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A. V. Eamgev, B. G. Dubovskii, V. V. Vavilov, G. 4. Popov, Iu. D.
Palamzrskvk, S, P, Ivanov

EXPERIMENTAL IRVESTIGATION QF EFFECTS OF INTERACTION OF
IWO SUBCRITICAL REACTCRS

ABSTRACT

In the present paper we report the results of experiments on the
interaction between two homogeneous cylirdrical reactors without
reflector in usual air medium, and two heterogensous-oylirdrical
reactors in aqueous medium,

An understarding of the question of effectiveness of interaction
of suboritical reactors is important in the design and operation of radio
chemical plants, in the organization of uarehousea, and in the trans-
portation of fissionable material.

EXPERIMENTS UITH HOMOGEREOUS REACT(RS

_ In the experiments we determine the oritical state of a system
consisting of two oylindrioal homogenaons reaotors, spaced different
distances apart. '

The experimental setup consisted of a frame on which the two
cylindrical reactors were mounted. One was secured on a statiomary
base, and the other on a carriage moving along the frame. The walls
of the ocylirders were made of 1Khl8N9T stainless steel 1.5 em thick.
Each cylinder was provided with a scram rod which dropped imto the
center of the active zone whenever a specified power level was exseeded.
The active zone of the reactor was an aqueous solution of 002 (N03)2

vith 90% enriched uranium., The distance betueen cylinders could be
varied from zero to 120 cm. Obviously, in the presemce of inter-
action, each reactor separately was suboritical svem in the case
when the system was critical as a whole. In the expsriments we



establish the connection between the degres of suboriticality of oms
reactor (if it is considered separate from the other) and the distance
between tuo identical reactors, at which these reactors form a criti-

cal gystenm.

The experiment was carried out in the following fashion. The
aqueous solution of U0, (N03)2 was introduced simultaneously into both

cylinders, placed adjacent to each other, until the system became

- eritical. The cylinders were then moved apart a certain distance. The
gystem then became subcritical. In- order to attain oriticality, a

neu batch of solution was introduced simultaneously in both cylinders.
The cylinders were moved apart and filled with new batches of solution
up to a position in which both cylinders becams critical lrdeperdently
of each other, i.e., up to a position in which the effect of inter-
action disappears. The system of comtral ard regulation was such that
the behavior of the reactors could be studied separately as well as

of the systen as a whole. The results of the experimsats with homogene-
ous reactors are listed in Table 1 and are illustrated in Figs. 1 and
2. In each individual experiment, the two interactirg reactors wers
Sdentical in dimensions and cozposition of active zons. The effective
multiplication coefficient of the reactor was calculated from the for- .
mula

(1+x°2)(1+5° 19
xm = Q (-]
(1+x%x) (1+212)

) | (1)

- where - xo is the geometric paramster of the oritical reactor,

ths gecmetric parameter of the suboritical reactor. In experiments
1, 2, 3 the reactors were not provided with reflectors, while in
experiments 4 and 5 the reactors were placed on a graphite stack
forming the lower side reflector and the vertical side wall, along
which the moving cylinder moved. The dependence of Kqrf on the

distance between the reactors,. obtained in the first three experi-
ments, is shown in Fig. 2.

EXPERIMENTS WITH HETEROGENECUS REACTCRS

The experimental setup consisted of a steel tank 2.5 meters high,
2.1 peters in diameter, with thickness 5 mm thick. On the bottom of
the tank was installed a steel baseplate with racks. On the racks
wers mounted two control grids of aluminum with openings for channels
with uranium blocks. The active zone was made up of the uranium



blocks with <% and l0% enrichment. The distance belwWeen reaclors wWas
changed by recharging the channels in the grid. The critical state

vas reached by £illing the tank with water. The experimental pro-
cedure was analogous to that desoribed for the homogenéous reactors.
The results of the experiment are listed in Table 2 and are illustrated
in Figs. 3 and 4.

The experiments have shoun that the aggregate of tuo approxi-
mtely equilateral suberitical reactors, mounted flush next to each
other, with Kope = 0.94 for each reactor, is critical. Two identical

suboritical reactors in cylindrical form, with HMD = 1 and K or

0.9 for each, cannot form a critical system with K, not emeeding
a nlne 2.0, .

: The effective interaction of two idemtical suboritical reactors
for given Koo (coefficient of multiplication in infinite medium)
is determined by the sclid angle between the adjacent surfaces.

