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HacTOSIW8SI CT8ThSI rrpe.acTaanSi eT co6oii coKpaweHHYIO o6pa6oTKY neKuHii , rrpo•m 

T8HHhlX B na60p8TOpHH BhlCOKHX 8HeprH~ 06be.[!HHeHHOrO HHCTHTyT a SI.OepH hlX HCCne.ao

B8HHl!: OCeHb!O 1960 ro.aa , IIOCBS!WeHH blX p8CCMOTpeHHIO HeKOTOpblX CIIeUHBnhHblX CT8TH 

CTH'leCKHX aorrpo c o a , CBSI38HHbiX c OIIbiT8MH no tP H3HKe 'l8CTHU BbiCOKHX aHeprRl!: • .DnH 

IIOSICHeHHSI IIOCT8HOBKH 38.[18'111 paCCMOTpHM B K8'leCTBe · IIpl1Mepa 8 KCIIepHMeHTbl IIO H3y

'leHHIO xap8KTepHCTHK BTOpH'IHb!X 3 8pS! )!(eHHblX 'l8CTHU 0 B03HHK810 W HX B tPO T 08MynbCHH . 

8 8TOM cnyqae , K8K IIp8BHn0
1 

H3MepeHHSI 8HeprH!l 0 HOHH38UHH 11 T • .[! . B03M0 )!( H bl T On hK O 

TOr.aa , K Or.aa yron BbineTa 'l8CTHUbl C IInOCKOCTb!O 8MynbC HH H e rrpeBOCXO.OHT HeKOTO-

p oro 3 H8'l e HHSI fJ"ff•'I · • noaTOMy cyweCTByeT OIIpe.aeneHH8SI BepOS!THOCTb W T oro , 

'ITO xapaKTepHCTHKH 'l8CTHUbl 6y.ayT 1!3MepeHbl , 38BHCSIW8SI OT IIpOCTpa HCTBeHHOr o 

y rna BhlneTa 'lBCTHUhl 8 . B S Toll: H aHanorH'lHhlX 38.08'lax B 03HHKaeT aorrpoc o Haxo

)l<.aeHHH c pe,llHHX 3H8'leHI!l!: p a3nH'lHbi X BenH'lHH (HarrpHMep , 'lHCn8 'l8CTI1U 0 HMIIynbCOB , 

IIOII e p e 'lH biX 11MIIynbCOB 11 T,.[! . ) 11 HX .OHC riepCUl!: . 

PaccMoTp11M cnaqana rrpoc Tel!:wHl!: cnyqal!: . nycTh RMeeTcSI N 'l8CTHU ; w - a e po-· 

SITHOCTb TOrO , 'ITO 'l8CTI1U8 IIO!I8.[!eT B o6n8CTh1 B KOTOpOl!: B03M0 )!(Hbl 113MepeHHSI0 Bae

.aeM sec K , p aBHbiH k = ~ . Ecn11 H3Mepeno 11 'l8CTI1U, TO cnyqal!:HaSI aen11'I11-

• .DI1CIIe pCI1SI J( p8B H8 

, r.ae .D, • Nw(;~-w} - .aHcrrepcH SI aenH'li!Hbl n , pacrrpe.ae-

neH H OH IIO 611HOMI18n bHOMY 38K OHy , 0KOH'l8TenhHOe Bbl p 8)!(eHI1e .[In S! :0,. MO>K e T 6bJT c 

3 8III1C8HO B cne.[!y!OWeM Bl!.[!e ; 

.D.= K"N w (t- w) ( 1 ) 

P accMoTp e HHbiil rrpi!M e p n e rKo o6o6WHTh na cnyqal!:, Kor.aa 11 3 rr on n o r o 'lnc :Ja N 

'l 8CTHU n ac 11HT e pecyJOT TOnbKO q acTHU hJ orr p e.aenen noro Tl!rra . 

e.epOS!THOCTb TOr 0 1 'ITO H eKOTOp8S! 'l 8C THU8 IIp11H8.[!ne>J<I! T K .[!8HH OMY THIIy 

paana ,0 . Tor.aa cpe.aHee X• Kn 6y.aeT 

( 2 ) 

