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lJpH HCCne,IJ.OBaHHH MHOr01.faCTH1.fHLIX KOHe"'HLIX COCTOJIHHH 
a nocne.n.HHe HecKonLKO neT ycnemHo HcnonLJyeTCR MeTo.n. 
c)a3oaoro npocTpaHCTBa npo.n.onLHLIX HMnynLcoa I LPS -
aHanH3/, npe.n.no:>KeHHLIH BaH XoaoMI11 PeJynLTaTLI 
3KcnepHMeHTOB 11- 4 ,81 no LPS -aHanH3Y 1.feTLipexqac
TH1.fHLIX KOHe"'HLIX COCTOJIHHH B TT ± p -a3aHMO,IJ.eHCTBHJIX npH 
3HeprHRX 8 F3B H BLime no3BOnRIOT c.n.enaTL 3aKnro1.feHHe 
0 ,IJ.OCTaTO"'HO XOpOllieM pa3,IJ.eneHHH MeXaHH3MOB B3aHMO
,IJ.eHCTBHJI, cooTBeTCTBYJOUUIX pa3nH1.fHLIM o6nacTRM LPS -
.n.aarpaMMLI. B ,naHHoii: pa6oTe no H3y1.feHHIO peaKU.HH 

TT-n -+ TT-TT +TT-n /1/ 

6y.n.yT noKa3aHLI B03MO:>KHOCTH LPS -aHanH3a a nphMeHeHHH 
K B3aHMo,neii:cTBHRM npH 3HeprHRX 5 F3B *. 

Hccne,nyeMoe 1.feTLipex1.faCTH1.fHOe KOHe"'HOe COCTOJIHHe 
o6paJyeTCJI B peJynLTaTe B3aHMO.IJ.eHCTBHJI OTpHI.J,aTenLHLIX 
nHoHOB c H~mynLCOM 5 F3B/c c KBa3Hcao6o.n.HLIMH ueii:Tpo
HaMH R,npa yrnepo.n.a a MeTpoaoii: nponaHoaoii: KaMepe I ·" I 
Jla6opaTopHH R.IJ.epHLIX npo6neM OHJIH. Ha ocuoaauHH H3-
aecTHLIX :Kp.HTepaea oT6opa 16 1 6Lino uaii:.n.euo oKono 5,5 TLIC. 
C06LITHH HY:>KHOH TononorHH. Ilocne H3MepeHHH H o6c1.feTa 
no nporpaMMe a,neHTH~HKaU.HH KaHanoa peaKU.HH .n.nR .n.anL
Heii:mero LPS -auanH3a 6Lino ocTaaneHo 1700 co6LITHH. 
Ilo HalliHM ou.euKaM 16 I, cpe.n.a 3TOH rpynnLI co6LITHH npHMecL 

* Dpe.n.aapHTenLHble ,naHHLie no 3TOMY aHanH3Y 6LinH 
npe,ncTaaneHLI Ha ICHEP , 1972 /JiaTaBHJI/. 
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OT peaKUHH rr n .... p rr-rr-rr0 cocTaBnJieT Meuee 15<fo. B ~anb
HeRweM 6y~eM nonaraTL, 'ITO 1/ Bee 1700 co6LITHR npu
ua~ne:>KaT K peaKUHH /1/; 2/ HeRTpOH MHWeHH HaXO~HTCJI 
B ITOKOe. IlpH nocne~}'IOil(eM aHanH3e 6y~eT Y'ITeH TOT $aKT, 
'ITO B HCXO~HOM MaTepHane npHCYTCTBYIOT C06biTHJI, 06JI-
3aHHbie KOrepeHTHOMY po~eHHIO 3- X ITHOHOB Ha Jl~pe 

yrnepo~a KaK uenoM. 3TOT npouecc uccne~oBancJI ua TOM 
:>Ke MaTepuane HaMH pauee 16 1. 

