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' 1· 

B npe.n.naraeMoii pa6oT~ HJy'laeTCH CTPYKTypnaH clJynK-
. . . . 3 

~HH (t/ f( x, p l ,_ s) =E* /~ ~ ';ml HHI~nJOJHBHbiXITPOU.eCCOB 
.. + P,'. .: : . ;· 

THna n p .... "- X . B .u.nanaJoHe 3Heprnii ~aneTaJOlli,HX 
HeiiTpOHOB /2-10/ r3B .. Me~O.U.bl paJ.n.eneHHH KaHanoa.pea'K~ 
unii .H ou.enKa, l!~~ynhca neiiTp~>Ha,BbiJBaBlll~I,";o na6.nw.u.'e~oe 
BJaHMO,!I,eHCTBHe, HJno:>KeHbl B HalliHX. paHHHX pa6oTaX. 

2
•
3 

• 

. Mbi npoao.u.n:M nJyqenne, cTpyKTyp~oii· clJyni<u.nna nepe-
MeHHhiX X, Pi _;. r.r(e x., .. o'npe.u.enHeTCH. KaK p* /p:;,ax . 
.J.u.ech ~j 1 ; llJ?O.U.OnhHhiH nMnynh~ H~6nw.u.B;eMoro 1

J_-MeJoHa 
a o6men c.u..M., 

·. 1 .·_.·, .. · .. --2% . . -2'12 
=-.-[s-(m +.m·)] [·s-(m -m) ]; 

·- · n·e- ·P . · n · p 
2ys. ·· · 

p* 
max 

s .~ _Kaa.u.pa:r nonnoii 3HeprHH ,B c.u..M. llepexo.n.H K. nepe
MeHHhiM x . H p 1 , iwnyqaeM cTpyKTYPHYJO clJynKUHio a an.u.e 

d 2o 
f(x,p2 ·s)- E* .l., - --

•. TTp*.. 
max 

. 2 
, dx dp.l. 

r.u.e -E *- 3ueprHH na6nw.u.aeMoii qacTHU.hi a. c.Jl.M.* 
' . . ' ' . ' " ~ .. ' -. f .. • 

'* qTo6bi-.: nony'IHTh· npaaHnhHOe · 3naqenne· aenH'IHH HJ 
rpaciJHKOB, npnae.n.eHHhiX a .pa6oTe /pnc: 2,4/, ·neo6xo.n.HMo 
cooTBeTCTBYJOlli,He . pacnpe.u.eneHHH no.u.enHTh na .u.nnny nu-

. Tepaana,· qep.eJ KoTophiii npoHJBO.U.HTCH nocT·poenne·. · · . . . 

3 



!13- 3a II30TOfiiitieCKOii CII~vflvfeTpiiH Ha'tianbiiOH CHCTel.fbl 

np noBe~eHUe 1T +_ U 1T- -Me30HOB B nonHOCThiD UHKni03UB
HhiX npou;eccax n P -B3aUMO~eHCTBUH TO)I}~eCTBeHHO, ecnu 
paCCMa TpUBa Th HX no· OTHOWeHUIO ~pyr K ~pyry B 3 epKanLHO
OT06pa)f(eHHOH CUCTeMe. li03TOMY B HeKOTOphiX npe~CTaB
neHHhiX pacnpe~eneHUJIX paCCMa TpUBaiOTCJI 1T -Me 3 OHhl Ka
Koro-nu6o o~Horo copTa, a " -Me30HLI ~pyroro copTa 
npueneKaiDTCJI ~nH yeenuqeHUJI CTaTUCTUqeCKOH TOqHOCTU. 

