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A. V. lb~ev, B. G. DubovslcU, V. V. Vavjsloo, Go L PoPOb XQ Da 
~br&k, s. P. IY~IloV . 

EEEWRUL I-IMTION aF EEYFZTS'QE' IM!EUCTXoN@' 
at0 SUBCRITICAL REACT= 

ABSlFWT 

Ih the preaext paper we report the restilts of 43XperrinentS on the ’ 
Interaction between two homgsneoua aylidrical reactora uithout 
reflector in ~~3-1 air medium, and tuo heterogeneous-aylbdrical 
reaotors sil aqueous~ m&h& 

An tmder&a&ag of the question oi effeotfvanaas of interaotion 
of apburitical remtom is ~ortaxt tithe design aad operatioa of radio 
ohmical plants, in the organization of uarehotma, ard in the tram- 
portatbit of fhsionable mat&al.. 

Iathe erpertPetrta we detemiae the aritiual sbte of a aptian 
aotiisting of two ayU.ndrioal hamogeneols reaatora, epacmd differeaf 
dbkmmsapart. 

The expdnmtal setup consisted of a frame on which the two 
uyUdrical reaators uere mot2nted. One uas sectored on a statiorrarg 
base, tud the other on a carriage moving alo4 the frame. The uaSLs 
of the oylbdms u-8 made of lKht8m at8uess steel 1.5 ED thick. 
E&ah oylbder uas provided with a 80~ rod which dropped into the 
oenter of the active zone uhemver a specified power hvel was excmded. 
The active zone of the reador was an aqueous solution of ~JO#TO$~ 

with 90% arrriohed uranium. The distance b&men oyllmders oould.be 
varied from ziero to 120 um. obvious& in the pesenm of ider- 
aation, each reaotor separatdy MS sttbcwitid itV=. in the ca8e 
when the system uas critics as a uhde. In the eqerbmnt~ U8 



MabUsh the connection between the degree of atibaritfcallty of one 
reaator.(if it is considered separate from the other) a&the distance 
betueea two ideatfcal reaotors, at which these reactors fern a cr%tf- 
mlaystem, . 

Tim eqmrimaat uas carried out in the following fashion. The 
aqueorrs mlution of UO#!l~)~ was iutxo@med &miktaneous3y into both 

uy&dma, plaaed adjacent to each other, Oatil the spstabeaame 
-.-- oritiual. .The @&ders uere then atoved apart a ordain distatzoe. The 

@xm thea becam mibcritical. Ia-order to 8ttah orfticality, a 
aey batch of aolutj.on uas introdtzced &niltaneoualy in both cylinders. 
The cylinders were moved apart and filled with MU b&ohm of aolation 
up to a position in ilhich both cyl3Mara became arftical irdepetie&Q 
of eaah othar, i.e .# q to a pos%tim in uhiah the Bffect of inter- 
aafiaa disappssra. The system of ooartr& ard regtilatioa was etzohthat 
the behavior of the rsaotors aoti be studied separate a8 ua as 
of the system aa a whole. The resultr, of the eltperipents with howgene- 
otas reactors are Usted ia Table 1 and are 5UrrStrated in Figs. land 
2. Ia eaah indvidual eqeriment, the tuo interact&g rs9ators wm 
Sdsnrtical in dimensions and composition of active sone. The effeotive 
multiplication coefficLent of the reaotor uas usf.ntited from the fop - 

K 
(1 + x' d(l + x2 LZ> 

a 0 

= (1+x%) (I+&?) ' . (1) 

+ whme - 
-$ 

o ia the geopaefrio pammeter af the a&tlaal reaator, 

the geometrio parameter ai the miborltiaal reactor. In experiment8 
1, 2* 3 the rWOtOZ8 wee nut provided with ref!botor8, yhte ia . 
eqmri08nta 4 and 5 the re8atora uee @med on a graphite stmk 
forming the lover side refbotor smd the vertiud. SLd8 w& along 
u&htheawving c#imdermved. The dependenoe of-f onthe 

. 

distance betweenthe mactors,. obtiiaed,in the first three eqeri- 
mar&~, ls shara iu Fig. 2. 

