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l.Bnen.eHH e 

H8CTORUW 5t p a6 oT8 nnnSJe T CSI npoaon}!{eHHeM
11 1 . Ee uenb - H8MTH M e Ton., nrono-

nRJOlUHli, B3 1.JB 38 OC HOBY l'OMO!'eHI!ble p aC'i e Tbl, p8CC T8BHTb 6nOKH p e 8KT0p8 T8K, 

'iTODbi n o ToK T e nnoBbiX Hei1TpOHOB 6 bin aoc TaTO'iHO TO'IHO Bbip8BHeH. EcnH aTo yn.8-

e TC5I 0 TO !v. OlK HO an n ll.OC T 8 TO'ill0!'0 KOllH'ieCTB8 CTep}!{Hefl H He peW8Tb r e TeporeH

HYJO 3 an.aqy, 3To oco6eHno ea}!{HO, ecnu npocTo yquTbiBBTb npocTp8HCTaennyJO 38BH-

CHMOCTb pe3 0H8HCHO!'O 3 8XB8Ta, B03HHKAJOWyJO H 3 -38 HepBBHOMepHOCTH pacnpen.ene-

IIH5I TOnnHB8 , feTeporeHH85I npo6neMa CT8HOBHTC5I nOTOM nO'iTH He pewaeMOll , 113 

pe3ynbTaToel 1 I BbiTeK8eT, 'ITO »Menno a To uMeeT MeCTO a o6n8CTJ.I npaKTH'ieCKH 

npHMeHne M blX p e 3 y nbTA TOB, 

2. nocTAHOBKB 3AilA'iH 

K reTeporeHHbi M pacqeT~M npHMeHSieM TeopHJO 4>ei!u6ep ra- fanaHH5t
121 • Pe3o

H81ICHbili 38XB8T nOK 8 He yqHT biBBeM, ilng nllOCKOll reOMe T pHII CTeplKH5IMH S!B ll 5IIOTCSI 

nnOCKOCTII TOnlUHHOl\ d CTep}!{HH ( HHTeBI!Il.Hbie) PBiliiYC8 p , 

P e 8KTOp onHCbmll e M ypaaneHI! e M 

N 

I y H(;,; )<fl( r ... ) , 
n m n (2. 1) n=l 

rn.e - KOOpAR HB T bl CTep>KHeA , <f'l ( ; ) - T ellnOBOA llOTOK B TOqK e ? 
T ennoa ol\ nOTOK 1!8 D -TOM CTep lKHe , y n - Ten noaag nOCTOSIIIHBSI n - T O!'O C T ep}!{JI5J, 

~ u 2 u 
d ""a - n.ng nnocKHX CTep)I<Hei!, " p I a - n.ng HI!T e BI!Il.HbiX C T e plKHell , p - p BiliiYC 

u ...... 
C T eplKHSI, Ia - Ce'ieHHe 38XB8T 8 a r opJO'ieM, N - KOllH'ieC TBO c T ep}!{Hell , H(r,rm)-

- <jJyHKUHSI BllH SIH1! 5I, 
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.. .. 
f e T eporeHHOe smp o H ( r, r ., ) , nonc'IHTBHHOe s nsyxrpynnoBOM np11on11>KeHHH ( B 

cornSCII I! C ypaBHeHHRMH, npHMeHS!eMLIMII D.nR rOMOreHHbi X p aC'!eTOB), HMe eT n ng Oe C-

KOHe'IHOl! cpenbl s Rn: nnR nnocKoro CTep>KHR 

2 I ·- • I 
L 

H(z,zo) = D 2(L2-r) I [L(IJ-l)+rle-~ 

D.nR H l! T CBI!D.HOrO C T ep>KHg: 

I ·- •o I 
-.,.,t..;7e ----vr 

(2.2 a ) 

1 2 I;_; I 2 I;_ ;o I 
H(;,;) = !(L (r-l)+r]Ko( L o )-IJLKo( - )l'(2.2 G) 

0 2rrD(L 2 -r) yr 

rne D - Ko3tjxjl tmH eHT nH~J<jly3HH nnH cpeD.bi ( Me>Kny on oKaMH) , L - n•r tjxj>y 3 H OHH!IR 

D.ni!HB cpeD.bl , r - D03 p8CT HefiTpOHOB B Cpene, IJ - KOnH'IecTBO BTOpii'IHbiX Heihpo-

HOB. 

