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PaspabarbiBaeTcsl SKCIIEPMMEHT I10 OIPENEIEHNI0 BEIMUYMHBI A — OTHOLIEHMS aKCUAJIbHOI KOHCTAHTHI
c1a0bIX B3auMoneicTBuil G4 K BEKTOpHOI Gy — MyTEM ONHOBPEMEHHOTO U3MEPEHUSI NEKTPOHHOI (4) 1
HeiirpuHHO# (B) acuMMerpun B-pacriaga Ha OMHOU ycTaHOBKe. M3MepeHre A OCHOBAHO Ha OTHOIIEHUY
A= (A4— B)/(A+ B). OnHoBpeMeHHOEe U3MepeHue A 1 B Ha OOHOI1 yCTAHOBKE PEKOMEHIOBAHO IIPOBECTH C
KCIIOJIb30BAHUEM YJIbTPAXOJIOAHBIX HEHTPOHOB, XPaHSIIIMXCS B 00JIACTU MATHUTHOTO ITOJIS CBEPXITPOBO/ISI-
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HBIM BKJIAIOM (DUPILIEBCKOTr0 MHTEP(PEepEeHIIMOHHOIO WieHa, a BO-BTOPbIX, UCKJIIOYAET HEOOXOAMMOCTh
TOYHOTO U3MEPEHMUS MOJIIpU3alii HeTpOHOB. [IpencTaBieHHBIM METOM 1aeT BO3MOXXKHOCTb U3MEPUTH Be-
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BBEIAEHME

YcraHoBka OyneTr padboTaTh B peKMME ITOCTOSTH-
HOrO HamoOJHEHMS OT MCTOYHHMKA YJIbTPaXOJOTHBIX
HeliTpoHOB [1]. OCHOBY KOPPEISIIMOHHOTO CITEK-
TPOMETpPA COCTABJISICT CBEPXIPOBOISIINI COJICHON,
PaCHOJIOXEHHBII BHYTPU IeJIMEBOT0 KpUocTaTa IIn-
Hoii 4.6 M. ITpu Toke 1000 A cojieHOU, CO3aeT B OfI-
HOPOOTHOM 00JIaCTWM MarHUTHOE ITOJIe ¢ MHAYKIINCH
0.35 T, B obsractTt MarHuTHOM “TIpookm” — 0.88 Tir.
OTIMUUTEIbHOM 0COOEHHOCTRIO IMPpeIIaracMoro 3Kc-
MEpUMMEHTA SIBJISIETCS BEPTUKAJILHOE PACIOJIOXKECHME
KpuocTata. B ocHOBe MeTOAMKN M3MEPEHUI JICXKUT
cxeMa 3aJiepKaHHBIX COBITAASHUI, TPU KOTOPOI CUT-
HaJI Ha DJIEKTPOHHOM JIETEKTOpE HaeT “cTtapT”’, a CUT-
HaJI Ha TIPOTOHHOM — “cToIr”. Bmois ocu coneHounma
00JIacTh pacnaja BeIACASIOT B BUIE 3JIEKTPOCTaTUUe-
CKOTO LWJIMHApPA, KOTOPBI MpeacTaBisIeT co00i Cr-
CTEMY KOJIBLIEBBIX 2JIEKTPOIOB, B HIDKHEM 1 BEpXHEN
JacTsIX KOTOPOI pa3MellleHbI INIOCKME CETKM. B HITK-
Hel yacTu 00JIacTh pacliaza OTBEYAeT ITOJIOXKEHUIO
BBICOKOBOJIBTHOI ceTku. CBepxy o00JacTh pacmnana
orpaHMYeHa BBICOTOIl MOABEMA YIHBTPAXOJOTHBIX
HelTpoHOB. CIIEKTpOMETP MMeeT IBE OTIMYMTEIIb-
HbIe OCOOCHHOCTH: HaJM4YMe MarHUTHOM KOJUIMMa-
LM 2JIEKTPOHOB pacliaia, MCIIOJb30BaHUE METOIA
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3aEp>XKAHHbBIX COBIIAACHUIN Mapbl 3J€KTPOH—MPO-
TOH. DTU 0COOEHHOCTH ITO3BOJISIOT OTIPEACIUTD ITPO-
eKIIUI0 CKOPOCTU MPOTOHOB U IO 3aJaHHBIM 3JIeK-
TPUYECCKUM U MAarHUTHBIM ITOJISIM paCCUUTAaTh BpEMs
JIBVKEHMST IPOTOHA 10 JeTEKTOpa, UCIIOJIb3YsI KMHE-
MaTuKy yacTull B B-pacnaze HeiitpoHa. Kommabopa-
nueii aSPECT HenaBHO omyOJMKOBaH pe3yJibTaT
U3MepeHus: Koag@duiiMeHTa 3JIEeKTPOHHO-aHTHUHEH-
TPUHHOM YIJIOBOM KOPPENSLUHU a [2], U3 KOTOPOro Io-
JIy4aeTcs 3HaYeHue A, OTJIMYarolieecsd Ha ~30 OT Mo-
ciemHero pesyabrata Komnabopauuu PERKEO 111
[3], moaydeHHOro MpU MOMOIIY U3MEPEeHUs Koad-
duleHTa 3J1eKTPOHHOI acCUMMETpUU A. DTO yKa3bl-
Ba€T HAa BOBMOXKHOCTHD ITOMCKa (I)I/ISVI‘{GCKI/IX SIBJIECHUM
3a mnpeneiaamMu CTtaHZapTHOU MoAeIM M HeoOXOoM-
MOCTb nanbﬂeﬁmero VAydi€Hns1 TOYHOCTU U3MEPE-
Hus A [4].

Haubomnee Tounsle 3HadeHus1 oTHomenus G,/ Gy
MOJIY4EeHBI M3 Pe3yJbTaTOB M3MepeHUsT Ko3dDdumm-
enta A npu A~ —1.278A4/0\ ~ 0.4. C yabTpaxoIonHbI-
MU HEUTpOHAMM BKCIIEPUMEHT MO M3MEPEHUIO KO-
s punmenTa A BeimonHeH Koyuradbopamueit UCNA [5].
B skcniepumente aCORN [6] McIIob30Bajiv METO/L
3allepKaHHBIX COBIIAIEHUII MEXIYy 3JIEKTPOHOM U
MIPOTOHOM OTHAYM IJIsI U3MEPEHUS DJIEKTPOHHO-aH-
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TUHEHTPUHHON YIJIOBOM Koppessinuu B P-pacname
HeliTpoHa. YyBcTBUTETLHOCTE KOo3dduIeHTa B K A
OKa3bIBaeTcsa cijabee, YeM B Ciydae SJIEKTPOHHOM
acummetpun: 08/0\ ~ —0.1. ITpu onpeneneHnun A de-
pe3 otHoueHue (A — B)/(A + B) oTHocUTebHAS T10-
IPELIHOCTb oA _ 0.2 o4
A A
HUA A C TOYHOCTBIO Ha ypoBHe 10~4 TpebyeTcsa usMe-
puth A U B C OTHOCUTENBHON TOYHOCTbIO 1073.
Hawuny4yiiiue B HacTOSIIMIT MOMEHT Pe3YJIbTaThl 13-
MepeHUs KoaddunmeHnTa B rmoirydeHsl B [7, 8].

)2 +(8?B)2. Jnsa usmepe-

KOHCTPYKIHMA YCTAHOBKH

151 co3naHus CUIbHOIO MarHUTHOTO TI0JISI B 00-
JIaCTU pacliaja HelTpoHa UCIIOIb3YETCSl BEPTUKAIb-
HBI CBEPXIIPOBOISILINI COJIEHOW I, BKJIIOYAIOLIUIA
TeIUeBbI KPUOCTAT C BHYTPEHHE! MOJOCThIO AMua-
MeTpoM B obactu pacmana 320 mum (puc. 1). BeicoTa
reaueBoro kpuocrtara I cocrtasisger 460 cM, BHell-
auit guametp 850 mM. Ilpm Toke 1000 A MHIYKIINS
MarHUTHOTO IIOJISI B OMHOPOMHOI OOJIACTH MPOTSI-
XeHHocThl0 He MeHee 200 cm coctaBisier 0.35 To.
B o6acTit MarHuTHOIM IIPOOKM, CiryxKamieit IJ1sT KOJI-
JIUMAallMU yTJia BBIIeTa 3JIEKTPOHOB 39°, cosmaercs
MarHuTHoe 1oJie ¢ maaykimeii 0.88 Tn. ObmacTh pac-
Taga BBIIEISIETCS SIEKTPOCTAaTUYECKOI CUCTEMOM 2,
KOTOpasi BKJIIOYAET B ce0sI 27 KOJIbLIEBBIX JICKTPOIOB
auamMeTpoM 280 MM U BbICOTO# 66 MM, pa3aejieHHbIX
IUDJIEKTPUYECKUMHM BCTaBKaMu. B HIDKHeEW 4acTu
2JIEKTPOCTAaTUYECKAsI CMCTEMa OKaHYMBAETCs COOp-
KO M3 TPEX CETOYHBIX JIEKTPOAOB. BepxHmii U3 3Tux
TpeX 3JEeKTPOAOB HAXOMUTCS IO TEM K€ TTOTEHIIMA-
JIOM, 9TO W HVZKHUWI KOJbIIeBOM aneKkrpon. HuskHuit
CETOYHBII JIEKTPOLI 3a3eMJIEH, a CPEAIHUI CETOUHBIN
BJIEKTPOI HAXOMMUTCS IIOI ITOTEHIIMAIOM, KOTOPBIA
obOecrneunBaeT OTpaXXeHNE IPOTOHOB BBEpX. B Bepx-
Heil 4acTy 2JIEKTpOCTaTUYECKAasi CUCTeMa 3aKaH4M-
BaeTcsl COOpPKOl M3 OBYX CETOYHBIX DJIEKTPOIOB.
Hwxanii 13 3TUX ABYX 3JEKTPOAOB HAXOIMWTCS IIOM
TeM Xe MOTCHIIMAJIOM, YTO WM BEPXHUI KOJIBLICBOM
ayieKTpon. BepxHuii CETOYHEBIN 3JIEKTPOI 3a3eMJIEH.
OO0111ast BeICOTA 3JIEKTPOCTATUYECKOM CHCTEMBI CO-
craBisieT 217 cm. Ee momMemniaior BO BHyTpeHHMI Ba-
KYYMHBIII KOXYX T€JIMEeBOro Kpuocrara. Mexmy
CTEHKaMM BHYTPEHHETO BaKyyMHOIO KOXyXa KpHO-
cTaTa U 3JIEKTPOCTAaTUIECKOI CHUCTeMOi IIepemenia-
€TCSI KOJBLEBOM MOIJIOTUTENIb M3 IIOJMATWICHA 3.
KoplieBoii MOITOTUTENb O3BOISIET U3MEHSITh BBI-
COTYy ITOIbEMa YIbTPaxXOJIOOHBIX HEHTPOHOB B 00J1a-
CTH pacmajga M TeM CaMbIM M3MEHSITh PacCTOSHUE,
KOTOpOe IIpOoJIeTaeT IIPOTOH A0 MONagaHus Ha IETeK-
TOp. YCTPOICTBO mogbeMa 4 KOJIbLIEBOTO MOIJIOTUTE -
JII pacIojoXeHO Ha BepxXHeM (JIaHIIe TeINEBOrO
KpuocTarta. [IpoTOHHBII AETEKTOP S ITOABEIINBACTCS
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Ha INMWJIBbKaxX K BEpXHEM KphIMKe Kpuoctara. OH
MOpeACTaBIsIeT coboil OAUCK auameTpoM 260 MM U3
MIaCTUKA-CHUHTUUISITOPA C HAHECEHHBIM CJIOEM
moMuHOMOpa cyIbduna MHKa TommuHoi 5000 A,
aKTUBUPOBaHHOTO cepedpoM (ZnS:Ag). [TpoToHHbI
JIETEKTOP MOXET PETUCTPUPOBATH KAK IPOTOHKI, TaK
¥ 3J1eKTpOHEI [9, 10]. DIEeKTpOHHBII IETEKTOP 6 BbI-
MOJIHEH B BUJE AMCKA U3 IIACTUKA-CUUHTUIIISTOPA
nuameTpoM 220 mm. st U3MeHeHUs BeJIMYUHEL Mar-
HUTHOTO ITI0JISI, B KOTOPOM HaXOJIMUTCS IETEKTOP, €ro
YCTAHABJIIMBAIOT HA IMOIBMXKHOM INTOKE B HIKHEM
yacTu cojieHonma. CBET IO CBETOBOIAM BBIBOIUTCS
3a Ipelelibl MArHUTHOTO 3KpaHa Ha (pOTO3JIEKTPOH-
HBIE YMHOXUTEIU. MarHuTHBIA 3KpaH CIYKWUT IS

