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A critical assembly accident occurred at Russian Federation ru’uclear Center/All-Russian Scientific Research Institute 
of Experimental Physics (RFYaTs-VNIIEF) on June 17, 1997. at lo:50 am (11. Because of a spontaneous chain reaction, the 
researcher saw a flash of light and physically felt heat, and then 5-10 set later he vacated the room containing the critical 
assembly stand. In this paper, we present the results of determination of the neutron and y radiation dose received by the 
victim. 

The RFYaTs-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 /3. y, and neutron radiation [2], including a rhodium neutron activation detector [3], a 
DINA track etch neutron dosimeter with targets made from 237Np-Al alloy, d veloped jointly with VNIINM, on a boron e 
filter [4], two IKS-A thermoluminescent y radiation dosimeters [S] 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 simarions [6]. 

Following the instructions and recommendations in [6]. from the results of measurement of the induced y 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: - 10 Gy. 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 lo3Rh detectors and the 27A1 
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 t- 5 Gy; the neutron fluence on the surface of the upper 
third of the breast bone, determined using DlNA track etch detectors, was equal to (1.8 + 0.2).10t2 cme2. which matched 
subsequent calculations. The thermoluminescent y radiation dosimeters showed (using two glas,%s) 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 Tl dosimeter right against 
the body, we measured the whole-body y radiation dose rate for the victim. A repeated measurement at lo:20 am on June 18. 
1997, 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 “Na. From the results of measurement of the activation of the body, the neutron dose 
averaged over the entire body was estimated as 8-l 1 Gy. 
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Fig. 1. Diagram showing the location of the victim relative to the critical assembly: 1, 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): l means the total 
dose, + means the kerma; * means the y radiation dose. 

Based on the results of measurement of the neutron and y 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 y 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 analysis. 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 k 4 Gy on uniform irradiation by neutrons from such an assembly. 

Hair analysis from the fast neutron reaction 3’S(n, P)~‘P at first was hindered by the presence of a significant amount 
of 24Na 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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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 y radiation dose) per cmm2. 

Anthropometric data of the victim: height, 180 cm; 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 f 20”) and 3 (35 f 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 I3 %  of its sensitivity to y radiation 
[9] and that the neutron dose in the region of the face was -41 Gy, then zz 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-VI&F 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 y photons in n-y reactions in activation and 
transport processes [IO ]. To describe the interaction of neutrons and y photons with matter, we used several libraries and 
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 y 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: 

580 



Lxatlon 

__-._- --.. ---._ 
Face 

Back of head 

Left armpit 

Right armpit 

Pubic area 

Breast bone 

Back 

Wrists 

Average over body 

.-.. .-_ - . 
Kerma. Gy 

4 1 2 1 2 (face) 

13r4 

Method 
i --- -- - 
: DOW. Gv 

‘*S(,r. P)“l’ 

“S(,l. P)“I’ 

“S(,I. P)‘*r 

%(rt. p)‘*I’ 

“S(,L /7)‘+ 

DINA 
Calculation 

Caiculation 
Estimate from GNEIS 
readings C 

Calculation (1 cm from 
assembly) 

*‘Na(,l. y$‘Na 
(rapid) 

“?qn. y)% 
(spectrorncterj 

4. .____ ---‘.. 

4.5 w-W 
5.4 

- 

- 

- 

3 

3.4r0.1 
2.5~0.5 

4.1 

12oc12 

- 

y Radiation 

-1. Methd -..----..- -_----- 
EPR 

Calculation 

- 

- 

- 

Calculation 

IKS-A 
Calculation 

Calculation 

Iakulation (1 cm from 
nsembly) 

- 

-i 

determination by the victim himself of the distance from his chest to the center of the assembly, which was - 53 cm; 
the results of a calibration run estimating the detection efficiency and the individual characteristics of the DINA 

dosimekr [ 111; 
calculation of neutron and y photon transport in the emergency situation and a calibration run using the S-90 pro- 

gram; 
anthropometric measurements on the FKBN-2,M sti, which showed that the victim might have been located 50-56 

cm from the center of the assembly. 
The data obtained allowed us to estimate the energy ieiease in the assembly during the time the victim was near it: 

(4.9 f 1.1)*10’6 fissions from analysis of the penetration of y photons and up to (5.2 f 0.6).10’6 fissions from analysis of 
the penetration 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 = D,, + D, where D,, = 0.9D, D, = 0. 1D are 
the dosimeter readings due to the direct and reflected neutron radiation flux, respectively. 

