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A. C. T'ypckas

AHAJIN3 METO/I0B ABTOMATU3AIINN ITPON3BOJACTB
PA3JIMYHBIX TUIIOB

Hpouseodcmeeunme CUCMEMDL paaae/mmm Ha TMUND. N0 MHO2UM TNAPAMETPAM. HpO’U,ECC asmomamusayuy orea-

MBLBAEm 6ce HONDUWE PASAUYHOLL NPOU3EOICTNG 60 6CEM MUPE U MPEOYEm 6HECEHUA USMEHEHUT 6 YCTNAPEeBULUE
npomvluLLERHBLE cucmemst. as afdexmusnozo pazeumus npoudeodcmea neobrodumo 6u.6pams 6epHuLll Mmemod

u cmpameautro asmomamusayuy.
BBEJEHUE

ABromarmsanysi TEXHUYECKHX IIPOIECCOB U
upoussozcrs (ATIIIT) — coBokyuHocrs cucrem u co-
BPEMEHHOTO OOOPYIOBAHMUS, CIIOCOOCTBYIOIIME CHU-
JKEHUIO y9aCTHs YeIOBEYECKOro (akTopa B Mpo-
[IeCCe M3TOTOBJEHUST MPOAYKIUH. ABTOMATH3AIMS
MOZKeT 3aTPAruBaTh KAK OTJEJIbHBIE TEXHOJOHYe-
CKH€ TPOIECCHI U JIEMEHThI 000PYIOBAHUs, TAK U
OBITH OCHOBHOI CHUCTEMOI IeATeTHHOCTH, OXBATHI-
Basi BCE TAIBI MPOM3BOJACTBA. Pa3mHbie TU mpoms-
BOJICTBEHHBIX CHCTEMBI TPEOYIOT MPUMEHEHUs Pa3-
JIMYHBIX METOJIOB ABTOMATH3AIIUH.

I. METO/JBI ABTOMATUBAIIUN

OcCHOBOII aBTOMATH3AIUU TEXHUYECKHUX [PO-
IIECCOB ¥ MPOU3BOJICTB SIBJISIETCS MEPEPACTIPEIETIe-
HU€ TEXHUYECKUX TTPOIECCOB COTJIACHO KPUTEPUSIM
ONTUMAJILHOTO PEryJIUpOBaHUs pabodeil esaTesb-
HOCTU TIPEeANpUuATUs. BHEIpPEeHue aBTOMATU3AIUN
MOZKeT [IPOXOAUTH HECKOJbKMMU HyTsMu (Meroa-
MH):

ATTIII B wacTtuunoMm Buze. I3MeHeHns Kaca-
I0TCsl OTIEILHOrO O0OpPYJOBaHMs (MAIlMHBI, AIIa-
para, CTaHKa) M BBINOJHUMBIX onepaimii. [Ipume-
HHAETCH B TEX CJIydYasx, KO[/Ia YEIOBEK HE MOXKET
CIIPABUTBHCS CO CJIOKHOM TEXHUIECKOH 3amaqeii. Ya-
cruunast ATTITT paboraer ¢ geficTByommm 000py-
JIOBAHUEM.

ATTIIT B xommiekcaoM Bue. JlaHHOE ycoBep-
IIIEHCTBOBAHUE KACAETCS TEXHOJOTUIECKOTO yUIaACT-
Ka, I[IeXa, IPOW3BOJCTBEHHON JIMHUU, KOTOPBIE
GYHKIMOHUPYIOT B KA9€CTBE €UHON CUCTEMBI.

IemocTHast aBTOMATH3AIMS TTPOU3BOICTBA.
Hawusbicmuit ypoBeHb aBTOMATH3AINH, B KOTOPOM
KOHTPOJIb TIEPEIACTCH TEXHUIECKOMY YIIPABJICHUIO.
Ha macmrabHbIX TpeAnPUITHAX TAKYIO CHCTEMY HC-
MOJIB3YIOT HEYACTO. DTO CBA3AHO C TEM, 9YTO HEKOTO-
poe dyHKIHOHAJIBLHOE 000pymOBaHue TpeOyeT KOH-
TPOJISL IeJIOBEKOM. [1]

II. Twunbsl IPOU3BOJCTBEHHBIX CUCTEM

IIpousBoncTBa, B 3aBUCUMOCTH OT UX TTPOU3BO-
JUTEIbHOCTH, THOKOCTH W YPOBHS aBTOMATHU3AINH,
MPUHATO PA3AeIITh HA MACCOBbIE, CEpUIHBIE U €1~
HUYHBIE.

MaccoBoe TPOM3BOACTBO XapPaKTEPHU3IYETCS
CTAOUJIBHBIM U JOJITOBPEMEHHBIM HW3TOTOBJIEHUEM

OIHOPOJHON, OTPAHUYEHHON IO HOMEHKJIATY pe TIPO-
JYKIAA B OOJIBIINX KOJIMYECTBAX, OTJIMIAETCS Ma-
JION THOKOCTHIO C BBICOKAM YPOBHEM ABTOMATH3a-
uuu (PKECTKas aBTOMATU3AlUs) U OY€Hb BBICOKOIL
[IPOM3BO/IUTEJILHOCTHIO. DBbICOKUil ypOBEHb aBTO-
MaTH3al\K JOCTUTAETCS MPUMEHEeHneM OhICTpOoIeii-
CTBYIOIIAX Y3KOCHEIHAJU3NPOBAHHBIX TEXHOJIOTH-
YeCKUX MAalllUH U aBTOOIEPATOPOB.

CepuiiHoe TPOM3BOJACTBO OTIUYAETCS NIUPO-
KOI HOMEHKJIQTYpPO# M3roTaBINBAEeMON MPOLYKIIAN,
BBIIIYCK KOTOPOIi IepUOJANYECKHT OBTOPAETCH.

Equamaaoe mpomM3BOACTBO XapaKTEPU3YETCS
pPa3HOOOPA3HON HOMEHKJIATYDPOil MPOMYKIHMH, Ma-
JIBIM OOBEMOM BBIMTYCKA OJMHAKOBBIX H3JIEJINMH, T0-
BTOPHOE W3TOTOBJIEHHE KOTODPLIX B OOJIBIIUHCTBE
ciaydaeB He mpenycmarpuBaercd. Ilo cpaBHenmio ¢
JAPYTUMU TIPOU3BOJICTBAMU HMeeT MAKCHUMAaJbHYIO
ruOKOCTh, HO CaMble HU3KHE ITPOU3BOIUTEIHHOCTH
U ypOBEHb aBTOMATU3ALUU. [2]

III. ABTOMATHU3ALMS TIPOU3BOJICTR

PABJIMYHBIX TUIIOB

ABromaruzanus B 4aCTHYHOM BHJIE BCTPEYa-
eTCsl Ha MPOU3BOICTBAX YAIlE OCTAJBHBIX METOMIOB,
MMOCKOJIbKY TpeOyeT MeHbilne (DUHAHCOBBIX 3aTPAT,
BHOCUT M3MEHEHUsI TOJBKO HA JIOKAJbHOM yUIaCTKe
MPOU3BOJCTBA ¥ KAPIUHAIBLHO HE BJIASIET Ha yIKe
oTpabOTaHHBIE ATTOPUTMBI. MeTo1 aBTOMATH3AIIAH
B YACTUYHOM BHUIE NMPUMEHWM Ha TPOU3BOJCTBAX
JII0O0OTO THIIA, OTHAKO HAMOOJIee 11eIeCo00Pa3HO MO-
JIEPHU3UPOBATH TAKAM CIOCOOOM €IMHUYIHOE TIPO-
U3BOJICTBO. 3aMEHA YeIOBEYECKOTO TPY/a BO MHO-
PUX €JUHUYHBIX TEXHOJOTHYECKUX MPOIECCax, Ha-
LPUMED, B CJIOXKHDBIX, yHUKAJIbHBIX COOPOYHBIX Olle-
parusx, 1ajgeKo He BCErI1a BO3MOXKHA U SKOHOMHUYE-
CKHU OIpPAaBJAHA, TMOCKOJIbKY TpPeOyeMble aBTOMATH-
3UPOBAHHBIE CHCTEMBI 1 POOOTHI JOIKHBI 001aaTh
UCKYCCTBEHHBIM WHTEJLIIEKTOM, OPPOMHBIM 00LEMOM
naMsaTH ¥ BecbMa 00sbInoit croumocrbio. Opna-
KO BHEJPEHNE aBTOMATHYECKUX MAIITUH HA OIpe-
JIEJTEHHBIX YYACTKAX MPOU3BOICTBA C TTOBTOPSIOIIHI-
MHUCS JEHCTBUAMY UMEET CMBICI. DTAIbl YKJIAIKH-
YIAKOBKH MPOJAYKIIUU, TPAHCIOPTUPOBKHU YIIAKO-
BAHHOH IPOIYKIMH, MAPDKUPOBKU — MOT'YT OBITH aB-
TOMATU3UPOBAHBI HA, €UHUIHOM TTPOU3BOICTBE.

ABroMaruzanus TEXHUYECKHX MPOIECCOB B
KOMILJIEKCHOM BHJIE BCTPEYAETCs [IPEUMY IIECTBEHHO
HA MPOU3BOACTBAX MO MACCOBOMY ¥ CEPUIHOMY BBI-
MyCKY TPOAYKITMH. ABTOMaTHYECKUE JJUHUNA — OCHO-



Ba COBPEMEHHBIX MACCOBBIX IPOU3BOACTB. 2KecTKne
CPEJICTBA ABTOMATH3AIMHA HAJIEKHbI, OTHOCHTEIHHO
LPOCTBI, 00ECIEYUBAIOT BBICOKYIO HPOM3BOIUTE b
HOCThH W TIPEAMYIIECTBEHHO TIPUMEHSIOTCA Ha, JTAHU-
X, TPEIHA3HAYEHHDBIX 71T BBIYCKA TOJHKO OJHOTO
Buja usgeaus (Hynesas rubkocrs). Cepuiinoe mpo-
M3BOJICTBO MOKET BKJIIOYATh HECKOJIBKO aBTOMATH-
3MPOBAHHBIX KOMILIEKCOB JIJI BBIILYCKA PA3HBIX TH-
TIOB TPOAYKIINH. B 3aBUCUMOCTH OT CJIOXKHOCTH TTPO-
IIeCCa M3TOTOBJICHNUS, KOMIIEKCHAST ABTOMATH3AIAST
MOZKET 3aTpParuBaTh KaK HEeOOIBIIYI0 aBTOMATH3M-
POBaHHYIO JIMHHIO, TAK U CJIOKHBINA y9aCTOK IIPOU3-
BOJICTBA, H30TMPOBAHHBIIA 1IEX.

Hemocraasi aBTOMaTU3aIMs MNPOW3BOJICTBA
CJIOXKHBIN ¥ 3aTpaTHbIil mporecc. B kadecTse mpu-
Mepa TOJIHOCThI0 ABTOMATU3UPOBAHHOTO TTPOU3BO/I-
CTBa BBICTYIAET TPOIECC WM3TOTOBJIEHWUS IJIEKTPO-
mexanundeckoro pese OMRON cepun MY-GS — mo-
crenHss moaenb B cemeiicrse MY. D1u pene mpo-
MU3BOJATCA HA TOJHOCTHIO ABTOMATU3MPOBAHHOM
upeaupusrun [3]. Kaxkupiii sran cospanus pedsie
BBITIOJIHSETC PODOTOM, KOTOPBIA BKJIIOYEH B 00-
IIyI0 CACTEMY YIPABJIEHUs MPOU3BOACTBOM. Jeso-
BEK JIUIIIb KOHTPOJIUPYET PabOTy CTAHKOB U BBIMOJI-
HAET HATAIKY OOOPYIOBAHUS TIPHU HEOOXOIUMOCTH.
Poborbl Ha JaHHOM aBTOMATH3MPOBAHHOM ITPOU3-
BOJCTBE MPEIHAZHAUEHBI IJIs PAa3JIMIHBIX 331a4:
BbIpe3Ka GhopM JJist pelie, craifka 3JIEMEHTOB peJie,
cbopka KOpIIyca peJie, TPAHCIOPTHPOBKA dYacTeil
pesne u ap. IIpernMyIecTBo MeI0CTHON aBTOMAaTH3a-
WU [POU3BOJICTBA 3aKJIIOYAETCS B 3HAYUTETHHOM
[OBBIMIEHUH TIPOU3BOAUTEbHOCTH. EJIMHBIA IIyHKT
VIPABJIEHUS TO3BOJISIET BHOCUTH W3MEHEHWsS, Ha-
MpUMep O CKOPOCTH, OJHOMOMEHTHO /TSI KazK 0T
JTama MPOM3BOJACTBA, YTO OOJerdaer OOIIMylo Ha-

CTPOIiKy cucreMbl. KpoMe aToro, ymaercs n3derarhb
9aCTBIX OIMUOOK, BBHI3BAHHBIX HYeJIOBEYECKHM (pak-
TOPOM, yMEHbIIIAETCs BPEMS IIPOCTOEB, CBA3AHHBIX
C 00SI3aTENIHHBIM OTIBIXOM PAD0OYEro MmepCoHAIA.

Ob6oGrmennass wHOpPMAIHsS O BO3MOXKHOCTH
MIPUMEHEHHUs OMPEIEJIEHHBIX METOIOB aBTOMATH3a~
[UU HA TPOU3BOJCTBAX PABTUIHBIX TUIIOB IPUBE/IE-
Ha B TabJymue 1.
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A. A. Mapxkosa

BHICTPOJAEVICTBYIOIIIUE MHOTOMEPHLIE
XPAHMJINITTA JAHHBIX

OLAP (anen. online analytical processing, unmepaxmueHas GHAAUMUECKaA 00pabomra) — mesnoroeua 06pabom-

KU QAHHOLT, 3aKAOUAIOULAACA 6 T0020T06KE CYMMAPHOT (azpezuposantol) unPopMayuy Ha 0cHo6e BOALUWUT MAC-
CUB06 JAHHBLT, CMPYKMYPUPOBAHHHLT N0 MHO20MEPHOMY Npunyuny. Peasusayuu mexnonroeuuw OLAP asaatomca

KOMNOHEHMAMU NPOPAMMHBLET pewenutl kaacca Business Intelligence. IIpusuna ucnoavsosarnus OLAP dasn o6pa-

bomxu 3anpocoe — ckopocms. Peaayuonnoie 6a3v, 0GHHBT TPAHAM CYUHOCTIU 6 0TMIEADHHT MAbAUYAT, KOMOPBLE

064 HO TOPOUWO HOPMAAUI0EAHD. DMa cmpyrmypa ydobra daa onepayuonnur 0a3 dannwz (cucmemv, OLTP),

HO CAONHCHBLE MHO2OMAOAUNHDLE 3ANPOCHL 6 Hel BONOARANMCA 0mHocumenvro medaewno. OLAP-cmpyxmypa, co-

3danmnan u3 pabouur dannnr, nasdwveaemcs OLAP-xy6.

BBEAEHUE

TpeboBanns kK nHGOPMAIMOHHBIM CHCTEMAM W
TEXHOJIOTUSM TIPU YIPABIEHUU PUCKAMHU HA TPE-
MPUATHE BKJIIOYAIOT B C€0si aBTOMATH3NPOBAHHBIM
JIOCTYII, KOHCOJTMIAIMIO JAHHBIX, AHAJW3, TPOrHO-
3UPOBAHKME M OIEHKY PHCKOB, IMPEJIOCTABIEHUE I10-
JIyYEHHBIX PEe3yJIbTaTOB. Y YUTbIBAs MHOIOOOpa3ue
7 OOJIBITION 00BeM JTaHHBIX JI aHAIn3a, WHpOpMa-
[IMOHHBIE CHCTEMbI ¥ OCHOBAHHBIE HA HUX CHCTEMbI
MOIEP>KKU, TPUHATHS PEIIeHUN sSBISIIOTCS B Ha-
CTOSIIIEee BpeMs BaxKHeHIM ycaoBueM 3P HeKTHB-
HOrO yIIpaBJIEHUs PUCKaMu B Maciirabe Bceil KOM-
TTAHH.

1. TIPMHOMOBI OPTAHUBAIUU XPAHUJIUIIA
JAHHBIX

Kopuoparushoe xpanwnuine ganabix (X1,
DW - Data Warehouse) no3Bosisier co3uarb eiuHblii
AHAJIUTUYECKUI LeHTp g cOopa, XpaHeHus, Or-
CEeMBAHNS W TMPEIBAPUTEIHLHON OOpAOOTKN TAHHBIX
JJIsl OIIEHKHM PYMCKOB TpeamnpusTus. Vcmoab30Bammne
XPaHW/ININA JAHHBIX, KAK AHAJUTHYECKOrO HEHTPA
CUCTEMBI YIIPABJIEHUS PUCKAMU LPEILIPUITHS, sB-
JISETCs eCTEeCTBEHHBIM PA3BUTHUEM IIPOLECCOB aBTO-
MAaTU3AINNA TEXHOJOTUI KOPTIOPATUBHOTO yIIPABJIE-
aua. [[prHIUIBI Opranu3anny XpaHuInIIa;

o IIpobaemuo-peaverHas opueHTarus. Jlam-
Hble OObEIUHSIOTCS B KATETOPUHM W XPAHSIT-
Csl B COOTBETCTBUU € OOJIACTSAME, KOTOPHIE OHU
OTHCHIBAIOT, 8 He C MPUIOKEHUSIMI, KOTOPhIE
OHU HCITOJTH3YIOT.

e UurerpupoBanHocTb. JlaHHbIE 0O0BHEINHEHBI
TaK, 9TOOBI OHM YIOBJIETBOPSIIN BCEM TPeOO-
BAHUSAM MPEANPUATUS B IEJIOM, & HE eJIWH-
crBeHHO# pyHKIHHU OusHeca.

e Hexoppektupyemocts. JlaHuble B XpaAHWTUIIE
JAHHBIX HE CO3/IAI0TCS: TO €CTh MOCTYTAIOT U3
BHEITHUX UCTOYHUKOB, HE KOPPEKTUPYIOTCA U
HE YIAJISIIOTCS.

e 3aBucuMocTh OT Bpemenu. JlaHHble B Xpa-
HUJIMIIE TOYHbI U KOPPEKTHBL TOJILKO B TOM
ciaydae, KOTJa OHU TTPUBSA3aHBI K HEKOTOPOMY
MIPOMEXKYTKY WJIM MOMEHTY BPEMEHU.

Ilo cBoeit cyrn XpaHUIUIE JAHHBIX IIPEICTABIISIET
co00il TEHTP, B KOTOPBIA COOMpaeTcss BCA HEOOXO-
nuMast nHGOPMAIIUS U3 PA3INIHBIX MOAPA3AEICHIH
npeanpusitus. [Ipexae 4eM nonacrb B XPAHUIUIIE
JAHHBIE JOJIZKHBI OBITH COOTBETCTBYIOIIIM 00Pa30M
06paboTaHbI.

XpaHWIUIIA JAHHBIX SABJIAIOTCS CTPYKTYPUPO-
BAHHBIMHU: OHU COIEPKAT OA30BbIE ITAHHBIE, KOTO-
pble 00pa3yloT €IUWHBIN HCTOYHUK Ijisd 00pabOTKH
JIAHHBIX BO BCEX CHCTEMAX MOJJIEPYKKU TPUHATHUS
pemrenuii. Eciu BO3HUKAIOT pa3HOIIACHS BO MHE-
HUSIX, C TOMOIIBIO XPAHUJIUIIA JTAHHBIX MOXKHO BbI-
[OJIHUTH coryiacoBanue uHdopmanmu. A ssiemen-
TapHbIE JTAHHBIE, TPUCYTCTBYIONINE B XPAHUJIHIIE,
MOTYT OBITH MPEICTABJIEHBI B Pa3JndHOi (dopme,
OoTBeYAsl HE TOJHBKO W3BECTHBIM TPeOOBAHWAM, HO
eIlle ¥ HEM3BECTHDIM.

II. Twunbl XPAHUJINIL, JJAHHBIX

XpaHuIuIIa JAHHBIX HCKJIIOYATENIHHO BEJIU-
KH, TIOCKOJIbKY B HHUX COJEPIKATCA HCTOPUIECKUE
U Jeraju3upoBaHHbe manuabe. [1o npuanHe pasme-
pa 00bEMOB JTAHHBIX, HAXOASAIINXCS B XPAHUJIMIIE,
JIAaHHBIE TIOIPA3IE/ISIOTCS HA JBA, KJIACCA: AKTUBHO
¥ HEAKTWBHO WCIIO/IH3YEMbIE JAHHBIE. XDPAHUIAIIA
JIAHHBIX COJIEPYKAT WHTErpupoBaHHble NanHabie. OHu
MHTErPUPOBAHBI HA MHOXKECTBE YPOBHEl: HA yPOBHE
KJII09a, aTpulyTa, HA ONUCATEBHOM, CTPYKTYPHOM
ypoBHe u Tak mgajee. O0mue qanube u oomas oopa-
00TKA JAHHBIX KOHCOJIAIAPOBAHBI U SABJISIOTCS €TV~
HOOOPA3HBIMHU JIJTsI BCEX JTAHHBIX, KOTOPBIE MOJ0OHDI
WU CXOYKU B XPAHUJIMIIE JTAHHBIX.

Ky6 moreHnma bHO COmepKUT BCIO nHGOpPMA-
[UI0, KOTOpas MOXKEeT IMOTpeboBaThCs JJis OTBETOB
Ha 3ampochbl moab3oBarenei. [Ipu Gonbmom KO-
YeCTBE arperaToB 3a4acTyI0 TOJHBIA PACIET MPO-
HUCXOIUT TOJBKO IJI HEKOTOPBIX W3MEpPEHUi, I
OCTAJIBHBIX K€ TPOM3BOJUTCI <O TPEDOBAHUIOY.
Cymecrsytor tpu tuna OLAP:

e muoromepras  OLAP
OLAP — MOLAP);

(Multidimensional

e pemsimmonHass OLAP (Relational OLAP —
ROLAP);



OLAP (Hybrid OLAP —

e THUOpHUIHAS

HOLAP).

MOLAP — knaccuueckas ¢gpopma OLAP, tak uro
eé gacro naspBaioT npocro OLAP. Oua ucmosnb3y-
er cymmupytomyio B/l, cienuanpHbIit BApuaHT mIpo-
meccopa npocrpancrBenabix B/l u co3maér tpeby-
€MYI0 TPOCTPAHCTBEHHYIO CXEMY JIAHHBIX C COXpa-
HEHMEM KaK 0a30BBbIX [TAHHBIX, TAK U arperaroB.
ROLAP paboraer HANPSAMYIO C PEJSITHOHHBIM XPa-
HIIAEM, (PAKTHI B TAOIUIBI C M3MEPEHUSIMEI XPa-
HATCA B PEJISIUOHHBIX TADJIUNAX, U JJid XPAHEHUS
arperaToB CO3/IAI0TCS JOTMOIHUTETBHBIE PEJISIIHOH-
wpie Tabauipl. HOLAP ucnons3yer pessiiuoHHbIe
TaOJIUAIIBL /1)1 XpaHeHs OA30BbIX TaHHBIX ¥ MHOTO-
MepHbIe TaOIUIBI JJIs ATPEraToB.

Oco6bim ciyuaem ROLAP asaserca «ROLAP
peanbuoro Bpemenu» (Real-time ROLAP — R-
ROLAP). B orsmmune or ROLAP 8 R-ROLAP s
XpaHEHWsT arperaToB He CO3JAIOTCS JIOMOTHUTE b
HbIE DPEeJIIUOHHBIE TaOJUIbI, a ArPerarbl PAcCYu-
THIBAIOTCS B MOMEHT 3ampoca. [lpw 3ToM MHOTO-
mepubiil 3ampoc Kk OLAP-cucreme aBromMaruyecku
npeobpasyercs B SQL-3ampoc K pesisiiuoHHbIM TaH-
HbIM. KaKaplii TUIT XpaHEHUs WMEeT OIpee/éH-
HbIE MPEUMYIIECTBA, XOTs €CTh PA3HOIJIACHS B UX
onerke y pasubix npoussogureneit. MOLAP syg-
111 BCEro TOIXOINT I HEOOJIbIMMX HAOOPOB ITaH-
HBIX, OH OBICTPO PACCUMTHIBAET arperarbl U BO3BPa-
AT OTBETHI, HO TP ITOM TE€HEPUPYIOTCS OIPOM-
Hble 00bEMBI nanHbix. ROLAP onemuBaerca kak
OoJiee MACIITAOMPYEMOE PEIIeHNEe, HCIIOJIb3YIOIee
K TOMY K€ HAUMEHBIee BO3MOYKHOE MPOCTPAH-
crBo. IIpm 3TOM CKOpPOCTH OOpPabOTKM 3HAUYUTE]IH-
vo camxkaercsa. HOLAP HaxomuTcs mocpeaym 3TUX
JIBYX IOIXO/IOB, OH JOCTATOYHO XOPOIIO MACIITA-
oupyercsa u ObicTpo obpabarbiBaercs. ApXUTEKTy-
pa R-ROLAP mno3Bossier mpou3BOAUTH MHOTOMED-
el anaan3 OLTP-ganubIx B peXuMe peaibHOrO
BPEMEHH.

Cnoxnocrs B npumenennn OLAP cocrour B
CO3/IAHMH 3AaIIPOCOB, BbIOOpPE 0A30BBIX JAHHBLIX U
pa3pabOTKe CXEMBI, B PE3yJIbTaTe Uero OOJIBbITHH-
cTBO coBpeMmeHHbIX poaykTos OLAP mocraBisaior-
Cs1 BMECTE C TIPe/IBAPUTETHHO HACTPOSHHBIMHU 3AITPO-
camu. /Ipyras npobsiiema — B 6a30BbIxX manubix. OHu
JIOJ2KHBL OBITH IOJTHBIMUA M HEIPOTUBOPEYUBBIMHU.

C TouKM 3peHus MOJb30BATE]IsSA, BCE BapUaH-
ThI BBINJISJIAT TTOXOXKUME TI0 BO3MOXKHOCTsIM. Han-
6ombiiee npuvenerre OLAP maxomut B mpomyk-
Tax Jist (PUHAHCOBOTO IIJIAHUPOBAHMU S, XPAHUIIUIIAX
JAHHBIX, perennsax Kjaacca Business Intelligence.

Mapxosa Anacmacus Anexcandposha,
17anamarkov@gmail.com.

acnupanT Kadeapbl

III. BBIBOIBI

Jlorudgeckasi cTpyKTypa JaHHBIX XPAHWIAIIA
JIAHHBIX CYIIECTBEHHO OTJIUYAETCH OT CTPYKTYPbI
JIAHHBIX KCTOIHUKOB JaHHBIX. i pazpaborku 3¢h-
(BEKTHBHOIO TPOIECCa TMPeodpPas3oBaHus HEOOXOTH-
Ma, XOPOITIO0 TPOpabOTaHHAS MOIETh KOPIOPATHUB-
HBIX JAHHBIX U MOJEIb TEeXHOJOTWU TIPUHSITHS Pe-
mennii. JIaHHBIE 171s1 TTOB30BaTeNsd YA0OHO MIpe-
CTABJISITH B MHOIOPA3MEPHBIX 0a3axX JIAHHBIX.

XpaHuIuIEa JTaHHBIX CONEPKAT WHTErPUPO-
BaHHbIE gaHHbe. OHU WHTErPUPOBAHBI HA MHOXKE-
CTBE YPOBHEI1: Ha, yPOBHE KJII09a, aTpUOyTa, HA OITH-
CATeIbHOM, CTPYKTYPHOM ypoBHE U Tak jganee. O6-
IIye JTAaHHbIE U 00Iasg 00pabOTKa JAHHBIX KOHCOJIH-
JVPOBAHBI U SIBJIIOTCS €IUHOOOPA3HBIMU IJIST BCEX
JTAHHBIX, KOTOPBIE TIOO0HBI U CXOXKW B XPAHUIIU-
1€ TaHHBIX.

Kpowme nzpneuenns qanHbIX n3 6356, 1715 IPH-
HATHUs PENIeHn BAYXKEH MPOIECC U3BJICYCHUs 3HA-
HUM, B COOTBETCTBUH C HH(POPMAIMOHHBIMHA ITOTPED-
HOCTSIMU TTOIB30BaTe sA. C TOUKY 3pEHUs T0JIH30Ba~
TeJIs B TIPOIECCE W3BJICUEHUs 3HAHUN 13 0a3bl JTaH-
HBIX JIOJIZKHBI PEIIAThCs CeLyIoIue mpeodpa3oBa-
HUs: TaHHbIe — WHGOPMAIUS — 3HAHUS — IOJTY-
YEHHBIE PEIICHUS.

Buenpenve xpaHwWIuina JaHHBIX B padoTy
MPEINPUSITHI TTO3BOJISET YBEJTHIUTH CKOPOCTD TTPH-
HATHS OOOCHOBAHHBIX DENIEHUI C yIEeTOM aBTOMa-
TU3UPOBAHHON 00paborkm wmHOpMannn, 3dpdek-
TUBHO KCIOJb30BATH HE TOJIHKO (DHHAHCOBBIE, HO
U 4YeJIOBEYECKUE M MATEPHUATbHBIE PECYPChl KOMIIa-
HUW.
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C. B. Maruiixo

AHAJIN3 BOJIBITINX JAHHBIX B MEJIUITUHCKOM U
BNOJIOTNTYECKOM NCCJIEIOBAHNN

Cezo0na boavwue danHbLe NPUMEHANMCA 60 6CET CPHepar sHcudnu obuwecmea, 6 mom wucie u 68 med uyune. C

NOMOWDBI AGHAAU3A ITNUT JAHHBLT MOHCHO GBLAGAAD 6uomap7cepm 3abonesarull 6wcmpee mem cambim BblABAATILD

bonesnu Ha PAHHUT cmadum;, npouecc Oﬁy’%eﬂu.ﬂ, €20 Ka4ecmeo, a maxdHce Yyaytuums camy MO00END 06p0306aHU.ﬂ.

Ieawv1o danmnoli cmamovby ABAAEMNCA GHAAUS POAU BOADWUT JGHHBT 6 chepe meduyune, MAKIHCe PACCMAMPUBAIOMCA

€nocobvL NPUMEHEHUE METHOAO2UL BOALWUT JAHHLLET 68 MeduyuHe, cnocobv. cbopa, aHAAU3A, TPAHEHUA U 00pabOMKY

NOMOK08 UHPOPMAUUU, TOAYHAEMBLT 0 NAUUEHOE.
BBEAEHUE

B nocaennue roapr Bce Oosibliee 3HadeHUE
TMpUOOpEeTaeT WCIOAL30BAHNE AHAIN3a, OOJIBITNX
JAHHBIX B MEIUIMHCKUX U OMOJOTHIECKUX WCCJIE-
noBanusgx. C MOsIBJIEHWEM MEPEIOBBIX TEXHOJIOTHIT
00beM TaHHBIX, TEHEPUPYEMBbIX B 3THX O0JIACTAX,
BBIPOC B F€OMETPHIECKOI TPOrPECCHE, YTO Tpedyer
Pa3paboOTKU HOBBIX MHCTPYMEHTOB U METOJOB JIJisi
00pabOTKM W aHAIN3a ITHX JAHHBIX. Vcmoan3oBa-
HU€ aHAJIN33a, OOJIBITNX JTAHHBIX MOYKET PEBOJIIOINO-
HU3UPOBATH MEIUIUHCKHE U OHOIOIHIECKUE UCCITe-
JIOBaHUs, MPEJIOCTaBIsgs HHMOPMAIUIO O MEXAHU3-
Max 3ab0seBaHni, pa3paboTKe JIEKapCTB U IIePCOHA-
JW3UPOBAHHON Memuimue. Vimest Gosbinme HaboOphI
JAHHBIX, WCCJIEIOBATEIN MOTYT BBISBIISATH HOBBIE
3aKOHOMEDHOCTH W B3aWMOCBSI3M, KOTODHIE paHEe
ObLIN CKPBITHI, 9TO TPUBOIUT K OTKPBITHIO HOBBIX
meJieit /11 JiedeHuns u npoUIaKTUKH 3200 I€BAHMI.
Kpowme Toro, anann3 OOMBIAX TAHHBIX MOYKET IMO-
MOYb B TepeBoe PpyHIAMEHTATbHBIX HAYYIHBIX WC-
CJIe0BaHUI B KJIMHWYECKUE TPUJIOKeHus. B crarbe
Ipo OTKpPbITUd JiekapcTs [1] obcykaanocs ucnosib-
30BaHue TIyOOKOro oOy<deHns, TUIIA UCKYCCTBEHHO-
10 MHTEJUIEKTA, JJIs OTKPBITUS JIEKAPCTB U Pa3pa-
60TKN OGHOMAapKEPOB. ABTOPHI OMUCAJIN, KAK MOMK-
HO WCIOJIB30BATh IVIyOOKOe ODydeHue /Jisi aHAIN3a
OONBIINX HAOOPOB OMOTOTHIECKUX W KINHHIECKUX
JIAHHBIX, U TPUBEJIA HECKOJIBKO TPUMEDPOB YCIIEITHO-
o MpUMEHEHUs B pa3paboTKe JieKapcTB. B crarbe
PO BBISIBJIEHNE GHOMAapKEPOB [2] ommcaH cereBoi
TTO/IXO/T K BBISBJIEHUIO MPOTHOCTUYIECKUX OMOMapKe-
POB paka. ABTOpPBI MCMOJB30BAIN OOJBIION HAOOD
JIAHHBIX 00 SKCIPECCUU T€HOB sl TOCTPOEHUST CETH
PEHOB, HAEHTH(DUIMPOBAIN HECKOJIHKO DNE€HOB, KO-
TOPBIE TECHO CBSI3aHBI B CETH W CBSA3AHBI C HeOJIA-
rONPUATHBIM TPOTHO30M. C TeX MOp ITOT MOIXO.,
HCITO/IH30BAJICA BO MHOTHX JIPYTUX HCCJIEIOBAHUSIX
J7Is OompeneeHns: OHOMAPKEPOB PA3TUIHBIX 3a00-
neBanuii. B 9roit crarbe [3] omuceiBaercs paspa-
0OTKa MOJEIU MAIIMHHOIO OOyYeHHUs s IPOTrHO-
3UPOBAHUS MPOTHO3A MAIMEHTOB C HEMEJIKOKJIETOU-
HBIM PAKOM JIETKOTO HA OCHOBE TIPW3HAKOB, M3BJIE-
YEHHBIX U3 M300PAXKEHUN MaTogoruu. ABTOPBI UC-
MOTb30BaJTH OOMBIITON HAOOP M300paKEHUH TTATOJIO-
U U KJIMHUYECKUX JIAHHBIX /15l 00y Y€HUsT MOIEn
¥ TMPOIEMOHCTPUPOBAJINA €€ CITIOCODHOCTH MPOTHO3H-
POBATh BBIKMBAEMOCTD MAI[HEHTOB C BBICOKON TOY-
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HOCTBHIO. DTH JIOKYMEHTBI IOAYEPKUBAIOT IOTEHIIM-
a1 aHa/u3a OOJIbIIMX JAHHBIX JJIs yJIydIIeHHs Ha-
LIero IHOHMMAaHUs MEXaHU3MOB 3a00/1eBaHuil 1 pas-
pabOTKM HOBBIX METOIOB Jedenus. llenpio usyde-
HUsI QHAJIM3a JAHHBIX B MEIWIMHCKAX U OHOJIOTH-
YECKUX HUCC/IeJIOBAHUAX SABJILETCS pa3padoTKa HO-
BbIX MHCTPYMEHTOB U METOOB JJis aHaIu3a 00Jib-
muX HaOOPOB OMOTOTHIECKUX W KJIMHAIECKAX JTaH-
HBIX, YTOOBI JIydIlle TTOHATh MEXAHU3MbI 3a00/1€Ba~
HU, OMPEIE/]IUTh HOBbIE OMOMAPKEPHI W MUIIEHU
JIJIsI JIEKAPCTB, & TakxKe pa3paborarh 6osee sddek-
TUBHBIE MeTONbI jedennsa. ObmacTh anamn3a 60JIb-
LIKX JIAHHBIX B IJAHHON cdepe siBJIAeTCs MEeXKIUC-
[UTIMHAPHON U O0bEeIMHSET OMBIT W3 TaKWX 00Ja-
creif, Kak MHMOPMATHKA, CTATUCTHKA, OMOJIOTUS W
Meaunuaa. Lleab coctout B TOM, 9TOOBI HCIOIB30-
BATh BO3MOXKHOCTH OOJIBIINX JAHHBIX JJIs IIOJIyde-
HUsI HOBBIX CBEIEHHUI O CJIOKHBIX OMOJIOIMYECKHX
CcUCTEeMaX, JIEKAIIUX B OCHOBE 3/I0POBbs U 00J1€3-
Hell JejIoBeKa, U, B KOHEYHOM WTOTE, JJIs VJIydIle-
HUsI TOKa3aTeseil 310pOBbs YejI0BeKa. BbIBOIbI, 1TO-
JIyYEHHBIE B Pe3yJIbTaTe aHAINu3a OOJIbIINX JAHHBIX,
MOIYT IPUBECTH K JIy4IIeMy IOHMMAHUIO0 MeXaHu3-
MOB 3a00JIEBAHUSA, ITO MOXKET IIOMOYb B pa3padoT-
K€ HOBBIX JUATHOCTUYECKUX WHCTPYMEHTOB M METO-
noB jiedenus. Auajgusupys GoJbiine HabOPHI OHO-
JIOTHYECKUX W KJIMHUYIECKUX JAHHBIX, UCCJIEI0BATE-
JIM MOL'YT BBISIBJISITH 3aKOHOMEPHOCTH ¥ B3aAMOCBSI-
34, KOTOPbIE paHee ObLIM CKPbLIThI, 4TO HPHUBOIUT
K OTKPBITHIO HOBBIX IIeJIeil I JIEYeHUs U TPO-
dumakTuky 3aboseBannii. Auaju3 OOJBITUX JTaH-
HBIX TIO3BOJINJI HHTETPUPOBATH TAHHBIE U3 HECKOJIb-
KHX UCTOYHHMKOB, YTO IIOMOTJIO HCCIEA0BATEIISAM IO~
JIyauTh OoJiee IOJTHOE TPEeICTaBIeHHEe O OHOJIOrH-
YECKUX CHUCTeMaxX. IJTO IIOMOXKET WJIEeHTHU(UIUPO-
BATh HOBbIE OMOMAPKEPHI IS JUATHOCTUKH U TTPO-
THO3UPOBAHUSA 3a00J€BaHMIi W B pa3pabOTKe HO-
BBIX TEPaleBTUYECKUX cTpareruii. llcmonb3osanue
aHam3a DOBIINX JAHHBIX B KJIMHUYECKUX HCCIIe-
JIOBAHUAX MOXKET IpuBeCTH K Oosiee 3 HeKTuBHO-
My ¥ J€HCTBEHHOMY NW3aiHy KIUHUIECKUX HCITHI-
TaHUH. AHAIUBUPYs TAHHBIE MPEIBIIYIINX WCCIIe-
JIOBAHUI, WCCIEI0OBATEI MOTYT ONPEIeUTh (haK-
TOPBI, BJIUSIOIIME HA Pe3yJbTaTbl JEYeHHUsI, U pas3-
paborarb IPOrHOCTUYECKHE MOIEH PeaKIUU [Ialy-
€HTOB Ha JiedeHue. STO MOXKeEeT IIOMOYbH ITOBBICUTH
TOYHOCTh JIN3aiiHa KJIWHUYECKUX HUCIBITAHUN U CO-



KPATUTDH BPEMs U 3aTPATHI, CBSI3AHHBIE C BBIBOJIOM
Ha PBIHOK HOBBIX METOJIOB JiedeHus. cnonp3oBanme
aHaJIM3a OOJIbIIMX JAHHbIX B MEJIUIMHCKUX U OUO-
JIOTMYECKUX UCCIEIOBAHUSIX TPOM3BETIO PEBOJTIOINIO
B Haleil CIOCOOHOCTH TIOHWMATh CJIOXKHBIE OHOJIO-
TUYECKHE CUCTEMbI, BBISBJIATH OMOMApKEpbI 3a00-
JIeBaHUN W pa3zpabaThIBATh MEPCOHATH3UPOBAHHBIE
METO/IbI JIeYeHUsi. XOTd aHAIU3 OOJBIINX JAHHBIX
MpEe/IJIAraeT OTPOMHBIN MOTEHITHAJ I TTPOIBUMKE-
HUS MEIUITHCKUX U OUOJIOTMTIECKUX MCCIEIOBAHUM,
OH TaK2Ke€ CO3/IaeT Cepbe3HbIe MPOOJIEMBI, CBI3aH-
HbIE C YIPABICHUEM JAHHBIMY, KOH(DUIEHIINATHHO-
CTBIO W ITHIECKUMHE cooOparkenusamu. uarerpanns
PA3JIMYHBIX TUIOB JAHHBIX M HCTOYHUKOB, TAKHUX
KaK TEHOMUKA, MMPOTEOMUKA, U JIEKTPOHHBIE MEIH-
[WHCKUE KAPThI, TOCPEICTBOM HCIIOJb30BAHIS aHA~
nu3a OONBIINX JAHHBIX MOYKET U3MEHWTH HAIIEe T0-
HUMaHUE 3JI0POBbs U OOJIE3HEH YeI0BeKa, 9TO MPHU-
BeJleT K HOBBIM MeTojam JedeHus. llpunstue mo-
JINTUK U CTAHJAPTOB OTKPBITHIX JAHHBIX TTOBBICHIIO
JOCTYITHOCTh MEIUIUHCKUAX U OMOJOTUIECKUX TAH-
HBIX, 9TO MMO3BOJIAJIO UCCAEIOBATE/ISIM BO BCEM MUPE
Jlerde COTPYAHUYATh U OOMEHUBATHCS Pe3ysibraTa-
mu. aTerpanus anann3a OOMBIINX JAHHBIX C IPY-
TUMU TTOSIBJISTFOIIMMICST TEXHOJIOTHSIME, TAKUMU KAK
6aokueitn u MuTeprer Bemieit (IoT), Moxker MOBBI-
cuTh 0E30MACHOCTD, IEJIOCTHOCTD U COBMECTUMOCTH
JIAHHBIX B MEIUIMHCKUX U OUOJOTMYECKUX HCCIIe-
JIOBaHMSX, YTO MPHUBEIET K Oosiee 3(pPEeKTUBHOMY U
JIEHCTBEHHOMY 3/IPDABOOXPAHEHUIO.

Oxumgaercss, 9To JajJbHEiIee pa3BUTHE aHA-
Jn3a OOJIBIINX MTAHHBIX B MEIUIUHE W OMOIOTHYe-
CKUX WCCTEIOBAHUSAX TPUBEIET K 3HAYUTETHLHOMY
mporpeccy B HAIIEeM TOHUMAHUHU CJIOXKHBIX OHOJIO-
IMYEeCKUX CHCTEM H pa3paborke Gojee mepcoHasu-
3UPOBAHHBIX U 3(DMEKTUBHBIX PEIeHuit 11 31pa-
Booxpanenusi. HeKoTOpbIe TOTeHIMaIbHBIE 001aCTH
Oy/yIIero pa3BuTUs BKJIIOYAIOT B Ce0s:

1. Ilpenu3uonHast MEIUIIMHA: AHAIN3 OOJIBIIIX
JIAHHBIX MOXKET IIOMOYb OIIPEJE/IUTh WHIu-
BUIyaJIbHbIE T€HETUYECKNE BAPUANUU U (DaK-
TOPBI OKPY?KAIOIEN CPEIbl, KOTOPHIE CIOCOD-
CTBYIOT PAa3BUTHUIO OOJIE3HH, YTO IIO3BOJISET
paspaboTarb I[ePCOHAIU3UPOBAHHLIE ILJIAHbI
JICUCHHUSI.

2. OTKpBITHE JIEKAPCTB: aHAJN3 OOJBITUX TAH-
HBIX MOXKHO HCIOJIb30BATH JIJIs BbBISIBJICHUST
HOBBIX MWUIMEHEH I JIEKAPCTB U IPOTHO-
3upoBaHusa IPPHEKTUBHOCTH MOTEHITHATBHBIX
JIEKAPCTB-KAHIUJATOB, 9YTO MOXKET YCKOPUTH
[IPOIIECC OTKPbITUS JIEKAPCTB.

3. Yupamjenue 3mpaBooXpaHeHuem. Awnanus
OOJIBIIAX JAHHBIX MOXKET IMOMOYb OINTHMHU-
3UPOBAaTh OKa3aHWE MEIUIIMHCKUAX YCIyT 34
CYeT BBISBIIEHUSA 3aKOHOMEPHOCTEN U TeHeH-
ouil B JTAHHBIX [AIMEHTOB, YJIYUIIEHUS IIPO-

mecCa IIPpUHATHA KIHHUYECKUX pEH_IeHI/Iﬁ u
CHU2KEHHA 3aTpart.

4. MemuiHCcKass BU3yaJIM3aIys: aHAJIN3 00JIb-
MMAX JAHHBIX MOYKET MOMOYb MOBBICUTH TOY-
HOCTHh M MHTEPIIPETAINIO MEIUITNHCKAX U300~
parkeHwuit, 9TO MO3BOJISIET BBIIBIATH 3200716~
BaHMsA HA O60OJIEE PAHHUX CTAINAX U IMIPOBOIUTH
OoJiee TeIeHAIIPABICHHOE JICICHHE.

B nemom, Oyxaymee pasBurue anamn3a OOJBITHX
JIAHHBIX B MEIWIMHE W OWOJOTWYECKUX HUCCIIeN0-
BAHUSIX, BEPOSITHO, IPUBEIET K HOBOI 3pe TOYHO-
IO 3/IPABOOXPAHEHUs, TJI€ JIEYCHUE W BMEIIaTeb-
cTBa OyAyT aJalTHPOBAHbI K KOHKPETHBIM IIAIU-
€HTaM Ha OCHOBE UX yHHKAJIbHBIX E€HETUYECKUX U
9KOJIOTHYECKHUX TTPOPUILii. DTO MOKET 3HATUTEIIH-
HO YJIYYINUTH PE3y/IbTAThI JIEUEHUsT W CHU3UTH 3a-
Tparbl Ha 3apaBooxpaneHue. OIHAKO HEOOXOIUMO
PEIIUTH Cepbe3HbIE MPOOIEMbI, CBI3aHHBIE C YIIPAB-
JIEHUEM JIAHHBIMU, KOH(DUIEHIIUATBHOCTHIO U ITH-
YECKUMHU COODparyKeHusiMu, 4TOObI 0becrmeunTs 6e3-
OTIACHOE U OTBETCTBEHHOE MCIOIHb30BAHNE ITUX TEX-
HOJIOTT.

SAKJIIOYEHUE

Takum obpa3om, ananu3 OOJBIIAX TAHHBIX
CTAHOBUTCST BCe 00Jiee BaXKHBIM WHCTPYMEHTOM
B MEIUIMHCKUX W OWOJIOTMYECKUX WCCJIETOBAHI-
AX. DTO MO3BOJISIET MCCIET0BATEIIM 00padaThIBATh
GosiblIne OObEMBI JAHHBIX ¥ BbIABJIATH 3aKOHOMEP-
HOCTH U TEHJEHIMH, KOTOPbIe ObLI0 Obl TPYIHO WJIK
HEBO3MO2KHO OOHAPY2KUTH C [IOMOLIBIO TPAIALAOH-
HBIX METOOB. DTO MPUBEIO K 3HAYUTETHHOMY TTPO-
TPECCy B HAIIEM MOHWMAHUHU CJIOKHBIX OMOJIOrHmYe-
CKHUX CHCTEM, OMOMapKepoB 3a00/eBaHUIl M MMEePCo-
HaJIM3MPOBAHHBLIX METOoA0B JedeHnus. OHAKO aHa-
Jin3 OOJIbLIMX JIAHHBIX TAK2KE COLPS2KEH C Cepbe3-
HBIME TPOOIEMAME, CBSI3aHHBIMU C YIPABJICHUEM
JIAaHHBIMU, KOH(MDHUIECHIIUAIBHOCTHIO W ITHYCCKUMU
coobpaxkenusimu. [1oaTOMY HCCIT€TOBATEH TOITAKHBI
TIIATEILHO BBIOMPATH U OLEHUBATH CBOM UCTOYHH-
KU JIAHHBIX ¥ IPUMEHSTH COOTBETCTBYIOILIHE METO-
bl 0OPabOTKY U aHAJIN3a, JaHHBIX. B Oyaymem uH-
Terpalus Pa3JIMIHbIX THIIOB JAHHBIX U UCTOYHUKOB
C TTOMOIIBIO AHAIN33, OOJIBIINX JAHHBIX MOXKET pe-
BOJIIOIMOHU3UPOBATH HAIlle IOHUMAaHUE 310POBbs U
OoJie3Hell 4esI0BEeKa, YTO IPHUBEIET K HOBBIM METO-
J1aM JIeYEeHUs.
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[MMabanosuu P. A. Baxapbes B. A.

OCHOBHBIE SJIEMEHTBHI CUCTEMBI YIIPABJIEHU S
QJIEKTPUYECKUM JIBUTATEJIEM

Paccmampusaemcn CUCMEMA YNPABAEHUA INEKTPUHECKO20 deuzamens, mparcnopmmHozo cpe(?cmsa.

BBEAEHUE

CucreMbl yupaBJieHUs SJIEKTPUYECKUME JIBU-
TaTeJIAMU CTAJN KJIIOUEBOI TEXHOJIOTHEHR B pa3Imd-
HBIX O00JIACTAX MPUMEHEHWs, OT 3JIEKTPOMOOUJIE
JI0 TIPOMBINIJIEHHOTO 0bopyaoBanusi. [lo3Bonsas Toq-
HO KOHTPOJIUPOBATH CKOPOCTD W KPYTAIIUNA MOMEHT
3JIEKTPOABUTATESIEI, STH CHCTEMbI IIPEJIAraloT PsiJ
[IPEMMYIIECTB 110 CPABHEHUIO C TPAJUIUOHHBIMU
MEXaHUYECKUMHU CUCTEMAMHU, BKJIIOUAS MOBBIMIEHNE
3¢ deKTUBHOCTH, yaydlieHne paboInx XapaKTepH-
CTWK, COKPAIEHNE TEXHUIECKOTO OOC/TYKUBAHUS U
CHUJKEHWE BO3/IEHCTBUS HA OKPY2KAIOIIYIO CPEy.

B menom, pa3paborka m BHEIPEHHE CHCTEM
YIPABJIEHUS JIEKTPUYECKUMH [IBUTATEISAMU LIPEJ-
cTaBjisieT cO0OOI BayKHBIM IMar Ha MyTH K OoJee
ycroiianBoMy u 3()DEKTUBHOMY WCIOIB30BAHUAIO
SHEPIUH, U UMEET ITOTEHIUAJT JIJI PEBOJTIOIIOHHOTO
M3MEHEHUs HAIINX [PEJICTABJICHIUI O TPAHCIOPTE U
[IPOMBIIILIEHHBIX IIPOIECCaX B Oyymiem.

I. Tunbsl CUCTEM YIIPABJIEHUS
SJIEKTPUYECKUMU JIBUTCATEJIAMN

DJIEKTPUIECKUE JBUTATETH HCIOJb3YIOTCA B
CaMbIX Pa3HBIX O0JIACTSAX, HAYMHAA OT JIEKTPOMO-
Omjiell W 3aKAHYNBAS TIPOMBIIIJIEHHBIM 000pYI0Ba-
uueM. [[yisi ynpaBiieHus paboToil 3J€KTPOIBUTATE-
JIeit MCTOIb3yIOTCS PA3JINIHBIE TUIIBI CUCTEM yYIIPAB-
nennsi. Hanbomee pacmpocTrpaHeHHBIMA TUIIAMA CH-
CTE€M YIPABJIEHUS 3JIEKTPUIECKUMU [IBUTATEIIMU
ABJIAIOTCH:

1. YupasiieHne aCHHXPOHHBIM JIBUTATEJIEM TIe-
PEMEHHOTO TOKA

AcuHXpOHHBIH JABUTATEL TIEPEMEHHOTO TOKA,
SABJISETCST HAUDOJEe ITUPOKO WCIOIb3YEeMbIM TH-
TIOM 3JIEKTPOJBHUTATENsA OJIaromgapsi CBOEH BBICOKOI
3¢pPEKTUBHOCTH, HAMEIKHOCTH W HU3KOH CTOMMO-
cTU. ACHMHXDOHHbIE JBUTATEM [EPEMEHHOIO TOKA,
VIPABJSIOTCS WHBEPTOPOM, KOTODBIH Mpeodpasy-
€T TOCTOsHHOe HampsizkeHue B mepemenHoe. Cy-
IIECTBYET /JBA THIIA WHBEPTOPOB, HCIIOJIb3YEMBbIX
JIJIs yIPABJIE€HUS ACHHXPOHHBIMU JIBUTATEJISIMU IT€-
PEMEHHOIO TOKA:

1.1 MuBeprop € HCTOYHUKOM HAIIPSKEHUS
(VSI)

MuBepTop € UCTOYHWUKOM HAMPSKEHUS - ITO
Hambo/iee PACIpPOCTPAHEHHBIN THUII WHBEPTOPA, UC-
MTOTb3YEMBIil B YIIPABIEHUN ACHHXPOHHBIMU JIBUTA-
TesisiMu TiepeMeHHoro Toka. OH mpeobpasyer mocro-
SIHHOE HAIIPAKEeHUEe OT ODATapen Wjid UCTOYHUKA IIH-
TaHUS B MEPEMEHHOE HATIPSIYKEHNE C TIEPEMEHHOI Ja-
croroit m ammuTyaoi. VSI mupoko ucnoas3yercs
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B 3JIEKTPOMODUIISIX,, IPOMBIIILIEHHOM 0OOPYI0BAHNH
u ObITOBOII TEXHUKE.

1.2 Nuseprop ¢ ucrounnkom toka (CSI)

MuBepTop ¢ HUCTOYHMKOM TOKA - 3ITO EIle
O/IMH TWII WHBEPTOPA, WMCIOIb3yeMbIii B yIIpaBJe-
HUU ACHHXPOHHBIMY JIBUTATEJIAMHA [IEPEMEHHOIO TO-
ka. OH mpeobpa3yer HAMPSKEHNE TOCTOSHHOTO TO-
Ka B HAIMPSKEHUE TIEPEMEHHOTO TOKA C MOCTOSHHON
aMIIATYI0# U nepemMenHoi gactoroit. CSI ucrnosb-
3yeTCsi B MOIITHBIX IPUIOKEHUIX, TJ1€ TPeOyeTCsi BbI-
COKOKA49eCTBEHHAsI YHEPIHs, HAPUMED, B THATOBBIX
TMPUBOIAX W BETPSIHBIX TypPOWHAX.

2. Yupasiienne 0OeCIIeTOYHLIMA [IBUTATEISIMA
MTOCTOSTHHOTO TOKQ,

Becuierounbie pBuraresnu moCTOSHHOIO TOKA
BCE dYallle WCIOJIB3YIOTCA B 3JIEKTPOMOOUISX, Oec-
MUJIOTHUKAX U MPOMBIIIJIEHHBIX TPUIOXKEHUSX OJ1a-
rojgapsi CBoe#t BbICOKOU 3 MEKTUBHOCTH, HUIKOMY
YPOBHIO OOCJIy)KWUBAHUS W TOYHOMY YIIPABIEHUIO
ckopocrbio. Beciierounbie gBuraresnn moCTOAHHOTO
TOKa, yIPABJISIOTCS C HOMOLIBIO 3JIEKTPOHHOMW KOM-
MyTaIli¥, KOTOPas 3aMEHSEeT MEXaHWIECKYI0 KOM-
MYTAINIO, UCIOIb3YEMYIO B IIETOYHBIX JTBUTATEJISTX
mocTosiHHOro ToKa. CylmecTByer JBa THUOA IJIEK-
TPOHHOII KOMMYTAllUM, HUCIOJIb3YyeMON B yHpaBJe-
HUY OECIIEeTOYHBIMU JIBUIATENSAMU TOCTOSHHOIO TO-
Ka:

2.1 [Mecrucrynengaras KOMMY TAIIHAs

Tectucrynenyaras KOMMYyTaIus - 3TO CAMbI
OCHOBHOM TUIl 3JIEKTPOHHON KOMMYTalUUU, UCIOJIb-
3yeMbIii B yIIPABJIEHUN OECIIETOYHBIMU TBUTATEIS-
MU TOCTOAHHOTO TOKA. OHA MCHOJB3YEeT IIECTH TIe-
peksiouaTesneil s yopaBJeHus HAMPABICHUEM U
ckopocrbio apurarend. lectucrynengaras KOMMy-
Taysd IPOCTa U HAJIEXKHA, HO eil He XBATAeT TOYHO-
ctu 1 3HHEKTUBHOCTH.

2.2 CunycougaiabHasi KOMMYTAIlUs

CunyconmanpHas KOMMYyTaIus - 3T0 OoJee
[PO/BUHYTHIM TUI SJIEKTPOHHON KOMMYTAIUU, UC-
MOJTF3YEMBIil B YIIPABIEHUU OECIIETOYHBIMU JTBUTA~
TEJISMU TIOCTOSHHOTO TOKA. OHA UCIOIb3yeT CHUHY-
conanbayi0 GOPMY BOJIHBL JJIs YIIPABJIEHUS CKO-
poCThIO ¥ MOMeHTOM apuraresisi. CHHyCOuIATbHAS
KOMMyTarus obecmednBaer 06ojiee BBICOKYIO TOY-
HOCTh, 3(PPEKTUBHOCTH W TIJIABHOCTH pabOTHI, UYeM
MECTUCTYTIEHYATas KOMMYTAIUsI, HO SABJISAETCsS 0O0-
Jlee CJIOKHOUW W JOpOTroil B peajin3aliuu.

II. ®VyHKIUNU CUCTEM YIPABJIEHUS
DJIEKTPUYECKUMU JIBUTATEJISAMA

CucTemMbl yrIpaBIeHUs 3JIEKTPUIECKUMU IBU-
TaTe/IIMU BBITIOJHSIOT MBI psia hyHKIH, KOTO-



pble MMEIOT pernaornee 3HadeHne s dhPeKTrs-
HOI W HaJIeKHON PabOThI dekTpoasurareseii. Oc-
HOBHbIMUA (DYHKIHMAMEU CHCTEM YIIPABJIEHUS 3JIEK-
TPUIECKUMU JBUTATEIAMU SBJIAIOTCS:

1. PerynupoBanue cKOpoCTH

PerynupoBanue CKOpOCTH SBJIsieTCS HauOOJEe
BayKHOM (DYyHKIIMEH CHCTEM YIIPABJIEHUS JJIEKTPU-
geckumMu gpuraresssvmu. OHa MO3BOJSET JBUTATEITIO
paborarsb ¢ opesesIeHHON CKOPOCTHIO, KOTOPAasi Tpe-
Oyercst )i KOHKPETHOTO puMerenus. CyIecTByer
JIBa, TUTIA PETYINPOBAHUS CKOPOCTH, UCITOIb3YEMbBIX
B CHCTEMaX YIPABJIEHUS JIEKTPUIECKIUMU JIBUTATE-
JISIMU:

1.1 Ynpasenne ¢ OTKPBITHBIM KOHTYPOM

ViupasiieHue ¢ pa30MKHYTHIM KOHTYPOM - 3TO
CaMblii POCTON THUIl ylLpaBJIeHUsS CKOPOCTbIO, HUC-
TOJTb3YEMBI B CHCTEMAaX YTPABJIECHUS IJTEKTPUTIE-
ckumu geuraressvu. OHO BKIIOYAET B ce0si yCTa-
HOBKY CKOPOCTH JBUTATEJISA C MMOMOIIHIO 3aJaHHOTO
HAMPSKEHUS WM 9aCTOTHI. Y IPABJIEHHUE TO Pa30-
MKHYTOMY KOHTYPY HE YUUTBIBAET HUKAKAX BO3MY-
MIEeHWI NI U3MEHEeHN HArpy3KH, TO3TOMY OHO Me-
Hee TOYHOE, YeM YTPaBJIEHNE 10 3aMKHYTOMY KOH-
Typy-

1.2 Yupasiienue ¢ 3aMKHYTBIM KOHTYDPOM

VpasiieHue ¢ 3aMKHYTBIM KOHTYPOM - 3TO 60-
Jlee COBEPIIEHHbBII TUIl yIIpaBJIeHNs CKOPOCTBIO, UC-
[OJIb3YEeMBIHl B CHUCTEMAX YIPABJIEHUHA JIeKTpUde-
CKUMWU JIBUTATEIAMU. B HEM UCTIOTB3YeTCS CUCTEMa
00paTHOI CBS3W [JIsT PErYJAUPOBKU CKOPOCTH [IBH-
raTesis Ha OCHOBE (DAKTUIECKON CKOPOCTH [IBUTATE-
Jisi. YIpaBJyieHre ¢ 3aMKHYTBIM KOHTYPOM SIBJISIETCS
0oJiee TOYHBIM U AKKYDATHBIM, Y€M YIIPABJIEHUE C
Pa30MKHYTBIM KOHTYPOM, U UCTIOJIB3YETCS B T€X 00-
JIACTHAX, Tae TPeOyeTcss BhICOKAsS TOYHOCTH, HAIIPH-
Mep, B POOOTOTEXHUKE U TOYHOM TTPOU3BOJICTBE.

2. YrupaBjeHne KpyTIInM MOMEHTOM

VipasiieHue KPyTSIIIM MOMEHTOM - €IIe O/l
Ha BarkKHasi (PYHKIINs CUCTEM YIIPABIEHUS JJIEKTPHU-
geckumu gpuraressiva. OHa MO3BOJISET JBUTATEIIIO
TIPOU3BOIUTE OMPEJIEIEHHOE KOJNYIECTBO KPYTAIIE-
r0 MOMEHTA, KOTOpOe Tpedyercs [Ijisi KOHKPETHOTO
npumenenus. CyInecTByer aBa THUIA yIPABICHWS
KPYTSIIIM MOMEHTOM, HCIOJIb3YEMBIX B CHCTEMAaX
YIIPABJIEHUs 3JIEKTPUIECKUMU JIBUIATEIAMU:

2.1 Ilpamoe ympaBjeHue KpPYTAIMIAM MOMEH-
tom (DTC)

IIpsamoe ympaBiieHWE MOMEHTOM - 3TO THII
yIpaBJeHUS MOMEHTOM, WCIOJb3yeMbIii B aCHH-
XPOHHBIX JBUTATENAX epeMeHHoro Toka. OH BKITIO-
qaeT B ce0s KOHTPOJIb TOKA M HAIPSKEHHUS CTATO-
pa aBuraress U PEryjupoOBKY KPYyTAIIEr0o MOMEH-
Ta TyTeM YIPaBJIEHWS HAMPIKEHUEM U YTaCTOTOM
msuraresns. DTC obecnieanBaeT OBICTPOE W TOUIHOE
yIpaBjeHrne MOMEHTOM U ITUPOKO UCTHOJIb3YeTCS B
MIPOMBINIIEHHBIX MPUI0KEHUAX.

2.2 YmupaBjeHue, OpHEeHTUPOBAHHOE HA TIOJIE
(FOC)

Ymupapienne ¢ OprueHTaINet Ha MOJIE - 3TO eITle
OJIMH TUTI YIIPABJEHUST MOMEHTOM, MCTIOIb3yeMbIil B
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ACHHXPOHHBIX JIBUTATEIX HepeMeHHoro Toka. OHo
BKJIIOYAET B ceDsl yIpaBJIEHHE TOKOM U HAIPSKE-
HHEM JIBUTATEssd TAaKuM 00pa30M, YTOOBI BBIPOB-
HSITh MATHUTHOE TIOJIE POTOpPA C MATCHUTHBIM ITO-
nem craropa. BOK obGecreqnBaer BBICOKYIO TOY-
HOCTHh U 3P (PEKTUBHOCTD YIIPABICHUS MOMEHTOM W
HCIOIB3YETCS B BBICOKOMPOU3BOIUTETHHBIX PO~
KEHMSIX, TAKUX KAK SJIEKTPOMOOMIIA U a9POKOCMHU-
YeCKas MPOMBIIIJIEHHOCTD.

3. Pekyneparusnoe TopMmoxkenue

PekyneparuBHoe TOPMOKEHHUE - ITO YHUKAIb-
Hasgt (DYHKIWS CUCTEM YTIPABJIEHUST DJIEKTPUIECKU-
MU JBUTATEJISIMY, KOTOPAs TO3BOJISIET JIBUTATEIIO
paboTarh B Ka4eCTBE T€HEPATOPA U MPEOOPA3OBBI-
BaTh KHHETUIECKYTO SHEPTUIO JBUKYIIETOCS TPAHC-
[IOPTHOT'O CPEJICTBA B 3JEKTPUYECKYIO SHEPIUIO, KO-
TOpasi MOYKeT OBITH 3amaceHa B akkymyssitope. Cy-
IIIECTBYET /IBA TUIA PEKYIIEPATUBHOIO TOPMOKEHUS,
HCIIOJIB3YEMBIX B CHCTEMAX YIPABJICHUS JJIEKTPUIe-
CKUMU JIBUTATEIISIMHU:

3.1 TopmokeHre 3BEHOM TTOCTOSTHHOTO TOKA

TopmorkeHne 3BEHOM TOCTOSHHOIO TOKA - 9TO
THI PEKYNEPATHBHOIO TOPMOXKEHHsI, HCIOTIb3Ye-
MBI B JIBHPATEJSIX MOCTOSIHHOIO TOKA U HEKOTO-
pBIX THMAX aBurareseii mepemeHHoro Toka. OHO
MIPEITOIATaeT TIepeHanpaBjeHre SHepTun, Bhipabar-
THIBAEMOI [TBUTATEJIEM BO BPEMS TOPMOYKEHWS, HA
KOHJIEHCATOP 3BEHA TMOCTOSHHOTO TOKA, KOTOPI
UCIOIB3YeTCA IS 3apsiIKu akKKyMmyJssitopa. Top-
MOXKEHHME 3BEHOM IIOCTOSHHOI'O TOKA O0ECIIedruBaeT
3(pPEKTUBHOE TOPMOKEHNE W TIOMOTAET TTPOIJINTh
CPOK CJIy2KObI DaTapen B 3JIEKTPOMOOUIISX.

3.2 PexkymepaTwBHOE TOPMOYKEHUE TEPEMEH-
HBIM TOKOM

PexkyneparuBHoe TOpMOXKEHHE TEPEMEHHOTO
TOKA - 9TO TUI PEKYIEPATUBHOIO TOPMOYKEHUsI, UC-
[OJIb3yeMbIil B ACHHXPOHHBIX JIBUTATEJISIX TIePEMEH-
uoro Toka. OHO Ipe/osaraer npeodpa3’oBaHue Ku-
HETUYECKONW SHEPIUU IBKYIIErOCS TPAHCIIOPTHO-
O CPEJCTBA B MEPEMEHHOE HAIPSI)KEHWE U I0/1a-
9y ero odOpaTHO B 3JEKTPOCeTh. PekymepaTuBHOE
TOPMOXKEHHUE [TEPEMEHHOI0 TOKA, [IOMOTaeT CHU3UTD
norpeb/ieHre YHEPTUU U IMOBLICATH 3(PHEKTUBHOCTD
3JIEKTPOCETH.

ITII. TIPEMMYIIIECTBA SJIEKTPUYECKHUX
CUCTEM VIIPABJIEHUA JBUTATEJIEM

DJIEKTPUIECKUE CHCTEMBI YIIPABICHUS IBUTA~
TesieM 00JIAIAI0T PSAJIOM MPEUMYINECTB M0 CpaBHe-
HUIO C TPAJUIUOHHBIME MEXAHWYECKUMH CHCTEMa-
MW, 9TO CIAEIAJ0 UX MOMYISPHBIMU B PA3TUIHBIX
obsacrax mpuMeneHusi. HekoTopbie W3 KIIFOUEBBIX
MPEUMYIIECTB JIEKTPUIECKAX CHCTEM YIIPABJICHUS
JIBUTATEJIEM BKJIIOYAIOT:

1. TloBbimennast 3¢ HEKTUBHOCTH

DIEKTPUIECKUE CUCTEMbI YIPABICHUS JIBUTA-
TeneM 6osiee 3(pPEKTUBHBI, 9eM TPAIUIHOHHBIE Me-
xaHuveckue cucrembl. OHE TO3BOJIAIOT TOYHO KOH-
TPOJIUPOBATH CKOPOCTh W KPYTSIIHI MOMEHT JIBU-
raTesisd, YTO CHUYKAET MOTEPU SHEPTUHU U MOBBIIIA~



er 3¢ dexTuBHOCTL. Kpome Toro, pekymeparuBHOe
TOPMOXKEHUE MOXKET ObITh HCIIOJIB30BAHO JIJIsI Pe-
KyIepalyuy SHEPIUU, KOTOPasi B IPOTUBHOM CJIy4ae
ObL1a ObI TIOTEpsiHA pu TOpMOXKeHuu. [loBbImenne
3¢ PEKTUBHOCTH TTPUBOIUT K CHUYKEHUIO 3aTPAT Ha
SMEKTPOIHEPTHUIO U YBEJTUUECHUIO CPOKA CITyKOBI aK-
KyMYJISTOPOB B 3JIEKTPOMOOUIISIX.

2. ViydIiiieHHbIe IKCILTYyaTAlnOHHbIE XapaKTe-
PUCTUKHA

CucreMbl yIpaBIeHUs JTEKTPAIECKUAM JIBUTA-
TesieM o0ecrednBaoT 60Jiee BHICOKHME YKCILTYATAIH-
OHHbIE XAPAKTEPUCTUKH 110 CPDABHEHUIO C TPAJIUIU-
OHHBIMU MexXaHuW4decKuMmu cucremamu. OHu obecre-
YUBAIOT TOYHBIM KOHTPOJIb HAJI CKOPOCTHIO BPAIIe-
HUS JIBUTATEJIS W KPYTAIUM MOMEHTOM, YTO TTO3BO-
JIsieT OCYIIEeCTBJIATH O0Jiee TOYHBIE U AKKYpPATHBIE
JIBH2KEHHS B POOOTOTEXHUKE M TOYHOM HPOU3BOJ-
crBe. Kpome TOro, 3eKTpuvecKue IBUTATETNH MO-
TyT CO3/IaBATh BHICOKUI KPYTSAIIMA MOMEHT HA, HU3-
KAX CKODOCTSIX, YTO JEJaeT WX WIeaJIbHBIMU JIJIs
UCIOIB30BAHUS B TSXKEIBIX MAITHHAX U 000PY/I0Ba-
HUH.

3. YMeHbIIEHHOe TEeXHUIECKOe 0OCITyKUBAHIE

Cucrembl yrnpaB/ieHUs JIEKTPUIECKAMU [TBU-
raTejisiMu TPEOYIOT MEHBIEro OOCTYKUBAHMU, I€M
TPAJUIMOHHBIE MexaHudeckue cucreMmbl. QOHU nMe-
FOT MEHBINE IBMXKYIIUXCS YACTeH, UTO O3HAYAET
MEHBINAN W3HOC cucTeMbl. Kpome TOoro, 3JeKTpo-
JBUTATEN HE TPeOyIOT 3aMEHBI MACJIa, WU JIPyro-
o IIJIAHOBOTO OOCTYKHBaHHUs, KOTOPOe HEOOXOIu-
MO [T JABUTATEN el BHYTPEHHEro cropanus. Takoe
COKpAaIlieHne 00beMa TEXHHICCKOrO OOCTyKUBAHUS
MPUBOJUT K CHUYKEHWIO 3aTPAT U YMEHbBIIIEHUIO Bpe-
MEHU TIPOCTOS [IJIsT TEXHUIECKOTO OOCTyKMBAHUSA U
PEMOHTA.

4. Memnbitniee BO3eHCTBAE HA OKPYKAIOIIYIO
cpemy

Cucrembl yrnpaB/ie€HUs JIEKTPUIECKAMU [TBHU-
raTeasMu OKa3bIBAIOT MEHbIee BO3JefCTBHE HA
OKPYKAIOIIYIO CPE/Ly, YeM TPAJUIIMOHHBIE MEXAHU-
geckue cucrembl. OHU HE IPOUBBOJLT BHIOPOCOB BO
BpeMst pabOThI, YTO TTOMOTAET YMEHBIIUTH 3arpsi3-
HEHUE BO3/yXa W YJIYUIIUTHh €ro KadecTBo. Kpowme
TOTO, PEKYTIEPATHBHOE TOPMOYKEHUE MOYKET UCIIOTb-
30BaTbCs JJI PEKYTEpAlUd SHEPruu, KOTOpas B
MIPOTUBHOM CJiydae ObLia Obl MOTEPAHA IPU TOPMO-
JKEHUH, UTO TMOMOTAET CHU3UTH MOTPEOICHNEe SHEP-
U ¥ BBIOPOCHI MAPHUKOBBIX Ta30B. ITO JEJIAET
SJIEKTPUIECKUE CUCTEMBI YIIPABJICHUS IBUTATEIEM
60JIee YCTOWYUBBIM U 9KOJOIHIHBIM BADUAHTOM JIJIsT
Pa3JIMYHbIX 00JaCTell IPUMEHEHNUSI.

IV. TIIPOBJIEMBI SJIEKTPUYECKUX CUCTEM
VIPABJIEHUS JIBUTATEJIEM

XOTsI 3JIEKTPUYECKUE CHUCTEMbI YIIPABJIEHUS
JABUraTe/leM UMEIOT Psij IPEUMYIIECTB Iepej Tpa-
JAIMOHHBIMA MEXaHNYECKUMU CUCTEMAMM, OHYM TaK-
JKe TIPEJICTABIIAIOT Onpeesennbie Tpyanoctu. K ta-
KHM TIpo0IeMaM OTHOCSATCS:

1. CroumocTn
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DIEKTPUIECKUE CUCTEMbI YIPABICHUS JIBUTA~
TejgeM MOTYT ObIThb OOjlee JOPOTUMH, 9eM TPaIu-
[MOHHBbIE MexaHudeckue cucrembl. OHU TpPEOyIOT
CJIOJKHBIX JIEKTPOHHBIX KOMIIOHEHTOB, TAKUX KaK
JATYUKA, KOHTPOJIJIEPHI M HHBEPTOPBI, KOTOPBIE MO-
ryT ObITH Joporocrosimumu. Kpome Toro, crow-
MOCTD JIEKTPO/IBUTATE e OOBIYHO BBIIIE, Y€M CTO-
UMOCTb JIBHraresieil BHyrpenHero cropanus. Omna-
KO IO Mepe COBEpIIEeHCTBOBAHUS TEXHOJOTUU U €e
IITTPOKOTO PACTIPOCTPAHEHUST OXKUIAETCS CHUYKEHUE
CTOUMOCTH.

2. C0XKHOCTH

Cucrembl yrnpaBeHUus JIEKTPUIECKAMU [IBU-
raresisiMu OOJIee CIOXKHBI, YeM TPAIUIMOHHBIE Me-
xaHudeckue cucrembl. OHu TpeOyioT GoJiee BBICO-
KOrO yPOBHS KBAJM(PUKAIMK U CIENHUAIbHBIX 3HA-
HUN [JIsT TPOEKTUPOBAHWUS, YCTAHOBKU U OOCIIy K-
Bauus. Kpome toro, g 3ddexkTuBHON paboOTh
3JIEKTPOABUTATEIENl TPEOYIOTCS C/IOXKHBIE AJTOPUT-
MBI YIIPABJIEHUsI, KOTOPbIE MOXKET ObITh TPYIHO Pe-
aIM30BaTh U IPOTECTHUPOBATD.

3. CoBMeCTUMOCTH C IPYTHMH CHCTEMAMU AB-
TOMODUMIISA

Cucrembl yupaBjieHUs 3JEKTPUYECCKUMHE JIBU-
raTe/IssMU JIOJIKHBI OBITH COBMECTHUMBI C JIPYTH-
MH CHCTEMAMU aBTOMOOWJIsI, TAKUMHU KaK aKKy-
MYJIATOD, CHJIOBAS 3JIEKTPOHUKA W TPAHCMUCCHS.
Obecriedenne COBMECTUMOCTH MOXKET OBITH CJIOXK-
HOI 3ajia4ell, IIOCKOJIbKY KaxK/Jblii KOMIIOHEHT MO-
KET UMETh YHUKAJIbHbIE TPEOOBAHWS ¥ CrenuduKa-
nuu. Kpome TOro, mHTErpaIius CUCTEM yIPABJIEHUS
SJIEKTPUYECKUMU JIBUTATEISAMHU C CYIIECTBYIONUMHA
MEXaHUIECKUMU CHCTEMAMU MOXKET OBbITH 3aTPyIHe-
Ha ¥ MOTPebOBATh 3HAYUTETbHBIX MOTU(PUKAIIAH,

4. TemnoBoe ympaBiieHHe

CucreMbl yopaByieHUs 3JEKTPUYECKUMHU JIBU-
raTessiMH BBLAEJAIOT TEIJIO BO BpeMs PabOThI, 4TO
MOXKET BBI3BATH MPOOJIEMBI, €CJIA HE YIPABJIATH UMU
JOKHBIM 00paszoMm. [leperpeB Moxker mpuBecTu K
BBIXO/ly W3 CTPOS KOMIIOHEHTOB, CHUKEHUIO MTPOU3-
BoauTeabHOCTH W 3dderTuBHocTh. [lodTomy mmsa
obecrredeHnss HAMEKHOM PabOTBI CHCTEM YIIpaBJje-
HUST JIEKTPUYECKUMH JIBUTATENISIMA OYEHH BaYKHO
MPABUIBHOE YITPABJIEHUE TEIJIOBBIM pexkuMom. [lirst
9TOr0 MOTYyT HOTPEOOBATHCHA JOMOJHUTETHHBIE CH-
CTEeMBI OXJIAXKJIEHUS UJIU UCIOJIH30BAHUE CIEIHAITb-
HBIX MATEPHUAJIOB M KOHCTPYKIHUi 1 3PPeKTuB-
HOI'O OTBOZA TEILIA.

V. BbIBO/IbI
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K. 2K. 2Kakcbuibik

ABTOMATUNYECKA Y KJIACCUPUKAIINS 3BYKOB
OKPVY2KAIOIIIE CPE/IbI

Hanmnasa cmamvpa noceAuLeHE 60NPOCY GBMOMATMUYECKOT KAGCCUPUKAUUU 36YK06 OKpYHcatouel, cpedol, KOmopas

ABAACTNCA 6a2tCHOU 3adaveli 8 obaacmu 0bpabomku ayduodannox. B cmamve npedcmasaer 0630p 0cho8HbHLE TLOOTO-
006 K KAGCCUPUKAUUY 36YKOE, BKAIOUAA MEMOODL MOUUHH020 06Y4EHUA, 24Y00K020 00YUEHUA U CAMUCTIULECKO20

anasuda. IIpedecmasner anaaus ocHosnux 1abopos dannnr (damacemos) ucnosv3yemos 6 dannol obaacmu Oz

mperHuposru an20PpUMMOE MAUUHHO20 06y%emm.

BBEJEHUE

OxpyRarormuii 3ByK /ayIno — 910 Gorarhlii uc-
TOYHUK WHQOPMAINK, KOTOPBI MOXKHO HCIIOJIb30-
BaTh JJIs ONpeJesIeHrs KOHTEKCTa YeJIOBeKa B I10-
BCeJHeBHOM »ku3nu. [louTn Kaxkias JIesaTesbHOCTD
BOCITPOM3BOIUT HEKOTOPBIE 3BYKOBBIE 0Opa3bl, Ha-
puUMep, pedb, X0ap0a, CTUPKA WjIn HAOOP TEKCTA HA
KOMIIbIOTEpe. B GOMBITMHCTBE MECT TaKKe OOBITHO
€CTh ONpeJleJIeHHbIA 3ByKOBOI PUCYHOK, HAIIpUMeEp,
pecTopanbl, OPUCH WK YIIUIIBI TOPOJA.

Apromarmdaeckass  kiaccudukaiys — 3BYKOB
okpyxatomeii cpeast (AK30C, Environmental
Sound Classification — ESC) — nanpasjienue ucce-
JOBaHUi B 00jacTH 0OpabOTKU ayqHMOCUTHAJIOB, B
KOTOPOM CTaBUTCS 339 TIOJTY 9eHu s HH(DOPMAIUT
0 3BYKOBBIX COOBITHSX, ITPOUCXOJISAIIIX B OKPYKAIO-
meit cpejie, 1 OOHAPYKEHUM OIPEJEIEHHBIX THUIIOB
3BYKOB, KOTOPBIE MPEICTABJISIOT WHTEPEC. DTO 00-
JIaCTh, KOTOpAas HAXOAUTCH B CTAIUU AKTUBHOTO
PA3BUTHSA, TOCKOJIBKY OOMBITHHCTBO TPATAIHOH-
HBIX HMCCIEIOBAHUN COCPENOTOYEHO HA PEUYEBBIX U
My3bIKAJIbHBIX curHastax. Kiraccudukanus 3ByKOB
MOXKET OBITh WCIOJIB30BAHA IJIS aBTOMATUYIECKOTO
AyIMOMOHUTOPUHTA CPEIBI, 9TO MOXKET OBITH MMOJIe3-
HO B cucreMax 0e30MacHOCTH (3BYyKU JITI, B3PbIBHI),
3aIUTHl OKPY2Kaloleil cpeapl (KOHTPOJIb 338 ypPOB-
HEM [IyMa), yIPaB/I€HHsd YMHBIM JIOMOM (LPOHUK-
HOBEHUE HAPYIIUTEJIEH ), ABTOHOMHBIX ABTOMOOUIIAX
(ryIOK BCTPEYHON MAIIMHBI) U MD.

Co3zmanne cucTeMbl aBTOMATHYECKON KJIaCCH-
duKamyy 3ByKOB M0IPA3YMEBAET PEIIEHNE HECKOJIb-
KHUX BaXKHbBIX MPOMEXKYTOYHBIX 337849, OTBETHI HA
KOTOPbIE HEOOXOMMBI JIJIsl [IOCTPOEHUs BCEH cucTe-
MbI: cOOp JaHHBIX JIsi OOydYeHWs, BEIOOP METOIOB
MIPEIBAPUTENIHHON 00PAOOTKY, M3BJICUCHNS IPU3HA~
KOB, 0TOOpa MPU3HAKOB U BBIOOPA METO/IA KJIACCH-
dburamuu panubix (puc. 1).

Iagano ' CGop JlaHHBIX P

ITpenobpadoTka
JIAHHEIX

L 2

H3pnevenme
TIPH3HAKOB

L 4

Otbop
TPH3HAKOB

Brxoanoit
pesyIBTaT

P

Knacenuxarms

N

Puc. 1 — OcuoBuble 31ansl pabOTHI ABTOMATHIECKON
KIaccudUKaIUY 3ByKOB OKPYIKAIOIIEH CcpeIbl
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Jlamee mpuBemeMm 0030p W CPABHUTEIHHBIN
aHaJIn3 aKTyaJbHBIX IIOAXOI0B, XapaKTE€PHBIX IJ1d
KazKJ10I'0 U3 3TallOB pa6OTbI CUCTEMBI.

I. DTanm

O630p OTKPBLITHIX HAO0OPOB JTaHHBIX

[Mepsbiit sran B8 AK30C — cbop mannbix. B
JIAHHOI CTAThE AKIEHT OYIeT TPUIABATHCSA ITOM Ja-
CTH, T.K. BBIOOD MOAXOISAINEr0 TATACET, [IJIsi KJIac-
cuduKayy 3BYKOB OKPY?KAIONIEN CPEbl, sBJISET-
Cs1 KPUTUYIECKU BAYKHBIM JIJTsl JOCTUKEHUS XOPOITIeH
TOYHOCTH ¥ 3P PeKTUBHOCTH PabOThl Mozenu. la-
Tacer JOJIXKEH COJEPKATh JIOCTATOYHO PA3HOODpas3-
HBIE CUTHAJIBI, YTOOBI TOKPBITH BCE BO3MOXKHBIE 3BY-
KU, KOTOPbIE MOTYT BCTPETHUTHCS B OKDPYZKAIOIIEH
cpeze. DTO MO3BOJUT MOAENH JIydile 00O0AThL 1
PACIO3HABATH HOBbBIE 3BYKOBBIE CHTHAJIBI.

st 3aga4 KiaccudruKanuy 3BYKOB CYIIIECTBY-
€T HECKOJIbKO OTKPBITHIX HAOOPOB JAHHBIX, TAKWX
kak UrbanSound8K, ESC-50, AudioSet u ..

OpHyM ©3 CaMbIX 9aCTO MPUMEHSIEMBIX I
[POBEJIEHNUST WCCIEIOBAHUN sBIsIeTcs HabOp JTaH-
wbix «UrbanSound8K». Jdaracer UrbanSound8K,
BKJIIOUAET B cebst 8732 MApKWPOBAHHBIX 3BYKO3a-
nmmce#t n3 10 Kj1accoB, Cpeand HUX MPEACTABIECHBI Ta-
KH€ TPUMEPHI 3BYKOB KaK: 3BYKH TPAHCIOPTHBIX
CPEJICTB, 3ByKU PEYEBONl aKTUBHOCTU (B YACTHOCTH
JIOJIElt), 3BYKU KUBOTHBIX, 3BYKH CTPOUTEJIbHBIX
pabor, 3ByKH BBICTPEJIOB U 3BYKH OIoBemenus. Bee
daitbl ObLIM 3aMUCAHBI B PEAJTHHBIX YCIOBUAX HA
yJIAIAX W B TIOMEIIEHUSAX PA3JIUIHBIX TOPOIOB IO
BceMy Mupy. IIpofomKuTeIbHOCTh KAXKIO0W 3aIuch
coctapysier meHnee 4 cekyum. JlamHble ObLIN B3STHI
u3 GECITIATHOTO PENO3UTOPUS 3BYKOB.

Haracer ESC-50 coctont n3 2000 3ByKOBBIX
3amuceii, MpoJOIXKUTETbHOCTh KaXKJION COCTaBJIAET
5 cexysz. Bce 3Byku ObLam 3amucanbl B dopmare
WAV ¢ gacroroit quckpernzaiuun 44,1 k' u pas-
pamaocthio 16 6ur. Karknas 3BykoBast 3ammch co-
uposoxaercs daitiom JSON, koropslit coaepkuT
MeTaJaHHbIe, TaKWe Kak Ha3BaHue daiiaa, HOMEp
KJIACCA U ONKCAHWE 3BYKA.

Haracer ESC-10 conepxut 3ByKo3anucu u3 10
Kareropuil 3ByKOB npupomHoii cpeabl. O cocrout
u3 400 3BykOBBIX (haisioB B popmare WAV, nu-
TeILHOCTHIO OT 1 10 5 cexynm. Kaxapriii daitn Obu1
MPOAHHOTUPOBAH BPYUYHYIO W OTHECEH K OIHOM w3



10 xareropuii 3BykoB. ESC-10 gaBisercs TOIMHO-
xecrsom ESC-50.

IIpeaBapuresbHasg o6paboTka

IIpenpapurensuas 00pabOTKA HEOOXOAUMA
JUTST yOAJIEHUS [IyMa W YCUJIEHUs ayJUOCUTHAJA.
Aynuocuraansl  AOMKHBL OBITH TPEIBAPUTETHHO
00paboTaHbl, ITOOBI X MOXKHO OBLIO HCIIOJIb30-
BaTh JIJIST BBIIEEHUS TPU3HAKOB WM KJaccuduKa-
nyu. Ha sTarme npeso6paboTKu 9acTo MPUMEHAIOTCS
MeToibl cHuKenust pasmeproctu (Dimensionality
Reduction), Takme Kak MeTOZ IJIABHBIX KOMIIO-
wenr (Principal Component Analysis), suneiinbiit
muckpuvuHaHTHBI  aHann3  (Liner Discriminant
Analysis), aBrosHKOZEp. DTH METOIBI HpPEIBAPU-
TEeIHHOM 00pabOTKU HEOOXOIUMBI [IJIsi yMEHBIIIEe-
HUs pa3Mepa I[POU3BOJIBHO JJIMHHBIX CIEKTPO-
rpaMm. CHeKTpOrpaMMbl CIIAXKUBAIOTCI W yIAJIs-
I0TCs [IyMbl. 3BYKOBbIE CUI'HAJIBI yCUJIUBAIOTCH C
WCIIO/IH30BAHNEM HAOOPA MEPIENTUBHBIX (DUIBTPOB
(Perceptual filterbank) u meroma Ha ocHOBe mOj-
npocrpascTBa (Subspace-based methods) [12].

0O630p MeTON0B M3BJIEYEHUS U KJACCHU-
dbukanuu mpu3HAKOB

IIpusnaku 1d 3BYKOBOI KJiacCuDUKAIUN B
OCHOBHOM XapaKTEPU3YIOTCS TPEMsi KATErOPUSMU:

(puc. 2)
- KEICTPATbHBIE TPU3HAKH;
- BpPEMeHHbIEe TPU3HAKH;

- CIHEKTpaJIbHbIE ITPU3HaAKH.

IIpmraxu ECS

A A 4

Kemnc TpaJbHbIC
IIpU3HAaKN

CrekTpalbHble
HPH3HAKA

Bpemennsbie
TIpH3HAKA

Puc. 2 — Kareropun knaccudukanuu npusaakos ESC

Bamaga waeHTHdUKAINT W KJaacCrpuKammm
3BYKOB OKPYZKAIOIIEil CpeJibl sBIseTcs JOBOJIHHO
CJIOXKHO#, MOCKOJBKY JIAHHBIE THIIbI 3BYKOB MEHEe
CTPYKTYPUPOBAHBI W TOJIHBI MTyMOB, YeM IPYyTHe
THUIBI AyAUOCUTHAIOB. UT00BI 0becmeunts dhdex-
THUBHOCTBH PA0OTHI KIacCpuKaTopa, BarKHO HANTH
OTJIMYUTEbHOE U WH(OPMATHBHOE 3BYKOBOE MPEI-
CTaBJIEHUE B KAYecTBE HADOPA MPU3HAKOB U IIPUMe-
HUTHb K HEMY 3a/1a4y KJIACCU(DUKAIMK C HAJIEKHBIM
AJITOPUTMOM ¥ MOJIEJIBIO.

Jltsi obsierdeHusi BBIMOHEHUSA KJIACCU(PUKA-
MW, PeIarolnee 3HAYeHNe nMeeT OTOOp ayaIuo TPH-
3HAKOB, MEPEIABAEMBIX B KjaccudukaTopbl. [ljs
9TOTO UCIOJIB3YIOTCSA JTUOO HEMOCPEICTBEHHO OTCUE-
ThI PEYEBOr0 CHI'HAJIA U UX IPOU3BOJHbBIE (BpEMeH-
Hble LPU3HAKH), JUOO CIEKTPAJIbHbIE XAaPAKTEPH-
CTUKW TaKWe KaK KOIDPUIMEHTH OKOHHOTO TTPE0n-
pasoBanus ®@ypne (STFT) u Mel-cuekrporpaMmbr
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(cuekrpasnbhbie npusnaku) (Mel-spectrum), su6o
ke Mel—gacrorHbie KemncTpaabHble KO3huIimen-
tei (MFCC) (kencrpasnbube npusnaku). ITo cpas-
HeHNI0 ¢ (GOPMOIl 3BYKOBOTO CHIHAJA, YACTOTHO—
BPEMEHHBIE TTPE/ICTABIEHNS] COXPAHSIOT BOJIbIIe WH-
dopMaryu 1 IMET MEHbBIIHEe Pa3MephI.

Hecvorps ®a TO, 4ro Oojibiias mo 00be-
My W CJIOXKHAsi MOIETbh MOMKET KJIACCH(DUITPO-
BaThb NPHU3HAKH HEIMOCPEICTBEHHO u3 Heobpabo-
TAHHOTO CHTHAJIA, 9TO MOXKET MPUBECTH K 0OO0JIb-
LWIMM BblYeCUTeIbHbIM 3arparam [1]. B ucciueno-
pannm Muhammad Huzaifah “Comparison of time—
frequency representations for environmental sound
classification using convolutional neural networks”
OBLIO MPOBEJEHO CPABHEHHE PABIMYHBIX YACTOTHO—
BPEMEHHbBIX MPEJCTABJICHUI, TJI€ B KAYECTBE KJIac-
crUKATOpPA NCTOMB30BAINCH CBEPTOYHBIE HEHPOH-
uble cetr (CNNs) [2]. Pe3ysnbrarsl mOKa3ajm, €ITO
Mel-cnekTporpaMmMbl  IpeB30mLIn  Mel-gacToTHbIe
kencrpanbhbie Koadduimentsr (MFCC) u nokaza-
JIX XOPOIIKE XapaKTEPUCTUKH JIJIsi PA3HBIX HADOPOB
manabix. MFCC npumensier aucKperHoe KOCHHYC-
Hoe npeobpaszosanue (DCT) k Mel — ciekrporpam-
MaM, 3Ta, OTEPAITNS JTEKOPPENNPYET CIEeKTPAJIbHbIE
SHEPIUH U TePsieT JIOKAIbHBIN TATTEPH B YACTOTHO—
BPEMEHHOM IPe/CTaBIeHnn [3].

OcHOBHBIE THUIIBI KJIACCH(DUKATOPOB MAITAHHO-
ro obyueHns W TIyOOKHX HEHPOHHBIX CeTel, uC-
[OJIb3yeMbIe JIJTsl PEIeHus] 3349 ABTOMATHIECKON
kiaccudukanuu 38yKos (puc. 3.)
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B mocnemmme rompl BO MHOTHX paboTax I0-
Ka3aHO, YTO MOJEJIA Ha OCHOBE TuIyOOKWX HEHpOH-
HBIX cereil 6oJiee MEePCHEKTUBHDBI, 9€M TPAJUIMOH-
HBIE KJIACCU(DUKATOPHI, TPU PEITEHUN CJIOXKHBIX 3a-
Jad kiaccudukanuu. MarmuHbl OTOPHBIX BEKTOPOB
(SVM), mozenu Iayccosekoit ecmecun (GMM) n kia-
crepusanusi K—CpeHuX MHUPOKO HCIOIB3YIOTCS B
TPAJUIMOHHBIX AJITOPUTMAX MAIIUHHOIO O0yYeHwUst
s 3a7a49 Kiaaccudukam. OIHAKO B MPUIOXKEHHU-
AX 718 KjaaccuduKaIuy 3ByKa JaHHBIE KJiaccudu-
KaTOPbl YSA3BUMbI K HAJUYUAIO IIYMOB W UyBCTBU-
TEJbHBI K BPEMEHHON IWHAMUKE 3BYKa, 9TO MPH-
BOJUT K HeuocTarodnoil Hagexuoctu [4-7]. Hau-
0oJiee TOMYJIAPHON M OTHOCHTEIBHO MPOCTOH MO-
JIeJIBI0  TUIyOOKOTO OOyYeHus I 33739 KJIACCHU-
duramyM SBISETCS CBEPTOYHBIE HEHPOHHBIE CETH
(CNNs), KoTOpble 06bIYHO UCHOJIb3YIOTCS B IIPUJIO-
JKEHUSIX KOMITBIOTEPHOTO 3PEHUS U KIACCH(DUKAIUN
n300pazkeHuil. J1a MOJE/b ABJIIETC MHOIOO0ela-
foreit st 33a9u KIACCU(pUKAINYT 3BYKOB OKPY-
JKAIOMIEH Cpebl, TOCKOJIbKY 3BYK MOXKHO WHTED-
MPETUPOBATH KaK JABYMEPHOE 9aCTOTHO-BPEMEHHOE
npejcTaBIeHne, B KOTOPOM MOXKHO PACCMOTPETH JIO-
KaJIM30BAHHBIE CIIEKTPAJIbHBIE MATTEPHBI. B ucciie-
nosannm Karol J. Piczak “Environmental sound
classification with convolutional neural networks”
kJtaccuuKaIus 3BYKOB OKPYKAIOIIeH cpeabl ObI-
J1a camoit mepBoit paboToil, B KOTOPO#i OIEHNBAIACH
[IPOUBBOIUTENLHOCTD 3a/ia9U KJIACCH(DUKAIAU TO-
poickux 3ByKoB ¢ ucnosb3osanueM CNNs [8]. Ero
MO/IEJIb COCTOUT U3 IBYX CBEPTOYHBIX CJIOEB C MAaK-
CUMAJIbHBIM 00bEIMHEHNEM, 38 KOTOPBIMU CIEAYIOT
JIBa TIOMHOCBs3HBIX cyiosi. CrekTporpamma Log—Mel
u ee jiesabra—MHQMOPMAIUds UCIOIL30BATUCh B Ka-
YeCTBE MPU3HAKOB AyUOIPE/ICTABIEHUs. DKCIEPHU-
MEHT OBLT OCHOBAH HA TPEX ODIINEIOCTYTHBIX HAOO-
pax JaHHBIX:

- ESC-50;
- ESC-10;
- UrbanSound8K [9,10].

st Kazk1oro Habopa JAHHBIX OBLIA MOy 9eHa TOY-
voctb 81%, 65% u 73% coorsercrBenno. Zhichao
Zhang u np. B ucciaegosanuu “‘Deep convolutional
neural network with mixup for environmental sound
classification” npemnoxkunu apxurekrypy CNNs ¢
BOCEMbBIO CBEPTOYHBIMU CJIOSIMU, 33 KAXKJBIMU JIBY-
Ms CBEPTOUYHBIMU CJIOSIMU CJIEIOBAJ CJIOH Mak-
cumanbHoro obbennuenus [11]. IIpowmsBomuresnb-
HOCTh 31oi mpemitokenroit CNN cpaBHEBaIaCh C
VGG [12]. Pesynbrarbl mokasasiu, 4To IIpeijiara-
emasi CNN paboraer syumre, gvem VGG, orenen-
Has 110 Tpem Habopam ganubix ESC-50, ESC-10
u UrbanSound8K c ucrnonb30BanmeM CreKTporpam-
MBI B KQ4eCTBE BXOJIHBIX JAHHBIX. TOYHOCTH mpej-
noxennoii CNN cocrasuna 77%, 89% u 75% co-
orsercrenno. B “Classifying environmental sounds
using image recognition networks” wuccienosaresn
Venkatesh Boddapati u ap. npumenuian AlexNet u
GoogLeNet k cmekTporpaMMam 3ByKa W OINEHUIN
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unabopsr gannbix: ESC-50, ESC-10, UrbanSound8K
[13-15].

Hannyumyio Trounocts gam GooglLeNet, koto-
pas cocrapmaa 73%, 91% m 93% coorsercTBEeHHO
JIJIsT KazK/10ro Habopa JaHHbIX. [ljist Tex ke HacTpo-
ek GoogLeNet mocturia Gomee BBICOKOH TOYHOCTH
kaaccudpukanuu, yem AlexNet. IIpuuuna storo B
roM, 410 GoogLeNet 3naunrenbHo riayoxe u ume-
er ropasno 6osbire ciaoes, ueM AlexNet. B meko-
TOPBIX pabOTaX HENOCPE/ICTBEHHO HCIIOIH30BAJINCH
HeobpaboTaHHbIe (POPMBI CHTHAJIOB BO BPEMEHHOM
00JIACTH B KAYECTBE BXOJHBIX JAHHBIX JIJIsI MOJE-
su kiaaccudurkanuu. B uccienosanun “Very deep
convolutional neural networks for raw waveforms”
aBropa Wei Dai m gp. BmepBble HCHOIH30BAIH
CNNs gsa kmaccudukammm HeoOpabOTaHHBIX CHT-
HAJIOB 3BYKOB OKpYykKatouiei cpeast [1]. Mouens
cocTouT w3 34 CJIOEB, IJie CBEPTOYHBIE OIEPAlUN
npeacraBisan coboit 1-D ceeprku. Pesymbrar Ha
UrbanSound8K cocrasun 72%. Sajjad Abdoli u ap.
B cBoeM mccienoBannn “End-to—end environmental
sound classification using a 1D convolutional neural
network” pa3menunum CUTHAT HA [MEPEKPBIBAIOIIH-
ecsi KaJIpbl € [OMOIIBIO CKOJIB3AIIEr0 OKHA U HC-
monb3oBasu 1-D CNN, koropas HanmpsiMyio wusy-
unsa IpusHaky curHasnos [16] . ToumocTs Momenn
ma UrbanSound8K cocrasuna 89%, 4ro apigerca
KOHKYPEHTOCITIOCOOHBIM 110 CPABHEHUIO C PE3yJIbTa-
TAMM JIDYI'MX METOJIOB, HCIOJIb3YIOMIUX [PEJICTaB-
snenus crekrporpamm u 2-D CNN.

II. 3AKJIIOYEHUE

B crarpe paccMOTpEHBI OCHOBHBIE TOXO/IbI U
MeTObl K PELIEHUI0 33/a4u KJaccuuKamun 3BY-
KOB OKpyxXKarommeit cpeabl. Kaxkabrii MeTos mmeer
CBOU TIPEUMYIIECTBA W HEIOCTATKH, U BHIOODP METO-
J1a 3aBUCUT OT KOHKPETHOW 33aJa4Yd W JOCTYITHBIX
pecypcos. Vcxons u3 BbIIIenepedrnCieHHOrO aHA -
3a, HAWBBICIIAS TOYHOCTH HA JAHHDBINA JOCTHIaeT-
Cs C WCITOTb30BAHUEM CBEPTOYHBIX HEHPOHHBIX Ce-
reii(CNNs). B Gyaymiem ais kinaccudbukanuu 3By-
KOB OKPY2KAIOIIeil Cpebl HeOOXOANMO U3yIuTh OO-
Jiee OOMIMpHBIE HAODOPHI MAHHBIX, T.K. HET 0ojee
KPYIHOro Habopa STaJOHHBIX JAHHBIX, KpOMe 00Ie-
spocryudoro UrbanSound8K. B uesiom, aBromaruye-
cKast KIacCuUKAIMS 3BYKOB OKPYIKAIOMIEH CpeIb
SIBJISETCS aKTHUBHO PAa3BUBAIOINEHCS 00JAaCThIO HC-
CIe/IOBAHU, U ee IPUMEHEHUE MOYKeT ObITh TOJIe3-
HBIM BO MHOTHX cepax 4eIOBEYECKOi AesTeTbHO-
cTH.
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I. K. Baapiokesiu

METAIBI ITAJIAIIIIDHHSA AJITAPBITMY POTVIIBI
I'PA®IYHBIX BIJTAPLICAY

Paszenndaeyya evikapvicmofjéanme pamyws, 610apvicay d3enn i padazasanha, PICMAYPAULLE & NAAANWIHKA, G MAK-

cama npanarHasaHdv, PO3HBLA MEMAdbL 0NA NABHIUWIHHA Ae Bacnaﬂa/zacui

Yeryvh

PaTym Bimapoicay - ckaamanae 3agaHHe § Pa-
JaraBaHHi i amHaynenHi Bimapwicay. Beuri mpanana-
BAHBI PO3HBIS TAIBIXO/IBI JIJIST TTABBINMIIHHAS JTAKJIaI-
Hacri i apexTrryHaci anrapbirMay 3adapooyBanHs
Bimapbicay. AIHBIM 3 TaKiX HaAbIXOAay 3’ ayiigera
apxitakrypa AOT-GAN - nazapixon riabibokara Ha-
By4aHHs, sKi BeIKapbicToyBae GAN s 3anajHeH-
He maTpI0HBIX abJsacmeit Bigapeicy. lanzenas ap-
XIT9KTypa CKJIaJAenia 3 HeKaJbKiX iHaBAIBIITHBIX
GYHKIBIN 1 37107bHAS TeHEPABAIlb PAATICTHIUHBIA
BiZapBICHI, MITO PODIIH ste MAILy IsIpHail y MIMATTIKIX
nparpamax.

I. TIPABJEMBI I TTAJIBIXOJbI PATYIIII
BITAPBICAY

Parym Bimapeicay 3amajmsie maTpa0HBIA I
MTAIKOIXKAHBIST BOOJIACII /bl BBIKAPBICTOYBAEIIIIA
NmpbI iX p3maraBaHfi i agHaymenHi. KoMImekcHbIsS
TIKCTYPBI 1 BsIIIKiA aJCYTHBIS BOOJIACI BBIKJTiKA-
TOTb HAHOOJIBIIYIO CKJIAJAHACIb. Dbl mpamanaBa-
HBI TIAQJIBIXO/IBI, 3aCHABAHBISI Ha MAaTYax, HEHpOHa-
BBIX CETKAaX, CIHTI3Y TIKCTYPHI, a TAKCAMa, TiOPBII-
HBIST META/IbI.

II. TLiaroCHl 1 MIHYCHI AJITAPHITMY AOT-GAN

Asraperrm AOT-GAN - rata meras ribiboKa-
ra HaBy4YaHHs$, AKi BbIKAPbICTOYBae IeHepaTbIyHA-
cnabopuyio cetky (GAN) njis 3amajueHHs marp-
36mbIx abmacteit Bimapwicy [1]. Eu 3m0mmmb Tenepa-
BaIlh PIAJICTHIYHBIS BiTAPBICHI i 3aMayHAIIb BATIKiST
BoOsacti, mrTo pobilb A0 aaHbIM 3 HAROOJIBII Mac-
[I5XOBBIX AJIFAPbITMay.

Puc. 1 — Crpykrypnas cxema AOT-GAN

Annak én marpabye 3HAYHBIX BbLIIYaJIbHBIX
pacypcay i He ga3BaJisie aTPhIMJIIBAIlb BbICAKASIKAC-
ublid Binapoicel. Harue3sa4ubl Ha cBae xiObl, ajarapbi-
™ AOT-GAN ysaynsie caboro 3HAYHAE TACATHEHHE
¥ BOOJIacIi paTyIIbl Bimapwicay i, HamdyHa, Oyma3e
pasBiBalia i yrackaHaJbBAII § Oy/IyIbIHi.

III. TIAJSIIOSHHE APXITSKTYPH AOT-GAN

Kab 3MeHmbIs XyTKACID MPAIbl AITAPBITMY
AOT-GAN, 6buii npaBen3eHbl 9 HbIS 3MEHbL. ZIHbI
Vraoua ¥ csbe 3MSHIIHHEE KOJIbKACIi (iabTpay,
3MSHIYHEE KoJbKachi 6mokay AOT, BuimanenHe
KalaBaJIbHATA MAJbIHTA, 3MEHY (bYHKIIbI aKThIBa-
IIBIi, 3aMeHy AICeMILTHHra OlmiHeiinail iHTIpHIas-
LbIAH, epaxo/i Ja HapMaJi3albli IJ1acToy i BblIa-
JIEHHE ClIeKTpaBail HapMaJii3alipbli 3 JIbICKpbIMiHATA~
pa [2]. Koxknast 3MeHa Oblila PyIUiBa MpayMaHa,
Kab 3axaBallb SKACIb BiIAPBICY 1 aryJbHYIO MPAIyK-
IBIMHACIIH CeTKI.

IV. BGBLICHOBEI

Hanpsikaniper Bapra a3HAYbIINb, IITO PITYII
Bimapeicay 3’ayisgentiia ckaaganail 3amadail y pa/ia-
TaBaHHI 1 agHAYIeHH] Bimapwicay, ame apXiTIKTypa
AOT-GAN pakasajia cBaio 3peKThIYHACID Y 3amay-
HeHHI marpI0oHBIX abjacueit. Harnen3sabr Ha cBae
abmexkapanui, amrapeitm AOT-GAN - rara 3HaY-
Hae JacArHeHHe ¥ BOOIacIl pacTayparipli Bigapbicay,
i ¥ OyayubHi MardbIMbl JAJEHTIbIsT pacmpanoyki i
ynackanajenni. Kab anroivizasans AOT-GAN mist
XyTadiiimai mparbl, ObLIO 3p0obJieHa HEKaJJIbKi Ma-
IBbIDIKAIBIA /15T 3HIXKAIHHA TaTpabaBaHHAY 1a BbI-
JIYSHHSAY 1 HaM4IIl IPbI 3aXaBaHHI SKACI BiIapbICy
i aryjibHall HpayKIbIHHACI] CETKI.
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E. C. Honras

AJITOPUTM OINEHKU 90PEKTUBHOCTU PABOTHI
COTPYIHUKOB KOMITAHUN

Paboma noceausena 6vABAEHUN KPUMEPUES U MeM0J08 0ueHKy aPPermusnocmu mpyda compydnukos. Onucan

MOOUPUUUPOBAHHBLY AAZOPUMM PACHEME IPPERMUBHOCTIU PABOTIDL.

BBEAEHUE

O HUM ¥3 BaxKHEHIIUX CPEJCTB st PE3yiib-
TATUBHON pAOOTHI OPTaHU3AINU SIBJISIETCS CEPBUC
IUTAHUPOBAHUS W YNPABJIEHUsST MPOEKTAMU U TIEP-
COHAJIOM. 3HAYMMBIM JJIEMEHTOM YCIIEITHOTO Bee-
HUs TPOEKTOB SIBJISIETCSl COTPYIHUK KOMIIAHUH, &
UMEHHO ero 3(pPHeKTUBHOCTD U PAOOTOCIIOCOOHOCTD.
st Toro, Y4TOOBI TTPOAHAIN3UPOBATE TIOKA3ATEH,
HY?KHO TTPOBOIUTD OIEHKY MepcoHaJa. Takas OeH-
Ka TO3BOJISIET PAIMOHAJIBHO PACIPEIesnTh TPYI0-
BbI€ PECYPCHI KOMIIAHUH, TOBBICUTH ITPOU3BOIUTE b
HOCTb TPY/IA, & TAKZKe OPraHu30BaTh (P PeKTuBHOE
B3aMMOJIEHCTBUE COTPYIHUKOB.

I. METO/ OUEHKU

JlessTeIbHOCTD, HATPABIEHHAS HA TIOBBINIEHUE
3P PEKTUBHOCTH TPY/IA CIEIUATICTOB, OCHOBBIBAET-
Csl HA OIPEe/esIeHnN OCODEHHOCTEH TOJIZKHOCTH, KO-
TOPYIO 3aHUMAaeT COTPY/HWK, U BblsdBJeHUUn (Qak-
TOPOB ¥ KpurepueB 3PPEKTUBHOCTH TPYIA STO-
ro corpyanuka. [Ipoanaan3upoBaB CyIIECTBYIOIIHE
nozutiun U'T-cnenmanncToB, nX MOXKHO Pa3/IeNTh
Ha HECKOJbKO KATeropwii Mo OOJACTAM [IesATeb-
HOCTH (B HEKOTODbIX CJydYasX XapaKTep JesTelib-
nocrn NT-cnenmasincra mMoxker ObITh KOMOWHUPO-
BaHHBIM): YIPABJIEHHUE, PA3pA00OTKa U TECTHUPOBA-
HHe Tporpamm, obecrederHne Oe30MaCHOCTH W TaK
nanee. Paccmorpum pacter 3¢ PeKTUBHOCTH TPYAA
Ha TpuMepe pa3paboTdmKa MmporpaMMHOro obecrre-
YeHUs.

II. MOAU®UIUPOBAHHBIN AJITOPUTM

PACHYETA 3®OPEKTHUBHOCTU

Db deKTUBHOCTS TpyJa MOMXKHO PACCMATPHU-
BaTh KAK COOTHOIIEHUE TIOJTY 9€HHOTO PEe3yIbTaTa Ha
3aTpadeHHbIe PECYPChI, TU0OO KAaK CTEeHb IPuOIn-
JKEHMs! K OUTUMAJILHOMY cocrosinuio [1]. Asropurm
TpeJrnosaraeT aBTOMaTHYECKU pacyueT psiaa KOJIHu-
YeCTBEHHBIX MW KA9eCTBEHHBIX mokasareseii. [Toka-
3aresib KAuecTBa WMCCIENyeTcs TPOEKTHBIMEA MeHe-
JIZKEPAMU [TOCPEJICTBOM OITPOCA 3aKA3UMKOB, YbU 3a-
Ja4dn 10 pa3paboTKe IPOrpaMMHOIO OOECIIeYeHUst

Jlonzasn FEaena Cepeeesna,

BBINOJTHSIA [TPOrPAMMHUCTBI. BbIBOabI 00 3 dek-
TUBHOCTH TPYIA IEJAIOTCS HA OCHOBE CPABHEHWS
PE3yJIBTATOB CIENNAJINCTOB C MUJEATHHONW MOJEIhIO
CIIEIUAJINCTA HA JTAHHON TOJKHOCTH, a TaKXKe Ha
OCHOBe HAOJIONEHUs 3a TOKA3ATeIIMU B JHHAMU-
ke [2]. B meroze ouenku sdpdexkruBHOoCTH TpYAA
UCIOJIB3YETCs [LUIAH IPOEKTa. JTOT ITOKYMEHT JIe-
TAJIN3UPYET 33/a91 B PAMKaX TMPOEKTa, OMpeIess-
€T BpeMs Ha WX BBIMOJTHEHNE W OTOOPAXKAET CJIOXK-
HOCTH KaXKJI0H 3aJ]a9H, 3aKPeIIsieT UX 33 KOHKPeT-
HBIMU cOTpyAHUKaMu. /laHHbIE O pe3yabraTax Jes-
TEJILHOCTH pa3paboTInKa PUKCUPYIOTCSI B CHCTEME
ynpasjenus npoekramu. [lokasaresns 3¢ dekTuBHO-
ctu (PI) paccunrbiBaercs no dopmyiie:

n

2i=

1(%*Mi)*Q*C
Ty

PI = (1)

)

rae T; - BpeMsi, 3aMJIAHNPOBAHHOE HA PEATIU3AIIIO
3aJa4u i, B yacax; 1), - BpeMd, 3aIlJIAHUIPOBAHHOE Ha,
peanu3anuio npoekTa, B yacax; M; - cremneHb TOTOB-
HocTu perrenus 3aga4u i, or O 1o 1; () - oneHka Ka-
4eCTBa BbIIIOJIHEHHON paboThl, B 6asiax; C - cioxK-
HOCTD BBITIOJTHEHHO paboThl, B 6asmax; 1y - Bpems,
dakTrUeckn 3aTpaveHHOE HA PAbOTHI MO TPOEKTY;
7 - KOMTUYIECTBO 33/1a4, TIOPYYEHHBIX CIIEIHATUCTY.

III. BBIBOIBI

IIpenmaraembrit MeToa ONEHKH 3(DPEKTUBHO-
CcTH pabOTHI MO3BOJUT PACCIUTATHL TOUHEe Ipdek-
TUBHOCTH TPYJA COTPYAHUKA, 9TO B IOCJIEICTBUN
MTOMOYKET CIEJIATh MPABUIHHBIN BHIOOD PYKOBOICTBY
KOMIIQHUU B HA3HAYEHWM HYYKHOIO PAOOTHWKA HA
MTPOEKT.

Cnucox aumepamypot

1. Parmenter, D. Key Performance Indicator // N. Engl.
J. Med. — 2009. - Vol. 288, Ne 10. — P. 703-709.

2. Omnenka »3ddeKTUBHOCTA IepcoHaJa. Pacuer
KpUTEpUHU OLIEHKH sddexTuBHOCTH paboruu-
Ka  [DeKTpoHHBIH  pecypc| Pexxum  gocry-
a: https://staffcounter.net/ru/staff-efficiency-

assessment/ — Jlara gocryna: 25.01.2023.

u

MarucTpanT xadeapbl nHGOPMAIMOHHBIX TEXHOJIOTHH aBTOMATU3UPO-

BAHHBIX CHUCTEM BeIopyCcCcKOro rocymapCTBEHHOTO yHUBEpCHUTETa WHMOPMATHKA W PATAOITEKTPOHUKH,

lenad196@mail.ru.

Hayunoult pyrxosodumenn: Jlomarxo Aaexcandp Buxmoposuy, notent kadeapbl HHOOPMAITHOHHBIX
TEXHOJIOTUI aBTOMATU3NPOBAHHBIX CHCTEM BeopyCcCKOro rocyIapCTBEHHOTO YHUBEPCUTETA, WHMOPMATH-
KU U PAIUOIIEKTPOHUKH, KAHIUIAT TEXHUIECKUX HAYK, MOMEHT, lavlot@bsuir.by.
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Esnokumos B. T.

PAKTOPBI COBEPIHIEHCTBOBAHUA AJITOPUTMOB
ITPOTHO3UNPOBAHUA ITPOCTOEB OBOPY/IOBAHUA

Paccmampusaromes 1edocmamyy CYuecmeyouus aA20PUMMOE TPOZHO3UPOBARUA NPOCMoes 060pydo6aHUuA.

060cH06BI8AEMCA UEAECO00PAZHOCTIL NPOBEJEHUA UCCACIOBAHUT OAA PA3PAbOTNKY YCOBEPUEHCTEOBAHHOZ0 AN20-

PUMMAE NPOZHOZUPOBAHUA TPOCTNOES € QUHAMUMECKUM HAOOPOM NAPAMEMPOS.

BBEAEHUE

OpauM w3 KII09€BBIX (DAKTOPOB, BIIUSIONIIX
HA OIEHKY BPEMEHU BBIMOJTHEHUs 3aKa3a Ha MPOU3-
BOJICTBE B IIPOIECCE IUTAHUPOBAHUS, ABISIOTCS IPO-
crou. B cBsi3u ¢ 3TUM OPOrHO3UPOBAHUE BPEMEHU
MPOCTOEB ABJIAETCA AKTYAJbHOI 3a/a4eit njd Jio-
6oro mpom3BoiACTBA. B Hacrosimiee Bpems s pe-
IMeHnsT 3TOH 3aJa9l UCIOJIb3YeTCs Psifl AITOPHUT-
MoB u MeronoB, B TtoMm uucie: FMEA, FMECA,
FMEDAJL,2], a rakxke MOueiId aBroperpeccuu
ckosb3srmero cpexuero (ARIMA)([3]. Hecmorpst Ha
BCE JIOCTOMHCTBA YKA3aHHBIX METOJOB, OHU UMEIOT
HEKOTOPBIE OTPDAHUYEHWS, CHUKAIIHIe uxX dhdek-
TUBHOCTb MPU U3MEHEHUU MEePBOHAYAIBHBIX YCJIO-
BUI OLIEHKU B JIOJIIOCPOYHON IIepCHeKTuBe.

I. TIOCTAHOBKA IIPOBJIEMbI

Paccmorpum moapobree mepevdnciieHHbIE BbI-
1€ MeTO/IbI.

FMEA - meronosorusi, Ho3BOJISIOIAs OIIPe/Ie-
JIUTH CLIEHAPUH, 110 KOTOPBIM npoayKr (06opymroBa-
HUE), TeXHOJIOIMYECKUil LIPOLECC MM CUCTEMA MO-
IyT BBIATH W3 cTpOosi.[4]

FMECA, 8 nononuenue k FMEA,| panxupy-
eT WIEHTUQUIIMPOBAHHBIE BUILI OTKA30B B TIOPSIIKE
UX BAXKHOCTH (KPUTUUHOCTH) TOCPEICTBOM BBIUUC-
JIEHUsT OJTHOTO W3 JIByX IMOKAa3aTejeil - 9nucjia mpuo-
PUATETHOCTH PUCKA WU KPUTUIHOCTH OTKA3A.

FMEDA umeer 111610 BBIYNCICHAE WHTEHCHB-
HOCTHU OTKA30B KOHEYHO! CHUCTEMBI, B KA9EeCTBE KO-
TOPOH MOXKET PacCMaTpUBaTbCAd YCTPOHCTBO WJIU
rpylna yCcTpoiCTB, BBIIOIHAIOMAS OOIee CI0KHYIO
dyurIMIO.

Kak Buamo n3 onumcanus, JaHHbIE METOILI Oa-
supyorcsd Ha FMEA u ocHOBHBIME TOKa3aTeIsIMu

JJIA HUX CIIyZKaT:
- MHTEHCUBHOCTH OTKa30B (onpe,ne.neHHaﬁ C

MOMOINBIO pacyéra HapabOTOK Ha OTKa3 -
MTBF);

- BEPOATHOCTH OTKa3a (B IPOIEHTaX OT IMOKa3a-
TeJId MTHTEHCUBHOCTHU OTK&BOB);

- BpeMmst HapabOTKH.
V3yuns BXOIHBIE TAHHBIE, PE3YILTATHI M OEHKHU Pe-
gyabraros FMEA, FMECA u FMEDA, npencras-
JieHHbIe Ha pucyHke 1[6], MOXKHO KOHCTATUPOBATD,
9TO 9TH METOJbI PACCMATPUBAIOT JIUIIb OIWH (Pak-
TOP - BEPOATHOCTH OTKA30B OOOPY/JOBAHUS, OCTAB-
st 6€3 BHUMAHWS APYTHE, CyIIECTBEHHBIE, HO HE
Takue sTBHbIE (PaKTOPHI.

