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RADIATION DOSE RECEIVED BY A RESEARCHER IN A

CRITICAL ASSEMBLY ACCIDENT AT RUSSIAN FEDERATION _
NUCLEAR CENTER/ALL-RUSSIAN SCIENTIFIC-RESEARCH INSTITUTE OF
EXPERIMENTAL PHYSICS (RFYaTs-VNIIEF) IN SAROV

G. F. Khodalev, E. Yu. Tarasova, A. K, Zhitnik, UDC 539.12.08:621.039.5
M. V. Kalashnikov, V. I. Tsvetkov, E. D. Kleshchenko,
I.’A. Bochvar, and F. K. Levochkin

A critical assembly accident occurred at Russian Federation Nuclear Center/All-Russian Scientific Research Institute
of Experimental Physics (RFYaTs-VNIIEF) on June 17, 1997, at 10:50 am [1]. Because of a spontaneous chain reaction, the
researcher saw a flash of light and physically felt heat, and then 5-10 sec later he vacated the room containing the critical
assembly stand. In this paper, we present the results of determination of the neutron and vy radiation dose received by the
victim.

The REYaTs-VNIIEF deployed a personal emergency dosimetry system developed in the 1970's at the Institute of
Biophysics and adopted in all sections of Minatom facilities which involved nuclear risk. This system is based on the GNEIS
personal emergency dosimeter for 8, v, and neutron radiation [2}, including a rhodium neutron activation detector {3], a
DINA track etch neutron dosimeter with targets made from 2'Np— Al alloy, developed jointly with VNIINM, on a boron
filter [4], two IKS-A thermoluminescent v radiation dosimeters [5] on lead and aluminum filters, compensating for the energy
dependence of its sensitivity. The system also includes instructions and recommendations for radiation safety departments in
emergency situations [6].

Following the instructions and recommendations in [6], from the results of measurement of the induced v radiation
activity from the body of the victim (A. N. Zakharov), the head of the dosimetric monitoring group estimated the average
whole-body neutron dose: -~ IOva. The nurse who answered the emergency call at the medical center administered an
antiradiation drug to the victim, then he was sent to the central medical unit in Sarov. At 6:30 pm, the victim was sent via
airplane to Moscow, to the clinic at the State Science Center of the Russian Federation/Institute of Biophysics.

The GNEIS dosimeter was located in the area of the left collarbone of the victim, on the collar of his coverall. From
the results of spectrometric measurements of the activation of the rhodium detector and also the aluminum filter of the
thermoluminescent dosimeter, a preliminary estimate was made of the fast neutron dose at the position where the dosimeter
was worn: about 50 Gy. In going from the neutron flux determined from the activation of the 103Rh detectors and the 7Al
filters to the dose, we used the known neutron leakage spectrum from a metallic core. Then the fast neutron dose was refined
using the DINA track etch dosimeter, considering the dose scale division of the track typical for these neutron leakage
spectra. The neutron dose at the location of the dosimeter was 45 + 5 Gy, the neutron fluence on the surface of the upper
third of the breast bone, determined using DINA track etch detectors, was equal to (1.8 + 0.2)-10'2 cm ™2, which matched
subsequent calculations. The thermoluminescent v radiation dosimeters showed (using two glasses) 3.5 + 0.3 Gy (average
over two detectors).

The victim arrived at the clinic of the Institute of Biophysics at 9:20 pm. Using a DRG-01 T1 dosimeter right against
the body, we measured the whole-body v radiation dose rate for the victim. A repeated measurement at 10:20 am on June 18,
1697, showed that over this time period, the dose rate dropped by almost a factor of two. Such a change corresponds to the
half-life of the induced activity from 24Na. From the results of measurement of the activation of the body. the neutron dose
averaged over the entire body was estimated as 8-11 Gy.
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TABLE 1. Specific Activity of Hairs and Neutron Daose

o Leaton L Acwiy. Bae . Dose, Gy .
| Face ! ts=1 ' 41212 1‘
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Fig. 1. Diagram showing the location of the victim relative to the critical assembly: I, 3 indicate the direc-
tions for the depth distribution of the dose in the body.

Fig. 2. Depth distribution of the dose in the body of the victim in direction 1 (a) and 3 (b): ® means the total
dose, + means the kerma; * means the v radiation dose.

Based on the results of measurement of the neutron and v radiation dose using the GNEIS emergency dosimeter
(~50 Gy) and a description of the position of the victim relative to the assembly (as reported by the victim himself), a
preliminary estimate of the total ¢ and neutron radiation dose on the wrist was 200-250 Gy.

At 8 pm on June 18, 1997, two blood samples and hair samples from the face, back of the head, left and right
armpits, and the pubic area were taken from the victim for apalysis. Studies of the blood samples showed that the 24Na
specific activity induced at the time of the spontaneous chain reaction was equal to 260 and 290 Bq/ml, which according to
the procedure in [7] corresponds to a dose of 14 i 4 Gy on uniform irradiation by neutrons from such an assembly.

