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1 . BBE,llEHHE 

MeTOA Manoyrnosoro pacceRH~R He~TPOHOB /MYPH/ s HaCTOR~ee 
speMR w~poKo np~MeHReTcR AnR peweH~R CTPYKTYPH~x npo6neM $~3~K~ 
TsepAoro Tena, 6~onor~~. Konno~AHO~ x~M~~. $~3~KH non~Mepos, 
MaTepHanoBeAeH~R/1-5/. Cy~eCTBY~~e ycTaHOBK~ MYPH/6-14/ 6a3~­
PY~TcR, KaK npas~no, Ha CTaq~oHapH~X B~COKOnOT04H~X ~ccneAOBa­
TenbCK~X peaKTopax, np~4eM Ha~6onee cosepweHHble np~6opbl ocHa­
~eHbl xonOAH~M 3aMeAn~TeneM. XapaKTepH~MH 4epTaM~ TaK~x ycTaHo­
BOK RBnR~TCR BbiCOK~e Tpe6oBaH~R K Konn~MaQ~~ He~TpOHHOrO ny4Ka 
np~ yMepeHHOH ero MOHoxpoMaT~3aq~~. OnpeAeneHH~MH npe~My~ecTBaM~ 
nepeA ycTaHOBKaM~ Ha cTaq~oHapH~x peaKTopax MoryT o6naAaTb ycTa­
HOBK~ MYPH Ha HMnynbCH~X ~CT04H~Kax He~TpOHOs/15-17/. np~MeHe­
H~e MeTOAa speMeH~ nponeTa AnR onpeAeneH~R An~Hbl sonH~ HeHTpo­
Hos s 3TOM cny4ae no3sonReT ~36emaTb noTepb cseToc~nbl, CBR3aH­
H~x C MOHOXPOMaT~3aq~e~. 

nepBaR TaKaR ycTaHOBKa 6~na C03AaHa B fla6opaTop~~ HeHTpOHHO~ 
$~3~K~ OH~H Ha ~MnYnbcHoM peaKTope ~1&P-3Q/18/. 0Ha ~Mena ~ene­
sy~ Konn~Maq~~. np~ cpeAHeH MO~HOCT~ peaKTOpa 25 KBT Ha o6pa-
3e4 naAan noToK Tennos~x HeHTpoHoB 105 H/cM2•c. nocne pa3pa6oT­
K~ ~ C03AaH~R KOnb4eBoro MHOrOH~Tesoro 3He-AeTeKTopa MeAneHHbiX 
He~TpOHOB/19/ ycTaHOBKa 6~na MOAepH~3~posaHa ~ ee KOnn~Maq~R 
cTana aKc~anbHo-c~MMeTp~4HOH. Ha 3TOH ycTaHoAKe 6~na oTpa6oTaHa 
MeToA~Ka Manoyrnosoro 3Kcnep~MeHTa, ~ccneAOBaH~ ocHoBHble xapaK­
TepHcTHKH aKCHanbHO-CHMMeTp~4HO~ reoMeTpHH ee HCnOnHCHHR/20,21/, 
onpo6osaH~ ocHOBHble y3nbl ~ AeTanH, a TaKme BblnonHeH PRA pa-
6oT/22-26/, nOATBePAHBW~X npHH4HnHanbHY~ B03MOmHOCTb npoBeAeH~R 
Ha HeH CTpyKTYPH~X HCcneAOBaHHH, 

C AeKa6pR 1982 roAa Ha4am1Cb 3KcnepHMeHTbl Ha ycTaHOBKe Mano­
yrnosoro pacceRHHR He~TpOHOB, C03AaHHO~ Ha HOBOM B~COKOnOT04HOM 
HMnynbCHOM peaKTope H6P-2 B na6opaTop~H He~TPOHHOH $H3HKH 06be­
AJ-~HeHHoro HHCTI1TyTa RAePHbiX HCCneAOBaH~~ B ,lly6He/27/, 

2. KOHCTPYKL.lU~ YCTAHOBKH 

HeHTpoHos pacnonomeHa Ha YcTaHOBKa Manoyrnosoro pacceRH~R 
KaHane ~ 4 peaKTopa H6P-2. OcHOBHue ee y3n~ H AeTanH cxeMaT~4HO 
H3o6pameHbl Ha p~c.l. 

Ocb KaHana o6pa3yeT 
HOpManb~ K nosepXHOCTH 

yron J80 s rop~30HTanbHO~ nnocKocT~ c 
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PHc. I . OcHOBHbie y3Jibi yc TaHOBKH MaJioyrJioaoro pacceHHHH 
HeHTPOHOB no MeTOAY apeMeHH npoJieTa. I' - aKTHBHaH 3oHa 
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MH; 2 - rpe6eHtiaTb!II 3aMeAJIHTeJib;- 3 - CMeHHbiH KOJIJIHMa­
TOp K I ; 4 - MOHHTOPHbiH AeTeKTOP; 5 - IOCTHPYeMbiH KOJIJIH­
MaTop K2; 6 - o6pa3eu;; 7 - aaHaAHeBbiH pacceHBaTenb; 
8 - KOJibiJ;eBOH MHOrOHHTeBOH AeTeKTOp pacceHHHb!X HeHTpO­
HOB; 9 - AeTeKTOp llpHMOrO llYtiKa. 

_2_ 

HCT04HHKOM TennOB~X He~TPOHOB H pacnonomeHHOrO Henocpe~CTBeHHO 
y OAHOH H3 rpaHeH aKTHBHOH 30Hbl peaKTopa. HeHTPOHOBOA s~nonHeH 
H3 cTanbH~x Tpy6 pa~nH4Horo AHaMeTpa, saKYYMHPOBaHH~x AO 10-2 Top. 
OH noAKn~4eH K ynpaan~eMo~ c nynbTa peaKTopa 4eHTpanHaoaaHHOH 
CHCTeMe BaKYYMHPOBaHH~, CHafimeHHOH 6nOKHPOBKOH, aBTOMaTH4eCKH 
nepeKpbiBa~eH ny40K c noM~b~ MexaHH4ecKoH aacnoHKH /wH6epa/ 
npH HeAOCTaT04HOM aaKyyMe. UHKn OTKP~THe-aaKp~THe wH6epa aa­
HWMaeT -6 MHH. 

