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Bo H36eJK8HHe UOTepb B CHCT9M8X, perHCTpHpyJOIIIHX CHrH8llbl OT HCTO'IHHKOB, pery

ll!IpHO noCbill810lllHX cny'!8liHbie rpynnbi carH8noa, ueo6XOllHMo 15y<jlepnoe ycTpollcTao - npo

M9JKyTO'IH8!1 ll8M!!Tb ( nn). ll03BOll!IIOlll8!1 ObiCTpo 38UOMHHTb rpynny CHrH8llOB, 'ITOObl 

B 0Tp930K Bp9M9HH llO D0!1Bll9HH!! Cll9llYIOntelt rpyDUbl nepell8Tb HX 8 M9llll9HHOlleliCTBYIO

lllyiO OCHOBHYIO llBM!ITb (On) perHCTpHpyiOUlell CHCT9Mbl, 

B pal5oTe/l/ paccMaTpHe8nacb 3BllB'Ia 
0 BbiOope OUTHMBllbHOrO COOTH011I9HHS1 

M9lKllY 0Db9MOM nn H CKOpOCTbiO nepeAB'IH CHrHanoe 8 On. 3Ta 38.[18'18 8 Hll98llH3Hpo

B8HHOlt M8T9M8TH'19CKolt DOCT8HOBKe BbirllSillRT Cll9llYIOlllHM 0Dp830M, 

H3 HMnyllbCHOro HCTO'IHHKa CHrHanoe 'lepe3 9llHHHUy epeMeHH OllHOepeMeHHO npuxo-

llSIT rpynnbi CHrH8DOB, '-iHcna curuanoe a K8lKAOl! 

H9388HCHMbl H pacnpet~eneHbi no 38KOHy 

i -ll rpynne "· ( i = 1,2, ••• ) cny'laliHbi, 
I 

p I "• R k I - w k ( k = 0, l, 2, ••• ), 
(1) 

T,e, C 89pOSITHOCTbiO 8 i -ll rpynne 6yAeT k 
CIU'Hanoa. Cpet~nee 'IIICno cur-

nanoa a rpynne p8eao 

k=l (2) 

ll8eT a on 
CllrHanoa1 BCDH CYMM8 CHrH8D08, OCT8Bllli!XCSI 8 nn OT npellbillYlll9ll 

H 38 9llHHHUy 8p9M9HI! nepe-

nonaraTb, qTo cnpaaeanHao ycnoaHe 

rpynnbi H BHOBb npHI5biBlUHX, npeebiCHT m , To 'nillliHHe' Tep!IIOTC!I. BylleM e!Ue npeA-

A< s < m. 
(3) 

.£ln11 CHHlKeHHSI eepO!ITHOCTH UOT9pb HeODXOllHMO yeenH'!9HHe 
m HnH s • 00CKOllh-

MBnbHOrO COOTHOWeHBH 

Ky H TO, H llpyroe Tpe6yeT 0Up9ll9ll9HHWX 38Tp8T, 803HHK89T 38ll8'18 0 H8XOlKll9HHH ODTH-

m H 
S • 06bi'IHO TOT HllH HHOlt U8p8M9Tp <jlHKCHpOBBH H DpH 

H389CTHOM A 
OTbiCKHeaeTc!l eenH'IHH8 Apyroro, llBIOlU8SI 3BABHHbilt M8nbill ypoeenb 

89pOSITHOCTH p.\ ( m, S) nepeiiOllHBHH!I nn, 

H8 npaKTRKe '18CTO DbiB8eT llOCTBTO'IHO, 'ITODbi npH 3BllBHHOM A 
ne 6bin8 6onbllloll 

OTHOCHTeDbH8!1 cpeAHSISI eenH'IHH8 npoc'leTa Q A ( m, s) , T.e. M8T9MBTll'leCKOe OlKllllBHlle 
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OTHOm8Blfll "LBCM CHrH8/IOB, IIOT8pSU!BbiX npH nepenonHeHHH llll JC HX o6uteMy 'IHCrry, 

B 
111 

3aAa'<a pewanacb MeTOAOM MoBTe-Kapno A/Ill '18CTHoro cny'lall, KorAa pac

npeAeneaae ( 1) HBn>UJOCb nyacCOl! OBCKRM, T.e. 