The &feoﬁveness of interaction of tuo auberitical reactors
in water at large distances is much less than in air. In the presence
of 30 om of uater shielding between two reactors, their imteraction

coxtribution to K opp 080 be neglected, accurate to 0. 1.



Qunur I
D = 300 r,0oM Y 3 6 iz 30 60 90 105 I20
Vo = %.3 A V,4 37.5 89.4 40.6 u‘g 6.46 44,2 44.4 44.6 44.6
¢ =105 /4 Kepp 0,947 0,963 0,973 0,982 0,993 0,998 0,998 I,0 I,0
Pula = 220 ¥ =9 M9 o B o o Y- I ] na A~ nn o nY o nY n nT © nY =
IPg | &OVyiv =&y VWL R, oun &9 v Kig9 Oy | &J 9O OV, 0 =2 ¥Y 1 Oky0 Od,yv Oly v
Cout 2 - S .
D =300 ros 0 76 I5 80 60 90 I20
Vo, = 29,7 4 V.4 46,6 52,4 54,I 65,9 57,6 58,3 58,4
Qb = 74 1/a I ¢ 0,948 0,9% 0,9820 0,9800 0,9940 0,996 0,997
P P = 380,k= 1,908 H,cx 33 37,4 38,2 39,5 40,8 41,2 41,3
Onur 3
D = 300 ux r,oM 0 7,9 I5 30 60 90 I20
. - AA QR - [ 84 N DA D an a8 N a N a7 8
vo 'l'..\l\l ‘ V’A Vg v vv.v L i B4 L d A4 Uv.v VipwVv Vigwv
¢ =0551/s Kot 0.,9420 0,9690 0.,9780 0,9870 0,9940 0,9960 0,9960
ou/es = 520,k=I,8I  Box 4I,0 48,8 52,4 55,6 60  6I,6 62
Onur 4
D =300« roex O 5 I5 30 60  IIO
v, =22,44 Vs 32,8 358 89,  4I,6 43,4 44,4
] = 70 ‘l//l H,cx %‘2 25.3 27.6 29’5 30’8 3.14
oules = 360, k=1,9
Onur 5
p =254 . T.OM 0 5 16 30 60 110
c =T71t/2a V,a 32,4 37,1 44,7 52,5 62,6 70,0
pul Pg H,oex 32 37 44 52 62 70

(Sec next page for captions)



_ ~ Tablel
BISUI.TS OF EXPERIMENTS WITH HOMOGENECUS REACTCRS
Experiment 1
d=300m r, on
V =22.3 14ters, =V, liters

0

P Pg = 260, K = 2.032, H, om

REMARK

The following notation is used in the table: D — diameter
of active zone; Vg — oritical volume of ore isclated reactor; C —

conoentration of uranium in solution (grams/liter), FH/ Ps —
ratio of muclear concentrations of hydrogen and U-235; r — dis-
tance between reactor; V — critical volums of system of two reactors;
HE — height of reactor; K ep — effective multiplication coefficient

of one interacting reactor (regarded as isolated from the other).



Table 2

Onue I .

E— rex 0 3,4 7,9 I2,4 16,9 2I,4 259 30,4 34,9 39,4
Roep = 29,8 cx P,y 20,66 28,8 37,9 42,8 44,4 45,5 46,4 47,2 48 48,6
Py = 24,45k Ky 0,967 0,9826 0,9937 0,997 0,9980 0,9985 0,99689 0,9994 0,9997 0,9999
oulog = 287 nex 85,3 I8 18,5 I7,5 183,5 1I88 I9L,5 I95  I98  20I

Onur 2

r,cl 0.9 5.4 9.9 14.4 18'9 %’4
'nm = 83,3, P 23,74 26,8 28,86 29,46 29,7 29,9
P, =154 Ksgo 0,980 0,99 0,997 0,999 0,9995 I,000
pulps = 287 hex 80,2 90,6 97,6 99,6 I100,4 1I00,8
Onur 3

. rlox , 4'4 . 9.9 15.5
Roks = 24 cu v II,2 13,98 15,2
Po = 8,25xt Ky 0,981 0,994 0,997
e /og =578 Bow 92,1 II4,9 I25
RESULTS OF EXPERIMENTS WITH HETEROGENEOUS REACTCRS REMARK

