
BPEMEHHYE XAPAKTEPMCTMKM 

IlAPAMETPOB UIYMOB MOQHOCTH 

H KOJIEBAHH~ ~OABMXHYX OTPAXATEJIER 
PEAKTOPA HBP-2 



D npouecce pa60Tu peaKTopa M6P-2 cTaTwcTwuecKwe c e o i c ~ s a  
cnyuak~blx 0TK.fl0HeHl4i OCHOBHblX peaKTOpHblX napaMeTp0B OT nX 
cpegHero 3 ~ a q e ~ n n  / ~ a n p w ~ e p ,  TeMnepaTypu w pacxoga HaTpwn Ha 
euxoge n3 ~ K T M B H O ~  30Hbl wnn ew6paqnn nogsnmtiux o ~ p a m a ~ e n e k  
/no// CO BpeMeHeM M3MeHfllOTCfl.  TO npwBognT K w3MeHeHMlO XapaK- 
TepMCTMK peaKTOpHOr0 UyMa. Mccnegoea~ne IUyMOB B 3aBMCwMOCTw 
OT BpeMeHn p a 6 0 ~ ~  peaKTopa wMeeT 6onbuoi  n p a ~ ~ w q e c ~ w i  wHTepec. 
 TO gaeT CBeAeHHfl 0 TeKyueM COCTORHMH peaKTOpa H MOMeT 6blTb 
n c n o n b a o ~ a ~ o  / ~ n  n p o r ~ o 3 n p o e a ~ n n  nnn a~anw3a aHoManbHwx /He- 
T M ~ M ~ ~ H ~ I X /  COCTOFIHM~ . 

B p a 6 0 ~ e  npl4BOgflTCfl 3KCflepklMeHTanbHble gaHHble 06 w3MeHeHwh 
Q n y ~ ~ y a u n i  aHeprww nMnynbcoe M O ~ H O C T M  w ~ 0 n e 6 a ~ w i  n0 3a eecb 
nepnog pa6o~b1 peaKTopa B pemwMe 5 l / c  Ha M O ~ H O C T W  1-2 MBT 
/ C  1983 no 1986/'. 

1 .  YCJlOBMfl M3MEPEHMfi M OOPMA IlPEACTABJlEHMR 
3KCnEPMMEHTAJlbHblX AAHHblX 

B KauecTse wcxog~b~x  oueHoK, x a p a ~ ~ e p n 3 y o q n x  cTaTwcTwqecKwe 
c s o i c ~ e a  I U ~ M O B  M O ~ H O C T M  n ~ n 6 p a u w i  no, ncnonbsoeanwcb cTati- 
gapTHble OTKnOHeHHfl ( 0 )  , pa3MaX ( A )  W CneKTpaJlbHafl nn0THOCTb 
S ~ o n e 6 a ~ w i  cnegylouwx napaneTpoe: aHeprnw wMnynbcoe M O ~ H O C T H  

(GI) , oceeMx o ~ m o t i e ~ n i  On0 ( X o  ) w An0 (X, ) , a TaKme yrna 
paccw~xpo~n3aunw On0 w An0 npw epaqeHww ( 4 )  . n e p e w w ~ e  oueH- 
K M  0 ,  A H S onpegennnwcb no 8192-M nocnegoeaTenbHb1M 3 ~ a q e -  
HMRM Kamgoro n3 napaMeTpoB Xo , X,  , 4 ,  Q. 4 a c ~ o ~ a  onpoca 
napaMeTpoe coenagana c u a c T o ~ o i  cnegoeaHwn nMnynbcoe M O ~ H O C T M ,  

COOTBeTCTBeHHO BPeMfl egl4HklqHOTO M3MePeHMR PaBHRnOCb -30 MMH. 

Ann Kamgoro napaMeTpa p e 3 y n b ~ a ~ ~  n e p e w u ~ o i  o 6 p a 6 0 ~ ~ w  OT- 

genbtiwx w 3 ~ e p e ~ w i  ( o , A ,  S paccMaTpneanwcb B g a n b ~ e i u r e ~  
KaK KOMnOHeHTM gBYX BPeMeHHMX PflAOB Yl ( t )  M Y2 ( t )  . 3Jle~eHTbl 
BpeMeHHoro pnga Yl ( t )  npegcTaennnn co6o i  ouetiKw o w A ,  
ycpegHeHHble 3a CYTKM,  a 3 n e ~ e 1 - i ~ ~  BpeMeHHoro pnga Y 2 ( t )  - 
OueHKM 0 M , YCPegHeHHble B npegenaX u n ~ n a  ". mfl S -KOMnO- 

/ O ~ O /  6 b m a  J l O n a C T b ,  a Q0nOnHMTenbHbl I - l  /am/ - " T p e 3 ~ 6 e q " .  