Broke Adveinie AT ananusa | Pe3ynTaTel aHAMmS
KONM4eCTBEHHLIN 3HAMIMI
] (failure criticaity)

[Wwommmm
numbaer)
(Mavpes spureanocToTERIon |

W MGCHEACTEMA OTKAIOB

FMEA

HMHTEHCHBHOCTH OTKAI0B KOHEYHOM CHCTEME

VIHTOHCHBHOCTS AMBTHOCTHDY SMBE
Bedonacrsax oTkazos (SO failura rate)
VIRTONCHENOCTD HOARBNHOCTAEY OMBEL
Gesonackeix oTkazos (SU failure rate)
VIHTERCHBHOETS ARIIHOCTHEY OMbix ACHER
oreasos (DD faiure rate)

HHTEHCHBHOCTE HOAMSMMOCTHY SO

onacksx orkasos (DU failurerate) |

FMEDA

Puc. 1 - Bxonubsle naHHBIE, PE3YIbTATHL U OIIEHKH
pesyabraroB FMEA, FMECA, FMEDA

B nociesiree BpeMmst OCYIIECTBIIAIOTCS MOTIBIT-
KU HUCIIOJIB30BATH JJIsi MPOTHO3WPOBAHUS MPOCTOEB
000pyIOBaHUS MOJENb ABTOPErPECCHU CKOJb3SIIIE-
ro cpeasero (ARIMA).[3,5] Jannas monensb pac-
CYNTAHA HA OIEHKY BPEMEHHBIX PSJIOB, KOTOPHIE B
CBOIO OYepe/ib MOTYT ObITh MHOTOMEPHBIMHU, OJTHAKO
B GOJIBIITIHCTBE MCCIEIOBAHUI UCTIOMB3YIOTCS TOTh-
KO OIHOMEPHBIE BpeMeHHbIe Dszbl. [Io 3roit mpu-
YMHE IPOUCXOAWUT OLUEHKA JIHUIIb OZHOTO (haKkTopa,
KOTOPBIM, KaK W B TIPEIBIAYIINX METONAX, SBJISET-
cs1 OTKa3 000py/IOBAHUSI.

L5 MOBBIMIEHNSA TOYHOCTH M JOCTOBEPHOCTH
MOJTIOOHBIX AJITOPUTMOB TTPOTHO3WPOBAHUST TTPOCTO-
€B TIPEeJIJIaraeTcsi MPOBECTH WCCIIEIOBAHNE I BbI-
SIBJIEHUS JIOTIOJTHUTETHHBIX (DAKTOPOB, BIIMSIOIINX
Ha GopMuUpOBaHUe MPOcToeB obopyaoBanus. OeH-
Ka COBOKYITHOTO BJINSHUS 3TUX (DAKTOPOB MIO3BOJIAT
OILIPEJIETUTH BO3MOKHOCTD PA3PA0OTKH yCOBEPIIEH-
CTBOBAHHOTO AJITOPUTMA POTHO3WPOBAHUS C JWHA-
MHYECKAM HAaOOPOM MapamMeTpoB.

II. PE3VJbLTATHI HIEPBOHAYAJIbHBIX
UCCJIEJOBAHUN

Ha naganbrnoMm sralne ucciaemsoBanus ObLIn 1O-
JIYUYEHBI SMIUPUUIECKUE [TAHHBIE, TPEICTABICHHBIE
HIXKeE:
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. 2 — Cpesuds 1IMTENHLHOCTD IPOCTOEB B CMEHY: a)
2022 rom, 6) 2023 rog,

| |
moespans WMapr

a)

Puc

Ha pucynke 2a) 0TOOpasKeHBI CpeIHUE BEJIU-
9UHBI JIJIATEIHFHOCTH TPOCTOEB 3a OIMPEIeIeHHbIH
nepuon, 2022 roma A0 aBTOMATHU3AIWU TIPOIECCA
duKcanum COCTOTHUE pabOThI OOOPYIOBAHUS, a HA
pucynke 26) orobpazkeHa JMHAMHUKA [POCTOEB 3a
2023 rogm, mocsie aBTOMATH3ANMH (DUKCAINN DEXKU-
MOB pabOTHI.

Ciemyer OTMETHUTD, YTO I TOBBIMIEHUsT 00b-
€KTUBHOCTH OIIEHKW WCCJIEAYyEMbIX TOKA3aTeseil B
KadvecTBe BPEMEHU ITPOCTOEB ObLIN B3ATHI TAHHBIE
TOJIBKO JIJId TeX JHEl, B KOTOPbIE OJHO3HAYHO ObI-
Jla 3aIJIAaHUPOBAHA paboTa TO MPOW3BOJCTBY MPO-
JYKIUA. DTO TO3BOIUIO MAKCUMAIBHO MUHUMUBHU-
poBaTh BHeNHNE (DAKTOPHI, CBSA3AHHDBIE C HAJTUIAEM
3aKa30B, UX KOJUYECTBOM U BHEITHEH JIOTrMCTUKON
[MOCTABKH CBHIPbs HA IPEAIPUATHUS.

CorJiacHO MOJIy9YEeHHBIM JIAHHBIM, CPE/IHSS Be-
JIMYUHA TTPOCTOEB TT0 BceM JnHUAM B 2022 romy co-
crasisna 4,698 gaca, a B 2023 3TOT MOKa3aTeNb yBe-
muaniica 1o 6,922 waca.

B kagectBe momonmHHTETHLHOrO (PAKTOpPa, IIO-
MHMO OTKa30B OOODY/IOBaHWS, B IMPOIECCE HUCCIe-
JIOBaHUS, PACCMATPUBAJIOCH BJIASHUE YEJIOBEKA HA
BO3HUKHOBEHWE U JINTEJIFHOCTH MpocToeB. [0 aB-
TOMATU3AIWUN BJIUSHEE 3TOr0 (haKTOPaA COCTABJIISIIO
B cymme 40 muHyT B pazpe3e cmensbl. [locie aBroma-
TU3AIAN ITOT [MOKA3aTeNb y/IaJI0Ch CHU3UTH ;10 10
MUHYT.

Ecsiu 31n nammple y4ecrs Hpu HUCIOIH30Ba-
HUW BBINMIEYKA3AHHBIX AJTOPUTMOB 0€3 M3MEHEHWS
dakTopa, CBA3aHHOIO C OTKa3aMu OOOPYIOBAHUS,
JIOTUYIHO OBLTO OBl OXKHUIATH YMEHDLIIEHUs CpeIHeit
JJUTETBbHOCTH IIPOCTOEB B pa3pe3e cMmeHbl B 2023
roay. Oanako, coriiacHo JaHHbiM 3a 2023 roj, Be-
JINYWHA, JIJIUTEIHOCTU TPOCTOER YBEJINIUIACH.

Ormevennbrii 3¢pdeKT cBs3aH ¢ TeM, 9TO 1a-
K€ TIPU y9eTe OIHOTO JOMOJHUTEIBHOrO (haKkTopa,
ocraercd 6e3 BHUMAaHUS COBOKYITHOE BJIMSIHUE JIPY-
IUX, KOTOPbIE TAK2KE MOT'YT CO/IEACTBOBATH BO3ZHUK-
HOBEHUIO WJIM YBEJUYEHUIO JJINTEJIbHOCTU IIPOCTO-
eB. Beaencreue 9T0TM0, MPOrHO3, COCTABICHHBIH Oe3
ydeTa COBOKYITHOTO BJIASIHUST OOJIBIIMHCTBA (hAKTO-
POB U B3aMMOCBsI3€il MEK/Ty HUMHU, MOXKET OBITh [10-

Esdokumoe Bumasutl [ennadvesuy, MarucTpant

CTOBEPHBIM JIMIIb YaCTUYHO U TOJBKO B KPaTKO-
CPOYHO IlepCHeKTUBe.

Ha ocnose ananuza nesaresibHOCTH Psijia, IPE/I-
MPUSTHI B XO/Ie TPOBEIEHHOTO UCCIEIOBAHUS ObLIN
BBISIBJIEHBI CJIEIYIONHE (DAKTOPDI, KOTOPBIE MOTYT
CIy’KUTb TPUYIUHON CYIIECTBEHHOTO MPOCTOs 000-
PYZIOBaHHUS U COBOKYIIHOE BJIMAHHE KOTODBIX B W3-
BECTHBIX aJI'OPUTMAX IIPOrHO3UPOBAHUA IIPOCTOEB
HE yUYUTBLIBAETCA:

JIO'MCTUKA IIOCTABKHM ChIPhbd HA 000pYI0OBa-
HHE;

3allJITAHUPOBAHHbBIE ITPOCTOW;

MPOCTOM, CBsI3aHHBIE ¢ DPaboTOi BCIOMOTa-
TEJILHOIO 00OPY/I0BAHMUS;

TEXHOJIOTUYECKH 00yCJIOBJIEHHBIE [IPOCTON;

JeI0BedecKuii (hakTop.

III. BBIBOIBI

Heobxonnmo mpomoKuTh UCCIEI0BAHUSA, KO-
TOPBIE TIO3BOJIAT BBIBUTH HE TOJBKO SBHBIE 3aKOHO-
MEPHOCTH ¥ B3AUMOCBSI3U B BOSHUKHOBEHUH ITPOCTO-
€B, HO ¥ KOCBEHHbIE. Pe3yjibrarbl 3TUX UCCIIe0Ba-
HUN TTPEIOCTABAT BO3MOXKHOCTH Pa3padoTaTh aJro-
PUTM, CIOCOOHBIH YUUTHIBATH OOJIBITHHCTBO HEOO-
XOAUMBIX (PAKTOPOB IWHAMHYECKHUM 00pPa3oOM, KO-
TOPBIN MPUBEJET K MOBBINIEHUIO TOYHOCTH U OOb-
€KTUBHOCTH IIPOTHO30B O BEPOATHOCTH BO3HUKHOBE-
HUST U JIJIATETHHOCTH TIPOCTOER.

Cobonesa, M. 1O. IIporuoszupoBanue Kak CPeICTBO IO~
BBIIIICHU A SCI)(i)eKTI/IBHOCTI/I AeATeJIbHOCTH OPraHu3alun
/ M. FO. Cob6onepa // TIporpaMMHBIe TIPOIYKTHI U CH-
cremer. — Nel, 2007, — C. 24-27.

Stamatis, D. H. Failure Mode And Effect Analysis /
D. H. Stamatis // FMEA from Theory to Execution,
Second Edition. — 2003. — 488c.

Apramonos, H. B. BeejieHre B aHaIu3 BPEMEHHBIX Dsi-
nos / H. B. Apramonos [u ap.] // YueGuoe nocobue mst
By30B. —BosHII PAH, - 2021. —135c.

TEC 60812 Analysis techniques for system reliability.
Procedure for failure mode and effects analysis (FMEA).

Kim K.H. Descriptive Time Series Analysis for
Downtime Prediction Using the Maintenance Data of
a Medical Linear Accelerator / K.H. Kim, M.-J. Sohn,
S. Lee, H.-W. Koo, S.-W. Yoon, A.K. Madadi // MDPI
Applied Sciences. — 2022.

KConsult C.I.S Rellabilty Analyses and more
[OnexTpomnbIl pecypcl: AHamM3 BHAOB W IOCJEH-
CTBUH (KPUTHYHOCTH, JHATHOCTHPYEMOCTH) OTKa30B
(FMEA / FMECA / FMEDA). Pexum gocryna:
http://www.kconsult-cis.com/fmea-fmeca.html

Kadeapbr nHOPMAIMOHHBIX TEXHOJOTHI aBTO-

maru3npoBanubix cncteM BI'VUP, lunshiro@gmail.com.
Haywnwi pyxosodumenn: Jlomaxo Anexcandp Buxmoposus, KaHINIAT TEXHUTECKUX HAYK, JOIEHT,

lavlot@bsuir.by.
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A. H. Illemxo, . B. Kononnesa

PE3OHAHCHI B MTHAYKTNUBHO CBA3AHHBIX HEIIAX

B pa60me ONUCaHd, ABAEHUA PEZOHAHCA 6 um?ymnueuo CBA3HDIT UENAT 0NA MAMEMATNUYECKO20 ONUCAHUA pa60mm

CBAZHBLET KOAECOAMENDHBLT KOHIMYPOS U MPAHCPHOPMATIOPOS, 6 MaKdHCe 0AA 0aAbHEUWE20 YNPOULLHHO20 CO30AHUA

appexmueHnoti mamemamuueckoli Modesu

BBEAEHUE

B cdepe aBTOMaTH3MPOBAHHOIO MPOEKTUPO-
BaHUS 3JIEKTPUYECKUX IIeNeil TMOMmyIspHa 33724
[IOCTPOEHUST MATEMATUYECKON MOIEIH KaKOro-u0o
THIIA 33029 T JAJbHEHRIero ux IporpaMMuapOBa-
Hus Ha 9BM. OuHO# U3 3a1a4 ABISETCS U3y YeHHe
WHIYKTUBHO-CBA3AHHBIX 3JIEMEHTOB, YaCTO BCTPE-
JAIOIUXCSA B MPOMBIIIIEHHOCTH.

I. OIKUCAHUE 3AJIAYU

Paccymorpum cxemy, n306parkeHHYI0 HA PUCYH-
ke 1. [Tpu npoxoxkienun TOKa B CXEME YePe3 UH/y K-
TUBHBIE KarTymkn Hapoantcs ID/C B3ammHON WH-
aykipn. TeM caMbIM TPOUCXOJUT M3MEHEHUe Mapa-
METPOB KaxKJ0! W3 CXeM, B OTJIUYUN OT HAYATIbHBIX
yCJIOBUAX /I 1eneit no oraenabuoctu. Kcau ucce-
JI0BaTh KaXK/IyI0 U3 Hereil 110 OTJAeJIbHOCTH, TO OHU
apasiorcs RLC mensmu, a ciaemoBaTebHO MPH TIe-
PEMEHHOM TOKE B HUX BO3HUKAET SIBJIEHWE PE30HAH-
ca, a IpU CBA3M MOTOKOB KATYIIEK CXEM YCJIOBHS
pPEe30HaHCA MEHSIOTCH.

Rj M

R,

E| ﬁlLl

Puc. 1 - Ilpumep merm

BBenem HECKOIBKO MapaMeTpoB:

Z1=R1+jX1 — cobcTBeHHOE KOMILITEKCHOE CO-
MIPOTHUBJIEHHUE [IEPBOTO KOHTYPA

Zs=Rs+j X5 — cOOCTBEHHOE KOMIIJIEKCHOE CO-
MTPOTUBJIEHNE BTOPOTO KOHTYPA,

X1=wL1-1/wC} — peakTUBHOE COLPOTUBJIEHNUE
TIEPBOTO KOHTYPA.

Xo=wLsy-1/wC5 — peakTHBHOE COMPOTHUBIIEHNE
BTOPOT'O KOHTYPA.

Z1a=jwM =37 X192 — KOMIIJIEKCHOE COMTPOTHBIIE-
HHUE CBS3U

k=M /\/Li Ly — xo3ddunuenr, xapakrepusy-
O CTENeHb WHAYKTABHON CBA3U JBYX JJICMEH-
TOB TIeTTHN

II. Bujabl PESOHAHCOB

B urore mist aToit cxembr cymiecrByer 4 Buja
pesonancon: 1. IlepBbrit 9acTHBIN pe30HAHC JOCTH-
raeTcd MpHU M3MEHEHWN IapaMeTpPOB IEPBOrO KOH-
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Typa IPU HEU3MEHHBIX [IapaMeTPax BTOPOro KOHTY-
pa u nocrogaHOM KO3bdunuenrte cea3u k. Yciaosue
9TOTO pe30oHaHca:

XlE:XlJV’Xinsl

2.BTopoii 9acTHBII PE30HAHC MOy IaeTCs TO/I-
60poM IIapamMeTpoB BTOPOIO KOHTYPA IIPU HEU3MEH-
HBIX llapaMmerpax 11epBOIr0 KOHTYypa U IIOCTOAHHOM
k. 9Tor pe3oHaHC MMeeT MECTO Tpu

X2:X2+Xm32

3. CJI0KHBII PE30HAHC JOCTUIAETCs OJHOBPE-
MEHHBIM HU3MEHEHHEM IMapaMeTPOB OIHOTO U3 KOH-
TYPOB W MOAOOPOM ONMTUMATHLHOTO KO3 UITHEHTA,
cesa3u k. Ilpm macTpoiike M3MEHEHHEM 3JIEMEHTOB
MEPBOTO KOHTYPA JOJKHO COOJIIONATHCS YCJIOBHE
MIEPBOTO 9aCTHUIHOrO PE30HAHCA, ONTHMAIbLHOE 3HA-
YeHHe COMPOTUBJICHUS CBI3U

X112:Z2\/ %

IIpu macrpoiike Bapmarmeii mapaMeTrpoB BTO-
POro KOHTYpa J0JKHO cobiiogarbes ycuosue (1.2),
ONTUMATHEHOMY KO3 DUIIMEHTY CBSI3U COOTBETCTBY-
€T CONTPOTHUBJIEHNE CBSI3U.

X122:ZM/ %

4. TlosHbIil pe30oHAHC UMEET MECTO TIPU Pe30-
HAHCHOW HACTpPOWKe IIOPO3Hb KarkKJIOrO U3 KOHTY-
pos. IIpu momHOM pe30HaHCEe BTOPUYIHBIH TOK HMEET
TaKoe 2Ke 3HaUeHne, KaK U P CIOKHOM PE30HAHCE.

X1=0 X5=0

¥ TpUA TOIDOPE ONTHUMAJIBHONW CBSA3U MEMKIY
KOHTypamu

kopt:]-/ V QlQQ

KOTOpPO# COOTBETCTBYET COLPOTUBJIEHUE CB-
3u:

Xi20pt—V R1Ra

Tem camMbIM B 3aBHCHMOCTH OT TPeOOBAHUIT MbI
MOXKEM BBOJIUTH TENlb B PA3HbIE PE30HAHCHI JJIs 110~
JIyY€HUs TIOBBIIIEHUST 3HAUYEHUH TOKA, VJIH HATIPSIAKE-
HUSI B HY?>KHOM yYaCTKE IIEMH, & MMesT MATEeMATHIe-
CKOE OMMCAHWE TAHHBIX SBJIEHUI MBI MOXKEM yIIPAB-
JISITH 9TUM TIPOIECCOM TIPOTPAMMHO.

III. AJIrOPUTM PACYETA

Ha pucynke 2 wusobpaxkena 006/100IEeHHAS
6JI0K-CXeMa AJITOPUTMA pacyera Uelu, [IPUBEIeH-
HOI BBINIE. AJIA JAJBHENTIIErO CO3/JaHUs TPOTpPaM-
MBI JJIs BBITIOJIHEHUS paboT Ha DBM.
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Puc. 2 — Asroput™ pacuera 1enu

IV. BBIBO/BI

Ucnonb3yss MareMaTuiecKkoe OMMCAHNEe, MOXK-
HO YIPAaBJIATH HapaMeTpaMu e, MUHUMU3UPYSI
BJWSTHUE BHEMTHUX yca0BUi. Tako# momIXo  nCmoTb-
3YIOT JjIs 00ECIeYeHns] MUHUMAJILHOTO YPOBHS BbI-
COKOYACTOTHBIX MOMEX, HAIIPUMED, NIPU BBICOKOKA-
9eCTBEHHOM 3BYKOBOCIPOU3BEICHUN.

1. MMunuun, JI. FO. IIpoekTpoBaHUe JIEKTPUIECKUX Iemeit
Ha I[I9BM / JI. 1O. Ilmns, U. JI. Cerro, A. A. [lepro-
mes // 2005. — C. 76.

Hlewro Andpeti Huxoraesuy, crynent xadenpbl WHGOPMAIMOHHBIX TEXHOJIOTHH aBTOMATHU3UPO-

Bauubix cucreM BI'VUP, poizen211@gmail.com

Kononuesa Juana Baadumuposha, crymeHT Kadeapbl THGOPMAIMOHHLIX TEXHOIOIUHA aBTOMATU3H-
poBauubix cucrem BI'YUP, diana.konontseva@mail.ru

Hayuwnouli pyrosodumenn: Hluaun Jleonud IOpvesun, nexan dpakyibrera nHGOPMAIMOHHBIX TEXHO-
joruit u ynpasyenusi BI'YUP, nokrop Texamdeckux Hayk, mpodeccop, dekfitu@bsuir.com
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. A. Tony6esa

METO/IbI KJIACCUPUKAIINN TJI
IIPOTHO3UPOBAHUY JOCTYIIHOCTU 3APSIIHBIX
CTAHIIUN

Paccmampusaemcn npumeHerue MEMO0J06 K./LGCC’LL¢U’)CH/L4’U/LL ona npozHo3uposarHuA COCMOAHUA 3apﬂ0+wﬂ cCmaryuu

Ha caedyrowut dens. IToayvernnoe pe3ysvbmamor mozym 6vmd UCTOABI0BAHDL AL ONMUMUSAUUL 06ULLCMEERHOT

UHGPacmpyrmyps. 0AA 36PAOK.
BBEAEHUE

B namuOil cTarhe pacCMOTPEHBI METOIBI KJIac-
cudpukanuu Random Forest (RF) u Gradient
Boosting (GB) mjis pemienus 3a1a9u MPOrHO3UPO-
BaHHA. DTU MOJEJIU IPEJOCTABIAIOT BO3MOKHOCTD
HCIONIB30BATh OMHADHbIE JaHHBIE 00ydeHus (3aHsd-
TO UM cBOGOIHO), KAacCuDUIUPOBATH PE3YJILTAT U
OLIPEeJIATh MePy YBEPEHHOCTH IIPEICKA3AHMUII.

I. TIOATOTOBKA JAHHBIX

s maHHOM cTaTh¥ OBLI UCTOIB30BAH OTKPbI-
TBHI HAOOP JAHHBIX, COMEpKAIMI HHMOPMAINIO 00
ucnonb3oBannu 30-TH 3apsATHBIX CTAHIUN, PACIO-
agoxennbix B ropoge Boymunep (CIITA), 3a unepu-
ox ¢ 2018-ro mo 2022-# roxer [1]. Jns permenus
33/Ia9¥ MTPOTHO3UPOBAHUS METOJAMU KjacCuduKa-
MY JAHHBIE ObLIN JUCKPETU3UPOBAHBI B PETYIIAP-
HbIE BpEMEHHbIE PANbl ¢ 20-MUHYTHBIMU WHTEPBa-
JlaMu, U OblJ yCTAHOBJIEH IPU3HAK 3aHaTocTH (1 —
3ansaTo, 0 — cB000AHO). st HOBbIILIEHUS TOYHOCTH
MTPOTHO3UPOBAHUS OBLIN CTEHEPUPOBAHBI JIATOBBIE U
WHIWKATOPHBIE IPU3HAKHU HA, OCHOBE MCXOIHBIX TaH-
HBIX. HIUKATOpHBIE: MECsIl, JIeHb Heaean, 4-X da-
COBBIE MHTEPBAJIBI CYTOK, TOCYJAPCTBEHHBIE PA3/I-
HUKA U Hepabodwe [HU, IIKOJIbHbIE KAHWKYJIIBI, &
TAKIKE JIHU, IIPEeIIIEeCTBYOIINEe BbIXOIHBIM U IIPA3/I-
HUYHBIM THAM. Jlarosbie: 10 mPOIIBIX COCTOSHMIA
3apsiIKU, COCTOSTHUE 3aPSAIKUA B TPOIJIbIE CYTKU C
OKHOM B JIBA BPEMEHHBIX HMHTEPBAJIA, U TAKOE IKe
COCTOSIHVE HEJEeJTI0 HA3aI.

II. OIUCAHUE AJTOPUTMOB

RF u GB Obutr BBIOpaHbI O61ar0qapsi WX BbI-
COKOIT 3P DEKTUBHOCTH HCIOIHL30BAHNS B 33Ja9aX
nporuo3upoBanus. RF — 310 amcamOmiesbiit meTosn,
MAIITUHHOTO OOYYIeHUsA C yIUTEeIeM, KOTOPBIA 00Db-
€/IMHsIeT HECKOJbKO J[I€PEBbEB DeIleHuii, 00ydeH-
HbIX HA Pa3HBIX IOJMHOXKECTBAX JAHHbIX. B mpo-
mecce obydenusi merona RF kaxknapiit 6a30BbIil aJI-
TOPUTM CO3AETCH HE3ABUCHMO OT JAPYTHUX, B TO
BpeMmst Kak GB mpuMeHsieT KOHIIEIITUIO TOCIeI0Ba-
TEJILHOTO MOCTPOEHUs JTHHEHHON KOMOWHAIMH aJl-
ropurmoB. Kaxkpiii ciaemytomuit 6a30BbIi airo-

pur™m B GB obyuaercs Tak, 9TOObI yMEHBITUTH 00-
My10 OMIHOKY BCEX CBOUX IPEIIIIECTBEHHUKOB ITO-
cremoBarenbro. JIast paboThl ¢ KiaccupuKaTopa-
vu RF u GB ucnons3osamace 6ubamnoreka Python
sklearn.ensemble.

III. METPUKU U PE3YJIBTATHI PABOTHI

KJIACCU®PUNKATOPOB

it Ka9eCTBEHHON OIEHKU Pe3yabTaTOB pPa-
60THI MOJEIel NCTIOIB30BAINCH MeTpUKK Accuracy,
Recall, Precision, AUC u F1. Pe3yabrarsr paboThb
KJIaCCU(PUKATOPOB MPHUBEIEHBI B TabwmIe 1.

Tabmua 1 — Pe3yaprarsr paboTs! KiaaccudUKaTOPOB

Knaccudpuk. MeTpI/TKH

Accur.| Recall | Precit.| AUC F1
Random 0.979| 0.938| 0.968 | 0.964 | 0.952
Forest
RE + Log. | (933 0.953| 0.968 | 0.972| 0.961
Regression.
Gradient 0.979| 0.938 | 0.968| 0.964| 0.952
Boosting

B mpomecce amanm3a pe3yapTaToB pabOTHI
kJ1accupUKATOPOB ObLIIN BBISBJICHBI WHIMKATOPHBIE
¥ JIarOBble MPU3HAKH, KOTOPbIE HambOIee CHIHHO
BJIMSIOT HA PE3YJbTAT IIPOIHO3A /I KOHKPETHOI'O
HAOOpa JTAHHBIX O 3aPSIHON CTAHIIWN.

IV. BBIBOJBI

Metomp! KiaccudUKAIME MOTYT OBITh OY€Hb
[IOJIE3HBI JIJIsI IPOrHO3MPOBAHUS JIOCTYIIHOCTU 3a-
paaubix crannuit. OgHAKO, 9TOOBI MTOJYYUTH TOY-
HBIM 1 HAJAEXKHBIN TPOrHO3, HEOOXOINMO HCIIOIb30-
BATh JIOCTATOYHO OOMBINOI 00hEéM mamHbIx. Kiac-
cuduKkaTOph MOTYT PAbOTATH MIJIOXO0, KOT/IA JAHHBIX
MaJio, HAIPUMED, CTAHIINS TOJILKO Hadasa paboraTsb
WJIA KOTJ/Ia €CTh SBHBIN TPEeHI,

1. EV Charging Station Energy Consumption Open
Data [Quaexktponusiii pecypc]. — Pexum gocrymna:
https://open data.bouldercolorado.gov/datasets/. —
Jara nocryna: 01.04.2023

Toaybesa Hpuna Asexcandposra, MarucTpadT Kadeapbl HH(MOPMAIMOHHBIX TEXHOJIOIMH aBTOMATH-
supoBannbix cucrem BI'YIP, holubeva.irina@gmail.com.

Hayuwnouli pyxosodumenwv: Cesepnés Aanexcandp Muxaiirosum,

JornenT kKadeapbl nHOOPMAIH-

OHHBIX TEXHOJOTHI aBTOMATH3WPOBAHHBIX cucteM BI'YUP, kammmmar TeXHWIEeCKUX HAYK, HIOIEHT,

severnev@bsuir.by




K. B. Hukynbmuna, A. A. Xpucrodpoposa

NCIIOJIb30BAHUE HEVIPOHHBIX CETEN TP
SATPY3KE MHOI'OMEPHbBIX JTAHHBIX B
JAEHOPMAJINSOBAHHOE XPAHUJINITE

B dannom uceaedosarnuu pacemampusaemcAa 603MONHCHOCTMD UCTLONAD306AHUA Heﬂponm;m: cemet npu 3a42py3Ke MHO-

20MEPHDLT daHHBLT 6 aeHOpMO,./L'U,SOGH,HHOB TpaHUAUULE. Onucwvieaemea npouecc n0020MosKU aaHH’bLI, 06y"£6H’U,.ﬂ u

UCNOND30BAHUA Heﬂpomwﬁ cemu 0as 3a2pYy3Ku daHHLT 6 aeHOpMa./LUSOGG,HHOB TparuAUUE.

BBEJEHUE

IIpu pabore ¢ MHOrOMEpPHBIME JAHHBIMH, KO-
TOPBIE JIOJIZKHBI OBITH COXPAHEHBI B XPAHUITUIIE, UC-
MOJTb30BAHNE HEHPOHHBIX ceTeil MOXKeT ObITD MMoJIe3-
HBIM JIJIsi OITUMUBAIUE IPOIIECCA 3arPy3KH JAHHBIX
n obpaborkn wmHpOpMannn. Heliporubie cetn muc-
TMOJIB3YIOTCS 11 00pabOTKU U TPea00PabOTKY TaH-
HBIX TIepeJ] UX 3arpy3koit B xpanuuiie. Mccmeno-
BAJICsl MHCTPYMEHT JIJist 3arPY3KUIAHHBIX, B OCHOBE
Koroporo Jiexut npornecc ETL, a Tak ke mHeiipon-
Has CeTh [IJIsT ONTUMU3AINN JAHHOTO MPOIECCA.

I. OCHOBHBIE S3AJAYM N ITPOBJIEMATHUKA

CBOPA JAHHBIX

B wnacrositiiee Bpemst psj HampaBieHW 1e-
ATEIBHOCTH YeJIOBEKa Tpedyer TIPaMOTHOrO TIO-
xoma K cOopy, XpaHeHwio, oOpaboTKe W yIpaBie-
HUIO OOJIBLITUMH OObeMaMnu WHQMOPMAIINNA, PaCIpo-
CTPaHSEMbIX TIOCPEICTBOM WHTEpHeTa. Ha mepBbrit
B3IJIsI] MOXKET OKA3AThCsS, YTO UIES aBTOMATH3A-
nur cOopa, XpaHeHus u 0OPAOOTKKM OOJBIMNX TaH-
HBIX OTHOCHTCH TOJIBKO K WHTEJIEKTYaJIbHOH Jes-
TEJILHOCTH, CBSI3aHHOW ¢ WH(MOPMAIMOHHBIMHU TEX-
HOJIOTUSIMU, Teopueil 6a3 JaHHBIX, HEHPDOHHBIMU Ce-
TSMW U MPOYUMU CXOKUMHU HATPABJICHUSMY CIIEI[H-
ajpHOro 3HaHus. KI09eBbIM ycioBHEM pa3padoT-
Ky 6a3bl JJAHHBIX I YIPABIEHUS IPOCTPAHCTBEH-
HBIMHU JIAHHBIMY $ABJISIETCs COBMECTHas pabora cie-
[MAJIUCTOB M0 Teopuu 0a3 JAHHBIX, HEHPOHHBIM Ce-
TSIM U TPOCTPAHCTBEHHBIM JAHHDBIX. 3a/Ia9¥ CIIEIH-
AJIMCTOB MOTYT PAa3Ie/sAThCA HA HECKOJIHKO ITAIOB,
9acTh KOTOPBIX IIPEIBaPseT MPOIecC O0ydeHus aB-
TOMATU3UPOBAHHON HHGMOPMAIMOHHON CHUCTEMBI U
peanu3yercst CrenuaancTaMu N30JUPOBAHHO, T. €. B
OTpPBIBE OT Pa3pabATHIBAEMON CHCTEMBI.

II. TIPOLECC MOAEJJIMPOBAHUS HENPOHHON

CETHU

B yacraocTu, Bo3bMeM 3a mpuMep MOCTPOEHHE
Moziesilen 0e30IaCHOCTH TPYZA HA OCHOBE HEMPOIIO-

nobuou ceru. C 3TOH 1EIbI0 MOXKET OBITh HCIIOJIb-
30BaH (PAKTOPHBIN AHAN3, METO/IbI HETHHEHHOM Pe-
IPECCUU, & TAKKE PA3TUIHBIE BAPUAHTHI MOJIETIEH,
ITOCTPOEHHBIE Ha, OCHOBE HEMPOIIOA00HBIX ceTen. Ta-
K€ MOJENW, B CJIy4Yae WX JTOCTOBEPHOCTH, MO3BO-
JISIOT PACCYUTHIBATH OOBEKTUBHBIE TPOTHO3BI PUC-
Ka, OIEHWBATH PEAJIbHBIN yIIepd OT HeOaarompu-
SITHBIX BO3JEUCTBUU MPOU3BOJCTBA U IJIAHUPOBATH
ONTUMAJIBHBIE KOMILIEKCHI TPOMPUIAKTHICCKUX Me-
pornpusitun. Vgest HEMPOHHBIX CeTer BO3HUKJIA B
pe3yabTaTe MOMBITOK CMOIEIUPOBATE JEATEIHHOCTD
9€JI0BEYECKOro Mo3ra. Mo3r BOCIPUHUMAET BO3e-
UCTBUsI, TIOCTYTAIOIIAE W3 BHEITHEH CPEJIbl, W, UC-
MOJIb3YsI TaMATh, O0y4aeTcss Ha COOCTBEHHOM OIIbI-
re. Moziesib HEeMPOHHOM CETH COCTOMT W3 IIPOCTHIX
HEUPOHOB, KOTOPBIM OOBEIEHLI B TPYNNBL. Y Ce-
TH €CTh HEKOTOPOE KOJIMYECTBO BXOOB W BBIXOIIOB,
KOTOPOE OIIPEIEIsieTCs ycaoBueM 3amaun. Vckyc-
CTBEHHAsI HEMPOHHAS CETh MPEICTABISIOT COOOU CH-
CTEMY COEJMHEHHBIX ¥ B3AUMOJIEUCTBYONIUX MEXK LY
cobOM MPOCTHIX MPOIECCcOpoB. Takwe MpoIeccoph
O0OBIYHO JOBOJIBHO TTPOCTHI, OCOOEHHO B CPABHEHUU
C TIPOIECCOPAMU, UCIOJIb3YEMBbIMHU B TIEPCOHATBHBIX
KOMITBIOTEPAX.

III. BHIBOIBI

Ucnonn3oBanme HEHPOHHBIX ceTeil Tpm 3a-
IPy3Ke MHOTOMEPHBIX JAHHBIX B JEHOPMAJIM30BaH-
HOE XPAHUINIIE MOXKET ObITh 3(P(HEKTHBHBIM ITOIXO0-
JIOM, KOTODbIi TO3BOJISIeT aBTOMATU3UPOBATH IIPO-
mmecc oOpabOTKKM W aHAIM3a JAHHLIX B XPAHUIHUIIE
JTaHHBIX. HelpoHHbIE CeTH MOTYT OBITH HCIOJIB30-
BAHBI JIJIsI ONPEIEIEHUS CB3el MEXKIY Pa3IUIHBI-
M# aTpUOyTaMu JAHHBIX, BBISIBJIEHUST CKPBITHIX 3a-
BHCHUMOCTEH, TPOTHO3UPOBAHNA OYIYIIUX 3HATCHUH
Ha OCHOBE MCTOPUYECKUX /TAHHBIX.

1. Pazpaborka u BHeJIpeHHE SKCIEPTHLIX CHCTEM Ha IIPO-
mbimieEHbIX npeanpustusax / K. B. Bangun, B. B. V-
kut / BXB-Ilerep6ypr. — 2019. — 394 c. 5-13.

Hukyavwuna Kapuna Bopucosna, marucTpanT kKadenpbl nHGOPMAIMOHHBIX TEXHOJIOTHH aBTOMa~
tu3upoBanubix cucrem BI'YUP, loveapple15112005@Qgmail.com.

Xpucmogoposa Anacmacus Andpeesna, marucrpant Kadeapbl HH(OOPMAIUOHHBIX TEXHOJIOIUN aB-
romarusupoBanubix cucrem BIYUP, nastafirik@gmail.com.

Hayunoti pyxosodumens: Iypunosuy Asesmuna Bopucoena, kanauaar GU3MKO-MATEMATUIECKUX

HayK, Jo1eHT, gurinovich@bsuir.by.
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A. JI. Tarnas

IIEPE/IAYA BUJIEO B PACIIPEJIEJIEHHOM CETU

Ipumenenue memoda nepedaywu 6udeo pacnpedesenHHot cemu.

BBEJEHUE

Ilepenaua BuUAEO B pacupeieeHHON CceTu
MPeICTaBIsIeT COOOH HAMEKHBI W IKOHOMUIHBII
€110co0 JOCTABKU BUICOKOHTEHTA. DTA TEXHOJIOTHS
obJtasiaeT BBICOKOI OTKazoycroiiinBocThio. Kpome
TOrO, OHA TOPA3I0 JEINeBjie B 0OC/Iy:KuBaHus. B
JIOKJIaJIe pACCMOTPEH MPHUHIMI pabOThI pacIpe/ie-
JIEHHO! CceTH mepefadn BUIEO, ee MPEenMyIecTBa U
HEJOCTATKH.

I. PACHUPEAENEHHASI CETbH

PacrpenesieHHOiT ceThi0 Ha3bIBAIOT CETb, B KO-
TOPOU BBIYUCIATEIbHASA MOIIHOCTH PaCHpeeIeHa
mexkay y3mamu. Ceifuac Takyio OpraHU3aIMIO CETH
nccnonb3yior BitTorrent, Bitcoin u Web 3.0.

OcCHOBHBIE TIPENMYINECTBA PACIPEIETEHHON
CeTHu:. BbICOKaA OTKaBchTOfI‘IHBOCTb, JelleBu3Ha B
00CJIyKUBAHUM, AHOHUMHOCTD (JAHHbIE HE XPAHST-
sl Ha, CTOPOHHUX CEPBEpax), KOH(MUIEHIMATHLHOCTD
(u3beraercst yTeyeka JAHHBIX U3 CEPBEPA).

I opraHu3anyy  TPAHCIANWAN BUIAEO Ha
HEOOIBIIIOE KOJIMYECTBO MOJIb30BaTe el IpeanoXxKe-
Ha peer-to-peer (OJHOPAHIOBad, JAELEHTPAJIN30BAH-
Has) peasusanus ceru. B nanHoM ciydae 310 He
CUJIBHO Oy7IeT CKa3bhIBATHCS HA OTKA30YCTONINBOCTH
7 CKOPOCTH.

II. TIEPEJAYA BUJEO IIPU ITOMOIIN
mPOTOKOJIA UDP

Tlepenaga Bumeo dyepe3 HHTEPHET OOBITHO TIPO-
xomut 1o nporokosiry UDP, tak kak on ObicTpee me-
pellaer JaHHbIE 33 CYET TOrO, YTO OH HE 2K/IeT OTBe-
Ta ot nosryuarens. [lpy UDP Bo3morkna morepst ma-
PBI KaJpPOB, 9TO HE TaK 3HAYUTEIHHO, KAK 3a1€PK-
Ka.

III. Osxop NAT

IIpu mocrpoennu pacmpesesleHHON CeTH BO3-
HUKaeT mpobmeMa OJOKHPOBKHA TpaduKa yCTPOii-
crBoM NAT. /s ero 00xo1a UCIOJIb3YETCS TEXHUKA,
UDP Hole Punching: nBa ycrpoiicTtBaMu oTTipaBisi-
ot UDP maker Ha cepBep, TeM caMbIM YCTPOUCTBA
NAT orTKpbIBaIOT MOPTHI JJjis MpHEMa JAHHBIX, a
cepBep oTmpasiger ganube o IP-agpece n oTKpbIB-
[IEMCS TIOPTE JIPYroro yCTPOMCTBA, MOCJE IOJIyde-
HUST 9TUX JAHHBIX YCTPONCTBA OOMEHWBAIOTCS TaH-
HbIMu 0€3 yuactus cepBepa. CepBep sBISETCs CBs-
3YIOIIUM 3BEHOM UM HE yJacTByeT B ITlepejade JIaH-
HBIX.

IV. TormnoJsiorud CETHU

IIpepoxkena caemyomas TOMNOJOTUS —CETH
(puc. 1)

Puc. 1 - Ilpumensgemas Tomosorus

K y3my momkiiogaercsi HECKOJIBKO y3J10B, KO-
JINYECTBO KOTOPBIX 3aBUCUT OT I[IPOU3BOIUATEb-
HOCTH YyCTpo#icTBa-perpanciaropa. llpum obpbise
YCTPOUCTBA HU3IIErO NOPAIKA, YCTPONHCTBO BBICITIE-
rO MOPSIKA 3aHUMAET ero mMecto. Takmm obpaszom
HCKJTIOYAETCsT HeOOXOIUMOCTD B DATAHCUPOBKE CETH
— MPOUCXOIUT OOMEH MEXKIy JIBYMs y3JIaMHu.

V. ITIPUMEHEHUE PACIIPEJIEJIEHHOI CETU
JJ1sI TIEPEJTAYU BUJEO

TectupoBamue TPOBOINIIOCEH JIJIsT TPEX Y3JIOB.
YCTpOoiCcTBO-TPAHCIATOP OTIIPABJISIO OJHOCEKYH/I-
HOE BUJEO Y371y, KOTOPBI TepeaBa BUIEO CIe/Ly-
foreMy y3iy. s mogydeHus BpeMeHd 33JIePKKU
HCIIONIb30BaIach (hpOpMyIa:

T=ADx«xN+Tr (1)
rae T - Bpemd, D - 3agepxkka, N - HOMep mopsiKa B
ceru Tr — Bpems 3amucu pparMeHTa BUIE0 CO CTOPO-
HBI Tpancaupyiomero. [lomydena 3amep:kka MeHee
OJIHO#1 CEeKYH/IbI B ceTn C TpeMms y3samu. Hemocrat-
KOM TAKOW OPraHU3AlNNA CETH SABJISETCH yBeude-
HUE BPEMEHU 33I€PKKHU MPU TOIKIIOYEHUN HOBBIX
y3708B. I'paduk 3aBucuMocTy 3a/1€pKKU OT KOJTUIE-
CTBa y3JIOB — JIMHEHHBIN.

VI. BrbiBO/bI

IIpensoxkena opranu3anus pacipeae/EHHON
ceru i TpaHcaduuu Bugeo. Cerb sABJsSeTcs OT-
Ka30yCTOMYNBON U ee OOCTy’KMBaHWE 3HATUTEIHHO
MpOIle W JeNieBse, B OTIMYAHA OT ee IeHTPaJIN30-
BAHHOI'O QHAJIOTa.

Cnucox aumepamypuot

1. Tanenbaym 3, Vazeposn [I. KomneroorepHbie ceru. —
ITurep, 2012. — 960 c.

Tazuav Asexceti Jleonudosuy, cryment 2 Kypca Kadeapbl HHOOPMAIMOHHBIX TEXHOJIOIHH aBTOMA-
tusupoBanubix cucrem BI'YIP, tahilalexey@gmail.com

Hayunoiti pyxosodumenn: Haspouxuti Anamoauti Arexcandposuy, 3asenyiommii kKadenpoit UTAC,
KaHIUIAT PU3NKO-MATEMATHIECKUX HAYK, JOIeHT, navrotsky @bsuir.by



T. C. Bobpona, B. T. Makoserkwuii

MOBUWJIBHOE ITPUJIO2KEHUE J1JI4d INATHOCTUKUA
ITAPMETPOB TPEMOPA

B cmamve paccmampusaemcsa mMobusvroe NPusOHCERUE OAL PE2UCTNPAULY U 00pabomKky NApaMempos mpemopa

DYK, NOAYUERHOLL NPU TLOMOULY, GKCEAEDOMETMPUIECKO20 JAMYUKG.

BBEAEHUE

Tpemopom pyk HA3BIBAETCs COCTOSHUE HEKOH-
TPONUPYEMOIl TPOKM BEPXHUX KoHeuHocTeit. Tpe-
MOp $BJISIETCS ONHUM U3 Haubosiee YaCThIX JIBH-
raTeIbHBIX PACCTPOICTB BO BpadeOHON NpaKTHKE.
TpynnocTu B KIMHUYECKOH IMATHOCTHKE TPEMOPA
00yCJIOBJIEHBI CYIIECTBOBAHUEM MHOXKECTBA, PA3JIH Y-
HBIX BAPUAHTOB TPEMOPA, & TaK K& OTHOCUTEIHHO
OHOTHUIIHBIM TIPOABJIEHHEM TpeMOpa NIPHU PA3HBIX
YPOBHAX W NATOI€HETUICCKUX MEXaHM3Max Iopa-
JKeHMs HepBHOli cucrembl [1].

Tpemop MoKeT OBITH (PUIUOJTOTTIECKAM U TTa-
TOJIOPMYECKUM. B IIepBOM cilydae 3TO eCTecTBEH-
Has DPEAKIWs HA MePeyTOMJIEHWE, WCIYT, CUJIHLHOE
OXJIAyKJIeHNEe OTPABJIEHNE aJKOTOJIeM, 3JI0yNOTPed-
JrleHne Kode Ui CUrapeTaMu, IpUeM HEKOTOPBIX JIe-
kapctB. Ecnmm ybparh mpudmHy, IPOXKDB TIPOXOIHUT.
Bropoit Buj, nosiBiisiercss B pe3yJibrarTe OpeieieH-
HBIX 3aboseannii. OH, B CBOIO OYEpEIIb, JCJIUTCS
HA MEPBUYHDIH (CAMOCTOATEIbHASL GOJIE3Hb HEPBHOI
CHCTEMbI, HEPEJIKO HACJIEICTBEHHAs) U BTOPUYIHBII
(pasBuBaeTcs u3-3a HELYIOB).

HeobxomumocTh  mCCAeI0BAHUS ITapPaMeTPOB
TPEMOPA PYK OOYCJIOBJIEHA CJIOKHOCTHIO TOCTAHOB-
KU TPaBUJIBHOTO Auaruo3a. Llenbio paboThl sBIIs-
ercsi Co3/anne MOOUIBHOTO TIPUJIOXKEHUST IS OTe-
parmonnoi cucrembl Android, I03BOJILIONIErO Ole-
HUTH XapAKTEPUCTUKUA TPEMOPA PYK.

I. ONUCAHUE YCTPOWCTBA

YCTpo#ficTBO COCTONT W3 TPEX MOMYyJIeit:
pokonrposiepa Arduino Nano na 06asze mporuec-
copa Atmel MEGA328PB, naruuka aBukeHuit
MPUG6050 u Bluetooth-momyns HC-05. Iluranue
BCEX 3JIEMEHTOB CXEMbI OCYIIECTBJISAETCS TO 5-
BOJIBTOBO# JinHUK. MUKPOKOHTPOJIJIED MOIKJII0Y9a-
ercs K MepPCOHATBHOMY KOMIBIOTEPY Yepe3 WHTep-
deiic USB-mini. Ha pucynke 1 mokazana snekTpu-
YecKasl MPUHIUIUAIBHAS CXeMa yCTPOWCTBA.

MUK-

Mouysis MPUG6050 cocrout u3 akcesiepomerpa
¥ TUPOCKOMA ¥ TPEIHASHAYEH JJIs CIUTHIBAHUS KO-
OP/JIMHAT BEKTOPA YCKOPEHUS MO TPEM OCSIM, a TaK-
ke yriaoBoit ckopoctu narauka. Beisox SCL obecrre-
quBaer paboTy JaTINKaA HA ONPEJIeEHHON JacTore.
Boison SDA orsedaer 3a nepegady JaHHbIX. BbiBo-
JIBI COCIUHAIOTCS € YETBEPTHIM U TISITHIM aHAJIOTO-
BBIMU BBIBOJAMHU MHUKDPOKOHTPOJIepa Arduino.
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Puc. 1 - Ilpuanunmasipaas cxeMa yCTPOHCTBa

Moayns HC-05 mno3Bosnser mosjydarh u
OTTIPABIATh  JAHHBIE WCIOJb3ysd  TEXHOJOTHIO
Bluetooth. [y mnepemaum gansbix  Arduino

on wucnosbsyer BoBoabl Rx (Receiver) u TX
(Transmitter). TH BBIBOABI COEIUHEHBI CO BTOPHIM
U TPETHUM I POBBIMU BBIBOJAMH MUKDPOKOHTDOJI-
Jepa.

II. OIUCAHUE CKETYA ARDUINO

Ckeruy mya Arduino cuwmThIBaeT 3HAYEHUS
YCKOpEHWii ¢ gardwmka [gBukenwit mo mmae 120
(integer integrated circuit). Ilocie mogkiOUeHust
MHUKDPOKOHTPOJIJIEPA K MUTAHWIO BBIMTOJTHSIETCH Ka-
nubpoBKa gardnka. KaauOposka mHeobxommma, st
TOTO, YTOOBI YCTAHOBUTH B KAYECTBE HAYAIIA, OTCUE-
Ta HYJIEBON ypOBEHDb (IIPEANOJIaraercs, 4TO HA Ta-
KOM YPOBHE JaTYUK HAXOIUTCA B HOKOE).

C fmarynka CHUMAIOTCS TOKA3AHWS MPOEKIIUM
YCKOpPEeHHUs 10 TPEM MPOCTPAHCTBEHHBIM OcsiM. Pac-
CYNTAHHAS YACTOTA JUCKPETU3ANUU IIOJIY9aeMOro
curnaja cocrapasger 208 T'm. Ilomywuennble 3uate-
Hust QUABTPYIOTCs Tipy nomotny dhuabrpa Kamma-
Ha. ®unaprp Kanvana — mocmetoBaTeTbHBINA PEKYP-
CUBHBIA aJCOPUTM, UCHOJB3YIOMIUN IPUHATYIO MO-
J1eJIb IMHAMUIECKOI CUCTEMBI JJIs ITOJIy 9€HUs OIlE€H-
KU, KOTOPast MOKeT ObITh CyHIECTBEHHO CKOPPEKTH-
POBaHa B Pe3yJIbTaTE QHAJIN3a KarKJOIl HOBOI BBI-
OOpKU U3MEPEHUI BO BPEMEHHOMU TTOC/IeI0BATEILHO-
ctu [2]. Ilocsie 3TOro BHICYUTHIBAIOTCS OTHOCUTEIIb-
HbIE 3HAYEHUs MPOEKINIl YCKOPEHUsI U MOJIYJIb BEK-
TOPA OTHOCUTEJIbHOIO yCKOPEHUsA, YMHOKEHHbBIA Ha
AMIIUTYIY, KOTOPAsi B JAHHOM CJIYYae COCTABJISIET
4g (nuanaszon uamepenus yckopenus gy MPU6050



YCTaHAB/IUBAETCA Ha dTalle WHUNWATH3AIUE U pa-
BeH £ 4g). dro 3Hadenue nepegaérces Bluetooth-
MOZYJIIO.

Biok-cxeMa aJroOpUTMa CKETYa MPE/ICTABICHA
Ha PUCYHKe 2.

Havano

Whnumanusauns
NepeMEeHHBIX

b KoHel
kanuGpoBku?

KanuGpoeka

CyuThIBAHHE
[LaHHbIX C
Jic il

l

DUNETPALMA
AaHHbIX N0
Kanmany

l

Bbiuncrnexue
OTHOCHTENBHBIX
YCKOPEHUR

l

Bbl4MCEHHE
moayna
YCKOPEHHA

BbIBOA AAHHLIX
no Bluetooth

Puc. 2 - Bnok-cxema ckerda Arduino

III. ONUCAHUE OPUJTOXKEHUS

st paboThI MPUIOXKEHNST HEOOXOIUMO MIPEI0-
CTABUTH CJIEAYIONIHE IPABA:

- MOAKJIIOUeHue K ycrpoiictBam mo Bluetooth;
- mouck Ommkaitmux Bluetooth-ycrpoiicTs;

- reosioKalus (Heobxomuma 11 6ojiee CyKeHust

006JIACTH TIOUCKA YCTPOICTB);
IIpnioskenne COCTONT M3 ABYX IKPAHOB: IKPaH

€ BIOOPOM yCTPOICTB (IJIaBHOM CTPAHMIILI) M 9KPAH
paborsl ¢ gantabivu. CTpanuia yerpoicTs MO3BOJIs-
et BeIOpaTh Bluetooth-ycrpoiicTBo, ¢ KoTOpOro mpu-
JIO’KeHue Oyler Tojydarh maHubie. Ecianm ycrpoii-
CTBa HET B CIIUCKE 3HAKOMBIX YCTPONCTB, €ro MOKHO
HaiiTu Bpy4dHyo. [Ipu BEIOOpE HY?KHOT'O yCTPOHRCTBA
MIPOUCXOUT MEPEXOJ], HA, CJIETYTOIINI SKPAH - IKPAH
JiJtsi pabOThL ¢ JAHHBIMH.

OKpaH pabOTHI C JTaHHBIMH COIEPKUT KHOII-
ku "connect"u "read". [dns TOrO UTOOBI MOIKIIIO-
YUTHCS K BBIOPAHHOMY YCTPORCTBY ClIEIyeT HaXKaTh
kHonky “connect”. Knonka '"read"cramoBurcs mo-
CTYIIHA, €CJIU MOJKIIOYEHUE 3aBEPIIEHO CO CTATYCOM

"successful". B aToMm ciaydae mocie HaxkKaTusl KHOII-
ku "read"samyckaercsa Taiimep ob6paTHOro OTCYETA
na 20 cexyua. Ilo ucredyenun Bpemenu, nporpamma
00pabaThIBAET MOy Y€HHBIE JAHHBIE W TTPEICTABJIS-
er ux B Buje rpaduka. I'paduk moxer ObITH Mac-
MITabMPOBAH B MMEMIXx Oosee JeTambHOTO M3yIeHHS
Janabix. [IToMIMO 3TOro, mporpaMMa pacCIuThIBAET
AMILIATY/LY, CPEJIHEE 3HAYEHUE U CPEHIO 9acTOTy
curnaja. Pesysbrar paboThl MPOrpaMMBbI TPEICTAB-
JIeH Ha PUCYHKe 3.
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iterations
Amplitude: 3.5

Average Frequency: 18.01

Average Value:0.73

Puc. 3 - Pe3ynbrat m3mepenmii
IV. BoiBObI

Takum o0Opa3oM, CO3IAHHOE MPEIIOKEeHNe
MO3BOJISIET KOJIMYECTBEHHO OIEHUTH IMapPaMETPhI
TPEMOpa pPyK. ITH MapaMerpbl MOTYT OBITH HC-
[OJIb30BAHBI JIJTsl IOCTAHOBKY MPABUIHLHOTO JHATHO-
3a MAIUEHTY.

Cnucox aumepamypuot

1. Jluxaués C.A. // Tpemop: eHOMEHOTIOTHS U CIOCOBHI
perucrparuu, C.A.JIluxaués, B.B.Bamwauu, C.K./Iuk.
— PecryGiuKaHCKU HAYYHO-TIPAKTUIECKU IIEHTD HEB-
poJioruu u Helpoxupyprun, MuHCK.

2. Msanos, /1.C. Ucnoabzosanme ¢duabrpa Kanmana B
3a/ade OIpeJesIeHHs] OPHEHTAIUN Teja, IIOJBelIeH-
voro ma crpyme, / J.C.Meanmoe, M.IO.OpBunHHUKOB,
C.C.TkaueB. — Mocksa, 2008. — 5 c.

Bobposa Tamvana Cepzeesna, acnupanT Kadeaphbl TEOPETHIECKUX OCHOB dj1eKTpoTexankn BI'Y P,
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Maxoseuyxuti Baadumup I'ennadvesun, crynerT 2 Kypca Kadeapbl mH(POPMALNOHHBIX TEXHOJIOrUi
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E. B. Benosa

METOAbI OHEHKN 3ATPAT BPEMEHU HA
ITPOEKTNPOBAHUE 11 CO3IAHUE TECTOBDBIX
CJIVHAEB JJId THO®OPMAIIMOHHBIX CUCTEM

Paccmampusaromesn nauboaee pacnpocmparénmoie Memodsl, no360AAN0UUE DEWUTND 3a400Y4Y OUECHUBAHUA 3ATNPATT

BPEMEHU HA NPOEKMUPOSAGHUE U c030aHUE MECTNOBHLL caAyvaes dna UH{ﬁOpMduUOHHbL:L‘ CUCMEM.

BBEAEHUE

MHOI‘I/Ie KOMIIaHUU BO BCéM MHUDE BKJIQ/bIBa-
0T BCE OOJIbINIE CPEICTB B ODECIeUeHre KadecTBa,
CBOUX NIPOAYKTOB, U CETOJHA TECTUPOBAHUE CTAJIO
06A3aTEIBHOM 9aCTHIO IPOIECCA IPOU3BOIACTBA IPO-
rpaMmMuoro obecnedenus. OHONW W3 OCHOBHBIX 3a-
a4 B YIIpABJICEHUH TECTUPOBAHUEM ABJIACTCA OLCH-
Ka yCUJIWH M, COOTBETCTBEHHO, BPEMEHH, /I TPO-
BEICHUA TECTOB.

I. OB30P METOJOB OLEHKW TPYJIO3ATPAT HA
TECTUPOBAHUE

CymecTByeT MHOKECTBO PENICHHH IS OIeHKH
TPYAO3aTpaT Ha TECTHPOBAHIE IPOTPAMMHOrO 00€eC-
neuenus [1]. Haubosee pacupocrpanénnbie:

1. I'pybas sxkcmeprHas onenka. s eé Bbramc-
JIEHUsI MCIOJIb3yeTcsi (popmyia

T=(MT+T4) XY, (1)
rae 171 — KOJWYIeCTBO MUHYT, TpeOyeMbIX Ha
HANNCAHWE MO3UTUBHOIO TECTOBOTO CJLy s
T 1 — KOIMIECTBO MHUHYT, TpPEOYEMBIX HA Ha-
[UCAHUE HEraTHBHOIO TECTOBOrO ciyuasi; X —
KOJINYECTBO TECTOBBIX CJIyYaeB HA CTPAHUILY
rexaugeckoro 3aganus (T3); Y — konmugecrso
crpann, B T3.

2. I'pybast neayKTuBHAS OIEHKA, KOTOPAs SBIIS-
ercst TpyObIM, HO OBICTPBIM CIIOCODOM TIOICTE-
Ta o dopmyse

T=T,-X"Y, (2)
rjae T, — Bpems, BbIIeJIeHHOE Ha MPOeKT; X —
JOJIST BPEMEHW, OTBEJEHHOTO Ha TEeCTUPOBA-
HU€, IO OTHOIIEHUIO KO BPEMEHU IPOeKTa; ¥ —
JI0J1d BpDEeMeHH, OTBEJIEHHOIO HA HAIIMCAHUE Te-
CTOBBIX CJIy4aeB, II0 OTHOILIEHUIO KO BPEMEHU
npoekta; X,Y € [0;1].

3. NunykTuBHO-ONIBITHAS OIEHKA, KOTOPasi sB-
JITETCSA MEeJJIEHHBIM, HO XOPOIITO PAOOTAIOIIIM
cuocobom. OH Lpeoaraer HaIKMCAHUE Te-
CTOBBIX CJIy4YaeB Ijist Kaxkaoi yactu T3, mpu-
96M C TOH CTEmeHbIO MOAPOOHOCTH, C KOTOPOit

B JaJbHeleM oHu OyayT ommchIBaTbCsA. Vc-
XOIs W3 BPEMEHU, MOTPAYEHHOTO HA HAMWCA-
HUE TECTOB JJIs OIPEAEIEHHOTO KOJUIECTBA
CTpaHUI] COOTBEeTCTByIOmUX 4acreir T3, BbI-
YUCIIAETCSA, CKOJTBKO BCEr0 BPEMEHU JIOJIXKHO
yiTH Ha HAIUCAHUE TECTOBBIX CIyYaeB JJis
KaxkI0it vacTu, mo (opmyie

T = Z Tpa'rti : Qia

i=1

3)

rae n — kommdecTsBo dacTeit T3; Tyt — Bpe-
M, TIOTPAYEHHOE HA HANWCAHUE TECTOB JIJIsi
OIIPEIEJIEHHOIO KOJIMYECTBA CTPAHUI, YacTU
T3; Q; — KoJMYeCTBO CeKLuii B KazKJI0# da-
cru T3, nonyuaemoe myrém nenenusi oOIe-
o KOJUYIECTBa, cTpaHull dactu T3 Ha YUCIO
CTPAHMI] TOI K€ JACTH, i1 KOTOPHIX OBLIN
HAINCAHBLI ITPOOHBIE TECTHI.

Menree pacnpocTpaHeHbl METOIBL IS OLEeH-
KI TPYZO3aTpaT HA TECTUPOBAHME, TpeOyomue Je-
TaJbHOM MaTeMaTuuecKoil mpopaborku. K ux oc-
HOBHBIM MUHYCaM MOXKHO OTHECTH TO, YTO OHH 3a-
HUMAIOT MHOTO BPEMEHH, SBJIAIOTCH TPYJOEMKAMHU
u He obecrednBaT rubKOCTH IIAHUPOBaHU [2].

1I. BBIBOEBI

PaccvoTrpennbie MeTOIBI TTO3BOJISIOT PEIIATH
33/1a9y OIEHWBAHUA 3aTPAT BPEMEHU HA NMPOEKTHU-
POBaHWE U CO3JAHNE TECTOBBIX CJIyYa€B [IJTst HHQOP-
ManuoHHBIX cucreM. CTOUT OTMETHUTH, YTO HAUbO-
Jiee ymOOHBIM [ITsi MPAKTUIECKOTO HCIOJIH30BAHUS
SABJISIETCA METOJT I'pyOOil 9KCIIEPTHON OIEHKH, IIO-
CKOJIbKY OH He NIPUBA3BIBACTCA K KOJIMYECTBY TECTHU-
POBIIIMKOB HA MTPOEKTE U SIBJITETCS CAMBIM OBICTPBIM
B IPUMEHEHUN.

1. Bumsk, P. IlnanupoBanue, OArOTOBKA, MPOBEJAEHHE, CO-
BEPLIEHCTBOBAHUE : mep. ¢ anmt. / P. Busk ; moxm pem.
A. Tomosro. — M. : Jlopu, 2014. — 544 c.

2. llnmaHupoBaHMe W OIlEHKAa TpYyA03aTpaT HAa TECTUPO-

BaHue [JyexTpPOHHBEIA pecypc|. — Pexmm gocryma:
https://www.software-testing.by/. — Ilara pgocryna:
10.04.2023.
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A. K. Oukos, T. C. Bo6posa, B. . dpmomuk

AJITOPUTM BBbBIBOPA JINJIEPA 1TPA
AEIMEHTPAJIN3OBAHHOM VYIIPABJIEHUUN POEM BIIJIA

B dannoli cmamve pacemampueaemcs Ho6wl nodxrod K aa20pummy 6u0pa Audepa npu 0eUueHmMpasu306aHHOM

nodzode K ynpasaenuro poem BITJIA.

BBEAEHUE

Hns nosbinerns 3(@EKTUBHOCTH TPUMEHE-
HUs OCCOMJIOTHUKOB WX BCE Yallle OObeIUHSIOT B
TpyIIny, KOTOpasi MOJy4n/ia Ha3BaHwe poil. B arom
caydae CBA3b MEXKIYy WIeHAMH pOsi UI'PAET OYeHD
BaXKHYIO POJIb B YIPABICHUH W KOODAWHAIINH 00-
mIero JIeicTBud.

I. TIPEMMVIIIECTBA MCIOJJH30BAHUA PO

BILJIA

B mnocnennee nmecsituiierve Bce dalle ITPOWC-
xomur ucnojb3opanne BILJIA 1jist KOHTposss Has,
medTe- U ra30MPOBOIAME, ONPE/IETICHUS U BhISIBIIE-
HUs 0YaroB BO3TOPAHUs JIECOB, MOHUTOPUHIA CEJib-
CKOXO3SUCTBEHHBIX YIOAWii, MPOBEIEHUSA NONCKO-
BBIX W cracaTebHbIx oneparuii. Kpome Toro, BII-
JIA MoryT mpuMeHAThCS JIsi 00eCIeYeHus] Ipak-
JAHCKON 0OOPOHBI M OE30MACHOCTH, MOHUTOPUHTA 1
VIPAaBJIEHUS [TOPOXKHBIM [IBUKEHHEM, & TAKIXKe IIe-
pesaydn nadopMalyu ¢ IOMOIIBI0 PETPAHCIAINOH-
HBIX cerell. [1] B 3aBHCHMOCTH OT THUIIA yIPABJICHHS
OeCIMJIOTHBIE JIETATEIHHBIE AMMAPATHI TOAPA3IETIs-
10T HA HEyIpaBJiseMble (TaKue, KAk MEeTEOPOJIornde-
CKHUe 30H/Ibl), AUCTAHUMOHHO HHJIOTUPYEMbIE U AB-
TOHOMHBIE.

Tlo cpaBuennio ¢ cucremoit ommHOYHBIX BII-
JIA, poit wiu rpynma u3 HeCKOJIbKUX OECITUIOTHBIX
JIETATEIbHBIX AlapaTOB UMEET P MPEUMYIIECTB:
- xkuBy4decTb: B cucreme ¢ ogauMm BILJIA cuuraer-
csi orkazoMm, ecau oxun BITJTA cbur Bo Bpems BbI-
TTOJTHEHWST MWUCCHU, HO B CHUCTEME C HECKOJIbKUMU
BIIJIA omun Boimemmmit u3-mon KoHTpoas BILJIA
HE SABJISETCS YEeM-TO CEPBE3HBIM, IMOTOMY YTO IPY-
rue BILJTA Gyayt nmpogonkarh paboTaTh; - MACIITA-
OHpPyeMOCThb: UCIOTH30BAHUE OOJBIINX IO Pa3MepPy
BIIJTIA ansa cucrem ¢ omaum BILJTA Tonbko yse-
JINYUBAET OXBAT JO OMPEIETIEHHOW TOYKHU, 8 B CH-
creme ¢ HeckoabkuMu BILJTA MoxHO JerKo yBeau-
9UTH JAJTBHOCTH JIEHCTBHUS; - CKOPOCTD MTOJIETa: MUC-
CHUU 3aBEPIIAIOTCs OBICTPEE, €CIIN UCIIOIb3YIOTCS CH-
crembi ¢ Heckoabkumu BILJTA (upu ocyiiecrsienun
TTOMCKOBOM MUCCHUW, HATTPUMED, CUCTEMBI C HECKOJTb-
kumu BILJIA moryTr oOpabaThiBaTh 3a7a9u Mapad-

JIEJIBHO, TEM CAMBIM COKPAIllasd BpeMs, HeoOX0mMoe
IS BBITIOJIHEHUS MUCCUHY ); - ABTOHOMHOCTb: JIJTsl CH-
crem ¢ ogauM BITJIA TunmugHbIM pesKUMOM pabOThHI
SBJISETCSA TO, 9TO MUJOT HA 3€MJIE MMEET MPSIMOe
yIpaBJIEHNE BCEMU CHCTEMAMU JIETATEHHOrO allia-
para B pexxnuMe peaabHoro speMent. Jjist 60IbIImH-
crBa MHoronesnesbix BIIJIA 6oproBast aBromaruka
obecreunBaeT ynpaBIsieMblil MOJIET B COOTBETCTBUN
C IUTAHAMU TOJIETA W APYTUMU JUPEKTHBAMU, ITO-
JIy9€HHBIMU OT UH(PPACTPYKTYP; - CTOUMOCTD: TIPH
UCIOIB30BaHuK HeCKOIbKEUX cucreM BILJTA muccun
MOryT OBbITH 3aBEPIIEHBbI C MEHBIIUMH 3aTPATAMU;
- KOMMYHUKAIIMOHHBIE TIOTPEOHOCTU: CUCTEMBI O~
HOYHBIX BITJTA 10/I2KHBI TOCTOSHHO HOIIEPKUBATE
CBsi3b C HA3EMHBIMHU MUJIOTAMU WM WHQPPACTPYK-
Typoii, a cucrema c Heckoabkumu BILJIA wuwmeer
10JibKO 0/iuH KOHKperHbiii BIIJIA (rsaBubiii KoOp-
JINHATOD ), KOTOPBI CBA3BIBAETCS C 3eMJIeil U Tiepe-
nmaer coobmienne apyrum BITJIA; - sddexkruBnas
OoTpazKaTejbHas MOBEPXHOCTDH: /I BOEHHOTO TIPH-
MeHenwusi MHOroIeeBbie cucrembl BITJIA npousso-
JISIT TOMBKO HEOOBINOH 3¢ (PEeKTUBHBII MOMEPETHIK
paccesHus, 4TO NOBbIIAET OE30IACHOCTH BOEHHBIX
oneparnuii.

II. 3AKJIOYEHUE

B pabore paccmorpenst cdepa mpuMeHeHus u
ocobennoctu post BITJTA | paziaudnbie BApUAHTHI ap-
XUTEKTYPbI UCTIOTH30BAHUS PO, & TAKKe BAPUAHTHI
peanu3anyuy JeNeHTPaIn30BaHHoro moaxoaa. Omm-
cana cdepa IPUMEHEHUs AJTOPUTMA MEPEHA3HAYE-
HUSl JIUIEPA, a TakyKe MPEIJIOYKEeH BapUaHT pPeajIu-
3aIlUU TAKOTO AJITOPUTMA.

Cnucox aumepamypue

1. 1. Josrasb, B.A. AHanu3 cucreM KOMMYHHKAIHOHHO-
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Muccuio B coctae rpynnsl / B.A. osrasas, 1.B. Jos-
ranb // Maiikon, «Becruuk AT'Y». 4 (271), 2020. —
cTp.87-94.

2. Chen X, Tang J, Lao S. Review of Unmanned
Aerial Vehicle Swarm Communication Architectures and
Routing Protocols // Applied Sciences. Vol. 10, Iss. 10.
2020. — 3661 p.
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A. H. Maxanbkos, T. C. Bo6posa, B. 1. dpmonuk

NCITIOJIbSBOBAHUE MISSION PLANNER JIJI4
YIIPABJIEHA BIIJIA

B dannoti crmamve 0nuchleaemes Ucnosv306atue npozpammmozo obecnevwenus MISSION PLANNER u memodol

€20 COBEPUWEHCTNBOBANUA T00 Korkpemnve 3adavy 6 ynpassenuu BIIJIA.

BBEAEHUE

OpauM w3 OypHO PA3BUBAIONINXCS B HACTOS-
mmee BpeMsi HAIPABIEHHUI TEXHUYIECKOTO TPOrpec-
ca siBysiioTcs Gecnimiorable anmnaparbl. OHU MOryT
ObITh BBIIOJHEHbL B PA3JIMYHON KOHPUIYPAIIMH KAK
OeCrUJIOTHBIE JIETATE/IHHBIE AMMTAPATHI, MOIBOIHBIE
JIONKW W MOPCKHE Cy/a, KaK Be3IeXOIbl U MHOTOE
Jpyroe.

CyIecTBeHHBIME  OCODEHHOCTSME  (DYHKITHO-
HUPOBAHWST CUCTEMBI QBTOMATHYECKOTO YITPABJICH ST
OeCMJIOTHBIMY AIapaTaMy SIBJISETCST OPTaHW3a-
WSl U3MEHEHUS PEXKMMOB JIBUKEHUS, 3 TAKIKE yKe-
cTOUeHns TPpeOOBaHM K 00ECIIEIEHIIO BHICOKOKATe-
CTBEHHOIO YNPABJIEHUs HA KaXKJIOM PEXKUME C Tie-
JIbIO JJOCTU?KEHUA BBICOKOM KOHEYHOR TOYHOCTH.

B macrosimiee Bpems ogauM u3 HamboJee Iiu-
POKO HCIOJIb3YEMBIX /ISl yIIPABJICHUs OeCIUTOTHBI-
My snerarenbHbiMu annaparamu (BILJTA) sasnser-
cst nosietHbiit kourposutep ArduPilot. 9o onun u3
Hanbosiee HANEXKHBIX W (DYHKIMOHAIBHBIX MMOJIET-
HBIX KOHTPOJJIEPOB C OTKPBITHIM KOJOM, TOIIEP-
JKUBAIONIUN MHOTHE TUIBI TPAHCIOPTHBIX CPEICTB.
[Mommep:kuBaeMble THIBI TPAHCIOPTHBIX CPEICTB
9acTO PACHIUPAIOTCS [0 MEPE MOsIBJIEHUS BAPUAH-
TOB HCIOJIb30BAHUs JIjisi HOBBIX M HOBBIX ILIAT-
dopwm. IlepBblit pemo3uTOpHii ¢ OTKPBITHIM KOIOM
ArduPilot 6su1 cozman B 2009 roxy — ¢ Tex mop OH
pa3pabarbiBaeTcs KOMaHJIO0M PA3HOCTOPOHHUX TPO-
deccroHATBHBIX WHKEHEPOB, YUEHBIX, KOMIIBIOTEP-
wuKosB. [1]

I. TIPOTPAMMHOE OBECIHEYEHUE 11

VIIPABJEHUSA BITJTA

s obecrieueHusi BBITOTHAEMbBIX 33129 B pe-
aJIbHOM BPEMEHW, 3 TaKKe OIpee/IeHnsT KOOPIUHAT
y9acTKOB MecTHOCTH 1 Mecronosoxenus BITIJTA co-
craB 000PYIOBAHUS BKJIIOYAET B cebs:

CHyTHI/IKOByIO HaBI/IFaL[I/IOHHyIO
(IJIOHACC/ GPS);

YCTPOWCTBA KOMAaH/IHO-HABUTAIIMOHHON pa-
JUONWHUN C AHTEeHHO-PHUIEPHBIM  YCTPOii-
CTBOM;

CcUCTeMy

YCTPOHCTBO 0OMeHa KOMAaHIHONW WHQOPMAIIH-
eit;

60pTOBYIO THU(POBYIO BBIUUCIUTETILHYIO Ma-
LIUHY.

Kowmmekc ynpapiienns 6eCIIIOTHAKOM IIPEI-
CTaBJIsIET COOOI CIIOKHYI0, MHOTOYPOBHEBYIO CTPYK-
Typy, OCHOBHAS 33/1a49a KOTOPOH 00ECTIeYNTh BBIBO,
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BIIJTA B 3amansbiii paiiOH W BBINOJHEHUE OlEpPa-
Ui B COOTBETCTBUM C TIOCTABJIEHHBIMU IEJISIMU, &
TakKe 0DECIeYnTh JOCTABKY WHQOPMAIWN, TIOJY-
9EHHOUW OOPTOBBIME CPEJCTBAMHU HA MYHKT yIIPAaB-
JICHHS.

s wacrpoiiku u ynpasienust BITJTA wc-
MOJTb3yeTCs MpOrpaMMHOe obecmnedenue Mission
Planner Ground Control Station wmm Mission
Planner GCS. Ing npocMoTpa JAHHBIX U BBITOJ-
HEHHS KOMAH] B IIOJIETE€ YCTAHABJIMBAECTCS COEIH-
uerre Mexxay ceouMm BILJTA u mopTaTUBHBIM KOM-
MBIOTEPOM, UCITONIB3yst Mission Planner un nazemubrii
MOZIY/Tb PaIHOTEIeMETPHH.

Mission Planner Mo:XKHO HCHOJIB30BATH KaK
YTUJINTY HACTPOMKYW WM KaK JOMOJHEHWE JIJIs
JIWHAMAYECKOTO YIIPABJIEHUS aBTOHOMHBIM TPAHC-
moprabiM  cpefictBoM. C  TOMOIIBIO  MPOrpaMMBbl
Mission Planner MO0XKHO OCyIIECTBUTD pa3/THI-
Hble (DYHKIWMN: 3arPY3KY alMapaTHO-TTPOrPAMMHOTO
obecrieuenus (MIPOrpaMMHOIO OOECIIEYEHNs) B TLIA-
Ty aBTOIMJIOTA, KOTOPBIN YIIPABJISET BAIUM JI€Ta-
TEJIbHBIM ANMMapaToM; HAYAIBHYIO YCTAHOBKY, BBI-
60p KoH(pUrypaluu, ¥ TOYHYIO HACTPOHKY Balle-
IO JIETATEJIbHOI'O Aallllapara JJjisd I[OJIyY€eHus OIl-
TUMAJIBHBIX PA00YNX XAPAKTEPUCTHUK; TJIAHUPOBA-
HU€, COXPAHEHNE U 3arpy3Ky OTAE/IbHBIX TOJIETOB B
BAIll ABTOMHUJIOT C OOBIYHBIM BBOJOM MYTEBBIX TO-
4yek MmeronoMm <«point-and-click» (ykazan u iesnx-
Hysn) na kaprax Google wiu Ha Apyrux Kaprax;
3arpy3Ky W aHaJu3 KYPHAJIOB TOJETOB, CO31aBae-
MBIX BAIITUM aBTOMMJIOTOM; B3aNMOIEHCTBHE C ITHAJIO-
TaXKHBIM WMHUTATOPOM HA KOMIBIOTEpE IS CO3/1a-
HU$ TOJTHOMACIITAOHOTO AINMapaTHO-IIPOrPAMMHOTO
umuraropa BITJTA.

Pacmonarasi cooTBeTCTBYIONIMM aMTapaTHBIM
obecrieueHreM TeIEMETPUN, MOXKHO OTCJIEXKMBATH
COCTOdAHUE CBOEro JieTaTesbHOI'O allapara B IIPO-
LIecce IKCIUIyaTAlMU; BECTU 2KYPHAJIbI TeJIeMeTPHU-
YEeCKUX W3MEPEHUH, COAepzKallne Topa3no OoJbIie
nH(MOPMAINH, YeM KYPHAJBI JAHHBIX BCTPOEHHOTO
ABTOIIUJIOTA, & & TAKKe IIPOCMATPUBATDH U aHAIU3U-
pOBaTh KypHAaJIbI TejleMeTPUYeCKUX U3MEPEeHUit.

B 3aBucmmocTm 0T moTpebHOCTEH 3aKa3duKa
MOIYT OBITH MOATOTOBJIEHBI PA3JIAYHDBIE MPHIOZKE-
HUsl, YJOBJIETBOPsIONIE ero rpeboBanusim. [2; 3|

MoxkHO BBECTH MApIIPYTHBIE TOYKH H JIPY-
rue KOMaHbl. B pacKpbIBAIOIIUXCS MEHI0, KOTOPBIE
HUMEIOTCS B KAXKION CTPOKE, BIOEpUTE HYKHYIO BAM
KOMaH/ly. 3arojoBOK CTOJIONA U3MEHUTCs, 9TOObI
MOKa3aTh BaM, KaKWe JTAHHBIE TPEOYIOTCS st ITOM
KoMaHIbl. 3Hauenusa napamerpos Lat (IlIupora) u



Lon (Josrora) MOXKHO BBECTH, IIEJKHYB MbIIIKOiL
Ha Kapre. BbIicoTa COOTHOCHTCS C BBICOTON MecTa
CTapTa/UCXOMHOIO IIOJIOXKEHUSL, 1I09TOMY, €CJIA Bbl
3ajlaeTe BBICOTY paBHOM, Hampumep, 100 M, anma-
pat mposietuT B 100 MeTpax HaJI[ BaMU.

ITapamerp Default Alt — 310 BbICOTA, IpPUHU-
MaeMasi 110 yMOJITYaHUIO IIPY BBOJIE HOBBIX MAPIIPYT-
HbIX TOYeK. Kpome Toro, 310 Ta BhICOTA, HA KOTOPOIA
Oyzner mpoxonuTh mojieT B pexkume RTL, eciiun orme-
tuTh ragoukoit myHkT Hold Default ALT; ecimr sTor
MMyHKT y BaC HE OTMEYEH, BAIIl JIETATEIHHBIN arma-
par Gymer craparbCsi COXPAHUTH TY BBICOTY, HA KO-
TOPO#t OH HAaXOUJICs pHU BKIOYeHuu pexknma RTL.

Verify height o3nagaer, uro wnporpamma
Mission Planner 6ymer mcrnonnh30BaTh JaHHBIE TOTI-
rpacdun Google Earth nis koppekTupoBKy HYXKHOI
BaM BBICOTBI B KaXKJIOM MapIIPyTHON TOYKE C y4e-
TOM BBICOTBI HAJT MECTHOCTBIO. IloaToMYy, eciu Oymer
BpIOpaHa dTa ONIMs, TO DU HAXOXKEHUM Ballei
MapIIPYTHOH TOYKHU Ha XoJMe mporpamma Mission
Planner yBenmunt 3nadenne ALT wa BBICOTY XOJI-
Ma. JTO JaeT rapaHTUIO0 TOrO, YTO BAI JIETATE]Ib-
HBII ammapar He Bpexkercs B ropy. Kak TOIbKO BbI
3aKOHYHTE C 110J1eTOM, BhiOepuTe Write, mocie ge-
ro mojyier Oymer ormpasien B APM u coxpanen B
EEPROM. Bbr Mmoxkere yOequThCst B MPABUIBHOCTH
CIJIAHUPOBAHHOIO IMMOJIeTa, BbIOpaB ommmio Read.
Bor moxkere cOXpaHUTbh HECKOJBKO MOJETHBIX (Daii-
JIOB HA CBOI JIOKAJIbHBIHN 2KECTKHUIT INCK, BLIOPAB OII-
uuio Save WP File, wiu npoussectu caurbiBanue
daiinos ¢ momompio omiun Load WP File B memnro,
OTKPBIBAEMOM ITEJTIKOM TTPABOI KHOMKON MBIIIKH.

II. COBEPIIIEHCTBOBAHUE UHTEP®ENCA

B nomosineHue K CyImecTBy MMM B HAIIeH pas3-
paborke mHTEepdeica s yIpaBIeHus OeCIHIOT-
HBIM JIETATEJbHBIM AIIAPATOM JI0OABIEHDbL CJIE/Ly-
1011T1ie HOBbIE (DYHKITHH.

Cozmana ymporeHHass KOMIIOHOBKA 3JKpaHa,
r7ie OCHOBHOE MPOCTPAHCTBO 3aHUMAET KaparTa, a Bce
ocrayibabie (DYHKIUN TOSABIAIOTCS IO YyCMOTPEHUIO
MMAJI0TA WX OIeparopa crannuu yrnpasjierns BII-
JIA, mu6o MpW BO3HUKHOBEHUM KAKOW-JTUOO OIMIUb-
KHU.

Jlobapyiena yHKIWS MEPEKAYKU TOILJINBA U3
OJTHOTO TOILTHBHOrO Oaka B JAPYroi, 4To yirydIia-
er neaTpoBky BIIJTA jis moBbIeHUs JIETHBIX Ka-
YECTB W HAIJISIHO JEMOHCTPUPYETCS B WHTEpQEii-
ce. [Tokazaresnn mapamMeTpoB ABUTATENST N300paKe-
HBI Ha PUCYHKe 1.

JlobaBieHbI TIOKa3aTe M yPOBHSA 3apsga Oa-
rapen BIIJIA, ckopoctu u KadecrBa CBA3W, ypO-

Mazanvros Aaexcandp Huxonraesum,
BI'Yp

BEHb JIABJIEHUS 32 OOPTOM JIETATETHHOIO alnapara,
BpeMsl W 3alUCh [EePeIBUKEHUs] Ha Kapre, DyHK-
1Usl HOJAKJIIOYEHNS K ip-KaMepe, YCTAHOBJIEHHOU HA
BILJTA. [yt KaMephl TaKyKe MPUCYTCTBYET UHTEP-
deiic, re MOKa3aHbI TJIABHBIE TTAPAMETPBI, KOTOPHIE
HYKHBI JJI TOTO, YTOOBI MUJIOT KOM(OPTHO yIIPaB-
qsin BITJTA u ecTb BO3MOXKHOCTH 3alKCHIBATH BU-
JIe0 C TeKYIUMU IapaMeTPaMu i aHAJIN3A [T0JIeT-
HOM Muccuu. [Ipu BOBHUKHOBEHWH HEMOJIAIKU WA
ommbKu uHGOPMAIS OTOOPAKAETCS HA, KPAHE.
WN3naganbpao maTEpdeic I KaMepbl MOSBJISETCS
BMECTO KapThl, HO TPU HEOOXOIUMOCTHU MUJIOT WJIA
omepaTop MOIYT IIEDEHECTH ero Ha BTOPOU IKPAaH,
BMecTo uHTepdeiica /s KaMepbl CHOBA [OABUTCH
Kapra.

ENGINES
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L R
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oL TEWP [ On ]
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EGT
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"TROT MASTER PRIORITY |
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ON/OFF

THROT TRIM

CONST RPM SET IGN

12| 1| 2]

Puc. 1 — Iloka3aTesnu mapaMeTpOB JIBUTATEJIS

ITI. 3AKJJIIOYEHUE

B mporecce paboThl yCOBEPITIEHCTBOBAH TIPO-
TOKOJI nepegadn gaHHbix Mexkay BIIJIA u nasewm-
HOIl cTaHIueil yupasaeHnus i 0osee OBICTPOIt me-
pe/ladn JAHHBIX C HAMMEHbIIeH 3amepzkkoii. Pac-
CMOTPEHBI BOMPOCHI (DYHKIIMOHUPOBAHUSI CHCTEMBI
ABTOMATUYECKOTO yIPABJIEHNS OECITUIOTHBIMU JIe-
TaTeIbHbIME ammaparamu. Onucanbl HOBbIE (DYHK-
IIN¥, CO3JAHHBIE B IIPOIECCE COBEPIIEHCTBOBAHMS
CHCTEeMbI YIPABJIEHUs, YJIydIIAoNue Pe3yabTaThbl

paborsr BILJIA.

Cnucokx aumepamypuoe

1. Mission Planner [Jnexrpornsii pecypc|. — Pexxum go-
crymna : https://ardupilot.org/planner/.

crymenT 4 kypca, cruemuaiabuocrs ACOU, rpymma 920605,

Bobposa Tamwvana Cepzeesha, acnupanT Kaheapbl TEOPETUIECKUX OCHOB 31ekTporexuuku BT YUP,

t.bobrova@bsuir.by

Hpmoaur Banreputi Heanosuy, accucreHT Kadeapbl HHPOPMAIMOHHBIX TEXHOJOTHI aBTOMATH3UPO-

Bauubix cucreM BI'YUP, v jarmolik@bsuir.by
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A. A. B6oposckast

I[IPOT'PAMMHBIN MOAYJIb ®OPMINPOBAHUA
CIIEIHUOGMNKAIINN KJIMEHTCKOTI'O ITPUJIO2KEHUN S

Leavro pabomoe ABAAETCA GHAAU3 TPEIMEMHOT 00AGCTIU, 0030D CUCTIEM GHAN0208, 6b100D CPEICME PEaAU3aAUUU,

Pa3pabomKa npozpammHnozo Moo0yaa, NPedHa3HAYERH020 OAA POPMUPOBAHUA CTIEUUPUKAYUUYL U GHAAUSE KAUEHTT-

cRUT cobBLmUl.
BBEJIEHUE

Benenne crenudukaymm mporpaMMHOTO obec-
[EYEHUs] SIBJISIETCs BAXKHEHIIMM 9TAIlOM DU Pa3pa-
6orke IT-TpOAYKTOB, KOTOPBI MO3BOJISIET OMpPEIe-
JINTH TPeDOBAHNUS 3aKA3YNKA U MPUBECTH UX B COOT-
BETCTBHE C BO3MOXKHOCTSIMH TEXHUIECKON peann3a-
nuu. Crenudukalius TPOrpaMMHOTO OGeCeYeHwst
[IOMOIaeT YMEHBIIUTh KOJUIECTBO OMUOOK U ITOBbI-
CUTH Ka4eCTBO pa3pabOTKM, TAK KAK OHA, TO3BOJISIET
n30erarb HECOOTBETCTBUI MEXK Y (baKTUIeCcKoil pe-
anm3armeil U UCXOTHBIMU TPEOOBAHUSAMH.

I. AHAJIN3 TPEAMETHONM OBJIACTHU

Cucrema npegnasnadeHa Jjisg GOPMUPOBAHUS
crerupUKAINY U AHAJIN3d COOBITHIT, KOTOPBIE MO-
JKET TEHEPUPOBATH TOJb30BATEb B TIPUJIOKEHUM.
CobbiTHe - 9TO KOHCTaTaIKs (DAKTA HEKOTOPBIX J1eii-
CTBHI 110JIb30BATEIIs IPUJIOKEHUs (HAIPUMED IIIeJI-
YOK 110 KHOIIKE, [IOKYIIKa KAKUX-TO TOBAPOB U T. [I.).
Crenudukariys TpOrpaMMbl — IIOJTHOE OMUCAHUE Ha-
3HAYEHUsT MPOTpaMMbl, €€ (yHKINA, TpeboBaHMIA
Ha BXOJ[HbIE JaHHbIE, €€ Pe3yIbTaTOB, 0COOEHHOCTEH
dyuknuorupoanus. OTAeNbHOM YacThiO crenudu-
KAIlUU sIBJISIeTCsT crieruuKamus cOObITHN KITHeHT-
ckoro npuyioxkenus. lanaas crenudukamus mo380-
JINT OTCJIEKWBATH W3MEHEHUs] METOIOB M WX Tapa-
METPOB IPHU BBIXO/I€ HOBOI BEPCUU MPUJIOKEHUSI.

II. OINCAHUE CUCTEMBI

Ilocne perienus o BHECEHUY W3MEHEHUH B TIPU-
JIO2KEHUE, HAIPUMEDP peasim3alius HOBOIO (DyHKIM-
OHAJIA, WU yAAJEHWe WU W3MEHEHHE HEKOTOPBIX
€ro KOMIIOHEHTOB, CHAYaJ I8 He0OXOAMMO ChopMupo-
BaTh cuernudukanuio coobiTuit HOBO# Bepcuu. s
3TOrO OTBETCTBEHHBI COTPYIHUK AHAJUTUYECKON
cy>KOBbI BHOCUT M3MEHEHHs B cucTeMmy. Bor moce-
J0BATENbHOCTDL ero aeiicrsuii. Cnadasia HEOOX0aM-
MO c(HOPMHUPOBATH HOBYIO BEPCHIO JJIs OMpPEIesIeH-
HO# m1aT(HOPMBI ONPEIEIEHHOTO TPOEKTa HA OCHO-
Be mpenpiayieit. Ha mepBom 3tame HOBast Bepcus
uaeHTudHA crapoii. Jlasee B Hee BHOCATCH n3MEHe-
HUS, HAIIPUMEp, JT0DABJISIOTCS HOBbIE COOBITHS, MO-
auunupyorcs win OOHOBISIOTCS crapbie. [loce
9TOr0 COCTOSHWE HOBOI Bepcuu coxpansercs. /la-

36oposcras Anna Andpeesna,
yupasiieauss BI'YUP, ania.zborovskaya@gmail.com

Hayunoii pyrxosodumens: Tpopumosuy Anexceti @Pedoposun,

see popMuUpyeTcst excel-T0KyMeHT, KOTOPBIit comep-
KUT OTJETHHO TOJTHOE ONMUCAHWEe HOBOM BEpCUU, U
excel MOKyMEHT, KOTODPBI COAEP>KUAT ONHUCAHUE W3-
MEHEHUH MO0 CPABHEHUIO C MPeIbIIylleil BepChueii.

III. OB3OP CUCTEM AHAJIOTOB

PazpabarpiBaemyio mporpaMmy MOXKHO pac-
CMaTPUBATH KaK OTIEIbHYIO0 MpOrpaMMy st (hop-
MupoBanus crernudukanuu. Torma B KauecTse ana-
JIOTOB MOXKHO paccmoTpeTrb Swagger, Devdocs. Cu-
cTeMy MOXKHO PACCMATPUBATH KAK MIPOTPAMMHBIN
MO/LyJIb, KOTOPBIH HCIOJIB3YeTCs APYIUM MOIYJIEM
JUIST aHAJIN3a KJIMEHTCKUX COOBITHIl, TOTIA aHAJIO-
raMy JTAHHOW CHUCTEMBI SIBISIOTCH MAPKETHHTOBBIE
AHAJIUTUYECKUE U MEINa, CETH, KOTOPBIE TO3BOJIS-
0T IIPY MMILJIEMEHTAIUN U UCIoab30Banun ux API
cobrparhb JaHHbIE MPUIOKEHUN WIN CAafiTOB U Xpa-
HUTDH UX B cBouX xpanuwumiax. OHu cojepkar CBO
CTPOTO OIPEIEJIEHHYI0 COOBITHHHYIO crernuduKa-
nuto. Ilpumepom takoii cucrembr siBiasercs Google
Analytics .

IV. BBIBOP CPEJACTB PEAJIN3AIINNU
Pesynabrupytornuit HAOOp CPesCTB peaTn3ainm
MPOTPAMMHOTO MOYJ/IsS TIPEICTABIEH B Tadmie 1:

Tabsmma 1 — CpeacTBa peam3arnum

XapaKTepucTuka Cpencrso peajm3anuu
fI3bIK IporpaMm. C Sharp
CYB/ MsSql
Texwuosiorus Windows Forms

Microsoft Visual Studio

Cpena paspaborku

V. BbIBO/IbI

B pesyabrare pa3spaboTaHHBI MPOrpaMMHBIN
MOJIYJIb TIO3BOJIUT CHU3WUTH TPYI03AaTPAThl HA IIO-
ncK mHGOpMaInu, (POPMUPOBAHKE CIEIUPUKAIINHN,
[OUCK CTEHEPUPOBAHHBIX OIMUOOK, AHAIU3 JIAH-
HbIX. KpoMe TOro, KOMIaHHSA MOJYyYIUT IIPUOBLIDL
Oiaromapst JeTaJbHOMY aHaau3y 3(hdOEKTUBHOCTH
BHECEHHBIX W3MEHEHU B MPUJIOKEHUE.

Cnucox aumepamyput

1. Texuosorus pa3paboTKu NporpaMMHOro obecnedenus. /
Bpayzme 9.Ix. — 2004. — C. 656.

cryneaTka 4 Kypca dakynbrera nHOOPMAIMOHHBIX TEXHOJOTUNA U

CTapIUii TIpernogaBaTesh Kapeapnb

nH(MOPMAIMOHHBIX TEXHOJIOTHi aBToMaTrn3upoBanubiii cucrem BI'YUP, trofimaf@bsuir.by



A.C. Maxuosu4, K. A. Mypry3anuesa

ABTOMATUM3UPOBAHHA S CUCTEMA TECTUPOBAHUSA
3HAHUI CTYJIEHTOB IO JUCIUIIJINHE TEOPUI
SJIEKTPMYECKUWX ITENE

Hannoiti mesuc ompasicaem npoyece paspabomru v npuryun paboms: GEMOMAMUIUPOSAHHOT CUCTIEMbL TECTNU-

posaruA 3HAHUY cmydenmos no JUCUUNAUNKE MEOPUA INEKMPUHECKUT Yenel.

BBEAEHUE

Yacro npu crade 1abOpaTOPHBIX pabOT BO3HU-
KaeT Tpo0JIeMa TECTUPOBAHUS W OIEHKU yUAIHX-
CsA, CBA3aHHASA C TPYJIOEMKOCTHIO CO3AHUS WH]IW-
BU/IyaJIbHBIX TECTOB i KAyKJIOrO CTYJIEHTa W WX
npoBepkoit. PaccMoTpeB paznudHble BADUAHTHL Pe-
[IEHUs JTAHHON 1mpobsieMbl ObLIO IIPUHATO PEIIeHHE
pa3paboOTaTh ABTOMATU3NPOBAHHY O CHCTEMY TECTH-
poBanwus. [LII0CHI TAHHOTO BAPUAHTA, PEIIEHNUST: IKO-
HOMWSI BpDEMEHH, TIOJydeHne GhICTPOro oT4éra o pe-
3yJIBTATAX TECTUPOBAHUS, THOKOCTH CHCTEMBI.

I. BBIBOP HHCTPYMEHTAJIbHBIX CPE/ICTB
PEAJINBAIIIN CHUCTEMBI

s HanucaHws aBTOMATU3WPOBAHHON CHCTE-
Mbl ObuT BeiOpan s3bik C#£. IIpemmymrecTBa: pac-
MIAPSIEMOCTh CHCTEMBI, yI00CTBO pa3paboTKm, CKO-
pocth paborbl, momazaep:xkka. Jas ymobcrBa ObLTO
MpUHATO permenne ucnoib3dosarb WPF — miardop-
My TOJIh30BaTEIHCKOTO MHTepdeiica I CO3manns
KJIMEHTCKUX TTPUJIOKEHUIH.

B kagecree CYB/I 6buia BeiGpana MySQL.
[IpenmmecTBa: KpoccmaardOPMEHHOCTh, CKOPOCTD
paborsl, beszonacuocrs, beciaraas CYB /.

II. TIOCTPOEHUE CUCTEMBI

s ymporennsa JaabHel el peaan3aiuu Cu-
cTeMbl ObLIM IIOCTPOEHBI Use-case AuarpamMma (puc.
1) u cxema 6a3 nannbix (puc. 2).

M3MeHeHue NapameTpoB 1abopaTopHbIX paboT

<<pacumpnTL>>
<<pacuMpHTL>>

M3MeHeHue Bonpoca

NPOCMOTP 7260paTOpHbX
pabot <<PACWMPUTL>>- ‘Ao6asneve sonpoca
<<pacumpnts>>

yaaneHue sonpoca 511 sonpocos

880/, AAHHbIX NPenoaaBaTens
npenopasarens B/l npenopasareneii
M3MeHeHMe NPUBA3AHHBIX K

npocmoTp /
cTyAenToB

BX0A B CUCTEMY.

BB/, AAHHBIX CTYAGHTa

BbiGop /1P

cryaent

BbinosHerme /P B/l cryAenTos

Puc. 1 — Use-case nmarpamma

— K «— Pk K

Wma damunma CyTb BONpoCa

Pamnns nmn NpasuibHbilh oTBeT
Orsecrso Orsecrso
Tpynna Napons

P Noruw

1K
B i3

nP7 Pk $ 13

npg Hassanue Ouenka

Puc. 2 - Cxema 6a3 maHHBIX

III. ONMCAHUE AJITOPUTMA

Bxoz, B cucremy ocyIiecTBisieTcs ¢O CTOPOHbI
npernogasaresia u cryaenta (cm. puc. 1). Cryment
BBOJUT CBOW JAHHBIE, KOTOPbIE MOMATAI0T B 0a3y
crynentos. /lamee BuiOupaer HOMEpP JTabOPATOPHOM
paboThI ¥ BBIMOJHSIET TECT. Y IPErnoJaBaTess ecTh
BO3MOXKHOCTH [IPOCMOTPA U U3MeHeHus 6a3bl 33/1a4,
MPUBSI3BIBAHUS 34 COOOH CTYIEHTOB W M3MEHEHWs
ycloBuii TectupoBanus. JljIs BXOma mpemomaBaTe-
JISE B CHCTEMY €My HeOOXOIUMO BBECTH CBOU JIMIHBIE
JIAHHBIE U TAPOJIb TPEMOIABATES.

IV. 3AKJIIOYEHUE

B xome paboThl ObIIa CITPOEKTHPOBAHA W pPe-
aJIM30BaHa CHCTEMA, MO3BOJIAIONIAS MAKCUMAJIBHO
3¢ dHEKTUBHO TECTUPOBATH CTYIEHTOB O3 HemoCpe I-
CTBEHHOT'O yJacTus mpemnogasarensd. JlanHas cucre-
Ma II0JIe3Ha JJIsl Iperogasaresieil, Tak Kak obecie-
4UBaET aBTOMATU3ALUIO IIPOBEPKU 3HAHUN CTY/IEeH-
TOB, U JIJId CTYJEHTOB, TaK KaK TTO3BOJIAET ITPOXO-
JUTH TECTUPOBaHUE B Oojiee ymobuoM dopmare.

Cnucox aumepamypol

1. Teopusa snexTpudeckux memeit. C60pHuK 3ama4. B 4 4.
Y. 1: DiekTpUYeCKUe ey TOCTOSTHHOIO ¥ IIEPEMEHHOTO
ToKa. KosebaTenbHble KOHTYpPBI: yueb.-MeTo . Mocobu-
e/A.IL.Kypynés [z ap.]. — Munrck: BI'VIP, 2017. — 142
c.
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A. A. Hosuxk, M. U. ITerpycesuy, H. A. Benckuii

CHUCTEMA PACYETA IIEPEXOJHBIX COCTOAHUN
SJIEKTPUYECKUX IIEIIEN METO/J10M IIEPEMEHHBIX
COCTOdHUM

Paccmampusaemcn cozdannan Cucmema pacuema nepexodﬁmx cocmoarud INEKMPUMECKUT ueneﬁ Mmemodom ne-

PEMEHHDBLT cocmoAaHUs.

BBEAEHUE

MeTo/, mepeMeHHBIX COCTOSHUS TPE/ICTABIISET
co00# yHOpsTOUEHHDIH CIIOCO0 HAXOXKAEHUST COCTO-
SIHUST CUCTEMbI B (DYHKIIUU BPEMEHU, WCIOJIB3YI0-
I MATPUIHBIA METO/I pEIIeHns CHCTeMbI Tudde-
PEHIHAIBHBIX YPABHEHUN TIEPBOTO MOPSIIKA, 3aIlu-
cauubix B ¢dopme Komu (B HOpmasbHOil dhopwme).
OH oCHOBaH Ha HUCHOJB30BAHUU cUCTeMbl nudde-
PEHIMATIBHBIX YPABHEHUI, OLUCHIBAIOIIMX [OBE/IE-
Hue cucrembl. T.e. cocraBisercsa nuddepeHmaib-
HOE ypaBHEHHWE N-TO MOPsIKa, KOTOPbIE B MOCIEI-
crBuM pas3buBaercsa Ha cucreMy u3 n anddepen-
MUAJbHBIX YPaBHEHWN MEPBOro mopsijaka. B mgaH-
HOM METO/IE MEPEMEHHbIE COCTOSTHUS TPUHUMAOTCS
KaK OCHOBHBIE TIEDEMEHHBIE CUCTEMbI, ITO TIO3BOJIsI-
€T YyIPOCTUTH TMPOIECC PACIETA W AHAJIN3A TTEPEXO]I-
HBIX TIPOIECCOB. [JITaBHBIM MWHYCOM JTaHHOTO METO-
Jla AJITOPUTMHUBAIINH SIBJISIETCST COCTABIIEHUE yPABHE-
Huit, T.K. Ha 9BM npakrugecku HEBO3MOXKHO OITH-
MaJIbHO PEATM30BATE AJITOPUTM COCTABJIEHUST CUCTE-
MBI yPaBHEHWIi, TTO3TOMY HamOOJIee ONMTUMATHLHBIM
SIBJISIETCSI BAPUAHT COCTABJIEHUS yPABHEHUH deJIO-
BEKa ¥ MOCTEeAYIONero ux pemerus Ha DBM.

I. PA3PABOTAHHASI CUCTEMA

Pazpaborannast cucrema mpeacTaBisier coOOi
HPOrpaMMHbBINA IPOAYKT, OCHOBAHHBIA Ha MeTO/Ie 11e-
peMeHHbIX cocTosiHuil. IIporpamma mo3BoJisier Mo-
JeJINPOBATh TEPEXOHBIE MPOIECCHI B DJIEKTPUYIE-
CKUX IIEMSX C PA3IUIHBIM KOJIMIECTBOM IJIEMEHTOB.
Cucrema pazpaboraHa Ha s3bIKE MPOTPAMMHPOBA-
Husa Python m mMmeer BHI KOHCOJBHOIO MPHUIOXKE-
Husi. CTOUT 3aMETHUTD, YTO YPABHEHUST COCTABJISAIOT-
Cs AHAJIMTUYECKH, W3-33 9€r0 MPOrpaMMa B HEKOTO-
PBIX CIIy4asix HE MOYKET KOPPEKTHO COCTABUTDH CH-
CTEMY ypPaBHEHWI, OCODEHHO €CJIU IeNb COAEPIKUT
60JIbIIIOE KOJIMYECTBO JJIEMEHTOB.

Hosux Apmem Aanexcandposuu,

II. TIPUMEP PABOTHI

B masase mporpamMmbl peasm3yercs CXema
circuit ¢ IOMOIIBIO METOJOB U KJaccoB 6ubimnore-
ku PySpice. ITorom cxema mpencTaBisieTcsi B BU-
Jle HECKOJIbKUX TPadOB W HAXOAUTHCS CIUCOK 3JI€-
meHToB (L m C), 3Ha4eHHs KOTOPHIX HAJO OIpe-
JemuTh GOpMyIbHO. JIIst KaXKa0ro 3JeMeHTa CXe-
MBI HAXONATCH HEOOXOAMMbIE JAHHDBIE /I OIpese-
sienust ypasuenuii. C nomombio QyHKIUI BblIeIs-
IOTCSI TOK U HATIPsI?KEHWE, KOTOPHIE HEOOXOINMO BhI-
pasuth. Jlambine mporpaMmMa mpoBepsieT HAXOMATCS
JIi B YPABHEHUAX TIEPEMEHHbIE, KOTOPbIE HE JI0JIK-
Hbl OBITh, W €CJIM OHU €CTb BBIPAKAET UX dYepe3
nepemenHbie cocrogaus. llorom mporpamma 3ame-
IaeT TepeMerHble B (HOpMysIe HA COOTBETCTBYIO-
e 3HAYEHUS JJI TEPEMEHHBIX W MOJIYy9aeT MaT-
puiy nuddepenimanbabix ypasaenuii. C moMoIsio
verono Oubaunoreku SymPY, NumPy pemaror-
ca >t auddepennuanbuble ypaBHeHus. Bmecre ¢
TUM TPOTPAMME, PEITAET CXEMY C TIOMOIIBI0 METO-
1o PySpice n naxonuT HavaibHbIe yeaoBus. [locae
9TOrO COCTABJISIOTCS MTOJTHBIE YPABHEHUS JjI TOKOB
B MHIYKTUBHOCTSX W HANPSIKEHWI B EMKOCTSIX.

III. BBIBOIBI

Cucrema pacdera TEePeXOIHBIX MPOIECCOB B
3JIEKTPUUECKUX IEISIX METOIOM TTEPEMEHHBIX COCTO-
SHUI TPEICTaBsgeT co00it ymobubI u 3ddexTrn-
HBI WHCTPYMEHT [IJIsi TPOEKTUPOBAHUS U MOIEIH-
poBaHUs 3eKTpuueckux reneii. IIporpamma mos-
BOJISIET TOJYy9aTh TOYHBIE PE3YJTbTATHI 32 KOPOTKOE
BPEMsl, 9TO JIEJIAET €e HEOOXOAUMbIM HHCTPYMEHTOM
JIJIS MHYKEHEPOB M HAYYHBIX pAOOTHUKOB B 001aCTH
SJIEKTPOTEXHUKH.

1. AraGekos, I'. UI. Ocuoser teopunm neneit / I'. 1I. AraGe-
koB // Jlanub. — 2009. — C. 425.
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1. K. Pomanosa

OBOCHOBAHUE AKTYAJIbHOCTUN PASPABOTKU
NMHTEI'PUPOBAHHOI'O AJITOPUTMA CKPUHMWHI'OBOI'O
AHAJIN3A OPUBNYECKOI'O COCTOAHNA CTY/JIEHTOB

Amnyammocmb paapa6om1cu anz2opumma uHmezpayul pa3dHonsaHoevT nonaaameﬂeﬂ, Tapaxrmepu3yrnouur gﬁusu—

HeCKYro N0020MOBAEHHOCTD U ¢U3'U,"¢607606 paszsumue cmydeHmos.

BBEJEHUE

3/10pOBbE CTYAEHYECKON MOJIOMEKHU SABJISET-
Cd COLUUAJIbHO 3HAYUMbBIM IIOKA3aTeIeM MeJUuKO-
JeMorpapuIecKoil  XapaKTEePUCTUKU — HACETCHUS
Pecniybninku Bemapych, Tak Kak dactast 3ab0jieBa-
€MOCTh MPUBOJUT K YMEHBbIICHUIO 3P DEKTUBHOCTH
y4a€e0HOI, a BIOCJIEICTBUH U IIPO(ECCHOHATLHOI e~
drespbHOCTH. B 1ociiennue rompl npoOCIeKUBAETCS
YCTOWYMBAST TEHIEHIINsI CHUYKEHUST YPOBHS (puzmde-
CKOTO 3JI0pPOBbsI M POCTA psifa 3a00JeBaHuil cpean
yUaIIUica MOJIOJIEKU: IO PA3HBbIM JAaHHBIM OT 20
70 40 mpOIEHTOB CTY/IEHTOB MMEIOT OTKJIOHEHUS B
COCTOSIHMM 3/I0POBbsi. B cooTBeTCTBUU C MHCTPYK-
e, yTBepKAEHHOIT MOCTAHOBJIEHNEM MWHUCTED-
cTBa 3ApaBooxpanenus Pecnybimkn Bemapych ot
9 mionsa 2014 r., CTyIeHTHI HA OCHOBAHUH 3AKJIIOTe-
HAS BPAdYaMU-CIENHATACTAMA OPTaHW3aIluil 371pa-
BOOXPAHEHUS PACIPENENAIOTCA B OCHOBHYIO, TOATO-
TOBUTEJIbHYIO, CIENUAJIbHYI0 MEJIUIUHCKYIO I'DyIl-
bl ¥ TPYMIy Jjede0Hol (bu3ndeckoit KyabTypbl. B
CBSI3M C POCTOM 3a00JIeBaeMOCTH M (DYHKITHOHAIb-
HBIX OTKJIOHEHHUI y CTYJE€HTOB 0cOOOe 3HAYEHUE B
[1eIArTOIMYEeCKON MPAKTUKE MPUOOPETaIoT UCCIIeI0-
BaHus uX (HYHKIUOHAJIHHOIO COCTOSHUS C UCIOJIb-
30BaHNEM COBPEMEHHBIX METOJOB KOHTDOJS U JINa-
raocTuKHU. [lom00HBIE WCC/IEIOBAHNS HEBO3MOXKHbI
0e3 CHenuaJIn3upOBAHHBIX ABTOMATH3WPOBAHHBIX
nH(MOPMAIMOHHBIX CHCTEM CKPUHHHIOBOTO THIIA,
AKTYaJIbHOCTb CO3JaHUS KOTOPBIX HE BHI3bIBAET CO-
MHEHUI.

I. 3AJAYM UCCJEJIOBAHUSI

CKpuUHUHTOBBbIE WHMOOPMAIUOHHBIE CHCTEMbI
MPU3BAHBI OKA3BIBATH COJEHCTBUE B PEIIEHUU CJie-
JYIOIIMX 33/1a49, CBA3aHHBIX C MACCOBBIM HCCJIEI0-
BaHUEM OOJIHITINX KOJIIEKTUBOB CTYIEHTOB:

- ompenenenne u (pukcamus B 0a3e TAHHBIX
ypoBHsI (PU3UIECKOr0 310POBbs KAazKI0I'0 KOH-
KPETHOTO CTYIEHTA;

KOMTIIJIEKTOBaHHE Ha 06a3e yd4eOHOro Kypca
Tpynrn CTyJEeHTOB C OJHOPOAHBLIMU ITTOKa3aTe-
NIMU PU3TIECKOTO 3T0POBD;

OIpe/iesieHne ONTUMAIbHBIX (DU3MIECKUX Ha-
I'PY30K, CPEJICTB U METO/I0B (PU3UIECKOrO BOC-
MTUTAHUS C YIETOM YPOBHS (DU3MIECKOTo 370~
POBbA CTY/IEHTOB;

40

- MPOTHO3WPOBAHMUE TOKA3ATEEH YPOBHS (DU3H-
9ECKOT0 37[0POBbs U COOTBETCTBYIONMUX (DU3H-
YECKUX HATPY30K.

II. CKPUHUHI'OBBLIE NMHOOPMAIIMMOHHBIE

CUCTEMBI

Nudopmarnmontass TEXHOIOTHS CKPHHAHIOBO-
rO aHajn3a TMoApPa3yMEeBAET OMEepPATHBHYIO CTATH-
CTUYECKYI0 00pPa00TKY OOIBIINX 00BEMOB JTAHHBIX,
MOJIyYeHHBIX, B OOIIEM CJIy4ae, JJisi OIpPeIeIeHHO-
ro GOJIBIIOrO KOJIEKTUBA JIO/Ei, a B HAIIEM CITy-
yae — Jisd 33JaHHOIO KOHTHUHTEHTA CTYJIEHTOB TO-
O WM UHOrO yupex/jeHus obpazoaxus. Ouru-
MaJIbHBIM PENIeHUEM CIUTAETCS 00pabOTKA, TAHHBIX
CpeJICTBAMM TOII MPOrpaMMBbI, C IOMOIIBIO KOTOPOH
OHU OBLTU TIOJTYYEHBI, T.6 CODPAHBI U3 MEPBUIHBIX
HCTOYHUKOB W COXPAHEHbI HA MAITHHHBIX HOCHUTE-
nsax. Haubomee BoctpeboBanmoit popmoit crarucTu-
4eCKOit 00pabOTKM (PUBUIECKOTO COCTOSTHUS CTYIEH-
Ta SBJSETCS aHAJIN3 PACIPOCTPAHEHHOCTH BBIXOZA
3a IMpeJiesibl NHTEPBAa HOPMAJIbHBIX 3HAYEHU 110
IPYIIe mapaMeTpoB, KOTOPbIE JOJKHBI ObITH CBs3a-
HBI C TEJIbIO MMPOBE/IEHUsT CKPUHUHIOBBIX HCCIIEI0-
BaHuii. CKPUHUHTOBBIE TTPOTOKOJIBI MO3BOJISIOT IO
3aBepIneHny OOCJIeIOBAHNS TPYIIbI JIUI, OIEHUTH
PACIpPOCTPAHEHHOCTDb B TOI IPYIIE TEX WU WHBIX
OTKJIOHEHUH OT HOPMbI JIJIsl ISATH TPOU3BOJIBLHO BbI-
OpaHHBIX MTAPAMETPOB COCTaBa Tesa. lakum obpa-
30M, HH(DOPMAIMOHHBIE TEXHOJOTUU CKPUHUHIA MO-
TYyT TIOBJIUSATH HA 3P MEKTUBHOCTh PAHKUPOBAHUS
CTY/IEHTOB IT0 YPOBHIO (PU3HIECKO#T TO/ITOTOBIEHHO-
CTHU ¥ HA UX JAJbHEIIee ONTUMATBHOE (PH3NIECKOE
BocruTanue. [ oneHKu 3P HEeKTUBHOCTH MOXKHO
UCIOIB30BATh [O/X0J, HA, OCHOBE CHUCTeMbl COAIaH-
cupoBanubix mokasareneit (Balanced Scorecard -
BSC). BSC nossossier HallTH CBSA3b MEXKJLY CTpaTe-
TUYECKUMU [EIIMU U HAOOPOM B3aMMOCBS3aHHBIX
mokasaresieif, KOTopble OyayT CIocoOCTBOBATH JI0-
CTUKEHUIO 33/IAHHBIX IeJIe.

ITI. TIOKABATE/JIM OLEHKW YPOBHS
OU3NYECKOTO COCTOAHUSA CTYIEHTA

Bosee nmerampro mpobiemMaTuky perieHus mo-
JOOHBIX 3339 PACCMOTPUM HA MPUMEPE CKPUHUH-
TOBOTO HCCTIe0BaHUs, TpoBeeHHOro B 2022 ro-
ay #Ha 1 Kypce yupexgenus obOpasoBanusa «bemo-
PYCCKU# IOCyJapCTBEHHbIA MeJUIUHCKUN yHUBEpP-
curery. CTyIEHTHI TECTUPOBAJIUCH TIO CJIEIYIONIAM
moKa3are siM pu3nIecKoil moAroToBIeHHoCTH — Ber



100 M., Ger 500 M. (meBymikum), 1000 M. (foHO-
1K), NOATArMBAHUS (IOHOILM ), IOAHUMAHUE U OILyC-
KaHue TyJoBUILA (AEBYLIKHU), UPLIKOK B JJIMHY C
MecTa, HAKJOH BIEpes u3 ToJoyKeHusi cums. Te-
CThI (DU3NYECKOTO PA3BUTHS BKIIIOYAJIN TOKA3ATEIN
— POCT, BEC, CIUPOMETPHUS, TAUHAMOMETPUS KHUCTH,
YCC no u nocie ¢uzndeckoit Harpy3ku 30 mpu-
cenanuii (upoba Pydne). Ha ocnoBanuu nosyden-
HBIX JAHHBIX OMPEIeJIsIaCh WHTErPAJIHHAS OIEH-
ka @Il u OP. Ilonyuennnle naHHble OBLIN MOJ-
BEPrHYTHI METOJAM MaTEMaTUIEeCKON CTATUCTUKH,
9TO MO3BOMIO onpenenutb yposaun @I u OP
cryneHToB (HeyJOBJIETBOPUTEIbHDII, YI0BJIETBOPU-
TeJIbHbIA, xopowuil u owimunbiit). Tak, crysenros
UMEIOITNX HEYTOBIETBOPUTEIbHBIN ypoBeHb @Il m
OP pexkomeHnayeTcsd MepeBOIUTh U OCHOBHOM B MOJ-
TOTOBUTENbHYIO TPYIIY 3/0POBbs, & CTYAEHTHI C
V/IOBJIETBOPUTEIHHBIM YPOBHEM HAXOJIATCH B 30HE
pHCKa ® I HUX HEOOXOAMMO Pas3paboOTKa WHIU-
BUIYAJTHHBIX KOMILJIEKCOB YTPAYKHEHUN 03I0POBU-
TeJIbHO} HAITPABJIEHHOCTH, OIMITUMAJIHLHOTO 00beMa 1
WHTEHCUBHOCTH (u3mdeckoit Harpy3ku. [lpu srom
BayKHO yYUTHIBATH AWHAMUKY W3MEHEHUs OIEHUBA-
eMbIX IOKa3aTeseil OT cemMecTpa K CeMeCTPy U Ha
9TO# OCHOBE BHOCHTH KOPPEKTHUBBI B PACTIPEIeIeHIe
CTY/IEHTOB IO TPYTIIaM 310POBb.

Onenka ypoBHsT (PU3UIECKOTO 310POBbs OIIpe-
JIeJISIeTCS  CJIEIYIONMMHU TIOKA3ATeIIMU: KU3HEH-
HBI WHAEKC; CHJIOBON WHIEKC; MHAEKC Pobunco-
Ha; mpoba MapTund; BECO-POCTOBON HHAEKC — CO-
OTBETCTBHE JJIMHBI U MACCHI TEJa, OIEHUBAIOIIECeCs
1O TEHTUJIbHBIM MKaJaM. TakuM 0O0pa30oM, OIeHKA
VO3 orpaxkaer GyHKIMOHATHLHOE COCTOSHUE [IbI-
XaTeJbHOH!, MBIIIEYHON U CepAEYHO-COCYAUCTON CHU-
CTeM, [IPUYEM, [IOCJIE/IHENl B COCTOSHUN KAaK IIOKOS,
TaK ¥ TOCJIE JTO3UPOBAHHON (HDUBNUIECKON HATPY3KHU.
Pesynbrarbl maTH TPUBEIEHHBIX BBINE MTOKA3ATE-
Jieil OIEeHMBAIOTCS IO COOTBETCTBYIONIUM TabJINIIAM
B Dasiytax, KOTOPbIe MTOCJIE CYyMMHUPOBAHUS OIPEe-
JIIOT MHTErpaJibHyio orenky Y D3.

Bcero Boimensiercss maTh ypoBHei hU3nUeCcKo-
TO 3/I0POBbSI:

1 - o4eHb HU3KUIL;

2 - HU3KWUIL;

3 - YIOBJIETBOPUTEIbHBII;
4 - xopormmii;

9 - OTJIMYHBIN;

Pesynbrarsl ucciemoBanuii, Kak BbIIIE yKa3a-
HO, 00pabaTBIBAIKNCH C TOMOIIBIO OOIIEIPUHATHIX

Pomarosa lapva Kupuarosha,

METOJIOB MATEMATHIECKOH CTAaTUCTUKHU. Mcmonb3o-
BAJIKCHh OJHOMEPHBIE U MHOTOMEDHBIE METOJbI CTa-
THCTUYECKOrO AHAJIUA3A.

HpI/I 9TOM BbIYUC/IAJIUCH:

1 - cpennee apudMeTuIecKoe;

0 - CTAHJAPTHOE OTKJIOHEHUE;

mx - OIMUOKa CpeIHero apudmernde-
CKOT0;

t - kpurepuii CrbroieHTa;
r — KO3 DUINEHT KOPPEIAINT;

R MHOXKECTBEHHBbIN KO3 durimenT
KOPPEJISAIINH.

Broimosimenne BcexX ONMMCAHHBIX OEHCTBUI TpedyeT
OdYeHb OOJIBINKX 3aTPAT BPEMEHM KakK Ha rare cHo-
pa, Tak m Ha 3Tamax obpaborkm mHpopmaruu. Ho
0CODEHHO CJIOKHBIM $IBJISIETCSl IPUHATHAE PEIIeHui
IO OTIPEIETIEHNIO UTOTOBOM OIEHKN MCKOMOTO YD 3.

IV. BBIBO/BI

B cBsa3u ¢ BOCTPeOOBAHHOCTHIO HA, MPAKTHUKE
CKPUHWHTOBBIX CHCTEM aHaau3a (bU3UIECKOro CO-
CTOSIHUS CTY/IEHTA AKTYAJLHON sBJIsieTcs pa3pabor-
K& KOMILIEKCHOIO AJIPOPUTMA PAHKUPOBAHUS CTY-
JIEHTOB 10 YPOBHSM (DU3WIECKOTO 3I0POBbs HA, OC-
HOBE WHTETPAINH MOKa3aTeseil pusnaeckoil moaro-
TOBJIEHHOCTH U (PU3UIECKOro passurusd. 1IpoBomgu-
MO€ UCCJIEOBAHNE HAIPABJIECHO HA Pa3pabOTKy MO-
Jiesieft, MeTOJI0B U aJIrOPUTMOB Jijisi CKDUHUHIOBOT'O
aHaIn3a PU3NIECKOrO COCTOSTHUS CTYIEHTOB.