B ceqenuHx TT+-Me30HOB c~enaHLI nonpaBKU ua neHa-
6nro~aeMbie B HaliieM 3KCnepuMeHTe O~HO- U CeMunyqeBLie 
B3aUMO~eHCTBUJI~ BBe~euue nonpaBOK TaK)f(e OCHOBaHO Ha 
coo6pa)f(eHUHX U30TOnuqeCKOH UHBapuaHTHOCTU. 

qucno TT+ ~Me30HOB U3 KaHanOB np-+nnTT + (m TT 0
) /T.H. 

o~uoriyqeeLie 3Be 3~LI/ paeuo Ha6mo~aeMOMY qucny "--Me-
30HOB B Kananax np-+ppTT- (m1r 0 

), r~e m=0,1,2.,a qucno 
TT+ -Me30HOB B KaHane np-+ pp 3TT- 2TT + /7-nyqeBLie 
3Be3~LI/ COOTBeTCTByeT Ha6mo~aeMOMY qucny TT- -Me30HOB 
B KaHane np-+ n n 3TT +2TT.-·. Pa3HUI.J;a no cpaBHeHUIO 
c TT--Me3oHaMu cocTOUT B TOM, qTo "+-:Me30HLI Ha~OB3HTL 
3epKanLHO OT06pa)f(eHHbiMU B C.I.J;.M. f?qs0~- -+ cos17.{180°-0*)]. 

TaKUM )f(e o6pa3oM 6Lma BBe~eHa nonpaBKa Ha HeHa6mo~ 
~aeMLie TT--Me3oHLi u3 .7-nyqeaLq: B3auMo~eiicTeuii. CqiiTa
nocL, qTo ceqe~ue :Kauanoe c qucnoM qacTuu; > 7 Mano, 
H TaKUe KaHanLI B HaWeM • 3KCnepUMeHTe He yqUTLIBan;.cJ.;. 
/CeqeHUe KaHana np -+nn5TT COCT~BnJieT /0,6±0,3/MB 4 /. 
Cne~oBaTen'LHO, BBe~JI COOTBeTCTBYIOI.QUe nonpaBKU, MO)KHo 

+X u cqUTaTL, qTo B cnyqae np -+ TT- Mhl UMeeM nonHLIH 
UHKni03UBHhiH 3KCnepUMeHT. +1 

Ha puc. 1 npe~cTaeneHo noee~eHue · Z (s)= f <I> ( x,s)dx 
. -1 ' 

00 2 
~nH "+_ u "--Me30HOB, r~e <I>(x,s)=fl(x,p.f,·s)dp.l. B 

0 

3aBUCUMOCTU OT s. BepXHUe TOqKU OTHOCJITCJI K nonHOMy 

+1 
UHTerpany f <I> (x;s) dx, 

-1 

+0,1 

HU)f(HUe TOqKU- K f<J> (x,s)dx 
-0,1 

T.e. · K n;eHTpanLHOH o6naCTU, a cpe~HUe .TOqKu COOTBeT-. . 

+1 0,1 

CTBYIOT pa3HOCTU UHTerpanoB f<J>(x,s)dx- frJ> (x;s )dx • 
···. -1 . . -0,1 
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Puc. ·1. Pacnpe~~neHue Z (sJ=.rf 
0
f f(p},x,s)dpi_ dx,. . . ~n11 

"+ -u "-- Me3onoe •. Ha. HHmHeii wKatte .yKa3aHLI .cooTBeT-
CTByrouin'e nMnyni,cLI HeiiTpOHOB. .· 

113 pucyHKa BH~!IO, 
1 

~TO uatinHaH c p ·. = 6 T3B/c . , .. . . , . . n . 
3HaqeHde ~YHKUHH ·z B np~jenax 'bilin6oK ocTa~TCH no~ 
CT011HHhiM: : . . . . . .. ' . • . 

· O~H,aKo nonyqeHHLie'' 3KcneimMeHTanLHble ~aHHLie He 
no3eon~wT c.rieiia TL onp~~eneHHoro n'Lmo~a oTHocurenLHo· 
3aancnMocTn <iJyHKUHH Z · oT 3Hepruu e. o6mic.TH Pn > 6r JB/ c. 
Beu~y Manoro · JHepreTnqecKoro HHTepeana H. '6onLwnx 
owu.6oK Henh311' c~enaTh Bhi6op Me>i<jy nonHoii ueJaaucu~ 
MOCTbio Z OT s/Z(s)=A.,.,2,8; x 2 =42 npu 5ToqKax/unu 
cria.6oii· Jaa'ucnMocnw or s.; · 

0TMeTHM HeKOTOpbie .. MeTO~HiieCKHe BOllpOCbl. 
'• ' --;· ;··, •. 

