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YIK 339.543

IOKJIAPHUHI' ABTOMATJALNITUPUJIT'AH
BOKXOHA HA3OPATHU AXBOPOT
OKUMJIAPUHHA OIITUMAJIJTIAHITUPUIL
YCYJIN

Cauoos A.A., Yemonoe K. T.

Mavrymomnap anmawunysuHune Xaxcmu op-
muwy 6uian memup Uyn OOWKApY8U MmusumMu op-
Kau 1obopuraémean xabapiapHuHe KeuuKuuuHu
KamMaumupuul UMKOHUAIMU JHCYOAd MYXUM XUCOO-
Jaanaou, uly cababau ywby mMaxonaoa KIAPHUHS
000ICX0HA HA30pamu  a8MOMAMAAUIMUPUIZAH MU-
3UMUOA axOopom pecypCeiapuHu Maxoyi mapka-
MUUL HCAPAEHU KYPUO YUKUTICAH.

Kanum cy3nap: axboopom oxumu, 60%cxoHa
Hasopamu, 10K, Mapuipymiaul nPOmoKoJIuU.

Paccmampusaemces eonpoc npoyecca onmu-
MAbHO20 PACAPEOCNeHUs. UHMOPMAYUOHHBIX pe-
CYPCoO8 8 aBMOMAMUUPOBAHHBIX CUCTNEMAX Md-
MOJICEHHO20 KOHMPOJISL 2PY308 NePEeGO3HbIX NO Jice-
JIe3HOU  00pO2U  NO3GOISIOWUX  MUHUMUSUPOBAMb
8peMst 3a0epiHcKU nepedasaemMblx COOOWeHuUll, Ymo
CMAHOBUMCSL BAICHBIM C POCIIOM 00beM0O8 0OMeHA
ungopmayueil.

Kniouesvle cnosa: ungopmayuonnviii nomox,
MAMONCEHHBLIL KOHMPOLb, 2PY3bl, NPOMOKOL MAPU-
pymuszayuu.

The issue of the process of optimal distribution
of information resources in automated systems for
the customs control of goods transported by rail is
considered, which makes it possible to minimize the
delay time of transmitted messages, which becomes
important with the growth of information exchange
volumes.

Keywords: information flow, customs control,
cargo, routing protocol.

Kupum

Kopnopatue ax60poT KOMMYHHUKAIUs 0030pHHA
PHMBOXIIAHTHPHUII TCHACHIVSUITAPHHUHT TH3UMIIN Tax-
WA OIyHW KYpCcaTaauKd, MabIyMOTIap aIMAIIIHIIT
XQKXMUHUHT M349WJI OPTHIIH, aJOKa KaHAUIAPUHUHT
MUMKOHMATIApU YEKJIAHTAHJIUTMHA Ba MapLIpyTJiall
HpolLeaypalapy Y4yH aJITOPUTMIIAPHU TaHJIAIHU XHU-
cobra onraH xonga OoOLIKapyB TU3MMHUIA (OOOpU-
JMaéTraH MabIyMOTJIAPHUHT CaMapaiyd TaKCUMIIAHH-
M YYyH 3aMOHABHH YCYJI, aITOPUTM Ba BOCHTAJIApHU
MIUTa0 YUKWIITHA TaK030 3TaH.

Bynnait sBomiorusra Oynaran 3XTuéX Ba YHHHT
Makcaara MyBOQUKIMIH 0O0XKXOHa OpTraHIapUHHHT
TpauK Ty3WJIMAacHHH KaiiTa Ty3WII Ba aloKa Ka-
HAJUTAPUHUHT IOKJIAHUIIMHUA MYBO3aHATJIAIITUPHUII

OpKaJIM TEJICKOMMYHHKAIUs XM3MATIapHHU Kypca-
THUII Xapa)[(aTHapI/IHI/I MI/IHI/IMa.HJ'[aIHTI/IpI/II_H ucraru
Ounan OOFIHK.