The exp&,mental~etupconsistd of a ste~-205=-s&h, 
2.1 meters in dbmter, with thickness 5 m tuck m the bottom of 
.the tank was inaWed a steel baseplate vffh XWW. On the racks 
were mounted two oontrol grids of altxnimm with opersEgs for cknn& 
ui.tb uranium bloaka. The active tone uaa m&e t of the tmmium 



blouks urth ;tib and At@ e&rlchment. The UZstartce 4eTueen reactors uas 
ahged by redarging the &ann&ls in the g&L The critical state 
was rsauhed by fillinl the tank uith water. The ezperitzeatal pro- 
8edme was analogous to that d8soribed for the homgenirotm reactors. 
The rssalts of the ~8rimerrt -8 &ted in Table 2 and are mtastrated 
inag& 3 aad4. 

The e~izmrta have shuuntbst the aw8&kt8 of two applroxL- 
art* quiht~al subcritical reactors, mounted flush next to eaah 
other, uith gefi = 0.94 for each ma&o.‘, is oritlaal. !I!uo id8nsacal 

mbarltical reaators In cylJ.ndrical form, wfth B/D = 1 andK 
. eff 

0.9 for eaoh, Oazmot form a ar%ttial. system with Km 
a v8lltm 2.0. 

not ezmedhg . 

. The eff8UtiV8 brterautfon of tuo idemttiti spboriticti reaotora 
far @V,8n K, (COeffiCi8d of miltipUaatioII in fnfi3zite medillm) 
i8 deterPDirred by fhe solid angle between the adjaoent surfaoes. 

The Bif8C%l78Q888 of intermtion of two atibcritfcd rssctors 
bdar at kg8 db&&ces b nmh 18s~ thaPfn ai% ha the presence 
of 30 am of! water shielding b&a8811 two reactors, their ixkaat~on 
omtributfon to K . eff aan be nea;leoted, aoourafe to O.l$. 
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.TdCLr! 1 
. 

.-. . . . - 

o 
D = 300 - r,cul 0 3 6 12 30 60 90 105 120 

V = 0 22,3 A VA 37,5 39.4. 40.6 4I,9 43.46 44,2 44,4 44,6 44,6 
C = 105 t/~ I( m 0,947' t&963 0,9r;3 0,982 0,993 0,998 0,998 I,0 

fWg 
I,0 

-260,K =2,tB2sE uy 8 26.5 27,9 28.7 29,6 30,8 31.2 31.3 31.5 3I,5 
._ 

- - - - P _  _ 
- - -  - -  

- - -  -  

UHT  

2 - . . -  e-m ._ _. 

D =300 Y y  - .- r, 611 0 75 # IS 30 60 90 x20 
V = 29.7 A VP! 69 524 54,I ss,9 * 0 57,6 58.3 58.4 
C -74*/t .0,948 ‘0,976 0,996 0,997 QH k, K* 0,982O 0.9890 0,994O = 

38&K= 1,908 'Wa 33 *3?,4. . 38.2 39.5 40,8 4I,2 41,3 ‘. . . . 
$hlllT 3 . 

iI = 3oowr r, CY 0 7s B 15 30 60 90 120 
P V 0 44.95 = 4 V4 # 68.0 69,0 74.0 80.0 85,0 87,0 8?,5 

C = 5s t/A K '0,942O 0,969O 0.9780 0,987O 0.9940 0.9960 0,996O 
hh = 52O,u=I,81 l ft! 4I,O 48.8 . 52.4 56,6 60 6X.5 62 

OUHT 4 
D = 3oou r,oac . 0 S I5 30 60 . -110 
V 0 22,4~ = v,~ 32,8 35.8 39.1' AI,6 43.4 44,4 
C = 7c) S/A H,CY 23.2 25.3 27,6 2995 30.8 3.14 

PJP = 360, x-I,9 I ' 

D = 254 y11 r, CY 0 5 15 30 60 110 
C = 70 t/A V,n 32,4 37.1 44,7 52.5 62,6 70,o 

h/ps ~,cw 32 37 44 52 62 70 



. Zable 1 * 

d=3OOam f, am 

Y = 22.3 utm, v, lit- 
0 

c = lo5 &alms K eff 

fw &= 260, K= 2.032, E, um . 



