢=d/Sina, rae sina = o.

a
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Positron drift hines from a wire Electron drift lines from a tmck
CGias: OO, 30%, Ar 70%, T=300 K, p=1 atm

b
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Puc. 1.1.8.10. MuoronpoBoiouHas nponopimoHaibHas kamepa MWPC, ogauM U3 KaToI0B KOTOPOH

ABJISIETCS CTPYKTYPHPOBAHHAS MOJIJIOKKA C TOHKMM CJI0eM KOHBepTopa 13 kapouna 6opa °B4C.

B pa6orax [1.1.8.11, 1.1.8.12] npezncraBiaeHbl pe3yiabTaTbl WU3MEPEHUH, B KOTOPBHIX IUICHKA C
KOHBEpTOpOM u3 Kapbmma Gopa °B4C Tomumuoi 3 pm HaHeceHa Ha V-00pasHYI0 IIOBEPXHOCTb
QIIOMUHUEBOM  NOMJIOKKH,  BBIIOJHEHHOM  mTaMnoBKOM.  Takas  MOBEpXHOCTb  Ha3BaHa
«MAaKpOCTPYKTYPHOII» ¢ yriioM npu BepminHe 20=45°. CTpyKTypHUpOBaHHAas IOBEPXHOCTb SBJISAETCS OTHUM
u3 xatogoB MWPC, puc. 1.1.8.8. B patote [1.1.8.12] u3yuanoch BAMsHHE BBHICOTHI CTPYKTYpUPOBAHHOMN
MOJTOKKK N W TOJIIUHBI TUICHKH KOHBEPTOpa HAa XapaKTEPUCTHKH JETEKTOpa, MpU H3MeHeHun h B
mUpokux npeaenax or 0.25 o S mm.

Beicora cTpykrypsl h Biuser Ha [unHy myTH Ipeida NepBUYHBIX 3JICKTPOHOB OT TOYKH 3aXBaTa
HEWTpOHA SIpoM OOpa O aHOJHOM NPOBOJIOYKH, YTO B KOHEYHOM CHYETE OMpEACsieT BPEeMEHHOE
paspemienue kamepsl. s qmudpakromerpoB ESS 3TO HCKITIOUNTEIHLHO BaXKHO, T. K. 10 BpPEMEHH TPOJIeTa
MIPOM3BOJUTCS OTOOp HEUTPOHOB ¢ HEOOXOMMMOW JJIWHON BOJHBL. [loKa3aHO, YTO BBIUTPHII B
3¢ (HEKTUBHOCTH TIO CPABHEHUIO C IUIOCKOW (HECTPYKTYpHUPOBAaHHOW) MOANOXKKOH coctaBisier 40%. B
KavyecTBe paboduero raza B paboTe mpuMeHsuiach JaByxkomroHeHTHas cMech Ar/CO2(70%/30%) npu
aTMoc(hepHOM JaBJICHUU Ha MPOIYB.

Jlyst Toro, 4TOOBI C yIiIOM mpu BepinuHe 20.=45° moayuuTh 3¢(HEKTUBHYIO TOJIIUHY KOHBEPTOpa
40 um nmeTexTop AOMKEH conepkath He menee msith MWPC B oHOM razoBoM oObeMe.

Ha puc. 1.1.8.11 npuBeneHa cxema CJOEHHOW KaMepbl ¢ OOIIMM TBEPAOTENbHBIM KOHBEPTOPOM

19B4C, HanBIIIEHHBIM C JBYX CTOPOH Ha JpeiQOBBIil 3I€KTPO]] CTPYKTyprupoBaHHO# dopmsl [1.1.8.13].
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Puc. 1.1.8.11. CaBoeHHasi MHOTOITPOBOJIOYHAS TIPOMOPIIMOHATILHAS KaMepa 5 ¢ TBEPAOTEIbHBIM
xorBepTOopoM °B4C, HANBLICHHBIM C IByX CTOPOH Ha OOIIHI Apei(oBbIif daekTpos 4
cTpykrypupoBanHoii popmbi[1.1.8.13]; 1 — kopmyc, 2, 3 — ra3oBbie MaTpyOKH BXOA-BBIXO; 6, 7 —

MPOBOJIOUHBIE KaTObI (XY -KOOPAUHATHI).

DONEeKTPOHbI NMEPBUYHOW WMOHM3ALMU TOSABISIOTCS NPHU BBIXOJE B ra3 CHIbHO-HMOHU3HMPYIOLIUX
¢parmMeHToB: anbda-yacTULbl WM sapa JauTus, cM. peakuus (1.1.8.1). 3a30pbl Mexay IUIACTHHAMU C
KOHBEPTOPOM M IPOBOJOYHBIMH KAaTOJaMHU SIBIAIOTCS Iper()OBBIMU, MO3BOJSIOMIMMHU TPAHCIIOPTHPOBATH
AJICKTPOHBI U3 ATUX 3a30POB AIEKTPUICCKUM MoJieM ¢ HanpspkeHHOCThI0 100-200 B/cvm B pabounii 06beM
OJIHOM U3 Kamep.

Ha mnactuny ¢ xonBepropoM 4 mopmaercs, Hampumep, -100 V. IloreHmman Ha aHOIHBIX
MPOBOJIOYKAX 5 BBIOMPAETCS TOJOKUTEIBHBIM U MOXET COCTaBIATh 1-2 KV. B CHIIBHOM 3IIEKTpHUECKOM
10JIe B OKPECTHOCTH aHO/IHBIX IPOBOJIOUEK, peBbiniatonieM 20 KV/Cm, Bo3HHKaeT JTaBUHHOE YMHOXKCHUE
JIEKTPOHOB — BTOpPHMYHAsl MOHHW3auus. YUCIIO MEPBUYHBIX 3JIEKTPOHOB B 3a30pe KaMepbl 3aBUCUT OT
SHEPIUM BBIIIEJIIErO B ra3 ()parMeHTa M MOXKET COCTaBJIATh HECKOJIBKO ThICAY, IOITOMY B Kamepe
JOCTaTOYHO ycwieHus nopsaka 100 s perucranuum CUTHalIOB COBPEMEHHOM  3JIEKTPOHUKOM.
JIBIOKyIUiics 3apsi BTOPUYHON HOHU3AIMH, KOTOPBI 00pa3zyeTcsi B OKPECTHOCTH aHOIHOW MPOBOJIOYKH,
MHAYLMPYET CUTHANIBI KaK Ha aHOJIE, TaK U Ha 00enX KaToax B TOM KaMepe, Kya OblIIN TPaHCIIOPTUPOBAHbI

IEPBHUYHBIC 3JICKTPOHEI.
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OCOoOEHHOCTD JETEKTOPA, 3aKII0YAONIasiCS B TOM, YTO 3aXBaT HEUTPOHA SAPOM OOpa MPOUCXOAUT
TOJIBKO B OJJHOM W3 KOHBEPTOPHBIX cjoeB (B o0meM ciyuyae — B ogHoM u3 2K cnoes, roe K — uncno
KOHBEPTOPHBIX IIacTuH). CienoBaresbHO, IEPBUYHBIA 3apsij] MOMaAeT TOIbKO B OJHY Kamepy (u3 K+1
Kamep). ITa 0COOCHHOCTD MO3BOJISIET 11O MPUHIIMITY, pUBEICHHOMY Ha pHc. 1.1.8.8, 00beIMHUTH aHOHBIC
MIPOBOJIOYKM BCEX KaMep BMECTE B OJUH KaHAJ JEKTPOHMKH. Kpome TOro, 3To Mmo3BOJsieT KaTOJHBIE
MIPOBOJIOYKU COEIUHUTH MOCIEI0BATENbHO B KaXKI0M KaTonHOU miiockoctu 6 (X-koopaunara) u 7 (Y-
KoopauHata). Ilocne ycuieHns M IUCKPUMUHAIIMM CUTHANIBI C JIEKTPOJIOB MOCTYMAIOT WM HAa BXOJBI
BpeMs-1iudpoBsix npeodpaszosateneii (TDC — Time-to-Digital Convertor) uiau aMIIUTyIHO-IH(POBBIX
npeodpaszopareneii (FADC - Flash Analog-to-Digital Convertor). ITo u3MepeHHBIM BEIUYHHAM
BPEMEHHBIX MHTEPBAJIOB WJIM aMILIATY]I CUTHAJIOB, TiepeaaBacMbiM B mudpoBoii popme ¢ BeixogoB TDC
umu FADC B ynpaBisitonuii KOMIBIOTEp, ONPEACISIOTCS MPOCTPAHCTBEHHBbIE X- W Y-KOOPIWHATHI
HEHUTpPOHA B IETEKTOPE C TOYHOCTHIO 1O HOMEPa IPOBOJIOUKH.

B mnpennokeHHONW KOHCTPYKIIMM J€TEKTOpa T.X.H. IUTACTHHBI C KOHBEPTOPOM (apeiidoBbie
ANEKTPO/IBI) TPOCTO BCTABISIOTCS B 3a30pbI, HAPUMEP, 5 MM MEXKIy MPOBOJIOYHBIME KaMepamH U UX
YCTaHABJIMBAETCSI CTOJBKO, CKOJIBKO HYXKHO i1 3((EKTUBHOW PErucTpanyl HEHTPOHOB C 3aJaHHOU
JUTMHOM BOJHBI. [Tpu 3TOM 4KCII0 KaHATIOB 3JIEKTPOHUKU HE 3aBUCUT OT uKcia miactul K u kamep K+1.

JIOCTOMHCTBOM KOHCTPYKIIUH SIBISIETCS TO, YTO HA IIyTH HEUTPOHOB HET OPraHMYECKOro BEIIECTBA,
COJIEpIKaILET0 BOJOPOI, CHIIBHO PACCEUBAIOLETO HEUTPOHBI.

W3Becten BapuanT 2D-merexropa, moBbimaromuil 3¢(eKTHBHOCTH perucTpanud HEWTPOHOB,
nasBanubiii Multi-Blad, B koTropoM Mexay MmacTHKaMH ¢ KOHBEPTOPOM YCTAHOBJIEHBI IIPOBOJIOYKH, T. €.
obpazoBana MWPC, kak mokazano Ha puc. 1.1.8.12. MeTon HakjI0Ha TOHKOTO KOHBEPTOPHOTO CIJIOSI K
HAMpPAaBIICHUIO JBUKCHHUS HEUTPOHA MPHUBOJUT K TOBBIICHUIO 3()DPEKTUBHOCTH PETUCTPALUU T.X.H.
Onarogapst yBeIM4CHUIO (P PEKTUBHON TOJIIMHBI B COOTBETCTBUU C COOTHOLIEHUEM: O,¢=d/a, r1e o — yron
HaKJIOHA.

Anopansie mipoBosiouku MWPC onpenensitor X-koopaunary, ogauMm katogoM MWPC sensercs
IUTACTUHKA C TOHKOIUIEHOYHBIM KOHBEPTOPOM, BTOPBIM KAaTOAOM SIBJISIETCS IUIACTHHKA CO CTPHUIIAMH,
U3MEPSIOUME Y -KOOPIMHATY.

HenocraTok Takoll KOHCTPYKUHMHM B TOM, YTO NPU HAKJIOHE IUIACTUHOK C KOHBEPTOPOM APYT
OTHOCHUTEJIBHO ApYra N0 NPUHIUITY “Jtcanto3u’” MEHSIETCS BEIMYMHA 3a30pa aHOA-KaTo/, I03TOMY Ia30BO€
yCHUJIGHUE KaMepbl 3aBUCUT OT KOOPIUHATHI 1 HY)KHO BBOJUTH MONPABKY B 3 pexTrBHOCTH [1.1.8.8].

Jlpyroii BapuaHT aHAJIOTUYHOTO JIETEKTOpa, B KOTOPOM yCTpaHEH yka3aHHbIi Hepoctatok (MWPC
MMEeT OJIMHAKOBBIN 3a30p aHO/-KaTO/l M YCHJICHHE) MpeacTaBiicH B padorax [1.1.8.14, 1.1.8.15].

HenocrarkoM KOHCTPYKIIMU SIBJISIETCS. HATMYME OPraHUYECKOTO BEIIECTBA — KalTOHA TOJIUHON 50
MKM, PacHoOJIOKEHHOTO MO/ MAallbIM yIJIOM K TPAaeKTOPUU HEUTPOHOB, YTO HA MOPSAOK YBEIUYHBACT

3G HEKTUBHYIO TOJIIUHY ¥ CUIBHO pAacCenBaeT HEUTPOHBI B 3TUX MeCTax.
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Puc. 1.1.8.12. Pa3merenue miacTUHOK ¢ TOHKOIUIEHOYHBIM KOHBEPTOPOM I10/1 MAJIBIM YTJIOM K
TpPaeKTOpUH HEUTPOHA B TeoMeTpuu Tuna “orcamozu’, mpunimn Multi-Blad [1.1.8.14, 1.1.8.15].

Ha puc. 1.1.8.13 npuBegeHa KOHCTPYKLHUS JETEKTOpa T.X.H. C IJACTUHKaMH, Ha KOTOPBIE C IBYX
CTOPOH HamblLIeH TOHKMi cioit kap6uma 6opa °B4C, uro uckmodaer KOpoOIeHHE IUIACTHH H3-3a
MIOBEPXHOCTHBIX CHJI M yJydllaeT IUIAHAPHOCTh 3JEKTPoJoB. IIpu 3TOM BBEJEH MACHTUUYHBIA IIEPBOMY
BTOPOM NIETEKTUPYIOIIHMK CJIOM, C YIJIOM MOBOPOTA IUIACTUHOK, M3MEHEHHBIM Ha MPOTUBOIOJIOKHBIN 1O

3HaKy, ¢ 00pa30BaHUEM IIEBPOHHOM cTpyKTypsI [1.1.8.16].
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Puc. 1.1.8.13. Koncrpykuus tuna “meBpon’” 2D-neTekTopa T.X.H. ¢ TOHKOIIJICHOYHBIM KOHBEPTOPOM

108, C, HanBLIEHHBIM C IBYX CTOPOH Ha MIACTHHKU-TIOMTOXKKY [1.1.8.16].

H03HHHOHHO-‘lyBCTBI/ITeJﬂ>Hble AECTEKTOPLI HA TAa30HANMOJIHCHHBIX MUKPOCTPUIIOBBIX CIETYHKAX
MSGC

Muxkpoctpunossiii  gerektop MSGC BBINONHEH Ha CTEKISIHHBIX IUTACTHHKAX M YCIEIIHO
MPUMEHSIETCS ¢ TeueBbIM KouBepTopoM [1.1.8.17] B Teuenue 20 neT B tudpakromeTpax.

B pa6ote [1.1.8.18] mnst konbueBoro mudpakromerpa MILAND BriepBblie MpesioKeHa TEOMETPHS
«kamo3u» Ha miactuakax MSGC ¢ manbIM yrioM BXoJZla HEHTPOHA B IUICHKY KOHBEPTOpa U3 KapOuia
6opa °B4C (puc. 14). Oxna cropona MSGC mokpsiTa TieHKoi ¢ m3otornoM °B, a IpOTHBOIOIOXHAS —
peructpupyet X, Y koopauHaThl. PasHbie apeiidoBbie 3a30pbl HA BHYTpeHHEM paauyce 9.7 mm, a Ha
BHelIHeM — 12.5 mm, KkoTopbie BO3HUKAIOT TPY HAKJIOHE TUIACTHH Ha yrodl 12°, He CKa3bIBarOTCS Ha ra30BOM
yeuneann MSGC — cymectBennoe npeumyiectBo MSGC nag MWPC. Kpome toro, MSGC B 100 pa3
osictpee MWPC, Tak kak monoxutenbHbie HOHBI B 100 pa3 ObicTpee MOKUIAIOT MPOMEKYTOK aHOA-KAaTO,
00pa30BaHHBIN HA CTCKIISTHHOW IMOJIOXKKE IedaTHbIM crtiocoooM. MSGC, B oiimune or MWPC, ro3Bostsier
MOJIYYHUTh CYOMIIIZTUMETPOBOE TipocTpancTBeHHOoe pasperieHue [1.1.8.17]. Xors MSGC uzobpeten 30 et
Ha3aJl, OJIHAKO €ro MOTEHIMaJIbHbIE BOSMOKHOCTH €Ille He McuepnaHbl. Tak, HampuMep, perucrpauus
CBETOBBIX CHTHAJIOB, BOSHUKAIOIIMUX MPU BBIXOJE B Ta3 ()parMEHTOB PEaKIMH 3axBaTa HEUTPOHA SAPOM
0opa, TO3BOJISIET PEKOHCTPYHPOBaTh 3D-KOOpPIWHATBEI TPEKOB M C BBICOKOW TOYHOCTBHIO OIPENECIUTH
KOOPAMHATHI HEHTPOHA, KaK 3TO JIeIaeTcs BO BpeMsI-IIPOEKIIMOHHBIX Kamepax (Time-Projection Chamber,

TPC), o uem moxpobHee MoxHO Haiitu B [1.1.8.4].
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Puc. 1.1.8.14. T'eomeTpus «OKaI03M» HA MEKPOCTPHUTIOBBIX feTekTopax MSGC.

IIpuMeHeHNe MUKPOCTPYKTYPHBIX /1eTEKTOPOB HOBOro nokojaenuss MPGD — GEM u MM s

perucTpanmu T.X.H.

B cocrae MPGD? BrienstoTcs 1Ba OCHOBHBIX Kjlacca JIETEKTOPOB:

e GEM°c pasnoBuHOCcTsiME [1.1.8.19];
e MicroMeGas ¢ pasnoBuanoctsmu [1.1.8.20] —a60peBuarypa ot MicroMesh Gaseous (kpatkoe
0003HauYCHHeE, UCIIONIb3yeMOoe 31ech, — MM).
0O6a knmacca MPGD crioco6ub1 3amenuts MSGC. B otnuune ot MSGC TeXHOJIOTHST H3TrOTOBIICHUS

GEM u MM no3BosseT noxy4aTs METPOBBIE Pa3MepHl.

Ilpumenenne GEM nas perucTpamum T.X.H.

Ha puc. 1.1.8.15 npencrasnen aerektop T.X.H. 100100 mm? ¢ opuTHHAILHBIM BapUAHTOM
CTPYKTYPHUPOBAHHOU MOJIOKKH, Ha3BaHHO# B padore [1.1.8.21] “muxpocmpyxmyproii” (eciu cpaBHUBATH
¢ puc. 1.1.8.10) ¢ yrmamu nipu BepiuuHe cTpyKTypsl 20=15° 1 20=20° ¢ BeICOTO# MUKpO-rpedHeit h=150
um. [ar moxuo Haiith: S=ah=20 pum u 26 pum, COOTBETCTBEHHO. Ha CTPYKTYpHPOBAHHYIO MOIOKKY
HaIbUIEH CJI0H TOHKOILIEHOYHOTO KOHBEpTOpa M3 umctoro °B B 0JHOM BapuaHTe TOJNIIMHON 2 pm, B
apyrom — 4 um. 3nece GEM Boinonuaen Ha ctekiie (GlassGEM), ero 3amada — yMHOKEHHE MTEPBUYHOTO

3apsja.

8 https://rd51-public.web.cern.ch/
® He myrats a66peBuatypy GEM — General Materials Diffractometer (nudpaxromerp Ha peaktope ISIS)

C YCTOSIBLICHCS B aHTJION3BIYHOM JHuTepaType abopeBuatypoit GEM — Gaseous Electron Multiplier.
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15° ta 20° Meutron Aluminium substrate g 19 Layer

| 2~ 4 um thick
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Micro-structure B-10 Canverter

Neutron beam

Micro-structure B-10 Converter

GlassGEM
Metal Support

Readout

= S

3cm

- S
I TEov

i i
Gas: Ar/CH4 (90:10)
Pressure: 1 bar

Puc. 1.1.8.15. MUKpOCTPYKTYypHUpPOBaHHAS ATFOMUHUEBAS TIOJTOkKKA C HAHECEHHBIM Ha €€ ITOBEPXHOCTH C
o 10 <
OJTHOU CTOPOHBI TOHKOIICHOYHBIM KOHBEPTOPOM ~ B TOJIIMHOM 2-4 M (&) BBITOIHAET (PYHKITUIO
nperidoBoro snektpoaa GEM-nerekTopa ¢ pabouunm 3azopom 30 mm (b), muxe GEM pacnonoxen

CUUTBIBAIOIIUH AJIEKTPO/I, PU MTOMOIIHM KOTOPOTO HU3MEPSIOTCs X, Y KOOPAUHATHI.

Ha paccrosamn 30 mm Beimme GEM pacnonoxen kouseprop °B Tommmmuoif 2-4 pm B BHIe
npeiidoBoro anekTpoaa (MUKPOCTPYKTYpa), Hike ypoBHS GEM Ha mHEe MHAYKIIMOHHOTO 3a30pa ~ 2 mMm

pasMCIICH CUMTHIBAIOIIHH QJICKTPOA, MpHU MOMOIIU KOTOPOI'0 U3MEPAOTCA X, Y KOOpAUHATEI.
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B kauecTBe pabouero raza ucnomnb3yercs aproH-meranoBasi cmecb ArCH4(10%) npu nasnenuu 3.1
bar. Tlpu Takom paBieHun Tpeku ¢parmeHtoB peakuuu (1.1.8.1), Beimenmme B ra3, MOJHOCTBHIO
YKJIaJIBIBAIKCH B 3a30pe 30 mm.

Ha puc. 1.1.8.16 npencraBieHbl aMITUTYIHBIE CIICKTPBI CHTHAIIOB OT TETIJIOBBIX HEHTPOHOB A=1.7-
1.8 A u ramma-oHa, modyueHHble Ha 3TOM jeTektope npu ycunenun GEM pamom 20 Ha cioe
KOHBEPTOpaA 2 |m ¢ yIJIaMH [IpU BEPLIMHE CTPYKTYpHI 15°.

B pabore He mpuBOAMTCS, KaKWe TMOJYYCHBI MPOCTPAHCTBEHHOE paspenieHue, dHPEeKTUBHOCTD
perucTpanuu T.X.H. ¥ Kakas 4YyBCTBUTEIBHOCTh K raMMa-(oHy.

OnHaKo JIeTKO OLIEHUTb, YTO JJIS YKAa3aHHBIX YTIII0B 3¢ (EeKTUBHAS TOJIIIMHA KOHBEPTOpa COCTaBHIIA
30 um c omHOW MHKPOCTPYKTypHOU mommoxkou. HMcmonp3yss puc. 1.1.8.4, MOXHO OICHHTH
3¢ peKTHBHOCTH: He MeHee 60% st A=1.8 A.

Uro kacaercs MpOCTPAHCTBEHHOTO pa3pellieHus, To Ojgaroaaps Mukpocmpyaxmype npooeru GpparMeHToB
He “CHOCHJIM” KOOPJMHATHI TOUKM 3axBaTa HeifTpoHa sypoM °B (ma puc. 1.1.8.15 aBTopamu mokasaH

TOUYEYHBIN 3apsi/T), TaK YTO MPOCTPAHCTBEHHOE Pa3pelICHUE IETEKTOPa BEICOKOE — CyOMUILITUMETPOBOE.

. Gamma
gl | Heutron |
250 |
225 |
200 |
175 ¢

w
Eis
]
(31
125 |
100 ¢
7 | |
50 | \
" M
[/ - LB e il
] 100 200 100 400 500 00 700 800 s00 1,000

Channel
Puc. 1.1.8.16. AMIIMTYTHBIE CIIEKTPHI OT TETUIOBBIX HEUTPOHOB M TaMMa-(oHa JIJIs1 TOJITUHBI TNICHKH

KOHBEpPTOpa 2 WM C YIJIOM MPH BEPIIMHE MUKPOCTPYKTYPHOM MOITONKKH 20=15°.

Oto TexHuueckoe pemenue PSD npemioxkeno s pedaekToMeTpoB U MpUOOPOB MAJIOYTIIOBOTO
paccesiHusI HEHTPOHOB, KaK aJIbTEPHATHBA T'eIIMEBOMY JICTEKTOPY. DHEPTUsl HEUTPOHOB, COOTBETCTBYIOIIAS
He BonmHbl A=1.7-1.8 A, ompenensnack mo BpeMeHH HpoieTa, T.K. BPEMEHHOE Pa3pelleHHe TaKoro
nerektopa ¢ GEM, cozmannoro mis J-PARC, cocraBuno 10 NS mpu HanpsHKEHHOCTH MO B ApeioBOM
3azope 400 V/cm — B 100 pa3 Bbitie uem reaueBoro PSD.

OpuruHaibHbM sBisieTces aerekrtop T.Xx.H. CASCADE [1.1.8.22, 1.1.8.23], BbIMOJHEHHBIH Ha

kinaccuueckoM GEM (donbrupoBanHas ¢ IBYX CTOPOH IUICHKAa W3 KamToHa TojmuHOM 50 pm co

88



CKBO3HBIMH OTBEPCTHUSIMH B TeKcaroHanbHOW reomerpud, nuamerpom 50-70 um u marom 140 pm.
JIeTeKTOp BBIMOIHEH U3 JABYX MJIEHTHYHBIX IO YCTPOUCTBY “TIOJIOBUHOK”, B KaXXJ0U — Tpu miieHku GEM
(kackanm), kak rmoka3ano Ha puc. 1.1.8.17 u 6 cnoeB koHBepTOpa, YTOOB HAOPATh APHEKTUBHYIO TOIIIUHY
KOHBEpTOpa, Bcero — 12 cioes.

Uzoton 6Gopa °B HameceH BakyyMHBIM HambLIGHHEM IOBEPX Meau Ha roTosblii GEM c
MHUKPOOTBEpPCTUAMHU. UHCTBHIE OOp HE SBISETCSA HU XOPOIIMM JWAJIEKTPUKOM, HU TPOBOIHHUKOM, €ro
ynenpHoe conpoTuienne 1.8-10° Ohm-cm, mosToMy HaHeceHHe ero Ha Me/lb HE IPUBONT K HAKOTICHHIO
3apsa Ha TOBEPXHOCTH OOpa, a TmomajaHue Oopa Ha CTEHKHM MHUKPOOTBEPCTUH HE NPUBOIAUT K
HE)XeNTaTeNbHOMY YBEITHYEHHIO TEMHOBOTO TOKa. Ilnenku Gopa, oboramenHoro 10 90% wusorornom °B,
TonmuHoM 1.2-1.4 um HaHeceHbI TaKkXKe Ha KaTObI — Ipei(OBbIE FITEKTPOIBI CTPYKTYPHI U HA 00€ CTOPOHBI
GEM 3a uckmouenueM nocineaHero GEM B kackazne, KoTopslii yepe3 WHIAYKIIMOHHBIN 3a30p Tepenaet

3apsJT AJICKTPOHOB HAa CYUTHIBAIONINN IEKTPO 11 onpeaenenus X, Y KOOpAUHAT.

l Neutrons
g

Drift Electrode

R upto 4
‘1_#' Transfer GEMs

Gain GEM

, - — ] PCB
e Readout structure

Drift Field

GEM === Boron *“\-\Ianisation track /' Electron cloud

Puc. 1.1.8.17. Jerextop T.x.H. CASCADE, BbINONHEHHbI HA TOHKOIIIEHOYHBIX KOHBEPTOpax °B,
YHUCJIO CJI0E€B KOTOPBIX BHIOMPAETCS IO HEOOXO0UMOM 3(P(HEKTUBHOCTH PETUCTPAIIH HEHTPOHOB.

Bce GEM B kackange paboTarOT B MOHHM3AIMOHHOM PEXHME 0€3 YCHJICHHUS, a MOCICIHUNA — C
HebonpmM yeunenueM 10-30. IepBuunstii 3apsan (~50 ThICAY 3JEKTPOHOB) TPAHCIIOPTHUPYETCS OT TOUKU
obpazoBanus 1o nocienHero GEM, raoe ycunuBaercs, a 3aTeM cobupaercss Ha CTpUIaX, BBITOJHSIIOMINX
GyHKIMIO aHona CTPYKTypbl. CUTHambl Ha CTpPHUIAX HABOAATCA 3JIEKTpOHaMHM 0e3 OalIMCTUYecKOro
nedummral®. BeicrponeiicTeue nerekropa CASCADE nocruraer 107 ¢t

[TpoctpanctBenHoe paspemienue aerekropa CASCADE mnpuseneno Ha puc. 1.1.8.18 u puc.

1.1.8.19. Kak BuzHo, u3-3a 6osbmioro npodera ¢pparmentoB peakiun (1.1.8.1) B raze Ar/CO2(10%) npu

% Bannucriueckuii nepUIUT BOSHUKAET TOT/a, KOTIA BPeMs HHTErPHPOBAHHSA MHOTO MEHBIIE BPEMEHH
coOupanus 3apsja.
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aTMOC()epHOM JaBJICHUM, B TIPUBEJACHHOM paclpeleneHuu ecTb “‘xBocThl’.Ilpm HeobOxommmocTu
MPOCTPAHCTBEHHOE pa3pelIeHHue JIETEKTOPa MOXKHO YIIYUIIUTh YBEJIWYCHUEM JaBlieHUs] paboyero rasa 3a

cYeT cokparieHus npobera npoayktoB peakiuu (1.1.8.1), em. puc. 1.1.8.109.

10° . . . . . . . .
107 {\1

Counts

SR

10°
\h._.w_,w ] e

10

0 20 40 60 80 100 120 140 160 180 200
Position [mm)]

Puc. 1.1.8.18. TIpoctpanctBennoe pazpemenue nerekropa 1.x.H. CASCADE.

20 | | |
2,6 -4* Measured position resolution
24' in Ar:CO, =90:10

2.2
2,0

1.8 I
1.6

1,4 § 5
1,2] ¥
1.0

FWHM [mm]

10 15 20 25 30 35
absolute counting gas pressure [bar]
Puc. 1.1.8.19. Ynyumenue npoctpanctBeHHOro paspeuenus aerekropa CASCADE ¢ yeennueHnem
JABJICHUS T'a30BOM CMECH.
Heo6xomumMo oTMeTHTH, UTO Ha CTeHKax MHUKpooTBepcTuii GEM HakamiamBaroTCs 3apsiabl, 4TO
MPUBOAUT K HECTAOMILHOMY BO BpEMEHH Ta30BOMY YCHUJICHUIO TIPU U3MEHEHHH 3arpy3ku. [Ipu BKItOYeHnn
BBICOKOTO HANpsHKEHUs yCTAaHOBUBIIEECS 3Haue€HUE KOA((UIMEHTA ra30BOr0 YCHIIEHHUS MPOUCXOAUT B

11

TedyeHue vaca. [locie CIOHTAaHHOTO AJIEKTPHUYECKOTO MPOOOs B ra3e™ MOTPeOyeTcsl CTOIBKO K€ BPEMEHU

1 CIIOHTaHHEIC HpO6OI/I B I'a3C¢ MOT'YT BO3HUKAThH B PC3YJILTATC B3aI/IMO,Z[€I\/'ICTBI/I$I YacCTHIl BBICOKHUX
3Hepr1/1171 NI KOCMHUYCCKOI'O U3JIYUCHUA C DJICMCHTAMU KOHCTPYKIUU IIPU POKIACHHUU CUIIBHO
HOHU3UPYIOMIUX I'a3 4aCTUul U AACP.
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IUI JOCTHDKEHHSI YCTaHOBHUBILIETOCS pexuMa. JTo — cepbe3Hblii HenoctaTok GEM mpumenurensHo K
perucTpanyu T.X.H., TAe CTAOUIBLHOCTh CYETa CUUTACTCS OJHON M3 BaKHEHIINX XapaKTEPUCTHK.

B pa6ore [1.1.8.24] mosropunu umero CASCADE, npu 3ToM caenanu JETEKTOp ¢ aKTHUBHOM
mromansio 150x150 mm? kak Ha kmaccnueckom GEM na kanrore 50 pm ¢ otBepetusmu 50-70 pm, Tak 1
Ha xuakokpucrammmdeckom noiaumepe (LCP) Ttommmuuoi 100 pm ¢ orBepcTusimu auamerpom 90 um c
BEPTUKATHHBIMU CTCHKaMH, Ha KOTOPBIX MEHbINE HakarumBaercs 3apsaoB. Ha razosoit cmecu ArCO:»
(30%) moay4eHo MpoCTpaHCTBEHHOE pa3pelieHue 1 mm, a BpeMeHHOe paspemieaue 10 ns.

B pa6ore [1.1.8.25] Bemonammm nerektop 1.X.H. o npuHiuny CASCADE na THGEM — tonctom
GEM ¢ aktuBHOM mmomansio 50x50 mMm?, ¢ TommuHOM MomIokKH U3 kepamu 200 pm, IHAMETpOM
otsepctuii 200 um u mare 500 um, rae nadecnu 11 croes uucroro °B Tommmuoit 2.5 pm (cymmapHas
tonmuHaa ~30 um), onuH Ha kKatox U 10 Ha 00e cTopons! nsiTh niepdopupoBanHsix THGEM. Paccrostaue
MEKTY CIIOSIMH COCTaBIISLIO 2 MM. Anbda-dactuiisl ¢ sHeprueit 1 MeV tepsum 200 keV/mm, cosnaBas Ha
Tpeke ~15 thicsu amekTpoHOB (3apsa 2.5 fC). DiekTpoHbl 6€3 YMHOMKCHHS TPaHCIOPTHPOBAIMCH K
mecromy THGEM, xoTopsiii yeunusan 3apsi. XapakTepUCTUKU AETEKTOPA UCCIIEIOBAIMCH HA NCTOYHUKE
252Cf (~10° n/s), cuetnoe mnaro cocrasuino 300 V (1600-1900 V) Ha razosoii cmecu ArC0O2(10%).

B pa6ote [1.1.8.26] npuBeneH apyroi BapuaHT yCTPOHCTBA IEMOHCTPAITMOHHOTO JACTEKTOpA THITA
CASCADE - “multi-boron GEM (MBGEM): a stack of borated GEM detector for high efficiency thermal
neutron detection”, pasmeps! koToporo 30x30 mm?,

B ortmmune or [1.1.8.21] 3necs Ha moBepxHocth GEM Hanecen kapOupa 6opa, oOorarieHHBINH
m3otonoM °B 110 95%, nMeromumii 2MeKTpONpOBOIHOCTS Ha 9 TIOPSAIKOB BEIIIE, YeM YHCTH °B (Ha puc.
1.1.8.20 — amxnHue 3 mienku ). [1o 310l mpuurHe HaMbIJICHHUE MPOU3BOIUIIOCH Ha (POJIbTUPOBAHHBIN KallTOH
TonmuHOM 50 um ¢ IBYX CTOPOH JI0 TPaBJICHUS OTBEPCTUH B KanToHE. PaboTa BHIMONHSIACH COBMECTHO C
ESS, rae npousseneno Hanbuienue °B4C u 6buta pa3spaboTaHa crelUanbHas TEXHONOTUS HATBUICHHS C
xoporei aaresuei. TpaBiaeHHe CKBO3HBIX oTBepcTHil mpon3BoAmiock B CERN, uro taxke motpeboBano
0Cc000H TEXHOJIOTMH, TaK KaK CHauaia MpOU3BOAMIOCH TpaBiieHHe (GOTOPE3UCTa, HAHECEHHOTO Ha KallTOH
C JIBYX CTOPOH, JI0 HambuleHUs kapbuna 6opa. C ynaneHueMm ¢orope3ucTa ynansics kapoua 6opa B Tex

MECTax, A€ JOJIZKHbI OBITD OTBCPCTHAL.

Ta6muma 1.1.8.3. DnekTponpoBoaHOcTh MaTepranos (cM. 1°B u 1°B4C).
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material | | pe(€2-m)

nat 1077
pure 5L 1077

nat 3 106
pure '°B 106

"L 107"
96% enriched SLiF 1078

natp,C 1073
98% enriched 1°B,4C 1073
olass > 107
Si 1
oraphite 1079
Cu 108

Bepxuue 3 muenku Ha puc. 1.1.8.20 — knaccuueckuii Triple-GEM, xoTopsiii mponu3BOIUTCS yiKe

MHoro jeT. Cobpannsiit ferekrop MBGEM npencrasnen Ha puc. 1.1.8.20.

Anode /7L GEM foil : active area 30x30 mm?
Il ki e Hole diameter : 50 um
= C O I Hole pitch : 140 pym
kol 12 mm gap (Transfer 2 region) =
2 OO g
= 1 mm gap (Transfer 1 region) ,Rl m

7 mm gap (Drift region)

\
213N Juapu

\\.
.
L
¥

Kapton Layer (50 um)

#2 mm gap (BGAP3)

QB‘GA:P?,QQO
ﬁoooooo

$2 mm gap (BGAP1)

Cathode &
Neutron beam B,C layer (1 um)

ﬁ B,C layer (1 um)

Converter stack
wasAs AH |duuey

Neutronf

/

-,

Puc. 1.1.8.20. Herektop 1.x.H. MBGEM, BBINOJIHEHHBII HAa TOHKOIIJICHOYHBIX KOHBEPTOPAX TOJIITUHON
1 um u3 xap6una 6opa, oboramennoro uzorornoM °B 10 95%, ¢ mectsio cinosmu [1.1.8.24].
Kaxk noxkazano B pa6ote [1.1.8.27], uamepeHue yria HaKJIOHA TPEKOB MMyTEM U3MEPEHUSI BpEMEHU
nperia TEepBUYHBIX 3JEKTPOHOB K CTUPIAM Ha CYMTHIBIOIIEM 3JEKTPOJIE, AA€T MPOCTPAHCTBEHHOE
paspemenne ~ 200 pum. AHanOrmuHbIE W3MEpPEHUs, BHIMOIHEHHBIE B pabdore [1.1.8.25], mamm

npocTpaHcTBeHHOE paspernieHue 235 +25 ym (6=100+15 um).
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IIpocTpancTBeHHOE paspemieHne B XY IUIOCKOCTH, IOJyYEHHOE IO LIEHTPY TSKECTH 3apsja,

00pa3oBaHHOTO ()parMEeHTaMH B Ta3e, Ha MOPSAIOK XyXke, Kak BUIHo u3 puc. 1.1.8.18.

a n

cathode

241AmBe

PE

1MQ

\

550 kQ

“He or 7Li 8 mm

1TMQ

=

1MQ

450 kQ

1MQ

Puc. 1.1.8.21. Cxema peructpauuu Tpex koopauHat X, Y, Z TOUKH 3aXxBaTa HEMTPOHA B IMJICHOYHOM
xorBepTope °B () 0 HAKIOHY TPEKOB U YCTPONCTBO Is peamu3anuu Ha Triple-GEM nerextope (b)

[1.1.8.27], moctaTouHO HHPOPMAIIUHU C TPEX CMEKHBIX KAHAJIOB.

93



OB Cathode E-field GEM
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u-paiticle track
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Pulse width(* [ 0ns)
Readout strip

¢ :Neutron reaction point
:Drift of cluster
® :Electron cluster

Puc. 1.1.8.22. Cxema peructparuu Tpex koopauHat X, Y, Z TOUKH 3aXBaTa HEUTpOHA B TIJICHOYHOM

konBepTope °B 1o HaKIOHY TPeKoB ¢ ucnoib3oBanneM GEM-nerekropa [1.1.8.28].

IIpumenenne MM puist perucTpanuu T.X.H.

Jlerextop Micro-Megas (MM) cToJib ke momyssipeH B Gu3KKe BHICOKUX dHepruid, kak 1 GEM.

Cpa3y OTMETHM, €ro MpernMyIlecTBO, KOTOPOE 3aKII0YaeTcs B TOM, YTO MHUKPOCETKAa — OCHOBA
JETEKTOpa MPOU3BOAUTCS HA TKALIKOM 000pYyIOBaHUHU PYJIOHAMH U CTOUT JIEIIEBO. Y COBEPIIEHCTBOBAHHAS
TEXHOJIOTUs NPOoU3BoACTBa MM ¢ BHICOKO#! IIAHAPHOCTHIO 2 I03BOJIAET CTPOMTH METPOBBIE JIETEKTOPHI.

Ha puc. 1.1.8.23 npuBeaeHa cxema JIeMOHCTpallMoHHOro aeTekrtopa T.X.H. [1.1.8.29], rme c
npuMeHerreM MM U ToHKOMIeHoYHoro kKonBepTopa °B4C (1—2 um), HAHECEHHOTO Ha KaTOJ M Ha JIBE
MHUKPOCETKH M3 HHUKEJs, OTCTOAIIME OT KaroJa M Jpyr OT JApyra Ha paccrosHue | mm, mojdydeHa
s dextuBHOCTH 50%.

OueBHAHO, YTO YMCIIO CETOK MOYKHO YBEIUYUTh. 3/1€Ch CETKHU “TIPO3padyHbl’ ISl SJIEKTPOHOB, 3apsi]
nepeaaeTcsi 6€3 yMHOKEHHUSI.

K npyromy BaxxHoMy 10CTOMHCTBY jAeTekTopa MM B cpaBHennu ¢ GEM criegyer otHectu T0, UTO
B HEM HET OpeaHuKu Ha IIyTH HEUTPOHOB, COAEPKALIEH BOAOPOJ, CUIBLHO PAaCCEUBAIOIIUN HEUTPOHBI. 1
elle — 37ech HeUeMy 3apsHKaThes, TOITOMY KO3(QHUIIMEHT Ira30BOro YCUJICHHS U CUETHAs XapaKTEepUCTUKA

cTaOWIBHBI BO BpeMeHH, yero HeT B GEM.

2 Andriamonje S., et al. Development and performance of Microbulk Micromegas
detectors. JINST 2010, 5, P02001. Appl. Sci. 2021, 11(12), 5362; https://doi.org/10.3390/app11125362
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Jns muHuMuzanuu “‘cHoca” X, Y KOOpAMHAT MPU PErHCTPAllUM LIEHTpa TSKECTH 3apsiaa oOT
JUTMHHOTIPOOEKHBIX (PparMeHTOB peaklMy 3axBaTa HEUTPOHA, OYEBHIHO, HEOOXOIMMO YMEHBIIATh
3a30pHl.

MM npuMeHHM IJI1 METOJIa PErucTpanuu Tpex koopauHat X, Y, Z TOYKHM 3axBaTa HEHUTpOHA B

wieHoyHoM KoHBepTope °B 1o HakIoOHY TpekoB, KaK ObLI0 MokasaHo Ha puc. 1.1.8.21 u puc. 1.1.8.22.

Neutron beam

Cathode V3= V2 + FYED V3
BE-—
Nj meshes with 1mm V3 - V2L =0
B ers both sides
X V2= V1 +F2ED va
! =EEEEEEEEEEEE=E=E
\ n=3
E =10 Wmm
imm ]
\‘\ V1 = Vo + PRIED Vi
| BN B B B s —-— - .- .
1mm

_Mi:Emeaas ampmc.ation stage
mmm Apode

Puc. 1.1.8.23. MHOTOCIIOIHBIH JETEKTOP T.X.H.C mpuMenenrneM MM [1.1.8.29].

JleTeKTOpBI ¢ BBICOKMM BpeMEHHBIM pa3pelieHneM ¢ TOHKOIIEHOYHBIM u30TonoM 10B s
PE€30HAHCHOI HETPOHHOM 3X0-CIIEKTPOMETPUH

B coBpemeHHOW (U3MKE KOHACHCTPOBAHHBIX Cpell €CTh 3alpoc Ha JETEKTOPHl XOJOJHBIX
HeiiTpornos (A=3-20 A) ¢ BEICOKMM BpeMeHHBIM pa3pelieHneM nopsaaka 10 NS 171 co3nanus pe30HaHCHBIX
axo-criektpomerpoB [1.1.8.30] m wuccremoBaHus CTPYKTyphl M JMHAMHKHA HAHOPAa3MEPHBIX CHCTEM
Pa3IMYHOMN MPUPOIBI C PEKOPIHO BHICOKMM SHEpreTudeckuM paspemienuem ~ 10°eV.

CUMHTUIIAIMOHHEBIE JIeTEKTOpHl, BhIMONHeHHBIe Ha ZNS(AQ)/PLIF, me o6mamaor Takum
BPEMEHHBIM pa3pelieHueM, Y HUX ~ 1 1S u3-3a O0JIbIIOT0 BpeMeH! coOupaHusi pOTOHOB.

JIeTeKTOphl, BHIIIOJTHEHHBIE HAa Tra3oBeIX KoHBepTopax °He m °BF3, obmamaroT eme XymmmM
BPEMEHHBIM Pa3pelIeHHEM, TO3TOMY TaK)Ke HE MPUTOIHBI JJIs PEIICHUS TIOCTABJICHHON 3aa4H.

Bce nerexTophl, mpuBeACHHBIE BbINle, BhIMONHeHHBle Ha GEM ¢ wucnons3oBanuem
TOHKOILIEHOYHOr0 KOHBepTopa Hu3oTomna °B, mokaswiBaioT BpeMeHHOe paspemenue ~10 ns [1.1.8.21-

1.1.8.27].
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Takoe BBICOKOE BPEMEHHOE pa3pellieHHe JOJDKHO COYETaThCs C BBICOKUM IMPOCTPAHCTBEHHBIM
pasperieHrneM B0k TpaekTopuu HeiiTponoB 10-100 pm, asst uero He0OXOAMMO ONPENEIATH HOMEp CIIOA,
B KOTOPOM ITPOM30IIIETT 3aXBaT HEUTpOHA. YKa3aHHBIM TpeboBaHusaM yaoBieTrBopseT netekrop CASCADE-
MIEZE [1.1.8.31, 1.1.8.32], BeimoaHeHHbIH nHave onucannoro Beime CASCADE [1.1.8.22, 1.1.8.23].

B merone MIEZE (Modulation of IntEnsity by Zero Effort) unTeHCHBHOCTD HEWTPOHHOTO ITy4YKa
MOJyJUpYyeTcs QIUIIEpaMH ¢ PaJH0YacTOTOMH, OJU3KOM K TApMOPOBCKON YaCTOTE MPELeCCHH HEHTPOHOB
HE TOJILKO BO BPEMEHH, HO U B MPOCTpaHCTBE BA0Jb yuka (MIEZE uactora 654 kHz, nepnoa Mmogymsiuu
1.2mm ans HeitTpoHOB ¢ A = 5A, v = 800 m/s).

Cxema perektropa CASCADE-MIEZE c¢ pasmepamu axtuBHOW miomanu 200%200 mm?
npexacrasiena Ha puc. 1.1.8.24 [1.1.8.31]. DddexTHBHOCTS perucTpaiyy HelHTpoHoB (4 koHBepTopa): 20%

1 A=5 A; 60% s A=6 A.

l Neutrons
L . ' 2 Drift Electrode
= Y Gain GEM 2
DAT GEM _["_
— e _ . Gain GEM 1
= _——L. - ; PCB
K — Readout structure
=T . : ¢ Gain GEM 3

)

Grid_["_'—;————____—-DriftField

—_— Gain GEM 4

GEM =— Boron "y a.‘-_lonisai'ron track '-IElectron cloud

Puc. 1.1.8.24. Jlerextop CASCADE-MIEZE, BbINOIHEHHBIH Ha TOHKOIJIEHOYHBIX KOHBepTOpax °B,

OTIpe eSO HOMep “cpaboTaBIIEro” cios ¢ TBEpAOTeNbHBIM KorBepTopoM B [1.1.8.31].

3azopsl Mmexay GEM — 2 mm.

Kak BHgHO, cXema OTIM4YaeTcst OT CXeMbl, npuBeneHHoN Ha puc.1.1.8.17, Tem, 4ro mo3Bosser
ONpeneNaTh, Kakoil ciIoil KoHBepTopa “cpaboran”. Tak, ecim HeHTpoH 3axBaueH sjupom °B B cioe,
HAaHECEHHOM Ha JIpei(OBBIN AIEKTPOJ (BEpXHEM Ha PHUCYHKE), TO mosiBuTcs curHai Ha GEM2. Ecmu
HeHTpoH 3axBayeH sapoM 1B B crioe, HaHECEHHOM Ha oBepXHOcTs GEM1, To nossutcs curnan Ha GEMI.
DIEKTPUUECKOE TI0JIE B OKPECTHOCTH OJFKANIIIET0 OTBEPCTUS HAMIPABUT MEPBUYHBIN 3apsi/] JIEKTPOHOB B
obmacte ymaoxenus GEM1 (GEM2 paGoraer B peskume TPaHCIOPTHPOBKH Oe3 ymHokeHwus), a PCB

Readout Structure mo3soauT onpeaeauts X, Y KOOPIAUHATHI.
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Koopaunata Z BIoib TpaeKTOPUHM HEUTPOHA ONpEAESETCS MOJIOKEHUEM clios ‘“‘cpaboTraBiiero”
KOHBepTOpa. AHAIOrHYHO paboTaeT HIXKHsI “mosioBuHKa”, rae pazmeriensl GEM3 u GEM4. [Tokazannas
BHU3Y Grid BIMOHSET Ty ke (PYHKIIHIO 3IEKTPOCTATHYECKOTO IKPaHa, uTo U nepdoprupOBaHHAS IUICHKA
Mexay GEM1 u GEM2IIpoctpanctBennoe pazpemenne nmo X, Y 2.5 mm. Ilnara, cuuteBaromas X, Y
KOOpJAUHATHI, COAEPKUT cTpunbl 128+128=256 kananos, 16284 nukcenei.

bnok-cxema 3JeKTPOHUKH JETEKTOpa BBINNOJHEHA Ha 64-KaHAJIBHBIX YUIAaX M MPOrpaMMHPYyEMOn

Joruke, Kaxabii kanan odecrieunBaet cueT 330 k['1 ¢ 10% npocyeTamu 1o MEPTBOMY BPEMEHH.

FPGA based
L= @ i
S | 5 %{ ClPix-Board X0 < Readout board
E [&)
s | 2 % CIPix-Board X1 @ SRAN
po Z real time (320l
=
N's E (%; %{ ClPix-Board YO % (X.Y. 1. n)-event 4

/A ° g . reconstruction | (layer)
a ~ _% ClPix-Board Y1 k = and multihit 16
é rejection {pgﬁe'
< |=3 CIPix-Board *16k

W @ e
O |o% GEM-Timing _ f HT (pixel)
n: boron =l
PLL laver 1B @ =
RESEDA idendification |8 £
/;\\/‘ fruezm 1 period start 2 $ Pt
(1]
MIEZE | 16xf,, phidwell inpul 5 E| MBYte

Puc. 1.1.8.25. Briok-cxema 3JIeKTpOHUKH JIETEKTOPA, BBIMOJIHEHHAS HA 64-KaHAIBHBIX YUaxX U
porpaMMHUpyeMoil Jtoruke (Kaxxaplid kanai ooecrnieuuBaet cueT 330 kI ¢ 10% npocueramu no
MEpPTBOMY BPEMEHH ).

Otmerum Henoctatku cxembl CASCADE-MIEZE. IlpobGern anbda-uacTuiy B rase mpu
aTMOC(epHOM JaBJICHUH NMPUOIU3UTEIHHO COCTABIAET 7 MM, a sixep TuTus — 4 mm. BeiOpanHbIe 3a30pbl
Mexay GEM 2 mm, ¢ ogHOW CTOpPOHBI, HE TMO3BOJSAIOT MOJYYUTh JOCTATOYHBIA TMEPBUYHBIN 3apsij,
MPEBBIMIAIOIINN IITyMBI 3JIEKTPOHHUKH, T03ToMy GEM 2 (GEM4) no/mkHBI yCHIUBATh 3apsil KAK MUHUMYM
B 10 pa3 (ananorunynopaborator GEM1 u GEM3). B utore nomy4aercst pasHoe yCHJIEHUE sl pa3HbIX
cioeB KoHBepTopa: 10 — muig BepxHero u 100 — a1 HUKHETo. B 3TOM TEXHHYECKOM pELIEHUH PYAHO BBECTH
elie CJIOH, T.K. pa3HOCTh B ycuiieHuHu BoipacteT B 1000 pas.

C npyro#i croponsl, 3a30pbl Mexxay GEM 2 mm npuBomar xk «cHocy» X, Y KOOpPAMHAT TPH
OOJIBIINX HAKIIOHAX TPEKOB, YTO YXYALIAET MPOCTPAHCTBEHHOE pa3pernieHue (cm.puc. 1.1.8.18).

K HenocTaTkaM npuBeIEHHON CXEMBI CIIEAYET TaKKe OTHECTH TO, UTO Ha 4 CJI0s1 KOHBEPTOPA 37eCh
6 ci10eB “OpraHvKd’ M OJIHA MeYaTHas Ij1aTa, CoAaepKalire BOAOPO, CUILHO PACCEUBAIOIINI HEUTPOHBI.

Kak otmeuanocwr Beime, B padore [1.1.8.25] Bemonamwmm nerekrop mo mpuniuny CASCADE na

toncrom GEM (THGEM -ThickGEM). B kauectBe marepuana mis THGEM Obutn BBIOpaHBI JTHCTHI
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C KepaMHUYECKUM HAIOJIHHUTEIEM, apMUPOBAHHBIE CTEKJIOBOJIOKHOM (pupmbl Rogers RO5603 ¢ meHbmum
KOJIMYECTBOM BOJIOPOJIa YeM B cTekioTekcronute FR4.

OueBuaHO, uTO nerekTop MoxHo nepeaenatb B CASCADE-MIEZE, cnenys Tomy ke IpUHITUITY,
Kak mokaszaHo Ha puc. 1.1.8.24.

B pa6orax [1.1.8.33, 1.1.8.34] mpencraBnensl nerektopsl GEM xomonmeznoro Tuma 06e3
uHaykiuonHoro 3azopa: WELL (xomomerr) 1 RWELL (¢ pe3sucTuBHBIM aHOIOM), KOTOpBIE 00JIamar0T
BBICOKMM BPEMEHHBIM pa3pelIeHUEM U TaK)Ke MOTYT ObITh IPUMEHEHBI I CO3JaHUs I€TEKTOPOB T.X.H. C
xorBepTopoM °B4C, HanecenHoM Ha kxaTox. Jlerekrop THa CASCADE-MIEZE MokeT GbITh BHITIOTHEH
u3 Heckosbkux Moayseir WELL (RWELL) B o61ieM ra3oHamnoiHeHHOM KOPITYCe, B KaXKIOM MOJIYJIC OJIUH
KoHBepTOp. [Ipym TakoM TEXHMUECKOM pELIEHMM YCHIEHHE OJMHAKOBOE B KaXKIOM MOAYJE U YHCIIO
Moaynel He orpannyeHo. OrpaHuueHuEM MOXKET ObITh TOJIBKO JTOMYCTUMAasi KOHLIEHTPAlKs BOJIOPO/a Ha
MIyTH HEUTPOHHOTO IMyYKa.

B pa6ote [1.1.8.35] uccnenyercs nerektop ¢ MHOTOMPOBOJIOYHBIM DJIEKTPOHHBIM Y MHOKHUTEIEM
MIITDY).

OTnUYUTENbHOM OCOOCHHOCTBIO TEXHHUYECKOTO pELICHUS SBIAETCS OTCYTCTBUE OpPTaHUKU
(moaep kUBaroIIKe MPOBOJIOYKH Crieicepshl, 3aHUMAaIOT 1% aKkTUBHOM IUIOIIA M) U OTCYTCTBHE MEYaTHOM
IIaThl Ha IMyTH HEUTPOHHOIO MyyKa, T.K. KoopauHaThl X U Y ONpeAesnsioT B3aUMHO OpPTOTOHAJIbHbIE
npoBosouku [IMI'DY, 00beinHEHHbIE B CTPUIIBL.

Ha puc. 1.1.8.26 mnokazaHo »>JeKTpUYEecKOe I0Jie B sA4YeHKax, OOpa30BaHHBIX B3aWMHO
OpPTOTOHAJILHBIMH ITPOBOJIOYHBIMU AJIEKTPOIAMHU.

Yucito SKBUTOTEHITMATICH B 3a30pe YMHOXKEHUS N 3aBHCUT OT HANPSHKECHHS MEXKTY ITPOBOJIOYHBIMHU
AJIEKTPOZAMHU U XapakTepusyeT KoddduuueHT razoBoro ycuineHus, Ha puc. 1.1.8.26 n=12 coorsercTByer
koo uimenty ycunenus 212=4000. Jlns perucTpanuu T.X.H. MO CHILHOUOHU3UPYIONIUM a3 GparMeHTaMm
peakmuu (1.1.8.1) nocrarouno ycunenus 10-100.

Herextop tuna CASCADE-MIEZE takxe MoXeT OBbITh BBIOJHEH u3 Moayned MIIIDY,
pa3MeIIeHHBIX B 00IEM Ta30HAIOJHEHHOM KOpITyce, B KaXK10M MOJyJie OJJMH KOHBEPTOpP, B TAKOW cxeme
HOMEp “‘cpaboTaBIIero” KOHBEPTOPHOTO CIIOS, KaK U KoopAuHATHL X, Y, Ompeensercs o CUTHallaM Ha

MPOBOJIOYKAX MO cxeme, cM. puc. 1.1.8.25.
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Puc. 1.1.8.26. JIuann HaNpsHKEHHOCTH U AKBUIIOTCHIIMAIN AJIEKTPUIYECKOTO OIS MEXKTY MPOBOJIOYKAMHU
MIIT'DY: D — mpeticdoBslii 3a30p, B KOTOPOM 00pa3yeTcst MEPBHYHBIN 3apsi; h — 3a30p yMHOKEHUS; ( —

WHIYKIIMOHHBIN 3a30p [1.1.8.35].

3ak/rouenue

ToHKOIIEHOUHBIH n30Ton Gopa '°B sBiseTcs Xopomrel aTbTepHATHBONH PE3KO IOI0POKABIIEMY
razoBoMy koHsepropy °He. Tak, Ha kapbume 6opa '°BsC, ob6oramennom 10 90-99 % m3otomom °B,
CTPOUTCSl 3HAYMTENbHAs 4YacTh COBPEMEHHBIX JaeTekTopoB ESS. M3 oTMeueHHOro Bblmie, IO MHEHHUIO
aBTOpPOB, NPEJCTABISIIOT MHTEpec A BHeapeHuss B akcnepuMmeHTl o PKC B PO crnenyromme
TEXHUYECKHUE PEIICHUS:

1) Ctpoy-Tpy6Kn, paboTaOIHE Ha TIPOIYB, IPHUEM MaJIOro JuaMeTpa, Hampumep, 2 mm, ¢ 1°B4C
Ha KaTo/e, T.K. OTHOCUTEINIBHO JIETKO MU3TOTAaBIMBAIOTCS HAMOTKOM Ha CTep>KeHb JUIMHOM 1 MeTp u Oonee.

2) IIpoBonounbie nponopiroHaibHbie Kamepsl (MWPC).

3) IepcrieKTHBHBIMU SBJISIOTCS MEKPOCTPYKTYpHBIE aeTekTopbl GEM u MicroMegas (MM), onu
mpeBoCXoAT cTpoy-TpyOku u MWPC 1o MHOTMM XapaKTepHCTHKaM, TMPEXKIE BCEro — IO
OBICTPOJCHCTBUIO U BPEMEHHOMY Pa3peIICHUIO.

K nenocratkam GEM no cpaBaenuto ¢ MM criefyeT oTHECTH Haiduuyue “OpraHuku’ (KarToHa),
COJZIEp’KaIllero BOJOPO, CHJIBHO PACCEUBAIOIIEr0 HEUTPOHBI; HAKOIUIEHHE 3apsiiOB Ha IOBEPXHOCTH
OTBEpCTHI1, KaK CIEJICTBHE — HECTAOUIILHOCTh CYETa BO BPEMEHU MPH U3MEHEHUH 3arpy3ku; gopoxe MM

(ocHOBHOM 371eMeHT MM — MHKpOCETKa BBIITYCKAETCS PYJIOHAMN).
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4) IlepcrieKTUBHBIMU MNpEACTaBIAIOTCS AByXkoopauHaTHble MIII'DY, mnpaktudyecku He

coJiepKalne “OpraHvku’.
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1.1.9 Co3panue npoOTOTHNA OJHOMEPHOI0 TMO3HMIHUOHHO- YYBCTBHUTEJBHOI0 CYETYHKA
HEHTPOHOB HA OCHOBe CHUHTHJLIATOPOB ZnS/6LiF wm TBepaoTeabHBIX (OTO3IEKTPOHHBIX

ymuozxxutesei (copmectio ¢ HULL KU IMTUS® Torosop 400/1995 ot 25.11.2021).

Onucanue MpoTOTHIIA OAHOMEPHOI'0O MO3UIIMOHHO-YYBCTBUTEC/JIBHOI'O CUHETINKA

B xone pabot o mpoekTy Ha IEpBOM dTarne OblT pa3padoTaH U U3TOTOBJIEH IPOTOTHUIT OJJHOMEPHOTO
MO3UIIMOHHO-4yBCTBUTENbHOTO cuetunka ([TYJ]) HEWTpOHOB HAa OCHOBE CHHHTHILIATOPOB ZNS/6LIF u
TBEPIOTEIBHBIX (OTOIIEKTPOHHBIX yMHOXHTeNeH. [IpoToTum TpeaHasHadeH MJIsl PETHCTpaIud

pacCceAaHHOrOo HeﬁTPOHHOFO U3JTy4YCHHS C BBICOKUM PAa3pCUICHUCM Ha YCTAHOBKAX pCaKTOpa TIUK.

bazoBas xoncTpykuus omnomepHoro ITY/[ ocHoBaHa Ha KOMOWHAIIMK CUMHTHILISATOPA ZnS/SLIF,
CBETOBOJIa 1 KPEMHHEBBIX (TBEPAOTEIBHBIX) (POTOIIEKTPOHHBIX YMHOKHUTEICH.

CyeTynK HEHUTPOHOB COCTOMT M3 OJHOTO CJIOS YyBCTBUTEJIBHOTO K HEUTpPOHAM CIUHTUIIIATOPA
ZnS/6LiF, mpuUKIEeHHOTO ¢ MOMOIIBIO0 ONTHYECKOr0 LEMEHTa K CBETOBOJY M3 ONTHYECKU MPO3PAYHOTO
MaTepuaiia — oprcrekia. J[isi TOCTHIKEHUs BBICOKOM TOYHOCTH PETUCTPAIMA HEHTPOHOB HCIIONB3YETCS
CBETOBO/I U3 OPTraHMYECKOT'0 CTEeKIIa ¢ KO3 duimeHToM mporyckanus 92%.

Ha puc. 1.1.9.1 u 1.1.9.2 npencrasnens! (gororpaduu MPOTOTHUIIA OJHOMEPHOTO MO3HIIMOHHO-

yyBcTBUTENbHOTO cueTdnka ([TY/]) HelfitpoHoB Ha ocHOBe cumHTHILIATOpPa ZNS/6LIF.

- E— —

o R A A O » T

Puc. 1.1.9.2. Ilporotumn ogaomeproro [TY/] va ocHoBe crimaTHiLIATOpa ZNS/6LIF. Bun cBepxy.
Perucrparus HEUTPOHOB MPOUCXOAUT CIEAYIOMUM 0O0pa3omM. HelTpoH, MomaB B CHUMHTHILIATOD,

BBI3bIBACT BCIHBIIIKY CBETa, KOTOpas paclpoCTpaHseTcs I0 CBETOBOAY K JIBYM KPEMHHUEBBIM
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doroymaoxutensm (SiPM), 3akpelieHHbIM Ha KOHI[AX CYETYMKA B CHEIHMAIBLHO BBIPE3aHHBIX JMH3aX,
3aIOTHEHHBIX ONTHYECKUM KiieeM. SiIPM perucTpupyror AOMIeANINe 10 HUX (POTOHBIL.

B 3aBucumocTu oT paccTosiHUs, TPOHACHHOIO CBETOM, MEHSETCSl €r0 MHTEHCUBHOCTh U Ha 3TOM
OCHOBaH METOJ IOJyYeHHUs KOOPAWHATHl — Ha CPAaBHEHMM 3HAYCHHM aMIUIMTYAbl W/WJIU 3apsaja ¢ JIBYyX
SiPM, pacrnoyio;keHHBIX Ha KOHIIAX CYETYHKA.