Hair analysis from the fast neutron reaction 325(n, p)32P at first was hindered by the presence of a significant amount
of 2*Na in sweat-soaked hairs. So the measurements were made over the course of a week to isolate components with
different half-lives (Table 1). To calculate the dose, we used the energy dependence of the reaction cross section and the
neutron leakage spectrum.

Figure 1 shows the relative positions of the victim and the assembly at the time of the accident, as indicated by the
victim himself while he was at the clinic of the Institute of Biophysics. The irradiation was almost instantaneous, strongly
nonuniform, and mainly localized in the area of the hands. the head, and the torso.
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TABLE 2. Energy Spectrum of Leakage v Photons, Normalized Per Fission in the

Assembly
i o E-E . MeV ;" ¥ photons/fission *
1 o 0-—~0.05 R o ]
2 0.05-0.1 4.555-10°*
3 0,1—0.,5 9,554-10°2
4 0.5—0.7 5,080-1072
5 0,71 6.270-1072
§ 1--5 1,406 107
7 51 1,745-107}
8 7—10 1,805 1074

TABLE 3. Energy Spectrum of Leakage Neutrons, Normalized Per Fission in the
Critical Assembly

i E~E . MeV Fl_rieutroqi/’.ﬁssiorl 1072 I E-E,,. MeV Fl,neutrons/ﬂ-ssion' 1072
! 10790, 4,484 1 0,76—0,88 7,642
2 0,1--0,16 5,203 . £2 0,88—1,0 6,533
3 0,16—0,22 T 5,618 13 1,0—1.2 9,361
4 0,22-0,30 7.94 14 1,2—1,4 1,742
s 0,30—0,36 5812 15 1,4—1.7 8,911
6 0,360,425 6,262 16 1,7—2 6,675
7 0,425—0.5 6,574 17 22,4 7,227
8 0,5—0,575 6,233 i8 2,4—3 8.104
9 0.575—0,66 6,534 19 3—4 8,016
10 0,66—0,76 7,003 20 418 8,453

From the neutron leakage spectrum for metallic cores, the position of the victim relative to the source, and data in
[8], we calculated the depth distribution of the total neutron dose and its individual components (the neutron kerma and

neutron capture vy radiation dose) per cm ™2,

Anthropometric data of the victim: height, 180 c¢m; front-to-back measurement at the level of the lower part of the
chest, 20 cm; sacrum, 21 cm; in the direction from the forehead to the back of the head, 18 cm.

The radiation dose distribution for the directions 1 (0 + 20°) and 3 (35 £ 15°) from the horizontal plane is given in
Fig. 2. The numbering of the directions corresponds to those used in [8].

After the death of the victim, we studied his tooth enamel and established that the EPR signal corresponds to a dose
of 5.7 + 0.5 Gy. If we consider that the sensitivity of the tooth enamel to neutrons is <3% of its sensitivity to y radiation
{9] and that the neutron dose in the region of the face was ~41 Gy, then <1.2 Gy may be assigned to the neutron count and
the neutron capture y radiation dose can be estimated as approximately 4.5 Gy. This value is appreciably closer to the
calculated value for the face, 5.4 Gy, especially if we consider that 3% is the upper estimate of the sensitivity of the tooth
enamel to neutrons.

Using the Monte Carlo method, at KFYaTs-VNIUEF we calculated the leakage spectrum from the assembly involved
in the accident and the dose characteristics for individual parts of the body. The calculation was done using the S-90 pro-
gram, which is designed for calculation of neutron transport and generation of v photons in n—+ reactions in activation and
transport processes {10]. To describe the interaction of neutrons and v photons with matter, we used several libraries anc
multigroup sets of constants. The calculations allowed us to make estimates with statistical error no greater than 3% with
respect to the neutron flux and + radiation spectra per fission in the assembly (Tables 2-4). The energy release during the
time the victim was near the assembly was established based on analysis of:

the readings of the emergency set of GNEIS dosimeters of the victim:
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TABLE 4. Dose Received by Victim During the Spontancous Chain Reaction