PacxoAHMOCTb HeHTpoHHoro ny4Ka aaAaeTc~ ABYM~ 4HnHHAPH4e­
CKHMH KonnHMaTopaMH K1 H K2 /pHc.1/, pacnonomeHH~MH Ha paccTo~­
HHH 5,3 H 18,1 MOT nosepXHOCTH 3aMeAnHTen~.KonnHMaTop K1 - C~leH­
H~H, 6apa6aHHOrO THna C KOnnHMHPY~~HMH BCTaBKaMH, HMe~HMH BHyT­
peHHHe AHaMeTp~ 100; 80; 60 H 40 MM. noaopOTOM 6apa6aHa MOmHO 
AHCTaH4HOHHO ycTaHasnHaaTb a ny4oK OAHY H3 acTaBoK. KonnHMa-
Top K2 - CMeHH~~, ~CTHpyeM~H, pacnonomeH BHYTPW yana o6pa34a, 
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npeACTaBn~~ero C060H Y4aCTOK CTanbHO~ Tpy6~ 0 800 MM, AnHHOH 
2 M, ycTaHoeneHHOH Ha penbcax, 4TO noaaon~eT secb yaen y6paTb 
H3 ny4Ka. KoHCTPYK4H~ K2 noasonReT ycTaHoawTb e ny4oK OAHO H3 
Tpex OTBepCTHH AHaMeTpOM 28;14 HnH 7 MM H OTb~CTHpOBaTb HX no­
nomeHHR H COOCHOCTb C ny4KOM B ABYX B3aHMHO nepneHAHKyn~pH~X 
HanpaeneHH~X C T04HOCTb~ +0,1 MM 6e3 paarepMeTH3a4HH HeHTPOHO­
BOAa. BcTaBKH c KonnHMHPY~HMH oTsepcTHRMH KonnwMaTopa K2 H3ro­
ToeneH~ H3 6opwpoaaHHoro nonH3THneHa, HMe~ero HeaHa4HTenbHY~ 
aMnnHTYAY KorepeHTHoro pacceRHHn. 

WMeeTcR P~A AOnonHHTenbH~x KonnwMaTopoe, npenRTCTBy~~Hx Ka­
caHH~ CTeHOK He~TpOHOBOAa npRM~M ny4KOM. ~nR KOnnHMa4HH y-wany-
4eHHR a KonnwMaTopax K1 w K2 ecTb CBHH40B~e eKnaA~WH o6~eH Ton­
~HHOH -40 CM. 

Bee KonnHMaTop~ H Haw6onee oTeeTcTeeHH~e AeTanw aa~HT~ aa­
nonHeH~ CMeCb~ nOnH3CTepa C Kap6HAOM 6opa HnH 6opHOH KHCnOTOH. 
8 KOHCTPYK4HH KonnHMaTOpOB npeAYCMOTpeH~ Mep~, HCKn~4a~~He no­
RBneHHe HeHTPOHOB, 3epKanbHO OTpameHH~X OT BHyTpeHHHX CTeHOK 
KonnwMaTopa nOA Man~H yrnaMH. nepeA KonnHMaTOPOM K2 pacnonomeH 
MOHHTOP npRMoro ny4Ka. HenocpeACTBeHHO aa K2, TaKme BHYTPH yana 
o6paa4a, pacnonomeHa KaMepa o6paa4os, coo6~av~aRCR c aTMOC~epoH. 
0T BaKYYMHpoaaHHOrO He~TPOHOBOAa ee OTAenROT ABa CbeMH~X OKHa, 
B~nonHeHH~X H3 BaHaAHeBOH ~OnbrH TO~HHO~ 0,2 MM. 

B KaMepe o6paa4oa ycTaHoeneH MexaHH3M cMeH~ o6paa4oe, noaao­
nR~~HH AHCTaH4HOHHO, C nOM~b~ ynpaenR~eH nporpaMM~ 3KcnepH­
MeHTa, BBOAHTb B ny40K OAHH H3 WeCTH o6pa340B. Q6pa3e4 HaXOAHTCR 
Ha paCCTORHHH 18,74 M OT noeepXHOCTH 3aMeAnHTenR. 

AcPma>c~o ~a~~~~~ uG~a~4u~ ~HaumeH KaHanaMw AnR 4HPKYnR4HH 
TennoHOCHTen~, 4TO noaeonReT perynwposaTb TeMnepaTypy o6pa31IOB 
c noM~b~ eHewHero TepMocTaTa a npeAenax -20~+15ooc. KaMepa Ao­
nycKaeT repMeTH3a4H~, nPOAYBKY CYXHM B03AYXOM OT KOHAH4HOHepa 
HnH HHepTH~M ra30M, 4TO Heo6XOAHMO AnR npeAOTBpa~eHHR KOHAeHca-
4HH anarw Ha o6paa4ax npw noHw~eHH~X TeMnepaTypax. 

KoseT~ AnR Hccne~oaaHHR pacTeopoe waroToaneH~ H3 onTw4ecKoro 
Kaap4a MapKH KY-1 .• ~nR BOAH~X H TRmenoBOAH~x pacTaopoa wcnonb­
ay~TcR, KaK npaBHnO, KOBeT~ Ton~HHOH, COOTBeTCTBeHHO, 1 H 2 MM. 
BHyTpeHHHH AHaMeTp KOBeT~ B~6HpaeTC~ 8 3aBHCHMOCTH OT KOnH4eCTBa 
HMe~erOCR paCTBOpa, OT B~6opa AHaMeTpa OTBepCTHR K2 H MOmeT 
6~Tb paaMepaMH 32, 23, 16 H 8 MM. B CMeHHy~ KacceTy o6pa340B 
noMe~aeTCR AO 6 KOBeT C paCTBOPOM. 

