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PA3PABOTKA HH®OPMAIIMOHHOM CUCTEMBI
KOHTPOJIA U YIIPABJEHUA PABOTOMN
IT'OPHOTPAHCHOPTHOI'O OBOPYAOBAHUA

BBeaenue. B nocnenHee BpeMsa B YKpawHE HaXOAAT PacHpPOCTPAHEHUE CITYT-
HUKOBBIC HABUTAIIMOHHBIE CHUCTEMBI M TEXHOJOTHH KOHTPOJIA W YIPABICHHUS TOA-
BIDKHBIX OOBEKTOB. Takne CHCTEMBI HCTIONB3YIOTCS B OCHOBHOM JIJIS YIIPABIICHUS CY-
XOITYTHBIM M BO3JYIIHBIM TPAHCTIOPTOM. BO3MOKHOCTD CO3JaHUs CUCTEM TAKOTO Ha-
3HAYECHUS TOSBUJIACH B CBA3H C OYPHBIM Pa3BUTHEM TeOMH()OPMAIMOHHBIX TEXHOIIO-
THi, a Takke ciyTHUKOBOM HaBuranuu GPS. CoBpemeHHbIe HHOPMAIMOHHBIE CHC-
TEMBI YIIPABIICHUS W KOHTPOJIA 32 pa00OTOH 000PYIOBaHUS HAXOAAT BCE OOJiee IIHUPO-
KO€ TIPUMEHEHHUE U B TOPHOM TPOU3BOJICTBE.

["opHOTpaHCTIOPTHBIE PAOOTHI TIPU AOOBIYE TMOJIE3HBIX UCKOTIAEMBIX TIPEICTAB-
JSFOT COOOU CITOKHBIE W JUHAMHYECKHE MPOLECCHI KOTOPHIE XapaKTEPU3YIOTCS Ha-
JUYHEM MHOTOYHMCIIEHHBIX OOBEKTOB, BKIIOYAS OONBINOE YHCIIO MAIIHUH U 000PYI0-
BaHWA. Bce 3T TexHWYeCcKHe cpeacTBa TPEOYIOT B3aMMOCBA3AHHOTO YIPABIECHHUS BO
BpeMs padOTHI, IIIAHUPOBAHUS, KOHTPOJII UX MMPOU3BOJAUTEILHOCTH, TPOCTOEB H T. 1.
[TosTomy pa3padoTka HHPOPMAMOHHOW CHCTEMBI KOHTPOIIA M YIPABIECHUA PaObOTOH
TOPHOTPAHCTIOPTHOTO OOOPYAOBAHUS SBIAACTCA AKTYaJbHOW HAyYHO-TIPAKTHYCCKOU
3a7a4€H.

Henbro cTaTbu gBNSETCS MOBBIEHHE 3P (EKTHBHOCTH PadOTHI TOPHOTPAHC-
MOPTHOTO 000pyAoBaHHA B ycnoBusax Bomsaoropckoro I'MK myrem paspabotku u
BHEJPEHUA WH(OPMALMOHHOW CHUCTEMBI KOHTPOJIA W YNPaBICHHUA 3a PaOdOTOM TMO-
BIDKHOTO TOPHOTPAHCTIOPTHOTO OOOPYIOBAaHUS HA NPHUMEPE MAHEBPOBBIX TETLTIOBO-
30B.

M3n0:xeHHe OCHOBHOro martepuaJia ucciaeaoBaHuii. CucteMa KOHTPOIIA U
VIIPaBIeHUS 32 Pa0OTON MOJBIKHOTO TOPHOTPAHCTIOPTHOTO 00OPYIOBAHHUSA COCTOUT
W3 IporpaMMHOTo | anmnapataoro ooecneyeHus (GPS/GPRS tepmunanos).

