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M. T. C noxnuxos, A. H. Cuc kan, B. M. Cnenneé

OObeIMHEeHHbII HHCTUTYT SIEPHBIX UCCICHOB HUii, [JyOoH

B OObenuHeHHOM HHCTUTYTE SIIEPHBIX UCCIIENOB HUU p 3p OOT H M CO3X H CT LMOH PHBIA JOCMO-
TpoBblid Kommuieke ABuH-2 mg upeHTH(UK UM CKPBITHIX B3pbiBY ThIX (BB) M1 H pKOTHYECKUX BelecTB
(HB). HpenTu(uk LU CKPBHITHIX BEIECTB OCHOB H H MCIOJIb30B HUU METOJ MEYEHBIX HEHTPOHOB
(MMH). HcTOYHHMKOM MOTOK MEYEHBIX HEHTpOHOB ¢ 3Heprueil 14,1 MaB, o0p 3yomuxcsd B pe KUUH
d+t — o + n, gBugeTcs NOPT THUBHBIA HEWTPOHHBIN TeHEp TOP CO BCTPOSHHBIM 9-K H JIBHBIM KpeM-
HHUEBbIM «-meTeKTopoM. Co3n HH 4 ycr HOBK ABuH-2 obecnieunB eT MaeHTHU(HUK IHIO CKPBHITHIX BB 1
HB M ccoit ot 100 r 1o 50 Kr B 00BeKT X KOHTpOJI ¢ T 6 puTHBIMU p 3Mep MU oT 50 no 400 MM o
BCEM TpeM M3MepeHUsIM. Pe3ynsT Tl 76 TECTOBBIX OINBITOB CBHAETENBCTBYIOT O BHICOKOM 3(hheKTUBHOCTH
ycr HoBKM JIBuH-2 B 1 He uneHTH¢uK nuu ckpbiteix BB 1 HB npu noct TouHO HU3KOI BeposTHOCTU
JIOXHBIX cp O ThIB HHMIl: BeposiTHOCTh HaeHTHGHK 1 BB m HB coct Bnster 94 %, moXHBIX cp O ThI-
B HUH — 3 %. Bpems ugeHTH(UK LUK CKPHITHIX BEIECTB B 3 BUCUMOCTH OT UX M CChI U TOJILIIUHBI CI10S
3Kp HI/IpyIOL;.ICFOlM TepH J1 cocT BisieT 3—7 MUH IPU CpefHell HMHTEHCHBHOCTH HEHTPOHHOIO MOTOK B
dr ~2-10" ¢ .

The stationary inspection complex DViN-2 for identification of the hidden explosives and drugs
was developed and created at the Joint Institute for Nuclear Research. Identification of the hidden
substances is based on the method of tagged neutrons. The source of the tagged neutrons with energy
of 14.1 MeV, produced in the binary nuclear reaction d +t — « + n, is the portable neutron generator
with built-in 9-channel silicon « detector. The complex DViN-2 provides identification of the hidden
explosives and drugs with weight from 100 g to 50 kg in objects of the control with overall dimensions
from 50 to 400 mm on all three sides. Results of 76 test experiences showed the high efficiency of the
complex DViN-2 in the identification of hidden substances and low probability of false operations: the
probability of the explosives and drugs identification makes 94%, and false operations — 3%. Time of
identification of the hidden substances depending on their weight and a thickness of a layer of a shielding
material makes 3—7 min at average intensity of a neutron source in a solid angle 47 ~ 2 - 107 s~ 1.

PACS: 28.20.-v; 25.40.-h

BBEAEHHUE

B OObenquHEeHHOM MHCTHUTYTE sIEPHBIX UCCIIENOB HHU 10 3 K 3y Denbaberepckoi ciryx0Obl
P® p 3p 60T H ¥ co3n H CT HUOH PHBIA JOCMOTPOBbI Komiwiekec IBuH-2 mia unentugux -
LMY B3PBIBY THIX U H PKOTHYECKHX BEIIECTB, CKPBITBIX B (PETIABEIEPCKOM O I' K€ M MOYTOBBIX
OTIIP BIIEHUX.
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Hnentucuk nus cKpbIThIX BewecTB B KoMiulekce JIBuH-2 ocHOB H H MeTone MeuYeHbIX
HEUTPOHOB, KOTOPBI COCTOMT B OOJIy4EeHHHM HWHCIIEKTHPYEMOTro OOBEKT MOTOKOM MEYEHBIX
HeHTpoHOB ¢ »Heprueit 14,1 MsB, 06p 3yrommxcd B pe kuu# d + t — « + n. Hcrounnkom
MEUYEHBIX HEUTPOHOB SBJIIETCS IIOPT THUBHBIA HEMTPOHHBINM IEHEP TOP CO BCTPOEHHBIM MHOIO-
K H JIbHBIM Q-I€TEKTOPOM.

Peructp nus o-4 CTHUIIBI B COBIT JEHUSAX C X P KTEPUCTUYECKHUM SIEPHBIM Y-U3ITy4eHUEM,
BO3HUK IOLIUM B PE3YJIbT T€ HEYHPYroro p ccestust A(n,n'y)A MEYEHOro HEUTPOH C AP MU
UCCIIENYEMOrO BELIECTB , I03BONAET NICHTU(ULHUPOB Th BEIIECTBO 110 KOMIIO3ULIMOHHOMY 3JIe-
MEHTHOMY COCT BY. DTO HOCTUT €TCS ITyTeM U3MEPEHUS PHEPreTUYECKHUX P CHpEeNeNIeHHH X -
P KTEPUCTHYECKOTO Y-U3IIydeHUS .

