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COKYIO TOYHOCTh U3MEPEHMSI 9HEPTUU U IUNIOTHOCTU TTOTOKA HEHTPOHOB B IIIMPOKOM DHEPIeTUUECKOM IHa-

na3oHe (ot 24 k3B no 20 M»B).
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BBEAJEHUWE

MoOGUITBHBIN LHU(MPOBOI CITEKTPOMETP-I03UMETP
HelirpoHHOTO U Y-u3nydeHuss SDMF-1608SN paspa-
ooraH B OO0 “Llentp ALIT”, Mocksa [1, 2]. BHem-
HUIA BUJ CITEKTPOMETpPa-I03MMeTpa MoKa3aH Ha puc. 1.

s u3MepeHUsl SHEPreTUYECKOTO pacIipeneie-
HMS TDIOTHOCTH ITOTOKA GBICTPHIX HEHTPOHOB B AHAa-
ma3oHe sHepruit 0.1—16 M3B ucmonb3yeTcst AeTeK-
TOp Ha OCHOBE OPTaHNYECKOTO CLIUHTUILIATOpa. Me-
TOI PETUCTPAIMA OCHOBAH Ha YIIPYTOM pPacCesHUN

HEUTPOHOB Ha sApax BOIOpOIa C IOCIEIYIOIIUM
BOCCTAHOBJICHUEM 3SHEPreTUYEeCKOro CIIeKTpa Heii-
TPOHOB U3 allapaTypHOTO CIEKTpa MIPOTOHOB OTIa-
Y1 METOIOM CINIaXKMBaroero nuddepeHINpoBaHUS
[3]. B mpolecce BoCCTaHOBICHUSI YYUTHIBAIOTCS U
BBOJSITCS] MOIMPABKM Ha MHOTOKpaTHOE paccestHue
HEUTpOHA B CLHUHTWLISTOPE U KpaeBble 3(M(EKTHI
(BBIXOM, MPOTOHA OTIAYH 32 IPEAeJIbl CLIMHTUIUISITOPA).

JeTekTop Ha OpraHU4YeCKOM CLIMHTUJLISITOPE TaK-
K€ PErucTpUpyeT dHEPreTUdYeCKUe pachpeaciieHUs
Y-KBaHTOB B 1uamna3oHe ot 100 k3B no 8§ MsB. Meton

Puc. 1. BHelrHuii BUI cneKTpoMeTpa-a03uMeTpa.

58



M3MEPEHME TIJIOTHOCTU MOTOKA MOHO®HEPTETUYECKUX HEMTPOHOB

perucTpaliii OCHOBaH Ha VYIPYIOM pacCesTHUU
Y-KBaHTOB Ha CBOOOMHBIX SJIEKTPOHAX (KOMIITOHOB-
CKOE paccesiHue). DHepreTUUeckoe paclipeieieHue
MJIOTHOCTU TIOTOKAa Y-KBaHTOB BOCCTAHABIMBAETCS
13 anmnapaTypHOTO paclipelieiIeHUss KOMITTOHOBCKUX
3JIEKTPOHOB METOAOM CIVIaxkKuBaroliero nuddepeH-
LIMPOBaHMS C BBEJCHUEM TMOTIPAaBOK HA MHOTOKpaT-
HOE paccesiHUe Y-KBAaHTOB B CUMHTWUISITOPE U Kpae-
BbIe 3((HEKTHI (BBIXOH 3JIEKTPOHOB OTHAYM 32 TIpe/Ie-
JIBI CUMHTHILIsITOpA) [3].

st n3MepeHusl TUIOTHOCTU IOTOKa MEIJICHHBIX
HeUTpoHOB B aumamna3zoHe sHepruit or 0.03 3B mo
100 k3B ucmonb3yeTcs IeTEKTOp Ha OCHOBE OOPHOTO
cuetyrnka CHM-13 ¢ OIM3TUIEHOBBIM 3aMeIJINTe-
neM. JleTekTop oTKaIMOpOBaH B IIMPOKOM AHMAIIa30-
He moJjieil MeIJIEeHHBIX HEeUTPOHOB, CHOPMUPOBAH-
HBIX 32 Pa3IMYHbIMU JIETKMMU 3aLLUTHBIMU MaTepy-
ajlaMu ToiamuMHOM oT 5 mo 50 cMm. IlepBUYHBIM
WICTOYHUKOM OBICTPBIX HEUTPOHOB CIYKUT Paauo-
HYKJIUIHBI ucTtouHUK 2’Pu(c, n)°Be co cpenHeii
sHeprueiil ~4.9 MaB. DHepreTudeckue pacnpeneiie-
HUS TJIOTHOCTY TTOTOKA HEUTPOHOB C SHEPTUEiA BhI-
mre 0.1 M»B 3a 3alUTHBIMY MaTepyagaMy PacCUUThI-
Bayuch ¢ noMoibio koga VRAD (Virtual Radiation)
[4], peanu3yOIIEro METOI PACYETHOTO SKCIIEPUMEH-
Ta MoHnTe-Kapno, 1 u3Mepsiinuch ¢ MOMOIIBIO CIIeK-
TpoMeTpa-no3umerpa SDMF-1608SN. Pesyibrarsl
pacyeTra CpaBHUBAJIUCh C U3MEPEHHBIMU SHEPIeTU-
YeCKMMHU pacIpeAeeHUsIMA IUIOTHOCTU II0TOKa
OBICTPBIX HEMTPOHOB M1 HOPMUPOBAJIMCH HA HUX, UYTO
MO3BOJISIO  OOBEAWHUTL Ppe3yJIbTaThl U3MepeHUit
pa3IUYHBIMU JETEKTOPAMMU.

