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M.M. Kaena
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M.C. Koponvkos

OreHKa COCTOSTHUS TPAHCMUCCHOHHOTO Macia B peAyKTOpe 3a/IHEr0 MOCTa
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12
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PazpaboTka cucTeMbl yrpaBiIeHUs KIIATaHOM OCTAaHOBA MAJIOPA3MEPHOTO JTH3EIIS ....vvervvervennene 960
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A.O. «EnaTOMCKUN TPUOOPHBIH BABOI ...vveuvreerrerrsreeineessreessesasreesseessreessesasneesmessreessesannessneessneessns 975
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J1.0. I'anvros
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MATEMATHUCCKON CTATHCTIIKH .. .vvveeeiussreeessssseseessssssssssasssssessssssssssssssssesanssssessssssssessnsssseeannssssessnnsens 995
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A.B. [lvimos

KomrmsroTepHoe MoIeTnpoBaHIE MHOTOMEPHBIX JTaHHBIX HHHOBAI[MOHHOTO

PABBUTHUS POCCHICKUX PETHOHOBL. ©.1euvvresstriesstetesstetesstessssseessssesssssessssessssessssessssessssessssessnsessns 1021
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Ceknusi «<AKTyaJIbHbIe BONPOCHI PU3UKI»
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YHuBepcanpHas CUCTEMa MOHUTOPUHIA XaPaKTEPUCTUK MIPUPOTHOM CPEIBL «...vvvvreenverrnreerneennns 1032
Cexkuust «®eMTOHAHOPOTOHHKA)
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HccnenoBanmne Gpu3nko-MeXaHUYECKUX CBOMCTB JKapOIPOYHBIX CTalei

MIOJIYYEHHBIX B PE3YJIbTATE CEIEKTUBHOTO JIA3€PHOTO CIUIABIICHUS ..eovveeerierreeriresreesieeanneennnennns 1038
A.M. I pueopvesa

JlazepHbIii CHHTE3 U MOACTHPOBaHNE POPMHUPOBAHUS CPEPUICCKUX

HAHOIIOPOIITKOB KEPAMHUCCKHUX MATCPHATIOB ..uvvvessvrresstriesssneesssesessseeesssesssssesssssesssssessssessssseesnsns 1042
E.C. Tuscosny, A.A. Domun, A.A. Abpamsn

Perucrparus na3zepHo-UHIYIIUPOBAHHBIX MPOILIECCOB HA MOBEPXHOCTH MAaTEPHUATIOB

C OJTHOBPEMEHHBIM U3MEPEHUEM TEMITEPATYPBI ....vvviinvrieiiriesieiessreeessresesressssresssineessisesssnnesssnneas 1051
Cekuus «MaTtemaTnyecKoe MOIeJTHPOBAHUE
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HccnenoBanue u KOMIbIOTEPHOE MOJIETMPOBAHUE ONTHYECKUX CBOWCTB
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paszButus ['opoxoBenkoro paioHa BIaguMUPCKON OOTACTH ...ccvvvevveeeiiiesiiieesieessiieessineesninneans 2118
Ceknus «boranuka, 300J10TUsI H IKOJIOTHSD)

K.M. Tpemvsaxosa

Brnusitaue 3arpsi3HUTENCH BRIOPACHIBAEMBIX aBTOTPAHCIIOPTOM Ha TUXEHODIOPY

TAPKA «JIOOPOCEITBCKIIIDY ovvvviiiiiieeiiiiessiiiessittessiatesstseesbeaessbeeessbeeessbee e snbe e e snb e e e sbbe e e nsbeeensbeeennbeennnes 2123
[O.B. Cmeganuwmuna

BunoBoii coctaB 1 sKo0OrHYecKue 0cOOEHHOCTH oTpsna ctpekos (Odonata)

BSI3HHKOBCKOTO pailoHa BIaZHMUPCKON OOITACTH ... ceveiuririieiieniesieesieeie et 2129
M.A. I[Iponuna
DKosoro-hayHUCTUYECKHE OCOOCHHOCTH KOCTHBIX PbIO cpeHero Te4eHUs peku OKH ............ 2135

Cexkuus «IlonyJsiimoHHasi arPO3KOJIOTUS U IKOTeHETHKA)

U M. Anexceesa

OnyKTyannoHHAS U TUIACTUYECKast U3MEHYHBOCTD JIMCTOBBIX TUIACTHH

(02 B 0T L0 1 (65 N (0] o PP 2140
[10.C. 3unamynnuna

Mertoa reomeTprueckoil MOpOMETPUN: OCHOBHBIE ITAllbl ONPEACTICHUS

DA JTHCTBEB ITIIIEHIIIIBL .....eevievvrsssassesesssssssssasssssessssssstasssssessssssssssnssseessesssssssssseeesessesrsssnnssseesrennns 2146
O.I1 Tpogumosa

CTaOuIbHOCTH Pa3BUTHSA U MPOTYKTUBHOCTD O3MMOM IIIICHUIIBI B arpOIIeHO3aX

(0371 b1 e O N 0 1 (01113 S T PP PP PPRPT 2150
Cexknust «Baacrtb, 001ecTBo, yeaoBek B XVIII-XX Bekax»

M.H. Ilemucanosa

Kondeccuonansnas nonutrka Poccuiickoit imnepuun B oTHOIIEHNN

PUMCKO-KaTOIMUECKON HEPKBHU B 1801-1855 IT. .ooviiiiiiiii 2155
Cexuus «cTopnueckoe KpaeBeaeHHE»

T.A. Tuxonenko

I'ep6 pona ITPOKYAMHBIX-TOPCKIX ...ovviiiiiiiiiiiicie e 2160
A.C. Cemenosa

PazButne kunemarorpada B ropogax Bragumupckoii ry0epHUN HaKaHyHE

U B TOABI IIEPBOM MUPOBOIM BOMHBI ......oiiiiiiiiiiieiiiieiie st s 2165
M.J[. Jlomonocos

[Tpremsbl U METOJIBI ATEUCTUUECKOI Mponaralabl B CUCTEME 00pa30BaHMUs

pr H.C. XPYIIEBE (1954-1964) ......oeiieieiie ettt ae e e nneenas 2170
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A.U. Kapacesa

Passurtne npomsinieHHOCTH ropoza I'ycs-XpycTanbHbli

B IOJIbI BETUKON OTECUECTBEHHOM BOIHBL ...cevvvvvrrsrusseessesesssstnssssessseesssssntsseesseessstnmntereesseesss 2177
M. JI. Cokonosa

MarepuanbHO€ IMOJ0KEHHUE 36MCKOTO yuuTels Bo Biagumupckoi ryoepHun

HAYAITA XX BEKA .vvteuttieiutteaiutteaasteeaasteeaaitteaasseeaabeeeabeeeaabe e e s be e e aabe e e aabe e e aabe e e ahb e e e ahbe e e nbbe e e anbeeeneeennnes 2183
B.P. Memuna

[TpuMmeHeHHne aKIM3HON CUCTeMBI cOOpa HAIOrOB Ha mpuMepe ropoaa Kosposa

Brnagumupckoii ry0oepHuu Bo BTOPOH TMOJOBUHE XX BEKA ..ovcvvvviiiieiiiiiiiies e siee s 2189

Cexknns «AKTyanbHbie mpodJjembl ucropuu Poccun XX Bexkay
B.A. I'anvyosa

O0pa3 neteit BOMHBI B KHHEMATOTPAPE COTTEIICIIH ...vvvirveiiieiriiiienieeresieesieere e sne e e 2194
M.C. Jlopogheesa
CoBerckas rpaxxaaHckast OOpsiAHOCTD 1920-X IT.: «KPACHBIEY CBAIBOBI ....ccvvvveeriveeeriieeniireennnss 2199

Cexuus «Moaepuusanus ucropuu Poccuu B XIX — navase XX BB.»
U A. Ioavckux
2KanoOb1 pabOTHUIT KaK UCTOYHUK B3aMMOOTHOIIICHHH JKCHIIINH,

NpEINpPUHIMATENCH U BIACTH B (DAOPHUIHOM ITPOUBBOMCTBE ....vcvvveesrienresieesieeseasnesseesseennesseeneas 2205
A.H. Yucmosa

JIHEBHUKY U 3aMUCKH YYACTHUKOB OJTOKAIBI JICHUHTPAIA ...eeevvvieiiieeiiiiie st 2210
C.A. Kapnosa

CornuaibHast TOJIMTUKA B chepe MEIUITMHCKOTO 00CTyKUBaHUS Pabodnx

Ha (aOpUKe MPEANTPUHUMATETCH TPEYMOBBIX .. .cevvieurieireatiesieeeieesireasieessreeseesieesreesneeeneesnneenes 2217

Ceknusn «/[MHAMHMKA TEKCTAa B CHHXPOHMU U THAXPOHHID)
E.C. Koncmanmunos

Y cTOWYUBBIE IT1ar0JIbHBIE 000POTHI B JPEBHEPYCCKOM TEKCTE ....vverevesreerreesreesnnessreesnneenneennneanns 2222
T.C. Maupxo

CemaHTHKA yCTOWYMBBIX COUETAHUN «CYLIECTBUTENIBHOE + MPHUIIAraTeIbHOE)

B KUTHU EQPOCHHUN Cy3IATBCKOM ... viivieiiiirie it 2228

A.A. Henamvesa

O 3HaueHNH TUTFOCKBaMITep(eKTa COCTAaBHOTO MMEHHOTO CKa3yeMOTo B TEKCTaxX

Hauvana XIX Beka (Ha MaTepuaiie panoptoB denpamapiuana M.b. bapknasg-nge-Tomm) ............ 2233
Cekuus «Bonpocbl H3y4yeHHs TPAMMATHKH U CEMAHTHKN»

H.A. Xoxnosa

AXTBI coritacusi ¥ criocoObl X BBIPaKECHUSI B COBPEMEHHOM JIpaMaTyprun

(Ha matepuasne mpou3BeAeHUNH EBreHUM ['PUIIKOBIIA) ......oovviiviiiiiiiiiic s 2239
O.H. Cmupnos

O rpaMMaTHUECKOMN CYITHOCTH CIIOBA (CMBICID) ...uvviivviisriesiriassessinesssesssseessesssnessnesssneesnesssnessnes s 2244
B.A. Hexpacosa

KoHCTpyKIIMU € COI030M «KaK» B CTPOE MPEATIOKEHHS

(1a Matepuasne pacckazoB B.A. COMOYXMHA) .....ooiviiiiiieiiiieiee e 2253
Cekuusi «MeToaUKa NPENOJIABAHUA PYCCKOI0 SI3bIKA»

/[.A. Bypenko

Metoanueckue pa3padboTku o TeMe «KoMIIeKCHbIe eTMHHUIIBI CI0BOOOPa30BaHHS

(na matepuasne npou3BeACHUN B.A. COMOYXIHA)......ccociviirieiieiiieiie e 2259
T.A. Hexaesa

Hcnonbs30BaHmne OMOPHBIX KOHCTIEKTOB HA YPOKAX PYCCKOTO SI3bIKA B CPEAHEH IIKOJIE ............ 2266
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T.A. Hexaesa

MeTtoanka cOCTaBICHUS! KOHCIIEKTA KaK OMOPHOTO 3JIEMEHTA Ha yPOKax

pyccKoro si3bIka B 6 kinacce (pu uzydeHuu teM «VMs YiuciuTenbHoe

R\ EeTw (0} 1Y () 1% (0 TP TR 2274
C.M. Kpvimckas

Jlexcuueckue cpeacTBa BbIpaKEHUs peueBoOil arpeccuu B coBpeMeHHbIx CMU

(Ha matepuaine BraguMUPCKUX TEYATHBIX UB3JAHUI) ..vvvvivrressireesireesieesssseeessseessssessssesssssessnsees 2282
C.M. Kpvimckas

Oco0eHHOCTH U3yYeHHUsl KaTerOpUH OYIIEBIEHHOCTH UMEH CYIIECTBUTENIbHBIX

B 5 knacce (mo YMK nog. pert. A JL. LIIMEIEBA) ...c.vvvviiiieiiiieiiiee e 2287
A.JO. HAwuna

HecormnacoBanubie onpe/eieHns Kak CHHKPETUYHBIC YWICHBI TTPEIOKCHUS

(ma matepuaine poMaHna «JleHb TBOpeHHI» B.JI. KPAKOBCKOTO) ....vvvviviiiiiiiiiiie i 2293
Cexknns «KAKTyaJIbHbIe BONPOCHI pycckoro sizbika XX-XXI BB.»

A.A. Aceesa

Cno>XHOCOYMHEHHBIE MPEIIOKEHUS B CUCTEME MOAroTOBKH K EI'D

TIO PYCCKOMY SIBBIKY  ..vuveestreasseessseasseessseasseessseanseessseasseessseasseessseasseessseaaseeaseeasseessseanneesnneanseessnesnns 2299
E.B. Yuocuxosa

CwmpiciioBas nomuHaHTa pacckasza B.A. Conoyxnna "Hoxuuek ¢ KOCTSIHONW Py4YKOH" ............... 2305
E U Ckpawyx

CwmbicnoBas foMuHaHTa pacckaza B.A. ConoyxuHa «IIOTBOPOTHSI .....cocvvveiieiiiiiiniiie e 2311
H.0. Yoosuuenro

Knaccudukanus nexcuku npoussenenust B.A. Conoyxuna «CBuganue B Ba3HuKax» .............. 2320

Cekuusi KAKTyaJibHbIe BONPOCHI 00yYeHHs] HHOCTPAHHBIM S3bIKAM

B CpeIHeH LIKO0JIe»

M.J]. Cenughanosa

Pa3BuTre ymeHuil roBopeHus B paMKax TEMbl YCTHOM peun Ha 06a3e JOMalllHero

YTEHUS (CTapIIast CTYHEHb, QHTTTMHCKHIH S3BIK) ..vvovviiveeriiiiiniiesiieee st 2327
A.A. Kywanvnukosa

Komnpeccus TeKCTOB Kak 00s13aTeIbHOE ycI0BHUE (OPMHUPOBAHNUS OOIIEKYIBTYPHBIX

KOMITETCHITHAM IITKOITBHITKOB ...ueeeseiesssssassssssssssssssssssssssssssssssssssssssssssssssssnnssssesssessssssnseseeessssssssns 2332
A.B. Kapnosa

[ToBwimenue 3 GexkTUBHOCTH 00YUCHUS WHOSI3BIYHOM JICKCUKE ITyTEM UCTIOIb30BaHUS

g depeHIIMPOBAHHOTO TOIX0/1a Ha 0a3€ €€ METOAMUECKON TUITONOTHH ......ccvveenveeieenneeerenennns 2337

Cexkuus «Tpaguuuu 1 HHHOBALMU B METOAUKEe 00y4eHM I

HHOCTPAHHBIM A3BIKAM»

U A. Cmykanuna

JlomoTHUTETbHBIE MAaTEPUAIIBI K y4eOHUKAM HEMEIIKOTO SI3bIKa CEPUU
«ByHaepkuHab» ¢ 5-9 knacchl A1si TOArOTOBKM yvamuxcs kK EI'D no pazgeny

N6 (R 1T PP PP PT PP PPRP PR 2343
E.O. Pyoenko

dopmMupoBaHUE YMEHUN HHOS3BIYHOW MOHOJIOTHUECKON PeUYH ydaIuxcs

MIPU MOATOTOBKE K YCTHOM YaCTU EID ..o 2350

AJIL Akoenesa
Hcnonp3oBanne HHOOPMAIIMOHHBIX TEXHOJIOTHH TS Pa3BUTHST YMEHHHA
MUCHbMEHHON PEUYM YUAIIMXCS HA CTAPIIECH CTYTEHU OOYUCHUS .. vevvirvienriiieeirieiisiee e 2356
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CeKIII/[SI «CTpaHOBeI[eHI/Ie H JICKCUKO-CTHJIMNCTHYECCKHEC ACIIEKTbI
AHIJIMHCKOro 3bIKA)

M.II. Apyesa

OTnuuuTenbHbIe 0COOEHHOCTH F0KHOA(DPUKAHCKOTO AHTIIUHCKOTO S3BIKA. .. evviveeiieneisieesieannns 2361
E.II Jlecnvix

HccnenoBanue kyabTypHOro penomeHa «The Swinging London .........cccceceevvierencieninnnns 2366
I'.H. I'uopeaose

KOMITBIOTEPHBIN M UTPOBOM CIIIHT ...vvviiutieiiietiesieieteesirs e ne et snessnne e 2371
Cexuus «JlunrsocrpanoBenenune I'epmannun»

A.A. Yuorcosa

TpaauIMOHHBIE TEPCOHAXKU HEMEITKOTO (POITBKITOPA ..vvveiuvriessrreessireessteesssrenesssesssssesssssessssnessnseess 2376
A.A. Ulapyn

HemMerkre 3aMMCTBOBAHUS B PYCCKOM SIBBIKE .....ccuvveeuveeureasreessneasesssneaseessssssessnsessesssessnsessnneanns 2381

Cexnus «I[IpukiagHbie NCUXO0JI0r0-MeIArOru4ecKne UCCae10BAHN
B.B. Ypanvckas, E.A. ®omuna
Paznuums B MCHX03MOIIMOHATILHOM COCTOSTHUY Pa0OTaIOMUX U HE padOTAIOIINX

(01071 (535 ) OO P PR PP PP 2387
U A. Ceniox
BoBieueHHOCTh MIAAIIUX MOAPOCTKOB B KHOCPOYIUTHHT ...cevvienveeireareesireasreesinesseesseesnneesneeanns 2392

A.C. Kocmuinesa

JlocTurHyTHIE CTAIUU CyOBEKTHOCTH B Y4€OHO-TIPO(ECCHOHAIBHON e TEIbHOCTH

cryneHToB | u IY KypcoB MeIarorn4eCKOro OOPAZOBAHHIS ......ecuveveeveesresieesseesresseesseenesseesseanens 2397
Cexuus «Ha nytu B HayKy»

A.A. bopucosa, E.A. Houixosa

OcobeHHOCTH Hccie10BaTeNbCKOro NoTeHnuana ctyaenTon [ u IY kypcos

METATOTHYCCKOTO OOPABOBAHIIS ...cuvvveeuireeeireeateeestreessteeessseeessseeessseesssseesssbeesssseesssseesansesssssessnnns 2402
O.A. Koponesa
[{eHHOCTHBIE OPUEHTALUN COBPEMEHHOM MOJIOMIEIKH ...vvvenvveeiureressreeessneeessseeesineessssesssnsesssnneesnnns 2407

O.B. Tropukosa

HccnenoBanue BBIPa)KEHHOCTH JJOBEPHS/HEIOBEPUS K JTIOASIM Y COBPEMEHHBIX

TTOZIPOCTEOB ...tutttesuteeesuteeessseeeasseeaasseeaasseeesseeaasseeaateeeaabe e e aabe e e aaEe e e eabe e e aa ke e e nhb e e e nnbe e e nmb e e e nnbeeenneeennes 2412
Ceknus «Pa3Butue 00pa3oBareibHON TEOPUU U MPAKTUKU:

UCTOPUA U COBPEMECHHOCTDL»

E.H. Honosa

K Bonpocy 06 ucropun ays3braHoro 00pazoBanHus B CIIA .........ccocoveiiiiiiiiice 2418
E.IO. 3asvanosa

[Icuxonoro-negparornyeckue 0COOEHHOCTH BOCITUTAHUS HEPOIHBIX/POJHBIX)» ACTEH ......c.eeee.. 2422

JIL.M. Apucmosa

HoBbl1i1 B3risi1 Ha JIGKCUYECKOE COAEPKAHNE COLIMATIBHOTO MOHATHUS

CHCTIOITHAST CEMBSI) +1vvveeauurvereessussseesansssssesasssseesassssseeaasssssesassssesessssssesassssseesssssseesssssssessansseseessnsens 2427
Cexnus «Bocnuranue B COBpeMEHHOM 00pa30BaTeIbHOM IpoLecce»

A.B. Cemenosa

ChopmupoBaHHOCTH COIMATBFHO 3HAYUMBIX Ka4€CTB Y COBPEMEHHBIX

(o2 018 (S 0 C 16100 17 0 ) - PP P RO PR PR 2433
A.A. Bucnoeysosa
Tunsl JOMUHUPYIOLIEH TUYHOCTHONW HAITPABIIEHHOCTH B FOHOIIIECKOM BO3PACTE ....cevvvevreereennne 2439
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K.A. Anopeesa

B03MOXHOCTE BHYTPHUYTPOOHOTO BOCIIUTAHUS peOEHKA B TIPOIIECCE CYpPOTraTHOTO

LY U] 02705 (o 1 - PR PP PP 2444
Cexknus «O0y4yeHue B yCJOBUSIX HHHOBAIMOHHOTO PA3BUTHS 00pa30BaHUs»

I.A. Opnosa

[Tegarornyeckue BO3MOKHOCTH YU4€OHOTO MPOIIecca B Pa3BUTHH

CAMOOLIEHKHU IITKOJTBHITKOB  11vvvttruusstseesssessssssnnssssesssssssssnnsseeesssssssssnnteessesesssssnnnteeeseteestssmn e 2449
E.A. Esooxumosa

KoMrmeTeHTHOCTHO-OpHEeHTUPOBAHHBIHN MOIX0/T KaK OCHOBA COBPEMEHHOTO

O0PA30BATEITBHOTO TIPOIIECCA +.vvvvvrsteesreaseesseesseassesseesseassesbeeseassesseesbeasseabe e b e asneabeenbe e e e sneenneenreas 2457
I'"H. Axmeodosa

Bo3MOXHOCTH BHEKIIACCHOU ACSITEILHOCTA B 00YYEHUH HHOCTPAHHOMY SI3BIKY

CTapIICKIACCHUKOB KaK CPECTBA PeaU3aliy MOJTUKYIbTYPHOTO OOPA3OBAHUS ...ccvveevveerennne 2463
Cexknus «JInuHocTHO-IpOdeccHOHATBHOE Pa3BUTHE Cy0ObeKTOB

00pa3oBaTeIbLHOIO MPoIecca»

A.B. Conooosa

MeToaudeckue cpeicTBa CO3aHMsI CUTYAllUH yCIexa Ha YpoKax

MTHOCTPAHHOTO SIBBIKA +...veeutviesseessreasreesseeasseessseasseesseeasseesseeasseesseeasneesmee e neeane e asneenmneanreeanneaneennneanns 2471

H.C. Kananuna
BBeaenue TMHrBOCTpaHOBEAUECKOTO MaTepualia Ha ypOKax aHTJIMMCKOTO SI3bIKA

B CTapIIUX KJIACCAX KAK CPEICTBO MOBBIIICHUE MOTHBAIIMU YUAIITMXCS «vuvverveervenseesseesesseesseesens 2478
O.A. Hemxosa

[IposiBnenus nepeKIMOHUCTCKON caMOIpe3eTallui Y COBPEMEHHBIX MOJAPOCTKOB

G 0 5 (o) 11(< % 2484

Cexknus «AHIJIMACKas GUI0TOTUD)

M.A. I'onybesa

Kareropus posa UMeH CyHIECTBUTEIBHBIX B @HTIIMMCKOM SI3BIKE......cciivieiiiiiiie e s s 2489
A.A. Jlasvioosa

AKTUBU3aIUS UHTEIUIEKTYaIbHBIX CIIOCOOHOCTEN yJaluXxcsl MyTEM BHEAPEHHUS

JMHTBUCTHYECKHX JIOTUKO-KOTHUTHBHBIX 33/1a4 B TPOTPaMMYy TPETOAaBaHuUs

MHOCTPAHHOTO S3bIKa B cpeHe mkose (Ha Matepuane pomana J[. Kuza

AN 0T 03 091 01 6 G N1 91 14S) o)z (0) 5 1) I O OO PP R TPPRP 2493
JIL.B. Kpomosa

CpaBHUTEIIBHBIN aHATN3 (QPA3EOTOTHICCKUX SAMHHMII, OTPAKAFOIIIHX

WHTEJJIEKTYaTbHBIE CIOCOOHOCTH YETIOBEKA B PYCCKOM U AHTITUHCKOM SI3BIKAX ...veervveerveerenenne 2498

A.B. Ilaxomosa

TexcToobpazyrorias posib 3ByKOpsiia, OCHOBAHHOTO Ha TOHAJBHBIX OTIUYHIX

TITACHBIX 3BYKOB ...veeuuviaureesreasseessneasseessseasseessseanseesseeasseeame e e seense e e seeame e e s e e ane e asseenme e e reenneeanneennneenns 2503
E.E. Pycaxoea

HekoTopsie pa3HOBUIHOCTH CTHIIMCTHYECKOTO CPAaBHEHUS

(na marepuane poMana Y. JIUKKeHCa «BOJBIINE HATEHKIBD) ...veeruvrreririerieresieeesireeesineeesineesnnness 2508
A.A. Yuorcosa

AHTIOS3BIYHBIE IIUTATHI KaK IPEIMET JIMHTBUCTHUECKUX UCCIEIOBaHUN

1 MaTepua JUisi 00YYEHHS] AHTTTUHUCKOMY SI3BIKY B IIKOJIE ...ceuvvvesreesreasreessneasreesnnesreesnessneenneesnns 2512
Cexknus «MaTtemaTnyeckas JOruKka, ajredpa u Teopus YuceJl.

MaremaTtudeckuii anaau3 u 1uddepenunanbubie ypaBHeHus. I'eomeTpusi»

A.A. Monamosa

Metoa ceueHUN MPU U3YICHUH THITEPKYOR ..veevveeiirieiirieiiieesieeesieeessseessteesssseessssesssssesssssessnnns 2517
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K.M. Kazaxoea

DIEMEHTBI TEOPHH Y3IIOB ...euvviiurieueeasreessesasseessseasessssssnseessseasesssseaasesssneeasesasneesneesareennesanneennneaans 2523
U.A. Mauyuun
T OTIOTOTHUECKOE UACTIHITHED) +vvvvvvvvrvrsssrssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssens 2529

Cexkuusi «KAKTyajibHbIE IP00JIeMbI METOAUKH 00YyUEHHSI MATEMATHKe
B 00111€00pa30BaTEIbHBIX OPraHU3ALUAX)

A.A. Hasnosa

3aaun KpaeBeauecKoro CoAep>KaHusl MPU U3yYEHUN CTATUCTUKU

B 7= KITACCAX 1ieeiiiiiiutrrreieeeessiiiistsseteeesesssssisstssesesesessiaiababasessseessssass b e baeeeeeesssas st b baaeesseessssbbbbbeeeeeeens 2537
T.B. Jlykvanuenko

Meroanka peeHus TPOSKTHON 3aIaUN TIO MATEMATHIKE ...vvvevrvvrersreeessreresueesssseesssnessssesssssesnnns 2545

A.C. Be3oywmnosa

KpurepransHO-OpUEHTUPOBAHHOE OIICHUBAHUE IPU O0yUYCHUH MaTEMAaTUKE

1301100 X1 (PRSP PP PP 2551
Ceknus «MaTtemaTnyeckoe 00pa3oBaHue U MeTOAUKA 00yUeHHsI MaTeMaTHKe:

HCTOPHUS H COBPEMEHHOCThb»
A.A. Monamosa

MeTto/ aHaOTUU KaK OJMH U3 CIIOCOOOB OCBOCHHSI MHOTOMEPHOT'O MTPOCTPAHCTBA ....ovveenenenne 2559
A.C. Be3oywmnosa

OPHUTAMY F TEOMETPHSL ..veeuvvieiateeesutetesssesasssesesssesaassesasseeasseeasseeaabsteasbe e e asbe s e asbe s e an b e e e anbe e e nnneeennnes 2565
I'JI. Ilempocsn

W3 onbiTa paboThl C MATEMAaTUUYECKH OAAPEHHBIMU HIKOIBHUKAMH .....vveerieiesreesiresreesneesneennnennns 2572
Cexkuus «Teopernyeckasi 4 NpUKIATHAS HHPOPMATHKA

A1l Anewun

S3p1k mporpammupoBanust C# B cpene Visual Studio kak coBpeMeHHOe

CPEelICTBO 00YUYEHUS TPOTPAMMHUPOBAHUIO B ITKOJIE HA MPODUITEHOM YPOBHE ...c.vvvveneveeeiveeeneness 2578
A.Il. Bonxosa

CeTeBoif MPOEKT KaK CPEJICTBO PA3BUTHS MO3HABATEIBHBIX CIIOCOOHOCTEN YUAITUXCS .............. 2582
MM. Menenosa

OO0y4eHne NIKOJIbHUKOB SI3bIKY IPOTPAMMUPOBAHUS JAVASCIIPL ..oovvviiiciiiicc e 2589

Cexnns «Meroanka 00y4yeHnst HHPOPMaTHKE)»
M.B. bonvuwakosa
dopmupoBaHUEe MTO3HABATEIBHOTO MHTEPECA Y YUaluXcsl Ha ypokaxX HHPOPMATUKU

1 LY 0 7 2 Z S RSP RPPR PP 2594
U A. Kysneyos

KomMmmbroTepHbie UTPBI KaK CPEACTBO O0YUEHUS HHOOPMATHKH ....ccvvvenreeieeesreesiresreesnneaneesnneenns 2599
C.A. Pynos

MeTtoaudeckne ocoOeHHOCTH pabOThl B CMEIIaHHOM Kiacce (Kiaccax-KOMIUIEKTaXx )

L 1o 05 (517 0 111001 (T TP PP PP RO PPP PPN 2605

Cexknus «CoBpeMeHHbIE MP00JieMbl BO3PACTHON M COIHAIBHOI MCHUXO0JIOT I
T.]/]. Kopneuuyk
DopMUPOBAHHE COLMATBHOTO UHTEIIEKTA MJIAIINX IIKOJIbHUKOB — BOCIIUTAHHUKOB
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CBSI3M Ha TapaMeTphl PEYeBOr0 CHUTHAJIA, KOTOPHIE HCIOJB3YIOTCS MPH Pacro-
3HABAHUU.

Abstracts: The wide use of automatic voice recognition systems in telephony is
hampered by a large number of recognition errors. One of the causes of errors in
automatic recognition is the influence of the frequency response of the commu-
nication channel on the parameters of the speech signal, which are used in
recognition.

KiroueBble ciaoBa: PedeBoil curHas, TOJIOCOBBIE KOMAaHJbI, MEJ-4acTOTHBIE
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cients, distortion, noise, channel.

Korga peueBoit curnan (PC), mpoxoaut yepe3 pas3Hble KaHAJbl CBS3H,
CHUKAETCS TOYHOCTh aBTOMATHYECKOTO PACIO3HABAHUS TOJIOCOBBIX KOMAaH] B
tenedoHnu. CHIKEHHE TOYHOCTH O0YCIIOBJIEHO BIMSHUEM YaCTOTHOM XapakTe-
PUCTUKM KaHaJla CBA3M HA MapameTpbl PEYEBOT0 CHUTHaJa, UCIOJIb3yEMbIE MPHU
pacno3HaBaHWH. B 4acTHOCTH, 3HAYUTENHHOE BIMSHUE HA 3HAYCHHSI Mapamer-
POB CUTHAJIa OKa3bIBAET BIMAHKME YaCTOTHAS XapaKTepucTuka MUKpodoHa [2].

JIyist moTaBieHnsl yKa3aHHOTO BIIMSIHUSI UCIIOJIB3YETCS] HOPMAJIM3AIUs 110
CpeaHEeMy 3HAUYE€HHUIO (BO BPEMEHH) MEJI-4aCTOTHBIX KEIMCTpaabHbIX KO3 uIu-
entoB (Mel-Frequency Cepstral Coefticients - MFCC) — mapameTpoB peueBoro
curHana (PC), manbonee dacto mpuMEHSIEMBIX MPU pacro3HaBaHuu pedu [1].
OcHoBHbI€ 3Tanbl 00padoTku curHana npu ¢popmupoBanud MFCC oTobpakeHbl
Ha cxeMe, IpeacTaBiieHHon Pucynkom 1.

3ByKOBBIE KOJicOaHUS MOCPEACTBOM MUKpodoHa mpeobdpasytorcs B PC,
3aTeM MOoCcJie HU3KOYaCTOTHOM (puiibTpalMu U aHanoro-uudposoro mnpeobdpazo-

Banus (ALIIT) npoBoautcs cermentanust PC, kaxnabiii cermeHT PC B3BemBaeT-
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cs OKOHHOM (yHKLHEW U ocyllecTBisieTcss ObicTpoe npeodpasoBaHue Dypbe

(BII®) — popmupyeTcst KpaTKOBPEMEHHBIN CIIEKTP CUTHAJIA.

MukpodoH DunbTp > ALIIT CermeHranusi
F/Mel,
Pgg, In(Pgp) pasaeenme BII® OxkHO
CIIeKTpa Ha
IOJIOCHI

A ¢
YcpenHeHeune
VY naneHue
Ha MHTEpBaJIe +
JKIT > TIIOCJICIHHX
JUTATEIIBHOCTH -
ko3¢dbd-ToB PC

MFEFCC J

Pucynox 1. Cxema 06paboTku peueBoro curnana npu popmupoannn MFCC

Jlnis yuera ocoO€HHOCTEH 4eOBEUYECKOIro CIIyXa 4acTOTHAs IIKaja MOIy-

YEHHOTO CIIEKTpa MpeoOpasyercs B MeEJ-NMIKaTy COTJIACHO BBIPAKECHHIO M =
f .
11251n (1 + %) [1]. Janee mMen-4acTOTHBIA CHEKTP KaXKJIOrO CETMEHTa paB-

HOMEpHO pa30MBaeTCsi Ha OTJENbHBIE MOJOCH HA0OPOM MOJOCOBBIX (PUIBTPOB,
U OTIpEJIESETCS MOIIHOCTh CUTHAJIA HA BBIXOJIE KaXKA0T0 (PUIIbTpa.

[TonyuenHslii HAOOp 3HaUYEHHUI MOIHOCTEH Py morapudmupyercs. 3arem
K pe3yJbTaTy Jorapu(MUpOBaHUS KaXJA0r0 CErMEHTa MPUMEHSIETCS TUCKPETHOE
kKocuHycHoe npeoOpazoBanue (IKIT) — dopmupyercs kenctp PC. Heckonbko
(06b1yHO 12) mepBbix kodddunnento JKII ocraBnsiores, ocranbHble 0TOpa-
CBIBAIOTCSI, TaK KaK HE HECyT MH(pOpMaluu, HEOOXOTUMOU JJIsl pacrio3HaBaHUS
peun. Wcnonb3oBanue JKII mo3BosnsgeT cokpatuTh yuciao napamerpoB PC, uc-
M0JIb3YEMBIX IIPU PACIIO3HABAHUU PEUM.

[To momy4yeHHOl BpEMEHHOH MOCIEeN0BATEILHOCTH HA0OPOB (BEKTOPOB)

MFCC onpenensiercsi cpeliHee 3HaueHUuEe BEKTOpa Bo BpemeHu. CpenHee 3Have-
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HUE€ BBIYMTAETCS U3 KaXJOr0 BEKTOpPA — MOCJIEA0BATENBHOCTh BEKTOPOB HOpMa-
JIM3YETCsl IO CPETHEMY 3HAYEHUIO.

Opnnako 3ppeKTUBHOCTh HOPMAJIM3AIMM OIPAaHUYMBAETCS PSAAOM (aKTO-
poB. B wactHocTH, 0OT™Meuaercs [ 1], 4To HaMune aKkyCTUYECKON TOMEXU B peye-
BOM CUTHaJIe cHHXkaeT 3Qdekt HopMmanuzauuu. [1o yka3zaHHO#N mpuunHe HOpMa-
JM30BaHHbIE TapaMeTpbl OJJHOTO U Toro ke PC Ha BpIXOJax pa3nu4HbIX KaHAJIOB
CBSI3M OTJIMYAIOTCS APYT OT Jpyra, 4To OOYCIOBIMBAET CHUXEHHE TOYHOCTHU
pacno3HaBaHus. UeM MeEHbIIIE OTHOILIEHUE CUTHAJ-IIYM, TEM OOJIbIle BIUSHUE
aKyCTUUYECKMX MOMEX Ha HOPMAJIM30BaHHbIE mapameTphl. Eciau momexa cTaHo-
BUTCSl OYEHb OOJIBIION, TO HOPMAJIU30BAHHBIE MAapaMeTPhl 3HAYUTEILHO H3MeE-
HSFOTCH.

B nmanHO#1 pabote pemiaercs 3anada 3KCIEPUMEHTAIBHOTO ONpPENEICHUS
MUHUMAJIBHO JIOITyCTUMOI'O OTHOILEHHSI CHTHAJ-IIOMEXa, HHKE KOTOPOIro HcC-
M0JIb30BAaHUE HOPMAJIM3alUd CTAHOBUTCS HELEIeCO00pa3HbIM — U3MEHEHUs Ta-
paMeTpOB CTAHOBSTCS 3HAYUTEIBHBIMU IPH BO3JAEHCTBUM NOMEX. B kadecTBe
MOMEX PacCMaTpUBAOTCS: OEJbI 1IyM, IIIyMbl TPAHCIIOPTA, IIyMbl CTaUOHA U
oduca [3]. Bce ykazaHHbIe BUBI IIIyMa XapaKTEPU3YIOTCSI YMEHBIIIEHUEM CIICK-
TpaJbHON MOIIHOCTH C POCTOM 4acToThl. B kauectBe mpumepa Ha Pucynke 2

MPECTaBIICH rPauK CIEKTPATLHON MOIIHOCTH IiIyMa aBTo0yca.

Welch Dowsr Spectral Density Estimate

—

Powefectency (BHE,

o0

25
Frengummsy (kH

Pucynox 2. I'paduk ciekTpaibHOM MOITHOCTH IITymMa aBToOyca
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MeToauka npoBeAeHns IKCIEPUMEHTA

1. CuuThiBaeTcs 3ByKOBOH (hailsl, coaepsKaliuii peueBoi CUTHAI.

2. K peueBoMy curnany n00aBisieTcs IilyM ONpPeIeICHHOTO BUA.

3. Janusie Qaitna npomyckarorcs yepe3 GUuiabTp-UMUTATOP KaHaja CBS3H.
ITpu 3TOM KpaTkoBpeMeHHbIN criekTp PC, cneqoBaTenbHO, M €ro napamMmeTpbl
(MFCC) uckaxarorcs;

4. Haxomsrcs MFCC uckaxeHHOro M HEMCKaKEHHOTO CUTHAJIOB;

5. TMonyuennsie MFCC HOpMau3yroTCH;

6. Omnpenensercs cymMMa KBaJIpaTOB PA3HOCTH MEXKy HEHOPMaJIU30BaH-

HeiMu MFCC Ha BxoJie ¥ BbIXoje GUIbTPa-UMHTATOPA.

7. Omnpenensercs CyMMa KBaJIpaTOB Pa3HOCTU MEXKy HOPMaIU30BaHHbI-

mu MFCC Ha Bxoze u BbIxoie (GuiibTpa-uMUTaTOpa.

8. M3meHss OTHOIIEHUE CUTHAN-IIYM, (PMKCUPYIOT TaKOE€ €ro 3HaYeHHE,
IIpU KOTOPOM CYMMBbI KBaIpaTOB Pa3HOCTEN HOPMAIN30BAHHBIX U HEHOPMAaJIU-
3oBaHHbIX MFCC cTaHOBsITCSA paBHBIMU. J{aHHBIN ClTydail TOBOPUT O HELETIECO-
00pa3HOCTH HOPMAJTU3ALIMH.

Ha Pucynke 3 npeactaBieH TUIUYHBIN rpaduK 3aBUCUMOCTH MCKaKCHUI

HOPMAJIM30BAHHBIX MApaMCTPOB CUI'HaJIda OT OTHOLICHUA CUTHAJI-IIOMECXaA.

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

Pucynok 3. 3aBUCMMOCTh UCK)KEHUI HOPMAJIM30BAHHBIX MTAPAMETPOB OT OTHOIIEHUS CUT-
HaJI-moMexa
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BuaHo, 4To mpu oTHOIEHWU cUTHa-IyM MeHbine 40 nb HaGmromaercs
CUJIBHOE BJIMSHUE IITyMa HA HOPMaJIM30BaHHBIC TTApaMeTphl cuTHaIa. B Tabnwmie
MpeACTaBICHbl MUHUMAJIBHO JOIMYCTUMbIC 3HAYCHUSI CUTHAJ-IIYM JJIA pa3ind-

HBIX BUJIOB aKyCTUUECKOTO ITyMa (Ha IpuMepe Mpou3HeCeHus "HOJIb").

Beastii mym | 20 n1b
Craguon 13 nb
T'opon 10 nb
Tpoaaeiidyc | 15 n1b
Oduc 10 nb

3axirouenue: lcnonb3oBaHue HOpMaJIM3allU CHUKACT CTCIICHb BJIMUA-
HHSI YaCTOTHOM XapaKTCPUCTUKHN KaHalla CBA3W HAa HOPMAJIM30BAHHBIC IIAPaAMCT-
PHBI PC, IIpHU yCJIOBHHU JOCTATOYHO BBICOKOT'O OTHOHICHHSA CHUI'HAJI-IIYyM. B 3aBu-
CUMOCTH OT BH/J1a HIyMa NpPCACJIbHO AOITYCTUMBIC 3HAYCHUS OTHOIIIGHUM CUTHAJI-

myM Haxogarcs B ipeaenax (10 — 20) nb.

Cnucok ucnoyib3yeMoii JuTepaTyphbl:

1. Huang, X. Spoken language Processing: A guide to theory, algorithm and sys-
tem development [Text] / X. Huang, A. Acero, H.-W. Hon // Prentice Hall PTR,
Englewood Cliffs, NJ 07632, 2002. — 960p.

2. HCcTUTYT (HAalMOHAIBHBIN OTKPBITHIM YHUBEpPCUTET). [loTpedurtenbckue
cBoiicTBa TenedoHHBIX annaparoB. [IpuHIMTIEI MOCTpoeHNUSI MUKPO(OHA U Te-
nedona. http://www.intuit.ru/studies/courses/1077/211/lecture/5449

3. bubnunoreka 3ByKOB [ DIEKTPOHHBIN pecypc] -

https://www liveinternet.ru/users/3629609/post130428638
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Z.A. AKHMEDOVA - student, Institute of information technologies and of ra-
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www.zaikal 997 @mail.ru

E.K. LEVIN-scientific supervisor, doctor of technical Sciences, Institute of in-
formation technologies and Radioelectronics, Department of RT and RS, E-

mail: eklevi@gmail.com

AHHoTanus: B xommiekce 1a60paTopHbIX pabOT MO UCCIAEAOBAHUIO TEMOTYJIs-
TOPOB LIMU(PPOBBIX CUTHAJIOB PAaCCMATPUBAIOTCS CIEAYIOLUIUME BHUABI MOIYJSLUU
CUTHAJIOB: OuHapHas (a30Bas MaHUIYJISALMS, OTHOCUTENbHAs (a30Bas MaHUITY-
JSIMs, KBaapaTypHas (pa3oBasi MaHUIYJSIUS, YACTOTHAS MAHUITYJIALUA C MHU-
HUMAaJIbHBIM CABUIOM M KBaJpaTypHas aMIUIMTyAHas Moayisauusa. PaccmMoTpeHsl
JOCTOMHCTBA M HEAOCTATKH YKA3aHHBIX BUJIOB MOJYJISILIMM MaHUNYJsUuid. Bee

WCCJIeIOBaHMSI TIPOBEIEHBI B porpamMme Matlab.
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Abstract: The complex of laboratory work on the study of digital signal de-
modulators deals with the following types of signal modulation: binary phase
shift keying, relative phase shift keying, quadrature phase shift keying, frequen-
cy shift keying with minimum shift and quadrature amplitude modulation. The
advantages and disadvantages of these types of modulation of manipulations are
considered. All studies conducted in the program Matlab.

KiroueBble cjioBa: eMOyIsTOp, MaHuIysus, Matlab.

Key words: demodulator, manipulation, Matlab.

B Hacrosiiiee BpeMsi B CUCTEMAxX CBSI3U IIUPOKO MPUMEHSIOTCS JEMOJY-
ASTOpBl LMPPOBBIX curHayioB. IIpu pa3paboTke AeMOAYIATOPOB HauOOIbIIEE
BHUMAaHHUE yJesieTcss 00ecleueHuIo ux momexoyctonunBoctu. Hambonee mo-
MEX0yCTONUMBOU siBisieTcst OunHapHas (asoBas manunymsiius (BPSK). 3nmecs
UCIOJIB3YETCs JIUIIb J1Ba 3HAUEHUsI (a3bl, KOTOpPbIE OTIMYAOTCS IPYr OT JApyra
Ha 180° (0°,180%: U, (t)=Umncos(wt + 0); Ue(t) = Uncos(ot + 0 + 1) = -
Uncos(oct + 0) = -Ug(t)

7, J‘ NMoporoeas ron
. % cxema oy

rTc

— X

Pucynok 1. Cxema nemonynsitopa

Ha BbIxoze unTerparopa GopMUPYIOTCS UMITYJIbCHI MTOJIOKUTEIBHONW UITU
OTPULIATENILHON TMOJIIPHOCTH B 3aBHUCHUMOCTU OT COOTHOIIEHHUS (a3 BXOJHOTO
CUTHaJIa ¥ CUTHaIa onopHoro reHeparopa. Ecnu ¢assl paBHbl, TO popMupyrorcs
MMITyJIbChI TIOJIOKUTENBHOM TOISPHOCTH, eciau (as3bl oTauyarorces Ha 180°, To
bopMHpYIOTCA OTpULIATEIbHBIE UMITYJIbCHI. B 3aBUCHMOCTH OT MOJISIPHOCTH HM-
IyJIbCOB [TIOPOroBasi CXemMa MPUHUMAET PELIEHUE O MPUEME HYJI WU €AUHUILIBL.

['enepatop TaKTOBBIX CHUTHAJIOB (DOPMUPYET MOCIEAOBATEIbHOCTh HM-
MyJBCOB, KOTOPbIE 00ECHEeUnBAIOT CpabaThIBAHUE TOPOTOBOW CXEMBl B MOMEHT

OKOHYAHMS MH(POPMAITMOHHONW TTOCHIIIKA ¥ OJHOBPEMEHHBIN cOPOC MHTErparopa
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B UCXOJHOE HyJIEBOE cOCTOssHUE. COBOKYIHOCTh OJIOKOB: NIEPEMHOKEHHUE, UHTE-
rpaTop, MOPOroBasi CXeMa, TeHepaTop TAaKTOBBIX CUTHAJIOB 00pa3yeT ONTHMAallb-
HYI0 cXxeMy Ipuema (pa3oMaHMITYJIHpPOBaHHbIX cUrHaioB. OHa oOecrieunBaeT
MUHUMAaJIbHYIO BEPOSATHOCTh OLIMOKH B IPUEME CUTHAJIA.

[Ipu peanuzanuu AeMOIYASTOpAa ONTUMAIBHYIO CXEMY AOIMOJHAIOT (Gop-
mupoBaresnem onopHoro curtana (POC) u GopmupoBaTesneM UMITYJIbCOB CHH-
xpouuzarus (PUC). Tak kak POC u UC paboTarot ¢ ommbOKaMu, TO TOMEXO-
YCTOWYHBOCTb PEAIBHOIO JAEMOIYJIATOPAa HUXKE IIOMEXOYCTOWYMBOCTH OIITH-
MaJbHOTO IEMOAYJIATOPA.

BPSK o6ecneurnBaer MUHUMAJIBbHYIO BEPOSATHOCTh OIMIMOKH MpHEMa CUM-
Bosia. Ho ecTp 1 Henoctatku: (aza ONOPHOTO KOJeOaHUsI MOXKET OTIMYATHCS OT
Hy>kHOro 3Hadenus Ha 180°. B oToM cilyyae MMeET MECTO «HETaTHBHBIIY IPH-
€M: JIOTUYECKHUI HOJIb MPEBPALIAETCS B JIOTMYECKYIO €IWHUILY, a JOTM4ecKas
€IVHMIIA - B JJOTUYECKUHA HOJIb. Ellle OJMH HENOCTAaTOK - 3TO Mayas CKOPOCTb

nepecaadun JaHHbIX.

Pucynok 2. Jluarpamma paccesnus npu npueme ®M-cuMBOJIOB

W3 nuarpaMMbl paccestHUsl BUHO, YTO MPU BBICOKOM OTHOIIEHUH CUTHAJI-
myMm (C/IL) uMeeT MeCTO MHHHMMAJIbHOE 3HAYEHHE OTHOCUTENILHOW 4YaCTOTHI
omnOKku. COOTBETCTBEHHO EMOMAYJIATOP OOECHEUYMBAET MaKCUMAIbHYIO IOMe-
XOYCTOMYMBOCTh IpUEMa TBOMYHBIX CHUMBOJIOB

[Tpu otHOCUTEnBbHOU (ha3oBoit Manumyssiuun (ODM) daza Tekymen uH-
(bopMalMOHHON MOCBUIKH «IPUBSI3BIBACTCA» K (aze mpeaspiaymeid nHpopMaiu-

OHHOW mochulku. Hampumep, eciu Tekymias nHQOpMallMOHHAs MOChLUIKA paBHA
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equnnie, To (asa ee Menserca Ha 180° mo oTHOmeHMIo K dase mpeabIIyILE
MOCBIJTKH, €CJIN YK€ TEKYIIasi MOChIIKA SBIIACTCS JOTHISCKAM HyJIEM, TO ee ¢asa

HE MEHSETCA M0 CPaBHEHUIO ¢ (ha30ii MpeAbIIYyIIel MOChLUIKH.

T CxeMa _»uon
X " '[ " cpaenenus [—»
K 4
T v
> POH r J
» oUC [ ]

Pucynok 3. Ctpykrypa aemonynstopa OOM curnana

Cxema cpaBHeHHS (POpMUPYET HA BBIXOJIE CUTHAJ JIOTHYECKOTO HYJIA, €C-
JIM TIOJIIPHOCTH BBIXOJTHOTO HAIPSKEHUSI MHTErpaTopa B TEKYIIUWA U B TIPEIbI-
Tyl MOMEHTHI BPEMEHH OJIMHAKOBBI. Ecin jke MmoNsIpHOCTH pasHble, TO (op-
MUPYETCSI CUTHAJI JIOTMYECKOW €IWHHUIIBI. 37eCh (OpMUPOBATENHh OMOPHOTO
HanpspkeHus: (POH) u popmupoBatens umnyiabcoB cuaxponuzanuu (OUC)
o0ecrnevYnBaroT OIIEHKY OIOPHOTO KOJeOaHus, a TaKKe OLIEHKY YacTOTHI M (ha3bl
VUMITYJIbCHOM TTOCJIEIOBATEILHOCTH JIJII TAKTOBOW CHHXPOHHU3AIIHH.

Hemonynstop ODPM curHana uMeer B JBa pa3a OOJIBIIYIO BEPOSATHOCTH
OIUOKH, TI0 CPABHEHUIO C JEMOIYJIATOPOM (POPMUPOBATENSI UMITYJIHCOB CUTHA-
Ja. DTO CBSI3aHHO C TEM, YTO CXE€Ma CPaBHEHUSI ABAXKbI TIOJPSI IPUHIUMAET He-
NPAaBWJILHOE pEIIeHHe, €CJIM MPOU30IIIa JIMIIb OJHA OIINOKA B OMpEICIICHUU
MOJIIPHOCTH BBIXOTHOTO HAIPSDKEHUST MHTETpaTopa (P MOCIETYIOIIEH MOChLI-
K€ BTOpas OIMOKa BO3HUKAET M3-3a TOTO, YTO 3a/ep>KaHHAss BO BPEMEHH OIIIH-

Oounast uHopmarysi, BHOBb UCIOJB3YETCs MMPU pabOTE CXEMbI CPAaBHEHU).

AV
o.=
o.=
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o.=
o.=

[ B |
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Pucynok 4. Curnan Ha Beixoge OPM Moaynsitopa
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Pucynok 5. Curnan Ha Beixoge OOM nemopnynstopa
ITpu manom otHomenun C/III umeeT Mecto OOJBIIIOE 3HAYEHUE OTHOCH-

TEJTHLHOW YaCTOTHI OIIUOKH.

Jlis MHOTOYpOBHEBOHM (Pa30BoM MaHUMYJSIUMM HadaibHas (a3za MOXKET
MPUHUMAaTh HECKOJIbKO 3HadYeHui. Hanpumep, 1i1s kBagpaTypHoOu (a3oBoi Ma-
aunyasinn (QPSK) HavanbHas (asa MOXKET NpUMHMMATh YeThipe 3Hauenus: 0°,
90°, 180° 1 270°, um cooTtBeTcTBYIOT ABOMYHEIE uncaa: 00,11; 01,10. Takum 06-
pa3oM, oJiHa MOChUIKAa HeceT B cebe nBa Outa mHbopmanmu. He meHsiss mo-
HOCTb MH(OPMAIIMOHHOM MOCBUIKH M HE MEHSS CKOPOCTh CIIEOBAHUS MOCHUIOK,
MO>KHO YBEJIMYUTH B JIBa pa3a CKOPOCTh Nepefadyr HHPOPMALIIH.

[01]
/2

[11]n 0[00]
3n/2

[10]
Pucynoxk 6. ITonoxxeHne cUrHaabHOTO BEKTOpa Ha (pa3oBOil MIOCKOCTH

YBemnuenue yucia no3uiui OM-CcUrHanoB NPUBOAUT K IOBBIIIEHHUIO
CKOPOCTH Tiepefauri HHPOPMAIUKA TPU COXPAHEHUH HEM3MEHHOW YacTOTHI Clie-
nOoBaHUS HMHGOPMALIMOHHBIX TOCBUIOK, YTO IIO3BOJISIET COXPAHUTh IIUPUHY
criekTpa MHGOPMAIIMOHHOTO CUTHAJIa HEM3MEHHOW— HE TpaTATCs Pecypchl Ya-
CTOTHOrO nuana3oHa. OnHako, pocT uucia no3uuuii ®M-curnana npuBOIUT K

CHUKEHUIO MOMEXOYCTOMUHUBOCTHU MTpUEMa (COCETHUE TTO3UIIUN CONMKAIOTCS).
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Pucynok 7. JIlnarpamMmMsl paccessHuS IpU OOJBIIIOM U MaJIOM OTHOIIEHUH CUTHAJ/IIYM

[Ipu nMpoeKTUPOBAaHUU CHCTEM CBSI3U MOIYJISILIMIO BBIOMPAIOT HE TOJBKO
UCXOJs U3 MAaKCUMaJbHOW CKOPOCTH, a €IIe CTaparoTCs, YTOObI CIIEKTP CUTHAJA
OB KaK MOXHO yKe (Yy3KYIO MOJIOCY YacTOT 00€CIeYMBAET 32 CUET HEMpPEephIB-
HOCTH (Da3pl CUTHAJIa MPHU Mepeaye JTBOMYHBIX CUMBOJIOB). CyXeHue CreKTpa
CUTHaJIa MTPOMU3BOAMTCS TAKXKE 3a CUET TOrO, YTO HA MOAYJATOP IepeaaTdyuKa
MOJIAIOTCSl HE MPSMOYTOJIbHBIE UMITYJIBChI, a 00Jee MOX0KUE HA CUHYCOMIalb-
HbIC. 3/1ech HanboJee IPKUM MPUMEPOM CITYKUT MOMYJISIUS ¢ MUHUMAILHBIM

qacTOTHBIM cABUToM (MSK).

X | ®HY nc (»
\, Nl M

v \
X [» onu | nc |-

Pucynok 8. CtpykrypHasa cxema MSK nemonynsaropa

I
o] 20 40 S0 a0 100 120

Pucynok 9. Curnan Ha Beixoge MSK moaynsitopa

55



W3 pucynka 9 BUIHO, YTO pa3phiBbl (ha3bl CUTHAIA OTCYTCTBYIOT, UTO U MPHUBO-
JIUT K CY’KEHHIO CIIEKTpa CUTHAJIA.

C uenbio MOBBIIMIEHUS CKOPOCTH Iepefayd MH(pOpManuu UCIOJIb3YIOTCS
CUTHaJbl C KBaAparypHol ammuutynHor mopyisamuedn (KAM — QAM). Ha

puc.10 n300pa>keHo0 CUTHAIIbHOE co3Be3aust 11 cirydas KAM-16.

A
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Pucynok 10. Curnansnoe co3e3aue KAM-16.

Buano, 4TO paccrosiHue MEXIy TOYKAMH CUTHAJIBHOTO CO3BE3IUS
0o0JIbllIE 110 CPABHEHUIO C TEM CIy4yaeM, KOIJa BCE TOYKU HAXOJATCS Ha
OTHOM OKPYKHOCTH KaK B ciiydae MHOronosnurnoHHon @M. [losromy Ta-
KOH CIoco0 MOIyJISALUK UMEET 00Jiee BHICOKYIO TOMEX0YCTOMUNBOCTh O

CPaBHEHHIO C MHOTOTIO3UIIMOHHOM (ha30BOM MOTYIISAIIACH.
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Pucynok 11. CtpykrypHas cxema KAM agemonysnstopa.
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Cxewma, npuBezieHHast Ha Puc.11, oOecrieunBaeT yBeanueHUe CKOPOCTH

MIOTOKA JAHHBIX B UETHIPE pa3a Mo CPaBHEHUIO cO cxemou npuema @M — curna-

JIOB. O,Z[HaKO I'[OMCXO}’CTOfI‘II’IBOCTB ImpueMa CHMXKaCTCA.
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Pucynok 12. I'ma3koBble 1uarpamMMbl IpH OOJIBIIOM U MajIOM OTHOIIEHUH CHUTHA/IITYM
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Pucynox 13. luarpamMmbl paccessHUs TIPH MAJIOM U OOJIBIIIOM OTHOIICHUH CUTHAJI/TITYM

Kommnekc nabopaTopHbIX pabOT MO3BOJISET HE TOJBKO MPOAHAIU3UPO-

BaTb (i)OpMy CUI'HaJIOB Ha pa3/IM4YHBIX CTaAusAX €ro O6pa6OTKI/I, HO M OLICHHUTDH

BCPOATHOCTD OIIIMOKHU B MMpueMe CUMBOJIOB IIPU PA3JINYHBIX 3HAYCHUAX OTHOMIC-

HHA CUTHAJI-IITYM.

Cnucok ucnoIb3yeMoii JIUTepaTypsbl:

1. Jlepun E.K. Henunelinas 1 npocTpaHCTBEHHO-BpEMEHHasi 00paboTKa CUTHa-

JIOB B PaJMIONIPUEMHBIX yCTpOiCcTBax: YueOHoe mocobue.- Bmagumup: Bal'V,

2018, 65c.



2. I'apzuxoBckuit B.W. Iludposas 06paboTka curHasoB [DIEKTPOHHBIN pecypc]|
/ B.W. I'amzuxosckuit - M. : COJIOH-ITPECC, 2015. - 766 c. - ISBN 978-5-
91359-117-3. http://www.studentlibrary.ru/book/ISBN9785913591173.html

V]IK 621.372
UCCJIEJJOBAHUE KBAHTOBATEJEN PEYUEBOT'O CUTHAJIA
THE STUDY OF QUANTIZERS FOR SPEECH SIGNAL

B.B. BLIBOPHOB - cryaent, MactutyT nHpOpMAIIMOHHBIX TEXHOJIOTUN U pa-
nuosnektponuku, kadpeapa PT u PC, rpynma Krty-116, E-mail: ok-
lick30@autorambler.ru

E.K. JIEBUH — HayuHblif pyKOBOAUTEb, 1.T.H., MHCTUTYT HHPOPMAIMOHHBIX
TEXHOJNOTHMH U paauosnekTpoHuku, kadpeapa PT u PC, Email: ekle-
vi@gmail.com

V.V. VYBORNOV- student, institute of information technologies and radio
electronics, department of RT and RS, group Ktu-116, E-mail: ok-
lick30@autorambler.ru

E.K. LEVIN- supervisor, doctor of technical sciences, institute of information
technologies and radioelectronics, department of RT and RS, Email: ekle-

vi@gmail.com

AnHotanusi: [IpoBeneHO SKCIEPUMEHTATFHOE CPAaBHEHUE Pa3UYHBIX BHUIOB
KBAHTOBATENEH peueBhIX CUTHAIOB. CerMEHTHOE OTHOIICHHE CHUTHAJ/IIYM TIO-
Ka3bIBACT, YTO MPHU aJalTHBHOM KBAaHTOBAaHWM CETMEHTHI C MajbiM YPOBHEM
CUTHaja U ¢ OONBIINM YPOBHEM CHTHAJIa UMEIOT MPUOIM3UTEIHFHO OJMHAKOBOE
OTHOIIIEHUE CUTHAJI/TITyM.

Abstract: An experimental comparison of various types of speech signal quan-

tizers has been performed. The signal / noise segment shows that with adaptive
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quantization, segments with a low signal level and a high signal level have ap-
proximately the same signal-to-noise ratio.

KiroueBble cJioBa: KBAaHTOBAaHME, IIar KBAHTOBAHUS, JNUCKPETU3allMs, PABHO-
MEpHOE KBAaHTOBaHUE, KOMITAHUPOBAaHUE, aIallTUBHOE KBaHTOBaHUE, 00paboT-
Ka PEYCBBIX CUTHAJIOB.

Key words: quantization, quantization step, discretization, uniform quantiza-

tion, companding, adaptive quantization, speech signal processing.

KBanTOBaHuE MCHOJIB3YETCS MPU aHAJIOTOBO LU(PPOBOM MpeoOpa3oBaHUU
curHayioB. Bcs 00paboTka peueBhIX CHTHAJIOB B COBPEMEHHBIX CHCTEMax COTO-
BOH CBS3M MPOBOAUTCS B IIU(poBoit popme.

[Tpu anamoroBo-1rppoBOM IPEOOPA30BAHUY, AHATIOTOBBIN CUTHAJ CHaYa-
Jla TUCKPETUZHPYETCS BO BPEMEHH — MpeoOpa3yeTcsi B OCIEI0BATEIHLHOCTh KO-
POTKUX aMIUIUTYAHO-MOAYJIUPOBAHHBIX UMITYJBCOB — OTCUETOB CUTHana. Pac-
CTOSIHUSI MEXKy COCEIHUMHU UMITYJIbCaMU Ha BPEMEHHOW OCH OJIMHAKOBBI U PaB-
HBI Ieproay 7' TUCKpeTu3anuu curuana. Jlanee kaxaplid UMITYJIbC KBAHTYETCS —
€My CTaBUTCS B COOTBETCTBUE YHUCJIO - HOMEP YpOBHsI KBaHTOBaHMs. Pa3HOCTH
MEXIY COCEIHUMH YPOBHSMH KBAaHTOBAHMS - IIar A KBAaHTOBaHUS — B MPOCTEH-
LIEM CJIy4ae SIBISETCS MOCTOSIHHOW BETUYUHOM.

JluckpeTusaiusi CUrHalla - MPEACTaBICHUE aHAJIOrOBOTO HEMPEPHIBHOTIO
curtana (S;) COBOKYITHOCTBIO €r0 3HaY€HUM, 3Ty COBOKYIHOCTh MPUHSITO HA3bI-
BaTh BeIOOpKaMH S(ty), S(tl),... S(tn-1) B3ATBIX B MOMEHTBI BPEMEHH fo, t1,... tn-1).
Bri6op vacrotel F, nuckperusaiuu ocyilecTBisieTcs Ha OcHOBE Teopembl Ko-
TEJILHUKOBA.

F.=1/T>2F,
rae F — MakcumanbHas yactota criektpa curHana. KBantoBanue - pazoueHue
JMana3oHa OTCYETHBIX 3HAYEHUW CUTHAJIAa HAa KOHEYHOE YHUCJIO YPOBHEH H

OKpPYIJIEHHE 3TUX 3HAUYCHUU IO OJHOTO U3 ABYX OMKaWIIUX K HUM YPOBHEH.
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PaBHoMepHOE KBAHTOBaHHE

Cnyudail, Korja mar KBaHTOBAHUS SBJISIETCS IMOCTOSSHHOM BEIMYMHON —
paBHOMepHOe (JIMHEHOe) KBaHTOBaHME. HemocTaTok: OTHOCUTENbHAS OIIMOKa
KBaHTOBAHUSI BEJMKA ISl CIA0bIX CUTHAJIOB M YMEHBIIAETCS C BO3PACTAHUEM
ypoBHsI kBaHTOBaHMs. [llar A kBaHTOBaHUS BBIOMPAETCS B COOTBETCTBHH C CH-

CTEMOW YPABHEHHUI:
A2B > Xmax - Xmin
Jsz1 = 12 G:x A .
3neck B - uncio pa3ps/i0oB JBOUYHOIO KBAHTOBATENS, Xmax, Xmax -~ MAKCUMAaJIb-

HOC 1 MUHHUMAJIbHOC 3HAYCHHUS CUI'HaJd. Ox — CPCAHCKBAAPATHICCKOC 3HAYCHHUC

CHUTHaJIa.

: Mo W Lo
B = log, [— e .'—]
la e

E > . . . N " .
B s ] o5 1 1.5 2z 25 3 35 4 4.5
<
x 10

Pucynok 1. Curnan Ha Beixoge ALIT mpu mocToOSsHHOM I1are KBaHTOBAHU S

BI/II[HO, YTO CUTHAJ UCKa)XEH 3a CYET KBAHTOBAHMUS €TI0 3HAUYCHUM
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Pucynox 2. CermeHTHOE OTHOIIICHUE CUTHAJI/IITYM MPU PAaBHOMEPHOM KBaHTOBAaHUH
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BuaHo, 4TO OTHOIIEHHME CHTHANl IIyM IMPH OONBIIMX YPOBHSX CHUTHAja
OoJbllle 33JJaHHOTO, a TIPYU MaJbIX YPOBHSX - MEHBIIE 3alaHHOTO (3aJJaHHOE OT-

HoIlleHue curHaj/urym paBHo 301b).

KBaHTOBaHHE C MCNOJIb30BAHNEM KOMIIAHAMPOBAHMS

[Ipu xoMIaHAMPOBAHUM WJES YBEIIMYEHUS I1ara A mpu pocTe MOIIHOCTU
CUTHajJla pealln3yeTcs] C MOMOIIBI0 HEIMHEHHOTO MPeoOpa3oBaHUs CHUTHAA C
MOCJICTYIOIITUM PAaBHOMEPHBIM €r0 KBaHTOBaHWEM. VlcciemoBaHus MoOKa3amw,
4710 ecii (YHKIUS HEIMHEHHOTO Mpeodpa3zoBaHus OJIM3Ka K JIorapuMHUUECKOH,
TO OTHOIICHHE CUTHAJ-IIYM U3MEHSETCS MaJIO MPU U3MEHEHHH MOIIHOCTH CHT-

Haia P..

' 1 2 3 4
Pucynok 3. ®yHkuus koMmmnpeccopa
JlanHoe HenuHeitHoe mpeoOpa3oBaHUE NpeBpalllaeT OOJbIINE U3MEHe-
HUS BXOJIHOTO CUTHaJia X B MaJlbleé U3MEHEHUS BBIXOJHOrO cUrHana Y — KOTO-
peiii “coxumaeTrcsa”’ mo ypoBHio. [loaToMy naHHOe mpeoOpa3oBaHUE IMOJYUHIIO

Ha3BaHUC Komnpeccuu CUTHAJIA.

X°(Y ™)

v -

Pucynok 4. ®yHkuus 3xkcnasiepa

[Tocne kBaHTOBaHKE CHKATOTO CUTHAJIA YMEHBIIEHHBIN TI0 00BeMY TG PO-

BOH IIOTOK JaHHBIX MOXHO HUCIIOJIB30BATH 0o AJI IIEpeJadu 110 KaHally CBA3H,
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a0 AJi 3anmucH Ha Hocutelb uHbopmarmu. [Ipu BocCTaHOBIEHUN UCXOTHOTO
CUTHajla TPOBOJUTCS Mpolleaypa oOpaTHAsi KOMIIPECCHH — IKCHAHOUPOBAHUE
curtana. Ha puc.4 nuzobpaxxkena xapakTepucTHKa SKCIIaHAUpOBaHus. BuiHo, 4To
YPOBHHM KBAHTOBAHUS BXOJHOTO CHUTHaja COOTBETCTBYIOT HEPABHOMEPHOMY
KBAHTOBAHUIO BBIXOJHOTO curHaia. OHU paBHbI YPOBHSIM KBAaHTOBAHUSI BXOJIHO-
ro cursanga komipeccopa. COBOKYMHOCTb Olepanuil KOMIOPECCUU U IKCIIAHu-
pPOBaHUSI HA3bIBAETCSI KOMIAHUPOBAHUEM.

Ha npaktuke ucnonb3oBath JOrapuPpMUUECKUil 3aKOH KOMIIPECCUU He-
BO3MOYKHO, TaK KaK MPH OYeHb MaJbIX 3HadeHUsX X<l BemmumHa In(x) — -oo.
[ToaTOMy HpUMEHSIIOTCS 3aKOHBI KOMIIPECCUH, OJIM3KUE K JOrapu(PpMUYECKOMY
3akoHy. B wactHOCTH, B mH(ppoBON TenedOHUN IMHUPOKO HCIOIB3YETCS TakK
Ha3bIBaeMbIH [1-3aKOH (U-law ) xommpeccuu. JIOCTOMHCTBA: OTHOIIEHUE C/III
c1ab0 3aBUCUT OT MOIIHOCTU CUTHAaJA, a CKAaThlii 00bEM JTaHHBIX TMPOIIIE Mepe-

AaBaThb 110 KaHally CBs3U.
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Pucynok 5. Curnan Ha BeIXOJI€ SKCIIaHAEpa

BI/IIIHO, 4TO C YBCIMYCHHECM YPOBHA CMI'Ha/Ia YBCIIMYNBACTCA 1Ial' KBAHTOBAHUS.

"

Pucynok 6. CerMeHTHOE OTHOLLIEHUE CUTHAJ IIYyM IIPHU UCII0JIb30BAHUN KOMIIAHAUPOBAHUS
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Tak Kak 1mar KBaHTOBaHUS C YBCIIMYCHUEM YPOBHA YBCIUMYHUBACTCA TO OT-
HOIIIEHWE CUTHAJI/ rym 1 ajid 60J'IBHII/IX, n 4Jis1 MaJbIX 3HAUECHUM CUTHaja CTaHO-

BUTCS OJIU3KUM K 3aIaHHOMY.

AIanTHBHBLIA KBAHTOBATE/Ib

KBantoBartenb ¢ MOCTOSHHBIM IIarOM KBAaHTOBAaHUA OOecrmeunBaeT 00Jib-
1I€€ OTHOIIEHUE CUTHAI-IIYM [0 CPABHEHUIO C KOMIIAHIWPOBAHHUEM IIPHU YCIIO-
BHUH COIJIACOBAHUS €r0 C YpOBHEM BXOAHOro curxana. [log coriiacoBanuem rmo-
HUMAETCS TOYHOE COOTBETCTBUE I1ara KBAaHTOBAHMS IHUCIEPCUM CUTHAJIA U 3a-
JTAHHOMY OTHOLIEHUIO CUTHAN-IIyM. OTcrofa clefyer 11e1ecoo0pa3HoCcTh Mpo-
NOPLIMOHAJIBHOTO WM3MEHEHUS Ilara KBaHTOBAaHUS B COOTBETCTBUU C YPOBHEM
curHana. KBaHTOBarenu ¢ M3MEHSEMBIM IIaroM Ha3bIBAKOTCS aJdalNTUBHBIMU
KBaHTOBATEIISIMH.

Haubonee nenecoobpazHo MCMONB30BaTh TaKUE KBAHTOBATENU B CIIydae
C HECTAallMOHAPHBIMU CHUTHAJIAMH, KOTJa MOUIHOCTh CUTHAJIa MEHSETCS BO Bpe-
MeHU. B 3TOM ciyyae OTHOLIEHME CUTHAJI-IIYM Majlo MEHSETCS BO BPEMEHH,
CJIeIOBATENbHO, pa3iu4Hble (pParMeHThl HECTAIIMOHAPHOTO CHUTHAaja HMEIOT
MPUMEPHO OJVHAKOBBIM YPOBEHb MCKAXKEHUN B OTIMYME OT KBAHTOBATEJEH C
NOCTOSIHHBIM LIarOM KBaHTOBAHUSI.

[Ipu ucnosib30BaHUM aJaNTUBHBIX KBAHTOBATE e CUTHAN pa30uBaeTcs Ha
oTnenbHbIe GhparMeHThl (CerMeHThl). Kaxkaplii CerMeHT cofepKuT M OTCUeTOB.
[ITar kBaHTOBaHUS A(n) yCTaHABIMBAETCS MNPSIMO MPONOPLUUOHAIBHO OLIEHKE
G, CPEIHEKBAAPATUICCKOTO 3HAYEHHUSI CUTHAJA, OMpENesieMOld Ha CETMEHTe.
OreHka G, - 3TO KOPEHb KBAJPATHBIM U3 OLEHKU TUCIEPCUHU, KOTOpasi OIpese-
JSI€TCSA HAa 3aJJaHHOM WHTEpBaJ€ BPEMEHU B 3aBUCUMOCTH OT CTEIEHHU CTalHO-

HapHOCTHU CHUI'HAJIA.

1 n+m—1

A2 2

O n)y=— X m
L (n) v; m§:n, (m)



Crnenyer OTMETUTh, YTO B JAHHOM CJIydae HEOOXOJMMO TepeaaBaTh WIH
XpaHuTh UHGOPMAIIUIO HE TOJIBKO 00 OTCYETaX CHUTHaja, HO U O mare A KBaHTO-
BaHUS - (DOPMUPYETCS TOMOJHUTEIBHBIN MOTOK JAHHBIX, KOTOPBIA O0BEINHSET-
Cs1 ¢ OCHOBHBIM ITOTOKOM B KOjiepe KaHaia cBs3u. Ho, Tak Kak OlleHKa G, MCHS-
€TCSI HAMHOTO MeJJICHHEee 3HAaYEHUH caMOoro CUTHalia, TO U MHGOpMaIUs O I1are
nepeaaeTcsi ¢ OONBIIMM TEPUOAOM TUCKPETH3AINHU, HEXETU 00 YpOBHE CHUTHA-
na. Ilepenaua manueix o mare A[n] ocyuiecTBisieTcs: yepe3 Kaxjable M oTcue-
ToB. Ce10BaTebHO, MOTOK JAaHHBIX O Iare A[n] HAMHOrO MEHbIIIE ITOTOKA, CO-
OTBETCTBYIOLIETO X(N).

IToMumo yBenMUYeHHS] OTHOIICHMS] CUTHAJI-IIYM ajanTalus 11ara KBaHTO-
BaHMS oOecrieurBaeT U 00pabOTKy CUTHaa ¢ IUPOKUM JTHHAMUYECKUM JHara-

30HOM IIpXU MaJI0 UBMCHAKOIICMCA OTHOICHUN CUTHAJI-IITYM.

1
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Pucynoxk 7. Curnan Ha BbIX0/i€ KBAaHTOBATEs
IIIar kBaHTOBaHMUS 3aBHUCUT OT CErMEHTA KBAHTOBAHU, ITIOOTOMY HaA IIpU-

BCACHHOM PHUCYHKE HC BUJHO SABHBIX ypOBHCﬁ KBAaHTOBAHM:I.

Pucynok 8. CerMeHTHOE OTHOIIEHNE CUTHAJI/IIIYM TP UCHIOIb30BAHUH aJalITUBHOTO

KBaHTOBATCJIsA
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AI[aHTaIII/ISI rara KBAaHTOBAHHA ITIO3BOJIACT YBCIMYHUTL 3HAYCHHC OTHOLICHMSA

CUTHAJI/IIYM, a TaKXKe CAeNaTh ero emie 0oyiee paBHOMEPHBIM.

JaKJII0YeHue

CerMeHTHOE€ OTHOIIICHHUE CI/IFHaJ'I/H_IYM IIpu HUCIIOJIb30BAHWU PAa3HbBIX BHIO0B
KBaHTOBAaHUA ITIOKA3bIBACT.

L4 HpI/I PaBHOMCPHOM KBAHTOBAHWHW MAKCHMAJIbHOC 3HAYCHHUC OTHOIICHHA
CI/IFHaJ'I/HIYM BCIIMKO, HO CHUI'HAJbl C HHU3KHMM YPOBHEM KBAHTYIOTCA C
OYCHb MAJIBIM OTHOIICHNEM CUTHAJI-IITYM.

L4 HpI/I HUCIIOJIBb30BaAHWKW KOMIIAHAWPOBAHUA MAKCHUMAJIbHOC 3HAYCHUC OTHO-
MCHUS CUTHAJI-IIYM MCHBIIC, HO IIPpU 3TOM CHUI'HAJIbl ¢ HU3KUM YPOBHCM
KBAaHTYIOTCA C AOCTATOYHBIM OTHOIICHUCM CUTHAJI-IIIYM.

L4 HpI/I HCIIOJIB30BAHHMH aJallTUBHOI'O KBAHTOBATCIA OTHOHIICHHEC CUIHAJI-
IIyM CTaHOBUTCS PaBHOMEPHBIM BHE 3aBUCHUMOCTH OT YPOBHS CUI'HAJIA.

Taxxe IIpHU HMCIIOJIb30BAHWH AAAITUBHOI'O KBAHTOBATCIII YMCHBIIACTCA ITOTOK
nepeaaBacMbiX OAaHHBIX, CJIICAOBATCIIbHO, CHHXKAIOTCA CKOPOCTb HCO6XO,Z[I/IM8.$I

AJ1 Iepeiaun JaHHBIX 1 CTOMMOCTD O6OPYI[OB3HI/I$I JB 1Iepeiadun CUrHala.

CnucoK HCOJIb3YeMOii JTUTepaTyphl:

1. Onmenreitm A., [lladpep P. lludposas oO6paboTka curHamoB [DIEKTPOHHBIH
pecypc], —http://www.studentlibrary.ru/book/ISBN9785948363295 .html

2. Jleeun E.K., O06paboTka curHaJIOB 3ByKa W U300paXKCHHUI B CHUCTEMaX CBSI3U

[DnexTpoHHBIH pecypc], — http://e.lib.vlsu.ru/handle/123456789/7065
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AnnHoTanus: ¢ nomounisto nporpammbel CST SUITE nipoBeaen pacuer tomnoso-
TUH NeYaTHOM TUIaThl quarpamMmmo-oopasytomieit cxemsl (1OC) myist MHOTOTyYe-
BOH (pazupoBaHHOM aHTEHHOU pemieTky. [ledyaTHas maTa peajin3oBaHa MOJTHO-
CTBIO IJIAHAPHOW BKJIIOYAs IEPECEUCHUU JIMHUH TIepeiay.

Abstracts: using program CST SUITE was calculation the topologies of printed
circuit board beam forming scheme(BFS) for multibeam phased antenna array.
The printed circuit board array implemented fully planar including crossing gear
lines.

KuroueBble cjioBa: KOMIIBIOTEPHOE MOJIETUPOBAHKE, TUArPAMMO-00pa3yromast

CXCMd, MHOT'OJIYUCBAA aHTCHHAs PCHICTKA.
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Keywords: computing modelling, beam forming scheme, multibeam phased an-
tenna array.

[lepcrieKTUBHBIM TUIIOM AHTEHHBIX YCTPOUCTB JUIsl BBICOKOA(DPEKTUBHBIX
CPEJICTB CBSI3U B CHCTEMAaX ‘“TOYKa-MHOTOTOYKA™ SIBJISIIOTCS MHOTOJTy4Y€BbIC aH-
TEHHBIE pemeTku. B paboTe nmpeacTaBiIeHbI Pe3yIbTaThl KOMITBIOTEPHOTO MOJIE-
aupoBaHus ¢ nmomoinbio mporpamMmmbl CST Studio Suite [1] miranapHo# BOCEMU-
Jy4eBOW AuarpaMMo-oOpa3syromiei cxemsl (MaTpuilsl batiiepa) nis BockMu-
Jy4yeBoi aHTeHHOU pemeTku. CtpykTypHas cxema JIOC npuBeneHa Ha pUCYHKe

1.

Pucynok 1. CtpykrypHas cxema BoceMuurydeBoid JJOC.
[Tnanapnas cxema JJOC peann3zoBaHa Ha MUKpPOIIOJIOCKOBOM JTUHUM. [TapameTpsl
NOJJIOKKHU: Marepuan NoJjIoxku PAD-4, tommumHa 1MM, TommuHa (QOJbru
0,05MM, OTHOCHUTENbHAST AUAJICKTPUUECKas MpoHulaemMocth €=2,55+0,05, tan-
rerac yria norepsb tgd=0,001. BoaHOBOE compoTHBIICHHE MOABOASIIMX JTUHUN
paBHO 500Mm.Tomnosorus pa3paboTaHHOW MEYaTHOM IJIAThl MPHUBEJCHA HA pPU-

cyHke2. Pazmep nevyatHoi miatsl 300x200 M.
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Pucynok 2. I[leuatnas nmiara BocbMuiryueBoit JJOC.

[TpuHIMIIATBHOW OCOOEHHOCTBIO Pa3padOTaHHON TOIMOJIOTUU SIBISIETCS OT-
CyTCT- BH€ INPOCTPAHCTBEHHBIX NEPEKPECTUN JIMHUM NEPENAdH, KOTOPHIE BbI-
IIOJIHEHBI B BUJIE PA3BA3aHHBIX IUIAHAPHBIX BOCBMMIIOJIIOCHUKOB C IOJIHOW CBS-
3b10. PUKCHPOBaHHbIE (Pa30BpalaTEN, BXOIAIIUE B CXEMY M IIPUBEACHHBIE HA
TOTOJIOTHH, YYUTHIBAIOT JIOMOJHUTENbHBIN (ha30BbI CABHUI, OOYCIOBICHHBIN
BBEJICHHBIMU BOCBMHUITOIIOCHUKaM. OcHoBHOM xapakrepuctukoi J1OC sBisercs
MaTpulla apryMEHTOB KO3 (PUIIMEHTOB Mepeaadyu Ha COOTBETCTBYIOIIMX BBIXO-

nax. Tpebyemoe 3HaueHNE (Pa30BBIX pachpeeseHU Ha BHIXOJIaX MPUBEICHBI B

tabmure 1.
Tabmnura 1.
arg S
i

J 1 2 3 4 5 6 T 8 £
1 -202_5° -45.0° 112.5° 270.0° =292 5% | -135.0° LM 180.0° 5SS
27 -202_5° -90.0° AP 135° 247 .5° 0.0° 112 5" 225.0° 112 .5°
3" 225.0° | -157.5° -Q0.0= 2250 45 0° E1Z2:5° 180.0= 247 . 5° 67 .5°
4" 270.0° | 247 .5° | 2250° | 202 5% | -1B0.0° | -157.5°% | -135.0° | -112.5° 2250
5" -112.5° | -135.0° | -157.5° | -180.0° | -202.5° | -225.0° | -247 _5° -270° -22.5°
6" -112.5° -180° 2475 | -315.0° | 337.5° 270.0° 202 _5° 135.0° -67.5°
T -135.0° | -247 _5° 0.0= -112.5 -225.0° | -337.5° | 270.0° T -112.5°
8 -180.0° | -337.5° 225.0° 67.5° -90.0*= 24T 5% | 315.0° EST5E L5750
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B nporiecce KOMIBIOTEPHOTO MOJEIMPOBAHUSA , C LEIBIO MOJYyYEeHUS 3a-
JAHHOW MAaTPHUIBI apTyMEHTOB, MPOBOAMIIOCH KOPPEKIHs OaTaHCHBIX CXEM U
dazoBpamia -teneit oopazyromux JJOC. B ontumusupoanHom Bapuante JJOC
OBLJIO JOCTUTHY- TO HEOO0XO0JIUMOEe coBmajzeHue a3z KkodrhPUIMeHTOB nepeaadn
Ha COOTBETCTBYIO- X BbixoAax JJOC. Ha pucyHke 3 mpuBeneHbl 4YaCTOTHBIE
3aBUCUMOCTH KO3 (U -IIMEHTOB MEpelayd MO0 MOJYJI0 Ha COOTBETCTBYIOIIUX
Bbixogax JIOC. B mmamazo- e dactot 3,4-3,6 I'T1 3HaueHust ko3pPUIueHTHI
HAXOJIATCS B JIOIMYCTUMBIX Mpe- Aenax -9.5+£1 nb. Takum oGpa3om, pazpaboTaH-
Has JIOC nmoaHOCThIO COOTBET -CTBYET 3aJJaHHBIM TPEOOBAHUSAM U 00ECTICUMBAET

TpeOyeMble aMIUTUTYJHO-(Pa30- BbI€ paclpe/iesieHUs] Ha BbIXO1aX.

