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© 0 6 De ./UiHe HHbui HHCTHTyT aaepasrx HCC1le nOBaHHH ,lly6Ha, 1988 

1. ~lffi 0 HaKOIIJIemm TpaHcaKTHH.K,nOB B smepHoM peaxrope , He 
npe,lUtaSHaqeHHOM cneI.UffiJII:>HO WIll KX nOJlY'leHWi, npencraaaaer miTepee 
~b B OTHoweHKH smepHoA 6esonaCHOCTR, TeopeTHqecKRI WlanHS KOTOpoJ 
npOBOnHTCSI WIll JIIX:5011 smepHoA yCTroIOBKH H ,nOJIlleH BKJIIllffiTb B ceca pas
.neJI, nocBRlIleHHHI aKTHBHOCTR THlleJIllX SJIeMeHTOB. IlOMHMO 3TOI 'lRCTO 
npaKTKtJeCKOI sa,na'IR HaCT~ pa60Ta CTaBHT cBoel ueJIbD 06paTRTL BHR

MaRRe Ha Ci1qeCTBeHHYD paSHKUY B KOJIXqeCTBaX HeKoTopax TSiKeJIllX ZSOTo
nOB, HaKOIIJIeHHHX sa KaMnaHRD peaKTOpa B SaBHCHMOCTH OT Toro, KaK 3KC

llJIYaTRpyeTCSi yCTaHOBKa - aenpepaaao wm C nepaonaxecxa nOBTopsrDllHNH
CSi naySaMH,KaK STO npHHSiTO B eaerO,lUtOM WTaTHOM paCnHcaHRH pa60TIi pe

aKTOpa llBP-2. 

Pa CCIwBTpRBam CSI ,IU3a peUMa SKCIJJlYaTauKH peaxropa l1BP-2. B pexa
Me I peaKTOp pa60TaeT HenpepliBHo Ha MOmHOCTH 2 MBT. B peXHMe 2 (wTaT
HIlI peXKM 3KcnnyaTauKH l1BP-2) peaKTOp B TeqeHRe rona coaepwaeT CHa
'IaJIa 10 TpeXHe.neJILHllX pa60'lHX URKJIOB nonpan, BI<JIIl'IallCL R BIiltIlIJ'mJICL 
qepe3 ~e 10,5 cyToK, a saTeM OCTaHaBJIRBaeTCSi Ha ~TeJIbHlll npo
ilJH.naKTR'leCKHI peMOHT, npo.noJJJralIllHlCSI 155 cyTOK. TaKaSl xaprzaa, r ,e , 
UHKJIK'lecKaSi pa60Ta B TeqeHHe 210 CyrOK B Haqane yCJIOBHOrO ro~ R 
.IJ.,1IHTeJIbHaH OCTaJiOBKa peazropa aa 155 CyTOK B ero xoaue , nepaonaxecxa 
nOBTopsreTcSi . 

MOIl\HOCTL peaxropa B paooxex COCTOSiHHH onauaxosa ,lI,1lSi 060HX pe~
MOB it paaaa 2 MET, TaK 'ITO ycpe,lUteHHlie sa ron :3HaqeHWi MOIl\HOCTH (1,/ ) 

H OJIOTHOCTH HeaTpoHHoro nOTOKa (¢ ) nponopnaonansxs UCJIY pa60'lRX 

,lUte It B ro.ny: 

W i { I (pellHM 1) , (I)
W = <1b = I05/365(pellHM 2) .o 

3,nech ¢e> - ycpe,lUteHHaH no 06'h8MY aKTHBHO~ SOHli, IIJIOTHOCTL nOTORa 
HearpOIIOB Bcex 3Heprmt, paBHaH 1,8'1014 HenTP/C~C npR MOmHOCTH 

We = 2 MBT. 

G. KOJIH'leCTBa HaKOIlJIeHHIDC TSilIteJIllX 3JIeMeHTOB B onacamrax BhlII1e 

,IOlyx pe.am&lX 3KcllJIYaTauKH peaxropa cpaBHHBamCSI npa o,ItHHaKOBWt SHa
qeHWIX saropanaa TOIIJIRBa (I1JIYToHRSi-239), r ,«, npa O,nHHaKOBIiX aaaxe



HIDIX ::lHep r oBblpa6oTKll Q = 'IN t . Pacxara BbInOJIHeHll ,M.'l CpaBH.liTeJ1I>

HO M8JWX Bblropamul. CYJ!leCTBeHHO He npeBIiIII8.JlIU\X npoexraoro 3HatIeHIDI 

(5%). B .liCXO~OM COCTOHHRR TOnnRBa n OMHMO OCHOBHoro R30Tona nnyTOHIDI 

-239 YtJ:RTbiBaeTCR T O~O H~e nnyToHIDI-240 (5%) . Ha~bHoe eo~ep

zaaae ~yrillC TffileJWX H30TonOB npmmMaeTClI paBHbIM HyJW. 