CHeKkTpOMETP-103UMETP B pealibHOM Macliutade
BpeMeHU oOecreunBaeT M3MepeHue arnmnapaTypHbIX
pacrpeneaeHUd UMITYIbCOB U MX UASHTU(MUKALINIO,
BOCCTAaHOBJIEHUE YHEPreTUYECKUX CIIEKTPOB OBICT-
PBIX HEUTPOHOB U Y-KBAHTOB C OTOOpaXXEHUEM pe-
3yJbTaTOB Ha B3KpaHe CIIEKTPOMETpa-Io3uMeTpa U
omnpeneneHue (BbIYMCIEHNE) MOIITHOCTU 3P heKTUB-
HOM 036l WUIM MOIITHOCTA aMOMEHTHOTO 3KBUBAJICH-
Ta 036l (B 3UBEepTax) OT U3JTydeHUil 000UX BUIOB B
JIIoO0OM BBIOpAaHHOM TIOJIb30BaTeJIEeM JMarna3oHe
SHEPruil HEMTPOHOB U Y-KBAHTOB.

I1pu BeIYMCIEHUM MOIIHOCTU 3(PPEKTUBHOMN HO-
3bl 1 aMOMEHTHOTO 3KBUBAJIEHTA 103bl UCITOJIb3YIOT-
Ccs 3HAYCHUSI KOHBEPCUOHHBIX KO3(MOUIIMEHTOB (B
3UBEPT-KBAJIpaTHBIX CAaHTUMETpax) Ha eIMHUIHBIA
MOTOK HEUTPOHOB M Y-KBAHTOB MpPU Pa3IUYHBIX
SHEPIUsIX M3TydeHus1 misd oredectBeHHBIX (HPB-
99/2009) mmu mexmyHapomHbx (ISO-8529(3)-2001,
ICRP 74, 1995) HopM panuallMOHHOI 6€30MaCHOCTU
B 3aBHCHMOCTU OT YCTAaHOBOK ITOJib3OBatens. [liis
Y-KBAaHTOB BBIUMCJISIETCS TAKXKE MOLLHOCTb 3KCITO3U-
IIMOHHOM 103bI B BO3AYyXe (B pEHTIeHax) ¢ UCI0JIb30-
BaHUEM 3HAYEHU 3KCIIO3UILIMOHHOM O3bl Ha €Iu-
HUYHBIN [MOTOK Y-KBAHTOB IIPU PA3JIMYHBIX SHEPIUSX
U3IyYyeHus: (B MHUKPOPEHTIeH-KBaJIpaTHBIX CaHTU-
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MeTpax) — TakK Ha3blBaeMmasi 1030Basi KpuBas CHali-
nepa.

ITpu BeIUMCIIEHUN MOIIHOCTU 3(p(heKTUBHOI 10-
3bl TIPUHUMAETCS BO BHMMaHHE TaKXe TeOMEeTpHs
WCTOYHUKA U3JIydeHUs1 (BbIOMpaeTcs IojJab30BaTe-
JIeM) — U30TPOIHOE TI0JIe U3IyJYeHUsT UM MOHOHA-
MpaBJIEHHBIN My40K U3TydeHus . Takke 11 MOHOHA-
MPaBJICHHOIO My4YKa W3Jy4YEeHUsS MOXHO BbIOpaTh
yCIIOBUST OOJydeHWsT 4YeloBeKa: TPydblo, CITUHOM,
MpaBbIM OOKOM, JIEBEIM OOKOM M KPyroBOe 00Jyde-
HUe (Takxke BbIOMpaeTcs Moib30BaTeIeM).