00D.CTSBnRR B nesy10 'IBCTb (2.1) KOOp D.IIHS T bl C Tep>KHel! H TpeoyH TO'IHOro Bbl-

-+ ... 
paBHIIBB I!I! H noToKa Ha CTep~<HSIX(<l>(rm)•tl>(rk) ; n,k =1,2, .. •. , N) , npHXO!liiM K 

Cl!C T eMe neniiiteHH biX ypSBHeHIIfi n ng K00p11.111!8T CTep>KHel! 

y II Yf 

N 

}.; y H (: I 't ) = 1 ; m = 1,2, .. . , N . 
n m 

n =l 

3 . Pew e 1111e 3Sli.S 'IH 

.. 
r 

Dl 
II IIX XDp DKTCpiiCTI!K 

(2 .3) 

EciiH He Tp e OOB S Tb OD.I!HSI<OBOCTII C T ep>KHeli , TO pewe1111e CIICTeMbl (2.3) CTD-

HOBII T CR TpiiBIISnbHbiM, 3anaB8SI KOOpAIIHS T b! CTep>K11el1, nonyqae M Cl!CTeMy JII!HeiiHbiX 

anreopllll 'leCKIIX ypaBHeHHH (2.3) ' D.JIH TennOBbiX noCTOSIHHbiX Yn . B n a llbHeflweM 

npennonaraeM , 'ITO BCe CTep>KHII OD.IIHilKOBbl. 

A. LlnSI nnocKoll reoMeTpltll 

C11a'!ana pewHM cooTseTCTBYIOillYIO roMoremtyiO 3 ana qy ( T.e. Hai'ineM pacnpe-

neneHIIC TOllniHlB, np11 KOT OpOM Bb!p8BHCH !IOTOK T e nnOBbiX HeiiTpOHOB) . Oocne 3 T OrO 

nponeneM reTeporemt38UIIIO, KOT 0p8SI COCTOIIT B cneny!Oute M: 31lD.!leM K OJIII'ICCTBO 

C T ep>KHell N II liOD.C 'IIITbiBSCM KOJ!li'ICCTBO TOII/li!D8 HIJ O!lliH C TCp~<eHb II 3 oTeM 
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aenaM aoay aa N o6naCTeii ( orpaHH '!eHHb!X nnOCKOCTl!MU) TBK, 'IT06bi KOJJII'I9CTBO 

TOUnHBB B KB>Kaoil. o6naCTH COBITBABnO C II 0 noaC'Il!TbiBBeM UeHTpbl T5l>KeCTH TOUJJII-

sa Ha BCeX o6naCTRX. Yfx KOOpAHH8Tbl Z T 6epeM s Ka'!ecTse npn6nu>Keaaoro 

peweaal! 

nonaral! 
(II 

z 
n 

( 0 l ( 0 l ( 0 l (0) 
Z 

11 
+ ( 

11 
H npeAITOnaral!, 'ITO ( 

11 
<< Z 

11 0 
MO>KHO pa3nO)I{HTb 

H( zfll I z(r)) B plla ll 

,<I>'". B" 
nony'IHTb H3 (2.3) CHCTeMy m!lleiiHbiX ypaaaeaai: ann nonpaaoK 

., 
11 

cneAyiOw eil. HTepauaa noacTaanl!e M z( 2) = z( ll + {( II 
n n - n 

a noaTopSieM npouecc, 

KOTOpbii! 6b!CTpO CXOAliTCll H y>Ke nocne ABYX-Tpex waros A89T TO'IIlb! !l peaynhTST 

(cM.f5 1 ). TaKHM o6paaoM OK83biBaeTcl!, 'ITO AnSI nnocKoro peaKTopa c KonaqecTsOM 

nnOCK!JX CTep>KHell 6onbWe, '!eM 15, aocTaTO'IHO pew nTh TOnbKO rOMOreHHY!O 38 Uil'IY. 

E. Jl n Sl u an a H a p u 'I e c K o II r e o Me T p a a 

npl!MOe o6o6rue1111e· BblWCyK838HHOrO MeTOLlB HB uani!HApll qecKy!O re oMeTpli!O 

B03MO>KHO TOJibKO, ecnll TOITnliBO pacn onO)I{eHO B BRAe KOHUeHTpli'IeCKHX UHnHHApOB. 

Jlng HHTeBHAHbiX CTep>Kael! B03HHK8!0T TPYAHOCTH. 