238 242 
rJ..Pu • em 

- ~)3- I j3 (2%) v%/I ~ 
238 I 242m vtn 242 

Np .. ~ Am • Am
(O,J.76%) (97,5%) 

n,t I nor t115%1 .... 
236 ~\O"In,21\ 

237 
J. 241 ,ro'" 

Np • , Np .. Am 
I E3 1(16%) 

P-I(48%) I j!>- I(;'99%J 
ft-I 

236 ' 241 242237 U cJ- n, yPu - Pu .. Puc (10-3% ) 
N c:. 
c:.- ~
 

n,~
 

1 ..I 
239 I 240n.rPu • Pu 

PRe. 1. Cxem R,l(epHllX npeBpalIleHHl npa MaJIHX BblrOpaHIDIX IIJIYTo

aaesoro ronaasa, Ha'IBJILHHl! H30ToIIHHl! eOCTaB ronzasa: 

9 5% nnyToHWI-239 H 5% nnyToHWI-240. 

2 

Cxe~&l HaKOnneHIDI TpaHCaKT~OB, cooTBeTcTBYDmaR npHHfiTbIM or pa

HlNeHIDIM sa Ha'laJIl>HbItt H30TOIIHHl! cocras H rJIY(lIDiY saropaaaa TOILlIlma , 

npe~c TaBrreHa Ha pHC. I. Cor~cHo 3Toll cxeMe R3MeHeHHe H30TOllHoro coc

TaBa BO BpeMeHH OURCblBaeTCR cHcTeMo! H3 tIeTUpHa~aTH ypaBHeHHl! ~ 

j~ t-( J..N+r:J; ¢(fJ)N = StI' (2) 

r ne A/II .Ii ~Q. - COOTBeTCTBeHHO nocroarmaa pac nana H MHKpOCKO

nzxec x oe cexeaae nOrJIOmeHIDI HYKJIH,na N . CRMDOJIOM N O~O Bpe
MeHHO 06 0 3HatI eHO 1I KOJIRtIeCTBO R,l(ep , H HH~eKC HYKJIH.n8. ; B KOHKpeTHOlt 3a

TIllCH 3TH 06 03HaqeHIDI 6ylJYT HeCKOJIbKO pa3JI1NaTbClI: HanpHMeB' ROJIHtIeCT

BO anep nnyTOHR1I- 240 1I ero ~eKC 0603Ha'iaIOTCH KaR H} (t) H 

PU.40. 
Ilpaaae tIaCTIi ypaBHemnt ( 2) onpenananrca cJIe.IJYllltHMH BlipalleHIiHMK : 

S = 0 5 - (,1../ ss ~ 
Pu.39 ) Pu.'iO - U;u39 YJLr)Pu (t) J 5P''(.J36 = q~l.,l ND (t)",36r , 

S - ((J'-1212.11 r: II. JS 't2 31 
Pu3t - A 39 ¢ ~ G"p 1 ¢..JPu tt) + A. (In (t) -1-). ND (t )L 

3 GII " J ... CtrI ..2. N'p 3t I J 

S :: c- r n.. t o S _ ~ 'II +~ 
Pu'tl Pu ~o~Pu (t)~ Pu+l.- G: 1 . rpPu (t ) +O, /6J.. Am{+J;

r'U oy/ A/JIJt1 

S - G:"I Z" A. 31 1" H 
N,!' - N'pH ~ Np '(t), 5N.GU =- .1.. ... -t1Am(t) +A U (t) 

r "'" IJJl , 

o- r,J.. n "21nSNf38 = 'PNp '(t) + ~OOH6 AAm"Z'" AIh (f) juNp •H 

S - "\ tl r A. '"Am,,' - Apu-tl Pu (f)) ~,""l'" O,'S c;;,...ltl~ Am (t) I 
r 'II ~llnS:AM~l:: ~a5"G' ¢Am(t) +q9~S A Am (I:) 

AM iii it '"~'" ~ 

5 "' = 0,001 ::t Puf '( t )
U3 T Pull/ I 

~21tt 42 
SClnlll = qOl A Am 0) + 0, it A. AhJ (t)

A", tZ lit A", +2. 