-A ;.,• 
w • e - ( k = 0,1,2, ••• ) • 

k kl 

(1) 

B aacToSIIIleA pa60Te H3naraeTcll o6mee aaanHTH'<eCKoe peweBJfe 3aAa'<H. KoaJCpeTHbie 

p8C'l9Tbl H8 38M npOBOAH/IHCb A/Ill HHTepeCHOrO B I1p81tTH'I9CitBX npHIIO>K9HHIIX II18CCOBOB

CJCOrQ Cny'l8ll. llpHB9A9B8 nporp8MM8 A/Ill peweHHll IIOrry'iHBWeliCll CHCTCMbl /IHHeliBbiX 

yp8BH9BHA H pe3ynbT8Tbl p8C'i8TOB, COBII8II8IOIUHC C pe3y/lbT8T8MB, nony'ieHHbiMH M9TOIIOM 

cTaTHCTH'IeCJ<BX HCnb!TasuA B 
11 1

, B npeAenax TO'iHOCTH, AaeaeMoA 9 THM MeTOIIOM. 

OTMeTHM, 'iTO ocsoBHhiM npeuMymecTBOM aaana'l'H'iecKoro peweHHH no cpaeaeHHIO 

c MeTOAOM MosTe-Kapno B AasHoll 3aAa'le liBnlleTCH MHoroKpaTHOe coJtpameHHe epeMeau 

C'ieTa Ra 3BM, He06XOIIHMOrO IIIIH IIOCTH>K9HHH 38II8HHOA TO'iHOCTH pe3ynhT8TOB. 

II. 

llo TepMHBO/IOrHH, YCT8HOBHBWellCH B M8TCM8TH'ICCKOli TeOpHH M8CCOBOro o6cny>KHB8-

HHll, Mbl HM99M CHCTeMy C IIOCTOHHHblM Bp9MCH9M 06Crry>KHB8HHH r = 1/s 

HOA O'iepeAbiO. 

H orpaHH'ieH-

ByAeM oiS03H8'i8Tb MOMeHT nocTynneHRH i -A rpynnbi cnrHanoe qepe3 

ti ( li -ti-l- 1; i = 1,2, ••• )H paCCMOTpHM IIOC/19IIOB8T9/IbHOCTb cnyqaliHbiX 89/IH'IIIH ei -'iHC/10 

CHrH8IIOB, B8XOAJIBWHXCH B nn B MOM CHT t i+ 1 -0 . Be/IH'IHH8 e i 110/IHOCTbiO OnpeAe-

/lliCTCll COII9PlKHMbiM llll B MOMCHT 

nepeA8'iH CHrHa/IOB B On. 

ti , T.e. CYMMOll .f i-1 + v. 
I 

II CKOpOCTbiO s 

EcnH BCIIOMHHTb 06 orpaHH'IOHHOH CMKOCTH m IlpOMClKYTO'IHOll II8MHTH H y 'leCTb, 

'ITO nn MO>KCT OrryCTCTb IIO MOM9HT8 

peKyppeHTHYIO ~OpMyny: 

t. -0 
I 

e i =max I O; min <~i- 1 

, TO ttnH ei nonyqaeM cneayiOIUyiO 

+ v. 
I 

m ) - s I , i = 1,2, •.. (5) 

'i MOlKeT I1pHHHM8Tb /II06ble UC/IO'ii!C/ICHHbiC 3H8'i9HHH OT 0 IIO m - s 0THOCitT9/IbHO 

'
0 

CCT9CTB9HHO npeAIIO/IOlKIITb, 'iTO ~0= 0 • OnpeAeneHH8H T8K IlOC/19IIOB8T9/IbHOCTb I e i I 

HBIIHCTCH, T8KHM 06p830M, npOCTOll, OIIHOpOIIHOli IICilbiO MapKOB8 C KOH9'1HbiM 'iHC/IOM 

m + 1 - s COCTOSU!Hll. 