3a o6pa340M pacnonaraeTCR KaMepa AeTeKTOpOB, KOHCTpyKTHBHO 
B~nonHeHHaR H3 CTanbHOH Tpy6~ 0 1200 MM, AnHHOH 12 M, BHYTPCHHRR 
nosepXHOCTb KOTOPOH noKp~Ta nHCTOB~M KaAMHeM TO~HHO~ 0,5 MM. 
8 KaMepe pa3Me~eH~ penbCOB~H nyTb H 4Ba KOnb4eB~X MHOrOHHTeB~X 

3He AeTeKTopa MeAneHH~X He~TPOHoe/19/ Ha TenemKax, CHa6meHH~X 
3neKTPOnpHBOAOM. 4epe3 4eHTpanbH~e OTBepCTHR AeTeKTOPOB nponyc­
KaeTCR npRMOH ny40K HeHTpoHos. Ha paccTo~HHH ~1,5 MoT AeTeKTo­
pa CO CTOpOH~ peaKTOpa Ha TenemKe HaXOAHTCR MeXaHH3M npHBOAa 
saHaAweaoro paccewsaTenR, noason~o~HH no aaAaHHOH nporpaMMe 
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BBOAHTb B•HeHTpOHH~H ny40K flHCT BaHaAHfl TO~HHOH 0,3 MM, C no­
MO~b~ nynbTa ynpasneHHH, pacnonomeHHoro Ha pa6o4eH nno~aAKe 
YCTaHOBKH B 3KcnepHMeHTaflbHOM aane ~6P-2, Ka*A~H AeTeKTOp MOmHO 
YCTaHOBHTb B OAHO H3 BOCbMH ~HKCHpOBaHH~X nonomeH~~ C W3BeCTH~M 
pacCTORH~eM OT o6paa~a AO AeTeKTOpa, Q6a KOflb~eB~X AeTeKTOpa 
HMe~T OAHHaKOB~ KOHCTPYK~~~, HO HeCKOflbKO 0Tfl~4a~TCR no ra6a­
PHTaM. Pa604~H 06DeM AeTeKTopa C nOM~b~ KOH~eHTp~4eCK~X MeAH~X 
neperOPOAOK - KaTOAOB pa3AeneH Ha 8 He3aBHCHM~X AeTeKT~py~~X 
KOfle4, no ~eHTpy KamAOrO KOflb4a Ha Te~flOHOB~X onopax HaTRHyTa 
BOflb~paMOBafl HHTb ~ 25 MKM - aHOAo 8~COKOBOflbTH~e BBOA~ H npeA­
yc~nHTen~ pa3M~eH~ Ha T~flOBOH CTOpOHe AeTeKTOpa ~ pa6oTa~T B 
saKyyMe. CocTaa raaosoH cMec~ AeTeKTopa cneAY~~~H: 2,5 aTM 3ne + 
+ 1 ,5 aTM Ar + 20 Top C02. B AeTeKTope, HaroTosneHHOM no3AHee, 
aaAHRH cTeHKa AeTeKT~py~ero o6DeMa noKp~Ta raAon~HweaoH ~onb­
roH TOfl~HHOH 0,15 MM AflR nOAaBneHHR 3~eKTOB o6paTHOrO pacceR-

0 
HHR HeHTpoHos. 3~~~KT~BHOCTb AeTeKTopa Aflfl HeHTPOHOB c h = 1,8 A 
-70%, n~TaHHe npeAYCHfl~TeneH, B~COKOBOflbTHOe nHTaHHe, B~XOAH~e 
CHrHan~ C npeAyCHflHTeneH, CHrHan~ AflR nposepKH npeAYCHfl~TeneH 
oT BHeWHero reHepaTopa, a TaKme nHTaHHe AB~raTeneH npHBOAa Te­
nemK~ AeTeKTopa H npHBOAa saHaAHesoro pacceHBaTenR noAa~TCR K Te­
nemKe AeTeKTOpa no MHOrOmWflbHOMY 3KpaHHpOBaHHOMy rH6KOMY Ka6en~, 
3aKn~4eHHOMY a 6poHeay~ o6ono4Ky, 

AnR waMepeHHR nponycKaHHR wccneAyeM~X o6DeKTOB paapa6oTaH 
H HaroToaneH AeTeKTop npRMoro ny4Ka. OH pacnonomeH no ~eHTpy 
ny4Ka Ha paCCTORHH~ 35,06 M OT noaepXHOCT~ 3aMeAfl~TenR. 

KoHCTPYKT~BHo AeTeKTOP a~nonHeH a B~Ae'aaKYYM~poaaHHoro A~­
~u .. ~\:.UVIV :;ci:.:..t~ni-iUIV n:vn:;ca c Yl JI0M MC~j· 0\,..tJIU ~UM,Y\..d .., Cl u uG­

paay~~eH 15°. Ero aepxHRR c~epH4ecKaR A~paneaaR Kp~wKa-KoHaep­
Top /paAHYC Kp~B~3H~ -300 MM/, HMe~aR A~aMeTp 300 MM, C BHyT­
peHHeH CTOpOH~ noKp~Ta TOHKHM /-10000 ~~ cnoeM 6LiF ~ noMe~eHa 
B ny40K, 

Ha HHmHeM $naH4e KOHyca, B~HeCeHHOM H3 ny4Ka, yKpenneH~ 8 
nonynpOBOAHHKOB~X noaepXHOCTHo-6apbepH~X AeTeKTOPOB, KamA~~ H3 
KOTOp~x CHa6meH 6~CTPOAe~CTBY~HM npeAYCHfl~TeneM /6~CTPOAe~cT­
BHe OAHOro KaHana -1 Mf4/. 

TaKaR KOHCTPYK4Hfl o6ecne4~aaeT OAHoapeMeHHO HH3KY~ 3$$eKT~a­
HOCTb per~CTpa~~~ /-10-4/, B~COKY~ ceneKT~BHOCTb K TennOB~M 
He~TpoHaM H AOCTaT04HY~ paAwa~HOHHY~ CTO~KOCTb AeTeKTOpa. 

AeTeKTop cHa6meH 3neKTPOHHO~ cxeMo~ KOMMyTa~~~. noaaonR~e~ 
no aaAaHHOH nporpaMMe waMeHRTb 3~eKT~BHOCTb AeTeKTopa eo speMR 
per~CTpa~~H OAHOrO HMnyflbCa M~HOCTH peaKTOpa, nyTeM nOAKfl~4e­
H~R 8; 4; 2 ~n~ 1 nonynposoAH~Kosoro AeTeKTopa. 3To noaaonReT 
~a6emaTb neperpyaoK a per~cTp~py~eH annapaType s o6nacT~ MaK­
CHMYMa MrHOBeHHO~ HHTeHCHBHOCTH, 

HeHTPOHOBOA Ha seeM ero npoTA*eHHH a 3KcnepwMeHTanbHOM aane 
peaKTOpa OKpymeH fieTOHHOH 3a~HTO~ TO~HHOH 1 M. BoKpyr yana o6-
pa34a o60PYAOBaH 3a~HTH~H 6yHKep C nno~aAb~, AOCTaT04HOH AflR 
npoBeAeHHfl pa60T no cfiopKe, ~CTHPOBKe, peMOHTy YCTaHOBKH, a 
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TaKme AflR 3aMeH~ KacceT C o6pa34aMH npH npoBeAeHHH 3KCnepHMeHTa. 
AocTyn K yany o6paa4a aoaMomeH TOflbKO npH aaKp~TOM ww6epe. HaA 
3a~HTOH KaMep~ AeTeKTOPOB HaXOAHTCR pa604aR nno~aAKa pa3MepoM 
4x12 M2, Ha HeH pacnonomeHa 4aCTb 3neKTPOHHOH annapaTyp~ ycTa­
HOBKH H nyflbT~ ynpaaneHHR AeTeKTOPaMH H CMeHH~M KOflflHMaTOPOM K1. 

