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BBenenue

AKTyaJIbHOCTb TEMbI HCCJICI0BaAaHNA

PanuanuonHass 0€30MaCHOCTh SIBJSICTCS. Ba)XHBIM DJIEMEHTOM HAllMOHAJIbHOU
0€30MacHOCTH M TapaHTUPYET 3aAlIMIIEHHOCTh HACTOSAMIETO0 U OYyAYIIUX MOKOJICHUN
OT BPEIHOTO BIUSHUS paauanvu. Peub wuer, B mepByro ouepenb, 00 MCIOIb30BaHUU
aTOMHOW PHEPrUH, Pa3INYHbIX SAEePHO-PU3NYECKUX YCTaHOBOK (ADY) U HUCTOYHUKOB
MOHU3UPYIOUIETO M3JIyYeHHUs] B MPOMBINIJIEHHOCTH, HAayKe, MEIMUIMHE, CEIbCKOM
X03sICTBE, KOCMUYECKOW TeXHHMKe U T.A. JIroboe mojie3HOe NMpUMEHEHHE paaualuu
JOJKHO OBITH O€30MaCHBIM.

OcHOBHBIE TpeOOBaHUS, KOTOPHIE PENIAMEHTUPYIOT paldOTy C HUCTOYHUKAMU
MOHU3UPYIOIIETO H3IYYEHHS, BKIIOUEHbl B «MEXIyHapOIHbIE OCHOBHBIE HOPMBI
0€30MacHOCTH ISl 3alMThl OT HOHU3UPYIOIIUX U3TYyYEeHUH M 0€30MacHOro O0palleHus
¢ wuctouHukamu wusnydenus» (MOHB) [1]. MOHb, kak u apyrue JIOKYMEHTBI
MexnayHapogHoro  areHTctBa 1o  atoMHol  sHeprum  (MAIATD), wumeror
PEKOMEHIaTENbHBIA XapaKTep M CIYKaT B KauyeCTBE MPAKTUYECKOIO PYKOBOACTBA IS
rOCyJapCTBEHHBIX OpPraHOB M CIYyK0, paboronarenei W pabOTHUKOB IO BOMPOCAM
paJNaIiMOHHON 3aIUThI, 0€30MACHOCTH U OXPAHBI 37I0POBBA.

B Poccuiickoit ®enepanuu Ha OCHOBE MEKIYHAPOIHOIO OIbITa pa3padoTaHbl
3aKOHBI B 00JIaCTH paauanMoHHOW Oe3omacHocTH [2-4]. TpebGoBanus denepaabHBIX
3aKOHOB AeTtanu3upytor «Hopmbl panumanmonHoit 6e3omacnoctu  HPB-99/2009»
(Hopmbl) u  «OcCHOBHbIC CaHHUTApHBIC TIpaBUJia OOECICUECHHUS PaTUuallMOHHON
oe3omacHoct OCITIOPB-99/2010» (IlpaBuma) [5-6]. Cobmionenne Hopm u IlpaBun
TECHO CBSI3aHHO C oOOecleyeHueM €eIMHCTBa Hu3MepeHud. B obnmactu no3umerpuu
HEUTPOHHOTO W3JIy4YeHUs Jid OOECIEeYeHUs €IWHCTBA W3MEPEHUN TMPUMEHSETCS
T'ocymapCTBEHHBIM NEPBUYHBIM 3TAJIOH E€IWHUI] MOIJIOIMIEHHOM J03bl, MOIIHOCTH
MOMJIONIEHHOW  J103bl, aMOMEHTHOT0 ¥ WHAMBUAYAJIBbHOTO HKBHUBAJIEHTOB JI03bI,

MOIHHOCTGI;'I aMOMEHTHOIO 1 HWHANBUYAJIbHOI'O SKBUBAJICHTOB HCP'ITpOHHOFO N3JIyUCHUA

I'9T 117-2023 (I'DT 117-2023).
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ITormomenHnass 1032 WOHU3MPYIOIIETO W3Iy4eHUss [ — OTHOLIEHWE CpPENHEN
sHeprun dE, mepeqaHHOW HOHU3HUPYIOIIUM H3JIyYEHHEM BEIIECTBY B 3JIEMEHTAPHOM
o0beme, K Macce dm BelecTBa B 3TOM 00beMe.

Enunuiia uamepenus nornomieHHoM 103el — rpeit (Ip).

[ToromenHas 103a — OCHOBHAs BEJIMYMHA, HAHMOOJIEE MOJHO XapaKTepU3yrolas
CTETICHb BO3JCHCTBUS BCEX BHUJOB HOHU3HUPYIOIIUX U3IYYECHHH Ha OOBEKTHI
c mpeobiaaHueM JIeTePMHUHUPOBAHHBIX 3()(PEKTOB (IyueBas Tepamnusi, pagualoOHHbIC
TEXHOJIOTUU U aBapuiiHOE 00JyueHHUE )KUBOTO opranusma) [7].

AMOMeHTHBIN SKBHUBaNeHT 0361 H*(10) — 3KBUBAJCHT J03bI, KOTOPBIA ObLIT OBI
co3naH B mape auamerpoM 30 cM M3 TKaHE3KBUBAJIEHTHOTO MaTepuaja IUIOTHOCTBIO
1 r-cm” Ha Iy6uHE 10 MM OT HOBEPXHOCTH I10 PAANYCY, HApALIEIBHOMY HAIIPABICHUIO
U3Ty4YeHHs], HO IPOTHBOIIOJIOKHO €My HAIPaBICHHOMY, B TIOJIE U3IYYCHUS, UACHTUYHOM
paccMaTpuBaeMOMy II0 COCTaBy, (PIIOEHCY M DHEPreTUYECKOMY paclpeesiCHUIo,
HO MOHOHAINPABJIEHHOM U OJJHOPOIHOM |[7].

NuauBryalbHbIA 3KBUBAJICHT J03bI Hp(10) — DKBUBAJICHT JO3bI B MSITKOU

OMOJIOTUYECKON TKaHU (TKAaHEAIKBUBAJICHTHOM MaTepHalie), ONpeaesieMblii Ha NIyOnHe
10 MM, o paccmaTpuBaeMoOM TOYKOM Ha Tene [7].

Enununa waMepeHuss aMOMEHTHOTO U WHIWBUIYAJIBHOTO HKBUBAJICHTOB JO3bI —
3uBepT (3B).

AMOVEHTHBIN SKBUBAJIEHT J03bl W WHAWBUAYAJIbHBIM OSKBUBAJIEHT O3Bl —
MpeAHa3HAYeHbl JJIS OIEHKU BO3JAEHUCTBUS CTOXAaCTUUECKUX IPDEKTOB ISl I1esien
paauanuoHHONW O€30MacCHOCTH HACeNIeHHWs M OKpy)Karouledl cpenbl (XpOHHYECKOoe
oOJydyeHue epcoHaa U HaceJleHus).

[IpoGnemamu B 00J1aCTH TO3UMETPUN U CIIEKTPOMETPUU HEUTPOHHOTO U3TyUYEHUS
3anuManuch yu€éusie BHUUOTPU — bperagze 10.U., Apeina B.I1., Macnses I11.0.,
CeBacthsinoB B.JI. m ap. WMum Obun pa3paboTaHbl METOAbI BOCCTAaHOBIICHHUS
HEUTPOHHBIX CIEKTPOB, CHOCOOBI ANMPOKCUMAIMU HEUTPOHHBIX CHEKTPOB, METOJIbI
OLICHKM TOTPEIIHOCTH OIpPENEJECHUsl CHEKTPOB, a TaKXe JETEKTOpPbl HEWTPOHOB

Y METOJIbI UX MIPUMEHEHHUS ISl U3MEPEHHUS CIIEKTPOB [8].
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B wuncTMTYyTE (U3MKM BBICOKMX »SHepruii — creuuaiauctel AGoB 0.,
Kapagaes ['H., CannukoB A. B., CaBuukasa E.H. u np. — pazpaboranu o1uH U3 NEPBBIX
pPOCCUHCKHX 00pa30B MHOTOIIAPOBOIO CIEKTPOMETpa HEUTPOHOB M Pa3BUIIM METOJbI
HEUTPOHHON CIIEKTPOMETPHUH HA OOJIBIINX MPOTOHHBIX YCKOPUTEIISX.

HayuHno-uccnenoBareinbCkue KOJUIEKTUBBI MOCKOBCKOTO MHKEHEPHO-(DU3UUECKOTO
MHCTUTYyTa mnojx  pykoBoactBoM  Kpamep-Areea E.A., Kiumanoa B.A.,
Hmutpueckoro .M., ®dengopoa I'A. u Ap. mpoBOaWIM HCCIETOBaHHUS B OOIACTH
NO3UMETPUU  (POTOHHOTO UM HEUTPOHHOTO M3IY4YCHHs, pPAa3BUBAJIM HalpaBiICHUE
MUKpPOJIO3UMETPUH, pa3padoTald TEOPUI0 NEPEeHOCa HOHU3HUPYIOUIET0 HW3IIy4YeHHS,
3aHMMAJIMCh PA3BUTHEM METOJOB CIIEKTPOMETPUU MOHU3UPYIOIIETO U3y YCHHUS.

KomnexktuB yuensix CHUMUII 3anumancs pa3paboOTKON OJHOKPUCTAIHHOTO
HEUTPOHHOIO CHEKTPOMETPAa M HCCIEIOBAHUSAMU CUUHTWIUISALHOHHBIX JIETEKTOPOB
B 00J1aCTH JO3UMETPUU HEUTPOHHOTO U3ITyUEHHUS.

VYuensie BHHUUD® - Macnos I.H., 3amarun HO.C., Bacumper H0.A.,
Bunorpanos IO.M. m 1p. — 3aHUMaIUCh HCCIENOBAHMSIMU CIIEKTPOB HEUTPOHOB
JIEJIEHUS], TPOBOJWIIM MCCIIENOBAaHUS CIIOHTAHHOTO JEJIEHMS Ha SApax ypaHa, a TakkKe
pa3pabarbiBaJd W  HUCIOJB30BAIM B HEHUTPOHHBIX HM3MEPEHUSX HEHUTPOHHBIN
CHEKTPOMETP € IPOMOPLUOHAIBHBIM T'a30BbIM CYETYMKOM IIPOTOHOB OT/1AY.

Cneunanuctel  ¢u3MKo-dHEpreTudeckoro uHCTUTYTa — CanbHukoB O.A.,
TpeikoB JILA., KoBansuyk B.J[. — SBISAIOTCS OCHOBOITOJIOKHUKAMH CIIEKTPOMETPHUH
Ha OCHOBe BpewmsinpoJieTHoro merona. KimmmentoB B.b. m PsazanoB JI.K. mpoBomwinu
UCCJEIOBaHUsA U pa3pabdOTKy CIEKTPOMETPOB HEUTPOHOB Ha OCHOBe Habopa
aKTUBALIMOHHBIX JleTeKTopoB. MokpoB FO.B. 3anumanca pa3paboTkoil MeTOI0B
U CPEICTB METPOJOTUYECKOrO 00ECIeUeHHsI PaJUAlMOHHOTO KOHTPOJS HEUTPOHHOTO
M3JIyYEHUS HA YCKOPUTENSAX U UMITYJIbCHBIX PEAKTOPax.

HccnenoBanussMu B 00NacTM HEUTPOHHOM (PU3MKM 3aHUMAJUCh yYCHBIE
«BHUUM wum. .M. MenaeneeBa» — Anapees O.JI., Spunsina U.A., Pamenauk 3.A.,
[Ile6oneB B.T., MouceeB H.H. u ap. — 310 uccienoBanus U pa3paboTKa 3TAJIOHHOU

0a3pl B OONACTH U3MEPEHMM €TUHUI] TOTOKAa M TUIOTHOCTH TOTOKa HEUTPOHOB,



UCCIICIOBAHUS AaKTUBAIMOHHBIX JETEKTOPOB JUIsl OMNPEACIICHUS EIMHUIBI IMOTOKa
HEUTPOHOB B IOJISAX HEUTPOHHBIX TEHEPATOPOB.

3a pyOexxom rmpoOneMamMud HEUTPOHHOW JO3UMETPUM U  CIIEKTPOMETPUU
3aHUMAIOTCSl KOJUIEKTUBBI METPOJIOTUUYECKUX HWHCTUTYTOB M HCCIEI0BATEIBCKUX
nabopaTopuili HAIMOHAJIILHOTO WHCTUTYTa KBAaHTOBOW W PaJMOJIOTHYECKOM HAyKH
u TexHoyiorud (SlmoHwm), HanMoOHaNbHAs saepHas Jjadoparopus (BemukoOpuranum),
a Takxke ydeHsie u3 ['epmanuu (A. Zimbal, L. Giacomelli, R. Nolte, H. Schuhmacher),
CIHIA (William D. Ratcliffe, Jeffrey W. Lynn, Nicholas Butch, Craig Brown),
Kopee (Sinchul Kang, Jungho Kim, JoongHyun Kim, Hyeoungwoo Park) u np.

B cBa3u ¢ pacmupenrem oOnacteil NMPUMEHEHUS HEUTPOHHOTO H3ITy4YeHUs
U pa3pabOTKOM HOBBIX SACPHO-(QU3MYECKUX YCTAHOBOK B 00JaCTH aTOMHOM
MPOMBIIIJIEHHOCTH W SHEPreTUKH, CTPOUTEIHCTBOM M BBEJACHUEM B JKCILIyaTaIlUIO
[EHTPOB HEHUTPOHHOM Jy4yeBOM Tepamuu B OOJACTH 3/paBOOXpPaHEHHUs, OOHOBJICHUEM
OubmuoTek 0a3 JaHHBIX MHUKPOCKONMYECKHX CEUCHHM B3aUMOJACHCTBUS HEUTpOHA
C BEIIECTBOM, a TakKXe IMOSBJICHHUEM HOBBIX METOJOB aHalIM3a PACUETHBIX JTaHHBIX
Ha CETO/IHSIIHUN JIeHb HE0OX0IUMO:

— o0ecrneunTh MPOCICKUBAEMOCTh PE3YJIBTATOB H3MEPEHUN TMOTYyUYEHHBIX
HAa BBICOKOTOYHBIX CpPEJCTBAX W3MEPEHUN EAMHMIIBI MOIIHOCTH IOIJIOIIEHHON
7036 HEUTPOHHOTO W3Iy4YeHHs (KIMHMYeCKuX mo3umerpoB) k [OT 117-2023,
C  OTHOCHWTCIIBHOW  pacHIMpeHHOW  HEONPEACIICHHOCThI0  u3MepeHuid  (k=2),
KOTOpasi HE JOJDKHA TpeBblmaTth 3 %, B COOTBETCTBHUU C BCTYIUIGHHEM B CHIIY
[Toctanosnenus [IpaBurensctBa Poccuiickoit @enepanuu ot 16.11.2020 1. Ne 1847 [9];

— B COOTBETCTBHH C TPeOOBAaHUSIMHU MEAUITMHCKUX pernameHToB [10] BaBOE
pacIIMpUTh BEpXHEE 3HAUCHHWE TPAHMIIBl JUANa30HAa BOCIPOU3BEACHUS EIMHHIIBI
MOIIHOCTH MOMIONIEHHOMN 036l HEUTPOHHOTO M3nydenus ¢ 1-107 o 2-107 I'p-cl;

— pazpaboTaTh METONBI W CpEACTBA TEpelaaddl EAUHHIBI  MOITHOCTHU
MOTJIONICHHOW J03bI HEUTPOHHOTO M3JIYyUYCHHS CPEJACTBAM H3MEPECHUSIM, MPUMEHSIEMbBIX
Ha S7IEpPHO-(QU3NYECKUX YCTAHOBKAX B HEUTPOHHOM JIy4eBOM Tepanuu;

— BJIBO€ pACUIMPUTh BEpPXHEE 3HAUCHUE TPAHMIIBl JHUANMA30HA SHEPTHU,

B KOTOPOM BOCIPOU3BOAATCA M IICPCAAIOTCA CAWMHHIIbI MOILIHOCTEH aMOMEHTHOTO


https://www.nist.gov/people/nicholas-butch
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Y WHJHUBUAYAJIBHOTO 3KBUBAJIEHTOB J03bl HEUTpOHHOTO m3nyueHus ¢ 10 mo 20 M»B
JUTsT OOECTICYCHHS PAaTUallMOHHOTO W WHIWBHUIYATHHOTO JO3UMETPUYCCKOTO KOHTPOJISI
npu paboTe Ha BBHICOKOIHEPTETUYECKUX YCTAHOBKAX, YTO COOTBETCTBYET TPEOOBAHMIM
ctpareruii passutus: «Report of the workshop to discuss the CCRI Strategic Plan
2020-2025 and the CIPM MRA Review» [11] u «Strategy 2030+» [12] u BcTynuiiemy
B cuny Ilocranosnenuto IlpaButenbctBa Poccuiickoit ®@enepanuu ot 16.11.2020 .
No 247 [13];

— pa3paboTarh METOABI W CPEACTBA BOCIPOU3BEACHUS W TEpefadu CIuHUIL
MOITHOCTE aMOWEHTHOTO W WHIWBHUAYaJbHOTO JKBUBAJIEHTOB J03bl HEUTPOHHOIO
M3Iy4eHUs B IUaIa30He dHepruil HeWTpoHos ot 1-107 mo 20 M>B Ha 0CHOBE METOIOB
CHEKTPOMETPUM  HEUTPOHOB, TMO3BOJISIONIME YYUTHIBATH  BIMSIONUE  (PAKTOPHI

PACCESHHOTO U3JIYYCHUS B MOJISIX, IPUMEHSIEMBIX Ha MPAKTUKE.
Heab auccepranmoHHON padoThI
OOGecrieueHre eaMHCTBA U TPpeOyeMOM TOYHOCTH M3MEPEHHUH C€IWHUI] MOITHOCTH
MOTJIOIIEHHOW J103bI, MOIIHOCTEM aMOMEHTHOTO U WHIWBHUAYAJIbHOTO HSKBUBAJICHTOB
JI03bl HEUTPOHHOTO HW3JIyUYECHUS MYTEM YIYUYIIEHUS METPOJOTUYECKUX XapaKTEPUCTUK
['oCcynapCTBEHHOrO IEPBUYHOIO ITAjJOHA €AWHUL] MOIIHOCTH MOITIOIIEHHOW O3Bl
Y MOLTHOCTH SKBUBAJICHTA J03bl HEUTPOHHOTO M3inyueHus [ 9T 117-2010.
OO0BeKT HccaexoBaHuM
Jlo3uMeTpus ¥ CIEKTPOMETPHS HEUTPOHHOTO U3TyUYECHUS.
IIpeamer ucciaenoBaHu
Meronbl ¥ cpeacTtBa BOCIHPOM3BENCHUS U IEpeJayd €IWHUL MOLIHOCTHU

HOFJIOHICHHOﬁ JO3bI, MOIHHOCTGI;'I aMOMEHTHOIO H HHIWBUYAJIbHOI'O 3KBHBAJICHTOB

J03bI HeﬁTpOHHOFO H3JTyUCHHU.
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OcHoBHas HayvHad 3aJa49a UCCJICA0BaAHUA

O6OCHOBaHI/I€, pa3pa60TKa u HCCJIICAOBAHHNC MCTOOOB )41 CpCIACTB
BOCIIPOMU3BCACHUA W IICpcaadun CAWMHUI MOIIHOCTHU HOFHOIHCHHOﬁ JO3BbI, MOHIHOCTCI71
aMOMEHTHOIO H HWHAWBUAYAJIBHOTO 3KBHUBAJICHTOB J10O3bI HCﬁTpOHHOI‘O H3JIYUYCHHUA
JJI1 obecrneueHus CIMHCTBA H3M€peHHﬁ B oOiactu JO3UMCTPHUU HeﬁTpOHHOFO

W3JIyYEHUS.

YacTHble 321244 MCCJIe0BAHUS

1) BpimoaHUT,  aHANIM3  METONOB M CPEACTB  BOCIPOU3BEICHUS
U Tepefayd €AWHUI] MOIIHOCTH TOMIONIEHHON J03bl, MOIIHOCTEH aMOWEHTHOTO
Y MHJIMBUAYAJIBHOTO SKBUBAJIEHTOB J103bl HEUTPOHHOTO U3TyUYCHHS.

2)  Pazpabotath anmnapaTypHO-METOIMYECKUN KOMILJIEKC TUISt
BOCIIPOU3BEEHUS €IUHUIIBI MOIIHOCTH TMOTJIOMIEHHON J03bl HEUTPOHHOTO U3IIyUYEHUS
Ha OCHOBE MOHU3AIMOHHOI'O METO/Ia PErUCTPAIlMi HEUTPOHOB.

3) Pazpabotarh W wuccienoBaTh METOJbl W CpPEIACTBA Tepeaydl €IUHUIIbI
MOIIHOCTH TIOTJIOIIEHHON JI03bl HEUTPOHHOTO W3JIyYEHHSI CPEACTBAM W3MEPEHUN,
MIPUMEHSEMBIM Ha sIepHO-(PU3NMUECKIX YCTAaHOBKAX B HEHTPOHHOM JIy4eBOM Teparuu.

4)  PazpabotaTh anmnapaTypHO-METOIMYECKUI KOMILJIEKC TUISt
BOCITPOU3BEJICHUS U TIEpelayu €ANHUI] MOIIIHOCTEH aMOMEHTHOTO U WHIUBUYAIBHOTO
HKBUBAJICHTOB J103bl HEUTPOHHOIO M3JIyUYCHHS Ha OCHOBE METOJIa BOCCTAHOBJICHUS
YHEPreTUYECKOrO CIIEKTPa HEUTPOHOB.

5)  MHccrmenmoBarh  METPOJOTHYECKHE  XAPAKTEPUCTUKH  pa3pabOTaHHBIX

anmnapaTypHO-METOIUYECKAX KOMIUIEKCOB.

HOJIO)KBHI/IH, BBIHOCHUMBIC HA 3aIIUTY

1)  Pa3paboranHblii annmapaTypHO-METOANYECKU KOMIUJIEKC HAa OCHOBE HOBOIA

KOHCTPYKIHUHW HWOHHU3AIIMOHHBIX KaMCp IO3BOICT paCHIMpUTb BEPXHEC 3HAYCHHC
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IPAHMIBI JUANa30Ha BOCHPOU3BEIAEHUS E€IUHULBI MOILIHOCTH MOIVIOIIEHHOW J103bI
HelTpouHoro uanydenus ¢ 1:107 10 2107 I'p-¢’!, a Taxke yMEHBIINTE OTHOCHTEIBHYIO
PacCUIMPEHHYIO HEOIpeaeNIeHHOCT, u3MepeHuid U mipu k = 2 BO BceM JMaria3oHe
Bocnpousseaenus ¢ 4,4 % no 2,7 %.

2)  Pa3zpaboTaHHBIi METOJ W  CpEIACTBA HM3MEPEHUH Ha  OCHOBE
MHOTOKAHAJIBHOTO OJI0Ka pEerucTpanuu MO3BOJISIOT OCYIIECTBUTH NEperadyy €IWHUILIBI
MOIIHOCTH TOTJIOUICHHONW /03I HEUTPOHHOTO W3IY4YCHHS] Ha SIEPHO-(PU3NUECKUE
YCTAaHOBKM B HEWTPOHHOM JIy4€BOM TEpallMk, C OTHOCUTEIBHOW pPaCIIMPEHHOU
HeoTpeaeNeHHOCThI0 n3Mepenuit U, He npebliaromiei 2,9 % npu k = 2.

3)  PaspaboranHbIi anmnapaTypHO-METOAUYECKUAN KOMILJIEKC TUISL
BOCIPOM3BECHUS U NEpelaul eJUHUL] MOIIHOCTEN aMOMEHTHOTO U UHIUBUIYaJIbHOTO
DKBUBAJICHTOB 1036l HEMTPOHHOTO M3IIy4YEHUS, MO3BOJSIIONIUMN OCYIIECTBIISITH PACUET
JAHHBIX €IMHMI] BEJUYMH Ha OCHOBE U3MEPEHUIN dHEPreTUUECKOr0 CIIEKTPa HEUTPOHOB
B nuanasone sHepruii ot 1-107 1o 20 MbB 3a cuer pacmmpeHHOro Habopa JETEKTOPOB
W YBEIWYEHUs 4YUCIA DJHEpreTudeckux rpynn ¢ 47 no 227 ¢ OTHOCUTEIBHOU
paclIMpPEHHON HEOINpEeNeIeHHOCThI0 u3MepeHuid U, He mnpeBbimaromein 6,8 %

npu k = 2.

HayuyHasi HOBU3HA MCCJIeIOBAHUM

1) BnepBeie yuTeHa mnompaBka Ha 3(PGEKT TeMIepaTypHOro pacIIUpeHUs
KOHCTPYKTHUBHBIX 3JIEMCHTOB HMOHHW3AIIMOHHONH KaMmepbl, ITO3BOJIAIONIAS — YYECTh
M3MEHECHHE MacChl Traza B A()(PEKTUBHOM 00BEME NPH BOCIPOM3BEIACHUM CIUHHUIIBI
MOIITHOCTH TIOTJIOIIEHHO! 10361 HEHTPOHHOTO U3ITyYCHHS.

2)  BmepBble s 1enield HEUTPOHHOM JIy4eBOM Tepamuu pa3padoTaHbl METO]
W CpEACTBA HW3MEPEHHM EIUHUIBI MOIIHOCTH IIOTJIOIICHHOMW 103l HEWUTPOHHOIO
U3ITyYCHUs] Ha OCHOBE CO3JJaHHOTO MHOTOKAaHAJhHOTO CIMHTHLISIIMOHHOTO OJ0Ka
perucTpani C aBTOMATU3UPOBAHHOW CHCTEMOW yMpPABJICHHS, HW3MEpeHHs, cOopa

n 06pa6OTKI/I JaHHBIX, ITIO3BOJIAKOIIHUC 00ecreynTh nepeaady CAuHUIbl MOIIMHOCTH
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IIOTJIONIEHHOM [J103bI HEWTPOHHOTO W3JIYyYEHMUs, C OTHOCUTEJIBHOM paCIIMPEHHOU
HeoTpeaeNeHHOCThI0 n3Mepenuit U, He npebliaromei 2,9 % npu k = 2.

3) BmepBeie pa3paboTaH anmapaTypHO-METOAMYECKUNA  KOMIUIEKC — JUIS
BOCITPOU3BEJEHUS U MEPEayu €IMHHI] MOIIHOCTEH aMOMEHTHOTO U MHIUBUIYAIBHOIO
DKBUBAJICHTOB J03bl HEUTPOHHOIO W3JIyYEHHs, MO3BOJSIOIINANA OCYIIECTBIATh PACUET
JAHHBIX €JWHMI] BEJIMYMH HA OCHOBE BOCCTAaHOBJICHHMSI SHEPIETHUYECKOrO CIIEKTpa
HENTPOHOB B AmanasoHe >Hepruii or 1-10° 10 20 M»B 3a cuer pacmmpeHHOro Habopa
JETEKTOPOB M YBEIMYEHUS 4YHMCJIa DJHepreruueckux rpymn ¢ 47 pgo 227,
YTO TO3BOJWIO OCYIIECTBIATH MEPEeAauy NAaHHBIX €AWHUI] BEJIIMYMH B CMEIIAHHbBIC

FaMMa-HGP'ITpOHHBIe I1OJIsA, IIPUMCHACMBIC Ha ITPAKTUKC.

HpaKTI/IquKaH SHAYUMOCTDb

1)  Pesynbrarsl paboThl BHEIPEHBI B COCTaB ['0CYapCTBEHHOTIO MEPBUYHOIO
ATaJIOHA €AWHUL] MOTJIOLIEHHOM 103bl, MOIIHOCTH MOTJIOIIEHHON J03bl, aMOMEHTHOTO
" VHMBUAYAJIBHOIO DKBUBAJICHTOB J1O3BI, MOIIHOCTEN aMOHEHTHOTO
U WHIWBHUIYAJBbHOIO SKBHUBAJIEHTOB J03bl HEUTpoHHOro wu3nmydenus ['OT 117-2023
IIPU IIPOBEJCHUN €TI0 COBEPILICHCTBOBAHMUS.

2)  llomydenHble B paboTe pe3yJbTaThl MO3BOJIMINA OOECHEYUTh €IUHCTBO
U3MEPEHU B 00JaCTH KIMHUYECKOW JT03MMETPUM HEUTPOHHOI'O H3IYUYEHHS, a TaKKe
IPOBOANUTH HCIBITAHUSA, MOBEPKY M KaJIMOPOBKY HOBBIX BBICOKOTOUHBIX CpPEJICTB
U3MEpPECHUH.

3)  PaspaboranHble METOIbI M CpEACTBA BOCHPOM3BENEHUS U Tepeaadu
eMHULl MOIIHOCTeH aMOMEHTHOTO U HWHAMBHUIYAJIbHOTO HKBHBAJIEHTOB O3Bl
HEUTPOHHOTO M3JIyYEHUSI IMO3BOJIMJIA OCYUIECTBIATh H3MEPEHUS DSHEPreTUUYECKOTO

CIIEKTPa HEUTPOHOB B raMMa-HEUTPOHHBIX NOJISX, IPUMEHSAEMBIX HA IIPAKTHKE.
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JIMYHBIH BKJIAJ aBTOPA

Bce »skcnepuMeHTanbHbIE W TEOPETUYECKUE PE3YyJIbTaThl, IPEACTABICHHbBIC
B HACTOSIIICH paboTe, MOTydeHBI aBTOPOM JTUYHO, JTHOO TIPH PEIIAIOIIEM €r0 YUYaCTHH.

ABTOp NpUHHMMAJl aKTUBHOE Yy4YacTHE€ B YacCTH NPOEKTHPOBAHUA, Pa3zpabOTKH
U UCCIIEJIOBAHUS alllapaTypHO-METOIUYECKOr0 KOMIUIEKCa ¢ HAOOPOM MOHU3AIMOHHBIX
KaMmep, €ero cOOpku u OTIamku. Pe3ympratel pabOT MO3BOMMIN OOECIEYUTH
BOCIIPOU3BEJAEHNUE €IUHUI] MOIIHOCTU MOIJIOIIEHHONW J03bl HEHTPOHHOTO HU3IIyYEHUS
B quanaszone 3Hagennii ot 2-1071% 1o 2-107° I'p-¢’!, a Taxke yMEHBIINTL OTHOCHTEIBHYIO
PaCUIMPEHHYI0 HEOIpeaeIeHHOCT, u3MepeHuid U mipu k = 2 BO BceM JMaria3oHe
BocnpousBeaeHus ¢ 4,4 % no 2,7 %.

ABTOp pazpaboTam METOJL U CPEICTBA HW3MEPEHUU EAUHUIBI MOITHOCTH
MOTJIONIEHHOM  J103bl HEUTPOHHOTO HM3JIYyYEHHS] HAa OCHOBE MHOTOKAaHAJIBHOTO
CUMHTWUISALIMOHHOTO  OJIOKa perucTpalii ¢ aBTOMaTU3MPOBAHHOW  CHUCTEMOU
yIpaBJlieHUs, ©U3MepeHusi, coopa U 00paOOTKH MAHHBIX, MO3BOJISIONIUE OCYLIECTBIIATH
nepegadyy €IMHUIbBI MOIIHOCTH MOTJIOIIEHHOW [J03bl HEUTPOHHOTO M3IIy4YEHUSs
CpeACTBaM M3MEPEHHUH, TMPUMEHSEMbIM Ha  sAJepHO-(QU3NYECKUX  YCTaHOBKaX
B HEUTPOHHOM  JIy4€BOM  Tepaluu, Cc OTHOCUTEIIBHOM  paCIIMPEHHOU
HeonpeneaeHHocThio U MeTonna nepeaayuu, He npessimaromeii 0,5 % npu k = 2.

ABTOp BBINIOJHEHO NPOCKTUPOBAHUE, pa3pabOTKa, MOJETUPOBaHUE, COOpKa,
OTJIalka M  MCCJIEAOBaHME  alMapaTypHO-METOAUYECKOrO0  KOMIUIEKca A
BOCIIPOU3BEICHUS u nepeaayu €JIMHUII MOIITHOCTEMN aMOWEHTHOTO
U UWHIWBHUAYaJbHOTO OHKBUBAJICHTOB J103bl HEUTPOHHOTO W3Iy4YEHUSI HA OCHOBE
U3MEPEHUM DSHEPTeTUYECKOro CIEeKTpa HEWUTpPOHOB. Pe3ynbrarhl padOT MO3BOJIMIU
o0ecrnieunTh BOCTIPOU3BEJCHUE M Tiepefady MaHHBIX €IUHUI] BEJIMYMH B JHANa30HE
sHepruii or 1-107 10 20 M>B ¢ OTHOCUTENBEHOM PACIIMPEHHONW HEONPEAEIEHHOCTHIO
W3MEpPEHUN TpU BOCHPOU3BEACHUM He mpeBblmatomed U = 6,8 % mnpu k = 2,
3a cuer BkmoueHuss B coctaB DT 117-2023 pacmupenHoro Habopa IETEKTOPOB

Y pACIIMPEHUs HA0Opa SHEPreTUYECKUX TPyIII.
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CreneHb 10CTOBEPHOCTH Pe3yJILTATOB TUCCEPTANMOHHOM PadoThI

JIOCTOBEpHOCTH PE3yIbTATOB BHITIOJTHEHHON pabOThl OATBEPXKIAIOTCS:

1)  AKTOM rocCylapCTBEHHBIX HCIBITAHHM MPOIIEAINIET0 COBEPIICHCTBOBAHUE
[ocynapcTBEHHOTO MEPBUYHOIO HTajOHA E€OUHUL] MOIIHOCTH MONIOUIEHHOM J103bI
M  MOIIHOCTH DKBUBaJIeHTa J103bl HelTponHoro wusnyuenus (I'DOT 117-2010),
cocTaBlieHHbIM MexBenoMcTBeHHON komuccuen (IIpunoxenue A);

2)  Ilpuxazom @enepaibHOTO areHTCTBA MO TEXHUYECKOMY PETYIUPOBAHUIO
u Metposiorun oT 21 mapra 2023 . Ne 602 «O06 ytBepx)aenuu ['ocygapCTBEHHOTO
MEPBUYHOIO ATAJIOHA EIUHUI] MONIOMIEHHON J03bl, MOIIHOCTH MOIJIOLIEHHOW [103HI,
aMOMEHTHOTO W WHJWBUIyaJIbHOTO SKBUBAJICHTOB JI03bI, MOIIHOCTEH aMOUEHTHOTO
Y MHJIMBUAYaJIbHOTO SKBUBAJICHTOB J103bl HEUTpOHHOTO M3nyueHus» (IIpunoxenue b);

3) Ilpuxazom dDenepanbHOro areHTCTBA MO TEXHUYECKOMY PETYIMPOBAHUIO
u Mmerposorun oT 21 wumrons 2023 . Ne 1490 «OO yTBEpKIE€HHUU TOCYIapCTBEHHOM
MMOBEPOYHOM CXEMbl I CPEACTB M3MEPEHHUM TMOIIOMIEHHOW J03bl, MOIIHOCTH
MOTJIONICHHOW  J103bI, aMOMEHTHOTO ¥ WHAMBUAYAJILHOTO JKBHUBAJICHTOB JIO3HI,
MOITHOCTEH aMOWEHTHOTO W WHIWBHUAYaJbHOTO JKBUBAJIEHTOB J03bl HEUTPOHHOIO
u3nyuenus» ([Ipunoxenne B);

4)  Peanuzanus pe3yJbTaroB  HWCCIEAOBAHUM  TOATBEPKIACTCS  aKTaMH
BHenpeHuss or opranmsamui: OOO «HIIT «/doza», ®BY «Mypmanckuii LHCM»,
OBY «Camapckuii [ICM», ®BY «HUILL IIM - Pocrecty, (ITpunoxenue I).

Anpobanusi pe3y/ibTaTOB AUCCEPTANUOHHON PadoThI

Marepuainsl JuccepTallMOHHOM paboThl ONMyOIuKOBaHbI B 21 cTaThe, B TOM YHCIIE
B 8 crarbax B m3gaHusx u3 llepeuns BAK poccuiickux pereH3upyeMbIX H3JaHUM,
B KOTOPBIX [JIOJDKHBI OBITh OIYOJIMKOBaHbI OCHOBHBIE HAy4HbIC PE3yJIbTaThl
JUccepTalMoHHON paboTel, U B 40 MOKJIagax Ha BCEPOCCHUMCKUX M MEXKIYHAPOIHBIX

HAyYHO-TEXHUYECKNX KOH(PEpEHIUIX.
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[Tonyueno 3 cBuUAETENBCTBA O TOCYJAPCTBEHHOW PErUCTpalid IporpaMm
st OBM (Tlpunoxenust [[-XK) u marent PO Ne 2853692 ot 25 nekabps 2025 r
Ha n3o0pereHue «biok peructpan HEUTPOHHOTO U raMMa-u3ITy4eHH, OCHOBAaHHBIN

Ha CUMHTWUIALIMOHHOM METOJIE perucTpanumny (npuioxenue ).
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I'1aBa 1. AHAJIM3 METOA0B U CPEACTB BOCIPOU3BEACHUS U MepeaaYu eIUHHULl
A03UMETPUYECKHX BEJIUYMH HEHTPOHHOTO M3J1y4Y€eHUS

[IpuHIMNIUATBEHON OCOOCHHOCTHIO HEUTPOHHOTO W3JIYYEHHUS TMpU PELICHUU
JIO3UMETPUYECKUX MPOOIIEM SIBISIETCS TO, UTO B TOJISIX HEUTPOHHOTO M3TYyUEHHUS BCEraa
B TOM WJIM MHOM CTENEHU NPUCYTCTBYET raMMa-usnydeHue. [Ipu onpeneneHun equHUIbI
MOIITHOCTH ToriomeHHo 11036l (MIIJ[) HEWTpOHHOrO W3Iy4YeHUs] TPYAHOCTH
COCTaBJIIET TO, YTO SHEPrUI0 HEUTPOHA HEIb3s OMNPENEIUTh IyTEM BO3JIEUCTBUS
AIIEKTPUYECKOTO WM MarHUTHOTO MOJied Ha TPAeKTOPUIO €ro JBIXKCHUS, Kak s
3apsHDKEHHBIX 4YacTull. TakKe HEUTPOHBI HEMOCPEICTBEHHO HE BBI3BIBAIOT MOHU3AIUIO
1 BO30Y’KJICHUE aTOMOB, & PEarupyroT TOJIBKO C UX SJIPAMHU MPU CTOJIKHOBEHUH C HUMHU.

Paznuuue MeTooB U3MEPEHU CBS3aHO C UCMOJIb30BAHUEM PA3JIMYHBIX METOJIOB
perucTpanid  HEUTPOHHOTO  HW3JIyYEHHUS, NPUMEHIEMBIX B  H3MEPUTEIbHBIX
npeobOpazoBaressix (0JIoOKax JETeKTUPOBaHUSA), U METOOB 00pabOTKM uHMOpManuu
C U3MEPUTEIIBHBIX TIpeodpazoBareneii [14, 15].

OCHOBHBIE METOIbI PETUCTPALIUA HEUTPOHHOTO U3ITyUYCHUS:

1)  KaJOpUMETPUYECKUN — OCHOBAH HA W3MEPEHUU U3MEHEHUs TeMIIepaTyphl
YKUJIKOTO WJIM TBEPAOTO MOMIOTUTENS IPU MOMIOMIEHUH B HEM SHEPTUH U3ITyUCHUS;

2)  VOHHUBAIMOHHBIA — HUCIOJB3YIOTCS JETEKTOPhl C TAa30BbIM HAIMOJIHEHUEM
JUISl UBMEPEHUSI MOHU3AIMH T'a3a, BBI3BAHHOW BTOPUYHBIMU 3apSKEHHBIMH YaCTHIIAMU;

3) CUMHTWUISLUOHHBIA — B JIaHHOM METOJI€ MCIOJIb3YIOTCS OpraHUYECKUe
U HEOPraHWYECKHE CIUHTUIUISATOPHI, B KOTOPBIX SHEPrUs BTOPUYHBIX 3apSHKEHHBIX
qacTuIl] TmpeoOpa3yercss B ONTHYECKOe u3IydeHue. HM3mepeHne WHTEHCUBHOCTHU
pacCesTHHOTO  ONTHUYECKOTO  HW3JIy4eHHUsS  OCyHIeCTBIseTcs  (OTOAETEKTOpaMu
((OoTORNIEKTPOHHBIMU YMHOXKHUTEISIMH, (POTONOIAMU );

4)  TEepMOJIIOMUHECHEHTHBIA — OCHOBAaH HAa M3MEPEHUU HAKOIUJIEHHOW SHEPIUu
B BEIIECTBE IO/ JACHCTBHEM HOHMU3UPYIOIIETO M3JIYyUYCHHUS U OCBOOOXKIAeMOW B BHJIEC
ONTUYECKOTO U3IIYyYEHUS MPH MOCIEAYIONIEM HarpeBe B ONPEAEICHHBIX YCIOBUSAX;

5)  NONynpOBOAHUKOBBIA — OCHOBAaH Ha  M3MEPEHUUM  CHJIBI  TOKa

OpU  PETUCTpAllUd  UMIYJIbCOB,  BO3HUKAIOIMX  OT  OOpa3oBaHMs  JBIPOK
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B TMOJIYIIPOBOJHUKOBOM JETEKTOPE, B XOAE BO3ACHCTBHS HAa HETO HOHU3UPYIOLIUM
W3JIy4YCHUEM;

6) (hOTOAMYIIBCHOHHBI — OCHOBAaH Ha PETHCTPAIlUd MU3MEHEHUN COCTOSHUS
(GhOTOAIMYIBCHY, BBI3BAHHBIX B3aMMOJECHCTBHEM HU3IYUYCHHUS CO CBETOUYBCTBHTEIHHBIM
MaTepuaaoM (GOTOIMYIIbCHUH;

7) AKTUBAIIMOHHBIA — OCHOBAaH Ha PETUCTpalliM HAaBEJACHHOW AaKTHUBHOCTH
B JIETEKTOPAX U3 PA3JIMYHBIX MATEPUAIIOB.

DOTOAMYJIBCUOHHBIE W TEPMOJIOMHUHECLIEHTHBIH  METO/Ibl B  OCHOBHOM
MPUMEHSAIOTCS JUII UHAWUBHAYAIBHOTO JO3UMETPHUYECKOIO KOHTPOJIA M HE SIBIISIOTCS
OpsSIMO  TOKa3bIBaOIUMU. JlaHHBIE METOABI XapaKTEPHU3YIOTCS HEOOXOIUMOCTHIO
HCIIOIb30BaHMS JIOTIOTHUTEILHOTO OOOPYIOBAaHMS, CIOKHBIX METOJOB MU aJrOPUTMOB
JUIS. BBIYMCIICHUS JIO30BBIX XapaKTEPUCTHK, YTO BEIET K 3HAYUTEIbHBIM BPEMEHHBIM
3arparam.

AKTHBAllMOHHBI ~ METOJl ~ NPUMEHSETCA ISl  YCTAaHOBJEHHUS  CIEKTpa
M ONpPEAEJIECHUsS] €IWHULBI TIOTHOCTH TOTOKAa HEUTPOHOB Ha DY, rae mioTHOCTh
noroka Heirponos mopsaaka (100 — 10'%) ¢!-m2. Cssg3ano 5TO ¢ MCIOIB30BaHUEM
pa3IMUHbIX HAOOPOB MMIICHEH W BpPEMEHEM HUX OOJIyUYeHHS B HCCIEI0BATEIHCKOM
kaHane. Ha pabouux mecrax, rie 3HaYCHUs CIWHMIIBI TUIOTHOCTH IMOTOKA HEHMTPOHOB

3HAYUTEIHPHO MeEHbINEe U coctaBimstior g0 107 clm?

, JJaHHBIA METOJ HE MPUMEHHM,
TaKk Kak TpeOyeT OOoJIbIIIEero KOJIMUeCTBA BpEMEHU Ha MPOBEACHUE O0TyUeHUs] MUILICHEH,
4YTO, B CBOIO OYE€pedb, BEAET K YBEIWYEHUIO MOTPELIIHOCTA W JOMOJHUTEIbHBIM
CIIOXKHOCTAM TpU  O0pabOTKE pe3yJbTaTOB U3MEPEHUH HM  BOCCTAHOBJICHUU
HHEPreTUYECKOTO CIIEKTPa HEUTPOHOB.

Metonbl Ha OCHOBE MOHM3AIMOHHBIX KaMEp U CUUHTWUISIIUOHHBIX JIETEKTOPOB
HallUTU IIUPOKOE TIPUMEHEHHE C UCIIOJIb30BAaHHEM 3aMEJIUTENIeH HEUTPOHOB
B CHEKTPOMETpUM HEUTpOHHOTo u3nydeHus (meton chep bonnepa). Takoit meron

MO3BOJIIET  MCKYCCTBEHHO  Je(opMUpOBaTh  CHEKTP HEUTPOHHOTO  U3IIy4YCHUS

C IIOMOIIIBIO Ha60p0B HIapOBbIX SaMeI[J'II/ITCJ'ICﬁ Pa3JIMYHbIX JHAMCTPOB.
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1.1 Anaau3 METOA0B U CPECACTB BOCHIPOU3IBCACHUA U NepeaAaYIn ¢ AHHUIILI MOIITHOCTH

NOIJIOIIEHHOM 103bI HeﬁTpOHHOFO H3JTYICHUA

1.1.1 Kanopumempuuecxkuii memoo (abcomomuwiii Menoo)

KamopumeTrpuueckuii MeTom — aOCONIOTHBIA METONl M3MEPEHHsI TOTIIOMICHHOM
no3bl (ITJ1) HeHTPOHHOTO M3IIyYeHHs, OCHOBAaHHBIM HAa U3MEPEHHUH TEIUIa, BHIIEISIEMOIO
IpU  B3aUMOJCHCTBUM  U3JIYYEHUS C  BELIECTBOM. OHEpPrus, IOMIOIIEHHAs
IIpU B3aUMOJEHUCTBUM M3JYyUYEHHUs C BEIIECTBOM, MpeoOpaszyeTcsl B TEIUIO, HArpeB Teja
IPONOPLMOHAJIEH  J103€  U3JIydeHHs. KamopumeTpuuecKud  METOA  ITO3BOJISIET
HEIMOCPEACTBEHHO M3MepuTh [IJ[, 4TO omM4aeT ero or Apyrux METONOB JO3UMETPHH,
KOTOpbIE M3MEpAIOT KocBeHHbIe 3 dexThl. [Ipn m3mepenun I1/] kamopumerpuyeckum
METOIOM MOKHO MpeHeOpedb MOMpaBKaMU, KOTOPbIE XapaKTepU3YIOT B3aMMOJACHCTBUE
U3JIy4EHHUs] C BEIIECTBOM, TAaKUMH KaK OTHOUIEHHME TOPMO3HBIX CHOCOOHOCTEMN
Y OTHOLIECHUE MHUKPOCKOIMYECKUX CEYECHHM B3aWMMOJECHCTBUM Marepuaia KaJopuMeTpa
U cpelbl MHTepeca (IJ1s1 HEMTPOHHOTO M3JIyYeHHUs] — TKaHEIKBUBAJEHTHOE BEILECTBO),
CpenHeil sHepruei MoHOooOpa3oBaHuUs W JAp. BcliencTBue 3TOro KajlopUMETPUYECKUn
METOJ IPEBOCXOAUT II0 TOYHOCTH Jpyrue meronasl usmepenusa IIJ[, B yacTtHOCTH
MOHW3ALMOHHBIHN, XOTS U YCTYIIa€T €My 10 YyBCTBUTEIBHOCTH.

HecmoTps Ha TO, 4YTO JaHHBIA MeETOJ SIBIsETCS Haubosee MpUEeMIIEMbIM
npu usMepenuu I/l ramma-usimydeHus, IAe NOTPEIIHOCTh H3MEPEHUsS HAXOAUTCA
B nuanazone ot 0,2 % mo 3,0 % [16], eMy CBONHCTBEHHBI HEKOTOPBIE HEIOCTATKH,
KOTOPBIE OIPAHUYMBAIOT €r0 IPUMEHUMOCTh B JO3UMETPUM HEUTPOHHOTO M3IIyYEHUS.
Bo-nepBbIX, ¢ MOMOIIBIO KaJTOPUMETPUUECKOIO MeTofa MOXHO uzMeputh [IJ1 mumb
IpH MOIIHOCTAX 103 0T 1-2 I'p-c’!, T.e. mpuMeHeHne >TOro MeToma BO3MOXKHO TOJIBKO
B MOJISIX HEUTPOHOB C OOJIBIIMMHU 3HAYCHUSIMH €IUHHI] INIOTHOCTH MOTOKA, HApUMED,
B kaHajnax S DY. Bo-BTopbix, BCAEACTBUE TEPMUUECKUX NE(DEKTOB, YaCTh MOMIOIICHHON
PHEPrUM  YXOIUT HA XHUMHUYECKHE peakuuu wWihd o0pa3oBaHuEe J1e(PEKTOB
KPUCTAJUTMYECKON PEIIETKH, YTO BHOCHUT MOrpemHocTh B uaMepeHust [1J]. Ocobenno

CHJIBHO TepMI/I‘ICCKI/Iﬁ Ile(I)CKT IMPOSABIIICTCA B BBICOKOOHCPICTUUCCKHUX HMITYJIIBCHBIX
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noysix Ha ADY [16]. B-tperbux, npu onpenenennn MIIJ[ HERTPOHHOroO H3IIy4YeHUS
KAJIOPUMETPUYECKAM METOJIOM B BEIIECTBE CO CIIOKHBIM XUMHYECKHM COCTABOM,
HampuMep, B TKAHEIKBHBAJIEHTHOM BEILIECTBE, HEOOXOIMMO BBOJIUTH IONPABKHU.
HeoOxomuMocTh BBEIAEHUS TMONPABOK BbI3BAHA TEM, YTO U3-3a XHUMHYECKOIO
B3aUMOJICHCTBHs HM3MepsieMas TEIIOBask JHEPrHsl HE COOTBETCTBYET IONIOLIEHHOMN
DHEPIrUM HOHU3HUPYIOLIEro H3JIy4eHUs B JAaHHOM BemiecTBe. IloaTOoMy, B OmIMuYuun
or um3mepenuid IIJI B Takom MaTepuane Kak rpaduT, I[e DHEPIUS XUMHYECKHX
B3aMMOJICUCTBUN MPU OOJlyYEHUN MOHM3UPYIOUIMM HM3Iy4eHHEM NPEeHEOpEKUMO Maia,
MOTpEeIIHOCTh n3MepeHur I/ HEWTpPOHHOro W3Iy4eHUsT B TKAHEIKBUBAJIECHTHOM

BCHICCTBC CyHICCTBCHHO OoJIbIIIC.