[enbio uccienoBanms SBISETCS pa3pabOTKA
AJITOPUTMA, MHTETPAIUN PABHOILIAHOBBIX TTOKA3ATE-
Jieit, XapakTepu3yoomux (u3ndeckoe pa3BUTHE U
buU3UYIECKYIO MOATOTOBIEHHOCTh CTYAeHTOB. O6b-
€KT HCCJIEJIOBAHMS - MOKa3ared pUu3ndeckoil noj-
TOTOBJIEHHOCTHU U (DU3UIECKOTO PASBUTHUST OOJIBHITIONO
KOJIMYIECTBA JI0Aeit 1 MeTomnsl ux oopaborku. [Ipes-
MeT WCCJIEIOBAHUS - AJITOPUTM MHTETPAIUU MHOKE-
CcTBa moKazaresieil s OOHAPYKeHUsI T'PYII JIWII,
UMEIOIMUX OCOOble 3HAYEHUS WHTErPATHLHOIO IOKa-
3aresst (pU3UIECKOil MOArOTOBJIEHHOCTH U (hu3nde-
CKOT'O PA3BUTHUS YEJIOBEKA.

1. Angpromenko, JI. B. ®u3udeckoe BOCIUTAHWE CTYIEH-
TOB Ha OCHOBE HHTETPAIMH CIIOPTUBHBIX M O3J0POBH-
TenbHBIX TexHONoruit. / JI. B. Arapromenko — 2001. —
BI'CXA - C. 164.

2. Baponenko, B. A. 3noposbe u dusmdeckas KyabTypa

crynenra. / B. A. Baponenko — 2006. — C. 352.

MarucTpaHT Kadeapbl HHOOPMAIMOHHBIX TEXHOJIOTHI aBTOMATH-

supoBanubix cucteM BI'VIIP, daryarommanova@yandex.by.

Hayunoi pyxosodumenn: Jlomaxo Anexcandp Burxmoposuw,

JoreHT Kadeapbl HHOOPMAIHI-

OHHBIX TeXHOJoruii apromarm3upoBanubix cucrem BI'YUP, kamaummar rexnudeckux HayK, IOIEHT,

lavlot@bsuir.by.
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A. H. IITemko

PA3BPABOTKA CTPYKTVYPHI IO C TIOMOIIILIO METO/IA
NTYJIBIIE

Pacemampusaemes nodzod k cozdaruro cmpykmypvs, UL/ UX dusating npunoscenus 1a 0cHose memodos npurAmus

PEWEHUA.
BBEAEHUE

Ha ceroamsmunit neasb B cdepe I'T me momy-
JIAPHBI MeTOAbI M3OUPaHWs, TAK KAK OHU TIHKEIIO
MIpUMEHNMBI B JaHHOI obsractu. B pabote mpemio-
JKEHO WCITOIB30BATh OJWH W3 TAKUX METOJOB JIJIs
MTOCTPOEHNUsT YOOHOTO M TIOHSITHOTO MOJIb30BATEITIO
uaTepdeiica. Boibpan meron llynbue, Tak kKak oH
XOPOIIIO OIHUCHIBAETCH MATEMATHIECKHU, & CJIeI0Ba-
TEJIbHO HCIIOJIb30BATH B JAJIbHEHIEM HA €r0 OCHO-
BE€ KaKue J'[I/I6O ABTOMATU3UPDOBAHHbIE CUCTEMbI JIJIsA
pacrpesiesieHu# 3JIeMeHTOB TPUJIOZKEHHUS TI0 PE3YIlh-
TaTaM caMoro meroza. Takrke MeTON BCerja Haxo-
JUT TI00EeIUTENsd, TEM CAMBIM €CJTU OIEHKHU JKCIIEP-
TOB OyZyT HE COIVIACOBAHHBI TO METO[] BCEI/Ia JACT
orser.[1]

I. OINUCAHUE AJTOPUTMA

PaccmoTprM 3aroToBKY MPHUIOKEHHST N300pa-
JKeHHYIO Ha pUCYHKe 1.

1.Bxoa
2. Perncrpauna
S.Boecoa
3 Hanucars CooSuienne
4. OrnpasuTe CooGuienne
S.HamTn Konraxr
6. OrkpriTe KonTaxT
T HacTpo@Kn
2 VaanuTe cooBuiere

9. OTkpeITe hafias

Puc. 1 - MakeTr npuioxeHus

WN3buparensvu [jIg 9TOTO METOA BBICTYIIST
TECTUPOBIIUKHI WU KAKUe JTUOO JPYrue rpyInbl JTo-
Jieit Ha OCHOBE YbWX JIAHHBIX Oy/er MOCTPOEH OTBET.
[IpeoxkeHHbI aNrOpuTM HOAPA3YMEBAECT TAK IKE
7 paboTy HKCIEpPTa, TaK KAK METOI MOXKET JIaTh OT-
BeT He SBJISIONIMIICS BaJUIHBIM I JAHHOTO TPU-
JIOKEHUS, ¥ TOTJA IKCIEPT MEHSET BXOIHOE MHOXKE-
CTBO AKTHBHBIX 3JIEMEHTOB, a WHOIJA U CAMOCTOSI-
TeJIbHO BRIOMpAET mobequTesia Ha KaKoil ubo ure-
panuu. AJIroputM paboThI CIEAYIOMN: N3HAUA -
HO BCE AKTHUBHBIE JJIEMEHTHI OYIyT HAXOIUTCS HA
TEPBOM CJIOE MPOTPAMMBbI, H30MPATE/Ib BHIONPAET, a
TEM CAMBIM U PAHKHUPYET BCe OODBEKTHI, 0 KPUTE-
pum ux HamobHOCTH. /lasmee mocyie moydeHns BCEX
JIAHHBIX M30upaTesieil 0 PaHKUPOBAHUU, ITPOUCXO-
JWT TIOUCK TO0enuTesss SBpUCTHKON mytu. Ilosry-

Hlewxo Andpeti Huxonraesuu,
Bauubix cucrem BI'YUP, poizen211Q@Qgmail.com.

Hayunoti pyxosodumens: Ipomuenko Examepuna Baadumuposha,

YEHHBIN 1100e1UTe/b NOJIZKEH OCTATHCH HA [I€PBOM
CJI0€, OTHAKO Jajiee B BHIOOpAX HE YUIACTBYET, XyII-
Uil K€ KAHIUIAT 10 YBPUCTUKE IMYTH TepeMela-
ercs Ha BTOPOi#i cyioit. Tak mporcxXoauT moka Ha, mep-
BOM CJIO€ He OCTaHeTCd KaHauaaToB. B 3ror MomeHT
[IPOIIECC 3AIyCKAETCHd 3aHOBO /[JIsi BTOPOrO CJIOS, &
JIJIST TIEPBOTO JKCIEPT TPYNIUPYET AKTHUBHBIE 3JI€-
MEHTBI TIO TUITY WX HA3HAYEHUS, U TAJIee YIKE MEXK Ty
IpyIIaMu CXOXKuX 00beKTOB maer Oopnba. Takas
ke (haza HACTYNHUT U JJIs BTOPOT'O CJIOs, U TPUJIOXKE-
Hue OyIeT yXoauTh jaanbine B Tiiyoumy. Ha mepBom
CJI0€ JTOJI’KHA OCTAThCST OMHA TOOEIUBINAS TPYIIIA
KaHIUIATOB, OJHAKO MOYKET OCTAThCS OOJIBIIE IO
YCMOTPEHHUIO SKCIEPTA, TAKAS YK€ CUCTEMA OCTAHET-
Cd U I TOCJIeAYIONUX CIIOEB.

II. PE3VJILTAT PABOTH AJITOPUTMA

B konmne mosryuaem pe3ysbrar Ha OCHOBE TOTO
Ha CKOJIBKO CHJIa CUJIbHEHIIEero IyTH OJIHOrO KaH-
JUAATa JIydine Apyroit. s mpuioxKeHuws Ha puH-
CyHKe 1, K TpUMepPY MOXKHO MOJIYYUTDH CJETYIONINi
pe3yJIbTaT:

1 cnoit — Bxoa Perucrpanms

2 cnoit — Haittu konTtakT, OTKpPHITH KOHTAKT,
Hactpoiiku, Berxos,

3 croii — Bee ocrasrmmecs

III. BBIBOIBI

Bout  omucaH anropuTm MOCTPOEHHS —USEr
friendly unrepdeiica na ocaose meroma lynbie. C
€ro TIOMOIMBI0 MOYKHO MOCMOTPETHh KaK XOTeJH Obl
BUETH MPUJIOKEHNE MOJIH30BATE/N U OCHOBBIBASICH
HA 3TUX JAHHBIX BHIOMPATH ONTUMAJLHBIN BAPUAHT
PACIOJIOKEHUS SJIEMEHTOB. AJIPOPUTM HE sIBJISIETCST
UJEATTbHBIM TAaK KaK Ui HEro Tpedyercs Kak dKC-
MepT, TaK W TPYyIna w3dupareeii, HO UCIOJIH30BaB
€ro MOXKHO JOOUTHCS TIOBBIMIEHUS CIIPOCA HA TIPU-
JIOYKeHWe M3-3a MPaBUJILHOTO BhIOOpa mHTEpdeiica,
B CJI€ICTBHE YE€ro Hallle MPUIOXKEHHe OyIayT BHIOH-
paTh BMECTO MIPUJIOKEHU S KOHKYPEHTOB C TAKAM K€
byHKIMOHATIOM.

1. Hoxnaeakos A. H. HemepexoHocTh (HETPaH3UTHUBHOCTD )
OTHOIIEHUI IPEBOCXOACTBA U npuHsSTHE pemernil / Ilox-
nbakoB A. H.// Tlcuxonorus. 2Kypuan Beicuie mkosst
sxorHoMuku. 2006. Ne 3. C. 88—111.

crynenT Kadeapbl mHMOPMAIMOHHBIX TEXHOJIOTHIl aBTOMATH3UPO-

cTapmuii mpenojaBaTesb Ka-

deapbr nHOGOPMATTMOHHBIX TEXHOJIOTHI aBToOMATH3npoBaHHbiX cucteM BI'YUP, protchenko@bsuir.by.
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B. . Cynakos

APXUTEKTYPA ERP-CUCTEM

Pacemampusaromes  aprumexmypa cospemennnx ERP-cucmem. Ilposedeno uccaedosanue enedpenus ERP-

cucmem Ha NPEONPUATNUATL, U3YHEHUE 0CHOCHBLT NPEUMYULECTNE U HedOCTNAK0E 00001020 6HedPEHUA, 4 MaKIICe

BAUARUA JAHHOLT PAKMOPO6 HA ONMUMUSAUUN OUHEC-TPOUECCOB.

ITounaTne ERP-CUCTEMBL

ERP (Enterprise Resource Planning) - op-
FaHU3AIMOHHAS CTPATErusl MHTErPAIUU IPOU3BOJI-
CTBa M OIepalyii, ylupasieHus TPYIOBbIMH PECyp-
caMu, (PUHAHCOBOI'O MEHE/KMEHTa W YIIPaBJIEHUS
AKTUBaMU, OPUEHTUPOBAHHAS Ha HEIIPEPbIBHYIO Oa-
JIAHCHPOBKY ¥ ONTUMHU3AINIO PECYPCOB TIPEINPH-
ATHSA TOCPEICTBOM  CIEIUAJTU3NPOBAHHOIO WMHTE-
CPUPOBAHHOIO ITAKeTa IPHUKJIAIHOIO IPOrPaAMMHO-
ro obecriedenns, 06eCIeInBAIOIIET0 OOIILYI0 MOIETb
JAHHBIX M IIPOLECCOB it BceX cep edaTelbHOCTH.

I. APXUTEKTYPA ERP-CUCTEM

B ocnose ERP-cucrem iexxut npuHIMI cO371a-
HUAS €IMHOTO XPAHW/IWINA JAHHBIX, COIEPKAIIErO
BCIO KOPIOPATHBHYIO Ou3Hec-uadoOpManuio u obec-
[EeYUBAIOLIEI0 OJHOBPEMEHHbINA JIOCTYIl K HEH JIIo-
60ro HEOOXOIUMOTO KOJIMIECTBA COTPYIHUKOB TTPE]I-
MPUATHS, HAJEJIEHHBIX COOTBETCTBYIOIUMU TIOJTHO-
MoumsMu. V3MeHeHne fTaHHbIX TPOU3BOIUTC Yepel
dbyukuuu cucremsr [1].

Kment-cepBepHbie BbIMuCI€HNUS JAIOT OIPOM-
HbIE IPEUMYIIECTBA B OTHOLIEHUH DPACIPEIEICHUS
Harpy3KM Ha CHCTEMY, MACHITAOMPOBAHUS W MMOKO-
CTH, HeOOXOAMMOM 1 pa3BuTHus. T pexcioiinas ap-
XUTEKTYPa, CUCTEMBI COCTOUT W3 YPOBHS IIPE3EHTA-
nyii, YPOBHS MPUJIOKEHUI M ypoBHs 0a3 JaHHBIX
— 9TO ONTHMAJIbHAS Pean3alnsi PEKUMA KINEHT-
cepBep. Huske mpuBOISATCS XapaKTEPUCTUKHA KAXK-
JIOTO YPOBHSI:

1. YpoBenb mpe3eHTANWIT yIPABJISIET IUATIO-
TOM MEXKJy KOHEYHBIM TMOJIb30BATEIEM W KaKWM-
OO0 TTPUIIOYKEHNEM, TPOTPAMMOIi.

2. VYpoBeHb TNPHUIOKEHUN
TpanchOpMaIuio JTaHHbIX.

OCyIIECTBIAET

3. Yposenb 6a3 JaHHBIX OCYIIECTBJISET XPa-
HeHne, 0OHOBJIEHVE WITPEIOCTABIEHNE TaHHBIX C MO~
MOIIBIO TTPOrPAMM, PACIPOCTPAHEHHBIX HA YPOBHE
TIPUJIO?KEHUH.

CylecTByeT TATh BAPUAHTOB APXUTEKTYPbI
B coueranun “Kimenr-Cepsep” pacmpeenentoe
yIIpaBJIEHUE JAHHBIMY, V/IAJIEHHOE YIIPABIECHUE [TaH-
HBIMHU, TUCTPUOYINS BHYTPEHHETO YCTPOUCTBA MPO-
rpaMM, yJaJl€eHHOE TIPE/ICTABJIEHNE W PACIpeeseH-
HO€ TIPE/ICTABJIEHUE.

II. BueapeHukE ERP-cuUCTEM

Buenpenne na npemupustun ERP-cucrembr
obecrieunBaeT BBICOKWI yPOBEHb TOCTOBEPHOCTH
JIAHHBIX, OMEPATHBHOCTH B TOJYYEHUU HEOOXOIHU-
Moii mHMOPMAINY, €IUHCTBO MPEICTABICHUS WH-
dopmanuu aia Beex noapasesenuii [2]. lpu sTom
HaCTpauBaeMblil POJIEBOl JOCTYN K JAHHBIM CHUCTe-
Mbl 00ECIIEYNBAET HAJEXKHDBIH YPOBEHb HX 3allly-
ThI OT HECAHKITHOHUPOBAHHOTO MOJIYYE€HHUS U YTEUEK
nadOpMaIUn.

K meymobcTBaM, CBSA3aHHBIM C BHEIPEHHEM
ERP-cucrem MOXKHO OTHECTH BO3MOXKHBIN cabo-
Ta)kK M3MEHEHHUIl CO CTOPOHBI COTPY/IHUKOB, BBHICO-
KyI0 CTOMMOCTh W JJIUTEJIbHBIE CPOKU BHEIPEHWUS,
BBICOKYIO CTOMMOCTH BJIQJIEHUS CHCTEMOM, TPOEKT-
HbIE PUCKHW, CBSI3aHHBIE C YPOBHEM HH(MOPMAIINOH-
HO#1 3PEJIOCTH OPraHU3aIMK U YPOBHEM aBTOMATH3A~
UM 1 HEOOXOAMMOCTD JTOPA0ATHIBATH IPOAYKT, ITO
MOYKET CYIIECTBEHHO YBEJIMIUTH CTOMMOCTH BHEIPE-
Hst[3].

III. BHBIBOIBI

Bueapenne ERP-cuctem aBisieTcss 10porocto-
AIIUM U PECYPCOEeMKUM IIPOIeCCOM, KOTOPbI# OTBJIe-
KaeT yHpaBJIeHYeCKUA U HPOU3BOACTBEHHBII 11epCco-
HaJI KOMTIAHUW OT OCHOBHOW JeATeThHOCTH Ha TIPO-
nomkuresnbHoe Bpems [4]. OxHako cymmecTByomas
NIpaKTUKa BHEJIPEHUS TAKUX CHUCTEM IIOKa3bIBaeT,
9TO KaXKJbIi IPOEKT peau3yeTcda Ha IpeIIpuaTu-
AX UHJAUBU/IYAJIbHO U YHUKAJIBHO, YTO, 110 CYyTH, AB-
J18€eTCA JOIOJIHUTE/IbHBIM UCTOYHUKOM BbICOKUX 3a-
Tpar.

1. Emxudepos, B. I'. Busuec-nponecce: Pernamenranus u
yupasJiienue: yueOHuK. M.: Uudpa-M, 2008. 319 c.

2. 3aiines, M. I. MeTonsl ONTHMW3AIUKA yIPAaBJIeHUS U
OPUHATHS DeINeHUil: NpUMepHl, 3a43a4u, Keicer: yueb-
Hoe mocobue. 2-e. uza. ucnp. M.: U3garenscrso «/lemno»
AHX, 2008. 664 c.

3. Komum, P. C., JleransHbIil TPOMBINIJIEHHBIH IIIHOHAXK.
BenumapkuHr OH3HEC-IPOIECCOB: TEXHOJOTUH MOUCKA U
BHEAPEHHE JIyIIINX METOAOB PAOOTHI BAIIUX KOHKYPEH-
ToB. M.: Bamanc-kny6, 2014. 416 c.

4. O'Jlupu, /. ERP-cucremsr. CoBpeMeHHOE ILJIAHHPOBA-
HHe U yIpaBJeHHe peCypCaMH INpeAlpuATHA. BbeIOop,
BHeJpeHue, skciuryaranud. M.: Bepmuna, 2014. 272 c.

Cydaxos Bozdan Jmumpuesuw, crymeHt Kadeapbl HHOOPMAIMOHHBIX TEXHOIOIUI aBTOMATU3UPO-
Bauubix cucreM BI'VUP, sudakov.bogdan666@gmail.com.
Hayunoiti pykosodumens: Lepmar Onez Bumoavdosun, KaHIWIAT TEXHUYECKUX HAYK, JTOMEHT Ka-

denpur UTAC ovgerman@bsuir.by
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A. 1. Jlanmo, A. C. Mypasses, B. 1. dpmomuk

MOAEJINPOBAHUE JIBNU2KEHNA JIASEPA 110
3AJJAHHOM TPAEKTOPUN J1JII ®OPMUPOBAHUA
IIEPEXO/JHBIX OTBEPCTUI

B dannoti cmamve paccmampusaemcs npobiema Gopmuposaus neperooHsr omeepemut 6 KPeMHUe80T NAa-

CMuUHeE C UCTLONDB30BAHUEM AA3EPHO20 AYUQA aG'U,CHCyWBZOC.ﬂ no 3a0aHHOT mpaexmopuu

BBEJEHUE

Brimoneno  MomenwpoBaHWe  TIEpEMEITEeHU ST
choKyCcHpOBAHHOTO JIa3epHOTO JIyda IO BHIOpAH-
HOM TPAEeKTOPHUU CXEMBI JIBUXKEHUA JJIA IIOJIyYeHUA
OTBEPCTHS B KPEMHHEBOH ILTACTHHE HEOOXOIMMOit
st (DOPMUPOBAHUE KOHTAKTHBIX COEIMHEHUN MeXK-
1y kommonenTamu 3D-momys.

MOJIETMPOBAHUE JIBUKEHUE JIVYA T10
3AJIAHHON TPAEKTOPUU

IIpenmytiecTBaMU MCTIOTH30BAHUS JTA3€PHOTO
HarpeBa IBJISETCS BO3MOXKHOCTH TOYHOTO KOHTPO-
JIsl TEXHOJIOTUYECKUX PEXKUMOB U 00bEMA TTOIBOIH-
MOit sHeprum, ODECKOHTAKTHOE Bo3aeicTBue. Boico-
Kasl IJIOTHOCTDb SHEPIUU JIA3EPHOTO U3JIyYeHHS 1103~
BOJIIET 33 HEOOJIbIINE IIPOMENKYTKH BPEMEHH [10-
CTUTATHh BBICOKUX TEMIIEPATYp HArpeBa, B YaCTHO-
CTH TEMTIEPATYPHI MJIABJIEHUS PA3TUIHBIX MaTepH-
aJIOB, YTO MOTEHIUAIHHO MO3BOJISET HA OJTHOM TeX-
HOJIOTUYECKOM ODODY/IOBAHUU BBIMOTHATD IITUPOKHIA
CHEKTDP TEeXHOJOTMYEeCKUX OIePaIuil.

s cBep/ieHusT TEPeXOTHBIX OTBEPCTUM WC-
TIOJTb30BAJICSA CIIOCO0 mepeMenienns chPOKyCHPOBAH-
HOT'O JIA3ePHOrO JIyda MO TpaekTopuu cxembl. Ilpm
CBEPJIEHUU OTBEPCTUIl PUMEHSETCs TOYHbIE IIepe-
MEIIEeHNsT CTOIa C TJIACTHHON OTHOCHTEIHLHO HEMO-
JBUIKHOTO JIA3€PHOTO JIyva.

Jlns MomenupoBaHusa ObLTM BBIOPAHBI CIIETY-
fomue napamerpst: Jjazep moirHoctsio 10 Br, mym-
TeJBHOCTh HMIyabca — 1,2 He, gactora — 10-300
kl'm. na ngeificTBytomeil JJIWHBI BOJJHBI J1a3epa
[IPeJIIoJIaraeTcsi, YTO MOIVIOIIAMONIAs CIIOCOOHOCTH
paBHa m3sydarorieit criocobnocru. CremoBareabHo,
BCe Jla3epHOe u3JiydeHue OyJeT yXOAuTh HA HAIDEB
mractuabl. Inamerp dbopmupyemoro orBepcrus 0,1
mM. Pacder yazeproro usnnyguenus npu ¢hpOpMUPOBA-
HUW TIEPEXOJHBIX OTBEPCTHI TPUBEIEH B UCTOYHUKE
[1].

Il MOZIeTUPOBAHUST TPACKTOPUM JTBUIKEHUST
Jra3epa Mpe/IJTOZKEeHO HECKOIBKO BAPUAHTOB, OJH U3
HUX 3TO JABUKEHUE JIyda N0 THIOTpoxounie. Tak Kak
JTa3ePHOE WM3JIyYEHUe SBISIeTCS MMITYJIbCHBIM, ClIe-

JTIOBATEJILHO TIO XOAY ABWXKEHWS JIyda OyayT obpa-
30BBIBATHCS OOJIACTH HA KOTOPBIX HE OYyIET MpPOUC-
XOIUTh BO3JeiicTBue Ha Mmarepuas. Ilpumep moury-
YEHHON BU3yaJIM3alMK JIBUKEHUs IIPEICTABJIEH Ha
pucyuke 1.

0.050 4

0.025 4

0.000 4

—0.025 4

—0.050 1

T T T T T
-0.050 -0.025 0.000 0.025 0.050

Puc. 1 - TpaexkTopus OBUKEHHE JIA3€PHOTO JIyHa

3AKJIIOYEHUE

IIpumenenne mepemernienns chOKYCHPOBAHHO-
I'0 JIA3€PHOI'0 JIy4a II0 TPAEKTOPHUH BBHI3BIBAET IIPO-
6s1eMy BBIOOPA OMTUMAJIHLHOTO TYTH, KOTOPBIiT 0bec-
MEYUT MOJIYYE€HNE OTBEPCTUN ONTHMAJIBHOIO Kade-
CTBa ¢ MAHUMAJIBHOW 3aTpPaTOil BpeMEH! W HUCKJIIO-
JeHns meperpeBa m3zenus. HeoOxommmo mposese-
HUE JATbHEHnX HMCCaeqoBanuii B 3Toit obsracTtw,
YTOYHEHUH MOJIEJIENl U IKCIEPUMEHTOB /Ui [PAK-
THYECKOTO TTOITBEPIK ICHS.

Cnucox aumepamypuot

1. Jlammo, A.11. MogeaupoBaHue MpOIecca Ja3epHOU mpo-
LIUBKYU OTBEDPCTHH B KpeMHHE Ipu (popmuposanuu 3D
crpykryp / A.W. Jlanno, T.C. Bo6posa, O.B. Ky3sueno-
Ba / Marepmasbl MeXIyHAPOSHON HAyIHOU KOH(bEpPeH-
muu «ITS-2019» Muuck: BI'VUP, 2019. — C.232-233

Jlanno Aaexcandp Hezopesuu, cr. npenomasarens Kadeapbl nHGOPMALMOHHBIX TEXHOJIOIUH aBTOMA-

Tu3upoBaHHbix cucremM BI'YUP, lappo@bsuir.by

Mypaeves Aaexcandp Cepzeesun, cryment 2 Kypca, cnermuaibaocrs ACOU, rpynma 120602, BI'YIUP
Hpmosrur Banreputi Heanosun, accucrenT Kadeapbl HH(MOPMAIMOHHBIX TEXHOJOTHI aBTOMATH3UPO-

Bauubix cucrem BI'YUP, v.jarmolik@bsuir.by
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A. JI. Topsuko, A. 1. JlurBurOBUY

AHAJIN3 OIIEHOK CTYJIEHTOB HA CECCUAX IJId
NCCJIEJOBAHUA N3SMEHEHUN B OBPA3ZOBATEJIBHOI
CUCTEME

Aranrus oyernox cmydenmos - 8aAHCHBIT UHCPYMEHTM OAA OUEHKYU IPHeRMUEHOCMU 00Pa3084MEALHOT CUCTEMDL.

On noseoasem 6bvLAGAAMD USMEHEHUA, onpede/mmb TLp06JL6MH’bL€ obaacmu u yayvuwams Ka“ecmeo 06y"£6H’U,.ﬂ.

Peay/wmamm aHAAU3A TNAKIHCE TLOMO2G10TTN npenoaaeame/wmt yayvruwamsv ce0uU MEMO0bL 06yH€HUﬂ.

1. BBEJEHUE

Obpa3zoBanue - BaxKHbBIH (DAKTOP IKOHOMUYIE-
CKOTO ¥ COIMAIFHOTO PA3BUTHUs CTPAHBI. B ycioBu-
AX TMQPOBBIX TEXHOJOTHUH W AUCTAHIIMOHHOTO 00Y-
JeHUsl, HeOOXOAUMO IIPOBECTH AHAJIM3 TEKYIIEro Co-
CTOsIHMsL 0Opa30BaTE/NIbHON CUCTEMBI, UCCIELYsl Pe-
3yJIbTATbl CECCUil CTY/IEHTOB CIIELMAIbLHOCTH <AB-
TOMATU3UPOBAHHBIE CUCTEMBI 00paboTKN WHpOpMa-
nuwns. [lesb paboTs! - HAATH BO3MOXKHOCTH TPE0dpa-
30BaHUS CUCTEMBI OOPA30BAHUS U MPEJIOKUTD ITy-
TH JJIsl €r0 ONTHMH3AIUHU C IOMOIIBI0 METOIOB CTa-
THUCTUYECKOIO aHAJIM3A, JAHHBIX.

II. AHAJIM3 CUCTEMBI JO UBMEHEHUS

OBPA3OBATEJIBHOT'O IMTPOLIECCA.

UccnenoBanue mpoBeIEHO Ha OCHOBE OIle-
HOK CTYAEHTOB 3 Kypca cuenuajibuocru "Apro-
MaTH3WPOBAHHBIE CHCTEMBI 00paboTKM wmHMOpMa-
nun" daxyaprera MHOOPMAIMOHHBIX TEXHOJIOTHHA 1
yupasiieHus: Bemopycckoro rocyIapcTBEHHOIO YHU-
BepcuTeTa UHQMOPMATHKU U PATUOITEKTPOHUKH.
Boraucisiemble  1mokazaresid  BKJOYAIOT CPEIHUAN
0aJlT CTYIEHTOB W IUCIEPCUU, WX YACTOTA BXOWK-
JIHUsI B ONpEIEeJIeHHbIN nuana3on. JlaHubie moKa-
3aTeJIU UCIOJIb3YIOTCS I OIEHKU KadecTBa 00pa-
30BATEIHLHOIO MPOIECCa W PACIPEIEIEHUsT YPOBHS
YCIIEBAEMOCTH CTYJIEHTOB. Pe3yibrarsbl HOKA3HIBAIOT
POCT yCTIEBAEMOCTH CTYIEHTOB, HO TAKYKE YKA3bIBa-
[OT HA HEOJHOPOIHBIN Tporecc o0ydeHus, Tpedyro-
i yIydineHns KagecTBa 00pa30BaHuUs.

II1. AHAJIU3 CUCTEMBI [IOCJIE U3MEHEHMUSI

OBEPA3OBATEJIBHOT'O ITPOLIECCA

Cucrema o0ydYeHWsI CTYJEHTOB IO CIIEIH-
asbHOCTH "ABTOMATU3UPOBAHHBIE CHCTEMBI OOpa-
6orku mHpopMmanuu'"Ha ¢akyiabrere nHbOpPMAIU-
OHHbBIX TEXHOJIOTUH W ymnpasienusi Bemropycckoro
TOCYJApPCTBEHHOTO YHUBEPCUTETA MWH(MOPMATUKU U
PAINO3IEKTPOHUKY ObLIa n3MeHeHa. OOHOBIEHHAST

CUCTeMa BKJIIOYAeT B ce0sl M3MEHeHHs B yueOHOM
naHe u bosee IIUPOKOE HCIIOJTB30BaHUE COBPEMEH-
HBIX WHQOPMAIMOHHBIX TEXHOJOTHI W HIPOTrPaMM-
HBIX IPOAYKTOB /11 3(PEKTUBHOIO U3y ICHUST TEX-
HUYECKUX HaYK W PACITUPEHUSA TPAKTUIECKUX Ha-
BbIKOB. OIEHKa CTyAEeHYeCKoro mporpecca Oyuer
OCYIIIECTBJISITHCS 110 MOKA3ATEJI0 YaCTOThl BXOXK/I€e-
HHUS CpeaHero 0ajia B OMPEeIeIeHHBIH IHaTa30H.
STOT IIOKa3aTeJ/Ib IIOMOXKET OIEHHUTb DPacClIpenaese-
HUE yCrieBaeMOoCTu CTYJAEHTOB U yJIy4HIIIUTH ITPOLECC
0o0ydYeHus: B IEIOM.

IV. CPABHEHUE NOJIYYEHHBIX ITOKA3ATEJIEN

AHanu3 OIEHOK CTYIEHTOB B pa3HbIE Cec-
CUH [IOMOTaeT OIPEESIUTh DYAYIIYI0 YCIeBAEMOCTh
crynentoB. Cpenuuii 621 BCEro MOTOKA, YTy dIlIAT-
ca Ojaromapsi yJaydIlleHWI0 YPOBHS 3HAHUN W Ka-
YecTBa OOYUYEHUS. Y MEHbIIEHUE TUCIIEPCHH ONEHOK
crrocoOcTByeT Oosiee CTAOMILHOMY POCTY yCIIeBae-
vocru. OQnHAKO, MenaHa OMEHOK HEMHOIO OTCTa-
eT OT cpeaHero 6aJjIa m3-3a MpobesIOB B 3HAHUSAX Y
OTJIEJIbHBIX CTYIEHTOB. BayKHO OTMETUTH, YTO TO-
JIOXKWUTEIbHAS JUHAMUKA CBUIETEIHCTBYET O TOM,
49TO y4eOHBIH TPOIECC COOTBETCTBYET BHICOKUM Ha-
YUHBIM CTAHJIAPTAM U OPUEHTUPOBAH HA MOBBIIIE-
HUE PE3YJIbTATUBHOCTU 3HAHWI U OIEHUBAHUS CTY-
JIEHTOB.

V. DBbIBOJbI

AHamu3 OIeHOK CTYJEHTOB HA CECCHM TTOKA3A,
YTO U3MEHEHHs B 00pa3oBaTENbHON CHUCTEME OKa-
3aJId OJIOKUTEIbHBIN 3 deKT. YcieBaeMocTb CTy-
JIEHTOB YIIYUITAJIACH - OHU TIOJIYYAI0T OOJIBIIE BHICO-
KUX OIEHOK U PerKe MPOBAJUBAIOT dk3amenbl. Cie-
JIOBATEIbHO, MOXKHO CIATATH, YTO W3MEHEHUs B CHU-
creme obyUIeHns: OKa3amuch ¢ dekruBabiMu. Heob-
XOAUMO MPOJIOJIZKATD YJIy4IIarh 00pa3oBaTeIbHYIO
CHUCTEMY B COOTBETCTBUU C TMTOTPEOHOCTSIMU CTYIEH-
TOB.

Topauxo Anexceti JImumpuesun, cryneHT Kadenapbl HH(POPMAIMOHHBIX TEXHOJIOIHH aBTOMATH3IUPO-

Banbix cuctem BI'YUP, bbaattlleerrl @gmail.com.

Jumeunosuy Anexcandp Heopesuy, crynent kadeapbl nHOOPMAIMOHHBIX TEXHOJOIUH aBTOMATH-
supoBanbix cucrem BI'VIP, sashka.litvinovich@gmail.com.

Hayunoili pyxosodumenn: Tpopumosuy Anexceti @édoposun,

CTapIuii TmpenogaBarehb Kadeapsl

nHGOPMAIMOHHBIX TeXHOJOrHH aBroMaru3upoBanbix cucrem BIYUP, trofimaf@bsuir.by.
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M. B. ITamkoser, A. C. MenkyHnac

PACIIO3HAHUE KYPAIIINX JIFOJEN HA BA3E
BUBJIMOTEKN OPENCV

Peanu3o6ara npozpamma, no360AA10UGHL ABMOMATNUSUPOEAMb NPOUECC 00HAPYICEHUA KYPAUUT A100€d.

BBEAEHUE

Kypenune npuHammeRxuT K OZHONW M3 CAMBIX
PACIIPOCTPAHEHHON BPEIHBIX IIPUBBIYEK. SANUTA
HEKYPSIINX JIOIeH OT BpegHOro BO3meicTBIs Taba-
Ka Tpedyer OOHAPYKEHUs JIIOIei, KyPAIIUX B HEMO-
JIO)KEHHDBIX MECTaX.

I. PA3PABOTKA ITPOTPAMMBI U EE PE3V/ILTAT

IIpu mammcamum mporpamMMbl OBLIA PACCMOT-
PEeHbI pa3iudHbIe OMOINOTEKN KOMITBIOTEPHOTO 3pe-
ausi: TensorFlow, Torch m OpenCV. Haub6osee
TIOIXOSINeH OKa3aaach ONOJIMOTEKa KOMIBIOTEPHO-
ro 3penus OpenCV, Tak Kak OHA sBIAETCS Oec-
ILTATHOM, MOAIEPKUBAET PAOOTY C OONBIINAM KOJIH-
YECTBOM SI3BIKOB MPOTrPAMMUPOBAHUS W COJEPIKUT
60JIBIIOE KOJIMYECTBO METOJIOB JIjist PACIIO3HABAHMSI.
Paspaborannas mporpamMma OCHOBAHA Ha MpPU3HA-
kKax Xaapa, UCIOJIb3yEeMbIX B PACIIO3HAHUHT 00PA30B.
Kackaapr n3 mpu3HAKOB 0OBITHO HCIOIB3YIOTCS TIPH
MMOCTPOEHUU CUCTEM JIJIsi BbIIEJICHUs CTIOKHBIX 00b-
€KTOB, TAKMX KaK JINIA, PyKu, uiau Ap. [Ipocreiimmit
MPSMOYTOJIBHBIM MPU3HAK Xaapa MOXKHO OIMpee-
JINTh KaK PA3HOCTb CYMM ITUKCEJIeH IBYX CMEKHBIX
objlacTeit BHyTpHM NpPSAMOYTOJbHUKA, KOTOPBIA MO-
JKeT 3aHUMATh PA3JIMYHbIE MOJOKEHUsT W MACIITa-
Obl Ha m300pazkeHnn. Takue MPsIMOYTOJHLHUKH MO-
TYyT WMeTh TOJBKO JBa YPOBHA +1 m -1, mpwm 3TOM
KaXKJIBIH TPAMOYTOJIBHUK MOXKET ObITH PA3HOTO pa3-
mepa. Hanpuwmep, rirasa OyayT Temuee, gem 001aCTh
MEeXKIy HEUMH, TaK Ke Kak obsacTh pra Oymer Tem-
Hee dem J100. Uem 60sIbIle UCIOTb3YeTCs MPUMUATH-
BOB, TE€M TOYHEE MOXKHO KJ/IAaCCH(PHUIUPOBATH OOb-
exkt. B oubmmoreke OpenCV umeercs npemobydeH-
Hasg MOJIEJb CIOCOOHAsS OMPEIEsISATh MOCTPOEHHBIE
HAOOPBI MPU3HAKOB IO TECTOBOH BhIOOPKE. Vcmomb-
30BaHUE MPEOOYIEHHON MOIETH TO3BOJIMIIO 3HATHU-
TEJIBHO YCKOPHUTDH IIPOTECC 0OPAOOTKH N300PAXKEHIST
¥ TIOBBICUTH TOYHOCTH PACTIO3HAHUSI.

Asnropur™m paboThl TPOrPaAMMBI:

1. 3arpy3ka npemo0yYeHHON MOIeu s Pac-
MMO3HABAHUS JIHII;

2. 3arpyska npeaobydeHHOl MOIEn JIJisk pac-
TTO3HABAHUS CUTAPET;

3. O6paboTKy KaxKI0ro KaJapa BUIEOMOTOKA;

4. Pacmo3naBanme Jll, Ha Kaape;

5. Pacmo3naBanme curapeT Ha KaJpe.

Pesynbrar paszpaboTaHHO# MpOrpaMMbl Tpe-
CTaBJIeH Ha PUCYHKax 1 u 2.

Puc. 1 — Pesyaprat paboTsl mporpamMmbl 6€3 HAJJIMIHsS
cuTapeThl B Kaape

Puc. 2 — Pesynprar paboTsl IpOrpaMMbl ¢ HAHAEHHON
CUTrapeToil B KaJape

II. BBIBOJBI

Pazpaborannas mporpamMma MOXKeT ObITH HC-
MOJIH30BAHA I KOHTPOJIS 38 COOJIIO/IEHNEM 3aKO-
HA O 3ampere KypeHusi B ODIIECTBEHHBIX MECTAX.
B pambreiimem aaropuTM MOXKeT OBITH J10paboTaH
JITsl PACMIO3HABAHUS JIIOJIEH yIOTPEOISAIONIX ATKO-
rOJIb UJIM HAPKOTHUKHU.

1. Dr. Adrian Rosebrock - Practical Python and OpenCV:
An Introductory, Example Driven Guide to Image
Processing and Computer Vision 3rd Edition.

2. Kowmmbioreproe 3penne Ha Python. Ilepseie maru / 9.
A. MTakupssauos. — M. : Jlaboparopus 3uHanumit, 2021. —
160 c. : un. — (IlTkoaa ronoro uwmxkenepa). — [SBN 978-
5-00101-318-1.

Iawwxosey Mamseti Bauecrasosuy, cryment 1 kypca ¢akynabrera nHOOPMAIUOHHBIX TEXHOJIOTHH
u yupasienus Besiopycckoro rocyapCrBeHHOrO yHuBepcuTera MH(MOPMATHKA M PAJIMOIEKCTPOHUKHY,

matvey.pashkovez01@gmail.com.
Menxynac Andpet Cepzeesun,

crymeat 1 kypca daxyabrera WHOOPMAIUOHHBIX TEXHOJOTHIH

¥ ympaBiieHusi BesopyccKoro rocyZapCTBEHHOrO yHWBepcHUTeTa HHGMOPMATHKA W PATUOIIEKCTPOHUKH,

andrey.melkunas@gmail.com.

Hayunoti pyxosodumensv: Haspouruil Anamoauti Asexcandposuy, 3apenyoomuii Kadeapoii uadop-
MaIIMOHHBIX TEXHOJIOTHIT aBTOMATH3UPOBAHHLIX cucreM BI'YUP, kangnaar pusnko-MaTreMaTuIeckKnX Ha-

VK, morenT, navrotsky@bsuir.by.
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A. P. Cymopukos, A. I. Ascanosuy, V. C. Manyitiosa

KOHKYPEHTHAS PA3SBEJIKA U IPUHATUE PEINTEHNN
C IIOMOIIIBIO MAIIIMHHOI'O OBYYEHUA JdJIA4
OBECIIEYEHU A ITPOMBIIIJIEHHOM BE30OIIACHOCTH

Hcenedyemea npumenenue netponuur cemed u yudposus mexnosozut 6 OSINT

BBEAEHUE

Konkypenrrnas paspegka mpeamosaraer coop
nHMOPMAINN W3 PA3JIUIHBIX UCTOYHUKOB. OHA MO-
JKET OBITH TTOJIyYeHa U3 O(UIMATBHBIX U OTKPBITHIX
WCTOYHUKOB, BHYTPU(MDUPMEHHBIX 1 OAHKOBCKUX OT-
9eTOB, IMyTeM cOOpa W aHAIU3a TAHHBIX. 3aTEM CO-
OpanHasg WHGOPMAINA AHATU3UPYETCS I BbIAB-
JIEHWSI TEHJEHIH#, BO3MOXKHOCTEH m yrpos. llenb
KOHKYDEHTHOI Pa3BEIKNU — MPEIOCTABUTH JIHIAM,
MPUHUMAIOIIUM DEITeHNs, BCECTOPOHHEE TOHUMa-
HU€ KOHKYPEHTHOW CPeibl [ MPUMEHeHusT Hanbo-
siee 3(pHEKTUBHBIX PEIECHUH.

I. TIPUMEHEHUE HENPOCETE1

Koukypenrnas passegka (OSINT) oxsarbi-
BaeT TpOIEAypbl cbopa u 00paboTku wmHbOpPMa-
[IUU, TPOBOJUMBIE C IIEJIbI0 TIOIIEPKKYU TPUHATHS
YIPABJIEHYECKUX DEIIEHU, MOBBINMECHS KOHKYDEH-
TOCIHOCOOHOCTH OpPraHM3alyil MCKJIIOYUTE/JIbHO H3
OTKPBITBIX MCTOYHUKOB U3 KOMIILIOTEPHBIX CETEei.
OnHoit 3 33789 KOHKYDPEHTHON PA3BEIKW SBIISIET-
cs obecrevyeHrie TOYHOCTH U HAJEXKHOCTH COOpaH-
Ho#t mHpOopManmu. st 3TOro HEeOOXOAUM CTPOTHIt
mnporecc cbopa U aHAJAM3a JAHHBIX, 8 TaKXKe IO-
HUMaHUe IOTeHIMAIbHON IPeaB3saTOCTU U Orpa-
HUYeHuit ncToIHuKoB mHMopMmarun. s ananu3a
Pa3HOPOIHBIX JAHHBIX MOTYT OBITH TPUMEHEHBI Pa3-
JIMYHBIE TUITBI HEHPOHHBIX CeTel, B 3aBUCUMOCTH OT
XapaKTEPUCTUK JAHHBIX U TpeOyeMbIX 3aJad aHa-
sin3a. HekoTopble U3 HUX BKJIIOYAIOT:

¢ Muorocaoitubie nepuenrponst (MLP)
e Ceéprounsre neiipornsre cetn (CNN)

e Pekyppentrubie neiiponnsie ceru (RNN)

I'ubpuamble MomeIn

II. [MuopoBHIE TEXHOJIOTUU OSINT

IMudpoBbie TEXHOMIOUK MO3BOJSI0 OpraHu3a-
usiM OBICTPO COOMpATh, AHAJIU3UPOBATH W WHTEP-
MPETUPOBATH OIPOMHBIE O0bEMbBI TAHHBIX O KOHKY-
peHTaX, PIHKAX W OTPAC/EeBbIX TeHaeHnusax. [ud-
posbie Texuosioruun OSINT BraroUaroT:

e Pabory ¢ oTKpBITHIMU Oa3aMu TAHHBIX.
e MOHUTOPHUHI COLMAIBLHBIX CETEl.

o IlarenTHorit anamms.

e CpaBHUTENBHBIN aHAIN3 KOHKYPEHTOB.
e OujaiiH-0IIPOCHI ¥ AHKETHPOBAHHE.

o Ilmardopmbr OU3HEC-AHATUTUKHA.
KiroueBoit 00/1aCThI0 KOHKYPEHTHOM PA3BEIKU SB-

Jnsiercst Kubepbe3onacHocTb. Tak Kak mpeanpuaTus
BCe OOJIBIIE TTOIAraloTCs HA MI(POBBIE TEXHOJIOTHHI
JUTsl XpAHEHUsl U [epeiadn KOHPUIeHIMATBHON HH-
dopmanun, pacTer pucK Kubeparak u yTedek JTaH-
HbIX. KOHKypeHTHAsT pPa3BeIKa MOMKET MOMOYb Op-
TAHU3ANUSAM BBISBUTH MOTEHINAIBHBIE YA3BUMOCTH
B CHCTEME U OBITH B KypCe MOCJIEIHAX YIPO3.

SAKJIOYEHUE

IIpumenenne HEHPOHHBIX ceTel B KOHKYPEHT-
HOI pa3BeIKe HEOOXOMMMO, TaK KaK yIPOIIAeT cOOp
u aHaau3 WHQOPMAIMH C eI TPUHATHS 00-
Jiee 0OOCHOBAHHBIX DEIIEHU, BHISBICHUS BO3MOXK-
HOCTEH JJIs1 POCTA, & TAKXKEe CHUKEHUSI TOTEHIINA b~
HBIX PHUCKOB.

Cnucox aumepamypot

1. KonkypenTHasa pa3Beaka [DaexTpon-
HbIT pecypc]. - Pexum JoCTyna:
https://sendpulse.by /support/glossary /competitive-
intelligence

2. Hopoumu A. U. Buznec-passezgka. — M.:Ocs-89, 2010. —
704 c.

Aecanosun Eauzasema I'ennadvesna, crygent 3-ro kypca ®UTuyY BI'VUP, lavsyanovich@mail.ru.
Manytinosa Yavana Cepzeesna, cryment 3-ro kypca @UTuyY BI'YUP, ylianadans@gmail.com.

Cmopukos Aunexcet Pomanosun,

alekseysmorchkov@grmail.com.

CTYIEeHT

3-to Kypca OUTny BI'ymp,

Hayunouti pyrxosodumenn: Tpopumosuy Anexceti @édoposun, Crapimii npenojaBaresb Kadeapb

NTAC, trofimaf@bsuir.by
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E. B. Cy6ou

COBPEMEHHDBIE METO/IbI OIIPE/JIEJIEHN A
ITIOJIOZKEHUM S TEJIA YEJIOBEKA

Onucwiearomesn MeopPpeEMUHYECKUE 0CHOBDL U npmcmu%ecnuﬂ METAHUIM 30004U onpe@e/zemm NnoNoHCEHUA TENG HA

0CHOBE KOMNDBHMEPHO20 3PEHUA, A TNAKIHCE npueodﬂmcn NPUMEPDL UCTLOAD30EBAHUA.

BBEAEHUE

TpaaunmnoHHO, CYUTHIBAHWE IO3bI YEJIOBEKA
MIPOBOJMJIOCH C TIOMOIIIBIO YCTAHOBKH JATYUKOB HA
tese. OnHaKo, 61aromapss pa3BUTUIO HEHPOHHBIX Ce-
Tell, CTaJI0 BO3MOXKHBIM HKCIOJIb30BATH MAIIUHHOE
obydeHne /i OIpPEe/Ie/IeHIs TI03bl 9€JI0BEKa, HA BU-
JIe0 € JIOCTATOTHON TOYHOCTHIO. B 3TO# cTaThe MbI
paccMOTpuM, KAKUM 00pa30M HEWpPOHHBIE CETH HUC-
MMOJTB3YIOTCS JIJIST PEIeHns JaHHON 3a/1a4H.

I. ONUCAHUE AJTOPUTMA PABOTEI
HEWUPOCETEBOI MOJIE/IN

Paccmorpum ommy u3 Mozesteit riry0oKoro ooy-
qenus - PoseNet. Onpe/iesienne mo3bl IPOUCXOIUT B
JIBa Jrama;

- Bxomnoe RGB m3obpazkenue momaercss depes
CBEPTOYHYIO HefipoHHyIo ceTh(abbpeBuarypa
CNN). Takas cerb cOCTOUT U3 IBYX OCHOBHBIX
qacTeil: CBePTOYHOrO KOINPOBIINKA, KOTOPBIi
CXKMMaeT BXOJIHOe M300pazkeHne B TaK Ha3bl-
BaeMOe CKDBITOe IpejcTaBjenne, u Jenud-
paropa, KoTopbiii crpout N TEITOBBIX KapT
U3 CKPBITOrO IpejcTaBieHus, rae N - KOJu-
4eCTBO MCKOMBIX KJIIOUEBBIX TOYEK.

- IlpoucxomuT oOIEHKA [MO3 W yBEPEHHOCTH B
OIPEIEIEHHBIX TI03aX, TAaKXKe OIEHUBAETCS
MTOJIOYKEHWE U YBEPEHHOCTh B KJIIOUEBBIX TOU-
KaxX M3 BBIXOJHBIX JAHHBIX Mojenu [1].

KnrodeBasi TOYKa — 9acTh MO3BI Y€JIOBEKA, HATIPH-
Mep, HOC, TIPABOE YXO0, JIEBOE KOJIEHO, IIPaBas HOra 1
1. 1. Ha Tekymmit moment PoseNet pacnozuaer 17
KJIto4eBbIX To4eK. OUEHKa yBEPEHHOCTH J1Jisd TOYKH
OTPaXKaeT TOYHOCTH PACIO3HAHHON MO3WIIMK U Ha-
xoauTca B amanazone ot 0 mo 1.

II. TIPUMEPHI UCIIOJIbBOBAHUSA

ITocme ycranorkn makera Barracuda n nMmop-
Ta Momesnn PoseNet, mpoBoauTCad HACTPOHKa BXOI-
HOTO BHIEOMOTOKA, & TAKXKe IIMarv MpPEeIBAPUTEb-
Hoit obpaborkm mysa mogenu PoseNet. ITocie peanu-
3aIun OCTOOPAOOTKY [Jisi OIEHKN OJMHOYHOMN IMO-
3bl, BO3MOXKHO CO3/IaHKE CKEJIETOB 1103 U MAHUILYJIK-
POBaHWE UMU C TTOMIIBIO0 BEIBOIOB Momenn. [Ipumep
WCIIO/IF30BAHUS TIPUBEJEH HA, pUCYHKE 1.

Cybou Eaena Bauwecaasosha,
yupasieaauss BI'YUP, zorka.znichka@gmail.com.

Hayunoii pyrosodumens: Tpopumosuy Anexceti @édoposun,

UTAC, trofimaf@bsuir.by.

Puc. 1 — Ilpumep omnpenenennsi KJIIOUYEBBIX TOYEK C
nmomombio PoseNet

ITomobHass TEXHOJOTHS WMEET JTOCTATOTHO
TMEPCIEKTUB UCIOTH30BAHNS, TAKUX KaK:

- JIUYHBIE TPEHEPbl Ha OCHOBE MCKYCCTBEHHOTO
WHTEJIEKTA;

- aHaJIN3 CIMOPTUBHBIX COPEBHOBAHWIA;

- KOMIIbIOTepHasA rpadrKa ¥ aHUMAIINT;
- poOOTOTEXHUKA;

- MeJIUIIMHA.

III. BBIBOIBI

Oupeesierre n03bl 9€JI0BEKA C TOMOIIBIO TILy-
O6okOro oOydueHwusi siBJIsieTCs dMMEKTUBHBIM METO-
JIOM, KOTOPBII MOYKET MPUMEHSATHCI B PA3IUIHBIX
obstactax. OaHako, IpH UCIOIH30BAHNN HEAPOHHBIX
cereil HEOOXOAUMO YYHTHIBATH MX OPAHUYEHUS U
TIMATETBHO MOI0NPATh IAPAMETPhl 00y IeHUT MOIe-
Jii. B mesiom, paccMorpeHHble BApUAHTBI OLIPEIe1e-
HUS TeJIa UMEIOT OOILIITON MOTeHITNAJ IPH TaIbHei-
€M DPA3BUTHH TOYHOCTH OOyUYEHUS HEHPOCETEBBIX
MOJeJIe.

Cnucox aumepamypot

1. TensorFlow documentation [Electronic  resource|
/  TensorFlow, 2022. - Mode of access:
https://www.tensorflow.org/learn — Date of access:
23.03.2022.

2. Introduction to Barracuda [Electronic
resource] / Unity, 2022. — Mode of access:
https://docs.unity3d.com/Packages/com.unity.barracuda
@1.0./manual/index.html — Date of access: 23.03.2022.

3. A Comprehensive Guide to Human Pose Estimation
[Electronic resource] / Nilesh Barla, 2023. — Mode
of access: https://www.v7labs.com/blog/human-pose-
estimation-guide. — Date of access: 25.03.2022.

crynentka 4 Kypca daxymprera mH(OOPMAIMOHHBIX TEXHOJIOTHI U

CTapIuii TpernogaBaTeIh Kaheapnb
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A. H. Ceernak, A. C. Tleuepenxko, B. B. Illymuraii

AHAJIN3 NIN®POBAHUI BA3 JAHHBLIX

Paccmampusaromesn coepementivie memodv, wu@hposanua 0a3 OGHHHLLET, G MAKINHCE DACCMAMPUBAIOMCA CHEPbl UT

NPUMEHEHUA.

BBEAEHUE

B coBpementom mupe oO6paboTKa W mepemada
JIAHHBIX UIPAIOT BAXKHYIO POJIb B PA3JIMYHBIX O0-
JIACTSX YKU3HU, HAUWHAS OT OAHKOBCKUX TPAH3AK-
nuii ¥ 3aKaHYMBAs Mepefadeil JUIHBIX JAHHBIX B
ceru. [lludpoBanne MAHHBIX TPEIACTABIAET COOOI
MPOIECC TTpeodpa3oBaHus WHMOPMAIUNA B HEINTA-
eMbIit (popMaT € MENbI0 3allUThl €6 OT HECAHKITU-
OHMPOBAHHOIO stocryna. s 9Toro ucnojib3yoTes
KpUNTOrpAMDUIECKIE AJITOPUTMBL.

I. AHAJIN3 COBPEMEHHBIX IMTM®POBAHNI BA3
JAHHBIX

CyIIecTByeT HECKOJBKO METOJI0B U TEXHOJIO-
ruil, JOCTYIHBIX [/ M poBanus 6a3bl JAHHBIX.

IIpospaumoe mudposanune. Meron mudposa-
Hus 3auaer uadopmanuio B 6aze nanubix (BJI)
myTem mmdpoBanust 6ba3oBwix (daiiioB B/1, a He ca-
Mux gaHubix. s 6e3omacaoctn TDE xparuT Kitro-
yu mudpoBaHUsa BO BHemHEM (110 OTHOIIEHUIO K
6aze JaHHBIX) MOJYyJe 0e30ImacHOCTH (XPAHUJIUILE
KJII0Yeit).

MMudposanne wa yposue crosidbnos. s kax-
J1oro cTos6na (0TIeIbHO) B 6a3€ JAHHBIX MOXKHO UC-
MOJIb30BATH COBEPIIEHHO YHUKAIbHBIE KIIFOUH TITH(-
pPOBaHMUSI.

Cummerpuanoe tmdposanue. IIpoucxomur
4epe3 Meroj, 3aKPbITOr0 KJi04a. DTOT 3aKPbITbIi
KJIIOY U3MEHsieT WH(OPMAIMIO TaKUM 00pa30M, 4To
€e HEeBO3MOYKHO MPOYUTATH 0e3 MpeIBapuTeIbHON
pacuudposku. (puc. 1)

| o [ N o [ S
Love AK#4Z Love
you _) oo _> ov2+s= 9 oo _> you
granny TRY/Jh granny
Anroputm o Anroputm
ObbruHbIA TeKcT umposarma AUMPROSGEEI W a ObbIuHLDA TexcT

- ;

obumii kniou
Puc. 1 — Cummerpuanoe mrnd posamme.

Acummerpuunoe wmmdposanue. Paciupsier
cumMeTpudHoe TG pPOBaHNe TyTeM BKIIIOUEHUS B
MeTos mudPOBaHNs IBYX Pa3HBIX THIIOB KJIIOYEil:
3aKPBITHIX (IIPUBATHBIX) U OTKPBITHIX (IIyOJUUHBIX )

kmodeii. B OoMbIIMHCTBE CIIEHAPHUEB OTKPBITHIA
KJIIOY — 9TO KJIIOY MU(POBaHUs, TOT/A KAK 3aKPbI-
T KJII0Y — 9T0 K04 JeiudpoBanus.(puc. 2)
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o Texcr saumcposarei
rencr.

Anropati
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TyGIHYHBI K09 TIpHEATHEIH K0T

Ancoputia
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Puc. 2 — Acummerpuanoe mudpoBanne.

II. TIPUMEHEHUE KPUIITOI'PA®UU

QuUHAHCOBbIE TPAH3AKIINNA: OHJIANH-TLIATEXKH,
0AHKOBCKWE TIE€PEBO/IbI, SJIEKTPOHHDBIE JEHETH U T.1I.
Komnbroreprast 6e30acHOCTD: 3aIMUATa, JAHHBIX Ha
KOMITIbIOTEPAX, BKIIOYASA 3AIMUTY HapoJieit, paiios
u nuckoB. KomMmynukamum: KoHDHIEHIHAIBHOCTD
MEPCOHAJIBHBIX COODINEHUI W JAHHBIX B 3JIEKTPOH-
HOI TOYTE, MECCEH/KEepaxX, COIMAIbHBIX CETIX WU
T.JI. 3APABOOXPAHEHUE: 3AIUTA MEIUITHHCKUX JTAH-
HBIX MMAIUEHTOB U OOMEH SJIEKTPOHHBIMU MeTHITHH-
ckumu gaaabivu. Kpome Toro, kpunrorpadus Tak-
K€ TPUMEHSIETCS B PA3JUYHBIX TEXHUYECKUX 00-
JIACTSX, TAKUX KAK JIEKTPOHUKA, ABTOMATH3AIINS,
MIPOM3BO/ICTBO U T.I.
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Kpunrorpadus nmeer mmpokoe TpuMeHEHHE,
I7e BaXKHO O0eCrnevdnTh KOH(MUIECHIHAIBHOCTh WU
6e3omacHocTh wH(pOpMarun. PaccMoTpeHHBIE Me-
TOAbI UG poBaHua 0a3 JAHHBIX IOMOTAIOT TJIyO-
K€ TOHSTh CYyTh KPUNTOrpaduu u ee BaXKHOCTH B
pa3paboTKe MPUIOKEHNH. AHAJIU3UPOBAHUE METO-
0B mr(ppoBaHUs 0a3 JAHHBIX TO3BOJISIET BHIONPATH
HamboJIee MOAXOMSIINHE METOAbI MUMPOBAHUS 11T
KOHKPETHbBIX HallpaBJIeHUl pa3pabOTKHU.
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A. Gudkov

ASYNCHRONOUS APPROACH TO THE DEVELOPMENT
OF MODERN BACK-END APPLICATIONS

This article explores the recent trend towards asynchronous approaches of Back-End applications development,
highlighting the numerous advantages they offer over traditional synchronous models. Also explores why NGINX

web servers became more preferred over Apache, and the advantages of asynchronous database queries.

INTRODUCTION

Nowadays the world of web development is
constantly evolving. From the begging of 21-th
century the amount of people using Web services
have been growing exponentially which led to the
adaptation of services to such kinds of loads. And
one of the most recent trends in this sphere is about
asynchronous techniques of Back-End applications,
which includes asynchronous server modeling and
handling of asynchronous database operations.

I. ASYNCHRONOUS SERVER MODEL

For better understanding let’s begin from
classic synchronous server model (blocking I/0
model). In this model, the server creates a
new thread for each incoming request which is
responsible for handling this request and sending
the response back to the client. While the thread
is processing the request, it awaits, it means that
the thread is blocked and can’t handle any other
requests until the I/O operation for the current
request is completed (figure 1).

Thread 1
Connection 1 / dat i
e
. Thread 2
Comnection 2 server (——|Pese ///// Casa) 1)/

Connection 3
—_—>

Thread 3
W2l

B - 7hread idles

Fig. 1 Synchronousserver model

However, it can be inefficient in handling large
numbers of concurrent requests because creating
and managing a large number of threads requires
a significant amount of system resources. The rapid
growth of incoming requests can lead to the “thread
hunger”, the situation, when all threads fulfilled the
memory they use and the only thing the processor
can do is just switching between threads without
allowing them to perform any tasks. There also can
be a situation when thread resources were allocated
by OS, but it idles. Sometimes "deadlocks"can
occur — when multiple threads refer to the same
memory or storage resources.
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Based on this model, the most popular Apache
web server was developed in 1995 [2]. For about
20 years it coped with his task perfectly as during
that time amount of web-sites clients was not so big.
But the time passed, the number of users has grown
significantly and Apache faced problems which led
to the creation of a new server model.

Asynchronous server model (non-blocking
I/0) allows the server not to wait for a client request
to complete and moves to the next operation,
which allows multiple requests to be processed
simultaneously even in one main thread.

To achieve non-blocking I/0, asynchronous
servers use an event loop to handle incoming
requests [4]. The event loop continuously checks
for new requests and processes them using callback
functions. When a request requires I/0O operations,
the server delegates the task to a separate worker
(another thread, process, external service), allowing
the event loop to continue processing other requests
and not to block the main thread. Once the I/O
operation is complete, it invokes the appropriate
callback function to handle the request result (figure
2).

Worker 2

process| |process
data data

Connection 1

> Main

Thread
Connection 2} server —I, //////// 1111/ M
Connection 3

data data

| process | process |

Worker 1
B - Thread performs other tasks

Worker 3

Fig. 2 Asynchronousservermodel

By using asynchronous model applications can
handle large numbers of concurrent connections
with low resource consumption, reducing latency
and improving response times. This is especially
important for real-time Web applications, such as
online gaming platforms, financial trading systems,
and social media networks, which should always be
very responsive to user and where delays can be a
major issue.

One disadvantage of asynchronous servers is
that they can be more difficult to program and



debug than synchronous servers. Asynchronous
code can be complex and difficult to understand,
and the use of callback functions can lead to nested
and convoluted code.

Based on this model NGINX web server was
developed [1]. Tt also offers superior performance
for static content. This is due to its use of a
highly optimized HTTP engine, which is specifically
designed for serving static files. Additionally,
NGINX has a smaller memory footprint than
Apache, making it ideal for use in resource-
constrained environments (figure 3).

reqs/sec
/ | M nginx
10000 | ~ apache

N _— "

8000 \

6000 s
4000 —

2000

0

500 1000 1500 2000 2500 3000 3500  concurrent

connections
Fig. 3 Amountof availablerequests/seconger
concurrentconnectionscount

As NGINX was developed based on modern
web requirements it includes a set of features
and modules such as load balancing, caching, SSL
encryption, proxying, etc. However, Apache is still
a good choice for servers with a small number of
incoming requests.

II. ASYNCHRONOUS DATABASE OPERATIONS

The idea of asynchronous database operations
is similar to asynchronous server model — you
get more performance by concurrency. A single
database connection can’t execute instructions both
synchronously and others asynchronously. You need
to specify the SQL connection executing mode in
your data source [3].

In asynchronous execution mode, you instruct the
database engine to perform an operation, then the
database engine works in the background while
the application keeps running. When the operation
finishes the database engine dispatches an event
to alert you to that fact. The key benefit of
asynchronous execution is that you release the
business logics main thread while the database is
doing its job (in the background).

This is especially valuable when the operation takes
anotable amount of time to run. On the other hand,
in synchronous execution mode operations don’t

run SQL instructions in the background. You tell
the database engine to perform an operation and
the code pauses at that point. When the operation
completes, execution continues with the next line of
your code.

Business logic server  Database server

Request >

.

< |

Response

B - Server performs other tasks
I - SQL execution

Fig. 4 Processof asynchronousdatabaseoperation

III. CoNCLUSION

Asynchronous server models and asynchronous
database operations are becoming increasingly
important for the development of high-performance,
scalable, and fault-tolerant modern Back-End
applications. They are particularly useful in real-
time Web applications, such as online gaming
platforms, financial trading systems, and social
media networks, where those parameters play
significant role. As the demands of modern systems
continue to grow, it is likely that we will see even
more widespread adoption of these approaches in
the coming years.

1. DeJonghe D. The Complete NGINX Cookbook:
Advanced Recipes for High-Performance Load
Balancing / D. DeJonghe. O’Reilly Media Inc., 1005
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536 p.

3. Molinaro A. SQL Cookbook: Query Solutions and
Techniques for All SQL Users / A. Molinaro, R. de
Graaf. — O’Reilly Media Inc., 1005 Gravenstein Highway
North, Sebastopol, CA 95472, USA, 2020. — 567 p.

4. Parker D. JavaScript with Promises: Managing
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Cheng Chengliang

SENTIMENT EXTRACTION AND RECOGNITION
ALGORITHM

This article is dedicated to analyse techniques used to determine the emotional tone or attitude of a piece of text.

It’s a way to understand whether a particular text expresses a positive, negative, or neutral sentiment

INTRODUCTION

Sentiment analysis is typically performed
using natural language processing techniques and
machine learning algorithms. The process involves
analyzing the words, phrases, and context of a piece
of text to identify the sentiment conveyed by it.

There is one common method involves using
a pre-built sentiment lexicon, which is a collection
of words and phrases that are associated with
particular sentiments. These lexicons are usually
curated by human experts and assigned a positive
or negative score, which reflects their sentiment.

When performing sentiment analysis based on
text, the algorithm will use the lexicon to assign
a sentiment score to each word in the text. The
scores are then aggregated to calculate an overall
sentiment score for the text. This score can be used
to determine whether the text is positive, negative,
or neutral.

I. AFINN LEXICON

AFINN is a lexicon that assigns a sentiment
score to each word in a text based on its association
with positive or negative sentiment. The scores
range from -5 to +5, with negative scores indicating
negative sentiment and positive scores indicating
positive sentiment.

Example:

from afinn import Afinn
afinnl = Afinn ()

text = "I_love_this_product!_It’ ’s_the
best _thing_I’ve_ever_bought."
score = afinnl.score(text)

print (score)

In this example, we’re using the Afinn library
in Python to perform sentiment analysis on a piece
of text. We create an instance of the Afinn class
and then pass our text to the score() method to get
a sentiment score. The resulting score is 5, which
indicates a very positive sentiment.

II. TEXTBLOB LEXICON

TextBlob is a Python library that includes a
pre-built sentiment lexicon for sentiment analysis
based on text. The lexicon assigns a sentiment score
to each word in a text based on its association

with positive or negative sentiment. The scores
range from -1 to +1, with negative scores indicating
negative sentiment and positive scores indicating
positive sentiment.

TextBlob uses a similar approach to AFINN,
but it also includes additional natural language
processing features such as part-of-speech tagging
and noun phrase extraction, which can help to
improve the accuracy of sentiment analysis.

Here’s an example of how TextBlob can be
used for sentiment analysis based on text:

from textblob import TextBlob

text = "I_hate_this_product._It_was_a
complete_bad_thing."

blob2 = TextBlob (text)

score = blob2.sentiment.polarity

print (score)

In this example, the sentiment score is -0.8,
which indicates a very negative sentiment.

TextBlob is a powerful tool for natural
language processing and sentiment analysis, and it
can be customized to suit specific applications. It
also includes features such as language detection
and translation, which can be useful for analyzing
text in multiple languages.

III. CONCLUSION

Sentiment analysis can be applied to a wide
range of text sources, including social media posts,
customer reviews, news articles, and more.

Pre-trained sentiment lexicons are readily
available and can be quickly integrated into a
sentiment analysis pipeline without the need for
manual curation or annotation. Pre-trained lexicons
are usually based on large datasets and have a
wide coverage of words and phrases, making them
useful for analyzing large volumes of text. Pre-
trained lexicons have been developed and tested on
large datasets, so their accuracy and reliability are
usually well-established.

1. Pre-trained  vs. custom  sentiment lexicons?
[Electronic resource]. - Access mode:
https://www.linkedin.com/advice/0/what-advantages-
disadvantages-using-pre-trained. -  Access  data:
06.04.2023.
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Hu Yuan

IMAGE QUALITY ANALYSIS BASED ON VISUAL
FEATURES

This article mainly introduces image quality analysis based on visual features briefly.

INTRODUCTION

The image features refer to certain aspects of
image information required for a specific problem
in the calculation process in the computer vision
and image processing,. Mostly, feature extraction is
to operate on the image from the pixel itself. The
general information of certain characteristics of the
image is extracted and converted into a format to
recognize by the computer . The range of feature
extraction is diverse: from simple points, lines, to
complex areas, from objects, or the entire image.

People can perceive information such as color,
texture, shape, motion, etc. The computer processes
the image. Software processes this information
by extracting corresponding features. Features
of perceived visual information are called visual
features. The overview will introduce several
effective visual feature extraction methods.

1. COLOR FEATURES

Color feature is an overall function to describe
the surface properties of the scene corresponding to
the image or image area. Widely used methods to
express color characteristics are: color histogram,
color set, color moment and color correlation
diagram.Color histogram is the most often used
method to express color features. Color histograms
can be based on different color spaces and
coordinate systems. The most commonly used color
space is the RGB (Red (R), Green (G), Blue
(B)) color space, because most digital images are
expressed in color space. The following formulas are
about how to calculate the RGB color space.

2. TEXTURE FEATURES

Texture feature is also a kind of global feature,
which also describes the surface properties of the
scene corresponding to the image or image region.
However, since texture is only a characteristic of
the surface of an object, it cannot fully reflect the
essential properties of the object, so it is impossible
to obtain high-level image content only by using
texture features.

3. SHAPE FEATURES

The shape of objects and regions is the key
basis for humans to recognize objects and scenes,
and it is also an important means of describing
image content. As one of the fundamental attributes
of objects, shape is not affected by color, texture,
and illumination changes, and is easy to be captured
by human eyes. It is generally believed that only
the area surrounded by a closed contour curve has a
shape, so the description of the shape must be based
on the division of objects or areas in the image.

4. SPATIAL RELATIONSHIP FEATURES

The so-called spatial relationship refers
to the mutual spatial position or relative
direction relationship between multiple objects
segmented in the image. These relationships
can also be divided into connection/adjacency
relationship, overlapping/overlapping relationship
and containment/containment relationship.

CONCLUSION AND FUTURE WORK

This research conducts the visual feature
analysis in image quality analysis. It includes
color features, texture features, shape features and
spatial relationship features. They have a great
effect on image analysis. The conducted studies
have shown that for more accurate image analysis,
it is necessary to combine algorithms and research
methods based on color characteristics

1. 1. Xiaolin Chen, Research on Image Quality Evaluation
Technology Based on Visual Features/ Shang Hai, 2012,
Page20.

2. 2. Yanmei Li, Related Technology and Application
Research of Image Enhancement /Chen Du, 2013,Page
8-12.
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Zhao Di, Tang Yi

THE ADAPTIVE BOOSTING ALGORITHM IN BIOMEDICAL
IMAGE SEGMENTATION

Adaptive Boosting is a powerful machine learning algorithm that has been widely used in biomedical image
segmentation due to its ability to handle high-dimensional feature spaces and improve classification accuracy.
In this paper, we will introduce the principles and applications of AdaBoost and discuss its advantages and

disadvantages.
I. INTRODUCTION

The Adaptive boosting (AdaBoost) algorithm
has been successfully applied to various biomedical
image segmentations, including magnetic resonance
imaging (MRI). In MRI, AdaBoost can be
used to segment different anatomical structures
and pathologies, such as brain tumours, white
matter lesions and prostate cancer. AdaBoost-based
segmentation in MRI is comparable to or better
than other state-of-the-art segmentation methods.

II. THE ADVANTAGES OF ADABOOST
ALGORITHM

The AdaBoost algorithm can perform feature
selection during training and reducing the effect of
noisy or redundant features; AdaBoost is flexible
and adaptable to different imaging modalities
and applications and can be combined with
other techniques to further improve segmentation
accuracy and reduce false positives and misses.

III. THE DESCRIPTION OF ADAPTIVE BOOSTING

ALGORITHM

The basic idea of AdaBoost is to iteratively
train a series of weak classifiers on the data the
end result is a strong classifier that combines the
outputs of the weak classifiers[1]. we suppose the
weak classifier is G;(z) and his weight in the strong
classifier is «; ,then the strong classifier f(x) can be
obtained as Equation (1):

flx) = Z%‘Gi(ﬂf) (1)

In fact, in a strong classifier consisting of i
weak classifiers, if the weak classifier is good at
classifying, then it will take up more weight, and if
the weak classifier is average, then it should take up
less weight, so we need to decide the weight of this
weak classifier according to its classification error
rate of the sample, and the classification error rate

of the sample is calculated in Equation (2):

1—61'

(2)

€;

1l
Q; = — 1O,
9 )

where e; represents the error rate of the i;, weak
classifier. The AdaBoost algorithm is implemented
by changing the data distribution of the samples.
We can use Dy41 to represent the set of weights of
the samples in the k + 1;, training round, where
Wgt1, 1 represents the weight of the first sample in
the k + 14 training round and w41, IV represents
the weight of the Nth sample in the k£ + 1, training
round, and thus expressed in Equation (3):

D= (Wk+1717Wk+1723-'-aWk+17N) (3)

The sample weight in the k + 1;; round is
determined according to the weight of the sample in
the k;, round and the accuracy of the kyj, classifier,
which is Equation (4):

5 ewp(_akink(xi))7Z = 1727 7N

Zy,

(4)
The AdaBoost algorithm reflects the relative
importance of each instance, and there is a
dependency between these k weak classifiers during
training, so that when the k;, weak classifier is
introduced, it is actually optimising the previous

k-1 classfiers.

Witi11 =

IV. CONCLUSION

This paper describes how the Adaptive
boosting algorithm works and summarises its
advantages.In short, AdaBoost is a powerful
machine learning algorithm that can be used for
biomedical image segmentation.

1. Andersen, M. R., Winther, O., et al. Bayesian inference
for structured spike and slab priors. In Advances
in Neural Information Processing Systems,2014,
1745-1753.
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Feiyu Xiao

POSITIONING AND CORRECTION OF DISTORTED
QR-CODE

This article mainly study about the problems of QQR-code decoding from distorted problem, new problems appear

due to different camera angle, image external tilt, paper quality, environmental effect, light glare and other

environmental effects. In the process of research, getting an effective algorithm to solve the problem caused by

the distortion of the QR-code.

INTRODUCTION

The QR-code also known as a quick-response
matrix code, is a kind of two-dimensional code.
A large amount of information can be stored
in a QR-code, which has the advantages of
readability, high confidentiality, and strong anti-
counterfeiting properties. The QR-code is much
more efficient than other two-dimensional codes.
With the popularization of two-dimensional code
technology, it has become a research hotspot to
locate and recognize QR-code effectively. There
are many applications where the QR-code is
used, and when the code is in a complicated
background, it is necessary to locate and extract
useful information about the QR-code. Especially
when the QR-code is on a non-planar surface, such
as a curved surface, the captured QR-~code displays
distortion. To achieve accurate recognition, the QR-
code needs to be corrected for distortion. In order
to solve this problem, many methods have been
proposed to locate and identify QR-code images
with deformation and on complex backgrounds.

I. STANDARD QR-CODE ENCODING
AND DECODING

QR-code is a kind of matrix QR-code, which is
composed of dark and light-colored square modules
arranged in accordance with certainrules,it can split
up in to 6 parts.The QR-code is designed with a
variety of unique symbolic characteristics, which
ensures that the QR~code can be quickly positioned
while identifying it.

. . finder pattern
Hi=l= separator
=
[
timing pattern
n
- = alignment pattern
. code format information
data cell
—+— white space
Fig. 1 Structureof QR-code

Each of these six zones described as follows :

Quiet zone: An empty white border which
makes it possible to separate the code from other
printed information .

Finder patterns: Large black and white
squares in three of the corners which make it easy

to confirm that this is a QR~code . Since there are
only three of them, it is instantly obvious which way
up the code is and which angle it is indicating at .

Alignment pattern: The alignment pattern
assures that the code can be decoded even if it is
distorted .

Timing pattern: This runs horizontally and
vertically between the three finder patterns and
consists of alternate black and white squares.
Version information: There are various versions
of the QR-code standard; the version information
simply identifies which one is being used in a code.

Data cells: Each individual black or white
square that is not part of one of the standard
features contains some of the actual data in the
code.[1]

II. LOCATION OF QR-CODE

According to the reference decoding algorithm
proposed by the QR-code[S] standard, the method
of determining the image-seeking graphics is carried
out in this way: when the depth and depth pixels
are close to 1:1:3:1:1.
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black

[
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—
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Fig. 2 Theratioof arbitrarydetectionangle

When recording the position of the first and
last row and the position of the column, a total of
4 straight lines can be obtained, surrounded by a
square, as shown in the figure.Connect the diagonal
of the square to obtain the center point of the
detection pattern.

Follow the steps above to find the three
positions in the QR-code symbol to detect the
center of the graphic. At this time, the center points
of the three detection graphics can be directly
connected to form a triangle.[2]
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Fig. 3 A trianglecomposedof threedetectiongraphics

center points

It can be seen that the vertex of the corner
with the largest angle among the three corner points
corresponds to the center point of the detection
pattern symbol in the upper left corner of the QR-
code. Therefore, the orientation of the bar code
symbol can be achieved by rotating a certain angle.

III. CORRECTION OF QR-CODE

The inverse projection transformation method
is used in the correction process. The inverse
projection transformation is to project the picture
to a new visual plane, also known as projection
mapping.This transformation can be used to

transfaor an irregular quadrilateral to the regular
quadrilateral.

Y
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Py .
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Fig. 4

Inverseperspectivetransformation

The transformation formula and conversion

matrix M is:

ai1  aiz2 a13
M = a21 as2 a3 (].)
a31 asz2 ass

11U + @21V + a3y
)
aisu + a23v —+ 1
G12U + G220 + a3z

y= : (2)

a13u + as3v + 1

Where (u,v) and (x, y) are the image coordinates
before and after the conversion, and aij (i, j=1,
2, 3) is the coefficient of the equation.It can be
seen from the equation that there are 8 unknowns
Parameters, so at least 4 sets of coordinate points
are required. Substituting the coordinates of the
four control points of the QR-code that have been
obtained into the formula, the parameter solution
can be obtained, and the parameter solution can be
obtained.

Finally, multiply the coordinates of the
original image with the conversion matrix to obtain
the corrected QR~code, compare the gray value of
each pixel in the picture with the average gray value
of the surrounding pixels, if the current pixel When
the gray value of the point plus a certain proportion
of the average gray value is less than or equal to the
average value, the pixel value of the point is set to
0, otherwise it is set to 255.[3]

Where f (x,y) is the gray value of the
coordinates (x,y) in the grayscale image, and g (x,y)
is the pixel value in the binary image after threshold
processing as follows:

f(z,y) = g(u,v) x M; (3)

a11% + 421V + @31 a12U + G220V + ase
b
aisu + a93v + 1 a13uU + a23v + 1

fz,y) = g(

Since the coordinates after the inverse projection
transformation are generally not integers, the
converted QR code needs to be interpolated.Using
bilinear interpolation pair The image is processed
and calculated as follows:

A= (1 —=n)xf(x,y)+nxflz,y+1)

A=1-n)xflz+1Ly)+n=*fz+1,y+1);

w(z,y) = (1—m)*(A+ B). (5)

IV. CONCLUSION

This article discusses the correction and
positioning methods of QR-code images.First, the
image characteristics of the two-dimensional code
symbols are analyzed, and the positioning of
the two-dimensional code is obtained based on
the analysis results; then, the inverse projection
transformation is used to perform geometric
correction of the acquired image coordinates of the
two-dimensional code symbols that have undergone
geometric deformation.
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Guo Qiang

SMOTE ALGORITHM IN IMBALANCED DATA

This article mainly introduces the basic principle of SMOTE algorithm for processing unbalanced data and the

specific implementation method of R language, combined with the characteristics of unbalanced data, uses and

improves SMOTE algorithm.

INTRODUCTION

The so-called unbalanced classification
problem refers to the pattern classification problem
in which the number of training samples is
distributed unbalanced among classes. Specifically,
the number of samples of some classes is far
less than that of other classes. When traditional
machine learning methods are used to solve
these unbalanced classification problems, the
performance of classifiers often drops significantly,
and the resulting classifiers are highly biased.

At present, the main algorithms for dealing
with biased data can be divided into two
categories [1]: undersampling and oversampling.
Undersampling is to achieve the purpose of
balancing data by removing the number of samples
in most classifications of training data, while
oversampling is mainly to form a new small
number of classification samples to achieve the
purpose of balancing data. Synthetic minority
oversampling technique (SMOTE) is a solution
based on the idea of oversampling, which
balances the class distribution by adding artificially
synthesized minority class samples to the data,
reduces the possibility of overfitting, and improves
the performance of the classifier on the test
set. SMOTE provides a new direction for
solving the imbalance problem, becomes an
effective preprocessing technique for dealing with
imbalanced data, and has been successfully
applied in many different fields. SMOTE has
promoted the generation of methods to solve
imbalanced classification problems, and made
significant contributions to new supervised learning
paradigms [2]. According to the distribution
of minority samples, the ADASYN algorithm
adaptively changes the weights of different minority
samples, and automatically judges the number
of new samples that need to be synthesized for
each minority sample, which is an important
improvement, for SMOTE to calculate the sample
weight.

I. SMOTE ALGORITHM

The SMOTE algorithm was first proposed
by Chawla et al. [3] in the Journal of Artificial
Intelligence. This is an oversampling method.
Its main idea is to achieve the purpose of
balancing samples by inserting new samples in
some similar minority samples. The characteristic
of the SMOTE algorithm is that it does not

simply copy samples in a random oversampling
manner, but adds new samples that do not exist.
Synthesize new samples between class samples,
thus effectively alleviating the overfitting problem
caused by random oversampling. Assuming that
there are minority class samples, for each sample
x, search its k (usually 5) minority class nearest
neighbor samples; if the upsampling rate is N,
randomly select N samples among its k nearest
neighbor samples, denoted as y1,y2, ..., Yn, perform
random linear interpolation between minority class
samples zandy;(j = 1,2,...,N), and construct new
minority class samples p;.

pj = o+ rand(0,1) % (y; —2),j = 1,2,..N (1)

In formula (1), rand(0,1) represents a random
number in the interval (0,1). Merging these newly
synthesized minority class sample points into the
original data set can generate a new training set.
Assuming that the attribute value of a minority
class sample is (6, 4), and the attribute value of
the nearest neighbor point jumping out from the
minority class is (4, 3), a random number between
0 and 1 is randomly generated rand(0, 1) = 0.2.
Then the calculation process of the new synthetic
sample is:

pj =z +rand(0,1) * (y; — )
— (6,4) + 0.2 % ((4,3) — (6,4))
= (6,4) + 0.2 % (—2, 1)
— (5.6,3.8)

Fig. 1 Schematicdiagramof SMOTEsynthesis

Figure 1 depicts the process of artificially
synthesizing new data. xi is a certain minority class
instance, xil, xi2, xi3, xi4 are four neighbors of xi
respectively, rl, r2, r3, r4 are four new artificial
data generated, this method generates new minority
class data increases generality, rather than causing
overfitting like exact replicating samples.

The SMOTE algorithm abandons the practice
of random oversampling and copying samples,
which can prevent the problem of easy overfitting in
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random oversampling and improve the performance
of the classifier. However, the SMOTE algorithm
also has the following two disadvantages:

e Since a new sample is generated for each
minority class sample, the problem of
overlapping generated samples is prone to
occur.

e In the SMOTE algorithm, there is a problem
of over-generalization, which is mainly
attributed to the method of generating
synthetic samples.

ADASYN: Adaptive Synthetic [4]. According
to the learning difficulty of different minority
samples, the weight distribution is wused to
synthesize more training data for a small
number of difficult-to-learn category samples. The
ADASYN algorithm adaptively changes the weights
of different minority samples according to the
distribution of minority samples, automatically
determines the number of new samples that need
to be synthesized for each minority sample, and
synthesizes more new samples for samples that are
difficult to learn, thereby compensating for bias.
state distribution. ADASYN can not only reduce
the learning bias caused by the original unbalanced
data distribution, but also adaptively shift the
decision boundary to focus on those samples that
are more difficult to learn. ADASYN supports
two classifications and also supports multi-category
classification.

II. SMOTE ALGORITHM IN R LANGUAGE

The specific algorithm of SMOTE can be
realized through the DMwR package in R software.
The following is the main program. Install and load
the DMwR package. Application install. packages ()
installs the data package, and library () loads the
DMwR package. The specific steps are:

rm(list = 1s())
install.packages(” DMwR denpendencies = T))
library(DMwR)

Read in data. Suppose the original data is
data. csv, including the grouping variable class,
which takes a value of 1 or 0 (negative data is 0,
positive data is 1). With the R software read. csv()
reads in the data, and reads in the variable names

in the raw data. Set the name of the data set after
reading to data. The specific steps are:

data = read.csv(” data.csv header = T)

SMOTE algorithm. In the SMOTE algorithm,
the samples of the majority class are under-
sampled, and the samples of the minority class

are over-sampled, so a specific number of samples
will be set. Related parameters and explanations:
formula, set the independent variables and grouping
variables in the data set; data specifies the data set
to be processed, perc.over, and perc.under options
define the times of oversampling and undersampling
respectively. The specific steps are:

newdata = SMOTE( formula, data,

perc.over =, perc.under =)

Organize data. Use the table() statement to view
the proportion of positive data and negative data
in the new data set. The specific steps are:

table(” newdata$class”)

III. CONCLUSION

For classification problems, there may be
serious bias in the categorical dependent variable,
that is, the proportion between categories is
seriously out of balance, which leads to biased
conclusions. In order to solve the problem of
unbalanced data, the SMOTE algorithm, which
synthesizes a small number of over Sampling
technology, which is a common method for dealing
with unbalanced data at present. This article
introduces the basic principles of the SMOTE
algorithm to deal with unbalanced data problems
and how to install and run the SMOTE algorithm
on the R language. That is, to analyze and simulate
a minority of class samples, and add artificially
simulated new samples to the data set, so that
the categories in the original data are no longer
seriously unbalanced.
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He Runhai, Li Boyi, Zhou Quanhua

HOSPITAL INFORMATION SYSTEM BASED ON
MICRO-SERVICE ARCHITECTURE

INTRODUCTION

Hospital Information Systems (HIS) play a
critical role in healthcare facilities by managing
patient data and streamlining administrative and
clinical operations. In recent years, microservice
architecture has emerged as a popular approach
to designing HIS systems. This article will discuss
the advantages of microservice architecture for HIS
systems and its implementation.

I. TECHNOLOGIES APPLIED IN HIS SYSTEM

HIS systems often consist of multiple
subsystems and services, such as mobile application
for patients, web system for doctors and
administrators, and data management system. The
Front-end design of mobile application is developed
using Vue.js and scss; html5, css, jquery, js for
web system’s Front-end design; And SpringBoot,
Mybatis-plus, Spring-mve, Spring-cloud for Back-

end design.

Microservice  architecture  allows  these
subsystems to function independently, which
improves system performance and reduces

development time. To achieve this, developers
use various technologies such as RESTful APIs,
message brokers, and containerization tools like
Docker and Kubernetes.[1]

II. SYSTEM IMPLEMENTATION

To implement microservice architecture for
HIS systems, developers must consider various
factors, such as system security, data management,
and scalability. The wuse of containerization
technologies, such as Docker and Kubernetes,
can simplify the deployment and management
of microservices. Developers should also follow
best practices for microservice development, such
as using a service registry for service discovery,
implementing circuit breakers for fault tolerance,
and using an API gateway to manage access to the
services.[1]

III. BUSINESS PROCESSES

The mobile app wused by patients is
mainly used for appointment registration and
consultation, as well as some information inquiry,
the appointment process is shown in Figure 1;
the web application used by doctors is mainly
used for the management of patients’ appointment
information, the reply to patients’ questions and the
management of hospital information, this process
contains doctor information management, call or
pass the appointment for patient, online diagnose,
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hospitalization management, patient information
management and so on.

Consultation

No

Yes
Appointment
for free

Records

Yes

Fig. 1 Businessprocess for patient

IV. ADVANTAGES OF MICROSERVICE
ARCHITECTURE

One of the key advantages of microservice
architecture is its ability to scale and adapt
to changing business requirements. As each
subsystem operates independently, developers can
make changes without affecting the entire system.
Additionally, microservice architecture simplifies
the development process by dividing the system into
smaller, more manageable components. This leads
%?mae : o(—)ﬂ?a%{@e%iff?f development process and faster

In the design of microservices, the overall
function of "Internet+Medical"service is analyzed
comprehensively, modeled according to the domain,
and the original system development is transformed
into functional module development. A single
application with complex functions is decomposed
into a set of tiny services, and the different tiny



services coordinate with each other to complete a
complex function together.[3]

V. PROJECT STRUCTURE FOR THE SYSTEM

To  effectively implement  microservice
architecture for HIS systems, developers must

carefully plan the project structure. FEach
subsystem should be designed to operate
independently and communicate with other

subsystems through well-defined APIs. Developers
should also consider the use of common libraries and
tools across subsystems to promote consistency and
reduce development time.

Here is an overview of the project structure for
the system:

Eureka Service: As a registry for all
services, Eureka allows them to register their own
information to it and pull the list of services from
EurekaServer according to the service name, and
make remote calls through load balancing.

Gateway Service: Provide a unique entry point
for all microservices, and the gateway provides
internal and external isolation to ensure the security
of backend services; services can be developed
independently and mapped through the gateway
layer.

Patient Service: This service manages patient
records and personal information, deals with some
operations for getting information from database.

Register Service: This service mainly deals
with the mobile application users’ appointments to
doctors and some complex queries for the database
like multi-Criteria query for available appointment
in specific date and time.

Doctor Service: This service is responsible

for doctors’ information management, work
arrange management and department information
management.

Administration Service: This service allows
administrators to manage hospital information,
such as departmental information and staffing.

The structure for these services in this system
are shown as below.(Figure.2)

He Runhai,
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Micro-Servicestructurefor HIS system

CHALLENGES AND LIMITATIONS

While microservice architecture offers many
benefits, it also presents certain challenges and
limitations. For example, we must carefully
manage the interactions between subsystems to
avoid introducing bugs or performance issues.
Additionally, microservice architecture may not be
suitable for all HIS systems, such as those with
limited resources or legacy systems.

SUMMARY

Based on its flexibility, scalability, and
manageability, the microservices architecture is an
effective method for designing hospital information
systems. By breaking down large HIS systems into
smaller independent components, each microservice
operates independently without affecting others,
resulting in low coupling. we can more effectively
build, deploy, and maintain these critical systems.
However, to effectively implement the microservices
architecture, we need to carefully plan the project
structure based on the environment and size of
different hospitals and their specific circumstances.
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Hong Chenjingling, Peng Haoyu, Wu You

CONCEPTION AND PROSPECT OF BLUETOOTH
HOUSEKEEPER

Bluetooth technology has been continuously developed and improved over the past few decades, and it has become

one of the main ways to connect smart devices. However, innovations in Bluetooth technology don’t stop there,

and as the technology advances, people are constantly finding new ways to use Bluetooth.

DESCRIPTION OF BLUETOOTH HOUSEKEEPER

Bluetooth technology has become an essential
part of modern life as we use various smart
devices for communication and control. However,
connecting devices using Bluetooth technology can
get complicated and confusing. At this time,
Bluetooth housekeeper can help us manage and
optimize our Bluetooth connection, making our life
easier and more convenient.

Bluetooth housekeeper is an application that
helps us manage our Bluetooth connections. It can
automatically connect our devices and provide a
simple user interface to manage the connection. In
addition, Bluetooth housekeeper can also provide
real-time feedback on connection quality to help us
optimize our connection and ensure a stable and
fast connection.

I. APPLICATION FIELD

For some devices that do not have a user
interface, Bluetooth housekeeper can display the
battery level and conveniently switch connections
for Bluetooth devices like earphones, mouse, and
keyboard.The Bluetooth SIG recently established
the Higher Bands for LE (Higher Bands for LE)
working group, aiming to address the challenges
brought about by the increasingly congested
2.4GHz frequency band and respond to industry
needs to provide higher-speed, higher-reliability,
and lower-latency wireless Transmission solutions,
providing higher accuracy for positioning services
and increasing the capacity of Mesh networks.If
Bluetooth uses some higher bands in the future,
it can also switch between several bands to obtain
higher signal quality.

Xiaomi company is vigorously developing
smart home. The Bluetooth housekeeper has similar
functions to the Bluetooth gateway. In addition to
controlling furniture, if user installing Bluetooth
positioning on some commonly used but easily
invisible items, so that at home, the Bluetooth
housekeeper can grasp the specific location of all
items and find it.

The Bluetooth SIG recently launched
Bluetooth 5.1, and officially included the Direction
Finding function (Direction Finding) into the
standard, so that devices equipped with Bluetooth
technology can detect the direction of Bluetooth
signals and provide centimeter-level positioning
accuracy. Therefore, indoor positioning and real-
time positioning become possible. When going to a
large shopping mall, train station, or airport for the
first time, many people will get lost, and the current
mainstream map software cannot achieve accurate
indoor positioning. Bluetooth Butler can address
this requirement by developing a Bluetooth-based
indoor positioning function.

II. CONCLUSION

In conclusion, Bluetooth housekeeper is a
very practical and useful application, which can
help us manage and optimize our Bluetooth
connection.With the continuous development of
Bluetooth technology, Bluetooth housekeeper
will have a broader prospect and bring more
convenience and optimization to our life.

1. https://www.zhihu.com/question/386368483
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Tang Yi, Zhao Di

WEAKLY SUPERVISED OBJECT DETECTION METHOD

This research mainly introduces the existing challenges on the topic of weakly supervised object
detection (WSOD) and proposes a new network to enhance feature representation for object

detection.

I. INTRODUCTION

Compared with fully supervised learning,
weakly supervised learning uses limited, noisy
or inaccurately labeled data to train model
parameters.supervisions can be divided into
three categories: incomplete supervision, inexact
supervision, and inaccurate supervision[l]. Below
in Pic.1 shows three categories of supervision.

Fig. 1 Categoriesof threesupervision
II. ADVANTAGES AND DISADVANTAGES OF
EXISTING METHOD AND MODEL

The most popular weakly supervised object
detection currently consists of three main
steps: candidate region extraction, candidate
I Sigl cg%%hl?e extraction, and candidate region

Multi-instance learning is trained by viewing
the images as packages and the candidate regions
cropped from images as instances. However, this
approach is only designed for the third step of
weakly supervised object detection. For other steps,
reliance on existing methods makes the speed of
detection highly limited.

II1. METHOD IMPROVEMENT AND

DESCRIPTION

The CAM (Class Activation Mapping) is
calculated as shown in the following equation, where
equation (1) represents the scores of class ¢ and
equation (2) represents the class activation map

for class ¢, WE represent the weight of the unit
k corresponded to class ¢, fi(z,y) represent the

activation of unit k in the last convolutional layer
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its corresponding class activation
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Feature
Map
|

Fast R-CNN
Model

Generalmodel structure

Fig. 2

Above in Fig.2 shows the general structure of
the whole network model. The original image is
input to a convolution module to obtain feature
map. By generating a series of candidate frames
in the class activation map, the obtained candidate
regions are input to the Fast R-CNN model to filter
the candidate frames and continuously adjust the
position coordinates of the candidate regions.

IV. CONCLUSION

This paper proposes a new network for
weakly supervised object detection. By using class
activation map to generate the candidate regions,
we can use image-level annotations to implementing
instance-level object detection.

1. Zhang D, Han J, Cheng G, et al. Weakly supervised
object localization and detection: A survey[J].
IEEE transactions on pattern analysis and machine
intelligence, 2021, 44(9): 5866-5885.
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Zhang Bowen, Zhang Rongliang

COLLABORATIVE SOFTWARE

This article is proposed to analyze the development, current use and potential use of collaborative software. It

helps to understand in which particular situations, it might can applied.

INTRODUCTION

Collaborative software (or groupware) is
application software designed to help people
working on a common task to attain their goals,
which means it allow separate users to make parallel
operations towards the same project synchronously
or asynchronously, while preserving every saved
record by every user. This article contains five
sections. In the following section, background and
theory is briefly introduced. Section III classifies
and evaluates the different categories of them, while
section IV presents specific instances. Section V is
the potential use of this Tech.

I. BACKGOROUND

Thanks to division of labor, in the modern
society we don’t have to do everything individually
in life, we only should focus on our own parts. And
Collaborative software has become an indispensable
tool in modern work and daily life. With the rise
of remote work, complex projects, and the need
for improved communication and transparency,
collaborative software has become essential for
teams to work together effectively. This process
takes decades and the development is shown as
follows:

1960s and 1970s: the collaborative software
is developed to support communication and
collaboration within research communities.

1980s: with the rise of PC and LANs, it
became more widely available and popular.

1990s and 2000s: web-based collaborative
software began to emerge.

Recent: cloud computing and mobile devices
have expanded the capabilities and accessibility.

Overall, the development of collaborative
software has been characterized by a continual
evolution of features and capabilities, driven by
advances in technology and changing user needs.

II. THEORY

There are several theories and techniques that
can be used to avoid shared resource conflicts in
collaborative software. Here are a few examples:

Operational Transformation (OT): OT is a
technique that allows multiple users to edit the
same document or resource simultaneously without
conflicts. It works by tracking each user’s changes
to the document and transforming those changes in
real-time to ensure that they do not conflict with
other users’ changes. OT ensures that all users see
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the same version of the document, and that conflicts
are resolved automatically as users make changes.

Conflict-free Replicated Data Types (CRDTs):
CRDTs are a class of data structures that allow
multiple users to edit the same resource without
conflicts. CRDTs work by ensuring that all updates
to the resource are commutative, meaning that they
can be applied in any order without changing the
result. This ensures that all users see the same
version of the resource, even if they are working
on different parts of it simultaneously.

Locking and Version Control: Locking and
version control are techniques that allow users to
prevent conflicts by controlling access to the shared
resource. Locking allows users to "lock"specific
parts of the resource, preventing other users from
editing them. Version control allows users to track
changes to the resource over time, making it easier
to identify and resolve conflicts if they do arise.

Overall, the theory behind avoiding shared
resource conflicts in collaborative software is based
on the idea of ensuring that all users see the same
version of the resource, regardless of who is editing
it at any given time. Techniques such as operational
transformation, conflict-free replicated data types,
locking, and version control are used to ensure that
conflicts are minimized and resolved quickly and
efficiently when they do occur.

III. INSTANCES
Collaborative software can be divided
into different types based on their features

and functionality. Some of the most common
types of  collaborative  software  include
conferencing software, coordination software, and
communication software. They can also be divided
into synchronous (real-time) and asynchronous
(non-real-time) software. Real-time collaborative
software allows users to work together at the
same time and includes audio-video communication
systems and chat systems. Non-real-time software
enables users to accomplish tasks together at
different times and includes email, mailing lists,
group calendars, etc.

Two examples about version control and real
time collaborative software instances are discussed.
The first one is Git which mainly used as a
document version control, it can bring several
benefits, including:

Version Control: Git provides a complete
history of changes made to a document, allowing
you to track changes over time, and easily revert to
previous versions if needed.



Conflict Resolution: Git provides tools
for resolving conflicts that may arise when
multiple users are working on the same document
simultaneously. This ensures that changes made
by each user are correctly integrated into the final
version of the document.

Backup and Restore: Git allows you to create
backups of your documents, making it easy to
restore documents to previous versions in case of
accidental deletion or loss of data.

Transparency: Git provides transparency in
document version control, enabling you to track
who made changes to the document, when changes
were made, and why changes were made. This can
help maintain accountability and transparency in
collaborative document projects.

Git can bring many benefits to document
version control, including version control,
collaboration, conflict resolution, backup and
restore, and transparency. It is a powerful tool
that can be used to manage documents efficiently
and effectively.

The second one is Live share, one of the
most commonly used scenarios for Visual Studio
Live Share is "pair programming": two or more
developers, working together on a shared task,
with the goal of sharing knowledge, increasing
team cohesion, and potentially, product quality.
The exact look-and-feel of pair programming can
differ significantly between teams and situations.
Live Share enables a form of pair programming
that allows developers to work on a shared goal,
without removing their individual autonomy or
environment preferences. This can lead to increased
productivity, better code quality, and enhanced
knowledge sharing.

IV. POTENTIAL USE

In the future, collaborative software could be
applied to remote surgery, enabling remote surgeons

to collaborate with on-site medical teams in real-
time. This could be particularly useful in situations
where local medical expertise is limited, and remote
specialists can provide valuable assistance.

Collaborative software could allow remote
surgeons to access medical images and patient
data in real-time, enabling them to provide
guidance and advice to on-site medical teams.
Collaborative software could also enable remote
surgeons to collaborate with each other, sharing
expertise and experience, and working together
to solve complex medical problems. This could
be particularly valuable in situations where rare
or complex medical conditions require specialized
expertise that may be available only in a limited
number of locations.

To ensure the safety and effectiveness
of remote surgical collaboration, advanced
communication technologies, such as high-definition
video and audio, and secure data transfer protocols,
would need to be employed. Additionally, the
software would need to be designed with strict
security and privacy protocols to protect patient

data and ensure compliance with regulatory
requirements.
Overall,  collaborative  software  might

revolutionize the field of remote surgery, enabling
remote surgeons to collaborate with on-site medical
teams in real-time, improving patient outcomes,
and expanding access to medical expertise.

V. CONCLUSION

Collaborative software can be applied in many
fields to deal with complex and remote projects
with high transparency, high efficiency, and more
interaction. At the same time the collaborative
software has been developing with a continual
evolution of features and capabilities, driven by
advances in technology and changing user needs.
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Xu WeiXuan, Zeng Peng
THE NECESSITY OF 5G FOR AUTONOMOUS VEHICLES

This article shows advantages of 5G and developing self-driving cars when we can widespread use of 5G.

INTRODUCTION

With the development of 5G technology,
autonomous vehicles have once again become the
focus of attention.

I. OVERVIEW AUTONOMOUS VEHICLES

The degree of automation can be classified
into 5 levels. Undeniably, as a cutting-edge brand,
Tesla’s products have approached level two and
are striving towards higher levels of autonomous
driving, but there is still a big gap from level three.
This is because our eyes must be firmly fixed on the
road ahead in order to take control of the vehicle in
the event of an emergency.

In order to achieve higher levels of
automation, the complementary technologies of
Laser Rangefinder, HD Map, and Short-Range
Communication are needed to replace the most
important human abilities of vision, perception and
judgment. 5G or the next-generation 6G makes it
possible.

II. LASER RANGEFINDER

Compared to various mainstream cameras or
radars, the Laser Rangefinder used by Google is
currently the most reliable [1]. Laser Rangefinder
can accurately detect the distance and outline of
every object in the environment, and even operate
in low-light conditions. However, the detection
distance of the omnidirectional laser scanner used
in cars is much worse than that of the human eye.
Laser Rangefinder alone are not sufficient to achieve
the goal of fast and safe autonomous driving.

III. HIGH-DEFINITION MAP

Taking commercial GPS as an example, its
accuracy unit is approximately 5 meters, which is
insufficient for autonomous vehicles. A HD Map is
a database that stores maps with an accuracy unit
of centimeters, which includes altitude. If the map
is completely correct, all dangers will be displayed,
and speed can be unrestricted. Laser Rangefinder
detects that the environment it scans does not
match the data in HD Map, it will activate a voting
mechanism where subsequent cars will focus on
scanning that specific area to decide if update of
that part of the cloud data. The map needs to
be updated in real time, so offline maps are not
suitable. The amount of data in HD Map is so huge

that it cannot be used with 4G, that’s why it is
necessary to use 5G or 6G.

IV. SHORT-RANGE COMMUNICATION

If communication and interaction cannot be
established with other vehicles, the speed of map
updates may not be sufficient to avoid objects.
Therefore, autonomous vehicles need to have social
attributes like bees and ants. C-V2X which is
completely developed based on the 5G network
can be used in connect vehicle with other devices.
Vehicle to Vehicle (V2V) enables cars to exchange
accurate HD maps with each other, improving
efficiency and reducing the need for 5G base
stations, even in tunnels or areas with poor 5G
coverage [2]. Vehicle to Pedestrians (V2P) can
enable vehicles to avoid pedestrians more safely,
while also allowing the vehicle to automatically
locate its owner. To enable vehicles to distinguish
between countless people, mobile phones can be
used as a medium. The mobile phone is a device
that has multiple sophisticated sensors integrated
into it. GPS can get the location of pedestrians.
The barometric pressure sensor measures the
pedestrian’s altitude, thus determining whether the
pedestrian is on the street or in an underground
passage.

V. CONCLUSION

In order to achieve the ultimate goal of Level 5
autonomous driving, 5G communication technology
needs to integrate with other technologies. When
the artificial intelligence serving autonomous
driving technology becomes smarter, the ethical
judgment system becomes more accurate, high-
precision map resources are more abundant, C-V2X
technology becomes more mature, the coverage of
5G networks becomes wider, regulations become
more open, and a series of other issues are improved,
more and more cars supporting this system will
become more and more popular, and even more
advanced Level 4 and 5 autonomous driving systems
will arrive. At that time, cars may usher in their
next form.

1. Waymo Driver [Electronic resource]. - Access mode:
https://waymo.com/intl/zh-cn/waymo-driver/.

2. NHTSA Report: "Vehicle-to-Vehicle Communications:
Readiness of V2V Technology for Application".
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Zhang Hengrui

UNIVERSITY STUDENTS INFORMATION SUPPORT
SOFTWARE MODULE BASED ON HARMONYOS

This article introduce the University students information support software module based on HarmonyOS.

INTRODUCTION

HarmonyOS[1] is an operating system
developed by Chinese technology company Huawei.
It was first announced in 2019 and released in
2021. With the rapid growth of HarmonyOS users,
HarmonyOS is expected to become an alternative
to Android. This paper describes a university
application for students based on HarmonyOS.

I. SYSTEM ANALYSIS

A great university student application should
not only be able to check class timetables, but
also need students to be able to check and manage
their personal information, check their grades at
any time, and also have a communication platform
where they can ask questions and seek help from
others at any time.

The application is designed to facilitate
students’ access to information, including class
schedules, grades, classes, etc., and to promote
interaction and mutual help among students.

II. DEVELOP APPLICATION BASED ON
HARMONYOS
HarmonyOS OS contains the full

OpenHarmony source code. With the release
of HarmonyOS API8, HarmonyOS no longer
supports Java development. Compared with the
traditional Java and XML model for Android
development, HarmonyOS uses a set of declarative
UI development framework ArkUI|2] for building
distributed application interfaces. it uses ArkTS
as the development language, which is based on
TypeScript It uses ArkTS as the development
language, which matches the ArkUI framework on
the basis of TypeScript and extends the declarative
Ul, state management and other corresponding
capabilities, allowing developers to develop cross-
ended applications in a more concise and natural
way.

Compared to other application development,
ArkUI has the following advantages: 1. reduced
compilation steps to ensure maximum Ul
performance. 2. the use of DSL(domain-specific

language) code, saving more than 90% of the
code than Java. 3. the use of extended TS syntax,
strongly typed, compared to JS to reduce possible
runtime errors, more secure. 4. real-time preview,
the development process is no longer dependent on
the simulator. 5. the use of the Preview modifier,
no need to run, you can debug all the states of a
component’s Ul alone.

III. DATA SETS

The API can be provided by the university,
or a web crawler[3] can be used to get more
information about the university’s website. You can
get the required content by analyzing the HTML
objects specific to the web page or by getting the
corresponding Json data directly, and present the
data from the web page to the mobile application
in another way.

For example, you can get the detailed data
of the class timetable through the API interface of
the university, and get the university news on the
university’s website through the web crawler.

SUMMARY

The above article introduces a software
module for a university student information support
system developed using HarmonyOS. With the
popularity of HarmonyOS, more and more users
will use HarmonyOS devices, and developing
HarmonyOS applications will allow the application
to be better adapted to the HarmonyOS system
and provide a better experience for users. At the
same time, HarmonyOS has powerful distributed
capabilities, and in the future it can also add more
practical and interesting features to the application
based on this.

References

Oxford Analytica. (2021). "Huawei’s Harmony may
challenge Android-Apple duopoly Expert Briefings.

Xu Liwen. (2022). HarmonyOS application development
in action

Spetka, Scott. (2010). The TkWWW Robot: Beyond
Browsing.

Zhang Hengrui, undergraduate’s student of the Faculty of Information Technology and Control of

BSUIR,15058556211@163.com
Khajynava Natallia Uladimirauna,

Senior Lecturer of Information Technologies in Automated

Systems Department, Faculty of Information Technology and Control of BSUIR, khajynova@bsuir.by

66



Ceknust «l/IHTen1eKTyaJabHbIE
MH(POPMAINOHHbIE TEXHOJIOT N »

[Ipencenaren: JI-p TeXH. HaYK, 1npod., npodeccop kad. NNT Tonenkos B. B.
Ynenbr Kiopu: KaHJ. TeXH. HayK, jorent, 3aB. Kag. NINT Ilynkesuu /1. B.
kaH. (pus.-mar. HayK, goneHt, poredT kad. NNUT lNynakuna H. A.
KaHI. TexH. HayK, gonent kadeaper UNT 3axapos B. B.
Cekperapb ct. mpenogasatens VIN'T I'pakosa H.B.



K. C. Boposckas

ITPUMEHEHVME MEHTAJIBHBIX MOJIEJIE! B
ITPOEKTNPOBAHUVUU N PASPABOTKE
NMHOOPMAIIMOHHBIX CUCTEM

Hcenedyemea eauanue meopuy, MERTMANGHBT MoJesel Ha NPOEKTNUPOBAHUE U Pa3PabomKy UHPOPMAYUUOHHDLT CU-

CMem, npedﬂaemomcn npasuna U MEMOODL NoOAYHYEHUA KAYECTNBEHHO20 npodynma.

BBEAEHUE

Ucnonn3oBanne MeHTATIbHBIX Momesneii (MM)
TOMOTAeT YIpOIIATh W 0000maTh 00paboTKy WH-
dopmanum, 970 0COOEHHO BaXKHO B yCJIOBUIX 0OOJIb-
IIOT0 KOJTMYECTBA COOBITHIT, MPOUCXOISAIIAX B MUPE.

MM - 310 maen, crpareruu, CocoObl TOHMMA-
HUs MHUPA, CO3HATEIbHO WJIM 1IOJCO3HATE/IbHO/UH-
TYUTUBHO (POPMUPYEMBIE HA OCHOBE JIMUHOTO OTBITA,
" uMeroIeics nHMOPMAITUN, HATPABJISAIONINE HAIIN
nefictBus u Mpicau [1].

I. MM B IIPOEKTUPOBAHUUN U PABPABOTKE

NHOOPMAIIMOHHBIX CUCTEM

MM ecTecTBeHHBI U €CTh Y KayK/IOT0, OCO3HAET
OH 3TO WU HET, OHW HAMPABJIAIOT BCE HAIHM -
crBusd [1], a mpokas 061acTh UX IPUMEHEHUS Bbl-
JIBUATAET 331a4y udydenus u npumenenns MM B jiio-
60ii cdepe ITeATeTLHOCTH Ha, OTHO U3 TEPBHIX MECT.

B npoexkTupoBanum u pazpadborke Teopust MM
MOKeT OBITh MPUMEHEHA B CJIE]]. HATIPABICHUSIX:

— s 60Jiee yCITEITHOTO B3aMMOIEHCTBAS YesI0-
BEKA U CUCTEMbI (OpUEHTAIMs MPOEKTUPOB-
muka #Ha MM momnb3oBaren Ayt ompeesnie-
HUST TPEDOBAHWM M OKUIAHWIA MOJIH30BATEIST
or dyukIwmii cucremsl u eé uaTepdeiica);

— JIUTsl UCTIOJIG30BAHUSI U WHTEPIIPETAIUH CYIII.
ycnerrabix MM u3 pa3abix obsacreit 3HaHUI
B IPOIECC IPOEKTUPOBAHUS U PA3PAOOTKH.

Ecu MM nosip3oBaTesisi COOTBETCTBYET TOMY,
KaK paboTaeT mporpamMma, MOXKHO YTBEPK IATh, 4TO
MIPOTPAMMA, IBJISETCSl WHTYUTUBHO TIOHSITHOM.

Benvii
YepHbiit
MoxHO Bbi6paTS HECKONBKO it

[7] Kpachwin

Mpumep 2:
* Radiobutton
* MoxHo Bbi6paTh TONBKO OAMH

(®) Benwiit
O Yepnwin
O cumuin

O Kpachwin

[w] Benwia

Mpumep 3:
Checkbox or Radiobutton?
MOMHO 11 BLIBPATL HECKONBKO
sapuanTos?

[ Yeprwmia
[ cwmmin

[[] Kpackmia

Puc. 1 — IlpuMep BAugHUA ydeTa TEOPHH MEHTAJIHHBIX
MoJiesieil B IPOEKTUPOBAHUN

CyuiecTByer HECKOJIbLKO CIOCOO0B U3y4eHusd
MM uejsioBeka: HaOJIIOLEHHE 38 MOJIL30BATEIEM B
mporecce padboOThl; WHTEPBBHI0O W aHKETHPOBAHHE;
aHAMM3 KOHKYPEHTOB; TECTHPOBAHHE ITPOTOTHUIIOB;
M3y9IeHne KyJbTYPHBIX, JUHIBHCTUIECKHX, COIH-
AJIbHBIX U JIP. ACIEKTOB KU3HU [IEIEBOH Ay INTOPHH.

CdopmupoBannblii B pe3yibrare paboThl CId-
COK BOTIPOCOB 15 BhissiBaeHnss MM moab3oBarens:

Onurre POIECC BHIOIHEHNS BAIINX 33/1a4,
¢ HamuM nupoaykrTom/ceppucom (11/c)? Kak
Bbl OOBIHO PEIaeTe STH 33134917

Onenure ymo0CTBO ¥ MHTYUTHUBHOCTb HHTED-
deiicoB npyrux 1/c, ¢ KOTOpbIMEU BbI paboTa-
Jsin panee? HazoBure cioxHoCTH 1y 1IpodJie-
MBI, C KOTOPBIMU BBI CTAJIKUBAJIUCH?

Kak BbI mpesacrasisere cebe paboTy ¢ Ha-
wum 1/c? Rakue dynkuuu u Bo3amMoxHOCTU
BbI oxkugaere? Kakue sjmementst naTepdeiica
BbI CYNTAETE HAMOOJIEE BAXKHBIE?

Kakwne mpuBBIYKE 1 0COGEHHOCTH BAIEro Pa-
6oUero mpoIecca MOTYT MOBJIUATH HA UCIOJIb-
3oBanme Harero 1/c? Kakne dakrops! (Bpe-
M$I, JOCTYMHOCTh WH(MOPMAIUY) BIHUSIOT HA
BAIll BEIOOD MCIONB30BAHUS 11/C7

Kak 06bI Bbl onncanu cBou OXKHUJAHUA OT Ha-
mrero 1/c B ueaom?

II. BBIBOIBI

Ucnonnzosarme MM B mpoekTHpoBaHWUU U
pazpaboTke JAaET BO3MOKHOCTh HA HAYATIHHOM 3Ta-
e OIpPEeIeIUTh HACKOJIbKO CHJIBHO pa3pabaTbiBae-
MBI# TPOAYKT HE COOTBETCTBYET OXKUIAHUSIM II0JIb-
30BaTeJiell U 3aCTABJISETE UX /IeJIATh TO, Yero OHU He
xoTsiT. Hem GoJibIliee BBI «y3HAETE» CBOUX KJIMEHTOB
n m3ydaere ux MM, Tem cMmesiee Bamm perneHust u
CUJIbHEE PEe3y/IbTaT, U TeM MeEHbIe BbI YIIyCKaeTe
WJIA BOBCE TepsieTe IPHU pa3paboTKe.

1. The Mental Models Global Laboratory
[Electronic ~ resource] —  Mode  of  access:
https://www.modeltheory.org/. Date of access:
23.03.2023.
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. B. lapxkyma

ABTOMATUM3NPOBAHHAY NMHTEJIJIEKTYAJIbBHA I
CUCTEMA IJId ABTOMATU3AIINU ITYEBHOT'O
IIPOIIECCA B YO “HAIIMOHAJIBHBIV JTETCKUN

TEXHOIIAPK”

B pabome npedcmasaeno onucanue 0CHOSHHBT PYHKUUT NPOZPAMMHO20 CPEICMmEa, 6 MAKIHCE CKPUHULOMbL Ppaz-

MeHMO6 K0da U 0KOH Npu pabome ¢ npozpammHvim cpedcmeom. B amot pabome mpedaooicer unHO68GUUOHHBLY

cnocob dasa asmomamusayuy Yywebrnozo npovecca 6 YO “Haduonasvhoiti demckuti merHonapk”.

BBEAEHUE

Tenerpam-60T — 3TO CHENMAIbHBIA AKKAYHT,
CO3JaHHBII B aBTOMATUYECKHUM PEKUMe, KOTOPBI
MO3BOJISIET MTOJIB30BATEJISIM COBEPIIATH PA3HbIE /eii-
crBusi vepe3 cam Meccenmkep[l]. Takwe wnHTes-
JIEKTyaJIbHbIE CHCTEMBI, MTPEICTABJIEHHBIE B (DOpMe
TeserpamM-00TOB, MpEIHA3HAYEHBI I OOJIErdeHs
BBITTOJIHEHUST PA3TUIHOrO POJA 3a/a49, B TOM YUC-
Jie obpazoBaresbHOrO mporecca. Pa3purne coBpe-
MEHHOIO 4esioBedecTBa Kpaitae sneprudno. OgHoi
73 TJIABHBIX TPUYUH JJIs 3TOTO CTAJIO0 HEBEPOSAT-
HO OBICTPOE pa3BUTHE WHMOOPMAIMOHHBIX TEXHOJIO-
ruit u Narepuera. C npuxomom B Hainy Ku3uab WH-
TepHEeTa, MHOTHE MTOBCEIHEBHBIE 33,191 CTAJIO [IPHU-
HSATO PEIIATh Y/IAJIEHHO Yepe3 CPEJICTBA BUPTYalb-
HOM KOoMMyHUKaAIWH. ConMaIbHBIE CETH U PA3JINY-
HBIE MECCEHIZKEPBI, COBCEM HEIABHO MOSIBUBIIEECS
B HAINWX JKU3HAX, BCE AKTUBHEE MPOHUKAIOT B HeEe.
OCHOBHOE HX MPEUMYIIECTBO — 9TO OYEHBb OBICTPHII
oOMeH U ToJTy9enre nH(MOPMAINH, TI03TOMY B HAIIe
BpeMsi KpaiiHe aKTUBHBIM CTAJI0 BHEIPEHUE DAY~
HBIX WHTEJIJIEKTYaIbHbBIX CHCTEM 00PabOTKY HHGOP-
manun - Telegram-60ToB.

Ilenr wmccaemoBaTeIbCKON pabOTH: pa3pabo-
TaTh ABTOMATU3UPOBAHHYIO MHTEJIJIEKTYAIbHYIO CH-
cTeMy sl aBTOMATU3AIUU yIeOHOro MpoIrecca B
VO “Hanmonasnpuseiit lerckuit Texunonapk”, KoTo-
pas Oymer mpecTaBadTh COOON MPUIOKEHUE JIIs
mpocMoTpa obImeit nHGOpMany, HOBOCTEH, TaKKe
OyZeT mpeiCcTaBIATh U3 Ce0ds CHCTEMY OMOBEINEeHMIA
Y 3aI0JIHEeHNs 3asBOK Ha I'Psyline 00pa3oBaTeb-
HbIe CMeHbI. IIporpaMmHOe CpeacTBO OyIeT WMeTh
MOHATHBIN nHTEpdEic U NPesoCTaBIATh JOCTATOY-
HOE KOJIMYECTBO WHMOPMAIINN

I. ONUCAHWE UAEN OPOEKTA

OcHOBHOE HA3HAYEHHE ABTOMATHYIECKOrO MPO-
IPAMMHOTO CPEJICTBA JIJisi ABTOMATHU3AIUU yIeOHO-
ro nporecca B YO “Hamumonanbubiit Jderckuit Tex-
HOMApK’ - pa3pabOTKa WHHOBAIIMOHHOTO MPUJIOXKE-
HUsI, KOTOPOE OyIeT pean30BhIBATH HH(MOPMAIINOH-
HYIO QYHKIWMIO B BHUJE NPOTPAMMBI JIJIsi PACCHLIKA
AKTyaJbHBIX HOBOCTEl 00 0Opa3oBaTENbHON CMEHe
JIIs YUAIUXCs, y2Ke HaXOAAmuxcs Ha oOydennn. B
CBOIO OY€pEIh PEATN3AIHS BO3SMOXKHOCTHU MOAMTHACKA
Ha PACCBLIKY I TE€X YUAIIUXCsI, HE 00y IarOIIiXCs
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Ha TeKyImnei oOpa3oBaTe bHON CMeHe, a TaK¥Ke pe-
anm3anus BO3MOXKHOCTHU JJIs PErUCTPAIMH 3aIBOK
Ha OJHYy U3 I'DALyHMX 00Pa30BATE/]bHBIX CMEH I10-
CpeICTBOM OOIIEHHUsT ¢ BOTOM.