Yfa C006palKeHHfl CIIMMeTpl!H BbiTeKaeT, 'ITO CTep>KHH aOnl!<Hbl 6 b!Tb pacnono

lKeHbl Ha OKpylKHOCTSIX c ueHTpOM B cepeAaHe p eaKTOpa . nycTb K- qacno 3THX OK-

PYl"HOCTel!, H N .- qacno cTeplKuel! aa k -Toft oKpylKHOCTa H 

apaqecKae KOOPLlHHBTbi • TorAa (2.3) MOli<HO aanacaTb a cjlopMe: 

K 

I 
l I 

H ( r (• cPp I r k • </> k 
) c 

y j ~ 1, 2, ... , N f kc I I= I 

( r , cP I ) HX UHnHH
k k 

(3.1) 

CHcTeMa ( 3.1) CHnhHO ynpowaeTCSJ, ecnH c·rep>Kaa pacnoJJOlKeHbi TBKHM o 6paaoM, 

'ITO anSI BCeX CTeplKneti, nelKaWaX Ha OAHOil OKpy)I{HOCTH, ypasHeHHSI OaHHBKOBbl. 3TO HMe

eT MeCTO, ecnn ypasHeHaSJ AnSI ApyrHX CTep)I{Heil TOll )1{9 OKpy>KHOCTH MO>KHO non y 

'IHTb ITOBOpOTOM ana 39pKanbHblM o6parueaaeM KOOpAHHBT ana KOM6JIH8UH9il 3THX 

Asyx npeo6paaoaaaall. Yl a sToro Tpe6oaaHHSI nony'la!OTC SI ABa Tana p acnpeAeneH!ISI 

CTeplKHelt: 

1. Ha scex oKpylKHOCTSIX OAHHaKoaoe Kona'!eCTBO cTep>Kaell paaAe neuHbiX pasHbi-

MH yrJIOBblMH HHTepsanaMll. 

II . Ecna aa oaaol! OKpylKHOCTH n CTep>KHei\, TO Hfi llpyrax MOlKeT 6biTb 

ana n ana 2n cTep>KaeA npa onpeAeneaHbiX yrnoabllt pacCTOSIHHSIX. B ueaTpe 

aceraa MOlKeT 6biTh O!liii! CTep>KeHb. PacyHKH 1 a 2 OTBe'Ia!OT nepaoMy Timy, 3 a 4 

BTOpOMy. 
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u 
Oil 

0.. 

c? 
t.i 
:::: 

0.. ~ 

J 

Boo6me roaopH, (3.1) npeacTaBnHeT CIICTe My N ypaaHeH!Ill anSI 2N Hel13aecT

IIblX KOOPilBHaT CTeplKHCH. npliMC He HB e CIIMMeTpnfl S!BllSICTCSI CC T CC T BeH HbiM illlSI yc

TpaH C HHSI 3TOH HCOilHv3Hl1LfHOCTII, 

3 a M e q a H 11 e 

KaaapaTUllH perueTKa ynoaneTaopSieT 1 TIIDY c qeTb!pbMH cTep>KHHMn Hll oKpy lK

HOCTn, CClllf UOHIIM8Tb OKpylKHOC TII C 60llbWIIM qiiCllOM CTCp)I(HCif ( OliO BC e rna KpaTHO 

'leTblpeM), KaK COOTBeTCTBY!Outee KOlliiL!eCTBO 6eCKO!IeLfHO 6ll!13KIIX, HO pa3 Hb!X OK

py)I(HOCTCH, llnH OCTllllbUbiX perynHpHbiX peweTOK nonyLfllCTCSI TO >Ke CliMOe, HO C 

I!Hb!M qnCllOM C TCplKHefl Hll OKpyr.<HOCTII , 

Tene p b MO>KIIO nocTy n a Tb T aK IIM JK e caMbJM o6pa3oM, KaK 11 a cnyqae nnocKoll 

reoMeTplln. 83HTb roMoreHHOe p e weH!Ie nnH pacnpeneneHIIH Tonnnna, pa3nen 11Tb 

T ODIJHBO 118 UllllHIIJlpHqeCK!Ie KOllblla C KOll!IL! eCTBOM MaCCbl , COO TBC T C TBy!OilliiM KO
T 

ll!fqe CTBY CTCp lKHeil:, DOJlC LfiiTliTb UeHTp T IDKCCTII r k li 113 CIIMMeTpiiH Onpenell!ITb 

' I 2 yrnOBbiC KOOpJllllll!Tbl, llallbllle pa3ll0lKHTb H( r p• </>p r , </> ) B PHil DO r n, r B TOq-
T k k [ k 