H .OHCII e pC HSI BenH'lHHhl X 

(3) 

• 



• 
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J-1a np8KTHKe 06bi'IHO BCTpeqaeTCSI cnyqai!: 0 KOr.aa senH'lHHbl \Ill H p 38BHCSIT OT 

K8KOro- nH60 napaMeTp8 0 HanpHMep, OT yrna BhineTa ITO OTHOWeHHIO K nepBH'lHOH 'l8CTHUE'. 

nycTb wi ,f'i. , a ;, - senH'lHHhi, onpe.aeneHHbie Bhiwe np11 v - TOM 3Ha'leHRH napa-

MeTpa. Hai!:.aeM cpe.aHee 3HB'leHHe senR'lHHbi X= :Z:: K ; n,· 

x .. Z K;i7.· .. N I J<,·p; w.· =- NZp.- = NP , 

r.ae 'P .. Z:.p; . 

Bbi'lHCnHM .aHcnepCHIO senH'lHHhi X 

.D .. = z. z J<.-1(.6 (;:;;;::;;, - n;n~) . 
i ~ 

(4) 

(5) 

Bb!p8)K8HH8 , 38KniO'l8HH08 B CK06K8XJ MO)K8T 6b!Tb0 K8K H3B8CTHO, npe.acT8Bn8HO B BH.ae: 

0TKy.aa 

{

- Np; Wip~kl..c 

n;n~- if.·n~ = 
Np; w.-(.,-,o; w.-) 

npu i. rF .l 

np"' i = ~ . 

.D~t = -Nffp.·pAW.· W..cl<il<..c + NZ.p; w; K/" :- NP'+ NZ.p;Ki. 

(6) 

(7) 

BenR'lHHa P MO)K8T 6hiTb onpe.aeneHa 8KcnepHM8HTanbHO c noMOWbiO pas e HCTBa (4 ). 

Llanee uenecoo6pa3HO BBeCTH senH'lHHY y = Z: n i ~</ , 

Cpe.aHee 3HB'leHRe 8TOi!: senH'lHHhl paBHO 

y = Z 1</ n.· = N :E 1</'p,- """'·· = N Z:.p;K,· 

no8TOMY .OHCnepCHSI X 
x) 

MO)KeT 6h!Tb 38llHC8H8 OKOH'l8TenbHO B BH.Oe 

.D.=- NP 2 +y. 

X) np11 Bb!BO.Oe ( 9) npe.anonaranOCb 0 'ITO BCe H3MepeHHb!e 'l8CTHUbl M8)K.OY 

C060i!: CT8THCTH'l8CKH He38BHCI!Mbl 0 

(8) 

(9) 
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B TOM cnyqae, Kor.aa Bee N 'i8CTHU OJlHOT'O THII8 ( BbiiiOITHeHO yCnOBHe 'Ep; = 1) 
1 

Cpe.aHee 3H8'ieHHe H JlHCIIe pCHH X Jl810TCH Bb!p8)!(eHH HMH 

(4a) 

.D •• - N ry . 
(9a) 

IlpH H3y'ieHHH B 3 8HM OJleliCTBHii HYKIT OH-HYKITOH MeTOJlOM cpOT03MYITbCHii 6biiTO 

OT06paHO 250 CnyqaeB p-p-B38HMOJleli.CTBHii , IlonHOe 'iHCITO nyqeli IIpH 3TOM p8BHO 854 , 

KaK yK83biBanocb Bbtwe1 H3MepeHHH rrpoBOJlHITHCb Ha qacTauax, HMeJOwax yron rrorpy)!(e

HHH /1 ~ p,.J-., =5°, Ilo3TOMY Heo6xo.aHMO Bbi'iHCITHTb Bee a K; 
1 

CBH38HHbie c reoMe -

TpaqecKHMH ycnoBHHMH Ha6nJO.aeHHH, 3aBHCHMOCTb K i OT yrna BhlneTa ~ MOX<eT 

6biTb nerKO IIOny'ieHa IIpH IIpeJliiOITO)!( eHHH 06 83HMyT8ITbHOii CHMMe'I'pHH BhJne Ta 'i8CTHU: 

r.ae 

x = Z. J<in; • 

1 

:Jl ., 
2 o~ ~in ,,;., (3,.1!.., 

~in 6i 

Jl0IT)!(H8 6hlTb p8BH8 ITOITHOMY 'iHCny 'i8CTHU B rrpe.aenax CT8THCTH-

'ieCKHX OWH60K, IlOCKOITbKY H8C HHTe pecye T ITOITHOe 'iHCITO 'i8CTHU, 'He38BHCHMO OT THITa, 