Curnaibl ¢ 060X KOHIIOB CBETOBO/IA PETUCTPUPYIOTCS IBYMSI KPEMHUEBBIMU (DOTOYMHOKUTEISIMH
U TOCTYHAalOT Ha 3apsAJ0YyBCTBHUTENBHBIC MPEIYyCHIUTENH, Jajlee — B yCHIUTENb-(hopMHpOBaATENh AJIs
(dbopMUpOBaHUsI CUTHANIA. 3aTE€M Yepe3 CyMMaTop U TUCKPUMUHATOP HIKHETO YPOBHS CUTHAJIBI TOCTYMAIOT
B aHajoro-mugpoBoii mpeodpazoBarens (ALIT) mis 06paboTkH, a 3aTeM B KOMITBIOTEP C PETUCTPUPYIOTIEH
MIPOrPaMMOii, KOTOpast BEIBOJIUT MOMYUEHHBIN CIIEKTP ¢ KOOPIAUHATAMH 3apErUCTPUPOBAHHBIX HEHTPOHOB.

Br160p 6a30B0i KOHCTPYKIIUM MPOTOTUIA OJHOMEPHOTO MO3UIIMOHHO-UYBCTBUTEILHOIO CUETYUKA
Ha OCHOBE CHUHTHILIATOPOB ZNS/6LIF 1 TBepA0TEIBbHBIX (POTOIICKTPOHHBIX YMHOKUTEIIEH OCHOBBIBAETCS

Ha HOBOM METOJEC OMMPECACIICHUA KOOPAUHATEI, 4 TAKXKEC C YYETOM CICAYIOIUX KPUTCPUCB:

1) Boicokas >ddexruBHOCTh peructpanuu (70-90%) B mMHPOKOM Iuamna3oHE JUIMH BOJH TaJaloIIero

W3ITyYCHUS;
2) cTaOMIBHOCTH PabOYHX XapaKTEPUCTHK B MPOIIECCE IKCIUTyaTalliy B TEYCHUH UTUTEIEHOTO BPEMEHHU;
3) HHU3Kas YyBCTBUTEIBHOCTh K TaMMa- U3JTyYCHHIO;

4) 6omb1I0H pecypc paboThl neTekTopa 6€3 HEOOXOMUMOCTH TEXHIUYECKOTO 00CTYKUBAHUS;

5) HaIEKHOCTH U MPOCTOTA OOCTYKUBAHUSI.

[IpoBenenune ucnpITaHUl TPOTOTUNA OJTHOMEPHOTO TTO3UIIMOHHO-UYBCTBUTEIBHOTO CYETUMKA

Jnst obecrieueHuss TPOBEACHUS WCHBITAHWK MTPOTOTUIA CHUHTWLIAIHOHHOTO [IY] Oblia
paspaborana Ilporpamma u wmetomauku wucneiTanuii OITY.01.00.00.00.000 TIM. B nokymenre
paccMaTrpuBaeTcs Mporece MPOBEACHUS HCCIEI0BaHUN OOBEKTa HMCIBITAHUNA: MPOTOTUIIA OJHOMEPHOTO
MO3UIMOHHO-YYBCTBUTEIBHOIO CYETYMKA Ha OCHOBE CIMHTHIUISATOpA ZnS:PLiF u TBEPAOTEIbHBIX
(hOTOAIEKTPOHHBIX YMHOXKHUTEIICH.

Ha ucnbiTanus OblT mpeAcTaBiIeH MPOTOTHUIl CUMHTWLIALMOHHOrO ITYJ[ C xapakTepucTHKamH,

MpeICTaBICHHBIMU B TabmuIe 1.

Ta6muma 1.1.9.1. Texaudyeckne XapakKTEPUCTHKU CHUHTHILIAIIMOHHOTO [TH]]

Pa3mep akTUBHOM 30HBI 5x50 mm
UyBCTBUTEIBHOCTH K TaMMa (GOHY He Gonee 1x107
beicTponelicTBue neTekTopa ne MeHee 1x10° neifrponos/cex
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Bricokast paguanMOHHAass CTOMKOCTb M BpeMs JKU3HH, He 6onee 0,01% B cyTku
CHIDKEHHE 3P PEKTUBHOCTH PErUCTPALUN HEHTPOHHOTO

HU3Ty4YCHHA

B xoze mpoBeAeHHBIX HCHBITAHWNA TPOTOTHN CHUHTWLIAIHOHHOrO IIYJ[ Ob1 mpoBepeH Ha
COOTBETCTBHE CIIeAyIOIUM ITyHKTaMm [IM:
1) CooTBeTcTBHE MPOTOTHIIA KOHCTPYKTOPCKON TOKYMEHTAIIHH.
2) DddeKTUBHOCTD PEernCTPaIiy HEHTPOHOB B AUaIa3oHe IIHH BoiH (5+10) A.
3) BeicTpoaeiicTBAE CIMHTWLISIIMOHHOTO CUCTUHKA.
4) Pasmep aktuBHOU 30HBI [TY/].
5) IIpocTpaHCTBEeHHOE pa3pelIeHHe 10 KOOPIHHATAM.

6) KoaddummeHnt 4yBCTBUTEILHOCTH K TaMMa-()OHY.

HpOTOTI/IH OOAHOMCPHOI'O MO3HMIHWOHHO-YYBCTBUTCIIBHOTO CHCTUYHUKA HeﬁTpOHOB Ha OCHOBC
CHUHTULIITOPOB  ZnS/6LiF u TBepaoTenbHBIX (OTOIJIECKTPOHHBIX YMHOXHTEIEH COOTBETCTBYET
TpeboBaHusiM [IporpaMMbl U METOAMKM HCHBITAaHUW W MOXKET OBITh HCIIOJIB30BAH JUIS JajJbHEHIINX
pa3paboToK, a TakKe MPOBEICHUS SKCIIEPUMEHTAIBHBIX HccienoBanuii onHomeproro ITYJ] na 2 srame

IIPOEKTA.

Pe3ynbTaThl MpOBENEHHBIX HUCCIAEAOBAHMI MPEACTAaBICHB B AKTE M MNPOTOKOJIE HCIBITAHUI
MPOTOTUIIA  OJHOMEPHOTO  MO3UIMOHHO-UYBCTBUTEIBHOIO  CUETYMKA HEHTPOHOB HA  OCHOBE

CHMHTHIUIATOPOB ZNS/6LIF 1 TBEpAOTEIBHBIX (POTOIICKTPOHHBIX YMHOXKHUTEICH.

HpOBeueHne IKCNICPUMEHTA 1JIA OTHOMEPHOI'0 IMNO3UIIMOHHO-YYBCTBHTCJABbHOI'0 CYCTYHKA

B pamkax mnpoBeneHuss pabOT MO CO3JaHMIO TMPOTOTHUIIA OJHOMEPHOIO IO3UIHMOHHO-
YyBCTBUTEJIHHOTO CUYETYMKAa HEUTPOHOB HAa OCHOBE CHUHTWLIATOPOB ZnS/6LiF u TBepaoTenbHbIX

(OTOANEKTPOHHBIX YMHOKHUTENIEH OBLIT MPOBEICH UCCIIEIOBATEILCKUI SKCIIEPUMEHT.

brina HCCII€a0BaHa 3aBUCUMOCTDE aMINJIMTY bl OT KOJIMYCCTBA CBETA, IIOMMABIICTO HA CHUHTUILIATOD,
a TaKKC MMPOBCPECHO M3MCHCHHC ITOJIOKCHHUS IMHKA IMOJYUCHHOT'O CUTrHalla B 3aBUCHUMOCTHU OT ITOJIOKCHHA
HCTOYHHKA cBeTa. B pPE3yIbTaTC OBLIO YCTAaHOBJICHO, YTO aMIUJIMTyJa IMHKAa MCHACTCA B 3aBUCUMOCTHU OT
IMMOJIOKCHHA UCTOYHUKA CBCTA — CJICBA, B CCPCANHC, CIIpaBa. Touku B MecTax IMPOBCACHHBIX I/ISMepeHI/Iﬁ

o06o3Hauensl Ha puc. 1.1.9.3.
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Puc. 1.1.9.3. Touku 111 IpOBEAEHHBIX U3MEPEHUH.

[IpoToTun cueTyrka ObUT MOAKIIOYEH K HE3aBUCUMBIM ycunuTeasaM. Hanpsokenne nutanus 33.1 B
dhopmupoBanock Ha kpocc-uiare. [Iutanue kpocc-mnarsl +6B, 610k mutanus Dazheng ps-15002dd. Jlns
CpaBHEHHUS cUTHaA ObLT ncoib3oBan ocitorpad GW instek gde-840C (250 MTI'n, 25T BbIO/C), KOTOPHIiA

noakirouancs k [1K mo RS-232.
Ocnumiorpad Haxomuwics B KAyHieM pexume, Tpurrep | kanan (mpaBeiii SiPM), mopor

cpabareiBanus -18MB (mrymsl gerextopa okono 10 mMB), pexxum u3mepenus — ycpeaneHue mo 128

cpabatbiBanusM. Vi3amepennsie B 5 Toukax (puc. 1.1.9.3) curnansl npeacrasieHs Ha puc. 1.1.9.4.
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Puc. 1.1.9.4. O603HaueHne Ha pUCYHKAaX COOTBETCTBYIOT TOUKa U3MepeHus Ha pucyHke 1.1.9.3.

CUMHTWUIAIMOHHBIN CYETUYNK HEUTPOHOB C pa3MepPOM aKTUBHOM 30HBI 120%50 MM ObLT pa3zMernieH
B MMIIPOBU3UPOBAHHON 3allMTEe Il KOJUIMMAIMM IMy4YKa OT MCTOYHHUKA HeuTpoHoB. Illupuna mienun
cocraBuia 10-13 mm. Ha puc. 1.1.9.5 mpencraBieHa cxema pa3MelIeHHs 3JIE€MEHTOB Il TPOBEACHUS

SKCIIEPUMEHTA.
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McTouHuk Cf252

Puc. 1.1.9.5. Cxema pa3MenieHus 3IEMEHTOB sl IPOBEICHUS YKCIIEPUMEHTA.

3AKJIFOYEHUE
B xo/ie moAroTOBKM K MPOBEIEHHUIO UCTIBITAHNH OBUTH YCTICIIHO BBIITOJIHEHBI CIIETYOIIHE 331a4H:

1. PazpaboTana KOHCTPYKTOpPCKasi JOKYMEHTAIUsl JJsl M3TOTOBJCHUS MPOTOTHIA OJHOMEPHOIO
MO3UIIMOHHO-YYBCTBUTEIFHOTO CUETYMKAa HEHTPOHOB HA OCHOBE CHUHTWLUIATOpoB ZNnS/6LIF u
TBEPAOTEIBHBIX (POTOAICKTPOHHBIX YMHOXKHTEIICH.

2. Co3paH MPOTOTHIT OJHOMEPHOTO MTO3UIMOHHO-YyBCTBUTEIBHOTO CUCTUYNKA HEHTPOHOB HA OCHOBE
CUMHTHILIATOPOB ZNS/6LIF 1 TBEpAOTEIBHBIX (POTOIICKTPOHHBIX YMHOXKHUTEICH.

3. Pazpaborana mporpaMma ¥ METOJUKH HCIBITAHUN IMPOTOTUIA OJHOMEPHOIO IO3UIIMOHHO-
YyBCTBUTEIBHOTO CUCTYMKA HEHTPOHOB HA OCHOBE CUUHTWLIATOPOB ZNS/6LIF u TBepmoTenbHBIX
(OTOIIIEKTPOHHBIX YMHOXKHTEIEH.

4. TlpoBemeHBI HMCHBITAHUS IPOTOTHIIA OJHOMEPHOTO IO3MIMOHHO-UYYBCTBHUTEIBHOTO CUYETYHKA

HEHTPOHOB HAa OCHOBE CHUHTHILIATOPOB ZNS/®LiF 1 TBep0TeNbHBIX (POTOIIEKTPOHHBIX YMHOKHUTENEH.
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[TocraBrnennbie Ha 1 3Tane MpPoeKTa LEIN BBIOJHEHBI B TIOJTHOM 00beMe, B yKa3aHHBIC CPOKHU B
COOTBETCTBHUH C KaJCHAAPHBIM IJIAHOM U TEXHUYECKUM 3a/I1aHUEM.
OOBEKT UCIIBITAHUN TPOTOTUIT OJHOMEPHOTO MO3UIIMOHHO-UYBCTBUTEIBHOTO CUETYNKA HEUTPOHOB

Ha OCHOBE CIMHTHIIATOPOB ZNS/PLiF 1 TBepaoTembHBIX (OTOAIEKTPOHHBIX YMHOXKHTENEH BBIIEpKam

HUCIIBITAaHHUC.

IIpunoxenue.

1. Koncrpykropckas mokymenTanust. ®aiin punox.1.1.9 1.pdf
2. Axr usrorosnenus. Oaiin [Mpumox.1.1.9 2.pdf

3. Ilporpamma ucnsitanuii @aiin [Mpunoxk.1.1.9 3.pdf

4. Akt u nporoko ucnsitanuii Paiin [Mpunoxk.1.1.9 4.pdf

5. Otuer Paiin [Ipunox.1.1.9_5.pdf
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1.1.10 MoaesupoBaHue M pacyeT ONTHMAJIBHBIX IAPAMETPOB eTeKTOPoB (coBMecTHO ¢ USAN
PAH. lorosop 400/1983 ot 23.11.2021).

HeiirponHnas nu¢pakuus sBiIseTCs YHUBEPCAIbHBIM METOJJOM UCCIIEI0BaHUN CTPYKTYpPBI BEILIECTB U
IIMPOKO NMPUMEHSETCS B TaKUX O0JIacTAX Kak (U3MKa TBEPAOro Tena, MaTepuaoBereHue, reogorus. Ha
UCTOYHMKAX  HENPEpHIBHOIO  JEHCTBHSA, TaKUX KAaK  PEAKTOPbl, CTPOAT  IU(PPAKTOMETPHI
MOHOXpPOMAaTHYECKHE, a Ha UMIYJbCHBIX MCTOYHMKAX — BpemsnpojeTrHeie. Kak mnpaswuio,
MOHOXpOMaTHYECKHE TMpUOOphl oOnagaroT Oojiee BBICOKOW paspemiaronieil  CrocoOHOCThIO, BO
BPEMSAIPOJIETHBIE — 00JIee IIMPOKUM JUAMAa30HOM IEPEIaHHbIX UMITYJIbCOB.

Lenpto naHHO# pabOTHI ABISETCS MOUCK ONTUMAILHON TeoMeTpHuH 0sioKa 1eTeKTopoB «Cdepay s
HOBOro AudpakToMeTpa, cozaaBaemoro Ha uctounnke «PAJIEKCy, uroObl 1oOuThest paspemenus 10 2%
TIPY KOMITAKTHBIX pa3Mepax (He 6onee 1 M%), orpaHHYeHHOM KOJTHYECTBE CUSTUNKOB HEHTPOHOB (He Goree
200) u mpocTOoTe KOHCTPYKIIMU. ODTH JaHHBIE HEOOXOIUMBI /I MPOCKTUPOBAHHS OJIOKA JETEKTOPOB
«Cdepa» (Oram 1, mynkr 1.1.15), koTopslii OyAE€T COCTaBHOM 4YacThlO HOBOTO BPEMSIIPOJIETHOTO
IQpakToOMeTpa Ha UMITYJILCHOM UCTOYHUKE HEUTPOHOB «PAJIDKCy.

HoBrlil BpemsnponeTHbI HEHTpOHHBIA audpakTomMeTp ¢ Oj0koM nerekTHpoBaHus «Cdepa»

IJIAHUPYETCS COOPYAUTH Ha UMITyIbcHOM nuctouHuke "PAJIDKC" Ha 6aze nuHeltHOTrO yckoputens MAN
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PAH. O6muii Bua qudpakromerpa anBéﬁeH Ha pﬁc. 1.10.1.

Pucynok 1 — OOmuii Bua audpakroMerpa Ha UMIYJILCHOM HCTOYHHKE HEUTPOHOB «PAJIDKCy»

(a), 6iok merexktopoB «Cdepay (6). 1— Muiiens, 2 — 3aMeIUTENb, 3 — OUJIOTHYECKas 3aluTa
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UCTOYHUKA, 4 — KoutuMaTtp, 5 — obpaselr, 6 — KOJIbIIEeBbIE 1eTeKTOphI Ha yribl 60-120°, 7 -

KOJIBIIEBBIC JETEKTOPHI HA OOJIBIIINE ¥ MAaJIbIe YIIbl, 8 — 00J1acTh KPUOCTATA, TICUU U JP. YCTPOHUCTB

Heittponsl ¢ MuiieHn UCTOYHMKA | momamaroT B 3aMEJIUTENb 2, ajiee 3aMeIJICHHbIE HEUTPOHBI
MPOXOJAT Yepe3 KaHall B OMOJIOTHUECKOM 3amuTe 4, r1e pacrnonoxeH kommumarop 3. ChopMupoBaHHBII
My4OK MomnaaaeT Ha obpaszerl 5, Haxonasmuiics B meHTpe Omoka aerektopoB «Cdepar. JlaHHBIN 010K
COCTOUT W3 CEMH KOJIBLIEBBIX JIETEKTOPOB, PACTONOKEeHHBIX mon yriaamu 30-150°. Camu ke KoJblia
c(OpMUPOBAHBI U3 TUHEHHBIX CHUHTUUISIIMOHHBIX CUETYMKOB HEHTPOHOB, MPUYEM Ha JIBYX KOJIbLaX (Ha
MaKCUMaJIbHBIA ¥ MUHUMAIILHBIA yTOJI pACCEesTHUS) CUETYMKHU PACTIONOKEHBI TaK, YTOOBI CHUHTHILIS TOPBI
ObUIM TIEPIEeHINKYISPHO MUKy, a Ha OCTIbHBIX Koiblax ( Ha yrisl 60—120 rpajg. ) COMHTHILISTOPHI
napajuienbHo mydky. KosblieBbie JeTEeKTOPBI MOTYT MEPEMEIaThCs 0 HAIPaBIISIFOIIUM BJIOJIb OCH MTy4Ka,
YTO TIO3BOJIUT MOJCTpauBaTh pas3pelieHre IudpakToMeTpa IMOJA TEeKyIlHe 3aJaud, a TakkKe JacT

BO3MOXXHOCTh pa3MellaTh 00pasel] B yCTPOHCTBaX, TAKUX KaK KPUOCTAThI, IE4H, KaMephl AaBJICHUS U T. 1.

CUMHTU/UIAHOHHBIA CYeTYUK HEHTPOHOB

CuMHTHANATOP
KpemHmesbli Zn5:6LIF KpemH1esbi
DOTOYMHOMMHTEND R\ HeWTpoH OTOYMH :}H{HTE!‘II:.
\\\ \\. ™ _.l'.l i
h A s
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! NH3a poibWid rnas

NuH3a peiBWid rnaz

Pucynok 1.1.10.2 — 610K cXema CHMHTHIUIAIIMOHHOTO JETEKTOpa

CxemMa CHUMHTWUIALMOHHOTO JI€TEKTOpa, KOTOPBIH MpPUMEHSEeTCs Ha HeHTpoHOrpadpuuecKux
ycranoBkax SIN PAH, npencraBnena Ha puc. 1.1.10.2 . B kauecTBe CIMHTHILIATOPA B HUX UCIIOJIB3YETCS
ZnS(Ag)/LiF. IIns yBenudenus >pQGEeKTUBHOCTH CUYETUYHMKA Ha MPOTHUBOIIOJIOKHBIX CTOPOHAX CBETOBOJA
pa3MEeNIeHO M0 CHUHTWLIATOPY. CBET TPaHCHOPTUPYETCSl CBETOBOJOM M3 OPICTEKJIA M PErMCTPUPYETCS
JBYMS TBEPAOTENbHBIMH (pOoTOyMHOXKUTEIAMU. Ha Topiax cBeToBOa pa3MelieHbl (POKyCHPYIOLIe TUH3BI,
KOTOPBIC TIPENICTABIIAIOT OO0 chepudeckre yriyOaeHus B TeJie CBETOBO/IA, 3aJUThIC KJIeeM C OOJIbIIeH

ONTHUYECKON TIOTHOCTRIO (“phIOuii r71a3”). B dokyce Kakmo#l TMH3BI HAXOAATCS TBEpAOTENbHBIE B3y (Si-

PM), coOupatomyie cBeT. bBbIIM HM3rOTOBICHBI M YCHEUIHO MPOTECTUPOBAHBI JIMHEHHBIE IETEKTOPHI

(cyeTYMKM) C YyBCTBUTEIBHOM 00J1aCThIO pazMepoM 5—15 mm B mupuny u 50-200 MM B irHy. Bo3moxHO
TaKXe CcOo3JaBaTb MHOTOCIIOMHBIE CUETYMKH HEHTPOHOB, MCIIOJIB3YSl CXEMY, NPEJCTABIECHHYIO Ha pHC.

1.1.10.2. TTomoOHBIH CYETUMK OBLT YCIIETHO MPOTECTUPOBAH Ha HCTOYHHUKE HEUTPOHOB. Y CTAHOBIICHO, YTO
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OINITUMAJIBHO HMCITIOJIB30BATH CJIOA CHUHTUIIIATOpPA B CHCTUYUKC, I[ﬁJIBHCﬁHIGG YBCIIMUCHUC CJIOCB HC NacCT

CYIIIECTBEHHOT'O BBIUTPHINIA B 3((HEKTUBHOCTH.

IIpenBapuTenbHbIii pacyeT pa3peuienusi 1uppaxkromerpa

Pazpemnienrie BpeMAnpoaeTHOro U pakToMeTpa ONpeiesieTCs COOTHOIICHHUEM

Ad/d = { Tp%(k LX) 2 + ( ABo? + (d/2R)? + (s/2R)? ) ctgh? }*2 (1.1.10.1)
rfie T— JIUTENbHOCTh HEHTPOHHOro MMMyihcal
L — nposetnas 6a3a ( CyMMapHOE pacCTOSHHE 3aMeIUTENb-00pasel-1eTeKTop)?
A — JUTMHA BOJIHBI HEUTPOHA
ABg — pacxoIUMOCTh Iy4Ka, MaJaroIero Ha oopaserl
0 — yron paccestHus

d, s — pa3mepsI (B IIIOCKOCTH paccesHus) JETEKTOpa U 00pasiia, COOTBETCTBEHHO

R — paccrosHue oT oOpasia 10 1eTeKTopa

PacxommmocTth mydka, magaromero Ha oOpaserr, mojioxkuMm paBHoi 0,01 pan, T.K. ObUIM BBIOpaHBI
KOJUTUMAITMOHHOE paccTostHue 5 M u aneptypa 5 cMm (cM. puc. 1.1.10.1). [InutenbHOCTh HEUTPOHHOTO
UMITyJIbca IpUMeM paBHOM 90 MKC, HCXO/S U3 paHee IPOBEIEHHBIX N3MepeHuil Ha uctounuke PAJIDKC .
[TockoNMbKY CHUMHTHIUISIIIMOHHBIE CYETYUKH HEUTPOHOB, 00pa3yIoe IETEKTOP, IVIOCKHE, a PACHIOIOKEHBI
OHU TEPIEHANKYJISIPHO WU MapajUlesIbHO MaJalolieMy Ha oOpasell MydKy, YIJIOBOM pa3Mmep JeTeKTopa
Takke OyJeT 3aBUCETh OT yria paccesHus. s CHUHTHIIATOPOB, PACIONOKEHHBIX MapajieIbHO OCH
my4Ka 3ToT pasmep Oyzaer d sin 260, a a1t CIHMHTHIUIATOPOB, PACTIONIOKESHHBIX MEPIICHINKYIISIPHO OCH MTyYKa

d cos 26. Toraa pa3penratomias ClioCOOHOCTh TUPPAKTOMETPA OYAET ONPENENATHCS COOTHOUICHUSIMU

Adld = { Tp2(K T A) 2 + ( A2+ (d/2R sin 20 )2 + (s/2R)? ) ctgh? }2  (1.1.10.2)

AJIL CHUHTHUIIIATOPOB, PACIIOJIOKCHHBIX MAPAJUICIIBHO OCH ITyUKa, U

AdId = { Tp2/(K T A) 2 +( AB?+ (d/R cos 260 )2+ (S/R)? ) cte6? }2  (1.1.10.3)

AJI1 CHUHTHUIIIATOPOB, PACIHIOJIOKCHHBIX NCPICHAUKYJIIAPHO OCH ITyYKa.
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PazpeweHne, %

| | | | | | |
20 40 60 80 100 120 140 160 180

26, °
Pucynok 1.1.10.3 — 3aBucumocTs pasperienus auppakromerpa ot yria paccesuus. Llupuna

nerexktopa S MM (myHkTHp) B 10 MM (crutonHas kpusasi). JuameTp konbia 300 MM, CIUHTHIIISTOPHI

napajuieNbHO OCH My4Ka. Tak ke ObUIM pacuuTaHHBI TApaMETPhI U IPU JPYTOM pajuyce Koiblia

W3 paccunTaHHBIX IpauKOB CIEAYET, uTo Mpu AuaMeTpe «cdeprn» 300 MM, paszpelieHue B mpeaenax
3 % MOXHO MOJY4YUTh HpU yriax Oosbmie 60°, UCTONB3Ys] CUETYUKU HEHUTPOHOB IIMPUHON 5 MM. Y
«cheps» nuamerpom 500 MM 1o cpaBHeHHIO ¢ 300 MM BBIMTPBIII B pa3peniaronieil CnocoOOHOCTH JIUIIb
0,16% mpu yrie paccessHus 20 = 90°. Takum 00pa3oM BHITOJHEE UCIIOJIB30BATh CYSTUNKH IIUPUHON 5 MM
pu quamerpe «cepbn» 300 MM, 3TO MO3BOJIHT YBEIUYUTH Pa3peIIeHUE U TEIECHBINA YTOJl, OXBATHIBAEMBIi
JETEKTOpaMH, a TaK¥Ke MO3BOJIUT COKOHOMMUT ILJIOLIA/Ib UCIIOJIb3YEMbIX CLIUHTHIIISITOPOB.

MoneaupoBanue

s onTuUMH3aIUK paspenieHus U 3(H(HEKTHBHOCTH KOMIAKTHOTO KOJBIIEBOTO JIETEKTOpa Ha OBLIO
MIPOBEJICHO MOJICTMPOBAHUE C MCIOIL30BAaHUEM pa3paboTaHHOW HaMH MPOrpaMMbl Ha si3bike Python u
nporpamMMHoro nakera VITESS.

BBuay muimHapuyeckoi cuMMeTpun Tu(pPakiMuOHHOTO SKCIIEPUMEHTa U KOHCTPYKIUH JETEKTOpa
OTHOCHUTENIbHO OCH Iy4Ka, Ha BCEX 3Talax MOJEIUPOBAHMS ObLT PaCCMOTPEH €IUHUYHBINA CErMEHT —

CUCTYMK HEHTPOHOB pazmepoMm 5x10 MM, oOpasyromuii konbiieBoit aerekrop (puc. 1.1.10.4).
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+
HCTOUYHHK

Pucynok 1.1.10.4 — Koudurypauus nerextopa “COEPA”, cMHHUM IIBETOM BBIIEIECH CUETUUK,

paccMaTpuBaeMblii B Mojienn: 1 - oOpaserr, 2 - HEUTPOHHBIN CYETUHK, 3 - KOJIBIIEBOM JIETEKTOP

MoaeanpoBaHue HEMTPOHHOIO CYETYUKA

Llenpt0o TepBOM CepuM MOJEIBHBIX OSKCIEPUMEHTOB SIBIISUIOCH HCCIIEAOBaHUE (YHKIMU
3G (HEeKTUBHOCTU CErMEHTa JAETEKTOpa MPH Pa3IMYHbIX KOHPUTypalusx IIIOCKOCTEH CHUHTHLISATOpa U
yria paccesHus. Js CUMyNSLIUN TPOXOXACHUS PACCESTHHOTO Ha oOpas3le HEeMTPOHHOro IMyuyka yepes

JeTeKTop ObLIa HamKcaHa mporpamma Ha sibike Python, 61mok-cxema koropoit npuBeaena Ha puc. 1.1.10.5.
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Ha4yano

BBOA NapaMmeTpos
Moaenu

BEIYMCTIEHHE BHYTPEHHER
CTPYKTYpbI CHETHHKR

IINA KaKAOA 0BnacTu 06paboTka NOMy4EHHbIX
HEWTPOHHOTO CNeKTpa NaHHbIX EEIEOA AaHHEX

[NA KAKIOTO HEHTPOHA
8 oGnacTu

reHepalua TPaekToOpUn
HeATpoHa

pacnpocTpaHerue BAOMb
TpaekTopHK

U3MEHEHUE NapaMeTPOs
TpaeKkTopUn

HET Aa
cobbme nornouyexHua

YUeT HellTpoHa
| 33perucTpupoBaH/ke saperncTpuposaH

BBINET U3 CHETHMKA

Pucynoxk 1.1.10.5 — bnok-cxema nmporpamMmsl Ha si3eike Python, Mmonenupyromiei mpoxoxacHue

H€I>'ITpOHOB YCpe3 CCrMCHT KOJIBLICBOTO ACTCKTOPA

Ha pucynke 1.1.10.6 mnpencraBieHO ceueHHWE MOJEIBHOTO CYETYMKA HEHUTPOHOB. Tpw cros
CUUHTWUISIITUOHHOTO MaTepuasa Ha OCHOBE Li Tommmmuoit 0.5 MM pa3aeneHbl AByMs CIOSIMA CBETOBOJIA
u3 oprerekia (IIMMA) TonmuHo#i 1.75 mm. 3asBienHas npousBoauTenaeM 3 (HEeKTUBHOCTh PETHCTPALUU
TEIJIOBBIX HEUTPOHOB CIUHTHUIUIATOPOM, KOTOPBIM IJIAHUPYETCS HMCHOJIb30BaTh MPU KOHCTPYUPOBAHUHU
neTexTopa, cocTaBnseT 42%. Ha 0CHOBaHMM 3TOTO TIOTHOCTH °Li B MIacTHHAX CHMHTHIIIATOPA B PAMKAX
JIAHHOHM MOJICNIM TIPHHSATA COOTBETCTBYIONIEH MaKpPOCKOIMHYECKOMY cedeHHio moriomenns 10,9 cm™.

HelfTpoH yuuTBIBaeTCS KaK 3aperuCcTPUPOBAHHBIN B CIydae MOrIoneH s saoM °Li.
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5 MM

5 MM

Pucynok 1.1.10.6 — Bun ceuenust cyeTyrka HEHTPOHOB, paCCMaTPUBAEMBbI B MOJIEIIN:

1 - cyo¥ CHMHTHJUTSIITMOHHOTO MaTepuraa SLi, 2 - cioit [IMMA cBeTOBOIA

Croutr ormetuth, uto 8% muoTHOCTH cBetoBoga u3 [IMMA cocraBisitoT aTomMbl BOJOpOAA,
o0Jafaronue BHICOKMM MTOKAa3aTeNIeM CEYEeHUsI HEKOTEPEHTHOTO pacCcesHus HEMTPOHOB, YTO MPUBOJUT K
UCKa)XEHUIO OOJIBIIMHCTBA HEHTPOHHBIX TPAGKTOPUN MpH MPOXOXKICHUM uepe3 cdeTyuk. Mopenb
UCMOJb3YeT NPUOIMKEHHE N30TPOITHOTO YIPYTOro PACCEsIHUS AJ1s1 OMUCAHUS B3aUMOEHCTBUS HEHTPOHOB
c IIMMA crnosmu cuerynka. HampaBieHHs pacCestHHBIX TakUM o00pa3oM HEUTPOHOB 3a/Jal0TCs
PaBHOMEPHO pacIpeleIeHHBIMU 10 TeleCHOMY yriy 4m. UYToObl HOJY4YHTh Takoe pachperescHHe,

3aJaroIye HAMPaBICHHE PACCETHHOTO HEUTPOHA YTl 01 M (1 ONPEIEISIOTCS KaK

Q1= 2m-a (1.1.10.4)
01 = arcos (2b -1) (1.1.10.5)

racau b— HCCBI[OCJ'Iy‘-IaI\/'IHLIe quciia, paBHOMCPHO pacpCACICHHBIC OT 0 mo 1.

A KOMITOHEHTHI (JIEKapTOBBIX KOOPAMHATAX ) BEKTOPAa CKOPOCTH PACCETHHOTO HEMTpoHa V B Kak

Vy = V sin (81) cos (91) (1.1.10.6)
Vy =V sin (81) sin (¢1) (1.1.10.7)
V; =Vcos(01) (1.1.10.8)
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rae V — Moy BEKTOpa CKOPOCTH PacCessHHOTO HEUTpOHa

PaBHOMEpPHOCTh pacmpefefieHuss 10 TEJIECHOMY yIIy Ui JAHHOTO alrOpUTMa MOXKHO
IPOJIEMOHCTPHUPOBATH, MOCTPOUB TOYKH, ¢ KOOpAMHATHI KOTOphiX 3amarorcs (1.1.10.4)-( 1.1.10.8) mpu

oauHakoBoM Moxyie V (Puc. 1.1.10.7)

Pucynok 1.1.10.7 — TIpumep CreHepupOBaHHOTO AJITOPUTMOM IIPOTPaMMBbl PABHOMEPHOTO
pacrpeneneHus: BEKTOPOB HAIPaBJICHUH pAaCCESTHHBIX HEUTPOHOB. ToukaMu 0003HAYECHBI KOHITBI

COOTBETCTBYIOLIMX BEKTOPOB ¢ MoayieM V =1
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PazpaboTanHas MoJieNIb YUUTHIBACT JIBa BAPHAHTA PACIIONOKEHUS IIJIOCKOCTH CJIOEB CLIUHTHILIATOPA!
napajyieIbHO U TEePHeHIUKYISIPHO OCH TMOJaBaeMOro Ha oOpasel mydka HeHTpoHOB. B xoxe cepum
CHUMYJISIIMIA TIPOBEJIEHO MX JeTalbHOE CpaBHEHHE Ha JJIMHE BOJHBI Heltponos 1.9 A (Puc. 1.1.10.8).
Y CTaHOBIIEHO, YTO OPUEHTAINS TUIOCKOCTH CUETYMKA OKa3bIBAET 3aMETHOE BIHSHUE Ha 3()(HEKTUBHOCTH
JETeKTUPOBAHUS TOJILKO TNpH yriax paccessHus 20 Omuskux k 0°, 90° u, coorBercTtBeHHO, 180°.

CJIGI[OBaTGJIBHO, Ha OOJIBIIIMX M MaJbIX yriiax pacCeaHusd HMMCECT CMbBICIT YCTAaHABJIMBATH CUYCTYUKU C
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CCUCHUCM, ITOBCPHYTHIM Ha 71/2 OTHOCUTEJIHFHO U3HAYAIBLHOTO.

Pucynok 1.1.10.8 — DddekTHBHOCTL perucTpayu HEHTPOHOB CYETUMKAMU C TIEPTIICHANKYIISIPHON 1
napajuieIbHOM OcH ITy4Ka KoH(pHUTrypamnuen miockoctei ciimaTuiusiTopa (R - paccrosiHue o0pasern-ieTexrop,

A - ITMHA BOJHBI HEHTPOHOB)

Ha pucynke 1.1.10.9 wuzoOpakeHbl TMONy4YEHHBIE B XOJE€ MOJEIHUPOBAHUS CIEKTPAIbHbIC
3¢ GEKTUBHOCTH PETUCTPALIMA HEWUTPOHOB CUETYMKOM Ha Pa3IN4YHBIX yriax paccesHus. Kak BuzaHo, mpu
yriax, 6au3kux K 20 = 90°, BKJ1aJ1 TPEThEro €105 CHUHTUIUIATOPA HE3HAYUTEIICH U3-3a YIIPYTOTO PAacCesTHUS
Ha [IMMA cBeTOBO/axX pacripoCTPaHSIOMIUXCS B €r0 HAIpPaBJICHUH HEUTPOHOB OOPATHO B MpEAbIAYIINE

JIBa CIIOSL.
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Pucynok 1.1.10.9 — CnekrpanbHas 3 peKTUBHOCTD PErHCTpaLlii HEUTPOHOB IPU PA3TUUHBIX
KOH(HUTYpaIusax cueTyuka ¢ AByMs CiIosiMu ciiuHTIiuIATopa (R - paccrosinue oopasen-uaerekrop, 26 -

YTOJI pacCestHus )

Ha ocHOBaHMM BBIIIEIEPEYUCIICHHBIX PE3YIbTATOB, IIPU IPOCKTUPOBAHUHN KOMIIAKTHOTO JE€TEKTOpa
HerTpoHoB “Cdepa” maHbl caeAyIONINE PEKOMEH/IAINH:

- OpUEHTAIMS CEYCHUIN CUYCTUYMKOB, HAXOAIIUXCS Ha yriax paccesHus 20<20° u 20>160°,

JOJDKHA COOTBETCTBOBATH TMEPICHAUKYJISIPHOMY PACIIOIOKEHHUIO IUIOCKOCTEH JETEKTUPYIOUTUX

CJIOEB OTHOCHUTEJIBHO OCH I10JIaBaEMOr0 Ha oOpaser] HeHTPOHHOro myuka. J{Jisl OCTaJIbHBIX KOJIEll
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JIOMyCKAETCsl OPHEHTAIMsl MapajuleIbHO OCH Iy4yKa, KOTOpas TaKXkKe SBISETCS €JUHCTBEHHOU
ONTUMAaNbHOU Ha yriax 20°<26<110°.

- HE3aBUCHMO OT yIJIa PacCesHHsl W OPHEHTALUH HEHTPOHHOTO CYETYMKA HCIIOJIH30BAHHE
YIPOIIEHHON JBYXCIOMHOM KOHCTPYKIMH C OKBUBAJCHTHBIMH TabapuTaMH HETaTUBHO

CKa3bIBaeTCs Ha ero 3¢ (HEeKTUBHOCTH, yMeHbIas ee Ha 15-20%.

MogaepoBanie HEMTPOHHOIO 1M pakTOMeTpa

[lenpto BTOpOro ATama MOJENUPOBAHUS ObUIa OIEHKA pa3pelieHusi KOJbIEBOrO0 CEerMeHTa
nerekropa “Cdepa” B yClIoBHSAX IU(PPaKIIMOHHOTO SKcrepuMmeHTa. [Ipu mpoBeneHWH YHCICHHOTO
IKCIIEpUMEHTa HCIob30Basics nporpamMubiii maker VITESS (Virtual Instrumentation Tool for ESS),
MPEJOCTABIISAIONINI [IMPOKHE BO3MOXXHOCTH HACTPOWKHM KOH(HUIypalMd YCTAaHOBKM M MOHHTOpPHHTA
HEUTPOHHBIX IOTOKOB B XOJ/I€ YMCIEHHOI'O KCIIEPUMEHTA: aHAJIW3 CIIEKTpa HEUTPOHHOrO Iy4YKa, €ro
pacxoauMOCTH, TOJISIpU3aIuY, BpeMeHu npoJjera u T.4. Bce moaynu VITESS ucnonsstores mapaiienasHo,
OOMEHMBASACH JTAaHHBIMH B PEXHMME pEalbHOTO BPEMEHH, YTO JAaeT BO3ZMOXKHOCTH paboTaTh C OOJBIIUM
xomuyecTBoM Tpaektopuii (101°-10?) mpu orpaHUYeHHBIX BEIYMCIUTENEHBIX MOIIHOCTSIX .

Cxema Mozenmu nudpakToMeTpa JUisl YUCIEHHOTO JKCrepuMeHTa mpuseneHa Ha puc. 1.1.10.10,
JUTMHA €ro MpoJieTHOM 0a3za paBHa 10 M. Biok-cxema MOIEIBHOTO SKCIEpPUMEHTa MPUBOJAMUTCS HA PHC.
1.1.10.11. JInst 5KOHOMHH BBIYMCIUTEIBHBIX PECYPCOB MOJICTMPOBAHUE OBLIO pa3/iefieHO Ha JIBa YCIOBHBIX
srana. B Xoxe mnepBOoro srama HCTOYHUK IPOU3BOAUT CKOJUIMMUPOBAHHBIM HEUTPOHHBIN IIy4YOK,
MO/IaBaeMblil 3aTeM Ha oOpaseln JJi1 BBIYUCIECHUS TpeXMEpHOW AU(paKUMOHHONW KapTUHBI, KOTOpPas
3amuchIBacTCs B BUie (aiiina ¢ TaOnuIel HEUTPOHHBIX TpaeKTopui. BTopoil sTam cocrtaBisieT cepus
HKCIEPUMEHTOB 10 PETUCTPAIIMH PACCESTHHBIX 00pa3LioM HEUTPOHOB MPH PA3IUYHBIX yIIax paccesHus 20.

JlaHHBIE SKCIIEPUMEHTHI MCHOJB3YIOT COXpAaHEHHBbIE B (aiijie TPAeKTOPHHM KaK BXOJIHBIC JaHHBIEC, YTO

Ve
/Iou et
b7
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MO3BOJISICT MPOBOJAUTH BBIYMCICHHS JUIS pa3iIMYHBIX KOH(UTypauuil nerekTopa 0e3 HE0O0XOAUMOCTH

MOBTOPHOM CUMYJISILIMK TPOIIEcca pacCessHUsI HEMTPOHHOTO MMyyKa Ha o0pasIie.

Pucynok 1.1.10.10 — Cxema mozenbHOTO qudpakToMeTpa, peaJTu30BaHHOTO MPU MTOMOIIH
nporpammuoro nakera VITESS: 1 - noBepxHocTh 3amennutens HelTpoHoB (1x1 cm),2 -
Kosmumupytomas mens (1x1 em), 3 - monukpucTamumyeckuii oopasei, 4 - HEUTPOHHBIN CUETUUK

KOJIBLIEBOI'0 CErMEHTA ACTCKTOPa

3KCIIepHMeHT |

WCTOMHUE

L opade <Tpemepﬁaﬂ AMPakMLIOHHER
mwmm%ﬂ%%mify% (aMcpparLma HEHTDOHOB) KapTHHa )

SKCIIEPHMEHT 2

[INA KAKaoro yrma DaCCEHHMH>——<iHaI’IM3 paspewanwei CﬂOCOGHOCTH)

BblyHCneHue
BPEMANPONETHOIO CNEKTPa

Pucynoxk 1.1.10.11 — Biok-cxema METOAMKH MOJICIHHOTO SKCIIEPUMEHTA 0 TP paKIiun

HENUTPOHOB, IPOBEEHHOIO IIPH oMoy nporpammuoro nakera VITESS

CrnieKkTpanbHble U BpEMEHHBIE XapaKTEPUCTUKU MOJIEIbHOIO UICTOYHUKA HEMTPOHOB COOTBETCTBYIOT
panHee u3MepeHHoMy crnekTpy ucrounuka “PAJIDKC” MAM PAH . beuin paccMOTpeHBI HEUTPOHBI C
JHHOM BonHBI A<2.1 A mpwm wactore mmmynbcos ncrounnka 50 I'm. TIpu 3ToM mporpaMMHBI MOIYIb
HCTOYHUKA BBICTYMAET TAK)KE KaK KOJUIMMATOP My4Ka, TEHEPUPYS TPACKTOPUHU HEUTPOHOB, BBIXOAIINE C
MOBEPXHOCTU TUIOCKOTO 3ameiutens (mpoduias 1x1 cM) M mpoxonsiiue depe3 HampaBiSionee OKHO
(mpodune 1x1 cm), pacnonoxeHHoe Ha paccrosHuu 100 cMm oT moBepxHOcTH. I[lomydeHHBIN MydOK
MIPOXOJUT OCTaBUIYIOCS 4YacTh MPOJETHOM 0a3bl U paccenBaeTcs Ha oOpaslie, B KauecTBE KOTOPOTO
ucnoib30BaH Kyonueckuit (1x1x1 cm) nmonukpuctammueckuii anmas (kapobonano). Paccesuabie oOpasiom
HEUTPOHBIL, IOIIAJAI0T 3aTEM B JIMHEHHBIN CYETYUK HEUTPOHOB, KOTOPBIN SBJISAETCS CETMEHTOM KOJIBLEBOTIO
JETEKTOpa, HAXOJSIIMICS Ha pacCTOSHUM R oT oOpasia. 3aperucTpupoBaHHBIE CUETYNKOM HEUTPOHBI
COCTaBJISIIOT BPEMSIIPOJIETHBIN CHEKTP, COOTBETCTBYIOIINI BBIOPAaHHOMY yIiy paccessHus. [l monenu
ObuTH BBIOpaHB! yriibl paccesHus 20 = 20°, 30°, 45°, 60°, 75°, 90°, 105°, 120°, 135°, 150°.Ha pucynke
1.1.10.12 mpuBeneH npUMep MOJYYEeHHBIX criekTpoB OueHka paspemenus auppakromerpa Ad/d mpu
BBIOpAaHHOM yTJie MPOU3BOAUTCS 3a CUET M3MEPEHHs IIMPHUHBI HA MOJIyBBICOTE OP3rTOBCKUX IUKOB Ha

MOJCIIbHBIX BPEMSIIPOJICTHBIX CIICKTPaXx.
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Ad/d = At/t (1.1.10.9)
rae At - mupHuHa MUKa Ha TOJTYBBICOTE,

t - monoXxeHue nuka Ha BPeMsIIPOJIETHOM CIIEKTpE.

Ha pucynke 1.1.10.13 npuBeneHa 3aBUCUMOCTh pa3pelaromieid CocOOHOCTH CErMEHTa KOJIBLIEBOTO

JETEKTOpa (CYETUYHKA), @ 3HAYUT U KOJIBIIEBOTO JACTEKTOPA OT YIJjla pacCessHUsI HEUTPOHOB ¢ oOpasIia.
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Pucynox 1.1.10.12 — MogenbsHbIe BpeMSAIPOJIETHBIE CTIEKTPBI HEUTPOHOB, PACCESIHBIX MO YTJIaMH

a) - 30°, 6) - 45°, B) - 60°, T) — 75°
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Pucynok 1.1.10.13 — Paspemaromas crmocoOHOCTh HEUTPOHHOTO CUETYMKA KaK (DYHKITUS yTria

paccesinus ( 30° <20 <150°)

Kakx BugHo u3 puc. 1.1.10.13, pa3pemaromiasi CrmocoOHOCTh Je€TeKTopa B JAUPPAKIIMOHHOM
skcnepuMmenTe Ha ucrtouHuke “PAJIOKC” Bapeupyercs ot 2.0% npo 7.6% B 3aBUCUMOCTH OT yIJja
paccestHusl PETUCTPUPYEMBIX HEHTPOHOB. BBUIY 3HAUMTEIHLHON TOTEPH pa3pelieHUs] Ha MaJbIX yriax, B
JaHHOM paboTe JJIS CUETYMKOB Ha yrie paccesHus 30° ObUIM pacCMOTPEHHI JBa MOIX0/1a, O3BOJISIOIINE
YaCTUYHO KOMIIEHCHPOBATh CHUKEHHE pa3pelaronieil criocOOHOCTH.

[lepBpIM BapuaHTOM SBISETCS YCTAaHOBKAa KOJUIMMUPYIOIIEH IIEIM BOKPYT  KaKIOTO
CHMHTWJUISLIMOHHOTO CUETYMKA (IIMpUHA 5 MM), YTO CHHU3HUT YTJIOBYIO PaCXOJMMOCTb PETUCTPUPYEMOTO
nyuyka. OnHaKko, Kak TOKa3alk pPe3ysbTaThl MOJCIMPOBAHHS, STOT CHOCOO HE JaeT CYIIECTBEHHOTO
BBIMTPHIIIA B pa3pellieHuH, MpU TOM, YTO KOJUYECTBO 3apErHCTPUPOBAHHBIX HEHUTPOHOB CYIIECTBEHHO
CHIDKAETCS M3-3a KOJUIMMAaLMU. DTO CBSI3aHO, TIPEXkIE BCETrO C TEM, YTO OJIMHOYHAS KOJUTUMUPYIOLIAs LIelb
HE YMEHBIIAET YIIIOBBIX pa3MepoB 00paslia B 1M0JIe BUAUMOCTH CUETUHKA.

BropeiM BapuaHTOM SBISETCS YBEJIWYEHHE PACCTOSHHUS 00pa3el-aeTekTop, YTO BO3MOXKHO
Omarofaps MOJBM)KHOM KOHCTPYKIIMM KOJBIEBBIX MOAYJEH OJoka IOETEeKTOPOB - B ATOM Cllydae
YMEHBIIIAIOTCS YTIIOBBIC pa3Mephl Kak cueTurka, Tak u oopasna. Ha pucynke 1.1.10.28 npuBenen npumep
KOH(UTypaIu AeTeKTopa, B KOTOPOH KOJIbIIEBOH JETEKTOP, PETUCTPUPYIOIINIA paccestHue o yriaom 30°
BBIHECEH 3a UCXOJHYI0 cdepudeckyio moBepxHocTh (R1 = 30 cm), oOpa3ys “KoHyc” MOBBIILICHHOTO
paspemieHuss Ha pacctosHur R2 = 50 cM or oOpas3ma. MojaenbHBIN CIEKTp, MOJYyYEHHBIH B TaKOM
KOH(UTypaIuyu, Kak U B CTaHAapTHOM, nmpuBeneH Ha puc. 1.1.10.29. B stom ciyuyae ymmpeHne TUKOB

BPEMSAIIPOJIETHOTO CIIEKTpa yMeHbIaeTcs Ha 1%, mo3Boisis JOOUThCs pa3peliaoneii criocooHoCTH B 6.6%.
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Craenyer 1o0aBUTh, UTO JJIS MOJyYEHHs JAHHOW KOH(UTypauuu He TpeOyeTcss n3MEeHEeHHEe KOHCTPYKLIUU

6moka nerektopoB «Cdepa», Hy>KHO JHILIb CABUHYThH KOJIBIEBBIE IETEKTOPHI 10 HATIPABJISIOLIIM.

3akJil0ueHue
boimn mpoBeneHbl MOJAENBbHBIE 3KCIEPUMEHTBI, KOTOPbHIE IO3BOJMIM H3YyUYUTh pPa3pelIaromlylo
CIOCOOHOCTh HOBOT'O BPEMSIMPOJIETHOTO AudpakTOMeTpa Ha UMIyJIbCcHOM ucrouHuke «PAJIDKC» c
0okoM nerekTopoB «Cdepa» B pa3IMYHBIX MpEANojaraeMbix KOHpUTyparusx. Takke Obuta
npoaHam3upoBaHa 3PHEKTUBHOCTH (B 3aBUCHUMOCTH OT JUIMHBI BOJIHBI M YTJIOB TAJCHUS HEUTPOHOB)
HOBBIX CIMHTWIISLIMOHHBIX JIETEKTOPOB, pazpadoranubix B SN PAH s 6moka nerekropoB «Cdepay.
B pesynprare MonenupoBaHus ObUIO YCTaHOBJIEHO, YTO Pa3pellaroiias CoCOOHOCTh IETEKTOpa B
nudpakMoHHOM dKcriepuMenTe Ha ucrounuke “PAJIDKC” ymensmaercs ot 2% 10 10% nipu yBenndeHuu
yrJIa paccesiHus HeUTpoHOB oOpaszioM ot 150 mo 30 rpagycos.
OcHOBHbBIE PEKOMEHALMU ISl TpOeKTUpoBaHusl Oyoka netektopoB «Cdepa», BoipaboTaHHBIE Ha
OCHOBE IOJIyYEHHBIX Pe3yJIbTaTOB:
e(Cremyer HCIONB30BaTh TPEXCIOWHBIC METEKTOPHI MPHU JIIOOBIX yriaaX pacCesHUs s
yBeNnn4eHus 3PPEeKTUBHOCTU PETHUCTPALUN HEUTPOHOB.
e OntuManeHbiil paauyc cdepbl — 300 mm. [lpu mmpuHEe CYETYNKOB HEHTPOHOB 5 MM 3TO
MO3BOJIUT CAKOHOMUTH AOPOTOCTOSIIIIUM MaTeprai CIIUHTUILISATOPA.
eOnTUManpHas IIUPUHA CUYETYUKOB HEHUTPOHOB, OOPA3yIOIIMX KOJBIEBBIE JIETEKTOPHI,
COCTaBISIET 5 MM, OJHAKO Ha yriax paccesHus Oosbmie 150° MOTYT HCIIONB30BATHCS TAKKE
CYETYUKH IUPUHOMN 10 12 MM.
eboKkoBBIE MOBEpXHOCTH (pebpa) CUETUYMKOB MOTYT HE 3aKPBIBATHCS IMOTJIOMIAIOIIUMHU
HEHUTPOHBI MaTepHuagaMu (HallpuMep KaJMUeEM), T.K. 3TO MPAKTUYECKU HE BIUSAET Ha pa3pelieHue.
o Jlns mocTmkeHUsT MakCHUMajIbHOM 3(PQEKTHUBHOCTH OpPUEHTAIUS CUCTUYUKOB HEUTPOHOB,
HaxONAIIUXCA Ha yriaax paccesHus 20<20° wu  26>160°, nmomkHa COOTBETCTBOBATH
NEPIEHIUKYISIPHOMY PAcIONIOKEHUIO TUIOCKOCTEH IETEKTUPYIOLUIMX CJIOEB OTHOCUTENIBHO OCU
M0JIaBaeMOT0 Ha 00pasel] HeWTPOHHOTO MmydKa. J[JIsi OCTanbHBIX KOJEI JOIyCKAaeTCsl OpUEHTAIHs
MapajuieJIbHO OCH ITy4Ka, KOTOpast TAK)Ke SIBISIETCS ONTHMAIBHOU MpH yriaax 20°<26<110°.
o [Ipu yrnax paccessaus menee 30° cienyeT yBeTUIUTh pacCcTosTHUE 00pasell-aeTexkTop a0 S00
MM 4TOOBI YIYUIIUTh pa3pellieHue.
[Tpunoxenus

1. Otuer 0 pe3ynbTaTax MOJCIUPOBAHMS U PacyeTa ONTUMAaIbHBIX MapaMeTpoB AeTektopoB. Paiin [punox.1.1.10.pdf
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1.1.11 M3roroBjieHNEe KOJBLEBOIO0 1eTeKTOPAa HeMTPOHOB A5 AudpakTomerpa «KCOEPA» (1

yacth) (coBmecTHO ¢ USIU PAH. [{oroBop 400/1983 ot 23.11.2021).

OpnHo¥l M3 caMmol TJIaBHOM YacTH JII000ro audpakToMeTpa SIBISIOTCS JIETEKTOPhI, UMEHHO OHHU
orpenensoT 3()(HEeKTUBHOCTh pEerucTpaluy H3iIyueHus. Vcxonas u3 pe3ynpTaToB MOJEIHUPOBAHUS
midpakromerpa “COEPA” onTtumanbHbIM IO COOTHOIIEHHIO II€Ha-3()()EKTUBHOCTh  SBISETCS
UCIOJIb30BaHNE 3-CIIOMHBIX CIIMHTUIUTSILIMOHHBIX I€TEKTOPOB.

B cooTrBercTBUM ¢ 3TUM OBUT pa3paboTaH JETEKTOP HEUTPOHOB HA OCHOBE 3-X CJIOCB
CHMHTHJIISTOPA, OPTaHUYECKOTO0 CBETOBOAA U 2-X KPEeMHHEBBIX (hOTOyMHOKuTeneil. OOmuil npuHIun
co3laHusd JAeTekTopa mokazaH Ha pucyHke 1.1.11.1. Ciom nerexropa pacHojoKEHbl NOOYEPETHO
CIMHTWUISATOP-cBeTOBOA. [0 KpasMm CcBeTOBOJa pacloioXeHbl JIMH3bI TUIA peiOui r1a3. B kadectse
CIMHTHILIATOpA MBI Hcronb3oBany ZnS:PLiF(AQ) dupmer Saint Gobain s¢dextusrOCTBIO 42%.

OOt mpUHITUT CO3/IaHus IeTeKTopa rmoka3aH Ha pucyHke 1.1.11.1. Cnou netekTopa pacmoyioKeHBI

Moo4YCPCAHO CHUHTUIIATOP-CBECTOBO/I.

(Bemobod

CyuHmunnamop

p

EMHUEBBIL QOMOYMHOX UMETb

Pucynok 1.1.11.1, npuHIMI NOCTPOEHUS 1€TEKTOPA

J1J1s U3TOTOBIIEHUS! CBETOBOJA M Pe3Ka CHUHTHILISTOPA UCIOIb30BAJICS CTAHOK YISl JTA3EPHOU PE3KU
Raylogic 6040 v12¢ tpyokoii Reci momuoctsio 100 BaTT.

Jis ceeroBoaa ucnomnbioBaics PLEXIGLAS XT tonmmHol SMM, U3 KOTOPOTO BEIPE3aJICs CBETOBOJ
pazMepoM 5x4x60MM ¢ BbIpe3oM 10 LeHTpY cBeToBoga 0.5x50Mm mms 3ro cios cuuHTHLITOpa. Ilocie
W3TOTOBJICHHS 3arOTOBKU MPOU3BOIUIIOCH M3TOTOBJICHHUS JIMH3BI TUTIA “phIONiA T71a3” Ppe3epHBId CTAaHKOM

¢ mmapoBoii ¢pe3oit nuameTpoM 4mm. BHenmHu BUT CBETOBOA Mpe/cTaBieH Ha pucynke 1.1.11.2.
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Pucynok 1.1.11.2. Baeurnuit Buj

Pe3ka cumHTHWILISATOpa TPOM3BOAMIACH TaK K€ Ha CTaHKE JIA3€PHOM PE3KH C MOCICIYIOIIUM
ckpanOupoBaHusi. CBsA3aHO ITO C OCOOEGHHOCTSMHM MaTepHasia, T. K. Pe3Ka Ha TOJHYI0 TIyOWHY maer
MOYEPHECHHSI KPAaeB UYTO HETaTUBHO MOXET CKa3aThCsi Ha A (EKTUBHOCTH jaeTekTopa. Pe3ka Oblia
nmpoBeqeHa Ha ryOuHy npumepHo 80% 4To He MPUBOIWIO K OOYIVIMBAHUIO, B JadbHEHUIIIEM 3arOTOBKH
JIETKO OTIEJISLTUCH TTPH TIPOU3BENICHUH TIPOIiecca MOKICHKHA. BHETHIIA BUI CHUHTHILISITOPOB TPE/ICTABIICH

Ha pucynke 1.1.11.3.

Pucynok 1.1.11.3 — BHEIIHMI BUJ] CIIMHTAJUIATOPA.

Bcero 6b110 n3rotoBieno 150 cBeToBo10B 1 450 MIacTuH CUMHTHIUIATOPA YTO MPH COOPKE COOTBETCTBYET

150 3-croiHbIX CHMHTHIUISIIIMOHHBIX J€TEKTOPOB HEHTPOHOB.
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IIpunoxenus

1. Akt m3rotoBneHus dneMeHToB qudpakromerpa «COEPAy. ®aiin [Tpunox.1.1.11.pdf
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1.1.12 CunTe3, CTPYKTYPHAs M1 MATHUTHAS XapaKTepu3anus TOHKHX IJICHOK M IJIAHAPHBIX
HAHOCTPYKTYp Ha ocHOBe ragojauHusi (copmectHo ¢ U®M YO PAH. Jlorosop 400/1979 or
22.11.2021)

CBepXpelmeTKH SIBIAIOTCA UCKYCCTBEHHBIM, CUHTE3UPYEMBIM MaTEpHAIOM, U IMO3TOMY TILATEIbHAs
0TpabOTKa METOAMKH MPUTOTOBJICHUS 3KCIIEPUMEHTAIBHBIX 00pa3I0B SBISAETCS HEOOXOIUMBIM YCIOBUEM
IUIE TIPOBEACHUS JalbHEMIINX HCCIeAoBaHUM (u3nueckux cBOMCTB. OCOOEHHOCTh H3TOTOBJICHUS
HaHOCTPYKTYP COCTOMT B TOM, YTO XapaKTEpUCTUKM MaTepuajla 3aJaloTcsid HE TOJBKO CTPYKTYpPHOH
(bopMyJI0H, HO TaKKe ONPENENAI0TCS TEXHOJIOTHYECKUMU OCOOCHHOCTSMU UCII0JIb3yEMON HANTBUTUTEIbHON
cucreMbl. OJHAKO, KOJMYECTBEHHbIC 3HAYCHUS XapaKTEPUCTHUK OO0paslila MOTYT OBITh CYIIECTBEHHO
YIIy4lIeHbl BHIOOPOM ONTUMAIBHBIX HMMEHHO Ui JaHHOW HaNbUIMTENbHOW CHCTEMBI yCIOBHH
IIPUTOTOBJIEHUs! (ZaBieHusl pabodero rasa, TeMIepaTypbl M IIEPOXOBATOCTH MOIJIOKKH, MOIIHOCTH
MarHeTpOHHOTI0 pa3psiJia, peKUMa HOHHOM OUNCTKU MMOBEPXHOCTH, IPEABAPSIONIEH MPOLIECC HANIBIIICHUS U
T. A.). Jng nanpHeimenl onTUMU3aUKM XapaKTEPUCTUK CBEPXPEIIETKH HEOOXOAUMO MPOAHAIU3UPOBATH
3aBHCUMOCTH OT TOJIIIMHBI CIIOEB JJISl TOTO, YTOOBI BBIOPATh OIPEICIIEHHOE COYETaHUE TOIIIUH MarHUTHBIX
Y HEMarHUTHBIX CJIOEB M ONTUMAJIbHBIC ISl JAHHOW HANbUIUTEIBHONW CHCTEMbI PEKUMBI IPUTOTOBJICHUS
HaHOCTPYKTYpbl. B pe3ynpTare uccienoBaHHs pPAa3IMYHbIX PEXMMOB HAaNbUICHUs OBLIM BBIOpaHbI
CIIEAYIOIIME YCIIOBHMSI M3TOTOBJIEHUs OOpAa3lOB: MPOJOKUTENBHOCTh MOHHOW OYMCTKH IHOBEPXHOCTH
MOJUIOKKH Tiepe] HambuieHHeM — 10 MHH. IpH MOIIHOCTH MarseTpoHa nepemeHHoro toka — 100 W,
MOIITHOCTh MarHETPOHOB ITOCTOSIHHOT'O TOKa Mpu HanbuieHHH — 100 W; pabouee nasnenue aprona — 0.1 [a
IpH CKOPOCTH HaTeKaHHs 22 MII/MHUH.; Temreparypa momtoxkku — (298-300) K, uwactora BparmeHus
no1oxku — 10 00./MuH.

HoMuHanbHbIe TOJIIMHBI ONPENeNSIIUCh MyTeM KaTMOPOBKM CKOPOCTH HAINbUICHUS C IMOMOILBIO
ONTHYECKOTO npodriomerpa-uaTephepomerpa 6emoro ceera Zygo New View 7300. [Tociie n3roroBieHus
00pa31i0B TONIIMHBI ObLIIM YTOYHEHBI TP IOMOIIY PEHTTEHOBCKUX METO/IOB.

Cepus cepxpemérok: Cr(50 A)/[Fe(35 A)/Cr(t, A)/Gd(50 A)/Cr(t, A)]12/Cr(30 A), t =0 - 60 A
(Tabmuma 1.1.12.1) Obw1a BeIpalieHa Ha MOAIOKKaxX Si ¢ kpucramndeckoit opuentanueii (001). Bydepnsrit
cnoit Cr ObUT HambUICH I “‘CIVIQXKMBAHUS PA3HUIBI B MOCTOSHHBIX PELIETKAX MEXIY IMOJIJIO0KKOW U
ocHoBHoM 1ieHKON Fe/Cr/Gd. JlanHbIi ciioit oka3aics TOCTaTOYHBIM Kak JJI pPellakcalliy HampsoKeHUH,
BBI3BAHHBIX PA3JIM4YMEM B IOCTOSHHBIX PELIETKH, TaK U Ul CIUIAKUBAHMS IIEPOXOBATOCTH MOUIOXKKH,
KOTOpast, COTJIACHO TaHHBIM ITPOU3BOIUTEIIS, COCTABIISIA HECKOIBKO aHrcTpeM. OOpa3ibl IPOHYMEPOBaHbI

u pacnosnoxenbl B Tabnuue 1.1.12.1 B mopsiike yBenTu4eHuUs TONIUHBI Tpocioiiku Cr.