The readings of the thermoluminescent y radiation dosimeters were generated as follows: D = D,f -I- D, + D, + 
D,, where D,, = 0.764D, D, = O..O33D 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 y radiation flux generated in the body from the reaction ‘H(n, 
$‘H; D, = l.lO-” rad~cm2~neutrons-1~1.89~10*2 neutronsxm-* [S] are the dosimeter readings due to the neutron 
sensitivity. 

Based on the above, the actual dose from the radiation caused by the accident can be estimated as 40 t- 1 Gy for the 
neutron component and 2.5 + 0.5 Gy for the y component. The calculated dose on the hand of the victim was 1700 + 170 
Gy for the neutron component and 120 I+I 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 biological 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 to 
the absorbed dose. 

The neutron flux on the surface of the lower part of the abdomen of the victim was estimated as 1.2.10” cm’-:, the 
neutron capture y radiation dose was estimated as = 3 Gy. 



At the present time, to 0tQin d mart’ cornl+r~ pic:ur e of Ihc’ irrdi.3liw forlorn. using i:I’K t+\t’ 31c uiiih::;. ;:::: :.: 2 

bone tissue of the finger bunts and the ribs of the victim. For a correct intcrprctation oi the m~:1~urcnlcnt results, v+~! nc:r.i ~11 
estimate of the sensitivity of bone tissue to neutrons, which in contrast to the troth enamel is only 50% mineralized. 

In conclusion we would like to thank T. N. Skvor:sova for processing the GNEIS emergency dosimcters, A. P. 
Botova and 2. V. Volkova for preparing the calculation programs, anti I. B. Keirim-Markus for discussion of the results and 
useful comments. 
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i . I54 ATO>lHA% 3HEPI-I1R.T. 85, BI>Ill. 2. r\BrYCT 199X 

nOKliHy,'I IlOMeUlCHUt CTCHLl3. B HaCTo$ItI&Zfi pa6ore flpURO;IHTCH pC3y.?bTaTbl O T lpCAC2eHHSl 
Ao3bI HCiiT~HHOn, U y-U3;IyVeHMII, I-IO,lyW H ltOfi nocrpa2aBwUM. 

B ~~~~-~~~~~~~~pa3BepUyT~cUcTe~~UHAll~UAy~.lbHOii ~BapUtiHOfiI03UMeTpHH, 
p~3p&TaHHan B 70-C rr. u MHCTklTyTe 6%@3H)<u kf Btit'#tiPCHH38 HL? BCCX nI?L‘Ptio On~CHMx 
y'13CTKa.Y npeAIlpURTUii MuH~T~M~. Ee o~~oeofi RB,~HCTCH nH3W BUAya~hHbifi LIBapUciHbiii 
Ao3UMeTp /%, y-,  H&TpOHHOrO W 311yVeHRR rHEtiC 12 I, BK~ItlW tOLLlUti B CC& pGAUeBMir 
;1KT)IB3qHoHHblj(~eTeKTOp HeliT!JOHOB 13 1,TpeKOBMit HL'ATpOHHblAA03~~X(eTP ZMHA c  MH- 

LLIeHRMU U3CILl3Ba 23iNp-.41. pa p% 3 ~6OT~HHO~COBMCCTHOC~~~~~~~~~,B6O~HOM~tt lbT~ 
[4 ] ,AB~T~~M~~IoM~IHCC~~HTHMXAO~UM~T~~~-W~;I~'~~HUR MKC-A [5!B@ .lbTpaXtl3 CBHH- 
~3 U ~.IICIMUHU~, BbIp~BHMB~IOUIMX 3HepreTU~eCKyIO 3;lBUCUMOCTb eT0 '4yBCTB:<T&lbHOCTH. 
ClrcCreMa TaKme BK.lKW aeT UHLTPy 'WIWH U peKOMeHA3UUU A.l% C=ry>l<6 pa;tffW~OHHo~ 6e3- 
On3CHOCTU B aBcipUfiHb1.u CUTyLlUMRX [6]. 