Ha paccTORHHH 44 M oT peaKTopa npRMOH ny40K norn~aeTCR no­
BYWKOH H3 fiopCOAepma~ero 6eTOHa. 

3. 3nEKTPOHHAR AnnAPATYPA ~ nPOfPAMMHOE 06ECnE4EH~E 

3neKTpoHHaR annapaTypa KOMnneKca MYPH pewaeT cneAy~we ocHos-
H~e aaAa4w: 

- HaKonneHHe AaHH~X H HX BH3yaflH3a~HR, 
- ynpaaneHwe 3KcnepwMeHTanbHOH annapaTyp~, 
- xpaHeHHe HaKonneHH~x peaynbTaToa, wx npeABapwTenbHaR o6pa-

6oTKa H B~BOA B HH$Op~a4HOHHY~ CeTb H3MepHTeflbHO-B~4HCflHTenb­
HOro 4eHTpa /~BU/ nH~/28/, 

3KcnepH~eHT npeACTaanReT co6oH PRA HeaaawcwM~x H3MepeH~H, 
nOPHAOK BblnOnHeHHR KOTOp~X onwc~aaeTCR C noM~b~ CnHCKa 3aAaHHH, 

Ka*AOe 3aAaHHe COCTOHT H3 onwcaHHR ~HKflH4eCKOH nocneAOBaTenb­
HOCTH 3KCn03H4HH PRAa o6pa3~0B npH ABYX B03MOmH~X nonomeHHHX 
aaHaAHeaoro paccewaaTenH. AnwTenbHOCTb 3KcnoaH~HH, nocneAoaa­
TenbHOCTb CMeH~ o6pa3~0B H KOflH4eCTBO 4HKflOBTaKme yKa3aH~ B 3a­
AaHHH H3MepeHHR. 

npOABHmeHHe no CnHCKY 3aAaHHH /HX MaKCHManbHOe KOflH4eCTBO 
100/ OCy~eCTBflReTCR aBTOMaTH4eCKH. 

~H3H4eCKaR HH~OpMa~HR nocTynaeT OT 16 AeTeKTHpy~~~X KOfle4 
ABYX AeTeKTopoa pacceRHHH H HaKannHaaeTcH a BHAe cneKTpoa. Kpo­
Me Taro, perHCTPHPY~TCfl CYMMa OTC4eTOB MOHHTOpHoro AeTeKTOpa H 
4Hcno HMnynbcoa M~HOCTH peaKTopa. B XOAe 3KcnepHMeHTa aeAeTcH 
nOCTORHH~H KOHTpOflb 3a OCHOBH~MH napaMeTpaMH ~H3H4eCKOH ycTa­
HOBKH, pacn03HaBaHHe H o6pa6oTKa CfiOHH~X CHTYa4HH. npH aanyCKe 
04epeAHOrO H3MepeH~R BHa4ane npOHCXOAHT npoaepKa AOCT~mHMOCTH 
MeXaHH3MOM nepeMe~eHHR o6pa340B H MeXaHH3MOM BaHaAHeBoro 
pacceHBaTenR 3aAaHH~X B TeKy~eM H3MepeHHH n03H4HH o6pa340B 
H paccewaaTenR. KoHTponwpyeTcR MaKCHManbH~H HHTepaan apeMeHH, 
a Te4eHHe KOToporo cMeHa o6paa40B AOnmHa 6~Tb aaaepweHa. 

Bo apeMR 3KCn03H4HH o6pa3~a KOHTponHpyeTCfl HaflH4He CTapTOB 
peaKTOpa, ypoaeHb M~HOCTH, ~enOCTHOCTb flHHHH CBR3H, npoAOflmH­
TeflbHOCTb 3KCn03H4~H; OCy~eCTBflReTCR cnemeHHe 3a HaflH4HeM o6-
pa340B B pa6o4eH n03H4HH, 

B 3KcnepHMeHTanbHOM aane ~6P-2 pacnonomeH~ yan~ H ycTpoHcTaa, 
RBflR~HeCR flHfiO nepBH4H~MH HCT04HHKaMH HH~OpMa4HH, flH60 HCnon­
HHTenbH~MH YCTpOHCTBaMH, B~nOflHR~~HMH KOHKpeTH~e ~H3H4eCKHe AeHCT­
BHR, K HX 4HCfly OTHOCHTCR 17 AeTeKTOPOB HeHTpOHOB /16 AeTeKTHpy~­
~HX KOfle~ H MOHHTOp/, ycTpOHCTBa ynpaaneHHR MeXaHH3MOM nepeMe~e­
HHfl o6pa3~0B H flHHHH CBR3H, 
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PHc.2. CTpyKTypHaH cxeMa H3MepHTenbHor? MOAYnH ycTa­
HOBKH MYPH. 

AnR 3KOHOM~~ 4~cna n~H~H CBR3H paapa6oTaH 6~cTpOAeHCTBy~HH 
KOA~POB~HK HOMepa AeTeKTOpa, noaeonR~~HH nepeAaBaTb AaHH~e 0 
co6~THRX eo ecex AeTeKTopax no 6 KoaKcHanbH~M Ka6enRM AnHHOH 
oKono 1000 M K annapaType HaMepl.nenbHoro MOAYnR, pacnonm~eH­
Horo e HBU. BpeMR o6pa6oTKH OAHoro co6~THR e CHCTeMe nepeAa4H 
HH~OpMaq~H COCTaBnReT 0,2 MKC. CTpyKTypHaR CXeMa H3MepHTenbHO­
ro MOAYnR npeACTaeneHa Ha PHC.2. 

