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OrnucaH IeTeKTOp UMITYJIbCHOTO HEMTPOHHOTO U3/ TyYeHUsT aKTUBALIMOHHOI'O TUIIA C HEIIPEPBIBHOM 3amu-
ChIO 3apErUCTPUPOBAHHBIX UMITYJIbCOB BTOPUYHBIX 3JIEKTPOHOB B peXMMe pealbHOro BpeMeHu. B kaue-
CTBE aKTMBALIMOHHOTO MaTepuaa UCIIOJIb3yeTcs cepedpsiHast posibra TonmmHoii 0.3 mM. Jlist peructpa-
1IMY BTOPUYHBIX 3JIEKTPOHOB B3SIT ra30pa3psiiHbIi cueTyuk Ieiirepa—Mroiepa mpOMBIILIEHHOM MapKu
CBM-19, yyBCTBUTEbHBIN K KECTKOMY OeTa- ¥ raMMa-u3aydeHussM. MIHTepBasl 3amucu HaKOIJIEHHOTO
ylcia 3aperucTpUpPOBaHHBIX UMITYJIbCOB BTOPUUYHBIX 3JIeKTpOHOB cocTaniseT 10 c. O0beM HUKINYe-
cKoro 0y(depa nmaMsTH, UCIIOJIb3yeMOTO JIJIsI 3aITMCH 3apEeTMCTPUPOBAHHBIX UMITYJIbCOB BTOPUYHBIX 3JICK -
TPOHOB, cocTtapisieT 16 M6, 4To obecrieynBaeT HEMPEPLIBHYIO 3aIlUCh B TeueHue 2.5 jeT. B kauecTse
MCTOYHMKA MUTAHMUS JETEKTOpa UMITYJIbCHOIO HEHTPOHHOIO M3JIYyYeHHUs UCIIOJIb3YeTCsl COBPEMEHHBII
ranbBaHnyeckuit anemeHT LiSOCL, HanpsixenueM 3.6 B ¢ emxocthio 2.1 A - u. PacueTHOE Bpemsi 9KCILTY-
aTaluy 06e3 3aMeHbI AJIeMEHTa MUTaHUsT COCTaBJISIET 5 JIeT.

DOI: 10.31857/50032816225010012, EDN: GFWAWR

1. BBEAEHUE

[Ipocreiimmii MeTon perucTpanui UMIYJIbLCHOTO
HEUTPOHHOTO M3JIy4eHUs] — OLIEHKA ero moToka 1o
HaBeJEeHHOMN paauMoakKTUBHOCTU B (osbrax u3 Rh,
Ag, In, Au [1, 2]. B HacToseit paboTe mpeacTaBieH
NeTeKTOp, MPUHLUI NefCTBUSI KOTOPOro OCHOBaH
Ha 3aMeJyIEHUY OBbICTPHIX HEUTPOHOB B 3aMEUIUTEINE
3 napaduHa U aKTMBALIMU UMM (DOJIBIU U3 cepe-
opa. Ilpu akTuBauuum cepedpa HeHTpOHAMM, KakK
M3BECTHO, 00pa3yloTcsl ABa U30ToIa: cepedpo-110
("""Ag) ¢ nepuonom nonypacnana 24.2 ¢ u cepe-
6po-108 ('*®Ag) ¢ nepuonom nosypacrnazna 2.42 MuH.
OCHOBHOIM BKJIaJl BO BTOPUYHYIO SMUCCHUIO 3JIeK-
TPOHOB BHOCHT pacmajn cepedpa-110, mMOCKOIBKY
CceueHMe B3aMMOMNECHCTBUS MCXOOHOTO 3aMeIJIeH-
HOTO HEWTPOHHOTO U3aydyeHus mas cepedpa-110
CYyILLIECTBEHHO BbIlIe, YyeM s cepedbpa-108. Kpome
TOTO, MepUo[ rnojypacrnana s cepedpa-110 cyiue-
CTBEHHO MEHbIIIe, YeM 17151 cepedpa-108, uTo 1mo3Bo-

JISIET MPOBOAUTH IKCIIEPUMEHTHI ¢ UMIYJIbCHBIMU
MCTOYHUKAMU HEMTPOHOB 3HAUMTENIHLHO Yallle.