. P v r;«'e 1;);\-—[_;‘&13&0[‘- : R
Location [ u» f_-- e e e ._.Leti.lﬂn__,‘___.._-,
- o I Kerma. C_?y_ J_ i Method © Dose, Gy Method
Face 41212 (face) 25¢n, py*tp ‘i 4.5 (teeth) EPR
5.4 Calculation
Back of head 13=4 ENCNOR - -
Left armpit 43=13 S5, p)y*iee i — _
Right armpit 60=138 sn, py'te | - -
Pubic area 29=9 5, py*2p 3 Calculation
Breast bone 45=5 DINA 3.420,1 IKS-A
40=1 Calculation 2.5+0.5 Calculation
Back 6.7 Calculation 4.1 Calculation
Wrists ‘ 200— 250 Estimate from GNEIS
readings
1700=170 Calculation (1 cm from 120+12 | Calculation (1 cm from
assembly) assembly)
Average over body 8—11i BNan, y)**Na
(rapid) _ _
44 UNJ(H.){)“NQ
(spectrometer)

determination by the victim himself of the distance from his chest to the center of the assembly, which was ~ 353 cm;

the results of a calibration run estimating the detection efficiency and the individual characteristics of the DINA
dosimeter {11}; ’

calculation of neutron and y photon transport in the emergency situation and a calibration run using the S-50 pro-
gram;

anthropometric measurements on the FKBN-2M stand, which showed that the victim might have been located 50-56
cm from the center of the assembly. A

The data obtained allowed us to estimate the energy release in the assembly during the time the victim was near it:
(4.9 + 1.1)10'® fissions from analysis of the penetration of y photons and up to (5.2 + 0.6)-10'6 fissions from analysis of
the peretration of neutron radiation, assuming that the distance from the center of the assembly to the victim was 53 cm. We
also determined the dose components generating the readings of the DINA and thermoluminescent dosimeters. The readings
of the DINA neutron detector were generated as a result of the absorbed dose from the direct neutron radiation flux and the
absorbed dose from the neutron radiation flux reflected from the body D = Dy + Dig, where Dye = 0.9D, Dy = 0.1D are
the dosimeter readings due to the direct and reflected neutron radiation flux, respectively.

The readings of the thermoluminescent v radiation dosimeters were generated as follows: D = Dy + Dy + D, +
D,, where Dy; = 0.764D, D ; = 0.033D are the dosimeter readings due to the direct and reflected y radiation flux, respec-
tively; D, = 0.203D are the dosimeter readings due to the v radiation flux generated in the body from the reaction 'H(n,
v)H; D, = 1-10™!! rad-cm? neutrons~!1.89-10'? neutrons-cm ™2 {5] are the dosimeter readings due to the neutron
sensitivity.

Based on the above, the actal dose from the radiation caused by the accident can be estimated as 40 + 1 Gy for the
neutron component and 2.5 + 0.5 Gy for the  component. The calculated dose on the hand of the victim was 1700 £ 170
Gy for the neutron component and 120 + 12 Gy for the y component (assuming that the hands were at a distance of ~ 1 cm
from the assembly). Considering the differences in the geometry used in the preliminary estimates and in the calculations, the
results agree satisfactorily.

The results of the dosimetric measurements are summarized in Table 4. The relative biclogical efficiency of neutrons
of such energy and for such a dose is not very different from unity, and the combined equivalent dose [12] in fact is equal 10
the absorbed dose.

The neutron flux on the surface of the lower part of the abdomen of the victim was estimated as 1.2 1072 em -, the

neutron capture v radiation dose was estimated as =3 Gy.



At the present time, to obtain a more complete picture of the irradiation pattern. using EPR we are wnvestizans

bone tissue of the finger bones and the ribs of the victim. For a correct interpretation of the measurement results, we nwed an
estimate of the sensitivity of bone tissue to neutrons, which in contrast to the tooth enamel is only 50% mineralized.

In conclusion we would like to thank T. N. Skvortsova for processing the GNEIS emergency dosimeters, A, P.

Botova and Z. V. Volkova for preparing the calculation programs, and 1. B. Keirim-Markus for discussion of the results and

useful comments.
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ABapus Ha kpurthueckoit cbopke POIL—BHUKUDD® npousowna 17 nonsa 1997 r. 8

10 u 50 mun {1 ] BeaeacTsue BO3ZHHKIICH CAMOMPOH3BOIBHON UEMHON PCAKLHH IKCNCPH-
MCHTATOp YBMIE CBCTOBYIO BCTBIIKY M OWYTHA TEIOM TCMI0, nocic uero 3a 5—10 ¢
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MOKIHY.1 HOMEWCHRE CTeHIa. B HacTosme paboTe npUBOATCS PC3YAbTATH OTPCACACHHS
A03bl HCHTPOHHOMO  y-H3AYUEHHS, NOAYUCHHOH NOCTPIANBUIHM.