MOAYflb nocTpoeH Ha 6aae MHHH-3BM THna CM-3 c o6oeMoM 03Y 
56 K6, YKOMnneKTOBaHHOH CTaHAapTH~M~ ycTpOHCTBaMH BBOAa/B~BOAa 
H HaKOnHTeneM Ha MarHHTHOM AHCKe. 3neKTPOHHaR annapaTypa H3Me­
pHTenbHOrO MOAYnR, HenocpeACTBeHHO CBR3aHHaR C ~H3H4eCKOH ycTa­
HOBKOH, B~nonHeHa B CTaHAapTe KA~IAK H pacnono>KeHa B KpeHTe, 
ynpaenReMoM 38M 4epea KOHTponnep KpeHTa. 

AflR peanHaaqHH 3KCnepHMeHTa Ha 3neKTPOHHOM o6opyAOBaHHH YCTa­
HOBKH MYPH co3AaHa npHKnaAHaR onepaqHOHHaR CHCTeMa HUR. tloHHTop 
3TOH CHCTeM~ B~3~BaeTCR KaK 3aAa4a 8 paMKaX onepaqHOHHOH CHCTe­
M~ RT-IIV2B H npH aarpyaKe B naMRTb MOHOnonH3HpyeT BCe pecypc~, 
Hcnonb3YR AHHaMH4ecKoe pacnpeAeneHHe naMRTH. 

CHCTeMa o6ecne4HBaeT B3qHMOAeHCTBHe c onepaTopOM, a TaK>Ke 
HMeeT nOACHCTeMy AnR o6pa60TKH c60HHbiX H aeapHHH~X CHT.yaqHH. 
Ha PHC.3 npeACTaBneH THnH4H~H 3KCnepHMeHTaflbH~H cneKTp, B~Be­
AeHH~H Ha 3KpaH pacTpoeoro AHCnneR H3MePHTenbHoro MOAYflR, 
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PHc.3. CrreKTP rro BpeMeHH rrponeTa 
AnH ABYX o6pa3~0B /pacTBOp H 
paCTBOpHTenb/ AnH OAHOrO AeTeK­
THPYID~ero KOnb~a AeTeKTOpa pac­
ceRHHH. P a3pbiBbi B crreKTpe - cneA­
cTBHe BbJ60pa pa3nHtfHOH IIIHpHHbl 
KaHanOB B K~OH H3 treThlpex Bpe­
MeHHhlX rpyrrrr /128, 256, 512 H 
1024 MKC/. 
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n 
noAPo6Hoe onHcaHHe 3neKTpOHHOH annapaTyp~ H nporpaMMHoro 

o6ecne4eHHR ycTaHOBKH COAeP>KHTCR a/29/, 

4. nPEABAPHTEnbHAH 06PA60TKA PE3YnbTATOB 

B 3KcnepHMeHTax, s~nonHReM~x no MeTOAY epeMeHH nponeTa, pe­
rHcTpHpyeTCR HHTeHCHBHOCTb pacceRH~X HeHTpOHOB KaK ~YHK4HR 
speMeHH IAnHH~ eonH~ Hany4eHHR ,\I I(,\). B onHc~eaeMoH ycTaHOBKe 
npOHCXOAHT HaKOnneHHe 8 cneKTDOB no BDeMeHH nnonPT~ rooTRPTrT­

BY~HX paanH4H~M yrnaM pacceRHHR 0. 
Uenb~ npeAeapHTenbHOH o6pa6oTKH peaynbTaToe RBnReTcR Haene-

4eHHe H3 nepBH4H~x 3KcnepHMeHTanbH~x AaHH~x aaKoHa pacceRHHR 
HccneAyeMoro o6oeKTa <I>( K ). ( K = 4 11 sin ..B.. I,\- MOAYnb eonHosoro eeK­
Topa pacceRHHR). CTaHAaPTHaR npoqeAy~a H3MepeHHH aaKn~4aeTCR 
8 nocneAOBaTenbHOH 3KCn03HqHH 8 HeHTpOHHOM ny4Ke K~BeT~ C pacT­
BOpOM HccneAyeMoro o6paaqa S H Toro >Ke o6paaqa c 3TanoHH~M 
pacceHeaTeneM H3 eaHaAHR S + V, nonHocTb~ nepeKpbiBa~~HM npo­
weAWHH CKB03b o6pa3eq npRMOH ny40K. 

AnR COOTBeTCTBY~HX HHTeHCHBHOCTeH HMe~T MeCTO COOTHOWeHHR! 

Is.f,\) ~ I/A)·c/,\).Lu5 (.\,05.J+ <1>(.\,0s,{l·exp(-lsfsHls,J• /1/ 

15 + v .fA)= I S,j + I
0 

( ,\) • exp (-Is f s ) · c i ( ,\) · uv( ,\, Ov ,f · exp ( -lvf v> · 0 v ,j, 
/2/ 

rAe I(,\) - HHTeHCHBHOCTb HeHTPOHOB, naAa~HX Ha o6paaeq, c•(A)-
0 J 

3~eKTHBHOCTb j-Toro AeTeKTopa pacceRHHR, us ,av - AH~~epeHqH-
anbHOe Ce4eHHe pacceRHHR COOTBeTCTBeHHO o6pa3qa H BaHaAHR, 
I ,Iv- nonHoe ce4eHHe o6paaqa H eaHaAHR eAHHH4HOH TO~HHbl, 

s ~ ~ <J>(A,Os· ) - CyMMapH~H ~OH OT paCTBOpHTenR, K~BeT~ H nyCTOrO 
'l o n ~ ny4Ka, ts,rv- TO~HHa o6paaqa H eaHaAHR, fis··fiv·- TenecH~H 

yron, nOA KOTOP~M COOTBeTCTBeHHO C o6paaqa H ~acce~BaTenR BHAeH 
i -T~H AeTeKTop pacceRHHR, Os,j , Ov ,j - yron pacceRHHR HeitTpoHoe 
OT o6pa3qa H BaHaAHR COOTBeTCTBeHHO, 7 



nocne KOppeK41111 113MepeHH~X I('A) Ha MepTBOe apeMR AeTeKTOPOB 
11 peri1CTPI1PY~~eH annapaTyp~ 113 HI1X o6pa3y~TCR HOpMI1POBaHH~e 
11HTeHCI1BHOCTI1: 

Is . ('A)-Cs. 
i ('A (}. ) = -----~- "--~----.!-1-------
s • 1 ~ e 

. [IS+V ['A)-Is. ('A)-(Cs V .-Cs. )] e V V 
•l ,j + •) •l 
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Cj- nOCTORHHaR COCTaBflR~aR cneKTpa, CBR3aHHaR C Hafll1411eM 
OCTaT04HO~ M~HOCTI1 peaKTOpa B npoMemyTKaX Me*AY 11MnYflbCaMI1 
M~HOCTI1 11 APYri1MI1 11CT04HI1KaMI1 nocToRHHoro so apeMeH11 ~oHa. 
Ee ypoa~Hb HaXOA11TCR 113 3Kcnepi1MeHTaflbHoro cneKTpa a o6nacTI1 
A > 10 A, rAe MOmHo npeHe6pe4b 11HTeHCI1BHOCTb~ HeHTPOHOB, caR-
3aHH~x C OCHOBHO~ BCn~WKO~. 