Puc. 1. O6mast cxema 3KCIEPUMEHTAIbHON YCTAHOBKU
“Conenoun”: I — requeBblii KpUOCTaT; 2 — 3JIEKTPOCTA-
TUYecKasl cucreMa; 3 — KOJIbLIEBOU MOIJIOTUTENb;, 4 —
YCTPOMCTBO MOIbeMa KOJIBIIEBOTO IMOTIOTUTEST; 5 — TIPO-
TOHHBI IETEKTOP; 6 — DJIEKTPOHHBII NeTeKTOp; 7 — Hell-
TPOHOBOI.
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ocJ1abJIeHNsI MATrHUTHOTO TT0JIsSI COJIEHOMAA 3a Ipee-
JIaMM YCTaHOBKU OO AOITYCTUMBIX 3HaueHUil. OH
MpeNCTaBlIsIeT co0oii TpyOy KBaApaTHOTO CEYCHUS
150 % 150 cm 1 BeIcOTO# 300 CM, OCH KOTOPOIf COBITA-
JaeT C OChIO coieHOnAa. MarHUTHEBIN 3KpaH Habupa-
ercs u3 mwiactuH (craimb Mapku ARMCO) ¢ cymmap-
Hoi1 TonmmHoM coopku 50 MMm. Ero ocHoBaHmMe Haxo-
IUTCSI Ha 76 CM BBIIIE OCHOBAaHUSI KPUOCTATA.
M3mMepeHUsT MPOBOAAT B pexXMMe Ha MPOTOK, Koraa
00BEM XpaHEeHUS YIbLTPAXOJIOOHBIX HEMTPOHOB Yepes
HEUTPOHOBOI 7 COENUHSIETCS C UX UCTOYHUKOM. Mc-
XOIOHAasl TIOJIIpU3alvsl YIbTPaXOJIOMIHBIX HEUTPOHOB
co3IaeTcs TPU UX MIPOXOXKIEHUN Yepe3 CBEPXITPOBO-
OSIIUA  CONEHOUI-TIONSPU3aTOP, CO3MAIOIINIA WH-
nyKuuio MarHuTHoro nosist 7 T npu toke 1000 A. 3a-
TeM CHUH HEUTpOHA MOBOPAYMBAETCS CUCTEMOit
katymek (CSR — coils of spin rotation) 1160 BBepxX,
JIN6GO BHU3 B 3aBUCUMOCTHU OT HaIlpaBJIeHUSI MATHUT -
HOTO MoJisl B cBepXmpoBosdiieM cojeHoune. [locie
MOBOPOTA CITMHA HEHTPOH NBUXETCS MO HEUTPOHO-
BOJY B MATHUTHOM MOJI€, HEOOXOAMMOM JIJIS OAAEp-
JKaHUS HOJIIPU3AllAN, U TTIONANAeT B 00beM XpaHEHMSI.

MOJIEJIMPOBAHUE MOJIEN
Modeauposanue maeHumno2o noas

OCHOBY MarHMTHOM cucTeMbl ycTaHOBKH “Coie-
HOMI” COCTABJISIIOT IBE CBEPXITPOBOISIIINE KATYIIIKH.
OpHa U3 KaTylIeK co3IaeT MarHUTHOE MoJIe ¢ UHAYK-
nueit B = 0.35 Tu ¢ BBICOKOI CTEIIeHbIO OMHOPOIHO-
ctu (AB/B~ 1073), Bropas KaTyllKa CO31aeT MarHUT-
HYIO0 MPOOKY ¢ MaKCHMMAaJIbHBIM MArHUTHBIM MOJIEM
B, = 0.88 Tn s ynepXaHus U KOJUIMMALUU 3JIEK-
TPOHOB.

OTnenbHO paccMaTpuBaJiM 3adadyd BbIYMCIICHMUS
MarHUTHOTO TOJsI 3KCIIEpUMEHTaJbHON YCTaHOBKU
BHYTPU UMJIWHAPUYECKON 00JIaCTU, OrpaHUUYCHHOMN
BUTKAMU COJIEHOUAOB (BHYTPEHHSISI MarHUTOCTaTU-
yeckas 3a7a4a), ¥ BHe Hee (BHEIIHSISI MarHUTOCTaTH -
yeckas 3amada). IlpuBenem cHayaja pe3yabTaThl
YUCJICHHOIO peIleHMs] BHEIIHEeW MarHuToCTaTuye-
CKOM 3a1ay4u.

ﬂ,J’IH ocJIabaeHNsI MarHUTHOTO TIOJIst CHapyXH CO-
JICHOMN A YCTaHOBKA ITOMEIIICHA B MAarHUTHBIN OKpaH
B BUIC OTKPLITOIO C TOPHOB ITPAMOYTOJIbHOTO Imapai-

Jenenuriena. st yMeHbIIEHUST MarHUTHOTO MOJS
BHE COJIEHOMJA WCIIOJIb30BAJICSI MAarHUTHBIN 3KpaH,
WU3TOTOBJICHHBIM M3 TEXHUYECKU YHCTOTO XKeje3a
(ARMCO no ximaccudpukauumn CIIA) ¢ nHAyKIIMei
HacebilieHust By = 2.04 Tn. Ilpu oOGcayXuBaHUMU
ycranoBku “CojieHoun” BO3HMKAeT HpobjieMa 6e3-
OIMAaCHOTO YPOBHSI MarHUTHOTO TI0JISI BOJIM3U ycCTa-
HOBKU. OTa MpobyieMa 3aKJIF0YaeTCsl B TOM, UTO TMOJIST
JIOJKHBI COOTBETCTBOBATH TMPENeSIbHO TOMYCTUMbIM
YPOBHSM 151 TOCTOSIHHOTO MarHUTHOTO IM0JIsT, KOTO-
peie ompeneistorcs B Canllun 2.2.4.1191-03. Ilpe-
JIeJIbHO JOMYCTUMbIE YPOBHU MAarHUTHOTO MOJIS TIPU-
BeneHHbI B Ta0. 1.

Ha puc. 2a m3o6pakeHBbI CUJIOBBIE JIUHUM Mar-
HUTHOTO MOJISI M 3HAYCHWST MAaTHUTHON WHAYKIINU B
rayccax B HEKOTOPBIX TOYKAX B OKPECTHOCTH IKCITe-
pPUMEHTAILHOM YCTaHOBKU. M3 pricyHKa BUIHO, YTO
MarHUTHEBIE TT0JIST BO BHEIITHEW 00JacTH MarHUTHOM
CHCTEMBI COOTBETCTBYIOT IPEICIBHO TOITYCTUMBIM
YPOBHSIM, YTO TTO3BOJISIET TEPCOHAITY OOCITYKMBaTh
YCTAaHOBKY BO BCEX HEOOXOMMMEBIX MeCTax.

3agayy HaXOXIEHWS] MarHUTHOTO TIOJISI BHYTPU
MIPOCTPaHCTBEHHOM 06JIaCTH, OTpaHUYCHHOI BUTKA -
MU COJICHOMIOB, PeIllaii YMCICHHO C ITOMOIIBIO Ta-
KeToB MatreMaTndeckux rmporpamm Radia-ESRF [11],
a TaKkKe aHAJIMTUYEeCKN Ha OCHOBe 3akoHa bro—Ca-
Bapa—Jlamiaca. B aHamMTaecKOM MeToe pelIeHUs
IUIST KaXKIIOTO COJICHOMIA OBLIW 3aJaHbl: TOK, IPOTe-
KalInii yepe3 HEro, mapameTphbl, XapaKTepU3yIo-
IIMie TPOCTPAHCTBEHHYIO MPOTSLKEHHOCTh BUTKA (pa-
IWAYyC, IUIMHA), M KOOPIWHATA, OIPEIeIISIonas OTHO-
CHUTEJIbHOE TIOJIOKeHHME BUTKA. 1T HaXOXIeHUS
MarHUTHOM WHAYKIINY B 3aTaHHOI TOYKe ObLIa BBI-
YHCJIeHa MHIYKIIAS KaXKI0To BUTKA COJICHOMIA, a 3a-
TeM TIPOBEACHO CIIOKEHIE COOTBETCTBYIOIINX BEKTO-
POB ITO TIPUHITHAITY CyTepIio3unun. B pesyiabTaTte pac-
yeTa OBUIM TTOJIYYEHBI 3aBUCHMOCTH TMPOMOJIBHOM
KOMIIOHEHTHI M MOMYJsI MarHUTHONM WHIYKIIMU OT
OCEBOIT KOOPAWHATHI TS pa3IMIHBIX TOYEK, yIaTeH-
HBIX OT OCH YCTAaHOBKH. DTH 3aBUCUMOCTH Kade-
CTBEHHO COBIIAJIA C pe3yIbTaTaMHM YHUCICHHOTO pe-
IIeHus 3agadu. 71 Bcex ToUYeK, yaaJeHHBIX OT OCH,
OTYETIIMBO MPOCIIeXKNBAIACh 00JIaCTh OMHOPOTHOCTH
MarHuTHOTO 1oJist oT Z = 1 10 3 M (z = 0 COOTBETCTBY-
eT Havalay “npoOKOBOro” COJICHOMAA), a TAKXKEe MaK-

Taﬁmlua 1. anI[CHLHO JOITYCTUMBIC YPOBHU ITOCTOSHHOI'O MAarHuTHOIO ITOJISA
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Puc. 2. MonenupoBaHue 3J1€KTPOMArHUTHON CHUCTEMBI
3KCIEePUMEHTAIbHOI YcTaHOBKU “CojieHoua”: a — CUJIo-
BbI€ JIMTHUM MarHUTHOTO T10JIsI, CO30aBAEMOI0 COJICHOMIOM
B MarHUTHOM 3KpaHe, ¥ 3HaUeHWsI MAarHUTHOM MHAYKLIU B
HEKOTOPBIX TOYKAX IMPOCTPAaHCTBA; O — pacrpeneaeHue
3JIEKTPUYECKOTO MOTEeHLIMAIA I MOACIMPOBAHMS dJIeK-
TPOIOB CETKAMU C Pa3MEPOM STYEUKU 5 X 5 MM.

CUMYM MarHUTHOM MHAYKLIUH B 00JIACTA MAaTHUTHOM
“IIpobkm”.