B POALL—BHHUID paspepryTa CHCTCMA HMHIMBHAYATbHON ABAPHIAHOR J03UMETDHH,
paspaBoranHas 8 70-¢ rT. 8 MHCTHTYTE GMOBUINKH H BHEAPCHHAN HA BCECX AACPHO ONACHBIX
yuactkax npeanpuatuit Munaroma. Ee ocnosoit aBaseTcs HHIMBHAYAARHBI ABAPHITHBI
a03uMeTp B-, y-, HenTporHoro raayuenns THEUC (21, sxmouatounit B ccls ponuessi
AKTHBAUMOHHBH 1CTEKTOP HedTpoHoB [3 ], TpekoBblit He#TpoHHbIH Jo3umeTp ZHHA ¢ M-

weHamu u3cnaasa 23 Np—Al, paspaborasnoro cosmectio ¢ BHHHUHM, 8 Goprom diastpe
{4], 1Ba TEPMOAIOMHHECLUEHTHRX A03UMETPA y-H3.Ty YEHH S UKC-A [§]BdsbTpax 13 CBHH-
U H ATHOMHHHS, BLIPABHUBAIOWNX IHESPrECTHUECKYIO 3dBHCHMOCTD €10 YYBCTRATEIbHOCTH.
CHCTEMA TAKXKC BKTIOHAGT WHCTPYKIIHW W PEKOMEHAAUHH Aas C1yxG PaanaunoHHoW 6es-
OMACHOCTH B aBapuiiHbiX cutyaunsx [0].

B COOTRCTCTEMM € HHCTPYKUMSIMH H pecKoMeHaauusmu [6 ] mo pesyabTatam naMepeHus
HABEICHHON AKTHRHOCTH Y- H3 Iy USHHS OT Teaa nocTpaaaswero A.H. 3axapoBa HaudIbHIIKOM
FPYIIB A03HMETPHYECKOTO KOHTPOIS ObiAd OUCHEHA CPCAHSAS NO TEY 10304 HEHTPOHOB —
ona coctasuaa ~10 p. ITpufbisuiaz 1o apapyiiHOMY BbI3OBY MCICCCTPA HAXOIMICIOCS HA
MT0WAAKE MCANYHKTA BBE1A MOCTPAIARIICMY NPOTHBOPAIIMAUHOHHDIR MPENApaT, noc/e Yero
OH Gbin JOCTABACH B OTACACHME LCHTPaabHOK mcacanvactu (r. Capos). B 18 u 30 mun
[I0CTPARABIIEIO OTPABAIN camoseToM B Mocksy B kimnuky THLL PO — UxcrutyT bro-
u3uku.

Hosumerp THENC pasmewanca B 06nacTy eBoi KIOUMUL NOCTPAAABUIEro Ha BO-
poTHHKe xanaTa. [1o pe3yapTaTaM CeKTPOMETPHUYECKHX H3MCPCHHA AKTHBAUHI POIHEBONO
HSTEKTOpA, @ TAKXKE aMoMHHMeBoro guabtpa nosumerpa MKC npeasapuTe1sHO OUCHUIH
103y GhiCTPhIX HCHTPOHOB B MECTC HOWICHMS AO3WMETPA, KOTOPAs 0Ka3ajach fpHMEPHO
pasuoit 50 I'p. [Tpu nepexoac OT MOTOKA HCHTPOHOB, ONPEACACHHOTO MO AKTHBALUMH AETEK-
topos u3 !O3Rh u ¢duasTpoB u3 2TAl, K n03€ HCIIOABL3OBANH M3BECTHBIA CIEKTP YTEUKH
HEHTPOHOB W3 META/LTHYECKONH aKTHBHOI 30HB. B ganbHeimieM 103y GbiCTphiX HCHTPOHOB
YTOUHKIM C noMombio Tpekosoro aosumerpa JIHHA ¢ yuetom 1030801 uesst Tpeka, xa-
PAKTEPHOI A/ JAHHBIX CIIEKTPOB YTCYKY HEATPOHOB. [1032 HEATPOHOB B MECTE PABMCIUECHHS
Ro3uMeTpa coctaiaa 455 'p, hai0eHC HEHTPOHOB HA MOBEPXHOCTH BEPXHEN TPETU TPYAH,
onpeaeeHHbi ¢ noMombo Tpexkosux aerekropor JHMHA, oxazaaca pasubM
(1,8:(),2)1012 cM ™2, uTO COBNAJIO C NMPOBEICHHBLIMH 3aTeM pacueTamiu. Jo3aMeTpt y-u3-
ayuenna MKC nokasaamn (mo asym crexaam) 3,5+0,3 T'p (cpeanee no aBym 1eTEKTOPaM).

[ocTpanasuruit noctynua s kauwnuky Hucruryra Snodusukn 8 21 u 20 mun. C no-
mouibio aczumerpa API-01 T1 BoaoTHYIO K TEIY U3MEPHUAH MOLIHOCTD 1036l Y-H3JYUYCHHUS
noc spagasuero. [Tostoproe nameperue 8 10 u 20 mun 18 mions 1997 r. nokasano, uto 3a
JTO BpeMS MOUIHOCTL 103bl Yas1a NOMTH BABOC. Taxasa AHHAMMKA COOTBETCTRYET NEPUORY
T10.1Vpacnana HaseaeHHod akTusHocT 2*Na. ITo pe3y1bTataM H3MEPCHHUs AKTHBALWH Tea
1033 HEKTPOHOB, yCpEIHEHHAsS N0 BCeMY Teay, Oblia oucHesa s 8—11 I'p.