IlpH auanH3e 'leTblpex'laCTH'IHbiX KOHe'IHbiX COCTOJIHHR 
c ~BYMJI H~eHTH'IHbiMH 'lacTBUaMH MeTo~oM LPS B Ka
'lecTBe nepeMeHHblx y~o6uo ucnonL30BaTL npHBe~eHHble 

2g. 
npo~onLHble HMnynLCbl x. = -n--1

- , r~e g. - npo~onLHbiR 
1 ll ·I I • g I 

HMnynLC i -TOR 'laC THULl B h61l(eR CHCTeMe UeHTpa Mace, 
i = f , s, + , n . Ilepe'IHCneHHble HH~eKCbl COOTBeTCTBYIOT 
6biCTpoMy OTPBUa TenbHOMy ITHOHY, Me~neHHOMY OTPHUa
TenLHOMY nuouy, nono:lKHTenLHOMY nuouy H HeRTpouy. B 
~anLHeRWeM Mbl orpaHH'IHMCJI paCCMOTpeHHeM TOnbKO TaKHX 
CnyqaeB, KOr~a X f > 0 H X 

0 
< 0. 3TO OrpaHH'IeHHe yMeHb

waeT Hawy CTaTHCTHKY Ha 446 C06biTHR /96 C06b1THR C 

X+> 0 , xi < 0 , i = f, s, n B 350 C06biTHR C x
0 

> 0 /. IlpH 
yKa3aHHbiX orpaHH'IeHHJIX BCJI o6nacTL LPS 6y~eT cocTOJITb 
H3 'leTblpex CeKTOpOB /~BYX TpeyronLHbiX H ~BYX 'leTblpex
yronLHLix/: 

(I) TT ll --> ( TTf- TT- TT + ) ll ; 0 <X ; 0 < X ; 2 X + X < 1 . 
s s + s + 

(II) --> ( TT- TT +) ( TT - ll ) ; 0 < X < 1 ; - 1 < X < 0 • 
f s n s 

( III) .... rr £ ( rr;: rr + n ) ; x + < 0 ; x s < 0 ; x 
8 

+ x + > - 1 • 

(IV) --> (rr-frr-)(rr+n) ;-l<x <0; 0 <x < .~. 
s + s 

Ha puc. 1 npe~cTaBneHbl nony'leHHble B ~aHHOM 3Kcne
pHMeHTe HeB3BeWeHHOe L'. /1a/ H B3BeWeHHOe, T.e. penJI-
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Puc. 1. Hea3aeweHHoe /a/ u 63aeweHHoe /6/ LPS -
pacnpeoeAeHUJI OAJI rr-n .... rr-rr-rr + n npu 5 T:JB/c. Aua
zpaMMbl npeocmaaAJIK>m npocmeiiwue MexaHU3Mbl o6MeHa, 
OOMUHUPYK>UIUe a pa3AU~HbiX ceKmopax. 

THBHCTCKH HHBapHaHTHoe, i\ w I 16/ LPS -pacnpe~eneHHJI co-
6biTHR B 'leTblpex paccMaTpHBaeMbiX ceKTopax /~nJI Ka:>K
~oro co6biTHJI H3 /1a/ Be(; W = 1 , H3 /16/ -

n x2 n 
1 

n _ 1 w = [. l _i_ ] [ 11 E .] [ - l I g . I ] 
i=l E. i 

1 2 i=l 
1 

I 

r~e Ei- 3HeprHJI i -ToR 'laCTHUbl B o61l(eR c.u.u./. Pa3Mep 
JI'IeeK paBeH 0, 125 X 0, 125 3a HCKniO'IeHHeM ITpHMbiKaiOil(HX 
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K nHHHH 

MeHblllyiO. 
X +X =-l + s 

H HMeiOmux nnoma.D.L, B .D.Ba pa3a 

TaM )l(e noKa3aHbl npocTeiilliHe .D.HarpaMMhl, npe)l.CTaBn.II
IOIUHe MeXaHH3Mbl OfiMeHa, )l.OMBHHPYIOIUHe B yKa3aHHbiX 
ceKTopax npu .D.OCTaTO'lHO BhiCOKHX 3Hepru.llx. I p o6o3ua
qaeT noMepou, M - Jap.ll)l(eHHhiB Me3oH c G = - 1 I. 

PaccMoTpHM oco6euuocTH i\-pacnpe)l.eneuuii no ceK-
TopaM. 