MacaJaHUHT e4HJIMIIH

Iy myHocabar OwunaH, onTuMall ax0opoT Tex-
HOJIOTHSUIApU JIOMpacHja MarucTpajl KOpIIOpaTHUB
TU3UMJIap/ia axOopoT OKMMIIAPUHM TaKCHMIIAII-
HUHT CaMapajy yCyJ Ba BOCHTAIAPUHH WILIA0 M-
Kkum Tanad stunany. FOxiapHM aBTOMATIAIITH-
pwiran 60)XKXOHa Ha30paTH TH3UMIIApUAa axO0opoT
OKMMJIAPUHH JIOTHCTHKA XapaéHIapHHN ONTHMAll-
JAIITHPHII MyaMMOJIAPHHU XaJ KWIUII yIyH TH-
3uMHHU (N) KOMMYHUKaIMs TyryHiapu Ba (M) ano-
Ka JIMHMSUTapUAaH TAllKWI TOmraH e Tabpudiam
MyMKuH. FOKIIapHU aBTOMaTJIAIITHPHITaH OO0XKXO0-
Ha Ha30paTH TH3MMIIapuaa axOopoT OKUMIAPHHU
ONTHMaJ TaKCHUMJIAIl MOAENHN y3aTwinaérran xabap-
sapHUHT Keuukuml BakTd (T) HM MUHMMaUIAIITH-
PHIIHKM TabMHUHJIANI Makcaauaa Kypuiaanu. byHnma
KyHunarmwiapHu nHoOatra onum jgo3mM [ 1,3]:

e  (apua ayoKa JIMHMSJIAPH MYTJIAKO HIIIOHYIIH;

e  (apua ajoKa TMHUIAPH MyCTaxKaMm;

e KOMMYyTalus TYTYHJIapH 4EeKCH3 XOTHpara
ara;

e KOMMYyTanus TyTyHJIapuaa KaiiTa HImiamn
BaKTH MaBXy/]l 3Mac;

e (apua xabapjapHHUHI y3YHJIUTH MYCTaKWI
Ba ypraua Kuiimatu 1/p Gaiit Kypcarruiiu
KOHYHTra MyBO(HK TaKCUMIIaHAIN;

e  aBTOMAaTIAIITHPWITAaH OOXXXOHAa Ha30paTH
TU3UMHTAa KHPYBUM Tpauk i TyryHHIA
maiino OYnraH Ba j TYTYHH YIyH MYIDKaj-
JaHraH xabapiap ydyH OWMp XWJI YCTyH-
JIMKKA 5ra ), ypTada KMAMATIH IyacCoH
OKMMUHHM XOCWJI KWIyBYM Xabapiapran
TAIIKWJI TOITaH;

®  [OKJIApHU aBTOMATJIAIITHPHITAH O0XXOHA

HA30paTH TH3UMUHUHT Tpaduru Kyiuaarn
noma OpKaIu aHUKJIAHA !

N N
Y= 7 1
i=1 j=1
Oy epna Y - TYIHUK TalIku Tpaduk;
e Xxap OMp aJOKa JIMHUACH YTKa3yBUaHJIHK

xycycusta  d w OaiT/c ra TeHr Iymiekc
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aJIOKa KaHAJIMAAH TAIIKMI TOITaH, Oy epaa
d,, Gaiir/c - k Ba | Tyrynnapu opacuaaru

anoka. Arap k Ba | TyryHnapu opacuparu
aIIOKa JINHUSICH MaBXy[ OyIMaca, y XoJaa

d, =0.

Ilynnan cyHr, X kl’j )

opkanu (k1) muausCHIAH

JTaéTran MabIyMOT OKHMM YIymu ¥, Oenruna-
HaJIM:
(i,))
0<x,” <1
By wdeknoBnap ocruga Kyiuparu wudomaHu
OCOHTMHA aHUKJIAIl MyMKIH

N N
A = 72271(1351((; 7, 2)

i=1 j=1

Oy epna lkl-]/k] JIOTHCTHKA OWJIaH KeJIUIIHO

omunrad (k,]) muHMsCHmarm axO00pOT OKMMH KHii-
MaTH.
Opnatra, aBTOMATIAIITAPUITAH 00XKXOHA HA30-

paru TH3UMHIA x,(d’J ) -y3rapyBUmIap y4yH Cakiall

mapTu OaXapuiuImy Kepak, Oy KyHumaru tap3ga
udoaIaHaIu:

Keunkuanap BakTH Z,; OpKamu i TyryHnia

103ara KejiraH Ba j TyTyHMra MYJDKaJUIaHTaH Xa-
OapHM y3aTHIIra KeTaauraH ypraya BaKTHH aHUK-
Jam Mymkyis sMac. Mkku ToMoHIaMa KeYMKHIILIap