[IpencraBieH neTeKTOp UMMIYILCHOIO HEMTPOH-
HOT'0 M3JIy4eHUs, KOTOPBIi OCHOBAaH Ha aKTHUBa-
LHMOHHOW METONWKE C 3aTIHYTOW perucTpanueii:
CHayvaJia ObICTpBIE HEHTPOHBI 3aMEMJISIOTCS B OJIOKE
u3 nmapaduHa, najgee yxxe 3aMeaIeHHbIe HEHTPOHBI
B3aMMOJEHCTBYIOT ¢ (DOJIBIOI U3 cepedpa TOJIIN-
Hoit 0.3 Mm. Perucrpaiims BTOpUYHBIX 2JIEKTPOHOB
OCYIIECTBISETCS C TIOMOIIBIO cueTunka Ieiirepa—
Mioanepa CbM-19.

2. CTPYKTYPA JETEKTOPA

KoHCTpYyKTUBHO OJIOK 3aMeaJuTessI HEUTpoO-
HOB BBIIIOJIHEH U3 JIBYX KOaKCHUaJbHBIX TPYyO M3
MOJIMATUIIEHA, KOTOPbIe COCAMHEHBI MEXIy cOo0O0i
C TIOMOIIbIO ABYX (paHIleB M3 MoJUKapOoHaTa.
Hapyxnblit nuaMeTp BHeELIHel TpyObl COCTaBIsIET
160 MM, a BHYTPEHHMI TUAMETP MEHbIIEH TPYObI
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cocTaBiseT 35 MM. JIJIMHA UMAUMHAPUYECKOTO KOp-
nyca 3amemnutensi coctabiaseT 180 mm. O0beM
MeXIy BHYTpeHHe# 1 BHEIIHe# TpyOdaMu 3armoTHeH
napacpuHoM. Pojbra n3 cepedpa ToammHoi 0.3 MM
HaMoTaHa 06e3 3a30poB Ha cueTuuk leitrepa—Miosn-
snepa CbM-19. K snekrpogam cuetumnka Ieiirepa—
Mionnepa CbM-19 npumnasiH KoakcuaabHbII KaOelb
PK50-4 nnunoii 0.5 M ¢ KoaKCUalbHBIM pa3beMOM
CP-50 na xonue. Ha cuetunk l'eitrepa—Mionnepa
CBbM-19 ¢ HamoTaHHOI1 cepeOpssHOIT (poabroit u
NpUIasTHHBIM KalOelleM HaleBaeTCs] TePMOYCaKM -
BaeMasl TpyOka misl pukcauuu Gpojbru u Kkaodems,
KOTOpasi AOTIOJHUTEIbHO 3allMIaeT o0CIyK1Ba-
IOIIMHA TIEPCOHAJ OT CIIYYaliHOIO KOHTAKTa C 3JI€K-
Tpomamu cuetynka leitrepa—Mronnepa CbM-19,
Ha KOTOPBIX BO BpeMs paOOTHI ITOSIBIISIETCS OITACHOE
HamnpsikeHHe. [1oaroToBneHHBIN TaKUM 00pa3oM
cuetuuk Ieiirepa—Miomiepa CbM-19 nomMeiaercs
BHYTpb OJ10Ka 3amemnutens. Ha puc. 1 mpencras-
JIeHa MpUHIMNaIbHasl 3JIEKTprUUYecKas cxema dJIeK-
TPOHHOI YaCTU AETEKTOPA HEUTPOHOB.

Hunst ynpaBieHHUsS OETEKTOPOM HEUTPOHHOIO
M3JIYYEeHUST MCIOJIb3yeTCs] COBPEMEHHBI MUKPO-
koHTposuiep EFM32G222 o0o3HaueHHbII Ha puc. 1
KaK DD,. OCHOBHOI1 0COGEHHOCTBIO 3TOI0 MUKPO-
KOHTpOJIIepa SIBJIIETCSI TO, YTO OH CIIOCOOEH pabo-
TaThb B CISIIEM peXuMe, IIPOCHIIAsICh TOJLKO IO
MpephIBAHUSIM OT CUTHAJOB C BHEIIHUX WJIM BHY-
TPEHHUX YCTPOICTB, MOTPEOJIsIs IPU 3TOM TOK HeE
bosiee 1 MKA.

DYHKIMOHAIBHO IETEKTOP HEHTPOHHOTO M3ITy-
YEHUST COCTOUT U3 CIAEIYIOIIUX Y3JI0B;

1. UcTouHuk nnutaHus cuetuunka leitrepa—Mio-
nepa CbM-19 ¢ BeixonHbIM HanpspkeHueM 350 B.

2. JleTeKTOp MMITYJIbCOB MOCTYMHAIOIINX CO CUET-
yuka I'eiirepa—Miosepa CbM-19.

3. Yacel peaIbHOTO BpeMEHU € 3alaHHBIM MHTEP-
BaJlOM BPEMEHU cueTa MMIYJIbCOB U XpaHEHUEM
TEKYIIIETO BpeMEHM.

4. DHeproHe3aBHcHMag MaMdITh, KoTopas
WCITOJIb3YETCS ISl HEIIPEPBhIBHOTO XpaHEHUSI YKCIa
HaKOIUIEHHBIX UMITYJIbCOB CO cueTunka Ielirepa—
Miomiepa CbM-19.