Borbl (4aT-60ThI) — CHEUaIbHBIE TIPOIPAMMABI,
BBIMOJIHAIOIINE PA3JIUIHbIE (DYHKIUU ¥ YIIPOIIAIO-
mye KU3Hb nosb3osaresneil. [aBHoil 3amaueit 60-
Ta {ABJISETCS ABTOMATUYECKUN OTBET IIOCJIe BBEIEH-
HOI TOJIb30BaTEIEM KOMAHbl. [Ipu 3TOM, padboras
HETOCPEICTBeHHO uepe3 uarepdeiic Telegram, mpo-
rpaMMa UMUTHPYET AeHCTBUS KUBOTO MOJIb30BATE-
JisI, 38 CIeT 9ero MoJb30BaHue DOTOM TOPa3I0 yaoh-
Hee ¥ MOHSATHEE.

Borbr — 310 KapMaHHbIE IOMOITHUKHY, KOTOPBIE
MPEIOCTABIISIIOT BO3MOYKHOCTH PEIATh JIEMEHTAP-
HbIE 339 MIPY TOMOIIHA MTHOBEHHBIX KOMAH/I.

Hesbio ucciemoBaTeIbCKON PAOOTHI ABIAETCS
Ppa3paboTKa ABTOMATH3UPOBAHHON WHTEJJIEKTYAIb-
HOI CuUCTEeMbl, IPEJHAZHAYEHHON 14 IIPOCMOTPA
nudopMaIyy, aKTyaJIbHbIX HOBOCTEH U IOJIyYeHHe
YBEIOMJIEHUH, 8 TaKKe MOJAd¥ 3asBOK Ha 00pa30-
BATEJIbHBIE CMEHBI.

IIporpamMmmuOe CpeacTBO- OOBEKT, COCTOSIIUM
73 MPOrpaMm, TPOILEAYDP, MPABUJI, a TAK¥Ke, €CJn
[IPEyCMOTPEHO, COIyTCTBYIOIIUX WM JOKYMEHTa-
UMA U JAHHBIX, OTHOCAIIMXCHA K (PyHKIHOHHPOBaA-
HUIO cuCTeMbI 06paboTku nHbOpManui.|3]

Paccpuika — 310 OTIIpaBKa OJHOTO COODIIEHUST
0OJIBITOMY KOJIUIECTBY TIOJIy YaTeIei 10 3apanee co-
CTaBJIEHHOMY CIIUCKY a/Ipecaros.|[2]

IIporpamMmmHuOE CpeacTBO TOMKHO Obecredn-

BATH BBIIOJHEHUE CJIELYIONUX (DYHKIUAN:

IpesocTaBiienre ooIel nHGOPMAIINT O HAIN-
OHAJIBHOM JI€TCKOM TEXHOILIAPKE;

pacchLIKa THGOPMAITMOHHBIX COOOIEHNH st
yYaIuxcs, HAXOAAIMMUXCA HA TEKyIei obpa-
30BaTe/IbHOI CMene;

pacchLIKa HHGOPMAIMOHHBIX COOOIIEHH, CO-
AepxKarux wHGOPMAIUI0 O TPIIyIHUX 00-
Pa30BaTEIbHBIX CMEHaX [JIsT YYaIl[UXCsl, He
HAXOSIINXCA HA TEKyIeil 00pa30BaTe bHOMN
CMeHe;

MOJIyYeHNE PACCHIIKU O J1aTe MTPOBOYKICHUS
00pa30BaTEIHbHBIX CMEH;



® 107aY9a 3aBOK Ha 0OPA30BATEIHHBIE CMEHBI B
YO "HanuonanbHbiii gerckuit Texaonapk';

® pacchLIKa HHPOPMAIMOHHBIX COOOIEHNH 1 UX
PEAAKTUPOBAHUS IIyTEM Peau3alii aKKayH-
Ta aIMUHUCTPATOPA;

® peasm3alnst BO3MOXKHOCTH 0OPATHON CBSI3M.

Brrmenepeunciennnie (hyHKINN cucTeMbr Oy-
YT BBIMOJHATHCA OJIaromaps MTPOMUCAHHBIM Y-
CTAM KOJIa, KOTOPhIE OIMPEIENIAIOT BBITOJTHEHNE OT-
JIETIbHBIX YacTeil u cucrembl B mesoM. [lpu mocryn-
JIEHHH OT MHOJIb30BATENs COODINEHUsI, WHTEJLIEKTY-
aJlbHASL CHCTEMA BbIJAET COOTBETCTBYIOIIUI OTBET,
KOTODBIIl HATIPABJIEH HA PEITIEHNE OPeIeJIEHHOM 3a-
Jladu, 9TO peasu3yeT MeJIb MTPoeKTa. AKKayHT aaMu-
HECTPATOPA MPEJACTABIAET U3 O OOBITHOTO TOJTh-
3oBaress Telegram, KOTOPBI nMeeT OPeIeIeHHbIH
id

Crout ormerutsb, uro s d6usneca Telegram
MPUMEHSETCS JOCTATOYHO IMHPOKO. DTO O0bICHS-
€TCs TeM, YTO BO3MOYKHOCTH TAKMX MECCEHIXKEPOB
MMO3BOJIAIOT OMEPATHBHO JIETUTHCS HOBOCTSIMMU, Pa3-
JINYHBIMY AKIUSMU U PACCBLIKAMU C OTPOMHBIM KO-
JINYECTBOM TOJIb30BaTe eil. BOTh 3HAYUTEIHHO CO-
KPAIal0T HATPY3Ky Ha pabOvuii mepCcoHa B KOMITa-
HUAX, Oepst Ha, ce0sT BBIMTOJIHEHNE MOHOTOHHBIX 3314~
HUA.

II. TIPMHIIUII PABOTHI NMHTEJJIEKTYAJBHON

CHCTEMBI

15T KOpPEKTHON pabOThl MHTEJIIEKTYaIbHOMN
CUCTEMBI HYKHO MMeTh JTI000# IeBaiic, Ha KOTOPDIi
MOXKHO YCTAaHOBUTH mpuyioxkenue «Telegrams.

Jlns  3amycKa WHTENIEKTYaJIbHON CHCTEMBbI
HEeOOX0/IMMO OTKPBITh mnpuyiokeHue Telegram wu
B moucke Hamucarb <«technos. Ilocie 3arpyskm
60Ta HEOOXOIMMO MPOMUCATH BPYYHYIO KOMAaHIY
«/start>. B orBer Ha j060e coobienue Gor Beeraa
9TO-TO OTBEYAET, B JJAHHOM CJIydae MPUAET MPUBET-
crBerHoe coobrenne. JIns manpHeiimei paboThl C
MHTEJIEKTYATbHON CHCTEMOM HEOOXOAUMO HAXKATh
kHOTIKY «Hauarhby.

ITocse 3amycka 60Ta MOYKHO MPUCTYMATH K Pa-
oore ¢ HuM. OCHOBHBIE AEHCTBUS 3aKIOYAIOTCSI B
pabore ¢ mento. Ilocie TOro, Kak MHTELIEKTYaTb-
Hasg CHCTEMa OTIPABHAT COOOIIEHUE-MEHIO, I0JIb30-
BATEJII0 HEOOXOIUMO BBIOPATH NEHCTBHE HAYKAB HA
JTIO0YTO U3 MPEJIOKEHHBIX CHU3Y KHOMOK. B pe3yiib-
TarTe BLIOOPA OHOI 13 KHOMOK Telegram 0ot ormpa-
BHUT COOTBETCTBYIOIEE COOOIEHE.

B wunrensekTyasbHO cucTreMe peasim30BaHA
BO3MOKHOCTDb PACCBHLIKH HH(MPOPMAIMOHHBIX CO00-

IMEHUH TMOCPECTBOM AKKAyHTa aJMUHUCTPATOPA.
Yrobnl moanucarbes Ha paccouiky ot Telegram 6o-
Ta HyKHO 1epeiitu B paszaen “Tloammcka”.

Bce nanmbre, ¢ KOTOpbIMU PAbOTAET A MUHU-
CTPATOP B MHTEJIEKTYAJIBHON CUCTEME XPAHATCSA B
Oase JaHHbIX

IToce odopmieHns MOATUCKU TIOSBUATCS WH-
TEpaKTUBHOE MEHIO JJIs YIIPABJIEHUS MOAMUCKOH. B
JIAHHOM MEHIO MOXKHO Y3HATH CTATYC MOIIUCKU, OT-
[UCATHCA UM HOIMCATHCA HA PACCHUIKY. B 3aBu-
CHMOCTH OT BaIllero CTATYCA, BAPUAHTHI OTBETOB MO-
TyT OBITH PA3IMIHBIMY

III. BBIBOIBI

JL7st MOCTHKEHUsT TOCTABIEHHOU TIEJTH TIPY BbI-
[OJIHEHUH HUCCIIEIOBATEIBCKOIO TPOEKTa HEOOX0 -
MO OBLIO pa3zpabOTATDh IIPOrPAMMHOE CPEICTBO, KO-
Topoe OyZer TpeaHa3HadeHOo JJisi MMPOCMOTPa WH-
dopmarmm, akTyaJabHBIX HOBOCTEH ¥ TOJIydeHue
yBEJIOMJIEHHI, & TaKyKe II0/Iavi 3asBOK Ha CJIejly-
0Ie 00PA30BATEIBHBIE CMEHbI.

[TepcmexkTuBbI TPOEKTA:

BO3MOXKHOCTE coTpyauudectBa ¢ YO «Harmwm-
onasbHbI Jlerckuit Texnonapks. Hampuwmep,
MPEIOCTABIIATh TIATMOPMY [IJIsi O3HAKOMJIE-
HEAA ¢ nHOpMAIei O MOMOKEHUIX CIETYI0-
MUX 00PA30BATEHHBIX CMEH;

BO3MOXKHOCTE coTpyauudectBa ¢ YO «Harmum-
onasbHbI Jlerckuit Texnonapks. Hampuwmep,
MPEIOCTABIATh MIATGHOPMY [Jis 3asBOK HO-
BBIX yUAIIUXCS Ha 00pA30BATETHHBIE CMEHBI C
3aI0THEHHEM AHKET;

BO3MOKHOCTE coTpyauundectBa ¢ YO «Harm-
onasbHbI Jlerckuit Texnonapks. Hampuwmep,
MPEIOCTAB/ISATh PACCHLIKY yBeIOMJIEHUH 00
00pa3oBaTeIbHBIX CMEHAX M JATHI CMEH.

Ilo urory BBITOTHEHHON PabOTHI MOXKHO CIETATH
BBIBOJ, YTO aBTOMATH3WPOBAHHAS WHTEJJIEKTYaJb-
Hasg CHUCTeMa HMeeT XOpOIINe IePCHEKTUBbLI I
JAJbHEUIero pa3BuTus

Cnucox aumepamyput

1. 1ps.ru[dnekTpounsiit pecypc|. — Pexxum gocryna https:
//1ps.ru/. — dara moctyma: 10.04.2023.

. UNISENDER|[9aekrponsstit pecypc|. — Pexxum mocry-
nathttps://www.unisender.com/ru/glossary/chto-
takoe-rassylka/. — /lara gocryma:10.04.2023.

Koucynpraur Ilnroc|Ddnexrpornsii pecypc|. — Pexum
pocryna: https://wuw.consultant.ru/, — [lara gocry-
ma:11.04.2023.

TI'aprxywa Hzopv Bauecaasosuy, yuammuiica YO “HaauoHaibHbIH 1eTCKAE TEXHOMAPK .

Hayunwiti pyxosodumens: Andpetivyx Oavza Huxonraesna,

npenogasaresb YO BI'YUP dunuan

Munckuii pagMoTeXHUIECKUN KOJLTEK, MATUCTP TEXHUIECKUX HayK, memory1703@Qgmail.com
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3oTtos H.B.

IIPUHIIAIILI JOKYMEHTUPOBAHUS ITIPOTPAMMHON
IIJTAT®OPMBI J1JI4d NTHTEJIJIEKTYAJIbBHBIX
KOMIIBIOTEPHBIX CUCTEM HOBOI'O ITOKOJIEHU

Hannas paboma onucveaem nPuHyuns, JoKYyMeHmuposanus mexyuse2o IIpo2pamminozo 6apuanma peanusdayul

ostis-naamgopmo. das ostis-cucmem. Ocobernocmvbro daHHvLl PabGOMbL ABAAECMCA ONUCAHUE NPUHYUNOSE, C TLOMO-

Wb KOMOPHLT MOHCHO ONUCHLBATMD PEAAU3AUUY dpyeum npozpamMmMHBLL KOMNBIOMEPHDIT CUCITIEM.

BBEJEHUE

KagecTrBO CcOBpeMeHHBIX pa3pabaTHIBAEMBIX
IPOrPAMMHBIX ~KOMIBIOTEPHBIX —cHuCTeM  (IL.K.C.)
HEIOCPEICTBEHHO 00ECIeYnBAETCS KA9€CTBOM JIOKY-
MeHTauu ux peaiusanuu. KagecrBo ostis-cucrem
obecrreunBaercs cpeacramu Texmomormn OSTIS:
SA3BIKAMU TIPEJICTABJICHNs 3HAHU{T (B TOM YHUCJIE TIPO-
rpaMM), a TAK¥Ke MHCTPYMEHTAJIbHBIMEU CPEJICTBAME
MOIIEP>KKU KU3HEHHOTO NUKJIA 3TUX cucreMm. Ba-
30BbIM HMHCTPYMEHTAJIBHBIM CPEJICTBOM HOJJEPK-
KW KW3HEHHOTO ITUKJIA OStis-CHCTeM SIBJISIeTCs Te-
kymumit [IporpaMMubIil BapraHT peann3amuu ostis-
wrardopmer [1]. Henpio gaHHON PabOTHI SBISETCS
MOKA3aTh HEOOXOIUMOCTD OIMUCAHUS TAKUX MPOIIEC-
COB B KOJUIEBKTHBAX, a TAKXKE O0ECIIeYUTh BO3MONK-
HOCTHU JIJIsi PACITUPEHUST KOJJIEKTUBA, Pa3pabOTIu-
KOB TeKkyIrnero I[IporpaMMHOrO BapuaHTa peain3a-
nun ostis-maardopmsi.

I. TIPMHIMIOBI JOKYMEHTUPOBAHUS
HPOIPAMMHOW IIJIAT®OPMBI JIJIsd OSTIS-CUCTEM

IlepMaHeHTHBIT PEMKUHUPUHT KOMIIOHEHTOB
Tekymiero IIporpaMMHOrO BapmaHTa peaTn3amun
ostis-mmaTgopMbl  06ECIEINBACTCA OTKPBITOH KO-
MaHI0i pa3paboTIMKOB, IPH YTOM KazKbIil pa3pa-
0aTHIBAEMbINl KOMIIOHEHT JOKYMEHTUPYETCS COTJIAC-
HO CJIeAYIOIIUM IIpaBUIaM:

¢ Bre 3aBuCHMOCTHY OT s3bIKA PEATTU3AINN KAXK-
goro kommoneHTta lIporpammuOoro BapmanTa
peanuzaruu ostis-mrardopmbl, creruduka-
U KaXKJI0ro KOMTIOHEHTA BKJIIOYAET CIeIn-
dbuKaIMo, HEMOCPEICTBEHHO OMUCAHHYIO B FC-
XOAHBIX (aiilax caMoro KOMIIOHEHTA, OITH-
CBHIBAIOIIYIO MPOrPAMMHBIH HHTEpPQEC ITOro
KOMIIOHEHTA, & TaK2Ke crienuuKaIuo KaK qa-
ctu 62361 3HAHUHN 0Stis-TIaT(HOPMBI, JETATHHO
OINHACBIBAIONLY IO PEATIM3AINAIO 3TONO KOMIIOHEH-
Ta, B TOM YHCJIE€ UCIOJIb3yeMble aJrOPUTMBI.

Kazxaprit kommonent [IporpaMMmHOTro BapraH-
Ta peasu3anuu ostis-maardopMbl OMUCHIBAET-
ca cpeacrBamu Texunonoruu OSTIS, To ects
ua SC-ko/e, TeKCThI KOTOPOro OHa 00pabaThi-
Baer u xpauutT. Takum o6pa3om, 3TO TaET BO3-

MOXKHOCTH TaT(OpMe aHAIU3UPOBATH CBOE
COCTOSIHWE W CIIOCOOCTBOBATH TOIIEPKUBATH
CBOM JKM3HEHHBINH UK 063 ydacTus paspa-
6GOTYUKOB.

Crenudukanusa IIporpaMMHOro BapuaHTa, pe-
anu3anuu  ostis-mwnardopMbl  IpeacTaBisieT
coboit Sc-g3bIK, TO ecTh Homba3bik SC-KomIa,
JIJIL KOTOPOIO YTOYHEHbI CUHTAKCUC M CeMaH-
tuka g3uika SC-koma. Boobie 3ToT Sc-a3bIK
MOXKHO MPEJICTABUTH B BUJE HEKOTOPOTO Ce-
MelicTBa 00JIee JACTHBIX SC-A3BIKOB, KOTOPHIE
[IO3BOJISIIOT OIMCBIBATD:

TO, KaK SC-KOHCTPYKITUN TTPECTABIIAIOT-
Csl BHYTPH SC-TIAMATH OStis-11aThOPMBI;

TO, Kak HUHGMOPMAIMOHHBIE KOHCTPYK-
[UU, KOTOpbIe He npuHaiexar SC-kKory
MPEICTABISIOTC BHYTpHU (baitoBoit ma-
MsTH 0Stis-TIaTdopmbr;

TO, KAK PA3JIUYHBIE MOICUCTEMBI ILIAT-
GopMBIL, B3aMMOIEHCTBYIOT MEXKIY CO-
0oif;

TO, KAKWE METOIbl ¥ COOTBETCTBYIO-
e UM areHThbl B3aUMOJEHCTBYIOT C SC-
MAMATHIO OStis-TL1aTOpPMBI;

II. 3AKJ/IOYEHUE

Paccmorpennble mpUHIATIBL TOKYMEHTHPOBA-
nus Tekyiero [IporpamMvuoro Bapmanra peasm3a-
1y OStis-TIIaT¢OPMBI SABILIOTCH YACTBIO €€ CIeru-
duKaimm u onucanbl B TeKyeit Bepcun Cranmapra
Texuomoruu OSTIS. /Tantbie TPpUHITUTIBI MOYXKHO UC-
MTOJTb30BATH MPU ONMHUCAHWY JIIOOBIX APYTUX I.K.C., B
TOM YHCJI€ TE€X CHCTeM, KOTOPbIE HE PEeaTn3ar0TCsH
Ha JAHHOHN 1LTaTrdopme.

1. 3otros, H. B. IIporpammuas niardopMa gy HHTE/IeK-
TyaJIbHBIX KOMIIBIOTEDHBIX CHCTEM HOBOIO IIOKOJIEHHS |
H. B. Bot0B // OTKpBITEIE CEMaHTHIECKHME TEXHOJOTUH
[IPOEKTUPOBAHUS MHTEJUIEKTYAIbHBIX cucreM = Open
Semantic Technologies for Intelligent Systems (OSTIS-
2022) : cbopuuk Hay4uHsix Tpyxos / BI'VUP ; peakour.:
B. B. Tosenkos [u ap.]. — Munck, 2022. — Bem. 6. — C.
297-326.

3omos Hurxuma Baadumuposuy, crynent, kadeapa UNT BI'YUP, nikita.zotov.belarus@gmail.com
Hayunoti pyxosodumenn: [lynkesuw Jarnuus Bavecaasosuy, 3asemyromuii kadeapoit MUT BIY-
WP, xanauaar TeXHUYEeCKUX Hayk, gouedt, shunkevich@bsuir.by
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Soros H.B.

IMTPUHIIAIIBI ITPOI'PAMMUPOBAHUA B
KOMIIBIOTEPHBIX CUCTEMAX HOBOI'O IIOKOJIEHN A

HeCMOmpﬂ HA AKMUBHOE PA3BUIMUE U UCTLOADB30BAHUE COBPEMEHHBIT KOMNDBIOTMEPHBIL CUCTTLEM 06’[14620 NoOHUMAHUA

no ux paspabomke do cur mop we caodcusoce. Haswku pa3pabomuuke u mernosozuu pa3pabomku npozpamm
6cé boavwe omemarom om mpebosanull, NPedsAsAeMbT K padpabomke npozpamm. Jannas paboma npedsazaem

0CHOB0T0NA2GTI0UUE NPUHYUUTLBL ona npoexmuposarus U paspaﬁomnu KOMNDBIOMEPHDLL CUCTMEM HOB020 NOKONEHUA.

BBEJEHUE

ITockoMbKY KOMMYECTBO $S3BIKOB MPOTPAMMU-
poBaHus (s.11.) PACTET C yBEJUYEHHEM MOTPEOHO-
CTH B HUX, TO PACTYT U MOTPEOHOCTH B ONMMCAHUU
9TUX s.I1. JJIs IPOEKTUPOBAHUS U Pa3pabOTKH IpO-
IPAMMHBIX KOMIIBIOTEPHBIX CUCTEM (T1.K.C.) HA ITUX
sa3bIKaxX. 10 eCTh, C yBeJIMYEHNEM KOJUYIECTBA, S.1I.
PacTET He TOJIHKO MHOr00Opasne popM MpeaCTaBIIe-
HUsl 3HAHUHN, HO U KOJUYIECTBO I1.K.C HA PA3TAIHBIX
dopmax mpejicraBieHns 3HAHUNR. 9TO B CBOIO OYe-
penb Tpebyer He TOIBKO Ka9eCTBEHHOM crermuduKa-
MW KOHKPETHOTO sI.TI. JIJIsT PAa3pabOTKU MPOrpaMM
Ha, 9TOM $3bIKE, HO W HOBBIX TPEOOBAHWI K CYIIE-
CTBYIOIITAM pa3padboTdnkaM. B mrore, 3To BiaeYéT
3a cobo#t TosiBIeHNEe DAPHEPOB U /I CO3TAHUS Ce-
MAHTHYECKH COBMECTHMbBIX U HHTEPOHEPAOeIbHBIX
M.K.C, M JJisi ODecrnedeHusi OJarONMpPUATHON Cpebl
JIJIS B3aMMOJIENCTBYSA UX Pa3pabOTINKOB.

IIPEJJIATAEMBIN TTOAXO/

L1t IpeooieHrs JAHHBIX IIPo0IeM HEeT HeoO-
XOAUMOCTH MMEPECMATPUBATH YK€ CYIIECTBYIOIINE
pemrennss B 00JacTH Pas3spabOTKH MPOrPpaMMHOTO
obecrredennsi. Heobxomumo co31aBaTh MPUHITHIIN-
aJIbHO HOBBIE sI.II., & TaKXKe II.K.C. Ha HUX, B KOTO-
PbIX Oy/yT y4YTeHbl U PELIEHbI CyIIEeCTBYOMINE [IPO-
6s1eMbI. [[J1st 9TOTO CIeAyeT YUUTHIBATE CJIEIYIOIIHe
TMIPUHITAITBI TTIPOIPAMMUPOBAHNSA ITHX CHCTEM:

e Pacmmpenne MmHOroo6pasusi (hopM MpeIcTan-
JIEHUST 3HAHUI TPOUCXOIUT 33 CUYET TMOSBJIIE-
HUW HOBBIX CHHTAKCHUYECKAX KOHCTDPYKIIUX B
a.11. IToaromy paspaboTka s.II. JOTKHA CBO-
JIATHCS K YTOYHEHUIO CHHTAKCUCA U CEMAHTH-
K1 yke cymecrByfommx s.i.. IIpu srom Bce
ST, JTOJIXKHBI SIBJIATHCS MOTbI3bIKAMU HEKO-
TOpPOTro GA30BOTO S.11.

Her neobxomuMmocTn B CO3JaHMU JOLIOJIHU-
TEJIbHBIX SI3bIKOB, C IIOMOIIBI0 KOTOPBIX MOXK-
HO OTMHUCHIBATH CEMAHTHUKY MPOTPAMM Ha, sI.T1.
Haob6opor, s.11., Ha KOTOPOM Pa3padaThIBAIOT-
Cd NPOrpaMMBbl, JOJIXKEH II03BOJISATH CBOUMU

ZKe CpeICcTBaMM ONUCHIBATH CEMaHTUKY IIPO-
r'paMM Ha 3TOM K€ A3bIKEe.

JloKyMeHTUpPOBAHUE IIPOrPAMM, B TOM HYHCJIE
M.K.C., JOJI>KHO MUHUMHU3UPOBATHCS 3a CUET
9TAIOB UX KAYECTBEHHOTO MPOEKTUPOBAHUS U
pa3paborku. CMbICST KOHCTPYKITHII TPOTpaMM
SLI. JIOJIKeH ObITh HACTOJBKO $SICHBIM W I0-
HATHBIM, 9TOOBI HCIIOJIb30BAHUE IPOrPAMM HA,
9TOM {1.T1. HEe TPEOOBAJIO JOMOJHUTEIHHBIX Pe-
CYypCOB M MHCTPYMEHTOB KaK W y pa3padoT-
YUKOB 9TUX MPOrpPaMM M CHCTEM, TaKUX U Yy
HOBBIX Pa3pabOTIUKOB.

HOHBHGHI/IQ HOBbLIX IIDOr'PaMM JOJI2ZKHO BJI€Yb
3a cODOM K PaCITUpPEHUIO OUOIMOTEKH MHOTO-
KPAaTHO UCIIOJIB3YEMbBIX TPOTPaMM U K YMEHb-
IIEHUIO KOJIN4YeCTBa CEMAHTUYECKU >SKBUBA-
JIETHBIX mporpamm. Takmm oOpas3om, mIpo-
I'PpaMMBbl IOJI2KHBI 6I)ITb HE TOJIbKO MaKCu-
MaJjIbHO OOpa30M COBMECTUMBIMYU MEXKIY CO-
00ii, HO OTKPBITHIMHU JJIsT TIEPEUCIIOTH30BAHMTS
B APYTUX II.K.C. HOBOT'O IMMOKOJICHUA.

IlomHbI# KU3HEHHDBIH UK pa3pabOTKH HO-
BBIX [IPOrPAMM JIOJIZKEH 00ECIIEIMBATHCS TEMU
K€ CPEJICTBAMY U s.TI., HA KOTOPBIX pa3paba-
THIBAIOTCS TU TPOTPAMMBI.

II. 3AKJIIOYEHUE

[IpensoxkeHHble TPUHIMIBL PA3PabOTKH MPO-
rPaAMMHOI0O OOeCIedeHusi CIIOCOOCTBYIOT DPA3BUTHIO
HamboJTee KAa4eCTBEHHBIX YCJIOBUH /s pa3paboTKm
KOJIJIEKTHBOB I1.K.C. JIJIs PEIIeHus 33144 JII000i nH-
dopmarmonHoit cioxuoctn. ONMUCaHHBIE WIEN SIB-
JIAI0TCS OCHOBOW it co3zmannn CeMaHTHYecKon
TEOPUU TPOrPAMM JJIsi KOMITBIOTEPHBIX CHCTEM HO-
Boro nokosienusi Texunomorun OSTIS [1].

1. Botros, H. B. CemanTudeckass Teopusi IpOrpaMM B HH-
TEJUIEKTYAJIbHBIX KOMIBIOTEPHBIX CHCTEMAX HOBOLO IIO-
kosennsi / H. B. 3oros // OTKpeITEIE ceMaHTHIe-
CKHe TeXHOJIOTMU IPOEKTUPOBAHUS HHTEJIEKTYATbHBIX
cuctem = Open Semantic Technologies for Intelligent
Systems (OSTIS-2022) : cOOpHUK HAyYHBIX TPYIOB /
BI'VUP; peaxomn.: B. B. Tonenkos [ ap.]. — Munck,
2022. — Boun. 6. — C. 145-160.

3omoe Huxuma Baadumuposuw, crynenr, kadeapa UNT BI'YUP, nikita.zotov.belarus@gmail.com
Hayunoti pyxosodumenn: I[lynxesuw Jarnuus Bavecaasosuy, 3apemyomuii kademapoit MUT BIY-
WP, xargugar TexHuIeCKUX HAyK, moreHT, shunkevich@bsuir.by

72



E. A. Kazaugenko

NCIIOJIb30BAHUE KOMIIOHEHTHOTI'O IIOJIXO/JA IIPU
IMPOEKTUPOBAHNN I10JIb30BATEJILCKIMNX
NMHTEP®ENCOB

B dannoti paﬁome pacemampusaemcAa U npedﬂaeaemcn UCNONDB30BAHUE KOMNOHEHTMHO20-0PUEHMUPOBAHHO20 noo-

roda npu NPpoeKmMupoaHUU NOAB30EAMEADCKUL UHmepéeﬂcos 210001 CAOIHCHOCTMU, NOCTMPOEHHDLE TLO METLTHONO2UU

OSTIS (ostis-cucmem) Ha 0CHOBE COBMECTNUMBLT MHOZOKPATHO UCTLOABIYEMBLT KOMTLOHEHTTOS.

BBEJEHUE

Ha ceropmsmiauii 1€Hb CyIIECTBYIOT OIPOMHOE
KOJIMYECTBO MOTB30BATETHLCKUX HHTEP(HEHCOB, KakK-
JIBIl 13 KOTOPBIX MPEJCTABIISET PA3JAYHBIA OIBIT
B3aMMOJIEHCTBUSL MEXK/y HOJb30BATEIEM U CUCTE-
moit. OmgHako, HeCMOTpsS Ha TO, 4TO HWHTEpdEii-
ChI PA3BUBAIOTCS U COBEPIIEHCTBYIOTCS MPEIOCTAB-
Jisisl HOBBIM yPOBEHBb WCIOJB30BAHUS, OHU HUMEIOT
LTI PsiJi CEPbE3HBIX HEJOCTATKOB, CBI3aHHBIX C
TPYIOEMKOCTHIO UX PA3PAbOTKK U COMPOBOXK ICHUS.
TpymoeMKoCTh Pa3zpabOTKU OOYCIOBIEHA HE CTOJIb-
KO CJIO?KHOCTBIO TIOJIb30BATEIHLCKOTO HHTEpdeiica, a
CKOJIBKO OTCYTCTBHEM XOPOIIO TPOAYMAHHBIX TEX-
Hostoruii ux npoektupoBanusa. OJHUM U3 BapUaH-
TOB pelieHus TPODJIEeMbl ¢ TPYJIOEMKOCTBIO Pai-
paboTKM MOJIH30BATETHLCKOTO WHTEpdeiica sBisieT-
cs1 pa3bueHne CUCTEMBI HA OTIEJIbHBIE U HE3ABUCH-
MbI€ KOMIIOHEHTBHI, KOTOPbIE MOYKHO MHOTOKPATHO
HCIOIB30BATH HE TOJBKO B PAMKAX OJHOTO MOJIBH30-
BATEIBCKOrO nHTEpPdEca CHCTEMbI, HO U B PaMKaX
JIPYTIUX PA3JIMYHBIX IIOJb30BATEIbCKUX UHTEDPdE-
COB CHCTEM.

Ilenpio paboThl ABIsIETCS Pa3pabOTKa MOJIe-
Jefl W CpeJCTB KOMIIOHEHTHOI'O ITPOEKTUPOBAHMS
TTOJIH30BATEILCKUX HHTEP(hEeicoB ostis-crucrem.

I. OB30P MOJIEJEN KOMIIOHEHTHOTO
MIPOEKTUPOBAHUA TTOJIB30BATEILCKUAX
UHTEP®ENCOB

IIpoexTHpoBaHue MONB30BATETLCKUX HHTED-
deiico (IIN) saBisgerca BayKHONM COCTABJSIONIE
pa3pabOTKM MPOrPAMMHOTO 0OECIIeYeH s, ITOCKOThb-
Ky II1 mmeer mpsiMoe BIUsHAE HA YI0OCTBO HCIOTb-
30BaHUS TPOIYKTA U YIOBJIETBOPEHHOCTDH MOJIB30-
Bareneit. CyImecTByeT MHOMKECTBO PA3TUIHBIX MO-
Jeneii KOMIOHEHTHOTO mpoekTupoBanus 1IN, kax-
Jlasi U3 KOTOPBIX MPEIHAZHAYEHA 71T OTPEIEIeHHO-
IO TUMA MPOEKTA U TPEOOBAHUN KOHEYHOTO MOJIBH30-
BaTEs.

Opnoit u3 Mmomeneit mpoektupoBanusi [1M, xko-
TOpasi AKTUBHO HCIIOIH3YeT KOMIIOHEHTHOE MPOeK-
TUPOBAHUE, ABJIAETCA MOJAEJb "MOIYJILHOIO Jau3aii-
na'". Ona npeanonaraer cozganue uarepdeiica, oc-
HOBAHHOTO HA MAJIEHbKUX, HE3ABUCUMBIX MOIYJISX,
KOTOpBbIE MOTYT OBITH HWCIOJB30BAHBI MOBTOPHO H
HACTPAMBATHCS JIJIsI PA3TAYHBIX 3a/a4.

Kpowme Toro, KOMIOHEHTHOE TTPOEKTHPOBAHUE
TaK»Ke aKTUBHO MCIOIB3YETCs B MOJIEH "arnaHoro
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Pa3BUTHS KOTOPAsi MpPeJoaraeT COBMECTHYIO pa-
60Ty paspabOTINKOB, AW3ANHEPOB M ITOJIH30BATE-
Jieil, U OpPMEHTHPOBAHA HA YACTHIE WTEPAIWH, T10-
CTOSHHYIO OOpPaTHYIO CBSI3b W OBICTPYIO JOCTABKY
HOBBIX (DYHKITHIA.

B 10 ke Bpemsi, TpaIUIIMOHHBIE MOJENN TTPO-
ektupoBanus IIM, takume kak Mmozmens '"Bomoma-
pa'mwim Mozesb "IPOTOTUIIMPOBAHKS TAKZKE MOLYT
UCIOJIB30BATh KOMIIOHEHTHOE IIPOEKTUPOBAHUE B
paMKax CBOMX MpOIeccoB. Hampumep, B Momenn
"mpororunupoBaHusd'" MOXKHO WCIOIB30BATH T'OTO-
BbIE KOMIIOHEHTBI JJIsi OBICTPOrO CO3JAHUS MPOTO-
Tuna naTepdeiica.

Takum 06pa3oM, KOMITOHEHTHOE MTPOEKTHPOBA~
HU€ UTPAET BaXKHYIO POJIb B COBPEMEHHBIX MOJIEJISTX
MIPOEKTUPOBAHUS TOJIb30BATEIHCKUX HHTEP(EHCOB,
IOMOTasi CO3/1aBaTh 3P (PEKTUBHBIE U THOKNE HHTEP-
deiicbl, KOTOpbIE MOTYT OBITH AJAITUPOBAHBI IS
PA3JIMYHBIX KOHTEKCTOB U 33/1a4.

II. TIPEAJIATAEMBIN TIOIXO/T

IIpenmaraemprit  MOAXOM MpEANOaraeT WC-
IIOJIb30BaHUE IIPEUMYIIECTB KOMIIOHEHTHOI'O IIPO-
CKTUPOBAHUA TIPU MMOCTPOEHUU IIOJIHB30BATEIHCKUX
unrepdeiicos. s ocymmecTBIeHns KOMIIOHEHTHO-
r0 TOIX0Ma HEOOXOAMMO CODJIIOIEHUE CJTETYIOIIIX
IIPUHITUIIOB U IIPAaBWJI:

it pelrenus oCTaBaACHHOM IPOOIEMBI IIPE/I-
nojylaraercs ucnosnb3osars Texunomoruio OSTIS [2],
HA& OCHOBE KOTODO#i TIPE/IaraeTcsi:

1 Pazpaborath yHUPHUIIPOBAHHYIO CEMAHTH-
YECKYI0 MOJIEJIb IOJIb30BATEILCKOIO HHTEP-
deiica UHTEIEKTYabHBIX CHCTEM, KOTOPBI
BKJIIOYAET B Cebs:

— Jexkcudyeckoe —omucanue —unrepdeiica
(ommcanMe KOMTOHEHTOB W3 KOTOPBIX
dbopmupyercsa unrepdeiic);

— CWHTaKCcHYeckoe ormcanue uHTepdeiica
(mpaBusia (HOPMUPOBAHUS KOPPEKTHOTO
¥ TOJIHOTO wHTepdeiica U3 ero KOMITO-
HEHTOB);

ceMaHTHYecKoe Ommcanme wuHTepdeiica
(3HAHME O TOM, 3HAKOM KAaKOH CyIIHO-
CTH #BAAETCA OTOOPAsKaeMbIil KOMIIO-
HEeHT, Ha3HaueHne, 00/1acTh TPUMeHeHus
KOMIIOHEHTOB uHTepdeiica).



2 CnpoekTupoBaTh OUOIUOTEKY COBMECTHUMBIX
MHOTOKPATHO MCIIOJIb3YEMbIX KOMIIOHEHTOB.

3 Pazpaborars W WHTErpUpOBATH WHCTPYMEH-
TaJIbHbIE CPEJICTBA KOMIIOHEHTHOT'O TIPOEK-
THPOBAHUs TOJIH30BATENLCKUX HHTEpP(EiticoB
ostis-cucrem.

TTonb3oBaTenbckuit narepdeiic paccmarpuBa-
eTcsl KaK CIEIUATM3UPOBAHHAS HHTEJJIEKTYATIbHAS
CHCTeMa, MOCTPOEHHAST € MCITOJIH30BAHNEM CEMAHTH-
9eCKON TEXHOJIOTUU TPOEKTUPOBAHUS WHTEJIJIEKTY-
AJIBHBIX CHUCTEM, IEThI0 KOTOPOI SABJISIETCS OPraHu-
3a0us B3aMMOIENCTBUSI HOJb30BATENsd C CHCTEMOM.
Kak u mobas apyrasi HHTEIIEKTyaIbHAsA CHCTEMA,
OH COCTOWT W3 0a3bl 3HAHWI W MAIUHBI 00PAOOTKH
suannit [3]. Xpanenue 6a3bl 3HAHUE TakOH cuCTe-
MBI OCYIIECTBJIsIeTCs ¢ noMoInbio SC-namstu. Ma-
mrHa 00pabOTKM 3HAHWN BKIIOYAET B cebs HAOOP
oneparmii, KOTOpbIe OCYIIECTBIAIOT 0OpabOTKY 3HA-
Huii xpauumbix B SC-nmamsaru. Biaromapst ucnosb-
3oBanmnio SC-kKoIa 00eCIeInBaeTCst JIeTKOCTh HHTEP-
OpeTaluu 3TUX 3HAHUN U CUCTEMOU, U YEJIOBEKOM -
MOJIH30BATEIEM WA PA3PabOTIMKOM, & TaK¥Ke Of-
HO3HAYHOCTH BOCIPUSATHUS ITOW WHMOPMAIIUU UMH.

ITpu TOM KaXKAbIit KOMIIOHEHT MOJIb30BATE -
ckoro maTepdeiica ABISETCS BHEITHUM OTODparke-
HHEM HEKOTOPOTO SC-3JIEMEHTA, XPAHSIIErocs B ce-
MAHTHYECKON IaMATH (SC-1IaM$TH), YTO 1O3BOJIAET
WCTIOIF30BATH UX B KATECTBE apTyMEHTOB TIOIH30Ba-
TEILCKUX KOMAHJ U MPABWIHBHO TPAKTOBATH MPAr-
MATHKY ¥ CEMAHTHUKY OObeKTOB MHTEP(deicHO! Je-
aresbHOCTH [4].

SAKJIIOYEHUE

Wcnonn3oBanme KOMIIOHEHTHOTO TIO/IXO/IA TIPU
MTPOEKTUPOBAHUY TTOJIH30BATEILCKIX WHTEPdECOB

ostis-cmcTeM Ha OCHOBE MHOTOKPATHO HCHOJIB3Y-
€MbIX KOMIIOHEHTOB IIO3BOJIUT COKPATUTb BpeMd
3aTpadyeHHoe Ha IIPOEKTUPOBAHUE CYHIECTBYIONIUX
UJIM HOBBIX MOJIB30BATENIHCKUX WHTEPQEHCOB pa3-
JIMYHBIX CJIO?KHOCTEI, MOBBICUTH KA9eCTBO IPOEKTH-
pyembix nHTEPGhEHCOB, CHU3UTH TPEOOBAHUS ITPETb-
sABJISeMble K HAYAJIbHON KBATU(PUKAIMA KOHEIHO-
ro I0JIb30BATENsE U PA3PAOOTYMKA, [IPEIOCTABUTH
BO3MOXKHOCTh MHOTOKPATHO WNCIHOJIB30BATh KOM-
TMOHEHTHI B PA3JUYHBIX MOJb30BATETHCKAX OStis-
CHCTeMaX, a TaKzKe IPeIOCTABIATH BO3MOXKHOCTH
MIEPEHOCA T0TH30BATENLCKUX NHTEP(EHCOB ¢ OTHOM
w1aTOPMBbI Peaau3anuu Ha APYTYIO.

Cnucox aumepamypuot

1. Tutorialspoint [dnexrpommii pecypc] / Component-
Based Architecture Pexxum goctyna: https:
//www.tutorialspoint.com/software_architecture_
design/component_based_architecture.htm - Jlara
mocryna : 15.03.2023.

Crampapr Texmomormm OSTIS [Dnexrporbrt pecypc|
Pexxum goctyma: https://github.com/ostis-ai/
ostis-standart — Jlata mocrtyma : 22.03.2023.

Koporunk, [I. H. CemanTHUeCcKas TEXHOIOTHSI KOMIIO-
HEHTHOTO INIPOEKTHPOBAHUSA IIOTIb30BATEIHLCKUX HHTEP-
deiicor muTenNeKTyanbHBIX cuctem / 1. H. Koporumk
// OTKpBITBIE CeMAHTHYECKHE TEXHOJOTHH MPOEKTUPO-
BAHMS WHTEJUIEKTYAJIbHBIX cucTeM = Open Semantic
Technologies for Intelligent Systems (OSTIS-2011)
MEXK/JyHApPOIHON HAy4YHO-TEXHUYECKOH KOH(EPEeHIINnH,
Mumuck, 10-12 despans 2011 r. / Benopycckuit rocynap-
CTBEHHBIH YHUBEPCUTET HHMOPMATHKH U PaIH0dJIEKTPO-
HuKK ; peakos.: B. B. Tosenxos (orB. pex.) [u ap.|. —
Munrck, 2011. — C. 293-304.

l'osnenxos, B. B. OTkpbITass TEXHOJIOTHS OHTOJIOTHYE-
CKOTO IIPOEKTUPOBAHMSA, NPOU3BOJACTBA M 3IKCILIyaTa-
[IHA CEMaHTHIECKUX COBMECTHMBIX I'MODHUIHBIX HHTEJI-
JIEKTyaJIbHBIX KOMIBIOTEPHBIX cucreM / B. B. T'oserkoB,
H. A. T'ynsakuna, /. B. [llysakeBuu // Munck : Becr-
npuHT, — 2021.

Kasauenxo Fezenuti Aaexcandposun, MarucTpanT Kadeapbl HHTEIIEKTYAIbHBIX HH(POPMAIMOHHBIX
rexnosorun BI'YIP, yauheni.kazachenka@gmail.com.
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C. X. Caiidpuaaunos

NCIIOJIbSBOBAHUE PEKOMEHJIATEJIBHBIX CUCTEM
HJIL ITEPCOHAJINSVIPOBAHHOTI'O ITIOJIVHEHN A
3HAHUN IIOCPEJACTBOM BEB-IIJIAT®OPMbI

Paccmampusaromes npeumyuecmen nepcoraiu3uposariozo 00yuenus, npurnyun paboms, pexomendamesoHbs cu-
cmem, a maxsdice 80NPOCH, UT UHMEZPAUUY 6 COCMAE 6€6-NAamPOPMbL OUCNAHUUOHHO020 00YUEHUA C YEABI NOBDL-

wWeHuA dIPPexmusrocmuy npoyecca npuobpemenus 3HaHUl.

BBEJEHUE

Ilepconanu3upoBannoe 0Oy4deHHE CTAIO IMOIY-
JISPHBIM TIOAXOIOM B cdepe 00pa30BaHWs, TP KO-
TOPOM OOYYAMIIUNACT WTPAET POJIb <«IIEHTPAIBLHO-
r0 3/1eMeHTa 00PA30BATEIHLHON CHCTEMBI» U BBICTY-
maer cyoObeKTOM y4ueOHO# mesaTebHOCTH. PekoMeH-
JIATeIbHBIE CHCTEMbI BBICTYMAIOT B KadecTBe (-
(EKTUBHBIX HHCTPYMEHTOB, KOTOPBIE TTPEIOCTABIIS-
0T MEPCOHAIM3NPOBAHHBIE PEKOMEHIAIINN HA, OCHO-
BE TPOIIJIOTO MOBEJCHUS W TPEAINOYTEHHH O30~
BaTENs C eI TOCTUXKEHUST JIy UIITX Pe3yIbTATOB.
OTO CTAHOBUTCS BO3MOXKHBIM IIOCKOJIbKY POJIb 00Y-
YAOIIErOCs U3MEHSIETCs: BMECTO «IIOTPEOUTE s> OH
CTAHET CYO'BEKTOM, «COMPOIIOCEPOMS> CBOETO 00yde-
Hus [1].

I. UVHTErPAIA PEKOMEH/IATE/JIbHBIX
CUCTEM B OBPA3OBATEJIbHBIE

BEB-IIJIAT®OPMBI: ITPUHIINITI PABOTHI, METO/bI

Ilepconanu3upoBanHOe OHJIAWH-00yYeHme
obecrieanBaeT ruOKOCTD MPOIECCa 00y IeHHs, TIO3BO-
JIsist YYAIUMCS TIOJIy9aTh JOCTYT K 00pa30BaTe/b-
HOMY KOHTEHTY W PECypcaMm B CBOEM COOCTBEHHOM
remre. UHTErpamys pPeKOMEHIATEIbHBIX CUCTEM B
obpazoBaTenbHyI0 BeO-11aT(OPMY MO3BOJILET BbI-
BECTH TEPCOHAIN3UPOBAHHOE OOydYeHWE Ha HOBBI
YPOBEHB: PEKOMEHIATETHHBIE CHCTEMbI MOTYT TIPEJI-
JlaraTh KOHTEHT, KOTOPbIE COOTBETCTBYIOT WHTEpE-
caM ¥ CTWIO OOyYeHUs ydallerocs, 4ro IeIaeT
[IPOIIECC YBIIEKATEJbHbBIM.

OCHOBHBIMHU METOJIAMHY, PEATTU3YEMbIMHU B PaM-
KaX PpEKOMEHIIATEJbHBIX CUCTEM, SIBJISIOTCS Me-
TOABI KOHTEHT-OPUEHTHPOBAHHON © KOJIIabopa-
TUBHOM duabTpanuu, ruOpuIHbIE METOIbI, METO-
Ibl Ha Oase raybokoro obOydenms. Tak, KOHTEHT-
OPHMEHTHUPOBAHHBIE CUCTEMbI, IPEIOCTABIISIOT PEKO-
MeHganun, ¢hOPMUPOBAHHBIE B PE3YJIbTATE AHAJIM-
3a aTpubyTOB 37eMeHTOB (Hampumep, uHbOpPMAIH-
OHHBIX PECYPCOB), ¢ KOTOPBIMH B3aUMOJEHCTBOBAJ
nmosib30oBaresib. CucreMbl KOLTaAb0OPATUBHON (DUIh-
Tparyuy MoAOUPAOT BO3MOXKHBIE MPEJIMET HHTEpe-
Ca aHAJM3UDPYs MOBEJEHUS <IIOXOXKHUX» IOJb30Ba-
Teseit. A rubpuiHbIe 00bLEIUHSIOT TOAX0AL. Kpome
TOrO, IPUMEHSIOTCS AJITOPUTMBI TJTyOOKOTro 00y de-
HUS C TEJIbI0 AHAJIN3a MOBEICHWS, OT3BIBOB IOJIb-
30BaTeseil U BbIABJIEHUA UX [IPEANOYTEHUN JI1d pe-

MeHnsT TPODJIEM XOJIOTHOTO CTAPTA: KAK PEKOMEH-
JIOBaTh KOHTEHT, KOTJA HE CYIIECTBYET B3aWMOIEii-
CTBUSA C TOJb3oBaTeneM. Jsa 3Tux memeit 0ObIIHO
B aBTOMATHYECKOM PEXKUME OCYIIECTBISIETCS cOOp
CBe/IeHuil 0 B3aMMOIEHCTBAM MTOJIb30BaTE A ¢ 0Opa-
30BaTEJILHBIM KOHTEHTOM: KJIMKW, PEHTUHTH W T.II.
OTH JAHHBIE WCIOIB3YIOTCS [JIsi TIOCTPOEHUS TTPO-
busa moIb30BaTE T W CO3IAHNS PEKOMEH AN HA
ocuoBe ero uaTepecos. Otuenka addekTuBHOCTH pPe-
KOMEHIATETbHBIX CHCTEM BBIMTOJHSIETCS Ha OCHOBA-
HHAM TAKKX IOKA3aTeseil KAK TOYHOCTD, OXBAT U Pa3-
HOoOOpaswe.[2]

PazpabarpiBaembrii MOIyIb KiacCupUKAIINT
KOHTEHTA B PAMKaX 00pa30BATEIHHOM MIaT(OOPMbI
MTO3BOJIUT COKPATHUTH BPEeMs BBIMOJTHEHHS aBTOMa-
THUYIECKOr0 MOADOPA MPEIMETOB MHTEPEeCa IOJIb30-
BATEJIO, 8 TAKXKE CHCTEMATH3UPOBATH PECYPCHI 00-
Pa30BaTEILHOTO KOHTEHTA HA OCHOBAHWW TPEIBa-
PUTENBHO 33JIaHHBIX KpuTepues. Peasnm3amus co-
OTBETCTBYIOIIUX aJITOPUTMOB CO3/TaHMS PEKOMEH 1A~
U MCIOB3ysd THOPUAHBIN MOAXOM Ha 0a3e aBTO-
9HKO/IEPA BBIMTOJIHSIETCS HA SI3bIKE IIPOrPAMMUPOBA-
uust Python ¢ momombio dpeiimBopka Pytorch u
00yCJIOB/IEHA PA3MEPOM U XaPAKTEPUCTUKAMU HME-
o1erocst Habopa JAHHBIX U TPEDOBAHUI K TIPOU3BO-
JUTETHbHOCTH CHCTEMBI.

II. BBIBOJBI

Takum  obpa3oM,  [EPCOHATIU3MPOBAHHOE
OHJIATH-00yYeHHe C IMTOMOIIBI0 O0OPA30BATETHHBIX
BeO-m1aTopM  TPEIOCTABISIET BO3MOXKHOCTH CO-
BEPIIUTh OCO3HAHHBIA ¥ IIHPOKHUil BHIOOD MeECTa,
BPEMEHM, TeMTa U CIOCOOOB OOyUEeHUs, TO3BOJIS-
€T CTaBUTh COOCTBEHHBIE IEJIM, YTO CIIOCOOCTBYET
60s1ee 3 HEKTUBHOMY YCBOEHHIO 3HAHMIA.

1. Bates S. Personalised learning: Implications for
curricula, staff and students. Paper presented
at  the  Universitas 21  (U21) Educational
Innovation Conference, Sydney, Australia. The
25th  of October// YouTube. Retrieved from:

https://www.youtube.com/watch?v=wFetEo5qCqc
(date of access: 21.01.2023).

Kulkarni, A., Shivananda, A. Krishnan, V. A. (2022).
Applied Recommender Systems with Python: Build
Recommender Systems with Deep Learning, NLP and
Graph-Based Techniques. Apress Berkeley, 2022.

Catipuddunos C. X., crynent kadeapst MUT, BI'YUP, s.inbox@umail.uz.
Hayunoiti pyxosodumens: Kpanusun 0. B., kaum. texs. nayk, goment kad. MUT, ybox@list.ru.
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E. C. ®enenko

IIOJCUCTEMA MHO®OPMAIIMOHHON IIOJJEPXKKI
PASPABOTYUKOB IIOJIbSOBATEJIBCKHNX
NMHTEP®EIICOB MHTEJJIEKTYAJILHBIX CUCTEM

B danmnoti pabome pacemampusaemcs ITodcucmema un@opmayuonnoti noddeprcku pa3pabomuukros noib3o6amens-

CKUx u1¢mep¢eﬂcos UHMEANEKMYANDHDIT CUCTEM 6 PAMKAT Om%pmmoﬁ CEMARMUYECKOT ETHON02UU npoexmu-

posarus urmensexmyasohos cucmem (OSTIS).

BBEJEHUE

Db dEKTUBHOCTD HUCHOIB30BAHUS TPOIPAMM-
HOW CHCTEMBI 3aBHCHUT OT €€ M0JIb30BATEIHCKOr0
unaTepdeiica. B GonbImuHCTBE CIy9aeB pa3padOTKa
MOJTb30BATEILCKOTO HHTepdeiica oTHUMaeT O0Jb-
Y0 9aCTh BPEMEHU 3aTPAduBaeMOoro Ha pa3pabor-
Ky Bceit cucrembl. IloaTomy Tpedyercs BbIIECIATD
6OJIHITIOE KOJIMIECTBO PECYPCOB JIJIsT OOyUIeHUsT HO-
BBIX [OJTb30BaTENell B pa3paboTaukos [1].

Hns peniennst naHHON NMpPOOIEMBI TIpeJjiara-
eTcsl CO3/IaTh IMOJICUCTeMY MHQMOPMAIMOHHON MOJ-
JIEPKKH Pa3zpabOTINKOB MOJIH30BATEIHCKUX HHTEP-
deiicos.

I. Chnemmnonkanusa IToJICUCTEMBI
MHOOPMAIIMOHHON TTOIJIEPKKNA
PA3PABOTYUKOB T10J/Ib3OBATEJIbCKUX

NHTEPO®ENCOB

st popMasIbHOTO ONMKUCAHNS 3HAHHUHN, Kacaio-
muxcs ITodcucmemovt ungopmayuorHoti nod-
depoicku pa3pabomuuKros noab308aMEALCKUT
unmepgeticose ObLIa BhlneneHa u onucana Ilpeo-
Mmemuas obaacmsb memodur NPoEKMUpPOo-
8aHusl YHUPUUUPOBAHHBLL CEMAHMUYECKUT
Mmodeneti noav3osamenbekur unmepgelicos.

IIpenmaraercs cremyromast CTpyKTypa 6a3wl
3HAHUN TOMJEPKKYU TPOEKTUPOBAHUS TOJIH30Ba-
TEJIbCKUX WHTEPGENHCOB HHTEIEKTYAIbHBIX CH-
creMm:
Pasden. Memoduka npoexmupo8aHUs YHU-
PuyuUPOBAHHBLT NO2UKO-CEMAHTMUYECKUT MO-
deaeli noav3osamenvecruxr unmepgeticos
<= dexommnosuyus pazdena*:

{

o Pazdesn. Cemanmuueckas Mmo0eAd MYAbMU-
MOOAADHO20 TMOALIOEAMENLCKO20 UHMeEpPHe-
ca.

e Pasden. Bubauomera coOBMeECMUMDBL KOMNO-
HEHMOB TOAB30BATNENDCKRUT unmepgﬁeﬂcoe.

o Pasdes. ObOwue mMONOHCEHUL CEMAHTIUYE-
CKOT METHON0ZUY TPOEKTUPOSAHUS TOAIO-
BAMENLCKUT UHMEPPeTicos.

e Pasdes. Hnmezpuposanmnwie cpedcmea npo-
EKMUPOBAHUA NONDIOBATNEALCKUT UHMepPet-
€08 UHMEAAEKMYAALHLT CUCTILEM.

/

B pasnene «CemanTuyaeckast MOIEIb MYJIbTH-
MOJAJILHOTO MOJI30BATEIHCKOTO WHTEpPdEHcas Co-
JIEPKUTCA TOJIHOE (POPMAJIBHOE OIMCAHUE MOIe-
JIV TIOJIB30BATEIbCKUX WHTEPMENCOB, UTO 1aeT BO3-
MOXKHOCTH Pa3pabOTINKy 3HAYATEILHO ObICTpee
YCBOUTDH TEOPHUIO U TOHATH MPUHIUIBL JIEXKAIUE B
OCHOBE IIPOEKTUPYEMbIX UM UHTEPMEHCOB.

B pasnene «bubimoreka COBMECTHMBIX KOM-
MMOHEHTOB TIOJIb30BATEILCKUX WHTEPQEHCOBy TpU-
BOAUTCSA (POPMATIHLHOE ONMMCAHNE OMOJTHOTEKN KOM-
MMOHEHTOB. DTO TO3BOJISIET Pa3zpabOTIUKY OCBOUTH
OPUHIUIBI PAOOTBI ¢ OMOTHOTEKOW W TEeM CaMbIM
COKPATUTH CPOKM [IPOEKTUPOBAHUS, UCIIOJIH30BATH
3apaHee 3aroTOBJIEHHBIE MOJIYJ/IN, YTO MO3BOJIUT TTO-
BBICATH KQ49eCTBO MPOEKTUPYEMOTO nHTEp(deiica.

II. BniBOX

Ocuosnoit 3amaueit [logcucremsr undopma-
[UOHHOM TOAIEPKKU Pa3pabOTUYUKOB TOTB30Ba-
TEJbCKUX UHTEP(ENCOB HHTEIIEKTYATbHBIX CHCTEM
SIBJISIETCS TIPEJIOCTABJIEHUE PA3PAbOTINKY [OJIH30-
BATEJbCKUX WHTEPMEHCOB MHMOOPMAIMOHHON TOI-
JIEPKKHU, HEOOXOINMBIX METOIOB U CPEICTB MPOEK-
TUPOBAHUS B BUIE JOKYMEHTAIWW, BKJIIOYEHHON B
caMy CHUCTEMY.

1. Koponuuk JI. H. CemanTHYecKHe MOJIEJH MYJBTHMO-
JAJbHOTO I0JIb30BATENLCKOTO mHTep(deiica U ceMaHTH-
Jeckas TEXHOJIOIMs HX HpoekTupoBanusa// Marepua-
JIBL MEXKIyHAPOMHOH HAYYHO-TEXHHIECKOH KoHepeH-
mun «OSTIS» - Munck, 2012.

I'pubosa B.B., Kimemes A.C. Mcnonp3oBanume MeTo-
JIOB HCKYCCTBEHHOTO HHTEJJIEKTA [JIsl IPOEKTHPOBAHUSI
[10JIb30BATEJILCKOr0 uaTepdeiica, 2005.

Dedenro Examepuna Cepzeesna, MarucTpanT KadeIpbl HHTEJIEKTYAJTbHBIX HH(OPMAIUOHHBIX TEX-

nosoruit BI'WUP, katyafedenko29@gmail.com

Haywnwi pyxosodumens: I'yasaxuna Hamanavsa Anamoavesna, kangugar bus.-MaT. HAyK, JOIEHT,
3aMm. 3aB. Kad. MUT no wayuHoit pabore, guliakina@bsuir.by.
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. B. Ilenenos

ITPUMEHEHUNE HENPOCETEBHEIX AJITOPUTMOB JJ14
KOHTPOJIA COBJIOJAEHUA MACOYHOI'O PE2KIIMA

B cmamve paccmompen nodzod Transfer Learning das 00yuenus nedpoHnus cemetl 6 Konmexcme pewenus 3a0a4y

o pacno3drasaHUuo 3aUWUMHT MACOK.
BBEAEHUE

Brenenune 06s13aHHOCTH HOCHTH MACKY IPOW30-
IO NPAKTHIECKH CPA3Y IIOCJE BCIBIIKHA TAHICMAN
COVID-19. Tarroe TpeboBaHre BBI3BAJIO BO3PAKE-
HUs Cpeou MHOIMX JIOAell BO BceM mupe. Bckope
TIOCJIE TOTO MOSIBUJINCH JOMOJHUTEIHHBIE HHCTPYK-
[IUH, JAIOIINE TOCYIAPCTBEHHBIM CJIy>K0aM BO3MOK-
HOCTH MTPadOBATh JIOJEH, HE BBIIOJHAIOMAX Pe-
KOMEHIAINH, 8 MAara3suHaM — OTKa3bIBATLCS 00CITy-
2KHBATh HEOCTOPOXKHBIX KJneHToB. OaHaKo B 60Jib-
IMUHCTRE CIYYaeR JIOISIM, KOTOpPbIE HE COOIIONAIOT
00SI3aHHOCTH HOCHUTH MACKY B OOIIECTBEHHBIX Me€-
cTax, OOBIYHO YIAAETCs M30eKaTh OTBETCTBEHHOCTH.
OxHpM K3 cIOCOOOB BBISIBJICHUS HApyIIUTEIed Ma-
COYHOrO PEKUMAa ABJIACTCI aHAIA3 H300PazKeHuii ¢
BHJICOKAMED HAPYXKHOTO M BHYTPEHHETO HAOIIOIe-
Huil. 3a1a4a CBOIUTCS K TIOUCKY Y€JIOBEYECKUX JINIIL
Ha RGB-u300paxkennsax n KaacCuUKAINN KazKI0-
ro juna kak «C mackoily uwin «Be3 macku».

I. TIPEOIATAEMBIN ITOJIXO/T

Jljist pereHus moCTaBICHHON 3a/a9u mpeia-
TaeTCst UCIOJIb30BATH KOMOWHAIMIO U3 JIBYX HEHPOH-
HBIX ceTeil — JiJisl TOMCKA JINIA Ha U300pakKeHud u
JIJIsl OLIPEIC/ICHI ST IIPUHAJIJIEZKHOCTHU JINIA K OTHOMY
"3 KJIACCOB.

JIIst TIOMCcKa JINIA HA M300PaKEHUAX MCIOJIh-
3yercs roToBasi O0ydeHHas HeHpOHHAs CeTh C TOY-
Hocrbio obnapyxenusa 99,8% SSD ResNet-10 [1].

Il kmaccuUKAIINY HANRIEHHBIX JIWI ObLIa
paspaboraHa apXUTEKTypa € MNPUMEHEHWEM MOJ-
xoga Transfer Learning [2]. B kauecrse ocuo-
BBl KJIacCU(PUKATOPA JIWI[ TPEIJIATACTCSA UCIIOh-
3oBarh apxurekTypy MobileNetV2 [3]. dns no-
MOJTHUTEJIbHON HACTPOUKKA # [HO00yYeHWs KJIac-
cuduKaTOpa MOI KOHKPETHYI0 3aJady K 0a3o-
BOIl apxXuTeKType ObLih [100ABIEHBI CJIELYIOIIHe
cion: AveragePooling2D(7x7), Flatten, Dense(128,
ReLU), Dropout(0.5) u Dense(2, SoftMax).

II. HABOP JAHHBIX

s obydenusi HEHPOHHOI ceTw OBLI TOIATO-
TOBJIEH HAOOP JAHHBIX, cocTosnuit u3 4095 m306pa-
xennit popmara JPG. B mponenTHOM OTHOIIEHWH
M300paKeHnsT pacIpeaeeHbl CIe Iy OIIuM 00pa30M:

e 52,8% usobpaxkenuii ¢ merkoil «Ecrb mackay;

o 47,2% wm306paxkenuii ¢ meTkoit «Macku HET».

IIpumepsr n300pazkeHuit IpeCTABIEHBI HA PUCYHKE
1 u pucynke 2.

Puc. 2 — IIpumep mzobpakennii ¢ metkoit «EcThb
MacKa»

Ilepen oOydenmem HEHAPOHHOW CeTH TAHHBIE
ObLIN pa3ae/leHbl HA 00yYalOIyi0 W TECTOBYIO BBI-
6opku B coornomenun 80,/20.

III. BBIBOIBI

B pesyabrare obyuenns HefipoHHOI ceTn yaa-
JIOCh TOOUTHCS TOYHOCTY PACIO3HABAHUS HA, TECTO-
Boi1 BEIGOpPKE 93%. IIpemIosKeHHbIi TOAX0 ], MOXKET
OBITH UCTIOJIB30BAH HE TOJBKO /151 CTATHIHBIX W300-
paskeHwuii, HO W JJis BUIEOMOTOKA.

1. SSD ResNet 10 [Qmexrponrsii pecypc|. — Pexum po-
cryna: https://github.com/opencv/opencv/blob/3.4.0/
samples/dnn/face detector/. Iata JIOCTyIa:
15.01.2023.

2. Transfer Learning: xak ObIcTpO 00y<IHTH HEHPOCETH
Ha CBOMX [JAHHBIX [DiekTpoHHBIH pecypc|. — Pexum
mocryna: https://habr.com/p/428255/. Tara nocryma:
15.01.2023.

3. MobileNetV2: Inverted Residuals and
Bottlenecks [Quexrpomuwiit pecypc]. — Pexum mo-
cryma: https://arxiv.org/pdf/1801.04381v4.pdf. ara
nocryna: 15.01.2023.

Linear

Illeaenos Uava Burxmoposuy, MarucTpaHT Kadeapbl HHTEIEKTYATbHBIX HH(MOPMAIHNOHHBIX TEX-

nosioruiit BI'WHP, ilya.shelepov2000Q@Qgmail.com.

Hayunoti pyxosodumensv: loarenrose Baadumup Bacuavesuw, mpodeccop xadeapsr UNT, moxTop

TEeXHUYECKUX Hayk, mpodeccop, golen@bsuir.by.
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M. III. Ucmarunnaes

OCOBEHHOCTU ®YHKIIMOHNPOBAHUNAA
METAIIONCKOBBIX CUCTEM

B cmamve 05Cy9f600,6mc.ﬂ, KaK MEMAnoucrosvle CUCMEMbL MO2YM CIKOHOMUMDb BPEMA, npedocmasumb bosee -

pmcuﬁ duanason pesyavmamos u ’np@a./I,OOfC’U,mb bosee obsexmusHbLE pesyavmamol noucka 3a CHEM KOMNUAAUUU

JaHHBLT U3 HECKONDKUT NOUCKOGHLT CUCTILEM

BBEJIEHUE

1] COBPEMEHHOM
Mupe MH@PPOBLIX TEXHOJOTUil WHMPOPMAIHOHHO-
[IOMCKOBbIE CHCTEMbI CTAJM OJHUM W3 Haubosee
MOIIHBIX WHCTPYMEHTOB KakK B ceTu VHTEepHeT, Tak
¥ TIOBCEIHEBHON KMU3HU. 3a CUYET KOHCOJUIAIUU U
OpraHM3aIuy OOWINs WHMOPMAIUN JTOCTYITHONR OH-
Jaiif, uH(MOPMAIMOHHO-TTONCKOBBIE CUCTEMbI TAKHE
kak Google, Yahoo unu Bing momoraor mumminap-
JlaM TIOJTh30BaTeseif MIHOBEHHO HAXOINUTh HEOOXO-
JUMBIH ©M KOHTeHT. B 2019, moutu 30% mupoBoro
BeO-Tpaduka ObLT CO3/IaH 33 CYET 3AMPOCOB K BeD-
cucreMaM UHGMOPMAIMOHHOTO TTOUCKA, JEMOHCTPH-
Py$l )KU3HEHHO-BAXKHYTO POJIb, KOTOPYIO OHHM OKA3bI-
BAIOT Ha CTIOCOD HABUTAIINN M HATTPABJIEHNS TOTOKOB
TTOJIH30BAaTEENl K PA3JIMIHBIM BeO-pECypcam.

I. METAIIOMCKOBAS CUCTEMA KAK
SOOEKTUBHLI MHCTPYMEHT PEIIEHUYI
3ATAYA MH®OPMAIIMOHHOTO TTOUCKA

Kak ormeuaerca B B

MeranouckoBasi cucremMa — 3TO PA3HOBHJI-
HOCTBH CHCTEeM MH(MOPMAIMOHHOTO TIOUCKA, KOTOPAs
MTO3BOJISIET TIOJIH30BATENIO YePe3 MPEIOCTABITEMbIi
eit maTepdeiic chopMuUpoBaTh €IUHBIN 3aIPOC HA
MOWCK K HECKOJbKUM HHGMOPMAIMOHHO-TIONCKOBBIM
crucTeMaM OTHOBpEeMEHHO. BMecTo TOro, 4To0bI BbI-
[OJIHATH ONEPAlY CKAHUPOBAHUS M WHJIEKCUPOBA-
Hust nHGOPMAIIMOHHBIX PECYPCOB B ceTu HTepHer,
METANONCKOBAs CHCTEMA, OTIIPABJIAET 3AMPOC TIOJIb-
30BaTENs B HECKOIBKO HH(MOPMAITHOHHO-TIOUCKOBBIX
cucTeM U OObEUHSAET PE3YTLTATH B € TUHBIH CIIUCOK
[MOMCKOBOI BBIIAYU. DTa €e XapakKTepHas OCOOEH-
HOCTB TO3BOJISIET KAK TIPEIJIOKUTH MOJIH30BATEITIO
0oJTee MUPOKUil TUAMA30H PE3YJIHTATOB, TAK 1 00eC-
MMEYUTH BO3MOYKHOCTH OBICTPOTrO CPABHEHUS PE3YJIb-
TATOB, MOJYYEHHBIX W3 PA3HBIX HH(MOPMAIMOHHO-
mOuCKOBbIX cucreM. OHAKO, METANOUCKOBBIE CH-
CTeMbI MOI'YT W HE 00€CIedHBATh TAKOHW I1yOWHBI
ananan3a obpabarbiBaeMoil WHMOPMAIUKA, KAK OT-
JieJIbHbIEe WHQOPMAIIMOHHO-TTOUCKOBBIE CUCTEMBbI, a
TaK¥Ke MOTYT HE MMETh JOCTYIa K OMpeIeeHHbIM
dyHKIMIAM, HATPUMED, HEPCOHATU3NPOBAHHBIM Pe-
3yJbTaraM IOUCKAa. B KadecrBe HPUMEpPOB IMOIy-
JITPHBIX METATTOMCKOBLIX CHCTEM MOYKHO OTMETHUTH
Dogpile, MetaCrawler, Skyscanner [2]. O6061merHO

CTPYKTYpa CHCTEMBI METAMOUCKA OOBITHO BKIIIOYAET
CTIeIYIOIIIe OCHOBHBIE KOMITOHEHTBI: TOJTH30BATE b
ckuit maTEpdEiic, MOMYIb MAPIIPYTU3AIMUA U 00-
paboTKMU 3amPOCOB ¥ MOMIYJIh OObEINHEHUS PE3YITb-
TaToB. Tak, MOIB30BATEIHLCKUIT WHTEPDEHC TO3BO-
JISIET TIOJIb30BATEJISIM BBIPAXKATh CBOIO WHMOPMAIIHU-
OHHYIO TIOTPEOHOCTH HCIOIb3ysS MEXaHu3M (POPMH-
POBAaHUS MOMCKOBBIX 3AIPOCOB, 4 TAKYKE MPEICTAB-
JISITH U JOHOJHUTETHbHO 00pabaThlBaATh PE3yJIbTATHI
moncka. Moyas MapiipyTn3aiun 1 06paboTKy 3a-
IIPOCOB IIePeajIipeCyeT MOMCKOBBIN 3aIpoC IMOJIH30-
BaTessA K HECKOBKUM HHGMOPMAITHOHHO-TIONCKOBBIM
cUCTEeMaM OJIHOBPEMEHHO U ODECIedrBaeT MOJLyde-
uue pesysibraro. Co3aBaemMas Ha A3bIKE TIPOrPAM-
MupoBanus Python ¢ momornisio 6ubsmorekun Vue js
METAINONCKOBAsI CUCTEMA OPUEHTHPYeTCs Ha 00pa-
OOTKY TEKCTOBBIX ITOKYMEHTOB B ceru VIHTEpHET 1
[PEOCTABISIET MOTH30BATENI0 BO3MOXKHOCTH CUCTE-
MAaTU3UPOBATH PE3YJIbTATHI PAHKUPYS UX 110 pesie-
BAHTHOCTH OT TaKUX UHQMOPMAIMOHHO-TIONCKOBBIX
cucreMm kak Google, Yandex, Bing; BermosiasaTs ana-
JIU3 pe3yabTaroB B aBTOHOMHOM pexkume (offline);
IPOBOAUTH OOJee TIyOOKH# aHAIN3 TMONCKOBBIX pe-
3YJBTATOB, TIO3BOJIsIS [TOJIB30BATEIISIM BbISIBJIATH 3a-
KOHOMEPHOCTH U HJIEU, KOTOPBIE MOI'YT ObITh HE O4e-
BUIHBI CPa3y.

II. BBIBOJBI

Takum 06pa3om, IPUMEHEHHE METAIIONCKOBBIX
CHCTEM TIpW PENIeHUuU 33Jauu WHQOPMAIMOHHOTO
MTOWCKA, B TOM YHCJI€ METATIONCKOBON CHCTEMBI TEK-
CTOBBIX JOKYMEHTOB, MO3BOJIUT CYIIECTBEHHO ITO-
BBICUTD CTEIIEHb COOTBETCTBUS PE3YJIBTATOB MOMCKA
IeJIAM IIOWCKA M OOECIedIuT €ro BBICOKYIO 3ddek-
TUBHOCTh TPUMEHSIS TPOIEIYPhl aHAJN3A TOUCKO-
BBIX pe3ysbTaToB B pexkume offline.

1. Krapivin Y. Deep Learning Approach in the Context
of Information Retrieval for Solving both Automatic
Natural Language Generation and Automatic Text
Generation Problems // Proceedings of Open Semantic
Technology on Intelligent Systems, International
Conference, 16-18 Sept. 2021 / Belarusian State
University of Informatics and Radioelectonics; ed.
V. Golenkov. — Minsk, 2021. — P. 299-302.

Hemamuanaes Mysapgap ITyxpam yeau, crynedT Kadeapbl HHTEIIEKTYAJIbHBIX HH(POPMAIMOHHBIX
rexnonoruit BI'VUP, ismatilaevmuzaffar6@gmail.com.
Hayunwti pyrosodumenn: Kpanusun Oputi Bopucosuy, KaHIAIAT TEXHUYECKUX HAYK, JOIEHT Kad.

NNT, ybox@list.ru.
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M. A. BaxampkoB A. U. I'pyabko A. A. Murtbko

NCIIOJIb30BAHUE HEVIPOHHLIX CETE AJId 3D
MOJEJINPOBAHUA

Pacemampusaromesa cyuwecmeyrowue neliponnse cemu 0aa dudatna u 3D modeauposanua. emoncmpupyemcs
paboma onucaHHOE HEUPOHHDLET cemel.

BBEAEHUE II. HEWPOHHBIE CETHU [Jid 3D
MOJIEJINPOBAHU A
Heifiponnaa ceTb — 9TO METON B HCKYCCTBEH-
HOM WHTEJIJIEKTE,0CHOBAHHBIH Ha TPWHIMIIAX Op- Ha janmbiii MOMEHT JIyqImiMU HefpOHHbIMU
ranmamuu u QyHKIMOHUPOBAHUS CeTell HepBHBbIX CeTAMH i 3D MomenmpoBanus ABIAIOTCA point-e
KJIETOK JKHBOTO OpraHu3Ma. 3a mociequnii rox ko- # PIFuHD. Point-e ma ocroBe TexcToBOro 3ampoca
JITY€CTBO HEHPOHHBIX CeTeil, 3aMeHsoImuX denope- | CHEPUPYET MOJEC/D B BUJIE TOUEK B IIPOCTPAHCTEE.
qecKHUil TPYJ B PA3HBIX OOJIACTAX, BHIPOCIO MHOrO- OHA IIOXO B3aUMOZJEHCTBYET C JKUBBIMH OOBEKTa~
KPATHO, CO BPEMEHeM Y/IyHIIAIoCh U Kadecrso ux MU, HO XOPOIIO 0GpabaThBaeT 3ampochl Ha IeHEpa-

paboOTHI. MO HEXKUBBIX O0BEKTOB, HAIIPUMEp, MAIINH.
PIFuHD npennasnadena jijisi reHepaliy TPeX-
I. HEAPOHHLIE CETH JUIsl TU3ANHA MEpPHOro 0OBEKTa W3 ABYMEPHOTO PUCYHKA C IIOMO-

b0 HESBHOW (DYHKIMHU C BHIDABHUBAHUEM IO ITHK-

Ha janHbIfi MOMEHT CaMbIMM HOMyaapHbL- CC/HM (cm.puc.2).

MU HEAPOHHBIMU CeTAMU JJid JAU3alHa ABJIAIOTCH
MidJourney u Stable Diffusion.

B MidJourney npu BBOJEe omnmcanusi m3odpa-
JKEHUsI W ero TEeHepaIlud MpeJjiaraercs BbiOpATh
OJIUH W3 dYeThIPEX BAPUAHTOB CrE€HEPUPOBAHHOIO
U300paKEHHsT, MMEETCH BO3MOXKHOCTb WH3MEHSATH
BBIOPAHHOE M300pasKeHNe.

IIpenmymiectBo Stable Diffusion B Tom, [To
MMeeTCs BO3MOXKHOCTH BCTpouTh ero B Adobe
Photoshop. IIpumep cremepupoBaHHOTO M300pazKe-

HUs MOXXHO yBHJIETh HA pUCYHKe 1. Puc. 2 — Vcxomroe m306paskeHne u pe3yibTaT
reHepanu

Ha npumepe BuaHO, 9TO, HECMOTPS HA, TOBOJIb-
HO TLIOXYTO TPOPUCOBKY JIeTae, STOT METO/ TO3BO-
JISIET TIOJIY9UTh O0IITy 0 POpMY 2KeTaeMoro oobekTa,
YTO yIPOIIAET JATLHEHTITYI0 paboTy Ha MOAEIHIO.

III. BBIBOIBI

HecmoTpsa na nHOTIA MIOXYIO WHTEPITPETAITUIO
3aMpPOCOB ¥ HEKAYECTBEHHON 00pabOTKe JBYMEDPHO-
Puc. 1 — IIpumep reneparuu 0 U300parKeHnsT, HEHPOHHBIE CETH TMOCTOSIHHO YTy d-
afoTCst, 1 B Oyayiiem Oy1eT BO3MOXKHOCTD MOy de-
HUA KaYEeCTBEHHBIX TPEXMEPHBIX O6’beKTOB HE TIpU-
Jlarasi 0COObIX yCHIIHil.

Ha pucynke BugHa KadecTBeHHAS TPOPAOOTKA
Jerasieit, 3a paboToi HaJ| KOTOPBIMH Y€/IOBEK II0-
TpaTu Obl MHOTO BPEMEHH.

Baxanvros Henam Anexcandposun, crymedHt 3 Kypca dakyabrera nHGOPMAIMOHHBIX T€XHOJIOTHH
u ynpasienus BI'VUP, ignatminsk30@gmail.com.

I'pydoro Aaexceti Bukmoposuy, crynent 3 Kypca (akyiabrera MH(OOPMAIMOHHDIX TEXHOJOIUI u
ympasaerus BI'YUP, grudko2003@Qgmail.com.

Mumwvro Anmon Anexceesuu, crTyneHT 3 Kypca (dakyabreta WHGOPMAIMOHHBIX TEXHOJJOTHH W
yupasaerus BI'YHWP, mitanton24@gmail.com.

Hayunwiii pyxosodumenwv: Kyxun Jmumpuis Ilemposuy, 3aBenyionmii Kadpeapoil BBIYUCINTEIbHBIX
MeTo/10B u nporpamyupoBanus BI'YUP, kanaunar rexaundeckux Hayk, gorent, kukin@bsuir.by.
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9. C. Bapanosa, A. K. Bypas

CPABHUTEJIbHBLII AHAJIN3 SA3LIKOB
ITPOTPAMMUWPOBAHUYA C++ 1 C SHARP

B pa6ome pacecmomperHrv, 0OCHOBHDLE KPUMEPUU ona CPABHEHUA A3DIKOEB NPOSPAMMUPOBAHUA. OcHosaruem ABAA-

E€MCcA AHAAU3 AUTREPATNYPHOIT UCTTIIOYHUKOEB U IKCTLEPUMEHTTIANDH LT JaHHBLT.

BBEAEHUE

CpaBHeH#re S3bIKOB IIPOrPAMMUPOBAHUS $1BJIsi-
€TCsl aKTYAJIBHOU TeMO# JIj1sT pa3pabOTIYNKOB U MPO-
rpammuctoB. C++ u C Sharp — gBa Bechbma mory-
JIIPHBIX $3bIKA MTPOTrPAMMHUPOBAHUS HA CETOIHSIII-
Hui 1edb. KaxKaplit 13 HUX UMeeT CBOU IMPEnMYyIIe-
CTBA U HEIOCTATKH, KOTOPbIE [IOJI?KEH YUUTHIBATH
MPOTPAMMUCT TIPU HAMUCAHWY KOJIA.

Henpio mammHOil HAydHON PAOOTHI SBISETCS
MTPOBEJIEHNE CPABHUTEILHOTO aHAJIN3A A3BIKOB MTPO-
rpammvupoBanus C++ u C Sharp na ocrHoBe paznnd-
HBIX Kpurepues. Pe3ysibrarbl JaHHOIO HCCIIEI0Ba-
HHAH MOI'YT IIOMOYb IIPOIPAMMUCTAM BbIOPATH HAW-
0oJtee TTOAXOASAIINI I3bIK 118 KOHKPETHOM 3amadn
¥ IPUHATH 00OCHOBAHHOE PEIEHUE HA ITATE MPOEK-
THPOBAaHUs U PA3pabOTKH IMPOrPaMMHOTO obeciede-
HUSHA.

I. KruTepum /jisd CPABHEHUS

[Ipon3BoaUTEIBHOCTD B CKOPOCTH pPa3padoT-
K.

CJI102KHOCTH CHHTAKCHCA.

Hanuune roToBbIX MHCTPYMEHTOB U OHOIHO-
TEK JJisi YIOPOIIEHNsT W YCKOPEHUs TPOIECCa
pa3pabOTKM IIPOrPAMM.

Peanuzamnusa KOHITEIITHIA 00BLEKTHO-
OPUEHTUPOBAHHOI'O IIPOrPaMMHUPOBaHUA.

Pabora ¢ mamsaTso.
KpoccmmardopmenHoCcTb.

II. AHAJU3 PE3YJILTATOB

MozKHO BblI€/InTh ciieaytonme ormaus C++
u C Sharp:

C++ umeer Gojiee BBICOKYIO MPOM3BOIUTEIb-
HOCTh B 3aJa9aX, CBA3AHHBIX C 00pabOTKOH 0OJIb-
IOro KOJuYecTBa Janubix, onnako C Sharp Bbiur-
PBIBAET B CKOPOCTHU Pa3pabOTKyU Ha HAYAJIbHbBIX CTa-
JIASIX TTPOEKTA.

CUuHTAKCUCHI SI3BIKOB cx0kM, ogHako C Sharp
uMeeT 6oJiee YIPOIEHHBIE I3bIKOBBIE KOHCTDYKITHHN.

Takzke B HEM HE TOJJIEPKHUBALTCS MHOYKECTBEHHOE
Hacjaenosanue. B o0onx f3bIKaX CyIIECTBYET MHOTO
OubINOTEK.

ITo cpasBuenuio ¢ C Sharp C+-+ Oubnmorexn
OoJiee cTapble, OHH UMEIOT MpOOJIEMBI C MEPeoIpe-
npenenreM 6a30Bbix TumoB. C Sharp 6ubimorekn xXo-
POILIIO CHPABJSLIOTCA € TEPBOCTENEHHBIMEU 3a/1a9a-
MH pa3pabOTKU, OJHAKO perias crernuduaeckue 3a-
Jlaud, TMPOTPAMMUCTY MOMKET ObITh TPYIHO HAWTH
HEOOXOIUMYI0 OuOINOTEKY, KOTOpas Oyaer 3dbdex-
tuBHO pabGorars. B ormuuauu or C Sharp, B C++
HET aBTOMATHYECKOH COOPKHU MyCcopa.

C Sharp saBaserca kpoccmraTdOpMEHHBIM
Gsraroapsi reHepanyuy KOJa Jjis BUPTYaJIbHON Ma-
mmabl, C++ KpoccmaardOpMeHHbI HA yPOBHE
kommuyisanmu. C+-+ HCHOMb3yeTcs B CHCTEMHOM
nporpammvupoBaauu, C Sharp — s co3manms mpu-
JIOKEHWH HA Pa3HbIX MIaT(OpPMax.

III. 3AKJIIOYEHUE

C++ um C Sharp — 310 1Ba BBICOKOYPOBHE-
BBIX $sI3bIKA IPOIPAMMHUPOBAHMUS, UMEIOIIHE PA3HBIE
TOAXOABI K Pa3spaboTKe MTPOrpaMMHOrO obecrede-
Husi. B 000ux s3bIKaX €CTh CBOW MPEUMYIIECTBA U
HEIOCTATKHU, TIOITOMY BBIOOD S3BIKA MPOTPAMMUDO-
BaHUS 3aBUCUT OT MOCTABJIEHHBIX 33/1a49 U TpeboBa-
Huit npoekTa. Ecin HeoOxonmMa BhICOKas IIPOU3BO-
JUTEIHFHOCTh U PAbOTa C HU3KOYPOBHEBHIMU (DYHK-
nusiMu, TO ciaeayer Boioupars C++. Eciu ke Tpe-
Oyercs pa3pabOTKa TPUJIOKEHWH [IJIsi T1aT(OPMbI
Microsoft .NET u mpocToii cuHTakcuc, To Ciaemyer
Beibupars C Sharp.

C++
pecypc]

CpaBuenue IPOU3BOAUTENHLHOCTH
n C Sharp. [Dnexrponnsrit
https://habr.com/ru/articles/266163/

Azpik nporpammupoBanus C Sharp: KpaTkas UCTOPHSI,
BO3MOXKHOCTH M IEPCIEKTHUBBL. |DJIEKTPOHHBEIR pecypc|
https://timeweb.com/ru/community /articles/chto-
takoe-csharp

Bribop mex gy C++ u C Sharp. [dnexkrponHsiii pecypc|
https://habr.com/ru/articles/262461/

Bapanosa Snuna Cepezeesna, Bypas Anexcandpa Koncmanmunosua, cryneHTbl KadeIpbl BbIUUC-
JINTEJIbHBIX MeTOJ0B U nporpamvupoBatus BI'YIP, ybaranova022@gmail.com, buraya04@mail.ru.

Hayunoti pyxosodumensv: Kyxun Jmumputs Ilemposuy, 3aBemyiomniuit kKadeapoil BEIYUCIUTETBHBIX
MeTonoB u mporpammupoBanus BI'YUP, kauaugar texandeckux Hayk, goneHT, kukin@bsuir.by.
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Bypuesa K. U., Taspunosa Y. A., Crenanunkosa A. I1.

CO3IAHUE 1 PABPABOTKA UTP COBMECTHO C
HEMPOCETBHIO GPT-3

B pabome paccmampusaromes 603MONACHOCTIU UCTLOAb306aHUA Helpocemu GPT-8 daa cosdanua u paspabomru

uep.
BBEAEHUE

C KaxKJbIM IOJOM Ha PBIHKAX PACTET CIPOC
HA WT'PBI, BCJIE 38 U€M MOBBITAETCS 00bEM TTPeIo-
CTaBJISAEMON TPOAYKITNH. B KadecTBe perenns TaH-
HOIT mpOoOJeMbl y2Ke He MEpPBBIA Toj, UCIOJIb3YIOT-
ca umeiipoceru, nanpumep GPT-3 (Generative Pre-
trained Transformer 3). Ona gBisgercs onHON U3 ca-
MBIX TIEPCTIEKTUBHBIX U YIOOHBIX B Pa3pabOTKe UTP.

I. TIPOBJIEMbBI PABPABOTKU UTI'POBBIX
[IPUJIOXKEHUN

B coBpemennoMm wmmpe, mpu OOMBIIOM OODBE-
M€ CYIIECTBYIOIINX UIPOBBIX MTPOILYKTOB, HAYUHAIO-
IUX pPa3paboOTUYNKOB MOXKET OKU/IATh IPEeJa CIIOXK-
HOCTEIl TIPU CO3JAHUK MPOEKTOB: HEXBATKA OIMBITA
u/uian 3HaHWi, GaJIAHCHPOBKY MIPOBOH MEXaHWKH,
CO3/IaHME YBJIEKATEIBHOTO TeiMIlIes U T.J. 3ada-
CTYIO, PEIlleHre y JAHHBIX MPobaeM obdIree - 00yde-
HU€ U PAKTUKA.

II. GPT-3: OIPEJEJIEHUE U COEPHI
[IPUMEHEHU A

GPT-3 — omma w3 mociaegnnx W HamboJIee
MPOABUHY THIX S3BIKOBBIX MOJIEEH, Pa3pabOTAHHBIX
kommnanueit OpenAl. GPT-3 asisiercs uckyccrBeH-
HbIM MHTEJJIEKTOM, KOTOPBIA NPEJIHA3HAYEH /1S
TeHepaIiid TEKCTOB BBICOKOTO KAYECTBA, BKJIIOYAS
CTATHH, PEIEH3UH, 3CCE, TOIBUIO U JTAKE MY3BIKY.

III. KOHUIENTYAJTU3AIASA U

[MPOEKTNPOBAHNE

Ha sTom 3rane co3marorcst uaen U KOHIENIUN
OyIyIeit UTphl, & TAK>Ke OMPEIESIIOTCS €€ OCHOB-
HBIE XaPAKTEPUCTUKHU, TAKME KaK UT'POBOI MPOIECC,
rpaduka u 38yK. ChatGPT3 xoporo crnpasasercs
¢ TIOUCKOM B 00pabOTKO# HHMOPMAINH, TEM CAMBIM
9KOHOMSI BpeMs Pa3pabOTInKYy.

IV. PA3PABOTKA

Ha nauwnoit cragun paboThl HAT UTPOBBIM TIPHU-
smoxenuneM ChatGPT3 Moxker mpOKOHCYIBTUPOBATH

pa3paboTINKOB B pasiudHbIX chepax. Har momo-
TaeT C TEXHWYIECKUMU ACMEKTAMY UTPHI, HATPUMED
C pereHneM podJIeM B CKPHUIITE WM COBETAMU TIO
VIIYUIIEHWIO POU3BOINTEIHHOCTH UTPHI.

V. TECTUPOBAHUE U OTJIAJIKA

Ha rekymem 3rame onpemessiercs, HACKOJIb-
KO XOPOIITO UTpa paboTaeT ¥ COOTBETCTBYET JIN OHA
tpedoBanusm. ChatGPT3 moxker moMousb B 3TOM,
MIPEIOCTABIsIsT UHCTPYMEHTHI [IJIsi aBTOMATHUYIECKO-
IO TECTUPOBAHUS W OTJAJKU UI'PHI.

VI. MAPKETHUHT U TTPOJABUYKEHUE

ChatGPT3 mpenocraBisier WHCTPYMEHTHI JIJ1sT
aHa/IM3a MHEHWS TOJIb30BaTEeJIel W MPOrHO3UPOBa-
HUsI TOrO, Kakue (YHKIMH U OCOOEHHOCTH OyiyT
HamnboJIee MOMYIAPHBIMA CPEIH UTPOKOB.

VII. 3AKJJIOYEHUE

Ucxons w3 pe3yTbTaTOB MCCIIEIOBAHUS, MOXK-
HO CIejlaTh BBIBOZ, 9TO mcrojb3oBanne GPT-3 B
WTPOBOit pa3zpaboTke mMeeT OOBINOi MOTEHITHAT K
MOKET 3HAUYATETIbHO YCKOPUTH IIPOIECC CO3IAHUS
UrPOBbIX NPOEKTOB. OHAKO HEOOXOIUMO YUIUThI-
BaTh OTPAHUYEHUSA JTAHHON HelpoceTH, Takme Kak
BO3MOXKHOCTH TE€HEPAINU HEIPABIOMOI00HBIX TEK-
CTOB WJIW HEKOPPEKTHBIX OTBETOB.
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Bypuesa K. U., Taspusosa Y. A., Crenanunkosa A. I1.

CO3JAHUE NT'POBLIX IIIEVJIEPOB C IIOMOIIIHIO
AJITOPUTMOB DIRECTX

B pabome pacemampusaromes aszopummvs DirectX, uzposvie wetidepvs v cnocobv, UL co30GHUA.

BBEJEHUE

Co3ganre BBICOKOKAYECTBEHHON TrpaduKu B
Wrpax — OJWH M3 KJIIOYEBBIX ACIIEKTOB, KOTOPbIi
TpeOyer OCBOEHUs CJIOKHBIX TEXHOJOIMA W MEeTO-
0B, OIHUM ©3 UHCTPYMEHTOB JIJIs CO3/IAHUS WI-
pOBBIX Teitepon saBasgercd DirectX.

I. AjaroputMmbl DIRECTX

Auiropurmbr DirectX — HabOp MHCTPYMEHTOB,
KOTOPBIi [TO3BOJIIET paboTaTh ¢ rpaduIecKuM m1po-
1IECCOPOM ¥ CO37[ABATh PEATUCTHUHYIO rpaduKy B
wrpax. DirectX comepuT MHOXKECTBO (GYHKIHIA
ans padorer ¢ 2D u 3D rpadwukoii, ayauo u meii-
JIePHOI MOJIEJIbI0, KOTOPAs ONpeIesseT SA3bIK IPO-
rPAMMUPOBAHUS JJIs CO3/IAHUS e IePOB.

II. TEXHUKMW CO3LAHUS UI'POBBLIX HIENIEPOB

st co3manus UTPOBBIX MIEHIEPOB UCIOIb3Y-
FOTCs PA3JINYHbIE TEXHUKHU: TEKCTYPUPOBAHUE TIO3-
BOJISIET JT00ABUTH TEKCTYPbI K 00bEKTaM, OCBEICHIE
CO3MAET PEATMCTUYHBIN CBET, 8 HOPMAJI-MAIIAHT
TIO3BOJISIET TOOABJIATH IETAJIHN.

III. TIPUMEHEHUE AJITOPUTMOB DIRECTX B

CO3JAHMNUN UTPOBBLIX H_IEI'/'I,ZLEP OB

Agropurmbr DirectX mO3BOJSIIOT CcO3maBaTh
BBICOKOKAYECTBEHHBIE BuU3yajbHbie 3ddeKTsr u
ONTUMU3UPOBATH MPOU3BOAUTEIHLHOCTH HUIPOBOTO
JBrKKa. HekoTopbie n3 mpuMeHsieMbIX aJIrOPUTMOB
BKJIFOYAIOT TECCEISIMIO0, PEOMETPUIECKHUE TIeilIepbl
u compute mieitgepnl.

IV. OB30P CVIIECTBVIOIIUX IIENJIEPOB B
UTPOBOW UHYCTPUU

C nmomompio DirectX 6bLIO CO31aHO MHOXKE-
CTBO WTPOBBIX IEHIEPOB:

1. Bazossbie meiinepnl. Mcnonb3yorcs ajs mpo-
PUCOBKU TEKCTYD, OCBEIIEHUsT W TEeHeik;

2. eitnepnr Boabl. Haxomsar nmpuMmeHeHue B CO-
3MaHUK BU3ya bHBIX 3(hEKTOB BOIBI, BKIIIO-
Jast OTpaKeHWe, TPEIOMJIEHIE CBETa U BOJIHE-

3. Ileitneps! TpaBbl U pacTuTeIbHOCTH. HyKHBI
JUI CO3MaHus BU3YaJbHBIX 3(D(PEKTOB TPas,
JIUCTHEB U APYTUX PACTEHMIA.

4. Mleitnepnr ckaitbokca. Co3maroT a¢dpdexT Hebda,
U OKpYKaIOIel Cpeabl, BKIOYas oOOJIaKa,
COJIHIIE, TYHY W 3BE3/IbI;

V. COBJAHUE CUCTEMBI TTOMAPHO
B3AUMOJIENCTBYIOIIUX YACTHI]

IIo dpopmyite 1 Berducasercs TPACKTOPHUS JBH-
KEHUs KaXKJI0M TOYKU CHCTEMBI, KOTOpAs SBJISIETCS
BBIUWJINTEIGHBIM TIEHIEPOM.

—
Fy; =107%(|r)| — 0.25)ﬁ (1)
ij

HO,HKIIIO‘{&H €ro K yzKe CO3OJaHHBIM BEPIINH-
HbIM U IIHKCEJIbHbBIM IﬂeﬁﬂepaM, B CO3JaHHOM OKHE
TIOJIYYaeTCA aHuMAalUuA JIBUKEHUA TaCTUIL.

VI. 3AKJ/IOYEHUE

Ucnonnzosanme DirectX m sa3wika HLSL ms
CO3JaHuUs IIeiIepOB TPeOyeT BHICOKOI MPOU3BO/IM-
TEBHOCTH UTP, BO3MOXKHOCTH UCIOJIB30BAHUSA Pa3-
JIMIHBIX AJTOPUTMOB U MeTOn0B. OTHAKO CO3TaHUe
CJIOXKHBIX MIEHIEPOB MOXKET ObITh TPYAOEMKHM U
TpebyeT BHICOKUX 3HAHUH B 00J1ACTH KOMITBIOTEPHOM
rpaduku.
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9. A. Taiinykesuu, /1. O. Kynenanos

SMOIIMOHAJIBHBIN OTKJIUK OT BUAEOUIP

9ma cmamova NoKA3BI6AEM, KAK U2POK 63aUMOJetcmeyem ¢ 6Uleouzpamy U KAKYO IMOUUOHAALHYIO DEAKUUIO

NoAYHaem 6 0Mmeem.

BBEAEHUE

Urper - 370 CTPyKTYypUPOBAHHBIE JIEHCTBUS,
KOTODBIE CO3JAI0T TPUITHBIE BIEYATIEHUS. IDTO
MIPOCTBHIE B 3AIyCKE MEXAHU3MBI JJIs Pa3BJIEUEHHS.
JItoim urparoT B UTPHI HE CTOJIBKO PAJIM CAMOM WTr-
PBI, CKOJIBKO PaJidi BIIEYATJIEHUIT, KOTOPBIE CO3JAET
UIpa: 3aXBATHIBAIONIUI BBIOPOC aiPEHAJINHA, 3aMe-
IAI0ITIee MTPUKJIIIOYeHNe, MEHTAILHBIN BHI3OB.

JItonm urpaior B urpbl, 4T00bI CO3/aBATH CUIO-
MUHYTHBIE SMOIVY U TIEPEKUBAHUS, HE3ABUCUMO OT
TOrO, PeNialoT JIM OHU CJIOXKHYIO UTPOBYIO 3a/1a-
qy, Uiy T u3bABIEHUs OT TOBCEJHEBHBIX 3a00T WU
cTpeMsaTCs K ToMy, 910 X371 bapsyn HasbiBaer «pa-
JIOCTBIO perenus 3aua4au» [1].

I. CO3JAHME BHYTPEHHEI'O OITLITA

CorylacHO  WMCCJIEIOBAHUIO ~ AaBTOPOB  caiiTa
xeodesign.com [2], urpoku cooBIIAIOT, YTO OJHA
Y3 HIPUYUH TOrO, IIOYE€MY OHHM WUIPAIOT B BHUEOUI-
PBI, - 9TO TO, KAK OHW OHW YyBCTBYIOT Ce0si BHYTpH
urpbl. VCmob3ys urpbl Kak Croco0 OTBJIEYEHHUs OT
PeanbHOCTH, UTPOKHU HACTIAXKIAIOTCH W3MEHEHUSIMA
CBOEr0 MEHTAJILHOTO COCTOSIHHS BO BPEMs W IOCJIE
HUTPBI.

Iloaxon BHyTpeHHErO ONbITa (DOKYCHPYETCST HA
TOM, KaK UI'DA BJIMSET HA UIPOKA U CO3/AeT BHYT-
PEHHUE SMOIUHU Yepe3 BOCITPUATHE, MBINLIEHUE, O~
BEJICHWE W B3aWMOEHCTBUE C APYTHMHU HTPOKAMU.
OTHU TMPOIECCHl O0BEINHAIOTCH B KOHTEKCTE, BbI3bI-
Basi SMOIMH U IPYTHUE OILyIIEeHNs, Galle BCEro: BO3-
Oyxkaenne u obserdenue. rpoku Hoxycupyrorcs
Ha, CBOMX BHYTPEHHUX OIIYIIEHUSIX ¥ OTMEUYAIOT, ITO
UM HPABUTCA PACCIAONIATHCS W OYHUINATH Pa3yM,
MPO#is OYePEeTHON YPOBEHD; M30eraThb CKyJHOI py-
THHBI; IyBCTBOBATH cebsi Jiydie Ojaromaps TOMY,
9TO OHU JEJIAI0T YTO-TO BayKHOE B UI'POBOM MUDE.

Urpel, ommparoiuecss Ha TOT TOAXOM, JIs
JIOCTABJICHUS HACJIAXKIEHWS, PA3JIAIHBIM 00Pa3oM
CTUMYJIUPYIOT YYBCTBA M PA3YM MTPOKA MyTEM B3a-
WMOJEHCTBUsI C UTPOBBIM MuUpOM. Tak, Hampumep,
coderanme 0OOraToil BU3yaJbHOU TrpadWKM, 3BYKO-
BBIX CUTHAJIOB, MHTPUTYIOIINX UIEH U MEXAHWK, BbI-
3bIBAIOT Y UIPOKOB MHTEPEC U BECEJIbE.

II. TPYOHOE BECEJIbE

«TpynHoe Becembe» — BBI3OBBI U CTPATETHH,
npobyKAEHNEe IMOIUN MPU MTOMOIIU CJOKHBIX 3a-
raJiok u TaKTHUK.

J171s1 HEKOTOPBIX UTPOKOB CaMO€ BaXKHOE B WT-
pax — mpeojosienue npensarcrBuil. Tak Ha3biBae-
MO€e <«TPY/HOE BeCesbey» BBIZBIBAET SMOIMHU TTYyTEM
CTPYKTYPUPOBAHUA ONbBITA JIJId JOCTHKEHUSA TOi
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wnu unoit nenu. [locraBiennast 3ajada MPUBJIEKA-
eT BHUMAHUE WI'POKA M BO3HAIPAKJIAET €ro, Co3/a-
Basl TAKUE HMOIUH, KaK (PPyCTPaIus OT IPOUTPHIIIA
i TpuyM@ OT TO0eIbl. ITO BIOXHOBJISIET UTPOKOB
HA MPUMEHEHNE TBOPYECKOIO TMOIXOIA [ TPUIY-
MBIBAHUSI U TIPUMEHEHW S PA3TUIHBIX CTPATEr i 15
BBINOHEeHUs 3a7a9u. Irpokn, KoTopbie POKyCHpPY-
I0TCS HA BBI30BAaX B UI'PAX, TOBOPST, 9T0 UM HPABHUT-
Cs1 BUIETh, HACKOJIBKO OHUM HA, CAMOM JeJieé XOPOIIH
B TOM WJIM WHOM JeJjie; OJI€PKUBATH MHOTO TO0OET;
UMeTh MHOXKECTBO I[eJIeil; IO0JIaraTbCsd B PEIIeHUn
3a/1a49 Ha COOCTBEHHBIN yM, a HE Ha yIady.

Urpei, onmparomuecss Ha 3TOT IMOAXOM, JIJIst
JIOCTABJICHUS] HACJIAZKJIEHUS, IPEJJIATAIOT UIPOKAM
pasiuyHbe 33mauu ¢ BhIOOpOM crpareruu. OHu
[PEJJIarafoT BHIOOP CJIOKHOCTH WIDPHI U /WM TO-
BBIIIAIOT €r0 MO Mepe MpoxoxkaeHusa. Hanpumep, B
Hebe3bI3BeCTHON urpe TeTpuc cymecTByoT pa3imd-
HbIE YPOBHU CJIO2KHOCTH, [TO3BOJIATOIIIE HACIAIATH-
Cs1 TIPOIECCOM KAK HOBUYKAM, TaK ¥ MPOGeCCUOHa~
JlaM; K TOMY K€, YPOBEHb CJIOKHOCTH OyIeT mocTe-
MMEHHO HAPACTaTh CaM C TEYEHWEM BDPEMEHH, TIOJ-
CTPamMBasgCh TOJ, TO, KAK UIPOK HAOMPAETCs OIbITA
U CTAHOBHUTCs DOJIee YBEPEHHBIM B CBOUX JIEHCTBU-
AX.

III. TIPOCTOE BECEJILE

«IIpocroe Becenbe» - NOrPy:KEHHUE B MPOIECC,
BBI30B 3MOIMK U [IPUBJICYCHUE BHUMAHUS JIBYCMbIC-
JIEHHOCTBIO, HATAHCOM MeXK/y HEMOJHOTON TOBeCT-
BOBAaHUS U TOIPOOHOCTSIMH.

Ectb urpoku, mjisi KOTOPBIX CAMO MPUKJIIOYE-
HUE - 3TO y2Ke Harpaja. JIérkas 3abaBa moaaepKu-
BaeT 3aMHTEPECOBAHHOCTh BHUMAHHUEM K JIETAJISAM,
a me ycaoBueM 1mobesnl. Ilorpyzkenue mpobyxmaer
B UT'POKE YYBCTBO JIIOOOMBITCTBA, TIOOYKIaeT UTPO-
K& PACCMOTPETh BCE BUAWMBIE JETAJU W OTHICKATH
HOBbIe. HeomHO3HAYHOCTD, HEKOTOPAs HE3aBEPIEH-
HOCTHh W MEJIKHME JETATIH CO3JAI0OT IMEepeJs UTPOKOM
xkuBoit mup. Ouryinenue yauBienusi, OJaroroBeHus
¥ 3araJ0vHOCTH MOTYT OBITH OYEHb CHJIHHBIMEU. V-
POKM TIEPEXOIAT M3 OTHOTO IMOIMOHATIBLHOTO COCTO-
SHUS B JIPYTO€, MPOCTO W3ydas UTPOBOH MUD U TO-
Jiydasi yI0BOJILCTBUE OT 3TOro. Takue urpoku roBo-
PAT, 9TO MM HPABHUTCI WCCJIEIOBATH HOBBIE MUDDI;
UCTBITHIBATH BOJTHEHWE OT TPEICTOSIIErO MPUKJIIO-
JeHusi; pasdMpaThCsd BO BCEM HOBOM; BHIETH, UTO
MIPOUCXOIUT B MCTOPHUH, AK€ TOTJA, KOTJIA OHU HE
UCPAIOT CaM¥, & HAGIIOAAIOT 33 TPOXOK IEHUEM JIPY-
UX UTPOKOB; YyBCTBOBATH €IMHEHUE Ce0si W TJIAB-
HOIO Irepos.

Paznuunbie smonun cTraHOBATCsT H60JI€€ 3HAYU-
MBIMH JIJIsi WTPOKA TOT/IA, KOTJA OHU 3aXBaTHIBA-



0T U 3aMOJHSIOT coboi BHuManwe. QYapoBaHHBIE
HEOOBITHOM (POPMOI KaMHs WU IIBETOM Heba, MBI
3aBOPOKEHHO HA HUX CMOTPUM, M HA HECKOJbKO
MTHOBEHUII He CYIIECTBYeT OOJIbIEe HUYEro, Kpo-
Me dtux Bemeil. [loBTopsrommecs ABUKEHUS, TAKHAE
KaK TACOBKA KapT WU TOADOP TAHIEBATBHBIX JIBHU-
JKEHUH TAKKE MOTYT CTATh 3ATATHBAIOIIHMH.

IV. CoOIUAIBHOE BECEJIbE

«ConuasibHOE BECeJIbey - CO3JAHUE BOZMOXKHO-
CTH JIJIsi COPEBHOBAHUSI UT'POKOB, COTPYIHUYIECTBA,
BBICTYILIEHUST U 3PEJIHUIII.

MHorre UrpoKu COCPeIOTOYEHBI Ha, YI0BOJIb-
CTBUHU HE CTOJBKO OT UTPhI, CKOJIBKO OT B3AUMOIEH-
CTBUsI C JIPYTUMU JIOAHMU BHYTPHU WJIU 33 [IPEIEia-
MU UTPOBOTO MWPA. HEKOTOpbhIe JIOAN UTPAIT Ja-
K€ B T€ WIPBI, KOTOPbIE UM HE HPABATCS, 9TOOBI
MMPOBECTH BPEMS CO CBOUMM JIPY3bsSME, W B UTOIE
MOJIYYal0T OOJIBIIOE KOJUYECTBO IMOIUM, KOTOPBIE
our Obl HE TOJYYUIU BO BPEMsi OIMHOYHON HUIPBI.
Ocrpora conepHrdecTBa PA3ropaeTes 1m0 Mepe TOro,
KaK WTPOKM COPEBHYIOTCS IPYyT ¢ Apyrom. Pabora
B KOMAH/I€ ¥ TOBAPHIIECTBO MPOIBETAET TOTA, KO-
IIa UTPOKH TIpecyaeaytor obrue memu. JIoam, KoTo-
pbIe B U'PAX OPUEHTUPYIOTCs HA COMUATBHBIN OIbIT,
POBOPST, YTO YACTO B UIPE 3aCTABISIOT OCTABATH-
Cs1 HE CTOJBKO CAMY WTPOBBIE MEXAHWKH, CKOJIHKO
BO3MOXKHOCTD TIPUSTHO TTPOBECTH BPEMS C APYTAMHU
JIIO/THMU.

IMonxom K conmuanbHOMY ONBITY HE MOXKET
oboiiTrCh 63 SMOINit 0T Urp, PA3AETEHHBIX C APY-
ruMu ToasMu. Irpa ¢ IpyruMu JIOABMHU BIOXHOB-
JIsIeT HA COPEBHOBAaHUE W KOMaHIHYIO pabory. Ompe-
JIeJIEHHBIE MEXAHUKHU CO3/IAI0T BOOMYyIIEBIeHNE OIa-
roJaps COMEPHUYECTBY W B3AUMOIOMOIIU. JTO BCE
CO3IAET YAOBOJILCTBUE HE B CaMOil Urpe, a B obIIe-
CTBE.

Urpsr B cOmMWaIbHOM KOHTEKCTE YCHUJIUBAIOT
SMOIUHU UT'POKOB ¥ JA0DABJIAIOT UTPE OOJIbIIE MeTa-
MexaHuK. JI10Iu, urparoInyue BMecTe, TeMOHCTPUDPY-

TOT OOBITHO TOPA3I0 OOJBINE dMOINMA, UeM JIIO/IH,
Urpaioiye HaegauHe ¢ coboil, Tak KaK B OJUHOY-
HBIX WI'PAX BHYTPUUIDOBBIE [EPCOHAXKHU HE MOLYT
CO3/1aTh TAKOW K€ IMOIUOHAIBHBIA OTKJINK, KaK
peasIbHbIE JIFOIN, MO3TOMY B3aUMOIEHCTBUE MEXK Iy
JIBYMSI JIIOJIbMH OIIMYIIAETCS TOPA3/I0 spde.

V. BBIBOIHI

Takum 06pa3oM, JIIOIU UTPAIOT B UTPHI, 9TOOBI
JIOTIOJIHATE CBOM BHYTpeHHWI onbIT. Irphl mpemia-
raroT JIIOAAM HUCHBITATH T€ SMOIUU U CJejaTb TO,
4ero MOXKeT TaK He XBararb B ku3uu. VIrpoku ne-
HAT ONIYIIEHUS OT HOBBIX 3aHATHIT, KOTOPbHIE MOTYT
OKa3aThCA CJMIIKOM CJIOKHBIMA WJIN JIaKe HEBO3-
MOXKHBIMH B PEaJIbHOCTH.

Urposbie Mupsl, rpaduka, 3BykoBbe 3ddek-
THI, WJE€N U MEXAHWKW WID CIOCOOHBI M3MEHHTH
BHYTPEHHEE COCTOAHUE UT'POKOB U JIaTh UM BO3MOXK-
HOCTb HACJ/I3IUTbCA OTBJIEYEHUEM OT PealbHOCTH.
1711 HEKOTOPBIX UTPOKOB BayKHO TTPEOI0JIEBATD Mpe-
NATCTBUA B WUIPaAX, YTO CTUMYJIUPYET TBOPUECKUI
MTOJIXO/ ¥ PA3/IMdHbIe cTpaTerun. s npyrux urpo-
KOB CaMO IPUKJIOYEHUEe ABJIdeTCs HarpaJioi, 1 OHU
LEHAT COLUAJbHBIA OIbIT, KOTOPBIA J1aeT BO3MOXK-
HOCTh B3aUMOJIEHCTBOBATH C APYTUMHU UTPoKamu. B
JII000M CJTy9ae, UTPhI TPEJIaral0T MHOXKECTBO CIIO-
CcODOOB YIOBJIETBOPUTH BHYTPEHHUE TOTPEOHOCTH U
[IOJIYYUTH HOBBIE 3MOIIMOHAJIbHbBIE ONIYIIEHUS.

1. Medium [dnexrporueii pecypc] / What are the keys
to game development for talent? — Pexwum mgocryma :
https://medium.com/meshworking/what-are-the-keys-
to-game-development-for-talent-f7f5949ebba3. — Jlara
mocryna : 08.04.2023

XEODesign [dnekrponnsiii pecypc] / Why We Play
Games: Four Keys to More Emotion Without Story —
Pexxum goctyma: http://www.xeodesign.com/why-we-
play-games-four-keys-to-more-emotion-without-story/.
— Hara goctyna : 22.03.2023

TIatidyxesuyw Imuau Andpeesna, cryienrka 2 Kypca gakyibrera HHQOPMAIMOHHBIX TEXHOJOIUN 1

ympasaerus BI'YUP, gureensaradu@gmail.com

Kyuenanos ernuc Oaezoeun, crymeHt 2 Kypca hakyabreTa nHOOPMAIMOHHBIX TEXHOJIOTUN 1 yIIPaB-

snenunsi BI'YUP, dee.kxy@yandex.by

Hayunwti pyxosodumenn: Kopwuroea Hapvs Baaepveena, accuCTeHT KadeIpbl BbIYUCIUTEIbHBIX
meTo/10B u nporpamvupoBatus BI'VIUP, korshikova@bsuir.by
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A. 1O. Xoayukos, C. B. Jliorapepuq

BJINAHNE NTPOBBIX 9JIEMEHTOB XOPPOPOB HA
PA3JINYHLIE KATETOPUU IIEJIEBON AYAUTOPUNI

Ima cmamova ONUCHLBAEM GAUAHUE MAKUT UZPoOBHLL INEMEHMOB TOPPOPOE HA PA3AUYHDIE KAME20PUU ueﬂeeoﬂ

aydumopuu, kak epadura u ammocpepa, caynd-oudalin, uHMEPAKMUEHOCTL, spPexm “Caosewsan doauna”, ypo-

6EHL HACUAUA U CHHCEM.

BBEJEHUE

XOppOop-Urpsl MPeACTABIIIOT COOOit KAHD BU-
JICOUTP, KOTOPBIf HM3BECTEH CBOEH CIOCOOHOCTHIO
BBI3BIBATH y UTPOKOB YYBCTBA CTPaxXa, HATIPAKEHU A
7 TpeBOTH. B mocyieame roapl 3TOT XKaHP TOJIY YT
OTPOMHYIO TIOMYJISPHOCTD, UCCIEI0BAHUS B 00IaCTH
BO3/eHiCTBUA €ro UI'POBBIX 3JIEMEHTOB Ha Pa3jInd-
Hble KaTeropuu 1ejIeBoi ay JuTOpUU OCTAIOTCA HeJl0-
CTATOYHO W3YYEHHBIMU.

I. Bu/bl PACCMATPUBAEMBIX SJIEMEHTOB

st u3yvenus BIUsHAA ObLIA BBIOPAHDI JTaH-
HBIE 3/IEMEHTHI XOppop-urp: 'paduka u armocdepa,
CayH/I-In3aiH, THTEPAKTUBHOCTD, 3 dekT “3s10Be-
mas JOJNHA’, YPOBEHb HACHIUS W CIOXKET.

II. TPA®UKA U ATMOCOEPA

Peanucruunas u meranmsvpoBanHas rpaduka
MOXKET IpHBJIeYb BHUMaHHEe 60Jee CTapIInX UTPO-
KOB, KOTOPBIE OOJIbINE MEHAT BU3YaJIbHOE KAIeCTBO
1 peain3M. B TO K€ BpeMsdA, MEHEE PeaAJIUCTUuIHAA
rpaduka, HO 00jIee CTUIN30BAHHAS, MOXKET OBITH
0oJiee TTPUBJIEKATEILHOI /1711 60JIee MOJIOIBIX UTPO-
KOB, KOTOPBIE UIILYT UTPHI C APKUMU U 3AITOMUHAIO-
OIUMHUCA BU3yaJIbHbIMHU CTHJ/IAMH.

IIT. CAYHIO-AU3AVIH

PesynpraThl mccienoBaHuii TOKa3aId, UTO
3BYKOBOE O(DOPMJIEHUE UID KAHPA Y2KACOB MOXKET
OKa3bIBATh PA3HOE BJIMAHUE Ha PA3JIHUYIHBIE KaTe-
ropun IeneBoi aymuropuu. Hampumep, Moomex-
Hasl ayJUTOpUs MOXKeT ObITh OoJiee CKJIOHHA K OoJiee
TPOMKOMY W HHTEHCHBHOMY 3BYKOBOMY OQOopMIIe-
HHIO, TOT/IA KaK 00Jee B3POCas ayIUTOPU MOXKET
OeHUBATDb 0OoJjiee TOHKUE U 3aT€MHEHHOe 3BYKOBO€
odopMIIeHHE.

IV. D®oEKT 3JOBEIIEN JTOJTUHBI

Mtasiine BO3pacTHBIE TPYIITBI, TAKNUE KaK Je-
T 1 TOAPOCTKU, MOTYyT 6BITL 60.Hee TYBCTBUTEJILHBI
K 3 dexTy 3/10BeIIell JOJUHDBI, YeM B3POCJIBIE.

Puc. 1 — I'paduk 3mosemeit JToswHb

V. HHTEPAKTUBHOCTDL

Y nmereit m MOAPOCTKOB MOXKeT OBITHL Dosee
CHJIBHOE JKeJIaHWe YIaCTBOBATH B UTPE M KOHTPOJIH-
pOBaTh €€ XOJ, MOITOMY HHTEPAKTHBHOCTH MOZKET
OBITH OCOOEHHO TTPUBJIEKATEIBHA, IS 3TUX BO3PACT-
HbIX Kareropuii. C Apyroii CTOPOHBI, Y B3POCIIBIX
MO2KET OBITH 0OJIbINast MOTPEOHOCTH B TUIyOOKOM ITO-
IPY?KEHNN B HCTOPHUIO U DOJIee CIOKHBIX MefiMILIeii-
HBIX MEXAHUKAX.

VI. VYPOBEHL HACUJINYI

Urpbr ¢ BBICOKHM YPOBHEM HACHIUS MOTYT
ObITH OOJIEE TTPUBJIEKATEIHHBIMU IS OMBITHBIX HUI-
POKOB, KOTODPbIe MMEIOT OOJIBIION OLBIT B UIPAX U
He UCIBITHIBAIOT TAKOHW BBICOKOI YYBCTBUTETHHOCTHU
K Hacumio. /119 MeHee OMBITHLIX UTPOKOB WJIN TEX,
KTO 00Ji€e 9yBCTBUTENIEH K HACUJIUIO, UT'PHI C BHICO-
KMM yYPOBHEM HACHUJIUdA MOT'YT BbI3BIBATH CUIbHBIN
cTpecc U TpeBory.

VII. CoXKET

st Gostee MOJIOIABIX UTPOKOB MOTYT OBITH 00-
Jiee TIPUBJIEKATEIbHBI MPOCThIE U JINHEHHbIE CIOXKe-
ThI, B TO BPEMs Kak Jjig O0Jiee ONbITHBIX UIPOKOB
MOTYT OBITH WHTEPECHBI HOJIEE 3ATTyTAHHBIE U HEJTH-
HENHBIE CIOKETHI.

VIII. BrIBOALI

Jts mereft BaxKHBIM (DAKTOPOM BJIMSHUS SIB-
nsiercst rpaduka u armocdepa. Bapocabie nrpoku
0XKUIAI0T Oojtee TIyOOKOro cioxkera, OoJsiee Kade-
cTBEHHOI rpadurm m arMocdepbl, a TaKKe BO3-
MOKHOCTH BBIOOPA M BIIMSHHUS HA XOJ COOBITHIA.

1. https://splice.com/blog/horror-video-games-sound-
design/

Xodynkos  Aaexcetd  Hpvesuw, crynear 2 kypca dakyabrera WUTuyY BIYUPa,
hodunkov.alexey@gmail.com.
Jlromapesuyw  Cogos  Bumaavesna, crynear 2 kypca dakyabrera UWUTuyY BI'YUPa,

sonuminsk@gmail.com.

Hayunoti pyrxosodumenn: Kopwurosa apva Baaepvesna, acCUCTEHT Kadeapbl BEIUYUCIUTETHHBIX
MeronoB u nporpammupoBanus BI'YIUP, korshikova@bsuir.by.



E. A. Koposbkosa

NCCIEAJOBAHVNE KOMIIBIOTEPHBIX BUPYCOB 1 X
B/JINAHUNE HA BE3OITACHOCTDb JAHHBIX

B HacmoAauLee 6PEMA uH(ﬁopmaquHHwe MerHoN02UU Pa3eusarMCA CIMPEMUTMEADHDIMUYU TNEMTLAMU. Ilo amot npu-

yune, 6ce boavwe u 60abULE NOABAACTICA KOMNBIMEPHHT 6UPYcos. B dannotli cmamove npedcmasum onpedeaerue

KOMNDBIOMEPHOMY BUPYCY U PACCMOMPUM UT sudm, s3aumodeticmeue ¢ g‘)aﬁﬂamu, a marxiHce 6Ce€ 8603MOHCHDLE CNO-

cobvL 3awumst U npedomspamenun 3aPaANCERHUA CUCTNEMDL.