T O BhiiiOITHeHO ycnOBHe I_ f',· = 1, Ilo3TOMY B hl 'iV.CneHHe JlHCII e pCHH !IpOBOJlHTC51 IIO 

)xl 
cpopMyne (9a : 8bJ'iHCITeHH8H BerrH'iHH8 X I p8BH8H 856.:_64 1 COBII8Jl8eT C cp 8KTH'ie-

CKHM 'iHCITOM BTOpH'iHh!X 'i8CTHU1 'iTO IIOJlTBep)!(Jl8e T T'HIIOTe3y 05 83HMYT8ITbHOii CHM-

x) 
EcnH BepOHTHOCTH W i IJ.OCT8TO'iHO M8Dbl 1 TO B K8 )!(Jl01i 3Be3Jle HMeeTCH 

He 6onee o.aHoli 'i8CTH!lhi, rro.ane)!(aweli H3M e peHH IO, B 3THX ycno B HHX pa3ITH'iHbie H3Me

peHHhie 'i8CTHUbl CT8THCTH'ieCKH He38BHCHMhl , . 'iTO rrpe.arron a raeTCH DpH Bh!BOJle ( 9a) • 

• 
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Vlcrronb3ysr rronyqeHHbie Bhipa:>KeHHSI ( 4) H ( 9) , MO:>KHO Bhi'IHCnHTb cpeaHee 3Haqe-

HHe H aHCIIepCHH anSI p83HOCTH B 'IHCne '18CTHU BhineT8IOWHX B asyx HerrepeKpb!B8IO-

WHXCSI TeneCHblX yrnax. nycTb 

0603H8'1HM 

Tor a a 

x = Z n;K& - ~ "'i"'. · i I 

Z nil<;= x., • H Z mjlj =X~ • 

X"• x.,- ;c;, = N(P-QJ I 

rae P:::Zpi H Q: z 'jj 
H 

rae 

IJ,. =D •• + :IJ~~~. - 2. ('ii;x-,_ - ;;-. x.~ ) , 

JJ11• = -NP"+ NZp.·K, · 

.IJJcz. =- NG..'-+NLtj;li 

PaccMoTpHM TpeTHA qneH B Bhipa:>KeHHH ( 13) 

~.~-~~=ZZ(~~-~~)~~= 

= - N Z Z pi w,· 'i Vj K,·l; : .- N L Z p;. Cf.i = - N PG. · 

0KOH'I8TenbHO 

.D.=- N (P-G)a+- N( I. p.·K,·- Z..CJj-'i). 

AHanorH'IHO (8) sseaeM 

Bb!pa:>KeHHe ( 14) B BRae 

y. :II z ,,. ~<.·'" ... 
H Ya z Z'"jLj 

.~ r- -J ]},. a - N ( P- G) + N Y., + Ya • 

( 11 ) 

( 12) 

(13) 

( 14) 

H rreperrHweM 

( 14a) 

PaccMOTpHM Terrepb Borrpoc o Haxo:>KaeHHH cpeaHero 3Ha'leHHSI TBKHX aenH'IHH 

K8K HMriynbC 1 11011epe'1HhiA HMrrynbC H T.a. npH H3MepeHHH Mhl HMeeM HeCKOnbKO 3Ha-

'leHHA HeKoTopoA senH'IHHhi Z . BenH'IHHa Z srsnsreTCSI cnyqaAHoA; 38KOH ee pacrrpe-

aeneHHSI MO:>KeT, soo6we rosopsr, 38BHCeTb oT Toro :>Ke rrapaMeTpa, OT KOToporo 38BJI·- · 