Omnmpasick Ha onpeneneHue 3PGeKTUBHOI M036I,
KaK

D (E) = Q(E)Y WDy, (E),

rae D E) — sHepreTudeckuit criekTp apdexkTuBHOM
no3bl; Q(F) — sHepreTrudeckoe pacripeleiecHue Ko-
adduLIMeHTa KauecTBa U3ITYYCHUST; W, — BECOBOI KO-
o dunmueHT M pasIudHBIX OPraHOB YeJIOBEKa;
D,y (E) — 5HEPreTUYECKUid CIEKTP TOIIOIEHHOM
JIO3bI IJIsI Pa3JIMYHBIX OPTAaHOB YeJIOBEeKa, PACCUUTHI-
BaeTcs ITOIIOLIEHHAasI mo3a (B rpesix) HEUTPOHOB U
Y-U3JIy4eHUsl 11 BCETO 4esaoBeka. IS Y-KBaHTOB
TaK:Ke BBIYUCIISISTCS IOIJIONIeHHAs no3a (B pamax) B
BO3IyXE.

st cnekTpoMeTpa-no3uMerpa MNpeaycMOoTpeHa
BO3MOXKHOCTb MpOBeAcHUS online U3MepeHUii, 4To
OBLIO aKTUBHO MCHOJIB30BaHO B HaCTOsIIeil padoTe.

Cnektpometp-no3uMeTp SDMF-1608SN moxket
MIPUMEHSIThCSI, B YACTHOCTH, IJIsSI U3BMEPEHUSI DHEpre-
THYECKOTO paclpele/ieHus] IUIOTHOCTH ITOTOKa
OBICTPBIX HEMTPOHOB U Y-KBAHTOB Ha SIIEPHO-3HEP-
reTUYeCKMX YCTAaHOBKAX, YCKOPUTEISAX U TeHepaTo-
pax GBICTPBIX HEUTPOHOB, a TAKXKe IMPU KATMOPOBKaX
WHTETPATBHBIX TO3UMETPOB IJIST Y-KBAHTOB M HeEli-
TPOHOB.

B aT0i1 cTathe OyIyT OoIMcaHbl pe3yJibTaThl padbo-
ThI, OTHOCSIIIIAECS K HEUTPOHHOMY M3JIYYECHMUIO.

YCJIOBUA NTPOBEAEHUWA U3MEPEHUI

Namepenusa criektpomMerpoM-go3nmMerpomM SDMF-
1608SN TIpOBOAMINCH B ITOJISIX MOHHOM YCKOPUTETb-
Hoii ycraHoBku PIAF (PTB — Physikalisch-Tech-
nische Bundesanstalt Nationales Metrologieinstitut)
NP SHEPTUSIX HEUTPOHOB: 24, 144,250, 565 k3B, 1.2,
2.5,5.0,8.0, 14.8, 19.0 M3B) ¢ 7 o 14 mionst 2021 ro-
na [5, 6]. UHpopMalLins 0 MUILIEHSIX, UCTIOJIb30BaH-
HBIX HEUTPOHHO-00PAa3yIOIINX PeaKILIUsIX U SHEPTUSIX
HEUTPOHOB IpencTaBieHa B Ta0I. 1.

HM3MepeHUsT OCYIIECTBIISITIUCH B MOJSIX MOHOXPO-
MaTUYEeCKUX HEUTPOHOB B COOTBETCTBUU C OOLIMMU
pEKOMEHAALMIMN MEXIYHAPOIHBIX CTaHIApPTOB:
ISO 8529-1:2001 “U3znyyeHust HEUTPOHHBIE STAIOH-
Hele. YacTh 1. XapaKTepUCTUKU U METOABI ITOIyYe-
Hus”; 1ISO 8529-2:2000 “HM3nayyeHUs1 HEUTPOHHbBIE
sTajoHHbIe. YacTh 2. OCHOBHBIC IIPUHIIMITHI KAIO-
pOBaHMS paaallMOHHO-3aIIUTHBIX IPUOOPOB, Kaca-
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Ta6muna 1. JlaHHbIE MOHORHEPreTUYECKUX HEHTPOHHBIX

noJiei

Peakuus MuieHb 0, |E, MaB|AE,, xoB
"Li(p, n)’Be |Li, 70 mxr/cm? |76.5°| 0.024 8
"Li(p, n)"Be | Li, 70 MKr/cM? 0°| 0.144* 11*
"Li(p, n)"Be | Li, 70 MKr/cM? 0°| 0.250 9
"Li(p, n)’Be | Li, 70 Mxr/cm? 0°| 0.565 8
SH(p, n)>He | Ti(T), I mr/cm?| 0°| 1.2 74
SH(p, n)*He |Ti(T), 2 mr/cm?| 0°] 2.5 103
2H(d, n)*He | D,, 850 rTla 0°] 5.0 124
2H(d, n)*He | D,, 1830 rT1a 0°] 8.0 100
SH(d, n)*He | Ti(T), I mr/cm?| 0°]14.8 435
SH(d, n)*He | Ti(T), 2 mr/cm?|  0°19.0 250

IIpumeuanue. JIns yria nageHust HERTpoHOB O, CpenHeli sHep-
r'n HEUTPOHOB E, 1 MOJOBMHHON IIMPUHBI HA YPOBHE I0JIO-
BUHHOI aMITIUTYABl PaclpeieIeHNs IPSIMBIX HEUTPOHOB AE,
yKa3aHbl HOMUHAJIbHbIC 3HAYEeHUSI.