S-Parameter Magnitude in dB

40 _

3 3.2 3.4 3.6 3.8 4

Frequency / GHz

Pucynok 3. Moayinb k03 puLIneHTOB iepeaayn ¢ IepBOro BXo/a.

Cnucok ucnoyib3yeMoii JuTepaTyphbl:
1. Kypymun A.A. ITpoektupoBanuss CBY yctpoiictB B CST Studio Suite — M.:
COJIOH-IIpecc, 2018.- 428 c.
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VJIK 621.396.673
JIADJIEKTPUYECKAS PEBOHATOPHASI AHTEHHA
C KPYT'OBOM NOJISIPU3AIIUEN
DIELECTRIC RESONATOR ANTENNA WITH
CIRCULAR POLARIZATION
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AHHOTaNUs: pa3pad0TaH BAPUAHT JUAIEKTPUYECKOW PE30HATOPHOW AHTEHHBI
JUISL CUCTEMBI CITyTHUKOBOT'O TO3ULIMOHUPOBAHNUS, aHTEHHOE YCTPONMCTBO MUMEET
KpYyroByto noisipuzanuio u kodpduuument ycunenus 0,3 a1b B monoce 1,57-1,61
['Tu, u ko3 dunment ycuienus 1,86 1b na yacrore 1,2276 I'T'1.

Abstract: a variant of the dielectric resonator antenna for the satellite position-
ing system has been developed, the antenna device has circular polarization and
a gain of 0,3 dB GHz band, and a gain of 1,86 dB at 1,2276 GHz.

KuroueBnblie cioBa: ausnekrpuyeckas pesoHatopHas anteHHa, MICROWAVE
STUDIO, GPS, I'JTIOHACC.

Keywords: dielectric resonator antenna, MICROWAVE STUDIO, GPS,
GLONASS.
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B paGote npeacTaBieHbl pe3yabTaTbl KOMIIBIOTEPHOTO MOJIETIMPOBAHUS C
nomouibio mporpammel CST Studio Suite [1] anTeHHOTO yCTpOiicTBa 711 CH-

CTCMbI CITYTHUKOBOTO MO3NITMOHUPOBAHMA.

TpexmepHasi KOMIIBIOTEPHASI MOJIETb AHTEHHBI IPUBE/IEHA HA PUCYHKE 1.

Pucynok 1. KomnbroTepHas Mozienb IU3IEKTPUUECKON pE30HATOPHON aHTEHHBI.

AHTEHHa NpeJICTaBISAET COOOM UIMHAPUIYECKUN TUDTIEKTPUUECKUNA pe30-
HATOp, 00pa30BaHHBIA NBYMS ()parMEHTaMH OJHOTO AUAMETpa, HO Pa3HOM BHI-
COTBhl, C PA3JIMYHBIMU 3HAYEHUAMHU AUDIEKTPUUYECKOW MpoHunaemoctu. Ha
BHEIIHEM TOPLE BEPXHETO HWJIMHAPA U B MPOMEKYTKE MEXKAY LMJIMHIAPAMH CO-
OCHO C HUMHU YCTAaHOBJIEHBI KPYTJIbIE METAJUIMYECKUE TIJIACTUHBI IUIAHAPHBIX W3-
ayyarener. B nenom, MWIMHAPUYECKUH M3JIy4daTellb YCTAHOBIIEH Ha KPYTJIOW
NeYaTHOW TUIaTe ABYXILIEH(HOTO KBaJAPAaTypHOTO MOCTA C PaBHBIM JCICHUEM
MomHocTH. IlewaTHas miara peanu3oBaHa Ha Noioxke GAD-4]] TommmuHOM
0,5 mm. Tommuua ¢donbru 0,05 Mm. MocT nMeeT KpyroByro KOHQUTYpALHUIO U
PACIIOJIOKEH COOCHO C JMAJIEKTPUYECKOW aHTeHHOW. OAUH U3 BBIXOJOB MOCTa

HCIIOJB3YCTCA B KAaUCCTBC BBLICOKOYACTOTHOI'O BXOJ4, paSBHSaHHBIﬁ C HUM BBI-
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XOJl HArpyK€H Ha COIJIaCOBaHHYIO Harpy3Ky. IIpu Bo30ykaeHHH BXOJa MOCTO-
BOI'O YCTPOICTBA CUTHAJl JEIUTCS MOPOBHY € (ha3oBbIM cABUroM 90° Mexay
OCTAaBIIMMUCS BBIXOJAMH, KOTOpPBIE HArpy>KEHbl JIMHEWHBIMU IPOBOJIHUKAMH,
pacoI0KEHHBIMU BHYTPH PE30HATOPOB MapajieIbHO 00pa3yroieil UINHIPH-
YECKOT0 M3JIydaTessl ¥ BBIIOJHSIOUMX POJb KBAAPaTypHOTO BO30YXKIAIOIIETO
ycTporicTBa. [IpocTpancTBeHHBIE BO30YX AAIONTUE dJIEMEHTHI pa3HeceHbl Ha 90°
C 1IeNIbI0 BO30Y)KJI€HHsI B aHTEHHAX BOJH C KpPyroBo# moisipuzanueii. Bxognoe
CONIPOTHBJIEHUE aHTEHHOT0 ycTporcTBa 50 OMm.

Ha pucynke 2 npuBeneH rpaduk 3aBUCUMOCTA KO3 UIIMEHTa OTpake-
HUs HAa BXOJIE€ aHTEHHBI B 3aBUCHUMOCTH OT 4acTOThl. 13 Hero cnenyer, 4To Ko-

s puIMeHT oTpakeHus B 3aJJaHHBIX TO/I/IMana3oHax He mpesbimaet -15 nb.

CParamet e Mannituds n b

Py | bHE

Pucynoxk 2. I'pacduk 3aBucumMocT K03 UIMEHTa OTPAKEHUS OT YaCTOTHI.

Ha pucynkax 3 u 4 npuBefeHbl NPOCTPAHCTBEHHBIE AUATPAMMBI HalIpaB-
JICHHOCTH aHTEHHOT'O yCTPOWMCTBA Ha CPEJHUX YacTOTaX pabouMx MOJAHAras3o-
HOB. [[ns mpaBoii kpyroBoi mnojsipuzanuu Ha 4dactore 1,575 I'T'n anTeHHa xa-
paktepusyetrcs kodddumumentom ycunenus 0,3 b, a Ha wacrore 1.2276 I'T1y

ko3 urenT ycunenus coctasisieT 1,86 nb. [lonspuszanmonnas pa3Bsska B
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o0oux mojirana3onax npessimaet -17 nb.

XapaKTeprucTUKH pa3pabOTaHHOTO AaHTEHHOTO YCTPOUCTBA MOTHOCTHIO
YAOBJIETBOPSIOT TPEOOBAHUAM, IPEABIBISIEMbIM K aHTCHHAM ISl CTyTHUKOBOTO
MO3UIIMOHUPOBAHUSA. AHTEHHA MOXXET ObITh PEKOMEHI0BAHA K HCIIOJIH30BAHUIO

KaK B CYHICCTBYIOIINX, TaK U B IICPCIICKTHUBHBIX CUCTCMAX ITO3UITUOHHUPOBAHUS.

Pucynok 3. [IpocTpancTBeHHas n1uarpaMMa HalpaBJI€HHOCTH aHTEHHBI “inHAp”. IlpaBas

nossipu3anusi. Pabowas yactora 1,2276 I'T.

Pucynok 4. [IpoctpancTBeHHas 1uarpaMMa HalpaBJI€HHOCTH aHTEHHBI “inHap”. IlpaBas

nonsipuzauusi. Pabouas wacrora 1,575 I'Tw.
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COJIOH-IIpecc, 2018.- 428 c.
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Abstract: The article is dedicated to the engineering of hardware and software
complex for the pavement geometrical parameters measurement. It is actual
problem, because extensional road network in Russia. Road network needs to
upgrade and control. The block diagram of the hardware of the complex was
proposed, the element base and sensors were selected. Initial testing was con-
ducted with the device. Layout was created. Example user’s software was given
in the article. The way of further upgrading of hardware and software complex

was chosen.
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Annoramusi: CtaThs MOCBsIEHa pa3pabOTKe MPOTPAMMHO amlMapaTHOrO KOM-
IJieKca IJii U3MEPEHUs] T€OMETPUUECKUX MapaMeTpOB JOPOKHOIO MOKPBITUS
(UT'TLAIT). DTo siBNseTCS akTyallbHOM 3adadedl, Tak kak Poccus mmeer mpots-
KEHHYIO JIOPOKHYIO CE€Th, KOTOpas HYXAAE€TCA B MOJCPHU3ALMU U KOHTPOJE.
[IpennokeHa CTpyKTypHasi cXxema anmnapaTHOW 4acTH KOMILIEKca, BhIOpaHa dJie-
MeHTHas 0a3a U JaTYMKH, IPOBEJICHO MAKETUPOBAHUE U TIEPBUYHbBIC UCTIBITAHUS.
[IpuBenen mpumep MoJIb30BATENHCKOTO MPOTPAMMHOTO OOECTICUCHHSI 1 BHIOpaH
MyTh JAJIBHENIIETO0 YCOBEPUIEHCTBOBAHUS MTPOTPAMMHO-ANNAPATHOTO KOMILIEK-
ca UT'TIAII.

Keywords: road industry, geometrical sensors, measurements, MCU, IRI.
KuroueBble cjioBa: 1OpoxKHasi OTpacib, FTEOMETPUUECKNE TaTYUKU, U3MEPEHHS,

MHUKPOKOHTpoJuIep, IRL

JlopoxHast 0Tpacib 3aHUMAET BAXKHEUIIIEE MECTO B POCCUHMCKOW 3KOHOMUKE.
Ceituac Poccust mo pa3nuyHbIM JaHHBIM UMEET JTIOPOXKHYIO CETh OOIIeH MmpoTs-
JKEHHOCTBIO OKOJIO 1.4 MJIH. KM ¥ 3aHUMAEeT 5 MECTO B MHUpPE IO 3TOMY MOKa3a-
TeJ0. DTO BIEYET 3a COOON MHOXXECTBO TPYAHOCTEH MPHU JTUArHOCTUKE, PEMOH-
T€ U MOJICPHU3ALMHU JTOPOKHOU CETU U BBIHYKJIAET UCIIOJIB30BATh I 3TOTO Ie-
penoBbie TexHoJoruu. [lapaMeTpbl JOPOKHOTO MOKPHITUS BIUSAIOT Ha 3 dek-
TUBHOCTh ()OPMHUPOBAHUS aBTOMOOMIIBHBIX TOTOKOB, JOMYCTUMYH CKOPOCTh
JBIKEeHUs, 6e30macHOCTh. B mpuka3ze MunuctepctBa Tpancnopra PO Nel50 ot
2009 1 ompeneneH MOPSAIOK JMATHOCTUKKM aBTOMOOWJIBHBIX Jopor. B uucio

KOHTPOJIMPYEMBIX TAPAMETPOB BXOJAT:

® IIPOTSKEHHOCTB ITOABEMOB U CITyCKOB;

® IPOJOJIBHBIM U MONEPEYHBIN YKIIOHBI;

® JUIMHBI NIPSIMBIX, YUCJIO YIJIOB IOBOPOTOB B IUIAHE TPACCHI U BETMYMHBI UX
paguycos;

® [IPOJIOJIbHBINA MPOQPUIb U MPOIOTIbHAS POBHOCTD
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Jpyrum BaskHBIM BOIIPOCOM B JIOPOXKHOM OTPACIH SIBJIETCS CO3JaHUE COBpE-
MEHHBIX 0a3 JaHHBIX M BEJCHUE AICKTPOHHOTO JOKyMEHTO0OOOpoTa. B Hacros-
niee BpeMsi IMPOBOJUTCS MHTEHCHMBHAs padoTa B ATOM HampaBiieHUd. B noky-
menTe ['ocynapctBennon kommnanuu CTO ABTO/IOP 2.10-2015 ycTtaHnoBieHbI
TpeOOBaHMS K MACIIOPTY aBTOMOOWILHOM TOPOTH, B KOTOPBIM BXOMST BCE BHI-
niernepevrciaeHHbie napameTpol. [Ipo1onbHbIA YKIOH, KaKk U pauyChl B IJIaHE
HEOOXOMMBI ISl COCTABIICHUS MPOEKTAa OPTaHU3AIMH JTOPOKHOTO JABUKCHUS,
onpeeeHUs MECT YCTAHOBKHM COOTBETCTBYIOLIUX MPEAYIPEKIAIOMINX TOPOXK-
HBIX 3HAKOB WM HaHeceHHs pa3MeTku. [lonmepedHblil yKIOH MpeayCcMaTpuBaeTCs
JUTSI UCKITIOUEHUS 00pa30BaHUs CKOTUICHHSI BOJBI Ha mpoeske yactu. [loatomy,
CTAHOBUTCSl aKTyaJIbHOM 3ajlaya pa3pa0OTKU MPOTPAMMHO amnmapaTHOrO KOM-
mieKkca JJisi M3MEPEHUS! BbIIICTIEPEUUCICHHbIX MapaMeTpoB. [Ipennmaraemas

CTPYKTYpHasl cXxemMa KOMIUIEKCa IPEICTaBICHa Ha PUCYHKE 1.

OCHOBHBIM H3MEPHUTEIBHBIM yYCTPOHCTBOM KOMIUIEKCA CIYKUT MHOTO(QYHK-
nuoHanbHbd gaTuuk ['BK-11, npousBogumeiii OOO "JlaGopaTtopuss Mukpo-
npubopoB". OH BKIIOYAET B ce0s TPEXOCEBbIE TUPOCKOI U aKCEJIEPOMETP, MPH-
€MHUK CHUTHAJla CUCTEMBbI CIIyTHUKOBON HaBUTAIlMM W BBIYUCIUTEIBHOE SJIPO,
peanu3yloniee alropuTMbl 00pabOTKU U KOPPEKTUPOBKM MoOKazaHui. [laTumk
MO3BOJISIET OJJHOBPEMEHHO M3MEPsITh Oosiee 20 mapamMeTpoB, BKIIIOYAs YTIIbI M0~
BOPOTA, YIJIOBbIE CKOPOCTU U YCKOPEHHUSI, KOOPJAUHATHI U CKOPOCTh MO JIAHHBIM
CHC, a Takxxe mo3BOJISIET TPOBOJUTH YCPEAHEHHE U KOPPEKTUPOBKY MOKA3AHUIMA

10 HAaBUT'allTMOHHBIM JaHHBIM.

Eme ogHMM HM3MEpUTENIBHBIM JAaTYUKOM SIBISIETCS Ja3€pPHBIM TPUAHTYJISALIN-
OHHBIN U3MepuTens pacctossHus RF-603 npousBoacTBa 6e10pyccKoii KOMIIAHUU
«PUDTIK», KOTOpBIM HEOOXOAUM ISl TOCTPOCHUS PO JOPOKHON Tpac-
chl. /laTuMK 1MO3BOJISET UBMEPATH PACCTOSTHUE B Mamna3oHe oT 125 1o 625 MM co

cKopocThIo 10 9400 u3mepeHuid B CEKyH/TY.
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v
(emebou TepconamHsn
KOHTPOAED KOMABOMED Jpaiben uumenpeca ——
e T4B-11
(romHagynexcHyL)
HcmosHLK
Mukpokosmponien
[ILTMIAHUA
Lpaubep urmeppesca /la3epHsi
RS-485 MOUAHZY IO
0[70/‘15’/77,[7 (ronydrekcHs/ dam4ik RF-603

Pucynok 1. CtpykTypHas cxema KOMILIEKca

JlaTuuKy MOAKIIOYAIOTCS K MUKPOKOHTPOJUIEPY Yepe3 ApanBepbl UHTEpDEi-
coB RS-485. Takxke CUMTHIBAIOTCS MOKa3aHUA OAOMETpa. MHKPOKOHTPOJUIED
IPOU3BOJUT OINPOC NATYMKOB, IEPBUYHYIO 00pabOTKy MOKa3aHUM U OTHPABISAET
JAHHBIE Ha NepcoHanbHbIM KoMibtoTep. [loakmoyenue k 11K o nokaneHOU Ce-
TU ObUIO BBIOPAHO Il COBMECTUMOCTH, YUYMTBIBAasl 4YacTOE€ MCIIOJIb30BAaHUE B
POCCHUICKHMX aBTOJA0OPATOPHSIX TaKOro crocoda MOAKIYEHHs NaT4UKOB. B
KayecTBE MUKPOKOHTPOJIJIEpa MOXHO HCIOIb30BaTh  MPOIYKTHl M3 CEPUU
STM32f1xx mu6o STM32f4xx, Tak Kak OHA 00JIaIal0T HEOOXOIMMBIM HAOOPOM

UHTEP(EICOB 1 10CTATOYHOIN CKOPOCTHIO pabOTHI.

Jns uccnenoBaHus BO3MOXKHOCTEHW KOMIUIEKCA IMPOBEAEHO HCIBITAHUE Er0
MmakeTa. Co3[laH MakeT C KCIOJIb30BaHUEM MUKpokoHTposuiepa STM32F103 u
ceTreBoro koHTpoJsuiepa enc28j60. B kauecTBe apailBepoB UCIOJIB30BAINCH MUK-
pocxembl ADM485. BbpiOOp MUKpPOKOHTpOJUIEpa B KauyeCTBE YIPaBIISIOIIETO
JJIEMEHTA OKAa3aJCsl ONpaBlaH, TAK KaK OH IO3BOJISIET IEpEJaBaTh JaHHBIE 110
UART (uepe3 apaiiBep RS-485) ¢ MUHUMAaJIBHBIMM M TOYHO OMPEACIIIEMbIMHU

3a/Iep’)KKaMU. DTO HYXKHO JUJIsi TOYHOW CHUHXPOHHU3AIMU JIaHHBIX OT akKceliepo-
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METpa M Ja3epHOro JajibHOMEpa JUIsl HOCTPOECHUS NpOoUiIs JOPOKHOTO MOKPHI-
Tus. B Takoil koHpuUrypauun obecrneynBanach CKOPOCTh OMpoca 000UX JaTdu-
KoB | KI'Il, 4TO MO3BOJISIET OCYUIECTBIIATH IOCTPOEHHUE MPODUIIS C UHTEPBAIOM
0.025 M Ha ckopoct 90 km/4. (cTaHmapT TpeOyeT MHTEPBAJIOB U3MEPECHUS HE
MmeHnee 0.025 m). CKopocTh MOKHO YBEIMYHUTH B HECKOJIBKO pas3, IPUMEHHB ApY-

roii MUKpOKOHTPOJLIEP.

Jlnst paGoThl KOMIUIEKCA WCTOJB3YETCS CICIUATBHOE  TO0Jb30BATEIbCKOE
IporpaMMHOE OOecrieueHHre, KOTOPOE COJIEPKHUT BCE HEOOXOIUMBIE JIEMEHTHI
YIPABJICHHS, TIO3BOJISIET TPOBOJUTE U3MEPEHUSI U 00pabOTKy pe3ynbratoB. Ha
PUCYHKE 2 MPUBEACH NPUMEP OKHA IMPOrpaMMbl Uil NPOBEACHUS W3MEPEHUMN.
[Tocne 3amycka, mporpaMMa TOJKIIFOYAETCS K YCTPOUCTBY M MPOBOJAUT HEOOXO-
JAMbIE TIPOBEPKM M HACTPOMKHU. TaKKe BO3MOXHO IMPOU3BOJIUTH PYUYHYIO
HAaCTPOMKY MapaMeTpOB JAaTYMKOB. [[JIs1 MpuMepa Ha PUCYHKE 3 MOKa3aHO OKHO
HacTpoek uHepuuanbHoro aatunka ['KB-11. MoxHO 3apaTh CKOPOCTh BblAauu
JAHHBIX, allTOPUTM 00pabOTKH, apaMeTpbl CUCTEMbI KOOPJMHAT U T.[., CYIle-

CTBYCT TAKXKC 3allliTa OT cnyqaf/iﬂoro HN3MCHCHUA 11apaMCTPOB.

] Wsmepurens npodinas W recweTpii (MpeasapiTenshan epcus) |‘:'—|Ewﬁ

CTaTyc nogKnaYeHis MaHens ynpasnests

TIOMLITKE NOAKMIDHEHHA K YCTPOACTEY

DaTumku

TKB He NOAKMOYEH | [ubopmaiis

PQ® HE NOKNIYEH | Lndopmais

lanHsie MKB

[aHHsle nazepa
— HacTpofiiu
TokasaRua |00

Pucynoxk 2. [Ipumep nonb30BaTenbckoro nHTepdeiica: rimaBHOe OKHO.
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&.] Hacrpoiiku lﬂl_ﬂh

Ofwme | KB | Kaap naHHbix TKE | VsMepeHns KapTa i

DOPMAT BoIAEHM AGHHBX WHTepdeic R5485

PestidM Bbiaqid KaAPos: WHBEPOMR DCed: CKOpOCTb MHTEpDhERCE

| cpasy nocne x| Ex FEy @z | 1000000 -
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|Haﬁupﬂblﬁ Kaap bt | |rpanvcb\ B eKyHAY ¥ |

BbixX0AHOA CMrHEN CAHXPOHMSELIMI: YeropeHie: MpgmTaTS
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Mpecfipasosanie CK: P
IHe-r npecbpasosatia - I |_ PaspeimMTh USHEHEHWE O YMONYEHMID

MapaMeTpbl BelAaqd AaHHBIX

[LenvTens Gasosol yacToTo!: JennTens YaT0Thl CMHXpOCUTHaNa:
a -

AnropuTi obpaboTru: Mponyck BeIX0AHLIX NAKETOS: = Pa3pewm T sanics

|KanMaH AHRS - ‘ 59 "' napameTpos

|| PaspewnTi MsmeHeHme

Pucynoxk 3. OkHo HacTpoek uHepiuaibHoro narunka ['KB-11

Craenyromum marom B pa3paboTKe U3MEPUTENBHOTO KOMITJIEKCAa HE0OXO0IMMO
peayin30BaTh ANTOPUTM TOYHOTO MOCTPOEHUS MPOMUIIS MO JAHHBIM JaIbHOMEPA
U aKceJepoMeTpa U alropuTma BberuucieHus nokasarens [RI, onucanHoro B 1o-
kymente CTO MAJIA 02066517.1-2006.. Koneunbim pe3ynpTaToM OyayT siB-
JAThCs Ba aiina st TabauyHoro mnporeccopa, Hanpumep Excel. IlepBoiii co-
JEPKUT TE€OMETPUYECKUE MApaMEeTphl, U3MEPEHHbIE C MHTEPBAJIOM 5 M: IpPO-
JOJIBHBIM U MONEPEYHBbIN YKIOHBI, KYpC, paauychl IOBOPOTOB, KOOPAUHATHI 110
CHC. Bropoii daiin coaepxuT BeiuncieHHbie koddgduiments! IR aist kaxmoro
kunometrpa Tpaccsl U koopauHatel o CHC. Takke nmonbs3oBarensckoe [10 Oy-
JIET BU3YyaJIU3UpOBaTh JTaHHbIC, HAKJIAAbIBAS IOJYYEHHbBIE U3MEPEHUS Ha KapTy.
[ToMumoO coxpaHeHHs pe3yJbTaToB B dopmare TabiauIl Takxke OyneT po0aBiieH
(GyHKIIMOHAN paboThl ¢ Pa3iIMYHBIMH PEHICHUSAMH ISl CO3JaHusl 0a3 IaHHBIX,

4TO IMO3BOJIMT UBMEPATH BCC ITapaMETPbl aBTOA0POI, 3aJaHHBIC PCTJIAaMCHTAMMU.
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Abstract: The article deals with the problem of power supply remote control.
Block diagram was offered, element base was chosen. The device operation was
tested on the laboratory test board.

AHHoTanusi: B manHOI cTaThe paccMOTpeHa TeMa pelleHHs 3a71a4 yIaJIeHHOTO
YIOPABJICHHUS] U KOHTPOJIA 3JeKTponuTaHus. [IpemamoxkeHa CTpykTypHas cxema,
BbIOpaHa djeMeHTHas 0a3za. PaGota ycTtpoiicTBa Oblia mpoBepeHa Ha Jiabopa-
TOPHOM MaKeTe.

Keywords: «Smart home», HTTP, test board, Internet, microcontroller (MCU),
programming.

Kuarwuessbie ciaoBa: «Ymubeid nom», HTTP, UaTepHer, MukpokoHTpOiep, mpo-

rpaMMHPOBaHUE.

B Hacrosee BpeMsi TEXHOJIOTMHM MEpeJauyd JTaHHBIX IMOJYYUIUM OYEHb
mIMpOKoe pacnpocTtpaHeHue. [loaxmounTtecs k ceth HTEpHET MOKHO MpaKTU-
YEeCKHU B JIIOOOW TOYKE 3€MHOrO mapa. B cBsi3u ¢ 3TUM pelieHus 3a7a4d yJaneH-
HOT'O YNPAaBJIEHUS U KOHTPOJIS CTAJIM JOCTYMHBI JUIsl LIMPOKOTO Kpyra norpeou-
Tenei. Ha ppIHKE CylIecTBYET MHOXKECTBO TAKUX PEIIEHUN — OT IMPOCTBIX «yM-
HBIX» po3eToK Wi- fi 10 LeNbIX CUCTEM YIIpaBICHUS BCEMH KOMMYHUKAIUSIMU B
nome, opuce, 1000M npyrom 3naHuu. CucreMa «YMHBINA 10M» BKIIIOYAET B CeE-
Os1 yHOpaBISIONIUE 3IEMEHTHI, KOTOpPble NMPUHUMAIOT CUTHAJIBI C JATYUKOB H
KOHTPOJIUPYIOT pabOTy HCHOJHUTENBHBIX yCTpoicTB. C MOMOIIBIO MOJ0OHOM
CUCTEMBl MOKHO BECTH HENPEPHIBHBI MOHUTOPUHI COCTOSIHUS 3JIEKTPOHUKHU,

OCYILIECTBIIATH YIIPAaBJIECHUE:

° OTonenueM

° Bentwisinyuen 1 KOHIMIMOHUPOBAHUEM

o IToxapHOoM curHanu3anuen

° YcTpolicTBaMu KOHTPOJISI aBApUMHBIX CUTYAIlMid: YTEUKU BOJbI, Ta3a, aBa-

PHH B JJICKTPOCCTH
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° Buneonabmaroneanem

o Ocgelennem

o YcrpolicTBaMu KOHTPOJIS HAJl SHEPronoTpedieHneM (OrpaHnueHne MUKO-
BBIX Harpy30K M pacrpeesiCHre MMKOBBIX HATPY30K M0 (ha3aM MUTAIOIIEH CETH)
. YcerpolicTBamMu yIipaBieHUs: MICTOYHUKAMU PE3EPBHOTO AJIEKTPOIUTAHUS

o VYerpoiicTBaMu yAaieHHOTO MOHMTOPUHIA W YNPABJICHUS BCEMH CHUCTE-
MaMHu 1oMa uepe3 Murepner.

B cBsi3u ¢ BbIllIe TMEPEUYHCICHHBIM, KPailHE BaXKHBIM JIJIsl )KU3HECATEb-
HOCTH, MOBBIIIEHUS] KOM(POPTHOCTH U O€30MaCHOCTU KU3HU, CTAHOBUTCS aKTY-
QTBHOW 3a7ada pa3pabOTKU YCTPOWCTB YAAJICHHOTO YIIPABICHUS TMUTAHUEM
AIEKTPONPUOOPOB MJIsl MMPOKOTO KpyTa MoJIb30BaTENeH, KaK B IPOMBIIIICHHO-
CTH, TaK U B OBITY.

ens manHoW pabOThl — 3TO pa3pabOTKa KOHKPETHOTO YCTpPOWCTBa yjaa-
JIEHHOTO YIPaBJEHUS! MUTAHUEM DJIEKTPONPHUOOPOB ¢ BOZMOXKHOCTHIO KOHTPOJIS
HaNpsHKEHUS U 3a1UTON OT MEPETPy30K.

Pa3paboTanHoe yCTpOWCTBO JOJDKHO OTBEYATh CIEAYIOIIMM TpeOOBaHM-

M

o ObecnieueHre KOMMYTAIMH 3JIEKTPONPUOOPOB B CETH MEPEMEHHOTO TOKa
220 B 50 I'y

J Hanuuune nByx kaHaNoB ynpaBJieHUs dJIEKTPOIpruOopamu

o Hannuue noctyna x unTepdeiicy ynpapieHus: yCTPOMCTBOM OCYIIECTBIIS-

emoro nocpeactsoM nporokona HTTP uepes cets IHTEpHET

J B03MOXHOCTE KOHTpPOJISI HOTPEOIIEMOr0 HArpy3Kol TOKa U BXOJHOIO
CETEBOr0 HAIPSHKEHMS

o ObecrnieueHne 3aMUTHl OT KOPOTKOTO 3aMBIKaHHsI, TMPEBBIIICHUs MTOTPeO-
JSIEMOTO TOKA, MOBBIIIEHHOTO U NOHM)KEHHOTO BXOAHBIX HAIIPSHKEHUN

[IpennoxkeHHasi CTpyKTypHasi cXxema yCTpOWCTBa MpeCTaBlIeHa Ha pUcyHKe 1.
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BxoaHoe cereBoe HampsikeHUE MOCTYMaeT B OJOK BBICOKOIO HAaNpPsHKEHHS,
KOTOPBIN o0ecneunBaeT (PUIbTPAIMIO U 3alIUTY OT KOPOTKOro 3aMbIkaHus. Vc-
TOYHMK MUTaHUA (GOPMUPYET BCE HEOOXOAMMBIE IJisi paOOThI CXEMbl HAMPSKE-
HUs. BIOK pelie U 1aTYMKOB OCYIECTBISIET BKIIOUEHHE U OTKJIIOUEHUE Harpys-
K{, a TaK)XK€ KOHTPOJHUPYET MOTPeOIsIeMbIii TOK U BXOJIHOE HampsikeHue. Muk-
POKOHTPOJUIEP YIpPaBIsAET pelie, MOoJiydaeT U 00pabaThIBaeT JIaHHbIE O TOKE U
HANPsDKEHUH, peain3yeT nHTepdeiic B3auMoaencTBus ¢ noiap3oBarenem. Certe-

BOM KOHTpOJUIEp 00ecTeunBaeT MOAKIIOYEHUE YCTPOCTBA K ceTu IHTepHeT.

BxonHoit biiok
220 B —> —>
bunbTp NUTAHUS
biiok
Muxkpo- CeteBoid
pene e N i S < luTepHer
U CEHCOPOB P P P P
Harpy3ka

Pucynok 1. CTpykTypHas cxema yCTpOKWCTBa YAAJIEHHOTO YIPABJICHUS MUTAHUEM

AIIEKTPONPUOOPOB

Co3nan maketr ycrtpoiicTBa. B KadecTBe MHUKpPOKOHTpoOJUiepa BbIOpaH
STM32F103C8, kak camblil paclIipOCTPAaHEHHBIA U NOCTYNHBINA. B kauecTe ce-
TeBoro KoHtposuiepa npumeHeH ENC28J60. ENC28J60 — cereBoii mMoayib
Ethernet. Jlanublii MoOmynb TMO3BOJIIET COEAMHUTH MHKPOKOHTPOJUIEP
STM32F103C8 c cerbto MurepHer. Cam ceTeBOil MOAY/Ib BKIIIOYAET B CeOA
mukpocxemy ENC28J60, a Takke HEOOXOIUMYIO JJIS MMPABWILHON pabOThl MO-

JyJIsl OOBSI3KY.
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JUis mUTaHus HUCTONB3YETCs MMITYJIbCHBIM OJIOK MUTAHHUSA C BBIXOJHBIM
HanpspkeHueM 12 B u otaenbHbIN mpeodpa3oBaTeb ¢ BEIXOAHBIM HANPS)KEHUEM
3,3 B. [Ins KOHTpOJII TOKa UCIONB3YIOTCS TpaHC(OpMaTopbl TOKa, a JJs KOH-
TPOJISL HAIIPSKEHUS B CETU IPUMEHSETCS ONTOIapa.

Jns QyHKUMOHMPOBAHUS yCTPOWCTBAa OBLIO pa3pabOTaHO MPOrpPaMMHOE
oOecrnieyeHue, NpeacTaBisomiee co00il mporpamMmy Ajii MUKPOKOHTpOJUIEpa
STM32F103C8. ITporpamma peanuzyer HTTP cepBep nnst B3ammonencTBus ¢
I10JIB30BATENIEM, OCYLIECTBIISIET KOMMYHUKAUI0 MUKPOKOHTPOJIEPA C CETEBBIM
KOHTpOJuiepoM, npon3Boaut onpoc AL 1 KOHTPOJSA TOKAa M HANPSLKEHUS U
YIOPABJISIET CUJIOBBIMU KaHanmaMu. [IporpamMma HanucaHa Ha sizblke C++ c Hc-
[I0JIb30BaHUEM OTKPBITOM cpeibl pazpaboTku CooCox.

Ha pucynke 2 uzobpaxken mpumep BedO — uHTEepdeiica s ynpaBieHUs

pene yCTponcTBa.

Hanps»xeHune B cetn: 0 B
Hactpotixa

Pucynok 2. Be® — untepdeiic 1is yrpaBieHus pesie ycTpoiicTBa

Y CTpoRCTBO MOXKET BCTPAUBATHCS B CYIIECTBYIOIIME CUCTEMbI MOHUTOPUHIA
U KOHTPOJIA, B TOM YHCJIE B CUCTEMBl «YMHBIA JOM». YCTPOHWCTBO MOXKET
YOPABISATHCS KaK HaMpsIMylo U3 Opay3epa, TaKk U B COCTABE CUCTEMBI MOCPE.I-
ctBoM nporokosia MQTT. Ha pucynke 3 uzo0paxeHn npumep BeO — nnrepdeiica

JUISL HACTPOMKH yCTPOMCTBA.
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192.168.3.154 [P ampec

P anpec Gpoxepa

Henonrzoeare MQTT
MOQTT coodmenns:

RELAY BLOCK

user

+NAME/RELAY/RELAY1_ON
[+NAME/RELAY/RELAY1_OFF
1+NAME/RELAY/RELAY2_ON
+NAME/RELAY/RELAY2_OFF
[+NAME/RELAY/RELAY1_OVERLOAD
[+NAME/RELAY/RELAY2_OVERLOAD
[+NAME/SENSOR/OVERVOLTAGE
[+NAME/SENSOR/UNDERVOLTAGE
+NAME/SENSOR/CURRENT 1
1+NAME/SENSOR/CURRENT 2
1+NAME/SENSORNVOLTAGE

| OTnpasuTs

Pucynox 3. Ilpumep BeO — uHTEpdEiica a1 HACTPOMKHU YCTPOHCTBA

B xoxe nanHO#i paGoThl ObLT MPENIOkKEH OJAWH M3 BapUAHTOB CTPYKTYpPHOM
CXEMBI YCTpOiicTBa, Oblia BhIOpaHa diieMEHTHas 0a3a, OMMCAaH HKCIEPUMEHT C
1a00paTOPHBIM MAaKETOM, a TAKXKE OTPa)KEHbI 3JIEMEHTHI pabOThl C MPOTPAMM-
HBIM oOecrieueHueM. B nanbHeieM miaHupyeTcss ONTUMU3AIMS CETEBOTO KO-
74, TOJKJIIOUYEHHE JAaTYMKOB U YCTPOMCTB pacuinpenus. B yctpoiictBo Oyzner
noOaBieHa (YyHKIIMS TaiiMepa u cpabaThIBaHHE 10 CUTHAY naTumka. Takxke Oy-

JeT pacupeH GyHKIMOHANI uHTepderica U 100aBiIeHa COBMECTUMOCTD C CYIIIe-

CTBYIOIIUMH CUCTCMaMMU.
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Brmounts pene 1
Brixmounts peae |
Brixmounts pene 2
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TMeperpyara peae 1
[Teperpyara pexe 2
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OIIEHKA ITAPAMETPOB JIBYX3EPKAJIbHON
AHTEHHBI«<KANDREW VHLP2-180-NC3»
B ITIOJIOCE YACTOT 16-261I'TL1
PARAMETER ESTIMATION OF THE TWO-MIRROR ANTENNA
«ANDREW VHLP2-180-NC3»
IN THE FREQUENCY BAND 16 + 26 GHZ
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AHHOTAIMA: TAHHBIA JTOKYMEHT SIBJISICTCS MOSICHUTEIBHOW 3alIMCKOM K CTaThe
Ha TeMy: JBYyX3epKajbHas mapabosnueckass aHTeHHA. B paGoTe ObuIM perieHsbI
CIEIYIOIINE 3a/laud: MPOBEAEH AaHaM3 D3JIEMEHTOB KOHCTPYKIMU AHTECHHBI;
[IpownsBeneH pacueT Npo0JIbHBIX U HONEPEYHBIX PA3MEPOB AHTEHHBI B COOTBET-
CTBUU C TEXHUYECKUM 33JITaHUEM; BBIIMOJHEHO MATEMATUYECKUE MOJICIUPOBAHUE
AHTEHHBI HA OCHOBE METOJA alepTyPHBbIX TOKOB; HA OCHOBE allepTYPHOrO METO-
Jla ¢ TOMOUIbK0 MAaTEMAaTUYECKOT0 MOJECIUPOBAHNS TPOBEJICH PACUET IUATPAMM
HaMnpaBJICHHOCTH ACCUMETPUYHOM 3€pKaJIbHOW AHTEHHBI; MPOBEICH KOMIIbIO-

TEPHBINA 3KCIIEPUMEHT ¢ oMol nmporpammbel AROUND no oueHke napamer-
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pPOB 3epKajbHOW aHTeHHBI Ha yacToTe 18T u B paboyem auamna3oHe 4acTOT

16+261Tw.

JIByx3epkanbHas anTeHHa Thna Kaccerpena 3to cookycHbli mapadoio-
ua U runepoonons (ABE OTpaXkarolre MOBEPXHOCTH) C 00IyUyaTeneM, KOTOPbII
YCTaHOBJIEH BO BTOpoM (hokyce runepodosousa. [lone cundasHo B packpbiBe U3-
3a,paBHBIX PACCTOSTHUM OT (DOKyca 70 pacKphIBa MO JJOMAHOU JTUHUH.

HecMmoTtpst Ha HemocTaTok 3aTEHEHHsI PACKpbIBa MaJlbIM 3€pKajioM U 00-
paTHOM peakuuMd Majoro 3epkajia Ha oOJyyaTenb JIBYyX3epKajibHas aHTEHHa
UMEIOT PSAANPEUMYILIECTB Mepea OJHO3EPKAIbHBIM: KOMIIAKTHOCTb, 00Jiee paB-
HOMEPHOE pacmpeeneHue Bo30yKIeHHsI 0 PacKpbIBY, Oojiee BhICOKAs TIOMEXO-
3aIUIMEHHOCTD, KO3 GUIIMEHT wucmonb3oBanus mosepxHocTr(0,6-0,65), BO3-
MO>KHOCTh YKOpoueHHus Tpakta CBY u pa3menieHre OCHOBHOM YacTU KOHCTPYK-
LIMHU 32 3€pKaJIOM, YTO BayKHO IS MOHOUMITYJIbCHBIX PaJlOJIOKaTOPaxX.

PaboTa anTeHHbI o npuHuuMIly Kaccerpena 3akiirouaercst B OTpaXeHUU U
U3JIy4aeMoro oOJy4aTeseM HSJIEKTPOMAarHUTHOTO TOJisA, OT TUIepOoJiou-
na(BTOpoOro 3epkaia), KOTOpPO€ TOMajaeT Ha IOBEPXHOCTh Mapadoiou-
na(mepBoro 3epkajia), U HM3Iy4aeTcss B MPOCTPAHCTBO CXOKHM C H3Iy4EHHEM
IJI0CKOM CUH(a3HON MOBEPXHOCTHIO 00pa30M.

Jlis mpeaBapUTENbHOW OLIEHKH CBOMCTB 3€pKajbHOW MapaboIMuecKoi
aHTeHHbl TpeOyercs onpenenuts e€ KH/I n mupuny quarpammbl HanmpaBieHHO-
CTH B OPTOTOHAJIbHBIX IJIOCKOCTAX Ha ypoBHe -31b(0.707mo nomro). KH/I cBs-
3aH C pa3MepaMM AHTEHHBI CJIIEIYIOIHUM COOTHOLLIEHUEM:

KHI[—4;S « KHII,

/i€ S-MOBEPXHOCTh ANEPTYPHI;

A-IUIMHA BOJIHBI;
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KUII-k03puimeHT MCcroib30BaHUs MOBEPXHOCTH, KOTOPBIM y 3epKalbHOM aH-

TEHHBI B BUJe Tapaboiona Bpamenns cocrasiset 0,55-0,65

Tak xak S=nR?, To opMysa UMeeT BUI:

2TR

KHI[=(T)2 * KUII, nnu

KHz[z(%Z « KHUIL

ITocne MMOACTAaHOBKH ITOJTYYUM

KH/=7636

[Tpu Takom KHJI mmpuna /IH no ypoBHHI0-31b MOXKeT ObITh omnpeiesieHa

34000
1o coorHomenuo KH/[=———— ,
AQp*AQy
34000
aTak kak AQg = AQy, T0 AQ = [~——= 2,11°

To ecTp mMpHHA IUarpaMMbl HAIIPABJICHHOCTH PAacCMATPUBAEMOW aHTEHHBI CO-

CTaBIISIET OPHEHTUPOBOYHO 2°B Ka10if M3 OPTOrOHANBHBIX INIOCKOCTEH.

Abstract: this document is an explanatory note article on the topic: two-mirror
parabolic antenna. In the work were solved following tasks: the analysis of the
structural elements of the antenna; calculation of the longitudinal and transverse
dimensions of the antenna in accordance with the technical specifications; the
mathematical modeling of the antenna based on the method of aperture currents;
based on the aperture method using mathematical modeling of the calculation of
the directional diagrams assymetric mirror antenna; a computer experiment us-
ing the program AROUND the estimation of the parameters of the mirror anten-

na at a frequency of 18 GHz and in the operating frequency range 16+-26GHz.
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Kuarouessbie cioBa: 3epkanbHas anteHHa, AROUND, yacTOTHBIN 1Mamnas3oH,

nByx3epkanbHasa anteHHa Kacerpena, I'T'1;, MUKpOBOJIHBI, 2JIEKTPOMArHUTHOE,

napaboJIounI.

Keywords: Mirror antennas, AROUND, frequency band, two-mirror Casse-

grain,GHz, microwave , electromagnetic, paraboloid.

Pesynbrath pacuera mpoduis 3epkasia CBeIeHbI B Tabmuiry 1.

Taomumna 1
Koopaunara OR/5 1IR/5 2R/5 3R/5 4R/5 R
X 0 6 12 18 24 30
z 0 0,319 1,276 2,871 5,104 7,975
0 0 12,13 24 35,37 46 56

Wb KaJ TJIOM 3aCBETKHU MIPEACTaBJIEH HA PUCYVHKE 1.
I1po 3epKaia ¢ OM 3acCB€ 56° mpeacTaBicH Ha PUC el
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Pucynoxk 1-IIpoduns 3epkana
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Pucynok 2-JIH oTKpBITOr0o KOHIIa KPyTJIoro BOJIHOBO1a ¢ BoJHOM Hig

Opnoit u3 ¢pyukumii mporpamMmbl «KAROUND» siBisieTcss yTouHeHHe o-
JY4YEHHBIX pe3ynbTaroB. i1 HamOOJbIIEH TOYHOCTH NMPOU3BEAEM YTOUHEHUS
3HaueHuit JIH no yposHio 0,707 (pucyHok 3), 115l 4ero BBEAEM MNPOMEXKYTOK B

rpajaycax, B KOTOPOM HaXxOJHUTCS TOYHOE 3HAUYEHHUE.
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. 7638
. 7035
L7033
.7030
sHaueHuid [H Tpebyerca? (Y.N)

F=
F=
F=
F=
F=
F=
F=
F=
F=
F=
F=
F=
F=
F=
F=
F=
F=
F=
F=
F=
F=

o
o
1]
0]
0
0
o
o
0
o
0
0
1]
0]
0
0
o
0
0
o
0

Pucynok 3-Yrtounéunsie 3nauenus [|H Ha amune BonHbI 16,7 MM 06e3 yuéTa TeHH.
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Pesynbratel pacuéra mokaseiBaroT, yto JH paccumTaHHOW aHTEHHBI

UMeeT MUPHUHY I1aBHOTO Jenectka A mo yposuio 0,707, pasnyto 0,92-2=1,84

rpaayca.

BropeiM myHKTOM pacuera nporpammsl ssisieTcs pacuer JH ¢ yu€rom
TEHU. 3aTEHEHHE AHTEHHBI y3JaMH KOHCTPYKIUHU OOIydaTesss MOKHO MpeJCTa-
BUTH B BUJIE Kpyra (pPUCYHOK 4).

Paanyc tenn-3cm.
[Lomans TeHu coctaBisaeTnR? =3,14%¥9=2826cm>,
Pannyc antennsi-30cM.

IInomans aHTEHHBI COCTABIISIET T[R2:3,14*900:2826CM2,

Pucynok 4-3areHeHnue packpbiBa 3JI€MEHTAMU KOHCTPYKIIMHA AHTEHHBI

OOmnyvarenb co37aeT Ha PacCKphIBE 3epKaja TeHb uaMeTpoM D=6¢M.

Pe3ynbraTel cpaBHEHHE MTAPAMETPOB AHTEHHBI B YACTOTHOM JAMAINa30HE 3aHOCUM

B TaOnUILy 2.
Tabmuma 2.
fIT 161 T1x 181 T 26T
A, MM 18,7 mm 16,7 mm 11,55 mMm
AQg 707 6€3 TeHH 2,06° 1,840 1,28°
AQq 707 C TEHBIO 2,08° 1,86° 1,28°
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BriBog
B pe3ynbrare uccinenoBaHuii s ctatbd Ha TeMy  OneHka napameTpoB JIBYX-
3epkasibHOM  aHTeHHBIKANDREW  VHLP2-180-NC3» B moJjioce 4acToT
16261 Tw.

bl penieHsl ciienyromue 3a1aqu:

— IPOBEJICH aHAJIU3 AIEMEHTOB KOHCTPYKIIMY AHTECHHBI;
— IPOBEEH JJIEKTPUUECKUN pacueT MPOAOJIbHBIX U MONEPEYHbIX PAa3MEPOB aH-
TE€HHBI B COOTBETCTBHH C TEXHUYECKUM 3a/IaHHEM

— BBIIIOJIHEHO MAaTEMATUYECKOE MOJEIUPOBAHUE AHTEHHbl HA OCHOBE METOJA
arnepTypHBIX TOKOB;

— Ha OCHOBE allepTypPHOro METOJA ¢ MOMOILIBIO MAaTEMAaTUYECKOIO MOAEINPOBA-
HUS NPOBEJCH pacueT AuarpaMM HaIpaBJIEHHOCTH OCECHMMETPUYHON 3epKalib-
HOU aHTEHHBI;— MPOBEAEH KOMIIbIOTEPHBIA 3KCIIEPUMEHT C MOMOILBIO MPOTpaM-
Mbl AROUND 110 onieHKe napameTpoB 3epKaibHOW aHTeHHbI Ha yacToTe 18 I'T'1

U B pabouem auanaszone yactotr 1626 [T
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AHHOTaums: B cratee mpoaHanu3upoBaHbl METOIbI 0€3MaHKETHOTO Ompezese-
HUSl apTEpUATBHOTO JaBIICHHS, SKCIEPUMEHTAILHO HCCIIEIOBAHBI HanOoJee
nepcrekTuBHbe U3 HuX. IIpemiokeHa crpykrypa OMOTEXHMYECKOW CHCTEMBI
0e3MaHXEeTHOTO OIpeeIeHUs] apTepHaIbHOro JaBieHus. Pazpaboranbl n3Me-
puUTenbHBI OJ0K U 070K 1U(PoBOl 00pabOTKH (HOTOIIETUIMOTPAPUUECKOTO
curHana. OnpezaeneHa B3aHMMOCBS3b MEXIy MapamMeTpamMH CUTHaja U apTepH-
aIbHBIM JJaBJICHUEM. BBIBEZICHO ypaBHEHHE alPOKCUMAIIHH, C TOMOIIBIO KOTO-
POTO BBIUUCIISICTCS TEKYIee 3HaU€HNE apTepPHaIbHOTO IaBICHHUS.

Abstract: The article analyzes the methods of blood pressure determination, ex-
perimentally investigated the most promising of them. The structure of the bio-
technical system for the non-fraudulent determination of blood pressure is pro-
posed. A measuring unit and a digital photoplethysmographic signal-processing
unit have been developed. The relationship between the signal parameters and
blood pressure was determined. The approximation equation with the help of
which the current value of blood pressure is calculated is derived.

KaroueBble cjioBa: apTepuaibHOE J1aBieHne, 0€3MaHKeTHBIH TOHOMETp, OTO-
IeTU3MOrpauyecKuii CUTHaL.

Keywords: blood pressure, cuffless blood pressure monitor, photopletismogra-

phy signal.

O0630p METOZOB U3MEpEHUsT apTepuanbHOro aasnenus (AJl) mokasbiBaer,
YTO OOJBIIMHCTBO TOHOMETPOB MCIOJIb3YIOT MAHXKETY JIJIsl CO3aHUSI BHEIITHETO
KOMIIEHCUPYIOUIETro aByieHus. [[puMeHeHne MaHXeTbl UMEET PsiJi HEIOCTATKOB:

1. Mankera CuiIbHO OciabIsieT CUTHAI MYJIbCOBBIX KOJIEOaHU.

2. ABTOMaTHuecKas HaKauyka MaHX EThbl YJIOPOKAET IKCILTyaTaIUIO.

3. Heo0xoauMoCTh OpUEHTUPOBAHUS HA ONPEACIICHHBIN pa3Mep KOHEYHO-

cru [1].
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B Hacrosiiee Bpemsi HaOo1aeTcsa TEHACHIUS K pa3paboTke Oe3MaHKeT-
HBIX CIOCO00B m3Mepenust AJl, 94TO MO3BOJSET YMEHBIIUTH TUCKOMGOPT TPH
u3MepeHun. B ocHoBe pa3paboTOK JiexaT UCCIeAOBaHUS 3aBUCUMOCTEMN, CBSI3bI-
BalOIIMX BeanuuHy AJl ¢ KakuM-n60 (HU3MOIOTUYECKUM MapaMeTpOM: aMILIu-
Tyay MyJIbCOBBIX BOJH JABJICHHUS, CKOPOCTh KPOBOTOKA B apTEpUH, SIBIICHUE Ka-
BUTALIUU B )KUAKOCTH MO/ AEHCTBUEM YIIbTPa3BYKa, CKOPOCTh PACTIPOCTPAHECHHUS
nynbcoBoi BosHb (I1B) [2]. Kaxabiii 13 MeTog0B UMEET KaK JOCTOMHCTBA, TaK
u HegocTaTtku. [lo3TOMy SKCIIEpUMEHTAIBHO OBLIIO MCCIIEIOBAHO JiBa Hanbosee
NEPCIEKTUBHBIX MeTona: aHanu3 ¢Gopmbl [I1B u ananuz pazHoctu ¢a3z Mexmy
cericmokapauorpadudeckuM(CKI') u doromneruzmorpaduaeckum(PII) cur-
HajioM (cM. pucyHOK 1). AHamu3 pa3HocTU (a3 pean30BLIBANICA CIIOCOOaMH,
OTJIMYAIOIMMHUCS BUJAMHU HMCTOJIB3YEMBIX JAaTYUKOB U MECTOM HMX PaCIIOIOkKe-
HuUs (cM. Tabmuiy 1).

Ta6nuna 1— OcoO0eHHOCTH CIOCO00B peaTnu3aly PEerUCTpaliii pa3HocTy (a3

No | Ucnonb3yembie  pat- | Pacnonoxkenne pnatuu- | Hegocratku
YUKU KOB
1 OnTudeckne MaTYUKK | YKa3aTeNbHbIE Manblbel | 1. MUHUMaNbpHAS pa3HOCTH (a3s.
Pulse Sensor obenx pyk 2. CI0XXHOCTh aHajW3a U BBIYHC-
JIeHUs pa3HocTH (a3
2 OnTtuueckui 1atuuk v | YkazatenbHblid nasen v | 1. CI0KHOCTh NMPaBUIBHOTO pac-

cericMokapauorpadu-

YECKUU NbE30JaTUYNK

COHHas apTepust

MOJIOXKEHHU S MTbE30AaTUHKA.
2. HeycTroiWuyuBOCTH K IOMEXaM

IbE30JaTUHKa

i

Pucynok 1— Peructpanusa CKI - u ®III'- curnanos.
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Takum o0OpazoM, ObuT BBIOpAaH JYYIIMA METOJA pead3alid CHUCTEMBI,
CTPYKTypHasi cXeMa KOTOpO#l mpejacTaBieHa Ha pucyHke 2, rae Mb— uzmepu-
TenbHbIN 0510k, BO— 61000BeKkT. OCHOBY M3MEPUTEIILHOTO 0JI0Ka MPEICTaBIsSET
natyuk MAX30102 (cM. pucyHOK 3), OCHOBHBIMH JOCTOMHCTBAMHU KOTOPOTO

SIBJISIFOTCSI OTHOCHUTEIILHO HEOOJBIINE Ta0apUThl M yI0OCTBO SKCILTYaTaIUH.

b0 -

ot | AT g [ T

s
aamyux

b

Pucynok 3— Buemnuii Bug mogyinst MAX 30102.

[Hudporoit 610k 0o6padboTku PIII-curHama mpeacrabisieT OO0 COBO-
KyIHOCTh MUKpOKOHTpoiiepa Arduino Nano (cMm. pucyHok 4) ¢ mporpaMMHOMR
4acThlo, peanuzoBanHol B cpene Arduino IDE [3]. Anroputm mporpaMMHOTO

obecnieueHus nU¢ppPoOBOTo OJI0KA MPEACTABIEH HAa PUCYHKE 5.

Pucynok 4— Arduino Nano.
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( Ha;lano )

MHHL A3 AL[HA [10PTA)

f
O0nABIEHHE
AHATOMOBBIX BX0OJORB

UTeHHE PETHCTIPOR
ANl
i

/ Omrpaeka Ha [TK /
i

OEHEIaHAE NEpHOAA
s ilCKPE‘T HZaOHH

Chpoe =

Pucynox 5— Aaroputm mporpaMMHOTo obecrieueHus udposoro 010Ka.

st onpenenenust AJl He0OXOAMMO BBITIOJHUTD CIIETYIOIINE 3aaUHu:

1. ABTOMaTHUYECKHU OINPENEIIUTh U3MEHEHUE OCHOBHBIX napameTpoB OIII.

2. BoisiBUTH 3aBUCUMOCTb Mexay napamerpamu OIII" curnana u A/l

3. IlocTpouth rpaduku, BHIBECTH YpaBHEHUE, ONPEACISIONIEe KOppes-
nuro Mmexay AJl m napamerpamu @I curnana.

B mpoiiecce BbIMONHEHHS UCCIIEOBaHUST ObL1 pa3pabOTaHO YCTPOMCTBO,
peructpupytomiee OIII" curnan (cm. pucyHnok 6). Ilaner peructpupyeMoro ue-
noBeka npuitokeH K @I natuuky, A1t MpOBEPKU TOCTOBEPHOCTH MOJIYy4aEeMO-
ro 3HAYEHHUS] OJJHOBPEMEHHO IIPOBOAMTCS U3MepeHne A/l ¢ moMonip0 TOHOMET-
pa. IlomydeHnnbpie JaHHBIE ¢ U3MEPHUTEIBHOTO OJIOKa OTOOpaKAIOTCS B pa3pado-

TaHHOM MPUJIOKEHUU (CM. PUCYHOK 7).

PucyHok 6 — BHeniHuii BUJ, yCTpOUCTBA.
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Pucynok 7— Curnan OIIT".

Jlanee B npunoxkeHun Scilab (cM. pucyHoOK 8) BBIYHCISIETCS TMPOU3BO/I-
Has [IB, HaxoauTcs MenuaHa MOJTYyYEHHOro MaccuBa JaHHbIX. CpenHee 3Have-
HUE HCIIOJIb30BaTh HEKOPPEKTHO, TaK KaK OHO SIBJSIETCS CIMIIKOM YYyBCTBU-
TEBHBIM TAPAMETPOM K «BbIOpocam». B 3TOM cilydae mpuMeHsETCsl MeInaHa.
UYepes ypaBHEHHUE alMPOKCHUMAIIUK BBIYUCISETCS JaHHOE cucToimueckoe AJ|

(CA) u nuacronuueckoe AJl (AAH) (cm. pucynok 9—11).
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-] @ 1060

NpowasonHan NE

Pucynoxk 9- I'paduk 3aBucumoctu mexay CAJl u MennaHHBIM 3HAYCHHEM

npoussogHoi [1B.
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Pucynox 10— I'paduk 3aBucumoctu mexnay JIAJl n MennaHHBIM 3HAUCHHEM

npousBoaHoi [1B.

KomaraHoe okHo Scilab 6.0.2

CAQl 103.09548 [AL 68.338508

-—>

Pucynok 11— Beruucnennoe 3nauenue AJl.

Ha pucynkax 12—13 noka3ansl rpaQuky, WITIOCTPUPYIOIINE OIMIMOKH BbI-

yucnenus 3HadeHud AJl. MakcumanbHas ommoOka mist CAJl w nna JAI- 8

MM.PT.CT.
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CAJl, MM.pT.CT.

Pucynok 12 — 3aBucHUMOCTb MeXly BbIunciIeHHbIM 3HaueHueM CAJl 1 abcomoTHOM

OLLIMOKOIA.
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JAJl, MM.PT.CT.

Pucynox 13 — 3aBUCUMOCTB MEX 1y BBIYMCICHHBIM 3HaYeHHEM JIAJ] 1 abCcomoTHOM

OLLIMOKOIA.

Koaddunment nocroBepnoctu anmnpokcumanuu (KJIA) npu BerarcieHUN
CA/l pasen 0,80, npu Berunciennu JA/I- 0,81. KJIA xapakrepusyer TOYHOCTb
armpokcumanuu (ot 0 10 1): uem O6mmxe R? k 1, TeM TOYHEE MOJIEND ONKCHIBAET
nMerommecs nanusie. Kpurepuii duiiepa UCHoab3yeTcs sl OLEHKH 3HAYUMO-
CTH MOJIEIH B 1eJ0M. JIJIs OIEHKU MCIIONIb3YETCSl YpaBHEHHE CIEAYIOLIETO BUIA
(cm. dopmyny 1):

o R? ><n—k—l .
~ 1-—R2 k M

rae — R? -KJIA, n — konu4ecTBo HabmomeHuil, k — 4ucio oObACHAIO-
IIUX MTepeMEHHBIX. Berauciernnoe mo 3toi hopmyse 3HaueHUE CPAaBHUBACTCS C
KPUTHYECKUM 3HaueHneM kpurepus Ouepa (Fr.op). Eciiu B pe3ynbrare cpas-
HEHUsl OKasbIBaeTcs, 4To F> Fiop, TO MpUHUMAETCA TMIOTE3a O HAJEKHOCTH
mozenu B nenoM [4]. s CAIOF = 1,72, Freop = 1,71 u g AL F = 2,01,
Fireop = 1,61 — mpuHMMaeTCcs runoresa 0 HaJleKHOCTH IOTYYEHHOU MOJIEIH.

Takum 00pa3oM, 3KCHEPUMEHTAIBHO HUCCIENOBaHbl Hanbosee Mepcrek-

TUBHBIC MCTOAbI 0e3MaHKETHOTO ONpPCACIICHNA apPTCPUAJIBHOTO JaBJICHMA,
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NpPEeUIOKEH Y4l METOJ peanu3aluu cCUcTeMbl. Pa3paboTaHo ycTpoHcCTBO,
peructpupymomee ¢orormierusmorpadpuyeckuii curHan. C MOMOIIBIO TPO-
IPaMMHOTO O0ECIeUeHHsI ONpPEEeNIEHO TeKylllee 3HaUeHUEe apTepUaIbHOTO JaB-

JICHHA.
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AnHoTanusi: B HacTosee Bpemst 11t OOIIEHMS C CIICTIOTITyXOHEMBIMU JTFOBMHU
U uX 00ydeHHs] HEOOXOJIMMO UMETh JOPOTOCTOSIIIMI U CJIOXKHBIM B U3rOTOBJIE-
HuM 1puodop. [loaTomMy ecTh 3ampoc Ha CO3/1aHUE EUIEBOTO aHAJIOra U3 MaKCH-
MaJbHO TIPOCTHIX M JOCTYIHBIX JeTaliel, YTOOBI JTF000M YeT0BEK, KOTOPHIM Bila-

JCCT 0a30BBEIMHU 3HAHUSIMU B PaaruO3JICKTPOHUKE MOT €T0 1100 HpI/IO6p€CTI/I, JIn-
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00 coOpaTh B JOMalIHUX YCIOBHUSX, HE MOHECS 3HA4YMTEIbHBIX TpaT. Co3maH
IPOTOTHII, TOKA3bIBAIOIINIA TPUHIIUI PAOOTHI CUCTEMBI.

Abstracts: At present, it is necessary to have an expensive and difficult device
to communicate with deaf and blind people. Therefore, there is a request to cre-
ate a cheap analogue from the most simple and accessible parts, so that any per-
son who has basic knowledge in radio electronics can either acquire or assemble
it at home without incurring significant expenses. Created a prototype showing
the principle of the system.

KarwueBsle cioBa: mpudt bpaiins, TakTUIBLHBINA TUCIUICH, ClIeIMalIbHAsT CEMU-
CHUMBOJIbHAA KJIaBUaTypa, kinasuarypa PS/2, LCD aucmneit, Arduino Nano.
Keywords: Braille, tactile display, special seven-character keyboard, PS/2 key-
board, LCD display, Arduino Nano.

OCHOBHBIMU TpPEOOBaHUSAM, KOTOpbIE MPEIbSBISIIOTCS K pa3padarbiBae-
MYI0 YCTPOMCTBY SIBJIIFOTCSI HU3Kasl LIEHA, IPOCTOTA KOHCTPYKLMH, HAJIEKHOCTh
Y PEMOHTONIPUTOJHOCTb.

CaMblil oNTUMAaJIbHBIN BBIOOP - 3TO KOHCTPYKILMSI Ha OCHOBE IJIAT()OPMBI
Arduino cepun Nano, ¢ HCIIOJIB30BAHUEM JBYX KaHAJOB B3aUMOJCHCTBUS: OT
II0JIb30BATEIs], HE UMEIOIIETO HAPYIICHUM 3PEHUS U CllyXa K CIENO-TIIyXOMY, C
UCIIOJIb30BaHUEM B Ka4€CTBE CPEJICTBA BBOJAA U BbIBOJA MH(POpPMAIMK KJIaBHa-
Typsl PS/2 1 TakTunbHBIN AUCIIEH, OT CJIEMO-TIyXOro Mojb30BaTels K 00bIu-
HOMY, MCIOJIb3Yys CIEHHAJIBbHYI0 CEMUCUMBOJBHYIO KiaBuatypy u LCD nuc-

wieil. CTpyKTypy yCTpOWCTBa MOXKHO YBUJIETh Ha PUCYHKE 1.
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CneywansHan KnaeBwartypa
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Knaewartypa PS/2 Arduino Nano TakTMNLHBIA gUCnnei

LCD moHuTOp
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Pucynoxk 1 — Cuctema o B3auMOJEHCTBUIO CO CIAEMOTIYXOHEMBIM YETIOBEKOM.

TaktuneHblil aucruiei win taktop (Pucynok 2). Ilpennasnauen miig no-
Jy4yeHus WHGOPMAIMKM CIENbIM WM CJIENO-TIIyXOHEMbIM uenoBekoM. [lpen-
CTaBJIIET COOOM yCTpOMCTBO M3 6 map karymiek, 6 BU nuomamu, coe fMHEHHBIX
napajuyiebHO KaXKIOW mape KaTyllek U 6 MoJHMMaeMblX MMHU IThipei. Tak-
TUJIBHBIA JTUCTUIEH MOXET OBITh Pa3HOM Pa3MEPHOCTH U Pa3HOM KOHCTPYKIIMH.
Jlyis mepBOHAYaJIbHOTO OOYYEHHS TOCTATOYHO OJHOTO CHMBOJIA, TIOSTOMY BBI-

OpaH 0JTHO-CUMBOJIbHBIH OJIOK, TAaK)K€ OH MPOIIIE B MOAKIIOYEHNN U HACTPOUKE.

Pucynok 2 — TakTuibHbIN AUCIIIER

OOBIUHBII MTOJTB30BATEIb ISl OOIICHUS! UCTIOIB3yeT CTAaHAAPTHYIO KIIABU-
atypy PS/2. Beibop knaBuaTypsl ¢ yctapeBmnM pasbemoM PS/2, a He ¢ Goinee

coBpemeHHbIM USB o0ycnaBnuBaercs Jiydileid MoAAepx KON U CTaOMIbHOCTHIO
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paboThl ¢ muatoit Arduino, a TakKe HaJUYueM OOJIBIIET0 KOJUYECTBA TOTOBBIX
OUOIMOTEK U PUCETOB.

B kauectBe ycTpoiicTBa BbIBOJAa MOKHO MCIIOJIB30BaTh JIDOOM THUI IKpa-
HOB, MOAXOJAIIMN [0 pa3MepaM, OTPaHUYEHUN HET, B HameM ciaydae 3to LCD
9KpaH ¢ i2¢c moptoM. Hegoporoe u mpakTHYHOE YCTPOMCTBO IJISI OTOOpasKeHHSI
nH(pOpMaIMK C YK€ TOTOBBIMU M ITUPOKO PACIIPOCTPAHEHHBIMU OMOIMOTEKAMHU
st paboTel ¢ HUMH B cpene Arduino. Moxker otoOpaxkars 32 cuMBoOjia Ha 2
ctpokax (16 3HakoB B 1 cTpoke)

Cemu cuUMBOJIbHAS KJaBUATypa JOJKHA ObUIa CO3/1aHa CaMHUMHU B BHIY
OTCYTCTBUSI TAaKOBBIX MPOJYKTOB Ha PHIHKE. 6 KJIABHINI OTBEUYAIOT 3a COCTaBJIe-
HUE KOMOWHaIMK, 0003HaYaroe CUMBOJI, a CeibMasi 3a OTIIPABKy COOOIIECHHUS.

[Toaxmrouenue knaBuatypsl ocymectisiercsa yepe3 [2C monyinb (Pucynok 3).
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Pucynok 3 — CnennanpHasi CEeMMCUMBOJIbHAS KJIaBUaTypa.

[lutanue cuctemsl ocymectsisierca udepe3 DC-DC npeobOpaszoBartelb.
[lepBas nuHMs nutanus ¢ HeusMeHeHHbIMU 9 BoapTaMu ¢ DC-DC unyT Ha Kac-
KaJi pe3UCTOPOB M TPAH3UCTOPOB, BKIIOYEHHBIX B PEKUME KIIOYA, U MUTAIOT
TaKTUIBHBIN Auctied. Bropas nuaus uaetr Ha Arduino rae cTabumim3upyeTcs 10
5 BOJIBT ¥ IUTAET OCTABIINECS KOMITOHEHTHI.

PaGouuii mpoToTHN yCTpOMCTBa MOXXHO YBHAETh Ha pucyHke 4. Ilmara
Arduino Nano u Bce 2JIEKTPOHHBIE KOMIIOHEHThI COOpaHbl Ha MaKETHOM IjaTe

pasmepoMm 5 Ha 7 cM. 1A MOAKIIIOYEHUS BHEUIHUX YCTPOWCTB MCIOJIB3YIOTCS
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CEMH, YEThIpEX U JABYX KOHTAKTHBIE pa3beMbl. [Ipu Habope TekcTa Ha KilaBHATY-
pe PS/2, oH BBIBOOUTCS 1 Ha TAaKTOp M Ha IKPaH, TOXKE CaAMOE MPOUCXOIUT MPHU

Habope TeKCTa Ha CEMUCHUMBOJILHOM KJIaBUATYpE.

Pucynok 4 — IIporotun ycrpoiicTsa.

B xauecTBe mporpaMMHON 4acTH BBICTYIAET KpoccIuiaThOpMEeHHAsI cpenia
pazpabotku Arduino IDE. JlanHas cpena pa3paOOTKy HIMPOKO paclpocTpaHeHa
[0 BCEMY MUY, UCIIOJb3YET YIPOUIEHHYIO BEPCUIO si3blka C++, HMeEeT orpom-
HBI MAacCHB TOTOBBIX OMOIMOTEK M MPOTPAMMHBIX perieHuil. CBI3bI0 MEXKITY
[IK u matoit cinyxut BuptyaneHslid COM-nopt u USB nipoBoa.

3akiroueHue

CrenorinyxoTa OrpaHWYMBAET WIM MOJHOCTBIO JIMIIAET JIOAEH BO3MOXK-
HOCTH K COI[MAJM3allMd B OOIIECTBE, OOYUYEHHUIO U MPOCTOMY UYEIOBEYECKOMY
obmenuto. J{nst pacmmpeHus TpaHUIbl OOIIEHUS JIJIS JTFOEH CO CIIOKHBIMH CEH-
COPHBIMU HApYIICHUSIMU B JIaHHOW paboTe pa3pabOoTaHO KOMMYHHMKAIIMOHHOE
YCTPOMCTBO, KOTOPOE OTIMYAETCS HU3KOM LEHOW, MPOCTOTOW HCIIOJIb30BAHMS,

BBICOKOW PEMOHTOIPUTOAHOCTBIO.
Cnucok ucnoIb3yeMoii JIUTepaTyphbl:

1. ITanpToB, A.E. OCHOBBI TEXHHYECKOI'O COMPOBOXKJICHUSI OOyUYEHUs JETel CO

CJIO)KHBIMH CEHCOpHbIMM HapymieHusmu: yueO. [locobue / A.E. IlansToB; e-
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AnHotamusi: OnmcaHo  NPUMEHEHHE M XapaKTePUCTHKU  KOXKHO-
raJbBaHMYECKOW PEaKIUH, €€ CBA3b C MCUXOIMOLMOHAJIBHBIM COCTOSIHUEM 4Ye-
noBeka. Pa3paboTaHo yCTpOICTBO AJIsi KOHTPOJIS ICUXO3MOIIMOHAILHOTO COCTO-
STHHSI CO CBETOBOM MHJIUKAITUEH, a TAKXKe TIPEICTaBJICHa er0 paboTOCIIOCOOHOCTh

B 3aBUCHUMOCTH OT TCKYILICTO COCTOSHHA YCJIOBCKA.
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Abstracts: The use and characteristics of the galvanic skin reaction, its connec-
tion with the psycho-emotional state of a person are described. A device has
been developed to control the psycho-emotional state, and its performance is
presented depending on the current state of the person.

KawueBble cioBa: KokHO-ranbBaHWYecKas pPeakivs, SMOIMOHAIBHOE BO3-
OyXIleHne, ICUX03MOIIMOHATILHOE COCTOSTHUE, CTPECC, YMOIINH.

Keywords: galvanic skin reaction, emotional arousal, psycho-emotional state,

stress, emotions.

SIBNASICE  KOPPENATOPOM TMCUXO3MOILIMOHAIIBHOTO COCTOSIHUS, KOYKHO-
ranbBHUYeckass (KI'P) mmpoko wucnonb3dyercss B KOHType OHOJIOTHYECKH-
oOpaTtHO# cBsi3u mpu yeuenun 3adoneBannii [[HC, nHeBpo3oB, (obduii, mempec-
CHUBHBIX COCTOSIHUM, PAa3IUYHBIX SMOIMOHAIBHBIX PAaCCTPOMCTB, IMOBBIICHUS
MICUXWYECKON YCTOMYMBOCTH B CTPECCOBBIX YCIOBUSAX.

Ycrpansis n30bITOUHYIO BETETATUBHYIO aKTUBAITUIO B PE3YyJIbTAaTE OTKINKA
Ha BHeIIHUE pazapaxutenu, oOyuenue no KI'P mo3BomisieT CHU3UTH 3MOLIUO-
HaJbHOE BO30YXKJEHUE U YIYUYIIUTh YCTOWYMBOCTh K HEMPEABUICHHBIM CTpEC-
COT€HHBIM CUTYAaIUsIM.

Peructpauus KI'P ocymecTBigeTca no merony TapxaHoBa, rie IpOUCXO-
JUT PErucTpanus pasHOCTH MOTEHIMAIOB MEXIY ABYMSI YYAaCTKaMU KOXH, Kak
MOKA3aHO Ha PUCYHKeE 1.

S /\/\,/,,/\f. e e

Pucynok 1 — KI'P ¢ AByMsI BBICOKOAMIUIUTYTHBIMH PEAKIIMSIMH.

Konebanust KI'P BO3HUKAIOT M3-3a yCHJIEHUSI HEPBHON aKTMBHOCTHU YeJO-
BEKa, YTO COINPOBOKIAETCS MOBBIIIEHUEM CEKPELUU 110TA U IPOSBIIAECTCA B BO3-

HUKHOBEHHMH T'aJIbBAHUYECKOT0 TOKA HA MMOBEPXHOCTHU KOXKH [ 1].
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[To crenenn peakTUBHOCTH BCEX JIOJEH NIESAT HA HU3KOPEAKTUBHBIX (pe-
aKIMs HE MPOSIBIIACTCS J1a’K€ HA BHICOKME M UHTEHCUBHbBIE CTUMYJIbI) U BBICOKO-
peakTUBHBIX (Tae Jito0oe, 1ake caMmoe Majeilee BHEIIHEE BO3/ICHCTBUE BbI3bI-
Bae€T MHTEHCUBHYIO BBICOKOAMILUTUTYJIHYIO peakiuio). Tak ke HaOmoaarTcs U
MPOMEKYTOUYHBIE TUIIBI.

YcTpolcTBO, MOKa3aHHOE Ha PUCYHKE 2 MPEJCTaBIsieT cOO0W KOHCTPYK-
M0, COCTOSIIIYIO U3 PEMEIIIKA U KOPITYCa C KPBILIKOW, IJIe¢ BHYTPHU pa3MeIlat0T-

CsI MUKPOCXCEMEI, 010K MUTaHUS KpOHa 9B, a TaKK€ KHOIIKHM U CBECTOAHUOIBI.

Pucynok 2 - YcTpoicTBO AJ1s1 KOHTPOJIS ICUX03MOIIMOHAIILHOTO COCTOSIHUS YEJIOBEKA.

KHonkamu MOXHO peryaupoBaTh HUKHUM U BEPXHUM ITOPOTH, a CBETOIU-
0J1bl NIPEAHAa3HAYEHBI ISl CBETOBOM MHIMKALIUU.

Cketu nporpammsel Hanucal B cpeae Arduino IDE, a Busyanuzanus ocy-
niecTBisuIach mporpammoit BiTronics Studio.

[lepen HauaaOM 3KCHEPUMEHTA Y€JIOBEK, KOTOPBIM IPUHUMAET y4acTUE B
UCCJIEIOBAaHUM JOJDKEH HaJeTh OpacieT Ajs OmpeleseHUs MCUXOAIMOILMOHAb-
HOT'O COCTOSIHMSI M TOI/Ia YCTPOMCTBO Cpa3y HAa4yHET CUUTHIBATH MOJIYYEHHBIN
CUTHAJ U NIPOU3BOJIUTH KaTUOPOBKY.

Koraa genoBek HaxomWTCS B CIOKOWHOM COCTOSIHMH, TO Ha rpaduke Oy-
JIET pOBHAs JIMHUS 0€3 CUIBHBIX U PE3KMX MHUKOB. ECIM 4YeloBEK UCHBITHIBACT
CHJIBHBIN TUCKOM(DOPT MM CUIBHOE SMOLIMOHAIBHOE BO30YXKACHUE, TO CUTHAT

PE3KO YBEIUUUTCS (PUCYHOK 3).
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Pucynok 3 — KI'P nipu ctpecce.

Kpome Toro, ycTpoiicTBO mpeAaHa3Hau€HO UIi aBTOHOMHOM paboThl AJist
UCTOJIb30BaHUSI B OBITOBOM NPUMEHEHUH, MOITOMY 3aIyCK MPUIOKEHUS IS
oToOpaxeHusi rpapuka He oOs3aTeNeH, T.K. HA CaMOM KOPIYCe yCTaHOBJICHbI
CBETOAMO/ABI JJIS1 HHIUKAIIMH IICUX0AMOIIMOHAIBHOTO COCTOSTHUS YenoBeka. Tak,
KOTJ]a YEJIOBEK HaXOJUTCS B CIIOKOWHOM COCTOSIHUM M HE HCIBITHIBAET HYMOLIMO-
HAJILHOTO BO30YXK/IEHUS, TO TOPUT 3€JICHBI CBETOAMOM KaK Ha PUCYHKE 4, 4TO

TOBOPUT O KHOPMEN.

Pucynok 4 — PaboTa 3e1€HOro CBeToIn0/1a, CBUJETEILCTBYIOIIETO O HOPME.

Ecnu xe yenoBeKk HaxOJIUTCS B MOJABIIEHHOM COCTOSIHMM, TO BMECTO 3€-
JIEHOTO CBETOJMOJA 3arOpUTCsl CUHHMIM CBETOIMOJ (CM. PUCYHOK S5) UTO CBHUJE-
TEJIbCTBYET 00 3MOILMOHATBHOM YIAJIKe U TOTJa CIEAYyeT OTBIEYb ce0sl OT TH-
KEJBIX MBICIICH W HAWTH 3aHATHE ]ISl TIOBBIMICHUS OOIIETO 3MOIIMOHAILHOTO

TOHYCA.
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Pucynok 5 — Pabora cuHero cBeToanoa, CBUIETEIbCTBYIONIETO 00 SMOIIMOHATLHOM YIaJIKE.

Korpa 3aropaercs kpacHblii CBETOMO (CM. pUCYHOK 6), UTO 3TO TOBOPUT
0 TOM, YTO Celyac YeJIOBEK HCIBITHIBAET CUILHOE 3MOIMOHAIBLHOE BO30YXKIe-
HHUE, KOTOPOE MOXKET OBITh BBI3BAHO arpeCCHE, MOBBIIIICHHOM CTPECCOM M Clie-
JyeT OBICTPO MPUHATH MEPHI MO BO3BPAIICHUIO B HOPMY (HarpuMmep, BKIIOYUTh

JTHOOUMYIO MY3BIKY, IOCUUTATh B yME, IIOTOBOPUTH HA OTBJICUCHHBIE TEMBI).

Pucynok 6 — Pabota kpacHOT0 CBETOANO]1a, CBUIETEIbCTBYIOIIETO O CUIBHOM YMOLMOHAIb-

HOM BO30YK/ICHUH.

WMHorma mpoucxXoauT TakK, 9YTO YeIOBEK HUYEM He 00ECIOKOEH, HO TOPUT
HE 3€JICHBII CBETOAMO]], a, HApUMep, CHHHMW, TOTJa B TaKOM CIy4ae MOXHO
NPOM3BECTH PYYHYIO PETYIMPOBKY IOPOTa, Iie 2 BEpXHUE KHOIKHU OTBEYAET 3a
HOJHATUE U CHW)KEHHE MaKCHMAaJIBHOTO TIOpOTa, a 2 BEPXHUE OTBEYAIOT 33 MHU-
HUMaJIbHBIN TIOPOT.

Takum oOpa3zom OpacieT perucTpupyoUuil KOKHO-TaJbBaHUUECKYIO pe-
aKIMIO TIO3BOJISIET AHANIM3UPOBATh (PYHKIIMOHAJIBHOE COCTOSIHUE HEPBHOW CH-

CTCMBI YCJIOBCKA.
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OTO MO3BOJISCT YCJIOBCKY, ITOJB3YIOIIMUMCA 6paCJ'I€TOM, KOHTPOJIMPOBATH
MNCUXO3MOINOHAJIBHOC COCTOAHUA W MPCANPUHUMATL MCPBI 110 €0 HOpMaJin3a-

OUH.
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Annotanusi: CtaThsl MOCBAIIEHA pa3paboTKe ammapaTHO-MPOrPaMMHOTO KOM-
TUIEKCA UCCIIEAOBAHUS SJICKTPUICCKIX XapAKTEPUCTUK OMOJIOTHUYECKU aKTHBHBIX
TOUYEK YeJIOBeKa IS OIEHKH (PGEKTUBHOCTH MPOBOJUMON TEparHu MpH Jiede-
Hun. B xome paboTel OblM pa3paOOTaHbl CIAEAYIOUIUE CXEMBL: AJIEKTpUYecKas
CTPYKTypHasi BCETO YCTPOMCTBA, dJIEKTPUUECKasi MIPUHIIUIINATbHASI U3MEPUTEIIb-
HOTro OJioKa. B pesynbrare BbIMOTHEHHs pabOThI OBLT pa3paboTaH MakeT arra-
PaTHO-TIPOrPAMMHOTO KOMILIEKCa, OOOCHOBAH BBHIOOP OOIIMX TEXHHUYECKUX pe-
IICHWH, BBIMIOJIHEH pacdy€éT HAJEKHOCTH YCTPOWCTBA, a TaKKe MNpPOU3BEIeHa
OLICHKA €T0 KauecTRa.

Abstract: the Article is devoted to the development of a hardware-software
complex for the study of electrical characteristics of biologically active points of
a person to assess the effectiveness of therapy in treatment. In the course of
work the following schemes were developed: electrical structural of the whole
device, electrical principal of the measuring unit. As a result of the work, a
model of the hardware and software complex was developed, the choice of Gen-
eral technical solutions was justified, the reliability of the device was calculated,
and its quality was assessed.

KiroueBble cJi0Ba: 3JICKTPOIYHKTYpa, HEHpoTepanus, OWOJOTHYECKH aKTHB-
HBIC TOYKH, HEPBHBIN UMITYJIbC, TOCTOSHHBIN TOK.

Key words: electroacupuncture, neural therapy, acupressure points, nervous

impulse, direct current.
AKTyalmbHOCTh pa0OTHI 3aKJIIOYAeTCS B TOM, YTO HA ITArle Pa3BUTHS CO-

BpeMeHHOﬁ MCINITUHBI HCO6XOI[I/IMO p8,3pa6aTBIBaTB HOBBIC W COBCPIICHCTBO-

BaTh CYIIECTBYIOUIME METOMbI OIEHKU 3()(PEKTUBHOCTH MPOBOIUMON TEpaIvu.

114



Cpennu MHOXECTBA CYIIECTBYIOIUX Ja0OPATOPHBIX U MHCTPYMEHTAJIbHBIX Me-
TOJIOB HAWOOJBIIYI0 HEHHOCTh MPHOOPETA0T METOAUKH, HE OKa3bIBAIOIINE
HEraTUBHOT'O BJIMSIHMS HAa OPraHM3M Y€JIOBEKa, NMEIOLIUE HENPOIOJKUTEIIBHOE
BpEMSI MCCIICJIOBAHHUSA U OTJIMYAIOIIMECS JOCTYHMHOCTBIO. DTUM TpeOOBaHUSAM
MOJKET COOTBETCTBOBATh MPUMEHEHHE METO/a 3JICKTPOMYHKTYPHOU AMArHOCTHU-
ku (OI1/]) s uccnenoBaHus ANEKTPUYECKUX CBOMCTB OMOJIOTUYECKH AKTUBHBIX
touek (BAT) uenoBeka ¢ mpUMeHEHHEM yCTPOUCTB, PabOTAIOMIUX Ha MOCTOSH-
HOM TOKE pa3Ho# nojsipHoct [1].