1J:epes ¢ r 060BHa'l6Ha IlJIOTHOCTb nOTOKa r aMMa- KBaHTOB. 

~ ¢ (-I:-) - TeKymee SHa'IeHRe nnOTHOCTH HeaT p oHHoro nOTOKa 

:i 



pasaa IIOCTOIDiHO!t ¢o = 1,8· 1014 He !tTP/C~C B pellWMe I, a B pellRMe 2 
IIpe~c TaBnfle T cOOoH Kyco~onocToIDiHYD nepllo~ecKYD saBHCRMOCTb OT Bpe-

MeHll , pasnyn HYJIXl B naysax H BeJIH'lHHe ¢'O B paooxea COCTO.mum 

peaKTopa . 
MKKpocKo~ecKHe Ce'l8Hlffi ycpe~eHH IIO sHepreT~ecKoMY pacnpe~e

~eHllD nnOTHOCTll HenTpOHHor o IIOTOKa B aKTHBHO!t SOHe. 
HenTpOHHH!t CIIeKTp B aKTHBHOn aOHe yffiP-2, paCC'lHTaHHH!t MeTO~O M 

MOHTe-Ka~o, np e~cT ann e H B Ta6~.I. nnn aHepreTH'l8CKO~ saBHCID~OC Tll 

nnOTHOCTH H8nTpOHHoro nOTOKa B OOJIaCTll aIi8prHl1 HenTpoHoB E > 0, 015 MaB 
Ta~'lHHe ~aHHHe ~OCTaT O'lHO xoponio (c norpenmocrsn He ooae e 10

20% ) annpoxcaxapyorca ~e l1 _/. 
- e/o, - t:/ ()~ 

¢(E) = U>hsf(;Ul r e ) ) (3) 

rne f} = 0 , 454 !daB H ~ = 1,414 MaB. 
I 

Ta6mma I 
CneKTp HeMTpoHoB B aKTHBHOl1 SOHe ylliP-2 

*) <PC") - HOpMKpOBaHHaJI aa e,ltIDlHUj'" Z ycpe~eHHaJl no OO'beMY aKTHB
Hoi 30HH nnOTHOCTb HenTpoHHoro nOTOKa B 8~OM HHTepaane ~TaprKH 

U. =- Bt. Eo / E (Eo = 10,5 MaB) . 

4 

Ta6JIlll.\a 2 

Mcno~syeMHe SHa1leHKR cpe~ MHRpOCKOIDI'leCKRX ce1leHHl1 Z 

aKTHBIlOCTb THZeJlHX HSOTonOB B KOlm6 KaMIJaHHH peaxropa 11EP-2 

hYKJlJm 

N 

IIepHo~ 
noJIy
pacna.na 

MHKpocKOIIH'leCKH6 
( 6apH) 

G"': ( (J'Q. 
II II 

ce'leRHR 

G: ",.21l 
II 

AKTHBIIOCTb 

PeDM 
I 

(KIlpZ) 

PeJlIDil 
2 

2J7 u 
2J6Pu 

6 ,75 ~ 

2 ,851 ~ 
-
-

0 ,813 

1 ,872 

-
-

0,04 
1,9<10-9 

0,03 
4, 9<10-8 

2J8pu 
2J9pu 

90 ~ 

2,«<104JI 
-

0,164 

1,746 

1,985 
-

4,65·10-3 
157 

4372 

150 
4370 

24°Pu 6600 ~ 0,332 1 ,132 - 941 940 
241Pu 13 JI 0,154 1,788 - 3734 2777 
242Pu 
2J6 NP 
2J'r Np 

3,76'105 ~ 
7500 ~ 

2,2' 106 JI 

0 ,179 

-
0 ,510 

0, 785 
0 ,691 

1,297 

-
-

1,1'10-3 

3,0'10-4 
1 , 9 ' 10-8 

8 ,5 ' 10-6 

2, 6'10-4 

2,1'10-7 

8,9'10-5 

2 J~p 2,1 .nll - 0,576 - 0,08 0,80 
241Am 434~ 0,681 1,474 - 15,4 43,7 
242Am 16 11 0,086 2,548 - 31,5 90,0 
242Am 152 .n 0,086 2 , 548 0,04 0,12 
242Cm 162,5 ~ - 0 ,595 - 20,7 22 ,0 