(i) 

pkj 

, 
noAC'Il!TaeM M8TpHuy M 

BepOHTHOCTb n epeXOII8 H3 

nepeXOIIHbiX BepOHTHOCTeJl ,[l/111 9 TOH UCIIH. 0603H8'1l!M 

COCTOHHHH k B COCTORHHe 

j ( k, j = 0,1, ••• , m - s ) , T.e. B9pOSITHOC Tb TOI'O, qTO ei+1 = i npH ycnOBUH e = k 
i 
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flpu O< j < m -s lln!il nepexolla K co6b!THJO (i+l = i 

M O, 'IT06bl B MOM9HT tj B flfl DOCTyDHnO (j-k)+s 
, ecna ( . - k , ueo6XOilH-

' curHanoa, aa KOTopbrx flO 

MOMenTa t i+ l - 0 nepellllyT B orr. Cor naCHO (I). aepO!ilTHOCTb DOCTynneHHJil j + s - k 

c nrHanoa npu k _::: j + s 

HHH B -e H e B03MO)KeH, 

paBH8 W . k 
(i) J+s-

T.e. P = 0. 

• flpu k > j + s nepexoll ua k -ro COCTO!il-

kj 

Onpe /leneuHe nepeXOilHbrX aepO!ilTHocTell lln!il j = m - s H j = 0 
npoBOilHTC!il aHanorH'I-

HO. Y'!e T orpaHH'I9HH!il 9MKOCTH rrrr !laeT, 'ITO 

MeHT t. 
I 

(i+l =m+s TOnbKO TOr!la, KOrlla B MQ-
npHXO/lHT He MeHee m -k curHanoa, aepO!ilTHocTb 'lero paaua I w 

ll0CT8TO'IHO, ~~r6bl B MOMeHT 

(aepORTHOCTb 3TOrO p8BHa 

t'm-k n 
t i npumno He 6onee s - CHrHanoa 

I w0 ). 

n=O 
T a KHM o6paaoM, BBOillil o6oaaa'leHue 

k > 0 

k < 0 (6) 

nonyqaeM cne!lyJOmyJO <l><>PMYny, onHCbrBaJOmyJO ace aneMeHTbl MaTpHilbl nepexollHblX aepog-r-

HOCT eli 

p ., 
k=O, 1, ... , m-11 

j = 0 

0 < j < m-s 

(7) 

j = m- s 

K a x u c nelloaano O>KHilaTb, n e p e XOilHbre a epOHTHOCTH He 3 8BHC!ilT OT 
(nenb OllHOp0/lH8H). 

11a cjlopMyn (6) Mbr BHilHM, 'ITO MaTpHna M 
lilBnHeTCB CTOXaCTH'I9CKOJI, T.e. p. > 0

1 IJ -
K8lK/lblll CTOn6en CO!lep}I(HT XOTb OllHH aneMeHT, OTnH'IHbll! OT eynH, H llnlil K8 >KilOro 

k (k = 0,1, ••• m-s) 

'<epea 

6e3yCnOBHbl e BepOHTHOCTH npe6brBaHHH B 0 6 03Ha'IHM 

F(i) 
, a aeKTop c xoopllHHRTaMH f(i) ( Os_ j S. m -s) 

j 
j 

p{i) = M p (i-~) 

-M COCTOHHHH Ha -M wary 

'lepea P{i) • Tor!la 

(8) 
flpHMeHHH cjlopMyny (8) MHOrox paTHO, DOi lY'IHM pacnp9/l9neHH9 B9pO!ilTHOCTell Dpe6biB8HHH 

CHCT9 M bl B nJOOOM H3 COCTOHHHll Ha Ka>KilOM wary 

p{i)= Mi pCo). 

TaKHM o6paaoM, 3RaHue M 
{.) 