**B nepuon c 1984 no 1986 r r .  p e a K T o p  p a 6 o ~ a n  H a  M O W O C T M  

2 MBT B IJk iKnMseCKOM p e m M e :  11-18 C y T  p a 6 0 ~ b 1  H a  MOQHOCTM 

C nocnenymweR O C T ~ H O B K O R  H a  10 C Y T .  



HeHT ycpeplHeHMe He npoeoplclnocb. Bpe~eHHok p ~ p l  Yl ( t )  x a p a u e -  

pM3yeT M3MeHeHHe CTaTMCTMYeCKMX XapaKTepMCTMK PeaKTOpHMX Uy- 

MOB / w n w  ~ ~ 6 p a u w f i  no/. 3a OTplenbHble U M K ~ ~ I  pa6o - r~  peaKTopa 

/11-18 CYTOK/,  a Y 2 ( t )  - 3a secb nepnoa, c 1983 no 1986 r .  
n0nHMk MaCCHB 3KCflepMMeHTanbHblX plaHHblX COplepman CBblWe 700 nap 

M3MepeHHMX 3HaYeHMfi U M A . 

Ha pwc. 1 n o ~ a 3 a ~ o  MrMeHeHue 8enuY.H u0 , on M up 16 / a  - 
cpepl~ee 3 ~ a v e ~ c r e  Q /  B ~ ~ E M C M M O C T M  OT s p e ~ e ~ w  pa60~b1 no, 
a Ha PMC.2  flPMBepleHbl plaHHble 06 M3MeHeHMC.1 BeflMYMH ''4 
w Ad 3a  TOT me nepclopl BpeMeHn. C ~ p e n ~ a ~ w  Ha pnc.1 M 2 060- 

3HaYeHbl HeKOTOpble OnOpHble BpeMeHHble TOYKM: 1 - HaYanO nepBOrO 

sblxopla peaKTopa Ha MOUHOCT~ 2 MBT / B  pemuMe 5 l / c / ,  2 - no- 

noMKa plaTYnKa o n o p ~ b ~ x  nMnynbcoe, ycTaHoeneHHoro Ha sany An0, 
3 - BBepleHMe HOB0fi CMCTeMbl c ~ a 6 u n ~ 3 a u ~ w  O ~ O ~ O T O B  Oflo /CCO/ .  
M ~ M ~ H ~ H M ~  Cne KTpanbHblX Xapa KTepM CTM K MCCneplyeMblX flpOueCCOB 

B nepnopl pa60~bl  peaKTopa Ha MO~HOCTM 2 MBT /1984-1986 rr ./ 
n o ~ a 3 a ~ o  Ha puc. 3,4. K ~ K  BMplHo 143 PMC. 1 ,2, Ha npoTRmeHnw Bce- 

r o  nepuopla pa60~b1 peaKTopa Ha MOUHOCTM 1 -2  MBT cpeatiwk ypo- 

BeHb ~ n y Y a k H b l ~  HeKOHTpOnMpyeMbIX O T K ~ O H ~ H M ~  n o n a c ~ e k  no M 

@nyKTyauMk 3HeprMM MMnYnbCOB MOUHOCTM 6blnM He3HaYMTenbHbl: 

Ha~60nbune @nyKTyaqMw MOUHOCTM ( u Q  /a = 7% ), no-BMplMMOMY, 

6unw C B R ~ ~ H M  c ~ ~ ~ B M T M ~ M  ple@e~Ta B plaTquKe onopHblx MMnynbCOB, 

n0BneKwet.I yeennveHne nonepeqHux ~ o n e 6 a ~ n k  no. C w c ~ e ~ a  CCO cy- 

Uec-reeHHo yMeHbuclna Oasoeb~e ~ o n e 6 a H w ~  n0 /plo y p o e ~ ~  a d  = 
= 0,018', pMC.2/, npaKTMYeCKM YCTpaHMB TaKm H ~ C T ~ ~ M ~ ~ H O C T ~  

nepuopla BpaUeHMR Oflo. 
~ O C K O J ~ ~ K ~  @a308ble ~ o n e 6 a H n ~  3aMeTHO BnMRoT Ha @JlyKTyauMlI 