Ha ocrosaHny pe3yibTATOB U3MEPEHHS R03bl HEHTPOHOB M y-U3NYYEHHA € NMOMOUIBIO
aBapuitnoro gosuserpa THENC (~50 T'p) u onucauns nojoXKeHHs MOCTPAZABLIEro OTHO-
CHTEIbHO cOOpKH, e 1aHHOr0 MM CAMHM, NMPEIBAaPHTEIbHAS OLEHKA CyMMAapHOW A03H
¥-HEATPOHHOTO M3JYUCHMA HA KNCTH pyk coctasuia 200—250 I'p.

B 8 u 18 mous 1997 r. y nocTpazasmero 418 aHAI13a Obiin B3STH ABE 1PobH KPOBH
# o6pasim Boaoc co aba, 3aThiAKA, JAEBoi M npasoit noamsiuek 1 obaactu acbka. Ucene-
OBAHMA po6 KPOBH MOKA3AIH, YTO yACIbHAS AKTHBHOCTb 2*Na, IPUBEAEHHAS K MOMEHTY
CLP, okaszazacs pasuoit 260 u 290 Bx/m.a, uro cornacso meroauxe 7] cooTBeTcTByeT
n03e 14%4 T'p npu pasHoMepHOM OGAYUCHIH HEHTPOHAMHU OT TAKOrO THIIA COOPOK.

AHAJH3 BOJIOC IO PCAKLLAH HA GHICTPbIX HefiTponax 328(n, p)32P 8 nepsoe Bpems GbL1
3aTPYIHEH NPHCYTCTBUCM JHAUNTCILHOrO Koanuecta 2*Na B notwbix Bosocax. [Toaromy
H3MEPCHHI NPOCROIN.TH B TCUECHHWE HCICTH 414 BLIZCTCHHA KOMITOHCHTOB C PA3HBIM nepHOaoM
noaypacnaia (raba. 1). g pacuera 103l HCMO1b30BATH JHCPreTHUCCKVIO 3aBHCHUMOCTD
CCYCHMS PEAKUMH M CNSKTP YTEUKH HEHTPOHRUB,
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Tadamual. YIeasnas akTHEHOCTS BOIOC H 1032 HEATPOLOR

ci Jlokaamzatms i AxTHenocTh, Br/r Hoza, Tp
L o6 3 151 41212
' Barsiiok t 5=0.,5 13=4
E Jenan noaMuunka 1 16x1 43x13
! [Tpasas noambiuxa 1 222 : 60=13
! Jloox ey ; 29+9

CxeMa pasMeIUCHUI MOCTPAIABILCIO .

OTHOCHTE1bHO COODKH B MOMSHT aBADHH,
YKA3aHHAA UM CAMHM BO BpeMs npeldniBa-
i B kanuuke Macruryra Snodusnka,
nokasaxa Ha puc. 1. O8.1yvenne Sui10 nou-
TH MTHOBCHHBIM, CH.IbHO HCP3BHOMEPHbIM,
B OCHOBHOM ,JOKATH30BAHHBIM B 0013CTH
PYK, TOI0BBI H TOPCA.

o coekTpy HCHTPOHOB yTCYKH 274
MCTRATHUCCKHX AKTHBHBIX 30H, MNOJ0Xe-
HHK NOCTPAAABIIETO OTHOCHTEILHO HCTOU-
HMKA # No AavHbiM padotni [8 | Gbino pac-
CUHTAHO LIYOMHHOC pacnpeiacacHue CyM-
MApPHOH A03bi HCHTPOHOB M OTAC/IBHLIX €€
KOMIOHCHTOB (KCPMbI HCHTPOHOB M I03bl
31XBATHOIO y-H3.YUCHHYA) B PACUCTC HA
I em72,

AHTPOMOMETPUUCCKHE OAHHBIC MO-
crpazaswmero: poct 180 ¢cM, mepeaHe-3aa-
HUH PA3MEP HA YPOBHE HHXKHEH 4acTH rpy-
aunubl 20 oM, kpectua 21 ¢M, B Hanpasae-
HuY J100—3aTtbeLiok 18 oM.