Modeauposarue 3nekmpu1ecko2o noas

Kak yxe orMeuanoch, 00JlacThb pacriaga orpaHu-
YyeHa 2JeKTPOCTaTUYECKOM CUCTEMOI, PACIIOIOXKEH-
HOM BHYTpU cojieHouaa. CucreMa COCTOMUT U3 3JIeK-
TPOCTAaTUYECKOTO IMJIMHAPA, MO3BOJISIONIETO CO3/Ia-
BaTh yCKopsIolliee HarpsokeHue mopsaka 20 kB ms
yacTull B O0OJIaCTM pacliafa, U IUIOCKHUX CETOYHBIX
2JIEKTPOIOB, PACIIOJIOXEHHBIX Y OCHOBAaHUI [IWJIMH-
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npa. CeTOYHBIE JIEKTPOIBI COCTABICHBI U3 TPahUTO-
BBIX BOJIOKOH ITMAaMETPOM 3 MKM, THaMEeTp SYEHKU
BBIOpaH paBHBIM 7 MM. Y HIKHETO OCHOBaHUS ITH-
JIMHIpA pPacroJiokeHa CUCTeMa M3 TPpeX 3JIEKTPOIOB
(puc. 20), ciryKaiasi 1jisi OTpa>KeHMsI IIPOTOHOB B Ha-
npaBiieHUW K aeTekTopy. [lepBBIi 251eKTpon Haxo-
IWATCS O HYJIEBBIM ITOTeHIIMaIoM. [loTeHIIMan Ha
BTOPOM M TPEThEM JIEKTPOIAX PaBEH, COOTBETCTBEH-
Ho, 32 u 25 kB. B Takoii KoHpurypauuu B 006J1acTu
CpEIHEero 3JIEKTpOoIa €CTh OTpaXkaloIUWil IPOTOHBI
TMOTeHIIMABHBIN Oapbep. Y BEepXHETO OCHOBAaHUS
BJIEKTPOCTATHYECKOTO IIFUIMHIPA PACIIOIOKEHBI TBA
anekTpona noxa noreHnuaiamu 20 u 0 kB. OHu ciy-
KaT U1t yCKOPEHWsI TIPOTOHOB B HAIIPAaBJICHUH K e~
TEKTODY.

Hanuyue MarHuTHO# cCTEMBI TO3BOJISIET COXpa-
HATh MOJSIPU3ALIAIO0 HEUTPOHOB B 00beMe YCTAaHOBKU
10 MOMeHTa P-pacmama. DieKTpocTaTUyecKasi CH-
cTeMa JaeT BO3MOXHOCTh cOOpaTh HAaMOOJIbIIIee KO-
JIMYECTBO IIPOTOHOB Ha JIETEKTOPE.

Pezyarvmamor mpaexmopHolx pacuemos

br11 paccMoTpeH Bormpoc 0 HanboJiee BBITOTHOM
pacrnoyioXeHuu aeTeKTopoB. ONTUMaabHBIE ITOJIO-
KEHUS I pa3Mepbl JeTEKTOPOB OMpPeaessiv ¢ TIOMO-
ILIbIO TTOCTPOSHUSI CUJIOBBIX MATHUTHBIX JIMHUI B 00-
Jactu pacrnaga. OceBble KOOPAMHATHI JIETEKTOPOB
BBIOpaHBI TAKUM OOpa30M, YTOOBI MHOYKIIWS Mar-
HUTHOTO TIOJISI B TIOJIOXKEHUU JeTeKTopa Obljla paBHA
WHIYKOIUWA B OMHOPOIHOM obsacTh cojeHonaa. Tak,
OceBasl KOOPIMHATA Z, IPOTOHHOTO AETEKTOpa Oblia
MpUHSATA paBHOW 3246 MM, oceBasl KOOpAMHATa Z,
BJIEKTPOHHOIO JETEKTOpA IIpUATa paBHOU —126 MM
(z= 0 COOTBETCTBYET HIDKHEW KPOMKE TeJIMeBOit
BaHHBI).

PacueTtsl TpaeKTOpUii MOKA3BIBAIOT, UTO 3aPSIKEH-
HbI€ YaCTMIIbI TIOCJI€ MOMEHTa pacliajga HeWTpoHa
CJIeAYIOT BAOJb CUJIOBBIX MAarHUTHBIX JIMHUM, HABU-
BasiCb Ha HUX. TakuM oOpa3oM, MPOBEIST CUJIOBBIC
JIMHUM BHYTPU TpaHUll 00JacTU paclaaa, MOXHO
paccuMTaTh KpaitHue TOJIOKEeHUSI, B KOTOPbIE MOTYT
MOTIAaCcTh YaCTULIbI Ha IeTeKTopax. st peructpaiuu
HauOOJIbIIETO YMCIIa YACTULL pa3Mep JIEKTPOHHOTO
JleTeKTopa JOJKEeH ObITh MAaKCUMAaJIbHO BO3MOXKHBIM
(mo 240 mM). B ciyyae ke IPOTOHHOIO AETEKTOpa
nuameTp 212 MM OyAeT JOCTaTOYHBIM JJIST TOTO, YTO-
OBI 3apErMCTPUPOBATH BCE 0Opa3yIOIIECs YaCTUIIHI.

Takxe mmyTeM pacueTa TpacKTOPUIT 3apsKEHHBIX
gacTull OBLT ONpelesicH Yrojl MarHUTHOI KOJIJIMMa-
uuu .. [lo pesynpraTaM pacyeToB MHOXECTBEHHOM
JIUHAMUKU 3apsDKEHHBIX YacTUIL CpellHee 3HauyeHue
yria 6, paBHo 39.114°. J171s1 mpoBepKU NMPaBUILHOCTU
MMOJIyYEHHOTO 3HAYEeHUST Y BHIYMCIICHUST BO3MOXHOI
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Ta6amma 2. 3aBUCHMMOCTD BEJIMYUHBI OTpakalolleTro MOTeHIIMAILHOTO 6apbepa OT pa3Mepa STIYeiKn

Pazmep saueiiku, Mm Tposan Harp fl KermA
B LIEHTpeE siueiiku, KB

3x3 3.66

4 x4 4.61

5x%5 5.50

6Xx6 6.26

7x7 7.00

8 %8 7.61

HOTC;L;I;I?(JL?E;HTP ¢ Otpaxaroiuii 6apbep, kB
28.4 3.3
27.4 2.6
26.5 1.9
25.7 1.3
25.0 0.8
24.4 0.5

MOTPEITHOCTA U3MEPEHUS KOPPEISTIIUOHHBIX KO3(D-
GULIMEHTOB, CBSI3aHHOI C HETOYHOCTBIO OIIpeiaesie-
HUS yIJla KOJUTMMalluy, yroi 6, ObUl paccuuTaH 1o
COOTHOIIIEHUIO BEJTNUYNH UHIYKIIMA MATHUTHOTO IO~

JIsT B ODHOPOJOHOM 001acT! B, 1 B MAarHUTHOI MpOOKe
v .2 B
B B cooTBeTcTBUM ¢ hopMyIioi sin“0, = EO Kaxnyro

mapy 3HadeHUid B U B, BRIYUCIISIIA BIOJIb CHJIOBBIX
JIMHWIA, TPOBEASHHBIX U3 00JIACTUA pacliaja ¢ I1aroMm
5 MM B paavaJbHOM HamnpaBJIeHMHU. BerdmciieHHOe
TakKM 00pa3oM cpelHee 3HaYeHUE KPUTHYECKOIO
yria coctaBuiio 39.098°. CpenHee U3 AByX 3HAYCHMIA

naet 0, = (39.107 £ 0.008)°. B pacyeTHbIX hopMyax
UCITOJIB30BAHO 3HAYEHME KOCUHYCa KPUTUYECKOTO
yIja, oumrbkKa B ONpeneeHud KOTOPOro COCTaBUJIa

Acos, = 107

Jnss ymeHbIIeHUsT BpeMeHU cOopa IPOAYKTOB
B-pacnana Ha meTekTOpax M, Kak CJeCTBUE, YMEHb-
LIEHUS ITIOTPEUTHOCTUA U3MEPEHUIA, CBI3aHHOI C Bpe-
MEHEeM OXHWIAaHUS CUTHajla OT 3aJep>KaHHbIX COBIIA-
JIEeHNIA, a TaKKe IS MOBBIIICHUS 3(PPEKTUBHOCTH
cbopa MpOAyKTOB pacrnaga ObL1 MpoaHaJIU3UPOBaH
BOIIPOC O BJIMSHUM HA JUHAMUKY IIPOTOHOB ITOJIOXKE-
HUST M KOH(PUTYPALIMU JIEKTPOCTATUYECKUX CETOK, a
TaK>Ke UX reoMeTpuu. st 3Toro 6610 HaliIEeHO MPO-
CTPAaHCTBEHHOE pacIipelesieHue 3JIEKTPOCTaTude-
CKOTO MOTEHIIMaja, CO3JaBaeMOIo 3JIeKTpOJaMHU B
BUJIE CETOK C pPa3IUYHBIM pa3MepoM sueek (Tadil. 2).
OnTuManbHBIA pa3Mep sYeeK BBIOMpAIM 110 KpUTe-
PUIO, 3aKIIOYAIOIIEMYCsS B TOM, YTO BEJIUYMHA IO-
TeHIMala, OTPaXamwllero MPOTOHBI B IIOCKOCTHU
CPEIHETO 3JIEKTPOJa, B LIEHTPE STYeEK CETKU JOJIKHA
OobITh He MeHee 0.8 kKB 11 oTpaxkeHHns Bcex IPOTO-
HOB 3HEPreTU4YecKoro cnekrpa. s Toro 4Tobdbl co-
KpaTUTh YHUCJIO aKTOB B3aUMOEIICTBHSI YaCTHUI] C Ma-
TepyuajaoM »3JIEKTpPojJa, MPEArNoYTUTEIbHO BHIOpATh
MaKCUMaJILHBIN pa3Mmep sdeek. B pesyiabTare KOM-
MNBIOTEPHBIX PACYETOB OBLIO MTOJIyYE€HO, YTO B KOH(p M-
rypanyuy U3 TpexX 3JIEKTPOIOB mofd noTteHnuaaamu 0,
32 u 25 kB c pazmepowm sueiiku 7 X 7 MM co3naeTcs

MOBEPXHOCTb. PEHTTEHOBCKUE, CUHXPOTPOHHBIE U HEUTPOHHBIE UCCIEAJOBAHUS  Ne 4

Gapbep, JOCTATOUHBIN IJISI OTPaXKEHUs BCEX MPOTO-
HOB pacraja.

bbL1 paccMoTpeH BapuaHT KOH(PUTYpaLIMM CUCTE-
MBI TPEX 3JIEKTPOJOB C PACMOJOXEHUEM UX B IIaX-
MaTHOM TIOpSIIKE TakKMM 0Opa3oM, YTOObI MEXIY
LIEHTpaMU STYeHKU TIepBOTO 1 TPEThEro 3JeKTpoia
HaXOJMUJIOCh IepeKpecTre BToporo. B TakoMm BapuaH-
T€é MUHUMU3UPYETCs MMPOBAJI MOTEHIIMAJIA B LIEHTPax
siyeeK, ogHakKo “a¢p(EeKTUBHBINA’ pa3Mep STUYeUKU
COKpalllaeTcsl B YeThIpe pasa, a Takke 3HAYUTEIbHO
BO3pacTaeT HEOIHOPOIHOCTD MOTEHIIMajla KakK B IIOC-
KOCTU 2JIEKTPOJOB, TaK U B BEPTUKAJIbHON MJIOCKO-
ctu. Mcxons M3 3TNX cooOpaxkeHWi “ImaxMaTHBIN”
BapUaHT PACIIOJIOXEHUS DJIEKTPOIOB ObLI UCKIIOUEH
U3 PACCMOTPEHUSI.