MOU~HOCTM TO:;~KO npcl CpaeHuTenbHo 6onbwwx ~ H ~ Y ~ H H R X  u d 

TO nOCne BBepleHMR C C O  3TMM M CTOYHM KOM H ~ C T ~ ~ M ~ ~ ~ H O C T M  pea KTOp- 

Horo wyMa npaKTuqecKu MomHo npe~e6peub.  C n e ~ ~ p a n b ~ b ~ f i  cocTae 

MccneplyeMux npoueccoe, K ~ K   TO eupl1-10 u3 PMC. 3 ,4 ,  M ~ M ~ H R ~ T C R  

BO BpeMeHw ~ e a ~ a u c l ~ e n b ~ o .  Anfi cneKTpoe Sg w So xapaKTepHo 

nocTeneHHoe yMeHbueHne O T H O C M T ~ ~ ~ H O ~  at-+nnnTyplu pleTepMuHnpo- 

P U c . 1 .  M ~ M ~ H ~ H M ~  C T a H H a p T H O l ' O  O T M O H e H M R  I I O n e p e s H b l X  ~ o n e 6 a -  
HMR on0 (4, ) ,-fino (u, ) H d m y ~ ~ y a q k i f i  3 H e p r U M  M M n y J I b C O B  

MOUHOCTM (U8 / Q ) B  3 a B M C M M O C T M  O T  B p e M e H U  pa- 
6 0 ~ b 1  no t,, / C Y T K M /  :)<-uQ/ Q ,0-U0 , . - n . C T ~ ~ J I K ~ M M  O T -  

M e s e H b l  MOMeHTbl  B p e M e H M ,  C O O T B e T C T B y t o u S I . i e  H a V U l y  B b l X O H a  H a  

M O U H O C T b  2 MBT / 1  / ,  n 0 J I O M K e  H a T V P l K a  O n O p H b l X  C M I ' H a I I O B  H a  B a -  

Jly An0 / 2 /  M  B B e A e H U t o  HOBOR CMCTeMb1 CCO / 3 / .  

P M C .  2 .  C ~ a H f l a p ~ ~ b l e  ( 0 0  ) U  M a x -  

C M M a J I b H b l e  ( A d )  O T K J I O H e H U F I  @a- 
3 0 B b l X  K o J I ~ ~ ~ H M G  ono-nno B  3 a B M -  

CUMOCTU O T  B p e M e H M  / M ~ c F I U ~ I / ;  

O A H a  M U K p O C e K y H H a  C O O T B e T C T B y e T  
I1 t 6 I2 1 6 I2 U 3 M e H e H H K I  @ a 3 b l  H a  1 ,8. I o - ~  rpa- 

I I -A- 

1903 1 q u  ' ,985 t rses H Y C O B  , 04 - 0 .  A 4  - '. 



PPic .3 .  3 K ~ I I J l y a T a L & l T 0 H ~ b l f i  peX I iM ,  W = 2 MBT. kI3MeHeHPfe CneK-  

TpaJlbHof i  nJl0THOCTl-i OCeBi,lX r t o n e 6 a ~ ~ i f i  An0 ( s  / ( T 2  ) Pi &JlyK- 
n n 

T y a ~ P i t i  3 ~ e p r u ~ i  P i M n y n b c o B  MOI~HOCTP~ (S,) B nepuon c an pen^ 

1984  no ~ a f i  1986 rr.: a - AnO, 6 - M O I ~ H O C T ~ ,  f - r I a C T o T a  

B rq. 

Pl?c' .  4 .  3 ~ ~ n J I y a T a ~ ~ 0 1 1 H b l i l  PeXMM, W = 2 MBT. k I 3 ~ e H e H ~ e  &0p- 

~ 1 1 ~ 1  ~ n e ~ ~ p a n b 1 3 0 f i  ~ .TOT I~OCTM OceBb l x  ~ o n e 6 a H ~ i C i  ono (s0/o,2 ) 
B n e p P i o n  c 1984 no 1986 rr. f - r I a c T o T a  B T q .  