Experiment 1
| r, om.
Ry, = 29.8 om P, ke
Py = 24.45 kg

Kopse

?H/f8=287 ~ H, om,

The following notation is used in the tables Rod - equivalent

radius of reactor; P, ~ oritical mass of one isolated reactor (in

kilograma of U-235); e { ?8 — ratio of nuslear conoentrations of

hydrogen and U-235; r — distamoe between reactors; P — oritical mass
of system of two reactors (in kilograms of U-235); H — height of
reactor; l!e“ - effeotive coeffioient of multiplication of reactor,

calonlated by formula (1).
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Fig. 1. Deperdence of critical volume of system of two homo-
geneous reactors on the distance between interacting reactors.
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Fig. 2. Dependence of K app 00 OO° of the imteracting homogenous

reactors on the distance betwesn theam.
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Fig. 3. Dependence of critical rmass of system of two hetero-
geneous reactors on the distance between interacting reactors.
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Fig. 4. Dependence of K pp of one of the interacting hetero-
geneous reactoi's on the distarce between them.

1) Keff’ 2) Experiment 2, etc. .



A. 8. KAMAEB, B. I AYBOBCKHH, B. B. BABHJIOB,
I. A. IONOB, 10. A. NAJJAMAPYYK, C. l1. HBAHOB

9KCINEPUMEHTAJIbHOE U3Y4EHHE
3PPEKTOB B3AUMOJENCTBHUA JBYX
NGAKPUTUYECKHX PEAKTOPOB



TJABHOE JOPABIEHIE [0 MCTIQIESCBAHVD ATCMHECT SEEPTVH
IIP COBETE MMIZICTPGB CCCP

4.3, Xamaes, 5.[.Jydosecxuu,B.B. Basuaos,'. 4. lonoe,

D. J. Daranapuyx, C.II. Hearnoe

SKCIEPIMEH TAIRHOE M3YUEHJE SDOERTCB
BIAIMOIEACTBI IBYX NOIKPATHUECKIX PEAKTOPOB

1960

11



AHHOTAIA

B Bacrodmeft padore @3JarawTCH Pe3yILTATH ONNTAR
IO E3yYeHMD B3arMoue#CTBEI IByX I'OMOTeHHHX NAIMHIDHA-
YEeCKHX DPearRTOpOB Ges orpaxareli B OGHuHOX Bosmyumol
cpele B JIBYX TeTePOreHHHX IWMHIPAYECKUX DearTOopaB
B Bomual cpexe.

llosmvanue Bompoca 3fPerTmBHOCTE B3amMogel’crTBmA
NOZKPUTHUECKEX PEaRTOPAB BagHO HPU IPOSKTUDOBAHMH
2 SRCIyaTanuy PaIHCXEMAIECKEX 32BONCB, OPH OpraHm3a-
OME CRJIANOB X TPAHCIOPTHPOERE NENAMAXCH BemecTB.

CTET C TCVOITETAL PEARTOPAMI

B. omHTax ompeXelrssoch RPETHYECROS COCTOAHEE CHCTeMH, cocrofmel
¥3 IBYX DRIMHIDAYECREX T'OMOIEHHHX DesRTODGB, IPE Das/MEHX PACCTOf-
HEAX MexXy HEM, |

IRCHepEMEHTANbHAA JCTAHOBRA COCTOANA M3 PaMH C JKPEeIUICHHHMM Ha

Helt mBymMs mwmmHpEpaMmp-peskTopami. ONEHE X3 HEX OHN yRpemmeH Ha He-
[OXBERHQM OCHOBaHWME, BTOpd - Ha Tesexre, HepeXBEraBmellcs BRONH
pavi, CTEHRE MWIMHAPOB GHMM BHNOJHEHH #3 HepxaBebmeR cramx IXT8HIT
rompHa® I,5 w. Kaxma#t mmmmIp OHN CHadXeH aBapHiHHM CTE[XHEM,
gamaBmmM B HNEHTP axkTEBHOE 30HH B cXydae NpeBHNEHMS 33NaHHOIO ypOB-
HA MOMHOCTH. ARTHBHas 30Ha pearTopa — BOmEHE pacTBOp comm U0,(NO3),
c ypaHam 90% odorameHmd, Paccrodnue MERXy DAIMHIDEME MOEKHO GHIO