1.1.2 Axmusayuouuwiii Memoo

B MeXnyHapomHBIX ILIEHTpaX HEUTPOHHOM JIy4yeBOW TEpalmuud B KadyeCTBE
VMCTOYHMKOB HEWTPOHHOTO H3JIy4YeHHs NpUMeHstoTca ADY, Takue Kak NPOTOHHBIN
LIUKJIOTPOH (OTAEJNIEHHE paJUalMOHHONW OHKOJOTMH BallMHITOHCKOrO yHMBEPCHUTETA,
naboparopun 1Themba LABS B paitone Comepcer Bectr B IOxHOil Adpuxke,
TEXHOJIOTUYECKUN pedepeHC-LIeHTP HMOHM3UPYIOUIETO HM3IY4YeHHUs B pPaguoOHOJIOTHH,
Jy4EBOM TepaIvy U A1€pHON MEIULMHBI B TOMCKOM MOJINTEXHUYECKOM YHUBEPCHUTETE)
n uccinenoparenbckue peaktopel — FRM I u FRM II B TexHMYeCKkOM yHUBEpCHUTETE
Mrionxena B ['apxunre, BP-10 B ¢usuko-sHepreTrueckoM HHCTHUTYTE B (OOHUHCKE,
uccnenonarenbckuil peaktop SAFARI I B ssmepruom nientpe «llenunga6ay» B FOAP.

HecMmotps Ha 6ombioe pasHooOpasue SADY, naHHble yCTaHOBKM 0OPa30BHIBAIOT
NOTOKH  MOHOSHEPIeTUYECKMX  WJIH  KBa3U-MOHOJHEPI€THUYECKMX  HEUTPOHOB
B auana3zoHe 3Hepruid oT 2 1o 30 M»B, uTo mo3BossieT UCIOIb30BaTh 0o0Jiee TPOCTOM
AaKTUBALIMOHHBII METOJ Ha OCHOBE MOPOTOBBIX PEAKLUUU U1l ONPENEICHUS €IUHULIBI
MOIIHOCTH moromeHHoN A03bl (MIIJ]) HEHTpOHHOrO W3IIy4YeHHs depe3 H3MepeHue

€IMHUIIBI TFIOTHOCTU TTOTOKA HEUTPOHOB ¢ 1O hopMyJie
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0= Ao — FeqAcq (1.1)
n-oy-g(Ty) - GT’
rne Ay, Acq — AakTuBHOCTH (ombr, OOMy4YeHHBIX ©0€3 KaJAMHUEBOrO uexja

1 B KaIMHIEBOM Ye€XJI€, COOTBETCTBESHHO;

Fc4 - monpaBKa Ha NOIIOLIEHHUE 3MMKAAMHUEBBIX HEUTPOHOB;

N — 4UCIIOo sAaep B (ONbIe;

0y — MHUKPOCKOIIMYECKOE CEUCHUE B3aUMOJICHCTBUS HEUTPOHA C BEIIECTBOM
(doinbru;

g(T,) — nompaBka Ha OTKJIOHCHHEC MHKPOCKOIIMYECKOTO  CEUYCHUS
B3aMMO/ICHCTBUS HEHTPOHA C BEIIECTBOM OT 3akoHa 1/V;

G — nomnpaBKa Ha BO3MYIIECHHUE TOJISI TEIJIOBBIX HEUTPOHOB.

[Tocne omnpeneneHus 3HAYECHUN EOVWHUIBI IJIOTHOCTH TOTOKA HEWUTPOHOB (O
B TOYKE M3MEPEHUM OCYIIECTBIACTCS nepexon Kk eaunuie MIIJ] B oprane HEUTPOHHOTO
U3JIyYEHHUs, B COOTBETCTBUM C CEpPHEN MEXIyHapoaHbIx craHgaptoB [10, 17-18]

o dhopmyrse
DT ES (p ) kDT' (12)

rne Dy — MII/] HeliTpoHHOTO M3iy4yeHus B oprase T

kp, — Kod(puUMEHT mnepexona OT E€IMHHMIBI IIOTHOCTH IOTOKA HEHUTPOHOB

Kk equauie MIIJI B oprane.

[Ipu mepexome OT €AWHHUIBI IUIOTHOCTH IIOTOKA HEWTPOHOB, W3MEPEHHOM
AKTUBAaLlIMOHHBIM MeTonoM, K eauHune MIIJl B oprane HEUTPOHHOTO W3JIyYEHUS
COCTaBJIeH OIODKET HEONPEAENEeHHOCTH M3MEpPEHUI, OCHOBHBIE COCTaBIISIIOIINE
KOTOPOTO IpeicTaBieHbl B Tabmune 1.1.

Jna enuauner MIIJI HERTPOHHOIO M3IIy4YEHUsT OTHOCUTENbHAs PACIIUPEHHAS
HEOTPEIEICHHOCTh M3MEpPEHU mpu kK = 2 ¢ y4yeToM HEOIpPENeICHHOCTH OICHKU
K03 (pULIMEHTOB Tmepexosa OT E€OUHMIBI IJIOTHOCTHM noTroka K eauHuue MII/]

HEHUTPOHHOIO U3JTyYEHHs] HAXOAUTCS B Auana3zoHe 3HaueHuit ot 3,6 1o 30,2 %.



21

Tem He meHee, B [18] ecTh ynmoMHUHAeTCsi HE YYHUTHIBaThb HEONPEIEICHHOCTD

OLIEHKH KO3 (HUIIMEHTOB nepexona Kp,., XOTA OHa BAPLUPYETCS B MANA30HE 3HAYECHUM

ot 0,8 % no 15 % B 3aBUCMMOCTH OT pa3Mepa U THUIIA OpraHa, OT €ro PacroIOKCHUS,

a TaKXKC B 3aBHCHMOCTH OT IIOJIa M KOMIUICKIIMK 4YCJIOBCKA. B cilaydac CICO0BaHUA

BbINICYKA3aHHBIM PCKOMCHIAIMAM, OTHOCHUTCIIbHAA pPAaCHIMPCHHAsA HCOIIPCIACICHHOCTD

n3MepeHui equHuibl MIT/] HeUTpOHHOTO M3ilyyeHus He npeBbimact 3,4 %.

Tabmuna 1.1 — bBromkeT HeEONpeAeNeHHOCTH W3MEPEHH IpU BOCIPOM3BEICHUU

CIMHHUIBI INIOTHOCTH ITIOTOKA HeﬁTpOHOB AKTHNBAaIITMOHHBIM MCTOJOM

HcTouHnk HEONIpEneneHHOCTH

3Hauenue, %

k=2,%

HeomnpenenenHocts n3MepeHus akTuBHOCTU (honbru (A) 0,3-0,5
Heonpenenennocth OLICHKHU MUKPOCKOTTMYECKOTO CEUCHHUSI
0,4-0,5
B3aMMO/ICHCTBHS HEHTPOHA ¢ BemecTBOM (0y)
HeomnpenenenHnoctsb OILICHKH MOTIpaBKa Ha OTKJIOHCHUE
MHUKPOCKOIIMYECKOTO  CEYEHHMS  B3aMMOJCHUCTBUS  HEUTpPOHA  C 1,5
BemecTBoM ot 3akona 1/V (g(Ty,))
HeonpeneneHHOCTh OIEHKH TOMpaBKa HAa BO3MYIICHHE IOJIA
0,2
TETIOBBIX HeHTpOoHOB (G )
HeonpenenenHoCTs U3BMEPEHUS pACCTOSTHUS 0,2
Heomnpenenennocts oreHku KO3(PGUIIMEHTOB Iepexofa OT SIUHHUIIBI
. 0,8 —-15,0
IJIOTHOCTH NOTOKA K enuHuLe MII/] HENTpOHHOIO U3TydYeHUs (k DT)
OtHOCHUTEeNbHAS  CyMMapHas  CTaHAapTHas  HEOIPEACICHHOCTh
1,8 - 15,1
u3MepeHuit u., %
OTHOCHUTENBHAS paCHIMPEHHAs] HEOMPEACICHHOCTh u3Mepenuit U npu
3,6 —30,2
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1.1.3 Honuzayuornuwiii memoo

B MexnyHapoIHbBIX LIEHTpaxX HEUTPOHHOU JyueBor Tepanuu B ['epmanun, CIIA,
HNcnannu u ap. NpUMEHSETCS MOHU3AMOHHBIA METOJ] HA OCHOBE MCHOJIb30BAHUS JIBYX
MOHU3AIMOHHBIX Kamep, M3rOTOBIEHHBIX W3 TKAHE3KBHBAJIEHTHOTO IuiacTuka A-150,
Mar”us Wwin rpadura.

NoHu3anMoHHbIi METO TOApPa3yMEBaeT HAJIUYUE YYBCTBUTEIBHOIO 00BbEeMa,
KOTOPBIN 3aMOJHSAETCS ra3aMu, TaKUM 00pa3oM, YTOObI XMMHUYECKUN COCTaB raza ObLI
TOMOTEHHBIM TI0 OTHOIIEHHUIO K CTEHKE, OTPaHWYUBAIONIUN YYBCTBUTEIBbHBIA OOBEM.
B mnpouecce B3auMOAEHCTBUS HEUTPOHA C BELIECTBOM YYacTBYET HE TOJBKO Ta3
BO BHYTpeHHeM »J(h(eKTUBHOM oO0beMe KaMmMepbl, HO U MaTepuall €€ CTCHKHU.
NoHn3anmonHass kamepa COCTOMT W3 IOJIOCTH, 3allOJTHEHHOM Ta30M M W3 CTEHKH,
OTpaHUYMBAIOIIEH YyBCTBUTEIBHBIN 00bEM Ta30BOM Cpejibl, YIIPOIEHHAs KOHCTPYKIIUS

MpeacTaBieHa Ha pucyHke 1.1.

Crenka

ITonocTh
\

Pucynok 1.1 — YponieHHas MoJeinb HOHU3AUOHHOW KaMephl

Nonunzanmonnas kamepa, NMOMEIICHHAs B TOJIE WOHHU3UPYIOIIETO H3IyUYEHUS,
B TOW WJIW WHOW CTETNECHHW BIUSET HA XapaKTEPUCTHUKU TOJS 4dacTuil. UToOBI ydecTb
BIIUSHUE WOHU3AIMOHHOW KaMepbl MPUMEHSIIOTCS pa3IudHble MOAU(DUKAUU TEOPUHU
110710CTA. OCHOBHBIMU YCJIOBUSIMUA IPUMEHUMOCTH TEOPUU TTOJIOCTHU SABISIOTCS

— razoBasi MOJIOCTb M CTE€HKA, OKpY’XKarollas 3Ty IOJOCTh, JOJDKHBI OBITh
TOMOTE€HHBIMU, T.€. BBIMIOJHEHbI M3 OJHOTO Marepuana WUiu JOJKHBI ObITh CPaBHUMBI

110 aTOMHOM Macce BCIICCTBA,
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- JIOJIKHO BBITIOJIHATHCS COCTOSIHHE DJIEKTPOHHOTO PABHOBECHS] BTOPUYHBIX
3apsHDKEHHBIX YacTHI], OOpa3yIOIIUXCS B PE3yJbTaTe€ B3aUMOJCUCTBUS KOCBEHHOIO
MOHU3UPYIOIIETO U3ITyYeHUs (HEUTPOHHOTO WIIM FaMMa-U3y4YeHHUs ) C BEIIECTBOM;

- JOJIKHO OOECIeYrBaThCsl PABHOBECUE CIIEKTPAa BTOPUYHBIX 3apsKEHHBIX
YaCTHUIl Ha BXOJI€ U BBIXO/IE U3 UYBCTBUTEIHLHOTO 00bEeMa ra30BOi MOJOCTH.

B cnydae, ecnu Bce YCIIOBUS BBIMOJHAIOTCS, TO MJIsi U3MEPEHUS BEITUYUHBI
MOMIONICHHOW SHEPrUM HOHU3AIMOHHBIM METOJIOM, TPUMEHSIETCS MOIUdUKAIIS

TEOPHUH MOJIOCTH B BUAE cOOTHOIIEHUS bparra-I'pes [19]

Dn= __O__CT (1.3)

rne D, — MII/] HEUTPOHHOTO U3IIy4YEHNS;
I — cuna Toka;
M., — Macca raza B 3pPpekTuBHOM 00beMe HOHU3AIIMOHHON KaMephl;

W,, — cpenusist aHEpTUsi 00pa30BaHUs Nap HOHOB,;

e — 3apsi/ dIEKTPOHA;

SCT

— OTHOIICHHUC MACCOBBIX TOPMO3HBIX CITOCOOHOCTEH CTEHKU KaMCpPbI U Ia3a,

ras

COOTBETCTBEHHO, YCPEIHEHHBIX IO COOTBETCTBYIOLIEMY CIIEKTPY BTOPHUYHBIX

34PAKCHHBIX YaCTHII,

g
) " . i
(J)CT — OTHOIICHUE MHKPOCKOIMYECKUX CEUCHUW B3aMMOJCUCTBUS HEUTPOHOB

P’y

C MaTepUaJlaMu CTEHKHM KaMepbl U TKaHEOIKBHUBAJIECHTHOIO BEIIECTBA, COOTBETCTBEHHO,
YCPENHEHHBIE TIO CIIEKTPY HEUTPOHOB.

Ha nipaktuke misi MOKOMIIOHEHTHOTO M3MepeHus enuHuibl MII/] o HEeUTpOHHOTO
U TaMMa-u3Jy4yeHHUs MCHOJIb3yeTCs HaO0Op TMOJOCTHBIX HOHM3AIMOHHBIX KaMep.
B pa6orax [20, 21] moka3aHO, YTO HAaWMEHbINAs] MOTPEIIHOCTh U3MEPEHUS €AMHUIIbI
MIIJI HEUTPOHHOrO H3IY4YEHHs NOJYYaceTCs B CIIy4ae HCIIOIb30BAaHMS B KOMILIEKTE

Ha60pa IMOJIOCTHBIX MOHMU3AIIMOHHBIX KaMCp KaMCPbl ¢ MAKCHUMAJILHO paSHanIOHIHﬁCH
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YyBCTBUTEIBHOCTBIO K HEHUTPOHHOMY W3IYYCHHIO M OJIM3KOW YYBCTBUTEIHHOCTHIO
K FraMMa-HU3Jy4YEHUIO.

HNonunzanmonusii MeTon u3MepeHus eauHuubl MIIJ[ HEMTpOHHOTO H3IIyYeHU
JEXKAT B OCHOBE [OCYynapCTBEHHOrO NEPBUYHOTO ATAJIOHA E€IWHUI] MOIIHOCTHU
MOMJIONIEHHOW 7036l M MOIIHOCTH 53KBUBAJICHTA 103l HEUTPOHHOTO M3IYUYEHUS
I'DT 117-2010 (IDT 117-2010). Texuuueckoi peanuzaiueil TaHHOTO METO/A SBIISICTCS
M3MEPUTENIb MOIIHOCTH MOMIOIICHHONM J03bl HEUTPOHHOTO M3JIYYCHHUSI HAa OCHOBE
KOMILJIEKTa MOJIOCTHBIX HOHM3aMOHHbIX Kamep UMIIJI-UK. UMII/I-UK npencrasnsier
co0oli HAOOp MOJOCTHBIX HOHU3AIMOHHBIX KaMep W3 MOJUATUJIICHA W aJIOMHUHUS,
YTO TMO3BOJISIET pa3aeiauTh 3HaueHuss MIIJ] oT HEUTPOHHOTO U3Ty4YEHUS Dn OT 3HAYCHHUSA

MIIJ] ramma-u3nydeHus Dy B TKaHEAKBHBAJICHTHOM BellecTBe. JlaHHasS 0COOCHHOCTH

MCTOda BOCIIPOU3BCACHUA IIPUBOIUT K H€O6XO,Z[HMOCTH peuICHusA CUCTCMBI ypaBHeHI/Iﬁ

( . : L
a1 ' Dn + D)/ == F_
I“ (i=1,2), (1.4)
a, D, + D, = —
? " Y FVz
(%)r i (%)CT . m;-[]k;

— K03 UITUEHT JUIs TOJUATUIICHOBOM W aJFOMHUHHEBOU

rme a; =
)G W,

KaMepbl, COOTBETCTBEHHO;
[; — cuia ToKa B i-0M HOHU3AILMOHHOW KaMepe;
m; — macca raza B 3p(pekTuBHOM 00beMe B [-OM MOJIOCTHOW MOHU3AIIMOHHOM

Kamepe;

IO
Yi o
Fyi = D L YYBCTBUTCIIbHOCTb HOHU3AIMOHHON KaMCPhbI K raMMa-u3J1y4YCHUIO,
Oyl

rae on_ — Ccuja TOKAa B [-OM MOHM3AallMOHHOW KaMmepe B II0JI€ TraMMa-U3Jy4eHUs
i
¢ MII/] ramma-u3nydeHus Do,,.: MOJy4YEeHHOM Ha ['0Ccy1apCTBEHHOM ITEPBUYHOM ATAJOHE
2

CIVHUIl TIOTJIOMIEHHOW JO03bI W MOIIHOCTH TOTIONIEHHONW 03kl  (POTOHHOTO,

9JICKTPOHHOI'O, IIPOTOHHOTO HBqueHI/Iﬁ N B IIY4YKax HOHOB YIUICpOAd, KOJIMYICCTBA,
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¢roeHca, MIOTHOCTH TMOTOKAa W JHEPTUM YACTHI[ B IMyYKaxX MPOTOHOB U TSKEIBIX
3apsbkeHHBIX yacTull ['OT 38-2024;

[Tki = kpac * krom — IPOM3BE/ICHNE ITONPABOYHBIX KO3PPUIMEHTOB,
e Kpe — KOOQQUIMEHT, yYUTHIBAIONIMA M3MEHEHUE CIEKTPA HEUTPOHOB 3a CYET

MHOTOKPAaTHOT'O PacCEsiHUs B CTEHKE KaMeEpBHI;

kioyw — K03bOUIIMEHT, yYUTHIBAIOIIUNA HEOJHOPOIHOCTh MAaTepUaJOB CTEHKHU
KaMepbI U HAIIOIHAEMOTIO rasa.

Ha ocHOBe oOmnMcCaHHBIX yCIOBUM W OTPAHMYEHUM TEOPUU  IOJOCTHU
B NpuOmmkeHun bparra-I'pest oCHOBHbBIE COCTaBIAIONIME OIOPKETAa HEONPEAEIEHHOCTH
M3MEpPECHUN TIpU  BOCOPOM3BEACHUM eauHulbl MII] HEUTpOHHOTO U3Iy4YEeHUS
U3MEPUTEIIEM MOILHOCTU IONIOMICHHON J103bl HEUTPOHHOIO M3JIy4€HUs Ha OCHOBE
KOMIUIEKTa MOJOCTHBIX MOHM3annMoHHbIX kamep UMII/I-UK u3 coctaa I'OT 117-2010

npeacTaBiaeHbl B Tadnuie 1.2.

Tabmuna 1.2 — bromkeT HeEONpeAeNeHHOCTH W3MEPEHH MpU  BOCIPOU3BEICHUU
eauHuLpl MITJ{ HEUTPOHHOTO M3ITYyUYEHUSI U3MEPUTEIIEM MOIIHOCTH MONIOMIEHHON 1035l
HEHTPOHHOIO M3JyYEHHs HAa OCHOBE KOMIUIEKTA IOJIOCTHBIX MOHU3ALMOHHBIX KaMep

NMITI-UK u3 coctaBa 'DT 117-2010

HcTounuk HEONPEAEITICHHOCTH 3nauenue, %
Heonpenenennocts n3mepenust cuiibl Toka (1) 1,1
Heomnpenenennocts oneHku Kod(pduieHTa sl MOJUITUIICHOBON

2,0
MOJIOCTHOW MOHU3AIMOHHON Kamepsl (a;)
HeomnpeneneHHOCTh  M3MEPEHUN  YyBCTBUTEIBHOCTH  IOJIOCTHBIX

0,9
MOHU3AIIMOHHBIX KaMep K raMMa-U31y4YCHHUIO (Fyi)
OtHocuTenbHasi  CyMMapHasi  CTaHAapTHAasT  HEOINPEEICHHOCTD

2,20
u3MepeHuit u., %
OtHocuTeNnbHAs pacUIMpPEHHAs HEONpPEAEIeHHOCTh wu3MepeHuid U

4,4
mpu k =2, %
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1.2 AHaJu3 MeTO0B U CPEACTB BOCHPOU3BeICHUs U NepeJavu eANHHULL
MOIIHOCTEH aMOMEHTHOI0 M HHAMBH/YAJIbHOI0 3KBUBAJICHTOB /103bl HEHTPOHHOIO

HU3JTYICHUA

1.2.1 Memoo pecucmpayuu conymcmeyouux 4acmuy

B ciyyae W3BECTHOTO COOTHOIIEHHMS MEXAY YHUCIOM HEHUTPOHOB M YHCIOM
3apsOKEHHBIX  4acTUll (TaMma-KBaHTOB), OOpa3yloUIMXCs B IPOLECCE PEaAKLUH,
U IPOCTPAHCTBEHHOTO PACHPENEICHUS] NPOAYKTOB PpEAKUUH, IIOTOK HEUTPOHOB
MOKHO ONpPEIEINTb, H3MEpSAs IUIOTHOCTh IOTOKAa COMYTCTBYIOLIETO HW3IIyYEHUS
B ONPEJCICHHOM TejaecHOM ymie (1. 3HaueHUe IOTOKa HEUTPOHOB P MOXKET ObITh

paccuuTaso 1o gopmyie [22]

N

Ll PP

1 Ky (1.5)
rie N — nokaszaHue JeTeKTOpa, PETMCTPUPYIOIIETO COMYTCTBYIOLIEE U3IIYUECHUE;

& —2(PPEKTUBHOCTH IETEKTOPA COMYTCTBYIOIMIECTO U3TyUCHHUS;

k() — koaddunmeHT aCHMMETPUH COMYTCTBYIOIIETO U3TYYCHUS;

() — TenecHbIN Yroi, B KOTOPOM IPOU3BOJUTCS PErHCTpaIUsl COIYyTCTBYIOLIETO
U3ITyYCHUS;

7] — COOTHOILIEHUE MEKy YMCIOM HEUTPOHOB M YMCJIOM COITyTCTBYIOIIMX YACTHUIL;

Kyuwm — TOTPaBOYHBIA KOIPOUIIMEHT, YUUTHIBAIOIMIUN OCTa0JIeHHEe HEUTPOHOB
B KOHCTPYKIIMH MHIIICHHON KaMephbl.

OCHOBHBIE  COCTaBISIOIIME  OIOKETa  HEOMPEACICHHOCTH  W3MEpPEHUi
IpU  BOCIPOU3BENCHWU EAWHMIIBI TIOTOKA HEUTPOHOB METOJOM PETHUCTpAIUU

COITyTCTBYIOLIUX YaCTULl IPEACTaBIEHbI B Tabnuue 1.3.
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Tabmuna 1.3 — bBroomkeT HEONMpeneIeHHOCTH HM3MEPEHUH TpHU  BOCIPOU3BEIECHUU

CIMHUIIBI ITIOTOKA HGfITpOHOB MCTOAOM PErucCTpan COIIYTCTBYIOIIUX YaCTHIL

HcTouHHK HEOTpeIeIeHHOCTH 3Hauenue, %
HeomnpenenenHocts n3MepeHuit ckopoctu cueta aerekropa (N) 0,20
HeomnpenenenHocTs u3MepeHuit 1011 TenecHoro yria (£2) 0,06
HeonpeneneHHOCTh OIIGHKH COOTHOIICHUSI MEXKITy YHUCIIOM HEHTPOHOB

0,12
Y YHCIIOM COITYTCTBYIOIIUX YacTHII (717)
HeonpesnenenHocTs n3Mepennus koddduimenta anusorpormu (k (1)) 0,18
HeompenenenHocts OLICHKH MUKPOCKOITNYECKUX CCUCHHI
. o 0,50 - 1,00
B3auMoJieiicTBus | —
(of

14

OTHOCUTENbHAsT ~ CyMMapHas  CTaHIApTHas  HEOIpPEIeJIeHHOCTb

0,60 — 1,10
u3MepeHun U, %
OTHOCHUTENbHAS PACHIMPEHHAS HEONPEIeIeHHOCTh m3Meperuid U mpu

1,20 — 2,20
k=2,%

JIaHHBIA METOI HE NMPUMEHUM HANpSAMYIO JUIA ONPENEECHUS €IUHUIIBI MOTOKA
HENTPOHOB VIS PAJAMOHYKIMIHBIX HCTOUHHUKOB.

B mexnyHapoaHsix iaboparopusix HeWTpoHHbIX u3Mepenuid NPL, PTB, KRISS,
CMI u 1p. co3daHbl HM3MEPUTENBHBIE KOMIUIEKCHI MOTOKA MOHOIHEPTETHYECKHX
¥ KBa3U-MOHODHEPIETHYECKUX HENTPOHOB Ha 0CcHOBe peakmii 'Li(p,n)’Be, *H(p,n)°’He,
T(d,n)*He, D(d,n)’He u ap. METOZOM pPETHCTPAlMM COIYTCTBYIOLIMX YaCTHI]
B M3BECTHOM TEJIECHOM YIVIE C HEONPENENEHHOCTHIO U3MEPEHMUM, HE MPEBBILIAONIEN
3HAYEHUSs, MpeJCcTaBIeHHbIe B Ta0uie 1.3.

BHelHuit BHA M CXEMaTHYECKOE M300paKEHHE YCTAHOBOK IIPEICTABIEHBI

Ha pucyHkax 1.2 —1.3.
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Pucynok 1.2 — Buemnuii Bua (a) u cxemaruyeckoe u3odpaxenue ycranoBku YOH-1 (6)
B U3MEPUTEIILHOM 3aiie HeiTponHoii taboparopun OI'YI1 «k BHUWM um. [I.M. MenneneeBa»

Pucynok 1.3 — 3mepuTenbHBIN 3a1 HEUTpOHHOM Tabopatopuu PTB
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1.2.2 Memoo mapearnyesoti 6arHul

Meron Mapra’ieBoil BaHHBI NPEJHA3HAYEH I M3MEPEHMS C€IMHMIBI ITOTOKA
HEUTPOHOB OT PAAUOHYKIUIHBIX HCTOYHUKOB IIyTEM aKTUBAIMM  PacTBOpPA
CEpHOKMCIIOIO MapraHua. OTO HauOoiee pacupoCTpaHEHHBIW B MHpPE METOJ
aOCOJIFOTHBIX U3MEPEHUN €IMHULIbI IOTOKA HEUTPOHOB PAaJUOHYKIIUIHBIX HCTOUHUKOB.

@u3NYeCKU MPUHLIMI METOJA 3aKJIIOYAETCs B CIEAYIOIIEM: HEWUTPOHHI,
UCIIyCKaeMble HCTOYHUKOM, IIOMELIEHHBIM B LEHTP pacTBOpa, 3aMEIIAIOTCS
B PE3yJNbTATe COYNAPEHUU C SAPAMHM aTOMOB 3aMEIUIMTENs, B OCHOBHOM, BOJIOpPOAA
U IPUXOJAT B TEPMOJIMHAMHYECKOE paBHOBECUE C 3ameuureneM. [Ipu stom B oObeme
YCTAaHABJIMBACTCS CTAllMOHAPHOE paCIpeleIeHUue IUIOTHOCTH II0TOKA TEIUIOBBIX
HEHUTPOHOB BJIOJIb paJuyca OT LEHTPA, TIJ€ PACIOJOKEH HCTOYHHUK OBICTPBIX
HEHUTPOHOB, W IMOJIHBIM MOTOK TEIJIOBBIX HEUTPOHOB (MHTErpajl MO BCEMY OOBEMY)

IIPOIMOPHHUOHAJICH IIOTOKY 6I>ICTpI)IX HGfITpOHOB N3 NCTOYHHKA

® = kj(p(r)rzdr, (1.6)

rae @ — NOoJHBIM NOTOK HEUTPOHOB HCTOYHUKA,

@ (r) — IUIOTHOCTB TIOTOKA TETIOBBIX HEUTPOHOB HA PACCTOSIHUM T OT UCTOYHHKA;

k — xoadpunreHT mponopuoOHATFHOCTH.

3amadya ompeneneHuss NOToka @ CBOOUTCA K OIPENENICHUIO IIOJHOIO ITOTOKA
TEIJIOBBIX HEUTPOHOB U KOA(PPUIIMEHTA MTPONOPIIMOHATIBHOCTH k.

[Ipy momIOmIEHHH TEIUIOBBIX HEUTPOHOB SOpaMH MapraHia ooOpasyercs
PaZMOaKTUBHEIA u3oTon “°Mn. AKTMBHOCTE “°Mn B pPacTBOpPE NPONOPLUOHAIHHA
MOJIHOMY TIOTOKY HEWTPOHOB  KaJMOpPyeMOro paguOHYKIHWIHOTO  HCTOYHHUKA.
AKTUBHOCTh H3MEPSETCS C HCIOJB30BAHUEM CUUHTWULILIMOHHOIO  JI€TEKTOpPA,
Hanpumep, Ha ocHoBe kpuctaia Nal(Tl). ITpu aTtom neTekTop MOXKET ObITh MOTPYKEH
B BaHHY TMOCJI€ MEXaHWYECKOro MEepEeMEIIMBAHUS pPACTBOpPA WM HAXOAUTHCS

34 MIpcacyiaM BaHHbI ITPU paIn3alli YCTAHOBKHU C CHUCTEMOU IIPOKAa4YKu pacTBOpa.
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OCHOBHBIE IPENMYLIECTBA METOA!

— Maprasel], MCIOJb3yEeMbI B Kaue€CTBE JETEKTOpPA TEIUIOBBIX HEHUTPOHOB,
MMEET TOJBKO OMH CTaOMJIBLHBIA M30TON — >°Mn, IIpU 3TOM Cyab(par Maprasia Jerko
pacTBOpSIETCS B BOJE;

— MOJy4YaeMblid B PE3yJIbTaTe B3aUMOJICHCTBUS C TEIJIOBBIMU HEWTPOHAMU
pPamMOakTHBHEIM “°Mn wuMeeT ymOOHBIA IS HM3MEPEHHMsS aKTUBHOCTH IIEPHOJ
nonypacmazna 2,5785 + 0,0006 yaca [23];

— CEUCHHME 3axBaTa HEUTPOHOB MApPTaHIIEM XOPOIIO OIKUCHIBAETCS 3aKOHOM
1/V m wumeeT JOCTAaTOYHO BBICOKOE /I TEIUIOBBIX HEUTPOHOB 3HAYCHUE —
13,41 £ 0,04 6apHa;

— cxemMa pacmaza ’Mn  [O3BOJSET MCIONb30BaTh Ul abCONFOTHOIO
WU3MEpPEHUS aKTHBHOCTH MeToa 41 fy — coBnaaenmii [23];

— METOJ] HCUYBCTBUTEJICH K FraMMa-HU31y4YCHUIO;

— pacTBop cyib(dara MapraHiia B BOJE€ XOPOIIO MEPEMEIINBACTCS, YTO JACT
BO3MOXKHOCTh MCIIOJIb30BaTh METOJ «(PU3MUECKOTO WHTETPUPOBAHUS», T.€. 3aMEHUTH

B pacuerax ¢opmyiy (1.6) Ha hopmyy
@ = kA, (1.7)

e Ay — ycpemHeHHas 10 00beMy aKTUBHOCTH *°Mn;

k, — k03 GUIIEHT TPOITOPITMOHAIEHOCTH.

B mnpuHnune, uis ONpeAesCHUS CAMHUIBI [MOTOKA HEHTPOHOB HEOOXOIMMO
KaKUM-TH00 JOCTAaTOYHO TMPOCTHIM M HAJCKHBIM CIIOCOOOM H3MEPUTHh 3HAYCHHE
HaBEJICHHOW akTHBHOCTU A,. [locie yuera Bcex MOMPABOK MONyYaeM OKOHYATEIbHYIO

dbopmyny s pacueTa eAMHUIBI TOTOKAa HEUTPOHOB OT HCTOYHHKA

(b=A0-F-(1+l)-(1+m)-(1+)()-1_[ki, (1.8)

rne Ay — aKTUBHOCTb CKOPOCTb CUETA;
F — nonpaBka Ha 53(QeKT MNOIIOMIEeHUS MEeIJECHHBIX HEWTPOHOB sApaMu

BOOOpOAa, CEPLI U KUCI0POAA,
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(1 + 1) — nompaBka Ha yTE€UKy HEUTPOHOB U3 BaHHBI,

(1+m) — nmnompaBka Ha TMOIVIOUICHHME HEUTPOHOB B  HCTOYHHKE
Y KOHCTPYKLIMOHHBIX MaTeprajax yCTaHOBKH;

(1 + x) — mompaBka Ha 3aXBaT ObICTPBIX HEHTPOHOB AIpaMH KHCIOPOia U CEPHI;

[1 k; — npousBenenune monpaBoYHbIX KOIDPUITUCHTOB.

3HayeHUs] OMHMCAHHBIX BBIIIE TONMPABOK OMPEACISIOTCS MPU MEPBUYHBIX
UCCJIEJIOBAHUAX 3TAJIOHA U YTOUHSIOTCS B XOJI€ IEPUOTUNIECKUX UCCIICTIOBAHMIA.

OOmuit BUJI yCTAaHOBOK Ha OCHOBE METOAA MapraHIIeBOM BaHHBI MPEACTABIECHBI

Ha pucyHkax 1.4 —1.5.

Pucynok 1.4 — O6uuii Bun yctanoBku YOH-2 B n3MepuTeabHOM 3ajie HEUTPOHHOI 1aboparopuun
OI'VIT «BHUUM um. /.M. Menneneesa»

Pucynok 1.5 — 3sMepuTenbHbIi 31 HeUTpoHHOM 1abopaTtopun NIST


https://www.nist.gov/sites/default/files/images/pml/div682/grp03/image001_6.jpg
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OCHOBHBIE COCTABJISIOIIINE OlOmKeTa  HEOMPEEIECHHOCTH

U3MEPEHUN

IPU BOCIPOU3BEICHUN €IWHULIBI MOTOKA HEUTPOHOB METOIOM MAapraHIEBOM BaHHBI

npeacTaBiaeHbl B Tabnuile 1.4.

Tabmuuma 1.4 — DBroomkeT HEONmpeaeIeHHOCTH HW3MEPEHUN TMpU BOCHPOU3BEICHHUU

CIMHUIIBI IIOTOKA HGfITpOHOB MCTOOOM MapFaHHGBOﬁ BaHHBI

HcTouHnk HEONpeneneHHOCTH

3nauenue, %

k=2,%

HeonpeneneHHoCTh M3MEpeHUsi akTUBHOCTH (Ag) 0,32
HeonpeneneHHOCTh OLIEHKM TONpaBKU Ha 3(PQPEKT MOMIOMIeHUS

0,15
MeUICHHBIX HEUTPOHOB SIIPaMu BOIOPOAA, cepbl u kuciopozaa (F)
HeonpeneneHHOCTh OIIEHKM TIONpaBKW HA YTEUYKy HEUTPOHOB

0,17
n3 Ba"HBI (1)
HeomnpeneneHHOCTh OIICHKM TOMPAaBKM Ha TMOMIOIMICHHE HEUTPOHOB

0,02
B UCTOYHUKE U KOHCTPYKLIMOHHBIX MaTepuajgax yCTaHOBKH (M)
HeonpeneneHHOCTh OLIEHKH MOMPABKU HA 3aXBaT OBICTPBIX HEUTPOHOB

0,02
sIpaMu KACIIopoaa u cepsl (x)
HeormnpeneneHHOCTh OLIEHKH TONPaBOUHbIX kK03 duiinerton (k;) 0,02
OtHOocuTenbHAsT ~ CyMMapHas  CTaHJapTHas  HEOINPENeJIeHHOCTh

0,50
u3MepeHui U, %
OTHOocuTenbHAs pACUIMPEHHAs HEONPEIAeIeHHOCTh u3Mepenud U npu

1,00

1.2.3 Ilepexoo om eduruybl nOMoKa HelmpoHo8 K eOUHUYAM MOUHOCMell

AMOUEHMHO20 U UHOUBUOYAIbHO2O0 IKBUBATIEHNOE 003bl

EJII/IHI/II_Ia IINIOTHOCTHU IIOTOKA HCfITpOHOB BOCITPOU3BOAUTCA C HCIIOJIB30BAHHEM

MOHODHEPIETUUECKUX ~ SNEPHBIX peakuuii, Hampumep, D(d,n)’He

u  T(d,n)He

¥ PAaIMOHYKIHAHBIX MCTOYHHUKOB HelTpoHoB tuma 22Cf, **'Am-Be(a,n), *°Cf,

Pa3MELICHHBIN B IAPE U3 TSKEIIOW BOJIBI.
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OCHOBHOE COOTHOIIICHHUE A1 ONPCACIICHUA 3HAYCHHA CAWMHUIBLI IINIOTHOCTH

IIOTOKa HEUTPOHOB (P HA PACCTOSIHUU R OT UCTOYHHKA B OTKPBITOW F€OMETPUHU

@ f) e HR-K (D), (1.9)

~ 4n(R — AR)?
rme @ — MOoJNHBIA MOTOK HEUTPOHOB HCTOYHUKA, OMNPEICIACTCS HAa OCHOBE paHee
OMMCAHHBIX METOJIOB PETUCTPAIlMU COMMyTCTBYIOIIUX YaCTHUIl U MApraHIIEBOW BaHHBI;

AR - cMmemenue AGGEKTUBHOTO  IIEHTpAa  JIETEKTOpa  OTHOCHUTEIHHO
T€OMETPHUYECKOTO;

f () — monpaBka Ha AaHU30TPOITHIO M3ITyUCHUS;

U — ko3 PuImeHT ocnabieHus HEUTPOHHOTO TTOTOKA BO3AYXOM;

K(t) — mompaBka Ha W3MEHEHHE CKOPOCTH AMHCCHUU HCTOYHUKA BO BPEMEHU
(I7st paIMOHYKITUAHBIX UICTOYHUKOB).

OcHOBHBIE  cOCTaBJsOIMIME  OHOKETa  HEOMNPEACICHHOCTH  U3MEpPEHUi
IpU BOCIPOU3BEACHUU €IUHUILI IUIOTHOCTA TOTOKAa HEUTPOHOB IPEICTABICHBI
B Tabmuie 1.5.

ITocne  omnpeneneHus  €AWHULBI  IUIOTHOCTM  TNOTOKA  HEUTPOHOB (@
B TOYKE M3MEPEHHUM OCYIIECTBISECTCS MEPEXOod K JI03UMETPUUYECKUM BEIUYMHAM,
a WMEHHO, €IUHMUIIE MOIIHOCTU AaMOMEHTHOro »JKBuUBaIeHTa 036l (MAD]I)
U CIMHUIIE MOIIMHOCTH WHJUBHUAYaJIBHOTO SKBUBaJIeHTa 103b1 (MUD]I) HEeliTpoHHOTO
M3JIy4YEHUS, B COOTBETCTBUU C CEPUEUN MEXKIYHAPOAHBIX cTaHnapToB ISO 8529 [24-26]

o ¢hopmynam

H*(10) = ky+(10) " @, (1.10)
H,(10) = ka(10) ", (1.11)

rne  H*(10), H,(10) — MADJ] u MUDJ] HEHTPOHHOTO U3Ty4eHHs, COOTBETCTBEHHO;
ky+ (10 ka(1o) — K03 GUIMEHTHI Tepexona OT EAWHMIIBI MJIOTHOCTH TMOTOKA

HEUTpOHOB K enuHuaM MADJ 1 MUl HEUTPOHHOTO U3ITy4YEHUS, COOTBETCTBEHHO.
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Tabmuua 1.5 — bBroomkeT HEONMPEneNeHHOCTH H3MEPEHUH MpU BOCHPOU3BEICHUH

CIMHUIBI IINTOTHOCTH ITOTOKA HCﬁTpOHOB

VcTOYHHUK HEOTIPEIEIICHHOCTH 3nauenue, %
HeonpeneneHHOCTh M3MEpPEHUH TTOTHOTO MMOTOK HEUTPOHOB (D) 0,30 - 0,50
HeonpenenenHocts n3Mepenus pacctosiaust (R) 0,05
HeonpenenenHocTs M3MEpEeHU aHU30TPOIIUU U3y YEHUS ( f (19)) 0,20
Heonpenenennocts ornenku koddduimeHTa ocinabaeHus HEUTPOHHOTO 0.05
MOTOKa BO3yXoM (i) ’
HeomnpeneneHHOCTh OIIGHKH TOMPAaBKH Ha M3MEHEHHE CKOPOCTH 0.03
AMUCCUU UCTOYHUKA BO BpemeHU K (t) ’
OTHocuTeNbHAs ~ CyMMapHas  CTaHJapTHas  HEOIPEAEICHHOCTh

0,37 - 0,54
u3MepeHun U, %
OTHOCHUTENBHAS paCHIMPEHHAsT HEONPEACICHHOCTh u3Mepenuit U npu 0.74 - 1.08
9 - b

k=2,%

JlaHHBIE COOTHOIIEHUS CIHPaBEUIMBBI [IJI1 OMOPHBIX TIOJIEH Ha OCHOBE
PaMOHYKIUIHBIX UCTOYHUKOB — 22Cf, 2*2Cf B mape 3anomaennom D,O, **'Am(o,n)B
u >*'Am(o,n)Be, a Takke U ONOPHBIX MOJIEH HA OCHOBE peakiuii ¢ 0Opa3’0BaHUEM
MOHODHEPIETUYECKUX M KBa3MMOHOJHEPreTHYECKHMX HeirtpoHoB (2,5-10%, 2-1073
2,4-102, 1,44-10", 2,5-10', 5,65-101, 1,2, 2,5, 2,8, 3,2, 5,0, 14,8 u 19,0 M>B).
Ucnonb3oanue dopmyn (1.10) — (1.11), cBa3pIBaronux €IWHUIY TUIOTHOCTH TOTOKA
HEUTPOHOB C JO3UMETPUYECCKUMHU BEJIMYMHAMH, CIPABEJIMBO MPU BBIMOJHEHUM psjia
YCJIOBUHM U y4eTa BIUSIONINX (PaKTOPOB:

— HaJU4Me  3aKPBITBIX  PAJUOHYKIUIHBIX  WUCTOYHUKOB  HEUTPOHOB,
M3TOTOBJIEHHBIX M0 CIENUAIBHOW TEXHOJIOTUM WM TUIOBBIX DY, yto rapantupyer
1o/I00Ke YHEPTETUUECKOTO CTIIEKTPa HEUTPOHOB;

— HaJIM4YKME TTOMEIIEHUSI ¢ MUHUMAaJIbHBIM pa3MepoM OT 3 10 12 M;

— y4eT pacCEesIHHOTO B MOMEIIEHUH M3Ty4Y€HHUs, BKJIaJ KOTOPOIro HE JTOJKEH

npesbiath 40 %, npu UCHOIBL30BaHUU METO/Ia C TEHEBBIM KOHYCOM;
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— y4eT ocliabfieHus! U3TyUYEHHs B BO3IyXE;

— YYET pACCESIHUSI HEUTPOHHOTO U3IIy4YEHUS B BO3AYXE;

— MonpaBka Ha OTIMYHME MCXOIHOTO CIIEKTpa HEUTPOHOB OT PEAIBLHOIO
CIIEKTPAa HEUTPOHOB;

— MompaBKka Ha YycpeAHeHHEe KOA(P(UIMEHTOB TMepexo/ia OT EIUHUIIbI
IJIOTHOCTH NOTOKA K JO3UMETPUUECKAM BETUUMHAM;

— IIOIIPaBKa Ha YyBCTBUTEIBHOCTH K COITyTCTBYIOIIEMY FaMMa-U3Jy4YECHHUIO;

— IIOIIPAaBKa HA TEOMETPHUIO UCTOUHUKA.

Ha ocHoBe onmmcaHHBIX YCIIOBUH W OTpaHUYCHHUN TPU MEPEXOJC OT €IUHULIBI
IJIOTHOCTH MOTOKAa HEUTPpOHOB K eauHUUaM MADJ] u MUD][ HEUTPOHHOIO U3IIy4YEHUS
COCTaBJIEH OIOKET HEONPEIECIIEHHOCTH METO/a MEPEX0/ia, OCHOBHBIE COCTAaBIISIIOIINE

KOTOPOTO MpeAcTaBieHbl B Tabnuie 1.6 HA OCHOBE aHA/M3a JUTEPATYPHBIX JAHHBIX

[24-26].

Tabmuua 1.6 — BromxkeT HeOnmpeneIeHHOCTH METo/Ia Mepexoja OT €AUMHUIILI TIJIOTHOCTH

MOTOKA HEUTPOHOB K eauHuiiaM MAS]l u MU HEUTPOHHOTO U3TyYEHUS

HcTouHuK HEONpeIeIEeHHOCTH 3Hauenue, %
HeonpeneneHHOCTh M3MEPEHUH TIIOTHOCTH TOTOK HEUTPOHOB () 0,4-0,7
HeomnpeneneHHOCTh OLICHKU TOMPABKH, YUYUTHIBAIOIIEH paccestHHOE 1.0
U3JIyYEHHUE B MOMEILIEHUH, METOJJOM TEHEBOTO KOHYyCa ’
HeomnpeneneHnocTh o1ieHKH KO3 GUITMEHT 0CTa0JICHHUS B BO3IyXE 1,5
HeonpeneneHHOCTh OLIEHKU T€OMETPUUECKOTO (haKTopa 0,2
HeonpenenenHocTs U3MEPEHNN aHU30TPOITUU 0,5

HeomnpeneneHHocTh OIeHKH KO3(PGHUIIMEHTOB Iepexofa OT SIUHHUIIBI
IJIOTHOCTH ToTokKa K eauHunaM MADJl u MUD[ HeHTpoHHOIO 1,0-4,0

M3y YeHHUs]
OTHOCHTENbHAs ~ CyMMapHas  CTaHJApPTHAs  HEOINpeJeeHHOCTb 3653
u3MepeHuii u,, % T
OTHOCHTEIbHAS PACIIMPEHHAs HEOoNpeNeIeHHOCTh u3Mepenuii U mpu Ty 10.6
9 - b

k=2,%
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B merponorndeckux nadoparopusx PTB u NPL Obutn JOCTUTHYTHI pe3yabTaThl
0 0
Ha ypoBHEe 5,3 % u 6,3 %, COOTBETCTBEHHO, IJsi 3aKPBITHIX PaJHOHYKIUIHBIX
> 252Cf 241 A
VCTOYHUKOB HEUTPOHHOIO H3JIy4eHHS Ha OCHOBE PAJUOHYKIHJIOB " m
B YCJOBHSIX OTKPBITOM T€OMETpPUH, TJE€ NOMpPaBKa HAa PACCESHHOE W3Iy4YeHHs OblLia

CBCICHA K MUHUMYMY.

1.2.4 Bocnpoussedenue u nepedaua eOuHuy MoujHocme amOUeHmHO20
U UHOUBUOYATILHO2O0 IKBUBANEHNO8 Q03bl HEUMPOHHO20 USYHUEeHUs.

6 Poccutickoii @edepayuu

B Poccuiickoit ®denepanmu Bocnpou3BeAeHHE W Tepenada eauHulr MAD]]
u MUI]] ocymectBusitores ot 'OT 117.

3nauenua eauaul, MADJl u MUD/] HEUTPOHHOrO H3ITYyUYEHUS OMPEACISIOTCA
NyTEM CYMMHUPOBAaHUS PEKOMEHJOBAHHBIX 3aBUCUMOCTEN KO3()PUIMEHTOB Mepexona
OT enuHU4YHOTO (roeHca HeUTpoHoB [27] mo muddepeHImaibHOMy —CHEKTPY
HEUTPOHOB K 3HaueHWsM enuHul] MAD u MUMUD/] HEHTpOHHOrO H3Iy4YEHHS,
U3MEPEHHOMY C IOMOUIbI0 M3MEpPUTENsT MOIIHOCTH SKBUBAJIEHTA J103bI ¢ HAOOpOM

mapoBbix 3amemnmreneit UM3]I u3 cocraBa 'OT 117-2010 o dopmymnam

H*(10) =M - th;(m,E)(E) -F(E), (1.12)

H,(10) = M - ZT hy,, (10, E)(E) - Fy(E), (1.13)

e hy(10,E), h, q)(lO, E) — 3Hauenns kod3(pPHUIMEHTOB mepexoga OT €IUHHUIHOIO

¢duroeHca HEUTPOHOB K 3HaueHUsIM enuHull MADJ] 1 MUDJl HeHTpOHHOTO M3ITydeHuUs,
COOTBETCTBEHHO;
M — HOpMUPOBOYHBIN KOADDUITHEHT;

F;(E) — muddepeHnmnanbHbIi CIEKTP HEHTPOHOB.
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HopmupoBounsiit koagduirent M, onpenensercs no Ggopmyie

D
M = n

S(RE K RE)

(1.14)

K .
rae K—3 (E) — oTHOLIEHHE PacUYETHBIX 3HAYCHHSI KEPMbl HEUTPOHOB Ha IITyOMHE 3 MM
0

TKaHEIKBHBAJICHTHOTO BEIIECTBAa M KEPMBl HEUTPOHOB TKAaHEIKBHUBAJICHTHOTO BEIIECTBA
0¢3 MOIIOIICHNS,;

Ky;(E) — pekoMEeHI0BaHHOE 3HAYCHHE KEPMbI HEUTPOHOB [28].

3aBUCUMOCTh ~ OTHOIIEHMSI  PACUETHBIX  3HAYEHHM  KEepMbl  HEHTPOHOB
Ha T[IyOmHe 3 MM TKaHEIKBHBAJCHTHOTO BEIIECTBA H KEPMBI HEUTPOHOB

TKaHCOKBHUBAJICHTHOI'O BCIICCTBA oe3 IMOTIOICHU:A IIPUBCACHA HA PHUCYHKC 1.6.

1,05

1,00 AL AN L
N\

S
N~
(97}

/

Otnomenne K4/K, (E)

0,85 \/

0,80
1,0E-03 1,0E-02 1,0E-01 1,0E+00 1,0E+01
Jueprus, MaB

PI/ICYHOK 1.6 — 3aBHCUMOCTb OTHOIICHUS KEPMbI B TKAHCIKBUBAJICHTHOM BCIICCTBE Ha THY6I/IH6 3 MM
K KCPMC B TKAHEOKBUBAJICHTHOM BCHICCTBE 0e3 IMOMIOIICHUA OT SHEPTHUU HeﬁTpOHOB
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Omnpenenenne nupdepeHIalIbHOTO CHEKTpa HEUTPOHOB  OCYIIECTBISETCS
YHUCIIEHHBIM METOIOM — METOJ] MAaKCUMAJIBHOTO MPaBaonoAoous [29] — myTem pemieHus

ypaBHeHus1 @penronbpma 1-ro poaa no popmyrie

(00]

0

rae  N; — CKOpOCTh cUeTa OT IETEKTOPA C i-bIM IIAPOBBIM 3aMEIUTEIIEM;

R;(E) — 3HaueHus: (QyHKIUI YyBCTBUTEILHOCTH JCTEKTOPA C i-bIM IIAPOBHIM
3aMeIIUTENEM;

| — yrcno mapoBbIX 3aMeNTUTENEH.