Z; wuruHIMCH cudaruga aHukiaaHaaurad T rok-

JapHH OOXXOHa Ha30paTH TH3UMHJArd xadaprap-
HUHT ypTadya KSYMKHIIN, aBTOMATIAIITHPHIITaH TH-
3UM HIUIAl CHU(ATHHUHT MYXHM XYCYCHATH XH-

coOananu:
1 L&
=133,
i=1 j=1

IOxopunaru ¢popmymanu (1) Ba (2) dhopmymna-
Jap épaaMuna coiia KYpHHHINTa KEITHPHII MyM-

KHH:
| &L
= ;z Z At (3)

j=1 i=l

Oy epna 1, - (k,]) nuHuscuza xabapaapHUHT eTHO

KeJIUI ypTaya BakTH.

Dopmyia (1) nan doitnanannd xabapHu ypra-
4ya KeYUKUII KUHUMaTuHU T TaxJIMiui KYpUHUIIMHUA
OJIUIII MYMKHH.

Bynnan Tamkapu xa0OapHM FOOOPHII BakTH

Ba HaBOatnaru Kyruw Bakru W,, nau nGo-
K

par xabapnapuunr (k1) muHMSCHAA Konmumn yprada
BaKTH KyHHJarnya aHuKIaHau:

1 ..
tkl =_+Wkl CKHUu tkl =

pdy g =Xy
1 Ay

%k
ﬂdkz ﬂdkz -4

Arap f, 0= Zkl /i - (k1) muBuscumaru okum

Oy epua w;, =

xuitvarn f,, = A,/ y Gaiir/c ne6 Genrunanca, y

xXomga:
1 N 1
uody f Kl

IOkopunarunapra acocnanu6, (3) udpoxara 7,

ly =—

KOMTAIITHPWITaHJa FOKJIApHU aBTOMATJIalITUPHUII-
raH O0OKXOHa Ha3opaT TH3UMHIA xabapiapHu yp-
Taya KeYUKUIIMHU aHUKJIOBYH U(POIA XOCHIT KWIUII

MYMKWH.
1 L& y;
T== _JH 4)
J/,Z::zdkz S

1

Kabyn kwimHran taxmuH Ba Tabpudmap T
KaTTJIMTHHUHT ONTUMAJl KHAMAaTHHH TabMHHIIA0

OepyBun x,(d’f ) y3rapyBuwiap KMMMAaTUHU TOIMIL

Baszu(aTapuHM MIAKIUTAHTHPUIIT UMKOHUHU Oepaii.

Hesipnu 6apdya rOKIapHUHT 00XKXOHA Ha30paTh
aBTOMATJIAIITUPIITAH TU3UMUAA KyHUIaru Mabiry-
MOTJIap MaBKyZH:

1) roknapHu OOXKXOHAa HAa30paTH aBTOMATJIAll-
TUPpUJITAH TU3UMHUHUHT TOIIOJIOTHK TY3UJIMAaCH;

2) KUpyBUH axOOpPOT OKUMIIAPUHUHT JOTHCTH-

Ka matpuuac || 7 [I;
3) anoka JIMHISUIAPUHUHT YTKa3yBUAHIHMK XYy-
cycusitapu || d wlls

4) xabapuuHr ypraua ysynmiru 1/ 41 .

(@

Ywly MabIyMoTIap opkanmu X, )y y3rapyBuu-

JIJapHU OCOHI'MHA aHUKJIAlll MYMKHH, XYyCYyCaH, aJio-
Ka JIMHUsJIapuaa ax6op0T OKUMJIApUHUHT JIOTUC-

THKaCHHH XaM [, , Macaja:

N N
T:l L

v S Ay = Tu
Kylnaaru qemosnap;[a amajra OmHpuIaIu:

fi ——Zz;/,/ *x(); k1=12,.,N,

k 11=1
fkl <dkl; k,l=l,2,...,N,

—>min. (5)

-1, I=i

N N
Zx(’ ) Zx(’ A =40, [#i,j
k=1 k=1 1, I=j
0<xP <1, i jkl=12,..,N. (6)

Xocun 6Oynran udoma yprada KEUUKHII Me-
30HH Oyiirya I0KJIapHU aBTOMATIAMITHPHITaH 00XK-
XOHa Ha3opaTtu TU3UMHJa oTUMaJl OKUMJIAp Ba OIl-
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THMaJl JIOTHCTUKaHU aHUKJIam Hdopacu xucobna-
Hamu [3].