MHomi1Tenb e~vfv onpeAeneH a He3aBI1C11MOM 3Kcnepi1MeHTe 11 Mana 
OTfll14aeTcR oT 1. Y4eT ~oHoaoro pacceRHI1R oT pacTBopi1TenR, K~BeT 

11 COfiCTBeHHOrO ~OHa ycTaHOBKI1 i¢('A,(}j ) npOI13BOA11TCR C noM~b~ 
aHanori14H~X onepa411H AflR ~oHoaoro 113MepeHI1R. 

npi1BeAeM B~pameHI1e AflR pa3HOCTI1 3~~eKT-~OH B K-npeACTaaneHI1H 
AflR on11caHHOH npo4eAYP~ o6pa6oTKI1 pe3YflbTaToB: 

is-i¢=ii (K)=as <"s,j)·Osj lay(KV,j)·Ovj • /4/ 
0 

8 o6naCTI1 Ky = 0,1~1,3 A-1, COOTBeTCTBy~eH. YCflOBI1RM pacceRHHR 
~a_ ~aHaA~~ ', a V ( K ) C XOPOWeH T04HOCTb~ MOl!<HO C411TaTb KOHCTaHTOH. 
.. v~•vMy '~', ~ IU4HOCTb~ AO HOPMHPOB04Horo MHOmHTenR, coanaAaeT 
C 11CKOM~M 3aKOHOM pacCeRHI1R, 113MepeHH~M B HeKOTOpOM HHTepaane 
K S' KOTOP~H onpeAenReTCR 11CnOflb3YeM~M 11HTepaaflOM Afl11H BOflH 
/A = 0,7~4 $.;. 

AHanori14H~e ~parMeHT~ 3aKoHa pacceRHI1R MbmHo 113Bfle4b H3 AaH­
H~x Ka*AOrO AeTeKTI1py~ero KOflb4a AeTeKTOpa pacceRHHR. 

EionbWOH MaccHB AaHHbiX i. ( K )/11x 6onee 800 AflR 8 AeTeKTopoa 
I J ~ 

pacceRHI1R MOmHO cmaTb nyTeM ycpeAHeHI1R OAHOTI1nH~X 3Ha4eHI1H 
i ( K) i c YAo6H~M AflR 3Kcnepi1MeHTaTopa waroM L1~e. 

On11caHHaR npo4eAypa 113MepeHI1R 11 o6pa6oTKI1 npaKTI14eCKI1 cao6oA­
Ha OT noArOH04H~X napaMeTpOB 11 o6naAaeT AOflrOBpeMeHHOH CTa611flb­
HOCTb~. TaK, Hanpi1Mep, 11HTeHCI1BHOCTb pacceRHI1R OT paCTBOpOB 50S 
pi160COM, B~pameHHaR B 11BaHaA11eB~X11 eA11HI14aX, OCTaBanacb noCTORH­
HOH c T04HOCTb~ 2~3% B Te4eHI1e 6 Mec. Ha6n~AaeM~H pa36poc no 
nOPRAKY Befli1411H~ COOTBeTCTByeT norpeWHOCTI1 onpeAefleHI1R KOH4eHT­
pa41111 paCTBOPOB. 0 KoppeKTHOCTI1 y4eTa ~oHa C noM~b~ TaKOH npo-
4eAYP~ CB11AeTeflbCTBynT H3MepeHI1R Manoyrnoaoro pacceRHI1R OT pacT­
BOpOB fli1He~H~X nonHMepoB /nMK/, B KOTOP~X 3~~eKT npea~waeT ~OH 
Ha 3-5%. 0TMeTI1M TaKme B03MOmHOCTb KOHTpOflR 3a B3a11MHO~ Corna­
COBaHHOCTb~ pe3YflbTaTOB, nony4eHH~X OT BCeX AeTeKTI1PY~I1X KOfle4, 
06ycnoaneHHy~ TeM, 4TO Ka*AOe KOflb40 11 BHA11T11 OA11H 11 TOT me 3aKOH 
pacceRHI1R. HefiOflbWHe CI1CTeMaTI14eCKI1e OTKJlOHeHI1R B03MOmH~ TOflbKO 
3a c4eT BKnaAa OT 3~~eKTOB KoHe4HOro yrnoaoro pa3peweHI1R. 

8 

5. $YHKUHR PA3PEWEHHR 

Ha6n~AaeMbiH 3aKOH pacceRHI1R ell ( K) onl1c~aaeTcR caepTKO~ ~1CTI1H­
Horo 3aKoHa pacceRH11R F ( K) c ~YHK4~-te~ pa3peweHI1R np116opa R ( "): 

ell(~)= fF(K)• R(K,~)dK. /51 

0AHI1M H3 AOCTOHHCTB MeTOAa apeMeHH nponeTa RBflReTCR 04eHb 
xopowee 3HepreTI14ecKoe pa3peweH11e. Oo3TOMY R(K) a /5/ MOmHo 
3aMeHHTb Ha R((}) 

~ (K') = ell ( k
0 

(}) = ( F ( k
0 

(}) R ( (} , (}) d(} , !6! 

rAe R((})- ~yHK411R pa3peweHI1R no yrny, K=k 0 (} ,k0 =211/'A - son-

HOBOe 411Cfl0 113fly4eH~-tR. 

Cao~cTaa ~YHK41111 pa3peweHI1R ycTaHOBKI1 Manoyrnoaoro pacceRHI1R 
He~TpOHOB C aKc~-taflbHO-CI1MMeTp114HO~ reOMeTpHe~ noApOfiHO OnHca­
H~ 8 /20,21/. 