Pacnpeaeactue 103bl 061yUeHus a1
ganpasacuuit | — 0x£20°u 3 — 35%15°
OT MOPH3OHTAIBHON MI0CKOCTH TPHBCICHO
Ha puc. 2. Hymepauus HanpasacHuil co-
OTBCTCTBYeT npuHatoii B padore [8 ]

Mocae cmepti ObIA MCCICIOBAHA
2Ma1b 3y008 MOCTPAIABIIErO U YCTAHOBE-
HO, uTo curnaa D[P coorsercreyer 103e
5,7%0,5 I'p. Ecin yuecrb, YTO UYYBCTBH-
TEALHOCTb 3Maan 3y0OB K HEHTDPOHAM
<39 ee¢ UYBCTBHTSJABHOCTH K y-H31yue-
30 {9 ] ¥ 1032 HEHTPOHOB B 0614CTH 1HUA
~41 I'p, o =1,2 I'p MOXHO OTHECTH HA
CueT HEeITPOHOB, RO3Y 3AXBATHOIO ¥-H3.1Y-
ueHHd oueHHTh npudausuteasHo 8 4,5 I'p.
3TO sHaueHue 3aMeTHO O.1HXE K paccyi-
TanHoMy 224 anua 5,4 I'p, ocoGenHo ecau
yvyecTb, 470 3%, sIBAKIOTCH BEPXHEH OLEH-
KO¥W UYYBCTBUTC.IBHOCTH 3Maan 3y0oB K
HEHTPOHAM.

Merogom Monte-Kapao B POALL—
BHUHUD® Griam paccuHTaHbl COCKTPH

P sc. 1. Cxema pasmewerns NoCTPAIABIIEr0 OTHOCHTE b=
HO kpuTHueckoil ¢bopxu: /, 3 — nanpasienne pacnipe-
AeaeHns 103 obayuenus no raybuue rena
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VTCUKH N3 aBAPHITHOIN cOOPKK i I03086(€ XAPAKTCPHCTHKH HA OTALAbHBIE YACTH TEAA. Pacuer -
riposoanayn no nporpamume C-90, KoTopas NpeaHazHAUCHa A1 PACUECTA TEPLCHOCA HEHTPOHOB,
06pa3oBaHHA Y-KBAHTOB B PEAKLUAX n—y B NPOLECCAaX akTuBaunn u neperoca [10). [na
ONMCAHHA B3AHMOICHCTBHA HCATPOHOR H y-KBAHTOB C BCLIECTBOM HCHOAb3OBATH HCCKOIBKO
616AKOTEK H MHOTOPYIOBHIC CHCTEMbl KOHCTAHT. JJAHHBIE PACHETOB NO3BOIHIH CACAATH
OLEHKH CO CTATHCTHYECKON MOrpeuIHOCTsi, HE NpeBsiwanomed 3% no CreKTPaM MoToKos
HeTPOHHOTO M Y-HIIYUEHHS HA OAHO de.ieHue B cOopke (Taba. 2—4). DHeprosslicicHue
33 BpEMS HAXOXIEHHA nocTpazaswero y cOOpKH Obl10 OUCHEHO HA OCHOBAHMHM AHATH3A:

TIOKA33HUHA ABAPHITHOTO XOMILIEKTA J03NMETPOB THEWUC nocrpaaaswero;

ofpeaeeHId CAMHM MOCTPAJABILMM DACCTOAHHS OT PPYAHOM KAETKH J0 UEHTPA cOOpKH,
KOTOpOe CocTaBm1o ~53 oM;

pE3YAPTATOB KAAHOPOBOUHOIO ONHTA NO OLEHKE IHPPEKTUBHOCTH PErHCTPALMH H HH-
AMBHAYAAbHBEIX ocobenHocTel qosnmerpa JUHA [1];

pacyeTa NepeHoca HeHTPOHOB M y-KBAHTOB B ABAPHITHON CHTYauM#t M KaTHOPOBOUHOM
oneire no nporpamme C-90;

ARTPONOMETPHUCCKHX H3Mepenuit Ha cteHae OKBH-2M, kotopslie nokasaau, uto no-
CTPAAABUIMIT MOT HAXOAHUTLCS HAa PaccTosHin S0—356 oM oT uenTpa cGopku.

Ta6nuua2 DHCPreTHYSCKKIT CHCKTP y- KBINTOB yTeukH, HOPMHPOBaULIT ua oano acacuue 8 cGopke

i ’ E-E,, MoB F, y-xpant/aen.
| 0—0,05 0
2 | 0,050, = 4555107 PO
3 0,1—0,5 9,554-1072
| 4 0,5—0,7 ! 5,080-107?
‘ S 0,7—~1 6.270- 1072
6 1--5 ; 1,406 107
7 ” 5—7 1.745-107
| 8 7—10 ! 1,805 107