5. McTouHMK aBTOHOMHOTO IMUTaHUSI C HampsiKe-
HueMm 3.6 B.

6. ¥Y3en cBS3M ¢ MEPCOHANIbHBIM KOMIILIOTEPOM
¥ BHEITHUM MOHUTOPOM KOHTPOJISI TEKYIIEro 3Ha-
YeHUsI HaKOIIJICHHBIX MMITYJILCOB co cueTunka leii-
repa—Mioanepa CbM-19.

3. IPUHIIUII PABOTHI U 3ATIMCHU
N3MEPEHUM

HMcTouHuk nutaHus cyetuunka I'eiirepa—Mio-
Jgepa CbM-19 c BeixogHbIM HampsixkeHuem 350 B
COCTOUT, B CBOIO OYepeb, U3 YIIPaBISIEMOTro ITIOBbI-
matoriero DC—DC-nipeobpa3oBaTesisl, TeHepaTopa
HaKayKy 1 18-KpaTHOro YMHOXUTEIISI HAIIPSIKEHUS
C HAKOMUTENbHON eMKOCThI0. [1oBblatomuii mpe-
o6pazoBateiab DC—DC cOCTOUT U3 YIPaBIISIONIETO
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Puc. 2. [IpuHuunuanbHas 2JeKTpUuecKast cxema JIeTeKTopa HEUTPOHHOTO U3JIyYeHMUsI.
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6 KO3JIOB u np.

TpaHsucropa 71,, UHIYKTUBHOCTU L, nuona Dy u
HaKoONUTeNbHOM eMKocTu C),. YIipaBiieHUE MOBbI-
mampmnuM npeobdpasoBareaem DC—DC ocyliecT-
BJISIETCSI HETIOCPEICTBEHHO MUKPOKOHTPOJLIEPOM.
YpoBeHb HaNPSIKEHUS ¢ HAKOIIUTEIbHOM €MKOCTH
MpOBEPSIETCS AETEKTOPOM, COCTOSIIUM U3 3alUT-
Horo nuoaa D,, ¢ukcupyolero nuona Dg u pe3u-
cTopa R;;.

Cursajn ¢ AeTeKTopa MOCTyHaeT Ha BXOI KOM-
nmaparopa MUKpokoHTposuiepa. Kaxnbie 60 MKC
MUKPOKOHTPOJUIEP IIPOBEPSIET YPOBEHbh CUTHAIA OT
NeTeKTopa, €CIM OH MEHbIIIe HEKOTOPOIO 3apaHee
3aJIaHHOTO 3HAYCHUS, MUKPOKOHTpoJIIiep Ha 10 MKC
BKJIIOYAET TpaH3UCTOp 7,, TOK B MHAYKTUBHOCTHU
HauyMHaeT pacTU U Mo ucredyeHuu 10 MKC mocTuraet
BeaMUnHBI 1.2 A. 3aTeM TpaH3UCTOP BBIKITIOYACTCS,
¥ HaKOIUICHHAsI SHEPIrusl B MUHAYKTUBHOCTU IIOCTY-
raet yepes anon D Ha HAaKOIUTENBbHYI0 eMKOCTb C)5,
HaIpskeHue Ha KOTOpoil HauumHaeT pactu. Ecian
K€ HalpsbKeHMe JeTeKTopa OoJibllle 3TOTO 3apaHee
3aJaHHOI0 3HAYEHUSI, MUKPOKOHTPOJLJIEP HE BKIIIO-
yaeT TpaH3uctop 7,. Takum oOpa3oM, MPOUCXOOUT
CTa0MIM3alMS HAIIPSDKeHUST HAKOITUTEIbHOM eMKO-
CTU. YpOBEeHb HaMPSKEHUST HAKOTIUTEIbHOM eMKO-
ctu coctapiset 20 B. HanpsikeHre HaKOMMUTEIbHOM
eMKkocTu npeodpaszosatenss DC—DC noctynaet Ha
reHepaTop HaKauKu.