AnmapatHoe OOecmedYeHHe MPEACTaBIeHO MOOWIBHBIMH TepMuHamamMu ND
GPS Terminal 031, koTopbic SIBISIOTCS HHTEIUICKTYaIbHBIMH YCTPOUCTBAMH, COACP-
x)amumu B cede GPRS u GPS moxynmu. BHemHmiA B TepMHUHAIA TIPEACTABIICH HA
puc. 1. TepmuHampl TpeIHA3HAYEHBI JJIS HEMPEPHIBHOTO OTEPATHBHOTO KOHTPOJIA
MECTOTIOJIOKEHHS, COCTOSTHUS MOOMITBHBIX OOBEKTOB U MX IPY30B, & TAKKE TO3BOJIA-
0T ONITUMH3HPOBATH PA0OTy AMCIIETYEPCKUX CITYKO MPEANPHATHH, PEIIaTh 3aJa4H
TPAHCTIOPTHOM JIOTUCTHKH B CHCTEMAaX YMPABICHHUS MEPEBO3KAMH M ABTOTIAPKOM IS
KOHTPOJIA (PaKTHUECKUX MAPIIPYTOB MOOMIIBHBIX OOBEKTOB MPH MOMOIIH CHCTEMBI

GPS.
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Tepmunamer umMeroT nBa cmota oA SIM-kapTel — 171 yMEHBIICHUS PACX00B
HA CBSI3b B POYMHUHTE W YBEITWUYCHHUS HAJICIKHOCTH CBSI3H, 2 aHAIOTOBBIX BXOAA IS
MOIKTFOYEHUS aHAJIOTOBBIX JATYHKOB, 4 MU(PPOBBIX BBHIXOJA JJIS TMOIKITIOUYECHHS HWC-
MOJHUTEIIBHBIX YCTPOUCTB.

Puc. 1. O6mwmit Bua MmoounbHbix TepmunanoB ND GPS Terminal 031

GPS/GPRS tepmunana ND GPS Terminal wucmonms3yeT KaHaIbl CBA3H
GSM/GPRS u SMS. HUcnonb3yroTest Takxke aKTHBHBIE pasaeibHble aHTeHHBI GSM 1
GPS. Hanpszkenne uranust: 7...48 B. Cpenusist motpedmsiemas MOTITHOCTH: 10 1 Br.
Berpoennsie moptet RS232TTL 1 RS485 no3BomaroT noakmodnTs 10 256 nepude-
PHHHBIX YCTPOHMCTB (B TOM YHCIIE aKCEIEPOMETPHI, JATYHKH TOIIJIHBA W JAPYrHe OaT-
yrkH). TOYHOCTH OTIpEAETIEHH MECTOTIONOKEHHA Y TEPMHUHANOB - 2,5 MeTpa. B Tep-
MHUHAJIE HCKITI0YE€HA TOrPEIIHOCTh NIPH OMPEIEICHHH MECTOHAXOXKIECHUS MOOHIBHO-
ro oowsekra. Kopnyc ycrpoiictea ND GPS Terminal 031 u3onupoBaH OT HCTOYHHKA
MUTAHUA. DTO 00ECIIEYHBAET 0€30MACHOCTh MOAKITFOUCHHS MMUTAHHUS B TPAHCTIOPTE.

MoOuITbHBIE TEPMHHAIBI OBUTH YCTAHOBJICHBI B KaOWHE MAINWHUCTA H TIOA-
KJIFOUEHBI K IETMH aKKyMyIsiTopa TermioBo3oB. GSM-aHTeHHA ycTaHaBIMBAaeTCS Ha
CTEKJIC OKHA KAaOWHBI. JJaHHBIE 0 MECTOIOJIO0KEHUH MOOUIIBHBIX OOBEKTOB U BPEMS
onpenenstorcss GPS-wmomynem mo curHajgy CHyTHHKOB HABHTAIMOHHOW CHCTEMBI
GPS, nmostomy GPS-aHTeHHA yCTaHABIIMBACTCS HA KPBIME KAOWHBI MATIHHHUCTA JIJIS
oOecrieyeHHss MPSIMON BHIWMOCTH CIYTHUKOB. JlaHHBIE HA CEpBEP C MOOHMIIBHBIX
TepMHUHAJIOB Tiepearorcs mo kanamy GPRS Internet. lanasie Ha cepBep OTHIpaBI-
torcs 1 pa3 B 30 cekyH.