OcHOBH~e s~BOA~ 113 3T~-tx pa6oT cneAY~~I1e: ~YHK411R pa3peweHI1R 
HMeeT ~OPMY, fiflH3KY~ K rayCCOBCKO~ C OTHOCHTeflbHO~ AI1Cnepc~-te~, 
aK/~ =/0,1+0,2/ /pHc.4/. Om~-tAaeM~e OT Hee 11CKameH11R 3aKOHa 
pacceRHHR Man~, H B nepBOM npHfiflHl!<eHI-!11 AflR 11X y4eTa AOCTaT04HO 
3HaTb A11Cnepc~-t~ a 2 

K" 
Hnn~cTpa411e~ cKa3aHHoro MomeT 

cnymi1Tb 113MeHeHHe 3Ha4eHI1H paA11YCa R(Sl~-,--f\~ f'\ 
'"''""""'''"'" t) .,....,., ... \'''"T" .,,...LI'OitU,..,r"l""\ n~..,-.,,.,...., ... '"t"'"'' ... ~g llf'#O'O ..J - .................... ,,_ ... ,._.., ..... ,...._.._ 
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6. 3AKJ104EHHE 

I 
' 

l 

15 9•103 

peweHI1R. ~flR 70S pH60COMHO~ 4aCTI1-
4~ s H20/c = 2,2 Mr/Mn/ Rg np11 
y4eTe KOHe4HOrO pa3peweHI1R 113MeHI1fl­
CR oT 88,3 A AO 91,8 /+0,33/ A,T.e. 
npi1MepHO Ha 4%. -

PHc.4. B~ ~YHKQHH pagpemeHHH AnH 
geTeKTHpyro~x KoneQ I H 4. /AeTeK­
TOP 2, ll03HQHH 8/. 

OcHOBH~e napaMeTp~ ycTaHOBKI1 Manoyrnosoro pacceRHI1R He~Tpo­
HOB npi1BeAeH~ B Ta6n114e. Ha PI1C. 5 11 6 npeACTasne~ pe3YflbTa­
T~ 113MepeHI1~ pacTsopos 6enKa TRANSFERRIN· 11 Ae~Tepl1poaaHHo~ 70S 
pi160COM~. . 
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Ta6nm~a 

JlapaMeTpbi ycTaHOBKH MYPH Ha HBP-2 

I • IloToK TenJIOBhlX HeiiTpoHOB Ha o6pa3Qe* npH W = 4 MBT, ell = 
6,5·107 • RiiRjmaxH·CM-2·c-l; CM.n.5. 
2 • qaCTOTa DOBTOpeHH.H HMDYJII>COB MO~HOCTH f = 5 rQ. 

3. .[{.rrHHa nepBoii KOJiji;umpyiO~eii 6a3hl L1 = 13,5 M. 

4. P accTO.HHHe ,qeTeKTop-o6pa3el!, L2. 

If> D03HQHH I 2 3 4 5 6 7 8 
~,qeTeKTOp 

L2 ' M I,4I7 2,930 4,475 6,0I5 7,565 9,!05 !0,630 II,'725 
,qeTeKTOp 2 

L2 ' M 1,9I7 3,430 4,975 6,5I5 8,065 9,605 1I,130 12,225 

Pa,qHyc QeHTPaJII>Horo OTBepcTH.H ,qeTeKTOpa I - 100 MM; ,qeTeK­

Topa 2 - 40 MMo 

5. Pa,qHyc KOJIJIHMaTopa Kl - R1 = 20; 30; 40; 50 MM. 
6. Pa,qHyc KOJIJIHMaTopa K2 - R2 = 3,5; 7; 14 MM. 
7. BHyTpeHHHH R3 H BHeWHHH R 4 PaAHYCbi ,qeTeKTHPYIOIIIHX KOJieQ. 

If> ,qeTeKTHPYIOIII•! 

KOJII>Qa 

lJ.eTeKTOp 
R. /R. MM ,, .. 

,[.\eTeKTOp 2 

R3 /R4 MM 

......... ........... 
I 53 

65 
85 

2 

... .,., 

.I.VV 

I83 

85 
I06 

3 

......... ............ 
213 

106 
I27 

4 

......... 

...... .u 
243 

I27 
I48 

8 • .[lHana30H HCITOJib3yeMbiX AJIHH BOJIH 

9. .[lHana30H nepe,qaHHbiX HMITYJibCOB 

10. 0THOCHTeJII>Ha.H ,qHcnepCHH <iJYHKQHH 

If> ,qeTeKTHPYIOIII• I 
KOJibQa 

2 3 4 

5 

243 
274 

I48 
I68' 

6 

274 
304 

!68 
190 

0 

7 

.jlj4 
334 

I90 
2II 

A-0,774A. _ 1 
K- 8.JO-:l.:,-2,o S 

pa3peweHH.H .1K I K. 

5 6 7 

8 

3.34 
364 

2II 
232 

8 

,qeTeKTop I 0,1237 O,I023 0,087! 0,0759 0,0676 0,0600 0,0544 0,0508 
,qeTeKTOP 2 0,1623 0,I305 0,1077 0,09I7 0,0792 0,07!5 0,0632 0,0557 
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BbitiHCJieHH.H npoH3Be,qeHbi ,qn.H cne,qyiODUiX ycJIOBHH: 

,qeTeKTop I - no3HQH.H If> 6, R1 = 30 MM, R2 = 14 MM; 
,qeTeKTOP 2 - no3HQH.H If> 8, R 1 = 20 MM, R2 = 7 MM. 

* I13MepeHo no aKTHBaQHH 30JioTa npH W = 400 KBT. 

In! 

5 

4 

3 

2 

.. ·. ··· ... 
0 •• 

.. •o . . 
.. ·. 

· ... ··. 
• ...... 0 

• 00 
•• 0 

.. ··. .. ·. ... 
• 00 . .... · .. · .. ·· .. 

... . . .. · 

I 

0 20 

·. . .. .. . .. .. . . . ... . . . 

40 

•• 0 0 ... . . 
....... • ••••• • .0 0 

• .. 0 • • 

60 

• ••• • 0 • . . ........ 

80 100 

OH: 2•10\ 'A2 

PHc.5. 3aBHCHMOCTI> HHTeHCHBHO­

CTH pacce.HHH.H HeHTPOHOB OT MO­

AYJI.H BeKTopa pacce.HHH.H B npe,q­

CTaBJieHHH rHHI>e •• - PIG TRANS­

FERRIN B 0 2 0, c = 25 Mr/MJI. 