B COOTRCTCTBk,&, CwHCTpyKs~frIhlIi I ipeKO~CH~aUl~nsrR [6 1 IlO  pe3y.lbTaTa!~4 U3MepeHHa 
H~BeAeHUo~aKTUB~ocTU~-~~3,l~'teHI~HOTTe.l~nOCTp;I;IaB~Cro X.H.3nXawsn ?iLiL~LlbHUKOM 
rp~~IlI,l ~.03IIM~TP~14~CKC)To~~O KOHTPO.lH 6hlXI OWHet+n CpC;IHHW  FIU TC=Iy 2033 Hc' i lTpOHOB - 
OHil COCT3BU;IS -10 rp. I~pdbIBwasr no ~R~PU~~HOM~ BbI30By MCACCCTpa HaxO.lSlUZCrOCII Ha 
n=IOLU9;(KeMC/Il~HKTr? BBe.W  ~OCTp,7~cl~III~~l~Il~OTI~BO~~~il~I~I~~HHI~I~~~~~~~~T~ nOCnew?m 
O H  6bI,l AoCTaB.;lefI B OTJeilCHFie UeHTpallbHOfi MCACLIHWCTU (I-. c3pOB). B 18 q 30 MHH 
IJOCTpaAaBLIIerO OTnpaww~ CL?MO~CTOM B MCXKR~ B KJWHIIKY rHl.J  P@ -  MHCTUTYT 6tro- 
C$U3IIKU. 

AosUMerp rHEtiC paahferua,wI B obnacm neaot? KnwIUuhI nOcTpnAaBmen, Ha BO- 
pOTHUKe Xa=laTa.nO pe3y,lbTaTaMCnCKTpOMeTpU~eCKUXU3Mepc‘HUti :IKTUB~UUIf pOaUeB0~ 
AeTeKTOpn, a T3K;Ke ZLlKlhl~~HMt?BOrO @UslbTpn AO3UMeTpa MKC npeABnpUTe.lbHO OUCHWIU 
AO3y 6brcTpbIx HdtTpOHOB B Mt?CTC HOUIeHUR A03MMeTp3, KOTOPFIR OK33%13Cb rlpUMepH0 
paBHO&% 50 rp.np~ nepCxoAc O T  nOTOK He~TpOHOB,OflpeAC~~eHHOrO n0 aKTU133W iUAeTeK- 

TOpOB U3 lo3Rh H C@WIbTpOB H3 27AI, K Aose nCnOnb30Ba~7W  U3BeCTHblti CHeKTp yTevKH 
H&TpOHOB H3 MeT~.l>lMYeCKOti aKTWBHOfi 30HbI. B AaJIbHeL%lJeM AO3y 6binpr>ix HCiiTPOHOB 
~TWIHWIM C I IOMOUZbK) TpeKOROrO AO3UMeTpa fiMHA C yYeTOh1 AO3OBOti uefiM TpeKa, Xa- 
~~KTe~HO~A~~A~HHblXCneKT~oByTe~K~~HeiiTpOHOB.~O3~He~T~OHOBBMe~P~~3Me~eH~~ 
A03HMWpaCOCTaBij,7a4.w ~p,&IIOeHCHefiTpOHOBHanOBepXHoCTMBepXHefiTpeTMrpyA~, 
OnpeAfL7eHHbIti C nOMOILIbI0 TpeKOBbIX AeTeKTOpOB AMHA, OKa3a;lCR jIaBHbih4 

(1,8t-0,2)10’2 CM-~, YTO COBIl32lO C npOBeAeHHbI,MU 3LITeM paC'4eTa.MU. flO3UMeTpbI ' J -Us-  
nyveaas MKC noK33a.lU (noA~y~ cTeK,lad 3,5t0,3 rp (cpeAHee noirey~ 2ereKTopahd. 