CHT W 

PacCMOTpHM CHaqana 6onee rrpOCTOA cnyqaA. nycTb H8C HHTepecyeT BenH'IHH8 Z 
OTHOCSIW8SICSI KO BCeM '18CTHU8M. npH -TOM 3H8'1eHHH rrapaMeTpa MO:>KeT 6 b!Tb 

H3MepeHo ni qacTHU, HMeiOWHX pa3nH'IHhie 3Ha'leHHSI Z • BseaeM senH'IHHy x 

cneayJOWHM o6pa3oM: 
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,, 
X:: _!_ Z. K; Z. l.;j 

N • i•• 1 ( 15) 

r.ne N - nonHoe 'U!Cno qacTHUo HaA.neM cpe.nHee 3Ha"ieHHe 11 AHCnepcHJO BenH"ii!Hbi X. 
ni 

BBe.[leM o603H8"ieHHe X ; .: K.·? Z;j • npK ycpe.nHeHHK BenH"iHHbl Xi t OTHOCSI-, . ., 
weAcH K ' -ToMy 3Ha"ieHHJO napaMeTpa, npe.nnonaraH, 'iTO n· • - TIOCTOSIHH0 0 nony-

"iHM 

(16) 

nocKonbKY n,· - cnyqaAHaH BenK"iHHa, To ycpe.nHHSI no n; , rrony"'HM 

Xi = K;n~ Z.·. ( 17) 

0TCIO.[l8 

(18) 

.ilHcnepCHSI )( MO)I{eT 6biTb rrpe.ncTaBneHa B BHAe 

(19) 

PaccMoTpHM oT.nenbHO qweHbi cyMMbi ( 19) npH i. = -i. H npK L # -l. 

y.no6CTB8 paC"ieTa BBe.[leM BenH"iHHy Ll r; t YAOBneTBOpSI!OlllYIO cne.nyJOllleMy ycnOBIIIO 

0TCIO.[l8 BH.[lll0 0 'iTO 

Vl3 ( 16) K (20) 

Bb!p8)1{eHHSI (21) 

Hb! i!,' 

0TCIO.[l8 

- F.·. 

MO)I{HO rrony"iHTb, 'iTO A~ .. • 0 . Vl3 rronyqeHHoro paBeHCTBa H 

nei'KO BbiBeCTH COOTHOllleHHe Me)l{.[ly Ll ~l 

:1. '"·"n~ ':'7'.l. ... u!-n,· .J),... x/· = x/n/ (i!, +-41?.,') = "'• • :z:., .- "• ..... 

(20) 

(21) 

(22) 

• 
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DHcnepClH I aenH'lHHbi Jli . 
x) 

"-'1: -.1. &a-z. ul.-]} &-l-1. &-]} a.-.Z.JJ 
.0 . = x . - x; = K; n; ~; + "' 11i ". - k,- n . Z ,· .: Kin,· ,. · + K, ~.. n~ . 

"• ' .... • - . (23) 

B TOM cnyqae , Korna i t~-l. 1 nerKo BHneTb, 'ITO 

x;x.,_ -X; X,. = I<; I<~ -z~ Z,t ( n,·n"- ii.· n~) . (24) 

nonCT8Bn5151 Bblp8)KeHHSI ( 23) H (24) B ( 19) , nonyq aeM 

.lJK = "~_ {[LL Jt<,-K_,l,l4.(~ -n;n")j .H-r l;.K/'"Z/.0,;+ Z K_.:'n,.JJil :J: 
N i .l • ' • 

= ~~ {[ f f K~~<.ll;l_,(n:n., -n.·n"J)-r f. K,~n~ JJ2.- J. . (25) 

8 nocnenHeA CTpO'!Ke Bb!pa)KeHHSI ( 25) CyMMHpOB8HHe npOBOllHTCSI IIO BCeM B03M0)!(Hb!M 

3H8'leHHSIM i. H l • npoBOilSI IIpOCTeA:wHe rrpeo6pa30B8HHS1 1 rronyqaeM 

]}I( = :~.{- N{L.p.-i~)~+ NZK,·p.-2/" j. 
(26) 

BaeneM aenH'lHHy 
~ % l y a L- K, z.- , cpenHee 3H8'leHHe 9TOA BenH'lHHbl p8BHO : 