3HaueHue  AUQPQPEepeHIUaTbHOrO0  CIEKTpa  HEUTPOHOB  PACCUMUTHIBACTCSA

o hopmyie
Fi(E) = fi(E) - Ai(E), (1.16)

rie  f;(E) — 3HaucHME TUIOTHOCTH MTOTOKA HEHTPOHOB B MHTEpBajie sHeprun A; (E);
A;(E) — uHTepBaN dHepPruu HelTpoHOB ot E;_; 10 E;.
3HaueHus: (QYHKIUU YyBCTBUTENBbHOCTH R;(E) aid 1mapoBBIX 3aMenIuTeNeH
pa3IMYHBIX JAMAMETPOB paccuuTaHHble MeTtonmoM Monte-Kaprno mpencraBieHs

Ha pucyHke 1.7.
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Pucynok 1.7 — 3naueHust GQyHKIIUNA 9yBCTBUTEIILHOCTH JIJIsl IIIAPOBBIX 3aMETUTENICH OT SHEPTHUH
HEUTPOHOB
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UMDl cocrour wu3 OloKa [OETEKTUPOBAHUS CO CMEHHBIMHU IIApOBBIMU
3aMEVINTEISIMA  PA3JIMYHBIX  JUAMETPOB W JJIEKTPOHHOIO  PETUCTPUPYIOLIErO
yCTpoicTBa. B KadecTBe JIETEKTOpa HCIOIb3yeTCS CUUHTUIUIALMOHHBIA JETEKTOP
TeroBbIX HeWTpoHoB Lil. lnamerpa cumuTmimisaTopa 8 MM, BeicoTa 8 MM. CBETOBBIE
BCIIBIIIKY PETUCTPUPYIOTCS C IOMOIIBIO (POTOINEKTpOHHOro yMHOXkHUTENnss (DPIY),
KOTOPBI COEAMHEH CO CHUHTWLIATOPOM IIOCPEICTBOM CBETOBOJA W3 OPICTEKIIA.
OOmmit Buj OnOKa JETEKTUPOBAHUS C IIAPOBBIMU 3aMEUIMTENSIMU TIPEICTaBICH

Ha pucyHke 1.8.

Pucynoxk 1.8 — O6uwmii Buj Ooka 1€TEeKTHPOBAaHUS € IIAPOBBIMU 3aMeUIUTENSIMU U3 coctaBa MO/
I'ST 117-2010

Nmnynecet ¢ ®OY  yepe3 ycuiauTenb  IMOCTYNAKOT HA  aHAJIOTOBO-
aMIUTUTYIHBIN TpeoOpa3oBaresb (aMIUTUTYIHBIA aHanu3atop). M3mepurens paboTaeT
B aBTOMAaTHYECKOM PEXUME TOJ1 YIIPaBIEHUEM MPOrPaMMHOI0 00eCIICUEHNS.

OcHOBHBIE  CcOCTaBJIsOIMIME  OMOJKETa  HEOMNPEACICHHOCTH  M3MEpPEHUM
npu BocrnpousBenaeHuu enuaul, MADJ u MUDJ[ HEUTpOHHOro U3ITy4YEeHUs
U3MEpUTEJIEM MOUIHOCTH SKBUBAJEHTa J03bl C HA0OpPOM IIAPOBBIX 3aMeEIUTENEH

NMD]I u3 coctaBa I'DT 117-2010 mpencrasnens B Tabmute 1.7.
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Tabmuua 1.7 — bromkeT HeonpeaeneHHOCTH U3MEPEHN MPU BOCTIPOU3BEACHUN €TUHUIL
MADSJ] 1 MUD]] HEUTPOHHOTO U3IIyYEHHS] U3MEPUTEIEM MOUTHOCTH YKBUBAJICHTA J103bI

¢ HabopoM mapoBbix 3ameanureneit UMO]] u3 cocrasa I'DT 117-2010

HcTouHnk HeonpeieIeHHOCTH 3nauenue, %
Heomnpenenennocts u3mepenuii ckopoctu cyera (N;) 2,0
Heompenenennoctes wu3mepennt eguauubl  MIIJ]  HeuTpoHHOTO

2.9
uznyuenus: (M)
HeonpeneneHHOCTh  OLIEHKM ~ OTHOIIEHUS  KEPMbl  HEUTPOHOB
K 1,2
3
B TKAHEOKBUBAJICHTHOB BENIECTBE | -~ (E)
0
HeomnpeneneHHOCTh OILEGHKH 3HAYEHU (PYHKIIMHA YyBCTBUTEIHLHOCTH
1,2
(Ri(E))
OtHOocuTeNnbHAsE  CyMMapHas  CTaHJapTHas  HEONMPEAECICHHOCTh
3,9
u3MepeHunt u., %
OTHOcHTENbHAs paCUIMPEHHAs HEONPENEIEHHOCTh u3MepeHnid U
7,8
nmpu k =2, %

1.3 BriBog k InaBe 1

B ImaBe | mnpoBeneH aHanu3 CYIIECTBYIOIIMX METOIOB BOCHPOU3BEACHUA
n nepegaun eauuul] MII, MADJl u MUDJl HEUTPOHHOIO W3JIyYEHHS, BBISBICHBI
UX OCHOBHBIC JOCTOMHCTBA U HEAOCTATKHU.

[To pe3ynpraram TPOBEICHHOTO aHAJIM3a YCTAHOBIEHO, YTO, HECMOTpPS
Ha CYIICCTBYIOIIME OTPAaHUYCHHS, CBSI3aHHBIE C HEOOXOJUMOCTBIO OOECIeUeHUS
TOMOTC€HHOCTH MaTepHaja CTEHOK KaMephl M Ta30BOM IIOJIOCTH, OOecCredYeHUs
AIICKTPOHHOTO PABHOBECHS BTOPUYHBIX 3apsKEHHBIX YaCTHIl, 00CCIICUEHUS PAaBHOBECHS
CIEKTpa BTOPUYHBIX 3apPSXKEHHBIX YacCTHUI[ HA BXOJE M BBIXOJIE M3 UYYBCTBUTEIBHOTO
o0beMa ra30BOM MOJIOCTHU, MOHU3AIMOHHBIN METOJ] U3MEPEHUM MPU BOCIPOU3BEACHUS

eaquHulbl MIIJI HEUTPOHHOrO M3JIYyYEHHUS] B CMEIIAHHBIX TaMMa-HEMTPOHHBIX IOJISAX
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o0OecreynBaeT HaWOOJBIITYI0 YyBCTBUTEIBHOCTh W JIOCTOBEPHOCTHh PE3YJIBTATOB
U3MEPEHUM.

B caydae BocnpousBeaeHus u nepenade eaunul, MAS/] u MUl HEeUTpOHHOTO
U3IydeHHs, MeToj Ha ocHoBe cdep boHHepa, HeCMOTpsi Ha CYIIECTBYIOUIUE
HEJIOCTaTKHU, CBSI3aHHBIC C MPOJOJDKUTEIBHOCTbIO M3MEPEHUM W HEKOPPEKTHOCTHIO
pemenust ypaBHenus dpenronsma 1-ro poaa, Tpelyromiero nHGOpPMAIMU O PeabHBIX
CIEKTpaX HEUTPOHHOTO W3IYYCHHUsS, MOXKET OBITh yCOBEPIICHCTBOBAH ITyTeM
IIPUMEHEHHUSI  HOBBIX  YMCIICHHBIX  METOJIOB  aHAJM3a  PACYETHBIX  JIAHHBIX

Y UCIIOJIb30BAHMSI OOHOBIICHHBIX OUOIIMOTEK AIEPHBIX PEAKIUN U KOHCTAHT.
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I'naBa 2. Pazpa0doTka annapaTtypHO-MeTOAUYECKOT0 KOMILJIEKCa BOCPOU3BeIeHUSI
eIUHHUIbI MOIIIHOCTH MOIJIOIMIEHHOI 103bl HEHTPOHHOTO M3JIyYeHHsI HA OCHOBE

KOMILUICKTA IMOJOCTHBIX HOHU3AIMMOHHBIX KaMep

Peanmu3oBaHHbI NpUHLOMIT BOCHpou3BelcHUs eauHuibl MIIJ[ HeWTpoHHOTrO
U3ITy4eHHUs] Ha 0a3ze M3MepuTenbHoro kKomiuiekca u3 coctaBa DT 117-2010 ocHoBan
Ha MOHU3ALMOHHOM METOJI€ C MCIOJIb30BaHMEM HAa0Opa MOJIOCTHBIX HMOHU3AIMOHHBIX

KaMmep U ObLI IoJIpoOHO omnucaH B pazaene 1.1.3.

2.1 AHAJIM3 OCHOBHBIX COCTABJISIIOIIMX OKIKETA HeoNpeaeJJeHHOCTH N3MepeHn i
NPH BOCNIPOU3BEeHNH eTUHUIIbI MOIIIHOCTH MOIJIOIIEHHOM 103bI HEHTPOHHOTO

U3JIy4YeHU s

JIns  yMEHBUIEHUS HEONPENCIICHHOCTH W3MEPEHHN IpU BOCIPOU3BEACHUU
enuHULbl MIIJl HEUTPOHHOrO W3IMy4YeHUS HA OCHOBE HWOHU3ALMOHHOTO METOJA
ObUT TPOBEACH AaHAJIM3 COCTABIAIOMIMUX OIOMKETa HEONPEeAeICHHOCTH HW3MEpPEHUM
anmaparypHoro komruiekca I'OT 117-2010, Bxoxsgmux B cucteMy ypaBHeHuil (1.4).
B nanHyr cucteMy ypaBHEHUMH BXOIAT CTaHAAPTHBIE CIIPABOYHBIE JIAHHBIE
Y KOHCTAHTHI. YUCJIEHHBIE 3HAYEHUS M HEOIPEACIICHHOCTH OLICHKU CPEIHUX 3HEPruil
oOpa3oBaHusi TMap HWOHOB M  MAaCCOBBIX TOPMO3HBIX CIIOCOOHOCTEM  ObUIM
aKkTyanu3upoBaHbl U omyonukoBansl B 2016 romy B otuere ICRU [30]. Yucnennsie
3HAYEHUSI U HEOIPEAECICHHOCTU OLIEHKH MUKPOCKOIIMYECKUX CEUCHHUM B3aMMOJCHUCTBUS
HEUTPOHOB OBLIM aKTyalnu3upoBaHbl M omyOnukoBaHbl B 2018 romy B OubOmmorteke
anepubix naHHbiX MATATO — ENDF-VIII [31]. Cuna Toka mu3mepsieTcss ¢ MOMOUIbIO
ANEKTPOMETPA C HEOMIPEAETCHHOCThIO N3MEPEHMH, He npeBbimatomieit 0,16 %.

OnHOll W3 CYUIECTBEHHBIX COCTABIAIOIIMX OOMKETa HEONpeAeeHHOCTH
M3MEpPEHUN IIpU BOCIIponu3BeneHun enuHuibl MIT/] HEUTPOHHOTO U3JIydYeHUsI Ha OCHOBE
MOHU3AIMOHHOTO METO/A SBIISIETCS HEOINPEAEIEHHOCTh M3MEpPEHHsI MacChl rasa

B 3(pdexTuBHOM 00BEME KaMmephl, Kak Moka3zaHo B Tabmuie 1.2. HeompeneneHHOCTD
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u3MepeHnii Mmacchl raza B A(h(EeKTUBHOM 00beME HOHU3AIMOHHOW Kamepbl
cocraBisetT 1,3 %.
Macca raza B 3¢p¢deKTHBHOM o00beMe TIOJOCTHON HMOHU3AIMOHHONW KaMepbl

ompezensercs u3 ypaBHeHus Menneneesa-Kiaiinepona mo hopmyie

_Pvgcl)q)Mr

e (2.1)

m

rne P — ngaBieHue raza B MOHM3AIMOHHOW KaMepe;

Vopp — 9P beKTUBHBIN 00bEM MOJIOCTHOM HOHU3AMOHHOW KaMEPbl, ONPEIEIISETCs
Ha CTaJIN1 U3TOTOBJICHUS;

M, — mosApHas macca rasa;

R — yHuBepcalibHasi ra30Bas MOCTOSHHAS;

T — Temmeparypa.

ToyHOCTHP Takoro Meroma ONpENEJCHUS MacChl ra3a BO MHOIOM 3aBHCHUT
OT YHWCTOTHI 3aIOJHSIEMOrO Tra3a, a TaKXEe OT TOYHOCTH OMpPENENICHUS aBICHUS
Y TEMIIEPATypbl BO BpEMsI MIEPE3anOJHEHUSI KaMePhl U B X0JI€ TIpoLiecca U3MEPEHH.

B cocrae I'DT 117-2010 npumeHsuicss MeTOA HU3MEPEHUS [ABICHUS Trasa
B HMOHU3AI[MOHHOW Kamepe, OCHOBAHHBIM Ha YpPAaBHOBEIIMBAHUM CHJI aTMOC(EPHOTO
JaBiieHus: BecoMm ctojiba >kunkoctu AP=0,2 klla ¢ mociemyromum H3MepeHUEM
MOKa3aHWi 1aBiieHus 0apoMmeTpoM-aHepous oM. B ocHoBe paboThl OapoMeTpa-aHepoua
JCKUT TPUHIMI ASHUCTBUS, 3aKITI0YAtOUIUiics B AeopMalii MEMOPaHHON aHEPOUTHON
KOpOOKM TpU HW3MEpPEeHUU aTMOC(EpHOTO IaBICHUS W TPEOOPa30BAHUU PHIYAKHBIM
MEXaHU3MOM €€ JIMHEWHOIO MEPEMEIIEHUs B YIIIOBOE MEPEMELICHUE YKa3aTeJIbHON
cTpenku. [IpuHIMNMANBHAS CXeMa CUCTEMbl HAOJHEHUS KaMmep ra3amMu Ha OCHOBE

BECOBOI'0 METO/Ia MPECTABIEHA HA pUCyHKe 2.1.



Kamepa Atmocdepa

Tuaposzareop

baxmon R E i
¢ razoM @

BakyymHEBIH
Hacoc

Pucynok 2.1 — [IpuniunuanpHas cxema HaroJIHEHUsl KaMep ra3aMu Ha OCHOBE BECOBOTO METOAA

B cnydae usmepeHus BECOBBIM METOJOM, AABICHUS raza P. B CUETUMKE MOXKET

OBITH BEIPAXKEHO C TIOMOIIIBIO 3aKoHa [lackans ciemyromum o6pazom
P.=P., + AP, (2.2)

rie P, —arMocdepHoe JaBleHHEe B MOMEHT 3all0JTHEHMS;

AP = pgh — naBieHue, CO3qaBa€MO€ CTOJIOOM JKHUIKOCTH, KOTOPBIA CIYXKHUT
THJIPO3aTBOPOM;

p — IUIOTHOCTH KUJKOCTH;

g — yCKOpeHue CBOOOAHOTO MaieHUs;

h - BeIcOTa cTONOA KUKOCTH.

HenocraTtkamMu 1aHHOTO METO/A SIBIISTFOTCSL:

— UCIIOJb30BaHUE CTONM0A JKUAKOCTH JUIsl OOecmeueHus: THIpOo3aTBopa,
IJie B KaueCTBE BEIIECTBA MCIOJB3YIOTCS BOJA, 3TAHOJ, TOJIYOJ, CUIMKOHOBOE Maciio,
KOTOpBI€ TIOABEPKECHBI HUCHAPEHUI0O M TPEOYIOT TOCTOSHHOTO KOHTPOJS YpPOBHS

KUAKOCTHU, YTO HOPUBOAUT K JOIOJHHUTCIIBHBIM TPYAHOCTAM IIpU OIPCACICHHUN

IIOIMpaBKKW HAa UCIIAPCHUC.
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— UCIIOJIb30BaHUE O KUJKOCTHOIO MaHoMeTpa (OapomeTpa) ¢  PTYThIO
B KaQUE€CTBE MAHOMETPUUYECKON KUJIKOCTU. MaHOMETPhI TaHHOU KOHCTPYKIIMHU TPeOyIOT
TIATEIBHON MOATOTOBKU MEPEl M3MEPEHUSIMU, a TOYHOCTh WX IOKa3aHWl 3aBUCHT
OT CTaOMIILHOCTH TEMIIEPATyphl B IOMEIICHUH, T/I€ IPOBOAATCA U3MEPEHUS, OT HAKIOHA
MoBepxHOCTH MW T.Ja. OnucaHHble HEOOCTATKU MNPUBOJAT K JONOJHUTEIBHOU
norpemHoct Ha ypoBHe 0,5 %, HECMOTpS Ha TO, YTO MOTPEIIHOCTh CAMOIO MAaHOMETpPA
He nipesbiaet 0,2 %.

CYMMapHYI-O IIOTPCHIHOCTL AAaHHOI'0 MCTOa 6PF C YUYCTOM OIIMCAHHBIX BBIIIC

HCAOCTATKOB MOJXHO IIPCACTABUTDL CICAYIOIIUM O6p2130M

8p, = \/ 82 + 02p + 620m, (2.3)

e §,py — MOTPEIIHOCTh OapomeTpa-aHepouaa, He npesbiiaet 0,2 %;

Opp — TIOTPEUIHOCTH, CBSI3aHHAS C OMpEACICHUEM JaBICHUS CTOJ0a >KUIKOCTH
ruapo3arBopa, He npesbimaet 0,8 %o;

8,on — TOrPEHNIHOCTh, CBSA3aHHAS C YYETOM JONOJHMTENLHBIX —IIONPABOK
MIpU U3MEPEHUU AaBieHus, He npesbimaet 0,5 %.

OnucaHHbIE BBINIE HEIOCTATKU NPUBOASIT K 3HAYUTEIBHOM MOTPENTHOCTH
OTIPEICJICHUs] MacChl ra3a, YTO HE MO3BOJISET 00ECIeUnTh TpeOyeMble XapaKTePUCTUKH
anmnapaTrypHO-METOANYECKOrO KOMILIEKCA.

IIpn BocnpousBeneHun enuHUbl MIIJ[ HEUTPOHHOTO HM3IYyYEHUS C ITOMOIIBIO
WOHU3AIIMOHHOTO METO/Aa CYIIECTBEHHBIM SIBISIETCA TpeOoBaHWE, YTOOBI 3apsif,
CHUMaeMbli ¢ 3(p@(eKkTHBHOTO 00beMa KaMepbl, ObUI MPOMOPIIMOHATIEH DSHEPrHUH,
BbIJIEIsIeMOl B KaMepe. OJTHOM M3 NpUYHMH HapYILICHUS TPOMOPIHUOHAIBHOCTH, SIBISIETCS
HaJIM4ue TMPHUMECH OJIICKTPOOTPHUIIATSILHOTO Traza B 3AddekruBHOM o00BeMe [32].
TexHuyecKuil 3TUIIEH, UCTIOIB3YEMbIN JIJIsl HAIOJIHEHUS KaMep, coaepkutT okoisio 0,5 %
pUMecel, 3HAYUTEIBHYIO JOJII0 KOTOPbIX mpeactaBisitoT: Oz, N, CHy, H>O. Hannuune
OOJBIIOrO  KOJIMYECTBA  MPUMECEM  yXyAIIaeT  AKCHEPUMEHTAIbHBIA  CHUTHAI

U TpeOyeT BBEIEHUS JIOMOJHUTEIBHBIX IMOMPABOK IMPU €ro o0padoTke i yueTa
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addexTa OT TMOIVIOMEHUS DSJIEKTPOHOB MOJEKYJIaMU 3JIEKTPOOTPHUIATEILHOTO Ta3a
c o0pa3oBaHUEM OTPHUIATEIBHBIX HOHOB.

Kak Obu10 mokazaHo B pabore [32] i IJIOCKOH HMOHU3AIMOHHOM KaMephl
IpU HOPMAJILHOM JaBJICHUU C PACCTOSHUEM MEXIY OJICKTPOJaMH B HECKOJIBKO
CAaHTUMETPOB YMEHBIIICHUE aMIUIMTYAbl uMIylIbca Ha 1 % mosyyaercs, eciu
KOHIIEHTPAIKs PUMECEU COCTABIISICT MOPSIKA 1073 %.

[TockoabpKy BHYTpPEHHUN KOPITYC, OTpaHUYMBAIONIUi 3P PEeKTUBHBIN 00BEM Kamep,
M3rOTOBJIEH U3 IMOJUMEPHBIX MATEPUAIOB, €r0 HE VYIAeTCAd JOCTATOYHO XOPOIIO
o0ecra3uthb, MOATOMY HAIMOJHAEMBIA ra3 B KamMepax CO BPEMEHEM MOXKET 3arpsi3HSIThCS
OCTaTOYHBIMU TIpuMecsMu. Kpome 3Toro, raz MoxkeT ajcopOHMpoOBaThCS CTEHKaMU
KaMephbl, 4YTO MPUBOAUT K UBMEHEHHUIO JIABJICHUS.

N3 BbIIIE CKa3aHHOTO CJEAYET, YTO K rasy, UCIOJb3yEMOMY JJisi HaIlOJIHEHUS
KaMmep, TPEAbABISIOTCS JIOBOJBHO JKECTKHE TpeOOBaHMUS IO YHUCTOTE, I10ITOMY
JUIi  KaueCTBEHHOW palOThl KaMep YacTo HEOOXOAMMO TMPOBOJAUTH OYHUCTKY
pabouero raza OT MapoB BOAbI U KUCIOPOAA, UYTO SIBJISETCS JOCTATOYHO TPYIOEMKUM

MPOIIECCOM, CIIOKHO pPeaTn3yeMbIM Ha MIPAKTHUKE.

2.2 Pa3pa0orka cTeHIa NPENU3UOHHOI0 HAMOJHEHUS HOHNU3AIMOHHBIX KaMmep

rasamMmm

JIns yMEHbIIEHUS] HEOIPEACICHHOCTH H3MEPECHUM, CBSI3aHHOM C W3MEPEHUEM
JaBJICHUSI, TPOAHAIU3UPOBAHBI OCHOBHBIE METOJIbI U3MEPEHHUS JaBJICHUS rasa:

1) BecoBoii — MeTon OCHOBaH Ha YpaBHOBEIIMBAHUM CHJI JABJICHUS BECOM
CTOJ10a KUJKOCTH WJIM ATAJIOHHOTO TPy3a.

2)  IlpyxuHHBIM — METOJ OCHOBAaH Ha 3aBUCHUMOCTH JedopManuu ympyroro
YyBCTBUTEIHHOTO AJIEMEHTa OT MPHJIOKEHHOTO JaBiieHus. B manomerpax nedopmarius
nepeaaeTcs Ha OTCYETHOM YCTPOMCTBE, a B JJaTYMKAX MPeoOpa3yeTcs: B JIEKTPUUECKYIO
BEJINYMHY, KOTOPasi U CIIY’KUT BBIXOJHBIM CUTHAJIOM.

3) CumoBoi — METOJ OCHOBaH Ha 3aBUCUMOCTH CHJIBI WJIM MOMEHTa CHII,

Pa3BHUBACMbIX HCYIIPYT'UM NI YIIpyrum YYBCTBUTCIIbHBIM OJICMCHTOM,
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OT MNPUJIOKEHHOro jaaBieHHs. Ha naHHOM MeToAe OCHOBaHbl JABE Pa3HOBUIHOCTH
npuOOpPOB M JAaTYMKOB JIABJICHUSA: CHJIOBBIE JAaTYUKU MPAMOrO Ipeodpa3zoBaHus,
B KOTOPBIX pa3BUBaeMasi 4YyBCTBUTEIbHBIM JIEMEHTOM CHUJjla MpeoOpa3yeTcsi C MOMOIIbIO
ANMEKTPUYECKOTO TpeobpazoBarensi B  INEKTPUUYECKYIO BEIMYMHY, B KaueCTBE
AIIEKTPUYECKUX  MpeoOpa3zoBaTesnied  MOTYT  ObITh  HCHOJb30BaHbl  YTOJIbHBIE,
MOJIYIIPOBOTHUKOBBIE, MbE303JEKTPUUECKUE, MArHUTOYIIPYTHUE 3JEMEHTBI, U TATYUKU
C CHJIOBOM KOMITEHCAIIMEM, B KOTOPBIX CHJIA, pa3BUBA€Masi 4YyBCTBUTEIIbHBIM JIEMEHTOM,
YPABHOBEIIMBAECTCS CUIION, CO3/1aBAEMOM KOMIIEHCUPYIOILUM JIEMEHTOM.

4) YacTOTHBI — METOJ OCHOBAaH HA 3aBUCUMOCTH YacTOTHI COOCTBEHHBIX
KOJIeOaHUN TOHKOCTEHHOIO IWJIMHAPUYECKOTO PE30HATOpa OT PAa3HOCTH JABJICHUM,
JEUCTBYIOIIMX HA €r0 BHYTPEHHIOI U BHEIIHIOKO ITOBEPXHOCTH.

5)  IIbe30pe3ucTopHBIi — METOA OCHOBAaH HAa 3aBUCUMOCTU AJIEKTPUYECKOTO
COIPOTHUBIICHHsI NTPOBOJHUKA WJIA IOJYIPOBOJHHUKA OT BEJIMYMHBI BO3JECHCTBYIOIIETO
Ha HEro JapBjeHus. Pe3ucTopHble MAaTYUKU C YYBCTBUTENIBHBIM IPOBOJOYHBIM
AIIEMEHTOM TPUMEHUMBI i1 HM3MEPEHUsI OYEHb BBICOKMX JaBJICHUW (IECATKH
TeIcsiu  atMocdep). YUyBCTBUTENbHBIE TOJIYNPOBOJAHUKOBBIE 3JIEMEHTH ((peppuThl,
KEepaMUYECKHE NbE303JEKTPUKU U Jp.) 00s1a1at0T 00j1ee BHICOKOW YyBCTBUTEIIBHOCTHIO,
4YeM MpPOBOJIOYHBIE, HO MX XapaKTEPUCTUKH HECTAOWUJIbHBI M CYIIECTBEHHO 3aBUCST
OT TEMIIEPATYPBHI.

6)  TepMOKOHIYKTHUBHBIN — METO/T OCHOBaH Ha 3aBUCUMOCTH
TEIUIONPOBOIHOCTH Tra3a OT €ro aO0COJIOTHOIO JaBieHMs (IIPU MalibIX aOCOIIOTHBIX
naBieHusix). [Ipy mpoTexkaHuu Mo MPOBOJIOKE SJIEKTPUUYECKOrO0 TOKA, CHIIa KOTOPOIO
NOJIJIEP’KUBAETCS TOCTOSHHOM, TeMIlepaTypa HarpeBa MPOBOJIOKH OyIeT 3aBUCETh
OT TEIUIONPOBOAHOCTH  OKPYXAIOLIEro rasa, KoTopas JIMHEHMHO HW3MEHSETCs
B 3aBUCHMOCTU OT JaBJICHHUsS B OOJacTH MalsbIX JaBlIeHUW. Temmneparypy HpPOBOJIOKH
MOYKHO M3MEPATH C MOMOIIBK MPUIASHHON K HEM TepMomnaphbl, €ClU K€ NPUMEHUTh
MaTepuasl ¢ OOJIbIIMM TeMIIepaTypHbIM KO3 UIIMEHTOM, TO O TeMIleparype HarpeBa
MOXXHO CyIUTh [0 M3MEHEHUIO COINPOTUBJIEHUS MPOBOJOKU. YyBCTBUTEIBHOCTH

TCPMOKOHAYKTHUBHBIX OAaTYUKOB 3aBUCUT OT COCTaBa Ta3a. OO6aacTe IMPUMCHCHUA
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TEPMOKOHIYKTHBHOTO  METOJAa HW3MEPEHHsS JaBJICHUs OrpaHUYEeHAa MpeaeiaMu
ot 10* 10 107 Mmm.pr.cT.

7)  VoHu3alMOHHBIA — METOJ OCHOBAaH Ha 3aBUCHMOCTU CTEIICHH MOHHU3ALUU
ra3a oT JaBjieHUs. B 3aBUCHMOCTH OT THMA JaT4MKa, HOHU3ALUS ra3a CO3/1aeTCs 3a CUET
AIIEKTPOHHOM HMHUCCUU WM PAJUOAKTUBHOTO M3IYUYEHUS. OJIEKTPOHHBIA aTYUK
NPENCTaBIsAeT COOOM TPEXIIEKTPOJHYIO JJICKTPOHHYIO JaMIly € HaKaJuBaeMbIM
KaTo/IoM, BHYTPh KOTOpOIl MomaeTcs uMmepseMoe AaBieHue. [lpu Hammuuu pazHOCTH
MOTEHIIMAJIIOB MEXK/y aHOJIOM M KaTO0M, MPEBBIIAONICH NOHU3AIIMOHHBIN MOTEHIIUAI
ra3a, MOJIEKYyJIbl Ta3a HOHU3UPYIOTCS IEKTPOHAMH, IBUTAIOIIUMHUCS OT Karoja K aHOY.
[Tpu 5TOM Ha OTpUIATENBHO 3apSKEHHOW CETKe O0pa3yloTCs MOJOKHUTEIbHbIE HOHBI
U CO3/aeTCsl CETOYHBIM MOHU3AIIMOHHBIA TOK, BEJIMYMHA KOTOPOTO MPOMOPIHMOHATIBHA
a0COJIFOTHOMY JIaBJICHUIO, €CJIM CUJIa TOKA HA aHOJE HEM3MEHHA. BBIXOAHOW BeMUUnHON
JaTydKa ~ CIOY>KUT  MOHM3AIMOHHBIM  TOK, 3HAY€HHWE  KOTOPOTO  HAXOASATCS
B pezenax or 10 go 107 A.

8)  DJNEeKTPOKMHETHYECKHMH —  METOJA  OCHOBAaH HAa  BO3HMKHOBEHHUU
ANIEKTPOKMHETUYECKOTO MOTEHIMANIA MOJSIPHOM KHUIKOCTH MpPHU €€ MEepeTeKaHUU 4epes
nopuctyto aunadgparmy. OCHOBaHHBIA Ha JAHHOM METOJE JAaTYUK JABICHUS COICPIKUT
muadparMy U3 KEpaMHUKH, TOMEIICHHYIO BHYTPb IHJIMHIPUYECKOTO 00beMa,
OTPaHUYEHHOTO JBYyMs MeMOpaHaMH U 3allOJIHEHHOTO TIOJSPHOM  KUIAKOCTHIO
(HampuMep, pacTBOpPOM HOAMCTOrO Kanusl € HeOonbIIoM Jo0aBkoil — Hoja,
OTpHUIIATENIbHBIE MOHBI KOTOPOTO SIBIISIOTCS HOCUTENSIMHU 3apsnoB). [lpu Bo3meiicTBumn
Ha MeMOpaHe Pa3HOCTH JaBJICHWH, 9acTh JKUJIKOCTH TEPETEKaeT CKBO3b auadparmy,
npudeM oOpa3yeTcss pa3HOCTh MOTEHIMAIOB, CHUMaeMas [BYyMs IUIAaTHHOBBIMH
ANIEKTPOAAMH, MOMEIIEHHBIMA MO 00€ CTOpPOHBI AuadparMbl. DIEKTPOKMHETHUYECKHE
JATYUKH TPUMEHUMBI JUIS HW3MEPEHUS TePEMEHHBIX JaBJICHWH, TaK KaK IIpH
MOCTOSTHHOM JIaBJICHUU TMEPETeKaHNe KUAKOCTH Yepe3 nuadparmy ¢ TeUeHHEM BpEMEHH
npekpamaercs. YacTOTHBIM JAMana3oH M3MEPSIeMOro  JaBIEHUS, MOXKET OBITh
OT JIECATBIX JOJIed O HECKOJIbKUX COTEH Tepll, Auarna3oH HU3MEpSEeMbIX HaBICHUN —

OT TBICAYHBIX J0JeH a0 AecsaTkoB armocdep. HemoctaTkoM 3meKTPOKMHETHYECKHX
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JaTYMKOB, TMOMHUMO HEBO3MOXXHOCTH HM3MEPEHUSI TOCTOSHHBIX JIaBICHUMN, SIBISETCS
OoJbIIIas TEMIepaTypHas MOTPEITHOCTb.

AHanu3 nuTeparypHbIX JaHHbIX [33, 34] moka3pIBacT, YTO HAWIYYIIUM METOIOM
Ui U3MEPEHUsI JABJICHUSI SBISIETCS CHJIOBOM C  KCIHOJBb30BAaHUEM  IPSMOIO
npeoOpazoBarelii, B KOTOPOM cuja MpeoOpazyeTcsi B IJIEKTPUUECKYIO0 BEIMYUHY
C MOMOIIbIO TpeoOpa3oBaresisi Ha OCHOBE Nbe30MekTpuka. Ha ocHOBe BBIOpaHHOTO
MeTofa pa3paboTaHa W M3TOTOBJICHA ABTOMATH3UPOBAaHHAS CHCTEMa HAlOJTHEHUS
KaMep rasaMu, COCTOSIasi W3 CTEHJA MPEUMU3MOHHOTO HAMNOJHEHHS KaMep ra3amu
U T[POrpaMMHOTO  OOECMEUEHHUs,  PEANM3YIOLIEr0  aIrOpUTM  YNpaBICHUS
IIpY 3aMOJIHEHUH KaMep. BHemHuii Buj CTeHAa U MPUHIIMITHATIBHAS CXeMa N300paskeHbI

Ha pucyHkax 2.2 —2.3.

PI/ICYHOK 22— CTCH)I MPEUU3NOHHOTI'O 3aIll0JIHCHUS KaMCp ra3aMu
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Pucynok 2.3 — [IpuHiunuanpHas cxema CUJI0BOI0 METO/1a HA OCHOBE MbE303JIEKTPUKA

CreHn comepXKuT B ceOe PpEeayKTOphbl, IIApOBBIE MOTOPU3HPOBAHHBIE KpPAHbI
JUTSl aBTOMAaTUYECKOTO OTKPBITHS (3aKPBITHSI) CUCTEMBI ITPU OTKAYKe, UTOJIBYAThIE KPaHbI
JUISL TUTAaBHOTO BITyCKa (BBIMTyCKa) Ta3a B CHCTEMY, IIAPOBOM KpaH, COJCHOWTHBIC
DIICKTPOMArHWTHBIC KjamaHa JUisl aBTOMAaTHYECKOTO OTKPBITHUS (3aKpPBITHSI) CHCTEMBI
P OTKa4Ke, (OPBAKYYMHBIN HACOC, HEOOXOAMUMBIN JIJIsi OTKAYKH ra3a U3 KaMephl mepe;y
€ro HEMOCPEACTBEHHBIM 3arojHEeHUEM, Oy(QepHbIN Ta30BbIA OalioH, HEOOXOTUMBIN
JUISL  TEPMOCTAaTUPOBAHHHS BITYCKAEMOTO Ta3a B CHCTEMY, MPOTPaMMHUPYEMbIE
MIPEIM3UOHHBIC JTaTYMKU JTaBJICHUS, CUCTEMY aBTOMATHYECKOTO yMpaBlieHUs (Ha CXeMe
HEe wu300pakeHa). B KkauecTBe UyBCTBUTENHHOTO JJIEMEHTa B TMPEOOpa3oBATEIAX
MPUMEHSETCA KBapIEBBI MHUKPOYHUI C H3MEPUTEIHHON MEeMOpaHOW, Ha KOTOPYIO
HAHECCHBI TOJTYMPOBOIHUKOBBIC MbE30PE3UCTOPBI, COCTMHECHHBIE IT0 MOCTOBOH CXEME.
Mukpouurl TOTpy’KeH B CHJIMKOHOBOE Macio. l3MmepseMoe JaBICHHE IOAACTCS
Ha 3alIUTHYI0 MeMOpaHy, MPEeIOXPaHSIONIYI0 YyBCTBUTEIbHBIN 3JIEMEHT OT KOHTaKTa
c pabodeil cpeoi, 3aTeM Yepe3 CUITMKOHOBOE MAcliO BO3JICHCTBYET HA U3MEPHUTEIIbHYIO
MeMOpaHy MHUKPOYHITA U BBI3BIBACT €€ JIedopMaliiio, KoTopas MPUBOIUT K U3MCHEHHIO
COTPOTHBIICHUS THE30PE3UCTOPOB M pazdajaHCy MOCTa. ODJEKTPUUYCCKUA CUTHAIT
paszbanaHca MOCTa, MPOTIOPIIMOHAIBHBIA U3MEPSIEMOMY JABJICHHUIO, TIOCTyIaeT B OJOK
npeoOpa3zoBaHus sl OOECIIEUeHHs] TEMIIEPATypHOH KOMIIEHCAIIMM U MPeoOpa30BaHMUs

B HOPMHUPOBAHHBIN aHAJIOTOBBIN BBIXOHOM CUTHA WK LIUGPOBOM KOJI.



51

2.3 Pacmnpenne AAANIA30HA BOCHIPOU3BECACHUA ¢ AMHUIILI MOIITHOCTH

MOTJIOIIEHHOM 103bI HeﬁTpOHHOFO H3JTYICHUA

Onnum u3 CYILIECTBEHHBIX yCJIOBUI MOHU3AI[MOHHOTO MeTona
Ipyu BOCHpou3BeACHUM eauHUIbI MII/] HEHTPOHHOTO W3Iy4YeHUsS B TEOPUU IOJOCTHU
SIBJISICTCS. TOMOTE€HHOCTh MaTepHaiOB CTEHKH, OTpaHUYMBarONTUN d(PPEeKTUBHBIN 00beM
MOHU3AIMOHHON KaMephbl, M Tra3a, KOTOPbIM 3alOJHSETCS JlaHHAash WOHW3AlMOHHAs
kamepa. Torma cuima Toka HACBIEHUS [, CTPOrO MPOMOPIHOHATBHA 3(PHEKTUBHOMY
00beMy MOHU3AITMOHHOUN KaMephl [35]

Lyac = Dn ) Vad)q)r (2.4)
rne  D,, — MITJ] HeHTPOHHOTO U3TyUEHHS;

Voo — 2DPeKTHBHBII 00bEM HOHU3AMOHHOM KAMEPBI.

st yCHEeNIHOTO MPUMEHEHHs] HEUTPOHHOW JIy4eBOM Tepamuu HEeoO0XOIuMO
BBITIOJTHEHUE CIACAYIONIUX YCIOBUIA:

— BpeMsi OOJydyeHHs TMalUWeHTa He JAODKHO npeBblmars 15-30 MuHyT,
TaK Kak MalMueHTy HE0OXOIMMO JIEKATh HEMOJIBI)KHO, B COOTBETCTBUU C MEIUIIMHCKUMU
permtamentamu [10];

— sHauenue [1]] 3a omun ceanc obmydeHus: cocrapmsieT ot 1 g0 2 I'p.

Takum oOpaszoMm, nony4aercs, yto MIIJ] HEHTpOHHOTO U3Ty4YEHUS OJDKHA
HaxomuThCA B auanasone or 1-10° go 2:10° Ip-c!, uro me obecneunBaercs
M3MEpUTENIbHBIMU  BO3MOXKHOCTIMH ['OT 117-2010, tme s wusmepenus MII/]
HEUTPOHHOTO M3JIyYEHUSI HUCIOIB3YETCS W3MEPUTEh MOIIHOCTH TMOMIOIMICHHON J103bI
HEUTPOHOB C KOMIUICKTOM TMOJIOCTHBIX HMOHM3aMOHHBIX Kamep HMMIII-UK,
5} dexTUBHBIN 00beM KOTOPBIX cocTasuseT 500 cv?.

JIns CHYOKEHUS HEONpEeneseHHOCTH u3MepeHud eaununsl MIIJ HelTpoHHOTO
W3JIyYEHUS U3MEPEHHUSI CUJIbI TOKA OCYIIECTBIISIOT B UHTETPATILHOM PEXUME U3MEPEHUS.
Jns u3MepeHnsi HaKOIUIEHHOTO 3apsna 3a Bpems uaMepenus B coctaB [ OT 117-2010
BXOJIUT AJIEKTPOMETP-U3MepUTesib Oomnbiux comnpotubieHnii Keithley monenu 6517B

C BEpXHHUM TpenenioM u3mepenus 3apsiaa 2 MmxKin. B paGore [32] MmuauManbHOE BpeMst
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OJHOTO M3MEPEHUSI OBUIO YCTAHOBJIEHO Ha ypoBHE 15-20 ¢, mO3TOMYy MaKCHMajbHOE
3HAYEHHE CWJIbl TOKAa HACBIIIEHUS I OJHOIO M3MEPEHUs HE JOJDKHO MPEBBIIIATH
Lyae,. .. < 1,5:107 A,
Taxum 06pazom, MakcUMaIbHBINA YPPEKTUBHON 00BEM MOHM3AMOHHON Kamephl,
C Y4EeTOM pacIIMpeHMs] Juana3oHa W3MEpPEeHHH, paccuuTaHHbId 1o Gopmyne (2.4),
HE MOXET OBITh O0JIbIIIE
1,5-1077

IHacmax 3
V3¢¢max = Dn = 5-10-3 =75 cm”°. (25)

Bo-BTophIX, HEO0OXOTUMO YYUTHIBATh HaBEJICHHYIO aKTUBHOCTH
OT KOHCTPYKIIMOHHBIX 3JIEMEHTOB MOHU3AIIMOHHBIX KamMep, BHEIIHHUE KOPIyca KOTOPHIX
U3TOTOBJICHBl M3  AIOMHUHHS, YTO TPUBOAUT K HEOOXOIMMOCTH  BBEICHUS
JOTIOJIHUTENIBHBIX ~ TOMPAaBOK  W3-3a  YXYAIICHUS  COOTHOUIEHUSI  CUTHAJ-IITYM
IIPU aKTUBAIIMM MaTepualia KaMephbl B BBICOKOHEPTETUUECKUX MOJIAX. JIJIsT MCKITIOUSHUS
JaHHOTO 3((eKTa, Marepral BHEIIHUX KOPITyCOB MOHU3ALMOHHBIX KaMep ObL1 3aMEHEH
Ha mnonuterpadropaTiien Mapku D-4I1H (propomnact), a anrOMUHUEBBIN KOpIYC,
orpaHu4MBarONUi d3PGEeKTUBHBIN 00bEM, 3aMEHEH Ha TpadUTOBBIM.

B-Tpethux, HEOOXOMMBIM yCIOBUEM JJIsI MPUMEHEHUS NOHU3AIMOHHOTIO METO/1a
npu BocnpousBenacHUH eauHuipl MIIJ] HEMTPOHHOrO M3JIydYEeHUs B TEOPUU MOJIOCTH
SBIISICTCS TO, YTO TOJIIMHA CTEHKH X, OrpaHu4uBaroiied 3(PGEeKTUBHBIA 00bEeM
MOHU3AIMOHHON KaMmephl, JOJKHBI OBbITh MEHBIE WIM paBHBl JJIMHE Mpoodera
BTOPUYHBIX 3apsDKEHHBIX dacTul] A. Takke HE0OXOMMMO OTMETHTh, YTO C MOMEHTA
M3TOTOBJICHUS MOHU3AMOHHBIX Kamep u3 coctaBa ['DT 117-2010 nponuio 6onee 15 ner,
M 332 3TO BpEeMsI MEXKIyHAapOJIHbIE KOHCTAHTHI M CHPABOYHBIE JAHHBIE MpPETEpIIen
MHOTOKpaTHbie oOHOBiIeHUss B 2011, B 2018 m B 2023 romax. Ilostomy mepen
M3rOTOBJIEHUEM HOBOTO HaOOpa MOHU3ALMOHHBIX KaMep ObLT MPOBEACHBI UCCIIEIOBAHUS
TOJIIIIUHBI CTEHKH, OTpaHUYMBaroNIe 3O PeKTUBHbBIN 00BEM.

MakcumainbHasi JUIMHa CBOOOJHOTO MpPOOEra pacCUMTBHIBAETCS B 3aBUCUMOCTHU
OT MaKCHUMaJIbHOW SHEPTUM BTOPHYHBIX 3apsDKEHHBIX YacTull E,,,, KOTOPYIO HEUTPOH

MOXKET IIepefarh BEIIECTBY 3a €AMHUYHOE B3anmojerncrsue. [lpn ynpyrom paccesnun



HEHUTpPOHA C HayaJdbHOW sHepruen E, Ha sape ¢ MAacCOBBIM YUCIOM A MakCUMasbHas

noreps sHepruu E,, ., onpenensercs no Gopmyie [35]

4A

Emax=Eo'(A+—1)2-

(2.6)

B Tabmumax 2.1 — 2.3 npeacTaBieHbl 3HAYEHUS] MAKCUMAJIbHBIX MOTEPh SHEPTHH,

IJIOTHOCTEH MaTephalioB P, TOPMO3HBIX MOHM3AIMOHHBIX CHOCOOHOCTEH S W TOJNIIHUH

CTCHOK HWOHHU3AaIWMOHHBIX KaMCp B 3aBUCHMMOCTH OT Marcpuaja CTCHKH KaMCPbI

N SHCPI'CTHYCCKOI'O CIICKTpPa HCfITpOHOB.

Tabmuma 2.1 — 3akpbIThIl paJUOHYKIHUIHBI MCTOYHUK HAa OCHOBE PaJUOHYKIIH[A

238pu-Be co cpenneii sneprueii 4,5 MoB

Marepuain OneMeHT | Eppgy, M2B S, MaB-em>r! | p,rem X, CM
[Tomu>TuneH C,H, 1,26/4,5 1,612/199,2 0,96 0,42/0,05
I'padur C 1,26 1,612 1,83 0,42

AntoMuHUN Al 0,621 1,723 2,7 0,15

Tabmuna 2.2 — 3akpbIThlil paJUOHYKIHUIHBI MCTOYHMK Ha OCHOBE PAJUOHYKIIHIA

2%2Cf co cpenneii sHeprueii 2,1 MoB

Marepuain OneMeHT | Epge, MOB | S, MaB-em?1! | p, rem? X, CM
[Tonustunexn C,H, 0,6/2,1 1,729/2306,5 0,96 0,19/0,013
Tpadut C 0,6 1,729 1,83 0,19

AroMuHA Al 0,3 2,092 2,7 0,06

Tabmuma 2.3 — T'enepupytromuii ucrounuk HentpoHoB tuna HI' co cpenneii sHeprueit

14 M5B
Marepuain DnemeHT | Eppg., M2B S, MoB-em?*r! | p,rem’ X, CM
[TonusTunex C,H, 3,98/14 1,697/76,5 0,96 1,29/0,38
I'padur C 3,98 1,697 1,83 1,29
AroMuHAN Al 1,93 1,619 2,7 0,47
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Ha ocHoBe naHHBIX, MpEACTAaBICHHBIX B TaOmumax 2.1 — 2.3, paccuMTaHHBIX
o ¢opmyie (2.6), momydaeTcs, 94TO TOJIIUHA CTEHKH, OTrpaHn4YuBaromen 3)PeKTHBHbBIN
00beM MOHU3AIMOHHOM KaMephbl, T0JKHA OBITh:

— ot 1,9 10 4,2 MM 1J1 3aKpBITBIX PATUOHYKIUAHBIX UCTOYHUKOB HEUTPOHOB
B nuranasone 3Hepruit ot 0,05 10 5 M»B;

— or 4,7 no 12,9 MM i1 TEHEPUPYIOIIMX MCTOYHUKOB HEUTPOHHOTO
U3ITy4YEHHs] B IMANa30He dHepruii ot 5 no 14 M»aB.

COopouHblii  uyepTex, OOHM BHUI pa3pabOTaHHBIX W  HM3TOTOBJIEHHBIX

MOHW3ALMOHHBIX KaMep NIPEACTABIEH Ha pUCYHKax 2.4 — 2.6.
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Pucynok 2.4 — C60poYHBIi uepTek NOHU3AIMOHHON KaMephbl



Pucynok 2.5 — Kopmyca, orpannduBaromiue 3p(eKTHBHBIN 00beM HOHU3AIIMOHHOW KaMephlI,

H3IrOTOBJICHHBIC U3 ITIOJIM3TUIICHA, AJIIOMUHUA U Fpa(i)I/ITa

Pucynok 2.6 — BHemHui BUT MOHU3AIMOHHBIX KaMep

B pesynbrare, mis uvoHU3AUMOHHBIX Kamep u3 cocraBa ['OT 117-2010,
B KOHCTPYKIMU KOTOPBIX TOJIIMHA CTEHKU 3 MM, YCIOBHE JIEKTPOHHOTO PaBHOBECHS
BBITIOJIHSAIOTCSI KOPPEKTHO, HO MPUMEHEHUE JAHHBIX KaMep JOJKHO ObITh OIpaHUYEHO
TOJIBKO TOJSIMH  3aKPBITBIX PAJAUOHYKJIMAHBIX HUCTOYHUKOB. CTOUT OTMETHUTH,
YTO TMPUMEHEHUE KaMep, C TOJIIMHOMW CTEHKHM 3 MM, B MOJISIX C HCIOJb30BAaHUEM

TEeHEPUPYIONIMX HCTOYHMKOB HEUTPOHHOTO M3IyYEHUs] MPUBOJUT K CYILIECTBEHHOU
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omuoOke mpu u3mepeHuu eauHuipl MIIJ[ HeHTpOHHOTO M3My4YeHUs H3-3a HAPYLICHUS

YCJIOBUM 3IEKTPOHHOTO paBHOBECHS, KaK NTOKa3aHO Ha PUCYHKe 2.7.

TE-03
X =8 Mm

S

X=3 MM

I'p:Ka!
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(]

HOHHMU3AUHOHHOH KaMephblI,

4E-03

YyBCTBUTEJIBHOCTH

AN

3E-03
0051 2 3 4 5 6 7 8 9 10 11 12 13 14 15

JHeprus HenTpona, M>B

Pucynok 2.7 — 3aBUCMMOCTb YyBCTBUTEIbHOCTH HOHU3ALMOHHOMN KaMepbl OT SHEPTUU HEUTPOHOB

[TosTomy 1yt moJjied Ha OCHOBE TEHEPUPYIOIIMX HCTOYHHKOB HEUTPOHHOTO
W3JIy4eHHs ObLI HM3TOTOBJICH HA0Op HMOHU3AIMOHHBIX KaMep C TOJIIUHAMH CTCHOK
B auana3oHe ot 4,7 no 12,9 MM, KOTOpbIe TMOAOHUPAIOTCS MCXOIS M3 CPECIHUX SHEPruid

IIOJIE HEUTPOHOB, NPUMEHSAEMBIX Ha NMPAKTUKE.
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2.4 Hccaenopanue BAMAIOIMX (AKTOPOB U OLIEHKA OIOIKEeTa HeonpeaeJeHHOCTH
u3MepeHuii pa3padoTaHHOIO aNNAPaTyPHO-METOAUYECKOr0 KOMILIEKCA [1JIA
BOCIIPOM3BE/ICHUS ¢IMHHUIIbI MOIIHOCTH MOIVIOIIEHHOM J103bl HA OCHOBE KOMILIEKTAa

MOJIOCTHBIX HOHU3AIIUOHHBIX KaMeEp

2.4.1 Heonpedenennocms uzmepeHus Maccol 2aza 8 sgpghpekmugnom obveme
UOHU3AYUOHHOU KAMEDPbL

B xone paboThl ObLT MPOBENECH aHAIW3 COCTaBIAIOIIMX ypaBHeHuUs (2.1), Torma
HEONPEJEICHHOCTh H3MEpPEeHU Macchl Tra3za B d(pdexTuBHOM o0beme u,, Oymer

OTIPEIENISATHCS CIETYIONIMM 00pa3oM

Uy = \/ulz, + uf + ug + uk + uj, (2.7)

1€ Up — HEONPENEIEHHOCTh U3MEPEHUH JaBICHHUS Ta3a;

Uy — HEOMNpPENEIECHHOCTh U3MEpeHU A(PPEeKTUBHOrO 00beMa HMOHM3ALUMOHHOU
KaMepBbl;

Uy — HEOTIPEACIIEHHOCTh OIIEHKH MOJISIPHOM MaccChl rasa;

U — HEONPEIAECIECHHOCTh H3MEPEHUI TEMIIEPaTyphl;

Ur — HEONPEAEIECHHOCTh W3MEPEHUM YHUBEPCAIBHOW Ta30BOW IOCTOSHHOMW,
He npesbimaet 1,42:10* %, MoxHO peHedpeys.