CeKTOp I. [77-n_, (77:71+71£1 n]. Hau6onee HHTepeCHOH 
oco6euuocTLIO Q w -pacnpe.D.eneHHJI B paccMaTpHBaeMoM 
ceKTope .IIBn.lleTCJI CHnLuoe Jaceneuue rpauuquoii o6nacTH 
IManLie x 1. 

s 
IJpoiJ,eCCbl KOrepeHTHOrO pO)I()l.eHHJI nHOHOB Ha .ll)l.pe KaK 

IJ,enOM, 0 KOTOpbiX ynOMHHanOCb Bblllle H KOTOpble B npHH
IJ,Hne ueao3MO)I(HO OT.D.enHTh OT uccne.D.yeMoro npoueccal11, 
)l.aiOT BKna)l. HMeHHO B 3TOT CeKTOp. 

B 3KcnepuMeHTax npu 11 H 16 T:JB/c 13 • 41 Jaceneuue 
ceKTopa 6Lmo 6onee paBHOMepHhiM. B pa6oTe 17 I npu 
11,7 T:JB/c, noCBB:IUeuuoB: uccne.D.oBaHHIO KorepeuTuoro 
pO)I(,ll,eHHB: Tpex nuouoB ua .ll,ll,pax, Jaceneuue ceKTopa I 
TaK)I(e 6Lino paBHOMepHhiM. Cne.D.OBaTenLHO, ueo.D.HOPO.D.HOCTh 
:\ w -pacnpe,ll,eneHHB: B uallleM cnyqae, no- BH.D.HMOMY, uenL-

3.11 OTHeCTH 3a C'leT npHCyTCTBHJI KOrepeHTHOrO pO)I()l.eHHB:. 

TaKOe IIOBC,ll,eHHe CBJI3aHO C Cylll,eCTBeHHO MeHbllleH 3HeprHeH 
IIY'!Ka B ,ll,aHHOM cnyqae 110 cpaBHeHHIO C yKa3aHHbiMH 3KC
IICpHMeHTaMH H CBH)l.eTenhCTBYCT 0 HanH'lHH Bbl,ll,eneHHbiX 
lnH.D.HPYIOIUHxl qacTHIJ. B peaKIJ,HH 111 IIPH 5 T:JB. 

Ha puc. 2 I a,6l llpe)l.CTaBneHLI pacllpe)l.eneHHJI no 
3tP$eKTBBHbiM MaCCaM Tpex H .Jl.BYX IIHOHOB COOTBeTCTBeHHO. 
IllupoKBH MaKCHMYM ua puc. 2aao6nacTHMacc0,9 -:-1,3 T:JB 
B:BnB:eTCB: xapaKTepHhiM .D.n.ll .D.HtiJpaKIJ,HOHHhiX 11poueccoB. Ha 
pHC. 26 XOpOlliO BH)l.eH IIHK B o6naCTH MaCChi p 0 - Me30Ha, 
eCJIH OT6HpaTh KOM6HHaiJ,HH ( 71 + 71£). 

Ha puc. 3a llpe.D.cTaBneuo pacnpe)l.eneuue 110 nepe.J].au
HhiM 4-BMIIYJILCaM t'= It- tmin I ,ll,nB:co6hiTHHB3CeKTOpal. 
Iloae.D.euue 3Toro pacllpe.D.eneHHH 11pu ManLIX t' HBnHeTcH 

THnH'lHbiM )l.nH KOrepeHTHOrO pO)I()l.eHH.II Tpex IIHOHOB Ha 
B:.D.pax. IIapaMeTphl uaKnoua A 1 = 150,2 ±20,41 /T~B/c/ -~ 
H A

2
= 17,0 ±1,91 /T:JB/cj-2 (da /dt'- Ae-Alt+f3e-~t) 
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0.1 0.2 o./3 

Puc. 3. PacnpeoeAeHUJI no nepeoaHHOMY 4- uMnYAbcy OAJI 
ceKmopoe I /a/ u II /6/. IloKa3aHbl napaMempbl HaKAOHa 
da/dt'. 

npaKTHqeCKH COBna~aiOT C napaMeTpaMH, noJiyqeHHhiMH HaMH 
paHee/ 6 / //51,2±11,8/ H /7,25±2,20/ /F3B/cj-2 
COOTBeTCTBeHHO/. 