I'enepaTop Hakauku mpeodpaszyeT MOCTOSTHHOE
HaIpsKeHNE HAKOIIUTEIbHO eMKOCTU B UMITYJIBC-
HO-TIEpUOANYECKUI CUTHAJI TIepeMeHHOM MoJsip-
HocTu ¢ ammutynoil 20 B. I'eHepatop Hakayku
COCTOUT U3 TPAH3UCTOPHOI cObopku DD,, TpaH-
sucropos 15—T;5, nuona D,, konaeHcatopa Cj; u
pe3ucTopoB R),, R;;. IIpuHumn paboTsl reHeparopa
HaKauyKy CJICOYIOIINI: MUKPOKOHTPOJIIEP KaXKIbie
60 MKC TI0 o4YepenIy BKITIOUaeT/BBIKJIIOYAeT TPAH3M -
ctopsl T3, T, c HEOOIBLLION 3a1€PKKON MEXIY BKITIO-
yeHUeM/BbIKJIIoueHeM. [Ipu BKIIIOUeHUU TpaH3U-
cropa T, OIHOBPEMEHHO Yepe3 CONPOTUBIEHUS R,
R,; BxitoyaeTcs TpaHsuctopHas coopka DD,. Tpan-
3ucTop 75 NMpU 5TOM HAXOAUTCS B BBIKJIIOUEHHOM
cocTosiHur. HanpsikeHre HaKOMUTEIbHON eMKOCTH
C,, uepe3 TpaH3UCTOpHYI0 cOOpKy DD, nocrtymnaer
Ha BBIXOJl FeHepaTopa HaKaukKM U Ha 3apsiji KOHJIEH-
caropa Cy;. luon Dy v BKIIIOYEHHBIH TpaHauctop 7,
00eCIIeunBaIOT IMPOXOXKICHUS TOKA 3apsiaa KOHIACH-
caropa Cj; B aToM nukie. [1pu BKiItoueHUM TpaH3u-
cropa T} 1 BBIKJIIOYEHUU TpaH3UcTopa 7, OqHOBpe-
MEHHO BBIKJIIOYAETCS TPaH3UCTOpHas coopka DD,.
Hanpskenue ob6paTHO# MOJSIPHOCTU KOHAEHCA-
Topa C,; uepe3 TpaH3ucTop 75 MOCTyNnaeT Ha BBIXOL
reHepaTopa HaKayKHu.

IMPUBOPHI U TEXHUKA DKCITEPUMEHTA

TakxuMm oOpa3zoM, 3a JABa TakKTa Ha BBIXOJE
reHepatopa Hakauykud (hOPMUPYIOTCS UMITYJIbChI
HaNpsKEHUS Pa3HOM MOJSIPHOCTU C aMILUIMTYIOMU
20 B. IlomydyeHHBIN UMMOYIbCHO-TIEPUOTNICCKU
CHUTHAJI TIepeMEHHOM ITOJISIPHOCTH IIOCTYIIaeT Yepes
koHaeHcatop C, Ha 18-KpaTHbIN cTaHIAPTHBIN
YMHOXUTEJb HampsKeHUsI. YMHOXEHHOE TaKUM
00pa3oM HampsLKeHUe TMOCTYITaeT Ha 3apsii eMKOCT-
Horo Hakonurens Cs;,.

Tok 3apsima eMKOCTHOTO HAKOMMUTENISI U3MEPsI-
€TCsl C MOMOUIBIO pe3nucTopa R, 3allyHTUPOBaH-
HOrO 3alUUTHBIMU auonamu D,g, D,,. Hanpsxenue
C M3MEPUTEIBHOro pe3ucropa R, MOCTynaeT Ha
BXOJl BCTPOEHHOTO B MUKpoKoHTposuiep ALIIT, u B
KaXXIIOM TakTe pabOThl TeHepaTopa HaKauKu CpaB-
HUBAaeTCs ¢ 3adaHHBIM moporoM. [lpu cHmXeHun
HAaIIpsKEHMST HIKE 3aJaHHOTO IIOpOora IIpearioiara-
€TC$1, UTO HaIpsKeHUe Ha HAKOTUTEJIbHOM eMKOCTH
JMOCTUINIO cBoero 3agaHHoro 3HaueHus 350 B. I'ene-
paTop HaKayKu IPU 3TOM IpeKpallaeT CBOIo padoTy,
1 MUKPOKOHTPOJUIEP MEPEXOAUT B CIISILINN PEXUM.
IIpu 3TOM BBIKJIIOUAETCS TaKKe Mpeodpa3oBaTelb
DC—DC. B stoMm pexume pabOTBl MUKPOKOHTPOJI-
JIep TOJIbKO CUMTAET MMIYJIbCHI, MOCTYMAIOIINE OT
JeTeKTOpa MMITYJIbCOB CO cueTunkKa leiirepa—MioJ-
Jgepa CbM-19, oxunaetT KoMaHIbl OT IepPCOHAb-
HOT'0 KOMIIbIOTEepa U CUTHAJIa OT MUKPOCXEMBI YaCOB
peabHOrO BpeMeH! 00 OKOHYAaHUM IIepuoma cyeTa
VMITYJIBCOB.