. - 
H a  H y n o . A n ~  n p M M e p a  O T M ~ T W M , ~ T O  143 8192 n o c n e A o e a T e n b H u x  3 ~ a -  

U e ~ b l f i  Q T O n b K O  B UeCTM CJlyUaRX OTKJlOHeHWR MOUHOCTW H e  MOrYT  

6 b l ~ b  OnHCaHbl C I lOMOqbO HOpMaJ lbHOrO p a c n p e ~ e n e ~ ~ ~ . B  OTnMUWe OT 

P(Q) ,Ann p a c n p e A e n e H M R  p(x,) x a p a K T e p H b l  6onee " ~ ~ r n e n b ~ e "  no 
c p a e H e H u m  c HopManbHblM X B O C T ~ I .  A ~ R  p a c n p e A e n e H n n  P(X, ) ,ecnw 
Y U e C T b  UTO K O ~ ~ ~ ~ H M H  An0 6nW3KM K rapMOHWUeCKWM, CnpaBeAJ lM-  

BO ycnoewe: 

O T ~ W U M ~  C P e A H e r O  3HaUeHUR f = 4,3 OT 3HaUeHMR, COOTFeT-  

C T B y O ~ e r O  UUCTO TapMOHMUeCKOMY CTauWOHapHOMY ~ 0 n e 6 a ~ M t 0 ,  CBR- 

3 a H O  c H e ~ ~ a 6 w n b ~ o c T b O  aMnnnTyAb1  K O J - I ~ ~ ~ H W G ,  HO H e  @a3bl ,  no- 
CKOJlbKy nOnHaR @ a 3 a  K o J I ~ ~ ~ H w ~ ,  K a K  n O K a 3 a H O  6 p a 6 0 ~ e ' "  , M3- 

MeHReTCR He3HaUMTenbHO.  n 0 n b l T K a  BblAenWTb HeKOTOPYO P e r P e C C M -  

OHHYO 3aBMCMMOCTb TWna qQ = f ( q0 , qn , t , 0 )  , r A e  t - B p e -  

MR, f l  - K03@@MukIeHTbl ~ ~ ~ ~ ~ C C M O H H O ~  MOAeJlM, H e  AanM 3Ha4MMblX 

3 ~ a ~ e ~ ~ h  0 ,  w B c e  B O ~ M O M H ~ I ~  n ~ ~ e G ~ b l e  M o A e n w ,  y c c w T b l e a w M e  



n p M  M A ~ H T M @ M K ~ ~ M M  aHOManbHbIX C O C T O R H M ~  P e a K T O p a .  P ~ C C M O T P M M  
Bf lMRHMe H ~ C T ~ ~ M ~ ~ ~ H O C T M  B M ~ P ~ U M ~  no H a  @ n y K T y a u M M  MOYHOCTM. 

f l p M  MaJlblX ee OTKnOHeHMflX OT C p e A H e r O  YPOBHfl OTHOCMTenbHYKl 

A M c n e p c M n  O n y ~ ~ y a u M k  a ~ e p r ~ ~  M M n y n b c o e  M O ~ H O C T M ,  06ycnoene~-  
HYKl OCeBblMM ~ M 6 p a u M f l ~ M  no, MOMHO n p t ? A C T a B M T b  B B M A e :  

TMBHOCTM On0 M c o o T e e T c T e e H H o  An0 npu nx o c e e o M  c A s M r e ;  R o n  - 
KOBapb lauMR o T K J ~ o H ~ H M ~  on0 C OTKnOHeHMRMM Ano. M O A e n b  /I/ R B n f l -  

e T c R  y n p o u e ~ ~ o k ,  T . K .  H e  Y'4MTblBaeT BnMRHMR MOYHOCTW P e a K T O p a  

(W) M BpeMeHM e r o  p a 6 0 ~ b l  ( t )  H a  og , uA M Ron  . bfl Y C T a -  

HOBneHMfl a ~ e K B a T H 0 k  CBf l3M @ n Y K T Y a u M M  MOIllHOCTM C n a p a M e T p a M M  

uo , (7 , W M t , BOCnOnb3YeMCR MeTOAaMM J ~ M H ~ G H O T O  MHOMeCT- 
A 

s e H H o r o  p e r p e c c M o H H o r o  a ~ a n ~ 3 a .  M c x o ~ ~ y e  p e r p e c c M o H H y c  M o A e n b  

n p e A C T a B M M  B BMfle:  

- 
? # e c b  BenM'4MHbl Uo M On BblpaMeHbl B MM , !I! - MBT , a UQ / Q - 
B n p o u e H T a x .  