113 puc. 1 BH~HO, qTO B HeKOJ'OpbiX TOqKaX Konuqe.CTBO. 
"+- u " - -Me 30HOB pa3nnqHo. 3To CBJI3aHo c ue6on~woii 

norpeWHOCThiO ,. B: Bhi~eneHUH KaHa.nOB . peaKI.J;UH 
nnTT +17+ TT-(m TT0 ) U3 TpexnyqeBhiX U pp 1T+TT-TT-(mTT 0

) -

H3. UJITHnyqeBbiX C06b1TUH. ,113 C006pa)f(eH~H U30TOnH9eCKOH 
HHBapuaHTHOCTU KonuqecTBO Tex u ~pyrux peaKu;uii ~On)f(HO 
6LJTb o~uHaKOBhiM. . O~naKo,, pa3HLie . MeTo~LI BLI~eneuuJI 

peaKUUH 1J.3; u.5,-nyqeBhiX;.3Be3~ax npUBO~JIT KHe6onLWOMy 

5 

' 



.: . / 

pa3nH'!H!O B '!Hcne 17+-H 17 ---Me3oHoB. Pacxo)K.nemiH HHr.ne 
He rrpeBbiWaiOT CTaTHCTH'IeCKHX OWH60K, IIpHBe)(eHHbiX Ha 
rpaqJHKe, H :yMeHbWaiOTCH C yMeHbWeHHeM :meprHH,· TaK 
KaK ,IJ;OJIH yKa3aHHbiX · peaKUHH . B 3TOM cnyqae rra.u;aeT: 
)J;pyroii BH,IJ;HMbiH 3«j,)dJeKT, 1;BH3aHHbiH C MeTO,IJ;HKOH,- KOJie-
6aHHH TO'IeK aoKpyr HeKoToporo cpe.u;Hero. 3To B o6nacTH 
P

11 
·> 6 r3B/C CBH3aHO C HeTO'IHOCTblO 3llaHHH HMIIYllbCa 

HeiiTpoHa, B pe3ynbTaTe qero co6biTHH rrepexo,n;HT B coye.n
HHe HMIIYJibCHble HHTepaaJibl, 3aBbiWaH B HHX Ce'!eHHe. CHOBa· 
BH,IJ;HO, 'ITO KOJie6aHHH 3TH IIOpH,llKa CTaTHCTH'IeCKHX OWHfiOK. 
113- 3a Mero,n;HqecKHX owH6oK pa3Horo po.u;a cne.u;yeT yaenH
'IHTb OWH6KH, yKa3aHHble Ha rpadJHKe B Cp~,IJ;HeM B 1,5 pa3a , . 

jo MeT~,IJ;aj pa3,IJ;eJieHHH. KaHaJIOB peaKUHH. H 06 OWH6KaX 
eM. a 2 •3 f. Ha pHc. ·2 rrpe,u;cTaaneHbi pacrrpe.u;eneHHH 

<fl(x;s)=jf(x,pl;s)dpl ,IJ;JIH 77+-H 77--Me30HOB B4-HMIIYJibC~ 
. 0 . 

HbiX HHTepaanax: pn = /3 - 5/ r3a/c; /5-7 I r3a/c; 
/7-9/ r3a/c; > 9 r3a/c. Ha rpa!lJHKe rrpHBe,n;eHbl CTaTHC
TH'!eCKHe OWH6KH. 

KaK H rrpe,u;cKa3biBaeT H30TOIIHHBapHaHTHOCTb, pac
rrpe.u;eneHHe <lJ (x,s) )(JIH 17 --Me30HOBHBJIHeTCH 3epKaJxbHbiM 
OT06pa)l(eHHeM pacrrpe,n;eneHHH <fl(x,s) ,IJ;JIH ir +..;Me 3 OHOB/ CM. 
pHc. '2/. MaKCHMYM pacrrpe.u;eneHHH ,u;nH 17-.;.Me3oHoa· Haxo
,n;HTCH. B TO'!Ke x 0 = 0,05~ a ,IJ;JIH ·;, + -Me30HOB - B TO'!Ke 
x 0 ·= -:(J,05. Kpiiahxe Ha pHc. 2 rrpe,u;qTa:BnHIOT pe3ynbTaT 

arrrrpoKCHMaUHH pacrrpe.u;eneHHii !lJy~i<xvleii BH,IJ;a 
. . . . . . . 2 

. , B I x-x 0 I+ G I x- xO l ' 
A e • .· Ilo.u;o6paHHbie rrapaMeTpbi A, 
B, C IIpHBe,IJ;eHbl Ha rpadJHKe jpHC. 3/. 113 pHC. BH,IJ;HO, 
'ITO B rrpe,lleJiaX OWH60K BCe . K03$dJHUHeHTbi ·He 3aBHCHT 

OT 3HeprHH. 