B makeT nepenaBaeMbIX JaHHBIX BXOAHT CJIeTyrOmas HH(POPMALHUS:

- HOMEp YCTPOMCTBA;

- nata/Bpems onpeaeNeHHs TEKYIIUX KOOPIUHAT,

- monrota B koopauHaTHOM cucteme WGS-84;

- mUpoTa B koopauHaTHOU cucteme WGS-84;

- CKOPOCTb TTOJIBHKHOTO OOBEKTA;

- Haripasiienue 0-360 rpaaycos;

- BeicoTa Haa ypoHeM Mops 0-50000 meTpos;

- KOJIMYECTBO OOHAPYKEHHBIX cIyTHUKOB 0-12;

- BXO/THOE HANPSKEHUE BCTPOSHHOTO aHATIOTO-IIM(PPOBOTO MpeodpazoBaTens.

Koopaunater mectomonoxkenuns nepenarorcs B WGS84 (anrn. World Geodetic
System 1984) — tpexmepHas cucTeMa KOOPAWHAT AJIs TO3HIIMOHUPOBAHUS Ha 3eM-

113



ne. B oTnmryne 0T NOKAJIbHBIX CHCTEM, OHA IBNAETCA € JHHOMH CUCTEMOM JUII BCeH
mareTsl. WGS 84 ompenenseT KOOPAHHATH OTHOCUTETBHO LIEHTPA MACC 3€MITH, TI0-
TPenrHocTh cocTapsieT MmeHee 2 cM. B W(GS84 HyneBbIM MEpUANAHOM CUHTAETCS
«|ERS Reference Meridian».

[IpyHIMNIUaTPHAA CTPYKTYPHAsA CXEMA CUCTEMBI KOHTPOJISA U YNPABIIECHHUSA 34
padoTON MOOHIFPHOTO TOPHOTPAHCTIOPTHOTO 00OPYIOBAHHUS NPHUBEIEHA HA PHUC. 2.

CAYTHHUEA HIBWMAWWMOHHSE | 8
cMcTeMel GBS o

-

[

EGJ'II:-LIJEFP}"SHI:-IH GBTOCdMCCEan

— GPS/GPRS \ o
TEPMKUHAN >

— m ™
MaHSBpOBRIA TENNSBSS MarpyaHK
Eazoeas cTaHUMA G5M

=
o Foad

CeTe Internst

JVCNETYEPCKMA NYHKT
Puc. 2. lpuHanunuanbHas CTPyKTYPHASL CXeMa CHCTeMbI KOHTPOJISI
U YIpaBJIeHus 3a paboTol MaHEBPOBBIX TEILIOBO30B

[TporpamMmMHOe 0oOecTieUeHHEe COCTOUT U3 CEPBEPa CHCTEMBI M TIPOTPAMMBI JTUC-
METYCPHU3ALIHH.

CepBep CHCTEMBI IPUHUMAET MOAKITIOYCHHE MOOHMIIBHOTO TEPMHHAJA, 1TO0 KaHA-
ay GPRS Internet u HaunHaeT MPUHAMATH OT HUX COOOIEHUS C KOOPTUHATAMH.

CepBep CHCTEMBI MPEICTABISET COOOM CIy:KOY IS OTEPALHOHHON CHCTEMBI
Windows XP, namucannyio B cucteme paspadorku Embarcadero Delphi 2010. dms
padoTHI cepBepa ¢ 0a30i JaHHBIX UCTIONB3yeTCs cepBep 0a3 manubix |nterbase.

Cepsep cosmaer ogud motok WinSock mms mpunsTwii moakmroueHuit. [lpu
MPUCOCTUHEHHH MOOHWIIBHOTO TEPMHHAIA CEPBEP CO3MAET MapaUICIbHBIA TOTOK
WinSock u HaunmHaeT mpuHUMAaTh U 0O0pabaThIBaTh WH(OPMAIIMOHHBIC COOOIICHHS
MOOHUIBHOTO TepMHHAA. [loyyeHHbIe 3HAYCHHS BPEMEHH M3 BCEMHPHOTO KOOPIH-
HuposanHoTo BpeMeHn UTC mpeoOpa3oBBIBAIOTCS CEPBEPOM B JIOKATBHOE BPEMH.
KoopauHaThl MECTOTIONO0KEHUS TIOJBHKHOTO 00BEKTA, TIepe1aBaeMble TEPMHHAIOM B
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cucteme koopauHat WGS-84 cepsepom, npeoOPa30BBIBAIOTCSA B CHCTEMY KOOPAHHAT
KapThl TEPPUTOPHUH IUCTIETYepU3anuu. [locae 3Toro cepBep 3armuchBaeT KOOPIUHATHI
Y BpeMs B 0a3y JaHHBIX.