~~OCT~~,XIBIIISI~~ n0cTynU.T B K,WHUKY MHCTUT~T~ ~U~+U~UKU B 21 v  3 -O MIIH. C no- 
MOUlbfOA03UMeTpa L[Pr-oi T l BWIOTHL'KI K TWIy  M3MepWI4i MOrUHOCTbA03My-~13jry~LeHUSI 
ncc:;2AaauJem. n0~~0pHOe UahfcpeHFte B 10 ti 20 MMH I8 UI~HR 1997 r. noK33ano,q~0 38 
3T0 BpeM% MOUlHOCTbZl03bI ynana nOlITU BJBOEf. TaKasl AUH.?MIIK3 COOTBeTCTRyeT nepUOAy 

nO.lypaCnaAaHaBeA.eHIiOii LIKTUBHOCTM 24Nrl.n0 pe3V.lbT~T3M H3MepeHMSI ;iKTUB~~UWTejIa 
AO3a HetiTpOHOB, yCpCsHeHHZ4 no BCeMy Te;ly, 6b& OqeHeHa B 8-11 rp. I 

Ha OCHOB;1HHU pe3y,'IbTaTOB M3MepeHHR A03M HetiTpOHOB U ;/-U32yVeHIiSI C ITOMOUlbH) I 
aaapdHOro zOaehteTpa IIHEflC (-50 Tp) U onUczIw~ no,lomeHUH nocrpaAnBmero OTHO-  

/ 

CWTe,lbHO C6OpKW, C;Ie.l3HHOrO HM CLlhltfhf> IlpeABapUTenbHaSI OqeHKa CyMMapHO~ AO3b4 I 
y-HefiTpOHHOI-0 U3llyYeHMII H3 KHCTU py~ CocfZiBU;la 200-250 rp. I 

B 8 q 18 UIoH54 1997 r. y  nocTpa;raBmeroA.ln aHa,lU3a 6w-w B3RTbI ABe npo&I KPOBH ' 
M o6pZi3qblBO.lOC C O  dia, BaTbLlKa, ,7eBOii U npaBOti IIOAMblLUeK U 06,'IaCTH .'dKa. tiCW e- 

AoBc?HMH npo6KpOBU nOK~3~;lU,~TOy~C,lbHan~KT~¶BHOCTb 24Na,npUBeAeUHSI K MOMeHTy 
CUP, OKLI3%7LiCb paI3HOii 260 61 290 E;K/ht;r, qT0 COr<' I3CHO MfZTOAUKe [7] CCOTBeTCTByeT 
103e 14?4 rp IIpIi paBHOMepHOM O&IyIeHIlH HefiTpOH3hW I O T  TaKOrO TlfIIZI CbOpOK. 

A~a;rus ~0.7oc no pea~;rran ~8 6hiCTpbIx HeRTpOHaX 32S(n, /I)~~P B rJepBCe BpCMR 6~4.~ 
3aTpq'lHeH npUC~TCTBUCh1 3H3W fTe.lhHOrO KOAUqeCTB;I 23Na R noi-HbIx BO;IOC~.Y. n03~0h4y 
Ii3MepeHHx flpO~O;rH.lH B TC~eHiIe Iic'X.lH ;1,151 Rbl;l~.l~HHR KOM~OHWTOf i  C pL73HhI.lf FIep4fO;rOM 
no.l~p,lCnnLIln (Ta6.1. 1). A.72 pncl-r2~2 ~03bI UCno.lb30Ba.?U JHcpreTULlCCKyH) 3aGUCUMOCTb 
Ct'YcHIlH FsL!iiW iIl LI CndKTp J'T?2LIKLl Hi'fiTPoHUB. 



iHOi?~03HMeTpWu, 
Y SQCPHO Ofl3CHMX 
IhHbIti aBaputiHhik 

B ~651 pOAuCBMi-i 
.leTpa.MHAcMu- 

B6OpHOM@UYlbTpe 
$U,lbTpaXH3CBuH- 
yBCTBuTeJIbHOC;u. 
IJM~W+OHHO~ 6e3- 

>T3Tat.l H3MepeHWl 
mR3 Hl?'lallbHuKOM 
333 HeiiTpOHOB - 
H3XOL1HI4erocR Ha 

fnapa~,noc~le~ero 
1. B 18 II 30 MUH 
- MHLTUTYT 6u0- 

,XlAliFXLIO-O Hi3 BO- 
~1R~~uUpOAueBOI-O 
~UTC!JIbHO OL(eU%7u 
3&13Cb I lpHMepHO 

JK’l%B~~WHAeTCK- 

.lti CIlCKTp YTWKM 
ICTpbIX HdTpOHOB 
I qem TpeKa, x3- 
Iecrepa3Meruewix 
KHetiTpeTWrpyAH, 
33a,'IC11 p;IBHbIM 

3.03W2TpbI 7’-U3- 
ByhIaeTeKTOpaM). 