* W3-3a pacrnipeneieHus JUTUsI, OTJIMYHOTO OT HOMUHAJIBHOTO,
dakTuyeckasi cpenHsisi s3Heprusi 6bulia Ha 3.4 k3B Hike HOMMK-
HaJIbHOIA, a IIIMPWHA pacIipeneIeHs yBeINImniIach Ha 6%.

OLIMEeCs OCHOBHBIX BEJIMYMH, XapaKTePU3YIOLINX
paguanonHoe moje”; ISO 8529-3:1998 “Uznyue-
HUS HelTpoHHBIE dTaIoHHBIe. YacTh 3. Kaymbposka
JTO3UMETPOB MECTHOCTU U TTePCOHAIBHBIX TO3MMET-
pOB, oIpeAeacHe X XapaKTEPUCTUK YYBCTBUTEIb-
HOCTHU KaK (DYHKIIMY SHEPTUU JIEKTPOHOB U yIJia I1a-
IeHusa”.

N3mepennst BEITIOMHSIINCH B YCIIOBUSIX “OTKPBITOM
reoMeTpun” (B MoMelIeHun pa3mMepom 24 X 30 X 14mc
MaJIbIM paccessHUEM HEHATPOHOB) Ha YCKOPUTEILHOM
kommiekce PIAF PTB (puc. 2). Temnepatypa B 110-
MEIIECHUY B IPOLIECCE BHITTOJIHEHUST U3MEPEHU MO/~
JIepxxuBajach B ripenesax 21.5 = 1.0°C.

IIpu mpoBeneHUM M3MEPEHUN MCIOIb30BAJIUCH
TPU JEeTeKTOpa CIEKTpOMeTpa-a03uMeTpa IJis pas-
JINYHBIX 00J1acTeil SHEPreTUUECKOTO TMana3oHa:

— JETeKTOp OBICTPBIX HEUTPOHOB U Y-KBaHTOB
Ne 1 6bLI HACTPOEH 1S AUaTIa30HA SHEPTU HEUTPO-
soB ot 100 k3B 5o 2 M»3B;

— JETeKTOp OBICTPBIX HEUTPOHOB M Y-KBaHTOB
Ne 2 6bUI HACTPOEH U151 AUaIia30Ha SHEPTU HEUTPO-
HOB oT 500 k3B 10 21 M»3B;

— JIETEKTOP MeJIEHHBIX HEMTpOHOB No 3 ¢ quamna-
30HOM SHEPruii HEUTPOHOB OT TEILJIOBLIX HEUTPOHOB
no 100 k3B.

Huxe mpuBomgaTes yCaoBUs U IIpoLeaypa IIpoBe-
JIIeHUsI U3MEPEHUI, a TaKKe Pe3yabTaThl, MOIyYeH-
Hble Ha ocHOoBaHUM oT4yeToB PTB [7—9] 1 maHHBIX
U3MEPEHUN.

B xaxxnom nzmepenuu gerekrop (Ne 1 u Ne 2) uc-
ITBITYEMOTO TIPUOOpa pa3MemIajcs B BO3IyXe, TaK UTO
B TOUYKE U3MEPEHUSI HAaXOAWJIaCh €ro MepeaHsIsl CTeH-
Ka (TopIeBas 9acThb). PaccTostHre MexXIy TOUKOi n3-
MEpEHMST U PEaKTUBHBIM CJIOEM MUIIEHU IJisI oOpa-
30BaHMsI HEUTPOHOB cocTaniisiiio 200 cM.

B uzmMepeHusIx MeajIeHHbIX HETPOHOB C SHEPIHU-
et 24 ko B HeHTPOHBI ITagaI IEPIICHANKYISIPHO Ha-
MpaBJICHUIO OCHU LIMJIMHIAPUYECKOTO aeTekTopa No 3.
JleTekTop pa3Mmelnancs TaKuM o0pa3oM, YTOObI TOU-

Puc. 2. DxcnepuMeHTaIbHBIN 3aJ1 YCKOPUTEIbHOM ycTraHoBK PTB.
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Puc. 3. IIposeneHue nsmepeHust GOHOBOIO HEUTPOHHOTO U3ITyYCHUS.