ITpu BO3AEMCTBUM U3MEPUTEIBHBIM TOKOM Ha TOUKY aKyNyHKTYpPBI B CIIy-
4ae HOPMAJIBHOTO €€ SHEPreTHYECKOr0 COCTOSIHHSI BOSHUKAET PABHOBECHE MEXK-
Ny TOAABa€MbIM U MPOTUBOCTOSIIIUM BO30YyKJIeHUEM. Pe3ybTaToM 3TOro BO3-
JEHCTBUS SABISIETCS YCTOMUMBOE MOKa3zaHue mpuOopa B nuamnazoHe 50-65 MKA,
npu makcumyme B 100 MxA [3, 4]. [1aBHBIM JTOCTOMHCTBOM METOAA 3JIEKTPO-
INYHKTYPHOW JAMAarHOCTUKHM SIBJISIETCS TO, YTO 3a00JIEBaHUSI OPraHOB IMPUBOASAT K
CHIDKEHHIO 3nekTponpoBoaHocTH BAT emie 1o Toro, kak 3abosneBanue oOHapy-
KUTCS 1a0OPATOPHBIMU U KIMHUYECKUMHU HCCIEA0BaHUsAMH [2]. P cnenumanu-
CTOB, MNPUACPKUBAOUINXCA pPe(IECKTOPHON TEOPUM, CUUTAIOT CBA3b MEXKIY
¢ynkmonansHo Onu3kumu BAT cdopmupoBana mocpeAcTBOM HEWPOTyMO-
paJIbHOM cUCTEMBI [S].

VYuuThIBas BBIIIEU3I0KEHHbBIE JAHHbBIE, CIIPABEIMBO MPEANOI0KUTh, UTO
napametpsl BAT Ttarke OyIyT MEHATHCS NPU MEIUKAMEHTO3HOM M HEMEJUKa-
MEHTO3HOM JIeueHUH nanueHTta. CleoBaTenbHo, OTCASKUBAaHUE TUHAMUKU U3-
MEHEHUI JMaHHBIX MapaMEeTPOB NpU MPOBEACHUH JICUCHUS MOKET IO3BOJIUTH

JIaTh OLIEHKY 3(PPEKTUBHOCTU MPOBOIUMOMN TEPAMHH.
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[lenpro HaAy4yHO-HCCIIEOBATENBCKON PabOThI SIBIsIETCSA pa3paboTKa ara-
pPaTHO-MPOTPAMMHOTO0 KOMIUIEKCA MCCIIEIOBAaHUS 3IEKTPONPOBOAHOCTH OHOJIO-
IMYECKU aKTHBHBIX TOYEK YeJIOBeKa JJI OLUEHKH 3(PGEKTUBHOCTH MPOBOIUMOM
TEpaIuy B XOJ€ JICUECHUS.

HcxonHble JaHHbIe A1 pa3pabOTKU annapaTHO-IPOrpaMMHOTO KOMILIEK-
ca Cleayrouue:

1. Mcnonp3oBaHue MeTOJa U3MEpPEHUs 31eKTporpoBoaHOCTH BAT yeno-

BeKa /7151 KOHTPOJIsi 3 (PEKTUBHOCTH JICUCHUS.

2. BosmoxkHocTh nmoakiarouenus K I11K.

3. Peructpanus nansasix Ha [1K.

4. B0O3MOXHOCTh aBTOHOMHOM PabOTHI.

5. KOHTpOJIb CHIIBI HAXKATH U3MEPUTEIIBHOTO JJIEKTPOA.

B xone pabothl Oblia co3ana cxema AJIeKTpUUecKasi CTPYKTYpHasi BCETO
YCTPOMCTBA, KOTOpas MPEACTAaBICHA HA PUCYHKE |, MpUHIIMNIUATIbHAS JJIEKTPU-
YyecKasi cxemMa M3MEPHUTENIbHOTO OJIOKa ammapaTHO-MPOrpaMMHOTO KOMILIEKCA,

MPE/ICTaBICHHAS] HA PUCYHKE 2.

7 J 4
b0 = 4 = M
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Pucynok 1 — CxeMa anekTpudeckasi CTpyKTypHasi BCEro yCTpOMCTBa
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Ha nanHOl cxeme mpencTaBieH OMOOOBEKT, Yepe3 KOTOPBIA HMPOXOIUT
VCXOJIHBIN 3JEKTPUYECKUI TOK OT UCTOYHHKA TOKA, 3HAYEHHUE KOTOPOr0 CHUMA-
€TCsl C MMOMOLIBIO JaTYMKa — 3JEKTPOJOB. 3aTeM JaHHBIA TOK MpeoOpasyeTcs B
HaIpsUKEHUE B U3MEPUTENIBHOM MpeoOpa3oBaTese. 3aTeM IOJIyY€HHOE Harps-
KEHHE MOCTYyMaeT Ha MUKPOKOHTposuiep (Arduino nano), a MMEHHO Ha aHAJIOTO—
U poBoi Ipeobpa3oBaresb, Jajee NepeaacTcs Yepe3 Mocaeq0BaTeIbHbIA UH-
Tepdeiic. B koneuHoM utore curnan snextpornpoBogHoctd BAT mocrymaer Ha
nepcoHanbHbIil koMmbtoTep (I1K), 3anuceiBaeTcss U rpaduyecku BU3yaIu3upy-

CTCA.

HT

uH;)

L xS1
| nexmpad AF
~ | Jnexmpad 07
Bx. koHmp. Hax.

| Beix. KOHTD. HOX.
X2

~ N~
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Pucynok 2 — Cxema srieKTpuyeckasi IpUHIUITHAIBHAS U3MEPUTEIHHOT0 010K
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TexHnueckne XapakTepUCTUKU U3MEPUTENIBHOrO OJ0Ka YCTPOICTBA, Clie-
IYIOIIE:

a) HomuHanbHOe HanpspkeHue nutanus — 9B;

0) MakcumanbHbiii TOK — 100 MKA;

B) BrixonHoe HanpsikeHue — 2 B;

B xome paborel Obuta pa3paboTaHa KOHCTPYKIHUS —ammapaTHO-
nporpaMMHoro kommiekca B cpene «Kommac-3Dy», koTopas npencraBieHa Ha

pUCYHKE 3.

Pucynok 3 — KoHcTpyKIHs anmapaTHO-MPOrpaMMHOI0 KoMILiekca uccineaoBanus bAT deno-
BeKa. | — kopIryc; 2 — KphIlKa; 3 — KHOIKA CMEHBI MOJISPHOCTH; 4 — IUPPOBOH MUKpOaMIIep-
MeTp; 5 — peryasaTop Toka, 6 — USB BeiBox; 7 — TymMOnep nutanus; 8§ — pazbem; 9-

CBCTOIIHOI[HBIﬁ HWHAUKATOP 3alliuCH JaHHBIX

B xone pabothl Obuia pa3paboTaHa medyaTHas TUiaTa C AIEKTPUICCKUMHU
aeMeHTamMu. B pa3paboTaHHOM ammapaTHO-MPOTPAMMHOM KOMIUIEKCE IaTa
COCIMHSIETCS C JPYTUMH COCTaBIISIONMIMMH YCTPOWCTBA: TUIATON ITM(POBOTO
Mukpoammnepmerpa, miatoit Arduino NANO, ncrounukom nutanus (6atapeeit 9
B), anemenTamMu KoMMyTalMy U WHIUKAIAH, TOTEHITMOMETpOM. [ opn3oHTaIB-
HOE PacIOJIOKEHHE TIAT B KOPITyCe amnmnapara 0OKa3alloch Haubosee palnoHalb-
HBIM. YCTpPONCTBO WHAMKAIIMU TPEACTABISACT COOOW MEYaTHYIO IIaTy MHUKPO-

ammniepmetpa ¢ KK skpanom. DneMeHT nuTaHus BCTABISIETCS B OaTapeiHbIi OT-
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CEeK U 3aKpbIBaThCs KpbllIKoW. [ledyaTHas muiata ¢ auemMeHTaMu u mata Arduino
NANO kpensitcs kK 00KOBOHM CTEHKE MTPUOOPa C MOMOIIBIO YTOIKOB.

B pesynbrare BblNONHEHHS pabOThl ObUT CO3/IaH MAaKeT armnapaTHO-
IPOrpaMMHOr0 KOMIUJIEKCA, KOHCTPYKTUBHOE UCIOJIHEHHE KOTOPOTO IMpEACTaB-

JIEHO Ha PUCYHKE 4.

Pucynok 4 — KoHCTpyKTHBHOE UCTIOJTHEHUE MaKeTa yCTporcTBa. 1 — nudpoBoit
MHUKpOaMIiepMeTp; 2 — TyMOJIep BKJI./BBIKI. MprOopa; 3 — KHOIKAa CMEHBI TIOJIIPHOCTH; 4 —
MOTEHLIMOMETP I PETYJIMPOBKHU TOKA; 5 — ACCUBHBIN IEKTPOL; 6 — aKTUBHBIN JIEKTPOJL C
MUKpONEpEKIIIoyaTeneM; 7 — BBIBOJ JUIsSl TACCUBHOTO M aKTUBHOTO JIEKTPO/IOB; 8 — BBIBOJ

microUSB; 9 — BreiBog USB IIK; 10 — ka6ens microUSB; 11-11K.

B usmepuTenbHbIi 3J€KTPOJ BCTPOEHA CUCTEMA KOHTPOJIS CUJIbl HAXKaTHUs
Ha 3JIEKTPOJl, @ UMEHHO MHUKpOINEpEeKIItouaTesib U Hebompmias npyxuHa. Ilocne
Ha)XaTUd Ha DBJEKTPOJ, YEJIOBEKOM MPOBOSAIINM HCCIEIOBAaHUE, MPYKUHA
BO3/ICICTBYET Ha MHUKpPOIIEPEKIIOYATENb, 3ar0PAETCsl CBETOIMO U HAYMHAETCS
nepenaya nansbix Ha [IK.

B xone paGoTs! ObL1 paccunuTaH MOKa3aTelb HaJEKHOCTH YCTPOHCTBA, KO-
TOPBIN B MOJHOM Mepe yaoBieTBopseT TpedoBanusam: To = 120689 yacos =~ 13
jer; ObUla NPOM3BEIEHA OLIEHKAa KadyecTBa YCTPOMCTBA C IOMOUIbIO METOJa

CpaBHEHHMSI ACHCTBUTEIHLHOTO 3HAUEHUS MapaMeTpa KadecTBa ¢ 0a30BbIM 3HAUE-
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HueM. KOMIIEKCHBIM NOKa3aTeap KadyecTBa KOHCTPYKIMM OKAa3ajcs paBEH
1,293.

Jliist Toro, 4TOOBI JaHHBIE 3JIEKTPONPOoBOAHOCTH BAT denoBeka BO3MOXK-
HO OBUIO pEerucTpupoBaTh Ha nepcoHanbHOM KomibloTepe (I1K), Obima cozgana
nporpamma B cpene «Arduino IDE». Ilocnme mporpammupoBaHus MUKPO-
KOHTpOJUIEpA CTajl0 BO3MOXHBIM CHSTHE JAHHBIX 3JIEKTPONPOBOAHOCTH BAT
yenoBeka ¢ nomomipio [IK. HMuTepdelic mporpamMmbl ansi XpaHeHHs! JaHHBIX
anekTporpoBoHOocTH Ha [1K, mpencraBieHHblil Ha pucyHKe 5, ObLT pa3paboTaH

B Cpcac «Lazarusy.

o BROA A0HHLE “ Boan s

PE:]

HleeBeie e Elopfer
i

B EIC T T

Pucynok 5 — HTepdeiic mporpamMmbl JUIst XpaHEHHS JAHHBIX 3JIEKTPOIPOBOAHOCTH

BAT uenoseka

B urore 6b11 pa3paboTaH annapaTHO-IPOrPAMMHBIN KOMIUIEKC UCCIIEN0-
BaHUS AIIEKTPUUECKUX XapakTepucTuk BAT demoBeka. DIEKTPOMYHKTYPHBIM
METOJI PETMCTpALMi, OCHOBAHHBIA Ha KOPPEISLUUU MEXIY DJIEKTPOKOXHBIMU
XapaKTepUCTUKAMHU OTJENbHBIX OMOJIOITMYECKH aKTHBHBIX TOYEK U COCTOSIHUEM
BHYTPEHHUX OPraHOB M CHCTEM YeJIOBEKa, MO3BOJIAET KOHTPOIUPOBATh 3PPek-
TUBHOCTb ITPOBOJIUMOM TEPANHH.

[TpeumymiecTBamMu pa3pabOTaHHOTO YCTPONCTBA SBISIOTCSA: BO3MOXKHOCTD
BBIBOJIA JAHHBIX 3JIeKTporpoBogHocT Ha IIK, mporpammuoe ompenenenue

Hp06051 OMOJIOTUYECKH aKTUBHOM TOYKU. DTH BO3MOXKHOCTH ITO3BOJISIOT ITPpOBO-
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JAUTb aHAaJIW3 AOAaHHBIX J3JICKTPOIIPOBOAHOCTHU B p33pa6OTaHHOﬁ IIporpaMme Ha

IIK.
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AnnHoTanus: [TokazaHn myTh pa3BUTHS JIEKTPOHHBIX CPEICTB, YCOBEPIICHCTBO-
BaHNE KOTOPBIX HEPA3PHIBHO CBS3aHO C TMOBBIIMIEHHEM (DYHKIIMOHAIBHOW CIIOXK-
HOCTU WX KOMIOHEHTOB. [IpoaHanu3upoBaHbl MSTh 3TANOB JBOJIIOIHUU DJICK-
TPOHHBIX CHCTEM. Pe3ynbTaThl HCCIICOBAHUS TEMIIOB Pa3BUTHS KOMIIOHEHTHON
0a3bl AJIEKTPOHHBIX CpeACTB B Poccun u 3a pyOGe:xoM 000011IeHBI B OTOOPaKEHBI
rpaduyecKu.

Abstracts: The way of development of electronic means is shown, the im-
provement of which is inseparably linked with the increase in the functional
complexity of their components. Five stages of the evolution of electronic sys-
tems are analyzed. The results of the study of the rate of development of the
component base of electronic means in Russia and abroad are summarized and
displayed graphically.

KioueBble ¢JIOBa: DIEKTPOHHBIE CPEJCTBA, KOMIIOHEHTHI, SBOJIOIUS, HHTE-
rpajgbHBIE MUKPOCXEMbI, MUKPOIJICKTPOHHUKA, HAHOAJIEKTPOHHKA.

Keywords: electronic tools, components, evolution, integrated circuits, microe-

lectronics, nanoelectronics.

[TosiBeHne yCTpOWCTB HA IEKTPUUYECKUX SIBICHUSIX UCTOPUYECKH OCHO-
BaHO Ha paborax JI. K. dapanes, /. K. Makcsenna, I'.P. I'epua, B. JI. Kpykca,
3. I'pannu, O. . Jlomxa, H. Tecnel, A. C. Ilonosa, I'. Mapkonu, B.C. Cko-
OenbliMHA U Opyrux. B HacTosIlee BpeMs 371€KTPOHHbBIE CUCTEMBI HCTIOIB3YIOTCS
PaKTHYECKH BO BCeX cepax KUIHEACITETbHOCTH YEJIOBEKa. Y COBEPILICHCTBO-
BaHHE 3JIEKTPOHHBIX cpelcTB (DC) HEPA3PBIBHO CBSI3aHO C PAa3BUTHUEM HX KOM-
noHeHTOB. Llenbio padoThl siBNIsieTCA aHAIN3 (PYHKIIMOHAIBHBIX U KOHCTPYKTHB-

HO-TEXHOJIOTHYECKUX OCOOCHHOCTEN KOMIIOHEHTOB pa3HbIX MOKOJEHUM U CpaB-

122



HEHUE TEMIIOB Pa3BUTHsI OTEUECTBEHHOM U 3apyOeKHOM KOMIIOHEHTHOH Oa3bl
AIIEKTPOHHBIX CPEJICTB.

OCHOBOI1 2JIEKTPOHHON anmnaparypbl IEPOBOI0 MOKOJIEeHUs ObLIN JAMIIBI.
Hemenxwuit paguorexuuk A. Meiicaep B 1913 rogy oTKpbUT CHOCOOHOCTH TPHO-

Jla TEHEPUPOBATH SJIEKTPOMArHUTHbIE KoyieOaHusa. brarogapst 3Tomy ObLI MO-
CTPOCH TIEPBBIA JAMIOBBIN paJvoNepeaTINK, CIIOCOOHBIA TIepenaBaTh Tele-
¢dbonHbIe U TenerpadHbie CUrHaNbl. llepBble 0OTeUECTBEHHbIE JIAMITBI MOSBUIIUCH
k 1919 r B Hmwxkeroponckoit mnaGoparopuu noj pykoBoactBom M. A. bonu-
BpyeBuua. B 351eKTpOHHBIX M3AEIHSIX MEPOBOrO MOKOJECHUS MPUMEHSIIUCH JIaM-
bl B CTEKJISTHHBIX M METaJUIMYECKUX KOPITyCax, JaMIlbl TUIA «IPOOb» U «xKe-
aynab». CoCTaBHBIE YacTH W3MEIUN  BBITIOJHSJIUCh B BUJE MOHOOJIOKOB, Kak
npaBuio, 0€3 KoxKyxa, KOTOpble KOMIIOHOBAJIUCH B CTOMKH. BHYTpHOIOUYHBIE U
MEXOJIOUHbIE COEIUHEHUSI OCYIIECTBIISUIMCH MPOBOJIOYHO-KTYTOBBIM MOHTA-
#&oM. C TOBbIIIEHHEM (DYHKIIMOHAIBHON CIOKHOCTH M CEPUUHOCTH MPOU3BOJI-
CTBa KOHCTPYKILIMM 3JIEKTPOHHBIX YCTPOWCTB JAEIUIIUCH Ha Oojiee MEJIKue Co-
CTaBHBIE YaCTH, TaK Ha3bIBaeMble YHU(PUITUPOBAHHBIC (DYHKIIMOHATLHBIC Y3IIbI
(YOVY) [1, c.6]. IlepBeiMu oteuecTBeHHBIMU YDV Obutn «OneMeHT 1» Ha me-
YaTHOM MOHTAXKE€ W JIaMIax Cepuu «JIpoOb». MeToa (yHKIHOHATBHO-Y3I0BOM
KOMIIOHOBKH 3aMEHMJI OJIOUHYIO KOMIIOHOBKY.

ITocne nzobperenus Tpanzuctopa B 1948 roay nosBuiIach TpaH3UCTOPHAS
TE€XHHKA, aKTUBHBIMU KOMIOHEHTAMHU KOTOPOM CTajdu JAUCKPETHBIE MOIYIpO-
BOJIHUKOBBIE 3eMeHThl. B 1952—-1953 romax moa pykOBOJICTBOM HEMEIKOTO
¢usuka I'epbept Martape B ['epMaHuu BbINyIEHA OMBITHAs MapTUsl «TpaH-
3UCTPOHOBY» (TOYEUHBIX TpaH3UCTOPOB). ['epbept Matape paszpaboTan mepBblit
paguonpuéMHHK Ha 4eThIpEX TpaH3ucTtopax. B 1955 rogy Owu1 paspaboran
OTEYECTBECHHBIM TOPTATUBHBIA TPAH3UCTOPHBIA paAHMONPUEMHUK " JIOpOKHBIN"
u npousBenéH MockoBckuM 3aBogoM "KpacHeiii OkTs0pb", ONbITHAsT mapTus

paguonpueMHUKOB Oblla BblylIeHa B 1956 roay. [IpakTuuecku Bo BceX KOH-
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CTPYKLMAX IEKTPOHHOM armapaTypbl BTOPOI0 NOKOJEHHS JTOMUHUPYIOIIHUM
ObUT (PYHKIIMOHAJIBHO Y3JIOBOM METOJ KOMIOHOBKU. B meproa TpaH3uCTOpHOI
JIEKTPOHHOM TEXHUKHU IOSBWIOCH U CTAJO Pa3BUBATHCS HOBOE HAINPABIICHUE B
KOHCTPYMPOBAaHUN — MHUHMATIOPU3aLMs anmnapaTrypbl. Y MEHBIIEHHE Pa3MeEpOB
AKTUBHBIX W TACCHUBHBIX 3JIEKTPOPAJNOAIEMEHTOB MO3BOJMIO BBIITYCKATh
(YyHKIIMOHAJIbHBIE Y3JIbl B BUJIE TUNIOCKUX U OOBEMHBIX MOAYJIEH U MUKPOMOJY-
neil. YBenuueHue (PYHKIIMOHAJIBHOW CIIOKHOCTH ammapaTypbl MPUBOIWIO K
HEOOXOJMMOCTU YBEIMYEHHUSI KOJIMYECTBA JUCKPETHBIX AJIEKTPOPAAHOIIEMEH-
TOB, IIPX 3TOM COOTBETCTBEHHO YBEIMYUBAJIOCh YUCJIO KOHTAKTHBIX JJIEKTpHUYE-
CKHMX COCMHECHHU (MasiHBIX, CBAPHBIX ), TTIO3TOMY BEPOSITHOCTh OE30TKa3HOU pa-
OOTBI CIOMKHBIX YCTPOHCTB YMEHBIIANACh.

[TosiBeHre HOBOM AIEMEHTHOM 0a3bl — MHTETPATIBHBIX MUKPOCXEM  Pa3-
pemmiio 310 npotuBopeure. OyHKIMOHAIBHAS CI0KHOCTh MHTETPAIbHBIX MHUK-
pPOCXEM COOTBETCTBOBAJIA CJIIOKHOCTU (YHKIMOHAJIBHBIX Y3JI0B. DJIEKTPOHHbBIE
CpEZCTBa TPEeThero MOKOJEeHHUsI CO3/1aBaINCh HA OCHOBE KOPITYCUPOBAHHBIX MH-
TerpajbHbIX MUKPOCXEM U JUCKPETHBIX JIEMEHTOB. XapaKTepHble i Ludpo-
BbIX YCTPOWCTB (DYHKIMOHAJIBHBIE SYEMKU HA NMEYATHOM IJIaTe COAEpKalu 10
20...30 MUKpOCXeM C YMCIOM BBIBOJIOB HE Ooisiee 14 u ycTaHaBIMBaIuCh B Oa-
30BBI€ HECYLIME KOHCTPYKLMH. | pynmnoBsle METOABI MOJIYyYEHUs COBOKYITHOCTH
3JIEMEHTOB Ha TMOJJIOXKKE MM B 00bEeMe KpHCTala MO3BOJIMIN 3HAYUTEIIHHO
YBEIMYHUTh HANEKHOCTh. MIHTETpanbHbIe 3JEKTPOHHBIE YCTPONCTBA IIPOCKTUPY-
I0TCSl HA NPUHLHUAIE MUKPOCXEMOTEXHUKH, B OCHOBE KOTOPOM JIEKUT MHUKPO-
anekrpornka. B 1968 rogy B CIIA ¢upma «Burroughs» BeimycTuna mnepByro
osicTpoaekicTByOIYI0 OBM Ha OosibIMX HMHTETpajdbHbIX cxemax- B2500 u
B3500. B CCCP mnepBoii cepuiinoit 9BM Ha mHTErpambHBIX cxeMax Obljaa Ma-
mHa «Haupu-3», nossusmasica B 1970 roxy.

MuHnaTtiopu3anus Mo myTH OTKa3a OT WHAWBHUIYaJIbHBIX KOPITYCOB MHTE-

I'paJJbHBIX MUKPOCXEM IIPHUBEJIIA K IMMOABJICHHUIO DJICKTPOHHBIX CPEACTB YE€TBEPTO-
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ro moxkoJyenus. Vcrnonp3oBaHue OECKOPIMYCHBIX MOIYNPOBOJHUKOBBIX MHUKPO-
CXeM B COCTaBe KOPIIYCHPOBAHHBIX MHUKPOCOOPOK MO3BOJIMIO 3HAYUTEIHHO
YMEHBIIUTH pa3Mepbl U MACCy, MOBBICUTh HAJIEKHOCTh BCIEJACTBUE COKPAIICHUS
yucia nasHeix coenunenuit. Komnektus B. C. Bypuesa nponomkui paboTarhb
Haj cepueit OBM "Onsopyc”, u B 1980 rogy OBM "Dnpbpyc-1" ¢ ObicTpoaeii-
CTBUEM /10 15 MUJUTMOHOB orepanuil B CEKyHIy ObLI 3alyllieH B CEpUitHOE Tpo-
u3BoAcTBO. B 1997 ron Duupro ['poyB cran "denoBekom roaa", a Bo3rJaBiisie-
Mas uM kommanus Intel, crana npousBoauTh MUkporpoieccopsl st 90% Beex
NEPCOHANIbHBIX KOMIBIOTEPOB MJIAHETHI.

[Tponiecc 3apok/ieHUs] U pPa3BUTUE HAHOTEXHOJIOTMI OTKPBLI HOBBIE MeEp-
CHEKTHUBBI ANEKTPOHUKH. [1OSBUIMCH 3IIEKTPOHHBIX CPEJICTB MSATOr0 MOKOJe-
HMSl, B OCHOBE KOTOPBIX — HaHO3JIEKTpoHUKa. B 1998 rony Cus [lekkep, roi-
na"ackuii mpodeccop Texnuueckoro yHuepcurera r. Jlendrca, co3man TpaH-
3UcTOp Ha ocHoBe HaHOTPYOku. B 2000 rogy XK. 1. Andepos, I'. Mepkep, [Ix.
Kunbu cosznanu moaynpoBOAHUKOBYIO T€TEPOCTPYKTYPHYIO Cpely, OCHOBY WH-
TerpaibHbiX HaHocxeM. B 2006 roxy uccinenoBarenu u3z CeBepo-3anaaHoro
yauBepcuteta CIIIA pa3zpaboranu mnepBblid «EYaTHBIA CTAaHOK» JJIsl HAHO-
CTPYKTYp — YCTaHOBKY, MO3BOJISIONIYIO MPOU3BOAUTH OJHOBPEMEHHO Oojee 50
THICSI'Y HAHOCTPYKTYp, UYTO siBIsieTca (QYHAAMEHTOM JUIsi MacCOBOT'O MPOU3BOI-
CTBa HaHOcHUCTEM. AMEpPUKaHCKMM ydeHbIM U3 IBM ynanoch BriepBble B MUpe
CO37]aTh MHTErPAIbHYI0O MHKPOCXEMY Ha OCHOBE YTJIEPOJHBIX HAHOTPYOOK. B

2011 romy rpyrmmna amMmepuKaHCKUX pa3paboTyukoB BO IiaBe ¢ JKon Jlun Ban-

TOM CO3Jajla NMPOTOTUI «HAHOPA3MEPHOI0» TEHEpaTopa IOCTOSHHOIO TOKa. B
2013 roay pazpaborana TexHojorus 3D-neyaTy, B KOTOPOM MPOU3BOIMIH JIFO-
Oble U3eNIMi — OT JIeTajeil MallluH 10 YeIoBeuYecKux opraHoB. Ee mpomomkenu-
€M CTajla TeXHOJIOTus — 4D-neyath Ha OCHOBE KOHUENUUU MPOrpaMMHPYEMOM
Matepuu. TemIbl pa3BUTHSI OTEUECTBEHHOM U 3apy0eKHOM KOMITIOHEHTHON 0a3bl

AIIEKTPOHHBIX CUCTEM OTOOPaKEHbI HA PUCYHKE.
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CMeHa KaxJI0ro MOKOJIEHHUS AJIEKTPOHHBIX CPEACTB 00YCIOBIEHAa CMEHOM
DJIEMEHTHOM Oa3bl, B OCHOBHOM AaKTHBHBLIX KOMIIOHEHTOB M, KaK CJIEJCTBHE,
CMEHOM METOJIa KOMIOHOBKM M MOHTaxa. COBEpIIEHCTBOBAHUE SJIEMEHTHOM
0a3bl JEKTPOHHBIX YCTPOUCTB OPUEHTUPOBAHO HA MOBBINIEHUE (HYHKIIMOHAb-
HOW CJIOKHOCTH KOMIIOHEHTOB. Pa3BUTHE HAHOTEXHOJOTHH OTKPBLIO HOBBIE
NEPCHEKTUBBl 3JEKTPOHUKHA. Mwian Mpkcud, onuH U3 pa3paboTyukoB 4D-
MEYATHOM TEXHOJOTMU OCHOBE KOHIIEMIIMM MPOrPaMMHUPYEMONl MaTepuH, MpO-
dbeccop OMOMETUITMHCKON MHXCHEPUH, XUMUU U MOJICKYJISIPHOU OMOJIOTHH TIH-
caln: « 4D-nme4yaTh — yCTPOMCTBO MPU3BAHO OOECIIEUUTh pa3pabOTUYUKOB B pas-
JUYHBIX cepax MesaTeTbHOCTH «yMHBIMU» MaTepuajiaMiu, KOTOPBIE B3aMMOICH-
CTBYIOT C IPYTMMH MarTepHaiaMy, OKPYKarolIen Cpeo U BOCOPUHUMAIOT I1O-
naBaeMble UM curHaibl. Hameuatannele Ha 4D-npuHTepe 0OBEKTHI CIOCOOHBI
BUJION3MEHSTHCS, YTOOBI BBITIONHATH HOBBIC (DYHKIIMH, Onarojapsi 3aKOAUPO-

BaHHOW B HaHOMartepuaiax uHdopmamumn» [4,c.6].
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ITocTaHOBKa 3a1a4M HCCIENOBaHUSA

Koy puumeHnT Tpenusi npeacrapiseT coOOM OTHOIIEHUE CUITBI TPSHUS K
cuiie peakuu onopsl. Cuila TpEHUS BKIIFOYAET B CE0sl KAK MEXaHUYECKYIO, TaK U
aAre3MOHHYIO0 COCTABIISIIOLINE.

Crnioco6 omnpeneneHust Ko3puirienta TpeHus GpUKINOHHON Taphbl 3aBU-
CUT OT CBOWCTB M XapakKTepa pacHpenesieHHs] CUjl BHYTpU camou mapsl. B Teo-
pUU CTAaHKOCTPOEHUSI KOI(DPUIUEHT TpEeHUsI UCCIEAYeTCs] B paMKaxX JABM)KCHUS
CYIOpTa MO MIOCKOCTU M KIIMHYATOTO IMOJI3yHA MO MPU3MAaTHUYECKOMY KeI00y.

Mesx 1y MOBEpXHOCTSIMH (PPUKIIMOHHON Tapbl BOSHUKAET TPAHUYHOE Tpe-
HUE B CJIy4ae MPUCYTCTBHS B KOHTAKTE CJIOS CMA3KH, CJIOS OKUCHBIX IIEHOK WIIH
MHOTO «TPETHErO TeNa». B 3aBUCUMOCTH OT BEIMYHMHBI NPUCYTCTBUS «TPETHETO
TeJa» U CTENEHHU €ro BIMSHUS, OTHOCUTENbHOE JIBIKEHUE (PPUKIIMOHHOM Mapbl
MOXET MPOUCXONUTh B BUJI€ TPAHUYHOIO, )KUJIKOCTHOTO WJIH MOJIYXKUJIKOCTHOTO
TpPEHUSL.

Takum obpazom:

E, = fN, (D
rae f — KodpPUImeHT TpeHUs CKOIBKEHHS, KOTOPhIi HA OCHOBAHWH BBI-

paxenus (1) pasen:

F,

—
f="2 ©)
[Iponiecc Tpenus mo V — oOpasHOMy keo0y mokas3aH Ha puc. 2.
B manHOM cirydae rpoekius cui Ha ock OY 3aIUChIBACTCS BBIPAKCHUEM:
0Y : 0 =2N —Qsina; 3)
2N
Q= 4)

sina
C yueroMm (4) Beipaxkenue (1) mns onpeneneHuss CUIbl TPEHHUS MPUMET

BUI:

= 2N L (5)
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I

Fyp = 2Nfi,
_ _f .
e f; = — - TIPUBC/ICHHbIIi KO3((OUIIMEHT TPEHUS KIMHYATOTO IT0JI-
3yHa;
N =Q/2sin a

Benuunna xo3dduirienta TpeHus f B HalpaBJsIIONIMX CTaHKA 3aBUCUT OT
HIEPOXOBATOCTU TPYLIMXCS MOBEPXHOCTEM, COUETAHUSI MATEPHUAIOB MOBEPXHO-
CTEH, CMa3KU U 3arpsA3HEHUs IOBEPXHOCTEH, YAECIBHOIO JABJICHUS U CKOPOCTH
CKOJIBKEHMS CYIIIOpTa IO HampasisomuM. Hanuune yka3aHHOrO KOnIM4ecTBa
(bakTOpOB U OMpeAesieHue CTENEeHU UX BIMSHHS Ha KO3()PHUIMEHT TpeHHs Tpe-
OyeT MpoBeICHHS IKCTIEPUMEHTATIbHBIX UCCIICA0OBAHUMN.[6 ]

DKcnepuMeHTaJIbHAs] YCTaHOBKA

N3mepurenbHas anmapaTtypa MpeAcTaBisieT cCo00H TPUOOTEXHUYECKUN
CTEeH]I, U3MepUTeIbHAast (YHKIUS, KOTOPOro Oa3upyeTcs: Ha TEH30PE3UCTUBHOM
s dexkre.

TpuboTexHHUECKHi CTEHT COCTOUT U3 TEH30PE3UCTUBHOTO JaTUMKa, CBS-
3aHHOIO C KapeTKOW HccieayeMoro o0Opasla MOBOJAKOM M KOHCOJIBHO 3aKpen-
JIEHHOTO B IPELM3MOHHOW HAINpPAaBIIOIICH, NEPEMENIaeMON 3JIEKTPOIBUIaTe-
aeM. [7]

Pa3Huny noTeHuanos B miedax U3MEPUTEIBHOTO MOCTA TEH30PE3UCTUB-
HOTO JJaTYMKa perucTpupyeT ourdponsiBatromuii Moayias NI my DAQ.

Buptyaneubiii npubop pazpadoran Ha muiatdgopme LabVIEW nunesas
naHeJb KOTOPOro MpUBEeHa Ha puc. 3, 6510K-cxema Ha puc. 4 U QyHKIIHOHAIb-
Has cxeMa Ha puc. 5.[7]

BupTtyanpHbiii mpubop COCTOUT U3 MOAIPOrpaMM KOH(UTYpaIH YCTPOU-

cTBa u 1ukia mo yciosuto While Loop [5].

130



Ha nuneBoil maHenu BBINONHSETCS KOH(PUTYpPUPOBAHHE yCTPOWCTBA, pe-
TUCTpPALMS U yIpaBiI€HUE MPOrpPaMMHBIMA MOAYJSIMU B MPOLIECCE BBINOTHEHUS
nporpammsl. ['padpux Waveform Chart BIBOJUT Ha JUIEBYIO NTaHEIh OCLUILIO-
rpaMMy U3MEPSEMOTro CUTHaja.

[Iporpammer Ha matgopme LabVIEW (QyHKIMOHUPYIOT TIO alroputMy
«Data Flow», T.e. BBINOJHSAIOTCS MOCJEIOBATEIBHO MPU HAJUYHMM JIAHHBIX Ha
BX0J1aX BUpPTyallbHbIX noanporpamm (BIIII). Beimonnenue nporpaMMbl HauMHa-
eTcsl ¢ KOH(PUTypHUpOBaHMS BHPTYaJbHOTO KaHaia moamporpammonr DAQmx
Create Virtual Channel, mo 3aBepIieHuI0 KOTOPOM, HaCTpauBaeTCd HUCTOYHHUK
TaKTUpyouX UMIyiabcoB monayns ouuppoku BIIIT DAQmx Timing. Y3en
cBorictBa (Property Node) aBromarmuecku amantupyercs k BIIIIT DAQmx
Timing 1 HacTpauBaeTcsl Ha BBIBOJ PEaJbHOM YAaCTOThHI AUCKPETH3ALMU Ha JIU-
nesyto manens BII. BIIIT DAQmx Configure Logging xoHdpurypupyer napa-
METphI U TyTh 3anucu padodyero TDMS ¢aitna. BeimonHenue nusmepeHus MHU-
nuupyercs BII DAQmx Start Task u Bemmonnsiercss BIIII DAQmx Read.
DAQmx Stop Task ocranaBmuBaer paboTy HpOrpaMMbl U HU3MEPUTEIHHOTO
yctpoiictBa. BIIIT DAQmx Clear Task BbIcBOOOXIaeT 3a/1eiiCTBOBAHHbBIC MPO-
IrPaMMON PECYPCHI CUCTEMBIL. [2]

[Tonyuennsle paHHbIE UMMOpTUpYIOTCS U3 TDMS daiina B nporpammy
Microsoft Excel nis mpoBenenust o0pabOTKH U3MEPUTELHOTO CUTHAIA[3].

Jlanee mpuBeAeHBl pe3yNbTaThl MU3MEHEHUs KOd(PUIMEHTa TpeHus o0-
Pa3loB B 3aBUCHUMOCTH OT COCTaBa KOMIMO3ULIHUU (COJIEPHKAHUS HATIOJHUTEINS) B
tabnunax 1-3, a Takke B rpadguyeckoM Buje Ha puc. 6-10.

Kak BUIHO W3 TPUBEACHHBIX JAHHBIX, TPAPUT SBIACTCS HETOIXOIAIIAM
HAIOJTHUTENIEM, B TO BpeMs Kak TUCYIb(GUI MOJUOIEHA XOPOIIO MoKa3anl ceos
CO CBSZYIOIIMM M3 MOJMYpETaHa: MPHU ColepkKaHUU HanonHutens 5% kodrpdu-
MeHT TpeHus coctaniser Bcero 0,013; a ¢proporiact — ¢ SMOKCUIHON CMOJIOM:

0,0316, a npu ucnons3oBanuu cmazku 0,0237.
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3aKIro4eHne

B pe3ynbpTaTe BBHINOJHEHUS TaHHOTO 3Tama paboThl CO3/1aH BUPTYaIbHbBIN
npuOop, MO3BOJIAIOMIMN PETUCTPUPOBATh KOIPPHUIMEHT TPeHUS MOJIUMEPHOTO
MaTepuasa, HAaHECEHHOTO Ha HalpaBJIOLIUE CTAHKA.

Bupryansubiii npubop paspaboran B cpeae LabVIEW u sBasiercst mpo-
rpaMMoOii, KOTOpasi ympasisieT ycTpoiicTBoM cOopa maHHbIXx NI myDAQ, obec-
IIEYUBAET €r0 B3aUMOJECTBHE ¢ NepcoHaNbHbIM KoMmnbioTepoM(1IK).

Jlanable 0 BenuuMHE KO3(h(UIMEHTa TPEeHUs MoJuMepa IMOJYy4YEeHbl Ha
IKCIEPUMEHTAJIBHON YCTAaHOBKE U OIU(PPOBAHBI YCTPOHCTBOM cOopa gaHHbIX NI
myDAQ.

B pesynbprare uccienoBaHus oOpasloB MOJIMMEPHOr0 MaTepuasa ycTa-
HOBJIEH COCTaB, KOTOPBIN OTBEYAeT TPeOOBAHUIM TEXHHUUECKOTO 3aJaHHs U MO-
KET OBITh MCIOJB30BaH JJIs NaJbHEHIINX HCCIENOBAHUI B NPOMBIIUIEHHBIX

YCIIOBUAX.

Tabauya 1 — 3aBuCUMOCTh KO3(P(GUIIUEHTA TPEHUS OT COCTaBa KOMITO3UTA
(cBs3yIOIIIEE TTOJTMYPETAH)

Hamonn ITo 3atpa Koadd PaBHOME
uTeNb, % ne3Hast YEeHHOE UITUCHT pPHOCTH
Harpy3Ka, | yCUJIue, KT | TPeHHsI TIBUKCHHSI
KT
MoS,
3.8 bes
0 9 0,255 0,0656 | ppIBKOB
bes
8 5 1,9 0,025 0,0132 | prIBKOB
10 1,9 0,02 0,0105 bes
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PBIBKOB

bes
15 1,9 0,085 0,0447 | ppIBKOB
bes
20 1,9 0,09 0,0474 | ppIBKOB
3,8
30 0,145 0,0373 PriBkn
3.8 PriBkn
40 0,355 0,0913
3.8 PriBKH
45 0,685 0,1761
dToporuract
PriBkH
5 1,9 0,07 0,0368
I'padur
1,9 PoiBKH
5 0,345 0,0887
1,9 PriBKH
10 0,47 0,1208
1,9 PoiBKH
15 0,52 0,1337
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Tabauya 2 — 3aBUCUMOCTH KO3(ppuIMeHTa TpeHUsI OT COCTaBa KOMITO3UTa

(cBsI3yrOIIIEE ATIOKCHU]I, HCTIBITAHUE O€3 CMa3KHU)

Hamo [Ton 3atpa Koadd PaBHo
JHUTENb, % | e3Has YEeHHOE UIUEHT MEPHOCTb
Harpyska, | yCWJIHE, KT | TPCHHS JIBKCHUS
KT
droporuiact
C
0 0,105 0,0553 | peiBKamu
C
5 0,06 0,0316 | peiBKaMu
C
10 0,07 0,0368 | periBKamu
C
20 0,145 0,0763 | peiBKamu
1,9 -
30 0,125 0,0658 | peiBKamMu
oe3
40 0,57 0,3000 | priBKOB
C
50 0,7 0,3684 | peiBKamMu
oe3
60 0,63 0,3316 | prIBKOB
MoS;
C
20 1,9 0,145 0,0763 | ppiBKamMu
30 0,055 0,0289 C
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1 pBIBKaMU
C

2 40 0,1 0,0526 | ppiBKamu
C

3 50 0,28 0,1474 | peiBKaMu

I'padur

C

4 5 0,2 0,1053 | peiBKamu
C

1,9

5 10 0,11 0,0579 | peiBKaMu
C

6 15 0,11 0,0579 | ppiBKamu

Tabauya 3 — 3aBUCUMOCTb KO3 PUIIEHTa TPEHHS OT COCTaBa KOMIIO3UTA

(cBsi3yrOI1LIEE AMOKCU/I, UCTIBITAHUE CO CMA3KOM )

Han ITo 3atpa Koadd PaBHOMe
OJIHUTEINb, | JIE3HAS YEeHHOE UIUEHT PHOCTh
% Harpy3ka | yCWJHe, KI' | TpeHUus JBUYKEHUS
, KT
dToporuract
C
0 0,04 0,0211 | peiBKamu
C
5 1,9 0,09 0,0474 | ppiBKaMu
C
10 0,045 0,0237 | ppiBKamu
20 0,28 0,1474 C
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PBIBKAMHU
C
30 0,3 0,1579 | ppiBKamu
0e3
40 0,38 0,2000 | pbIBKOB
C
50 0,38 0,2000 | ppiBKaMu
oe3
60 0,6 0,3158 | ppiBKOB
MoS,
C
20 0,28 0,1474 | ppiBKaMu
C
30 0,265 0,1395 | peiBKamu
1,9 -
40 0,1 0,0526 | ppiBKaMu
C
50 0,3 0,1579 | ppiBKamu
I'padur
C
5 0,3 0,1579 | ppiBKamu
C
1,9
10 0,155 0,0816 | ppiBKamu
C
15 0,25 0,1316 | peiBKaMu
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Puc. 2 — Bug conpsbkeHus: U HallpaBJIEHUE CUJI B 30HE KOHTAKTa JABIIKYILErocs Tella
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Pucynok 3 — JIuneBas maHenb BUPTyalIbHOTO IpUOOpa.
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Terminal Configuration Sample Mode Operation
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Pucynok 4 — brok-cxema BUpTyaJIbHOTO TIpUOOpa.
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Pucynok 5 — OyHKIIMOHATBHAS CXeMa MPOTPaMMbl YIIPaBIEHUSI YCTPOHCTBOM cOopa

AHHBIX
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AnHoTamusi: B cTaThe paccMaTpuBacTCs BIUSHUE 3BYKOBBIX BOJIH Ha OPTaHU3M
YeJI0BEKa, MPOAHAM3UPOBAHO JIeYEOHOE BO3CHCTBHE MPOU3HOCHUMBIX YEIIOBE-
KOM 3BYKOB M MY3BIKQJIBHBIX MHCTPYMEHTOB Ha pabOTy CEepIACYHO-COCYIUCTOM
CUCTEMBbI. BBIMOJHEHO HCClIeI0OBaHNE BIIMSHHUS PUTMA 3BYKa Ha 4acTOTy cep-
JEYHBIX COKpAIEHUH, B XOJ€ KOTOPOTO BBISICHUIIOCH, YTO PUTM CEpAla Mpu
MPOCITYIIMBAHUH 3BYKa Pa3IMYHON 4YacCTOTHl CHHXPOHHM3UpYyeTcs ¢ HUM. Iloka-
3aHO, YTO BpEeMs aJanTaluyd OWEeHUS Cep/Ilia K MPOCIyIIHBAEMOMY PUTMY C BO3-
pacToM yBEITUIMBACTCS.

Abstract: The article discusses the influence of sound waves on the human

body, analyzes the therapeutic effects of sounds pronounced by a person and
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musical instruments on the work of the cardiovascular system. A study was
made of the effect of the rhythm of sound on the heart rate, during which it be-
came clear that the heart rhythm when listening to sound of different frequencies
is synchronized with it. It is shown that the time of adaptation of the heartbeat to
the rhythm heard increases with age.

KiroueBble cj10Ba: 3BYKOTEpamwusi, 9acTOTa CEPJCYHBIX COKPAIICHHHA, PUTM
cep/ua, BIUsSHUE 3BYKA.

Keywords: sound therapy, heart rate, heart rate, sound effect.

B MemunuHCcKOM npakTHKe O0BIIYI0 TOMYIIPHOCTh TPHOOPETAET 3BYKO-
Tepanusi— jJeueOHOe BO3/IEUCTBHE 3BYKOBBIX KOJIEOAHUM pa3HOM 4acTOThl HA Op-
raHU3M 4YeJOBEKa. 3ByKOTEpamusi COCOOHA YCIIOKaWBaTh HEPBHYIO CHCTEMY,
OKa3bIBaTh 0OIIee UCIeIsoNIee AeicTBue Ha denoBeka [1]. OgHako, BbI3bIBAS
BCEOOIIMI MHTEPEC, 3BYKOTEpaNusl SIBISIETCS MAIOM3y4eHHBbIM MeToioM. Cylie-
CTBYET HEOOXOJAMMOCTh B MPOBEACHUU 3KCIEPUMEHTOB, T0Ka3bIBAIOIIUX IIeJie-
co00pa3HOCTh TMPUMEHEHHUsI 3ByKoTepanuu. TakuMm oO0pa3om, HcCCIeAOBaHHE
BJIMSIHUA 3ByKa Ha OPraHU3M YeJIOBeKa B 1I€JIOM, a TEM 0oJiee Ha PUTM CepAlia, B
HACTOSIIIIEE BPEMSI SIBIISIETCS AKTyaIbHBIM.

O6mnacte ot 20 I't 10 20 kI'1— 3ByKOBO# nuamna3oH, koysedbanus Hke 20
['n HaspiBaroTCs MH(PA3BYKOBBIMU, a KosiebaHus ¢ yactoTo Bhime 20 k' —
yJIbTPa3BYKOBBIMU. PUTMBI, XapakTepHble 7151 OOJIBIIMHCTBA OPTaHOB YEJIOBEKa
Jexar B UH(PPa3ByKOBOM jauana3zoHe. Pe3oHaHCHBIE YacTOTHI cep/a AJis Yelo-
Beka— 20 I'n, a cokpamenus cepaua — 1-2 T'u. JlnurenbHoe Bo3aeicTBUE Ha
MO3T 3ByKa yactotoi 7 ['1y maryOHO BiusieT Ha cep/ile, BIUIOTh IO €ro OCTaHOB-
Ku [2]. IHTEeHCUBHOE U MPOJIOHKUTEIBHOE BIUSHUE YIbTpPa3ByKa pa3pyliaeT B
KpPOBU SPUTPOLIUTHI U JIEUKOLUTHI [3].

Peakiusi KJIeTOK Ha My3bIKaJIbHbIE BO3JIEHCTBUS ObUIM BBISIBJICHBI B XOJI€

I/ICCJICI[OBaHI/Iﬁ Ha PAa3JIMYHbIX MOJCIX KIICTOYHBIX KYJbBTYDP. PCByanaTBI Huc-
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CJICIOBAaHMI JTOKA3ajM, YTO HEKOTOPBIC M3 3BYKOBBIX YaCTOT MOTYT aKTHBHPO-
BaTh, B TO BPEMS KaK JPYTHUe — MOJIABIISATh aKTUBHOCTh KJIETOYHBIX KYJIbTYDp [4].
Ceparnie — TOJIBI MBIIICUHBIN OpraH, IMOCJIEI0BATEILHOCTBIO COKPAICHUH |
pacciabiieHnii pUTMHYECKH TIEPeKaYMBaIOIINK KPOBh 1O cocylaM. B HepBHbIE
IIEHTPHI, HAXOISIIUECS B TIPOOJITOBATOM MO3T€, TIOCTYIAIOT UMITYJIbCHI, CUTHA-
JU3UPYIONIUE 0 MOTpeOHOCTAX. [IpomoaroBaThiii MO3T MOCHUIACT CEPJIY CHTHA-
JIbL: YCWINTh WA OCIA0UTh CEPACUHYIO NeITeIbHOCTh. [IoTpeOHOCTh OpraHoB B
IIPUTOKE KPOBU PETUCTPHUPYETCS perienTopaMu. Tak Kak CTPYKTYPY PelenTOpOB
MIPEICTABIISIIOT YYBCTBUTCIBHBIC K PA3IMYHBIM BO3JACHCTBUSAM KIIETKH, MOYKHO
CIeNaTh BBIBOJ O TOM, YTO aKTUBHUPYS WIH MOJABIISAS aKTUBHOCTH KIIETOK, 3BYK
TEM WJIM WHBIM 00pa30M BIIMSET Ha CepACUHBIN pUTM [5].

OcoObIii MHTEpEC MPEACTABISAIOT PE3yIbTAThl COBPEMEHHBIX HAYYHBIX HC-
CJICIOBAHUM, YTBEPKIAIOMINE CYIIECTBOBAHUE JICYCOHBIX CBOMCTB MPOU3HOCH-
MBIX YEJIOBEKOM 3BYKOB. JlokazaHo, uTto mpu pasroBope 80 % Bcex 3BYKOB
OCTAIOTCS B OpPraHM3Me, IMOTJIONIAIOTCS BHYTPEHHUMH OpraHAMHU YeJIOBeKa H
pou3BOAAT BHOparuu. Hamboiiee SBHBIMU 1IeJICOHBIMH CBONCTBAMHU OTHOCH-
TEJIBHO PabOTHI CEPIACYHO-COCYUCTON CHUCTEMBI 00JIaTalOT CO3BYYHS, YKa3aH-
Hble B TaOmie 1.

Tabnuua 1— JleyeOHble CBONCTBA MPOU3HOCUMBIX YEJIOBEKOM 3BYKOB

[TpouzHnocumerii 3Byk(co3Byune) | JleueOnsrit adexr

«OM»» CHMXeHHe KPOBSTHOTO JAaBJICHUS

«Aly, «ITA» [IpodunakTrka cepaeyHbIX 3a001eBaHUN
«X», «Uy», «bl» ViydiieHue apixaHust

Y CTaHOBIJIEHO, YTO MY3BIKaJIbHbIE UHCTPYMEHTHI IIO-PA3HOMY BIIASIOT Ha
CaMO4YyBCTBME JIOJEH. 3BYKOBBIE CUTHAJIbI, I0IAJas B PE30HAHCHYIO 4acTOTY,
COOTBETCTBYIOIIYIO OpraHy, OKa3bIBalOT CTUMYJIMPYIOLIEE INEHCTBUE HA HETO.
[Tpu cepreyHO-COCYANCTHIX 3a00JIEBaHUSX MMOJIE3HO CIIYIIATh MY3BIKY, HUCIIOJ-

HSEMYI0O Ha CTPYHHBIX HHCTpyMeHTax [6]. Ilpuembl 3BykoTepanuu MOKHO
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YCHEIIHO MCIOJb30BaTh CAMOCTOSITENIbHO, OAHAKO JUIsl €€ 3(PGEKTUBHOTO MPH-
MEHEHHS CleAyeT OOpaTUThCS K Bpady A HazHAUCHHs KBaNIU()UIUPOBAHHON
TEparuu.

Cepaue yenoBeka HauboJee BEIPAXKEHHO pearupyeT Ha pa3jinvHble 3BYKH,
NOCTYIAOIINE Yepe3 CIIyXOBble opranbl. CylnIeCTBYET TEOpPHs, COINIACHO KOTO-
poil ceplie, MOACTPauBasiCh MOJA MY3bIKYy, HAUUHAET OUTHCSA C OIMpPEACIICHHBIM
putMoM. [l mOATBEpKACHUS] JAaHHOW TEOPUH OBLIO MPOBEACHO CIICTYIOIICe
UCCIICJOBAHNE: B TEYEHUE OJTHOM MHUHYTBI YEJIOBEK CIIylIad yAapbl pa3iudHON
4acTOThl, @ 3aT€M PErUCTPUPOBANACh YACTOTA €ro0 CEpPJACYHBIX COKPAILECHUM
(UCC). Bo u3bexanune norpemrHocTei, Noay4aeMbIX MPH U3MEPEHUH 3JIEKTPOH-
HBIMHM TpUOOpPaMH, UCTIOIB30BaJCs naibnaTopHbiil moacuer YCC Ha nydeBoit
apTepuu B 00JacTH 3amscThs. [ paduk 3aBUCUMOCTH MEXy MPOCTYIIUBAEMbIM

putmom 1 UCC npencraBiieH Ha pUCYHKE 1.
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Pucynok 1- I'paduk 3aBucuMOCTH MeX Ty pociymuBaeMbiM putMoM 1 UCC.

Kosddunument nocroeprocty anmnpokcumanun (R?) pasen 0,99. On mo-
Ka3bIBACT CTETICHh COOTBETCTBHS TPEHIOBON MOJIETU MCXOIHBIM JaHHBIM (0T 0
10 1): uem 6mmke R% k 1, TeM TOYHEE MOJIENb ONMCHIBAET MMEIOLIMECS JTaHHBIE.

Takum 06p330M, BbISICHUJIOCH, YTO IIPpH YBCIIMYCHHWH 4YaCTOTHI IIPOCIYIIHBACMBIX
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3BYKOBBIX ynapoB yBenunuuBaiack YCC. Bmecte ¢ TeM, yaapbl myJjibca CUHXPO-
HU3UPOBAIUCH C 3ByKOBBIMU YapaMHU.

Jlnist onipezeneHust BpeMeHU afanTaiuy OMeHHs cepjilia K MpociylIuBae-
MOMY PUTMY IS JIFOJIeH pa3HOro BO3pacTa ObLJIO MPOBEIEHO COOTBETCTBYIOIIEE
uccienoBanne. [ paduk 3aBECUMOCTH MEXIY BO3PACTOM YEJIOBEKA M BPEMEHEM
aJlanTalyy NOKa3aH Ha pUCYHKE 2. Y JIUIl OT CEMUJIETHETO JI0 ABAALIATUIIETHETO

B03paCTa BpeMH agarrTainuy HE USMCHAJIOCh U COCTABJISLIIO IIATH CGKYHI[.
90
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Pucynok 2— I'paduk 3aBUCHMOCTH MEKIY BO3PACTOM YEIOBEKa M BpEMEHEM a/IallTalluu.

AHanu3 MoJy4YeHHOW 3aBHCHUMOCTH CBHUJIETEIbCTBYET O TOM, YTO BpeMs
ajanrtanuy OMeHUs cep/lia K MPOCIylIMBaeMOMY PUTMY C BO3PAacTOM YBEJIUYH-
BaeTCs. DTO OOBACHAETCS TEM, UTO IPU BO3PACTHBIX U3MEHEHUSIX CHCTEMA KpPO-
BOOOpAIleHUs MopaxkaeTcst ojiHa U3 nepBbiX. Koadduument nocroBepHoctu arm-
npokcumanuu paseH 0,95, 4TO MO3BOJSET CUUTATh M3YyYAEMYHO 3aBHUCHUMOCTh
JTOKa3aHHOM.

Takum 00pa3oM, MpOBEACHHOE HCCIEIOBAHUE BIMSHUS PUTMa 3ByKa Ha
YaCcTOTY CEpJCUYHBIX COKpAIllEHUH IOKa3ano, YTO PUTM CepAla MPpHU MPOCIyIIn-

BAHUM 3BYKa PA3JIMYHOM YaCTOThl CUHXPOHU3UPYETCSA ¢ HUM. Takxke NOKa3aHo,
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YTO BpeMs aJlanTaiuyd OueHus cepia K MpociylliuBaeMOMYy PUTMY C BO3PACTOM

YBCIIMYNBACTCA.
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AnHoTauusi: B crathe paccMoTpeHBl (U3NKO-OMOIOTHYECKHE ACTIEKTHI JJICK-
TPOITYHKTYPHOU HEWpOTepanuu, MpoaHATU3UPOBAHbI JaHHBIE A((HEKTHBHOCTH
JedeHuss OOJBHBIX BO3JICHCTBHEM Ha HEPBHBIC CTPYKTYPHI OpraHU3Ma dJICKTPH-
4eCKUM TOKOM. I[IpencTaBieHbl pe3ynbTaThl SKCIEPUMEHTAIBLHOW Teparuu
OOJBHBIX C 3a00JICBAaHUSIMH: «KTIOSCHUYHO-KPECTIIOBBIN OCTEOXOHIPO3Y, «MHT-
peHb». OnpeneneHo KOJINYeCTBO CEaHCOB, HEOOXOIUMBIX I KyIMPOBaHUS 00-
JIe¥ P yKa3aHHBIX 3a00JICBaHUIX.

Abstract: the Article is devoted to the analysis of physical and biological as-
pects of electropuncture neurotherapy. The article describes the process of elec-
tro-acupuncture neurotherapy, analyzed the data of the effectiveness of the

method. The article presents the results of experimental therapy of several pa-
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tients with diseases: ""lumbosacral osteochondrosis", "migraine". In the course
of the work, a chart was created that reflects the number of sessions needed to
relieve pain in various diseases.

KiroueBble ¢JI0Ba: DIICKTPONMYHKTYpa, HEHpOTepamnus, acCUMETpHsi, OUOJIOTH-
YECKU aKTUBHBIC TOUKH, allliapaT, HEPBHBIH UMITYJIbC, TIOCTOSTHHBINA TOK.

Key words: eclectroacupuncture, neural therapy, diagnostic, asymmetry, acu-

pressure points, system, nervous impulse, direct current.

Pa3paboTka HOBBIX U COBEPIICHCTBOBAHUE CYIIECTBYIOIIMX METOJIOB T€-
panuu, He OKa3bIBAKOIIMX HETaTUBHOIO BJIMSHUS HA OPTraHW3M YEJIOBEKa U OT-
JMYAOIINXCS JOCTYHHOCTBIO, SIBJISIETCSA aKTyaJlbHOW 3a1a4€ii COBPEMEHHOM Me-
JunuHbl. K TakuM METOaM OTHOCHUTCSI METOJ SJICKTPOIYHKTYPHON HEMPOTEpa-
uU. DIIEKTPOMYHKTYpHAsI HEHPOTEpamnusi — 3T0 METOJ JICUeHUs OOJTbHBIX, CTpa-
naomux (GyHKIMOHAIBHBIMU PAacCTpOMCTBAMU U 3a00JIEBaHUSIMHU, IIyTEM BO3-
JICVCTBHSI HA HEPBHBIE CTPYKTYPhl OPraHU3Ma 3JIEKTPUYECKUM TOKOM C MOMO-
1IBI0 TOYEYHOTO 3JiekTpoaall].

buonornuyecku aktuBHble TOUKU (BAT) - 30HBI MOBEPXHOCTHU TeNa, SBJIA-
IOIIHAECS IPOEKIHUEN HEPBHBIX OKOHYAHUM COOTBETCTBYIOIIMX TKAaHEW M Opra-
HOB. B paiione BAT onpenensitoTcs CHUKEHHBIE TTOKA3aTENIHN 3JIEKTPOKOXKHOTO
COTIPOTHUBIICHUS, KOTOPbIE MEHSIOTCS NMpU (HYHKIIMOHATHLHOM 3a00JICBaHUM Ka-
Koro-au6o oprana yenoeka [3]. [lonsTue 3a001€eBaHus CBA3aHO C HAPYILIEHUEM
GyHKUIUU perysiuuu (pU3noI0ruueckoro nporecca CUCTEMbI, OpraHa Wi TKaHHU
CO CTOPOHBI UEHTPAIIBHON HEPBHOM CUCTEMBI TIOCPEACTBOM HEPBHBIX CTPYKTYP.

B 310p0oBOM Oprann3Me, Bce OpraHbl U TKAHU U BCE «TOYKHW» aKTUBHBI, a
yTpaTa aKTUBHOCTH OTIEJIBHBIX OPTAaHOB WJIM TKAaHEW W, CIEAOBATENIBHO, COOT-
BETCTBYIOLIUX «TOUYEK», €CTh HE UTO MHOE, Kak 3aboneBaHue. BenuunHa Toka,
nponyueHHoro yepe3 bAT 310poBOTo 4enoBeka, HE 3aBUCUT OT €ro HamlpasJe-

Hus. bonbHas Touka XapaKTCPU3yCTCs MOBBIIICHHBIM COIIPOTHUBJICHHUCM H, CJIC-
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JI0BAaTEJIbHO, HU3KUM TOKOM MpU MPHJIOKEHUH OTPULIATEIbHOIO MOTEHIHAIA U
eme 0ojee HU3KUM IPU MPHIOKEHUU MOJIOKUTEIBHOTO MOTEHIIHAaa, T€ €CTh
PE3KOI 3aBUCUMOCTBIO BEJIMUMHBI TIOCTOSIHHOIO TOKA OT €ro HampasieHus. [lpu
JOCTaTOYHO JJIMTENIBHOM BO3/I€HCTBUU HA OOJIbHYIO TOUKY OTPULATENILHBIM I10-
TEHI[MAJIOM TOK MOCTENEHHO BO3PACTaeT, U aCUMMETpPHUs HCU€3aeT WU YMEHb-
maerca. TOK OTpULATENIbHON MOJSPHOCTH BOCCTAHABIMBAET IPOBOAMMOCTH
BAT u nukBuanpyeTr aCHMMETPHIO, COOTBETCTBEHHO, U 00JIE3HB [2].

JleueOHas BeaMUYMHA OTPULATEIBHOIO TOKA MOAOUPAETCS MO OLIYLICHUIO
IPUATHOTO MOKAJIbIBAHUSA B MOMEHT MEPEKIIOUYEHUS NOJAPHOCTH. OOBIYHO 3TOT
TOK JeXHT B npegenax or 50 no 100 MKA, TO eCTb MEHEE€ OJJHOUM THICIYHOU OT
omacHoro Toka 0,1 A.. Bpems Bo31elCTBUS TOKOM JOJKHO 0OecreuuBaTh BbI-
XOJl TOKa Ha HaChIIIEHHE M ycTpaHeHue acummerpuu. Korma acummetpus B
BAT cummeTrpupyeTrcst U perynsiiuys BOCCTAHOBUTCS - UCYE3a€T COOTBETCTBYIO-
mast 6ose3Hb. YT0OBI M30aBUTHCS OT 00JIE3HH, HAJIO0 IPOBEPUTH HA CUMMETPHIO
TOUYKH COOTBETCTBYIOIIME 3a00JI€BAHUIO U MPOJECYUTH OONbHBIE, C OOJBIINM CO-
IPOTUBJIEHUEM U HecuMMeTpuel nmo Toky [1].IIpu HopMaabHOM COCTOSIHMM He-
OoJbllIas aCUMMETpPUS B TOUKaX (C pa3HULIEH MEXIY «KMUHYCOM» U ILTIOCOM)» B
10-20 MKA) mpakTHUecKkHu Bcerja mpucyTcTByeT. [Ipu 3aboneBaHumn denoBeka,
acMMMeTpHs Bo3pacTtaet 110 3HaueHuit 40 — 60 MKA u GoJbliie.

B xoxe pabothl Obl1a n3ydeHa cTaTucTHKa 3(H(HEKTUBHOCTH METO/IA DJICK-
TPOIYHKTYPHOW HelpoTepanuu. bbuin npoaHaln3upoBaHbl JaHHbIE OOJIBHBIX U
pe3yJIbTaThl UX JIEUEHUSI METOJO0M 3JIEKTPONYHKTYPHON Helporepanuu. Ha pu-
CyHKe | mpejacTaBieHa auarpamma, OTpaxkaromash KOJHMYEeCTBO CEaHCOB, HE0O-

XOOUMBIX HJIA KYIIMPOBAHUA Oonei IMpH pa3JINIHbIX 3a00JICBaHHIX.
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O Tpasma KoneHHoro

cycrasa

@ MaTtouyHana wnopa

OnMcopumas

O YTtpaTa ocTpOTbI 3peHus

Pucynok 1 — Pe3ynbTaTUBHOCTh METO/A AIEKTPOIYHKTYPHON HEMpOTEpanuu

W3 auarpaMMmsbl cieayeT, YTO HauMEHbIee KOJIMYECTBO CEaHCOB AJIEKTPO-
HelpoTepanuu TpeOyeTcsl M BOCCTAHOBJICHHS OCTPOTHI 3PEHUS, MOCKOJBKY
JUTST HOpMAaJIM3alliy  TJIA3HOTO JaBJCHUS HE TpeOyeTrcs MHOTO BpPEMEHHU.
HanGonplee KoIUIeCTBO CeaHCOB HEOOXOAUMO JJId N30aBJIEHHUS OT 0OJIEH, BBI-
3BaHHBIX 3a00JIEBAHUEM: «IISITOYHAS MITopa». MIcxons u3 pe3ynbTaToB, MOYKHO
ceNaTh BBIBOJ, YTO AJIEKTPOIYHKTYpHasi Hedporepanusi aBisieTcs: 3PpGheKTUB-
HOU B BOCCTAHOBJIEHUH CIIOCOOHOCTH ONpPEIeIEHHBIX YUaCTKOB HEPBHBIX CTPYK-
Typ pereHepupOBaTh HEPBHBIC UMITYJIbCHl HA CHHANTUYCCKUX CBS3AX MPU BO3-
JEUCTBUU MTOCTOSIHHOTO WJIM UMITYJIbCHOTO 3JIEKTPUYECKOTO TOKA.

B paGote uccnenoBancss MeTo1 SIEKTPOITYHKTYPHOM HEHpOTepanmu ¢ uc-
MOJIb30BaHUEM CO3/IaHHOTO aIMapaTHO-MPOTPAMMHOTO KOMILIEKCA UCCIEA0Ba-
HUS dJIeKTpUuueckux xapaktepuctuk BAT uenoseka [4]. B xone paboTsl, mocie
U3YYEHUS] KapT TOYEK COOTBETCTBYIOIIMX 3a00JIEBAHHSIM TAIMEHTOB, TTPOBOTHU-
JIOCh JieueHHEe 4 4eJOBEK pPa3IMYHBIX BO3PACTOB C 3a00J€BAaHUSIMU: «IIOSICHUY-
HO-KPECTIIOBBIA OCTEOXOHJPO3», «MUTPEHBY». Pe3ymbTaThl 3(PGHEeKTHBHOCTH

AJIEKTPOMYHKTYPHOU HEUPOTEpaIuy MPeACTaBIICHBI B Tabymiie 1.
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Tabmuna 1 — Pesynbrarsl 3¢ ()EKTUBHOCTH JEKTPOIYHKTYPHOU HEHpoTe-

panuu

JlaHHBIC 0 nanueHTe | [lossicCHUYHO-KpeCTOBBIN MurpeHnb

(mom, Bo3pacr) OCTEOXOH/IPO3

[Manument 1 (M, 70 ner) Kynuposanue 6o:eii mocne 2- -

X CEaHCOB JJIUTEIHHOCTHIO
70—80 MUHYT.
[Tanment 2 (k, 83 roma) bomu ymamoce kynupoBath | KynupoBanue Goseit mocie
HeHagonro. I[locie nByx mo- | 1-oro ceanca
BTOPHBIX CEaHCOB YacTOTa
BO3HHUKHOBEHUS 6oeit
YMEHbILNIACh.

[Taument 3 (5, 22 roxa) - KynupoBanue Ooneit mocine
l-oro ceaHca JJIMTEIBHO-
cThio 15-20 MuHYT.

[Tanment 4 (k, 35 neT) - KymupoBanue Goneit mocie
l-oro ceaHca JJIUTEIBHO-
cThio 30-35 MUHYT.

B mpouecce sedeHuss NANMEHTOB C 3a00J€BaHUEM «IOSCHUYHO-
KPCTILOBBIM OCTEOXOHIPO3» ObUIM MCCIIEOBAaHbI HAa aCUMMETPHIO MO TOKYy 15
TOYEK Ha CIHMHE U 15 Touek Ha Horax (CM. pUCYHOK 2). ACUMMETPHS IO TOKY
Obls1a OOHapy’KeHa MPUMEPHO B MOJIOBUHE TOouekK. [lociie BhIsBIEHUS acCUMMET-
pUH B KaXJI0i TOUKe ObUIa OCYIIECTBIIEHA CTUMYJISIUS IIEHTPATbHON HEPBHOM
CHUCTEMBI, 32 CYET MPOBEACHUS BBIPABHUBAHUSA TOKOB IPOTHBOIOJIOKHBIX
HamnpaBJICHUN MEPUOAMYECKUM HakatueM KHomku 8-10 pa3. 3HaueHune Toka
BO3JICHCTBHSI KOPPEKTUPOBAIOCH IPHU ATOM IO OLIYIIEHUIO MPUATHOTO MOKAJIbI-
BaHus. Bpems neuenust coctaBwio 70-80 muHyT. Ha crnemyromuii aeHb ObLI
IPOBEJCH MOBTOPHBIN, 3aKPEIUIAIONINI CEaHC Teparuu, Mocjie KOToporo 0onu B

MOACHHUILIC YAAJIOCh KYIIMPOBATh.
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Pucynoxk 2 — Kapra Touek 3a001eBaHuUs: «IOSICHUYHO-KPECTIIOBBIN OCTEOXOHIPO3» [3]

Yrobbl KynmupoBaTh 0O0JM, BBI3BAHHBIE MUTPEHBIO, ObUIM 00pabOTaHbI
TOYKHU TOJIOBBI 10 KapTe «Mwurpenb». bouin ucciaenoBaHbl HA ACUMMETPHIO T10
TOKY 7 TOYEK Ha TroJjioBe (CM. pUCYHOK 3). ACHMMeTpHs 1Mo TOKy Oblja oOHapy-
eHa B 3 y nmanuenTta 2 u B 3 y nauuenTta 4. [locne BbIsSIBICHHS] aCHMMETPUH B
KQKJ0M Touke ObLIa OCYHIECTBIEHA CTUMYJISILIUS HEHTPAIbHON HEPBHOU CUCTeE-
Mbl. B pesynbraTe mpoBeIEHHBIX CEaHCOB Y MAIMEHTOB MOCJE TEPANUU CHU3U-

JOCh apTepuaIbHOE [aBliEeHUE, KyMHUPOBAIUCH OONH, YIy4IIWIOCH CAMOYYB-

CTBHC.

] - - N -
Bab-ryans  {{jaup-mans

Pucynox 3 — Kapra Touek 3a0oneBaHus: «MUTPEHDBY [3]
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B pesynpraTe mnpoxaenaHHoW paOOTBl MPOBEAEH aHaIu3 (U3HUKO-
OMOJIOTMYECKHUX ACTIEKTOB AIEKTPOIYHKTYPHOU HEMpOTEpANUK, NPOAHAIUZUPO-
BaHbI PE3YyJIbTATHI HKCIIEPUMEHTAJIbHON TEPAIlUU C UCIIOIb30BAHUEM aANIapaTHO-
nporpaMMHOro komiuiekca. [lokasana 3eKTHBHOCTb METO/a 3JEKTPOITYyHK-
TYpHOUW HeWpoTepanuu A JeueHUs 3a00JeBaHUM: «IOSICHUYHO-KPECTIIOBBIN
OCTEOXOH/IPO3», «MUTPEHby». OnpeneneHa HeoOXoaumMasl JUIMTENbHOCTh BO3/IEH-

CTBHUA Ha COOTBCTCTBYIOIIHC OMOJIOTNYECKU aKTUBHBIE TOYKH.
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AHHoTanusi: PaccMaTpuBaeTcs BIUSHUE COCTOSIHHS KOKHBIX MTOKPOBOB Ha Jie-
KapCTBEHHBIN 3ekTpodopes. [locTpoeHsl nuarpaMMbl, TOKAa3bIBAIOIINE BIIHS-
Hue pH KOXu, ee MPOHMUIIAEMOCTH M MECTa PACMOJIOXKEHHUS y4acTKa BBEICHUS
JICKapCTBEHHBIX MpenapaToB Ha 3PPEKTUBHOCTH JIEKAPCTBEHHOTO EKTpodope-
3a. D¢ (HeKTUBHOCTH BBEACHHUS HOBOKAaWHA, TeMapruHa U aCKOPOMHOBON KHCIIOTHI
JIOCTUTAETCS 3a CUET MpeABapUTEIbHON 00paboTku cMechio bitopa n numeru-
CyITb(OKCHUIOM U IPUMEHEHUEM aNIUINKAIUN COJISTHOW KUCIIOTHI.

Abstracts: The influence of the state of the skin on the drug electrophoresis.
Presents a chart showing the effect of pH of the skin, its permeability and re-
gionarnoe the introduction of drugs on the efficiency of medicinal electrophore-

sis. The effectiveness of the introduction of novocaine, heparin and ascorbic ac-
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id 1s achieved by pre-treatment with a mixture of Bluer and dimethyl sulfoxide
and the application of hydrochloric acid.

KiroueBble cJIOBa: JIEKapPCTBEHHBIN 3JeKTpodope3, amnminKalud pacTBOpPOB,
pH KOXXHBIX TIOKPOBOB, NMPOHUIIAEMOCTh KOXH, JTHO(PHUILHOCTh KOXH, BO3pACT
OOJBHBIX.

Keywords: medicinal electrophoresis, application of solutions, pH of the skin,

skin permeability, lyophilicity of the skin, age of patients.

[ToBpieHne 3(h(PEKTUBHOCTU JIEKAPCTBEHHOTO 3J1EKTpodopesa sBIAETCS
aKTyaJbHOM 3a/1a4€¥ B MEAULMHCKON npakTuke. MakTopsl, BIMAIOIIME HA IIPO-
BEJICHUE JIEKAPCTBEHHOI'O AIEKTpodopesa: KOHUEHTpauus, Temneparypa u pH
pacTBOpa, COCTOSIHUE KOXHBIX IOKPOBOB, 3apsj MOHOB, JICKAPCTBEHHBIC BEIE-
CTBa, BO3PACTHbIE OCOOCHHOCTH, TO3UMETPUUYECKUE MapaMeTphl (BH] TOKA, €TO0
IUIOTHOCTD, JJINTENBHOCTh IPOLEAYPHI) U HalnuKe pusndeckux (pakTopos (yiib-
TPa3BYKOBBIX KOJIEOAHH, MArHUTHOTO M 3JIEKTPUUECKOTO TOJIEH).

CocTrosiHuEe KOXHBIX MOKPOBOB B 3HAYMUTEIBHON CTENEHU OIPEACIIACT
IPOLIECC BBEACHMSI JIEKAPCTBEHHBIX IpenapaToB 3aekTpodopesom. Llenbro pa-
OOTHI SIBISIETCS aHAJIW3 BIMSIHUSI COCTOSHHSI KOXHBIX MOKPOBOB YEJIOBEKa Ha
3¢ (EeKTUBHOCTh JIEKAPCTBEHHOIO 3JeKTpodope3a. Ha KoamuecTBO BBEIEHHOTO
JIEKAPCTBEHHOI'0 BELIECTBA M XapaKTEP €ro PacCHpencsIeHUs] B TKAHSAX BIUSAIOT
CIIENYIOIME XapPaKTEPUCTUKUA KOXKHM: KHUCIOTHOCTb KOKH, HAJIMYUE KUPOBBIX
BEILECTB, PETHOHAJIbHOCTh BBEJCHUS BEILIECTB.

YBennueHne aKTUBHOW KMCIIOTHOCTH KOXKH CHMXKAET IMTPOHULIAEMOCTb IS
BBOJMMBIX 3JEKTPOPOPE30M KaTUOHOB M YBEJIUYUBAET JJIs1 aHUOHOB. OTKIIOHE-
Hye pH KOXM B IIETOYHYIO CTOPOHY NPUBOAUT K YCWICHHUIO NPOHUKHOBEHUS
MOJIOKUTENBHO 3apPSKEHHBIX MOHOB, & IPOHUKHOBEHUE AaHHMOHOB CHWXaercs |1,

¢.76-77].

154



HckyccTBeHHO m3MeHsist pH K0)KHOW MOBEPXHOCTH € MOMOIIIBIO alIlIuKa-
Ul PACTBOPOB KUCIIOT MJIM IISIOYCH, MOYKHO YCHIIUTh MPOHUKHOBCHHE JICKap-
CTBCHHBIX BEIICCTB. AMNIJIMKAIIMA KHUCJIOTHI COMPOBOXKIAIUCH YBEIMYCHHEM
AIIEKTPUYECKOTO MEPEHOCAa AHUOHOB U CHU)KCHUEM €0 B OTHOIICHUH KATHOHOB;
ANTUIMKAIAN IEJI0YH PUBOIMIN K TPOTUBOTIOIOKHBIM CIIBHTaM 3JIEKTpodope-
3a JIeKapcTB. VMI3MEeHEeHHEe MPOHUKHOBEHHUS BEIIECTB Yepe3 KOXKY IMPH IIEKTPO-
dopese Goree BEIPaAKEHO MOCIIE aNMUIMKAIUN €KOTO HATPHS, YeM TI0CIIe arliIu-

KalMi COJISTHOM KUCIOTHI (CM. PUCYHOK 1).

0,836

MO 1 0,675

09

)
06 0,425 Lo .0.463
0,5 - -
= .

1 0,224 0,261 [

02 . .o,lsz . | . AcxopbunoBas
0,1 - KHCTOTA

KOHTPOIIb  ATITUTHKALTASA tempee
EAKOro COJH}[OE
HATPHA KHCJOTEI

Horoxaus

Pucynox 1 - U3meHneHnne KoandecTBa BBOJUMOTO AJIEKTPoope3oM BelecTBa

IIOCJIE UCKYCCTBEHHOTO U3MEHEHUS PH KOKHON IMOBEPXHOCTH.

CymiecTBeHHO BIMSIOT Ha 3G (EKTUBHOCTh AJIEKTpodopesa KUPOBLIE Be-
IIeCTBa U COJIM, BbLAENstonecs: ¢ motoM. CrylMBaomMecs poroBble IUIa-
CTHHKH 3IUIEPMICA U KUPOBBIE BEIIECTBA NPUBOJAAT K YBEIMYCHHUIO COIPOTHB-
JICHHSI KOKU U YMEHBIIEHUIO KOJMYECTBAa MOHOB, MOCTYNAIOUINX MPH 3JIEKTPO-
¢dopese B opranusm [2, c.5]. YBenuueHre NOTOOTACTUTEIHON (QYHKINU KOXKHU
TaKXe CHI)KAaeT e€ MPOHHUIAEMOCTb i BBOJAWMBIX JIEKAPCTBEHHBIX BEILECTB.
VYBenuuenue yncia pyHKIHOHUPYIOMIMX KOXKHBIX KeJE3 BEAET K MOBBILICHUIO
3 PEKTUBHON TOPUCTOCTU KOXKU, a 3TO COMPOBOXKIACTCS MEPEHOCOM OOoJIbIIeH
MAaccChl BEILIECTBA Yepe3 MEMOpaHy OJHUM U TEM K€ KOJIUYECTBOM DJICKTpHUe-
CTBa.

[IpuMeHeHHEe anmavKaluu KacTOPOBOTO Maclia CHUXKAJIM BBEICHHE Jie-

KapCTB 3JEKTPOPOPETUIECKUM crocoOoM (cMm. pucyHok 2). IlpormmaemocTts

155



KOXHU OJIs1 BBOOAUMBIX C IIOMOIIBIO IMOCTOSAHHOI'O TOKa JICKAPCTB MOXKHO ITOBBI-

CUThb YMEHBIIECHNUE CONEPKAHNS JTUIIMI0B HA KOXKHOM IMOBEpXHOCTU. [Ipensapu-

TeabHas 00paboTKa KOXKHU CMEChI0 biropa u TUMeTHIICYIb(POKCHUIOM MPUBOIUIA

K YBCIIMYCHUIO 3(1)(1)€KTI/IBHOCTI/I BBCACHU JICKAPCTB C MIOMOIIBIO 3JICKTPHUUCCKO-

ro Toka. llenecooOpa3Ho ynaieHue xupa ¢ MOBEPXHOCTH KOXKH TepeJI MPOBeIe-

HUEM MPOLIETyp JEKAPCTBEHHOIO 3eKTpodopesa.

KOHTPOIIb

ITEDAPHH
| ACKOPEHHOBAA K-TA
'HOBOKAHH

OBPABOTKA (QBPABOTKA

KACTPOBOT'O KOXHA KOXH IMCO

MACJA CMECBIO
BJIOPA

Pucynox 2 — Briussaue anmmmkanuyii 1 00pabOTKH KOKH Ha JISKApCTBEHHBIN JIeKTpodopes.

PCFI/IOHapHBIC OCOOCHHOCTH CKAa3bIBAaIOTCS Ha KOJIWYECTBEHHBIX 3aKOHO-

MEPHOCTSIX 3JIeKTpodopesa JEKAPCTB Uepe3 pa3IuyHble YUaCTKU KOXKHU YeJIOBeKa

(cM. pUCYHOK 3).

mr/Ka

L1
1
09

08 1
QT

0.6

a5
04 1
83 1
02
0.1 7
0 -

0,971

1031
i OTIPEIUIETLE

0.87 0.92

— 073}

0.61}

ILIE"0

| HAZTIOTIATOUHAS
OBJIACTB

TOJIEHB

OBEIIPO

| OTPVIB

HOBOKAHWH

OAMBOT
TEITAPHH ACKOPEHHOBASA
KHCIIOTA

Pucynok 3 — Cpennue JaHHBIE O pETHOHAPHBIX PA3IUYHAX 3JIEKTPo(ope3a BBOAUMBIX dYepes3

KOXY BCHICCTB.

C YBCIIMYCHUCM BO3pacTa IOCTCIICHHO YMCHBIIACTCA KOJMYCCTBO BBO-

JUMOTO 3J1eKTpodope30M BelllecTBa (remapruHa, acCKoOpOUMHOBOM KUCIIOTHI, HOBO-
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kanHa). [locae 60 et gocroBepHOro M3MeHeHus: IP(HEKTUBHOCTH JIEKapCTBEH-
HOTO 3JIeKTpo(ope3a He OTMEUEHO.

3aKIH0YECHHE.