AH M3 3KCIIEPUMEHT JIbHBIX [ HHBIX C LEJbI0 MACHTHU(DHK LUH CKPBITOTO BELIECTB OCY-
LIECTBIISIETCA C UCTOJIBb30B HUEM METOA HeWpoHHbIX ceTeil. CyTh I HHOIO METOJ 3 KJIIOY eTcd
B Cp BHEHUM W3MEPEHHBIX CIIEKTPOB X P KTEPHUCTHUECKOTO 7y-H3Iy4eHHs, COOTBETCTBYIOIUX
OIpeesIeHHbIM BPEMEHHBIM ((v-y)-UHTEPB JI M, C T JIOHHBIMU CIIEKTP MU, IIPUH [UIEXK LIMMHU
«OT CHBIM» 3 TIPEIIEHHBIM BEIIECTB M.

Bonee per npHOE omuc HUE METOA MEUYEHBIX HEHTPOHOB MOAPOOHO HM3MIOXEHO H MM B
p 6ot x [1-6].

1. YCTAHOBKA /IBuH-2

OCHOBHBIMU dJIeMEHT MU ycT HOBKU HABuH-2 sBnsiorcs:

1) nopt TuBHBIN HelWTpoHHBIN reHep Top (HI) co BCTpOEGHHBIM (-IETEKTOPOM;

2) IeTeKTOophl Y-KB HTOB H OCHOBe KpucT JuioB BGO;

3) @yIeKTpOHUK cOOp ¥ H JIU3 CHUTH JIOB, MOCTYIN IOUIMX C (- U Y-AE€TEKTOPOB;

4) 6umonormyeck § 3 OIAT OT HEHTPOHHOTO W3IydeHwus, co3n B emoro HI;

5) mpeaMEeTHbIH CTOJI ¢ MepeMell IoMIeics MOACT BKOW [T YCT HOBKH HCCIIENyeMOro o0b-
eKT ;

6) 6moku anekrporut Hud HI, a- U y-meTeKTOpOB;

7) untepdeiic onep Top H O 3¢ MEPCOH JIPHOTO KOMIIBIOTEP C OJIOKOM ITpOrp Mm obp -
OOTKH 1T HHBIX.

H puc. 1 npusenen obmwmii Bun yct HOBKHM HBuH-2 mig uneHTH(UK HUK CKPBITHIX Be-
LIECTB C MIOMOIIBI0 METOJ MEUYEeHbIX HEHTPOHOB.

1.1. Heiitponnsnii resep top. Ilopt TuBHBI HeiiTpoHHbI renep Top MHI-27 (puc.2)
CO BCTPOEHHBIM 9-dJIEMEHTHBIM KPEMHHEBBIM (-IE€TEKTOpPOM p 3p 60T H Bo Bcepoccuiickom
H YYHO-HMCCJIeNOB TelbCKOM MHCTUTYTE BTOM TUKM (BHUHUA, r.Mocks ) [7]. B ornuuue or
CO3/1 HHBIX P Hee I'eHep TOPOB MEUEHBIX HEHTPOHOB [3—6, 8], y KOTOPBIX TPUTHEB 51 MHUILIEHb
H XOAWI Cb MO BBICOKMM MOTeHIM JoM (~ 120 xB), B 4 HHOIl KOHCTPYKUMH pe€ JIU30B H
B DU HT C 3 36MJICHHOH MHUILIEHBbI0. B K 4yecTBe HCTOYHHMK HOHOB HCIIONB3YeTCSd MCTOYHHMK
tun [leHHuHr .

Q-1eTeKTOp p 3p 00T H M co3n H B OObeAMHEHHOM WHCTUTYTE SIEPHBIX UCCIICAO0B HUM [4].
M Tpun «-IeTeKTOPOB, COCTOSI S U3 JEBATH NHUKCENIEH, p CIIOJOXKEH H P CCTOSHHUHU 62 MM
oT HeHTp TpurueBoil mumenu. H nuune 9-snementHoro a-gerekrop BHyrpu HI' mossonger
thopMHPOB Th IEBATH MEUEHBIX MyYKOB HEUTPOHOB TS OOIy4eHHs] HHCIIEKTHPYEMOTO OOBEKT .
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Puc. 1. Yer HOBK 171 uaeHTU(UK LIMU CKPBITBIX Puc. 2. TlopT TuBHBI HEHTPOHHBIA TeHEp TOP
BEILECTB C [TOMOILBIO METO MEYEHBIX HEMTPOHOB HHI-27

B cocT B 9-nUKCENbHOrO (-IETEKTOp , YCT -
HoBJiIeHHOoro B kopnyce HIT (puc.3), Bxopsr:
IUI H PHBIA KPEMHHUEBBI JETEKTOP (KPHUCT JIN);
Kep MHYECK ¢4 IIed TH £ IUI T -AEepX Tesb; KOp-
IIyC U3 HEpX BEIOUIEH CT JIU.