Ka U3MepeHUIl HaxXoauiach Ha ITOBEPXHOCTU ACTCK-
TOopa B 6 CM OT MepeaHeil CTEHKU (TOPLEBOI YacTh),
KOTOpas SABJIsIach 3(P(PEeKTUBHBIM LIECHTPOM JIETEK-
TOpa MEMJIEHHBIX HEUTPOHOB.

OO6iryyeHre IEeTeKTOPOB MCHBITYEMOIO YCTPOIi-
CTBa IpU dHeprusx HeiiTpoHoB Oosiee 100 k3B ocy-
IIECTBIISIOCH 110 yriioM 0° OTHOCUTENIBHO HallpaB-
JICHUsI MIOHHOTO My4Ka, a Mpu 6ojiee HU3KNUX SHEPTU-
sIX HEUTpoHOB (C sHeprueil 24 xkaB) — mom yriaom
6oiee 0° (cm. TadI. 1).

st onpenenaeHUs KoJUyecTBa HEMTPOHOB, pac-
CEeSIHHBIX B BO3IyXe WM B 3JIeMEHTaX KOHCTPYKIIUiA
nometieHus: (BG), npoBoauanuch OTAeIbHBIE 00y~
YEeHUS C UCITOJIb30BaHUEM TEHEBOTO KOHYcCa, pa3Me-
IIAEMOTO MEXIy MUILIEHBIO U IETEKTOPOM CIIEKTPO-
MmeTrpa-go3umeTpa (puc. 3). [1pu aTom geTekTop pac-
rnoJiarajicsi B mpeaeiax 3aTeHeHHou oOmactu. st
HEKOTOPBIX HEUTPOHHBIX MOJICH OOIydeHUsI C TeHe-
BBIM KOHYCOM H€ BBITIOJIHSUTMCH BBUIY MaJIOTO YMCTIa
paccesIHHBIX HEATPOHOB.

Ta6mua 2. Pe3ynbTaThl UBMEPEHUM TOKA My4YKa 3apsiKeH-
HBIX yacTull (pe3ynbratsl PTB)

E, | O6o3HayeHue Ms| 7 c dljdt, |Ion — Lyaus
M»sB| getexropa ’ %/(60 - ¢) %

1.2 | detextop 1 BG| 9 | 351.48| —0.73 |—0.29- 10!
2.5 | Hetextop 1 BG| 6 | 477.01 0.73 | 0.44- 10!
14.8 | HerexTop 1 6 |1474.01| —0.346 -7.62
14.8 | Aerextop 1 BG| 7 |1149.04| —0.402 —6.84
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B kadecTBe MMILIEHU TIPU DHEPTUSIX OOIyYEeHUS
5 u 8 M3B ucnonb3oBajicgd ra3000pa3HbIi TeUTepUii.
Jis1 yaeTa BKJ1aja B CyMMapHBbIil OTKJIMK JETeKTopa
HEUTPOHOB, OOPaA3YyIOIINXCI IIPU B3aUMOAECHCTBUU
saaep JeUTepus ¢ MaTeprualoM BXOIHOTO OKHa (MoO-
JMoaeHoBast (hoJIbra) U 3010MulM NO2AOMUMENEM NYY-
Ka, IPOBOAUIINCH OTAEIbHbIE OOIy4eHUsI C MUILICHSI-
MM Oe3 rasa.

ITpu sHeprum 19 M»B nosie coaepXUT MOHBI, BO3-
HUKaloIl1e IPpU B3aMMOAECTBUH TTyuKa siiep neiire-
pusi ¢ MaTepuajioM TUTaHA TPUTUEBON MMUILIEHU
(Ti(T)). s yctpaHeHUsT BAUSIHUSI JAHHBIX HEUTPO-
HOB MPOBOAMUJIOCH OTIEJNbHOE OOJydeHUE C MUIIe-
HbIO U3 TUTAHA TOW € TOJIIIUMHBI, HO 0€3 TpUTuS.
ITomumMo 3TOTO, TaKOE IMOJIE COASPKUT MOHOXpOMa-
TUYECKUE HEHUTPOHBbI, oOpasyloliuecs B pe3yjbTare
peakuuu D(d, n)*He c¢ nmeiitepueM, NpUCYTCTBYIO-
IIIUM B TPUTUU U3-3a €ro HeuaeaJbHOU UYMCTOTHI.
CpenHsisg sHeprus JaHHBIX HeliTpoHOB 5.81 M3B, a
¥X TUIOTHOCTBH MOTOKA COCTaBIIsIeT A0 3.6% OT IioT-
HOCTM MOTOKAa MOHO?HEPTreTUYeCKUX HEUTPOHOB C
sHeprueii 19 MaB, o6pasylomuxcs B pe3yabTare pe-
akuuu T(d, n)*He.