T ~ 
KllX 'f , r k II y TOqlfSITb HTepaUIIHMII U e !ITpbl p83110lKCHIIIl . OnwlKo a HCKOTOp biX 

CllY'IliHX I!CT CXOiliiMOCTII II BO acex cnyqaHX pa3HIIU8 B KO OpilllllliTli X •reTe-

p oreHH3HpOB8HilOro' peweHIISI li TOqHOrO peweHHSI TaKaS!, LITO B0061Ue 11Cllb3SI f'OBQ

piATb o roMore HJJ3aunn. Ho roMoreHHoe p e weHHe MO)J(H O ' reTeporeHH3HpoaaTb' npy

r liM o6p830M . npe o6pa3yeM pacnpeneneHHC TOUlliiBll Hll UOCTOSIHHY!O If KBliUpllTHY!O 

CCTKy
1 

Upll U OCTOSIHHOM pacnpeuen eHIIIf npeo6pa3yeM o6pa T HO. 3aTeM UO)lCL!II T lleM 

ueuTpb l T ruKeCTn TaKn M o6pa30M B031111KlllH X g q eeK . 3 T o npuaonnT nac K <jJopMyne: 

T 
X l 

T y 

N 

TT R 
2 

A+ a B+a 

I d ~ J d 17 
A B 

r* ( p 

p 

f, 
I 

T/ 
(3 .2) 

A , B - nocTO SIHHbJe, 3aanc SI!llJUL.Q.T HOMepa H'IellKif, N - KOlliiL!eCTBO C TeplKHeH , 

TT R 2 2 2 
a - v -- war p eweT Kn, p=y~ +17 11 

N 

r*(p) 

J m(x)r dx 

r* ( p ) 

7 

2 
p 

o np e a enHeT C H 113 ycnoBHH 

M (3.3) 

2 TT R2 



R 

rnc M = 2" f m (r ) r dr- KOITH'IeCTBO TonnHB8 a 8 KTnauoli 30He. Anropnqnvt nn!l c'leTa 
0 

HHTerpana (3,2) MO>KHO 38nporp8MMHpOB8 Tb He38BHCI!MO OT TOrO, Y'IHTblB8 e TC!l pC-

3 0H8 HCHblfi 38XB8T HITii HeT. norrb3Y!!Cb B biWe yK83llHilbi M fiOllXOllO M , MO~<HO BBeCTil 

nou!!THe !l'leliKH H nnn c ny'l8!! HepaBHOMe puoro pacnpeneneHH!l roproqero. Ho ll8>Ke 

3 TOT BHll • r e TepOMC Hii38UHII • He npHBOllHT K HyrreBOMy np 1<6ITH~<eHHro, npH IIC fi OITb-

3 0B8HHII KOTOpOrO fiOITY'liiiTIICb 6bl YllOB.'l e TDOpHTenbHbi e pe3yiTbT8Tbl IITepaTHBHOr O 

pewe HH!l CIICTeMbl (3.1) lliT!l 60ITblUOrO 'IHCIT8 CTep~meli . npa 6onbWOM KOITH 'IeCTDe 

c T e p >KHell nO!!BIT!lroT C!l TPYllHOC TII 113-38 Toro, 'ITO a xone p eweHHH (3.1) Bbl'UfT8-

IOTC!l npyr 113 npyr8 fiO'ITH OUHH8KOBble 'IHCIT8, 'ITO npHBOlliiT K I!CC T8 6HITb HOCTII H 

fiOTepe 3H8KOB np11 C'le Te ( ll8>Ke eCnH C'IHT8Tb 118 Mll llii!He C n eC!!Tbro 3H8'1lllUHMII 

UH<\JpllMII) , 3TO BC e l!llBOllHT Hll MbiCnb 0 TOM, 'ITO MO>KeT 6b1Tb H He HY>KH O TO'IHO 

peWBTb C HC T CMY (3.1), a CTOHT npOCTO npOBCpllTb, He !!BIT !leT C!l nit •reTe poreuu3H-

pOB8HHOe• peweHHe y>!<C ll0CT8TO'IHO TO'IHbiM , 

nocTBBIIM celi'IBC 3llll8'1Y T8KHM o6pa30M . PaCC'IHTllB 113 roMOrCHHOro pe!Ue-

H ilS! KOOplliiHllTbl C T ep>KueA r 
k 

1 

.<P, no <)lopMynaM (3.2) 11 (3.3), 6 yneM pewaTb 

CIICTeMy: 