O T M ~ T M M ,  '4TO BPeMR B RBHOM B M A e  B BMpaNeHMM / 3 /  H e  BXOAMT 

/npn y p o e ~ e  ~ H ~ U M M O C ~ M  0 , 0 5  r n n o ~ e a a :  B, = 0 no KpMTePMlO 

C T ~ O A ~ H T ~  H e  npOTMBOPe'-iMT 3KCnePMMeHTanbHbIM A ~ H H M M / .  B ~ ~ M ~ H H o G  
2 2 

@ a K T o p  e x o A n T  B Bb lpameHMe / 3 /  q e p e s  n e p e M e H H b l e  uo M un , KOP- 

pennpyoque c napaMeTp0t - t  t , n o s T o M y  n o c n e ~ ~ ~ k  B A a H H o M  c n y w s 2  

I 
O K a 3 a n C f l  M ~ ~ W T O Y H ~ I M .  

O C H O B H ~ I ~  KOppenRuMOHHble  COOTHOLJeHWR MeMAY nepeMeHHblMM,  

BXOARUMMM B B b l p a x e H n e  / 3 / ,  c n e A y t o y w e :  

1 /  M a ~ p n u a  n a p H u x  K o a @ @ ~ u u e H T o e  K o p p e n f l u M M  m e e T  BMA 

- 2 3 /  M H O K ~ C T B ~ H H ~ I G  K O ~ @ @ M ~ M ~ H T  KOpPenRuMM BeJlMqMHbl (oQ / Q  ) 
co e c e w  nepeMeHHblMM - 0 ,87.  

M 3  d H a f l M 3 a  BblPaKeHMR / 3 /  M npe/ lCTCBf leHHblX  BblUe KOppeflFIUMOH- 

Ht4X C O O T H O W ~ H M ~ ~  CJ le / l yeT,  '4TO 

- Y p o B e ~ b  cpeflnek MOyHOCTM C Y U e C T B e H H O  B n M R e T  H a  O T H O C M T e n b -  

H o e  M ~ M ~ H ~ H M ~  p e a K T o p H o r o  u y M a  ( r  w Q .  = O,69 1,  TO n o A T s e p m A a e T  

M pMC.  1 ; 
2 [ - M 3 M e p e ~ ~ b l e  3HaVeHMf l  u2 M ua , K a K  O K a 3 a n O C b ,  BXOAf lT B / 3 /  

0 
C O ~ P ~ T H M M  3HdKOM / c M . B M p a M e H M e  /I//. Pa3flM'-iMe B 3 H a K a X  n p M  

6 b l ~ b  C B f l 3 a H O  C 3aBMCMMOCTbKl ~ o n e 6 a ~ ~ G  no OT M e C T a  BCTpec lM O T -  

pama~enek ,  a T a K M e  c B n u R H y e M  B B ~ M M H O G  K o p p e n R u M n  ~ 0 n e 6 a ~ ~ k  I l O  
H a  @ n y K T y a u M M  MOYHOCTM /ru 

EG 
= 0 , 6 2 / .  
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P n c . 6 .  M ~ M ~ H ~ H H ~  c n e K ~ p a J I b H 0 R  IIJIOTHOCTM I I O n e p e q H b I X  O T K n O -  

HeHMfi  on0 /a /  M  & n y K ~ y a ~ M f i  3 H e p r U M  M M n y n b C O B  MOUHOCTU / 6 /  
B T e q e m e  O T D e n b t I o r o  U I i K n a  p a 6 0 ~ b 1  p e a K T o p a  / M ~ P T  1986 r . /  
f - q a C T 0 T a  B  I'q, t - B P ~ M H . M H T ~ ~ B ~ J ~  no O C U  t P a B e H  ODHMM 

C Y T K a M .  