JleTekTOp MMITYJIbCOB cO cueTumka leitrepa—
Mionnepa CbM-19 cocTouT U3 pa3BSI3bIBAIOIIETO
KoHAeHcaTopa C,,, 3alIMTHBIX AMONOB Dy, D,
MOATATUBAIOIIETO pe3ucrtopa R,y M 3alIUTHOTO
pesucropa R;g. UMIIyIbChl HANIPAXEHUS CO CYET-
yuka Ieiirepa—Miosuiepa CbM-19 npencrapiasitot
c000I1 oTpuLIaTeIbHbIE TI0O OTHOLIEHUIO K HAIPsSIKe -
HUIO MUTAHUSI UMITYJIbCHI ATUTEIbHOCTHIO 300 MKC 1
amruutynoit 30—100 B.

Konpnencarop C;, yOMpaeT MNOCTOSIHHYIO COCTaB-
JISAOLIYI0 MUTaHus cyeTtyuka Ieiirepa—Mion-
nepa CbM-19 u nepenaetr caM UMITYJbC HAa AUOMI-
HBII orpaHnyuTenb Ha auonax Dsyy, Dy, JInogHbli
OTpaHUYUTEb YMEHBIIAET pa3Max HMMITYJIbCHOTO
HAIpSDKEHUS 10 HAIPSDKeHUS MTUTaHUs JeTeKTopa
HEUTpOHHOro uanaydyeHus. OrpaHMYeHHOE TaKUM
00pa3oM UMITYJIbCHOE HAIIPSDKeHME Yepe3 3allluT-
HBII pe3UCTOp R ¢ MOCTyNAeT Ha BXOJ BCTPOEHHOIO
B MUKPOKOHTpOJIJIep KoMmapaTopa. MUKpPOKOH-
TpOJUIep TIPOCHIMAETCs Tocje cpabaTbIBAHUSI KOM-
rapaTopa 1 yBeJIMYMBAET Ha €IMHUILY HAKOTIJIEHHOE
3HAYE€HME KOJMYECTBA IPUILEIIINX MMITYJIbCOB,
3allOMMHAaeT HOBOE 3HAUCHUE B CBOECHM MaMsATU U

Ne | 2025
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3achiiaeT cHoBa. [lojryuuB curHam o6 OKOHYaHUN
nepuoaa cuyera UMIYJIbCOB ¢ MUKPOCXEMbI YacOB
peanbHOro BpeMeHu DD,, MUKPOKOHTPOJUIED TaKXKe
MIPOCHITAETCS.

Hanee oH 3alKMCHIBaeT B 3HECPrOHE3aBUCUMYIO
namarb DD, HAKOIUIEHHOE B T€YEHUE 3aJaHHOTO
BpeMEHHM 3HaUeHME MPUILIESAIINX CO cueTunKa [eii-
repa—Miosuiepa CbM-19 umIyibCcoB, repeaaeT 3To
3HAaYeHHE ITOCPEACTBOM BOJOKOHHO-ONTUYECKOIO
rnepenaTynka Ha ceeronuone D, ¢ MOMOLUBIO TPOTO-
koja USART Bo BHEUIHUIA MOHUTOpP, 3aTEM OOHY-
JIsIeT 3HaUYeHMe HaKOILJICHHBIX MMITYJIBCOB B CBOEII
MaMsITA ¥ CHOBA 3aCHITIaeT.