ITocne uckycCTBEHHOro M3MeHeHHs pH KOXHOW MOBEPXHOCTH C IOMO-
b0 ANIUIMKALMU €IKOTO0 HAaTpHs HaOIIOAAETCsl YBEIUYEHHE KOJUYECTBA BBE-
JIEHHOI'O0 HOBOKaWHa M 3HAUYUTEIbHOE CHI)KEHHE TelapuHa M acKOpOMHOBOM
KHMCJIOTHI 110 CPAaBHEHUIO C KOHTPOJBHOW IPYNION; C MOMOILIBIO COJISHOM KHCIIO-
Thl — YBEJIMYEHUE KOJIMYECTBA BCEX BBOJAUMBIX BEIECTB. ANIUIMKALMU KaCTOPO-
BOTO Macjla yMEHbIIWIM 3()PEKTUBHOCTh JEKAPCTBEHHOI'O AJIEKTpodopesa.
[TpenBaputensuas oO6paboTka cMmechio biopa n AuMeTUnCynbHOKCUIOM MOKa-
3ajla YBEJIMUYEHUE KOJIMYECTBA BBEICHHOIO renapruHa, HOBOKauHa U acKOpOMHO-
BOIl KHCIIOTHI IO CPaBHEHHUIO C KOHTPOJbHOM rpynmnoi. Hanbomnpieit nponuia-
€MOCTBIO JJI1 BBOJAUMBIX AJIEKTPOPOPE30M JeKapcTB 007Ia1at0T KOXKa KUBOTA U
MEXJIONATOYHOM 00JIaCTH, HAUMEHBIIEH MPOHUIIAEMOCTBIO 00Ja/1al0T YYacTKU

KOH TOJIEHU, TPYAH, IPEAIIeUbs, Oenpa.
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WNurepHeTr Bemied — HaOuparouiasi MOMYJISIPHOCTh TEXHOJIOTHUS, Mpe.-
CTaBJISIONIAas OO0 KOHLEMIUI0 O0beAUHEHUsI (PU3NYECKUX MPEAMETOB B BbI-
YUCJIUTEIBHYIO CE€Th, MO3BOJIAIONIYIO UM B3aUMOICHCTBOBATh MEXKIY COOOM MiH
¢ BHeIIHeW cpenoit. OTHOM M3 OCHOBHBIX MPOOJIEM MHTEPHETA BEIICH SIBIsSETCS
peanu3aius O€CIPOBOJIHBIX CUCTEM CBSI3U, MO3BOJISIONIMX MEpPEaBaTh TaHHbBIE
Ha OOJIBIINE PACCTOSHUS C MUHUMAJIbHBIM HEPronoTpedIeHUEM arnapaTyphbl.

Konnermmst cymectByromux LTE wmm Wi-Fi cereit — mpenoctaBuTh
OTPaHUYEHHOMY YHCIy KJIMEHTOB MAaKCUMAaJbHO HIMPOKOMOJIOCHBINA KaHai. Of-
HAaKO CYUIIECTBYET CEIMEHT MHTEPHETA BELIEH, KOTOPBIA OTBEYAET 3a TEJIEMET-
puto. B naHHOM cilyyae KOJIMYECTBO OKOHEUHBIX YCTPOMCTB MOXET JOCTUTaTh
HECKOJIBKO TBHICAY, HO CKOPOCTh MEPEIaun JAaHHBIX MOXET COCTABIIATh HECKOJIb-
KO necsaTkoB u MeHee OaiT B wac. LTE u Wi-Fi B nanHOoM citydae mocTtaTodHO
U30BITOYHBI.

Jlns Takoro kiiacca ycTpoucTB Obutd paspadbotansl LPWAN cetu, mo3-
BOJISIIONIME TIepeaBaTh HEOObIHEe 00bEMBbI TAHHBIX Ha JajdbHUE PACCTOSHHUS,
TaKue Kak:

— «CTpurx TEnEMaTHKaAY;
— «LoRay;

— «NB-IoT»;

— «SigFox».

B nannoii pabote paccMaTpuBaeTcs TEXHOJIOTUS U OTHOMMEHHbBIA METOJ
monynsauuu LoRa[1]. ®usnuecknii paguonntepdeiic LoRa ocHoBaH Ha UCHob-
30BaHUM IIUPOKOMOJIOCHBIX PAJMOCUTHAIOB ¢ 00JbIION 0a30il B, MHOTO 60B-
e eauHuLb [3].

JlaHHBIN BUJ paAMOCUTHAJIOB UMEET JIBE IIaBHbIE OCOOCHHOCTH:

—  IIMpUHA criekTpa paauocurHana BW 3HauuTensHO Oosbllie CKOpO-

cTu nepenauu nasHbix Rb (BW >> Rb);
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—  KOppensiuMoHHash (DYHKIMS CYIIECTBEHHO YK€ KOPPEeNsUOHHOM
(GYHKIIMH y3KOIMOJIOCHOTO parocurHana ¢ 6azoit B~1.

YacroTHast M30BITOYHOCTH IIMPOKOIIOJIOCHOTO PaglOCHUrHaNIa 00yCiIaB-
JIMBAET €r0 BHICOKYIO TOMEXOYCTOMYUBOCTb, a y3Kasi KOppeasiuuoHHast (PyHKIUSA
— BBICOKYIO TOYHOCTh BPEMEHHON CUHXPOHHU3AIIHH.

[IIupokomnonocHeI paaunocurHan LoRa mpeacraBnsier co0oil curHan c
nuHeiHou yactotHor Moxynsmnued (JIYM) unu CSS (Chirp Spread Spectrum).
Yacrota CSS panumocurHaiga MOXKET Kak yBenuduBaThes (up-chirp), Tak u
ymenbiatbesi (down-chirp). Marematuuecku JIUM curnan npencraBisieTcs B

BU/IC BBHIPAKCHHUS
Koo
x(t) = Ay *cos(wo ¥t oxt );
rie t MeHsercst oT MUHYC Tgym / 2 10 mimoc Tgym / 2 1 onuckIBaeTcs cie-
JTYIOUTAMH MapamMeTpamu:
—  BW — mmpuna cniextpa paguocursana;

—  fo; wo = 2*m* f, — HeHTpanbHAs (HECYyIas) 9acToTa PaHOCHT-

Hana;

- fu=fo— B W/ 25 Wy = 2 % 10 * f, — HIDKHSS 4YacTOTa PaJHOCHT-
Haa;

- fi=fot B W/ 9 Wy = 2 * T * f, — BEpXHSAA YacTOTa PaJMOCHUT-
Hana;

—  SF—xo3dduiueHT pacimmpenus cuekTpa (M3MeHIeTCs B JUana3oHe
ot 7 no 12);
25F
- Tym= / Bl — AIUTEIBHOCTD PaOCHTHAIA;
_ —_ BW B )
U= /T CKOPOCTb U3MEHEHUS YaCTOTHI PaIMOCUTHAIIA;
sym

— B = BW * T, — 6a3a panuocuruana.
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3neck koadduimeHnt pacmmpenus crektpa (SF) ompenenser paspsi-
HOCTh CMMBOJIA JJAaHHBIX (B OMTax), mepeaaBaeMoro depes pamuouHTepdeiic 3a
BpEMSI Tsym.
Ha pucynke 1 mpusenexn Bua JIYM curnana Bo BpeMeHHOW objiacTu, a Ha pu-

CyHKe 2 noka3sas ero crektp ¢ BW=125 kl'u u 6a3o# pasnoit 128 (SF=7).

THM curnan

08— &

06

0.4

02—

02+

04

06 =

08— =

Bpema

Pucynox 1 — JIYM curHan Bo BpeMEHHOU 00J1acTH

[Tepenatunku LoRa dhopmupyror CSS paguocurHanbl ¢ MUPUHON CIICK-
tpa (BW) 125, 250 unu 500 xI'u. Ilpu ¢ukcupoBaHHOM IIMPUHE CIIEKTpa pa-
nuocurHana BW m3Menenue ero 6asbl OCYIIECTBISETCS 3a CUET H3MEHEHUS
JUIATENBHOCTH Tsym U CKOPOCTH M3MEHEHMsI YACTOTHI [, YTO MOKA3aHO Ha PH-

CyHKe 3.
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Cnewrp T4M curana (B=128)
L ! ! ! ! ! ‘ ‘ ‘ ! ! ! ! !

AMINMTYAHEIR CNEKTR

5 : i I i i i i i i i i i

=174 -180 -128 -100 75 -50 =25 o 25 a0 75 100 126 150 175

CMELEHHE OTHOCHTENLHD LSHTRANLHOR YacTaTel, kL,

Pucynok 2 — Cnextp JIUM curnana ¢ SF=7

i CpaBHeHHE Ko3(IpALMERTOR paciuMpenus cnextpa: © SF 7 no SF 12

(Hz)

Pucynoxk 3 — MI3MeHeHHe 9acTOThI ITPH Pa3IMYHbBIX 3HAYCHUAX KOI()(UINEHTOB PaCIINPEHUS

CIIEKTpA.

[IpuHuun nepegayn CMMBOJIOB HHPOpMaLMU OJI0Ka JaHHBIX (PU3NYECKO-
r0 YPOBHS MOCPEJCTBOM IIMPOKOMOJOCHOTO paguocurnana LoRa 3akmtouaercs

B YaCTOTHOM cMelieHun e~ *@*k*€ grpocurenbHo onopHoro JIYM paauocurna-
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_ 2 .
na e JH@ ) Cpne k=0,1,2,...,2%F — HHMOPMAIMOHHBIH CHMBOJ, Pa3MepHO-
cteio SF Our:
K2
Ao*cos(wH*t+Aw*k*t+E*t), 0 <t<T,

x(t) = u .
AO*cos(wH*t+Aw*k*t—BW*t+§*t2), To <t < Tsym

NudopManimoHHbIi CUMBOJI TOKa3aH HA PUCYHKE 4.

A

Yacrorta x(t)

« Toynd >
Pucynok 4 — Uadpopmannonssiii cumsoa LoRa

Bo3moxHas cxema IIpUCMHHUKa CHI'HAJa LoRa, IMNEPEHOCAIICTO 010K

JTAHHBIX (PM3UYECKOr0 YPOBHS, MOKa3aHa Ha pUCYHKe 5. Ha qaHHOM pHUCYyHKE:
K. 2
c(t) = Ay *cos wH*t+§*t ,

rze t paseH 0 - Tgym — 3Tanonnsiil JIYM curnain,
n(t),

rie t paBeH 0 - Toym — aAIUTUBHBIN Oenblil ['ayccoBCKUM HIyM.
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() = x2() + n(t)
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DYHKUMA NPUHATAA pelleHua Z (o)

B

+[m=0...ﬂ

3

+

m—

Y*[m=¥...BWJ ‘

Z(ey=Z(a)+ N (o)

Y

MOMCK MaKCMManbHOTO 3Ha4YeHUA GYHKUMK Z(@)

k:%,f(w:wm)zmﬂf(@)]

a

lk

PucyHnok 5 — BapuaHT cxeMbl IpUEeMHUKA

pUCYHKE 6 U PUCYHKE 7.

y(@) =x(t) *c(t) =

1

JIeyunupoOBaHHBIA CHUTHAJ IIOJIy4YaeTCs ITyTEM YMHOXKEHHMS BXOJHOTO
CUTHaJIa Ha KOCUHYCOUJAJIbHBIN CUIHAJI YACTOTHOI'O CMELIEHHUs, YTO [TI0KA3aHO B

dbopmyne 1. [Ipumepsl BXOAHOTO M pe3yJbTUPYIOIIETO CUTHANA MOKa3aHbl Ha

cos(Aw xk *t) + cos(Qrwy *t+Aw*k*t+u=t?),0<t<T,
cos(BW —Aw *k *t) + cos(Qx wy * t + Aw x kvt = BW st + p +t2),To < t < Tgpp’

n, (t) = n(t) * c(t).
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MexogHEIR curHan

Pucynok 7 — Pe3ynapTupyromiuii curHan
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OT16pocuB B BhIpakeHUHU i Y(t) BTOpbIE cllaraeMbie B (UTYPHBIX CKOO-
KaxX (KaK BRICOKOYACTOTHBIEC COCTABJISIIONIHUE), TOTYIaeM:

Ay * Ay cos(Aw xk *t), 0<t<T,
y(t) = *{

T2 leos([BW — Aw x k] * t), To <t <Tspm’

Ha Brixoze 6110ka nmpeobpaszoBanus Qypre Mocae UCKIIOUEHUS ABYX
clara€MbIx, UMCIOIIUX CYIICCTBCHHOC BJIMAHUC B oOJylact oTpULIaTCIIb-
HBIX YaCTOT U HU3KOE B O0JIACTH MOJIOKUTEIBHBIX, TIOJIyIaeTCsI CIETY-

FOIIIUU KOMIUJIEKCHBIA CUTHAI;

e

Y(w) = f y(t) x e J*@*tdt
Y (w) = Y1(w) + Yz (w),rae
sin [(w — Awk) * TO/Z]

. T,
V(o) = Ay Z/h « g~ @—bwk)>P T, * -
(w — Awk) * 0/2

An * A N _ To+Tsym
Y, (w) = % ¢ o J(@-(BW-dwi)y—F"= (Tsym _ To) %

sin [(w — (BW — Awk)) * (Toym - TO)/Z

X

(w — (BW — Awk)) * (Teym TO)/Z |

Jlns Toro 4ytoOBl M30€KaTh MEPEKPBITUSA JIBYX claraeMbix Y (®) mpu
Pa3IMYHBIX 3HAYCHHUSAX K JTOJDKHO BBIMIOJHATHCS HEpaBeHCTBO: Aw < BW / (2 *

k). CnenoBatenbHoO,

BW
Aw = 2SF+1’
_ (2$F+1 _ k) .
0= —Zsrrr * Toym:

Ha crenyromem starne BoraucisieTcss QyHKIUS NPUHATHS peieHus Z(m),
npeacTaBisronias codboit cymmy momynei GyHkiuu Y (o) u ¢pyHrimn Y (o),
3EPKAIBHO OTPAKEHHOW OTHOCUTEIILHO TOUKU ® = BW:

Z(w) = Yy (w)+ Y,(BW —w) = YT (w) + YT (BW — w),
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rae o mensercs ot 0 mo BW / 2. Pesynbrar BeinoHeHNs QYHKIIUN MTOKa-

3aH Ha PUCYHKE 8.

DYHKUMA NPUHATHA pellenni Zn)
I I T

0 g 18 24 32 40 43 56 B4 72 80 a5 96 104 112 120
Munekc n

Pucynox 8 — Pe3ynbrart BoinoHeHUST (DYHKIMH TPUHSITHS PEIICHUAN

HaKOHeH, onpeaACIBEICTCA 3HAYCHUC JCKOJUPOBAHHOIO IMMPUCMHUKOM HH-
q)OpMaHI/IOHHOFO cuMBoOJIa K. J_—[HSI 9TOIr0 HAXOAUTCA 4YaCTOTa (W, IIpHU KOTOpOﬁ

(GYHKIMS TPUHATHUS peieHus Z(®) TPUHUMAET MaKCUMAIbHOE 3HAYCHHE (Wmax):

Z(w = wmay) = MAX[Z(w)]

(‘)m ax

Aw

k =

KiroueBoii ocobeHHOCThIO pauounTepdeiica LoRa sBusercs: ero BbICO-
Kasi TIOMEXOyCTOWYUBOCTh. PHUCYHOK 9 pemMOHCTpupyeT (PyHKIIMOHUPOBAHHE
ONMCAHHOIO JIeTeKkTopa curHaia LoRa B ycnoBusX BO3AEHCTBUS aAAUTUBHOTO

0eJ10Tr0 raycCoBCKOTO myma ¢ oTHomeHneM curHa/mym SNR=0dB. B ta6nuie
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1 npuBeneHbl pe3yibTaThl MOJIETUPOBaHMS B cpene Matlab pabGotel nerexkropa

OpU Pa3IMYHBIX OTHOIIECHUSX CUTHA/IIYM U KO3(PPHUIMEHTAaX pacIIMpeHUs

CHEeKTpa.

104 112 120

Pucynok 9— Pe3ynbrat pyHKIIMY IPUHATHS PEIICHHS HA CUTHAJ C IITYMOM

Tabmuma 1 — Omubka AeTeKTUPOBAHUS TTAKeTa B %
OTtHo1IeHHE KoaddurmenTsr pacimmupenus cnekrpa
curHain/urym SNR,
nb SF7 SF8 SF9 SF10 SF11 SF12
0 0,9 0,5 0,2 0,1 0,1 0,0
-3 0,9 0,6 0,2 0,1 0,1 0,0
-6 2,0 0,6 0,2 0,1 0,0 0,0
-9 6,9 1,5 0,2 0,1 0,1 0,0
-12 18,0 5,8 1,3 0,1 0,0 0,0
-15 42,2 17,6 5,4 0,6 0,1 0,0
-18 68.9 442 18,0 5,1 1,1 0,1
-21 87,5 73,7 49,3 18,9 5,2 0,8

B PE3YIbTATC UCCICAOBAHUA OBLIO BbISIBJICHO, YTO ITAK€Tbl ACKOAUPY-

IOTCSl C HYJIEBOM OIIMOKON MpHW OTHOIIEHWW CUTHAJ/IIyM paBHOM -15 nb mpu

UCIIONIb30BaHUU K03 uirenTa pacmupenus crnekrpa SF=12.
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Abstracts: The article discusses the analysis of nonlinear circuits by the method
of spectral balance. The peculiarity of the method lies in the possibility of solu-
tions to the balance equations only in the frequency domain. The approach using
a power series of Taylor.

KioueBblie ci10Ba: rapMOHUYECKHI OallaHC, CIIEKTpalibHBIN OanaHc, mpeolpa-
3o0Banus Oypee, psaa Teunopa.

Keywords: harmonic balance, spectral balance, Fourier transforms, Taylor se-

ries.

B nocnegHee BpemMs akTHBHO Pa3BUBAETCS PBIHOK MOPTATUBHBIX MEPCO-
HaJIbHBIX CUCTEM PAJAMOCBS3H, BBIMYCK IIMPOKOW HOMEHKJIATYpPbl IPOEKTHUPYE-
MBIX PaJUOYACTOTHBIX U CBEPXBbICOKOUACTOTHBIX (CBY) mMHTErpaibHBIX CXEM,
CIIyTHUKOBBIX M Ha3€MHBIX CPEJCTB TeJe- U paAuOKOMMYyHUKaunil. Kak npasu-
J10, pa3paboTKa BCel CUCTEMBI pealin3yeTcsi B 0JJHOM MuKpocxeMe. HecMoTpst Ha
TO, YTO HEJIMHEWHAsI BEICOKOYAacTOTHAs dacTh (BY) cocTaBnsier HEOOMbIIyIO J10-
J10 B pa3pabaThiBa€MOil CHUCTEME, MMEHHO OHa BbI3bIBAET HAMOOJBIINE TPYIHO-
CTU MPHU IPOEKTUPOBAHUH U BO MHOTOM OIPEIEIIIET OCHOBHBIE MTAPAMETPHI BCE-
ro YCTPOMCTBA.

TpyaHocTH U JUIMTENbHBIE CPOKH MPOEKTUPOBAHUS OOBICHAIOTCS HEIO-
CTAaTOYHOCTHIO 3(PPEKTUBHBIX U HAAEKHBIX METOAO0B aHamm3a BU HelMMHEHHBIX
CXEM B MHTErPAJIbHOM HMCIOJHEHUU IPU BO3JCHCTBUM CIIOKHBIX CUTHAJIOB, KO-
TOpbIE€ MCTOJB3YIOTCS Ul nepefadud MHGOpMAIMi B COBPEMEHHBIX CPEJICTBAX
paguocBssu. [1]

Oc00€eHHO HarJISIIHO 3TO MPOSIBISETCS, HAPUMED, MPHU OLICHKE HEJIMHEN-
HBIX HCKAXXEHUU B CJIy4YasiX MOJUTAPMOHHYECKOTO BXOJHOTO BO3JECUCTBUS MPHU
MIPOU3BOJBLHOM COOTHOLIECHUH AMIUIUTYZ U 4YaCTOT HCTOYHUKOB CUTHAa, IyMO-
BbIX XapaKTEPUCTHUK, MPU MOAOOpE HanboJiee ONTUMAIBHBIX 0 PSAY KPUTEPUEB

(motepu, ko3 duiueHT nyma, kKodhPuIueHT nepeaadn, mojxoca mpormyCcKaHus,
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MUHHUMYM HEJIMHEWHBIX MCKAXEHUH U Jp.) aKTUBHBIX NpHOOPOB JUIsl peannsa-
ITUU B CXEMOTEXHUYECKOM MTPOEKTE YCTPOUCTRA.

Takum oOpaszom, pa3paboTka HOBBIX I(P(EKTUBHBIX METOJOB aHaIu3a
ANEKTPUUECKUX CXEM, a TAKKE YIYUIICHHE YK€ CYUIECTBYIOUIUX METO/I0B SIBJIS-
€TCs aKTYaJIbHOM 3aJja4€d Ha CETOIHSIIHNN JIEHb.

OgHuM M3 OCHOBHBIX METOJIOB aHaIM3a HEJIMHEWHBIX SJIEKTPUYECKUX
CXeM B COBPEMEHHBIX CHUCTEMax aBTOMATH3MPOBAHHOTO MPOCKTUPOBAHMS
(CAIIP) sBnsercs merona rapmonndeckoro 6ananca (I'b). On ucnonb3yercs ais
pacyéra yCTaHOBHMBIIMXCSA PEKMMOB B HEIMHEHHBIX YCTPOWCTBAX B YaCTOTHOM
oOnacTu.

K TunoBsIM Kjaccam yCTpONCTB, JJIsl aHaJIM3a KOTOPBIX Hauboliee yao0eH
meton I'b, MoXXHO OTHECTH:

— YMHOKUTEJN YaCTOTHI,

— YCWJIUTENU MOIIHOCTH;

— CMECHUTENH;

— MOJAYJSITOPHI.

Cucrema ypaBuenuii I'b st merona HerotoHa umMeeT Bz

JIANV =-FWV)=1,-1V")-YV’' =0, (1)

rae J — SlkoOuan
J0=20) =y 20
oV’ ov
AV’ _ npupamenne
AV = -V7) ;

V' — BEeKTOp HEM3BECTHBIX y3JIOBBIX TIOTCHIIUAJIOB,;
I — BEKTOp BXOJIHBIX TOKOB;
I — TOK yepe3 HEMHENHBIN JIEMEHT;
Y — maTpuna npoBoaumocTu;

J —HOMEpa UTepaluu.

171



B cBs3u ¢ Tem, yTo Bce HenuHelHble 3neMenThl (HD) onuchiBaioTcst BO
BPEMEHHON 00J1acTH, NJIsi BBIUMCICHUS TOKOB /(V) HEOOXOMUMO IBaXKIbI WC-
M0JIb30BaTh MpeodpazoBanue Oypre:

1) oOpatHoe mpeobpazoBanue dypre (OIID) mis mepexoma OT aMIUIH-
TYAHBIX 3HAYEHUU HANPSOKEHUM ) Ha HEIMHEHWHBIX 3JIEMEHTaX B MTHOBEHHBIC
3HAYEHUS] HANPSDKEHUM u JIsl TIOJICTAHOBKHM B HEJIMHEHHBbIE 3aBUCUMOCTH [ =
fu@);

2) mpsimoe npeodpazoBanre Oypwe (I11ID) oT MrHOBEHHBIX 3HAYEHUH OT-
KJIMKOB HEJIMHEWHBIX 3aBUCUMOCTEN [ B aMILTUTY IHbIE 3HaYEHUs /.

T.o., I(V) Beraucnsercs mo ¢popmyie

IV)=Ti(I'"'V),

rae ['— II1®;

I'' — OIld.

Boinmonnenue mnpeoOpazoBannii Dyphe Ha KaXKAOW HTEepaluu TpeOyeT
BPEMEHHBIX U BHIYMCIUTENbHBIX 3aTparT.

st cokpanienust Bpemenu ananusza cxem metoa I'b B CAIIP npennaraet-
Cs1 HEMOCPEJICTBEHHO CBS3BIBATH AMILIUTY IBI TAPMOHHK TOKA / HETMHEWHBIX 3a-
BUCUMOCTEH I = f(u(?)) 1 aMIUTUTY]IbI TAPMOHHMK HAMPSHKEHUN V 3THX 3aBUCUMO-
cTeil, T.e. monyuyath cootHomeHuss I = F(V), He ucnonb3ys npeodpazoBaHUs
Dypse.

Cnexrtpansubiii 6ananc (Cb) sBnsercs onnon uz dopm merona I'b. Jlan-
HBII METOJ IPEANoJaraeT MOACIUPOBAHUE BCEU CXeMbl (JTMHEHHOW U HEJIMHEH-
HOI yacTell) TOJIbKO B YaCTOTHOM 00JIaCTH, a 3TO 03HAYAET, YTO HET HEOOXOIu-
MOCTH JBaXIbl UCIIOJIH30BaTh MpeoOpazoBanue Oypre. Ho nmpu ncnons3oBaHnm
JTAHHOTO METO/a BO3HUKAET PsAJl MPOOJEeM: BHIOOp M TOYHOCTh ANMpPOKCHMHUPY-
fomux QyHkiuil xapaktepuctTuk HD B yacToTHOM 001acTH, KOTOpBIE JOJIKHBI
anmpOKCUMHUPOBATh CBsI3b TAPMOHUK Ha BbIxoae HD oT Bcex rapMOHUK Ha BXO-

Iie.
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Meron Cb xopouio moaxoauT Uisl aHallh3a CXeM CO ClaObIMH HEJIMHEMU-
HOCTSIMHU, T.K. JIJIl CHJIBHBIX HEJIMHEWHOCTEW HEOOXOJMMO YYHUTHIBATH OYCHD
OOJIBIIIOE YHUCIIO WICHOB psJia, KOTOPBIM anmnpokcumupyerca HO, uto nmpuBoaut
K OOJIBIIMM BPEMEHHBIM U BBIYUCIUTEIBHBIM 3aTPATaAM.

Haubonee pacrpoctpanénnoit anmpokcumarueir HD siBnsiercs creneHHon

pan Teiinopa [1, c. 1251]. On onuceiBaeT Tok HD dhopmynoi

i(t):io+g1(”_Vo)+gz(”_Vo)2+---, (2)

rae iy — Tok yepe3 HD npu HavaibHOM pUOIHKEHUN

ly =i(upc);
gi — TMHEHHAs KpyTU3Ha
1 0%
gk = T ou” e -
ITycTh uMeeTcs BXOHOE BO3JICUCTBUE U(1)
M
u(t) = kZMVk exp(jkat) 3)

rae M — HoMep HauBBICIIEN TAPMOHHUKHU.

Ecnu nmoxacraButh (3) B psia (2) u cobpath Bce ciaaraeMble Ha Kaxaou Ja-
CTOTE, TO JJIS MEPBBIX YETHIPEX TAPMOHHUK MOKHO TOJIYUUTh CIICAYIONIUE BhIpa-
KEHUS

I, =iy +28,(VV  +V,V , + VYV ) +3g,(VV , + 2V VYV +V,V 2+ 20V V)
I =gV +2g,(VV  +VV ) +3g,(VV + 2V VY, + 20V V  + V)V + VIV 7)
L=gV,+g,(V:+2VV ) +3g V'V, +6g,(VV,V +V V.V, +V,VV.,)

I, =gV +2g, ViV, + gV +3g, QU + V"V + 2V, V , + ViV ).

[Tomy4yeHHble 3HaUEHUS OTPAXkKAIOT CBSA3b FApMOHUK Toka Ha HO ¢ rapmo-
HUKaMU HalpsKEHUI HAa HUX, OHU MOJCTABIAIOTCA B ypaBHEeHUs Oananca (1).
[Ipu paznoxxenun 3aBucumoctd HO B psin Telnopa BEIMUCIEHUS MOXKHO

OpraHn30BaTb ABYMA crocodamH. BO-HepBbIX, MOXKHO 3apaHCC pacCliuCaTb BEI-
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paXeHUs IJis1 BCEX BO3ZMOXHBIX CUTyallUd (YMCIO BXOJHBIX YacTOT, YUCIIO yUH-
THIBAEMBIX WICHOB psija W T.1.). BTOpoii BapuaHT 3aKiodaeTcss B pa3padOTKe
KOMOMHATOPHOI'O aJIrOPUTMA, KOTOPBIM HA OCHOBAHMU BXOJHBIX JAHHBIX (op-
MUpPYET HE0OX0uMBbIe (DOPMYIIBI.

AJNTOpUTM aHav3a HENMHENHBIX yCTporcTB MeTo1oM Cb Ha OCHOBE UTe-
pauuii Herotona:

1) Anann3 cratudeckoro pexkuma. OrmpeneseHne BEKTOpa HadaldbHBIX
NPUOIMKEHUH.

2) Omnpenenenue HaboOpa KOMOMHAIIMOHHBIX YaCTOT, Ha KOTOPHIX OyaeT
IPOBOJUTCS CHEKTPaJIbHBIN aHAN3 (W7, >, ..., ON).

3) AHaiu3 1o MepeMEeHHOMY TOKY. Briunciaenne MaTpuilbl IPOBOJIMMOCTH
Y.

4) Pacuér BeIpaxkeHuil s pasnoxenus 3apucumocta HO B psig Teitnopa.

5) YcraHoBKa Ha4alIbHOTO 3HAYECHUS HOMEpa UTEPALIMKA PABHBIM HYIIIO.

6) Pacuér criektpoB TokoB I(V) uepe3 HO.

7) Pacuér SIkobuaHa.

8) Onpenenenne BekTopa F(V)

FW)y=yvr+1(v)-1,.
9) Pemienne cucremMbl ypaBHEHUI
Vit =y —JtVhHEWY).

10) IIpoBepka ycinoBuil CXOJIUMOCTH.

Ecnu ycnoBusi cXOAMMOCTU HE BBIMOJIHEHBI, TO HOMEP UTEPALMH YBEJIH-
YUBAETCA HAa €UHUILLY U OCYILIECTBIIAETCS MEPEXO]T K IIYHKTY 6.

Ha pucynke 1 mpencrasiena tectoBas cxema. B tabnuue 1 npezacrasie-

HbI 3HAUYCHHN HCCKOJIbBKNX I'apMOHHK TOKaA, IMOJTYYCHHBIC MCTOJaMU I'b u Cb.
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node 2 I~

node 1

1
Diode
| _1Tone DIODE1
R30 SRC18 Model=DIODEM1
R=0.00001-O<) I=polar(100,0)A - Area= -
. . ™1 Freq=1.3 kHz Periph= -
+ Scale=
node_3 Region=
1.DC ¥e.mp_=24.85
R31 _ SRC19 M”S(f‘__ i
R=0.01 Ohm CD ldc=100 A ede=noniinear

R

R1
§ R=1kOhm

Pucynok 1 - TectoBas cxema

Tabnuna 1 — Pe3yabTaTsl TeCTUPOBaHUS

i

Howmep
Howmep rapmonuku I(V), I'b I(V), Cb
UTEpaLUn

0 0.0004863400136 0.0004863400136

1 0 0
1

2 0 0

3 0 0

0 0.0004863400182 0.0004863400321

1 0.00000009498373401 0.00000009498375119
’ 2 4.637654139¢-12 9.275310863e-12

3 1.51442225e-16 6.038324555¢e-16

0 0.0004863400138 0.0004863400321

1 0.00000009498373352 0.00000009498375113
. 2 2.325921031e-13 4.65185369¢-13

3 -1.504672636e-17 -8.730793526e-16

0 - 0.0004863400321

1 - 0.0000000949837336
’ 2 - 4.651848353¢-13

3 - -5.668547935e-17

Hnsa pgoctuwxenust Tpebyemoirn Tounoctu metoq Cb TpeOyer Gombliero

yucia urepaiuid, yem meto I'b (mpumepHo B 2 paza).
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AHHOTamusi: B naHHON cTatbe paccMaTpuBaeTcs MOMYJSPHbIE HA CEroJIHSIL-
HUW JICHb TEXHOJOTHH, C TIOMOIIBIO KOTOPBIX CO3MAIOTCS Web MPUIOKEHUs, a
TaK ke onucanbl NpuHIUIIEI padboThl OpeiimBopkoB ASP.Net Core u Angular.
Abstract: This article discusses the currently popular technologies with the help
of which web applications are created, as well as describes the principles of op-
eration of the ASP.Net Core and Angular frameworks.

KiroueBble ciaoBa: ¢peitmBopk, ASP.Net Core, Angular, JavaScript, Entity
Framework, web npunoxxenue, 6a3a JaHHBIX.

Key words: Framework, ASP.Net Core, Angular, JavaScript, Entity Frame-

work, web app, database.

Ha nanHbIil MOMEHT B MHupe C(OPMUPOBATIOCH TPH OCHOBHBIX MOAX0/a B
Web pazpabotke. 310 — 1) pazpaboTka ¢ momomipio rotoBeix CMS cuctem, Ta-
kux kak Joomla, WordPress u uM noo6HsIe, 2) pa3paboTKa ¢ UCTOIb30BaHUEM
pa3nuuHbIX QpeiiMBopKoB, Takux kak ASP.Net Core Node.js u npyrux, 3) pas-
paboTka Ha «YUCTOM» sI3bIKE, Hanpumep, JavaScript.

VY Kaxa0ro u3 3THX CHOCOOOB €CTh CBOM JOCTOMHCTBA M HEIOCTATKHU.
CMS cucremsl, o 00JbIlIeH YaCTH, UCHOIB3YIOTCS 7S pa3pabOTKU CAMTOB C
HEOOJILIIUM KOJMYECTBOM TOCETUTENIeH U UX pa3paboTka - 3TO MO CYTH OIlpe-
NenéHHas HACTPOIKa ATOM CUCTEMBbl, MPAKTUYECKH HUKAK HE CBA3aHHAS C IMPO-
IrpaMMHPOBAHUEM, 32 UCKIIOYEHUEM HEKOTOPBIX CITy4aeB.

Ha «uncrom» s3bike, 06e3 ucnonb3oBanus (periMBopkoB u CMS periie-
HUH, MHAINIYTCS OTPOMHBIE TIPOEKTHI C TOBBIIICHHBIMUA TPEOOBAHUSIMHU IO THOKO-
CTH, Harpy3kaM u 0€30MacHOCTH, 3/1€Ch B IPUMEP MOKHO MPUBECTU TAKOTO IO-
MCKOBOTO Turanra, kak Google, oH coBmemaer B cede MOyM, HATMCAHHBIE CO-
BEPILIEHHO HA Pa3HbIX S3bIKaX MPOTPaAMMHUPOBaAHUS, K UX yuciy oTHocsatcs C,
C++, Ruby, Python u npyrue. Pa3zpaboTka Takux MpoeKTOB 0YEHb TPYAOEMKasI U

AoporocrosAmias.
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OpeiiMBOPKHU 3aHUMAIOT CPEIHIOI0 MO3UIUIO, TAK KaK 00J1aat0T HE00XO0-
JTUMOM TMOKOCTBIO, XOPOIIeH MPOU3BOAUTEIBHOCTHIO U HE TaK TPYMOEMKH, KaK
MPOEKThI HA «YUCTOMY SI3bIKE 32 CUET TOr0, YTO MUMEIOT ONpeneNEHHbIN HAbOP
paBuil, YCKOPSIOMUX pa3paboTky. OHU MOJpa3AessItOTCS Ha JIBE KaTErOpuw,
cepepubie «Backend» u knmentckue «Frontend». Pasnuma mexay Humu 3a-
KJIroyaeTcs B ToM, 4To Backend dpeiimBopku paboTaroT Ha CTOPOHE cepBepa U
NPEeIOCTaBISAIOT AaHHbIE, a Frontend pa®oTaroT Ha CTOpOHE KJIMEHTa M OCY-
HIECTBIISIIOT X MpaBHIIbHOE oTOOpakeHue. Takum oOpa3oM, Mpu MoceneHnu, K
IpUMEPY, CTPAHUILIBI aBTOPU3ALMH, KAKOT0-IM00 web- pecypca Bbl yBUIAUTE pa-
6oty Frontend ¢peiiMBopka, TO €CcTh 0TOOpaXEHHBIE TIOJIS I BBOJA, HO Kak
TONBKO OyAyT BBEJEHBI JaHHBIE, MPou30HIET oOpamenue k Backend ¢peitm-
BOPKY, KOTOPBII CPaBHUT BBEAEHHYIO MH(POPMAITUIO C TAHHBIMH, XPAHAIIAMHUCS
B b/, 1 BEpHET OTBET B BUAE YCHEIIHOW WK HEYTAYHOM aBTOPU3ALUU.

Campble nonyJsipHble Ha CETOHAIIHUN JeHb cepBepHble Backend dpeiim-
Bopku — 310 PHP (Laravel), Node.js, Ruby on Rails, ASP.Net Core. 3 npen-
ctaBieHHbIX HaumOosee Boiaensitorcss Node.js u ASP.Net Core Tem, 4To OHH
oueHb ObicTpo pasBuBatoTcs, Ho ASP.Net Core B otnuumne ot Node.js XOTh U
SIBJISIETCSI IPOCKTOM C OTKPBITBIM HCXOJHBIM KOJIOM IO OOJIBIIIEH YacTH pa3pa-
OaThIBaeTcs komnanuend Microsoft u, kak cieacTBue, 001a1aeT X0Opouen JoKy-
MEHTallMel Ha Pa3HBIX S3bIKAX, a TAKKE B €r0 OCHOBE JICKHUT CTPYKTYypHUPOBAH-
HbIl 51361k C#, B oTinune ot Node.Js, B OCHOBE KOTOPOTO - HETUIU3UPOBAHHBIM
JavaScript, obnanaromuii OONBIIMM KOJIMYECTBOM HEIOCTATKOB. B mupe u3
Frontend ¢peiiMBOpkoB Ha AaHHBII MOMEHT momyisipHbl Angular, React.js u
Vue.js. 3 Bcex dpeiiMBOpkoB ToJbkOo Angular paboTaeT mo TOH kK€ MOJenH,
yto U1 ASP.Net Core, mo3ToMy €ro HMCHOJIb30BAaHHE C JAHHOW TEXHOJIOTHEH
MPEANOYTUTENBHEN, HO HE SIBJIIETCS 00S13aTENIbHOM.

Texnonorus ASP.Net Core pa3aensieTcsi Ha TpU YacTH, KaK MPEeACTaBICHO

Ha pucyHke, u padotaet no mozaenu MVC (Model-View-Controller).
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Cxewma pabotsl TexHosoru ASP.Net Core

1. Model ucnonb3yercst 151 U3MEHEHUsI JaHHBIX B 3aBUCUMOCTH OT CO-
CTOSIHMSI KOHTPOJLIEpA.

2. View oTBeuaeT 3a 0TOOpaKE€HUE JAHHBIX MOJIb30BATEIIO.

3. Controller onosemaer Model 0 He0OX0AMMOCTH U3MEHEHUS TAaHHBIX B
COOTBETCTBUH C JICHCTBUSIMU MOJIH30BATEIS.

Taxk >xe HeOThEMIIEMBII YaCThIO 3TOTO (peMBOpPKA SBIIAETCS TEXHOIOTUS
noctyna K manHbeiM — Entity Framework. Jlannas TexHomorus mo3BoiisieT ao-
CTparupoBaThCsl OT camoil 0a3bl JaHHBIX U €€ Tabaull U paboTaTh C ONpeIeaEH-
HbIM HabOpOM 00BEKTOB, KOTOphle HaM mpeniaraeT Entity Framework. Takum
o0pasoM, MbI MOkeM paboTath ¢ b0 CYBJI, ecnu 1151 Hee MeeTcs Hy KHBIH
MpOBaKIED.

B cOBOKymHOCTH 3TH TE€XHOJIOTHH PAaOOTAIOT MO CIEAYIOMIEMY MTPUHIINITY:
HaIpuUMep, Ha KaKOW-JI1M00 CTpaHUIEe €CTh KHOIKA, M0 HaKaTHIO0 KOTOPOW pac-
KpbIBaeTCs CTaThd. B naHHOM ciyyae /Ui OTOOpa)K€HUsl MCIOJb3YeTCsl 4acThb
View, npencraBneHHas ¢ppeiiMBopkoM Angular, mpu HakaTuu Ha KHOIKY Cpa-
oarbiBaer Controller, KOTOpBI OTCIIEKUBAET COCTOSHUE, T€HEPUPYIOIIHUECS B
gactu View, u nepenaét curHan yactu Model, koTtopas, UcHoiab3yst 0ObEKTHI
Entity Framework, nenmaet 3anpoc Ha u3BiedeHne HY>XKHOU MHGOpMAI U3 Oa-
36l JAaHHBIX. Ecim mHopmanus npucyrctByer B 0a3e maHHBIX, yacTh Model
NPEIOCTaBUT JaHHbIE YacTH View 11 oToOpaxkeHus. Tak ke wactu Model u
View ucnosb3yroTcs [Uisl OpraHu3aliyd MaplpyTu3aiuu no web pecypcey, coot-

BeTCTBeHHO Model-yacTe oTBeUaer 3a nepexoJ 1o CCblJIKaM B a,IIpCCHOﬁ CTPOKE
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Opay3zepa, a View-yacTh 3a MEpeXOi IO CChUIKaM, KOTOPBIE PACIOJIOKEHBI
HEMOCPEICTBEHHO Ha CTPaHMUIIE.

Takast opranm3zamnus paboThl KIMEHT-CEPBEPHON apXUTEKTYPhl Ha3bIBACT-
csa «Thin client» u ucnoab3yercst AJig TOro, YTOObI MEPEHECTH OOJIBIIIYIO YaCTh
3a/ay, TPEOYIOMUX OOJIBIINX BEIYUCIUTEILHBIX 3aTPaT, Ha CEPBEP, U KaK MOXK-
HO OOJIBIIIE Pa3rpy3UTh KOMIBIOTED MMOJIB30BATEIIS.

PaccMoTpeHHBIE TEXHOJIOTUH SIBJISTFOTCS OTHOCUTEHHO HOBBIMH H TTOCTO-
SIHHO Pa3BHUBAIOIIMMUCSA, UX Pa3pabOTKy MOACPKUBAIOT KPYITHbIC KOMIIAHHHA U
COO00IIEeCTBO, @ ATO 3HAYNT, YTO OHH HE MOTEPSIOT CBOIO aKTYaIbHOCTh U OYyayT

HCIIOJIB30BATHCA JOCTATOYHO J0JIIrOC BPCMAL.

CnucoK HCO0JIb3yeMbIX HCTOYHHKOB:

1. Angular — odunuanpHas poxkymeHTauus [DIEKTPOHHBIM pecypc], —
https://angular.io/docs

2. Metanit — DSJEKTPOHHOE PYKOBOACTBO [DJNEKTpOHHBIA pecypc], —

https://metanit.com/
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MJAHUPOBAHME JBUKEHU POBOTA MAHUITYJISITOPA
B ROBOTICS OPERATION SYSTEM (ROS)
PLANNING OF MOVEMENTS OF ROBOTICS OPERATION SYSTEM
(ROS) ROBOT MANIPULATOR

J.A. TAJIKUH — cryaent, UHCTUTYT HHPOPMAIIMOHHBIX TEXHOJIOTUNA U PaIno-
anexkTpoHuku, kadeapa BTuCV, rpynna YCwm-117

JI.H. BACUJIBEB — nayuHbIil pyKOBOJUTENb, K.T.H J01IeHT, MHCTUTYT HH)OD-
MAIMOHHBIX TEXHOJIOTHM U paino3eKTpoHukH, kagenpa BTuCyY

D.A. GALKIN - student, Institute of Information Technologies and Radioelec-
tronics, department of VTiSU, group USm-117
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AHHOTAIUS: TUIAHUPOBAHUE JIBIDKEHUS SBISICTCS 3a/ladeil HAaXO0XKACHUS HEempe-
PBIBHOTO IyTH, KOTOPBIA COEAMHSIET HadyajlbHOE COCTOSIHME CHUCTEMbI U 3aJaH-
HYIO IIeJIb TaKuM OO0pa3oM, YTO IMyTh YyIOBJIETBOPSET HAOOpYy OTrpaHHYCHUI
(Hampumep, TPeayNnpexaCHUs CTOJIKHOBEHUN, OTPaHUYEHHBIC CHUIIbI, OTpaHU-
YEHHOE YCKOpEHHE W Tak jaainee). Llenpro maHHON paboThI SIBISETCS paccMOTpe-
HUE OTKPBITOW OMOIMOTEKH MO TJIAHHUPOBAHUIO JIBIKEHUS M €€ BO3MOYKHOCTEH,
a TaKk)Ke UCCIIeIOBAaHNE METO/I0B, 3aJI0’KEHHBIX B 3Ty OMOIHOTEKY.

Abstract: motion planning is the task of finding a continuous path that con-
nects the initial state of the system and a specific goal in such a way that the

path satisfies a set of constraints (for example, collision avoidance, limited forc-
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es, limited acceleration, etc.) The purpose of this work is to examine the open
library for planning movement and its capabilities, as well as the study of the
methods incorporated in this library.

Kirouesble ciioBa: Po6oter, PoboToTexnuka, BupTyanbHbie cpesl MOIETHPO-
Banus, [InanupoBanue nmxenuit, ROS, Movelt, OMPL.

Keywords: Robots, Robotics,Virtual simulation environments, Motions plan-

ning, ROS, Movelt, OMPL.

ROS — (Robotics Operation System) 3To MeTa-onepaimoHHas cuctema (¢
OTKPBITBIM HCXOJHBIM KOZOM) 1jisi poOoToB. ROS oOecneunBaeT cTaHgapTHbIE
CITyOBbl ONEpPallMOHHON CHUCTEMBI: annapaTHyl0 a0CTPAKIUIO0, HU3KOYPOBHEBBIM
KOHTPOJIb YCTPOMCTB, PEATU3AINI0 YaCTO MCIOJIb3yeMbIX (DYHKITHH, Tiepemnady
COOOIIEeHNIT MEeXIy MpolleccaMu, ynpamieHue nakeramu. ROS uHTETrpHpyeT B
cebe pas3nuyHble ApailBepbl, aITOPUTMBI U TOMYJISIPHBIE OTKPBIThIE POOOTOTEX-
HUYecKrue Onommoteku. [1]

Movelt - oTKpBITBII QpEeUMBOPK AJIs1 yIpaBieHUss podoTamMu B 001aCTH IIa-
HUPOBAHUS JBWKCHUN U MAHUITYJISIHUEH C IPEAMETaMH C YYETOM JAEHCTBYOIINX
Ha HUX (PU3MYECKUX CHJL.

OMPL - 6ubnuoTtexa 1jis TUIAaHUPOBAHUS IBUKEHUM, BKIIFOYAIOIIAs pean3a-
ITUU a0CTPAKTHBIX METOJIOB IUIAHUPOBAHUS, U HE OPUEHTUPOBAHHAS HA KaKyIO-TO
KOHKpPETHYI0 00JsiacTh. bubanoreka He MpeaoCcTaBisieT CpeicTBa OOHAPYKEHUS
KOJUIM3UN WJIM OMHUCAHUSI OKPYXEHHUs po0O0Ta, MOAITOMY HCIOJIB3YeTCS OOBIYHO
BHYTpH 00Jiee Creruain3upoBaHHbIX (PPEUMBOPKOB M IPYTUX CPEACTB TIAHUPO-
BaHUs. [2]

Movelt B3anMOIEHCTBYET C IUIAHUPOBIIMKAMH IOCPEICTBOM MEXaHHU3Ma
IJIarMHOB. DTO MO3BOJISIET UCIOJIB30BATh €r0 C IIAHUPOBIIUKAMU U3 PA3IUYHBIX
OuONMMOTeK, W YyIpollaeT pacuupeHue ero QyskiuoHana. Ilo ymomuanuio,

Movelt opuenTrpoBan Ha paboty ¢ 6ubnmorexoit OMPL.
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3anpoc Ha MjaHupoBaHue B Movelt mpeacTaBisier coO0Ol OMUcaHWe TOTO,
9TO TpedyeTcs caenaTh MIAaHUPOBIIUKY. DTO MOXKET OBITh, HAPUMEP, 3aMPOC HA
NepeMeIleHe KOHEUYHOCTH poOoTa B japyroe mnojoxkeHue. [lo ymomyanuto,
bpeliMBOPK MPOBEPSET BO3MOXXHOCTh BO3HHKHOBEHMSI KOJUITU3MM KOHEYHOCTH
po0OoTa, B TOM 4YHCJIE C 3TOH XK€ caMOW KOHEUHOCTHhIO. CyIIEeCTBYET BO3MOXK-
HOCTb “TIPUKPENUTH” HEKOTOPHI 00BEKT K KAaKOH-TO YacTH poOOTa, HAIpuMep, K
€ro KOHEYHOCTU. DTO MO3BOJIUT IUIAHUPOBIIUKY YUUTHIBATH MPEAMET MPHU IUIa-
HUPOBAaHUM TpaeKTOpuu. [TaHUPOBIIMKY MOTYT OBITH NEpPEJaHbl OTPAHUYCHHS,
BCTPOCHHBIMU SIBJISIFOTCSl CJICAYIOIIME KUHEMATUYECKUE OTrpaHUYCHUS: OTPAHU-
YEHUS TIOJIOKEHUS - BBIJICIICHHE HEKOTOPOM JOCTYMHOW 00JacTH B MPOCTpaH-
CTBE; OTPAHUYCHUE OPUEHTAIIMH - YKa3aHUE HEKOTOPOTO JAMaIa30Ha MepeIBUXKeE-
HUSI WIK yIJIa TIOBOPOTA; OTPAHUYECHUE BUJIMMOCTH - OTPAHUYCHUS B IPEAEIax
OKHa BUJIMMOCTH HEKOTOPOTO TaTYUKA.

B oTBeT Ha 3anmpoc miaHupoBaHus, Movelt creHepupyeT TpaeKTOpHUIO Iepe-
MEILICHU. HalpuMep, PyKU WK Tpynnsl cowieHeHuil. [Ipu atom, pesynpratom
OyJeT He TOJIbKO caM MyTh, HO U ONUCAHUS JIBMYKEHHUS CO CKOPOCTSIMHU M YCKOpe-
HUSIMH, C YY€TOM OT'PaHUYCHUH, €CJIM TaKOBbIC OBLIH.

bubmmorexka OMPL comepuT HECKOIBLKO METOJOB TJIAHUPOBAHUS JBUKE-
HUM, KOTOPbIE OCHOBaHbl HAa MOCTPOEHUM JIEPEBHEB, UCCICIYIONIUX MPOCTpaH-
CTBO COCTOSHMM OT Ha4aJbHOM TOYKH JO IeJICBOM TOYKH. METOabl OTINYAIOTCS
aJITOPUTMOM MOCTPOCHHUS, CXOAUMOCTBIO U CKOPOCTBIO BBIMIOJIHEHUS 3a1auH. 3]

Pe3ynbTaThl MIaHUpPOBAaHUS JIBHKEHUS POOOTAa MaHUITYJISITOpa IO IMepeTac-

KHBAaHHIO IPCAMCETA B KHIKHOM MOJIKE MMpCACTAaBJICHbI HA PUCYHKC 1.
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Pucynok 1.

B unccnepoBaHnM MCHONIB30BaMMCh METOAbI IIAHUPOBAHUS JBHKEHHUW Ha
ocHoBe BbI0Opok: RRT-Connect, BKPIECE, SBL, PRM.

CkopocTh U TOUYHOCTH TIaHupoBaHusi MeTosioM RRT-Connect nosyumnach
HanOOJIbIAs, TaK KaK JAHHBIA METOJ CTPOHT JEPEBO U3 HAYATHLHOW M KOHEUHO
TOYEK OJHOBPEMEHHO, B TO Bpemsi kak metoasl PRM u SBL cTposT aepeBbs
TosbkO 13 HavanbHOU Toukn. Meton BKPIECE He Bo Bcex cutyamusx obecrie-
YuBaJI cXOAUMOCTh. Ha pucyHke 2 mpuBeAeHBI 3Tanbl IUIAHUPOBAHUS TPACKTO-
pun anroputMoM RRT-Connect. [4]

[InanupoBanue npmxenuit B OMPL ¢ momomnisio nakeroB ROS ymnpomaer
IPOrpaMMHUPOBAHKUE U MOJIETUPOBAHKUE MPOLIECCOB JIFOOBIX CIOKHOCTEN, SKOHO-
MUT BpeMs U pecypchl Ha ux peanuzanuio. bonee toro ROS no3Bonsier uHTe-
IpUpOBaTh Takue cuctembl kak Gazebo, MovelT, Matlab, yto ynpormiaer peanu-

3alluIo 0o0J1ee CIIOKHBIX AJIT'OPpUTMOB.
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Pucynoxk 2.

Cnucok ucnoIb3yeMoii JIUTepaTyphbl:

l.

http://wiki.ros.org/

2. http://ompl.kavrakilab.org/
3.
4

http://docs.ros.org/kinetic/api/moveit_tutorials/html/

. http://ompl.kavrakilab.org/planners.html
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Abstract: The article is devoted to a review of methods for estimating the prob-
abilities of nature’s actions in game theory. The task of assessing the probabili-
ties of actions of nature is relevant, because on the basis of the estimates ob-
tained, a decision is made in a number of situations related to corporate govern-
ance, which can be viewed as a game with nature. The accuracy of the calculat-
ed decisions may later depend on the accuracy of the calculated estimates. This
article describes the basic methods of machine learning, as well as their ad-
vantages and disadvantages.

AnHoTtaums: Ctarhs MOCBsIIEHA 0030py METOAOB OLEHKU BEPOATHOCTEH AeH-
CTBUU MPUPOJBI B TEOPUH UTP. 3a7a4ya OLIEHKN BEPOATHOCTEN NEUCTBHI PUPO-

bl ABJISICTCA aKTyaHBHOﬁ, IIOTOMY Ha OCHOBC ITOJIYUYCHHBIX OLCHOK OCYIICCTB-
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JSIeTCsl TIPUHATHE PEIICHUs B PS/Ie CUTYallMd, CBSI3aHHBIX C KOPIIOPATUBHBIM
yIPaBJICHHEM, KOTOPhIE MOXXHO pacCMaTpUBaTh Kak UTPhI ¢ mpupoaoi. Ot Tou-
HOCTH PAaCCUYMTAHHBIX OIEHOK BIIOCJIEICTBUM MOXET 3aBHCETh ONTUMAaIbHOCTH
NPUHUMAEMOTO pelieHusl. B NaHHOW cTaThe MPUBEICHO OMHCAHWE OCHOBHBIX
METOJ/IOB MAIIMHHOTO O0Y4YEeHUS, a TAKKE MX JOCTOMHCTBA U HEJIOCTATKHU.
Keywords: games against nature, game theory, machine learning.

Ki1roueBble coBa: UTPhI C IPUPOAOH, TEOPUS UTP, MAIIIMHHOE O0yUYEHHE.

Urpsl ¢ npupoaol NpeaCcTaBIsiOT U3 ceOsl UTPhbl, I/i€ TPUPOAA BHICTYIAET
B KAQ4eCTBE MTPOKA, HE MPECICAYIONEero Kakohu-mbo Beironbl. [Ipu sTom nei-
CTBUS MPUPOJABI MOIUYMHSAIOTCS HEKOTOPOMY PACHpPEAECICHUIO CIIyYalHOW BEJU-
YUHBI, KOTOpasi B CBOIO OYEpEb MOXKET 3aBUCETh OT MHOXKecTBa akTopos. Cy-
HIECTBYET AOCTATOYHO MHOTO KPUTEPUEB MPUHATHUS PELICHHS B YCIOBHSX HE-
ONPENEICHHOCTH, KOI/la M3BECTHBI COOTBETCTBYIOIIME BEPOATHOCTH JACHCTBUIA
npupoibl. OJIHAKO, IO MOEMY MHEHUIO, OCHOBHOM CJI0KHOCTBIO SIBJSIETCS OIICH-

KA COOTBETCTBYIOIIUX BEPOATHOCTEN NEUCTBUN TPUPOJIBL.

[Ipu Hanmuuumu Manmoro oObeMa JaHHBIX, OT KOTOPBIX MOKET 3aBUCETh
JEUCTBUS TIPUPOIBI HEOOXOIUMO 00J1a/1aTh B HEKOTOPOU CTEMEHU IKCIIEPTU30M
B COOTBETCTBYIOIICH MPEeIMETHOM 00JIaCTH JJIsi OTICHKU BEPOSTHOCTEH JIEHCTBHIMA
npupoasl. OgHaKo MpU HATUYUUA OOJBIIOTO 00bEMa CTATUCTUYECKUX JAHHBIX C
JEUCTBUSIMH MTPUPOIbI MOSIBIAETCA BO3MOXHOCTh IPUMEHUTh MHOXKECTBA METO-
JIOB MAIlIMHHOTO 00Yy4YeHMs, 0 KOTOPBIX B JaJibHEHIIeM mouaeT peub. Ecnu xe
JNEWUCTBUSL MPUPOBI SBISETCA JTUCKPETHON BEIMYMHOW HEOOJBIION pa3MepHO-
CTBIO, TO B TAKOM CJIy4yae 3ajJlady OINpPEICICHHUS BEPOSITHOCTU JIEUCTBUM MTPUPO-
JIbl MO’KHO OTHECTH K 3a/iaue kiaccupukainuu. Eciu jxe neiicTBue mpupobl siB-
JIIETCS BEIIECTBEHHOW BEJIMYMHOM, TO JAHHYIO 3aJ]a4y MOKHO OTHECTH K 3aJa4e
perpeccun. PaccMOTpUM OCHOBHBIE MOJACIN KIACCH(DUKAIMU M PErpeccud, a

TaKOKC UX JOCTOMHCTBA U HCAOCTAaTKH.
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1. JluHelHble MOOEHH.

K manHOMY pomy Moaenen MOKHO OTHECTH JINHEMHYIO U JIOTHCTHYECKYIO
perpeccud. B nMHEHON perpeccuy BOCCTAHABIMBAECTCS JIMHENHAS 3aBUCUMOCTD
MEXY MHOKECTBOM HE3aBHUCHMBIX IEPEMEHHBIX X M 3aBUCUMOI IIEPEMEHHOU
Y. B ciyyae JIOTUCTUYECKOW PErpecCUuM CTPOMTCS JIMHEMHAs TMIEPIUIOCKOCTD,
HaWIy4lluM o0pa3oM paszessromas oObeKThl pa3HbIX KJIACCOB 3a4acTylo B CO-

OTBETCTBHUHU C JOTUCTUUECKON (HyHKIUU TTOTEph[1].

B xadecTBe OCHOBHBIX JJOCTOMHCTB JUHEWHBIX MOJEJICH MOYKHO BBIJICIUTD
€€ MPOCTOTY, UHTEPIIPETUPYEMOCTh, CIOCOOHOCTh K IKCTPAIOJISAIIUNA, MAJIOE KO-
JUYECTBO HACTPAUBAEMBIX THIIEPHApaMETPOB, a TAaKKe OBICTPYIO CKOPOCTh 00Y-
YEHMS U NMPOTHO3UPOBaHMS. B KauecTBE OCHOBHBIX HEJIOCTATKOB JMHEMHBIX MO-
JieJIed MOJKHO BBIICIIUTD JIMHEHHOCTh BOCCTaHABIMBAEMOM 3aBUCHMOCTH, HE00-

XOOIUMOCTD B MacmTa6preM0cm IMPHU3HAKOB, HGYCTOﬁqHBOCTB K BI)I6p008.M.

2. HausHbIii OaliecoBCKHiA KTacCUPUKATOP.

HawuBHbili O6aliecoBckuil ki1accupuKaTop OCHOBaH Ha MPUMEHEHUE Teope-
MbI baiteca co cTporum npeanosoKEHNEM O HE3aBUCUMOCTH MPU3HAKOB APYT OT
npyra[2]. K mocromHCcTBaM 3TOrO METOJIa MOKHO OTHECTH MPOCTOTY METOa,
OTCYTCTBHUE HACTPAUBAEMBIX THIIEPIIAPAMETPOB, OBICTPYIO CKOPOCTH OOYUEHHUS U
MPOTHO3UPOBaHUA. B KauecTBe INIaBHOTO HEAOCTATKAa MOKHO BBIJICJIUTH MpPE-
MOJIO’KEHUE O HE3aBUCHUMOCTH MIPU3HAKOB JPYT OT APYra, 4YTo B JE€UCTBUTEILHO-

CTH BCTPEUYAETCS KpalHEe PElKO.

3. K-Ommxkaiimmx coceneit.

B ocnoBe metona k-Ommkalimx coceei JISKUT THIOTe3a O KOMIAKTHO-
CTH, COTJIaCHO KOTOPOW OOBEKTHI OJIMHAKOBBIX KJIACCOB HAXOAATCS OJMXKE IpYyr
JIPYry OTHOCUTENIBbHO OOBEKTOB MPOTUBOMOJOXKHBIX KiaccoB[3]. B kauectBe
METPUKH OJM30CTH BBICTYMAET METPUKA PACCTOSHUS MEXIy oObekTamu (pac-

CTOAHUEC MI/IHKOBCKOFO, pacCTOSAHHUC XCMMI/IHFa, CBKIIMA0OBO paCCTOAHHUE, KOCHU-
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HYCHOE paccTosiHue). B kauecTBe JOCTOMHCTB MOKHO BBIACIUTH NIPOCTOTY pea-
JU3AalUM U UHTEPIPETUPYEMOCTh IIyTEM MPEAOCTABICHUSA IOJIB30BATENIO HE-
CKOJIBKMX OJIMKaiinx oObeKTOB. B KauecTBe HEJOCTATKOB MOYKHO BbIAEIUTH
HeA((EKTUBHOE HCIMOIb30BAHUE MAaMATH, OTHOCUTEIBHO MEJUIEHHAs CKOPOCTh

06y‘ICHI/I}I, HGO6XOI[I/IMOCTB MaCHITa6I/IpOBaHI/I$I IIPU3HAKOB.

4. JlepeBbs pELICHUIA.

JlepeBo pEelIeHN - 3TO APEBOBUAHAS CTPYKTYpPHI AAHHBIX, [IE€ KaXIbIN
y3€J MpeACTaBIseT 3HaUeHUe MpPU3HaKa, 0 KOTOPOMY MPOUCXOAUT pa3OHeHue,
Ka)Kaasi BETBJICHUE — MPABUJIO (pELIEHUE WM Pe3ysIbTaT pa3OueHus ), a Kaxabli
JHUCT — 3aBUCUMYIO IepeMeHHY0[3]. BeiOop onpeeneHHoro npusHaka u pa3ou-
€HHE TI0 ONPEICICHHOMY 3HAUCHHIO OTIpPEAeIIseTCs 0 HaubobleMy HHpopMa-
IMOHHOMY IpUpOCTy. K 1OCTOMHCTBAM 3TOM MOJEIN MOXHO OTHECTH €r0 Ipo-
CTOTYy, HEJIMHEHHOCTh, CKOPOCTh OOYYEHMsI M TMpeACKa3aHUl, YCTOMYUBOCTb K
BBEIOpOCaM B JIaHHBIX, a TaKK€ MOJENb HE 0c000 TpeboBaTenbHa K mpenobdpa-
0oTke naHHbIX. K HemocTaTkaMm MOJIenH MOKHO OTHECTH HECIIOCOOHOCTh K JKC-

TPaAoJIs IO U BOCCTAHOBJICHUU JIMHEWHBIX 3aBUCHUMOCTEH.

5. CayuaiiHblii Jec.

ANTOpUTM CITy4ailHOTO jleca OCHOBAaH Ha MOCTPOEHUHM MHOXECTBa Jepe-
BbEB PEIICHMI Ha MOABBIOOPKAX, COCTABICHHBIX M3 UCXOJAHOI'O MHOXKECTBA 00b-
eKTOB C MOMOIIBI0 OyTCpana CO CIy4yalHbIM MOJMHOYKECTBOM HCXOJHBIX MpH-
3HakoB[4]. B ciydae knaccupukanuy Mpou3BOAUTCS MaKOPUTAPHOE TOJIOCOBA-
HUE TpeJCKa3aHuil OTAEIbHBIX JEpEeBbEB B Jiecy. B cimyuae perpeccun paccuu-

TBHIBAETCS Cpe/iHee apupMeTHUIECKOe IpecKa3aHui JepEeBhEB.

OCHOBHBIM NPEUMYILIECTBOM CIIyYalHBIX JIECOB IO CPABHEHUIO C JI€PEBb-
SIMHA PELICHUM SIBJISIETCA TO, YTO CIIy4alHbIE Jieca 3a4acTYH0 IPEBOCXOIAT JIepe-
BbSl PEIICHUN II0 Ka4yeCTBE MPOTHO3MPOBaHUA. B KauecTBe HEZOCTATKAa MOXKHO

BBIICIUTh OTHOCHUTCIIBHO 0O0IBIIIOE KOJHUYECTBO ImamMsITH, Tpe6yfomeec51 JJIsA
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XpaHeHus ciydaitHoro jieca, — Tpedyercs O(K) mamsaru nis xpanenus K nepe-

BbECB.

6. I'panveHTHBIN OyCTHHT.

ANTOPUTM TpaJIMEHTHOrO0 OYCTHHTa OCHOBAaH Ha ITOCJICAOBATEILHOM II0O-
CTPOCHUU CIIA0BIX MOJENEH, KOPPEKTUPYIONUX MPEICKa3aHUus MPEIIIECTBYIO-
el moaenu[S]. B kauecTBe OCHOBHOI'O JOCTOMHCTBA MOJICJIM MOYKHO BBIJICIIUTh
TO, YTO 3a4acTy0 IPaJMCHTHBIA OYCTHHT MMEET HaWIydIllee KauyeCTBO MPOTHO-
3UPOBAHUSA 110 CPABHEHHUIO C IPOCTHIMHU MOJICIISIMUA M CITy9aifHBIM JIECOM, 3a CUET
YMEHBIIICHUS HE TOJILKO JTUCIIEPCUH, HO U CMEIICHUS TIpe/icka3aHnii. B kauecTBe
OCHOBHBIX HEJOCTATKOB MOYKHO BBIJICIUTH JOCTATOYHO MHOTO THIIEpIIapaMeT-
pPOB, KOTOpbIE HEOOXOAUMO MOAOHMPATH ISl JOCTHKEHUS XOPOIIEro KayecTBa
IIPOTHO3WPOBAHUS, a TAK)KE JaHHAs MOJE]Ib HAMHOTO OOJIBIIIE CKJIOHHA K Iepe-

0OyUYEHHIO B OTJIMYMH OT CIIy4alHOTO Jieca.

Cnmcok ucnosib3yeMoii JJuTepaTyphbi:
1. JInneltabie MOJIEH KIacCU(BUKAIIIN U PETPECCHH:
https://habr.com/ru/company/ods/blog/323890/
2. baitecoBckuii kiaccuuraTop:
http://www.machinelearning.ru/wiki/index.php?title=baiiecoBckuii knaccuduxa
TOp
3. Knaccuduxkanusi, 1epeBbs pelieH!i 1 MeTO 1 OJIMKANIINX COCEACH:
https://habr.com/ru/company/ods/blog/322534/
4. Komno3unuu: O3rTUHT, CTy4alHbIN Jiec:
https://habr.com/ru/company/ods/blog/324402/
5. I'paguenTHbIN OycTUHT: HHGOPMALIMOHHO-CIIpaBouHbIi optai. URL:

https://habr.com/ru/company/ods/blog/327250/
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B coBpeMenHOM Mupe poOOTOTEXHHKA SBISETCS OJHON U3 CaMbIX OBICT-
popa3BuBaroIIMXCcs oTpaciei. POOOTOB HaUMHAIOT UCIIONIB30BaTh BO MHOTHX OT-
paciisix, rie BaXKHO N30aBUTHCS OT YEJIOBEUYECKOro (pakTopa, HalpuMep B XUPYp-
TUH, B IPOMBIIIJIEHHOCTU. YBEJINYCHHE MOMYISIPHOCTH POOOTOTEXHUKHU MpPUBE-
JO K TOMY, 4TO HOSIBJISIETCSI MHOYKECTBO MHCTPYMEHTOB Ul pa3padOTOK, MHO-

KECTBO HEOPOTUX MOJyJeH Juisi COOpPKH pOOOTOB, UTO CHIIKAET MOPOT BXOXK-
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JeHusT B 3Ty oTpacib. Jlaxke COBpEMEHHBI peOEHOK MOXKET 3a HECKOJIBKO
HeAenb coOparh HEOONBIIOro pobdoTa M3 MOAYJEH W HamucaTh AJs HETO Mpo-
rpaMMy, KCIOJB3ysl roToBble pemieHusi. CyiecTByeT OoJbllioe pa3zHooOpasue
POrpaMMHBIX HMHCTPYMEHTOB JUIsl POOOTOTEXHUKH. MOXKHO BBIIETUTH HIKE
CJIeIyIOIIKe Pa3HOBUIHOCTH MTPOTPAMMHOT0 0OECIICUEHUSI.

[IporpammHuoe obecrnieyeHue A peanuzanuu aaroputmMoB SLAM - me-
TOJa OJTHOBPEMEHHOIN HAaBUTallMK U MOCTPOEHUS KapThl, CBA3BIBAET JIBA HE3aBU-
CHUMBIX IPOIECCA, IIPU 3TOM PE3YJIbTAaThl OJHOTO MPOLIECCA YYaCTBYIOT B BBIYHUC-
JICHUSIX JAPYroro. JTO MO3BOJSET PoOOTaM OPUEHTHUPOBATHCS HA JIOKAIMU U
OBICTPO pearupoBaTh HA U3MEHEHHUE OKPYXKAIOIIEeH Cpebl.

Cy1miecTBYIOT Heckoiabko peanm3anunii SLAM anroputma: Mapping -
peanu3aiys Ha OCHOBE JaHHBIX OT JazepHoro mampHOMepa; Visual SLAM - pea-
JU3allysl HA OCHOBE METO/I0B KOMITBIOTEPHOIO 3PEHUs, OTCIEKUBAET KIIOUYEBbIE
TOYKM Ha M300paKeHUH, IMOCTYyMarolleM ¢ kamep pobota; hector mapping —
SLAM nna mnmatdhopm 6€3 OIOMETpUM — TOJBKO Ha OCHOBE JAHHBIX OT
LIDAR-oB. [IpuMepoM mporpaMMHOTO OOECIEeUeHHs, B KOTOPOM pealu30BaHbI
Metoasl SLAM ciyxut maker GMapping 13 oneparmoHHON CUCTEMBI JJis PO-
6otos ROS.

[IporpammHoe oOecriedeHue aJis MJIaHUPOBAHUS JABUKEHUH poOOTOB B
CTATUYECKUX W JTUHAMHYECKUX CUTYAIHSIX PEATU30BAaHO B HECKOJIBKUX OMOIHO-
TEKax, B TOM YHCJIE

1) OMPL (Open Motion Planning Library) - oTkpbiTass OubaroTeKa s
IUIAaHUPOBAHKE IBUKEHUI, KOoTOopas ucnoib3yercss B Movelt, V-REP, MORSE.

2) SBPL (Search-Based Planning Library) - y3en qist ROS.

3) CHOMP - ogna u3 6ubnuotex Movelt 1uist miaaHupoBaHUE TBUKEHUI.

[IporpammHOe oOecrieueHne TEXHHUYECKOTO 3pEHUs M PacroO3HABAHUS
00pa3oB HEOOXOIMMO IIPHU B3aUMOJIEUCTBHH pOOOTa C OKpY>KaloLIel cpenou mno-

cpenctBoM Goto u Bumeokamep. [ 06paboTku n300pakeHUl U BUICOMOTOKOB
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ucnoap3ytoTcss omommoreka OpenCV, moayns Computer Vision System
Toolbox B MATLAB, oTkpsiTas Oubnunorexa s paboThl ¢ TPEXMEPHBIMH 00-
nakamu Touek PCL. s pacrno3Hanusi 0ObEKTOB TakKe MCIOJIb3YIOTCS PO-
rpaMMbl Ha OCHOBe HeupoHHBbIX ceTeil: TensorFlow, Theano, Pandas, OpenAl
Gym.

[IporpammHoOe oOecrieueHue I CUMYJIAIUU (MOJSIUPOBaHUS) B POOO-
TOTEXHUKE HEOOXOIMMO Ha CTaJWW MPOTOTHNHpoBaHHs. Ha maHHBII MOMEHT
CYILIECTBYIOT KaK KOMMEpYECKHE, TaK U OECIIaTHbIE BEPCUU CUMYJISITOPOB C OT-
KPBITBIM UCXOJHBIM KOJoM. K 3TOH rpymme OTHOCSTCS Takue MpOorpamMMmbl Kak
Gazebo, V-REP, Webots, MORSE, Microsoft Robotics Developer Studio.

Gazebo - cumynsTop noanepxuBaeMbli Unix- MOJJOOHBIMU CUCTEMAMH.
Jlna Busyanuzauuu ucnoibiyeT rpaguueckuit nsuxok OGRE. Jlns moagenupo-
BaHMU (U3MKH HCTONB3yeT cienyomue ¢uznueckue asmwkku: ODE, Bullet,
Simbody u DART. B OuGnuoTrekax ecTh MHOXECTBO CTaHJIAPTHBIX CEHCOPOB:
2D/3D xamepsl, Kinect, conap, koHTakTHbIe ceHCOpbl. Gazebo Hadamncs paspa-
oateiBaThCs ¢ 2002 roxa, a uaterpanus ¢ ROS nayanace B 2011.

V-REP — 310 komMepueckuii GpedMBOPK IJII CUMYJISIIMH POOOTU3UPO-
BaHHBIX cUCTeM. MMeeT Ooubllioe KOJMYECTBO CEHCOPOB M TOTOBBIX MOENEH
po6oToB. Crucok mojjepKuBaeMbix (uznueckux IBMKKOB BkItouaeT ODE,
Bullet, Vortex. V-REP peamuzyer ROS y3en ¢ miaruHoM, KOTOpBIH MO3BOJISIET
ROS Be3biBath V-REP koManasl uepe3 ROS cepBuckl. ['maBHOE npenMy1iecTBO
nepeja OCTaIbHBIMU CUMYJSITOPaMH: OOJBIION HA0Op NaTYUKOB U MOJENEH po-
00TOB 1 paboTaeT Ha BceX MmiIaTgopmax.

Webots ucnonb3yercss aisg ObICTPOro MpOTOTUNUPOBaHUSA. CUMYISATOP
paboTaeT Ha MHOXKeCTBe M1aThopM U ucrnoibzyeT ABMKOK ODE mist oGHapyxe-
HUS CTOJIKHOBEHHM, 11 rpaduueckoro oroOpaxkenuu ucnoiaszyetr WebGL.

Morse - cuMyISTOp JUIsl aKaJJeMUYECKON pOOOTOTEXHUKHU, Oa3upyeTcst Ha

urpoBoMm aBrxke Blender Game Engine. B 3Tom nBuKKe y:ke nMeeTcsi CpecTBa
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JUTSL BU3yalnu3aluy U cumyiisinuu pusuku. [Ipoiiecc cumymsinuu MOKET MOJIHO-
CTBI0O KOHTPOJIMPOBATHCS Yepe3 KOMAHIHYIO CTPOKY, JHOO C HCTOJIB30BaHUEM
CTOpoHHUX (peiMBOpPKOB. CKpUNTHI AJis clieH nuiryTces Ha Python. Odunuans-
Has miargopma Tojibko Linux.

Microsoft Robotics Developer Studio — Windows-opuerTrpoBanHas
cpena uisl yopaBieHus poOoTaMu U MX cUMyJisanuu. Ha3HaueHue mporpammbl
KaK aKaJeMudecKas Tak U KoMMepueckasi pa3padoTka. MHCTpyMEHThI CHCTEMBI,
BKJIIOYAOT B cebs rpaduueckyto cpeny (Microsoft Visual Programming
Language : VPL); yruiutbl KOMaHIHOW CTPOKH, IO3BOJISIONINE B3aUMOJCH-
cTBoBaTh ¢ mpoekrtamu Visual Studio na s3pikax C#, C++ umun VB.NET; non-
JIEPIKKY CKPUNTOBBIX S3BIKOB, Kak Hampumep, [ronPython; u uncTpymeHTtsl cu-
myJsiauu 3D.

Crnenyromasi rpymnma MpoOrpaMMHOTO OOecTieueHHus] — TIaT(OPMBI IS
pa3paboTKu pOOOTOTEXHUUYECKUX MPUIIOKEHUH, KOTOpble HEOOXOIMMBbI, YTOObI
00BETMHUTHh MHOXKECTBO TMAKETOB, OMOIMOTEK M MHCTPYMEHTOB pa3paboTku. K
takuM 1at@opmam moxxkao otHectu URBI, OROCOS, ROS.

URBI — at10 kpoccmnarpopmennast otkpoitas (uneHsust GNU AGPL)
nporpamMmHasi Tiatgopma s pa3padOTKU MPUIIOKEHUH IS pOOOTOTEXHUKH.
Peanusyet cBoit abcTpakTHbIN ciioit Ha ocHoBe UObject npaiiBepax. Jljis cBoero
o0opy/0BaHME MHILETCS CBOM apaiiBep Ha si3bike c++. [locnennss Bepcus cpe-
JIbl UMEET BO3MOXKHOCTh nHTerpanuu ¢ ROS.

OROCOS [1] (Open Robot Control Software project) — HabOp OTKpHI-
ThIX Tporpamm u OmOmmorek (mumen3us GNU LGPL) mns paspabotku mpo-
rpamMHoro obecnedeHus podora. OROCOS nmoanepxuBaer 6ubaroreku: Real-
Time Toolkit (RTT), Kinematics and Dynamics Library (KDL), Bayesian Filter-
ing Library (BFL), Orocos Component Library (OCL).

ROS — 310 MeTa onepalmoHHasi cucTemMa ¢ OTKPBITBIM UCXOJIHBIM KOZIOM,

paspaboTtanHas st podoTa. OHA MPETOCTABISIET BCE HEOOXOAMMBIE IS OTepa-
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LMOHHON CHCTEMBI CIIy>KOBbI, BKJIIOUas almnapaTHble CpPEeACTBa BHU3yalU3alluu,
HU3KOYPOBHEBOE YIIPaBJICHHUE YCTPOIMCTBOM, peain3aluio (PyHKIIMOHAIBLHOCTU
JUIs. OOIIEro MCIIONIb30BaHMsI, NEepeaavy COOOLIEHUN MEXTy MPOLECCAMU U Ma-
keramu ynpasieHus. B ROS yxe uHTerpupoBaHo 00JbIIO€ KOIMUYECTBO OO0JIb-
IIMX U TMOMYJIAPHBIX MPOEKTOB B BHJIE MAKETOB, KOTOPbIE MPEIOCTABISAIOT WH-
CTPYMEHTBI U OMOJMOTEKH ISl TIOJIYUYEHUs], IOCTPOEHUS], HAIIMCAHUS U BBIIIOJI-
HEHUs KOJla Ha HECKOJbKMX KommbroTepax. Hampumep: WEBOTS, MOVEIT,

GAZEBO, VREP ROS BRIDGE, OMPL.
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Abstracts: The article considers the prerequisites for the emergence of 5th gen-
eration communication networks, the requirements and technologies that are
supposed to be included in the new standard, as well as the expected characteris-
tics of the fifth generation networks, on the basis of which the comparison with
4th generation networks will be made.
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MoOGubHas CBsI3b 00€CIIEUMBAET I0JIB30BATENEH BO3MOXKHOCThIO OOMEHA
3BOHKaMHu, SMS U TOCTYIIOM B HHTEPHET MOYTH B JIFOOOM MECTE U C MHOXKECTBA
pa3nuuHbIX yCTpoWcTB. CeT MOOWIIBHOW CBSI3M AKTMBHO MCHONB3YIOTCS U B
IIPOMBIIIJIEHHOM CEKTOPE B Pa3JIMYHBIX CUCTEMaxX aBTOMAaTU3MPOBAHHOTO

yIpaBJieHHs], YIAJICHHOTO KOHTPOJs U Ap. MoOmibHas CBsI3b MPUMEHSIETCS U B
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ObIcTpOo pasBuBawIiemMcs uHTepHeTe Bemied — cuctemax loT (Internet of
Things).

Ho onHOBpeMeHHO ¢ pa3BUTHEM MOOWMIIBHBIX CETEW pacTyT U TpeOOBaHUs
K HUM. C KaXXIbIM TOJOM YBEJIMYMBAETCS KOJIMYECTBO IOJIb30BaTEIEH, PaCTET
o0beM Tpaduka, yBeTHUUBAIOTCS TpeOOBaHUS K KauyecTBy coenuaeHus. [1o maH-
HbIM aHayuTH4eckoro areHTcTBa «We Are Social» [1] 3a 2018 rog B mupe
HacuHuThIBaeTCs 5,135 MUIIMApIOB YHHKAJIBHBIX IOJH30BATENIC MOOMIBHBIX
tenedoHoB. U3 Hux 2,958 muminapaa siBISIOTCS aKTUBHBIMH TOJIb30BaTEISIMU
MOOMJIBHOTO MHTepHeTa. Ha MOOMIbHBIN MHTEpHET npuxoautcs 52% oT Bcero
Tpaduka. B cBsI3u ¢ 3TUM, MO)XHO OTMETHUTH CIEAYIOIMINUE MPOOIEMBbI JJISI MO-
OWIBHBIX CETEH Ha TEKYIIUH MOMEHT:
— TIOCTOSTHHBIN pOCT MOOWIJIBHOTO TpaduKa,
— 3HAYUTENbHBIA POCT YKMCIa YCTPOUCTB, MOAKIIOUYEHHBIX K CETH;
— HE0OXOIMMOCTh PaCIIMPEHHUS IJIOIIAIA TOKPBITHSI CETH;
— HE0OXOMMMOCTh B CHMIKCHHH 3aJIEP’KEK B CETH W YBEIMYCHHH CTAOUIILHOCTH
COCIMHEHMS 1151 PA3BUTHSI HOBBIX [IU(PPOBBIX TEXHOJIOTHIA.

Jlist penieHust 3TuX npodieM ceiluac pazpabarbIBalOTCS HOBbIE MOOMIIb-
HbIe ceTH msToro nokojeHus (5G). Onu OymyT onmcansl B ctanaapre IMT-2020,
dbopMupoBaHuEe KOTOpPOTO IUIaHupyeTcs 3akoHYuTh K 2020 romy. OpgHako yxke

ceiiuac chopMynupoOBaHbl HECKOJIBKO OCHOBHBIX TpeOoBaHmii K SG:

— CKOPOCTh nepenavn AanHbix 10 20 ['out/c;

— OZJHOBPEMEHHOE TIOJKITIOYEHUE COTEH THICSY OECIPOBOAHBIX JATYHKOB;
— Oosee BBICOKasI CIEKTpajibHast 3((HEKTUBHOCTH MO cpaBHEHHIO ¢ 4G;

— paciIupeHue IoAaAN MOKPBITHUS;

— NoBbIIIeHKE () (PEKTUBHOCTU NIEPEIAUN CUTHAIIA;
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— 3HAYUTEJILHOE CHUKEHHUE 3aJE€PIKKHU 10 cpaBHEHUIO ¢ 4G.

Otu TpebOBaHMs HE SBISIIOTCS KOHEYHBIMH M MOTYT OBITh M3MEHEHHI B
nporecce pa3paboTKu CTaHAapTa.

Hauunas ¢ 2018 roga npoBoasiTCS MHOTOYUCIIEHHBIE TECTUPOBAHUSI CETEU
5G. TectupoBanusi npoBoawinck B CIIIA, Kurae, FOxuoit Kopee, SAnonun,
[Beitapun, I'epmanuu u Poccuu. Tak B 25 mapta 2018 rona komnanust Pocre-
JekoM coBMecTHO ¢ Nokia mpoBenu 3amyck nepBoi onbITHOM 30HBI 5G B Poc-
cuu. Komnanuu npoBenid UCClIeJOBAHUE BO3MOXKHOCTH MCIOJIb30BAHUS OTIENb-
HBIX YYaCTKOB MOJOC paguodactor B auamnazoHe 3400-3800 MI'm, a Taxxke
npenoctaBmiid pesuaeHTaM «CKOJIKOBO» BO3MOXKHOCTh TECTUPOBATH CBOE 000-
pynoBanue st SG. A Bo Bpemst yemnmonara mupa no ¢pyrooiny MTC pazsep-
nyna cetb Massive MIMO B cranaapre LTE-TDD 2600 8 Mockse, CaHKT-
ITerepOypre, Kazanu, PoctoBe-na-/lony, Hwxnem Hosropone, Exarepun-
oypre u Camape.