No dopMybl 00pasos
1 Cr(50 A)/[Fe(35 A)/Gd(50 A)]12/Cr(30 A)
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Cr(50 A)/[Fe(35 A)/Cr(15 A)/Gd(50 A)/Cr(15 A)]12/Cr(30 A)
Cr(50 A)/[Fe(35 A)/Cr(20 A)/Gd(50 A)/Cr(20 A)]12/Cr(30 A)
Cr(50 A)/[Fe(35 A)/Cr(43 A)/Gd(50 A)/Cr(46 A)]12/Cr(30 A)
Cr(50 A)/[Fe(35 A)/Cr(60 A)/Gd(50 A)/Cr(60 A)]12/Cr(30 A)
Cr(50 A)/Gd(600 A)/Cr(30 A)
Cr(100A)/Gd(600A)/Nb(300A)

~N| O o Bl WO DN

Tabmuua 1.1.12.1. Cnrcok TOHKUX IUICHOK U IJIaHAPHBIX HAHOCTPYKTYP Ha OCHOBE TaI0JIMHUS,
CHUHTE3MPOBAHHBIX 3a BPEMsI BBIMIOJIHEHUS NPOEKTa. B npuBeeHHBIX popMyliax ykazaHbl HOMUHAJIbHbIE TONIIHbI

CJIOCB.

PeHTreHOCTpYKTYpHBIN aHalU3 TMPOBOAWICS C HCIOJIB30BAaHHEM JaOOpaTOPHOTO IU(PPAKTOMETPa
Panalytical Empyrean Series 2. DKCHEpUMEHTHI MPOBOJMINCH B HU3IYYCHUH OT MEIHOW M XPOMOBOM
PEHTTeHOBCKUX TpYOoK. /[t popmupoBaHus mapaiienbHOro Myyka Ha IEPBUYHOM ITyUKe HCIOJIb30BaJICs
THOPUTHBIE MOHOXPOMATOP, COCTOSIIIIUNA U3 MapadoIMUecKoro 3epKajia Ha OCHOBe cBepxpenieTkun W/Si u
aByxkpuctaibHoro (220)Ge moHoxpomaTopa. BricoTa mydka, orpaHu4eHHOro miesbio, coctapisuia 0.08
MM. Ha BTOpHYHOM Ty4YKe KCIIOJIB30BAJICS TUIOCKOMAPAUICTbHBIA KOJUIUMATOP C TUIOCKUM TpadUTOBBIM
MOHOXPOMaTOPOM UM KOJUIMMHUPYIOIIEH IIEJbI0 ¢ SKBaTOpUaIbHOM aneptypoit 0.1 MM.

KauecTBO MEXCIOWHBIX TpaHUIl TMPUTOTOBIEHHBIX HAHOCTPYKTYP OLIEHUBAJIOCh IPH IOMOIIU
peHTreHoBCcKo# peduiekromeTpun. Ha Pucynkax 1.1.12.1 — 1.1.12.3 npeacraBieHbl SKCIEpUMEHTAIbHBIE
JaHHbIe s Tpex oOpasnoB. Bee peduiekrorpammbl Obi1r 00paboTaHBl B KOMMEPUYECKOW IporpamMme X-
Pert Reflectivity, xkoTopas Obuta TpemocrtaBiieHa (GupMoO-pou3BoauTeneM mpuoopa. B Tabmmmax
1.1.12.2-1.1.12.4 npuBeAeHBI TMapaMeTPhl, IOJIYYEHHbIE TIPHU TOATOHKE KPHUBBIX PEHTIECHOBCKOMN

pediekToMeTpun A MATH 00pa31oB.

I, nvn./cex.
=)

20, rpan.
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Pucynox 1.1.12.1. DkcrnepuMeHTalnbHBIE MJaHHBIE (CUMBOJIBI) W pe3yibTar oOpabOTKM (JTUHUS)

PEHTIreHOBCKOM peduiekTomerprn s cBepxpeméTku Fe/Gd (obpazer Nel).

10°

I, vm./cex.

T T T
1 2 3

20, rpan.

Pucynok 1.1.12.2. DOkcnepuMeHTalbHBIE AaHHBIE (CUMBOJBI) W PE3yJbTaT OOpaOOTKU (JIMHMSA)

PEHTIeHOBCKOM pediekTromerpuu 1is cBepxpeméTku Fe/Cr(60 A)/Gd (o6paszer Ne 5).

I, um./cek.

20, rpaz.

Pucynok 1.1.12.3. DkcnepuMeHTaNbHBIC JaHHBIE (CUMBOJIBI) U PE3yJIbTaT 00PaOOTKH (JIMHUS )

PEeHTreHOBCKOM pediaextomerpuu 1 mwiéakn Gd(600 A) (o6pasern Ne 6).

Hannune BBIpaK€HHBIX KECCHTOBCKMX OCIMIUISIMNA CBHAETENLCTBYET O MAaJOH HIEpPOXOBATOCTU
uHTep(eiicoB ciaouctoi CTpykTyphl. [Ipu oOGpaboTke mpemmonaranock, 4ro BepxHuil cioit Cr mocie
W3BJICUEHUS 00pa3lia U3 pOCTOBOM KaMephl Ha BO3/yX IO IMOCTAHOBKH €ro B JU(PPAKTOMETpP, YACTUIHO
OKHCIIAeTCs, 00pa3ys okcHanyio mieHKy CraOs, Tomumua kotopoii coctasiser ot 10 10 19 A (7 kononka
Ta6muuer 1.1.12.1). B tabaune 1.1.12.2 npencraBieHbl 3HAYCHUS PEaIbHBIX TOJIIIUH KaXI0TO CII0S CEpUH

cBepxpererok Fe/Cr/Gd.
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Ne o6pasua | t(6ydep), A | t(Fe), A t(Cr), A t(Gd), A | t(xpsimuka), A | t(Cr203), A
1 48.6 319 - 47.9 20.6 17.3

2 47.8 334 13.4 46.9 16.8 19.2

3 48.3 33.7 17.9 47.6 18.1 18.6

4 46.5 334 41.8 48.5 12.9 17.8

5 48.1 318 54.8 45.0 18.2 10.1

6 49.0 - - 571.0 7.0 6.0

7 96 - - 583.0 65.0 16.0

Tabmuua 1.1.12.2. 3HayeHus TONIIMH CIOEB U1 BCeX 00pas3IloB CEpHH, OINpeNeIeHHbIE U3 aHaJIn3a

KPUBBIX PEHTTEHOBCKOH pe(IeKTOMETPUH.

[Ipexxe Bcero, OTMETUM HEKOTOPBIM pa30poc MO TOJIIMHE CIOEB Yy pa3HbIX oOpasmoB. Pazmuuus
tommuH cinoeB Fe u Gd mccineqoBaHHBIX CBEPXPEIIETOK OOJBIIEH YacThIO HaxXoaATcs B mpeaenax 7 %,
HOCSIT CITy4YailHBIN XapakTep, U, MO-BUAUMOMY, SIBIISIOTCS CIIEACTBHEM HEN30€KHBIX OTKIIOHCHUHN YCIOBHIA
pocTa pa3iauyYHbIX 00pasloB cepuu. Takke CTOMT OTMETUTh, 4TO (akTudeckas ToimmHa cioé Cr
OTJIMYAIach OT HOMUHAIBHOM TONIUHEI Ha 4 - 12 %, yem ToHbIIIe CJIOH, TeM oTiuune Oosbiie. [Tpuunnoi
OTJIMYUSI HOMUHAILHOW TOJIIWHBI OT PEAIbHOW TaKXKe MOXKET SIBISTHCS CHCTEMAaTHYecKas OIIUOKa TpU
KaTMOpOBKE Ha POPUIOMETPE.

B Tabmuue 1.1.12.3 mpencraBieHbl 3HAYCHHUS CpPEAHEKBAIPATUUYHOM IIEPOXOBATOCTH WHTEpQEiicoB
cepun  cBepxpemerok  Fe/Cr/Gd. Cormacno  pesyiabTaraM — 00pabOTKH,  CpeaHEKBapaTHUHAS
IIIEPOXOBATOCTH MOJIOKKH cocTanseT 5 - 10 A. VI3 mpuBeieHHOl TaGIUIE BHIHO, YTO XapaKTePHCTHKH
unrepdeiico Fe/Cr, Cr/Fe u Gd/Cr, Cr/Gd ornuuarotcsi, mpudeM BO BCEX CIy4asX MEKCIOWHBIC
mepoxoBatoctd Ha rpanuiie Cr/Fe u Cr/Gd 6omnbiie, 1.e. o(Cr/Fe)> o(Fe/Cr) u o(Cr/Gd) > o(Gd/Cr).
Bo3moxno, mepoxoBatocth mexcioiHbix rpanun Cr/Fe u Cr/Gd oOycioBineHa HECOBEPUICHCTBOM
noBepxuoctu ciost Cr. Ckopee Bcero, mocie hopMUpoBaHus Ha moBepxHocTH ciios Fe (Gd) mepsoro cios
Cr mocnenytommii poct Cr mpouMCXOAUT B BHIE OCTPOBKOB, M KaK CJEICTBHE STOTO, BO3MOXHBI
3HauuTeNbHble (nykTyanuun TtommuH cinoeB Cr. Camoe Oojbllie 3HAYCHHWE CpPEIHEKBAIPATHYHON
LIIEPOXOBATOCTH Ha 00pa3oBaBIIeMcs OKcHae Xpoma 7.4 - 16.2 A Tak kak MexcioiiHas mepoxoBaTocTh
Ha rpanunax Fe/Cr, Cr/Fe u Gd/Cr, Cr/Gd coctaBnser 3.1 — 6.7 A, To MOKHO HPEANION0KHUTH, UTO CIIOH
XpOMa HEOAHOPOJIEH, U BO3MOXHBI IPOPAILECHHS Yepe3 MPOCIoiKy, T.c. Fe u Gd umeer npssiMmoe oOMeHHOE
B3aHUMOJICUCTBHE.

B Ttabmune 1.1.12.4 mnpencraBiieHbl 3HAYCHUS IUIOTHOCTH OTJENBHBIX CIIOEB CBEPXPELIETOK CEpUU

Fe/Cr/Gd, onpeneneHHbIX U3 aHAIM3a peQIEKTOrpaMM. ATOMHBIE IJIOTHOCTU B CJIOSX MPUOIU3UTEIHEHO

130



paBHBI IUIOTHOCTSIM 00BeMHBIX MatepuanoB (Tabmwmma 1.1.12.4). Tak, s 3JeMEHTOB H3MEHCHHE

IUIOTHOCTH cocTaBmiio 2 - 9.5%, B To Bpems kak s Cr203 - 19%.

Ne o(Si), | o(oydep), o(Fe), |o(Cr), |o(Gd), | o(Cr), | o(kpeimka), | o(Cr203),
obpasua | A A A A A A A A

1 9.3 6.5 4.9 - 4.7 6.4 6.4 8.4

2 8.1 6.2 4.6 3.8 5.1 53 8.1 9.4

3 7.3 7.5 4.4 4.2 5.3 o5.7 6.9 8.1

4 4.8 5.8 4.2 4.1 51 4.6 15.0 7.4

5 9.1 6.8 6.7 4.0 51 4.1 7.9 9.8

6 11 7 3 7 6

7 10 5 5 6 8

Ta6muma 1.1.12.3. CpenHexBagpaTHYHBIC MIEPOXOBATOCTH MEXKCIIOWHBIX TpaHUIl JUIsl BCEX 00pasIoB

CepHH, ONPE/ICTICHHBIC U3 aHAJIN3a KPUBBIX PEHTT€HOBCKOM pedIeKTOMETPHH.

NeoGpasma | p(Si), | p (Cr¥), |p (Fe),|p (Cr),|[p (Gd),|p (Cr),|p (Cr203),
riow’ r/em® r/em® r/em® r/em® r/em® r/em®

1 2.6 7.2 8.0 - 1.7 6.9 4.4

2 2.8 6.1 7.2 6.3 7.3 6.4 5.4

3 24 6.9 7.9 6.5 7.8 6.5 4.8

4 2.6 7.2 7.8 7.2 7.4 6.8 4.6

5 2.8 6.5 7.8 7.3 7.6 6.7 4.7

6 2.8 7.9 7.8 7.0 7.3 6.9 3.9

o0bemMHBIH | 2.3 7.2 7.9 7.2 7.9 7.2 5.2

MaTepua

Tabmuua 1.1.12. 4. InoTHOCTH CIIOEB AJIsi BCEX 0Opa3LOB CEpUH, ONPEACICHHbBIC U3 aHAJIN3a KPUBBIX

PEHTIC€HOBCKOM pedreKTOMEeTpuH.

Taxum 00pa3oM, COrIaCHO CTPYKTYPHOM aTTeCTalK, 00pa3libl UMEIOT CIIOUCTYIO CTPYKTYPY CO CTPOTrO
ONpEeEIEHHON EPUOJUYHOCTBIO, PE3KHE MEKCIOMHBIE IPAHULIBI CO CPEIHEKBAAPATUYHON aMILIUTYI0U

mepoxosarocreii 6= 4 — 9 A. HanGonpmee 3HaueHne G COOTBETCTBYET IPAHHUIIAM PA3JIeNa U3 CIOS XpoMa
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B CJIOM >K€JIe3a U TaJIOJMHUS M0 CPABHEHUIO C TPAHUILIAMH pa3zesia U3 CIOEB JKeJe3a U TaIoJuHUs B CI0U
XpomMa.

Huszkoremneparypuble MarHuTHble u3mepeHus npoBoawinuck Ha CKBUJ[ — marmeromerpe B
MarauTHOM Tioste 500 . O6pasis! (¢ mpocioiikoi xpoma ter= 15 - 60 A) xapakTepusyioTcsi MOHOTOHHO
yOBIBaIOIIEH TeMIEpaTypHON 3aBUCUMOCThI0O HamarHudeHHocTu. Ha Pucynke 1.1.12.4 mpencraBieHbl
TEeMIIEpPaTypHbBIE 3aBUCUMOCTH HAMAarHMUEHHOCTH 1711 00pa3oB Ne 2 - 5.

JlononHuUTENbHBIE MATHUTHBIE H3MEPEHHUS (IT0JIEBbIE 3aBUCUMOCTH) MTPOBOAMIINCH ITPH KOMHATHOMN
TeMIeparype Ha Ja0opaTOpHOM BHOpanoHHOM MarHuTomerpe ABM-1. MarautHoe mose
MPUKIIAABIBAIOCH B IIOCKOCTH 0o0Opa3ua. Ha Pucynke 1.1.12.5 npencraBieHbl 3aBUCUMOCTH MarHUTHOTO
MOMEHTa Ha €IUHUIY IUIOWAAX OT MHAYKLIHMH MPUIIOKEHHOTO MAarHUTHOro nojs. M3 ananusa metelnb
TUCTEpEe3nca, U3MEPECHHBIX TTPU KOMHATHOW Temriepatype (Pucynok 1.1.12.5), cnemyer, 4To cymMmapHas
HaMarHW4YeHHOCTh 00pa3Ill0B MEHbIIIE HAMarHUYEHHOCTH 00BbeMHOT0 Fe nannoi Tommuasl (M=5.98 - 10
emu/cm?). W3 9TorO Creyer, 4To-1M00 MAarHUTHEI MOMEHT B c10sX Fe yMeHbIIaeTcs Mo CpaBHEHHIO C
00BeMHBIM MaTepuaiioM, 6o B crnosx Gd mpu T=300 K (Beimie TC=293 K o6wemuoro Gd) bopmupyercs

MarduTHBIN MOMCHT, KOTOprﬁ IMPOTHUBOIIOJIOKHO HAIIPAaBJICH OTHOCUTCILHO HAMArHUMYCHHOCTU CJIOCB

xKeresa.
NL—<
5
£
(5]
-
=
>
=
——1t,=60 A
=T =~ !l T 4J1 T 71T 7T =0T 1 T 1"
30 60 90 120 150 180 210 240 270 300
T.K
Pucynok 1.1.12.4. 3aBuCHMOCTM HAaMarHMYEHHOCTH OT TeMIepaTrypbl s ooOpasmoB Ne 2 — 5.

Fe/Cr(15A)/Gd, Fe/Cr(20 A )/Gd, Fe/Cr(60 A )/Gd, namepernsie mpu H=500 3.

Jlnst Bcex 00pa3noB Bele Temieparypsl 250 K BennurHa HaMarHH4eHHOCTH BBIXOAHUT Ha TIOCTOSIHHOE

3HAa4YEHHE, YTO OYECBHIHO CBS3aHO C IIEPEX0I0M OCHOBHOI0 00heMa ciioeB Gd B mapamarautHyio dazy. [Ipu
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3TOM BEJIMYMHA OCTATOYHOH HaMarHM4YEeHHOCTH OOYyCIIOBJIEHA MAarHUTHBIM MOMEHTOM cioeB Fe. Jlms
o6pasuoB npu tcr > 8.6 A (Pucymox 1.1.12.4) BenMuMHA HAMArHHYEHHOCTH C POCTOM TEMIIEPATYpHI
MOHOTOHHO yOBIBa€T, 4YTO CBHJCTEIHCTBYET 00 YMEHBIICHWH HaMarHMYeHHocTH B ciosx Gd.
Hamarundyennocts cioéB Gd u Fe mpu 9TOM OpHEHTHPOBAHBI 110 HANPABJICHHIO BHEIIHETO MAarHUTHOTO
nonsi. Takoe mMoOBelNEHHE CBHUIETEIBCTBYET O MAaJOCTH (MJIM OTCYTCTBHMH) MEKCIOMHOTO OOMEHHOTO
B3aUMOJICHCTBHS U, KaK CJIEICTBHE, O (PEPPOMArHUTHOM YIOPSAOYEHUN MarHUTHBIX MOMEHTOB Cl10eB Fe
u Gd B IpHI0O)KEHHOM MarHUTHOM MoJie. BelmunHa HaMarHMYeHHOCTH C1a00 MEHSETCS C yBEINYCHHEM
TOJIIIUHBI TPOCIIOUKH.

Tetin ructepesuca s AByX 06pasios ¢ ter=20 A u te,=15 A (upencrapnennsie na Pucynke 1.1.12.5
NpaKTUYeCKH coBnagawT. WX ¢opma KayeCTBEHHO MOXET ObITh OOBSICHEHA HE3aBUCHUMBIM
nepeMarHuyrBanueM cioeB Fe u Gd, 4To He MO3BOJISET TOBOPUTH O KAKOM-THOO NPOSBICHHU

MEXKCIIOMHOTO OOMEHHOI'0 B3aUMOIEHCTBU.

_poA-RRnEREB=0=0"
:G’C,gsg-g E

] s
4+ ’@/3

M, emu/ LM2
N o N
1 1 l
D —
Cwo— ¢
Dy

ol —m—t_=20A
afﬁégzozﬁﬁ —

-6—- <gep=0=a=Ee —o—t . =15A

Sl

-9b0 | -660 | -3b0 | (IJ | 3(|)0 | 660 . 9(|)0
H D
Pucynox 1.1.12.5. Tletin ructepesuca mus o6pasuos Fe/Cr(t )/Gd ¢ mpocnoiikamu xpoma 15 u 20 A,
n3mepenHsle npu T=100 K.

[Tpunoxenus

1. Akt cunTesa o6pasmos. ®aiin Mpumox.1.1.12_1.pdf

2. OT4er 1Mo CTPYKTYypHOU M MarHUTHOM xapakrepusariu. daiin [pumox.1.1.12_2.pdf
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Pabomul uccnedosameneii ¢ eozpacme 0o 39 nem (npu nanuuuu)
1.1.13 TeopeTnueckoe UccjIeJOBAHNE OTPAKEHUS] HEHTPOHOB OT TOHKHUX IJICHOK M CJIOMCTBIX
HAHOCTPYKTYP, COAEPKAIIUX CHJIbHOMOIJIOIIAIOIINE W30TONBI TadoJUMHUSL H Oopa (MoJioabie

ucciaenoaresu UPM YO PAH. orosop 400/1979 ot 22.11.2021).

Pa3BuTHE MUKPORJIEKTPOHUKN HHULIUUPYET MOSBIEHUE HOBBIX MaTEPUAJIOB U COBEPILIEHCTBOBAaHUE
CIOCO00B X AMArHOCTUKU. OHUM U3 MEPCIEKTUBHBIX METOJIOB CCIIEJOBAHNS HOBBIX MaTE€PHUAJIOB CBSI3aH
C UCIOJIb30BAaHUEM PACCESHUS HEUTPOHOB, B TOM UHCIIE PEPIIEKTOMETPUS NOJISPU30BAaHHBIX HEUTPOHOB, U
e¢ pa3BUTHE OCOOCHHO aKTYaJIbHO B CBSI3U C 3aIIyCKOM BBICOKOIIOTOYHOT'O MCCIIE0OBATEILCKOTO peakTopa
HoBoro nokosieHus [IMK u Heo6XoauMOCThIO cO3AaHUs IPUOOPHOM Ga3bl AJIst €r0 HHCTPYMEHTOB.

CBs3aHHOE C ATMM HalpaBJICHHUE, AKTUBHO Pa3BUBAIOLICECS B ITOCIEIHEES BPEMS — UCIIOIb30BaHUE
CHWJIBHOIIOIVIOUIAIOIIMX H30TONOB JUISL CO3JAHMA TBEPIAOTEIBHBIX JETEKTOPOB HEUTPOHOB. Takue
YCTPOHCTBA MPE/ICTABIAIOT GOMBIIOH HHTEpec Ml MPUMEHEHHs BBHLY JedHiuTa u30Tona *He, Ha ocHoBe
KOTOPOT'O OOBIYHO W3TOTABIMBAIOTCS TA30BbIC IETEKTOPBI HEUTPOHOB. 30TOMBI ¢ CUIIBHBIM PE30HAHCHBIM
MOTJIOLEHUEM HEUTPOHOB MPENOCTABISIOT TAaKXKE YHUKAJIbHYI0 BO3MOXKHOCTb - IUIOTHOCTbH JJIMHBI
paccesHUS HEHMTPOHOB MOXKHO H3MEHSTh KOHTPOJIMPYEMBIM OOpa3oM MpsMO B XOJE 3KCIIEPUMEHTA,
BapbUpys JUIMHY BOJIHBI HEHTPOHOB. DTO MOKHO MCIOJIb30BATh AJIs pelieHus (Ha3oBoi MpoodaeMbl, BBOIS
B HCCIIelyeMble 00pa3Iibl OMOPHBIN CIIOH, COJePIKAIINIA N30TONBI C PE30HAHCHBIM IOTJIOLICHUEM.

[IpakTuyeckn BO BCEX BELIECTBAX IOIVIOIIEHUE TEIUIOBBIX HEHTPOHOB HE3HAUMUTEIBHO, HO IS
HEKOTOPHIX H30TOIIOB OHO cylIecTBeHHO. Harpumep, 1Ba n3ortomna rajonnaus, 2>°Gd u 1*’Gd nmerot ouens
OoJblIIME CEYEHUS 3aXBaTa TEIJIOBBIX HEMTPOHOB. biaronapsi mpuCyTCTBUIO 3TUX U30TOMNOB B IPUPOAHOM
raJIoJINHNN, €70 CEYEHUE 3aXBaTa TaKXKE 3HAUNTENbHO. bosbIne BeNMUMHBI CEUEHUH CBSI3aHbl ¢ HATMYUEM
B sIpax yIOMSHYTBIX U30TOIIOB COCTOSIHUM, C XapaKTEPHOU dHEPIUeH Mepexo/a, JIexkKallel B 1Uara3oHe
SHEPIrui TEIJIOBBIX HEUTPOHOB. B pe3ynbTaTe BOSHUKAET pe30HAHCHOE B3aUMO/ICUCTBHUE SIpa C TETIOBBIM
HEHUTPOHOM, CJIEICTBUEM KOTOPOTO SIBISETCS OYEHBb BBICOKAs BEPOSITHOCTD MOTJIOIEHUS HEUTPOHA SIAPOM
C TOCJIEAYIOUIMM MCITyCKaHHEM T'aMMa-KBaHTa. JTO OOYCIIOBHJIO IIMPOKOE MPHUMEHEHHE TajJ0JIMHUS B
AJIEPHON PHEPIETUKE, KaK IKPAHUPYIOIIETO BHITOPAIOIIET0 MOTJIOTUTENSI HEUTPOHOB.

B03MO0HO IpUMEHEHNE 3TOr0 YHUKAIbHOIO CBOMCTBA T'aJOJIMHUSA U B HAyYHBIX MCCICIOBAaHUSAX,
r7Ic TPUMEHSIOTCS TEIUIOBbIE HEWTPOHBI, B YACTHOCTH, B HEHUTPOHHON pediekroMmerpuu. M3ydenwue
MIOTJIOLIEHUS] HEUTPOHOB OJHOBPEMEHHO C OTPaKEHUEM CYLIECTBEHHO pAaCHIMPSET BO3MOKHOCTH
JIMAarHOCTHKH U, IOTOMY, IPEACTABIAET 00bII0i nHTepec. Ho mporecehl pacnpocTpaneHusi HEUTPOHOB B
CHJIBHOIIOIJIOIIAIOIINX CpeAax ciaabo U3ydeHbl U padoT Mo TOM TeMaTHKe He oueHb MHOro. I'pynma u3
[TerepOyprckoro wmHcTtuTyTa siaepHod ¢us3ukm (r. ['aTymHA) WCclieqoBana TMOTJIOMIAIONINE CBOWCTBA
raJOJIMHMS B LIEJSIX ONTHUMM3AIMU cyrep3epkan Ha ux ocHose [1.1.13.1]. B O0beauHEHHOM MHCTUTYTE

aaepHbIX uccaenoBanuit (r. JlyOHa) Takke NpPOBOJMWINCH TEOPETUUYECKHE M IKCIEPHUMEHTAIbHBIC
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WCCIICTIOBAaHMS B3aMMOJCHCTBHUS MEMJIEHHBIX HEHTPOHOB C TAJOJIMHHUEM, ONPEICICHA IOCTOSTHHAS
cocTaBisitonasl AeHCTBUTENbHON vacTu IiuHbl paccesHus [1.1.13.2]. A.M. ®@pank [1.1.13.3] nomyunn
oO1iee BbIpaxeHHE JUIsi KOMIUJIEKCHOTO MOKa3aTelsl MPeIoMIIEHUs HEMTPOHOB B CpeAax C MOTJIOUICHUEM.
Taxke ObUTIO TpenckazaHo HEOObIYHOE TMoBeneHue S(MPEKTUBHOTO CEUEHUS B3aUMOJCHCTBUS TPHU
YMEHBIIEHUH CKOPOCTH Najaroimux HeUTpoHoB [1.1.13.4]. K coxanenuro, 3TH pe3ysbTaThl HE MOIYy4YHUIIN
LIUPOKOU U3BECTHOCTH.

JIBe He3zaBucuMBIC Tpymmbl w3 HarmoHalmbHOro MHCTUTYTa cTraHaapToB W TexHojoruid (NIST)
[1.1.13.5] u [Hendrckoro texHomormdeckoro ynupepcurera (Huaepnanasr) [1.1.13.6] mnoka3zamm
BO3MOXKHOCTh peleHus (a30Boil mpobiemMbl B HEUTPOHHOH pediexkToMeTpuu mNyTEM BBEIACHHUS B
UCCIIeyeMblil 00pasell OMOPHOTO CJIOs, XapPaKTEPUCTHKH KOTOPOTO MOXKHO H3MEHATh B Ipoliecce
W3MepeHnii. B 3TUX uccnenoBaHUsAX MCIOIB30BAJICS MAarHUTHBIM OMOPHBIMA CJIOM, €ro XapaKTepUCTUKHU
M3MEHSUTUCH IYTEM MPUIIOKEHUSI MArHUTHOTO T0JIsA, HO caM o0pasel] He JOJHKEH ObITh MarHUTHBIM, HHAYE
€ro XapakTEePUCTUKH TaK)K€ U3MEHSATCS.

B panpHelimnem 3TOT moaxon ObUT MOAMGUIIMPOBAH — B KadecTBE MaTepuaga OMOPHOTO CIIOS
MCIIOJIL30BAJICS MPUPOIHBIN rafoauHui. brarogaps pe3oHaHCHOMY MOTJIOIICHHUIO B CJIOSIX TaI0JIMHUSA, €T0
HEHUTPOHOONTHYECKHE XapaKTEPUCTUKU MOXKHO U3MEHUTD, MEHSIS ITMHY BOJIHBI HEUTPOHHOTO myuka. [Ipu
KOMHATHOM TeMmIeparype TaJoJIMHUKA TapaMarHUTeH, 4YTO TIO3BOJIAET UCCIIENOBaTh 00paslbl C
MPUJIOKEHUEM MAarHUTHOTO TIOJNS, TaK KaKk OHO HE MEHSET IJIMHBI pPAcCesHUsS HEUTPOHOB B CIIOSX
ragonuHus. Metoauka Oblta ampoOupoBaHa Kak myTéM Teopermueckux pacuéroB [1.1.13.7], Tak u
skcnepuMeHTanbHo [1.1.13.8].

CwipHOTIOTIIONIaroNMe BemectBa Tuna Gd mmm coemuHeHnin 6opa, oOoraméHble H30TOTIOM 10
MOTYT OBITh WCTOJB30BaHBI B KA4€CTBE MAaTEPUATOB MJII TBEPIOTEINBHBIX JIETEKTOPOB HEUTPOHOB. B
HaCTOsIIIEe BpeMs IeTEeKTOPhI HAMOMHAIOTCA H30TornoM “He. [Ipu nonaganuy B Hero HeHTPOHA TPOUCXOTHUT
peaxius ¢ 00pa3oBaHUEM 3apsSKEHHBIX YACTHIL - TPUTOHA U TIPOTOHA - KOTOPBIE PETUCTPUPYIOTCS Ta30BbIM
cuérunkoM. Ho 3He - nmocrarouno moporoif m3oTom, ero 3amackl B MEpe Majibl. 1103TOMy BO MHOTHX
HEHUTPOHHBIX IeHTpax, Hampumep, ILL, ceiiuac Bo3HHMKaeT MHTEpEC K TBEPIOTEINBHBIM JIETEKTOpaM Ha
OCHOBE MaTEepUAIOB C CHJIHHBIM MOTJIOMICHHEM TETIOBBIX HeUTpoHOB [1.1.13.9]. 'agonuHuii MOXET OBITH
JOCTaTOYHO MEPCHEKTUBHBIM BEIIECTBOM I Pa3BUTHSI JAHHOTO HANpaBJeHuUs. 3aBUCUMOCTh IOTJIOMICHHUS
OT JUIMHBI BOJHBI, BEPOSITHO, MOXET OBbIThb HCIOJIb30BaHA MJII CO3JAaHUSI SHEProJUCIEPCHOHHOTO
JETEKTOopa.

Kpome Toro, ToHKHE MIAEHKU TaJOTUHUS UCIIOIB3YIOTCS U B HEUTPOHHBIX MOJISAPU3ATOPAX U yUET
MIPOLIECCOB TMOTJIONIEHUSI HEUTPOHOB HEOOXOUM ISl TOYHOTO pacdyéra mapaMeTpoB TaKUX YCTpOHCTB. B
OO0beTMHEHHOM WHCTUTYTE SAEPHBIX HcclenoBanuid (r. J[yOHa) ObLIM MpOBEAEHBI AKCIEPUMEHTHI I10
OTpeAeNeHUI0 JIMHBI KorepeHTHOro paccestHus B Gd [1.1.13.10], HO TOYHOCTH STUX JAHHBIX MOXET OBITH

IIOBBIIIICHA HYTéM NpoOBCACHUA OJHOBPCMCHHBIX I/ISMepeHI/Iﬁ OTpaXCHUA U MOTJIOCHUA B CTPYKTypax C
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ragonuHreM. CHIIbHOMIOTTIONIAIONIME BEIECTBA TUIIA TA0JIMHUS HEOOXOIUMBI U JIJIsl pealin3allii METo1a
HEUTpOHHOW pedrexkToMeTpun ¢ peructpanueid BTopuyHoro uanydenus [1.1.13.11], kotopas moxeT
UCIOJIb30BaThCA U1 UACHTU(PUKAIIUU U30TOIOB.

COOTBETCTBEHHO, aKTYaIbHOCTh HCCIIEA0BAaHNN CHIIbHOMOTIIOMIAIOIINX CUCTEM MPEIONPEAETAeTCs
BOCTPeOOBAHHOCTBIO PE3yJIbTATOB KaK ISl CO3AaHuUs TPHOOPHON 6a3bl UIst HEUTPOHHBIX pe(IIEKTOMETPOB,
TaKk M s pa3BUTHS METOJOB aHAIMW3a OSKCIEPHUMEHTAIBHBIX JaHHBIX. Pe30HaHCHOE TMOTJIOUICHHUE
HEHUTPOHOB, HAllpUMep, U30TONAMH TaJOJUHUS, COMPOBOXKIACTCS IreHepalreld BTOPUYHOIO H3ITyUYeHUS,
JNETEeKTUPOBAHUE KOTOPOTO OTKPHIBAET HOBBIE BO3MOXKHOCTH B Pa3BUTHUM METOAOB HEHUTPOHHOM
HAHO/IMAaTrHOCTHUKHU.

Jannas paGoTa HampaBjieHa HAa W3YYEHHE MPOIIECCOB OTPAXKECHHUS M MPOXOXKIACHUS HEHTPOHOB B
MHOTOCJIOMHBIX CUCTEMAX, COJIEPKAIINX CJIOU U3 CUIIHbHOMOTJIOMIAIOIINX BEIECTB (MPUPOIHBIN raJ0nHHHI
nnu kapoun 6opa B4C). Jlns aHanmm3a pa3iMuHBIX CUTyaIluid HMCIHOJIB3YIOTCS MOJICIbHBIC UYUCICHHBIC
skcriepuMeHThl.  [lomydeHHble — pe3ynbTaThl  JaAyT  BO3MOXKHOCTH  ONTHUMAalbHOTO  BBIOOpA
CHJIBHOTIOTJIONIAFOIINX CHCTEM JJIsl Pa3IMYHBIX 3a71a4, KaKk MPUKIAJHbBIX, TAK U HAYIHBIX.

Meton (a3oBo-aMIUIUTYIHBIX (DYHKIMNA SBISETCS IMOAXOIOM MJIsi PEIICHUs IIUPOKOTO Kpyra
KBAaHTOBO-MEXaHUUYECKHX 3a7ad. B €ro OCHOBE JICKHUT MPEJCTaBICHHUE O TaK Ha3bIBaeMou (Ha30BOM
byukiun o(r), KOTOpass KIMEET IMPOCTOM M HarsaaHbl (usndeckuii cmpica [1.1.13.12]. Tlpu 3amanHOM
LEHTPAJIBLHOM MOTEHIMaIe 3HaUeHUe 3TON (PyHKIIMU B HEKOTOPOM TOUKe 1" sABJsieTcs (ha30i paccestHUs Ha
4acTU MOTEHIMAIBHOTO Oapbepa, 3akioueHHOro B cdepe paamyca r. dasza paccesHus Q Ha BCEM

MOTEHIMAILHOM Oaphepe omnpenensercss kak npeaena o = lim a(r). ®azoBas QyHKIMS YIOBIETBOPSIET
T—00

maddepeHIaIbHOMY ypaBHEHHIO PHKKaTH, KOTOpoe Ha3biBaeTcsl (a3oBbIM ypaBHeHHeM. DazoBas

byHKIMA XapakTepusyeT d3QPeKT NeiicTBUA NOTEHIMAala U pPaBHA HYJIIO, €CJIM PaBEH HYJIIO MOTEHIUAI.
3aaua onyrcaHus OTPaKEHUSI HEUTPOHOB OT METAITMYECKUX TNICHOK IPEACTaBIsIeT cO00M BapuaHT

OJTHOMEPHOM 3aJa4il O B3aUMOJCHCTBUU YaCTHUIBI (HEUTPOHA) C MOTECHIUAIBLHBIM OapbepoM (sSAepHOU

CTPYKTYpOIl OTpakaroiiero ciosi). BoixHoBoe ypaBHEHHE B 3TOM Cllyyae UMEeT BU/I:

2
V() + [k = V@)IY(@) = 0. (1.1.13.1)
BonnoBast pyHKIMS nipecTaBiseTcs B BUJE CyNepHO3ULINHI MaJatoliell 1 OTpaKeHHON BOJH:
P(x) = A(x)[exp (ikx) + B(x)exp (—ikx)]. (1.1.13.2)

[ToncraBnsst 310 BhIpaxkeHue B ypaBHenue (1.1.13.2) u mpoBens mpeobpazosanus [1.1.13.12], moxHO

HOJIyYUTh YPaBHEHHE JUTSl aMIUTUTYbI OTpaKeHHOU BONHBI B (x), nmeroriee hopmy ($Ha3oBOro ypaBHEHHUS:
%B(x) = — ﬁV(x) [exp (ikx) + B(x)exp (—ikx)]>. (1.1.13.3)
I'pannunoe ycnosue B(0) = 0, COOTBETCTBYET OTCYTCTBHIO OTPAXKCHHOH BOJIHBI 33 MOTCHIUAIBHBIM

OapbepoM.
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DTO ypaBHEHME HE 3aBUCUT OT aMIUIUTYAbl NPOUIEANICH BOJHBI, MO3TOMY B psje 3aaady
KOA((QUIIMEHT MTPOXOKIACHHSI MOKHO HE PACCUUTHIBATH, SKOHOMSI BEIUMCIUTEIBHBIC peCypChl. B oTnudume
oT ucxoaHoro ypasHenus llpénunrepa, ga3zoBoe ypaBHEHHE SBISETCS ypaBHEHHUEM IEPBOTO MOPSJIKA,
XOTs U HeAMHEHHbIM. OHO HE UMEET aHAIMTHYECKOTO PELIEHUs s MPOM3BOJbHOM (yHkuuu V(x), HO
YUCJICHHO pemtaeTcs ObicTpee W mpoine, yem ypaBHenue (1.1.13.1). B Hacrosimeit pabote st pemeHus
ypaBHeHus (1.3) ucnosib3oBacst HesiBHbIN MeTo1 PyHre-KyTThl BTOpOro nmopsiaka.

B cBa3u ¢ tem, uro ¢yHkuus B(x) obmamaer cBoiictBamMu (ha30BOM (YHKIMH U3 KBAHTOBON
MEXaHHWKH, HO, (DaKTHYECKH, OIMUCHIBACT aMIUIUTYIQy OTPaXEHHOW BONHBL, €€ Ha3bIBalOT (Ha30BoO-
aMIUTUTYAHOH (yHKITHEH.

[Ipu ©HemocpenacTBeHHOM paccMmoTpeHun ypaBHeHus (1.1.13.3) mnpeamosiarailoT HOpMalIbHOE
najJieHue BOJIHBI HAa MOTEHLUAJIbHBIA Oapbep, TO €CTh, MOTOK HEHUTPOHOB NOJDKEH MajaTh Ha IJICHKY
NEPIEHANKYIIIPHO ee moBepxHocTH. Ha camom nene peduiekToMeTpus MMEEeT JAEI0 CO CKOJIb3SAIIUMHU

yriamu najeHus. B aToMm cirydae B oTpakeHUH oT Oapbepa yuyacTBYET JIMIIb HOPMaJIbHAs COCTABIISAIOIIAs

BOJIHOBOTO BekTOopa. Torna B ypaBHeHuu (1.3) k = 27T/ 2 sin 0, rae O — yron mageHus, OTCYUTAHHBIA OT

MMOBEPXHOCTU TUICHKH, A — JIJIMHA BOJIHBI HEUTPOHOB. BBoas oOo3HaueHue kj = 2“/)\, noyryuum k =

kosin@. B pednekromerpun Takke 4YacTO HUCHONB3YIOT BEIMYMHY G = 2k, KOTOpas MMEET CMBICH
HOPMaJIbHOW KOMITOHEHTHI W3MEHEHHS BOJHOBOTO BEKTOpa NpU OTpaKeHWUHU. B nanbHelimem Oyaem
WCIIO0Ib30BaTh UMEHHO TaKyl0 HOTALHUIO.
[Morennuan B3aummMosekicTBust V(X) CBS3aH C IUIOTHOCTBIO IUIMHBI PACCESIHUS CIIELYIOIIMM
cootHomerauem [1.1.13.13]:
V(x) =4n[6(x) + iB(x)] (1.1.13.4)

3necn

6(x) = Re[N(x)b(x)]

B(x) = Im[N(x)b(x)],

rae b(x) — uMHa sIIEPHOTO pacCestHus HEMTPOHOB Ha ryouHe X, N (X) — YdCIIo YyacTHIl B eIMHHIE 00bEMA

(1.1.13.5)

Ha ruyouHe x. Bennunna 6(x) omUCHIBaeT MpeaoMIIEHHE M OTPaKEHHE HENTPOHOB B BemnecTse, S(x) —
norjoueHue. VX yucnenHple 3HaUeHus A1 pa3InyHbIX MaTEPHAIOB U JUIMH BOJIH MOTYT OBITh HaliICHHI B
crpaBOYHBIX Tabnunax wiau Ha MHTepHeT-pecypcax [1.1.13.14], a Takxke paccuuTaHbl CaMOCTOSITEIHHO.
Jlnst 6onbrmHCTBa BernecTB S(x) = 0 v MOTEHIMAaT MOKHO pacCMaTpUBaTh, Kak JeUCTBUTENbHBIN. Ho st
CIWJIBHOTIOTJIONIAIOIIMX ~ W30TOMOB O3Ta BEJIMYMHA CTAHOBHUTCS CYIICCTBEHHOM, a TOTEHIHAN
B3aMMO/ICUCTBUS — KOMIUICKCHBIM. [l03TOMY B panbHelimem Oyaem cuutath V (X) TOIBKO KOMIUICKCHON
BEJTUYMHOM.

[Ipu ompenenennn HavaabHOTO ycioBus K ypaBHenwito (1.1.13.3) mpenmonaramu, 4To clieBa M

CIpaBa OT MOTEHIMAILHOT0 Oapbepa HaXOAUTCs BakyyM. B citydae pedekToMeTpuu 3T0 COOTBETCTBOBAJIO
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Obl M30IMMpOBaHHOW MIeHKe. K CcoXaleHWro, Takue IUICHKH CIHIIKOM TOHKH, YTOOBI OHH MOTJIH
CYILECTBOBATH caMH TI0 cebe. VX Bcerna CHHTE3HPYIOT Ha MOJIOXKKAX, OUeHb TOJICTHIX (~107 M) mo
CPaBHEHHIO C XapaKTepHBIMH TommmHaMH TuieHoK (~107°-107° M), m MX MOXHO paccMaTpHBaTh Kak
MOJIyOECKOHEUHYIO Cpely C OJHOW CTOPOHBI IUIEHKH. DTO MPHUBOIUT K TOMY, YTO 3a HCCIEAyeMOM
CTPYKTYpO# MIIEHKH TOKE BO3HUKAET OTPAXKEHHASI OT MOJIOKKH BOJIHA, U IMEHHO €€ aMILTUTY/1a JOKHA
OBITh B35Ta B KA4ECTBE T'PAHUYHOTO yCIOBHs 1ist ypaBHeHus (1.1.13.3).

AMIUTATYIa OTPaXXEHHUs OT TIOBEPXHOCTH CpeJibl onuchiBaeTcs popmynoit @penens [1.1.13.13]:

k—k2-v(0)

Tp(k) = k-h/?l/(o)

Toraa HayanpHOE ycnoBue B ypaBHenuu (1.1.13.3) mis 3amannoro k 6yner umets Bux B(k,0) = rg(k),

(1.1.13.6)

€CJIM OTCUYET KOOPAMHATHI HAUMHAETCS OT HYJIS.
VYpaBHeHUE ISl aMIUTMTY bl IPOLIE e BOJHBI BRHIBOAUTCS aHANOTH4YHO ypaBHeHuto (1.1.13.3) u

UMEET BHI:
;—xA(x) = —ﬁV(x)A(x) [exp (ikx) + B(x)exp (—ikx)] (1.1.13.7)

B otnuume ot (1.3) 5T0 ypaBHeHME JNHHEHHO, W MOXKHO 3amucarh (OPMaIbHOE pEIICHUE IS
npou3sBoibHOro Buaa Gyukmii V(x) u B(x) uepes Heonpenenéuublit narerpair. Ho urcieHHOe pelieHne
MeTosioM PyHre-KyTThl Oka3biBaeTcs mpouie.

B orcyTcTBHE MOATOKKH TpaHu4YHOE ycioBue umeer npoctoit Bua A(0) = 1. Tlpu e€ nammumny,
aMIUTUTYA MPOLIe el BOJIHBI YMEHBIIACTCS HA BEIMYMHY aMILTUTY Al MHOTOKPATHO OTPAKEHHOH BOJTHBI
Ha wuHTep(delice «IEHKA-TIOAOKKa». ['paHUMYHOE YCIOBHE B 3TOM CIyyae BBIMJISIIUT CIEAYIOIIUM

o0OpazoM:

1

Ak, 0) = a5

(1.1.13.8)

Koaddurmentsr oTpakeHust 1 IPOXOKISHUS JUTsl BCEH TUIEHKHU (3HAYEHUS, U3MEPSIEMbIC B SKCTICPUMEHTE)
BBIPAKAIOTCS Yepe3 3HaueHus PyHKIui A u B Ha MOBEPXHOCTH TIEHKH:
R(k) = |B(k,xy)|? T(k) = |A(k, xpy)|? (1.1.13.9)
3uas Bua ¢yukimit A(k, x) u B(k, x), MOXXHO BOCCTAHOBUTH BOJHOBYIO (DYHKIIHIO B 3aBHCHMOCTH
OT TITyOWHBI ¥ BOTHOBOTO YHCIIA, UCTONB3Ys cooTHomeHue (1.1.13.2). D10 1aét BO3MOXKHOCTh PacCYUTATh
IUIOTHOCTh ~ BEPOSITHOCTH OOHAapy>KeHHs HeiTpoHa Ha 000 TiayOMHE U pelmarb HUHbBIE
KBAaHTOBOMEXaHHYECKHUE 3aAaun. TakuM oOpa3oM, MeTo ] (pa30BO-aMIUIUTYIHBIX (QYHKIIUNA OYeHb YI00CH
JUIs aHallM3a TPOIIECCOB PACHpPOCTpaHEHUs HEUTPOHOB B KOHACHCHPOBAHHBIX cpenax. [Ipocrora
UCTOJIb3YEMBIX YPaBHEHUI 00ecreunBaeT BHICOKYIO CKOPOCTh M TOUHOCTh PacuéToB.
B orimnuue oT siAepHOro paccessHusl HEUTPOHOB, B3aMMOIEHCTBUE IOJIAPU30BAHHBIX HEUTPOHOB C
MarHUTHBIMH MOMEHTAaMH aTOMOB sIBisieTcs OoJiee CIOXKHOW 3ahauell MHOTOKaHAJIbHOI'O pacCesHUS.

Bo3nukaer nBa kaHana paccesHus — AJI1 HEUTPOHOB CO CIIMHOM «BBEPX» U U HEUTPOHOB CO CIIMHOM
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«BHM3» (HampaBieHHs BBIOpaHBI YCIOBHO). [l ympouleHus JadbHEMIIMX BBIKJIAJOK BBEIEM
0003HaYCHHS: KaHAT HEHTPOHOB CO CITMHOM «BBEpPX» 0003HAUMM 3HAKOM «+» (TUIIOC); KaHAT HEUTPOHOB
CO CIIMHOM «BHHU3» 3HaKOM «—» (MuHYC). KpoMe TOro, mMmeercsl nmepeMenmBaHie KaHaloB — HEHTPOHBI
MOTYT UBMCHUTH HAIIPABJICHUC CIITMHA B MOMCHT PACCCAHUA HA 06pa3ue.

B pesysnbrare MBI MOMyYUM YETBHIPE, PA3JIMYHBIX B OOIIEM ciiydae, KOA(G(OUIMEHTa OTPAXCHHS: IBA
OCHOBHBIX, 0€3 U3MEHEHUS COCTOSTHUS («++» U «—»), ¥ 1B C U3MEHEHUEM COCTOSHUS («+—» U «—+»). 13-
3a HAJMYUS B3aUMOJICHCTBUS KaHAJIOB HEBO3MOXXHO TOJYYHTh HE3aBHCHUMBIC YPaBHEHUS ISl KaKIOTO
ko3 dunnenta orpaxenus. ®a3oBoe ypaBHEHHE NMPUHUMAET MATPUUYHBIA BUJ, XOTS CXEMa €ro BBIBOJA

ocraéres aHajmoruuHou onucanHou B [1.1.13.12, 1.1.13.15, 1.1.13.16]:

d
——B = (E* + BE)V(E* +BE"). (1.1.13.10)

3nech B — maTpuia ko3hHUIIHMEHTOB OTpakeHHUS:

B..(x, k) B._(xk
B E( ++ (k) Bi_( )), (1.1.13.11)
B_,(x,k) B__(xk)
KaX/IbIi 3JIEMEHT MaTPHLBI SBJIETCS KO3 (OUIUECHTOM OTPaXXECHHUs B ONPEICIEHHOM KaHajle pacCesiHus U
MpeJCTaBIsieT co00W (QYHKIMIO MTyOUHBI X ¥ BOJIHOBOT'O YKCIa K.

Marpuna V onuceiBaeT MOTEHIMAI B3aUMOJICHCTBUS B KaKJIOM KaHaJe:

_(Vis () V(%)
V=<V_+(x) V__(x)). (1.1.13.12)

Yamre Bcero MOTEHIMAT B3aMMOJCUCTBUS SBIsieTCS (DyHKIMEH TOIbKO TryOumHBL. HO u1si HEKOTOpBIX
BEIIIECTB, S7pa KOTOPHIX PE30HAHCHO B3aUMOJICHCTBYIOT C TEIIJIOBBIMH HEUTPOHAMHU, MOXKET BO3HUKHYTh
3aBUCHUMOCTB IMOTCHIIMAJIa OT AJIHWHBI BOJIHBI U, CICA0OBATCIBHO, OT BOJIHOBOI'O YHCJIA. HpI/IMepOM TAaKOIo
BCIICCTBA ABJISICTCSA I‘ﬂI[OJ'IHHHfI.

Marpunpst ET u E~ cBs3anb! ¢ magamomei 1 OTpaKEHHOM BOIHAMM COOTBETCTBEHHO:

eikx e—ikx
_— 0 — 0
_ | Vv-2ik - _ | v=-2ik
E* = we | ETS e | (1.1.13.13)

e e
N=7 BT
Bce npoussenenus B ypapHeHuu (1.1.13.10) SBisitoTCS MATPUYHBIMU U B 00IIIEM CITydae HEKOMMYTaTHBHBI.
I[To ananoruu c (1.1.13.5) BBenéM 0003HAUCHHUS 1JIs1 ONTUCAHUS SJIEPHOTO PACCESTHHUS:
6,(x) = Re[N(x) b (x)]
Bn(x) = Im[N(x)b, (x)],

rae b,(x) — nuHA AAEPHOTO paccestHUs HEUTPOHOB Ha riayOuHe X, N(X) — YHCIIO YacTHIl B CAWHHMIIC

(1.1.13.14)

00béMa Ha rinyoune x. Benmuuuna &, (x) onuchIBaeT MpeioMIeHHE U OTPAKEHHUE HEHTPOHOB B BEIIECTBE,
B (x) — mornomenue.

JJ11 MarHUTHOTO pacCesHUs:
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8m (%) = p(X)N (x) by (x)
Bm(x) = 0,

rae b, (x) - JNIMHa MAarHUTHOTO pacCesHUs HEMTPOHOB, ((X) — MArHUTHBIA MOMEHT YacTHII Ha IIIyOHHE X

(1.1.13.15)

B MarHetoHax bopa. MHuMmas yacTh AJMHBI paccesHUs OTCYTCTBYET, MOCKOJIbKY B3aUMOJIEHCTBHUE C
MAarHMUTHOM MOJACUCTEMON HE MPUBOAUT K IMOTJIOIIEHUIO HEUTPOHOB.
Torna sneMeHThI MaTpHIIBI TOTEHIHA A V MOTYT OBITh IPEICTAaBICHBI clieay oM oopasom [1.1.13.13]:
Vii(x) = 4n[8,(x) + 6,,(x) cosa + if,(x)],
V__(x) = 4n[8,(x) — 8, (x) cosa + i (x)], (1.1.13.16)
Vi_(x) =V_,(x) = 4n5,,(x) sina.
31ech BBeJIeHA BEIMYMHA (@ — YTOJl MKy HallpaBJICHUEM MarHUTHOTO MOMEHTA MaIaloluX HEUTPOHOB H
HalpaBJI€eHHEM MAarHUTHOTO MOMEHTa dactuil oOpasma. Ecim B oOpasume He ¢eppoMarHUTHOE
YHOOPSAIOYEHHUE, TO @ PA3IMYCH B PAa3HBIX CIOSX. B reaukonmanbHBIX CHCTEMax C IUIABHBIM TTOBOPOTOM
MarHMTHOTO MOMEHTA yroJj sBjsieTcst pyHKimeit riyOunst a(Xx).

B ciyyae HECHMMETPHYHOTO B3aWMOJCHUCTBHS KaHaimoB paccesuus V,_(x) #V_,(x), HO B
pedIeKTOMETPHH MOSIPU30BAHHBIX HEUTPOHOB TaKKE 33J]a4H HE PACCMAaTPHBAIOTCS.

Marpuunoe ypaBHenue (1.1.13.10) MoxeT OBITH NpEACTaBIEHO U B BUJIEC CHCTEMBI M3 UETBIPEX
CBsI3aHHBIX AH(PepeHInaNbHbIX YpaBHEHUH g Kaxaoro koadduuuenta orpaxenus. Takas cucrema
SBIIETCS BECbMa TPOMO3JIKOM JUIsl 3alIUCH U HEYJIOOHOM Ul YHCJIEHHOTO PEIICHHUs, XOTS MOXET ObITh
0JIe3HA JJIs TEOPETUYECKOTO aHaIN3a YAaCTHBIX CIy4YaeB MPHU ONpPeIeIEHHBIX 3HAYSHHUSIX U COOTHOIICHUSX
MEKTy DJIEMEHTaMHU MMoTeHIrana. HampumMep, HCIob3ys CHCTEMY, JIETKO MOKa3ath, 4to, ecnu V,_(x) =
V_,(x), o u By_(x) = B_,(x). Ho mns pacu€THBIX 3a1a4 MpeIMoYTUTEIbHEE 00Jice KOMITAKTHAs
MaTpu4Has ¢popma.

Koadduument nornomeHnss HEUTPOHOB MOXKET OBITh PACCUMTAH HUCXOAS M3 3aKOHA COXPAHEHUS
yrcia yactull. HelTpoHbl NEpBUYHOTO MyYKa MOTYT OBITh OTPa)KE€HBI OT TIEHKH, TPOUTH CKBO3b HEE MU
OBITH MOTJIONIEHHBIMH B 00BEME TUIEHKH. PaccmarpuBas oOnuii cimydail oJispu30BaHHBIX HEHTPOHOB U
HOPMHUPYS MHTEHCUBHOCTb MEPBUYHOTO My4YKa Ha €IUHUILY, TOyIUM pacu€THBIC (POPMYIIBI ISl KAHAJIOB:

py(k) =1—Ry (k) — Ry _(k) — Ty (k)
(1.1.13.17)
p-(k) =1—-R__(k) = R (k) — T_(k)
B cnyuae Hemonsipu30BaHHBIX HEUTPOHOB (POpPMYyIIa HECKOIBKO YIIPOIIACTCS:
u(k) =1—-R(k) —T(k) (1.1.13.18)

PaccmoTpuM obpasery Tuma pesonatopa: AlpO3//Ta(100 A)/V(250 A)/*°B,C(25 A)/V(250
A)/Ta(100 A). TanTan BHIIONHSAET pOJNb CHUIBHOOTPAXKAIOIIMX OOKIANOK, KOTOpBIE (HOPMUPYIOT
MOTEHLIMAJIbHYI0 AMy. BaHanuii uMmeeT OodeHb Malyl0 OTPUIATENIbHYIO IUIOTHOCTH JJIMHBI PacCesHUS

HEHTPOHOB, W XOPOIIO MOIXOAMT JJIS 3alOJHEHHUS BHYTPEHHEro mpocTpaHcTBa siMbl. Kapbun 6opa,
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oboraménnslii u3otonom B, sBIseTCS CHUILHOMOIIOMIAIONIMM CIOEM BHYTPU MOTEHIHAIbHOH MBI B
pe30HaTOpeE, B NOTEHLNAIBHON SIME, BO3HUKAET CTOAYAsi HEUTPOHHAS BOJIHA, KOTOPasi, B3aUMOJIEHCTBYSI C
MaJalole, YCUINBaeT MPOXOXKAeHUE (TeM caMbIM yMeHbIas oTpakenue). Ha Puc. 1.1.13.1. npuBenena
00J1aCTh MOJIHOTO BHEIIHErO OTPaXXEHMs I YKa3aHHOTO Bbllle 00pa3na. XOopoIllo BUJIEH PE30HAHCHBIN

MHUHHMYM, CIIaJl MHTeHCHBHOCTH T1ocie ¢ = 0.016 A — xpurnueckwuii yro.

1.0 —

0.8 —

0.6 —

0.4 —

0.2 4

| ! | ! | ! | ! | !
0.000 0.005 0.010 0.015 0.020
q, A*

Pucynok 1.1.13.1. Pe3oHaHCHBIII MUHUMYM Ha ITOJTHOM BHEIIHEM OTPAXKEHUH B CUCTEME

Al,03//Ta(100 A)/V(250 A)/*°B4C(25 A)/V(250 A)/Ta(100 A)

CHIIBHOIIOTTIOMAOIIHNH ¢l (B paccMaTpuBaeMoM Tpumepe °B4C) menaeT pe3oHaHCHBIH MpoBa
Oosiee BbIpaKCHHBIM. EciyM M3BeCTHa mMpWHA MOTEHIMAILHOW siMbI (ciost V), To u3 aHanmmza GOopMbl
IpoBana MOXHO ONpeAeTUTh MIOTHOCTh JIHHEI paccesHus °B4C. DTo memaercs MyTéM yTOYHEHHUS
napaMeTpoB 1o anroputmy Jlesendepra-MapkBapra.

Ecnu ucnonb3oBaTh B KadecTBE MOTJIOLIAIONIETO CJIOS TaJOJMHUM, SApa HU30TONOB KOTOPOTO
PE30HAHCHO B3aWMOJCUCTBYIOT C TEIUIOBBIMH HEHTPOHAMH, TO MOKHO el OOJIbIIe YBEIUYUTh [NTyOUHY

nposaia (Puc. 1.1.13.2).
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0.6 —

0.4 —

0.2 -

| ! | ! | ! | ! | !
0.000 0.005 0.010 0.015 0.020
q, A*

Pucynox 1.1.13.2. Pe3oHaHCHbIE MUHUMYMBI Ha TTOJIHOM BHEIIIHEM OTPaXCHUU B CHCTEMax

Al,03//Ta(100 A)/V(250 A)/X(25 A)/V(250 A)/Ta(100 A), roe X=B4C, Gd

ITpuBenEHHBIN pacuy€T COOTBETCTBYET BPEMSNPOIETHOMY peduiekToMeTpy. OnpeaeanTh HENOCPEACTBEHHO
IUIOTHOCTH JUTHHBI paccestHust Gd B 9TOM citydae Hellb3sl, TOCKOJIBbKY OHA 3aBHCUT OT SHEPIHU HEHTPOHOB
[1.1.13.17]. Ho, Takxe wucnonb3ys amroput™ JleBeHOepra-MapkBapaTa, MOXHO OIPEICITUTh
IHEPreTUYECKUE XapaKTePUCTHKH pe3oHaHcoB Gd, a 3aTeM paccyuTaTh IUIOTHOCTH JUIMHBI PACCESTHHS, KaK
(YHKIHIO PHEPTUU HEUTPOHOB, UCTIONB3Ys (hopmyny bpeiita-Burnepa.

Bo3Hukaroniyro B pe3oHATOpe CTOSYYI0 BOJIHY MOXHO BH3YyaJIU3UPOBaTh, €CIH, HCIIOJb3YS
NpUBEAEHHBIE BBIIIE AITOPUTMBI, PACCUUTATh BOJHOBYIO (DYHKIIMIO HEHMTPOHOB M IOCTPOUTH KBaapaT

Moy otoi ¢pynkuun (Puc. 1.1.13.3).
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Pucynoxk 1.1.13.3. [TnoTHOCTH BeposiTHOCTH 0OHapy uTh HEUTpoH B cucteme Al2O3//Ta(100

AV (250 A)/Gd(25 A)/V(250 A)/Ta(100 A).

MareMaTHueCKUIl CMBICT MOBEPXHOCTH, M300paxkéHHoil Ha Puc. 1.1.13.3 — IIOTHOCTH BEPOATHOCTH
O0OHapYyXUTh HEUTPOH C OMNpPEACIIEHHONW DHEpPTruel Ha HEKOTOpoW TiryOmHe B oOpasie. Ilepenaa BwicOT
MIPUMEPHO IO CPEAHEN IMHUH — MTOTJIOMAroIuii ¢iioit Gd, KOTOphIi YMEHBIIACT KOJTUIECTBO HEHTPOHOB 32
HUM. «JlOJTMHA»-MHUHUMYM SIBISIETCS y3JIOM CTOSYECH BOJIHBI. DHEPrHsi, IpU KOTOPOU y3ell «BXOIUT» B

00JIaCTh MOTEHUHUAIBLHONW SIMBI, COOTBETCTBYeT MHHMMyMYy oTpaxenus. Ha Puc. 1.1.13.4 mokaszano

noBeieHne KOd(PHUITMEHTOB MPOXOKICHUS U TTOTJIOMICHHS BOJIM3W MUHUMYMa.

0.01

1E-4

1E-6

1E-8

R, T, u, OTH. eq.

1E-10
1E-124 0 - g

1E-14 -7

1E-16

0.000 0.005 0.010 0.015
q, A*
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Pucynok 1.1.13.4. KoaddurmeHTs oTpakeHus (JMHUA), IPOXO0KIECHUS (IITPHUX) U
MOTJIONICHHMS (ITYHKTHP) B 00JIACTH TTOJIHOTO BHEIITHETO OTPaKCHHUSI.

Bunno, 4to K03 PpunneHT NpoX0oKACHUS 0YeHb MaJl, U MToBeIeHHE K03(h(DUITMEHTa OTPaKEHUS TOTHOCTHIO
omnpexnemnsiercst koddduimenTom nornomenus. Cie1oBaTebHO, U3MEPHUB PEPIIEKTOMETPHUECKYIO KPUBYIO
B IaHHOH 00J1aCTH, YTO SIBISIETCS O0JI€e MPOCTHIM HKCIIEPUMEHTOM, MBI ITOJIYYHM ITOJIHYI0 HH(OpMALnio o
MOTJIOIIECHUH.

Ecnu chenars NOTEHIUAIBHYIO SIMy JOCTaTOYHO LIMPOKOM, B HEM MOXKET OKa3aTbCs HECKOJIBKO
y3JI0OB cTOs4Yel BOJHBL. Torma B OOJAcTH IOJIHOTO BHEIIHETO OTPAXKEHUS OKAKETCS CTONBKO JKe
muHIMyMoB. Ha Puc. 1.1.13.5 nmokasano otpaxenue mis cuctemsl Al203//Ta(100 A)/V(1000 A)/Gd(25
A)/V(1000 A)/Ta(100 A), B koTOpOii BO3HHKAET 4 MHHUMyMA.

1.0 -
0.8 -
0.6 -
0.4 -
0.2 -

0.0 —

| ! | ! | ! | ! | !
0.000 0.005 0.010 0.015 0.020
q, A*

Pucynok 1.1.13.5. KosddurmenT otpakenus ms cucrembl Al,03//Ta(100 A)/V(1000
A)/Gd(25 A)/V(1000 A)/Ta(100 A) ¢ GONBIINM KOTHYIECTBOM PE3OHAHCHBIX MHHUMYMOB.

Takast ciojxHasi KapTHHA TIOJTHOTO BHEIIHETO OTPAXKEHUS MO3BOJISAET ¢ OOJNBIIEH TOYHOCTBIO OINPENEIUTh
HHEPreTUYECKUE XAPAKTEPUCTUKH PE30HAHCOB TaJI0JIMHUS WM IUIOTHOCTH JUIMHBI paccesHus KapOujaa
oopa.