HeonpeneneHHOCTh M3MEpEHUH TaBICHUS ONIPENesieTcs mo GopmMyie

o
Up = uAP + ?, (28)

TIe Uy, — CTaHIApTHAs HEONPENCTIEHHOCTh 10 THUIy A H3MEPEHUs JABJICHUS,
He nipessimaet 0,005 %, MoXHO TpeHeOpeyb;
0p — JHOBEpUTEIbHBIC TPAHUIBI OTHOCUTEIHHONW TOTPEIIHOCTH H3MEpPEHUs

JaBJICHUA.
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JI7is HanmoJHEHHWs] MOHU3ALMOHHBIX KaMep Ta3aMH HMCIONb3YeTCsl pa3padOoTaHHBIN
Y U3TOTOBJIEHHBIN CTEHJI IPELU3UOHHOIO 3allOJHEHN KaMep ra3aMu. B naHHOM cTeHze
JUISL U3MEPEHUsI JaBJICHUSl MpU 3alOJIHEHUM KaMep YCTaHOBJIEHBI MpeoOpa3oBaTenu
nasnenus moaenu U3MEPKOH-/IA 33 ¢ BepxHUM IpeesioM U3MEpEeHU n30bITOYHOTO
nasnennst 2,0 klla. JloBepuTenbHbIE TpaHUIBI OTHOCUTEIBHONW MOTPEIIHOCTH
He npeBbimatoT 0,025 % ot BepxHero npenena uiMepeHui. MoHn3aloHHbIe KaMepbl
3aMONTHAIOTCA Ta3o0M C JABJICHHMEM, MPEBBIIAIONIMM aTMOc(epHOe JaBJICHUE
Ha (0,2-0,4) xlla, 4TOOBI MCKIIOUUTH MOMAJaHUE BO3JyXa BHYTPh 3arlOJHSEMOTO
ob0bema. Torma HeONmpeAeNeHHOCTh W3MEPEHUN JaBJICHHUs] Ta3a B HMOHMU3ALUMOHHOU
KaMmepe, paccuutanHas o gopmyie (2.8), e npessimaet 0,04 %.

O dexTuBHBII 00beM HOHM3AIMOHHBIX Kamep V,qq ONpENeNsics Ha CTaauu

HN3T0TOBJICHHUA C IIOMOIIBIO JKUAKOCTHOIT'O 1 BCCOBOI'O MCTOAA 11O q)OpMYJIe

Myonp — mKopnyca — Mypexrposa — Muszonsropa — Mpepxarens
Vapd = : (2.9)

Proapt

II€ Mgy, — Macca OYMINECHHON BOBI,
Myopnyca — MACCa KOPITyCa, OTPAHUYMBAIOIIETO YD PEKTUBHBIN 00BEM;
My perpoga — MACCA IIEHTPAIBHOTO DJIEKTPO/IA;
Mysonsropa — MACCA IUDJIEKTPUYECKOMN 1IAHOBI,
M yepwarens — MACCa JIEPHKATEISI KOPITYCa,
Psopp — TIIOTHOCTD OUUILEHHOMN BOBI.

Heonpenenennocts nsmepenuit 3HEKTHBHOTO 00beMa MOHU3AIMOHHBIX Kamep

Uy 44 OTIPEICIACTCS CICTYOLIIM oOpa3om
2, . S
m 6/B
= [2-u,’ b+ —F 4 u2 2.1
Uy 0 Uy, + 3 + 3 + ug, (2.10)
Tae Uy, — CTaHIapTHas HEONPENENEHHOCTh IO THIy A  H3MEPEHHS MAacchl,

He npesbimaet 0,05 %, MoxHO peHeOpeyb;
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Om,» Omg /s — AOBEPHUTETILHBIE IPAHHIIBI OTHOCHUTENBHON NTOTPEIIHOCTH U3MEPEHHUS

MAaccChl JeTajieil HOHU3aIMOHHBIX KamMep ¢ BOJOU U 6e3 BO/bI, COOTBETCTBEHHO;

U, — HCOMPEICICHHOCTh W3MEPCHUH  IUIOTHOCTH  OYHUIICHHOW  BOIBI
IIPU U3TOTOBJICHUH.

Ha mnoaroroBuTenpHOM CTagud HW3MEPEHUN OCYUIECTBIBUIOCH COBMECTHOE
B3BCILIMBAHUE JI€TAJICl MOHU3ALMOHHBIX Kamep: KOpmyca, LEHTPAJIbHOIO 3JIEKTPO.aA,
JUAJIEKTPUYECKON 1Iaii0bl, a Takxke Aepkarens. M3MepeHus: NpOBOAMINCE ISl KaX101
MOHM3AIIMOHHOW Kamepbl M3 Habopa. Jlamee BHYTpEHHsSI IOJOCTb, OTBEYAOIast
3a 3(QeKTUBHBIA 00bEM HOHHU3AIMOHHON KaMepbl, 3aloJIHAJIaCh OYHUIIEHHON BOAOMU
1 OCYHIECTBIBIOCH BTOPOE B3BEMMBaHUE. J[JI1 M3MEPEHHI UCITOIB30BAJIaCh OYNIIICHHAS
BOZIA, ITOJIy4aeMasi Ha yCTAHOBKE M3 cocCTaBa [ 0CynapCTBEHHOIO MEPBUYHOIO JTAJIOHA
nokaszarenss pH axkTmBHOCTM MOHOB BOAoOpoAa B BOAHBIX pactBopax ['OT 54-2019.
W3mepenust MpoOBOAMINCH B TEPMOCTAOMIM3MPOBAHHOM IIOMELIEHHMM Ha Becax
nabopartopHbix  3MeKTpoHHbIX  MS2203S-00-DE  mapku  Cubis, pa3MelieHHbIX
Ha crenuanbHoM BuOpoctone. Takum o00pa3oM, HEONPENEeNEeHHOCTh W3MEpPEHUM

3G (eKTHBHOIO 00bEMa HOHM3AUMOHHBIX Kamep Uy, > PACCUUTAHHAS TIO bopmyiie

(2.10), e npessimaet 0,22 %.

HeomnpeneneHHOCTh OLIGHKM MOJIIPHOM MacChl Ta3za Uy OCYIIECTBISIIACH
10 MACTOPTHBIM JIaHHBIM COCTaBa Ta3a. J{oys comepkaHusi OCHOBHOM KOMIIOHEHTHI Ta3a
Il 3aKyIUIEHHBIX BBICOKOOYMILIEHHBIX Ta30B coOcCTaBisieT He MeHee 99,998 %,
a JUisl paHee UCIONb3YEMbIX TEXHMUYECKUX Ta30B JOJS OCHOBHOW KOMIIOHEHTBI
nocturana He 6omee 99,5 %. Takum oOpa3oM HEONPENECICHHOCTh OIEHKH MOJISPHOU
Macchl ra3a Uy, He npessimaet 0,02 %.

JIONIOTHUTENIBHBIM ~ TAPAMETPOM, KOTOPBIM BHOCHUT CYLIECTBEHHBIM BKJIAJ
B U3MEHEHHE Macchl ra3a B J(QexkTuBHOM oObeme sBiseTcss KodDPUIMEHT
TEMIIEPATypPHOTO PACIIMPEHUs] MaTepUaJiOB BHEIIHEr0 M BHYTPEHHEIO KOPITYCOB.
CoBokynHblii dD(exT mnpu U3MEHEHHH TeMmmeparypbl B mpeaenax 10 Tpamgycos
NPUBOJIUT K M3MEpPEeHUI0 Macchl raza B 3ddextuBHom oodbeme ot 0,07 % nmo 0,74 %

B 3aBHCHUMOCTH OT pa3MEpoB W marepuaioB kamep. Jlns ydera manHoro s¢ddexra
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B KOHCTPYKLUMIO HWOHM3AaLMOHHOM KaMmepbl OBUI BCTPOEH JATYUK TEMIEPATypHI.
A And MUHUMH3AIUU TOMPABOYHOTO KOA(P(UIIMEHTa YUYHUTHIBAIOTCS YCpEIHEHHBIC
MOKa3aHus TEMIEpaTypbl C JAaT4MKa 10 W IOCIE MPOBEACHUS HU3MEPEHUW EIMHUIIBI
MII/] HEUTPOHHOIO M3JIyYEHHUs C MOCIEAYIOME HOPMUPOBKOM HA NOKAa3aHUS JaTYMKa
IIPU HAIOJHEHUY MOHU3ALMOHHON Kamephbl. JlOBEpUTENbHBIE TPAHUIIBI OTHOCUTEIIBHOU
MOTPEIIHOCTH JAaTyhKa TeMreparypsl He npeBbimatoT 0,5 % oT BepXHEro mnpexaelna
n3MmepeHui, papHoro 70 °C. Torma HeonmpeneleHHOCTh U3MEPEHHI TeMIEPaTyphl ra3a
B HOHM3AMOHHOU Kamepe He npeBbimaet 0,09 %.

Taxum oOpazoM, pazpaboTka CTEHa MPEIU3NOHHOTO HATIOJHEHUS KaMep ra3aMu,
YCTaHOBKA JaT4YMKa TEMIIEpaTypbl BO BHEIIHME KOPIyCa HMOHMU3ALMOHHBIX KaMmep
U HCHOJb30BAHME  BBICOKOUUCTBIX  Ta30B  CHOCOOCTBOBAJIO  YMEHBUICHMIO
HEONPEIEICHHOCTH U3MEPEHUN Macchl ra3a B 3(Q(HEKTUBHOM 00bEME MOHU3ALUOHHBIX

KaMep Up gy o5 paccuntanHou no dopmyne (2.7), ¢ 1,3 % no 0,26 %. Pazpaborannas

CACTEMa HAIOJHEHHWS KaMep Tra3aMd II03BOJIJIA  CYUIECTBEHHO  YJIyYIIUTh
METPOJIOTUYECKNE XapPAKTEPUCTUKU U3MEPUTEIBLHOTO KOMILIEKCA ISl BOCIIPOU3BEICHUS
equnull [1J[ 1 MITJl HEUTPOHHOTO U3ITyYEHHMS, 4 aBTOMATHU3ALIMS TIPOIIECCa 3AIIOTHEHUS
KaMepbl Ta30M II03BOJIMJIa CBECTH K MHWHHMYMY IIOTPEIIHOCTh, CBSI3AHHYIO C

HECOBEPIIICHCTBOM PaHEEe UCTIONIB3YeMON TEXHOJIOTUH.

2.4.2 Heonpe()eﬂeﬂnocmb OYEHKU nonpaesKku Ha UCKasiCeHue nomoka HezZmpOHoe

CMEHKOU BHEeUIHe20 Kopnyca

OueHka BAMSHHUS CTEHKM BHENIHErO KOpPIyCa HOHHU3ALMOHHOM KaMepbl
Ha 3HadeHue eauHulbl MII/[ HEMTPOHHOTrO H3Iy4YeHUs B 3aBUCUMOCTH OT DHEPrUHU
HEHUTPOHOB OCYIIECTBIILIACh MeToIoM MoHTe-Kapino Ha ocHOBE OMONMMOTEKH SIEPHBIX
peakiuii  ENDF/B-VIII.O ¢ wucnonb3oBaHEM pEeKOMEHJAOBAHHOIO MPOrpPaMMHOIO
obecrieuenusi [31]. Bo BxogHOM (haiie MPOMHUCHIBAIIUCH TEOMETPHUCCKUE Pa3Mepbl
MOJEJIM MOHM3AaLMOHHOW KaMepbl, Marepualibl U HUX IUIOTHOCTH. OTinune BXOAHBIX

q)aﬁJIOB 3aKII0YaJIOCh B OTCYTCTBHUM CTCHKH BHCIIHCTO KOpITyCa. MOI[@J'II/IpOBaHI/IC OBLIO
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MPOBEICHO KakK ISl OMOPHBIX IOJIEW HEWTPOHOB, TaK W JUIA OTIACIBHBIX TPy
MOHOAPHEPreTUYECKUX HEUTpPOHOB B auanazone sHepruid ot 0,05 mo 14 Mb»B.
B KadecTBe MOMPaBOYHOIO KOXPOUIMEHTA Ky, YUUTHIBAIOLIETO BIUSIHHUE CTEHKH
BHEITHETO KOPITyCa MOHU3AIIMOHHOW KaMephl, BHICTYIIAeT OTHOIICHUE 3HAYCHHUI TTOJTHOM
BBIJICTIUBIICHCS SHEPTUU OT BTOPUUYHBIX 3apsKCHHBIX YacTHI] B d3PPEKTUBHOM 00bEeMe
MOHM3AIIMOHHOM KaMephl CO CTEHKOM 1 Oe3 Hee.

3HaYeHUs] PACCUYUTAHHOTO IMOMPABOYHOTO KOA(P(GUIMEHTA, YUUTHIBAIOIIETO

BIIMSIHUE CTEHKHU BHEIIHETO KopIryca, cocTasisier 0,996.

2.4.3 Heonpedeﬂeﬂﬂocmb OYEHKU nonpasKku HaA cOMO2EHHOCMb Mamepuaiad CneHKu

MOHuS’ClL!uOHHOZZ Kamepwol U 3aNn0JIHAEMO2C0 ca3d

OueHka BIMSHUS OTIMYMS Marepualia BHYTPEHHEHM CTEHKHM HMOHH3allMOHHOW
KaMepbl OT Marepuaia 3amoJIHIEMOro raza Ha 3HaueHue eaquHuubl MII/] HenTpoHHOTO
W3JIy4YE€HUS OT SHEPTUU HEMTPOHOB OCYIIECTBIsUIACh MeToaoM MonTe-Kapio Ha ocHOBe
oubnuoteku snepHbix peakiuit ENDF/B-VIII.0 ¢ ucnonbs3oBaHreM peKOMEHI0BAaHHOTO
nporpaMmHoro  obecrieuenuss [31]. Bo  BxomHoM  (ailie  MpPONUCHIBAIIMCH
r€OMETPUYECKHE  pa3Mepbl  MOJEIM  HMOHU3AIMOHHOM  KaMepbl, MaTepuabl
U WX TUIOTHOCTH.

Ha ocHOBe pe3ynbTaToB MOJAEIUPOBAHUE MTOIYUYAETCSI, UTO:

— JJI. MOHU3AIMOHHON KaMephbl, Y KOTOpPON BHYTPEHHSISI CTEHKAa KaMephl
M3TOTOBJICHA U3 MOJUATUJICHA U 3allOTHSAEMbIN ra3 UASHTUYEH, 3HAUCHUE TTOMPaAaBOYHOTO
ko3 durnenta k., paBHO €IUHUIIBI;

— JJIsl MOHU3AIMOHHOM KaMephbl, Y KOTOpPON BHYTPEHHSISI CTEHKA KaMephl
U3rOTOBJIEHA M3 YIIEpoAa, a B Ka4ecTBE TIa3a MCIOJb3yeTcs HaubOoee OIu3Kui
0 MOJISIPHOM Macce ra3 — JAUOKCHJ yIiepoAa — 3HA4€HUE IMOIMPABOYHOIO
kodbdurmenta k.,,, YUYUTHIBAIOIIETO OTJIUYHME MATEpUAIOB BHYTPEHHEH CTEHKU

KaMmephl U rasa, pasto 1,004;



62

- JUISL MOHU3AIMOHHBIX Kamep, Y KOTOpOM BHYTPEHHSISI CTEHKa KaMepbl
U3TOTOBJICHA M3 AQJIIOMUHHUSA, a B KauecTBE Ta3a HCIOJb3yeTcs HauOosee OIM3KUi
0 MOJISIPHOM Macce ra3 — aproH — 3HAu€HUE IMOINPaBOYHOTO Kodduiuenta kig,,,

YUYUTBIBAIOLIETO OTIIMYME MAaTEPUAIIOB BHYTPEHHEN CTEHKHU KaMepsl U rasa, pasHo 0,992.

PesynbraThl MccneaoBaHU METPOJOrMYECKUX XapaKTEPUCTUK B BHUAE OrOKeTa
HEOIPEJICIICHHOCTH M3MEPEHHUN TpU BOCIHpou3BeneHun enuHunbl MII/] HeUTpoHHOTO
U3ITy4YEeHUs] C PUMEHEHUEM pa3pabOTaHHOTO amnmnaparypHO-METOAMYECKOrOo KOMILIEKCa

Ha OCHOBC KOMIIJICKTa HOHN3AITMOHHBIX KaMCpP ITPCACTABIICHLI B Ta6JII/II_[€ 2.4,

Tabmuma 2.4 — bBrompkeT HEONMpeneNeHHOCTH HW3MEPEHUN TpU  BOCIPOU3BEIICHUU

eauauIpl MITJ] HEUTPOHHOTO U3ITyYEHHUS

I'DOT 117-2023

Hctounnk HeonpeaeaeHHOCTH
p uA; % uB; %

HeomnpeneneHHOCTh M3MepeHH Macchl raza (1m,) 0,26

HeonpeneneHHocTh nu3MepeHuil cuiibl Toka (1) 0,50 0,16

HeonpeneneHHOCTh OLGHKM CPefHel OSHeprus 00pa3oBaHMs Mmap 0.58

nonoB (W) ’

HeomnpeneneHHOCTh  OIICHKH OTHOIICHHS MAacCOBBIX TOPMO3HBIX 0.58
,

criocoonocrei ((S/p)e/(S/p)r)

HeomnpeneneHHOCTh OIICHKH OTHOIIICHUS MUKPOCKOITUYESCKUX CCUCHHIA
B3aMMOJECHCTBHUSI HEUTPOHOB B BEUIECTBE M B Marepuane CTEHKH 0,58
kamepsbl Ha 10THOCTh ((a/p)/(a/p) 1)

H@OHpCI[GJ'ICHHOCTB OLCHKMW TIIOIIPAaBKM Ha HCKAKCHHEC IIOTOKA

HEHTPOHOB B cTeHKe Kamepsl (k) 0,29
HeomnpeneneHHOCTh OIIEHKM TOMpaBKA Ha MCKaKEHHUE TOTOKa
HEWTPOHOB CTEHKOHM BHEMIHETO Kopiyca (Kyop) 0,29
HeomnpeneneHHOCTh OIEHKH MOMPAaBKA Ha TOMOTEHHOCTH MaTepuaa 0.29
CTeHKH Kamephl ¥ ra3a (k,,,) ’
HeomnpeneneHHOCTh M3MepeHUI BKJIala B J03y OT ramMMa-uU3JIydeHus 0.44
(ky) ’
OTHOocuTenbHAsT  CyMMapHasi  CTaHJapTHas  HEOMPEIeICHHOCTh 135
u3MepeHuit u,, % ’
OTHOcUTeNbHAsT pPacIIMPEHHAsT HEONPEAEICHHOCTh u3MepeHud U 270

)

npu k =2, %
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2.5 BeiBoanl k [l1aBe 2

[Ipu pa3zpaboTke annaparypHO-METOAUYECKOTO KOMILJIEKCA JIJIsi BOCIPOU3BEICHHS
enuHuLbl MII/] HEUTPOHHOTO U3ITyYeHUS:

- IPOBEJIEH  aHAJM3  COCTABJSIOIIMX  OHOKETAa  HEONpPEIEIECHHOCTH
V3MEPEHUI ITPU BOCIPOU3BEACHNH eAuHULBI MII/] HEMTPOHHOTO HM3MydeHus,

— pa3paboTaH M HU3TOTOBJEH CTEHJ MPEHU3MOHHOTO HArOJHEHUS KaMep
ra3aMy Ha OCHOBE CHJIOBOTO METOJIa C UCTIOIb30BAaHUEM MIPSIMOTO MPeoOpa3oBaTers;

— IIPOBEACHBI aHAJIW3 M OLCHKA BBIIIOJIHCHUS YCIOBUUW TEOPUU IOJIOCTU
B npubnmxenun bparra-Ipes;

— IIPOBEACHBI UCCIICNOBAHUA U OLICHKA TOJIIUHBI CTEHKH, OTPaHUYMBAIOLIEH
3¢ (EeKTUBHBIN 00bEM MOHM3AMOHHOW Kamepbl, B 3aBUCMMOCTU OT MAaTE€pUaoB KaMep
Y DHEPTETUYECKOTO CIIEKTPA HEUTPOHOB;

— pa3paboTaH U U3roTOBJIEH HA0OP MOHU3AIIMOHHBIX KaMep;

— pa3paborano  mporpamMmHOoe  cpeactBo  «AD-Neutron»,  kotopoe
o0OecreynBaeT aBTOMAaTH3aLMIO Mpolecca coopa U 0O0pabOTKM SKCHEPUMEHTATbHBIX
JTAHHBIX;

— COCTaBJICH OIOIDKET HEOIpEeAeICHHOCTH wu3MepeHuid emauHuibl  MITJ]
HEUTPOHHOT'O U3JTy4YECHUS.

Pa3paboTannsiii anmapaTypHO-METOAUYECKUN KOMILJIEKC JUIsi BOCIPOW3BEICHHUS
enquHubl MITJ] HEUTPOHHOTO U3TYYEHHUS TTO3BOJIHII:

— MOBBICUTH d()PEKTUBHOCTDL pabOT mpu BocrpousBeneHun enunuiibl MITJ]
HEUTPOHHOI'O U3J1y4YEHUS,;

— YUYUTHIBATh ~ W3MEHEHHE Macchl Taza B 3(dPekTuBHOM  00BEME
pu BocrpousBeaeHUU eauHuibl MIIJl HEUTPOHHOrO M3JIy4yeHHUs 3a CYET BBEIACHMUS
nonpaBku Ha 3(P(PEeKT TeMrnepaTypHOro paclIMpeHus KOHCTPYKIMOHHBIX MaTrepuajoB
MOHU3AlMOHHBIX KaMep;

— YBEIIMUUTh BEPXHEE 3HAUCHUE TPaHULbl [Mara3oHa BOCHPOWU3BEIACHUS
equauiel MITJT velitpornoro usmydenus ¢ 1-107 1o 2-10° I'p-c’!;

— YMEHBIINTD OTHOCUTEJIBHYI0  PACIIMPEHHYK)  HEOIPEAECIECHHOCTD
usMepennii enuauibl MITJL HelTpoHHOTO M3My4YeHHs Tpu k = 2 BO BCEM Juama3oHe

BocnpousBeaenus ¢ 4,4 % no 2,7 %.
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I'masa 3. Pa3zpaboTka u ucc/jieoBaHue METOI0OB U CPEICTB Mepeaadu eIMHUIIbI
MOIIHOCTH MOIVIOMIEHHOM 103bl HEMTPOHHOI0 M3JIy4YEeHHUs CPeACTBAM M3MepPeHUH,
NPUMEHsIeMbIM HA sIIEPHO-PU3HYECKHUX YCTAHOBKAX B HEM TPOHHOM JIyUYeBOU

TEpanuu

3.1 Anau3 noJjieii HEMTPOHOB, CO31aABAEMbIX SIIePHO-PU3NYECKUMHU YCTAHOBKAMM,

NPUMEHeMbIMUA B HEMTPOHHOH JIy4eBOH Tepanuu

3a MOCJEIHNUE TOMbI CYIIECTBEHHO BBIPOC MHTEPEC K MPOBEACHUIO HEUTPOHHOM
JYy4YEBOM Tepanuu C Ucnojb3oBaHHEeM DY (UUMKIOTPOHBI, HEUTPOHHBIE T'€HEPATOPHI,
yckoputenun) ¢ dHeprusimu oT 0,05 mo 20 M»dB U akTUBHO pa3BHUBAETCA
UX CTPOUTENBCTBO U BBOJ B AKCILTyaTanuto (pucyHok 3.1). [lnst ueneit myueBoil Tepanuu
UCIIOJIB3YIOTCSl pa3fiM4yHble BUIbl HOHM3UPYIOIIUX H3ITyYeHUH: (PoToHHOE (Tamma
U PEHTTEHOBCKOE), MMPOTOHHOE, JIEKTPOHHOE, HEUTPOHHOE. BpIOOp KOHKpETHOro BUIA
VMOHM3UPYIOIIETO U3JYyYEHUs] 3aBUCUT OT IIIyOMHBI 3ajJ€eraHusl MOBPEXKIECHHBIX KIIETOK
Y TUNA TKaHU, B KOTOPOM OHHM HaxoAsTca. B ciydae, Korma mOBpEXACHHBIE KIETKH
IPOSIBIISIIOT  PAJAMOPE3UCTEHTHOCTh K TPAJMLMOHHBIM BHJIAM JIy4€BOM Tepanuu
(poroHHAs, MPOTOHHAS) UM BO3HUKAET PEMUCCHS, IPUMEHSIETCS HEUTPOHHAs JTyueBas
Tepanus, a WMEHHO HEHTpOHHas Tepanus Ha OBICTPbIX HEWTpOHax. AHaIU3
MEIUITUHCKOM CTAaTHCTHKU [36] mokasbiBaeT, yTo, B mpuoOmausutenbHo 20 % ciydaen
NalMeHTy HeoOXoauMa HEUTpOHHas JydeBasl Tepanusi, U3 HUX JBE TPETU CBSI3aHbI
C pelUIMBaMH TOCIIE TIEPBUYHOTO JieueHUs1 (DOTOHHOM JIydeBOM Tepanuei.

B MeauIMHCKUX Yy4YpeKIEHUAX HA CETOMHSIIHUA MOMEHT NpUMEHSIOTCS DY
pPa3IMYHOrO THIA, TEHEPUPYIOLIME NMOTOKM HEHUTPOHOB 3a CUET YCKOPEHHS YaCTHIL
U TIOCJIEIYIONEro OoMOapaIupOBaHUsl ATUMHU YacTHUIIAMU MUIIEHU TSI BHIOWBAHUS
HEeUTpOoHOB. [lapk DY, npuMeHseMbIX LI LieJed HEUTPOHHOM JIy4E€BOM Tepamnuu

B Poccuu, npencrasnien B Tabmwiie 3.1.
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-IIIII|

1983 r. 1984 r.

2014 2030 r.

Pucynok 3.1 — Jlunamuka pa3BuTHs s,IepHO-(HU3MUECKUX YCTAaHOBOK JIJIs HEUTPOHHOM JTy4eBOM

Tepanuu

Tabmuna 3.1 — SnepHo-pusznueckue yCTaHOBKHU, IPUMEHSIEMbIE B HEUTPOHHOM JTyueBOM

Teparnuu
MecTtononoxenue r. Tomck . CHEeXXMHCK r. OOHHMHCK
[{uknorpon ITHI" Tuma HI'-14
Tun yctaHOBKH V-120 HI-121 (14 M3B) (HI'-24)
Cpennss sHeprus 6.3 10,5 14,1
criektpa, MaB
MONIHOCTH MOTJIOIEHHON 2,510 2.0-10° 2.0-10°
10361, [ p/c
['eomeTpuueckue KBaApar co
pa3Mepbl KOJUIUMATOPa, CTOPOHOM AMAMETP AMAMETP
MM 60 11 150 ot 30 no 100 ot 30 no 150
PaCCTOSIHI/IeCJIJ\;/IO MaIyeHTa, 110 105 ot 50 110 100
doHOBOE
raMma-nyUeHie, % or 10 o 15 ot 4 110 8 ot 5 o 10

[To pe3ynpraraM aHanu3a METPOJIOTUYECKMX M TEXHUYECKUX XAPAKTEPHUCTUK

ADY, npuMmeHsieMbIX B HEHTPOHHOW Jy4eBOW Teparvu, MPEACTaBICHHBIX B paboTax

[37, 38], a Takke MEAMLIMHCKUX MPABUI U PEKOMEHJAIMI 10 MPOBEICHUIO 00TyUEHUS

naueHToB [10, 36] BbIABIEHBI OCHOBHBIE OTPAHUYEHUS:
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— KOHCTPYKIIMOHHBIE: pa3Mepbl MOHU3ALMOHHBIX Kamep OoT 56 mo 112 mm,
pa3mepsl KosumMupoBaHHOTO noist Ha DY ot 30 mo 200 mm, pecypc MulieHeu
U CTaOMIILHOCTB PaboThI TpYOOK SADY;

- busnyeckue:  HEOOXOAMMOCTb  MPOBEACHHUS  CEpUU  HU3MEPEHHM
JUIl  BBISBICHHS JOJIM TaMMa-H3Jy4YEHHs, HEOJHOPOJHOCTh TIOJIA HM3JIy4YEHUs
Ha paccTossHusIX MeHee 30 cM, yBEJIMYEHHE BKJIaJa TaMMa-U3JIy4YeHHUS 3a CUeT
aKTHUBAIIMM MUIIIEHHOTO OJIOKa.

PeanuzoBannsie B ammaparype wu3 cocraBa [OT 117-2023 wmeroasl
BOCHpOM3BeeHUs U nepeaaun eaunuibl MI1/] HelTpoHHOTO M3IyUueHUs: 00eCIeunBaOT
BOCHpoM3BeAcHHE W mepenady eauuuipl MIIJ[ HeTpoHHOro wm3mydyeHuss Ha ADY
B OTKPBITOM M B KOJJIMMUPOBAHHOM TIe€OMETpUH, TJ€ COOII0JaeTcsl YCIOBUE
OJTHOPOJIHOCTH TOJIS. A Takke TPeOYIOT JUIMTENbHBIX MOCIEI0BATEIbHBIX U3MEPEHUN
KOKIOM HOHU3AIMOHHOM KaMepou M3 cocraBa dtanoHa. [ua DY, npumeHsembix
B HEUTPOHHOM JIy4eBOM Tepanuu, MOJOOHBIE YCIOBHUS H3MEPEHHH HENPUEMIIEMBI.
Bo-miepBbIX, B HEKOTOpBIX CIly4asix, pa3Mepbl KaMmepbl 3HAYUTEIBHO IPEBBIIAIOT
pa3MepsbI BBIXOAHOTO OKHA KOJUIMMATOPA, YTO HAPYIIAET YCIOBUS MPUMEHEHUS JAHHOTO
METOJa BOCIIPOM3BEACHUSA B YaCTU HEOJHOPOIHOCTH IIOJISI HEHTPOHHOIO M3IIy4YEHUS
U TpeOyeT BBEACHUS IOIMOJHUTENbHBIX MONpaBokK. Bo-BTophix, mpu padore Ha ADY,
HaO0JI0JaeTCsl HECTaOMJIBHOCTh BBIXOJAa YCKOPSIOLIMX YacTHI[ OT IydYKa K IMY4Ky,
YTO JI€J1a€T HEBO3MOXKHBIM IIPOBEIAECHUS IBYX U3MEPEHUN B OJJMHAKOBBIX YCIOBUSX.

JlaHHbIE OTpaHMYEHUS] HaKJIAAbIBAIOT CYIIECTBEHHbIE TPEOOBAHMS K METOAAM
U cpencTtBaMm nepenauu earuHuibl MIIJ] HeMTpOHHOTO U3JTyYeHHs] B CMEIIaHHBIX TaMMa-
HEUTPOHHBIX NOJIAX M JIEJIAI0T PEATU30BAHHBIE B ATAJIOHE METOABI U CPENCTBA NEpeaadn
MIIJl HEUTPOHHOTO H3JIyYCHUS HENPUMEHUMBIMMU I niepenadu eauHuisl MIT/]
HEUTPOHHOIO H3JIYyYEHHMs BO BCE THIIOpAa3MEPbl  KOJUIMMUPOBAHHBIX  IOJIEU
C OTPAaHUYECHUSIMU, YKA3aHHBIMU BBILIE.

Hanuume xommumaropa B DY momumo (QOKyCHUPOBKHM TOTOKA HEUTPOHOB,
TaKX€e BBINOJHAET POJIb TEHEBOM 3aLUTHI JJIs1 340POBBIX TKaHEH MalueHTa. B kauecTse
MaTepualia KoJUIMMaropa HUCIOJIb3yeTCs BOJb(PpaM WM >Kele30, JaHHble MaTepHhalibl

UMEIOT CIIOCOOHOCTh AaKTHUBUPOBATHCS IMOJ JACUCTBHEM HEHUTPOHHOTO M3Iy4YECHHUS,
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YTO B CBOIO OYEPElb, IPUBOAUT K YBEIUUYECHUIO JOJIU COCTABISIONICH raMMa-U31yuYeHHs
B XOJI€ NPOBEJAECHUs U3MEPEeHU. HEUTPOHBI, TPOXOAA YeEPE3 KOJUIMMATOP, 3aMELIISIIOTCS,
TEepsss 4YacTb CBOCW OHEPrMM TMPU B3aUMOACHCTBMM C BEIIECTBOM, KOTOpas
npeoOpa3yeTcsi BO BTOPUYHBIC 3apsSKCHHBIC YACTHIIFI M TaMMa-KBaHTHI. PaccesHHbIe
B X0/i¢ OOJydeHHs] HEHTPOHBI OKa3bIBAIOT HETaTMBHOE BIIMSHUE Ha 3J0POBbIE TKaHU
BOKpYI' HOBOOOpa3oBaHUW. B Xome paccesHust cpemHsiss SHEPrusi CIIEKTpa HEUTPOHOB
B KOJUIMMHUPOBAHHOM ITyYKe CTAHOBUTCS MeHbIe 14 M»sB, 4To sBAsSieTCSI KPUTUYHBIM,
TaKk Kak JUIi YacTHI[ Pa3HOro THNA W DSHEPrUUM TOPMO3Has CIIOCOOHOCTH
U OTHOCUTENIbHAs Ouonornyeckas 3PQGEKTUBHOCTh HUMEET CUJIbHYIO 3aBUCHUMOCTH
oT ux sHepruu. Kpome Ttoro, HEHTpoHbI ¢ sHepruel menbine 14 M»sB mornomarorcs
[0 MyTH K PAKOBOM OIyXOJHM M TEM CaMbIM HAHOCST CYIIECTBEHHBIM BpEJ 370POBBIM
TKaHSM ITaIlMeHTA.

[Tornomennyto 103y B nosie SIDY, npuMeHsIeMbIX PHU JICUCHUH OHKOJIOTHYECKHUX

3a00JI€BaHU, MOJKHO IIPEACTAaBUTh B BUJIE YPAaBHEHUS
D= Dg+Dypy + Dypry + Dy + Dy, (3.1)

rne  Dg— BKiag HEUTPOHOB U3 MULICHU,
D, ' —BKJIajl pacCesSIHHBIX HEUTPOHOB;

D — BKJIaJl MTHOBEHHBIX 'AMMAa-KBaHTOB C MUILECHU U cpensl, D, .1, = D, .1;

nn'y y nn'>

D,, — BKJIaJl aKTHBAIIMOHHBIX raMMa-KBaHTOB;

D, — BKJIaJ TEIJIOBBIX HEUTPOHOB.

JloJis1 aKTUBAIIMOHHBIX TaMMa-KBAaHTOB, BHOCSIIMX BKJIaJ BO BpeMs OOJydeHUs,
noctaTouHo mana (meHee 1 %) u yuuThIBae€TCS BO BpeMsI UBMEPEHUS 103bl OT raMMma-
W3JIy4eHHUs, a BKJIQJOM aKTUBAIMU JOJITOKUBYIIUX COCTAaBISIONIUX TMPH pacuere
MOTJIONIEHHON 71036 BO BpeMsl OOJIy4eHHs, MOXKHO TpeHeOpeub. YUET BKIaaa
OT TOPMO3HBIX TaMMa-KBAaHTOB, CpeaHsisi sHeprusi kKotopeix ~ 100 k3B, Becbma
3aTPYJHUTENICH, TaK KaK (PYHKIIMOHAJIbHAS CBSI3b MX BBIXOJIa C BBIXOJIOM HEUTPOHOB
CJIOKHAs, TOATOMY NPEANOUYTUTEIIbHBIM SIBIISIETCSI OTCEYEHHE TOPMO3HBIX TamMMa-

KBaHTOB (UIBTPOM M3 CBUHLA TodmuHoM oT 2,0 mo 2,5 mm. Ilpu stom mnoTok



68

HEUTPOHOB W3 MHUIIEHU ociadisercs Ha 2 %, BOpodeMm, HaHHOE OciabiaeHue
aBTOMATHYECKU YUYUTHIBAETCS MpU KanOpoBke ADY ¢ momolpio MIacTUH U3 CBUHIIA
TaKOW >K€ TOJIIUHBI KaK y (DUILTPOB. YUUTHIBAs BBINIECKa3aHHOE, MOXKHO 3alucaTh

ypaBHeHue (2.1) B cieayronieM Buie
D = Dg+ D, + Dy, (3.2)

rae  Dpac = Dy + Dy 7y — BKIIAZ PACCESHHOTO HEMTPOHHOTO U FaMMa-H3JTy YCHUH.

B cBs3u ¢ TeM, yTO TepaneBTHYECKU 3(h(PEKT OllEeHUBAETCA MO J103€ HEUTPOHBI
npsiMoro  usnydyeHuss Dg, BO3HHUKAeT HEOOXOAWMOCTb pa3leisaTh KOMIIOHEHTHI
CMENIaHHOTO TaMMa-HEUTPOHHOrO MOJIs, ISl Yero Tpedyercs HAJIMYue HE MEHEE TpexX
U3MEPUTENbHBIX KaHajoB. JlaHHOE TpeOOBaHME BBI3BAHO, B TOM YHCIIE, TEXHUUECKUMU
OrpaHUYeHHUsIMHU cyliecTByommx ADY, npuBogsmmmMu K (QIYKTyalHusM YacTHIL
B MIYYKE W YBEIMYECHUIO HEOINPEACICHHOCTH u3MepeHnil equauibl MII] HerTpoHHOTO

H3JIYUYCHHUA IIPpU HCOOJHOBPCMCHHBIX U3MCPCHUAX.

3.2 Pa3pa0oTka u3MepUTEJIbHOI0 KOMILIEKCA HA OCHOBE MHOTOKAHAJILHOI0 0JI0Ka

perucrpauuu

[To pesynbpraram NpOBEAEHHOIO KOMIIOHEHTHOTO aHaju3a IOJE€d HEWTPOHOB,
p€anr30BaHHBIX B IIEHTPAaX JIy4€BOW TEPAIlUM, YUCICHHBIMU METOJIAMU, BBISIBICHBI TPU
COCTaBJIAIOIIME, KOTOPbIE BHOCAT HauOonbIuil Bkiaad B 111, 3aBucumMocTs BKIaga 1071
paccessuHoro wusnydeHuss B IIJ[ or m1yOWHBI 3ajeraHusi OMyXOJW TNIpeacTaBjicHa
Ha pPUCYHKe 3.2: BKJIAJ OT OBICTPHIX HEHUTPOHOB B MPSMOM ITydYKe, BKJIaJ OT ramma-
U3JIy4eHHUs, OOpa3yromIerocsi OT MUIIEHW W KOJUIMMaTopa, BKJIAJ OT PacCesSHHBIX

HEHUTPOHOB, 00PA3YIONTUXCS B TEJIC MAIMEHTA.
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I'myOuna 3aj1eranusi OmyxoJu, CM

PI/ICYHOK 3.2 — 3aBUCUMOCThH BKJIaZla JOJIM pACCCAHHOI'0O U3JIYUCHUS B IIOITIOHNICHHYIO TO3Y

oT FJ'Iy6I/IHI)I 3aJICTAHUA OITYXOJIN

AHaM3 JATEpaTypHBIX HNaHHBIX [39-44] METONOB W CPENCTB HM3MEPEHHMU
eauHulbl MII/] HEUTPOHHOrO M3JIYyYEHHS] B CMEIIAHHBIX MOJIX FaMMa-HEUTPOHHOTO
W3JIyYEHUsT C BO3MOXKHOCTBIO PA3JAEIEHUS TIaMMa-HEUTPOHHBIX KOMIIOHEHT IOKa3al,
4yTo HauOoyiee MOAXOISAINIMM METOJIOM PErucTpalyu SBISETCS CUUHTUUISILIMOHHBINA
METOJ.

OcHoBHbIMU  TpeOOBaHMS K  pa3padaThiBAEMOMY CpPEICTBY  U3MEpPEHUM
npu nepepaye eauHunbl MIIJ[ HEWTPOHHOrO WH3Iy4YEHUs] CPEACTBAM HW3MEPEHHU,
npuMeHsseMbIM Ha SIDY B HEUTPOHHOM JIy4E€BOM TE€PAIIUU, SBIISIIOTCS:

— JNETEKTOPBI JOJKHBI HAXOAUTHCSA B OJHOPOAHOM MOHOHAIIPABICHHBIM I10JIE
HEUTPOHHOTI'O U3JIy4YEHUS,

— HAJIMYUE HECKOJIbKUX CUUHTWUIALUOHHBIX JETEKTOPOB, paboTarommx
COBMECTHO, HO MPHU 3TOM HE3ABUCHUMO APYT OT IPYTa, JAJIsi ONHOBPEMEHHBIX U3MEPEHUN
[1/] oT HeliTpoHOB ¢ sHepruei 14 M»sB, ramma-u3iydeHus 1 pacCesTHHOTO HEMTPOHHOTO
W3JIyYEHUS;

- HEOOXOAMMOCTh MCIIOJIb30BaHUSI MaTEPUajIoB, KOTOPbIE Majo UM BOOOIIE

HC aKTHBUPYIOTCA I1IOA HeﬁCTBHeM BBICOKOOHCPICTUICCKOIO HGﬁTpOHHOFO H3JIy4CHUS,
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HO B TOXKE€ BpeMs 00eCIEUMBAIOT HAJCKHYI0 KOHCTPYKIIHUIO OJI0OKa PEerucTpaluu, CBETO-
Y BJIaro3auiuilieHHOCTbD;

— KOHCTPYKLHS OJIOKAa pErUCTpal JOJDKHA MPESyCMaTpUBaTh COBMECTHOE
UCIONB30BAHUE  TPEX  PA3IMYHBIX  TUNOB  CIUHTWUISIUOHHBIX  JIETEKTOPOB
muIMHApUdeckol ¢opmel ¢ pasmepamu: 1x1, 2x2, 3x3, 4x4, 8x8, 11x11 wmm.
Takass HOMEHKJaTypa THUIIOpa3MEpOB HeoOXoAuMma g Moadopa ONTHUMAJIBHOTO
COOTHOIIEHHUS] MEPTBOTO BPEMEHH B 3aBUCHMOCTH OT MHTEHCUBHOCTH TOJIEH U PEKUMOB
paboter DY, B KoTophle ocyuiecTBisieTcs nepenada eaununibl MITJ] wHelTpoHHOTO
U3JIy4YEHUS;

- HEOOXOAUMOCTh oOecrieueHus Tpex KaHaJIOB HE3aBHCUMOTO
AIIEKTPONUTAHUS U YCUIICHHUS JUIs1 BO3MOKHOCTH MOJICTPOMKHN U3MEPUTEIBLHOTO CUTHAJIA
C KaXKJI0TO CUMHTWUISIHIUOHHOTO JETEKTOPA;

- HEOOXOAMMOCTh OOecleueHHuss TpeX HEe3aBUCHMBIX KaHajioB cOopa
U OIM(POBKM CHUTHAJIOB, MOCTYMAIOIMIKUX C OJIOKA PErucTpauuu, sl NOCIeqyouen
MaTeMaTH4ecKoi 00pabOTKH anmapaTypHbIX CIIEKTPOB.

Ha ocHoOBe BBIIIEU3TIOKEHHBIX TpeOoBaHUM, OB C(HOPMHUPOBAH COCTaB
M3MEPUTENIBHOIO KOMIUIEKCA, NPEAHA3HAYCHHOTO Jid mnepenaund eauHuusl MIT/]
HEUTPOHHOIO H3JIY4YEHUS CPEACTBAM H3MEPEHHM, MPUMEHSEMbIM HEMOCPEACTBEHHO
B MecTax paszMmenieHus ADY B HeHTpax HEUTPOHHOU JIyYEBOU TEpavu.

CoctaB  pa3pabOTaHHOIO  U3MEPHUTEIBHOTO  KOMILJIEKCA,  OCHOBAHHOI'O
HAa T[PUMEHEHUHM CUUHTWUIALMOHHOTO METOJa PEerucTpalud HOHHU3UPYIOIIETO
U3IIy4YeHHs], MpeAcTaBleH Ha pucyHkax 3.3 u 3.4. IlpuHuunuaneHas cxema
pa3pabOTaHHOTO HM3MEPUTEIHLHOTO KOMIUIEKCAa TMIPEACTABICHa Ha puCyHKe 3.5
U BKJIOYaeT B cebOs OJIOK perucrtparuu, O0J0K 00pabOTKM CUTHajia, MEPCOHATbHBIN
KOMITBIOTEP MJIs YIpaBJCHUS, COXpPAHEHUS M JaJbHEUIeH 0OpaOOTKHM HU3MEPEHHBIX
pe3ysbTatoB. biok 00pabOTKM CUTHaJIa COCTOMT U3 OJIoKa TUTaHUS C TpeMms
HE3aBUCUMBIMU  KaHajaMu, OJIOKa yCWJIEHHMs, T[O3BOJIAIOMIETO  OCYUIECTBISATh
MOJICTPONKY H3MEPEHHOTO CHUTHajla U IU(PPOBOr0 MHOTOKAaHAJIBHOTO aHAJIW3aTopa,
npeaHa3HaueHHOTo AJi1s cOopa, 00pabOTKH M HaKoIIeHUs] HHGOpMaIiy, He0OX0IUMOMN

111 Habopa anmapaTypHOro CHEKTpa.
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Pucynok 3.3 — biok 006paboTku curnaia Pucynok 3.4 — bnok perucrpanuu
CO CMEHHBIMH KOJITAYKaMH C KOMIUIEKCOM

W3MEpUTENBHON anmaraTypsl

bnok perucrpanun
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A A A

biiok 006paboTku curxnana
r

[udposoit
bnok ycunenus MHOTOKaHaJIbHbII bnok nuranus

\ aHaJIU3aToOP y
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—— — — ——
— o —
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ITepcoHanbHBIH
KOMITBIOTED

PI/ICYHOK 35— HpI/IHI_II/IHI/IaJ'ILHaH CXEMa U3MEPUTCIIBHOTO KOMIIJICKCa

Pa3zpaboTtannsiii W3MEPUTEIbHBIN KOMIUIEKC I1O3BOJIAET MPOBOAUTH
OJTHOBPEMEHHBIE HU3MEPEHUs 3HAYCHUN TpPEeX COCTABISIONIUX: TMOTJOIMICHHON J103bI
OT HEUTPOHOB BBICOKOW DJHEPIUM, IMOIJIOMIEHHOW J03bl OT TaMMa-’u31y4eHUs
Y TIOTJIOIIEHHOM JI03bI OT TEIJIOBBIX HEHTPOHOB.

KoHcrpykuuss ~ pa3paboTaHHOTO OJIoKa  pEerucTpaluy  IpeacTaBlieHa
Ha pucyHke 3.6. B cocraB 6moka peructpaiuu BXoasaT: | — HaOOp CMEHHBIX KOJIITAYKOB,
HEOOXOUMBIX ISl TTO3UIIMOHUPOBAHUS U (PUKCAIIMU CUUHTWLISIIMOHHBIX JETEKTOPOB,
2 — Kopmyc 00Ka JEeTEKTUPOBAHUS, 3 — OTIOpHAs TUIOMIAAKA JJIs (PUKCAINK JACITUTECH

HaMpspKeHus, 4 — BEpPXHsIsl KphIllIKa, 5 — MpoOKa JjIsl pa3MEelIEeHUs] pa3beMOB MUTAHUS
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U TIepeJjaui U3MEPUTENIbHOTO CUTHAja, 6 — HIDKHSS KPBIIIKaA, 7 — NPKUMHAs MIPYKUHA,
HeoOxomumas i ¢ukcanuu DPOY B HampaBisSOUMX KaHalax, 8 — JEIUTENu
HampsDKeHus, 9 — pa3beMbl TNHTAaHUS U Tepefaydl H3MEPEHHOTO CHUTHaja,

10 — coenunutenbHas mydta, 11 — DY, 12 — HabOp CHUHTUIUIALIMOHHBIX I€TEKTOPOB.

¢ 12 77 0 g 3 6

=i
1l

71 \N2 3/ 7] ¢

1 — konmavok, 2 — kopmyc OloKa perucTpanuu, 3 — miomuaaka, 4 — Kpblika BepxHsis, 5 — npooka,
6 — KpbIIIKa HUXKHSA, 7 — IPY’KUHA, 8§ — JeNIUTENb HallpsDKEHUs, 9 — pa3beM 71 MOAKIIOUEHUS,
10 — coenunuTenbHas Mydra, 11 — DIV, 12 — COUHTWILIISIIMOHHBIA JETEKTOP.

