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BBegeHune

OmHOM 13 KITIOYEBBIX 33124 COBPEMEHHON POOOTOTEXHUKE SBISETCS pa3BUTHE TEXHOIOTUN B3anMOeH-
CTBHS POOOTOTEXHHUUECKHX cucTeM. COBpPEMEHHBIE IMOAXOABI B PEIICHUH JaHHOH 3aJaull OCHOBBIBAIOTCS HA
TEOPHUH MHOTOAreHTHBIX CUCTeM [1] 1 TeoprH pOoeBOro HCKYCCTBEHHOTO HHTEIIEKTa [2]. MHOroareHTHas CH-
cTeMa criocoOHa pelarh CI0KHbIE JUHAMUYECKUE 3a1a4H 110 BBIIIOJIHEHHIO COBMECTHON paldoThI, KOTOpas HE
MorJia Obl BBITIOJIHATHCS KaXKIBIM JIEMEHTOM CHUCTEMBI B OTAEIBHOCTH B pa3HOOOpa3HBIX cpenax Oe3 BHEII-
HEro ynpasJIeHHs, KOHTPOJIS WM KOOpAWHAIMHU. Peus uzer o cetu cnabo CBSI3aHHBIX MEXIy co00i poOOTOB,
COBMECTHO pa0OTaIONINX B LEMAX PELICHHS 3a]a4, KOTOPbIE BBIXOAAT 32 PAMKH HHAWBUAYaJIbHBIX BO3MOXHO-
creil. Pasnuunble y31bl TOAOOHON CHCTEMBI, KaK IPAaBUIIO, UMEIOT Pa3IMYHbIN yPOBEHb HHTEIUIEKTYaIN3aLuH
(3HaHUS, aJrOPUTMBI, BEIYUCIUTENbHBIE 0a3UChl) U pa3Hble MH)OPMAIIMOHHBIE PECYPCHI IIPU MPOEKTUPOBA-
Huu. Kaxneiil y3en nomkeH ObITh crioco0eH MoAn(UIMPOBATh CBOE MOBEAECHHE B 3aBUCHMOCTH OT 00CTOS-
TEJIBCTB, a TaKKe IIAHUPOBATh CBOM CTPATErHM KOMMYHHKAIIMM M KOOIEPALUHU C OPYTUMH y3JIaMH. 3/1ech
MOKa3aTeNIsIMH YPOBHSI KOOIEpaluy SBISIOTCA: XapaKTep pacrpeneleHus 3aaad, 00beJUHEHHE Pa3InYHbIX
WH(POPMAITMOHHBIX PECYPCOB M, KOHEUHO, BO3MOKHOCTh PelIeHHs 001el MpoOIeMbl B 3aJaHHOE BPEMSL.

Yacto MPOBOAATCA NPUHIUIIMAJIBHBIC PAa3JIMdUs MCKAY paCOpCACIICHHBIM U JCHCHTPAJIU30BaHHBIM HC-
KYCCTBCHHBIM MHTCIJICKTOM (pI/IC 1) I/I,Z[GOJ'IOFI/ISI pacnpeaCICHHOIO pCUICHUA 3a1a4 NPCANOoIaract riiaBHbIM
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00pa3oM pasneneHne 3HaHUK U PeCypcoB MEXKy areHTaMu U, B MEHBIIEH CTEeHH, paclpeesieHIe yIpasiie-
HUS ¥ BJIACTHBIX MOJHOMOYMI; KaK MPaBUIIO, 3/1€Ch MOCTYJIHPYETCS HAJIMYME €IUHOTO0 OpraHa yIpaBleHu,
o0ecreunBalonIero NpUHITHE PEICHUH B KPUTHUECKUX (KOH(JIMKTHBIX) CUTyalusx. McXomHBIM 00BEKTOM
HCCIIeIOBaHMUs SIBIISICTCS] 00IIas cJIoKHas MpobiemMa, ISl pelieHus: KOTopoi opMupyeTcs TpyIa arcHToB,
CTpOUTCS 00Iasi KOHIENTYyaJlbHas MOJENb U BBOIATCS TTI00aIbHBIE KPUTEPUU JTOCTIKCHHSI LISTH.