B Hacrosimiei paboTe MpoBEAEHO TEOPETUIECKOE NCCIIeI0OBaHNE OCOOEHHOCTEH PacpOCTpaHEHUS
HEHTPOHOB B MHOTOCJIOMHBIX CUCTEMAaX C CHJIHOMOTIIOUIAIOIIUMHE CIOSMHU (Ta10IMHUI nin kapoun opa).
[Ipemosken 3¢ dexkTuBHBI TOAX0A AN pacuéTa KOIPQPHUIMEHTOB OTPAKEHHS, NPOXOXKICHUS U
MIOTJIOLIECHUS, B TOM YHCIIE M TIOJIIPU30BaHHBIX HEUTPOHOB. [loka3zaHo, 4TO aHAIM3 MUHHMYMOB B 00J1aCTH
MOJHOTO  BHEHIHETO  OTPaXEHHWS  TO3BOJSET  ONPENeNUTh  IUIOTHOCTh  JUIMHBI  PAcCESHUS
CHJIBHOIIOTJIOMIAOINX U30TOIOB U €€ 3aBUCUMOCTh OT SHEPTUU HEHTpOHOB. Hammcansl mporpaMmsl st

OBM, peanusyiomue NpeAIOKEHHbIE AITOPUTMbI, OHM ampoOMpOBaHBl HA MOJENBHBIX YHCIEHHBIX
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sKcnepuMeHTax. Hammume ray0OKHMX Y3KMX MHHMMYMOB Ha IIOJIHOM BHEIIHEM OTPaXCHUU AT
BO3MOKHOCTb IIPUMEHSATh TaKME€ MHOTOCIOWHBIE CUCTEMBI Ul PEalu3alMy CEJIEKTUBHOIO IOTJIOLIEHUS
HU3KOPHEPIreTUUECKUX HEUTpOoHOB. Busyanmzanus crosuel BOJHBI JA€T BO3MOXKHOCTh IMOAOUPATH
ONTHMAJIbHBIE JUIA TIOCTaBICHHOM 3ala4d IIMPUHY IOTCHLMAIBHOW SIMBI, IOJIO)KCHHE W TOJIIUHY
CHJIBHOIIOTJIOMIAONIETO CIOSA. DTO MOXET OBITh TIOJIE3HO TpU pacyére peajbHBIX YCTPOMCTB —
TBEPIOTENBHBIX IETEKTOPOB U HEUTPOHOBOAOB. Bee moryueHHbIe TEOPETUYECKHE Pe3yJIbTaThl MOTYT ObITh

MPOBEPEHBI IKCIEPUMEHTAIIBHO.
IIpunoxenus
1. Otuer 00 McCleOBaHMM OTPAXEHHs HEHTPOHOB OT TOHKHMX IUICHOK M CJIOMCTBIX HAHOCTPYKTYp, COJCPIKAILUX

CHJIbHOMOTJIOLIAOIINE H30TOMBI ranonuHus u 6opa. daitn [punox.1.1.13.pdf
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1.1.14 CuHTe3, CTPYKTYpPHAsi U MarHMTHasi XapakTepu3auusi HaHorerepocTpykryp MgO
(moutonbie uccienosaresu UOM YO PAH. Jlorosop 400/1979 ot 22.11.2021).

Ha mepBom srTame BBINOJIHEHUS TPOEKTa Obllla CHHTE3MPOBAHA CEPUS MHOTOCIOWHBIX TOHKHX
IUIEHOK W cBepxpemietok Ha ocHoBe Fe/MgO/Gd u Gd/MgO/Fe, oTau4arOmUXxcsi TOJIIMHOM,
OYEPETHOCTHIO M YnCiIoM oBTOpeHwii cimoeB Nb, Fe, Gd u MgO. O6pasiisl ObLTH CHHTE3UPOBAHBI METOIOM
BBICOKOBAKYYMHOI'O MarHeTpOHHOT'O pAacCHbUICHUS Ha MOCTOSHHOM Toke Ha ycraHoBke MPS-4000-C6
¢upmet ULVAC (Snonus).

B kaudecTBe momiokku ucmoab3oBasuch miacTuHbl crekiaa Gupmbel CORNING tommuno#i 2 MM 1
pasmepoM 25 x 25 mm2. TIpn cuHTe3e 00pa3L0B HCIIOIB30BANACK CIIEIYIOIIHNE TTapaMeTPhl MArHETPOHHOTO
pacTbUICHHsSI: MOIITHOCTh MarHeTpoHHoro pacneuieHus: 100 Bart, ocrarouHoe naBieHHe ra3oB B Kamepe
HaMbUIEHUs Tiepe 3amyckoM aprona — 5*10 ' Ila, nanenue aprosa (unctoTa aprona — 99,9998 %) — 0.1
[Ta (Bo Bpemst HANbUICHHMSI ), YaCTOTA BpaleHUs MOTOKKHA — 10 06/MuH.

Poct nmpou3BoAMIICS Ha MOUTOKKAX U3 CTEKJIa, Ha HUX ObUT HaHeceH OydepHbIii cioi ND TommmHoR
20 HM, Ha KOTOPOM 3aT€M PACTHJIUCh MHOTOCJIOMHBIC TOHKHE IUIEHKH U cBepxpeuietku Fe/MgO/Gd u
Gd/MgO/Fe ¢ paznuunoii Tonmmuo# cioeB Fe, MgO u Gd. [[yis 3amuTel OT OKKCICHHUS HA BEPXHHUE CIIOU
Gd 6o Fe 6bu1 HaneceH 3amuTHBIN ciroi ND Tommmuo#i 3 1 5 HM. PocT mpou3BoAMICS MPH KOMHATHOMR
temneparype. [lapamerpsl pocra ciioeB (ckopoctu u Temmeparypsl pocta) Nb, Fe, Gd u MgO B obpasiiax
ObUTH 110100paHbl HAMH METO/IOM «IIPO0 U OIUOO0K» C TEM, YTOOBI 00ECTIEUNTh HAUITYUIINI OaTaHc MEeX 1y
KaueCTBOM MEXCIOWHBIX TpaHUI] (KOHTPOIHUPYETCS C MOMOIIbI0 PEHTTEHOBCKON pEeQIEKTOMETPHUH) H
BHYTPUCJIIOWHONH KPHUCTAUTMYECKON CTPYKTYpOH (KOHTPOJUPYETCS C TIOMOIIBIO PEHTTEHOBCKOM
Tu(PaKIKU BEICOKOTO pa3peiieHus).

B Tabnune 1.1.14.1. npencraBieHbl KOMITIO3UIIUS U HOMUHATIBHBIC TOJIIUHBI CIIOEB, 00Pa3yIOIMIUX
CUHTE3UPOBAHHBIE MHOTOCIIOIHBIC TOHKHE TUICHKH U CBEPXPEIIETKU. B mpuBeneHHBIX popMyax yKa3aHbI

HOMUWHAJBHBIC TOJIIINHBI CJIIOCB.

Ne o6pazma dopmyna odpasma
1 glass//Nb(20 um)/Fe(1 um)/Gd(1 am)/Nb(3 M)

2 glass//Nb(20 um)/Fe(1 um)/MgO(0.4 um)/Gd(1 um)/Nb(3 HM)
3 glass//Nb(20 um)/Fe(1 am)/MgO(0.8 um)/Gd(1 am)/Nb(3 HM)
4 glass//Nb(20 um)/Fe(1 um)/MgO(1.2 um)/Gd(1 um)/Nb(3 uMm)
5

6

7

glass//Nb(20 um)/Gd(1 am)/Fe(1 am)/Nb(3 um)
glass//Nb(20 um)/Gd(1 am)/Mg0O(0.4 um)/Fe(1 um)/Nb(3 HM)
glass//Nb(20 um)/Gd(1 am)/MgO(0.8 um)/Fe(1 um)/Nb(3 um)
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8 glass//Nb(20 um)/Gd(1 am)/MgO(1.2 um)/Fe(1 um)/Nb(3 uMm)
9 glass//Nb(20 um)/[Fe(5 um)/Gd(5 um)]6/Nb(5 HM)

10 glass//Nb(20 am)/[Gd(5 am)/Fe(5 am)]e/Nb(5 HM)

11 glass//Nb(20 am)/[Gd(5 amM)/MgO(0.4 am)Fe(5 aM)]6/Nb(5 HM)
12 glass//Nb(20 am)/[Gd(5 am)/MgO(0.8 um)Fe(5 am)]e/Nb(5 HM)
13 glass//Nb(20 am)/[Gd(5 am)/MgO(1.2 am)Fe(5 um)]6/Nb(5 aM)
14 glass/Nb(20 um)/[Gd(5 um)/Fe(5 am)]12/Nb(5 HM)

Ta6muma 1.1.14.1 - Ciucok CHHTE3UPOBAHHBIX MHOTOCIIOMHBIX TOHKUX IJIEHOK U CBEPXPEIIETOK Ha OCHOBE

MgO

st CTPYKTYpPHOM XapaKTepU3aluyd MHOTIOCIOMHBIX TOHKUX IUICHOK M CBEPXPEILIETOK HA OCHOBE
Fe/MgO/Gd u Gd/MgO/Fe ucrnonp30BaIiuch METOIbI PCHTTCHOBCKOM pe(IeKTOMETPHH M PEHTTCHOBCKOM
IU(GPaKTOMETPUH BHICOKOTO pa3pelieHusl.

PeHTreHOCTpyKTYpHBI ~ aHAJIW3 TPOBOJMICS C HCIOJIB30BAHMEM  CIICIHATU3UPOBAHHOTO
pertreHoBckoro nudpakromerpa PANalytical Empyrean Series 2 Ha uznyuenuun Cu-Ko ¢ 1amHOM BOJHBI
0.154 wm. [nsa dQopmupoBaHus MapauIeTbHOTO Tydyka Ha TEPBHYHOM ITYyYKE MCIOJIb30BAIOCH
nmapaboJuYecKoe 3epKajgo Ha OCHOBe cBepxpemeTkun W/Si, obecrneunBaromiee, MOMUMO (POPMUPOBAHUS
napajuIeNsHOTo My4Ka, noaasnenue auann CU-Kf uznmyueHus u HerpephIBHOTO criekTpa. Beicora my4ka,
OrpaHUYEHHOTO 1IeNbIo, cocTaBiisiia 0.05 mm. B pedrexTomMeTpuyecknx n3aMepeHusX Ha BTOPUYHOM ITyUKe
WCIIOJIb30BAJICSl  IJIOCKOMapaUIeNbHbI  KOJUIMMAaTOp B KOMOMHAIMM C IUIOCKUM  TI'padHUTOBBIM
MOHOXPOMaTOPOM M KOJUIMMHUPYIOIIEH IIEJbI0 ¢ SKBATOpUaIbHOM anepTypoit 0.1 MM.

Ha pucynkax 1.1.14.1 — 1.1.14.13 npenacraBiieHbl SKCIIEpUMEHTAIbHbIE pe(IeKTOrpaMMbl (YepHBIC
CUMBOJIbI/U4EpHAsl JIMHUS) BMECTE C pe3yibTaroM (UTUpOBaHUs (KpacHas IJMHUS), W3MEPEHHBIC Ha
m3mydeHuu Cu ot o6pasmoB Ne 1 - Ne 13 coorBercTBeHHO. M3 00paboTku (putupoBanus) pedaeKTorpaMm
HaMU ObUIM ONpEENIeHbI TONIIUHBI OTAEIBHBIX CI0EB, 00pa3yIOUIMX MHOTOCIIONHBIE TOHKHE MJICHKTH U
CBEpPXpEILETKH, a TAK)K€ IUNIOTHOCTH MAaTEPHAJIOB U CPEeIHEKBAAPAaTHUHBIC IIEPOXOBATOCTH MEXKCIOWHBIX

TpaHMUII.
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Pucynok 1.1.14.1 — DxcnepuMeHTalbHas PEHTTeHOBCKas pediekrorpamma obpasma Ne 1 (nuHuS U3

YEPHBIX CHMBOJIOB) U3MEpEeHHAs pu u3nydeHnn CU 1 MojenbHast KpuBas (KpacHast TUHUSA).
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Ne 2 (nmHuMsA u3 yepHbIX

Pucynok 1.1.14.2 - DkcnepuMeHTalbHass PEHTICHOBCKas pediexTorpaMma o0pasia

CHUMBOJIOB) U3MepeHHas pH u3aydeHun CU 1 MozelibHas KpuBas (KpacHast JIUHUSA).

148



/, IMI1./Cex.

Pucynok 1.1.14.3 - DkcnepuMeHTaIbHass PEHTIEHOBCKas peduiekTorpamma obpasna Ne 3 (IUHUSA U3 YEPHBIX

CHUMBOJIOB) U3MepeHHas ipu u3nydeHnu CU u MojienbHast KpuBasi (KpacHast JTHHHUS).

Pucynok 1.1.14.4 - DxcrnepuMeHTanbHas PEHTreHOBCKas pediexTorpamma oOpaszma Ne 4 (JIMHUS U3 YEPHBIX

CHUMBOJIOB) U3MepeHHas pH u3aydeHun CU 1 MojelibHas KpuBas (KpacHast JIUHUSA).
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Pucynok 1.1.14.5 - DxcnepuMeHTalbHas peHTTeHOBCKas peduiekrorpamma oOpasma Ne 5 (TMHUS U3 YEPHBIX

CHUMBOJIOB) U3MepeHHas ipu u3nydeHnu CU u MojienbHast KpuBasi (KpacHast JTHHHUS).

/, um/cek.

Pucynok 1.1.14.6 - DkcnepuMeHTaIbHas PEHTIEHOBCKas peduiekTorpamma obpasna Ne 6 (TUHUSA U3 YEPHBIX

CHMBOJIOB) U3MEpEeHHas ipu u3ydeHud CU U MojiebHast KpuBasi (KpacHast JIMHUSA).

150



/, IMIL./CeK.

Pucynok 1.1.14.7 - DkcnepuMeHTaIbHasE PEHTIEHOBCKas peduiekTorpamma obpasna Ne 7 (TUHUSA U3 YEPHBIX

CHUMBOJIOB) U3MepeHHas pH u3aydeHun CU 1 MojelbHas KpuBas (KpacHast JIUHUSA).

/, UMIL/CeK.

Pucynoxk 1.1.14.8 - DxcnepuMeHTanbHas peHTreHOBcKas pediexTorpamma oOpasma Ne 8 (JIMHUS U3 YEpPHBIX

CHMBOJIOB) U3MEpEeHHas py u3ydeHud CU U MojiebHast KpuBasi (KpacHast JIMHUSA).
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Pucynok 1.1.14.9 - DkcnepuMeHTaIbHAsI pEHTIC€HOBCKas pediiekTorpamMma oopasia Ne 9 (yepHast TuHUS )

n3MepeHHas npu u3nydeHun CU u MojenbHas KpuBas (KpacHas JIMHUS ).
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Pucynok 1.1.14.10 - DkcnepuMeHTalbHAass PEHTICHOBCKas pediekrorpamma obpasna Ne 10 (depHass TuHUSA)

u3MepeHHas npu uznydeHnu CU 1 MonenbHast KpuBast (KpacHast IMHUSA).
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Pucynok 1.1.14.11- DkcnepuMeHTanbHasi pEHTreHOBcKas peduexrorpamMma obOpasua Nell(uepHas JUHUS)

n3MepeHHas npu u3nydeHun CU u MojenbHas KpuBas (KpacHasi JTHHUS ).

10’ 2
10°
10°

10“1:

/, ym./cex.

10°

1021;

10' 4

10°-

20, rpan

Pucynok 1.1.14.12 - DkcnepuMeHTallbHAsh PEHTICHOBCKas pediekrorpamma obOpasma Nel2(uepHast JHHUSA)

n3MepeHHas npu u3nydeHun CU u MojenbHas KpuBas (KpacHasi JTHHUS ).
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Pucynok 1.1.14.13 - DkcnepuMeHTallbHAsh PEHTTEHOBCKasi peduiekrorpamMMa oOpasma Nel3 (uepHas TuHHS)

u3MepeHHas npu uznydeHnu CU 1 MonenbHast KpuBast (KpacHast IMHUSA).

Hwxe B Tabmume 1.1.14.2 mpuBeneHbl mapamMeTpbl MOJEIBHBIX KPUBBIX, COOTBETCTBYIOIINX
obpasuam Ne 1-14. OTmeTuM, YTO TOJIIMHBI CIOEB OJIM3KM K HOMHHAJIBHBIM, a Takke (OpMHUpYyeTcs
CIIOMCTasl CTPYKTypa C JOBOJIBHO YETKMMHU TpaHMIIAMHU pa3jiela ¥ BEIUYMHAMU MEKCIOWHBIX

niepoxoBaTocTel, mpuoau3uTensHo 10% OT TONIUHBI CaMOTO CIIOSL.

Oo6pasen Marepuan | TonmmHa Cios, HM MexcnonHas [LnoTHOCTS,
cI1ost IIIePOXOBATOCTh, HM r/em®
1 Nb 20.6 15 9.2
Fe 1.2 0.1 5.6
Gd 1 0.1 6.4
Nb 2.1 0.2 8.4
NbO; 2.7 0.6 4.5
2 Nb 21.1 1.4 8
Fe 0.8 0.3 7
MgO 0.6 0.1 3.4
Gd 1 0.1 7.2
Nb 2 0.2 7.9
NbO; 2.8 11 6.3
3 Nb 21.1 0.6 8.5
Fe 0.8 0.1 7.4
MgO 1.2 0.1 3.3
Gd 0.9 0.1 7.1
Nb 24 0.2 9.3
NbO; 2.6 0.3 6.1
4 Nb 21.1 0.9 1.7
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Fe 0.6 0.1 8.6
MgO 1.8 0.1 3.3
Gd 16 0.2 8.7
Nb 4.4 0.4 8.9
NbO, 3.8 13 5.4
5 Nb 20.2 0.6 9.1
Gd 0.3 0.1 9
Fe 0.9 0.1 6.9
Nb 2.7 0.3 9.5
NbO, 2.9 0.7 5.6
6 Nb 21.1 0.9 7.7
Gd 0.7 0.1 8.6
MgO 0.7 0.1 3.3
Fe 16 0.2 8.7
Nb 4.4 0.5 8.9
NbO, 3.8 1.7 5.4
7 Nb 21.6 0.1 9.3
Gd 0.6 0.1 8.3
MgO 1.1 0.1 3
Gd 0.8 0.1 7
Nb 2.2 0.2 8.9
NbO, 3.4 1 6.5
8 Nb 21.4 0.5 9
Gd 0.8 0.1 7.1
MgO 16 0.2 2.9
Fe 1 0.1 5.7
Nb 2.4 0.1 8.9
NbO, 2.9 0.5 5
9 Nb 20.7 25 6.5
Fe 5 0.1 6.8
Gd 5 0.1 75
Nb 4.2 0.3 8.4
NbO, 25 0.4 5.4
10 Nb 19 0.7 9.4
Gd 43 05 7.4
Fe 4.8 0.5 7.6
Nb 4.1 0.4 8.7
NbO, 25 0.4 5.4
11 Nb 21 0.4 9.4
Gd 5.2 0.6 7.8
MgO 0.35 0.1 2.9
Fe 4.6 0.5 8
Nb 4.1 0.4 8.6
NbO, 2.6 0.6 5.4
12 Nb 20.5 0.4 7.8
Gd 48 0.2 7.8
MgO 1.1 0.1 3.2
Fe 4.4 05 8.1
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Nb 4.3 0.3 9.3
NbO2 2.8 04 5.4
13 Nb 20.5 0.8 8.8
Gd 4.8 0.4 7.8
MgO 1.7 0.2 3.2
Fe 4.5 0.4 8
Nb 4.2 0.4 9.1
NbO2 2.6 0.5 5.4
14 Nb 19.4 2.6 3.9
Gd 5.9 0.6 6.6
Fe 4.9 0.5 6.8
Nb 4.3 0.3 7.5
NbO> 2.6 0.8 4.8

Tabmuma 1.1.14.2. CtpyktypHble mapaMmeTpbl oOpasmoB 1-14, momydeHHBIE moOcie 00pabOTKH

JAHHBIX PEHTT€HOBCKOM peIeKTOMETPUH.

s pemeHus 3agadd MO CTPYKTYPHOM XapakTepU3allMM MHOTOCJIOWHBIX TOHKHMX IUIEHOK U
ceepxpenieTok Ha ocHoBe Fe/MgO/Gd u Gd/MgO/Fe 6butn mpoBeieHbI AU PAKIIMOHHBIE U3MEPEHUS IS
ONpesieNieHUus] UX KPUCTAUIMYECKOM CTPYKTyphl. Jljis 3TOro OBUIM HCIHOJIb30BAHBI PEHTIC€HOBCKHE
METOAMKHA AU(GPAKTOMETPUH BBICOKOTO paspermeHus. Ha pucynke Tabmuma 1.1.14.1. CtpykTypHBIE
napameTpsl 00pa3uoB 1-14, momyueHHsle mocie 00paboTKU TaHHBIX PEHTI€HOBCKON pediekTomeTpun.14,
NpeJCTaBIeHa KpHUBas PEHTICHOBCKOW audpakiuu or obpasua Ne 1, u3MepeHHas BIOJIb HampaBlICHUS
pocta obpa3una. Ha mudpakrorpamme mnpouHIuIMpoBaHbl HaOmomaeMbie peduiekcel. Habmomatorcs
peduekcel AByx mopsakoB oT 6ydeproro ciost Nb (110) u Nb (220). Kpussle peHTreHoBCKO# audpaxiyum
st 00pa3ioB 2-8, 10 u 12-14 He npuBeeHBI B OTYETE, TAK KaK SBJISIOTCS a0COMIOTHO HICHTUYHBIMU PYT
ApYry W TOJHOCTBIO TOBTOPSIIOT KpuBYI0O Ha pucyHke Tabmumma 1.1.14.1. CtpykTypHBIE mapameTpbl

oOpasmnoB 1-14, momy4yeHHbIC TTOCIIE 00paOOTKU JaHHBIX PEHTICHOBCKOM peduiekTomeTpun.l14.
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Pucynoxk 1.1.14.14 - JIludpaxrorpamma ot obpasma Nel, uamepeHHasi BJ0JIb HAMPaBICHUsI pOCTa

oOpa3sia.

Ha pucynke 1.1.14.15 mpeacraBieHbpl PEHTIEHOBCKHE JIU(PAKTOIPAMMBI CBEPXPEIIETOK:
glass//Nb(20 am)/[Fe(5 umM)/Gd(5 uM)]6/Nb(5 HM) obOpazerr 9 — cBepxy u glass//Nb(20 um)/[Gd(5
uM)/MgO(0.4 um)Fe(5 HM)]6/Nb(5 HM) obpazeny 11 — cHuzy. JlaHHble 00pa3mbl OTIUYAIOTCS
MOCJIEIOBATEILHOCTBIO CIIOEB KEJie3a U TaIoNNHUs, a TakKe HamuyueM ToHKoro ciost MgO B 0.4 uM B
obpasme Nell. Ha rpaduke HaOmomaroTcest pediekcsl I1ByX mopsakoB oT 0ydepnoro ciost Nb (110) u Nb
(220), a Taxxke pednexc Fe (110). Ha mnpuBemenHod audpakrorpamMme, KOTOpash COOTBETCTBYET

cBepxpemeTtke 6e3 Tonkoro cinost MgO (o6pazen 9) BugHoO, uTo pediiekc ot Fe (110) Beipaxken 6oiee 4eTKO.
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Pucynok 1.1.14.15 - TudpakrorpamMmmsl oT 00pa3iioB Ne9 (cBepxy) u Nell(cHu3y), u3MepeHHbIE
BJIOJTh HAIIPABIICHHSI POCTa 00pas3IloB.

Taxkum 06pa3zom, aHAIU3 JAHHBIX PEHTIC€HOBCKUX MCCIIEIOBAaHUN MTO3BOJISET CAeNaTh BBIBOJ, UTO B
CHHTE3MPOBAHHBIX MHOTOCJIOMHBIX TOHKMX IUICHKaX M CBepxpemietkax Ha ocHoBe Fe/MgO/Gd u
Gd/MgO/Fe chopmupoBazach CIOKCTas CTPYKTypa C TOJIIMHAMH CJI0EB, OJMM3KUMH K HOMHHAIBHBIM, a
TaKKe BEIUYMHAMH  CPEIHEKBAJPAaTHYHBIX MEKCIOMHBIX [IEPOXOBATOCTEH TpaHMIl pasjeda,

npubmusutensHo 10% OT TOMIUHBI CAMOTO CIIOA.
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MarHuTHbBIE CBOWCTBA MHOTOCJIOMHBIX TOHKHMX IUICHOK U CBepxperieTok Ha ocHoBe Fe/MgO/Gd u
Gd/MgO/Fe Obutn u3MepeHbl Ha JIAOOpAaTOPHOM BUOPALIMOHHOM MAarHUTOMETPE IPH KOMHATHOM
TeMIeparype.

Ha pucynke 1.1.14.16 npencraBiieHbl ETJIM TUCTEPE3NCA, TIOJYICHHBIC OT BCEX 6 CBEPXPEIIETOK B
cepunt (00pasupl Ne 9 — 14) B MarHuTHOM T0JIe, TIPHJIOKEHHOM B IUIOCKOCTH oOpasma. Kak BumHO U3
MPUBEJACHHOTO Trpaduka, OCHOBHAS YacTh METENlb THUCTEpe3rca MMEET XapaKTEpHYIO IJs IMOJO0OHBIX
cTpyktyp ¢opmy. CymectBeHHoe oTiuune B (opMe NEeTIu HaONI0JaeTCsl TOJNBKO y CBEPXPEIIETKH
glass//Nb(20 am)/[Fe(5 um)/Gd(5 um)]e/Nb(5 uM) (0Opaszer; Ne9). Takke, CTOUT OTMETUTH PA3ITUUHYIO
BEJIMYMHY MarHUTHBIX TOJICH HACHIIIICHHsI B CBepxpemieTkax co cinosmMu MgO paznudHoi TonmuHb U 6e3
HUX. YCTAaHOBJICHO, YTO BEJIMYMHA HAMAarHMYCHHOCTH HACHIILICHUS MEHSIETCSA B AuanazoHe ot 150 mo 210

I'cxeM®/T M yMeHbIIaeTcst ¢ yMeHbIIIeHHeM TOMMHHEI ciost MgO.
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Pucynok 1.1.14.16 -Iletnu ructepesuca s oopas3nos Ne 9 — 14

Ha pucynke 1.1.14.17 noka3aHsl ABe NMETJIM TUCTEPE3HNCA, COOTBETCTBYIOIINE CBEPXpEIIeTKaM 0e3
cmoeB MgO: glass//Nb(20 um)/[Fe(5 am)/Gd(5 um)]e/Nb(5 uM) - obpaserr 9 (uepnsiit) u glass//Nb(20
um)/[Gd(5 um)/Fe(5 um)]e/Nb(5 M) — obpazerr Ne 10 (kpacHbrit). CTpyKTYpHI BBIIICYKa3aHHBIX 00pa3ioB
MOJHOCTBIO HJCHTHYHBI, OTIMYAIOTCS HCKIIOYUTEILHO TOCICI0BATEILHOCTRIO CIIOEB JKele3a |

raJIOJIMHUS, OJTHAKO UMEIOT SIBHOE pa3inuue B (opMe MeTelh THCTEpe3uca.
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Pucynok 1.1.14.17 - [Tetnu ructepesuca aist 06paszmoB Ne9 u Nel(

C pa3BuTHEM CIUHTPOHMKH M3y4YCHHE IMOBEJIEHHS KUCIOPOJa B METAIUTMYECKUX MHOTOCIOWHBIX
CIIOSIX CTaHOBUTCS OCOOCHHO Ba)KHBIM, MOCKOJIbBKY €r0 B3aUMOJICHCTBHE C aTOMaMU MeTajljla CO3JaeT
cinoxHbie 3PHEKTh OpOUTATHPHOW THOPHAM3AIMHU, BIUSIONIME Ha (OPMHUPOBAHHE MArHUTHBIX CBONCTB
[1.1.14.1-1.1.14.2]. Kak mnoka3aJii HEJIaBHHUE HCCIICOBAHUS, ITUM IPOIECCOM MOXHO YIPABIATh,
noMeniast OKCUIbI mpocThix MeTaiioB (MgO, Al203) mexay Mmetaimmiueckumu ciosimu [1.1.14.3-1.1.14.4].
MOoOXHO O0XHJaTh, 4YTO pACMOJOXKEHHE ATHUX OKCHUIHBIX CJIOEB OTHOCHTEIBHO PAa3JIMYHBIX THUIIOB
METAJIMYECKUX CJI0EB U UX TOJIIMHA OyAyT BIUATH Ha 3(PQEeKThl MUTpallMd HMOHOB KHCIOpPOJAa W3
OapbepHBIX OKCHJIHBIX CJIOE€B M B KOHEYHOM HUTOTrE OINpPEAENATh CIOXHbIE€ MarHUTHbIE KOH(QUTYypaluu
MYJBTHCIOEB. {51 MCClIe0BaHUS MPOLIECCOB MUTPAIMKA MOHOB KHUCIOpPOJAa B HCCIEAYEMBIX CHCTEMax
ObUIM TIPOBEJCHBI M3MEPEHHUS PEHTI'CHOBCKUX (POTOIIEKTPOHHBIX CIEKTPOB (OCTOBHBIE YypoBHH XPS m
BaJICHTHBIE 30HBI) MyJIbTHCITIOEB, coaepxamux Fe (1 am) u Gd (1 HM), pazneneHHbIX 0apbepHBIM OKCHIHBIM
cinoem MgO tommmuoi 0.4, 0.8, 1 1.2 HM, TOKPBITHIE 3aIUTHBIM cioeM Nb (3 HM) [T TpeIoTBpaIeHUs
OKHucieHns Ha Bo3ayxe. Ha ocHoBanum wusmepeHuil XPS-cneKTpoB ¢ BBICOKORHEPIE€THUECKUM
pas3pelIeHneM U UX CPaBHEHUS CO CIIEKTPaMHU ATAJTOHHBIX 00Pa3IOB C/ENaH BBIBOJ, YTO HE3aBUCUMO OT
B3aMMHOI0 PACIIOJIOKEHHS U TOJIIMHBI 0aPHEPHOTO OKCUIHOTO CJIOS MO0 OTHOLIEHHUIO K METATTMUYECKUM
CJIOSIM Pa3HOI0 TUIA, HAOIIOAAETCS MPEUMYIIIECTBEHHOE OKUCIIEHUE Ta0INHUS U Kele3a.

XPS-u3mepenust mpoBoIIMCh ¢ ucnonb3oBanueM crnekrpomerpa PHI XPS Versaprobe 5000 c
BBICOKUM IPOCTPAaHCTBEHHBIM U 3HepreTrueckuM paszperienneM (ULVAC Physical Electronics, CIIIA). B
TOM CIIEKTPOMETpPE HCIOJIb3YETCsl KJIacCHYecKash PEHTTeHOONTHYecKas cXeMa co chepruuecKuM
KBapLIEBBIM MOHOXPOMATOPOM U aHAJIM3aTOPOM SHEPTUH, pabOTAIOUIMMH B AHANa30He SHEPTUid cBsi3u oT ()
no 1500 5B, a Takke cucTeMa 3JIEKTPOCTATHUECKOW (POKYCHMPOBKM M MAarHHUTHOTO 3KPaHUPOBAHMA.

JlocturayToe sHeprerudeckoe paspemierne coctaBisuio AE ~ 0,5 3B ¢ ucrounnkom Al Ko, a pazmep nsitTHa
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cocraBisl 200 MKM. JIByXKaHaJIbHBI HEUTpaIM3aTOpP HCIIOJIB30BAJICS I KOMIEHCAMM JOKAJIbHOU
3apsiIKM - MCCIIeAyeMoro oOpasna u3-3a moTepu  (oTtosnekTpoHoB. Bcee wuccnenyembie  0o0pasiibl
MPEIBAPUTENHHO BBIACPKUBAJIUCh B BAaKYYMHOM KaMmepe B TeueHue 24 4acoB MPHU POTOPHOM BaKyyMHOM
OTKa4Ke U u3Mepsiuch npu napienun 10-7 [1a. TunmruaHoe OTHOIICHUE CUTHAJ/TITYM COCTABJISIIIO HE MEHEe
5000. O6pabotka cmekTpoB mnpousBoauiack ¢ momombido ULVAC PHI mporpammuoe oGecriedeHwe
MultiPak 9.2. Cnextpet XPS Obutn 0TKamuOpOBaHBl OTHOCHUTEIBHO STAJIOHHOTO 3HAUEHUS] YHEPTUU
OCHOBHOT'O YpOBHs yriaepoaa 1s mpu 285,0 3B.

JIJ1s1 KOppEKTHOTO U3YUYECHHs BIUSHUS MUTPALlMM MOHOB KUCIOpoAa u3 6aprepHoro ciost MgO Ha
OKHCJICHHE METAJIJIOB B MHOTOCJIOWHBIX CTPYKTYpax HEOOXOAUMO ObUIO UCKIIOUUTH BIMSHHUE KHCIOPOJa
Ha TH MPOLIECCHI CO CTOPOHBI BEPXHET0 3aLIUTHOTO CJIOSI OKMCICHHOT0 HHOOMs. Kak cienyer u3 CiekTpos,
MPECTaBICHHBIX Ha puc. la, Ha moBepxHOocTH oOpasma glass//Nb/Gd/Fe/Nb mocne Bo3aeiicTBust Bo3ayxa
oOpasyercs okucneHHbii cioit Nb-O. I[locne tpaBnenus nonamu aprona npu V=500 Bu I =15 MA B
Te4eHre 9 MHUHYT 3TOT CIIOI MOJIHOCTBIO MCYE3, MO3KE ATOT PEKUM TpPaBICHHS ObLI MCIOJIB30BaH IS
uccienoanus oopasnoB Nb/Fe/MgO/Gd/Nb u Nb/Gd/MgO/Fe/Nb. Ha puc. 1.1.14.18 npencrasiens XPS
Fe 3s-Mg 2s-cnektpsr glass//Nb/Gd/4MgOFe/Nb, koTopbie MOKa3bIBAIOT YBEIUYCHUE OTHOCUTEIBHOTO
conepxkanuss Mg/Fe nngs n = 0.4, 0.8 u 1.2 M B obOpasne crekino/Nb/Gd/MgOnFe/Ob6pazerr Nb B

COOTBETCTBHUH C TOJIIMHOU OapsepHoro ciost MgO.

— T 7 1
XPS Nb 3d

T T T T
52,312 (a) XPS Fe 3s - Mg 2s (b)

glass/Nb/Gd/Fe/Nb glass/Nb/Gd/4MgO/Fe/Nb

Surf: glass/Nb/Gd/8MgO/Fe/Nb

S 2ce d glass/Nb/Gd/12MgO/Fe/Nb
puttere
Mg 2s
Nb !
Nb-O Nb-Nb

Intensity [Arbitrary Units]

I I T I T I L) l T
212 208 204 200 100 96 92 88 84

Binding Energy [eV]

Pucynok 1.1.14.18 - XPS Nb 3d (a) crexkno/Nb/Gd/Fe/Nb ¢ moBepXHOCTH M TOCIE HOHHOTO
tpasienus u (6) XPS Fe 3s-Mg 2s-cniektpsi cTexino/Nb/Gd/MgOn/Fe/Nb st n = 0.4, 0.8 u 1.2 HMm.
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Ha pucynke 1.1.14.19 npexacraBnensl 0030pHbie criekTpbl XPS o6pasuos glass//Nb/Gd/Fe/Nb (a) u

glass//Nb/Gd/1.2MgO/Fe/Nb, usmepennbie B auanazoHe sHepruit 0-700 3B mo u mocne Ar-woHHOE

TpaBJICHUE.

T T T~ T " T
XPS Survey
glass/Nb/Gd/Fe/Nb

w | Fer Nb3p
=

)

E\ Ols Nb}s
£

=

P

=

ey

‘@0

5 —— Surface
E Sputtered

Nb3d

Gd4d

Fe3
Fe3s 3
Cls

(a)

T T T 1
glassNb/Gd/ 1 2MgO/Fe/Nb

FeZp

Nb3p

MgKLL

Nb3d

T T T T T T T

700 600 500 400 300 200

Pucynok 1.1.14.19
glass//Nb/Gd/MgO1.2/Fe/Nb (6)

— Surface
—— Sputtered
L) I T ] T T I T I L ' T I T I T I T I T
100 O 700 600 500 400 300 200 100 O
Binding Energy [eV]
Oo63opubie  XPS-criektper  glass//Nb/Gd/Fe/Nb  (a)

O6pasery C O Gd Fe
b g i
Oopaszer Ne 5 (Surf)
39,5 |41 1,7 0,1 |69 0,8
Oopaszer Ne 5 (Sputt)
14 115 26,9 | 7,6
Oopaszer Ne 6 (Surf)
29,1 | 49,9 01 (09
O6pa3zern Ne 6 (Sputt)
15 |254 8,4 6,3 |12 |72
Oo6pazen Ne 7 (Surf)
30,8 | 48,2 02 |08
Oopaszern Ne 7 (Sputt)
1,8 |30 7,6 02 |5 5,4

162

n



Oopaszern Ne 8 (Surf)

39,8 | 425 02 |75
Oopaszen Ne 8 (Sputt)

44 1326 2,9 21 |24 |56
O6pazen Ne 2 (Surf)

42,7 | 38,7 11 3,5

Oopaszerr Ne 2 (Sputt)
31,6 18,4 49 196 |55

Oopaszery Ne 3 (Surf)
42,7 | 38,6 1,4 6,5 0,8

Oopaszerr Ne 3 (Sputt)
14 | 327 16,8 48 |46 |97

Oopaszer Ne 4 (Surf)
40,8 | 39,3 1,7 8,2

Oopaszerr Ne 4 (Sputt)
1,7 37,2 12,2 85 |07 |97

Ta6numa 1.1.14.3 Cocras nmoBepxunoctu oopasiia glass//Nb/Gd/Fe/Nb, glass/Nb/Gd/nMgO/Fe/Nb u
glass/Nb/Fe/nMgO/Gd/Nb (n = 0.4, 0.8 u 1.2 M) OT MOBEPXHOCTHU U MOCJIE HOHHOTO TparyieHus (B aT.%).

DT JaHHBIE HATJSITHO IGMOHCTPUPYIOT, YTO U3-32 OrPAaHMYEHHOHN ITyOWHBI aHATH3UPYEMOTO CIIOS
B Metojzie XPS (50 A) BeIOpaHHBIN PEKUM TPaBICHUS ApTOHOM OKa3ajcsi 09eHb 3(P(EKTUBHBIM HE TOJIBKO
JUTSL yTAJICHUsT BEPXHET0 OKCUIHOTO ciiost B oOpasiie glass/Nb/Gd/Fe/Nb (pucynok 1.1.14.19a), Ho Takke
MO3BOJISUT PETMCTPUPOBATh CUTHAJIBI OT HU3KoJekKamux cinoeB MetaioB (Fe u Gd) u oxcuma maruus
(pucynok 1.1.14.196). IMonusiii coctaB o6pasmos glass//Nb/Gd/Fe/Nb, glass/Nb/Gd/nMgO/Fe/Nb u
glass//Nb/Fe/nMgO/Gd/Nb (n = 0.4, 0.8 u 1.2 HM) C TIOBEpXHOCTH H MOCJIE HOHHOTO TpaBicHuUs (B aT.%)
npuBeeH B Tabmume 1.1.14.3.

Bricokosneprernyeckue paspeuiennble XPS-cnektper Gd 4d u Fe 2p glass//Nb/Gd/Fe/Nb,
glass//Nb/Gd/MgOn/Fe/Nb u glass//Nb/Fe/MgOn/Nb s n = 0.4, 0.8 u 1.2 HM 1O CpaBHEHHIO CO
cnekTpaMu 3TaioHHBIX oOpasnoB (Gd, Gd203, Fe, FeO u Fe,03) nokazansl Ha pucynkax 1.1.14.20 u

1.1.14.21 cOOTBETCTBEHHO.
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Intensity [Arbitrary Units]

T T T T

XPS Gd 4d

o glass'Gd/Fe/Nb

o glass/G/AMYO/Fe/ND

o glassGI/8MyO/Fe/ND
glass/Ga/12MgO/Fe/Nb

@

T T T T T
glass/Gd/Fe/Nb

o glass/Fe/AMgO/GA/ND
o glass/Fe/AMgO/GA/ND
o glass/Fe/AMgO/Gd/ND

® || —cdme

R
Binding Energy [eV]

©

120 136 152

— T
148 144

Puc. 1.1.14.20 XPS Gd 4d glass//Nb/Gd/Fe/Nb, glass//Nb/Gd/MgOn/Fe/Nb u glass//Nb/Fe/MgOn/Nb (n =

0.4, 0.8 1 1.2 HM) 11O CPAaBHEHHUIO CO CIEKTpaMH 3TaIOHHBIX 00pasioB (Gd [1.1.14.5], Gd203 [1.1.14.6]).

Intensity [Arbitrary Units]

XPSFe2p,,,,

glass/Nb/Gd/Fe/Nb
glass/Nb/Gd/8MgO/Fe/Nb
glass/Nb/Gd/12MgO/Fe/Nb
Fe metal
FeO
Fe,O,

@
Fe-Fe

glass/Nb/Fe/4AMgO/Gd/Nb
glass/Nb/Fe/8MgO/Gd/Nb
glass/Nb/Fe/12MgO/Gd/Nb

(b)
Fe-Fe

—
728 724 720 716

712

T
708

-

T
704 728

T T T T T 1
724 720 716

Binding Energy [eV]

712

1
708 704

Pucynox 1.1.14.21 - Fe 2p-crextper XPS glass//Nb/Gd/Fe/Nb, glass//Nb/Gd/ MgOn/Fe/Nb u
glass//Nb/Fe/MgOn/Nb (n=0.4, 0.8 u 1.2 am) u criekTpsl dTamoHHbIx 00pasios (Fe [1.1.14.5], FeO, Fe203

[1.1.14.7]).

4d-criektpsr XPS Gd B MeTaie ¥ OKCH/IE pa3IMyaroTCs YHEPreTHIECKUM TI0JI0KEHUEM M BKIIAJIOM

tepmoB D7 u D9 (Pucynok 1.1.14.20 b). Ananornunoe moseaenue XPS Gd 4d-cmektpoB B oOpasiiax
glass//Nb/Gd/MgOn/Fe/Nb u glass//Nb/Fe/MgOn/Nb (n = 0.4, 0.8 u 1.2 um) (pucynok 1.1.14.20 a-b)

MO3BOJISIET CHIENATh BBIBOJ, YTO MOHBI KUCIOPO/ia MUTPUPYIOT U3 OapbepHOro cinost MgO u MHIyIHUpYIOT

obpazoBanme cBs3u (Gd-O. Kak oxazamocwk, oTtHOocuTenpHOe monoxeHue Gd orHocutensHOo MgO B

MHOTOCJIOMHBIX CJIOSIX COBEPIICHHO HEBAXHO YISl MPEANouTUTEIbHOTO okucieHus cios Gd. C apyroi

cTopoHbl, cpaBHeHue XPS-criektpoB Fe 2p, n3MepeHHbIX B TEX ke 00pasiax, co cnekrpamu okcunos (FeO
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u Fe203) He moKkaszano HUKAaKUX MPU3HAKOB okucieHus (pucyHok 1.1.14.21 a u 1.1.14.21 b), mostomy
cpaBHenue mpencrasieHHbIX XPS Gd 4d u Fe 2p-cmekTpsl cO cHeKTpamMHu KOHTPOJIBHBIX 0O0pa3sloB
MoKa3bIBaloT, uTo B oOpasmax glass//Nb/Gd/Fe/Nb, glass//Nb/Gd/MgOn/Fe/Nb u glass//Nb/Fe/MgOn/Nb
(n = 0.4, 0.8 u 1.2 HM), OoTIMYAONIUXCS B3aUMHBIM pacnojiokeHruem cioeB Gd u Fe oTHocuTenbHO

Oapwreproro cios MgO, umeer npenmyiectBeHHoe okucienue Gd u cnensr okucienus Fe.

XPSVB

*  glass/Nb/Gd/12MgO/Fe/Nb

»  glass/No/Fe/12MgO/Gd/Nb
—— Gd metal —— Nb metal
—— Femetal Gd,0,

—Mpo

Intensity [Arbitrary Units]

Binding Energy [eV]

Pucynok 1.1.14.22 - Cpasuenune crnekrpoB XPS VB glass//Nb/Gd/Fe/Nb, glass//Nb/Gd/MgO
1,2am/Fe/Nb u glass//Nb/Fe/MgO 1,2um/Nb co cnektpamu 3TajmoHHbix obpasmnoB (Gd [1.1.14.5], Nb
[1.1.14.8], Fe [1.1.14.9], Gd203 [1.1.14.6] u MgO).

Ha pucynke 1.1.14.22 npeacTaBieHo CpaBHEHHE PEHTIEHOBCKHUX (DOTOIEKTPOHHBIX CIIEKTPOoB VB
obpasmos glass//Nb/Gd/MgO 1,2am/Fe/Nb u glass//Nb/Fe/MgO 1,2am/Nb, pa3nuyaroimuxcs moa0KeHUEM
Gd otHOCHUTENBHO OapbepHoro ciost MgO. CpaBHEHHE STHX CIIEKTPOB CO CIIEKTPAaMH ATAJIOHHBIX 00pa3lioB
MTOKa3bIBAET, YTO BOJM3H Bepxa BaJICHTHOM 30HBI B Auana3zoHe 3Hepruit 0-3,5 3B (A) ruGpuan3upoBaHHbIC
5d-cocrostaust Fe 3d-Nb 4d-Gd ckoHIleHTpHpOBaHbI, TOTa KaK B HMKHEW 4acTH BajieHTHas 30Ha (D) B
coctosinusix O 2s 18-24 3B pacronoskeHa. Mexay 3TUMH JBYMsSI KpailHUMHU OCOOCHHOCTSMHU €CTh JBE
nom3oHubl, B u C, koropeie Mbl ipunucany Bkiaaaam O 2p u Gd 4f-cocTostHUI COOTBETCTBEHHO M3-32 UX
COOTBETCTBHUSl DHEPTrUU CBS3M aHAJIOTHYHBIM BKiIagamM B okcugax Gd20s3 m MgO. Tot dakr, 4dto
pacniosioxxeHue MgO OTHOCHTEIIBHO METAJUTMYECKUX CJIOeB M ero TommuHa (1.2 HM) OJWHAKOBHI B
UccleyeMbIX oOpasiax, Ml HopMupoBanu Ha puc. 1.1.14.22 ux XPS-cnekTpbl BaJIeHTHOH MOJIOCHI Ha
uHTeHcuBHOCTH O 2s-nmuHuu. [Ipu TakoM cpaBHEeHHH OKa3anock, uTo BKiaasl Fe 3d-Nb 4d-Gd 5d u Gd 4¢-
cocrossuuii B obmactasx A u C B ob6pasue glass/Nb/Gd/MgO 1,2um/Fe/Nb u glass//Nb/Fe/MgO
1,2aM/Gd/NDb uccrnemyembie 00pasibl CYIIECTBEHHO paznuyatorcs. B o6mactu A Bkiazg Sd-coctostHuit Fe
3d-Nb 4d-Gd 3naunTensHo Bbime it oopasnoB glass//Nb/Gd/MgO 1,2 um/Fe/Nb, yem ans o6pasnos

glass//Nb/Fe/MgO 1,2aM/Gd/Nb, 4YTO HEyIUBUTEILHO, IMOCKOJBKY CJOH JKele3a B  oOpasie
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glass//Nb/Gd/MgO 1,2am/Fe/Nb HaxoauTcs OJimke K MOKpPBIBAIOIIEMy clioro HHooOus. C Apyroil CTOpOHBI,
Bkiaa 4f-coctosuuit Gd u3 ob6pasua glass/Nb/Fe/MgO 1,2um/Gd/Nb npeobnamgaer B obmactu C,
MTOCKOJIBKY B 3TOM oOpa3siie cioit Gd pacmosioskeH OJuKe K 3alUTHOMY CJIOI0 HUOOUSI.

B 3akmiouenue, Mbpl M3Y4IIIM BIUSHHUE Mex(a3HOM MUTpaiid MOHOB Ha okuciieHne Fe m Gd B
MHOTOCIIONHBIX cTpykTypax Nb/Fe/MgO/Gd/Nb u Nb/Gd/MgO/Fe/Nb. IlomydeHHbIE pe3yJIbTaThI
MOKAa3aJu BBICOKYIO 3(PPEKTUBHOCTh PEHTTEHOBCKOW (DOTOANEKTPOHHON CIEKTPOCKOTHUH TSI U3YUCHHUS
sToro s¢dekra Onarogapsi aTOMHON CEJEKTHMBHOCTHM METOJa W €ro BBICOKOM YYBCTBUTEIBHOCTH K
3apsJIOBOMY COCTOSTHHIO BO3OYXICHHBIX aTOMOB. B 3T0i pabote ObUTO0 MpoaeMoHcTpupoBaHo, uto Gd B
MYJIBTUCIOAX OKHUCISETCS MPEUMYIIECTBEHHO 3a CUET MHUTPAIIMA MOHOB KHUCIOPOIa U3 0aphepHOTO CIIOS
MgO, uem xerne3a, He3aBUCUMO OT OTHOCHUTEIBHOTO MOJI0XKEHHS TUX METAIIJIOB IO OTHOIICHHUIO K OKCUTY
B MHOT'OCJIOMHBIX CTPYKTypax.

BoinonHenHsle paboThl M TOJY4YEHHBIE B XOAE€ MX BBIOJHEHUS PE3yNbTaThl MOJHOCTHIO
coOoTBeTCTBYIOT TexHuueckoMy 3ananuto u [Inany-rpaduky paboT, BBIIONHIEMbIX B paMKax pealn3aluu
uccienoBarensckoit mporpamMmbl (mpoekta) (IIpunoxkenne Ne 8 k CornameHuro 0 TPeaOCTaBICHUH
cyocuauu ot 13 oktsiOps 2021 1. Ne 075-10-2021-115). WccnenoBanusi ObLIM BBITIOTHEHBI MOJIOIBIMH
yueHbiMu UOM YpO PAH B Bo3pacte o 39 ner E.M. Sxynunoi, .M. [esitepukoBeim u U.C.

JKunkoBeIM.

TIpunoxxenus
1. Akt cunrte3a oOpasuos. Daiin [punox.1.1.14 1.pdf

2. OTyer mo CTPYKTYypHOU M MarHUTHO#H Xxapakrepusauuu. Daitn [punox.1.1.14 2.pdf
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1.1.15 Pa3paGorka KOHCTPpyKHHH O0JI0Ka [eTeKTOpoB A auppakromerpa «CPEPA»
(moutoabie ucciaenosareau USIU PAH. Torosop 400/1983 ot 23.11.2021).
B pamxkax 3Toit paboTsl pazpadborana DK ]| Ha KOHCTpyKIMH 0JIOKA IETEKTOPOB s TudpakToMeTpa

«COEPA. Hasnauenue u o0macth NpuUMEHEHHE pa3pabarbiBaemoro wusaenus KoHcTpykius Osoka

JETEKTOPOB I AudpakToMeTpa chepa CIIyKUT sl pETUCTPALIMH PACCESTHHOTO HEUTPOHHOTO U3ITyYCHHUS.
TexHr4ecKue XapaKTepUCTUKU
- Pa3zmep akTHBHOM 30HBI KaXKAO0T0 AETEKTOpa HE MeHee SXS0MM

- YyBCTBUTENHHOCTH K TaMMa-(hoHy - He onee 1x107

- BricTponeiicTBue meTextopa - He Menee 1x10° meifrponos/cex
- Bricokas paauanoHHasi CTOMKOCTh U BpeMs JKU3HHU, CHHKEHUE dPPEKTUBHOCTH PETUCTPALIUH

HeHTpoHHOTO HU3nydeHus- He 6omnee 0,01% B cyTku
Br160p 6a30B0i1 KOHCTPYKLIMHU IE€TEKTOPOB OCHOBBIBAECTCS Ha CO3JJaHUM MHOTOKOJIBIIEBON CHCTEMBbI
perucTpanry HEUTPOHOB C KOJMYECTBOM KOJIEI HE MEHee S:
1) Beicokas »ddexTuBHOCTs peructpauuu (50-90%) B MmUPOKOM [uama3oHe JIUH BOJH

MaJA0IIEro U3TyUeHNUS,
2) cTabWJIBHOCTh PabOYMX XapaKTEPUCTHK B IMpoOIEcCce HKCIUTyaTallud B TEUCHHUE JIUTEIHLHOTO

BpPEMEHU;
4) 6ombII0# pecypce paboThl AeTeKTopa 0€3 He0OXOIUMOCTH TEXHHUYECKOTO O0CITY KIUBAHHUS;

3) HU3KUI ypOBEHb COOCTBEHHBIX IIIyMOB U HU3Kasi YyBCTBUTEIILHOCT K TaMMa-U3IyYeHHIO;

5) HaAEKHOCTh U MPOCTOTA OOCITYKUBAHUS.

B kadecTBe 0a30BOro neTekTopa ObUT BBHIOpAH CIMHTWIISIIIMOHHBIA JETEKTOP C OPraHHYECKUM
$OTOYMHOKKTENL

/

CunHTHANATOP
HEeHTpOH
/

ZnS:6LIF
ﬁ(_

KpemHnesbli
HOTOYMHOMMTENL k\
L \Ny
\\
1 A /
N \ /

I * - 1
\ ] \ /
N

T

|

- fl

CBETOBOJIOM U KpeMHHUEBBIM (poToymMHO)UTeneM. O01mas cxema AeTekTopa mokasana Ha puc.1.1.15.1.
KpemHueselin

I \
l ‘ Vbias \
NuH3a pblﬁuﬁ rnas

JNlvH3a peibuid rnas

puc. 1.1.15.1. O0mias cxema IeTeKTOpa

OcHOBBIBasgCh Ha pe3yibTaTax MOJCIUPOBAHUS M ONTUMAIbHON LEHBI-3(Q(GEKTUBHOCTH OBLI

BbIOpaH BapHaHT 3-CIOHHOTO JeTeKTopa ¢ 3Ms CIOSMH HEHTPOHOUYBCTBUTEIBHOTO CUUHTHIUIATOPA

ZnS(Ag):LiF apdextuBHocThIO HE MeHee 40%.
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JlerekTop mpexacTaBiseT M3 ce0S KOMIIO3UTHYIO CHUCTEMY M3 CLUUHTHIUIATOpPA-CBETOBOAA U
KPEMHHUEBOTO (hOTOYMHOXKUTENS. B KauecTBe CBETOBOAA UCIIONB3YETCs ONITUYECKU MPO3PAUYHbIM MaTepHa
oprctekyo. Jlns coopa PoTOHOB MCMONB3YyeTCsl KpeMHHEBBIM (OoTOyMHOXHUTENb(SiPM). CuuHTHILISTOD
IIPUKJIEEH K CBETOBOY C IOMOIIBIO ONTHYECKOTro IieMeHTa. Ha KoHIaX 1eTeKTopa HEMOCPEACTBEHHO NIEPeE]
SiPM BeIpe3anb! JTMH3BI THIIA «PBIOHI T71a3», KOTOPBIE 3aNI0JIHIETCS ONTUYECKUM KJIEEM U Ha HUX UM XKe
kpersitcst 2 SiPM. JIns cBeTOM30MISIIIMM U YBETUYEHHUsI CBETOCOOpA TOTOBBIN JIETEKTOp 00OpaymBaeTCs

¢dbropormacToBoit tentoi. O0muii BUI IeTeKTopa nmokasan Ha puc. 1.1.15.2.

g

2

Puc. 1.1.15.2 — O0muii BUj 1eTEKTOpA.

KoHcTpykuus gaHHOro THMa CUUHTWUISIMOHHOTO JETEeKTopa o0jafaeT  CleaylouuMu
MPEUMYIIECTBAMU:

-BBICOKAsl paJHallMOHHAs CTOMKOCTh W IIMPOKHE BO3MOXKHOCTH OTOOpa HEOOXOAMMBIX JUIS
CO3JIaHMsI IETEKTOPa MaTepHajoB;

-BBICOKHE DKCIUTyaTallMOHHBIE CBOMCTBa C BO3MOXKHOCTSIMH MOHHUTOPHHIAa W CTa0MIU3AINH
pabouux mapaMmeTpoB;

-IPOCTOTA U3TOTOBIICHUS IE€TEKTOPOB PA3IMUHBIX (OPM U pa3MEpOB.

Perucrpanun HEHTPOHOB MPOUCXOIUT CleAyIOUMM oOpa3zoMm. HelTpoH, monaB B CHMHTHIUIATOP
BBI3BIBACT BCIIBIILIKY CBETA, KOTOPAsi PACIPOCTPAHSIETCS IO BCE CTOPOHBI 10 CBETOBOJLY U PETHCTPUPYETCS
B 00beme SiPM. Mcxomast 3 pe3ynbTaToB MOJSIHPOBaHMs ObLIO BEIOpAHO 7 KOJIEI, PACIOI0KEHHBIX Ha
yriax 150-120-105-90-75-60-20 rpamycoB. Ha yrie 20 rpagycoB ucxos U3 pe3yabTaTOB MOJICTUPOBAHUS

PCKOMCHAYCTCA KPCHUTH ACTCKTOPHLI MNEPINCHAUKYIIAPHO MAaAar0IEMy IMYYKY YTO IO3BOJIMT YBCIUYUTH
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¢ pexTuBHOCTb. TakuM 00pa3oM JOCTHUraeTcs MaKCHUMAJIbHOE IOKPBITHE IO YTy JAETEKTHPOBAHUS.

OOmwmii Buj eTekTopa nokasan Ha puc. 1.1.15.3

Puc. 1.1.15.3 o6mmii Bux gerekropa chepa

JleTekTopsl pacrnonaratoTcs paBHOMEPHO Ha KOJIbIE C MUHUMAJIBHO BO3MOXHBIM 3a30poM. Takum
o0pa3zom oOI1iee KOJIMUYECTBO JETEKTOPOB Ha Audpakromerp chepa cocraBmger 150 mryk. K kaxgomy
JETEKTOPY TMOABOAMTHCSA CHENMATIbHO DPa3pabOTaHHBIA YCHIUTENb (POPMHPOBATENb C PETyIUPYEMBIM
noporoM. Mcxoast u3 TOro, 4ro Ha MCXOJHBIM CUTHal OT JAETEKTOpa MOTYT NPUXOAUTh HABOJKH,
pEKOMEHAyeTCA pa3MellaTh YCHINTENb-(hOPMUPOBATENb B HEMOCPEACTBEHHON ONM30CTH OT JAETEKTOpa.
Taxoke T. K. yCHIUTEeNb-(hOPMHUPOBATENTb HE CONEPKUT LHU(PPOBOIT SMEKTPOHUKH TO OH MOXKET JIOCTATOYHO
CTaOMIIbHO pabOTaTh B HEOIATOMPHUATHOM paMaIMOHHON 0OCTAaHOBKE, YTO MO3BOJISIET CBECTH K MUHUMYMY
HEOOXOAUMYIO 3aIUTY.

Moynb npenyCUIUTeNs ¢ JETEKTOPOM PEKOMEHAYETCs CAeIaTh YHUBEPCATIbHBIM JUUIsl BCEX KOJIEll,
JUIL  YOpPOILEHUS MPOM3BOJCTBA. B KauecTBe Marepuana KOpIlyca PEKOMEHIYETCsl HCIOIb30BaTh
AIOMUHUEBYIO KOMITO3UTHYIO maHenb. OHa o00JamaeT ClHeaylolUMU PEUMYIIECTBAMU-IIETKOCTh
IPOYHOCTb, & TAKXKE T. K. B CBOEM COCTABE COAEPKMUT MOJIMITEH YTO OOECHEeUMBAET AONOIHUTEIbHYIO
3alIUTy OT HEUTPOHOB.

Komnb1o, Ha KOTOpOM pacronaraiorcs Moynu 1etekTopos (puc. 1.1.15.3.) pexomenayeTcs crienarb
HAaOOpHBIM YTO IMO3BOJUT PACIIMPUTh (PYHKIMOHAIBHOCTh YCTPOMCTBA, B Cily4ae HCIIOIb30BaHUS
JONOJIHUTEIBHBIX YCTPOMCTB OKPYXEHHsA 00pasla, TaKUX KaK KpHUOCTaT WJIM BBICOKOTEMIIEpaTypHas
nedka. Takum 00pa3oM B Cilydae UCIOIb30BAHUS YCTPONCTB OKPYKEHHsI 00pa3lia HOSIBUTHCS BO3MOKHOCTh
CHSTH BEPXHIOIO JINOO HIXKHIOIO YacTh JIETEKTOPOB IS pAaCIIUPEHUsI CBOOOTHOTO MpocTpaHcTBa. O0muit

BH/JI KOJIbLIA JETEKTOpA MoKa3aH Ha puc. 1.1.15.4.
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Mopgynb npeaycuamTenb
OETeKTop

Konbuo KpenneHus

Puc. 1.1.15.4 oOmuii BUIT KOJIbIIA AETEKTOPA

Jns pacmmpeHuss (QYHKIIMOHATBHBIX BO3MOXKHOCTEH audpakToMeTpa cdepa peKOMEHTYETCs
clenaTh KOJbIla MOJBMKHBIMH YTO OBl BO3MOXKHO OBLIIO BapbUPOBATh YIJIBI M paszpenicHue. J[is sToro
pa3paboTaHa CUCTeMa Ha OCHOBE 2-X JIMHEWHBIX HAIMPABISIFOIINX, PACIIOJIOKEHHBIX MO KpasM OT KOJIeIl C
WHIUBUAYATHHBIMU KapeTKaMu JIJIS KaXI0To Kosbia. OOmuii BUa 9Toi cxembl oka3aH Ha puc. 1.1.15.5.
JluneitHble HAMPABISIONTUE PACTIONOKEHBI 110 KPasiM CIICUAaTbHO IS YBEIMUEHUS )KECTKOCTH KPETUICHUS
KoJjen. B kadecTBe CHUCTEMBI MEepEeMEIICHHs MCIOJB3YeTCs JTMOO PpYyYHOE IMepeMelleHue, TU00 peedHas
nepenava. Jljisi peedHoi nepenady perka pazMemaeTcs ¢ OJHOM CTOpoHBI kosen. Ha kaxmom kosibiie
pa3MeniaeTcs MaroBbli ABUTaTeNb ¢ 3y04aToi mecTepHel s epeMeleHus U KOHIICBbIe BBIKITIOYATEIIN

JJI UCKITIOYCHUA HAaC34a KOJICI K BBICTaBJIICHHUA HYHCBOﬁ TOYKH.

Penbcossble
Hanpasnawowme AN

Pelika peeyHoit
nepegayu

Puc. 1.1.15.5 O6muii Bua 1eTEKTOpa U CUCTEMBI IIEpPEMEIIICHHUS

Jnis mpoBefieHnst U3MepeHuid TudpakToMeTp cepa He0OXO0AUMO OCHACTUTH MOJIBUKHBIM CTOJIOM

o6pa3ua, TaKuM o6pa30M MOJIYYUTHCA PACIIUPUTDH (I)YHKI_II/IOHEU'IBHBIG BO3MOKHOCTHU I[I/I(bpaKTOMeTpa puc.
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1.1.15.6. [ns 3TOro MCHOJB3YETCs] CUCTEMAa W3 2-X JIMHEHHBIX HAMPABJISIONINX M IIAPUKO-BUHTOBOU

nepcaayun ¢ maroBbIM JIBUTaTCJICM U KOHIICBBIMU BBIKIIIOYATCIISIMU U1 ICPEMCILICHHUA CTOJIa 06pa3ua.

LLliapuko-
BUHTOBaA
nepegava

JInHeHasn
HanpasAAloLan

Puc. 1.1.15.6. O6muii Bua cHCTEMBI IEPEMEINICHHS CToJIa oOpasia

Cron 06pa3ua pacmojaracTcd Ha KapeTKe mapHKO-BHHTOBOﬁ nepcaavn. B kxauecTBe cToja 06pa3ua

UCTOJB3YIOTCS 2 aBTOMAaTU3UPOBAHHBIX MOABIKKY - TepeMenienre no Z u Bpamienue.( puc. 1.1.15.7 ) na

KOHIIE cTOJIa 00pasIia pacIoio’keHa MmoICTaBKa 00pa3sia, KOTopasi pacioyiokeHa POBHO I10 IIEHTPY KOJIell

MNopacraska
. obpasua
Roie /
AudpakTometpa Cron obpa3ua
chepa s

Puc. 1.1.15.7 O6mumit Bug xopiyca audpakroMmerpa chepa

Jns  obecrnieueHuss MEXaHUYECKOW JKECTKOCTH ¥ PAJUAIMOHHON 3alUThl HEOOXOJUMO
MCIIOJIb30BaTh KOPIYCHYIO KOHCTPYKIUIO AudpakToMeTpa chepa, Ha KOTOPYIO B CIIydae BBICOKHUX
paauanvoHHBIX (POHOB BO3MOXKHO YCTAaHOBHUTH JIOTOJHHUTENBHYIO PaJWallMOHHYIO 3aIlUTy U3 KaJIMUs-
OOpPUPOBAHHOTO MOJUATUIIEHA WM CBUHIIA.