-B =
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mesATE oF 0 mo I20 ca OueBENEO, 9TO IPX HAMNYWE B3amMomeficrBma
RagMult PearTOp B OTHENBHOCTH CHM LNOIKPHTHIECKEM Naxe B CIydae RpH-
TEIHOCTY CHCTEMH B IeJQM. B OmHTax ycTaHaBIMBANach CBA3H MERLY
CTeNeHED NOUKPETHYEOCTE OomHoro pearxropa (ecam pacemarpusars ero
E3OMMPABEHHO OT APYTOro) K paccTOTHAEM MERIY IBYMS OURAKCEHME DE-
arTOpaME, IDZ KOTOPCM STE DEeaRTOpH OGpasynT KDHTHYECKYD CHCTEMY. |
OmT mpoBommiaca caexyommM o6pasad. Bomm#t pacrsop U0, (N0z), BBO=
ZZICH ONHOBPEMEHHO B C0a ILMNMHIpP2, TOCTABIEHHHE BILIOTHYD XDPYT K
Ipyry, Xo nwrmem xpmmecxbro COCTOSHEMA CHCTEMH. 3aTed IMINH-
IpH pasfABRTAIACH Ha HEROrOpoe paccrodume. CECTEMa CTaHOBMIACH HOXN-
xpurEdeckoll. YTOGH AOCTHYS KPATHIHOCTH,HOBAS HOPIMA DAcTBODA BBO-
Imrack QUHCBPEMEHHO B ofa MAIMHIpa. [ATHEITH DasmBMDANINCH H 3ald=
BalXCh HOBHME NOPIMAME DPACTBOpA NO IOICGKEHAS, B KOPOpPOM 004 IHIHH-
Ipa CTaHGBATACH RPETHYSCKEMH HE3aBECHMO ORMH OT XPYTOr'O, T.€. XO
noxaxesmd, B Roropod sfiberT Baamuonelfcremd paBeH Hyam., CEcreMa ROH-
TPQIE ® yUpaBNeHHA CHIA BHIOIHEHA -raﬁm odpasod, YTO IOIBOILIA
CIEMETH 3a NCBeNEHHEM DeaRTOpOB B OTXEIBHOCTE E CHOTEMH B DRIGM.
PesynsraTd OONTOS C I'OMOTEHHHMH DeaRTODaME CBEeHeHH B radz.] ® mpexn-
cTaBieHH Ha puc.] B 2, B RaxXoM orZenbHOM OmHTe XBa B3amMoNelcTByD-

mEX peakTOpa CEA¥ ONUHARCEMME IO DaSMepaM ¥ COCTABY aKTMBHGR 30HH.

SfberrmBunt RosppupeHT pasMHEORKCHER DeaRTOpa BHIHCJAICH mo Popuy-
Je:

(1% 2 a1+ 1)

ST T ) (e 22 )

TIe x - reoMerprmuecrmft mapamMeTp KPETHYECKOr'O pearropa, x = I'eo-
Merprdeckml mapaMeTp HOTKPETHAIECKOro peakrTopa. B omwrax I,2,3 pe-
SRTOM He mMexu orpaxarenel, B omTax 4 ¥ 5 pearTOPH CHJM yCTaHOB-
ZeEH Ha rpabmroBclt RasmgRe, odpasyvbmell mmxHmE TopmeBdt orpaxarelNs

-4 -
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o dauya 1

PESYIIBTATH OIHT(B C I'OMOIEHHHMY PEAKTOPAMU

Opgueo I

D = 300 M« r,cu 0 3 6 I2 30 60 90 105 c )

V, = 22,3 4 V,4 37,6 39,4 40,6 4I,9 43,46 4,2 44,4 {,6 -,6

c =105 1/4 Kodd 0,947 0,963 0,973 0,982 0,993 0,998 0,998 1,0 Y
Pu/es = 260,K =2,082y cu 26,5 27,9 28,7 29,6 30,8 3,2 31,3 7,5 5

o QpgHT 2

' b =300 r,cu 0 7,6 15 30 60 90 I20

v, = 29,7, v, 4,6 52,4 54,1 56,9 57,6 58,3 58,4

C =74 1/a Kogg 0,948 0,97%  0,9820 0,9890 0,9940 0,996 0,997
Pu ks - 3g0 K= 1,908 Hox 33 37,4 38,2 39,5 40,8 4I,2 4I,3