CeKTOP III. [ rr-n .... rr£ (rr~rr+ n)]. l'lw- pacnpe~eneHHe 
B ~aHHOM CeKTOpe HMeeT TaKOe )l(e noBe~eHHe, KaK H npH 
6onee BhiCOKHX 3HeprHJIX - nJIOTHOCTb pacnpe~eJieHHJI na~aeT 
K BHeUIHeH qaCTH CeKTOpa, T.e. B CHCTeMe (rr+rr~n) ~OMHHH
pyiOT HH3WHe MaCChi /pHC. 2)1(/, xapaKTepHhie ~JIJI ~HcllpaK
UHOHHOH ~HCCOUHaUHH HYKJIOHa MHWeHH. 

Ha pHc. 2 /3 ,H/ npe~cTaBneHhi pacnpe~eneHHJI no :JcllclleK
THBHhiM MaC CaM ( TT + n) - H ( TT; n) - KOM6HHaUHH; BTOpOe 
pacnpe~eneHHe HMeeT nHK B o6nacTH H3o6apbl 1'1 31 /1236/. 
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t 

C e K T o p bl II, IV. [ rr- n .... ( TT; TT +)(rr ~ n ) H[rr- n .... (rr-;. TT £) ( TT + n )] • 
B 3THX CeKTOpax 6-pacnpe~eJieHHe HMeeT TaKOH )l(e BH~, 
KaK H npH 6onee BbiCOKHX 3HeprHJIX. CooTBeTCTBYIOII{He 
pacnpe~eneHHJI no :JcllclleKTHBHbiM MaccaM npHBe~eHbl Ha 
pHc. 2 B -:-e. B ceKTope II peaKUHJI /1/ npoTeKaeT npeHMy
LUeCTBeHHO c o6pa3oBaHHeM pe3oHaHcoB p 0 /760/ H 

1'1 3/1236/ /eM. PHC. 2 B,r/. Ha PHC. 36 npHBe~eHo pacnpe-
~eJieHHe no nepe~aHHhiM CHCTeMe (rr+ TT f) 4-HMnyJibCaM 
t'=l t- t min I ~JIJI ceKTOpa II Bo6naCTH t'< 0,3/ F3B/c/ 2. 

IlapaMeTp A= /7,1±0,7/ /T3B/c/-2 (da /dt' - e-At') 
cornacyeTcJI c aHanorHqHbiMH ~aHHbiMH npH ~pyrHx 3HeprHJIX 
~JIJI KBa3H~ByxqacTHqHbiX npoueccos. 

Ha pHc. 2 /~,e/ npe~cTasneHbl pacnpe~eneHHJI no :JcllclleK
THBHbiM MaCCaM ( rr+ n) - H ( rr{rr-; ) ·KOM6HHaUHH ~JIJI CeK
TOpa IV ; BH~Ho, qTo B nepBOM pacnpe~eneHHH ~OMHHHpyroT 
HH3WHe Macchi /1,1-:-1,3 I F3B. 

IlpH HCCJie~OBaHHH xapaKTepHCTHK MHOroqaCTHqHbiX pe
aKUHii MeTo~oM LPS ace r~a BCTaeT sonpoc o B03MO)I(HOCTH 
TaKoro aHaJIH3a, oco6eHHO npH 3HeprHJIX ~o 10-:-16 F3B. 
HaMH 6bln Hccne~oBaH sonpoc o "nepeKpbiTHH" ceKTopos 
LPS MeTo~oM, aHanorHqHbiM npHMeHeHHOMY Bpa6oTe /9/. 

CyTb MeTo~a noHJITHa H3 pHc. 4. HanpHMep, ecnH Heo6xo~HMO 
BbiJICHHTb, KaKosa B co6biTHJix H3 ceKTopa I npHMecb OT 
co6hiTHii H3 ceKTopa IV /pHc. 4a/, To B ceKTope I Bblpe-
3aeTcJI nonoca wHpHHoii 0,125 /0,050/, norpaHHqHaJI c ceK
TopoM IV, H ~JIJI co6biTHii, nonaswHx B 3TY nonocy, cTpOHTCJI 
pacnpe~eJieHHe no :JcllclleKTHBHbiM MaCCaM rr+ n ·KOM6HHaUHH, 
HMeroLUee xapaKTepHyro oco6eHHOCTb ~JIJI ceKTopa IV 
/pHc. 2~/. B ~aHHOM cnyqae no senHqHHe nHKa npH 1,1+ 
-:-1,3 F3B B 3TOM pacnpe~eneHHH MO)I(HO c~enaTb BhiBO~ o 
"3arpJI3HeHHH" ceKTopa I co6biTHJIMH H3 ceKTopa IV . 113 

pHC. 4a BH~HO, qTo TOJibKO B Y3KOH nOJIOCe /x < 0,050/ 
ceKTopa I B03MO)I(Ha He3HaqHTeJibHaJI npHMeCb co6biTHii H3 
ceKTopa IV . 