IMPOLIEIYPA UBMEPEHUI

Bce nsmepeHmnsT BBEITONHSUTACH B pexkume online,
IIPY 3TOM SKCIIEPUMEHTATOPHI, YIIPABJISIOIINAE CITIEK-
TPOMETPOM-IO3UMETPOM, HaXOAWIUCh B Poccun
(MockBa), a caM cneKTpoMmeTp-ao3umMeTrp — B PTB,
I'epmanus (Braunschweig).

I/I3Mep€HI/I$I BBITIOJIHAJINUCH I10 CJ'IG,I[YIOH.ICﬁ IIpo-
nezype.
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Taomuna 3. PesynbraThl uU3MepeHUii Mpu NpoBeaeHUM oonydeHuii (pesyabratsl PTB)

E, x3B O6o3HaYeHNe JeTeKTOpa MS d, cMm t,c 0, MK Dy 105 cm2 D4/t em2- ¢!

24 HetekTop 1 5 200 946.58 3.4677 0.194 2.04- 10!

JetexTop 3 6 200 | 1048.24 3.7927 0.213 2.03- 10!
Herextop 3 BG 7 200 1042.45 3.7634

HeTexTop 3 cOOKy 8 200 1060.67 3.8261 0.216 2.03-10!

144 HetekTop 1 5 200 2594.41 3.1252 1.78 6.86- 10!
Hetextop 1 BG 6 200 330.22 0.4060

250  |[Herexrop 1 5 200 | 1332.43 4.0737 1.07 8.1-10!
Hetextop 1 BG 6 200 636.34 1.9370

565 | HetekTop 1 5 200 820.16 2.5368 3.36 4.10 - 10?
Herextop 1 BG 6 200 533.06 1.6331

Terextop 2 7 200 427.58 1.2944 1.73 4.03 - 102

1200  |HderekTop 1 8 200 805.23 2.6548 3.38 4.20 - 10?
Herextop 1 BG 9 200 351.48 1.1528

HetekTop 2 5 200 1344.92 4.4242 5.64 4.19 - 102
Herextop 2 BG 6 200 387.08 1.2816

2500 | [Herektop I 5 200 884.55 1.4015 7.44 8.4-10°
Herextop 1 BG 6 200 477.01 0.7703

5000 Hertexrop 1 5 200 1318.68 1.9531 13.5 1.02 - 103
Herextop 1 BG 6 200 371.03 0.5534
HetexTop 1 6e3 rasa 7 200 504.82 0.7652

8000 HetekTop 1 7 200 1024.11 0.5913 14.8 1.43-10°
Herextop 1 BG 8 200 604.38 0.3463
Hetektop 1 6e3 rasa 9 200 407.27 0.2322

14800 Hertexrop 1 6 200 1474.01 4.9269 10.8 7.3- 107
Hertektop 1 BG 7 200 1149.04 3.4659

19000 HertekTop 1 5 200 2603.84 7.6217 5.39 2.07 - 102
Herexrop 1 BG 6 200 623.00 1.8102
Hetexrop 1 mycToit 7 200 602.60 1.7428

1. OnepaTop UCTOYHMKA HEUTPOHOB (CIECIIUATIUCT
PTB) ycranaBnuBan geTeKTOp CHEKTPOMETpa-I031-
MeTpa Ha HeoOXOAMMOE pacCTOSHUE OT MUIIEHU
YCKOPUTENISI W BKJIIOYAJ CIIEKTPOMETP-I03UMETP,
yCTaHaBJIMBasl CBSI3b MEXIY HUM U KOMITLIOTEPOM
orneparopa CHEKTpoMeTpa-ao3umerpa B MockBe
(cnreumanuct OO0 “Ientpa ALIIT”).

2. OnepaTop UCTOYHUKA HEUTPOHOB (CHEUATUCT
PTB) 3amyckan my4yok M MH(GOPMHUPOBAJI 00 3TOM
oreparopa CIEKTpOMeTpa-a0o3uMeTpa (CreruajInucT
000 “Uenrp ALIIT”) mo KoH(depeHII-CBI3U.

3. Oneparop CHeKTpoMeTpa-g03UMeTpa BBITIOJ-
HSUT U3MEPEHUSI C IOMOIIBIO YCTAHOBJIEHHOTO JEeTeK-
topa. Ilo 3aBepireHn M3MepeHNT OH coobIIaiI 06
5TOM OIlepaTopy UCTOUHNKA HEMTPOHOB.