MHOI'OATEHTHBIE
CHCTEMBI
PACHPEAENEHHBIA - | | JEHEHTPAJIM3OBAHHLIA *- HCKYCCTBEHHAA
WCKYCCTBEHHSIA | | . HMCKYCCTBEHHbIA HXH3HD
WHTEINEKT - ' MHTEIEKT ‘
e - e L o e o e et e A 1 o e ] - 2 —
MAC ofpasyeten - Hocneyercs mearenptocts . Hccnegyercs  MORERHpYIOTCA
AL pemIeHHA JanadE. | | aRTOHOMHOIO arcHTA ¥ ZIHAMHUCCKOMN [poLeCCH AeLCHTPANIH3OBAHHOIC
* OcymecTINneTCA : MHOTOMCHTHOMN Cpeme- YUPABICHAA, IBCIIONHH, ATANTALHH
LEHTPALIIOIRHHOL — —_— - - HEoonepauy 8 MAC, |
YNPaBIEHHE H KOOPAHHAHHA ' o cocrosiieit H3 GoNMbiNoro YKCNa
neHcTSMH HeCKOABKUX _ T S " PEAKTUBHBIX ATEHTOB
HHTC/LICKTYAIBHMX aCHTOB : Do

Puc. 1. Knaccupurayus mnozoazenmuwvix cucmem [1]

B moTHOCTBIO JTEIIEHTPAIM30BAHHBIX CHCTEMaX YIIPABICHUE MPOUCXOIUT TOJIBKO 33 CUET JIOKATLHBIX B3a-
AMOACHCTBUI MEX Iy areHTaMu. 37ech 0a30BBIM 00BEKTOM HCCIICIOBAHMSI OKA3hIBACTCS Y)KE HE PacIpeIeicH-
HOE peIIeHre HeKOTOpOor o0IIel 3a1adu, a IesITENHHOCT aBTOHOMHOT'O areHTa B TUHAMHUYECKOM MHOT0Aar €HT-
HOM MUpeE (2 TaKXKe KOOPIUHAITUS eI TEIIbHOCTH Pa3IMYHBIX areHTOB). [Ipu 3TOM HapsIy ¢ pacrpeneneHHbIME
3HAHUSAMU U pEeCypcaMu, OMUCHIBAIOTCS JOKAIBHBIC 3a/1a4l OTMICIIEHBIX areHTOB, pelIaeMble Ha 0a3e JTOKahb-
HBIX KOHIIETITYaJIbHBIX MOJIENICH 1 JIOKAJIbHBIX KPUTECPHUEB.

JInist BOBMOXHOCTH JIEMOHCTPAIIMH B3aUMOJCHCTBHUS OBLTH CIIPOCKTUPOBAHBI MaKeThl yrpasieHus. Cu-
CTEMBI YIIPaBJICHUS MaKeTOB ()YHKIIMOHUPYIOT Ha OCHOBE HEUPOCETEBBIX HEUETKUX PETYIIATOPOB pa3paboTan-
HBIX Ha OCHOBE TEXHOJIOTHH, IIPENCTaBICHHOM B [3, 4, 5].

PaccmoTpuM KpaTko KakIblid 00BEKT YIIPaBICHHUS.

O6beKTb ynpaBNneHMNHA

Ilepesepnymurii maamuux. JlaHHas cucTeMa yIpaBJICHHUS MPENCTABISIET COOON AMHAMUYECKA-HEYCTOM-
YUBBIA MOOWIIBHBIA O0BEKT. Pa3zpaboTaHHas crcTeMa MHTEUIEKTYalbHOTO YIPABICHUS MO3BOISET poOOTY
CBOOOHO TEpeMEIIaThCs IO Pa3IMYHbIM ITOBEPXHOCTSIM, TAKUM KakK MapkKeT, ac(aibT, TUHOIEYM, CTOJ, a
TaKKe JOMOIHUTENBHO CTABUTH Ha P0O0Ta O0BEKTH! PA3IMYHON TSKECTH, HapuMep, O0Kal, TenedoH U T.I1.