Y 20 MUH. c I-IO- 
103M ~-usny~eHusI 

nOKa33;10, 4TO 3a 
eTCTByeT nepuolry 

n 3KTuR3~UuTe.la 
P- 
: p. 

-tr'HuR C IlOMOI4bIO 
rpa;(aBruero o~Ho- 
CyMMapHOti J03bI 

3BenpobbI KpOBu 
.TU <106KLi. Mccle- 

:eHHaR K hIOMeHTV 
71 COOTBeTCTBy& 

'n;l C6OpOK. 

1CpBOC BpChI% 6blJI 

~0.70~3~. l703~0My 
P33HbIMIT~JJHOLIOM 
SyfO 33f3MCUMOCTb 

Cxesfa pn3hreme~un nocrpnmsmsru 
OTHOCuTLlbHO C60pKM B MOhlt?HT LlBnpUU, 
yK,?33HH,7H C1M C3MMM RO BpeWI IlpdblR3- 
HUP B KAIiHIIKe MHCTWT~T;~ ~UO&I~WK~, 
nOK33aH3 H3 pHC. 1.06.7y~leHU26bI~~0 noq- 
TM hlrHOReHHhIM,CM.~bHO HCp3BHOhlepHMh1, 
B OCHOBHOM .'fOK~7.~1130B~HHbf.M E3 06;lLfCTU 
py", IU7ORbI It TOpCZI. 

l-i0 CnCKTpy HCiiTpOHOB yTe'-IKfI L-I.q 
hfCT3;l;lil'ic‘CKUX aKT1iBHhl.Y 3OH, nOJOxe- 
HHIO flOCTp:i&iBtLIefO OTHOCUTe,IbHO UCTOY- 
HMK3 Ii n0 ~.3HHblhI p~~ciOTl,I [8 ] 6blJO p<lC- 
C'IUT17f~O I-~wGHftHOe pncnpc~c;rct~ue Cq'M- 
hGfpHOii a03bl HCiiTpOHOB $1 OT~C.7bf+bt.Y ee 
KOhInOHCHTOR (KCphIhI HdITPOHOB II 303bI 
3;lXR;lTHOI-O ~-113,1\iLICH11~) B PLIC’IL’TC’ Ha 

I cht-2. 
AHTpOnOMeTpMWCKHe AaHHbIe no- 

CT~,?~~BUIC~O: POCT 180 CM, nepeme-3nz- 
HUfi pLl3MepHZfypOBHe HumHeir %lCTu rpy- 
,!IHHM 20 CM, KpeCTt@ 21 CM, B HLinpaB,le- 
fIUH =IO6-3;1TbI;lOK 18 CM. 

Pncnpeze.lefjue a03b1 ~GII~~I~Hu~ xmI 
H,lflpZlB.lCHUii 1 - 0-c20' U 3 - 3.jtlj' 
OT rOpU3OHTZLlbHO8 IL-IOCKOCTU npIlBeZ.eHO 
Ha prlc. 2. Hywpnuusr HLInp~B,~eUUti CO- 
OTBCTCTByeT npMWITOLi B padOTe [8 ]. 