BBEJEHUE

IlepcoHasibHBIE KOMIIBIOTEDPHI IIOJIL30BATENCH
BCE Yallle CTAHOBATCS YKEPTBAMHU BPEIOHOCHBIX IIPO-
rpaMM. B pesysbraTe 3apakeHust TOSBJISIETCS PUCK
YTEYKH PA3INIHBIX IEPCOHATLHBIX JAHHBIX: OT JIO-
THHOB W IapoJieil, IO JAHHBIX OAHKOBCKHX KapT.
st 6opbOBI ¢ yrpo3aMu HEOOXOIMMO UMETh MaK-
CUMAJILHO TIOJTHOE W aKTYaJbHOE TPEICTABICHUE O
pa3Ho0Opa3uu BUPYCOB, & TAKKe 00 X BO3IeHCTBUN
Ha aTaKyeMylo CHCTeMY.

OCHOBHAS YACTD

KomnbioTepHbrit BUpyC — 9TO IporpaMmma, 00-
JIQTAIONIASA  CIMTOCOOHOCTHIO K CaMOBOCITPOM3BEIE-
Huio. Takast CIIOCOOHOCTD SIBJISAETCS €IUHCTBEHHBIM
CPeACTBOM, IPHUCYIIMM BCEM THUIAM BUpycoB. Ho
HE TOJIbKO BUPYChI CIOCOOHBLI K CaMOBOCIIPOU3BEIE-
Huio. JI100as1 omepanuonHasi CHCTEMA U eIlle MHOXKe-
CTBO MPOTPAMM CIIOCOOHBI CO3IaBaTh COOCTBEHHBIE
kormmu. Konum ke BUpycCa HE TOJIHKO HE ODS3aHbBI
MMOJTHOCTHIO COBIAIATH C OPUTWHAJIOM, HO, U MOTYT
KapUHAJILHO OTJIMYAaThCdA. B Hacrosiee BpeMs u3-
BECTHO OoJjiee 5 ThIC. MPOIPAMMHBIX BUPYCOB, KO-
TOPbIE MOXKHO KJIACCUQUIUPOBATH MO CJIEIYIOIINM
TIPU3HAKAM:

cpema OOMTaHST

cIIoco0 3apazkKeHus CPeabl OONTAHUST

BO37eicTRIE

0OCODEHHOCTH aJITOPUTMA

B zaBucumoctu ot cpempl 0OUTAHUS BUPYCHI
MOYKHO Da3/IejUTh Ha ceTeBble, (hailjioBbIE, 3arpy-
30unbIe U (ail0Bo-3arpy3odnbie. CereBble BUPYCHI
PACIPOCTPAHSIIOTCS [0 PA3THIHBIM KOMITHIOTEPHBIM
cersiMm. @ailyioBble BUPYCHI BHEJAPSIOTCS TIIABHBIM
00pa30oM B UCTIOJIHSIEMbIE MOYJIN, TO €CTh B (DAL,
nmeromme pacimmpenns EXE nu COM. ®@aiinosbie
BUPYCHI MOTYT BHEIAPATHCS W B APYTHe TUIBI (aii-
JIOB, HO, KaK MPABWJIO, 3AMUCAHHBbIE B Takux Qaii-
JlaX, OHM HUKOT/Ia HE MOJIyYaloT YIPABJIEHUE U Te-
PAIOT CIOCOOHOCTD K PAa3MHOXKEHUIO. 3arpy304HbIe
BUPYCHI BHEIPSIOTCSA B 3arPy309HbBIN CEKTOP JIMCKA
WIA B CEKTOP, COAEPIKAIIMI MPOrpaMMy 3arpy3Ku
cucTeMHOrO Jiucka. PailioBo-3arpy3049HbIe BUPYCHI
3apazKaloT Kak (Pailiibl, TaK U 3arPy309HbIE CEKTOPA
muckoB. 1o crtocoby 3apazkeHunst BUPYCHI AeIATCs HA,
PE3UIEHTHBIE U HEPE3WIeHTHBIE. Pe3uIeHTHBIN BU-
pyC TpH 3apakKeHn¥ KOMITBIOTEPA OCTABJISIET B OIE-
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PATUBHOI MaMATH CBOIO PE3WIEHTHYIO YaCTh, KOTO-
past TOTOM TEPEXBATHIBACT 0OPAIIEHNE OMEPAITHOH-
HO# crCTeMbI K 0ObeKTaM 3aParKeHUs U BHEIPAETCS
B HuX. Pe3uienTHbIe BUPYChI HAXOIATC B IAMATH U
ABJIAIOTCH AKTUBHBIMU BILJIOTH JI0 BbIKJIIOYEHU S UJIA
nepe3arpy3ku KoMmmbiorepa. HepesuaenTanie BUpy-
Chbl He 3aparkaloT MaMAaTh KOMIBIOTEPA U ABJIAIOT-
Ccd aKTUBHBIMHU OrpanmdenHoe Bpems. Ilo cremenn
BO3/€eHCTBUA KOMIIBIOTEDHbIE BUPYCHI MOXKHO Da3-
JEJIATh Ha CJleAyIolye BU/Ibl:

- HeOIacCHbIe, He MelraoIye pabore KOMIbIOTe-
pa, HO yMeHbIIaomue 00beM CBOOOIHOI orre-
PATUBHOII MaMATHU W MaMATHU HA JUCKaX, Jei-
CTBUS TAKUX BUPYCOB MPOSIBJIAIOTCSA B KAKUX-
00 rpaduUecKux Win 3BYKOBBIX dddekTax

- OMacHbIe BUPYCHI, KOTOPbIE MOTYT MPUBECTHU K
PA3/IMYHBIM HAPYIIEHUSM B PabOTEe KOMITbIO-
Tepa

- O4YeHb OIIaCHBIE, BO3/IeHICTBUE KOTOPHIX MOXKET
[IPUBECTHU K IIOTEPE IPOIPAMM, YHUYTOXKEHUIO
JTAHHBIX, CTUPAHUIO MH(POPMAIUHA B CHCTEM-

HBIX 00JIACTAX JIMCKA.
ITo ocobeHHOCTSM aJTOPUTMA BUPYCHI TPYI-

HO KJTACCH(PUITNPOBATH U3-3a OOJIBIIIONO pa3sHoobpa-
3us. Ilpocreiiimue BUpyChI - mapa3uTudecKue, OHU
U3MEHHIOT cojepkumoe (HallyloB U CEKTOPOB JUC-
K& W MOTYT OBITH JOCTATOYHO JIETKO OOHApYIKe-
Hbl W YHWYTOXKEHBI. MOXKHO OTMETUTH BUPYCHI-
PEITNKATOPDI, HA3BIBAEMbBIE YEPBAMHU, KOTODPBIE
PaCIPOCTPAHSAIOTCS IO KOMIIBIOTEPHBIM CETSIM, BbI-
YUCIAI0T AJPECca CETEBBIX KOMIIBIOTEDOB U 3allW-
CHIBAIOT TIO TUM 3JpecaM CBOM Komuu. VI3BeCTHBI
BUPYCHI-HEBUIMMKH, HA3BIBAEMbIE CTEJIC-BUPYCAMU,
KOTOpbIE OYE€Hb TPYIHO OOHAPYKUTH W 00E3Bpe-
JINTH, TAK KAK OHU [TEPEXBATHIBAIOT ODpAIleHns OlTe-
PAIMOHHOM CHCTEMBI K ITOPAXKEHHBIM (pafiiam u cek-
TOpPAM JUCKOB U TIOJCTABJISIOT BMECTO CBOETO TEJIA
HE3aparKEeHHbIE YYACTKH aucka. Hambosee TpymaHO
00HADYKUTH BUPYCHI-MYTAHTHI, COIEPIKAIINE AJITO-
pUTMBI MHMPOBKU-PACITHPPOBKH, OIaromaps Ko-
TOPBIM KOIIUU OJIHOTO M TOT'O K€ BUPYCA HE MMEIOT
HE OJHOU IIOBTOpsIOecs menodku dairos. Ume-
IOTCSI M TAK HA3BIBAEMbIE KBA3UBUPYCHBIE U «TPO-
SHCKHE» TPOrPAMMBI, KOTOPbIE XOTs U HE CI0COD-
HBI K CAMOPACIIPOCTPAHEHHUIO, HO OYEHBb OMTACHBI, TAK
KaK, MACKHAPYAChH [OJI, IOJIE3HY O IPOrPAMMY, Pa3py-
IIAIOT 3arpy304HbI CeKTOP U (PailioByi0 cucremy
nrckoB. OCHOBHBIMUY Ty TSIMU TPOHUKHOBEHUST BUDY-
COB B KOMITBIOTED SBJISIOTCS CheMHbIe aucku, flash



- HAKOIUTEH, a TAKKE KOMILIOTEPHBIE CeTH. 3apa-
JKEHUe JKECTKOrO JMCKa BUPYCAMHU MOYKET TPOU30ii-
TH [IPU 3arPy3Ke MPOrPpaMMbl ¢ UCTOYHUKA, COIEP-
JKAIEro BUPYC.. BUpyc, Kak MpaBujio, BHEAPSETCS
B pabovyIo MpOrpaMMy TakKuM 00pa30oM, YTOOBI Ipu
ee 3alyCKe YIpPaBJIeHne CHAYATA MEePeIAIOCh eMy U
TOJIBKO TIOCTIE BBIMOJHEHUS BCEX €r0 KOMAHJ CHO-
Ba BEpHYJIOCH K pabodeit mporpamme. Iloaydus mo-
CTYI K YTPABJIEHUIO, BUPYC, MPEKIE BCETO, Tepe-
MTUCHIBAET caM cebst B IPYTYIO PAO0OIYIO MPOTPAMMY
n 3apaxaer ee. [locse 3amycka mporpamMmbl, Cosiep-
JKallel BUPYC, CTAHOBUTCS BO3MOXKHBIM 3apaskKeHne
apyrux ¢aitnos. Ilpu 3apakeHnn KOMIBIOTEDPA BU-
PYyCOM BazKHO €ro CBOEBPEMEHHO OOHAPYKUTD. st
9TOrO CJIEyeT 3HATH OCHOBHBIE TTPU3HAKHY IIPOSBJIIE-
Hus BUpPycOB. K HUM MOXKHO OTHECTH:

- TpeKpalnenne pabOThl UJIN HETPABUIHHAS Pa-
O6ora paHee ycmemHO (QYHKIMOHAPOBABIIAX
mporpaMm

- Tpekpainenne padOThl UJIN HETPABWIHHAS Pa-
O6oTa paHee ycremHo (YHKIIHOHHPOBABIINAX
porpaMm

- HEOXKWJIAHHOE 3HAYUTETbHOE YBEJIUYEHUE KO-
amaectBa HaitioB HA TUCKE

- MeajIeHHas paboTa KOMIIBIOTEPA

- HEBO3MOXKHOCTH 3arpy3KHU OIEPAIMOHHOMN CH-
CTeMbI

- U3MEHEHHWe JIAThl ¥ BPEeMeHU MOoIupUKAIy
daitnos

- W3MeHeHne pa3Mepon (aition

- MOoJa9a HEMpeJyCMOTPEHHBIX 3BYKOBBIX CHT-

HaJIOB
Brrmenepeunciennnie SIBIEHUS HEOOS3ATETh-

HO BBI3BIBAIOTCS TPHUCYTCTBUEM BUPYCA, a& MOTYT
OBITH CJIEICTBHEM JIPYIUX NpUYuH. [JIaBHOE MOM-
HUTH, 9TO BUPYCHI BaXKHO ODHAPYKUTH HA PAHHEM
JTale UX PA3BUTHA, KOT/A eIle He Bce (Paibl ObLII
oBpexKAeHbl. UT0OBI paHblile OOHAPYKUTH U n30a-
BUTHCSI OT HUX, HEOOXOAMMO PETYJISIPHO BBITOJTHATH
MMPOBEPKY AHTUBUPYCHbIMU mporpammamu. llpemre-
OpeskeHre MPOBEPOK MOYXKET MPUBECTHU K MLIAYEBHBIM
MOCJIEZICTBUSIM, YTO HE TOJIBKO Balll KOMIIbIOTEp Oy-
Jer 3apaxeH, HO u japyrue. Ilosromy crour paso-
OpaThCs KAKNE TUTHI AHTUBUPYCOB CYIINECTBYIOT:

- AuruBupycst gerekropbl. Ix npunnun pabo-
THI — 3TO COODIIATH MOJIH30BATEIIO, YTO BUPYC
OoOHapyKeH.

- AHTHBHMDYCHI PEBU30PHI 3AMTOMUHAIOT HAYAIb-
HOE COCTOsiHWE TmporpamM, (aitsoB, 9ToObI B
JanbHeiieit cBoeil paboTe CpaBHUBATDL C Te-
KYIIUM.

Kopoavrosa FExamepuna Anexceesha,

- @uabTPBI BBIABJSIOT TOAO3PUTEIbHBIE MTPO-
LeJypbl, OTCJIEXKUBAIOT W3MEHEHUud IIpO-
rpamM, daitmoB, muckos. JlaHHblE aHTHBU-
pPYCBI CIeIAT, HApUMep, U3MEHAJCA JIN pa3-
Mep aitios. Ilpu obHapyxkeHUUm KaKUX-TO
[TO/TO3PUTEJIbHBIX JMEHCTBUH (PUIBTPHI 3ampa-
IUBAIOT II0Jb30BaTe/Id O IPABOMEPHOCTU UX
BBIIIOJIHEHUA.

JlokTOopa caMblii pacnpocTpaHnéHHbIH T, Ta-
KHe AHTUBHUPYCHI MOMUMO OOHADPYKEHUs BU-
PyCOB, MOI'YT OT HUX ¥ U30aBUTHCS.

Anrusupycor Baknuabl. OHE U3MEHSIIOT TPO-
rpamMMbl, (PAKIBI TAKKEM 00pPa30M, 9TO I BU-
PYCOB OHH Y2K€ BBIIVIAJAT 3aPAKEHHDIMHU.

AHTHBUDYCHI He CIOCOGHBI ODHAPYIKUTH JIIO-
6oit Bupyc. Beap aTo mporpaMma CIocoOHa HaiTH
U u30aBUTHCS TOJBKO OT M3BECTHBIX €l BPEIOHOC-
HpIX (aitnos. s KOHKPETHOrO BUPYyCa MHIIETCS
AHTUBUPYC TOJBKO, €CJIU TPOTPAMMHUCT OYIET UMETh
XOTsI OBbI OMH 3K3EMILISIP BPEIOHOCHOTO Koma. Ec-
JIV He [IeJTATh HUYero s 3aIUThI, TO MOCJIEICTBUSI
3apaskeHusi MOryT ObITh OY€Hb CEPbE3HBIMU.

SAKJIOYEHUE

Ha cerogusmmnmii feHb HATMCAHO MHOXKECTBO
Pa3/IMYHBIX BUPYCOB, HO U OE30MACHOCTHL HE CTO-
WT Ha MeCTe, eXKeJHEBHO PA3BUBAACH JIJId YCITENTHO-
T0 MPOTUBOAEHCTBHUs cTosImuM yrpo3am. Co3maor-
Cd HOBbIE M COBEPIIEHCTBYIOTCH MMeEIOIInecs aHTU-
BUPYCHBIE IPOrpaMMbl. BmecTe ¢ Tem Kak MbI yKe
BBIACHUJIA, MHOI'O€ 3aBUCUT HE TOJIBKO OT IIPOIPAMM
- aHTUBUPYCOB, HO U OT IU(POBOil TUTHEHBI CAMOTO
TI0JIL30BATENIA 3JIEKTPOHHOTO yCTPONUCTBA.
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A. C. Munsto

CPABHUTEJILHBIE XAPAKTEPUCTUKN AJITOPUTMOB
PIICOBAHUS OTPE3KA U KPUBLIX BTOPOTO
TOPSAIKA

Paccmampusammcn an20pUMMDBL 2EHEPAUUY OMNPEZKA, KPUBDT U npoeoaumc;z uxr cpaenume/wmnﬂ AHANAUS.

BBEJEHUE

B coBpemennom mupe marmuaHas rpaduKa, Ha-
XOIWUT CaMO€ MIMPOKOE MPUMEHEHWE B PA3TUIHBIX
00JIACTAX HAYKW U TEXHWKU, MTPOMBIILIEHHOCTH, B
9KOHOMHUKE, YIIPAB/ICHUHU, 00ydeHnu. B cBsa3u ¢ aTIM
CYIIECTBYeT TMOTPEOHOCTh B aHaIN3e aJrOPUTMOB
MTOCTPOEHHUST BCEBO3MOXKHBIX TPUMUTHBOB [IJIsT TOTO,
9TOOBI TIOHSATH, KAKWE W3 HUX SIBJIAIOTCS HauboJjee
3 PEKTUBHBIMHA /T TON WM WHON 3a1a9H.

I. AJIrOPUTMEI IFEHEPAIINM OTPE3KOB U
KPUBBIX BTOPOT'O ITOPAIKA

ITockonbKy 9KpaH pacTpOBOTO [JWCILIES C
9JIEKTPOHHO-JIy9eBO# TPYOKOH MOXKHO DPaCCMATPH-
BaTh KaK MATPUILY IUCKPETHBIX JIEMEHTOB (IIUKCe-
JIOB), HEJIb3sl HENOCPEJCTBEHHO IIPOBECTHU OTPE30K
u3 ofHON Touku B apyryio. IIponecc onpenenenns
MUKCEJIOB, HAWIYYIINM OOPAa30M ATTPOKCHMUPYIO-
UX 33JaHHBIH OTPE30K, HA3BIBAETCSA PA3JIOKEHUEM
B pactp. s TOpU30HTANBHBIX, BEPTUKAJIBHBIX W
HaKJIOHEHHBIX 1O/ yIJIoM 45° OTPE3KOB BHIOOD PacT-
POBBIX 37eMeHTOB odeBuaeH. IIpu i000# apyroit
OPHWEHTAINN BHIOPAThH HYYKHBIE TUKCEJN TPYIHEe.
O06mmure TpeboBaHMs K TAKAM aJITOPUTMAM: OTPE3KHU
JOJIKHBI BBITVISIETh MPAMBIMU, HAYAHATHCS U 3a-
KAHIUBATHCS B 33JJAHHBIX TOYKAX, PUCOBATH HYKHO
OBICTPO.

[onynsapHbIME AITrOPUTMAME PUCOBAHUS [IPsI-
MbIX ABJsgOTCH ajaroput™ ludposoro Tuddepen-
muagbHOro Amasmsaropa, aaroput™ bBpesenxema
¥ aJITOPUTM CpefHed TOYKH. J[AHHBIE ATTOPUTMBI
MOKHO aJIANITHPOBATH JJIs MOCTPOEHUs 000 KpH-
BOIl BTOpOro mnopsijka. PucoBarb OTpPe3Ku MOKHO
TaK¥Ke TI0 MAPAMETPUIECKIM, KAHOHUIECKUM YPaB-
HEHUSIM TMPSIMBIX U KpUBbIX. OIHAKO B 3TOM ClIydae
cHmkaeTcs 3GHEKTUBHOCTD U OBICTPOIEHCTBHIE AJI-
TOPUTMOB H3-33 DOJBIIOI0 KOJUIECTBA MATEMATH-
YeCKUX Ollepalyii.

IT. AWHAJIU3 BBICTPOAENCTBUSA AJITOPUTMOB

C0XHOCTH JII000TO PACCMATPUBAEMOTO aJIr0-
pUTMa TOCTPOEHUST OTpE3Ka WJIM KPUBON BTOPOro
nopsaka B Buae Big-O notation cocrasmsier O(n).
ITosToMy cpaBHHMBATH AJICOPUTMBL CJIEAYET IO Bpe-
MEHU BBIIOJIHEHUs U BU3YaJlbHbIM PE3yJIbraraM pa-
60THI. DPMEKTUBHOCTH AJITOPUTMA, OMPEIETSTETCS

Muavmo Anexcandp Cepzeesun,
yupasiieaus BI'YUP, sashamilto3@gmail.com.

KaK COOTHOIIEHUE MEXKIy BPEMEHEM, 3aTPAYEHHBIM
Ha, TIOCTPOEHWE OOBEKTA, U PE3YAbTATOM, IOy YEH-
HBIM B XOJie PADOTHI IPOTPAMMEBI.

IIpu moctpoennn orpeska meron bpesemxema
OIIPEe/IeJIEHHO HAWXY/IIIUN 110 BPEMEHH BBIITOJTHEHUS
U3 BCEX CPABHUBAEMBIX, ITOT ajIropur™m o0sa1a-
€T OYeHDb TJIOXUMU BPEMEHHBIMU XapPAKTEPUCTUKA~
mu. IIpu oTprcoBKe OTpe3Ka, ecyiu 33a49a CTOUT 34
MHUHUMAJIbHOE BPEMsI OTPUCOBATDH JIMHUIO, HO KOTO-
past HeoOsI3aTeIbHO JOJI?KHA TTOJTHOCTHIO COBIIAIATH
C UJIeaJIbHON NPAMOM, MOXKHO HCIIOJIb30BATH AJIrO-
pur™m I[IJTA. Ho, eciu TpebyeTcst MAKCUMAJIBHO TIpa-
BUJIbHAS JIMHUS, CTOUT WCIOJIH30BATH METOI CPeJl-
ueit Touku. OH OyaeT MeIeHHee paO0TATh, Y€M TT0-
CTpOEHHe OTPEe3Ka MO MapaMeTpPUIecKOMY ypaBHe-
HUIO TIPSAMO¥, HO OTPe30K Oyaer OoJiee MIaBHBIM.

IIpu mocTpoennu KpuBOl BTOPOrO IOPSIKA
3 PEeKTUBHOCTD AITOPUTMOB 3aBUCHUT OT THIIA ITOH
kpuBoii. Tak, HaNpUMep, TPU MTOCTPOECHUU OKPYIK-
HOCTH CaMbIM HEI(DDEKTUBHBIM SIBJISETCS METOT,
Bpesenxema, HECMOTpS HA €r0 MUHUMAJIbHBIE BpE-
MEHHBIE 3aTPATHI U3 BCEX PACCMATPUBAEMbBIX AJITO-
puT™MOB. [Ij1s1 TOCTpOEHMS OKPYKHOCTH U [TapabOIbI
MPEIMOYTUTE/IbHENH UCTIOIB30BATh AJITOPUTM CPEJI-
Hell TOYKHU, JIUTICA U TUTEPOOJIBI - aaroputm bpe-
3eHXeMa.

BBIBO/IBI

Kaxkapiii ajropuT™ MMeeT CBOM IIPEMMYIe-
CTBA W HEIOCTATKHA. BBIOOp TOr0 WMIM WHOTO aJ-
FOPUTMA 3aBUCUT OT IIOCTABJIEHHON 33/a4M U 2Ke-
JlaeMoro pe3ysbrara. Hampumep, IJIisi TOCTPOEHUS
MyTH, CO3MAHUS TPACKTOPUHU JIBUKEHUS JIyUIlle UC-
MO/TF30BATh AJTOPUTMBI, WMEIOIINE HAWMEHBIIIYIO
CKOPOCTb BBIIIOJIHEHHSI, HO HEMHOI'O IIPOUIPLIBAIO-
L[{e B KA4eCTBe IOCTPOEHUsI UIEAJIbHOIO OObEKTa.
Ho B T0 ke Bpems mjist Tpadudeckux 33034 JIydIie
MCIIOJIb30BATEH 060JIee TOYHBIE AJITOPUTMEI.

1. Benprmamgmep, II. B. Mamunsras rpaduxa /
II. B. Beaprmanamep // Wsparteabckuit mom «Bu-
abaMmcy, 2000.

2. XepH, Honanpn, [laymun Beiikep, M. KomnbroTepHas
rpaduka u crangapr OpenGL / Jonansg Xepn, M. ITa-
yaun Beiikep // U3narensckuii jom «Buabamces, 2005. -
-1216 c.
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N. A. Tlumenos, T. O. Knasna, A. J1. IIkagunckuit

TEXHOJIOI'IN BU3YAJIbBHOI'O ITPOT'PAMMUPOBAHNA
HA ITPUMEPE SCRATCH 2

Paccmampusaemces xax Scratch 2 u unvie cpedol 6U3YasvH020 NPOZPAMMUPOEAHUA TO3COAAIOT USYHUITL A3l TLPO-

ePAMMUPOBAHUA U GALOPUTIMUSGUUU.

BBEAEHUE

BusyanpHoe mporpaMMupOBaHEe — 3TO CIIOCOD
00pa3HOro, rpaduIecKoro MPeaCTABICHUS Pa3pa-
6aTBLIBAEMOr0 AITOPUTMA, KOTOPBIH Hanboee ecte-
CTBEHEH [IJI BOCIPHUATHS deoBeKa. 1Ipu Budyasb-
HOIT pa3paboTKe CYIECTBEHHO YMEHDbIIAETCS KOJIHU-
YE€CTBO BBIHYKJIEHHBIX OH_II/I6OK yupaBJIEeHUA B TIPO-
rpaMMe, a CJIeJOBaTe/IbHO, MOBBIIMIAETCS KAYECTBO
MIPOTPAMMHOTO MPOJAYKTA.

I. TIonmy/sasiPHOCTbL SCRATCH 2

Scratch 2.0 — 3710 GecnarHasi Bu3yabHAsS
cpejla TPOrpaMMUPOBAHMS, CO3/IAHHAS JJjist 00y de-
HUS JeTeil M HAYMHAINNX TporpaMmucToB. OHa
ObLTa pazpadborana MaccadycercKuM TeXHOJIOTuYe-
ckuM mHCTATYTOM B 2013 roay. JaHmHAs cpelia WC-
oJib3yeT OJOKW KOJA JIisl CO3JIAHHS MPOIPAMM U
PUJIO2KEHUA.

Onwna m3 raaBHBIX ocobenHocreit Scratch 2.0
— 9TO TO, 9TO OH TIO3BOJISET CO3/JABATH MTPOEKTHI
6e3 HeOOXOAMMOCTH MMHCATH KO, C Hy sl ITO JeIaeT
€ro WJIeaJbHBIM WHCTPYMEHTOM [t OOydeHus Jie-
Tell ¥ HOBHYKOB, KOTOPBIE XOTAT U3YYUTh OCHOBBI
MTPOTPAMMUPOBAHS.

Bor meckonbko mpuunH, mouemy Scratch cras
TAKOI MOIYJIAPHON:

1. IIpocrora mCIOMB30BAHUSI.

2. JlocTymHOCTb.

3. Coo0I11ecTBO.

4. Buzyanmsarus.

5. O6yuenue.

II. SCRATCH 2: JOCTOMHCTBA U HEJOCTATKU
B CPABHEHUHU C JPYTUMU CPEJAMU

BU3YAJIBHOTO IMTPOTPAMMMWPOBAHUA

Hekoropbre mnpeummyInecTsa u HEIOCTATKH
Scratch 2 mo cpaBHEHHIO C APYTUMHU CPETAMUA:

[Ipeumymiecrsa Scratch 2:

1. IIpocrora mcnob30BaHUSI.

2. Boubiioe coobIecTso.

3. Huskwuit mopor BXOXKICHWSI.

4. Muoroobpasue IpoOeKTOB.

Henocrarku Scratch 2:

1. OrpannueHHbIe BO3MOYKHOCTH.

2. Huskast mpon3BOAUTEILHOCTD.

3. OrpaHuYeHHbIH TOCTYI K UCXOJHOMY KOIY.

B nenowm, Scratch 2 — ornmanbiit BeIOOP mist
HAYUHAIONMX TPOIPAMMUCTOB, KOTOPBIE XOTAT H3Y-
YUTH OCHOBBI TPOrPAMMUPOBAHUS ¥ CO3/IaBAThH MTPO-
ctbie mpoekThl. OIHAKO, 15 CO3Manus 00JIee CITOXK-
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HBIX TPUJIOXKEHUI, JIydIlle MOIXOAAT IPYTrUe CUCTe-
MBI BH3YAJIBHOTO MPOTPAMMUPOBAHUS, TAKWE KAK
App Inventor wiu Blueprint.

App Inventor — 370 MHTErpUpPOBAHHAS CPEIA
pa3paboTKn BeO-TIPUIIOKEHIH, N3HATATILHO MPEI0-
crasiennas Google, a Temepnr mnOmIEepKUBaEMAs
MaccadaycercKuM TeXHOJOTUYECKUM WHCTHTYTOM.
OH 103BOJIIET HOBHYKAM B KOMIBIOTEDHOM IPO-
IPAMMUPOBAHUY CO3ABATDH IIPUJIOKEHUS! JIJIsl JABYX
oneparmonubx cucreM: Android m iOS , koropoe
mo cocrogauio Ha 20 aaBapsa 2023 roga HAXOAUTCS
B crajuu dpuHANTBHOTO Hera-rectupoBanus. OH wuc-
MOJIb3yeT rpadudecKuil MOIb30BATENLCKAN HHTEP-
deiic, ouennb noxoxkuit ma Scratch, koTopbiit 1m03-
BOJISIET TOJIB30BATENISIM MEPETACKUBATH BU3YaJb-
HbIe OOBEKTHI JIJIsi CO3/IaHUs MTPUIOKEHUS, KOTOPOE
MOXKHO MPOTECTHPOBAThH Ha ycrpoiicTBax Android
u i0S u mocrpours mis paborbr kak Android-
npunoxkenne. OH HCIOJIb3yeT COIyTCTBYIOIIEE MO-
OWJIFHOE TPUJIOKEHWE, KOTOPOE TO3BOJISET MIHO-
BEHHO MTPOBOINTH TECTUPOBAHUE M OTJIAJKY B PEAJTb-
nom Bpemenu. [Ipu cozmanuu App Inventor Google
ONMUPAJICA HA 3HAYUTETbHBIE MPEIIECTBYIOIINE UC-
cief0BaHus B 0bsracTu 00Pa30BATEIbHBIX BHIYUCIE-
uuii u pabory, upogeinannyio B Google nas onsaiia-
cpemamMu pa3spabOTKH.

[Ipeumymecrsa App Inventor:

1. I'pynmupoBka Bceit Tpebyemoit (pyHKIHO-
HaJIFHOCTH B OJTHOM OJIOKE.

2. BO3MOXKHOCTH JAMHAMHYECKOIO CO3/IAHUS
0OBEKTOB U CBOMCTB.

Henocrarku App Inventor:

1. Ca0XHOCTD.

2. HeoGxoauMocTh meperpynmnupoBKu OJI0KOB
[pU U3MEHEeHUU (PYHKIIUOHATHHOCTH.

3. HexkoppekTHasi pabora pegakTopa € BBICO-
KUMHU OJTOKaMH.

4. YBenuueHue BEPOSITHOCTH COBEPIICHUS
omubKU MPU yKA3aHUKU B CTPOKE UMEHH KOMAaHJIbI,
00beKTa WM CBOMCTBA II0 CPABHEHHIO C BbhIOOpA B
OJIOKaX MMEH MTEPEMEHHBIX U3 CIHUCKA CYIIEeCTBYIO-
IIHX.

Blueprint — 3710 cucrema BuU3yaJbHOTO MPO-
TPAMMHUPOBAHUST, KOTOPAs MO3BOJISET CO3/IABATH UT-
pOBbIe MeXaHuKH u (PyHKIuE 06e3 HeoOXOTuMO-
CTH MHCATh KOJ, HA s3bIKe TPOrPAMMHPOBAHMUS.
Blueprint 6but cozman Epic Games, kommanueii,
paspaborapmeii Unreal Engine, u Obu1 BrnepBbie
npesacrasien B Bepcun Unreal Engine 4.

C momompio Blueprint mMoskHO co3gaBaTh Wr-
POBBbIE OOBEKTHI, HACTPANBATD MOBEIEHNE TEPCOHA~



2Keil, CO37]aBaTh CIIEHAPUH, BKJIIOYATh 3BYK U MY3bI-
Ky, HacTpamBaTh 3(P@PEKTHI U OCBEINEHHE, a TaKKe
MHOIO€ JPYyroe. JTa CUCTeMa IPOrPAMMHUPOBAHMSA
NpegHAa3HAuYeHa JJId BCeX YPOBHEH MOJIb30BaTesei,
OT HOBHYKOB JI0 TTPO(PECCHOHAIOB B OOJIACTH pa3pa-
OOTKHU UTP.

Cucrema Blueprint mo3Bosisier  co3maBarh
CJIOJKHBIE CHCTEMbl M MEXAHUKH, UCIOJb3Ys IPO-
cTbie OJIOKWM, HA3BIBAEMBIE Y3JIAMHU. Y3JIbI MOXKHO
COEIMHSATH MEXKIY C000ii, 9TOOBI CO31aBAThH JIOTH-
9eCKUe MENOYKN, KOTOPhIE OIPEIE/IAI0T TOBEICHIE
UTPOBBIX 00bEKTOB. IIpu 3TOM He TpebyeTcs 3HAHHIE
sA3bIKA [IPOIPAMMHUPOBAHUS, XOTS ITO MOXKET OBbIThH
TTOJIE3HO JIJIsT CO3JaHusT 60JIee CJAOKHBIX CUCTEM.

IIpenmymrectsa Blueprint:

1. BricTpoe mpoTOTHIIMPOBAHHKE.

2. YuopoiéHHoe HaIWCAHUE CKPUITOB IS
HEINPOrpaMmMucCTOB.

Henocrarku Blueprint:

1. IIpou3BOAUTETHHOCTD.

2. TpymaocTh ¢ 0ObeTMHEHNEM TTPOEKTOB.

III. TIOYEMY JAHHBIE CPE/IbI
[MPOTPAMMUPOBAHUSA BOCTPEBOBAHKI

B coBpemennoM Mwupe Bu3yaJbHOE MPOTPAM-
MHPOBaHKE WCIONb3YeTCs B Pa3HbIX cdepax Ies-
TEJIHOCTH W $BJISETCs BOCTPeOOBAHHBIM. B oTsim-
YUU OT TEKCTOBOI'O HPOIPAMMUPOBAHWS, BH3YyaJlb-
HOE MPOrPAMMUPOBAHNE MOYKET UMETDH PSiJT TTPENMY-
IIIECTB, TAKUE KaK:

1. Bo3MOXKHOCTH BHOCHTH M3MEHEHHS B AJTO-
PUTM OPSIMO BO BPEMsl €r0 BBIIOJTHEHUS .

2. Jlerkuii criocob otsiazkuBarTh ajaropurm dsia-
romapsi BU3YaJbHOMY OTOOPAXKEHWIO pabOTHI MPO-
rPaAMMBL.

IIpu wuccremoBanmm pa3mIUIHBIX Cdep IpH-
MEHEHHUsI BU3YAJbHOIO MPOIPAMMUDOBAHUS, TAKUX
kak: obpazosanue (Scratch), pobororexuuka, pas-
paborka Bugeourp (Unreal Engine Blueprints,
Unity Visual Scripting, Unity Shader Graph), 3D-
mozenupoBanuu (Blender) — Bbiscusiercs, 4To B
pasubix cdepax BHU3yaldbHOE TPOrPAMMHUPOBAHKE
MMOKA3bIBAET CBOIO 3(MPPEKTUBHOCTD B OTJIMIUU OT
TEKCTOBBIX B OMPEIENIeHHBIX 33Ja4ax. Kciam peds
uaéT 00 YHUBEPCAJbHBIX S3bIKAX, TO JIyUINe ceOs
MPOSABJIAIOT KJIACCUIECKHE S3BIKW, OTHAKO €CJIU PAC-
cMmaTpuBaTh 6osee y3kue cdepnl, TO boee 3hdex-

ITumenos HUava Anexcandposum,
ympasaerus BI'YWP, mituk996@Qgmail.com.

TUBHBIM ceDsi MOYKET TOKA3aTh BU3YAJTbHOE TIPO-
rpamMupoBanue. Tak Kak pabora ¢ JAHHBIMU SB-
Jdercd 3ajiadeil y3KOHaIIpaBJIEeHHOR, TO IIpeJiloJia-
TaeTCs, 9TO BU3YaJbHBIN S3BIK B 3TON cdepe oka-
xKercsa 6osmee 3PPEKTUBHBIM CPEICTBOM pa3paboT-
K.

IV. BBIBO/BI

BusyanbHoe mporpaMMHpOBAHUE MPEIYCMAT-
pUBaer Cco3JaHue IIPUJIOXKEHWH € IOMOIIBI0 Ha-
raaubx  cpencts. CpencrBa BU3YAIbHOTO TIPO-
IPaMMHUDOBAHUST OOLIYHO PEIIAIOT 3aJa9Hl MOCTPO-
€HUsI I0JIb30BATEILCKOro mHTepdeiica u yrporie-
HUs Pa3pabOTKK TPUJIOKEHUs] TyTeM 3aMeHbl Me-
Tona "HalMCaHKUs IPOrpaMMbl' Ha METO, KOHCTPY -
poBanusi. BusyanpHoe mporpaMMupoBaHue 001a1a-
€T JOCTOMHCTBOM HAIJISIHOTO MPEICTABJICHUS] WH-
dopmanum 1 TOpasIOo JIYUINe COOTBETCTBYET IIPUPO-
JIe 9eJIOBEYECKOTO BOCIPUATHS, YeM METOJIbI TPAIU-
[IHOHHOrO, TEKCTOBOrO mporpammupoBanus. Omaa-
KO NPAKTHYECKH BCE BU3YAJIbHBIE CPEJICTBA HY XK1~
I0TCs B JIOTMOJTHEHUU (DYHKIUAMU, KOTOPHIE HE MO-
ryT OBITH TPEJICTABJIEHBI B BUJE TpaduIecKux KOH-
CTPYKITHi 1 TPEeOYIOT TEKCTOBOTO BhIparkeHus. KoH-
HEMIHs BU3yaJIbHOIO MPOrPAMMUPOBAHUS PEATTU30-
BaHA BO MHOIMX COBPEMEHHBIX Cpelax pa3paboTKu
MporpaMMHBIX cucteM. Bee Bemymme (GpupMmbi, co-
3IAI0IIHME CPEJICTBA, JJIs IPOrPAMMUPOBAHUS U KOH-
CTPYUPOBAHUS UMEIOT CHCTEMbI, TIO/IEPKUBAIOIINE
TEXHOJIOTUIO BU3yaIbHOIO TPOrPAMMUPOBAHUSI.

Cnucox aumepamypuot

1. New frameworks for studying and
assessing  the  development of computational
thinking: [9nexkrponusiit  pecypc| // URL:
https://www.media.mit.edu/publications/new-
frameworks-for-studying-and-assessing-the-
development-of-computational-thinking/ (Hara
obpamenus: 12.04.2023).

2. Association for Computing Machinery:
[9nexrponnsbIit pecypc| // URL:
https://dlL.acm.org/doi/10.1145/1592761.1592779
(Mara obpamenus: 12.04.2023).

3. Cepeuc Xabp: [Daexrponnwsiit pecypc] // URL:
https://habr.com/ru/articles/344446/ (dara obpaie-
Hus: 11.04.2023).

4. Cepuc DTF: [Daexkrpounsit pecypc] // URL:

https://dtf.ru/gamedev/192498-blueprints-i-c-v-unreal-
engine-plyusy-i-minusy (lara ofpamenwus: 10.04.2023).
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. A. Pyrkosckas, T. A. Asneesa

CPABHUTEJIbHBINI AHAJIN3 NUHTETPUPOBAHHBIX
CPE/JI, PABPABOTKU(IDE)

Paccmompum neckoavko uzeecmunx IDE das paspabomxu na C++ u npoanasudupyem ur GyrKuuU, npeumy-

wecmsa u Hedocmamxu. Taxorce uccaedyem, xaxaa IDE wnaubosee yodobHa 0AA HANUHAOWUT NPOZDAMMUCTIOG.

BBEAEHUE

Nurerpuposannbie cpeast paspaborku (IDE)
SIBJISTIOTCS HEOThEMJIEMOH YACTHIO TPOIECCa MPO-
IPAMMUDOBAHUS HA COBPEMEHHBIX sI3bIKAX, B TOM
qucye u Ha C++. IDE mpemocrasistor pazpaboryu-
KaM yJI00HYI0 Cpejty i HAUCAHUS KOZA, OTJIAJKA
n kommuianun npunoxkennit. IDE gacro cogepxar
Pa3JINYHbIE HHCTPYMEHTHI, TAKUE KaK ABTOIOMOJIHE-
HUE, aBTOMATUYIECKOe (DOPMATHUPOBAHUE U T.II., UTO
YIPOINAET MPOIECC TPOrPAMMUPOBAHKS.

I. CPABHEHHUE CAMBIX PACIIPOCTPAHEHHBIX
IDE

Visual Studio paspaborana  KoMmmaxuei
Microsoft u MUPOKO MCMOIB3yeTCst B KA4eCTBE OC-
vouoit IDE BO MHOrMX KOMNAHUSAX W TPOEKTAX.
Omna 6brna BeImyinena B 1997 roay u ¢ Tex mop mo-
JIy9uJIa MHOXKECTBO OOHOBJIEHWH U yydmneHumii. Ee
MOMYJIAPHOCTD OObACHAETCA YA0OCTBOM HCIIOJIB30-
BaHUsI, OOJIBITUM KOJIMIECTBOM (DYHKITHI U HHCTPY-
MEHTOB, & TaKzKe TECHOU MHTerpamnueil ¢ IpyruMu
nHCTpyMeHTamMu u npojaykramu Microsoft. Heno-
CTATKAMU SIBJISIIOTCS €€ TIeHA, PECY PCOEMKOCTD, MeJI-
JIEHHASI CKOPOCTb COOPKH, CJIO?KHOCTD, BbI3bIBAEM AT
Yy HOBUYKOB IpU paboTe C HEKOTOPHIMU (DYHKIIUSIMA
u 3aBucuMOCTb 0T Windows.

Eclipse 6bu1a cozmana B 2001 roay u TakKe mo-
JIyansia OOTBIITOE KOMUIeCTBO OOHOBICHHH U TI/Tard-
HoB. Eclipse nmeer MHO)KecTBO (DYHKITHI, KOTOPBIE
[IO3BOJIAIOT PA3PA0OTYMKAM YIIPABJIATH UCXOIHBIM
KOJIOM M T€CTMPOBATH MpujIokenus. Hegocrarkamu
SABJIAIOTCA OIPAHWYEHHAS TMOAIEPXKKA BU3YaIbHO-
ro uarepdeiica, mnardopmbr .NET, cioxxuaocTsh Ha-
CTPOHKH U M€/ JIEHHAsT CKOPOCTH PAbOTHI 11 60JTb-
LIUX IIPOEKTOB.

Code::Blocks - aro 6ecninarunas IDE mas pas-
paborku wa C+-+. Oma Obuta Beimymmena B 2005
roay, pa3padarbiBajach KaK OTKPBITHINA MPOEKT W
ObLIa CO3JaHa TPYIIOi Pa3pabOTINKOB U3 PA3HBIX
crpan. [lomiepkuBaer HECKOJIBKO KOMITAJISATOPOB U
“MeeT MHOXKECTBO WHCTPYMeHTOB. Hemocrtarkamwu
SIBJIAIOTCS OTPAHUYEHHAS TIOIIEPXKKA MHOTOIIOTOY-
HOCTH, BU3yaJIbHOTO WHTEP(dEiica U MIarnHoB, TaK-
JKe OHa He BCeria CTabujbHA.

CLion - ornocurenbuo noas IDE mrs pas-
paborku na C++, Boinyniennas B8 2014 romy, mory-

JIIPHA Cpeu Pa3pabOTINKOB O/1aromapsa HHHOBAIN-
OHHBIM (QYHKIIUSIM ¥ WHCTpyMeHTaMm. Bwuta co3ma-
Ha Ay 3amenbl cymectByomeit IDE or JetBrains
- ReSharper C++. CLion umeer MHOKeCTBO (hyHK-
Ui, BKJIOYasd UHTEJIEKTYAJIbHbBINH PeIaKTOp KOAA,
aBTO3aBEPIIEHNE KO/A U OTJIAJYHUK, 9TO IIO3BOJISET
paspaboTunkaM OBICTPO W JIETKO CO3JABATH Kade-
CTBEHHBIN KOI. VMeer Te ke OrpaHuIeHHOCTH, 9TO
n upenpimue IDE, miaarHocTh, BhICOKOE mMOTpEdIe-
HU€ PECYPCOB U CJIOXKHOCTh UCIIOJb30BAHUS [IJIs Ha-
YUHAIOIINX.

II. BBIBOP HAUBOJIEE YJIOBHOI IDE 114
HAYUHAIOIINX

W3 gervipex paccmorpenubix IDE ama maum-
HAIOIMKUX TPOTPAMMHUCTOB Hambosee yao0HOM Oymer
Code::Blocks.

Code::Blocks mmeer mpocroif W WHTYHUTHBHO
MOHSITHBIN TOJB30BATENbCKHIT MHTEpPQEiic, Kpome
TOro, OH OECITATHBIM W JIEPKUH B MCIOJIb30BAHNH,
He TPeOYS BHICOKHMX 3aTPAT PECYPCOB KOMIIBIOTEPA.

Code::Blocks Takke 001a7aeT WHTEJIEKTY-
QJIBHOM CHCTEMOI IIOJCKA30K, AaBTO3aBepIIeHUEeM
KOJIA U OTJIAIUKOM, YTO IIOMOTAET HOBUYIKAM OBICT-
pee u jierde pa3pabaThIBATh MPUJIOKEHUS HA sA3bIKE
C++.

B nesniom, Code::Blocks - ornuanbtit BBIOOD 1151
HOBUYKOB B porpammupoBannu Ha C+-+, TOCKOJIb-
Ky OH 00/13/TaeT BCEM HEOOXOIUMbIM HAOOPOM (DYHK-
Ui ¥ HHCTPYMEHTOB, KOTOPBIE MOTYT IIOMOYb B Ha-
Jaje IyTH pa3pabOTKH.

III. BBIBOIBI

B menom, Bce mepeuuncimennbie IDE mmeror
CBOM IIPEMMYILECTBa U Hejocrarku. Visual Studio
u CLion 00/1a1a10T MOIITHBIMU WHCTPYMEHTAMU JIJIs1
amanu3a koaa, Code::Blocks mpoct B umcmosb3oBa-
onn, a Eclipse obmamaer mmpokuM HAOOPOM WH-
CTPYMEHTOB U paciimupenuii. Beibop omnpemeneHHoM
IDE 3aBucur OT WMHAUBHIYaJIbHBIX HOTPEOHOCTEH
pa3paboTunka.

1. Ilog6opxka IDE. [DaexTponnsIit pecypc|
https://serverspace.ru/about/blog/podborka-ide-i-
redaktorov-koda-dlya-razrabotchikov/

Asdeesa Tamvsana Andpeesna, Pymrosckas Japvsa Andpeesna, cryneHTKU Kadeapbl BHIYACIUTE b=
HbIX MeToJI0B U nporpamvupoBanus BI'VIP, rutkovskayadaria@gmail.com, tatushaken@gmail.com.

Hayunoti pyxosodumensv: Kyxun Jmumputs Ilemposuy, 3aBemyionuii Kadeapoil BEIYUCIUTETHHBIX
MeTonoB u nmporpamvupoBanus BI'YUP, kaugugar rexandeckux HayK, AomeHT, kukin@bsuir.by



A. U. llenauckas, E. A. Ium

TPEXMEPHOE MOJIEJINPOBAHUE B MEJUITNHE

Janmnas cmamva pacemampuaem memodo,, NPeumMyuecmen, Hedocmamsy U nNepeneKmuss, mpeérmeprozo moode-

AUPOBAHUA 68 MEIULUHE.

BBEAEHUE

TpexmepHoe MOIETIUPOBAHWE W BU3yaJIH3a-
U B MeJUIHE - 3TO COBPEMEHHAasd U I1epCIIeKTUB-
Has 00JIACTh MpUMeHeHus WHMOPMAIMOHHBIX TEX-
HOJIOTHiT, KOTOpas MO3BOJISIET CO3aBATh OObEMHBIE
n300pakKeHnsi AaHATOMUIECKUX CTPYKTYP, (buznosio-
TMYeCKUX MPOIECCOB U MaTOJOTUYECKUX COCTOAHUN
9€eJI0BEYECKOr0 Opranu3ma. 1T pexMepHoe MOIenpo-
BaHue U BU3ya/U3allud B MeJuliMHE UMEIOT LIUPO-
KU CIEeKTp MPUMEHEHUs, TaKOI KaK JNarHOCTUKA,
obydJeHve, MIAaHNPOBAHUE U MIPOBEICHNE OMEPAIINil,
poTe3upoBanue, peabumuranus u ap. [leaso gan-
HOIl HaydHON pPAOOTHI SBIAETCA WCCIEIOBAHHUE CO-
BPEMEHHDBIX METO/IOB U MHCTPYMEHTOB TPEXMepPHO-
TO MOJEIVPOBAHUA W BU3YAJIM3AINN B MeIWIINHE,
a TaKyKe aHaJIN3 UX MPEUMYIIECTB U HEJOCTATKOB.
s nocTrKeHUs ITOH 1e/in ObLIN MOCTABJIEHBI CJTe-
JyIOIINe 33/1a4U:

® U3YYUTH TEOPeTUYeCKWe OCHOBBI W TTPUHITH-
bl TPEXMEPHOTO MOJEINPOBAHUA U BU3YaJIH-
3alu B MEIUIINHE;

paccMOTpeTh CYIIEeCTBYIOIINE MMOJAX0Abl U Me-
TO/Ibl TPEXMEPHOI'O MOJEINPOBAHUA U BU3Yya-
JIA3aIMK B MEIUIMHE, & TaKKe ux KJaccudu-
KaIlnIo;

MIPOAHAJIN3UPOBATh TPUMEDPHI TTPUMEHEHUS
TPEXMEPHOI'O MOJIEIMPOBAHUSA U BU3yau3a-
MY B PA3JIMYHBIX OTPACIAX MEJTUIIUHBIL;

BBISBUTH MPOOJIEMBI U HEPCIEKTUBHL PA3BU-
TUS TPEXMEPHOTO MOJETINPOBAHNS U BU3YaJIH-
3aIUuy B MeIullHe.

l'umoresa mamHHON HAyYIHON PAOOTHI 3aKII0IAETCS B
TOM, YTO TPEXMEPHOE MOJEIUPOBAHME U BU3YaJsiu-
3amusi B MEIUIINHE CIIOCOOCTBYIOT MOBBIIIIEHUIO Ka-
qecTBa U 3(PPEKTUBHOCTH METUITNHCKON MTOMOIIIH,
a TaK2Ke PACIINPEHUI0 BO3MOXKHOCTEH HAYyIHBIX WC-
caenoBaHuil B 0DJIACTU MeIUIMHLI.

I. METO/ibI TPEXMEPHOIO MO/IE/JINPOBAHUSA

B menunune MCHONB3YIOTCS DPA3JIUYHbIE Me-
TOOBI TPEXMEPHOTO MOJIETHPOBAHMSA, TaKHe Kak
kommnbioreprass tomorpadus (KT), wmarmurno-
pesonancuas rtomorpacus (MPT), yubrpassyko-
Bast tomorpadus (Y3U) u ap.

II. TIPEMMYIIIECTBA TPEXMEPHOTO

MOJEJINPOBAHMN:I

TpexmepHoe MoAeTUpPOBAHNE B MEIUIINHE
“MeeT MHOXKECTBO mpemmyinecTB. OHO MO3BOJISET
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BpadaM W MEIUIIMHCKUM CIEIHAJTICTAM CO3JABATDH
TpexXMepHbIE MO OPTAHOB 1 TKAHEH MAIHeHTOB,
9TO MOMOTAeT UM JIydIle IIOHUMATh AHATOMHIO W
(PU3NOTIOTHIO YETIOBEIECKOrO Tesa. T pexMepHoe Mo-
JeIUPOBAHNE TaKyKe MOXKET HCIOIb30BATHCSA IJIsT
ITAHUPOBAHUSA XUPYPIrUIECKUX OMEPAIni U MpoIie-
ayp. 9To 1mO3BOJIgeT BpadaM 0oJjiee TOYHO OIpejie-
JIUTH pa3Mepnl U GOPMY OPraHOB M TKaHeH, a Tak-
K€ OTPEIeTNTh ONTUMAJIBHBIN Ty Th TOCTYTIa K HAM.
Kpome Toro, TpexmepHoe MOIEJIMPOBAHUE MOYKET
HCIIOJIb30BATHCS Il CO3IAHUS TIPOTE30B M MMILIaH-
TATOB. DTO MO3BOJIET CO34ABATh UHIUBH/IYAJbHBIE
peleHns s KaXKJI0rO IMAIUeHTa, 9TO MOBBIIIAET
3 PEKTUBHOCTD JIEYEHMSI U CHUXKAET PUCK OCJIOXK-
HEHUt

III. HEIOCTATKHN TPEXMEPHOTO

MOJAEJINPOBAHMNS

XoTsd TpexMepHOe MOAEJMPOBAHUE B MEJIu-
[IMHE WMEEeT MHOXKECTBO TMPEUMYIIECTB, OHO TaK-
K€ MMeeT CBOM MpobiaeMbl u orpanndenus. OmHoit
73 TJIABHBIX MPOOJIEM SIBJISETCS CJIOXKHOCTH CO3/1a-
HUS TOYHBLIX MOZEJeld. DTO MOKET ObIThb BBI3BAHO
pasu4HbIME (PAKTOPAMH, TAKMMHU KaK HEI0CTaTOq-
HOCTb JAHHBIX MJIM CJIOKHOCTb aJropurmoB Kpome
TOTO, TPEXMEPHOE MOMIETUPOBAHNE MOYKET OBITh J10-
POTOCTOSIINM 1 TPEOOBATH CIIEIUAIHLHOTO 000PY/I0-
BaHUs ¥ IIPOrPAMMHOIO ODecIIeueHus. JTO MOXKET
OrpaHUYUBATH JOCTYIIHOCTH TOH TEXHOJIOIUHU JIJIs
MHOI'MX MEJIUUUHCKUX yIPEXKACHUIT

IV. IIEPCIEKTUBBI TPEXMEPHOI'O
MO/IEJTUPOBAHU A

TpexmepHoe MOAETUPOBAHWE B MEIUIIAHE
nMeeT OTPOMHBIN MOTEHINAJ M MePCHeKTUBBI Pa3-
BuTusi. OHO MO2KeT ObITb MCIIOJIL30BAHO JJIsd CO3/1a-
HUS TOYHBIX MOJIeJieit OpTaHOB M TKAHEH, YTO MOYKET
TOMOYb B AMArHOCTUKE W JIEUEHWN MHOTHX 3ab0Je-
BaHuii. TpexMepHOoe MOIETIUPOBAHNE TAKIKE MOXKET
OBITH WCIIOJIB30BAHO /I CO3MAHUS WHINBUIYATb-
HBIX UMILIAHTATOB U IIPOTE30B. DTO MOXKET IIOMOYb
B YIIYYINIEeHUN KQ4eCTBA *KN3HU MAIMEHTOB U COKPa-
TUTH BpEeMsi BOCCTAHOBJIEHU S TIOCje oneparmu. Kpo-
Me TOr0, TPEXMEPHOE MOIEINPOBAHNE MOMKET OBITDH
HCIIONIB30BAHO 1711 OOyYIeHUs CTYAEHTOB MEINITHH-
CKUX yIeOHBIX 3aBEICHUM.

V. IIPUMEPHI

BoT HekoTOpbhIe MpUMEPHI TPEXMEPHOTO MOJIE-
JMPOBaHUA B MeJUIINHE:

e [leyarr, WMMIAHTOB, TPOTE30B, OPTraHOB W
TKaHell Ha 3D-mpuHTEpax u3 pa3IndHbIX Ma-



TEPUAIIOB, BK/II0YAs GHOJOTHIECKHE. DTO MO3-
BOJISIET CO3/]aBATh WHIUBU/YAJbHBIE U TOY-
HbIE U3JeJidsi, KOTOPBIE YJIy4IIAlT KA4eCTBO
KW3HU MAIUEHTOB U COKPAIIAIOT PUCK OTTOP-
KeHusi v nHQEKIHii;

Cozmanue 3D-mozeneit OpraHoB u OIyXOJei
HA OCHOBE KOMIIBIOTEPHON ToOMOrpaduu s
[OJIOTOBKU K OHEPAUAM. DTO IIO3BOJISET
BpadyaM M3YUUTh AHATOMWIO U TTATOJOTHUIO M-
IMeHTa B OOBEMHOM BHJIE, BBIOPATH OINTH-
MaJbHYI0 TAKTHKY XUPYPTHUECKOTO BMeEIa-
TEJbCTBA W CHU3UTH PUCK OCIOKHEHU;

MonenupoBanue 3JeKTPUIECKON AKTUBHOCTU
cepana I IUACHOCTUKU W JIEYEHUS HAPY-
IMeHu# puT™Ma. DTO TO3BOJISIET BU3YaJIU3UPO-
BaTh PACIPOCTPAHEHHE 3JIEKTPUIECKOrO CHI-
HaJIa IO CePIeTHON MBIIIIIE, ONIPEIEIITh 30HbI
APUTMHHU KW HUIIEMHUHU, a TAKZXKE IIJIaHUPOBATb
KaTeTepHY abJIaIuio;

Ucnonw3osarne 3D-rpaduru A MeTUINAH-
CKOro OOy4YeHHs M TPEHHPOBKU. IDTO IIO3BO-
JISIeT CO3JABATh PEATUCTUYIHBIE CAMYJISATOPDI
JJI U3y9eHnsl aHaTOMuM, (PU3UOJIOTUN U IIa-
TOJIOTUY YEJIOBEYECKOTO TEeJIa, & TAK¥Ke IIJIst
OTPADOTKYU XUPYPTUIECKUX HABBIKOB W MaHU-
My AAIANR.

OTO JINIIE HEKOTOPbIE W3 MHOXKECTBA MTPUMEPOB
TPEXMEPHOTO MOJEJUPOBAHUA B MEIUINHE, KOTO-

pble JeMOHCTPHUPYIOT ero MOTEHIHUAI U IePCIeKTh-
BBI JIJId Pa3BUTUA MEJIUIIMHCKON HAyKu U IIPaKTU-
KHU.

BBIBOIBI

B xome BbImosHEHUST HAYYHOH pPAOOTHI ObI-
JIN U3y4YeHbl COBPEMEHHbIE METOJbI M WHCTPYMEH-
THI TPEXMEPHOTO MOIETUPOBAHNS 1 BU3YAJIU3AINN B
Me/IUIIMHE, & TAKKe aHAJTM3UPOBAHBI UX ITPEAMYIIe-
CTBA M HEIOCTATKH. DbLIn PACCMOTPEHBI IPUMEPbI
MPUMEHEHNsT TPEXMEPHOTO MOJIEINPOBAHUS U BU3Y-
aJIM3alNU B PA3JIMYHBIX OTPACISX MEIWINHBI, Ta-
KUX KaK JINarHOCTHKA, 0Dy4eHHe, [IJIAHUPOBAHUE U
MPOBEJIEHNe ONepaIuii, MIPOTe3nPOBAHNE, PEADHITH-
Tays U ApP. BbLiiu BbIgBIEHbI IPODJIEMbI U [TEPCIIEK-
THUBBI PA3BUTHS TPEXMEPHOTO MOAETNPOBAHIS U BH-
3yasin3alnnu B MeauinHe. TpexmepHoe MOIeInpoBar-
HUE U BU3YAJU3alsl B MEIUIINHE SIBJISIIOTCS COBPE-
MEHHBIMHU U MEPCIEKTUBHBIMY 0OIACTSIMU ITPUMEHE-
Husi “HGOPMAIMOHHBIX TEXHOJIOTHI, KOTOPBIE CIIO-
cOOCTBYIOT MOBBIIIEHUIO KadecTBa U P HEeKTUBHO-
CTH MEJUITMHCKON MOMOIIHN, & TaKyKe PaCHTUPEHNIO
BO3MOXKHOCTe!l Hay4YHBIX HCCIeIOBaHUN B 0bJjacTh
MeIuIUHBL. TpexMepHoe MOIETUPOBAHNME U BU3Ya-
JU3amUsg B MeAWIMHE UMEIOT OOJIbIIOi MOTeHIna
JJid JAJIbHENIero pasBuTUd U WHHOBALUMM, KOTO-
pble OYIyT CIOCOOCTBOBATH YIIYUIIEHUIO 3/T0POBbS
" OJIArOTIOJIy YHs YeJIOBEYeCTBa.

Hayunwiii pyxosodumensv: Kyxuwn Jmumputi Ilemposun, nouent, 3apeayomuii Kadeapoit BMull

BI'YUPa, kukin@bsuir.by.
Hlenanckxas Apuna

arina.shsc@gmail.com.
HIuw  Eauszasema Asnexcandposna,

shishliza2006@gmail.com.

Hesarnosna,

CTYIEHTKA
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crynenTka 3  kypca dakynprera WUTuyY BI'YUPa,



B. . Bepbunkas, E. A. Byabiako
SA3BIKN HAIINCAHU Y IITENJIEPOB

Paccmampusammcn A3BKU HANUCAGHUA weﬁﬁepoe u npoeoz?umc;z uxr cpasuummbnmﬁ, aHaAU3.

BBEAEHUE

ITeiiep — 310 Lporpamma Jjsd BHIEOKAP-
ThI, KOTOPasi UCTOJB3YeTCs B rpaduKe s Ompe-
JIeJIeHUsT OKOHYATE/IHbHBIX TTAPAMETPOB 00bEKTA WU
n3o0paxkenus. B 3aBuCHMOCTH OT CTajuu KOHBEII-
epa Ieiijiepbl Jle1dTCAd HAa HECKOJIbKO TUIIOB: Bep-
[IWHHBINA, IUKCEJIbHBI U IeOMeTPUYECKU.

I. OINUCAHUE A3BIKOB HATIMCAHUSA
IIEVJIEPOB

Cpenu S3bIKOB HANMCAHUS IIE€HIEPOB B HACTO-
dlnee BpeMs BbIAensaiorT Tpu ocHoBHBIX: GLSL ma
ocaoee OpenGL, HLSL ua ocuose Direct3D u CG
or NVIDIA.

SI3bIk HAMMCAHWS MIEHIEPOB BHICOKOTO YPOB-
us HLSL sBagercss ay<mmM sS3bIKOM 718 HATHCA-
HUS MefIepoB, MOCKOJIbKY PA3IeIsdeT CIMILIEPHI U
TEKCTYPbI, IMEeT ODIIUe S3bIKOBbIe (DYHKIUN: TPO-
CTPAHCTBA WMEH, IMAOJIOHHBIE JKEHEPUKU U [epe-
rpyxaembie oneparopst. eiigepsr HLSL unryn-
TUBHO MOHSATHBI, Y HUX €CTh BXOJ ¥ BhIBOA. OHU MO-
TyT UMEeTh [JI00aIbHBIE KOHCTAHTHI WM KOHCTAHTHI,
cozep:karmpecs: B 0ydepe KOHCTAHT.

GLSL (OpenGL Shading Language) siBisier-
sl CTAHJAPTHBIM S3bIKOM [IPOrPAMMUPOBAHUS M€~
nepos s Khronos API. On monnepusaeT 60/Ib-
MAHCTBO 3HAKOMBIX CTPYKTYPHBIX KOMIIOHEHTOB
(uukier for u oneparopsr if), HO WMeeT BarXKHBbIE
SI3BIKOBBIE PA3INYKsA. BEKTOPHBIE THUIIBI MCIOJIb3Y-
0T mpeuKC vec, 3amucCh JAHHBIX B H300parKeHune
BBITIOTHsIETCST ¢ ToMOoIbio  (yakmum, Kom GLSL
HAYMHAETCA C OObSBJIEHWI KOMITIOHOBKH, KOTODPBIE
TOYHO OIPEIEISIOT, KAK KaXkK/1asd CTPYKTypa u 00b-
€KT PA3MEIAITCA B TaMSITH.

Cg — 39T0 BBICOKOYPOBHEBBII S3bIK MPOIPaM-
MHUPOBaHHs, pa3paboranubiii kommanmeit Nvidia
IS MPOTPAMMWPOBAHUS THUKCEIbHBIX U BEPTEKC-
HBIX IeiiaepoB. f3bk mporpamvupoBanus Cg mo3-
BOJISIET CO3aBaTh rpaduIecKne N300PaArKEHUs 1151
mwiardopwm Bugeourp. Cg oraugaao paboTaer co Bee-
MU OHEPAIUOHHBIMUA CHCTEMAMU, UIPOBBIMU KOHCO-
aamu n 3D-obopynoBanuem.

II. AHAJIN3 SI3BIKOB HATIMCAHUS IMENJIEPOB
SI3pIKM HATTMCAHWA TTEHIEPOB TTOXOXKY APYT HA

JPYyTa, OTHAKO, TOCTPOEHBbI HA PA3HBIX OCHOBOITIOIA~
TAONIUX MMPUHIINIIAX MTPOEKTUPOBAHUSA.

Bepbuuxaa Beponuxa Heopesna,
yopasieruss BI'YUPa, veron.itgame@Qgmail.com.

[Meitnepsi, nanucanubie va, GLSL, 6yayT pa-
6orars TOMbKO Ha TmiIardopmax OpenGL wawm
OpenGL ES. f3pik nanucanus meiigepos HLSL wc-
nosib3yercss B API cemeiictBax DirectX, a GLSL
qitst API cemeiictBa OpenGL. 910 ozuauaer, 9to
BoiOOp rpaduueckoro API 6Gymer orpanmmumsarb
A3bIK LIEHJepOoB.

Crour ormeruth, uto B OpenGL meitnep kom-
HMUJIUPYETCsl HA yPOBHE JipaiiBepa, 4TO JejIaeT ero
3aBucHMBIM OT obHoBjiennit. B HLSL mreiimep xkom-
MUJIUPYETCs B allapaTHO HE3aBUCHUMOE TTPEJICTaBIIe-
HUE, KOTOPOEe MOYKET UCIOJIb30BATHLCS HA HECKOJb-
kux rpadudeckux mnporeccopax. OpenGL uwme-
€T PACIIMPEHUs, KOTOPbIE MOIYT OBbITH BKJIIOYEHbI
Buytpn GLSL a7 mcnoin3oBaHus TOTOTHUTETb-
HO# (byHKIIMOHAIFHOCTH, & cuHTAaKCUC s3bika HLSL

MEHsIeTCSd TOJbKO € HOBbIM BHeapenumeM DirectX
APIL

A3pik Hanucanus melinepos Cg mo3BosseT mu-
carp Ieiijiepbl, KOTOpPble KOMIWJIUPYIOTCA KaK B
OpenGL, rak u B DirectX. Heiinepsr Cg e npussi-
3aHbl K KOHKPETHOMY ODODY/IOBAHHIO U MOI'YT pa-
6orars ¢ Bumeormmaramu NVIDIA, ATI u apyrux
MPOM3BOIUTEIEH. DTO [E/aeT MPOrPAMMUDOBAHNE
meiinepoB Ha s3bike Cg anbrepHaTuBOil nHTEPdQEii-
caM Miei1IepoB HU3KOI'O yPOBHA.

III. BBIBOIBI

Kaxxaprit a3bIK HaIMCAHUS IIEHIEPOB MMEeT
CBOW MPEHUMYIIECTBA W HEIOCTATKHA. BBIOOp cTOMT
JIeJlaTh OTTAJIKUBASCH OT TOCTABJIEHHON 33Ja9W ¥
xejaemoro pesynabrara. Cg Oymer onTuMalsieH, eciam
BBI HE UCIOJIb3yeTe Mocjeaane DYHKIUH IT1ei1epoB
WU XOTHTE HACTPOUTH rpaduky s urpbl. GLSL
noxoiiner ans ucrnonb3opanns OpenGL wmm g
kpoccmtargopmennocru. A HLSL Gyner xoporum
BBIOOPOM TIpH UCTIOJb30BaHMY m1aTdopm Microsoft.

1. Halladay, K. Practical Shader Development: Vertex and
Fragment Shaders for Game Developers / K. Halladay//
—-2019. - C. 17-36.

2. https://www.codinblack.com/texture-mapping-in-cg-
hlsl/

cTymeHT 2 Kypca daxkyapreta HHGOPMAIMOHHBIX TEXHOJOTHI U

Byawnxo Examepuna Andpeesna, cryneHT 2 Kypca (paxysbrera HH(OPMAIUMOHHBIX TEXHOJIOTHH U
yupasiieaus BI'YUPa, ekatdrinagochkina@gmail.com.

Hayuwnouli pyxosodumens: Illamunosa Oavea Oaezo6na, crapiimii mpemnogaBaTesh Kadeaphbl BhIUNC-
JINTEIFHBIX MeTOO0B u mporpammupoBanus BI'YUP, maructp texuudeckux HayK, o.shatilova@bsuir.by.
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E. B. Kpusurnkas, O. C. Yepnsxosa

AT'PECCUBHOE ITIOBEJIEHUE NT'POKOB B MOBA NT'PAX

Ima cmamsva PaccmMampusaem nocaedcmeud a2peccuehozo nosederud uzpoxos 6 MOBA uzpax u npedaoscenusa

no 6opvbe ¢ HUM.
BBEAEHUE

OmHUM U3 CAMBIX MOMYJISPHBIX YKAHPOB MHO-
TOTOJIb30BATEILCKUX KOMITBIOTEPHBIX HI'D SIBJISIET-
cs MOBA (Multiplayer Online Battle Arena, nin
MHOTOITIOJIB30BATEIbCKAs OHJIAWHOBas GoeBas ape-
na). Haubosiee u3BecrHble UIDbI B 9TOM 2KaHpe —
League of Legends, DotA 2 u HotS. Tak, nanpumep,
na ganuelii MomenT League of Legends ssisiercs
CcebMON MO MONYJIAPHOCTY OHJIANH UI'DOH B MUpe.

B MOBA wurpsi exXeJHEeBHO UIDAIOT JIECATKA
MHUJTHOHOB wesoBek. (OIHAKO HEKOTOpPHIE WTPOKN
TIPOSIBIISIIOT OTKPBITYIO arpecchio M B CTOPOHY CO-
NIEPHUKOB, U B CTOPOHY CBOUX K€ COI03HUKOB. Takoe
MOBe/IEHUe HEraTUBHO BJIMSIET KAK HA JPYTUX UTPO-
KOB B YaCTHOCTH, TAK W HA WUT'POBYIO UHYCTPHUIO B
TIEJIOM.

I. TIPOABJIEHUE ATPECCUBHOTO ITIOBEJEHHN I
ArpeccuBHoe moBejieHne B COPEBHOBATEIHHBIX
OHJIAHH WTPaX TMPUHATO HA3BIBATH TOKCUIHBIM, WJIN
HECIIOPTUBHBIM, & €r0 OTJEJIbHBIE TPOSBICHUS —
TOKCHYIHOCTHIO. MHOTrOMOIh30BATEIBCKIM  OHJIANH
UrpaM CBOWCTBEHEH COLMAJIBHBIN ACHEKT, TTO3TOMY
HE BCEr/la sIBJII€TCS BO3MOXKHBIM IIPABUJILHO OIpe-
JIeJINTH, KAKue JAefiCTBUs MIPOKOB CTOUT PACLEHU-
BaTh KaK TOKCUYIHOCTh, 8 KaKWe — HeT.

CaMbIM SIDKAM MPUMEPOM TOKCHIHOTO MOBE-
genust B MOBA wurpax siBiisiercst ockopOiienue uim
VHUKEHVEe IPYTUX UTPOKOB B MIPOBOM uare. Hexko-
TOpPbIE UTPOKH MOTYT YMBINIJIEHHO WUTPATh XYyIKe,
MBITASCh TPOUTPATH COMIEPHUKY U YXYIIIUTD TAKAM
00pa3oM PEelTHHT CBOMX COIO3HWKOB, a NMEHHO: Ha-
MEpPEHHO YMHUPATh B WTPe, COOMPATh HEOOXOIUMbIE
JJIS. APYTUX UIPOKOB PECYPCHL C KAPThI, BHIXOAUTH
73 UTPhI BO BPEMS MATYa, UJIM HUYIETO He eIaTh, OT-
Ka3bIBASCh MPU STOM KOMMYHUIIIPOBATH C COIO3HU-
KaMHd ¥ TOMOTaTh UM JIOCTHTHYTH mobeabl. Emre of-
HUAM [PUMEPOM TOKCHIHOCTHU SBJISIETCS UCIOJIH30Ba-
HU€ CTOPOHHUX IIPOrPaMM, 00eCIeInBAIOIIAX UIPO-
Ky MPEUMYINECTBO MPY TIOMOIINYM METOIOB, BBIXOIS-
IAX 33, PAMKHW MefiMILIes, HA3bIBAEMOE YUTEPCTBOM.

Iloyemy wurpokum mnpOSBAAIOT TOKCHYIHOCTD
Apyr K apyry B onstaiin urpax? Ilomobnoe mnose-
JIeHVEe BKJIIOYAEeT B ce0s TpW ACMEKTa: B3anMOIeii-
cTBUE, KOH(MDPOHTAIINS U TOIydYenne peakuu. Eciu
TOBOPUTH TPOCTHIMA CJIOBAMH, TO TOKCHUYHBIA WI-
POK HAMEPEHHO BCTYMaeT B KOHMJIMKT C APYTUM UT-
POKOM, HaJIesICh BBIBECTH mOcTemHero u3 cebs. Tak
kak MOBA urpns! SBISI0TCS COPEBHOBATEIHLHBIMMI,
HEKOTOPBIE UT'POKU HAYWHAIOT WCIBITHIBATH JABJIE-
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HUE, CTPECC Wik (PPYCTPALUIO, YTO TAKIKE SABJISIETCS
dakropom myst TokcuaHOro noseaenus. Ixxon Cy-
Jiep B CBOeM WcciesioBannn [1] onmcas mecTs npes-
MOCBLIOK [1JIsi TOKCUYHOTO TIOBEIEHNUsI B WHTEPHETE.
Paccvorpum maTh m3 HHUX, KOTOPBIE MOTYT OBITH
[PUMEHUMBI B ¢epe UIPOBOrO OIBITA: 9yBCTBO AHO-
HUMHOCTH, HEBUAUMOCTH (OrcyrcrBue (busndecko-
ro KOHTaKTa), JUCCONUATUBHOE BOOOpaykeHue (Ha-
mpuMep, OIIyIIEeHNe HAXOXKJEHWS B AJbTEPHATUB-
HOIl peasIbHOCTH) U CHUYKEHUE YyBCTBA OTBETCTBEH-
HOCTH WJIH OILyIeHre Oe3HaAKA3aHHOCTH.

TokcudaHoe TOBEJIEHWE B MEPBYIO O4YEpeb
HEraTUBHO BJIMsieT Ha UIPOKOB. [losb3oBaresn Mo-
TyT HAYATh MPOSBJISATH arpeCCUBHOE TMOBEIEHWE B
OTBET, yXY/IINash KOJIJIEKTUBHBIA OIBIT UTIPHI, WA
MPEKPATUTh B HEe Urparb BoBce. Takike TOKCHY-
HOCTh B MI'PAX MOXKET HETATUBHO BJIMATH HA TICUXO-
JIOTUYECKOE COCTOSTHUE UTPOKOB, BbI3bIBAsl TPEBOXK-
HOCThH, arpeccrio W JaKe JempPeccuio.

Eme onnuM mociecTBHEM arpeccHBHOTO TIO-
BEJIEHUST WUTPOKOB SIBJISIETCS CHUXKEHUE PEeMyTallnu
OT/E/IHLHOM UT'PBI, PA3pabOTINKOB ITOI UTPHI, 2KAH-
pa MOBA u urpoBoit uHgycTpun B [EJ0M, 9TO Be-
JIET K [OTepe AKTUBHBIX UJIH MOTEHIMATBHBIX UIPO-
KOB.

II. Crnocosbl BOPBBBI C TOKCUYHOCTBLIO B

MOBA urrax

B 2015 romy 6pu1 pazpaboran aaroputm, omnpe-
JleNIIoIMi TOKCUYHbIe BbicKa3biBanusd B DotA [2].
Ero cyrp 3akmiogaercsa B pa3dueHUn OCKOPOUTETb-
HBIX CJIOB HAa CHMBOJIBI W OTCJIEXKWUBAHUH JTIO0OM
KOMOMHAIIMU 3TUX CUMBOJIOB B MI'DOBOM dYare (Ha-
OpUMEp, <«OBEPEI» BMECTO «JepeBo»). OmHako,
9TOT aJTOPUTM HECOBEPIIEHEH, TAK KAK IIPU €T0 UC-
[OJIb30BAHUM HEOCKOPOUTE/IbHbIE aHAIPAMMBI «3a-
MPEITIEHHOTO» BBHICKA3LIBAHWS TAKYKE MEPUOTNIECKN
MOMEYAIOTCs, KAK TOKCHIHBIE.

B 2016 roxy sToT anropnT™ ObLI yuydreH [3].
OH yYuTBHIBaET HAJIWYIHE WU OTCYTCTBHUE HECKOJb-
KHUX CHMBOJIOB, COJIEPKAIIUXCA B THIMUIHBIX OCKOP-
OUTETHHBIX BHICKA3BIBAHUS; TAKZKE ObLIA yBEJTUIEHA
BbIOOPKA MAT4Yell U UIPOKOB, YYaCTBYIOIIMX B ITUX
MaT4yax. PydHasi mepenpoBepKa MOMEUEHHBIX BbI-
CKa3bIBAHWI TIOKA3AJIA TIOYTH CTOMPOIEHTHYIO TOY-
HOCTb.

Takke 711 yMEHBIIEHUS Y POBHSA TOKCHIHOCTH
B MOBA wurpax ucrnosnb3yercsi cucreMa Kajaod Ha
UI'POKOB, KOTODBIE BEJyT cebsi arpecCMBHO 1O OT-
HOIIIEHUIO K ApyruM urpokam. Ecim xamoba Oymer
MPUHATA, TO y TOKCUYHOTO UTPOKA, HAPUMED, Ha,



HEKOTOPOE BPEMsI MOXKET OBITH OTKJIIOYEHA BO3MOK-
HOCTbH [TUCATH BO BHYTPUUTPOBOI Yar.

Eme omamm cmocobom 6GOpnOBI ¢ TOKCHYIHO-
CTHIO B WTPAX SBJISIETCS TIPETOCTABIEHNE WTDOKAM
BO3MOKHOCTH HTDATh CO 3HAKOMBIMH JIIOIbMHU, Ha-
npuMep, IPy3bsSME WU KoJLteramu mo pabore. Ta-
KHAM 0Dpa30oM, JIaske ecjii OHU CTOJIKHYTCS C arpec-
CUBHBIM ITOBEJIEHUEM B CBOIO CTOPOHY, BJIMSIHUE Ta-
KOT'O TIOBEJIEHUsI Ha WX UTPOBOM OMBIT OyIeT He Ha-
CTOJIBKO 3HAUYUTEJHHBIM.

U, nakoner, 8 MOBA urpax akTHBHO HCITOJIb-
3yercs (pyHKIUsT OTKIIOUYEHNs] BHYTPUUTPOBOrO da-
ta. Ecim B Marde npucyTcTByeT TOKCUYHBIH UTPOK,
€r0 COIO3HUKU MOT'YT «3alJIyLUIMTh» ITOIO UIPOKA, B
pe3yibTaTe Yero ero COOOUIEHWsS TPOCTO He OyayT
noka3piBarheda. Ecim cama urpa pacnosHaeT TOK-
CHYHOE BBICKA3bIBAHWE, OHA ABTOMATHYECKH 3aIpe-
AT UTPOKY, HAIUCABIIEMY OCKOPOJIEHUE, MOJIb30-
BATbCS BHYTPUUIPOBBIM 4YaTOM KaK MUHUMYM [0
KOHIA MaTya.

III. BrIBOIBI

IIpoGema arpecCUBHOTO TIOBEJIEHUST SIBJISIETCS
akryanpuoit st MOBA wurp. TokcuaHoe moBese-
HUE HEraTUBHO BJIMsSeT KAaK HA WIPOKOB, TAK W HA
pa3pabOTINKOB UTPBHIL.

st adpdexTnBHOit OOpHOLI ¢ MPOOIEMOiT
TOKCUYHOrO TIOBEJEHUs, HEOOXOAUMO HAYIUTHCS

€ro PACIo3HABATh W HCIOJH30BATH MEPHI MO €ro
NIPeIOTBPAIIEHUIO: IPUIYMBIBATh U HMCIOJIb30BATH
AJITOPUTMBI, PACIIO3HAIOIIYE HEIIPUCTOMHOE IIOBEIe-
HUe, a TaK»Ke TaBaTh BO3MOXKHOCTH UTPOKAM UTPATh
CO 3HAKOMBIMU JIIOAbMU, 2KAJIOBATHCA HA ArPECCHUB-
HBIX UT'DOKOB, MOPTHAIINA UX UTPOBOH OIBIT, W 3a-
IJIyIIaTh BHYTPUATPOBON UaT.

John Suler, "The
Effect"[9nexTponusrit
https://drleannawolfe.com/Suler-
TheOnlineDisinhibition Effect-2004.pdf

M. Mirtens, S. Shen, A. Iosup and F. Kuipers,
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pp. 1-6, doi: 10.1109/NetGames.2015.7382991.
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Mark Verschoor, "Predicting toxicity in online game
chat using in-game events"[duexrponnnii pecypc]|,
https://arno.uvt.nl/show.cgi?fid=140685

Arjen Traas, "The Impact of Toxic Behavior on
Match Outcomes in DotA [QuexTponusiii pecypc],
https://arno.uvt.nl/show.cgi?fid=140685

Haewoon Kwak, Jeremy Blackburn, Seungyeop Han,
"Exploring Cyberbullying and Other Toxic Behavior
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B. O. Po3zosa

IMPMNJIOZKEHN A TUITA WINDOWS FORMS

ITosmannoe U3Y“HeHue co3danua npU/LOOfCBHU’lI muna Windows Forms, 4 MaKHCE B03MONCHBLL OAA UCTLOADI0CAHUA

bubauomex. Pasbop dobasaerue xoda na gopmy. Tunv System.EventArgs u System.EventHandler

BBEAEHUE

Windows Forms — unaTepdeiic mporpamMmmupo-
Banus npusoxkenuii (API); orseuaromuii 3a rpadu-
qeckuit mHTEPdEHC MOMb30BATENS U SBISIONIUHACT
vactbio Microsoft .NET Framework. /lauubrii wH-
Tepdeiic ympoImaer MOCTyI K 3IJIEMEHTaM WHTEP-
deiica Microsoft Windows 3a caer co3mamust 00EpT-
ku jys cymecrByomero Win32 API B ynpasisie-
voM Koze. [Ipuuém ynpasiseMblit KOJI — KJIacchl,
peanusyiome API gna Windows Forms, we 3asu-
CAT OT si3bIKa pa3paboTku. To ecTh MPOrpaMMucT
OIMHAKOBO MOKeT Hmcnoab3oBarh Windows Forms
kak npu Hamucanuu [10 wa C#, C++, Tak u Ha
VB.Net, J# u ap.

I. Co3mAHUE NPUNOKEHUN WINDOWS FORMS

Tlomumo wmcmOMB30BAHUS CTAHAAPTHBIX CTH-
Jieit, BbI BCErIa MOXKETe BOCIIOIB30BATHCSA CTOPOH-
HAUMHU OMOJIMOTEKAMM, KOTOpPHIE TIO3BOJIAT ObICTpee
CO3/1aBaTh ele 60J1ee KpacuBbie AU3aiHbI s TPH-
JIOYKEHUM.

o Cnenmanm3npoBanHas 6nbaroreka Bunify
o Dpeitmopk WPF
e Xamarin Forms

B ocmose cBoeit, co3manve mmu3aiina pa3onsa-
eTCs HA HECKOJIbKO 3TAIMOB:

e JlobaBjenne 0OBHEKTOB HA TJIABHOE OKHO;

o JlobaBnenue cruiieit mig 06beKTOB. MOXKHO
JI0D0ABUTH CTUJIN HE TOJHKO CTAHIAPTHBIE, HO
¥ CTUJIN U3 PA3JIMIHBIX OUOJIMOTEK;

e JlobaBexHue o6pabOTINKOB COOBITHIA.

OgHuM ™3 JOCTYHHBIX CIOCOOOB CO3JAHUS
npustokenuit tuna Windows Forms, sasisiercs co-
37aHNe MPOEKTOB “Yepe3 WHTErPUPOBAHHYIO CPeay
paszpaborkn — Visual Studio. B sroit macrepckoit
CYIIECTBYeT CIENUaJIbHBIA pa3/esl, KOTOPBIA Tak u
naspiBaerca — Windows Forms Application — u
[IPEIOCTABIISIET BCE HEOOXOUMbBIE CPEJICTBA s 110~
CTPOEHWST TTPUJIOKEHN ST, TTPUIEM JTOBOJILHO OBICTPO,
T. K. HE HAJ0 TOJIb30BATHCS OObABIEHUSME KJIAC-
COB, 9TOOBI TOMECTUTDH TOT WJIU WHOI THI B (OpMY
npunoxkenus. Ee mpocTo meperackuBaioT MbIIIbIO B
¢dopMy ¥ PACHOIATAIOT B HY?KHOM MECTE.

Y npunioxkenus Windows Forms umeercs cBost
TOYKA BXO/a B TPOTPAMMY, KOTOpasi He COBMAaJa-
er ¢ Toukoil Bxoma (meron Main()) KoHCONBHOTO
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NpUJIOXKEHUs. Y Hee cBoe mMs. Ecau y KOHCOJIBHO-
IO MPUJIOYKEHUS [JIABHOE OKHO — KOHCOJIbHOE OKHO,
TO riaBHoe OKHO npusiozkenuss Windows Forms Bbr
camu Ompejessiere B Buje 00BLeKTa KJacca (KOTo-
POMY BBI JIa€T€ CBOE MMsl), HACIELYEMOrO YJIEHOM
knacca Form. B cpeme Windows Forms Application
DJIABHOE OKHO CTPOHUTCST ABTOMATHYECKU CAMOI Cpe-
1oil Kak HacJieqHuK Kjaacca Form ¢ umenem Forml.
1 na 3KrpaHe MOSBISETCS W300pPAXKEHUE TOTO, UTO
MPUHSATO HA3BIBATH (DOPMOii: M300paKeHre KBa,Ipar-
Ta C 3ar0JI0BKOM ¥ KHOmMKaMu 00brgHOr0 Windows-
okHa. To ecTh 3TO OKHO OyAyIIEro MPUIOXKEHW,
KOoTOpOEe HasdbiBaercsa dopmoit. Tak moroBopuanch
paspaborunku. Eciiu 2Ke Bbl K IPUIIOKEHUIO 100aB-
ssgere aApyryio (opMmy (MOXKHO H0OABIATH CKOJIb-
KO YIOJHO), TO cpela Ha3oseT ee Form2 u Oyuer
CYNATATH YHACIETOBAHHOMN oT Kiacca Form. U T. m.
IlonsaTmo, moyemy takme mmena: Form1, Form2, ...
Bcee sro gemaer nporpamMma, a B Hell HAJI0 3aja-
BATh YTO-TO BIIOJIHE OIMPEIEJIEHHOE, TOIIAIIIEECs
aIrOpUTMUPOBAHUIO. VMsi TJIIOC MOPSIIKOBBIM HO-
Mep MOIKJIIO9aeMOro KJIacCa — BOT W MMS HACJE-
anka Form. Ilpocro. Bor ke MoxkeTe maBaTh IJIaB-
HOMY OKHY U BCEM IOCJIEYIONUM OKHAM, €CJIU IO~
Tpebyercs, cBOM uMeHa. Ho B mpumepe MBI OCTa-
BuJin ipasusio cpeasl Windows Forms Application:
riaBHOe OKHO-opma — 310 Form1, koTopas HacJe-
nyercs ot Knacca Form. Ecnn mpumercs mob6aBuTh
HOBbIE (DOPMbBI, OHU CTAHYT HACIEIHUKAMU KJIACCA
Form ¢ umenamu Form1, Form2, ...

B nporpamvme co3man CBOit KOHCTPYKTOP KJIac-
ca, TMapaMeTpaMu KOTOPOTO SIBISIOTCS WMS TJIAB-
HOIO OKHA W €ro pa3Mepbl, 3a/IaBAaeMble MIMPUHON
u BbIcOTON OkHa. Kpome 310ro mcrnonb3oBan me-
toz, CenterToScreen (), momermammuii OKHO B IEHTP
9KpaHa (OHO BCe paBHO OyJeT B PAMKax IJIABHOIO
OKHA KOHCOJIBHOTO MPUJIOKEHHUs], TOTOMY 9TO TJIAB-
HOE TPUJIOXKEHNE — JTO BCE-TAKU KOHCOJBHOE MPH-
JIOXKEHUeE).

s 3amycka mpuoxkenus Windows Forms
ucnonb3yercs meros Run() us apyroro xiacca mpo-
crpancrBa umen System.Windows — wu3 kiacca
Application.

B wacrroctH, meron Run() B xKauectse apry-
MEHTa MMEET TJIABHOE OKHO MPHUJIOKEHUS, KOTOPOEe
OH OTKPBIBAET, KOTJA 3allyCKAeT MPUIOKEHWE Ha
BBIIIOJIHEHHE.

ITonp3oBarenbckuit  mHTEpdEiic  co3maercsa
nobapaeHneM B (OPMY YIPABIASIONIAX SJIEMEH-
TOB: KHOMOK, MEHI0, METOK H T. M. IDTOT MIar

[IPE/IIIOJIAraeT  BBIIOJHEHUE  CJEAyIOImX  Jefi-
creuii: 1. B Kknacce, mopoxgernom ot Form,
OTIPENIE/ISIeTCd  MMEPEMEHHASA-UIEH HYXKHOTO  Oy-



gymiero smeMenTta wuwHTepdeiica. 2. Hacrpawmsa-
0TCS  [OBEJIEHWEe W BHEIIHWI BHJ JJIEMEHTa C
[OMOIIBIO [PUJAHUS €ro CBOMCTBAM HEOOX0/u-
MbIx 3HadeHmit. 3. Ilomydemmbrit smemeHT 10-
6apastercst B komTeiinep ControlCollection mam-
HOit dopmbl ¢ nomornsio Merona Controls.Add().
Control Collection 10 wuepapxuum wuMeeT BUJ,
System.Windows.Forms.Control.ControlCollection,
T. €. HAXQOWUTCA B TPOCTPAHCTBE WMEH System.
Windows.Forms u mpeacraBiaser coboit kiracc,
omnpeensomuil Habop (KOJUIEKIWIO) yIpPaBJIsio-
X 3JEMEHTOB /s Co3Janus uaTepdeiica monb-
3oBarens B mpuiokeHuu. To ecrb B KOJIEKIUIO
9TOr0 THUIA J0DABJISIOTCH CO3/ABAEMbIE JIEMEHTbI
TTOJI30BATEILCKOTO MHTepdeiica BAIero mpuioxKe-
HEA. DTO Kak ObI pabounii KOHTEHHED, CBI3aHHBIN C
dopmoit, 1 XpaHeHus yIPABIISIONIAX JIEMEHTOB:
BU3yaJbHO MBI BHJIUM B HUTOrE, YTO YIPABJISIONINE
3JIEMEHTDHI IIOMEIEHbI, IKOObI, B OpMy, a Ha Ca-
MOM Jiejie (PU3UUECKU OHM XPAHSITCS B KOHTEHHEpe
ControlCollection.

Eciu mbr paboraem cpasy B cpeme Windows
Forms Application, To 3ra cpesa BU3yaJbHO LIPEIO-
CTABJISIET BAaM CIHCOK HEOOXOJMMbBIX 3JIEMEHTOB.
Bam ocraercst TOIBKO IMENIKHYTH MBIMTBIO HA, HY K-
HOM 3JIEMEHTE W TMEepeTaiiuTh ero B dpopmy. A 3a-
TE€M HACTPAMBATDH JIEMEHT, 33/1aBas (U1 BLIOUpast )

€ro CBOMCTBA M3 CIMCKA CBOWCTB 3JEMEHTa, KOTO-
pbBIii TOKe OTKPBIBAETCS B OMPEIEIEHHOM OKHE.

II. Tuno SYSTEM.EVENTARGS 1
SYSTEM.EVENTHANDLER

System.EventHandler — onun u3 Tunos mgese-
raroB, npumensembix B Windows Forms Bo Bpems
obpaborku cobbrruit. OH MOMXKeT JIHINb BbI3bIBATDH
METOJIbI, ¥ KOTOPBIX TOJIbKO JIBA HapaMerpa W He
KaKnX-JIu00, & WMEHHO TaKWX, YTO TEpPBBIf Tapa-
Merp umeeT 0bs3aresnpbHO TN System.Object. 9To
CChLIKA Ha O0BHEKT, KOTOPBIA Opranu3oBajl (crexe-
pupoBai) obpabarbiBaeMoe coObITHEe, a BTOPOH —
0043aTe/IbHO JI0/2KEH ABJIATHCA CCHLIKON Ha 0ObEKT
runa System.EventArgs, comepxkaniuii napamerpbl
JI7IsT 0OPabOTKU CTEHEPUPOBAHHOTO COOBITHSI.

Kinacc EventArgs cam no cebe Hudero ne ja-
er it 0OpaboOTKu COOBITHS, OJHAKO OH SIBJISET-
Cd TPEIKOM MHOTHX KJIACCOB, MPETHAZHAYECHHBIX
I 00pabOTKM COOBITHIT, TAKWX, HAIPUMED, KaK:
MouseEvent Args, KOTOpbBIH K MPEIbIAYIIEMY KJIac-
cy mobasister WHPOPMAIIAIO O TEKYIIEM COCTOSTHUH
mbitm; KeyEventArgs, conepzkaiiuit nagopmarmio
0 cocrostnum Kjasuarypsl; PaintEventArgs, momos-
usromuit EventArgs undgopmarueii o rpadpudeckux
JTAHHBIX.

Pososa Buxmopus Osezo6ma, CTyIeTKa mepBoro Kypca dpakyinbrera nHGOPMAIMOHHONK 6e30macHo-

cru, vika290704@gmail.com.

Hayunoti pyxosodumensv: Kyxun Jmumputs Ilemposuy, 3aBemyiomnumit kKadeapoil BEIYUCIUTETHHBIX
MeTonoB u mporpammuposanus BI'YUP, kouangar texandeckux Hayk, goreHT, kukin@bsuir.by.

99



1. A. Banexanun

CZKATUE JAHHBIX IIO AJITOPUTMY XAPPMAHA

Onucwieaemes peaaudayus aszopumma Xagpgdmana na asvike C++ das cocamun 0GHHLET, 6 MAKHCE PACCMATNPU-

6a0MCA NPEUMYULECTMBA U nedocmamxu an2opumma 6 CpasHeHUU C 0py2umu

BBEAEHUE

OcHoBHAst uWjesi ANrOPUTMA 3aKJIIOYAETCsd B
TTOCTPOEHUN TAOIUITHI KOIUPOBAHUS,KOTOPAS TTPH-
CBAMBAET YHUKAJBHBIA KO KAXKIOMY CHMBOJIY WC-
XOAHOTO TeKCTa. lIpm JeKkoaMpoBaHUYU MOy deHHAS
TabIUIA KOAUPOBAHUSA UCIOIb3YeTCs M1 mpeobpa-
30BaHUS JAHHBIX B UX MCXOTHYIO (hopMmy.

I. AjaroputmM XAOOMAHA

IIponecc xkommpoBkn nHa Xaddmany HadnHA-
eTCs C [O/ICYeTa YaCTOT BCTPEYaeMOCTH CUMBOJIOB B
uCXOmHOM daiie. 3aTemM 3TH YaCTOTHI UCTIOJIB3YOT-
cs i ocTpoenus epesa Xaddmana(cm. puc.1.),
B KOTOPOM CHUMBOJIBI ¢ HAUMEHBIIEH 9acTOTON nMe-
0T 60JIee KOPOTKUH KO, a CUMBOJIBI C O0JIee BBICO-
KO 4acTOTOH uMeroT OoJjiee JIJIMHHBIA KO,

<
T L)
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Puc. 1 — [Iepeso Xaddmana

Koapr Xaddmana crpogrcs 10O IPUHIM-
my "OOWH CHMBOJI - OIWH KO 9TO OOECIIeYNBAET
OJTHO3HAYHOCTD JEKOIUPOBAHUSA. 3aKOIUPOBAHHBIN
daiin comep:kut gepeso XaddmaHa u 3aKOTAPO-
BaHHbBIE JAHHBIE, KOTOPHIE 3aHUMAIOT MEHbBIIE Me-
cTa, 4eM HMCXOJHble jannble. Ilpu nekoaupoBanuu
ucmonb3yercs nepeBo Xaddmana, 9Todbl paCKOIHU-
pPOBATH 3aKOJWPOBAHHBIE JAHHBIE W BOCCTAHOBUTH
MCXOMHBIN aii.

II. PEAMU3AUUSA U TECTBHI AJITOPUTMA HA
C++

Jlnsg mocrpoenus nepesa Xaddmana na C++
IOJCYUTBIBACTCA YaCTOTa BCTPEYa€MOCTH CHMBO-

JIOB B JJAHHBIX U CO3/1AETCs IPUOPUTETHAS O4€PE/Ib,
OTCOPTUPOBAHHAS MO YaCTOTE. 3aTEM 3JIEMEHTHI C
HaNMEHBIIEH 9aCTOTOM M3BJIEKAIOTCS, O0beTUHSIIOT-
¢ u 100aBAAIOTC B OY€Pelb, MOKA HE OCTAHETCs
TOJIBKO KOPeHb nepesa. s KonupoBaHus JTaHHBIX
UCIIOJIB3YETCH TOTOBOE epeBo. st KaXKaoro cum-
BOJIA HAXOIUTCST COOTBETCTBYIOIIHH Kom Xaddmana
B BHIe OMTOBOH TOCJEIOBATEILHOCTH. JIJIs JTeKo-
VPOBAHUS JAHHBIX HYKHO HCIIO/IH30BATH JE€PEBO U
9UTaTh OMTOBBIN TOTOK. IlpW cpaBHEHWHM TAHHOTO
aJIrOpUTMa C APYTUMHE OBbLIH IOy Y€HbI CJIE/y FOIIHe
PE3YIBTATH:

Tabsmma 1 — Jdis mamusx pasmepom 35-40 Gaiit

Crenens cxkatust | Bpems pazapxusa
Haffman 75.20 1mc
Tzip 420.52 4mc
nanozip 32.06 50Mmc
Bzip2 197.34 1mc

Tabmuma 2 — s mamabix pa3mepom 2 Kb6aiia

Crenenn cxkatus | Bpemsa pazapxusa
Haffman 65.18 27mc
Tzip 33.19 11mc
nanozip 33.36 50mc
Bzip2 65.18 27mc

B kaxxmoit u3 npuBemeHHBIX TAOIUIL CTEIEeHb
CKaTHs O3HAYAET, KAKOH IPOLEHT OT MCXOIHOIO
pa3mepa aitta cocrapisger pa3mep cKaroro (aii-
sna. [lonydennsie pe3yabTaThl yKA3BIBAIOT HA TO,
qro cxkarue no ajaropurmy Xaddwmana sdbdexTus-
HO TIpu padoTe ¢ HEOOJBITUMHU JAHHBIMUA. JTO CBSI-
3aHO C TeM, YTO IpHU pabore C TAKUMH JAHHBIMU
nepeBo Xaddmana MoKeT ObITH TOCTPOEHO OBICT-
PO U 3AHWMAET MEHbIIE TAMATH MO CPABHEHUIO C
JIepeBbSMHU, TIOCTPOEHHBIMH JIJIsT OOJILITUX HAOOPOB
JTAHHBIX.

III. B®IBOIBI

Auiropurm Xaddmana - MOLIHBIA HHCTPYMEHT
JUIST CYKATWUS JAHHBIX, KOTOPBIA MOXKET OBITH HC-
TOJTF30BAH [IJIsT YMEHBIIEHUsT pa3MepoB BaiijioB 6e3
morepu KadecTBa. [lomydeHHbIe pe3yabTATHI TTOKA-
3BIBAIOT, 9TO aJroputM XaddmMmaHa sBIIETCS 10-
c1arO09HO 3P HEKTUBHBIM METOJOM CXKATUS JAHHBIX.

1. Huffman D. // A Method for the Construction of
Minimum-Redundancy Codes. — 1952.

Banestcarnun Uava Asrexcandposun, crymert Kadenpbl nHGOKOMMYHUKAITMOHHBIX TexHooruit BIY-

NP, ilavalezanin@gmail.com.

Hayunoti pyxosodumenn: Kyxun JImumputi Ilemposuy, 3apenyromuii Kadeapoii BEIYUCIUTETHHBIX
MeTonoB u nporpammupoBanus BI'YUP, kauaungar rexandeckux Hayk, mAomeHT, kukin@bsuir.by.
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A. M. Kyuepesnko, I'. I'. BacuibkoBckuii

IIEPCIIEKTUBBI PA3BBUTNS TEXHOJIOI'NA
BOKCEJIbHOM I'PA®UKIN

B cmamuve onucveaemca merHos02us 60KCeasbHOU epagﬁunu, eé ocobennocmu u NePCNEKMUBd, pa3eumus 6 sudeo-

uzpoeot urdycmpuu.

BBEAEHUE

KitoueBoii 3/1eMeHT BHAECOUTPHI — €€ BUBYAb-
Hoe mpeacrasienne. ['paduka B Bumeonrpax ckia-
JBIBAET OHO W3 TIEPBBIX W CAMBIX SIPKUX BIIEYAT-
JIeHUH, HAIOITO OTMEYATHIBASCH B TOJIOBAX Y UTPO-
koB. Crocob peasm3aruu 3D rpaduku B Bumeour-
pax Bcerga 6611 mosiem st (parTasuu. Mcmoab3oBa-
HUE TEeXHOJIOTUU BOKCEJHHON IpaduKu MOXKET 3Ha-
YUTEbHO U3MEHUTH ONbIT KAK CO3QAHUS UIPOBBIX
MPOEKTOB, TAK W WX BOCIPUSITHS UT'DOKAMH.

I. YTO TAKOE BOKCEJI

IMonsiTrie «BOKCes», TaK Ke WM3BECTHBIA Kak
«BOKCEJTh» B PA3TOBOPHOI PEUH, TTPONCXOINT OT aH-
TnicKoro «voxel», ¥TO B cBOIO ouepenb 0Opa3oBa-
HO B pe3yJibTaTe CJIMAHUS JIBYX CJOB: OObEMHbBIN
(volumetric), u nukcenn (pixel). Bokcen siBiisiercs
3JIEMEHTOM OOBEMHOrO M300parkeHus, MPeICTaBIIe-
HUEM JIByMEDHON €JMHUIIbI TUKCEJIb B TPEXMEPHOM
TTPOCTPAHCTRE.

I'maBHOI 0COOEHHOCTHIO BOKCEIS SIBISIETCS TOT
dakT, 9TO OH — HAWMEHbINAs HEAEJUMAsS €IUHU-
ma 3D obbekra. st mpoOCTOrO TMOHUMAHUS TEX-
HOJIOTMU MOXKHO IIPOBECTH CPABHEHUE C IIOJUTOHA-
MU — €JVHCTBEHHOH aJbTEPHATHBOII BOKCEIAM HA
ceromuamHuil nenb. [loguron mpeacraBiser coboit
TJTOCKOCTD, OTPAHMYIMBAOIILYI0 HEKOTOPOE HE3AI0JI-
HEHHOE IPOCTPAHCTBO. TakuM 0Opa3oM, COCTOATITAS
73 [OJUTOHOB MOZENb $BJISE€TCsS MOJIOW BHYTPU H
HMMEET JINIIIb BHEIIHIO0 0060104Ky. Bokces ke mpe/i-
CTaBJIIET W3 ceOST HEKOTOpOe TOI00Me aToMa u3 pe-
AJIbHOTO MWPA, MO3BOJISIONIEE «CKJIAIBIBATH» MO-
JIeJib IO MAJIEHBKUM KycOdkaM. Tak ke, Kak W aro-
MBI, BOKCEJIH 3aI0JIHAOT MOJIETD MOJIHOCTHIO, 00Opa-
3ysl MOHOJIUTHbIH 0ObeKT. [1]

HecmoTps Ha TO, 9TO C TOYKHU 3PEHUS BHEIII-
HEr0 BUA HET PA3HUIIBI, UMEET JIH O0BHEKT IyCTO-
Ty BHYTPH UJIU K€ OH 3AIOJIHEH TOJHOCTHIO, C TOY-
KU 3DEHusi MOJEJUPOBAHUS TOBEIEHUsT OObEeKTa B
TPEXMEPHOM IIPOCTPAHCTBE ero MOJOCTh MOXKET BbI-
3bIBATH HEKOTOPBIE TpyaHocTu. Camblil spkuil npu-
Me€p, 9YaCTO YIIOMUHAEMBIH B IOCTUYKEHUSIX BOKCEIIb-
HOI TpaduKn, — TPaABAOMOI00HOE MOIETUPOBAHNE
pa3pyiiaeMocTu 00bEKTOB, UX BO3MOXKHOCTD Paciia-
JaThCs HA OTAe/bHbe YacTu. CMOIETNPOBATh TAKOE
MOBeIeHIE 00bEKTA, COCTOSIIErO U3 Habopa JIacTHil,
HAMHOTO TIPOIIE, YeM 00hEKTa, MPEICTABISIONIErO
co0oit UMb 000JI0UYKY, 38 KOTOPO — IIyCTOTA.

II. BOKCEJM B BUJAEOUTPOBOW MHAYCTPUU

Hecvorpsa Ha cBom miiochkl, BOKCeJIbHAsS IPa-
dbuka 10710 HE BOCIPUHUMAJIACH BUIEOUTDOBOU
uHaycTpueii Bcepbe3. I[IpakTuvecku €IMHCTBEH-
HO# cdepoit mpuMeHeHUs BOKCeIeil B pa3paboTke
BILIOTH /10 COBPEMEHHBIX MTPOBBIX ITPOEKTOB OCTa-
BaJIOCh MojenupoBanune janamadTa. Bokcenn mos-
BOJISIJIM CO3/ABATh PEaMCTUYHbIE Pesibedbl C BbI-
CTyITaM¥, BOAJWHAMH, TelepamMu u apkamu. Ha
yKe OTPHCOBAHHOM BOKCEIHHOM JIAHAMmAMTE pac-
MOJIATAJINCH TIOJUTOHAIBHBIE MOJEIN OOBEKTOB C
HAJIOXKEHHON Ha HUX TEKCTypoii. [maBHO# npwdn-
HOH TaKOro COBMEINEHUS TEXHOJIOTUN ABIAETCA OIl-
tumu3anus. Bokces, Oymyun uctuauabiM 3D kupru-
YUKOM, TPEOyeT OOJIBINOM BHIYUCIUTEIHHON MOIITHO-
CTH, KOTOPYIO KOMIBIOTEPHI JOJITOE BPEMS IPEI0-
craBuTh He MorTH. Ilo GombIneit 9acTu, mpomecco-
PBbI, OTBedaompe 3a 06pabOTKY rpaduKH B TOT IIe-
pHOA, HE IaBAIN JIOJZKHBIM 00pa30M 00pecTH BOK-
CeJISIM TIOMYJISIPHOCTb. [2]

Ileproit urpoit, ncrnoaL30BaBIIEH TEXHOJIOTHIO
BOKcenbHOM rpadukn, crajga Comanche: Maximum
Overkill, Beimmymennast B 1992 rogy B KaHpe aBua-
cumysisitopa. VIMeHnHo B Hell BOePBbIE UCIIOJIb30BAJI-
Cs PEHJEPHUHT BOKcenbHOro Janamadra. s wur-
pbl OBLT CHEUAJbHO pa3paboraH IBUKOK «Voxel
Space», HATMCAHHBIN HA A3bIKe acceMObepa. B cpas-
HEHUU C BUIEOUTDOBBIMU MIPOEKTAMHU TEX JIET, TPO-
paborannocts ganmmagdra 8 Comanche: Maximum
Overkill BpIIgIAT HAMHOrO JeTajnbHEE U Kade-
CTBEHHee. YTIOMUHAHUS 3aCIyKUBAET TAKKE POC-
cuiickuit mpoekT Bamrepst 1998 roma BbIMycka, B
KOTOPOM TEXHOJIOTHS BOKCEJIHHOM TpaduKu mMO3BO-
JIWJTa CO3JABATH HENPEPHIBHBIN JUHAMUIECKA U3Me-
HAEMBIII MHOTOYPOBHEBBIH JIaHAIIadT.

XoporuM TPUMEPOM COBPEMEHHOI HUIPHI,
UCIOJIB3YIOMIEN BOKCEJbHYIO I'paduKy, SBIAETCH
Trove, Bemymennas B 2015 roay B KaHpe Mecod-
HUIBI W UCIOJIb3YIONAas COOCTBEHHBIN BOKCEIbHBIN
JIBUZKOK, HAIIMCAHHBIA Ha s3bike C++.

Space Engineers rakxke, kak u Comanche, uc-
[IOJIb3YeT BOKCEJbHYIO rpaduky s mpPOPUCOBKU
CJIOKHBIX JIagadTos. [3]

CoBpeMeHHbIe UI'PbI, UCHOJIb3YIONIME BOKCEIb-
HYI0 TpaduKy, 00bEIUHIET OIUH 3HAUYUMBIH (HaKT
— xaup mecoununa. OT TaKOro KaHpa Urp Tpe-
Oyercs MWHAMUYECKAS U3MEHSIEMOCTh OOBEKTOB U
masamadTa, PazpymniaeMocTb B PeaJbHOM BpeMme-
HU, BO3MO2KHOCTb UI'POKOB BBIILJIECHYTh CBOIO Kpea-
TUBHOCTH C TIOMOIIIBIO BO3MOXKHOCTEN Urphl. VIMen-
HO TYT BOKCEJW TO-HACTOAIIEMY CHUSIOT. BO3MOXK-
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HOCTH COBPEMEHHBIX MPOIECCOPOB U rpaduaecKuX
YCTPOMCTB BCe eIré 3aTO9EHbI 0 00PabOTKY MO~
TOHOB, OJIHAKO, BIIOJIHE BEPOsITHO, 49TO B OJinKaii-
meM OyAyIeM BOKCEeTHN BCe YK€ PACKPOIOT CBOM TO-
TeHIHAJ B chepe BUIEOUTrp.

III. TIEPCHEKTUBBI PA3BUTUSI BOKCEJbLHONI

I'PA®UKNI

ITorenmuman BoKcenbHOM rpad KU KOTOCCATIEH.
Ucnonp3yst BOKCeM, MOXKHO B IIOJIHONH Mepe BOC-
CO3IaTh PEAJIbHBIN MWD B BUPTYAJIHHOM MPOCTPAH-
cTBE. YBeIMIMBast KOJUIECTBO BOKCEJIEH, COCTABIISA-
FOIUX MOJEJIb, MOXKHO JOOUTHCS TOJIHOMH (poTopea-
JINCTUYIHOCTH, UTO TO3BOJISET CO3/IaBaTh Teleph He
TOJILKO MPOpabOTaHHBIE JAHAIIAMTHI, HO U IPOTHE
OOBEKTHI, HATPUMEP MOJIEHN MEPCOHAYXKENH U OKpPY-
JKEHUsI. DTO MO3BOJIAET MOKA3BIBATH MPABIONIOI00-
HOE MOBEJEHHUE MPEIMETOB C TOYKM 3peHus (Husu-
K. Bmaromaps BokceasM MOXKHO ObLIO ObI BOC-
CO3/IaBATh PEATUCTUYHYIO Pa3PyNIaeMOCTh OT BCe-
BO3MO2KHbBIX BO3JEHCTBUI C 00bEKTOM: IIOLIa/IaHUE
MyJib, B3PBIBBI, BO3MOXKHOCTh PA3pe3aTh W Pa3JIo-
MaTh MPEIMET MO JIIOOBIM YIJIOM W HAKJIOHOM,
OCTaBJIATH CJIEJbI OT OOyBU, TEXHWKH, JIAMl KUBOT-
HBIX Ha MOBepxXHOCTH. IIpm 3TOoM, moBeaeHne 06b-
€KTa KaXKJplil pa3 ObLI0 Obl YHUKAJIBHBIM, TAK KaK
OH B TIPSIMOM CMBICJIE BUJIOU3MEHSETCS U Ae(opMu-
pyeTcs, a HE 3aMEHSeTCs MMOXOXKel 3apaHee MOAro-
TOBJIGHHOI MOJIEJIBIO, 9TO TO3BOJIIET CAEIATH KarK-
JBIAl UTPOBOI OMBIT AOCOMIOTHO YHUKAJIBHBIM. Tak
2K€ BOKCEJIU MOIJIH Obl O49€Hb YIIPOCTUTH MOJIEJIAPO-
BaHUE TOBEIEHNST (DUBUIECKUX SBJICHU, TAKUX KAK
ra3, CBeT W TeHb. BOMHBIIN MacCcHB MOT ObI OBITH MO~
HACTOSIIEMY IEeJIbHBIM O0BEKTOM, CITIOCOOHBIM TH-
MePPeATNCTUIHO 0TOOpaXKaTh COOCTBEHHBIE CBOIi-
CTBa, HAIPUMED BOJIHBI W BCIEeHHBaHHE. J0OWTH-

Cs BCErO 3TOrO C HCIOJIB30BAHUEM ITOJTUTOHAIHHON
rpaduKu MOYTH HEBO3MOXKHO, BBUY OIPDAHUYEHHO-
CTH BpeMeHHu, Bo3MoxkHOcTelr m Oromxkera. Ilokas
HETMPEJICKA3YEMOCTH Yepe3 OTHOTUITHOCTH HE NUMEET
HU MaJIeHIero CMbICIIA.

3AKJIIOYEHUE

Takum obpaszom BOkceabHAst rpaduKa — Jajie-
KO He HOBasi, a CKopee 3a0bITast CTapasi TEXHOJIOTHS,
omepenuBinasg CBOE Bpewms. llpum mpaBuabHOM uUC-
[I0JIb30BAHUU TEXHOJIOIMH BOKCEJIeil MOXKHO CO3/1a-
BaTh TO, YTO JayKe HEBO3MOXKHO ceOe TPejICTaBUTh
B COBpPEMEHHOH UrpoBoit uuayctpun. Ilepcuekrusa
Pa3BUTHS U UCIOJH30BAHNS BOKCEJIEH MOPAYKAET, U
CTOUT HAJEATHCS, 9TO BCE OOJIBINE BUIEOUTPOBBIX
KOMITAHUN HAYHYT MPUCMATPUBATHCSA K BO3MOXKHO-
CTSIM JAaHHON TexHosoruu. Bokcesn, Oyayun MaieHb-
KAM KHPIWYUKOM, [O3BOJIUT BUIEOUTDAM HE TOJIb-
KO JIOCTOBEPHO LIEPEHOCUTH OCOOEHHOCTU PEAJILHOIO
MHpAa, HO M CO3JaBaTh aOCOTIOTHO HOBHIE PEATHHO-
CTH, KOTOPBIE TTOKA W HE CHUJINCH U€JIOBEYECTBY.

Cnucox aumepamypot

1. Make Use Of [aexrponnsiii pecype| / What Are Voxels
and How Are They Used in 3D Modeling? — Pe-
xuM goctyma: https://www.makeuseof.com/what-are-
voxels-3d-modeling/. — Tata moctyna: 09.04.2023

2. Spatial [Daexrponusiii pecypc] / The Main Benefits
and Disadvantages of Voxel Modeling — Pexum
nmocryma:  https://blog.spatial.com/the-main-benefits-
and-disadvantages-of-voxel-modeling. — lara gmocryma:
09.04.2023

3. Xabp [dnexrporuwit pecypc| / Byaymas 3amena mo-
guroHam. Mam urto takoe Bokcenu? — Pexum mocty-
na: https://habr.com/ru/articles/667984/. — dara mo-
cryna: 09.04.2023

Kyuepenro Anzeauna Mapamosena, crynenTtka 1 Kypca dakyabrera nHGOPMAIMOHHBIX TEXHOJIOTHIT
n yupasnenusst BI'VIP, gelyakucherenko05@gmail.com.
Bacuavkosckuii I'epman Tennadvesun, crygent 1 Kypca dpakynbrera HH(QOPMAIUOHHBIX TEXHOIOT AN

u ynpasnenus BI'YUP, 55hiden55@gmail.com.

Hayunoti pyrxosodumenn: Kopwurosa Hapvs Baaepvesna, accucreHT Kageapbl BbIYKUCIUTE/bHbBIX
MeronoB u nporpammupoBanuss BI'YUP, korshikova@bsuir.by

102



E. A. Pamok

ITAPA/TOKC MOHTUA XOJIJIA: AHAJIN3, PEINTEHVNE 1
PEAJIN3AIINA HA CH+

Pacemampusaemcs 00uH U3 U3BECTNHOLL MAMEMAMUMAMUYECKUT napadoxcos: "Ilapadorxc Monmu Xoana'. Ilped-

AA2AETNCA €20 NPOBEPKA 8PYWHYI 6 6ude UMUMAYUY UzPbl, 6 Mmaksice 8 sude cmamucmury. Taxowce npedrazaemcs

ananru3 nobed 6 CAYHAE CMEHDL U 0CMABAEHUU smﬁopa.

BBEJIEHUE

ITapamokc Moutu Xojjta — OJHA U3 U3BECT-
HBIX 33/la4 TEOPUU BEPOATHOCTEH, pelleHune KOTO-
poii, Ha 1epBbIA B3Iyid[, HPOTUBOPEYUT 3APABOMY
cMbIcy. 3ajaga GopMyJIUpYeTcs KaK OIUCAHUE TH-
TMOTETUYIECKON UTPBI, OCHOBAHHON HA AMEPUKAHCKOM
tenemoy «Let’s Make a Deal», u na3Bana B gecThb
BEIYIIEro 3TON mepesadu.

I. POPMY/IIMPOBKA 3AJIAYN

IIpencrasbre, 4TO BBI CTAMM yYACTHUKOM HI-
PBI, B KOTOPO#l BaM HYKHO BBIODATH OIHY M3 TPEX
JBepeii. 3a OIHON W3 ABepeil HAXOIUTCS aBTOMO-
OUIb, 33 ABYMS APYTAMHA JABEPSAMEU — KO3bI. BbI BbI-
Oupaere OnHy W3 JBepeil, Hanmpumep, HOMeD 1, mo-
cJie 3TOro BeAylluii, KOTOPbIA 3HaeT, I'Je HaXOIUT-
Cs1 AaBTOMOOWJIb, & T/I€e — KO3bI, OTKPBIBAET OIHY U3
OCTaBIIUXCA JBEpeil, Hanpumep, HoMep 3, 3a KOTO-
poit HaxoauTca Ko3a. 1locse sToro oH crnparuBaer
BacC, He KeJIaeTe JI Bbl H3MEHUTH CBOI BBIOOD U BbI-
Oparb ABEPb HOMED 2. YBEJINYaTCs JIM BAIIY IIIAHCHI
BBINTPATH ABTOMOOWIH, €CJIH BhI TPUMETE TPEIJIO-
JKEHUE BEyIIEro W W3MEHUTE CBOIl BHIOOD.

Puc. 1 — Wumoctpanus urpsr

II. Pranuzatnms HA C-+-+

IlepBasi gacTs nporpamMmbl BBILIOJIHEHA B BU-
Jle UMUTAINN WUTPBI, T1e ObLIN MCITOJIb30BAHBI 3HA-
Hus, noaydennbie n3 kypca OAUIL Ilepseiv memom
OTMCHIBAETCH KPATKAasi CyTh MapaoKca, 3 ABEPU U
MIpeI0CTaBIAeTCsA BIOOP oqHoM n3 asepu. [locte To-
r0, KaK BbIOODP ObLIT caemaH, Ha OMHOM U3 ABEPHU IIPO-
majiaeT eé HoMep, 3TO O3HAYAET, UTO JBEPH OTKPHI-
Ta u 3a Heil Huuero HeT. Ilocse 3Toro Ham mpeno-

CTABJISIETCS BHIOOP: M3MEHUTH BHIOOD min HeT. I1o-
CJIe 9TOTO OTPEIEJISIeTCsl, BHIMTPAJIN BbI WU HET. Ec-
JIX BBI BbIUTpaJn, TO BeiBoAuTCs "Ilo3npasisio! Ber
BhIMrpaau Maimuay! eciu #er, To "Bbl nmpourpasin!
B cienyrommit pas nopesér!". Hasee gaércs BoIOOp
HOUIpaTh eug, €CJIu Bbl OTKA3BIBAETECH, TO BbIBO-
JIUTCST KOJIMYECTBO M MPOIEHT TO0E T, M TOPAYKEHUIA.

cout << "Cpenaiite ew6op (1, 2, umm 3):

cin >> choice;

open = rand() % 3;

while (open == car || open == choice) {
open = rand() % 3;

}
cout << "+———— e +
if (ope " " <"
if (opel 1) cout << ; else cout << "
if (ope 2) cout << "< mon else cout << "
cout << " << endl;
cout << e e +" << endl;
cout << aeTe nM Bbl MoMeHsiTb ceoli Bsi6op? (1 = fa, ©
cin >> switchDoor;
if (switchDoor
for (int g
if (A hoice & i != open) {
choice = i;
break;

" << getDoorSymbol(0);
" << getDoorSymbol(1);
" << getDoorSymbol(2);

Her): *;

1 {

;i< 3; im) {

}

if (door[choice] == door[car]) {
cout << endl << "Mozgpaensw! Bu EbMrpanu MauuHy!"
winCount++;

else {
cout << endl << "Bu npourpanu! B cnepywouuii paz noeezét!" << endl;

loseCount++;

}

Puc. 2 — ®parmenT Koma 1porpaMmbl

A ApYTrUMH -

(1 = Da, @ = Her): 1

as wu npowrpanu

Puc. 3 — Koncoms nmporpaMmet

Bropast 9acTh mporpaMMbl peaTu30BaHA B BH-
Jle CTATUCTUKHY, T/Ie BCE 3a HAC JIEJAeT KOMIIbIOTED.
Cpa3sy Mbl 33/1aéM KOJUYECTBO UID, a MOCJE BbIBO-
JIUTCST KOJIUIECTBO MOOET TTPU OCTABJIEHUN BHIOPAH-
HOI IBepu U TO0E MpU CMEHE BBIOPAHHOI BEPH.
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for (

i =0; i < num_trials; ++i) {
winning_door = rand() % 3;

chosen_door = rand() % 3;

if (chosen_door == winning_door) {
stay_wins++;

i =0; i < num_trials; ++i) {
winning_door = rand() % 3;
chosen_door = rand() % 3;
revealed_door;
do {
revealed_door = rand() % 3;
} while (revealed_door == winning_door || revealed_door == chosen_door);

Puc. 4 — ®parmMeHT KOa IPOrpaMMBEL

Ckonbko XOTHTe urp? 10000
MNapagokc MoHTWM Xonna:

Mo6en npu ocTaBNeHWW BbibpaHHO gBepu: 3402 (34.02%)
Mo6en npu cmeHe BbibpaHHOW ABepu: 6655 (66.55%)

Puc. 5 — Koncosab nporpaMmel

III. MATEMATUYECKOE PEIIEHUE 3AJIAYN

Mo3KHO MCTIOIF30BATH YCIOBHYIO BEPOSITHOCTD
JIJIs TOATBEPK AeHN s 9TOTrO pe3ysibrara. Obo3naunm
A kak cobbITHE, YTO aBTOMOOMIb HAXOMUTCS 34 JIBe-
pbio, KOTOpYIo Bbibpas urpok. O6osznaunm B kak
coOBbITHE, IYTO BeAyIIuil OTKPBIBAET JIBEPDH C KO30ii,
3a KOTOpOit Her aBromobuisi. Torma, BEpOSTHOCTH
BBIUIPBIINIA MPYU TEPBOHAYAILHOM BLIOOpPE ABEpPH A
pasaa P(A) = 1/3, a BeposTHOCTH TOrO, YTO Be-
JIyIuii OTKPOEeT J1Bepb B, mpu ycjaoBuu, 9T0 aBTO-
Mobuiib HaxoxuTes 3a asepbio A, pasna P(B|A) =
1/2.