Kenrupunran ueknosna (6), xabapiaapHu i Ty-
TYHJIaH j TYT'YHHTa 1000puIl yuyH (akarruHa Ourra
TpaduK MIUIATUIMIIN Ha3apia TYyTWITaH, sbHU (5) —
(6) ndona MOrUCTUKAHN TAaHJIAII MYKOOHI *apaé-
HUHU TaBcudIanam.

Arap (6) Kyiinaaru makira KelTupuica

XD elol), i jkl=12,..,N, (7)
y xonmma (5) — (6) udoma (7) mapr Ounman Owup-
ranukaa OCNTwiIaHraH JIOTUCTUKAaHW aHMKJIAnau.
[y cababmu k HyHaNMWIUTH JOTHCTHKA XOJIAaTHAA
ax00poT OKMMIIApH JIOTUCTUKACH Kapa&HUHU OITH-
MaJUIAIITHPHUIT  Ba3udanapuHu (GopMauiaiTHPHII
YUYH KYIIMMYa YeKJIOBJIAPHU KYJUIall JIO3UM.

ByHuHr yuyn Kyiuparu y3rapyBUMIapHHU KH-
PUTHUII JIO3UM:

N

1, aeap Zx,({ll"j) >0
Y — k=1
ki

0, aeap Zx,(;"j) =0

jk1=12,.,N.

Oxopuparu udona opkamn V\r/) yarapysuu arap
(k,]) amoka muHMACH j KaOyn KUITyBUH-TYTYHTa Ka-
Muga OUTTa MaHOa-TyryHJaH ax00poT OKUMITApUHHI
1000pHI yuyH KymtaHwiragaa 1 ra, ake xonga 0 ra
TEHTJIMTMHH KYPUII MyMKHH.

Bynna j xabyn KuryBUM TyryHTa Xap Oup Ty-
TYHAAH MAabJIyMOTiap IOOOpHII YUyH KYJUIaHU-
ayBur (k) YMKyBYM JIMHHSIIAD COHUHH YEKJIOB MM-
KOHUSITHHY KyHuaarnda udoaanai MyMKUH:

N
S <K: kj=12...N.  (8)
k=1

lynnan xenn6 ynkkan xonaa, (5) - (8) udona
K iynanmunuim noructukanuHr K xuiimatn 1 ra
TeHT O¥Ica, y xonna (6) Ba (8) uexmnoBmap (7) dexk-
JOBra aWmaHaiW, SHHU OCNTHWIAHTaH JIOTHCTHKA
y9yH KyHWITaH Basuda MmapTHHU KalTa ONUII UM-
KOHHHHU Oepanu.

IOxmapan OokxOHa Ha3opaTh aBTOMATJIAI-
THPWITaH TU3UMHIA ax00pOT OKHMJIAPHHHHT
ONTHUMAJI JIOTUCTHKACHHHU TaHJall Ba3u(pacHHU Xa
KWIMITHAHT ~ ¢opMall  HaTWXkacu OHp KaHYa
y3rapyBumnap €pmamMuna aHUKJIAHAAA X ,il”j ) ;
i,j,k,01=12,..,N [2]. Yuby ¥3rapys-umnapra
TasHTaH XOJIAa ONTHMAJI JIOTUCTHKa Oyinabd 106o-
pum kepak 6ynran f, 4 ABTOMATJIAII-THPHUIraH TH-

3uMIIapaa axOopoT OKMMHM KMMMAaTHHH, MaHOa Ka-
OyJ1 KWITyBYM )Ky(T TyryHiIap yuyyH OUp KaH4a OIl-
TUMaJI JIOTUCTUKAJIAP XaMm/la KHPYBYH ax00poT OKH-
MHHMHT YIYUIMHA ), aHAKIaW MyMKuH. Onaria,
x,({;’J ) y3rapyBuwiap amandii Ma3MyHra sra 3Mac
Ba KyIJIa0 OKMMJIADHUHT ONTHMAJl JIOTHCTUKACHHU