K Nk J 
<l'>(r~)=A l: <t(r) 

k=l k 
~ y H ( r~ 

1= 1 

cb p ) ~ = 1,2, ... , K . 
(3.4) 

H3-3a CHMMeTpHII noroK ua cTep>KH!!X ue 3BBIICIIT OT ch u ypaauenH li T OrrbKO K 

y rronaraeM paBilbiM rrornolUeHHIO nef!Tponoa a c T e p>Kue ·· y = ~ l:" ~ l: " -
N a a 

MaK p ocK orrH'IeCKOe ceqenHe 3axaaaTa a c Tep>Kn e ), A non!leTc!l c o6c TBe UHbiM 'IIIC-

noM CHCTeMbl (3.4) H UMeeT CMbiCIT reTeporeuuoli ITOHp8BKII K KpiiTI!'IeCKOii MllCCe. 

3Ty nonpa BKY MO>Kno C IIIIbHO yMeHbWHTb y'leTOM a u ewu cro GnoK - 3qxpeKTa a Tenno-

BOM rrornolUeUIIII fil • Cneny!l f8naunuy, nonyqaeM : 

8 -I = 1 + ~ 0 + !f I (3,5a) 

2 

lg 
a 

~ v 2 
+ 0,024 

!f a m f 
a 2 7T p 2 3 rrp2 (3.56) 

= ; I= ----2 r 
0 l:u v 

--+---1 

u 4 rr L 7T p2 2 2 a 2 

1--
a 
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r-ne p - panHyC C TeplKHSI, V 11 - 06beM TOll flHBa, V m - 0 6 b eM 3 llM9Jl1111T9flSI, l:m 
a 

CnenoaaTe n b HO, y Hano yBe nH'IHTb , 'IT06bi KOM neHcn poaaTb yxynweHHe KpH-

Tlf'!HOCTH, C B!I38 HH09 C UOSIBfl 9 HU9M BH 9 l1111 9 f'O 6nOK-s<jl¢eK Ta UpH n e peXOJle OT f'OMO-

f'9 HHOil C HC T9Mbl K f'9TeporeHHOli. nosTOMy B (3.4) BMe CTO y nyqw e mtcaTb 

y* = y . (3. 6 ) 

Benny Tor-o, 'ITO w a r p e weTKn nn 11 >Iep a anoMepHoro pacnp e nenenHH TonnH a a 3HBH 

c nT OT KOOPJlRHaT , flllJlO B <!JopMyne (3.6) ll fJ 0113B9CTH ycp enHeHHe llO 0 6 beMy p e aK-

Topa. 

' P ewaeM C IICTeMy (3.4) OTHOC HT91lbfl0 A H dl ( r J , nony •Ia (> M, 'ITO llflH pe-

aKTOpOB C 6onee '19M 20 CTe p w H!IMU B blpaBHUBaJill9 B llp9 /19118X 

flH'Ill9TCH OT ClliiHIIUbl 60flblll e , '19 M Hll 1%. 

ne OT-

yf3- 3a H9flHH9 If HOCTH CIIC T 9Mbl (3.3 ) Heflb3 SI HII't9 f'O CK83aTb OTHOCUT9flbHO OllHo-

3llll 'IHOCTH ee peWCHUSI, MOil<HO TOflbKO llOKa3aTb , IICXOilSI U3 QlOpMyfl bl !!llpa JlllH llllOC-

KOll f'90M 9 Tp11H, OJlii03Ha'!HOCTb pern e HHSI llflH Tp e x CTep li<He li. 

Pe 3 ynbTaTbi 

np0Jl9MOHCTpUpyeM pe3yflbT8Tbl Ha H9CK0 1lbKHX UpHMe p a X H npllB91l9M '19pTe lK 

peweTKH, nony'leHnOff reTepor-eHu3auHeii. Bee pe3ynbTllThi Kaca JOTCH p e aKTOpa c 6ecKo-

H9'11lblM 0Tp8 lKllT9119M II CO Cfl 9 1lYIOllli!Mll XllpllKTepHC T HKllMH: 

TJ=1.34 

u 7.73 (bam) 
a 

r m = 10 -· em -I 

r = 118 2 
em 
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OTHOCHTenbHO 6onbwaH aepaBHOMepaoc Tb B noTOKe aa KpaeablX 6noKax o6bHCHneTCH 

TeM, 'ITO a6nH3H rpa HHUbl llOB!ITHe gqel!KH TepHeT CMhlCn. 