OT ceTeBBIX OMEpPaTOpOB HE OTCTAIOT U MPOU3BOAUTEIN 0O0PYIOBAHUS.
Jlupepamu B 3TOM 00yacTh cedyac MOXKHO Ha3BaTh KUTAWCKYI) KOMITAHHUIO
Huawei u roxxHO-KOpeickyto Sumsung. Tak, B Hos0pe 2019 Huawei 3asBuia o
TOM, YTO MOCTaBUJIa CBOMM IMapTHEpPaM Mo BceMmy MUpy cBbimie 10 Teicsd 6a3o-
BBIX CTaHIUN NATOro mokojieHus. A 4 ampens 2019 komnanus Sumsung o0b-
SBUJIa O Hayaje CEpUMHOro Mpou3BOACTBAa yumnoB Sumsung Exynos Modem
5100, mpenHa3HAYEHHBIX JJIs1 IOAKITIOYCHHS cMapT(OHOB K ceTsam S5G.

brnaromapss mpoBeneHHBIM TecTaM cerel 5SG MOXKHO CIPOTHO3UPOBATh
MPEANOIIOKUTENbHBIE XapAKTEPUCTUKHU CETEH MSITOTO MOKOJICHUSI U CPABHUTH UX
¢ 4G cersamu, HazbiBaeMbiMH Tak ke LTE (Long-Term Evolution) cetsimu (cwm.

Tadn. 1). JlaHHbIie B3STHI U3 KHUTH «MoOuUIbHAs CBSI3b HA MyTH K 6G» [2].
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Tabnuna 1. CpaBHenue xapakrepuctuk cereit 4G u 5G.

[Toxonenue Cko 3a KonuuectBo Mob6un
CBSI3U pocThb Jep>KKa | aKTUBHBIX a0OHEHTCKHX BHOCTh
TEPMHUHAJIOB aboHeHTa
4G no 1 40 10°/ xkm? 300
I'dut/c MC KM/4
5G 10 1 108/ xm? 500
20 I'éut/c MC KM/4

3HAUNTENIBHOE YBEIMYEHUE CKOPOCTU NEPENAYM JaHHBIX IO3BOJIET pe-
HIUTH Tpo0sieMy ¢ pacTymuM Tpadukom. CHIKEHHE 3aJIEPKKU B CETH SIBIISIETCS
Ba)KHBIM U3MEHEHUEM JIJI1 MHOXKECTBA MPOTPAMM U CUCTEM, TAKUX KaK CUCTEMBI
aBTOMATU3WPOBAHHOIO YMPABICHUS, CUCTEMBI YIAJIEHHOTO KOHTPOJIS, CHCTEMBI
OECIIOTHOTO YIPABICHUS U JIp. YBEIWUYCHUE KOJIMYECTBA AaKTUBHBIX a0OHEHT-
CKMX TEPMHUHAJIOB TIO3BOJISIET PEIIUTh MPOOJEMYy C PACTyIIMM YHCIOM
YCTPOWCTB B CETH M Haubojiee CUIIHHO TMOBIMAET HA UHTEPHET BEIleW. YBeNu-
YeHHass MOOUILHOCTh a0OHEHTA BaXKHA JIJISI CHCTEM OECIMIIOTHOTO WIIN YIaJieH-
HOT'O yNPABJICHUS.

JlocTnyb MOAOOHBIX MOKA3aTeei BO MHOTOM MOJYYHIJIOCH 3a CUET pac-
mUpeHust ucnonb3dyembix yactor. Cetn LTE paboraroT Ha yacTtorax B mpome-
)KyTke oT 450 MI'y 1o 5,9 I'Tu. B cersix maTOro mokoJieHus: K 3TUM 4acToTam
nobasurcst pparment ot 24 I'Tm no 90 I'Tm, HazpiBaembrii mmWawe (MuLIH-
METPOBBIEC BOJHBI).

JloGapnenue quanazoHa mmWawe sIBJISIETCS OTHUM M3 BaKHEHUIIUX HOBO-
BBeJleHN cTanaapra 5G. PaHee 3TOT quana3oH HE MCIOJIB30BAJICA U3-3a psiaa
€ro HeJA0CTaTKOB. Tak, M0 CpaBHEHHUIO C O0Iee HU3KUMU YACTOTAMM, JIJIsl TAHHO-
ro Jxarna3oHa BOJH XapaKTepPHbl MEHbIIAs TaIbHOCTh, & TAKKE XY/IIIee MPOHUK-
HOBEHHUE PATUMOBOIH CKBO3b MHpensTcTBUs. OmHako, 0ojiee BBICOKHME YACTOTHI

o0ecIieunBaroT 0osee BBICOKYIO ITPOITYCKHYIO CHOCOOHOCTH KaHaJia nepeaaiu nu
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MEHBIIIEEe BpeMs 3aJepKKU. B COBOKYMHOCTH C BO3MOKHOCTBIO HCITOJIE30BaHUS
CBOOOIHBIX YACTOT, & TAKXKE TEM, YTO MPEATOIOKUTEITHHO 0a30BbIC CTAHIINH Ce-
Teit 5G OyayT pacmoyaratbCsi TOCTATOYHO TUIOTHO, IUTIOCHI UCTIONB30BAHMS JHa-
nazoHa mmWawe 3HauuTeIbHO MIPEBOCXOIAT €r0 HEJJOCTATKH.
[IpennonoKuUTENpbHO B CETAX MATOTO MOKOJEHHUS OylIeT MCIOJIb30BaThCS
BUPTYQJIM3UPOBAHHASl aApPXUTEKTypa, KOTOpas IMOApa3yMeBaeT BHUPTYaTH3AIHIO
cereBbix (yakimi NVF (Network Functions Virtualization) [3]. D10 mo3BonauT

00BETMHUTH BCE AIEMEHTHI CETH B TPU JIOTUUECKUX 0OJ1aka (cM. Tabi. 2).

Tabnuma 2. Apxurekrypa cereit 5G.

Obuako Access. Control. Forward.
O6nako O6umako TpancnopTHoE
nocTyna yIpaBiIeHUS o0ako
DyHKIMH - OpraHusa- - - (huznueckas nepe-
s paboThl pac- | yrpaBJeHHE Java JaHHbBIX;
MIPEJICTICHHBIX U CECCHSIMU, - obecrieueHue
[EHTPATU30BAHHBIX - HAJIS)KHOCTH U CKOPOCTH
TEXHOJIOTHIA; yIpaBlieHUE ceTH;
MOOHWJILHOCTBIO;

B cersix mATOro MOKOJNEHUS OKUAACTCS HCIIONB30BAaHUS KaK MHOXECTBA
CTapbIX TEXHOJOTHM, TaK W psijia HOBBIX, TakuX kak Massive MIMO (Multiple
Input Multiple Output), d2d, m2m.

Massive MIMO sBnsercs pazButueM TexHosnorun MIMO, akTuBHO Hc-
nosbzyemoirt B LTE ceTsax. B Massive MIMO aboHeHT MOoxxeT paboTarh ¢ 001b-
[IMM KOJIMYECTBOM aHTEHH OJTHOBPEMEHHO, KOTOpbie OynyT (hOpMUPOBATH OUYEHBb
OCTpbI€ JWarpaMMbl HaMpaBICHHOCTH. lIcmonb3oBaHHE MPOCTPAHCTBEHHOTO
MYJIBTUILIEKCUPOBAHUSL HECKOJIBKHUX JIy4eil MO3BOJUT YBEIUUYUTh TPUHUMAEMBIiA

YpOBEHb CHTHaja U MOJAaBUTh UHTEPPEPEHLIUIO OT IPYTUX MOJIb30BaTeNeH, TeM
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CaMbIM YBEJIMYUTh MPOIMYCKHYIO CIOCOOHOCTh M CHEKTPabHYIO 3(h(HEKTUB-
HOCTBb.

Texnonoruu D2D (Device to Device) u M2M (Machine to Machine)
HaIlpaBJICHbl HA Pa3BUTUE UHTEPHETa BeUeH. /[aHHbIE TEXHOJIOTUM IMO3BOJISIOT
yCcTpoiicTBaM 0OMEHUBAThCS JaHHBIMU HampsMyto, 06e3 yuactus cetu 5G, uepe3
AP0 KOTOPOW OyaeT MpPOXOIUTH JIMIIb CUTHAJBHBIM TpaduK, YTO MO3BOJSET
CHU3UTH Harpy3Ky Ha MOOMJIbHYIO CETb.

Vxe ceiluac MOKHO CIIPOTHO3UPOBATH, KAK HOBOE MOKOJIEHHE MOOMIIbHOM
CBSI3M U3MEHUT Halll MUp. [TTaBHBIM 00pa30oM, U3MEHEHUS! KOCHYTCSI MHTEPHETa
BEIIeH, MHAYCTPHUH pa3BieueHuil, chepbl MOOMIBHBIX PUITOKECHUM.

B 2009 rony koinm4ecTBO yCTPOMCTB B MHTEPHETE MPEBBICUIIO KOJIMYECTBO
peanbHBIX MOJB30BATENECH U € KaXIbIM IOAOM NPOAOKAIO pacTu. braromaps
HOBBIM TexHosorusiM D2D u M2M, kotopeie MOryT BolTH B 5G, 3HAUUTEIBHO
CHU3HTCS Harpy3ka Ha MOOWJIbHYIO ceTh OT loT yctpoiicTB. biarogapst HoBomy
CTaHAAPTY CBSA3H, a TaKXKe PALY APYTrUX (PaKTOPOB, AHATUTUKU MPOTHOZUPYIOT
YBEJIIMUYEHUE KOJIMYECTBA YCTPOUCTB B ceTh 110 20-50 Mmumuapaos k 2020 roxy.
DTO 3HAYUTENILHO MOBJIUAET Ha Bce CPEPhI )KU3HU YEIOBEKA.

OrpoMHyI0 MOMYJISPHOCTH B MOCJEIHEE BpEMS TPHUOOPETH MHOTOYHCIICH-
HbI€ BHJIEOXOCTHHIH, CTPUMEPCKHE IUIOIIAJKU M OHJallH KuHoTearpbl. Hema-
JIyIO POJIb B 3TOM ChIrpaino pazsurue LTE TeXHOIOrui 1 MOBBIIEHNE T0CTYIIHO-
CTU MOOWJIBHOTO MHTepHEeTa. [1o JaHHBIM KpyNHEHIero BUAE0X0CTUHTa B MUPE
YouTube 60% ero mpocMOTpOB MPUXOAUTCS Ha MOOWJIbHBIE yCTpoicTBa. BBe-
JIEHUE HOBOT'O CTaHJApTa CBSI3H TOJBKO YBEJIWYUT MOMYISIPHOCTh 3THUX ILIOLIA-
JIOK ¥ YCKOpPUT BHeApeHue HOBbIX (opmaroB Bujeo: 4K, 8K, VR (Virtual
Reality) Buzeo.

Celiyac O4YEHb CIIOKHO MPEICTaBUThH KHU3Hb 0€3 MOOMIIBHBIX MPHIIOXKE-
HuM. OHM €CTh MOYTH Yy BCEX KOMIAHWM, OT HEOOJBIIMX Mara3uHOB JI0 KpyII-

Heimux OankoB. [Ipsimo ¢ Tenedona ceifuac MOXKHO YIpaBlIATh CBOMM OaHKOB-
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CKMM CYETOM, MPOBEPATh COCTOSIHUE «YMHOTO» JIOMa, 3aKa3blBaThb €Iy, OCY-
HIECTBIIATh BUJICO3BOHKH WJIM M3y4YaTh MHOCTPAHHBIA s13bIK. OrpOMHYIO POJib B
pOCTE MOMYISIPHOCTH ATOU C(hephl ChIrpano MOSABICHUE CUCTEM CBSI3U MOKOJIE-
Hui 3G u 4G, obecneunBIIUX JTOCTYNHBIH MOOWIbHBIM UHTEepHET. [losBreHue
5G, 3a cueT yBelUYEHHUsS] 0OJACTH MOKPBITHS U CKOPOCTU CETH, a TaKKe 3a CUeT
Pa3BUTHUSI MHTEPHETA BEIICH MPUBEIET K elle 0oJbIIeMy Pa3BUTHIO MOOMIBHBIX
MPUJIOKEHUN U POCTY UX BIUSIHUS HA HAIILY KU3Hb.

OTnenbHO CTOUT BBIAEHUTH chepy MOOMIBHBIX UTp. Eciii OTHOCHUTENBHO
HEZaBHO MOOWJIbHBIE UTPhI ObLIM KpalHE MPOCThIMU, TO C YBEJIMUYECHUEM MOIII-
HOCTH MOOWJIBHBIX YCTPOMCTB U TMOSIBICHUEM JOCTYITHOTO MOOWJIBHOTO MHTEP-
HETa OHM BBIIUIA Ha KAY€CTBEHHO HOBBIN ypoBeHb. B 2018 romy o6bem 10X0/10B
ATOrO0 CErMEHTAa MPEB30IIE] CyMMapHBIE TOXObI OT KOMITbIOTEPHBIX U KOHCOJIb-
HeIX urp. Hambomee ocTtpo ceityac MOOWIIbHBIE UTPHI HYKIAIOTCSI B CHUKCHHE
3a/IEpKKU B CETH W YBEJIUYEHUH 001acTH MOKpeITHs. [loaTomy nosiBnenue 5SG
MIPUBEET K €I11e OOJbIIIEMY Pa3BUTHIO JTAHHOU CEpHI.

Cetu 5G 3nauntenpHO npeBocxonat cetu LTE mo Bcem xapakrepucTukam
U ¢ OONIBIION JoJIeH BEPOSITHOCTH, HOBBIM CTAHAAPT CMOXET PEUIUTh TEKYIIHe
npobsemsl ceteil MooubHOM cBa3u. Ho miist BHenpenus 5SG mpencTOUT BBIMOI-
HUThH 3HAYUTEIbHBIN 00beM paboT. [lepBoe BHeapeHHE HOBOrO CTaHAApTa Ijia-
Hupyetcs He panee 2020 rona, XoTs cienarh TOUHYIO OIIEHKY BPEMEHHU, He00X0-

AUMOTO AJIA MMOJITHOMACIITAOHOTO MCIIOJIb30BaHMS SG, ITOKa TPpYyAHO.
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AnHoTamusi. CTaThsl COJACPKUT KPATKOE BBEJCHUE B TEOPUIO KOJOB C MaJoh
IUIOTHOCTBIO MPoBepoK Ha 4eTHOCTh (LDPC-kom0B) 1151 O3HAKOMIICHUS C Te-
MOW, OMHCaHBI IeJIb, METOJIMKA M PE3yJbTAThl SKCIICPUMEHTOB HCCJICIOBAHUS
BJIMSTHUS CTPYKTYPBI IPOBEPOYHOM MaTpHUIlhl Ha XapaktepucTuku LDPC- xom0B.
[TpoBeneHHBIE SKCTIEPUMEHTHI TIOJPOOHO OMMCAHBI U COEPKAT B CBOEM OIHCA-
HUE MEXaHHU3Ma UX MPOBEACHHUS, ONTUCAHNE KOPPEKTHBIX BXOJHBIX JTAHHBIX U UX
CTPYKTYpY, & TAaKXKe pe3yIbTaThl.

Annotation. The article contains a brief introduction to the theory of low-
density parity check codes (LDPC codes) for familiarization with the topic, de-
scribes the purpose, methodology and results of experiments investigating the
influence of the structure of the check matrix on the characteristics of LDPC
codes. The experiments performed are described in detail and contain in their
description the mechanism of their execution, a description of the correct input
data and their structure, as well as results.

KiroueBble cJIOBa: TMMOMEXOYCTOMYMBOCTh, KOJIWPOBAaHWE, KOJAEP, IEKOIEP,

ceeprounbiii LDPC- xon, maTpuiia, 00paTuMocTb, COOOIICHHUE.
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Kon ¢ manoit miotHocThio npoBepok Ha uértHocth (MIIII-kon, LDPC-
KOJ[) HCIIOJB3yeTCs B Tepenade WHGOPMAIHH, SBISETCS YaCTHBIM CIydaem
OJIOYHOTO JTMHEWHOTO KOJa C MpOoBEepKOoW YETHOCTH. OCOOEHHOCTHIO SIBIISETCS
Majias TUIOTHOCTh 3HAYHUMBbIX 3JIEMEHTOB IPOBEPOUYHON MAaTpPHIIbl, 32 CUET YETrO
JOCTUTAETCA OTHOCUTENbHAS MPOCTOTA PEAN3ALINY CPEICTB KogupoBaHus [1].

ITocne nmyonukamuu B 1948 rony Knogom Illennonom paboTsl 0 iepenaye
nH(popMaIu, B KOTOpoi Obla chopMyIrpoBaHa Teopema o nepegade uadop-
Malliy MO KaHajly ¢ moMexamu, OblI0 pa3paboTaHO MHOIO alrOpUTMOB UCITPaB-
JIeHUs1 OMMOOK C TIOMOIIBI0 HEKOTOPOTO YBEIMYECHHS 00beMa MepeiaBacMbIX
JaHHbIX. OJHUM M3 YacTO BCTPEYAIOIIUXCS CEMEUCTB alTOPUTMOB, SIBISIOTCS
anropuT™Mbl, ocHoBaHHble Ha LDPC-xone, OHM MOMy4YWIM LIUPOKOE PacIpo-
CTpaHEHHE 3a CYET MPOCTOTHI peanu3anui [2].

Onucanne LDPC-koa BO3MOXHO HECKOJIBKUMU CIOCOOaMU: MPOBEPOU-
HOM MaTpulei, ABYIOIbHBIM rpadoM WU «CHelHalbHbIM» criocoboM. Crocob
3aJaHUsl KOJia TIPOBEPOYHON MaTpULIel SBISETCS OOILETPUHSTHIM AJsl JIUHEH-
HbIX KOJIOB, KOTJla Ka)KJas CTPOKa MATPHUILIbl SBISETCS AJIEMEHTOM HEKOTOPOTO
MHOECTBa KOJIOBbIX CJIOB. [IpoBepouHas MaTpulia CoJIEpKUT B OCHOBHOM HYJIH

¥ OTHOCHUTEIBHO MaJioe KOJIMYECTBO eAuHuIl (cM. puc. 1) [3].

1 11000
Loy 4 1 1
H1_01@1[_}1
009 1T 0 T 1

Pucynoxk 1 - [Ipumep npoBEepOUHO MaTPUIIbI
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[lenbto paboOThl SABIAETCS HAXOXKIECHUE ANTOPUTMA IMOCTPOCHHUS IPOBE-
POYHOM MaTpHIIbl, COOTBETCTBYIOILIEN CTpYKType cBeprounoro LDPC- koxa, T.e.

dbopMHpoBaHUE MTPOBEPOYHON MATPUIIBI B BUE, PECTABICHHOM Ha pUC.2.

HO HI HI ...
[ HO H1 ...
| I HY .

Pucynok 2 - CtpykTypa npoBepodHoii Matpulisl ceeprouHoro LDPC- kona

Jns uccnenosanust xapakrepuctuk LDPC-kona B Matlab 6buta coctas-
JIEHA MOJENb, C MOMOIIBI0 KOTOPON MPOBOJMIICS P SKCIIEpUMEHTOB. [Ipexne
BCETO SKCMEPUMEHTHI ObUTH HAMpaBJICHa HA ONpPEAeNiCeHNEe aJeKBaTHOCTH MOJIe-
7, ee paboTOCIIOCOOHOCTH W MPUTOJHOCTH JJIsi MccieaoBaHus. [IpoBeneHHbIC
OKCIIEPUMEHTHI JaId TIOJOKUTEIBHBIN PE3yNIbTaT, MOTOMY OBIJIO MPUHSATO pe-
HIEHWE MPOAOJIKUTH PabOTy ¢ COCTABICHHON MOJIEIIBIO.

[Iponomxas 3KCIEPUMEHTUPOBATH C MOJAEJbIO, B JaJdbHEUIIIEM Oblia IMO-
CTaBJICHA II€JIb BBISICHUTH, KAKHUM 00pa30M COAEpIKaIUecs B MATPUIEC HYIU H
€MHUIIBI BIMSAIOT HA PE3YJbTAaT KOAUPOBAHUS U JeKOAUPOBaHUs. [[Jig 3TOTO Te-
HEPUPOBAIUCH CIy4YallHbIE MaTPULBI, HA MOJEIHA MPOBEPSIIACH MPUTOJIHOCTH
Marpul] st co3aanus LDPC-kona. bblmy BBISBICHBI CHEAYIONIAE KPUTEPUHU
MIPUMEHUMOCTH MATPUIIBI:

1. B xaxaoM cTos01ie MaTpuIlhl JOJDKHA OBITh KAK MUHUMYM OJIHA 1.

2. KonudectBo cT0o010B N U cTpok M B MCXOJHON MAaTpHUIle IOJKHO
OBITh YETHBIM, TaK KaK TAaKUM O0Opa3oM MaTpHIla XOPOIIO JEIUTCS Ha OJOKU —
matpuisl HO u H1, mpuuem N > M.

3. Eciiu N — konudecTBO ¢T00110B, M — KOJM4yecTBo cTpok, a K — pazmep
kogupyemoro coobmiernsi, To N — M = K u N — K = M, ciaenoBarensno, K pis
0a30BOM MaTpHIIbl JOHKHO ObITH paBHO uuciy cTpok (K = M). Hanpumep, N —

8, aM—4,torra8—-4=4u8—-4=4.
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4. Marpuma u3 nocieganx N — K cron6ioB mpomwkHa ObITh 0OpaTuma, a
3Ha4YeHHs] B OOpaTHOIM MaTpwuile He JAOHKHBI ObITh MeHbine 1. U3 Teopemsr 00
00paTHMOCTH MATPUIIBI CICAYIOT KPUTEPUHU €€ 0OpaTUMOCTH: KBaJpaTHAsi Mart-
punia A ob6patuma (MMeeT OOpaTHYHO MaTpHIly) TOTJa M TOJBKO TOI/a, KOTJa
OHa HEBBIPOKJICHHAs, TO ecTh detA+0 [4].

B urore ObuTH MOMTydEHBI TPU TPYIIITBI MATPHUIL IO TPU PA3HBIX MATPHUIIBI B
KaXA0W rpymme. ['pynmbl MaTpul] OTIMYAIOTCS Pa3MEPOM, MATPHUIbl BHYTPU

rpytibl — nosioxenueM 0 u 1 (cm. puc. 3).

10101011 111010100000
01010111 011001010000
00001010 100100001111
00000101 000000111010
H11 000000011001
000000100100
H21
0011011010000000
0100000000100100
0000001101000010
1111100000011001
0000000000110110
0000000001000000
000000000000001 1
0000000011111000
H31

Pucynok 3 - MaTpulipl, IpuMeHsIEMbIE AJI51 UCCIIEOBAHMS

Jlanee Havamu HMCCIIENOBATH 3aBUCHMOCTh XapAaKTEPUCTHUK KOJA OT BHYT-
PEHHEr0 HanoJIHEHUSA MaTpull. s KaKaou TpymnIibl MaTpPUL OJHOIO pasmepa
olnpezesnsaach 3aBUCUMOCTb BEPOSTHOCTH OUTOBOM OIIMOKM KOJA OT OTHOIIE-
HUS cUrHai/ myM. Pe3ynbTarsl ais Tpex rpynn MaTpull MpUBEIEHBI Ha puc. 4.
AHanmm3 XapakTepUCTUK KOJIa U ITapaMeTPOB MAaTPUIL] ITO3BOJIMI BBIIBUTH CIIEAY-

IOIHUEC 3aKOHOMCPHOCTH:
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l. bonee paspekeHHbIE MATPULBI MUMEIOT JIYYIIHE XapaKTEPUCTUKU
IIOMEXOYCTOUYHUBOCTH.

2. CpenHee 3HAYEHMM COOTHOILIEHUS CUTHAI-LIYM IpHU 0e301mnbou-
HOM JIEKOJIMPOBAHUU COCTABISET 3 1b.

3. Uucno urepanui dKCHEPUMEHTA JUIA MOJy4YEHUs AJEKBATHBIX pe-

3yJBTATOB JOJLKHO COCTABIATE Kak MUHUMYM 10 000 (ps < 107).

Pucynok 4 - Pe3ynbpTaTsl 3KCIEPUMEHTOB

Jlanee 3a 0ocHOBY ObLila B34Ta rpyMnna MaTpUI] CaMOro MaJIEHbKOTO pa3Me-
pa sl yCKOPEHUST pacueToB. B MaTpuIibl 3TOM IpyIIibl BHOCUINCH U3MEHCHUS,
KOTOpbIE€ HE BIIMSJIA Ha OOpPaTUMOCTb. BbUIM BBISIBICHBI CIEAYIOIIME 3aKOHO-

MEPHOCTH:
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1. [Ipu moctostHHO#M GazoBoil matpuiie HO BHeceHue TOMOIHUTEb-
HBIX U3MEeHeHul B 1o6aBounyto marpuily H1 (yBennuenue uncna 0) mpuBOIUT K
YIYUILICHUIO XapaKTEPUCTUK KOa.

2. N3menenne 0a30BOil MaTPUIl BO3MOXKHO TOJBKO M3MEHEHHEM Kak
MUHHMYM TPEX 3JIEMEHTOB, 3TO MPUBOJUT K YBEIUYEHHUIO Pa3pEKEHHOCTU MaT-
PUIIbI, U, KaK CIEACTBUE, K CHYKEHUIO TOMEXO0YCTOMYHNBOCTH.

[TonyueHnHble pe3ynbTaThl MOTYT SBJISITHCS OCHOBOM ISl MOCTPOCHUS

LDPC-k0/10B 00JIBIIIOM pa3MEpPHOCTH.
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AnHoTanusi. JlaHHAs CTaThs pacCKa3bIBaeT O CO3JaHUK CHCTEMBI pPacIiO3HaBa-
HUS JIMI] C TIOMOIIBIO sI3bIKa porpammupoBanus Golang. B craTee onmuckiBaet-
Cs1 OCHOBHAS UJIEs, TEXHOJIOTHSI pa3pabOTKU M OO MTPUHIIAIT PaOOTHI BCEk
CUCTEMBI.

Abstract. This article talks is devoted to the creation of a facial recognition sys-
tem using the Golang programming language. The article describes the main
idea, technology development and the general principle of the entire system.
Kirouessle ciioBa: Golang; Mammanoe 00yuenue; PacmosnoBanwne nuir; Ub-
untu; Linux; dlib.

Keywords: Golang; Machine learning; Face recognition; Ubuntu; Linux; dlib.

HelipoHHble ceTr cerofHs O04Y€Hb NOMYJSPHBI, UCIOIb3YIOTCSA Ul Pellle-
HUS CaMbIX pa3HbIX 3a7ad. OIHUM W3 HANpaBJICHHUN SBIISAETCS paclO3HAaBaHHE
JIULL.

Ha tekymuii MOMEHT cpeayl S36IKOB MPOTpaMMHUPOBaHUs OOJIBLICH MOMy-
JSIPHOCTBIO JJIs1 TIOCTPOEHUSI HEMPOHHBIX CETEH M MOJENIEH MAIIMHHOTO 00y4e-
Hus nosb3yercs Python. Dto onpeneneHHo pa3yMHbIN BBIOOP U3-3a NOAAEPKKU
coo0111ecTBa, KOJIMYECTBA JOCTYMHBIX OMOIMOTEK M MPOCTOTHI si3bika. bubmmo-
TEKU pacro3HaBaHus jul B Python ¢ oTimyHbIMU npuMepamMu U TOKyMEHTALM-
eil momynapHbl U nocTynHbl. OgHAKo s pemuna BbIOpaTh (GO MO HECKOJIBKUM
IPUYHHAM:

- ¢ IOMOIIbI0 KOPYTUH B (GO MOYKHO TOOUTBHCSA MPOCTONW M KA4eCTBEHHOM

pcain3alii MHOTOIIOTOYHOI'O ITPUITIOKCHUA.

209



- Go oObIyHO OBICTpee W, YTO Oosiee Ba)KHO, TPeOyeT MEHbBIIE MaMATH,
yeMm Python. Koneuno, kputuueckue yactu ar0001 MPOU3BOAUTEIBHON OMOIHO-
teku Python nammcansr Ha C/C++, HO y Bac Bce paBHO OyIyT HaKJIagHBIC pac-
xozib1 Ha Python VM. Go coueraer B cebe mpenumyIiecTBa ObICTpOil pa3padoTKu
UHTEPIIPETUPYEMBIX A3BIKOB MO TUMy Python u BBICOKYIO MPOU3BOAUTEIBHOCTH
KOMITUJTUPYEMBIX SI3bIKOB Kak C.

- MIPU MaJIOM KOJHMYECTBE MOMYJSPHBIX OMOIMOTEK paclO3HAaBaHUS JIHI]
1uist GO MOKHO MPUBHECTU OIPOMHYIO IM0JIb3Y COOOUIECTBY peain3ys Mo J00HbIe
CUCTEMBI.

Kak yxxe roBopuioch paHee, HEHpPOHHBIE CETHU M, CIEIOBATENIbHO, IUIAT-
bopMbl, pean3yIolne UX, MHUPOKO PACIPOCTPaHEHbl. TOJBKO B KOMIBIOTEP-
HoM 3peHun y Hac ecTb Caffe, Torch, TensorFlow u npyrue ¢peiimBopku, HO
MO’KHO HCTOJb30BaTh 0ubianoTeky — dlib. Bo-nepBbix, ona Hanucana Ha C++,
MO3TOMY MOKHO JIETKO CO3/1aBaTh NMpUBSA3KU K (GO ¢ moMoIibio ¢go. Bo-BTOpHIX,
OHa TIpeTeHayeT Ha TouHOCTh 99,38% B Tecte «the Labeled Faces in the Wildy,
coaepxkamiem 6omee 13000 nzoOpakeHui JIMI COOpaHHBIX CO BCEW CETH MHTEP-
HeT [1]. B-Tperbux, nmonyispHble OMOIMOTEKH pacliO3HABaHUS JIUI, TAaKHE Kak
face recognition u openface, ncrnonp3yror dlib, mo3TOMY 3TO AEHCTBUTEIHHO
XOPOIIUH BBIOOD.

@OpeltMBOpPK BBIOpaH, HO KaK Mbl MOXEM YCTaHOBUTH ero? C++ 3aBucu-
MOCTH MOTYT OBITh CJOKHBI B YCTAaHOBKE, HET BO3MOXHOCTH HCIOJIb30BaTh
yn00OHbIe KOMaHAbl «go gety win «pip instally. CienoBarenbHo, 1160 3Ta OUO-
JMOTEKa yKe ImpeaycMoTpeHa B pemnosutopun Bameil OC, nubo Bac 0OxXuaaer
YTOMMTEJIbHBIN POLECC KOMIUIISLIUU.

K cuactpro, ectb nydmmi BapuaHT: B Cllydae, €CJIM LeJIeBas CHUCTEMa
M0JIb30BATENsI M3BECTHA, MBI MOXEM coOpaTh NBOMYHBIN maker dlib, KoTOpbIit

3HAYUTENLHO YIPOCTUT YCTAaHOBKY. [10CKOJIbKY MBI TOBOPUM O CEPBEPHOM MPO-
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rpaMMHOM obOecnieuenun, Ubuntu sSiBIsieTCS MOYTH CTAaHAAPTOM 371€Ch, TOITOMY
OyZieM UCTOJIb30BaTh €TO.

Ubuntu umeet dlib B cBoMX CTaHAApPTHBIX PEMO3UTOPUSIX, HO BEPCHS
CJIMIIIKOM CTapasi: TOJJEp:KKa pacro3HaBaHUs JIMIl Obljaa 1I00aBlIeHAa TOJBKO B
dlib 19.3. Utak, Ham HYXHO CO37aTh Hall COOCTBEHHBIN makeT. HeoOoxommmo
no6aButh PPA (monb3oBarenbckuii penosutopuit) mis Ubuntu 16.04 u 18.04,
nByx mnocneanux Bepcuid LTS. Jlng ycTaHOBKH HEOOXOAMMO BOCIPOHM3BECTH
CIeayromue Komas sl [3]:

sudo add-apt-repository ppa:kagamih/dlib
sudo apt-get update
sudo apt-get install libdlib-dev

D10 ycTaHoBUT nocnenHo Bepcuro dlib (Ha manueii MomeHnt 19.15) u
oubmoreky Intel Math Kernel Library, koTopasi, sBisieTcs caMoi ObICTpOH pe-
anuzanmen crangaptHeix uaTepdeiico BLAS u LAPACK, no kpaiineit mepe,
TSt porieccopoB Intel.

Taxxe Ham nonagooutes libjpeg mis 3arpy3ku n3zoopaxkenuit JPEG, nis
3TOrO ycTaHoBUTE makeT libjpeg-turbo8-dev:

sudo apt install libjpeg-turbo8-dev

CoBpeMeHHbIe OMOMMOTEKH pacro3HaBaHUs JKll paboTaroT, BO3Bpauias
HA0Op uucen (BEKTOPHOE BJIOKEHHE WM JECKPUITOP) IS KaXKIOTO JIMLa Ha
¢dotorpaduu, 4TOOBI BBl MOTJIM CPABHUTH UX JIPYT C APYTOM M HAWTU UMS YeJO-
BeKa Ha MepelaHHOM M300paKeHUH, CPAaBHUBAs AT uynciia (OOBIYHO MO €BKJIU-
JIOBOMY PaCCTOSIHUIO MEX]Ty BEKTOpaMHU, JIBa JIMI[a C MUHUMAJIbHBIM PaCCTOSTHU-
€M JIOJDKHBI TPUHAJIEKATH OJTHOMY JIUILY ).

UYro MBI Jenaem, Korja y Hac ecTh Jeckpunrtop? B mpocreifiiem ciydae
MBI OBl CPaBHWJIM €BKJIUJIOBO PACCTOSIHUE MEXY HEU3BECTHBIM JECKPUIITOPOM
U BCEMH M3BECTHBIMU JIECKPUINITOPAMH, KaK ObLJIO CKa3aHO paHee. DTO HE uje-
aJlbHO, Ha COBPEMEHHOM YpPOBHE TEXHHUKH WHOTJA MOXHO MOJY4YUTh HEMpa-

BUJIbHBIC OTBETHI. ECJIM MBI XOTHM HEMHOI'O YJIYUIIUTb PE3YJIbTAaThl, MbI OBI HC-

211



MOJIH30BAIM MHOYKECTBO M300pKEHUM ISl KaXKJIOro YeJOBeKa M MPOBEPHUIIH,
OBLTM 7T XOTsI OBl HECKOJBKO M3 HUX JIOBOJIBHO OJIM3KO K MPEIOCTABICHHOMY
auny [3].

DTO UMEHHO TO, uTo Jenaet classify.cc. CHadaia OH BBIYUCIISIET PacCTOsI-
HUS, 3aTEM COPTUPYET UX, a 3aT€M MOJICYUTHIBACT MOIMAIaHUS OJHOTO U TOTO XKe
yesioBeKka B ToM- 10 MUHUMAaJIbHBIX PACCTOSTHUM.

CymiecTBYIOT U Jy4IlIue aarOPUTMBI JIJIsl ATOW 3a7a4d, HampuMep, 9acTo
UCIIOJIB3YIOTCSl MAIIMHBI OMOPHBIX BeKTOpoB (SVM). dlib naxke mpenocrapisieT
ynoOubii API nist oOydenus takux mojeneii. SVM B orpoMHbIX Habopax JaH-
HBIX MOKET OBITh MEJICHHBIM, IMOATOMY HYXXHO CHadaja MpPOTECTUPOBATH €T0
Ha OOJIBIIION KOJIJICKIIHH.

PesyneTupyromas OubIMoTeKa JOCTYITHA 110 aapecy
github.com/Kagami/go-face, Bkmounte ee B cBoil mpoekT Go noOaBieHHUEM
JTAaHHOM CTpoKH Koja [4]:

import "github.com/Kagami/go-face"

Tunosoit pabouuii mpoiiecc ¢ JAHHON OUOIMOTEKO:

- THUIIMUPOBATh PACTIO3HABAHUE;

- pacrmo3HaTh BCE U3BECTHBIE N300paKEHU, COOPATh JECKPUTITOPHI;

- TIEpeIaTh U3BECTHHIE JECKPUTITOPHI C COOTBETCTBYIOIIMMH KaTETOPHSIMU
B pacIio3HaBaTelb;

- IOJYYUTh JECKPUTITOP HEU3BECTHOTO N300paKEHNS;

- KJaccuuIMpoBaTh CBOE N300pasKEHHE.

Bot pabouunii nmpumep, KOTOPBIM WIUTFOCTPUPYET BCE IIar, OMHCAHHBIC

BBIIIIC:

package main
import (
"fmt"
"log-"
"path/filepath"
"github.com/Kagami/go-face"
)

const dataDir = "testdata"
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func main () {

// MHUUMAaI3alus pacrnosHaBaTess
rec, err = face.NewRecognizer (dataDir)
if err I= nil {

log.Fatalf ("Oumnbxa npm MHMLIMAJIM3ALUN : sv", err)

}

defer rec.Close ()

// TecToBOE n3obpaxeHme ¢ 10 JMLaMm Jonen
testImagePristin := filepath.Join (dataDir, "pristin.jpg")
// PacnosHaeM auLa Ha U300paXeHUU
faces, err 1= rec.RecognizeFile (testImagePristin)
if err = nil {
log.Fatalf ("Oumbxa npu PacCIrO3HOBAHUM & sv", err)

}
if len (faces) = 10 {
log.Fatalf ("HenpaBsunbHOE YMCJIO Jmi")

// 3anoyHuM npuMepsl. Insa Jjydmely kjaccudmkauyy CTOUT MCIOJIL30-—

BaThb

// BoJsibme usobpaxeHuM
var samples []face.Descriptor
var pepls [11int32
for i, f t= range faces {
samples = append (samples, f.Descriptor)

// Kaxmoe JMLIO YHUKAJLHO HA TECTOBOM M300paxeHMUM
pepls = append (pepls, int32 (1))

}

// TlporMeHyeM KaTeIopuu

labels = [Istring{
"Sungyeon", "Yehana", "Roa'", "Eunwoo", "Xiyeon",
"Kyulkyung", "Nayoung", "Rena", "Kyla", "Yuha",

}

rec.SetSamples (samples, pepls)

// TonpoByeM NpPOBECTM KJIACCUIMKALIMIO HA HEM3BECTHOM M300paxeHUn

testImageNayoung := filepath.Join (dataDir, "nayoung.jpg")

nayoungFace, err := rec.RecognizeSingleFile (testImageNayoung)

if err = nil {
log.Fatalf("Can't recognize: sv", err)

}

if nayoungFace == nil {
log.Fatalf ("Ha n300paxeHnUn He OIIHO Juio")

}

peplD 1= rec.Classify(nayoungFace.Descriptor)

if pepID < 0 {
log.Fatalf ("Oumbxa npu kJjaccupmraumm')

}

// BriBemeM METKY KJIaccuduxraumm. IJOJIXHO OBITb “Nayoung”

fmt.Println (labels[pepID])
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I[JI}I 3aIlyCKa HCO6XOI[I/IMO BBCCTH:

mkdir -p ~/go &§&& cd ~/go # Mmm cd B SGOPATH
mkdir -p src/go-face-example && cd src/go-face-example
git clone https://github.com/Kagami/go-face-testdata testdata
edit main.go # BcrasuMm KoI n3 rnpuMepa BEHILIE
go get

../../bin/go-face-example

Jlnst komnuiisinuu go-face nmoTpedyeTcss HEKOTOPOE BpeMsl U3-3a HIUPOKO-
ro ucnoibp3oBanus madiaonoB C++ B kone dlib. K cuacteio, Go k3mmpyeT BbI-
XOJIHBbIE€ JTaHHBbIE COOpPKH, OATOMY OyayIiue cOOpku OyayT HaMHOTO ObIcTpee.
[Tpumep nomkeH BbiBecTH «Nayoungy», YKa3bIBaIOIIUNA, YTO HEM3BECTHOE M300-
pakeHue ObLIO PACIIO3HAHO MPABUIIBHO.

bubmoreka numeer npoctoii API, 1ocTOlHOE Ka4eCTBO paclo3HaBaHUS U

MOJKET OBITh JIETKO BCTPOEHA B mpuiiokenue Go.

CnucoK HCIOJIb3yeMOii JTUTepaTyphl:

1. Labeled Faces in the Wild. [Onextponnsiii pecypc] URL: http://vis-
www.cs.umass.edu/Ifw/

2. How do I enable non-free packages on Debian. [9nexrponnsiit pecypc] URL:
https://serverfault.com/questions/240920/how-do-i-enable-non-free-packages-
on-debian/240921#240921
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Ha,Z[C)KHOCTB ABIIACTCA OOJHHUM H3 OCHOBHBIX MoKa3arejied TeXHUYECKUX

cucteM. CoBpeMEHHbIE TEXHOJOTHH MO3BOJIAIOT PEaIU30BaTh MOJIHOQYHKIHO-
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HaJbHYIO CUCTEMY B OJJHOM KPHCTAILIC, TAKYIO CHCTEMY HA3bIBAIOT CUCTEMOU Ha
kpuctaiuie (CaK).

CuK moxet ObiTh peasim3oBana B ITJIMC ¢ BO3MOKHOCTBIO PEKOH(UTY-
pUPOBaHUS, C TOYKH 3PCHUS HAJICKHOCTH TaKas CUCTEMa SBIIICTCS CHCTEMOU C
BOCCTaHOBJICHHEM. Hanmmdre mporeccopHoro siapa BiIeUeT 32 COOOM BKITFOUCHHE
B MOJI€JIb HAJC)KHOCTH MPOTPAMMHOT0 00CCIICUCHHSI, KOTOPOE MOXKET OBITH BOC-
CTaHOBJICHO.

CHK, peamu3oBaHHas MO TEXHOJIOTHH 3aKa3HOM MHKPOCXEMBI, SIBIISCTCS
HEBOCCTaHABIIMBACMOM.

B cratbe paccmaTpuBaroTCs XapaKTEPUCTUKU CHCTEMBI 0€3 BOCCTaHOBIIC-

HUA.

OCHOBHOW XapaKTEPUCTHKON OE30TKA3HOCTH CHUCTEMBI SIBIISICTCSI BEPOSIT-

HOCTb 0€30TKa3HOM paboTsl P(t) [1].

Oynkrus P(t) ucrmonp3yeTcst s pacuera Ipyrux XapaKTepUCTHK, HATPH-
Mep, MUHTEHCUBHOCTh OTKa30B A(t), CpEJHETO BpEMEHM HapaOOTKU Ha oTka3 T.
CootHomienue, cs3piBatomee P(t) m A(t), Ha3pIBAlOT “OCHOBHBIM 3aKOHOM

HaJAE€KHOCTH

t
P(t) = e~ oAt
DTO COOTHOIICHHUE CTIPABEJIMBO JJIs JIOOBIX pacTpeAeNeHUI CIy4aiiHOTO
BpeMeHu paboThl 10 oTka3a. Hambosee yacTo mcmonb3yemas MOJIENb OTKa30B

npu

A(t) = A = const

Ha3bIBACTCA BKCHOHCHHHaHBHOﬁ MOACIIBIO OTKA30B.

NHTEHCUBHOCTH OTKA30B A SBJISCTCS napamMeTpom TEXHUYECKOM CUCTEMBI U

€C OTACJIbHBIX JJICMCHTOB, HUCIIOJIB3YCTCA B MCTOJHUKAX pacHCTa HAACKHOCTH -
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«Hanéxunocts OPU UII»[2], ,«MIL-HDBK-217F» [3] , «RIAC-HDBK-
217PLUS»[4].

[Ipu pacueTe BeposSTHOCTU 0€30TKAa3HOU pabOThI COBPEMEHHBIX MUKPOCXEM

A 107, 107 1/ -

3HAYEHUE MHTEHCUBHOCTU OTKA30B A MUMEET MOPSAIOK , Y, 9TO COOT
BeTcTBYeT 3HaueHusiM T nopsimka 1000 -100 000 ser. OueBUIHO, YTO 3HAUYCHHUE
T 3aBbIIIEHO, KCIIOHEHIIMAIbHAS MOJIETIb OTKA30B HAa MPAKTUKE JAET HEepeasu-

CTHYHbIC 3HAYCHM .

B Hacrosmiee Bpems 1715 pacueTa HaJIe)KHOCTH MHUKPOCXEM BCE Hallle MpHU-
Mmensitor auddysuonnoe (Diffusive) pacnpeneneHue, COOTBETCTBYIOIEE HEMO-
HoTOoHHOMY (Nonmonotonic) MapkoBCKoMy mpoilieccy - DN-pacnpenenenue.
3aKoH pacnpeereHrsi BpEMEHHU JI0 0TKa3a OMMCHIBACTCS ABYXIIapaMeTPUIECKOM
GyHKIMEH ¢ mapaMeTpaMu, a — CpeIHssT CKOPOCTh Mpollecca Jerpajalii U vV —

K02 PHUIMEHT Bapuamuy mporecca Aerpaaariu:

[_ (l—at)z]

2v2at

1
f(t) = vtv2mat exp

[Ipu ucnonb3oBaHuM mapamerpa U=1/a TIOTHOCTH pacnpeneneHuss DN-

pacupCaciCcHusd 3alIMChIBACTCA B BUIC!

_ (t—u)z]
2v2ut

F@©) = fult,mv) = S exp|

4)

WMHTEeHCUBHOCTh OTKA30B orpeaensercs no popmyse [5]:

. _ u—t _ i u+t
DN(t;p,v) =@ (v u—t) exp (vw) P (v\/ﬂ)
rae O(x)- HopmupoBanHas pynkuus Jlamnaca.

Cy1ecTByIOT METOAUKY [6], MO3BOJISIONINE pACCUUTATh MapaMeTpbl 0e30T-

ka3zHocTH 151 DN-pacnpenenenust otkazos. [lapameTpsl Moaenn onpenensior B
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pe3ynbTaTe YCKOPEHHBIX UCTIBITAHUH, Yallle BCEro — MOBBILIEHHON TeMIepary-

pBI.

B pa6orte [6] npuBoasTCs 3HaUeHUSI BpeMeHH T, MOJydeHHBIE 1J11 MUKPO-
cxeMbl, BeInoaHeHHOM 1o TexHonorun KMOII 180uM: m1s SKCITOHESHIIUAILHOM
MoJiesd ”HTeHCUBHOCTH 0TKa30B T paBHa 140 000 ner, nis DN- pacnipenene-

ausa T — 190 ner.

[TonoGHBIE 3HAUEHHS XapAKTEPU3YIOT HAJIEKHOCTh B PEKUME HOPMaJIbHOU

9KCILTyaTalluu.

Ha srane crapeHMsi HHTEHCUBHOCTh OTKA30B — BO3pacTaroiias (yHKIUS
(BOUO). ITpn HOpMATTBHBIX YCIOBUSAX PAOOTHI CUCTEMBI, 3TAIl CTAPEHUS MOMKHO
UTHOPUPOBaTh, OBICTPEE HACTYIIAET MOpalibHOE cTrapeHue. lpu pabore B ciiox-
HBIX YCJIOBUAX (MOBBILIEHHBIE TEMIIEPATYpPhI, MOBBIIIEHHBI YPOBEHb PaJHALIMH
U T.I.) pacyeT HaJEKHOCTU JOJDKEH BBIMONHATHCA s BOUO. IIpumepom
B®UO saBnsercsa pacrnpenencHue BeiiOyna, ”HTEHCUBHOCTh OTKa3a OINpeesi-
€TCSI BBIPAKEHHUEM:

At) =2y xaxt2 !

npu a>1.

PaccuuTaeM BepoOsSTHOCTh O€30TKa3HOM pabOThl YCTPOUCTBA /1JIs1 HECKOJIb-
KHX BapUaHTOB PE3EPBUPOBAHUS.

BCpO}ITHOCTB 0e30TKa3HOMI pa6OTI>I OAHOIO0 JJICMCHTA OIIPCACINUM II0

dbopmyne (1) nisa A(t) — mo dopmyne (2) u (3).

Pe3ynbTaThl 3KCIIEPUMEHTOB MOKA3aJIH:
- NPUMEHEHHE CXEM PE3epBHPOBAHUs MOBbIMIAET HaaeKHOCTh CHK u B
HOPMAaJIbHOM PEXUME, U B pekuMe crapeHus. [1o kpurepuro anmnapatHele 3aTpa-

Thbl — HAJAC)KHOCTh HAMJTYUIIUM SABJIACTCS BApUAHT ,Z[Y6JII/IpOBaHI/I$I.
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- IpH yBeaudeHuu ckopocTu usmenenuss BOMO s coxpanenus nokasa-
TeJel HaJeKHOCTH HEOOXOAMMO yMEHBIIATh NMHTEHCUBHOCTh OTKA30B CXEMBI B
HOPMAaJIbLHOM PEXKHUME, HAIIpUMEp, MPU U3MEHEHUH MHTEHCUBHOCTH OTKa30B B 3
pasza 3a 15 et He0OXOIUMO YMEHBIITUTh WHTEHCUBHOCTh OTKA30B B HOPMaJlb-
HOM pexuMe Ha nopsok (¢ 10-7 no 10-8), a B 6 pa3 — Ha Ba MopsiIKa.

- MOJIeJIb MHTEHCHUBHOCTH OTKa30B 1Mo (opMysie 3 MOXXHO HMCIOJIb30BaTh
npu 3HaueHusx paBHbIM A0 10-9 u Oonee. 3HaueHNe mapameTpa o JOJDKHO Jie-
»KaTh B 1ranaszone ot 1 1o 1,1, o> 1,1 Bo3pactaeT oueHb ObICTPO Mpu Jr00BIX A0,

COOTBCTCTBYCT J'IaBI/IHOO6p8,3HBIM nmponeccaM OTKAa30B M IIPUBOJHUT K OTKa3y

CHuK.
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AnHoTanusi: OnucaHsl MPOLECC MHKEHEPUU 3HAHUI M €ro 3Tambl PU pas3pa-
00TKe dKcnepTHOW cucteMbl. OnMCcaHbl HEKOTOPBIE 3HAHMSI MPEIMETHON 00Jia-
CTH — IPOMU3BOACTBO IIKa(OB yIpaBieHUs B cepe BOAONOArOTOBKU. Pa3pabdo-
TaHa OCHOBA JJIsl JajbHEHIIero 3anojHeHus: 0a3bl 3HAHM, OMUCAHUS OHTOJIO-
ruu, (OpMUPOBAHUS 3aPOCOB K IKCIEPTHOW CUCTEME M OMMCAHUS MPaBUII JIO-
TUYECKOTO0 BBIBOAA. BBIABIIEHA MpaKTUYECKAass 3aBUCUMOCTH IIPEICTABIICHUS
3HAHUW U OTHOLIEHUI MEXIy HUMHU OT MX MPUHAAJIC)KHOCTH MpeaMeTHON obia-

CTH.
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Abstract: The process of knowledge engineering and its stages in the develop-
ment of an expert system are described. Some knowledge of the subject area —
the production of control cabinets in the field of water treatment is described.
The basis for further filling of the knowledge base, description of ontology, for-
mation of queries to the expert system and description of the rules of inference is
developed. The practical dependence of knowledge representation and relations
between them on their belonging to the subject area is revealed.

KiroueBble c€j10Ba: SKCIepTHAas CUCTEMa, MH)KCHEpHUs 3HaHWiA, 0a3a 3HAHUWH,
OHTOJIOTHSI, IOTUYIECKHI BBIBOJ, IIKA() yIpaBICHHUS.

Keywords: expert system, knowledge engineering, knowledge base, ontology,

logical conclusion, control cabinet.

OnuH 13 BUIOB WHTEIUICKTYaIbHBIX CHCTEM, OCHOBAHHBIX HA 3HAHUSIX U
MPU3BAHHBIX YACTUYHO 3aMEHHUTHh COOOW JIIOAEH-IKCIEPTOB HEKOTOPOM Mpe/-
METHOM 00nacTH, — 3kcnepTHbie cucteMsl (OC).

B pazpabotke DC 3a1eiCTBYIOTCS CIAEAYIOIINUE CIIEIUATUCThI: HHKEHEPHI
110 3HAHUAM, SKCIEPTHI U MPOrpaMMUCTbI. Kak/IbIil BBIMOIHSAET CBOIO 3HAUUMYIO
poJb, 6e3 KOTOpOil HEeBO3MOXKHA OyAeT KoppekTHas u 3¢ ¢dekTuBHas paboTa u
skcrryatanus 9C Kak KOHEUHOTO MTPOrpaMMHOTO MPOYKTa.

Becrw mporiecc pa3paboTku OCHOBaH Ha pabOTe CO 3HAHUSAMU, KOTOPHIE 3a-
HocsTcsl B 0asy 3Hanuil (b3). O6mmit npouecc koHcTpyupoBanust b3 u HOCUT
Ha3BaHWe WHXeHepuu 3HaHuWil [1]. CrenuanucT, BBIMOJHSIOMUA pabOTHI IO
JTAHHOMY HATPAaBJICHUIO, — MHXKEHEep 10 3HaHusAM. OH 3aHUMAeTCsl UCCIIeI0BAHU-
€M KOHKPETHOU MpeaMeTHOI 00nacTu, st KoTopol cosnaerca DC, onpeaenser
B HEH BaKHBIC TIOHSATHS, a TaKXKe CO3AaeT (HOopManbHOE MPEICTABICHNE OTHO-
HIEHUH 1 00BEKTOB MpobsieMHOM obnactu. [Ipu 3TOM HHXKEHep MO0 3HAHUAM MO-
KET caM OBITh IKCIIEPTOM, a MOKET HE ObITh UM U BBHICTPAHBATh KOMMYHUKAIIUU

C 3KCIICpTaMHu JIA TOIO, YTOOBI COCTABUTh BCPHOC NPCACTABIICHUC O NIIPCAMCT-
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HOU 00JacTH, 3aMoJHUTh 0a3y 3HAHUSMH U ONPEACIUTH MpPaBUiia CYIIECTBOBA-
HUS ¥ B3aMMHOTO BIIMSHHS 3TUX 3HAHWUW APYT Ha Apyra. OT TOro Kak WHXKEHEP
nocTpouT b3, kakyro BbIOEpPET MOJIENb MPEACTABICHUS 3HAHUM, KaK ONpPeeIuT
npaBuia JIOTUYECKOro BbIBOJA, Oy/IET 3aBUCETh Kauy€CTBO BCEro MPOrpaMMHOIO
npoaykTa [2].

B kauectBe mpumepa omnucaHus Ipolecca MHKEHEPUH 3HAHUN BO3bMEM
MPEAMETHYIO 00JacTh, CBS3aHHYIO C aBTOMATH3AIMEH TEXHOJIOTHYECKUX TIPO-
1IECCOB, & UMEHHO — ¢ TIpou3BoAcTBOM Imkados ynpasinenus (IIIY) B chepe Bo-
nonoarotoBku. LY sBisieTcss cucteMoi yrpaBieHUs! TEXHOJIOTHUYECKUM 00bEK-
TOM, TPEICTABISIET COOOM 3IEKTPOOOOpyAOBaHUE, COOpPAaHHOE W3 OTACIIBHBIX
KOMITOHEHTOB U BBIMOJHSAIOIIEE ONpeieIeHHbIE PYHKIUU.

CraBum 3amady pa3pabOTKH DKCIIEPTHOM CUCTEMBI, KOTOpas MO3BOJISLIIA
OBl TIpeyIaraTh 3aKa34nKy KOHKPETHYIO MOJIENb mKada yrnpaBieHUs, OTBEYArO-
Y10 3aJJaHHBIM TPEOOBaHUAM K (DYHKIIMOHAITY IaHHOTO y371a.

OrpaHnunBasICh MOKa TOJHKO OMUCAHHBIMHU 3HAHUSMU, MOKAKEM OOITUit
Ipoliecc UHKEHEPUH 3HaHUM B co3iannu Takon DC.

BOoBIIMHCTBO KCTOYHMKOB BBIACISIIOT CleayIouue 3Tamnsl [3]:

1) unentudukaiys 3aaa9u — ONMpECICHUE KPyra BOIPOCOB MOJIb30BaTE-
51, KoTopble OyaeT cnocobHa pemats DC, U BUABI 3HAHUH, KOTOPbIE MOTPeOy-
IOTCS i1 CO3aHus O0a3bl,

2) mpuoOpeTeHre 3HAHUU - ONpeJeICHUEe CIEKTpa 3HAHUM, TpeOyeMbIX
JUISL pellieHrs TOM WM MHOM KOHKPETHOM 3aiauu, U cOOp 3HAHUN METOJaMU U3-
BJICUEHUS 3HAHUH O MPEeIMETHON 00JacTH;

3) ompeneneHue croBaps — BBIAEICHUE BAXKHBIX IMOHSATUN MpPEIMETHON
00JIaCTH ¥ MX OTHOIICHHH, MPeoOpa3oBaHUe MX B UMEHA JIOTHUYECKOTO YPOBHS,

COCTaBJICHHUEC OHTOJIOI'H,
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4) perucTpaius 3HaHUN — 3aTUCh MOHATUN M aKCUOM JUIsl IaHHBIX MOHS-
THM, KOPPEKTUPOBKA HEBEPHBIX TPAKTOBOK M BOCIOJHEHHUE HEJOCTAIOLIMX 3HA-
HUM;

5) omnucaHue K3EMIUISIpA 3a/1a4l — HaMKCaHUE BbICKa3bIBAHUN B COOTBET-
CTBUHU C JIOTUKOW OHTOJIOTHUH;

6) mepenaya 3amnpoca MNpoleaype JOTHYECKOro BbIBOJAA — (POPMYJIHPOBA-
HUE 3amnpoca Ha nojydeHue oreeta oT JC (Ha 3TOM ke 3Tare SIBHO WA HESIBHO
MOKET OCYILIECTBIIATHCS TECTUPOBAHUE);

7) oTnanka - AOMOJHEHUE pa3paOOTKU HEYYTCHHBIMU paHEE 3HAHUSIMU U
MPaBUJIAMH, CYIIECTBEHHBIMH JIJIS JIOTUYECKOTO BBIBOJA.

[lepexoauM K OMHMCAHMIO IMpoliecca MHKEHEPUU 3HAHUMU ISl BHIOpAHHOU
oOnacTu.

Nnentudurkanus 3axaun. Paspabarsiaemas IC 10mKHA yMETh MPUHU-
MaTh 3alpoc OT MoJsib3oBaTeNs Ha noadop moxaenu LY u nenars no Hemy npen-
noxxenue. Hanmpumep, nosp3oBarens cMoxkeT cupocuts: «Kakou LY nomonner
JUISl KaHAJIM3alMOHHOM HACOCHOM CTaHIMM U3 IBYX HacocoB?» unu «lIpenmoxu
MHe IV ¢ BO3MOXXHOCTBIO 0OMEHa JaHHBIMU C BHEIIHEW aBTOMAaTU3UPOBAHHOM
cuctemoit yripapiieHust (ACY)?».

IIpuoGperenne 3Hanumii. J[jisi OTBETOB Ha 0003HAYEHHBIE BOMPOCHI MMe-
IOUIUXCSA 3HAHUM O MPEIMETHON 00JaCTH HEAOCTAaTOYHO. TpelyeTcs MOIyduTh
OT 3KCIEPTOB WJIM U3 CIEIUATU3UPOBAHHBIX MATEPUAIIOB 3HAHUSA O MOJEIBHOM
psane LY, TexHnueckux xapakTepUCTHUKaX MOJEJIEH, BBIMOIHAEMOM (DYHKIIHO-
HaJIC U KOMIUICKTAIUN U3JECIIUMN.

Tenepp Mbl 3HaeM, 4to Mojenb LY 3aBUCUT OT TEXHUYECKHX XapaKTEPH-
CTHUK U UMEET CIICAYIOIIUN BUL:

LIY-[cepus]-[kon-60 ucnonnumenbHbvix MmexaHuzmos|-[mownocms|-
[ucnonnenuel-[cunosas_uyacmu]-[onyuu/,

rac.
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- cepus — BUJ TEXHOJOTUYECKOTO OOBEKTA, JJII KOTOPOTO HYXKHO YIpaB-
nenue (Hacochl kaHanu3anumoHHOM HacocHo# ctaHuuu (KHC) mnu HacocHoit
cranuuu (HC));

- KOJIMYECTBO HCIIOJIHUTENIbHBIX MEXaHU3MOB — KOJIMYECTBO AJIEKTPOJBU-
raTeyiei S TUX MEXaHU3MOB, IIIT;

- MOILIHOCTh — MaKCHUMallbHas MOIIHOCTb Ka)JOTO 3JIEKTPOABUTATENs,
KBT;

- UCTIOJTHEHUE — B KaKUX KJIMMATHYECKUX YCIOBHUSX OYAET SKCILUIyaTHpPO-
BatbCs LY (00menpoMslIiieHHOE WK YIIMYHOE UCTIOHEHHE);

- CWJIOBasl 4acTh — HAJIMYWE WU OTCYTCTBHE CHUCTEMbI aBTOMATHYECKOTO
BBOJIa pe3epBHOro nutanusa (ABP) u ykazanue Tuna mycka 3ieKTpoJBUraTeNe
(TpsiMOMi, TTABHBIN WJIM YaCTOTHBIN);

- OTIIMH — JOTIOJTHUTEbHBIC XaPAKTEPUCTUKH U (PYHKITUH, HE ONMCAHHbBIE
BBIIIIE.

Jlns pemeHus TeKylew 3aadyv — N0Kas3aTh MPOLECC MHKEHEPUU 3HAHUMN
st 9C — noJiaraeM, 4To JaHHOTO 00beMa 3HAaHUN JJOCTAaTOYHO.

Onpenesenue ciaoBapsi. Ha ngannom stane onumem mozaens LY B 006-
meM Buje. J{7s IMEHOBaHUS UCTIONB3YIOTCS KOHCTAHTHI, IJISI ONIPEACIICHUS Pa3-
JUYHBIX TUMOB — (DYHKIIUH.

Tun cranmum — Station(x0), tne x0 = {KHC,; HC}.

Tun naTYMKOB aBTOMATUYECKOTO ympaBieHus — Sensor(xl), rne xI =
{yposHs, oasnenus,.

Cepust 1Y — Seria(x2), tne x2 = {01, 02}.

KonuuectBo anexTpoaurareneit HacocoB — NumEng(x3), tne x3 = {1, 2;
3L

Momnocts (aktudeckas — P _fact(x4), tne x4 = {0,1..4,0; 5,6..7,5;
7,6..11; 11,1..15}.

MomuHocTs MoaenbHas — P(x5), tae x5 = {4; 7,5; 11, 15}.
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Ucnonuenne — Climate(x6), tne x6 = {0; V}.

CunoBas gacte — Power(x7,x8), tne x7 = {0; ABP}, x8 = {npamwoii; nias-
HbIU,; 4aCTMOMHDILL.

Onumu — Options(x9), tne x9 = {6e3_onyuii; ¢_onyusimu,}.

Perucrpanust 3HanMid. byaeM uCIonb30BaTh ONEpPaTOpPbl KOHBIOHKIIMHU
(™) m au3brOHKIMYU (V) U1 OMMCAHMS JIOTUYECKuX mpaBuil. OnpenenuMm cleay-
IOIMe TIPaBWJIa OTHOIICHUN MEXAY MCXOTHBIMH TEXHOJIOTHUYECKUMHU TpeOoBa-
HUSIMU U OTBETHBIM (popmupoBanueM mozenu LY s nons3oBarerns.

Ecmu x0 = KHC ™ x1 = yposns, 1o X2 =01.

Ecmu x0 = HC ™ x1 = 0asnenus, To x2 = 2.

Ecmu x0 = KHC ™ x1 = yposHs, T0 X8 = npamou vV X8 = niasHsiil.

Ecmm x4 = 0,1..4,0, To x5 = 4.

Ecrm x4 = 5,6..7,5, To x5 = 7,5.

Eciu x4 =7,6..11,0, Tox5 = 11.

Ecmux4 =11,1..15,0, T0 x5 = 15.

Ecmux2 =01 *x5 < 7,5, 10 X8 = npamoti.

Eciu x2 =01 " x5 >= 7,5, T0 X8 = naaséuwiii.

Ecmu x0 = HC ™ x1 = 0aénenus, To x8 = uacmommuiil.

3HaueHust KOHCTAHT x3, X6, X7 MPOeLHUPYIOTCS Ha (POPMUPOBAHUE MOJIETU
HaIpsAMY10. 3Ha4€HHE KOHCTaHThI X9 = 6e3 _onyuti 0 YMOJIYaHUIO, MOKET OBITh
CKOPPEKTUPOBAHO MOCIIE TOTO, Kak DC MpoBEAET OMPOC MOIb30BATENS.

Onucanue 3x3emmsipa 3aaaqyu. CyuiecTByer cienyromui Habop wuc-
XOJIHBIX TAHHBIX W TpeOOBaHUU OT MOJb30BarTels: «/imMeeTcs KaHaIM3aIMOHHO-
HACOCHAas CTaHIIMs, ABa HaCOCa MOIIHOCTHIO Mo 7,9 kBT paGoTator no 3HaueHu-
AM JaT4YUKOB ypoBHs. B momemenun nomxen OwviTh yctanomien LY KHC,
Tak)ke 00eCIeYNBAIOIINA aBTOMATHIECKUH BBOJ PE3EPBHOTO MUTAHUS OTIIPAB-

JISFOIIMEM CUTHAIBI 00 aBapuu BO BHEIIHIO ACY ).
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ITocne ananuza 3anpoca umeeM: x0 = KHC, xI = ypoeusa, x3 = 2, x4 =
7,9,x6 =0,x7 = ABP, x9 = c_onyusamu.

Ilepenaua 3anmpoca nmpoueaype JIOTHYeCKOro BbiBoaa. Broaum ncxon-
HbI€ JJAHHBIE U MOJy4YaeM CIIeIyIOIINEe HEeIOCTAIOUIME BeIUYUHBL: x2 = 01, x5 =
11, x8 = nnasnwiii. Jlanee B oTBeT Ha 3ampoc Gopmupyercs moxaens LY, orse-
yaromiasi TpeOoBaHUAM 3anadu, no cxeme: [IIV-Seria(x2)-NumEng(x3)-P(x5)-
Climate(x6)-Power(x7,x8)-Options(x9).

Otser OC: ILIV-01-2-11-0-ABP,naasnviti-c_onyusamu.

Oraagka. Ilpouecc oTiagku MOXET BKJIIOUATh B ce0s aHaIU3 MOJEIH,
npeaioxkeHHo IC, SKCIEPTOM U KOPPEKTUPOBKY pe3ynbTaToB. [Ipu HEeobOxo-
numMocTi b3 pacmmpsiercsi, onpenenstorcs I0NOJHUTENbHbIE TpaBuila U Mexa-
HU3MBI BBIBOJA.

Takum oOpa3oM, omMcaHa 4acTh Mpoliecca UHKEHEPUU 3HAHUM JJISl BbI-
OpanHOM npeameTHOM obnactu. [Ipu 3TOM 3HAHUS ONMKCAHBI B JOTUKE MpeauKa-
TOB, a JAJbHEHIIMI BHIOOP MOJEIW MPEACTABICHHS 3HAHUA M MPOrPaMMHBIX
WHCTPYMEHTOB 3aBHUCST OT TOTO, KaKH€ JOMOJHUTENbHbIE (PaKThl U MpaBuiia Oy-

AYyT UCIIOJIb30BATHCA B pa60Te 3KCH€pTHOﬁ CHCTCMBI.
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HBIX 0a3 JAaHHBIX, BBIJACJICHO YCTBIPC THUIIA XPAHWJIUIL Y HC PCIEINMOHHBIX EI[

227



KJIFOY-3HAYEHHUE, CEMENCTBO KOJIOHOK, JIOKyMeHTa-opueHTupoBaHHas CYB/I, u
0a3a TaHHBIX HAa OCHOBE TPadoB. A TaKkKe MOKa3aHbl mpeumMytnecTa sql u nosql.
Abstracts: a comparative analysis of basic data, dedicated keys, family col-
umns, a document-oriented database and graph-based database is described. And
also showed the benefits of sql and nosql

KuroueBbie ciioBa: PensiniuoHHbIE, HEPENAIMOHHbBIE, MAaIITa0UpPyeMOCTb, WH-
JeKcanusi, Crm-CUCTEMa, KIIFOY-3HAYCHHE, CEMEHCTBO KOJOHOK, TOKyMEHTa-
opuentupoBanHasi CYB/I.

Keywords: Relational, non-relational, scalability, indexing, crm-system, key-

value, column family, document-oriented DBMS

B mupe TexHonoruii 0a3 JaHHBIX CYIIECTBYET JBa OCHOBHBIX HalpaBiie-
Hus: SQL u NoSQL. X OCHOBHBIM OTJIMYHMEM SBISETCA TO, KAK OHU CIPOEKTH-
pOBaHbI, KAKUE TUIBI JAHHBIX MTOAJEPKUBAIOT U KaK XPaHAT HH(OPMALIUIO.

[lepen Tem, kak rOBOPUTH 00 MX CPaBHUTEIHLHOM aHAJIN3€ HEOOXOAMMO
HAIlOMHHUTb, YTO MPEACTABIISAIOT U3 c€0s pesIUOHHbIE U HepeasiuuoHHble b1,

PensiunoHHBIE — XpaHAT CTPYKTypHpOBaHHbIE AaHHble. Yame Bcero —
00BEKTHI PEaTbHOTO MUPA (CBEICHHUS O YETOBEKE, O COJAEPKUMOM KOP3UHBI TS
TOBapOB B MarasuHe), CrpyniyupoBaHHbIE B TAOIHUIIAX.

Hepensuuonnsie B/ ycrpoens! nnaue. Mudopmarnus, xpansmascs B pe-
asioHHOM B/, Oyzaer pa30ura Ha HECKOJIBKO B3aMMOCBSA3aHHbBIX TAOJIMLL, TOIa
KaK B HEPEJLILIMOHHON OHA MOXET XPAHUTBHCS B BUJIE LIEJIOCTHON CYIIIHOCTH.

B 3aBucHMMOCTH OT MOJENM JAaHHBIX W NOJAXOJOB K €€ pachpenene-
HUIO, MOXKHO BBIJICIIMTH YETHIPE TUIA XPAHUIIULLI;

XpaHWIMe «KJIKY-3HAYEHHe» SBILIETCS NPOCTEUIIMM XPaHUIUIIEM
JAHHBIX, UCIOJIb3YIOIIMM KJIHOY JUIsl JOCTyNa K 3HaueHHI0. OHO MCIONb3yeTCs
JUIL XpAaHEHUsl M300pa)K€HU, cO3aHus CIEeLUaIU3UPOBAHHBIX (DalIOBBIX CH-

CTEM, B Ka4CCTBC KDIIeH I OG’I)CKTOB, da TaK)KC B CHUCTEMAX, CIIPOCKTHUPOBAH-
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HBIX ¢ mpuieiaom Ha Macmrtadbupyemocts (Berkeley DB, MemcacheDB, Redis,
Riak, Amazon DynamoDB).

XpaHuJmie ceMeiucTB KOJOHOK. B HEM JlaHHbIE XpaHATCA B BUJE pa3-
PEXKEHHOM MATpUIlbl, CTPOKH M CTOJOLBI KOTOPOM MCHOJIB3YIOTCS KakK KIIIOUH.
TunuuneiM npuMmenenueM 3toro suna CYB/] aBnsercs BeO-uHACKCUPOBAaHUE, a
TaK)Ke 3aJlayM, CBSI3aHHbIE C OOJBIIMMHU JAHHBIMHU, C TTOHM>KEHHBIMU TpeOoBa-
HUSIMH K corjlacoBaHHocTH naHHbIX (Apache HBase, Apache Cassandra, Apache
Accumulo, Hypertable, SimpleDB).

Joxymento-opuenTupoBannass CYBJl. Cinyxart s XxpaHeHUsT uepap-
XUYECKUX CTPYKTYp AaHHBIX. HaxomsT cBO€ mpuMeHEeHUe B CHCTeMaX yIpaBiie-
HUSL COACPKUMBIM, HU3JATEIbCKOM Jelie, JOKYMEHTAJIbHOM IMOUCKE U T. M. (
CouchDB, Couchbase, MarkLogic, MongoDB, eXist, Berkeley DB XML).

ba3bl 1aHHBIX Ha ocHOBe rpagos. [IpumensroTcs g 3a1a4, B KOTOPBIX
JTAHHBIE MMEIOT OOJIbIIIOE KOJMYECTBO CBSI3€H, HANpUMEp, COLMAIbHBIE CETH,
BBISIBJICHUE MOIIICHHUYECTBA (Neo4;, OrientDB, AllegroGraph,
Blazegraph(RDF-xpanunume, panee HaspiBasioch Bigdata), InfiniteGraph,
FlockDB, Titan) [1].

J7is Havyana pacCMOTPUM Ka)Ayko U3 0a3 JAHHBIX MO OTAEIBHOCTH.

NoSQL. B caydasx pabotsl ¢ 60oapimuMu o0beMamMu UHGOpPMAIUH, Clie-
JyeT PacCMOTPETh BapHaHT WCIONb30BaHUs Takux NoSQL 0a3 maHHBIX, Kak
MongoDB, CouchDB, Cassandra, HBase. I BOT 0CHOBHBIE TPUYUHBI:

1.  Bo3MOXHOCTb XpaHEHHUs OOJBIIUX OOBEMOB HECTPYKTYPHUPOBAH-
HOM mHpopMarmu. THBIME clIOBaMH, HE HAKJIAIBIBAIOTCS OTPAHUYCHHS HA TUIIBI
XpaHUMBIX JaHHBIX. Tak ke B mpolecce padoThl MOKHO JOOABIISATH HOBBIE TUITBI
JTAHHBIX.

2. B mpouecce paboThl UCIIONB3YIOTCS O0JauHbIe BHIYUCICHUS U Xpa-

HHUJIMIIA, 4YTO ABJISACTCA OTIMYHBIM PCHICHHMEM, HO OHH Tp€6y}OT JICTKOI'O pac-
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npeesieHns JaHHBIX MEXAY HECKOJIbKMMH cepBepamu Jjisi oOecrieueHus: Mac-
MITa0UPOBAHUS.

3. beictpas paszpabortka. Ilpu paspaborke cuctembl NoSQL 06a3sbr
JAHHBIX HE HYXIAIOTCA B TOM k€ 00bEME MOJATOTOBUTENBHBIX ACHCTBUMN, KOTO-
pbIe OOBIYHO HYXKHBI JIJISI PEIISIIMOHHBIX 0as3.

SQL. Xors NoSQL-06a3bl cTanu monyJsipHbIMH Oyiarofapsi ObICTPOJIeH-
CTBUIO U XOPOIIEH MacIITaOUPyeMOCTH, B HEKOTOPBIX CHUTYAIUSAX MPEANOUTH-
TEJIbHBIMU MOTYT OKa3aThCsl CTPYKTypupoBaHHble SQL-xpanunuia. U Bot npu-
YUHBI:

1.  HeoOxomumocTb cooTBeTCTBHs 0a3bl AaHHBIX TpeboBanusMm ACID
(Atomicity, Consistency, Isolation, Durability — aTtomMapHOCTb, HETPOTHUBOpE-
YUBOCTh, U30JIUPOBAHHOCTD, IOJTOBEYHOCTH), YTO MO3BOJISIET YMEHBIIIUTH BEPO-
STHOCTh HEOXXHJIAHHOTO TOBEJICHUSI CUCTEMBI U 00CCTICUNUTh IETOCTHOCTH 0a3bl
JAHHBIX. DTO JOCTUTAETCS MTyTEM >KECTKOTO OMPEEICHUS TOT0, KaK TPaH3aKIUU
B3aUMOJAECUCTBYIOT ¢ b/I.

2. JlaHHbIE, ¢ KOTOPBIMHU Bbl pabOTaeTe HE MOJBEPKEHBI YACTHBIM U3-
MEHEHHUSM, U HET HeOOXOAMMOCTH HCIONb30BaTh bJl, mo3postoniyo obpada-
THIBATh OOJIBITTNE 00BEMBI HH(POPMATIHH.

CpaBnuBas SQL u NoSQL 0a3bl 1aHHBIX HAYHEM C HECKOJIbKUX KIIFOYe-
BBIX KOHIICTIIIMK PEJSIITUOHHBIX M HE PENISIIMOHHBIX 0a3 maHHbIX. Ha pucynke 1

paccmoTpuM BJ1, KoTOpasi cCoepKUT CBEIEHUS O B3aMMOOTHOIICHUSIX JIFOJIEH.

| FRIENDS
Peter {Tom, Ana}
Tom {Joe, Lucy, Peter}
Ana {Joe, Lucy, Peter}
Lucy {Tom}
Joe {Tom, Ana}

(b)

Pucynok 1 — B/ B Buzne rpada u sql Buz
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[Tox BapmanTOoM A mpejacTaBiieHa CTPYKTypa, MOCTPOCHHAs B BUjeE rpada,
KoTopasi xapaktepHa st NoSQL-pemniennii. becxeMHOCTh O3HA4aeT, 4yTo JiBa
JOKYMEHTAa HE JTOJKHBI UMETh OJIMHAKOBBIE TOJISI U B PE3YyJbTaT€ MOTYT Xpa-
HUTH JIaHHBIEC PA3HBIX TUIIOB.

ITox BapuanTom B — Te ke naHHBIE TPEACTABIEHBI B CTPYKTYPUPOBAHHOM
Busie, TunuaHoM Juisi SQL. Ilpu nanHOM monxonie JaHHbIE HEOOXOIUMO Xpa-
HUTHh B 3apaHEE COPOCKTUPOBAHHOW CTPYKTYpE, U3 KOTOPOW MX MOTOM MOKHO

HN3BJICKATD.

Macwmaobupyemocmep. SIBisieTCs OCHOBHOM OTIMYUTEILHON YEPTOM pac-
cMaTpuBaeMbIX TexHosnoruil. OHa 3akiroyaercs: B ToM, 4To NoSQL-06a3bl nyurie
NOJIIAI0TCS MaciiTabupoBanuto. MacmtabupoBanue noaaepxxusaercs u B SQL-
0a3ax, HO TpeOyeT Ha MHOTO OOJIbIIE 3aTPaT HE TOJIBKO YEJIOBEUYECKUX, HO H afl-
HapaTHBIX PECYPCOB.

Hnoekcayua. 1 B Ton u B npyrou bJl ucnonb3yercs Mg yCKOpEHUs U
ONTUMU3ALIMK U3BJIEUEHUS TaHHBIX U3 0a3. Paznuune 3akmodaercs B ux padoTe
u3-3a pasHbix apxutektyp b/l u ocobeHHocrel xpaHeHUs HH(OPMAIMU B HUX.
SQL-uHzekchl npeacraBiieHbl B BUJe B-1epeBbeB, KOTOPBIE OTpakaroT uepap-
XUUYECKYI0 CTPYKTYpPY pesiuMOHHBIX naHHbIX. B NoSQL 06a3ax naHHBIX OHH
YKa3bIBaIOT Ha JOKYMEHTHI, WIM HA YaCTU JOKYMEHTOB, MEXIy KOTOPHIMH, B
OCHOBHOM, HET HUKAKUX OTHOIICHHH.

CRM-cucmempl. SIBrsercst JydllldM MPUMEPOM CHUCTEM, JJIsi KOTOPBIX
XapaKTEPHBI OTPOMHBIE 00BEMBI €KETHEBHO 00padaThIBAEMbIX TAHHBIX U OYCHB
00JBIIOE KOJUYECTBO TpaH3aKuui. Bece pa3paboTuuKu Takux MPUIIOKEHHUH HC-
noab3yroT 1 SQL, u NoSQL 0a3bl nanHbiX. bosibiias yacTh TaHHBIX TPaH3AKIIUMA
Bcé emé xpanutcs B SQL-6a3ax, HO B pe3ynbTaTe CEPhE3HBIX HATPY30K MPHU 00-

paboTKe TaHHBIX OHU MOTYT OBITh TIepeHeceHbl B 001aunbie NoSQL-6a3b1 [1].
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B 3axitoueHn MOKHO CKa3aTh, YTO U3 paCCMOTPEeHHBIX b/l Henb3s Bblae-
JUTH HauOoJiee JIYYIIyl0, TaK KaK YTO OJIHA, YTO APYyTas CUCTEMa YIpaBICHUS
BbJI, npu yrouHeHnn TpeOOBAaHUN M MPABUIIBHOM MTOCTAHOBKE 11€JTM MOXKET CITpa-
BUTHCS C MMOCTABJICHHOM 3a7a4yeil. BOT HECKOJIBKO KPUTEPUEB, IPU HAJIMYUU KO-
TOPBIX CTOUT BbIOpaTh Ty Uiy uHyto b/

1. NmeroTcst norudeckue TpeOOBaHMS K JAHHBIM, KOTOpPbIE MOTYT
OBITh OIpe/IeICHbI 3apaHee.

2. OueHb Ba)kKHA [IEJIOCTHOCTH JaHHBIX.

3. HyxHa ocHOBaHHas Ha yCTOSIBIIMXCSA CTaHAapTaxX, XOpOIIO 3ape-
KOMEH/IOBaBIIAsl C€0s TEXHOJIOTHSI, UCTIONB3YsI KOTOPYIO MOXXHO PAaCCUUTHIBATH
Ha OOJIBIION OMBIT Pa3pa0OTUYNKOB U TEXHUYECKYIO TOJIEPIKKY.

[Ipu HaMMUMY IEPEUNCIICHHBIX BBIIIE MPU3HAKOB Mooy T SQL-06a3sb1.

NoSQL-6a3b1 moI0HAYT, KOT/IA:

1. TpeOoBaHuUsI K TaHHBIM HEYETKHUE, HEOIPEACIEHHbIE, UM Pa3BUBa-
IOLMECA C PAa3BUTHEM MPOEKTA.

2. [lenp mpoeKkTa MOXKET KOPPEKTHUPOBATHCS CO BPEMEHEM, MPU 3TOM
Ba)KHA BO3MOYKHOCTh HEME/JICHHOT'O Hayasa pa3paboTKu.

3. OpnHM U3 OCHOBHBIX TpeOOBaHUH K 0a3e JaHHBIX — CKOPOCTh 00pa-

00TKH JaHHBIX U MaCIHTa6I/Ipy€MOCTB.

Cnmcok ucnosib3yeMoii JuTepaTypsbl
1. IIpamonkymap JIx. Cananamk, Maptun @aynep NoSQL: HoBast MeTo10710-
rUsi pa3paboTKU HEepesIUMOHHbIX 0a3 gaHHbIX.: [lep. ¢ anrm. - M.: OO0 "WU./I.

Bunpsame", 2013. - 192 c.: nn.
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C mosiBneHusi TEpMHHA «TIIyOOKOE 00ydeHHe» Mpouuio yxe Oousbiie 20

JICT, HO HIMPOKO 3aroBOpUIn O HEM TOJIBKO HCJIAaBHO. KpaTKO 06’L}ICH$I€M, Imoye-

233



My TaK MOJY4YuJI0Ch, 4TO Takoe deep learning, yem OHO OTJIMYAETCA OT MallWH-
HOTO OOYYEHHMsI ¥ IOYEMY BaM HaI0 00 3TOM 3HATh.