Ouenika sghghexma agmoaneKmpoHHOU IMUCCUU

BriOpanHasg KoHUTypamus >3JIESKTPOIOB-CETOK
ObLJIa TPOBEPEHA OTHOCUTEIbHO BO3MOXHOCTHU BO3-
HUKHOBEHMST aBTOBMUCCUM 3JIEKTPOHOB BBUIY BBICO-
KOM HaMNpsKEeHHOCTU 3JEKTPUUYECKOIO II0JISI. DMU-
TUPOBAHHBIE BJIEKTPOHBI CO3daBaiud Obl JOMOJHU-
TeJIbHBIM (DOH Ha JEeTeKTOopax, IMOHMXKas TOYHOCTh
aKcIiepuMeHTa. s 3KCIiepMMeHTaJIbHOTO HaOf0-
JIEHUSI aBTOJIEKTPOHHOI SMUCCHUU, COIIACHO ypaB-
HeHuto ®ayinepa—HopareiiMa, He06XOAUMO CO31aTh
BOJIM3M IIOBEPXHOCTU DJIEKTPOIA DIEKTPUIECKOE
oJjie HanpsaXeHHOCThIo He MeHee 10° B/Mm. Makcu-
MaJIbHbIe 3HAYEHUS HAIIPSDKEHHOCTH Ha MOBEPXHO-
CTH BJEKTPOIOB-CETOK, COMNIACHO pe3yJibTaTaMm
MOJICJIMPOBAHMS, COCTABIISIIOT BEIIMYMHY MOPSOKA
E =2 x 108 B/M. Takxe pacyeT KpUTUYECKOI Hanps-
KEHHOCTHU 3JIEKTPUYECKOTIO IT10JIs1 ObLI BHIITOJHEH I10
dopmyne [12]:

E =BV, (D
rne E£ — HampsskeHHOCTH IToys, V' — moTreHIuman Ha

2
NTRH

pylouiero Kpast WIMHApUYeCcKoil ¢hopMbl, R — pac-
CTOsSHUE O0 aHoma, H — muameTp uwnuHapa. [pu
TOJIIIMHE MPOBOJOKU 3 MKM M PACCTOSIHUM MEXIY

anekTpone, § = dopmdakTop M SMUTH-
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40 CEPEBPOB u np.

anekTpomaMu 1 cM ¢popmyia (1) maeT MaKCUMaJIbHOE
3HauyeHMe HampsbkeHHoctd E = 1.955 x 10% B/m,
MPaKTUYECKHU COBIaAaloNlee ¢ MaKCHUMaJbHOM Ha-
MPsSKEHHOCThIO E, HalileHHOM Y1 CIeHHO.

s onpeneaeHUs BIUSHUS aBTORJEKTPOHHOM
SMUCCUU Ha KOJIMYECTBO COOBITUI, pETUCTPUPYEMBIX
JIeTeKTopaMu, OblJIa TaKXKe MPOBeAcHa OlLICHKA TOKAa
aMuccuu o popmyie us [13]:

j=6.2><10_6Lx
(9+w)Vo
6.85x10"¢"”
E

rae L = W — @, W — noteHIMAJIbHBINA Oapbep Ha Ipa-
HULE MeTauI—BakyyMm [3B], ¢ — pabota BbIXO#a
9JIEKTPOHOB 13 MeTayuia [3B], £ — HanpssKeHHOCTh
BJIeKTpUYecKoro moJs [B/cm].

Bripaxxenue mjist TuIoTHOCTH Toka (2) IMOJIy4eHO
B [13] B IpeamnoIo;keHNHM O TOM, UYTO ITOTEeHIIUAJTbHBII
Oappep Ha TpaHMIIE METaI—BaKyyM OCTPOYIOJIb-
HBII. DTO IepBOe NPUOIIKEHNE K aHATUTUIECKOMY
PacCMOTPEHMIO BUIa TPAaHUYHOTO ITOTEHIIMAIa, KO-
TOPOE TeM HE MEHEee XOPOIIIO COIIACyeTCs C TaHHBI-
MU 3KCIIEPMMEHTOB. 3/IeCh M Jajiee IIpearojaraeMm,
YTO 3JIEKTPOABI BBIITOJHEHBI M3 METaJlIa, OMHAKO BCE
T€ K€ PaCCYKICHMUsI MOXHO MOBTOPUTH U IJIsI 3JICK-
TPOAOB M3 YIJIEPOIHOIO BOJIOKHA.

(2)

X Ezexp — [A/CMz],

B pesynbrarte moacraHoBKU B (2) moTeHIMana W=
= 25 kKB, paboThsl BbIXx0/1a 3JIEKTPOHOB U3 MOJIUOASHA
¢ = 4.2 3B 1 MakcuMaIbHON HANIPSXKEHHOCTU 3JIEK-
tpuyeckoro noyg £ = 2 x 10° B/cM 6bU10 TTOJIy4eHO
MPakKTUYECKU HYyJeBOoe 3HayeHue IIJIOTHOCTU TOKa
asrooMuccuu (j = 7.1 x 107* A/cm?). To ob¢TOosI-
TEJIbCTBO, UYTO BBIUMCIIEHHBIM TOK OKa3aJcsl TpeHe-
OpeXXUMO MaJIbIM T10 CPAaBHEHUIO C MaKCUMaJIbHbIM
TOoKOM aBTosMuccuu [14] = 1.1 X 10" A/cm?, a Takxke
pe3yabTaT OLIEHKW KPUTUUYECKOUN HampsikeHHOCTU E
Ha ocHOBe (popMyJIbl (2) MO3BOJSET CASIATH IIpenBa-
PUTEJIbHBII BBIBOI 00 OTCYTCTBUM J€CTA0UIU3UPYIO-
11IETO BJIUSHUS aBTO3MUCCHUOHHBIX TOKOB B HAaCTOSI-
e SKCIIEpUMEHTAIIBHOM ycTaHOBKe. TakmM 00pasoM,
CYIIECTBEHHOE M3MEHEHUE CYETa Ha 3JEKTPOHHOM
JIETEKTOPE BCJIENCTBUE aBTORJIEKTPOHHOU 3MUCCUU
MpencTapisiercss ceifuac MajloBeposITHbIM. OJIHaKo
clieyeT OTMETUTb, YTO TIJIOTHOCTh TOKA aBTOIMMC-
CHH j B COOTBETCTBUHU C (2) O4eHb OBICTPO MEHSETCS
C POCTOM HaMpsIXKEHHOCTH 3JIEKTpUYecKoro mnojis FE,
MO3TOMY HeOOJIbIIast MOTPEITHOCTb B ONpenejieHuu £
MOXET MPUBECTH K OFPOMHOMY (Ha MHOTO MOPSJi-
KOB) U3MeHeHU10 ToTHocTH j. KpoMme Toro, periato-
LLLYIO POJIb LIS onipeneneHus 3¢ dexkTa aBTO3MUCCUU
OynyT urpathb opMa 1 pazMep METAITMYECKUX DIIEK-
TponoB. TTo3TOMYy JJ11 OKOHYaTEJIbHOTO OTBETa Ha
BOIPOC 00 aBTORJAEKTPOHHOU IMUCCUU MOXKET MO-

MOBEPXHOCTb. PEHTTEHOBCKUWE, CUHXPOTPOHHBIE U HEUTPOHHBIE UCCJIEIOBAHUS

TpC6OBaTLCH JOITOJIHUTEIIBbHOC NCCIICAOBAHME C ITPU-
BJICYCHHNEM BOITPOCOB KaTOAHOTO paCIIbJICHUA, 2JIC-
MCHTOB TCOPHNM KOHTAKTOB, ITOBCACHNA MCTAJIJIOB B
CUJIBHBIX SJICKTPUYCCKUX ITOJIAX 1 TCOPUN aBTOJJICK-
TpOHHOfI OMUCCHUHN Ha OCHOBC IIPUHIIMIIOB KBAHTO-
BOIT MEXaHUKU U CTAaTUCTUUYECKOM (I)I/IBI/IKI/I.

AI[I/IABAUTI/I‘IECKI/IPI [TOBOPOT CIITMHA
HEWTPOHA B CTATUYECKOM
MATHUTHOM IIOJIE YCTAHOBKHA

Cucmema pamok u noas, cosdagaemble e€ro

B skcrmiepuMeHTe MO OIpenelIeHUI0 KOppesi-
OHHBIX KO3 PnnmeHToB A 1 B TpedyeTcs MpOBOINTH
U3MEepEeHMsI TPU IByX OPUEHTALIUSIX CITMHA HEUTpOHA —
MapajjieIbHOM M aHTUIIApaJIeAbHO MArHUTHOMY
nomo. Ecny peanusyercs MpoOTOYHBIN BapUaHT 9KC-
MeprUMeHTa, T.€. IPOUCXOAUT HeNPePhIBHOE 3aKaA4M -
BaHUE HETPOHOB B 9KCIIEPUMEHTAIIBHYIO YCTAHOBKY
JI0 HEKOTOPOTO 3HAYEHWST HACBIIEHUS TUIOTHOCTH,
TO MOXHO MCHOJIb30BaTh M3MEHSIONIeecs B IIPO-
CTpaHCTBE MAaTHUTHOE TIOJIE [IJIsI OPUEHTALIMU CITUHA
(MarHUTHOTO MOMEHTA) B ABYX HPOTHBOITOJOXHBIX
HampaBieHusX. s peannsalnuu 3Toil UIen B Kade-
CTBE OJHOI U3 BO3MOXHBIX KOHCTPYKLIWIA TIpeajiara-
eTCd UCIIOJIb30BaTh CUCTEMY U3 ABYX paMoK [elbM-
roJiblia, TIOBEPHYTBIX IPYr OTHOCHUTEILHO Ipyra Ha
90° Tak, 4TOOBI MAarHUTHBIE ITIOJISI, CO3IaBacMbIe B
LIEHTPE 3TUX PaMOK, ObUIM B3aMMHO MEPIEHINKY-
JngpHBL. HampaBneHne MarHUTHOTO TOJISI B MEPBOIA
paMKe OCTaeTcsl HeM3MEHHBIM, a HallpaBJIeHUE MOJIs
BTOPOII paMKH1 MOXET MEHSIThCS Ha IMIPOTUBOIIOIOX-
HOE ITyTeM TePEKITIOYeHUs TOKA B HEil Ha 0OpaTHBIIA.

ITocne npoxoxXaeHUsI CBEPXIPOBOISIIETO IMOJISI-
puszaTtopa IpHu YCJIOBUU, UTO CIIUH HEUTpOHA OyneT
COBMAanaTh C HaIllpaBJIE€HUEM MarHUTHOIO IMOJs mep-
BOI1 Mapbl paMOK, a TaKxKe MPU COOTIOIEHUU YCIOBUS
anuabaTMYHOCTU ABMKEHUSI MAarHUTHOIO MOMEHTA B
MarHUTHOM MOJIe MarHUTHBIA MOMEHT ITOBEPHETCS
Ha yros 90° 1pu MPOXOXIEeHUNU BTOPOI1 ITapbl paMoOK
1 Ha yroia —90° ripu U3BMEeHEHUY HaIlpaBJIeHUST TOKa
BO BTOpOII mape pamok. Pa3Mepnl paMOK OBLIU BBI-
OpaHbl MCXOASI U3 IPEAIOJOXEHMsI, YTO IUaAMETP
HeliTpoHOBOAA paBeH 11 cM. MarHuTHoOe 110J1e B 1IeH-
Tpe KaXXa0u 13 rmap paMoK I10 a0COJIIOTHOM BeTUIITHE
paBHo B =10 Ic.