[Iporpamma amcrieTYEPU3ANMHA TOJBHKHBIX OOBEKTOB TPEAHA3HAYEHA IS
KOHTPOJIA TIEPEMEINEHUS TIOJBMKHBIX OOBEKTOB U OTOOPAKEHHA WX MECTOTIONONKE-
HUs Ha i poBol kapre. [IporpamMma Hamucana B cucteme paspadorku Embarcadero
Delphi 2010. Bua rmaBHOTO OKHA CHCTEMbI ¢ (DPArMEHTOM SJICKTPOHHOM KapThl TEp-
putopun BomsHoropckoro 'MK mpusenen Ha puc. 3. [IpunokeHre COAEPKUT OKHO
¢ mrdposoii kapTol (cripasa) u manenb ynpasieHus (cinesa). [Ipu 3amycke nmporpam-
Ma 3arpyskaeT IUPOBYIO KapTy MECTHOCTH B TIAMSATh U OTOOPa’KaeT B OKHE BHIOpaH-
HBIA JJI1 TIPOCMOTPA Y4aCTOK MECTHOCTH, TIOCIIE Yero 3arpykaeT u3 O0as3bl JaHHBIX
napaMeTpsl MOABHKHBIX 00BeKTOB. [locime 3amycka mporpaMma HAYMHAET C TIEPHO-
aoMm 30 CeKyHJ CUMTHIBATH TOCJIETHEE MECTOIOJIOKEHHE TOABIKHBIX OOBEKTOB 3
0a3bI JaHHBIX U 0TOOpAXKaTh MX HAa HHU(POBOH KapTe, CIIEays MapaMeTpaM OTOOpake-
HUS, OTIPEIETICHHBIX B 0a3€ JAHHBIX IS KQXKIO0TO TTOJBIMKHOTO 00BEKTA B CHCTEME.
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Puc.3 Bua riiaBHOrO OKHA CUCTEMBI

[Iporpamma peanusyeT cleayronriue QyHKIIHHA:

@ coenuHeHHWe ¢ 0a30¥ MAHHBIX M CUHUTHIBAHHE MAPMAMETPOB IOJBHKHBIX
00bekTOB. [Iporpamma noakmo4actTes k cepeepy 0a3 ganubix (CYBJ]) cuctemsbl KOH-
TPOJIA, CUATHIBAECT MHGPOPMALIMIO O TOABHIKHBIX OOBEKTAX CHCTEMBI, a TaKXKe mMmapa-
METPBI 0OTOOPAKEHUA ITHX 00BEKTOB Ha ITUPOBOH KapTe;

@ mpocMoTp, AOOABIIEHHE W HW3MEHEHHE MapKa MOABHKHBIX OOBEKTOB M HX
napaMetpos. [IporpaMMa mo3BoisieT MPOCMOTPETHh BCE UMEIOIIUECST B CUCTEME TIOA-
BIDKHBIE OOBEKTHI, YAATTUTh HEHYKHBIE WITH T00ABIATH HOBBIE. JII1 KaXKI0TO 00BEKTA
MOTYT OBITh BHIOPAHBI HA3BAHWE, 3HAYOK BU3YyaTW3alMH Ha U(POBON KapTe, mapa-
METPBI 0TOOPAKEHUA HCTOPUHU TIEPEMEIIEHUS O0BEKTA,
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@ sarpy3ky B mporpammy IQpoBoH KapTel MecTHOCTH. [Ipm 3amycke mpo-
rpaMMa 3arpy:kaet HuQpoByIO KapTy MECTHOCTH U JTAaHHBIE O TIPUBI3KE KAPTHI B IPAMO-
YTOJIFHON CHCTEME KOOPIUHAT. [Ipy HEBO3MOKHOCTH OTKPBITHSA KaPThI MPOrPaMMa JaeT
3aMpoc O 3arpy3Ke HOBOM KapThI, SKCIIOPTHPOBATH KOTOPYIO MOxHO U3 mrooou ['MC-
cucteMbl. [lapamMeTpbl MPUBSI3KHA CYMTHIBAIOTCA U3 (paiina ¢ pacmupenunem bpw (world
file), kotopsrit renepupyetcs [ IC-crucTeMO# IPH SKCIOPTHPOBAHHUHK TU(PPOBOH KaPTHT,