Pucynok 3.6 — KoHcTpykuus 6510ka perucTparuu

3.3 Pa3zpabGorka MeTo1a nepeaayy eIHHUIBI MOIIHOCTH MOIVIOLIEHHOH 103bI

HETPOHHOI0 M3JIyUYCHUSA HA AAECPHO-(PU3NYECKUE YCTAHOBKH

VYpaBHeHue s pacyerta 3HaueHUM eauHunbl MII/] HelitponHOTO M3MydeHus D,
Ha OCHOBE CIUHTHUISILIMOHHOTO METOJla U3MEPEHUN M KOHCTPYKLUHUHU pa3paboTaHHOIO

0JI0Ka perucTpanuu MOKHO IPEICTaBUTh B BUIE (GOPMYJIbI
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N; N¢0H- I I
. l 1]
Dl: —_— — L Fl kij' l=1,2,3 (33)
ti t(bOHl-
rme N; — HW3MEpEHHOE 3HAU€HUE CKOPOCTH CYETa B TMOJ€ W3IYy4YCHUs IS
[ IETEKTOPA;
Nq)oul- — U3MEPEHHOE 3HAYEHHE CKOPOCTU CYe€Ta B OTCYTCTBUM HCTOYHUKA

HOHU3UPYIOLICTO U3JIIYUYCHUA TJIA [ ACTCKTOpA,

ti» tpow, — BPEMS M3MEPECHHs B TONE MCTOMHMKA M BPEMs H3MEPCHHUS ¢ona,

COOTBETCTBEHHO;

F; — k03 ULMEHT 9yBCTBUTEIBHOCTH B OTIOPHOM TI0JIE JIJISI [ IETEKTOPa,;

i = 1, 2, 3 — TN CHUHTWUISIIIMOHHOTO JIETEKTOpa B COCTaBe OJoKa
JETEKTUPOBAHUS;

[Tki; = kKOpi * kor; — MpoM3BEICHNE MONPABOYHBIX KOAD(HUIHEHTOB;
rae kKopi — TIONPABOYHBIA KOI(PGUIIMEHT, YUYUTHIBAIOIIMA MCKAKEHHE TOTOKA
HEUTPOHOB B KOPITyCE AETEKTOPA;

Ker; — TIONPaBOYHBIA KOO(DOUIMEHT, YUYHMTBHIBAIOUMA HCKaKEHUE TOTOKA

HEUTPOHOB B KOpIyce OJI0Ka JTeTEKTUPOBAHMUS.
PazpabGotannsiii meron mnepemaun enunuibl MIIJ HEWTpoHHOTO W3ITYyUYeHUS

Ha DY npexacrapiieH HA pUCyHke 3.7.
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Tlondop aeTexTopoB
B 3aBHCHMOCTH OT
VPOBHA CHIHAIa

Hamepenusa " ObpadoTka
. 3MEpEeHIs B 101
(hOHOBRIX 3HAUEHIIT P v anmapaTypHBIX D5 pY, ppac
N SADY N, »
o CIIEKTPOB

I'pagyuporka
H3MEPHTENEHOTO
KaHATA B OIIOPHOM
noxne F;

Breaenue IIOIIpaBOK
Ha HCKaXECHIIC ITOJIA

[Tky

Pucynok 3.7 — Metog nepenaun MII/] nefitponnoro usnydenus Ha DY

Emnanma MIITJ] Ha Kaxapli CUMHTWUBIMUOHHBIA JIETEKTOP M3 COCTaBa
pa3paboTaHHOTO OJIOKAa PErucTpaluy IepefacTcsi TMOCPEICTBOM  TI'PaayUpPOBKHU
B OMOpHOM MoJje. [ cuuHTUIIsITOpa OBICTPEIX HEUTPOHOB — 3TO HEUTPOHHOE MOJIE,
CO37aBa€MO€ TE€HEPATOpPOM HEUTPOHOB CO cpeaHed sHeprueid cnekrpa 14 M»sB.
Jns CHUMHTWILIATOpAa raMma-u3JIy4eHUus — 3TO IOJIE TaMMa-U3JIyYEHHs, CO3/1aBaEMOE
3aKPBITBIM PaJHMOHYKIUIHBIM UCTOYHUKOM Ha OCHOBe pamuonykinaa *°Co mmm 7Cs.
JIns CUMHTWUIALIMOHHOIO JE€TEKTOPa TEIUIOBBIX HEUTPOHOB — 3TO MOJIE HEUTPOHHOIO
M3JIyUYECHUS, CO3/1aBA€MOE 3aKPBITBIM PAAUOHYKIHMIHBIM HCTOYHUKOM Ha OCHOBE
pamuonykiauaa 2*Pu-Be nmm 2*2Cf u none raMMa-u3nydeHHs, CO30aBAEMOE 3aKPBITHIM
PaJIMOHYKIIUIHBIM UCTOYHHKOM Ha ocHOBe paanonykmuaa *°Co unn *’Cs, rue 3nauenue
eqvaulbl - MIIJI  TEruioBBIX HEWUTPOHOB  ONPEAEITAECTCS PA3HOCTBIO  ITOKA3aHUMU
CUMHTWUISILMOHHOTO JAETEKTOPA, YYBCTBUTEIBHOIO K TaMMa-HEUTPOHHOMY HU3JIYYEHUIO
Y CHMHTWUISALIMOHHOTO JIETEKTOPa, 4YyBCTBUTEIBHOTO TOJBKO K TEIJIOBBIM HEUTPOHAM.

Pazpaborannsiii metom u cpenactBa mnepemaun eawHuibl MIIJ] HeliTpoHHOTO
U3ITyYCHHUs] HA OCHOBE MHOTOKaHAJILHOTO OJIOKAa PEeTHUCTPAIK MO3BOJSIOT 00€CTIeUYUTh
nepenady eauHuibl MIIJ] HEUTPOHHOTO M3JTyYEHUSI B CMEIIAHHBIX TaMMa-HEUTPOHHBIX
noyisx B auanaszone 3Hadenuit or 2-101° mo 2-107 T'p-c! cpemctBam m3mepenwmi,
NpUMeEHseMbIX Ha SADY B HEUTPOHHOU JIYUEBOW TEPAINUU JIJIsl JIEYEHHUS OHKOJIOTHUYECKUX

3a00JIEBAHMIA.
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3.4 UccaenoBanue u OLleHKA OKOIKeTA HeOlpPeaeJJeHHOCTH U3MepeHu
Pa3paGoTaHHOI0 MeTOJA M CPEeACTBA Mepelayu eINHUIBI MOLIHOCTH MOIJIOLEHH O

103bI HEMTPOHHOTO U3 Ty4YeHHS

OCHOBHOIl ~ METPOJIOTMYECKOM  XapaKTEPUCTUKOW pa3pabOTaHHOTO  MeEToja
nepeaun enuHUIBI MITJ[ HEUTPOHHOTO HU3IYUYEHHS] C TPUMEHEHHEM H3MEPUTEIBHOIO
KOMIUIEKCA SIBISIETCSI  CTaOWUIIBHOCTh, oOmpeneisieMas pexuMoM pabotel DY
U3 ero coctana. JJis BRISIBICHUS CTAOMIBLHOTO peKUMBI paboThl @Y ObLIH MPOBENCHbI
uccnenoBanusa koddduiumenta ycuneHus DOY B 3aBUCHMOCTH OT IOJaBaeMOTO
HanpspKeHUsl nmuTaHusi B auamnaszoHe oT 850 mo 1150 B. Pesynbrarsel vcciaegoBaHMit
npeAcTaBiIeHbl Ha pucyHke 3.8. B nuanazone nanpspkenuit or 930 mo 1050 B
HaOogaeTcsl CTaOUIIBHBIN PeXXUM ycuileHHsl curHana @Y, cpenHee KBaapaTuyecKoe
OTKJIOHEHUE ko3 duiinenTa ycuienus He npesbimmaet 0,12 %.

s onipeneneHus: CTaOMIBHOCTH pabOThl U3BMEPUTEIIBHOTO KOMILIEKCA MPOBEICHbI
HCCIICIOBAHUSA 3a BPEMEHHOM mnpoMexyTtok 1, 2, 12 wu 24 wyaca. Pe3ynbrarsl
UCCIIEOBAaHUI MPEACTaBIEHbI Ha pucyHke 3.9. Ha pucynke 3.9 3HaueHus B Toukax S u 9
COOTBETCTBYIOT CYyTOYHOM CTAOMIBHOCTH PadOThl UBMEPUTEIHHOTO KOMILIECKCA.

3HaueHuEe  HEOMPEACIICHHOCTH  HW3MEpPEeHUi  KOA(p(UIIMEHTa  TPayUpPOBKHU
MU3MEPUTEIBHOTO KOMILIEKCA B OOPHOM Moje He npeBbimatot 0,15 %.

B pesynbrare uccienoBaHUN METPOJIOTMUECKUX XapaKTEPUCTHK pa3paboTaHHOTO
Metoja nepenaadn eauHuisl MIITJ HelTpoHHOTO M3TyUYeHus onpeesieHbl Bce A eKThl,
BIIMSIOIIAE Ha TOYHOCTh Iiepenaun enuHuipl MIIJl HEUTpoHHOTO Wu3NydeHUs,
MPOU3BEICHBI UCCIICOBAHUS MO OIEHKE MOMPABOYHBIX KOI(PPHUIIMEHTOB, BIMSIOIINX
Ha METPOJIOTUYECKUE XAPAKTEPUCTUKU HM3MEPUTEIILHOTO KOMIUIEKCa. Pe3ynbTaThl
WCCIIEIOBAaHUN TMpECTaBlIeHbl B Tabmuie 2.2. B BUJe OHOIXKETa HEONPEAEICHHOCTH

V3MEPEHUM.
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Tabmuua 3.2 — BromkeT HeonpeaeIeHHOCTH U3MepeHnuid pu nepenade enuHuisr MIT/T

HEUTPOHHOTIO M3inyyeHus Ha DY

3HaueHus
M cTOYHMK HEONPEIETIEHHOCTH o o
Uy, Z) Upg, %

HeonpeneneHHOCTh U3BMEPEHUI IPU BOCIIPOU3BEACHUN €IUHULIBI 135
MI/] meittponnoro mznydenust Ha ['OT 117-2023 (uryr) ’
HeomnpenenenHocts u3Mepennii ckopoctu cuera (N;) 0,05
HeomnpeneneHHOCTh u3MepeHuii ko dunuenta rpaayuposku (F;) 0,15
CTaOMIBHOCTH 0,12
HeomnpeneneHHOCT,  OLIGHKM  MONPaBOYHOrO  KoddduimeHra,
YUYUTBHIBAIOIIETO HCKAXKEHWE TMOTOKA HEUTPOHOB B  KOPIIyCE 0,10

nerexropa (Kyop)

HeomnpeneneHHOCT,  OLIGHKM  MONPaBOYHOTO K03 duimeHTa,
VUYUTBHIBAIOIIETO HUCKAXXEHUE TOTOKAa HEUTPOHOB B KoOpImyce OJioka 0,10
peructpauuu (k)

HGOHpCHGHCHHOCTB OLOCHKHN BJIHAHHNA H&BGI[@HHOﬁ AKTUBHOCTH OT

kosutumaropa u MuteHu (Cy.;) 0,20
HeornpeneneHHOCTh OLEHKM yueTa BKJIaJa B 03y OT PacCEsSHHBIX

HEUTPOHOB (Dpac) 0,30
HeonpeneneHHOCTh OLIGHKA Yy4yeTa BKJIaJa B JI03y OT raMma-

W3J1yYEHUS (Dy) 0,30
OTHOCuTENbHAsT CyMMapHas CTaHAapTHas HEOMPEAEICHHOCTh 1.45
u3MepeHun U, % ’
OTHOcHUTENbHAS PACIIUPEHHAs HEONPENEIECHHOCTh u3MepeHun U 2.90

npu k =2, %

3.5 BeiBoanl k I'1aBe 3

B xome BemonmHeHuss paboT OBUT pa3pabOTaH W3MEPUTEIBHBIM KOMILUICKC
C MHOTOKaHAJIbHBIM OJIOKOM pETUCTpallid U aBTOMAaTU3UPOBAHHOM CHUCTEMOM
yOpaBJICHUs, U3MepeHusi, cOopa W 0OpabOTKM JaHHBIX C NPUMEHEHHEM Habopa
CHMHTWUISILIMOHHBIX 1€TEKTOPOB. JlaHHBIN KOMILIEKC 00ecreunBaeT nepeaady eIuHUIbI
MII/] HENTPOHHOIO U3Iy4YE€HUsI B CMELIAHHBIX TaMMa-HEUTPOHHBIX IOJISAX B JUANIA30HE
spauennit ot 2-1071° mo 2-107 I'p-c’! cpencrBam usMepenuii, npumensieMbix Ha SIDOY
B HEUTPOHHOM JyueBoW Tepanuu. OTHOCUTENbHAS pacIIMPEHHAs] HEONPEAEIeHHOCTh U

MeToJa iepeiaun, He mpeBbimmatoneit 0,5 % npu k = 2.
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I'naBa 4. Pa3paGoTka annmapaTypHo-MeTOAUYECKOT0 KOMILJIEKCA BOCIPOU3BeIeHUsI
U Tepeaaym eIUHNI MOITHOCTeH AMOMEHTHOT0 U HHAMBHAYAJbHOT0 YKBHBAJIEHTOB
103bl HEHTPOHHOTO M3JIy4YeHHUsI HA OCHOBE METO/1a BOCCTAHOBJIEHHS

IHEPTETUIECCKOI'O CIIEKTPAa HeﬁTpOHOB

CpenctBa wusmepenuid eauaun, MAJ u MUl HEUTPOHHOTO H3ITyUYCHHUS
TPaIyupyroTCS W KaIUOPYIOTCS C HCIOJB30BAHUEM 3aKPBITHIX PaAHMOHYKIHTHBIX
MCTOYHUKOB HEWTPOHOB Ha OCHOBE pamuoHykmuaos *Pu-Be m 2°’Cf. Ha mpakrtuxe,
MIPU U3MEPEHUU B YCIOBUSX, OTJIUYHBIX OT YCJIOBHM I'paayupOBKU, HEONPEAEICHHOCTD
U3MEpPEHUN 3HAYUTENIbHO Bo3pacTaeT. [IpuumHON 9STOrO  ABIAETCS  OTIMYUE
HSHEPreTUYECKOTO CIIEKTpa HEUTPOHOB B MECTE UBMEPEHUS OT SHEPTETUUECKOTO CIIEKTpa
HEUTPOHOB, UCMOJB3YEMbIX MPU TPAAYUPOBKE U KaauOpoBke. /laHHOE OTIIMYHME MOMKET
BO3HUKHYTh TPHU HCIOIB30BAHUU JAPYIMX HCTOYHUKOB HEHUTPOHHOTO W3IyYEHUS,
HDHEPIeTUYECKUE CIEKTPhl KOTOPHIX MOTYT 3HAUUTEIBHO OTIMYAThCS OT CIEKTpa
ucTouHuKoB **Pu-Be m 2°Cf. TaxKe, KOHCTPYKIMOHHBIE MaTepUabl U OCOOEHHOCTH
MOMEIIEHHUS] MOTYT BHOCUTH MCKAKEHHUS B MCXOJHBIM CHEKTP UCTOYHHKA. Eciu Mexmy
UCTOYHUKOM W3JIYyYEHUS W TOYKOW WM3MEPECHHsI TPHCYTCTBYIOT TMperpajabl (CTCHBI,
MEPErOpoOIKU U JZIp.), TO TMPHU TPOXOXKIECHUU YEpe3 HHUX DHEPrUsi HEUTPOHOB OyaeT
u3MeHAThCs. [lomMumo 3TOTO, B TOUKE M3MEpeHus OyAeT MPUCYTCTBOBATH pacCEsTHHAs
KOMIIOHEHTa, KOTopasi 00pa3yeTcsi Mpu OTPAKEHUU HEUTPOHOB OT CTEH, MOTOJIKA, T0JIa
U PYTUX DJIEMEHTOB KOHCTPYKIIUH.

PeanuzoBaHHbli TpUHIMIT BocmpousBeneHus eaunul, MADJL u MUD]]
HEUTPOHHOIO HU3JIy4YeHUs] Ha 0a3e W3MEPUTEIIbHOIO KOMIUIEKCa M3 COCTaBa
['DT 117-2010 ocHOBaH Ha U3MEPEHUU FHEPIETUUECKOTO CIEKTPA HEUTPOHOB METOJAOM
chep bonHepa c wuCHOIB30BaHUEM CIHUHTHUULIIIMOHHOTO JnerekTtopa Lil u Obin
noapoOHo onucaH B pazzaene 1.2.4.

B cBs3u c pacmmpennemM o00JacTH TPUMEHEHUS HEUTPOHHOTO W3ITyUYEHUS
U MOSIBJICHUEM HOBBIX BBHICOKOIHEPIeTHUECKUX YCTAHOBOK, HEOOXOAMMO OCYILIECTBISAThH
paMialliOHHBIA MOHUTOPHHT ¥ WHIUBUIYAIbHBIA JTO3MMETPUYECKHA KOHTPOJIb,

YTO COOTBETCTBYET OTEYECTBEHHBIM HOpMaM U TpeOoBaHUsAM [5, 6], a BBUY 0OJIBIIOTO
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pazHooOpazust ADY, pacuer 3Hauenuit egununy MADJ[ u MUD]Jl HEHTpOHHOTO
U3Iy4eHHUs] HEOOXOJIMMO OCYILIECTBISATH Ha OCHOBE ONPEIECICHHUS IHEPreTUYECKOro
CIEKTpa HEUTPOHOB HEMOCPEACTBEHHO B MECTaX, I'Ji€ MPOBOASTCS U3MEPEHUsS JaHHBIX
CAVHMI] BEJIMYUH TITOCKOJIbKY YCTAHOBJIEHO, YTO OWONOTHYECKUU 3PGPEKT 3aBUCUT
OT PHEpPIruM HEUTpoHOB [45]. [lorTOMy, ypaBHEHUs BocnpousBeAeHus: equHun MAD]]
u MUDJI neittponnoro m3myuenust (1.12) u (1.13), cBs3pIBaronIe SHEPreTUYCCKUM

CIICKTp HeﬁTpOHOB C OO3UMCTPUYCCKHMMH BCJIMYMHAMU, MOKHO IPCACTABUTL B BUJIC

(opmyn
Emax
H*(10)=j h5(10,E)(E)®(E)dE, (4.1)
Emin
Emax
H,(10) = j hp, (10, E)(E)P(E)dE, (4.2)
Emin

rne H*(10), Hp (10) - MADJT u MUD]] HEHTPOHHOTO H3IYUYCHHS, COOTBETCTBEHHO;
hs(10,E), h, q)(l 0,E) — xosbduuuentsl nepexoma or auddepeHnanbHOR

IJIOTHOCTH TIOTOKAa HEUTPOHOB K JIO3UMETPUYECKUM BEJIMYMHAM HEUTPOHHOTO
W3JIy4€HUs, COOTBETCTBEHHO [24];

®(E) — nuddepenimanbias IOTHOCTh MOTOKA HEHTPOHOB (IPHEPrETHUYECKHIA
CIIEKTP HEUTPOHOB);

Eins Emax — HWKHEE M BEpXHEE 3HAUCHUs TPAHULl JAHana3oHa DJHEPrUu
HEUTPOHOB.

B ypaBHenusx (4.1) wu (4.2) HeompeneICHHOCTb U3MEPEHUN  TpHU
BocHpou3BeAeHn U nepenade eauHul], MADJl m MUD][ HEUTPOHHOIO W3IYUYECHUS
3aBUCUT OT HEOIPEAECIIEHHOCTH BOCCTAHOBIIEHUS SHEPT€TUYECKOIO CIEKTPAa HEUTPOHOB
¢ yuerom ko3 dunmentoB nepexona. KorddumueHTs! nepexosa B JaHHBIX (Hopmysiax
SIBJISIIOTCSI CIIPABOYHBIMU JJAHHBIMUA U MUMEIOT SHEPreTUYECKYIO 3aBUCUMOCTh, KOTOpas
npenacraBiieHa Ha pucyHke 4.1. [ToaToMy, HeonpeaeneHHOCTh METOA BOCIIPOU3BEACHUS
3aBUCUT OT TNPABUJIBHOCTA M TIOJHOTHl HM3MEPEHHUM HOHEPreTUYECKOro CIEKTpa

HEUTPOHOB.
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Pucynok 4.1 — 3aBucumocth K03()(PUIMEHTOB Mepexoa OT SHEPreTUYECKOT0 CIIEKTpa HEHTPOHOB
B muddepernnanbHoi popme, HOPMUPOBAHHBIX HA MOJIHBINA (DIIFOCHC HEUTPOHOB, K €AMHUIIAM
MADJl u MUD /1 HEUTPOHHOTO U3ITy4YEHHS

4.1 AHaJIu3 METOI0B CIIEKTPOMETPHM HEHTPOHOB JJIS LeJieil J03MMeTpUun

HCﬁTpOHHOI‘O NU3JTYYCHUHA

Ha ceroguAmHui neHb HEUTPOHHOE W3JYYEHHUE MIMPOKO IPUMEHSAETCSA
B IPOMBIIUICHHOCTH, HAyKEe, MEAUILIUHE, CEIIbCKOM XO35MCTBE, KOCMUYECKOW TEXHUKE
u T.7. BBuay Oosnbiioro paznooOpasus mojieit HEUTPOHOB U UX HEMPEPHIBHBIX CIIEKTPOB
B IIMPOKOM JManasoHe sHepruii or 1:107° mo 20 MbdB, Takue HEHTPOHHBIE MO
XapaKTEPU3YIOTCA CpEOHEW DSHEpPrue Cnekrpa HEUTPOHOB M THUIOM HMCTOYHMKA
WM peakIueill B3aMMOJCHCTBYS HEUTPOHOB C BElECTBOM. B 3aBucMMOCTH OT 001acTH
MIPUMEHEHUSI HEUTPOHHOTO U3JTyUYE€HUS, TIOJISI HEUTPOHOB MOXKHO Pa3JeInuTh Ha:

1) nmonst B OTKPBHITOM TE€OMETPUM HA OCHOBE 3aKPBITHIX PaJUOHYKIUIHBIX
VCTOYHHMKOB HOHM3UPYIOIIETO M3ayueHus (Hanpumep, 2*Pu-Be, °*Cf);

2)  KOJJIMMHPOBAHHBIE TIOJSI HAa OCHOBE 3aKPBITHIX PATUOHYKIIUIHBIX
VCTOYHHMKOB HOHM3MPYIONIEr0 u3nydeHus (manpumep, >°Pu-Be, *®Pu-Be, 2°°Cf,
21 Am-B);

3) mons, mpUMEHseMble B Jy4e€BOW Tepanuu, Ha OCHOBE T'€HEPUPYIOIIMX

VMCTOYHUKOB HOHM3UPYIOILIETO H3JIy4YeHHUs (HampuMmep, TE€HEepaTopbl, YCKOPUTENH,
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SepHO-PU3NYECKUE YCTAHOBKH) C HWCMOIB30BAHUEM Pa3UYHBIX (OpMHUpOBATENIEH
TTOJISL.

4)  moms pPacCeSHHOTO M3JIyYCHHsS, KOTOphle OO0pa3yloTcsi B CMEXHBIX
C U3MEPUTENBHBIMH 3AJIAMU TOMELIEHHUSX, TJI€ PACTIOJIIOAKEHBI BCE BBIIIEIICPEUNCICHHBIE
TUMBI HEUTPOHHBIX UCTOYHUKOB MOHU3UPYIOILIETO U3TYyUCHHUS.

[Tosis HEUTPOHOB C TEPBOTO MO TPEThE, B COOTBETCTBUU C BBIINICONHUCAHHON
Kiaccu(uKanui, SBISIOTCS OTMOPHBIMHU TOJSMH B 00JIacTH 00O€CTeueHUs eIUHCTBA
W3MEPEHUN HWOHM3HUPYIOMIMX W3JIYYCHUU W SACPHBIX KOHCTAHT. JlaHHBIE MO
HEUTPOHOB MPUMEHSIOTCS JIJIsi PEIICHUs] ITUPOKOTO Kpyra 3ajay: MpoBeJcHUE padoT
M0 TOBEPKE M KaTMOPOBKE CPEACTB H3MEPEHHM, MPOBEJECHUE MCIBITAHUNA B IENIAX
YTBEPKACHUS TUINA CPEACTB U3MEPEHUM, MPOBEACHUE UCCICIOBAHUN SHEPIreTUUYECKOU
3aBUCUMOCTH  YYBCTBUTEIIBHOCTA CPEACTB HU3MEPEHUM, NPOBEICHUE HAYYHBIX
VCCIIEIOBAHUM, a TaKXKe [T IPOBEACHUS KIIFOUEBBIX CIIMYEHUN. PaccesHHoe n3nydeHue
OT HEUTPOHOB MPHUCYTCTBYET BO BCEX ONMMCAHHBIX MOJISIX HEUTPOHOB, HO B OMOPHBIX
MOJISIX €r0 CTaparoTCd MHUHUMHU3UPOBATh, TAaKUM OOpa3oM, 4TOOBI JOJI PaCCESTHHBIX
HEeUTpoHOB He TpeBbimana (5-10) % ot mpsAMoro M3IydeHHs, TOXOSIIETO 10 00beKTa
MCCIICIOBAHUS.

MeToabl U cIOCOOBI YMEHBIIIEHUSI PACCESTHHOTO M3TYUYEHUS JUIsl OTTOPHBIX TMOJICH
HAKJIQJIBIBAIOT CYIIECTBCHHBIC OTPAHWYCHUSA NPU NPOCKTUPOBAHUU M CTPOUTEIHCTBE
IIOMEIIEHN, B KOTOPBIX pa3memarrcs ADY, yTo NpUBOAUT K 3HAYUTEIBHOMY
YAOPOKaHUIO CTOMMOCTH JaHHBIX palboT. B CBs3M C BbIIECKa3aHHBIM, CO3/IaHUE
YCIOBUM, 0OECHEYMBAIONIUX MHUHUMAJIBHOE BIIMSHUE PACCESIHHOTO HW3JIy4YCHUS,
3a4acTyl0 HEJOCTYMHO JyIs moJib3oBareneid DY, 4ro mpuBOIUT K HEOOXOJIUMOCTH
y4yeTa HEUTPOHHOTO U3JIyYEHUS] METOIAMU CIIEKTPOMETPUN HEUTPOHOB.

OCHOBHBIMM METOJIAaMH  CIICKTPOMETPUU HEUTPOHOB B 00JIACTH DHEPruit
OT €IUHMUIL JI0 ThICSTY M5B sBiIsitoTCs:

- BPEMSIIPOJIETHBIA METOL;

— METOJ] TPOTOHOB OT/IAYH;

— KaJIOPUMETPUUECKUNA METOZ;

— MCTOJ MHOXXCCTBCHHOCTHU BTOPHUYHBIX HCﬁTpOHOB;
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— aMILUTUTYAHBIA METO/;

— MOPOTOBBIN (AKTUBALIMOHHBIN ) METO;

— meton chep bonnepa.

BpemsinposieTHBIN MeTOJ CIIEKTPOMETPUM HEUTPOHHOIO M3JIy4YEHHUS OCHOBAaH
Ha ONPENEIICHNM KUHETUYECKOM SHEPrUM HEUTPOHA, MPOIMOPIMOHAIBHON CKOPOCTH
HEUTPOHOB TMpPU  MPOXOXKJICHHMHM UM  (PUKCHpOBAHHOTO  paccrosHus  [46].
BpemsanposeTHplli  METOI MO3BOJSAET HU3MEPSTh CHEKTPbl HEUTPOHOB B IIHPOKOM
JIAANa3oHe 3HEPTUMOT coTeH K3B 1o 5 13B. MuHumanpHOE 3HaYeHHE H3MEPSEMOU
DHEPIMM  3aBUCUTOT  MCHOJIB3yEMOIO JIETEKTOpa W  YCTAHOBIECHHOIO  IIOPOTa
auckpuMmuHanmu. Hemocrarkamm — meroma  SIBISIFOTCS:  CUJIbHAs — 3aBUCUMOCTH
paspemiaroniell  CmocoOHOCTM OT OJHEPrUM HEUTPOHOB, KOTOpass  yXyAIIAeTcCs
C YBEIMYEHHEM SHEPIHH; HEOOXOAMMOCTbh MPUBA3KA CUCTEMBI OTCUETAa K BPEMEHU
o0pa3oBaHUs HEHUTPOHOB; HEOOXOAMMOCTh BBINOJIHEHUS YCIOBUH «UJCATbHON
TE€OMETPHUH; Pa3MEIIEHUE JIETEKTOpa HEUTPOHOB Ha OOJIBILIOM PACCTOSHUM (TIPOJIETHOM
0a3e) OT UCTOYHMKA HEHTPOHOB, YTO CHJIbHO YMEHBIIAET TEJIECHBIM Yrojl perucTpanuu
HEUTPOHOB, YXYAIIACT COOTHOILICHUE CUTHAJI-IIYM U YyBEIWYUBAET BPEMsS U3MEPEHUM.
[IpuMepb! CIEKTPOMETPOB, OCHOBAHHBIX Ha BPEMSIIPOJIIETHOM MeTOE, sABisoTc LANL
[47-52], OUAU [53, 54], KEK [55], Cakie [56], UTOD [57].

MeTox NpOTOHOB OTAAYM NPUMEHSAETCS Ul PErMCTpaluy IPOTOHOB OTAAYH
BBICOKOPHEPI€TUYECKMX  HEUTPOHOB, OOpa3ylIIUXCA B  PEaKUUH  YIOPYyroro
(n,p) — paccesHuss B BOJOPOJAOCOAEpX allUM BemlecTBe. JlaHHBI MeTOJ OCHOBaH

Ha TPOCTOM OJHO3HAYHOW 3aBUCHMOCTH DHEPIMM NpPOTOHA oTaauu E, or sHepruu
najaromiero HeWrtpona E, mox ymiom 6p,, cormacHo ypasHenuto 4.3. Ilpu sTOoM

AOCTHUTaCTCs BLICOKOC DHEPTCTHYCCKOC pa3pCICHUC, COCTABJIAIOIICC AOJIH ITPOICHTOB.

E Ep (4.3)
" cos? Oy, '
CneKTpOMeTphl, OCHOBAaHHbIE Ha METOJle HPOTOHOB OTJauM, IMPUMEHSIOTCS

B JuanazoHe ’Hepruil HeuTpoHoB oT (1-2) mo 100 M»B, rae Tpebyercs monydeHue
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BBICOKOTO JSHEPreTUYECKOTO pa3pelIeHuss U B TO K€ BpeMsl HE MPEICTaBISIETCS
BO3MOYKHBIM PEATM30BaTh BPEMSIIPOJICTHBIM METO/I.

Henocrarku metoma mNpOTOHOB oOTHauu: HU3Kas S(Q(PEKTUBHOCTH M BBICOKAs
CTOMMOCTb, CPaBHUTEIIBHO OOJBIINE pa3MEphl YCTAHOBKH H3-3a HAJIUYHUSI CUCTEM
TPEKOBBIX W CUUHTUJUISIIIUOHHBIX JETEKTOPOB, a TAKXKE HCIIOJIb30BAHUE MArHUTHBIX
nosield. [Ipumepbl CHEKTPOMETPOB, pealn30BaHHBIX Ha METO/E€ NPOTOHOB OTIAYH,
ABJISIIOTCA ycTaHOBKH, co3nanHbie B TRIUMF [58], LANL [59, 60], IUCF [61, 62],
TSL [63-65] u Cakine [56].

Kanopumerpuueckuii MeTox — 3TO OAWH U3 OCHOBHBIX METOAOB COBPEMEHHOM
CIIEKTPOMETPUM HEHUTPOHOB B 0OJACTH SHEPrHil OT eauHuIl a0 Thicady M»dB [66].
CyTph MeTOJa 3aKJIFOYAETCS] B KOJIMYECTBEHHOM M3MEPEHHUH TEILIOBOTO MOTOKA, KOTOPHIN
BBIJICISICTCS] TIPU PaJMOAKTUBHOM pacrajie siAepHbIX MarepuanoB. OH BKJIIOYAET JBa
KJlacca B3aUMOJICUCTBUM: SIEPHBIE MPOLIECCHl M 3JIEKTPOMArHUTHBIE IIPOLIECCHI,
CBsI3aHHBIE C 00pa30BaHUEM BTOPUYHBIX YACTHII.

B cBsi3u ¢ TeM, UTO OTKJIMK ACTEKTOPOB, MPUMEHSIEMBIX B KaJOPUMETPUUECKOM
MeTojie, (HOpMHUpPYETCS BTOPUYHBIMH YaCTHI[AMHU ITyTEM WOHU3AIMH WJIM TEHEpaIuu
CBETa B AaKTHUBHBIX JJIEMEHTax KaJOpUMETpa, JJIMHA M TIONEPEYHOE CEUYCHUE
KaJIOpUMETpPa JIOJDKHBI OBITh OOJBIIIE pa3MepoB OOJIACTH, TN€ BBIIETSETCS OCHOBHAsS
sHeprus JuBHSA. OOBIYHO BhIOMpaeMasi IJIMHA KAJIOPUMETPA MPEBBINIAET YE€ThIPE JJIUHbI
sJiepHOTO B3auMojaeicTBus. HelTpoHHBIE KaJOpUMETPhl TPUMEHSIIOTCS MPU SHEPTUSLX
HeHUTpoHOB Beiie S5 [9B, e 3hdEKTUBHOCTH perucTpanuu HEUTPOHOB ONM3Ka
K 100 %, a cpenHee 4KUCIIO BTOPUYHBIX YACTUI[ B JIMBHE U, COOTBETCTBEHHO, CPEIHSIS
aMILTMTYyJla CUTHAJIa BO3pacTaeT Mo Mepe YBEIMYeHUs1 sHepruu HelTpoHa. Hemocrarku
KaJIOpDUMETPUUYECKOTO METOAA: HHU3KOE pa3pelieHUe TMpPU DHEPrusX HEUTPOHOB
Hiwke 5 B, xotopoe He mpeBbIIaeT AECATKA NPOLEHTOB. [IpuMepsl npuMeHeHus
KaJIODUMETPOB ISl PETUCTPALMM HEHUTPOHOB OYEHb BBICOKMX SHEPrUN TMPUBEICHBI
B pabotax [67-71].

MeToa MHOKeCTBEHHOCTH BTOPUYHBIX HEUTPOHOB OCHOBAaH HAa MHOXKECTBEHHOM
TreHepalyd BTOPUYHBIX HEUTPOHOB B TSAKEIBIX CPEAaX HEUTPOHAMH BBICOKHUX SHEPTHUM.

HauGonee uzyden mpoiiecc oOpa3oBaHusi HEUTPOHOB B CBUHIIOBBIX MUIICHSIX B CHITY
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YHUKAIBHBIX SAEPHO-(OU3NISCKUX CBOWCTB CBUHIIA, SBIISIONIETOCS OJHUM W3 JIYUIIAX
MaTepHUasoB Il HICTOYHUKOB HEUTPOHOB pacuieryieHus [72-76]. JlaHHbIN MeTOa MOXKET
ObITh HCIOJIB30BaH JUISl CIIEKTPOMETPUM HEUTPOHOB B 00JIACTH HHEPTUM BHIIIE
HECKOJIBKUX coTeH M»3B u obecreunBaeT CpaBHUTEIHHO BBICOKOE SHEPTETUUYECKOE
pa3pelIeHUe IPU YHEPTHUSIX NEPBUYHBIX HEUTPOHOB BhIlie 10 ['3B. K npeumymectsam
MO>XHO OTHECTH MPOCTOTY KOHCTPYKIHMHM JIETEKTOPOB M BO3MOKHOCTH HCIIOJIb30BaTh
JAHHBI ~ METOI COBMECTHO ¢ MeTtogoM cdep bonHepa i wu3ydeHUs
BBICOKOOHEPTETUYECKOW KOMIIOHEHTHI HEUTPOHHBIX TIOJIEH.

MeTo MHOKECTBEHHOCTH TpeOyeT KaauOpOBKH JETEKTOpa MO 3(PPEKTUBHOCTH
perucTpanuu HEUTPOHOB U K03 UIIMEHTY 0TOOpa coBmaaeHuit [77]. Jns kanmuOpoBKu
UCIIOJIb3YIOT CTaHJIapTHBIE 00pasilbl, aTTECTOBAHHBIC 110 M30TOIHOMY COCTaBy M Macce
LTy TOHUS.

MeTron MHOXECTBEHHOCTH HEWUTPOHOB ULIMPOKO MPUMEHSIETCA i KOHTPOJIIA
TUTyTOHUSI TIPU U3TOTOBJICHUM U TIEpepabOTKe sIACPHOTO TOILIMBA, MPU YUYETE U KOHTPOJIC
AICPHBIX MATEpHAJIOB M B JACATEIBHOCTH IO KOHTPOJIO 3a HEPACIPOCTPAHECHUEM
AIEPHOTO OPYXKUSI.

MeTox  aMIUIMTYIHBIX  W3MEpPEHMM  OCHOBAaH  HAa  BOCCTAHOBJICHHUU
DHEPIreTUYECKOTO CIIEKTpA HEUTPOHOB M3 M3MEPEHHOIO pPaCHPENCIICHUS AMILUIATY.
HUMITYJIbCOB, PETUCTPUPYEMBIX JE€TEKTOPOM. OTKIIMK JETEKTOpa 3aBUCHUT KaK OT YIHEPTUH
NaJaloIuX HEUTPOHOB, TaK U OT THUIA JETEKTOpa: Marepuala, pazMepa U PU3NUeCcKux
nporieccoB (popmupoBanus curHana [78-85]. Baxknoit mpobieMoil IpaKTHUUECKOTO
MPUMEHEHHUSI JIETEKTOPOB B CHEKTPOMETPUU HEHUTPOHOB AaMILUIUTYIHBIM METOI0M
ABJISIETCS ~ JUCKpUMHUHAIMSA  ¢GoHA  TamMMa-U3JIyudeHHUs, 3apsSKEHHBIX  YaCTHII
M HEUTPOHOB. B mpouecce BOCCTAHOBJIEHUS DHEPrETUUECKOTO CIEKTPa HEUTPOHOB
M3 U3MEPEHHOr0 aMIUIMTYAHOTO PAaCHpECICHUsI UCTOJIB3YETCSl MATPUIA W3MEPEHHBIX
WU PACCUMTAHHBIX OTKJIMKOB JIETEKTOpa [IJii MOHOJHEPTreTUYECKUX HEUTPOHOB.
IIpoBeneHue mNpsIMBIX H3MEPEHUM HAa IIyYKE MOHOJHEPreTUYECKUX HEUTPOHOB
B IIMPOKOM JMana3OHE »SHEPrud SBISIETCA JOOCTATOYHO CJOKHOW M HE BCErna

pean3yeMou 3a1auecil.
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OgHuM W3 TMPEUMYIIECTB JAaHHOTO METOJa SBISETCS BO3MOXKHO H3MEPSTH
HEINPEPBIBHBIA  CHEKTp  OBICTPBIX  HEUTPOHOB C DHEPrUed B  JIHAINA30HE
or 30 B g0 3 Mb»sB. Heilitpousl ¢ »sHeprueid Huxe 30 k3B He Moryt
PETUCTPUPOBATHCS, TOCKOJIBKY T€HEPUPYEMbIE MU UMITYJIbChl CPABHUMBI 11O BEJIMUUHE
¢ mymom OV [46].

MeTox mOpoOroBbIX JAeTeKTOPOB [86-96] ocHOBaH Ha NpUMEHEHUH Habopa
JNETEKTOPOB, B KOTOPBIX pPEAKIUs HEBO3MOXHA, II0Ka OIpEACIICHHAs JHEPIus,
Ha3blBaeMasi SHEPreTUYECKUM IOpPOroM, He OyaeT mpeBbilieHa. [Ipu ucnonbzoBaHUU
METOJ]a IMOPOTOBBIX JETEKTOPOB OOJBIIOE 3HAYEHHE HMEET BHIOOpP 4YHMCIA W THUMA
JETEKTOPOB C Pa3IMYHON BEIIMUMHOW SHEPreTHYECKOro nopora. IIpu 3Tom kenareiabHO
00eCIeYnTh CPABHUTEIBHO PABHOMEPHOE pacCIpe/iesiecHHe BEJIWYUH TOPOTrOB TaKUX
peakuui B HCCIEAYEMOM OJHEPreTM4ecKoM auamnas3oHe. OpHako, JaHHAs 3aaada
SBIIICTCSI TPYAHOBBIIOJIHUMOW B CHJIy Kak OTpPaHMYEHHOro Habopa peaxiui,
TaK ¥ IUJIOXO H3YUYEHHBIX (YHKIMI BO30YXKIEHUSI JIE MHOTUX H3 JTHX PEaKIUU.
K Hegoctarkam MeTola TOPOTOBBIX JETEKTOPOB MOXHO OTHECTH HEOOXOAMMOCTh
obecriedeHust 60IbIIOTO (IIFOEHCA HEHTPOHOB B M3MEPEHUAX. JJaHHBIN METO MOTYYHII
IIUPOKOE TMPUMEHEHHWE B HCCJICIOBAHUSX HWHTEHCHUBHBIX HEUTPOHHBIX TIOJIEH,
CO3/1aBa€MbIX B SJIEPHO-(PU3NIECKUX yCTAaHOBKAX.

Meton cdep bonnepa [97-102] ocHOBaH Ha WUCIHOJIB30BAHUM JETEKTOPOB,
NPENCTAaBIAIOMMX Cco00M  KOMOMHaUMIO  3aMemurenss  chepuyeckoll  GOpMbI
U JETEeKTOpa, pPa3MELIEHHOTO B IEHTPE 3aMEMJIUTENII W HMEIOIIET0 BBICOKYIO
7 (PEKTUBHOCTh PETUCTPAIIMU TEIUIOBBIX HEUTpOHOB. Habop Takux JE€TEKTOPOB
pPa3IMYHOrO JMaMeTpa I[I03BOJIAET MPOBOJUTH M3MEPEHUS] B OYEHb IIUPOKOM
HHEPreTUYECKOM JIMAMAa30HE OT COTHIX JoJiel 3B (TemnoBbIx 3Hepruii) 1o MHorux 1B.
[Ipu sToM, nns cdep pazHOro AUaMETpa MAKCHUMyM YYBCTBUTEIBHOCTH HAXOAUTCS
B pa3HBIX 00JACTAX HIHEpruil HeuTpoHoB. K T1umrocamM MeToma OTHOCHUTCS MPOCTOTA
BBITIOJIHEHUSI M3MEPEHHM U BbIcOKass A(G(PEKTUBHOCTh PETUCTPALMM HEUTPOHOB
JETEKTOpaMHl Mpu  cJab0W YyBCTBUTEIBHOCTM K TraMMa-KBaHTaMm, YTO BaKHO
Il TPOBEIEHUSI UCCIEAOBAaHUM B CMEIIAHHBIX TaMMa-HEUTPOHHBIX  MOJISX.

[Ipu sToM chepuueckas hopma 1€TEKTOPOB 00ECIIEUNBAET U30TPOIHBIX OTKIIMK.
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I[I/IaHaBOHBI 3HepFHﬁ, B KOTOPBIX HPUMCHAIOTCA IICPCUUCIICHHBIC MCETOAbI

CHEKTPOMETPUN HEUTPOHOB MPEACTABICHBI HA PUCYHKE 4.2.

Kanopumerpus

| |
MHO#KECTREHHOCTE HEHTPOHOB
|

| |

Bpems nponera I I
H—p-paccesHme | : :
| | | | | |
| AMIUTHTYIHBIH METOJ | |
| | | | | | |
Toporoseic peakiimm | l l

| |

| |

I I

l l

Cc[:n::pm E-I]H'HEP;I

10! 1Y 10! 102 10° 104 10°

Pucynok 4.2 — JIlnana3zoHbl 2HEPTUH METOAOB CIIEKTPOMETPUH HEUTPOHOB

B Xxome mpoBeneHHOrO aHaiu3a METOAOB CIEKTPOMETPUU HEUTPOHHOTO
M3IyYeHUs i1 IPUMEHEHMs B auana3oHe sHepruii or 1:107 go 20 MsB MoxHO
C/IeJIaTh CJEIYIOUIUE BbIBOJBI:

1) MeTog MHOXECTBEHHOCTH HEHTPOHOB U KaJOPUMETPUUYECKUH METOH
NPUMEHUMBI I CHEKTPOMETPUU BBICOKOIHEPI€THUYECKOIO HEHTPOHHOIO H3IIyYEHUS
or 1 @B, HO ux wucnonb3zoBaHUE B TpPeOyeMOM [Mana3oHE HEBO3MOXKHO BBHUIY
YXYIIIEHUS] Pa3pelieHrss BOCCTAHOBJIEHHBIX JHEPreTUYECKHUX CHEKTPOB HEWTPOHOB,
a Takke U3 0COOEHHOCTeW peakiuil oOpazoBaHus HEUTpoHOB Ha ADY (yckopurenw,
UUKJIOTPOHBI);

2)  TEXHUWYECKHE  peaju3alMd  BPEMSNPOJIETHOIO  METoda  SIBJISIOTCS
CTallMOHAPHBIMU M3-32 HEOOXOAMMOCTH CO3[aHUsl BBIHOCHOIO BaKyyMHOTO ITyYKOBOTO

TpaKTa I YIYUYIICHHA (I)OHOBBIX YCHOBHﬁ, 4qT0 HOpUBOAUT K MHHUMMU3ALIUU
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JIOTIOJIHUTENBHBIX MOMPaBOK. JlaHHBIN MeTon TpeOyeT HaMuuue MOMEIICHUH OOJBIIOro
pasmepa it GopMHUpPOBAHUS IPOJETHOM OA3BI;
3)  MeToA MOpPOroBBIX AETEKTOPOB IMPEAINOIAraeT Hajuuue OTrPaHUYEHHOTO

Habopa JETeKTOPOB MAJI PETHUCTPAllMd HEUTPOHOB B JMAaNa3oOHE IJIOTHOCTEM MOTOKa

or 108 1010 — oyer 6 6
0 2.0 Tpe yeT OJIBIIOI'O KOJIHNYCCTBA BpeMeHI/I Ha opa CHUT'HaJIa, 4YTO
=

JIEJIa€T HEBO3MOKHBIM €T0 MPUMEHEHNE B PAMKaX PEIIaeMOU 3aauH.

Ha ocHoBe mepeduncieHHbIX MPEUMYILIECTB U HEAOCTATKOB OMMCAHHBIX METOJIOB
CIIEKTPOMETPUM  HEUTPOHOB, HamOoJiee  MOAXOMSIIMM  METOJIOM  H3MEPEHUs
HSHEPreTUYECKOTO CIIEKTpa HEUTPOHOB JJIS LIEJIEH TO3UMETPUN HEMTPOHHOTO U3ITyYEHUS
B JMANA30HE€ DHEPrui  OT 1-10° mo 20 M»bB sBusercs COBOKYITHOCTh
(KOMILIEKCUPOBAaHUE) METOJOB MPOTOHOB OTJAuM, AMIUIUTYJHOTO METOJa U METoja
cthep bonnepa.

B pesynerare, B ciiydyae NPUMEHEHUS KOMIUJIEKCMPOBAHHOIO METOJAa B LETAX
CHEKTPOMETPUM U JIOBUMETPUM HEUTPOHHOTO W3IIyYCHHs, HEOOXOAUMO PEIIUTh
CJIEYIOIIME OCHOBHBIE 3a/1a4U:

1) chopmupoBath HaOOp JETEKTOPOB M  IIAPOBBIX  3aMEJIUTEIICH,
00ecCIreunBaloNIni PETUCTPAIIMI0O HEUTPOHOB OT Pa3HBIX TUIIOB PEAKIIUN;

2)  NOpOU3BECTH pacyeT 3HAYEHUH (QYHKIUI YyBCTBUTEIBHOCTH JETEKTOPA
C HaOOPOM LIAPOBBIX 3aMEIUTEIIEH;

3) mpoBecTd aHaIM3 U O00paOOTKYy ammapaTypHBIX CHEKTPOB JJIsi BBIACICHUS
HEUTPOHHON KOMIIOHEHTHI 3arpy3KH JIETEKTOpa ¢ HA0OPOM IIAPOBBIX 3aMETUTENCH;

4)  pemmuTh HEKOPPEKTHYIO 3a7a4y BOCCTAHOBJIEHUS YHEPTETUUECKOTO CIEKTpa
HEUTPOHOB TIyTEM pEIICHUs UWHTErpajibHOro ypaBHeHus @pearonbma 1 pona

YUCJIICHHBIMU METOJIAMHU.
4.2 AHaJIM3 He00X0AUMOI0 M I0CTATOYHOI0 KOJIMYEeCTBA AeTEKTOPOB HEMTPOHOB

Hcxons u3 pa3HooOpas3usi MCMONb3YEMBIX Ha MPAKTUKE HEUTPOHHBIX IMOJIEH,

HCﬁTpOHBI MMOABCPrarOTCsA MHOXCCTBY BSaHMOHeﬁCTBHﬁ B OpraHusmMe 4YCJIOBCKa,
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BCJICICTBUE 4Yero oOpa3ylOTCs pa3jMdYHbIE THIHI BTOPUYHBIX dactuil. Ha pucynke 4.3
MOKa3aH OTHOCHUTEIbHBIM BKJIAJ BTOPUYHBIX 3aPSDKEHHBIX YAaCTUI[ B JI03Y BO BCEM
dbaHTOME B 3aBUCHMOCTH OT DJHEPrHMM TNajarouiero HeWTpoHa. J[lns HEUTpOHOB
c sHeprueit no 10 k3B BTOpUYHBIMU YacTHIIAMH SABISAIOTCA (OTOHBI, MX BKIAA
B no3y mnopsaka 10 %, Torma xak 90 % Bknaga B A03y OPHUXOAUTCS Ha (HOTOHBI
c sHeprueil 2,2 M»dB, ucmyckaemble BO BpEMs 3axBaTa HEUTPOHOB BOJOPOAOM.
[TockonbKy (OTOHBI OTHAIOT CBOIO SHEPTUIO UEpe3 ANEKTPOHBI U TO3UTPOHBI, BKIIA
dboToHOB B 1103y oOOO3Hauaercs Ha pucyHke 4.3 kak «3apsKeHHbIC YaCTHIID».
Ocranbhas 9acTh 10361 (10 %) obycnosnena peakuuein “N(n,p)!*C. IIporons! u sapa
ormaun “C oTHaroT cBOIO SHEPIUIO M 0003Ha4aroTcsa Ha pucyHke 4.3 kak «IIpoTom»
u «fnapa ornaun» coorBeTcTBeHHO. DOTOHBI BHOCIT 90 % BKIIaga B 103y OT OOIyYSHUS
TEIUIOBBIMU U SNIUTEPMAJIbHBIMU HEUTPOHAMU.

[Ipu sHeprusix HedTpoHoB Bbiie 10 k3B Bkiag B 703y oT (OTOHOB PE3KO
cHmkaercs u cocrasisieT meHee 20 % mpu sHeprun 1| MaB. [lpu 3HEprusx HEUTPOHOB
Boillie 1 k3B, osHeprus, TepsiemMas NOpPOTOHAMU OTAA4Yd TPU YIOPYTOM PACCESIHUU
Ha BOJIOPOJE, CTAHOBUTCS 3HAUMUTENIBHOW, B TO BpEMsl KaK IpPU DSHEPTUAX BBIIIE
HecKobkuX M»B 00pa3oBaHue 3apsyKEHHBIX YacTHI[ B PE3yJbTare SACPHBIX PEaKIMi
CTAaHOBUTCSI Bce 0o0jiee BBIPAKECHHBIM MEXAHHW3MOM BBIJICICHHS YHEPTUU TMAJAONINX
HEUTPOHOB.

BoccraHoBieHHE IHEPTETUUECKOTO CIIEKTPA HEUTPOHOB NPH BOCIPOU3BEIACHUU
equaul;, MADJ[ u MUD]l HEWTpOHHOTO H3JIYyYEHHSI Ha OCHOBE TOJBKO JE€TEKTOpa
TEIUIOBBIX HEUTPOHOB, cBomasuiero B cocraB I'DT 117-2010, Beger k CyleCTBEHHOU
norepe 4acTu MHGPOpMallMU, CBA3aHHOM C MpolieccaMu 0O0pa3oBaHUs MPOTOHOB U SJEP
oTnauu. Bkiag JaHHBIX MPOIECCOB CTAHOBUTCS MPEBAIUPYIOIIMM HAYWMHAs C SHEPTUU
0,1 M»aB. Takxxe Haunnas ¢ sHepruu 0,1 MaB koadduirienT nepexoga oT eTMHUYHOTO
duroeHCa UMEET CYMIeCTBEHHYIO 3aBUCHMOCTH OT DHEPTUU HEUTPOHA, KaK IMOKa3aHO
Ha pucyHke 4.1.