Ilposepka ycrosus aduabamuunocmu
Npu 08UNCEHUU HELIMPOHA 8 PAMKAX

YcnoBue annadbaTUYHOCTH TTPU IBMXKEHUU YaCTH -
LBl C MATHUTHBIM MOMEHTOM |L B MATHUTHOM TT0J1e B
MOKHO c(hOPMYJIUPOBATh TaK:

O,T> |, 3)
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e ©; = 2|},Ln|§ / A — JlapMOpOBCKasl 4acToTa Ipe-

LleCCHU B CPeIHEM MarHUTHOM Tiosie B, T — BpeMsl, 3a
KOTOPOE€ YacTUlia MPOXOIUT PACCTOSHUE, HA KOTO-
POM I10JIe U3MEHSIEeTCS Ha BeIMYMHY nopsiaka B. s
HelTpoHa, OBMXKYIIEToCcss B MarHUTHOM moJjie B co
CKOPOCTHIO v, yciioBUE (3) MOXHO IepehopMyInupo-
BaTh B BUJE:

Lo, /v > 1, C))

rae L — paccTosiHUE, Ha KOTOPOM II0JIe MEHSETCS Ha
BEeJMYMHY nopsaaka B, w, =-191u, = —191 X

x3.15x107"" MaB/Tn, 7=6.58x10"" MaB-c.

Jns noneii nmopsinka B ~ 10 I'c = 107 Tn JJapMOPOB-

_ 5 -1
cKasg yactora cocTamisieT ®; ~ 2x10° ¢ . Cko-

pocTb HeliTpoHa v ~ 6 M/c. B paccMmaTtpuBaemoii
Te€OMETPUM TI0JIe MeHsIeTcd Ha BenmuunHy B ~ 10 I'c
Ha paccrosiHuu L ~ 0.3 m. Otcioga mojiydaem, 4To

LG)L/V =2x10°x 0.3/6 =10" > 1, T.e. ycnosue anua-
OATMYHOCTH BBITIOJTHSETCS C XOpOoIIeil TOUYHOCTBIO, N
HarnpaBJeHME CIIMHA HEMTPOHA IMPU ero ABUXXEHUU B
TaKOM MOJIe AOJDKHO CJIEAOBATh 3a HaIlpaBJICHUEM
BEKTOpa MarHUTHOM MHAYKINU. Eciii mapa paMok ¢
BBIOpAaHHBIMU pa3MepaMU CO3JaeT B CBOEM LIEHTPE
noire B=10Tc, To mo HUM HOOKEH WIATU TOK

I =325A.

Ilposepka ycaoeus aduabamuunocmu npu 08uUICeHUU
HellmpoHa om pamoK K YCmaHoeKe

YcnoBue anabaTUYHOCTU TaKKe JOJIKHO BbITION-
HSTbCSI MIPU ABUXXEHUM HEUTpPOHA OT paMOK, KOTO-
pble MO3BOJISIIOT TIOBEPHYTH CITMH Ha 90°, B 06J1aCTh,
13 KOTOPOI PErucTpupyloT MPOAYKTHI paciana Heli-
TpoHOB. Ha puc. 3a u3o6paxkeHo B3auMHOE pacioyio-
KEHHE PaMOK U KOPPEJSILIMOHHOTO CHEKTpOMeTpa.
Takum o6pa3om, 3amava 3aKJIFOYAETCSI B TOM, UTOObI
omnpeneanTh U3MEHEHUE BEKTOpa MarHUTHOTO TOJIST
Ha ydyactke A—b (puc. 30). Ecau B 310if 00J1aCTH BBI-
TOJIHSIETCS yCJIOBUE anmadbaTuyHocTu (4), TO CIIUH
HEWTpoHa OyneT “oTcieXuBaTh”’ HaIlpaBJICHUE Mar-
HUTHOTO noJjs. Ha yyactke A—B ycioBue anuada-
TUYHOCTH BBITIOJHSIETCS, TaK KaK 31eCh UMEET MECTO
T0JIe CAMOT0 KOPPEISILIMOHHOTO CIIEKTPOMETpa, KO-
TOPBIN YK€ MPOEKTUPOBAIU C YYeTOM aauabaTUKU
CUHA HEUTpPOHA B MATHUTHOM T10JIE.

HMrax, npuMeHsist yciaoBue (4) nist yyactka A—b,
MOJIy4aeM, 4TO

Lw; " v =1,

i (3

MOBEPXHOCTb. PEHTTEHOBCKUE, CUHXPOTPOHHBIE U HEUTPOHHBIE UCCIEAJOBAHUS  Ne 4

(a)

~_ 3
B
2 100 cm
1
Y. 20 cm
A B
200 cm
(©)
0.8

o
(@)}
T

e
S}

Munykums nmoss, To
=)
N
T

L

—200 —150 —100 =50 O 50 100
Paccrosnue, cm

Puc. 3. MonenmpoBaHue MarHUTHOTO MOJIsi CUCTEMBbI pa-
MOK JUJISI TIepeBOpOTa CIIMHA HEUTpPOHA: a — cXeMaTh4de-
cKoe pacnosioxeHue pamok ([), HelitpoHoBoma (2) u
yCTaHOBKH (3); 6 — MOAY/JIb MATHUTHOTO IOJIST HAa y4acT-
kax A—bwu b—B.

o, " :%=2x1.91x3.15x10“4 [

X

MSB}
Tn
x 0.1[Tn]/6.58x107 [MaB-c]=2x10"- ¢, L
=230 cM, v =600 cM/c, oTKyna (T)f_BL/v
~7x10° > 1.

U

Jnsg yqactka b—B OyneM nMeTh:
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14 M»aB
Tn
x 0.5 TJI/6.58 x 107 MaB-c=1x10° ¢!, orkyna

X

@, " =%= 2x1.91x3.15x10"

HaXOJIUM (_offBL/ y =3x10° > 1, T.e. ycioBue aaua-
0aTUYHOCTU BBINOJIHSIETCSI C OTPOMHBIM 3aMacoM, 1
CIIMH HEWTpoHa “OTCcieXMBaeT” MAarHUTHOE MOJie
YCTaHOBKMU.

MOAEJINPOBAHUE M3MEPEHUA
KOSOOUIMEHTOB A 11 B

B pamkax mopenu ciaObIx B3auMoaencTeuii V—A
acummeTpusi J-pacrnana moysipu30BaHHOTO HEWTPO-
Ha OTHOCUTEIBHO HaIIpaBJIeHUS BbUIETA 3JICKTPOHA 1
9EKTPOHHOIO aHTUHEUTPUHO OMUCHLIBAETCS CISIY-
forieit ¢popmyoii [15]:

dN 2
—=pE,(E,-E,) X
i p.E. (E )
X [l +a¥cosV,, + PAY cos®, +
c c (5)

+ PBcosV, + PDYsin 9, sin 9, sin (@, — @, ):| X
c
X dFE, sint, sin 9,d8,dV,,

rne a — KoadduiimeHT acuMmMeTpun B-pacmnana or-
HOCHUTENILHO YIJIa MEXIYy HampaBJIcHUEM BbLUIETA

2JIEKTPOHA M AHTUHEUTPUHO, cos ¥, = cos U, cos ¥, +
+ sin 9, sin 9, cos (@, — @, ). B (5) ¥, — yron mexny
HaIpaBJIeHUEM BbLIETa 2JIEKTPOHA M OCBIO COJICHOM -

Ia, ¥, — yrojl MexIy HampaBJ€HHEM BbUIETa aHTU-
HEWTPUHO U OChIO cojieHouaa. B cuiny Hanu4us B 00-
JIaCTM pacraga OCeBOM CUMMETPUM 3aBHUCHUMOCTBIO

OT a3UMYTaJIbHBIX YIJIOB (), U (, MOXHO IIpeHeOpeyb

M cuutarth, 4To sin(@, —@,) =cos(p, —9,)=0 u

cos¥,, = cosV,cosV,. [loaTomy B sKCIepuMeHTE
HET BO3MOXHOCTU M3MEPUTh KOI(DGUIIMEHT obpa-
IeHusT BpeMeHu D. P — BeIW4YWHA TOJISIpU3alliu

HeifTpoHa, £ — CKOpPOCTb 3JIEKTPOHA B SIMHMIAX
c

CKOpOCTH cBeTa, A — KO3 GUIIMEHT aCUMMETPUH
B-pacrnama OTHOCUTENILHO YIJIa MEXKIY HaIrpaBIcHM-
€M BBLIETa 3JIEKTPOHA U CITMHOM HeWTpoHa, B — Ko-
adduieHT acuMMeTpun -pacranga OTHOCUTEbHO
yIjla MeXIy HalpaBJieHUeM BblJleTa aHTUHEHTPUHO U

CIIMHOM HCfITpOHa, Ee — ITOJIHas 3HEPIUA 3JICKTPO-

2 4 2 4 2 4
my,c’ —m,c' +m,c

E _ 2 2 2

Ha, 0 — 2 ) mnc b mpc u mec -
2m,c
OHEPIUA ITOKOA HeﬁTpOHa, IIPOTOHA 1 BJICKTPOHA CO-

OTBE€TCTBCHHO.
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MMITyIIbCHI 3JIeKTpOHA, ITPOTOHA W aHTUHEUTPU-
HO CBSI3aHBI CICAYIOIINM COOTHOLIEHUEM:

p.+p,+p, =0.
3Hag SHEPruIo BJIEKTpOHAa, HaIlpaBJieHWE BBLICTA

QJICKTpOHaA M aHTHHGﬁTpHHO, MOXHO OIIp€ACINTb
BCJIMYMHY W HaIlpaBJICHUEC UMITYJIbCa ITPOTOHA. TaK,

TIPOEKIINS BETMYMHEI ¢, Ha OCh COJIEHOMIA PaBHA:
cp,cosV, = —(cp,cosV, +cp, cos V). (6)

DHeprust aHTUHEUTPUHO ¢p, C XOPOILLEl TOUHOCTBIO
paBHa:

cpy = EO - Ee'

ITpu MonenupoBaHUM BKCIIEpUMEHTA O U3Mepe-
HUIO KOPPETSIIMOHHBIX KO3(dduiimeHToB A 1 B Tpe-
OyeTcsl BBIYMCIUTb CKOPOCTb CUeTa Ha 3JIEKTPOHHOM
JIeTEeKTOpe B 3aBUCUMOCTH OT BHEPTrUM 3JIEKTPOHOB U
BpEMEHM 3aJepXKKU CUTHajla Ha MPOTOHHOM JEeTeK-
TOpE T10 OTHOIIEHHWIO K CUTHAJTy Ha 3JIEKTPOHHOM Jie-
TEKTOpe f = {, — I, IUIA IByX HANPaBJICHU ClIMHA —

BBEPX U BHU3, f, — BpPEMs TPUXOAa dJIEKTPOHA HA
BJIEKTPOHHBIN IETEKTOp IS pacliama HeHTpoHa B

TOYKE C KOOPJMHATOM Z, ¢, — BPEMsI IIPUXOJIA MPOTO-

Ha Ha NPOTOHHLIN AeTeKTop. Kak ObL10 IpeaioxXeHo

B [7], cTpouTCs1 MaTpuUlla COOBITUIA N;é_, [ae j coor-
BETCTBYET MHTEPBaJY, B KOTOPbII IOTIa1aeT IHEPTUSI,
OCTaBJICHHas 3JIEKTPOHOM Ha 3JIEKTPOHHOM JETeK-
Tope, k COOTBETCTBYET MHTEPBaJy, B KOTOPBIiA TTOTIa-
JIaeT pa3HOCTb MOMEHTOB BpEMEHU CHUTHAJIOB Ha

IIPOTOHOM U 2JICKTPOHHOM AETECKTOpAax.