Iln H pHBI KPEMHUEBBIH JETEKTOP COCTOMUT
13 JICBATH 3JIEMEHTOB (ITMKCesei), o0p 3yrommx
M Tpully 3 X 3 ¢ p 3ME€p MU UYyBCTBUTEJIBHOI
wiomw g1 30 X 30 mMMm. P 3Mepsl ogHOro aie-
mMeHT — 10 x 10 x 0,3 mMM.

Kopnyc a-gerekTop HU3roToBI€H U3 HEPK -
BEIOLLEH CT JIM M IpefH 3H YeH I MeX HHye-
CKOH 3 IIUTHI U (PUKC LIUU MOJIOXKEHUS KPEeMHH-
Puc. 3. 9-nuKcenbHbIN KPeMHUEBBIA (-ICTEKTOP  €BOTO JETEKTOP OTHOCUTENILHO MHUIIEHU U P 3-

MEILIEHNs] DJIEKTPUUECKUX BBIBOJOB OT K XKJIOTO
9IIEMEHT «-JeTeKTop . Kep Muueck 4 ned TH 4 IU1 T -IepXK TENlb MPEAH 3H YEH He TOJIBKO
ISl MeX HUYECKOHW 3 IUTHl M (PUKC UM KPEMHHEBOIO IETeKTOp , HO M Ui obecrnedeHus
BIIEKTPUYECKUX KOHT KTOB C JIEBITBHIO JIEMEHT MU Q-IETEKTOp .

BIi1ok 1eTeKTOpHOI 2JIEKTPOHUKH COCTOUT U3 JEBATH HE3 BHCHUMBIX YCHUIIMTENIEH CUTH JIOB,
MOCTYI IOIIUX C AEBATH MHKCeneil c-gerektop . Il T IeTeKTOpHOI 3J1eKTPOHUKU CMOHTH-
POB H BHYTPH MET JUIMYECKOTO KOPIYC — 3JIEKTPOM THHUTHOIO 3Kp H . BJIOK a/1eKTpoHuKH
Kpenurcs H (1 HIE HEHTPOHHOIO TeHep TOp M COEIUHSAETCS C KOHT KT MU (-IE€TEKTOp
4yepe3 BXOAHOU P 3bEM.

He#lTpoHHbIil reHep TOp UMEET CIENyIIIUE X P KTEPUCTHKU:

® M KCHM JIbHBI TIOTOK HeifrpoHos — 5 - 107 ¢~ 1;

e sHeprud HedTpoHoB — 14,1 MbaB;

® pexuM p OGOThI — HENpPEepPbIBHBIN;

® M KCHUM JIbHOE ycKopsoulee H npskenue — 120 kB;
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e grekTporuT Hue — (200 £ 10) B;

e M cc ONIOK W3Tyd Tesd HeHTpoHOB — He Oosee 6 KT;

e p Goumii 11 1 30H Temnep Typ — 10—45°C;

e 1ipeenbH s norpedisieM s MouHocth — 30 Br.

HelTpoHHBII I'eHEp TOP OKPYXEH CO BCEX CTOPOH, KPOME BBIXOJHOH IEPTYypbl IEBATH
MEYEHbIX MYYKOB HEUTPOHOB, OHOIOTMYECKOM 3 MIMTOM M3 NOMuaTWIeH . TomuuH GHooru-
YECKOH 3 IIUTHI B cpeiHeM cocT BiseT 300 mMM.

K H crosgimeMy BpeMeHH HEUTpOHHBIA renep Top npop 6ot i1 300 4 Mpu MHTEHCUBHOCTH
HEHTPOHHOTO 1MOTOK ~ 2 - 107 ¢~ L,

1.2. lerekTop y-KB HTOB. Peructp uus X p KTEpPUCTHUECKOIO 7y-H3JIy4eHHs, oOp 3ylolie-
rocs B pe3ylibT Te pe KIuH Heynpyroro p ccesiuus (A(n, n’y)A) ObICTPhIX HEUTPOHOB H  sIp X
nerkux anementos (12C, 14N u 160), Bxonsimux B cocT B HccIeayeMOro 06LeKT , OCYIIECTBIIS-
eTcsl C TIOMOLIBIO IBYX CHUHTHIISIIMOHHBIX AETEKTOPOB H OCHOBE KpuCT JuioB BGO.

JleTekTops! y-KB HTOB OO A IOT CIIEIYIOIIMMHU CBOWCTB MHU:

1) XopolLINM ®HEpreTMYecKuM p 3pelIeHHeM B AU I1 30He 3Hepruil y-kB HToB 1-12 M>3B
((8 £ 2,5)%), uro Kp iHe B XHO Ul KOPPEKTHOTO OIpeleeHnus] WHTEHCUBHOCTEN JIMHUUN
X P KTepucTuueckoro vy-usnyyenus 2C, 1N u 60;

2) BBICOKOI1 3(pheKTMBHOCTBIO PETUCTP LM Y-KB HTOB B YK 3 HHOM ®HEPreTHYECKOM 11 -
I 30He, YTO MO3BOJSET OCYIIECTBISATh H OOp TpeOyeMoil CT TUCTUKH Wi WACHTU(UK LHUN
CKPBITBIX BELIECTB 3 JIOCT TOYHO M JIble BPEMEH ;

3) HU3KOH YYBCTBUTEIBHOCTBIO MO OTHOIIEHHIO K PErHCTP MU (POHOBOTO HEHUTPOHHOIO
U3ITy4eHus.