BonokoHHO-onTnueckuit ceeronuon D, anantu-
pOBaH 1o MPUMEHEHHE IJIaCTUKOBOIO CBETOBOIA
nuaMeTpoM 2 MM. Mcrmonb3oBaHMe TIACTUKOBOTO
CBETOBOIA IS Iepenadyn MHGOpMaluy O 3HAYCHUHN
HAKOIUICHHBIX UMITYJIBCOB BO BHEIIHUN MOHHUTOP
obJieryaeT 3amady MOHTAXa U rajlbBAHMYECKOM pa3-
BSI3KU MEXIY 1€TEKTOPOM HEUTPOHHOIO U3TYyYEHUS
1 MOHUTOPOM, PaCIOJIOKEHHBIM B ITyJ1IbTOBOM. [11a-
CTUKOBBIE CBETOBOIBI JIETKO 00PE3al0TCs I10 IJIMHE
0e3 IpUMeHEeHMs CIIELMaJIbHOro 000pYyIOBaHUS U
He TpeOYIOT CIIeNaIbHBIX Pa3beMOB, B OTJINYUE OT
KBaplIeBbIX CBETOBOIOB. BOJIOKOHHO-ONTHYECKIE
MJIaCTUKOBBIE CBETOAMOIBI COMEpPXKAT LIAaHTOBBIMI
3aXuM Ioa KperuieHue. Kpome Toro, B CIISIIEM
peXuMe MUKPOKOHTPOJJIECP MOXET HNPUHUMATh
KOMaHIbl YIPAaBJICHUSI OT IIePCOHAIbHOTO KOM-
MbploTepa C MIOMOIIBIO BHEIITHETO TTpeoOpa3zoBartess
USB B COM, KoTopblii moaKa4YaeTcsl K AeTeK-
TOPY HEUTPOHHOTO U3TYyYEeHHUS Uyepe3 ayauopa3beM
XS2. Ilo koMaHIe OT yIpaBJsIoONIero KOMIbOTepa
MOXeT OBITh IIPOBEICHA CMHXPOHM3AIINS TEKYIIETO
BpeMeHM KOMIIbIOTepa M 4acCOB peajbHOTO Bpe-
MEHU IeTeKTOpa HEUTPOHHOIro M3IydeHus. Takxke
MOXET OBITh CUYMTaHAa WH@OpMALUSI O 3HAYCHUSIX
HaKOILJIEHHBIX UMITYJIbCOB OT SHEProOHEe3aBUCUMOI
MaMsITU 3a BCE BpeMsl HaOIIONECHMUSI.

[lepron HaKoOIUIEHUS] UMITYJIBCOB CO CUCTUYMKA
I'eiirepa—Mioiepa CbM-19 cocrasnster 10 ¢. Oto
3HAaYeHME YCTaHABJIMBAETCS IIPU IPOTPAMMUPO-
BaHMU MUKPOCXEMBI 4aCOB PEaJIbHOIO BPEMEHM.
EMKOCTh 3HEproHe3aBUCUMOI MaMsITU COCTaBJISIET
16 M6, 1 TOro KOJIM4eCTBa 1OCTATOYHO JIJIsl HETIpe-
PBIBHOI1 3aIIMCH HAKOIUIEHHBIX 3a 10 ¢ MMITy/IbCOB
oT cuetruuka Ieiirepa—Mionanepa CbM-19 B Teue-
HUe OoJiee yeM 2.5 rona.

[Tpu 3amoHEHUM BCell MaMSITH MPOLIeCC 3acu
MPOIOJIKAETCS MO LUMKIY ¢ YHUUYTOXEHUEM caMOit
paHHell MHpoOpMallMU O HAKOIUIEHHBIX 3Haye-
HUSIX UMITYJIbCOB OT cueTuyuka Ieiirepa—Mioiniepa
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CBbM-19. B cTpykTypy 0JI0Ka JaHHBIX O HAKOILJIEH-
HbIX 3HAYEHUSIX UMIYIbCOB BXOAUT Takke MHPOP-
Malysl O TOYHOM BPEMEHHU 3aIllMCU 3TOro 0JoKa
JaHHBIX. PAKTUYECKU CYCTIMK HEUTPOHHOIO U3JTy-
YeHUSI XpaHUT MOJHYI0 MH(POpMALIMIO 0 HEHTPOH-
HOM M3JIyYEeHUU C TOUYHOM IPMBSI3KOIl IO BpEMEHM
(aHaJIOT YepHOro sIIrKa). B KauecTBe MCTOYHMKA
MUTaHUSI TEeTeKTOopa HEUTPOHHOIrO M3JIyYeHUs
MCIIOJIB3YETCS COBPEMEHHBIN raJIbBAHUYECKUIA BJ1e-
MeHT LiSOCLHanpsixenuem 3.6 B ¢ eMkocTbio B
2.1 A-4 1 oueHb HU3KUM yPOBHEM caMopaspsija,
nopsiaka 1% B rog,.