AHanorHqHbiM o6pa3oM MO)I(HO paccMoTpeTb B3aHMHoe 
nepeKpbiTHe ~pyrHx ceKTopoB. Ha ocHoBaHHH ~aHHbiX pHc.4 
MO)I(HO c~enaTb cne~yroll{He BhiBO~bl: 1/. HaH60JibWHe BKJia~bl 
B coce~HHe ceKTOPbl ~aeT ceKTop I . OueHKH noKa3biBaiOT, 
qTo MaKCHMaJibHbiH B03MO)I(Hb1H "He~OCTaTOK" C06b1THH 
B ceKTope I cocTaBJIJieT OKono 10~. 2/. BKna~bl "qy)I(Hx" 

9 



0 

a
) 

10
 

~
 

" 
g_

;n
 

6 
!::!

 
I 

1
2

3
6

-
! 

~ 
i,,

Tr
 
~
 

!"
'l
~~
-

~
 

I 
0 

f
'
 

2
0

 

3
) 

/1
 I 

ij
) 

~
 

~
 

J ,,
, .. ,
A~

 
{~~

, -
"'i. 

~:2,
 ·" 

14
 --3

0
-
~ 

ID
 

''
' 

2
0

 
IO

 
IS

 
2

0
 

3
H

e
p

rB
.I

l 
;r

3
B

/ 
n

y
'I

K
a

 

C
e

K
T

O
p

b
l 

I n III IY
 

P
u

c
. 

4
. 

P
a

c
n

p
e

o
e

A
e

H
u

e
 3

(x
/J

eK
m

ue
H

&
zx

 M
a

c
e

 p
a
3
A
U
~
H
b
Z
X
 K

o
M

-
6

u
H

a
fi

U
U

 e
 y

K
a

3
a

H
H

&
zx

 n
o
z
p
a
H
U
~
H
b
Z
X
 n

o
1

1
o

c
a

x
 c

e
K

m
o

p
o

e
 L

P
S

 
. 

H
e

3
a

w
m

p
u

x
o

e
a

H
H

&
z
e

 
p

a
c
n

p
e

o
e

A
e

H
U

J
I 

om
H

O
C

JI
11

fC
JI

 
K

 
n

o
1

1
o

ce
 

W
U

pU
H

O
U

 
0

,1
2

5
, 

3Q
W

11
fp

U
X

08
Q

H
H

bl
e 

-
0

,0
5

0
. 

T
a

6
n

B
Q

B
. 

Il
o

n
H

b
ie

 3
cW

le
K

T
B

B
H

bl
e 

C
e

'le
H

B
.I

l 
a 

/M
6

a
p

H
/ 

B
 C

e
K

T
O

p
a

x 
L

P
S

 

/3
/ 

/4
/ 

/3
 J

 
/8

/'
 

5 
16

 
1

1
,7

 
11

,2
 

I 
8 

.D
;a

H
H

a.
ll 

p
a

6
o

T
a

 

-f 
17 

+
 p

 
ii
 

p 
77

+p
 

ii
 

p 
77

+ 
p 

77 
n 

50
6+

60
 

47
7+

53
 

47
2+

50
 

45
8+

50
 

52
6+

14
 4

15
+4

2 
-

-
(6

79
+3

6)
 

43
0+

52
 

20
7+

23
 

58
2-

t-6
4 

26
4+

29
 

83
0+

17
 9

38
+4

2 
-

-
27

5+
34

 
26

1+
19

 
27

4+
30

 
24

2+
25

 
30

7+
10

 2
90

+2
3 

-
-

77
+1

2 
I2

8z
.2

3 
11

0-
t-1

2 
17

6-
t-1

9 
16

7+
 8

 3
66

+2
5 

-
-

-



ceKTopoa B ceKTop III npaKTH'IeCKH KOMneHcHpyroTcJI BKJia

.IJ.OM ceKTopa III B .D,pyrue ceKTopLI. 3/. B ceKTopax IV H II 
MO>KeT 6LITL COOTBeTCTBeHHO 15~-HbiB H 10~-HbiB H36LITOK 

C06biTHB H3- 3a HeCKOMlleHCHpOBaHHOrO BKJia.IJ,a "qy>KHX" 

CeKTOpOB. 