Table 2 

OIIHT I 
r,cy‘ 0’ 3.4 . 79 e 12.4 16,9 2I.4 25.9 30,4 34;9 39.4 

R 
3HB 

= 29,8 ca P,?cs 20,66 28,8 37.9 42.8 44.4 453 46,4 47.2 48 48,6 
PO = 24,45ut K m 0,967 0,9826 0,9937 0,997X 0,998O 0.9985 0.9989 0,9994 0,9997 0,9999 

PHIPS = 287 H 8 CIY &3 119 156.5 176,5 183,5 188 191.5 195. 198 201 

OIIlfT 2 
r, CY 09 # 54 # 99 e 14,4 18.9 * 23,4 t 

R = 33&w P,KS 23,74 26,8 28.86 29,46 29,7 29.9 3KB 

P = 0 15,L Kw 0,980 0,991 0,997 0,999 0,9995 1,000 
~Hh3 = 287 H,cy 80,2 90.6 97.6 99.6 100,4 100.8 

r, CY 44 # . 99 e 15.5 
. R 3KB = 24~4 hut II,2 13.98 15,2 

PO = 8,2W Km 0,981 0,994 0.99'7 
Q /P i H 8 578 'H, c11 92,x 114.9 125 

rdltaa of reuotor; PO - arltlJoulB mm ae one isolated reaotos (ia 

- ratio or nwl08r ooaoentmtlon0 of R q = 29.8 om p, 4s. 

P i@rogen aId u-235; r - dlrrtame betusea reaotaraj P- arltlml aam 
0 = a45 kg %rf 0 of #yetem of two reaot~s (la kllograw 0r u-235): If - height of 

$$P 
=287 H, om. reaotar~ K#)f* - efYeotive ooafflaient of mltipuo8htion of reaotor, 

S 
oalolalatad by forppula (1). , 



Ffg, 1. Deperdence of critical voltzze of systsm of two hom- 
ganeotxs reaotors oat&e distance betamen interautiag rsactors. 

1) Rperriment 3, etc. 

Fig. 2. Dependeabe of Kef on one of the iateractzng homgenotas 

reaotors on the disbme b&men them. 
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r, ca 

Fig. 3. Dependence of b.tical msa of aystan of two hetaro- 
geneotzs reautors on the dktance betueen interacting reaotors. 
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Fig. 4. Dependeacm of Kdf of one of the interaatiag heterw 

geaeous reactors on the distaste betueen them. 

1) KdfS 2) Elcpertint 2, etc. 



A. 3. KAMAEB, 6, r. J3,Y60BCKHtl, B. B. BABWIOB, 
EA. IIOIIOBJO.~. I lAJIAMAPYYK,C. Il. HBAHOB 

3KCIlEPPiMEHTAJIbHOE M3YLIEHME 
3WDEKTOB B3AMMOflEfiCTBMfl &BYX 

flGfiKPMTkiYECKMX PEAKTOPOB 
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B. al[llfJ[TaX OQEJ&!JI=IOC5RpIt@R'¶eotoe COCTO=Ee CPICTeBiBDiI, COCTOfII@ 
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MeEliTb OT 0 go 120 C& &=pwiO, 9TO QX HaJDE¶EE B3aIaMo~e~cTBHSI 