[TosToMy A yué€ta BKIaZa NpoueccoB ¢ 00pa3oBaHUEM MPOTOHOB U SIAEP OTAAYH
B COCTaB M3MEPUTENSI MOITHOCTH SKBUBAJIEHTA J103bl HEUTPOHHOTO M3nyueHuss UMO]I,

Bxogsmero B cocra ['DOT 117-2010, BBeaeHbl OJIOKM perucTpandd HEHTPOHHOTO
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U3ITy4YCHUs] HA OCHOBE: CIUHTWUIAIIMOHHOTO JIETEKTOpa U MPOIMOPIIMOHAIEHOTO
BOIOpOAHOTO cueTtunka. OOmuii BUJ pa3paOOTaHHBIX M HW3TOTOBICHHBIX OJIOKOB

perucTpanuy npeacTaBlieH Ha pucyHkax 4.4 u 4.5.

? 90 %
= 80%
= 70%
2 60%
=

E 50 %
= 40%
s 30%
= 2%
S 10%
0%

le-3 0,01 0,1 1 10 100

JHeprus HeliTpoHa, M3B
B 3apsiskeHHbIe YaCTHLbI E TIpoToHBI E fAnpa otnaumn He-4

Pucynok 4.3 — Tunbl peakuuii npyu B3aMMOJEHCTBUY HEUTPOHA C BEILIECTBOM

C pa3BUTHEM TEXHOJOTUH B OONACTU PETUCTpAlMM HEHUTPOHHOIO M3IIy4EHHUs
MOSIBIJIMCH HOBBIE BUBI CIIUHTHIUISITOPOB, KOTOPBIE 00J1a/1at0T TPEUMYIIIECTBAMHU TIE€PET
cuuatwuisitopoM Lil(Eu) w3 cocraBa I'DT 117-2010. OnHuM U3 TakuxX AETEKTOPOB
SBJISIETCS CUMHTWUIALMOHHBIA JETEeKTOp Ha OCHOBe JuTueBoro crekna LiO,,
oGoramennpiii u3oronoM °Li. Takoli THI CHMHTHUIATOpa OOJ€e YYBCTBHTEJEH
K TEIUIOBBIM HEHUTPOHAM, MPU 3TOM UYYBCTBHUTEJIBHOCTh K TIaMMa-U3JIyYEHUIO HUXKE,
yeM y cuuHTIiissTopa Ha ocHoBe Lil(Eu) [103].

JUis  pacluupeHusi  U3MEpPUTEIbHBIX  BO3MOXHOCTEM M TOBBILIEHUS
YYBCTBUTEJIBHOCTH MW3MEPUTENS MOIIHOCTH 53KBHUBAJIEHTAa 1036l HEHUTPOHHOIO
mnyuenuss MMOJl  pomonHuTensHO BBedeHsl B cocra  [OT  117-2010:
IPOMOPIUOHANIBHBIN CYeTUYMK Ha OocHOBe BFs3, cMHTWILUIALIMOHHBIE OJOKHM HA OCHOBE
LiO,, ZnS(Ag)/LiF. OOmwuii Bujx pa3pabOTaHHBIX M HU3TOTOBJICHHBIX OJIOKOB

perucTpanyu 1 I€TEKTOPOB HEUTPOHOB MPEICTABIICH Ha pucyHkax 4.6 —4.9.
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1 — BXOJJHOE OKHO, 2 — UIKUI CUMHTUUILMOHHBIN 1€TEKTOp, 3 — KpbIIIKa KOpIyca, 4 — ONTHYECKOE

OKHO, 5 — KOHyc000pa3HbIii cBeToBO, 6 — DY, 7 — KopITyc O10Ka PEeTUCTpaIliH, 8 — ISITUTEITh

HalpspKeHUs1, 9 — KOpItyc BCTpOEHHOro Osioka nutaHus, 10 — TopueBas KpbIIlIKa ¢ pa3beMaMu

PI/ICYHOK 4.4 — briok perucTpanuv Ha OCHOBE CHUHTHJIJIAIMOHHOI'O JJETEKTOPA

Jlmamerp cuerunka 50,8 mm

=

HYV pasbem
Toaxmuna crenxn 0,5 MM

PI/ICYHOK 4.5 — brok perucTpan Ha OCHOBE NPOIIOPHHUOHAIBHOTO BOAOPOAHOTO CUCTUNKA

Pucynok 4.6 — biok peructpaliuu Ha OCHOBE MPONOPLHUOHATIBLHOTO cueTurka BF;
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Pucynok 4.7 — Biiok peructpanuy Ha OCHOBE CIIMHTHUISIIIMOHHOTO AeTekTopa LiO»

Pucynok 4.8 — Habop CIIMHTHILISIIMOHHBIX JCTEKTOPOB

Pucynok 4.9 — briok peructpanuy Ha OCHOBE CIMHTHIUIALMOHHOTO feTekTopa ZnS(Ag)/LiF
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B coorBercTBHM ¢ BBIOpAaHHBIM METOJOM CIIEKTPOMETPUU HEHUTPOHOB OBLI
NPOBEACH aHalIW3 MAaTepuajoB /I M3TOTOBJICHUSA IIAPOBBIX  3aMEIMTENCH.
HamwnydymmM MaTepuanoM JJis I[IAPOBBIX 3aMENJIUTENIC HEHTPOHOB  SBISICTCS
nonudTUiaeH.  OCHOBHBIE ~ JOCTOMHCTBA ~ 3TOTO0  MaTepuaja  3aKJII0YaloTcs
B CJICTYOIICM:

— orcyTcTBUEe npumecelt (He 6onee 0,05 %), yTo UCKITIOYAET HEOOXOAUMOCTD
BBEJICHUS TIOTPABOK Ha TMPOTECKAHWS PEAKIMA OT COIMYTCTBYIOIIMX YAaCTHIl M TamMMa-
KBAaHTOB;

— BBICOKAs  3aMEISAIONIasl  CHOCOOHOCTh, IO3BOJISIONIAS ~ YMEHBIITUTH
reOMETPUYECKUE Pa3Mephbl U3MEPUTEIIS;

— BBICOKUH KOA(G(OUIIMEHT 3aMEJUICHHS], YTO CYIIECTBEHHO C TOYKH 3PEHHUS
MOJTYYCHHS] MAaKCUMaIbHOW 4yBCTBUTEIHLHOCTH JETEKTOPA.

B Tabmume 4.1 npuBeaéH psa mapaMeTpoB, CYHIECTBEHHBIX IPU BBIOOpE

Marcpualia 3aMCAJIUTEII JJIsI U3TOTOBJICHHUS IIAPOBBIX 3aMeIUTEIICH.

Tabmuma 4.1 — XapakTepUCTHKKM MaTepuasoB, CYIIECTBEHHBIX IPU HW3TOTOBICHUU

IIaPOBBIX 3aMEIUTENEH

IInoTHOCTE
3amemstomast | Kospduuuent Mounsipaas
Marepuan BEIIECTBA,
CITOCOOHOCTH 3aMe[UIeHUs] | Macca, I*MoJIb™!
KI*M?

[ToausrTunen 955 3,26 122 14
Bona 998 1,35 71 18
Tsoxenas Boga 1104 0,179 5670 20
I'padur 2230 0,064 192 12
bepuinuii 1848 0,155 143 9

N3 nmanapix B Tabmuune 4.1 caemyer, 4To KOX(PGUIIMEHT 3aMeIJICHUS
HEHUTPOHOB MPHU OJHOM M TOH Ke TOJIIMHE OOOJOYKH y MOJIUATHUIICEHA B 2 pa3a BhIIIE,
gyeM y BoApl. COOTBETCTBEHHO, YYyBCTBUTEIBHOCTb JIETEKTOPA, IOMEIICHHOIO

B 000JI0YKYy U3 TONMATHICHA, OymeT Bbimie. OO0O0MOYKM W3 OCPWIIUS  SBISIOTCS
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TOKCUYHBIMH, A TakkKe  O0NlaJaloT HHU3KOWM  PaJuallMOHHONM  CTOMKOCTHIO.
Takue Marepualbl Kak BOJAa W TsDKeNash BOJAa HE MOAXOMAT HU3-3a OTPaHUYCHHM,
CBSI3aHHBIX C HEOOXOIMMOCTBbIO HAJIUYUS E€MKOCTEH, YTO MNPUBOAUT K YBEIUUYCHHIO
YHUCIIa UCTIONb3YEMBIX MATEPUATIOB U YCIOKHEHUIO MPOIecca BOCCTAHOBIICHUS CIIEKTPA.

Takum o0OpazoMm, i Bcex OJIOKOB pEruUCTpaliy, BOIIEAINIUX B COCTaB
pa3pabOTaHHOIO amnmnaparypHO-METOIUYECKOT0 KoMiuiekca eauHuly MADJ u MUDJL
HEUTPOHHOTO U3JIyYEHUS Ha OCHOBE METOJOB BOCCTAHOBIICHHS JHEPreTUYECKOTO
CIIEKTPa HEWTPOHOB B aManasoHe s>Hepruii ot 1:107 1o 20 M»B, ObUIM H3rOTOBICHBI
[IAPOBBIE 3aMEJIUTENIA U3 BBICOKOMOJIEKYJISIPHOTO TOJUATUIICHA BBICOKOTO JAaBJICHUS
Mapku PE-1000 muamerpamum 70, 120, 150, 200, 240, 300 u 400 mM. OOmuii B

HN3IrOTOBJICHHBIX ITAPOBLIX 3aM€HHHTeH€ﬁ IIpCaACTaBJICH HA PUCYHKC 4.10.

7

Pucynoxk 4.10 — HaGop mapoBsIx 3ameanuTenen

PCSYHBTaTBI pa6OTBI IMO3BOJIAAIIOT  OXBATUTb BCC IIPOTCKAIOINIMC PCAKIWU

B3aHMOJICICTBUSI HEUTPOHA C BEIIECTBOM B BBIIIEYKAa3aHHOM JIUANA30HE SHEPTUM.
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4.3 Pacuyer 3Ha4eHMil PYHKIMH YyBCTBUTEIbHOCTH

Ucxons wu3 ypaBuenuit (4.1) um (4.2), 9toOBl HCMOJB30BATh JCTEKTOP
C 3aMEJINTENSIMU B KayeCTBE CIIEKTPOMETPA, HEOOXOIMMO OIPENEIUTh 3HAYCHHUS
GYHKIMKM ~ YYBCTBUTEIBHOCTH  KaXJOrO  JETEKTOpa €  KaKIbIM  IIapOBBIM
3amennuteneM. CyliecTByeT JBa crnocoba ompefesieHus 3Ha4eHUd  (YyHKIUU
YyBCTBUTEIHHOCTH. DKCIEPUMEHTAIbHBIM, yTeEM oOrydeHus JETEKTOpa
C 3aMEIJIUTENIEM MOHOPHEPIreTUYECKUM HEUTPOHHBIM HW3JIYYEHHEM, M pacyer
YUCJIIEHHBIMA METOJIaMH, ITyTEM MOJEINPOBaHUA cOOBITUI MeToJoM MoHTe-Kapiio.

Hcnonp30BaHME MOHOSHEPIETUYECKOTO MCTOYHMKA JJISl ONPENEIICHUS] 3HAYCHUI
(GYHKIIMM 4YyBCTBUTEIBHOCTH JETEKTOpa — JAOPOTOCTOSAIIUMNA M CJIOXKHBIN IpoIlecc.
Takxe, HE0OXOIMMO OTMETHUTh, YTO TAKUX MCTOYHUKOB Majo, MO3TOMY PaCUET MOXKET
OBITH TPOBEJEH TOJBKO JIJII HECKOJIbKHX fHeprerudeckux Touek [104]. B nmanHoi
paboTe ornpenesieHne 3HaYeHUN (PYHKIIMM YyBCTBUTEIBHOCTH JETEKTOPOB C IIAPOBBIMU
3aMeJTUTENSIMU IPOU3BOAUIOCH YNCIEHHBIMU METOAAMH.

Pacuer 3HaueHud (QyHKIMM YYBCTBUTEIBHOCTH JCTEKTOPOB  BBIMOIHSIICS
B 2 JTana:

— MOJITOTOBKA BXOAHBIX (Dailyios;

— BBINIOJIHEHUE pacyerTa.

Pacuer 3HaueHumii  QyHKOMI ~ YYyBCTBUTEIBHOCTH  TMPOU3BOAWIICA  JUIS
cuuHTWIIIUMOHHBIX — jietekTopoB  Lil(Eu), LiO,, ZnS(Ag)/LiF, C¢Hi(CHs),
Y IPONOPUHUOHANIBHBIX cueTYMKOB BF;3, Hj.

[Ipu mnoAroTOBKE BXOIHBIX (aillioB oOMUCHIBaIach TE€OMETPHSI JIETEKTOPOB
CO BCEMHM THIOpa3sMepamu mapoBblx 3amemmreneii. Ha pucynke 4.11 mnokasana
CTPYKTYpHasi cxema reoMeTpuu pacueta. [Ipu ucnonb3oBaHHM CIIEKTPOMETPA B MOJIAX
OTKPBITOM U KOJUIMMUPOBAHHOW TI'€OMETPUU MOMABIIAIONIAS 4YaCTh HEUTPOHOB HMEET
OJIMHAKOBOE HAINpaBJICHUE MAJCHUS HA CHEKTPOMETP, YTO COOTBETCTBYET OOIYUYEHUIO
B IUIOCKOM MOHOHAampaBjieHHOM Tone. [Ipu MoaenMpoBaHMM HCTOYHHK HEWTPOHOB
3a/laBajici B BHUJE JHCKa, TUAMETP KOTOPOTO COOTBETCTBYET JHUAMETPY CQephl,

a HaIpaBJICHUE HEUTPOHOB MEPIICHINKYIISIPHO OCH CIIEKTPOMETPA.
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WICTOYHMK
HelTpOHOE n

v

MonusTuneHoBLIN
3aMennuTens

[etexTop

Pucynok 4.11 — CtpykTypHas cxemMa reOMEeTpuu pacuera

Jlnst monmydeHusi 3Ha4eHU (YHKIIMKM 4YyBCTBUTEIBLHOCTH JETEKTOpa HEOOXOAMMO
yuuTbiBath [105]:

— MJIOTHOCTh Marepuaia KOHCTPYKIITMOHHBIX AJIEMEHTOB 0J10Ka
J€TEKTUPOBAHUS U MIAPOBBIX 3aMEJIUTENCH;

- reOMETPUYECKUE IMapaMeTphl crekTpoMerpa (pasmep u ¢opmy OoKa
JIETEKTUPOBAHUS, KOTOPBIH COCTOUT M3 JETEKTOpa, (POTOANEKTPOHHOTO YMHOKHUTEIIS
C JCJIUTENIEM HaNpPsHKEHUSI U KOpIyca);

- THI B3aUMOJCHUCTBUSI HEUTPOHA C BEILIECTBOM;

— MeToJ1 00pabOTKH CUTHAA.

JIns pacueToB HCMOIB30BAIUCH OMOTUOTEKM SIICPHBIX MAHHBIX M KOHCTAHT
ENDF/B-VIIIL.0. 3nauenus GyHKIUNA UYyBCTBUTEIBHOCTH TIPU ITOM OINPEACIISIOTCS
KaK YUCIIO SIICPHBIX peakiuid Ha eIUHMIy (Ir0eHCa HEMTPOHOB HAa OCHOBE OIICHKU
JUTHHBI CBOOOTHOTO MpoOera B 00beMe JIeTEKTOpa, HOPMUPOBAHHOTO Ha OJTHY MCXOIHYO
gactuily. Ha ocCHOBe (u3MYECKMX NPUHIIMIIOB PErUCTpallid HEUTPOHOB, GOPMYITY

3HAYEHUN (PYHKIMI YyBCTBUTEILHOCTH MOXKHO TMPEACTaBUTH CIEAYIOIUM 00pa3om

[106]

R,(E) = S;NV j Ea(n, a)Fz(E)dE, (4.4)
0

rae  S; — Wiol@aab UICTOYHHUKA, COOTBETCTBYIOIIETO cepe 1uaMeTpoMm d;;
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N — aromMHast KOHLIEHTpALHUS sSIEp AETEKTOPa;

V — o6bem nmerekropa;

Fr(E) — mI0THOCT TOTOKAa HEUTPOHOB B 00BbEME JETEKTOPA;

o(n,a) — MUKPOCKOITUYECKOE CEUCHUE PEaKIIMH, MO KOTOPOH PacCUUTHIBAOTCS
3Ha4eHUs (PYyHKIIUU UyBCTBUTEIBHOCTH.

Jna pacyera 3Ha4eHMH (YHKIMM YYBCTBUTEIBHOCTH BCE€X KOMOWHAIUIN
JIETEKTOPOB C MIAPOBBIMU 3aMEUIUTEIIMA HE00X0IUMO ObLI0 00padboTrats okoso 12000
BXOIHBIX (aitna. Jlig aBromMartu3alud M YCKOpEHHUs IIpoliecca pa3padoTaHo
nporpammHoe cpeactBo «ResFunction», koTopoe B aBTOMaTUY€CKOM PEKMME Ha OCHOBE
NEPBUYHOTO BXOAHOrO (haiina cozgaeT HaOOp BXOAHBIX (DalIoOB A Pa3IUUYHBIX
HPHEPreTUYECKUX TPYII, 3aT€M 3allyCKaeT MPOrpaMMy MOJEIUPOBAHMS IS KaXJI0TrO
¢daiina, u oOpabarbiBaeT BBIXOJHBIE (ailsbl, (opmMupys 3Ha4eHUS (PYHKIUU
4yBCTBUTEJIBLHOCTU B TAOyJIUPOBAHHOM BUJIE.

B pesynprare ymamoch COKpaTUTh BpEMsl C MOMEHTAa MOJATOTOBKM BXOJIHBIX
¢aitnoB 10 nosyyeHus: 3HaYeHUH (QyHKIIUN YyBCTBUTEIBHOCTH C JIByX MecsIla O OJTHOM
Heaenu. [lpu MomenupoBaHUM MOHOIHEPTETUYECKUX HEHUTPOHOB, YHUCIO COOBITHI
cocraBuino 10%, 9TO TMO3BONMJIO YMEHBUIMTH CTaHAAPTHYIO HEONPENEIEHHOCTD
no tuny A 1o 1 % u Huxe.

I'papukn 3HaueHHii (QYHKUUMH YYBCTBUTEIBHOCTM Ha MpuMepe OJIOKOB
perucTpanuu Ha OCHOBe cuUMHTWLIssLMOHHOTO aetekropa Lil(Eu), LiO, u GopHoro
cheprueckoro  MPONOPLUUOHAIBLHOTO  CUETYMKA C  Pa3IMYHBIMU  JTMaMETpaMu
3aMeJIJIMTEIIeN MPEACTaBICHbl HA pUCcyHKax 4.12 —4.14.

JUIsi TOATBEPKIEHHUSI NPABUIBHOCTH BBINOJHEHUS MOIECIUPOBAHUS 3HAYCHHM
(GYHKIMH 4yBCTBUTENBHOCTU MPOBEJAEHBI PACUEThl JUIsl CUUHTUJUISIITAOHHOTO JIETEKTOpa
Lil(Eu), momydeHHble pe3yJbTaTbl CpPAaBHUBAINCH C PE3yJbTaTaMH, MOJYyYEHHBIMU
B JPYTUX MEXIYHApOAHBIX J1a0OopaToOpHUsX C HCIOJIb30BAaHUEM PEKOMEHOBAHHOTO
IpOrpaMMHOr0  oOecreyeHus: Jisi  BBIMNOJHEHUS MOACIMPOBAHUS  YHUCIECHHBIMHU

METOJaMH, MPUMEHSEMBIMU B MEPBUYHBIX ATAJIOHAX APYIHX cTpaH (pUCyHOK 4.15)

[107, 108].
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Pucynok 4.12 — 3nauenus GyHKUUN 4yBCTBUTEIBHOCTH OJIOKA PErMCcTpaliyl Ha OCHOBE

CIHUHTHLISIIMOHHOTO feTekTopa LiOs

70 mm
B 120 mm
I 200 mm
B 240 mm
I 300 mm

I 400 mm

Il 70 mm
B 120 mm
I 200 mm
B 240 mm
I 300 mm
I 400 mm

Pucynok 4.13 — 3nauenus QyHKIUN 4yBCTBUTEILHOCTH OJ0Ka PETUCTPALIUK HA OCHOBE

MPONOPLMOHAIBHOTO cueTunka BF3
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Pucynok 4.14 — 3nauenus GyHKUUN 4yBCTBUTEIBHOCTH OJIOKA PErMCTpalui Ha OCHOBE

COMHTWLISIIOHHOTO eTekTopa Lil(Eu)
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Pucynok 4.15 — 3nauenust pyHKUUI 4yBCTBUTEIBHOCTH OJOKOB PErHCTPALIMU Ha OCHOBE

cuuHTHLIsMOoHHOTO Aetektopa Lil(Eu), npencrasinennsix B padotax [107, 108]

KpurepueM npaBuIbHOCTH BBITIOJIHEHUSI MOJAEIMPOBAHMS 3HAUCHUNW (QyHKUIUN
YyBCTBUTEIBHOCTU SBJIETCA COXPAaHEHUE XapakTepa paclpenesieHus 3Ha4YeHUU

(GYyHKIMN 9yBCTBUTEIBHOCTH OT Ipaduka K rpaduKy, 4To MOATBEPKAACTCS HA PUCYHKAX
4.12 -4.14.
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YucreHHble 3HAUCHUS (bYHKLII/Iﬁ YYBCTBUTCIIbHOCTH OTIIMYACTCsA, YTO BBI3ZBAHO
pasiiiansaAMHu TICOMCTPUHU 0JIOKOB ACTCKTUPOBAHUA, T'COMCTPUYICCKHMU IIapaMCTpaMn

N MaTCpruaiaMi JCTCKTOPOB U MIAPOBLIX BaMGHHHTGHGﬁ.

4.4 O0padoTKa IKCIIEPUMEHTAJIBHBIX JTAHHBIX

JUIsi mosydeHus anmapaTypHOTO CHEKTpa IMPOBENEHBI M3MEPEHHS B YCIOBHSX
OTKPBITOW M KOJUIMMUPOBAHHOW T€OMETPUHM C HCTOYHUKAMH HEUTPOHOB Ha OCHOBE
paguonykmuaos >>Cf, 2*8Pu-Be, 2*°Pu-Be, a Takxke ¢ HCTOYHHKOM HEUTPOHOB HA OCHOBE
pamvonykiuaa 2>Cf, pasMEmIEHHOro B IIape, 3allOJHEHHOM TSOKEIOHW  BOJOA.
W3mepenust Npou3BOJMINCH MOCIEI0BAaTEIbHO C UCIIOJIb30BAaHUEM OJIOKa perucTpanuu
Ha OCHOBE MPONOPLUUOHANIBHBIX cueTYukoB BF3, Hy M CHMHTHMILISALMOHHBIX AETEKTOPOB
Lil(Eu), LiO,, ZnS(Ag)/LiF, CcH4(CH3), — 6e3 mapoBoro 3aMeUIuTeNs U ¢ IapOBBIMU
3amennurensima auamerpamu 70, 120, 150, 200, 240, 300 u 400 mMm. PaccrosiHus
MeXAy OJIOKaMU PEerucTpalyyd U UCTOYHMKAMU HEHUTPOHOB BBIOMpATINUCh B JUANA30HE
3HaueHuit ot 60 o 100 cM, B 3aBUCUMOCTH OT MOIIHOCTH MCTOYHUKOB U T€OMETPUH
U3MEpEHUSL.

[TpyHUMNIUATbHBIE  CXEMBl  MOJAKIIOUEHHS  H3MEPUTENBLHOro  000pydOBaHUs
u3 COCTaBa pa3paboTaHHOTrO anmnaparypHO-METOAUYECKOTO KOMILJIEKCA
BocnpousBeneHnuss u nepenaun envHUl MAD u MUDJl HEUTPOHHOrO H3Iy4YeHUs
B 3aBUCHUMOCTM OT THIIAa UCHOJb3yeMOro OJOKa pEerucTpaluyd MpeCTaBICHbI
Ha pucyHkax 4.16 u 4.17.

[Ipu npoBeeHNN N3MEPEHUI UCTIOIB30BATIOCH CleyIolee 000pyI0BaHUE:

- NUTAaHWE  JIETEKTOpOB M 00paboTKa  CUTHAJIOB  MPOMUCXOJuUJIa
C UCIOJIb30BaHHUEM JIBYXKaHaIBHOTO 1MppoBoro ananuzaropa Caen DTS5780;

— npenycuinrtesib Caen A422;

— onox Hanpspkenust Huskoro BHH-01, mpousBoactea AO «HIIL «Acmekry,
JUISl TATAHUS TPENY CUITATEIIS;

— NEPCOHAJIBHBIN KOMITBIOTED, AJI MMOJTYUYEHUS annapaTypHOIo CIEKTpPa;

- nporpammHoe obecrneuenne «MC?*Analyzery.
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4 N

brnok perucrpanun
Ha OCHOBE
Hcrounuk
. MPONOPUUOHAIEHOTO
HeHTPOHHOTO
cueTqHKa,
H3ITy4YeHHs .
3aII0JTHEHHOTO I'a30M AnmnapaTypHbIi
BF; min H, CIEKTp
N / .
Curnan
HV Amnanororo-
HceToyHUK nuTaHus [Ipenycunurens 1H$poBoit

npeo0OpasoBareb

Pucynok 4.16 — [IpuHImunuansHas cxema MOIKIIOYCHHS] U3MEPUTEIIBHOTO 000PYIOBaHHMS ISl OJIOKOB

perucTpanuu Ha OCHOBC HOHU3AIIMOHHOI'O MCTOAA PECTUCTpALlU HCﬁTpOHOB

biok perucrpanun

HcTounuk AHAaI0roBoO-
. HA OCHOBE Crraan N
HeHTPOHHOTO nuppoBoii
CIMHTHIISIHOHHOTO
H3ITyYeHHs npeoGpasoBareln

METO/Ja pEerucTpanum
F Y

Hv

AnmnapaTypHbli
CIIEKTp

WU cTOYHUK MUTaHUSA

Pucynok 4.17 — IlpunnunuanbHasi cxema MOAKII0UYEHUS U3MEPUTEIBHOTO 000y I0BaHUS /IJIsi OJIOKOB

peructpan Ha OCHOBE COHUHTUIIIIAMUOHHOTI'O METOJAAa PErUCTpaun HeﬁTpOHOB

JleBass yacTh anmapaTypHOrO CIEKTpa OT OJioka perucrpaluu Ha OCHOBE
nponopiuoHanpHoro cuerunka BF; «pasmbitay (pucyHok 4.18), 4TO BbI3BaHO
BIMSHUEM «CTEHOYHOro >(ekra», Korma anb(a-uyacTUla WM 9acTuia 'Li mepemaer
CBOIO KMHETUYECKYIO SHEPTUIO CTEHKE JIeTeKTopa. HUKHSAA CTyneHbKa ciaeBa co34aeTcs
B pe3ylibTaTe yaapa aib(a-yacTUIbl O CTEHKY, MPU HTOM KHUHETHYECKas DSHEpPrus
yactuipl 'Li momiomaercs B 00beMe JeTeKTopa. Bropas CTyleHbKa BO3HHMKAET
M3-32 TOTO, YTO SAPO 'Li yaapsercs O CTEHKY, a aib(a-yacTUIla OTHAET DSHEPIHIO

MOJICKYJIaM Iasa.
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Pucynok 4.18 — AnmaparypHslii CrieKTp 0J0Ka perucTpauy Ha OCHOBE MPOMOPIIHOHATEHOTO
cuetunka BF3 ¢ monustrienoBoii cepoit quamerpom 120 MM OT 3aKpBITOTO PaTHOHYKIAIHOTO

ucrounuka >>*Pu-Be ncrounuka HEUTPOHOB HA PACCTOSIHUU | M B KOJUIMMUPOBAHHON T€OMETPUU

AnmnaparypHblil CHEKTp OT OJIOKa PErucTpalMi Ha OCHOBE CLUMHTUIUIALIMOHHOIO
nerexkropa Lil(Eu), npencraBneHHbiii Ha pucynke 4.19, nMmeer xapakTepHbId MUK,

KOTOpBII 00pasyercs B pe3yibIare 3axBaTa HeWTpoHa o

Li. CneBa ¢ yMmeHbIlIEHHE
KaHaJIOB  BO3pacTaeT  BKJIAJ  TraMMa-U3JIy4eHHUs, KOTOPOE€  PETUCTPUPYETCS
MpY B3aUMOJCWCTBUM C WOJOM, BXOASIIMM B COCTaB CIHUHTHWLISATOpA. [luk
B paiioHne 1100 xanama o0OycCJlOBJIEH YyBEIMYEHHEM BKJIaJa TaMMa-U3IydyeHUs
Y TIOPOTOM JTUCKPEIUTALUNA HUKHETO YPOBHS.

AnmnaparypHblii CIEKTp OT OJIOKa PerucTpalvi Ha OCHOBE CLMHTUIUIALKMOHHOTO
nerexktopa LiO,, mpenctaBieHHbli Ha pucynke 4.20, uMeeT Takoil e Xapakrep,
kak u cuuHTWUEITOp Lil(Eu), ogHako oOnagaeT MeEHbIIEW YyBCTBUTEIBHOCTHIO
K TaMMa-U3JIy4YEHHUIO0, YTO IO3BOJSET TOYHEE OMNPEIENATh HEUTPOHHYHO KOMIIOHEHTY.
ITonpoOHbIE CpaBHEHUS JIMTUEBBIX CTEKOJI CO CHUHTWUIALIMOHHBIM JIETEKTOPOM
omucaHsl B padore [103].

[Io pesynbraram 00paOOTKM ammapaTypHbIX CIEKTPOB TMOTYYEHBl 3HAYCHHS

CKOpOCTeﬁ cycra, HCO6XOI[I/IMI>IX AJIs1  BOCCTAHOBJICHUA OHEPICTHUUYCCKOT'O CIICKTpa
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HeHTpoHOB. Pe3ynbrarel 00pabOTKM JUISI HCIOJB3YEMBIX OJIOKOB PErUCTpaliu

npuBeACHBI B Tabmuiax 4.2-4.5.

Tools for Discovery

Pucynok 4.19 — AnnapartypHslii ciekTp 00Ka perucTpaluy Ha OCHOBE CLUUHTHIUISLIMOHHOTO
netekropa Lil(Eu) ¢ monmatunenoBoi cdepoit nuamerpom 200 MM OT 3aKPBITOTO PaHOHYKITHTHOTO

uctounnka >>*Pu-Be HCTOUHNKA HEHTPOHOB HA PACCTOSHUM | M B KOJUTMMHUPOBAHHOM TE€OMETPHH

... Tpals for: Discavery......

Pucynok 4.20 — AnmapatypHslii CIIeKTp 070Ka perUCTpaIlii Ha OCHOBE CIIMHTHIIISIITUOHHOTO
nerexropa LiO; ¢ monmmaTrienoBoii chepoii auamerpom 200 MM OT 3aKPBITOTO PATHOHYKIHIHOTO

HCTOYHHKA 238PU-BC HCTOYHHKA HCﬁTpOHOB Ha pacCTOSTHUHN 1MB KOJIJII/IMI/IpOBaHHOﬁ TeoOMCTpHUU
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Tabmuua 4.2 — DKcreprUMEHTalbHbIE 3HAYEHUS CKOPOCTEH cuera OJioKa perucTparuu
Ha oOcHOBe cuuHTWUIATOpa LiO, ¢ MIapoBBIMH 3aMEIIHUTENSIMH OT 3aKpPBHITOTO
PaJMOHYKJIMIHOTO HCTOYHMKA >>*Pu-Be McTOYHMKA HEHTPOHOB Ha PacCTOAHUM 1 M

B KoJuInMupoBaHHo# reomerpun Y KITH-1MJTA

HuameTtp cdepsl, MM
HaumenoBanne napameTpoB
70 120 200 240 300 400
CKOpOCTb cyera, ¢! 6,20 20,9 36,0 35,8 28,9 18,1
Bpewms uzmepenusi, ¢ 60048 | 12817 | 5772 3980 | 11482 | 13014
MeprtBoe Bpems, % 0,01 0,03 0,05 0,05 0,04 0,03

Tabmuna 4.3 — DKcnepUMEHTaIbHbIE 3HAYEHUS] CKOPOCTEH cueTa OJIoKa perucrpanuu
Ha ocHoBe cuuHTWwUIATOpa Lil(Eu) ¢ mapoBbIMH 3aMeIMTENsIMH OT 3aKpBITOTO

PaJMOHYKIMAHOIO MCTOuHKMKa “*Pu-Be MCTOUHMKA HENTPOHOB Ha PaccTOsHMU 1 M

B KoJuInMupoBaHHO# reomerpun Y KITH-1MJTA

Huametp cdepsl, MM
HaunmenoBanue napameTpoB
70 120 200 240 300 400
CxopocTh cuera, ¢! 12,5 54,4 96,2 95,9 80,1 45,1
Bpewms uzmepenus, ¢ 58581 | 6398 | 9711 11527 | 15807 | 11761
MeprtBoe Bpems, % 0,23 0,23 0,24 0,21 0,21 0,18

Tabmuma 4.4 — DKcniepUMEHTAIbHBIC 3HAYCHHUSI CKOPOCTEH cueTa OJIoKa perucTpariuu
Ha OCHOBE MPONOPUMOHAIBHOIO cyerunka BF; ¢ mapoBbiMu 3aMeIUTEIAMU
OT 3aKpBITOTO PAJMOHYKIMIHOTO HCTOYHMKA 2>°°Pu-Be wuWcCTOYHMKAa HEWTPOHOB

Ha paccTosiHuu 1 M B koimmuMmupoBanHoit reomerpun Y KITH-1M/IA

Huametp cdepsl, MM
HaumenoBanue napameTpoB
120 200 240 300 400
CxopocTs cuerta, ¢! 200,6 4247 4239 348.2 202.4
Bpewms uzmepenus, ¢ 6630 2264 3689 4862 7645
MepTtBoe Bpems, % 0,16 0,32 0,32 0,29 0,16
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Tabmuua 4.5 — DkcriepyUMeHTalbHbIE 3HAY€HHS CKOPOCTEW cuera OJ0Ka perucTpanuu
Ha OCHOBE MPONOPHHOHATBHOTO cyeTunka BF; ¢ mapoBbIMM  3aMeIATENSIMA
OT  3aKPHITOTO  PAJAMOHYKIMIHOrO HCTOuHHMKa 2°Cf WCTOYHHMKa  HEUTPOHOB

Ha pacctosiHuu | M B kosutnMupoBaHHOM reometpun Y KITH-1MJIA

HuameTp cdepsl, MM
HaumenoBanue napaMeTpoB
120 200 240 300 400
CKopoCTh cuerTa, ¢! 10,4 18,1 15,4 39,0 4.8
Bpewms uzmepenusi, ¢ 17828 | 57272 | 5710 0,288 70691
MeprtBoe Bpems, % 0,24 0,13 0,08 0,06 0,12

4.5 BoccTaHoBJ/ICHHE JHEPIETHYECKOI0 CIIEKTPA HEUTPOHOB

JIIs  BOCCTAHOBJICHHSI DJHEPTETHUYECKHX CIICKTPOB HEWTPOHOB HAa OCHOBE
00pabOTaHHBIX OSKCIICPUMCHTAIBHBIX JaHHBIX, TPUBEACHHBIX B pasnene 4.4,
pa3paboTaHO  TPOTrPaMMHOE  CPEACTBO, MPUMEHSEMOE JUIi  BOCCTAHOBIICHHSI
DHEPIeTHUYECKUX CIICKTPOB HEUTPOHOB C MPUMCHCHHEM YETHIPEX HWTEPAIIMOHHBIX
mMeTonoB. OCHOBHasi 3ajilada BOCCTAHOBJICHHS CBOAMTCS K YHUCICHHOMY DPEUICHHIO

cucreMbl ypaBHeHni Openronema 1-ro poga [109]

( 20
Zy = j Ry, () - ®(E)dE,
1

.10—3

20
{212 = f Ri2(E) - P(E)dE, (4.5)
1-1073

20
Zjj = f R;;(E) - @(E)dE,
\ 11073
rme [ =1,2,...,6 — KOJIUYECTBO JECTEKTOPOB;
Jj=1,2,...,8 — KONIMYECTBO MIAPOBBIX 3AMEJIUTEIICH;
Z;; — 3HAUCHUSI CKOPOCTEM cYeTa I(-T0 JeTEeKTOpa C j-bIM IIapOBBIM
ij

3aMCAJINTCIIEM,
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R;;(E) — 3nayenus GyHKUMI 4yBCTBUTENLHOCTH JJIs (-0 I€TEKTOPa C IIAPOBHIM

3aMEJINTEINIEM j-TO TUaMETPa;
@ (E) — oHEpreTUYECKHIA CIIEKTP HEHTPOHOB.
IIpy dYHCIIEHHOM pELIEHUH CHCTEMBl YPABHEHHM, JHEPIETHUYECKHU CIEKTP

HEUTPOHOB MPHUBOAUTCS B BHJIC MAacCuBa @; B j-il SHEPIETUIECKOW IPYIIE B AUANA30HE
sHepruii ot E; no Ej,q, a OKCIEPUMEHTAIbHBIC JAHHBIC CBOMATCSA K CIICAYIOMIEMY

BBIPAXKECHUIO

j=1

e R;j— cpennee snauenne R;(E) B j-i SOHEPIETUYECKOU IPYTIIIE.
Tem campiv, R;j sBIS€TCA IPAMOYrOJAbHOM Marpunel pasmeproctn (N x M),

rae N — 4ucno 3HepreTuYecKux rpynm, a M — 4ucio Jnerekropos. PemeHne metonom
HAaUMEHBITUX KBaJIpaToB o0ecreynBaer HEJO0CTAaTOYHOE IIPEACTABICHUE
HSHEPreTUYECKOT0 CIEKTPa HEMTPOHOB BBUY TOro, uto M Mano (nopsuaka 10).

Pemenue cucremMbl ypaBHEHMH MOXET ObITh YTOUYHEHO 3a CYET MPUMEHEHUS
UTEPAIIMOHHBIX METOJIOB C HCIIOJNb30BAaHUEM amnpuopHOro crnekrpa. Ha ocHoBe
BOCCTAHOBJIEHHOIO 3HEPTETUYECKOrO CIIEKTPA HEUTPOHOB PACCUMUTHIBAIOTCS 3HAYECHUS
enuany MADJ[ u MUDJ HeittpoHHoro wusnyuyenuss no dopmynam 4.1 u 4.2,
COOTBETCTBEHHO.

Ha pucynke 4.21, mpencraBieHa yCOBEPIICHCTBOBAHHAS CTPYKTYpHas cXxema
pacuera equani] MADJ] 1 MUl HEUTPOHHOTO U3JTYyUYE€HUSI HA OCHOBE BOCCTAHOBJICHUS
HYHEPreTUYECKOr0 CIEKTpa HEUTPOHOB NPH HCIOIb30BAHUU KOMIUIEKCUPOBAHHOIO

METO0JIa HA OCHOBE METO/IOB: MPOTOHOB OTJA4M, aMIUIUTYIHOTO U cep bonnepa.
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Pucynok 4.21 — Cxema uzmepenus equauil MADJ u MUD [l HEUTPOHHOTO U3TyUYEeHUsI HA OCHOBE

BOCCTAHOBJICHHOI'O DOHEPICTUYCCKOT'O CIICKTPa HGfITpOHOB

Omna w3 mnepBbIX pabOT MO BOCCTAHOBJICHUIO JHEPTETUUECKOTO CIEKTpa
HEeHUTpOHOB Obla mpoBeneHa B 1961 romy [110]. B mannoit pabore paccMOTpEeHBI
MOJIMTOHATIBHBIA ~ METOJl, METOJ  pa3JIOKEHUsT HUCKOMOTO  CIEKTpa B  pAl
10 OPTOHOPMHUPOBAHHBIM (YHKIMSIM M TOJWHOMUANIBHBIA MeToa. Ha ceromHsmiHmii
J€Hb  CYILIECTBYET  MHOXECTBO  METOJOB, TMO3BOJSIOIMIMX  BOCCTAaHABIIMBATH
SHEpPreTHYecKre CchekTpbl HedTpoHoB [111-115]. Meromamu, oOnagaromyuMu
HAWJIy4Illell pasperiaroniell CrmoCOOHOCTBIO W OOECIEUMBAIONIUMUA HAUMEHBITHE
3HAYCHUS HEOMPEACIICHHOCTH W3MEpeHuH, sBisitorcs Spunit, Gravel, weron

MakcuMajibHOrO npasaonoaoous, ITER.
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Spunit. Jlanuerii anroputM Ob11 pazpadoran L.W. Brackenbush [116], xoTopsrit
OCHOBBIBACTCSI HA TMPUHIIUIIAX MATEMaTHYECKOW CTATUCTUKA W TEOPUU HHGPOpPMAIIUU
[117].

[InoTHOCTh MOTOKAa HEUTPOHOB B (i+1)-ii WTepanuu ONpeaenseTcs CAeAyIOIIHM

obpazom
PR
i R
i+1 _ (pk jk
P —| = | Z—l , (4.7)
N—1#0 j=1
l 7= CjJ
e Rj; — QyHKIUSA OTKIMKA j-TO NETEKTOpA B K-1i SHEPTETHIECKOM IPYIIIIE;

co

; — CKOPOCTb CYeTa j-TO ICTEKTOPa, IIONYYCHHAs B 9KCIIEPHMEHTE;

le- CKOPOCTb CUCTa j-FO ACTCKTOpA, IIOJYYCHHAdA OT INIOTHOCTH IIOTOKaA

HEHUTPOHOB B 1-i1 UTEpaLUU.
Gravel. ]Jlansaplii meton sBuseTrcs Moaudukammert meroma SAND-II [118].
Pemenne ompenensieTcss CHeUUAIbHBIM — TPaJUEHTHBIM  METOJOM. BbryucieHus

1 o o
HAaYUHAIOTCA CO CTApPTOBOIO CIICKTpa F]‘( ) KEI)KI[BII/I MOCIICAYIOINH IHAar BbIYUCJIICHUSA

CBA3aH C IIPCAbIAYIIUM PCIICHUCM U OIIPCACIIACTCA CICAYIOIUM YPAaBHCHUCM

_ N

k
Zj' RijIP}-r
LW ’

Qi VViI; “In
F(k+1)

; (4.8)

= Ffexp

rae  N; — CKOpOCTb cueTa i-ro JEeTEeKTOpa;
Ri] — Marpula OTKJIMKA, [-1 KOMIIOHEHTa OTBEYaeT 3a HOMEp NETEKTOpa, j-f
OTBEYAET 34 DHEPTETUUECKUM UHTEPBAJ;
Wk BECOBOH (haKTOp, paBHBIN
k 2
R;;.F; N;

Wi =5 57 (4.9)
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TJIe 0; — OIIEHKA CPEAHEKBAIPATHUECKOTO OTKIIOHEHUS HKCIIEPUMEHTATBHBIX JaHHBIX.

Jlyist Toro, 9T0OBI HauaTh UTEPAMOHHBIN TPOIECC BOCCTAHOBICHUS HEOOXOIMMO
3a]aTh HaudaJbHBIA (QIPHOPHBINA CIEKTp). PemieHune Bcerma CyHIECTBYET, OIHAKO
UTOTOBBIN CIIEKTP 3aBUCUT OT 3TOTO aliPUOPHOTO CIIEKTPa, U OIICHKA HEOIPEICICHHOCTH
SIBTISICTCS] HETPUBHAIILHOM 3a/1a4ei.

Memoo makcumanvno2o npasdonodobus. B ypaBuenusx (4.1) u (4.2) cnenyer
OTMETHUTH TO, YTO 3HaYCHUS (QYHKIUH 4yBCTBUTEIHLHOCTH aeTekTopa R;(E) u 3Ha4eHUS
nuddepeHIraabHON TIOTHOCTH MoToka @ (E) MMEIT HEOTPHIATe/IbHBIC 3HAYCHUS.

Torna ypaBHeHuss 4.1 m 4.2 MOXHO CBECTH K CTOXaCTHYECKOMY HWHTErPAIbHOMY

YPaBHEHHUIO
Lmai(E) XW(E)E =&, i=1,2,..,m (4.10)

§; = % (4.11)

a;(E) = Ri(E)/z’gglRi(E)' (4.12)

W(E) = ¢, (E) Zi=1 Ri(E )/Z?il N, (4.13)

CyTh MeTOJla MaKCUMaJIBHOTO MPaBIOMOM00MS CBOAUTCS K MHUHUMHU3AIUU

dbyHKIIMOHAMAa HHPOpPMAITUH

1

m

1

S=—Zln T (4.14)
mL "\ [P el (B)FO(B)dE

orHocutenbHo FO(E). Ilpu >ToM NOMydaeTcss MTEPALMOHHBIN IPOILECC HAXOMXKICHHS

CIIeKTpa

FO(E) = FL4 (B) 257 oy ) (4.15)

(ap—
=1 1% a0(E)FY | (E)dE’
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R;(E) v
ai (E) z—ﬁlRi(b?S , (4.16)
m R;(E)

)
i=1 No;

FO(E) = fo(E)-- Y (417)
m

rne  fo(E) — MIOTHOCTH MOTOKA B SHEPTETHUECKOM TPyIIIE;

Ny; — CKOpOCTB cueTa I-ro JeTEKTOpA.

[Io OKOHYAaHWIO WTEPAIOHHOTO TMpoIecca, HCKOMYI auddepeHnanbHy0
IJIOTHOCTH 1oTOKa [y (E) momydaror o6paTHeiM npeodpaszosanueM u3 FO(E).

ITER. Jlansblii MeTon ObuUT mpeiokeH B pabore M. Heitzepa [119].
JJ11 BOCCTaHOBIIEHUS TOTOKA HEUTPOHOB OBLIIO MPEIJTIOKEHO CIEYIONIEE PEKYPPEHTHOE

COOTHOLICHHC

L = Z Ri;(4)) Z RijA; (4.18)
j j AN, /AN, | '

i=1 =1

9IS fijr1 151 fjk — IUIOTHOCTHU ITOTOKOB HEUTPOHOB U j-U DHEPreTUUYECKOU IpymIe JJis

(k + 1)-i1 u k-t uTepanuu COOTBETCTBEHHO;

R;; — GyHKIMA OTKIIMKA [-TO IETEKTOPA B j-i SHEPTETHYECKOU IPYIINE;

N, .
Af = l/ N ¥\ — OTHOIICHHE CKOPOCTH cdYeTa [-T0 JeTeKTopa
(X1 Ry fF)

K UHTETPaITy, BRIYUCICHHOMY B K-ii UTEpaIuu;

AN; —HeonpeneneHHOCTh HCXOAHBIX CKOPOCTEN CUETa IETEKTOPOB;

N — 4HCII0 SHEPreTUYECKUX TPYIIIL;

M — YUCJIO AETEKTOPOB.

[Tockonbky BBIIICONMCAHHBIC METOIbI BOCCTAHOBJICHUSA SIBJISIFOTCSA
UTEPAIIMOHHBIMU, BOZHUKAET BOMPOC 00 OKOHYAHHWH pacdeToB. VICTHHHBINA CIIEKTp MPHU
MOJICTAHOBKE €ro B ypaBHeHHE (4.5) MOMKEH MPUBOIUTHL K pe3ysibTaTaM, KOTOPBIC

OTIIMYar0TCA oT IMOJIYUYCHHBIX 9KCIICPUMCHTAJIbHBIX JaHHBIX Ha BCIIMYMURY
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CTaTUCTUYECKOMU IMOrpCIIHOCTH. I[J'I?I OIIPCACICHHA YCIOBHUA OKOHYAHUA UTCPALIMOHHOTO

npolecca UCHOoIb3yeTcsl Kputepuii cormnacus [Iupcona

2
‘R..F: — N.
2 ZZ(ZJ UO-].Z ) , (4.19)
i l

rae  R;j — GyHKIMaA OTKIMKA (-TO JETEKTOPA B j-i SHEPreTUYECKOU IPYIIIIE,;

N; — 5KkcIIepuMeHTabHas CKOPOCTh CYETa [-I0 JETEKTOPA;

0; — OLEHKAa HEONPENEIEHHOCTh JKCIECPUMEHTAIBHOW CKOPOCTH CYeTa [-Io
JETEKTOPA.

Ecnu pasmenuts 3TOT KpUTEpUHM HA YUCIO JETEKTOPOB, TO IIOJYYaeM,

uT0 ¥2 /N ~ 1, uTo Gy/eT ABIATHCS yCIOBHEM OKOHYAHHMS MPOLIECCa.

JIyist peanu3aiuyl MPUBEICHHBIX BBIIIE UTEPAIIMOHHBIX aJITOPUTMOB pa3paboTaHO
nporpammHoe cpeAcTBo «BSpectr», mo3Bossgroniee BOCCTaHABIMBATh HEPreTUUECKUI
CHEKTP HEHUTPOHOB MO pe3yJibTaTaM HKCIEPUMEHTATBHO U3MEPEHHBIX U 00paOOTaHHBIX
anmnapaTypHbIX CHEKTPOB CKOpPOCTEH cyeTa oOT JerektopoB. Ha pucynke 4.22
MpEeACTaBIEH MIaBHBIN AKpaH mporpammbl «BSpectr». s Toro, 4T00b BOCCTAaHOBUTD
PHEPreTUYECKUM CHEKTP HEUTPOHOB, TpeOyeTcsi BBECTH 3HAUEHHUS CKOPOCTH cyeTa
OT JIETEKTOpa B COOTBETCTBYIOIIEE OKHO, BBECTH KOJIMYECTBO MTEpalvil W BbIOpaTh
anpUOPHBIA CHEKTp U3 MNpejiokKeHHbIX. OcTaibHblEe [aHHbIC (3HAUCHUS (PYHKIIUMA
YyBCTBUTEIHLHOCTH, 3HAYEHUS AaMpUOPHOTO CHEKTpa, KOA(PGUIIMEHTH TMepexona
or nuddepeHnnanTbHON TIOTHOCTH TIOTOKA HEUTPOHOB K  JO3UMETPUYECKUM
BEJIMYMHAM HEUTPOHHOTO W3JIy4YEeHMs, DHEpPreThyeckoe pa3OueHHe) 3alrCaHbl
B KOH(PUTYpalMOHHBIA (aiil B KOPHEBOM TMAalKe MPOrpaMMbl U MOAKIIOYAOTCS
aBTOMAaTHYECKH IPU CTAPTE pacyeTa.