Tadauua3 JuepreTHUSCKUiE CHCKTP HEHTPOIOB YTCUKH, HOPMHPOBAHIBIA HA OHO JeJICHHE
. 8 KpuTIHUeCKoit chopke

j ; E/.— E‘M. MoB i F/, HenTp./aea. - 1072 j J‘ E/- E'»J' MaB :EF/, Heftp./aea. - 10'2:
! % 1070—0.1 ‘ 4,484 I ; 0,76—088 | 7,642
2 | 01—0.16 l 5,203 12 . 0,88—1,0 ‘ 6,533
3 L 0le—022 5,615 3 10—z 9,361
1 4 , 0,22-0.30 | 7,941 14 1214 1142
L5 030—036 5812 5 4—1.7 8,911 r
L6 0,36—0,425 6.262 16 1,72 6.675
7 0,425—0,5 6,574 17 } 22,4 7,227 |
P8 : 0.5—0,575 ; 6,233 18 2,43 $.104 |
9 | 0575-0.66 6.524 I 34 l $.016 ?
0 0.66—0.75 7.003 [ 20 418 k 5,433
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T a6 awnuad Pe3yantarst ONPLACACHNA 103061, HOAYMEHIOA NOCTPaAABIINY Nk CLIP

T
J Hedrpotisoe nantyuenne | -Hanyuenne
Jlokaamsaumny P P Y d 4
| Kepma, I'p MeToa i [Hosa, Ip Meton
§) T 4112 (a06) 3250y, p)yip © 4,5 @ybu) e
! 5.4 Pacuer
3aTuia0K 1324 325(n, py*?p | - -
: i
Jlesaw noambiuixa 43~13 325(n, py?p ; _ -
Mpasas NOAMBILIKA 6018 325¢n, py’?p j - -
i
Jodox 2929 325(n. p)*?p ; 3 Pacuer
|
Tpyas 45=5 JUHA P 3,420,1 HKC-A
40+ 1 Pacuer P2,5+0,5 Pacuer
Cnuna i 6.7 Pacuer 41 Pacuer
Kuerit pyk 200—250 Ouetixa i
no mokazanmsn THENC |
1700170 Pacuer (1 ¢ 0T cOopxn) l 12012 {Pacuer (1 ¢ ot clopxs)
Cpeansis no reay §—11 BNa(n, y)*Na I
(akenpeccHo) | _ _
14+4 BNa(n, y)¥'Na |
(cnexTpoMeTp) ;

[ToayucHHBIC JAHHBIC MO3BOAHAM OUCHHTE JHCPrOBHICTICHHE B cOOPKE 3a BpeMs Ha-
XOXACHHA NOCTpaaaswero Bosae vee (4,9+1,1)10'% nea. no anaansy npoxoxacuus y-ksan-

TOB W 30 (5,2:0,6)1016 AE1. MO AHAIM3Y NMPOXOXKIACHHA HEHATPOHHOIO H3/JYYEeHHS B npea-
NOJOXEHHUH, YTO PACCTOAHHE OT UEHTPA COOPKH 20 NOCTPAAaBWeEro coctasasao 53 cm. Takxe
GbL1 OrpeacaeHsl J030BbE KOMIOHCHTH, GOPMHPYIOWHE NOKA3aHus 103umerpos JUHA u
WUKC. Tokasauns HeritporHoro getektopa IMHA chopmupoBaines 3a CUET NOCI0WEHHOM
H03bl OT APSIMOrO NOTOKA HC“TpOHHOFO )d3.;1yLICHHH W DOrIOHIEHHOM AO03bl OT OTPAXECHHOTO
OT Te.1d NOTOKA HEHTPOHHOIO H3ayueHus D = D+ D_ ., rie Dn"=0,9 D, Don=0,l D —

411 on’
NOKAIAHNS A03WMETPa, O0YCIOBACHHBIC NPAMBIM ¥ OTPAKCHHBIM NOTOKOM HEHTPOHHOO U3-
JIYUeHHS COOTBETCTBEHHO.

[Tokazanusa go3mmMeTpoB y-uzayueHus MKC chopmuposarn caeayrowms odpasom:
D=D + D + Dp + D, me D, =0,764 D, Don=0,033 D — 10kazauys 103umerpa, ody-
CIOBACHHDBIC NPAMBIM W OTPAXKCHHBIM MOTOKOM Y-H3JIYUCHNS COOTBCTCTBEHHO; Dp=0,203 D
— NOKA3AHMS A03HUMETPA, 00YCIOBACHHBIC NOTOKOM POXACHHOrO B TEAE y-M3AYUCHUS MO pe-
AKIHH 1H(n, 1/)2H; D, = 1-1071 p&ﬂ‘CMz'HCﬁTp.-l'1,89'1012 Hefnp.'cm"2 {5] — no-
KA3aHUS A03MMETPA, O0YCAOBAEHHBIE HENTPOHHON YYBCTBUTEABHOCTBIO.