ITpu u3meHeHWn BHIOOpPA IBEPU, BEPOSITHOCTH
BBIMTPHINIA PABHA BEPOSATHOCTH TOTO, YTO aBTOMO-
OMIb HAXOIUTCA 34 IBEPHI0, KOTOPYIO UTPOK BbIOE-
per Bo Bropoit pa3. Obozunaunm C Kak coObITHE, 9TO
aBTOMOOMJIb HAXOJUTCS 34 JIBEPHIO, KOTOPYIO UI'POK
BBIOEpET BO BTOPOii pa3. Torma, BEpOSITHOCTH BHIUT-
phiiia npu u3menenun Boidopa asepu C pasua P(C)
= 2/3, a BEPOSITHOCTb TOrO, YTO BEAYIIUil OTKPOET
aBepb B, nmpu ycioBun, 9T0 aBTOMOOKTH HAXOIUTCS
3a asepbio C, pasua P(B|C) = 1.

Ucnons3yst (hopMyny yCIOBHON BEpOSITHOCTH,
MOXKHO BBIYHCJIATH BEPOSTHOCTH TOTO, YTO ABTOMO-
OmIb HaXOIUTCH 32 aBepbio C, mpw ycjaoBWH, 9TO
BeIyIIuil OTKPBLT ABeph B M UTPOK M3MEHSET CBOit
BBIOOD:

P(C[B) — P(BIC)P(C) / [P(BJA)P(A) +
P(B|C)P(C)] = 12/3 / [1/21/3 + 12/3] = 2/3.

Paodwx Eezenutli Aaexcandposun,
raduk-2005@mail.ru.

Takum oOpa3omM, MaTeMaTHIeCKHe pPacUeThl
MOATBEPKIAAIOT, YTO BEPOATHOCTH BBIUTDHIIIA YBe-
JIMYUBAETCH 210 2/3, eciu UIPOK U3MEHHEeT CBOM Bbl-
00p ¥ BHIOMpAET APYTYIO ABEPH MOCJE TOTO, KaK Be-
JyIIUi OTKPBLI OJHY W3 OCTABIIHUXCH ABEPEH. JTOT
pPE3yIBTAT MOYKET TOKA3aThCS HEMpPABUIBLHBIM Ha
MEePBBIN B3IJIAM, HO OH MOJATBEPXK/IeH MHOTUMH HC-
CJIEJIOBAHUSMU U ABJISIETCS OJHUM M3 HAambOOJee u3-
BECTHBIX TPUMEPOB TOTO, KAK MaTEMATHYECKNE Me-
TOJBI MOTYT MPOTUBOPEYUTH WHTYUTUBHOMY TTOHU-
MaHUIO.

IV. OTBET K 3A/IAYE

Ha niepBblit B3TJIs1] MOYKET MTOKA3ATHCH, UTO Be-
POSITHOCTD BBIUTPBINIA, HE M3MEHWTCH, €CJIU UTPOK
U3MEHHUT CBOI BBIOOD, BEJb €CTh BCErO TPH JIBEpH,
7 mpu J1I000M BBIOOPE IMAHC BBIUT'PATH ABTOMOOHIID
pasen 1/3. Opguako 310 He coBceM Tak. Eciau ur-
POK HeHCTBYeT TO CTPATErHU <«U3MEHUTH BBIOOD>.
Torpa mpourpaeT OH TOJBKO B TOM CJIy4ae, €CJiu
M3HAYAILHO BbIOEpET aBTOMOOW/Ib. A BEPOSITHOCTH
3TOoro — oxHa Tperb. ClemIoBarenbHO, BEPOATHOCTD
Bbiarpoima: 1-1/3=2/3. Ecau ke urpok ueiicrsyer
IO CTPATETWH «HE MEHSITh BHIOOP», TO OH BHIUTPAET
TOTJIA ¥ TOJILKO TOT/A, KOIJIa M3HAYAJILHO BhIOpAJ
aBTOMOOMIIb. A BEPOATHOCTH 3TOTO — OJIHA, TPETh.

MpoueHT nobeasl npyu cMeHe Bbibopa

MNpoLeHT nobeasbl, eciin He U3MeHsITb BbIGOp

Ropamenve.

Puc. 6 — Kouconp nporpaMmmst

BriBO

B urore mpaBUIBbHBIM OTBETOM K 3TOi 3aja-
4qe ABJIdeTCd Cilejylolee: Jia, MaHChl BBIMIPaTh aB-
TOMOOWJIb YBEJIMYUBAIOTCS B /IBA Pa3a, €CJIU UIPOK
OyZer CJIeJIOBATh COBETY BEAYIIErO U U3MEHUT CBOU
MEPBOHAYAJIBHBIN BHIOOD.

crymenT 1 Kypca daxymabrera HHGOOPMAIMOHHON OE30IACHOCTH,

Hayunoti pyxosodumensv: Kyxun Jmumputs Ilemposuy, 3aBenyionmii Kadeapoil BbIYKUCIUTEbHbIX
MeTonoB u mporpammupoBanus BI'YUP, kauangar Texandeckux Hayk, AoneHT, kukin@bsuir.by.
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. 1O. demkosud, A. B. Cunakosa

BAJIAHC IIPU PABPABOTKE UT'POBHLIX ITPUJIOXKEHUN

PaCCMampueammCﬂ 0CHOBHDBLE npué'MM 6a/Lchup067cu uzpoBur npu./LOOfCEHUﬂ.

BBEJEHUE

Bananc B urpax — 310 MOHSTHE OYEHb CyOb-
eKTuBHOE. Bayrafnc — 3T0 COBOKYIHOCTD YHCEs B UT-
pe, KOTOpbIe ONUCHIBAIOT €€ cocTogrme. B cBoto ove-
pelb, 9TU 4uCJia, HAlleJIeHHbl HA BbIYUCJIEHUE DaB-
noBecus B urpe. Ho e Bo Bcex mrpax mMbl MOxKeM
MOCYMTATH Yncjia. B Gasance u BOpaBay eCTb I0JIs
MaTeMaTUKH, HO BCE YK€ OH CTPOUTCA HA TOHUMAHUHT
TOHKHAX HIOAHCOB U B3aUMOCBA3U MEXK/y dJIeMeHTa-
My U MexaHuKamu urpbl. Hy2KHO 9yBCcTBOBaTH, Ka-
KO# 3JIeMeHT MOXKHO U3MEHUTb, KAKOI He CTOUT, U
HACKOJIbKO UX HYKHO MEHSTh.

Bananc — 310 oguH M3 caMbIX CJIOXKHBIX JTa-
moB. B KaXK710#f Urpe TMraHTCKOe KOJIMIECTBO pa3-
JIMYIHBIX JeTasieii, TpeOyiomux cOaJaHCHPOBAHHO-
crr. I rpaMOTHBIN TeiiMan3aiinep obsi3aH onpee-
JISITh, KAKUE 3JIEMEHTHI UT'PhI HYXKIAIOTCS B OaJiaH-
ce. OH JO/IKEH yMeJO M3MEHATh WX JI0 TeX TOp,
MOKa He Oy/IeT JOCTUTHYT 2KEJIAeMblil PE3YJIbTAT.

I. CuMMETPUSA

JlagHbIil MeTO OATAHCHPOBKH IPEICTABIISTET
co0o#l BBIZEIEHNE HUIPOKAM AOCOJIOTHO WIACHTHYI-
HBIX HAYAJIBHBIX ycaoBuit. Hampumep, paBHoe KO-
JITYECTBO PECYPCOB, 3€PKATBHOE OTHOCUTEIHHO TIEH-
Tpa MOJIOXKEHWE HA KapTe, OJUHAKOBBIE CITOCOOHO-
cru. MozkeTr moka3arbes, 9T0 y JAHHOTO MeToaa 6a-
JIAHCHPOBKU HET HEJOCTATKOB, OJHAKO 3TO HE TaK.
BosbméMm maxmarel. Kak-HUKaK KTO-TO 2Ke J0J12KEeH
XOIUTH TIEPBBIM, U ITO yIKE SIBIISIETCS HEOOJIBITUM
MIPEUMYIIIECTBOM.

Takzke HEZOCTATKOM JAHHOIO METOJA SIBJIs-
ercss omHOOOpasme mrpoporo mporecca. Ho B ur-
pax JOJKHO MPUCYTCTBOBATEH pas3Hoobpasue. rpo-
KU JOJIZKHBI TIOJIYIaTh PA3HBINA UTPOBOI OIIBIT.

II. Accumerrus

BosbmuHCTBO MOMyASpHBIX UT'P HE 00J1a1a10T
CUMMETPUE, OHU ABJISIIOTCS aCCUMETPUIHBIMHU. JTO
3HAYUT, 9TO Y BCEX PA3HBIE PECYPCHI, PA3HBIE CIIO-
cobHOCTH, PaA3HbIE TEPPUTOPHH. Jajada OaTaHCH-
POBKHU YCJIOYKHSIETCST BO MHOTO Pa3, OIHAKO PA3HO-
obpasue UrpoBOTO OIBITA YBEJIMYNBAETCs. AccumeT-
pUsi OTKPHIBAET TAKUE BO3MOXKHOCTHU KaK:

1. Cozmanue pazsHOOOPA3HBIX CUTyaIUil — ac-
cUMeTpHs TaET BO3MOKHOCTH OKA3aTCsd B yHUKAJIb-
HBIX CHTYAIUAX, JJIS BBIXOJA W3 KOTOPHIX HEOOXO-
JUMO TTPUOErHyTh K KaKOH-1100 CTpATEruH.

2. Ilepconanuzarus — 100aBIeHNE B UTPY BO3-
MOYKHOCTH HACTPAUBATH CBOErO HEPCOHAXKA IO, Ce-
0s1. Hampumep, BHIOOP HABBIKOB U OCOOEHHOCTEH, KO-
TOPbIE HPABATCS WMEHHO WTPOKY.

3. BosbImioe KOJIM4eCTBO CIIOCOOOB MCCIIeI0BaA-
HUST — MOXKHO MPOXOIATH UTPY HO-PAZHOMY.

st 6aJIaHCHUPOBKU  IIPOTUBOAEHCTBYIONTUX
CTOPOH TIPU JaHHOM METOME HYXKHO NMpPUOErHyTh K
MOHATHUIO «cuyiay. «Cumas B UTPOBOM OajlaHCe MMOJI-
pasymeBaer coboi B3auMoeiicTBIE 0OBEKTOB C 0~
3UIUU CUJIBI IPYT ¢ npyrom. Vlcxoms u3 9Toro Bbiie-
JISIeTCS TPU MeTO/1a OAJIAHCUPOBKY ACCHMETPUYHBIX
WUTD: TPAH3WUTUBHBINA, HHTPAH3UTHUBHbBIN U HEKOMITA~
PATUBHBIN.

III. TPAH3UTUBHBIIA METO]I

Tpau3uTuBHBI METOI IPEACTABISET COOOMH
OaJIaHC MEXKIy Pa3HBIMU XapaKTEPUCTUKAMHU WC-
TIOJTb3YSl CJIOXKEHNE OYKOB KaXK/IOH XapaKTePUCTUKH
B 00myio cymmy. Hampumep, ecTh Tpu pa3aIudaHBIX
MIEPCOHAYKA, ¥ KOTOPBIX €CTh XapPAKTEPUCTUKHU yPO-
Ha, 3AIMUTHI ¥ CKOPOCTU. ¥ OHOIO M3 HUX YPOH 3,
zarura 3, ckopoctb 4. CyMMapHbI HOKA3ATEb CU-
qet Oymer pasen 10. st apyrux mepcoHazkeit cym-
MapHBI OKA3aTeIh CUJIbI TOXKE JI0JIKEH OBITH pa-
Bed 10. OmHAKO 3TO emé He rapaHTHpPyeT pPaBeH-
CTBO mepcoHaxKeit. EquHCTBEeHHDBIH CIOCOO MOHATDH
cOaIaHCUPOBAHHBIN [MEPCOHAXK WJIA HET — 3TO MPO-
BECTU TECTHI.

IV. VIHTPAH3UTUBHBII METO/I

CyTb MeTo/a 3aK/II0YaeTCs B CPaBHEHUH 00b-
€KTOB Yepe3 MHOXKECTBO ChIIPAHHBIX WIP. 3/€Ch
Mbl HE CDABHHBAEM XaPAKTEPUCTUKH OObBEKTOB, a
CMOTPWM Ha COOTHOIIEHWE 3TUX OOBEKTOB JIPYT C
napyrom. IlpuHUAN mpocToii: ecin ecTh OJuH O0b-
€KT, KOTOPbI# CUJIbHEe BTOPOTO, TO JIONIKEH CyIile-
CTBOBATh U TPETHUil, KOTOPBIi cuiibaee mepsoro. Ca-
MBIM XOPOIIUM IPUMEPOM siBJisiercsd urpa «Kamenb-
Hoxuumer-Bywmaras.

V. HEKOMIAPATUBHBIN METO/]

Tlocnenamm OymeT HEKOMIIAPATUBHBINA METO.
GasiancupoBky cuiibl. CyTb B TOM, YTO IBITAHOTCH
BBECTH OOBEKTHI ¢ HECPABHUMBIMHM XapaKTEPUCTH-
kamu.To ecTh OenafoT WX TAKUMU PA3HBIMH, YTO
CpaBHEHHe ITPOCTO HEBO3MOKHO. MaTtemMaTnka 3/1eCh
6eccrnbaa. EQUHCTBEHHBIH CIIOCOD COATAHCHPOBATD
CUJIBL — 9TO IIPOBOJAUTH TECTbI elg B OOJIbIIEeM KO-
JIMYECTBE.

VI. OCTAJILHBIE 3JIEMEHTEI TPEBYIOIINE

BAJIAHCUPOBKU B UT'PAX

1. Banamc mpoctpascrsa. IIpocTpamcTBo — 310
HeOTbeMJIEMas JacTb Oasranca B urpax. Hempasuiib-
HBIN OAJTAHC MUPA MOXKET MPUBECTH K TIJIOXUM IT0-
ciaeacTBusiM. Takke HY?KHO yTOYHUTDH i CeOs,
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YTO MUP U €ro JIETAN HEe CO3/IAI0TCs B MEPBYIO OUe-
penb. Henb3sa nHagaTrh OastaHC MPOCTPAHCTBA, MOKA
y Hac He Oymer XOoTs Obl 9eTKO BLIPAyKEHHOro 0Oa-
JIAHCA TIePCOHAXKEN U O0BEKTOB, OAIAHCa, HATPAJ, U
HaKa3aHMWil ¥ HAYAJIBLHOrO HasaHca CI0KHOCTH.

2. 9konomwuka. OHa ONpeIensieT MeHHOCTD, M0~
JlydeHHe W TPATy HUIrPOBBIX 3JEMEHTOB. Best 9KO-
HOMMKA B MI'DAX CTPOMTCs HA IUKJIAX. A MMeHHO:
€CM MBI TIOJy9aeM pecypc, y Hac JOJKHA OBbITh
BO3MOXKHOCTH €ro nmorparuth. llepen nagamom Ga-
JIAHCUPOBKY YKOHOMUKHW HYKHO YIE/UTH BHUMAHWE
MHOrUM fetaisM. Hy>KHO 3HATH BCe O MEXaHHKAX
WTPBI, CIIOCODAX J0XOIA W TPAT.

3. Caoxkuoctb. CIIOKHOCTH — 9TO S/IPO PAK-
THYECKW BCETO TefiMIlIest B Urpe, u €€ HGalaHc BeCh-
Ma BaskeH, TaK Kak 0e3 Hero mompocry He OyJeT ur-
pot. Ho rmaBHO# mpobiemoit mpu OastaHce CaoKHO-
CTH SABJSIOTCSA UTPOKHU. Besib B urpax paspaboTduku
OIMPAIOTCsl HA UIPOKOB, a OHU Bce pasubie. Heko-
TOPBIE YPOBHU MOTYT OBITH JIETKUMHU JIJIsT OJHOTO W
CJIOXKHBIMU 1171 ipyroro. Ho 1iesb Be3sie onHa: yaep-
JKWBATh WUTPOKA B COCTOSHUU 3aMHTEPECOBAHHOCTH
HUI'POBBIM TIPOIECCOM.

4. Bpems. B 6anancupoBke BpeMeHH BarKHYIO
POJIb MTPAET BO3HWUKHOBEHWE UTPOBBIX COObITHIL. B
JIAHHOM CJIy4ae TMOPa3yMeBaeTCss TO, UTO HYXKHO
KOHKDETHO OTPE/IE/IsiTh, KOIIa U B KAKOE BPEMS M0~
JATh COOBITHE MTPOKY, YTOOBI eMy He OBLIO CKYYHO
nmu #Ha060poT. Tak Ke HyXKHO CTeanTh, 9TOOBI UT-
POK HE HEPEHACHITUIICH TeM, YTO €My HOJAIOT.

VII. BBIBO/bI

Taxum 06pa3om ObLIN PACCMOTPEHBI OCHOBHBIE
METOIUKY OAJJAHCUPOBKU UTPOBBIX MPUJIOKEHUIT, a

Aewxosuy JJanuus Opvesuw,
yupasJjieaus, daniil.deshkovich@gmail.com.

TaK2Ke OIMCAHBI 3JIEMEHTHI, KOTOPbIe TpeOyerT pa-
OOTBHI HaJ HAMH OATaHCHPOBIIUKOB. XOTEJI0CH OBI
OTMETHUTb, YTO OCHOBHLIMHU CPEJCTBAMU IIPU pa3pa-
060TKe Oajiarca B UTpE SBJIAIOTCI MATEMATHUYECKHE
METO/IbI, COBMECTHO C OOJIBIINM KOJIHIECTBOM TLIeH-
TECTOB.

OuHaKO JocTHYb MJEaJbHOrO OajlaHca B uI-
pe He nomyuuTcs. bajancy npensTcTrByeT pa3Hooo-
pasue Wrphl, OOIMIMPHOE KOJUIECTBO €€ MEXaHWK W
3/IEMEHTOB. DTH IJEMEHTHI MOTYT Ha MPOTAXKEHUH
KM3HHA WIPHI eme u yBeamyurcs. CTaHoBuTcs I0-
[IPOCTY HEPEeaJIbHO CJIeJIaTh BCE B3AUMOCBA3aHHOE U
PaBHOE TIO CHUJIe BO BCEX YCJIOBHUAX. YCJIOKHSIET CH-
Tyanuoo emeé ToT GakKT, 9TO BCE UTPOKU PA3HbBIE, C
pa3HbIME HaOOpPaAMU HABBIKOB M IOAXOTaMU K HIPE.

Basanc — 310 BaxkHasg cocrapJdonias, KOTO-
pasi BIMSIET HA WHTEPEC W OMBIT UTpoKa. A ciemo-
BATEJILHO, HAM HE HYKEH HWIeaJIbHBIN OajaHnc, Hy-
2KE€H IPAMOTHBIN, KOTOPBIN JOCTABAT MAKCUMYM IIO-
JIO?KUTEJIBHOT'O UTPOBOT'O ONIBITA.

1. 1. Habr [Qaexrponusii pecypc]/ Pexum mocryma:
https://habr.com/ru/articles/709012/ / Hara gocryma:
03.04.2023

2. TProger [dnexrpornstil pecypc| / Pexmm gocryma:
https://tproger.ru/translations/game-balance/ / ara
mocryna: 04.04.2023

3. GdCuffs [Dnekrponnsiii pecypc| / Pexxmm gocryma:
https://gdcuffs.com/balance-methods/ / lara mocry-
na: 05.04.2022

crynenT 2 kypca dakynbrera mHGOPMAINMOHHBIX TEXHOJIOIHI U

Cunaxosa Anacmacus Bavecaasoena, crymeHTka 2 Kypca dbaxyabreTa WHOHOPMAIMOHHBIX TEXHO-

jjorwit u ynpasienusi, melmochalkal23@gmail.com.

Hayunwiii pyxosodumenn: Kopwuxosa Hapvsa Basepveena, acCUCTEHT KadeIpbl BHIYUCIUTEIbHBIX

MeToznoB u nporpammuposanus BI'YUP.
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A. C. ITayusnaka, K. C. Hosikasa

JIAKAJIIBAIIBIA ITPATPAMHATA 3ABACIIEYBAHHSA HA
BEJIAPYCKVYIO MOBY

YBO/I3IHEI

It xkamdopTHai 1 3(eKThIYHAN Oparbl Ha
KaMIT'IoTapbl abo IHIIBIX CPOAKAX BbLIiYaIbHA
TIXHIKI KapPBICTAJIbHIKY HATPIOHBI 3PydHbI 1 iH-
TyiTBIYHA 3pa3ymesibl inTapdeiic, sKi ga3Basse Me-
b 3Hocinbl 3 IT-cponkami Ha amHOo# moBe. Kaii
mparpamicTbl XyTudi 3a Jc€ §KO 3BBIKJICS 3 BbI-
KJTIOYHA, AHTTaMOYHBIMI iHTIpdeiicami, TO 1/ 3BbI-
qaiiHara, mraparoBara KapbICTAJbHIKA acabsiByo
BasKHACIh HaObIBae HasgyHACIH 3pa3yMmesara s
aro HAOOpYy KaMaHj, pa3j3enay i mam., dKisg Mo-
TyIb OBIIb HAMICAHBI CPOAKAMI POJIHAIN I Kapbl-
cTajbHIKa MOBBI. Pasrien3iM BapbIsSHTHI JaKasiza-
bl nparpambara 3abscnedanns (gasrein — I13) na
OeslapyCcKkyo MOBY i mpaanasidyem, sikoe 113 mpaj-
cTayiaeHa CpoAKaMi HaIlbITHAJbLHANA MOBBI, AIPHIM
AKACIb TITara MpaJICTayIeHHs.

I. ANEPAIBIHBIS CICTIMBI

Pazrnensim HeKaTOpBIS ameparblitHbIg CiCT-
SMbI, MAKOJIbKI SHBI 3’AYIAI0NNa TaIMypPKaM Ha-
mail cymecHait mparpl 3 Kami'orapam i iambivi [T-
mpeLTagami. 3esapraem ypary na Windows 10. fkac-
b JIAKAJII3AIbI TITAI arepaThIyHAl CiCTIMBI Ha Oe-
JIAPYCKYIO MOBY 3aJI€KbIIb a1 yCTAJIsABAHAN BepCii.
V mayHbIX, IPbI BEIOAPHI OestapycKail, aHrIiiiCKyTo
i pycKymo MOBBI MOXKHA OyI3€ CyCTp3Ib TOJBKI ¥
3yciM JlaJiéKix 1 crapbIX MEHIO, sAKid 3acrajics 3
Windows 7 i maBar Windows XP, manpbikiaam, y
MEHEPKAPBI TPBLIAT YCE BBIKIIOYHA Ma-aHTJIHCKY,
a ¥ mIYHBIX BEPCigX HABAT aCHOYHBIA HAJIATBI Oy-
JYIb BBITJIAJAID 3MSIIDHHEM aHT/Iifickail i Oema-
PYCKIX MOY, HAIPBIKJIAJ, HA AaJHBIM KaMII'I0Tapbl
¥ MeHIO JaThl i yacy Ha Oemapyckyro JlakasiizaBa-
HBI TPBIKIATHA KOXKHBI TPAIi PAJIOK, & HA IHIIBIM
sIHO JIaKaJjli3aBaHae IAJKaM. 3 ameparbIyHail cicT-
smaii Linux sgmas ckraganei. 3 agHaro 60Ky, ic-
Hye BsJIiKasg KOJbKacIb rpadidubix iHTIpdIiicay
OoJbITach 3 AKX He Jakai3aBaHas Ha Oemapyc-
KYyIO TIpa3 ApobHACIh, 60 rpadivus iHTIpdIiic MO-
2Ka CTBAPBIIb KOXKHBI, i KOJIHKACIH 1X KAPbICTAb-
HiKay JacaMm HajliuBae HaBAT He J3ACATKI YajlaBeK.
A 3 gpyrora, aaKpbIThI KOJ, 1 GECKANITOYHACIH 1A~
3BAJIAIOND KOXKHAMY IaciapabaBamp csoe ¥ saxacti
mepakaaIIbika. Hampeikiam, Taki rpadidubl iHTIP-
deiic sxk GNOME nakamnizaBanbt Ha 197 MOy cBeTy,
y TBIM JiKy i Ha 6enapyckyio. Pa3rmen3im takcama
MabiIbHBIS AlE€PALBIRHDIA CICTIMBI. BOIBIITBI BOIBIT
y #ac 3 cicramait MIUI ax Xiaomi, Tamy ckakam
mpa ra7el BapeiguT Android. Brikanana ana 6e3ma-
KOpHAa, ¥Cce caMbls JAJEKis MaaIMeHIO 1 Oy maBaHbis

JAJIATKI epaKJIaI3€Hbl, IPbl MAr4YbIMAaCIIi, y BOHKA-
BBIX [Ia/[ATKAX TAKCaMa BbICTaYisera Oemapyckast,
i HaBaT y JAJATKOBBIX JIiTapax aHriicKail KiaaBis-
TYpBI MOXKHA, HaOIpallh HE TOJIBKI YJIACIIBbIS 3aX0/1-
HecJaBAHCKIM 1 Gasxreriickiv mMoBam §/§/¢/¢/1/7 /7
ase i agMerHa 6emapyckyio i i KapbICcTaIla HaIai
JIAIIHKA, IIITO ¥BOry/Ie p3aKas 3’ saBa, HeTACTYTHAS
Ha 1oit xka xx Windows10 ui I0OS na 3majuanni.

II. TIrPALOYHbISA CPOJKI

Csapon nakamizaBaHbIX Ha OETapyCKyl MO-
By Opayzepay mepimae mecrma Oe3ymMoyHA 3aiimae
Fire Fox. En npa/crajnennt na nanpisHabHaii MOBe
gkacHa, 6e3 xibay i memaxomnay. AgHak HemacpamHa
Opay3ep He Jenmibl i Mae cyp’é3HBIX CylepHikay Ha
PBIHKY, IITO ¥ THIM JIKY MAMSHINAE MAHIIHI [ITAra,
Opay3epa Ha akTbiyHae Bbikapbicranne. Chrome, y
CBaI0 4apry, XOIlb 1 CAMbI PACIAYCIOKAHBI, aJje Ie-
PaKIAI3EHbI YACTKOBA. YCE IMTO JATHIYBIIIA HEMa-
cpynHa iHTIPGdAcYy momyky—Ha Oemapyckaii, ase
HaJIabl Opay3epa TOJbKI HA AHTEIbCKAl, XOIb i
MaATPBIMIIIBAEIIA BbIAATHAS (DYHKIIbIA TPBIAPHIT-
9Ty MO¥, Kab CImadarky ¥ BBLAAYBI OBLII CHACBLIKL
Ha Gestapyckamoyubig KpbiHitpt. Csapog BitTorrent-
KJTIeHTay JTaKkadi3aBaHail aJbTIPHATHIBLI HIMA YBO-
ryse. nTorrent ag3imas mparpama, sikas MaITPbIM-
JniBae 6eMapycKyto, THIM OOJBII SIT9d i § ABYX Ba-
PBIANBIAX: apIMbIHHBIM 1 KJIACIYHBIM CTaHIapTaX
Oenapyckaii mitaparypHait MoBbl. Kasti Mbl 3BepHEeM
yBary ua neadimnsritast Microsoft Office, na aki xy-
JKa CKJIaJaHa TAaCTaBillb K OeapycKaMOyHbI 1HT-
apdeiic, Tak i, mrTo GOJBII iCTOTHA, CPOJAK IIpa-
BepKi mpasarmicy 3 maaTpbIMKail OelapycKai MOBBI,
TO OesrapyCKaMOyHaMy KapbICTAIbHIKY MOXKa Jaria-
Mardgsl mparpama Language Tool. HaBar y Geckarrr-
TOoyHall cBagil BapBIANLIL sTHA 370JIbHA TTPABEPHIIH
TYKCT Ha MAMBIIKi. ¥ TJIaTHAl Bepcii mparpama Jiér-
Ka cTaBiIa Ha Jgo0yio Bepciio word i craHoBiIA He
ACOOHBIM [TaIaTKAM, a IPOCTBIM MaIIbIpIHHeM. L1
kapbicranns Bbikjtogna Microsoft Office tpaba az-
MyKallh aJHy 3 JABYX Bepciit 2016 roma, ma saKoit
MOXKHA, Oy/I3€ CIaMIiaBalb TAMTbBIPIHHE 3 adirbrii-
Hara caiita Microsoft[1]. 3

ITII. TVyAbHABBIA JTATATKI

[TakonbKi HaIIA CHEIbIAJIbHACIH IIeCHa 3BS-
3aHa 3 BimParyabHAMI, CObIHIMCA Ha iX Oemapyc-
KamoyHait nakamizanpii. IIsipoka BsamgoMbIs § By3-
kix konax mepakiaasl Civilization, World of Tanks
i Minecraft. Tpouiki menmn mambipanbis Skyrim,
Feudal Alloy, War Thunder i 3ycimM cBexxbI mepax-
agax Doki Doki Literature Club[2-4]. A majmpoct
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zapa3 gaakamizyonb GTA San Andreas i Europa
Universalis 4. Tamy cmic rynpHsY, npaacTajaeHbix
Ha Oejapyckail MOBe, MacTasgHHa namayasderna. Ila-
KOJIBKi MBI MA€M BOTIBIT MEPAKJIALY KAMIT IOTAPHBIX
TyJIbHAY Ha 0eslapyCKyio MOBY, pasrie3iM mpairl-
3¢ JTaKaMi3anbi O0IbII MaApadba3Hei Ha MPHIKIAI3e
ryaprai TES V Skyrim. e smakanizaBani 16 gana-
Bek. Ilpara 3ansiia 2 razger, nepakiaa3ena 6o10 90
000 pagkoy TIKCTy. XoIlh GOTBITYI0 JYACTKY TITara
vacy rajoynara nepakiandbik Flsherl6 mparasay
aa3in. ¥ ckiaj raTeiX 16 yazenbHIKAY JTaKasi3abii
yBaxoA3illb KyIa mparpamicray, Tacuepay, pyiaKkTa-
pay, 4 nepakJiaubiki VHyTparyjibHABbIX KHIiray, 2
ua’dThl 1 HaBar Jpi3aiinep wpbidray[5-8|. Ase une-
PaKJIacIli TYJIbHIO He TaK mpocTa. Paitabl 3 TIKCTaMi
3BbIYAiTHA MAIOIb BEJIbMI HE CHAAPYIHbIS JJIS XyT-
Kara 9bpITaHds (papMaThl i He 3a§Kabl mo0pa paIa-
ryionb Ha bemapyckisg Jsitapel. HekaTopbis rysbHi,
nanpeikiaa, Witcher 3 nmarpabyions nepadapmara-
BauHs (pailyiay BoHKaBall mparpamaii 3 daHamkara
caifTa Moy, dKas A1T9d 1 mpallye mpa3 pas.

IV. TABJIIA I BBIHIKI

IIpagcraBim amicambid BBIMDH JIaKATI3aIIbI
I13 y BeIrIsiA3€e TAOIIBI 3 XapaKTAPBICTHIKAN TKAC-
i i mayuaTer nepakiaazay (rabsm.l.).

Tabsmma 1 — cmic I13

Hazpa Tbi JrakaJn3anbli
parpamsl

WIN 10 YHacrkoBa
Linux ITankam
MIUI Hanxam
Fire fox ITaskam
Chrome YacTkoBa
pTorrent IMamxam
Language YHacrkoBa
tool
Microsoft BaJsiexKblib a1 Iparpambl
Office
TES5 Yacrkosa/ AMarapcki
Skyrim
Anniversary
Edition
Civilization Yacrkosa,/ AmaTapcki
4/5/6
Feudal Alloy Tloymp1/ Adinptitabs
Doki  Doki Ioyubr/ AMarapeki
Literature
Club
War Yacrrosst / AbinpritHb
Thunder

Jla mpITaHHSY JTaKaIi3aIbli Ha HAIBITHATHHY O
MOBY, HE3aKPaHYTbIMi HaMi TyT, HajexKallb 3JIeK-
TpoHHbId KasjeHgapsl i nomrel, VPN i cpouki pac-
mpamoyki, rpadidHbis p3JAKTapbl i CAIBISILHBIA
cetki. Ham anajiz maka3Bae, IMTO JaKaJi3aIlbls
II3 6niBae BenbMmi posmaii: npadiciiirait mi ama-
TapcKaii, OyHal i JacTKOBail, adimplitHai 1mi Ka-
poictasibHinKkail. [ Takas mbIpokasi BApbIAThIYHACITH
Jae crpaBe Deapyckaii JIaKaJIi3albli CAPayIHY O
HEYMIpy9acIh 1 BAJIIKisA MEPCIEKTHIBBI § HAWOIIK-
sitmmait Oymyusrai. [lameipanne Geapyckait makasi-
3arpll icrorHas i Bapras cnpasa. Jlakanizampis 113
HA HAIBIIHAJIBHYIO MOBY CTBAapae PbIHAK IACJIyT,
J34KYI04bl $IKOMY V3HIKaIOllb IIPALlOYHbIA MECIbI,
Jae HaM OOJIBIYIO0 iH(apMAIBIHHY 0 HE3ATIEKHACITH
i magTpBIMIiBae HAIMYIO KYJIbTYPHYIO YHIKaIbHA-
cib. [amoynHas x mpabiema § ThIM, IITO Kab mpa-
maBaIpb 3 OeIapycKiMi JaKaai3ambiami, KapbICTaIb-
HIKY 3ay2K/1pl Tp30a 3pabinb acsHcaBaHae I3esTHHE:
mryKaih (haiibl § iIHTIPHIIE, HAMATAIIA § HAJIa1aX
MEPAKJTIOYBIIIA Ha Oeapyckyio MoBy. Tpada xkab y
Bemnapyci nparpambl ma-3Majgaansi crasiics 3 Oe-
JapyckKail JlakaJri3arblsiii, Kaji sgHa iCHye Iii HpbI-
HaMCi JaBaJli KAPBICTAIBHIKY BHIOAD MOBBI IIPBI IEP-
bIM yKJII099HH]. ThiM 605611, 1T0 H151 [T-cekTapy
i Tak macTayaeHbl 33a9bl PACTPAIIOYKI aliIbIHHATA,
I13. T mamamarysr OGeapyckaii Jrakaji3arbli MOXKa
KOXKHBI 3 Bac. IIpocra 3aiiazine § Hamampl i absapbI-
e 6eapyCcKyio MOBY MAyCIOJb, /[3€ I'ITa MAardbIMa,
60 CrIa2KbIBAllb LEPAKJIA/IbI HE MEHII BAXKHA YbIM 1X
CTBapAaIlh.

1. Moyust makeT bio 57 Microsoft 365
https://support.microsoft.com/en-us/office/language-
accessory-pack-for-microsoft-365-82ee1236-0f9a-45ee-
9c72-05b026ee809f

2. Facebook CTApOHKA Skyrim
https://www.facebook.com/SkyrimBLR/

na-6esapycky

3. Benapyc mepaknay Skyrim Ha
https://devby.io/news/skyrim-by

POJHYIO  MOBY

4. dx ahnimuik nepakmanae Psiphon, Ubuntu i rynasni
https://devby.io/news/peraklad

5. Anibel.net ryasni https://anibel.net/games

6. Dynbua  Civilization VI  na-6emapycky https://by-
mova.livejournal.com/1322302.html

7. dumeke apick 3 GesapyckiMi JakasizamblaMi TyJIbHSIY
https://disk.yandex.ru/d/QvmjRShi3MNDfx

8. Steam CTAPOHKA ryJabHL Feudal Alloy

https://store.steampowered.com/app/699670/Feudal Alloy/

cTymHTH (akyabrITa inTdapmansiinbix TaxHasoriit i xipasawus BYIP, lesha mine@mail.ru,

katerinajune4@gmail.com.

Hasyxoswv kipagnir: [auirasa Boavea Aanezaijna,

CTapIIbl BBIKJIAQIIBIK Kadepabl BBLIIYaIbHBIX

meraay i nparpamasanas BJIYIP, maricrap Taxuidnbix HaByK, o.shatilova@bsuir.by.
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. A. Cazonona, A. C. Kupuiiok

3D BU3BVYAJIN3AIINA NMHTEPBEPOB U1 ITPOCTPAHCTB

Hannas cmamovba paccmampueaem npeumMyuecmea, npobiemvl, MeTHoA02uL, IMans, U nepcnexmues, 3D susya-

AUBAUUY URMEPLEPOS U NPOCMPAHCINE.

BBEAEHUE

TpexmepHOE MOJEINPOBAHUE - ITO IMPOIECC
CO3/IaHMS TPEXMEPHBIX OOBEKTOB B BUPTYAIbHOM
MPOCTPAHCTBE € IOMOIIBIO CHENUATIBHBIX KOMIIBIO-
TEpPHLIX TporpamMM. TpexmepHOe MOJETHPOBAHUE
CTAHOBUTCsI BCe DOJIEE TIOMYJIPHBIM B COBPEMEHHOM
Ju3aiine MHTepbepa, TaK KaK 9TO MO3BOJIAET BU3Y-
AM3UPOBATDH TMPOEKT €Ile 10 ero peaan3anui. JTo
HE TOJbKO SKOHOMHUT BpeMsI U JEHbIHW, HO U IO3-
BOJISIET 3aKA34YUKY U /1u3aiinepy 0oJiee TOYHO Lpej-
CTaBJIATh, KAK OyIeT BBITVIAIETH UX ITPOEKT B PEATIb-
woctu. llenpro manHOi pabOThI ABIIETCS U3yUIEHUE
OCODEHHOCTEH ¥ MEPCIEKTUB TPEXMEPHOTO MOIETIH-
poBaHusi B COBpeMeHHOM ju3aiine. [ljis mocruxe-
HUS 9TOU LEJIA [TOCTABJIEHBL CIIeYIONINe 33/ 1a4u:

® BLIJICTUTH OCHOBHBIE MPEUMYINECTBA W HEJIO-
CTATKH TPEXMEPHOTO MOJETNPOBAHUS B BU3Y-
aJIu3allii HHTEPhEPA;

® DACCMOTPETH PAa3JUYHbIE TEXHOJOTUH JIJIsd
TPEXMEPHOTO MOAETMPOBAHUST;

® NCC/I€I0BAThb 3TAllbl CO3JaHUA HHTEPbEPpa B

3D Max;

® TIPOAHAJIM3UPOBATH TPUMEPHI TTPUMEHEHUS
TPEXMEPHOTO MOJIEJIMPDOBAHUSA U BU3yaJn3a-
AW TIPU CO3JAHUT WHTEPHEPOB;

® C/IeJIaTh BHIBOJBI 1 PEKOMEHJAIINN IO UCTOIh-
30BAHUIO TPEXMEPHOTO MOJEJIMPOBAHUSA B CO-
BPEMEHHOM Jn3aiiHe.

lN'unmoresa mamHHON HAyYIHON PAOOTHI 3aKIIOYAETCS B
ToM, uyTo 3D MOzmenmpoBaHue B BU3yaJu3alldyd WH-
TPEpPbEPa U MPOCTPAHCTB CIIOCOOCTBYET YCKOPEHUIO
paboThI ¥ TOBBIMIEHNIO KAYECTBA, STON pabOTHI.

I. IIPEMMYIIECTBA 3D-MOJEJIUPOBAHUSI

IIpenmymiecrsa 3D-momeupoBanus Jist co-
BPEMEHHOrO [W3aiiHa WHTEPhepa OYEeBUIHBI. Bo-
MEPBBIX, TAKas TEXHOJIOTHs TO3BOJISET CO3/1aBaTh
peaNNCTUYHbIE BU3YyAJU3AINNN WHTEPHEPOB, KOTO-
pble TIOMOTAI0T KJIMEHTAM JIydIlle MOHSAThH, KAK BbI-
ragauT ux Oynymmit uareppep. Bo-sropeix, 3D-
MO/ICJTMPOBAHUE TIO3BOJISIET CO3/JABATH I[IPOEKTbI
onicTpee, Omaromapsi 3(MMEKTUBHOMY © TOYHOMY
MPOIECCY CO3JaHust Mojeseii. B-Tperbux, ucmnosib-
3oBanue 3D-MOIETMPOBAHUS MAKCUMAJIBHO TOYHO
nepegaer (POPMy W CXeMy MOMEIEeHUsl, ITO sIBJIs-
€TCsl BazKHBIM [JIs BBIBEJICHUS PACKJIAJKA KOMHAT
¥ BBIOOPA APXUTEKTYPHBIX U NU3ANHEPCKUX perlie-
HU.

II. TIrOBJAEMBI 3D-MOJETUPOBAHUS

Crour ormerurb, uro 3D-MozenmpoBanue
Tak>Ke MMeeT HeKOoTopble Hemocrarku. OQuuH u3
TJIABHBIX HEJIOCTATKOB 3aKJIOYaeTCad B TOM, UYTO
M3HAYAJIBHO co3manue 3D-mosmerneit MOXKET OTHATD
MHOTO BPEMEHU ¥ PECYpPCOB, W Jaxke mpodeccro-
HAJIbHbIE AU3alHEPBI MOTYT CTOJIKHYTHCA C OMpe-
JeJIeHHBIMA TPYyAHOCTsME. Bosiee Toro, Takoit mm-
crpyMeHTapuii Tpedyer BBICOKOH IIPOU3BOTUTE b
HOCTHU 0DOPYJOBAHUsI, KAYECTBEHHONW TrpadrdecKoi
KapThl, & TAKKE€ HABBIKOB MPOEKTUPOBAHUA U BJIa-
gerne coprom A 3D MomenupoBaHms.

III. TexHOJJOrMN 3D BU3YAJIU3AIINU

NHTEPBLEPOB

Texuomoruu 3D-momenupoBanusi UCIOIB3Y-
I0TCs B Ju3aiiHe WHTEePbepa Jjisd CO3[aHUS BUD-
TYaJIbHbIX MOJIEJIEHl IIOMEIIeHUs C PeaMCTUIHbI-
MU JETAJSIMA U DJIEMEHTAMU, UTO TTOMOTAET OBICT-
PO U TOYHO BU3YaJU3UPOBATH WJIEW U IPEIJIONKE-
HuA 3aka34uuKy. lIporpammusie cpencrsa gjs 3D-
MOJIEJIMPOBAHUS TIO3BOJISIOT CO3/IaBaTh TPEXMep-
HbIE MOJIEJIH, CIIPOEKTUPOBAHHDBIE B COOTBETCTBUU C
pasmepamn u (popMmoit momerrenus. Jlanee Ha Mome-
JIV MOYKHO JTOOABJISATH Me0eIh, aKCECCYaphl, IEKOP 1
MpPOYHE JIEMEHThI WHTEPbEPA, UTO MO3BOJISIET OIle-
HHATDb, KaK BCe OyIEeT BBITJIAAETH B peanbHocTh. Tak-
xke 3D-monenupoBanue B au3ailine WHTEPHEPA I03-
BOJISIET [IPOBO/IUTH BU3YAJIU3ALIUI0 OCBEIIEHUSA, TEM-
mepaTypbl 1BeTa, 3HdeKToB OJIMKOB U TEHEil, 9To
MTO3BOJISIET MPEICTABUTD PEAJTUCTUIHBIN 00Opa3 Oy-
JYIIEro mHTEphepa B JIIOOON CHUTyaruu u JTIOOBIX
ycnoBusx. Kpome toro, 3D-monenmpoBanue mo3Bo-
JIIeT aBTOMATHU3UPOBATH IPOIECC Au3aiiHa, yCKO-
psist iepenady nHMOPMAIIUU U TTO3BOJISAST O0JIee TOU-
HO OIIEHWTH 3aTPATHI HA PEMOHT W OT/AEJKY. Takum
00pa3oM, 3TH TEXHOJIOTHMH 3aTPArwBaiOT BCE CTO-
POHBI Ju3aiiHa WHTEPHEPA, Jejasi ero mnporecc 60-
siee yaobubiM u 3ddekruBabiM. CylecrByer MHO-
KECTBO PA3IUUHBIX MPOTPAMMHBIX TTPOIYKTOB, O3~
BOJISIONIME CO3aBATh W MOIEJINPOBATH WHTEPhE-
pbl. OgHUM U3 CAMBIX MOMYJIAPHBIX UHCTPYMEHTOB
spysiercss SketchUp, KoTopsrit npegocTaBisieT -
pokuii cruekTp (PYHKIHU ¥ HHCTPYMEHTOB, MTO3BO-
Jagomux co3xasarb 3D-mozxesnn unrepnepos. Ipy-
roif M3BeCTHHI WHCTpyMeHT — 3710 3ds Max, Ko-
TOPBIA UCTOJIB3yeTCs TPOGhECCHOHATBHBIMA T3aii-
HEPAMH BO BCEM MHUPE. DTH MPOTrPAMMBI TTO3BOJIs-
10T CO3/[aBaTh MO/IEJIMPOBAHNE HHTEPHEPOB PA3IHI-
HBbIX cjioxkHOCTel u peasmcruanocru. Oanako 3D-
MOJIEJTUPOBAHME - 3TO HE MPOCTO CO3JAHUE MOJIe-
Jieil HHTepPhEepPOB B MPOrPAMMHOM ODECITEUEHUH. DTO

109



TPOIIECC, BKJIIOYAIOMWN HECKOJIHKO ITAIMOB, TAKUX
KaK CO3JaHWe KOHIIENINW, AW3aiH ITPOCTPAHCTBA,
KOMITOHOBKa 3JIEMEHTOB MHTEPHEPA, BHIOOP IBETO-
BOi TaMMBI ¥ MATEPUAJIOB, & TAKKE MOJICINPOBAHNE
00'BEKTOB.

IV. DTAlbl CO3JAHUA UHTEPLEPA B 3D MaXx

3D Busyanuzanusi MHTEPHEPOB — MHOTOITAII-
HBIA U IOCTATOYHO CJIOXKHBIN IpoIece, Tpedy ot
OT Macrepa ymeHus paborarb € Pa3THIHbIMA HH-
CTPYMEHTAMU W BO3MOXKHOCTSAMHU TporpaMmbl. Pa-
0oTa HaJ CO3MAHMEM TPEXMEPHOTO 00pa3a BKJIOYa-
er B cebs CIeyIOIIre STAIbI:

e IlonroroBka TEXHHUYECKOrO 3aJaHUsA. IDTO
OYeHb BaXKHBIH 3Tall PabOThI HAJ IIPOEKTOM,
TaK KaK OT Hero BO MHOIOM OyJeT 3aBHCETb
KOHEUHBbIN pe3yabrar. C 3aKa3duKOM HYXK-
HO COTJIACOBATH BCE JIETAJIM, UTOOBI BIIOCIIEI-
CTBUU H OBLIO MPETEH3Wl U HEHYKHBIX J0pPa-
60TOK. B 3amannm mAeTanbHO MPOMUCHIBAIOTCS
LBeTa, KOJIMYECTBO U PACIOJIOXKEHHEe MeDesin,
MaTepUaJibl OTJEJIKM U APYrue 3HaYuMble I1a-
paMeTphl I CO3IaHNsT WHTEPHEPHOTO perre-

HUS;

e Co3manme «0O0bEMAy» - HHTEPHEPHOTO IMIPO-
CTPAHCTBA B YE€PHO-0EJIOM HCIIOTHEHUH. ITO
0a30BBIi ITAIl, BO BpeMsl KOTOPOro au3aitHep
JIOJI?KEH IIPE/ICTABUTH HA MOJEIU OOIIy0 Kap-
TUHY;

e Ha srom 3Tame Ha M300payKEHWN TMTOSTBJISIOT-
cs 1Beta. JluzaitHep BBIOMpAET MOIXOMSIIAI
OTTEHOK B COOTBETCTBUHU C 33JIaHUEM, 4 TaK-
K€ BBIOMpAaeT HyXKHbIE TEKCTypbl MaTepha-
s0B. Bozmoxknoctu 3D Max mossouisitor orpa-
3UTHh HA KAPTUHKE HE TOJIBKO IIBET, HO U Ipe-
JIOMJIEHHWE COJTHEUHBIX JIy4el, IMepOXOBATOCTD,
MPO3PAvYHOCTh W Jpyrue mapaMerphl. Jleta-
JIM3UPOBAHHOM OTOOPAYKEHNE PUCYHKA MO3BO-
JiIeT MPUIATH eMy e€CTECTBEHHOCTh. KapTuh-
Ka He CMOTPUTCS HAPUCOBAHHOI, OHA MaKCH-
MaJIbHO MPUOJINKEHA, M0 PEAJTUCTUIHOCTH K

dororpadun;

e PennepuHr — CcO37aHWE KAPTUHKUA C yUIETOM
BBIODAHHOTO pEXKMMa OCBelneHusi. B pe3yinib-

TaTe MOXKHO Oymer yBHIETh, KaK pPaboTaioT
pa3Hble CIEHAPHUU OCBEINEHUsI, KAKHe UCTOY-
HUKH CBETa B KOMHATE MOXKHO JIOOABUTH WJIH
yoparn.

V. TIIPUMEPHI UCIIOJIb3BOBAHUSA 3D
BUBYAJIU3AIIUN MHTEPHEPOB U MIPOCTPAHCTB

Bot mekoTopbie mpuMeps! ncnoab3oBanne 3D
BU3yaJIU3aIIN:

e 3D Bu3yasm3arus KUIbIX ToMernenuii. [as-
Has 33/[249a TAKOr'O POJIMKA BOCCO3aTh 00K
3JaHUS U TIEPEIATH 3PUTEJIIO OIIYIIEHNE YIOTa,
U PAJIOCTH OT IPOYKUBAHUS B HOBOI KBAPTUDE.
Bo Bpems 00ycTpoiicTBa MaJIeHPKUX KYXOHb 1
cany3ssa OOoJIbIION TexHuUKOU mpumenenne 3D
BHU3yau3allii ITOMOTAeT BBIOpATh Hambosee
ouruMasibHOe perienne. Bo BpeMms mOKynku
Me0eJn, BBITIOTHEHHOM MO/T 3aKa3, C TTOMOIIHIO
BU3yaJIM3alNy WHTEPHEPA MOYKHO TapMOHWYI-
HO PACIIOJIOKUTH BCE OOBEKTHI MHTEPHEPA B
00111y 10 ITAaHUPOBKY KOMHATHI. [Ipu BBIMOTHE-
HUU KOCMETHYECKOIO PEMOHTA BU3YaJIU3AIUA
MMOMOTAET OIEHUTh CTUJIb, BEIOPDAHHBIN TU3aii-
HEPOM, U TP HEOOXOIUMOCTU BHECTHU MPABKU
B IIPOEKT.

e 3D Busyanmsanusi oucos. OcHoBHAs 3a7a49a
obycrpoiicTBa oduca — 3TO co3ganme HANOO-
Jiee TPAKTUIHON 1 (DYHKITMOHATLHOM paboueii
mromaau, ¢ dem 3D Busyammsarus dddex-
TUBHO CIIPABJISETCS.

BuiBO/1bI

B pesyabrarte mpomenanHoit paboOThI U u3y-
YEHUU JIOMOJHUTEIbHBIX MATEPUAJIOB, MOXKHO CIe-
JIaTh cjemyronue BoIBOALI: 3D-MonennpoBanue sB-
J4eTCd BaXKHOI TEXHOJIOruel, KOTopas BBICOKO 1ie-
HUTCH B COBPEMEHHOM /Ju3aiine unrepbepa. lu-
POKUiT BHIOOP TPOrPAMMHBIX MPOAYKTOB I pa3-
JINYHBIX YPOBHEH MOATOTOBKHU MO3BOJISIET TPOEKTH-
POBATH [M3AMHOM WHTEPHEPOB JayKe HAYMHAIOIUM
nostb3oBaresisiM. HecMorps Ha onpeiesieHHbIE HET0-
crarku, npeumyiiecrsa 3D-moznenuposanus 6osee
YeM OTPABIBIBAIOT WX WCIOJIL30BAHUE JIsT CO3/1a-
HUsT KQYECTBEHHOTO IU3aiiHa, W Pean3allid WHTE-
PHEPOB JII000# CIIOXKHOCTH.

Hayunwti pyxosodumenv: Kykun Jmumput Ilemposuw, noueHt, 3apeayomuii Kadeapoit BMull

BI'YUPa, kukin@bsuir.by.
Casonosa  Jlapva

sazonovad21@gmail.com.
Kupuarox  Awnacmacus Cepzeesna,

theflashan@gmail.com.

Anmonoena,

CTyIZeHTKa 3

kypca dakyapbreta WTuyY BI'YUPa,

cryneaTka 3 Kypca dakyabrera WTuyY BI'VIUPa,
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B. K. Agamosuu B. O. Iapiok

CJIOZKHOCTD AJITOPUTMOB HA ITPUMEPE PEKYPCHUU
B A3BIKE C++

B cmambve onucu8aemca nNOHAMUE CAOHCHOCTIU aN20PUMMOB, CPABHEHUE NUHEUHDLT UYUKA06 U PERKYPCUU NPU pE-

weHuu 3aday padautrHo20 muna.
BBEAEHUE

B mupe muH@pOpMANMOHHBIX TEXHOJOTHI CKO-
pOCTh PabOThl TPOTPAMMBI  SIBJISIETCST OTHUM W3
BasXKHeHIMX mokazareneit ee apdexruprocTu. O-
HUM U3 KJIIOYEBBIX (haKTOPOB, BIUAIONIAX HA, IIPOU3-
BOJIMTEJIbHOCTD, SIBJISIETCS CJIOKHOCTH AJITOPUTMA,
KOTOPBIH WCIOJIb3yeTCsl sl PEIeHUs MOCTABJICH-
noit 3aa4u. CyliecTByeT HECKOJIbKO BHJIOB CJIOXK-
HOCTHU AJITOPUTMOB, KOTOPBIE OMPEIENIAIOTCA B 3a-
BUCHMOCTH OT XapaKTEPUCTUK BXOIHBIX JAHHBIX.

I. CH0XHOCTb AJITOPUTMOB

CJIOKHOCTH AJITOPUTMA — 3ITO KOJTUYIECTBEH-
Hasl XapaKTEPUCTHKA, O3HAYAIONIAsA, CKOJIHKO Bpe-
MEHH U KaKOi 00bEM maMATh HOTPEOYEeTCs /11 BbI-
MOJTHEHNS AJITOPUTMA.

OgHako, B Hallle BpeMsi, KOTJA TOBOPSAT O
CJIOXKHOCTH aJIPOPUTMA, MMEIOT B BHJY, HACKOJIb-
KO OBICTPO OH paboTaeT, BeIh Pa3BUTHE TEXHOIOTHIA
CIeJIaJI0 TAMATh He TAKMM KPUTHYECKUM DECYPCOM
. BepHo monMeruTh, 9T0 BpeMs BBIMOIHEHUS aJIr0-
pUTMa 3aBHCHT OT , yCTPOWCTBA, HA KOTOPOM €ro
3AIlyCKAIOT, BE/lb OJIMH U TOT K€ AJITOPUTM 3aIly-
IIEHHBIN HA PA3HBIX YCTPONCTBAX BBIMOJIHSIETCS 33
pa3Hoe BpeMs.

st pemtenus 3TOit mpoOaeMbl OBLITO TPEIIO-
JKEHO M3MEPSTH CJIOKHOCTb AJITOPUTMOB B 3JIEMEH-
TapHBIX IIAraX. TO €CTh CKOJbKO MeHCTBUI HEOOXO-
MO COBEPINUTH JJIsi €r0 BBIMOJHEHUs. Tormna JIio-
00if aITOPUTM BKJIIOYAET B ce0st OmpesesieHHOe KO-
JIMYECTBO IIArOB U HE WMEeT 3HAYEHUE, Ha KAKOM
ycrpoiicrBe oH OyJeT 3aIyIlneH, TaK KakK KOJdde-
CTBO TIIaroB OCTAETCS HEM3MEHHBIM W XapaKTepH-
CTUKW YCTPONCTBA HE BIUSIOT HA CKOPOCTH €r0 BbI-
TTOJTHEHMWS.

II. CPABHEHUE JIMHENHBIX U PEKYPCUBHBIX
AJITOPUTMOB

Mb1 nipoBesiu psi/i 3aMePOB BPEMEHU BBIIOJIHE-
HUS HECKOJIBKHUX MPOTpaMM, Mbl Buraucsiim mpons-
BeJIeHHe YEeTHOrO KOJIMYecTBa 1 (1 >= 2) COMHOKH-
TeJseit onpeneenHoro suaa. st ymodcTBa Mbr Opa-
sin 3Hagenue n pasuoe 10,100 u 1000. ITo narmm 3a-
MepaM MbI 3aMETHJIM 9TO Ipu 3HadeHnu n=10 Bpe-
M$l BBIIOJIHEHUSI PEKYPCUBHOIO METO/A B 2.5 pas3a
Oosbiie, uem y jguHeinoro. [Ipu 3nadenusx n=100
and n=1000 otsinane BO Bpemenu ObLI0 B 2.7 u 24.4
pa3a 6oJibIlle COOTBETCTBEHHO.

Jma crmeayionero 3aMepa Mbl PEITUIA B3ATh
3a7ady MO PEIIeHnu0 ONPEeJEeJeHHOTO BBIPAYKEHUS

B KOTOpOM mnpucyTcTBoBas daxropuaa. Ilo 3ama-
ue MBI JOJIKHBI ObLIM BBOAWTH 3HadeHus n and k.
IIpu moacTaerax mbr B3stmm n=15 k=13, n=17 k=4,
n=21 k=11 u MOJIy4YnIN NOXOXKYI0O KapPTHHY KaK U
B IPeABIAYIIeM IpUMepe. PEKYPCUBHBIN METO/, BbI-
nosasics B 5, 50 u 74.2 paza Gosbiie 4em JuHed-
HBbIA.

Tperuit Ham 3aMep Mbl IPOBOAMIA HA 3313~
4e, rae OBIIO HeOOXOAMMO TPEACTABATH YUCIO0 N B
p-uuHOil cucreme cuucienus (p < 10). Mbr nepe-
BOAWIM YUCJIO 15 B ABOMUHYIO cucTtemy, 486 B 1d-
tepuunyio, 1786 B geBarepuunyio. U yBumenn qro
XOTh PEKPYCHUs BCE PABHO BBIIOJHSIACH MeJJjieHee
HO HE C TAKUM OOJIBIIIM OTPBIBOM KAK B TPOIILIBIX
puMepax, B OTHOIIEHUAX MO BpeMmeHu 1:2.3, 2:2.5
n 3:2.1.

Crenyromeii 3amadeii ObLIO PEIIEHUsT MTOIKO-
PEHHOTO BBIPAXKEHUS N MOPAIKA, B KAUECTBE UHCeNT
n Mbl Opasu nopaaku 35, 47 u 75. ITo pesynabraram
3aMEpPOB TIPU BBIYUCICHUN HAMMEHBIIETO W3 3TUX
MOPSITKOB PEKPCUBHBIN AJTOPUTM OKA3aJICs OBICT-
pee JTUHEWHOTO, OHAKO TP YBEJIMIEHUN UTEePaInit
BpeMs BBITIOTHEHUSI PEKYPCHBHOTO METO/Ia BHOBD
YBEJIMIUJIACH B PA3bI

Camble WHETEPCHBIE PE3YJIHTATHI MOJIY YUTUChH
npu onpenesnenus ducen ¢pubonatdn. [Ipu 6ombImmx
3HAYEHUIX KOMII'BIOTEPY HE XBATAJO TMaMATH I
perenns 3amaun. B 3ToM mpumepe MbI mompoboBa-
JIA Pa3HbIe BU/bI PEKYyPCUil: IUHEHAA, KOCBEHHAA U
npsaMasi Jis pernernn 3Toi 3aaaqu. [locte gero Mot
BBISICHUJIA ITO CaMOil OBICTPOit /i1 JAHHON 3312491
0Ka3aJIach JIMHEHHAS PEKYPCHsi, OHA OOTOHSITIA CBO-
nx cobparnes raero B 700 pa3, M TOJIHLKO OHA MOTJIa,
canTarh 00JIee DOJbINHE 3HAYEHUsT ducea (puboHa-
YU,KaK U JIMHEWHBIN aJITOPUTM.

Ilocnenamm MBI pemuiu MPOBEPUTH 334ATY
MIOMCKA MAaKCUMAJIbHOI'O 3JIEMEHTA B MACCUBE YHCEJI,
MbI co3aBajin MaccuBbl u3 30 ciydaiiHbIX JIeMeH-
TOB, BeJb pA3HUIIA ObLIA BUIHA IPHU MOUCKE B OOJIb-
X 00bEMAaX JTAHHBIX, [0 UTOTY 3aMEpPOB PEKYD-
CHUBHBIN aJropuT™ B 2.5 pa3a 3anumast OoJibIne Bpe-
MEeHHU JJid IOMCKa, YeM JIMHEHHBIN.

III. TIPUMEP YJIYYHIEHNS YUTAEMOCTU U
VIPOLIEHUS KOJA C IIOMOIILIO PEKYPCUM

Wrak, 1m0 mpoBeEHHBIM 3aMepaM $CHO, 9UTO
peKypcuBHbIe PYHKIIAN FaIle BCEro paboTamoT Me-
JIEHHee JIMHEHHBIX U ITPY OOJIBIINUX BBIYUCTEHUSX 3a-
TPAIUBAIOT OOJIBIIOH OOBEM MAMATH, HO Y PEKYPCHH
€CTh W TPHUSATHBINA ACIMEKT, 3TO YNPOIINEHWE UNTAE-
MOCTH KOJA W €r0 aJrOPUTMOB, MbI PEIIUJINA TPO-
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BEpUTH ITO HA asropurMme quicksort, Mbl HamuCaIH
2 Bapualnuu peasn3aluid KBUKCOPTA, PEKYPCUBHBIM
METO/IOM U He PEKYPCUBHBIM. IIEPBBIM Mbl PACCMOT-
PUM peasn3aImio PEKypPCUBHOTO METOJia. Ha BXOJ
dbyHKIINT UAET CaM COPTUPYEMBIN MAaCCUB U WHJIEK-
CBI KPATHUX JIEMEHTOB, TAK?KE 00bSIBJISTEM UHIEKChHI
i m j xoropeim npucBamBaem left u right coorser-
CTBEHHO, IIOCJIe 9€r0 Mbl HAXOAUM 3HAYEHHUE CPeTHe-
T'0 3JIEMEHTa B MACCHUBE,ajIee HAUMHACTCS TIKJI, KO-
TOPBIH BBITIOTHAETCS TTOKA WHIEKC i He CTAHET MEHb-
1ie, JInh0 PABEH WHIEKCA j TIOC/IE 9€r0 BBITOTHAIOTCS
[MKJIBI TIOBBIMNIEHNUS JIEBOTO WH/IEKCA U TTOHUYKEHUS
[IPABOr0 MH/IEKCA, [TOKA 3HAYEHUs IepeOnpaonecs
C JIEBOI'O ¥ IIPABOI'O KPas COOTBETCTBYIOT YCJIOBHUIO
BBITIOJTHEHUS TTUKJIA,MOCTE Yero Mbl TTPOBEPSIEM, eC-
Ji 1 MeHbIe 00 PABEH j, TO MbI MEHSIEM MECTa-
MU 3JIEMEHTBI 10JT UHJIEKCAMH i U j, MOBBIIIAEM 1 U
YMEHBIIIAeM j, TIOCI€ OKOHYAHUS PAOOTHI IIUKJIA, TPO-
HCXOJIAT IPOBEPKA, €CJIM WHJIEKC KPailHero JieBoro
3JIEMEHTA MEHBIIE OTePaToOpPa j, TO MBI CHOBA BBI3bI-
BaeM (DYHKIUIO COPTUPOBKHU, TOJTHKO MOPSIKOBBIM
HOMEpPOM KpaifHETo 3JIeMeHTa Teleph CTAHOBUTCA ],
TaKKe WAET ellé O/Ha MMPOBEPKAa, eCJId OIeparTop i
MEHbBIIIE OPSIKOBOIO HOMEDPA IOCJIEIHErO, TO MbI
BBI3BIBAEM (DYHKIIMIO COPTUPOBKHU, TOJBKO TOPSII-
KOBBIM HOMEDPOM JIEBOTO CTAHOBUTCS WHJIEKC i.
Tenepb paccMOTPUM peaTU3ANAIO HE PEKYpP-
cusHoro anropurma.Ha Bxon pyukimm uaér copru-
PyeMblil MacCUB U UHAEKChbl KpaliHUX 3J1€MEHTOB, B
[IEPEMEHHOM Size COXPAHAETCs KOJIMYECTBO JJIEMEH-
TOB MCXOHOTO MACCHUBA,IIOCTe I€T0 CO3JAETCS Mac-
cuB mas-ind ¥ BBIIEISETCS MO HErO MaMsaTb pPas3-
MepoMm size./lasee wHUTIMATH3UPYETCS MEPEMEHHAS
safe, koropas sBasiercsa OydepHoii u top, KOTOPOit
[IPUCBAUBAETCH 3HAYEeHHE -1, OHA 2Ke [IPU ITOM CO-
XpaHsgIeT B MACCUB WHIEKCOB WHIEKCHI KPANHUX 1€~
MEHTOB,/1aJIe€ BBIMOJIHAETCS IUKJI, TTOKa top 00JIb-
e b0 paBeH HYJII0,Mbl TPUCBANBAEM IT€PEMEHHOM
right HOBOe 3HAaYeHWE W yMEHBIAEM IEPEMEHHYIO
Ton HAa 1 ¥ TOXKE caMoe JeJIaeM /IJIsd [T€PEMEHHOM
left. Haxonum 3Ha4enne CpegHero 3JIeMeHTa MacCu-

Adamosun Bozdan Koncmanmunosuwu,
nporpamvupoBanusg BI'YUP, jemojem@yandex.ru

Ba,MHUATUATIU3UPYEM YKA3ATEHU i ¥ j U IPUCBAUBAEM
um 3uadenus left u right.ITocsie npoussBogsgTcs muk-
JIbl KOTOPbIE OBbLIU IIPEJCTABJIEHbl B PEKYDPCHUBHOM
MEeTO/e U TIPU OKOHYAHWK PAOOTHI IIUKJIOB MBI ITPO-
BepsieM, eCJIU 1 MeHbITe 00 PABEH j,TO MbI MEHIEM
MeCTaM¥ JIEMEHTHI MO, WHIEKCAMU 1 U j, TTOBbIIIa-
€M 1 U yMeHbIIIaeM j, TOCJe 4Yero UIyT IIPOBEPKH,
ecsu left menbmie j, To left Mbl Bo3Bpalaem B mMac-
CUB WHJIEKCOB HO MeCTO right 3amuchiBaeM j.eé oi-
HA TPOBEpKa, ecyn i<right To mecto left B maccus
WHIEKCOB 3aMMCHIBAEM 1 a right 3aHOCHM HaA CBOE XKe
MECTO.TI0CJIE BBITTOJTHEHNS BCEX ITUKJIOB MbI [TOJIy9a-
em orcoprupoBannbiii Mmaccus.Hy u konmne ynassem
BBLIEJIEHHYIO HA MACCUB MHIAEKCOB IIAMATh.

IV. BbBIBOJBI

ITo npoBengrHO# paboTe MbI MOXKEM C/IJIATh
BBIBOJI, 9TO PEKYPCHSA MOXKET BBIUTDHIBATH WJIH
OBITH PABHOM IO BPEMEHH C JUHEHHBIMU AJTOPUT-
MaM# 1IpU MaJibIX BbIYMCJIEHUSAX, OAHAKO IIPpU YyBE-
JWYEeHNN UTEPANN PACIETOB BpeMs BBITOTHEHNS U
Harpy3kKa Ha CHCTEMY BO3PACTalOT B JECATKH Pa3,
HO 3TO He 3HAYUT, ITO PEKYPCUIO HY2KHO CITACHIBATD
CO CYeTOB, eCJId Balla IporpaMmma paboraer me-
JIEHHO B 3TOM He 00s3aTe/IbHO BUHOBATHI PEKYPCHH,
BeJIb B CBOEH paboOTe MBI TIOKA3aJIM ITO BCE 3aBUCUT
e€ OT ONTHMU3AINN BaIlero Koga. Pexypcun moryT
OYeHb YIIPOCTUTH BaM MOHUMaHUE KOJA W HE TOJTBKO
B IMOKA3aHHOM HaM KBUKCOPTE HO TaK Ke KaK IPH-
Mep u B co3maHun u 00paboTKe OMHAPHOIO JIepeBa.
HeobxoanMo rpaMOTHO MCTIOAB30BATh W ONMTHME3H-
POBATh PEKYPCUHU JJIs HAINCAHUS XOPOIIEro KOJa.

1. https://bimlibik.github.io/posts/complexity-of-
algorithms/

2. OCHOBBHI AJITOPUTMUIAIIUN 1 TIPOT'PAMMMU-
POBAHUA (SA3BIK C/CH+). JIABOPATOPHBI
ITPAKTUKYM. C. A. Becnanos, A.B. I'ypesuq, T. M.
Kpusonocosa, T. A. Pak, B. JI. Cmupsos, O. O. IllaTtu-
gosa, B. II. [MlecrakoBu«u

crymeaT 1 kypca kadeapbl BHIYUCIUTEILHBIX METOIOB U

Iaprox Baaducaae Oaezosuw, cryment 1 Kypca Kadeapbl BBIYUCIUTEIbHBIX METOJOB M IPOrPaM-

mvupoBanus BI'VYUP, 4375299378687

Hayunoti pyxosodumenv: Kykun Amumpud [lemposuu, 3aBemyromuii Kadeapbl BEIYUCIATETHHBIX
MeronoB u mporpammupoBanust BI'YUP, kukin@bsuir.by.
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M. A. Bynxkesuu, E. I'. 2Kykosckas, B. C. Kynukon

STAIILI PABPABOTKU IIEPCOHAXKEN UT'POBOT'O
ITPNJIO2KEHU A

B cmamve anasu3upyemcs 6as4cHocms co30aHUA GHEUWHOCTIIY NEPCOHAINHCET KOMNDIOTEPHOLET Uzp, no0TodauLel nod

UL TAPAKIMEP U PoAb, a4 MAKHCE ONUCAHDL ITNATIOL UL C030aHUA.

BBEAEHUE

Urpbl OKa3bIBAET SIBHOE BAUAHHUE HA YEJT0BEKA,
a MePCOHAXK - 3TO OJUH U3 CIIOCOOOB BO3AENCTBUS HA
nrpoka. OmHON M3 TJIABHBIX 330a4 TPH CO3IAHIH
WUTPBI ABJISETCA 3a7a9a CAeIaTh 3allOMUAHAIOIIETOCS
reposi.

I. HAYAJIO PABPABOTKMU IIEPCOHAKA

JL7Ts1 XOpOITIero mepcoHazka B UTpe HyKHO TPO-
paboTaTh €ro MOTHBAINIO. DTO HEOOXOIMMO, ITOOKI
HAIpABUTh WTPOKA B TPABUJIBHOE PYCJI0. MOXKHO
BBIJIETIUTH 3 OCHOBHBIX TPUEMA, KOTOPBIE XOPOIIO
IIOMOTAI0T TPOPAOOTATH MOTUBAIMIO: CHHEPIUS MO-
TUBALUU I'epod U refiMIlied, aHaJ10rus ¢ HupaMug0i
Macaoy n ycTpaHneHue pa3pbiBa MEXKJIY MOTHUBAIIM-
ell repod U UTPOKA.

Cuneprusi MOTHBAIUU TepOs W TrefmIies —
onuH 13 (PAKTOPOB IMOTPYKEHHsI B MUDP HUIPBHI. 1O
eCTb JefiCTBUS IEPCOHAXKA JIOJIZKHBI COOTBETCTBO-
BaTh TTPOTTMCAHHBLIM JII €70 XapaKTepa KadeCcTBaM.

Emé oauu mpuém 11 mpopaboTKU KOHIEITAN
mepCoHaXka - 310 apxerurnbl. OHU MOCTPOEHBI HA
TOM, 9TO Yy BCeX JII0/lell BO3HUKAIOT IPUMEPHO OH-
HAKOBBIE ACCOIUAIMU C KAKUM-TO OIPeJeIéHHBIM
IIBETOM. HpI/IMeHeHI/Ie TEOPpUU apXeTUuiioB rnmomMmoraert
Ha TI0/ICO3HATETIHLHOM YPOBHE TIOJCKA3bIBATEH UTPOKY
KaK BeCcTH cebs C TEM UJIM WHBIM [TEPCOHAKEM.

II. PA3PABOTKA BHEIIHOCTU IIEPCOHAYKA

Tlocsie mpopaboTK MOTHBAIMHA ¥ TIEJTHA IEPCO-
HazKa CJIEJYeT MPUCTYIHUTh K €r0 BHENIHEMY BUJLY.
Crenyer mOMHUTH, 9TO APXETHUI TEPCOHAYKA OIpe-
JIeJISTeT €ro BHEITHUE aTPUOYTHI, TOITOMY MPHU TPO-
PHCOBKE MEPCOHAYXKA, HY>KHO YUYUTHIBATH €ro pOJ,
BaHATUN W BU3YAJIU3UPOBATH €ro COOTBETCTBEH-
HO. HeobxoamMo BBIIETUTH TVIABHOI'O TE€POs CPEIH
OCTaJIbHBIX HepCOHa)KefI C TTIOMOLIBIO BbIPA3UTEJIb-
HOTO CHJIy3Ta, ITOOBI CO3aTh KOHPACT MEXKIY HUM
¥ HEUTPOBBIMHU MEPCOHAZKAMHU.

He manosaxkabim asmgerca cospaame NPC-
repoes. NPC (or aurn. Non-Player Character) —

Byuxesun Muaana Aaexcandposna,
m.butskevich.al@gmail.com

Kyrosckana Examepuna Il'ennadvesna,
katerina.zhukovskaya0l@mail.ru

Kyaukxoe Bauecaas Cmanuciasosus,
channelsuharik@gmail.com

CTYIEeHT

9TO IEPCOHAXKU, KOTOPBIMU UI'POK HE MOXKET yIIPaB-
J57h. OHU OOBIYHO MPUBSA3AHBI K MECTHOCTH, B KO-
TOPOU HAXOINATCA, MOITOMY WX BHEIIHUWN BUJ, JTOJI-
2KEH COOTBETCTBOBATH OKPYKEHUIO.

Paborast ®am TpPOTWBHUKAMH, HEOOXOINMO
MPUIEPKUBATHC  €IWHON KOHIEMIIUN, TO €CTh,
MOXKHO CO3/JaBaTh BPAaXKECKUX T€POEB TPUBSA3LIBA-
fACh K JIOKanmuu uin punaabaoMy boccy. B cuayaTe
Ka2K/IOr'0 THUIIA IPOTUBHUKOB IOJIZKHBI IIPUCYTCTBO-
BAaTh AKIEHTHbIE 30HbI, [I0KA3BbIBAIOIINE €r0 KJII04e-
BYIO CIIOCODHOCTD. Takrke MOYKHO BBECTH MEPAPXUIO
JIJIsI BparKIeOHBIX MMepCOHAKENH.

B awmzaitne dunampbaoro 6occa IOMKHBL Jie-
KATh T€ YK€ MPUHIIUIIBI, UTO U B U3 HE TPOTHBHU-
KOB, HO MIPEIBOIUTEND JIOJIKEH CTOATH HA BEPIIWHE
nepapxuu. s Toro, 9T00bI 00ErIUTh 3379y Ur-
POKaM MOXKHO BBLIEIUTH ysi3BUMbIE MECTa Ha TeJie
MOHCTPA.

III. BBIBOIBI

Cosmanue nepcoHazkeil - 970 BaXKHBIH TBOpYe-
CKHii IIPOIECC, KOTOPbIH Tpebyer riybOKOro moHu-
MaHus ncuxojornn. HeobXoaumo TIATEIHFHO MPO-
pabaThIBaTh KaXKJI0r0 MEPCOHAYKA, HAYUHAS OT €ro
HUCTOPUU U 3aKAHYNBAS BU3YAJIbHBIM 0(DOPMIICHAEM
U XapaKTepoM. XOpOIIo pa3pabOTaHHBIE IePCOHAa-
2K¥ CIIOCOOHBI BOBJIEYb UI'POKA B MCTOPUIO U 3aCTa-
BUTH €r0 SMOIMOHAJIHHO MEPEKUBATH COOBITHUS WT-

pBI.

1. KOLORO [Daekrpounsit pecypc] / Morubanus
u pa3paboTkKa TJIABHOTO repost Wurpsl - Pexwum
JIOCTyTa: https://koloro.ua/blog/dizain /geympley-

igry-kak-motivatsiya-glavnogo-geroya-vliyaet-na-
pogruzhenie.html

2. Smirnov school [DmexTpornbIH pecypc]| /
Kak mokasaTh  poab  NEpCOHaXKa  4epe3  Ju-
3afin: repou, Bparm u NPC - Pexum gocry-
ma: https://koloro.ua/blog/dizain/geympley-

igry-kak-motivatsiya-glavnogo-geroya-vliyaet-na-
pogruzhenie.html

2 kypca akynprera WTuyY BI'YUPa,

crynenT 2 kKypca daxynsrera UTuyY BI'YUPa,

crynear 2 kypca dakyiasrera WUTuyY BI'YUPa,

Hayunoti pyrxosodumenn: Kopwurosa apva Baaepveena, acCUCTEHT Kadeapbl BEIYUCIUTETHHBIX
MeronoB u mporpammuposanus BI'YUP, korshikova@bsuir.by
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VY. B. Botep, 1. C. Koxan
IICUXOTUIIBI NTPOKOB

Paccmampusammcn O0CHOBHDBLE NCUTOMUNDL ULPOKOE. Onucwviearomea 0COBEHHOCTIU UL GAUAHUA HA paspaﬁomny

uzp. A maxorce npuBodAMEA NPUMEPHL NOBEIEHUA UZPOKOB KaNHCA020 NCUTOMUNG.

BBEJIEHUE

Ceitgac 0OJBINOE KOJUYECTBO JIIOJEH UIrpaer
B urpol. Co BpEeMEHEM CJIOKUJIOCH TaK, 9YTO UIPO-
KW, XOTh W BeAyT cebs MO-pa3HOMy, JEHCTBYIOT MO
HECKOJIbKUM clieHapusmM. Erne Torma reiimmpusaiiep
Puuapn Annan Bapri 3aMmerun 310 M OpuIyMasl
Ha3BaHUd JIjId OIpeJieIeHudA IOBEJIeHNud UIPOKOB -
MO/leJIb pa3jiesieHusd Ha LICUXOTUIIbL.

I. OCHOBHBIE IICUXOTHUIIbI

Puuaps Asutan Bapra pasioxui Bce uaTepe-
ChbI II0JIH30BATEJIE 110 IIKaJe. Y HEro IMOJIy49u/Iach
MAaTpPHUIIA, B KOTOPYIO YKJIAIBIBAIOTCSA BCE MEHCTBUS
urpokoB. Ilo ocu X — urpokm m mup, a mo ocu Y
— JneiictBue u B3ammojeiicteue. Ilepeceuenune aTmx
IIIKAJI — MICUXOTUIIBI UTPOKOB. Beero Puaaps Bapra
BBIJEJISIET YeThIpe TPYIIIBI “‘ClieHapues”.

Hakonurenu (umu Kapbepucrbr) — cambiii pac-
npocTpaneHubil necuxorun. OHU NEHAT PA3BUTHE W
BJIACTh. VX BIMSIHME BBIPAXKAETCSA Y€PE3 HAKOILIE-
HUE BCEro, 4To MOXKer npegaocrasurb urpa. Ocoboe
YIOBOJILCTBAE WM TPHUHOCUT TOJIYYEHUs] HATPA W
JOCTUXKEHUN 38 CBOU JEUCTBUSL.

Haumenee pacupocTpaHeHHbId IICUXOTUI —
Kunnepsr. I'naBrast MoTuBaIus it HUX — 9yBCTBO
MMPEBOCXOACTBA ¥ Hajau4ne Bjactu. OHU BCeMu CH-
JIAMH CTPEMSITCS K TobeIe 1 000Kai0T COPEeBHOBATH-
csl.

UccaenoBarenn crapaioTcs KaK MOYKHO JIydIIIe
y3HATH WIPOBYIO PEATbLHOCTH U ee cekperbl. Cpa-
KeHud W aKTUBHBbIE JEfCTBUA /i1 HUX BTOPOCTE-
nenubl. Vlieasbuble yCiaoBus /115 uccaenoBaresieii —
9TO OOJIBIITOE KOJUIECTBO UTPOBBIX MEXAHUK, MHO-
ro0Opa3HbBIi KOHTEHT U BO3MOXKHOCTH ITPUMEHUTDH B
urpe cBoit ym. Um BaxxkHO u3ydarsh 0030pbI UTD I
IIOHUMAaHUSA TOHKOCTEH U CKPBITBIX aCIEKTOB UI'DBI.

Tlocnenumit ncuxorun — comuanbimkn. OHn
CTPEMSATCS K OOIIEHUIO C APYTMMH WIPOKAMHU U
B3aUMO/IEHACTBUIO C HUMU. TaKuM HUIPOKaM HYKHO
JlaBaTh BO3MOXKHOCTb BBLIE/SATHCs, COIIEPHUYATD U
KOHKYpPUPOBATh. BHUMAHWE CONMUABIIUKOB JOCTa~
TOYHO CJIOYKHO YIEP>KUBATH, MOITOMY MM HA TOCTO-
SHHOH OCHOBE HEOOXOTMMBI HOBBIE COOBITHSI U aK-
LM,

II. BJIMAHUE 1ICUXOTHUIIOB HA PABPABOTKY
UT'PLI

Ha camom nene paspabordmkam BarxKHO yUH-
TBIBATH BCE IICUXOTHUIIBL IIPU CO3/AHUU HIPBHIL.
Puuapa Anan Baprti paspaboras TakyKe HECKOJb-
KO CIIEHAPHUEB, 110 KOTOPBIM JEeACTBYIOT TeiiMIn3ai-
Hepbl. B mepBoM ciydae, reiiMIniei moapa3yMMeBaeT
CTabUIbHBIN OaJIaHC, CONIACHO KOTOPOMY BCE IICH-
XOTHIIbI HAXO/ATCH IMPUMEPHO B OIHOM COOTHOIIIE-
anu. OIHAKO CTAOMIILHBIA DAJIAHC HE TTOAXOIUT I
OECIJITHBIX UTP.

Bropoii crienapuii ocHOBbIBaeTCst Ha OaJiaHce
Hakonureneit u Kummepos. CyTh cocrour B TOM,
910 OOJIbIIAsi YaCTh UI'POKOB sBJserca Kapbepu-
CTaM¥, Ha, KOTOPBIX MOYKHO MOHETU3UPOBATH MPOEK-
To1. [Ipoment Kusiepos Tyt mokeH ObITH HAMHO-
10 OOJIbINIE, TAK KAK OHM SIBJISTIOTCS CAMBIM <«ILTQTS-
UM >» TICUXOTHUIIOM.

BazoBas mmest Tperbero crieHapus - mpeodia-
panre ConuasibimkoB. B Takux urpax Jerko moj-
JIep’KUBATH HA BHICOKOM YPOBHE PA3MED ayIUTOPUH.
MuHyc B TOM, 9TO TaKWe WIPHI B MJIAHE MOHETHU3a~
1y abCOTIOTHO HE BBIFOIHBI, HO HECMOTPS HA 3TO
JAHHBIN CIEeHApUil ABJISEeTCA TOILYJIAPHBIM.

YerBepTolii ClieHAPHUil 3aKII0YAETCA B IIPE0O-
nananvn Vccmemosareseit. urepecHo TO, 9TO mX
TPYIHO 3aBJIe9b B HOBYIO WTDY, HO €CJIM OHU OyIyT
3aMHTEPECOBAHbBI, TO UTPATH CTAHYT OYEHBb JOJITO U
akTuUBHO. TeM camMbIM CO31aeTCS aBTOHOMHBIH TPO-
€KT, JIJII KOTOPOTO He Tpedyercss MOCTOSHHBIX 00-
HOBJICHUTA.

III. BBIBOIBI

B xome HayuHOII pabOThI MBI PACCMOTPEJIH OC-
HOBHBIE IICUXOTHUIIBI UTPOKOB M BO3MOXKHBIE CIT€HA~
pun co3panus urp. JejneHue Urpokop Ha IICHXOTH-
bl IIO3BOJIIET Pa3pabOTUYMKAM IIPEIIOI0KUTh, Ka-
KO 1E/IeBOH ayInTOpuu OyJIeT MHTEPECHA Oy ryIast
Wrpa, W TOHATH, KaK MPaBUILHO €€ MOHETH3UPO-
BaTh. A JJIs UIpOKa MOHUMAHWE K KaKOMY TICHXO-
THILYy OH OTHOCATCS IOMOIaeT HalTH Urpy, KOTOpas
Oymer Hambosiee OGJIM3Ka I Hero.

1. https://habr.com/ru/companies/vk/articles/263839/
2. https://dtf.ru/gamedev/

Bobep Yavana Badumuposna, crynenTka 1 Kypca Kadeapbl BEITUCIUTEILHBIX METOIO0B U ITPOTDAM-

mupoBarusg BI'YUP, ulianabober@gmail.com

Kozan /apva Cepzeesna, crynentka 1 Kypca Kadeapbl BEIYUCIUTETHHBIX METOJIOB U IPOrPAMMHU-

poanus BI'YUP, ulianabober@gmail.com

Hayunoti pyrxosodumenn: Kopwuroea apva Baaepvesna, acCUCTEHT Kadeapbl BEIUYUCIUTETHHBIX
MeronoB u mporpammupoBanus BI'YUP, korshikova@bsuir.by.
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VY. T. I'pozaxosa, A. O. Moiiceitayk

AJITOPUTM PEUTPENCUHTA B COBPEMEHHBIX UT'PAX

B dannoti cmamove paccmMampusaemca UCnoab306aGHUE AA0OPUNME PEUMpPetcunea 6 COBPEMEHHHT 6UIECOUZPAT U

KUHO.
BBEAEHUE

PacrpoBasi rpaduka WHCTPpYyMEHT MIepesa<dn
9eJIOBEKY PEATUCTUIHOrO m3obparkeHusi or poTo-
rpadwun 10 kunHo. CylecTByeT HECKOILKO BUIOB OT-
PHCOBKHU PacTpoBOil rpaduku. Peiirpeiicunar - me-
TOJ, uJiest KOTOPOT'O 3aKJII0YAETCS B OIMCAHUU U300~
paxkenusi Kak HaOOpa JIydell MPUXOMAIMNAX U3 KarK-
0 TOYKM n300paKeHus: B KaMepy

I. Bujabl PEHOAEPUHTA

CylecTByeT HECKOIBKO CIHOCODOB peHJepUH-
ra, K KOTOPBIM MOXKHO IPHUIIUCATH XPOHOJIOTAYE-
CKUil IOPSIZIOK B JIEHTE BPEMEHU PA3BUTHUSI OTPUCOB-
KU PacTpoOBOil rpaduku.

IlepBbiM crmOCOOOM SIBJISIETCS PACTEPU3AIHS.
Busyammsamus mpoOu3BOAWTCH  MPOEIUPOBAHUEM
00BEKTOB CIIEHBI HA IKpaH 0€3 pacCMOTpEeHHs (-
dexTa mepcrHeKTHBbBl OTHOCUTETHLHO HADJI0IaTe .
BropbiM criocobom siBiisieTcss pedTpeiicuHr — co3a-
HUe W300pPAXKEHUsI MYTEM <«OTCJIEKUBAHUST> IMYTH
cBeTa OT TOYKH 0030pa K OOBEKTAM HA ITOM H300-
paxenuu. Tperbum cmocobom Oyraer Duzmdecku
O0DOCHOBAHHBIN PEHIEPUHT, Heel TAHHOIO MeTOoma
SIBJISIETCST MAKCUMATBHO (PU3UIECKU TOYHOE OMUCA-
HUE [OBEJICHUsI CBETA B CIIEHE.

B ornmmaum ot pacrepusarun peirpeiicuar 60-
Jlee TIOHSITEH YeJIOBEKY, TaK KAK SIBJISIETCS HEKOI ar-
MPOKCHUMAITHEil PeaTbHOrO TOBEIEHNUs CBETA, HO Me-
HEe MPOCT, C TOYKH 3PEHUsT AJITOPUTMUKH, [T KOM-
nproTepa.

II. AJIOPUTM PENUTPENCUHTA

CoKpalleHHO AJITOPUTM PEATPEHCHHTA MOYKHO
OIKCATH TAK:
- Pa3MecTuTh TOYKY 0030pa B JIOOOM MECTE;

- OIpeJleIUTh KaKOH IIMKCeJIb COOTBETCTBYET
KOHKDETHOH TOYKe Ha KaHBace;

- OIpEJeJUTh IBET B JAHHOU TOYKE IOJIydae-
MBIii ¢ TIO3UINN 0030pa;

- 3aKPAaCUTh TTUKCETb B 3TOT IIBET.
I'soszdxosea Yavana Tapacoena,

Moticetivyx Anmon QOaezosun,
ympasaenns BI'YUP.

OcHoBomnoIaramoIeil CyHocTho peiTpeiicut-
ra gBisieTcs ayd. JIyd — 3To 00beKT, nMeroInii Ha-
Yajio ¥ HampasyieHWe. Ero ypaBHeHHWe MOXKHO Ha-
nucath B Buzne: P = O + tD. Ypasuenue cdepbr:
(P—C)(P—C) = r?2 C nomompio JaHHBIX JIBYX
YPaBHEHUI MOXKHO IIOCYUTATH TOYKHU [T€PECEICHUS
ay4a co cdepoit. Ix moxer 6birs 0, ecsm j1yd co
cdepoit He mepecekaeTcs, 1, ecau JIyd MepeceKkaeT-
cs1 ¢ rpanutieii cepsl U 2, 0JjHA U3 KOTOPHIX — TOYKA
BXO/1a Jiy9a B chepy, a BTOpast — TOYKA BBIXOIA JTy9Ia
3 cdepbr

III. OCBEUIEHUE

OTpucoBKa OCBEIIEHUs — CaMOe BaXKHAsS W
py 3TOM HamOOJIee PECYypPCOEMKas YacThb pelTpeii-
cuara. B xozme paboThl aniropuTM OTOPACHIBAET JIy-
YU HOMUKCETHHO HA BCIO CIEHY U CJIEIUT 33 BCEMU
TpanchopmanusaMu, 9T00bI yIECTD /1aKe MajIeHne
u3MeHeHus ocmerenus. Hawmbosiee 4eTKO B WMrpax
OTCJIEXKMBAETCS YTy UIIeHnEe N300PAKEHNAX B TAKUX
ACIIEKTaX OCBEIEHUS:

- OTParKEeHUT;

- 11obATBHOE OCBEIEeHHE;

- TEeHW,

- OKKJIIO3UA OKDPYZKAIOIe#d Cpensb;
- KayCTHKAa.

IV. BriBojbI

Crenysa w3 mpemmyInecTB peidTpeiicuara, Kaxk
OTPHUCOBKHU PACTPOBOH T'paduKm, MOXKHO CYIUTbH,
9TO JIJIsi COBPEMEHHBIX BUAEOUTD, 0013/ IAI0IINX BbI-
COKOIt (pOTOPEATUCTHIHOCTD, HANOOJIEEe ONMTUMAJb-
HBIM U AKTYaJIbHBIM BapUAHTOM DPEHIEPHUHTa, OyIeT
ABJIATHCA PEUTPENCHHT.

1. Ray Tracing in One Weekend [Duexrponnstii pecypc|. —
Pexxum mocryna: https://raytracing.github.io/. — ara
nocryna: 05.04.2023.

2. Scratchpixel [dmextponrbili pecypc|. — Pexum gocrty-

na: https://www.scratchapixel.com/index.html. — Tara
mocryna: 05.04.2023.

cryneHT 3 kKypca akynbrera WHMOPMAIMOHHBIX TEXHOJOTHH U
yupasieaus BI'YUP, gvozdkova.ulyana@gmail.com.
cryneatr 3 kypca daxynbrera MHOOPMAIUOHHBIX TEXHOJIOTHH U

Hayunoti pyxosodumennv: Kyxun Jmumputs Ilemposuy, 3aBemyiomnumit Kadeapoil BEIYUCIUTETBHBIX
MeTo10B U iporpammupoBanus BI'YUP, 1okTop TexHndecKnx HayK, JTOIEHT.
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H. B. Casuu, A. JI. Tepman, K. U. Tepamenko

HEMPOHHLIE CETH: IIPOBJIEMEI I IEPCIIEKTUNBEI
PA3BUTUA

Paccmampusaemcn 0611466 nonoHCEHUE Heﬁpouumz cemeti 8 COBPEMEHHOM MUPE, A TNAKIHCE ’Ilp06./L6M'bb, CBA3DIHHDLE

C HUMU, U MEPCNEKTNUBDL UL PA3BUTIVUA.
BBEAEHUE

Hetiponnble cetn ABISIOTCS OIHON U3 CAMBIX
WHHOBAIMOHHBIX U TEPCIEKTUBHBIX TEXHOJIOTHH B
00JIACTH MCKYCCTBEHHOTO HWHTEIeKTa. B obmactu
MAIIIMHHOIO OOyd4YeHusi HEHPOHHBIE CETH UCIOJIb3Y-
I0TCSI JIJIsT CO3/IaHNS CHCTEM aBTOMATHYECKOTO Pac-
Mo3HaBaHUsI 00Pa30B, KJACCHMUKAINNA JAHHBIX U
MIPOTHO3UPOBAaHKUA Oyaymmx cobbiTuit. OHM Tak-
K€ TPUMEHSAIOTCSI B 00JACTH POOOTOTEXHWKH IS
yIpaBjeHus poOOTaMu W ABTOMATH3AIUU I[IPOU3-
BOJICTBEHHBIX TIporieccoB. B rieniom, neitpontsre cetn
WMEOT MIMPOKUN CIEKTDP MPUMEHEHUSI U SBJIAIOTCS
BaKHBIM MHCTPYMEHTOM B COBPDEMEHHOM MUDE, OJ-
HAKO TPU 3TOM CYIIECTBYET MHOXKECTBO MpPObJIeM,
KOTOpPBIE MEIA0T X pa3BuTuio. B mammoit padbore
Mbl PACCMOTPHUM TO, KAKU€ IIPODJIEMbI CyIIeCTBYIOT
B HACTOSIIIEE BPeMsi W KaKWe MEPCIeKTUBbI PA3BU-
TUA €CThb Y HEHPOHHBIX CETEH.

I.  OBILIEE IIOJIOKEHUE

Heiipounbie ceru (/M UCKyCCTBEHHbIE Heii-
POHHBIE CETH) — 3TO MATEMATHYECKUE MOJE/IH, KO-
TOpPbIE UMUTHUPYIOT PAOOTy HEAPOHOB B HeIOBEYE-
ckoM moare. OHE UCIIONB3YIOTCS [Tl PEIEeHUs Pa3-
JINYHBIX 33/1a4, HAIPUMED, KIaccuduKkaims, pacio-
3HaBanue 0OPa30B, [IPOrHO3UPOBAHUE, yIPABJICHHE
7 MHOTOe JIpyToe.

OcHOBHBIE KOMIOHEHTBI HEHPOHHOI CeTH:

1. Heiipon — 6a30Bas equHNIIa HEHPOHHOI ce-
TH, KOTOPas UMUTHPyeT paboTy HEHpOHA B MO3TE.
OHa npuHUMaeT BXO/JHBIE JAHHDbIE, 0DpabarbiBaeT
¥X ¥ BBIJAET BBIXOJHBIE TAHHBIE.

2. Bec — kaxnpiit HefipoH mMeeT HAOOp Be-
COB, KOTOPBIE OTIPEIETSTIOT, KAKNE BXOIHbIE TaHHbIe
BayKHee /IS PeITieHnsT 3a/1a4n.

3. OyuKuus AKTUBAILUE — OIIPE/IEJIeT BhIXO/I-
HOe 3HadeHne HefpOHA Ha OCHOBE €ro BXOIHBIX JTaH-
HBIX W BECOB.

4. Cnoit — HeflpOHBI OOHLEIUHSIOTCS B CJIOH,
KaXKJIpIl 13 KOTOPBIX WMEET CBOK (DYHKIIMIO B pe-
IIIEHUHU 33a4H.

5. ApxurekTypa — ONpPEIENsieT KOJIUIECTBO
CJI0€B, KOJIMYECTBO HEHPOHOB B KaXK/IOM CJIOE U CBSI-
30 MEXKy HHUMU.

6. OOy uerne — mpoIecc HACTPOIKU BECOB HEli-
POHHOI1 CeTH Ha OCHOBE O0yYaloInX JTAHHBIX.

7. OyHKIINA MOTEph — OIEHUBAET, HACKOIHKO
XOPOIIIO HEHPOHHAsI CeTh BBINOJIHSIET 3a/ay.

8. OnruMu3aTop — AJrOPUTM, KOTOPBIH n3Me-
HsIeT Beca HeHpPOHHO} CeTH B COOTBETCTBUH C (DYHK-

nueit noTeph i yaydllleHus ee IIPOU3BOIUTeIbHO-
CTH.

Heiiponnbie cern uConb3yoTcs B Pa3IHIHBIX
00J1acTaAX, BKJIIOYas KOMIIIOTEPHOE 3DEHHE, ecre-
CTBEHHBIN s3bIK, MAITUHHOE O0yYeHre, PEKOMEH A~
TeJIbHbIE CUCTEMBI, YyIIPABJIE€HUE U MHOTOE JIPYTOe.

II. ITPOBJIEMBI

Hecmorpst Ha cBOtO 3P HEKTUBHOCTD U TTOTEH-
[UaJI, HEHPOHHBIE CETH TAaKXKe WMEOT CBOH IIPO-
O6J1eMbI U OrpaHuYeHus. PaccMOTpUM HEKOTOPDIE U3
HUX:

1. Heo6xomuMocThb OOJIBIIIOro KOJIMYeCTBa, JaH-
HBIX Jig oOydenusi. s [OCTHKEHHS BBICOKOIM
TOYHOCTH, HEHPOHHAS CeTh MOJIKHA OBITH O0DyUeHA
Ha 0OJIBITOM KOJImYecTBe JaHHbIX. OqHAKO, HHOTIA
JTAHHBIX MOXKET HE ObITH TOCTATOYHO WU OHU MOTYT
OBITH JOPOTOCTOSIIUMHE B cOOpe.

2. TpymHOCTH WHTEPUPETAINU PE3YIHTATOB.
Heiipormbie cetn SBAAIOTCS ‘“9epHBIMHU STITAKAMIE
TO €CTh MBI HE BCETIa MOXKEM MOHSThH, KAKIM 00pa-
30M CETh [IPUIILIA K CBOUM BbIBOJAM. DTO 3ATPY/IHs-
eT O0bsSICHEHWE PEe3yJIbTATOB U MPUHSTHE PEIIeHuH
HA OCHOBE 3TUX PE3y/IbTaTOB.

3. Hemocrarounas ycroituuBOCTH K IIyMY.
Heiiponubie cetu MOryT OBITH YUYBCTBUTEIBHBI K
HEOOJIBIITUM U3MEHEHWSM BO BXOIHBIX JAHHBIX, 9TO
MOKeT MPUBECTHU K OIMMUOKAM WJIA HU3KOH TOIHOCTH.

4. CkuonHocTh K mepeobydennio. Ecian meii-
pPOHHAs ceTh O0ydYeHa Ha, CJIUIIKOM OOJIBIIOM KO-
JINYECTBE JAHHBIX, TO OHA MOXKET HAYaTh ‘3AMOMU-
HaTh® ObOydvalonme MpPUMEpPbl BMECTO TOTO, UTOOBI
00001IATH UX. DTO MOMKET HPUBECTH K HU3KON TOY-
HOCTH HA, HOBBIX JIAHHBIX.

5. HeobxomumocTs GOMBIIOro 00beMa BBIYKC-
JaresibHbIX pecypcoB. HefiponHbie ceru Moryr Tpe-
00BaThH OOJIBITIOTO KOJUYECTBA BBIYUCIUTEHHBIX
PecypcoB st 00yueHus u paboThl, 0COOEHHO ecJin
OHU UMEIOT OOJBINOE KOJTUIECTBO CJIOEB U MapaMeT-
poB.

OpHako moMUMO TPOOJIEM, CBSI3AHHBIX C 00y-
YeHueM HEUPOHHBIX CeTell, TaKKe CYyIIeCTBYIOT IIPO-
6JiIeMbl, KOTOPbIE OCHOBAHBI HA BO3MOXKHOCTH 3a-
MEHBI Y€JI0BEKA MMHU B HEKOTOPBIX OTpacssx. Bo-
MEPBBIX, 9TO MOXKET MPUBECTH K TOTEpe pabodumX
MECT U yBeJindeHuio 6e3paborutibl. Bo-BTOpBIX, Hell-
POHHBIE CETH MOTYT ObITh MTOJIBEPYKEHBI OIMTUOKAM U
HUCKAXKEHUSAM JIAHHBIX, YTO MOXKET MMPUBECTU K Ce-
PBE3HBIM IOCJIECTBUAIM, OCOOEHHO B MEJUIMHE U
dunancax. B-rperbux, oHE MOTYT OBITH HCIIOIB30-
BAHBI JIJIT HEKOPPEKTHBIX IIeJIell, TAKMX KaK pac-
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IIO3HaBaHUeE JIUI WU [IPOTHO3UPOBAHUE IIOBEIEHUA
JIOJIEN, 9TO MOXKET HApyIIaTbh HOPaBa U CBOOOIBI
JIMYHOCTH.

Takum 06pa3oM, HeOOXOIMMO TIIATEIHHO OIle-
HUBATh MPEUMYIECTBA W PHUCKH HCIOJIb30BAHUA
HEWPOHHBIX CeTell B Pa3/JIMYHBbIX OTPACIAX, & TaK-
2Ke pa3pabaTbiBaTh ITUYECKUE W IMPABOBBIE PAMKH
JJld UX [IPUMEHEHUd.

II1. TIEPCIIEKTUBBLI PABBUTHUYA

Heiipornble ceTm WMeEOT MHUPOKWH CIEKTD
TMPUMEHEHNHA 1, CJIeJ0BATEILHO, 001aJa10T OOJIBIIIHI-
Mu mepcrnekTuBaMu B Oymyrmem. Huke npuBemenbr
HEKOTOPbIE U3 HUX:

1. UckycCTBEHHBIN MHTEIEKT: HEHPOHHBIE Ce-
TH ABJIAIOTCA KJIIOYEBOM TEXHOJIOTHEN MJid pa3BU-
THS UCKYCCTBEHHOrO mHTEJIeKTa. OHU MOTYT OBITH
WCITO/IF30BAHBI JJIs Pa3pabOTKU CHUCTEM ABTOMATH-
9eCKOro YIPAaBJieHusi pOOOTAMU U PA3TUIHBIMU Ma-
[MIMHAME, & TAKXKe /Ul DPelleHus 3324, KOTOPbIe
paHee CYUTAIUCH HEBO3MOXKHBIMHY /I ABTOMATUIe-
CKOTO PEeIeHNs.

2. BosibImiiie maHHbIe: B HACTOSAIIEE BpeMsi 00b-
€M JAHHBIX, TeHEPUPYEMbIX U XPAHSIIIUXCS B pa3-
JIMIHBIX OpPraHU3anuax, pacrer ObicTpo. Heiipon-
HbIE CETH MOI'YT HCIIOJIb30BATHCS /Il AHAIN3A U
00pabOTKM OOJIBITUX JAHHBIX W BHISIBJICHUS TEHICH-
UHA ¥ 3aBUCUMOCTEN B JAHHBIX, 9TO ITO3BOJIAET IIPU-
HUMATh 00Jiee 0OOCHOBAHHBIE PEIIEHMUS.

3. Menununa: HEffPOHHBIE CETU MOTYT HCITOJIhb-
30BaTbHCH I TUATHOCTUKA U JIEYEHUS PABIUIHBIX
3a00/IeBaHUi, & TaK¥XKe i OOHADPYIKEHWST HOBBIX
JIEKAPCTBEHHBIX cpefcTB. OHM MOTYT aHAJIU3UPO-
BaTh OOJIBITIE 00bEMbI MEIUITUHCKUX TAHHBIX U BbI-
SBISATH 3aBUCUMOCTHU MEXK]y Pa3IUIHBIMU (HaAKTO-
pamMu u 3a00/I€BaHUSIMHA.

4. ABrOHOMHbBIE TPAHCIIOPTHBIE CPEJCTBA: HEli-
POHHBIE CETU MOTYT OBITH UCTIOJIb30BAHBI JJIsI CO3/1a-
HUSI aBTOHOMHBIX TPAHCIOPTHBIX CPEICTB, KOTOPHIE
MOTYT CAaMOCTOSTEIHHO IPUHUMATH PEIeHnst HA OC-
HOBE BXOJIHBIX JAHHBIX U 0€3 ydacTus BOIUTEJIs.

5. OuHAHCHL: HEUPOHHBIE CETH MOLYT HCIOJIb-
30BATHCS JIJTsT TPOTHO3UPOBAHUS TIEH HA, AKI[UHU U Ba-
JIIOTHI, 8 TAKKE TSI BBISBJICHUST MOIEHHUYIECTBA, U
Apyrux npobseM B hUHAHCOBON OTPACIH.

Casuyw Huxuma Baaepvesun,

6. Urpbr: He#poOHHBIE CETH MOTYT HCIOJIB30-
BaTbCH JIJId CO3/IaHUs UI'POBOIO UHTEJJIEKTA B KOM-
[ILIOTEPHBIX UI'PAX, YTO IO3BOJILET CO3aBaTh Oosee
CJIOYKHBIE M MHTEPECHBIE NUTPHI.

Takum 00pa3oM, HEHPOHHBIE CETH HMEIOT
OTPOMHBIH TIOTEHIIAAJ B PA3JIUIHBIX 00IACTIX U MO-
ryT OBITh MCHOJIB30BAHBI JIJIsI PEIEHIS MHOXKECTBA
1pobJjiemM, KOTOPBIE MbI €Ie He MOXKEM PEIIUTb C 110-
MOIIIBIO TPAIUITMOHHBIX METOIOB.

IV. BrBOOHI

B nesnom, HelipoHHBIE CETH MOTUYT YJIyUIIUTDH
Ka4eCTBO KU3HU JIIOJEN, ONTUMU3UPOBATDH [POU3-
BOJCTBEHHBIE MPOIECCHI W TOBBICUTH 3D EKTHUB-
HOCTH PabOTHI B pa3IudHbIX cdepax. OaHako, HeoO-
XOJUMO yUUTHIBATH, YTO OHU HE ABJISIOTCS yHUBEP-
CAJIbHBIM PEIIeHreM [IJIsi BCEX 337189 U MOTYT UMEThb
cBou orpanuvenus. Hanpuwmep, mis HeKOTOPHIX 3a-
Jad TpeOyeTcss BBICOKAS TOYHOCTD, a JIsT IPYTUX
— ckropocTh paborel. Kpome Toro, HeifpoHHbe ceTn
MOTYT OBITH 4yBCTBUTEJBbHBI K KAYECTBY JAHHBIX U
TpebOBATH OOJBINIOTO KOTHIECTBA O0YIAIONINX TPH-
MEepOB.

Takke BayKHO YIUTHIBATH STUIECKUE U COITU-
aJIbHBIE ACMEKTHI UCIOIb30BAHNS HEHPOHHBIX CETEN.
HexkoTopsrie 3a1a4n, Takne Kak pacrno3HABAHUE JIAI]
¥ MOHUTOPHUHT ITOBEJEHUS JIOeH, MOTYT BbI3bIBATH
BOIIPOCHL O MPUBATHOCTHA U 0E30HACHOCTH JIAHHBIX.
TTosTOoMy HEOOXOAMMO YCTAHABINBATH COOTBETCTRY-
IOIIe MTPABUJIA U OTPAHUYEHUS HA WCIOIb30BAHNE
HEHPOHHBIX CETEH B COOTBETCTBUU C OOIECTBEHHBI-
MU HHTEPECAMH.

Tem e menee, EPCIIEKTUBBI HEUPOHHBIX CeTe
OCTAIOTCS CBETJIBIMU, W OHU MPOIOJIKAT PA3BUBATH-
Cd U MPUMEHATHCS B PA3JUIHBIX 00JIACTAX HAYKH,
TEXHOJIOTUU W YKU3HU B IEJIOM.

1. Timeweb Cloud [Dnexrpornsiii pecypc] / Kaxk mannm-
caTh IpocTyo HeiipoceTs Ha Python. — Pexxum goctyna:
https://timeweb.cloud. — Jara gocryma: 09.04.2023.

2. Uccneposanue Cloud [Duexrponustit pecypc| / Helipon-
Hble ceru. — Pexxum mocryna: https://sbercloud.ru/ru. —
Hatra mocrymna: 09.04.2023.

crynear 1 kypca dakysnprera uH(MOPMAINOHHBIX TEXHOJIOTHN

¥ ympaBjieHus: BeiopyccKoro rocyJapCTBEHHOTO yHUBEpCHUTeTa WH(MOPMATHKN W PATUOIIEKCTPOHUKH,

hi.whittty@gmail.com.
I'epman Anexceti JImumpuesun,

cryneat 1 kypca dakyabrera WHOOPMAIMOHHBIX TEXHOJIOTUI

¥ ympaBieHusi Besopycckoro rocyJapcrBeHHOrO yHuBepcuTera WHGMOPMATHKA U PAIUOITIEKCTPOHUKH,

aleksejgerman06@gmail.com.
TI'epawernro Koncmanmun Hearosuw,

crynear 1 xypca dakysibrera nHGOPMAIMOHHBIX TEXHOJIO-

ruil u ynpasJieHnusi Besopycckoro rocy1apCTBEHHOTO YHUBEPCUTETA HH(MOPMATHKY W PAIHOIIEKCTPOHUKH,

konstantin.kot.1985@mail.ru.

Hayunoiti pyxosodumens: Illlamunosa Oavza Oaezo6na, crapiimii mpenogaBaTeth Kadeaphbl BhIUUC-
JINTEJIbHBIX METOJOB U MPOrPAMMUPOBaHUst Beropycckoro rocyiapcTBeHHOrO yHuBepcuTeTa nHpOpMaTh-

KU U PaJuo3JIeKCTPOHUKH, 0.shatilova@bsuir.by.
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A. IO. Onemkesua

KAHAJI CBA3U1 MEXKJTY YIIPABJISIOIIEN 9BM U
IEPEJTAIOIINM MOJIYJIEM A®AP

Has npednpuamusa mpebyemcs uccaedo6ams UCTLOADIYEMBLE TLPOMBULAECHHBLE AUHUL CEA3U U PA3PaAbOMaAMb 1A UT

ocHose Kanaa ceasu coaaacto T3.
BBEAEHUE

Paguonokanuonnsie cranmuu (PJIC) ¢ ak-
TUBHBIMU (PA3UPOBAHHBIMU AHTEHHBIMY PEITETKAMU
(ADAP), nazbiBaemble 3a pybe:KoM MHOrOMbYHKIM-
onanpubivu PJIC (MPJIC) [1], sBasiiorcst B HACTOSA-
mee BpeMs Hanbosiee 3(pPHeKTUBHBIM CPEICTBOM IO~
JIydeHust paanooKanmoHHo nadopmanun. Takue
PJIC ¢ momomipio AByXMEPHOTO 3JIEKTPOHHOTO CKa-
HUPOBAHMUSI TO3BOJISAIOT PEAIN30BATH KaK KPYTOBOIA,
TaK U CEKTOPHBIN DPEKUMBI 0030pa MPOCTPAHCTBA,
MOTYT OJIHOBPEMEHHO paboTaTh B PEeKUMAaX MOUCKA
U COIPOBOXK/IEHUS [eJIel, B TOM YUCIIEe BBICOKOCKO-
POCTHBIX U MAHEBPUPYIOIIWX.

Y paccMarpuBaeMoro paJuoioKaToOpa  ecTh
HEOCIIOPUMBIE IIPEUMYIIECTBA:

- Hoctpoenne ®AP 10 aKTMBHOMY TPUHITATTY
CYUIECTBEHHO YMEHBITIAET TOTEPH HA KAHAJN-
3aIMI0 YHEPTUH MEXKY MEePeJIaTInKOM /IpH-
6MHUKOM H 3(PHUPOM, UTO CIIOCOOCTBYET yBe-
JIMYEHUIO JATBHOCTH OOHADYKEHNS;

- Bwicokmnit ypoBeHb N3Iy9aeMoil MOITHOCTH JT0-
CTUTaeTCd 3a CY€T CYMMHUPOBAHUA B IIPO-
CTPaHCTBE MAJOMOIIHBIX CATHAJIOB;

- Ucnosnb3oBanue TBEPAOTEIHHOIO pacIpejie-
JIEHHOTO TI€PEJATINKA, OTCYTCTBHUE BBICOKOTO
HaMpPsKEHUs yruporaeT dKcmryaramnuio PJIC,
obecrreanBaeT ee OLICTPOE BKIIOYEHHUE U BHICO-
KYI0 HaJEKHOCTb;

- Orka3 B TBEPAOTEIBLHOM YCTPOHCTBE HE Ha-
CTynma€T MIT'HOBEHHO, a HaKallJIMBa€TCA BO Bpe-
MeHU, HApADOTKa HA OTKa3 TBEPIOTEIbHO-
ro ycuauresd cocrasiager npuMepHo 10 -100
TBIC. 4aCOB;

- CoBmerrenre pexxnMOB OOHAPYKEHUST W TOY-
HOTO W3MEPEHUS KOOPJAWHAT IEJH 3a CUET
MPAaKTUIEeCKA MTHOBEHHOTO YIPABJIEHUS JIy-
qOM.

Onewresun Andpeti FOpvesun,
BI'YUP, aliashkevich01@gmail.com.

Hayunwoti pyxosodumennv: Hexatuux FEaena Baadumuposha,

I. PACYET TPEBYEMOMN MPOIIYCKHOH
CIIOCOBHOCTU KAHAJIA CBA3U

Kamam cBA3M — KOMIIEKC TEXHWYECKUX
CPEJICTB ¥ CpE€Jia PACIPOCTPAHEHUS CHUTHAJIOB JIIsl
nepesadn COOOMIEHN OT MCTOYHUKA K NPUEMHUKY
(u naobopor). Ilepexaruuk, KaHan CBsA3M U IPU-
EéMHUK 0OpasyloT CUCTEMY CBA3U WJIM CHCTEMY Ie-
pemaun mHdopmanun. OCHOBHBIMHA XapaKTePHUCTH-
KaMW KaHaJIa CBA3W SABJISIOTCS:

- Ilponycknasi crmocoOHOCTh KaHaJa CBSI3M -
HanOOJIbIasT CKOPOCTh Tepefadn uHbOPMa-
MU 1[I0 KaHady cBsi3u. I3Mepsiercs 4uCIOM

nepeIaBaeMbIX JBOMYHBIX CUMBOJIOB B 1 C.
Tak, B KawecTBe JIUHUYU CBA3U MEXKJY VIIPABJISTIO-

meit 9BM u moaynem cBs3u BeiOpan umHTEpdeEiic
Ethernet, a Mmexxay MomymeM CBSI3U U MOIY/ISIMHE TIe-
penaromumu — CAN.

II. PA3PABOTKA IIPOIPAMMHOTIO
OBECIHEYEHWS MOJIYJIsI CBS3U

Monayns CBs3M TIepeChIIaeT JaHHbIE, MO0-
ayugenubie ot I9BM mocpencrBom mHTEpdeEiica
Ethernet, ma mepenarormme wmomynau, GOPMHUPYST
CAN-coobmienusi. Monynb CBsI3u BBIIOJIHAETCS HA,
ocnoBe MukpokorTposiepa STM32F407VET6.

III. BHIBOJbI

H& OCHOBE HCHOJIBByeMbIX B HpOMbILT_IJIeHHOCTI/I
JINHUSAX CBS3W W MPOMEKYTOUHBIX y3J1aX pa3pado-
TaH KaHaJ cBsa3u corjiacuo T3.

1 Stunurron, . A. MHOrodyHKIHOHANLHLIE BPAI[AIOIIN-
ecs PJIC ¢ 3/1eKTPOHHBIM CKaHUPOBaHHEM BO3IYIIHOI'O
IpoCTpaHCcTBa: cupas. mocobme / J.A. Drtmarron, II.
k. Kapunac, k. /1. Patit. — M. : TUUDP, 7. 3, u.
2, 1985. — 216 c.

2 Jlammu, A. Unrepdeiicer. Buibop u peammsanums. /| A.
Jlamuua — M. : Texuocdepa, 2005. — 168c.

cTynenT 4 Kypca crnermuanabHocTH [IpoMbIiieHHas 3JeKTPOHNUKA,

cTapIimit mpemnoaaBaTeb Kadeaph

Teoperndeckux OCHOB 3nmekTporexanku BI'YUP, maructp Texandeckux Hayk, nehajchik@bsuir.by.
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. C. Cyposa

CUCTEMA IIOMOIIIN BOINTEJIIO ITPU ITAPKOBKE
ABTOMOBNJIA

Leavro dannoti pabomo, ABAAETNCA USYLEHUE CUCTEMDL, PACCMOTIPERUE CTNPYKIMYPDL U NPUHYUUNG Pabomol, & Mak-

oHCE KAIOYUEBBLT PYHKUUT CUCTILEMDL.
BBEAEHUE

C KayKIbIM TOIOM KOJIMYECTBO aBTOMOOHUIEN B
MHpe pacrer Bce Oojiee OBICTPHIME TEMIAMU. IJTO
MPUBOJAUT K YBEJWYEHUIO YUCJIA MPOOOK W aBapwmii
Ha goporax. OmHuUM U3 cOCOGOB CHUMKEHUs ITOU
MpoOIeMbl SIB/ISETCA MPABUIbHAA MapKoBKa. Ecmm
KaXKJIBI BOJWTEIh OyJeT yMeTh TPABUILHO Map-
KOBATHCSA, TO ITO MOMOXKET COKPATUTH KOJTUIECTBO
mpoOOK ¥ ABAPUIHBIX CATYAIWii HA JOPOrax.

I. ONUCAHUE CUCTEMBI

[TapKTpoOHUK — 3TO TajRKeT, IpeIHA3HAYEH-
HBI JJis yupolenus npounecca napkopgu. OH Mo-
JKeT ObITh YCTAHOBJIEH HA aBTOMOOWJIb W COCTOUT
73 HECKOJIBKHUX YIbTPA3BYKOBBIX JATIUKOB PACCTO-
SIHUSI, KOTOPbIE U3MEPSIOT PACCTOSTHUE JI0 MPEersT-
creuii. Ilpy mpubnamkeHnn K NPENATCTBUIO MAPK-
TPOHMK HM3/1A€T 3BYKOBOM CUIHAJ WU OTOOPAXKaeT
nHMOPMAIINIO HA SKPAHE, 9TOOBI TIOMOYb BOIUTEITIO
n30eKaTh CTOJIKHOBEHUSI.

Hanmuwe cucreMbl TOMOIIM BOJHMTENIO IIPU
MAPKOBKE aBTOMOOUJIS MO3BOJISET YCTPAHUTD OIMHU-
CAHHYIO BbIIIE TPOBJIEMY U IOMOYb BOJUTEIIO MPa-
BHJIBHO IIPUIIAPKOBATH TPAHCIIOPTHOE CPEJICTBO, 3a-
JIeiCTBOBAB MWHMUMAJILHO BO3MOYKHOE KOJIMYIECTBO
MIPOCTPAHCTBA.