MaTpuyHbIe 3JIEMEHTHI ONpeAeISIIOTCS MPpUOIn-
XeHHOI (hOpMYIIOii:

Nzk = Zpe,i Ee,i (EO - Ee,i) X

7 7 (7)
X [l +a-+cosV,,; + PA-+cos?,; + PBcos f}v’,},
c c
rIe CyMMHUpPOBaHHME BeNeTCs 10 BCEM 3HAUYCHMSIM
9HEPTUM, KOTOPbIE TIOMAA0T B j -if HHTEPBaJI, ¥ KO-
CHHYyCaM TaKMX YIJIOB BbIJIETA, UTO MIPH pacraae Heil-

TPOHA B TOYKE Z; Pa3HOCTD f,; —1,; TIOMANAET B k-ii
vHTepBal. [1pyM M3MEeHEHUU HaIpaBieHUs] MarHUT-
HOTO IT0JISI ¥ BMECTE C HUM HallpaBJIeHUsI CIIMHA Heil-

TpoOHa Toysipu3anus P 3aMeHsieTcsl Ha —P, U cuer

N, 3amensietcsi Ha N ;. Unciio pacnanoB mpormop-

IIMOHAJIbHO TUIOTHOCTU YIbTPAXOJIOAHBIX HEUTPOHOB
B obiacTu pacrnaaa:

1.67

-z 8
1H , (®)

n

p(z) =

Ie MakCHMMaJlbHasi BBICOTA TMOIbEMa YIbTPAXOJIOJ-
HBbIX HeliTpoHoB H, = H, =136 cM. [lHO obGiactu
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pacrama onpenesieTCs MOJI0XEeHEeM COOPKHU 13 Tpex
CETOYHBIX BJICKTPOJIOB.

B omiinuwme ot caydast, pacCCMOTPEHHOIO paHee B [1,
16], xkorma Koa(pdULIMEHT B 3MepsICS B OTCYTCTBUE B
00J1aCTH pacIiafia BEITSTUBAIONIETO IIPOTOHBI IEKTPH-
YeCKOIO IOJISI, B HACTOSIIIE paboTe pacCMOTPEH Bapu-
aHT OMHOBPEMEHHOTO M3MepeHUst KoadduimeHToB A
U B npu Hamuuy B 00JIACTH pacliazia yOBIBAIOIIETO C
BBICOTOI1 9JIEKTPUYECKOTO IMOTEHIIMAIA.

B MopenupyeMoM 3KCIiepMMeHTe KMHETHUYeCcKast
SHEpPTUS 3IEKTPOHOB JIEKUT B mpeneinax ot 130 mo
750 k3B. BpeMs oxkumaHUsI IpOTOHOB HA IIPOTOHHOM
nerekTope cocTtanisgeT 150 Mmkc. B oTcyTcTBUME BHITSI-
TUBAIOIIETO MPOTOHBI SIEKTPUUECKOTO IOJISI CYETHI

N,f U N, , NIOJy4YEeHHbIE CYMMUPOBAHUEM COOTBET-

CTBYIOILIX CUETOB N%{ 110 PHEPreTUYECKMM UHTEp-
BajiaM, Ipu OOJBIIINX BpeMeHaX 3adep>KKN He OOHY-
Jsriorcs. Paznocts moreHnuanos 0.2 B Ha miuHe 2 M
OKa3bIBaeTCsI HENOCTATOYHOI, YTOOBI YCHETh CO-
OpaTh Bce TIpoToHHI 3a 150 MKc. I1pn mpunoxeHnn K
00J1acTH pacIiajia BHITTMBAIOIIETO MPOTOHHI 3JIeK-
TPUYECKOTO TIOJS ¢ mameHneM HanpsokeHus 20 B Ha
JUTMHE 2 M yIaeTcst coopaTh Bce MPOTOHBI M3 00JTaCTH
pacrana.

Koadhdunment 4 onpenensiercs yepe3 cyeT Ha
BJIEKTPOHHOM JETEKTOPE CIEAYIOIINM BBIpaXKEHUEM:

Nt N> 7!
Aj:%[P<K> cosﬁej] , )
N; + N, cly

+- _ +/-
e N, —Zk N’ , CyMMUDOBaHUE BEAETCS IO
BCEeM BpeMeHHBIM MHTepBajiaM. CpenHsiss CKOpOCTb

14
SJICKTPOHOB <—> BBIUUCIISICTCA ITO (bepMI/IeBCKOMy
clj

criexTpy. CpenHuii KOCUHYC yIjla BbUIETa SJIEKTPO-

HOB COSﬁej BbIYUCJIACTCA IO 3HAYCHUAM CPEIHUX

KOCHHYCOB COs U,

n
— 1 —_—
cosV, ; = ”—ij’kcosﬁejﬂk.

k=0
2 i
k=0

Muoxurenu f;, ONpPENEsAOT YMCIO COOBITHH,

nonasinX B (jk)-it MHTepBal ¢ y4eToM depMues-
CKOIO pacCIpe/ieIeHUs] 3JIEKTPOHOB 10 SHEPIUU U
pacnpeneaeHust yIbTPaxoJOAHbIX HEUTPOHOB I10 BbI-
core. KocMHYCBI YIJIOB BbUIETA JIEKTPOHOB U aHTHU-
HEHTPUHO PAaBHOMEPHO paclpeieeHbl B Ipeaeaax
ux obnactu onpeneneHus. CpeaHUE KOCHUHYChI

cosV, ;, BEIYUCIILUIN MyTeM CYMMUPOBAHMUST KOCUHY-
COB YIJIOB BBUIETA BJIEKTPOHOB, TIPH KOTOPBIX DJICK-

MOBEPXHOCTb. PEHTTEHOBCKUE, CUHXPOTPOHHBIE U HEUTPOHHBIE UCCIEAJOBAHUS  Ne 4

TPOH JOCTUTAET 3JEKTPOHHOTO NETEKTOPa, OCTABIISIS
SHEPTUIO B j-M SHEPreTUYECKOM MHTepBaJie, a Mpo-
TOH JOCTHUTAET IIPOTOHHOTO IeTeKTOpa 3a BpeMsl, KO-
TOpOE OKa3bIBaeTcsl B k-M BpeMEHHOM WMHTepBaJe,
¢ TIoCTIeAyIoneii HOpMHUPOBKOI Ha YMCIIO TAKUX KO-

Pacuer cpemHMX KOCHMHYCOB cost¥

CHHYCOB. e k>

cosVy ;, 1 cosV,, ;, HEOOXONMM ISl MONYICHNUST U3

e
SKCHEPUMEHTAILHBIX CYETOB N jé 3HaYeHUsI KO3(d-
dunuueHTa B.

Ha puc. 4 nokazaHa 3aBUCUMOCTb KO3 duliveH-
Ta A, onpenesieHHoro no gopmyie (9), oT s3Hepruu
BJIEKTPOHOB. BUIHO, YTO B 06/1aCTU MaJIBIX SHEPTUii
3JIEKTPOHOB TPU MPAKTUYECKOM OTCYTCTBUM BBITSI-
TMBAIOIIETO IIPOTOHBI DJIEKTPUYECKOTO MOJIST HAGIIIO-
NaeTcs CyIECTBEHHOE OTKIIOHEHUE BEIMUUHBI A; OT
OXUIAEMOM BEIUYUHLL. DTO OOBICHAETCS TEM, UTO
IIPY MaJIbIX UMIIYIbCAX DJIEKTPOHA MMITYJIbC aHTH-
HENTPUHO OOJIBIIE, ¥ TIPHM HEKOTOPHIX YIJIax BbUIETA
AHTUHENATPUHO IIPOEKIINS UMITY/IbCa IIPOTOHA HA OCh
COJIEHOMIA OKa3bIBAETCI CIMILIKOM Maja IJIs TOro,
YTOOBI IIPOTOHBI YCIIEJM IIPOJIETETH Yepe3 00JIACTh
pacnaga 10 YCKOPSIOIINX CETOK 3a Bpems 150 MKc.
B KOHEYHOM HMTOre 3TO IIPUBOIUT K TOMY, YTO IIpUA

+/-

CYyMMHUPOBaHMU N ;) 1O BPEMEHHBIM MHTEpBaIaM
(uHOeKCcy k) HE NPOUCXOAUT OOHYJIEHHUS BKJIAIOB
cos U, u cosV,, B 3Ty cyMMy. CUTyalusi UCTIpaBIs-
eTCsI, eCI K 06J1aCTH pacmaaa MPIUIOKUTh O0OJbIIee
BBITSTUBAIONIEE TIPOTOHBI JJIEKTPUYECKOE TIOJE.
Ha puc. 46 nokasaHa 3aBUCUMOCTb Ko3dduiiueHTa
A OT Hepruu BJIEKTPOHA TIPU HAUTMINU BJIEKTpUIe-
ckoro moJjist B obynactu pacnana (0.1 B/cm). B atom
ciyJae BCce IIPOTOHBI YCIIEBAIOT MOJETETh IO YCKOPSI-
IOIIMX ceToK 3a 150 MKc. DTO MPUBOIUT K TOMY, YTO

+/- ,
NPy CyMMUPOBaHUU Nji 110 BPEMEHHBIM MHTEepBa-

JaM (MHAeKC k) BKaabl cos U, U cosV,, OOHYISIIOT-
cs1. CpenHee 3HaueHUe A, KOTOpoOe MojydyaeTcsl Mnpu
yCpenHeHun 3HaueHuit A; (puc. 46), Bcero Ha 0.1%
OTJIMYAETCS OT 3aJIOKEHHOTO TIPY MOJETNPOBAHUH.

IMpu usmepennn ko3 GuIIeHTa B B OTIWYHE OT

ko3 dpunmneHTa A HaXOOUTCS He BEKTOP, a MaTpuIia
C dJIeMEHTaMU:

+ _
B'k: —Nj’k_Nj’k)(
Js + _

X (1 + a<£>j cos D, j,kj — PA <£>, cos, ,—,k} x (10)

-1

X [PcosﬁV j,k] ,
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o€ CPpEAHNEC KOCUMHYCBI BBIYUCIIAIOTCA ITPpU yCIIOBUM,
YTO IIPOTOHBI W DJICKTPOHLI ABM2KYTCA B U3BCCTHbBIX
SJICKTPUYICCKNX U MAarHUTHBIX ITOJIAX. Ha puc. 5 IIpu-

BENEHBI 3aBUCMMOCTUA KoadduumeHta B oT cosV,
MpU pa3IMYHbIX HAMPSKEHHOCTSIX BBITATUBAIOIIETO
MPOTOHHI BJIEKTpUYecKoro moJist. [Ipu BeraucieHun
CpenHUX KOCUHYcoB B popmyre (10) aass ucTuHHOM
TMJIOTHOCTU YIBTPAXOJIOAHBIX HEMUTPOHOB YCPETHEH-
HoOe 3HaueHue B u3 rpaduka Ha puc. 5a KaK B OTCYT-
CTBUE BBITATUBAIOIIETO TIPOTOHBI 3JIEKTPUYECKOTO
MoJisl, TaK U MPU HAJTUIUU MAJIOTO 3JIEKTPUYECKOTO
MOJIST OTJIMYAETCSI OT MCXOHOTO 3HaUeHUs B Ha Be-
JuunHy nopsiaka 0.01%.

s HaxoXIeHWsl CPeIHMX KOCUHYCOB BaXKHO
3HaTh paclipee/icHIE YIbTPaX0JOIHbIX HEHTPOHOB B
obnactu pacnaga. B paccmarpuBaeMoM cirydae 3TO
pacripenejeHue 3agaHo UX IUIoTHOCThIO (8). Ilo-
IPELIHOCTD B ONpeaeieHUN MaKCUMAJIbHOM BHICOTHI
NOaBbEMA YIBTPAXOJOIHBIX HEUTPOHOB H,, TIO OlIEH-
KaM COCTaBHUT mopsiaka 1 cM. DTO CBSI3aHO € TEM, UTO
pacCToITHUE MEXOY CEeTOYHBIMU BIIEKTpOoJAaMHU B
HIDKHEN YaCTH BJIEKTPOCTATUUYECKON CUCTEMBI paBHO

—0.02

T
-
«

—0.04
—0.06 .