TakuM 00pa3oM UCTIOIB30BAHUS 7 KOJEI[ C OOIIMM KOJINYECTBOM 3-CIIOMHBIX CIIMHTUJUIAIIMOHHBIX
JETEKTOPOB paBHBIM 150 MO3BOJIUTH MONYYUTHh OCTATOYHYIO BBICOKYIO 3()DPEKTHBHOCTH U TMOKPHITH
OOJIBIIION TeNeCHBIN yroyl. BO3MOKHOCTE pa300opHOI CUCTEMBI KOJISIT ITO3BOJIUT UCIIOJIb30BATh PA3IMIHbBIC
YCTpOICTBa OKpyX eHHs 00pa3ia. A BO3MOKHOCTh HE3aBUCHMOTO MEpPEMEILeHUsI KaK KOJIell, TaK U CToja
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o0Opa3na MO3BOJIUT 3HAYUTEIBHO paACIIUPUTh (YHKIIMOHAIBHBIE BO3MOXXHOCTU JU(paKTOMEeTpa U

PACLIMPUTDH CIIEKTP BO3MOXKHBIX IPUMEHEHUMN.

IIpunoxenus

1. KoHCTpyKTOpCKast JOKYMEHTAIMS, B COCTaBe: DCKuU3HbIN npoekT. Daiin [Ipunoxk.1.1.15.pdf
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1.1.16 Pa3zpaGoTka 1 M3roToBJIeHHE BHICOKOI(P(PEKTUBHOI0 CHUMHTH/ISIIHOHHOTO CYETYMKA
TEIUIOBbIX HeliTpoHOB B Yactu (coBmectHo ¢ USIU PAH. Torosop 400/1983 ot 23.11.2021).

Ilenp paboTel — 3TO yBenu4eHUs 3(PPEKTUBHOCTH PEruCTpalUd HEHUTPOHOB HEHTPOHHBIMU
JETEKTOpaMH Ha OCHOBE CLIMHTHIUIATOPA U KPEMHHMEBOTO (POTOYMHOXKMTENIS. DTO BO3MOXKHO JIMLIb 2Ms
ciocobamu. [lepBsiit 3T0 yBenuueHus 3()(HEeKTUBHOCTH CaMOT'0 CIMHTHILISTOPA, BTOPOM — 3TO yBEJINYECHUE
KOJINYECTBA CJIOEB CIIUHTWILIATOPA. Y BenndeHne 3((HEeKTUBHOCTH CAaMOT0 CLIMHTHILIATOPA O€3 yBeTHUeHUs
TOJIIIMHBI HEBO3MOKHO, & ONTUMAJIBHONW TOJIIIMHON JUIsl CO3JaHHUs HEHTPOHHBIX JETEKTOPOB CUUTAETCS
0.5MM T. K. ¢ 60JI€€e TOJICTOTO CUMHTHIUIATOpPA CBET HE OyJeT BBIXOJUTHh M OyJIeT MOIVIOIAThCS CaMUM
CHMHTHJIIATOPOM. MaKCHUMaJIbHO JOCTYIHAs Ha CETOMHANIHUNA MOMEHT 3P (PEKTUBHOCTh CHUHTUILIATOPA
48% ¢dupmer Eljen Technology.

B ornuume oT mepBOro BapHaHThI, BTOPOH BapHaHT HaMHOIo OoJiee Mpolle OCYIIECTBUM M IS
pa3pabOTKH HOBBIX BBICOKO3(D(PEKTUBHBIX AETEKTOPOB Mbl HCIOJIB30BaIu €ro. [Ipu co3nanum 1eTekTopos
MBI HICTIONB30BaNH couHTIIIATOp ZNS:PLiF(AQ) dupmer Saint Gobain a¢dexrusrocThIO 42%. B KauecTse
KPEMHUEBOTO (POTOYMHOKUTENS MbI Uctionb3oBamu Sensl tum C pazmepom 3x3 mMm.

OOmMii MpUHLIKI CO3JaHMsl JIeTEeKTOpa Mmoka3zaH Ha pucyHKe 1,a . Clion IeTeKTopa pacroyioKeHb

MMOOYEPETHO CHUHTHIIISITOP-CBETOBOI.

a)

N
NN NN

Pucynok 1.1.16.1, mpuHITMT TOCTPOEHUS AETEKTOPA

B HOBOI1 Bepcum jaerekTropa OBUIO MPUHATO pEIIEHHE OTKa3aTh OT JIMH3BI THMA PHIOMH Tha3 u
3aMEHHUTH ee cpe3oM Ha pasmep SIPM kpas MHOTrOCIOMHOrO MeTekTopa puc. 1.1.16.1,0.

B kadectBe cBeTOBOa M1 ieTekTopa ObuT mpuMeHeH mactuk [ITE-A. Ho Bo3M0XXHO HCTIONB30BaTh
a0COFOTHO JIFOO0H TIIACTUK, 00IAaAIONINI TOCTATOYHON ONTHUYECKON MPO3padyHOCThIO (He MeHee 92%).

BHuemnuii Bua getekropa npeactasieH Ha pucynke 1.1.16.2.
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Pucynok 1.1.16.2, Mojens pa3pabOTaHHOTO JIETEKTOPA.

B kauecTBe TeCTOBBIX 00pa3lOB ObUIO CO3JAHBI 5 JETEKTOPOB C PAa3IMYHBIM KOJIUYECTBOM CJIOEB
CHUHTWIATOPa OoT 1 10 5. Pe3ka CHMHTWIIIATOPA M TUIACTHKA OCYIIECTBISIACH HAa CTAHKE IS JIa3epHOMH
pesku  Raylogic 6040 v12c¢ Ttpybkoit Reci wmommocteio 100 Barr. Ckielika CHHHTHILIATOpPA
OCYIIIECTBIISAJIACH KJIEEM THIIa ONTHYECKUH IeMeHT ¢ kodddunuentom mpemomieHus 1.6. Ckielika
OCYILIECTBIISIJIACh B KAMEPE C BOBMOXKHOCTBIO OTKauKU BO3yXa. JTO CIAENIAHO Ul TOTO, YTOOBI B Kiee He
0CTaBaJIOCh MY3bIPHKOB BO3ayXa. CyIiKa Kiies MPOu3BOIUIACE B TeueHue 24 yacoB. BHemHui BUI yacTu
JETCKTOPOB(2-3-4 CIosl CHUMHTHIUIATOPA) 0€3 MOKPBITHS OTPAKAIOIIMM CIO0EM H300paKeH Ha PHUCYHKE

1.1.16.3.

Pucynok 1.1.16.3. Baeurnuit Buj

B nanpHeieM IeTEeKTOpbl MOKPHIBAIUCH CO BCEX CTOPOH CJIOEM M3 OTPAXKAIOIIErO aJIOMUHUSA, B
HameM ciydae 3to 061 Alanod Miro, Ho BO3MOXKHO HCIIOJIB30BaTh U APYTHE, B TOM YHCIIE K XUMHYECKOTO
HaIMbUIEHUS, [JIABHOE MOKPBITHE T0JIKHO 00€CTIeYMBATh MAKCUMAIbHYIO OTPAXKAIOILYI0 CIIOCOOHOCTb.

Takum 006pa3oM ObUIO U3rOTOBIEHO 5 00pPa3LOB AETEKTOPOB C KOJIMUYECTBOM CJIOEB CLIMHTUILIATOPA

or 1 mo 5.
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[Ipunoxenus.
1. AKT u3roToBneHust U cOopouHblii ueptex. Paiin [Ipunox.1.1.16.pdf
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1.2. MeponpusiTusi 1O CO3JIAHHMI0 CeTeBOW CHHXPOTPOHHONI W HEHTPOHHOIl Hay4HO-

HCCJIe10BATEIbCKONM HH(PPACTPYKTYPhI HA TeppuTtopun Poccuiickoit ®@exepanun

1.2.1 Co31aHue ONBITHO-IKCIEPUMEHTAIBHOI0 yuacTka (0OJY) nmo HaHeceHH IO
TOHKOILJIEHOYHBIX 00p coAepkamuxX NOKpbITHii. Ouepenb 1.

Ha 6a3e HayuHo-3KkcriepuMeHTanbHOTO OTAeNna KoMIuiekca crekTrpomerpoB UBP-2 Jlaboparopuu
HeUTpoHHOU (pr3uku OOBETMHEHHOTO WHCTUTYTA SIEPHBIX MCCIEAOBAHUN HAYaI0Ch CO3JaHHUE OIBITHO-
IKCIIEPUMEHTAIBHOTO y4yacTka (ODY) mo HaHECEHWIO0 TOHKOIUIEHOYHBIX OOp colepiKaliuX MOKPBITHH.
Ilenbro TaHHOTO MEPONPHUATHSA SBISIETCA CO3/laHUs ydacTKa IO MCCIEAO0BAHUIO, CO3/IaHUIO NMPOTOTHUIIOB
YCTPOWCTB Ha OCHOBE TOHKHX CJIOE€B OOP COAEpKAIIUX COSTMHEHUH ISl SKCIICPUMEHTAIbHBIX CTAHIIUI Ha
MCTOYHUKAX HEHTPOHOB, a Tak)Ke MpOBeAeHUS O0y4eHHUs U MPAKTUK 10 MOJHOMY LUKy IPOU3BOACTBA
KOMIIOHEHTOB 3KCIIEPUMEHTAIIbHBIX CTAHIIMM.

Haunbiii OOV 10omKeH BBITOIHATD CICAYIONINE 3a/1a4uu:

e OTtpaboTKa METOIMK U TEXHOJIOTUI IO HAHECEHUIO 0OPCOEePIKALINX MOKPBITUH;
e Co3gaHue MpOTOTUIIOB YCTPOUCTB (IPOTOTHUIIOB JETEKTOPOB, MOHOXPOMATOPOB, KOJUIMMATOPOB U

JIPYTUX YCTPOUCTB HEUTPOHHBIX CIIEKTPOMETPOB);

e lccnenoBanue u XapakTepu3aus 00pcoaepKaIiuX MOKPBITHHA U YCTPOMCTB Ha UX OCHOBE;

e [IpoBeneHue NpaKTHUECKUX U JTAOOPATOPHBIX POOOT IO CO3AHHIO IETEKTOPOB HEHTPOHOB.

Jlna pemeHus gaHHBIX 3a7ad BwlAesneHoO noMeunieHue 102 xopnyca 119 mmomanku JIAIT OUAU
mwiomansio 550 M2, Tak Kak CIeKTp 3a1ad IMPOK NPEI0KEHO pasjieieHHe JAHHOTO MPOCTPAHCTBA Ha 5
KOMHAT: BEHTWIALIMOHHASA, YYaCTOK XpaHEHHs MAaTepuajoB M KOMIUIEKTYIOIIUX, LEX COOpKH U
MeXaHOO0OpaOOTKH, y4aCTOK BaKyyMHOI'O HaIlblJIEHHUsS UM COOPKM JETEKTOPOB M YyYacCTOK TECTHPOBAHUS
JNETEKTOPOB.

BenTunauuonnass KkoMHaTa OyJeT SIBISTHCS TEXHHYECKOH KOMHATOH C OTPaHUYEHHBIM JOCTYIIOM
00CITy’)KMBAIOIIEr0 IepcoHala M MpeAHa3HadeHa Uil pa3sMEleHHs] BEHTWISILMOHHOTO O0OpYJOBaHUS
kopiyca 119 u ocranbabix koMHaT ODY. Takxke B JaHHOW KOMHATE IJIAHUPYETCSI pa3MECTUTh CUIIOBBIE
mUTHl AekTponuTanus ODY u koMmpeccop Ui 00ecTedeHnsl CKAaThIM BO3IyX IIeXa W HalbUTUTEIbHON
YCTaHOBKH.

Y4acTok XpaHEHHs MaTepUaloB M KOMIUIEKTYIOIUX NpeJHA3HA4YEH MU XPaHEHUS MaTEepPUANIOB JUIs
JE€TEKTOPOB, KOJJIMMATOPOB U APYIMX M3rOTABIMBAEMbIX YCTpoilcTB. Takke OyneT Mcnosib30BaThes AJIS
BPEMEHHOI'O XpaHEHMsI TOKYNHOM NPOAYKIMHM WM 3JIEMEHTOB, HW3TOTOBJIEHHBIX BHEIIHUMHU
noApsAYMKaMu. B 3Toil 30He NmiaHupyeTcsl pa3MECTUTh TaKKe MECTO XPaHEHMsI TOTOBBIX YCTPOMCTB MM

MIPOTOTUIIOB MEpe]] YCTAaHOBKOI Ha HEUTPOHHBIE HCTOYHUKH.
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B nexe c6opku 1 MexaHo0OpaboTKU OyAeT MPOU3BOJUTCS MOHTAXXHbIE pabOTHI 10 COOpKE YCTPOMCTB,
ciecapHasi 00pabOTKa, M3TOTOBJICHHE JeTalieil ¢ MoMOoIblo (pe3epHOil W TOKapHOH 0OpabOTKH,
HUIM(OBKY, BBIMOJHEHHE TEPBUYHON MMOATOTOBKM TMOJIOKEK JUJIsl HANbUICHUS, PAcKpoOW JHCTOBOTO
MaTepuaa.

VY4acTOK BaKyyMHOT'O HamlbUICHUS U COOPKH JETEKTOPOB IPENIoJiaracT CO3JaHue YHCTOW 30HBI C
MOHMKEHHBIM COJIEpP)KaHUEM TBUIM B Bo3AyXxe. B manHOM momeniennu OynyT pa3MelieHbl MarHeTpOHHAas
HaNbUTUTENIbHASA YCTAHOBKA, CTaHKU IJIS CO3JaHUS CTPOY-IETEKTOPOB, CTAaHKU JJIsi HAMOTKH PaMoOK
JETEKTOPOB, YCTPOMCTBA KOHTPOJS MAarHETPOHOB W HamNbUICHHBIX 00pasuoB. Ilpennonaraercs 3oHa
MOJIrOTOBKM TOJUIOKEK TPOIIEANINEe TOArOTOBKY B MexaHooOpaOaThiBaromiero Iiexe (MoWka B
YIIBTPa3BYKOBOM BaHHE, OUMCTKA Tu1a3Moil). [lpeamnonaraercs 30Ha COOPKH 1€TEKTOPOB, B KOTOPOil Oy1yT
BBITIOJHATCS poOOTHI MO COOpPKE BCEX KOMIIOHEHTOB JAETEKTOpa, Mailka M KielKka B COOTBETCTBUU C
TEXHOJOTUYECKON TOKYMEHTAIUEH.

Y4acTok TecTUpOBaHUS JETEKTOpa MpeanoiaraeT pa3MelieHne CTeHIa s IPOBEPKU JETEKTOPOB U
a5IeKTpoHUKH. [Ipenrnonaraercs pazMmeleHHe B JaHHOM IMOMEIICHUH TeHepaTopa HEHTPOHOB, a TaKKe
MEPEHOCHOT0 KaTu()POPHUEBOrO MCTOUYHMKA HEUTPOHOB. Hammume ra3oBoro o0OpYJOBaHUS U CTOEK C
Pa3IMYHON JIETEKTOPHOM 3JIEKTPOHUKOW MO3BOJIUT MPOBOAUTH TECTUPOBAHWE, HACTPOMKY, HAJagKy M
AKCIIEPUMEHTAJIbHbIE PAa0OThl C Pa3NUYHBIMU HEHUTPOHHBIMU JeTeKTopamMu. COBMEIIEHHE C Ta30BbIM
000pYJOBaHUEM TII03BOJIUT TMPOBOAMTH KaK HCHBITAHME NPOTOYHBIX JETEKTOPOB HEHTPOHOB, TaK M
MO3BOJIUTH MPOBOJIUTH KCIIEPUMEHTHI 10 ONTUMHU3AILIMHI Ta30BBIX CMECEH JIETEKTOPOB ISl yIyUIIEHUS UX
apaMeTpoB.

3a OTYETHBIN MEPUOJ] B COOTBETCTBUH C BBINICU3JIOKEHHBIMU Ha3HAYCHUAMHU noMeneHnii OOV Oblia
pa3paboTaHa KOHCTPYKTOPCKas JOKYMEHTAIUs B paMKax pasziena ApxuTekTypHble petienus (AP). lannas
KOHCTPYKTOpCKasi ~ JIOKyMEHTanus npencrasieHa B [lpwiokenun. JlanHas  pabGora  Obuia
npoduHaHCHpOBaHa ¢ BHEOOKeTHOTrO cTouHuKa (cpencts OUSN). Takke B pamMKkax JaHHOTO IMyHKTa
[Tnana-rpaduka u3 BHEOIOIKETHBIX CPEJCTB OBLIN MPHUOOPETEHBI MAaTePUANBI AJIS IEPBUYHBIX POOOT 11O
CO3JIaHHUIO B COOTBETCTBHM C AP 4MCTOH 30HBI (yyacTKa BaKyyMHOTO HallblJICHUS M COOPKH JI€TEKTOPOB)
ODYVY. Cpenn HHUX CTCHOBBIE TMAaHEIH W CTHIKYIOUIMH MpPOQMIb, MOTOJIOK CO CBETHJIBHUKAMH, JBEPH,
BEHTWISILIMOHHOE 00OpynoBaHUs. Takke JUisi OpraHu3alMi YUCTOM 30HBI B 30HE 3arpy3Kd U BBITPY3KH
MOJIOKEK HAMBUIMTEILHON YCTaHOBKH OBbUI TPHOOPETEH KOMIUIEKC OO0OpYIOBaHUS i oOecreueHus
knacca ynuctotsl UCO 7. JlanHoe 000pyAoBaHNE 00ECTIEYUT HEOOXOJUMYIO YUCTOTY [T MPEAOTBPAILICHUS
MOpYM OYMINEHHBIX TMOMJOXKEK Uil HambUICHUS OOpCOAEp)KAIMX COEAMHEHUH U TPEeJOTBPATUT

3arpsA3HCHUE YCTAHOBKHW MarHCTPOHHOI'O HAITBLJICHUA.

IIpunoxenus.

1. IIpoekt pekonctpykuuu Pasnensr: AP (apxutektyphbie peruenusi). ®aitn [pumox.1.2.1.pdf
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1.3 MeponpusiTisi 10 MOATOTOBKE CNIENUAJNCTOB B 00J1aCTH Pa3padoTKU, MPOEKTHPOBAHUSA U
CTPOMTEIbCTBA HCTOYHHKOB CHHXPOTPOHHOIO W HEHTPOHHOIO W3JIyYeHHsl, a TaKKe HAYYHBIX
KAQ/POB /ISl MPOBeIeHUS CHHXPOTPOHHBIX M HEWTPOHHBIX HMCC/AeN0BaHUI (Pa3padoToK) B HeJsiX

MOJIy4eHHs pPe3yJIbTATOB MUPOBOI0 YPOBHA

1.3.1 PazpaGorka mnporpaMMbl [JONOJHHUTEJBHOI0 MNPOPecCHOHAILHOr0 00pa3oBaHus
(moBbimenus: kpanugukanuu) "IlpoBeneHne CHHXPOTPOHHBIX U HEHTPOHHBIX HCCJIENOBAHMI" 111
CHEHATUCTOB €CTECTBEHHOHAYYHOI 0 NPoQuJIst

(coBmecTHO ¢ K(ID)DY).

Beenenue
PazButne m1000#1 cdepbl AeATEILHOCTH HEBO3MOXHO 0€3 TOJATOTOBKH KBATH(HUITMPOBAHHBIX

KaJpOB, OTBEYAIOIINX MOTPEOHOCTSM COBPEMEHHOTO IMPOW3BOACTBA. BHeOpeHWEe HOBEWIINX HAYYHBIX
pa3paboTOK B peallbHBI CEKTOP SKOHOMHKH, KPOME CO3JaHHsI CETH IIEHTPOB, OOOPYIOBaHHBIX M
MPUCTIOCOOTICHHBIX JJIsl PEIICHUs PA3HOTO KpyTa 3a1a4, JOHKHO MOAKPEIUISATHCS MOCTOSHHBIM MPUTOKOM
HOBBIX KaJIpOB, a TAK)KE PacpOCTPaHEHHEM 3HAHUN W HOBBIX BO3MOYKHOCTEH CPEIH CIIOSI CIICIIUAIUCTOB,
y’Ke HMEIoNINX 0a30BOe BhICIIee 00pa3oBaHue. ITOU IETH CIEAYIOT OOIBIIMHCTBO MPOTPAMM ITOBBIIICHUS
KBaJTU(DUKAITHH.

Hecmotpst Ha TO, 9TO 10JIs JIFOIeH, TOTYYAIOIINUX BEICIIEE 00pa30BaHUe, €KETOTHO YBEIHUNBACTCS,
o0Imui ypoBEeHb 3HAHWUU O (PU3MUYECKHUX SBJICHHSIX, OCOOCHHO CBS3aHHBIX C SIBICHUSAMH H d(Pdekramu,
BBI3BIBAEMBIMU MOHU3HPYIOUINM H3JIy9€HHUEM, OCTACTCS CIUIIKOM HU3KAM. DTO MPHBOJHUT K TOMY, YTO
HACEJICHWE HE TOJbKO HE BOCIPUHHUMAET HOBBIC TEXHOJIOTMHM, HO W TOPOH BBICTYMAET MPOTHUB HUX
BHEJPEHHUS, TEM CaMBIM JIUIIASICh SIBHBIX OJIar KaK Ha YPOBHE MPOIIBETAHUS SKOHOMHKH TOCYIapCcTBa, TaK
U Ha YpOBHE COIHMAIBHOTO OOECIEYCHUsT NPOCTHIX Tpakaad. [lodToMy mporpaMMbl MOBBIIICHUS
KBaJTM(HUKAIMHA C OJHOW CTOPOHBI IOJKHBI OXBAThIBATh KaK MOKHO 0oJiee IMPOKUHN KPYT CIyIaTese, ¢
JPYToi CTOPOHBI TOJKHA OBITH TpajaIus mo obaactu 6a30BOro 0Opa3oBaHUs.

Jlpyroii acmekT pa3BUTHS BHEAPEHHS TMPOTpaMM JIOTIOJHUTEIHLHOTO oOpa3oBaHus B cdepe
CHHXPOTPOHHBIX W HEUTPOHHBIX HCCICMOBAHMA — OSTO KOHIEHTpAIMS CHEIHaIH3MPOBAHHBIX
00pa3oBaTENbHBIX YUPESIKACHNH BOJIH3M COOTBETCTBYIOIINX HAYYHO-MCCIIEIOBATEIbCKIX IICHTPOB. M eciiu
TEXHUYECKass CTOpOHA 3TOH MpoOIEeMBI pEmIaeTcs — CeTh IEHTPOB SACPHBIX TEXHOJOTUHA aKTHBHO
pacmpocTpaHsieTcs 0 CTpaHe, TO o0pa3oBaTeIbHas KOMIIOHEHTa OTCTAeT MO PSAY MOHSITHBIX MPUYUH —
MaJIeHbKas [1eJIeBasi KaTeropusi, CIIOKHOE obecrieueHue yaeOHoro mporiecca u ap. B aTom mrane Kazanckuit
denepanbHBIE  YHUBEPCHTET OO0NagaeT JOCTATOYHBIM KAJAPOBBIM M MaTepHaIbHO-TEXHHUYECKUM
MOTEHIIUAJIOM JIJISl TOTO, 4TOOBI HE TOJBKO pa3padoTaTh JIMHEHKY IMTPOrpaMM, HO U MTOJIHOIICHHO 00ECTIeYHTh
ee peaTn3almio.

[IpumeHeHre COBPEMEHHBIX TEXHOJOTMH B MPOMBIIIICHHOCTH, HApPOJHOM XO3SHCTBE, cdepe
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o0ecrieyeHnss METUIIMHCKUMU YCIIyTaMH U JIp. 00JacTAX, CBS3aHO OOpaTHOM CBA3BIO C PA3BUTHEM CAMUX
TEXHOJIOTUH, UX MOJICPHU3AIIUEH, BBIPAOOTKOM NMPOPBIBHBIX PEUICHHUH, T. €. C MOJTOTOBKON HAy4YHBIX
KaJIpOB U IOJIyYE€HUEM PE3yJIbTATOB MUPOBOTO YPOBHS.

ITpu npoBeneHnu paboT B paMKax MEpPBOro 3Tana HaMu ObLIM YYTEHBI BCE BBILIECTIEPEUHCICHHbIE
npobsemMbl U pa3paboTanyd pa3HOCTOPOHHE OXBATHIBAIOLIME MPOTPAMMBI B IIAHE TEMAaTHKH, ILI€JIEBOM

ayJIUTOPUHU U UCIIOIB3yEMBIX 00pa30BaTEIbHBIX TEXHOIOTHIA.

PA3PABOTKA ITPOI'PAMM JOIIOJIHUTEJIbHOI'O
[TPO®ECCHUOHAJIBHOI'O OBPA3OBAHUA (IIOBBILLIEHKWA KBAJIMOUKALNN)
«ITPOBEJJEHUE CUHXPOTPOHHBIX U HEMUTPOHHBIX UCCJIEJIOBAHU»

[IporpammBbl AOTIOTHUTEIHHOTO MTPOPECCHOHATBHOTO 00pa30BaHusl (TTOBBIICHUS KBATU(PUKAIINHN),
peamuzyemass ®I'AOY BO «Kazanckuii (IIpuBomkckuii) denepanbHplii yHUBEpcUTeT» (naiee — KOVY)
MPEJCTABISAIOT COOON CHCTEMY HOPMATUBHBIX U y4eOHO-METOAMYECKUX JOKYMEHTOB, PETJIAMEHTHPYIOLIHX
e, OXKUJAeMble pe3yJbTaThl, COACpPKAHHE, YCIOBUS, IOPSIAOK peamu3anud 00pa3oBaTeIbLHOTO
nporiecca, OI[eHKY Ka4ecTBa MOATOTOBKHU CITyIIaTeIIeH.

CTpyKTypa mporpaMm JOMOJIHUTEILHOTO podeccHoHanbHOro oopaszosanus [1.3.1.1]:

- LeJIb, TUTAHUPYEMBbIE PE3YJIbTaThl 00yUCHHUS;

- yueOHBIi TU1aH;

- KaJICHIapHBIN yu4eOHBIN rpaduk;

- paboume MporpamMMbl pa3/esioB;

- y4eOHO-METOINYECKUE i KOHTPOJIbHO-U3MEPUTENLHBIC MaTePHAIbI,

- OpTraHU3allMOHHO-ICAArOTMYCCKUEC U MaTCPHUAJIbHO-TCXHUYCCKUC YyCIIOBUS.

VYunteiBas cnenuduky 0a30BOro oOpa3oBaHUS CIyIIaTeNCH, MPEanoiaraeMblii KpyT perraeMbix
MU 33]1a4, pazpaboTano Tpu nporpammsl (nanee — nporpammbl [1K) (Ipunokenue A), opueHTUPOBAHHBIX
Ha pa3Hble NPOQeCcCHOHATbHbIE TPYTIIIbI:

- JONOJIHUTEIbHAA NpodeccuoHaabHas MporpamMMa MOBbImeHUs kBanugukanun «lIpoBeneHue
CHHXPOTPOHHBIX ¥ HEHTPOHHBIX MCCICIOBAHUNY JUIS CIICIIUAIIMCTOB €CTECTBEHHOHAYYHOTO TIPOQHIIS;

- JOTIOJHHUTEIbHAS TpOoQecCHOHaIbHAs MporpamMMa MOBbIMIeHUS KBanupukamun «lIpoBeneHue
CHHXPOTPOHHBIX ¥ HEHTPOHHBIX MCCICIOBAHUN IS CIICIUATMCTOB OMOMETUIITHCKOTO TIPOQHIIS;

- JONOJIHUTEbHAA TpodeccuoHaabHas MporpamMMa MOBbIeHUS kBanugukanun «lIpoBeneHue
CHUHXPOTPOHHLIX U HeﬁTpOHHBIX I/ICCJIG,Z[OBaHI/II‘;I» JIg CIICHUAJIMCTOB apXCOJIOTHUICCKOTO HpO(bI/IJ'I}I.

[TporpamMmMbl pa3paboTaHbl HA OCHOBE KBAaJTH(HKAIIMOHHBIX TPEOOBaHHWN K JODKHOCTH HAYYHBIN
COTPYAHUK, colepxamuxcs B KpammpukammoHHOM CHOpPaBOYHUKE JOJDKHOCTEH pPYyKOBOIMTEINEH,

CHELMAIMCTOB U JPYIHX cily>Kamux (yTB. mocraHoBiaeHrueM Muntpyna PO ot 21 aBrycra 1998 1. Ne 37, ¢
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n3MeHeHusaMHu Ha 27 mapta 2018 r.).
JlaHHbBIE pOrpaMMBbI MpeANoaralT ouHyo (¢opmy oOydeHus. Tem He MeHee B HEH 3aJI0KEHBI
JIEMEHTHI, TMO3BOJISIONME HPU HEOOXOAMMOCTH MCIIOJIb30BaTh JUCTaHIMOHHBIE OOpa30BaTEIbHBIC

TEXHOJIOT'HUH.

OO0mas xapakTepucTHKa pa3padoTaHHBIX IPOrPaMM

B umemsx cobmogenus aeiicTByomero 3akonomarenberBa [1.3.1.2, 1.3.1.3] mporpammer TTK
dbopMupyIOT TpeOOBaHUS K pe3yJbTaTaM €€ OCBOCHHUS B BUJI€ KOMIIETEHLIUHN CIIyIIaTeIei MporpaMMbl.

[lenpto peanu3anuy MpPOTrpaMM SBISETCS COBEPLUICHCTBOBAHME U (OPMHUPOBAHHE HOBBIX
KOMIIETEHIMH y ciymiaresneil mporpaMMbl B paMKax UMEIOLIeHcsl KBaTH(PHUKaLIUU:

- 3HaHHE U YMEHHE HCIIOJb30BaTh HOPMATHBHO-TEXHMYECKYIO U HAyYHO-HCCIIEI0BATEIbCKYIO
JOKYMEHTAIUIO JIJIS TOJTyYEHUs CBeJIEHUH, He0OXOJUMBIX JUIs TUIaHWPOBAHUS SKCIIEPUMEHTA, TPABUIILHOM
JKCIUTyaTallud 00OpYyIOBaHUs, COONIOJCHUS TEXHUKH O€30MacHOCTH MpH paboTe ¢ HUCTOYHHUKAMH
MOHU3UPYIOLIETO U3TyUYCHHUS,

- TOTOBHOCTbH K IPOBEJCHUIO MCCIICAOBAHUM C UCIOIb30BAHUEM CUHXPOTPOHHBIX U HEUTPOHHBIX
HCTOYHUKOB B IPO(PECCHOHANBHOM chepe AeaTeNbHOCTH;

- CIIOCOOHOCTBH OCYIIECTBJIATh aHAIU3, HEOOXOAMMBIE PACUEThl U MHTEPIIPETALNIO MOTYYESHHBIX
AKCIEPUMEHTAIBHBIX JaHHBIX.

OCHOBHBIMU IIETISIMU OCBOCHUS TUCIUIUIMHBI SIBJISIOTCS TOTy4YEeHUE 3HAHUN O CHHXPOTPOHHOM
Y HEUTPOHHOM HM3JIy4EHUSX, TEXHHUKE MOJIydeHHs U cepam ux npumenenus. [lonpoouo
paccMaTpuBaroTCs MpoLecchl 00pa30BaHUs U3y4aeMbIX TUIIOB M3JIYYEHUH U UX PETUCTPALIUs,
BO3MOYXHOCTHU MPUMEHEHUS TaHHBIX U3TyUYeHU 715 KCCIIeI0BaHUS Pa3IMUHbIX BUIOB OOBEKTOB U

TPYAHOCTHU, BO3HUKAIOIIHNEC B ITPOLICCCC pCruCTpaliuu.

B pesynbprare OCBOEGHHS MPOrpaMMBbl CIIyIIATeNb JOJDKEH MPUOOpECTH CIeAyIolInue 3HAHHUS U
YMCHHSL.

Craymiarenb JODKEH 3HATh:

- 3aKOHOJATCJIIbHO YCTAaHOBJICHHBLIC Tpe6OBaHI/I$I K OKCIITyaTallud HCTOYHHUKOB HOHU3UPYIOLICTO
U3IY4YeHUs, TPHUHLUIBI OO0ECTeYeHUuss M KOHTPOJS paJuallMOHHOM Oe30MacHOCTH Ipu paboTe ¢
MCTOYHUKAMH WOHHW3UPYIOIIETO W3IYYCHHS, CIOCOOBI 3alIUTHI OT Pa3IUYHBIX BHIOB HMOHU3UPYIOIIETO
W3ITy4YCHHUS, YPOBHU JIOITYCTHMBIX JI03 JIJIS IIEPCOHAIA;

- TUMNBl HMCTOYHUKOB CHHXPOTPOHHOTO M HEHTPOHHOTO HW3NMy4YeHMs, OOIIME NPUHIMIIBI HUX
yCTpoicTBa U ()YHKIIHOHHUPOBAHHUS;

- Kakoro poaa wuHpopmanuo 00 uccaeayeMoM OOBEKTe MOXKHO TOJYYUTh C ITOMOIIBIO
CHHXPOTPOHHOTO ¥ HEUTPOHHOTO M3ITyYEHHH, TPAHUIBI IPHMEHUMOCTH JaHHBIX METOIOB, TPEOOBaHUS K

UCCIIeTyeMbIM O0BEKTaM.
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CrnymaTenb JOKEeH YMETh:

- OmpenensaTh TUN HEOOXOAUMOW 3alUThl TpH pPadOTe C Pa3sIUYHBIMU HMCTOYHHUKAMH
MOHHU3UPYIOLIETO M3TYUYCHHS, OIICHUBATH IO3UMETPUUICCKUE XAPAKTEPUCTUKH TTOJIS U3ITyUCHUS;

- TPAaBWIBHO IUIAHHPOBATh AKCIIEPUMEHT Ha YCTAHOBKAX CHHXPOTPOHHOTO M HEHTPOHHOTO
W3ITyYeHUs, TOJOUPATh PEKUMBI IKCIIEPUMEHTA JJIsl PEIICHUS] KOHKPETHOH 3a1a4u;

- OCYUIICCTBIISAITh aHAIM3 U HEOOXOIMMBIC pacdeThl [JIs HMHTEPHPETAlUU TMOTYYCHHBIX
IKCIIEPUMEHTAIBHBIX JTAHHBIX.

K ocBoeHHMIO TIpOrpaMMBbl JIOMYCKAIOTCS JIMIA, UMEIONIME BBICIICE OOpa30BaHHWE B OJHOM H3
npodeccHoHaATbHBIX HATPABICHUI:

- 10 €CTEeCTBEHHOHAyYHBHIM U TEXHHYECKUM HampaBieHUsM (Pu3uKa, XUMHS, TEOJOTHS,
HAaHOTEXHOJIOTUH, MaTePHAIIOBEICHHUE, YJHEPTCTHKA, AJICKTPO- U PAIMOTEXHUKA U JIp.);

- B o0nacTu OMOJIOTHH, BETEPUHAPUH, MEAUITUHBI U 3IpaBOOXpaHCHUS (OHMOJIOTHs, OMOMEIUITNHA,
300JI0THS, KIIMHHYECKast u npoduIaKTHIeCKas MEIMINHA, BETEPHUHAPHS,
dapmanus u ap.);

- B 00jmacTd HMCTOPUHM U  apXeoJOoTruH  (apXeoyorusi, AHTPOIOJIOTHUS, OSTHOrpadus,

HCTOPHS | JIP.).

Conep:kanue nporpamMmm

Y4eOHblii NJ1aH

[Tepeuens pa3nenoB u TeM, IpeIaracMbIX K OCBOCHHIO B paMKax yuyeOHOTro IJIaHa, MPEACTABISET
c000i1 HECKOIbKO TEMaTHYECKHX OJIOKOB:

- 0ok «PaguanmonHast 6€301acHOCTEY;

- 0510k «CHHXPOTPOHHOE U3ITyUCHUEY,;

- 610k «He#TpoHHOE U3TydeHUE»

- 6nok «IIpukiiagHbie UCCIeIOBAHUSD.

Hamonaenue 6;10K0B TeMaM# OCYIIIECTBIIEHO TAKUM 00pa3oM, UTO TIEpBBIC TpH OJIOKA (8 TEM) TPaKTUUYECKH
B OJIMHAKOBOM COJIEp’)KaHUU BXOIAT BO Bce Tpu mporpammbl [IK. UerBepThiii — OIOK HpPUKIATHBIX
uccienoBaHuii (2 TeMbl), B KaXJOW NporpaMMe HMEET CBOE HAIIOJIHEHHWE B 3aBUCUMOCTH OT
crienuaau3amnuy ciymarenei (tTadm. 1).

OnpiT  peanu3anuu  NpPOrpaMM  JOIMOJHUTENBHOIO  OOpa3oBaHMsl MO  MOJYyYEHUIO U
COBEPIICHCTBOBAHMIO KOMIIETCHIIMA B 00JIacTH pabOThl C COBPEMEHHBIM HKCIEPHUMEHTATbHBIM
00Opy/IOBaHWEM TOKA3bIBAET, YTO JUIsl TIOJHOILIEHHOTO OCBAaWBAHWS TMPOTPAMMBI U 3aKpPEIUICHHS
MOJIyYE€HHBIX HaBBIKOB TpeOyeTcst He MeHee 72 4. BBuay Toro, 4to 00y4deHre nNporucXOoauT ¢ OTPHIBOM OT
MIPOM3BOJICTBA, UMEHHO TaKOW, — MUHUMAJIbHBIN, 00beM yueOHOW paboThl OBLI 3aJI0KEH B MPOTpamMmy.
YeTBepTh OT 3TOr0 00BEMa OTAAETCS HA caMOCTOsATENbHYI0 padoTy ciymarens (CPC), ocranbHast 4acTh
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COCTaBJISIET pabOTy HA 3aHATHAX, U HECKOJIBKO YaCOB OTBOJUTCS HA UTOTOBYIO artecrarnuio (Tabm. 2). s
MOJIy4CHUsI TPEACTaBICHUS O paboTe CHHXPOTPOHHBIX M HEUTPOHHBIX HWCTOYHUKOB W3ITyYeHUS,
MMOHUMAaHUSI OCHOB (DYHKIIMOHMPOBAHUS WX OCHOBHBIX Y3JIOB, OOJbIlas YacTh ayJUTOPHBIX YacoB

OTBOJUTCS Ha 1a00paTOPHBIE 3aHSITHSL.

Tabmuuma 1.3.1.1 — Hanonnenue y4eOHBIX IUTaHOB pazpaboraHHbx nporpamm IIK «IIpoBenenue
CHHXPOTPOHHBIX U HEUTPOHHBIX UCCIICTOBAHUI»

bnok yuebHoro [Ipoduns 6a3oBoro 06pazoBaHus 00yUYAIOIIUXCS
II1aHa €CTECTBEHHOHAYYHbIN OMOMEIUITNHCKAI apXEO0JIOrMYECKHI
CHHXPOTpOHHOE 1. Beenenue. Uto Takoe CHHXPOTPOHHOE U3ITyYEHHE.
U3ITydeHue 2. BakyymHas 1 HU3KOTeMIIepaTypHasi TEXHUKA B CHHXPOTPOHHBIX U
HEHUTPOHHBIX YCTAaHOBKAX.
3. CBepXnpoBOAAIINE MATHUTHBIE CUCTEMBI.
4. Beenenue B (pu3uky TBepAoro tena. OyHaaMeHTaIbHbIE OCHOBBI
PEHTTEHOCTPYKTYPHOTO aHAIH3a.
5. OCHOBBI B3aUMOJICUCTBUS U3IIYUECHHS C BEIIECTBOM.
6. MeTopl IMarHOCTUKU MaTePHAlIOB Pa3InYHBIX MacIITaboB C
MCIOJIb30BaHUEM CHHXPOTPOHHOTO U3Ty4YEeHHUS
Pamnanmonnas 7. PagnanrionHasi 6€30MacHOCTb MPHU pad0Te C HICTOYHUKAMHU
0€30MacHOCTh MOHU3UPYIOLIETO U3ITyYESHHUS
Heittponnoe 8. Heiitponsl, cBoiicTBa. cTrounnku HeUTpoHOB. B3anmoseiicteue
U3JIy4eHUe HEUTPOHOB C BEILIECTBOM.
IIpuxnansele 9. EXAFS u XANES 9. [Ipumenenue 9. Ilpumenenue
UCCJIEIOBAHUS | CIIEKTPOCKOIIHSL. CUHXPOTPOHHOTO U | CHHXPOTPOHHOT'O
Ou3nyecKkue OCHOBBI U | HEUTPOHHOTO M3JIYYECHHUS B | U3ITyUEHUS JUIS
MPUMEHEHUE. MPAKTUIECKONH MEIHUIIMHE. | apXEOJIOTHUECKUX
10. Heiitponnsie 10. [Ipumenenue | ucciaenoBaHUM.
MyYKH. HeliTpoHHast | CHHXpPOTPOHHOTO u 10.
nudpakToMeTpus Y | HEUTPOHHOTO U3JIyueHus B | HelitpoHHbie
CHEKTPOCKOIIHUS. obmacth  OHMOJIOTMYECKU | METOIBI B
HayK. apXeoJIOruHu.

Tabmuma 1.3.1.2 — TpymoeMKoCcTh yueOHOTO TUTaHa B pa3pe3e BUIOB 3aHATOCTH 00yYaromerocs, 4

Bun pabotst

AyauTOpHBIE 3aHATUS

CPC

=
[
o

Tpyn

Bcero

B TOM YHCJIC
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JICKIUK | JTa0OpaTOPHBIC | MPAKTUYCCKUE
YueOHbIe Yachl 68 50 22 28 0 18
Hrorosas arrecramus 4 4 0 0 4 0
UTOI'O 72 54 22 28 4 18

Kanennapublii yueOHbIi rpadguk

ITpu popmupoBanuu rpapuka yueOHOro Mmporecca OCyIeCTBIEHO PaBHOMEPHOE paclpe/ielieHue
y4eOHBIX 3aHATHI C TIOHEIEIbHUKA 10 CyO00O0TY B COOTBETCTBHHU C YYETOM PALIMOHATIBHOIO UCIOJIb30BAHUS
pa0bouero BpeMeHU 00ydJaroluxcs U mpenojaBaTesneii, 00beMa U YpoBHS TPYIHOCTH HOBOI'O MaTepHaa,
qepeaoBaHusad U MOCICAOBATCIIbHOCTH JICKIIMOHHBIX U J1a60paT0prlx 3aH$ITI/II>'I, BBIACIICHHUA BPCMCHU Ha

MOTOTOBKY OTYETOB MO JabopartopHbiM paboTam (Tabm. 3). KoHKpeTHbIE NaThl MPOBEACHUS 3aHATHIMA

OTIPEICTISAIOTCA U YTBEPKAAIOTCS ITPU HaOOpe TpyMIbl Ha 00yUYEeHHE.

Tabnuua 1.3.2.3 — I'paduk yuebHoro nporecca npu peanuszanuu nporpamm 10

[Tepuox oOyueHus

HaumenoBanue pasnena

Tewma 1
1 neHn

2 IeHb Tema 2
3 neHb

Tema 3
4 ne”np Tema 4
5 neHb Tema 4
6 IeHb Tema 5
7 NeHb Tema 6
8 neHb Tema 7
9 nenb Tema 8
10 nesnp Tema 9
11 nenn Tema 9
12 nenn Tema 10
13 nesb

Hrorosas arrecramus
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TemaTuueckoe HamoJIHEHHE pa3JesioB MPOTrpaMM OCYIIECTBICHO C Y4YeTOM HOTpPeOHOCTH
00y4aeMoro KOHTUHI€HTA B T€X UM UHBIX 3HAHUSIX U (OPMUPOBAHUS 3aJaHHBIX KOMIIETCHIINH.

Jarotcst 00s13aTenbHbIE MIOHATHS PaAUAIlMOHHONW O€30IaCHOCTH, MEp 1O €€ COOIOJICHUIO, OIICHKE
JI030BBIX XapaKTEPUCTHUK, CIIOCOOOB M BUJIOB 3aIIUTH OT HOHU3UPYIOIIEr0 H3ITy4eHUSI.

PaccmarpuBaioTcss 0COOEHHOCTH CHHXPOTPOHHOTO M HEUTPOHHOTO M3IIyYCHHsSI, UX MCTOUYHUKH,
CHOCOObI yMIpaBlieHUs Iy4yKaMH, B3aUMOJICHCTBHE H3Iy4YEHHS C BEIIECTBOM, CIIOCOOBI OIMCAHMUS
BO3ZHUKAIOMUX 3(PPEKTOB, BO3SMOKHOCTH HCIOJIb30BaHUS B PasHbIX cepax AESITeIbHOCTH — HAy4HBIX
MCCIICIOBAHMSIX M MTPAKTUYECKUX MPUMEHECHHUSX.

OpraHu3anoHHO-NeAArornyecKue ycjaoBus

3aneiicTBOBaHHbBIE B 00pa30BaTENbHOM MpOIecce MOMEUICHUS ISl MPOBEACHUS JIEKIIMOHHBIX
3aHATUA TPENCTaBISIIOT CcO00M TUIOBbIE YyueOHBIE AayAUTOPHH, OCHAIEHHBbIE O0OpYyIOBaHUEM,
MO3BOJISIIOIIMM TIPOBOJUTH TIOKAa3 TMPE3EHTAlMil, TPaHCISAIUIO BHUAEOMAaTepuana, MOJKIYAThCs K
NHuTtepHer-pecypcam.

3aHATHS 1a00PaTOPHOTO MPAKTUKYMa MPOXOAAT B TaOOPATOPHBIX MOMEIIEHHUX, OCHAIIIEHHOCTh U
yCIOBHS pabOThI, B KOTOPBIX COOTBETCTBYIOT TPEOOBAaHUSAM TEXHUKH O€30MMaCHOCTH.

[Tpu HeoOXxoauMocTH oOyuaroleMycs MPEJOCTaBISIOTCS IMOMEIIEHUs ISl CaMOCTOSITEIbHOM
paboThl, OCHAIIEHHbIE KOMIBIOTEPHONW TEXHUKON ¢ BO3MOKHOCTBIO MOJKIIOUEHUs K cetu «VHTepHeT» u
o0ecriedeHrneM JI0CTyTa B AJIEKTPOHHYI0 HH(POPMAIIMOHHO-00pa3oBareibHylo cpeny KOVY.

Ha Bpems ocBoenust mporpammbl [IK oOydaroremycst mpemnocTaBisieTcss: KOHCHEKTHl JICKIIUH,
PYKOBOJICTBA K BBITIOJIHEHUIO J1a0OPaTOPHBIX pabdoOT, MOCTYNH K JIEKTPOHHBIM OMOIMOTEYHBIM pecypcam
yepez cetb KOV u goctyn k OubnamoreunsiM ¢ongam KOY. Cnucok MCTOYHMKOB HHGOpMAIHH,
o0ecreynBalOmUX 00pa30BaTeIbHYI0 IPOrpaMMy, COCTaBIEH C YYE€TOM JOCTYMHOCTH — JHOO B
oubmuoreunoMm ¢ouae KOV, nubo dvepes anekTpoHHO-OMOMMOTEUHYIO cucteMmy cetn KOV. Ilomnbiid
CITUCOK PEKOMEHJIOBAaHHBIX MCTOYHUKOB TpencraBiieH B mporpammax [IK (Ilpunoxenue A), yueOHOM
1ocoOuH, pyKOBOJICTBAX MO BBIMOJIHEHHIO JJAOOPAaTOPHBIX padoT.

Peanmuzanus nporpamm IIK obecrieunBaercst Hay4yHO-TiegarorudeckuMu pabornukamun KOV, a
Takke JMuamu, npusiekaemMbiMu KOV Ha JApyrux ycloBUsX, BeIyIIMMH Hay4dHYlO, Yy4eOHO-
METOAMYECKYIO U (MJTH) TPAKTUYECKYIO0 pabOTy, COOTBETCTBYIONTYIO MPOGHITIO MPEIOAaBAEMOTO pa3iena.
He wmenee 80 % 4YHMCICHHOCTH HAay4HO-TIEAArOrMYECKUX PAOOTHHMKOB, YUYacTBYIOUIMX B pean3allui
nporpammsl [1K, nMeIoT yueHyro cTeneHb (B TOM YHCIe YUYEHYIO CTENeHb, NOJYYSHHYI0 B HHOCTPAaHHOM
rocyzapcTBe U npu3HaBaemyto B Poccuiickoit denepanun) u (W) yueHOE 3BaHUE (B TOM UHCIIE YUCHOE
3BaHWE, TOJYYEHHOEC B HWHOCTPAaHHOM TOCyJapcTBe M Tmpu3HaBaemMoe B Poccuiickoit deneparun).
Kanposslit cocTaB, yuacTByronmii B peanuzanuu nporpamm I1K, npencraBieH aBTOpCKUM KOJUIEKTUBOM U

MOKCT OTJIMYATHCA B 3aBUCUMOCTHU OT roJa pcajin3alnuu nNporpamMmm.
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METOAMYECKOE OBECIIEYEHUE IIPOI'PAMM JOIIOJIHUTEJIBHOI'O
[TPOPECCHUOHAJIBHOI'O OBPA3OBAHUA (ITOBBILHEHUA KBAJIMOUKALINN)
«ITPOBEJJEHUE CUHXPOTPOHHBIX U HEMTPOHHLIX UCCJIEJIOBAHUI»

OolecneueHune TeopeTHYECKOro 0J10Ka

OnHO W3 OCHOBHBIX Ha3HAUYEHUH MPOrpaMMBbI JOIMOJHUTEIBHOTO 00pa3oBaHUs (MTOBBIIICHUS
KBATM(UKAIIMN) — 3HAKOMCTBO CIIyIIATEICH C MOCASCAHUMHU TOCTHKCHUSIMU B paccMaTpuBaeMoi cdepe
JESTEIbHOCTH W COOTBETCTBEHHO — HOBBIMH BO3MOXKHOCTSIMU, TIOSBHBIIUMHUCSA Onarojaps >STHM
TOCTIKCHHSIM. BTopas 0COOEHHOCTh KPaTKOCPOYHBIX TPOrpaMM OOydYeHHUsS — KOHIICHTpaIUs
nH(pOpMalUK, KOTOPYIO HENb3s TMOJIYYUTh W3 OJHOrO HCTOYHHMKA. [loaTromy s obecrmaeHus
IJITAHOMEPHOT'O TEUEHHUs YYEOHOTro MpoIecca M COKpAIICHHS BPEMEHHW CIyIIaTesls Ha MOWCKH HYXHOU
nH(popManuY, TOATOTOBICHO Yy4YeOHOe IMoco0ue, SBISIONIeecs KPAaTKUM KOHCIEKTOM JIGKIHA |
coJepKaliee CChUIKM Ha crenuduueckue s KaXJIoW TeMbl UCTOUYHUKU uHpopManuu: barymun P. T'.,
bonrakosa H. B., lynos E. H. u np. [IpoBeneHne CUHXPOTPOHHBIX M HEUTPOHHBIX HMCCIICIOBAHUM:
VYuebHoe nocoowue. - Kazans: Kaszan. VH-T, 2021. - 176 C.
(https://drive.google.com/drive/folders/IOHNM6F TeQI5Sg3rXFQU3cohok9gEpE j).

[ToaroToBNIEH KEHC MYJIBTHMEAHMHHOTO (ayJHOBHU3YaIbHOTO) COMPOBOXKICHUS 00pa3oBaTEIbHBIX
nporpamm IK (ccpuika TSt POCMOTpA: https://drive.google.com/drive/folders/
lovwyyeGGu7maVDBEyew7rOhg6MiAbRdn). Mudopmanus mo Ha3BaHHIO M THIYy BHICOMATEPHAIIOB
npuBegaeHa B Tabmume 1.3.1.4, roe mnpoduns 1eneBod aymutopuu obo3HaueHa kak: EH -
€CTeCTBeHHOHAy4HbIN, BM — 6nomenuuunackuii, AU — apxeomoruueckuii.

Haznauenue MynbTuMenniiHOTO Kelica — obecriedeHre 3P PeKTUBHOCTH CaMOCTOATEIbHOM paboThI

1o:

- YCBOEHUIO MaTepUalla JICKLIHH;

- TEOPETHYECKOW IMOATOTOBKM, HEOOXOIUMOM Ui KaueCTBEHHOI'O BBIIOJHEHMs JIAOOPAaTOPHBIX
pabor;

- IOATOTOBKE K TECTUPOBAHUIO;

- pacimmpeHue Kpyroszopa u 0osee rirybokoe MOHMMaHUE MPUKIIAJIHOTO MOTEHIHAA U3ydaeMbIX
METOJIOB.

Jlenenue marepuaioB Ha Ipoduiin ycioBHO. Kaxkaplil ciymaTens B LENIIX caMOpPa3BUTHS MOKET
03HAKOMHTHCS CO BCEMH MaTepHallaMy MYyJbTUMEAUMHOTO Kelca.

HOI[FOTOBKa MyJII:THMGI[HfIHOFO Kelica MMpoOBOANJIACH CUJIAMU TBOPYCCKOI'O KOJUJICKTHBA pCIAaKIUU
TENEeBU3NOHHBIX U paauonporpamm Meauna-lleatpa KOV «Univer» u yueOHO-IpakTHUECKOM JTa0OpaTOpUr

«UNIVER TV» HUuctutyTa conuanbHO-pHIOCOPCKUX HAYK M MACCOBBIX KOMMYHHKanuid. Bece paboTbl

185


http://kpfu.ru/main_page?p_sub=6211

BBIIIOJIHCHBI C HCIIOJIB30BAHUCM  CIICHUAJIU3UPOBAHHOI'O O60py,Z[OBaHI/I}I U CBEMOYHBIX IIIOIIAA0K

CTPYKTYpPHBIX nojipazaesieHnii KOVY.

Tabmuua 1.3.1.4 — CoctaB MOATOTOBIEHHOTO Keiica MyJIbTUMEIUIHOTO COIPOBOKICHUS

Ha3Banue Jlextop [Iporpamma ITK
EH |bBM | A
1. Obpa3zoBarenbHbIC JEKIHH
N3y4eHnue nctopuko- JI€KaH BBICILEH IIKOJIbl HCTOPUYECKUX HAYK U +
KYJIbTYPHOI'O Hacueaus BCEMUPHOI'0 KyJIbTYPHOI'O HacJIeaus,
I-p UcT. HayK, ipod. Cutaukos A. I'.
B3anmoneiictBue HEUTPOHOB ¢ | JoneHT Kadenpsl pusuku TBepaoro tena (OTT), + + +
BELIECTBOM» KaH1. ¢u3.-mar. Hayk [lymnos E. H.
benxoBas kpucramiorpadus npod. kadeapbl MEAUIMHCKON (pr3uKH, + + +
1-p ¢us.-mat. Hayk Ycaues K. C.
2. Hay4Ho-niomy isipHble HHTEPBBIO
Hasznauenue ¢usznueckux nupektop Mucturyra puszuxu (MP) KOV, + + +
METOIOB MCCIICIOBAHUS B I-p pus.-mat. Hayk, ['adypos M. P.,
MaTEepUaIOBEICHUU
KaszaHnckas mkosna siiepHOro noueHT kadenpst OTT U, +
raMMa-pe3oHaHca Kauz. ¢pu3.-mar. Hayk Baruzos @. I,
KazaHckas mKoaa MarHuTHOTO | 3aB. Kaeqpoil KBAaHTOBON 3NIEKTPOHHUKH U +
pe3oHaHca panuocnexkTpockonuu NdD,
n-p. dus.-mat. Hayk Tarupos M. C.
PeHTreHOCTpYKTYpHBIH aHaIU3 | KaHJl. XUM. HayK, C. H. C. HAy4HO-HccIe]. Jal. + + +
OT MHHEPAJIOB 10 OEITKOB «CtpykTypHas 6uonorus», Ucnamos /1. P.
Hepaspymaromue meToasl JI€KaH BBICILIEH IIKOJIbI HCTOPUYECKUX HAYK U +
UCCIIEIOBAHMS CTPYKTYPBI U BCEMHUPHOI'0 KyJIbTYpHOro Hacienus Muacruryra
cocTaBa 0OBEKTa B apXEOJOTHH | MEXIyHapOAHBIX oTHOIEHHH KDY,
I-p UCT. HayK, npo¢. CutnukoB A. T
Pentrenorpadudeckuit ananu3 | 3aB. kadenpoit KBAHTOBONH MUHEPAJIOTHU U + +
Te0J0rMYECKUX IIOPOJ JUTOJIOTUH, I-p. Teosoro-muHep. Hayk
Moposos B. I1.
benkxoBas kpucramiorpadus npod. kadenpsl MeauIMHCKOHN pusuku N, + +
1-p ¢us.-mat. Hayk Ycaues K. C.
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Hctopus pa3Butus puzuku noueHt kadenpst OTT U, + + +

SIApA U DJIEMEHTaPHBIX kaHa. ¢pus.-mat. Hayk [lymnos E. H.

YaCTHIL

Hcnons3oBanue snepHOi 3am. nmupekropa D no oOpa3oBaTenbHOM + + +
SHEPrUMU B MUPHBIX LIENIAX NeSITeIbHOCTH, AOLCHT Kadeapsl

SAIepHO-(PU3UUECKOT0 MaTepUATOBEACHUS, KaH]I.

¢wu3.-mar. Hayk bontakosa H. B.

Jl1s ipeiBapuTENbHOIO 03HAKOMIIEHHUS € YCIOBHUSIMH OOYYEeHHs MOATOTOBIECHBI BUIEOIKCKYPCUU
0 Y4e€OHBIM IMOMEIIEHUSM, 3aJeHCTBOBAaHHBIM B Tiporpammax [1K:

- oHJaiH-nexus U3 OObeTUHEHHOTO MHCTUTYTA SIEPHBIX HccieloBaHul «BBeneHue B Teopuio
yckopuTteneit» B aya. 305 ND;

- SIIEPHBIN MPAaKTUKYM B JabopaTopun saepHoit puszuku kadeapsl OTT UD KOV,

- mabopaTopusi Hay4yHO# pecraBpanuu MHCTHTYTa MeXIyHApOAHBIX oTHOIIEHUH KDY

- nmabopaTopusi CTpyKTypHOU Onosiormu MHCTHUTYTa (PyHIaMEHTATbHONW MEAUIIMHBI U OWOJIOTHH
KoVy.

B cooTBercTBUU ¢ 00IIMMH TEHIASHIMSMU Pa3BUTHS HUPPOBOTO 0OIIECTBA, HOBBIX PEKOMEHIAIIUI
MUHHUCTEpCTBa 00pa3oBaHus PO, Bce coBpeMeHHbIe 00y4Yaromiye IporpaMMbl JOJKHBI COOTBETCTBOBATD
HE TOJIbKO BBICOKMM HAyYHBIM M TMPAKTUYECKUM 3arlpocaM, HO U HMETh BBICOKYIO HArjsAHOCTH,
JEMOHCTPAIIMOHHYI0  cocTaBisitomryro. [Ipu  opraHmzanuu 00pa3oBaTeNbHOrO TMpoOIecca CIeIyeT
0co0eHHOE BHHMAaHUE YAETATh BO3MOXKHOCTSIM HCIOJIB30BaHUS OHJIAWH-popMaM O0O0yUYeHHS, pealn3aluu
o0pa3oBaTeNbHBIX MPOTPaMM B CMEIIAHHBIX M JUCTAaHIMOHHBIX (opmarax. B cBI3m ¢ s1uMm
MMOATOTOBJICHHBIA MYJIBTUMEAUNHBIN KEHC MOXKET CIYXHTh 0a30il miusa paszpabotku mporpamm 1K ¢

JTUCTAHIIMOHHBIM (hOPMATOM OOYUCHHSI.

Ob6ecnevyenune J1a00paTOPHOIro MPAKTHKYMA

B cocTaB mabopaTopHOT0O MpakTUKyMa, 00€CTIeUnBaIONIEro MOIIECPKKY pa3paboTaHHBIX TPOTrpaMM
[IK, Bxomut 10 maGopatopHBIX pabOT pa3IWYHBIX JAOOPATOPHBIX MPAKTUKYMOB, (DYHKIIMOHUPYIOIIUX B
pamkax oOecreueHusi TEKyIIero oOpa3zoBaTenbHOrO Tmporecca. Kaxkmas paboTta cOmpoBOXKIAETCS
PYKOBOACTBOM K BBIIIOJIHEHHUIO C IPUBEICHUEM KPATKOW TEOPHUH, ONKMCAHUEM YCTAaHOBKH, aIrOpuUTMa
BBITIOJTHECHUS Pa0OTHI 1 00paOOTKH MOJTYYCHHBIX JaHHBIX:

1) HccnemoBaHwe JIMHEHHO-TIONSIPH30BAHHOTO CBETa M IPOBEpKa 3aKkoHa  Maioca
(https://kpfu.ru/portal/docs/F1884910413/Issledovanie.lingjno._.polyarizovannogo.sveta.i.proverka.zakon
a.Maljusa.pdf);

2) TTonyuenue tpoiinoi Touku azota (https://kpfu.ru/portal/docs/F_393521741/236.pdf);

3) MHccnenoBanue »sddekra JIxoymsa-Tomcona mis pasauunbsix  rasoB  (https://kpfu.ru/

portal/docs/F370214929/217 .pdf);
187



4. BricokoTemmiepaTypHas CBEPXIPOBOAMMOCTh (https://kpfu.ru/docs/F1030230154/
LR._531..VTSP.pdf);

5. Onmnpenencane ymenbHOro 3apsga oanekrpona (https://kpfu.ru/portal/docs/F_ 885395505/
337.pdf);

6. Otpaxenue bporra: ompeneneHue MOCTOSHHON pemeTkn MoHokpuctauia (Cu, Mo aHox)

(https://kpfu.ru/docs/F1249128539/ 541. Otrazhenie. Bregga. opredelenie. postoyannoj. reshetki.

monokristallov.pdf);

7. OmpeneneHue TIOCTOSHHON pelieTkn KyOowdeckor cuHroHnmn wmeroaoM JleGas-Illepepa
(https://kpfu.ru/docs/F2143828790/_542..0Opredelenie.postoyannoj.reshetki.kubicheskoj.singonii.metodo
m.Debaya_Sherera._poroshka_.pdf);

8. BzaumojeiicTBuE PEHTICHOBCKOTO M3JIYUEHHUS C BEIIECTBOM. PEHTTeHOCTPYKTYpHBIN aHaIu3
(https://kpfu.ru/portal/docs/F_1286696692/metod.posobie.Specpraktikum.pdf);

9. 3akoH Mo3zau u onpeeIcHue [IOCTOSTHHOM PunGepra
(https://kpfu.ru/docs/F1428207156/ 572...Zakon.Mozli.i.opredelenie.postoyannoj.Ridberga.pdf);

10.  HelitponHo-aktuBanuonnbii  ananus  (https://kpfu.ru/docs/F1050080452/nejtronnaya.
aktivaciya.pdf).

CoBpeMeHHbIE TEXHOJIOTHH MPEIOCTABISAIOT IUPOKUI CIEKTP HHCTPYMEHTOB J1JIsl LU (pOBU3aIUU
nporecca o0ydeHus. OcoOblii MHTEpeC MpeACTaBiseT HU(GPOBU3AIUSA U aBTOMATH3ALMS TPYIOEMKHX
MIPOLIECCOB U CIIOKHBIX B BOCIIPOU3BEJECHUU CTPYKTYP.

OnHuM U3 TPyAOEMKUX MPOLECCOB MOXKET BBICTYIATh MPOBEACHUE SKCIIEPUMEHTOB C y4acCTHEM
paIMOAKTUBHBIX AJIEMEHTOB. HeoOXoauMocTh cojepKaTh CIENHUAIbHYI0 JTabOpaTOpUi0 U CIIOKHOE
o0opy/0BaHUE MpU y4eOHOM 3aBEJIEHUU MOXKET CTaTh MPEMATCTBUEM K KauyeCTBEHHOMY OOpa30BaHHUIO
CTYJEHTOB U MOJyYEHHUIO MOJHOIICHHOTO aKaJJIEMUYECKOTO OIIBITA.