@ oroOpaskeHHE TEKYIIET0 MECTOTIONOKEHUS W CKOPOCTH JBYKEHHUS TIOJABHK-
HBIX 00BeKTOB. [Iporpamma kaxapie 10 cekyHI CUMTHIBAET TEKYIEE MECTOTIONOKEHHUE
W CKOPOCTh M3 0a3bl JAHHBIX M OOHOBIISIET MECTOTIOIOKEHHE MOOMIIBHBIX TEPMHUHAJIOB
Ha nudpoBoH kapre. KoopauHATHI B CKOPOCTH ABWKEHHS 00BEKTOB (PUKCHPYIOTCS B Oa-
3€ TAHHBIX /I TTOCTIEIYFOIIEH MX BEIOOPKH,

@ TMO3UIMOHUPOBAHUE KAPTHI HA BRIOPAHHOM TOABIKHOM OOBeKkTe. B rmaBHOM
OKHE TIPOTPaMMBI Ha TIAHEIM YIPABICHHS HAXOIWUTCA SJIEMEHT YIPABICHHUS - CIMCOK
MOABMKHBIX 00BEKTOB. [IporpaMma mo3BonseT Mpu JBOMHOM HAKATHH KHOTIKA MBILITH
HAa UHTEPECYIOIEM HAC TIOABIKHOM OOBEKTE MO3HIIMOHUPOBATH KAPTy TaK, YTOOBI BBI-
OpaHHBIH 00BEKT HAXOAHJIICS TTOCEPEANHE OKHA ¢ IM(PPOBOH KapTOH;

@ oToOpaskeHHE MyTH IBHKEHHUS TOJBHKHOTO OOBEKTa HA KapTe BO BPEMEHH,
WCTIOJNIB3YS JIMHUM TPACKTOPHH TIEpeABIKEHUA. [Ip HEOOXOIUMOCTH mporpamMma Iio-
3BOJIIET BHIOPATH HANPABJICHUE TEPEMEIICHHUS MOABHKHOTO OOBEKTa U OTOOPA3UTH
3a BEIOPAHHOE BPEMS, OTOOpaKas IMHUU TPACKTOPHH IBIKEHUA Ha IIUPPOBOH KapTe.
Ota QyHKIMS HACTPAWBAETCS B MAHENH yIpaBieHUs mporpammbl «Cren». Ller m
TONIIHMHA JHHUA TPACKTOPHH TOABIKHOTO OOBEKTAa HA3HAYAIOTCA B HACTPOMKAX
MPOTPAMMBI JITISl KAXKAOTO TTOIBIKHOTO 00bEKTa HHAUBHAYATBHO;

@ oroOpakeHHE COOBITHH MOOWIBHOTO TEPMHUHANIA B BHJE CIMCKA C HAUMe-
HOBaHWAMH. [Ipy mOChITaHWU COOOMICHUH CepBepy, MOOMIIBHBIN TEPMHHAT TIEPEIaeT
KOJbl BHYTPECHHHUX COOBITHH (HampUMED, BHIKIFOYECHHE MUTAHHA, COOM 0OHAPYKEHUS
MECTOTIOIOKEHHA H T.I.). [IpU MPHHATHU COOOIMEHHS OT TEPMHHAJA, HPOrpaMMa
pacmupoBBIBAET 3TH KOABI U BBIBOJAUT B CIIUCOK COOBITHH C YKa3aHUEM BPEMEHH.
[Ipr HEOOXOAMMOCTH €CTh BO3MOKHOCTD MPOCMOTPETh UCTOPHIO COOBITHH, OTKPHIB
OkHO <«KypHan COOBITHI».