0 - PIG TRANSFERRIN B 02 0, c =--
- 1 ,.., 1':' "- I • TTTT'I,.. 'T ry,~ I ,T .... 

~ J L. , J l"l.t 1 J."''J.t. a uu!·J.tU-. .1. 1\.tUl u-

FERRIN B 0 2 0, c = 10 Mr/MJI. 

I13MepeHo 3a 4 q, 

In! . ... 
.. 0 .. 

61- ...... • ... 

4 

2 

00-.. ., .. -;--.. 
• 0 .. 

• Y,. '.,.-. .. 
... 0 .. . .. ·. 

... ... 0 ... ... . .. . . .. . . " .. 
... fP •••• .. . . ,. ....... , . 

....... 0 .... :·: "t( • •• . ....... ··I. ·:. ·' ....... , 
• • .,.",.• a oo0•0 #:: •. oo 

• 0 

• a•a • :" o .. . .·. .. ... .. 

0 4 8 12 16 20 
de z. 104, ;.;z 

PHc.6. 3aBHCHMOCTI> HHTeHCHB­

HOCTH pacce.HHH.H HeHTPOHOB OT 
MO,qyJI.H BeKTOpa pacce.HHH.H B npe,q­

CTaBJieHHH rHHI>e • .[leifTepHpOBaH­

Ha.H 70S pH60COMa, C = 2,2 Mr/MJI. 

• - B H2o. o- B 40% o2 o.•- B 
UG% u2 G. ¥i::!Mept!HO ::~a 6 l.{. 

ABTOP~ C4HTa~T CBOHM AOflrOM OTMeTHTb TPYA KOnneKTHBa COTPYA­
HHKOB na6opaTOPHH HeHTpOHHOH ~H3HKH, npHHHBWHX y4aCTHe B C03Aa­
HHH YCTaHOBKH Manoyrnoeoro pacceHHHH He~TPOHOB Ha H6P-2. 3TO 
6.H.AHaHbeB, B.A.ApxHnOB, B.~.6eaaa60THOB, r.Q.~HPOHKHH, 
E.n.Koanoea, M.n.Kopo64eHKo, B.H.naaHH, ~.HaMcpaH, E.~.nHKenb­
Hep, M.CanoK, A.H.CeKHPHH. 
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PyKonHcb nocTYnHna a H3AaTenbcKH.:1 OTAen 
30 AeKa6pR 1983 roAa 

:>" 

Baros B.A. M AP· P14-83-898 
YcTaHOaKa Manoyrnoaoro pacceAHMA He~Tpowoa no MeTQAY apeMeHM npo~eTa 
Ha MMnynbCHOM peaKTOpe "6P-2 

OnMcawa ycTaHOBKa Manoyrnoaoro pacceAHMA we~Tpowoa, OPMeHTMpoaawHaA 
Ha peweHMe CTpyKTYPHWX npo6neM .MIMKM TBePAOrO Tena, 6MonorMM, KOnnoMAHO~ 
XMMMM, .M3MKM nonHMepoa, MaTepManoaeAeHMAo Ee OT~M4MTenbHWMM oco6eHHOCTAMM 
ABnAoTcA: 1. HcnonbaoaaHMe HMnynbcHoro awcoKonoT04HOro peaKTopa HSP-2 aKa-
4ecTae MCT04HMKa He~TpoHOB, 2. 0pHMeHeHMe MBTOAa BpeMeHM npO~Ta ~A onpe­
AeneHMA AnMHW BOnHW HB~TpoHOB. ), Hcnonb308aHMe KO~bijeBoro MHOrOHMTeaoro 
3He AeTeKTopa AnA perMcTpaijMM pacceAHHWX He~Tpowoa. OoToK Tennoawx we~Tpo­
woa Ha o6paaije, npMBBAeHHW~ K npoeKTHO~ M~HOCTM peaKTopa W • 4 HBT, AOCTM­
raeT 6 Sx107 H·CM-2·c-l. aMana30H MCnOnbiYeMWX ~MH ·~H He~TPOHOB A -
0,7+4 A. aManaaoH nepBAaHHWX HMnynbCOB K- Bxl0-3+2,0 A-1. OnMCaHa KOHCTpyK­
ijMA YCTaHOBKM, ee 3neKTPOHHaA annapaTypa M nporpaMMHOe o6ecne4eHMe ynpaanAo­
~ero MOAYnA. aawo onMCaHMe npOijeAYPW nPBABapMTenbHO~ o6pa60TKM peaynbTaTOB. 
0pMBBAeHW OCHOBHWB xapaKTepMCTMKM .YHKijMM paapeweHMA npM6opa. B Ka4eCTBe 
MnnDCTpaijMM nPBACTaB~eHW peay~bTaTW M3MepeHM~ HeKOTOPWX paCTBOpOB, 

Pa6oTa awno~wewa a na6opaTOPMM we~Tpowwo~ •M3MKM OHRH. 

tooe.eHMe ~eAMHeHHOrO MHCTMTyTa RAePHWX MCCneAOBaHM~. AY6Ha 1983 

Vagov V.A. et al. P14-83-898 
Small-Angle Neutron Scattering Installation Based on Time-of-Flight 
Method on IBR-2 Reactor 

Small-angle neutron scattering Installation oriented on solving the 
structural problems of solid state physics, biology, colloid chemistry, 
physics of polymers, study of materials Is described, Its specific proper­
tfes are as follows: l.the use of IBR-2 high flux pulsed reactor as a neut­
ron source; 2.the use of time-of-flight method for determining the neutron 
wavelenght; ).the use of rlng-1 Ike multlwlre 3He neutron detector 
for counting scattered neutrons. The thermal neutron flux on a sample of 
project reactor power W • 4 HW Is 6.Sx107 n•cm-2-s-1, The range of used neut­
ron wavelenQths Is A - 0.7t4 R. The range of transferred wave-vector Is K -
Bxlo-3+2.0 A-1. The design of small-angle Installation, Its electronics, 
software of the control module, experimental data preliminary processing 
procedures are described. The main properties of resolution function are 
presented. As an Illustration, the scattering data from some solutions are 
given. 

The Investigation has been performed at the Laboratory of Neutron 
Physics, JINR. 
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