BpemeHHOe p 3pemieHne CHCTEMBl PETHCTP LUK X P KTEPUCTUYECKOTO Y-H3Iy4eHHUs B CO-
BII JICHUSIX C CHTH JI MU OT (-AE€TEKTOPOB COCT BIIIET 2,9 HC, YTO YIOBIETBOPSET TpeOOB HUSM,
MPEABIBISIEMBIM K I HHOH YCT HOBKE.

~-A€TEKTOP COCTOUT U3 8-AuHOAHOrO poToymMHoxuTeas Hamamatsu R6233 ¢ qu meTpom
torok Ton 76 MM u kpuct 1 BGO (mu merp 76 mM, TonmumH 70 mMM). Bpems BwicBe-
yus nua BGO coct Bager 300 ue, miotHocts — 7,13 r/em®,  koscddumment npenomienus
ceer — 2,15.

H puc.4, ,6 B x 4yecTBe npuMep IpPUBEIEHBI CHEKTPHl X P KTEPUCTUYECKOIO y-U3Iyde-
HUSl, BO3HUK IOIIEro nmpu obsydenun obp 3uoB u3 yriepon (12C) u Men MuH  (MMUT TOp
B3pbiBY TKU — C3HgN3) moTokoM MedeHbix HeiTpoHOB. TomiuHbl 00p 3LO0B U3 YIIEpon
W MeJ MMH BHOJIb H IP BJICHHUS I J IOIUX HEHTpoHOB cocT B 3 m 10 cM. K k BuaHO,
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E 1000 - E 1000 [
a o 2 C
‘2 800F ‘g 800 F
o C Q F
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Puc. 4. DHepreruueckue CIEKTpbl X p KTEPUCTHYECKOIO ~y-U3IydeHus yriepox ( ) u Meq MuH (6)
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p clpeeneHue X p KTepU3yeTcs ABYMS] MK MU — IIMKOM IIOJTHOTO MOIVIOIIEHHUS HEPTUH
X P KTEpHCTUYECKOro *y-u3nydenud yrnepon (E, = 4,43 MaB) 1 IMKOM OJHOKD THO# yTeuKu
v-kB HT ¢ sHeprueil 0,511 MsB (E, = 3,92 MeB), p cnpenenesue 6 — IUK MU -
u3ydenus yrepog M 30T (F, = 5,1 MsB). Dnepretuueckoe p 3pelleHue y-IeTeKTop H
munun E., = 4,43 MoaB cocr Buser 'y = (3,9 £0,1) %.

1.3. Peructpupyiom f 37eKTPOHHMK . Peructpupymol s 3lIeKTPOHUK BBIIOIHEH B BHAE
OOHOM I Tkl p 3MepoM cT HA pTHOH PCI-x pThl ¢ BO3MOXHOCTBIO ycT HOBKM ee B PCI-cior
nepcoH spHOrOo Kommbiotep (IIK) m p GoThI mox ero ymp BiGHHEM C HCIOIb30B HHEM IS
oomeH wuHpopM nmeit PCl-mmnpl. C nomomsio 1K npousBogurcs mnepBuyH si 00p 60TK
UH(OPM LM, CYUT HHOH C a- U 7y-IE€TEKTOPOB, (POPMUPOB HUe ¢ OB I HHBIX U1 Mepel 4u
ux ¢ nomompio ETHERNET B IIK ¢ nenplo OKOHY TefbHOH 00p OOTKM W NPEICT BICHHS
Pe3yibT TOB.

B ocHOBY cucTeMbl pericTp LMH CUTH JIOB C (- U 7y-IETEKTOPOB MOIOXEH NPUHLMI OLH-
tpoBKH hOPMBI MMITYJIBCOB C TTOCTIEAYIOLUIMM BBIYMCICHHEM MX BPEMEHHBIX W MIUTMTYIHBIX
X p Krepuctuk. I1 Ker rmporp MM, nogiep:XkuB 0MUX p 00Ty perucTpupyronien aJ1eKTPOHUKH,
BKJII0Y eT B cebs ap iiBepsl s PCl-unTepdeiic , nporp MMy celleKUUH COOBITHH W HUX 00-
p 60TKy, nporp MMy (pOpMHPOB HHUS (p I I HHBIX, T KX€ IIPOTP MMbI, HEOOXOAUMBIE IS
H CTPOMKM peXHMOB OIOK 371eKTpoHHKH. [t obecnedeHus TpebyeMoil CKOpPOCTH Iepen 4u
1 HHbIX 1o PCl-mmue uHTepdeiic p 00T eT B peXuMe K H JI NPSIMOro JOCTYyl K I MSTH.
Dro ocHOBHOE TpeOOB HUE K JIp HBepy, MOMIEPXKUB folieMy p 60Ty A HHoOro ycrpoiicts . ITo
3 TOJIHEHUM BbIjIeNIeHHOro Oyep A HHBIX IIPOUCXOAUT IEPEKIIIoYeHHe K H JI IPSIMOTro JIO-
CTyn H CBOOOIHYI0O OOJI CTh I MATH, 3 HOJIHEHH 9 4 CTh 0Op O THIB €TCs IPOrp MMOW
cenexkuud u o6p 6otku. IIpomeccsl 3 mucu 1 06p OOTKH UAYT I p JUIETBHO.