—0.08 .
—0.10
—0.12

T T
-

-

-

T

T
-

CEPEBPOB u np.

1 cm. [1s1 OlleHKU BJIMSIHWS HETOUHOCTU BEJIMYMHBI
H, u3 (8) Ha BoccTaHOBJIeHHE B 1o ¢dopmyne (10)

+/-

OBLIM BBHIIIOJIHEHBI pacycCThl, KOraa C4CThbl Nj r OIlpe-

nenstmu nipu H, = H, = 136 cM, a cpenHue KOCUHYCBI
cosV, ;,, cosVy,;, u cosV,, ;, — npu H,=135u
137 cM. PesynbTaThl 3THMX pacyeToB IIPUBEIACHBLI Ha
puc. 56. CpenHue 3HauyeHUs] KoadduimreHta B u3
rpacpukoB, BoccTaHOBIeHHBIE o dpopmyre (10) co
CpEeIHUMU KOCUHYCaMM, BBIUMCJIEHHBIMU C HETOY-
HOM ITJIOTHOCTBIO YJIBTPaX0JOAHBIX HEHTPOHOB (IIpU

O0H, = £1 cM), OTJIMYAIOTCS OT UCTUHHOTO 3HAYCHUS
B Ha BenmmuuHy MeHblire, uem 0.1%.

Bxiam B BeposSTHOCTBL pacliaga HeTpoHa (up-
LIEBCKOro MHTepGhepeHIMOHHOro wieHa (Ko3hdu-
LIUEHT b) MPUBOIUT K TOMY, UTO B (5) cieayeT 3ame-

2
m,c
HUTb €OVUHUILY Ha 1| + bEe— [15]. KoadduiimeHTs 4

e

U B onpenensitorcst  4depes

N;—k - Nj_k
X = ———". W3-3a Hann4usi HUPLIEBCKOTO MH-
Nk + Nju

OTHOLICHUA BHUIA

(@)

b 4

—0.14 L ' '

—0.02
—0.04
—0.06
—0.08
—0.10

T

T

T

—0.12

T

—0.14 L l l

400
E,, xB

©

500 600 700

400
Eel’ %))

500

Puc. 4. Koadduuuenrt 4: I — onpeneneHHblit o ¢gopmyie (9) B BLITATMBAIOLIEM IPOTOHBI siekTpuyeckoM nose 0.001 (a),
0.1 B/cm (6), A =—0.1186 (1), A4 = 1o, 2 — 3anoxeHHsli1 pu MozenuposaHuu A = —0.1187.
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(@)
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. I 1 3 n '
R 097+ :
0.96 | $
0.95+
094
0.93 : : : !
—1.0 —0.5 0 0.5 1.0
cosY,
1.01 ©
: _ A Il
1.00 _
0.99 = e i A " s 4 " " v :
098 4 s s b s et te gt 20 S IITRETRYNT G 0w
v v . S
Q 0.97+ v ?
0.96 - % 9
095
0.94 -
0.93 1 1 1 ]
—1.0 —0.5 0 0.5 1.0
cosY,

Puc. 5. 3aBucumocTs Koaduimenta B ot cos ¥, MPHU HATMYUN MAJIOTO, BBITSATHUBAIOIIETO IIPOTOHBI 2JIEKTPUIECKOTO OIS
a — TaKxKe MM ero mpakTudeckom orcyrersuu (1 — AU = 0.2 B, B = 0.9809(1), AB = 20, 2— AU = -20 B, B = 0.9808(1),
AB = 16, 3— koaddueHT B = 0.9807, 3a/10:KEHHBII TPU MOZIEIMPOBAHNH); 6 — pacyeT CpeaqHMX KOCUHYCOB 13 (hopmysibl (10) ipu
OTJIMYHBIX OT HCTMHHOMN TUIOTHOCTSIX YJIbTPAXOJIONIHBIX HelTpoHos (I — H, =137 cm, § =1 cM, B = 0.9815(1), AB = 8c; 2 —
H, =136 cm,8=0cMm, B =0.9808(1), AB=10;3— H, =135cm, 8 =—1cm, B =0.9801(1), AB = —60).

TepPEepeHINOHHOTO YJIEHA MPOUCXOTUT IIepeHOp- IMPOYHOCTHBIE U TEININTO®U3NYECKHUE

X PACYETDBI
> ¥, KaK CJIe[ICTBUE, B BBIYUC-

1+ 52

MupoBka X =
Cucmema oxnaxcoenus
Cucrema oxJaxaeHUs TpeaHa3HaueHa sl oxJia-

e
JeHHbIX 1o popmynam (9), (10) koopduumenTax A  xneHUsT U TepMOCTATUPOBAHUS CBEPXITPOBOISILUX

1 B Oynmer HeydyTeHHBIII BKJIan Ko3dduimeHta b.
B otHOImMIEHNN A/ B Bkiam oT (pMpILEBCKOIO MHTEP-
¢depeHIIMOHHOTO YJieHa COKpalllaeTcsl.

Katyiek. X BHyTpeHHU nruaMeTp rmopsiaka 510 mum,
mHa 3500 mMm. [l1s1 iepexona B CBEPXIIPOBOISIIIEE
COCTOSIHME KaTylleK, U3TOTOBJICHHBIX U3 ciuiaBa Nbli,

Ta6muna 3. TeruroBbIe MOTOKM 3KCIIEpUMEHTaIbHOM ycTaHOBKU “ColieHoum”

Temnepatypa
[TapameTtpsr
42K 80 K
TemmonpuTok 1mo nmoaBeckaM, Bt 0.70 27.69
TerutonpuTok 1o BBojgaM B apMarype, BT 1.00 —
TeruionpuToK 1O TOKOBOJIaM, BT 0.22 —
Hznyyenue, Bt 0.36 106.89
TeruioBbIACACHUS TIPU CMEHE TTOJIIPHOCTHU, BT 0.18 -
Htoro, Bt 2.46 134.58
Hcnapenue xuakoro He wiau pacxon razoo6pasHoro He, j1/4 3.08 300
TMOBEPXHOCTE. PEHTTEHOBCKME, CUHXPOTPOHHELIE 1 HEMTPOHHBLIE UCCIEJOBAHUA Ned4 2023



46 CEPEBPOB u np.

HeoOxonnMo ux oxiaxaeHue Hmke 9.5 K [17]. Ten-
JIOBOM PEXUM JOCTUTACTCS CKVKEHUEM TeIvs U ero
3aJIMBKOM B3aMeH MCIAPUBIIETOCS TN B ITOTPYK-
HYIO BaHHY CO CBEPXITPOBOISIINMHU KaTylIKamMu. Mc-
napeHue TeIus IIPOVCXOIUT 3a CUET TETUIOBBIX ITOTO-
KOB TI0 TEIUIOBBIM MOCTaM, TEIUIOBOMY U3JTYUYEHUIO
W IUKINYECKN TOBTOPSIOIIEMYCS TEIUIOBOMY AEii-
CTBMIO BUXPEBBIX MHIYKIIMOHHBIX TOKOB, BOSHHKAIO-
WX TIPU U3MEHEHWU ITOTOKA MAarHUTHOTO MOJs 3a
cdeT CMEeHBI moJisipHocTH [18].

CBepXxmpoBOIAIIIEe OOMOTKH SJIEKTPOMAarHUTHOM
CHCTEMBI OXJIAXXIAIOTCS KUIISIIINM B BaHHE XKUIKUM
reimeM. BHyTpr BaHHBI ¢ TeIMeM HaXOOUTCSI SKCITe-
pUMeHTaIbHas Kamepa. MexXmy TeJIneBoi BaHHOM 1
SKCTIIEPUMEHTAIBHOM KaMepoii, a TaKKe MEXIy BaH-
HBIM ¥ BaKyyMHBIM KOXXYXOM PaCIOJIOKEHBI TETLIO-
BBbIE 9KpaHBI, OXJaXmIacMble Ta3000pa3HBIM TeIeM
10 TpyOUYaTHIM KaHajlaM 9KpaHa. DKpaH CIIY>KUT st
CHIDKEHUSI TETUIOBOTO M3IIyYeHUS TIPU PETYISIPHOM
TEXHOJIOTUYECKOM OTOTPEeBE OSKCIIEPUMEHTATBHOM
kamepsl 10 300 K. [Tomumo TeruioBoro skpaHa IJIst
CHIDKEHUSI TETIOBBIX TTOTOKOB MCTIONB3YIOT MHOTO-
CJIOITHYIO0 BaKyyMHYIO M30JImio. JIJIst ocyIecTBiie-
HUS TUPKYJISIIIAN U OXJIAXKIECHUS Ta3000pa3HOTO Te-
JINST B TEIUIOBOM 3KpaHe MPUMEHSIIOT KPHOKYILIEP,
paboTa KOTOporo ocHoBaHa Ha 1ukie Ctupiauara [19].
IMapsl renust cOpachIBaIOTCS U3 BAHHBI B Ta3TOMIBIED.

B TabGn. 3 mpencraBieHbl TEIJIOBblE HArpy3Kwu,
BO3MIEHCTBYIOIIME HA TeJIMEBYI0O BaHHY U TETJIOBOM
aKkpaH. M3 TabJ1. 3 BUIHO, YTO TeTJIoBasi Harpy3ka Ha
reJeBoOM TeMIepaTypHOM YPOBHE OIpenesisieTcsl B
OCHOBHOM IMPUTOKaMM TeIlIa MO TeTIJIOBbIM MOCTaM.
st obecniedeHrsT HEOOXOIMMOTO TETIOBOTO PEXU-
Ma TpebyeTcsd OXWXKMUTENb TMPOWU3BOAUTEIbHOCTHIO
3.08 n/4. CucteMa oXJIaXKIeHUSI TEIJIOBOIO 3KpaHa
razoo0pa3HbIM TeJIMEM JOJKHA O0ecreyuBaTh €ro
nupKyysiauio mpu pacxoge 300 /4 B ABYX Iapai-
JIEIbHBIX BETBSIX OXJIAXKICHUSI.

IIpu pacyere LMKIMYECKOrO HArpeBa CUYUTAIU,
YTO TETIOOTBO/ B T€INI OCYIIECTBIISIETCS C [IAJINH-
JPpUYECKUX TTOBepXHOCTe# KaTymieK. ToIInHY 2/1eK-
TPUYECKOM M3OISIINNA OOMOTOYHOTO MPOBOAA MPHU-
HuUManu paBHoit 0.2 MM, a KO3PPUIINEHT €€ TeTIOo-
npoBogHoctu 0.02 Br/(M - K) mpu 4.2 K. Pacuer
MPOBOAWIIN JJIsSI TIATUMUHYTHOTO LIMKJIA CMEHBI TT0-
JIIPHOCTU W TIay3 MEXAY TeIJIOBBIMU IIMKIIAMU,
paBHbiMu 20 muH. Ha puc. 6 mmokasaHa IuHamMuKa
W3MEHEHUS TeTJIOBbIIEIEHUIA 1 MAKCUMAaJTbHOI TeM-
nepaTypsl IpU CMEHe IIOJISIPHOCTH “IpOOKOBOI” 1
OCHOBHOI1 KaTyllIeK.