m m m  m m m  nop@ m m  pacmopa x0 rmumema3q 8 scompau 06a q0xub 

J@a CTaXmCb RpI!tTWIed He3~ECliBdd QJIBH OT Apy3pOP0, T.& J&O 

(1 + x2 % )(l + x2 L2) 
(1 + xk) (1 + & ) ' 

r;rle x0 - remeTpmecm@ napahaeTp 3tpmHsecTtoro peamopa, x - reo- 
MeTpnxecxzsB napagaeTp nompmmecxoro peamopa. B ormax I$,3 pe- 
t3%TOp He muemit o!rpmsaT=e& B OIEZTiuc 4X 5 pe=CTOpIJ &iLmI&T~CIB-- 

nem Ha rpZrpmad xmm, odpaayw& aam@ TopeM mparmtammi 0 

-40 
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OIIHT 4 
D = 3oou r, ca 0 5 15 30 60 110 
V 0 = 22.44 V,A 32.8 35.8 39.1‘ 4I,6 43,4 44,4 
C = 70 t/A H,CY 23,2 25,3 27,6 29,5 30,8 3.14 . 

f H/PS = 360, K-I,9 

OIIHT 5 
8 

z 0) D = 254 Mu r,cM 0 5 15 30 60 110 
8 C = 70 2/A V,n 32,4 37.1 44,? . 52.5 62,6 70,o 

dh &CM 32 37 44 52 62 70 

IIpHMenaHEe: B T&m48 npmmi cae~g~ontae 0603HaneHm: D - maMeTp 8DI~mHdb3om;v, - 
R~ETS!I'WCRQd!t ob!bWI. Q&HOrO E186JILIP~@iHOrO pe&RTCpa; C - KOHUeHTPBYIIZI 
ypana ‘I) pacmope ( 0 1, pHhs - OTHOSUeHEe &J&epHHX KOHrleflTpaI@! 
BogOp~a ld U*3% ¶ - paccmime Mesqy peaKTopaME; v - KpXdTE¶eCRlii! 
CXbeM CHCTeAlPi mm p08KTOpCYB; H- BHCOTa PeaatTOpa; Kam - @&KTMB- 
& K@@~eHT pa3RhHQl'ISeHWi -Or0 B3al!IMQ&etCTBJ/'I0!I@~O PeaKTOpa (eCJIEI 
paccMaTpm3aTb ero 03wudpamHHo 0T &pyrorOL 
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Tadnuya 3 

OIIHT I 
r,w 0 W 79 e 12,4 16,9 21,4 25,9 30,4 34,9 39,4 

R 3KB = 29,8 CM P,xa 20,66 28,8 37,9 42,8 44.4 45,5 46,4 47,2 48 48,6 
PO = 24.45~ Kw 0,967 0,9826 0,9937 0,99n: 0.9980 0,9985 0,9989 0,9994 0,9997 0,9999 

l  dps = 287 H 8 cfi 63 119 156,5 176,5 183,5 188 ISI,5 195 198 201 

OIIHT 2 
r, CM 09 # 54 # 93 14,4 18,9 23,4 . 

’ R = 
3ItB 

33*3CM P,KZ 23,74 26,8 28,86 29,46 29,7 29,9 
m 

= 
s 

I P O I5,Ixt K*@ 0,980 0,991 0,997 0,999 0,9995 1,000 
hih = 287 H,ca 80,2 90,6 97,6 99,6 100,4 100,8 

OIIHT 3 

R 3KB 
.JO 
p,lP, 

r, CM 494 9.9 15,5 . 
= 24~~ P, KZ II,2 13,98 15,2 
= 8,25x% KN@ 0,981 0,994 0,997 
= '578 ‘H, CM 92,1 114,9 125 . 
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ME l 

MO,J@CTBEeM Mew HBME C TO¶HOCThD JJO o,I$ B Km MmHO npese- 

OmeuaTano Ha pOT&IIpVIHTe . 

3as .72 T-03638 lrprp ,200 
m pi BT M CCcpdOCEBa,~eHUHCK~fi IIPOCUeET, 51 

- IO - 
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