Bce nporp MMHOe obecrieyeHue, MOAEPKUB omee p 60Ty OJOK 3JIEKTPOHUKH, P OOT eT
1I0J yIp BijleHueM onep LUOHHOU cucrembl LINUX.

1.4. Nurepdeiic omep Top H © 3€e MEPCOH JHHOTO KOMIBIOTEP ¢ OJOKOM NpPOrp MM
00p 0oTKHM 1 HHBIX. BjoK nporp MM npueM u 00p OOTKHM I HHBIX, T KX€ BH3y JIU3 LM
pe3y/IbT TOB H JIN3 BPEMEHHBIX M BHEPIeTHYECKHX P CHPEIeIeHHA, ITOMYyYeHHBIX C TTOMOLIBIO
Q- U 7y-IeTeKTOPOB, NMpeOH 3H 4eH Ul OTOOp XEHWs pe3ylbT TOB H JU3 B YIOOHOH Ui
nonb30B Tend opme. Ilporp MMHOe obecriedyeHne p OOT €T IMOJ YNIp BICHHEM ONep LIHOHHON
cuctembl LINUX u BIONHSET cleayromue (pyHKIMu:

— MpPOBEJIeHUE TIOJIHOTO LUK M3MepeHus. LIMKIT n3aMepeHus BKIIOY €T B ce0s: 3 IMycK
reHep TOp HEWTPOHOB, H KOIUIEHHE U H JIM3 [ HHbIX, IPUHATHE PEIEeHHH B BTOM THYECKOM
peXuMe, BU3y JIM3 IIMIO Ppe3y/IbT TOB H JIN3 W MPUHATBHIX PELICHUH, BHIKJIIIOYEHHE TeHEP TOp
HEWTPOHOB, NIPOTOKOJIMPOB HHUE Pe3ylbT TOB U3MEPEHMS U DPXHMBHPOB HHUE [l HHbBIX, H Op H-
HBIX 3 BpeMs U3MEpeHus;

— 1M THOCTHKY HCIIPp BHOCTH OJIOKOB M CHCTEM, BXOISIIIMX B KOMILIEKC;

— PXMBHPOB HUE BBINOJHEHHBIX H3MEPEHHI.

ITporp MMHOe obecriedeHre BBIIIOTHEHO B BUle TPUKJI AHOW MPOrp MMBI U H 60p ciyxe0-
HBIX (p WJIOB [T Xp HEHHI H CTPOEK W MPOTOKOJI0B. [Iporp MMHBIN KOO H MHC H H S3bIKE
C++ c ucronp3oB HueM 1 ket ROOT [9], co3n mHoro H ocroBe ROOT-H 60op K1 ccoB
101t p GOTHI C HEHPOHHBIMU CeTsMH. B K decTBe O 3bI I HHBIX Ul Xp HEHHUS HPOTOKOJIOB HC-
nospzyetcd m ket MySQL [10], unrepdeiic Kk kotopomy BcTpoeH B ROOT. B3 umoneiictsue
C TEHEp TOPOM HEHUTPOHOB NPOU3BOOUTCA 1O UHTepdelcy RS 232.

1.5. IT p merpbl MedeHbIX My4KOB ycT HOBKH JIBuH-2. M3Mepenns npocTp HCTBEHHOTO
P cIpeneneHus] HEUTPOHOB B IEBATH MEUYEHBIX MYy4YK X MPOBOAWINCH C HOMOIIBIO CIENU JIBHO
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Puc. 5. IIpoctp HCTBEHHOE p CHpeneNeHne MyYKOB MEUEHbIX HEUTPOHOB B0k oceit X u Y. CrutomH 4
JUHUS — Pe3ynbT T (PUTUPOB HUS

p 3p GOT HHOrO WM CO3I HHOIO Ui STHX IleJiei aeTekTop -mpocuiomerp [6]. H puc.5, ,6
B K 4eCcTBe IIPUMep IPHUBEAEHBI IPOCTP HCTBEHHbIE P CIIpeAeeHUs] HEHTPOHOB B IUNIOCKOCTH
XY, meprneHOuKyIIpHON H Tp BICHUIO BBUIET ITy9KOB MEUYCHBIX HEUTPOHOB W3 MHIICHU U
H xomdmeiics H p ccroguum 275 mm ot HI. P cmpenenenns mo OGcumcce X u opauH Te
Y npuBeneHs! V11 MEUYEHBIX IIy4KOB, COOTBETCTBYIOIIMX LIEHTP JIBHBIM PSAI M (-IIHKCeNel 1o
BepTUK Ji (2, (5, (vg) W TOPHM3OHT JM ((uq, Qu5, Qg). 3H 4YeHHs Ocrpiccbl X M OPIUH ThI
Y orcuuThiB I0TCS OT TOUKHM mepecedeHus: ocu HI, mpoxopsdineil yepe3 UEHTP TPUTUEBOMA
MHUIIEHH, C ITOCKOCThI0 XY .