[To oxOHYaHMU BBIYMCIECHUN, B OOKOBOE OKHO MporpamMmbl «BSpectr» BbIBoaATCS
3HAYEHUSI paCCUMTAHHBIX 3HaYeHuW equuull MADJ] u MUD]] HEUTPOHHOTO U3ITy4YeHUSs
10 BOCCTAHOBJIECHHOMY 3HEPT€TUYECKOMY CIIEKTPY HEMTPOHOB. 3HAYEHUSI HEUTPOHHOTO

CIICKTpa, A KaXKAO0ro HUTCPpaliMOHHOIO MCTOAda BOCCTAHOBJICHUA OSHCPICTUYCCKOI'O
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CIIEKTpa HEUTPOHOB, COXPAHAIOTCS B TEKCTOBBIM (aili B KOPHEBOW Marke
C TIPOTPaMMOM, a TAKKE COXPAHSIIOTCS C PACIIUPEHUEM «.XIS».

Ha ocHoBe skcriepuMeHTaIbHbIX JAHHBIX ObUIM BOCCTAHOBJICHBI YHEPTETUYECKUE
CHEKTPbl HEUTPOHOB OT 3aKPBITBIX PATUOHYKIUIHBIX HCTOYHUKOB Ha OCHOBE
paguonyknunoB >%Pu-Be, *2Cf B OTKpHITOM M B KOJJIMMHPOBAHHOH TI'eOMETPHH
VKIIH-1IM/IA. BoccTaHOBIIEHHBIE CIIEKTPHI TTPEACTABICHBI HAa pUcyHKax 4.23-4.30.

Ucnonwzyst ypaBHenust (4.1) u (4.2) mjis BOCCTAHOBJIEHHBIX JHEPTETUUYECKUX
CIIEKTPOB HEUTPOHOB, OBLIM paccuuTaHbl 3HadeHus eauaun MADJ u MUDI]]

HEHTpOHHOTO m3nydeHus H*(10) m Hp(10), pe3ynbTaThl KOTOPBIX MPUBEACHBI

B Tadiune 4.6.

Ih BSpectr _ 0 %
Lil(Eu)

DMateTp cpepkl bt o 120 200 240 300 400
0 0 |0 |0 0 0

Sarpyzka, 1/c

BF3
70 120 200 240 300 400
3arpyzka, 1/c 0 |D |D |D |D 0

Lithium glass KG2
0 120 200 240 300 400

Jarpyzka, 1/c ||j ||j ||:| |E| |EI 0

Duwncka, & |57

McxoaHeEm cnekTp
% KanpopHuii Yucno vrepaumi

PuBe u

leHepaTop

Pacyer
MpAran

1/E

0 D

[~ Tecr

Pucynoxk 4.22 — I'naBHbIi1 9kpaH nporpammsl «BSpectr»
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Pucynok 4.23 — BoccTaHOBJIEHHBII CIIEKTP OT 3aKPHITOrO PaJHOHYKIMIHOIO HCTOUHHKA ~>SPu-Be
B OTKpbITOM TreomeTpuu Ha pacctossHuu 1 M I'OT 117-2010 (cunmii), pedepercusiit cnextp MAT'ATD

(uepnsrit) [10]
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Pucynok 4.24 — BoccTaHOBJIEHHBIH CHEKTP OT 3aKPBITOTO PaiHOHYKIMIHOIO HeTouHuKa 2*$Pu-Be
B OTKpBITON reomeTpun Ha paccTossHuM 1 M ['OT 117-2023 (romy6oii) u pedepeHCHbIN CrieKTp

MATAT? (uepustif) [10]
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Pucynok 4.25 — BoccTaHOBJIEHHBII CIIEKTP OT 3aKPhITOr0 PaJHOHYKIMIHOIO HCTOUHHKA ~>SPu-Be
B OTKPBITOM TeoMeTpuu Ha pacctosiHuM 1 M Ha obopynoBanuu ['DT 117-2010 (cunuit),
Ha obopynoBanuu ['OT 117-2023 (kpacHblii)

0.6 1

0.5+

o o
w IS

®noeHc HelWTpoHos, M3B-cM~2
o
Y

0.14

0.0 f—

1073 1072 1071 10° 101
3Heprua, MaB

10?2

PucyHok 4.26 — CpaBHeHHE BOCCTAHOBIEHHOTO CIIEKTPA OT 3aKPHITOr0 PaJfHOHyKIHIHOTO HCTOUHHKA
238py-Be na paccTosHuu 1 M B KommumuposadHoi reomerpun YKITH-1MJIA (uoneToBsiii),

B OTKPBITOU reoMeTpun (YEpHBIN)
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Pucynoxk 4.27 — BocCTaHOBJIEHHBIH CIIEKTP OT 3aKPLITOT0 PagHOHYKIMIHOTO HCToYHKKA 2>2Cf
B OTKpbITON TeomeTpuu Ha pacctossHuu 1 M I'DT 117-2010 (cunwii), pedepencusiit cnextp ISO

(duepHbIii) [24]
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Pucynok 4.28 — BoCCTaHOBJIEHHBIH CIIEKTP OT 3aKPLITOTO PaAHOHYKIMIHOTO HCTOYHKKA 2>2CS
B OTKpBITON TeomeTpuu Ha pacctossHuu 1 M I'DT 117-2023 (xpacHsriit), pedepencHsrii criektp [ISO

(depHbIif) [24]
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Pucynoxk 4.29 — BocCTaHOBJIEHHBIH CIIEKTP OT 3aKPLITOTO PagHOHYKIMIHOTO HCTOYHKKA 2>2CS
B OTKPBITOM TeoMeTpuu Ha pacctosiHuM 1 M Ha ob6opynoBanuu ['DT 117-2010 (cunuit),
Ha obopynoBanuu ['OT 117-2023 (kpacHblii)
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Pucynok 4.30 — CpaBHeHHE BOCCTAHOBIEHHOTO CIIEKTPA OT 3aKPhITOr0 PaJIHOHyKIHIHOTO HCTOYHHMKA
292Cf ma paccrosuuu 1 M B konmumupoBanHoit reomerpun YKITH-1MJIA (romny6oit),

B OTKPBITON reoMeTpur (KpacHBIN)
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Tabmuma 4.6 — CpaBHeHue pe3yabTatoB BocmpousBeneHus enuuui; MADJ[ u MUD]]
HelTpoHHoro usnmydenust Ha ['OT 117-2010 u I'OT 117-2023

Tum 5T ST YTouHEeHUE
Bemtautia nerownmka | 117-2010 | 117-2023 | ACNCTRHISIRIRIO
3HaueHus, %
MAD/JI, Mk3B-4’! B2Cf 344 347 0,9
MWD/, Mx3B-4u! B2Cf 356 360 1,1
MADJI, Mx3B-4’! 238py-Be 711 696 2,1
MU/, Mx3B-47! 23%py-Be 726 702 3,5

IlonTBepKAcHUE CXOOUMOCTH PE3YJIbTAaTOB BOCCTAHOBIEHUS SHEPIETHUUYECKUX
CHEKTPOB HEHUTPOHHOI'O U3IYyYEHHs, SKCIEPUMEHTAIBHO YCTAHOBIIEHHBIX C IOMOIIBIO
pa3paboOTaHHOIO aNmnapaTrypHO-METOJUYECKOTO KOMILJIEKCA C OINOPHBIMHU  IOJISIMH,
3HAYEHUs! KOTOpbIX NpuBeAeHbl B [10, 24], ocylecTBIsIIOCh TyTEM CpaBHEHUS (opM
JaHHBIX crieKTpoB. Koadpuuument koppensaunu Gopm cnekrpoB coctaBui dbomnee 97 %.

Pacimmpenne HaOopa MAETEKTOPOB, IIAPOBBIX 3aMEUIMTEIEH W yBEIWYEHMS
Yyyclia 3HepreTudyeckux rpynn ¢ 47 po 227, no3BOMUIO YTOYHUTH JIEMCTBUTEIBHBIC
3HAUCHUsA JaHHbIX eauHul BeanunH Ha 09 % w 1,1 % 1ud  3akpbITOro
PaMOHYKIIMIHOTO MCTOYHMKA HEWTPOHHOTO U3JIyYeHHs Ha OCHOBE paauoHykauaa »>>Cf
u Ha 2,1 % m 3,5 % nma 3akpeITOro paJMOHYKIMIHOTO MCTOYHHWKA HEUTPOHHOIO
W3Iy4€eHHsl Ha OCHOBE paguoHykauaa >*Pu-Be, COOTBETCTBEHHO, Ha OCHOBE CPABHEHMS
pe3ynabTatoB BocnpousBeneHus eaunHul;, MAD] u MUDJ] HEWTpOHHOrO W3Iy4YeHUS,

nonyyeHHbIX Ha annaparype ['OT 117-2023 u I'OT 117-2010.
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4.6 UccnenoBanue BIUSIOINX (PAKTOPOB M OLIEHKA 0I0I7KeTa HeollpeaeJJeHHOCTH
u3MepeHuii pa3padoTaHHOIO aNNapaTyPHO-METOAUYECKOr0 KOMILJIEKCA
ISl BOCIIPOM3BE/ICHUS U NepeJavy eJMHUI] MOIIHOCTeil aMOMEeHTHOI0

N HHAUBUAYAJIBHOI'0 9KBUBAJICHTOB /103bI HeﬁTpOHHOFO N3JYy4YCHUA

4.6.1 Heonpeoenennocms oyeHKu 3HA4eHUll QQYHKYU 4y8CmeumeabHOCmu 0emekmopos

Uccnenosanue HEONPEIETICHHOCTH OILICHKHU 3HaYCHU I byHKIUH
YyBCTBUTEIBHOCTH SBIISACTCS HETPUBHUAILHON 3amadeil. CIOKHOCTH 3aKIIFOYaeTCs
B HEBO3MO)XKHOCTH AHAJUTHUYECKOTO TOJAXO/Aa, IOCKOJIbKY OTCYTCTBYET THpsiMasi
3aBUCUMOCTh 3HA4€HHM (QYHKIUN YyBCTBUTEIBHOCTH OT BIMSIOMUX (PAKTOPOB,
YTO MPUBOIUT K HEOOXOMMMOCTH MPOBEACHHMS JOMOJHATEIHLHOTO aHAIA3a M PACYCTOB.

BBugy TOro, 4tro BOCCTAaHOBJIICHHE DJHEPreTHUYECKOTO CIIEKTpa HEWUTPOHOB
CBOJIUTCA K PEIICHUI0 HEKOPPEKTHOM 3adad, a TaKKe CYIICCTBOBAHHWIO Pa3TMYHBIX
METOJIOB BOCCTAHOBJICHHUS, BO3HHKAET HEOOXOAMMOCTH CPABHEHHUS JTaHHBIX METOOB
U HUCIIOJIb30BAHUS UX B COBOKYIMHOCTH JIJISl YAYUIIEHUS JOCTOBEPHOCTH MOIYYCHHBIX
pe3ynbTaTOB BOCCTAHOBIICHUS YJHEPTETUYECKOTO CIIEKTPa HEUTPOHOB.

B xone pabotel ObL1 TIpoBeneH aHanu3 (GOpMYJbl pacyeTa 3HaYEHUW (PyHKIIHIA
YyBCTBUTEIBHOCTH, €€ KOMIIOHEHTOB, MPOMU3BENCHbI pacueThl 3HAYCHUH (QYHKIIUN
YyBCTBUTEIBHOCTH C BapHWalMei OCHOBHBIX MapaMeTPOB TUIOTHOCTH ITOJMATHJICHA
¥ aTOMHOM KOHIIEHTpAIlUU MaTepUajioB AETEKTOPOB.

Ecnu nepenucars popmyiy (4.4) caeayromnmm oopa3zom
R;(E) = S;NVK, (4.20)

IJ€ MOJBIHTETpajIbHOE BBIpAXKEHHWE 0003HAUYEHO NepeMeHHOW K, HeolpeneneHHOCTh
OLICHKM 3HAY€HUN (PYHKUUNA UYYyBCTBUTEIBHOCTU OylET OIpeneisThCs CIeTyIONNM

obOpazom

Up = \/uj + ug? + uy? + up? + ug?, (4.21)
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TI€ Ug — HEONPEIeIEHHOCTh U3MEPEHUH TUIOIIAIU MOMEPEYHOro ceueHus chepol;

Uy — HEONPEACTIEHHOCTh W3MEPECHHM AaTOMHOM KOHUEHTpAlUWh Marepuasa
JETEKTOPA;

Uy — HEONPEJECICHHOCTh U3MEPEHUI 00bEMa JIETEKTOPA;

Uk — HEOIPEeNeIEHHOCTh OLICHKY 3HaYeHUs1 uHTerpana K.

CrangapTHasi HEOIPEAEIEHHOCTh U3MEPEHUI IO TUITY A 3aBUCHT OT KOJIMYECTBA
Bapuaiuii B Mmetoge Mounte-Kapio, 4To, B KOHEUHOM UTOTE BBIPAKAETCS B 3aBUCUMOCTHU
pe3yinbTara OT BpeMEHHM pacuera. Bpemsi pacdyera 3HadeHWd — QyHKUIHUA
YyBCTBUTEIBHOCTH  BBIOMpaNoCh  TakKUM  00pa3oM,  4YTOObl  CTaHAApTHas
HEOIPEAECICHHOCTh n3MepeHui o Tuny A He npesbimana 0,1 %.

OcHOBHasi CJIOXHOCTh BO3HUKAET MpHU OIEHKE BKJIaga Uy B dopmyne (4.4),
IIOCKOJIBKY OH paccuuThiBaeTcss MeTtofoM Monte-Kapio. CloXHOCTh 3aKII04aeTcs
B TOM, YTO B SIBHOM BHJE OIPEAECIUTh 3aBUCUMOCTh PACCUATAHHOTO HHTErpasia
OT TNapaMeTPOB CUCTEMbI HEBO3MOXHO. OCHOBHBIMHM (PaKTOpaMu, KOTOPBIE BIUSIOT
Ha UTOTOBBIA PE3YyJbTaT, SBISIOTCS IUIOTHOCTH MOJUATHIICHA U aTOMHAsl KOHIICHTPAIIHSI
BeliecTna gerekropa [120].

HeonpeneneHHOCT, M3MEpPEHUH IUIOLIAAM TOMEPEYHOI0 CEYEHHS] Ug 3aBUCUT

OT HEONPEEICHHOCTH U3MEPEHHH pauyca MOJUITHICHOBBIX cep. Takum oOpazom

S = mr?, (4.22)

dS = d(nr?) = 2nrdr, (4.23)

ds B 2nrdr _ 2nrdr _ dr _ (4.24)
S_S_nrz_r_ur' '

7€ U, — HEOTIPENEIEHHOCTh U3MEPEHU paaunyca cdep.

[TonmmaTHNEHOBBIE Chephl M3rOTABIWBAIM Ha TOKAPHBIX CTaHKaX. JlocTuraemas
TOYHOCTh NMPpU TouyeHUH — oT 13 kBaimutTera W Huxe. CormacHo [120], HauGonbIIMe
MpenenbHOe OTKIIOHEHNE TUaMeTpa COOTBETCTBYIOT cdepe paauycoM 120 mm. 3HaueHue

OTKIIOHCHHA AaMETpa HE IPCBBINIACT 0,54 MM, CJICOAOBATCIIbHO, OTKJIIOHCHHA pajuyca
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He mnpesbimaiT 0,27 mm. Torma HeONMpenerleHHOCTh H3MEpeHus paauyca cepbl
u, =0,26 % u ug = 0,52 %, COOTBETCTBEHHO.

HeonpeneneHHOCTh M3MEpPEHMM aTOMHOM KOHLEHTpallMM Marepualia JeTeKTopa
Uy YHCIEHHO PaBHA HEOMPEICIICHHOCTH HW3MEPEHHMN €ro IUIOTHOCTH U,. B ciydae
JUTUEBOTO CUUHTWIUIATOPA M JIMTUEBBIX CTEKOJ, HEONPEIECICHHOCTh HW3MEPEHUN
uy = u, < 0,5 %. IlIOTHOCTH OGOPHOTO MPONOPUHUOHAIBHOTO CYETYHUKA TIPAMO
IPOIMOPIIMOHAJIEHA JTABJICHUIO ra3a, KOTOPOE 3aBHCHT OT TEMIIEparypbl, P KOTOPOM
OH wucnose3yercsa. JlaBnenme raza B cueryuke cocrasBmier 200 MM.PT.CT.
npu remneparype 298 K. PaGouast remneparypa nonaep:xuaercs B guana3zone ot 21 °C
10 25 °C. CBa3b JAaBIECHHS C TEMIEPATypOd BBIpaXKAaeTCsl YpaBHEHHEM MeHeneeBa-

Knanniepona
PV = nRT, (4.25)

rie P — nasienue raza (I1a),

V — 0o0beM raza (M°),

T — remnepartypa raza (K),

R — rasoBas nocrosuuas (Jx-kr'-mons™),

N — YHCIIO MOJIEW rasa.

B pesynbrare, HeONpeneNeHHOCTh U3MEpeHU Uy = U, = ut < 1,21 %.

Bxnan HeomnpeneaeHHOCTU U3MEPEHUN 00beMa JETEKTUPYIOIIEr0 BEIIecTBa Majl
OTHOCHUTEJILHO JIPYTUX COCTABIISIFOIINX, IOCKOJIbKY B ciiydae ¢ ciuuHTiuisiTopoM Lil(Eu)
u LiO,, pazmepsl ObUIA OMNpEAeIeHBl C MOMOIILI0 MHUKPOMETpA, MPU ITOM, pa3sMepbl
MPAKTUYECKU HE 3aBUCSAT OT U3MEHEHHUs TeMIIepaTypbl, BBUY Majioro koddduimeHrta
paclIMpeHus MaTrepualioB, B CBOIO OYe€pedb, ISl MPOMOPLIUOHAIBHBIX CUYETUYHKOB
HEONPEeEICHHOCTh U3MEPEHH 00beMa Uy, He npesbimaeT 0,35 %.

B xome paboThl, HEOMPEACICHHOCTh  OIECHKHM  3HaYeHWUW  (PyHKIMiA
YyBCTBUTEJIILHOCTHU MPU U3MEHEHUH IJIOTHOCTHU TOJIMATUIICHA M aTOMHON KOHIIEHTPALIUU

BCIIICCTBA, ObLIa pacuuTaHa IIpu pasIMYHbIX 3HAYCHUAX OTUX I1apaMETPOB.
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JUis JIATUEBOrO CTEKJAa 3HA4YeHHs OOBEMHOM KOHLEHTpamuu aroMoB °Li
BapbHPOBAINCH OTHOCUTENIBHO coaepxaHus Bcero Li B kpucramuie. B macmoprte
MPUMEHSEMOT0 JIMTUEBOTO JAETEKTOpa MPOU3BOAMUTENb YyKa3zajl 3Haue€HUEe OO0bEeMHOMU
KOHIIGHTpAIlMi aTOMOB JHUTHS paBHBIM 95 %. Pacuer mpou3BoAMIICS MPH 3HAYECHUSAX
90 %, 93 %, 97 % u 100 %. IlomydyeHHOE OTKJIOHEHHE 3HAUCHUU QYHKIUI
YyBCTBUTEIBHOCTH HWMEET HauOONbIINEe 3HAYCHHs B OOJACTH HUBKUX DHEPTUH,
He npeBbimas npu 3toM 0,3 % (pucynok 4.31). Takum o06pa3zom, MOXXHO CUHTATh,
YTO WM3MEHEHHE OOBEMHOM KOHLEHTpAlMK aroMOB °Li MNpakTHYeCcKd He BHOCHT
u3MeHeHuil B uHTerpai K OTHOCHUTENBHO IUIOTHOCTH TMOJWATHIEHA U HOCHUT CKOpEe
CTaTUCTUYECKUN XapaKTep, IOCKOIbKY HM3MEHEHHUS KOJIEOMIOTCS OTHOCHUTEIHHO

CIMHUIIBI KaK B 6OJIBIHYI-0 CTOpoHYy, TaK 1 B MCHBIIIYIO.

1,0016

10011

1,0006

95%)

1,0001 \
——90%

——100%

R(n;)/R(n

0,9996

0,9991

0,9986
o 2 4 6 8 10 12 14 16 18 20

SHeprua, MaB

Pucynok 4.31 — Bknaa u3MeHeHus 00beMHOM KOHIIEHTpalUy aToMoB °Li Ha 3HaueHus QpyHKIUi

YYBCTBUTCIIBHOCTU

Ha pucynke 4.31 mnpeacrtaBieH rpaguk OTHOUIEHUS 3HAYeHMM (DyHKIMIA

YYBCTBUTEIBHOCTH NPU OOBEMHOM KOHLIEHTPAIMM aTOMOB N; K 3HAUCHUSM (GYHKIUN
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YYBCTBUTEIBHOCTH TpU OOBEMHON KOHIIEHTpanuu atoMoB n = 95 % oT sHepruu
HEeUTpoHOB 11 cinydad n =90 % u n = 100 %.

[Tpu npuMeHeHun 6JI0Ka PETUCTPAIM HA OCHOBE MPOMOPLUOHATIHLHOTO CUETUYNKA
BF; oObemHass KOHILIEHTpalMs aTOMOB MpPsIMO MPOMOPIHMOHANIbHA IUIOTHOCTH Tas3a.
[losToMy, OBUT TMPOM3BEACH pacyeT € HW3MEHEHHEM IUIOTHOCTH ras3a. l[lmoTHocThb
BapbupoBasiack oT MuHyc 10 % mo 10 % or ucxognoro 3HaueHus 200 MM.pT.CT.
OTkjOHEHHE 3HAYeHUH (YHKUUNA YyBCTBUTEIBHOCTH TIPU Bapuallud JaBICHUS

B nuara3one ot MuHYC 10 % 10 10 % ne npesbimraet 0,7 % (pucyHok 4.32).

1,0060

1,0040

1,0020

200 mm.pT.CT)

1,0000

R(pi)/R(p

0,9980

0,9960

0,00 2,00 4,00 6,00 8,00 10,00 12,00 14,00 16,00 18,00 20,00

SHeprua, MaB

Pucynok 4.32 — Bxuiiag usmenenust niaotHocTy raza BF3 Ha 3HaueHust GyHKIMM 4yBCTBUTENBHOCTH

B pacuerax 3HaueHuMil (DyHKUMHA YYBCTBUTEIBHOCTH IJIOTHOCTH MOJUATHIICHA
npuHUManace pasHoi 0,95 r-cm. Jlanee, mioTHOCTH Oblna u3MeHeHa Ha 0,93, 0,94,
0,96 1 0,97 r-cm™. TToaydeHHBIH pe3ynbTaT UMeET caeayromuil >¢pdekT (pucyHok 4.33):
IPU YBETUYECHUHU TJIOTHOCTH MOJUATUIICHA YyBCTBUTEIBHOCTh YMEHBIIAETCA B 0071aCTU
HU3KHX SHEPruil W BO3pacTaerT B oONacTH BbICOKMX dHepruid. Ilpu ymeHbiienuu
IVIOTHOCTU 3()(PeKT 0OpaTHBIN, yBEINUYEHUE YyBCTBUTEIBHOCTH IIPU HU3KUX DHEPIUSIX

N YMCHBHICHHC IIPU BBICOKUX OJHCPIHAX. HpI/I 9TOM TOYKa <«IICPCxXoAa» HAXOIUTCHA
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B paiione 1,75 M»aB. [lns chepst nuamerpom 400 mm nanHbIN 3QdexT He HaOMOmaeTCs.
XapakTepeH JHIIb Chaja OTKJIOHEHHUS 3HauyeHW (YHKIUA YyBCTBUTEIHHOCTHU
NpU yBEIIMYCHUH SHEPTUU HEUTpOoHOB. HamOombliee OTKIOHCHHE 3HAYCHHUH (DYHKITH
YyBCTBUTEIBLHOCTH HAOMIOMaeTcs mpu camMoM OosbimoMm guamerpe chepsl 400 MM,

nocturas 24 % (pucyHok 4.34) B 00J1acTd HU3KUX SHEPTUN NPU 3HAYCHUSX IJIOTHOCTHU

nonusTHIeHa paBHbIX 0,93 1 0,97 rem™.

107

105

103 — 0093

0,95)

0.94

R(p)/R(p

0.96

057

—097

0,95

0,93

Ixeprua, MaB

Pucynok 4.33 — Bnusinue u3smMeHeHHsl JI0OTHOCTH MOJIMATHIIEHA Ha 3HaUYeHUs! QYHKIHUMA

qyBCTBUTENBHOCTHU 11 cheprl 200 MM
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1,30

0,93
—0,97

R(pi)/R(p0,95 r/cm?)

0,90

0,85

0,80
0,0 2,0 4,0 6,0 8,0 10,0 12,0 14,0 16,0 18,0 20,0

SHeprua, MsB

Pucynok 4.34 — BnusiHue u3MeHeHus IJIOTHOCTH MOJIMATUIIEHA HA 3HAYeHUsI (PyHKLINH

qyBCTBUTEIBHOCTH JUIs cepbl 400 MM

B pesynbrare OCHOBHOW BKJIQJ B HEONPEACICHHOCTh OILICHKM 3HAUYCHUH
unterpana K B ypaBHeHun (4.20) BHOCUT HEOIPENEIEHHOCTh U3MEPEHUN TIJIOTHOCTHU
nonudTHIIeHa. [Ipu HeornpeaeneHHOCTH U3MEPEHNI TNIOTHOCTH MOJMATUIIEHA HA YPOBHE
0,3 %, HeompeneneHHOCTh OLEHKA wuHTerpana K He npesbimaer 2,1 %. Torma
HCOIPEICICHHOCTh M3MEPEeHUH 3HaueHuil (QyHkuud uyBcTtBUTENBbHOCTH R;(E),

paccuntanHas 1o gopmysne (4.21), He npesbimaet 2,5 %.

4.6.2 HeonpeodeneHnocms Memooa 80CCMAHOBIEHUS IHep2emuiecko20 Cnekmpa

HeUmpoHO8

BepxHsis OLeHKa HEONPEIEIEHHOCTH METOAA BOCCTAHOBJIEHUS HYHEPIETUYECKOTO
CIIEKTPOB HEMTPOHOB IpH BocnpousBeAaeHun eauunl MADJ] m MUD/] HelTpoHHOTO
U3TyYeHUs] TpPU BOCCTAHOBJICHWHM METOJOM MAaKCHMAJbHOIO  MPaBIOMOAOOHUS,

npumensieMbiM B DT 117-2010, onpenensiercs mo ¢popmyie
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Uy = ’u,% + uz, (4.26)

II€ Up — HEOMNpPEAENIEHHOCTh pacyeTa 3HaueHUW (QYHKIUN YyBCTBUTEIHLHOCTHU
JETEKTOpa C [-bIM MIAPOBBIM 3aAMEIJIUTENIEM;

Uz — HEOIIPEAEIEHHOCTh U3MEPEHNN CKOPOCTH CUETA IETEKTOPA C i-bIM IAPOBBIM
3aMEIJIUTENEM.

HeonpeneneHHOCTh U3MEpEHN CKOPOCTH cueTa Uy He npesbimaet 1,0 %. Torna,
HEONPEAEICHHOCTh METOAA BOCCTAHOBIICHUSI SHEPTETUYECKOTO CIIEKTPa HEUTPOHOB Uy,
B OTZIEJIBHO B3ATOW SHEPreTUUYECKOM Tpynne He npesbimaet 2,1 %.

IIpy BOCCTAaHOBIEHHUM SHEPIETUYECKOTO CHEKTPOB HEHUTPOHOB  PA3HBIMH
UTEPALMOHHBIMUA METOJaMH, IIPOBEIECHO CpPaBHEHUE ONIMYMNA B BOCCTAHOBJICHUU
BO BCEX OJHepreTnmueckux rpynmax. CpaBHEHHE OTKIOHEHHH ObUIO MPOBEICHO
OTHOCHUTEJILHO METO/la MaKCUMaJbHOIO mpasaononodus. HauOonblive OTKIOHEHUS
HaOJIOAl0TCs B HU3KO3HepreTuuecko obmactu. [lpu maneix sneprusix (o 500 k3B)
Meronsl Gravel m Iter mokaspIBalOT MEHBINHME 3HAYeHUA. B awmamasoHe sHeprui
or 500 k3B g0 4 M5B oOTKIOHEHHWE JaHHBIX METOJOB B OOJBIIYIO CTOPOHY.
[Ipu »tOoM oTkioHeHue He npeBblmaer 1,33 % s Iter u 0,70 % pgns Gravel.
[Ipu sneprusix Beimie 4 MsB Habmronaercs OTKIOHEHUE JAHHBIX METOJOB B MEHBIITYIO
cTOpoHY, He nipeBbimast 1,74 % nns Iter u 0,81 % nna Gravel. Meron Spunit mo3Bosisiet
BOCCTAHABIIMBATh  DHEPreTUYECKUWA  CHEKTp  HEUTPOHOB  HMAEHTHUYHO  METOAY
MaKCUMAaJIbHOTO MPaBA0No00usI.

KommiekcrpoBaHue BbIlIEyKa3aHHBIX METOJ0B BOCCTAHOBJIEHUS! SHEPTETUYECKUX
CIIEKTPOB HEUTPOHOB 00€CTICUNBAET UX MPUMEHUMOCTh KO BCeM cytecTByomum DY,
B TO BpeMs KaK HEONPEIECICHHOCTh KOMIUIEKCHPOBAHHOIO METOJA BOCCTAHOBJIIEHUS
SHEPreTHMYECKOrO CIIEKTPa HEMTPOHOB Uy, B AManasoHe sHepruit or 1-10° mo 20 MbB

He npeBblmaet 1,74 %.
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Pe3ynbTarsl ncciaenoBaHul METPOJIOTHYECKUX XapaKTEPUCTUK B BHIE OrOIXKeTa

HEOMPEACICHHOCTH U3MEPEHUN MpU BOCHPOU3BEACHUM U Tmiepenaye enuuul] MAD]]

u MUDJ] HEeHTpOHHOTO M3NMyuYEHUS C MPUMEHEHUEM pa3pabOTaHHOTO ammnaparypHo-

METOIMYECKOTO KOMIUIEKCA MpeCTaBIeHbI B Tabnuie 4.7.

Tabmuma 4.7 — bBrokeT HeompeAeNeHHOCTH H3MEPEHU TpU BOCIPOU3BEACHHUU

u nepenade equaul] MAS/] 1 MUl HEUTPOHHOTO U3ITYUYCHUS

I'9T 117-2023
M cTOYHHK HEOTIPEAECIIEHHOCTH o 0
Uy, % | ug, %
HeonpeneneHHOCTh OLICHKM 3HAUY€HUN (PYHKIMH YyBCTBUTEIIbHOCTU 25
netexkTopoB (R) ’
HeornpeneneHHOCTh M3MepeHHi CKOpocTH cueta (Z) 1,0
CTaOHMIBHOCTD 0,7
HeonpeneneHHOCT,  METOAA  BOCCTAHOBJIEHUS  AHEPreTUYECKOTO 17
CIEKTpa HEUTPOHOB (P) ’
HeonpeneneHHOCTH OLICHKH k03¢ pULIMEHTOB nepexozaa
OT SHEPreTHYECKOI0 CIEKTpa HEUTPOHOB B JupdepeHnnanbHon 0.8
dbopme, HOpMUPOBAHHOMY Ha MoJHbIN ¢uroeHc k MAJ u MUD]] ’
(h*(10), h,(10))
HeonpeneneHHOCTh M3MEPEHUN PACCTOSHUSL MPU MO3ULUOHUPOBAHUH 0.3
0] ’
HeonpeneneHHOCTh U3MEpPEHUsI BpPEMEHU Ha0Opa CIEKTpa UMITYJIbCOB 03
(t) ’
OTHOCHUTENBHAs ~ CyMMapHasi  CTaHJapTHas  HEOIPENEJIEHHOCTh 3.4
u3MepeHuit U, % ’
OTHOCHUTENbHAS pacCIIMPEHHAs HEONpPeIeIeHHOCTh u3Mepenuil U npu 6.8
,

k=2%

Takum oOpa3zoM, pa3paOOTaHHBIN aNmapaTypHO-METOAMYECKUI KOMIUIEKC IS

Bocnpou3BeAeHuss U nepegaun eauHun, MADJ u MUD/] HEHTPOHHOrO W3Iy4YECHUS,

MO3BOJBICT OCYHICCTBJIATH PACHUCT JaHHBIX CIWHHUI BCJIMYMH Ha OCHOBC I/I3MepeHHﬁ

SHEPreTHYECKOTO CIEKTpa HEHTPOHOB B AmanasoHe dHepruii or 1-10° mo 20 MbB

32 CUET PACUIMPEHHOro HadOpa JIETEKTOPOB, IIAPOBBIX 3aMEUIMTENICH U YBEITUYCHUS

yucina sHepretuueckux rpynn ¢ 47 1po 227 ¢ OTHOCUTENbHOW PAaCIIMPEHHOU

HEONPeIeJICHHOCThIO U3MEpPEHUA, He TipeBblmatomei U = 6,8 % npu k = 2.
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4.7 BeiBoanbl k I1aBe 4

[Ipu pa3zpaboTke anrapaTypHO-METOIMYECKOTO KOMILIEKCA TUTSL
BOCIpousBeaeHus u nepenayn eanHu; MAS/] u MU /] HeHTpOHHOTO U3ITyYEHHUS :

— NPOBEIEH aHaliu3 pacyera 3HauYeHUM (QYHKIUNH YyBCTBUTEIHLHOCTH
MetogomM MonTte-Kapio;

- pa3paboTano nporpammHoe cpeacTtBo «ResFunction», aBromaTusupytoiee
IPOLECC pacyeTa 3HaYeHUH (PYHKIMIA YyBCTBUTEIbHOCTHU JETEKTOPOB;

— C MCHOJIb30BaHUEM IporpammHoro cpenactsa «ResFunction» paccuntanbl
3HaYeHUs (PYHKIMH YyBCTBUTEIBHOCTU AETEKTOPOB;

— IIPOBEJCHO CpaBHEHHUE HOJIyYEHHBIX 3HAYCHU U byHKIMA
YYBCTBUTEIBHOCTH C pe3yJbTaTaMH, MOJYYEHHBIMU B JPYTUX MEXIyHApOIHBIX
1ab0opaTopusX;

— pa3paboTaHo mporpaMMHoOe cpeactBo «BSpectr» s BOCCTaHOBJICHUS
HYHEPreTUYECKOr0 CIIEKTPa HEUTPOHOB C OMOILBIO UTEPALMOHHBIX METO/IOB;

— IPOBENECHBl HW3MEPEHMSI HEUTPOHHBIX IMOJEH OT PAAUOHYKIMIHBIX
MCTOYHHUKOB B OTKPBITON U KOJUTMMUPOBAHHOW F€OMETPHH;

— Ha OCHOBE OJKCIIEPUMEHTAJbHBIX [AaHHBIX M PAaCCUUTAHHBIX 3HAYCHUU
(GYHKIUI 4YyBCTBUTEIBHOCTH BOCCTAHOBJICHBI SHEPreTHUECKHE CHEKTPbl HEHTPOHOB
UTEPALMOHHBIMU METO/IAMH;

— COCTaBJieH OJDKET HEOMPEACICHHOCTH W3MepeHuit eauHul; MAD]|
1 MUD]I HEUTPOHHOTO UBITYUYEHUS,

— MPOBEICHO KOMIUIEKCUPOBAHUE WUTEPALMOHHBIX METOAOB BOCCTAHOBJICHUS

HSHEPreTUYECKHUX CIIEKTPOB HEUTPOHOB.

[Tomy4yenHsie pe3yiabTaThl MO3BOJIWIM TOBBICUTH A()PEKTUBHOCTH PabOT
M0 pacyeTy 3HAa4eHW (PYHKIHI YyBCTBUTEIHLHOCTH JCTEKTOPOB U BOCCTAHOBJICHHUIO
DHEPTETUYCCKHUX CIIEKTPOB HEHTPOHOB.

Pa3paboranHblil  anmapaTypHO-METOAMYECKUI  KOMILJIEKC  BOCHPOU3BEICHUS

u nepenayn equau MAS/] u MUD]] HEUTPOHHOTO U3JTYyUYEHHS TTO3BOJIII:



127

— YUYUTBHIBATh BKJIAJ B 03y OT IPOTOHOB U SIJIEp OTAAUH;

— pacIIMPUTh BEPXHEE 3HAUYCHUE TPAHUIIbl JIHANAa30HA BOCIPOU3BEICHUSA
¢ 10 mo 20 M»1B;

— 00eCIeYnTh OMPEACIICHUE DSHEPreTUYECKOTO CIEKTpa HEUTPOHHOTO
M3JIy4YeHUsI B CIIy4yasX, KOIJla W3MEPEHUE J03 OCYILIECTBIACTCA Ha MPEANPHUITUAX,
skcrutyarupyomux S®Y win ycTaHOBKM Ha OCHOBE PAJMOHYKJIUIHBIX HCTOYHHKOB,
rme Ha paboumx MecTaX WM B CMEKHBIX TOMEIICHUSX 3HaueHus eauHur], MAD]]
1 MUD]] 3HauuTEILHO IPEBOCXOAAT (DOHOBBIC 3HAUYCHUS;

— CHU3UTh HEONPEAEIEHHOCTh n3MepeHuid equunl] MAJJl 1 MUD/I B monsix
HEUTPOHHOTO M3JIyYCHHUs, 3a CYET BBEJACHUS IIONPABOYHOrO Kod(hduIiMeHra,
YUUATBIBAIOIIETO SHEPrETUYECKYI0 3aBHUCUMOCTh YYBCTBUTEIBHOCTH IPUMEHSEMOIO
CpelcTBa U3MEPEHHUs, HEMOCPEACTBEHHO B TE€X MOMEMICHUSX, IJe OyayT MPOBOAUTCS

9TH U3MCPCHUAI.
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3akJIroueHue

B mpouecce NpoBENEHHBIX HUCCIAEAOBAHUM ITOJYYEHBI CIEAYIOIIME OCHOBHBIC
pE3yJIBTaThI:

l. Pa3paboTtan anmapaTypHO-METOAMYECKHI KOMIUIEKC Ha OCHOBE HOBOH
KOHCTPYKIIMM HMOHW3ALMOHHBIX KaMmep, MO3BOJISIOMINN PACIIMPUTh BEPXHEE 3HAYCHHE
TPAHMIIBI JUANa30Ha BOCIPOM3BEICHUS E€IWHULBI MOIIHOCTH TOIJIOIIEHHON 03Bl
HelTpoHHOro manydenus ¢ 1-107° 1o 2107 I'p-¢’!, a Taxxe yMEHBIINTE OTHOCHTEIBLHYIO
pacIIMpEeHHYI0 HeompeaeneHHoCcTh u3Mepennit U mpu k =2 BO BceM auamnas3oHe
c4,4% no 2,7 %.

2. Pa3zpaboTanbl METONl U CpeACTBa U3MEPEHUN HAa OCHOBE MHOT'OKAaHAJIbHOTO
0JI0Ka perucTpaluy ¢ aBTOMaTU3MPOBAHHOM CUCTEMON yIpaBIICHHs], U3BMEpPEHHUs, cOopa
U 00pabOTKM JaHHBIX, MO3BOJSIOUINI OCYIIECTBIIATH IEperady €IUHUIbI MOLIHOCTH
NOTJIOIIEHHON J03bl HEUTPOHHOTO M3JIY4YEHHUs CPEACTBAM H3MEPEHHM, MPUMEHIEMbIM
Ha  SIEpHO-PU3MYECKHX  YCTaHOBKaXx B  HEUTPOHHOM  JIy4yeBOM  Tepamnuw,
C OTHOCUTEJIbHOM pACIIMPEHHOW HEONPEAECIEHHOCThIO MeTona nepenaun U,
He npesbrmatomeit 0,5 % mpu k = 2.

3. Pa3paboran annapaTypHO-METOANYECKUN KOMIUIEKC ISl BOCIIPOU3BEACHUS
U Tepefavyd eAUHUI] MOIIHOCTEH aMOMEHTHOT0 W WHIMBHIYaJIbHOTO 3KBHUBAJIEHTOB
J103bl HEUTPOHHOTO M3JTYyUYEHUs, MTO3BOJISIOIIUN OCYIECTBISATh PACUeT TaHHbBIX €JIMHUIL
BEJIMYMH HAa OCHOBE M3MEPEHHUI HHEPreTUYECKOIrO CIEKTpa HEUTPOHOB B JUaNa3oHE
suepruii or 1:10° mo 20 Mb3B 3a cuer paclIMpeHHOro Habopa IETEKTOPOB
U YBEIMYEHUS YHUCJIAa DHEPreTUYECKUX TIPYNN C OTHOCUTEIbHON pacIIUpEeHHOU
HEOMPeIeTICHHOCThIO U3MepeHuii U, He npeBbimaromei 6,8 % mnpu k = 2.

Takum 00pazoM, B IUCCEPTAMOHHON pabOTe pelieHa OCHOBHAs Hay4Has 3ajada
00OCHOBaHUs, pa3pabOTKH M HCCIENIOBAaHUS METONOB M CPEICTB BOCIPOU3BEACHUS
U Tepefayd eIMHULl MOIIHOCTH TMOMIOMIEHHOW J03bl, MOIIHOCTEH aMOMEHTHOIrO
U WHIWBUIYaJbHOTO 5SKBUBAJCHTOB JO3bl HEUTPOHHOTO U3Iy4YyeHUS B 00IacTu

JO3AMETPUN HEUTPOHHOTO U3ITyUECHUS.
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enp auccepTauMOHHOW paboOThI, KOTOpas 3akilodyalach B OOeCHeueHUu
€INHCTBA W3MEpPEHU U TpeOyeMOW TOYHOCTH HW3MEPEHUM EIMHUI] MOIIHOCTH
MOMIONICHHOW J03bl, MOIIHOCTEH aMOMEHTHOIO M WHIWBUIYAJIbHOIO 3KBHUBAJICHTOB
JI03bl HEUTPOHHOTO HW3JIYyYECHHUS IMyTEM YIYyUIIEHUS METPOJOTMYECKUX XaPAKTEPUCTHK
[ocynapcTBEHHOTO MEPBUYHOIO HTajOHA E€OUHUL] MOIIHOCTH MONIOUIEHHOM J103bI

Y MOIIIHOCTH 3KBHUBAJICHTa J03bl HEUTpOHHOTO M3nyueHus ['9T 117-2010, nocturnyra.
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Ipuiaoxenue A

AKT TOCyJapCTBEHHBIX MCIBITAHUI MPOLIEAIIETO COBEPIIEHCTBOBAHHE
T'ocynapcTBEHHOIO MEPBUYHOIO 3TAJIOHA €AUHHUI] MOITHOCTH MOTJIOIIEHHON JT03bI

Y MOIIIHOCTH 3KBUBaJIEHTa 7103kl HeUTpoHHOTO M3nyuenus (I'DT 117-2010)

AKT
rocyaapcTBeHHbIX HCIBITAHKH
NpoleaIIero coBepueHcTeoBanue I'ocy1apcTBEHHOr0 NepBUHOTO 3TaJIOHA
eHHHI MOUIHOCTH MOIJIOIEHHOH 103bl H MOUIHOCTH SKBHBAJIEHTA 103bl
Heiitponnoro uzaydenus (T 117-2010)

Komuccust  chopmupoBana [Ipukasom — DeaepanbHOro  areHTCTBa 110
TEXHUYECKOMY PEryTHpOBAHHIO U METPOJNOrHH OT 23 CeHTsOps 2022 r. Ne 2346

(nanee — Komuccus) B ClieAyOIeM COCTaBe:

TutapeHko - a.¢.-M.H., mpodeccop, HadaIbHUK J1abopaTopuu

FOpwii Epumosuy (dhyHIaMeHTaIbHbBIX /IePHO-(PU3NIECKUX
rccnenoanuii HULL «KypuaTOBCKUI HHCTUTYTY,
r. Mocksa

(mpezcenaTeslb KOMUCCHHI)

Ocoxka 3axap MiBaHoBHY - HaAvaJbHUK YnpapineHus METPOJIOTHH,
rocy/llapCTBEHHOTO ~ KOHTpOIsl M Haa30pa
Poccrannapra, r. Mocksa

(BaMeCTl/lTeﬂ b rpeaceaaTelns KOMMCCI/H/I)

benenkos Oner - 3aMecTUTe]b HayalbHHKA OTAEeNa TPUKIAAHOM
AnpbepToBHY METPOJIOTHH 14 rocyaapCTBEHHOM
MeTPOJIOTHYECKOM CITyKOBI VYnpasieHust

METPOJIOTHH, TOCYIapCTBEHHOTO KOHTPOJsS |

naza3opa Poccranzapra, r. Mocksa

Bepmsua - KT.H., HauanpHuk  naGoparopun  PI'VII
Anexcannp BrnagumupoBud «BHUUDTPU», p.n. MenzneneeBo MOCKOBCKO#

obJractu



Eropos Cepreii OneroBud -

Kunkun Bsiuecnas -

MuxaiinoBud

3ybapes Bukrop -

HukonaeBuu

KoBasneHko -

Ouner UBanoBUY

MouceeB Hukonaii -

HuxonaeBuu

[1aBnoB -

Kupunn Bnagumuposuy

[TetbkoB Urops -

BsiuecnaBoBuu

143

3aMecTHUTeNb HavyaJlbHHUKa VYmnpasieHus
METPOJIOTHH, TOCYIapCTBEHHOrO KOHTPOIsS H

Haz3opa Poccranapra, r. Mocksa

HauanbHUK oTaesna merposiorun AO «CHHUMIDy,

r. MockBa

BeJlYIMI MHXKeHep Kadeapbl TeOpeTHYeCKOW |
9KCIIePUMEHTAIbHON uzuku SIEPHBIX

peaktopoB HUAY «MHU®U», r. Mocksa

u.0. HayanbHuka HUO-4 ®I'YIT «BHUUDTPU»,

p.1. MeneneeBo MOCKOBCKO# 0071aCTH

PYKOBOJMTENb Hay4HO-HCCIIeI0BATETbCKOM
nabopaTtopuu rOCITAIOHOB B obnactu
HEUTPOHHBIX M3MEPEHMH M  CIEKTPOMETPUH
wonmsupytomux usnydennit OI'YIl «BHUHUM

uM. JI.1.Menneneesa», r. Caukt-IletepOypr

K.Q.-M.H., BeAyllMii  Hay4HbId  COTPYAHHUK
nabopaTopuu (GyHIaMEeHTaIbHBIX 71epHO-
(huzHyecKux HCClIeI0BaHUH HUIL

«Kyp4atoBcKkuit ”HCTUTYT», I'. MocKBa

Benymuﬁ CIIeHHAJIUCT oTaemna UCIIBITAHUH

OOO HITIT «/lo3a», r. 3eneHorpan



CabypoB Bsuecnas

OneroBu4

Cononckux Iletp

Wropesuu
VeneHckuit Anekcanap

[TaBnoBuY

Xapnamosa Jlapbs

OneroBHa

[Hapanos

Cepreit Bragumuposuy
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PYKOBOJMTEINh 9KCIUTyaTalyu KOMILIeKCa
npotoHHOM Teparnuu «lIpomereyc», HayuHBIH
COTpYAHHMK  Jabopatopuu  pa3pabOTKM W
sKcrutyaraunu obmyvatouieid rexuuky MPHILL nm.
A.®. Ilpiba - c¢uman OIBY «HMHALL
panuosnorun» Munzapasa Poccun, r. OGHMHCK

Kanysxckoit obnactu

Beayuil umxeHep-pagrnoxumuk AO « CHUMID»,

r. MockBa

HaYaJbHUK oTaena dI'BY «"HMLI»

Muno6oposnsl Poceuu, r. Mpitumu MockoBcKoi

obnactu
rJIaBHBII CIELHATACT-3KCTIePT oTaena
OI0KETHOTO [UIAHUPOBAHHS, UCITOJTHEHHS

GrokeTa U Oyxranrepckoro ydera ®PUHaAHCOBO-
9KOHOMHYECKOro ynpasiaeHus Poccrannapra,

r. MockBa

HAYaJbHUK OT/eNa M3MEPEeHUH HOHM3UPYIOIIHMX
U3JTy4eHUH MeH1en1eeBCKOro ¢unmana
®BY  «PocrecT-MockBay, p.n. MeHzaeneeBo

MoCKOBCKO# 00J1aCTH
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B DenepaabHOM rocy1apcTBEHHOM YHUTapHOM NpeanpHATHH
«BCepoCccHiCKUil  HAyYHO-MCCIIEJOBATEIbCKUH  MHCTHTYT — (DM3HMKO-TEXHHYECKHX
¥ paguoTexHudeckux u3Mepenuin» 30 centaOps 2022 r. Kommuccus mnposena
rocy1apCTBEHHbIE UCIIBITAHMS MTPOLIE/IIIEro COBepIlIeHCTBOBaHUE ['oCcy 1apCTBEHHOTO
[EePBUYHOTO OSTaJOHA E€IMHHIl MOIIHOCTH [OIVIOUIEHHOH 10361 M MOLIHOCTH

9KBUBAJIEHTA 703bI HeliTpoHHOTO M3nmyuenus (DT 117-2010).

B pa6ore Komuccuu He npunsiim yuactue: XKunkun B.M., Conoackxux I1.K.