Ycpe.ltH8HHHe no peaKTOpHOMY cnexrpy C8118HWi panaanaonaoro earsa
ra G"' t "OrJIOllleHHR: (J Q. :I'l (fl., 2.1L )-peaxmm Bll'mCJI&1IRCb no 

~ ya60T 2-4/ B npHBe~eHH B TM~ . 2, IIePHO,JtH no.nypacna,na BaRTH 
za 5,67 , cexeaae nOrJIOllleHHR: 0- a. nOlmMO pa.n;wu~l!OHHOrO 38XBa

T8 a ~e.neHKR :BKJIJRaeT TaKZ8 B ,IijlyrHe KaHaJIH H,ItepHHX peB.Kl.tJdt C HelT
poaaaa BJm ra.JaB-KBaHTaMB, IIpBBO,ItRIItHMI:I K "rz6eJIH" R,IUlIl-MHllleHB. IIpex
.Ite scero 3TO (IlJ Zn. )- ( ~J n: )-pe~, CeqeHBe epoToHelTpoHHOa 
~ 239 Pu. (r.n. )228,ou (CM, pHc,l) HMeeT nopor B 06JIacTl! 

10 MaE /?/; ero cpezaee SHa1leHBe IDWIeTCSl HeCYIIleCTBElHHolt nonpaaaoa 
K ce'leHBIJ (n.2.h. )-pea.Kl\Hlil . IlBMeHHHe SHaqemm ceqeHHit B TMJI.2 ~o 

HeKoTopolt cTen~ YMOBHH HS-38 60JIb1llOA CHCTeMaTH'leCKOa norpemHOCTR 
(He MeRee 25% 2), 06yc~OB1leHHolt Heonpe~eJIeHHOCTbllH,Itepma: ,IJ,aHHHX 

~ 60JIblllllHCTBa HYXJIB,JtOB, nepe'lBMeHHHX B Ta6JImle. O,ltH8.Ko, nOCKoJ!bKY 

OCROMOI neJIbll pa60TH SIBJIlIeTCSl cpaBHHTeJIldIHI 8Ha.nH3, TO'lBOCTl> onpe

.Ite.neHBJI cpe,JtHHX HeITpoHHHX ce'leHd JoIMBeT sropocreneaaoe aaaxeaae , 

5 



3. Pe aYJIl>Ta TIi 'lRCJISHHOrO pemeaaa CHCTSMii ypaBHeHllit (2) rrpencr a n

JIeHIi B Ta6JI. 3. B Ta6JI. 2 npHB8~eHH ,ItaHH1i8 Ta6JI. 3 npa Q. = 10 MBT . 

•JI8T, YMHolKellIws na COOTBeTCTByJIllyil nOOTOmmyJ) pacnana H BbIpaJitSHHHS 

B e~ aKTRNIOCTR KnpH • CO~8paaHH8 TRXeJIHX H3 0TonOB BuqnCJIHJIOCl> 

H elIocpe~cTBSHHO B MOMSHT OOTa llOBKH p8aKTOpa lISPS~ o'lepe~on rraysoa 

(B peJ[HMe 2 ) . 3Ha'leHRfl aKTHBHOCTR, npHBe~sHHHs B Ta6JI. 2, COOTBElTCT

Bym KOHIU" KaMIIaHIDI peaxropa npa BHI'OpamUi TOIJJrnBa 5%. TIpH6Jll1J1t8HII0 

CBHal> Me~ sHsproBHpa6oTKoa R BHI'0pa!Ui8M IIJIYToHRR-239 B rpaMMaX OlI

pe~8.IDl8TCSl Ko sifxIlmUIeHToM II 
dm/dQ. = - 1,2 r/MBT·CYT • (4) 

BKJIan ~oHHoro aaxBaTa B BHrOpaHllR COCTaBJISl8T 9%. 

l1a Ta6JI. 2 H 3 BH,IJ;IIO, 'ITO npa O~aKOBHX BHrOpaJUUIX rounasa sa 
KOIIJIeHH8 H8KOTOpHX RaOTOlIOB B pSXHM8 C rraysaMH B HSCKOJIl>RO paa (aMe

p~) R ~S Ha lIO~OK (IIJIYToHHtt-236, HsnTYHR!-236-238) Bume, ~eM 

B 118lIpepHBHOM pellllM8. 3T0 CBHaaHO. o~eBH,1(HO, C xaPaKT8pOM HaKOIIJI8lmSl 

HCTO'llUIKa SN MSP N npa HyJI8ma Ha~HHX yCJIOBIDIX. 