P M c . 7 .  X a p a K ~ e p H a H  4 0 p ~ a  C n e K T p i l J I b H o R  ILrlOTHOCTU K O ~ ~ ~ ~ H M A  
oflo / a /  M / 6 /  H a  MilJIblX M H T e p B a n a X  B p e M e H M  /06wR MH- 

T e p B m  B p e M e H U  - 30 M M H / ,  f - q a C T O T a .  on0 q a C T O T a  

O n p O C a  C O O T B e T C T B O B a n a  q a C T O T e  B p a U e H M H  on0 1 2 5  I'u/. 

K ~ K  BMAHO M 3  pMC.6 ,  H e c T a u M o H a p H a f l  KOMnOHeHTa B ~ o n e 6 a ~ M ~ x  

MOUHOCTM B 3 ~ a q M T e n b ~ o f i  CTef leHM Bb l3BaHa M3MeHeHMeM HM3KOqaC-  

TOTHOG q a c T u  c n e K T p a  / f  < 1 r u / .  n o c n e ~ ~ ~ ~ ,  c o r n a c H o  
/ 3 /  

9 

B OCHOBHOM 3aBMCMT O T  ABMMeHMR HaTpMR U e p e 3  aKTMBHYK) 3 0 H Y .  

B CBR3M C 3TMM A n f l  I lOCTpOeHMFl ~ ~ ~ ~ ~ C C U O H H O ~  MOAenM PeaKTOpHbIX 

UyMOB H a  M H T e p B a n a X  BpeMeHM M e H e e  18 CYT H ~ O ~ X O A M M ~ I  AaHHble 

0 peaJ lbHMX K O ~ ~ ~ ~ H U R X  no OTHOCMTenbHO B K T M B H O ~  30Hbl M Y U e T  

UyMOB Pea KTM BHOCTM CO CTOPOHM CMCTeMbl OXJlaMAeHMR . 
O A H ~ K O ,  K a K  f lOKa3aJ l  K O P P ~ J ~ R ~ M O H H ~ I ~ ~  a H a n M 3 ,  ~ ~ O B ~ A ~ H H M ~  

MeMAy OTAeJlbHblMM KOMflOHeHTaMM B C n e K T p a X  S g  , So M S n  , He-  

C T a u H O H a p H a f l  C O C T a B n F I ~ a R  B MHTeHCMBHOCTM OTAenbHblX n M ~ M f i  

C f l e K T p a  Sg q a C T M q H 0  C B R 3 a H a  C H ~ C T ~ ~ H ~ ~ H O C T ~ K )  M3MepeHHblX KO- 

n e 6 a ~ ~ k  On0 / H ~ C T ~ ~ H ~ ~ H O C T ~  ~ 0 n e 6 a ~ M h  An0 CKa3b lBaeTCR H a  MOU- 

HOCTH B r o p a s ~ o  ~ e ~ b u e f i  c ~ e n e ~ u / .  T ~ K ,  H a n p u M e p ,  q a c T H u e  KO- 

3@$MuMeHTbl KOppen f l uMM MeMAy  O T H O C M T ~ ~ ~ H O ~  / H O P M M P O B ~ H H O ~ ~  Ha  

~ M c n e p c U K ) /  MHTeHCMBHOCTbK) OCHOBHOrO f lMKa 1,63 ru, B C n e K T p a X  

So M S n  M O T H O C M T ~ ~ ~ H O ~  MHTeHCMBHOCTbK) 3 T O r 0  nMKa  B C n e K T p e  

S g  n p M  YCTaHOBMBUeMCR YpOBHe  ~ 0 J l e 6 a ~ M k  An0 / B  KOHue Q M K ~ ~ /  

COOTBeTCTBeHHO PaBHbI 0 ,34  M 0,1 . 
X a p a ~ ~ e p ~ a f l  @OpMa C n e K T p O B  So M S n  , M3MepeHHa f l  B KOHue  

u M K n a  B CepMM KOpOTKMX BpeMeHHblX M H T e p B a n O B  o6qek A n M T e n b -  

H O C T ~ D  -30  MMH., n o K a 3 a ~ a  H a  p ~ c . 7 .  

OCHO BHblE BblBOAbl 

Ma,  H ~ O ~ X O A M M ~ I  AaHHble 0 PeanbHb IX  ~ o n e 6 a ~ ~ ~ x  no OTHOCMTenb HO 