-y = L K.·1 z.~ n, · = NZ K.·'" z' p;w, · = N Z l<,·p.- z.t. ( 27) 

noncTaBHB ( 27) B ( 26) H rrpHHHM8H BO BHHM8HHe , 'ITO Lp; l ,- .. X , rrony'lHM 

OKOH'l8TenbHOe Bblp8)KeHHe llnS! ilHCrrepCHH X 

.D. = .:L. {- N"i' + y j Nz. . (28) 

x) 
npH BbiBone Bbipa)KeHH SI nn11 nncrrepCHH rrpennonaraeTcH, 'ITO aenH'lHHbi Z ij 

CT8THCTH'le CKif He38BifCHMblo no 9TOMy IIOBOilY CM . IIpHMe'laHHe Ha CT p. 5, 
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ropa3DO 6onbWHI HHTepec npeDCTaBnHeT BODpOC 0 BhlqHcneHHH i H D .. B 

TOM cnyqae, KOI'D8 J1HTepecyJOWaH HaC BenHqHHa OTHOCHTCH He KO BCeM qaCTHUaM
1 

a K 

onpeDeneHHOMY THny qacTHU, TorDa Bbipa)!{eHHe ( 15) MO)!{eT 6biTb aanHcaHo a cneJ~~:yJO-

,; . 

X = _f Ki fu l&j • 

Z: K;n' (15a) 

8 Bb!pa)!{eHHH ( 15a) 3HaMeHaTenb 1TaK )!{e KaK H qHCnHTenb
1 

HBnHeTCH cpn!OKTyHpyJOmel 

BenH 'H!HOl!, 
n; 

BaeDeM o6oaHaqeHHH: u • Z. K,· L Z;j 
i i"' 

Bbipa)!{eHHe ( 15a) MO)!{HO npeDCTaBHTb Talc 

u u+{u-riJ 
)(-- -
-~~ -v+lv-vJ 

U-&.1 «=..;;_ __ 
&.1 

H 

u =-v 
u-u ., 

-1- q 
B " + v 

..(£ 0(---
u 

= 

H v.a Z K;n ... 

u '7+04 
(29) -v , + {J 

.jii; 
H (J- T 

If 0 o6paTHo nponopuHoHanbHbi {ii , 
v 

T,e, npH 6onbWHX N , qneHaMH, CODep)!{autHMH o<. H p B CTapumx cTeneHHx
1 

MO)!{HO npeHe6peqb, PaanaraH B pHD aHaMeHaTenb Bbipa)!{eHHH ( 29), nonyqaeM 

(30) 

;; - - - p•j i = v l ., .,.. ot - f3 - «{J .,. • 
(31) 

JlerKO BHD eTb 0 qTO cpeDHHe 3HaqeHJL~ BenHqHH B npaaol! qacTH (31) Bbipa)!{aJOTCH cne

DYJOutHM o6paaoM 

O(=Ji=o 
- .11., •&=-u-

p•. ~" 
v 

(30a) 

- K.,., 
O<fl = ii v 
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r.ae l<uv • Uv- UV 

BenH'iliHbi ;:; v t J1.., 1'1 1lv t B bl'iHCJleHHbie paHee [ CM , ( 18) , (4) 1 (26) 1'1 

( 7) J 1 a TBK .)Ke aenH '11-IHY K.,., 3BnHweM a cne.ayiOLUeM au.ae 

;; : N E..p,·a· • AN 

v:NZ.p.·•:BN 

1Ju • N {- ( Z. p.· Z.-) 
1 

#- Z. K; p; zf } z C N 

]}., = N{- ( Lp; ) 1 + Z.p;K;j = "F N 

K&IV•N{ ZK .. p;l;- (~PA z,.z~JJ: [N . .. 

l lepenuweM ( 31) 1 ucnoJlb3YSI aae.aeHHbie o6o3HB'ieHHSI 1 

7- u[--- (J...-L)..L] ,. - v ., A B :a& N . 