Co3znanne BUPTyaIbHBIX JJAOOPATOPUI MOKET CTaTh PEIICHUEM dTOU MPOOJIEMbI. DKCIIEPUMEHTHI B
BUPTyaJIbHOW JIaOOPaTOPUM MOKHO TIOBTOPUTH HEOOXOAMMOE KOJIMYECTBO pa3 0e3 XHUMHUYECKHX
3JIEMEHTOB, 000PYIOBaHUS U JJaxke 0€3 yuacTHs MpernoiaBaTes.

JIOTIOTHUTENBHBIM TIPEUMYIIECTBOM ITU(GPOBON BU3yaIM3AIMH SKCIIEPHUMEHTOB BBICTYIIAET
BO3MO>XHOCTh OTPA3UTh Ipoliecchl Oosee noapodHo. HekoTopoe 000pyaoBaHnE HEBOZMOKHO PACCMOTPETh
W3HYTPH B PEalbHOCTH, B TO BpPEMs KaK BHPTyalbHOE O0OpYyIOBaHHE HE OTPAHUYMBACT CTYICHTOB B
UCCIIETOBaHUSIX.

JlaGoparopus Digital Media Lab, B koTopoii mpoBoauiach pa3paboTka NpUIIOKEHUS, 3aHUMAETCS
MPEUMYIIECTBEHHO Pa3pabOTKON pa3MUYHBIX BUICOUTP C HCIOJIb3oBaHWeM aBKKOB Unity m Unreal
Engine. JlaGoparopusi Bu3yanu3anuu | pa3padOTKH Wrp sBsieTcss Jjabopatopuenr MucTuTyTa
MH(POPMAITMOHHBIX TEXHOJOTUHA U UHTEIUICKTyTbHBIX ccTeM KDY, OcHoBHBIE cepbl AeATETHHOCTH:

- pa3paboTKa KOMITbIOTEPHBIX, MOOUIIBHBIX U Web-urp;
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- BU3yaJibHAsl CUMYJISIIUS TIPOU3BOICTBEHHBIX MTPOIIECCOB;

- IPOEKTHI ¢ ucnonb3oBanreM Texnoioruit Oculus Rift, Kinect, NettleBox.

3anaua, MOCTAaBICHHAS TIEepe]] TAOOpaTOpUeH B paMKaxX JaHHOTO MPOEKTa — CO3/IaHUE TPUIIOKECHUS
IUTS BU3YaITM3aIlMH SKCIIEPUMEHTOB B paMKax Kypca O CHHXPOTPOHHBIX W HEUTPOHHBIX HCCIICIOBAHUSIX.
HazBanue mnpunoxenus — Virtual Laboratory. IlpuioxkeHue BBITIOJHEHO B CTUJIMCTUKE PEANIU3M.
[Tonb30BaTens MOXKET MPOCMOTPETHh OJWH W3 MPEICTABICHHBIX JKCIEPUMEHTOB. B Hacrosinee Bpems
BBIMIOJIHEHO  jaBa  crieHapus s aemoncrpamuu  (http://youtube.com/channel/UCJgS5Ub-
XvWUT XaoELg8pPw):

- OTIpe/IeNIeHre TIEPUO/Ia MOTypaciiaga HyKIUIOB;

- PEHTTEHOCTPYKTYPHBIN aHaIIN3 OenKa.

Bo BpeMsi n1eMOHCTpaIiy ITOJIB30BaTellsl COMPOBOXKIAIOT KOMMEHTApUU 3aKaIpoBOTO Tojioca O
MIPOUCXOIAIIEM Ha CIieHe. Bo Bpemst BOCITPOU3BEICHUS SKCIIEPUMEHTA TTOJIb30BaTeNlb MOKET OCTAHOBUTH
JBIDKEHUE CIIEHAPUS H TIEPEHTH B PEKUM CBOOOJHOTO TIEpEMEIICHHSI 110 CIICHE.

Jiist pa3paboTKy MPHIIOKEHUST UCTIOIb30Baics ABIKOK Unity. KoMaHaa cocrosiia n3 HECKOIBKHUX
pa3paboTYUKOB, MOJACIUIEPOB M MPOEKTHOTO MeHekepa. HekoToprie pa3pabOTUMKU BBHIMOIHSIIA POJh
TECTHPOBITUKOB.

[Tepedenn paboT, HEOOXOIUMBIX ISl Pa3pabOTKH KITFOYEBOTO ()YHKIIMOHAJIA TIPHIIOKEHHUS:

- co3nanue 3D-mopeneit okpyKeHHs (KOMHATa Ta00paTOpUH, CTOJ, UICTOYHUKU OCBEIICHHUS);

- coznanmue 3D-mopneneit sl SKCIEPUMEHTOB (IU(PPAKTOMETP, UCTOUHUK HEUTPOHOB, JIMHEHKA,
MUATIETKH, OCJIOK, IIMPHIL U T. 1.);

- TeKcTypupoBanue 3D-mopenei;

- 3aIIeKaHNe CBETa U HACTPOMKA MOCTIPOIIECCHHTA Ha CIICHE;

- CO3/IaHKE TJIABHOT'O MEHIO U TI0JIb30BaTEIbCKOTO HHTEpdEiica;

- BHEIPEHHE BO3MOXKHOCTH BBHIOOpA IKCIIEPUMEHTA [T TPOCMOTPA;

- pa3paboTKa CHCTEMBI C IBYMSI PEKMMAMHU BOCITPOU3BEICHHS SKCIICPUMEHTA,;

- peanu3anus ClieHAPUEB YKCIIEPUMEHTOB;

- 3aMKCh U BHEJPEHUE 3BYKOBBIX (DaiiJIoB;

- TECTUPOBaHUE U TIOJIrOTOBKA YCTAHOBOYHOTO (haiiiia MpriI0KeHHUSI.

[Ipu pazpaboTke crieHapusi OBLTH UCIIOIB30BaHbI (POTOrpaPUU U BUACO3AMMCH pabOThI PEaTbHOTO
o0opymoBaHusi, ObUIM CHSTHl HACTOSAIIME IIOKA3aTeld JaTYMKOB U TIOMYyYeHbl KOMMEHTapuUU OT
MpakTUKyIonmx npenojasateneid KOY. C moMomp0 METOIUYECKUX NMOCcoOMii ObUTH pa3pabdoTaHbI JBa
CIICHapHs C MEepPeYHEM HEOOXOIUMBIX MOJENEH, a TaKkKe ONMHMCAaHUEM BH3yaJbHOTO W 3BYKOBOTO PSIIOB.
Jlanee mpeacTaBIeHO KPaTKOE OMUCAHNE M TAOIUYHOE TIPECTABICHUE KaXKIOTO CIICHAPHSL.

s coznanus mozeneit ucnons3oancs Blender 3D. Blender — 3to mpodeccrnonansaoe, cBOO0IHOE

U OTKpBITOE TMpPOrpaMMHOE oOOecleYeHne Jisi CO3/JaHusl TPEXMEPHON KOMIBIOTEPHOH Tpadukw,
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BKJIIOUAIOIEe B ce0sl CpeACcTBAa MOJCIHUPOBAHMS, CKYJIBIITHHTA, aHUMAIlUW, CUMYJISIIIUHA, PEHIICPUHTA,
MOCTOOPaOOTKHM M MOHTaXKa BUJIEO CO 3BYKOM, KOMITOHOBKH ¢ TIOMOIIBIO «y310B» (Node Compositing), a
Takke co3nanusa 2D-aHumanmii. B HacTosiee Bpemsi IMOJb3yeTCs OONBINONW TOMYJISPHOCTBIO Cpeau
OecratHbIX 3D-penakTopoB B CBSI3U C €ro OBICTPhIM CTAOMJIBHBIM Pa3BUTHEM U TEXHUYECKOU
noaaepkkoi. B mporiecce 06cykneHus ObUT BRIOpaH CTHIIb PEATU3M, TO €CTh MOJIENIA UMEIOT JOCTaTOUHOE
KOJINYECTBO MOJIMTOHOB, UCTIO0JIb3Y0TCS PBR-MaTepuansi.

Jis co3naHusi pealluCTUYHOIO OCBEHICHMS, a TaKKe ONTUMHU3ALUU TOTPeOJICHHs pecypcoB
KOMITbIOTEpa OBLJIO PEHIEHO HMCMOJIb30BaTh CMEUIAHHBIA TUIl OcBewleHHs. JlJis 3TOro Ha cieHy ObLIo
J00aBIEHO MATh UCTOYHUKOB CBETA ISl CTATHYHBIX OOBEKTOB, a TaKXKE OJIMH MCTOYHUK IS CO3JaHUS
TEHEH B peaJbHOM BpeMeHHU. VICTOUHMKH CBETa PACIOJIOKEHBI B MECTAaX IMOTOJOYHBIX CBETUIHHUKOB
nabopaTopHoit koMHaThI. [Tocie 3Toro ctaTudHbie OOBEKTHI HA CIIEHE OBLITM TOMEYEHBI CBOMCTBOM static,
9YTOOBI 3a1eYb CTATUYHBINA CBET Ha 3TU OOBEKTHI.

[Tocne sToro cBer 3amekajics Ha CTaTHYHbIE OOBEKTHI M B pE3yJbTaTe€ CO3/aBAUCh KapThl
ocBemeHus. Kapra ocBeleHns — METO/1 OCBEIIEHUS TPOCTPAHCTBA B 3 D-MIPHUIIOKEHUSAX,, 3aKITFOYAIOIITUIICS
B TOM, 4TO co3aaetcs Tekcrypa (puc. 1.3.1.1), conepsxkamias uHGpopMaIuio 00 OCBEIIEHHOCTH TPEXMEPHBIX
Mozeneid. Takxe ObUTO MOAOOpaHO pa3pelieHre KapT OCBEIICHUS I 00eCleueHUs ONTHMAaIbHOTO
KauecTBa. B utore ObuIM MOTy4YeHbl HAOOPHI 3aMIEYEHHBIX KapT OCBEIIEHUS AJIS ABYX CIICH.

B mpunoxenue ObuT 100ABIICH MOCTIPOLIECCUHT, JIJISl MOBBIMICHUS PEaTUCTUYHOCTA M KauecTBa
KapTUHKH, KOTOPYIO TMOJIb30BaTeIh BUIUT HA dKpaHe. Bl co3JaH M HACTPOCH CHENHATbHBIN TPOQUIh
MOCTIIPOLIECCUHTA, KOTOPBIM YIy4IIW I[BE€Ta, KOHTPACTHOCTh, CBEUEHHUE, MOBEPXHOCTHOE 3aTE€HEHUE,
HKCIO3MIINIO, HAChIEHHOCTH (puc. 1.3.1.1).

Pa3zpaborano oOpa3oBaTenbHOE TPUIOKEHUE JISI KOMITBIOTEPOB, YIMPABISEMBIX OMEPAI[MOHHON
cuctemorr Windows. IIporpaMmHBIN MPOTYKT MO3BOJISET JEMOHCTPHPOBATh O0YUAIONINE BU3YAIH3AIHH

peaNIbHBIX HKCIIEPUMEHTOB.
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Pucynok 1.3.1.1. — Cuena 6e3 (a) u ¢ (6) MOCTIPOIECCHHTOM

DoH/1 OLIECHOYHBIX CPeCTB

Onenka nrtoroBoi arrecranuu (MakcumyM 100 GayisioB) CKIIaIbIBACTCSl U3 OIEHKH, TTOJYYCHHOU B
pe3yabTaTe TEKYIIero KOHTpoJs 3HaHWU (MakcumMyMm 40 OanioB) M MPOMEXYTOYHOTO TECTHPOBAHUS
(MakcumyMm 60 6aIoB).

Takast cucrema OLEHKM 3HAaHUM pa3paboTaHa € y4eTOM TOro, YTOOBl OHAa OTBEYala OLECHKE
C(POPMHUPOBAHHOCTH LIETEBBIX KOMIIETEHIIHIA.

Texymuii KOHTPOJIb YCIIEBAEMOCTH OCYLIECTBIIIETCA B BHJIE IIPUEMA OTUETA MO BBINOJI-HEHHBIM
nabopatopubiM pabotam. TpeOoBaHus K coAepkaHHI0O M O(OPMIICHHIO OTYeTa TMPUBOIATCS B
PYKOBOJICTBaX IO BBINOJHEHUIO J1a0OpPAaTOPHBIX paldoT, a Takxke CHOPMYIHPOBaHBl B OTAEIbHBIX
npuiokeHusx k nporpammam 1K — BxoasT B coctaB ¢onma oreHouHbIX cpeacts ([Ipunoxenue b).

[TpomerkyTouHas arrecTalnus — 3K3aMeH B (hOpMe TECTUPOBAHMsI 110 BCEM pa3/ieiaM MpOrpamMMbl
JTIO. s 0ObeKTUBHON OIICHKH 3HAHUM M 0XBaTa BCEX TEM MPOTrpaMMbl, CPOPMHUPOBAH OAaHK TECTOBBIX
3amanHuii: Bcero 140 3amaHuil ¢ TpeMs BapuaHTaMH OTBETOB, OJUH W3 KOTOPBIX NpaBUiIbHBIN. [10JIHBIM
Ha0op 3a/laHuil MpUBEIeH B cocTaBe (poHma oneHouHbIX cpeAcTB (IIpunoxenue b).

[Iporpamma cuuTaeTcsi OCBOSHHOM Tpu Habope ciymiaTeneMm He MeHee 50 0amioB mo pe3yabTaTamM
UTOrOBOM arTecranuu. B ciydae Habopa meHee 50 GayuioB ciymaTesto MPEAOCTaBISAETCS BO3MOXKHOCTh
MOBTOPHO MPONTH UTOTOBOE TECTUPOBAHKE AJIs1 HA0opa JOCTATOYHOTO KOJIMUYECTBA OAJIOB JIIsl yCIIEUTHOM
aTTectanuu. Becero Ha MpoX0KI€HUE TECTUPOBAHUS NIPEAOCTABIISIETCSA TPHU IONIBITKY B TCYCHHE TISTH JHEMH,
CJICAYIOLIMX 3a MOCIEAHNUM JIHEM 00y4eHusl.

B ciiydae Hey1OBIETBOPUTENIBHBIX PE3YJIbTATOB UTOTOBOW aTTECTALIMM CIIyIIATENb MOXKET IPONTH

MOBTOPHYIO aTTECTAIMIO TOJIBKO MPU IIOBTOPHOM OOYYEHUU 110 TaHHOH MporpaMme.

191



3AKJIIKOYEHUE

[IpoBenena pabora mo aHanu3y HMHPOPMAIMM O COBPEMEHHOM COCTOSIHUM JIeJ B 00JacTu
CUHXPOTPOHHBIX M HEHUTPOHHBIX MCTOYHUKOB u3myudeHuil. [IpomsBeneHa cucremaTusalvs METOOB
UCCIIEIOBAHMSI TI0 TUIY U3IyYeHHs, 10 chepe MPUMEHEHHUS, N0 TUITYy HCCIeTyeMbIXx 00bekToB. LInpokuit
oxBaT cep NpPUMEHEHHS TOBOPHUT O OOJIBIIOM MOTEHIHANE CHHXPOTPOHHBIX U HEHTPOHHBIX METOJIOB, O
HEOOXOUMOCTH BHEJPEHHs] 00pa30BaTENbHBIX MPOTpaMM Ha YPOBHE IMOBBIIICHUS KBaJlW(UKAINH
Pa3IMYHbIX MPO(ECCHOHATBHBIX KaTErOPHIA.

[To uToram nmpoBeACHHOM PaOOTHI MOTYUYESHBI CIESIYIOIINE PE3yIbTaThI.

1. IlomroroBineno Ttpu mporpamMmbl (IIpunoxenne A), OpPHUEHTHPOBAaHHBIX Ha pa3HbIE
npodeccuoHaNbHbIe TPYIIIBL:

- JIOTIOJIHUTENbHAs MpodeccruoHanbHas MmporpaMma MoBbleHus: kBanudukauuu «lIpoBeaenue
CHHXPOTPOHHBIX M HEHTPOHHBIX MCCIEIOBAHUN ISl CIIELIUAINCTOB €CTECTBEHHOHAYYHOTO TPOQHIIS;

- JIOTIOJTHUTENbHAS TpoQecCHOHANbHAs MporpaMMma MOBbIIMIeHUsT KBanudpukamuu «lIpoBencHme
CUHXPOTPOHHBIX U HEUTPOHHBIX UCCIEIOBAHUIN IS CIIEUATMCTOB OMOMEAUIIMHCKOTO MPO(UIIs;

- JIOTIOJIHUTENbHAs MpodeccruoHanbHas MporpaMma MoBbIeHUsT kBanudukauuu «lIpoBenenue
CHHXPOTPOHHBIX M HEHTPOHHBIX MCCIEOBAHUI ISl CIIELUAINCTOB apPXEOJIOTHYECKOT0 POQHIIS.

2. Pa3paboraHsr:

1) yueGHbIe TIaHBl 00pa3oBaTEIbHBIX TPOrpamm (B cocTaBe mporpamm, [punoxenne A);

2) orieHOYHbBIE MaTepHualtbl (B cocTaBe (POHIOB OIEHOYHBIX CpeacTB, [Ipunoxkenue b);

3) MeToaMYeCcKue MaTepUaIbl:

- yuebHOe nocodue;

- HAyYHO-TIOMYJISIPHBIE UHTEPBBIO (9 3MHU30/0B);

- obpasoBatenbHbIe JIeKIuHu (3 TeKIun);

- 03HAaKOMUTEJIBHBIE BUICOIKCKYpCUH (4 3mn30/1a);
- IB€ BUPTYaJIbHbBIE JIA0OPATOPHUH.

Pe3ynbpTarel MOTYT OBITH IOJIOKEHBI B OCHOBY JajbHelIIeld pa3paOoTku padouux MNporpamm
JUCIUIUIAH BBICIIETO 0Opa30BaHMUsL.

BoimosnHenHsle paboThl M IMONYyYE€HHBIE B XOJE€ HMX BBIMOJHEHUS pE3YJIbTaThl IMOJHOCTBIO
COOTBETCTBYIOT TexHuueckoMy 3ananuto u [Inany-rpaduky paboT, BBIIOIHIEMBIX B paMKaX pealli3aiiu
uccle1oBaTeNnbCKoi mporpaMmel (poekra) (IIpunoskenust NeNe 1, 2 x JloroBopy ot 30» HOs6ps 2021 1. Ne

400/2008).
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CIIMCOK UCIIOJIb30OBAHHBIX HCTOYHHUKOB

[1.3.1.1] IMonoxenue o momonuHuTeabHOM OOpaszoBannu B PI'AOY BO «K(I)®VY» / Y1B. pekr. U. P.
I'adypoBsiM 19.02.2014 T. Ne 0.1.1.67-06/24/14. - Pexum JIOCTyTIA!
https://kpfu.ru/docs/F106434081/pol_do 190214.pdf (nara obpamenus 10.11.2021).

[1.3.1.2] ®enepanbublii 3akoH Poccuiickoit enepannn «O6 odpasoBanuu B Poccuiickoit demepanun» ot
29 nexabpst 2012 r. Ne 273-D3 (B geticTByromiei penaknuu ot 1.09.2021 r.).

[1.3.1.3] [Ipuka3 MwunucrepctBa obOpazoBanusi Poccuiickoit ®@enepannn «O06 yrBepxkaenun [lopsiaka
OpraHu3allii M  OCYLIECTBICHHS  OOpa3oBaTeIbHOM  JEATEIBHOCTH MO  JOMOJHHUTEIHHBIM

001eo6pazoBaTebHBIM ITporpamMmmam» (¢ n3menenussMu Ha 30 certsops 2020 roqa).
TIpunoxxenue.

1. VYueGHbi myaH o0O0Opa30BaTeNBPHONH MPOTPaMMBI, OIEHOYHBIE MAaTEpHaNbl, METOANYECKHE MAaTepHAIIBL.

®aitn [Mpunox.1.3.1.pdf
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1.3.2 Pa3zpa6oTka nporpamMmMbl JONOJHUTEIbHOT0 MPO(eCcCHOHAIBLHOT0 00pa30BaHus (MOBbIIIEHUS
kBasiupukanun)'' [lpoBeeHre CHHXPOTPOHHBIX U HEMTPOHHBIX UCCIEA0BAHMIA" /151 CIIEIUAJTUCTOB

OMoOMeIMIMHCKOT0 NpopuIs
(coBmectHO ¢ K(ID)®Y. CoBmectHo ¢ K(IT)@Y. Iorosop 400/2008 ot 03.12.2021).

ConeprkarenbHas yacTh coBnagaet ¢ m. 1.3.1.

[Ipunoxenue.

1. VYueGHbi myaH o0O0Opa30BaTENBHONH MPOTPaMMBI, OIEHOYHBIE MAaTEpHaNbl, METOANYECKHE MAaTepHAIIBL.

®aiin [punox.1.3.2.pdf
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1.3.3 Co3nanne Hay4yHO-00pa3oBaTeIbHON JIa00paTOpUM I TNPOBEeJCHUS HAy4HO-
HCCIeI0BATE/ILCKIE Pa0OThHI CTYICHTOB U aCIMPAHTOB B 00J1aCTH Pa3padoTKH, NPOCKTUPOBAHUSA U
CTPOMTEIbCTBA HCTOYHMKOB CHHXPOTPOHHOIO M HEMTPOHHOIO M3JIy4YeHHs, a TaKKe JIEMEHTOB U
CHCTeM IKcIepuMeHTANbHBIX cTaHiuii. (CoBmecTHo ¢ MO TH. dorosop 400/1984 ot 23.11.2021).

B MockoBCKOM (DU3HKO-TEXHUYECKOM HHCTHTYTE€ COBMECTHO ¢ OOBEIUHEHHBIM HHCTHTYTOM
SAICPHBIX MCCIIEOBAaHUHN CO3/]aHa Hay4YHO-0Opa3oBaTebHas J1adopaTopusi MEPCIEKTUBHBIX TEXHOJIOTHH
JUTsl YCTAaHOBOK M OKCIIEPUMEHTOB MeracaiieHc (JlabopaTopusi MepCreKTUBHBIX TEXHOJIOTHI MeracaieHc,
npuka3 74-6 ot 07.12.2021). B 3agaun naboparopuu OyJaeT BXOIUT:

- TpoBesieHHe (YHIAMEHTAIbHBIX M MPUKJIAJHBIX HAYYHBIX HCCIEIOBAaHHA MHPOBOTO YPOBHS B
obnacTi (U3MKU, TEXHUKH U TEXHOJOTHH /s YCTAaHOBOK M IKCIEPUMEHTOB MeracaiieHc, a Takke B
CMEXKHBIX 00J1acTAX;

- UHTErpalys 1abopaTopuy B HAIIMOHATIBHBIE U MEXIYHAPOAHbIE KOIA0O0pAINH C IeNIbI0 YCUIICHUS
AKCTIEPTU3BI B 00JIACTH JIEATEILHOCTH JIAOOPATOPHH;

- KOHIIEHTpanusi Ha 0a3ze J1abOpaTOpUM BEOYLIMX YYEHBIX M UX y4yacTue B 00pa30BaTEIIbHOM
nporecce MOTU, Birodast pyKOBOJICTBO HAYYHO-HUCCIIEIOBATENLCKON PabOTON CTYyICHTOB, aCIIUPAHTOB,
MOJIOJBIX HCCIIENOBATEICH.

B cooTBeTrcTBUM C BO3JI0O)KEHHBIMHU Ha Hee 3ajjauaMu JabopaTtopus MEPCHEKTUBHBIX TEXHOJIOTHI
MeracaiieHC OCyIIECTBIISIET cleyromue QyHKINH:

- BBINOJHSIET HAyYHO-UCCIIE0BATEIBCKUE U OMBITHO-KOHCTPYKTOPCKUE pabOThI, B TOM YHCIIE O
3aKa3y NpeAnpusTUil 1 opraHu3auuii Bcex GopM coOOCTBEHHOCTH, MEXAYHAPOIHBIX OPraHU3aLNT;

- IPUBJICKAET TIperoiaBaTesield n HayuyHbIX paboTHUKOB MM TH, a Taxke BHENTHUX CIEIUATUCTOB
U SKCIIEPTOB K MPOBEICHUIO HAYYHO-UCCIIEA0BATENbCKUX padoT Ha 6a3e JIabopaTopuu;

- BBITOJIHSACT 3KCIIEPTHBIE PaOOTHI, B TOM YHCIIe 0OecreunBaeT yyactiue paboTHukoB JlabopaTopun
B paboTe COOTBETCTBYIONTUX pabOUnX rpynn u komuccuit ¢ yaactueM MO THU, kak rocy1apcTBEHHBIX, TaK
Y HEMPaBUTEIbCTBEHHBIX U MEXAYHAPOAHBIX, [TO BOIIpocaM jedrenbHocTu JlabopaTopuu;

- Y4acTBYET B IOATOTOBKE U MPOBEIECHUH HAYYHBIX KOHpepeHuuid, cemunapoB B MOTH, a takxe
MOJACP>KUBACT U PACHIMPSET MPO(GUIbHBIC HAYYHBIE CBSA3H, B TOM YHCIIE MEXIYHAPOIHBIE;

- OCYIIECTBIISICT MOATOTOBKY K MyOJIMKAIIMU HayYHbIX MaTepuaioB: MoHorpaduil, cratei, OTYETOB,
BBICTYIUICHHM, OKJIAZIOB U T.I. B 00JacTH crienuanu3anuu Jlaboparopuu;

- pacmpocTpaHseT mocpeacTBoM IHTepHeTa M cpeacTB MaccoBod HMHGOpMAIMM HAay4HO-
MIPOCBETUTENBCKYIO HH(POPMAIUIO O pe3ysIbTaTaX Hay4HO-UCCIIEA0BaTeNbCKUX padbot Jlaboparopuu.

- OpraHu3yeT CeMHMHaphl U MacTep-Kjacchl Mo Temaruke JlabopaTopuu, B TOM 4YHCIE Ui
pPabOTHHMKOB, CTYIEHTOB U actiupanToB MO TU;

- IPUBJIEKACT CTYJCHTOB U aciupaHToB MPTU K mpoBeAeHUIO HAYYHO-UCCIIE0BATENLCKUX padoT

Ha Oa3ze Jlaboparopuu;
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- COICUCTBYET yCTaHOBICHUIO yCTOMUUBBIX cBsizeit MO TU ¢ yuacTHUKaMH pbIHKA TPyia B 00JIaCTH
cnenuanuzannu Jlabopatopuu C LENbI0 YIYyYLIEHHS BO3MOXKHOCTEH TPYAOYCTPOMCTBA BBIMTYCKHUKOB
MO®THN.

B pamkax cBoeil AeSTEIBHOCTH J1A00OpaTOPHs MPUHUMAET ydacTrue B MeponpusaTusx deaepanbHon
HAayYHO-TEXHUYECKOM MpPOrpaMMbl pa3BUTHS CHHXPOTPOHHBIX U HEHUTPOHHBIX HCCIEJOBAaHUM H
UCCIeIoBaTeNnbCcKol uHpacTpykTypsl Ha 2019 — 2027 ronmbl, yTBEpKISCHHOW IOCTAHOBICHHEM
[TpaButenscTBa Poccuiickoit deneparuu ot 16 mapra 2020 . Ne 287 «O6 yrBepxkaennn denepanbHoit
Hay4YHO-TEXHUYECKON MpOrpaMMbl pPAa3BUTHUS CUHXPOTPOHHBIX W HEUTPOHHBIX HCCIECIOBAaHUN H
UCCle1oBaTeNbCKOM HHPpacTpyKTypsl Ha 2019 — 2027 roas»:

a) IPOBEICHUE CHHXPOTPOHHBIX U HEHTPOHHBIX MCCIIENOBaHUHN (Ppa3paboTOK), HEOOXOIUMBIX IS
pelleHrs MPUHLUIUATBHO HOBBIX (YyHIAMEHTAJIBbHBIX M KPYHHBIX MPHUKIAIHBIX 337ad, B TOM YHCIE:
MOAJIEPKKA HAYYHBIX M HAYYHO-TEXHUYECKHUX MPOEKTOB, BBINOJIHIEMBIX OPraHU3aLUSIMH, B TOM YHCIIE
COBMECTHO C OPTraHM3alUsAMH, JCUCTBYIOUIMMU B PEAIBHOM CEKTOpPE 3KOHOMMKH, IMPEACTABUTEIIMU
MEXYHAapPOJAHOTO HAYYHOTO COOOILECTBA, a TAK)KE MPOEKTOB HCCIIEAOBaTeNlel B Bo3pacTte 10 39 ier;
NoJIep)KKa pa3paboOTKU M TpaHcdepa MPOPHIBHBIX TEXHOJOTHH, CO3MAaHHBIX C HCIOJIb30BAHUEM
pe3yabTaTOB CUHXPOTPOHHBIX U HEUTPOHHBIX MCCIEIOBAHUM, a4 TAKXKE YCKOPUTEIbHBIX, PEAKTOPHBIX U
SIIEPHBIX TEXHOJIOTHI, B TOM YUCIIE B paMKaX Pa3BUTUS AIEPHON MEIULINHBL;

0) co3maHWe CeTeBOM  CHHXPOTPOHHOM M HEHTPOHHOW  HAy4YHO-MCCIIEJOBATEIbCKOM
UHOPACTPYKTYpsl Ha Tepputopun Poccuiickoit deneparyy, B TOM YKCIIE CO3/IaHUE U pa3BUTHE Ha 0Oaze
opranuzanuii 1adoparopuii ¥ HEHTPOB, BKIIOYAst EHTPbI KOJUIEKTUBHOIO MOJIb30BaHUs, UHQPACTPYKTYPHI
JUIS XpaHEeHHs, oOpabOTKM M aHajau3a HKCIEPUMEHTAJIbHBIX JAHHBIX, O00ECIEUYMBAIOIIMX YCKOPEHHOE
pa3BUTHE CUHXPOTPOHHBIX U HEUTPOHHBIX HCCIIEJOBAHMM, YCKOPUTENIbHBIX, PEAKTOPHBIX U SAECPHBIX
TEXHOJIOTUH, B TOM YUCJIE TEXHOJIOTUI AIEPHON MEIUIUHBI;

B) IMIOJATOTOBKAa CIEIUATUCTOB B OOJACTH pa3paOOTKH, MPOCKTUPOBAHUS M CTPOUTEIHCTBA
HMCTOYHUKOB CUHXPOTPOHHOI'O M HEUTPOHHOTO M3JIY4YEHHs, & TAKXKE HAYUYHBIX KaJIpOB IS IPOBEICHUS
CHHXPOTPOHHBIX M HEUTPOHHBIX HCCIEI0BaHUH (pa3padOTOK) B LEISAX MMOIyUYEHHsI pe3yJIbTaTOB MUPOBOTO
YpPOBHS, B TOM YHCJIe: pa3padoTKa U peaau3anus o0pa30BaTeNbHBIX MIPOrpaMM BhICIIET0 00pa30BaHuUs U
JIOTIONIHUTENBHBIX ~ MPO(PECCHOHANBHBIX  MPOTpaMM, HAIPAaBICHHBIX Ha CO3JaHHME MPOPBIBHBIX
TEXHOJIOTMYECKUX PEIICHHUI ¢ MPUMEHEHHEM CUHXPOTPOHHBIX U HEUTPOHHBIX HCTOYHUKOB; OpraHU3aLNs
U TIPOBEJICHUE HAYYHBIX KOH(EPEHIHH, KO ¥ CEMHHApOB JJIsl MCCIIeAOoBaTeNell U 00yJaromuxcs 1o
HalpasJIeHUsIM peanuzauuu PenepaibHOi porpaMMsl B Bo3pacte A0 39 Jer.

K nayuHo-uccrmenoBaTenbCkoil paboTe OyayT mNpUBIEKAThCS OOydaroniuecss (U3TEX-IITKOIbI
¢bus3uku u uccnenoanuii uMm. Jlanmay MOTHU, B cocTtaB KOTOPOW BXOIWUT CO3/aHHAs J1aOOpaTopusi U
6a3oBas kapenpa OUSAN «Kadenpa GpynnaMeHTaIbHBIX U TPUKIAIHBIX POOIIEM GU3UKH MUKPOMHPAY, a

TaKke o0ydarouecs Apyrux Gu3Tex-IKoi.
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[Ipunoxenus.

1. TTpuka3s o co3ganuu nadboparopuu. Paiin [pumosxk.1.3.3.pdf
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1.3.4 ®opmMupoBaHue NepevyHsi HAYYHO-HCCJIeJ0BaTeIbCKHX padoT U pyKOBOAMTE/Iei HAYYHO-
HCCJIC0BATEILCKUX MPAKTHK CTYJCHTOB U ACNIHPAHTOB, peaju3yeMbIX B paMKax padoTbl HAY4YHO-
odpa3oBarebHoii JadopaTopuu B 2022r. (CoBmectHo ¢ MO THU. /lorosop 400/1984 ot 23.11.2021).

B 2022 roxy Oyzaet nmpousBeaeH HaOOp 00ydaroIMMUXCs U3 YUCIIa CTYICHTOB U aClTUPaHTOB (QU3TEX-
mKoabl pu3uku M uccrnepoBanuii M. Jlanmay MOTU ansg ydacTus B Hay4yHO-HCCIEIOBATEIbCKHX
MPAKTHUKAX U BBHINIOJHEHUH HAyYHO-UCCIeN0BaTEeIbCKUX paboT. C 3Toi 1enbio chopMUpOBaH U yTBEPXKIEH
NepevYeHb HAay4YHO-UCCIIEJOBATEIbCKUX PAdOT M PYKOBOAUTENEH Hay4yHO-MCCIEN0BATENbCKUX MPAKTUK

CTYJICHTOB U aCIIUPaHTOB, MPEICTABJICHHBIN B TaOIHUIIE:

J5(0) First name, | Scopus ID Opranumszanus / | HaumenoBanue
Family name O3NS tembr HAP
Enuk Temyp | Enik, Temur 7801649876 OO0beauHeHHbI | TOHKOCTEHOUHBIE
JIbBOBHY WHCTUTYT npeidoBbie TPYOKH
SIIEPHBIX B OKCIIEPUMEHTAX
HCCIeNOBaHUM, | MeracamHc
HavaJIbHUK
TpyIIIbI
JlaGoparopuu
bu3uKu
BBICOKHX
SHEprui HM.
Bexkcnepa u
bananna
[IIBenoB Shvetsov, 7006599034 O6wenunennsiit | [lepcnexkTuBHBIC
Banepwuit Valery UHCTUTYT HanpaBJICHUSA
Hukomnaesuu AJIEPHBIX pa3BUTHUS
WCCIIEIOBAHUM, | JETEKTOPOB
JUAPEKTOP HEUTPOHOB
JlaGopaTopun
HEUTPOHHOU
du3uKu UM.
®paHka

198



https://www.scopus.com/authid/detail.uri?authorId=7801649876
https://www.scopus.com/authid/detail.uri?authorId=7801649876
https://www.scopus.com/authid/detail.uri?authorId=7006599034
https://www.scopus.com/authid/detail.uri?authorId=7006599034

Jleruarua  Erop | Lychagin, Egor | 6602383981 OO0benuHeHHBIN | JleTekTopbI
Basnepneruu UHCTUTYT YIIBTPAXO0JI0THBIX
SIEPHBIX HEUTPOHBL.
ncciaenosaguy, | TexHomormueckue
3aMECTHUTEINb 0COOCHHOCTH u
IUpekTopa 1o | obmactu
Hay4YHOU paboTe | MpUMEHEHHS
JlaGopaTopun
HEUTPOHHOU
bu3uKu UM.
®paHka
Hecewxkesckuii | Nesvizhevsky, 6603951863 Institut  Laue- | YiprpaxomoHbie
Basepwii Valery Langevin, HEHTPOHBI Kak
BukropoBuu Grenoble, UHCTPYMEHT  JUIA
France, U3y4YeHUs
dbyHIaMEHTATBHBIX
CBOWCTB HEUTPOHOB
HemoBuu Dedovich, 8105593300 O6wenunennsiii | Jlerekropsr MM,
JiMuTpuii Dmitri UHCTUTYT Metoabt
Bnanumuposuu SITEPHBIX JCTEKTUPOBAHUS U
UCCIICIOBaHHN, | KOHCTPYKTHUBHBIC
0COOEHHOCTHU
Jemuuen Demichev, 36491284700 O6wenunennsiii | [Ipumencuue
Muxann Mikhail UHCTUTYT IPOrPaMMHOTO
AHnnpeeBuu SIIEPHBIX nmakera ROOT pmus
UCCIIC/IOBaHM, | aHAJIM3a JaHHBIX CO
CTPOY IETEKTOPOB
XKemuyros Zhemchugov, 56967778500 O6wenunennsiii | [Ipumencuue
Anexceit Alexey WHCTUTYT nakera Geantd mis
Cepreesuu SIIEPHBIX ONHUCaHHUsT PaOOTHI
WCCIIEIOBAHUM, | JE€TEKTOPOB
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https://www.scopus.com/authid/detail.uri?authorId=6602383981
https://www.scopus.com/authid/detail.uri?authorId=6602383981
https://www.scopus.com/authid/detail.uri?authorId=6603951863
https://www.scopus.com/authid/detail.uri?authorId=6603951863
https://www.scopus.com/authid/detail.uri?authorId=8105593300
https://www.scopus.com/authid/detail.uri?authorId=8105593300
https://www.scopus.com/authid/detail.uri?authorId=36491284700
https://www.scopus.com/authid/detail.uri?authorId=36491284700
https://www.scopus.com/authid/detail.uri?authorId=56967778500
https://www.scopus.com/authid/detail.uri?authorId=56967778500

IIImaTtoB Shmatov, 57195761975 O0wvenuuennslii | dusnka Ha

Cepreit Sergei UHCTUTYT yCTaHOBKax

Brnagumuposuu SIEPHBIX MeracaiHc
HCCJICTOBAaHUM,

Bboanapuyk Bodnarchuk 6601982662 OObeaHEHHBIA | YCTaHOBKH Ha

Buxkrop Victor UHCTUTYT NBP2. MHCTpyMEHT

HBanoBu4 SIIEPHBIX MIPUKIATHBIX

WCCIIEIOBAHUM, | HEUTPOHHBIX

HUCCIIETOBAHUN.

B 2021/2022 yye6HomM romy M®PTU mo wurToraM KOHKYpCHOrO OTOOpa MOJIYYHJI TPaBO Ha
npoBeaeHUe Beepoccuiickoit ouMIIuaibl CTyIeHTOB «S — mpodeccroHam». o YeThIPEM HaIpaBICHUSM,
BKJIIOYas HampapiieHue « PU3KKa U TEXHOJIOTMH YHUKAIbHBIX HayUHBIX YCTAHOBOK Kjlacca «MeracaileHe»»

(https://lpr.mipt.ru/megascience).

Bcepoccuiickas onummuanga CTyAeHTOB «S1 — mpodeccuoHam» MpPOBOIUTCS A CTYJICHTOB
OakanaBpuaTa, MAarucTpaTypbl, CHELUAIUTETa POCCUHCKUX BY30B U HalpaBlieHA Ha IPOBEPKY
TEOPETUYECKUX 3HAHNUU U NPUKIIAJAHBIX KOMIIETCHIMN. [ 1TaBHAS 11€)Ib IPOEKTa — MOAJEPIKKA TATaHTIIMBBIX
CTYACHTOB, KOTOpasi MO3BOJIUT UM IPOJODKUTH OOy4YeHHE B BEIYILIEM POCCHHCKOM By3€ WJIM HAdaTh
Kapbepy. «5 — npodeccuonam» — ouH U3 (IarMaHCKUX MPOEKTOB Mpe3uIeHTCKON miardopmel «Poccust
— CTpaHa BO3MOXHOCTEW.

Omumnuana «f — mpodeccuoHam» Mo HamnpaBieHHI0 «Pu3MKa M TEXHOJIOTMH YHHUKAJIBHBIX
Hay4yHBIX YCTAHOBOK Kjacca ‘“meracaiieHc”» npoBoguTcs ¢ noanepxkkorn OUAN, ®UAH, TPUHUTU,
HUIL KN - NU®B3, UK CO PAH u npu yyactuu By3a-coopranuzaropa HI'Y.

[To uroram perucrpanuu, cocTosBIIeHcs B nepuoa ¢ 27 okTsOpst mo 7 nexabps 2021 rona, ams
y4acTus B HarpaBiieHUU « DU3HUKa U TEXHOJIOTUH YHUKAIBHBIX HAYYHBIX YCTAHOBOK KJ1acca “MeracaieHc”»
3apeructpupoBainck 2806 cryneHToB M3 423 By30B, pacmnojoXeHHbIX B 76 pernonax Poccum u 3a
pyOexomM.

Bonee monoBuHBI 3aperucTpUpOBaBIIUXCS CTYAEHTOB — 1761 — crynenTsl OakanaBpuara. 1045
3apEruCTPUPOBABIINXCSA YYaCTHUKOB Yy4aTCsl B MATUCTPATYPE WM CIIELUAIUTETE.

HanOonpiryto 3aMHTEpPECOBAHHOCTh IPU PETUCTPALlMM HA HANpaBJIEHHE MPOSIBHIIN CTYJEHTHI
MO®TU - 223 crynenra, HUSAY MUDU - 156 ctynentos, MI'Y — 95 crynentos, MI'TY um. H.3. baymana
— 71 crynent, HUY MBU - 60 crynentroB, HUY BIID — 58 crynenros, Yuusepcurer UM'TMO — 56
crtynentoB, MAUW — 52 crynenta, CII6I'Y — 50 cryaentos, CIIGITY Ilerpa Benukoro — 48 cTyneHTOB,

Yp®VY - 47 crynentos, HI'Y — 41 crynenr.
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JU71s HOATOTOBKM CTYZICHTOB K OTOOPOYHOMY 3Tamy OJUMMHaasl corpyanukamu MOTU, HULL KN
— N®B3 u TPUHUTHU Obimu pazpaboTaHbl 1€MOBEPCUU 33aHUN OTOOPOYHOIO 3Tamna Mo HalpaBJICHUIO
«Du3MKa U TEXHOJIOTUY YHUKAIBHBIX HAYYHBIX YCTAHOBOK KJlacca “MeracaiieHc”» i KaTerOpyuH y4acTus
«OakanmaBpuaT» 1 KaTeropyuu y4yacTHsl «MarucTpaTypa/creuaauTeT .

OO0pa3zoBarenbHbIl BeOMHAp A7l YYACTHUKOB HANpPAaBJICHUS, Ha KOTOPOM OBLIM MPEICTABICHBI
JEMOHCTPALIMOHHBIE 3aJaHMsl W HX pELIeHUs, IPOBEN IpeAcenaTelb METOIUYECKOM KOMHCCHU
HaIpaBlIeHUs, TOKTOp (PU3MKO-MAaTeMaTHUYECKUX HayK, 3aBeIyIOIIUN JlabopaTopueil (yHIaMeHTalIbHbBIX
B3aumozeicTeuil JJOU MOTU, Benymuit HayIHbINA COTPYIHUK OTIeNa dIKCTiepuMeHTanbHor Gusnkun HULL
KN - HU®DBD, corpymauk komraboparuu ALICE (CERN) HO.B. Xapnos. BeOunap (Bumeo):
https://youtu.be/w9JJdYhefNk.

s mpoBeneHUss OTOOPOYHOrO 3Tama IO HampaBiIeHHIO oduMnHaabl «Du3uka M TEXHOJOTUU
YHHUKaJIbHBIX HAYYHBIX YCTaHOBOK Kjlacca ‘‘™meracaiieHc”» coTpyaHukamu M®OTU, B ToM umcie ¢
MPUBJICYEHUEM CO3JaHHOM Hay4HO-00pa30BaTENbHON JIaOOpAaTOPUHM MEPCIEKTHUBHBIX TEXHOJIOTHM
meracaiienc, HUL[ KU — U®B3, TPUHUTU, OUSAN, DUAH, HT'Y u UK CO PAH 6butn pa3paboTaHsl
3aJaHusg  OTOOPOYHOTO dTama JUIsl KaTeropuu ywacTus «OakamaBpuaT» M KAaTeropuu y4acTus
«MarucTpaTypa/cCneruaiuTeTy. 3aJaHus OJUMIIHNAJIbl, COCTABICHHbIE HAYYHBIMU COTPYAHHMKAMH, NalOT
BO3MOXXHOCTh CTYJEHTaM I103HAaKOMHUTHCS C AaKTyaJbHBIMH HCCJIEIOBAaTEIIbCKUMH MpoOIeMaMu U
nonpoOOBaTh CBOM CHUJIBI B PEIIEHUH HE YUEOHBIX, a peaIbHbIX 33/1a4.

Ot6opounsiit 3tan cocrosuics 10-26 nekadps 2021 roma. B TedeHnue 3Toro mepuoja y4acTHUKH
MOTJIM BBIOpaTh JI€Hb W BpeMs UId TOTO, YTOObI MPHUCTYNUTHh K pelleHuio 3aaady. Ha pemienue ObL1o
oTBeficHO 8 4yacoB. OTOOPOYHBINA 3Tam OBLI OpraHW30BaH AWCTAHIIMOHHO C HMCIOJB30BAaHUEM OHJIANH-
wiargopmsel Anaexc.Konrecr.

VYyactHukM, nokaszasBmne B 2022 roay Jydinive pe3ysbTarhbl, MOJIy4aT AUIUIOMBI IIPU3EPOB,
nobenuteneit, MmemanucToB. [ Kaxaol KaTeropuu AWIJIOMAHTOB MPEIyCMOTPEHbI JBbIOTHl MpPH
MOCTYIUICHUH B MarucTparypy U aCHUpPaHTypy, BO3MOKHOCTH MOJIYYUTh CTaKUPOBKY/paboTy B HAyYHOMU
opraHu3any. MepornpHsTHs O3BOJIAT 0TOOPaTh CTYACHTOB, 3aMHTEPECOBAHHBIX B JalbHEHIIICH HAyqIHOH
Kapbepe, KOTOpbIe MPOAOIDKUTH 0oOpa3zoBaHue B ToM yucie B MOTU B obnactu «meracaiieHc», HayaTh
paboTy B cOCTaBe HayYHBIX KOJUIEKTHBOB TakuxX opranuzaiuii kak OMAN, ®DUAH, TPUHUTU, HULL KU,
UK CO PAH, USAN PAH wu nap., a takxke B jabopatopusx MOTU, HI'Y u npyrux yHUBEpPCHUTETOB.
Meponpustus popyMa pa3BUBAIOT OOLIMI KPyro30p CTYJIEHTOB B 00JIACTH WX OYyAYIIMX BO3MOXKHOCTEH,
3HAaKOMSAT C pabOTOil POCCHHCKHMX YCTAaHOBOK Kilacca «MeracaileHc», € KOJUIEKTUBAMH YYEHBIX, HX
npodeccnoHaNbHOM 1eATENbHOCTBIO, TEKYIIUMU MPOEKTaMH U pa3paboTKaMu.

B pamkax omummumanbl «S — mpodeccruonam» opraHuszyercs o0pa3oBaTeNbHBIA (GOPYM, KOTOPBIH

OyzeT BKIII0YaTh 3HAYUTEIbHYIO YaCTh MEPONPUATHIA (JIEKIIUN, SKCKYPCHH, JP. ), LEIbI0 KOTOPOTO SIBIISETCS
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(dbopMUpOBaHHE YCTOMYMBOTO MHTEpECa K UCCIICIOBATENHCKON NEATENILHOCTH Ha YHHUKAIIBHBIX HAYYHBIX
yCTaHOBKax Kjacca "MeracaiieHc".

dopmMupyeTcsl HaydHas MMOBECTKA JIA00OPATOPUHU NMEPCTICKTUBHBIX TEXHOJIOTHUI Meracaiienc MOTHU.
B paMkax ogHOTr0 U3 HallpaBJIeHUH, TPOBEIeHA MOMCKOBAs HAy4YHO-HUCCIeI0BaTeNIbcKasi padoTa: BBIMOJIHEH
aHaJIN3 COBPEMEHHOI'0 COCTOSIHUSI MCCIIEI0BAHMM, OCHOBHBIX HAIIPaBJICHUN B MUPOBOM HAYKE U BISIBJICHUE
HAyYHBIX KOHKYPEHTOB B 00JIACTH MEPCIIEKTUB CO3aHMS KOOPIUHATHBIX JIETEKTOPOB HA OCHOBE CTPOY IS
MIPUMEHEHHUSI B SKCIIEPUMEHTAX Ha MUCTOYHUKAX HEHUTPOHOB. JIJil 3TOr0 yUUTHIBAJICS OMBIT U HapaOOTKH,
KOTOpBIE MOJIyYEeHbI B pa3HOE BpeMs B paboTe 3KCIIEPUMEHTOB Ha YCKOPUTEISIX

OnbIT MPUMEHEHHS 3aMMCTBYETCSI U3 SKCIEPUMEHTOB HA YCKOPHUTENSAX B PAJUAIMOHHBIX MOJISAX
BBICOKON MHTEHCUBHOCTH JJIsl ONPEACNICHUSI TPACKTOPUM YaCTHI], B KOTOPBIX MPUMEHSIOTCS HECKOJIBKO
TUTOB JeTeKTOopoB. OAHUMHU U3 HanOoJee 4acTO UCIOJIb3YEMBIX KOOPJAUHATHBIX JETEKTOPOB SIBISIFOTCS
MHOTOIPOBOJIOYHbIE FA30HANOIHEHHbIE IETEKTOPHI, TAKHE KaK MMPONOPLUOHANIbHBIE U IpeioBbIe KaMephl
[FO.B.3aneBckuii, [IpoBOIOYHbIE IETEKTOPHI 3JIEMEHTAapHBIX yacTuil. ATomusaar, 1978; G.Charpak et al.,
Nucl. Instr. and Meth. in Phys. Res. 62 (1968) 262; A.H.Walenta, J.Heintze and B.Schurlein, Nucl. Instr.
and Meth. in Phys. Res. 92, (1971) 373].

MHuoromnpoBosiouHas mpornopruonanbHas kamepa (MIIK) mpeacraBmsier coboit cuctemy wu3
00JIBIIOr0 KOJIMYECTBA TOHKUX IMapallIeNIbHBIX MPOBOJIOYEK, PACHOJOKEHHBIX B OJHOM MJIOCKOCTH H
SIBIISTFOIIMXCS] aHOAAMH, KOTOPBIC HAXOSITCS B TA30BOM 00BEeMe MEKIY ABYMSI INTIOCKUMU MMapaJLICIbHBIMU
Ipyr APYTY U aHOAy KaToJaMmH (CIUIOIIHBIMA WJIM TMPOBOJIOYHBIMH). B THUNMYHOM ciydyae aHOJHBIC
MPOBOJIOYKHU YAAJIEHBI IPYT OT Apyra Ha 2 MM M HaXOJATCS Ha pacCTOsIHUU 4 - 6 MM OT KaTto10B. Pa3HOCTh
MTOTEHITMAJIOB MEX]Ty aHOJIOM M KaTtoJoM Heckobko KB. Takue nmapamerpsr MIIK oGecrieunBaroT razoBoe
yeunenue 10**4 - 10**5 u nmponopumoHaIbHOCTh aMIUIUTY Il CUTHAJIA SHEPTUH, OCTABICHHON YacTHUIIeH
B o0beme raza [G.Charpak, D.Rahm and H.Steiner, Nucl. Instr. and Meth. in Phys. Res. 80 (1970) 13]. [Tpu
MIPOXOXKACHUN 3apsSKEHHOM YacTHIIbI Yepe3 Kamepy, 00pa3oBaBLIMECs BIIOJIb CJI€a YACTHUIIBI SJIEKTPOHBI
MOHM3AIMH JBUTAIOTCS B DJIEKTPUUYECKOM TOJI€ K OIMXKaNIIMM aHOJHBIM MPOBOJIOYKAM, TJ€ MPOUCXOTUT
WX JJABUHHOE Pa3MHOXKEHHE. DIEKTPOHUKA PETUCTPUPYET CUTHAII C KXKIOW MPOBOJIOUKH. Takum oOpazom,
IIPUXO/ISIIME CHTHATB YKa3bIBAIOT KOOPAUHATHI yacTribl B8 MITK ¢ TounOCTBIO 6=8V12, I/Ie - paccTosiHUe
MEXKJy COCEIHUMH aHOJHBIMU MPOBOJIOKaMH. THUNHYHOE NPOCTpaHCTBEHHOE paspemenne MIIK
cocrapisieT 600 — 700 mxm [Knayc I'pynen, JleTekTopsl dneMeHTapHbIX yacTuil, Cubupckuii xponorpad,
HoBocubupck, 1999]. Dnepreruyeckoe pazpenieHre mponopuuoHaabHoi kamepsl ~ 30%.

HpetidoBast kamepa, MOSBUBIIASCS B CEMHUIECATHIC TOJIBI MIPOIILIOTO BEKa, SBISETCS MPOBOIOYHBIM
ra30HANOJHEHHBIM JETEKTOPOM (KaK M MpOMOpIHOHAIbHAs Kamepa), B KOTOPOM KOOpAMHATa YaCTHUIIbI
OTpesieNIsieTCsl U3MEPEHUEM BpeMeHH Jpeiida IeKTPOHOB B ra3e 0T MeCTa HOHU3AUH (ITPOJIETa YACTHIIBI)
70 CUTHAJIBHBIX aHOJHBIX MpPOBOJIOYEK. B dpeiidoBoil kamepe depenyroTcsi pacroiioKEHHBIE B OHOMN

IUIOCKOCTU AHOJHBIE M KaTOJHBIC MPOBOJOYKH, (GopMHpYIOLIHE Apei(oBbIe MPOMEKYTKH (SUCHKH).
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Paccrosinne MCXKAY aHOAHBIMU HPOBOJOYKAMH OGBI‘IHO COCTAaBJIFACT [0 HECKOJBbKHUX CAHTHUMCTPOB.
[IpoctpancTBeHHOE paszpeuieHue apeidoBoit kamepbl okono 200 mxMm. M3mepeHue BpeMeHH HE JaeT
BO3MOXHOCTH OIPEIETUTh, C KaKOWl CTOPOHBI OT aHoJa Mponuia 4dactuua. s ycTpaHeHHs 3TOi
HEOMpeAeIEHHOCTH OOBIYHO UCIIOJIB3YIOT /IBa CII0s APEi(OBBIX siueeK. ITH CJIOU CABUTAIOT OTHOCUTEIHHO
Apyr Apyra Ha TOJOBUHY LIMPUHBI sueiiku. [peiidoBbie kamepsl MOTyT OBITh KaK IUIOCKMMH, TaK U
MUJIMHAPUYICCKUMMU.

YactHeiM citydaeMm JApelioBoil Kamepbl SBISAIOTCA JETEKTOPhl Ha OCHOBE TOHKOCTEHHBIX
npeiidoBeix Tpyook (ctpoy) [W.W.Ash et al., Nucl. Instr. and Meth. A 261 (1987), 399; I'.I.Kekenung3e,
B.A.IlemexonoB, [Ipern3noHHbie TPEKOBbIE AETEKTOPHI HA OCHOBE TOHKOIICHOYHBIX APEH(POBBIX TPyOOK
(straw), ®wu3uka syIeMeHTapHbIX dYacTuil W aromHoro smpa, 2002, T.33]. Ctpoy obOmamaroT psaom
MPEeUMYIIECTB, TaKWX Kak MHHUMaJlbHOE KOJMYECTBO MX COOCTBEHHOI'O BEIIECTBA, BBICOKHE
MIPOCTPAHCTBEHHO-BPEMEHHbIE MTapaMeTPhbl U CIOCOOHOCTh paboTaTh B CHIIBHBIX paHallMOHHBIX MOJISAX, a
Tak)k€ TMOKOCTb KOHCTPYKTHUBHBIX pELICHUH MpH CO3JaHUM JAETEKTOPOB M CPaBHUTEIBHO HHU3Kas
CTOMMOCTb. Bce 3T0 103BOJIIET YCHEIIHO MPUMEHITh KOOPAUHATHBIE JETEKTOPBI (TPEKEphl) HA OCHOBE
CTpOYy B 6OJ'II>H_II/IX OKCIICPUMCHTAJIbHBIX YCTAHOBKAX:

- skcnepument 831 (FOCUS) [J.Link, Proceedings of the 1997 ICFA School on High Energy
Instrumentation], MECO/MuZ2e [Takubo Y. et al. Development and Performance of Resistive Seamless
Straw-Tube Gas Chambers // Nucl. Instr. Meth. A. 2005. V. 551. P. 271-284], Fermilab.

- skcnepumeHT COMPASS, CERN [Abbon P. et al. // Nucl. Instr. Meth. A. 2007. V. 577. P. 455-
518; Bychkov V. N. et al. // Nucl. Instr. Meth. 2006. V. 556. P. 66-79].

- skcrepuMenT ATLAS 6ombmioro agponnoro komtaiiaepa (LHC), CERN [Kekemumze I'.JI.
Co3naHue AeTeKkTopa MEepexoaHOro u3inydeHus-tpekepa "B'-tuma mist ycranoBku ATJIAC Gosnbiioro
aJIPOHHOTO KOJUTaijiepa : auccepraius Kanauaata Texauaeckux Hayk : 01.04.23 / OUSU, Jlyona, 2007,
Inner Detector Technical Design Report. ATLAS TDR 5, CERN/LHCC/97-17. 1997].

- skciepumenT PANDA, FAIR GSI [Wintz P. A Large Tracking Detector in Vacuum Consisting of
Self-Supporting Straw Tubes // AIP Conf. Proc. 2004. V. 698. P. 789-792].

KoopaunaTHble AETEKTOPBI HA OCHOBE CTPOY YaCTO MCIOJIB3YIOTCS KaK JETEKTOPBI IEPEXOIHOTO
U3ITy4eHUs U1 UACHTU(PUKAUHN 3apsDKEHHBIX YacTULl OOJBIION HEPTHH 0 MEePEXOJHOMY H3IYUYEHHUIO,
HCIyCKaeMOMY HMHU TpU TEpPeceuYeHUr TpaHHIl pas3jesia Cpel C Pa3IuYHbIMH JUAJIEKTPUUYECKUMHU
MPOHUIIACMOCTSAMMU.

HpeI/IMyH_IGCTBa HCIOJIb30BAHUA KOOPAWHATHBIX ACTCKTOPOB HAa OCHOBC CTPOY IO CPABHCHUIO C
KOOPJIMHATHBIMU JI€TEKTOPAMU JAPYTUX BUAOB SBISIOTCA:

- IPOCTPAHCTBEHHOE pa3zpenieHue ~ 150 Mxm;

- MHUHMMaJIbHas BEIMYMHA pPAJUALUOHHOW TOJIIMHBI JETEKTOPOB HA OCHOBE CTPOYy IIpHU

BO3MOXHOCTH CO3JaHUS MHOTOKAaHAJIbHBIX JCTCKTOPOB C OOJIBIIINM AKCCIITaAaHCOM,

203



- BBICOKas paJUAIlOHHAs CTOMKOCTh, OOBSICHSIEMAas TOCTOSHHBIM OOHOBIEHHEM pabodero
BCIICCTBA U IIHUPOKHMHU BO3ZMOXKHOCTIAMU 0T60pa H€O6XO,Z[I/IMI>IX AJIg CO3JaHud ACTCKTOPOB MAaTCPHUAJIOB;

- BBICOKAsI JIOKaJIbHAS 3arpy304Hasi ciocoOHOCTh. COOCTBEHHOE OBICTPOICICTBIE MOXKET JOCTUTATh
BeIUYUHBI ~ 10¥*7 1/c;

- paboTa B [OCTaTOYHO UIMPOKOM JHarna3zoHe Iu(@epeHNaTIbHOr0 JaBlIEeHUsI Ta30BOTO
HAaI10JIHCHUA,

- BBICOKHME SKCIUTyaTallHOHHbIE CBOMCTBA C BO3MOXKHOCTSIMM MOHUTOPHHTAa M CTa0MIM3AINU
pabouux mapaMmeTpoB;

- IIAPOKUEC BO3MOKHOCTH ONTUMHU3ALUU MAPAMCTPOB OPHUIMHAJIBHBIX ACTCKTOPOB JISI PCIICHUA
YaCTHBIX SKCIICPUMCHTAJIbHBIX 3a/1a4,

- BO3MOXKHOCTb CO3/IaHHS TPaHYJIHPOBAHHBIX CTPOY-IETEKTOPOB, OBICTPHIX JIBYMEPHBIX
KOOpJIMHATHBIX JIETEKTOPOB B pe3yJbTaTe pa3BUTHS KAaTOJAHOTO CYHMTHIBAHUS U  pealu3aluiu
OJTHOBPEMEHHOTO OIpeNieeHs] paAualbHbIX U TMPOAOJIbHBIX KOOPIWHAT METOAOM BPEMEHHOIO
CUHUTBIBAHUS.

Haubonee moHbIi 0630p 0COOEHHOCTEH UCTIONB30BAHUS CTPOY B TPEKOBBIX JIETEKTOPAX MPUBEICH
B pabote [Peshekhonov, V.D. Coordinate detectors based on thin-wall drift tubes // Phys.Part.Nucl. 46
(2015) no.1, 94-122].

KoHcTpykTHBHBIE 0COOEHHOCTH M OCHOBHBIE TTapaMEeTPhl TPEKOBBIX JIETEKTOPOB HA OCHOBE CTPOY
Ha TpUMEpax BBIIOJHEHHBIX HCCICAOBAHMM M pa3pabOTOK Ui SKCIEPUMEHTOB HA YCKOPHUTEIBbHBIX
KoMIuiekcax mpuBojsatcs B paborax [Howel B., Koltick D., Kobayashi M. Crimping: a Wire Fastening
Technique in Wire Chamber Construction // Nucl. Instr. Meth. A. 1990. V. 289. P. 185-193; Bytchkov V.
N. et al. Construction and Manufacture of Large Size Straw-Chambers of the COMPASS Spectrometer
Tracking System // Part. Nucl., Lett. 2002. No. 2[111]. P. 64-73; Arai Y. et al. (SDC Collab.). A Modular
Straw Drift Tube Tracking System for the Solenoidal Detector Collaboration Experiment. Part. Design //
Nucl. Instr. Meth. A.1996. V. 381. P. 355-371; Hauviller K. et al. Radiation Hardness of Polysulphone and
Polycarbonate Elements for LHC Detectors. JINR Commun. E14-98-245. Dubna, 1998. 11 p.]. Ctpoy
COCTOSIT U3 MPEIM3UOHHOM MJIACTHKOBOW TPYOKH, M3TOTOBJICHHON U3 TOHKUX TIJICHOK (JIaBCaH, MMOJTHAMUL),
BHYTPEHHSS [MOBEPXHOCTh KOTOPOM SIBISIETCS MPOBOASIIEH U CIY)KUT KaToAOM, C YCTAaHOBJIEHHOM IO ee
OCH aHOJHOW TMPOBOJIOKOW, KOHIIBI KOTOPOM 3akperuieHbl. Jjis ¢uKcaruu aHOAHOW TPOBOJIOKH YacTo
HUCIOJIB3YIOT KAIWJUIAPHBIC MCTAJUIMYCCKUC pr6KI/I - INHBbI, YCTAHOBJICHHBLIC B IJIACTUKOBBIX KOHIICBBIX
BTYJIKax. I[JDI YMCHBIICHUA I'PABUTAIITUOHHOTO U SJICKTPOCTATUYCCKOIO CMCHICHUA aHO/{a B JJIMHHLBIX CTPOY
BJIOJTb OCH YCTaHaBIIMBAIOTCS TIOJIICPKUBAIOIIE aHOT BTYJIKH (criericepsl) Mo oaHor Ha kaxkabie 80-100
CM JITMHBI aHOAa. KanToH o0anaet Jydiiel paadaliiOHHON CTORKOCTHIO U 00JIee BEICOKOM TeMITepaTypoi
IUIaBJICHUS, B CBA3HU C UCM 3TOT MATCpUaAJl ABJIACTCA HaH6onee YaCTO HUCIIOJIB3YyCMbIM IIPU U3TOTOBJICHHUU

cTpoy. [l BHyTpeHHEro ¢i0si CTeHKH TPYOKH OOBIYHO MCTOJIB3YIOT MPOBOJISIINE TUIEHKU C YTIIEPOIHBIM
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HanoiHenueM (loaded film) wnu omHOpOIHBIE MIIEHKH, MOKPBITBIE TOHKUM CJIOEM Mojduumuia ¢ 55 %
rpaduta (coated film). Taxke UCTONB3YIOTCA OJHOPOIHBIC TUICHKM C METAUTU3AIMel aTIOMHUHUAEM MU
Menbto ToamuHon 1000-1500 anrctpem. MenHoe OKpBITHE NPEANOUYTUTENIbHEE ATFOMUHUEBOTO, TaK KaK
MIPOBOAMMOCTH MEHOTO CJIOSI 3HAYUTENBHO JIy4llle, YeM alfoMUHUEBOro. Cieayer OTMETUTh, YTO paboTa
Beixoma y Cu ~ 4,65 3B u y Al ~ 4,28 3B, ciemoBaTelbHO, MEIHBIN KaToOJ MEHEE YYBCTBHUTENEH K
BBIOMBAHUIO AJIEKTPOHOB IMOJ JEHCTBHEM ynbTpaduoieTra U3 O0JIACTH pa3BUTHS JIABUHBI HAa AaHOJHOMN
npoBosioyke. JJis aHo/1a B 3aBUCUMOCTH OT JUTMHBI CTPOY HUCIIOJIB3YIOT OOBIYHO 30JI04€HYI0 BOJIb(PPaMOBYIO
poBosioKy auamerpoM ot 20 10 30 MM ¢ 1o0aBkoi 3 % peHus, YTO YBETUUMBAET JUANa30H e YIPYyroro
YAJINHCHUA.