Te nbHO p pa3yMHO Dp9/lDonO>KHTb, 'ITO B Ha'lane nponeCC8 DpOMe>KyTO'IH8H naMHTb 

H p{ o ) !laeT aaM nonHoe onucaHRe CHCT9Mbl. OTuocu-

(9) 

5bina rrycTa, T.e. 
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p_(O) = 0 
J 

( i = 1,2, ••• , m-s); ~O)= 1. 

nnu H8WHX ueneA eCTeCTB9HRO HCCneAOBBTb BOnpoc, H8CT8H9T nH AnH p8CCM8TpHB8e

MOll CHCT9Mbl C T9'19HH9M apeMeHH T8lt00 yCT8HOBHBW89CH COCTOHHHe, KOI'A8 p8CRp9Aene-

(i) 
HHe aepOHTHOCTell p nepeCT8H9T H3M8HSITbCSI 0 He !'iyAeT 38BHC9Tb OT 

Uenu, AnSI XOTOpbiX c Te'leuaeM apeMeux, T.e. npH i ~ ~ t HMeeT M9CTO TaKOe 

Slaneaue, H83biBBIOTCSI pepynRpHbiMH, 8 upeAen&uoe p8cnpeAeneuue P -<jJHH8nbHbiM. 

1-iaaeCTHO, 'ITO H90!'iXOAHMbiM B AOCT8TO'IHb!M ycnOBB9M pePynRpHOCTH !IBnSieTCSI Tpe6oaa

HHe, 'ITO!'ibl ace B03MOlKHb!9 COCTORHHSI uenR COCT8BnS11lll OARH CyWeCTB9HHb!A Kn8CC, T.e. 

C nonOlKHT9nbHOA aepOSITHOCTbiO 38 lt0H9'1B08 'IBCnO W8I'OB 6bln B03MOlK8H nepeXOA H3 mo-

!'iOI'O COCTORHBSI k B n1060e COCTOSIHH8 j H o6p8THO (eM., H8RpHNep/
21 

§ 10). 

1-ia <jJopMyn (6) cneAyeT, 'ITO 9TO ycnoaue BbmonHSieTCSI a uaweM cny'l8e, H R8M 

npeAOCTBBnSieTCSI B03MOlKHOCTb BM8CTO BCCneAOB8HHSI CBCT9Mbl AnSI onpeAeneRBSI aepOSITHQ-

CTB nepenOnHeHHSI H8 lt8lKAOM W8I'Y CAen8Tb 9 TO OAHR paa B YCT8HOBBBW9MCSI COCTOSI-

HHH. 

CocT8BnSIIOWH9 P 
1 

( j = 0,1, ••• m·s) <jJHu8nbHOI'O aeKTopa P MOlKHO onpeAenHTb c noMo

WbiO yp8BH9HHSI (8). nepeXOASI B HeM K npeAeny np11 i~~ 

Ecna BbinHC8Tb nony'IHBweecSI ypaaueuue KaK cucTeMY AnSI <jJuuan&HbiX aepOSITHOCTeA 

P l u 38M9HHTb a ueA nocneAuee ypaaueuue ycnoaHeM uopMupoaxu I p =1 , TO nony'IHM 
i 

CneAyiOWYIO CHCTeMy m + 1- S ypaaueuul! ..• 
Po =I. (P I w 

k 
t=O D=0 

OD•O 

p = I p w ( 1 < j < m-s). (10) 
J t=O t e+J·Ir. 

m-a 
I. p. 

k•O 

C ROMOWbiO nony'I9HHb!X nocne peweHHS! CHCT8Mbl ( 10) <jJHH8nbRblX aepOS!THOCTell 

P. (j -0,1, ••• m-s) 
J 

ne!'J<O ROAC'IHTb!BBIOTCSI HCJ<OMbl9 aenH'IHHbl p.\ (m,s) H Q .\(m,s). 

nepenonueuue npoMelKyTo'luoA R8MSITH npoucxoAHT, ecnu npu uanu'!He a ueli 

k ( 0~ k <_m-s) cuPuanoa a uee nocTynaeT 6onee, 'leM m-k CHI'uanoa. TaxuM oopaaoM, 

DO <jJOpMyne nonuoA aepOHTHOCTB nony'laeM BepOS!THOCTb nepenonueHHSI llll 

BepoSITHOCTb nOTepH 

P.\ ( m,s) = I ( ': I Wn). 
k=O ncm.lr.+t 

Q CHI'HBnOB npH nepenonReHHH llll paBHB 
m-e 
I 

•-o pk W m+n•k 

6 
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0TCIOll8 H8XOllHM cpel!HIOIO OTHOCHTBnbH)'IO aenH'IHH)' 'IHCna UOTepSIHHhiX CHraanoa 

Q>. (m,s) =I. 
•= I 

HnH nocne HBKOTOpbiX npeo6p830B8HHJ! 

p [W 

(_n_) I. 
.\ k=O 

p k W m+•·k 

k m-k 
+(1-~)) I. w 

A no:::aa-k+l 
(12) 

B cny'lae S ~ m , KOrll8 ace CHrH8nhi 0 UOCTYUHBWHB B nn, ycneB810T 6b!Tb nepel!8HHbiMH, 

nn BCBrll8 t5b!B89T nyCT8 nepell UOCTynneHHBM 0'19p9l!HOll rpyUUbl CHraanoa, T,e. 