CucreMa OMOIY BOANUTEIIIO IPY TTAPKOBKE aB-
TOMOOWJISI — 9TO KOMILIEKC JATYNKOB U TIPUEMHU-
koB. OHU CKaHUPYIOT MPOCTPAHCTBO U Obecrnevu-
BalOT 0E30MACHYI0 TMAPKOBKY C yYacTHEM WJu 0e3
yaactus Bogutesst. CyTb paboThl 3TON CHCTEMBI 3a-
KJIIOYAETCS B TAPKOBAHUK TPAHCIIOPTHOT'O CPEICTBA
JIaKe B CAMBIX CJIOKHBIX YCJIOBUSX W TOAOOD OITH-
MAJIBHOTO MTAPKOBOYHOIO MECTA.

KoHCTPYKTUBHO cHCTEMA MMAPKOBKH COCTOUT
73 HECKOJIHKUX 3JJIEMEHTOB: JATUYNKU C W3JTydaTe-

JIIMH B yJbTPa3BYKOBOM OHMAIA30HE; NMCILIEH, Ha
KOTOPBIN BLIBOAUTCS BCsl TTOCTYMUBITIAST OT HUX WH-
dopmarus; 670K yIpaBJIEHUS.

II. KJ/IOYEBBLIE ®VHKIINNA CUCTEMBI

JlamnHoe ycTpoiicTBO 00aJaeT CIeayONuMu
byHKIUAMA: YIOPOIIEHNE TPOIECCA MAPKOBKU AaB-
TOMOOUJIsT; ObTerdeHne MapKOBKYA aBTOMOOMIS TIPH
JIBUYKEHHUH 33/THAM XOJIOM, B HOYHOE BPEMs, B CTeC-
HEHHBIX YCJIOBUAX (TMAPKOBKA, rapak); Ompeiese-
HU€ DPACCTOSHUS 10 TMPENATCTBUI U yBEIOMJICHUS
NIOJIB30BATEJIA O MOPAJIKe NeHCTBHAI IIPU IMAPKOBKE.

III. BBIBOJBI

IIpumenenmne cucTeMbl TAPKOBKH IOKYIIATe-
JIAM H IIOJIb30BaTEJAM IIO3BOJIUT PelIlaTb CJIEeayIO-
e 3a/ia9u: 9dKOHOMHUA BPEMEHU IIPDU IIaPKOBKE aB-
TOMO6I/IIIH; YMEHBIIEHNE KOJINIEeCTBA CTOJKHOBEHU
B MPOIECCE TTAPKOBKHU; WHMOPMUPOBAHNE BOIUTEIIS
O PaCCTOAHUN O IPENATCTBUH; ONITAMAJIbHAA IIap-
KOBKA aBTOMOOWJISI, TMO3BOJISIONIAs €My He BBICTY-
IIaTb Ha J0pOry CJIHUINIKOM J1aJIeKO.

O)KI/I,z‘laeMI)Ie pe3yabTaTbl UCIIOJIb30BaHUA UMA
CUCTEMBbI TaAPKOBKU: YMEHBINTEHUE KOJINYIECTBA TPO-
00K B OOJBIIMX TOPOJAX; COKPAIEHNE KOJNIECTBA,
JITTI.

CI/ICTeMbI IIOMOIIY BOJUTEJIIO IIPU ITaPKOBKE
ABTOMOOHJIST TOBBIIIAIOT 6€30MACHOCTD U KOMQOPT
BOK/IEHHSI, OCOOEHHO B YCJIOBHSX T'OPOJCKOrO JIBH-
KEeHud. OHI/I YMEHBIAIT PUCK TTOBPEKICHUA aBTO-
MO6I/IJI$I " IIOMOTaroT I/136e)KaTb HETIPUATHBIX CUTY-
anuii Ha 10pore.

1. Cocumu, [I. A. Hoselimue aBTOMOOUIbHBIE JIEKTPOH-
uete cucremsl / JI. A. Cocuun // Usgarenscro: CO-
JIOH Tlpecc, 2005. — 240 c.

Cyposa Juana Cepezeeena, cTyneHT KadeIpbl TEOPETUYECKUX OCHOB 3JIEKTPOTEXHUKHN Besopycckoro
rOCYJaPCTBEHHOI'O YHUBEPCUTETa MH(POPMATUKHA U PaauodieKcTponuku, dianochka.surova@mail.ru.

Hayunoti pyxosodumenan: Ceumo Heopv Jleonmwvesun,

svito@bsuir.by.

JOIEeHT, KAaHIUIAT TEeXHUIEeCKUX HayK,
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K. B. Cemvan

QJIEKTPOHHAYA CUCTEMA KOHTPOJIA
YCTOMYNBOCTU ABTOMOBUJIA

T'naernot 3adaveti dunaommnozo npoexma bydem AGAAMBCA PA3PAbOMKG IACKMPOHHOT CUCTEMBL KOHITPOAA YCTNOTU-

YUBOCTNU, CNOCOOHOT YCMAHABAUBAMLCA 6 ABMOMOOUAY, 6 KOMOPbE paree He NnpedycMampuearacs YCmaHnoska

dannoti cucmemot

BBEJIEHUE

Paspaborka ESP magasnacs B 1980-x. B ee co-
3mannn ygactBoBaiu komnanuu Mercedes u Bosch,
C TETbI0 JOCTUXKEHUsST OOJMbBINEHl yCTONIUBOCTH aB-
TOMOOWJISI IIPY BBIIOJHEHUU MAHEBPOB. 33 OCHOBY
CO3/IAHMST HOBOM CHCTEMBbI OBLIH B3sIThI y2Ke CyIIe-
crBylomue cucrembl, Takue kak ABS, TCR, EBD,
EDS u 60k mogaun Tommea. HoBasi cucrema opu-
€HTHUPOBAJIACh Ha IMOKA3ATEIN JATIYNKOB, aKTHBHO
MPUHAMAIONIAX YIaCTHE B BBIMIEYIIOMAHYTHIX CH-
cTeMax, KOTOPbIE B MOCJIEICTBUH ObLTN OObEINHEHbI
B JaHHOM HOBOBBeneHnuu. B 1995 rony manmas cu-
crema, ObiTa TipesacTaBiena ua Mercedes-Benz S600
coupe, MepBOM ABTOMOOHJIE B MCTOPHUHU, OCHAIICH-
HBIM JAaHHOU cucreMoil. B mocmencrsuu 1anHoil cu-
CTEMOM CTaJM OCHAINATHCS BCE IOCTAEIYIONINE AB-
TOMOOUJIN, UTO 3HAYUTETHHO CHABUIIO BEPOATHOCTD
JIETAJILHBIX UCXOI0B. CTOUT OTMETHTh, UYTO JIaHHAS
CHCTEMa MMEET P aJIbTePHATUBHBIX 0003HATEHMIA,
raknx kak: ESC, VDC, VSC, DSC, DSTC u T.1.
OJHAaKO NPUHIUINAJIBHO JaHHbIE CACTEMbI HE OT-
JIMIAIOTCS U COXPAHSAIOT CBOIO IVIABHYIO (DYHKITHIO,
a WMEHHO KOHTPOJH aBTOMOOWJIS, TPU W3MEHEHUN
Kypca npuxkenns. OCHOBHOI 3ajadveil JAHHON CH-
CTEMBI SBJISETCA y9IaCTHE B KPUTUIECKUX CHATYAIIH-
X, KOTZIa BOIUTENb, HE CIPABUBIINCH C YIPaBIIE-
HHEM TepsieT KOHTPOJb Hasx moporoit. /lannas cu-
cTeMa MPUHAMAET AKTUBHOE YIaCTHE B 3UMHEE Bpe-
Msi, B YCJIOBHSX TOJIOJIEIUITBI ¥ CHETOIIA, 1A, HO TAKKE
BKJIFOYAETCS B YCJIOBUSAX 0K, BHE3AITHOIO U3Me-
HEHMS KA4eCcTBa JOPOXKHOTO MOKPBITHS W IOSBJIE-
HHS TIPENSTCTBUI HA TOPOre, TAKUX KaK MOsBICHIE
KWBOTHBIX HA JIOPOTeE.

DJIEKTPOHHAS CHCTEMa, KOHTPOJIS YCTONYINUBO-
CTY BBIMOJIHSAET Psifl DYHKIWI, TAaKHe KaK:

- — OTKJIIOUEHUE I0/Ia4u TOILJINBA, C [IeJIbIO IIpe-
KpallleHud Nepejladu KPyTAIlero MOMEeHTa Ha
Beyliue Kojeca;

- — aKTUBAIMdA TOPMO3HBIX MEXaHW3MOB Ha OJI-
HOM WJIM HECKOJIbKUX KOJIeCaX, C IeJIbI0 KOp-
PEKTUPOBKU KypcCa;

- — CUYHUTBIBaHHE IIOKa3aTeJen pdaaa 1aTIUKOB, C
eJIbI0 IIPEeJOTBPATUTL BO3HUKHOBEHHUE 3aHO-
Ca 7 MOCJeRYIONeil MoTepn yIIPaBJIeHUI.

I. PA3PABOTKA CTPYKTYPHOW CXEMBI
CHUCTEMBI KOHTPOJIA YCTONYUBOCTH

Jlannas cucrema OyIeT BKIIOYATH B CeOsT psi
KJTFOUEBBIX 3JIEMEHTOB, MEPEIAIONIUX WHQMOPMAIIHAIO

HA OCHOBHOU OJIOK, MyTeM CUMTHIBAHWUS JAHHBIX B
pekuMe peasibHOrO Bpemenu. B ee cocraB OymyT
BXOJIUTD:

- — JJaTYUKW, PACIOJIOXKEHHBIE B aBTOMOOU-
Jie, KOTOpbIe OyIyT meperaBaTh HHQOPMAIUIO
HEIOCPEICTBEHHO Ha OJIOK KOHTPOJIS YCTOM-
YUBOCTH;

- — MOIY/H, IOAKJIIOYEHHBIE K 3JIEMEHTAM, OTBE-
YAIOMMM 34 yIPaBJCHHE aBTOMOOHIIEM, NPHU-
HUMalomye curuan ¢ biaoka ESP.

JlaT9mKu TPOIOIHHOTO U TTOMEPEYIHOTO YCKO-
peHusi, COBMECTHO C JATYUKOM ITOJIOXKEHUST
PyJisi U TaTIYUKAMU BPAIIEHUS KOJIEeC Iepe/ia-
0T WHPOPMAIAIO B 3JIEKTPOHHBIN OJIOK KOH-
TPOJIA YCTOMYNBOCTH, KOTOPBINf DACCUNTHIBA-
eT TpeOyeMyi0 TPAEKTOPHUIO JIBUKEHUS ABTO-
MOOHUJIst ¥ CPABHUBAET ee ¢ (hakTuaeckoit. Fc-
JIV TIOKA3aHUs C JATYNKOB UMEIOT aHAJOIHY-
Hble napamerpbl, To cucrema ESP He npu-
HUMaeT HUWKakuWX JeiictBmii. B caydae, Ko-
I/ MOKA3aHUs C JATINKOB PACXOISATCS, OJIOK
ESP nepenaer curnaj ruipaBingeckoMy 0J10-
Ky, KOTODBIH pPaCIpeiesser TOPMO3HOE YCH-
JIe MEXK/Ty KOJIeCaMu, 3a CYeT Yero aBTOMO-
OWJIb IIPOXKOJIZKAET JBUTATHCA II0 HEOOXOIU-
Moit TpaekTopuu. llapajaensHo ¢ 3TUM UIET
curHaJI Ha OJIOK yIIPaBJIeHUs TIOJAYH TOILINBA,
KOTOPBI, UTHOPUPYA CUTHAJ, IOJTYYEHHBINA OT
[eJIAJIN ra3a, MPeKpaIiaer n30bITOYHYIO [0 1a-
1y TOIJIMBA, JAJIs YMEHbIIEeHNUs 3HAYEHUs KPY-
TSIIEr0 MOMEHTA,, TEPEIABAEMOTO Ha, BELYIIINE
koJteca. Takum 0Opa3oM MPOUCXOIUT TTPUHY-
JIUTETHFHOE BMEIIATEIHCTBO B YIIPABJICHNUE AB-
TOMOOHUIIEM.
Jlns oObeauHeHus BCEX KJIOYEBBIX KOMIIOHEHTOB
B aumiaoMHOM mpoekte Oyner npumensTbhes CAN-
mmaa. [Iporokon CAN npezacrasisier coboit mporo-
KOJI MHOI'OQ/IPECHOI I€Pesadu C HECKOJbKUMU Be-
JIYIIAMH, C OOHAPYKEHWEM / CHIHAJIM3alnei OrnGoK
¥ BCTPOEHHO# mpuopuru3aimeii coobienwnit. [Ipo-
T0KOJI CAN 00OBIYHO HCMOIB3YETCsT B KAYECTBE KOM-
MYHUKAIMOHHON IMUHBI B aBTOMOOUJIBHBIX TPUJIO-
KEHUSIX.

II. PA3PABOTKA AJITOPUTMA PABOTHI

Pazpaborka koma i 3JEKTPOHHOI cucTe-
MbI KOHTPOJIsI YCTOWYUBOCTH B aBTOMOOUIIE MOXKET
OBITH TOCTUTHYTA, C TTOMOIIBIO UCTIOIL30BAHUST MUK~
POKOHTPOJLIIEPA, CEHCOPOB JBUKEHUSI W aJTOPHUT-
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MOB ympaBienus. [IpwHIUI paboThl CHCTEMBI KOH-
TPOJIE YCTOWYUBOCTH B aBTOMODUIIE 3AKIIOYAETCS
B OOHAPY?KEHUU MOTEPU YCTONIMBOCTH aBTOMOOH-
JIT W YOPABJIEHWH CUCTEMON TOPMOXKEHUs, 9TOOBI
MPEIOTBPATHATH 3aHOC W CKOJibXKeHwue. Jljisa peaJiu-
3AIIUU TAKON CUCTEMBI MOXKET UCTIOTH30BATHCS MUK~
POKOHTPOJIIED € ANTOPUTMAME yOPABJIE€HUS U O0-
paborku curnasos, Takumu kak AIIIT (anasoroso-
1 poBOIi TPEOOPA3OBATEND) JJIs TOJYUYCHUS JTaH-
HBIX C CEHCOPOB, IudpoBOil GuIbTp st 00paboT-
KU 9TUX JAHHBIX W T€HEPUPOBAHUS COOTBETCTBYIO-
MAX YIPABJISIONIAX CATHAIOB. Takke HEOOXOTIMO
HCIOJIB30BATDL CEHCOPBI JBUYKEHUs, TAKHE KAK AK-
CeJIEPOMETPbI U TUPOCKOIIbL, JIJIsi U3MEPEHUsT CKO-
POCTH, YCKOPEHUS U YTJIOBOW CKOPOCTH ABTOMOOH-
. DTU JaHHBIE 3aTeM 00pabaTHIBAIOTCSI MHKPO-
KOHTPOJLIIEPOM U CPABHUBAIOTCS C 3aJAHHBIMU T10-
POrOBBIMY 3HAYEHUSIMU JjIsi ODHAPYKEHUs [MOTEpU
ycroitanBoctu. Ilpm obHapyzKeHHHU MOTEPH yCTOM-
YUBOCTH MUKPOKOHTPOJLIED TEHEPUPYET YIIPABJIs-
[OIIUH CUTHAJ JJIsi CHCTEMBI TOPMOXKEHUsI, 9TOOBI
MPEIOTBPATUATH 3aHOC UJIU CKOJIbXKEHUE aBTOMOOH-
Jisi. YIPaBALAONHI CUTHAJ MOYXKET OTIPABIATHCSA B
cucremy ABS (anTmbiaokupoBodnasi cucrema) s
PEeryJInpOBAaHUST TOPMO3HBIX KOJIOIOK WJIN B CHCTE-
My yOpaBJIEHWS IBUTATEIEM [JIsT W3MEHEHUs MOIII-
HOCTHU JBUATATENs. XaPAKTEPUCTUKHN W [TapaMeTpPhI
CHCTEMBI KOHTPOJISI YCTOWYHUBOCTH B ABTOMODHIIE 32~
BHCAT OT MPOM3BOJMTENsI M MOJEIH ABTOMOOHJIS.
Hekoropble cucremMbr KOHTPOJIS yCTORYIUBOCTH MO-
TyT BKJIIOYATH JOMOJHUTEIbHBIE (DYHKITHH, TaKWUe
KaK CHCTeMa KOHTDOJIS JABJIEHWS B INHHAX, -
HAMWYECKHUE CHUCTEMBI yIPABIEHWsS TTOBOPOTAMU U
1.71. OCHOBHasi JIOTUKA PADOTHI CHCTEMbI KOHTDOJIST
YCTONYMBOCTU MOXKET ObITh PearM30BAaHA CJE/LyIO-
mmmM obpazom: Coop nHpOpMAaINT O CKOPOCTH ABTO-
MOOUJIsT, yTJI€ TOBOPOTA PYJIsi, YIJIe HAKJIOHA Ky30-
Ba U APYTHWX [MapaMeTpax, BIUSIONMX HA YCTONYIHU-

BOCTH aBTOMOOWIIs. DTa uHMOpMaIms MOXKET ObITH
MOJIyYeHa W3 PA3JUYHBIX JATYUKOB, YCTAHOBJICH-
HBIX HA ABTOMOOUJIE, ¥ [EePelaHa B MUKPOKOHTPOJI-
Jep depes uaTepdeiicor casu, Takue kKak CAN uam
LIN. O6paborka cobpanHOii wHMOPMAIUU B MUK-
POKOHTPOJIIIEPE [IJIsT ONPEIEICHIS YPOBHS YCTONIH-
BOCTH aBTOMOOWIIsl. dTa 06pabOTKA MOXKET BKJIIIO-
9aTh B ce0s aJrOPUTMbI KOHTPOJIS CTaOMIBHOCTH,
TaKWe KaK AJTOPUTMBI OOHADYKEHUS 3aHOCA, WJIN
3aHOCOMOIOOHOTO MBUKeHus. [eHeparus yupaBJis-
IOIIEro CUTHAJIA, KOTOPBIH OyAeT BAUATH HA yIPaB-
JIeHHe aBTOMOOUIIEM W TIOMOTATh BOCCTAHOBUTH €r0
YCTONYMBOCTb. DTOT CUTHAJ MOXKET ObITh HepeJaH
B PA3/IMYHbIE AKTYaTOPbl, Takue Kak cucrema ABS

III. PA3PABOTKA IIPOI'PAMMHOI'O

OBECIIEYEHUA

Kox st 3/eKTpOHHONW CHCTEMBI KOHTPOJIST
YCTOMYMBOCTH B aBTOMOOUIIE HA S3bIKE POrPaM-
vupoBanus STM32 moxker ObITh JOCTATOYHO CJIOXK-
HBIM ¥ MOYKET 3aBUCETHh OT KOHKPETHBIX TPEOOBAHMIA
¥ HACTPOEK CHCTEMBI.

IV. BriBOAHI

Ha ocHoBe mcCmob3yeMbIX B ITPOMBIIILIEHHO-
CTU TEXHOJIOI'MHA CO3JaHUA JIEKTPOHHON CUCTEMbL
KOHTPOJIST YCTOWYUBOCTH , ObLIa pa3pabOTaHa, dJIEK-
TPOHHAS CUCTEMA KHOTPOJIS YCTOHUYMBOCTHU COTJIAC-
no T3.

1 NHTSA. (2007). "Evaluation of Electronic Stability
Control (ESC) Programs."[Onnaiin].

2 Hearn, G. (2012). "Automotive Electronic Stability
Control: Control, Measurement and Calibration
Cousiderations."SAE International. DOI: 10.4271/2012-
01-0960

Cormarn Kupuan Badumosuy, crygent 4 kypca cruenuaibaocru [Ipombiinuiernas smekrponuka BIY-

NP, symanby2002@gmail.com.

Hayunoti pyrxosodumenn: Bamiwoxos Cepeeti Basenmurnosusy,

CTApPIUil MpPenogaBaTe/lb, MAaTUCTP

TEeXHUYECKUX HAyK, Y9eHbIil cekperaphb Kadeapsr, batiukov@bsuir.by
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E. E. Carunos, B. U. Tleryxos, B. 1. 2Kypasnén

ITPUMEHEHUE PEI'YJIATOPOB LDO B IEIIAX
IINTAHNYI N3MEPUTEJIBHBIX YCTPOIICTB

Pacemampusaromesn ocrosnvie ceedenua 06 LDO-pezysamopar, uT ucnosb3o6aHue 6 YeNAT NUMaHui, cobcmeen-

note wymve LDO u cnocobvr ux ymernvuerus.

BBEAEHUE

B macrosimee Bpems 0osbimas 9acTh pPaguo-
9JIEKTPOHHON aMmapaTypbl 3aMUTHIBACTCSI OT WM-
MyJIbCHBIX BTOPUYHBIX MCTOYHUKOB. Takue UCTOY-
HUKH uMeioT Bbicokme 3uHadenus KIII u ymosie-
TBOPUTEIbHBIE MACCO-TabapuTHbIE MoKa3arean. O1-
HAKO, UM CBOHCTBEHHBI TOBBIIIEHHbIE YPOBHU BbI-
COKOYACTOTHBIX MTOMEX [0 CETEBOMY BXOJY, TAKKE
BY-nymbcanyy u UMITyJIbCHBIE MMOMEXW HA BBIXO-
ne. Bonbmmas rpymnmna anmaparypbl TpeOyer mpuMe-
HEHUsI UCTOYHUKOB IIUTAHUA C IOpas3zo Oosiee HU3-
KUM YPOBHEM TIYJIbCAIWHA U 3JIEKTPOMATHUTHBIX MO~
vex. Takwe TpeOOBaHWS TPEIBIBIAIOTCT K ITUTA-
HUIO NPENU3UOHHON BBICOKOYYBCTBUTEIBHON arIa-
paTyphl: AATYMKOB (DUIUKO-XUMUIECKOIO COCTABA
BEIECTB, CIEKTPAJIbHBIX PUOOPOB, YCHIUTEIHLHO-
M3MEPUTENIHHBIX TPakTOB W T.m. OHU HEOOXOIu-
MBI [IJIsT UCTIOJIb30BAHUS B aHAJOTOBBIX W AHAJIOTO-
uPOBBIX YCTPOUCTBAX U CHUCTEMAX, B KOTOPBIX
AMILIUTY/IA TTOJIE3HOIO CUTHAJIA COCTABISIET J0JIUA U
€/INHUIIBI MUJIJIUBOJIBT.

I. TIPOBJIEMATUKA MCIIOJIb3OBAHUSA
KJIACCUYECKUX IIPEOBPA3OBATEJIEN

IIpomomkuTebHOE BpEMsST B PACIOPSIYKEHUN
Pa3pabOTINKOB H3MEPUTEIBHBIX YCTPOUCTB ObLIN
TOJIBKO KJIACCUYECKUE CTAOMIN3ATOPHI C MUTHIMAJb-
HBIM [AJICHWEeM HAa PEeryJMpPyIoleM 3JeMEeHTe OT
0,8 B u Bbime. 910 CBA3aHO C TEM, YTO B Ka-
YECTBE PEryJIUPYIOMIEro 3JIEMEHTa TPUMEHSIICA TN-
P-N-TPAH3UCTOP, BKJIIOYEHHBIH MO CXeMe C OOIuM
KOJLIEKTOPOM. UTOOBI OTKPBITH TAKOW TPAH3UCTOD
JI0 HACBIIIEHWs, HEOOXOIUM OTMOTHUTEIbHBIH HC-
TOYHUK [MATAHNUS, HAPS2KEHNE KOTOPOTO IIPEBBIIa-
er BxojgHOe Hanpsizkerue. C MOsiBJIEHHEM MOITHBIX
¥ KOMTAKTHBIX P-KAHAJIBHBIX TOJIEBBIX TPAH3UCTO-
POB, WX HAYAJW WCIOJIH30BATH B CTAOMIN3ATOpPAX
HAIPsKEHUs, UCIOJb3ys CXEMY BKJIIOYEHHS C 00-
MUM UCTOKOM. Takas cxema IMO3BOJISIeT Iphu HeoO-
XOZUMOCTH HOJIHOCTHIO OTKPBITH TPAH3UCTOD, U I1a-
JIeHVE HANPSKEHUs Ha ero mepexone (hakTUIecKu
OyZeT 3aBUCETh TOJIBKO OT CONMPOTUBJICHUS KAHAJIA
¥ TOKA HArPY3KW. JTa KOHIIEMIINs 3aJI0KEHA, B OC-
oy LDO(Low DropOut)-crabusmuzaropos.

II. Mcnoab30BAHUE LDO-PETYJISITOPOB B
LENAX HUTAHUS U3MEPUTEJIbHbBIX YCTPOMCTB

Oaum u3 nazuagenuit LDO sapisiercs ymeHb-
IMEeHNe TYILCAINH HATPSAYKEHUS HA TIUHE TUTAHUSA,
9TO 00ECTIeUNBAET U3MEPEHUsI C MEHBINEH TOorperm-

HOCTHIO0. UTOOBI OYMCTUTH IIMHY IUTAHUS OT BbI-
COKOUYACTOTHBIX MYJILCAINI, HAXOOAT TPUMEHEHWEe
pasnmyanbe cxembl BKOUeHuss LDO-perynsaTopos,
OCHOBHBIE U3 HWX — WCIOJb30Banue T0oabk0 LDO-
perynsitopa u Briaodenue LDO-perynsaropa mocie
dc/dc-upeobpazosaresis.

OCHOBHBIM ¥ OY9€Hb Ba2KHbBIM IAPAMETPOM JIJIst
LDO-perynaropos sBasiercs PSRR — koaddum-
€HT TOJABJICHUS TYJILCAIUAN HANPIKEHUS TTHUTa-
uus (Power supply rejection ratio). Ucnonb3oBanue
LDO c Beicokum PSRR BMecre ¢ mpeobpazoBareiem
HOCTOAHHOIO TOKa (pucyHok 1) moxker obecredursb
6ostee BBICOKYIO 3D DEKTUBHOCTH MO CPABHEHUIO C
MOIXOJI0OM , HCIONIB3YI0muM To16K0 LDO, u ropasao
MEHBINHUI YPOBEHD IITyMa 1O CPABHEHUIO C WCIIOJIh-
soBanueM T0JbKO dc/dc npeobpazosaress 6e3 LDO
(pucyHnok 2).

IN

DC/DC
out . %%W IN OUT|——+—0

Puc. 1 — mocnemosarenpuoe Braodenue DC-DC u
LDO-perynsropa

The LDO regulator
acts as a noise filter.

Input noise: High Output noise: Low

Puc. 2 — cHUKeHWE YPOBHS IIyMa IENW TATAHUS
LDO-perynsitopom

III. IIymbl B LDO-PETYJISATOPAX

IIIym — 310 pusmgeckoe sBIEHNE, HCTOIHNKA-
MU KOTOPOTO SIBJISIIOTCS PE3UCTOPBI U TPAH3UCTOPDI,
ucnosnp3yommecs B cxeme. LDO-peryssrop umeer
COOCTBEHHBIE TITYMbI, KOTOPHIE MOPOXK,IAI0TCST BCTPO-
€HHBIM UCTOYHMKOM ONMopHOro Hanpsikenus (MIOH)
bandgap, dbopmupyembim HA P-n mepexoge. menHo
mosromy B Masomrymsimux LDO npucyrcrByer mo-
nonuurenbubiii BeiBog NR (noise reduction), K ko-
TOPOMY MOJKJIIOYAETCSA BHEITHUN KOHIeHCATOD (pu-
CYHOK 3).
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Puc. 3 — criocobbl ymenbuienus myMa u ILyabCanuii
BBIXOHOT'O HAIIPSIAKEHUST

DTOT KOHJEHCATOP BMECTE€ C WHTEIPUPOBAH-
HBIM pe3uctopom obpasyior HYU-buabrp, KoTOpHIit
muHuME3Upyer 1yMm BHyTpennero WMOH. Onna-
KO JIOTIOJTHUTEThHAS EMKOCTh YBEIMYNBAET BpPEMSs
prouenns MOH u LDO. Ha auzkux gacrorax mpe-
Basupyer dbuukkep-iym 1/f; nasee npeobiuiagaer
TemIoBoil mym. Beiumdyuna 9TMX 1MIyMOB HE 3aBU-
CHUT OT BBIXOJHOTO TOKA. B UyBCTBUTENBHBIX K TITy-
MaM CXeMax Tph OOJIBIMUX BBIXOJHBIX TOKAX CJle-
JIyeT yUUTHIBATH W IPOOOBOM IyM, BEJIWIHHA, KO-
TOPOTO MPOIOPITUOHATbHA BeIMINHE TOKa. | paduk
zapucumoct PSRR LDO or gacTorsr MOKHO pas-
JIEJINTh Ha TPU YacTOTHLIE 00JacTh (PUCYHOK 4).

l

—
g

"I | T

Ripple Rejection (dB)
o
&

10 100 1k 10k 100k m
Frequency (Hz)

Puc. 4 - 3aBucumocts k03ddurmenTa myIbcarmit
Bxojuoro Hanpsikenus PSRR or gacrorst

B obnactu HU3KEX 9ACTOT, BIJIOTH /10 YaCTO-
Tl cpe3a mosocoBoro dunabrpa, PSRR sBiasercs
ciaeacTBreM KoMOMHAINY KOI(DDUIMEHTa YCUTCHNA
PA30MKHYTOrO KOHTYPA U 1IaPAMETPOB [0JIOCOBOIO
dunbTpa. Beime 9acToThr cpesa mos0coBoro (puib-
Tpa, BIJIOTH [0 YaCTOThI E€IWHWIHOTO YCHUJICHWS,
PSRR B Gosbieit cremenu 3aBucut ot KO3 duim-
enra ycuwrenus LDO B pazoMkHyTOM KOHTYpE. BbI-
e 9acTOThl €JMHUYHOIO YCUJIEHUsI, B TpeTbel 00-
nact, PSRR B OCHOBHOM 3aBHCHT OT BBIXOJHOTO
KOHJIEHCATOPA W B MEHbINeH CTEeMmeHn OT Mapa3uT-
HBIX COCTaBJgOmnX Mexay Vin m Vout. Wcmonn-
30BaHue 0OoJiee EMKOTO BBIXOIHOTO KOHJEHCATOPA C

Camunos FEzop Eezenvesuwu,
satinov.ee.study@gmail.com.

MEHBIITIM KBHBAJIEHTHBIM TOCIEI0BATEIBHBIM CO-
uporusienuem (ESR) nosposser ynyummrs PSRR
B Tperbeil 00/IaCTH, HO MOXKET TAKXKE IIOBJIUATH Ha
PSRR na 6onee HU3KHUX 9acTOTax. BMECTO MCTIOIB-
30BaHUs KOHIEHCATOPA OOJIbINEH EMKOCTH MOYKHO
ncnoas3osarh LDO ¢ 6omee sorcokum PSRR. Og-
nako LDO c Boicokum 3nagernnem PSRR, kak mpa-
BUJIO, TPeOyIoT OOJIBIIEr0 TOKA MHUTAHUS U MOTYT
OBITH TIOJIBEPIKEHBI CAMOTEHEPAIINH.

PSRR paccunTbiBaeTcs CJIeIyonmmM 00pa3om:

Vripple(IN)
P = 2 —_—
SRR = 20lg ( Vripple(OUT)

rae Vripple(IN) u Vripple(OUT) — nysnbcanuu Bxosu-
HOI'O ¥ BBIXOJIHOT'O HAIIPSI2KEHUST COOTBETCTBEHHO.
B unmeanproM cayuae Ob1 661 ymecren LDO-
PEryJIATOp € MUHUMAJIBHO BO3MOXKHBIM JIOIMYCTH-
MBIM TIQJIEHUEM HAMPSKEHUST W C MAKCAMAJIbHBIM
koddurnmenrom PSRR. VYBbI, 3tu TpeboBanwmst
nporuBopedar Apyr apyry. Ilpu manom nagenun
nanpsikenns #Ha LDO-peryisrope ymenbinaercs u
ero PSRR. Takum o6pa3oM, mpu MakCMUMAILHOM
oC/TabJIEHUU TyJIbCAIUI, TPUIETCH TTOXKEPTBOBATH
KIIJI perymsaropa; MakCHMaabHAs BeTmpuHA KOI(-
dunuenra PSRR gocruraercs npu najeHnn Hamps-
JKeHus Ha peryiasrope omum3kuMm K 1 Bombry.

IV. BBIBO/BI

LDO-perynaropsr  3(pGhEKTUBHO  CHUKAIOT
YPOBEHD IIYMOB B IIEMSX MUTAHUS W3MEPUTETHHBIX
YCTPOHMCTB B IIMPOKOM JMANA30HE YaCTOT, DJIaro-
mapst demy, 3hEdEKTUBHO HCHONB3YIOTCS B HU3Me-
purenbHO TexuuKe. Kovddunment mnomasienus
IITyMOB 3aBUCUAT OT KO3 uiimenTa yCuaeHus menu
OC, Harpy304HOil CIIOCOBHOCTH PEryJIsiTOpa, EMKO-
CTHU BBIXOJHOTO KOHJIeHCaTopa, KadectBa MTOH.

Cnucox aumepamypot

1. WatepreT-mOpTaJT ’Analog IC  tips’ [Dnex-
TPOHHBIH pecypc] - Pexxum JocTyna:
https://www.analogictips.com. — [Jara pgocryma:
07.04.2023.

2. WurepreT-nopras "TT  LDO  basics’ [Dnex-
TPOHHBIH pecypc] - Pexum JocTyma:

https://www.ti.com/video/series/learn-the-basics-
of-linear-and-low-drop-out-regulators-ldos.html. — Jlara
nocryna: 08.04.2022.

3. Murepuer-nopran TIpomanexkTpoHuKa’ [Dnex-
TPOHHBIH pecypc] - Pexum  gmocryma:
https://www.promelec.ru/news/27/. — Ilara gocryma:
08.04.2022.

4. Texumuecku#t pmokyment 'LDO PSRR Measurement
Simplified’ - Texas Instruments.

cTyneHT Kadeapbl TeOpeTHIeCKUX OCHOB 3jieKTporTexHuku BT YUP,

IHlemyxoe Baaducaas Hzopesuy, crymenT Kadeapbl TEOpETHIECKUX OCHOB jieKTpoTexuuku BT YIP,

vladpetuhov88@mail.ru

Hayunouti pyxosodumenn: XKypasaée Badum Hezopesun, 3apemyromuii kadeapoil, KAHIUIAT TEXHU-

veckux Hayk, vadzh@bsuir.by.
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E. A. MoxoBukosa

YCTPOMCTBO KOHTPOJISI PECYPCA SJIEKTPOHHOI'O
ITPOE3/ITHOI'O BUJIETA

BBEAEHUE

YeTpoiicTBO KOHTPOJIS Pecypca. SJIeKTPOHHOTO
npoe3Horo busera, nnade Kaprol, (ganee — YKPK)
opeagHasHa4YeHO [Jjid IIPEeAOCTaBJIC€HUA BO3MOZKHO-
CTU IACCAXKUPAM ITPOBEPKU HMJIA KOHTPOJIS OCTAT-
Ka pecypca Mpoe3IHbIX GUIeTOB Ha 6ECKOHTAKTHBIX
cmapr-kaprax (BCK).

I. ONUCAHUE YCTPONCTBA

YKPK obpabarsiBaer nadopmaIuio, Koropas
3aMUCAHA HA JIEKTPOHHOM IIPOE3IHOM Ousiere, 1mo-
cje €ero Ha TabJ0 BHIBOAMTCS KOJUYIECTBO OCTAB-
IITUXCS TTOE3/I0K, 0TOOPAYKAET OCTATOK pecypca mpo-
€3HBIX OMJIeTOB HA, OECKOHTAKTHBIX CMAPT-KapPTaX
(BCK) — ocrarka 110e3/10K uiu TapudHbIX eMHMUII,
oCTaTKa CPOKa JIeHCTBUs MPOE3THOrO Ousera.

ITpu monuecennun BCK ¢ TpancnopTHBIM Tpu-
JIO2KEHUEM B 30HY aHTE€HHBI TEPMUHAJIA OECKOHTAKT-
HBIX KapT MPOUCXOIUT UYTeHne uH(MOPMAIUH, KO-
TOpasi mpeobpazyeMcs B YIOOHBIH [7I BOCIPHUSITHSI
BHJI U BbIBOIUTCH Ha 3Kpad Juciuies. CuuranHas
nHOPMAIUS COXPAHIETCS Ha dKpaHe He menee 10
CeKYH/[I WU [0 CUNTHIBAHUS CJIEIYIOMEH KapThI.

Oyukimmu YKPK:

1) CuurbiBaHue JAHHBIX MPOE3IHBIX OHJIETOB
ma BCK;

2) OrobpakeHue Ha BCTPOEHHOM JHCILIEE
OCTaTOYHOI'0 Pecypca aKTHBHOIO Tapuda — oCcTarT-
Ka MOe37I0K MJIN TapUPHBIX €INHNI, OCTATKA CPOKa,
JefICTBHUS TIPO-€3IHOT0 OHUIeTa;

3) Ioakirouenue K MHOrO(MDYHKIUOHAIBHOMY
tpancnopraomy kourposepy MTK-12 mo untep-
deticy CAN qjis 3aHecenns pabounx KJ04ei u 00-
HOBJIeHUs1 TporpamMmuoro obecriedenusi (IT0) cum-
reiBaresns BCK;

4) TloskioueHue K aBTOMATU3UPOBAHHOMY
pabouyemy mecty crauuuu (APMC) mo unrtepdeii-
cy Ethernet mis macTpoiiku u IUarHOCTUPOBAHUS;

5) OcyuiecTBiieHre CaMOAMATHOCTUKY U BbLA~
9a uHGOPMANUK O IPUYWHE HA JIUCILIeEe yCTPOi-
CTBaA.

Moxosurosa Examepuna Andpeesna,
BI'YUP, ekaterinamohovikoval2@mail.ru.

Hayuwnoli pyxosodumensv: Ceumo Heopv Jleonmwvesun,

svito@bsuir.by.

II. ONUCAHUE TIPUHIIUIA PABOTHI
YCTPOUCTBA

Vupasisienue Bcemu QyHKIUSIMU OCYIIECTBIIs-
eT KOHTPOJLIEpP Moayast ynpasienus. [Ipu mognece-
HUU OECKOHTAKTHOW KAPThI C TPAHCIOPTHBIM TIPU-
JIOXKEHUEM B 30HY aHTEHHBI TEPMUHAJIA OECKOHTAKT-
HBIX KApPT MPOUCXOIUT YTEHUE KOIUPOBAHHONW WH-
dopmarum, 3aMUCaHHON B IPUJIOXKEHUH. 3aTeM WH-
dopmanusa 1Mo Kabesn, COeIUHAIONEMY Pa3bEMbl
XP2 repmunama GECKOHTAKTHBIX KAPT W MOIYJIS
yIpaBJIeHNS, TIOCTYAET HA BBIBOIBI COTJIACYIOIIE-
ro mpeobpa3oBaTesns ypOBHEH HA MUKPOCXEME U J1a-
nee Ha KoHTpOTEp. [locmennnit mpeobpasyem mosry-
9eHHYI0 WH(POPMAIUIO B YAOOHBIN 171 BOCIIPUSITHS
BUJ ¥ BRIBOIUT €€ Ha SKpaH aucties. CB3b MeX Iy
MOJIYJISIMU YTIPABJICHUS U JUCIIES OCYIIECTBIISETCS
IO TLIIOCKOMY Ka0eJIio, COeIMHSIOMEMY PO3ETKY XS6
Moy yupasierus u KoHHekTOop CN2 nucries.
Cunrannas uadOPMAIUs COXPAHIETCS HA YKPAHE
B Tedenue He MmeHee 10 CeKyH/I WJIM JIO CYUTbIBAHUSA
CAenyIomeit KapThl.

Mogyao ynpaBaenus
10MTC.467459.026

Mogyas quensen
HD-7.0-800480F T-CSXV—

epuUKQn BeCkoRmOKMHEX Kop
8Y 100347684.009-2012

N2

i

NRadi

Puc. 1 — Cxema ssiekrpuyeckas GyHKIMOHAIbHAL

I1II. BHBIBO/IbI

IIpumenenne YKPK monb3oBaTensmMu mo3Bo-
T O6BICTPO U 6€3 3aTPYAHEHNI PEITUTD TAKHe 33,1~
91, KaK 0TOOparKeHne OCTaTKa MOe3/I0K UIn Tapud-
HBIX €IUHUI] ¥ OTOOpaYKEHWE OCTATKA CPOKa Ieii-
CTBOM TIPOE3IHOrO OmjIera.

1. OCHOBBI ABTOMATHKH W BBIYHUCIUTEIbHON TEXHUKH. —
1978. — C. 298. Mukpompomneccopbl u JOKAJbHBIE Ce-
0 MUKpOIBM B pacrpeeneHHBIX CHCTEMAX YIIPaBJe-
musi. — 1985. — C. 272.

CTyAEeHT Ka(begpm TEOPETUYIECCKUX OCHOB JJICKTPOTEXHHUKHN

JOIEHT,KaH/IN/IAT TEXHUIEeCKUX HayK,
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E. B. Yenykosa

AHTOHUN TU3EHTAY3 — OBIIIECTBEHHBIN 1
INIOJINTNYECKUN JEATEJIb BKJI

I'pad Anrtonuii Tusenrays ObLi HM3BECTHBIM
MTOJTATUYIECKUM U OOIIECTBEHHBIM aesTesieM Besm-
KOT'O KHSI?KeCTBA JIMTOBCKOrO, OMHUM W3 CAMBIX Ta-
JIAHTIUBBIX (PUHAHCUCTOB B PeGPOPMATOPOB CBOETO
BPEMEHH.

Pomunca on B 1733 roaxy B Hosoenbue Ho-
BOTPYICKOTO BoeBoAcTBa. [lomyumB obpa3oBanue B
lepmannu n @pannun, BepHYJICA HA POAUHY W Ha-
9aJI CBOIO Kapbepy Ha TOCYyIapCTBEHHOI Ciryk0e Be-
smkoro Kuskecrsa Jlurosckoro.

B 1764 romy A.Tuzenray3 ObL1 Ha3HAYEH re-
HEPATLHBIM PEKBU3UTOPOM, & B 1775 Tomy craja
BUIlE-KaHIIepoM JIuTOBCKOrO TpubyHANA. 3aHUMAS
BBICOKHE TOCYJAPCTBEHHBIE IOJI)KHOCTH, OH BHEC
3HAYUTE/IBHBII BKJIAJ B SKOHOMHYECKOE DA3BUTHE
BKJI, B wacTtHocTH, B pa3BuTHE NPOU3BOJCTBA U
TOProBjM B 3TOM peruoHe. VI3Becrna ero nesresib-
HOCTB TIO TOAEPIKKE CTPOUTEIHCTBA HOBBIX TPE-
MPUATHI U MOJAEPHU3AINHN yKe CyIIEeCTBYOMNX 3a-
BOZIOB U (habpuK.

OHuM u3 Hanbosee 3HAYUMBIX IPOEKTOB, Pe-
asmm3oBaHHbiXx A.Twusenraysom, ObLIO yiydileHue
napacTpykTypsbl ropona IlocraBer B Burebckoii
obsactu. ITom ero pykoBOIACTBOM MPOBOIU/INCH Pa-
0OTHI IO CTPOUTEIHCTBY HOBBIX JOPOT U MOCTOB, UTO
CrI0COOCTBOBAJIO PA3BUTHIO TPAHCIOPTHON CHCTEMBI
peruosa.

Paborast ¢ 1764 mo 1793 rr. Ha TTOCTY MUHHCTDA,
dunancos Peun ITocnomuroit, Auronuit Tusenrays
VHUNUAPOBAJ TPOBEIEHUE Psa pedopM, HAmpas-
JIEHHBIX HA yKPEeIIeHWe SKOHOMHUYECKOTO TOJIOXKe-
HUS TOCYJAPCTBA.

OiHolt u3 Kito4eBbIX pedopM ObLIO co3anue
['naBHOIT Ka3HBI, KOTOpAs CTAJA IEHTPAJIHHBIM Op-
ranoMm ympasjienus dbunancamu Peun IlocmonmToii.
910 mo3Bonauno 6onee 3HMEKTUBHO ILTAHUPOBATH
OI0/>KeT W KOHTPOJHUPOBATH PACXOIbI, O0ODbETUHNB
BCe 0XO/bL U pacxobl rocyaapcersa. 1log pykoso-
crBoM A.Twusenray3sa Oblia mpoBeaeHa pedopma Mo-
HETAPHON CHCTEMbBI, B PE3YJIbTATe KOTOPO TPOU30-
1114 3aMEHA MOHET, UCIIOJIb3YEMbIX B PA3HBIX PErH-

Yenyxosa  Eausaema
elizabethchapukova@gmail.com

Bumaavesna,

onax Peun [locronuToil, Ha €IMHY IO HAITMOHAJIBHY IO
BAJIIOTY — 3JIOTHINA. DTO MO3BOJIUIO YIPOCTUTEH TOP-
TOBJIIO0 U YKPenuTh (hUHAHCOBYIO CTAOMIBHOCTD T'O-
cynapcrBa. Bombioe BiusiHue il pa3BUTHUS CEJTb-
CKOro xo3siicrBa umenu pedOpMbl, MTPOBEICHHBIE
noj; pykosozgcrsom A.Tusenraysa B aroit orpaciiu.
OHu ObLTM HATPABJIEHBI HA TIOBLIMIIEHNE TIPOU3BO/IN-
TEJIHOCTH TPYA U YJIydIIeHUE KAIeCTBA TPOLYK-
nuu. B 310 Xe BpeMs OKa3bIBAJIACH 3HAYUTEIHHAS
MOJIIEPKKA PAZBUTHIO IPOMBIIILIEHHOCTH U TOPTOB-
JI.

Anronuit Tusenrays ObLIT OIHAM U3 HHUITHATO-
poB co3manus Komuccun HapomHoro oOpa3oBaHusd,
LEJBI0 U PE3YIBTATOM JEsTEeIbHOCTH KOTOPOi cra-
JIO CTAHOBJIEHWE W PA3BUTHE CUCTEMBI 0OPA3OBAHUS
B Peun Ilocmosmmroit. Ou akTuBHO 3aHUMAaJICA OJra-
TOTBOPUTEIBHOCTHIO, (PUHAHCUDPYS CTPOUTEIHCTBO
OOJILHUIL U TIPUIOTOB JIJTsl HY K JAOIIAXCS .

Bynydu BcecTOpoHHE pa3BUTHIM U OOPA30BAH-
HbIM 4ejoBeKOM A.Twu3eHray3 KOJLIEKITMOHHPOBAJI
KAPTUHBI, OKA3bIBAJI MOJEPKKY TeaTpaM W OIep-
HBIM TPYIIIAM.

Ceromust mmsi Auronust Tusenraysa ocraercs
BaKHBIM CHMBOJIOM 9KOHOMHUYECKOTO U KYJIbTYPHO-
ro pazpurusd BKJI u Peun Ilocnosuroit. Pe3sysib-
TaThl €ro pedopM UMEIN JOJTOCPOYHBIH XapaKTep
¥ OKA3aJid MPOrPECCUBHOE BJIMSHUE HA, JajIbHEHIee
Ppa3BUTHE TOCYIAPCTBA.

Vwmep Auronnii Tazenrays B 1785 roxy B Bap-
1IIaBe, OCTABUB TMOCJe cebs CAABHYIO PEMyTalWi0 U
MHOXKECTBO JOCTH2KEHUIA.
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II. A. JIopomxko

I[IPOTUBOPEYN S OBIIIECTBEHHO-IIOJIUTUYECKON
CUTYAIIUU B BCCP B 1930 I'T. (HA ITIPUMEPE
«JIEIIEJIBCKOT'O [IEJIA»)

«Jlemenpckoe fesi0» — cymebHbIil Tporiecc, mpo-
BOAUMBIN B (beBpasie u cearsadpe 1937 r. HAT PYKO-
BOACTBOM JlemesapCcKoro ucrosikoMa, paifoHHOrO KO-
MUTETA MAPTUH, PYKOBOAMUTEJEH MECTHOIO KOJIXO-
3a 1 MTC mo 0OOBUHEHWIO B «KOHTPPEBOJIOIMOHHOM
JeATeIHOCTHY TIO MPUYNHE «HECOOJIONEHNUS PEBO-
JTIOIIMOHHOW 3aKOHHOCTH» B BHJIE HAJIOXKEHUS HE3a-
KOHHBIX MTPadOB U HE3AKOHHO YCTAHOBJICHHBIX Ha-
JIOTOB IO OTHOIIEHWIO K KPECThsIHAM. DTOT CyJe6-
HBII 1ponece ObLI OJHUM U3 MHOIMX, PA3BEPHYB-
muxcs wa reppuropun BCCP.

Pyxosoacteo Coserckoit Bemapycu BcTpeda-
J10 1937 1. HANPSI)KEHHO: CKOPO TOJI?KE€H OBLIT MpOii-
tu XVI cvesn KII(6)B, noapimanucs nannbie 00
9KOHOMUYECKUX nokazarensx. Onaun Takoit mokasa-
Tenb TpeBokui: K 1937 1. ocraBanocs okosio 100
000 eguHOMuHBIX X03giicTs (12,9 % KpecThbaHCKUX
JIBOPOB), HA HUX TPUXOAUIOCH 4,7 % MOCEBHBIX ILII0-
mazneit, 7,2 % nomaneit, 4,1 % KpymHOro poraro-
ro ckora, 3,8 % oBem, TeMI KOJJIEKTUBU3AIMU CO-
[I€JI HA HET, POCT IPOU3BOIUTEIHLHOCTH CEIHCKOIO
XO34iiCTBA TaIaJ.

Jlerom 1936 r. mporien mMepBBIT MOCKOBCKMUIA
nporiece, rae ocyausu opBimumx wienos BKII(6) mo
OOBHMHEHMIO B 3aI'0OBOPE IIPOTHB COBETCKO BJIACTU U
oprauuzaruu youiicrsa C.M. Kuposa. B xoze mpo-
11€CCa BCKPBIBAJIU HOBbIE MOMEHTbI B3AaUMOIEHCTBHS
OCYKJEHHBIX C YJIEHAMHU TTApTHH, aDMUW W OpraHa-
MU BJIACTH, TTPOBOIUJIN HOBBIE DACCIIEIOBAHUS, 3a-
BOJIMJIN HOBBIE JieJia.

Bunmanue na Jlemenb ObIIO OOpAIeHO B STH-
Bape 1937 r. Bo Bpems nposenenus Beecoro3noit me-
perucu, MpOBOAUMOI 110 HOBOMY MeToy. 2Kuresn
OTKa3bIBAJINCh JABaTh JaHHbIe: 0k0Ja0 200 m3 HUX
JIeMOHCTPATUBHO MOJIYAJIM NP PA3TOBOPE C Tepe-
nucunkavu. [IpoBemeHHOE PACCIeIOBaHUE BbISBU-
JIO «MOJTYAJIUBBIX CEKTAHTOB», MPU3BIBAIOIIAX U3-
Oerarhb mepenucu u KOHTaKTOB ¢ Biaactamu. HKB/JI
IpOM3BeJ apecTbl cpeiu «cekranTos». Ilo nposep-
K€ TaK¥Ke BBISICHUJIOCh, YTO COBETCKHE OPTaHbI He
MPOBEJIN JIOJIKHOM MOATOTOBKHU TIEPE]], TTEPEUCHIO.
Bosee Toro, B 1935 r. 3a HeuCHoIHEHUE TLIATEXKENH
rOCyIaPCTBY B OKPyTe ObLIO MPUBJIEYEHO K PA3IUI-
vbiM mTpadam u apecrosano 630 yesosek, a B 1936
roxy — 463 genoseka [1]. KpecThsine obnarammch Ha-
Jloramu 6e3 yuera uX BO3MOKHOCTEH, 3a HecoOIIo/1e-
HU€ HAJIATAJINCh TTPAdBI, HEYTIATA KOTOPBIX TPHU-
BOANJIA K KOH(MDUCKAIUN UMYIIECTBA.

V3uas npo pe3ysabrarsl B Jlemese, nepsbiii cex-
peraps KII(6)B H. I'ukaso norpebosasi uposepurnb
ocTaJIbHbIE PAOHBI. B pe3ysibrare mMpoBEpOK ObLIN
BBISIBJIEHBI CXOYKHE HAPYIICHWS.

O «Jlemenbckom memes y3uanu Bo Bcem CCCP.
O curyamuun nponH(GOPMUPOBAJIN BCE PETHOHDI
crpanbl. Kazkaplit m3 HUX JOMKEH ObLT IPOBECTH
npoBepKy Ha Hajuvue (haKTOB, BCKPHITHIX B Jle-
mejie, U TPUHSATH COOTBETCTBYIOINE Mepbl. Bo Bce
MOTPAHUYHBIE PANOHBI KOMAHIWMPOBAJIUCH YJIEHBI U
kanguaarsl B wienbl IIK KII(6)B, koropbie momx-
HBI OBLTH TPOBECTH 3aKPBITHIE MApPTHAHbIE cOOpa-
HHA C JOKJaJaMu O HemocTarkax B padore 1K
KII(6)b u CHK BCCP uo pykoBoucrBy OKpyramu
¥ paiffoHaMU ¥ BBISIBJIEHNE HA, MECTEe JeJI, BCKPBI-
terx B Jlemese [2]. ITo mocramosmenmio ITK BKII
(6) ot 22 deBpasua cymy 3a HADYIIEHUs TOJIEKATU
npezacenaressb Jlemeanckoro PUK Cemarnko, cekpe-
rapu Jlenensckoro PK IManenrens u FOmikesuy, 3a-
Beaytomuit punoTaesoMm Pycanos, paiiOHHBIN yToI-
HOMOYEHHBIN KoMuTeTa 3aroToBok mpu CHK Mu-
xaitaoB, mpeacemaresnb Craiickoro cenbconera aii-
CEHOK U PecnybOIMKaHCKOe PYKOBOJCTBO 34 «OTCYT-
CTBUE ODOIIECTBEHHO-TIOTUTHIECKON pabOThI U MO~
TUYECKYIO CJIenoTy». 4 Mapra HA4dajcs OTKPBITHIHM
roKazaresbHbIi cyn B Jlerere.

Hossbim riasoit KII(6)B cran B. ITapanrosnd
— Bropoii cekperapb Xapbkosckoro obkoma KII(6)
Vkpaunnsbt. [Ipubsis 8 Munck B mapre 1937 r., on
CTaJl BBISIBJISITH «BPAroB HAPOIa» B PSAIAX MAPTUN
M Ha MeCTax, O €M FOBOPHUJIM HA MAPTOBCKOM ILJIe-
nyme napruu, #Ha X VI cve3ae. Bombimas acts 00-
Bunenuit jgerno va raasy IIUK BCCP A. Yepssko-
Ba [3, c. 311-312). Takue «BbIABICHUSA» HPUBEIH K
rpareuu: 16 utons A. Yepsakos Obu1 HallZeH MepT-
BbIM (odunuaIbHas BEpCUs — CaMOyOHACTBO).

Ho B Mockse kganmm pe3ynbTaTOB IO JIUK-
Bumanuu Hapymenuit B Jlemene. 18 wmions 1937 r
B MUHCK HAIIPABUJIN MPABUTEIHLCTBEHHYIO JeJiera-
LU0, KOTOpas npejcraBuia 1o urory paborst Cra-
quny npoekt nocranosyenus 1TK BKII(6) «O py-
kopozcree ITK KII(6)B» [3, c. 312-313). B coot-
BercrBun ¢ HuM, B. [IlapanroBuv u npyrue dieHb
[PABUTEJILCTBA ObLIM YBOJIEHBI KAK BPArd HAPOJIA,
[OCJIE 9ero OHM ObLIH APECTOBAHDL.

2 asrycra 1937 r. IIK BKII(6) u CHK CCCP
npuHsaaun noctanosaerne «00 OkazaHWM TOMOIIM
komxo3uomy KpecrbsiactBy BCCP u nukBupanun
oCeICTBUH ymiepba B Jee KOJIXO3HOTO yCTPOii-
crBay. CoryiacHO eMy, KOJIXO3HUKH JIOJIKHBI ObLIN
OBITH ODecriedeHbl MPUYCaTeOHBIMI yYaCTKAMHU TIO
HopMaMm (0 0,5 ra), JIMKBUAUPOBAJIUCH COBXO3BI,
«co3gannble BpeauTensmus [4]. Kpecrbanam paspe-
A CBODOHO TTACTH CBOI CKOT B JiecaX TOCYAap-
CTBEHHOI'0 U MECTHOIO 3HAYEHUs, MOCEBHbIE 3aJ1a-
auda Ha 1938 1. cokparnam Ha 300 THICAY MeKTapoB.
Boumn cnimcanbl HETOMMKH TIO MSCY, MOJIOKY, Kap-
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roderio u marypomnare MTC. Tlnan momokooTsa-
91 KOJIXO3HOTO ABOpPa ObLIT COKPAIIEH BIBOE — 10 55
JIATPOB B I'OJ] OT OHOU KOPOBbI. JIbrOTHI IIPe10CTaB-
JIITUCH €IMHOJIMIHUKAM TIPU BCTYILJIEGHWH B KOJI-
x03: 1) ¢ HuX cnmckIBauch Bee qonru Ha 1.01.1937
., ¥ OHU JIOJI2KHBI ObLIN TIATUTH CEIHXO3HAJIOT IO
CTaBKe [JIsi KOJIXO3HUKOB; 2) B T€YEHHE MECHAA OHU
JIOJKHBI ObLIIK 110J1y4UTh KOJIXO3HbIA Hazen [5].

Ho mocne nognucanus npukasza Ne00447, «Jle-
MeJIbCKOE JIeJI0» MPUOOPETIO HOBBIH craryc. B cen-
1s6pe 1937 1. ma reppuropuu Jlemenbckoro paiio-
Ha, OBLT APECTOBAH «PS[T MIMUOHOB U JUBEPCAHTOBY,
cpean HUX — HadaabHUK paiioraena HKB/I Epwmo-
maeB. Takke OBLIO «yCTAHOBJIEHO», 9TO <«Jlemesb-
cKuil mponece, cocrogapmmiica B 1937 r, aBuics pe-
3y/IbTATOM AHTHUCOBETCKOM 3JI0HAMEPEHHOM pabOThI
nmpaBoit oprannzanun B Benapycus [6]. BHOBB ObLn
MPUBJIEYEH K OTBETCTBEHHOCTH OBIBIHUIT TIpecera-
Tenn Jlemenbckoro paitncmonkoma Cemarnko. Pas-
obJIadeHHbIe YIACTHUKHY ObLITH ITPUTOBOPEHBI K BBIC-
meit mepe Hakasauus [6]. Ilogobuble mokasaresnb-
HBIE CyIbl ObLTH MpOBeaeHbI B: CTapogopOKCKOM,
Iybposerckom, Haycckom, UepBEeHCKOM U IPYTUxX
paitonax [7].

«JlemesbCcKOe MeNio» SIBJISIeTCS OJHUM W3 BHUT-
KOB Tex mportieccos, uTo npoucxoaumu B CCCP B 00-
meMm u B BCCP B wactaoctn B 1937-1938 rr. Ha Bo-

poc, OBLIO JIH 3TO OCO3HAHHOE BPEIUTEIHCTBO WIIH
cITyKeOHOe YIIyIeHne, ceiffyac Heab3s HAWTH OTBET.
[onoxkenue rex jer nefiCTBUTEIBHO JABAJIO MOYBY
OOBWHEHWSIM B M3MEHE: TEPAKTHI, YOMHCTBA UIEHOB
MapPTUH, «OKYKJINBAHME> MECTHBIX OPTaHOB BJIACTH
M OTCYTCTBHUE TIPSMOM CBS3H C «IIEHTPOM>», OETCTBO
APECTOBAHHBIX CO BPEMEH PACKY/IAYUBAHUS C CIIEIl-
nocesienuii [8, ¢. 5-7]. D1u Bce 06CTOATENBCTBA CBSA-
3BIBAJINCH C HAPACTAIOIIAM B MUDPE HAPSIKEHUEM.
[IpuumHBI TPOBOJWTH MPOIECCHl OBLIN, TTPOBOINUTH
TaKUM 00pa30M — BOIPOC PUTOPUIECKU
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A. I Ty6osuk

ITOJINTUKA TEHOIINIA BEJIOPYCCKOI'O HACEJIEHU Y
HA OKKVIIUPOBAHHOM TEPPUTOPUU BCCP B I'O/IbI
BEJINKO OTEYECTBEHHOM BOWHBI

B romer Bropoit muposoit u Bemukoit Ore-
9eCTBEHHO! BOIH HAIMCTCKUN pexuM B lepMmanmm
OCYIIECTBJISAJ TOJUTHKY T€HOIUIA TPOTHB MHOTUX
HAPOJIOB, BKJtoYas ciaBsai. OKKyIMPOBAHHBIE TPE-
ThuM peitxom reppuropun CCCP craam apenoit s
97Ol 0€3KAJIOCTHON MPAKTUKH, B pe3y/abTraTe KO-
TOPO# TPOBOJUINCH MACCOBbIE YOHICTBA, MPUHY-
JUTEeIbHAs TepeceeHYecKas MOJUTUKA W HACHIIb-
crBeHHBIH Tpya. Wmeosmorus mHarmum3Ma ObLIa OCHO-
BAaHA HA TEOPHUH <«HEIOJIHOIEHHOCTU» MHOIMX Ha-
POIOB, YTO TMOATOJKHYJO THUTJIEPOBCKUN PEKUM K
peanu3saruu nojuTuku Tenoruma. CraBsHe cra-
JIA YKEPTBAMU CHCTEMATUYIECKON MUCKPUMWHAIUU U
YHUYTOXKEHUsI B PE3yJibTaTe KECTOKOW IMOJUTUKH
Haruonas-conuanu3ma. Haruersl canranu ciassn
HETOIXOAATINMHA JIJIT BHIXKUBAHUS B «HOBOM TIOPSII-
Ke» [epManum m Havwa M MPOBOIUTH MAaCCOBOE YHU-
qTOXKEHWEe, HACWIHCTBEHHDBIE TEepecesieHus W TIPH-
HYKJATh K TPY/Ay NPEICTaBUTESel MECTHOTO Ha-
CesleHUsl. DTU JIeHUs [PUBEIA K OeCUYuCIEeHHBIM
CTPaJaHusIM U OEACTBUASM JIJIsi MUJLIMOHOB JIFOJIEH.
CoruasibHbIe TOCIeICTBHUS TIOJUTHKY TeHOIN 1A, ObI-
JIM TPArvm9eCKUMU ¥ JOJTOCPOYHBIMHU. OKKymupo-
BAHHbIE TEPPUTOPHUH ObLIA PA3OPEHDbI, W MUJLIAO-
HBI JII07Ielt ObLIM yOWTBHI WJIM BBIHYZK/EHBI 2KHUTH B
YCJIOBHUSX KpaiiHeil 6e/JHOCTH U HUIIEThbL. DTH CTPa-
JAHWS W TIOTEPU OCTABUJIM HEMBTJIQJAUMBIN CJle]T B
KW3HU MHOTHUX TIOKOJIEHUil, TOCTABUB TIOJ YTrPO3y
CaMO CYIIECTBOBAHUE YEJIOBEYECKON MUBUIH3AIUN.
ITonuTrka remonuma CIaBgH HA OKKYITHPOBAHHBIX
lepmanwueii TeppuTopusx OKazajga CEPHE3HOE BJIH-
sSHUE HA COBPEMEHHYIO Bemapych. DrTa moauTuka
MpUBENIa K TUOEW MUJIINOHOB OEIOPYCOB, pa3py-
MMEHUI0 KYJAbTYPHBIX U CONMAJIBHBIX WHCTUTYTOB, U
OCTaBWJIA Ts’KeJIoe HACJIeaue /11 BceX Hac. Muorue
HAIMOHAJIbHBIE TPAJUINNA U KyJIbTYPHbBIE IEHHOCTH
ObLIM YHUYTOXKEHbBI, & 4aCTb TEPPUTOPHUHU yTpade-
Ha. Bee 3T0 ocTaBmiiO TiIyOOKUil Clienm B WIEHTHY-
HOCTHU OeIopycckoro Hapoga. Muorue 6e10pychr 10
CUX TIOD WCIBITHIBAIOT TPABMY OT TOrO, YTO MPO-

M30ILJI0 B TOIBI HAIMCTCKOM OKKyTanuu. Bosbimima-
CTBO CeMeii TOTepsiyin POACTBEHHUKOB, 8 HEKOTOPHIE
13 HAX OBLIN TOJTHOCTBIO MCTpeOaeHbl. BhikupIme
BBIHY2K/I€HbI ObLIIM XKUThb B TPYAHEHIINX yCJIOBUIX U
TEepIeTh MPEC/IeIOBAHNST OKKYMAIIMOHHBIX BJIACTEN.

Kpowme toro, Biausaue cobbrruit Benukoit Ore-
9ECTBEHHON BOWHBI MOXKET OBITH 3aMETHO W B CO-
BPEMEHHOIT OOIIEeCTBEHHO-TIOTUTHIECKON CUTYaIINH
B Benapycu. ITonutuka Geopycckux BiracTeil cero-
JIHST OPUEHTUPOBAHA HA YKPEIJIEHUE CyBEPEHUTETA
¥ HE3aBUCUMOCTH OT JPYTUX TOCYJAPCTB, 8 TaK¥Ke
Ha, COXPAHEHUE ¥ MPOIBUKEHNE OEJIOPYCCKOM KYJib-
TYPBI U SI3bIKA. JTH [EHHOCTH MOTYT OBITH BOCIPH-
HSATHI KAK OTBET HA [POIILJIOE U 2KeJIAHNE COXPAHUTH
¥ BEPHYTDb TO, 9TO OBLIO yTPadeHO. XOTsk MHOI'HE aC-
MEKTHI ITON TMOJUTUKKA XOPOITIO M3BECTHBI, HEKOTO-
PbI€ BOMPOCHI JI0 CUX TIOP OCTAIOTCS HEPA3PEIEHHBI-
vu. Hampuwmep, 10 cux mop HeT 9eTKoi KAPTHHBI TO-
ro, KAKuM 0OpPa30M HAIMCTHI MPUHUMAJINA PEIICHUS
0 MaccoBbix ybwmiicrBax. OmHako, Jaxke ¢ OrpaHu-
qeHHOM nHdOpMaIHeil, KOTOpasi y HAC eCTh, MBI MO-
2KEM CJIeJIATH BBIBOJ O TOM, YTO ITOJTUTUKA TEHOIHIA
0esIopyCcoB ObLjIa PE3y/IHTATOM HAIIMCTCKONW HUIE0JI0-
IUHU, KOTOpas BKJIOYaja B ceOs PacoBbIe Mpeapac-
Cy/IKU U 2KE€JIAHWE CO3/IaTh «YUCTOE» HEMEIKOe I'O-
CyIapCTBO. JTa TMOJUTHUKA TAaKKe ObILIA CBA3AHA C
SKOHOMUYECKUMU WHTEPECaMU HAIMCTCKOM lepma-
HUW, KOTOpas CTPEMUJIACH MOJIYIATh KOHTPOJIb HA,
pecypcamu u TEPPUTOPUSMHE, B TOM GHCJIE Yepe3 Tie-
pecejienrie HACEJIEHUS.

Takum 0Opa3oM, MOJIUTHKA TEHOIN I, OKA3ATIA
JIOJITOCPOYHOE BJIHsiHUE HA Bejapych u ee HApO..
OHa sBJISE€TCS YACTbI0 MCTOPUU, KOTOpPAS TOJKHA
OBITh M3yYeHA W MOHATA, ITOOBI MOYKHO OBLIO JIBH-
raTbCs Brepea n n3bekaTh MoI00HBIX y2KacoB B Oy-
ayuieMm. Uepe3 aHa/n3 3TONW HOJUTUKH Mbl MOXKEM
MOHATH, KAK HAIIU3M TIPUBEJI K yKacaMm Bropoit Mu-
poBoit u Benmkoit OrevecrBennoil BoitH. 1 Kak MbI
MOKeM n30exKaTh MOJOOHBIX YKACOB B OYIYIIEM.
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M. A. EpmanroBuu

YKEHCKU TIOPTPET B UCTOPUN: KHATIINHSIA CO®PUA
CIIVIIKAS

Ha nporsizkennn nsaru Bekos Teppuropus be-
smapycu Oba B cocraBe Benmkoro Kuszkecrsa JIu-
roBckoro (manee — BKJI) u MHOrme apucrokparu-
9ecKue POJIbI HAIIeH 3eMJIM OKA3AJIA CHJIBHOE BJIH-
sSHUEe Ha HMCTOPHIO 3TOro rocygapcrsa. Omuum u3
nux Obut Kasizkeckuit pog, OuenbkoBudeii-Ciry iKux.
Ero npencraButenu urpajiv BayKHYIO POJIb B MMOJIH-
THIecKoit m obmmectBenHoi ku3un BKJI n Bmec-
JIM OUPOMHBIN BKJIAJ, B PA3BUTHE CBOUX 3EMEJIb.
B nmamboit mybGnukamum s paccKaxky O IOCTeIHe
[IPE/ICTABUTEJIbHUIE U €IMHCTBEHHOU KAHOHU3UPO-
Banuoit u3 sroro poma — Codun Caynkoit (Co-
duu FOpbesre Ousenvkosuu-Pagzusuin). Codbus
FOpbesna Onenbkosuu-Paasusus (Ciynkas) Obi-
Ja BBbLIAIONIENCA NPeICTaBUTEIbHULICH KHAXKECKO-
ro poua OutesibkoBuueii-Coyukux. OHa ObLia eauH-
CcTBeHHbIM PEOEHKOM B ceMbe u popusiach 1 mas 1586
r. B Ciiynkom 3amke. Ee orer ymep modTu cpasy xe
mocje poxkaenusa moukd 6 mMas 1586 r. OmHako 3a
HECKOJIBKO JHel 1o cMmepru Kaa3b FOpwit 11T yenen
PacCIopsAuThCS CBOUM UMYIIIECTBOM W HAIMCAJ IPa-
mMory (3aBelianue), B KOTOPOM OblLid OlIPEeJIeHbI
onekyubl Codun: Ilerp Mermkosckuii, Iletp Hep-
weiii u3 Burosun m Komcranrun Octpoxkckuit. Y
kusa3eil OJ1eIbKOBIYEl HA TTPOTAXKEHUU HECKOJIBKIX
JEeCATUIETHI OBbLIM HEIPOCThIE OTHOIIEHHS C OO0Tb-
[IMHCTBOM BBICIIUX JIOJ2KHOCTHBIX JIUI [EHTPAJIb-
woit Biactu. Cpean OMeKyHOB TOJHKO OIUH YEJIOBEK
3aHMMAJI BBICOKOE TIOJIOKEHHE - KHsi3b KOHCTaHTHH
(Bacuumit) OCTpOXKCKHit, 9TO CIOCOGCTBOBATIO XO-
poIreit 3a1mTe HHTEPEecoB MaaeHbKO Kasaruuau. Ho
B OJIMKaiilIne IIecTb JieT yMepJau ee OmrKaifrime
poicTBeHHUKY: O€3/1eTHBIE /5111, MAMa, 1 BCE OIIEKY-
HBI. 33 OMeKy HaJ Hell mobopoIuch Pan3uBuiisl u
XoakeBr4an. JTOT BOMPOC ObLT TOCTABJIEH TIEPET Ca-
MHM KOPOJIEM MOJTBCKUAM W BEJTUKUM KHSI3EM JINTOB-
ckum Curuzmyngom 111 Bazoii. B pesynabrare x 1594
r. poa XojkeBudeil CTaj OIEKyHOM KHSZKHbBI, U 8-
merusis Codust nmonyuniaa Bce Baagenns OieabKo-
puueit. OHa cTaja OgHOM M3 CAMBbIX OOraThIX HEBECT
BKJI toro Bpemenn. Omaako XomKeBHYn ObLIN B
TS2KEJIOW CATYallWW, B CBA3U C T€M, YTO JOJITU IO-
cnenaux KHszeir OuiesibKoBruueil mepenwiu XoaKe-
BUYAM W CO CTOPOHBI KPEIWTOPOB OBLIO OOJIBIITOE
JTABJIEHUE U3-33 HEBBITIJIATHI OTPOMHBIX CyMM JIE€HET.
K tomy ke BO3sie Mo3bipst u psagom co Caymkom
B deBpane 1595 r. Havanmmch HAOErW YKPAMHCKUX
Ka3akoB. Heobxomnmo OBLTO OpraHu30BaTh OOOPOHY
6osbLIMX Birajenuii kuszeit OuenbKoBuYeii, HO cOb-
CTBEHHBIX CHJI HA 3TOH y XOaKkeBWYeil ObLIO HEIO-
crarourno. B 1595 r. [oXKHBIE W IEHTpajbHbIE Oe-
JIOPYCCKUE 3eMJIM OBLIH YK€ TOJHOCTHIO OXBAYEHbI
BoccranmeM 1oz, npeasoauresnbecrsom Cesepuna Ha-
smBadiku. Torna onm penmm orparb Coduio 3a-

My 3a fnyma Pangusuiia, coima Kpumrroda 1
Huxkosas Pag3uBuiia, KOTOPOMY OHU JOJIZKHBI ObI-
mu nener, u eponnm XoIKeBWY, CTABITHUI OMEKY-
HOM KHSIXKHBI oce cmeptu 6para FOpus, mogrsep-
aui pamaue poropopennoctu FOpus Xonkesuda u
Panzusunnos o 6pake Anyma u Coduu. B ciyuae
HEBBITTOTHEHNST ITOTO IOrOBOpa epoHuM I10/1KeH
6n11 BeImIaTUTh Pag3usmanam 100 000 koo rpormei
JINTOBCKUX. A TeM BpEMEHEeM TOJUTHYECKAsT CHUTY-
amusa Ha 3emiisx OuiesibkoBrueii-CilynKux Hakasis-
sach. 6 wHosOps 1595 r. Cepepun Hasupaiiko B3sit
Cayuk. Ero Boiicko mpopsasiochk K Poradesy, 010
1o Ilerpukosa, n B dpespase 1596 r. momorio kK Ko-
mbui0. Omgaako Kpwmrod I Hukomait Pagzusuiin
ycIesi codpaTh TPEXTHICAIHOE BOWCKO IS 3AITUATHI
ropoza u momasua Boccranne. Ho B kornme XVI B.
BCIIBIXHYJIA Ts2k0a Mexk 1y Passusuiiamu n Xoake-
pruamu 33 nmenne Konosich. B 1596 r. 1eso o cro-
pe 6but0 nepenano B Tpubynan BKJI. Kpumrod 1
Huxonaii Pagsueunn u Xonkeswau, Anekcanap u
Au-Kaposb, cocTsa3annch 3a MpaBo BIAJCHNS HMe-
nuem Kombich. [leno 6puto cioxkubiM. KondaukT
MPOIOJIYKAJICS HECKOJIBKO JIeT W ObLI pacCMOTPEH
BHOBB B cyae Tpubynasa. B 1600 r., korga perienne
OBLIO MPUHATO B MOJB3Y Paa3uBWLIOB, OHU TOJTY-
YUJI IPABO BiiajieHns nMenreMm Kombich, HO CIIOpPbI
MezK/ly ABYyMs POZaMu po1osKaiuck. K romy Bpe-
MeHW TIpubamKajicsa cpok bpaka m Bce BKJI oxu-
Jlaju KpOBOMPOJUTHOrO KoHMMKTa. Boiicka Pas-
3UBWUJLJIOB TOJONLIA K BUIBHO, K IOMY, T/e KUJIA
Heponum Xoakesud u ero nogoneynas kasizkua Co-
dus. leneramusi, HazHadenHas KoposaeMm, n Nmarwnii
Iloreit, yanarckuii MUTPOIIOINT, HUKAK HE CMOLJIH
YPEryIupoBaTh UHIUIEHT. Takoe HAMPSIKEHHOE TO-
JIOXKEHUE TPOJJINIIOCH C sTHBAps MO ampejb. B stor
MPOMEXKYTOK BPEMEHU MPOUCXOIUIO MHOTO COOBI-
THil ¥W3-3a TOrO, YTO W3HAYAIHLHO HA MEPBYIO JATY
O6pakocoderanns B BunbHo He aBuiicd Hym u KHs-
ruas CriyIkast He JaBaJjia, CBOe COTJIacue Ha Opak, mo
pamay npuanH. Bo-mepBhIX, XKEHUX W HEBECTA ObLIN
POJICTBEHHUKAMHU B Y€TBEPTOM KOJIEHE TI0 MY2KCKOMH
sunun, a no crarbaM Craryra BKJI poacreenauku
JI0 9YeTBEPTOro KOJIEHA He MOIVIM BCTYIATh B Opak.
Bo-BrOphIX, y OyAymIux MOJIOIO0KEHOB OBLIN pa3-
HbBIE BEPOUCIIOBEIAHU. AHYNIT ObLT KAJIHBBUHUCTOM,
a Codus ucrnosemopasia karomuim3M. OmgHako, uc-
xona u3 npomennsa Amyma Pag3usuina mame pum-
ckomy nojuHHON pesurueit Codun 6bLI0 TPaBO-
cnapue. CrpannabiM ObLIO TO, 4T0 AHYy1IA B 3TOM 110~
KYMEHTE HA3BAJIN KATOJUKOM, XOTsI HCTOPUKH TOBO-
pAT, 9T0 OH ObLT KaATbBUHUCTOM. Codus maja OKOH-
yaresnbHbit orBer ToNbKO 10 ampens 1600 r. Csa-
npba cocrosiachk B BOCcKpecenbe, 1 okTsOps 1600
I., HO Ha TOM BCE PACIPU HE 3aKOH4YMJIUCH. [lo-
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HSTHO, 9TO B YCJOBUIX OXKECTOUYCHHON PETUTHO3HO-
nosmruaeckoit 60pwobl, Codust okazamach BOBJE-
9EeHHOW B KPYI' CEPbE3HBIX COOBITHI, TPEOYIONuX
KPEMKOW BBIIEPKKH, HO CJ1ab0e 370POBHE MEIIAJIO
eii aKTUBHO y4YacTBOBATH B HUX. V3-33 CKBEPHOTO
xapakrepa JHyIa ceMbs Mapy pa3 ye3KaJia 3a rpa-
HUILy B CBA3U C MPOOBJIEMAMU BO B3aHMOOTHOIIECHH-
sIX ¢ MOHApPXOM. B 370 BpeMsi pou301mnes OrpoMHbIi
CKAHIAJI, CBsi3aHHbIN ¢ n3menoit Coduu co Cayroi,
tarapuaoM AroM CMOIBCKHUM, W3-33 KOTOPOTO MO-
sofas yera Pai3uBniiios Obljia HA TPAHU Pa3BO/IA.
OHAKO O MEpKaM TOr0 BPEMEHHU BOMPOC PEITUICs
JIOBOJIBHO «JIEMOKPATUYIHO». SIHYIIT OCyauit caryTy 3a
KpazKy UMYIIECTBA U IPUKA3aJ YOUTH TaTapUHA, HA
rjaa3ax y KasxKHbL [locie 3Toro coObIThs 0 KU3HU
Codun Caynkoit B mepuos sBpemenn ¢ 1606 mo 1612
rr. MbI 3HaeM Masio. OHAKO BCe 3T COOBITHS OTPa-
3UJIUCH HA 370POBbe JeByiiku. HacseacrBennbie 3a-
OoJieBaHMsI, HECKOJIBKO HEYTAaIHBIX O€pEeMEHHOCTENH,
gacThle Tepee3 bl C MecTa Ha MEeCTO, 3apaykeHne OT
cynpyra cuduincom, Jesiajii ee CaMOYyBCTBUE BCE
xy¥Ke n xyxe. B nrore, 9 mapra 1612 1., Ha 26 TO-
JIy KU3HH, TOCTE POJOB J0YKKM EKaTepuHbl, KOTO-
pas pommiack meprBoii, ymepsaa cama Codusa. Ee
My, duym Pam3usnii, noxopouu xeuny B Ciyll-
koM Tpomiikom mownacteipe. Cpasy mocie cMmepTn
JKUATEIN ee 3eMesIb Hadaju noyutarb Kasxkay Co-
duio kKax caTyo. IIpy KU3HM KHIKHA COEIaaa
MHOIO [IJIsi TOTO, 9TOObI COXPAHUTH MPABOCIABHYIO
Bepy Ha cBOMX 3eMJsx. VI3-3a Toro, 4ro B TO BpeMsi
nponia nepkosHasa yuus (1596), ona He momycTu-
Jla TIPWHYXKIEHUsT K CMEHE PEJINTUU MPABOCIABHBIX
sxureneit CaynkKa u CMOTJIa COBMECTHO € MYYKEM T10-
JIy9UTH TPAMOTY OT BEJIMKOIO KHS3s O <«3allperre-
HUU TNPUHYXKIEHUS [IEPEXOJa K YHUATCTBY [PABO-
CJIABHBIX KuTejeil ee 3emesby. Ona Bmecte ¢ Amy-

IIIeM 2KEePTBOBaJIA OOJIbINE JAEHBI'M HA CTPOUTEIb-
CTBO IIPABOCJIABHBIX XPAMOB U XOWUJIA B IIOJIOMHU-
qecTBa MO OEIOPYCCKUM CBATBHIHAM. Ee crapanms
He ObLIM 3a0bITM W TOTOMKaMu. Bjaromapst KHs-
rue Codun, Caynk craj meHTPOM MPABOCIABUS
una Teppuropuu Peun Ilocmonmuroit u ee 6opnbda 0
COXpaHEHU# MMPABOCIABHON BEpbI ObLIA MPOHECEHA
4gepe3 Beka. 17 ceHTsabps KaXKJ0ro roja O Heil Ciry-
KU MAHUXUABI, & B 1848 1. KPecTHBIH X0 ¢ MO-
IIAMH CBSITOH CIac ropos, oT xoyepbl. OdunuaiabHo
ona ObLTa KaHOHU3UpOBaHa 3 anpess 1984 r. Takum
obpazom, Ha npuMmepe KHsKHbI Codun Mbl MOXKEM
[IPOCJIEIUTH, HACKOJILKO TS2KEJI0 OblLi1a 2KU3Hb apu-
CTOKPATOK TOI'O BPEMEHHM U KAK OJIUH YeJIOBEK MO-
KT TOBJIUATH HA X0 uctopuu. [IpencraBurensHu-
IIbI 3HATHBIX POJIOB CTAHOBUJINCH XKEPTBAMHU B PYKaX
CBOUX POJICTBEHHUKOB U TJIABHBIMU J€HCTBYONIAMA
JINIIAMU TTOTUTUIECKUX HHTPUT. BOIbInHCTBO KHs-
3eil ¥ HUIAXTUYEH IBITAJI0Ch 0DOraTUThHCH 3a CUYET
BBITOIHOTO Opaka. 2KeHIuH HACUIBHO 3aCTABJISAIN
BexOauTh 3aMyk. Omaako Codwusa Caynkas mpo-
1A 9€pPe3 BCE TATOTHI TAKUX CJIOKHBIX CHTYAIIUN.
B ee 6morpacdun ObLTH 1 HETATUBHBIE MOMEHTBI: U3~
MeHa MYKY, Opak ¢ poacrBeHHUKOM. Ho 311 cOOBI-
THS HE TIOMEITIAIN KHIATWHE JIeJIaTh IJIs Hapoaa 100~
pble [IeJla M OCTaBAaThCS B TMAMSATH y MOTOMKOB 3a-
IIATHUIIEN U XPAHUTEJIbHUIIEH TPABOCIABUA HA 3€M-
nsx Crynka.
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. 1. Tpumraenox B. . Ilamkosckas

IMTAPTU3AHCKOE JIBUKEHUE HA TEPPUTOPUU
XOMHUKCKOTI'O PAMIOHA B I'OJIbI BEJIMKOM
OTEYECTBEHHOI BONHBI

C nmagasom 22 nrous 1941 r. Benukoit Oreve-
CTBEHHOH BONHBI HAIA PECITyOJIMKA OTHOW W3 Tep-
BBIX IIPUHSANA Ha ceOs TMTIEPOBCKUil yaap. B mep-
BbI€ K€ JIHH BONHBI HA TEPPUTOPHUU XONHUKCKOIO
paiiona, corstacuo muckMy Ilomecckoro obkoma map-
TUHU TOJUTYIPABICHUIO 3-ii apMun, B COCTaB map-
TU3aHCKOTO OTps/ia XONHMKCKOTO paiioHa BOIILIN
80 uwesnoBek. Komangupom orpsna ssasics [lna-
koB Austekcanap CremaHoBuY, KOMECCAPOM — Benb-
ckuit Hukosait Asngppeesud. B umione 1941 r. no-
caie ipuesa wrena 1IK KIT(6)B H.4. Haranesnua
u mepBoro cekperapsi Ilosecckoro obkoma maprTun
II.A. JleBunkoro ObLna CO3JaHA TaK HA3BIBACMAS
«IMapTTPOiKay — JINIA, HA3HAYEHHBIE IJId yIPAB-
JIEHUsI TOJIIOJIBEM — B COCTaB KOTOpoit Bouwiu: Ila-
Bes [Ipoxkonosud JIOMHUKOB — ceKpeTaph XOWHUK-
ckoro paiikoma KII(6)B, rmasa naprrpoiiku; Hu-
rosait Hukndoposna Konosasos — nadaabauk PO
HKB/; Bacummit Knumentoesuu Ilaryn — mpemce-
Jaresb XOWHUKCKOro paitucrionkoma. Orpsi pasie-
JIMJICSL Ha JIBE I'PYIIIbE: ojHa Oasuposajack B Ope-
BUUCKOM CeJIbCOBETE B ypounine MaiigaH Bo riase ¢
I1.II. ToMHUKOBBIM, I'le OCTaIUCh Takxke A. Ipo3-
nenkuit, M. Konosanos, K. Canypa, @unun, H. An-
apocos, B. FOmenko, CkypeHok; Bropasi nepeba3u-
poBanack B Bemukobopckue Jjeca, riae BO IVIaBe C
N. Teiikuuabim 6bt M. Benbckwuit, @. Pymuenko,
B. Kapacs, P. Ilerpos, I'yrauk, I. Menbaukos, K.
[MInér, M. Kazak, A. Ilatyn, 1. Cepax. XoiHUK-
CKHe TapPTU3aHCKUE OTPAIbI OKA3bIBAIN AKTHBHOE
conporussienue Bpary. Ha nporskenuun Bceit OKKy-
maruu y HaIMcTOB ObLIN TTOCTOSTHHBIE TIPOOJIEMBI C
JIOCTABKOI CHAPSIYKEHUS U MPOJOBOILCTBHUS: YKeJIe3-
HOJIOPOXKHBIN yTh XolHuKN-Bacunesuyan mouru we
paboTast u3-3a MOCTOSTHHBIX PA3PYIIEHUN, HEMEIKIe
KOHHBIE 0003bI TAKIKE IIOCTOSTHHO TIOABEPIaJIUCh Ha-
magennsM. He obomwtoch m 6e3 morepb: BO Bpe-
Msi coOpanus XONHUKCKOTO MOANOJbsa B Pymakose
norubau Hukudgop Anapocos, Anexkcanap FOmen-

k0, FOnns @unonunk. ITocse 3TOro mpu mocenennn
cBsA3HOTO moruO;u u ryiaBa naprrpoiiku [L.I1. Towm-
HukoB ¢ nomommnukoM A.II. Ipo3nenxum. B aBrycre
1942 r. k XONHUKCKOMY HapTU3aHAM IIPUCOEIUHU-
amck cosarkue commarsl Kapm Meamma n Mowad
Ty, KOTOpBIE TOOKUIN HAYAIO MACCOBOMY TIEpe-
XO/y CJIOBAKOB HA CTOPOHY HAPOIHBIX MCTHUTEJIE.
OceHbo HA TEPPUTOPUHN PAKOHA OCTATICS TOTBKO OT-
psax B.I. Kapacs, KoTopblit BCKOpe IIPUCOETMHIIICS
K [omenbckomy orpsiny «Bosmbmesuks». B despa-
ge 1943 1. MpUHSATO pPeIeHne O CO3IAHWHN OTPSIO0B
nmenn CyBoposa n Yamaesa st XOINHUKCKOM Tep-
puropuu. Orpsan umenu CyBoposa Bo3rirasisin Ku-
punn Tapacosuu Camypa, B ero cocras Boriu 113
OoinoB OTpsi/ia «BobIIEBUKY, TPEUMYIIECTBEHHO
JKUTEIN XOUHUKINHBI. KoMaHaupom oTpsiaa mmMe-
un Yamaesa Ob1 Bacmmmit ['puropnesma Kapach.
C mepBbIX JIHEH OTPSAIHI ONBITHBIX DOWIIOB HAYAIU
OKa3bIBATh AKTHUBHOE COMPOTHUBIIEHUE (DAIINCTCKO-
My pexumy. B aBrycre 1943 r. coBerckasi apmus
HAYAJIa HACTYIJIEHHUE C IIEJIHI0 OCBOOOKIEHUST JIEBO-
6epexkmoit Ykpanubl, Jlonbacca, Knesa, BeIxoma K
Kpsivy u Iremnpy, B xome 9ero ObLIn 0CBOOOXK IEHbBI
MHOTHE HaceJeHHbIe TyHKTHI [ OMenbCcKoi 001acTH.
24 Hos16ps coBMecTHbIMU cuiaMu Kpacuoit Apmun
¥ MApPTU3aH ObLT OCBOOOXK/IEH TI. XOWHHKH, a XOii-
HUKCKHUE MapTU3aHbI MOCTe pachOPMUDOBAHUS OT-
PAI0B MPOIOJIKUINA 100UBATHh TUTIEPOBIEB HA Y-
xkoit 3emne. Bemmkas OredecTBeHHAsi BOWHA — 9TO
CTPAIITHOE WCIBITAHWE, BBHIMABINEE HA JIOJI0 HAIIHX
npeakos. Hama 3a1a4a He 10myCcTuTh HOBTOPEHUSA
TeX YYIOBUIIHBIX COOBITHI, & JJIsI 9TOTO MBI TOJI¥K-
HBI MOMHUTD, KAKOH IEHON MBI JKUBEM IO, MUDHBIM
HEOOM. . .
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M. A. XBamesckuit

BOEBOU IIVTH B. 3. XOPYYXXEN

Bepa 3axaposna pomusiach 14 (27) cenrsib-
pa 1903 r. B ropome Bobpyiick Mumckoit rybep-
HUHM. Y¥Ke B MOAPOCTKOBOM Bo3pacte Bepa 3axa-
POBHA yYIaCTBOBAJIA, B PEBOJTIONMOHHON O0pHOe. B 16
JIET OHA Cparkajach J00poBoJiblieM B psgax Kpac-
woit Apmun. B 1920 r. Berynuiaa B komcomodn. Jle-
ToMm 1921 1. ee nepesenu Ha pabory B Bobpyiick,
e B Jgexkabpe TOrO ¥Ke rofa MPUHSIIA B MapTHIO.
Ee x)wu3nun ObuTa CBsi3aHA HE TOJBKO B KOMCOMOJIb-
CKOIl W mapTuiiHO¥ paboToii, HO W C JIUTEPATYpP-
vbIM TpygoMm. OHa mUcATa CTHXHU, CTATHH, BO33Ba-
wvus. Tpyaunack pegakTopoM MOJIOAEKHON ra3erbl
«Mouto1o#t naxapb». Boimuia 3amyzk 3a Cranucia-
Ba CKyJIBCKOTO, HO CeMeifHasi *KU3Hb He 33,1aJ1aCh.
JleByIika, Kak HCTUHHAS OEIOPYCKa W KOMCOMOJI-
Ka, pBajiach IMOyYacTBOBATL B OOpHOE 3a OCBOOOK-
gennn 3anaganoit Bemapycu, Koropasi BeiencTBue
HoJbCKO-coBeTcKoil BoiiHbr 1919-1920 rr. maxomu-
Jlach MOJ MOJTLCKOM OokKymarmeit. B 1924 r. B. Xo-
pyxkyio u3dpanu uiaerom llenrpamsaoro Komurera
Kommaprun n xkoontupoBasu B coctaB LIK xomco-
mouta 3anaauoi Bemopyccuun. Ocenbio 1925 r. mosio-
JIYIO TOJIIOJIBIIAIY 33/I€PXKAJH [IOJHCKUE BJIACTH.
[Iporus Hee noaroroBujM cpaldy JBa HPOLECCA, B
pe3yabraTe KOTOPBIX €€ MPUTOBOPUJIN CHAYAIA K 6
rojaMm, a MmoToM K 8 rojgam 3akJirouenus. [loka Bepa
cujiesia B MOMbCKOI TIopbMe, B 1930 1. ee Harpaam-
au opaenom Kpacuoro 3uamenn, a B 1932 1. oHa
BBIILIA HA CBOOOY IO COIVIAIIEHHUIO 00 OOMEHe IO-
aur3akaioveHabiMn Mexkay [lomwieit 1 CCCP. B
Coserckom Coro3e OHA BepHyJIaCh K paboOTe B map-
THH U KYPHATUCTKON nesarenbHoctu. [locie BO3-
BpAIlEHUS W3 TIOPbMbI, OHA 3aXOTEJIa OTKA3ATHCS
or opzaena Kpacnoro 3namenu, MOCKOIBKY CIUTA-
Jla, 9TO OH JOJIPKEH OBITh BPYYEH BCEM IMOIMTOIBIIH-
KaM, & HE TOJBKO €. DTO BBUIAJIOCH B OOBUHEHWHE,
OyaTo ObI OHA B MOAMOJIBE Besa cebs «HeODmIyMaH-
HO ¥ JIETKOMBICJIEHHO». Ee JUImmim opieHa, BhIHeC-
JIM CTPOruii BHITOBOP, ee Opocun myxK. Ilocie Bcex
srux ucnoirannii Bepa yexana B Kasaxcran. Tam
ona Bcrpermiia Cepres KopHuioBa, BhINLIA 38 HETO
3aMyXK, & CIycTsi rox poauna moub Amny. Ho 10
aprycra 1937 r. B. Xopyxyio apecTroBasu Opranbl
HKB/I co cranmapTHBIMHA /TsT TOTO BpeMeH:n OOBH-

Xeawesckuti  Maxcum  Anamoavesuu,
makshvashevskiyi@gmail.com

HEHUSIMU — «IIMTAOHAXK U MPOBOKATOPCKAS JI€SITEIb-
Hocrby. Orcuaes JiBa rojia B TiopbMe, 15 aBrycra
1939 r. B. Xopy:xas ObLaa OmpaBIaHa U OCBOOOXK-
neHa. Bekope ee BocCTaHOBMIIN B MAPTHH, a 3aTEM C
HEE CHSIJIU ¥ HECIPABEJINBBII BHITOBOD, 00bABJICH-
Hbiii panee. Beckope Kpacnas Apmust ocobomuia
Sanasgayio Benapych u yxke B 1940 1. Bepa nepe-
exasia B Temexansl, a motom yike u B [Tnrck. Pabo-
Tajia B TOPKOMaxX MapTHH 3THX roposoB. Bemnkyio
OrevecTBEHHYIO BOWHY MOJOZAasi W y?Ke€ BHOBb Oe-
pemvenHas KeHiuHa BeTperwsia B [Iuacke m cpasy
ke BeTynmiia B maprusanckuii orpsia B.3. Kopxka.
Bcekope ee cynpyr ObLT Ts2KE/I0 pPAHEH W CKOHYAJ-
csa. B oktsiope 1941 r. 6epemennyio Bepy ormpasu-
an 4epe3 juHuio Gponta B MOCKBy Ha paboTy B
mrrab mapru3anckoro apukenusi. B Ilense B kpyry
9BAKYUPOBAHHBIX POJHBIX OHa poausia cbira Cep-
re. Ho yxe B aBrycre 1942 r. B. Xopyxkyro, mo ee
WHUIIMATHBE BO TJIABE TPYMIBI MOMIONBIIUKOB OT-
npaBuan B Burebck. 13 mosiOpst 1942 r. Bepa Xo-
py’Kasi Obljla CXBadeHA BMECTEe C CBSI3HBIMH IapTH-
zankamu Knapnueit Bomgagesoit, Codneit [Tanko-
BOIl U HECKOJIbKUMU BUTEOCKUMU ITO/ITOIBITUKAMU.
Yrpom 6 jexkabpsi U3MyUEHHYIO, U3YBEYEHHYIO, HO
HecsiomsieHHy0 Bepy Xopy:XKyio Ka3zHUIA BO JIBOPE
CIIEITIOPHMBI BMECTE C JPYTUMHU apPECTOBAHHBIMU.
OKOHYATETBHO BOCCTAHOBIIEHO J0OPOE MM MATPH-
orku 6bwio smmib B 1960 1., Korma 17 mas eit mo-
cmeprHO YKazom Ilpesununyma Bepxosraoro Cosera
CCCP 6but0 mpucsoeno 3sanue l'eposi CoBeTckoro
Coro3a.
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B. A. KannyGaii

MEJIUIINHCKOE OBCJIV2KMIBAHUE HA TEPPUTOPUU
BCCP B I'OJIbl BEJINKOII OTEYECTBEHHOY BOVHHBI

B nepuog ¢ 1941 o 1945 roz cucrema 31paBo-
OXpaHEeHWus, CYIIIECTBOBABINAs HA TeppuTopun besa-
pycH, IPEICTABIIAIA COO0H COBOKYITHOCTD METUITIHH-
cKoii ciyzk661 KpacHoit ApMun 1 Ha OKKYIIHPOBAH-
HBIX TEPPUTOPUAX - MEIUKO-CAHUTAPHBIX OT/IEJIOB.

Meaununckas — ciayxkba  Kpachoit  Apmuwm
BKJIIOYAJIa, B Ce0sl XWPYPrUYECKHUe MOJIeBbIe I0-
JBUKHBIE TOCIUTAJNA, TEPAMEBTUYECKHE TOJIEBHIE
MOJIBUKHBIE TOCIUTAN, WHMEKINOHHBIE MOJIEBbIe
MOJIBUKHBIE TOCIHUTATM U TOCIUTAJINA JIErKOpaHe-
HbIX. B cBa3u ¢ BbicOKO# ausa nesna Kpachoit Ap-
MUU [EHHOCTHIO JAHHOW BETBHU 3IPAaBOOXPAHEHUS,
MEIUIUHCKAS CayK0a TOoJydana I0CTATOYHO O0-
MIAPHOE MaTepuajbHoe cHaOxKeHue. OyHKIMOHUPO-
BaJIM BCE THUIIBI TOCIUTAJIEN IO CTPOrO OMUCAHHOMY
JUTsl KaXKJIOr0 M3 HEUX cleHapuio. Muammuit men-
TePCOHAJI TOMOJIHAJICS 32 CYET pe3epBoB KpacwHoii
Apwmun. Pabora MeIuInHCKO-TIOJNEBBIX CIIYKD C aB-
rycra 1941 r. ObL1a TpuUpaBHEHA K PATHOMY COJI-
JIATCKOMY TIOABUTY. BazkKHYIO POJIb B MOJEPKAHIH
GYHKIMOHUPOBAHUS MEJIMIMHCKUX CIY2KO Mrpaiu
JKEJIE3HOIOPOKHbBIE CAHUTAPHBIE JleTydku. B xome
BOEHHBIX JeHCTBUil OBLIN M3MEHEHBI W AJANTHPO-
BAHbI HEKOTOPbIE CAHUTAPHBbIE HOPMbI. OCHOBHBIM
HEJOCTATKOM C(OOPMUPOBAHHOM CHCTEMBI SIBJISIIACH
9BAKyAIMOHHAsT COCTABISAONAs. JLTUTeIbHBIN TPO-
LECC TPAHCIOPTUPOBKH PAHEHBIX yBEJIHIUBAI CPOK
WX BOCCTaHOBJeHWS. 3 MpenMyIlecTB MOXKHO OT-
METHUTDH BBICOKWII YPOBEHb OCHAIEHHOCTH.

OcoberHo ObLIA
«ciryk0a KpoBu». PerymsapHo B PyHKITHOHHPOBAB-
IUe MeJLy YPEeK ICHU S IOCTABIIAIACH HE TOJIBKO KOH-
CEepBUPOBAHHAS KPOBb, HO U PA3JIMYHBIE €6 KOMITO-

HEHTBHI.

Ka4eCTBEHHO HaJla?K€eHa

Baxxnoit cocTapstionieii ycnenrnoro gy HKITHO-
HUPOBAaHMS MEIUIMHCKOMN ci1yxkK0b1 KpacHoit ApMun
CTOUT CYUTATH PErYJISAPHYIO HOJJEPIKKY CO CTOPO-
HBI HAYYHO-UCCJIEIOBATEIHCKAX WHCTUTYTOB, DPa3-
paboTaABIINX Psi/T MHHOBAIIMOHHBIX METO/IOB JUATHO-
CTUKU MATATIOIHIECKUX COCTOSHIUN BOEHHOTO BpEMe-
HH, a TaKKe NHQEKITNOHHBIX 3200/ eBAHMIA.

B nepuog ¢ 1941 no 1945 rr. 8 CCCP akrus-
HO W, B OTJIUYHE OT HEMEIIKOrO MPOTUBHUKA, Ty-
MaHHO Pa3BUBAJOCH TAKOE HAMPABIECHUE MEIUIIN-
HBI, KAK 3MUIEMHUOIOrHs. BBLT co31aH U TpOTecT-
POBAaH B PEAbHBIX YCIOBUIX WHHOBAIIMOHHBIN KOM-
IJIEKC TPOUIAKTUIECKHX Mep. Braromaps stum
pa3pabOTKaM B MOCJIEBOEHHBIE TOIBI B 3HAYUTEIb-
HOI Mepe yJIydIiIach SMUIEMUOJTOTTIECKAsT CUTY-
anusa. A B mepuog ¢ 1943 mo 1945 rr. Ha 0CBOOOXK-
JIEHHBIX TEPPUTOPHUAX YIATOCH U36EKATH BCIIBIIIEK
OeIeHCTBA, CHITHOTO U OPIOMIHOrO THdA.

K Bax)HBIM JOCTHXKEHUSIM  MEIWIIMHCKOM
ciayk0b1 Kpacuoit ApMun MOXKHO TIPUYUCTATE Ha-

JayKEHHOE OKAa3aHWe CTOMATOJOIMYECKUX YCJIyT.
Bpaun-1aHTUCTHI TPUCYTCTBOBAIN BO BCEX KPYTI-
HBIX 3/IpaBOOXPAHUTEJILHBIX YUYDPEKJIEHUAX, YTO
MO3BOJIMIO  JIUKBUAAPOBATH OOJBIIMHCTBO IaTO-
JIOTUYEeCKAX COCTOAHUI 3yOOB M HeTIOCTH Cpean
ITO/IOITEIHBIX MEIUITUHCKOMN CJTy2KOBI.

OnHaKO IeATETBHOCTh TAKOTO POJA CJIYKOBI
na reppuropun Pecnybiauku Bemapycs Obuia 1001-
roe BpeMsl OrpaHWY€eHA, CYIEeCTBOBABIIUM OKKYIIa-
[UOHHBIM pexkuMOM.Ha OKKyIMpOBAHHBIX HEMEITKO-
BaITUCTCKUMH 3aXBaTYNKAMHU TEPPUTOPHUAX (HOp-
MUPOBAJIUCH MEIUKO-CAHUTAPHBIE OTAE/bI. JIaHHBIH
BUJI, CJIy?KObI 3/PABOOXPAHEHUS OBbLIT MPEIHAZHATCH
JITsI TIPEIOTBPAIEHIS PACIPOCTPAHEHUST BUDYCHBIX
7 DaKTepHUaATbHBIX HHQPEKINI KaK Cpean HACETeHn,
[POXKHUBAIOIIEIO HA OKKYIUPOBAHHBIX TEPPUTOPU-
SIX, TAK ¥ CPEIU JUCJIOIMUPOBAHHBIX 3/1€CH HEMEITKUX
BOMHCKHX dacTeil. COOCTBEHHO TOJIBKO HH(PEKITHOH-
HbIe 3a001eBaHNsT OBLTO PA3PEIIEHO JeUNTh B TAKIX
VUIPEXKIEHUIX OeCILIaTHO.

Cobmiomenne 3TOro MpaBuaa CTPOrO KOHTPO-
JMpOBajIOCh. B ciiyuae ke HApPYIIEHUS YKECTOKO
HAKA3bIBAJICS KAaK MAIMEHT, TaK U JIeJaIuil Bpad.
CTouMOCTh OKA3BIBAEMbBIX YCIYT PErJIaMEHTHPO-
BaJIACh KOJLIADOPAIMOHHOM ajmunucrpamumeii. Mc-
KJIIOUEHUsT MOTJIN OBITH CIEJIAHBI JIUITh JIJIsT TPAYK-
JaH, 4Yeil TPyd BBICOKO IEHUJICS OKKYITAI[HOHHBI-
Mu BjacTamu. /laHHON TpyIime HaCe/JeHUs MPEI0-
CTaBJIANIOCH OONMBHUIHOE TOCObME, pa3mMep KOTOpO-
ro ObLI yKA3aH B CHEIUAJIbHBIX JOKYMEHTAX, O/IHA~
KO MOI' CBOOO/IHO M3MEHATHCA 10 YCMOTPEHUIO Jefi-
CTBYIOIIEH aaMuHuUCTpaImu. locnuraan3anuu mos-
JIEXKAJIM TOJTHKO 3apakKeHHbIe HANOOJIee 3apa3HBIMU
nadexkmuamvu. K Taknm wHQEKIHIM OTHOCHINCD:
g, TyOepKyae3, cKapJaTuHa OeleHCTBO, a TaK-
2Ke BCce 3a00J1eBaHMs [E€PEIAIONINECs [IOJIOBBIM IIy-
Tem. B crydae oTkaza ot rocnuranu3aiuu, 60JIbHON
MOIJTEXKAJT MPpUHYAUTEIbHOMY Jjedennto. Cromaro-
JIOTHYECKHE YCIYTU OKa3bIBAJIUCH MECTHOMY HACE-
JIEHUIO TOJBKO B CJIyYae CYIECTBEHHBIX HapyIie-
HUM 2KeBaTeIbHON (DYHKIUN U JIUIIb TOCIE CONTIACO-
BaHMA ¢ redmTckomuccapoM. Tak Kak (apMakoso-
TUYECKOe MTPOM3BOJCTBO HA OKKYIMHPOBAHHBIX TEp-
pUTOpHUSX OBLIO 3aMEJIEHO, CYIIECTBOBAJ OCTPBIN
neUIUT MEINKAMEHTOB B IPAXKIAHCKUX yIPexK 1e-
HUsAX 3apaBooxpanennsi. Komnerncuposars HegocTa-
TOK JIEKAPCTBEHHBIX IIPEIapaToB IIPEe0Jarajaoch
3a cUer pacTeHuii, 0OJATAIONINX IEJTeOHBIMU CBOM-
crBamu. Pabora amrek persiamMeHTHpOBAIACh. Bhi-
J1a9a JIEKAPCTBEHHBIX MPENAPATOB W MEPEBA30UHBIX
MAaTEPUAJIOB OCYIIECTBIIAIACH TOJIHKO [TOCJIE TPETb-
SABJIEHNST BPAYOM CIIPABKHA OCODOr0 0Opa3iia MOIIIN-
canHoii OypromucrpoMm. Bwipyuka, ¢ mpomaxku Jje-
KApCTBEHHBIX CPEJCTB, XPAHWIACh HA CITEIHAJIHHO
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CO3/ITaHHOM OAHKOBCKOM CYETY W MOTJIA HCIOJIB30-
BATHCHA UCKIIOYUTEIHHO C COTJIACHS TI0JIEBOM KOMEH-
narypol. Bee HerocTarku JaHHONO CAHUTAPHOIO Pe-
JKUMQ, TaKWe, KaK HEIPUCIOCOOIEHHOCTD YIPEeKIe-
HU 3PABOOXPAHEHNUS K WCIIOJTHEHUIO CBOEH OCHOB-
HOI (DyHKIMH, & TaKKe WX HEJOCTATOYHYIO OCHA-
MIEHHOCTD, IPUBEJIN K TIOBBINIEHUI0 CMEPTHOCTH Ha-
cesieHnst OT OOJIe3HEH UM HECBOEBPEMEHHON MeIu-
IIAHCKOH MOMOIITH.

K ¢daxropam, cymecTBeHHBIM 00pa30M MTOBJIU-
SIBIIUM HA, YPOBEHb CMEPTHOCTHU CPEIN XKUTEJIeH OK-
KYIUPOBAHHBIX TEPPUTOPHU B IEJIOM M HAINEHTOB
ME/IUKO-CAHUTAPHBIX OT/EJIOB B YACTHOCTU, MOXK-
HO OTHECTH I0Ji0/. B cranuoHapHbBIX yYpeXK/IeHuIX
3/IpaBOOXpaHeHust, (DYHKIIMOHNPOBABIINX HA OKKY-
MUPOBAHHBIX TeppuTopusax ¢ 1941 mo 1944 rr. ObI-
Jla, BBEJIEHA CUCTEMA, IPE/IMOJIAraoNasi, ITO Ia-
nueHT OOs3aH OILIATUTH COOCTBEHHOE MHUTAHWE, a
TaK)Ke KOMIIEHCHPOBATH OIO/PKETY apeH/y KOoika-
MecTa. ['pazkane, HAXOIUBINNECS HA, TPUHYIUTE b~
HOM JIEYE€HUHU, OT ITOM HEOOXOIUMOCTH HE OCBO-
OOXKIaMCh. B CBs3u ¢ 3TWM C 3TUM, B MEIWKO-
CAHUTAPHBIX OTJE]aX YaCTOU IPUYUHON CMEPTHU AB-
Jissiach Kpaiinss crenedb ucromenns. Hanpumep, B
1942 r. B BpacimaBckoM MeIWKO-CAHUTAPHOM OTIe-
Jie TIPOIIEHT TOTHOIINX OT TOJIOJA TAIIMEHTOB OBLI
pasen 20.

Cuabrkenne GOJBHAIL U TOJTUKJIUHAK 000PY/I0-
BaHmeM, obecrederHne OOMbHBIX MUTAHUEM WA yXO-
JIOM HE COOTBETCTBOBAJIO JAXKE MUHUMAJIbHBIM TPe-
OoBauusM. Hampumep, KOJIUYECTBO Pa3MENIEHHBIX
B MEIUKO-TPOPUIAKTAIECKUX IIEHTPAX W TPUTOI-
HBIX JJI SKCILIyaTalldd KOeK cocTapisano 25-40%
OT HEOOXOAMMOIO YHUCJIA.

B mporecce ocBoboxk menns Benapycu, Bo MHO-
TUX, paHee HAXOAWBIIKMXCS O, OKKYIIAIMeil, Peruno-

HaX TPUIILIOCH B IKCTPEHHOM ITOPsi/IKE BBOIUTH Ka-
panrun. CaMbiM pPaCHpPOCTPAHEHHBIM 3a00J€BAHU-
€M Ha OCBOOOXKJIEHHBIX TEPPUTOPUAX SABJISIICH ChIII-
ot Tudp. Hambosee kpurranas 3muaeMuoIornde-
CKasl CUTyaIlusi HAOIIOAAIACh B CEJILCKUX W IIPUTO-
POJIHBIX HACEJEHHBIX ITyHKTaX.

IMogBomst mToOr, AEATEILHOCTH MEIWIIMHCKON
ciayxk6p1 KpacHoit ApMuy MOXKHO ONHUCATh, Kak
9YeTKO CTPYKTYPUPOBAHHYIO HEPAPXUIHYIO CHCTE-
My, O0O€eCIedeHHYI0 OOJIBITMHCTBOM HEOOXOIMMBIX
pecypcoB. B cBoio owepenb, MOIeTh 3/IPABOOXpa-
HUTEJIbHOI CUCTEMBI, OCHOBBIBAIOIIEHCA HA MEJINKO-
CAHWTAPHBIX OTIEIAX, MOXKHO CYUTATH KpaiiHe He
rymanuoii. I mporumBopeduarieil BCeM H3BECTHBIM
[IPABUJIAM MEIUIMHCKON STUKU.

Cnucox aumepamypot

1. Tmagkux, I1. ®.. Megumnuuckas ciayxkba Kpacuoit Ap-
muu B Benukoit OreyectBenHoit Bovine 1941 —1945 rr. :
(Ucropus ctp —Ba) : Hakamyne, 11 maga 1939 r. — 22
mrors 1941 r. / II. ®. Tmagxkmx. — CII6. : Hayka :
Cankr-Tlerepbypr. usn. dgupma, 1995. — 107,[2] c., [2]
JI. AJI.

2. Bessie, A. B. Posb MecTHO# KOJUIAOOPALIMOHHON a/l-
MHUHHCTPAIUH B OPraHU3AINH MEIUIIHHCKOTO 0OCIIYKHU-
BaHUS HACEJIEHHS OKKYIHPOBAHHON Teppuropuu besa-
pycu (1941 -1944 rr.) / A. B. Beuses // Benapycs i
T'epmanis : ricTopeisg i cygacHacup : Marsphistibl MiXK-
Hap. HaByK. Kaud., Minck, 22 kpacasika 2004 r. / Tas.
paa. A. A. Kasasens, C. 4. Hosikay. — Mimck : M/JI-
JIV, 2004. — C. 69 —74.

3. Hymxkwuna, T. W. ledaTespbHOCTb MEIUUMHCKUX ydUpe-
xJeHuit B Morunese Bo BpeMsi okKymanuu (1941 —1944
rr.) / T. N. Tymkuna // Benukas IToGena: reponsm u
[TOJBUT HAPOIOB : Marepuassl MeXKAyHap. HAYIH. KOH.
(Munck, 28 —29 anpeas 2005 .) : B 2 1. / OtB. pen. A.
M. JlutBun. — Munck : WuacruryTt ucropun HAH Be-
snapycu, 2006. — T. 2. — C. 124 -127.

Kadaybati Bepa Anexcandposna, crynent 1 kypca @UTY BI'YUP, tylyla2004@Qgmail.com
Hayunouti pyxosodumens: Huxosraesa Jrodmura Bukmoposna, 3aBemyioniuii kadeapoit TyManTuTap-
wbix gucnuiuind BIYUP, kanunar ucropudeckux Hayk, fgorent, Mikalayeva@bsuir.by

137



B. A. Koabacun

PA3BBUTUE NCKYCCTBEHHOI'O NHTEJIJIEKTA N
ITPOBJIEMA TPYJIOYCTPOIICTBA

Ceituac TEXHOJIOIMH PA3BUBAIOTCS ¢ HEMbICJIU-
MOi#t ckOpocThi0. OIMH U3 MPOPHIBOB — UCKYCCTBEH-
HBII WHTEJJIEKT, TPOYHO OOOCHOBABINWICSI BO MHO-
rux cdepax denoBedeckoi ku3nu. I mpuumH Ha
TO HEMAJIO — Ta K€ ABTOMATHU3AIHS IPOU3BO/ICTBEH-
HBIX IIPOLIECCOB, CTPEMUTEJIbHbBIN POCT nHbOpPMAaIy-
OHHOTO 0060POTa W WHBECTHUIWH B 3Ty cdepy, maxe
conmajbHOE maBieHne. VICKyCCTBEHHBIN WHTEJIIEKT
MOXKET OKa3aTh CYIIECTBEHHOE BJIMSHWE HA PBIHOK
TPYZA, 9TO MOYKET IPUBECTH K MACCOBOMY YBOJIb-
HEHUIO PAbOYero mepcoHasia nu3-3a aBTOMATU3AIUN
OOJILIMMHCTBA MPOIECCOB, C OIHON CTOPOHBI, HY W
pOCTy BOCTPEOOBAHHOCTH Pa3pabOTIUKOB, C JIPY-
TOH.

WccnemoBanve HATPABIEHO HA U3YYEHUE OTHO-
IIIEHUs CTYJIEHTOB K PA3BUTHUIO MCKYCCTBEHHOTO WH-
TEJIJIEKTA U CBA3AHHBIMHU C 3TUM MPODIEMaMu B TPY-
noBoii cdepe. OObEKT UCCTENOBAHUS — CTYJIEHTBI
BI'YUP. Meron ucciemoBanus — aHKETHPOBAHHUE.
OmnpocHuprii juct cocrosii w3 11 BOMpPOCOB, HA OT-
JIeJIbHBIE BOITPOCHI OBLIO TIPEILYCMOTPEHO HECKOJIh-
KO BApMaHTOB OTBeTa. B x0/me mccienoBanus ObLIO
ONIPOIIIEHO 53 PECHOH/IEHTA.

Bojiee 1OJIOBUHBI ONPOIIEHHBIX CTYIEHTOB
«OYeHb 9aCTO» W «9aCTO» CJBIIIAIN 0D UCKYCCTBEH-
HOM HHTEJIJIEKTE, YTO He YAUBUTEIHHO C Y4eTOM
cueruduku By3a, B KOTOPOM y4aTCs PECIIOHIEH-
. Borrpoc 06 ypoBHe pa3BUTHS MCKYCCTBEHHOTO
WHTEJIJIEKTa Ha JTaHHBIH MOMEHT SIBHO BBI3BAJ Pa3-
HOIJIACUS B MHEHHUSIX CTYJEHTOB: 36% ONMpOIIeHHBIX
CYUTAIOT, YTO «OH HAXOJUTCS HA HAYAIbHOMN CTaIUU
pazsutusi», 32% PECHOHJIEHTOB OTBETHJIU, YTO «OH
HaXOAWTCS HA CPEeIHEN CTaany PAa3BUTHS» W JIAIIH
20% ompeie/iuIn yPOBEHb PA3BUTUSA UCKYCCTBEHHO-
ro MHTeJJIEKTa KaK <«IIpOABUHYTHINA». Ha Bompoc o
BO3MOXKHOCTH 3aMEHBI JIIoJeil Ha paboumx mecrax
6obIHCTBO (72%) y4aCTHUKOB HCCIEIOBAHUSA OT-
BETUJIU, 9YTO UCKYCCTBEHHbBIH MHTEJUIEKT YaCTUIHO
3aMEHUT JIIo/Ieit Ha PabOUNX MECTax, B TO BpeMsl Kak
Bcero 8% PECHOHJIEHTOB CYUTAIOT, YTO UCKYCCTBEH-
HBIII MHTEJIJIEKT HE CMOXKET 3aMEHUTb TPV JIIOJIeil

u TOoJbKO 4% AyMaloT, YTO MCKYCCTBEHHBI MHTE/I-
JIEKT TOJIHOCTHIO 3aMeHuT dejoBeka. OTBedas HA
CJIYIOMINi BOIIPOC, PECIIOHIEHTHI JOJIKHBI ObLIN
HA3BaTh MPO(MECCUH, KOTOPBIE, M0 UX MHEHUIO, HA-
6oJiee MOJIBEPKEHBI 3aMEeHe HA ABTOMATH3UPOBAH-
Hbie cucrembl. 80% OIPOIIEHHBIX CTY/IEHTOB 3asiBU-
J, 9TO OAHKOBCKUE U (PUHAHCOBBIE TTPODECCHN HAH-
0oJiee TIOABEPIKEHDBI 3aMeHe, 3a HUMU, M0 MHEHHUIO
PECIIOHIEHTOB, CJAEAYIOT MEIUIMHCKHE Tmpodeccun
n amb 8% PeCHoHJIEHTOB HA3BAIU KOMIIBIOTEP-
ubie podeccun. OTBedas Ha CJAELYIONHI BOMPOC,
OOJIBITUHCTBO PECIIOHIEHTOB. OTBETUJIN, UTO UCKYC-
CTBEHHbBIM WHTEJJIEKT MOJIOKUTENbHO BusieT Ha 1T-
cdepy.