J71s1 BO3MOXHOCTHU ONPEEIeHUs TOJI0KEHHUS 3TOH CHCTEMbI B IPOCTPAHCTBE MCIIONIB3YETCs] CUCTEMA HH-
(pakpacHbIX «MasukoB». Ha derbipe yrna kopmyca poOoTa ycTaHOBIICHBI HHPpakpacHble 1uoapl. OTCiIexu-
Bas KaMepoil IByXMepHbIe KOOPIMHATHI CBETOIUO/IOB, U, 3Hasl TOYHbIC PACCTOSIHHE MEXy HUMH, MOXKHO BbI-
YHUCIUTh PACCTOSHUE U TOJNOKEHHE poO0Ta B TPEXMEPHOM ITPOCTPAHCTBE.

Ha puc. 2 npencrasiena TpexMepHasi MOZIEIIb IIEPEBEPHYTOI0 MAsITHUKA.
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Puc. 2. Tpexmepuas mooenb nepesepHymozo Masmuukd

Teneosicka ¢ manunynsmopom. JJaHHBIN 00BEKT MpeCcTaBIsIeT cO00H MOOHITBHYIO TIaT(GOopMy C yCTaHOB-
JICHHBIM Ha Hee MaHHITYJISITOPOM C TPEMsI CTEIEHSIMH CBOOO/IBL. Taroke, /711 BO3MOXKHOCTH OPHEHTAIIMH B TIPO-
CTpaHCTBE, Ha poOOT yCTaHOBIIEHBI ABe Kamepsl: nBerHas Kinect u madpaxpacuas Wiimote. s pacmo3naBa-
HUsI 00BEKTOB B3aUMOJICHCTBHS pOOOT UCIOJIB3YET CUCTEMY Paclio3HaBaHUs 00pa30B, pabOTAOIIYIO B Cpelie
OpenCV. CucremMa MOXET CBOOOHO MEpEMENaThbesi B MPOCTPAHCTBE, PACIIO3HABATH Pa3IMYHbIC OOBEKTHI U
WCTIOJIb30BATh MAHHITYJISITOP JUTS B3aUMOJICHCTBYSI C HUMHU.

Mopnens TeIeXKH MPeICcTaBIIcHa Ha PHC. 3.

Puc. 3. Tpexmepras moOenv menexqcKu ¢ MAHUNYIAMOPOM

Pobom-6apmen. [Jannpiii poOOT mpencrapisieT coO0i MaHUITYJISITOP C YETHIPbMS CTEHEHSAMHU CBOOOJIBI.
PoGot ocHaleH kaMepoii, KOTopasi OXBaTbIBaeT 0030POM IOJIE PSIOM C MAHUITYJISTOPOM U CHUCTEMOH pacIio-
3HaBaHMs KOHTYpOB. BMecTo 3axBaTa K MaHUIYJISATOPY MOABEAEHA TPYOKa C KUAKOCTBIO, KOTOpasi XpaHUTCS
B 6auke. PoOoT crioco0OeH pacno3HaBaTh KOHTYPBI EMKOCTEH, pa3MelIeHHBIX B paboyeil 001acTH, U HATIOMHSATD
UX KaKOW-THOO0 KUAKOCTHIO.

Ha puc. 4 npeacraBjicHa TpeXMEpHad MOJACIIbL CTAIMOHAPHOTO MAHUITYJIATOPA.
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Puc. 4. Tpexmepnas modens poboma-bapmena

Hanee paccMoTpuM peain30BaHHbIE TUITBI B3aUMO/IEHCTBUSL.

YaoaneHHasa C BpA030LO TMaewig y

J1J1s1 BOBMOYKHOCTH PeajIi3alldyi CBSI3U MEXKIY poOoTaMH ObLIT peain30BaH OecpoBOAHON HHTEpderic Ha
ocHoBe Texnoioruu Bluetooth. becripoBoambie MpreMo-TiepeIaTINKN YCTAHOBIEHBI Ha KaXK Iyl M3 POOOTO-
TEXHUYECKUX cucTeM (pHuc. 5).