Ha pHc. 4 . rroKa3aHbi pacrrpe.u;eneHHH lllYHKUHH rp (pi ,s)=_ 

+1· 
=f f(x,p_t,sJdx . ,IJ;JIH 17+ -Me30HOB. B 4-HMIIYJibCHbiX'HHTep-
-1 . ' 

aanax. /,ll;nH 17- -Me30HOB rrony'leHbi H,IJ;eHTH'IHbie rpa!lJH:KH/. 
Pacrrpe.u;eneHHH arrrrpoKCHMHpoaanHCb 3KCIIOHeHUHaJibHoii 
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PHc. 2. Pacnpe.u;eneHHe <ll(x,s) =of f(pJ. ,x,s)dp.l. ,u;nH 
4'-x HHTepaanoB _.Pn /r3a/c/. To'IKH .. - 31<cnepH_MeH'ranhHbie 
3Ha'leHHH; KpHBbie - pe3yJibTaTbl annpOKCHMaUHH 

11 S>P->3, n 

X ---- 7 > P > s,· 
n . -·-·-· 9 > p > 7, 
n . ' 

0 -· ·-
. Pn>9.• 

. < ~ 

'. 

T 
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2.5 2.9 H 5.1 4.f 4.5 
Puc. 3. 3uaqeHHH rrapaMeTpOB arrrrpoKCHMHPYIO~eii cPYHKUHH 

B I x-x 0 I + C I x -x 0 !2 
: 

A e B 3aBHCHMOCTH OT s. · 

2 2 
-b p .l -b, P.l 

cPYHKu;neii Bn~a N1 e + N 2 e • Pacrrpe~eneuun 
cPYHKUHH cp ( Pl ,s) 6LinH IIOCTpOeHbl TaK)Ke H~nH pa3nHt{HbiX 
HHTepBanOB X H aiiJ7POKCHMHpOBanHCh cPYHK.IJ;HeH TOrO )Ke 
BH~a; 3uaqeHHH rrapaMeTpOB B 3aBHCHMOCTH OT X ~aHbl 

B Ta6nuue 1. ,[l;nn yaenuqeuun eTa THCTHKH B Ta6nuue 
rrpuae~eHLI rrapaMeTphi •. cyMMapHLIX pacrrpe~eneuuii rr+- u 
rrT•Me30HOB. :. 
· · Ilpu p<i36neiiiiu 3Haqeuuii x ua 3 nnTepaana MLfBn~nM, 

t{TO B HHTepaarie; x[(..:.1)+ (O,i)] ~nH 1T + ·Me30HOB 'aaKriOH 
rrepaoii 3KcnoneHTLI ~ouo]u;uo aennK /b 1:., 16-17 I, a ua· 
KnOH BTOpoii 3KCIIOHeHThl Man ( b 2 ... 4- 5) • TaKaH )Ke Kap • 
THHa Ha6niO~aeTCH ~nH 1T- ·Me30HOB B HHTepBane 
x [ (-0,1) + (1) ]. C YB,enuqeuneM u~nynLca, rra~a10~ero ueiiT -. 

poua HaKnOH 2 • OH 3KCIIOHeHTbl yMeHblllaeTCH, rrpn6nH)KaHCb 
K "MaruqecKoMy" qucny 3 [ exp(-3 p 1 )],- KOTopoe u<l:6n10· 
~aeTCH B 11JlY7X 3KCIIep_HMeHTaX ~nH pa3nHt{HbiX qacTHU 
H 3Hepruii 5

•
6 

·• HeCMOTpH Ha 6onLIIIHe OIIIH6KH, MO)KHO 
3aMeTHTh, t{TO BKjia~ 2-oii 3KCIIOHeHTbl B IIOnHbiH HHTerpan 
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Puc. 4.' P~cnpe~eneuue ¢ (I?t•;sJ =:;_{ f :rv} ~ x,·s) dx ·Me3o· 