MNPUBOPHI U TEXHUKA BDKCITEPUMEHTA  Ne 5

4. Oneparop UCTOYHMKA HEUTPOHOB OTKIIIOYAI
My4OK.

5. Bce uamepeHHbIe 3HaY€HUS CTAaBUJIUCh B COOT-
BETCTBME BPEMEHU OT BKIIIOUEHMSI My4YKa IO €ro OT-
KimodeHus. mTenbHOCTh (DAaKTUYECKOTO MHTEpBa-
Jla U3MEpeHUil He cooOliianack. TakuMm obOpazoMm,
CpeIHSsISI BeIMYMHA TIJIOTHOCTH TIOTOKA B TEUEHUE TTe-
pHoaa, KoTaa My4yoK ObLI BKIIIOUEH, U TIepuoaa u3Me-
PEHUIT MOTJIM pa3anyaThes.

PE3VJILTATbHI UBMEPEHUU

Pesynbratel usMepeHuit crneumamucramu PTB
TIpUBeIEHBI B Ta0II. 2, 3. UX HamesXXHOCTh MHOTOKpAT-
HO TOATBEpPXIEHA pe3yJbTaTaMU MeEKIYHAPOIHBIX
cimaenmnii (CCRI(IIT)-K10, CCRI(IID)-K11 [10, 11]).
B Tabmmirax mpuBeneHBI 0003HAYCHUS IJTST MOCHTU -
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T110THOCTb IOTOKA, HETPOHOB/(cM? - ¢ - MaB)

SE+03

0.49; 4.77E+03

4E+03

3E+03

2E+03

1.09; 1.98E+03
113 1.

0.26; 1.36E+03
0.135; 1.20E+03

1E+03

N3mepenns B PTB I'epmanust — Braunschweig (Nationales Metrologieinstitut Germany)

8.2; 3.82E+03

5.15; 3.00E+03
2.5;2.85E+03

67E+03

14.75; 1.18E+03

18.25; 3.52E+02

0E-+00 - A
0.1

DHeprust HelTpoHOB, M3B

Puc. 4. SHCpI‘ETI/I‘ISCKME pacnpeacjiceHud IMIOTHOCTU ITOTOKa 6bICprIX HBVITI_)OHOB, U3MEPEHHDBIC CIICKTPOMETPOM-TO3UMET -

poM SDMF-1608SN.

dukanu obayyeHUs1 Mo HOMEpy JdeTeKTopa CHeK-
TpOMeETpa-a03uMeTpa, a TakKe Mo HOMEpPY 3aIlycka
obnyyeHuss MS. JI1 ycTpaHeHUST BIMSIHUASI HEUTPO-
HOB, PacCesIHHbIX B BO3[yXe WU UCITYCKAEMbIX KOH-
CTPYKIUSIMU TIOMEUICHUSI, MOCPENCTBOM TEHEBOTO
KOHyca, PacrioJIO(KeHHOTO MEXIy 1eTeKTOPOM U MU-
IIEHbIO, B TaHHBIX TAOJUIIAX MPUBEIEH 3apsiy IMyyKa
Q, T.e. UHTerpaJ ToKa IyuykKa 1o BpeMeHU. AHaJIOTUY-
HO MOXET OBbITh YCTPAHEHO BIUSIHUE HEMUTPOHOB, WC-
MMyCKaeMbIX MUIIIEHBIO YCKOPUTEIs, 6€3 yueTa pacce-
STHUS B Tase.

BenuuunHa f COOTBETCTBYET BpeMEHU U3MEPEHUS,
a d — pacCTOSIHUIO MEXIY MUIIIEHBIO U TOYKOH pac-
nmoJyioxeHus aetekropa. [110THOCTh MOTOKA MPSIMBIX
HEUTpOoHOB D, MpuUBeNeHA IS TOYKU, PACMOJIO-
JKEHHOU Ha pacCTOsSIHUU d OT MUILIEHU, TPOU3BOJIS -
el HelTpoHbl. CTaHIapTHasl MOTPELIHOCTb U, WU3-
MepeHuit paccrosiHus d coctapisiet 0.2 cMm. JlaHHbIe
U3MEpEeHU BpeMeHU ¢ U 3apsiaa Q HocIT uHdopMma-
LIMOHHBII XapakTep.