['my6okoe oOyueHre — 3TO BETBb PAa3BUTHUS MAIIMHHOTO OOYyYEHHs, TJie
UCIIOJIB3YETCSl MOJIENb, BJOXHOBJIEHHAsT YCTPOMCTBOM MO3ra — B3aUMOJIEH-

CTBUEM HEMPOHOB.

Cam tepmuH nosiBuics eme B 1980-x, Ho 10 2012 roga nns peanuszanuu
ATON TEXHOJIOIMM HE XBaTaJ0 MOIIHOCTEH M Ha HEe MOYTH HUKTO HE oOpaiuain
BHUMaHue. [locne cepun cTaTeil U3BECTHBIX YUYEHBIX, MyOJIHUKAIMHA B HAYYHBIX
U3JJAHUSX TEXHOJOTHs OBICTPO CTaja MOMYJSIPHOM W TMOJyuynsia BHUMaHUE
KPYIHBIX Meaua, — MepBbIM U3 MUPOBbIX CMU 006 stom Hammcan The New
York Times. Oqaum 13 OBOJOB Ui MaTepuaja cTajla Hay4dHas padoTa Crelu-
anucToB U3 yHuBepcureroB ToponTo Anekca Kpuxesckoro, Mnsu CatckeBepa
u Jlxedpda Xunrona. OHM onucany U MPOAHATUZUPOBATIN PE3YJIbTaThl KOHKYP-
ca pacnio3HaBaHus n3o0OpaxeHuit ImageNet, e ¢ 60IbITUM OTPHIBOM TTOOETMIA
uX HehpoceTh, 00yueHHas ¢ momolbio deep learning, — cucrema onpeaenuia
85% o0bekToB. C Tex mop B KOHKypce moOexjana TOJNbKO TIy0okas

HelpoceTh. [ 1]
MarmmuaHoe o0yueHue

OT0 1Mo100JaCTh UCKYCCTBEHHOTO MHTEIIEKTA U TEPMUH — UM OIMCHI-
BalOT METOJIbI MOCTPOCHUS aJITOPUTMOB, KOTOPBIE y4aTCsl HA CBOEM OIIbITe, Oe3
HaIlMCaHUA CIELHAIBHOW IporpaMmbl. TO €CThb YEIOBEKY B 3TOM Clly4ae HE
HaJ0 OOBSACHATH MAlIMHE, KaK PELIUTh 3ajady, OHAa HaXOJUT OTBET cama, U3
JaHHBIX, KOTOpBIE €l mpeaocTaBienbl. K mpumepy, eciii Mbl XOTUM, YTOOBI aJ-
TOPUTM OIPEEIIAI JIUIA, MBI JOJDKHBI ITI0KA3aTh €My IECATh ThICAY Pa3HbIX JIML,
OTMETUTH, IJI€ IMEHHO HAXOAMTCS JIMLO, M TOrAA IPOrpaMMa HAy4dHUTCs OIpese-

JIATB €10 CaMOCTOATCIIBHO.
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OOyuaThcs MalllMHAa MOXET KaK C TOMOIIBIO YYUTENs], KOT/Ia OH TTOMEYaeT
JUIS. MaIlIMHBI TIPaBUJIbHBIE OTBETHI, TaKk U 0e3 Hero. Ho pe3ynbratel mydiie npu
o0yuyeHuu ¢ yuutenem. Kaxnpiii pa3, Kkorja mpoucxoautr oOpaboTKa AaHHBIX,

CHCTEMA CTAHOBUTCA TOYHECC.

Campblii U3BECTHBIN U OYEBUIHBIN CTIOCOO MAITMHHOTO 00YYEHUS OCHOBAH
Ha CTATUCTUYECKON 00paboTKe OOJIBIIMX MAaCcCHBOB JaHHBIX. Bo3bmeM, is
puMepa, CUCTeMY KOPPEKIuu ouckoBoro 3anpoca Google. Eciiv BbI BBeeTe B
cTpoky noucka «Deep Lerning», To mouckoBas cuctemMa MOACKAXET MPaBUIIb-
Hoe Hammcanue (Learning) w MOKakeT AJiT HETO pe3yibTaThl MOMCKA. B 3Toi
MOJICKa3Ke HET Jlaxke yacThuuku pasyma. Google pacnonaraer 0a30il JaHHBIX U3
MUJUTHAPJIOB 3aIPOCOB, BKJIIOYAsi ONMTMOOYHBIC, TIOITOMY 3apaHee «3HAeT», UTo

JIXOJIM UINYT HA CaMOM JCJIC.

[Tpumep koppekuuu 3anpocoB Google — 3TO «IIOCKOE» MAIIMHHOE 00Y-
YEHUE, I'/I€ MPU3HAKOM CIYKUT TOJIBKO MOCIEI0BATENBHOCTh CUMBOJIOB B CJIO-
Bax. AJITOpPUTM HE BHHUKAET B CMBICI ClIOB. 1 yx TeM Oosee aaroputM He aHa-
JU3UPYET KOHTEKCT U 3MOLIMOHAJIBHYIO OKPACKY 3ampoca. TONbKO cyXasl CTaTu-
cTuKa 1 Hudero auyHoro. Koraa anroputmel caiitoB Amazon u Netflix ynusu-
TEIbHO TOYHO PEKOMEHAYIOT KHUTHM U (UIbMBI Ha OCHOBAaHHHM HUCTOPHH TMOKY-
MIOK, UM a0COJIIOTHO Oe3pa3NMyHbl Ballll BKYChI, SMOIIMH WM CIOXKET CIEHApUS.
AJropUTMBI, OCHOBaHHbIE HA CTATUCTUYECKUX METOAAX, HE 00pabdaThIBalOT Ta-

KM€ HEOIPEICIICHHBIE TIOHSTHSI.
Deep learning

OHO MMHUTHPYET aOCTPAKTHOE MBIIIJICHUE YEIOBEKa U yMeeT 0000IaTh.
Hampumep, HeiipoceTb, 00yuyeHHass MalllMHHBIM CIIOCOOOM, IJIOXO PACHO3HAET
PYKOIIMCHBIE OYKBBI — W 4YTOOBI OHa HE MyTajach B Pa3IMYHBIX BapUaHTaX

HaImMCaHHu:A, BCC OHH AOJIXKHbBI OBITH B HEC 3arpy>KCHBI.
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['mybokoe oOyuyeHue ke HUCMOIb3yeTCcsl B ciiydyae padOThl ¢ MHOTOCIIOM-
HBIMU UCKYCCTBEHHBIMU HEHPOHHBIMH CETSIMHU U CMOXKET CIIPABUTHCS C 3TOM 3a-

avyen.

OTo aApyras cTpaTerusi MAalIMHHOTO O0y4yeHus (TOYHee, MOIMHOKECTBO
METOJI0B MAaIlIMHHOTO o0y4eHus). ['mybokoe 00yueHne OCHOBaHO Ha MCIOJIb30-
BAHUM MHOTOCJIOMHBIX HeWpoceTerd. MHOrociaonuHbple HEUPOCETH CTajlu MpUMeE-
HSTBHCSl HA MPAKTUKE OTHOCUTEIHHO HEABHO, KOTJA MOSBUIMCH HEOOXOAMMbIE
BBIYHMCIIUTEIbHBIE MOIIHOCTH O pa3yMHOM 1ieHe. B 00bekTe aHanm3a BbIIEIS-
IOTCSL BEKTOPBI MPU3HAKOB, U YE€M Jy4Ille HAaCTPOEHO TAKOE pa3JieieHHe, TEM

TOYHEE U TIIy0ke aOCTpaKTHOE BOCTIPUSITHE 00BEKTa MAIIIMHOM.

Hanpumep, B 2012 roay cnenuanuctsl Google Hay4YHiIn UCKYCCTBEHHBIN
MHTEJJIEKT y3HaBaTh KOILIKY Ha Kajapax ponukoB YouTube. B uem 3aech rimyOu-
Ha? A B TOM, YTO ajJrOpPUTM HAy4dWJICS y3HaBaTh JI0OYI0 Komky. Crsiyro, Oe-
TYIIYI0, YEPHYIO, PhDKYIO M TaK Jajnee. AJITOPUTM BBIAEISET MOBTOPSIOLINECS
NPU3HAKU KOIIEK, PaCKJIaJAbIBAET UX I10 CJIOSIM U YUUTCS paclio3HaBaTh KOIIAYbU
yIIIM, XBOCTHI, IJIa3a U MPOUYUE XapaKTEepHbIE MPU3HAKU KOIIKH BO BCEX MPOSB-
nenusix. Kaxxaomy npusHaky B mpouecce oOydeHHs IpUCBaMBaeTcs Bec (Mepa

3HAYMMOCTH).

bnaronapst ToMy, 4TO pellieHre NMPUHUMAETCS 10 COBOKYIMHOCTH MPHU3HA-
KOB, KOIlIKa 0e3 XBocTa BCE paBHO OyJeT OTHeceHa K komkaMm. OOydeHue anro-
pUTMa MPOUCXOIMIO Ha MaccuBe U3 10 MIWIITMOHOB M300pakeHuit komiek. [1o
OOJBIIOMY CYETY, ITOMY aJITOPUTMY MOXHO Moka3aTh 10 MUIUIMOHOB cO0OaK, U
OH HAyYWTCS y3HABaTh COOAK (€CIHM HE CUMTATHh MOPOJBI, B KOTOPBIX JIaXKe YEJIO-

BEK 3aTPYIHSETCS y3HATh COOaKYy).

Kak paboraet Deep learning

236



Bo3ssMeM mpocToil nmpuMep — Mbl MOKakeM HekpoceTu gororpaduu, Ha
KOTOPBIX M300paKeHbl MaJb4MK M JIeBOukKa. Ha mepBOM ciioe HEMpOHBI pearu-
PYIOT Ha MPOCThIE BHU3yalbHbIE 00pa3bl — HampuMep mnepenanbl sipkoctu. Ha
BTOPOM — 00Jiee CIIOXHBIE: YIJIbl, OKPY>KHOCTU. K TpeTbemy C010 HEHpOHBI
CIOCOOHBI pearnpoBaTh Ha HAANKCU U yenoBedeckue nuna. K kaxmomy crnemy-
IOLEMY CJIOIO ompenensieMble 00pa3el OynyT ciokHee. HelipoHHasi ceTh cama
ONpPENEIISIeT, KAKUE BU3YaJIbHbIE AJIEMEHTbI € MHTEPECHBbI ISl PEIICHUS] ITOU
3a/1auu, U PaHKUPYET UX MO CTENEHU BaXXHOCTH, YTOOBI B JAaJIbHEUILIEM Jy4llle

MOHMUMATh, UTO U300pakeHo Ha (oTorpadumu.
[Ipumenenue

Bonbiie Bcero nmpoekToB ¢ rirybokuM oOyueHHEM MPUMEHSETCS B pacio-
3HaBaHuM (oTorpaduu UiIM ayauo, TuarHoctuke 3adoneBanuii. Hampumep, oo
yKe ucnoipdyercsi B mepeBoaax (Google ¢ m3obpaxenus: texHonorusi Deep
Learning mo3BossieT OnpeneanTb, €CTh U Ha KapTUHKE OYKBBI, a 3aTEM IIEPEBO-
T ux. Jlpyroii mpoeKT, KOTopslii padoTaeT ¢ HoTO, — cucTeMa pacrlo3HaBaHUs
nun noxa Ha3BaHueM DeepFace. Ona ymeeT pacrno3HaBaTh 4eI0BEUYECKHE JIUIA C

TOYHOCTBIO 97,25% — NpUMEpHO € TOH K€ TOYHOCTBIO, YTO U YEJIOBEK.

B 2016 romy Google Beimyctun WaveNet — cuctemy, KOTOpask MOXKET
UMUTHPOBATh YEJIOBEUECKYIO peub. /{151 3TOro KommnaHus 3arpysusa B CUCTEMY
MUJUTMOHBI MUHYT 3alIMCAHHBIX T'OJIOCOBBIX 3aIIPOCOB, KOTOPHIE UCIIOJIb30BAIHCH
B nipoekte OK Google, u nocne nzydeHus, HEHPOCETh CMOIJIa caMa COCTAaBUTh

NpCAJIOKCHHUA C IMMPAaBUJIIbHBIMH YAAPCHUAMHU, aKIICHTOM H 0e3 HEeJIOTMYHBIX IT1a-

y3.

[Ipu sroM rnyOokoe OOydyeHHE MOXKET CEMAHTHYECKH CETMEHTHPOBAaTh
M300paKEHNE WM BUIEO — TO €CTh HE MPOCTO 0003HAYaTh, UTO HA KAPTHUHKE
€CTh OOBEKT, HO U UACAIBHO BBIIETUTh €r0 KOHTYPbl. ITa TEXHOJIOTHS UCIIONb-

3yCTCA B OeCIUIOTHBIX aBTOMO6I/IJ'I$IX, KOTOPBIC ONPCACIIAIOT, €CTh JIX ITOMCXU
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Ha JI0pore, pa3MeTKy U CUMTHIBAIOT MH(OPMALIMIO C JOPOKHBIX 3HAKOB, YTOObI
n3bexarb aBapuid. HelipoceTb Takke HCIONB3YIOT B MEIUIIMHE — YTOOBI Ompe-
JENATh JUAa0ETUYECKYI0 PETHUHONATUI0 Mo (oTorpadgusM ria3 MNalMEeHTOB
Harpumep. Munucreperso 3apaBooxpanenus CIIA yxe pazpemmio Ueromiab30-

BaTh 3Ty TEXHOJIOTHIO B TOCYAAPCTBEHHBIX KIMHUKAX.
[Touemy cenyac

Panbliiie 370 OBLIO 3aTPaTHO, CIOKHO U JIOITO — HY>KHBI ObLUIA MOIIHBIE
rpaduueckue mporeccopsl, BUACOKAPTHl M 00beMbl MaMiaTu. byMm riryOMHHOrO
00y4eHHs] KaK pa3 CBsI3aH C IIMPOKUM DPACHPOCTpPAHEHHEM rpaduyecKux Mpo-
LECCOPOB, KOTOPHIE YCKOPSIOT U YACUIEBISAIOT BBIUMCICHUS, NPAKTUYECKU HeE-
OTpaHUYEHHBbIE BO3MOXXHOCTH XPAHEHUS [AHHBIX M Pa3BUTUE TEXHOJIOIMH

«OONBIINX JaHHBIX)).

Cnucok ucnoyib3yeMoii JuTepaTyphbl:

1. Urto Takoe deep learning mouemy o HemM Bce TroBopar? URL:
https://hightech.fm/2018/04/18/what-is-deep-learning (marta oOparieHus
18.03.19)
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AHHoTanusi: B ctaTthe paccMOTpeHBI BOZMOKHOCTH mocTpoerus [oT- cuctem ¢
UCIIOJIb30BaHNEM Moy LoRa u 0CHOBHBIE TpEUMYIIIECTBA TAKMX CUCTEM,
npUHIUT (GOPMUpPOBaHUsl curHana ¢ moxnymsnueidr LoRa, a Takxke ammapaTHbie
pEIIeHUs ISl peali3alii KOHEUYHOTO yCTpoiicTBa. PaccmarpuBaeTcs GyHKIHO-
HaJIbHAasl CX€Ma MOJKIIOYEeHUs paguomojniema ¢ moxayisanuerd LoRa x muxpo-
KOHTPOJLIEPY.

Abstracts: The article proposes to consider the general principle of building [oT
systems using LoRa radio modulation, the principle of operation of LoRa modu-
lation, as well as the technical basis for implementing the final device. The func-
tional scheme of connecting a radio modem with LoRa modulation to a micro-
controller is considered.

KawueBslie ciaoBa: 1oT, monymnsuus LoRa, Semtech, paguomonysib, MUKpO-
KOHTPOJUIEP.

Keywords: 10T, LoRa modulation, Semtech, radio module, microcontroller.

Nurepuet Bement (IoT) — 3T0 KOHIENIMS MOCTPOEHUS BBIYUCIUTEIHHOMN
ceTu (PU3UIECKUX TPEIMETOB («BEIIEi ), OCHAIEHHBIX BCTPOCHHBIMH TEXHOJIO-
TUSMU JUJISI B3AaMMOJICUCTBUS JIPYT ¢ APYroM WM ¢ BHemHen cpenoi [1]. Tloxg
TEPMUHOM «HUHTEPHET BEIIei» IMOoJpa3zyMeBaeTCs JOMAIlHSS WIK padodasi Cu-
CTEMa, B KOTOPOH ATH «BEIIW» CBS3aHBI MEXIYy COOOW B BHPTYyaJIbHOM MPO-
CTPAHCTBE TOCPEJCTBOM IPOBOJHOTO WM OECIPOBOJHOrO KaHala Mepeaadu

JTAHHBIX.
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Jlist o0CayKUBaHMSI TOCTOSIHHO BO3PACTAIOLIEr0 KOJUYECTBA AJIEKTPOH-
HBIX YCTPOUCTB TpeOyeTcs HaIM4he BHICOKOA(DPEKTUBHBIX CUCTEM OECIPOBO/I-
HOM CBsi3U. B OONBIIMHCTBE Clly4aeB MCHOJIB3YHOTCS TexHojoruu WiFi wimm
Bluetooth, onHako oHM He Bcerja OTBEYalOT BCEM TPEOOBAHUSIM, MpEbsBIIsE-
MBIM K CHUCTEMaM, HApPUMEpP, KACAIOIIUXCS IHEPTrOTOTPEOICHNUS WU paguyca
nevctBud. s yAOBIETBOPEHUSI ATUX TPeOOBaHMUI PEKOMEHIYETCSI UCTOJb30-
BaThb CHCTEMbl HAa OCHOBE TEXHOJOTHMU OECIPOBOIHON TMepefadynd JTaHHBIX
LPWAN (anrn. Low-power Wide-area Network), pazpaboTanHoit st pacmpe-
JNENEHHBIX CETEN TENEMETPUHU, MEXKMAIIUMHHOTO B3aUMOJECHCTBUS U MHTEPHETA
Bele. OMHON M3 Pa3HOBUIHOCTEM TaKUX TEXHOJOTHUW SIBISIETCS MOIYJISLUS

LoRa.

Texnonorus LoRa™ (ot anrn. Long Range) npencrasnsier co0oit MmeTox
MOJAYJSIUU, KOTOPbIH 00ECIIEUMBAET 3HAUUTEIHHO OOJBIIYIO JAIbHOCTh CBSI3U
(30HY MOKPBITHS), YEM JIPYTHe KOHKYPUPYIOIIKUE C HUM CIIOCOObI. DTOT THUIT MO-
TyJISLUUA TIPEACTABISIET COO0OM KOMOMHAIIMIO TEXHOJIOTUU MOIYJISLIMK C PACIIU-
PEHHBIM CHEKTPOM U BapHallMU JIMHEMHON YaCTOTHOW MOMYJISILNUH, IPU KOTOPOU
JAHHBIE KOJUPYIOTCS IIUPOKOIOJIOCHBIMU UMITYJIbCAMU C YaCTOTOW, yBEIUYU-
BAIOLIEHCS WM YMEHBLIAKOIICHCA HAa HEKOTOPOM BPEMEHHOM HHTEpBajie [2].
Hcnonbs3oBanne monynsiunu LoRa mo3Bossier neMoaynupoBaTh CHUTHAJIBI Ha
ypoBHe 20 n1b u HUXKE ypOBHS IIyMa, TOTJa KakK OOJIBIIMHCTBO CUCTEM C THUIIO-
BOM Yy3KOIOJOCHON yactoTHOM Manumyssiuueilt (FSK) moryr xoppektHo pado-
TaThb C CUTHAJIAMU MOIIHOCThbIO He Huke 8-10 nb Hanm ypoBHem mymoB [3].
Cnektporpamma, oTpakarollas U3MEHEHHs 4acToTel curHaina ¢ LoRa monyis-

el BO BpeMEHU, NMPUBEICHA Ha PUCYHKE 1.
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Pucynok 1 - I3menenue yactotsl B Moaynsitope LoRa

Texuomorust LoRa Obuta 3amaTenToBaHa KoMIaHuel Semtech HECKOIBKO
JIEeT Ha3aja. JTa K€ KOMIIAHUS SIBIIAETCA €AMHCTBEHHBIM MPOU3BOIUTEIIEM MHK-
pocxeM MpUEMONEPENATUUKOB C MOAEPHKKOM ATOro BUAa MOAyIsuuu. B HacTo-
SIIee BPEMSI MHUPOBOUM MPOMBIIIJIEHHOCTBIO BBIMYCKAETCA IIUPOKUM CIIEKTP pa-
nromonieMoB cepun SX127x, koTopble noaaepkuBator moayJsiuio LoRa. He-

KOTOPBIE UX XapaKTEPUCTUKU MPEICTABICHBI B TAOIHIIE HUXKE.
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2 s - =5l 8z | BEg 52 15~
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= o oe 25 &8 a5 5= = o s = i

o o © = M 5 S R\Q = T = @ =
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= o, =] O E= =p =

SX1272 860-1020 | 6— 125-500 | 0,24-37,5 -117...-137 +20 FSK, GFSK,
12

SX1273 860-1020 | 6-9 | 125-500 | 1,7-37,5 -117...-130 MSK, GMSK,

OOK, LoR:

SX1276 137-1020 | 6— 7,8-500 0,018-37,5 —111...-148 Lo
12

SX1277 137-1020 | 6-9 | 7,8-500 | 0,11-37,5 —111...-139

SX1278 137-525 6— 7,8-500 0,018-37,5 —111...-148
12

SX1279 137-960 6— 7,8-500 0,018-37,5 —111...-148
12
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Mukpocxemsl ¢ moaaepkkoit LoRa moaymsiiuu ocHaleHsl nHTepdeiicom
SPI nnst HAaCTpoO¥KM W mepeayu JaHHBIX B TAKETHOM PEXUME, a Takke Iudpo-
BBIMHM BBIBOJIAMU, KOTOPBIE UCIIOIB3YIOTCS JI MOJJIEP>KKHA CUTHAJIOB MPEpbhIBa-
HUN U cOpoca paauomonaema. g mojgHOIEeHHONW paboThl ¢ JAHHBIMU MHUKPO-
cxemMaMu HeoOX0IUMO 00s3aTeIhbHO HCIIOJIh30BaTh MPEPHIBAHUE HAa HYJICBOM
BBIBOJIE, TaK KaK OHO CUTHAJIM3UPYET O HaXOXkJAeHUU npeamOynbl. B Hactosiee
BpPEMS BBIITYCKAETCS OOJIBIIIOE KOJTMYECTBO TOTOBBIX MOAYJIEH, OCHAIIEHHBIX He-
00X0UMBIMU 711 (DYHKIIMOHUPOBAHUS BHEIIHMMHU TMACCUBHBIMU IensiMU. Tu-
MoBasi cXxeMma MOJKIIoUYeHus moj00Hor0o Moyt (Ra-02) k MUKpOKOHTpOILIEpY

ESP32 npencraBiieHa Ha pUCYHKE 2.

Ra-02 L.oRa monynb ESP32
— GND |— 3.3V
GND NSS y GND
{33V MOSI :
——{RESET  MISO ~¢ 13/ SCK
DIOO SCK 12/ MISO
—{DIO1 DIO5—— —11/MoOS|
—DIO2 DIO4— ——10/SS
—DIo3 GND |—
—9
. 2
{ J

Pucynok 2 - TunoBoe noakiat0ueHHe MOIYJIS TPUEMOTIEpEIaTUNKAa K MUKPOKOHTPOJLIE-

py

JlaHHBI MOIYJIb YK€ NMPUMEHSETCS NPU MOCTPOCHUU COBpEeMEHHBIX [0T
CHUCTEM U 3apEKOMEHJ0BAJ ce0s KaK HaAEKHOE U JOCTYIHOE JJIsl MPaKTUYECKO-
T'0 UCTIOJIH30BaHUS TEXHUYECKOE petieHne. [ moaKIroueHus aHTEHHBI OOBIYHO
ucnonszyercs IPEX- pa3néM, ogHako BcTpewaroTcss MOIUMUKALIMM U C pa3b-
émamu tuna SMA. B cBA3M ¢ HU3KOH CKOPOCTBIO MEpeJau JAaHHBIX, OT MUKPO-
KOHTpOJUIepa He TpeOyeTcsl BhICOKasi MPOU3BOAUTENIBHOCTh, YTO MO3BOJISET CO-
3naBath 0T ycTpoiicTBa Ha 6aze LoRa moayneit ¢ ucnosib30BaHUEM MpaKTHYe-

CKH J000r0 MUKponpoueccopa. [Ipumep sKCepuMEeHTaTbHOTO MakeTa Ha OC-
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HoBe MoxayJisi Ra-02 ¢ mpuémonepenarunkoM SX1278, MOAKIIOUEHHOTO K MUK-

'IrLtl
AR
L]

FEaaa
EREEa

ddawe

Pucynok 3 - Maket yctpolictBa Ha ocHOBe MoayJisi Ra-02 u mukpokontposuiepa ESP32

[ToMUMO OTAENBHBIX PAJMOMOJEMOB Ha MHUPOBOM DPBIHKE IPEICTABIIECHbI
OTJIAIOYHBIE TIJIAThI C PA3JIMYHBIMA MUKPOIIPOLIECCOPAMU, B KOTOPBIE YXKE UHTE-
IPUPOBAHBI MUKPOCXEMBI NPUEMOINEPENATIYMKOB. JTO 3HAUYMUTEIBHO YCKOPSIET
pa3paboTKy U yMmeHbaeT pa3mep koHeuHoro loT - ycrpoiictBa. Kak mpasuio,
JAHHBIE TUIATHl OCHAIIEHBI CPEJICTBAMU WHIUKAIIMK (CBETOIUOJbI, JMUCILICH).
Tak xe clielyeT OTMETUTbh, YTO HEKOTOPBIE OTJIAI0YHbIE KOMIUIEKThI OCHAILEHBI
pazséMom Ethernet mmu WiFi momynem, 4To mo3BossieT co3nath nuio3 aist [oT
YCTPOMCTB, KOTOPBIN MO3BOJISET BBIXOJAUTH B ceTh MHTEpHET. JlaHHBIN cr1Ooco0
4acTo MpUMEHSETCS B paMKax OecrpoBonHoro nportokosna LoRaWan. IIpumep

oA00HOM OTJIaJI0YHOM TIJIaThl MPEICTABICH HUXKE HAa PUCYHKE 4.

Pucynok 4 - Otnagoynas miaTta ¢ MHTETPUPOBAHHBIM MPUEMOTIEPEAATIYUKOM
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B 3akntoueHnn He0OXOAMMO OTMETHUTH, YTO UHTerpanusi LoRa moxymnsiuun
B loT mpoexTsl He TpeOyeT OOJBIINX 3aTPaT WK CIOKHBIX CXEMOTEXHHUYECKUX
pemenuii. [lpuBeaénnas B pabore QyHKIIMOHANIbHAS CXE€Ma CIpaBeIIuBa IS
BCEX MUKPOKOHTPOJUIEPOB, umeromux unrepdeiic SPI u nudpossie BeiBoALL. B
pamMKax MpOJOJDKEHHs TaHHOW paOOThl MJIAHUPYETCS MPOBEACHHUE IKCIIEPUMEH-
TaJIbHBIX HMCCIIEIOBAHUN  XapaKTEPUCTUK CUCTEM mepenaun naHHbix ¢ FSK u
LoRa mMonynsauuelt Ha ogHOW ammapaTHOW miaaTdopMme ISl pa3luyHbIX CKOPO-
cTel nepeaaun nH(GopMauu, napaMeTpoB MOMEX0YCTOMYMBOTO KOAUPOBAHUS U

YCJIOBI/IfI pacipoCTpaHCHUA PaJHOCUTHAIIOB, U UX CPABHUTCIIbHOT'O aHAJIM3a.

Cnmcok ucnosib3yeMoii JuTepaTyphbl:

1. Marepuan u3 Bukuneauu — cBoOogHOM sHUMKIONenuu. MHTEepHET Bemei
[DmexTponHBIi pecypce], - https://ru.wikipedia.org/wiki/aTeprer Bemen

2. Semtech Corporation: LoRa™ Modulation AN1200.22 [DneKTpoHHBIN pe-
cypc], - https://www.semtech.com/uploads/documents/an1200.22.pdf

3. CoobmectBo paspadborunkoB LoRa LoORaWAN LPWAN [DnexkTpoHHBIN pe-
cypc], - http://lo-ra.ru.
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AHHOTAIUS: B CTaTh€ PACCMOTPEH MPOLECC MPOECKTUPOBAHUS MOJEIN MPUEM-
Huka GSM. Ilpouecc pa3dut Ha 2 stamna: [lepBblil - 3Tan NPOEKTUPOBAHUS BbI-
cokoypoBHeBo mojenu B CAIIP Keysight ADS niis onpeienenus 10myCcTUMO-
ro 3HaueHus OjokoBoi omubku (FER) nmpu 3ananHOM OTHOIIEHHH CHUTHAI-IIIYM

(OCII); BTOpOI# - aTanm npoekTupoBanus mojenu B CAITP Matlab nns netans-
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HOW MPOpPabOTKH CTPYKTYPHBIX OJIOKOB MOJETH M TOHMCKA BO3MOXKHOCTEH HMX
yIIy4IIEHUS UM 3aMEHbI Ha 00Jiee MPOU3BOIUTEIbHBIEC.

Abstract: the article describes the process of designing a GSM receiver model.
The process is dividing into 2 stages: The first stage is designing of a high-level
model in Keysight ADS to determine the allowable block error value (FER) for
a given signal-to-noise ratio (SNR). The second stage is designing of the model
in Matlab for the detailed study of the structural blocks of the model and the
search for opportunities for their improvement or replacement with more pro-
ductive ones.

Kuarwuesslii ciioBa: CAIIP Matlab, CAIIP Keysight ADS, GSM, npuémuuk
Keywords: CAD Matlab, CAD Keysight ADS, GSM, receiver

Hecmotps Ha Hammuue Oosiee COBPEMEHHBIX CTAaHIAAPTOB CBS3HW, 3a/layu
NOBbIIEHUS 3()PEKTUBHOCTU YCTPOMCTB cUcTeM cBsizu crtangapra GSM ocra-
I0TCS aKTyaJIbHBIMH, TaK KaK 3TU CTaHJApThl UMEIOT JOCTATOYHO IIUPOKOE pac-
MPOCTPAHEHUE, a PACTyIllas MPOU3BOAUTEIBLHOCTh AIIMAPATHBIX CPEACTB AAET
BO3MOKHOCTh TNPUMEHATh paHEe HEIOCTYIHBIE AJITOPUTMblI U PEIICHUS IS
yIIydieHus KadecTBa npuéma u oopadbotku curaana GSM [1].

[epBsiii 3Tan paboOThl MOCBAIEH MoaenupoBanuio kaHainoB SCH (kanan
cunxponuzanun) 1 BCCH (mupokoBemarenbHbiii kaHain). B ADS monenu wuc-
nosb3yercss kaHat SACCH tak kak: B ADS HET oTnenpbHON MOAeNIN KaHaja
BCCH, xanan SACCH umeet Ty e cxemy 00pabOTKH U CTPYKTYpPY, YTO U Ka-
Hai1 BCCH. PesynbraToM uccienoBanus ADS monenu siBASIIOTCS ONOPHBIE 11
nocyemyromiero moaenupoanusi B Matlab snauenus FER (610x0B0i#t ommnOkn).

Bropoii atan pabotsl mocssmén co3aanuto moaenu B CAIIP Matlab. Ha
ATOM JTare MPOUCXOMUT OoJiee TayOOKOe TMOTPYKEHHE B CTPYKTYpPY OJIOKOB

HpI/IéMHI/IKa, 9qTO B HaHLHCﬁmeM ITO3BOJINT HpI/I6JII/I?>I/ITI> MOACIIb K armapaTHoﬁ
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paln3any Ha A3bIKaX OIIMCaHHWs allllapaTypbl, YIYYIIUTb XapaKTCPUCTHUKH

OJIOKOB MJIM 3aMEHUTH X Ha OoJjiee IMPOU3BOAUTCIILHBIC.

Jdran npoektupoBanus moaeau B CAIIP ADS. Moaenu kananos SCH

n SACCH mnpencraBieHbl Ha pUCyHKax 1 U 2 COOTBETCTBEHHO.
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MopenvupoBanue NpOBOAMWIOCH MpU OTHOWIEHWH curHan-ym (OCLL)
paBHOM 7 nb. KaxxnoMy KOMIIJIEKCHOMY CHMBOJTY COOTBETCTBOBAJIO 8 OTCUETOB.
Bcero 0b110 crenepupoBano 125000 oTcu€ToB, 4TO COOTBETCTBYET 15625 OGutam
nnu 100 kaapam(anri. burst) GSM.

Ha Bxom koxmepa momgaBanach ICEBIOCTy4YalHas MOCJIEN0BATEIBHOCTD
out, renepupyemast 6;oxkom Bits. [l kananoB SCH u SACCH ucnonb30BaIiCh
konepel GSM_SCH_Encoder u GSM_SACCH_Encoder, Tak kak 3T KaHaJbI
UMEIOT pa3Hble CXEMbl KOJUPOBAHUS.

Jlanee 3akoaMpoOBaHHAs IMOCJIENOBATEIBLHOCTh IepefaBajach B OJIOKHU
dopmupoBanus kaapoB: SCH B Omoxk GSM_SBurst, SACCH B 06mok
GSM_ NormalBurst. B atux 6;0kax B makeThl J00aBIs1ach 00ydaromias mocie-
noBatenbHOCTH (TS - training sequence) u 8 Hynel 3amutHOTO Tiepuoaa (GP -
guard period).

[Tocne gopMupoBaHusi MakeToB OUTOBASI MOCIEAOBATEIBHOCTh MOIYJIHU-
poBanack 6okom GMSK mod, rae taxke nodasmnsiiochk emé 2 orcuéra GP, Tak
kak GP paBen 8,25 Oura, a 3aTem nepeaaBaiach B KaHall ¢ MHOTOJIy4€BbIM pac-
npoctpanenueM tuna TUSO (ropojackasi 30Ha, CKOPOCTh JABUKEHUS MPUEMHUKA
— 50 km/u). Cur"an Ha BBIXOJIE€ KaHajla C MHOTOJIYYEBBIM PACIpPOCTPAaHEHHEM
HCcHoJib30BasIcsa B Matlab mouenu.

[lepen mpuémuukoM Ha curHan HaknaabBasics myM (NoiseChannel) u
curnan ¢unerpoBaicsa Guinbtpom Yeonimera (GSMFilter).

biok GSM_ SyncSBurst In: KaHasa SCH u 0JI0K
GSM_ SyncNormalBurst nns kanana SACCH BBINOSHSIOT TaKTOBYIO CHHXPO-
HU3ALMIO U JICIMMAaIHIO NakeTa 10 1 oTcuéTra Ha CUMBOJIL.

JlenmumupoBaHHBIE TIaKeThl TiepeaaBanuch B 010k GSM_Receiver, rae
IPOU3BOIMIIACH OLIEHKA MapaMeTPOB KaHaa, corjiacoBaHHasi puiibTpauus U Je-
moayisuus naketoB GSM no cpeacTBam aetexktopa ButepOu.

JleMonynrpoBaHHbIE AKETHI NocTynaiu Ha Bxox Oigoka GSM_DeSBurst
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s kaHana SCH u 610oka GSM_DeNormalBurst qis kanana SACCH, rae u3

HHX U3BJIEKAJINCH OUTHI JaHHBIX.

buTthr nepeaBalicCh B 0J10KHU GSM_SCH_Decoder u
GSM_SACCH_Decoder nns kananoB SCH m SACCH cooTBeTCTBEHHO, Tjie
MPOU3BOJIUIIOCH UX JAEKOJUPOBAaHUE, AEUHTEPIAUBUHT (ToJbKO KaHan SACCH) u
poBepKa KOHTPOIBHON CyMMBI.

JlexonupoBanHblil makeT nepenaBaics B 1ok BER FER s pacuéra Ou-
TOBOW U OJoKOBOM omuOku. B cootBercTBuu ¢ [2] u ¢ [6, c.433] FER (Frame
error rate - OJOKOBasi OLIMOKA) MPU 3a/IaHHBIX 3HAYEHMSIX HE JIOJDKEH IMPEBBI-
math 10 %.

Pe3ynbrathl MOETMpPOBAaHMS IPECTABICHBI HA PUCYHKE 3

SCH
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Frame Number

Pucynok 3 - Pe3ynbTatsl MOJAETUPOBAHUS

Otan npoexktupoBanus moaeau B CAIIP Matlab. Matlab npegoctas-

JsieT OOJIBIION MHCTPYMEHTapui, OoraTbiii Ha0Op (PYHKIMN U aKTyaJbHOE OTH-
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CaHuE HOBEMINMX CTAHJIAPTOB Pa3IMYHBIX CUCTEM, YTO MO3BOJISIET IPOU3BOAUTD
MOIeTMpoBaHue ObICTPO U A(HEKTUBHO.

B nannoit CAIIP 6butn pa3paboTaHbl MOTYJIM AEMOIYISATOPA U IEKOC-
pa.

Cxema neMoaynsiTopa mHpeicTaBiieHa Ha pucyHke 4. JlaHHBIM MOIyJb
BKJIIOUaeT B ce0sa Osoka orenku kaHana (Channel estimator), 6y0ka corjaco-
BaHHOU (prnbTparuu (matched filtering) u nerexropa Butepou (Viterbi detector
(MLSE)).

Ha Bxon npemonynstopa MNOAAIOTCS CIEAYIOUIME MapaMeTphbl: IMaKeT
(signal), nuHAa UMITyIbCHOM XapakTepucTuku kaHana (lh), oOydaromas mocre-

JOBATCIbHOCTD (t_seq) AJIs1 KOHKPETHOI'O KaHalla U KOJIHYCCTBO OTCUCTOB Ha

CUMBOJI(OST).
: L_1
signal : 1
0sr e
» » L2 L 3 viterbi L O out_data
Channel - matched | L3 o tor =% >
Ih N o estimator filtering (MLSE)
t_seq [

Pucynok 4 - CtpykTypHas cxema AeMOIyJIsTopa

Jlist momydeHust MHACKCa Havasla MmakeTa ¥ UMITYJILCHOM XapaKTEePUCTHKU
CUTHAJIa OCYIIECTBIISETCS] KOPPEISIUs OIMOCIe0BaTeIbHOCTH I'_sub ¢ 16 (ams
BCCH) wmu 54 (nns SCH) cuMBosiaMu MOJyJIMPOBaHHOM 0OyYaromiei mocie-
JIOBATEIBHOCTH TIO CJICTYIOIIEMY aJTOPUTMY:
forn=1:Mdo

chan_est(n) =r_sub(n:OSR:n+OSR*N)*Tn
end for,

rae M = length(r_sub) — OSR * 16; Tn — ype3aHHast KOMIUIEKCHO CONPSKEHHAS
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oOyuaroras mnocieaoBaTebHoCTh; T — narHa Tn; OSR — konnuecTBo OTCUETOB
Ha CUMBOJI.

chan_est npeacraBieHa Ha pUcyHKe 5.

chan est real
G T T T T T
"ll I_.—'\Ill
2 - ) fh |
i | \
! [ |
\ | |
1.5 k I| 1 1
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Pucynox 5 — Pe3ynbrar koppesnsiiuu chan_est

Jlns1 onpenesieHnst Hayajia UMITYJIbCHOM XapaKTEPUCTUKU CUTHAJIA ITOCIIe-

JOBaTENBHOCTH chan_est ycpemnsieTcst Ha okHe Lh (3amannas qimHa UMITyJIhC-

HOM XapaKTepUCTUKU) — MPEJCTaBICHA Ha PUCYHKE 6.
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Pucynox 6 — ycpenuénnas chan_est
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Makcumym yCpeTHEHHOM MOCIEA0BATEIBHOCTH JAET HAYAJIO UMITYJIbCHOU
XapaKTEPUCTUKH CUTHAJIA, KOTOpas NPEACTABICHA HA PUCYHKE 7 U HA4aJIO MaKe-

Ta.

~ 10% h est real

O ] 10 15 20 25 30 35 40

PucyHok 7 — IMnynbcHast XapakTepUCTUKA CUTHaja

JlenMMHUpOBaHHBIMA JO OJHOIO OTCUETA HA CUMBOJI AKET MPOXOJIUT YEPE3
COTJIACOBaHHYIO (WMJIBTPAIIMIO U TIOCTYIAeT Ha 00paboTKy B AeTekTop Butepou
BMECTE C aBTOKOPPEJSIIMEN MMMYJbCHOM XapaKTEPUCTUKU KaHaya, TaKXKe Je-
UUMUPOBAHHOM.

Jlanee W3 makeToB BhIOMpArOTCS OWTHI HaHHBIX. CTPYKTypa KaXkJoro ma-
KeTa onucaHa B pazzuenax 5.2.2 [3], 5.2.3 [3]u 5.2.4 [3].

JlexoqupoBanue naHHbIX kKaHana BCCH ornuvaercss oT JeKoaupOBaHUs
kaHaa SCH nanuuuem neuntepiauBunra [4, m.4.1.4]. JlekonupoBaHue ocCy-
MIECTBIISIETCS] TIPU TTOMOIIH JeKoaepa Burepou, ompenensieMoro CiaeayomuMu
nmoauHomamu: GO =1+ Ds + Dy; G1 =1 + D + Ds + D4. Ha mocaenneM miare
MIPOBEPSIETCA KOHTPOJIbHAS CyMMa.

BoiBoabI: B pe3ynbTaTe MpoBeaeHUS PAaOOTHI OBLIO MOIYUYEHO JIT MOJIC-
au Matlab 3nauenue FER=3% nns SCH u FER =7% nns SACCH npu OCII

=7 nb, 9T0 TMPEBOCXOIUT XapaKTepUCTUKH ctanmapta [6],[5]. Takum obGpazom,
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INPUMCHCHHUEC HOBBIX AJI'OPHUTMOB IIO3BOJICT B ICPCIICKTHUBC YIYUYIIUWTbL Kaydc-

CTBO Npué€ma curaioB cranaapra GSM.
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AnHoTanusi: CTaThsd MOCBAIIEHA CPAaBHEHHUIO CHCTEM aBTOMAaTH3allMU IMPOU3-
BOJICTBEHHBIX MPEANPHUATHIA, pacCMAaTPUBAIOTCS ABa Mpoaykra ot (upmer 1C,
takue kak: 1C:VIIII (Ympasnenue IlpousBoactBenHbiM [lpennpusituem) u
1C:ERP. Jlna cpaBHEHHS 3TUX CHUCTEM ObUIM OTNPEICIICHBI KPUTEPUHU U pa3pado-
TaHBI IIKAJBI OIEHOK ATHX KpuUTeprueB. Ha ocHOBaHMM CpaBHUTEIHHOTO aHATN3a
CZIeJIaH BBIBOJI, KAKOW M3 3TUX MPOIYKTOB MPEANOYTHTEIIEHEE UCIIOIh30BATh IS
aBTOMATH3AIMK TPOIIecca YIpaBieHus mponaaxamu. Taxke Obuta paspaboTaHa
mMozenb OusHec-nporecca B Meroaonoruu IDEF0O u BeimonHeHa ee 1eKOMITO3u-
sl

Abstracts: The article is devoted to the comparison of automation systems of
industrial enterprises. It deals with two products from the company 1C, such as
1C:PM (Production Management) and 1C:ERP. To compare these systems, cri-
teria have been defined and scales of evaluation of these criteria have been de-
veloped. Based on the comparative analysis, it is concluded which of these
products 1s most suitable for the automation of the trade management process. A
business process model in the IDEFO methodology was also developed and its
decomposition was performed.

KiroueBble cj0Ba: aBTOMAaTH3aIMs IPOILIECCOB, CPABHHUTEIBHBIA aHAU3,
ynpasienue toprosiuei, 1C, YIIII, ERP, IDEF0, nekommno3unus.

Keywords: automation of processes, comparative analysis, trade management,

1C, PM (Production management), ERP, IDEF0, decomposition.
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HesTenbHOCTh J1I000M (DUPMBI OLICHMBAETCS KAa4€CTBOM M KOJIMYECTBOM
MIPOAABAEMBIX TOBApPOB U yCIyT. [Ipogaxku — 3T0 CIIOKHBIM, MHOTOCTYIIEHYAThIN
IpolLIecC, 3aBUCALIMN OT MHOXECTBA (haKTOPOB, UMEIOLIUN MHOXKECTBO MMOKAa3a-
Tenel. YrpaBusaTh npoAaxeil (0TIeIoM Mpojiax) — 3HAYUT YIPaBISITh OrPOM-

HbIM 00beMOM HH(pOpPMaLIUK, OOJIBIITUM KOJIMYECTBOM JIFOACH U KaHAJIOB COBITA.

OpHako Ha MpakTUKE MOJYYUTh HEOOXOIMMBbIE TaHHBIE HE BCEr/a MOy-
4aeTcs, U Mpoja)xa TOBAPOB U YCIYT CTAHOBUTCS HEYIPABIIIEMOUN, CTUXUIHOM, a
rnaBHoe — Hed(pexTuBHON. B UTOTe pyKOBOAUTEND HE MOXKET OTCIEIAUTH BCIO
«BOPOHKY NPOJaXK», a 3TO 3HAYUT — OH HE MOYKET IMOBJIHATh HA YBEIWYCHHE
00bEMOB MPOJAK, T.€. HE MOKET A(PPEKTUBHO YIPABIATH STUMH IIpolieccamu. B
TaKUX CIy4yasX Ha MOMOIIb Npuxoaar uHdpopmaruonnsie Texuojoruu (UT) u

NNePCaAOBLIC aBTOMATU3NPOBAHHBIC CUCTCMBI 110 YIIPABJICHHUIO IIPOAAKaMU.

Kaxxnas u3 paccMarpuBaeMbIX CUCTEM, aBTOMAaTU3UPYET MPOLIECC YIIPaAB-
nenust mpogaxkamu. Ha pucynke 1 mpencraBieHa Mojenb OW3HEC-Tpoliecca

«YTpaBasaTh MpoAaKaMm».

USEDAT AUTHOR: Khanova AA. DATE: 01.11.2018 - WORKING READER DATE | CONTEXT.
PROJECT: Mpogaxu REV: 10.04.2019 DRAFT
RECOMMENDED TOP
NOTES: 12345678910 PUBLICATION
Npaeuna VinonHerue
npoAax 3aKa30B KNMeHTa
WHdopmauus Ana knueHToB
WHpopmawus oT knueHTo Kommepyec e npe,
YnpasmTb Nposaxamm [locTaBneHHblit ToBap
Cpeniu CornaleHus ¢ KIMeHTam1
3aKasbl KTMeHToB
—
0p. ofc >
MeHemxep no MeHemxep no
npojaxam NocTaB ke
NODE: TITLE: NUMBER:
YnpaensTb npoaaxamu

Pucynok 1 — lnarpamma A-0 «Y1paBiasTe IpogakaMu»
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Ha pucynke 2 mpezacraBieHa IEKOMIO3UIMS OU3HEc-Tporecca «Ympas-

JIATBH IIPOJAaKaMm».

USEDAT: AUTHOR: Khanova AA. DATE: 01.11.2018 . WORKING READER DATE | CONTEXT:
PROJECT: TMpogan REV: 10042019 DRAFT
RECOMVENDED [ ]
NOTES: 12345678910 PUBLICATION AD
—— 4 Mpasuna npogax VinonHeHue 3akasoB KnueHTa
Y WHdopmauus Ans kmeHToB
Caenin agam npasuna M bopuaLa A _
npozaxm >
0p. 1
A Kommepyecive npeanoxeHus
®opmupoBaTh ——
KoMwmep >
npeAnoXeHns
0p. 2
A
Wnchopwauus ot [MotpebHoc T CornalLeHus ¢ KMeHTam
KIMeHTOB KIMEHTOB B >
TIOKY ke ToBapa BaKasbl

be 2 KiMeHToB
OTrpy 304Hble
Otpy Xams ToBa| ADKY MeHTl
MeHepxep no Tosap K rp::memy ’
npogaxam oTIpy 3ke op 4
T [JlocTaeneHHblit ToBap

>
[locTaenste ToBap f——»

0p. 5

MeHezmxep no
focTaBke

NODE: TITLE:

AQ

Ynpasnath Npoaaxamu NUVEER:

Pucynok 2 — Jlekomnosunus npouecca «YIpaBisTh IPOJaKaMmu»

PaCCMOTpI/IM, KaKuMm 06pa30M BBIACJICHHBIC ITPOHCCChl aBTOMATU3UPOBA-

HBI B oJicucteMax yrnpasiieHus npojgaxamu cucteM [C:VIIII u 1C:ERP.

1C:YnpaBnenue npousBoAcTBeHHbIM mnpennpuaruem (YIIII) sBasercs
KOMIUIEKCHBIM MNPUKIAAHBIM PEIICHUEM, OXBAThIBAIOIIUM OCHOBHBIE KOHTYPBI
YIPABJICHUS U yueTa Ha MPOU3BOJICTBEHHOM MpEANpUsITHH. PerieHue no3Boisiet
OpraHU30BaTh KOMIUICKCHYI0 WH()OPMAIMOHHYIO CHCTEMY, COOTBETCTBYIOIIYIO
KOPIOPATUBHBIM, POCCUMCKUM U MEXIyHapOJIHBIM CTaHAAapTaM U oOecrevuBa-

IOTYI0 (PMHAHCOBO-XO3SUCTBEHHYIO JIEATEIbHOCTD MPEANPUATHUS.

[IpuknanHoe pemieHue co3gaeT eauHoe HHPOPMAIMOHHOE POCTPAHCTBO
JUIsl 0TOOpaxkeHus: (PMHAHCOBO-XO3SIICTBEHHON NI€ATENIbHOCTH MPEIIPUSITHS,

OXBaThIBasi OCHOBHBIE OM3HEC-TIPOIECCHl. B TO e Bpemsi 4eTKO pa3rpaHuvHBa-
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€TCA AOCTYII K XpaHUMBIM CBCACHHAM, a TAKIKC BO3MOKHOCTH TEX WM HMHBIX

I[@I\/iCTBI/II\/’I B 3aBUCHUMOCTH OT CTAaTyCa pa6OTHI/IKOB.

IC:ERP — cucrema knacca MRP II, unHoBarmonnoe u 3¢ eKkTuBHOE
pemienre ot kommaHuu «1C» s co3naHusi KOMIUIEKCHOM MH(POPMAIIMOHHON
CUCTEMBI YIPABICHUS JIOOBIM IPEANPUITUEM. DTOT MPOAYKT MO3BOJSET aBTO-
MaTU3UPOBATh OCHOBHBIE OM3HEC-IIPOLIECCHI, KOHTPOJIMPOBATH KIIFOUEBbIE TTOKA-
3aTeNM JIEeATENbHOCTH MPEANPUATHS, OPraHU30BaTh B3aUMOJECHCTBUE CIIYyKO U
NOAPA3AECIECHUN, KOOPAUHUPOBATh AEATEILHOCTh MPOU3BOACTBEHHBIX MOJApA3-
NeNeHUH, olleHUBaTh 3((PEKTUBHOCTD JIEATETLHOCTH MPEANPUATUS, OTACIbHBIX
nonpaszaenenuii u nepconana. Cucrema 1C:ERP Obuta cozmana ¢ yuetom nyud-
IIMX MHPOBBIX U OTEYECTBEHHBIX IPAKTUK aBTOMATU3ALMU KPYIIHOTO U CPEIAHE-
ro Ou3Heca, a TakKe MPU HEMOCPEJACTBEHHOM YYaCcTUU MPEACTABUTENCH KpyII-
HBIX MPOMBIIIIEHHBIX NPeAnpUATHi. biaronaps skcnepTHOMYy NOAXOAY K pas-
paboTKe U MOATAIHOMY TECTUPOBAHUIO CHCTEMA IMOTYYHIa UMEHHO T€ (QYHKIIU-
OHAJIbHBIE BO3MOXHOCTH, KOTOpbIe Hanbojee BOCTPEOOBaHbI B KPYIHBIX MPE-
NPUATUSX C PA3JIMYHBIMU HANPABJIEHUSMU ACATEIbHOCTH, B TOM YUCJIE B TEXHU-

YCCKHU CIIOKHBIX MHOT'OIICPCACIIbHBIX ITPOU3BOACTBAX.

I[JI}I CpaBHCHHA CHUCTEM OIIPCACIIMM CICAYIOIIYIO HIKAJIY OLCHOK KPHUTC-

pHEB:

0 — KkpuTepuil HE OAAEPHKUBAETCSI CUCTEMOI;
1 — xpuTepHii NOAAEPKUBAETCS YACTUIHO CUCTEMOM;

2 — KpUTEepUil TOAAEP>KUBAETCS CUCTEMOI.
st kputepus 29 u 30 onpeaenuM CIeAYIOUIYIO KTy OLEHOK:

CronMoCTh BHCAPCHUA CHCTCMbI 6yz[eM pacCUUTBIBATL 110 CJ'ICI[YIOI_Heﬁ

IIKaJIC:

1 — 6onee 300 000 pyOnei;
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2 —menee 300 000 pyOei.

CronMoCTh NOAACPIKKU CUCTCMbI 6y,ueM pacCUUTBIBATD 11O HIKAJIC:

1 — 6onee 30 000 pyOneit;
2 —menee 30 000 pyo6iieii.

Kputepuu cpaBHeHHE cUCTEM MpEACTaBICHbI B Tabmuie 1.

Ta6nuna 1 — Kpurepun cpaBHeHUs CUCTEM

[Toncucrema ympaBieHus Mpoaxamu

Bec
Kpurepuu (mapamerpsr) 1C:VIIIT 1C:ERP
napamerpa

NHTYUTUBHO OHATHBIN HHTEp(]EIiC 1 2 0,02
XpaHeHne U aHaIU3 HHPOPMAIIH ) ) 0.03
0 [I€HaX NOCTaBIIUKOB ’
dopmMuUpOBaHKE PaAC-ITUCTOB 2 2 0,05
ITonnepxka CUCTEMBI HALIEHOK U CKUJIOK 2 2 0,04
[Tonnepxka onToBOM, pO3HUYHOM, KO- 7 ’ 0.03
MHCCUOHHOM TOPTOBIIN ’
[TonknroyeHue ToOproBoro

2 2 0,04
obopymoBaHus
KoHTpoas cocTosHust TOproBoi

2 2 0,06
JEeSITEIIbHOCTH
VYnpasnenue 3¢ (HEeKTUBHOCTHIO
IIPOLIECCOB MPOJAXK U CIAEIIOK C KIHEH- 0 2 0,03
TOM
Boponka nponax 0 2 0,02
DopMHUpPOBaHUE NTPANC-IIUCTOB 0 ’ 0.02
¢ unpopmarmenr 06 octaTkax TOBapOB ’
Hcnonp30BaHne periaMeHTHPOBAHHBIX
MPOIECCOB MPOJIAXK, OM3HEC — MPOLIECCHI 0 2 0,03
yIpaBICHUS CIIOKHBIMU MPOAAKAMU
Pacmupennoe yrnpasineHue 3aKka3zamMu
KJINEHTOB, TUIIOBBIE U UHAWUBUIyaIbHbIC 0 2 0,01
npaBuja NpoJax, COrJialleHus
Camo00CTyKUBaHHE KIUCHTOB 0 2 0,03
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VYipasineHue TOproBeIMU

0 2 0,02
MPEICTaBUTENISIMU
MOHUTOPUHT COCTOSIHUSI ITPOLIECCOB
P pont 0 2 0,02
pOJIaX
ABTOMaTUYECKUI KOHTPOJIb JINMUTA 0 ) 0.03
3a/10JDKEHHOCTH (CTOM-JIUCTHI) ’
OTyeTsl 110 TpoJaxKam 1 2 0,02
[1nanupoBaHKe UCIIOJIb30BAHUS
P 0 2 0,02
aBTOTpaHCIOpTa
BeposiTHOCTHAsI OLIeHKa MpOrHO3a
P t P 0 2 0,03
pOJax
3arpyska men u3 Excel 0 2 0,01

PaznenpHbIN y4eT o mapTHEpam
(YynpaBieHUYECKHI ydeT) U KOHTpareHTam 0 2 0,03
(pernmamMeHTUPOBAHHBIN YUET)

KoppekTupoBka peanmzanuu 0 2 0,02

MOHUTOPHHT U KJIacCU(UKALUS TPO-

CpPOUYEHHOH 3aJI0JDKEHHOCTH TI0 Habopy 0 2 0,04

napameTpoB

PacmmpenHslii aHanu3 nokasaTenei pa- 0 ’ 0.03

OOTHI MEHEHKEPOB

Hcropus neperoBopos ¢ KIIMEHTOM 0 2 0,02

KapTBI JJOAJIBHOCTH, aHAJIN3 JIOAJIbHOCTHU 0 2 0,02

KJIMEHTOB

[Iperen3uonnas pabora 0 2 0,05

BCG-ananu3 0 2 0,05

CTOMMOCTDH BHEAPEHUS 2 1 0,1

[Tonnepxka 2 1 0,08
Pe3ynbTaT cpaBHEHME CHUCTEM IIPEACTaBIICH B TabuIie 2.

Tabnuna 2 — Pe3ynbpTaT CpaBHEHHS CUCTEM

Pe3y/bTar ¢ y4eToM BECOB 0,9 1,82

Pesynbrar 63 yuera BecoB 18 58

Ha ocHoBanum PE3YJIbTATOB IPOBCACHHOIO aHaJIn3a MOXXHO CACJIaTh BbI-

BOJ 0 ToM, uTo cuctema 1C:ERP Hanbomnee moaxoauT ajsi aBTOMaTU3AIMH MIPO-
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1ecca yrnpaJlieHUs MPOJIakaMu, TOCKOJIbKY BKIIIOYAET B ce0si GyHKIMOHA, pe-
anu3zoBanHblil B 1C:YIIIL, n o6benuuseT GyHKIUU IPYTUX MOJAOOHBIX Pa3/ieioB
VIIII. Kpome ¢ynknuonana 1C:VIIIT B 1C:ERP BHeapeHbl 1OMOTHUTEILHBIC
BO3MOYKHOCTH (yTIpaBlIeHHE TOPTOBBIMU MPEICTABUTENIAMH, paboTa ¢ IPETEH3U-
MU U TIp.), KOTOPbIE 3HAYUTENILHO O0JEer4aroT padoTy CHEIHATIMCTOB OTIEIOB

IPOJAX.
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Cilydasix. AHaJU3 HampaBJIeHUS Pa3BUTHS KOMIIBIOTEPHBIX CHUCTEM U IEPCICK-
TuB pa3BuTHsa MT-cnenumanbHOCTe W X BOCTPEOOBAaHHOCTH B cdepe 3IpaBo-
OXPaHCHHSI.

Abstract: This article describes the position of information technologies in
modern medicine, their impact and the need for specific cases. Analysis of the
direction of development of computer systems and prospects for the develop-
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BBenenue

B macTosimmii MOMEHT BpeMEHH, pa3BUTHE OOIIECTBAa XapaKTePU3YeTCs
CWJIBHBIM BJIMSIHUEM Ha HETO MH(POPMALMOHHBIX TEXHOJOTUH. 3a MOCIETHUE Jie-
CSATUJIETUSI TEXHOJIOTHH MPOHUKIIN, IPAKTHUECKH, BO BCE CHEphl UETOBEUECKOM
JESATEIIBHOCTH U CTaJId CTUMYJIOM MX pa3BUTHA. TeM caMbIM, B TaKOM BaXKHON
chepe neATenbHOCTH, KaK MEAMIMHA IpPOrpecc He 3acTaBuil ceOs KIaThb U
OBICTPO Hayajd CBOE BHEAPEHHUE.

CerojHss ”HPOPMALIMOHHBIE TEXHOJOTUHU BCE Yallle CTald MCIOJb30BaTh-
csl B MOAABJIAIOIIEM MHOXECTBE cep AESITeTbHOCTH, B TOM YHUCIE U 00JIacTh
3apaBooxpaHeHus. C MOsIBJICHUEM COBPEMEHHOM armaparypbl U MPOrpPaMMHOTO
oOecrnieyeHns MeIuLMHA [IPUoOpea COBEPIIEHHO HOBBIE uepThl. Pa3Butue uH-
(OpMalMOHHBIX TEXHOJIOTUH HAaBCErJa M3MEHWIO MPEACTaBICHHE OOBIYHOTO
4eJI0BEKa O JEATEIbHOCTH JOKTOPOB U MOHATHH 3/IpaBOOXPAHEHUSI.

CoBpemenHble HHPOPMALMOHHbIC TEXHOJOIrHM B MeAMLMHCKOM
NpaKTHKe

OOBbIYHO, BBIACISIIOT JIBA BUJA KOMIBIOTEPHOIO OOECIEUEHUs: amnmnapar-
Hoe u nporpammHoe. [Iporpammuoe obGecrnieuenue BKIIOYAET B ce0s CUCTEMHOE
U npukiagHoe. CucTeMHOe OOecrieueHue NpeaCTaBiIsIeT U3 ce0sl yIpaBiIsieMyro
0a3y JaHHBIX, KOTOpash MOYET COJEpKaTh B ce0e KaKk MEAUIIMHCKHUE JaHHBIE
MHO’KECTBA MAaLMEHTOB, HAampuMmep, OHU(GPOBAHHBIE PEHTTEHOBCKHE CHUMKH,
TaK U pa3InYHYIO CTAaTUCTHKY.

[IporpamMmmHOe obecrieueHne mpeacTaBisieT co00il BEIYMCIUTENbHBIE MTPO-
rpaMmMbl. OHM MOTYT OCYIIECTBIISITH OBICTPYIO 00paOOTKY U PACUET pe3yIbTaTOB
Pa3IMYHOTO poJia UCCIEA0BAHUM, a TAaKXKe OCYLIECTBIIATh OOMEH MH(popmanuen

MEXAY JpYyrMMH KOMIBIOTEpaMH. MHOXECTBO HCCIEAOBaHUM, HaIoI0-
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oue, Tomorpaduu ¢ UCIOJIb30BAHUEM SIBJIICHUS SIIEPHO-MAarHUTHOTO PE30HAHCA,
TpeOYIOT THTAaHTCKOTO 00BbEMa BBIYMCIICHUN, KOTOPHIE YEIOBEK O3 CIenuab-
HOM TeXHUKHU ObLI ObI HE B COCTOSIHUM Kaue€CTBEHHO 00padOTaThb B KOPOTKHE
CPOKH. A, KaK U3BECTHO, JIIOOOE MPOMEJJICHHE WU OIIMOKA B MEUIIMHE MOTYT
OBITh (paTaJIbHBI.

Komnbrorepuasi romorpagust

OmHUM U3 OCHOBHBIX MPUMEPOB BHEAPCHUS MH(POPMAITMOHHBIX TEXHOJO-
I'Mil B MEIULIUHY SIBJSIETCS KOMITbIOTEpHAasi ToMorpadusa. ITOT METOJ U3yUEHHUS
COCTOSIHMSI OpTaHHM3Ma 4YelioBeKa MpeJCTaBisieT co00il MocieAoBaTeNIbHYO Ya-
CTYIO 3aIUCh CJIOEB BHYTPEHHHX OPraHOB YeoBeKa. M3 MOMy4YeHHBIX TaHHBIX
KOMITBIOTEP CIOCOOEH c€03/1aTh OO0BEMHOE H300pakeHHE MPOCKAaHUPOBAHHBIX
opraHoB. Takasi TEXHOJIOTHS BU3yaJU3allMi BHYTPEHHOCTEN OpraHn3Ma maIueH-
Ta CYIIECTBEHHO OOJIErdaeT MOCTAHOBKY AUArHo3a W Ha3HAYCHHS JATbHEUIIINX
JIEHCTBUM.

CoBpeMeHHbIe HH(POPMALMOHHbIE TEXHOJOTHMN B MEIMIMHCKUX JIa-
00OpaTOPHBIX MCCJIEAOBAHUIX

Hcnonb3oBaHne KOMIMbIOTEPA B JIAOOPATOPHBIX METUIIMHCKUX HCCIIEI0-
BaHUSX 3aKJIIOYACTCS B CO3JAHUU OTPENEIEHHOTO AITOPUTMA TUATHOCTUKH, HA
OCHOBAHUM KOTOPOW CTPOUTCS CTATUCTHKA 3a00JIEBAaHUM, KaXKIOMY U3 KOTOPBIX
MPUMHUCHIBAIOTCS ONPENENEHHBIE CHMITOMBI. Tak TPy OMpoce MaiueHTa Ha OC-
HOBE €r0 OTBETOB BO3MOXKHO COINOCTAaBUTHh CUMIITOMBI U MPEATNOI0XKHUTh, B MPO-
LEHTaX, BO3MOXKHYIO I'pYIIy 3a00JIeBaHMs, UTO CYLIECTBEHHO 00Jerdyaer padbory
BpayeHu.

Cy1iecTBYIOT MOMNBITKYA CO3AaHUSI CUCTEMBI, ONPEACIIAIONICH KOHKPETHBIN
nuarfo3. OgHaKo cedac 3To TOJBKO pa3pabarbiBaeTcsa U Tectupyercs. Ho yxe
Ha JIaHHBII MOMEHT, B MHUpe (YHKIIMOHUPYIOT yke O6osee 200 mogoOHbIX KOM-
NBIOTEPHBIX CUCTEM, CIIOCOOHBIX CYIIECTBEHHO YCKOPUTH M 00ecneuuTh OOJIb-

11yt0 3P GEeKTUBHOCTH B ONPECIICHUH TUAarH03a MaIlueHTa.
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TeaemeauuuHa

Tenemenuiaa — 3TO OTpacib COBPEMEHHOW MEIWIIMHBI, TIO3BOJISIFOIIAS
00ecneynuTh MaKCUMAJIbHO OBICTPBIA 0OMEH METUIIMHCKON MH(pOpMarenn Mex-
Ny TIALIMEHTOM M BpayaMU, a TaKKe MEXAY Pa3TMUYHbIMUA MEAUIIMHCKUMH y4pe-
KICHUSIMHU, C TIOMOIIBIO CETH MHTEPHET. Tak ke BO3MOXKEH BapuWaHT OOMeEHa
uHpopmMaImen MocpeCTBOM COOTBETCTBYIOIIEH MHTEIUIEKTyallbHOW UK pO0o-
TU3UPOBAaHHOM crcTeMol [1, c.16]. Ha naHHBIII MOMEHT TeleMEIUIIMHCKUE TPO-
rpaMMbl BHEAPEHBI B CUCTEMY 3PaBOOXPAHEHUS] MHOXECTBA MH(POPMALIMOHHO
Pa3BUTHIX CTPAH U UMEIOT HauboJiee pacTylue MoKa3aTesid BOCTPeOOBAaHHOCTH
B c(hepe METUITUHBI TT0 BCEMY MUDY.

HamnpaBnenust pa3Butus TeieMeIUIUHBI:

— IUCTAHITMOHHOE KOHCYJIBTHPOBAHUE, BKIIFOYAS JTUCTAHIIMOHHBIE KOHCH-
JUYMBI, OYHOE, TTOCPEJICTBOM BUCOCBSI3M U 3a0YHBIE MOCPEIACTBOM HH(pOpMA-
IMOHHOI'0 0OMeHa 1o E-mail;

— JUCTAHIIMOHHBIA MOHUTOPUHT COCTOSIHHSI 37J0POBbSI C NMPUMEHCHHEM
MOOMJIBHBIX JIMarHOCTHYECKUX YCTPOWCTB, C HCIOIb30BAHUEM CIIECILMAIAZUPO-
BaHHBIX BPau€OHBIX U pOOOTU3UPOBAHHBIX MYJIHTOB;

— obecrnieyeHne MepCcoOHATM3UPOBAHHOTO XPAHWIUIIA MEIUIIUHCKUX JaH-
HBIX, BEJICHUE NIEPCOHATILHOMN 3JIEKTPOHHON MEIUIIMHCKON KapThl;

— BO3MOXHOCTh TMOKYIKH JIEKAPCTBEHHBIX MPENapaToB B AJIEKTPOHHBIX
anTeKax, B TOM YUCJIE C IPUMEHEHUEM 3JIEKTPOHHBIX PECYPCOB.

MennuuHckue UH(pOPMANIMOHHBIE TEXHOJOTHHM: BO3MOKHOCTH U Mep-
CIIEKTUBBI

B coBpemeHHON MenUIIMHE MCHOJb30BaHHe MH(GOPMAIIMOHHBIX TEXHOJO-
TUI TIO3BOJISIET aBTOMATU3UPOBATh PA0OTYy MEAMIIMHCKOTO YUPEKICHHsI, aBTO-
MATHYECKH 3aMOIHSIS MHOXKECTBO JOKYMEHTOB, COPTUPYS U COXPaHssl TUTAHT-
CKO€ KOJIMYECTBO JAHHBIX, BEAS MEIUIMHCKYIO CTaTUCTUKY. B mepcrnektuse,

9TO O3HA4YacT CO34aHUEC COAHMHOI'O I/IHqJOpMaI_II/IOHHOFO IMPOCTPAHCTBA JIe4eOHO-
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npo(UIAKTUUECKUX YUPEXKACHUN, IOSBICHUE aBTOMATU3HMPOBAHHBIX BpadeO-
HBIX pabouMx MeCT, OOBEAWHEHHUSI BCEX MEIUIIMHCKUX, CTaTUCTHUYECKHX, (u-
HAHCOBBIX, aIMUHUCTPATUBHBIX MEIUIIMHCKUX 0a3. YkKe ceiliuac uCrob30BaHue
MH(POPMAILIMOHHBIX TEXHOJIOTMHM B pa0dOTe MOJMKIMHUK WM CTAlMOHApPOB 3HA-
YUTENFHO YIPOCTUIIO Psii pabOUUX MPOLECCOB U MOBBICHIO UX 3(P(EKTUBHOCTH
IPU OKA3aHUN MEJUIIMHCKONW TOMOIIH MallEHTaM.

Haunbosiee BocTpeOoBaHHble KommereHuuu MWT-cnmenmanucroB B
3APaBOOXPaHEHUH

Ha naHHbIii MOMEHT BpeMeHM, Hanbojee BOCTPEOOBAHHBIMHM B CHCTEME
3paBOOXPAHEHHs CIEUUATIBHOCTAMU B cepe MHPOPMAIMOHHON MOIAECPKKU
SBIIIOTCA: MEIULMHCKas MH(OpMaTHKa U CTaTUCTHKA, MOAJAEPKKA MEAUIIMH-
CKUX TMPWIOKEHUH, HH(OpMaLMOHHAs O€30MacHOCTh W CHCTEMHOE aJMHHU-
cTpupoBaHue. HeMHOro OTCTaroT Mo MOMYJSPHOCTH CHEUUATUCTHI O TEXMOI-
JEp’KKEe U cucTeMHOM uHTerpauuu. Cinegyer oTMETHTh, yTo Oosee 98% cnpoca
Ha UT-cnenuanicToB B yUPEKACHUAX 3APABOOXPAHEHHS] OTPAHUYMBAETCS BCETO
9 cnenmanu3zauuamu. B cuiy co3maHus M yKOMITJIEKTOBaHHSI Ha PETHOHAIBHOM
YPOBHE M B KPYIHBIX MEAMIMHCKUX OpPraHMU3alMsSIX CTPYKTYp MO CO3/aHUIO,
00eCrnevyeHnIo U MoAIepKKe HHPOPMAIIMOHHOM cpebl chepbl 3ApaBOOXpaHEHHUS
B 2017 roay Habnronanoch najieHue Crpoca Ha yKa3aHHbIX CHELMATUCTOB U I0-
BBIIIIEHUE TPEOOBAHUI K MX KOMIIETEHUMSIM. B cuily ciouBiierocs ykiaja cu-
CTEMBI 37PABOOXPAHEHUS M UCTOPUYECKUX OCOOEHHOCTEW MPOBEACHUS NEPBOM
BOJIHBI MaccOBOI MH(OpMATU3aUN MEIULUHCKUX YUPEKACHHUN, OOJIBIIMHCTBO
U3 HUX JO0 CHUX TOpP OCHOBHYIO YacTh paOOT BBHIMOJHSIOT HA yCIOBUSAX ayTCOp-
CHUHIa, a CTaBKM TEXHUYECKUX CHELMAIUCTOB C NPO(eccueil «IporpaMmmucT»
WIN «CUCTEMHBI aJIMHUHHCTPATOP» MOTJM /10 HEJAABHEIO BPEMEHU IO3BOJIUTH
cebe 0UeHb HEMHOTHE TOCYJapCTBEHHbIE MEIULIMHCKHE opranu3anuu. [Ipu stom
B HOMEHKJIAType MEIULUHCKUX CHEUAIbHOCTEN €CTh TOJBKO OJHA CHEIHAJIb-

HOCTb, HAIIPAMYIO CBA3aHHAs ¢ MH(OPMATU3ALUEH: MEIUIIMHCKII KHOSPHETHK.
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B 1o e Bpemsa yHuBepcanbHbie MT-cnenuanuctel, Hanbosaee BocTpeOo-
BAaHHBIEC B 3/IpPABOOXPAHEHUU, UMEIOT IIUPOKHE BO3MOXKHOCTHU TPYAOYCTPOMCTBA
U T€M CaMbIM BBI3BIBAIOT MOCTOSIHHBIM KaJpPOBBIN T'0JIOJ, TOOYKIAIOIINN CePhb-
€3HO paccMaTpHUBaTh MOJICJIM AyTCOPCUHTA WJIU JOMOJHUTEIBHOTO CTUMYJIUPO-
BaHMS JIAaHHBIX COTPYIHUKOB. Cpeau crenuann3aiuii, Ha KOTOpPbIE 3apOKIaeTCs
pealibHBIN CIPOC: aHATUTUKHU U Pa3pabOTYMKUA UHTETPALIMOHHBIX PEIICHUH.

3akjI04YeHne

B HacTosiimuii MOMEHT BpeMeHU, HHOOPMAIIMOHHBIC TEXHOJIOTUU B MEJIH-
[IMHE Pa3BUBAIOTCS U IPOJBUTAIOT MEAUIIMHY B Pa3BUTUU. be3 COBpEeMEHHBIX
TEXHOJIOTUN CTaJl0 MPAKTUYECKU HEBO3MOXKHO MPEACTABUTH IUATHOCTUKY U Jie-
yeHHe OOJBHBIX C Pa3IMYHBIMU HEIyraMu, a TaKKe aJIMUHUCTPUPOBAHUE MEIU-
IIUHCKUX OpraHu3anuii. MOXXHO CMENI0 yTBEPKIaTh, 4TO HH(POPMAIMOHHBIC
TEXHOJIOTUU B MEIUIIMHE YK€ CTAHOBATCS OJHOM M3 CaMbIX MEPCIEKTUBHBIX

HAIPaBJICHUN B 3TON OTPACIIH.
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Apxurekropsl mporpaMmmuoro odecneuenus (I10) umeror ocoboe mecto B
Mupe UHPOPMALIMOHHBIX TEXHOJIOTUN. [IpakTHUeCKN KaXIblil IPOEKT HyX AaeT-
Cs B DKCIEpTE I NPUHATHSA PELICHUN Ha BBICOKOM YPOBHE M OIPEACIICHHUS
CTaHIapTOB, MHCTPYMEHTOB M IMJIATPOPM IPOrpaMMHOr0 OOECTeueHus, OINTH-
MU3aLUU pa3pabOTKHU.

OO0mas xapakTepucTuka npogeccun

ApPXHUTEKTOp MPOTrPaMMHOTO OOECHEYeHHs — 3TO CIEUUaTUCT B chepe
uHpopmarmonHeix TexHosoruit (MT), 3aHuMaromuiicss IpoeKTUPOBAHUEM ap-
xuTekTypbl 1O, TO €cTh NPUHATHEM BaXKHEWIIMX PEIIEHUHA OTHOCHUTEIBHO
BHYTPEHHET0 yCTPOWCTBA U BHEIIHUX TEXHUYECKUX MHTEP(PENCOB MPOrpaMMHO-
ro KOMILIEKCA.

OcHoBHas nenb apxurekropa 110 3akmroyaercs B CO3IaHUM U COMPOBOXK-
JEHUU apXUTEKTYpPhI IPOTPAMMHBIX CPEACTB, 3aKIIFOUYAOIIECHUCS:

«B cuHTE3€ U JOKYMEHTUPOBAHUH PEUIEHUI O CTPYKTYpE; KOMIIOHEHTHOM
YCTPOMCTBE; OCHOBHBIX IOKa3aTeNsiX Ha3HAUEHUs; MOPSAJKE U crocodax peanu-
3alUM NPOTPAMMHBIX CPEACTB B paMKaxX CUCTEMHOM apXUTEKTYpPbI; pealn3aluu
TpeOOBaHUII K MPOTpaMMHBIM CPEICTBaM; KOHTpPOJE pealu3alld U PEBU3UU
pelieHun»[2, c.2] .

«APXHUTEKTOPBI, B CHITy CBOMX MPO(ecCHOHAIBHBIX 00s3aHHOCTEH, 00JTb-
II€ COCPEAOTOUEHBI HA CTPYKTYpE CHUCTEMBI, YeM Ha KOHKPETHBIX €€ OCOOEHHO-

CTAX U (PYHKIUAX. APXUTEKTOPHI CO3AAI0T APXUTEKTYpPY, MOMOTaIOIIYI0 ObICT-
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pee U Mpolle CO3/1aBaTh 3TH OCOOCHHOCTU U (PYHKIUU, UBMEHITh UX U JIOMOJI-
HATb.»[4, c.40]

3HauveHue u 0013aHHOCTH Npodeccuu

Ponb apxuTekropa NmporpaMMHOr0 OOECreYeHUs COCTOUT B: MOJIEpKa-
HUU apXUTEKTYPHOU MEIIOCTHOCTH MPOEKTa U MHPOPMAIIMOHHBIX CHUCTEM; OICH-
K€, MPOAYMBIBAHUM U Pa3pabOTKE CTpaTEruii Mo yMEHBUIEHUIO PUCKOB U MPO-
Oy1eM, TTAaHUPOBAHNUH, KaK Pa3HbIe KOMIOHEHTHI Oy TyT paboTaTh BMECTE.

ApXHUTEKTOp MpPOrpaMMHOro oOecreueHusi JOJDKEH TrapaHTHpOBaTh
HAa0éxcHocms cucmemsl, yeTpanss coou. OHON U3 camMbIX CIOXKHBIX 3a]a4 SIB-
JISIETCSL TIOCTPOCHUE CHCTEMBI C BBICOKOW CKOPOCTHIO U OTKA30YCTONYHBOCTHIO,
MOHMMAaHUE XapaKTepa cO0EB, KOTOPbIE MOT'YT BOZHUKHYTh BO BpeMsl padOThI.

ApXUTEKTOPBl 00ECTICUUBAIOT 3aWUMy OAHHLIX U UHGOpMayuu OT He-
CaHKIIMOHUPOBAHHOTO JIOCTYTIA.

Takxke apXWUTEKTOpP OTBEYAET 3a YO0OCMBO UCNONL30BAHUS CUCINEMDb,
9TOOBI CUCTEMA MPEACTABIISIIA MOANEPKKY U JETKOCTh BBIMOJTHEHUS MOJIH30Ba-
TEJIEM JKeJlaeMOM 3aJ1auu 1Jis1 pa3pabOTYUKOB.

ApPXUTEKTOp JOKEH MOIJICPKUBATH JIE2KOCMb BHECEHUs USMEHEeHUl B
npoekT. IIpoekTupoBanne rHOKOTO MPOEKTa, B KOTOPHIN JIETKO MHTETPUPOBATH
HOBBIE TEXHOJIOTHH, (PYHKIMOHAT U MOAU(UIMPOBATH CYIIECTBYIOIINE pellie-
HUS WIHN yAAJSATh CTapble M HEUCIoiab3yemble. Jlaxke eciu MpoeKkT paboTaeT He-
PaBUIBHO, HO JIETKO MOJIAETCS U3MEHEHHSIM, TO €r0 MOKHO 3aCTaBUTh CHOBA
paboTaTs.

Bno6aBok menpio apxutekropa I[1O sBnsiercs omtmMmu3anus OW3HEC-
MPOLIECCOB; MUHUMMU3AIUS TPYA03aTpaT Ha 0OecreueHrne U COMPOBOXKACHUE CHU-
CTEMBI.

Ecnu xommanus He 1m03a00THTCSI 00 apXUTEKType CBOETO MPOEKTa 3apa-

Hee, TO BHECEHHE HOBBIX ()YHKIIUU U U3MEHEHHUE YXKe UMEIoIIMXcs 0yaer 00xo-
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JIATCSL BCE OPOXKE, U B PE3YyJIbTATE U3MEHECHUE TaKOM CUCTEMbl WIM €€ JacTen
OyZeT TOPOTOCTOSAIINM WU JTa’Ke HEBO3MOKHBIM.

O0001meHHbIe TPYAOBbIE PYHKIMH:

«A. Co3nanue BapHaHTOB APXUTEKTYPbl IPOrPAMMHOTO CPEJICTBA

B. JlokymeHTHpOBaHNE apXUTEKTYPhI TPOTPAMMHBIX CPE/ICTB

C. Peanu3zaiusi mporpaMMHBIX CPEICTB

D. Onenka Tpe6oBaHuil K MPOrpaMMHOMY CPEICTBY

E. Ouenka u BEIOOp BapuaHTa apXUTEKTYpPbl IPOrPAMMHOTO CPEICTBA

F. KoHTposp peanuzanuu nporpaMMHOTO CpeJcTBa

G. KoHTpob COPOBOXKICHUS TPOTPAMMHEBIX CPEIICTB

H. Onenka BO3MOXKHOCTH CO3[aHUsI apXUTEKTYPHOTO MPOEKTA

[. YTBepxkaeHne u KOHTPOIb METOJIOB U CIIOCOOOB B3aMMOJIEHUCTBUS MPO-

TPaMMHOIO CPEJICTBA CO CBOMM OKPY>KEHUEM.

J. MoaepHu3anys nporpaMMHOIO CPEACTBA U €r0 OKPYKEHUsI». [2, ¢.4]

Heo0xogumbie HABBIKH

ApPXHUTEKTOpPY MPOrpaMMHOI0 00€CIIEUeHUs B CBOEH AESTEIbHOCTH HEOO0-
XOJUMO BIIQJIETh Kak MpodecCUOHATbHBIMU TEXHMUYECKUMHU HaBBbIKAMH, TaK U
HABBIKAMH MEXJIMIYHOCTHOTO OOIIEHUS JIJIsl pabOTHI C TPYITION pa3pabOTINKOB
B3aUMOJICUCTBUS C KIMEHTAMU. APXUTEKTOPY MPOrpaMMHOr0O oOOecredeHus
TaKk)Ke HEeo0XoauMo 00safaTh YrUIyOJEHHBIMH 3HAHUSIMU TEXHOJIOTH, COBpE-
MEHHBIX TE€HIECHIMI, TPEHJ0B U UMETh MPEJICTABIIEHHUE O TPOUCXOASIIUX U3Me-
HEHUSIX U OOHOBJICHUSX B 00JaCTH MH(POPMAIIMOHHBIX TeXHOJIOTUN. B mo6aBok
apXUTEKTOP JOJDKEH 00J1ajaTh 3HAHUSIMHU B 00JIaCTH YIPaBJICHUS, TICHXOJIOTHH,
KOMMYHUKAIIMH U J1axke (PUHAHCOB.

[TockombKy pOJIb apXUTEKTOpA MPOTPAaMMHOTO 00ECTIeUeHUsT HACTOIBKO
pa3HooOpasHa, OHU JTOJDKHBI 00J1a1aTh MIMPOKUM CTIEKTPOM HABBIKOB U YMEHUH,

TaKHUX KaK:
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I'nybokue mexnuueckue 3uanus. Apxutekrop 110 sBaseTcs: TeXHUUESCKUM
PYKOBOAMTENEM MPOEKTa U JIOJKEH 00JIaaTh MOTHOMOYUSMU MPUHUMATH TEX-
HUYECKUE PEIIEHUs, TOJDKEH BJIaJIeTh 3HAHUAMU Pa3HbIX TEXHOJIOTMYECKUX CTe-
KaX Ha BBICOKOM YpOBHE U XOpPOUIO pa30upaeTcsi B HECKOJIbKUX Apyrux. Yem
riy0)ke 3HaHHUS apXUTEKTOpa B MPEAMETHON 00JIacTH, TeM Jydlle OH Oynaer
MPOEKTUPOBATH U PEATU30BATH CUCTEMY.