Puc. 5. Hcnonvzosanue makemamu mexrnono2uu Bluetooth

[Ipoduns coeanHeHus mpeacTaBiser coOoi mocnenoBaTeabHbIN MopT. B mponecce paboTel cucteMbl 00-
MEHHBAIOTCSI MEXAY COOOH MPOCTEHIIMMM KOMaHIAMH, TAaKUMH KaK <«IBUTAHCs BIEpen», «IIOBEPHHCH
HAJIEBOY», «IIOBEPHHCH HANIPABO», OCTAHOBHCHY, 3aKOIMPOBAHHBIMU B CHUMBOJILHOM BH/IE.
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OncrtTmmMHOHHAA HacTpoOWMKa C€C MUCNONb30OBaHUEM
H U

«Ontumuzatop bas 3HaHuit» ABIsSeTCsS MHCTPyMEHTAapHEM U pa3pa0oTKu poOacTHBIX 0a3 3HaHWI Ha
OCHOBE pCIICHHS OJHOH W3 aJrOPUTMUYECKH TPYIHO PELIaeMOi 3aJadd TEOPHH HCKYCCTBEHHOTO HMHTEN-
JICKTa — W3BJICYCHUS, 00pa0bOTKH U (OPMUPOBAHUS OOBEKTUBHBIX 3HAHUM 0€3 UCIOIB30BAHUS SKCIIECPTHBIX
OLICHOK. B TaHHOM ONTHUMHU3aTOPE UCIIONB3YIOTCS TPU TCHETHYECKUX aJITOPUTMa, KOTOPBIE TIO3BOJISIOT CIIPO-
EKTHPOBATh ONTHUMAIIBHYIO CTPYKTYPY HEUETKOTO PErylsTopa, almpOKCUMHUPYIONIETO 00yYarofii CUTHAI ¢
Tpedyemoii omunokoil. [TlogpodHee GpyHKIMK onTHMH3aTOpa onucanbl B [3, 4, 5]. OnHO#M 13 BaXKHBIX 0COOCH-
Hocreli OB3 sBnsieTcs MUCTaHIMOHHAS HACTPOMKa 00beKTa yrpaBieHus (puc. 6), KOrja UHTSIUICKTYalbHAsI
CHCTeMa YIpaBJIeHHs HACTPaUBAETCs C UCIIOIB30BAHUEM CaMOro 0OBEKTa, HE3aBUCHMO OT €r0 MECTOHAaXO0XK-
JieHus1, uepe3 OeclipoBOIHYIO CBs3b. [IprMeHeHne TaHHOH TEXHOIOTHH, Ha IpuMepe po0oTa-TIepeBEPHYTOro
MasITHHKA TaK)Ke paccMaTpuBaercs B [3-7].

[IpHeM — nepeaada

JaHHBIX
Y
&

JHCTAaHUHOHHBIH KOHTPO.Ib H
HacCTPOHKA CHCTeMBI

PaaHo KaHa

USB coengHHeHHe

CpeacTea HCKYCCTBEHHOTO
HHTeT1eKTa. [IporpaMMHo
- anmapaTHbIH KOMILIEKC
OB3

Puc. 6. Cxema coedunenust nacmpausaemozo ycmpoiicmea u Ob3

TexHomorust 6ecpOBOAHON HACTPOWKH TakXke OblIa MPUMEHEHA U POOOTY-TENEKKE C MAHUILYIATOPOM.
31ech UHTEIJIEKTyallbHAs CUCTEMa YIPABJICHUS UCIIOJIB3YETCsl 1Sl OBICTPOro M TOYHOIO MEepEeMEIeHHs K 00b-
eKTY pacloO3HaBaHUs, a OLIMOKOHN SIBIISETCS OTKIOHEHHE OT MPSIMOJIMHEHHOr 0 Kypca B YCIOBHBIX €IMHHLAX.

B3ammMopgencitBue nepeBepHyToOoOapmanmaHMKa

Ha pobor-niepeBepHyThI MasTHUK ycTaHaBIUBaeTCA OOKall, KOTOPBIN SIBISIETCS 00BEKTOM pacro3HaBa-
HUS JUIA CTallMOHAPHOTO MaHUIyssitopa. IlepeBepHYTHIE MasTHHK ONpenensier CBOE IONOKEHHE OTHOCH-
TENBHO PoO0Ta-0apMeHa ¢ MOMOILBI0 HHPPAKPaCHON KaMephl U «MasuKoB» U, KOTJla IOIaeTCsl COOTBETCTBY-
folas KOMaHJa, MEHSeT CBOE MECTONOJIOKEHHE M IepeMeIlaercs K MAaHHUIYJSTOpY. AJITOpUTM
B3aMMOJEUCTBHSI IIPEACTABIIEH HA PUC. 7.