3a KnJO'I eH He 

B pa6oTe uccnenoaanucb p aanH'IHble nonxonhl K reTeporeHHOMY peweHHJO aana

'IH o BhlpaauaaaHIIH noToKa. Baeneaae noHHTHH gqeiiKH nns peaKTopoa c aepa auo-

Mep!iblM pacnpeneneaHeM Tonnaaa noKa3blBBeT, KBK MOlKHO aTy aanaqy pewaTb. 

0K838nOCb, '!TO rOMOrel!Hbdl p8C'IeT MOlKeT C AOCTBTO'Il!Oll TO'lHOCTbiO npen

CK838Tb peaynbTDT reTepore aaoro pacqeTa nnH peaKTopoa c 6onee 'teM 20 CTeplK-

l!SIMH, ecnH UOilb30B8TbCH OUHCBHHblM MCTOAOM. !13 '3TOrO BblTeKaeT, 'ITO All!! peaK-

Topoa c BhlpaaaeHHhl M noTOKOM a npaKTII'leCKH BBlKHblX cnyqa!lx, Korna reTeporea-

Hhlli pac'!eT aa-aa BllHSIHHH pe30H8HCHOrO nornoweHHH H KOHe'lHOCTII OTpalKaTeng 

CT8l!OB11TCH O'leHb TpynoeMKHM, AOC TBTO'IHO Bbl'IHCilHTb napaMeTpbl reTepore!IHOPO 

peaKTopa a roMoreHHOM npu6nalKeHHH. 

3aMeTHM, 'ITO 1!3110lKeHHblll: MeTOA HMeeT npHMeHeHHe .H A IlH npyrHX 3aAa'l, 

HllnpHMep, KOrna HYlKHO HallTH nonolKeHHH p erynHTOp OB TaK, 'lTOObl OHH BblpllBHRnll 

nOT OK. 

B KOHue S! XO'IY no6naronapHTb n. Po'leKa 38 o6CylKAeHHe HeKOTOpb!X aon po

COB n .H.B.Illeaeneaa aa ueaHhle npennolKe!IHH. 

n a T e p a T y p a 

1. B .neneK, npenpHBT 0!15!!1 P4-3581 , lly 6Ha 1967. 

2. C . M . <t>ellH6epr. PeaKTopoc Tpoeaae H TeopaSI peaKTopoa. Han. AH CCCP, 

1955 r ., CTp. 578, 

A • .H . ranaHHH. TeopHH HAepHblX peaKTOpoa Ha TennOBhlX HeliTpoaax. MoCKBS, 

1959 r. ATOMH3AST. 

3. V.Lelelt, P reprint UIV 1365/65, Praha 1965. 

P yKonacb noc T ynana a H3Aa TenbCKHli oTnen 
4 HOS!Op H 1967 r. 
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y 
; • 

1.962 

2.93 1 

,8411 

1.010 

.4774 

.5351 

.2560 

.2728 

r 
I 

0.000 

18.37 

27.7 7 

0.000 

11.41 

16.57 

25.15 

29.18 

29.18 

0.000 

8.476 

12.15 

17. 71 

20.15 

20.15 

27.20 

29.67 

31.73 

31.73 

0.000 

0.154 

8 .760 

12.56 

14.15 

14.15 

18.34 

10.63 

20.89 

20.89 

24.57 

tj> l 
I 

0.000 

0.000 

.7853 

0.000 

0 .000 

.7853 

0.000 

1.108 

.4682 

0.000 

0.000 

.7853 

0.000 

1.107 

.4636 

.7853 

0.000 

1.249 

.3215 

0.000 

0.000 

.7853 

0 .0000 

1.107 

.4636 

.7853 

0.000 
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.9957 
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np0A01UK8HBe TB6liHIIb! 
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33.34 .4634 .9521 

x ) y - 6ea y'leTa 5nox-a~eKTa s TennosoM nornoweaaa. 
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Pac. 5 . PemeTKa peaxTopa c BbipasaeaabiM noToKoM Ann 69 CTp e)I(Bel!. JlaBBbie 

B3HTbl H3 T86liHUbi, nyHKTHpHB!I OKpy)I(HOCTb 0603R8'18eT rpSHHUY SKTHBBOI! 
aoaw npa roMoreaHoM paaMemeaan Tonnasa. 
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