BbipB)I<eHHe (31a) yKB3biBBeT HB HBJlH'iHe CMeLUeHHst cpe.aHei!: aeJlH'iHHbi 
ij 

OTHOC!iTeJlbHO BeJlH'il!Hbl 1r 1 KOTOpOe yMeHbLU8eTCSI C yBeJlH'ieH!ieM 

B bi'iHCJlliM .aucnepcHIO a ena 'iliH bi )( 
d -& o • .. 1( -I( • 

VfcnOJ1b3Y5! (30) li (30a), flOJly'iaeM C TO'iHOCTbiO .UO 'iJleHOB nop5! : I K8 

JJ. = { ~ )' { oc& ~ f3 a- /. o<p} = (~ )' { ~~~& + ~"• 2 Kuv] - ;:;v . 

(31a) 

x=(~) 
N 

1/11 

0KOH'i8TeJ1bHOe B blpBX<eHHe ,UJ15! .UHCnepC!iH X MO.)KHQ 38flHC8Tb B CJle,ayiOLUeM B U lle 

( ;;)~( c. + "F 2 £) 1 JJ. .. ~ A& .B& - Air N I (32) 

npH'H'M ac e B 2 •ll!'iHHul 1 BXO.UHLU!ie B (32) 1 MOT'yT 6b1T b onpe.aeneHbl 3KCnepaMel-! T 8 JlbHO , 

K a K Yihe OTMe'ianocb1 ace npuaeneHHbte cooTHOLU e HI!H cnpase.amiBbi a npe .anono

/ I<E' HHII 1 'ITO pa3JlH'iHbte 'iBCTIIUhl 11 HX xapaKTepl!CTHKH CTBT!iCTH'ieCKI! He3BB!iCl!Mbi , B 

llpOTHBHOM CJly '!ae onpe.a e n e H!ie BeJlH'!HHbl cpmoKTyBUI!H Kp811He OCJ10 X< H5!eTC5! , C .apyroli 
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CTOpOHbi 1 IIHOf'L(a IIpHXOL\I!TC51 IIM8Tb L(eno C B8nii'H!HaMI! 1 Bbi'II!CneH1!8 cpniOKTyaUI!H KOTO-

pb!X 3aTpy L(HI!TenbHO L(a)K8 B CaMb!X IIpOCTb!X IIp8AIIOnOJK8HIIS!X. 

B yKa3aHHbix cny'!aHx MomeT 6biTb Hcrr onb3oBaH npHeM 'IHCTO 9Kcrrepi!MeHTanbHoro 

orrpeAeneHH51 aenH'II!Hbi cpniOKTya u Hi!. rlpeAnonomHM 1 'ITO Hac HHTepecyeT c peAHe e 3 Haqe .

Hife HeKoTopoil aenH'IHHbi X , orr p eAenHeMoe rro rpynrre , COAep)Kaweil N co6biTHi!. 

a 
Mo)KHO rroKa3aTb, 'ITo AnH 6onbwHx N- l/X = N rA e a rrocT051HHa51 

B8nlf'IHHa • .[lnH 113MepeHHH Of pa3AenHM ace co6biTif51 Ha m rroArpyrrrr , COAepma -
N 

C06b!Tifil . Ka)KL\OH H3 9TifX IIOL\f'pyrrn COOTB8TCTByeT CBOe 3H8'18Hif8 lfHTe-lllHX 

"' 
pecyiOlllei! Hac BenH'IHHb! Xi ( i:: 1 , 2. · · · · · · · l'n ) 1 Bbi'IHCneHHOe Ha OCHOBaHHli .!::!.. C06bJ

THH. VfMe51 B CB08M pacrrOp51JK8HHH B8nH'IliHbl 

a 3aTeM li HCKOMYIO aenH'IHHY 17)C 
Xi 

m_ -a. 
, Mbi MomeM B bi 'IHCnHTb D.= .1(•-" , 

Ya cno noApyrrrr m 

B BHAy, 'ITO KBK m 

(33) 

MomeT 6biTb Bbi6paHo rrpOH3BOnbHO. CneAyeT, OAHaKo , HM8Tb 

N 
1 TaK H -m L(OnJKHbl 6b!Tb L(OCTaTO'IHO BenHKH. 

PyKOIIHCb IIOCTyrrHna B H3AaTenbCKHH OTL(en 

10 AeKa6p51 1960 r oAa. 