Kora nepeBepHyThIi MasiTHUK OKa3bIBAETCS B 30HE BUIUMOCTH CTAIMOHAPHOIO MaHUIYIIATOpa (pHc. 8),
CHCTEMa pACIIO3HABAHUS ONPEACISICT MECTOMONIOKEHHE OOKana W OTHPAaBISIET KOMAaHAy MAaHUMYJISATOPY
HATOJHUTH €r0 XXUAKOCThIO (pHc. 9).
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Taxkoe B3aPIMO,Z[eﬁCTBPIe ABJIICTCA TUIIOBBIM M €0 MPUMCHCHUC BO3MOXXHO B ICJIOM CIICKTPC 3aay.
KpOMe OYCBUIHBIX BO3MOXKHOCTECH aBTOMaTU3allu1 Ka(be n 6ap0B, TAKXXC BO3MOXXHA aBTOMaTHU3allus MHOXC-
CTBa MPOU3BOJACTBCHHLIX 3a/1a4, TAKUX KaK IIOIr'py3Ka-pa3rpys3ka KOHTeﬁHepOB, COpTHUPOBKA U T.II.

OHpE,I[EI[CHI‘IE ITOIOGEEHHA
MAATHHEKA OTHOCHTEIIBHO

poboTa-GapMmeHa

[y

(O1npaeka KOMaHIEI IO IIe-
peMeINeHHIO MATTHHEY

Onpegenenne nonoEeHET
DoKama B nome pabodeii ob-
TACTH «0apMeHa»

:

[lepememenne MaHHITVIA-
Topa K OOKATY H HATIOTHE-
HHE €TI0 EHIKOCTEED

Puc. 7. Ancopumm 63aumooeticmsus nepegeprHymo20 Masmuuxa u pooboma-bapmena

Puc. 8. Ilepeseprymulii masmuux ¢ 60Kanom ¢ obnacmu guoumocmu poboma-oapmera
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Puc. 9. Pobom-bapmen nanusaem sxHcuokocmy 8 OOKAN, YCMAHOBNEHHbLIL HA NepesepHYMoM MAAMHUKe

Ba3aummMopgelicTBME NepeBEeEPHYTOro MasTHMU

Ha nepeBepHyThIi MasTHUK Takxe ycTaHaBIuBaercsi Ookain. Tenexka ¢ MaHUIIYJIATOPOM MMeeT HH(pa-
KpacHYI0 KaMepy, KOTOpast OlpezessieT OTHOCUTENIBHOE ION0KEHUE IEPEBEPHYTOr0 MasiITHUKA U HAYMHAET K
HeMY ABM>KeHHeE 1o npsiMoii. KomaHaa Ha cOmKeHne Takke OTIIPABIICTCs IEpEeBEPHYTOMY MasiTHUKY. [locie
CONIKEHHS TENEKKa, ¢ moMombio kKamepsl KiNect u cucreMsl pacrno3HaBaHusl, ONpeenseT O0Kaa H ero Me-
CTOHAXOXJIEHHE, IT0CIIE YEro OTIPABIISIETCS] KOMAaHa MAaHUITYJISITOPY, KOTOPBIH BBIITOTIHSET 3aXBaT OOBEKTA.

Ha puc. 10 npeacTasiieH aaroput™ B3aMMOAEHCTBUS TEISKKHU U [IepeBEpHYTOro MastHuka. CHavana Te-
JISKKA HAXOIOWT B 30HE BUIAMMOCTH IEPEBEPHYTHIH MAsTHUK U ONpenessieT ero mnoioxenue. Ecnu MasTHUK
MIOBEPHYT, TO EMY OTIIPABJISIETCSA KOMaH a Ha pa3BOpoT. Eciu MasTHUK CTOUT POBHO, TO HAUMHAETCS B3aMHOE
JBWKeHUe HaBcTpeuy. Kornma aumcraHius CTAaHOBUTCS ONTHUMalbHA, B paboTy BKiIouaercs: kamepa Kinect u
IIPOMCXOAUT pacro3HaBaHue OOKalla, yCTaHOBJIEHHOro Ha MasTHUK. Ilocie pacno3HaBaHus 6okaa OTIpaBiLs-
FOTCSI KOOPIMHATHI 1 KOMaH/a MAaHUITYJIATOPY Ha 3aXBaT Ookana.