B cpemHeM UIMpUHBI MAKOB H TIOMYBBICOTE H P CCTOSHHUM 275 MM OT IIGHTp TpUTHE-
BOW MUIIIEHU 10 IIocKocTH XY B H mp BieHuax oceit X m Y cocr Busior (41,1 £ 1,1) u
(42,8 +1,4) MM COOTBETCTBEHHO.

OTMeTHM, YTO U3MEPEHHBIE NPOCTP HCTBEHHbIE P CIpPEeNIeHHs HEHTPOHOB COBII 1 IOT IO
thopMe ¢ p CUETHBIMU P CHpeleIeHUIMH AT TOYEYHOIo MyYK JAEHTPOHOB.

[Ipy MHTEHCHBHOCTH HelTpoHHOro motok (I, = 2 - 107 ¢~1) ckopocTh cuer coOBITHIA,
3 PETHCTPUPOB HHBIX OJHUM (:-IIMKCEJIEM, YCPEIHEHH $ 110 BCEM JAEBSITU IHUKCENIsIM, COCT BIISET
~4-10% L.

1.6. Bpemennoe p 3peinenne gerekTopoB ycr HOoBKH JABuH-2. CoOcTBeHHOE BpeMeHHOE
p 3peutenue (I'y) cucteMbl perucTp LUK MEYEHbIX HEUTPOHOB B COBI JIEHMSAX C (-4 CTHULl MU
u3 dt-pe KUuM OIPEeiesisuioch B OIBITE C MCIOJNb30B HUEM NETEKTOp HEHTPOHOB H OCHOBE
T CTHYECKOTO CHUHTULUIATOP , KOTOPBIM YCT H BIIMB JICS HEMIOCPEICTBEHHO B MEUEHBIH My4OK
HEHTPOHOB, COOTBETCTBYIOIIUI IIEHTp JIbHOMY IHKcenmo. H puc. 6, , 6 mpuBemeHsl p crpene-
JIEHWs BPEMEHHBIX HHTEPB JIOB MEXIY CUTH JI MH C LEHTP JIBHOTO (-TIMKCENS U C y-IeTeKTOop ,
m3MepeHHble pu 06ayueHnn o6p 3108 u3 12C (10 x 10 x 3 cm) u men Mud (10 x 10 x 10 cM)
[IOTOKOM MeueHbIX HEUTPOHOB (10 x 10 x 30 mm).

ANNpPOKCUM 14 I HHBIX P CIIpedeeHuil POU3BOAMI Ch C MTOMOLIBI0 (DYHKLIUH, IPEICT -
BIIAIONIEH COOOI CyMMY IBYX I' YCCH HOB M KOHCT HTHI. [lepBBIil MUK COOTBETCTBYET PETHCTp -
UM X P KTEPUCTUYECKOIO y-u3lyyenus yrepon (F, = 4,43 MeB), BTopoii — JeTeKTH-
POB HHMIO MEYEHBIX HEHTPOHOB, p ccesBuuxcsad H o6p 3ue '2C U mon BIIUX B 7y-IETEKTOP.
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Puc. 6. P crpenenenuss BpeMEHHbIX WHTEPB JIOB MEXJY CUTH J MU C LEHTP JIbHOTO (-TIMUKCEIS U -
IETEeKTOp , M3MEPEHHbIE MpPU OOTYYEeHHH MOTOKOM MEYEHBIX HEHTPOHOB 0Op 3LO0B H3 2c () m Mmen -
MUH (0); ) p CHpelelleHue BPEMEHHbIX MHTEPB JIOB MEXIY CUIH J1 MU C LIEHTP JIbHOTO Q-TIMKCENS U
IUT CTUKOBBIM JE€TEKTOPOM

H3mepeHHoe 3H YeHHEe BPEMEHHOIO p 3pELISHHUS CUCTEMBl PETUCTP LM (a-1)-COBI JEHUI
coct Buio (1,640,1) He (puc. 6, 6). 3H YeHus BeNUIUHbI [y 17151 CUCTEMBI PETUCTP LUU X P K-
TEPUCTHYECKOTO Y-HU3IIyYeHHS B COBI ACHHUIX C COMYTCTBYIOIIMMH (-4 CTHI] MU B OIIBIT X C
00p 31 Mu U3 12C y men Mun coct Bum (2,640,1) HC U (3,240,1) HC COOTBETCTBEHHO (CM.
puc.6, ,6). P 3muune B yK 3 HHbBIX 3H YCHUSIX BEIMYUHBI [' 0OYCIIOBJICHO p 37TMYHEM BPEMEH
CBOOOIHOTO MPoOer MEYEeHOro HEWTPOH B BEIIECTB X YK 3 HHBIX 0Op 3II0B, KOTOPHIE, B CBOIO
ouepesib, ONPEIeISITC IUIOTHOCTBIO BEIECTB U TOJIIUHON 00JIyd eMOro OOBeKT .