OOpaboTaHHas CTENHABHBIM 00pa3oM WH(pOpPMANMA TEepenaeTcs ¢ MOOMITb-
HBIX TEPMHUHAJIOB HAa JHMCIETYEPCKHHM MYHKT. J(MCTIeTYepCKHUN MYHKT MPEACTABIAET
cOo0OH TTPOTrPaMMHO-AMTIAPATHBIN KOMITICKC, MPEIHASHAUYECHHBIN I PEIICHUS 3a/1a4
KOHTPOJIA, YIIPaBIeHUA U aHanmu3a. [IpuHaras uapopMarms nomemaeTcs B 0asy JaH-
HBIX, a TAKKE OTOOpaKAeTCs HA HICKTPOHHOM KapTe MECTHOCTH. Takum 00Opasom,
JUCTIETYEP HMMEET BO3MOKHOCTh BH3YAJIbHO KOHTPOJIMPOBATH MECTOHAXOMKICHHE
TOPHOTPAHCIIOPTHOTO 00OPYI0BAHUS, €r0 cOoCcTosHHE (M0 HHpOPMAIUK JATYHKOB), a
nHpopManysa 0a3bl JAHHBIX HCTIONB3YETCA JIJIS AHAIH3A M OTIEPATHBHOTO YIIPABIICHUSA
padoTON MOOHIBHOTO 00OPYIOBAHHMSA.

CxeMa anropuTMa CHUCTEMBI KOHTPOJS W YNPaBICHUS PaOOTOH TOABHKHOTO
TOPHOTPAHCTIOPTHOTO OOOPYAOBAHHUS MIPUBEACHA HA PHC. 4.
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Puc. 4. Cxema anroputMa pabOThl CHCTEMBI KOHTPOIIS U yIIpaBieHus paboToW TOPHOTPaHC-
MOPTHOTO 00OPYAOBAHUS

BbIBO)_]bI. BrimonmHe HHBIE HUCCIICAOBAHHUA TTO3BOJTHUIINA OIMNPEACITUTL OCHOBHBIC
IIOJTOKCHHUA U TCXHHYCCKHUC TpC6OBaHI/I$I Co3qaHnuda CUCTCMbI KOTPOJIA MCCTOHAXO-
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KACHUS TOPHOTPAHCIIOPTHOTO OO0OPYyAOBaHUS HA 00bekTax BompHOTOpcKOTO MK,
a TaKKe YCTAHOBUTH CIEAYIOIIHE €€ MPEUMYIIECTBA, KOTOPhIE 3aKITFOYAIOTCA B 00€ec-
NEYECHUH!

— KOHTPOJIA 34 IBHKEHHUEM TOPHOTPAHCTIOPTHOTO 0OOPYIOBAHUA U BO3MOMKHO-
CTH OTIEPATHBHOTO YIIPABJICHHUA B COOTBETCTBHH C MEHSIOMIEHCST 00CTAHOBKOM;

— ONTUMAIBHOIO MJIAHUPOBAHUA UCXOAS U3 TOUHOTO 3HAHUS MECTOHAXOXKIE-
HUS TIOJBHKHBIX OOBEKTOB;

— COKpalIeHHs BPEMEHH perca (XOAKH);

— YMEHBIIEHUS BPEMEHU MTPOCTOEB;

— 3KOHOMMHM TOIJIMBA U MOTOopecypca MUHUMYM Ha 10 %0;

— TOBBILIEHUSA JUCLUIUIMHBI MEPCOHANA, NPEJOTBPAIIEHHUA HECAHKLIMOHHUPO-
BAaHHOTO OTOOpPA IHM3EIBHOTO TOTUIMBA, PA3HYHOTO POJA TPHUIIHUCOK, HETPOU3BOIH-
TEJBHBIX TTOTEPH, TOBBIICHUA 0€30NACHOCTH PA0OTH MAIIMHUCTOB.

[ToMuMO mepeyucIeHHOr0, 3T0 COBEPLUIEHHO HOBBIM YPOBEHb MOJYUYEHUS, TIe-
penayd M TMPUMEHEHHUS WH(POPMALWHU. TOJIOKEHHE KaXKAOTO TOPHOTPAHCTIOPTHOTO
00BeKTa B MFOOOW MOMEHT BPEMEHH MOKHO YBHIETh Ha ITU(PPOBOH KapTe, IPH 3TOM
CHUCTEMAa TIO3BOJIIET BMEIIMBATHCA AHMCIIETYEPY B PAaOOTy MAIMWHUCTA TIPU TFOOOU
HEIITATHOU CUTYaLUH.
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