11 TOBBIIIEHUS HAAEKHOCTH MUKPOKOHTPOJI-
Jiep MepUoANYECKU pa3 B YEThIpe CEKYH/bI C TTOMO-
mpbio BcTpoeHHoro Watchdog-Taiimepa mepe3sa-
MyCKaeT CBOIO YIMPABILIOUIYIO MporpamMmy. Takoi
peXuUM MpU JI000M cOoe TIporpaMMbl OT HAaBOIOK
BO3BpalllaeT MUKPOKOHTPOJUIEP K IMPaBUIbHOMN
pabote. i3MepeHHBII TOK TOTpeOIeHNS TPU paboTe
C MOIKJIIOYEeHHBIM cueTuukoM leiirepa—Mionnepa
CBbM-19 B pexxume (pOHOBOro U3JIyYeHUsI He Tpe-
BeimaeT 40 MKA. Ilpu TakoM TOKe mOTpeOJIeHUS
pacyeTHOE 3HAYeHUE HENPEPHIBHOIO BpeMeHHU 0e3
3aMeHbl TAIbBAHWUYECKOTO 2JIEMEHTa COCTaBJISIET
Oosee 5 JeT.

KOHCTpYKTUBHO 2JIEKTPOHHAs YacTh IeTeKTopa
HEHUTPOHHOTO M3IYYeHMS pacliojlaraeTcs Ha meJarT-
HOM IIaTe, KOTOpas HaXOOUTCSI BHYTPU CTAJIbHOM
TpyObl C BHEIIHUM auaMeTpoM 40 MM U IIMHOMI
170 mMm. Ha xoHLlax TpyObl Hape3aHa BHEIIHSS
pe3bba, Ha KOTOPYylo HakKpydeHbl ABa ¢aHua. Ha
onuH yaHel yctaHoBjieH pazbeM CP-50 nst mon-
KJoueHus cuetunka Ieiirepa—Miomnepa CBM-19,
a BTOPOIi (pylaHell UMEeT MO LIEHTPY OTBEPCTUE IS
IUIACTUKOBOTO CBETOBOMA, IO KOTOpOMY MH(pOpMa-
s IepefaeTcs Ha BHEITHUIT MOHUTOp. BHeIHMIt
BUJI IETEKTOpa HEHTPOHOB MTOKa3aH Ha puc. 2.

4. PE3VJIBTATbBI ®KCITEPUMEHTAJIbHON
[TPOBEPKMH ITPMBOPA

Pabora mpubopa Oblj1a anpobMUpoBaHa Ha ycTa-
HOBKE HMMITYJIbCHOTO ILJIA3MEHHOTO YCKOPUTEIS
(AI1Y), paspaboranHoro B IlatypckoM duimnane
OUNBT PAH. OnucaHue ycKOpUTeIsl TIpeICTaBICHO
B pabote [3].

OCHOBHBIMU 2JIeMEHTaMU KoakcuajibHoro UITY
SIBJISIIOTCSI IBA KOAKCHAJIbHBIX 3JIEKTPO/IA; LIEHTPaJIb-
HBIN — KaTon, BHEITHWI — aHOMI. 3a 3JeKTpomaMu
UIeT auarHoctuyeckasi cekuusi. B cocrap UITY
TakXe BXOAMT CUCTEeMa COJICHOUIOB IJIsl CO3AaHUs
BHEIITHET0 KBa3MCTALIMOHAPHOTO MAaTHUTHOTO TTOJIS.
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8 KO3JIOB u np.

Puc. 2. BuemHuii BuI neTekTopa HEMTpOHOB: I — GJIOK
3aMmemuTens HeiitpoHoB ¢ CBM-19, 2 — meTteKTop M-
MyJIbCHOTO HEMTPOHHOTO M3TyYCHUS.

B npoMekyTke MexXay 271eKTpoIaMu Yepe3 CUCTEMY
OTBEPCTUIA B LICHTPAJIbHOM 3JIEKTPOJIE ITPH ITOMOIIN
OBICTPOACICTBYIONIETO 3JEKTPOAMHAMUYECKOTO
KJIallaHa HaITyCKaeTcs TO3UPOBAaHHOE KOJMIECTBO
pabouero rasa.

I1pu momaye Ha JIEKTPOIBI BEICOKOTO HaIIpsiKe-
HUS TIPOMCXOAUT MPOOOIi U MOHU3ALUs pabouero
rasa, 3aMbIKaloIllasi KOHTYP Harpy3kKu YCKOpHTEJIs.
Hanee mpoxomdat (¢popMupoBaHUE M Pa3TOH TLIa3-
MEHHOTO CTyCTKa IIO OeiiCTBMEM CHUJIBI AMIIepa,

iL ]
1 F

1M +

“Lariatiabo i o

BO3HUKAIOIIEH BCAEACTBUE B3aUMOIAEHCTBUS paau-
aJIbHOI COCTaBJISIONIEH 3JeKTPUUYECKOTO TOKa B
mnazme mexnay anekrpornamMu UITY u cobcTBEeHHBIM
MAarHUTHBIM II0JIEM B KOHTYPE C TOKOM.