TaKHM o6pa3oM, npH 3HeprHH 5 F3B BKJia.IJ,LI "qy>KHx" 

CeKTOpOB He npeBLIWaiOT 15~, ll03TOMy aHaJIH3 MHOroqac

TH'IHLIX npou;eccoa MeTO.IJ.OM LPS MO>KeT .IJ,aTL He TOJILKO 

Ka'leCTBeHHYIO KapTHHy B3aHMO.IJ,eBCTBHJI, HO H .IJ,OCTaTO'IHO 

TO'IHYIO KOJIH'IecTBeHHyro. K aHaJiorH'IHLIM BLIBO.IJ,aM npHmJIH 

aBTopw, uccJie.IJ.oBaBWHe LPS -aH~~30M peaKu;Hro "- p .... 
.... "-"-" +P npH 3HeprHH 5 F3B 11

• 

B Ta6JIHu;e npHBe.IJ,eHLI 34HIJeKTHBHLie ceqeHHJI peaKu;HH 

/1/ no ceKTopaM LPS . ,IJ,JIJI cpaBHeHHJI TaM >Ke noMeiD;eHLI 

pe3yJILTaTLI, llOJiy'leHHble .D,pyrHMH aBTOpaMH npH pa3HbiX 

3HeprHJIX. /HaWH .IJ,aHHble OTHOpMHpOBaHbl Ha llOJIHOe ce: 
'leHHe npou;ecca "+P .... "+"+" -P npH 3HeprHH 5 F3B /IO I. 

H3 Ta6JIHD;LI cJie.IJ,yeT, 'ITO ce'leHHJI .IJ.JIJI ceKTopoa I H III , 
CBJI3aHHble C .IJ.H4JpaKD;HOHHOB .IJ,HCCOD;Hau;Heii HaJieTaiOID;eii 

'laCTHD;LI /llHOHa/ H MHWeHH /HeiiTpOHa/ COOTBeTCTBeHHO,, 

OCTaiOTCJI llOCTOJIHHbiMH B npe.IJ,eJiaX OWH60K 3KCnepHMeHTOB 

npH H3MeHHH 3HeprHH B WHpoKoM .IJ,Hana3oHe oT 5 .IJ.O 16 F3B, 
'ITO JIBJIJieTCJI xapaKTepHLIM .IJ,JIJI npou;eCCOB, B KOTOpbiX 

o6MeHHoii qacTHu;eii JIBJIJieTCJI noMepoH*· Heo.IJ,HOPO.IJ.HOCTL 

3anoJIHeHHJI ceKTopa I B OTJIH'IHe oT pe3yJILTaTOB 3Kcne

pHMeHTOB llpH 6oJiee BbiCOKHX 3HeprHJIX CBH.IJ,eTeJILCTByeT 

o 6oJiee BLipa>KeHHoii poJIH JIH.IJ.HpyroiD;Hx qacTHu;. 34HIJeKTHB

HLie ce'leHHJI .IJ.JIJI ceKTopoa II H IV na.IJ,aroT c pocToM 3Hep

rHH, 'ITO COrJiaCyeTCJI C MO.IJ,eJIJIMH Me30HHbiX 06MeHOB. 

* ,IJ,JIJI ceKTopa I H3 noJIHoro ce'leHHJI, yKa3aHHoro B 

Ta6JIHD;e B CK06KaX, Bbi'ITeHO Ce'leHHe KOrepeHTHOrO po:>t<,ne

HHJI Tpex llHOHOB Ha JI.IJ,pax yrJiepO.IJ,a, llOJiy'leHHOe HaMH 

paHee /6/, 0WH6KB B llOCJie.IJ,Heii KOJIOHKe BKJIIO'IaiOT B Ce6JI 

CTaTHCTH'IeCKYJO OWH6Ky H ou;eHKy BKJia.IJ,a B Ce'leHHe "qy>KHX" 

ceKTopoa. B ce'leHHJIX nepeKpLITHe He y'IBTLIBaJiocL. 
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