nOLIe ChlfZpTIl 6bIJILl uCLleLlOB3H3 
3ML7b3y608 nOCTp~,lLIBUIerOu yCTZlHOB.le- 
HO, YTO CLlTH3.1 3nP COOTBrTCTByeT JO3e 
5,7t0,5 Tp. Ecnu yYecTb, ~TO ~~BCTBU- 
TL'IbHOCTb 3hla,7fI 3y6OB K HefiTpOH3M 
53% et? YyBCTBUTL7bHOCTU K y-Ha.l\iqe- 
HUfG [~]ulO3~HC~TpOHOBBO~,~~CTu~~i~a 
-41 l-p, TO 51,2 rp hIOjKH0 OTHeCTH 113 
CYCT HCI”ITPOHOR,D03J’ 3aSBaTHOrOA{-H3.7Y- 
‘ieHlt5i OUt’HIITb FIp~l6=IIi3ilT~,~bHO B 4,j i-p. 
3TO 3H;IYt’HLle 3;1ME’THO 6.,IiX, K paCCV31- 
TaIiHOMy 2.19 ;IHUa j,4 rp, OCO&HHO WAH 
)YeCTb, LiTO 3"/, SIB,lHIOTC% BCp.YHeti OUeki- 
KOii ~yRCTBUTC.1bHOCTII 3M&lu 3y6OB K 
HeiiTpOH~~hl. 

?IfeToaohf hfOHTe-Kap,TO R P@s(Ll,--- 
BHllL134’ 6bl.lII pLlCCqHT3f+bI CflCKTphl 

P Cl c 2. 
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3~TlXlOK 
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1314 ' %(:I. p)'*P 

Jlemi flOAMblUlKn 43213 J*S(rr. ,!q.‘+ 

~p303fl flO~Mt>lUlKtn 6O-cl8 ?(/I. pyr 

JtO6OK 2929 '2S(/l. /pP j 3 Pawer 
1 

rPY.lb 45r.5 flLfHA I 3,4+0,1 HKC-A 
40-c] PSWT ; 2,5%0,5 P:lCWT 

I 

Cnrltl3 I 6.7 PWlt?T J.l Pwler 

KWIM pyK 200-250 Ol(WKA 
I 

no noY;13~lltt>l\l I-I-IEriC I 

I7OOk I70 1 I’ilCliCT (I C.V OT C60PKU) 1 1202 12 PXWT (1 01 OT CliO,,Ktl: 

Cpe~Hwl no Te.ly 8-11 23Sa(,r. y)?‘Na 
! 

bxllpecctlo~ / 

14t4 

Ii 

I 

&L-ly'ICHHblc' ZGlHHhlC llO3BO;lIl,~M OUCHMTb 3H~prOBbLlC.lCHWe R CbOpKe 33 BpeMH Ha- 

XO)I<ZlCHi~HnOCTp~A~BLUtZ-OBO3;leHCe (4,9t 1,1)1@ Ae;l.nOaHn.~ll3yflpOXOmA,cHnn~-KBnH- 

TOB H A0 (5,2+-0,6)10’6 A,e.'I. no 3HLLl113y npOxOm;reH~in HefiTpOHHOrO ii3nyYeHkrsi B npeA- 
nO;lOmeHUH,YTOpZiCCTOIIHM~OTUeHTp~ c6op1waO nOCTp;1A~?BUlen,COCT381151.70 53CM.TXme 
6bi.1 OnpeAe,WHbrAO30Bhle KOMnOHeHThl,~opM:IpyH)~~lC nOK333HHR AOBUMeTpOR WHA H 
MKC. nOKn3:iHkWl H~~~T~oHHo~oAc!T~KTO~;I AMHA C@OpMHpOB3=IMCb33CYeT nor.loulesHofi 
A03hlOT np5IMOrO nOTOK HefiTpOHHOrO H3;IyYeHilR M nOr,'lOUleHHOfi A0361 OT OTp,?WZHHOrO 
OT Text nOTOKa HekTpOHHOrO !13=lyYeHktH D = Or,,,+ D,,,,, rx D,,,=O,9 D, Do,=O,l D - 
~OK~3~HMW;\O3~MeTp~,~by~~OB~~HHb~e~p%hlb~~~ HOTpWKeHHbiM IlOTOKOM HeirTpOHHOrOM3- 
;ryYeHMH COOTBeTCTBeHHO. 

nOKn33HkfR ;(031151eTpOB '/-~13.14"IeH~lR MKC C@OpMMpOB;lHhl C,leAylOUl~lM 06pLl30M: 
D = Dnn+ Don+ D, + Dn, me D,,,, =0,764 D,D,,=0,033 D -nOKa3aH~~lAO3warc~p,l,o6y- 