HOB ~nH 4.-x HHTepaano~ Pn ;r~a/c/. i~'IKH - 3Kcnepn· 
MeHTanLHLie 3Haqeumt. Kpuable • pe3ynLTaT an_npoKCHMau;uu. 

f.. 5>Pn > ~'-

X 7 ·> p . > 5, 
n 

•• 9 > Pn > 7, 

D p > 9. n '' 

;':g ' ' 
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00 
- 2 . 2 
[ cp ( p .J.~ s) ~ p ...L- B _o6nacTH · x[(:-1) +'(().,lJ]- c yaemrqe-

HHeM Pn pacTeT /eM Ta6nHUY 11/, ~ B ueHTpanhHOH 

o6naCTH X [(-0,1) + (0,1)] OCTaeTCfl fiOCTOflHHhiM. · 

Ta6nHua II 
xc~·J 

~ (t;&/c) -o-cn t-o.f)-(o.n~ n-~o.f)1 

3-5 (55 ~f~)~ - -

5-? (65 tf1)il ~9 tflt)% (65t20)~ 

?-9 (?5 tf2)% (52 ~t~)% (;5 t18)/c 
• 

>g._· 1"?5tH)~o (55 t 15)% (82 t.f9)% 
I\ • 

-

,D:nfl rr + -Me30HOB, neTfliUHX Bnepe.n x[(0,1) + (1)]_.pac· 
npe,neneHHfl npe,ncTaBJifllOTCfl T01IhKO •· O,IJ;HOH 3KCfiOHeHTOH 

C HaKJIOHOM b l - 6, KOTOpbiH 6JIH30K fiO CBOeMy 3Haqe • 

HHIO K b 2 B pacnpe,neneHHflX ,IJ;1Ifl x( (-1) + (0,1)]. nOJihWOH 

HaKJIOH 3KCfiOHeHThl npH /x/[(-:-1) + (0,1)] B03MO)KH0~ CBfl3aH 7 , . 
c o6pa3oBaHHeM H3o6ap , lioJ_Iee no,npo6Ho 3TO 6y,neT 

Hccne,noBaHo a ,npyrHx Haumx :pa6orax: 

Ha pHC. 5 npe,ncTaBneHa JaBHCHMOCTh y vJ: OT X B 

qeThipex HMllY1IhCHhiX HHTepaanax J];1Ifl CYMMhl ·rr :_H rr""':'-Me-

30HOB. B pacripe.zieneHHH (y Pl.) E OT_ x, r_n;e (yp-f) E Haii· 

,neH .H3 HHBapHaHTHOrO HHK?8~3HBHOrO ceqeHHfl, HCKJIIOqeH 

3f}ltbeKT f}laJoBoro o6'heMa ~ C yBenHqeHHeM HMnynhca 

IianeTaiDIUero HeiiTpOHa, KaK BH,IJ;HO H3 ,pHC. 5, YCHJIHBaeTCfl 

T .H. "3f}lf}leKT qaif:KH". Ha PHC. 6. )J;1Ifl cpaBHeHliH npHBe,neHhl 

3aBHCHMOCTH OT X ,IJ;1Ifl (ypi )E H (.j 'P-1 ). KoppeJiflUHH 

Me)K,ny ( y p 1) H X H 3aBHCHMOCTh Hi- OT ·s rOBOpflT 

o TOM, qTo CTPYKTYPHYIO f}lyHKUHIO f ( p l• x,~s) He1Ih3fl 

f}JaKTOpH30BaTh, npe,ncTaBHB B BH,ne npOHJBe,neHHfl 2·x 

HeJaBHCHMhiX f}lyHKUHH f j,_-g 1 (p_l)g 2(x) BO BCeX o6na-cTflX 

II 

,· 
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MaKCHMaJILHa'H BenifqHHa KOppemiD;HOHHOH n()npaBKH; '.zinH 