MOHUTOPMHT TOKa My4yka [ s Bcex IoJjiei, 3a
HCKJIIOUEHUEM M0JIsi HEMTPOHOB ¢ 3Heprueii 24 k3B,

Taomuuna 4. CpaBHeHMe apaMeTpoB UCTOUHMKA (u3MepeHuss PTB) u naHHBIX U3MEpeHUl CIIEKTPOMETPOM-IUMETPOM

SDMF-1608SN

HNcrounuk N3mepenue HNcrounuk N3mepenue
E, M3B AE,, MaB E, MaB AE,, M>B ®, 2! O, cm2-c! | AD,, em2 - ¢!
0.024 0.008 0.024 — 20.3 18 2.7
0.144 0.011 0.133 0.00665 68.6 63.7 3.185
0.25 0.009 0.26 0.013 81.4 86.4 4.32
0.565 0.008 0.49 0.0245 410 450 22.5
1.2* 0.073 1.1 0.055 419 428 21.4
1.2%* 0.073 1.16 0.058 420 447 22.35
2.5 0.103 2.5 0.125 840 888 44.4
5 0.124 5.16 0.258 1020 1030 51.5
8 0.1 8.2 0.41 1430 1430 71.5
14.8 0.435 14.7 0.735 730 741 37.05
19 0.25 18.2 0.91 203 206 10.3

*nerektop Ne 1
**nerekTop Ne 2

IIpumeuanue. E — sHeprust HEUTPoHOB; AE, — abGCOMIOTHAs MOTPEITHOCTD; P — M3MepeHHas TUIOTHOCTD I10TOKa HeiiTpoHOB; AD, —

abcoTloTHasK IOrp€IIHOCTb UBMEPEHUS IIJIOTHOCTU ITOTOKA HeﬁTpOHOB.
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TTI0THOCTB TIOTOKA, HETPOHOB/(CM? * C)

HelTpoHHBIIT NICTOUHUK

10000 ¢
Pe3ynbraThl U3MepeHUsI
5 5: 880 5.16; 1030  8; 1430
1000 ¢ > 5;1020
F 2.5; 840
C 14.8; 730
0.49;450  1.16; 447
0.565; 410 1.2; 420
19; 203
0.26; 86.4
100 £ 0.144; 68.6
L 0.25; 81.4
0.14; 63.5
Fooza1s 0024203
10 | M| | | | M| | M|
0.01 0.1 1 10 100

DHeprus HelTpoHOB, MaB

Puc. 5. CpaBHeHUE TUIOTHOCTU MOTOKa McTouHMKaA (M3MepeHust PTB) ¢ naHHbIMY M3MepeHU i CIEKTPOMETPOM-T03UMETPOM

SDMF-1608SN.

BBITIOJTHSIICS ITyTEM perucTpauunu 3apsiga Q ¢ MHTep-
BajioM B 1 MuH. OTHOCUTENILHOE CPEIHEKBaIpaTy-
HOE OTKJIOHEHUE IUISI 3TUX U3MEPEHU TOKa B 6OJIb-
IIWHCTBE cy4yaeB cocTaBmio MeHee 1.5%. B otmenb-
HBIX CIIydasX HaOJIogajaoch JUHEHOE OTKIOHEHUE
BeMUrHBI /. COOTBETCTBYIONINE PE3yabTaThl U3ME-
peHUIi 1 HAOIIOTaBIINECS OTKJIOHEHUSI OTHOCUTEIIb-
HO CpeIHETO TOKA JIJTS KaXKI0ro U3MEePEeHUSI MpUBeIe-
HBI B Ta0JI. 2 11 oOecIieyeHUsT BO3MOXKHOCTU KOP-
PEKIIUY U BBIYMCIICHUS IOTPEITHOCTEIA.

Ha puc. 4 npuBeneHbl JaHHBIE U3MEPEHUI DHEP-
reTU4YeCcKoil 3aBUCUMOCTU TUIOTHOCTHU MOTOKA OBICT-
pBIX HEMTPOHOB, a B Ta0JI. 4 1 HA pUC. 5 — IUIOTHOCTh
noToka ucrouynuka (u3mepeHust PTB) B cpaBHeHUM ¢
COOTBETCTBYIOIIMMU U3MEPEHUSIMU  CIIEKTPOMET-
pom-nmo3umeTrpoM. Ilpu sHeprum HelitpoHoB 1.2 MaB
ObLJIa BHITIOJIHEHA CMEHA IETEKTOPOB HEUTPOHOB (11e-
texTop Ne 1 Ha netektop Ne 2). JlaHHbIE U3MEPEHUI
¥ CIMYSHNE UX C ITapaMeTpaMM UCTOYHMKA IT0Ka3bI-
BarOT BBICOKYIO TOYHOCTD IIPOBEASHHBIX U3MEPEHMIA,
a TakXe MOATBEPKIAIOT CIOCOOHOCTh CIIEKTPOMET-
pa-no3uMeTpa U3MEpPSTh DHEPreTUYECKUe 3aBUCH-
MOCTH a0COJTIOTHOM TNIOTHOCTH ITOTOKA HEMTPOHOB B
IIMPOKOM DHEPTeTUYSCKOM IHaIa3oHe.
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