Omeemcmeennocmo. Apxurektop I[1O mnopnepkuBaeT KOHTPOJIb HaJ
KU3HEHHBIM LIUKJIOM apXUTEKTYphl, YYUTHIBAET MHOKECTBO BApUAHTOB U LIEJIEH,
IPOJYMBIBAET ONTUMAJIbHbIE PELICHUSI. APXUTEKTOP HECET OTBETCTBEHHOCTh HE
TOJIBKO 32 TEKYILEe COCTOSIHME, HO U 3a BECh ITPOEKT B 1Ies1oM. Beap ycnex npo-
€KTa TECHO CBsi3aH C JIEWCTBHUSIMHU apxutektopa. Hampumep, Ha ucmpaBieHHe
omnOKu pa3paboTUMKa MOXKET YWTH HECKOJIBKO JTHEH, TO BOT Ha MCIPABIICHUE
omnOku apxutektopa 110 MOXeT 3aHATh HECKOIBKO JIET paboThl U PECypcoB
KOMITaHUH, B 3aBUCUMOCTH OT CJIO’KHOCTH TPOEKTA.

Kommynuxabenbnocmoy. XOpolwnid CHEHMUAINACT JTOJDKEH YMETh pa3roBa-
pUBaTh C KJIMEHTAMU Ha Si3bIKe OM3HEca, MEHEIKEpaMHu BCEX YPOBHEH, aHaM-
TUKaMH M pa3pabOTUYUKaMU Ha CBOMX fA3bIKaX. APXUTEKTOpP JOJDKEH y4acTBO-
BaTh B IPYIIOBOM IUIAHUPOBAHUH, IEPETOBOPAX, OOCYKICHHUIX, COBEIIAHUSIX C
3aKa34MKOM, CIopax.

Ananumuyeckue cnocoonocmu. Taxxe u3 HamboJee BaKHBIX HABBIKOB
MO>XHO OTMETHUTh CIIOCOOHOCTh apXUTEKTOPA MPEACTABIATh aOCTPAKTHYIO 3a]a-
4y B BHJI€ HEKOTOPOIr0 OOBEKTA CUCTEMbBI, KOTOPBIM MOXKET OBITh OLIEHEH, CIPO-
eKTUpOBaH U pa3pabotan. Apxurekrop 1O nomkeH ymers codupaTh U aHaJIU-
3UpOBaTh MHPOPMALINIO, TAKXKE, OMUPASICh HA UMEIOIIMICS OMbIT, JyMaTh BIIE-
pén, IpeaBUAETh U PelIaTh TPOOIEMbl, TPUHUMATH IPABUIIbHBIC PELICHHUS.

Yemotiuueocmos k cmpeccy. V3-3a BBICOKOW OTBETCTBEHHOCTH, PUCKOB U

OO0IBIINX HOCJ'IGIICTBI/II\/’I oT OIIII/I6KI/I, APXUTCKTOPLI IIPOIPaMMHOI'O oOecrneueHus
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JOJDKHBI 00J1aJ1aTh CIOCOOHOCTH CIIOKOWHO MPEO0JIeBATh BOSHUKAIOIINE TPY/I-
HOCTH, MHOYKECTBO MHTEJUIEKTYaJIbHBIX U OMOLMOHAIBHBIX HATPY30K.

I'ne n kak mosryuuTsh npodeccuro?

Yro6sl crath apxutekTopoM [1O, HykHO OyneT NpoABUTaTHCS MO Kapbepe
B UT chepe. PaboTonatenu oObIYHO TpeOYIOT HOCTATOYHO BBICOKHE TEXHHYE-
CKM€ 3HaHUs, YTOOBI XOPOILIO BHIMOJHATH POJIb APXUTEKTOPA U JIHIepa KOMAH/IbI
pa3pabOTUYNKOB.

BonpmmHCTBO paboTonaTeneil TpeOYIOT MOCTOSHHOTO O3HAKOMIJIEHUS C
NOCJIETHUMU HU3MEHEHUSIMU B MPOrPaMMHOM OOECHEYEHHH M TeXHOoJIorusix. B
3aBHCHUMOCTH OT paboTonatens pabOTHUK MOXETe ObITh OTIIPABJICHBI HA KyPChI
O MOBBIIIEHUIO KBATU(PUKALINH.

Tpebosanus k obpazosanuto u ooyuenuro. 1o 60NbIIEH YacTH apXUTEKTO-
pBI IPOTPaAaMMHOT0 O0ECTIeUeHUsI UMEIOT, 0 KpailHel Mepe, CTeleHb OakanaBpa
B KOMITBIOTEPHBIX CHCTEMAaX M TEXHOJOTUSIX, MPOrpPaMMHON HH)XEHEPUM WU
CMEXHBIX 007acTIX. DTO MOTYT OBITh KOMIIBIOTEpHASI MHXEHEPUS WM HayKH,
cUCTeMBbI yrpaBieHusi nuHdopmanuei, pazpadotku [10. Ho momumo storo cne-
UAJUCT JOJDKHBI UMETh ONBIT PabOThl CO CIOXHBIMHU MPOTPAMMHBIMH MPOEK-
TaMH.

Bakancum. B pesynbrare aHanuza pelHKa TpyJa, ObLI0 HalaeHo (Ha ar-

penb 2019 roga): 537 Bakancuu 1o Bcedl Poccun.

N3 Hux:
. B Mockse — 242 BakaHcuit
. B Cankr I[lerepOypre — 102 BakaHcwHii
. Bo Bnagumupe — 5 Bakancuun

. B CIIIA 36264 Bakamcuii (13 Hux 1689 B Hplo-Hopke, 1365
B Can-®panuucko, 1116 B BammHrrone)
3apaboTHas miIaTa, KOTOPYIO IOJIy4aeT apXUTEKTOP HPOrpaMMHOIO

oOecrieyeHns 3HAUYMTENbHO BBINIE, YEM y JIPYTUX CIEHUATUCTOB B cepe HH-
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(dbopMalMOHHBIX TE€XHOJOTUH. OHAKO KaHAUAATOB Ha JaHHYIO MPOQECCUI0 HE
TaK MHOTO, 110 CPAaBHEHHIO C APYTHUMHU MPOQPECCUsIMHU, TaK KaK cama 1mo npodec-
CUsl OYEHb CJOKHA. Beap CTOMT Takke MOHMMATh, YTO APXUTEKTOPHI — 3TO
Jy4IIUE TPOrPaMMUCTBI U pa3pabOTUHKH.

Ha nannwiit MomenT (2019 ron) cpenusst exemecsiyHasi 3apruiata B Poc-
CHUU apXUTEKTOpa MporpaMmmMHoOro oodecrieueHusi coctapisier oT 250.000 pyoiieit
1o 800.000 py6neit. B CIIIA mpodeccust apxurekropa 10 sBrisercs ogHOM U3
CaMbIX OIUIaYMBaeMbIX Mpodeccuii B chepe MHPOPMAIMOHHBIX TEXHOJOTHH,
CHeuanrcThl mosrydarot ot 45.000$ 10 270.000$ B roz.

BeiBoa. [Ipoananu3upoBaB CymHOCTh U OCOOEHHOCTHU TMpodeccuu, MOXK-
HO CJIeJIaTh BBIBOJI, YTO aPXUTEKTOP MPOrPAMMHOT0 00ECTIEUeHUS — 3TO IKCIIEPT
o pa3pabOTKe W MPOECKTUPOBAHUIO MPOTPAMMHOTO CPEACTBA, 3aHUMAFOIIIHIACS
MPUHATHEM PEIICHUI Ha BHICOKOM YPOBHE, M JUKTYIOT TEXHUYECKHUE CTaHIap-

Thbl, HHCTPYMEHTHI U MJIaTHOPMBI.
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B Hacrosmumii MOMEHT npouecc HH(OpMAaTH3alMKU 00IECTBA UAET yAap-
HBIMU TE€MIIaMH U WH(OPMALMOHHBIE TEXHOJOTMU MPOHUKAIOT BO BCE Cepbl
KU3HU 4YEJIOBEKA, YTO, OE3yCIIOBHO, MO3BOJIAET OOJErYUTh HEKOTOPBIE PYTHUH-
Hble fena ¥ 3aaadn. OTHOM U3 TaKUX 3a]ad sIBJIAETCS B3aUMOJECUCTBUE IPaKIa-
HUHA CO CBOMM rOCYJapCTBOM, TO €CTh BIAacTbhi0. IMEHHO ISl 3TOTO M CO3/a-
BAJICSL NMPOEKT «JIEKTPOHHOE IPABUTEIBCTBO», KOTOPBIM IPOIOJIKAET pa3BU-
BaThCSA U MO celt aeHsb [1, 2, 3]. B nanHoii ctaTthe OyAyT pacCMOTPEHBI OCHOBHbBIE
TE3MCHI U TOJIOKECHMSI, Kacaroluecss DJIEKTPOHHOIO MPaBUTENILCTBA, Kak B Poc-
cuiickon denepanuu, Tak U B MUpE.

DNEKTPOHHOE MPABUTEIBCTBO — ATO MAKET TEXHOJIOIMI M COMPOBOKIAIO-
M€ €ro OpraHU3alMOHHbIE pELIeHUs, o0ecneuynBarollue HOPMAaTUBHO-
IPaBOBYIO OPraHU3alMI0 B3aMMOJIEHCTBUS MEXy OpraHaMu rocyJapCTBEHHOM
BJIACTH PA3JIMYHBIX BETBEW BJIACTH, I'PaKJaHAMHU, OpraHU3aLUSIMHU U JAPYTHUMH
CyOBbEKTaMU SKOHOMHUKH. ['0OBOpSI IPOCTBIM SI3BIKOM, DJIEKTPOHHOE IIPABUTEIb-
CTBO — 3TO CHCTEMa, MEPEHOCAIIEE BCIO OIOPOKpaTHUECKYI0 paboTy B nH(pOpMa-
LIMOHHYIO CpEelly, YTO, KOHEUHO K€, CUJIBHO €€ yIpOLIAaeT M YCKOpseT. JTO
OPUHLMIINAIBHO HOBBIM YPOBEHb B3aMMOJIEHCTBUS, KOTOPBIM OOecrneunBaercs
Onmarogaps ILIMPOKOMY MPUMEHEHHIO HH(POPMAIMOHHO-KOMMYHUKAIIMOHHBIX
TEXHOJIOTUH.

[lepen 37EKTPOHHBIM NIPABUTENBCTBOM CTaBATCS TAaKWE 3aJadyd, Kak:
YIPOILEHNUE U YCKOPEHUS] OKa3aHUsl yCIIyI HACEJIEHUIO U OM3HECY, BOBJICUCHUS
rpaXK1aH B IPOLECC CaMOOOCITYKHBaHUs, MOBBIIIEHUS YPOBHS TEXHOJIOIHMYE-
CKOHM TpaMOTHOCTH HACENEHUS, MOBBIIIEHHE MOJIUTUYECKOW aKTUBHOCTH M30U-
pareneil W, COOTBETCTBEHHO, IOBBICUTH YPOBEHb BOBJICUCHHOCTH TpaKJaH B
yIpaBieHUE CTPAHOM M CHHU3UTH BIUSHUE Teorpauyeckoro MOJOKEHUs Ha
rpaxkaaH. BmecTe ¢ 3TUM 3JIEKTPOHHOE MPABUTENBCTBO JTOJKHO 00ECIEUHTh MO-
BbIllIeHUE 3()(PEKTUBHOCTU U, HAOOOPOT, CHUYKEHHUE 3aTPATHOCTU aIMUHUCTpPHU-

pOBaHUS, KAPAUHAIBHO U3MEHHUTh CHUCTEMY B3aMMOJEHCTBUSA MEXY OOLIECTBO
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U TIPABUTEIBCTBOM, IyTeM €€ nepeHoca B chepy HHPOPMAILIMOHHBIX TEXHOJIOTHA
U YKPEIUISITh JAEMOKPAaTUYECKUN PEXKHM B CTpPaHE, IMOBBIIAS YPOBEHb OTBET-
CTBEHHOCTH BJIACTH Mepe]l HapOI0M.

DNEeKTPOHHOE MPABUTENILCTBO JIOCTUTAET OJHY M3 OCHOBHBIX LI€JIEH MPO-
rpammbl «MHGOpMaMOHHOE 00IIECTBO», & UMEHHO BOBJIEKACT JIFOJECH B WC-
M0JIb30BAHUE AJIEKTPOHHBIX TOCYCIYT, MO3BOJISAsI, HApUMep, 0hOpPMIIATh TOKY-
MEHTBI U BBITIOJIHATH JTIOOBIE ONEpaIiii, B TOM YHCIIE U IIATEKHbIC, HA KOMITh-
I0TE€pE, YTO YMEHBIIIAET KOJIMYECTBO OyMaXKHOW BOJOKHUTHI U OIOPOKPATUUECKUX
NPENsSTCTBUN, TEM caMbIM oOjierdast Juisi TpaK[aaH B3aUMOJICUCTBHE C IpaBU-
TeJIbCTBOM [1].

OO6uiecTBeHHON (PYHKIIMEH 3JEKTPOHHOTO MPABUTENBCTBA SABIAETCS, Kak
y’ke ObUIO CKa3aHo, 0OecreyeHne B3aMMOACHCTBUS TOCYIapCTBA M Pa3IMYHBIX
yacTeil 0O0IecTBa, MOATOMY BHYTPH CamMoro OJEKTPOHHOTO TPAaBUTEIbCTBA
MPUCYTCTBYIOT YETHIPE CXEMbI B3aUMOJICHCTBU:

1) G2C — B3aumoaeiicTBHE TocyaapcTBa U rpaxaannHa (Government — to
— Citizens);

2) G2B — B3aumojelicTBue rocyaapctBa u ousneca (Government — to —
Business);

3) G2G — B3auMOAECHCTBHE MEXIY pa3IMYHBIMH BETBAMH Biactu (Gov-
ernment — to — Government);

4) G2E — B3aumopeicTBHe rocyiapcTa u ero ciyxamux (Government —
to — Employees).

PaccmoTpum ucTOpUIO pa3BuUTHA DJIEKTPOHHOTO MpaBUTEILCTBA B Poc-
cuiickon denepamnuu.

Hauanom co3naHus 31€KTpOHHOIO INpaBuTeNbCcTBA B Poccniickon Pene-
paruu MOKHO cunTath naty 15 mexabpst 2009 rona, korma B cetu «MHTEpHET»
OBLI 3amyIleH eIUHBIA opTall rocycuyr [4]. Munuctpom cBsizu Mropem Ilero-

JIEBBIM Ha CJEAYIONIUI JIeHb ObLI OTMEUEH HEBEPOSATHBIA YpOBEHb HHTEpECa
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rpaX1aH K JaHHOMY PECYpCy, @ UMEHHO YX€ 4epe3 HECKOJIbKO 4acoB padOThI
nopTana KOJUYECTBO MOCETUTENEH B ceKyHay nepeBaimwio 3a 1000 yenoBek, a
3a IEPBYIO0 HOYb €ro CYIIECTBOBAHMS KOJMYECTBO KIMKOB, COBEPIIAEMBIX I10JIb-
30BaTeJISIMM, IPEBBICUIIO MUJUIAOH.

B 2010 roay mpow3oLUIO pACIIMPEHUE BBIYUCIUTENIBHBIX MOIIHOCTEH
AJIEKTPOHHOI'O MpaBUTENbCTBA. OCHOBY COCTaBWJIO O0OPYIOBAaHUE KOPIIOPALIUU
IBM, Enunblii mopTan rocy1apcTBEHHBIX M1 MyHULIMTIATBHBIX YCIYT TOTpeOOBa
JBaJIIaTh IIECTh HOBBIX CepBEpOB, a CHcTeMa MEXBEIOMCTBEHHOIO JIEKTPOH-
HOT'O B3aUMOJICHCTBUS OTpeOOBaia MATh.

B 2013-2015 roga pa3BuTHe 31€KTPOHHOIO MPaBUTEILCTBA IO B IITAT-
HOM pexuMe, He cuuTas HeaopaboTku «Pocrenexkoma» B chepe MOOMIBHBIX
npwioxeHuil B 2014 roay, a MMEHHO OTCYTCTBUE MPUIIOKEHHMSI ITOpPTaIa rocyc-
JYT JUJ1s1 TUIAHIIETOB, OJJHAKO ObLIO CO3/IaHO MPHIJIOKEHUE I CMapT(POHOB.

B 2016 rony HaunHaeTcs ocymiecTBiieHre mpoekta «I'ocobsakoy», TO eCTh
NEPEHOC CYIIECTBYIOIIUX U MEPCHEKTUBHBIX TOCYNAPCTBEHHBIX MH(OPMAIOH-
HBIX CUCTEM B €JUHYIO0 HH(PACTPYKTYPY IEKTPOHHOTO NPABUTENIHCTBA.

B 2017 rony «Poctenexkom» BHOBb Ha3HA4aeTCs €IMHCTBEHHBIM HCIIOJI-
HUTEJIEM paboT MO Pa3BUTHUIO JIEKTPOHHOTO IMpaBuTeNnbcTBa. Kammnanus 3aHu-
MaeTCsl pa3BUTHUEM €JUHOTO IOpPTaJla TOCYCIYT, CUCTEMBI MEXBEIOMCTBEHHOIO
AIIEKTPOHHOTO B3aMMOJEUCTBUS, €AWMHOW CUCTEMBI HOPMATHUBHO-CIPaBOYHOU
UH(pOpPMAIMU ¥ CUCTEMbI HACHTU(PUKALUY U AyTEHTU(PUKALUH.

CTpyKTypa 3J1eKTPOHHOI0 IPABUTEILCTBA

CepaueM DIIEKTPOHHOTO NMPABUTENBCTBA SIBISETCS YK€ Ha3BaHHBIN BbIIIE
EnunbIi mopTan rocy1apCTBEHHBIX 1 MyHUIMIIAIBHBIX yCIYT [4], B KaXKI0M pe-
TMOHE HAXOJIMTCS €ro KJIOH, Ha3blBAEMbI «PETMOHAIBHBIA MOpPTaj rocynuap-
CTBEHHBIX YCIIyT», Pa3MEIIAONINICS HAa MOAJOMEHE CBOET0 «MATEPUHCKOTO»
nopTraja v NpeJOCTABIIIONINN YCIYyTrd 10 KOHKPETHOMY peruoHy. «Pernonans-

Hast CUCTCMaAa MCKBCIOMCTBCHHOI'O JJICKTPOHHOTI'O B33HMOHCﬁCTBHH)), obecme-
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yuBaronas paboTy BEAOMCTB BHYTPH CyObekTa, «TWIIOBOE pellleHune MeKBe-
JIOMCTBEHHOTO B3aUMOJICHCTBUS» aBTOMATU3UPYET MOJyueHrue u o0paboTKy 3a-
pocoB 4depe3 CucreMy MeEXBEIOMCTBEHHOI'O JJIEKTPOHHOI'O B3aMMOJEHUCTBHS
0T (henepanbHBIX OPraHOB BJIACTH, a TAKXKE MOJATOTOBKY 3allpOCOB K HUM U IO-
nyuyeHnue otBeToB oT HUX. CepBuc «lIpenoctaBnenue cenenuil ains Oenepans-
HBIX OPTraHOB HCIIOJIHUTENIBHOM BJIACTU» 00€CIEUYUBAET PEIOCTABICHUE CBEJIE-
HUW OT PETMOHAIBHBIX OPTaHOB BJIACTH B anpec denepanbHbix. CepBuc «3ampoc
cBefeHnit oT deepanabHbBIX OPraHOB MCIIOJIHUTEIBHON BIACTH» O00ECIIEUUBAET
NOJIyYEHHUE CBEACHUN OT (peIepalIbHBIX OPraHOB BJIACTH B aJJpEC PETUOHAIIBHBIX.

B naHHBIE MOMEHT COCTOSIHME DJEKTPOHHOIO NpaBUTENbCTBA B Poccuii-
ckoi Penepanyuy HAXOAUTCS Ha JOCTATOYHO BBICOKOM ypoBHe. Hampumep, pa-
0oTaeT cucremMa UAECHTU(PUKALUN U ayTeHTH(PHUKAIMU, 00ecreunBarolas B3au-
MOJEMCTBUE TPAXIJaH M IPABUTENIBbCTBA 4epe3 ceTb «lHTepHer». bmaromaps
KOMAaH/I€ CHELMAIUCTOB, OCTOSIHHO CIAEASINX 32 (YHKIIMOHUPOBAHUEM CHUCTE-
Mbl, BO3HUKAIOUIUE HEMOJIAJIKH YCTPAHSIOTCS TIOYTH MTHOBEHHO, a U3-3a OT3bI-
BOB I0JIb30BaTeNIell BHOCATCA pa3HOOOpasHble yinydmeHus. CtaOuiabHO paboTta-
er CucreMa MeXBEIOMCTBEHHOIO DJIEKTPOHHOTO B3ammonencTBus, 4To I03-
BOJIIET TpakJaHaM n30eraTb OyMa)KHOW BOJIOKUTHI U Otopokpatuu. [1o rpyObim
OlLlIEHKaM, Onarojaps cucreMe yaaercst u3dexarb 0pOpMIIEHHUS 10 TECATH MUJI-
JMOHOB OYMa)KHBIX TOKYyMEHTOB €KETHEBHO.

BriBOI

Cucrema OJIEKTPOHHOTO IIPABUTEIBCTBA — OJHO M3 CaMbIX BaXKHBIX
HaIpaBJIEHU B CEKTOpe MH(OPMALMOHHBIX TeXHOJIOTul. brarogaps orpomHo-
MY CIIEKTPY YCIYT, OHa YK€ IT03BOJIAET rpa)kAaHaM 00JIErYuTh CBOE B3aUMOAEH-
CTBHE C BIIACTHIO, a MPABUTEILCTBY — YCKOPUTH CBOIO pabory. B Oymymiem,
HECOMHEHHO, CHCTEMa MPOJOJIKUT PAa3BUBATHCS M IO3BOJUT IOJHOCTBIO HC-

KJIFOUUTH OIOPOKPATHIO U OYMa)KHYIO BOJIOKUTY U3 TTOBCEAHEBHOM JKU3HU.
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Abstract: The article describes the general characteristics of the profession
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from the professional standard. The main levels of interaction are considered.
The purpose of the profession is highlighted. Prospects of development of this
profession are allocated.
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JAHHBIX, 00JIAYHbIE CEPBHCHI.
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C KaxmpIM TOJIOM TOSIBJISIETCS Bce OoJbIlie U OoJibie mpodeccuii, oxBa-
TBHIBAIOIIMX pa3Hble cTOpoHbl cheprl UT. OnHa u3 Takux npodeccuii — cnenua-
JIMCT 110 MHTErPalliy IPUKIIAJHBIX PELICHUM.

Axmyanvnocms TaHHOW MPOQPECCHH 3aKIIIOYAETCS B TOM, YTO B CBSI3U C
uHpopMaTu3alyen o0IIecTBa OJHOMY YEJIOBEKY OYEHb CJIOXKHO CIPABUTHCA C
KPYIHOH 3a7auel, MOATOMY HEOOXOAUMO pa3/ieJieHHe 00s13aHHOCTEH.

HNuTerpanuus npuxkiaaaueix cucrtem npeanpusatus (EAI — Enterprise

application integration) — ucrnosis3oBaHue nporpammuoro odecnedenus (I10) u
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ApPXUTEKTYPHBIX MPaBUJI KOMIBIOTEPHBIX CHCTEM, YTOOBI COEIMHHUTH KaKOE-TO
KOJIMYECTBO KOMITHIOTEPHBIX MPHIIOKCHUN KOMITAaHUH.

ITocne toro, kak B 1960-x rT. OBICTPO NMPHUHSIU 0a3bl JAHHBIX, KOHEYHO
ke, MOSBUIIACh HEOOXOAUMOCTb B UX JIEJICHUU WJIU «coequHeHun». OauH 13 Ba-
PHAHTOB CO3/1aH HA OCHOBE OPTaHU3ALNU XPAHUIUL OAHHBIX.

OpHa U3 IIaBHBIX CTOPOH B OM3Hece U cepe MHPOPMAIMOHHBIX TEXHO-
JIOTHI — 3TO UHTETPALUS NPULOHCEHUU UHDOPMAYUOHHBIX CUCEM U 00AUHBIX
cepaucos.

JlocTaToOYHO aKTyallbHa CTAHOBUTCS UHmezpayus 00JaUHbIX CEPBUCcO8 KaK
MEXIy CO0OM, TaK U C JIOKAIbHBIMA WH(POPMAIMOHHBIMU cucTeMamu. [Ipen-
NPUATHS, HAJCIOIIMecs HAa BHYTPEHHUE BBIUUCIUTEIbHBIE BO3MOMXHOCTH, BO
MHOTOM YCTYMArOT NPEANPUSITHSIM, WHTETPUPYIONIUM TPUIOKEHUS KaK Co0-
CTBEHHBIX HH(POPMAIIMOHHBIX CUCTEM, TaK U TYKHUX.

Ouens TpyaHas 3ajadya — coeMHeHue ycrapeiuei [T-uHppacTpyKTyphl,
OTIPEICTICHHOW TI0 TPUHIIMITY CHCTEM, TIOJYYCHHBIX MPEABIAYIUMU TOKOJIEHH-
MM, C HOBEHIIMMH MPUIIOKEHUSIMU U OOJIAYHBIMH CEPBUCAMHU IO CTPYKTYpE
IaaS (Infrastructure as a service — BeIuHMCIUTENbHAS HHPPACTPYKTYpa (CEpBEPHI,
XPaHWIWIIA TaHHBIX, CETH, ONEPAITMOHHBIC CUCTEMBI), KOTOpast IPEIOCTABIISACT-
Csl KJIMEHTaM JJisl pa3BOpAYMBAHUs U 3allycka COOCTBEHHBIX MPOTrPaMMHBIX pe-
menuit) u SaaS (Software as a service — mpusIOKeHUsI, pabOTarOIINE B OOJIAKE,
JOCTYI K KOTOPbIM KOHEUYHBIE MOJB30BATENH MOJIy4atoT yepes3 BeO).

Jlist Toro, 4ToObl 00ecneunTh (PYHKIMOHAIBHOE B3aUMOJEHCTBUE MPHU-
JIOKEHUN HYXHO TMOJIb30BATHCS OMKPLIMbIMU CIAHOAPMAMU U MEXHONOSUAMU.
Hckiouast 3TO, MCHOJB30BaHUE JAHHBIX TEXHOJOTHMH MOMOIaeT yMEHBIIHUTh
CBsI3b LIeHbI U 3 exTruBHOCTH UcTionb30Banus UT.

OTKpbITas CHCTEMA — «CHUCTEMa, KOTOpasi peayin3yeT OTKPHITHIC CIICIU-
dbuxanuu Ha UHTEPGENUCHl, CepBUCHI (YCIYTH CPeJbl) U MoaepKuBaemMbie Ghop-

MaThbl JaHHBIX, AJOCTATOYHBIC AJI1 TOIO, YTOOBI JAaTb BO3MOXHOCTHb AOJIZKHBIM
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o0pa3oM pa3pabOTaHHOMY MPUKIATHOMY MPOrPAaMMHOMY OOECIECYEHHIO OBITh
MEPEHOCUMBIM B IIUPOKOM JHANa30HE CUCTEM C MUHUMAILHBIMU N3MECHECHHSIMU,
B3aUMOJICUCTBOBATh C JIPYTMMH TMPUIOKEHUSIMHU HA JIOKAJBHBIX U YAAJIEHHBIX
CHUCTEMax, U B3aUMOJIEUCTBOBATh C IMOJIb30BATEISIMU B CTHJIE, KOTOPBIA 00Jier-
YaeT Mepexo Mojiab30BaTeNieil OT CUCTEMBI K cucTeme». Takoe onpeneiaeHne Obl-
na gano komuteroM IEEE POSIX 1003.0 (IEEE — Institute of Electrical and
Electronics Engineers (MHCTUTYT HH)XEHEPOB 3JEKTPOTEXHUKH U SJEKTPOHUKN);
POSIX — Portable Operating System Interface(nepenocumsiii uaTEpdEiic ome-
palMOHHBIX cuctem) [1].

YpoBHU B3auMOAEHCTBUS

Hopmamuenviii ypogens — noJipazyMeBaeT B3aMMOCBSI3b CUCTEM B OJTHUX
HOPMATUBHO-3aKOHOIATEITLHBIX YCIOBHSIX;

Opeanuzayuonnsiii yposeHb — SIBISETCS YacTbI0 OPraHU3allMOHHBIX ac-
NEKTOB (PYHKIIMOHUPOBAHUS HHPOPMALMOHHBIX CHUCTEM U MOAPA3yMEBAET
BHEJIpEHUE OM3HEC-TIPOIIECCOB U MOPSIKOB NX (DYHKIIMOHUPOBAHUS;

CemanmuuecKkuil ypogeHb — BBISBISET BO3MOXKHOCTh CHCTEM TaK»Ke pac-
MO3HABATh UJICI0 HHPOPMALIMH, KOTOPYIO OHU NEPEAAIOT APYT MEKIY IPYTOM;

Cunmarxcuueckuti ypogeHb — BBIABIAET CIIOCOOHOCTh TMEPEBOJA JAHHBIX
JIPYT MEXIY APYTOM, BOBMOXKHOCTh CUCTEM K BHEJIPEHUIO;

Texnuyeckuii ypogenb — YpETryIUpOBaHHE B3aUMOJCHCTBUI MEXIY CH-
CTEMaMHU.

OcHoBHbIE PYHKIIHOHAJIbHBIE 00J1aCTH

1. YrpaBneHue ycaoBUsSIMHU.

2. Co3gaHne MHTETPallMOHHOTO PEIICHUS.

3. Pa3BepThiBaHne/HACTPOMKA.

4. PyKOBOJICTBO pa3BUTHEM.

5. Ilomomip 3aka3yuka.

6. PykoBOJCTBO TOKYMEHTALIMEH.
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7. PYKOBOJICTBO COCTaBOM.

Utak, oxxumaeMplii pe3yabTaT paOOThl CHEIUATNCTA 110 UHTETPAIlUU TPH-
KJIQJIHBIX PEIICHUN — unmezpayuonnoe peutenue (pelieHre Ha TOW CTauu, KO-
I7la BC€ KOMIIOHEHThI MHTETPUPOBAaHbI U TPOTECTUPOBAHBI).

IlepcneKkTHBBI pa3BUTHA

[To mporHo3aM aHaJUTHUKOB PHIHOK yciayr B obnactu EAI craner Ham6o-
jgee ObICTpo pactymiedl dacthio peiHKA IT. CTaOMIBHBIA POCT MOCTYIICHUMN
oxxkunaerca ot peanuzanuu 110, npegHa3HauYeHHOTO AJI PEIleHUs 3ajad, CBS-
3aHHBIX C UHTETpaluen.

Osxupaercst CyIeCTBEHHbIA BCIUIECK B TAHHOM CETMEHTE B CBSI3U C pas-
BUTHEM TaKuX cepBHCOB Kak SenaaS m DaaS (Sensor as a Service, Data as a
Service). bonee Toro, HabmonaeTcss CyIIECTBEHHBIH POCT HECTPYKTYPHPOBAH-
HOUM MH(OpMAIUU, KOTOPBIN TpaHCHOPMHUPYETCS B CO3JaHUE HOBBIX TEXHOJIO-
ruit — Hanpumep, «Media Cloudsy.

Haubonee 61uszkue npogunu x npodeccun «CrnenuaaucT Mo HHTETpalyuu
NPUKIAAHBIX peleHu» — 370 «CUCTEMHBIN apXUTeKTOp» U «CUCTEMHBIN aI-
MUHHUCTPATOP».

[Tepeuncnum obodowennsvie mpyooesvie ynkuyuu v mpyoossvie ynKyuu
Ha Pa3JIMYHbIX YPOBHIX KBaIU(UKAIIH

«A. TexHudeckas moaepKKa MpoIeCCOB COMPOBOXKICHUS WHTETPAIOH-
HBIX PEIIECHUN

B. Texnuueckas nmojaepskka MpoueccoB co3aanus (MoauduKanum) UHTe-
IPallMOHHBIX PEIICHUN

C. BrinonHenue padoT 1o co3aanuto (MoauGUKaIMA) U COTPOBOXKICHHUIO
WHTETPAMOHHBIX PEIICHHMA

D. BeimosHenue paboT 1 ynpapieHrne padoTaMu 1Mo CO3AaHui0 (MOoaudu-

Kalliu) ¥ COMPOBOXKICHUIO HHTETPAIMOHHBIX pelIeHui» [2, c.4]
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4-i1 yposensv keanugukayuu

Monumopumne:

— @uKCcHpOBaHUE OTKJIOHEHUN OT pekruMa paboThl UHTETPALMOHHOTO pe-
HICHUS.

— 3amyck mporeayp KOHTPOJst pabOThl HHTETPAITMOHHOTO PEIICHHMS.

— Co3nanue periiaMeHTHbBIX OTYETOB O BBISIBICHHBIX OTKJIOHEHUSIX.

Paboma ¢ sonpocamu nonvzosamenei:

— Peructpanus 3arpocoB mnosib30BaTesei.

— OOpaboTKa 3aIpoCoOB MOJIb30BATEIICH.

— Co31aHne 0TYETOB HA OCHOBE 3aIIPOCOB IOJIb30BATENECH.

5-it yposensv Keanupuxkayuu

Tecmuposanue:

— 3amycKk HEOOXOIUMBIX TECTOBBIX MPOIEAYP C MCIOJB30BAHUEM TECTO-
BbIX JIAHHBIX.

— COop 1 aHanu3 pe3yabTaTOB TECTUPOBAHUS.

— CocraBiieHue perJaMeHTHBIX OTYETOB O pe3yJIbTaTaX TECTUPOBAHUS.

— YCcTaHOBJIEHHE CPOKOB BBITIOJIHEHUSI pa3JIMYHBIX 3a/1a4.

IIposeodenue ucnvimanuii:

— BrInosiHeHKne nporpaMMbl HCTIBITAHUN.

— COop u aHATU3 MOTYYSHHBIX PE3YJIHTATOB.

— CocTaBneHue periaMeHTHbIX OTYETOB Ha OCHOBE PE3yJIbTaTOB UCIIbITA-
HUSL.

— YcTaHOBJIEHUE CPOKOB BHITIOJIHCHHSI TIOCTABIICHHBIX 3a/1a4.

B600 6 sxcnnyamayuio:

— IloaroroBKa MHTETPAITMOHHOTO PEIICHUSI SISl BBO/IA B DKCILIyaTaIlUIioO B
COOTBETCTBUM TEXHUUYECKOU JOKYMEHTAITUH.

— HpOBe,Z[CHI/IC IMPpHUEMO-CAATOYHBIX HCIIbITAHUM.
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— IloaroToBka periiaMeHTHBIX JOKYMEHTOB Ha OCHOBE PE3yJIbTaTOB MO/I-
TOTOBKU BBOJIa B 3KCIUTyaTallli0 MHTETPALIMOHHOTO PEIICHUSI.

6-i1 ypoeens Keanugurkayuu

Iloooeporcka npoyecca coenacosanusi mpebosanuii:

— OreHka 3ampocoB HAHUMATENS K MHTETPALIMOHHOMY PELICHHIO.

— YcraHoBIEHUE BEPOSTHOCTH TOJYYEHUSI COOTBETCTBHUS MHTEIPALMOH-
HOTO PEIICHUS UCXOJHBIM 3allpOCcaM HaHUMATEIs.

— Opranuzanus (parMeHTOB TEXHHUYECKOTO 3arpoca Ha pa3paboTky (yco-
BEPIICHCTBOBAHUE) UHTETPALIMOHHOTO PEIICHUSI.

— OcBenomiieHHE HaHUMATENs O BO3MOXKHOCTSX M TEXHOJOTHSIX paspa-
00TKM (yCOBEpILIEHCTBOBAHMS) U BBEJEHUS B HUCIIOIb30BAHUE MHTETPALIMOHHBIX
pEeLIEHUN.

— AHanu3 U yTBepXkAeHHE pa3Mepa paboT U Meproa UX UCTIOTHEHHS.

Hacmporika:

— TloaroToBka OTOOpaHHON WHTErPAllMOHHON MMIATPOPMBI B COOTBET-
CTBUHU C TEXHUYECKUMU CrieU(DUKAUSIMU Ha HHTETPALIMOHHOE PEIlICHNUE.

— Co3gaHue nporpaMMHBIX MOJyJIEH, CEpBUCOB MU KOMIIOHEHTOB UHTETpa-
IIMOHHOTO pelIeHus Ha 0a3e OTOOpaHHOW WHTErPAIMOHHOMN TUIaTPOPMBI, PYKO-
BOJICTBYSICh TEXHMUECKUMU CHEIU(DUKAIUSIMU.

— BBenieHue MHTErpalnOHHOTO PeIIeHUs] K KOMIIOHEHTaM BHEIIHEH Cpeibl

— KoHTposb paboTocnocoOHOCTH MHTETPALIMOHHOTO PEIICHHUS.

— AHanmu3 U yTBEp)KJIECHHE Mepuoa HCIOJHEHHUs YCTaHOBJICHHBIX 3a]1a-
1505078

IIpasxa owubok:

— OlLleHKa HECOOTBETCTBHI YCTaHOBJIEHHOTO PEKKMMa pabOThl MHTETPALIH-
OHHOTO PELIEHUS U UX UCKIIIOUEHHE.

— 3aHeceHue yJIyYIIeHUH B MHTErPALIMOHHOE PEIICHUE ISl MCKITIOUECHHUS

OIIUOOK.
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— IIpuroroBneHne TEXIOKYMEHTALMA Ha YIYYLIIEHUE WHTErPALMOHHOTO
pEIIeHMs J1s1 UCKITFOUCHUS OIITHOOK.

Hanucanue mexooxymenmayuu:

— Pa3paboTka TeXAOKYMEHTAllMM Ha BBICTPAWBAHHE M HACTPONKY WHTE-
TPAlMOHHOTO PEIICHUS.

— Pa3paboTka JOKyMEeHTAIMH MOJIb30BaTelsl MHTETPAlMOHHOTO PEIICHHUS.

— Pa3paboTka mporpamMmbl ¥ METOJIMKH MPOBEPKU WHTETPAIIMOHHOTO pe-
HICHUS.

— Pa3paboTka TECTOBBIX KOMILUIEKTOB YCIIOBUW B COOTBETCTBHM C OTO-
OpaHHOU TIPOTPAMMON U METOIUKON MPOBEPKHU.

— AHanM3 U yTBEpP)KICHHUE MEPHOJIa UCTIOJHEHUS YCTAaHOBJIECHHBIX 3a]1a-
HHM.

BoiBog

[ToaBons UTOT, MOKHO CAENATh BHIBOJ, YTO pabOTa CIENUATUCTOM MO UH-
TEerpalyy NPUKIAAHBIX PEIICHUH HE TakK MPOCTa, KaK Kaxercs. Ha manHbld MO-
MEHT ATO XOpOIIIO OIjlayuBaeMasi nmpodeccus, HO BaKaHCHUIO OyAET 10CTATOYHO
TPYJIHO HAWTH.

B o00si3aHHOCTM crnenuanucTa Mo MHTErpalvd MPUKIAAHBIX PEIICHUH,
BXOJAT Pa3jIMYHbIE BUIBI JEATEIbHOCTH, TAKUE KAaK HANIMCAHUE PETJIaMEHTHpPY-
€MBIX OTYETOB, TEXHUYECKOW JOKYMEHTAIlMW, TECTUPOBAHWE, WCCIICIOBAHUS,
VCIIBITAHUS TIPUKJIAJHBIX PEIICHUM, a TaKXKE CBA3b C MOJIb30BATEISIMU IPUJIO-

JKCHUS ¢ BHCAPCHHBIMUA PCIICHUAMMU.

Cnmcok ucnosib3yeMoii JuTepaTypsbl

1. MaTerpanusi OpUKIaJHBIX CUCTEM MpEANnpUsTUA. [DIEKTPOHHBIN pecypc| —
ru.knowledgr.com — Pexum pgocryna: http://ruknowledgr.com/00520581/
(28.11.2018)

286



2. Ilpodeccuonanbubiii cTanaapT «CneuuaiucT Mo WHTErpalvi MPUKIaJIHbIX
peleHni», yTBEPKACHHBIN TPUKa30M MUHHCTEPCTBA TPYAAa U COLMAIBHOM 3a-
nuThl Poccutickoit denepanuu ot 05.09.2017 Ne 658H (3apeructpupoBad Mu-
HUCTEpPCTBOM tocTuliun Poccuiickoit @enepanuu 22.09.2017, peructpanuon-
Helii Ne 48309). [Onextponnslii pecypc] — Pexum goctyma: http:/spk-
it.ru/profs/. — Kox B peectpe 06.041. (28.11.2018)

YK 004.413
INPODPECCHUA «CIIEHUAJIUCT 11O UHOOPMAIINOHHBIM
PECYPCAM»
PROFESSION «INFORMATION RESOURCES SPECIALIST»

A.Jl. KOTOBA - crynentka, MHcTuTyT MHGOPMAIIMOHHBIX TEXHOJOTUHA U pa-
nuosnektponuku,  kadpeapa  UCIIMA, rpynma  ITIPU-118,  E-mail:
yuni.helm@mail.ru

C.1O. KUPUJIJIOBA — Hay4HbIli pyKOBOAWUTENb, K.T.H, JOI., Ipod. Kadeapsl
NCIIN, UaCTUTYT MH(DOPMAIIMOHHBIX TEXHOJOTUA M PaJMOdIEKTPOHUKH, E-
mail: sv-kir@mail.ru

A.D. KOTOVA - undergraduate, Vladimir state university, E-mail:
yuni.helm@mail.ru

S.Y. KIRILLOVA — candidate of technical sciences, Vladimir state university,

E-mail: sv-kir@mail.ru
Annoramusi: Onucanue npodeccun «CrenuaaucT Mo WHPOPMAITMOHHBIM pe-

cypcam», ee npodecCuoHaIbHOTO CTaHAapTa, BOCTPEOOBAHHOCTU JAHHOWU MpO-

dbeccuu U IEPCIEKTUB Pa3BUTHSL.

287



Abstract: Profession Information resources specialist is described, as well as its
professional standard, demand for the professionand the prospect for the devel-
opment of the subject.

KiroueBble cioBa: Crenanuct mo HHPOPMAIIMOHHBIM pecypcam, podeccus,
nH()OPMAITMOHHBIC TEXHOJOTHH, TPO(PECCHOHANBHBIN CTaHAAPT, PHIHOK TpPya,
MEepCIeKTUBbI pa3Buths [ T-cnenuanbHOCTEN.

Key words: Information resources specialist, profession, information technolo-
gies, professional standard, employment market,prospect for the development of

IT-specialties

B coBpemennom mupe IT-chepa siBasercss oqHOM M3 caMbIX OBICTpOpa3-
BHUBAIOUIMXCS HAa pbIHKE TpyJaa. IT-crnenuamucTsl MCHOAB3YIOT KOMIBIOTED H
nporpammHoe obecniedenue (I10) mns 3amuThl, modydeHus, XpaHeHus: U oOpa-
00TkH MHpOpPMAIMK, KaK B MaJIbIX MacliTadax, Tak U B MPOMBIIUICHHbIX, KakK,
Harpumep, padota ¢ 00beMHBIMU 0a3aMU JTAHHBIX.

PaccmarpuBast Takyro mpodeccuio Kak crnenuajuctT no umHGopManuoH-
HBIM pecypcaM, CTOUT, MPEXJe BCEro, OTMETUTh, YTO JIaHHASI KBaJIM(PUKALIMS
3aTparMBaeT HE TOJBKO CO3/aHME U BHEJIPEHHE NH(POPMAIIMOHHBIX CUCTEM, HO U
UX COIPOBOXJEHUE, YTO TpeOyeT OT ClenuanucTa yMeHus yOexaaTb, 00bsc-
HSTh, TOMOTATh COTPYAHUKAM B OCBOCHHH MPOTPAMMHOTO o0ecriedeHus u pabdo-
T€ C HUM.

PaccMmoTpum ocHOBHBIE 0COOEHHOCTH Mpodeccun, HE0OOXOIUMbIE K OCBO-
€HUI0 KOMIETEHUUH, a TAK)KE MPOAHAIU3UPYEM JAHHBIE C PA3IMYHBIX PHIHKOB
TpyJa.

IIpodeccuonanbHbIA CTAHAAPT CHEIHATUCTA IO UHPOPMALIMOHHBIM pe-
cypcam Obut yrBepxkaeH B 2014 r. Tloxg uHpoOpMaMOHHBIM pecypcamMu B OIHU-
CaHUU JIAaHHOM MpoQeccuu MoaApa3yMeBaloTCs coJep KaHus BeO-pecypcoB B TEK-

cTOBOM M Tpaduueckom Buze. Pabora crenmanucrta mo HHGOPMAITMOHHBIM pe-
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cypcam B Poccum »skBuBanmeHTHa TakuMm mpodeccusim kak «Web content
specialist» u «Digital Media Specialist» B MmexxnyHapoanbsix crangaprax IWA u
CWATL].

[Tepeuncnum 000011I€HHBIE TPYAOBBIE HYHKIIUU:

A. Pabota ¢ maHHBIMH, @ UMEHHO X 00pa0OTKa B ClIEUATHN3UPOBAHHBIX
MPUIOKEHUSAX, pa3MeIlleHHe dTO HH(POpPMAILIUK Ha CalTe.

B. PenaktupoBanue nHdopmanuu Ha cailTe U HOPMATHUBHBIM KOHTPOJIb
cozepxaHusi web-pecypca (T.e. JOJTOBpEMEHHAs MOJIep)KKa caiTa, HaroJHe-
HUE €ro aKkTyaJbHBIMH PECypCaMd IO JIAHHOM TeMaTUKE, MOJEpUpPOBaHUE O0-
CYXKJICHU/ Ha CalTe U T.1.)

C. Ynpasnenue (MEHEIKMEHT) WH(POPMAIIMOHHBIMH pecypcamMu (Hampu-
Mep, MOATOTOBKA OTYETHOCTH IO CAlTy, MOAAEPKKA MPOLIECCOB MOACPHU3ALINY,
U3MEHEHHUsl BHYTPEHHUX KOMIIOHEHT caifta ajsi obecrneueHus ynoocTBa U ObICT-
POAECUCTBUS IPU UCTIONB30BAHUU U T.1.).

Otu QyHKIMU TPeOYIOT YPOBEHDb KBaMH(pUKAKK OT 4 710 6, YTO O3HAYAET,
YTO JJIs1 Hayaja paboThl MO JAHHOW MPOQEcCHuu JOCTATOYHO CPEHEro CIelu-
allbHOTO0 OOpa30BaHUs WIM JUIUIOMAa 0akanaBpa, a B JalibHeWIeM Tpedyercs
OTBIT PaboThI OT | ro/a W/nuimu AUIUIOM MarucTpa [2].

Kpome Bcero npouero, B xoae oOydeHHs] OyQylIuid CEIHAINUCT TOJKEH
TaK)Ke 3HATh:

— SA3BIKM IIPOrPAaMMHUPOBAHMSI, ONEPALMOHHBIE CPEJbl, TEOPHUIO 0a3 JaH-
HBIX;

— MpOrpaMMHBIE U CETEBBIE CPEACTBA U IMIATPOPMBbI MHGPACTPYKTYPHI
MH(OPMAIMOHHBIX TEXHOJIOTUN IPEANPUATU;

— COBPEMEHHBIE CPEJICTBA MOJICIUPOBAHUS OU3HEC-TIPOLIECCOB;

— YCTPOWCTBO U (YHKIIMOHUPOBAHHE COBPEMEHHBIX HH(POPMAIIMOHHBIX
CUCTEM;

— COBPCMCHHBLIC CTaAHAAPThI I/IH(I)OpMaLII/IOHHOFO BBaHMOﬂeﬁCTBHH CHCTCM,
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— TEXHOJIOTUM U MHCTPYMEHTHI JIJIsl POBEJEHUSI KOMIUIEKCHOTO 00Ce10-
BAHUS NPEANPUATHS;

— TEXHOJIOTUU MEXJIMYHOCTHON U IPyNNOBOM KOMMYHHKALIMH B JIEJIOBOM
B3aUMOJENCTBUU.

Pouinok Tpyna ans IT-cnenpanucToB BecbMa OOLIMPEH B CHUILy TOTO, YTO
MHoTHe paboTonarenu He 00s3biBatoT [T-ciennanucToB K HAX0XKIEHUIO B 0hu-
ce KOMIaHUM, U padOTy MOXKHO BBINOJHATH yAanéHHo. Haumnarommii cnenua-
JIUCT 10 MH(OPMAIMOHHBIM pecypcaM UMeeT BO3MOXKHOCTh PACTU B BEPTUKAJIb-
HOM HAaIlpaBJICHUH: BEAYIIUMCIENUAINCT, [JIaBHBIMCIEHNUAINCT, PYKOBOAUTEND
otaena. Takyke MOKET ObITh COBEPIIIEH U TOPU3OHTANIBHBIN POCT, YTO MPEAroa-
raeT npuoOpeTeHre CHEUaIMCTOM HOBBIX YMEHUH U KOMIETEHIUH, KOTOphIE
OTHOCSITCSA K CMEXHBIM CIIELIMAIIBHOCTIM

CrarucTrKa N3BECTHEUININX OHJIAWH OMPK BaKaHCUH U (pUIaHca 1Mo JaH-

HOU CIIeIMAIbHOCTH MpuBeeHa B Tabi. 1 [3].

Ta6nuna 1 — bupxu Bakancuit u ppunanca Poccuu u mupa

bupxu tpyna | Kos-Bo BakaHcuii/ipeyioxeHui Cpennsist 3apaboTHas 1iaTa
hh.ru 1148 40 000 py®.
avito.ru 41 25 000 pyo.
indeed.com 722 40 000 pyO.
BaKaHCUU MPEIOKEHUS
fl.ru 313 <1000 Ot 1000 p 7o 50 000 py6.
upwork.com 11 460 Ot 5$ 103500 $
(ot 319 py6. mo 223 600 py6.*)

*T1o xypcy nomnapa va 17.04.19

IlepcnekTUBBI pa3BUTHA BUA P0G eCcCHOHAIBLHOM AeATEeJIbHOCTH

BaxHO MOHMMATh, YTO OCHOBHBIMH LIEIISIMU JACSTEIBHOCTU CHELUAINACTA
1o HH()OPMALIMOHHBIM pecypcaM ABIsOTCA [2]:

1. pacnpocTpanenue nHGOpPMaIIHH;

2. IPOABUXEHUE TOBAPOB U YCIYT;
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3. uHdopmanmoHHas oAePKKa OU3HEC-TIPOLIECCOB OpraHU3AIINI;

4. obecrieueHne 3PPEKTUBHOTO B3aUMOJACUCTBUA C MOTPEOUTENIMU MPO-
JTYKIIWH;

S. pa3BUTHUE DIIEKTPOHHON KOMMEPLIHH.

Bce atu cepsr ObicTpo pa3BuBarOTCA, Tak Kak Bce 0O0bILE U OOJIbIIE Op-
raHu3aluid W MOPEANpPUATHH, NPEIOCTABISIOIINX PA3IUYHOTO pOJa YCIYTH,
BKJIQJIBIBAIOTCSI B CO3JAaHUE 3JIEKTPOHHBIX MPEIACTABUTEIbCTB, TAKUX KAK CTpa-
HULBI B COLIMAIBHBIX CETAX, CAUTHI U mpodee. VM HyX HbI CIIEIUATIUCTBI, CIO-
coOHbIE TPAMOTHO CO3/1aBaTh U MOJACPKUBATh UHTEPHET-PECYPCHI.

K Tomy e, ¢ pacnpoCTpaHEHUEM TAKUX TEXHOJOTHUH, KAK CUCTEMBI JO-
MOJIHEHHOM peasibHOCTH, «VIHTepHeT Bemiel», peamm3auun «CeMaHTUYECKOTro
BeOa» U T.J. CHIEIHAIBbHOCTh BHIOM3MEHsETCS. M3MeHstoTCa Takke U TpeboBa-
HUS K TpodeccruoHaniaM, CTAaHOBSICh 0oJiee KOMITJIEKCHBIMH, y3KOHANpPaBICHHbI-
MU. Takke MPOrHO3UPYETCS MOSIBJIEHUE HOBBIX CHELUAJIBbHOCTEN, KOTOPBIE CBS-
3aHBl C MPOCKTUPOBAHUEM HH(GOPMAIMOHHBIX CTPYKTYpP BBICOKOTO YPOBHS H
Be0-CaliTOB, KOTOPBIE MPEMONIOKUTENBHO OynyT Ha3zbiBaThes «MHPOopMannon-
HBIMH apXuTeKkTopamm» [1].

BoiBog

Cneunanuct no MHGOPMAIIMOHHBIM pecypcaM — 3TO JAOCTATOYHO Pa3HO-
CTOpOHHSAS Mpodeccus, B KOTOPOH €CTh MECTO TBOPUYECKUM M PA3HOCTOPOHHUM
moasaM. OHa BKJIIOYaeT B ce0st paboTy ¢ TEeKCTaMu, cCallTaMu U UX HAOJHEHUEM,
a TAK)K€ UX CTPYKTYPHOU U rpaduueckoi COCTaBIISIONIEH.

CrnenmanvcTel B TaHHOU cdepe BechbMa BOCTPEOOBaHBI HA PHIHKE TPY/IA.
TeM He MeHee, CTOUT NOMHUTh, YTO HAYMHAIOIMINM CHEHHAIACTAM TPUXOINUTCS
JIOBOJIbCTBOBATHCSI MAJICHBKOM 3apabOTHOM IJIATOM, MMOKa OHU HE MPOSIBAT CeOs
Y HE IIPOJABUHYTCS MO KapbepHOU JiecTHULE. K TOMY ke, 4TO HEMaIIOBa)KHO, 3a-

pyOekHble KOMIIAHUU MpejyiaraloT Oosiee BBITOAHBIE YCIOBHS TpyAa M OoJiee
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BBICOKHE 3apa0OTHBIE TUIATHI, CJIEAOBATEIBHO, IPHU MMOMCKE BAKAHCHH HE CTOUT
OTPaHUYUBATHCS PYCCKUMU OHpKAMH TPY/a.

Kpowme toro, y mpodeccuu ectb Oyayiee, Tak Kak Bce 0oJibiiiee U 00b-
Iee PacIpOCTPaHCHHE TOJMY4YalOT CHCTEMBI JOMOJHEHHON peanbHOCTH, «H-
TEpHET BelIel» u TexHoJgoruu «CeMaHTH4YecKoro Beba», KOTOpble IPSIMO BIIHA-
IOT Ha BOCTPEOOBAaHHOCTH CIEIMAIMCTOB MO HMH(OPMAIMOHHBIM pecypcaM u
CHOCOOCTBYIOT Pa3BUTHIO CHEIHATBLHOCTH [4].

Bribupas nanuyro npodeccrio, CTOUT TOMHUTBH O BBICOKOW KOHKYPEHITUH
U O TOM, YTO CHEIHAIMCTy MTPHIETCS IMOCTOSHHO COBEPIICHCTBOBATH CBOU
HAaBBIKU U MOCTOSIHHO YYUTHCS YeMY-TO HOBOMY, Tak Kak IT-chepa pasBuBaercs
KpaitHe ObicTpo. KpoMe Toro, mpuaeTcs aymaTh HECTaHIAPTHO, YTOOBI HAUOO-
nee 3¢ (PeKTUBHO pelaTh MOCTaBICHHbIE 3a7aud. VIMEHHO CIelMamucThl C aHa-
JUTUYECKUM, HE3ayPSAHBIM CKJIAIOM yMa U CIIOCOOHOCTHIO K JJIUTEIbHON KOH-

HCHTPAaOuHU U MC}KOTpaCHCBOﬁ MHOT'03aJa49YHOCTH LICHATCA B I[aHHOI‘/’I C(I)Cpe.

Cnucok ucnosb3yemMoil JuTepaTyphbl:

1. IIpodeccuonanbubie cranmaptl B obnactu UT [DnekTpoHHBINH pecypc] —
[TosicuutenbHas 3amucka K MpoQecCHOHAIbHOMY cTaHAapTy «CrenuasucT o
uHpopmarmonHeiM pecypcamy» / cadt AIIKUT. Coet no npodeccuoHaIbHBIM
KBaJM(UKALMAM B 001acTH MH(POPMALIMOHHBIX TEXHOJOTHI. — PEKUM JIOCTyHa!
http://spk-it.ru/profs/

2. Ilpodeccuonanbupiii cranaapt «Crnenuanuct no WHPOPMAMOHHBIM PECYp-
caM», YTBEpPKIEHHBIM NPHUKa30M MuHHCTEPCTBA TPya U COLMAIBLHOM 3aLIUTHI
Poccuiickoii ®eaepanuu ot 8 ceHtsiops 2014 r. N 6291 (3apeructpupoBan Mu-
HUCTepcTBOM toctunuu Poccuiickoit @enepanyu 26 centsadps 2014 r., peru-
ctpatoHHbId Ne 34136) [OnektponHbIil pecypc]: nopran TAPAHT. — pexum
noctymna: http://base.garant.ru/70753336/#friends
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3. Crenpanuct o uHGOPMALMOHHBIM pecypcaM [DJIEKTPOHHBIN pecypc|: calT
[TPO®OPUEHTUP. Ilpodopuentaumonnsiii mopran Kyzbacca. — pexum go-
cTymna: http://proforientir42.ru/dt_profession/spetsialist-po-informatsionnym-
resursam/

4. Cnenuanuct no HHGOPMALMOHHBIM pecypcaM [DIEKTPOHHBIN pecypc]: calT
[lenTpa npodopreHTAIIUN «IIpodpI'umy. — pEXKUM JIOCTyma:

https://www.profguide.ru/professions/information_resources_specialist.html

VJIK 004.928
CO3JIAHUE BUJIEOPOJIMKA B BLENDER C IPUMEHEHUEM
CKEJIETHOU AHUMAIINA
CREATE A MOVIE IN BLENDER WITH THE USE
OF SKELETAL ANIMATION
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Annoranusi: Co3nansl 3D-Monenu B CBOOOJHOM M OTKPBHITOM MPOTPAMMHOM
obOecnieuenun Blender. J[ns aHuMupoBaHus Moneiel NpUMEHEHa CKelleTHas
aHMMAIIMS ¥ TEXHOJIOTHS KITIOYEBBIX KaJpoB. PeHaepuHr 3aHsu1 6 4acoB, co3fa-
HO 3 Buaeodaiina. Iy co3manus eIMHOTO POJIMKA MCIOIh30BaIACh MporpaMmma
KdenLive na onepaunonHoii cucreme Linux. CrenaH BBIBOJ O MOJb3€ MPHUMeE-
HEHUS CKEJICTHOW aHMMAaIliU TIPU CO3AaHUH BUCOPOIIHKA.

Annotation: 3D models are created in free and open Blender software. Skeletal
animation and key frame technology are used to animate models. Rendering
took 6 hours, 3 video files were created. To create a single video, KdenLive was
used on the Linux operating system. The conclusion is made about the ad-
vantages of using skeletal animation when creating a video.

KiaroueBble cioBa: ckenetHas aHumarums, 3D wmoxenuposanue, low-poly,
Blender, pennepunr.

Keywords: skeletal animation, 3D modeling, low-poly, Blender, rendering

BBenenue

Ceroguss 3D-MoaenupoBaHuE HIMPOKO MCHOJIB3YETCS IMPAKTUYECKH BO
Bcex cdepax KU3HU YeIOBEeKa, WU OJTHUM W3 HAIIPaBJICHUU SIBISETCS CO3IaHHE
BUJICO. A CKEJIETHasi aHUMallUs, B CBOIO OUepelb, ObICTPO CTAHOBUTCS OCHOBHOM
TEeXHOJOTMel annmMupoBanusa 3D-Mojesneli, B HECKOJIBKO pa3 yIpoliasi mpoiecc
CO3/IaHHS] aHUMALINH, KOTOPYIO MOKHO MCHOJIb30BATh JIJIs1 BUIEOPOJIHKA.

HUnesn

C MoMeHTa CBOEro MOSIBJICHUSI KHUTA BCErJa CUUTANIaCh HACTOSIIUM CO-
kpoBuuieM. OHa Bcerjga Obuia TOOPBIM JPYroM M COBETYMKOM desoBeka. Ho
KHHTA — 3TO HE 00JIOKKA M JTUCTKUA C OyKBaMH, a TOT CMBICI, KOTOPBIN KUBET B
Heil. [loaTromy MBI pemmnu co3aath HeOOIbIIOE BUACO 1Mo HazBanuem « World
in the book», pacckaseiBaromiee 0 ToM, YTO KHUTA — 3TO Ieabli Mup. MHTEpEec-

HBII ¥ yIUBUTEIBbHBIA MHUD.
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CroxeTr BUICO 3aKII0YACTCs B MYTEIICCTBUU MO MUPY, HAXOJAIIEMYCS B
kHure. B Hauasne poiauka MpOMCXOIUT MOTPYKEHNE U3 KOMHATHI B KHUTY, Jajee
MyTEIIECTBUE TI0 MUPY KHUTH BCJIE]T 32 OCHOBHBIM MEPCOHAXKEM U BO3BpAILICHUE
B KOMHATYy.

Coznanue moneneit. Komnara

B kadectBe mporpamMmbl A co3daHUs aHUMalMKM Mbl BeiOpasm Blender,
TaK Kak 3TO CBOOOJTHOE W OTKPBHITOE MPOrPAMMHOE OOECTICUCHHE ISl CO3MaHUS
TPEXMEPHON KOMITBIOTEPHON Tpaduku, KOTOpPOE MPEaOCTABIIET MHOTO BO3-
MOXHOCTEH ISl CO3J]aHUs U 3alUCH aHUMAaIIUH.

[Tocne TorO, Kak MBI OMPENESIIINCH C UACCH U CIOKETOM, HEOOXOIUMO
HayaTh pa3paboTKy mojeineil. CTuib, B KOTOPOM MbI OyaeM padoTtaTh — low-
poly. Tepmun Low-poly (oT anrnmiickoro low — HHM3KO 1 polygon — MOJUTOH)
MO/IPa3yMeBaeT WCIOJIb30BaHUE TPEXMEPHOW MOJENTH C HEOOJBIINM YHCIOM
MOJIMTOHOB [ 1].

JIyist Hayana Hy>KHO CO37aTh caMy KOMHATy, B KOTOpPOW HAaYMHAIOT Pa3BO-
pauuBaThCcs COOBITHA. Bce 00BEKTHI, HAXOMSIIMECS B KOMHATE, ObLIM CO3/1aHbI
u3 KyOa - cranaaptHoro oobekra Blender’a. Ilocne co3nanust KoMHaTBI HEOOXO-
JTUMO TIPUCBOUTH MaTepHaNl KaXJAOMY OOBEKTYy, Haxoxasmemycs B Held. CKpuH-

IIOTHI CO3/IAHHOW KOMHATHI IIPE/ICTAaBIICHbI HA pUCYHKE 1.

Pucynok 1. Monenb KOMHATBI
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Co3nanme mopesiei. Kapra

Jlanee HE0OXOIMMO CO3/1aTh MOJIETH, KOTOPbIE OyMyT 3amOHATh KapTy, a
TaKke CO3/1aTh NepcoHa)xa, Oeryiiero 1o 3toi kapte. Kapra 6yner urpats poib
MHpa, CYIIEeCTBYIOIEro B KHUre. CKPUHIIOTHl HEKOTOPBIX CO3JIaHHBIX MOJICIICH

IIPEICTABIICHBI HA PUCYHKE 2.

Pucynok 2. Hekotopsie co3/laHHbIE MOJIENIN

ITocne TOro, Kak ObLTH CO34aHbl OTACJIBHBIC MOJICIIH, HGO6XOI[PIMO CO-

OpaTh MX Ha OJTHOM KapTe JJIs Mocaeayomiend padoTsl (PUCYHOK 3).
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UtoObI co31aTh Jiec, HEOOXOAMMO MPOCTO CACIATh KOMUU MOJENEH nepe-

BbBCB WJIK CO31aTb MAaCCHUB JICPCBLCB, UCITIOJIb3YA MOI[PI(I)I/IKaTOP «Maccupy.

Pucynok 3. Co3nanHas kapra

NMmuTanusa :KUAKOCTH

Hecmotpst Ha TO, 4TO AJI cO3MaHuUs KUAKOCTH B low-poly cymectByer
MHOI'O CIIOCOOOB, MHOTHE M3 HUX HE TO3BOJISIIOT JOOUTHCS HEKOTOPOH peasu-
CTUYHOCTH. B Hamiem ciydae Mbl pelnin CAenaTh Npo3padyHyio BOIy, KOTopas
CMOJKET OTpaXkaTh OKpy»Karoluil mup. CxeMa mieiiiepa U npuMepsl MpeacTaB-

JICHBI HA PUCYHKE 4.

Pucynoxk 4. [Ipumeps! paboThl ¢ MaTepraIoM
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AHMMHUpPOBaAHUE KHUTH

[Tocne Toro, kak Bce MOAENU OBLTU CO3JaHbl, MOKHO MPHUCTYINAaTh K CO-
3/ITaHUIO0 AHUMAIUH.

B Blender miga anuMupoBaHUs MOJENIEH MOYKHO BOCHOJIB30BaThCS CKE-
JIETHOM aHUMAIMEW, T.€ YTOOBI 3aCTaBUTh OOBEKT JBUTATHCS, HYKHO CO3/1aTh
ckenet. CkeneT npecTaBisieT OO0, KaK MpaBuilo, APEBOOOPa3HYIO CTPYKTYpPY
KOCTEH, B KOTOPOM KakJasi MOCIeAyIoIiasi KOCTh «IpUBA3aHa» K MPEIbIAyIIEH.
Takum 00pa3oM, pu JBUKEHUM OTIEIbHOM KOCTU JIBUTAIOTCS U BCE BEPLIMHBI,
MIpUBSI3aHHbBIC K HEW [2].

Jns xkHUTH J00aBUM Ha CLEHY KOCTh U B PEXKUME PEAAKTHPOBAHUS
HACTpOUM €€ (HacTpOUM pa3Mephl, CO3AaJUM MOTOMKOB KOCTH, TEM CaMbIM U
o0Opa3yst HEeKUW CKeJeT ISl MOJIENH, KOTOPBIA MOTOM OyAeT K Hel MpUBA3aH).

Pe3ynbTar mpencraBicH Ha PUCYHKE 5.

& Blender*C: blender . peraep

Pucynok 5. Koctu B pexxuMe peakTHpOBaHU S

[Tocne Toro, Kak KOCTH CO3[IaHbl U MPUBS3aHBI K MOJAEIH, MOKHO Hayu-
HATh AaHUMHUPOBATh, MEPEUIS B PEKUM aHUMAIUH.

AHuMaIMs HauMHAeTcsl B KoMHate. Bce JelCTBUA, MPOUCXOASIIME Ha
CIleHe, JTOJDKHBI OBITh 3alrcaHbl 4yepe3 kamepy. Kamepa — 3TO cTaHmapTHBIH

00bekT Blender’a. Ona nmoka3bIiBaeT TO MPOCTPAHCTBO, KOTOPOE OyIET 3aMMCaHO

(pucyHOK 6).
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Pucynok 6. PexxuM aHuManuu u BUJl YE€pPE3 KaMepy

AHHMMHMPOBAHHE KaMepbl MPOMCXOAMUT IMOCPEICTBOM KIKOYEBBIX KaJpoOB,
T.€ HE0OXOIUMO NepeMeliaTh OOBEKT M0 CLIEHE U B OKHE C BPEMEHHOM IIKaNIon
PacCTaBIATh KIFOYEBBIE KaJIPhbl, ONIPEACISIOIINE OCHOBHBIE H3MEHEHUS I10JI0KE-
HUSl 00BEKTa, a MPOMEKYTOUHbIE OYAYT PacCUMTHIBATHCS aBTOMAaTH4eCcKHu. J[is
KOKJI0M MOAEIN M I KaXIOW KOCTH KJIIOUEBBIE KaJpbl PACCTABIIIKOTCS OT-
nenbHo. Tak MBI aHUMUpPYEM KaMmepy U MOCTEIEHHO MpUOIMKaeMcsl K CTONIY B

KOMHaTe (PUCYHOK 7).

Pucynok 7. AaumMupoBaHue nmpuOIMIKEHUS K CTOTY ¢ KHUTOU

Jlaniee Mbl OCTaHABJIMBA€MCsl Ha HEOOXOAMMOM paKypce M NEPEXOIuM K
AHUMHUPOBAHUIO KHUTH. JIJI1 3TOr0 NEPEXOAUM B CHELUAIBHBIA PEKUM JUIS CKe-
JIETHOM aHUMAIUU — PEXHUM TMO3bl. B HEM MBI BbIOMpaeM HYXHYIO KOCTh M Tie-

peMelaem ee, He 3a0bIBas pacCTaBIISATh KITFOUEBbIC Kaapbl (PUCYHOK 8).
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Pucynok 8. AHMMUpOBaHUE KHUTH

Taxum 06pazom MmpooKaeM OTKPbIBATh KHUTY. 3aTeM, KOTia oHa OyJeT
OTKpbITa, BHOBb NEPEKIOYAEMCS HA KaMepy U IPOAOIKAEM €€ aHUMHUPOBATh,
npuOIIKas KaMepy BIUIOTHYIO K KHUT€, YTOOBI TOTOM CAENaTh Mepexo] OT KHU-
Tl K MUPY BHYTpH Hee (pUCYHOK 9). Takum >xe 00pa3oM aHUMHUpPYEM BO3Bpallle-

HUE U3 KHUTH U €€ 3aKkpbiThe (pucyHok 10).

Pucynok 10. AHUMUpOBaHNE 3aKpbITHS KHUTU
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AHMMHPOBAaHHUE MEPCOHANKA
Jlns mepcoHa)xka Mbl CO3AaJAUM OTACIbHYI) aHMMAlUI0 U COXpPaHUM B
¢aiine. CHauana, KaK W JUJIsl KHUTH, CO3/1a€M CKEJIET U MPUBS3bIBAEM K MEepCOoHa-

Ky (pucyHok 11).

4 Blender* [C\Users\dns\D: blender per blend] X

e | S lhim

Pucynox 11. Ckener nepcoHaxa

Teneps nepexonum B pexxuM aHuManuu. YtoOsl 06serdnth cedbe padboTy B
OyayieM, Ha JAaHHOM 3Tare Mbl CO3/1aJIuM 3allMKJICHHYI0 aHUMaluio Oera, co-
CTOSIIITYIO U3 IBYX IIaroB (24 kaapa).

CoznmaguMm nepBblid KiaroueBor kaap. Ilepexoaum B pexum mo3sl v Ha 0

KaJIpe pacriojaraem epcoHa)xa B HauaJbHYIO 103y (PUCYHOK 12).

4 Blender” [C:\Users\dns\D blender <_per new.blend] X

Flanka-ne

Pucynoxk 12. IlepBslii K1r0ueBOi Kap.
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3aTreM mnepexoaum Ha 24 Kaap, ABISIONIUMKCS IMOCIEIHUM, U KONMUPYEM
KJIFOUEBBIE KaJIphl C HYJEBOTO Kajapa. Tak ke komupyeM Ha 12 kaap, HO 3ep-
KaJIbHO MEHSEM PACIOJIOKEHUE PYK W HOT, YTOOBI MOJYYHJICS MOJIHOLEHHBIM
mar. Termepb HyXHO CO3JaTh MPOMEXYTOUYHOE IOJOKEHUE MEXAY IIaramu.
Bcraem Ha 6 kaap M pacnosiaraeMm MmepcoHa)ka Tak, KakK MOKa3aHO Ha PUCYHKE
13. 3arem Tak ke KONUpPyeM KIIOYEBbIE Kaapbl HAa 18 Kanap, 3epKallbHO MEHSS

pacnosoXeHue pyK 1 HOT.

cla m ] w4 |6+ ¢ N
Pucynox 13. Co3ganue npoMexyTouyHOTo Kajipa

B urtore momyuaem Oeryriero nepconaxa (pucyHokx 14).

Pucynok 14. ber

AHHUMHpPOBaHUE OCHOBHOM YacTH
[IpuctynuM K aHUMHPOBAHWIO OCHOBHOW 4YacCTH, B KOTOPOM IEPCOHAK

OyzneT nepemeniathes mo kaprte. Mnoptupyem (aitn ¢ aHUMUPOBAHHBIM TIEp-
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coHaxxeM B (aiin ¢ kapToil. Teneps, 4TOOBI MEPCOHAXK MEPEMEIIANICS 0 KapTe,
no0aBUM KpuBYI0, KoTopasi HaszbiBaeTcs «llyTe». B pexume pemaktupoBaHus
pacTsAruBaeM €€ Ha BCIO KapTy U u3rubaem noju penved. Mmes kpuyro «I1yTby»
U TIEPCOHAXKa, Mbl MOKEM UX CBSI3aTh, 3aCTABIISASA MEPCOHAkA O€KaTh 10 KPUBOM.
Taxkum 00pa3om, HaM OCTAeTCsl TOJHLKO aHUMHUPOBATH KaMmepy, KoTopas OyaeT

CJIEZI0BATh 3a MEPCOHAXKEM, OCTYIIIUM 110 HAMEUEHHOMY IyTH (PUCYHOK 15).

(1035) Camera

Pucynoxk 15. Kamepa u nepconax, Oerymuii mo KpuBoi

Ha BO3BBIIIEHHOCTH NEPCOHAX OCTAHABIMBAETCS, U Mbl HAUMHAEM CIIEJI0-
BaTh 32 MOJJHUMAIOIINMCS BO3AYIIHBIM mapoM (pucyHok 16). [{is Bo3ayrHOTO
1iapa He HY»HO CO3/1aBaTh KOCTH, JOCTATOYHO MPOCTO MEpeMeNniaTh map Leu-

KOM, HC 3a0bIBas YCTAaHABJIMBATDb KIIKOUYCBLIC KAaAPHbI.

4 Blender” rosuiibiend] o x

Pucynoxk 16. CnenoBanue 3a BO3yIIHBIM IIIAPOM
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OcTanock TOJIBKO CO3[aTh MOCIEIHUIN KIIOYEBOW KaJp, HA KOTOPOM Ka-
Mepa HallpaBJieHa Ha He0O, 4TOObI CAeNaTh MePeXo] OT MyTEIECTBUS IO MUPY K

BO3BPAILICHUIO B KOMHATY (pPUCYHOK 17). AHMMAIIMs TOTOBA.

) Blender” [C:\L

Pucynok 17. Ilocnennuii kanp

Pengepunr

CoznaHHyl0 aHHMAalMI0 HEOOXOIMMO OTPEHIIEPUTh, YTOOBI MOTYUUTh TO-
TOBBIN BHuaeodaitn. YacTo B KOMIIBIOTEpHOU rpaduke (XyI10KECTBEHHON U TEX-
HUYECKOMN) noJ1 peHaepuHroM (3D-peHiIepuHIoM) MOHUMAIOT CO3/IaHKE TIII0CKOM
KapTUHKH — TG POBOTO PpacTPOBOTO M300pakeHUs — 1o pazpadbotanHou 3D-
cuene [3].

Blender mpenocTaBisieT BO3MOXKHOCTh COXPaHSATh aHUMAIMIO B Pa3HBIX

dbopmartax. Msi BeiOpanu popmatr AVI JPEG (pucynok 18).

| _é!-r-1F' B cineon
& Inis P

@ puc
& s
@ JPEG 2000
& Targa

@ Targa Raw

Pucynok 18. Bo3moxHble pOpMAaThI U1l COXpaHEHHUS aHUMAalLlUU
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PennepuHr — He OBICTpBIi TpoliecC, U AJis TOTO, YTOObI OTPEHIEPUTH CO-
3/IaHHYI0 aHUMAIINIo0, TOTPeOoBaIoCh 0KoJI0 6 yacoB. B pesynbrare ObuTH MOITY-
yeHbl 3 Bujeodaina (pucyHok 19):

1 Buzpeodaiin — Bo3BpalleHre B KOMHATY U 3aKPhITHE KHUTH;

2 Bupeo(aiin — HAYAJI0 C aHUMAIMEH OTKPBHIBAIOIICHCS KHHUTH, KOTOpas
HaxXOJUTCS B KOMHATE;

3 Bugeodaiin — OCHOBHAS YacTh, B KOTOPOW MPOWCXOAUT MOTPY)KEHUE B

MUD U IyTEUIECTBUE MO HEMY.

0342-0470.avi 0001-0326.aw1 0000-1401.aw

Pucynok 19. Pe3ynbrar pennepunra

Co3nanue eIMHOT0 POJIMKA

Jlnis co3ganus €TMHOTO POJIMKA HUCIIONIb30Bajachk nporpamma Kdenlive Ha
onepanmoHHo cucteMe Linux. BeiOop man Ha AaHHBIN NPOIYKT BBUAY €ro OT-
KPBITOCTU U OECIUIATHOCTU. PaccMOTpUM 10 ATanam Bech X0l pabOThI.

1. Ha pucynke 20 MOXXHO YBUETh 3aMOTHEHHYIO KOP3UHY MpoekTa. Tyna
ObLIIM 100aBJIEHBI BCE AJIEMEHTHI, KOTOPbIE COCTABSIT BUICOPOIIHK.

Project Bin

+vB B

Name A

Title clip
* 00:00:05:00 111

- Title clip
00:00:05:00 [1]

. Brandon_Fiechter_-_Wild_Boar_s_Inn_

*—_ 00:03:45:11 [1]
0342-0470.avi
00:00:05:09 [1]

- 0001-0326.avi
00:00:13:15 [1]
0000-1401.avi

00:00:58:10 [1]

Pucynok 20. Kop3una npoekra
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2. Jlanee u3 KyCOYKOB B KOpP3MHE MPOEKTa ObLI CO37aH €AMHbIA BUIEOPO-
auk. Ha pucynke 21 MOXHO yBHIIETh, KaK ObUIH CO€TUHEHBI YacTu. Takxke ams
MY3bIKaJIbHOTO COMPOBOXKJIEHUS Oblila go0aBieHa kommno3uuus bpennona dux-

tepa — Wild Boar is Inn. B Hauano noGaBiieH 3arojoBOK, a B KOHEI[ POJIMKA

TUTPBI.

00:01:10:00 00:01:20:00 IUU:UL)U:UG 00:01:40:00 00:01:50:
| | | |

0000-1401.av 342—04

[ 'ma o3 s ooooonoo 00:00:10:00 00:00:20:00 00:00:30:00 00:00:40:00 00:00:50:00 00:01:00:00
Lot X o] [ 4 1 | | | |

| video 3

a © m
:1 Video 2

a o m
? Video 1

a ¥ m
| Audio 1 Loudness / Fade out

a ©

LPBBrandon_Fiachter - wild Boar s Inn.r

T o=+ M I3 —

Pucynoxk 21. Bce yactu coOpaHbl B €IUHBIN POJTHK

3. 3aKJIIYMTENIbHBIM ATAIllOM pa60TBI HaJ BHACOPOJHUKOM ABJIICTCA €TI0

pennepunr. Ha pucynke 22 n300pa)keHbl mapaMeTpbl peHAEPUHTa BUIEO.

Render Project | Job Queue Scripts

Output file | /home|Documents/untitled.mp4 a | 1

Format | |8 | ]

~- Generic (HD for web, mobile devices...) m
WebM - the widespread free format (VP8/Vor...
MP4 - the dominating format (H264/AAC)
MPEG-2

~ Ultra-High Definition (4K)
WebM-VP9
MP4-H265 (HEVC)

Quality
@ Full project () Selected zone

[ mare options

Render to File Generate Script Close

Pucynoxk 22. Hactpoiiku penaepa

[Tocne 3aBepiieHus: peHIEpUHra Mody4yaeM rOTOBBIA BHICOPOJIHK (PUCY-

HOK 23). Ponux JOCTYIIEH K MPOCMOTPY o CCBLIKE

https://drive.google.com/file/d/1qIP19g8UbdotzcrCOISmMMLZEFLO9qUNg/vie

w?usp=sharing
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world in the book

0043
(DR =]

Pucynok 23. I'oToBBIIl BUIEOPOIUK

BoiBOALI

Hcnonb30BaHWE CKENETHOW aHMMAllMM B HECKOJIBKO pa3 yHpPOILIAET CO-
371aHU€ BUJICOPOJIMKA. DTO JOCTUTAECTCSA 3a CUET CO3JaHUsI CaMOTO CKelleTa U
MPUBS3KH €r0 K MOJICNIHA, YTO MO3BOJIAET U3MEHSTH IMOJIOKEHHUE U TT03y MOJAEIN
yepes MPUBS3aHHbIC K BEPIIMHAM KOCTU, HE U3MEHSISI camy MOAEb. Takxke co-
3JJaHHBIA CKEJIET MOYKHO HCIOJIb30BaTh JJIsI aHUMUPOBAHUS OXO0XKUX MOJEIEH C

OJIMHAKOBOM CTPYKTYpOU B OyayIeM.

Cnucok ucnoyib3yeMoii JuTepaTyphbl:

1. [TomuronansHOE MO/JIEJINPOBAHUE [ DEeKTPOHHBII pecypc],
https://ru.wikipedia.org/wiki/IlonuronansHoe MoOACIMPOBAHUE

2. CkeneTtHas aHUMAaIUs [DJ1eKTpOHHBI pecypc],
https://ru.wikipedia.org/wiki/Ckenetrnas_anumarus

3. Pennepunr [DneKTpOHHBII pecypc],
https://ru.wikipedia.org/wiki/Penaepunr

4. Blender  Basics  3-rd  edition  [Dnektponsslii  pecypc], -

http://b3d.mezon.ru/index.php/Blender Basics 3-rd edition
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Annotamusi: IlpencraBieHsl pe3yabTaThl CPaBHUTEIBHOTO AaHAIM3a CHUCTEM
AJIEKTPOHHOTO JOKYMEHT000OpoTa. BrifeneHsl Hanboee MOIMyNIspHbIE CHCTe-
MBI, KPUTEPUH OIEHKH, MPOU3BEJACHO WX OMHCAHHE. [ pyINImoi SKCIepTOB BbI-
CTaBJICHBI OLIEHKU Y TIPOBEJICH aHAIN3 TI0 METOIy MHOTOKPUTEPHAITLHOU OIICHKU
IbTEPHATHUB.

Abstracts: The results of a comparative analysis of document management are
presented Highlighted the most popular systems, evaluation criteria, produced
their description . An expert group has been evaluated and analyzed using the
method of multi-criteria evaluation of alternatives.