OnuHr 3

D = 300 au r,cx 0 7.5 I5 30 60 90 120

v, = 44,95, v« 580 69,0 74,0 80,0 85,0 87,0 87,5

¢ =551/a Kopp 009420  0,9690 :,9780 0,9870 0,9940 0,9960 0,9960
pulps =

520,k=I,81 Hex 41,0 48,8 02,4 56,6 60 61,5 62




Onur 4

D =300« r,cx 0 5 IS5 30 60 II0

v, =22,44 v,» 32,8 858 39, 41,6 43,4 44,4

¢ =7/ Hex 23,2 253 27,6 20,5 30,8 3,I4
pH/pS = 360, K"’I,g

Omur 5

b =254 Tox 0 5 I5 30 60  1I0

c =704/ va 32,4 37,1 44,7 52,5 62,6 70,0
pH/ps ‘H,cM 32 37 44 52 62 70

IprmeuaHHe: B ratiume NpEHATH cienypmne oGOSHAYEHMA: D — AWaMeTD ERTHBHOA 30HH; V, -
KpATHIeCRAlt oGBeM ONHOIO USOUMPOBEHHOT'O PearTOopa; ¢ = KOHUEHTpauus
ypana B pacreope (1/4 ), py/es = OTHOWEHHE AUEPHHX KOHLeHTpaLuft
Bofopona ¥ U?3%,r - paccToAHHE MEXLy peeKkTopamé; V - KpUTHEIECR ult
o0b6eM CHCTEMH JBYX DEaRTOPOB; H— BHCOTA DEaKTODPE; Kupy = afppex TR~
muft KosPPumeHT pasMHOXeHHA OfHOTO BaammomefcrByomero peaxropa (eciu
paccMaTpEBaTh ero H3OIMPOBAHHO OT XDPYTOro).



BEePTURAIEHYD GOROBYD CTEHRY, BIOAL KOTOpGR mepeMemaics DONBEXHER
TITIEDD. 3ESICLAOSTD Kppy OT PacCTOHHMA MEXNYy DEeaRTOpaMz, LoXy—
YeHHAS B DEPBHX TPeX OmHTEX, IORasaEa Ha DEC.2.

OoiTd C IETEPOIEHFHMM PEAKTOPAMH

SxCHepEMEHTaNBES: FCTAHCTXE OPELCTABIAAa COoOGR crampHOR Gax EH-
cora 2,5 x , ymamerpas 2,1 x , co cremxamm TommEeal 5 . . Ha mme
Gexa OHJA yCTaHOBJEHa CTalbHad

VI onopEad nuETa cOo croltwkamm. Ha
n — Onoim3
//. crofiRax OHAY YRpeILIeHH ABe Ha=
80, >
/ OpaBnAnmEe DelleTRE K3 QINMUEEA C
M ys/.._ OTBEPCTRAME IS RaHAICGB C yPaHO-
60
Onbim 2 Ksppgp
/ 1,00 _=*_v
5 ' /"“
‘T Onbim{ 098 .
e 0,96
a 25 50 75 00 rcx 2w 0w 100 r,cxm

Puc.l 3aBACHMOCTE KpETEYEC- Puc.2 3aBECEMOCT® Kigp  OUHO-
ROTO ofBeMa CECTeMH XBYX Fo- IO ¥S BsamMonefCTBYDMEX IOMOreH-
MOIeHHHX PEeRTODOB OT DACCTO- HHX DeaRTODPGB OT DacCTOSHEH Me-
SHEA MexIy B3amMoxeRcTByOmE- XNy HEMH,

ME DearTOpaMH.

BEME GNCKaMH. ARTEBHAA SCHa codZpanachk ¥3 yPaHOBHX OICGRGB C odora=—
menmeM 2% 7 10%Z, VsMeHeHHe DacCTOSHES MEENY PeaKTOpaMé OCYmEeCTBIA- -
JOCh NyTeM HeperDYSKE REHANOBR B pemeTRe. KPETEIECROe COCTORHHE AOC-
THTANOCh HaNoONHeHHeM G6ara Bamnol, MerTomumka IOpOBEeNSHHS ONHTOB 2HAJIO-
TEYHA ONUCAHHGOR IJd I'OMOTEHHHX DEearTOpOB. PESYJNBTATH ONHTOB CBEJCHH
B Tadn.2 ¥ OpelCTaBNeHH H& puc.3 E 4.