AHUKJIOBYM MaBKyj alroputmiap dakarruna f, i

IOKJIApHH OO0KXOHAa Ha30paTH aBTOMATIAIITHPHII-
raH TH3WMUAArH JIOTUCTHKANApHU aHUKJIAHAN Xa-

noc. (4) gopmyna opkanu f, « KuiMaTHHU aHUK1a0

T MHHAMAJI KEYMKHII KAAMATHHH XUCOOJAIl MyM-
KuH. AMMO 0ab3u XoJjaTjapja KaicCH JIOTUCTHKA
ax0OpoT OKMMHHUHI ONTHUMal TaKCUMJIAHUILIUra
0si0 KUY MyMKHUHIUTHHY OMITHIN Kepak [4].

HagOatmarn Bazuda kyimmumura HucOaTaH
JKUJUIMAPOK Kapanaan: Xxap Oup manba (i) — kabyn
KWiIyBYH (j) TyryHIap Xy(QTIUTH YIyH OMp KaH9a
OTITHMAJI JIOTHCTHKATIAp

_ (r) _ . .
m,={z" }, r=12,R, (R,- i sa j
TYTYHHJATHd ONTHMAJ JIOTHCTHKANIAp COHM) Ba ;ti/'

KHPYBYM X@KMHUHI axOOpOT pecypciapH YIIyLu

(r)
p

(r)

N
;' ra MyBO(DMK KYJUTAHWIYBYU 77;; zagi‘) -1
k=1

y

JIOTUCTHKAHU TOIIMII JIO3UM. SbHHU le :1 Ba

a; =1 Genrunamran JoOrMCTMKa YYyH STOHA

OINITHMAJI JIOTHCTHKA aHuKIaHatu. OnTiuMan JIoruc-
THKa TaHjam Ba3udach KaBapuK Makcaul (QyHK-
U Ba KaBapHK OWMp KaHYa YEKIIOB BasH(aiapu
cuHdwura Terunuy Xxucodaanaau. Jemak, ymoy Ba-
3uaHuHT TII00aT MUHUMYMH XHCOOJIaHYBYH STOHA
JIOKaJl MUHUMYMH MaBxynI [1].

IOxmapan 60kxOHa Ha3opaTh aBTOMATJIAII-
TUPWITaH TH3MMHHHUHI ax00poT OKMMIIApH ONTHU-
MaJl JIOTHUCTHKAcH jKapa€HJIapHHU aHHKJAIl ajro-
PUTMU Kyiuaaru TapTud/ia aHUKIaHaIu:

l. W,, anoka MMHUANAPMHMHI “IOKIAHTaH-JIH-
TW’HYM aHUKJIAII Ba f;; Aa axOOpOT pecypciapuHu
WIITa TYIIAPHUIIL:

a)kl = |:6_T:|fkl :L; k,l :1,2,...,N . dkl > 0 .
afkl dkl

2. @, ajoKa JMHMAIAPUHUHI “FOKJIaHIaH-JIU-
M HA KyJoiaral xoiga Oapya “KaOyn KWITyBYH
MaHba” Ky(T TYryHJIapH OpajJufuIari 7T; KHCKa

HyanapHu aHukiam. Ymoly XosaTna SHT KHCKa
nymnapau tomum yuyH Omnoin anropuTMHIaH
¢oiinananmam [2].

3. AXOOpOT pecypciaprHH 3HT KUCKa Hyimap
OpKaJI TaKCHMIIAIII

Vo =12 N V(D) € 7y fog = fyg+ L
! u

LJ

4. XucoOmar

5. K¥inm

6. Kyinm
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(@)
@ = mind y, L

OyHOa ¢ - KUpyBYM axOOPOT OKUMIIAPUHUHT JIOTUC-

THUKa MaTPUIIACHHUHT TapTHOM;

dkl

7. DboxxOHa Ha30paTd aBTOMATJIAIUTUPWIIIAaH
TU3UMJIapHa ax00poT OKMMIIApHHU KalTa XHCOO-
nam

P = max{&}; V(k,0):dy, > 0.