KpuBbie TMHAMWKY TeMIIepaTypPHBIX TTOJIEH TIpH-
BeIeHBI HA pucC. 7. AHAIU3 TEIIO(GU3NKUA IKCIIePHU-
MEHTaJTbHOI yCTaHOBKM ITO3BOJISIET Ha TAHHOM 3Tarie
WCCIIeMOBaHUI caenaTh CIeIyIOIe BBIBOIBI: MaK-
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Puc. 6. [lunamyka TEIUIOBBIAETICHUSI U TEMITEPATypPHBIX
rnoJieit B “ripo6koBom” cosieHouse (/) U OCHOBHOM coOJie-
Houze (2), 3aBUCUMOCTh OT BPEMEHU: a — TETIOBOTO TT0-
TOKa; 6 — MAaKCUMaJIBHOU TeMIIepaTyphl.

CUMYM TeMIIepaTyphl B KaTylIKax COBIAagaeT C MaK-
CUMYMOM TeIUIOBbIIeAcHUST U cocTaBiisieT 4.37 K u
HaOJII0JAaeTCsl B MOMEHT BPEMEHHU, KOT1a MHIYKIIVS B
KaTylIKaX paBHa HYJIIO; IPU OKOHYAHUM TEILJIOBBIIC-
JIeHUsI 00€ KaTYILIKW OCTHIBAIOT 32 7 MUH JIO MCXOJ-
HOM TeMITepaTyphl.

IIpounocmuuie pacuemut
KOHCMPYKMUBHBIX IN1eMEHMO08 YCIMAHOBKU

s obecriedeHnsT MEXaHUUYECKOi 6Ge30IMacHOCTH
KOHCTPYKTUBHBIX 3JIEMEHTOB YCTAHOBKMU I10 U3Mepe-
HUIO acuMMeTpuu B-pacniana 6bu1a mpoBeaeHa cepust
MMPOYHOCTHBIX PACYETOB M OLIEHEHA BO3MOXHOCTH
JOCTVIKEHUST TIPedelbHBIX MEXaHWYEeCKUX COCTOSI-
HUii. {719 pacyeTa HaTIpsKeHUI Ha TTOCKUX JHUILAX
U LUAIMHIPUYECKUX obedaiikax ObLTIM MPUMEHEHBI
YHCJIEHHbIE METOBI, UCIIONbL3YIOIIUECS B MEXaHUKE

Ne 4 2023
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Puc. 7. lunaMuka pocta v naficHus TeMIlepaTyp Mpu CMeHe MOJIIPHOCTU: a — HarpeB “IpoOKOBOro” COJIEHOU A B T€YEHUE
0.5(1), 1.0 (2), 1.5(3), 2.0 (4), 2.5 muH (5); 6 — oxstaxxaeHue “nIpoObKoBoro” cojeHouna B reueHue 2.5 (1), 3.0 (2), 3.5 (3), 4.0 (4),
4.5 (5), 5.0 (6), 6.0 (7), 7.0 muH (8); B — HarpeB 0oCHOBHOTO coyieHouaa B reuenue 0.5 (1), 1.0 (2), 1.5 (3), 2.0 (4), 2.5 muH (5);
I — OXJIaXIeHKe OCHOBHOTIO cojieHouaa B TeueHue 2.5 (1), 3.0 (2), 3.5 (3), 4.0 (4), 4.5 (5), 5.0 (6), 6.0 (7), 7.0 muH (8).

CIUIOIIHEBIX cped. [ paccMOTpeHUST BOIIpOCa O I10-
Tepe YCTOMYMBOCTU OBIJT HEOOXOOM pacyeT 3allUThI
OT IUIACTUYECKOIO pa3pylIeHUSI KOHCTPYKTUBHBIX
2JIEMEHTOB YCTAaHOBKM. Takoil pacueT ObLI BBIITOI-
HEH IO YIPYroIUIaCTUYECKON MOIEIN ITOBEACHUS
MaTepuraja ¢ y4eToM HEOTHOPOIHOCTEl T€OMETPUM.
B kauecTBe paboucii ObUIa BRIOpaHa MOJIEIb C IIPU-
MeHeHneM (PYHKIMM TeKydecTh Mmu3eca M CBI3aH-
HBIM C HUM MPaBUJIOM TeKy4yecTU. TakKe yduThIBaIn
BJAMSIHYE HA MOJie HANIPSDKEHU I reOMeTpUIEeCKOl He-

MOBEPXHOCTb. PEHTTEHOBCKUE, CUHXPOTPOHHBIE U HEUTPOHHBIE UCCIEAJOBAHUS  Ne 4

mmHeitHocTy [20]. Pe3ynbTaThl YMCIEHHBIX pacueTOB
Moka3aHbl Ha puc. 8.

MexaHunyeckasi 06€301acHOCTb ObljIa MMOATBEPKISHA
MMPOBEACHNUEM PACUETOB Ha MIPOYHOCTh C MCIOJIB30-
BaHUEM BepHMDUIIMPOBAHHONW YHUBEPCATHLHOMN TIPO-
TPaMMHOM CUCTEMBI KOHEYHO-3JIEMEHTHOTO aHaI3a
SolidWorks Simulation. Pe3ynbTaThl KOMIBIOTEPHO-
ro MOAEIMPOBAHUSI TTIOKa3aau, YTO BCe HEOOXOAMMbIEe
3aIrachkl IPOYHOCTH JIJISI OCHOBHBIX 2JIEMEHTOB 00Oec-
TIeIMBAIOTCS.
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Puc. 8. PacueT HamnpsKeHUiA 110 YIIPYTroIuiacCTU4eCKoi Moaenn Mu3seca: a — rejineBast EeMKOCTh; 6 — BAKYYMHBII KOXYX.

SAK/IIOYEHHME

B pabote BBITIOJHEHBI pacyeTbl MarHUTHBIX U
BJIEKTPUYECKUX TIOJIe YCTAaHOBKU, OLIEHKU TeTIo-
MPUTOKOB K I'eJIMeBOMY KPMOCTATY U TTIOJ00paHO Tpe-
OyeMoe It oTBoma Teiula obOopymoBaHwme. IIpou-
HOCTHBIE PacueThl ITOATBEPAWIN BO3MOXHOCTh pea-
JIN3allMU YCTAHOBKU B BBIOPAHHOM KOHCTPYKIIUM C
YUETOM Pa3MepoB reJIMeBOro Kpuocrara.

INpuBeneHHbIe pacyeThl MAarHUTHBIX MOJEH ae-
MOHCTPHUPYIOT BO3MOXHOCTb 00€CIIeUnTh OIHOPO/I -
HOCTb MAarHUTHOTO MOJIs B 00JIaCTU paciiaga HEUTpo-
Ha Ha ypoBHe 1073, 4TO maeT TOYHOCTH OIpENeNeHUS
CpeIHero KOCMHYyca yriia BbljieTa 3JIEKTPOHOB ITOPSII-
ka 10~*. Pacder 3JIeKTPOCTATUYECKOI CUCTEMBI I1O-
Ka3aj, 4TO MCIIOJb30BaHUE CUCTEMBI KOJIbLEBBIX
3JIEKTPOIOB O0ECIEYUBAET JOCTATOUHYIO OJHOPOI-
HOCTb 3JIEKTPMYECKOro MoJjisd B 00/1acTU pacnana, a
MIPpUMEHEHHE CETOYHBIX BJIEKTPOJIOB ITO3BOJISIET OT-
paxaTb IIPOTOHBI Ha PACCTOSIHUSIX Iopsiaka 1 cM.
IIpunoxeHne K CETOUHBIM 3JESKTPOAAM DJIEKTpUYC-
ckoro ToteHmana ~30 kB, Kak oxumaercs, He BBI-
30B€T aBTOSMUCCUOHHBIN TOK JIEKTPOHOB.

MOBEPXHOCTb. PEHTTEHOBCKUWE, CUHXPOTPOHHBIE U HEUTPOHHBIE UCCJIEIOBAHUS

MonenupoBaHue 3KCIIEPUMEHTA 110 U3MEPEHUIO
K03 dunreHToB A 1 B mokazajio, 4YTO BO3MOXKHO
OIHOBpPEMEHHOE M3MepeHUe KO3(P(PUIMEHTOB TMpU
YCJIIOBUU, YTO K 00JIaCTU pacliaia BbICOTOI TOpsiaKa
2 M TIPUJIOKEHO OTHOPOMHOE, BHITATUBAIOIIEE MPO-
TOHBI BJICKTPUUYECKOE MoJie HanpskeHHOCThIo 0.1 B/cM.
Ha touHocTh n3MepeHus koadduiimeHra B cyie-
CTBEHHOE BJIUSIHME OKAa3bIBaeT KauyeCTBO OLIEHKU
IUIOTHOCTU pPAaCIIpele/IcHUs YIbTPaXOJOAHBIX Heli-
TPOHOB B oGiactu pacnaga. [TorpemrHocTs ornpene-
JIEHUSI UICTUHHOI BEJIMYMHBI MAKCUMAIbHOM BBICOThI
MnoabeMa yJIbTPaxoJOAHbIX HEUTPOHOB B 00JacTu
pacnaga Ha ypoBHe 1 ¢cM IIPMBOIUT K TTOTPEITHOCTH
ornpeneieHust B Ha ypoBHe MeHbIe 0.1%.

IIpu yyere TOro, 4o HEOMHOPOTHOCTU MArHUT-
HOTO M 3JIEKTPUYECKOro IoJjieili He BHOCSAT BKJal B
MOTPEeIIHOCTh 3MepeHust A u B Ha yposHe ~0.1%, a
BKJIaJ B ITOTPEITHOCTD OINpeAeIeHrs] A U3 OTHOILIE-

A—
A+ B
YTBEPXKIATE, YTO TOYHOCTH U3MEPEHMS A B IIpeJiara-

HUA HN3-3a MOoJIApHU3al OTCYyTCTBYET, MOXKHO

Ne 4 2023
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€MOM 3KCIEPUMEHTE C YJIBTPAXOJOAHBIMU HEUTPO-
HaMu coctaBut ~ 104,

BJIIATOOJAPHOCTH

PaGota BbInonHeHa npu momaepxke PODU (rpanT
19-02-00547-a).
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New Possibilities for Measuring the Ratio of the Axial and Vector
Weak Interaction Constants

A. P. Serebrov’ *, O. M. Zherebtsov!, G. N. Klyushnikov!, A. O. Koptyukhov',
A. R. Moroz!, A. N. Murashkin!, A. K. Fomin!

! Petersburg Nuclear Physics Institute named by B.P. Konstantinov, National Research Center “Kurchatov Institute”,
Gatchina, Leningrad region, 188300 Russia

*e-mail: serebrov_ap@pnpi.nrcki.ru

An experiment is being developed to determine the value of A, the ratio of the axial weak interaction constant
G, to the vector constant Gy, by simultaneously measuring the electron (4) and neutrino (B) asymmetries of
B-decay on the same setup. The A measurement is based on the ratio: A = (4 — B)/(4 + B). Simultaneous
measurements of 4 and B on the same setup are suggested to be carried out using ultracold neutrons stored in
the magnetic field of a superconducting solenoid. The proposed method for determining A, firstly, makes it
possible to neglect the contribution of the Firtz interference term, and, secondly, eliminates the need for ac-
curate measurement of the neutron polarization. The presented method allows us to measure the A value with

a precision of 107%.

Keywords: standard model, weak interaction, neutron B-decay asymmetry, ultracold neutrons.
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