K
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MasTHHUKa OTHOCHUTCIIBHO
TCJIC)KKN C MAHUITYJIATOPOM

MasgTtHuk no-
BEpHYT K Te-
JIeXKKe?

OnTuMalbHa JIu
JCTAHIHS MEXKIY
poboTtamu?

PacriosnaBanne Gokasa Ka-
mepoii Kinect

IIepemerienue MmaHuITyJIs-
TOpa K Ookany, 3axBat 00-
Kaja

Her

OtnpaBka KOMaH/bI MasiT-
HHKY Ha pa3BoOpoT

OTmpaBKa KOMaH/IbI MasiT-
HHKY, TIEpEMeEIlleHHEe 1 B3a-
UMHOE CONMKEeHUE po0o-
TOB

Puc. 10. Aneopumm e3aumooericmeus menexscKu ¢ MAHURYAAMOPOM U NePesepHymo20 MAATMHUKA

Puc. 11. Tenesicka c manunyiamopom 6binonnsem 3axeam O0Kana ¢ NepesepHymozo MasimHuKd
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BbiBOAbLI

Pa3BuTHe TEXHOIOrUN NMPOEKTUPOBAHMS B3aUMOJCHCTBUS ar€HTOB B MHOI'OAT€HTHBIX CUCTEMAaX NpEa-
CTaBJISIET KaK IIPAKTUYECKUH, TaK U HAy4YHBIM HHTEpeC. [[s1 BO3SMOXKHOCTH pean3alii TaKUX CUCTEM B pe-
aNbHOU cpefe HeoOXO0IUMO, YTOOBI KaXKIbIi areHT UMENl BCTPOSHHYIO HHTEIUIEKTYalbHYIO CUCTEMY yIIpaBIIe-
HHsI, T.K. IIPM B3aUMOJEHUCTBUM CHUCTEM CYIIECTBYET MHOYKECTBO HEYYTCHHBIX IapaMeTpPOB M IPOYUX
HEIPENBUACHHBIX CUTYALlUH, KOTOPHIE CUJIBHO BIIMAIOT HA PE3YJIbTAT TAKOIO B3auMOJENUCTBUs. Paccmorpen-
Hasl B CTaTb€ BO3MOXKHOCTh UCIIOJIb30BAHUS UHTEUIEKTYalbHOW AMCTAHIIMOHHOM HACTPOMKH II0Ka3aja CBOIO
IIPUMEHUMOCTH ISl TAKOTO POJAA CUCTEM.

Pa3paboranHble BapraHTBl B3aUMOJICHCTBUS TIOKA3BIBAIOT BO3MOKHOCTH TTPUMEHEHUS! TAKHX CHUCTEM B
IIMPOKOM CIIEKTPE 3aJ1a4, TAKUX KaK aBTOMAaTHU3ALMsI CKIAJ0B U IPOU3BOJICTB, aBTOMATUYECKUE 3aBEICHUS
00IIIeCTBEHHOT O MMTaHMUs1, IMKBUIAIMS TOCTSACTBUN Ype3BbIUYaiiHBIX POUCIIECTBUH U T.T1. [ TaBHOHM ocobeH-
HOCTBHIO MHOTOareHTHON CHUCTEMBI SIBIISIETCSl CHHepreTHIeckuii 2pQexT, Bo3HUKAOMMHA 0T 00beTUHEHUs He-
CKOJIBKMX POOOTOTEXHUYECKUX CHCTEM, KOTJa pe3yiibTaT B3aUMOACHCTBHS HAMHOTO TPEBBIIIAET BO3MOXKHO-
CTH Ka)JIOTO M3 pOOOTOB B OT/IEINBEHOCTH.
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