HHTepaana, P n > 9 f.3a/c cocTaBJIHeT 12o/o. . , 
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P_!!c. ·5; ~aalicHMocTL (ypJ. 2)~oT x .I\JIH ~YM._1:fb' ".'+~ H 
11 ·MeJOHOB B 4-x HHTepBaJI8.X' P 

. :> ·' : '· . . . . ... · n. 
-.. :.'· 

'11 . S_>:P~ >J, 
•' .··: .. . 

l :~ X 7.>'? '> 5, 
n 

• >:.9 > p >-7, . . n 
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... ..:: 0 
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~0.~ 
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·x 
\_ 

X· 
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PHC. 6. CpaBHeHHe JaBHCHMOCT~ (y'p:f)E H vii} OT X ,l\JIH 
2-x HMllYJibCHhiX HHTepBaJIOB. /JIHHHH; COe,!\HHHlOID;He TOqKH, 
npoae,!\eHLI Ha rnaJ/. 

. _,-:2 
x-.--vp.l 

e . --...,. (ypi)E 

•. 11 -- -=2-
Pn > 9 r3a/c . · y P . .l 

D ---- (
_,_ 2 ) 
V P ..I. E 

BbiBOObl 

5>P >3 n . 

" +1 00 . 2 2 
113 pa6oTbi cne,!\yeT, qT() lPYHK~HH Z(s)= If f(x,p~,s) dp...l. dx 

-1 0 
+ ;- .. 

,!J;JIH 11- ·MeJOHO~, HaqJiHaH C pn - 6 r3B H BhiUie,HMeeT 

llOCTOHHHOe JHaqeHHe B npe,!\enax OIIIH60K H3MepeHHH • 

. 00 2 .. · + 
Pacnpe,!\eneHHe <l>(x;s)= I f(x,p.lis)d pj .nnH ·77- -Me-

o . . . . I 2 . 
~ . · B [ x-x +C x-x· 

JOHOB onHCbiBaeTCH lPYHKUHeH BH,!J;a A e · 0 I . 0 I · , 
r,!\e napaMeTphl A,B,C B npe,!\enax OIIIH60K He JaBHCHT 

OT ·s • 
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j. 

. . . 

3aBHCHMOCTb cp(p(,sJ= fl(x,pJ..2 ;s)dx ~mlrr+·:M:e30HOB 
annpoKCHMHpyeTCH B o6nacTH x[(-1) + (O,l)] cyMMOH .IlBYX 

. .:J 2 . 
· · -b P4. -b2P.J. •· 

JKcnoHeHT c pa3HhiM HaKJIOHOM N 1e 
1 

+N2 e f"br15;q 2-5), 
a B o6nacTn x [ (0,1) + (1)] - o.nnoH: JKCnoHeHToiL HaKJIOH 

BTopoH: JKcnoHeHThi b 2 c YB,eJIH'ICHHeM HMnynbca naneTaro- ·. 

mero neH:Tpona yMeHhwaeTcH H cTaHOBHTCH paBHhiM /3-4/. 
BKna.n JToii JKcnoueHThi B nonHhiH HHTerpan ·c yBennqenneM 

pn B o6JiaCTH X [(-1) +(-0,1)] BOJpacTaeT, a·B :UCHTpaJibHOH 

o6JiaC'rH x[ (-0,1) +(0,1)] OCTaeTCH llOCTOHHHhl!d· 
TaKHe :lKe peJynhTaThi nony'leHbi .nnn 11 --Me30HQB 

B HHTepBaJiaX X , JepKaJibHO OT06pa:lKCHHblX DO OTHOWCHHIO 

K JHa'leHHHM x · ,nm1 11 +-:MeJoHQB. 
c yBeJIH'ICHHCM Pn I Pn ~ 6 rJB/c/ B03HHKaiOT Kop

peJIH:UHH MC:lK.IlY ( y p 1 ) E H X, KOTOpbiC yBeJIH'IHBaiOT~H 
c pocToM JHeprnn. MnKCHMaJibHaH BeJIH'IHHa KoppeJIH:UJWHHOH 

nonpaBKH npn .p > 9 rJa/c cocTaBnneT 120/o. 
ABTOPhl 6n:ro,napHT na6opaHTOB neH:TpcinnoH: rpynnhl 

H lf.A.llepByWHHY 3a H3rOTOBJICHHe pHCYHKOB.· 
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