[Toxxoap! K OnMHUCaHUIO COOCTBEHHBIX MapaMeTpoB JIper(oBbIX TPyOOK H3nokeHsl B padorax [Oh
S. H., Goshaw A. T., Robertson W. J. Construction and Performance of a 2.7 m Long Straw Drift Tube
Prototype Chamber for the SSC // Nucl. Instr. Meth. A. 1991. V. 309. P. 368-376; Ogren H. et al.
(represented the SDC Collab.). The Straw Tracker for the SDC Detector // Nucl. Instr. Meth. A. 1995. V.
367, No. 1-3. P. 133-137; Bychkov V. N. et al. Some Characteristics of the Long Straw Drift Tubes. JINR
Commun. E13-98-209. Dubna, 1998. 12 p.; Vasilyev S. E. et al. Signal Transmission Line for Large-Size
Segmented Straw Detectors // Instr. Exp. Tech. 2008. V. 51, No. 6. P. 820-825.; Marzec J. et al. Signal
Propagation in Straw Tubes with Resistive Cathode // IEEE Trans. Nucl. Sci. 2000. V. 47, No. 1. P. 18-24;
Lu C. et al. Proposal to the SSC Laboratory for Research and Development of a Straw-Tube Tracking
Subsystem. SSC-PC-029. 1989. P. 1-49; Boie R. A. et al. Second Coordinate Readout in Drift Chambers
by Timing of the Electromagnetic Wave Propagating Along the Anode Wire // IEEE Trans. Nucl. Sci. 1988.
V. NS28. P. 471-477]. HpeiidoByro TpyOKy MOKHO paccMaTpuBaTh KaK BOJHOBOJA C BOJHOBBIM
conpotuBieHueM Z0. BoiHoBoe conpoTuieHrne MOkHO onleHUTh kKak Z0 = 60 In (R/r), 4To cooTBEeTCTBYET
BenmnunHe Z ~ 360 oM, a CKOPOCTh MPOXOXKACHUS SJIEKTPOMArHUTHOM BOJIHBI IO aHOY cocTasisier - 0,29
M/Hc. Cxema TMOJlyd4eHHsT KOOpIMHATHOW HMH(OpManuM clefyromas. 3apsHkKeHHas 4YacTulla CO37aeT
LIETI0YKY KJIACTEPOB NMEPBUYHON HOHU3AIMH BIIOJIb CBOETO Tpeka. Mi3amepsercs BpeMs apetida Ommkaidero
K aHOJAy KjacTepa W, TEM CaMbIM, OINpPEAeTseTCS paualibHas KOOpJAWHATa MPOXOXKIACHHS 3apsHKEHHOM
YaCTHUIIHI. CooTHoOIIIEHHE MCKAY UBMCPACMBIMU BPpEMCHAMUA U COOTBCTCTBYIOIIIUMU UM KOOpAUHATAMU, TaK
HazbiBaeMble R-T 3aBucuMoOCTH, KamuOpyrOTCS C HMCHOJIb30BAaHUEM BHEIIHETO TPEKOBOTO AETEKTOpa.
Ckopocts npeiia 3JIEKTPOHOB B DJICKTPUUYECKOM TMojie JpeiioBbIX TpyOOK B Hamboiee dYacTo
UCIOJIb3YEeMBIX Ta30BbiX cMmecsax Ar/CO2 okomo Scm/mkc, wnu 20HC Ha 1 MM TyTH BIOJb paamyca.
Hanpuwmep, B ctpoy auamerpom Tpyook 10 MM monHoe Bpems apeiida cocrasisier 100 ne. KoopaunatHoe
paspenieHue CTpoy OObIYHO HaxoauTcs B auama3zoHe or 100 mxm go 500 MKM B pailoHe aHOIHOM
MPOBOJIOYKHU. [l ycTpaHeHHsl JIEBO-TIPaBOM HEOMPEEICHHOCTH CTPOY KaMepbl OOBIYHO cojaepikaT ABa
CcI10st TPYOOK, CIBUHYTBIX MEXy COOO Ha BEIMUMHY UX paguyca. CTepeo KoopArHaTa TOUYKU TPACKTOPUHU

YaCTHUIIBI OMPEEIIAETCS 10 NH(OPMAIMH C HECKOJIIBKHX Pa3IMYHO OPHEHTUPOBAHHBIX CIOEB CTPOY KaMep.
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Hannuue B Tpekepe pa3BepHYTHIX APYT OTHOCHTEIHHO Jpyra Kamep Ha yroi 0 MO3BOJISET OMpPEeNsTh
MIPOJIONFHYIO KOOPIMHATY Z BIOJbL aHOAOB C TOUHOCTHIO Z / sin 0. Hampumep B skciepumente PANDA
co3aaH 27 - CJIOWHBINA JETEKTOP, B KOTOPOM JIJIsl YaCTH CTPOY CJIOEB OBbLT BEIOpAH yroj HaKkjIoHa 3 rpamyca.
3TO MO3BOJIHIIO MOTYYUTh TOYHOCTH 4 MM JJIsI OTIPEICIICHUS IPOIOTBHON KOOPIMHATHI BIIOJIb OCH CTPOY.
[IpencraBneHHBIN BBINIE YCHEIIHBIN OMBIT MCIOIB30BAHUS CTPOY IS CO3MaHUS KOOPIMHATHBIX
JETEKTOPOB B DKCIIEPUMEHTAX Ha BBIBEJICHHBIX MyYKaX AEMOHCTPUPYET MEPCIIEKTUBHOCTD PA3BUTHS dTOU
TeMaTuku. KOJJIEKTHBOM J1a00paTopuu yke paHee MOyYeHBI MEPBhIC Pe3yNIbTaThl, IEMOHCTPUPYIOIIHE
IPUMEHUMOCTH TpeKepoB Ha ocHOBe cTpoy [CDR SPD https://arxiv.org/abs/1408.3959; I.Savin et al. Spin
Physics Experiments at NICA-SPD with polarized proton and deuteron beams // EPJ Web of Conferences
Volume 85, 2015]. B nanbHeiimeM 3TM HapaOOTKH, JOIOJHEHHBIC YHUKAIBHBIMH TEXHOJOTHSIMHU
HU3KOTEMIIepaTypHOTro HamblieHUs B10 Ha miieHKu (TOHKOIJICHOUYHBIE MOKPHITHS KapOuma 6opa B4C),
OTKPBIBAET MEPCIIEKTUBBI JJISl IPOCKTUPOBAHUS KOOPAMHATHBIX CTPOY-IETEKTOPOB HEUTPOHOB M CO3/IaHUS

npotoTurioB Ha 6aze OMSN.
TIpunoxenus.
1. IlepedeHr HAyYIHO-UCCIICIOBATEIIBCKUX Pa0OT M PYKOBOIUTEIICH HAYIHO-HUCCIICIOBATEIBCKAX MPAKTHK.

Daiin punoxk.1.3.4.pdf
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1.3.5 PecypcHoe u uHdpacTpykTypHOe obecnmeuyeHue B 2021r. HayuHO-00pa3oBaTebHOM
JIadopaTopuM VIS peajM3alui BbINOJTHEHHS HAYYHO-HCCJIE0BATEIbCKUX NMPAKTHK CTYJI€HTOB M
acCMMPaHTOB, PeAIN3yeMbIX B pAMKAaX padoThl HAYYHO-00pa3oBaTebHO¥ JJadopaTopun. (CoBMeCTHO
¢ MOTU. [Torosop 400/1984 ot 23.11.2021).

B 2021 romy rortoBuTcs MHPpACTpyKTypa HayuyHO-oOpa3oBaTenbHOU jabopatopuu. ['oTOBHUTCS
MoMeIIeHne 1abopaTopuu U MpHoOpeTaeTcss 000pyAOBaHHE ISl €€ TEXHUUYECKOT0 OCHAIICHUS, BKIIOYast
CO3/1aHHE IKCIIEPUMEHTAIIbHBIX CTEHOB (110 pe3yJibTaTaM KOHKYPCHBIX MPOLETyp 3aKII0YEHBI JOTOBOPHI
Ha mocTaBky obopymoBanmsi NoJ[21-554 ot 13.12.2021, NeJ[21-553 ot 14.12.2021, NeoJI21-578 ot
15.12.2021). JlaGopatopusi MO3BOJHUT MPOBOIUTH OOYYEHHE MEPCIEKTUBHBIM TEXHOJIOTHUSIM CO3JaHHUs
JETEKTOPOB HEUTPOHOB (TOHKOCTEHOUYHBIE APEHPOBBIE TPYOKH, NETEKTOPHI YIbTPaXOJIOIHBIX HEUTPOHOB,
MUKpPOCTPYKTYpHBIE Ta30pa3psIHbIe JETEKTOpbl U 1p.), Pa3pabOTKH MPOrpaMMHOr0o oOecrnedyeHus
MOJIETIMPOBAHUSl M aHAJINW3a JaHHBIX IS IPOEKTUPOBAaHUA M pabOThl Ha MCCIIENOBATEIBCKUX CTAHIUAX
HeTpoHHBIX UCTOYHUKOB (ROOT, Geant4, GARFIELD, FPGA wu nap.). B pamkax mabopaTropun Takxke
Oymer pa3paboTaH »SKCIEPUMEHTAJIBHBIM MPAKTUKYM, KOTOPBI OyZeT BKJIIOYEH B COCTaB
pa3pabaTbIBaeMOTO aJIbTEPHATUBHOIO Kypca JUIsl CTYIGHTOB TPEThero roja O6akanaBpuarta. OcBavBaeMbie
00y4alolMMUCS METO/bI SBIAIOTCS COBPEMEHHBIMM U YHHUBEPCAJIbHBIMU M TO3BOJIAT BBITYCKHUKAM
BOBJICKaTbCS B HAy4YHYIO pabOTy UCCIIEOBATEIbCKUX OpraHu3alil y>ke Ha JTane padoThl Haj
BBINTYCKHBIMU KBaNU(UKAIMOHHBIMU pa0oTaMu OakaliaBpuaTa WU MarucTpaTrypbl, a TAKKe BBICTPAMBATH
TPACKTOPHUIO HAYYHOH Kaphepbl, MPOAOKUB pabOTy B BBHIOPAHHBIX HAIpaBJICHUAX B acrnupaHType. K
PYKOBOJCTBY Hay4YHO-HCCIIEAOBATEIILCKUMU paboTamMu mpuBJiedeHbl Benymme yuensie OUSAU, Benercs
paboTa 1o NPUBJICUEHHUIO YUYEHBIX U AKCIIEPTU3BI BEAYIINX UCCIIEA0BATEIbCKUX LIEHTPOB U KoJutabopanui,
KOTOpBIE BHECYT BKJaJ B pa3pabOTKy MEPCIEKTUBHBIX TEXHOJOTHH M pEIIeHUl NPUMEHHUTEIBHO IS
HCCIe0BaHUH C UCTIONb30BaHUEeM UCTOYHUKOB HEUTpoHOB (ESS, ILL, NA62, NA64, DONE, SHIP u np.).
JlocTUrHyTa J1OTOBOPEHHOCTH O IMPOBEIECHUU CTAXUPOBOK CTYJIEHTOB B HCCIEAOBATEIbCKUX TIpyIIax
uccnenoparenbcekux peaktopax MbP-2M (Poccust), BBP-K (Kazaxcran), ILL (®panius).

B pesynbrate ucnomHenus o6s3arenscTB o gqoroopy Ne 400/1984 ot 23.11.2021 r. BBIIOTHEHBI
paloThI U MOTYYEHBI CIEeIYIOIIUE Pe3yIbTaThl:

1. Co3mana  Hay4dHO-OoOpa3oBaTelbHas  JIAOOpaTOpusi  JJIsi  TMPOBEACHUS  HAY4YHO-
HCCIIEIOBATENbCKUX pabOT CTYIEHTOB M acClUPaHTOB B 00JIacTH pa3pabOTKU, MPOEKTUPOBAHUS H
CTPOUTENIbCTBA UCTOYHUKOB CHHXPOTPOHHOTO ¥ HEMTPOHHOTO M3JIyUYEHHS, @ TAKXKeE JIEMEHTOB U CHUCTEM
AKCIIEPUMEHTAIBHBIX CTAHIIHH.

2. CdopmupoBaH mepedeHb HAyYHO-HUCCIEAOBATEIBCKUX PabOT W PYKOBOIUTENICH HAydHO-
UCCIIEIOBATENIbCKUX MPAKTHUK CTYJIEHTOB M AaclUpaHTOB, pealu3yeMbIX B paMKax padoThl HAay4HO-

oOpasoBaTenbHOM 1aboparopuu B 2022 T.
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3. Cozmano pecypcHoe u wuH(]pacTpykrypHoe obecrieuenne B 2021r. Hay4dHO-
06pa30BaTeJ'H>HOI‘;I na60paT0pHH IJi4 peajin3alilii BBIMMOJIHCHUA HAYYHO-HUCCICAOBATCIILCKUX IPAKTUK
CTYJICHTOB U aCIUPAHTOB, PEATN3YEMBIX B paMKaX pabOThl HAyYHO-00pa30BaTEIbHON JIAOOPATOPHUH.

BeirmosHeHHBIE  pabOThI  YIOBJIETBOPSIIOT — YCJIOBHSIM — JIOTOBOPA, TEXHUYECKOTO  3aJlaHMS,

KaJICHAApHOT'O IJIaHa.

TIpunoxenus.

1. AKTHI 110 pacxojiaM Ha pecypcHOe W/ uiH HHHOpMaLMOHHOE obecneueHue Jaboparopun. @aiin [Mpumoxk.1.3.5.pdf
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1.3.6 Peanuszanus o0pazoBaTe1bHON NPOrpaMMbl 1JIsl IOATOTOBKH CIIENHAJINCTOB B 00/1aCTH
Pa3padoTKH, MPOEKTHPOBAHMS U CTPOUTEIHCTBA HCTOYHUKOB CHHXPOTPOHHOI'0 M HEMTPOHHOI'O
U3JIYyYEeHHUsI, a TAK:Ke HAYYHBIX KA/IPOB JIfl IPOBe/IeHUs] CHHXPOTPOHHBIX M HEMTPOHHBIX
uccjaea0BaHuil (pa3padoToK) B HeJISAX MOJYYEHHUS Pe3yJbTATOB MUPOBOI0 YPOBHSI»:

Mopnyas 1 «HeliTpoHHBIE JeTEKTOPbD)

Monayasb 2 «I[Ipukaagnass HeiTpoHHAast QUMK

Monyas 3 «IIpoekTHpPOBaHUE HHTEIEKTYAJbHBIX CHCTEM)

MonayJb 4 «JIeKTPOHUKA U ABTOMATHKA (PU3MUYECKUX YCTAHOBOK»

(coBmecTHO ¢ YHUB. «/lyona». Jlorosop 400/1980 ot 22.11.2021).

st BemmostHeHust Meponpusatuid mpukazom Ne3477 ot 14 oktadpst 2021 1. «O BbIMOTHEHUU padbOT

Y YTBEPXKJACHUHU COCTaBa pabouel rpyIIbl 10 TPpaHTy B hopme cyOcumuii»y chopMupoBaHa U yTBEPKICHA
paboyas rpynna (ITPUJIOXEHUE A).

[Mpukazom Ne 3478k ot 14 okTs16ps 2021 roga (IIPUJIOXKEHUE B) oprann3oBan Kypc MOBBIILICHUS
kBamuukarmun ¢ 14.10.2021 mo 01.12.2021 mo gomogHUTENHHOM MTPO(ECCHOHATBLHON MporpaMMme
«ABTOMaTH3AIMS YKCIIEPUMEHTA B 00J1aCTH HEUTPOHHOU Pu3uku» B o0beme 252 vaca (ITPUJIOXXKEHUE
B), yTBepkaeHO pacnucaHue 3aHATHN, M 3a4UCIIeHbI 35 cirymaTenneid Ha MecTa, PUHAHCHUPYEMBIC 33 CUET
cpencTB rpaHTa B popme cyocuanu (mudp 2021-951-DI15-0011).

Lenpto peanusanuyi TPOrpaMMBI  SIBISETCS — U3YYCHHE TEPEAOBOTO ONBITA, 3aKpEIUICHUE
TEOPETUYECKUX 3HaHWM, MpuoOpeTeHHe MNPAKTUYECKMX YMEHHUH U HABBIKOB B 00JIACTH HEHUTPOHHBIX
JETEKTOPOB, MPHUKJIAAHBIX HCCIEIOBAaHUN HEUTPOHHON (QHU3MKHU, MPOEKTUPOBAHMUSI TNPUOOPOB IS
MPOBEJICHUS M aBTOMATHU3aIlUU YKCIIEPUMEHTOB B 00JIACTH HEUTPOHHON (DU3HUKH.

CopepxaHuie JOMOIHUTENBHON MPo(eccCHOHABHON MPOrpaMMBbl « ABTOMATH3AIUS SKCIIEPUMEHTA
B 00J1acTH HEUTPOHHOU (HYU3UKU» U BUBI yIEOHOH NEITEIBHOCTH pa3paboTaHbl B COOTBETCTBUM 00JIACTIM
3HAHUU U BUJIaM JIEITEILHOCTHU IO HalpaBleHUsIM peanusanuun deaepanbHON NIporpaMmbl, B YaCTHOCTH, B
obyacTu pa3pabOTKH, TPOSKTHUPOBAHUS U CTPOUTEIHCTBA UCTOYHMKOB CHHXPOTPOHHOTO M HEUTPOHHOTO
W3ITy4eHUs1, 00JIACTH MPOBEICHUSI CHHXPOTPOHHBIX U HEHTPOHHBIX UCCIIEIOBaHM. Pe3ynpTaTroM 0CBOCHHUS
MIPOrpaMMBbl SIBJISIETCS NMPUOOPETEHHE HOBBIX MPO(ECCHOHANBHBIX KOMIETEHIIMM B COOTBETCTBHH C
npodeccuoHanbHbIM cTaHAapToM «CrienuaaiucT-uccieoBaresb B 00JacTU  SAEPHO-3HEPTeTUYECKUX
TEXHOJIOTUI», YTBEPXKIeH Mpruka3zoM Muntpyna Poccun ot «16» mapra 2018 r. Ne149H [1.3.6.1]:

— TIK.1 TloaroroBka MCXOJHBIX JaHHBIX, HANIQJKa SKCIIEPUMEHTAIBHBIX CTEHJIOB M YCTAHOBOK JIJISt
o0ecrieueHus BBITIONHEHUS HAYYHBIX HCCIIETOBAaHUH,
— TIK.2 IIpoBeneHue pacyeTHBIX HMCCICIOBAHUN U M3MEPEHUH (PU3MUECKUX XapaKTEPUCTHK Ha

AKCIIEPUMEHTAIBHBIX CTEHIaX U yCTaHOBKAX,

— ITIK.3 OO6paboTka ¥ aHamM3 pPe3yJbTAaTOB PACUYECTHBIX WCCICIOBAHUM W HKCIICPUMEHTAIBHBIX

M3MEpPEHUN U COCTABIIEHHUE OTYETOB IO BBIITOJIHEHHBIM dTanam pador.

ABTOPCKHI KOJUIEKTHUB JIOMOJIHUTEIBHONH MPOPECCHOHAIBHOW MPOrpaMMbl «ABTOMAaTH3AIUS

AKCIIEPUMEHTA B 00JIaCTH HEUTPOHHOUN (DUBHKU»:
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— AmnapeeB Omer AJeKCaHIpOBHY, CTaplIdil mpemogaBarenb Kadeapbl MPOSKTUPOBAHHS
AJIEKTPOHMKU JJIsI YCTAaHOBOK «MEracaieHc», KaHJI. TeXH. Hayk, CT. Hayd. cotp. AO «HUU
«ATOIMY;

— bynaBuH MaxkcuM BuKTOpOBHY, HAaYalbHUK CEKTOpa HOBOIO MCTOYHHMKA U KOMILIEKCA
samemnuteneit IH® OUSAU, kanna. pus.-mar. Hayk;

— TopOynoB Hukomnaii BacunbeBud, o1eHT Kadeapbl MPOSKTUPOBAHUS HJIEKTPOHUKH I YCTAHOBOK
«MEracaeHc», KaHJ. TEXH. HayK, BEAYIIUN HAy4HBIH COTPYIHHUK HaydHO-dKCnepuMeHTalIbHBIN
ornen ¢uszuku Ha CMS, JI®GBD OUAU;

— JaBeimoB EBrenuii AnexcaHmpoBu4, A01. Kadeapbl (QyHIaMEHTAIBbHBIX MpobOsieM (U3UKH
MUKpPOMHUpA, KaHA. (Hu3.-MaT. HayK;

— Kynun I'epman BsiuecnaBoBud, CT. Hayd. cOTp. oTAeneHus suepHoit puszuku JIHO OUSAU, kang.
¢u3.-mMar. HayK;

— IluckynoBa Okcana MBanoBHa, nupektop MHkeHepHO-(PpU3MIecKOro MHCTUTYTA, KaH/I. TEXH. HAYK.

— CrpekanoBckuii Oner BuktopoBud, 1o11. Kadeapsl MpoOeKTUPOBAHUS dIEKTPOHUKH 1T YCTAHOBOK

«MeracameHcy, KaHJl. TEXH. HayK, Beaymuil uaxenep JISAP OUSN.

O0bem mporpammbl 252 daca, U3 HHUX ayauTopHbIX - 204 waca (128 nexnuu, 76 yacos
MHTEPAKTUBHBIC 3aHATHA) 32 Yaca - CaMOCTOsATENbHAs paboTa, 16 4acoB — MPOMEKYTOYHAS M UTOTOBAsI
arrecranus. [Iporpamma u Bxonsiue B Hee BUIbI yueOHOU AeITeTbHOCTH peaian3oBaHa COUCIIONHUTENEM
CaMOCTOSITENIbHO, B TOM YHCJIE€ C HCIOJIb30BAHUEM JIMCTAaHI[MOHHBIX OOpa30BaTEIbHBIX TEXHOJOTMH U
AJIEKTPOHHOTO 00y4eHus. [ ocymecTBieH!s: 00pa30BaTENIbHOTO MPOIecca UCIOIb30BaHO POTrPaMMHO-
anmapaTHble KOMIUICKCHI:

— o0miero Ha3HaueHUs (ONepaMoHHas cucTeMa (OTIepallMOHHBIC CUCTEMBI), OPUCHBIC TIPUIIOKCHHUS,
cpezacTBa obecredeHrs HHPOPMALMOHHOM 0€301MacHOCTH, apXUBATOPbI, TPOTPaAMMBI I pabOTHI €
rpaguIecKuMHU, BUICO- U ayauodanaamu);

— ydeOHoro Ha3HaueHus (nHTepakTuBHBIE cpenbl, OrCAD, MATLAB, LabVIEW).

dopMupoBaHUE 3JICKTPOHHOW HMH(POPMAIIMOHHO-00PA30BATEIBLHON CpPENbl OCYIIECTBICHO C IMOMOIIBIO
IPOrPaMMHOM CHCTEMBI JUCTaHIIMOHHOTO 00yueHust Moodle (edu.uni-dubna.ru).

OO6pa3zoBarenbHas IporpaMMa COACpPKUT 4 MOIYJIS C BO3MOYKHOCTBIO OJJHOBPEMEHHOT'O OCBOCHHS.

1) Monynb 1 «HelTpoHHBIE ETEKTOPBI»

O6bem mMomynst 54 daca, U3 HUX ayIUTOpHBIEC - 50 Yaca, MPOMEKyTOUHas arrectanus — 4
yaca.
Paznen 1.1 Iucuummna «Beenenne B HSUTpOHHYIO (DU3HUKY M HEHTPOHHYIO ONTHUKY»

O6mwem pazzaena 36 4acoB, U3 HUX JIEKIUH - 34 yaca, IPOMEXKYTOYHAs aTTeCTalHs — 2 Jaca.
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[Ipenonasatens: Kynun ['epman BsuecnaBoBuy, cTapiunii Hay4HbI COTPYAHUK OTAEIIECHUS
snepuoit puszuxu JIHO OUSAU, kanz. ¢pus.-mart. HayK.

Llenpto maHHOTO Kypca siBIsieTcss (OPMHUPOBAHHME y CyIIaTeiaei 3HaHUM 00 ONMTHYECKUX
CBOMCTBAX, MPOSBISEMBIX OTACIbHBIMA HEUTPOHAMM M MYYKAMHM YacCTHUIl, a TaKKe€ O METOJax
UCCIIEIOBaHMM, IPUOOPAX U TEXHOJOTHX, B KOTOPBIX IPUMEHSIOTCS 3TH CBOMCTBA.

B mpouecce ocBoeHHs TaHHOTO Kypca CIyLIaTelId 3HAKOMATCS ¢ OCHOBaMH (PU3MUYECKUX
MOHATHI M TIPOLIECCOB, OTHOCSIIMXCA K HEUTPOHHOM ONTHKE, U3y4YalOT YCTPONCTBO U MPUHIIUIIBI
paboThl U3MEPUTENBHBIX MPUOOPOB, MOCTPOCHHBIX Ha JaHHBIX (U3WYECKUX Mpoleccax. Takxke
CIIyLIaTEIN 3HAKOMATCSA C METOJAMU MCCIEN0BAaHUN, OCHOBAaHHBIMM Ha MPUMEHEHUU W3Y4YEHHOUN
M3MEPUTENIBHON annaparypsl, U ¢ CyIIECTBYIOIIMMH HayYHO-UCCIIE0BATEIbCKUMH IIPOrpaMMaMu
B 00JIaCTH HEUTPOHHOM ONITHKH.

Coneprkanue pazaena:

1. Beenenne. OTKphITHE HEUTPOHA U 3aPOXKICHNUE HEUTPOHHOU (hU3UK. Psi1 3HAKOBBIX HEUTPOHHOC-
ONTUYECKUX OKCIEPUMEHTOB (IU(pakuusi HEUTPOHOB TpEIOMIICHHE HEHUTPOHHOW BOJIHBHI,
HEUTPOHHBIN HHTEPPEPOMETP, HEUTPOHHBII MUKPOCKOI H T.II.)

2. Wcrounuku HeWTpoHOB. HelTpoHHbI reHepaTop. SnepHbie peakTophl. Spallation neutron
source. KOMITakTHbIE HEUTPOHHBIE HICTOYHUKH.

3. OcHoBHbI€ cBoMcTBa HeNTpoHA. Macca. CniuH. 3apaa. MarauTHslii MOMeHT. D/IM.

4. dyHpaMeHTaIbHbIE B3aUMOJEHCTBUS

@dyHIaMeHTalIbHbIE B3aUMOACHCTBHS: CHUJIBHOE, AJIEKTPOMArHuTHOE, cilaboe, rpaBUTALOHHOE).
O0630p PKCIIEPUMEHTOB

5. Paccessnue HeWTpoHOB Ha szpe. [nnHa korepeHTHoro paccesHus. Kazunorenunan depmu,
MarHUTHOE PacCesiHUE, KOTEPEHTHOE U HEKOTEPEHTHOE pacCcesiHUE

6. /lucriepcusi HEUTPOHHBIX BOJH 3aKOH AUCIEPCHH HEHTPOHHBIX BOJIH B BEIIECTBE, MOKA3aTEINb
npenomiieHus1, 3pGeKTuBHbIN noteHan. KoMIiekcHbIi 3aKOH JUCIIEPCUH, 3aKOH JUCIIEPCUH B
Clly4ae CHJIbHOIOIJIOMAIONIMX BenlecTB. OTpakeHHWE M MPEIOMIIEHHE HEHUTPOHHBIX BOJIH.
Marpuunslii MeToa 1 metox Ilappara niis pacuera oTpaxeHus U NPOIyCKaHUs HEUTPOHHOU BOJIHBI
OT BELIECTBA U MHOTOJICTIOMHBIX CTPYKTYp. HeliTponHbie uHTepdepeHIIMOHHbBIE (QUITBTPHI

7. Ortpaxenue u audpakius HEUTPOHOB HA MaKPOCKOIMYECKHX OO0BEKTax (3epkana,
HEUTPOHOBOJBI, cymep3epkana, peduexkToMeTpus, IUPpakius HEHUTPOHOB, MaJIOYIJIOBOE
paccesiHue)

8. Tlonsipu3oBaHHBIC HEUTPOHBI (MAarHUTHBIA TOTEHIIMAJ, MPENECCUs CIIMHA B MarHUTHOM IIOJIE,
cnuH-3x0, JIapMopoBCKas mpeleccus: CiuHa, paAuo4acTOTHBIN CIUH-(DIunmnep)

9. KBanTOBast HEUTpOHHAsI ONTHKA (KBAHTOBBIE Y(PPEKTH B HEUTPOHHOH ONTHKE, HECTAI[MOHAPHBIX

KBaHTOBBIE 3()(HEeKThI)
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10. YapTpaxononnbie HEUTpOHBI, ncTouHukn Y XH, skcniepuments ¢ Y XH
[IpomexyTouHas arrectauus 1o paszaeny 1.1 mpoBeneHa B yCTaHOBIEHHBIE PACIMCAHUEM

3aHATUH CPOKH. 3adeT nmoiayuniu 35 cioymareneit (onenounas Begomocts [IPUJIOXXEHUE T).

Paznen 1.2. Aucuumuinaa « OCHOBBI (PU3UKH HEHTPOHHBIX U CHHXPOTPOHHBIX UCCIIEIOBAHUI»
O6mwem pazzaena 18 yacoB, U3 HUX JeKIHMH - 16 yaca, MpOMEXyTOUHAsA aTTECTAIHs — 2 yaca.
[Ipenonasarens: [laBbinoB EBrenunii AnexcanapoBud, OIEHT Kaeapbl PyHIaMEHTATbHBIX

npoOieM GU3UKA MUKPOMHUPA, KaHl. (U3.-MaT. HayK.

Lenpto nmanHOrO Kypca sBisieTcs (OPMHpPOBAHHME Yy ClymiaTened 3HaHWA o ¢Qusuke
(byHIaMEHTaJIbHBIX B3aMMOJICHCTBHIA, JIeKaIIel B OCHOBE (DU3MYECKUX MPOLIECCOB, OTHOCSIUXCS
K HEUTPOHHOMY U CHHXPOTPOHHOMY H3JIy4YEHHUIO.

CrnymaTtenyu u3y4aroT KJIIOUeBble MOMEHTHI PEISTUBUCTCKON (U3UKH, dJEKTPOJIUHAMUKH,
KBaHTOBOI MexaHHMkH, CTaHIapTHOM Monaenu (GU3MKU YacTHIl, HEOOXOAMMBIE ISl MOHUMAaHHUS
0COOEHHOCTEH MPOIECCOB W3IMYYCHMs, PACHpPOCTPAHEHUS U TOIJIOUICHUS HEUTPOHOB U
CUHXPOTPOHHOIO H3JIyd4eHHsA. Takke ClaylmaTeld 3HAaKOMSTCS C  CYIIECTBYIOUIMMH U
NEPCIeKTUBHBIMUA HAyYHO-HCCIIEIOBAaTEIbCKUMU TpOrpaMMaMu B 00JIaCTU HEHUTPOHHBIX U
CUHXPOTPOHHBIX HMCCIEIOBAaHUM, MOJYYAOT MPEACTaBICHUE O CYLIECTBYIOIIUX OTPAHUYECHUSIX U
BO3MO>KHOCTSIX COOTBETCTBYIOLINX TEXHOJIOTHM

Coneprxanue paszaena:

1. OG30p HEUTPOHHBIX M CHHXPOTPOHHBIX UCCIICIOBAHUH.

Hctopuss HEUTPOHHBIX M CUHXPOTPOHHBIX HCCieAOBaHUN. JleHCTByIOIME AKCIEPUMEHTAIbHBIE

YCTaHOBKM MHPOBOTO YypoBHA 3a pyOexxom u B Poccun. Ilpumepsl ¢yHIaMEHTaIBHBIX

UCCJIEOBAHUM U KOMMEPYECKUX TEXHOJOTMH HAa YCTAaHOBKAX HEUTPOHHOIO M CUHXPOTPOHHOIO

n3nyudenus. [IporpamMmma pa3BuTHA HEUTPOHHBIX U CHHXPOTPOHHBIX HCCienoBaHuid B Poccun.

2. ®usuka HeUTpoHOB. OCHOBHBIE MPOIIECCHl HEUTPOHHOU (PUBUKH.

HeiiTpon ¢ TOYKHM 3peHHs COBPEeMEHHOW (pU3MKM 31eMeHTapHBIX yacTull. DyHIaMeHTaIbHBIE

cBoiicTBa HelTpoHa. CaMONPOM3BOIBHBIN pacraj HeHTpoHa. XapaKTepHble MacIITaObl HEPruit

HEUTPOHHOU (PU3UKH.

B3anmoneiicTBie HEUTPOHOB C BEIIECTBOM. JSIIepHBIE pEaKIUH C Yy4YaCTUEM HEUTPOHOB.

Hudpakuus veritpoHoB. HeliTpoHorpadus.

3. IlpukianHpie TEXHOJIOTMA HEUTPOHHOU (DUBUKH.

Hcropust pa3BUTHS IPUKITIAIHBIX TEXHOJIOTHI HEUTPpOHHOU (hr3ukH. [IlepcriekTUBHBIC HATTpaBICHUS

Pa3BUTHUS HOBBIX TEXHOJIOTHM.

4. ®u3nueckre OCHOBBI HEUTPOHHBIX UCCIIEOBAHUN HA MPOEKTaX «METracaieHCe».
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O0630p PuU3MUECKUX MPOLIECCOB, HA OCHOBE KOTOPBIX PEANU3YIOTCS UCCIEI0BAaHHS HAa YCTaHOBKE
«ITHK».
5. ®u3MKa U3ITYYEHHS HIEKTPOMArHUTHBIX BOJIH.
Teopernueckre OCHOBBI M3JIyYEHHUs SJIEKTPOMAarHUTHBIX BOJH. YCKOPEHHOE ABWKEHUE 3apsna.
JlunonpHoe wu3iydyeHue. J[BUykeHue 3apsiia B MarHUTHOM Iosie. LIMKIOTpOHHOE W3IIydEHHE.
KBaHTOBBIE OrpaHUYEHMUS.
6. OcHOBBI GM3UKH CUHXPOTPOHHOTO M3TyUCHHUS
Oco0eHHOCTH yNbTPApENITUBUCTCKOTO JABM)KCHUS 3apsOKeHHBIX dYacTtull. Oddext Jlomiepa.
Hcropust OTKPBITHSI CUHXPOTPOHHOTO M3My4deHHsl. CHHXPOTPOHHOE U3IYyYEHHE U €r0 OCHOBHBIE
CBOMCTBA. XapaKTEepPHbIE MACIITA0bI SHEPTUil PU3UKU CUHXPOTPOHHOTO M3ITy4YEHHUSI.
7. llpuknagHple TEXHOIOTHH (PU3UKH CUHXPOTPOHHOTO H3TYUYECHHUS.
Hctopusi pa3BUTHS NPUKIAAHBIX TEXHOJOTUH  (U3UKH  CHHXPOTPOHHOIO  U3IY4YEHHUS.
[lepcnekTHBHBIE HANPABIECHUS PA3BUTUS HOBBIX TEXHOJIOTHM.
8. dusnueckre OCHOBBI CUHXPOTPOHHBIX UCCIIEJOBAHUN HA IIPOEKTAX «METacanieHcey.
00630p (hu3HYECKHX MPOIECCOB, HA OCHOBE KOTOPBIX PEATH3YIOTCS MCCIEIOBAHUS HA YCTAaHOBKAX
«HMCCHU-4y», « CKUD».

[IpomexxyTouHast arrectanus no pasaeny 1.2 mpoBefeHa B YCTAHOBJIIEHHBIE PaCIUCAHUEM

3aHATHH CPOKH. 3aueT noayumin 35 cinymareneil (oneHounas segomocts [IPMJIOXEHUE ).

Monyns 2. «I[IpuknagHas HEHTpOHHAST PUZUKAY)

O6bem Momyns 54 vaca, U3 HUX ayJUTOpHBIE - 32 yaca, caMOCTOsITeNbHass paborta — 18
4acoB, IPOMEXYTOUHas aTTecTanus — 4 qaca.

Paznen 2.1 Jucuuminza «SnepHble TEXHOIOTMM MaTEPHUATIOBEICHUS»

O06nem pasnena 36 4yacoB, U3 HUX JIGKIIUU - 12 9acoB, MpakTUYECKHUE 3aHATHS — 4 dYaca,
caMOCTOsITeNIbHas paboTa — 18 yacoB, MpoMeXyToUHas aTTeCTaIus — 2 Jaca.

IIpenonasarens: bynasun Makcum BUKTOpOBUY, Ha4aIbHUK CEKTOPAa HOBOI'O UCTOYHMKA U
komruiekca 3ameureneit JIHO OUSU, kana. ¢pus.-mMaT. HayK.

[lenpto maHHOTO Kypca sBisieTcs GOPMUPOBAHKE Y CIyIIaTeNeld TOHMMaHUS 1IeJIeH, 3a/1a4 U
METOJIOB U3Yy4YECHUS PaJUallMOHHON CTOMKOCTH MaTepHaioB.

Cnymarenu W3y4alOT OCHOBBI HEHTPOHHO-aKTHUBAI[MOHHOTO aHajh3a U OCOOEHHOCTH
TEXHUKU OOJydeHHus oO0pa3loB (B TOM 4YMCIE KPYMHOTa0apUTHBIX) PEaKTOPHBIMH HEUTPOHAMHU.
Baxxnoil coctaBisitonieil Kypca sBiIsieTCd 03HAKOMJICHHE CITyIIaTelel ¢ OCHOBAMM PadallMOHHOMN
0€30MacHOCTH U MepaMU 110 CHHKEHUIO BO3ICHCTBHS HOHU3UPYIOLIETr0 U3Iy4eHUs Ha nepcoHai. B
YaCTHOCTH, CIYIIATENIN MOTYYaroT 3HAHUS O METOAAX MCIIOJIb30BaHHUsI POOOTOTEXHUKHU TIPU paboTe

B OITAaCHOU 30HE.
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Coneprxkanue pasnaena:

1. Besnenue B IUCHUILUIUHY

AKTYyalbHOCTh W MpakTUYecKass 3HaYUMOCTh pabOT IO H3YYECHHUIO DPATUAIIMOHHOM CTOMKOCTH

MmaTepuainoB. HampaBienue uccienoBaHui, TEKylIMe LEAH M 3a7aud U3Y4YEHHs paaualliOHHOMN

CTOMKOCTH Pa3IMYHbIX BUJOB MaTepUaIOB

2. W3ydeHne u3MEHEHMs] CTPYKTYpbl U CBOMCTB MaTepUalIOB IOJ JEHCTBUEM BBICOKMX IOJIEN
MOHHU3UPYIOLIETO U3ITyYESHHUS

Martepuanbl ¥ METO/bI, UCIOJIb3YEMbIE B U3YUYCHUU PATUAIMOHHON CTOMKOCTH. OOyuyaTenpHas

YCTaHOBKA, BHJBI JKCIEPUMEHTOB M THIIBI O0OPa3I0B, HEUTPOHHO-AKTHBAIIMOHHBIN aHATU3,

HOJIyIPOBOIHUKOBBIH I€TEKTOP 111 BOCCTAHOBJIIEHUS CIIEKTPA.

[ToHsiTHE O CTIEKTpPE HEUTPOHOB, TUIOTHOCTH MOTOKA HEUTPOHOB U GurroeHce. Buasl HEUTPOHOB MO

sHeprusiM (ObICTpble, PE30HAHCHBIE, MEIJIEHHBIC, XOJIOAHbIE, YIbTPaXOJIOAHbIE HEUTPOHBI).

MeTob! yianeHus «HeHYKHBIX» HEHTPOHOB U3 CIIEKTpa MpH 00mydeHuu. Pacuet 10361 001yyeHus

(TTOTHOCTH TIOTOKA, (pIIF0OeHCA HEUTPOHOB U T.1.) B 3aBUCUMOCTH OT THIIA 00Jy4aeMOoro MaTepuania.

3. IlocTaHoBKa ’KCIIEpUMEHTa 110 00TyueHio. BoccranoBeHre HEHTPOHHOTO CIIEKTpPa

3.1 TexHuka sKCIEpUMEHTa MO OOJydeHHs] 00pa3lioB PEaKTOPHBIMH HEUTpOHAMHU (Ha MpUMeEpe

00JTyJaTeNTbHON YCTAaHOBKW M BepTHKaIbHOTO KaHana MBP-2, o6mydaTrenbHBIX KaHAIOB peakTopa

tuna BBOP (UAY, VY36ekucran) u T1.4.). [loaroroBka oOpas3moB mis oOmydenus. OOmyueHue

KpYMHOrabapuTHBIX O0BEKTOB. V3ydeHue pa3iMyHBIX XapaKTEPUCTHK OOpa3OB 3JIEKTPOHHBIX

KOMIIOHEHT BO BpeMs 00JIyueHUs], B peXKHUMe pEalbHOr0 BPEMEHU

3.2 DKcriepuMEeHTaIbHOE ompesencHrue (IeHca HEUTPOHOB TOCHEe OOJYdYEHHUsS MPH MTOMOIIU

HEUTPOHHO-aKTUBALMOHHOTO aHanusa. I'paguent ¢mroeHca. Hcnons3zoBanue

MOJyIPOBOJIHUKOBOTO ~ JIETEKTOPa Ha OCHOBE CBEPXUUCTOrTO TIEpMaHMs B HEUTPOHHO-

aKTHUBAaLIMOHHOM aHanu3ze. [lonyamnupruyeckoe BOCCTAaHOBJIEHHE CIIEKTPa HEUTPOHOB.

4. H3yyeHue CBOWCTB MarepuajaoB Tmociie oOmydeHus. IlepemernieHue W TpaHCIOPTHPOBKA
pannoakTUBHBIX 00pa3ioB. OOpaleHre ¢ TBepAbIMH paaguoakTuBHEIMU oTxonamu (PAQO) nocne
o0yueHus
4.1. Nzyuenne (GU3HYECKUX, MEXaHUUYECKHX, XUMHUYECKUX MU JP. CBOMCTB MaTEepPHAIOB IOCIE
o0ydeHus
4.2. MakcuManbHO-JIONyCTUMbIE J103bl OOJIydeHHUs Ui T[epcoHasia, paboTalolmero B
paZvalliOHHO-BPEIHBIX YCIOBUSX Tpyaa. Mepsl 0 CHM)KEHUIO BO3JEHCTBHSI HOHU3UPYIOLIETO
n3IydeHusi Ha uyesnoBeka. [lonarue mnepuona momypacnaga. OOpamenue ¢ PAO mocie

obmyuenus. XKuakue u TBepabie PAO. 3axopoHeHNE BRICOKOPAIHOAKTHBHBIX 00pa3IioB
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4.3. Po0OoTH3MpOBaHHBIE MAHUMYJIATOPH [UIS TIEPEMELICHUS pPaJHOAKTUBHBIX 00pasIloB.
[IporpaMMupoBaHue U yrpaBiIeHHE POOOTOM C THEBMATHUECKUM 3aXBaToM. TpaHCIOPTHPOBKA
00pa3IoB mocsue o0IydeHUs
5. IIpoekt «MccnenoBanre paagualioOHHON CTOMKOCTH MaTepuaioB Ha peaktope BP-2»
[IpomexyTouHas arTecTalus no paszeny 2.1 nposeneHa B yCTaHOBJICHHbBIE paCIMCAaHUEM 3aHATUI

cpoku. 3auet noayunsiu 35 cinymareneit (ouenounas senomocts [IPUJIOXKEHUE E).

Paznen 2.2 uctununa «Kommepriuanu3aius HayqHbIX UCCIICIOBAHUNA U pa3pad0ToOK»

O6mwem pazzena 18 yacoB, u3 HUX JEKIHUHU - 16 4acoB, MpOMEKyTOUHAs aTTecTalus — 2 Jaca.

[IpenonaBatens: I[luckynoBa Oxcana lBaHoBHa, aupekTop MH>KeHEpHO-(PU3UIECKOTO
WHCTUTYTA, KaHJ. TEXH. HayK.

Ilenpto maHHOTO Kypca sBISETCS (OPMUPOBAHHE y CIyMIATeICH IETOCTHOM CHUCTEMBI
3HAHUW, OIUCHIBAIOIIMX MPOIECC KOMMEpPLUHMATU3alUUNd pPEe3yJIbTaTOB HAyYHO-TEXHHUYECKOMH
NESTEIIbHOCTH B 00JIACTH HEUTPOHHBIX U CHHXPOTPOHHBIX UCCIICIOBAHHIA.

Cnymartend W3y4alT BUJIbL, CIOCOOBI 3aIlUTBI W METOABl OLEHKH OOBEKTOB
UHTEIJICKTyaJIbHOM ~ COOCTBEHHOCTH,  METOAbl ~ TI€HEepalud  HOBBIX  HJEH,  CIOCOObI
KOMMEpPLHATU3alu1 HayYHO-TEXHUYECKUX pa3paboToK.

Coneprkanue paszena:

1. HayuyHo-TexHuYecKas AeSITebHOCTh U €€ pe3yibTaTbl. OCHOBHBIE MOHATHS U OMNPEICICHUSI.
Hayuno-uccnenoBarensckas padora (HUP). OcHoabie sTanet HUP. OnbITHO-KOHCTpYKTOpCKast
pabota (OKP). OcHoBnsie 3Tanbel OKP. HayuHo-TexHUUYeCKHit pe3yibTar.

2. OOBeKThl HHTEJUICKTYalbHOH COOCTBEHHOCTHM KaK pe3yJdbTaT HAyYHO-TEXHHYECKOMN
nesitenbHOCTH. Kitaccugukanus 00beKTOB HHTEIUICKTYaTbHOM COOCTBEHHOCTH

OnpeneneHne  MHTEIUIEKTyaabHOH  coOcTBeHHOCTH. M300perenme. I[lone3nas  momens.
[TpombinuienHsii obpasen. Hoy-xay. IlpaBa Ha WHTEUIEKTyallbHYIO COOCTBEHHOCTH. IlaTeHT.
CucremMbl knaccuuKaluy MaTeHTHOW MHpopMauu. HarmoHanpHbIe CHUCTEMBI KiIacCH(DHUKAIUH.
MexnyHapOoaHbIE CHCTEMBI KlacCU(PUKaIIH.

3. [laTeHTOCTIOCOOHOCTH M MATEHTHAs YUCTOTA

Onpenenennsi. Kputepun marenTocriocooHoctd. [IpaBoBble OCHOBaHMSI MJisi TPOBEPKH Ha
MATEHTHYIO YUCTOTY. DTaIlbl IPOBEPKH HA MATEHTHYIO YUCTOTY

4. TBopYeCTBO: METO/IbI T€HEPALIUU U ITOMCKA HOBBIX UJIEH

WuauBuayanbHble W KOMaHAHbIE MeToJbl. JlarepanbHoe MblluieHHEe. METON «IIEeCTH HUISAI».
Teopuss pemenus wu300peTaTenbCKUX 3adad. Meroa Mop(dOJIOTrHYecKoro aHaimmsza. MeTon

¢dokanbHBIX 00BEKTOB. MeTo Mo3roBoro mrtypma. Meron lenbdu. CuHeKTHKA.
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5. Y4er u oleHKa CTOUMOCTH OOBEKTOB MHTEIUICKTYalIbHOH COOCTBEHHOCTH: HEOOXOAMMOCTh H
3HAUYCHHE
OcoOCHHOCTH TOJYyYEHHUS W HCIOJb30BAaHMS HMHTEIIEKTyalnbHOW coOctBeHHoctu (MC).
Xapakrepuctrku pbiHka MC. OneHka HHTEIIEKTyallbHOM cToMMOCTH. Metob! onieHkn MC
6. PazpaboTka HHHOBAITHIA.
[TonsTne nHHOBaMKU. XapaKkTepUCTUKA MTOHATHS UWHHOBaLMs. Buapl nHHOBanuii. BO3HUKHOBEHHE
WHHOBAIIMHA. DTanbl TeHepanuy HHHOBAIMH. [lepciekTuBHBIE 00J1aCTH BHEIPEHUST MHHOBAIIUA.
Tema 7. Komnanuu tuna Start Up
OrnpeznenieHre TEpMUHA CTapTan-KOMIAHUs. XapakTEpUCTUKA CTAapTamoB. OTalbl pPa3BUTHUS
craptanoB. CUCTEMBI YIIpaBJICHUs MHHOBAIIMOHHBIMU IIPOEKTaMHU.
Tema 8. ITHHOBaIIMOHHBIE TEXHOJIOTUHA
Onpenenenne TOHATUA TexHodorusa. CTpykTypa TexHojoruu. Krnaccupukaius TEXHOJOTHH.
VM HHOBAaLIMOHHBIE TEXHOJOTUH. BUIbl ”THHOBAIIMOHHBIX TEXHOJOTUN. BHEpEHNE NHHOBAIMOHHBIX
TeXHOJI0ruil. MeTonbl BHeApeHUsl. JKU3HEHHBIN LIMKJI TEXHOJIOTHH.

[IpomexxyTounast aTrectaus mo paszaeny 2.1 mpoBeeHa B YCTaHOBJIEHHBIE paCIIUCAHHEM

3aHATUHN CPOKH. 3adeT nmoiayuniu 35 cioymareneit (onenouynas Begomocts [TIPUJIOXEHUE X).

Monyins 3 «IIpoekTupoBaHHe HHTEIIEKTYyaIbHBIX CUCTEM»
O6wem Moy 72 yaca, U3 HUX ayJUTOPHBIE — 68 4acoB, MPOMEKYTOUHAs aTTecTanus — 4 yaca.
Paznen 3.1 JucunminHa «OyHKIIMOHAIBHOE MOACIHPOBAHUE CITOKHBIX CHCTEM»

O06nem pazaena 36 dacos, u3 HUX Jeknuu - 10 yacoB, mpakTudeckue 3aHATUA — 24 dYaca,
MIPOMEKYTOUHAsI aTTeCcTalus — 2 Yaca.

[IpenonaBatens: ['opOynoB Huxonait BacunbeBuu, IOUEHT Kadeapbl MPOSKTUPOBAHMS
SJIEKTPOHUKH ISl YCTAaHOBOK «MeracaileHc», K.T.H., BEAYIIMH Hay4yHbId coTpyaHuk HaydHo-
SKCTIEpUMEHTAIBHBIN oTAEN (hu3uku Ha CMS, JIOBD OUSN.

Henbto manHOro Kypca siBisercst (OpMHpOBaHME Yy  CiylIaTesned 3HAHUH O
(GYHKITMOHATTLHOM MOJICTTUPOBAHUN UEPAPXUUECKUX IMPOCKTOB.

Ciymarenyd M3y4daroT MakeT KoMIbloTepHbIX mporpaMm OrCAD, npenHa3HaueHHBIN I
aBTOMATHU3AlMM TPOECKTHUPOBAHUS JJIEKTPOHUKH, U TMPHUOOPETAIOT HABBIKK MOJEIUPOBAHUS U
aHaJIN3a JIEKTPUUECKUX CXEM.

Coneprkanue pasnaena:

1. Hauano pa6otsr B8 OrCAD 17.2

2. Coznanue nepapxu4ecKux NpoeKTOB
Coztanue NpuHIMINAIBHON CXEMBI

3. Coznanue 3a1aHNs Ha MOJIEIIMPOBAHUE U BBIBOJI PE3YJIbTaTOB MOAEINPOBAHUS
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4. Ananu3 3JIeKTPUUECKUX LIETIeH MOCTOSTHHOTO TOKa
[TapameTpuueckoe MOIETUPOBAHUE IJIEKTPUUECKON CXEMBI Ha TIOCTOSIHHOM TOKE
5. AHanu3 3JIEKTPUYECKUX LIETIEH Ha MEPEMEHHOM TOKE
MoaenupoBaHue JIEKTPUYECKON CXEMbI Ha IEPEMEHHOM TOKE
6. AHanu3 mryma
MogenupoBaHue HIyMOB 3JIEKTPUYECKOU CXEMBI
7. TemnepaTypHbIi aHATU3
MopaenupoBaHH€ IIYMOB 3JIEKTPUUYECKON CXEMBI
8. Ananu3 anekTpuueckux nemnei merogom Monre-Kapio
MogenupoBaHue HIyMOB 3JIEKTPUYECKOU CXEMBI
9. Ananu3 HauXyaIiero ciydas
10. AHanu3 3IEKTPUYECKUX LIETIEN C MArHUTHOW CBSI3BIO
11. Co3nanuie 1 peTaKTUPOBAHUE CTUMYJIOB
12. IIpo6aeMbl CXOAMMOCTH U COOOIIEHHUs 00 OmmMoKe
13. AHanu3 IMHUHN niepenaynd HHPOPMALUU
MoaenupoBaHue JUHUN Iepegadn
14. IluppoBoe MonenupoBaHue
MonenupoBanue Hu(ppoOBOro CUETUUKA
15. CmemanHoe moaenupoBanue. OyHKIMOHAIBHOE MOJEIUPOBAHHE
16. LleneBbie pyHKIIUN
AHanu3 pe3yabTaToB MOJIEIUPOBAHUS C IPUMEHEHHEM LIETEBBIX (QYHKIUI
17. PenaktupoBanue u coznanue PSpice monenu
[IpomexyTounast arrecTanus mo paszzeny 3.1 mpoBeneHa B yCTaHOBJICHHBIE pacMCaHUEM

3aHATHI CPOKHU. 3aueT monydmin 35 cnymareneii (ornenounas Begomocts [IPUJIOXEHUE N).

Paznen 3.2 lucuuruinna «Beenenne B 00paboTKy SKCIIEPUMEHTAIBHBIX TAaHHBIX C UCIIOJIb30BAHNEM
HEHUPOHHBIX CETEU»

O06nem pazzaena 36 4acoB, U3 HHUX: JEKIUU - 6 4acOB, MPAKTUYECKUE 3aHATUS — 28 4acoB,
MPOMEXKYTOUHas aTTecTalus — 2 Jaca.

[IpenonaBatens: AnznpeeB Oner AJieKcaHApPOBHY, CTapLIMil IperoaaBatesb Kadeapsl
IPOEKTUPOBAHUS DJIEKTPOHUKU JUIsl YCTAHOBOK «MEracaii€HC», KaHJI. TEXH. HayK., CTaplIuil
HayuHbIi coTpyaHuk AO «HUUN «ATtommy.

Ilenpto maHHOTO Kypca siBIseTcsS (GOPMHPOBAHHME Yy ClylIaTesied 3HaHWi 00 oO0paboTke

JaHHBIX HAYYHBIX SKCIICPUMCHTOB IMOCPECACTBOM HUCIIOJIb30BAHUSA HGprOHHBIX ceTel.
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Cnymwatenu u3y4amOT 3a7add, METOJbl, aJIrOPUTMBblI, YCTPOWCTBO HCKYCCTBEHHOMN
HelpoHHoi cetu. [IpnoOpeTaroT yMeHUs U HaBBIKU ITOCTPOCHUS UCKYCCTBEHHON HEHPOHHOM ceTH
B CpeJle HayYHbIX U MHX)eHEepHbIX pacieToMm MATLAB.

Coneprkanue pazaena:
1. Bsenenue
Kpatkuii ucropuueckuii 0030p pa3BUTUS HCKYCCTBEHHBIX HEHpPOHHBIX cereil. MckyccTBeHHas
HEWpPOHHAs CETh ceyac: 3aauu, METO/IbI, AITOPUTMBI, ycTporicTBo. MATLAB kak cpena Hay4yHbIX
Y MHXKEHEPHBIX PAcueTOB. 3aKpeIUIeHHe HaBBIKOB paboTel B MATLAB
2. Tlepuentpon
Mogens nepuentpona B MATLAB. OOyuenue u cumynsuusi nepuentpona B MATLAB Ha
MOJIETLHOM MpuUMepe. MHOTOCIONHBINA TepuenTpoH. Mojieab MHOTOCIOMHOTO MEpUENnTpOHAa B
MATLAB. OOyyenne wu cuMmynsamus MHorocioWHoro mnepuentpoHa B MATLAB mo
3KCHEPUMEHTAIIBHBIM JaHHBIM
3. Ceru knacrepu3anuu
Camoopranusyromuecs kaptel Koxonena. Mogaens camoopranusyrouieiicss kaptel KoxoHeHa B
MATLAB. LVQ-cetu. Mogenr LVQ-cetru B  MATLAB. HccnenmoBanue  BBIOOpPKH
SKCHEPUMEHTAIBHBIX JAHHBIX C UCIOJIb30BAHUEM HEMPOCETEBBIX AITOPUTMOB KJIACTEPU3ALIMHI
4, PamuanbHo-0a3ucHpie cetu. Momenb paauanbHo-OasmcHoit cetm B MATLAB.
Annpokcumanus GyHKIUN pagraibHO-0a3uCHON CEThIO
5. Cetn npou3BONBHON apxXUTEKTypbl. (Co3/1laHME€ HEWPOHHBIX CETEed MPOU3BOJBHOU
apxutekTypsl B MATLAB
6. Ilpen- m mocToOpaboOTKa NaHHBIX MPHU paboTe C HEHPOHHBIMH CETSIMHU.

[IpomexyTouHast arTecTanus 1o paszeny 3.2 IpoBe/eHa B YCTaHOBJICHHBIE paclMCaHUuEM

3aHATHIH CPOKHU. 3aueT monyunin 35 cnymarenci (onenounas Begomocts IIPUJIOXEHUE K).

Monynb 4 «DIeKTpPOHHUKA U aBTOMATHUKA (PU3NYECKUX YCTAaHOBOK»
O6wem monyns 72 yaca, U3 HUX ayJuTOpHbIE - 54 dYaca, camocTosiTenbHas pabora — 14 vacos,
IIPOMEKYTOYHAs arTecTanus — 4 Jaca.
Pasgen 4.1 Hucnunmuaa  «ABromaTtuzanusi  (QU3MKO-TEXHHMYECKHMX  IMPOIECCOB  Ha
HKCIIEPUMEHTAIBHBIX HEUTPOHHO-(U3NIECKUX YCTaHOBKaxX peakropa MBP-2»

O0beM paznena 36 4acoB, U3 HHUX: JIEKIUU 6 Y4acOB, MPAKTUYECKHE 3aHATUS — 14 9acos,
caMOCTOsITeNIbHas paboTa — 14 yacoB, MPOMEXKYTOUHAs aTTECTAIUs — 2 Jaca.

[IpenonaBarens: bynaBun Makcum BUKTOpOBUY, HAUAIbHUK CEKTOPA HOBOT'O UCTOYHHUKA U

komruiekca 3ameureneit JIHO OUSU, kann.¢pus.-mat. Hayk.

218



Lenpto maHHOrO Kypca sBiseTcs (OPMUPOBAHHME Y  CIyIIaTeNed  MPaKTHKO-
OpPUECHTHPOBAHHBIX 3HAHUW O METOJax NPOBEICHUS DSKCIEPUMEHTAIBHBIX HEUTPOHHBIX
MCCJICIOBaHMI Ha NEUCTBYIOMIECH (PU3MUECKON YCTAaHOBKE — HAYYHO-UCCIIEI0BATEILCKOM PEAKTOPE
NBP-2.

Cnymarend JeTaabHO M3y4alOT METOAbl 3aMEJICHHs] HEUTPOHOB, HCIOIb30BAHUE
KPUOTEHHOM anmaparyphbl, BIUsSHUE O0JyICHUS HAa U3MEPUTEIIHHYIO YCTaHOBKY. Takke ciryniarenu
MOJIy4alOT 3HAaHUS O IIUPOKOM CHEKTPE METOJOB ONpPENEICHUs M KOHTPOJs MapaMeTpoB
MIPOTEKAIOIINX MPOLECCOB, TAKUX KAK TEMIIEpaTypa, YACTOTA, pacXxo/l rasa.

Coneprxanue paszaena:

1. MenJieHHbIE HEUTPOHBI KAK UHCTPYMEHT JIJIsl HCCIICIOBAHUS MAaTEPHAIIOB METOJIOM UX PACCESHUS
CrauvoHapHbIE M MMIYJbCHBIE DPEAKTOpbl. MeTox MO BpEeMEHM MpoJieTa Ha HMITYJIbCHBIX
ucrouHrkax. CHEeKTpOMETphl W CHUCTEMBbl OKpYXEHHUs oOpasma. 3aMeIeHHE HEHTPOHOB.
Mennennbie HeUTpoHbIL. [lomydeHne MeaIeHHBIX HEUTPOHOB. XOJOAHBIE 3aMEIJTUTEIN HEUTPOHOB
2. HlapuKOBBIN XOJIOAHBINA 3aMeATUTENh HEUTPOHOB peakTopa MBP-2

[IpuHIMn paboOTHl MIAPUKOBOTO XOJIOAHOTO 3aMeANUTENs HeUTpoHOB peakTopa MBP-2. Cucrema
yOpaBlIeHUS U KOHTPOJS XOJOAHOTo 3ameuutens. [IpuHuun paboThl OCHOBHBIX YCTPOMCTB U
cucreM 3aMmennurens. KpuoreHHsle refineBble yCTaHOBKH JIJIS1 OXJIaXICHHS KaMephl 3aMeJIATENs
3. OCHOBHBIE 3JIEMEHTBI CUCTEMBI YIIPABICHUSI U KOHTPOJIS XOJIOHOTO 3aMEITTUTEINS:

— Mertoas! momydeHus: MENKUX TBEPbIX (Gpakiuil (IIapuKoB, TaOIETOK) IPABHILHON (GOpMBI
IIpU KPUOTEHHBIX Temrmeparypax. KanenbHuia — yCcTpoHCTBO AJisi U3TOTOBJIEHUSI TBEPBIX
IAPUKOB JJIS XOJI0AHOTr0 3aMmenTens peakropa MBP-2 B xuakom azore,

— MHcnblTaTensHple CTEHIBl MIAPUKOBOTO XOJOJHOIO 3aMmennuTens. Bakyym u Meronasl
TedeuckaHus. MeToAbl HU3MEpeHUs TeMIeparypbl (TePMOIUONBI, TEPMOPE3UCTOPHI,
Tepmornapsl). [Ipubopsl 1 MeTObI AJIs ONpeieNIeHNs YUCTOTHI pabovero rasa 3aMeaauTeNs
(razoaHanu3aTopsl U XpomMarorpadsl),

— Meroasl 3arpy3Kd 3aMOPOKEHHBIX IIAPUKOB B KaMepy 3aMeJIUTENsi MPH KPUOTEHHBIX
Temrneparypax. MeToIsl Onpe/iesieHrs pacxo/ia raza B Tpyoomnposoje (tpyoka [luro, cormo
Bentyppu, nuadparmer). MeTo 161 KOHTPOJIIS IBHKEHUS TBEPABIX IIIAPUKOB B TPYOOIIPOBO/IE
CIOKHOW KOH(Urypamu TpHU KPHUOTEHHBIX TeMmmeparypax (Ta3oJuHaMHYecKUil Hu
onTtuyeckuil mMetojsl). OmnpeneneHUe KOJIUYECTBAa IIAPUKOB B KaMepe 3aMeIIUTENs BO
BpeMsl H TIOCJIe 3arpy3ku (Ta30JMHAMUYECKUI METOA, METOJl KaMephl-00CKypa,
UCIIONIb30BaHUE CIMHTULIATOPA). [IporpamMmmHoe oOecriedeHne CUCTEMBbl YIPaBICHUS H
KOHTPOJIA

4. I3MeHeHre CBOMCTB MaTEPHAIIOB XOJIOIHBIX 3aMeTUTEIICH HEUTPOHOB TIPH OOTYyUCHUH:
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— IlpubGopbl W MeTOABI ONpENENCHUs KOJMYECTBA  PAJAUOIUTHUECKOTO0  BOJOPOJA,
o0pasyromierocsi B KaMepe 3aMeJUIMTENIs, MOJ JIeHCTBHEM OOJydeHHs (MCIOJIb30BaHUE
ra3roJyibJepa, xpomarorpadus),

— MHccnenoBanue CBOMCTB MaTepuUalioB XOJIOAHBIX 3aMEIJIMTENCH IMocie 0OIydeHHs
(M3MEHEHHE CTPYKTYphl, H3MEpeHHe BS3KOCTH, IUIOTHOCTH). BiusHue oOmydeHus
MaTepUajioB Ha JAETPaJallyI0 IOTOKAa XOJOJHBIX HEHTPOHOB C IOBEPXHOCTH XOJOJHOTO
3aMeTUTEI.