2. PE3YJIbTATBI TECTHPOBAHUS YCTAHOBKH J1BuH-2

OCHOBHOH 11€JIbI0 TECTUPOB HHUSl CO3[] HHOH YCT HOBKHU SIBJISUIOCH ONpeAeeHHe BeposiT-
HOCTU uIeHTU(UK LMK B3pbiBY ThiX (BB) u H pkormueckux (HB) BewecTs npu H jauuuu
p 3HOOOp 3HBIX Kp HUPYIOIIUX M TEepH JOB, T KX€ BEPOSTHOCTH JIOKHBIX OOH pYXEHHA
BB u HB.

s oOydeHwss HEHPOHHBIX CeTell MPOU3BOAMIIOCH M3MEPEHUE PElepHBIX dHEPreTHIECKUX
p crpeneseHuid X p KTEPUCTHYECKOTO Y-U3JIy4eHHUS, BO3HHK IOMIErO NP OOJyYeHHUH MOTO-
KOM MEUEHBIX HEUTPOHOB CJEHYIOIIUX B3PbIBY ThIX U H PKOTUYECKUX BEIIECTB: IeKCOTeH
(C7yH3N304), MmouuT (20% THT + 80 % H4N2Os3), tpunurporonyon (C;yH3sN30g), ToH
(C5HgN4Oq2), Terpun (C3HgNgOg), am ctutr  (rekcoreH+iwn ctuguk top), I[IBB-5A
(rekcoreH + w1 ctuuk top), repoudH (Co1HosNOs), xok ma  (Ci7H21NOy), comyr H
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Puc. 7. DHepreTuyeckue CHEKTPbl X P KTEPHCTUYECKOIO y-WU3JIy4eHHs, IOJy4eHHble MPH OOIy4eHUM
[IOTOKOM HEHTPOHOB TPUHUTPOTOJYON , TBH , MEJI MUH M MMOHUT

(C19H15NO + p 3muynoro Tum o6 BkU) U H Tpuii-okcuna-Oyrup T (C4HgOs). H3mepe-
HHE Y-CHEKTPOB IPOM3BOAMIIOCH B pexXHMe (a-y)-COBI JeHWid. Bpems H 60p CT THCTHKH
JUIS K XKJIOT0 M3 NEPEYUCIICHHBIX BELIECTB COCT BJISUIO B CPeJHEM ~ 1 4 IIpU UHTErp JIbHOI
MHTEHCUBHOCTH MOTOK HeHTpoHOoB ~ 4 - 107 ¢!, M cc K X10ro u3 o6p 310B COCT BT
~ 1 Kr.

H puc.7 B K yecTBe puMep IpPHUBENEHBI ISl CP BHEHUS MeXIy cOOOl DHepreTnyecKue
CHEKTPbI X P KTEPHUCTHYECKOTO 7y-M3IydeHHs, OIydeHHbIE IIPH OOIy4eHHH TPUHUTPOTOIYOT |,
T3H , Menl MUH (cumyissHT BB — C3HgNg) 1 MMOHUT IOTOKOM MEUYEHBIX HEHTPOHOB.

K K BUIHO, NpUBEJIEHHBIE ~Y-CIIEKTPhHI [ K€ BHU3Y JILHO P 37IMY I0TCS MeXay co0oil mo
thopme, 4TO I p HTHPYET YETKYI0 UAEHTU(UK LU0 A HHbIX BB ¢ momorpio HelpoHHBIX ce-
Teil. T Koe p 37IM4YUe CBSI3 HO C TE€M, YTO COOTHOLICHUS MEXAy HHTEHCUBHOCTSIMHU JIMHMI
X P KTepucTHueckoro y-msnydenus aaep 2C, N u 190 m1a nepeuncnennsix BB p 31munbL

Cp BHEHHE Xe CIEeKTpOB, MOJy4eHHbIX juisi 21 ctut U [IBB-5A, cBuperenscrByer 06
UX Ip KTHUYECKH IIOJTHOH CXOXECTH M IO3TOMY JeJl €T BO3MOXHBIM TOJBKO OJHO3H YHYIO
MIEHTH(UK LUIO JI HHBIX BewecTB K K BB, 6e3 yk 3 HHs KOHKPETHOrO B3pbIBY TOIO BELLECTB
13 mpuBepeHHoro H 6op BB.

H puc. 8 nok 3 Hbl 9HEPreTHYECKUe CIIEKTPhI Y-U3Ty4eHHs], IOy4eHHbIE ITPU 00TydeHUH
MEYEHBIMU HEHTPOH MM H PKOTHYECKHX BELIECTB: COIYT H , H TPHUSl OKCUOYTHp T , KOK WH
U TEpOUH .

1,6 3,0
1,44 [ — comyran 1 — KokauH
2 — marpus 2,59 1 2 repoun
1,2 5 1 okcuOyTHpar
= = 2,0
o 1,01 )
£ 08 E 151
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Puc. 8. DHepreruyeckue CHEKTPhl X P KTEPUCTUYECKOIO ~y-H3IIyYeHUs, IMOJIy4YeHHbIE NPU OOIydeHUH
MOTOKOM HEUTPOHOB COJIYT H , H TpUS OKCHOYTHp T , KOK UH W TepOMH
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BunHo, 94TO CHIeKTpsI /I TEPOMH W KOK MH , T KX IS CONYyT H M H TpUsl OKCHOYTH-
P T P 3IMYHBI MeXAQy co0oil o opMe, UTO JIeN €T AOCTOBEPHOH MX MAEHTU(UK IHIO.