B KoHIIe yCKOPUTEIBHOIO TPAaKTa B JUATHOCTU-
YeCcKOl CeKLMU YyCTaHaBJIMBAECTCS TBEePAOTEIbHAs
muineHb. OHa CIYXWUT U1 TOPMOXKEHUS TIa3MEeH-
HOT'O MOTOKa ¢ LeJbI0 Mpeodpa3oBaHUsl KUHETUYE-
CKOM 3HEPIruu INIa3MEHHOM CTPYU B SHEPTUIO U3JTY-
yeHus. [lo Bo3HuKamIIeil BCIBIIIKE M3ITYy4YeHUS
MIpU TOPMOXKEHUM IIOTOKA B ClIydae HOCTUKCHUS
YCJIOBUIA TEPMOSIIEPHOI peakllMy BO3HUKAET MOTOK
HEUTPOHOB, UYTO M PETUCTPUPYETCS ONMUCAHHBIM
JIETEeKTOPOM HEHTPOHHOro u3aydyeHus. Pe3yabraTel
paboThI AeTeKTOpa B BUIE BpeMEHHOI nuarpaMMbl
VMIIYJIbCOB BTOPMYHBIX 3JIEKTPOHOB IIPU IIPOBEIEL-
HUU dKcnepuMmeHToB Ha MITY B TeyeHue omHOTO
pabouero IHsI MpeacTaBACHbI HA pUc. 3.

5. BAKJIIOYEHUE

I[IpuMeHeHNEe ONMMCAaHHOTO IeTeKTOpa HENTPOH-
HOTO U3JIYYeHMS SBJISCTCS aKTyaJlbHBIM B 3ajavax
BOJOPONHOI U TEPMOSIIEPHOM 3HEPTETUKM, KOIJa
10 HEUTPOHHOMY BBIXOAY CYIST 00 3 (PEeKTUBHOCTH
pa3IWYHBIX IUIA3MEHHBIX IIPOILIECCOB B peajbHOM
Macmrabe BpeMeHU. DKcIepuMeHTaJlbHag arnpo-
Oanus mpubopa Ha AelcTByloleil ycranoBke UITY
nokasajia paboToCIocoOHOCTb MpUdOpa U ero Tpe-
MMYIIECTBA, TAKHUE KaK:

12 09181434 RLRILR, (R e Wbt AR 148 AT E R ET ] A0 R
Rara v npan

Puc. 3. BpeMeHH4s auarpaMMa UMITYJIbCOB BTOPUYHBIX 3JIEKTPOHOB, 3apETUCTPUPOBAHHBIX IETEKTOPOM HENTPOHOB MPU
MPOBEACHUH SKCIIEPUMEHTOB Ha UMITYJIbCHOM YCKOPHUTEIE B TEUEHUE OMHOTO PaboYero aHsI.

MPUBOPBI U TEXHUKA SKCITEPUMEHTA  Ne | 2025



JETEKTOP UMITYJIbCHOI'O HEMUTPOHHOI'O U3JIVUEHUSA 9

— HaJeXHas perucTpainusl u 3alnuch Bo BpeMeHu “HcciaemoBaHue (hpU3NUYECKUX MPOIECCOB, obecre-
BCEX CJIyyaeB, KOTIa MPUCYTCTBYET HEUTPOHHBIN YMBAIOUIMX YBEIUUYEHNE IHEProcoaepKaHus 1iias3-
BBIXOJI U3JIyYEHUSI B SKCTIEPUMEHTAX; MEHHOI'0 MOTOKAa, B MMITYJbCHOM YCKOpuTese”

— TEXHOJIOTUYHOCTL B cOOpKe, B oTianume oT aHamo- (FFUE-2022-0012).

roB cOOpKa HE COAEPXKUT HUKAKMX HAMOTOUHBIX
U3OEIINIA;
— KOMIUIEKTallMs TOJbKO U3 MOKYITHBIX CEPUMHBIX

U3IEINN; 1

— IIPOCTOTa B MCIIOJb30BAaHUM, TaK KaK He Tpely-
€TCS HUKAKOW IIPEIBAPUTEIIbHONW HACTPOWKU B )
TEUYEHHME BCETO LIMKJIA IKCTIEPUMEHTOB.

3.

OUHAHCHUPOBAHUE PABOThI

Pabora BbIMOJHEHa B paMKax HOporpaMMbl
ucciaenopanuii, mposoguMmbix OMBT PAH mo teme

IMPUBOPHI U TEXHUKA SKCITEPUMEHTA Ne 1 2025
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