P = P = •• -P -o 
1 2 m·• 

B aTOM cny'lae P>. (m,s) H Q>. (m,s) 

npHOOp9T810T OCOOBHHO npOCTOJ! BHll 

HB MBHSIIOTCSI C pOCTOM s 

Q>.(m} =w 
m +(1-~) I. 

A n=m+1 

m. 

Pac'leT aenH'IHHhi P>. (m,s) H Q>. (m,s) npoaol!HnCR l!nR 

M9Tp8 .\ t5binO B3SITO 10 3H8'19HHll; 

2, 3, 5, 7, 10, 15, 20, 30, 40, 50 • 

H cpopMynhi l!nR HHX 

(13) 

(14) 

w k BHll8 ( 4). llnR napa-

CucTeMa (10) pewanacb nyTeM nocTpoeaHR o6paTaoA MaTpHilbi MeTOl!OM )l(opl!asa 

c Bbi60pOM rnaaaoro sneMeHTa 
131

• B 6u6nuoTexe cTaHll8pTHbiX nporpaMM M-20 HMeeTCR 

Cn, peanH3YIOW8SI 3TOT MeTOll/
4/ 

PeaynbTaTbi pac'leTa P >. (m,s) H 

nporpaMMbi l!aHo a npanoJKeHHH, 

N. 

npuael!eHbi sa pHc, t-10, OnHcaaae 

B aaKniO'IBHHe cnel!yeT OTMeTHTb, 'ITO Hl!eansaupoaaHH8R nocTaaoaKa 38ll8'1H, pac

CM8TpuaaeMoll B H8CTOHIUell pa60Te, SIBnHeTCSI nHWb nepBb!M UpH6nHlK9HH9M K peanbHOJ! 

CHTY8UHH, KOrll8 CHrHSnbi UOCTYU810T H8 BXOll npoMe X<yTO'IHOll U8MSITH He MrHOBBHHO, a B 

Te'leaue HBKOToporo npoMelKyTKa apeMeHH, H83hiB8BMoro nepHOllOM perHCTpauHH, Ha npOTR

lKBHHH STOrO npOMBJKyTK8 HHTBHCHBHOCTb UOTOK8 UOCTyU810IUHX CHrsanOB CU8ll8BT, llnHH8 
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npoMe>KyTl<8 M OlK9T 6 hiTb B HeKOTOpbiX C11Y'I8!IX Cp 8BHHMOli C nepHOAOM HMnyllbCHOrO HCTO'I

HHK8 carH81IOB, T8K 'ITO 3 8 n e p HOA peracTp8UHH '18CTb caraanoa MOlKeT 6WTb nepeA8B8 B 

OCBOBfiYlO naMSITb CHCTeMhi . 

B CBSI3H c 3 TH M peanbHbilf o 6'beM npoMe>KyTO'iHOli n8MSITH npH coxpaaeHHH Bbi6p8H

Horo ypoBHSI H8AelKHOCTH pa60Tbl CHCT9Mbl MOlKeT 6biTb B3SIT H9CKOllbKO M9Bh W HM 0 'i9M 

3 TO ClleAy9 T H3 npHBOAHMbiX T A611HU 0 KOTOpblt!, TAKHM o6pa30M 0 .l18lOT .l111H m oueHJ<y 

caepxy. 

TeM He Meaee npHM9HHeMhill aaMH MeTOA pacqeTa c acnollb30B8HHeM annapaTa 

uenell M a pxoaa 6yAeT, no-BBAHMOMY, n o ne3HhiM H npa peweHHB o6well 3811A'IB. 