7,(2)
fkl = fle, k,l = 1,2,...,N.
4

8. ), aloKa IMHHUAIAPUHUHI “‘OFMPJIMKIIA-
PY”HU aHMKJam Ba axOOPOT OKMMIIAPUHH SHT KHC-

Ka HYJ (0, OPKaIU UILra TyLIHPHILL

ar dy 1 )
— |F———= 1 fu=0=—; d;>0 éxuf,<dy,
Lflj i dy
@=
Qg dy=0 éxu f;2d;

Oyunma k,/=12,...,N.

9. ,, anoKka JMHUAIAPMHMHI “FOKJIaHIaH-
JUTH’HH KYJutaran xoijia Oapya “KaOynl KHITYBYH
MaHOa” Ky(T TYryHJIapu Opajuruiaru 7T ; Kucka
UyuiapHU aHMKJIAIL.

10. AXOOpOT pecypciapiHH 3HT KHCKa Wyuiap
OpKaJI TaKCHMJIAIII:

(2)

— 4
@, =Puty *‘u_}/
Vi’j =12,...,.N;
V(k,l) e my.

11. (6) dexyioB mmapTH OaKapwiraH TaKIUpaa
(YHKIMSIHN MUHUMaJUIAIITHPYBYN fF € [0,1] KarTa-
JIMTMHY TOITUII

N N

1 *ou+(1=-p)*

= (2)22 £ gpf d ff :
A dy=B*ou—A=B)* fu

[ KaTTalUrdHM TOIMII Y4yH Oapya Mabiym

Oup YIIYOBIM KHUAMPYB YCYJUIapH OPKald aMaira
OLIMPHII MYMKHH, Macanad, PuboHauun ycynu
Ouian. Arap OMpoH OMp KuilMaT y4yH
Bioy+0=p)*fiy 2d; O6ynca, y xonma
T(p) = oo x¥yium opkaiu (6) 4eKJIOBHU OHp YITI0B-
JM KUIUPYB METOIAMHH aMalra OLIMPHUILA KYIIHIII
MYMKHH.

12. [ xarranurura axO00poT OKUMH JIOTUCTHU-

KacH Y3rapyilIMHU aMaJira OLIUPHIILL.
Ju=B*ou+(0=* ful,  ki1=12,.,N/

13. Xucobmar

T — 1 ii fkl
o 7(2) dkl_fkl'

k=1 I=1
- Tnew| <¢,y xonga STOP:

14. Arap |T0,d

arap @ < ¥,y Xonaa KaOyn KUiInHauraH
eyrMIIap MaBKyJl dMac;
arap Y @ = ¥ , 6epunran & aHUKIMK OMJIaH

MaK6yJ'I c4yuM OJIMHaAIu.
Axc xonna:
“ 1 2
1) Kydunr: Tnld = Tnewy( ) = 7/( );

2) arap 7(1) <y 6¥nca 6 ra yTunau, akc

xonza 8 kagaMra yTunaanu.

Jactiabku TaBcu¢ OWiIaH CONMINTHPraHaa
anroput™, axo6opor okumitapu (1-14 xanam) pyxcar
STWITaH JIOTUCTUKAHUHT OOLIaHFUY KaJJaMIapHHU
OoupmamTupu® ro0opanu, XycycaH, yprada KedH-
KHIIHA MUHMMAJUTAIITHPHUIN BasnanapuHu Xam (8-
14 xamam).

bup kanua Hij = {Hfj’),r = 1,2}, sz ONTUMAT
JIOTHCTHKANAPHU Ba Y, KHPYBYH OKHMIaH al;r)
ax0opoT OKMMJIApW YIYNIMHH aHMKIam y4dyH [3]
WA Takiug OSTWITaH alrOPUTMHHUHI MOJU(H-
Kanusicuiad (hoijamanui MyMKHH.

XyJioca

AJNTOPUTMHUHT Ha3apuii MEXHAT YHYMIOPJIUTH
6apua TYryH XyQTIUKIapy opacuia KWUCKa HyiI-
apHA KHOUPYBUYW 2 Ba 9 Kagamyap OpKalHd amalra
OLIMPHIIMIIN aHUKJIAH/N;

Kopmopatus Ty3mnmanapma OusHec-xapacH-
JapHU 0O OOopHI Yy4yH axOOpOT OKUMIIAPU OIl-
THMaJI JIOTUCTUKACHHHU TaHJAIl MOJENN Ba yJIapHU
amajra OIUPHII aJITOPUTMIIAPH KyPHILIH.
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