Ucxoms u3 0TBETOB PECIIOHIEHTOB, MOYXKHO CIe-
JIATH CJIEIYIOMIAE BBIBOJbI: BOJIBIIUHCTBO PECIIOH-
JIEHTOB XOPOIIIO 3HAKOMBI C HOHSTUEM «UCKYCCTBEH-
HBIH WHTEJIEKT>. B TO e BpeMsi ypOBEHb Pa3BU-
THS UCKYCCTBEHHOI'O MHTEJJIEKTA B HACTOSIIEE Bpe-
MsI OIEHHBAETCsl CTYJEHTAMHU TO-PA3HOMY: OT Ha-
4YasbHON U cpeueil craauu (68%) 10 HPOABUHYTOrO
yposus pazsurus (20%). Boubwuncrso onpornen-
HBIX pecroHenToB (72%) yBepeHsl, uTo B OyIyIiem
HUCKYCCTBEHHBIN HHTE/JIEKT YaCTHIHO CMOYKET 3aMe-
HUTH 9€JI0BEKA HA pADOYNX MECTaxX, MPEK/I€ BCETO B
OaHKOBCKO# 1 (PUHAHCOBOII cdepe, a TaKKe B Me -
nuaCcKuX npodeccusx. Jlumb 8% crynenTos npen-
MOJIATAIOT, YTO UCKYCCTBEHHBIN WHTEJIJIEKT 3aMEHUT
JEJIOBEKa, B KOMIBIOTEPHBIX mpodeccusx. B Toxe
BpeMsl MTOYTH BCE OIMPOIIEHHBIE PECIOHIEHTHI BU-
JISIT TIOJIOXKUTEbHOE BIUSHUE UCKYCCTBEHHOTO WH-
tennekra Ha IT-cdepy.
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A. B. Kynem

I'EHOIIN/I HAPOJIA BEJIAPYCH B I'OJ1bl BEJIMKON
OTEUYECTBEHHO BOMHBI

B roapt nauucrckoit oxkkyuanuu (1941-1944
IT.) Ha TeppuTopun Benapycu 661710 ucTpebIeHo 6o-
Jlee 3 MJIH MUPHBIX TPAaXKIAH U BOEHHOIJIEHHBIX;
YITHAHO B HEMEIKOE PAOCTBO TOJ yTrPO30il CMepTH
6oJstee 384 THICSY YeJIOBEK, U3 KOTOPHIX MHOIHUE I10-
rubsiu B Pe3ysbTare HEBBIHOCHUMbBIX YCJIOBHUIl TPy,
JIUTIEHWI 1 UCTS3aHUIT; pa3pyIieHo u cox:keno 209
TOPOJIOB, B TOM uwmcje ropojaa Mwunck, lomens, Bu-
tedck, [lomonk, Opmma, Bopucos, Caynk; a Takxke
6ostee 10500 cen u nepeBenb, B ToM uucie 5295 Ha-
CEeJIEHHBIX IIyHKTOB HAIKUCTHI YHUUTOKUIH BMECTE
CO BCeM WJIM YaCThi0 HacejneHus. B centsOpe 1941
r., Korjga Bcsa Teppuropus BCCP Obuia 3axBadena
HEMEIKO-(QAMMCTCKUMHU BONCKAMHU, B HEBOJIE OKa-
3aJI0Ch MPUMEPHO 7-7,5 MiH ee xkwuteseit. Macco-
BO€ YHUYTOXKEHUE JII0/eil ObLIO 1TOCTABJIEHO HA I0-
TOK U BEJIOCh BAPBAPCKUMHU METOIAMHU U CPEACTBA-
MU: IPUMEHSIINCH PACCTPEJIBI U BUCEJIUIIHI, TA30BbIE
KaMepbl W CKUTAHWE, TOJIOA U XOJOJ, PACIpPOCTPa-
HEHWe 3MHAeMUi, HEBBIHOCUMBIN (pU3nIecKuii TpyI
¥ WHBIE METObI ¥ CPEJCTBA. DTO JOJKHO OBLIO Ha-
BECTH CTPAX, IOJABUTH MAJIEUIINE [OIBITKU COIPO-
TUBJIEHUS] HACEJIEHNS OKKYMAIIMOHHOMY pexkumy. B
utosie-aprycre 1941 r. ObLTa MPOBEIEHA OMEpAIWs
C yJacTHeM BOWCK BEPMAaXTa W MOJWIWHM HA TEp-
puropun Benosexckoit mymm. Tak, 322-it memerr-
Kuil mosuneiickuit 6arajgboH, IO HEMOJHBIM TaH-
HBIM, B XOJI€ OTIEPAIMH BBICEIU B JEPEBHU BOCTOY-
uee IIpyrkan n3 34 HaceseHHBIX MYHKTOB B paiioHe
Benosexkckoit mymm okos0 6,5 Twic. demoBek. llpn
MPOBEIEHUY KaPATEeTHHOM aKIuu ObLTO PACCTPEs-
Ho Oosiee 50 desioBek. B repmaHcKuX JOKyMeHTax
YKa3bIBAJIOCh, YTO IPUYMHON paccrpesna 47 4eso-
BeK CTaJjila KOMMYyHUCTHYecKas arutanus. [locse na-
CUJIbCTBEHHON 3BaKyaluu OOJIBIIHHCTBO JIEPEBEHB
CKUTaIoCch. 23 centsioOps 1942 r. 6putu paccrpests-
Hbl 54 pebenka u BocnuTareabHUIA u3 JloMmadeBCKo-
ro JIETCKOro joMa B Bpecrckoit obaacru. Yaaaoch
CTIACTUCh TOJBKO OTHOM meBouke. OTHUM U3 OCHOB-
HBIX OpYyauii ncTpedeHns 6€JI0PYCCKOTrO HACEIEHNS
OBLIM KOHIIEHTPAIINOHHbBIE JIATEPsT, OPTAHN30BAHHBIE
na reppuropuun BCCP B Gosbiiom KonwdecTse u
o1 pa3nudabiMu HanMmenoBanusgmu. Ha okkynupo-
BAHHOM BParoM T€PPUTOPUU HACTUTHIBAIOCH CBBIITE
270 narepeit 1 MECT MaCCOBOTO YHHYITOXKEHUS MUP-
HBIX T'DAXK/JIAH W COBETCKMX BOEHHOILIEHHBIX. Mup-
HbIE TPAXK/IAHE [IeCATKAMU THICSY 3aKJIIOYATIUCH B
Jlarepsi BMECT€ CO CBOUMH CEeMbsMU. YCJIOBHS CO-
JepKAHUA — TOJIOM, XOJIO, Mo0Ou U HCTA3aHus. B
MuHCKe U ero OKpeCTHOCTSX TUTJIEPOBIIHI CO3TAN
LEJYI0 CUCTEMY Jlarepeil cMepTu U uX (DuaInaios:
smarepb cveptu «TpocTenerry, KOHIIArEPh y IePeB-
au JIposasr MunacKoro paitona, mo yaure [IIupoxoit
B . Mumncke, a tak:xke Mwunckoe rerro. Hemenko-

dammcTcKkuMu OKKYIAMUOHHBIMA BJIACTAMUA U KO-
MaHIOBAaHWEM TEePMAHCKOH apMuu HCTpebIeHo 60-
jgee 70 THIC. MUHYAH, & BCErO B TOPOJIE W IPHUJIE-
ralonmx K HeMy paiioHAaX OT PYK Bpara morudso
400 ToIic. uesoBek. Jlarepn cmeptu «T'pocreners
Haxomuica B paitone mepesenb Masbiit Tpocrenerr
n Bossmoit Tpocrenen Munckoro paitona. Jlarepn
cveptu « TpocTeHery SBJIICS CAMBIM KPYITHBIM HA
Bcell 3aXBadeHHON COBeTCKOI TeppuTopmu. [lo xo-
JMIECTBY YHUUITOKEHHBIX Jioeit — 546 000 gemoBek
— jarepb cMmepru «TpocTeHery CTOUT B OZHOM psi-
JIy C APYTUMU MECTAMU MACCOBOTO YHUYTOMKEHUS B
Espome. Tpu rona Benukoit OTedecTBeHHOM BOWHDBI
CIOZIA JOCTABJISIJIN JIIOIEH PA3HBIX HAIMOHATHHOCTEH
¥ BEePOUCIIOBEIaHNs, B TOM Yucie u3 crpan EBporbr
— nereil, XKEHIWH, CTapuKOB. 1IpomoKuTebHOCTD
2KU3HU Y3HUKOB Jiarepst «Tpocrener» cocrasiisiia
2-3 mecsana. Becnomaanas MammHa CMEpPTH OBLIA
3amytnena ocenbio 1941 r. B ypounnie Birarosmuaa
u JeficTBOBaa 10 OCBOOOXKAeHHUS Topoma Muncka
3 miona 1944 r. B ypouurne Birarosumna B6/im3m
nepesan Tpocrenen Gbuin obHapykeHbl 34 sAMbI-
MOrujIbl. IIpy wX YaCTUYIHOM BCKPBITUU HAIEHBI
MIEPErOpEBIe U ODYIJIEHHBIE U€JI0OBEYECKUE KOCTH,
cJioit menyia TosmuHOM oT 0,5 10 1 MeTpa. B HekoTo-
PBIX sIMaX Ha JHE HAXOIWIHCH OOyTJIeHHbIE OpeBHA
C JIEXKANMMU [0J[ HUMUA KOCTSIMH TPYIIOB U PEJib-
camu. O3apuuckuil jarepb CMEPTH PACIOIATAJICS
Ha Teppuropuu JlomamoBuuckoro paiiona Ilosmec-
ckoit obnmacru. Konnenrpanuonusrii areps «O3a-
puYn» TPOCYIECTBOBAJI JIAIIb [ECATH JTHEH B Map-
Te 1944 r., TeM He MeHee OCTABHUJI CTPAIIHBINA CJes,
B ucropuu Besmkoit OredecTBeHHON BOWHDBI U3-3a
HEYEJIOBEUECKUX YCJIOBUN CONEP:KAHUST W METO/IOB
yHuYTOXKEHUs Jrozeit. Tam He ObLIO KpemMaTopues
— 3Ty POJIb BBIMOIHSIN XOJI0, TOJIO, CHITHOMN T
u apyrue DOIe3HU. Y3HUKH PA3MEIIaInuch IPSMO Ha
zemsie. MHOIrUe U3 HUX MOTEPSIIN CIIOCOOHOCTD JIBU-
rarhbcs M 0e3 maMsaTn Jexanan B rpsa3u. Coseprien-
HO PA3IeThIM W TOJIOJHBIM JIIOISM CTpOXKAiiiie 3a-
MPEIAIOCh PA3BOAUTH KOCTPBI, COOMPATH XBOPOCT
JUIS TOACTUJIKU, TPHUOIUKATHCA K ITPOBOJOTHBIM
3arpakJIeHusiM. 3a MAJIEHIIYTO [MONbITKY HAPYIIUTh
9T TPEeOOBAHUS TUTIEPOBIHI PACCTPEIUBAJIHN Y3H-
koB. ITonxomp! K J1arepio ObLIM 3aMUHUPOBAHBL. ¥ 3-
HAKOB HE KOPMU/IU. UTOOBI XOTh KaK-TO COI'PETH-
ca u crnactu cebsd W CBOUX J€Teil, JIIOIsAM TPUXO-
JIAJIOCHh CHUMATh Ofiexky ¢ TpyrnoB. Cpenu 3aKiio-
9EeHHBIX ObLIO OOJIBIIOE KOJIUIECTBO OOJBHBIX TH-
dom. Konmnenrpanuonuslii jgarepb B MUHCKe TIIIO-
maapio 60500 M2 ma ya. [lupokoit ObL1 Opranu3o-
BaH B uioje 1941 r. B 10ro-3amnafHoil 9acTu ropoja B
300 m or MockoBckoro mocce, 0OHECEH [I€PEBIHHBIM
3a00pOM, CBEPXY KOTOPOI'O MMEJIACh KOJIOYasi [IPO-
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Bostoka. [IpocymtectBoBan 10 30 uions 1944 r. leii-
CTBOBAJI KaK TPYIOBOH Jarepb W COOPHBIN MyHKT
JIJIs1 Y3HUKOB TIOPEM, KOTOPBIX OTIIPABJISIN HA YHU-
gyroxkenne B J. Masbrit Tpocrenerr n Ha mpuHYIU-
TebHBIE pAOOTHI B KOHIIAreps: [ epMannu u Ipyrux
crpan EBpomnbl. B ykazaHHBIN J1arepb TPUBO3UIU
Y3HUKOB MUHCKHUX TIOPEM, BOEHHOILJIEHHBIX U3 JIPY-
rux Jjarepeit, xkureneir . MuHCKa, apecTOBAHHBIX
BO BpeMmsi 00JIaB, Y3HWKOB T€TTO, & TAaK¥Ke 3aXBa-
YEHHBIX BO BPEMs IIPOBEIEHUsT KAPATEIHHBIX OIe-
parmit TapTU3aH U MOAIOJbIIUKOB. Y 3HUKOB TaKKe
mocrapisan u3 Tiopem bobpyiicka, Bopucosa, Bu-
neiiku, [Tosronka u Apyrux HACETeHHBIX IyHKTOB. B
Jlarepe MOCTOSHHO HAXOAUJIOCh OKOJIO 2,5 ThIC. de-
sgoBek. C aBrycra 1943 1. u3 jarepsi peryaspHO XO-
Juu 4 cuernuaabHO 000PYA0BAHHBIX aBTO(YProHa,
TaK HA3bIBAEMbIE «IyIIEryOKu», B KOTOPBIX ITEPEBO-
3usn y3HuKOB. [lo mopore oHu ymupaam OT mocTy-
[aBIIero B CaJioH (pyproHa rasa, TPYIbl CKHUIAJIA
B Majiom Tpocrenne. C aBrycra 1943 r. mo uiosb
1944 r. B jarepe ObL10 yHHYTO)KEHO OKOJ0 20 000
geioBeK. VITOroM HAIMCTCKON MOJMTUKU TEHOIHIA
7 «BBIK2KEHHOI 3eMiin» B Besiopyccuu cramm 0Koso
3 MJIH 9YeJIOBEK YHUYTOXKEHHBIX 33 TPHU I'OHa OKKY-
marwu. [Tornb kaxkapiii Tperuit xureasr Benapycn.
B roabr okkymanuu KpoBbIO KepTB barmu3ma Obi-
Jia 3asmTta Oesopycckast 3emist. CBSIIEHHBIH 10T
BCeX 6EIOPyCOB — MOMHUTH CAMUM 00 3TUX COOBITH-
dX, a TAaKXKe He J[aBATh APYTUM 3a0bIBATH UCTOPHUIO
Hauleil crpaHbl.
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1. B. Kynermes

BOEHHAZ{ CYIABbBA B. 3. KOP2KA

Bacunuit 3axaposua Kopxk pomauscs 13 siaBa-
pa 1899 r. B nepesne XopocToBo, yuuscs ram xe. B
1920-e rr. npuHUMAJ aKTUBHOE y4acCTHE B CTAHOB-
JIEHWW COBETCKOI BjacTu B Bemapycu, 3atem ¢ 1931
r. padoras B opranax HKB/I BCCP. Boesan B Uc-
MAHUKA B COCTaBe WHTEPHAIMOHAIBHOI Opuraapl. B
1937 r. marpaxzaen opjenamu Kpacuoro 3uHamenu
n Kpacmoit 3Be3nnbr 3a ycnerioe BuIMOIHeHHEe 6oe-
BuIX 3amanuii. B 1938 r. B.3. Kopxk mpoxomn mo
Jedy O mmruoHaxke B moub3y lloabmm. Beur ompas-
JIaH, HO TIOCJIE BBIXOA U3 TIOPbMbI YBOJIUJICSA U3 Psi-
gos HKB/I. Ha moment naugama Benukoit Orede-
crenHoit Boitabl B.3. Kopxk paboran B Ilunckom
obkome KII(6)B. ITo ero nuummarnee GbIIO CO31a-
HO IIepBOe napTu3aHckoe (POPMUPOBAHNE YHCIEHHO-
cThio 60 TemoBeK. 28 WIOHS OHU TMEPBBIMU BCTPETH-
JIUCH C CUJIAMHU TPOTUBHUKA B GO0 mom 3armosibeM,
9TO [OJIOXKUJIO HAYAJO [MAPTU3AHCKOMY JIBUKEHUIO
ua IMunmnmue, B Berapycn u CCCP B mesom. IMap-
TU3aHbI HE TIOTEPSIIH HU OJHOrO 0oiina. 4 uiois B
pe3yabrare O0ECTOJKHOBEHUS MOTEPU MTPOTUBHUKA
cocraBuiu 20 COAAT, y TAPTU3AH MOTMO KOMAHIUD
onuoit w3 rpynn C. Kapamios, rpoe ObLIH DAHEHBL.
5 uroJisi napTU3aHbl BMecTe ¢ yactsamu Kpacuoit Ap-
MUY OCTABUJIM TOPOI ¥ OTpaBunuch B CTOIWH, MO-
MMyTHO YHUYTOXKasi MOCThI depe3 [luny u [lpunsars.
B sror xe mern IIuack ObLT OKKynupOBaH (arrm-
cramu (10 14 mions 1944 r.). IlepBoHadanbHO 0TS
B.3. Kopzxka cocTosyt u3 Tpex CTpesKOBbIX COeIuHe-
aUit 10 20 TeJ0BEK B KayKIOM W OTIEJEHUS Pa3Be]l-
ku (6 genosek). Takoe mocTpoenue obecrHednBaIO
MAaHEBPEHHOCTh U TO3BOJISIIIO CAMOCTOSTEIHHO pPe-
marh 6oesble 3amadn. B. Xopy:kas, KOTOpas Tak-
ke Obuta B orpsizie B.3. Kopxka, nucana B joHece-
uun Ha nmMst [IK KII(6)B or 6 asrycra 1941 r., uro
OTpsA OBLT TECHO CBSA3AaH C MECTHBIM HACEJIEHHUEM,
BeJI PA3bACHUTENBHYIO PADOTY, MOIH30BAJICS OOJIb-
LI0M HOAJEPXKKOM AEPEBEHCKOr0 HACEIeHUs. SUMOIA
1941-1942 rr. maprusanam orpszga B.3. Kopxka yna-
JIOCh YCTAHOBUTH CB#A3b C MUHCKHM [OIIOIbHBIM
0OKOMOM MAPTHUH, PA3BEPHYBIUM CBOU 1mTad B JIf0-
b6anbckoM paiiore. COBMECTHO OpraHW30BAJIM CaH-

it peitn mo Munckoit u Ilosmecckoit obmacTsam —
O/IMH U3 CaMbIX IEPBLIX [APTU3AHCKUAX DEH/IOB B
Benmkoit OreuecTBennoit Boitre. 3a BpeMsa peiina
OTpPsAJ, TOMOJIHUJICS OCHOBATEIbHO. JIeTOM-0CEHBIO
1942 1. mpoa0KAJICA TTPOIECC OPTAHU3AIUN HOBBIX
orpsanos. K wosiopro 1942 r. onm cocraBuim coemu-
HeHue u3 7 orpaaos (2000 Goiinos). B 1942 r. nun-
CKUe TAPTU3AHBI OKPETIH W HAYajIu TPOMUTH Tap-
HU30HBI B pAflOHHBIX IeHTpax Jlenuno, CrapobuH,
JIiobemos, Kpacnas Cmoboma. 30 oxkTsadpst 1942 r.
HeMmenkuit rapau3on Ha cranmuu CUHKeBUYU OBLT
pPa3rpoMIIeH, YHUYTOXKEH JIINEJIOH ¢ OoempumacaMu
(48 Baronos). Hemupl norepsinu 74 wenoseka you-
ThIMU, 14 pAHEHBIMU, KEJIE3HOTOPOKHOE TBUYKEHNE
Bpect-T'omens-Bpsinck Ob110 mpepBano Ha, 21 cyT-
k. B 1943 r. mocme pa3rpoma rapHU30HA MAPTH-
3aHbl 3aHEMaIn JIrobemos Heckonbko mecanes. C
asrycra 1942 r. B.3. Kopx 6b11 cekperapem ITun-
ckoro mofmosbHoro ookoma KII(6)B, ¢ Hosiopst 1942
r. — KOMaHaupoM [IMHCKOrO MapTU3aHCKOTO COEIu-
HEHWSI, YNCIEHHOCTh OOMIIOB KOTOPOro K 1944 r. 1o-
crurya 15 Teicad desoBek. 3a nepuoj ¢ uioHs 1942
r. 110 uiosib 1944 r. OoHO HAaHECJI0 OKKyIIaHTaM 00Jib-
mo#t ypon. Tosbko yOuThIME (DAIUCTHI TOTEPSIH
26616 desfoBeK. 3aCIyrU MATPUOTA OBLIH OIEHEHDI
pykoBozacTBoM ctpanbl. B 1943 rr. B.3. Kopxy ObI-
JIO TIPUCBOEHO 3BaHWeE TeHepas-Maiiopa, 15 aBrycra
1944 1. — 3Banue T'epos Coserckoro Coroza. Tak-
2K€e OH ObLI HArPaXK/eH AByMsd opzaenamu Jlenuna u
Kpacnoro 3namenn, opaenom OQTedecTBEHHON BOii-
bl 1-ii cremenn, KpacHoil 3Be€3/bI 1 MHOTHMU Me-
JTAJISIMU.
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A. C. MaxnoBuu

BJINAHUE COBPEMEHHBIX TEXHOJIOTUN HA
IIPO®PECCUOHAJIbBHYIO OPUEHTUPOBAHHOCTD
MOJIOJIEXKN

B kaxkmoii cepe KU3HN TEXHOJIOTUU UTPAIOT
BCE OOJIBIITYIO POJIb U CIIOCOOCTBYIOT WX PA3BUTHUIO.
O6pa3zoBaTenbHbIi MPOIECC He CTAT UCKIIOUCHUEM:
BO3HHKAIOT BCE Gosiee HOBBIE W 3(PPEKTUBHBIE Me-
TOABI OOyueHUsT W camoornpenenaerus. IIpodeccrno-
HaJIbHAS OPUEHTAIUsT — HAYYHO OOOCHOBAHHOE PAC-
TpeIeIeHne JII0Iell 0 Pa3JIMIHbIM BHIAM TTpodec-
CHOHAJILHOM JesITeTbHOCTH B CBSA3U C MOTPEOHOCTSI-
MH OOIECTBA B PA3TUIHBIX TPOMECCUIX U CIIOCO0-
HOCTSIMU MHJIMBHJIA K COOTBETCTBYIOIIUM BUIAM J1€-
sreaprocTn [1]. B Pecnybanke Bemapycs mpodec-
CUOHAJIbHAS OPUEHTAINS OCYIIECTB/ISIETCS B CIIEIY-
omux (popmMax: MPopEeCcCHOHATHHOE MPOCBEIIEeHHE,
npodeccruoHaIbHas UATHOCTHKA, TPOdheccnoHaib-
Hasl KOHCYJIBTAIUs, TPY/I0BOE U MPO(ECCHOHATILHOE
BOCTIMTaHMe, MPOPECCHOHATBLHBII 0TOOD, Tpodeccu-
OHAJIbHAS ¥ COIUAJIBHAS ATANTAINS U TICHXOJIOTH-
dJeckast Mojjep:kka [2]. Bce BblmenepedncieHHble
dOpMBI HATIPABIEHBI HA TO, 9TOOBI IMTOMOYH MOJIO-
JEKU CIAeIaTh BbIOOP MPOQECCHr UCXOIs U3 MPe/I-
nourennit u ocobennocreit. CoBpeMeHHbIE TEXHO-
JIOTMU TIOMOTAIOT TAHHOMY MeXaHu3My ObITh 0osee
a¢pderTuBHLIM ¥ TOUHBIM. [lo maHHOI Teme cpemu
CTYIeHTOB OBLTO TpoBemeHo m3ydenme. Vcxoms u3
[TOJIyYEHHBIX PE3YIBTATOB MOYXKHO CIIETATh HEKOTO-
pbie BbiBobL: 1) BosIbLIMHCTBO CTYAEHTOB CUUTAIOT
aKTyaJbHBIM BOIPOC camoomnpenenenns. 2) Bosb-
MIAHCTBO CTYJAEHTOB CYUTAIOT, YTO OHU HEIOCTa-
TOYHO NPO(ECCUOHATIBHO OPUEHTUPOBaHbI. 3) B 1o
JKe BpeMs, DOJIBIIMUHCTBO CTYIEHTOB CYUTAIOT, 4TO
COBPEMEHHBIE TEXHOJIOTUU CIIOCOOHBI MOBJIUATH HA
MPOMECCHOHANIBHYI0 OPUEHTUPOBAHHOCTH MOJIOIE-
xku. 4) Touck undopmanuu o Gyayieii npodeccun
CTYIEHTHI OCYIIECTBISIOT MOCPEICTBOM: PEKJIAMBI —
4,9%, obpa3oBaTeNbHBIX IIOMAI0K U (POPYMOB —
13,9%, commanbubix cereit — 17,9%, npodopuenra-
IMOHHBIX Mepoupuaruii — 5,8%, 3nakombix — 17,9%,
yaeOnbIx 3aBenennii — 14,3%, caiitoB xoMmanuii —
16,6%, ponureneit — 7,6%, npyroe — 0,9%. 5) Bosb-
IMIUHCTBO CTYJEHTOB CYUTAIOT, YTO COBPEMEHHBIE
TEXHOJIOTUH TOJIOKUTELHO BIUSIOT HA PA3BUTHE

u KadecTBO mpodeccroHanbuoil opuentanuu. Cty-
JIEHTHI TPEJJIOYKUIN CBOM BAPUAHTHI PA3BUTHSA CO-
BPEMEHHbBIX TEXHOJIOIHH B PAMKaX MPO(EeCcCunoHa b
HOit opuenranuu: 1) Pa3sBurue coBpemeHHbIX Tex-
HOJIOTHI TPUHECET aBTOMATU3AINI0 TPOCTHIX BU-
0B pabot. 2) TaprerunroBas pekjama. Ajropur-
MBI BBIYUCJISIOT WHTEPECHI MTOIH30BATENS W TPE-
JIAraloT CMEXKHBbIE ¢ OBJACTHIO YBJIEYEHUIl KypChI,
mecra paborbl, BeOuHApbl U Tak gasee. 3) Baxwno
OLIPE/IEJISITh CUJIbHBIE CTOPOHbL Yeoseka. 4) Hosble
TEXHOJIOTUY - HOBag pabora. 5) Passurme texno-
JIOTH# MO3BOJIUT PA3HOOOPA3UTH TOAXOABI K TIPO-
deccuonanbroii opuentaimu. 6) MoxHO Moeupo-
BaTh nporecc paborsl pasubix npodeccuit B VR u
AR, 9r00b1 feTr Mo onpoboOBaThH Ce0si B PA3HBIX
chepax. 7) CoBpeMeHHBIE TEXHOJIOTUH B BHJIE OT-
JIeJTbHBIX MPUJIOKEHUHN WJIH CAiTOB MOTYT TTOBJIUSTH
Ha TPOECCHOHATBHYIO OPUEHTAIMIO YEJI0BEKA, TaK
KaK, MOCPEICTBOM PA3IUYHBIX AHKETHBIX OIMPOCOB
MOXKHO OIIPEJIETTUTh HAIPABJIEHHE, B KOTOPOM dYe-
JIOBEKY CTOMJIO Obl PA3BUBATHCSI UCXO/sl U3 €r0 Ha-
BBIKOB U mpeamnourenwii. [logBeném wroru: coBpe-
MEHHBIE TE€XHOJIOTHH WMEIOT OOJIBINIOE BIIWSHUAE HA
podeCCHOHATBHYI0 OPUEHTANNIO. TeXHOIOruH MO-
IYT TOBJIASTH HA yPOBEHBb MPOMECCUOHATBHOM OpH-
E€HTUPOBAHHOCTU. Pa3BuUTHE TEXHOJIOIHUH MOBJIEYET
3a coboif pa3BuTHE 0OpA30BAHU, MAPKETHUHTA, 00~
Pa30BaHUs HOBBIX MPOMECCH U YBEINIEHNE YPOB-
Hsl TPO(ECCUOHATIBHOM OPUEHTHPOBAHHOCTH MOJIO-
TEXKH.
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K. B. Mancypos

BHEBPAYHBLIE OTHOIIIEHNU A B CUCTEME CEMEMHBIX
IITEHHOCTE! HACEJIEHU A BEJIOPYCCKIX 3EMEJIb B
QIIOXY BKJI

Buebpadunbie OTHOIEHUS JOBOJBHO TOJTO CO-
XPaHsJIUCh B IJIAXeTCKOi cpeze (10 koura X VI B.),
a B MEIAHCKON U CeabCKOoi uMenun mecto u B X VII
B. Bpak B Bemukom Kusxecrse Jlurosckom (na-
see — BKJI) umen cBerckuii XapakTep, MO3ITOMY He
OBLT 00s3aTETHHBIM JJIEMEHTOM B CHUCTEME CEMeii-
HBIX TleHHOCTeH. HOpMBI ceMeitHo-OpadHbIX OTHOIIIE-
HUl yCTaHABIUBAIN OPAYHBIA BO3PACT Il IOHOIIIE
c 15 jiet, a gyt neBodek — ¢ 13 jiet, psiji 3aKOHO/IA-
TEJbHBIX aKTOB — C 12 jrer, HO OOPYyYUTh MOIVIU C
7 ner. OaHAKO TPOKMUBAHNE B HEBEHUYAHHOM Opake
OTHOCHJIOCH K KATErOPUHU MO30PHBIX C TOYKU 3PEHUS
[IEPKBU, TAK KAK COBMECTHOE MPOXKWBAHUE HE OBLIO
MOJITBEPKIEHO €10. 3aKOHOAATETHCTBO HEMmOCPeI-
CTBEHHO HE 3aIPEIAJI0 HEBEHYAHHbIA OPAaK, HO OHO
HE MPU3HABAJIO HACIEICTBEHHBIX TTPAB BHEOPAUHBIX
nereit. BriepBbie 910 ObLI0 ycraHoBjeno B CraryTe
BKJI 1529 r., koraa ObLI BBEIEH TEPMUH «OEHKAPT»
— BHEOpAYHBII peOEHOK, OT KOTOPOTO OTPEKCS OTEIT
WJIA HAIKCAJ 3TO B CBOEM 3aBellaHWH, JINOO POXK-
JieHHbI He3amykHedt gesynikoit. Craryr BKJI 1566
r. pacmupua nouaTune «berkapr». K 9Toit karero-
pUU CTAJIM OTHOCUTHCS HE TOJIHKO JETH, POKICHHBIE
B HEBEHYAHHOM Opake, a Tak:Ke JETH OT JTI0OOBHU-
upbl. [Ipu 3TOM metw He MoOru CTaTh 3aKOHHOPOXK-
JIEHHBIMH, JIaKe KOIJA [10CJIe CMEPTH 2KEHbI IILIAX-
THY YKEHWJICS Ha JIIOOOBHUIIE, TAKXKe KaK U JIETH,
KOTOpPBIE POJIMINCH B TAaKOM Opake mo3aaee. Cormac-
wo Craryty BKJI 1588 1. He3aKOHHBIMU TPU3HABA-
JINCh TaKzKe JeTH OT Opaka MexK/y POJICTBEHHWKA-
MU, eCJId IPU 3aK/II09eHnn Opaka OHU 3HAJHA O CBO-
eM pojcTee. BueOpadynbie JeTH JUMWINCH HE TOJb-
KO UMYIIECTBA, HO W CTATYCA MIJIAXTAYA. ITO OTOD-
pakaJjoch B cTarbe 00 youiicTBe «OeHKapTa . 3a 9TO
npecTymenne youiiy oCBOOOXKIAIN OT CMETHOTO
npuroBopa. B ciyuae, eciii HA MOMEHT IPECTYII-
JIEHUS €Ie XKUJIa Marb «OeHkapras, TO €il Bblilia-
YUBAJIACh KOMITEHCAIWS KAaK 33 MPOCTOTO YeIOBEKA.
Hajuuue «OerkapTay B MIJISXETCKOM CEMbE CTABHIIIO
€e Ha HUKHIOIO CTYIIeHb OOIIEeCTBA U JIAIIAJIO BO3-
MOXKHOCTHU [€PEeIABATh B HACJIEICTBO HMMYIIECTBO.

TlonbiTky U36aBUTH JAeTEl, POXKIAEHHBIX OT HEBEH-
9aHHOrO Opaka, JIUIIEHWS 3€MEeJIbHOIO UMYIIECTBA
MIPOCJIE2KUBAIOTCS B CyZeOHBIX JeIax yKe C TIepBOi
nonosusbl X VI B. Tak, nanpumep, B I'ponnenckom
3aMKOBOM Cy/le PAcCMATPHUBAJIOCH €70 00 cemeii-
uoit 3emye mexxay Caxom m Tumodeem MwurtkoBu-
9eM, ¢ OJIHOU CTOPOHBI, U ABepkoMm Pomuonosmdaem,
TlaBmom Manmumosraem u Bacunmumem Tapacumonu-
9eM, ¢ JApyroit cropoHbl. MHUTKOBHYM MPOOOBAIH
BEPHYTH 3€MJII0, KOTOPAasl IIPUHA/JIEXKAIA UX OTILY.
Marp npuxoauIach HEBEHYAHHON KEHOH OTILY, TTO-
sToMy TpomHenckuii crapocra FHpwuit Hukonaesuq
Panzusunn npucynun 3emito poacrBeHHuKaM. Ero
peirrierre OBbLIO MTOATBEPKIEHO ITPUBUIIEEM BEJIHKO-
ro Kus3sg u I'pogHenckum 3aMKOBbIM cyzom. Opna-
KO0 MUTKOBUYM COXPAHWIN CBOW CTATYC W OTYECTBO,
B OTHOITIEHWM WX HE YMOTPEOJISAJICS TEPMUH «OeH-
kaprei». Takum obpasom, cBerckmii 6pax B BKJI
MOXKHO Ha3BaTh HpPoOHbIM Opakom. OH JaBajl BO3-
MO2KHOCTH Y3HATb, YTO TAKOE CeMeilHasi YKU3Hb, a
MOCJIe 3aKJII0YUTh CIeAyIomuit BeHdanubiit Opaxk. K
xouiy X VI B. Hu oiHA M3 XpUCTHAHCKUX KOHMECCHA
HE CMOTJIa KOHTDPOJMPOBATH YACTHYIO KU3HBb CBO-
ux npuBepzkentes. Tosbko B Kouie X VI B. mponso-
IIJTH KOMIIJIEKCHBIE N3MEHEHUs B 3AKOHOIATEIbCTBE,
pesiuruu, OOIIECTBEHHOM MHEHUU, KOTOPbIE CO3/1a-
JIv HeOJIATOMPUSATHBIE YCIOBUS IS CYIIECTBOBAHUS
HEBEHUYAHHOTO IIIAXETCKOro Opaka. OaHaKko B apy-
TUX COCJIOBUSX IOJIHBIM KOHTPOJIb OCYIIIECTBUTH HE
y/1aJI0Ch.
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E. . Opiosa

CYIbBA MOEN CEMbBbU B I'OJIbI BEJIMKO!
OTEUYECTBEHHOI BOMHBI

¢ xouy pacckazarb mpo mpabadymIKy IO Ia-
oM uHun. lyxosnd Bepa MepkypneBHa pomau-
smack B 1912 r. B8 2K106mwe. ITocse mkosibr moria Ha
KypChI MeficecTep mpu OOJTBLHHIE U MOCTe padboTasia
MececTpoii. /1o BOMHBI OHa BBIILIA 3aMy K 3a JLyxo-
Buva fKOBa, KOTOpPBIT paboran MuIAmuonepom. B
Opake y HUX POIUJIOCH TPOe JeTeil: cTapiias A09b
— Upuna, cpenussa poun — ZKawna (mos GaOyri-
Ka), Mytaammii cein — Esrenuii. B cypoBoe BoenHoe
BpeMs COTPYIHHUKHU MPABOOXPAHUTEIbHBIX OPTaHOB
BBINIOJTHSLIN IBOMHYTO paboTy: 60posmch ¢ pammct-
CKUMU JTWBEPCAHTAMU, 3a0pPACHIBAEMBIMU B THLI, U
WCKOpEHsIN OAHIWTU3M. Y?Ke B MepBbIe THU BOii-
HBI TIpagen ko ObLT MOOMIM30BaH B apMmuio. OH
ObLT OTIIPABJIEH JIOBUTH HEMENKHUX MaPAITIOTACTOB.
Yepes mecsrr Bepa MepkypbeBHA TOMYIHIA TTHCH-
MO O TOM, YTO €€ MYy?K CUUTAETC:d IPOonaBuM Oe3
Bectu. Takum 00pasoM, OHA OCTAJACh OIHA C TPe-
Ms JeTbMHu B HadaJjie BoiHbI. Tosbko B 2000-X TT.
npuIao nucbMo u3 Iombimmm ¢ coobienneM 0 TOM,
9TO MpaJeayInka morud B KoHmiarepe. Tak:ke yunmm
BoeBarhb ¢ dalmcraMmu 1 JIBa Opara mpabadyIiKu.
Jyxosuu Aunpeit MepKypheBud He BEPHYJICS € BOH-
ubl. A muaanmii Tyxosuua ViBan MepKypbeBud mpo-
eJI BCIO BOMHY u mocje kuil B I'poano. 3a xpabd-
POCTh, CTOMKOCTH W MY?KeCTBO BO Bpemsa Bemnkoit
OredyecTBEHHOM BOWHDI OH ObLIT HAIPAXK/IEH OPJAEHOM
Oreuecrrennoii BoitHbl 1 crenenn. C MOMEHTa TO-
BTOPHOTO 3axBara 2K100MHa HEMEIKUMA BOWCKAMHA
B aBrycre 1941 r. mpababyinka, SIBJISSACH MeJICeCT-
poii, oMorana MOAIOIbI0 U MAPTU3AHCKUM OTPs-
JaM, AefcTByonmM Ha Teppuropun 2K 100uHCKOTO
paitona. IlpuHocuia u3 OOJMBHUIBI TEPEBA30IHBII
MAaTEpPUAJT ¥ MEINKAMEHTHI, OKA3bIBAJIA TIEPBYIO MO-
MOIIIb, JIe/Iajia MEPEBI3KN W BhIXa KUBAJIA PAHEHBIX
conmar. B mapre 1943 r. apy3ss u Kostern mo pabo-
Te pacckazanu Bepe MepkypbeBHE, ITO HEMIIBI BbI-
YUCJIAI0T BCEX AKTUBUCTOB, KOMMYHUCTOB U MUJIH-
[IMOHEPOB, W UX ceMbu. MO0 mpababyIiky u ee Je-
Teii x1as b0 paccTpen, ubo cyanba ocrapbaiiTe-
poB. Ilosatomy Bepa MepkypbeBHa TpuHAIA pellie-

HUe YUTU B HAPTU3AHCKUNA OTPAJL BMECTE C JIeTbMU.
C ampensa mo okTaOpb 1943 r. oHa ydacTBOBAJIA B
MMAPTU3AHCKOM JIBUKEHUU B KadeCTBE CBA3HOHN 266-
ro orpsaa umenn M.B. @pymse T'omennckoit obira-
cru. Bepa MepkypbeBHa OCYIIECTBIANA CBA3D MEK-
/Iy BOMHCKHMU YaCTIMU, [10/IPA3/1e/leHusiMU, O0eBbI-
MU TPYIITAMHU, & TAKXKE CBI3BIBAJIA PA3BEIUUKOB C
Pa3BeIBIBATEILHBIM yIpaBaenneM. 26 nrons 1944 r.
B xoze omnepannu «Barparuons 48-if apmueit mos
KOMaH0BaHueM renepasi-noskosauka 1. Pomanen-
KO ObL1 ocBobOKAeH 2Kimobun. ITocie storo Bepa
MepkypheBHaA C JeThMH BEPHYJIACh B Topom. Pac-
CKa3bIBAThH MPO YKAChI BOWHBI MPA0AOYIITKa HE JIF0-
Omyia, JJIsT BCeX BETEPAHOB 3Ta TeMa ObLIa CJIOXKHAS
¥ HEBBIHOCUMO OOJI€3HEHHAs, MHOTHE TTOTEPSIH HA
BOIfHE IOYTH BCE. Y YaCTHUKHU HAPTU3AHCKOIO OTPS-
na M.B. @pyuse, koropsie goxkuiau 10 dusa ITobe-
JIbI, IEep>KaJINCh BMECTE, TaK KaK JJIsi HEKOTOPBIX
9TO OBLIN €INHCTBEHHBIE POIHBIE JIFOIN, OCTABIIIHE-
cs B KuBbIX. Kaxxiplit rog 9 Masi OHM OPraHu30BBI-
BaJIM BCTPEYH, €3/IMJIA K MECTY IUCJIOKAIUU CBOErO
OTPANA, XOAUIN K MAMATHHUKY [MAPTU3AHCKOMY OT-
pany M. M.B. ®@pynse, TakxKe MOCEMIATN KOMUC-
capa cBoero orpsga B Porauese. Biractu BbIaess-
J aBTOOYCHI M TTOMOTAJIA OPTaHU30BBIBATDH TOE3/I-
k. B 1970 r. ObiBIIME COCTYKUBITBI e3auau B Jle-
uuarpaz, Cesacromnosb u Kpeiv. B 1975 1. B ZKiio-
own npuseran JI.U. Bpexwues. Ilocamounas mro-
MAIKA €r0 BEPTOJIeTa HAXOAUIACh OYeHb OJIM3KO K
nomy mpababymku. Bepa MepkypbeBra ObLia mep-
BOIi ¢ KEM 3a PYKY 10o3710poBasics [eHepaibHbIi CeK-
peraps IIK KIICC. o nencun Bepa Mepkypbesa
npopaborajga Ha MOCTYy MEICECTPhl B OOJIbHUIIE, H
MpOXKUIIa BCIO kKu3ub B 2Kj00mue. Babymky Bepy
000KaJIM BCE BHYKM W TpPABHYKH. ¢ »Kajero, 9To
HE yCIlesia Y3HATh ¥ 3aIUCATh MOO0JIBINE O TOM, KaK
ona ObljIa B mapTu3anax. ¥y MepJsia oua 7 nosaops 2013
r. 1a 101 roxy »ku3nu. Bruta narpakiena opaeHoM
OredecTBEeHHON BOWHBI 2 CTemenn, Menaabio «Bere-
paH Tpydar, a Takxke memaabio 2Kykosa.
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A. I. Ilepko

HOBOTPV/IUYUMHA B I'O/JIbl BEJINKOM OTEYECTBEHHON
BOVIHBI. IIAPTU3AHCKUM OTPA/ BEJIbCKUX

UccienoBars repoudeckoe U  TPArUYECKOe
TIPOIILTIOE — HTO MaJjias MJIaTa 3 TO, 9TO CAEJIAJN I
HAC COJIJIAThI, BOEBABIIINE, OTCTOSIBIIIIE U COXPAHIB-
mme Mup Ha 3emite. Mbl, XKuByIue ceifuac, He mMme-
€M IIPaBa He MePeIaTh HOBLIM MOKOJIEHUSIM IPABILY
O BOIiHE, C/IeJIaB TO KAK MO2KHO 00Jiee B3BEIIEHHO,
JIOCTOMHO U yOeIuTebHO, n3berasi Ipu 3TOM OCKOP-
OMTEILHBIX JJI MAMSITH UCKAYKEHUH HCTOPUIECKOM
aeficreutensuoctu. Ha Treppuropun Benapycu B mo-
BOEHHOE BPEeMs MPOXKHUBAJIO HEMAJIO eBpees. Jluiib
na Hosorpymumue 1o Boiinbl npoxkusasio Gosiee 6
Thicsid eBpees (63 %) [3]. Cembst Bembcknx mponc-
xoauna u3 fAepesan CTaHKEBUYH, KOTOPash HAXOIH-
snach Hemanaeko or Hosorpyaka. Bmecre ¢ poauTens-
MU JKUJIU [IeTH, HECKOJIBKO ChIHOBel u mo4ek. Hem-
bl BOILILJIM B TOPOJ, B Havase uiofg 1941 1. u cpagy
2K€ HAYaJIMCh PEIPECCHH IIPOTUB €BPEUCKOro Hace-
senusi [1]. 5 nexabpst 1941 r. HeMIIBI HEOXKHMIAHHO
BOPBAJINCH B JIOM BejIbCKUX M apecToBajii pouTe-
neii. Ix 3aBe3u B TIopbMy B HoBOrpymok, a orryma
B CkpbiaieBo, Tae u paccerpesisian 8 nexabpst 1941
r. Ocrasbubie Besibckue u uX POJACTBEHHUKH BOBDE-
Msl yOeyKaJn u3 I0Ma W CIpsaTaanch B jecy. OTpsi
HavaJl CO3/1aBaThCs B KOHIE Mas — Hadaje HIOHS
1942 r. xak ceMelinag rpynna u3 20 9eoBeK, a 3a-
TeM TIOMOJIHSJICH 33 CUeT eBPeeB, OeKABIINX U3 Pa3-
JINYHBIX IeTTO. BHAYase OoTpsi/l HE MMeI HUKAKOrO
TJIaHa, KPOME JKeJIaHUsT BEIKUTh. /10 okTsa0pst 1942
. orpan Benasckux macuanreBaa 200 gemosek. Ty-
Bus Benbckuil Ob1 u30paH KOMAHIUPOM, a OTPS,
cran HocuThb uMs 2Kykosa. OTpsij] IpeacTaBIsii co-
00il 1eIyI0 IePeBHI0, KOTOPYIO HA3BIBAJIU «JlecHOi
Uepycanums». B orpsae ObLia mekapHs, Ky3HHIA,
KOXKEBEHHBIH 3aB0/1, Oans, OoabHUIA U TTKoIa. 11o-
CTelleHHO ceMeiliHad rpynna BbIpocaa a0 1200 dge-
JIOBEeK. benbckue cHadaaa 003aBENNCh OPYKHEM C
nenbio camooboponbl. Ho mocremernno orpsn benb-
CKHUX BCE Yallle BCTYIAJ B CXBATKU C BPAraMu, IIOKa
He 3asBWUJI O cebe W CTAJl W3BECTHBIM IO BCeit OKpY-
re. OTpsan Benbckoro cuamrasicss cepbe3Hoil 60eBoit
CHUJION — O HEM OBLIM HACJIBIIMIAHBI BCE — U HAIUCTHI,

U JIpyrue MapTu3aHbl, 1 MUpHOe Hacenenue. Orpsi
OparbeB BehbCcKux BOEBAJ C HEMI[AMU TaKKe, KaK U
OCTaJIbHBIE MTO00OHBIE COEIMHEHUST — YCTPAWBAJT [TV~
BEepCHU, YHUYTOXKAJ JKUBYIO CHJIY M TEXHUKY IMPO-
TUBHHKA. Pe3yabrar 60eBOil [eaATeTbHOCTH OTPSIIa
Benbckux nporus HEMENKO-QAMMCTCKAX 3aXBATIH-
KOB: B30pBaHO 6 TOe3IOB ¢ KWBO# cuioit, 1 xe-
JIE3HOMOPOXKHBIN MOCT um 18 MocToB Ha 1mtocce, 16
ABTOMAIIIUH C YKWUBOH CHUJION, pa3pylleHbl 9 KM Te-
serpadHbiXx u TenedOHHBIX KOMMyHHUKaui, 800 M
2K€JIE3HOJOPOKHOIO IIOJIOTHA, COXK2KEHO 8 MMEHUIT
u 1 mumopama, mpoBemeHbl 12 00€B U 3acal, yHU-
qToxked 261 Bpar, B TOM 9mcje HEMEIKNE COJIIATHI,
odwurepsr, moauan, Bracosnsl. [1, c¢. 95]. Korga s
cTajl U3y9arTh UCTOPUIO €BPEHCKOrO MaPTU3AHCKOTO
orpana na HoBorpymuuue B rozpl BOIHBI, TO IIO-
HlJI, 9TO MbI €l1e He Bce 3HaeM upo Boitny. I[Toromy
9TO HAM Ka3aJI0Ch, YTO €BPEU B TOILI BOWHBI O€3-
POMOTHO 1M HA cMepTh. CyInecTBOBAIO MHEHWE,
910 OTpsAd OparbeB Beabckux ObLT HAIETEeH WMEH-
HO HA BBIXKMBAHKE €BPeeB, a He Ha 60pnOy ¢ daru-
craMy. DTO MHEHWE MOXKHO CYUTATH OMIMOOYHBIM.
CoBpeMeHnHast MOJIOZEKD 3HAHUS O BOWHE TOJIyYa-
€T B OCHOBHOM w3 KHUT u (GmiIbMOB. U mosromy,
TaK BAYKHO CErO/IHS COXPAHSATb W PACIPOCTPAHSATH
COXPAHUBIINECA Y HAC CBUAETEIbCTBA TOI BOWHBI 1
€€ IPOCTHIX COJIJIAT, KOTOPbIE U IOJAPUIIA HALIEMY
nokosiernio [lobeny m MupHOe He6O.
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V. M. ITaryzna

ITAPTBIBAHCKAY BAPAIIbBA HA TOPHITOPHII
MAI3EJIBCKATA PAEHA ¥V T'AJIbI BAJIIKAW
AMYBIHHAY BAVIHBI

Akynaupis Msazenbckara paéHa  aJ0bLiacs
yko ¥ mauarky gimens 1941 r. Ha tappsiTopsi
Msa3e/IbITabIHBL AMAJIb aApal3y Madasi 3 aysia
MEPIIbIs MAPTHI3AHCKIA aTpajbl. ATHBIM 3 iX ObIY
arpasn maz kipayainrsam @.P.Mapkasa. Y naprsr-
3aHCKYI0 Oapanpdy Cympalb HEMIAY i iX MPBIXiib-
HiKaJ YKIIOYAJiCsA § TMepIIyio 9apry ThIA, XTO 3Bs-
3ay cBOI Jéc 3 caBemnmkail ymamaii. I'sta — 1. 3B.
«YCXOMIHIKi», siKisi ObLIl MPBICTAHBI CIOABI HA Kipy-
FOUyIo 1 iHIIyI0 paboTy, a MOTHIM 3 IMadaTKaM aKy-
rmarpl BHIMYIIAHBI ObLITL PATABAIIIA, & TAKCAMA ThIS
MSICIIOBbIS 2KbIXaPbl, AKis CIIaI3BAJIICH Ha IIePaMO-
ry CCCP y maitre. Y 1941 r. mapThI3aHCKi PyX HA
Msnzesbinabiae Obly smras cabbl. AcapomkaM cy-
MpAaIiyJeHHs CTall HEemMATTiKis aHTIIBI(pAITBICIT-
Kisg maanosbHbig rpynbl. 1941-1942 rr. Obuti smras
TOJIbKI ITE€PbIAIAM 30ipaHHs, HTaMHAXKIHHS IapThI-
3anckix cijg. CrBopanbist § 1942 r. IlsHTpasbHbI i
Bemapycki mrrabbl mapThI3aHCKAra pyxy, ameparbi-
yuas rpyna Bineiickara abkama KII(6)B, akasa 6a-
gipaBasacs § paéue «Cypaxkckix BapoT», IMKHYITi-
cd aKTbIBi3aBallb HAPTHI3AHCKI PYyX, Y ThIM JIKY 1
¥ Manzennckim paéne, gamaMaraji TeprrbIiM map-
THI3AHCKIM (bapMipaBaHHSM, HAKIpOYBasi ix a3eii-
Hacib. [IpamaBajnia cyBsA3b 1 3 MapTHI3aHCKIMI 30-
HaMi Ha ycxom am Msa3ebIrdblHbl, 13€ icHaBaJTi
nasanonbibig kamitarel KII(6)B. Bocennio 1942 1. y
HapadaHCKisg Jsicbl 3 Manag3edanckara paéua mepa-
OazipaBaycs MapTHI3AHCKI ATPAJT « SHITTIATIbHIKY. Y
micramaaze 1942 r. ©.P.Mapxkay mpa3 KipajHinrsa
Bapeicajckait maprhI3aHcKail 30HBI arphIMay ga-
pydsHHE ab’aaHanb yce MAPTBI3AHCKiA aTpaabl i
rpymnbl, dKis g3edrivani § Bimeiickait BoOmacti,
y Opwiramy. ¥ Kaumel jgicramaga 1942 r. Gpeira-
Ja OblTa cTBOpaHa (e acHOBY CKJIAJi aTpajbl iMs
A.B. Cysopasa i «3uimuainbiik» ) i arpbiMaja iMs
K. Bapamminasa. I[Ipa3s mekaropbl gac Opbiraga

ab’annamnacs 3 6pbiragait @.C. Hlusaxrynosa, ase §
XyTKiM dace r3Ta ab’saHaHHE pacmajacs. [Ipbuiiy
JIIOA3e#l y mapThI3aHCKis aTpajbl Ta3BOJIY 3 IIATaM
qacy capmipasailpb Ha 6a3e apraHi3ambIifHbIX TPYII,
MPBICTAHBIX 3 YCXOMY, HOBBIA OpbIramabl. Tpabda, as-
HaK, MaKPICIIIb, IITO HA IEPIIBIX POJISAX ¥ HAPTHI-
3aHCKIM PyXy, Ki pa3rapHyycs ¥ paéue, ObLTi 0131
OOJIBIIT HE MSCIIOBBISA. YIKO 3 MEPIIBIX XBiTiH CBaii-
ro icCHaBaHHS MAPTBHI3AHCKisA dapmipaBaHHi maBsii
KOPCTKYIO ¥30poeHyio Gaparb0y cympars HeMIay
i kamabapanray. Bapanpba raTa ObL1a Oeckamipa-
MicHai, y3aemHa kopcrkait. Ila mepsl y3marnenns
MAPTHI3AHbI MAYAJI HAMAJAINb HA AMOPHBIA TyHK-
THI TpaIiyHika, rapHizonbl. Msmg3en Obry Osaxipa-
Banbl. Ca cuexus 1943 r. rata Giakaja cramra noy-
Hait. JIoOpbIis afHOCIHBI 3 HACETbHINTBAM ObLI ¥MO-
Ball BbXKbIBAHHS IAPTHI3AHCKIX arpajay. 3 Hace-
JIGHBIX TIYHKTAY iIIa JamaMora XapJYaBaHHEM, Me-
JbIKAMeHTaMi, ar3eHHeM, abyrkam i r.a. Ca cBaiiro
0OKy TapTBHI3aHbI IMKHYJIiCS a0apaHilb MsCIOBBIX
KBIXapoy aJ KapHikay, Hapdaka ObL1a i mamamora
¥ dac cesnbckaracuagapubix pabor (acabsisa na na-
cayHol BsicHoit 1944 r.). BenbMmi kapbicHali Gblia
J3efHaclb 1 MapThI3aHCKIX MeabIkay. Bor3Basenme
an dampicikait akymareli nperitmio ¥ Maasen y
mineni 1944 r. IlapreBanst ycimi HasgyabIMI cimami
CTPBIMJIIBAM aJbIXOA3AYbI Ta yaapami UsIpBo-
Hait Apwmii HsaMenkis BOMCKi. 4 JiilleHs 11apThI3aHbI
mrypMaM y3aai Msanzen. JdHbr TpuIHANL aKTHIYHB
¥/13€J1 y BhI3BAJIEHH] i mdpary iHIbx OyifHbIX HACE-
nenwix nyaKkTay — Kpwisidoy, Byacmasa, Kuarimina,
Caipbl, mMaTaiKix BECAK.
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B. O. Copxur M. B. Boporuuikas

COJIHIIEBOPOT: HAPOJHLIN KAJIEHIAPH 1
TPAINIINN BEJIOPYCOB

Benopycckuit HapOAHDBIN KaJE€HIAPb JETATCSH
Ha B3, OOJBIINX CE30HA — 3UMY U JeTo. ['paHura
M€Ky HAMW MPOXOIUT TIO OCH, COEIUHSIONEN Be-
CeHHee W OceHHee paHOjgeHCTBUs. OcOOBIMU THS-
MU TPUHATO CYUTATH U JHU PABHOJIEHCTBUSI, KOTJA
nenTp CoJIHIIA B CBOEM JBUKEHUU 10 IKJIUITUKE
mepecekaeT HeOeCHbIN 3KBaTOp. B 310 Bpems 3ewm-
JIsT HAXOJUTCS B TAKOM ITOJIOXKEHUU IO OTHOIIEHUIO
k Coummiry, Korma 00a mOJIyInapus, OT SKBATOPA 0
MOJIFOCOB, HATPEBAIOTCSI OTHOCUTEJIHBHO OJUHAKOBO.
OTO HPOUCXOAUT JBA pa3a B rOJy, B JEHb BECEH-
Hero paBHomeHcTBus (20 wiam 21 mapra) W B JIeHb
OCeHHero paBHOJeHCTBUS (22 m 23 ceHTsiops). B
9TO BpeMs Jjisd BCeX MecT 3emiu (HCKodas 3eM-
HbI€ II0JIIOCA) JIeHb [I0YTU paBeH Ho4u. Becennwuii
nepuos, B 6EJI0PYCCKOM HAPOIHOM KaJleH1ape HAYHU-
Hasicsg ¢ 1 Mapra ¥ IPOMOJIKAJICS MOYTH JO KOHIA
WIOHS, KOTJA HAIlM TPEIKu OTMedann Pycanbe —
HEIENII0, npeaBapsmontyio mpa3aauk Cearoit Tpon-
nupl. IIpexe gyem BCTpedaTh BECHY, B CTAPHUHY ObI-
JIO IPUHATO CHadasia npoecru 3umy. IIpasaHoBa-
HUs PACTATMBAJIACH HA HEJEI0, KOTOpas HA3bIBa-
sack Macnennunoii, uau Ceipuoit. Macmenuna —
OJIVH W3 CAMBIX BECEJIBIX U IITyMHBIX TPA3IHUKOB Oe-
JIOpycoB. B HeM meperiesnch u 3uMHUE, U BECEHHUE
00psi/ibl, TIECHU, UTPBI, XOPOBOALI. KyTbMUHAIIMOH-
HBIM MOMEHTOM I[PA3/THOBAHUI OBLIIO CXKUTAHKUE OCO-
60ro aTpubyTa MPa3IHUKA — TyUesa 3UMBI, UTO CHM-
BOJIU3UPOBAJIO CMEPTH CAMOM XOJIOIHON MOPHI TOIA.
Ormedaercs Mpa3IHUK B MOCJIETHIO HEIETIO TEPE]
Benukum mocTom, 3a Bocemb Hemenb nepen ITacxoit,
¥ MOXKET B Pa3Hble NOJbI BBIMAIATH HA KOHEI (DeB-
paJisi - EPBYIO MOJIOBUHY MapTa. B nmoneme1bHuK —
epBbIil AeHh MacIeHuIbl — YKEHIMUHbBI TPOBO/IIN
yHUKaJIbHBI 00psa — «Iloxoponsr memas. «lemy» —
9T0 GOJbINAs, B POCT YEJIOBEKA, KYKJIA U3 COTOMBI
B pybaxe m mranax. Ilo moBepbsam, maea momaBUII-
Csl KOCTBIO BO BPEMs MOE/IaHNs MsICa, U TEHePb ero
HY?KHO OBIJIO OTTIPABUTH B MUP WHOI, OMHAKO (Hu-
Typy Jea TaKKe 3a9aCTyI0 HAIEISAIN IePTAMU TH-
mepcekcyanbrHocTr. Harmm npenkn Cymim «moKOii-
HUKA» 33 MHOTOYHUCJIEHHBIE I'PEXU, B TOM YHUCJIE 33
PACIYIIIEHHOCTD, MPETI000AesTHIe, CODMA3HEHNE Ty-
JKUX JKEH, TIO9TOMY IeTeil WJIN HEKEHATHIX MOJIO-
JIBIX JIIOJEH K 9TOMY OOPsiy OOBIMHO HE JOMTYCKAJIH.
I'naBublil cumBos MacieHHIHON Heaean — OJMHBI.
ITo mapoaHBIM MOBEPHSIM, KPYTJble PyMsiHBIE OJIH-
HBI CUMBOJIM3UPYIOT COJIHIIE, TEIJIO W YKU3Hb. Biu-
HBI €JIU BO BpeMsl IPA3IHUIHON He e KapTodeb-
HBIE, MINEHUYHbIEe, s9HeBbie. [lekan u onaabu, em
uX ¢ MacjaoM u cbipoMm. Ha Burebiuue roBopmim:
«Macmo Hy>KHO THTH KOBITIOM, ITOOBI KOPOBBI MHO-
0 MOJIOKa JaBainy, Ha ['ponaentmuae u Bpecranme
Macaenurty npuaATO OBLIO BCTPEYATh MUPOTAMU U

Bapenukamu. Cbectb OiuH B MacjieHu4dHy10 He/le-
JIIO TOJIPKeH ObIJT KasKIblii wieH cembrn. Hapomabrit
npa3aauk Copoxwn, nim COpoK COPOKOB, OTMEYIAET-
ca 22 mapra. C 3T0ro mpaszaHUKa JI€Hb yKe ObLI
paBeH HOYHU, a MOTOM C KaXKbIM JHEM CTAHOBUJICSH
6ouibine ee. VI 6eI0pychbl 9TUIN 3TO COOBITHE, IPEI-
BeIIABIIee CKOPBIN YXO 3UMbI U OXKUBJIEHIE TPUPO-
gt JIiogu ycraBasm OT XOJIONOB U MOPO30B, K IAJIH
BecHy. A mocsie COpoKOB 3T0 OBLIO yIKe JIerde, OTo-
My 9TO TEIUIbIX JHEHl CTAHOBUJIOCH OOJIbIE, COJIHIIE
MOSBJIAJIOCH Ha Hebe garre. leHb caurasics BTOpOi
BeTpedeil Becubl — Mexay Cperenmem (15 despa-
as1) n Baarosemennem (7 anpesns). Iomyunn coe
Ha3BAHWE B YECTh COPOKA CEBACTHUICKUX MYYEHU-
KOB. DTO BOWHBI-XPUCTUAHE, TPUHSBIINHE MYYEHU-
4yeckyio cmeprb 3a Bepy B Cesacruu (Masas Apwme-
Hus, coppementas Typuus) B 320 roay upu umue-
parope JInnwrun. Ipazaank Copokn OBLT Ype3BbI-
4qaitao mounTaeMbiM. OH CHMBOIM3UPOBAJI OKOHYA~
HU€ 3UMbI, ObLIT CBSI3aH C BECEHHUM PABHOIEHCTBAEM
¥ CKOPBIM HadaJsioM moJieBbix padbor. Ha Pycu roso-
punu: «Ha Copoku [leHb ¢ HOYBIO MepsieTCs: 3uMa
KOHUYaeTcss BecHA HaumHaercs». Ha Copoku oxwu-
JIaJIi TIPUJIETA TEPBBIX MITHIl W3 TEMJIbX Kpaes. [1o
MIPEICTABJICHUSM TTPEIKOB, B 9TOT [IEHb MPUJIETAIOT
COPOK <IITUI-MY9YEHUKOB», TOCJ€ Yero HaCTyIIaeT
BecHa. [JIaBHBIM BECTHUKOM BECHBI CIUTAJICS 2KABO-
porok. IlTuir, a 0COOGEHHO YKABOPOHKOB, CJIEIOBAJIO
MOYTUTH CHEIUATbHBIM YTOIIEHUEM: IJIS ITOTO XO-
3iKHU MEK/IU TIeYeHbe B (POPMe MTHUYEK, KaK ITPABH-
JIO, TIO COPOK IITYK, B MaMSTh BOMHOB-MYY€HUKOB.
Bemopycor B aTOT MeHb Bhimekasn ramymku. [Ipes-
K{A BEPUJIM, YTO ITO JIAKOMCTBO 00J1a/1aeT 3alnut-
HO# CHUJIOH U CTOCODCTBYET 3I0POBBIO UeI0oBeKa. Fc-
JIM KTO-TO 3a00JI€JT B CEMbe, TAIyIIKN KA9ajId IO
BOJIOCAM W CHEJAJM HATOMIAK, YTOOBI HE KPYKU-
JIaCh TOJIOBA. YTOIIEHNE TaBAJIN U XKUBOTHBIM, €CJTH
onu 3abosieBasu. B Copoku sobumoii 3ab6aBoit Obi-
JIO KQUaThCs HA KAYEISIX — «TYIIKAIIay. 11o mose-
PbsM, 3TOT O0bIYAl COMEHCTBYET YKPEIJIEHUIO 310~
POBbsI 9€JIOBEKA, €ro oumieHnio. CYnTasoch Tak-
2K€, 9TO Y€eM BBIIE B 3TOT J€Hb PACKAYUBAETCS Ue-
JIOBEK, TeM BbIlle BbIpacrer y uero Jjen. llocien-
Hee BocKpecenbe mepen Ilacxoit ormeuasoch B Be-
napycu kak BepOuwia, cumBos Bxoma ocmomnms B
Wepycanum. B 3TOT 1eHb B MEpKBH OCBSIIAIN Be-
TOYKY BepObI U MOXKIKeBeslbHUKa. CYUTAIoCh, 910
Cbe/IeHHAs MOYKA 3TUX PACTeHnil MOxkeT ybepedb
or 6ose3neit. Ilepen orupasiienneM B xpam BepOy
yKparajgm OyMaXKHbIMU [IBETAMU W JIEHTAMU, OCBSI-
IIIEHHBIMU B IIEPKBU BETKAMU CJIETKA, TOXJIOTBIBAJIN
JpYT Apyra. 910, O MOBEPbIM, OBbLIO 3aJ0TOM 310~
POBbs Ha Bech Oyaymumii rox,. Hamm npenku Bepuiin,
910 Bepba, OCBAIMIEHHAS B XpaMme, CIIOCOOHa obepe-
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rarh JIOM B T€YEHWEe roja OT BCAKOro 3ia. Ee kia-
JI BO3JI€ WKOH, XPAHUJIU B TE€YEHUE BCErO roia J0
caenyforero Bepbraoro Bockpecenbsi. Cseriioe Xpu-
croBo Bockpecenne — Ilacxa — nro0uMbIit B HAPO-
e mpa3gHuK. Ero Ha3bIBAIOT MPA3IHUKOM WU TOD-
*KectBoM Top:kecTB. [lacxa l'ocriogus B mpaBocias-
HOI TPAJUINN JITUTCS COPOK mHeit, 10 Bo3necenns.
Bce 310 BpeMs npuHATO IPUBETCTBOBATD JIPYT APY-
ra ciaosamu: «Xpucroc Bockpece!s. Ocobenno mpu-
MeJaTebHA TPAIUIUS B paiioHe, IIe B MTacXajlb-
HYIO HOYb Pa3KUTAINCh KOCTPBI. YCTPAUBAJICS ITOT
00psA KaK KATOJIUKHU, TAK W MPABOCIABHBIMU. JIT0-
1 cOOMPAJINCh BOKPYT XpaMa B OXKUJAHUUA TOPHKeE-
CTBA, KOI'/IA BBIA/IET CBAIICHHUK U 3a2KKET (paKesibl
y xpama. Ha Bpectunne n3BecTHa Tpagauims cemMeii-
HBIX KOCTpwIl. Jljist 9TOro 3apanee 3aroTaBIMBAJIN
MOJIeHbs AUKO# Tpyimu. Ee cydkoBaThie BeTBUA BOC-
NPUHUMAJIUCH KAK AHAJIOIUsl C TEPHOBBIM BEHKOM
Xpucra. OHO U3 MPABUII PA3THUKA — 00g3aTE b
HOCTBH TPUCYTCTBUS BCEX UJIEHOB CEMbHU 33 OIHUM
crosioM. Vmest 11e/TOCTHOCTH BCEil CeMbU JOMUHUPY-
eT U B O0OBbIYa€ TPU <«PA3TOBJIEHUH> JEJIUTH OJHO
SANII0 MEXK/Ty BCEMH UYJI€HAMU CEMbH, a MACXAJIbHYIO
Tpale3y HAYUHAJIA UMEHHO C OCBHAIMIEHHOIO AiIa.
Henena mocne Ilacxu cumraercs Cesaroit. B pas-

HBIX permoHax benapycu ee naspiBaoT PamocTHoit,
Ceernoit, [TacxanpHoit. Pagynuna — nenb nepsoro
nociie Ilacxu MOMMHOBEHMSI YCOMIIUX B HAPOJIHON
TPAIUIINN BOCTOYHBIX CJIaBsH. PagayHuna w3 roga
B IO/ JIyXOBHO COEIWHSIET TeX, KTO ObLI, KTO eCTh
u k1o Oyzmer. Ilo mpaBociaBHOil Tpaguiuu B 3TOT
JIEHb [PUHATO TOCENATh KIAAOUIIA, HABOIUTD IO~
PSJIOK HA MOTHJIAX MOKOWHBIX. A 11epej arum ciiety-
€T CXOIUTh B IEPKOBb, MPUIACTUTHCS U MOMSHYTH
YCOIIINX MOJTUTBAMU HA JIUTypruu u nanuxuyae. Pa-
JIYHUIIA, B IPEICTABIEHUSX IPEIKOB — JI€Hb BCTPE-
YU KUBBIX U yMmepIiuX. B maBHue BpeMeHa, mpexie
YeM HJITH K MOTHJIAM POJHBIX, 3aXO/UJIH HA «Kypra-
HbI» U NPUHOCHJIM KPACHBIE siiiia, Kodachl u 0bs-
3arebHO Oenblit cbip. Pamynuna, mmes riayOOKyIo
HUCTOPUIO, CTAJIA MPA3IHAKOM MOMUHOBEHUS CBOETO
POJIa, TPOSIBIIEHUEM yXOBHOTO YBAXKEHWUS K TEM,
KTO OTOIIeJ B BeYHOCTb. Hemapom, mo Tomy, Kak
6JIarOyCTPOEHBI MOIHIIbL YMEPINUX POAHBIX, CYIHIIN
00 obIIeM ypOBHE KYJIBTYPbI CEMbHU W MOCEIEHUS.
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9. 1. Tapamuk JI. A. Yepuukona

KOIN®UNKAIINS BEJIOPYCCKOT'O A3BIKA B XX B.:
NCTOPNYECKNMN ACIIEKT

B apeBHme BpemeHa Ha TEPPUTOPHUE COBPE-
MeHHOU Bejapycu ucmonn30Bajics MpacjIaBaHCKUN
HAPOJTHO-TNAJEKTHBIN S3bIK, KOTOPBIX B VI B. TIpe-
obpazoBajicsi B apeBHepycckmiti, a B IX B. — B
crapociaaBsHCKuit. VIcTOpUKU CXOIATCsi BO MHEHUH,
q10 dopMupoBaHuE OETOPYCCKOTO $3bIKA KaK Ca-
MOCTOSATEILHON BEJIUYNHBI UAeT mpuMepHo ¢ XIV
B. XIV-XVII BB. — mepuos BBeAeHNs OPHUITHATLHO-
ro cTapobesopyCccKOro sI3bIKa B KavuecTBE roCydap-
crBeHHOro B BemukoMm kHsxkectBe JInToBCKOM (710
1696 r.). XVII-XVIII BB. — BbITeCHEHUE CTAPOOE-
JIOPYCCKOTO sA3bIKa MoabcknM. XIX-XX BB. — Mac-
COBOE TIOSIBJIEHUE OEJIOPYCCKOI JINTepaTyphl HA OC-
HOBE NpUHATON Komudukanuu rpamvaruku. [locme
pesosmoniuu 1905 r. Biactu Poccuitckoit nvmnepun Ha
odUIUATEHOM yPOBHE Jaau J00PO HA HCIIOIb30Ba-
Hue GeJIOPYCCKOro s3bIKa JIJIs BBINYCKA HEYATHBIX
n3mannii. XX—XXI BB. — TpOMCXOINIO BCECTOPOH-
Hee pa3BUTHE OEIOPYCCKOro s3bIKa [1].

TTomumo coBpeMenHo# HGetopycckoit opdorpa-
dwun, cymecrsyer m BapuaHT opdorpaduun, Mmpu-
MEHABIIUHCA 10 pedOopMbl OEJIOPYCCKOrO sA3bIKA
1933 1. — «rapamkesumay. Ona paspabarbiBajgach
B 1916-1917 rr. GenopycckuM s3bIKOBenoM Bpo-
HucaaBoMm TapamkeBudeMm u ObLIa MPEICTABIICHA B
cupaBodHUKe «Berapyckas rpaMarbiKa sl TIIKOJT»
(1918 r.). OfHAKO OLBIT HCIOJIB30BAHUA IPAMMa-
tuku B. TapaikeBuda BBISIBUI Psif HEIOCTATKOB U
HemopaboTok. A3pikoen u memaror Mocud JIécuk
paszpaboras mpoekT pedopmbl rpammarukun b. Ta-
pamikesuua (B yacrsax opdorpaduu u azdyku). Ou
ObL1 omyOnmKOBaH B 1925 1., mupoKo obOCyKaasics
1 ObLII OCHOBHOI TeMoii Ha AKajeMu4iecKoil Konde-
peunuu mo pedopme Gemopycckoit opdorpadbun u
a30yku B Mumcke B HOsiOpe 1926 .

Pemmenns xkoudepeHnyn Mo MOMOKEHUIM TPO-
€KTa TOCTYKHUIH OCHOBOM yist paborsl IIpaBomuc-
noit komuccuu 1o pykosoacrsom C. Hekpamiesu-
uya (paborana ¢ 7 mekabpsa 1927 r. mo 7 ampess
1929 r.), KoTOpO#i CcraBmIach 3a7ada O pa3paboT-
Ke mpoekTa pedopmbl Heopycckoit opdorpadun —
«ymnpoctuTh rpammaruky B. Taparikesuda B C10XK-

HBIX WJIM HESCHBIX MECTaX, JIONOJIHUTH €€ B MEeCTax
HEOCTATOYHON pa3pabOTAHHOCTH, HATPUMED, TPa-
BOITUCAHUS 3arPAHUYIHBIX CJIOB, COBMECTHO C CO3/1a~
HUEM HOBBIX IPaBuJ ([IPABOIKUCAHUE UMEH U IeOrPa-
duueckux nazsanwmii)». [locsie 3aBepuienus paboTb
Komuccnu 60b11 moarorosiiet (8 1930 r.) mpoekr pe-
bopMBI 1 OMTYGAMKOBAH NTOTOBKIH JOKIa, [2].

Opnnako pabora HaI MPOEKTOM PedOpMbI ObI-
Jla, TPOJIOJIZKEHA. B HOBBIM MpPOEKT ObLIN BBEIEHBI
rpammarudeckue uzMenenus [3]. Hobiit csox, mpu-
aaATbIit B 1933 1. 1 uzgannbiit 100-TbIC. THPAXKOM B
1934 r., umen 84 npasuma.

C 1930-x rr. 6eJOPYCCKUit SI3bIK CTAJ BBITEC-
HATHCA PYCCKUM A3BIKOM. B 1959 1. BBIIET 3aKOH,
COTJIACHO KOTOPOMY YYEHWKHU MOTJIU BHIOMPATH U3Y-
yeHre GEIOPYCCKOrO sI3bIKA 10 JKEeTAHUO.

Bo Bpems mepecTpoiiku 3aHOBO TOSIBUIICS WH-
Tepec K bestopycckomy s3biKy. B 1990 r. 611 npusaT
3aKOH, KOTOPBIA NpuUiajl €My CTaryC €JMHCTBEHHO-
ro rocynapcrserroro. Ho B 1995 1. pe3yabTaTs! pe-
depeHIyMa TO3BOUIN MPUIATH PYCCKOMY SI3BIKY
CTATyC TOCYAAPCTBEHHOTO BMECTE € BETOPYCCKIM.

Takum obpazom, XX B. CTaJT OMPEIETAIONAM
B HCTOpHUH GEJIOPYCCKOrO s3bIKA, KOTOPbIA IPOIIET
yepe3 mpolece Kommdmukammn u obpeax B 1933 .
TPaAMMAaTHKY, TPOCYIIECTBOBABIIYIO 10 Hadasa X XI
B. 6€3 n3MeHeHni.
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TpoHHBIA pecypc|. — Pexum mocryma : https://word-
house.ru/yazyki-perevoda/belorusskiy-yazyk /istoriya-
vozniknoveniya-belorusskogo-yazyka/. — Jlara mocryma
: 04.04.2023.

2. Capgakjaz ma padgopme Gemapyckara npaBamicy Ha aKaI-
smiunail Kandepsunsi 1926 r.// BuibpaHbis HABYKOBBIS
npaus akagemika C. M. Hekpamaeivua. Jla 120 —roaa3s
3 qua mapamksuug /| HAH Benapyci; IncteiryT MoBa3-
maycra imsa f. Komaca; maByk. pag. A. 1. Tlagmyxusl.
— Minck : Bemapyckaa maByka, 2004. — 190 c.

3. Cranxkesiu, f. 3bpMmena rpaMarbiki 6esapyckara s3bIKa
¥ BCPP / 4. Crankesiu. Binbuga, 1936. — 16 c.
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A B.

Ycos

IIPOBJIEMHBIE ACIHEKTBHI ICTOPUOI'PA®UN
KPEBCKOW YHUU

Cyapbonocnocrs 3akiaiodenus B 1385 r. Kpes-
CKOIl YHUU Ha HECKOJIbKO CTOJIETHH BIEPE OTpeie-
JINJIO OCHOBHbBIE Y€PTHI PA3BUTHUSI BCETO BOCTOYHO-
eBporeiickoro peruora. CTob KOTOCCATHHOE 3HA-
YeHue JTAHHOrO UCTOPUYECKOro JOKYyMEHTA B COBPe-
MEeHHO# mucropuorpaduu HeCcHpocTa BbI3bIBAET Iie-
JIBII PSIJT BOTPOCOB, KOTOPbBIE B 001IIIEiH cyMmme u hop-
MuUpYIOT e€ mpobsemuoe moje. Hanbosbimum uHTE-
PECOM IIpU PACCMOTPEHUM TAKUX ACHEKTOB 00Jiajia-
0T TPYABI MOJBCKUX U JTUTOBCKUX MCTOPUKOB B IIe-
puon nagana XIX — konma XX B. tak, mepssiii Bo-
TPOC, KOTOPBIl TIOJHUMAETCST PSIJIOM ABTOPOB B Ha-
IMOHAJIBHBIX UCTOPUOTPABUAX 3aPYOEIKHBIX CTPAH:
«ABngerca mm 3akao9éHHbI 14 aBrycra 1385 T.
B 3amke KpeBo akT yHueii?». Yxke cpaly, He 3a-
HAMAsACh JeTaju3anueil JaHHOIO IIyHKTA, MOYKHO
YTBEP2K/IaTh, YTO HA CErOJAHSIIHUN JeHb peobiia-
Jafolee 3Hadenne nMeeT MHeHne o Kpesckom akTte
KaK O TpPeACBaAeOHOM JOTOBOPE MEXKY BEIUKUM
KHS3eM JUTOBCKHM flraitmo m koposesoit Ilonb-
mm SlBuroil, B paMKax KOTOPOrO OTOBAapPUBAIOTCS
yCJIOBHS UX COBMECTHOIO BCTYILJIEHUS B Opak, cpe-
¥ KOTOPBIX KJIIOUEBBIM SIBJISJIOCH TOJIOKEHWE 00
nakopropanuu Bemmkoro KusxkecrBa JIuToBcKoro
(manmee BKJI) B cocras Koposescrsa Ilosibckoro.
Onepupysi WMEHHO JAHHBIM TTyHKTOM Kpesckoro
aKTa, MHOTHWE aBTOPHI YKAa3bIBAIOT HA HEBO3MOXK-
HOCTH TPAKTOBATH €r0 YCJOBUS B KAYECTBE YHUW,
MTOCKOJIbKY CaM TEPMWH <«VHHUsI» TOIPA3YMEBAET B
EPBYIO OYEpeabh PABHOMPABHOCTDH YYIACTBYIOIIHX
B eé 0o0Opa3oBaHWM CTOPOH, TOrMA KaK M3 ODO3HA-
9YEHHBIX PACCMATPUBAEMBIM JIOKYMEHTOM IIPUOPU-
teroB BbiTekasio Bkitodenune BKJI B cocras Ilosib-
1A JIUITh B KAYECTBE OJHON U3 e€ TepPUTOPUATIHLHO-
QIMUHUCTPATUBHBIX €IAHUII.

Cpenu Haubosiee JIMCKYCCUOHHBIX TOYEK B Ha-
[IMOHAJILHBIX UCTOPUOTPADUIX 3apYOEKHBIX CTPAH
ABJIIETCS TOJUTHUKO-TIpaBoBoii cratryc BKJI B me-
pros 3akodennss KpeBckoro akTa u ero mocery-
OIell peau3anuu. 3Jech TPUCTATLHOE BHUMAHWE
aBTOPBHI UCTOPUIECKUX PAOOT HA TAHHYIO TEMATUKY
00paIaoT HA YIOMUHAEMOE B TEKCTE PACCMATPH-
BAEMOTO JOKYMEHTa JIATHHCKOE CJ0BO «applicares.
[Ipu w3yueHun JAHHOTO BOIMPOCA BO3HUKAIOT Pa3-
HOYTEHUsI TPU TEPEeBOJe [TAaHHOIO TEPMUHA KaK
«BOIUIOTUTH», <«BKJ/IIOYUTb», «CBA3BIBATH», UTO, B
CBOIO O4Y€pe/b, AT BO3MOXKHOCTb Pa3BEPHYTb-
Csl MMUPOKOMY CIEKTPY WHTEPIIPETAINii BOITPOCA, O
nonuTuKo-TipaBoBoM craryce BKJI mocne 3akmiote-
uua yunn. Hanbosee cTporue B3TISILI 3/1€6CH OTPa-
XKarorcs B npeacrtapiaennn o guksumanun BKJI B
Ka4veCcTBe CAMOCTOSATEbHOIO HOJUTHIECKOro CyOb-
€KTa, M BKJIIOUEHUsT €r0 TePPUTOpPUil B cocras [lob-
1M, TOTA KaK PsiJ aBTOPOB CKJIOHHBI CIYUTATH TEP-

muH <«apllicares Gosee «CBOOOTHBIM» IIO OTHOIIIE-
HUIO K TEPMUHY «incorporatios», m3 9ero, Kak Cjae-
CTBUE, HEJIb3si OJHO3HAYHO TOBOPHUTH O MPEKPAIIe-
uun BKJI cBoero cymecrsopanus ae-ope. OTaeinb-
HOTO BHHMAHUS 3/I€Ch 3aCIyKUBAET PA3BUTUE KOM-
[IPOMUCCHOI'O B3IVIA[d HA JAHHBII BOIIPOC, IIPe-
JIOXKeHHbIN HeMenkuM uctopukom E. IlduriaepoM.
IIpoBoms anajiornu ¢ TAKUMU MOHATASAMHA, Kak «Ko-
pona Cearoro Bamjasa» (Boremus) u «Kopona
Cearoro Credanas (Benrpus), um B Hay4dHbIl 060~
por 6b110 BBeneHo nouaTrue «Kopora Koponescrsa
TTonbckoros Kak HE3aBUCAIIAsS OT (DUTYPHI MOHAP-
xa TepcOHnUMUKAINSA TOCYyIapCTBa, TIe B Ka4eCTBE
anpa BeicTynaer camo Koponesctso Ilombsckoe, To-
rra Kak eé mpugarkom sisisercs BKJI. Takoii Bapu-
aHT pa3pellenns JAHHON IUCKYCCUU, HE CMOTPS HA
BBITEKAIONTY 0 u3 ycnosuii Kpesckoit yanu Baccaib-
HYI0 3aBHCHMOCTH, TEM HE MEHee, ONPEIessi IO-
autryeckyio camocrositesibHocTh BKJL. 3nech ke
HEOOXOIMMO BBIIEIUTH BOIIPOC O MTOJTUTHIECKON PO-
s Ckupraiiyio, KOrja MHOTHE BOCTOYHOEBPOIIEii-
CKU€ HMCTOPUKU HPUJIEPKHUBAINCH MHEHHHA O TOM,
YTO OH SIBJISAJICS TNOO CAMOCTOSATEILHBIM TJIaBOM rO-
CyZapCTBa, b0 HAMECTHUKOM KOPOJIS MTOJIBCKOTO
Baanucaasa I fraiino ¢ BeIHKOKHAXKECKUM THTY-
JioM (Ha CerofHAINHUI JeHb IPeobajiaoT MHEHUS
BTOPO# L03ULMN).

YUpe3smepHOii TOJUTUIAINN B HAIMOHATHHBIX
ncropuorpaduax 3apyOeKHbIX CTPAH ITOIBEPTaeTCs
BOIIPOC MHUIUATUBBL 3aK04enus KpeBckoil ynuu.
Tax, B cpeae MOIBCKUX MCTOPUKOB aKTHUBHOE pa3-
BHUTHE MOJy4HyIo yoexaerune o6 orcrasoctn BKJI
OT JPYIUX eBPOMEHCKUX TOCYIaPCTB JAHHOTO MEePH-
0/1a, YTO BBIHYKJIAJO MECTHBIX MpaBuTesel obpa-
tuthea K I[lonbeckomy KoposeBeTBy ¢ nenmbio mpuoo-
IEHNUS K 3aMaIHON uBum3anuu. B cBow ouepess,
B Cpe/e JIMTOBCKUX MCTOPUKOB MPE00IaIaeT yoexK-
JIeHre B TOJUTUYECKO# cimaboctu I[losbim, kKoTO-
pasi, Kejlasg OKa3aTh COMPOTUBIIEHHE TEBTOHCKOMY
opueny, npemnoxkuina BKJI opranuzoBars Boenuo-
mouTHuecKuit cor3. Hecmorpst momuruaecku o0y-
CJIOBJIEHHBIM KOHTEKCT TaKMX JUCKYCCHH, KaK IIpa-
BHMJIO, CPEJY ABTOPOB CYIIECTBYET KOHCEHCYC OT-
HOCHTEITEHO OYEBHJHOCTH BBITOJ, OT 3aKJIIOYEHUS
Kpesckoit yunn mis kaxkaoi u3 cropod. Tak, mamis
BEJIMKOIO KH#A3s JIUTOBCKOro Zraitsio — 3ro mpuob-
peTeHrne KOPOJIEBCKOTO TUTYJIA, OPTaHU3AINSA BOEH-
Horo coro3a ¢ Ilombmreit, mpuobimenne BKJI x mgu-
IJIOMATHIECKUM W TOPrOBBIM CBs3siM Espombl. B
cBOIO oYepenn, maia 3uaru Kopomescrsa Ilombeko-
IO JIAHHBIA AKT MPEJIBEIIAJ PEyTAIMOHHbIE TIPUOO-
perenust HIarogaps KypaTopCTBY XPUCTHAHUZAIINN
«TIOCJIETHETO SA3hIY9eCcKOro Hapoma EBponbry u pac-
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MIAPEHUE TTIOTUTUIECKOTO BIUAHNAS B BOCTOYHOEBPO-
NEeCKOM peruoHe.

IloaBoast 06oOITIEHE BCEMY BBIIIEH3I0KEHHO-
My, HEOOXOJIUMO TaKKe PACCMOTPETh DOJIee JIOKATIb-
HbIe TPODJIEMHBIE TOYKH MCTOPHOrpadpUIECKOit Te-
matuku Kpesckoit yuuu. Bo-mepBbIX, 3TO Kacaer-
Csl yMECTHOCTH CaMOI'0 TEPMHWHA «YHHS» IO OTHO-
[IEHUIO0 K DPACCMATPUBAEMOMY HCTOPHYECKOMY [10-
kymenTy. VITak, ecim TpOBOIUTL CPABHEHNE C aHA-
JIOTUIHBIMU aKTaMU, 3aKJI0YA€MBIMU B 3TOT HCTO-
puYeckuii mepuo, HeoOX0 MO 00PATUTH BHUMAHWE
Ha HEPABHO3HAYHOCTH MOHATUS <«YHHUS» B €r0 CO-
BPEMEHHOM IOHWMAHUU C yIOTPeOIeHrneM, KOTOPOe
BBOJMiIOCH B 1epuoy, Ilosauero CpentneBekoBbsi, B
CBA3M C 9eM PACCMATPUBAEMBIA NCTOPUYECKUHN aKT
JIOMyCTMO WMEHOBATH yHHUeil. Bo-BTOpbBIX, HEOOXO-
JMMO OTMETHUTb, YTO OTHETbHBIMHU KCCIIEI0BATE s~
My (B YACTHOCTH — JIMTOBCKUII HCTOPUK 1. Ta-
MHAYCKAC) LPEAUPUHUMAIUCH IIOIBITKUA OCIOPUTD
ayrearuanocTh Kpesckoro akra (31ech TakKe mpo-
W3BOIUTCS ANEJIIANNSA K (DAKTY yTepu OPUTHHAb-
HOI'O JIOKYMEHTA), OJIHAKO TaKasl MO3UIMsI He T0JIy-
9UITa ITUPOKO TOAAEPKKHY U, HAIPOTUB, OCIIAPUBa-
JIach (B 4aCTHOCTH — [0JILCKAsL UCCJIE0BATEIIbHULIA
M. Kauepcka). Hakowerr, 3aBepiiias moBeCTBOBAHUE,
MOYKHO TTOBTOPHO OTMETHUTDH 3HAYUMOCTH 3aKJII0Ue-
musa B 1385 1. KpeBckoil yHnM, 9TO MOATBEPKIAET-
CsI IIUPOKUM WHTEPECOM K TAHHOMY UCTOPUIECKOMY
JOKYMEHTY B HAIMOHAJIbHBIX HCTOpUOrpadusx 3a-
PyOeKHBIX CTPaH.
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". B. Ycosuu A. A. UyGeca

BEPECTEINICKASA ITEPKOBHAS YHI 1596 T.

Bepecreiickass yuns ObLia OTHAM M3 KJIOUe-
BBIX COOBITHII B MCTOPHHU PETUTHO3HOMN Ku3uu Bo-
crounoit Erponwl. Ee nmoamucanme crajao mOMBIT-
KOl 00beauHeHNs NOBYX KOH(peccmit — KaToanmde-
CKOl M MpaBOCJABHOW IIePKBEN, KOTOpPbIE Ha Tep-
puropuu Besnukoro Kusxkecrsa Jlurosckoro (ma-
see — BKJI) u Ionbmu cymecrsoBaiu napajuiesib-
HO W YAaCTO KOHKYPHMPOBaIU MexXmay coboii. IIpem-
TTOCHITTKAMY 3aKJIoueHust Bepecreiickoit yHuUM ObI-
y: 1) HEOMHOKDATHBIE MONBITKU CJAWSHUS IIPABO-
CJIaBUS W KATOJUYIECTBA B €IUHOE TEJI0e, IPEIpPH-
HAMABIINECH C MOMEHTA PACKOJIA XPUCTHAHCTBA B
1054 1.; 2) HOIEPKKA BEJIMKUME KHS3bSIMU JIATOB-
ckumu draiinoit, Burosrom, Ceuapuraiiioit, Anex-
CaHJIPOM HJEU COI03a JBYX IEpKBeii; 3) crpemie-
Hre PUMCKO-KaTOIUYeCKO [MEePKBU 3a CYET YHUH
pPaCIIUPUATH CBOE BJIMSHWE W TE€M CAMbIM KOMIIEH-
CHpOBaTh MOTEPH, IOHECEHHBIE BO BpemeHa Pedop-
manuu; 4) crpemienue Biaacreit Pean IMTocnonuToit
O0ObEeIVMHUTH BCE HACETEHWE CTPAHBI C MOMOIIBHIO
€JIMHOI PEJIUIUU — KATOJIMIECTBA; 5) KATOJIUIECKUE
“epapxu nyTeM O0beInHEHUs [EPKBEN MEeITAIN [10-
OUTHCSA MOOEIbI HAJT MIPABOCIABUEM U YCHUJIUTH CBOE
Bausinve B EBpore. [Iposenenne yunu 66110 HA3HA-
geno Ha 6 OKTsOps 1596 r. Cobop momKeH ObLI
npoiitu B Bpecre, B CBaro-HukosaeBckom xpame.
Kopoms Curusmynn 111 B utosie w3nan yHUBEpCAT
KO BCeM IpaBoCaaBHBIM nomganuabiM Peun Ilocmo-
JIUTOM € HPHU3BIBOM NPUMKHYTH K yHHH. B Bpe-
CTe OHOBPEMEHHO TMPOXOAWJIN JBa cobopa — mpa-
BOCJIABHBIM W YHMATCKHN. YHUATBHI PACIOJIATaINCh
B TOPOZICKOM CODOpE, a IMPaBOCTaBHBIE — B JIOMe 00~
apuna Paiickoro. Ilocnenane mpuriacuim Ha CBOE
cobpanme murporonura M. Parosy m emmckomnos-
W3MEHHUKOB, a KOT/Ia T€ HE SIBUJINCH, TO MPEIAJN
ux anademe. OUEBUIHO, 9TO CAM YHHUATCKUN COOOD
OBLT JIUITH PATHMUKANUEN TEX PEIIeHU, KOTOPhIE
onutn npuHaTel B Pume K. Tapnenkum u U. Ilo-
teem. IIpucyrcrBoBaBImize HA HEM WEpPAPXU MTOKOP-
HO COIVIACUJIUCH CO BCEMHU BO3PAXKEHUSIMU PUMCKO-
T'0 TIAITBI ¥ TPUHSIN uX B Hem3MmeHHOM Buae. Cobop
HE CTaJI JOJITOCDOYHBIM MEPONPHUSTHEM, yIKE depe3

3 [HS OH 3aBepHINJICH MPOBO3IJIAINIEHUEM IIEPKOB-
moit yumu. IIlupokuii mporecT, BbI3BAHHBIN pelle-
HUeM TpaBocaaBHbIX uepapxoB BKJI, oxBarma Bce
npasocyiaBHoe Hacesenue. Ot ero nmenn Kus3b K.
(B.) Ocrpozkckuit 06paTnics K KOPOJIo ¢ Ipock0oii
HE MPU3HABATH PE3yJIbTarThbl meperoBopoB. OIHAKO
Curusmyn 11T orkIIOHIIT BCe BO3ParKEHUS IIPOTUB-
HUKOB YHWM W YTBEPAWI ee. AHAIOTHYHBIM OOpa-
3om noctymnu u ceiim. Curm3mynn 111, nageasrmmii-
cd C TIOMOIIBIO YHHUH DPACHPABUTHCA C IMIPABOCIIA-
BHEM, OYeHb cephe3Ho mpocuurancs. OH Hajes-
Cs1, 9TO MPABOCJIABHOE HACEJIEHUEM CMUPHUTCH C HO-
BBIM IIOJIO?KEHUEM Beleil u npumer ero. Kak oka-
3aJI0Ch, CUTYAIINsT TOJIBKO YCYTyOUIach, COTIAIIATh-
sl C IPOMU3BOJIOM HUKTO He cobupaJicsi. B pesynbra-
Te yauu B KueBCcKoit MUTPOITOIHE TIPOU3O0IIEST Pac-
KOJI HA YHHATOB (IPEKO-KATOJIMKOB) M IIPOTUBHH-
koB yuuu. IIpaBsiiue Kpyru u KaTonndeckasi 3HATH
Peun IlocmonmnToit Bo riase ¢ KoposgeMm CHrmaMyH-
aom 11T mogaepzkanm yHUATOB, EpPeBeIs TPAIUIIN-
OHHOE IIPABOCJIaBUE Ha MOJIOXKEHWEe HeJeTaJbHOIl 1
TOHMMON BJacTAMU KOH(ECCHHU, & TaKXKe Iepe/iaB
ee umymniecrBo yauaram. C TOYKHU 3peHus Biracrei
Peuan Ilocronwroit, Bpecrckast yamsi crocobcTBO-
Baja OcjaabieHuIo MpUTA3aHuil MOCKOBCKOTO maT-
puapxarta Ha 3eMmyn Bemapycn m YKpawHbl U JIy-
XOBHBIX CBs3ei mpaBociaBHbiXx B Peun Ilocmomm-
toii ¢ Pycckum mapcrBoMm. PacipocTpanenne yauar-
crBa Ha Teppuropun Besapycu kak HOBOI pesiuruu
B koHie XVI — nauajme XVII B. mpoucxoanio Ha-
CHUJIbCTBEHHO. 3aKPBHIBAJINCH TPABOCIABHBIE [IEPKBU
¥ MIKOJIbI. B yHHATCKHUX MEPKBAX CTaJ HCIOJIb30-
BaTHCH MMOJHCKUI A3bIK BMECTO CTApPOOEIOPYCCKOro,
YTO BBI3BAJIO HEJIOBOJILCTBO Bepyiomux. OmHaKo co
BpeMEHeM OCHOBHAS 9aCTh HACETIEeHUsT OIOPYCCKUX
3eMesib mpuHaaa yanarctso. K konmy XVIII B. ero
ucnosezganu 75 % xwureseii Benapycu.
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A. P. Baspunosuu

Y)KEHCKU IIOPTPET B UICTOPUN: BEJINKASI
KHATUHSA JINTOBCKAA I KOPOJIEBA TIOJIbBCKA 4
MAPUA KASUMUPA JE JIL 'PAH2K /T’APK

Mapus Kaszumupa Jlyusa ne na I'pank 1 Apk,
W3BECTHAs MO TpOo3BHUINeM «MapbiceHbkay — Cy-
npyra Kopoas Peun [Tocnosuroit ua ITT Cobecko-
ro. Jluunocts 3T0#t NaMbl npuUBJEKaIa CBOeil He3a-
YPSAOHOCTHIO U O0bEMOM BJIMSIHUS HA, cympyra. Ma-
pus Kazumupa poguiaach Bo (paHITy3CcKOil TPOBUH-
mun Husepr B 1641 1. B ceMbe pOIOBHATOrO, HO OeI-
HOTI'O KalluTaHa KOPOJIEBCKOI I'BapJAuu W MOHAPIIER
ryBepaanTku. Ha 3emmn Peun Ilocmomuroit Mapus
CTYINJIA Y€TbIPEXJIeTHEH /1eBOYKOi B gexadpe 1645
r. Ona mpuexaja BMeCTe CO CBUTON (bPAHITYy3CKOM
reprioruau Mapuu Jlyussr ge Tonzara (Gyyrueii Ko-
ponesbl Jlogosuku Mapuu), npubbiBiieii K CBOe-
MY 2KEHUXY — KOPOJIO MOJIbCKOMY M BEJINKOMY KHsI-
310 siutoBckomy Baamuciaasy IV Baza. Mapua Ka-
3UMUPA BBIPOCJIA TIPU MOJHCKOM JIBOPE, COXPAHU-
Jla pacroJiozKeHne CBOeil KOPOJIeBbl, CTajia KpacaBu-
neit. Mapun Kazumupe 6su10 14 j1€T, KOTrIa OHA 1MO-
3HAKOMUJIACH € 26-JI€THUM MAarHaTOM CPeJIHel PYKH
Anom Cobeckum. FOnomma cpasy ke mOKOpuII cepi-
e dpaniy3ckoit kpacasuipl. JII000BL MeXxTy MO-
JIONBIMY JIIOABMU BCIBIXHYJIA MTHOBEHHO. HO oHA
MPOTUBOPEYNJIA TLIAHAM KOPOJIEBBI, KOTOpAas JJIs
YCHUJIEHHSI CBOET'O BIIMSHUS B CPE/IE BBICITIEH apuCTO-
kparun Peun IlocmonmmToit cumrasa ymadHoil mjis
cBoeil mporezxe unyo napruio. [loromy myxkem is
17-7eTHeit KpacaBuIlbl ObLT BHIOpaH KHA3L AH 3a-
MO¥CKUil, 00/1aJaTe b KPYIHEHIIero COCTOSHUS B
crpane. Ilo juHUM OTIIA OH OBLT BHYKOM 3HAMEHW-
TOrO TOJIUTHKA, MAarHaTa, BEJIUMKOro rermaHa ua
3aMOMCKOro, a 10 JMHUK MATEPU — HE MEHee 3Ha-
MEHUTOrO 3aIUTHUKA TPABOCIABUsI, MATHATA, U Me-
nenara Bacunus-Koncrantuna Octpoxckoro. Pa-
JOCTH 3TOT OpaK He MpUHEC. 33 BOCEMbB JIET 3aMYy-
KecTBa MapbIcs 9eThIpeK bl cTama MaTepbio. Bee
9eTBepo JleTell, KOTOPHIX OHA BBIHOCUJIA M POIUIA,
yMmepsu B maagerdectse. Hemssecrno, Jsobuita jtu
Mapusa Ka3zumupa cBoero cymnpyra, HO BCe 3TO Bpe-
Ms OHA MpoJozKaja obmmarbes ¢ Admom Cobeckum.
CHauasia HeBUHHO, HO CO BPEMEHEM TIEPEITHCKA COCe-
Jeil Hadajia CTaHOBUTBLCs Dojee mHTHMHON. B 1661
r. oHu jasm ober Beunoil JsiobBu. B anpene 1665
r. du Bamoiickuii ymep, He TO0XKWUB IO CBOEro 38-
Jetust Bcero napy ameil. Yepes mecan Mapusa Ka-
3uMUpa TAWHO BBIMLIA 3aMyk 3a fna Cobeckoro.
U croBa 6paky MapbICeHbKH TOCIIOCOOCTBOBATIA KO-
ponesa Mapus Jlionosuka. Eit Obl1 Bbiroen cowos
CBO€Ii TIPOTEIKE U TOMYAIPHOro cpeau masaxThi Co-
0eCKOro, KOTOPBI K TOMY BPEMEHM CTAJI BEJTUKUM
KOPOHHBIM MAPIIAJIKOM U OJHUM U3 MPEIBOIUTEEH
npodpasniry3ckoit mapruu. Odunuanbubiii Opak co-
BepLIMII NancKuil HyHuumil (Buociencrsuu nana WUu-
vokenruit XII) ewe aBymsi MecsauaMmu 1032kKe, HO

7 3TO OBLIO HEMO3BOJUTENHHO PAHO, TOITOMY 00-
IIIECTBEHHOE MHEHWE OCYAMI0 MOIOAbX. [logBuuce
7 Hem30eXKHbIe B TAKON CATyaluw CIyXW — O TOM,
aro Mapeics mpubu3uia CBOe BIOBCTBO, IIPHMeE-
HUB HEeKWe BemecTBa. Ho BCKphITHE CIENI0B sima He
obuapy:xmyo. Brmepean y mosjombrx Obutm 30 JerT
COBECTHOM JKM3HU W TEPHUCTBIN IIyTh K IIPECTOIY,
B obmaganmn koTophiMm Mapus Kasumwupa ceirpa-
Jla, He nocsennon posb. OHa HCIOIb30BAIA CBOU
OOILIMPHBIE CBA3W IIPHU ABOPE JJisi TOrO, ITOOBI 3a-
MOJIyYUTh JIJI MyXKa KOpOHYy. Mapsics craia Mma-
Tepbio emte 14 pa3, HO TOJBKO YeTBEPO JEeTeil BbI-
xunu: Aky6 Jlonosuk (1667 r.) Tepeza Kynerynna
(1676 .), Anexcanap Beneaukr (1677 r.), Koncran-
tu Biagucnas (1680 r.). B 1666 r. fu Cobeckuii
ObLT HA3HAYEH TOJbHBIM reTMaHoM. B 1667 1. ymep-
aa KopoJsiea Mapusa JIiogBuka, MOKPOBUTETHHUIIA,
Mapun Kazumupsr. B 1668 Au Cobeckuii cran Be-
JIUKAM TeTMAaHOM KOpOHHBIM. B Tom xke roxy Am II
Kazumup Baza orpekcs ot mpecrosra. MapbiceHbKa,
MMEBIIIAasi HEMAJIbIE CBS3U [IPU JIBOPE, IbITAJIACH J10-
6uThCs M30paHus MyrKa Ha TpoH. OHAKO MOThCKas
MIJIAXTa MO, JaBjeHueM umreparopa CBANEHHON
Pumckoit mmmepun npeamowia m3bpars Mmuxamma
Kopubyra Bumnnesernkoro — mieMsinauka fna 3a-
MOMCKOIo, yHACJeJ0BaBIIero ero umenus. B npas-
neune Muxanaa Bumaeperikoro B Hagaje 1670-x rr.
OcMmanHcKasg nMIepusi OKKYIHPOBAJIA, MPAKTAYIECKT
Bcio IIpaBobepexuyro Ykpauny u Boiayauia Pedn
Tlocnosmryo B 1672 1. moanucaTh yHU3UTEIbHBIN
vup B Byuade. Ceitm we parudunuposan Bydar-
kuit mup. Adu Cobeckuii, momyuusmuii or Opannun,
O/1aroapsi CTapaHusM CyTPYTH, HEMAJIYIO CYMMY B
NOJNJEPZKKY CBOEH BOEHHOI KOMIIAHWW, BO3TJIABUJI
BOMCKA M OTIPABUJICA CPAXKATHCA C 3aXBATIYUKAMU.
CobpaB He 04YeHb OOJIBIIYIO0, HO CIHASHHYIO YKeJe3-
HOI JUCUMILIMHOA apMHUIO, OH HaHeC 3axBaT4uKam
COKPYINNTEIbHOE Topakenne y XornHa. BykBasb-
HO 3a JeHb 10 mobeabl mom XoruaoMm, 10 HosaOps
1673 r., Bo JIbBOBe TO M OT AHa, TO Jim OT OoJIe3-
Hu ymep Kopoab Muxann Kopubyr Bumneserkmii.
MapbiceHbKa IPUIOKUIA, MHOTO YCUIUN K OecTs-
meit «u30uparebHol KaMmanuny Myzxka. OHa oT-
npaBuaachk Bo @panmmio kKo aopy Jliogosuka XIV,
KOTOPBI B TO BpeMsi ObLI CAMbIM MOTYIIECTBEH-
HbIM 4esioBekoM Epponbl. B obmen na momorup (B
TOM YnCIe (PUHAHCOBYIO, HEOOXOIUMYTO /Tl TIOIKY-
na BHIOOPIINKOB) OHA TAPAHTHPOBAJIA 3aKJIIOUEHUE
¢bpaHKO-10JIECKO-TITBEJICKOTO COK03a, HATPABIECHHO-
T'O TPOTHB 3AKJIATHIX BPAroB (PPaHITy3CKOM KOPOHbI
— Ta6cebypros. A CobGeckuit Ha rpeOHE BOEHHBIX
YCIIEXOB TIOJ 3BOH (PPaHIIy3CKOrO 30Ji10Ta ObLT U3-
opan koposem Pedn Ilocronuroii. ITocie Beryiie-
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nust dua Cobeckoro B 1674 r. Ha mpecTon JOTOBO-
PEHHOCTH ¢ PPAHILY3CKUM KOPOJeM ObLin odopmie-
ubl TaftabiM BopoBcKuM Jrorosopom. Ojxako Auy
IIT Cobeckomy mpuILIoCh TPUHATH ycjaoBust Bydarr-
KOro mupa. KopoJsb mpoao/zKalt mOuCKu COIO3HUKOB
B 6oprbe ¢ Ocmanckoit mmnepwueii. [lombrrka momy-
9uTh MOAAePKKY DPpaHiun 3aBepIInch GUACKON
B mapre 1683 r. u Cobeckuil mommucasn coOO3HbIH
norosop co Casmmennoit Pumckoit nmmepneit Tabe-
OyproB. 12 cenrssOps 1683 r. Boiicko CBsmeHHOIM
Jluru, mos ero KOMaHI0BAHMEM HAHEC]A COKPYIITH-
TeIbHBIN yaap Typkam B Benckoit OmTse, HaBce-
ra ocraHoBuB npojasukenne OcMaHCKONW uMIepun
B riyOp EBpombr. Mapbicenbka 2Ke, CTaB MOJIbCKO#
KOPOJIEBO#, HAYAJIA, BECTH CBOK COOCTBEHHYIO IO-
JINTUKY, CTApasiCh YKPEIMUTh CAMOJEDPKABHUE W Ha-
CJIEICTBEHHYTO0 KOPOIEBCKYT0 BiacTh B Peun Ilocmmo-
guroit. OHA MIIAHUPOBAJIA 3aK/IIOYUTH TUHACTAYE-
ckuif Opak cBOero crapirero cbiHa JAxkyba ¢ omHOM
u3 aBcTpuiickux 3prreprorunab. Orkas ['abcOypros
noaronkayn Mapuio Kaszumupy K perreHuio xe-
wuth Axyba ma Jliogosuke Kapomwmue Panzusuin
— nmodepu KHsa3sd Borycmasa PamsusBuina, kotopoe
TaK ke He ObL1o peanm3oBano. Ilogmamabie Kopo-
JIEBY HE JIIOOUIN — KaK WHOCTPAHKY, PACTOYUTEIb-
HUILY, YKEHY IBYX My Keil, a Tak Ke 3a U3JIUITHEe
y4JacTue B TOCYIapCTBEHHBIX mejax. He HpaBujoch
MECTHON 3HATH W TO, YTO KoposeBa MapbiceHbKa
noaepKuBasia cBa3b ¢ Opanmueit, peryaapHo ObI-
BaJIa TaM U PUBO3MJIA € CODOM HAPUIKCKUE BESHUS
MoJbl. 3aTo MapbicenbKy odenHb Jobna myx. On

MTOCTOSTHHO OBLIT B TIOXO/IaX, & PA3JIYKY MMapa 3arroJi-
HsAIM Tepenuckoii. Beero 6bL10 Hammcano oxkoso 4
TBHICAY [IUCEM, KOTOPbIE [IPEJCTABJIAIOT UHTEPEC HE
TOJIBKO JIJIsi ICTOPUKOB, HO U JIJIST JINTEPATYPOBEIOB.
CB0o0OOIHOE OT BOEHHBIX TTOXOJ0B BpPEMSI CYTPYIKe-
cKas mapa HEeM3MeHHO mpoBoamia BMecte. B 1696
r. ymep Au Cobeckuii. [Tocneaane nsaTh et KU3HA
Cobeckoro 6bLTH OMPAaYeHbl HECIPECTAHHBIME HEJLY-
raMi W JUHACTUYECKUM pas3mopoMm. Ero crapmmii
ChIH HE JIQ[WJI C MATEPbI0 W MJIAIUMU OpaThs-
mu. IIpegdayBCTBys CKOPYIO CMEpPTh KOPOJIS, KaXK-
ObIil U3 CBIHOBEN HaJIedA/ICd 3aleNUThCd 38 MPeCTOJl
Os1aromapst MOAIEPKKE TOM MJIM WHON MHOCTPAHHOM
nepxkasbl. [lociae cmepru myxka Mapusa Kasumupa
MO-TIPEYKHEMY TIBITAIACH BIUSTH HA MOJUTUKY TO-
cymapcrsa. ITocsie Toro, kak ee crapimii cbia AKy0
morepres Heymady B m30paHund Ha TPOH Koposisa Pe-
4u [Tocnosuoit, BAOBCTBYIOIAs KOPOJIEBA yeXaa B
Puwm x nmame Nanokentuio XII. B Uranuun ona mpo-
Bema 15 ner. Koraa »xe mana VHHOKeHTHIT CKOHYAJI-
cs1, Mapns ocrasach 6e3 CpesiCcTB CYIIEeCTBOBAHUS
U TIPEIOoY/ia BepHYThCsA BO PpaHIHIO, T/1€ TOCETH-
snachk B 3amke Baya. Tam ona ymepsia B 1716 1. or
UHCYJIbTA.
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a. Y. Kymwma

TIBIAPXILI ¥V CICTSME KIPABAHHSA BKJI V YACHI
AJIBI'EPJIA I KEVICTYTA

Tapmin «apapxis» a3Hatdae CyKipaBaHHE IBYX
acob abo «aBoeymaaa3es. Y HABYKOBail CyIOIbHACIIL
icHye HeKa/IbKi TIOTJISIIay Ha TITHI MEPbIAT TiCTOPHIL
BKJI. Ilepmbiv Ha raTy oMy micay C. Cmombka §
1889 r. En MPBI3HAY AbIAPXisii CIenbIPiaHy0 CicT-
sMy cykipasanus Anbrepga i Keiicryra, 3acnasa-
HYIO Ha Iaj3esie 13sPKABbl HA /13B€ POYHbIA 4aCT-
Ki: Blienckyio Ausbrepuaa i rpouxkyto Keiicryra, a
TaKkCaMa Ha, POYHBIM ya3ese § 37a0brdax abomByX
Bajiamapoy. Anmak y raTail cictame ObLIa «Jgami-
Halpld aJHaro 3 KHA38Y», r. 3H. Anbrepaa, mro ¥
My HAl cTyHeHi OBLIO aIbIX0IKAHHEM a1 JKOPCTKA-
ra MPBIHIBIIA POYHACII adOABYX Basagapoy. Ieror-
Hail pbIcail raTail cicTIMbI OBLIO Y3TOIHEHAE Cympa-
noyHinTea aboasyx Gparoy [1, s. 81-87; 2, s. 483].
Amnanariuna micami A. JIasinki, gxi cussapaxkay mpa
«cicTamy majBoiiHara KipaBaHHs», dKas ObLTa Xa-
pakTapuaii mus Aubrepaa i Keiicryra [3, s. 19, 26],
i pacificki macaemusik Marseii Jlrobajcki § pas-
Ba)KaHHAX Mpa <«NAJITHIUHBI ayanizms [4, c. 8-9].
Hsarnen3sasr Ha maz3sen, A3apKaBy sSaHA OpaTap-
ckig magynui Asnbrepaa i Keiicryra, rearpadgiunas
6uizkacup abexzsiox cragin (Binsui i Tpokay), a
Takcama naj3es 3aa4 (6apaupba Ha aBa GPOHTHL:
KpbiKaIKi 1 pycki). Tonbeki ricropeik @. Kaneu-
HBI 1aBéy 17910 gprapxii ma xpaiinacii. Ex miasry,
mro ¥ JlitBe ObLna aBaicTacip KipaBaHHs, TI. 3H.
OBLTi IBa BSJIiKis KHA31 TTOYCKisA, HE3aIeKHbISA al-
3in ag apyrora [5, s. 10-12]. KoxKHbl 3 raTbIxX KHsi-
38y (Aswreps i Keiictyr) nasinen Ob1y ObIbh HE3a-
JIEXKHBI 1310 a1 apyrora. AJie Takis MOTJIsIIbI pac-
kpbiThikaBay A. [Ipaxacka, fKi aIxiIiy MepkaBaHHe
@. Kaneunara, a 3 gacinenasanasy C. Cmonbki na-
KiHYyY UpPBLIHIBII HaA3e/Ly Yuaabl HaMizxk Ajbrep-
gam i Keiicryram, gki mpagyriemnKBay 3axaBaHHe
Agnwbrepmam Bapxoyuait ymamer i arpeivanie Keii-
cTyTaM OpbiBijestBaHara cranosimaa [6, s. 59-61].
drHo 3acHOYBaacs Ha MpaBe CHATIBIHBI Tporka-
ra i I'ponHenckara KHsCTBA, a TakKCaMa HA IIPaBe
poyuara nazazesy ycéit 3gabbrapt Jlirsel. ['9TbI 110-
s A. Ilpaxacki ObIy ma3Heil MPBIHATHI MHOTIMI
JacyieTapiKaMi 1 HaJIeXKbIb Ja HaNBayKHEUIIBIX Y
npabieme apiapxii. O. Bampipp npe3HaAy cicramy
npoeyianazsa Anbrepaa i Keficryra «§ npasiibHbIM
cance» [7, s. 149-150]. Toim ne menm, Keiicryr
Mey MMIVHBI cayma3es y BsTIKaKHSKAIKAN yIanuze,
SIKYI0O BBIKOHBAY AJIbrep, i raThIM aapo3HiBajcs
an immbix lenpivinaBivay. Takas cictama m3eiimi-
qasa i ma3Heit: Ipbl CyKipaBaHHi Masagora raiant
i crapora Keiicryra (1377-1380), a rakcama Hraii-
Jabt 1 siro 6para Ckipraitier (1382-1386). 9k 6auna,
TOTHI TIOTJISAT, MOITHA, He aIPO3HIBAEIIA a 3raJaHa-

ra BbiIdi Mepkasanus A. IIpaxacki. Jacnenasan-
ui JI. Kansiakoyckara 3’ss1s101111a 3bIX0IHbIM Ty HK-
TaM JIJIS MHOTIX Jaciaemdbikay. ['sra ymacwa € Ha-
3Bay cicramy kipasamusa Ajbrepaa i Keiicryra abi-
apxisii [8, s. 7-8]. I'sra 6buIO CcyKipaBaHe aboIBYX
6paroy: Anbreps mey BapxoyHylo Viaamy, a Keiic-
TYT OBIY HIOBI APYTiM BSATIKIM KHS3eM JITOYCKIiM,
AKI MeY BimaBodHa OOJBIIYIO Y1a/1y, IbIM ACTATHIs
Tenpvinasiubl. I'aTa cicTama 3acHOYBaacsa Ha mal-
3eJ1e 3a/a4 1 Yaabl mamixk Gparami: Ajbreps masi-
Hen 6b1y 3aiimana Pyccio (ni Yexonam), a Keiic-
ryT — Toyronckim opmpuam (1i 3axanam). Hosbim
3JIEMEHTAM Yy I'ITHIX PA3BAKAHHAX 3 AYIIderia MOIl-
Ha, TAIKPICIEHBI TITHIM JACIEIUBIKAM TTPBIHIIHIT
«maazeny 3agad» namik Agbrepmam i Keitcryram.
Hogsl as1emenT y gpickycii ObIY 3HON3€HBI § Tpanax
X. TTamkesiua. Jlacmeqdnik makasay, IITO CTAHO-
Birmmrya Tponkara Kus3s Keiicryra ObLIO ¥3MOITHEHA,
TOJIbKI § KAHEUHBI TIEPbIA KipaBanusa Anbrepaa (y
1367 r.). Tager Ansreps i Kedicryr agnaniai acrar-
mix legpIvinaBivay i 3BOHKY BBICTyHAJi AK payHa-
3HAYHbIA «IBa KapaJi» [9,s. 34-37; 10, s. 236]. ['s>1er
daxT Mey BaxkHae 3HAYIHHE, TAMY IIITO HE MPBIBEY
Ja Haj3esy Ha Yia3esibl MaJiaJIofn JIiToyCKail JI3sp-
KaBBI. ¥ CBAIO YapTy, BAJIOMBI JITOYCKi JaCTeTIBIK
Benonac Isinckic (Zenonas Ivinskis) mpsritmoy ga
MEePAKAHAHHS, IITO ABOEYIAII3€ HEIbra ObLIO ari-
calp fK <«IoyHas cictama aplapxii» [11, s. 16]. En
cuBsAp/Kay, mwro Keiicryr 6b1y «namoddikam AJib-
repaay. TakiM YbIHAM, T9TA — TPAIBIIBITHBL TIOTJIS,
3 gacoy A. Ilpaxacki. 3aToe HOBBI 3TAIT TAC/IEIABAH-
Hay aplapxii magay apreikya 9. [yaasiuyca 1985
r. [12, c. 35-44]. Jacnendbik 3aHsjcs CyaaHOCIHA-
Mi AByX JiToYcKix KusicTBay: Binenckara i Tponxka-
ra — y XIII-XIV cr. IIpsritmmoy ma BBICHOBBI, TITO
A/IHOCIHBI TATHIX KHACTBAY MaMixk caboil BhI3HAMAEe
3aJIe’KHACIH: MAaHAPX 1 cyOmanapx. [HmmbiMi ciioBa-
Mi: MaHapxaMm OBbI¥ BimeHCKI KHA3b, a cybMamap-
XaMm — TPOUKi KHA3b. ['9TbIg moriisiibl ObLIl NpbIHS-
ThIA ¥ MOJBCKAs 1 JiToyckail ricrapoisrpadii, HaBar
passirsl ¥ npamax Amnbeigaca Hikxksuraiimica i dua
Tanrojckara. Ilepmst 3 ix ckiay cmic giTOJCKix Ma-
Hapxay i cyomamapxay 3 kamma XIII cr., a mpyri
3Haitimoy aprapxifo ¥ kipasammi Kapbrarasiuay ma
ITamomni ¥ xkanuer XIV cr. i § agmocinax Birajra
na Cxiprafiasr § 1392-1394 rr. [13, s. 10-11]. T'areis
MepKaBaHHI maaBepr KpoIThbl . Hikomam y ap-
Teikysze 2002 r. Ha aro aymKy, «aplapxig» Mae aBa
3HAYDHHL: IpaBaBas IHCTHITYbIA (cicTaMHas) 1 Tpa-
JbIIBIHAE MTAHMAIIE, K «9aCOBAe CyIPAIOYHIITBA
JIBYX KHs138¥, sikoe BbIHIKaJa 3 narpadsl vacy» [13,
s. 12]. TIorbim éH maIBEPT KPBITHIIBI BIBAALI . ['y-
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JaBidyca, IPBIAIIOYIIGI A3 BBICHOBLI, mTo ¥ JliTBe
He OBLTO Ablapxii ¥ mepmibiM 3HaUdHHI. MoKHa Ka-
3allb BBIKJIIOYHA 1Ipa JIBOeYiajii3e § JIpyriM caHce,
ajie rTa OBLIO «TOJBKI BBIKIIOUIHHE 3 MAHYYA-
ra mpasiiay [13, s. 30]. AIPHBBAIOUYBI TITHI APTHI-
KyJI, MOXKHA 3raf3imia ¥ KPBITHIYHBIM ILIACIE, T.
3H. IITO HE OBLIO AblapXil AK MacCTagHHAN CiCTIM-
Hait increiTynpi. IpaBenzenas 4. Hikomamam Kpbi-
THIKA, TIOPBI Tpa Asoeynaamaze Ambrepma i Keiic-
TyTa 3’ syasenia nepakanayJaii. He magisrae cym-
HEHHIO, ITO ¥ 3THiYHAi JliTBe § capsazine XIV cr.
yriuBamica ToabKi Binbaa 1 Tpoxki, npsl agragaco-
BBIM CITaj3€ 3HAYUIHHA cTapoil craminsl ¥ Kepnase.
Tonbki ¥ gacer leapivmina Binbaa agcynyna Tpoki
Ha Jajieiae MecIa, Xalld MaM4Ib Ipa CTapoe 3Ha-
s3rHe TpoKay 3acTaBajacd AMTId I0yra § CBAMIO-
Macoi Jronzeil. AGen3se cTamdinbl Man34aIa1a HeBd-
nikas agersacip (kaug 28 KM), TaMy ObLIO JIErKa
MeIlb 3HOCIHBI i cymparoyHinTrsa. Y rarbiM KaHTIKC-
e Tp30a pas3mIAmalb IayraraaoBae i rapMaHidHAE
kipaBanue Ajbrepga i Keiicryra: mepribl Ob1§ Bs-
JIKIM KHA3€M JITOYCKIM AK BIIEHCKI KHA3D, a APYTi
OBbIY TPOIKIM KHsA3eM 1 HAHOMIKIAIIBIM TAILIeTHi-
KaMm Asibrepaa. Y URJbIM HeJIbra aIxXiailb caMm TIp-
MiH «JpIapxisy AK MIYHYI0 GOpMy CympanoyHiTaa
JIByX niToyckix Basagapoy. CykipaBanne rara ObLIO
xapakTapHa Ay JIiTeer 3 apyroit namossr X1V cr.,
r. 38. 3 gacoy Ambrepaa i Keiicryra.
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