Komuccuu ObL1n NpecTaBlIeHbL:

MpOLIEAIIMHA COBEpIIEHCTBOBaHWEe [ OCy/lapCTBEHHBI MEPBUYHBIA STaJIOH
€[IMHMIl MOIIHOCTH IIOTJIOLIEHHOM J103bI M MOLIHOCTH SKBHMBAJEHTa JI03bI
HEHTPOHHOTO M3ITyYeHHUs (Jasee - IepBUYHbIN 3TAJIOH);

TeXHHYECKOe 3a/1aHie Ha COBEPILEHCTBOBAHUE EPBUYHOIO 3TAJIOHA;

IJ1aH MEPOTIPUSITUH 110 BHEPEHUIO IEPBUYHOIO TAJIOHA;

MacropT MepBUYHOIO ITAIOHA;

MpaBuiia COIEPIKAHUSI U IPUMEHEHUs IEPBUYHOTO TAJIOHA;

[POEKT  TOCYJapCTBEHHOW  ITOBEPOYHOM  CXEMBbl,  TOJArOTOBIEHHbIH
B COOTBETCTBMM ¢  TpeboBaHWsIMM  npukaza  Munnpomropra  Poccuu
ot 11 depanst 2020 r. Ne 456;

pe3yJibTaThl HCCIIEIOBAHUI EPBUYHOIO TAlOHa, [10Jy4YEHHbIE B TIPOLECCE €r0
COBEPIIEHCTBOBAHMUS;

MPOTOKOJI TIPeIBAPUTENILHBIX METPOJOrMYeCKHX HCCIe0BAHUN MEPBUYHOTO
3TajIoHa;

KOHCTPYKTOPCKasl M SKCIUTyaTalMOHHAs JJOKYMEHTAllMs IEPBUYHOIO TaIOHa;

npeCcTaBjieHie 0 Ha3HAUeHUH yUYeHOT0-XpaHUTeIs TEPBUYHOIO 3TalOHa;

Boimkcka w3 [lpotoxona  Ne 4 3acemaHumss  YueHoOro  coseTa
OI'YIT «kBHUUDTPU» ot 21 centsadps 2022 r.;

nokiaan @PegepalbHOMY AareHTCTBY 10 TEXHMYECKOMY PEryJMpOBaHMIO
Y METPOJIOTHH;

npoekT npukaza denepansbHOro areHTCTBa M0 TEXHUYECKOMY PEryJIMpOBaHHIO

U METPOJIOTHH 00 YTBEPXKACHUHU MEPBUYHOIO 3TAJIOHA]
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MJTIOCTPAllMOHHbIE MaTepHAaIbl.
B pesynbraTe npoBeneHust HCIIBITAHUN MEPBUYHOIO 3TAJOHA U PACCMOTPEHHS

npezicTaBleHHbIX MaTepuanoB Komuccueil yCTaHOBIEHO:

1. HepBld‘-leIﬁ S5TaJIOH COCTOUT M3 KOMIUIEKCa CIEAYIOLIHUX TEXHHUYCCKHX

CpeACTB, BCIIOMOTraTeJIbHBIX yCTpOﬁCTB M CriCMAJIbHBIX HHIKCHEPHBIX COOPY)KeHHﬁZ

OcHoBHOe 000pyOBaHHeE:

U3MEPHUTENIb  MOIJIOIEHHOW JI03bI M  MOIIHOCTH [OTJIOLIEHHOW 03Bl
HEHTPOHHOTO HM3JIy4eHHMs C KOMIUIEKTOM [OJIOCTHBIX HOHH3ALHOHHBIX KaMep
UMIT/I-UK;

U3MEPUTENb MOTJOIIEHHOW 036l M MOIIHOCTH IOIVIOLIEHHOM  J103bI
HEUTPOHHOIO M3JIyYeHUS! C LWIMHIPHYECKUM MPOMOPIHMOHAIBHBIM CYETYMKOM
UMIT/I-1IC;

U3MEpHTEIb SKBMBATEHTa J103bl U MOLIHOCTH SKBHBAJIEHTA JI03bI HEUTPOHHOIO
usznyuenuss UMD/,

annaparypHblii KOMIUIEKC 00paboTKH HHPOPMALIUH;

yCTaHOBKa 1oBepoyHasi HeUTpoHHoro usnydenus YKITH-1MJIA;

ycranoBka OBC-3;

Habop GopmupoBarteneii ciekTpa HEUTPOHOB.

BcenomorarensHoe o6opynoBaHue:

CTEH/] IPELIU3MOHHOTO 3aIl0JHEHUs] KaMep ra3amu;

cpeacTBa nepefadyd (KOMIaparopel) (MOHM3AaLUMOHHbIE Kamepbl, OJOKH
JeTeKTHPOBAHUS, OJIOKH PErHCTpaliy, PONOPLHOHAIBHbIE CYETUUKH);

cucTeMa JUCTaHIIMOHHOTO HabJIFOIeH S,

cUcTeMa JI03MMETPUYECKOTO KOHTPOJIS;

TKaHEedKBUBAJIEHTHBIN (haHTOM;

MepCOHAIbHBIN KOMITBIOTEP.

McTOYHMKN MOHU3UPYIOLIETO U3y YeHHUS:

Habop 3aKphITHIX PAJHOHYKIHIHBIX HCTOYHUKOB HEUTPOHHOrO H31ydYeHHs
Ha OCHOBe paaroHykauaoB: 2*Pu-Be, 2°Pu-Be, Cf*2, Am-Be:

YCTPOUCTBO /15l XpAaHEHHsl HCTOYHUKOB HEHTPOHHOTO M3iy4yerus KH-1.
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CrieninanbHble MHKEHEPHbIE COOPY/KEHHUS:

HU3MEPHUTENbHbINA 3all, B KOTOPOM pa3MelLleHbl MCTOYHUKM HOHH3UPYIOLIEro
U3JIy4YeHHs], C CUCTEMOM OJIOKHUPOBOK, IPeJOTBpAIaloLiel BO3MOKHOCTb 00TydeH s
nepcoHana, CTEHaMH M OKHaMH, O0O0eCHeYHBAIOIIMMKM HEOOXOAMMBIH ypOBEHb
ocnabiieHusi MOHW3UPYIOIEro HW3JydeHHUs Ais Oe3omacHOi paboThl mepcoHana B
CMEXXHBIX TOMEILCHHUSX;

MyJIbTOBAsL.

2. MeTtposnoruieckue XapakTepUCTHKU IEPBUYHOTO ITATIOHA:

JMana3oH 3Ha4eHUH MOLIHOCTH MOIJIOIIEHHON 103bl HEHTPOHHOIO H3JTyYeHHUs
B auarnaszone sHepruit ot 0,05 1o 14 M»aB, B KOTOPOM BOCHPOU3BOAUTCS €IMHHMLIA,
cocrasnset: ot 2:107° 1o 2107 I'p/c;

[Mana3oH  3HAa4eHWH  TOMVIOLIEHHON 103kl  HEHTPOHHOrO  M3Jy4eHHs
B auanaszoHe sHepruii ot 0,05 no 14 M»B, B KOTOPOM BOCIIPOU3BOAUTCS €IMHMILIA,
cocrasnset: ot 1-10° 1o 1-10° I'p;

JMarna3oH 3HaYeHUH MOIIHOCTH KBHUBAJIECHTA J03bl (B TOM YMCIIe: MOILIHOCTH
aMOMEHTHOr0 dKBUBaJIEHTa JO3bl, MOIIHOCTH WHAMBUAYAJIbHOIO SKBUBAJICHTa 103bI)
HEHTPOHHOTrO M3MydeHHsi B auanaszoHe sHepruii ot 1107 mo 20 M»sB, B koTOopoM
BOCMPOM3BOIUTCS eIMHKIA, cocTaaseT: oT 5-1071" 1o 1-10 3s/c;

[IMana3oH 3HAYeHHM OKBHBAJCHTA [03bl (B TOM 4YHCle: aMOHEHTHOro
SKBHUBAJIEHTA J103bl, HHIMBUIYaJIbHOTO SKBUBAJIEHTA J103bl) HEHTPOHHOIO M3IIy4YeHHs
B quanasone sHepruii o1 1-107 10 20 M3B, B KOTOPOM BOCIIPOM3BOANTCS €ANHHIIA,

coctasiset: ot 1:10° 1o 1103 3B.

3. [lepBuyHbIi 3TaloH oOecreyuBaeT BOCIPOW3BEIEHHE eIMHHUI C

OTHOCHUTEJIBHBIM CPEAHHUM KBaJApAaTHYECKUM OTKJIIOHECHUEM pE3yiibTaTa U3MEPEHHUS Sol

JUISl  eIMHUI] TOTJIOIIEHHOW [03bl M MOIIHOCTH [OIVIOIIEHHOH 03Bl
HEHTPOHHOTrO U3iydyeHus, He npesbimaet 0,5 % npu 10 He3aBUCUMBIX HAOIIONCHUSX;

JUIS.  €UHMIl OKBHUBaJEHTa J03bl M MOLIHOCTM OJKBUBAJIEHTa 03Bl
HEUTPOHHOrO u3nydyeHus, He npesbimaer 1,0 % npu 10 He3aBUCUMBIX HAOTIONEHUSIX.

OTHOCHTEbHASI HEMCKITIOYEeHHAsl CCTeMaTH4ecKast orpemHocTs Og:

He npeBbimmaet 2,9 % (npu 1oBepuTebHOM BeposiTHOCTH P = 0,99) nist eauuug
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TIOTJIOIIEHHOM /103l U MOILHOCTH TOMIOLIEHHOH 1036l HEHTPOHHOTO U3Jy4YeHHs;
He nipeBbiaet 7,9 % (npu 1oBepuTenbHOM BeposTHOCTH P = 0,99) nns equnun
SKBHUBAJIEHTA /103l ¥ MOLIHOCTH SKBUBAJICHTA 103bl HEHTPOHHOTO M3JTyUYEHHUSI.
OtHocuTeNbHas CTaHAAPTHAS HEONPeAeNEHHOCTh H3MEpPEHHIA:

JUIS TOIJIOLIEHHOM 103bl M MOIIHOCTH IOTJIOILIEHHOMN J03bI Hel‘/'ITpOHHOFO

U3JTyYeHHUs:
OLIEHEHHas o TUuIy A 0,5 %;
OlLleHeHHasl 1o Tuiy B 1,2%.

AJIs SKBHBAJICHTA [03bl W MOIIHOCTH JKBUBAJIEHTa JI03bI HeﬁTPOHHOI‘O

U3JTYYEeHHS:
OILlIeHeHHas Mo THITy A 1,0 %;
OlleHeHHas 1o tuny B 3,2 %.

OtHocuTenbHas cyMMapHasi CTaHAapTHAs HEOMPEIeIeHHOCTh H3MEPEHHIA:

JUIsL TIOTJIOWEHHOM 1031 M MOLIHOCTH MOIJIOIIEHHOW 03Bl HEMTPOHHOIO
u3nydenus 1,35 %;

JUId  OKBUBAJIGHTa JI03bl M MOIIHOCTH 9SKBHBAlleHTa [03bl HEHTPOHHOIO
uzny4denus 3,4 %.

OtHocuTeNnbHAs paclIUpeHHast HEONPEIEIeHHOCTh H3MEPEHHIA:

JUI TIOTJIOIIEHHOM 1031 M MOIIHOCTH MOIJIOMIEHHOW J103bI HEHTPOHHOIO
usnydenus 2,7 % npu ko3 punnente oxsara k = 2;

JUISL DKBHBAJIEHTa J103bI M MOIIHOCTH OJKBHBAJeHTa J03bl HEHTPOHHOrO

usnnydenus 6,8 % npu kos¢puunente oxsara k = 2.
4. Bes anmapatypa McciieioBaHa M HAXOAMTCS B paboueM COCTOSIHUM.

S: [lepBuuHBIA  3TalOH COOTBETCTBYeT O0s3aTelbHBIM TpeGOBaHHUAM,

YCTaHOBJICHHBIM B TEXHUYECKOM 3aJJaHUH Ha €T0 COBEPIICHCTBOBAHHUE.

6. YcnoBus CoAep)KaHUs u [NPUMEHEHUS MEePBUYHOTO 3TaJIOHa
COOTBETCTBYIOT Tpe6OBaHI/IﬂM, YCTAHOBJIICHHBIM [IpaBUJIaMU  €ro  COJAeprKaHus

U MPUMECHECHHUA.

7. IlpoekT  rocynapcTBeHHOH  IOBEPOYHOH  CXEMbl  COOTBETCTBYET

TpeﬁOBaHldﬂM K COICPXKaHHUIO U [TOCTPOCHUIO MMOBEPOYHBIX CXEM.
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8. HayuHo-TexHWueckuii ypoBeHb NIEPBUYHOIO 3TAlOHA COOTBETCTBYET
COBPEMEHHBIM OCTHXKEHUAM Da3BUTHS OTEUECTBEHHOW M 3apyGeskHOi HayKu |

TEXHHKH.

9. I[lo MmeTponoruyeckum M TexHuYeckum XapaKTepUCTHKAM IePBUYHKIH

OTaJIOH He YCTyNaeT 3apyOekHbIM aHaIOraMm.

10.  ToyHocTh Bocripou3BeneHus u nepeayy 3Ha4eHMH MOTTIOUIEHHOMH 103bI,
MOLIHOCTH TOIIOWEHHON N103bl, aMOHEHTHOTO M MHAMBHIyalbHOTO SKBHBAICHTOB
A03bI, MOUIHOCTEH aMOMEHTHOr0 ¥ HHAMBMIYalbHOrO JKBUBAIEHTOB J103BI
HEHTPOHHOTO HM3JIyYeHHs TMOJYMHEHHBIM >TAlOHAM M Cpe/ICTBAM  U3MepeHuit
MOIJIOIIEHHON  J103bI,  MOIHOCTH  TOMIOIEHHOM] J103bl, aMOHMEHTHOro H
WHAMBUIYATbHOIO  SKBHUBAJIEHTOB  JIO3bI,  MOLIHOCTEHl  aMOHEHTHOro U
MHINBHIYaJIbHOTO SKBUBAJICHTOB 1103kl HEHTPOHHOTO M3JIYYEHHSI B COOTBETCTBHH C
TIPEICTABIEHHON TOCY/IAPCTBEHHOM MOBEPOYHOI CXeMOH OTBeYaeT TpeboBaHUsAM

9KOHOMHKH CTPaHBI.
11.  PexomeHyeMmblii MeKaTTecTaLHOHHBbIH UHTEpBa - 5 jerT.

12, Tlnan MeponpusTHii 110 BHeAPEHUIO IEPBUYHOIO STANOHA 0GECIICUHBACT
pPeaM3aliio 3a1aq MO0 JajlbHEHIIeMy pPa3BUTHIO, HCCIEI0BAHHMSM [EPBHYHOTO
TAJIOHA M COBEPUICHCTBOBAHUIO CHCTEMbI Mepellayl eIMHHL MOMIOMEHHOMN 1035l
MOIIHOCTH TOTJIOLIEHHOH /103bl, aMOUEHTHOIO M WHIMBHIYaJbHOIO SKBUBAJIEHTOB
03, MOLIHOCTEH aMOHEHTHOTO M HHANWBHMLYalbHOTO SKBUBAIEHTOB /103 HEWTPOHHOTO

U3ITyYCHUS.

13. JIoKyMeHTBI K MepBUYHOMY >TaNOHY MOATOTOBIEHBI K paccMOTpeHUIO

(Deﬂepa.HI:HHM AreHTCTBOM I10 TEXHUYECKOMY PEeryjiupoBaHuIO U METPOJIOTHUH.

[ocynapcTBeHHBIH MepBUYHBIN TANOH €IHHMUL MOIIHOCTH TMOTJIOIIEHHO
AO3bl U MOLIHOCTH 5KBUBAJICHTA J03bl HEHTpOHHOTO u3nydenus [DT 117 roTos K
NpEACTABICHUIO Ha yTBepaeHue B DenepanbHoe areHTCTBO 110 TEXHUYECKOMY

PEryJIMpOBaHUIO U METPOJIOTHHU.

14. 3auecTh PE3yJIbTaThl HUCCIEAOBAHUMN MNEPBUYHOrO 3TaJlOHA B KayecTBe

Pe3yJIbTATOB rOCY1apCTBEHHBIX UCIIBITAHMIA.
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15.  CooTBercTBHE INEPBMYHOrO STAlOHA 3aJAHHBIM  OOS3aTENbHBIM

TPeOOBAHMSM, IEPBUYHAS ATTECTALHS IEPBUYHOTO ITATOHA OCYILECTBICHA.

Kowmmcenst  pexomennyer ®enepansHoMy —areHteTBY 10 TEXHUYIECKOMY
PCryIMPOBAHHUIO M METPOJIOTUM YTBEPAMTbL ['OCyNapCTBeHHbIH NMEePBUYHBIN STAIOH
CAMHULl TIOTJIOWIEHHOM JI03bl, MOILIHOCTH MOIJIOIIEHHOH JO3BI, aMGHEHTHOIO
U WHIMBUIYallbHOTO  5KBHUBAJIEHTOB  JO03bl,  MOLIHOCTEH  aMOHEHTHOrO
¥ MHIMBU]yalbHOIO SKBUBAJICHTOB JI03bl HEHTPOHHOIO M3y YeHHsI.

Z o

INpencenarens Komuccuu , IO. E. Turapenko
/

3amecrutelns npeacenarens Komuccnu /ﬁ/// 3.1. Ocoxka
'/

4

Unensr Komuccnu: O.A. BenenkoB

<§H. 3ybapes

O.1. KoBasienko
H.H. Moucees

A f’ K.B. ITaBnos
N.B. IleTbkoB
B.O. Cabypos
A.Il. YcneHckwmii

JI.A. Xapnamosa
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Hpuiaoxenue b

[Ipuka3 @enepaabHOTrO areHTCTBA M0 TEXHUYECKOMY PEryJIUPOBAHUIO
u MeTposioruu ot 21 mapra 2023 . Ne 602

MHHHCTEPCTBO ITPOMBINLIEHHOCTH H TOPTOBJIH
POCCHHCKOH ®EIEPALIRH

®EIEPAJTBHOE ATEHTCTBO
IO TEXHHYECKOMY PET'YJIHPOBAHHIO A METPOJAOI'MH
(Poccrangapr)

IIPUKA3

21 mapra 2023 1 N 602

MockBa

06 yreepaaennu [ocyrapcTBeHROro MEPBUYHOrO STAJIOHA
€QUHHUI NOTJIOLIEHHOH A03hI, MOLTHOCTH HOIJIOIEHHAONR N03b1, AMOHEHTHOT 0
H HHIAMBHIYAJIbHOIr0 IKBHBAJICHTOB A03bl, MOL(HOCTEH aMOHEeHTHOTO
H HHRHBHAYAJILHOIO JKBHBAJICHTOB 0351 HEHTPOHHOI0 H3JIy4eHHsA

B cootBercTsum ¢ moanynkTom 5.4.18 myrkTa 5 [Tonoxenus o ®enepanpHoM
areHTCTBE MO TEXHHYECKOMY pETYIHPOBAHHIO H METPONOrHH, YTBEPHKICHHOTO
nocraHosneHueMm IIpasurenscrea Poccuiickoit ®enepaumn or 17 mroma 2004 r.
No 294 «O exmepanbHOM areHTCTBE IO TEXHMYECKOMY PEryIHPOBAHHIO
H MCTPONOTHH», B CBA3H ¢ BEINOJHeHHeM (eepanbHbIM I'0CYAAPCTBEHHBIM
YHHTapHBIM PEANpPUATHEM «BcepocCHACKHH HayIHO-HCCIIENOBATENLCKHH HHCTHTYT
GU3HKO-TEXHHYECKHX H PATHOTEXHUIECKHX H3MepeHuii» pabor
[0 COBEPUIEHCTBOBAHMIO [ OCYJapCTBEHHOrO MEPBHYHOIO 3TAJOHA EOUHHIL
MOLUHOCTH MOIJIOMICHHOH /A03K M MOLIHOCTH O9KBHMBAJIEHTA J03bl HENTPOHHOTO
usnydenns (I'OT 117-2010) u paspaboTke IpoekTa rocyaapcTBEHHOM MOBEPOYHOH
CXEMBI JUIA CDPEICTB H3MEPEHHH MOTTIOIEHHOM NO3bI, MOIIHOCTH MOTTIOLICHHOMN
A03Bl, aMOMEHTHOrO M HHAMBHAYAIBLHOTO OJKBHBAJIEHTOB J03bl, MOIIHOCTEH
aMOMEHTHOTO M WHIMBHIYallbHOTO SKBHBAJICHTOB [03bI HEHTPOHHOTO M3IyYeHHA
B MHTEPECAX NPEANPHATHH, OCYIIECTBIAIOMMX ACATEIABHOCTh B OONACTH aTOMHOMN
SHEPIHH, OKCIUTYaTHPYOILIUX AACPHO-(PH3HYECKHE YCTAHOBKH M HCTOYHHKH
HOHH3HPYIOINETO W3JMydYEeHHA, a TaKuke NPHHHMAA BO BHHMaHHe pasael | npotokoma
HAYYHO-TEXHHYCCKON KOMHCCHH IO METPONIOTHH M H3MEPHTEIBHOH TEXHHKE
®enepanbHOrO  areHTCTBA [0 TEXHHYSCKOMY PETYNHPOBAHHIO M  METPONOIHH
oT 16 deBpans 2023 r. Ne 7-np n pu K a3 B B a0

1. VreepauTs:

locynapcTBeHHBIH MHEpPBUYHBLI 3TaNOH EAHMHML MNOIJIOIICHHOH  HO3BI,
MOWIHOCTH HOTJIOUIEHHOH O3B, aMOHEHTHOTO H HHIMBHAYAIBHOIO 3KBHMBANIEHTOB
N03bl, MOIMHOCTeH aMOHWEHTHOrO H WHAMBHIAYAIBHOrO 9KBHBAJEHTOB MO3bI
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HEATPOHHOIO M3TYHEHHS H NPHCBOHTB EMY PEFHCTPALMONHBIA Homep I'3T 117-2023
(nanee -I'2T 117-2023);

ydenriM-XpanuteneM [OT 117-2023 ®enoposa Cepres ['puropeesmua,
Hay4HOTO cOTpyaHuka naboparopuu 410 HUO-4 OI'VII «BHUUDTPU».

2. YcranoButs, uto ['QT 117-2023 yreepxnaercs szamen I'3T 117-2010
«l'oCynapcTBeHHEIH NEPBHYHBIN ITAJIOH €IMHHMI MOUIHOCTH HOIVIOMEHHOH 03I
H MOLUHOCTH SKBHBAJICHTA /1036l HEHTPOHHOTO H3NTYYEHHA».

3. Onpenenuts coctas I'IT 117-2023, ykasauusiif B ero nacnopre.

4. YcTaHoBHTE:

o0s3aTensHbIe METpPOJIOTHYECKHE, TEXHHIECKHE TpeboBaHus
(xapaktepucTuxu) FOT 117-2023, ykasanusle B €ro nacropre;

IOPaBHIIA CoAcpAKaHus U npumenenus I OT 117-2023;

MexaTTecTauHoHHbIH MHTepBan 12T 117-2023, pasueiii 5 roxam;

MECTO XpaHEHHA, CcoaepkaHWss u mpumeHenms 13T 117-2023 -
OI'YIl «BHUH®OTPH».

5. OI'VYIl «BHUMOTPU» mnampaBute CBenenHs o6 yTBepKOeHHH
2T 117-2023 8 ®I'GY «BHUMMC» nns wux srecemws B DemepanbHbii
undopmanuoHHbIi GOHA N0 06ECIEICHHIO €IMHCTEA H3MEPEHHIL.,

6. YmpaBneHHI0 METPOJIOTHH, rOCYJAPCTBEHHOTO KOHTPONA W Haasopa
obecrieunte pasmemeHue uubopmauuu o6 yrepkmenmmn I'IT  117-2023
Ha odumMaisHOM  calite  (DeaepanbHOrO  ArEHTCTBA 1[0  TEXHHYECKOMY
PEryAHPOBAHUIO H METPOJIOTHH B HHPOPMALHMOHHO-TEIEKOMMYHHKAIIHOHHON CETH
«Hurepuer».

7. IlpusHaTe yTpaTHBHIHM cWiay mpuka3 @enepanbHOTO — areHTCTBA
MO TEXHHYECKOMY DEryIHPOBAHHIO H METponorHH or 29 mapra 2011r. Ne 1366
«O6 yrBepxkaeHnH I'ocynapCTBEHHOTO NEPBMYHOTO STANOHA ENUHHI] MOILHOCTH
TIOITIOIEHHOA 0361 H MOIUHOCTH SKBHBAJICHTA A03b1 HEHTPOHHOTO H3Ty4EHH.

8. KonTpoms 3a HCIONHEHHEM HACTOAIETO MPHKA3a OCTABILIIO 33 COGOI.

Pyxosogutens A.Il.llanaen

NOANHHRAK 3NEKTPOHHOMO AOKYMEHTA, nogncantoro 3N,
XPAHUTCR B CCTEME MEKTPOHHOND AOKYMEHTO050poTa
denepantHoe areHTCTBO 110 TEXHAYECKOMY PEryUPOBAHUIO W
METRANOTMM,

CBEAEHWS O CEPTUDUKATE 3f1

CepTHdUKaT: 3SB1AAIFSEOBIC348ADD4D2SCI6AACFS
KoMy BbigaH: Lanaee AHToH Maanoens
fAelicTentenen: ¢ 14.12,2022 go 08.03.2024
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Hpuiaoxenue B

[Tpuka3 denepabHOrO areHTCTBA M0 TEXHUYECKOMY PETYIUPOBAHUIO
u Metponioruu ot 21 uronst 2023 © Ne 1490

MHHHCTEPCTBO IIPOMLIUJIEHHOCTH H TOPT'OB/IN
POCCHHCKOM ®EAEPALIHH

OEJEPAJIBHOE ATEHTCTBO
ITO TEXHHYECKOMY PEI'YIHPOBAHWNIO H METPOJIOI'IH
(PoccTaupapr)
NPUKA3
21 urons 2023 . N 1490
Mocxksa

OG0 yTBep:K/IeHHH rocy1apcTBeHHOI MOBEPOYHOIi CXeMBbl ISl CPEACTR
H3MepeHHil norJomenHoii 10351, MOLIHOCTH NOTJIOMEHHOM 0361, AMOHEHTHOIO
H HHAHBHAYA/LHOI0 3KBHBAJEHTOB J03bl, MOITHOCTEeH aMOHEeHTHOI 0
H HHIHBHAYAJBLHOI0 3KBHBAJICHTOB 403kl HeHTPOHHOI0 H3JIy'eHUs

B coorserctBun ¢ myHkToM 6 raBe II Ilonoxkenua o6 sTanoHax e€qUHHIL
BEJIMYHH, HCIONB3YEMEIX B chepe rocy/lapcTBEHHOIO peryjiHpOBaHHs obecrieueHms
CIMHCTBA  H3MEPEHHI,  YTBEDXJACHHRIM  mocTaHOBAeHHeM  [IpasurensctBa
Poccniickoit ®enepauun oT 23 ceHTAOps 2010 r. Ne 734 «O6 sTajoHax eOUHMIL
BEJIMYHH, MCIIONB3YEMEIX B cdepe rocyAapCTBEHHOTO PeryIHpOBaHUs ofecedeHus
SAMHCTBA HM3MEPEHMil», TPeDOBAHMAMH K COHNEPIKAHHIO W  [OCTPOEHHUIO
roCyJapCTBEHHEIX [IOBEPOYHBIX CXEM M JIOKANBLHBIX IIOBEPOYHEIX CXEM, B TOM UHCIIE
K HX pa3pabOTKe, YTBEDKICGHHIO H H3MEHEHHIO, YTBEP)KAECHHBIMH IIPHKa30M
MuHHCTEPCTBA  NPOMBIIUIEHHOCTH M ToproBiM  Poccuiickoit  Pexepauuu
or 11 despana 2020 r. Ne 456, Ilianom pa3paboTKH, MEPECMOTPa H YTBEPKICHMS
rocyfapCTBeHHBIX [MMOBEPOUHbIX cxeM Ha 2023 roj, yTBepKOGHHBIM IIPHKA30oM
QenepanbHOr0 areHICTBA IO TEXHHYECKOMY DETYIMPOBAaHHIO H  METPONOTHH
or 27 nexabpst 2022 r. Ne 3299 (c BHeCeHHBIMH H3MEHEHHSIMHM, YTBEpIKICHHBIMU
nprkasoM  QefepallbHOIO  areHTCTBA 10  TEXHHYECKOMY  PEryJIMpPOBaHHIO
M METpOJIOTHH OT 26 anpeist 2023 1. Ne 915), n pH K a3 5l B a10:

1. YTBepOuTs  IpHIaraéMyi0 TOCYAapCTBEHHYIO  TOBEPOUHYID  CXEMY
IUis CPEICTB  M3MEPEHHH IIOITIOIEHHOH AO3BI, MOINHOCTH IOTJIOMICHHOM J0O3BI,
aMOHEHTHOIrO0 M MHOMBUAYABHOIO SKBUBANIEHTOB JNO3bI, MOMIHOCTEH aMOHEHTHOro
H MBJUBHNYaJIbLHOI'O S9KBHBAJIEHTOB 036l HEHTPOHHOro n3nyyenus (nanee — I'TIC).

2. YcTaHOBHTS, 4TO:

ITIC npuMeHseTCss I TOCYHAPCTBEHHOTO IIEPBHYHOIO 3TAJOHA EIHHHI
MOTNOLUEHHOM  HOSEl,  MOIIHOCTH  HOCJOMEeHHoH  mo3b,  amBuedTHOro
U UHIUBHAYAIBHOIO SKBHBAJIEHTOB JLO35I, MolIHocTe#H amMOHeHTHOrO
H HHAHBHAY&IBHOIO S9KBMBAJICHTOB H03bl HEHTpOHHOro M3mydeHus (I'9T 117-2023),
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[POCIEKHABAEMEIX K HEMY STAJIOHOB H CPeACTB HM3MEpeHMid NOIVIOIIEHHOH MO3H,
MOIIHOCTH MOIIOMWEHHON AO3E, aMOHEHTHOTO M MHAVBHAYAIEHOTO SKBHBAJIEHTOB
O3B, MOIIHOCTeH aMOMEHTHOTO M HHAMBHIYAJBHOTO SKBHBAJIEHTOB O3B
HeHTPOHHOTO H3/Ty4eHHs ! BBOIHTCH B felcTBHe ¢ 15 aBrycta 2023 1)

3TaNIOHE, aTTECTOBAHHEIE Ha cooTBeTcTBHE TpebosaHuam I'OCT P 8.803-2012.
Haunonanensifi cranmapt Pocouiickoit Penepanmu. «I'ocydapcTBeHHas cHCTeMa
ofecreyeHnss enWHcTBAa HM3MepeHuit. [ocyzapcTBeHHas TIIOBepOYHasd CXeMa
JUISL CPEICTE M3MEPeHHH MOIHOCTH HOTNONIEHHOH O35 H MOIIHOCTH 2KBHUBAJICHTa
Jo38l HeliTpoHHoro uanyueHws» (nanee — FOCT P 8.803-2012) unu noxanbHBIM
NOBEPOYHEIM CXeMaM, NpPHUMEHSIOTCA MO JaThl OKOHYAaHMA Cpoka JAcicTBUA
CBHIETEILCTBA 00 aTTeCTAlMY, BEIAEHOrO J0 BBoAa B AciicTeue I'TIC;

3TANOHEI, aTTeCTOBaHHKIE Ha co0TBeTCTBHE TpeboBanusam ['OCT P 8.803-2012,
COOTBETCTBYIOIIHE II0 CBOMM METpPOJIOTHYECKHM XapaKTepHCTHKaM YKa3aHHOMY
paspany I'TIC, mommexaT mepuosmyeckoil arrectanun Ha cooTseTcTBue ITIC
He [I03[HEE CpOKa OKOHYaHMA JelicTBMA CBUAETENkCTBa 00  arTecraluy,
B JIOKYMEHTEI Ha STAJOHB! BHOCATCA COOTBETCTBYIOIINE H3MEHEHMUS;

STANOHEl, ATTeCTOBaHHEIE HAa cooTBeTcTBUE TpebosanusM I'OCT P 8.803-2012,
HE COOTBETCTBYIOLHE IO CBOMM METPONOCHUYECKHM XapaKTepUCTHKaM YKa3aHHOMY
paspsapy I'TIC, mopnexxar NepBHYHOH arTecTaluy HE IIO3JHEE CPOKA OKOHYaHHA
ZeiCTBHS CBHAETENLCTBA 00 aTTecTalMH M YTBEpXKIEHHIO B co0TBETCTBHH ¢ I'TIC;

3TaJNOHbl, ATTECTOBAHHBIC HA COOTBETCTBHE JIOKANBHEIM MOBEPOYHBIM CXeMaM,
[OJIeXKaT NEepBHYHOM aTTecTalid He I[I034HEe CpOKa OKOHUYaHHA HeficTBHA
CBHJIETEIHCTBA 00 aTTeCTallH M YTBEPXKAEHNIO B cooTBETCTBHH ¢ I'TIC;

HHGpOpMaLKA O NpeKpallleHHH NMpuMeHekus aTtanoHoB no I'OCT P 8.803-2012
HIHM JIOKAJILHBIM IIOBEPOYHBIM CXeMaM, Win 06 u3MeHeHuMH I[TIC i1 9TajioHOB,

He TpeOYIOIIMX  IepeyTBEepxkJIeHHS,  IlepeJaercs  JAepikarelleM  3TaloHa
B ®enepanpHeiii MHGOpPMaNHOHHEIH GOHA N0 obecHeYeHH:0 ETHHCTBZ M3MEpPEHHI
(manee — @exepanbHBI (oHA) DOCTIEe HATHl OKOHYAHHMA Cpoka JelcTBHA

CBHJIETE/IBCTBA 00 aTTecTalllt.

3. DegepanbpHOMY rocyAapcTBEHHOMY YHUTapHOMY HpPEANpPUATHIO
«BcepoccHifickuil HayYHO-HCCIELOBATENBCKHMHA HMHCTHTYT (H3MKO-TEXHHYECKHX
H PagHOTEXHHYECKHX HW3MepeHMit» HanpasuThk cBeleHua o ITIC B demepansnoe
rocyLapcTBeHHOe  OlojpreTHoe — yupesxxaeHue — «Bcepocomifckmit  HayuHo-
HCCNeJOBaTeNIbCKHE HHCTHTYT METPOJIOTHYECkoi CiykOb» JUIL UX BHECEHHs
B QepepanbHELl GOHI,

4. YIpaBlIeHHIO METPOJIOTHH, TIOCYHAPCTBEHHOT0 KOHTpPOJIA H HaI3opa
depepalbHOTO AareHTCTBA [0 TEXHHYSCKOMY pEryJUpPOBAHUIO U METPOJIOTUY
obecnieunrs pasMemeHue HHGpopMmannu o6 yreepxxaesun I'TIC wa odHumanbHOM
caiite deepanbHOro areHTCTBA IO TEXHUYECKOMY PeryjHpOBaHHIO H METPOIOTHH
B HH(OpMaIMOHHO-TENEKOMMYHUKaHoHHOH ceTH «MHTepHET.

5. TeXHNYECKOMY KOMMTETY [0 CTaHNApTH3allMd «3TaJOHBl H IOBEPOYHBIC
cxembl» (TK 206) (denepansHoe rocyJlapCTBEHHOE YHHMTApHOE IIpeANpUATHE
«BcepoccuitcKHii Hay4HO-HCCIENOBATENBCKHI HHCTHUTYT METPOJIOTHH
uM. JI.A.MerzeneeBa») COBMECTHO C (heAepaibHEIM rOCYAapCTBEHHBIM YHHUTApHBIM
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npennpusaTieM «BcepoccuHcKUE HayYHO-HMCCNEAOBATENbCKUHA MHCTHTYT (H3MKO-
TEXHMYECKHX M pPAJHOTEXHMYECKAX H3MEpeHHiD» 06ECHeunTs MCIONHEHHS
B YCTaHOBJICHHOM IIOpAOKe IpOIeAyp TO OTMEeHe HallMOHANBHOIO CTaHfAapTa
Poccuiickoit ®enepann IT'OCT P 8.803-2012 u HampabieHHe COOTBETCTBYIOIIETO
KOMITTEKTa JOKYMEHTOB B YIpaBjleHHe cTaHRapTH3alMH PenepanbHOro areHTCTBA
IO TEXHUYECKOMY PeryJHpOBaHUIO X METPONIOTHH.

6. KoHTpous 3a MCIIONHEHHEM HACTOSAIIErO IIPHKA3a OCTABILIIO 32 coboi.

3aMeCTHTENb PYKOBOAUTENA E.P.Jla3apenxo

MOANMHHAK NEKTPOHHOrO AOKYMEHTR, NORNKMcaKkoro AN,
XPaHHTEA B CHCTEME INEKTPORHONO AdKyMeHTO0G0poTa
deaepankHoe areHTCTED RO TEXHUHECKOMY Peryauposakiio W
METPONorky,

CBEAEHWA O CEPTUOUKATE 2N

CeprudHkaT: 646070CB3580659459A85BF6018138C0
Kemy Bhinan: flasapenko Esrennit Pycnanosuy
[eiicraurenen: ¢ 20.12.2022 fo 14.03.2024
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Hpuiaoxenue I
AKTBl  BHenpeHus oT  opraHuzaumii: PBY  «Mypmanckuii  LICM»,

OBY «Camapckuii [ICM», ®BY «HUIL IIM - Poctect», OOO «HIIIT «Jlo3a»,

000 «IIpumTexnomnonucy,

r. Mypmanck

O BHEJIDEHHH PE3YJILTATOB KAHMIATCKON JIHCCEPTALMOHHOM paboThl
Deooposa Cepeen I puzopvesuua

Komuccuss B cocrase: npeacegarens K.B. Oson, wienst xomuccun: C.B. Bobp,
C.JO. BynbIkHHA COCTABHIIM HACTOAIIMI aKT O TOM, YTO Pe3yJIbTaThl JHCCEPTANHOHHON paboTh
«PazpaboTka METONOB W CPEACTB MOBBLINECHHS TOYHOCTH, PACIIMPCHHS IHEPrETHYECKHUX
M H3MEDPHTEJIbHBIX JIMaNa3oHOB INPH BOCIHPOM3BEACHMH M [Epejaye €IMHHIl MOIIHOCTH
MOIJIOMECHHON /I03bl, MOIIHOCTEH aMOMEHTHOrO0 H HHAMBHAYAIBHOTO OJKBHBAJICHTOB 03Bl
HEHTPOHHOrO HIYHEHHS» NPEJCTABIAIOT NpPaKTHYECKHH HHTepec W OBUIH HCHOIb30BaHbI
B OBY «Mypmanckuit [JICM» npu nposesienun paboT 1Mo NEpPBUYHON ATTECTALHK YCTAHOBKH
nosepounoit Hedrponnoro uanydenus YKITH-IM B kadecrse pabGouero srajioHa eaHHHI
MOIIHOCTH MOTJIOMEHHOH J03BI, MOIIHOCTH aMOWEHTHOTO SKBHBAICHTA /O3B, MOIIHOCTH
MHIMBH/LYaJIbHOI'O 3KBHBAJICHTA /{0361 HEHTPOHHOIO H3JIydeHus no jgorosopy or 28.02.2025 r.
No 446/2025.

Ipeacenarenb KOMHCCHH :

3aM. JIMPEKTOpa 1o METPOJIOrHK K.B. O3on

UsieHBI KOMHCCHH: /
3aM. supekropa no Pb, navansuuk CCIT CUMHU ﬁ; '2 C.B. bobp

Betynmit nakenep no merponorun CCI1 CUMH _g’. C.IO. Bynpikuna
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VYTBepxmaro

CoBeTHHK IupekTOpa

M.IL

O BHE/IPEHHUH Pe3yIIBTaToB KaHNUATCKON IHCCEPTaMOHHOM PaGoTE!

Dedoposa Cepzes I puzopvesuua

Komucenss B cocrase: mpencemarems xommecun: IIaBHBIM  MeTponor DBV
«Camapckuit [ICM» O.K. KpaitHoB, 4ieHs KOMECCHI: HaualbHUK ChI3paHCcKoro Gpunuana
®OBY «Camapckuii [ICM» A.B. Tapacos, mavameHHK naGoparTopuu o IIOBEpPKE
U KaluOpOBKE pagHOMETPHYCCKHX H AO3UMETPUYECKHX  CPEICTB  H3MEpeHHI
U pallialliOHHOro KoHTpoust Celspanckoro ¢uiamanra OBY «Camapckuit  LICM»
C.B. TIpoxodres, 21.07.2025 1. cocrasmmm HACTOSIIUI aKT O TOM, YTO Pe3yJIBTaThl
AUCCEPTAMUOHHON paboTel «PaspaboTka MeTOmOB u CPEZCTB TIOBEIIIEHHS TOYHOCTH,
PacCIMpCHUS SHEPreTMYeCKUX M HM3MEPUTENbHBIX IHAIla30HOB IIPY  BOCIIPOU3BENECHUN
M Iepefiade CAMHHIl MOIMHOCTH IONIOUIEHHOH J03BL, MOIIHOCTEH aMOHEeHTHOro
B MHIUBHIYaJIBHOTO OSKBHUBAIEHTOB O3Bl HEHTPOHHOIO U3ITYYCHHS» IPEICTaBISIOT
IIPaKTHYeCKHit MHTEPEC U OBLIHM UCTIONBE30BaHE! B CHI3pAHCKOM ¢unuane PBY «Camapckmit
ICM» npu nposenenuu paboT 1o mepBWYHOM arTecTarMH YCTaHOBKM ITOBEPOYHOMH
HEHTPOHHOTO m3nydenus YKITH-1M B xadecTtse paboyero 3TaloHa eIMHHI MOIIHOCTH
NODNOMEHHOH ~ [IO3BI, MOIIHOCTH aMOHEHTHOTO SKBUBAJIEHTA JT03BI, MOIHOCTH

MHAMBHIYAIPHOTO  SKBHBANCHTA  NO3Bl HEHTPOHHOTO —H3IyYeHHS IO ZIOTOBOPY
0T 26.02.2025 1. Ne 387/2025-45x%/25.

[Ipencenarens komuccruu O.K. Kpaiinos

UneHbl KOMUCCHH C? A.B. Tapacos
N 46% ,\P\( C.B. IIpoxothnes

21.07.2025 .
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VY1Bepxaaro

POCTECT»

A.B. ABzeeB

@eooposa Cepzes I pueopvesuya

Komuccus B cocrase: npezacenarens Mapytun A.A., wieHsl komuccun: Ilapanos C.B.,
Moposzos A.D., HosopacoB A.B. cocraBuiM HacTOSIMH aKT O TOM, 4YTO pPE3YIBTarhl
JICCEepTalMOHHON paboThl «PazpaboTka METOIOB U CPEZCTB MOBBIIIEHHS TOYHOCTH, PACIIHPEHHUS]
SHEPreTHYECKHX W H3MEPUTENBHBIX JUANa30HOB IIPH BOCIPOM3BENCHHM U IIEpENadye €IUHHMI|
MOIHOCTH IIOIIOIIEHHOM J103bI, MOIIHOCTEH aMOMEHTHOrO U MHAMBHYaJbHOIO SKBHBAJICHTOB
10361 HEMTPOHHOIO M3JIyYEeHHs» IIPEJICTABISIOT IPAKTHYECKUH MHTEpec B OBUIM HCIOJIB30BaHbI
B Menneneesckom ¢ummane ®BY «HUL[ I[IM - POCTECT» npu mpoBeneHMH paboT IO
MEPBUYHOM aTTeCTalliK yCTaHOBKH MMOBEPOYHOH HelTpoHHoro mamyuenus YKIIH-2 B kauectse
rOCyIapCTBEHHOT0 pabo4yero 3TajoHa EIWHMII MOLIHOCTH IONIOIIEHHOH J03bl, MOLIHOCTH
aMOMEHTHOTO SKBUBAJIEHTA JI03bI, MOLITHOCTH HHMBUIYaJIbHOTO SKBUBAJIEHTA 1036l HEWTPOHHOTO
M3IIy4YeHus 1o goroBopy ot 22.04.2025 . Ne 451/2025.

[Tpencenarens KOMHCCHH A.A. MapyTtHx

YeHbl KOMHCCHH 72 C.B. Illapamnos
(N7 A.3D. Mopo3os

\ A.B. HoBopacos
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00O «IIpumTexHOIOIUCH

690017, PO, [Tpumopekuii kpait, ropoa Braausoctok, ynuua Okarosas, 62, oduc 1
OKIIO - 39879959, OT'PH — 1022501292340, UHH/KITIT 2536033273/253701001

ASTA

MpumTexnonoauc Tenedon/dake + 7 (423) 228-10-15/228-10-16 E-mail: info@ptp25.ru, http://www.primtechnopolis.ru

Z VTBEPXJIAIO
LHBIH TUPEKTOP
puM TexHOMmOMMCY

H. A. Cxoropes

\\9 np.-.;ﬂf:»_r}“‘”‘"c e » 2026 r.
ARRNS o
Ne 1102/26-0
r. Branusocrox ot «11» despans 2026 r.

0 BHEJAPEHHH Pe3yJIbTATOB JHCCEPTALHOHHOM paboThl
HA COMCKAHHE YYeHOIH CTeNeHH KAHIHJATA TEXHHYECKHX HAYK

®epoposa Ceprest 'puropbesuya

Ha TEMY «Pa:;paﬁonca METO/I0B H CPEJICTB MOBLILICHUSI TOYHOCTH, PACIIMPEHUSA SHEPIreTHYECCKUX U
H3MEPHTEIBHBIX JHAla30HOB IMPH BOCIIPOU3BEACHHUH H Nepe1adye ¢ IMHHUI] MOIHOCTH ITOIJIOMEHHOH
J103b1, MOITHOCTEH aMOUEHTHOrO H HHIHBHIYAJIBbHOI'O 3KBHBAJICHTOB /103bI HCﬁTpOHHOl"O H3JIYYCHUSI»

KOMHCCHSI B COCTaBe:
[peAcenaTens — 3aMECTHTENb I'E€HEPAIbHOrO JHPEKTOpa — HAYaIbHHK CIIYKObl pajHallHOHHON
OesonacHocTH AJIaHOB Butanuii AnekcaHIpoBHY

U 4JICHOB KOMHCCHH:

— PYKOBOIHUTEJIb HCIIBITATEIbHOMN 1aboparopuu K.-¢.M.-H. [THBIaeB Anekceil Alekcanaposuy

— PYKOBOIHTEb METPOJIOrHYecKoH cinyxObl Pabokons [Taen AnedruroBuy

— HHKeHep-MmeTposior bepe3osckuit Auapeit Hukonaesuy

— HHKeHep-MeTpoior I'youn IOpuit Baramumuposny

COCTABHJ/IA HACTOSIMHI aKT O TOM, YTO pe3yJbTaThl JHCCEPTALHOHHON paboTsl «PazpaboTka METOI0B H
CPE/ICTB TOBBHIIEHHS] TOYHOCTH, PACLUIMPEHHUs YHEPreTHYECKUX W M3MEPHUTENBHBIX JHANA30HOB IIPHU
BOCIPOM3BEICHHH M Tepefade €JUHHUL MOLIHOCTH IOIVIOIIEHHONH 103bI, MOIIHOCTEH aMOHMEHTHOro u
HHJUBHJYAJBHOTO 3KBHBAJICHTOB 03Bl HEHTPOHHOIO H3JIYYEHHS» IPEACTABIfIOT MPAKTHYECKUit
uHTepec ¥ Opumi uenons3oBansl B OO0 «[IpuMTexHomonuey npy nposeieHnd paboT 110 IEPBHYHOMN
aTTeCTallMd YCTaHOBKH moBepouHoil HeitponHoi YIIH-API'B-IM B kauectBe pabouero sranoHa
€/IMHUIL TOTJIOMIEHHON J03bI, aMOMEHTHOIO 3KBHBAIEHTA [03bl, HHIUBHAYAILHOTO YKBHBAJIEHTA 03Bl
HEHTPOHHOTO H3ITy4eHHUs: H UX MOIIHOCTeH 110 jorosopy ot 03.09.2025 r. Ne 2154/2025.

Brenpenue pe3yapTaToB AuccepTalioHHO padoTsl Degoposa C. I, 03BOIKIIO OCYIIECTBHTE IIEpeaady
JO3HMETPUYECKHX €IHHHMI BEIMYHH HEHTPOHHOI'O  M3JIYHYEHHs C  YYETOM  HCCIIeO0BaHHS
SHEPreTHYECKOro CIEKTpPa HEeHTPOHOB, & TAKIKE 3HE
MIPOBE/ICHHE H3MEPEHHMI Ha BBIC3/IE 1 MOCTICAYIOUIYIO 0f)

ITpencenaTesnb KOMHCCHH: AugaHos B. A.

UsIeHBI KOMHCCHU: Bepesosckuii A, H.
I'y6un 10. B.
IMuBuaes A. A.

PsaGokons I1. A.
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Hpuaoxenue /1
CBUIETENBCTBO O TOCYNAPCTBEHHOW peructpanuu nporpammel Ha OBM Ne 2024669261

POCCHMUCKAR GEIEPAIIHS

s,

CBUAETEJBCTBO

0 rocyJapcTBeHHOMH perucTpaumuy mporpammsl aas 3BM

Ne 2024669261

AD-Neutron

Tpasoosnanareis: Dedepanbroe zocyoapcmeennoe ynumaproe
npednpusmue «Bcepoccuiickuii HayuHO-UCCe008amensCKii
UHCHUMYM PUIUKO-MEXHUYECKUX U PAOUOMEXHULECKUX
usmepenun» (RU)

Asropu: Dedopoe Cepzeir I puzopvesuy (RU), Avauenko
Baaoumup Muxaiinoeuy (RU), leeckuii Anexceii
Baadumuposuu (RU)

3amexa No 2024668356

Jlata mocTymneHus 06 aBrycra 2024 r.
JlaTa rocyaapcTBEHHON PETHCTPALHA
B Pecerpe nporpawm ix 9BM 15 aezycma 2024 2.

) Bk Bt Bt BE R 5t B BE 5 R BR B BX KR KR KV BT UR HE RO B RA BT R RN B R BT RX X B B KT B N4 N BA NG NG B OBARR
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Pykosooumens DedeparvHoll CAVHCObl

N0 UHMENACKMYANLHOL CODCMEEHHOCU

= FO.C 3y6os

s
= o
D -

D Ht Bt B BE T 3R RE BT BR RE BROHR KR RR REOBR B ORR R KR BE R B HE B BR R BR KR T HE B OHRORR RR BE RE BT BT BT R RR R HERR

Q/Y\G

D it BE Bt Bt Bt Xt HR R B BE RR R T R RR MGG RE HC EG MR R RE At NF A% HF Ht B 2t 2% %% 6N

e

&



162

Hpuiaoxenue E

CBUAETENBCTBO O TOCYIapCTBEHHOM peructpanuu nporpaMmmbsl Ha O9BM Ne 2019663761
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Ipuiaoxenue 7K

CBHUAETENBCTBO O FOCYIapCTBEHHOM peructpanuu nporpaMmsl Ha 9BM Ne 2019664008
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Ipuiaoxenue U

[TaTenT Ha M300peTEeHUE

P@@@ME@H@A&I @EMPAHIM

- w e
3 h-f:-n ‘c =7 R
2 0 12§ ) 15 A

HA UBOBPETEHHE

Ne 2853692

Baox perucrpanuu HeHTPOHHOIO H FraMMa-H3JIy4eHUid,
OCHOBAHHBINH HA CHHHTHILISIIIMOHHOM MeTOo/ie PerucTpanuy

Marenrootnatitens: Poccutickas @edepauusn, om umenu KOmopou
svicmynaem Dedepanvroe azeHMCmMa0 N0 MEXHUYECKOMY
pezyauposanuio u memponozuu (POCCTAHAAPT) (RU)

asropu- Dedopoe Cepzen I puzopvesuyu (RU), Aoauenxo
Bradumup Muxaiznoeuu (RU)

3assra Ne 2022120728

[puopurer usobperenns 28 wious 2022 1.
Jlara rocy1apeTBeHHON PerUCTPALHH

B TocyaapeTseHroM peectpe n3obpereHnit
Poccuiickoii Deacpaunn 25 nexadpst 2025 r.
Cpox ZeHCTBHSA HCKMOYUTEIBHOTO 1IPaBa

ua u3obperenue ucrekaer 28 mrous 2042 r.

Pyrosodumenv Pedepansroit cyiucowi

RO UHMEATEKNYATHHOU COOCMBEHHOCMU
A /" /
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