EcJIR IIpeHs6pe'll> HSM8H8HH8M BO Bp SMeliR CO~SpxaHHSl HaOTOlIOB IIJIYTO

HHR-239 R 240 R yqecTl> JIHIII1> OCHOBHHS peaznaa B uenosae M8PHHX npeapa
memn\, MOEHO nOJIY'lllTl> lIpH6Jll1Jt8HHHS peueaaa ypamlSHl'ltt (2), BUpa.aeHHH8 

xepes YCP8~8HHYJl aa I ron cxopoczs HaKOIIJISHIDI JIJIyTOHRR-241 B Ha'JaJIS 

KaMIlaHIDI • 'II r - -to
P E. Pu.. (0) = G"Pu+O rp p" (0) (5) 

(paBHYJl 7,55 r/ro~ B peZHM8 I H 2,17 r/ro~ B peXHMS 2 lIpR HOMRHaJIbHO! 

MOmHOCTR peaaropa 2 MET). D 3TOM CJIY'I88 WIll 060HX peZHMOB SRCIIJIYaTa 

J.tID! peaxropa 06_ xapaxrep HaKOIIJISHIDI TsmeJIHX RSOTorrOB BO BpeMSHR 

RM8ST B~ _ !i .A. 
UH(tJ =/0 P Pu,lil [ .~ - l-eJSO(-;fuHf1j"J (). +>">/)


Aun Aun Q tin } (6)
 

n 38
 -3 n .tli - r 
rru. (t) • 4 ·/0 c;- ',~ ).PuIt,J..l4ftt'tl A.NDU p~ i (I-J.,t/G+ ·J ~ 

Np (7)f 

'VQ/¢J (A+ e (APu3s+ O/'16 i J f «<e), 
P~'(tJ = (J",2.tl JS - " (8) 

Pu JS Pu ¢ t "" Q )
 

P:"(f) := p[t- - I-~(-At) T", Q (At ~(A +- (J"Q. ¢Jt«l) (9)

A J "Atltl Pu.' } 

+2 '-t2.( l( ~ ~Pu. ('-t) =;-P¢ () +- ~OIfS3 G"" A..a..,. t) 'V Q (10) 
~ ~~ ~~ ~~ J 

Nf~t) -=: ~::: Apultl p i t~(tris;..l AAm't/) '"Q;i.!. J (II) 

n.L l -S" 2/-,2Nt '(t)r::;~ Apu+,Pt (/0 +jAAIn"t,f).-v &; «> , (I2) 

A,3'/f) II: I G'" r J.. AlH 3;-,2
/"f L' ,- M 3jl ~ '? (fJ'V G; 1> (13) 

A Np 38 ~ ~ 

A::{t) =j .1 • P tz' '" Q.'li " ( 1 4 ) 
PU 1 

A!nl {f ) = o,8~- G" r
A A",Jf'

Ain't, 

A ~lJn r 
In rt) = O,lb- ~h7'" 

C "2/. - r:-r '1 /-eJ/P(-;'f) -At-,
In d) - o,3S~ \JA",~,IlPu"IP¢ i" -t2. ).3 )'V 

~ (i' (At- = ( /l c ln ~ l +~:lil.i")t >:>t). ( 17 ) 

~ A:"(fj ~ Q.l/¢ (15) 
0 } 

-/.3;. J 
A.Pt(It,P¢ ;6 "-' Q!¢ ~ (I6)

«: 

3,z:tSCl> wcmTa60M BpeM8HR SlBJISlSTCSl I 
RSOTonOB BbI'lRC.IDleTCSl B MOMeHTH BpeMeHR, 

roaaan peaaropa, B <{x>Pt.\YJIaX (13) R (15) 

nonypacnana H8nTYHRR-238 H aMePHUHR-242 

ron. CO~8pzaJille HaKOIIJI8HHHX 

COOTBeTCTB~S pa60QSMY COC

,a-sa M3.JIHX SHa~SHR! nepaona 
5/ (IIO CpaBH8JU11) C HaRM8H:bIIUIM 

xaPaKTSpHIlM BPSMSH8M pezm,n 2, paBHUM 10 , 5 cy T ) HaKOIIJISHR8 3T IDC RSO

TorrOB Onpe~BJISlSTCSl.lIO CymeCTBY,TSKYmHM SHaQ8HH8M H8aTpoHHoro nOTOKa, 

KOTOpoe O,ItlUlB.KOBO WIll 0601lX pSZHMOB R paBHO ¢o B pa6o~eM COCTOSl-

HID! peaxropa, 
~OPMYJIli (6)-(I?) HS yqRTHBaIlT MHOrHX ~eTaJIea, uanpaxep, p8ZRMH 