5. InnuBuyanbHble KOHCYIbTALUH.
[IpomexyTtounas arrecranus no pasnaeny 4.1 mposeneHa B yCTaHOBJIEHHBIE PACIIHCAHUEM

3aHATUI cpokH. 3a4eT moay4dmiu 35 ciymateneit (onenounas seqomocts [IPUJIOXXEHUE JI).

Paznen 4.2 JlucuumuimHa «ABTOMAaTH3alMS SKCIIEPUMEHTAIbHBIX HCTOYHUKOB HEUTPOHOB H
CUHXPOTPOHHOI'O U3JTYyUYEHUS»

O0beM pasnena 36 yacoB, M3 HUX: JIEKIUU 28 4acoB, MPAaKTHUYECKUE 3aHATHS - 6 YacoB,
MIPOMEKYTOYHAsl aTTecTalus — 2 Jaca.

[IpenonaBarens: CtpekanoBckuii Oner BuktopoBud, AOUEHT Kadeapbl MPOSKTHPOBAHUS
AJIEKTPOHUKU JJIs1 YCTAHOBOK «MEracaileHCy, K.T.H., Bexymuil unxenep JISIP OMAN.

Lenbto qanHOTO Kypca siBisgercs: popMupoBaHue y CiTyliaTeseil 3HaHui 00 aBTOMaTH3aIUH
SKCHEPUMEHTAIBHBIX ICTOYHUKOB HEUTPOHOB U CUHXPOTPOHHOI'O U3JIyYEHHUS.

Cnymarenn u3y4aroT KCHEPUMEHTAIbHBIE YCTAaHOBKHU ISl MPOBEACHUS HEUTPOHHBIX U
CUHXPOTPOHHBIX UCCIEIOBAHUM, SIIEKTPOHUKY JIJISl CIEKTPOMETPUUECKOTO TPaKTa, apXUTEKTypy U
DJIIEMEHTHI CHCTEMBI aBTOMATH3AlMUA OKCIEPUMEHTOB. [IproOpeTyT HaBBIK HCIOIH30BAHUS
TexHoyoruit pupmel NI 111 aBTOMAaTH3aAIIMN SKCTIEPUMEHTAIIBHBIX UCCIICIOBAaHUH.

Coneprkanue pazaena:

1. DxcnepuMeHTaNbHbIE YCTAHOBKH JIJISl UCCIIEIOBAHMS C HEUTPOHAMU.

CucTtemMbl aBTOMAaTH3alUK B IPOMBIIINIEHHOCTH U HAYYHBIX HccleAoBaHUsAX. OCHOBHBIEC 3JIEMEHTHI

aBTOMAaTU3UPOBAaHHOM cucTeMbl. ba3zoBbie ycraHoBku OUSAN niist vccienoBanuii ¢ HEUTpOHAMU —

peaktop UBP2 u UPOH. Peaktop [THK. [Toacuctemsl, BXoas1ne B 00IIYI0 CTPYKTYPY YIIPaBICHUS

0a30B0i1 yCTaHOBKOM

2. DKCIIEpUMEHTANIbHBIE YCTAHOBKH — UCTOYHUKHA CUHXPOTPOHHOTO U3JTYyUYEHUSI.

CUBHPB2, BOIIII. ITporpaMMbl Hay4HBIX UCCIEAOBAHUM HA ATUX YCTAaHOBKAaX

3. JIazep Ha cBOOOHBIX 3eKTpoHax. VccnenoBaHus ¢ MpUMEHEHHEM CUHXPOTPOHHOTO U3TyYeHHUSI

4. Metoapl NE€TEKTUPOBAHUS, MPUMEHSEMbIE MPU PErHUCTPALUM HEUTPOHOB, raMMa-KBaHTOB W
3apsUKEHHBIX  4YacTUL.  ['a3opaspsliHble  KaMepbl,  CIUHTWUISILIUOHHBIE  JIETEKTOPHI,

MOJIYTIPOBOTHUKOBBIE IE€TEKTOPHI
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5. IlpuMeHeHue HEUTPOHHBIX METOAMK [UJIsl DJIEMEHTHOTO aHaiau3a, ONPEACIICHUS COCTaBa
BEILIECTBA, HEPA3PYILIAIOIMIUX METOJOB KOHTPOJS BEIIECTBA, CUCTEMAax paauallMOHHON
0€30MacHOCTH, ONPEEIEHUN BPEMEHU KU3HU UCTOPHUECKUX OOHEKTOB

6. DIEKTPOHUKA JUISl CIEKTPOMETPUUYECKOTO TPAKTA

[penycunurenu, ycunurenu popmuposarenu, AL, BIIL, 311, ananu3atopbl, TMCKPUMUHATOPHI

MMITYJIbCOB, CYETUUKH. 3alIUTa U3MEPUTENIbHBIX KaHAJIOB OT nomeX. McTtounuku nomex. Meroabl

SKpaHMPOBAHUs U 3a3eMiieHus. [ abBaHNYeCKas pa3Bsi3Ka

7. CoBpeMeHHbIe MeTOo bl I (PpOBOI 00PaOOTKM CUTHAIOB MPU PETUCTPALIUU 3aPSKEHHBIX YaCTHII.
N-gamma pa3/ieJIeHue CUTHAJIOB

8. COBpeMEHHBII paHOK 3JEKTPOHHBIX YCTPOUCTB I pabOTHI C H3ITYYCHHUSIMH.

®dupmel CAEN, ORTEC, Canberra, Phillips kak moctaBumku u3MepuTeIbHOTO 000PYA0BaHUS JIJIs

SKCHEPUMEHTAIBHBIX HCCIEAOBATENBCKUX YCTAHOBOK. OTKpPBITBIE MarucTpaibHO-MOIYJIbHBIE

cucreMbl NIM, PXI, VME, VXI, CAMAC

9. ApxuTeKTypa aBTOMaTU3UPOBAHHON CUCTEMBI yIIpaBICHUS

YcrpoiicTBa pacmpeneneHHoro coopa AaHHBIX W ymnpaBieHUs. [IpoOieMbl CHHXpOHM3AIMH U

OJIHOBPEMEHHOCTH IMpH cOOpe U aHalIM3e SKCIEePUMEHTATbHOM uH(pOpMauuu. Y najieHHbIE

XpaHWInIIa AaHHbIX. OOJavyHbIe BHIYUCICHUS

10. TIpombITIIIEHHBIE CETH, PUMEHSIEMBIC B (DU3HMUECKOM IKCIIEPUMEHTE

Cern Ha ocHOBe mnociaegoBarenpHoro kanama, CAN, ProfiBUS, MODBUS, DCON.

[Tpomsbimuiennsiid Ethernet. becpoBoHbIe TOKambHBIE CETH

11.  OcobGeHHOCTH  ympaBlIeHHUS  MHOTOKOMITBIOTEPHBIMH  cHCTeMamMu. [lmaHupoBaHue

sKcriepuMeHTa. AHanu3 TpeboBaHui. CHUMYINSIHS TOBEIACHUS CIIOKHOM CHCTEMBI C OOJBIINM

YUCJIOM JIETEKTOPOB. YTIPABIEHUE MPOEKTOM

12.  IlpuMeHeHUE  JIOTUYECKMX  KOHTPOJUIEPOB W  PEryJsiTOPOB MNpPU  NPOBEIACHUU

SKCTIEPUMEHTAIBHBIX HcclieoBannid. CpeacTBa pa3paboTKu yrpasstonien mporpammsl 1iist TTJIK.

S3pIk peneiinbix quarpamMm. MMI (unTepdeiic uenoBek — mammua) 1 SCADA nporpammsl. Ponb

OnepaloHHON cucTteMbl. CTaTUYECKUE U JUHAMUYECKUE MTapaMeTphbl

13. IIporpammHoe obecrieueHue st pa3padOTKU cUcTeM aBToMatu3anuu. OCOOCHHOCTH CHCTEM

peanbHOro BpeMeHu. BerpanBaembie cucteMbl aBToMatusaiuu. [Ipumenenue [IJIMC

14. Cucrembl «KECTKOTO» pPEaTbHOTO BPEMEHHM Ha TMpHMeEpe pPEelieHUH peKoH(Urypupyemoro

BBO/a-BeiBOIa (pupmbl NI.  Ilmardopmber anms co3gaHuss BCTPaMBaeMOro M KOMITAKTHOTO

obopynoBanus. Cuctemsl ynpasnerus CompactRIO

15. Texnonoruu pupmbl NI 117151 aBTOMAaTH3AIIMN SKCIIEPUMEHTATBHBIX HcclieoBanuil [[pumeneHmne

CIICHUAIM3UPOBAHHLBIX TMAKCTOB  IJIA c60pa SKCHCPUMCHTAJIbHBIX JAaHHBIX W YIIPABJIICHUA
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¢usnueckuM sxcriepumenToM. Cpena rpaduueckoro nporpammupoBanus LabView. Kontpomeps
U ynpasieHue umu B cpezie LabView
16. Texnonoruu co3nanusi OBICTPHIX KOMMYTHPYIOIIMX M 3alIMTHBIX cucteMm Ha Oaze [TJIMC.
Cuctembl yrpaBieHUs ¢ OOpaTHOM CBs3bI0. Meroasl perynupoBaHus. Peammzarmus [TW]] —
peryisTopa M peryjsaropa ¢ HEUYETKOM Jorukol B cpene LV. Maremarnueckuii anmapar,
OpUMEHSeMBIH s aHan3a cucteM yrpasieHus. Lludposas o6paboTka CUTHAIOB Ha CHCTEMHOM
YPOBHE ¢ UCTOJab30BaHueM LabView
17. AnnapaTHoe pe3epBUpPOBaHUE.

[IpomexyTouHast arrecTanus 1o paszeny 4.2 mpoBeseHa B YCTaHOBJICHHBIE paclMCaHUEM

3aHATUI cpoKH. 3a4eT noayduiu 35 ciymateneii (onenounas segomocts [IPUJIOXKEHUE M).

[To utoram oOy4eHHs ciylIaTeNd, YCIEUIHO BBIIOJHUBIINE Bce TpeOOBaHUs 00pa3oBaTEIbHOMN
MpOrpaMMBbI M TPOIIEANINE UTOTOBYIO aTTecTanuio (BeaoMocTh utoropoi arrecranuu B [IPUJIOXXEHUN
H) otuncnenst npukazom ot 01.12.2021 Ne406 1k ¢ nocnenyroei Belgaueil yA0CTOBEPEHUH O OBBILIEHUH
KBaJMUKaIMK ycraHoBIeHHOTo oopasua (IIPUJIOXEHUE IT).

Tabmuma 1.1 - CoucodHbli COCTaB JUIl, MPONICANINX OOydYE€HHWE MO MpOorpaMMe JIOMOJTHUTEIBHOTO
npodeccnoHabHOTO 00pa30BaHMs TOBBIIMICHUS KBaTHU(PUKAUU «ABTOMAaTH3allUsi SKCIEPUMEHTa B
o0acTu HEUTPOHHOU (U3MKI» B 00beMe 252 yaca ¢ yKazaHHUEM PEKBU3UTOB JOKYMEHTOB, BBIJAHHBIX TIO

HUTOT'aM IMPOXOKACHU A OGy‘IGHI/I}I

No damuus, UMsl, OTYECTBO Peructpammonnsiii |  Homep nokymeHTta
JTOKYMEHT
1. | AGpamenko [TaBen BaneppeBuu 14832 502412187992
2. | Arapymma Mypat PaduroBuu 14833 502412187993
3. | baxun Anron CepreeBuu 14834 502412187994
4. | bparun /lanuna PomanoBuy 14835 502412187995
5. | Bazeamumnep KOnus I1aBnoBHa 14836 502412187996
6. | Beprtuxun Anekcanap AlekceeBUY 14837 502412187997
7. | Berpos Cepreii CepreeBuu 14838 502412187998
8. | 'opbyHoB ApTemuii AIeKCaHIPOBUY 14839 502412187999
9. | llybenckoBa AnnHa AneKCaHIpOBHA 14840 502412188000
10. | MumarokoBa Mapus JIMuTprueBHa 14841 502412188001
11. | KamnukoBa TaTbsiHa BacuibeBHa 14842 502412188002
12. | Knumenko Ornbra IlaBnoBHa 14843 502412188003
13. | Kosno [Imutpuit Hukonaesuu 14844 502412188004
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14. | KomapoBa Anacracus EBrenbeBHa 14845 502412188005
15. | Ky3neuoB Anekcanap AHApeeBHY 14846 502412188006
16. | Ky3nenoB Anekcanap CepreeBud 14847 502412188007
17. | Kypsinés Bnagumup AnapeeBuy 14848 502412188008
18. | Kyrunosa Onbra BacuibeBHa 14849 502412188009
19. | Mammukus Bragumup CepreeBud 14850 502412188010
20. | He3nopoBun Aptyp Hukonaesuu 14851 502412188011
21. | OBogoB Anekcanap CepreeBuy 14852 502412188012
22. | ITumenoB Erop AuapeeBud 14853 502412188013
23. | IlumenoB Muxaun AHIpeeBUY 14854 502412188014
24. | TlonoB Anexkcanap AyekceeBud 14855 502412188015
25. | PeicnaeB Hckannep TaupoBuu 14856 502412188016
26. | Carpibanguena Carnapa KenenbaeBHa 14857 502412188017
27. | Cenbkun Banepuii IBanoBuu 14858 502412188018
28. | Cnaytun Muxann KoHctaHTHHOBHY 14859 502412188019
29. | CramrasueBa Axmanap JKyMakaHKbI3bI 14860 502412188020
30. | TuxomupoBa Kcennst MuxaiinoBHa 14861 502412188021
31. | YnanoBa Mpuna NBanoBHa 14862 502412188022
32. | Ycrunos [Imutpuii BanepreBuu 14863 502412188023
33. | ®epuepep Banepuit Dayapaosuy 14864 502412188024
34. | Xamurosa Jlunapa PaitxaroBHa 14865 502412188025
35. | HInunesckas Bukropus CtanucinaBoBHa 14866 502412188026
TTpHIOKEHHS.

1. Momynu 06pa3oBaTesIbHOM TIPOTPAMMBI JUTS TOATOTOBKH criennanicToB. Maiin [Mprnoxk.1.3.6_1.pdf
2. Ouenounsle Begomoctu. ®aiin [Mpunoxk.1.3.6 2.pdf
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1.3.7 IIpoBenenne B 2021r. koHdepeHIIUN 00yYAIOIIMXCH U HCCJe0BaTelel B Bo3pacTe 10 39
JIET 10 TeMaTHKe HCCJIeT0BaHuii (cOBMeCTHO ¢ YHUB. «/lyona». lorosop 400/1980 ot 22.11.2021).
Bcepoccuiickas HayyHO-TIpakTHYecKas KOH(MEPEHIUS MOJOABIX YUYEHBIX «3aauyd M METOJIbI

HEHTPOHHBIX HCCIENOBAaHUN KOHACHCUPOBAHHBIX cpea» ImpoBereHa 2-3 pekabps 2021 roma B

yuusepcurere «yona». [TIPUJIOXXEHUE P - ckpunmorsl crpanuiy caita http://conf.uni-dubna.ru/ c

nHpopMmanuelr 06 anoHce Bcepoccuiickold HayYHO-IPAKTHYECKOW KOH(MEPEHIIMH MOJOJBIX YUYEHBIX
«3agaun M METOAbl HEUTPOHHBIX MCCIENOBAaHUN KOHAEHCHpoBaHHBIX cpen», [IPMJIOXKEHUE C -

crpanuna caiita http://conf.uni-dubna.ru/ ¢ wundopmauueit 00 anonce Bcepoccuiickoii Hay4HO-

MPAKTUYECKOW KOH(MEPEHIIMH MOJOJBIX YYEHBIX «3aJadyd M METOJbl HEHTPOHHBIX WCCIICIOBAHHMA
KOHJICHCHUPOBAHHBIX CpEI.

[Tpuka3z «O6 opranuszanmu u npoBeneHNH Beepoccuiickolt HayqHO-TIPaKTHUECKONW KOH(pEPEHINH
«3aaun ¥ METOIbl HEUTPOHHBIX UCCIIEOBAHHUI KOHIEHCHPOBAHHBIX cpe» oT 14 okTsaops 2021 r. Ne 584
- [TIPUJIOXEHUE T.

TemaTuka KoHbEpeHIUH:
— MHccnenoBaHust KOHIEHCUPOBAHHBIX CPEJL C TOMOIIBIO PACCESIHUS HEUTPOHOB,
— Pa3zpabotka u MogenrpoBaHue CTAHIIUA HEUTPOHHOTO PACCESHHUSI,
— JleTekTopbl HEUTPOHHOTO U3ITYUYECHHS,
— JlerekTopHas 3JIE€KTPOHHKA,

— Meroauka HEUTPOHHOI'O dKCIIEPUMEHTA.

Opranuzatopbl KOHPEPEHINH:

— MexnayHaponHash MeEXIpaBUTENIbCTBEHHAs opranuzanus OObeIUHEHHBIM WHCTUTYT SAEPHBIX
HUCCIeN0BaHUH,

— TocynmapctBeHHOE  OMOKETHOE  00pa30BaTENbHOE  YUPEKICHHE  BBICIIETO  OOpa3oBaHUSA
MockoBckoit o6mact «YHuBepcuteT «JlyoHay (rocyjapcTBEHHBIM YHUBEPCUTET

—  «JlyOHay),

— @enepanbHOe TOCYJApCTBEHHOE aBTOHOMHOE 00pa3oBaTeNbHOE  YUYPEKICHHE  BBICIIETO
obpazoBanus «Kazanckuii (IIpuBomkckuil) heaepanbHblii YHUBEPCUTETY,

— @enepanbHOe TOCYJApCTBEHHOE aBTOHOMHOE 00pa3oBaTelbHOE YUYPEXKICHHE  BBICIIETO
oOpazoBanus «MOCKOBCKHI (PU3UKO-TEXHUUECKUNA HHCTUTYT (HAITMOHAIbHBIN HCCIICIOBATEIHCKUM
YHUBEPCHUTET)»,

— @epaepanbHOE TOCyAapCTBEHHOE OrOpKeTHOE yupexacHue «llerepOyprckuii HHCTHTYT sIEpHOU
¢us3uku uM. B.I1. KorcrantunoBa HammonanbHoro uccnenoBarenbckoro nenrpa «KypuaToBckuid

HHCTUTYT»,
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— @enepanbHOE TOCYAapCTBEHHOE OIOKETHOE yUpeXKIeHWE Hayku VHCTUTyTa SAEpHBIX
uccienosanui Poccuiickoit AkanemMuu Hayk,
— @enepanbHOE TOCYAaPCTBEHHOE OIOKETHOE yUpekJeHHe Hayku MHCTUTyTa (U3HKU METalioB

nmenu M.H. MuxeeBa Ypanbckoro otaeneHus Poccuiickoil akaieMuu HayK.

IIporpaMMHBII KOMUTET:

— IlIBenoB Banepuit HukonaeBuu, xana. ¢u3.-mMar. Hayk, aupektop JlabopaTtopuu HEUTPOHHOM
¢buszuku um. U.M. ®@panka — npeacenarens;

— benymkun Anekcanap BrnagucmaBoBud, a-p pu3s.-maT. HayK, HauaJdbHUK OTAEICHUS HEHTPOHHBIX
Hccae0BaHui M pa3paboToK B 00sacTh KoHaeHcHpoBaHHBIX cpen JIHD OUAN,

— bomgnapuyk Bukrtop MBanoBuy, kauj. Qu3s.-mMaT. HayK, HaYaTbHUK Hay4dHO-3KCTIEpUMEHTAIBHOTO
oTAena komiuiekca criekrpomerpoB UbP-2 JIHO® OUAN,;

— TadypoB Mapar PeBrepoBuu, a-p ¢us.-mMaT. HayK, 3aMECTUTENh JUPEKTOpa IO HAYIHOU
nesitenpHOCTH MHcTuTyTa ®@uszukun ®I'AOY BO «Kazanckuit (IlpuBomkckuit) (enepanbHbIi
YHUBEPCUTETY;

— TopOynoB Hukomaii BacunbeBuy, KaHA. TE€XH. HayK, Jou. ['OCyIapCTBEHHOTO yHHMBEpPCHTETa
«/lyb6Ha» Benymmii Hayd. cotp. Hay4uHo-skcriepumenTansHoro otaena ¢usuku Ha CMS JIOBD
ouiy;

— Kpasnos EBrennit AnekceeBud, A-p ¢pus.-mat. HayK, npod., TIaBHBIA Hay4d. coTp. JlaGopaTopun
KBaHTOBON HAHOCHUHTPOHUKK DenepallbHOTO TOCYJAapCTBEHHOTO OFOKETHOTO YUPEKICHUS
Hayku MHcTuTyTa Dmsuku metawioB umeHn M.H. MuxeeBa Ypanbckoro otaenenus Poccuiickoit
aKaJeMHH HayK;

— ManaxoB Anekcanap WBaHoBuy, n-p ¢Qus.-mar. Hayk, mnpod., 3aBemyroummii kKadempoit
INocynapctBenHoro yauBepcuteta «JlyoHa», copeTHuk npu aupekiuu JIOBD OUAU;

— CanpikoB PaBunp AcxatoBuy, KaHAa. (u3.-mar. HayK, Beayluil Hayd. cotp. JlabGopatopuu
HEHUTPOHHBIX HccenoBaHuil deneparbHOro TOCYIaPCTBEHHOTO OFOKETHOTO YUPEKICHHUS HAyKU

«MHCTUTYT sinepHBIX ucciaeaoBanuiy Poccuiickoil AkageMuu HayK.

Opranu3aluOHHBIA KOMUTET
— KprokoB IOpwuit AnekceeBuu — mnpencenarens KoHdepeHIMH, TPOPEKTOp IO HAYYHOH W
MHHOBALIMOHHOM IEATENBHOCTH, [I01l., KaHJ. TEXH. HayK;
— IluckynoBa Oxcana VBaHOBHa - yueHblli cekperapp Kondepenuuu, aupexrop MnxkeHepHO-

(bU3MYECKOTO UHCTUTYTA, KaH[l. TEXH. HAYK;
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— Crudoposa Enena I'enHanpeBHa, MPOPEKTOpP MO 0Opa3oBaTENbHOM AEATENBHOCTH, AOL., KaHI.
I0pU]l. HayK;
— JlaBbioB EBrenuii AnexcanapoBud, A01l., KaHAa. GU3.-MaT. HayK;

— Kuaumenko Ompra [TaBinoBHa, cTapuinii npemnoiaBaTeb.

Kondepennmst mposenena 2-3 nexabpss B yHuBepcurere «JlyOHa» (koH@pepenu-3an 1-300),
MOJIKIIIOYEHUE YYACTHUKOB OHJIAIH OCYIIECTBISUIOCH IOCPEICTBOM CUCTEMBI JJIsi BUJCOKOH(EPEHIICBSI3U
Google Meet.

B pa6ote koHpepennnu npunsum yuactue 70 MOJIOABIX yUeHbIX YHUBepcHuTeTa «/[yona», OUAN,
BbICIIMX yueOHbIX 3aBefeHuid Poccuiickoit ®epepaunu u  OmmkHero 3apyOexps. Ilporpamma

KoH(pepeHIH BKIroYana 31 qokman mo TeMaTHKe UCCIIeAOBaHUMN.

Ta6muma 1.3.7.2 - [Iporpamma Beepoccuiickoit HAyqHO-IPAKTHYIECKON KOH(GEPEHITUH MOJIOIBIX YUEHBIX

«3aaun ¥ METOJIbl HEHTPOHHBIX HccaeI0BaHNN KoHaeHcupoBaHHbIX cpeay (ITPMJIOXKEHUE T)

Bpemst | MEPOIIPUSTUS
2 nexabps 2021 roga
9:00-10:00 Perucrpanusi y4acTHUKOB KOH(EPEHIHH

10:00-10:30 Otxkpertue Kondepenuun

[lpuBeTcTBEHHass pedb PEKTOpa TOCYAAPCTBEHHOIO YHHMBEpPCHUTETa
«/1y6na» J1.B. dypcaesa,

Jupexropa Jlaboparopun meritponnoit ¢puznku OV B.H. [lIBeroa
[Inenapnas Ceccus

[Ipencenarens: JlaBeimoB EBrenmit AnexcannpoBud, K.(.-M.H. OIEHT
Kadeapsl GyHIAMEHTAIbHBIX IP0o0OJIeM (PU3UKH MUKPOMHUPA

10:30-10:50 CycnomapoBa A.E., Kyp6akoB A.M. OcoOGeHHOCTH KPUCTALTMYECKON M
MarHuTHOM CTPYKTypbl coenuHeHnit A2MnTeO6 (A=Li, Na, Ag, TIl)
(oHnaiin)

Ilemepobypeckuti uncmumym sdepuou ¢uzuxu um. b.I11. Koncmanmunosa
Hayuonanvnoco  uccnedosamenvckoco  yeumpa  «Kypuamosckuii
uncmumymy, I amuuna, Poccus

10:50-11:10 Marseea A.H.%, 3o6kano 1. A.l, Meven M.%, Sazonov A.?, Hutanu V.2
CrnoxxHoe B3aMMOAEHCTBHE MEXKIYy MarHUTHbIMHM cucteMaMu 3D u 4F B
myabTHGepporke DY 1-XHOXMNO3 (X=0, 0.24) (ounatin)

Y emepbypeckuii uncmumym adeproii gpusuxu um. 5.11. Koncmanmunosa
Hayuonanvnoco  uccnedosamenvckoco  yeumpa  «Kypuamosckuii
uncmumympy, I amuuna, Poccus

2RWTH Aachen University, Garching, Germany

11:10-11:30 Cémxun M.A.L, Vpycosa®® H.B., Beckposusiii* A.H., Iuporos’® A.H.
MarauTHbIe CTPYKTYPBI JIUTHH HUKETh/KOOaIbT opTodochaToB (oHIAlH)
YUnemumym  usuxu memannoe umenu M.H. Muxeeea YpO PAH,
Examepunbype, Poccus

2Uncmumym xumuu meepoozo mena YpO PAH, Examepunbype, Poccus
SUncmumym — ecmecmeennvix  nayk  u  mamemamuku — Yp®Y,
Examepunbype, Poccus
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406vedunennviil uncmumym sdepuvix uccnedosanutl, JJyona, Poccus

11:30-11:50

Hessirepukos JI.M.2, Kpasnos E.A.%, XKakeros B.JI.2, Hukurenko 0. B.2
HabOmroneHue renumarHeTn3smMa B TOHKMX IuieHkax Dy u Ho u B
ceepxpemerke Dy/Ho (onnatin)

YUnemumym  gusuxu  memannoe um. M.H. Muxeesa YpO PAH,
Examepunbype, Poccus

206vedunennuiil uncmumym soepuuvix uccredosanuil, J[ybua, Poccus

11:50-12:10

aynbaes 0.22 Wcaenxo JL.U.3* Bormens A.A.l, Jlo6anos C.M.3%
Kpunuupn ILT. 34, Munkos B.M.}, Benymxun A.B.1>® Cpasrurensuoe
HcCieI0BaHle MOHOKpHCTaAIOB LilnSe2 s perucrpanuu TEMIOBBIX
HEUTPOHOB (OHAAlIH)

Y06veounennwiii uncmumym soepuwix ucciedosanuii, /lyéna, Poccus
2Uncmumym adeproii uzuku, Armamet, Kazaxcman

SHosocubupckuii  2ocydapcmeennviii  ynusepcumem, Hosocubupck,
Poccus

4HHcmumym eeonoeuu u munepanozcuu, CO PAH, Hosocubupck, Poccus
*Hayuonanvhuiii uccneo0o8amenbCKull yeHmp «Kypuamoeckuii
uncmumymy, Mockea, Poccus

12:30-12:50

Crpexanosckuii A.0.2, Kamanun JI.B.l, Ilatkos K0.B.Y 2, Topsunosa
3.11.}, Kysnenosa E.A.L, Conono A.H.!, Crpekanosckuit O.B.1 3, XKyuko
B.E.! Habmonenne ¢parMeHTaruu OCKOJNKOB JENEeHUS U3 PEaKIUH
235U(ntn, f) npum mepeceyeHNn UMK TBEPIOTENBHOH QOIBIU
LObveounénnviii uncmumym soepuvix uccredosanuii, ybna, Poccus
2Hayuonanvhuiii uccredosamensckuii soepuuiii ynugepcumem MHUDH,
Mockea, Poccus

3Tocyoapcmeennviii ynusepcumem «/Iy6nay, J[yéua, Poccus

12:50-13:10

Komenoo U.10.22, Jlocosuyxuii I'A. 2, Kopaucux M.B. *3, ®édopos A.A.
23 Mypawes M.M. > Heopranndeckye CIIHTHILISATOPHI TS O3UIIOHHO-
YyBCTBUTEIBHBIX JETEKTOPOB HEUTPOHOB (OH.IALIH)

YHUIT «Kypuamosckuii uncmumymy - MPEA, Mockea, Poccus

2HUI] «Kypuamosckuii uncmumymy, Mockea, Poccus

SUncmumym adepuwiii npobnem BI'Y, Munck, Pecnybnuxa Benapyce

13:10-13:30

CycnoB N.A.22 Kamnes ..}, Hemuenok M.B.Y2 Illepunk E.A.! Hosbrit

IJIACTMACCOBBIN CIHUHTHIUISATOP ISl pErucTpalii HEUTPOHOB

LO6veounennviii uncmumym sdepnvix uccnedosanuii 2I'ocyoapcmeennolil
yHUsepcumem «/Iyonay

14:30-14:45

Tpancusus CtennoBbix Jlokaanos

[Mnenapuas Ceccust (Ipog0JDKEHHE)
[Ipencenarens: JlaBeimoB EBrenmit AnexcannpoBud, K.(.-M.H. TOIEHT
Kadeapsl GyHIaMEHTAIbHBIX IP0o0OJIeM (PU3UKH MUKPOMHUPA

14:45-15:05

PomannoBa A.H., Cemoukuna FO.I1., bagperaunos T.M., Kupnuk A.C.,
CmupnoBa O.J[. Yacrota nNOAMXpPOMATOQMIBHBIX SPUTPOLUTOB C
MUKpOsi[paMud B mepudepuueckod  KpPOBH  MBIIIEH  IMOCTE
IPOJIOHTUPOBAHHOTO raMMa-HEUTPOHHOTO O0IYUEHUs (OHAALIH)

HUI] « Kypuamosckuii uncmumymy, 2. Mockea, Poccus

15:05-15:25

Parymusak M.I'., Cemoukuna FO.I1., XKupuux A.C., Cmupnosa O.Jl.,
[ToceimanoBa I'.A. IloBpexnenne [JHK u wuHaykums crapeHus B
HEHpPaNbHBIX CTBOJOBBIX KIIETKAX MBIIIM TPH JEHCTBUM ramma-
HEUTPOHHOTO M3TYUCHUS (OHAAUH)

HUL] «Kypuamosckuii uncmumymy, 2. Mockea, Poccus
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15:25-15:45

HpoxoxoB K.A., Tomocosckuit M. B. Ilopomkossiii audpaxTomerp
BBICOKOM cBeTocuibl D3 miist peaktopa [TMK

Ilemepbypeckuti uncmumym adepuou ¢uszuxu um. b.I11. Koncmanmunosa
Hayuonanvnoco  uccnedosamenvckoco  yeumpa  «Kypuamosckuii
uncmumymy, I amuuna, Poccus

15:45-16:05

[Tmennynas A.I'. MonenupoBanue HelTpoHHoro nqudpakromerpa DIPOL
st peakropa IIUK (ownnatin)

Ilemepoypeckuti uncmumym soeprou ¢uzuku um. b.I11. Koncmanmunosa
Hayuonanvnozo  uccneoosamenvckoco  yewmpa  «Kypuamosckuii
uncmumymy, I amuuna, Poccus

16:05-16:25

Ycemanos O.B., 306kano U.A., Kupeenko FO.M. TpexocHbIi crieKTpoMeTp
XOJIOAHBIX HEUTPOHOB IN2 (oHnaiin)

Ilemep6ypeckuu uncmumym adeprou guzuku um. b.11. Koncmanmunosa
Hayuonanvnoco  uccnedosamenvckoco  yeumpa  «Kypuamosckuii
uncmumymy, I amyuna, Poccus

16:25-16:45

HbsiukoB M.B., VibsnoB B.A., CeipomsataukoB B.I'., Kamuaun C.UA.,
Konxupamsuin M.P., Conoseii B.A. TecroBelii HelTpoHHbII
Pednexromerp (THP) B 3ame 'OK PK I[TNUK

Ilemepbypeckuti uncmumym adepuou ¢uszuxu um. b.I11. Koncmanmunosa
Hayuonanvnoco  uccnedosamenvckoco  yeumpa  «Kypuamosckuii
uncmumympy, I amyuna, Poccus

16:45-17:05

TFamon W.B.12 Ky3bMeHko M.O., Tponun T.B.Y, ABmees M.B.
Peduekromerp GRAINS: cocTostHue M IEPCIEKTUBHI (OHIALIH)
LObveounennviii uncmumym soepuwix uccredosanuii, 2. [Jybuna, Poccus
2Uncmumym npobnem 6eszonacnocmu AIC HAH YVipaunvl, 2. Yeprobuiib.
Ykpauna

17:05-17:15

3aKiIounTeIbHOE 3aceaHue MO0 UTOraM paboThl cecCUi, BBICTYILICHUS,
JIMCKYCCUH

CrenpoBsie Jlokmaapl

Awnrponos H.0.22 Xaiinyxos F0.H. 3*° Kpasuos E. A. 2 Maxaposa M.B.
L2 TIpormamo B.B.! Vcrmmos B. B! Cmun ¢mon mepexon B
UCKYCCTBEHHBIX (JepUMarHeThKax

YUnemumym ®@uzuxu memannos, Examepunbype, Poccus

2Vpanvckuii Pedepanvuuiii Yuusepcumem, Examepunbype, Poccus
SUncmumym  uccredosanuii meepooco mena um. Maxca IThauxa,
LImymeapm, ['epmanus

*Uccnedosamenveruii ucmounux netimponos Xaiinya Maiiepa-Jletibnuya
(MLZ), I'apxune, I'epmanus

SHUHU s0eproul pusuxu umenu JI. B. Ckobenvyvina, MI'Y, Mockea, Poccus

Hukopa E.C.12 Camamaros [0.A.}, Kpasuos E.A.'? Hcnonbszopanue
PE30HAHCHOTO B3aMMOJCHCTBHS HEUTPOHOB C aToMaMH TaJOjUHUS B
pedACKTOMETPUH MOISIPU30BAHHBIX HEHTPOHOB

YUnemumym @usuxu memannos umenu M.H. Muxeesa YpO PAH, e.
Examepunbype, Poccus

2Vpanvckuii Pedepanvuuiil Ynusepcumem, 2. Examepunbype, Poccus

CanmamaroB 10.A.!, Kpasnos E.A. ! Bosmoxroctn Meroma (a3zoBo-
AMIUTMTYAHBIX ~ (QYHKIUHA B TEOPETUYECKOM aHalM3e MPOIECCOB
pacnpocTpaHeHus: HEHTPOHOB B MHOTOCJIOMHBIX HAHOT€TEPOCTPYKTYpax
YUnemumym @uzuxu memannos YpO PAH, Examepun6ype, Poccus
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SAxynuna EM.L, Kpasuos E.A.12 Tpornano B.B.}, Xaitnykos F0.H.3*
CtpykTypa ©M  MarHeTusM B MHOTIOCJIOWHBIX  HaHOCHCTEMax
Fe/MgO/Cr/MgO/Fe

YUnemumym @uzuxu memannos YpO PAH, Examepunbype, Poccus
2Vpanvckuii Pedepanvuuiii Yuusepcumem, Examepunbype, Poccus
3Max-Planck Institute for Solid State Research, IlImymeapm, I epmanusi
“Max Planck Society Outstation at the FRM-II, I'apxune-6aii-Mrouxen,
T'epmanus

Makaposa M.B.12, Kpasmos E.A. 12 YccnenoBanme MOBEPXHOCTH ILJICHKU
CR/GD/CR METOJJAMU XRR 1 PNR

YUncmumym ¢uzuxu memannos YpO PAH, Examepunbype, Poccus
2Vpanvckuii pedepanvuonil ynusepcumem, Examepunbype, Poccust

3 nexabps 2021 roga

[Tnenapnas Ceccus (OHnaiiH Y4aCTHUKH)
[Ipencenarens: JlaBbimoB EBrenuit AnexcanapoBud, K.J.-M.H. IOLEHT
Kadeaps! GpyHAaMEHTATBHBIX TPO0JIeM HU3UKA MUKPOMHUPA

10:00-10:20

ITerpoBa M.0.1? Kouuemnmus JIETEKTOpa TEIJIOBBIX HEWTPOHOB THIIA
IUIOCKOTIapaJuIebHasl Pe3UCTUBHAs KaMmepa Ui ycTaHOBOK MBP-2
Y06veounénnwiii uncmumym soepuwix ucciedosanuii, lyéna, Poccus
2[ocyoapcmeennwiii ynusepcumem «/lyéuay, J[ybua, Poccus

10:20-10:40

Homnecuslii M.M.22, Bonrapuyk B.1.1, Munkos B.M.%, Banarypos A.M.%,
Bobpukos M.A.l. Bormens A.Al, Jlayn6aes O.}% Jposmos B.A.L
[lerpoBa M.O.%*, IlIseno B.B.1* Jletextop ob6paTHOro paccesHms s
@ypbe nuppakTOMeTpa BBICOKOrO paspemeHus Ha peakrope WBP-2
(oHnaiin)

LO6veounennviii uncmumym soepuvix uccredosanuii, yéna, Poccus
2Mockosckuii  (usuKo-mexnuveckuii.  UHCIMUmMym  (HAYUOHANbHbILL
uccredosamenvckull ynugepcumem), /loneonpyouuiii, Poccus
SUncmumym adepnoii usuxu, Anmamer, Kazaxcman

*Tocyoapcmeennviii ynusepcumem «Jlyénay, J[ybua, Poccus

10:40-11:00

Kypuwikua  A.KZ!,  Komecumkor A.T.Y2,  TlommecHsrii  M.M.!
MogenupoBane  JETEKTOpa  TEIUIOBBIX ~ HEHTPOHOB C  OOpHBIM
koHBeptepoMm B GEANT4 (ownaiin)

LO6veounennwiii uncmumym soepuwix uccredosanuii, ybna, Poccus
2[ocyoapcmeennwiii ynusepcumem «/Iy6nay, J[yéua, Poccus

11:00-11:20

[lIsenroB B.B., Bbormzens A.A., po3noB B.A., Mypamkesuy C.M.,
[Ipuxonpko B.M. Cuctembl cOopa MaHHBIX [JIs1 JKCIIEPUMEHTOB Ha
peaxtope UbP-2

O06veOuHeHHbll UHCTMUMYM S0ePHBIX UCCIe)08AHULL

11:20-11:40

3epuud H.JI. ABTOMaTH3a1MsI SKCIIEPUMEHTA Ha IPUMEPE HOBON CUCTEMBI
yIpaBJIeHUs] TpepbIBaTeNieM HEHUTpoHOB Ha dDypbe-audpaxromerpe
BBICOKOTO pa3perieHust uMiysibcHoro peakropa "UbP-2" (onnaiin)
Obveounennslil uHcmumym s0epuvix ucciedosanutl, /[youna, Poccus

11:40-12:00

CramrasueBa A.JK.22 Tlomos P.H.!, AnrsmoB A.B.!, Tamon MN.B.}3
Pa3paboTka cucTeMbl aBTOMaTHYECKOTO KOHTPOJISI BAKyyMa (OH.1aliH)
LObveounennviii uncmumym soepuvix uccredosanuii, 2. [Jybuna, Poccus
2[ocyoapcmeennoe  6Grodocemnoe  0bpazoeamenvHoe — yupescoeHie
svicutezo oopazosanusi Mockosckoti oonacmu "Yuueepcumem "/[yona”, 2.
Jlyoua, Poccus
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SUncmumym npobnem 6ezonacnocmu AIC HAH Yrpaunsl, ¢ Yeprobuinb,
Ykpauna

12:20-12:40

Byunpiit JLA.L2, Jluteun B.C.}, Tpynos J.H.!, Mapun B.H.!, Akcenos
C.H., CampixoB P.A! MojenmupoBanne © pacdeT ONTHMAIbHBIX
napametpoB 0sioka netrekTopoB «COEPAY (ownnatin)

1HHcmumym sa0eprblx uccredosanuilt PAH, Mockea, Poccus
2Hayuonanvuuiii uccnedosamensckuti 0epuulil yuueepcumenm «MUDHy,
Mockesa, Poccus

12:40-13:00

Baytun B.B., 'opoynos H. B., Eank T. JI., Canamatun K. M. Ilpumenenue
VMM3 B HaKaMepHOU 3JEKTPOHUKE JJIsI HEUTPOHHOU (DU3UKU U (PUBHKHU
BBICOKUX 3HEPrUui

Obveounennwlil uHcmumym s0epuvix ucciedosanuti, /[youna, Poccus

13:00-13:20

YcrunoB B.B., AdanaceeB C.B., Kyrunosa O.B., Cyxos E.B. Jlerextop
HEHTPOHOB ISl HCCIIEIOBAHUS ATA-AJEP
Obvedunennwvlii uncmumym s0epuvlx ucciedosanuil, /[yona, Poccus

13:20-13:40

CgeunnkoB C.1O., 'opoynos H.B., I'op6ynos U.H. O630p mcTouHUKOB
MOHM3UPYIONIETO  W3IyYeHHUs,  HWCIOJNB3YyeMbIX  JJII  W3Y4YCHHS
paaualMOHHON CTOMKOCTH MaTEpPUaIoB

Obvedunennwvlii uncmumym s0epuvlx ucciedosanuil, /[yona, Poccus

13:00-14:00

Tones A.J1.L, Top6ynos U.H 2 Micrionk30BaH¥e MAITHHAOTO 00YUEHNUS TS
MOWCKa AaHOMaJMil TpU KOHTpOJEe KadecTBa HaOopa JaHHBIX Ha
JKCIIEPUMEHTAaxX B (PU3HUKE BHICOKUX SHEPTUi

L Jlabopamopus ungopmayuonnwix mexnonoauii, OUSH, [Jybna, Poccus
2 Jlabopamopus pusuxu evicoxux suepeuti, OUAHU, Jly6na, Poccus

14:00-14:10

OdunmanpHOE 3aKPHITHE U TTOJBECHNE UTOTOB PabOTHI KOH(MEPEHITUN

Ipunoxenus.

1. TokymeHTSI 10 opranmu3aiun koHpepeniun. Daitn [pumoxk.1.3.7.pdf
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1.3.8 Pa3paGorka mnporpaMmbl [JONOJHUTEJBHOr0 NpPo¢ecCHOHAILHOIO 00pa3oBaHuUs
(nmoBblmeHus kpagnukanun) «IIposenenne CHHXPOTPOHHBIX U HEMTPOHHBIX HCCIEA0BAHUIN /A
CHEeNHATNCTOB apxeosorndyeckoro mnpoduiasa (copmectHo ¢ KAD®DY. [dorosop 400/2008 ot
03.12.2021).

ConeprkarenbHas 4acTh coBnagaet ¢ m. 1.3.1.

IIpunoxenue.
1. VYueOnblii 1IaH o00pa30BaTEIbHONW NPOTPaMMbI, OLEHOYHBIC MaTepHajbl, METOANYECKHUE MaTEpHaBbL.

®aiin. [punoxk.1.3.8..pdf
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3AKVIIOYEHUE

B pamkax nmepBoro starna ucciieJoBaHui ObUT BBITIOJIHEH Psii HAYYHBIX U HAYYHO-METOINYECKUX
paboT B COOTBETCTBHM C YTBEPKIECHHBIM IUTaHOM-TpadukoM. [lomyueHbl BakHBIE pPE3YyJIbTaTHI IO
CTPYKType U XapaKTePUCTHKAM TOHKOIUICHOYHBIX CTPYKTYp, coiepkammx ciou ragonuuus (Gd) wmm
kangmus (Cd). HccnenoBaHusIMU MOATBEP)KIEHO BBICOKOE KAueCTBO CO3/AaBAEMbIX CTPYKTYp, KOTOpBIE
00aaloT TOJIIMHAMH HAIbUIIEMBIX CJIOEB, COOTBETCTBYIOIIUX HOMUHAJIBHBIM, HU3KUMHU 3HAUCHUSIMU
MEXKCJIOWHBIX IIEPOXOBATOCTEH. YCTAHOBIEHHOE BBICOKOE KAayeCTBO MOJYYEHHBIX TOHKOILICHOYHBIX
CTPYKTYP TO3BOJIAET 3aKIFOUYUTh, UTO PACCMATPUBAEMBIE CUCTEMBI MOTYT OBITh UCIIOJIb30BAHEBI B KAYECTBE
3JIEMEHTOB JICTEKTOPHBIX TEXHOJIOTUN B TAJIbHEHIIIEM.

[IpoBenena macmrabHas paboTa MO TMOATOTOBKE WHMPACTPYKTYPHI IJIsi CO3JaHUSI OMBITHO-
AKCIIEPUMEHTAIHLHOTO yYacTKa M0 HAHECEHUIO TOHKOIICHOYHBIX OOp COMleprKalIuX MOKPHITHIA. B pamkax
ATOW YaCTH MCCIICIOBAaHMI BBIITOJIHEHA 3HAYUTENbHAS HAYYHO-METOIuYecKas padbora:

1. HccrnenoBaHo BIUSHUE PEXUMOB BAaKyyMHOIO MAarHeTPOHHOTO pacHbUICHUS Ha
XapaKTEePUCTHKHU IJIEHKH KapOuaa 6opa B4C, ocaxgaemoil Ha METAIUTMIECKHE TTOAJIONKKHY (QTFOMAHUEBBIC
JUCTHI, TJIACTHUHBI W3 HEp)KaBelollleW cTanu, ajgloMuHueBas M MenHas ¢onbra). [lo pesynbraTtam
WCCIICTIOBAHMS OIpPEIeICHbl ONTUMATbHBIE TOJIIUHEI oSl KapOuaa Oopa, KOTOPHIE ¢ OJHON CTOPOHBI
COXPAHSIOT KaueCTBO MOKPHITHS, C IPYTOi CTOPOHBI 00ECIIEUNBAIOT MAKCUMAIbHYIO CTENICHh KOHBEPCHH
HEUTPOHHOTO U3JTyYEHUS.

2. Pa3paboTaHa KOHCTPYKIUSI MarHETPOHA, UMEIOIIEr0 BEICOKUN KO (HUIIMEHT UCTIONb30BaAHUS
MaTepHaia MuIeHu — kapoua 6opa B4C. IlonydeHHbIH pe3yabTaT BaXKeH ¢ TOUKU 3pEHHs 3KOHOMUYECKOM
3((HEeKTHBHOCTH HWCIONB30BAHMS JAHHOW TEXHOJIOTMU I MacCOBOTO TPOM3BOJACTBA JCTEKTOPOB
HEUTPOHOB. MWUINIEHb JJII MarHeTpoHa, oOoramieHHas u3oTornoM 10B, sBiIsgeTCS AOBOJIBLHO AOPOTUM
MPOJYKTOM, B CBSI3W C 4YEM YCJIOBUSA I €ro MakCUMaJbHO 3()PEeKTUBHOTO HCIIOJIb30BAHUS
MPEACTABIISIIOTCSA YPE3BbIYATHO BaXKHBIMU.

3. IIpoBeneHs! TeCcTOBbIE HambuleHUs kapouna 6opa B4C Ha momumepHbIe MIICHKH U3 JIaBCaHA
(Mylar) n momuumuna (Kapton). Mcnons3oBanne MOJUMEpPHBIX OCHOB JJIsi KOHBEPTEpa HEUTPOHOB W3
kapouga O6opa B4C B nerektopax HEUTPOHOB SIBISETCS HETPUBHAIBHOW TEXHOJOTHYECKOM 3amadei,
MTOCKOJIbKY JOOHUTHCSI YCTOWYMBOTO TMOKPBITHS HE YAaBalloOCh MOKa HUKOMY. YCIICUIHBIC PE3yJbTaThl,
MOJIyYEHHBIE B 3TOM YaCTH MUCCIIEA0BATEIbCKOTO IPOEKTA, SIBISIOTCS MPOPHIBHBIMU U MO3BOJISAT CO3/1aBATh
JETEKTOPBI C YHUKAJIbHBIMH XapaKTePUCTUKAMHU.

4. Jlns nanbHEWIero pa3BUTHS TEXHHWKH HambUleHUs KapOuga O6opa B4C Ha monmmepHbIe
OCHOBBI HayaTa pPEKOHCTPYKLHUs JIEHCTBYIOIIEW BaKyyMHOH HambUIMTENbHON ycTaHoBkM VSR300 noa
MarHeTpOHHOE HAHECCHHE Ha PyJIOHHBbIE Marepuaibl. Ha mepBoMm aTame paspaboTaHa KOHCTPYKTOPCKAS

JIOKyMEHTAITHS.
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5. Hauara peanu3zanus 1aHoB 10 CO3JaHUIO U BHEIPEHUIO JETEKTOPOB TEMIOBBIX HEUTPOHOB C
KOHBepTepoM m3 kapoua 6opa B4C Ha cTaHIIUAX HEUTPOHHOTO PACcCEsHUS, HA PA3IMYHBIX UICTOYHUKAX B
Poccun u 3a py6exxom. Pa3paboranbl KOHCTPYKTOPCKHE TOKYMEHTAIlMM Ha MPOU3BOJCTBO JETEKTOPA C
KOHBEpTEepOoM u3 KapOmma Oopa B4C Ha aqroMMHHEBON TOMJIOKKE W TMO3UIIMOHHO-UYBCTBUTEIHHBIM
MOHHUTOPHBIM JIETEKTOPOM MEIJICHHBIX HEUTPOHOB C KOHBEpTEPOM U3 kKapouma 6opa B4C.

6. B uactu pa3BUTHS JETEKTOPHBIX TEXHOJIOTMM AJii PETUCTpAIlMU TEIUIOBBIX HEUTPOHOB,
OCHOBaHHBIX Ha MCIMOJIb30BaHUM ra3za 3He B kauecTBe KOHBepTepa, Oblia pazpaboTaHa KOHCTPYKTOPCKas
JOKYMEHTAIUs ISl CO3/IaHUs MO3UIIMOHHO-UYBCTBUTEIHHOIO AETEKTOPa C PE3UCTUBHON HUTHIO. JlaHHAs
TEXHOJIOTHUS YKE UCTIONB3YETCSl B MUPOBBIX HEUTPOHHBIX IIEHTPAX U 3apPEKOMEHI0Bala ce0s KaK HalexHas
u 3QdexTuBHasA. B paMkax uccieqoBaTenbCKOro MpoeKTa CTABUTCA 33/1a4a TOCTUYD JIYYITUX [TOKa3aTenen
JUISl IPOCTPAHCTBEHHOTO Pa3pEeILICHUs BI0OJIb aHOJHON HUTH Ha YpoBHE 1-1.5 Mm.

7. IlpoBeneHbl TEOPETHUECKUE U OSKCIEPUMEHTAIbHBIE HCCIEAOBAHUS IO OMPEIEICHUIO
ONTUMAJIbHOW KOHCTPYKIIUHU PETUCTPUPYIOIIETO Ta30pa3psiIHOTO MOAYJIS C TBEPAOTEIBHBIM KOHBEPTEPOM.
PaccmoTpensl TBepAOTENbHBIE TOHKOIIJIEHOUHBIE IETEKTOPBI TEIUIOBBIX U XOJIOJHBIX HEUTPOHOB HA OCHOBE
n3orona 10B u geTeKTOpsI C BBICOKUM BPEMEHHBIM pa3pelIeHneM C TOHKOIUIEHOUYHbBIM u3otonoM 10B mis
PE30HAaHCHOW HEUTPOHHOM 3XO0-CIIEKTPOMETPHHU. BBIMOTHEHHBIN aHAIM3 MTOKA3bIBAET, UYTO IE€JIECO00Pa3HO
JUIS BHEIPEHHUS B Ha OHKCHEPUMEHTalbHbIE CTAHLIMU MO HEUTPOHHOMY pAaCCESHUIO CJeIyIOoIIHe
texHudeckue pemeHus: 1) Ctpoy-TpyOku, paboTarolye Ha IpoIyB, IPHUEM MaJIoro TMaMeTpa, HalpuMep,
2 mm, ¢ 10B4C nHa kaToze, T.K. OTHOCUTEIBHO JIETKO U3TOTaBIMBAIOTCS HAMOTKOM Ha CTepKEeHb JJIMHOM |
Metp u 6oree. 2) [IpoBonounsie mponoprmorababie Kamepsl (MWPC). 3) [lepcrieKTUBHBIMU SIBISIOTCS
MUKPOCTPYKTypHBIE neTekTopbl GEM u MicroMegas (MM), onn npeBocxonsat cTpoy-Tpyoku u MWPC
10 MHOTHM XapaKTEPUCTHKAM, IPEXKJIE BCErO — MO OBICTPOICHCTBUIO U BPEMEHHOMY Pa3peIICHUIO.

8. B yacTu pa3BUTUA CUMHTWUISIMOHHBIX JETEKTOPOB TEIUIOBBIX M XOJIOAHBIX HEHTPOHOB
pa3paboTaH MPOTOTUI OJHOMEPHOTO MO3UIIMOHHO-UYBCTBUTEIHHOIO CYETYHMKA HEHTPOHOB Ha OCHOBE
CIUHTULTITOPOB ZnS/6L1F 1 TBEpAOTEIBHBIX POTOAIEKTPOHHBIX yMHOKUTENEH. PaspaboTana nporpamma
Y METOAMKHU HCTBITAHUN MPOTOTUIIA OJTHOMEPHOTO MO3UIIMOHHO-UYYBCTBUTEIBLHOTO CUETUHKA HEHTPOHOB
Ha OCHOBE CHMHTWIIIATOPOB ZnS/6LiF u TBepAoTeNnbHBIX (HOTOAIEKTPOHHBIX YMHOXHUTENEH. [IpoBeneHb!
UCIBITaHUS MPOTOTHUIA OJHOMEPHOTO MO3UIMOHHO-UYBCTBUTEIHHOIO CUETUYHKA HEMTPOHOB Ha OCHOBE
CIUHTULTITOPOB ZnS/6L1F u TBepaoTenbHBIX (OTOIIEKTPOHHBIX YMHOKHUTEIICH. Y CTICIIHAS peaT3aIius
BCEX IIOCTaBJICHHBIX B MPOMEXKYTOYHBIM OTYETHBIM MepUOA 3agad JIEMOHCTPUPYET BBICOKUM
WCIIOTHUTENIbCKUN YPOBEHb YYACTHUKOB MPOEKTA.

9. B pamMkax HCCIEeIOBaTEIbLCKOTO MPOEKTAa CO3[Aa€TCSl YHUKAJIbHBIA CHUHTHIUIALIMOHHBIN
nerexktop COEPA st HoBoro audpakroMeTpa, co3aBaeMoro Ha uMmyJiibcHoM uctounuke "PAJIOKC" na

6aze nuHeniHoro yckopurens MAM PAH. Meromom Monre-Kapino monenupoBaHHs OnpeaeseHb
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ONTUMAJIbHBIC TapaMeTpbl JETeKTOpa M €ro OCHOBHBIX Y310B. Pa3paboTaHa KOHCTpyKTOpCKas
JOKYMEHTaIMs AJIs CO3/1aHUs JETEKTOpA U U3TOTOBIEHBI HEKOTOPBIE €0 Y3IIbI.

9. IlpoBeneHa Hay4yHO-TeXHUYecKass paboTa MO U3YYEHHUIO BO3MOKHOCTH YBEIWYECHHUS
3¢ (}HEKTUBHOCTH PETHCTpAllUU HEHUTPOHOB HEHUTPOHHBIMU JETEKTOPaMH Ha OCHOBE CIUHTHILISATOpPA U
KpeMHHEBOTO (oToyMHOXkHUTENs. Co31aHO 5 TECTOBBIX 00pas3IoB, KOTOpBIE OYIyT MPOTECTUPOBAHBI HA
IIy4Ke HEUTPOHOB B TEUEHUE CIEAYIOIIMX 3TANlOB peaIN3alli UCCIIE10BATENBCKOIO ITPOEKTA.

3HAYUTEIIBHOE MECTO B OTUYETHOM IEpUOAC 3aHsUTM PaboThl B 00JacTH 0oO0pa3oBaHUS M
MOATOTOBKU KaZpoB. B MoCKOBCKOM (PU3MKO-TEXHUYECKOM HHCTUTYTE COBMECTHO ¢ OObeInHEHHBIM
MHCTUTYTOM SIZICPHBIX MCCIIEJOBAaHUI CO3/1aHa HAy4YHO-0Opa3zoBaTebHas J1abopaTopusi MEepPCIEeKTUBHBIX
TEXHOJIOTMH U1 yCTaHOBOK U DKCIIEPUMEHTOB MEracaieHc.

B 2022 roxy Oymer mpou3BeneH HaOOp OOyYalOIMIMXCS M3 YWCIA CTYJACHTOB M acCIUPaHTOB
¢busTex-mKkoabl pusuku u uccnegopanuit uM. Jlannay MOTU nns ygactusi B Hay4YHO-HCCIICIOBATEIBCKIX
MPAKTUKaX U BBIMNOJHEHUHM Hay4HO-HCCIEeN0oBaTeNbcKUX padoT. C ATON IeNbl0 3a OTYETHBIA MEepUoa
cOpMHPOBAaH U YTBEpPXKJEH MEPEUYeHb HAyYHO-HCCIENOBATEIbCKUX pabOT M PyKOBOAWTENEH HAy4dHO-
HCCIIEIOBATENbCKUX IIPAKTUK CTYACHTOB U aCIIMPAHTOB.

B nporecce BbIMONMHEHHS NpOEKTa 3a OTYETHBIM MEpUOJ pa3paboTaHO TPU MPOrPaMMBI
JIOTIOTHUTENBHOTO  MPOPECCHOHANBHOIO 00pa30BaHUs, HalEJCHHBIX Ha (OpMHpOBaHHE HOBBIX
KOMIIETEHIMH y CIIeUAIMCTOB €CTECTBEHHOHAYYHOT 0, OMOMETUIIMHCKOTO U apXEO0JIOTHUECKOT0 MPOpHIIS.
PazpaGotansl y4eOHBIE IUTAaHBI M KaJeHAApHbIE y4yeOHble Trpaduku MporpaMm JIOMOTHUTEIHHOTO
npodeccnoHanbHOr0 00pa3oBanus, (HOHA OLECHOYHBIX CPEACTB U CUCTEMA OLIEHKH 3HAHUM, METOJUYECKHE
TEKCTOBBIE U BUJIEOMATEPHUAIIBI.

Peann3oBana oOpas3oBarenpHas MporpamMma il TOATOTOBKH CIEIMAJIMCTOB B 00IacTH
pa3pabOTKH, IPOSKTUPOBAHUS U CTPOUTEIHCTBA HCTOYHUKOB CHHXPOTPOHHOT'O M HEUTPOHHOTO U3ITyUCHHUS,
a TaK)Ke HAy4YHBIX KaJpOB JJISl MPOBEICHUS CUHXPOTPOHHBIX U HEHTPOHHBIX UCCIIEOBaHUM (pa3paboToK)
B LIEJISIX TIOJyYEHMS pPE3yJIbTaTOB MUPOBOIO YPOBHS:

Monyinb 1 «HelTpoHHBIE AETEKTOPBI»

Monyns 2 «[Ipuknaanas HeWTpoHHAs HU3UKa»

Monayns 3 «IIpoekTupoBaHUE HHTEUIEKTYaJIbHBIX CUCTEM

Monyns 4 «DIeKTpOHUKA U aBTOMATHKA (PU3UIECKUX YCTAHOBOK)

ITo uroram o0yueHHsI CIyIIATEIH, YCIEIIHO BHIMIOJIHUBIINE BCe TpeOOBaHU 00pa30BaTeIbHON
MIPOrPaMMBI U MPOIIEAIINE UTOTOBYIO aTTECTAHUIO (BeqOMOCTh uToroBoi arrecranuu B [IPUIIOKEHNN
H) otuncnens npukazom ot 01.12.2021 Ne406 1k ¢ mocneayrorieit Beijauei yI0CTOBEPEHHH O TOBBIIIICHUH
KBaTM(HUKAIIMK YCTAaHOBJIEHHOTO 00pasia.

ITpoBenena Bcepoccuiickas HayuyHO-TIpakTHYeCKas KOH(EpPEHIMS MOJOIBIX YUEHBIX «3akadu u

METObl HEUTPOHHBIX HCCIIETOBAaHUI KOHAECHCHPOBAHHBIX cpen» mpoBereHa 2-3 aekalpst 2021 roma B
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yHuBepcurere «JlyOHa». B pabore koHpepeHIH NpuHsun ydacTie 70 MOJOJBIX YYCHBIX YHUBEPCUTETA
«dybna», OUAU, Beicmx yueOHBIX 3aBeneHuil Poccuiickoit @enepanuu U OIMKHETO 3apyOeKbs.
[Tporpamma koHpepennuu BKItodana 31 goKIaa Mo TeMaTuKe UCCaea0BaHUH.

ITo mToram BBINOJHEHHUS HAayYHBIX M HAYYHO-TCXHHYECKUX 3a7ad B paMKax pealu3aluy MPOEKTa
MOKHO 3aKJIOYUTh, YTO BCE IIOCTABIEHHBIE LENIM IEPBOrO 3Tama JOCTUTHYTHL. MccinenoBaHbl u
pa3paboTaHbl TEXHUYECKHE W KOHCTPYKTOPCKHE PELICHHsS IO CO3JaHUI0 JETEKTOPOB TEIJIOBBIX U
XOJIOAHBIX HEHTPOHOB Pa3IMYHOIO HA3HAYEHUs, O0JAJAIOUIMX YHHUKAIbHBIMH XapaKTEPUCTUKAMH I10
pazMepaM ACTEKTHPYIOLIEH IUIOIAN, CKOPOCTH CY€Ta, BPEMEHHOIO U IMTPOCTPAHCTBEHHOTO Pa3pEICHUS.
HauaTo co3manue MaTepuasibHOW 0a3bl IJIsl pealu3aluy HAaHJAEHHBIX TEXHHUYECKUX U KOHCTPYKTOPCKHX
pEILIEHNI Ha IIPAKTUKE.

C MarepuamaMu O XOJ€ BBIIOJHEHHMS MCCIEAOBATENbCKOM IPOrpaMMbl IIPOEKTa MOXKHO

03HaKOMUThCs Ha caiite: http://fInph.jinr.ru/ru/structure/dcmrd/dsc/research-areas-2
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