ClOBJCHHble npnMbV.1 M 0TpLl)KeHHht.M IlOTOKOhl ~-il3,lyYCHH~l COOTWTCTBeHHO; D,=O,203 D 
- nOKa33HMR A03MhlCTpc7, O6~CJOFL'leHHble nOTOKOM pOXQeHHOr0 B Te.lCY-M3,lyYeHHH nope- 

~KUIIM ‘H(n, Y)~H; Dn = l*lO-” p3n.c~~.~e~~p.-‘.1,89.10*~ HefiTp.*c~" Is]--no- 

KL13aHHH Ao3HMeTpa, 06yCfiOBJIeHHble HefiTpOHHOfi '4yBCTBWTe,lbHOCTbIO. 
McXoAsl M3 H3;1o>KeHHorO, AeikTBHTWbHyH,;I03y afGlpHfiHOr0 ob+'YeHWl hlO>KHO Oqe- 

HATb 40kl rp &%I HeirTpOHHOti II 2,5+-0,s rp A.lR y-COCTrlB,WKNUCk P~CYCTH~SJ ;103a H3 
pyKH nOCTp3A3BlLlerO COCTL?BMJZi 1700k170 rp A,Vl Hl?fiTpOHHOti M 120k12 rp XI% Y-CO- 
CTa5;l%lOIllCr' (8 npe2nO.lO>KeHJiM, YTO p\'KH HLiXOJM=IMCh Ha pLlCCTO%HWf -1 CM OT C6OpKH). 
C yqeTOM p173.1MWifi B reOhfeTp&iH, npHHSIToc"c npil np~~R~p~lTe.lhHblXOUcHKaX HB p:iCYCT:lX, 
pC3yIIhTLlTbl y,2OB,7L'i-BOp1ITC,lhHO COrJIZlC~JOT'C5l. 

Pe3yJlbTZlThI AO3kIMeTp114eCKMX H3MepeHlifi CBC2tZHbI El Ta6,l. 4. OTHOCMTe~~hH2R 6HO- 
,lorMYWGl5I 3~~eKTliBHOCTb HCl?TpOHOBTaKC$i ~HeprLlM M FlpJlT~KofidO3t! hIiLl OT,-I1143C‘TCII 

OT eIUiHll~Ja1, &I 0606l+HH311 3KBLlBX7~HTH3H JO3.1 [ 12 ] ~~;lKTIlYeCKW p:lBHa nOr~~OLtICHHOii. 
ROTOK HeiiTpOHOB H;t nOBepXHOCTH HLt;KHc‘ii WCTlI ;I(IIBoT:l nOCTp~llaRwc'r0 OUCHCH I? 

17.10" Cl,-2 .A 2 1 JO32 3;1XB;ITHOrO ;/-113.1>'4c'HiIH = 3 i-p. 
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B H;ICTORIU~L' BPCMR .I.TFI no.~ylreriM~ 6O.W nOAHOfi K3PTMHM o6;ryYeHffn MeTOaOM3nF 
wxxx~~tmcn KOCTN~II TK~H~ cjxx'~n~r m;TbUeR $1 pe6ep nOCVXl~Rmem. L?.IR Koppe!~~~fi  

If~repnpel-aqw~ pC3y.~bra~Ofi H3wcpeHrrfi He&XOIHMa OUeHK3 YyRCFB~fTe. ' lbHOCTH K HefiT- 
pOH3M KOCTHOI"f TK;lHZf, KOTOpafl  8 OTllHYife OT 3MLL'iN 3y6QB MNHep3.1M3093Ha jlHIf& ~a 
SO?/,. 

B xwxo~wue n~ropbr npcf~~c~~B.-rarosap~oC~bT.H. CKBOPUORO~~ 33 dp&I~~ya~a- 
PM~~HMX ~osmerpo~ THEtiC, A.ll. EOTOBO~~ H 3.8. BOJKOBO~~ 33 IT@XOW~K~ npqaMM 

K pacwry n lii.5. KCHPH~I-V~PK~C~ 33 ~&cyxacHnC pe3y~IbraTOB u no.le3Hhie3ahfeYam. 

CnMCOK JIMTEDATYPbl 