I R 2 OTJIR'la.IY1'CSl TOJI:bRO SHa~8HR8M ¢ ,HO B o6IIIKX 118pTax .nam 
IIpaBHJIl>1IYJl KapTRHY HaKOIIJI8HRSl rpasoaxraaanoa, ~ rpy6HX 0U8HOR HX 

MOllHO HCnOJIl>SOBaTb BO B08M Jl}IaIIll30He BIlI'opaHHR, npRB8,neHHoM B Ta6J1.3. 

3TH <{x>PMYJIli lI0JI8aHH Taxxe a npa OU8HKaX CRCT 8WTm8CKO~ norpeamocra 

psaYJIbTaTOB.D llaCTHOCTR,nprt 2 5%-~ HSOUPS,n8JI9HHOCTH ~SPHHX ~ux/2~ 
CaCTSMaTHllSCKaR norpSmnOCTl> paC'lSTa aRTHBHOCTH KDpRR-242 (TaOn . 2) 

OKOJIO 35%. 

CymSCTBSHHoe OTJIHllRS B HaKOIIJISHKR HSKOTOpUX RSOTonOB B paSHHX 

peJKl'lM'iX 3KCIIJIYaTauHR peaxropa 11EP-2 06'hllCHSl 8TCSl, KaK CJIS.nyeT HS (7) Ii 

6 
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(11 ) -( 16) , ~eM 06paTHOtl 3aBHcm~OC TR OT ycpe~eHHoH s a ro~ nnOT

HOCTH HellTpoHHoro n OTOKa npa \PHKcnpOBaHHOM asropaaaa TOWIRBa Q =: ¢ t: . 
IIpl'I BH6paHHOM Ha 'iaJIhHOM H30TOIlliOM COCTaoo TOWIlIBa xapasrep s Tott s a BH

Cl'IMOCTl'I onpeaexssrca BH,1tOM RCTO~ S N . anep N H BpeMeHSM 

USHH IIOCJIe~HX D peaxrope n o cpaBHeHl'IIl C xapaKTep HHM BPElm HeM pexa-
Mi 2 . Hanpm.rop, CROp OCU 

eTCH SaxBaTOM HetlTpoHo B 

2 4 1~r.n - paC~OM Te x 

• +2 
Pu. ~ S 

P"liZ I 

aaxonaeaaa 2 42 Pu 
~ nJIYTOHHIl- 241, 

~o H,Itep . 06a RSOTona 

- .1(/ · Itl 
.-v «»: Avn ~ 

B OCHOBHOM onpeneaa
a CKOpOCTh HaKO nne HliH 

~OJIrOE1'I~8 , T . e . 

.1(/ 

~hJ-+1 'V Pu • 

IIOCKOJIhKY K~eCTBO ~OHHIl-241 rrp o nOpnl'IOHaJIhHO BW:'OpaHl'IIl TOITJ11'IBa 

Q • TO HaKOIIJIeIDIS 2 4 Pu 6y,nST 3aBHCe Th TOJIhKO OT BW:'OpaHIDl 

(Kalt Q .2 ), a aaxonneaae 241 Aln , npa TOM Jte ~ , YBeJllf'lHB8,STCJI 

npon Op1UiOHaJIhHO Ka.MIIaJfI'Il'I peaxropa t: = Q/¢ , npO~OJ1X1'ITeJIhHOCTh 
ROTop o tt B peZEMS C naY3aMH C~e CT BeHHO 6 oJIhIDe . 

ABTOp U npKSHaT8 JIhHU B .B .MeJIRXOBY K A .n.PorOBY 3a nOMOmp B ~C

JI8HHHX pac~eTax. 
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5 p. 50 K. 

7 p . 75 K. 

4 p . 00 K . 

4 p . 80 K . 

3 p. 75 K . 

4 p . 50 K . 

13 p. 50 K . 
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