Pe3ynbT Tl 76 TECTOBBIX ONBITOB, BHIIIOIIHEHHBIX CO B3PBIBY THIMU U H PKOTHYECKHUMH Be-
LIECTB MU, CBUIETENbCTBYIOT O BHICOKOH a¢hpekTuBHOCTH ycT HOBKU IBuH-2 B 11 He upeHTH-
tux wmm ckpeitix BB 1 HB npu goct TOYHO HU3KO# BEpOSTHOCTH JIOXKHBIX Cp O TBHIB HUIA.
BepositHocTh upenTuduk 1uu BB coct Bt 94 %, noxHBIX c¢p 6 ThIB Hui 3 %.

Munum npHO nerexktupyeM s M c¢ BB u HB npu H nuuuu »Kp HUpPYIOUIMX BELLECTB
coct B ~ 100 T.

Bce TecTbl BBITIONHAIMCH TIPH CPEIHEell MHTEHCUMBHOCTH HEUTPOHHOTO MOTOK = 2-107 ¢~ 1.
ITpu aTOM Bpemsd MAEHTH(HUK LM CKPHITOTO BEIECTB COCT BJSIO 3—7 MHH, B 3 BUCUMOCTH
OT M CCBhl U TOJILIMHBI 9KP HUPYIOLLEIO M TEPU JI .

3AKITIOYEHUE

H ocHOB HHMU NOJTy4E€HHBIX PE3yJIbT TOB MOXHO CHEN Th CIIEAYIOLINE BBIBOJBL.

1) B O6beiMHEHHOM WHCTHUTYTE SIIEPHBIX MCCIIEIOB HUH p 3p OOT H M €030 H CT LHO-
H pHbI JocMOTpoBbIil Komiuieke IBuH-2, npenH 3H yeHHBIN I UASHTUPUK LUK CKPBITHIX
B3pBIBY ThIX U H PKOTUYECKHX BeLIEeCTB. SlnepHo-(u3ndecK g METOOUK (MEeTOJ MEeYeHbIX Heii-
TPOHOB) JIEIJT B OCHOBY CO3Jl HMS [l HHOM yCT HOBKH.

2) Co3m vH 9 ycr HOBK JIBuH-2 obGecreunB er mpeHtuguk mmo BB u HB M ccoit
or 100 r go 50 Kr B 00BEKT X KOHTpoNisi ¢ T 6 putHeiMEH p 3Mep Mu oT 50 go 400 MM mo
BCEM TPEM M3MepeHMsIM Oe3 MX BCKpbITHs. Ilomr 1b 30HBI 00cnenoB HHUS OOBEKT KOHTPOJL,
p cnionoxenHoro H p ccrosiuud 600 MM ot HI', npu opHOKp THOM 00JIy4eHHH €ro NOTOKOM
MeueHbIX HEUTpOHOB cocT BiseT 300 x 300 mm.

3) Pe3ynbT Thl 76 TECTOBBIX ONBITOB, BBIIOJIHEHHBIX CO B3PBIBU THIMH M H PKOTHYECKHMHU
BEIIIECTB MM, CBHIETEILCTBYIOT O BHICOKOH a¢ppeKTuBHOCTH ycT HOBKY IBWH-2 B 1 He umeH-
TUHUK 1uH cKpbIThiX BB 1 HB mipu ocT TOYHO HM3KOI BEPOSTHOCTH JIOXKHBIX Cp O THIB HHI.
Beposrnocts unentuduk uuu BB coct Biusier 94 %,  j0xHbIX cp 6 ThIB HUit 3 %.

4) MunuM npHO nerektupyeM S M cc BB u HB npu H jauunm skp HHUpYIOUIMX BelLECTB
coct Biger ~ 100 r.

5) Bpemst upeHTHU(UK MU CKPBITHIX BEINECTB B 3 BUCHUMOCTH OT MX M CCBHl U TOJIIIWHEI
9Kp HHUPYIOLIETO M TEPU J1 COCT BIAET 3—7 MHH IIPH CPeAHEH MHTEHCUBHOCTH HEHTPOHHOTO
notok =~ 2-107 ¢~ L.

bn rox pHocTH. ABTOpHI BBIp X 10T 671 rog pHOCTh: coTpyaHuk M ['®C PD B. A.Bou p-
uukoBy, C.B.Kp Buenko u B.H.Kypu TOBy 3 HHHIUHPOB HHE I HHOW p OOTHI M MOCTO-
SHHYI0O NIOJIEPXKKY B XOfi€ €€ BbIIOIHEeHUs; coTpyIHUK M JI®@BD OUSAN A.Il. depryHoBy u
H.M. MenpHiyeHKO 3 OONBIIyI0 TP KTHYECKY0 TIIOMOLIb B CO3I HUM YCT HOBKH
IBuH-2, E.B. 3emnauuukunoii u E. A.TlepeB 70BOi 3 NOMOIIb MPU H JIU3€ DKCHEPUMEH-
T JIbHBIX J HHBIX; coTpyaauk M BHHUHA E.I1. Boromo6ogy, 0. K. IIpecusikoBy, B. 1. Peixko-
By 1 T.O.X ¢ eBy 3 IUIODOTBOPHOE COTPYJHUYECTBO H BCEX ®T II X CO3[ HUS HEHTPOHHOTO
TeHep TOp .
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