-7 -
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:1}

Tabauya 2

PESYIBTATH OINT(B C T'ETEPOTEHHHMM PEAKTOPAMM

Ogur I A o o o
- r,CK 0 3,4 7,9 12,4 16,9 <l,4 29,9 30,4 34,9 39,4
Rowg = 29,8 cx py, 20,66 28,8 37,9 42,8 44,4 45,5 46,4 47,2 48 48,6
Po = 24,45x My, 0,967 0,9826 0,9937 0,9971 0,9980 0,9985 0,9989 0,9994 0,9997 0,9999
oules = 287 mew 853 II9 ~ Is,5 17,5 1I83,5 188 I9I,5 I95 198  20I
OnuT 2
r,ex 0,9 5,4 9,9 I4,4 18,9 23,4
'R, =838, Pwm 238,74 268 28,86 20,46 29,7 29,9
?Po =151, Kx¢ 0,980 0,991 0,997 0,999 0,9995 I,000
eules = 287 mex 80,4 90,6 97,6 99,6 I00,4 I00,8
Onur 3
r,cH 4,4 9,9 15,5
Raks = 24 cx P, %1 11.2 13,98 15.2
Po = 8,250 Hyy 0,981 0,994 0,997
e /o, =578 Bow 92,1 II4,9 I25

Iprumeqan me: B rafiume nmpuHATH clexywmue OCO3HATCHHAR, - OKBHBANCHTHHE pammyc pearTOpa;
P, = KPHTHYECKad Macta ONHOTO W3ONEpOBAHHOro peaktopa (B kKmiorpammax (235 );
pu/ps = OTHOMEHHE ANEPHHX KOHMEHTpamuft BOXOpONA M U235 ;r = PAaCCTORHUE MERIY
pesrTopaMu; F - RDETHYECKAA Macca CHCTeMM HBYX peaxrTopos (B rmrorpammax u235);
H = BHCOTA PEERTODA; Hypy = spberTupHult kosdpmmenr pasmHoxeHuA peakTopa, BH-
qroxenmft mo dopuyne (I).



SRCIePUMEHTH IORA32JH, ITO COBOKYUHOCTS MABYX BIMIOTHYD yCTaHOBICH=-
HHX OPEMEPHO PaBHOCTODONITT MOMELITITSeCrIT D2ERTOPOB C Koy = 0,94

Plr)
[.t4 ' _o——-—""—'_'—"___‘o

g Onbim 7
40 L~ |

30 4

e Onoim 2

20

O0neim 3
»—"L"_J

ol d |

0 10 20 30 rex

Puc.3 SaBmcumocTs RpETEYecRal MAccH CHCTEMH
IByX TeTEDOTeHHHX DeaRTOPGB OT DACCTOSHER Me-
XXy B3amMoXefCTBYDMAME DearTOpAaME.

Koo
1,00

699t

0,98

§
ool

&% % 20 30 Frox

Pec.4 38BECEMOCTD Ky ONHOrO H3 B3amMomelcr-
ByDIEX TeTEPOTeHHHX PESRTOPOB OT PACCTOHHEE Me-

X7y HEMEZ,

IS RaxIOro, ABIdeTcHd KpHTHYHOR. .ll_Ba QIMHSK OBHX IOIRPHETEYECREX .
IUIHHIpHEYECREX pearTopa C ED =1 = xm‘ 0,94 raxmuit, opz K_
He IpeBHmapmeM 3HaueHEe 2,0, He MOTIyT 0CPascBaTh KPHTHIECKYD CHC-

TEMY .
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dfderTBHOE B3ammomeflcTBEE ABYX ONUHSKOBHX NOINKPHTHYECKHX De-
SRTOPGB IOpH RaHHMM K_ (roadpummenT pasMHQKReHUS B GeckoHeunolk
cpe.ue) onpemendeTcsa TEJECHHM YTJAGM MEXIY IPWISrapmEME IIOBEPXHOCTA-
Mo,

SpderTEBEOCT: B3amMomecTBEA NBYX NOIKPATHIECKEX DEaRTODPCB B
BOIe Ha GOIBIEX DAcCTOHEHAX CYmMECTBEHHO MeHBNe, YeM B BO3XyXe.
[lpn maxmamz 30 cx 3aMUTHOrO CXOS BOIH MEXNy MBYMHS DeakTOpaMu B3au-
MomefiCTBHEM MexXy HmME ¢ TouHOCTED Xo 0,IZ B Kopp MOERHO IpeHe-
6peds.

OrnewaTaHoO Ha pOTAanpUHTE. |
3ag .72 T-03638 Trp 200
UTM m BT AH CCCP.Mockpa, JeHuHCKu} TPOCUEET, S

-I0 -

20