Baa'l811e AliH 38.!18HHOro 

w = 
k 

- >. k 
e >. 

kl 

>. 

nPI1Jl O )KEHI1E 

Bhl'iHCliSUIH Cb T8611HUbl 

k 

v k = I wk 
i= O 

w 
0 

= exp [ ->. ) ; wk = '\-1 
>. 
k 

vo = wo \ =vk·fwk 

k= 1,~ ••• 120 

·19 

llnst eio~w•x >. >. > 42 J[Or A8 J111H M 8 11b1X k Wk < 10 ( M8 WHHHWli fiYllb) 0 Bbi'IHClle-

HHSI Wk B911HCb H9 CKOllbK O nO-HHOMy: 

'o = - >. 

w
0

= exp [ r 
0

] 

Kor.11a a nporpaM M e Tpe 6oa a nocb 

npa k < 0 wk = \ "' 0. 

wk H 

'k = \ _
1 

+ fn >. - fn k 

wk=exp[rk] 

vk 1 
T O ORH H8XOllBJtHCb H3 T86nHUr npH't9M 

llanee C119AOB811H .1188 B 110lK9HHbiX Apyr B Apyr8 UHKlla: 

no m; mo = A+ 1 c waroM 1 110 (f= 20) 

no s ; so= >. war 1 110 m • 

no Tel<yWHM S H m C T pOHTCH M8TpHU8 nopSIJlK8 n ; n - 1 = m- s'. 

BexTop npaBhiX qacTe lf acer.11a OABHaxoa b = (1, 0,0 ••• 0). 

8 M8TpHU9 DepB8H B BTOpa st CTpOl<H OT11H 'I8lOTCSI DO BHeWHeMy BIIAY OT OCT811bHbiX, 

DO.TOMY ORB CTpOSITCSI OCOfibiidU 6 110l<8 MB. 113 3119'M9RTOB rnaBBOli ABArORAliH (KpOMe nep

BOrO S119MeBT8 09pBOli C Tp OJ<H ) Bhl'IHT811HCb eAHHHUhlo 
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N!Nl 
CTpOJ: H 
CTonl5n:oa 

2 

3 

D+1 

v 
s 

w 
&+-1 

.............. 

W &+-n-1 

015m:Hll BRA MaTpHitbl 

2 3 

v -1 v 
s-1 s-2 

w w -1 
s s-1 

W &+-a· 2 W &+-n-3 

D + 1 

v 
S-tl 

w 
s-n+1 

W s-1 -1 

BeJ:Top 

b 

0 

0 

0 

HanoMHHM, 'ITO au AeJ:c W H v AOn)KeH !Sb!Tb nonO)KBT91lbHbiM HnB paBBbiM 0, 

ecna OK 15bln OTpHUaT91lbHbiM 0 TO cym:ecTBYIOW:Hll 9n9M9HT paBeH uymo, 

BeJ<TOp peweHHSI p HCUOnb30BanCH B A81lbHellweM npH UOAC'I9T9 

a Q A (m,s) • Ha ne'laTb Bl>!Aaaanac& (AnSI 3SAaHBoro A m,s,P,Q. 

n a T e p a T y p a 

I. f,J1, 3ai5HSII<HH 0 f,A, 0cOCJ:OB, 0col5eHHOCTH MHOrOJ:BHBilbHbiX perBCTpHpyiO!IlHX yCTpOIICTB 
C npoMe*YTO'IHOll UBMHTbJO npH HMnyn&CHOM pe)I(J{MQ pal5<7rbl, nT8, )1,~ 6, 1963, 73-77, 

2. T .A. Capb!MCBI<OB, 0CHOBbl TeOpHH npon:ecCOB MapJ:OB8. rHTT n, Moci<BB, 1954. 

3, .n.K. 4laAAeea, B.H. 4>aAaee aa. Bbi'IHCnHTen&Hble ueTOllbl naaelluoll anre!Spbi , 4>H3MBTrB3 0 

MocJ<aa, 1960. 

4. Ba!SnaOTexa cTaHAapTHbiX nporpaMM, UBTH, MocJ:aa, 1961. 

Pyxonac& nocTynana B H3AaTen&CJ<Hll OTAen 
3 HHBapK 1966 r, 
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