Hcxoas n3 u310XEHHOro, ASHCTBATEAbHYIO 203y aBAPHITHOTO O0/1YUCHHA MOXHO OUE-
HuTh 401 [p ana HeftrpoHHo# n 2,5+0,5 I'p ans y-coctaBaqomeit. Pacyersas 103a Ha
pyxu noctpagaswiero cocrasuia 1700+170 p ana neiitponnoit u 120x12 I'p ana y-co-
cTas1aowelt (B DPEeINoI0XeHHH, YTO PYKY HAXOIH1HCh HA PACCTOSHHH ~ 1 oM oT cBopku).
C yueToM pazauunii B reoMETPHH, MPHHATON NPH NPEIBAPHTEIbHBIX OLCHKAX H B PACUCTAX,
PE3y.16TATbl YIOBJCTBOPHTEIBHO COFAACYOTCH.

Pesyabratel ao3uMeTpHUECKHX M3MepeHuit ceeaenst 8 Taba. 4. OtHocuTeabHas GHO-
Joruveckads oOhEeKTHBHOCTL HCHTPOHOB TAKOH JHEPIHY M NPH TAKOH 403€ MA.10 OT.IHHACTCA
OT €IHHUULI, W 0000UICHHAA DKBUBATEHTHAS 1032 |12 ] hakTHYeCKH paBHA NOTIOWICHHOM.

[ToToK HEHTPOHOB HA MOBEPXHOCTH HICKHCI YACTH XHBOTA MOCTPAIABLUICIO OLCHCH B

p .
1,2-10'2 cnm™2, 103a 3axBatHOrO y-u3ayueuus = 3 [p.
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B HacTosulee BpeMa 119 noyuends 6o.1ee noHoi kapTuHb obayueHns MeTozom DT
MCCACTYETCS KOCTHas Txaub Patanr naspues w pebep nocTpanaswero. 138 KoppexTwo
HHTEPNPCTAUMH PE3YILTATOR HAMCPEHIT HCOGXOIHMA OUCHKA YYBCTBHTEILHOCTH K Hefit-
POHAM KOCTHO# TKAHH, KOTOPAs B OT/IHUME OT OMAIM 3y0OB MHHEPA.IM30OBAHA AMIUL my
50%.

B 3akTiouenue asropet apurocat Gaarogapuocts T.H. Cksopuosoit 3a cGpaotky aga-
puitnsix go3umerpos THENC, A.TT. Boroso#t n 3.B. Bo1K0BOH 3a m0aroTosky mporpamag
k pacuety u M.B. Keuprm-Mapkycy 33 oScyXIcHHE pe3y.1bTATO8 H MO.C3HLE 3aMEUYaHuy,
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OUEHKA PHCKA PAJUOAKTHBHOIO 3ATPA3HEHNIA OKPY KAIOUIEIT CPEIDI
NPH SKCHJAYATALHM ADC

Kpotuwes H.H. (HITO «Taiihyn»), Paszanues E.J1. ( PHI «Kypuamosckuii wi-m»)

B XX Bexe 4e10BeUeCTBO MOJAYYHI0 B CBAM PYKH NMPHHUHMHIILHO HOBBIT HCTOUHMK
SIACPHON JHCPrHM, B MILTHOHBI Pa3 NPEBOCXOIAIINI €ro TMPCXKHHE 3HEPreTHUYeCKHe BO3-
MOXHOCTH. MCno1b30BaHNE CTOIL MOILHOTO MCTOYHHKA JHEPIUM OCTPO CTABWT. TIDHOPHTET-
HVIO 32334y 0e30NacHOCTH YEI0BEKA M Cpeahl ¢ro oduTtanud. PassiuTHe aepHoil TeXHOI0MHA
COMPOBOXKIACTCT 0OPAZOBAHUEM PATHOAKTHBHBIX OTX0A08, NOTCHUHAIBHO 9B.IAI0WNXCA HC-
TOUHHKOM PHCKA 1718 uc108cKa 1 Giochepsi. PaInoakTHBHBIC OTXOIB MOCTYNAOT B OKPY-
KAWY0 NPHPOIHYK CPEIy HA BCCX JTANAX SICPHOrO TOMLIHMBHOMO UMK npu J00biue H
nepepaldoTke YPAHOBLIX PV, H3TOTORICHHH 1EPHOIO TOMIHBA, HCNOIb30BAHIH TOMIHBA B
AACPHBLIX pCAKTOpPAaXxX, PErcHEpany OT}JJGOTZ!RLUCFO TOMAKMBA, XPAHCHITH PATHOAKTHRHLIX QT-
xoa08. [1peaMeToM HACTOAWECH CTATHH ABISCTCA OUCHKA PHCKA PATHOIKTHBHOMO 3arpa3He-
HIS OKPVIKAOIWCH NPHPOIHON CPLIBI, OOV CIOBICHHOID BHIOPOCaMi i cOpocasiy AS3C Pocest.
OL['SHK}' NPOBOTITI HA QCHOBLC MCTOIOQICMIU MHQAKCCTBCHHDIX HCTOUHMKOB H [I:.‘Ta_‘l\l 06.7}"