KiioueBble cjioBa: 37eKTpOHHBIA JOoKymMeHT000opoT (D/10), cucrema siek-
TPOHHOTO JJOKYMEHTOO0OpOTa, CPABHUTEIBHBIN aHAIN3, KPUTEPUU OTICHKH.
Keywords: electronic document management (EDI), electronic document man-

agement system, comparative analysis, evaluation criteria.
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Ha cerogHsmHuii 1eHb HA POCCUHCKOM PBIHKE MPEACTABICHO OOJBIIOE
KOJIMYECTBO PA3IUYHBIX CHUCTEM DJIEKTPOHHOTO JOKYMEHTO0OOOpoTa. BosibiuH-
CTBO CHUCTEM KOMMEpUECKHE, IICHOBasl MOJIUTHUKA Y KaXXIOH KOMIIAHUU pa3Has,
HO BECh ACCOPTUMEHT IMPOIYKTOB 00JaJaeT PsIOM MOXO0XHX JOCTOMHCTB. B
TaHHOW paldoTe OBLIM PacCMOTPEHBI YEThIpe HauOoJee MOMYJSPHbIE CUCTEMbI
AJIEKTPOHHOTO JIOKyMEHTO000OpoTa. Bce cuctemsl SBISAIOTCS KOpPOOOYHBIMU
IPOrpaMMHBIMH TPOAYKTaMU U UMEIOT Web-KIHEeHT B 0a30BOM BapHaHTE CH-
cteMbl. OTIIMYUTEbHBIE XapaKTePUCTUKU CHCTEM MpEACTaBICHbI B Tabmuie 1.

Tabnuna 1 — O6mmune xapakTepUCTHKU

MoOUIBHBIA

MuaTterpanus CTtouMoCTb
Haumenosanue 1po- patt KIIHEHT

IrpaMMBbI

1C-loxkymentoobopt | [IpoaykTsr 1C Ectp 228 400 py6.

KOPII
30-50 pabouux mect, 10

aKTUBHBIX IOJIL30BaTelIeH
+ 43 200 py0. nurieH3us
Ha cepBep

Docsvision 1C:ITpennpusitue Ectb 13 200 py®.

SharePoint, k SAP/R3 1 monp30BarTenp, HE Orpa-
HUYEHHOE KOJIMYECTBO
nojb3oBateseit + 44 000
pyO. IHIIeH3Us Ha cepBep

Directum 1C:IIpeanpusitue 8, Ectp 84 000 py6.
SAP PI, Microsoft

. 10 akTUBHBIX I10Jb30BaTE-
Dynamics AX u np. 0 OTIb30BATE

neit + 20 700 py6. nuieH-
3WsI Ha CEepBEP

Optima WorkFlow Her Her 7 500 py06. nuiieH3us

Jlemompon3BoaCTBO
P 1 monp3oBarens, 10-49

KOJIMYECTBO IMOJIb30BaTE-
neut + 75 000 py6. Tumno-
BOE pELICHUE
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Jlanee penranack 3aja4a 0TOOpa HaWIy4IIUX HPOAYKTOB JUIsi BHEAPCHUS
B CTPOUTENLHYIO KOMIAHUIO. AHAIN3 ObLI IPOBEIEH C UCIONL30BAHUEM BE-
coBbIX Kod(pdunuenTos. Hamnydmas anpTepHaTMBa ONPENEAIACh Ha OCHO-
BAHUM METOJHMKH OIPEAEICHNsI 000OIIEHHON CTENEHN COOTBETCTBHS aJbTEP-
HaTUB!.
OLeHKa albTEPHATUB TIPEIIOIAraeT CPABHEHUE CUCTEM I10 Py MPU3HA-
KOB - KPUTEPHUEB. BBICTaBIEHNE OLEHOK BHINOIHAIOCH KBAMM()UIIUPOBAHHBIMU
corpyaaukamu M T-KOMIIaHMH, CHENUAIM3UPYIOIIEHCS Ha BHEIPEHHH CHCTEM
5JIEKTPOHHOTO JIOKYMEHTOO00pOTa. B cOCTaBE DKCIEPTHOM IPYIIILI BHICTYITHIN
4 crienuananucTa KOMIIAHWHU C BBICIIMM TEXHUYECKUM 00pa3oBaHuMeEM. B KauecTse
OCHOBAHMs JUIS BBICTaBJIECHHUS OLIEHOK OBIJIO MCIOJB30BAaHO IOAPOOHOE ONHUCa-

HUE KpUTEPHUEB, MHTEpBaN 3HaUeHU otleHoK oT 0 10 1.
Kpurepuit «ctTouMocTh 6a30B0I BEPCUI:
1 — mpoaykT OecriaTHbIN;
0,8 — OecriaTHast 6a3oBasi Bepcusi, AOIJIATa 32 COPOBOKIACHUE;

0,6-0,7 —iena 1o 250 000 pyO6., B komruiekTe jureH3un Ha 30 paboumnx

MECT;

0,2-0,5 — iena ot 250 000 py0O, B komIuIekTe JuiieH3un Ha 30 pabounx

MECT;

0 unu 0,1 — Gosbiie KOTMYECTBO JuUIeH3MM, 11eHa Boite 400 000 pyo.

Kputepuii «macmtabupyemMocTh:

0,8 — 1 BO3MOKHOCTH pacuiMpenusi 0e3 NpUBJICUEHUs CIIEUATUCTOB, J10-

IMOJIHUTCIIbHBIX 3aTpar,

! Meronuxa Yepnos B.I". 1999r.: BIT'Y
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0,5 — 0,7 — paciupenue GyHKIMOHATA BO3MOXKHO, 3aKJIFOUEHHE COTJIa-
HIEHUA O MOAJIEPKKE CO CTOPOHHUMH KOMITAHHUSIMU UJTM CAMOCTOSTEIIBHO, UC-

IMOJIb3Yys MOAIMCKY Ha COITPOBOKIAIOIINC MAaTCPpHAJIbI,

0,3 — 0,4 pacumpeHre BO3MOKHO TOJIBKO C MPUBJICUCHUEM CHEIUAIN3U-

POBaHHOTO NIEPCOHAJIA OPraHU3allUU.
Kpurepuit «pyHKImonam:

0,8 — 1 — mupokue GyHKIIMOHATHHBIC BO3MOKHOCTH CUCTEMBI, BKJIFOYA-

IOII1€ MHOXECTBO JOMOJHUTENbHBIX (DYHKIINH;

0,5 - 0,7 — cpennue GyHKIIMOHAIBLHBIE BOBMOXKHOCTH, C HEKOTOPBIMU J0-

MOJTHUTEILHBIMU (QYHKIIUSIMU;
0,3 - 0,4 — ocHoBHBIE Bo3MOkHOCTH D][O.
Kputepunit «ruGKoCTh CUCTEMBI»:

0,8 — 1 — cucteMa Mo3BOJIIET MEHATH UCXOIHBIN KOJ, MEHATH (DYHKIINO-
HAJIBHOCTH 32 CUET JIOMOJHUTEIBHBIX KOMIIOHEHTOB, 0€3 MPUBJICUEHUS CEPTHU-

(GUIMPOBAHHBIX CIIEIIUATUCTOB,;

0,2 — 0,7 — u3MeHEeHUs1 BO3MOKHBI, KaK MPaBUJIO, TOIBKO C IIOMOIIIO
cepTU(UIUPOBAHHBIX CIIEITUAIMCTOB; B 3aBUCUMOCTH OT CJIOKHOCTHU U TICHBI

MEHSETCS OLEHKA (Ha OCHOBAaHUU U3YYEHUS MPANC-TUCTOB KOMIIAHUI).
Kpurepnii «BO3MOKHOCTb HHTETPALIAW:

0,8 —1 — naHHbIi HYyHKIHOHAT MPUCYTCTBYET B 0a30BOM, TOpaOOTOK HE

TpedyeTcs;

0,2 — 0,7 —mopabotku HE0OX0UMBI. OTICHKA B 3aBUCUMOCTH CJIOKHOCTH,

OT HaJIMYHA ITOTOBOT'O pCIICHUA, KOTOPOC HGO6XOI[I/IMO HHTCTPUPOBATH B CUCTC-

My.
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Kpurepnii «BO3MOKHOCTb BHEAPECHUS»:

0,4 — 0,7 — BHEIpEHUE PEKOMEHIYETCS C IPUBJICYEHHUEM CIICIIMATIMCTOB.
Heobxoaum pabounii mpoekT, TpeOyIoNuX TOMOJIHATEILHBIX JEHEKHBIA U Bpe-
MEHHBIX PECYpPCOB; OIIEHKA B 3aBUCUMOCTH OT CJIOKHOCTH IPEANPOCKTHBIX pa-

00T;

0,8 — 1 — BO3MOKHOCTb BHEPEHUSI CAMOCTOSATEILHO; JICHEKHBIE 3aTPAThI

HE3HAYUTEIbHBI WU OTCYTCTBYIOT.
Kputepuii «cOOTBETCTBHE TPEOOBAHUSIM:
0,8 — 1 — cucrema momnamaet 1o OONBIIMHCTBO 3asBICHHBIX TPEOOBAHUI;
0,5 - 0,7 — He3HAUUTEIBHOE OTIUYHE UM HECOOTBETCTBUE TPEOOBAHUSM.

Tabnuna 2 — OueHka CUCTEM 10 KPUTEPHUSIM

Kpurepuit a , | |
A : :
= = = = =
2 2 2 2 g
" & o 2 3 5 | EE
3) pe] S T A o o O Z
S s = % ) X = 5 =
A s |8 °5 |22 | & ZE|E |53
JhTEPHATHBA = >
P S |2 SE| 28 | |22|& |S8
1C- 0,3 0,6 0,9 1 0,5 10,5 09 10,8
JloxymeHTo000pT
KOPII
Docsvision 0,4 0,6 0,9 0,7 0,6 |0,6 0,7 10,7
Directum 0,7 0,8 0,9 0,8 0,6 |0,6 0,7 10,9
Optima WorkFlow 0,6 0,7 0,9 0,2 0,4 |0,7 0,4 10,7
Jenonpon3BoacTBO

Jlanee JUist OIICHKH MPOTYKTOB, KaXIOMY U3 KPUTSPUEB ObLIT COMOCTABIICH
BecoBol kodhdumment (C;) (tabmuma 3). B3BecuB kputepuu, Mbl OMPEACIINIIH,

KaKue 3Ha4YCHHS B OOJIbIIICH CTEIICHH BIIMSIOT HA BI)I60p CUCTCMBI.
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Ta6numa 3 — BecoBbie K03 PUIIUEHTHI KPUTEPUEB

Kpurepnii Bec(C;)
CroumocTs 6a30BOI BepcUu 0,14
MacmtabupyeMocThb 0,13
HNutepdeiic monp3zoBaremns 0,02
O yHKIIMOHAT 0,25
I'nbxocTh 0,15
Bo3MoxkHOCT HHTErpaIuu 0,12
Bo3MoXHOCTE BHEAPEHUS 0,05
CooTBeTcTBHE TPEOOBAHUAM Opra- 0,14

HHU3aLUU

(1)

Ha ocHoBanumn JaHHBIX T36J’II/IIH>I 3 OBUIH ITOCUYMTAHBI B3BEIICHHEIE OLICH-

K1 Gil

G, = Zglxi *C,
i=1

2)

1 0TOOpaHbl cUCTEMbI cO 3HaueHueM (G; Oosblie 6. 3asBICHHBIA MOPOT

npeoaoienu Tpu cucteMbl: 1C-J{okymentoo6opt KOPII, Docsvision, Directum.

Jlis maHHBIX cUcTeM ObLI MpOBeAeH 0030p WX (YHKIIMOHAJIBHOCTH (Tad-

aunia 4). 3HaK «+» 0003HAYaeT HaJU4Yue JAHHOTO (PYHKIMOHAJA, «-» — €ro OT-

CYTCTBUE, «1/-» — BO3MOKHOCTh peaM3aliy 3a CUeT JONOJHUTEIbHON PaOOTHI.

Tabnuma 4 — @yHKIMOHATIBHBINA 0030p CUCTEM

1C-Joxymentoobopt | Docsvision Directum
KOPII
Perucrpanus 10KymMeHTOB + + +
Co3ianne T0KyMEHTa Ha OCHOBE + + -
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CYIIIECTBYIOIIETO
CpenctBa mpocMOTpa MPUKPETI- + + -

JICHHBIX (pailioB

BepcHOHHOCTL JOKYMEHTOB + + +

Bo3MoXHOCTE Ha3HAYCHHS OT- + - -

BETCTBEHHOT'O UCIIOJHUTEIIS

Coznanusi TUIIOBBIX MapIIpyTOB + + +

JIBYKECHUS

KoHnTpons ucnonne- + + +

HMS1/COTJIACOBAHMS

IToMHOTEKCTOBBIH ITONUCK + +/- +/-
Bo3M0XKHOCTh U3MEHEHHS UH- + +/- +/-
Tepdeiica

[Toamepxka pa3IUIHBIX CITOCO- +/- + +/-
00B ayTeHTH(UKAIUN

Hasznauenue npaB mosiab30BaTe- + + +
JISIM

Tabnuiy 2 uist TpeX CUCTEM, MPOILISANINX OTOOP MO 3HAYCHUIO B3BEIIICH-
HOW OIICHKHM, 0003HAYMM KakK MCXOJHYI0 Martpuily W. BBemeM B paccMoTpeHue
maTpurly W1, KOTOPYIO OIpeAeIuM ClIeyIOMUM 00pa3oM: 3JI€MEHTHI i-0i cTpo-
k1 MatpHuibl W1 paBHBI 2J1EMEHTAM 1-0if CTpOKM MaTpuilbl W, a »JIeMEHThI Beex

ocTanbHEIX cTpok W1 onpesensitores kak pasHocts Wij = 1 - Wij.

O606HI€HHYIO CTCIICHb COOTBCTCTBHUA AJIbTCPHATUB HCKOTOpOfI CHCTEMC

KpUTEPHUEB ONPEIETUIIN, KAK:

P(ai): i
ny-n, , 3)
M N ___
m; =2 2 Wy
re =1 i=1 @
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Tabnuma 5 — Crenenb COOTBETCTBUS aIbTEPHATUB CUCTEME KPUTEPUEB

AnpTepHaTHBa CreneHb COOTBETCTBUSA
P (ai)

1C-loxkymentoobopt KOPIT | 0.029

Docsvision 0.026

Directum 0.031

Taxum o6pa3om, SIBHBII IPUOPUTET UMeEET cucTema Directum.

Jlanee ObLIO BHINIOJHEHO PAHXKUPOBAHUE KOHKYPHUPYIOLIUX albTEPHATUB
10 CTENEHH UX MPUOIMKEHUS K Hauyulued. Berauranuem i-oi CTpOKH B MaT-
putie W1 popmupyetcst matpuiia W1 - MaTpulia IaHCOB, YCTYTUICHHBIX 1-01

AJIbTCPHATHBEC BCCMU OCTAJIbHBIMMU. PaccumnThiBaeTCs mokaszaTesb

M:

s (4, )—1_

~.
I |

: ()
rae Wij € W-i, KoTopelii 0603HAaYaeT cTeNeHb OTCTABAHUS AIbTEPHATHBBI OT

HAUJTYYIIEH.

Hawnbonee omacHOW KOHKYpHPYIOIIEH albTePHATUBOW JUISI CHCTEMBI

Directum siBisiercs cuctema 1C-J{okymentoo6opt KOPII (S(A1) = 1,263).

IIo pe3ynbraramM IPOBENEHHOIO MCCIEIOBAHUS MOYKHO CIHENATh BBIBOJ,
YTO IPAKTUYECKH BCE PACCMOTPEHHBIE CHCTEMBI IIOCIIE ONPEAEICHHOM 10pa-
00TKH MOTYT OBITh BHEAPEHBI B CTpOUTEIbHON KoMmaHuu. OpHaKo, pe3yibTa-
Thl MHOTOKPUTEPUAIbHON OLIEHKH CBHUJETENIBCTBYIOT O TOM, YTO CaMOM (yHK-
[IMOHAJILHO HACBHIIIIEHHOM, BHITOTHON U COOTBETCTBYIOIICH TPEOOBAHUAM SIBJISI-

ercs cucrema Directum.

Cnucok ucnosib3yemMoil JuTepaTyphl:
1. Obunmanpaeiii caiit 1C: JlokymeHToOOOpOT 8. [DJIEKTpPOHHBIM pecypc], -

http://v8.1c.ru/doc8/
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2. OdunmanbHbIHI caiT Docvision. [DNeKTpOHHBIM pecypc], -
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ro BeiOopa anbTepHaTuB. YepHoB B.I'. YueGHoe mocobue. —2005. — C. 106.
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AHHoTanusi: B maHHO# cTaThe oOmucaHbl dTambl pa3padbOTKU TrpaduuecKkoro
MPHJIOKEHUS ¢ KIACCUYCCKUMH peTpo-urpamu «3meiika» u «Tetpuc» ¢ uHTep-
AKTUBHBIM TIOJIb30BATEILCKUM HUHTEp(dErcoM, BKIIOUYAIONIUM CTaHIAPTHOE
yIpaBJICHUE, KOHTEKCTHOE MEHI0 B 00paboTKy mcxomoB urpsl. [logpobHO pac-
CMOTpPEHBI KOHIIETIIHSI, TpaduKa, anrOPUTMBI B JIOTUKA UTP.

Annotation: This article describes the stages of development of a graphical ap-
plication with classic retro games "Snake" and "Tetris" with an interactive user
interface, including standard control, context menu and processing of game out-
comes. The concept, graphics, algorithms and logic of games are considered in
detail.

KiroueBble cioBa: rpapudeckoe npuinoxkenune, Windows Forms, xommekuuu
9JIEMEHTOB, KJIacChl OOBEKTOB.

Keywords: graphical application, Windows Forms, element collections, object

classes.

BBenenue

B nacrosimiee BpeMst Ui pa3pabOTKU MPOTPAMMHBIX MPOIYKTOB BCE Yallle
UCHOJB3YIOTCS IDE (MHTEIPUPOBAHHBIE CPEAbl pa3padOTKH), O3BOJIAIOIIUE CO-
3/1aBaTh KaK KOHCOJbHBIC MPUIIOKEHUS, TAK U MPUIOKEHUS C TpapUUECKUM HH-
TepdeiicoM, a Takxke BeO-caiiTel. Onnoit u3 Takux IDE sBnsercss Visual Studio,
KOTOpasi HOJIXOJUT KaK JUIsl O0ydeHus, Tak U AJis Ipo(heccroHaIbHOM pa3paboT-
ku. B maHHO# cTathe OyneT pacCMOTpPEH mpoliece nporpaMmmupoBanus 2D urp B
Visual Studio Ha si3p1ke C#. 2D Urpbl OTIAMYHO MOAXOIAT AJSE O0yYEHUs] MOJIO-
JBIX CIIELIMAJIMCTOB, TAK KAaK UX MPOrpaMMHMPOBAHUE BKJIIOYAET pa3pabOTKy ai-

TOPUTMOB OTPHUCOBKH, JIOTUKH U MHTep(deiica B3auMOIEHCTBUS C MOJIb30BaTE-
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neM. BriOop mnatdopmel U si3pika 00YCIOBJIEH HAaJWYUEM TaKOTO MHTepdeiica
nporpamMmmupoBanus, kak Windows Forms, mo3Bossitomiero 3HauuTebHO 00Jer-
YUTh pa3pabOTKy rpaduuecKkoil COCTaBISAIONIEH MPUIIOKEHUS 32 CUET OOIIUPHOM
oubsmoTrexku 3meMeHToB HHTEpderica Microsoft Windows u BO3MOXXHOCTH J0-
CTyla K 3JeMeHTaM HHTepdelica uepe3 ynpaBisieMblil KOJ — TO €CTh KOJI, HUC-
TIOJIHSIEMBIH T1O]T «YIIPABJIEHUEM» BUPTyalbHOM MauMHbl .NET.

3meiika. Konnenuusi urpsbi.

CyTb Wrpbl 3aKIIOYAETCS B CIEAYIOUIEM: 1O WIPOBOMY IPOCTPAHCTBY
(windows-(dopme) OeraeT 3Mmeiika, yrnpasisemas Mojb3oBaTeseM. 3agadya 3Mei-
KU — €CTh A0J10KU. 111 3TOT0 MOJIB30BaTENI0 HEOOXOIMMO MEPEMECTUTD 3MEHKY
B Ty KOOPAUHATHYIO TOUKY, TJIe HaxXoauTcs 1010k0. C KaxabIM 0J0KOM 3MerKa
CTAaHOBUTCSA BCE AJMHHEE. 3a KaKI0€ CheJCHHOE A0JI0KO MOJIb30BaTeNh MOTyya-
eT ouku. KonnyecTBo mosydyaeMbIX OYKOB 3a I0JI0KO paBHO TEKYIIEMY YPOBHIO
noJsib3oBatesis. [losib30BaTeNnb JOCTUTAET HOBOTO YPOBHS 32 KaXk/ble CheJCHHBIC
smeiikoit 10 s6mok. Takke, ¢ KaKIIBIM HOBBIM YPOBHEM 3MelKa OeraeT 1mo urpo-
BOMY MPOCTPAHCTBY BCE OBICTpEE, YTO CKA3BIBAETCS Ha CIOKHOCTU UTphl. Urpa
JUTUTCSL IO T€X TMOP, TTOKa 3MeHKa He BPEXKETCSI B TPAHULIBI UTPOBOTO MPOCTPaH-
CTBa, TUOO HE MOMBITAETCS ChECTh caMy ce0si. B manHOM ciydae mosib3oBaTenb
MOJIYYUT COOOIIEHUE O TOM, YyTo OH mpourpas. [loMumo 3Melku U s10J10Ka Ha
UTPOBOM ToJie OyIeT coaepKaThCsi MH(OpMAIH O TEKYIIMX HTPOBBIX JOCTHU-
KEHUSX MOJb30BaTeNs. Y Mojiab30BatTess OyJeT BO3MOXKHOCTh B JIFOOOH MOMEHT
UTPBI B3STh May3y C MOMOIIBI0 HAXKATHS ONPEIeTICHHON KHOMKH, KOTOpas Mpe-
CTaBJISIET COOOW MArIoroBO€ OKHO C BHIOOPOM JIEHCTBUN — MPOJODKHUTH HUIPY,
HayaTh 3aHOBO, WJIM BBIUTHU B TJIABHOE MEHIO.

I'pa¢guxa urpsl.

Jlnia Havana HEOOXOAMMO HACTPOUTH UTPOBOE MPOCTPAHCTBO. B manHOM

ciaydae 3To OyneT okHo, pazMepoM 800x600 nukcenoB 6€3 BOZMOKHOCTH U3Me-
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HEHUs PAaHMII B LIEJSAX MOJJEPKaHUs CTaOUIbHOM paboThl rpadyuuecKoro mnpu-
JIOKEHUS.

Hanee cnexyer paz0UTh UTPOBOE MPOCTPAHCTBO HA KOOPJIUHATHI — HEKHE
KJIETKH, 33JaI0IIHECS C MOMOUIBI0 MATEMATUYECKUX BBIYMCIECHUNW C MCIOJIb30-
BaHMEM KOHCTAHTHBIX 3HAYEHHH, CIEUUaIbHO MOAOOpaHHBIX JUJIs pa3Mepa Wr-
poBoro mnouis. Jlanee He0OX0IMMO Ha UTPOBOM MPOCTPAHCTBE OTOOPA3UTH UT'PO-
BbI€ AJIEMEHTHI — 3MEHKY, s10J10K0, UHPOPMAIIUIO O AOCTHXKEHUAX. DIIEMEHT s10-
JIOKO MpeJcTaBisieT coboi ak3eMiuisip kiacca Coord, conaepskanuii KOOpAUHATHI
X u'Y, a3melika — npeacTaBiseT co00M KOJUIEKIHIO 3JieMeHTOB Kitacca Coord.

I[HepeaBuxkenue 3MelKH.

[lepenBrkeHUEe 3MENKH OCYLIECTBIIAETCS MHTEPAKTUBHO IOJIb30BATEIEM
C IMMOMOIIBIO CTPEJIOK Ha KiaBuatype. IIporpaMmHO ocymecTBisieTcs 310 A0CTa-
TOYHO NPOCTO. [ 'JTaBHOE, YTO HYKHO Y4€CTh — 3MEHKa HE MOXET PE3KO NOBEp-
HyTbcs Ha 180 rpamycoB. To ecth ecnm 3Mmeitka asurainace BBEPX, ona nHe
CMOXeT cpasy ke asurarbcst BHU3, ee ronosa Takum 06pa3oM MpocTo BpeKeT-
csi B Teno. YToObl yuyecTb 3TOT MOMEHT CJEeAyeT MCIOJb30BaTh JOMOJHUTEIb-
HYIO NIEpEMEHHYIO0 (Way), YKa3bIBaIOLIyI0 HampaBlieHue aBmkenus. [Ipumep ne-

pemenienus 3meiiku BHU3 npencrasien Ha Pucynke 1.

I 62 Snake - O X

Apples:3
Level:1
Scores:3

Pucynok.1. /Ipmxenue 3meiiku BHUS.
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Jloruka urpsl

Yrob6sl 0OecieunTh NMpaBUiIbHOE (QYHKIIMOHUPOBAHUE UTPBI, HEOOXOAUMO
BBECTH TIEpPEMEHHYI0 THma Timer, KoTopas OyJeT OTBEYaTh 3a MPUOCTAHOBKY
UTPBI M YBEJIMYCHHE CKOPOCTH 3MeWKH. B ciyuae BbIXOAa 3MEHKU 3a TpaHUIIbI
UTPOBOTO TOJIS, UJIM K€ MOMBITKA ChECTh caMy ceOsl, TalilMep OCTaHABIIMBAETCH,
a 9TO BJIEYET 3a coOOM BHI3OB auajoroBoro okHa (MessageBox) ¢ cooOuieHuem
o npowurpsiiie nonub3oBarens (Pucynok 2). [Ipu stom MessageBox no crannap-

Ty cofepkut kHonky OK, npu Ha)kaTUH Ha KOTOPYIO UTPa BO3OOHOBIISIETCSL.

Level:1
Scores:5

You lose

You Died

PucyHok 2. J/I[naioroBoe OKHO MPOUTPHIIIIA.

OnHuM 13 caMbIX AJITOPUTMUYECKH CIIOKHBIX MOMEHTOB WUIPBI SIBISETCS
mpoliecc moenanus 3Menkon siomoka. B ciydae, ecnm 3Meiika chemaeT si0JI0KO,
JUIMHA 3MEHKHU YBEIMYMBAETCS HA €OUHUIY — TO €CTh K KOJUIEKIIUM KOOPAUHAT
3MeWKH Jo0aBisieTcst KoopAuHaTHas Touka. [IpobGiema B TOM, 4yTO BaxkHO 100a-

BUTH €€ B HA4aJI0 — TO €CTh HOBBIN 2JICMEHT JOJDKCH CTaTb rOJIOBOM 3MEHKH.
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Kaxxapiil pa3 npu nepemenieHuu 3MeHK1U Mbl J00aBIISIEM TEKYILYyI0 KOOp-
JUHATHYIO0 TOYKY Ha HYJEBOM AJIEMEHT KOJUIEKLIMH, U €CJIM JaHHAas TOYKa COB-
najaeT ¢ KOOpAMHATaMu s10JI0Ka, OCYLIECTBIIAETCS OOHOBJIEHHUE UIPOBBIX J0-
CTH)KEHUHN — MPUOABISAIOTCA OYKH, €CJIM KOJIMYECTBO ChEICHHBIX sI0JOK KPAaTHO
10, yBennuuBaeTCsl ypoBEHb U YMEHbIIIAETCSl TaliMep — 3Melika Oeraet ObicTpee.
Ecnu e HOBBIE KOOpAMHATHI OJIOBBI 3MEMKU HE COBMANAIOT C KOOPIAMHATaAMU
s0J10Ka, MPOUCXOTUT yAaJleHuEe TOCIEAHEro 3aeMenTa 3Meiku. [Ipu modom u3
JIByX OIMCAHHBIX MCXOJOB BBI3BIBAETCS METOJl NEPEPUCOBKU OOBEKTa 3MEHKH.
Tak kak anroput™ padoTaeT 04eHb ObICTPO, MOJIB30BATENb HE 3aMEYAET, UTO Ha
Ka)KIOM IIary Jo00aBisieTCsl TOJOBHOM 3JIEMEHT U YAAJAeTCs MOCIeIHUM, co3/1a-
€TCsl BUIUMOCTb IIJIABHOTO JIBUYKEHUS 3MEUKH.

W nocnenHUM acneKTOM UIPhI SIBISETCS I1ay3a, BBI3BIBAIOIIAS AUAIOTOBOE
OKHO C KOHTEKCTHbIM MeHIo (PucyHok 3). Ilay3a mo craHmapTy BbI3BIBAETCS

Ha)kaTueM KJiaBuinu P Ha KJIaBUATYPC I10JIb30BATCIIA.

ad

Apples:3
Level:1

Scores:3

Continue

Main menu

Pucynok 3. Ilay3a B urpe.

Kox mporpammbr mpencraBieH Ha BeO-cepBuce GitHub mo ccbuike:

https://github.com/PotapenkoAS/IST116PotapenkoAS
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Terpuc. Konuenuusi urpsbl.

ITonp30BaTento AOCTYITHO IPSMOYTOJIBHOE UTPOBOE TOJIE, HA KOTOPOM OH
pa3MelaeT cTaHaapTHble PUTYpKU TEeTpHUca TakK, YTOObI MEXJAy HUMU HE ObLIO
cBOOOJHOTO TpocTpaHcTBa. DUrypku majarT Ha UrPOBOE MOJIE B CIydailHOM
nopsiike. YTpaBJIeHHe HHTEPAKTHBHOE: JIN0O0 ¢ momotisto kinasu QAED, m6o
C IIOMOIIBIO CTPEJIOK HA KJIaBHATYype Mojb30BaTess. B ciaydae, ecnu psa Koop-
JUHATHBIX TOYEK MOJIHOCTHIO 3aMOJIHEH (DUTypKaMH, OH CTUPAETCS, a OCTATbHBIE
3alIOJIHEHHBIE Y HE 3aM0JIHEHHBIE TOUKU CMEIAKTCA Ha sl Hike. Mrpa MoxeT
JUTUTHCSI OECKOHEYHO M 3aKaHYMBAETCS TOJBKO B TOM CJyyae, KOrja Iojib30Ba-
TeJIb IOCTAaBUT (PUTYPKY TaK, YTO OHA KACAETCSl BEPXHEH TPAHUIIBI UTPOBOTO TO-
7s. B TeueHue urphbl MOJIb30BaTENIO JOCTyNHA MHGOpMaIs 00 HUIPOBBIX JI0-
CTIXKEHUAX — KOJIMYECTBO OYKOB, JOCTUTHYTHIA YPOBEHb, KOJTUYECTBA OUMIIICH-
HBIX PSJIOB M CKOPOCTh MaJeHUs (PUTYpOK. 3a KaXKIyI0 MOCTABICHHYIO (PUTYPKY
MOJIb30BATEIIb MTOJYYAET 5 OUKOB, 3a KaXbIN YIaJCHHBIN psg — 25 oukoB. Kax-
npie 100 0YKOB MOJIB30BATEND MOJIYYAET HOBBIA YpoBeHb. C KaXJbIM YPOBHEM
CKOPOCTb UI'phl yBeIMUMBAaeTCs. TakuMm o0pa3oM, T€M JOJbIIE MOJb30BATENb
UTPAET, TEM CJIOKHEE CTAHOBUTCS UIPa.

I'pa¢guka urpsl.

N3HavanbHbIe HACTPOMKU UTPOBOTO IOJIA CXOXKHU C MPEABIAYIIECH UTPOW.
[Tone pa3zbuBaeTcss Ha KOOPAUHATHBIE TOYKU C MOMOIIBI0 KOHCTAHTHBIX 3HAUe-
HUH, MOAOOPaHHBIX MO pa3Mep UTrPOBOro OKHA. Pa3mep okHa ycTaHaBIIMBaeTCS
800x1200.

UrpoBoe mosne mpeacTaBieHo KOJUIeKIMen kojutekiuii tuna MatrixType.
JlaHHBIN TUI CONEPKUT MHGOPMAIIMIO O TOM, 3aMOJIHEHA JIU To4YKa (purypon —

TO €CTb 3aKpalliCHa UJIN HCT, U €€ IBCTC:

public class MatrixType

{

public bool value;
public Brush color;

public MatrixType(bool val)
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value = val;

}
cI)I/Il“ypl:vl KE MNpCACTABILAOT coOoi KOJUICKOUHU KOOPAWHATHBIX TOYCK,

HacJIeyeMbIX OT Kiacca Figure, Taxke comepraiiero HHGOpMaIHUIo O [BETE U
KOOpJIMHATaxX LEHTpa QUrypsl (JaHHBIE KOOPAMHATHI HEOOXOIUMBI JIJIsi Bpalle-
Hus Quryp), Metoasl BpamieHus ¢urypsl. KoopauHaTel U LBET KaKI0M KOH-
KpeTHOU (pUTYpHI 3a]1a€TCsl B €€ COOCTBEHHOM KJlacce.

Meron pucoBku (puUryp v mpoyumx UTrPOBBIX OOBEKTOB CXOXK C PUCOBKOMU
UTphbl «3MelKay 3a MCKIIFOYEHHEM TOTO HIOAHCA, YTO KOT/Ia UTPOBBIC (DUTYPHI
NEepecTaroT MajaTh, TO €CTh CTAHOBSITCS CTATUYHBIMHU, OHU NEPECTAIOT OBIThH (u-
rypKaMmH, a CTAaHOBSITCSl YaCThbIO KOJUJIEKIIMM KoJuleKuui tuna MatrixType — 310
HEOOXOUMO ISl COONIOACHUS JIOTUKH UTPhl — yIaJeHHUs] MOJHOCTHIO 3aroji-
HEHHOTO psijia.

I'paduueckuit uaTepdeiic urpel npeacTasieH Ha Pucynke 4.

ugl Tetris — X

Pucynox 4. I'padmueckuii uarepdeiic urpst «Terpucy.
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IMepenBuxenune puryp.

Qurypbl B TETpUCE UMEIOT JBa THMA TEPEMEUICHUS — MepeMelcHHe
BIIPABO U BJIEBO [0 UTPOBOMY IOJIIO M BPALIEHUE BOKPYT CBOEW OCH (LIEHTpab-
HOTO dJIEMEHTa (PUTYpHI).

C mepemelieHueM BIOPaBO U BIEBO BCE MPOCTO. BakHO mpoBepuTh, HE
BpEKeTCs T (Urypa B JIEBYIO, IPaBYIO IPAaHUILy WIH B Apyryio ¢urypy. U ecim
JUIS TIEpEeMEIEHUsT PUTyphl TOCTATOYHO MECTa, KaXKIbIi AJIEMEHT (PUTYphI CMe-
I1aeTCs 10 KoopArHaTe X B COOTBETCTBYIOIIYIO CTOPOHY Ha OJHY €IUHHILY.

Anroput™m BpaieHus GUTypbl UMEET CBOU CIOXKHOCTH, T.K. GUTYpBI HE
IPOCTO 3€PKAIBHO OTPAXKAIOTCSI OTHOCUTENHHO IIEHTPAIbHOTO 3JIEMEHTa, a Iie-
pemenaercs B MPOCTPAHCTBE TaK, YTO LIEHTPAIbHBIM JIE€MEHT OCTaeTCs Ha Me-
cre. Iy naHHO# Urphl pazpaboTaH alrOpUTM, MO3BOJISIIONINN BpallaTe QUIypy
U BIIPaBO, U BJIEBO, YTO OTJIMYAET MPUIOKEHHE OT KJIACCUYECKOW WUIPHI B TET-
pHuC. AJTrOpUTM 3aKIIOUAETCS B CIEAyIOIIEM: JIOOYI0 CTaHIapTHYI Qurypa
TeTpuca, KpoMe Gurypsl I, MOXXKHO 3aKIIOYUTH B KBaApaT pa3sMEpHOCTHIO 3x3
TakK, YTOOBI KaX/101 KJIeTKEe KBaJpaTa COOTBETCTBOBAJI OJIMH 3JIeMEHT (urypsl. B
3aBHCHMOCTH OT TIOJIOKEHUS AJIEMEHTa BHYTPHU KBajpara OyJeT 3aJaH0 Harpas-
JeHue noBopoTa. HarmsnHoe npeacTaBieHrne JaHHOTO alropuTMa M300paxeHo

Ha PucyHke 5.

Pucynoxk 5. I'paduyeckoe npeacrasienue anroputma Bpamenus BIIPABO ¢uryp

TeTpuca.
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Tak, eciu 2JIEeMEHTBI, CTOAIINME B YIJIOBBIX MO3UIIUSIX KBajpaTa (MO3UIUU
1, 3,9, 7) nepemectarcst Mo NPSIMOM JIMHUU B CJIEAYIOIIYIO YIJIOBYIO MO3UIIHIO:
AJIEMEHT Ha CEJbMOM MO3UIIUU TIeperIeT B IEPBYIO MO3UIIMIO, TIEPBbIN JIEMEHT
B TPETUM U T.JA. DJIEMEHTHI, 3aHUMaroe 4,2,6 1 §8-ble MO3ULINH, IEPEABUTAIOT-
Csl IO AMArOHAJIN: 3JIEMEHT Ha YETBEPTOM MO3ULIMK HEPENAET BO BTOPYIO, U T.I.

TodHO TakoW e aJrOPUTM, HO C MEPEMEIICHUEM B MPOTUBOMOJIOKHYIO
CTOPOHY OCYIIECTBIIEH JJIs BpaieHus (Guryp BIeBO.

OueBunHo, purypa | He BIUCHIBACTCS B CXEMY JAHHOT'O aJIfOPUTMA, TaK
KaK €€ JIJIMHA COCTaBJISIET YEThIpe dieMeHTa. [loaTomMy nepemernieHue s AaH-
HOU (PUTYPBI IPOMHICHIBACTCS OTACIBHO.

[Ipumepsl nepemenienus Gpuryp npeacrabiieHbl Ha Pucynke 6-7.

Pucynok 6. BepTukanbHoe U TOpU30HTAIBHOE MOJI0KEeHUE purypsr 1.
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Pucynox 7. BepTukanbHoe ¥ TOpU30HTAIBHOE TTOJIOXKEHUE (DUTYPHI J.

Jloruka urpsl.

Heo0xoaumo onpenennTs alrOpuT™M HOSIBICHUS HA UTPOBOM I0JIE HOBOU
burypsl. Jlenaercs 3To ciydailHbIM 00pa3oM ¢ nmoMolieto kinacca Random. Ilpu
3TOM HYKHO y4ecTh, 4TO Gurypsl I, L, J 10/KHBI NOABIATHCS B UTPE Yallle, YeM
ocTallbHbIe (DUTYpBI, TaK Kak MX 0o0Jiee 4acToe MOSBJICHUE HA WUIPOBOM IOJE
IPUBOAUT K OOJIE€€ BHIMIPHIIIHBIM CUTYyalsIM. [laHHOE yclioBHE OBLJIO YYTEHO B
CJIEIYIOLIEM QJITOPUTME: MpOorpamma CIIly4ailHbIM 00pa3oM BBIAAET YUCIO B MH-
tepBaiie [1;100]. HoBas durypa O6yaer 3aBUCETh OT YKCJIOBOTO MHTEPBAJIa, B KO-
TOPBIM TOMajeT ciydaiiHoe uucio. Llenecoobpa3Ho crenath YMCIOBBIE UHTEP-
Basibl 11t uryp I, L, J 6omblie, 4em 11t OCTalbHBIX (QUTYD.

Korpga peann3oBanbl anropuTMbl MOSIBJICHUS, MEPEIBUKEHNS, BPALLICHUS
buryp u ux oToOpaxkeHusi, HEOOXOUMO OPraHU30BATh YJAJICHUE 3aNOJTHEHHBIX
psAnoB mojs u o0paboTKy mpourpsimia. Jlemaercss 3To cieayoimuM o0pa3oM:
paccmarpuBatoTcs Bce sneMeHThl MatrixType, To ecTh Bce KIETKH HTPOBOTO
nons. Ecau HaxomuTes 3akpamieHHas KiueTka ¢ Y=1, TO eCTb 3aHMMarolleu
BEPXHUU P, UTPA OCTAHABIMBAETCS, BbI3bIBAETCS COOTBETCTBYIOILEE AUAJIOTO-
Boe OkHO (Pucynok 8). Ilpu Haxkatuu kHomku Retry mapamerpsl UTpbl OOHYIIS-

CTCi, 4 CaMa Urpa BO300HOBJISECTCS.
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Scores: 35

Level: 1

Deleted Rows: 0

Speed: 495

You Lose!

You are loser with : 35 points

MosTop Ommena

Pucynok 8. O0paboTKka IpOUTPHIIIHON CUTYallUU B UTPE.

B cnydae, ecnu HET 3aKpallleHHBIX 3JIEMEHTOB B IOCIEIHEM Psay, pac-
cMaTpHBalOTCS Bce meMeHTsl Matrix Type, HaunHas ¢ camMoro HIKHEro psja,
3aKaHYMBas PSJAOM C MUHUMAJIBHOM (TO €CTh CaMOM BBICOKOW) KOOPJIMHATOMN IO
Y Texymiei Gurypsel, 3aHABIIEH CTATUYECKOE TOJIOKEHHE, HA MPEAMET HATNIUS
B HEW HE 3aKpalllCHHBIX 3JIEMEHTOB. ECIIM HaXOAUTCS MOJTHOCTBIO 3aKpalllCHHBIN
pAll, IPOUCXOJUT €ro yaaieHue. OJHOBPEMEHHO C 3THM, YTOOBI pa3Mep MOJs He
YMEHBIITWICS, CIETYyEeT JOOABUTH PSIJT U3 HE 3aKPAIICHHBIX AJIEMEHTOB HA CaMbIi
BEepX UTrpoBoro nosisi. Takum oOpa3oM M3-3a yJajeHusl HIKHETO psjia, Oyarozaa-
ps cBOMCTBaM CTaHIAPTHBIX KoJuieKuu .NET, Bce oCTalibHbIE PAABI MOJISI CME-
CTATCS HA OAWH BHU3. VIMEHHO MO3TOMY ropasio yaoOHee B JaHHOUW mporpaMme
B Kau€CTBE UTPOBOTO MOJISI UCIOJIB30BaTh HE MATPUIly LIEJIOUYUCICHHBIX 3Haye-

HUH, a KOJUICKITUIO KOJUIEKIHi 31emeHToB Matrix Type — 3To oGecrieunBaet 60-
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jee ObICTPYH0 00pabOTKY COOBITUI UTPHI, a KOJ MPOrpaMMBbI JieJlaeT MEHEe Ipo-
MO3TKHAM.

[TocrmeaHuit KOMIOHEHT JIOTHKU UTPBI — YBEITMYEHUE CKOPOCTH U MOJCUET
TEKYIIUX UTPOBBIX NOCTIKeHUH. UTak, ecnu purypa npuHsia cTaTHdeckoe mo-
JIO’)KEHUE, TIEPBOE, YTO HYKHO MPOBEPHUTH, €CTh JIU TOJHOCTHIO 3aKpaIICHHBIN
PS UTPOBOTO TIOJS M HY)KHO JIM €r0 YIauaTh. Takke He0OX0IUMO CTeHEpHUPO-
BaTh HOBYIO (PUTYpYy, MOCYUTATh KOJIMYECTBO OYKOB (ILTIOC TMATH 32 IMOCTABJICH-
HyI0 (pUrypy M TUTFOC BaIaTh MATh, €CJIM OYUCTHIICS UTPOBOM psin). Eciou ko-
JMYeCTBO 0YKOB KpaTHO 100M emuHUIIAM, HEOOXOJUMO YBEIHUYHTH YPOBEHb U
YMEHBIIIUTH TalMep, €CIM Hy)HO. Takke He0OXOMUMO yBEIMYUTh KOOPJIUHATY
Y Ha eIuHUIly y TeKyIIel He CTaTUYHON (PUTYpHI M BBI3BATh METOJ TIEPEPUCOB-
KH.

Taxoke B JaHHOU UTpe CYIIECTBYET BO3MOKHOCTh YCKOPEHUS TTAJCHUS

(GuUrypbl ¢ MOMOIIBIO KJIABUILIK TPOOEI:

case Keys.Space:

paint_timer.Interval = 5;

break;

¥
default: break;

¥
Invalidate();

}
CpaBHEHHE CKOPOCTH UT'PBI C YCKOPEHHEM U 0e3 Hero n300paxkeHo Ha Pu-

cyHkax 9-10.
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Pucynok 9.CranaapTHele TOKa3aTean CKOPOCTU Ha IEPBOM YPOBHE UIPHI.

Pucynok 10.IToxa3arenu ckopocTH B yCKOPEHHOM pEXXHMME Ha IIEPBOM YPOBHE UTPBHI.
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Co3naHue ri1aBHOT0 MEHIO.

['maBHOE MEHIO COAEPIKUT JIBE KHOTKH, JIJIsi BEIOOpAa KOHKPETHOU UTPHI, a
TaK)Ke aHUMAaIlUH, KPaTKO OTPAKAIOIIME CYyTh UTP W 3HAKOMSIINE C MPaBUIIaMHU.
AHHUMAaIMM TIPEACTABICHBI M300pakeHUsMH C .gif pacmmpeHneM, B3SITBIMH C
cepuca Google-kaptuaku. Ha Pucynkax 11-12 npencraBnen uaTepdeiic rias-

HOTI'O MCHIO ITOJIB30BaTCJIA.

| 8 came - x

Pucynok 11. 'maBHOE MeHIO pUIIOKEHUS NPU HABEACHUN Kypcopa Ha KHOIIKY

«Snakey.

‘ us! Games a b [

Pucynok 12. I'maBHOE MEHIO IPUIIOKEHUS ITPU HABEJEHUU Kypcopa Ha KHOIIKY

«Tetrisy.
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BriBOABI
B nanHO# cTaThe pacCMOTPEHBI ATAIBI MPOTPAMMHUPOBAHUS TPaPUKU U
coznanus 2D urp B uHTErpupoBaHHOMU cpese pazpadoTku 10 Visual Studio,
BKJIFOUAIOIINE CIIETYIONINE AKTUBHOCTH:
1. Wnes, popmupoBaHue KOHIIEILINY;
2. TI'paduyeckoe npencraBiieHUE, arOPUTMbI OTPUCOBKH;
3. Jloruka u ynpaBJieHHE;
4

JlobGaBneHne MEHIO.

Cnucok ucnoyib3yeMoii JuTepaTyphbi:

1. Microsoft Visual Studio [ DN1eKTPOHHBI pecypc],
https://ru.wikipedia.org/wiki/Microsoft Visual Studio

2. Windows Forms [Onextponnsiii pecypc], https://docs.microsoft.com/ru-
ru/dotnet/framework/winforms/windows-forms-overview

3. PykoBoncTBo 1o A3BIKY C# [DJIEKTpOHHBI pecypcl,
https://docs.microsoft.com/ru-ru/dotnet/csharp/index

4. C#: Timer Class [DnekTpoHHbIN pecypc], - https://docs.microsoft.com/ru-

ru/dotnet/api/system.timers.timer?view=netcore-3.0
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AHHOTaIII/Iﬂ: B I[aHHOP'I CTaTbC IIPUBOAUTCA CPABHCHUC HanOoJIee Ba)XKHBIX IIa-
paMEeTpOB I pAacUeTa HEXECTKUX IOKPBITUM 0 IBYM HOPMAaTHUBHBIM JOKY-
MeHTaM. Omnucadbl OCHOBHEBIE NpeuMymecCTBa MU HCAOCTATKH HCIIOJIB30OBAHHA
Pa3INYHBIX HOPMATUBHBIX dKTOB B KAQUYCCTBC OCHOBHI AJIA paCdCTa CTPYKTYPHBIX
CJIOCB JOPOIKHOTO ITOJIOTHA.

Abstracts: This article provides a comparison of the most important parameters
for the calculation of non-rigid pavement for two regulations. It outlines the
main advantages and disadvantages of using different regulations as a basis for
the calculation of structural layers of the roadway.

KuroueBble ciioBa: 10poxkHas OACKIA, HOPMbI, pACUET JOPOKHON OJEHKbI, aB-
TOMOOMIBLHAS Aopora.

Keywords: road clothes, norms, calculation of road clothes, road.

[IpenBapuTenbHbIl HALMOHANBHBIN cTaHaapt Poccuiickont Penepanuu
(ITHCT 265-2018) pa3zpabotaH s NPOECKTUPOBAHMS HEXKECTKUX JIOPOMKHBIX
onexa B nonojgHeHue k OtpacneBbiM nopoxkHbiM HopmaMm (OJIH 218.046-01) B
CBSI3U C TOSIBIIEHUEM OOJIBIIOr0 KOJMYECTBA pa3pad0TOK U MHHOBALMOHHBIX Ba-
PUAHTOB MPOEKTUPOBAHUS JOPOKHBIX OJIEHKI.

Cornacno 1. 10 ct. 2 ®@enepanpHoro 3akoHa ot 29 utons 2015 r. Ne 162-
@3 «O cranpaptuzauuu B Poccuiickoit denepaunn» npeaBapuUTENbHbIN HALIKO-
HanbHbIM cTanaapt (IIHCT) — HopMaTuBHBINA TOKYMEHT, pa3paboTaHHbIA Ha 3
roga. B Oyayiem pe3ynbTaThl BHEAPEHUSI HOPMAaTUBHOTO JOKYMEHTA MOCTYyKaT
OCHOBOM ISl pa3paboTKu HannoHaiabHOro cranaapra Poccun — 'OCT P (Bcnen-
ctBue uero, OJIH 218.046-01 sBnsieTcs 1eHCTBYIOIIUM JOKYMEHTOM).

ITHCT 265-2018 npenHa3HayeH AJisI IPOCKTUPOBAHUS TOPOKHBIX OJEK]T
HEXECTKOI0 THUIAa MPU HOBOM CTPOUTENIBCTBE, PEKOHCTPYKLIHMH, KalUTaIbHOM
PEMOHTE ¥ PEMOHTE aBTOMOOWJIBHBIX JIOPOT, a TaKXe MpU pa3paboTKe KaTaio-

TOB U aJb0OMOB THUIIOBBIX PELIEHUI MO KOHCTPYKIUSAM AOPOXKHBIX ofex. Jlo-

333



MIyCKAETCSl IPUMEHEHHE TMOJ0KEHUN HACTOSIIETO CTaHAApTa MPU MPOEKTUPOBA-
HUU JOPOKHBIX OJEXK] ISl YIUL HACEJICHHBIX ITYHKTOB.

I'maBubie ocobennocTH, oTimyaroniue [THCT 265-2018 oT HopMaTUBHOTO
nokymenta OJIH 218.046-01 npeacraBieHbl HUKE B BUJIE CPAaBHEHUS:
1. HopmaTtuBHBIN CPOK CIyX OBl MEXKAY KaMUTAIbHBIMH PEMOHTAMH Ha JOpOTax
I- IV kareropwii:

— B ITHCT 265-2018 npunst 24 rona [2].

— B O1H 218.046-01 nnis kaxaoil KaTeropuyd Ha3HAYAETCS Pa3HbIA MEXK-
PEMOHTHBIN CpPOK [1].
2. B ITHCT 265-2018 ko3¢ dunrieHTsl NpUBEIECHU IJIs1 BCEX TUIIOB TPAHCIIOPT-
HbIX cpeacTB ykazanbl o ['OCT 32965-2014, koTopbie OTJIHMYaIOTCS B OOJIBIIYIO
cTtopony ot npusBeneHHbx B O/[H 218.046-01. C yu€rom TOro, 4T0 TpaHCIOPT-
HBIE CPEJICTBA PA3IMYAIOTCS MO CTPOEHUIO OCEBOW KOHCTPYKIIMH U MOTYT UMETh
1BE, TpU U 0oJiee OCH, TO Harpy3ka Ha JOPO’KHOE MOJIOTHO B MOTOKE O] KOJie-
CaMHU TaKUX TPAHCHOPTHBIX CPEACTB HAXOAUTCA C YYETOM IMOBBIIIAIOLIETO KO-
abdunmrenTa.
3. IIpu pacu€re HexecTkux AopoxHbIX onexa no [IHCT yuutsiBaeTcs naBie-
Hue Koneca Ha mokpbeitue B cootBeTcTBUU ¢ [OCT 32960-2014 n npuaumaercs
PaBHBIM:
— 0,8 MIIa - i 1opor ¢ KanuTajabHBIM TUIIOM JTOPOKHOM OAeKAbI [2,3];
— 0,6 MIla — st gopor ¢ OOJIETYCHHBIM W TEPEXOJHBIM THUIIOM JOPOKHOM
oaexasl [2,3].

ITo O/IH 3HaueHue naBieHUs OT KOJieCa HA MOKPBITHE BO BCEX CIydasiX
npuHumMaeTcst paBHbM 0,6 Mna [1].
1. Koadduuuent pacnpeneieHuss HHTEHCUBHOCTH ABWXKEHUS ISl caMOM
Harpy>KeHHOM MOJIOCHI ABMKEHUS YBEIMYEH, a TakXe yOpaHa rpajanusi Kod3¢-
dbuireHTa pacrpeaesieHus], 3aBUCSIIasi OT TMOJIOKEHUS TMOJIOCH JBWKEHUS TIO

OTHOILICHUIO K 000YMHE.
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2. KoadduimeHnTsl HaIEKHOCTH U COOTBETCTBYIOIIME MM KOA(POUIIMEHTHI
MPOYHOCTH, 3aBUCAIINE OT TUMA JOPOKHOM OJEKIbl U KATETOPUU JOPOTH, HE
UMEIOT pa3dpoca Mo 3HAYCHUSIM ISl OTHA M T€X K€ YCIIOBUM, YTO MPUBOIUIIO B
OJIH 218.046-01 k HeconmocTaBUMOCTH pe3yJIbTATOB pacyeTa JOPOKHBIX OJIEHK]T
JUTSL pa3JIMYHBIX OJHOTHUITHBIX OOBEKTOB.
3. B IIHCT crana mocTtynmHa BO3MOYKHOCTh IMPUMEHEHHS TaKHX MaTepHAJIOB
kak: [IIMA u acanbsrobeTonoB. [TapameTpsl pacueTa HOBBIX MaTepUAIOB OBLIH
n00aBJIeHbI B IPUIIOKEHUH [2].

Taxk e B ITHCT 265-2018 Obu10 100aBIIEHO €1lle MHOYKECTBO M3MEHEHUH
B cpaBHeHun ¢ O/IH 218.046-01, xoTopsle, B pe3yapTare pacyera, IpUBOIAT K
YBEIIMYEHUIO KOHCTPYKTUBHBIX CIJIOEB, YTO SIBISETCS SKOHOMHYECKH HEBBITOJI-
HBIM TIPU CTPOUTEJILCTBE aBTOJIOPOTH, OJIHAKO 3TH U3MEHEHUS MO3BOJISIOT yBe-

JUYUTh HECYITYIO CIIOCOOHOCTh JOPOKHOW KOHCTPYKIIUH.

Cnucok ucnosib3yemMoi JuTeparypbl:

1. OJH 218.046-01 [IpoexkTrpoBaHNE HEKECTKUX TOPOKHBIX OJICHK/I;

2. [THCT 265-2018 IlpoekTrpoBaHre HEKECTKUX JOPOKHBIX OJEK]I;

3. TOCT 32965-2014 loporn aBTOMOOWMIIbHBIE OOITETO MOJB30BaHMSA. MeTobI

y4u€Ta HHTCHCUBHOCTHU ABHKCHHUA TPAHCIIOPTHOI'O IIOTOKA.
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AHHOTaIII/IﬂI Hcnonp3oBaHue ABTOMATHU3HUPOBAHHAA CUCTCMaA IMPOCKTHPOBAHUA
aBTOMOOMJIBHBIX JOPOT MPHU OMBITHOM MPOEKTHUPOBAHKUE TOPOTH, HA OCHOBE MPO-
rpammHoro obecneuenus “CREDO-noporu”.

Abstracts: Using the auto-roads automated design engineering system under the
trial design of a road; based on “CREDO-noporu” software/

KiroueBnle ciioBa: dABTOMATHU3HUPOBAHHAA CUCTCMaA IIPOCKTUPOBAHNA, BAPHUAHTBI
MpoeKTUpoBanus, upposas Monaeib MecTHOCTU(LIMM), ropu3oHTaILHOE BHI-
paBHUBaHUE, IPOIOIbHBIA MPOPUIH, TONIEPEUHBINA TPOPHIIB.

Keywords: automated design engineering system, design options, digital ground

model, horizontal alignment, longitudinal profile, cross profile.

B cratbe paccMOTpeHbl BapuaHThl pacyéTa OCaJKH HACHIM B IJIAHE U B
npo¢uie nporpammuaoro komruiekca CREDO 111,

B Hauane paccMOTpUM METOAMKY pacyéra 0CaJKu 3€MJISTHOTO MOJIOTHA Ia
cnabbix TpyHTax. [Ipu npornose ocajaku ciaboro rpyHTa B OCHOBaHUHW HACHITIU
HEOOXOJMMO OIpPEACNATh HAMPSHKEHUS, KOTOphble OyAyT BO3HUKATh B CIIa0OM
IPYHTE OT Beca HACBIIHU U OT MOJBHXHOTO cocTaBa. Harpy3ka oT Beca HachIu
uMeeT (opMy TparenreBUIHON Harpy3ku. [ mporHo3a KOHEUHOW BEITMYUHBI
UCIIOJB3YIOT CXEMY OJHOMEPHOIO KOMIIPECCHOHHOIO CXaTusd. BiusHue Ha
HaIpsHKEHHO-1e(POPMUPOBAHHOE COCTOSIHUE CJIA0BIX TPYHTOB, JIEXKAIMX B OC-
HOBAaHMM HAChIMU, yunuTbiBaeTcs B cooTBeTcTBUU ¢ ['OCT, mytem omnpeneneHus
JIOTIOJIHUTENIBHOTO CJIOSI TPYHTA, 3KBUBAJEHTHOIO BO3JEHUCTBUIO TOJBHKHOM

Harpy3ku. [1]
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[Tepexoaum HenmocpencTBEHHO K nporpammHoMy komruiekcy CREDO 1.
PaccmoTpum MeTonuKy pacd€ra OCaJKky HAChIIU B IUIaHE. B KOMaHIHOM CTPOKE
HAaXOJIUM KOMaHIy IO pacyeTy oOBbEMOB C YYETOM OCAJIKH B IJIaHE Ha3bIBaeT-
csi“B konmype c¢ yuemom ocadok” - oHa BXOAUT B OCHOBHOH OJIOK KO-
MaH1 “O6vemut “ w3 MeHto “Ilosepxnocms” (puc. 1). Jlnsg MNOJHOLEHHOTO
GYHKIMOHUPOBAHUS 3TOr0 pacyéTa HEOOXOUMO HAIUYUE MPOEKTa F€OJIOTHH C
O0BEMHON Te0JIOTUYECKON MOAenbio. JlaHHBIA MPOEKT CO3/1al0T TE€OJIOTH B
nporpammHor cuctreme KPEJIO I'EOJIOI'MA. B mpoekTe HEOOX0AMMO HATHUYHE
re0JIOTUYECKUX CIIOEB, C 3aJJaHHBIMH MapaMeTpaMu: Tui Topda U CJIoi MHUHE-

paJbHOIO JIHA.

Wiy Mexay cnosmm
\v!:] B KoHTYpe

;" B KOHTYpE C y4eTOM 0CaAKM

\&y Mo peruory unu nnowaaomy obwexTy

Pucynok 1

Pacuer mpou3BoauTCs yepe3 JBa CIIOS ¢ TIOBEPXHOCTSIMH, yKa3aB Ha3Ba-
HUE JTHX CJIOEB B OKHE IMapaMeTpoB KoMaHnbl. [lanee HeoOXoamMo yKasaTh
IIPOCKT C Ie0JIoTueH, ¢ HHGOPMAIIUEH 0 TSOJIOTHISCCKOM CTPOSHUH, U BEIOMpacT-
Csl ceMaHTU4ecKoe CBOUMCTBO: “Tun mopgha” (puc. 2). Cnenyroiee IelcCTBUE:

00BECTH KOHTYPOM HY>KHBI HaM Y4aCTOK U 3allyCTUTh PacUET.
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Cnocob cozparma Mo Touxam

MpoexT 1 UMM

Cnoit MpoexTa 1 (McxoaHswt) Penved

MpoexT 2 MEHMNAH-1

Cnoit MpoexTa 2 BepTukanoHan NNaHMpoBKa
TexcT obbemos 1 nnowanei Co3pasatb

YaenbHbit BEC CyXoro rpyHTa Haceinu, KH/M3 16,000
YaenoHbiN BEC MPYHTA Hatbinu B0 B38eweHHoM ... 10,000

Wma MpoexTa Obvemo!
Min o6beM HacLInK UK BoleMKu, M3 0,0001
CTuNb NOBEPXHOCTH Bes otobpaxerus

3anonHeHne Hacbinu

3anonHeHne BbieMKn

Pucynox 2

B pesynbrare pacuera coznaercs npoekT “Oovemsr”. I[lomrumo cTanaapt-
HOTO IIEPEYHsI CIIOEB B HEM IOSIBISIOTCS HOBBIE CIIOU: “Modens 00vemos 3Ha-
uyenusn ocaoku” v “Mooenv od6vemoe mowHocmu mopgha”. Monenb ocaaku
CO3/aeTcs TOJIbKO B IpejesiaX KOHTYpPOB, TJI€ CO3/1aeTcsl Hachllb. B aTom cioe
MO>KHO TIOJYYUTh HHPOPMAITUIO TI0 pACCUUTAHHBIM 3HAYCHUSAM OCaaKu. Mojaens
MOIIIHOCTH TOp(a COAECPKUT B ceOe NaHHbIE M0 CyMMapHOM MOIIHOCTH Topda
re0JIOTUYECKUX CIIOEB.

Jlnis oopMIIeHHS TINIaHaA 3eMIISTHBIX pa0oT MpeaHa3HaueHa ceTKa 00eMOB

¢ yueTom ocaaku (puc. 3).
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1,76[119,96 1,14[120,05 Koo7|n9gs |

1,93[118,20 1.79[11891 12,03[11991

+ 0,54 04(+60 - i\_}ﬁta +2

+151  +43p *37 \ +5

/*53 +147
116(119,68 0,65 ﬁo. 2
I'ybuna smownocmu 1711852 4 4R 218 20,11
—031
- T /

[ [
3HaueHue ocaoxu

k

B ceoonoit madauye 3HaveHua ocaoxku

CYMMUPYIOMCA 6 0MOeTbHOT CMpoxKe +66 +3604

/ -0 -0 27 -4

Ocapka X +102 +629 +333 +57

Hacbins

Bblemka -31

Wroro, W3
Beero, M3

+121

Pucynok 3

“Bedomocmb 00vemo6 Hacvlnu U 8bleMKU HO CEemKe Keaopamoe c yue-

mom 0caoku” COAEPKUT PE3YJIbTAThl BBITIOJHEHHBIX PACUYETOB.
Pacuer ocagku HaceInu B nipoguJie

HY)KHEUI KOMaHI[a IJA pacducTa OCaAKH HACBIIIN B l'IpO(bI/IJ'Ie BBI3BIBAIOTCA

13 BUJOB paboT “Ocadka Hacvinu u evimopgosvieanue” (puc. 4).[2]

Cetka Ocanku Hacsinu 1 BoITOpdOBLIBAHNA
YYaCTKM Hacbinu Ha cnabbix rpyHTax

Obbemsl 0canku U BoITOPGOBLIBAHUA

Pucynok 4

=l [P}

Pabota xomaHb! “Yuacmku nacvtnu Ha cnaovix cpynmax” HeBO3MOKHA

0e3 3amonHeHus rpadpl CETKM HEOOXOAMMBIMHU JAaHHBIMU U BBITIOJHEHHUIO pac-
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4yeToB. Pe3ynbrarsl 0TOOpakaroTcsi B BUAE 3HAUCHUN Ocalku B rpade CeTkH, a
KOHCTPYKIIMU BBITOP(OBHIBAHUS — HaA MPOCKTHBIX momnepeuyHukax. Koman-
na “Oovemst ocadku u evimopghosvieanun” nNo3BonAeT co3naTb BEIOMOCTh C
o0beMaMH BHITOP(OBBIBAaHUS M OCAJIKAMHU HACHIIU Ha cJ1a00OM OCHOBaHUHU.

[lanenp WHCTPYMEHTOB MeTona “Yuacmku nacvinu Ha cnabvix epyH-
max” COAEPKUT PsAJT KOMaH/I.

JlaHHBIE T€OJIOTUYECKON MOJIENH, HEOOXOUMBIE JIJIsl pacyeTa U OTPUCOB-
KH PETMOHOB BBITOP(OBBIBAHUS HA MOMEPEYHUKAX, MOTYT OBITh MOJIyYE€HBI pa3-
HbIMH criocobamu. Harpumep, B OKHE TapamMeTpoB KOMaHbl [lapamempst npo-

eKma MOKHO YCTaHOBUTH CBS3b C T€OJIOTMYECKON MOJIEIBIO (puC. 5).

”++++‘QH X‘Xs’
Mo m| o & qm|m|
Moaens reonoruu

Buibop cBONCTBa AR ONPEAeNeHHA THNa Topda
Y2 NbHbiM BEC CYXOr0 FpYHTa Hackink, KH/M3 V3 reonor nonoce|
Y A€NbHbIM BEC MPYHTA HACkNU BO B3BewWenHoM cocToarun, KH/M3 10,000
Y nensHoit BEC CNoes NOKPLITU, KH/M3 24,000
Y nenoHuit BEC Coes 0cHoBaHHA, KH/M3 13,700
PHCyHOK 5

Ecnu npoexT reojoruu oTCyTCTBYET, TO MOILTHOCTH TOp(a MOXKHO 3a1aTh
BPYYHYIO B JIFOOOM pacueTHOM TOUYke Ha IuiaHe u B npoduie. Komanas! (puc. 6):
MHTEPAaKTUBHOTO YKa3aHMs TOJOKEHUS TOUYKH B rpade “Cozdamb mouxy”,
IPYIIIOBOTO CO3J4aHusl Mo HacTpoiikam Cozdamb moyku no napamempam, cO-
3naHueM B Tabnuie “Pedaxkmuposams ¢ mabauye” ¢ ykazaHUEM MHKETHOTO

MOJIOKEHHS TOUKHU — MO3BOJISIIOT OMKUCATh JIFOObIE CUTYyaluu. [2]
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Cozoams mouxy Peoaxmupoeame ¢ madauye

5 | o | & &

Cozoamv mouxu no napamvempam i O

Pucynoxk 6

Ha ygacTke moporu MOKHO 3a7aTh pa3HbIe KOHCTPYKIIMU BBHITOP(OBHIBA-
HUsA (pUC. 7): «moiHOE BBHITOP(OBBHIBAHHUEY», «YaCTUYHOE BHITOP(HOBBIBAHUCY,
«TIaBaroIiasi Hachllby. [lonepeuHnKky peann3oBaHbl B COOTBETCTBHH C allb0o-
MoM «Tunoevie KOHCMPYKUUU 3eMIIAHO20 NOJIOMHA HEPHmMenpoMvic108bIX
agmomoounvHvix 0opoz 3anaouou Cuodupu». Kak U npu CO3JaHUU TOYKH,
UMEIOTCSI pa3Hble BO3MOXKHOCTH CO3J[aHUSI MHTEPBAJIOB JUIsi HA3HAYEHUS KOH-

CTpyKUMHU BITOpQOBBIBaHUs (puc. §). [2]

o e e T A VRO 0

A A
e Sy
//////// / ALy //////_"_/

Koucmpykuwz «NnoJIHoe ebzmopd)oebzeau ue»

T L S S S L L Y
Konempyxkyua «niasaowjas Hacvinby ]

2 o S L L A A A
//////_:Lﬁé./.“/....(H./H..f..._{-.:.

Pucynok 7
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Cagal&%'ﬁlﬁy“@ e

Cozoamv unmepeai Peoaxmupoeamv € maodauye

Pucynoxk 8

JIIsi  KOHCTPYKIIUHA «YaCTUYHOE BHITOP(OBBHIBAHUE» W «IUTABAIOIIAS
HACBIMbY» HEOOXOIUMO YYECTh 0CaJIKy Hachiu. C MoMOIIbI0 KOMaHJ padOThI €
TOYKAMH 3aJAl0TCS TOYKH JJIS TeX MOTEPEYHUKOB, B KOTOPBIX Ha3HAYACTCS JIU-
00 paccuuThIBaeTCs Ocaaka. ABTOMATHU3WPOBAHHBIN pacdyeT OCaJKU MOKHO BbI-
MOJIHUTh  JUIA  OTHAEIABHOTO  TMONEpPeYHHKa  JUMOO0 NI TPYIIIIHL.
[Toce BEIMOMHEHUS pacyeTa s OTASIHHOTO MOTIEPEYHNKA TTOSBIISETCS TPOTO-
KOJI C pe3yJbTaTOM pacyeTa. ITO OYeHb YJA00HO, TaK KaK B CIy4ae HEBBINOIHE-
HUS pacdeTa MOKHO MPOAHAIM3UPOBATh, KAKWE JAaHHBIC OTCYTCTBYIOT OO 3a-
JlaHbl HEKOPPEKTHO. PaccunTaHHble 3HAYEHUSI OCAJKU OTOOpaxkaroTcs B rpade

cetku (puc. 9), a Takke B Tabnuile KOMaHnbl “Pedakmupoeamsv 6 maodnu-

ue” (puc. 10). [2]

3HaueHue 0cadKU HA 3A0AHHOM NONEpeuHUKe & 2paghe cemxu

0517 YacTnyHoe BbITOpdOBbIBaHME ezt

Pucynox 9
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232 Y4acT KM HacbLinm Ha cnabbix rpynrax E3

==
3 I | 3c I = | Paccuumanusvie 3HaQUeHUs OCaAoKu
omoobpascaromca & cmoadue Ocanka

Touxn l w-rrepeam:ll =7
lOcanKa,n /ll‘nyGw-caabnopd)oebaarm,n Ianon-bepao-oe-r ],;

nK
1N 0+ 0,00 O 0,403 1,100
i L 0 +20,00 0 |0,385 1,100 BovinoaHums pacyem oCaoKu MOHCHO
3|NK ©0+40,00 0 0,359 1,100 S OO BRIt
4|1 NK 0+60,00 0 0,283 1,100 I
5 |NK 0+80,00 0 0,261 1,100
6|NK 0 +91,54 0 He onpeaenero 1,000 Elv
« | > |
WMs npoexTa: IOcanKa Hacsinm U soiTopdosoisarme MMa choa: IYuac‘n\'n HacoINu Ha cnaboix rpyHTax
CoxparmTb... I OK I MpuymMerHTb l OTmMeHa I
Pucynox 10

Pe3y.]'IBTaTI)I pa6OTBI OYCHb HArJLAJHBI IIPpU IIPOCMOTPC IIPOCKTHLBIX IIOIIC-
PCUYHUKOB. 3aKJII0UYUTEIILHBIM 3TalloM pa6OTBI ABIICTCA CO34aHHUC BEIOMOCTHU

00beMOB BBHITOP(POBBIBAHMS M OCAIKU HAChINH (puc. 11). [2]

Begomocts 06bemMoB BHTOPHOBLIBAHIA It OCAAKI HACKINK
Tpacca Al
Ha yuacrre ot MK 0+00 a0 NK 1417
Miker BapiakT ycrpoiicrea TonuHa, M Coeanan — Obvem, M3
Hayana KOHUA H—— BLTOPGO- ocagrm e OCHOBaHIA, M2 euTopeo- ocagKi ot
o Hacsni BHBaHIIA 3 OCHOBaHIA, M ‘ BHBAHIIA o
0+68 0+80 s 020 051 0,00 0,00 0 0 0
0+80 H2 | i 020 048 1275 20193 2 % 5
0+92 1400 W I 020 030 %53 21465 4 I 8
1400 W | i 0.30 042 2476 41262 102 8 185
Pucynok 11
Cnucok ucnosb3yemMoil JuTeparyphbl:
1.[DnexTpoHHbIH pecypc] —

https://studme.org/271741/stroitelstvo/prognoz_osadki_nasypi_slabom_osnovan
i

2. [DnexTponnsiii pecypc] — https://credo-dialogue.ru/produkty-2/korobochnye-
produkty/credo-osadka.html
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V]IK 69.052
O HEOBXOJIMMOCTH COBEPIIIEHCTBOBAHUS ITPOLIELYPEI
COTJIACOBAHMSI MECTONOJIOKEHHS 1 TEXHUYECKHAX
XAPAKTEPUCTHUK MHKEHEPHBIX KOMMYHUKA LM
HA OCHOBE BHEJIPEHHS Y D®PEKTUBHOT'O
HNCIOJIb30BAHMS TEOMH®OPMALIMOHHBIX CUCTEM
ABOUT THE NEED TO IMPROVE THE ENDORSEMENT
PROCEDURE OF THE LOCATION AND TECHNICAL
CHARACTERISTICS OF ENGINEERING COMMUNICATIONS
ON THE BASIS OF INTRODUCTION AND EFFECTIVE USE
OF GEOGRAPHIC INFORMATION SYSTEMS

I[I.LA. TOPBYHOB - ctynent, 6akanaBp, UHCTUTYT apXUTEKTYphl, CTPOUTEIb-
crBa u sHepreTrku, Kadenpa AJl, I'pynma C-416, E-mail: hanl13terl4@mail.ru
E.N1. BAP3UH — crapmmii npenojaBatenb, UHCTUTYT apXUTEKTYphI, CTPOU-
TeNbCTBA M SHepreTuku, Kadenpa AJl, E-mail: nem82@mail.ru.

P.A. GORBUNOV - student, bachelor, Institute of Architecture of Construction
and Energy, Department of AD, Group S-416, E-mail: hanl13terl4@mail.ru

E.l. VARZIN - senior lecturer , associate professor, Institute of Architecture of

Construction and Energy, Department of AD, E-mail: nem82@mail.ru.

Annoramusi: Coop ucxonusix nanubix (manee CUJI) sBisercs HEOThEMIIEMOM
4acThlO0 pa3pabOTKHU MPOEKTa Ha CTPOUTEIHCTBO ABTOJIOPOT, MOCTOB U HCKYC-
CTBEHHBIX COOpYyXeHHI Ha HuX. [loTHOTa W KauecTBO BHITIOJIHEHHBIX Pa0OT IO
JJAHHOMY HAaIlpaBJICHUIO MMOMOTAIOT TJIaBHBIM HMH)KEHEpPaM IPOEKTa IpaMOTHO
MPUHATH MPOEKTHBIC PEIICHUSI U TOYHO OINPEAETUTh CMETHYIO CTOMMOCTb CTPO-

HUTCJIbCTBA.
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Annotation: The collection of baseline data (SID) is an integral part of the de-
velopment of the project for the construction of roads, bridges and artificial
structures on them. Completeness and quality of the performed works in this di-
rection help chief engineers of the project to make design decisions competently
and precisely to define estimated cost of construction.

KiroueBble ciioBa: C60p, NCXOJHBIC JAaHHBIC, IIPOCKTUPOBAHUC, IIPOCKT.

Keywords: gathering, initial data, design, project.

NHxKeHepHO-re01e3nYECKUe U3bICKaHHUs 3aHUMAIOT 0CO00€ MECTO Cpelu
BCEX BHUJIOB MH)KCHEPHBIX M3BICKAHWW, BBIITOJIHAECMBIX I LIEJIEH MPOEKTUPOBa-
HUS U CTPOMUTEIBCTBA HOBBIX, PACIIMPEHUS, PEKOHCTPYKIUU U TEXHUYECKOIO
IIEPEBOOPYKEHUS JEUCTBYIOIMX MNPEAUPUATANA, 30aHUA U COOPYKEHUU, IS
BCEX BUJIOB CTPOUTEIIBCTBA M MHKEHEPHOU 3aIIIUTHl TEPPUTOPHUH.

Cragun CUJI u npoekTa TECHO yBS3aHbI U HE MOTYT OBbITh pa3ieanumsbl. B
MIPOILIECCE TPOECKTUPOBAHUSI BO3HUKAET MHOKECTBO BOIPOCOB, KACAIOIIUXCS
odopMIIeHUST BBIOOpA 3eMENBHOTO y4acTKa, y4acTKa JiecHOTo (oHma u cobuiro-
JICHHAsI BCEX HOPMATMBHBIX 3aKOHOB M perjaMeHTOB. Ha mpoTskeHuu BcCero
BPEMEHHOT'O Mepuoja pa3padOTKH MPOEKTHO-CMETHOM JOKYMEHTAIMHU MMOCTOSH-
HO MPUXOAUTCS OCYIIECTBIATh pabOThl MO COOPY MCXOJHBIX JAHHBIX JUJISl IPO-
E€KTUPOBAHUS BIUIOTH 10 MOJYYEHUS NOJIOKUTEIBHOIO 3aKIIIOUeHus ['ocakenep-
T3l [1]

Jlnst Hanbonee Ka4yeCTBEHHOW pa3paOOTKU BCEUM MPOEKTHOM JTOKYMEHTa-
MM HA CTPOUTEIHCTBO, PEKOHCTPYKIHMIO, KAUTAIbHBIA PEMOHT aBTOMOOMWIIb-
HBIX JOPOT U UCKYCCTBEHHBIX COOPYKEHUI Ha HUX, 0C000€ 3HaUeHHe mpruodpe-
TaeT KayecTBO, MOJHOTA U CBOEBPEMEHHOCTh BBINOJHEHUs paboT Mo cOopy uc-
XOJHBIX JAHHBIX U YCIOBUW MPOEKTHUPOBAHMS, IOITOMY, B IEPBYIO OYEPEND,
JUISL KOMITJIEKTHOCTH MTPOEKTHO-CMETHOM JTOKYMEHTAllUd HEOOXOAUMBI OCHOB-

HBIC HMKCIICPCUYNCICHHBIC JOKYMCHTLI:
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1. 3amanue Ha TPOEKTUPOBAHUE, YTBEPKACHHOE 3aKa3YMKOM U MTOATOTOB-
JIEHHOE COBMECTHO C IIPOEKTHOM OpraHu3aIuen;

2. [lporpamma pabot, pa3paboTaHHasi OTAEIOM Mpe] MPOEKTHON MOAro-
TOBKH ¢ununana u cornacoBanHas ¢ ['MIlom oO0bekTa;

3. IlpaBoycTaHaBIMBaIONIME JOKYMEHTHI HA OOBEKT;

4. ApXUTEKTYpHO-IUIAHUPOBOYHOE 3aJlaHUE M TPaJOCTPOUTEIbHBIN
IUIaH 3€MEJBHOT0 YYacTKa, MPEA0CTABIIEMOrO JUIsl pa3MEICHHs O0OBEKTA;

5. IlpaBumna 3eMJIECTIONB30BaHUS U 3aCTPOMKHU, YTBEPK/ICHHBIE 3aKOHO-
JaTEIbHBIM OPTaHOM MYHUIIMIIAILHOTO 00pa30BaHMs MO MPETOCTABICHHUIO
3€MEJIbHBIX YYaCTKOB JUIsl CTPOUTENbCTBA;

6. 3emiieycTpoUTEIBHOE JIEJI0 O BHIOOPE 3€MENBHOIO y4acTKa U IMpea-
BAapUTEIBHOM COTJIACOBAHUM MECTA Pa3MEIEHUS 00bEKTa;

7. Matepuanbl OT YIIOJTHOMOYEHHBIX OpraHoB P® B 00y1aCTH JIECHOTO-
XO3SMCTBA;

8. CBeneHus 0 mpearnoiaraeMblX 3aTpaTax, CBI3aHHBIX CO CHOCOM 3/IaHHM
U COOPYKEHHM, TMIEPECEIICHUEM JIIOJC, IEPEHOCOM CETe HHXKECHEPHO-
TEXHUYECKOTO 00eCTIeueHus;

9. CnpaBky (o0bsiBienne B CMU) 06 mHbOpMUpOBaHUM HAacENEHUS U
COOCTBEHHUKOB;

10.3akiroueHne yrmoaHOMOUYEHHOTO OpraHa IO YIPABICHUIO MYHHUIH-
MaJbHBIM U FOCYJIapCTBEHHBIM UMYIIECTBOM,;

11.3akit0oueHne ynoJIHOMOYEHHOIO OpraHa yHpaBJIEHUS CEIbCKOXO3sil-
CTBEHHBIM MPEANPUATHEM, (€CIU TPOU3BOIUTCS U3BATUE 3EMENb CEIbCKOXO03sH-
CTBEHHOTO Ha3HaueHUs (eneparbHO COOCTBEHHOCTH);

12.CanuTapHO-3IIUAEMUOJIOTUYECKOE 3aKItoueHre ot PocrotpebHaa3opa

1o npeacTaBiaeHuto 3Y B apeHay, 0 IpuroaHoctu 3V st CTpOUTENbCTBA;
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13.3aknroueHne rocygapCTBEHHOIO OpraHa BETEpUHApPHOIO HaA30pa, B
T.4. O HaJIWYMUUA (OTCYTCTBMH) CKOTOMOTMJIBHUKOB, CIpPaBKa OT CTAaHIMHU IO
O0opbOe ¢ 60JIE3HAMU )KUBOTHBIX;

14.CrpaBky 0 Hanuuuu (OTCYTCTBUHM) IPHUPOJIOOXPAHHBIX M BOAOOXpaH-
HBIX 30H B paiioHE pa3MelIeHHus 00BbEeKTa B T.4. 0CO00 OXpaHsAEMbIX MPUPOIHBIX
TEPPUTOPUH;

15.BBIITMCKY W3 BOJHOTO PEECTpa O BOJHBIX OOBEKTAX M PErJIAMEHTaX UX
UCITOJIb30BAHUS;

16.3axitoueHue crenraibHO YIIOJIHOMOUYEHHOTO OpraHa B 00JIacTH oXpa-
HbI OKPYXAIOIEH MPUPOTHON CPebl, B TOM YHCIIE 110 00ECIEUCHHIO KapaHTHHA
pacTeHui;

17.CnpaBka 0 HaIMYUM (OTCYTCTBAM) MEITMOPUPOBAHHBIX 3€MENb U MEIIUO-
PaTUBHBIX CUCTEM;

18.CrpaBka 0 HayinyuK (OTCYTCTBMM) MOJIE3HBIX MCKOMAEMbIX B palioHE
pa3MelleHns 00beKTa, a MPU UX HAIMYUU — COTJIACOBAHUE HA CTPOUTEIHCTBO;

19.CnpaBky (3akiatoueHue) O HaMMUUU (OTCYTCTBUHU) MaMSITHUKOB KYJIb-
TYpHOTO;

20. CrpaBky 0 (POHOBBIX KOHIEHTPALMSAX U KJIMMATOJIOTUYECKON XapakK-
TEPUCTUKE B JAHHOM PaNoOHE;

21. 3akiroueHue opranoB Pocpbi00JI0BCTBA O phIO0OX035IHCTBEHHOM;

22.CnpaBky OoT opraHoB PocTexHana3zopa O COCTOSHUM CYIIECTBYIOIIHX
COOPYKECHUU;

23.BpINUCKHU U3 rpaloOCTPOUTEIBHON JOKYMEHTALINH;

24 3akiioueHre OopraHa apXUTEKTYphl U TPalOCTPOUTENBCTBA, IPasio-
CTPOUTEINBbHBIN TU1aH 3Y, COTJIACOBAHHBIN M yTBEPKAEHHBIN B OpraHax apXUTEK-
TYpbI U CTPOUTENHCTBA;

26. Texuuueckue ycnosus ynpasienus OAO «PXKJ» u coriacoBanus

Cco CJ'Iy}K6aMI/Il JAUCTAaHIOUN IIYTH, CBA3H, 3CJICHBIX HﬂCﬂ)KIICHI/Iﬁ, 3HCpFOCH&6}K€-
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Hus, TpaHcTeaekoMoM, CIy>KO00M TerI0BOIOCHAOKEHHUSI, CITYKOOU IIEeHTpaIn3a-
U1 U CUTHAJIA3ALNH;

2. TexHuuecKHe ycIIOBUS Ha MOAKIIOYEHUE K MHKEHEPHBIM CETSIM U Ha
NepeceveHrs U MapauiebHOE MPOXO0KICHUE MPOECKTUPYEMOT0 00BEKTa CyIlle-
CTBYIOIIUMH KOMMYHHKAITUSIMHU H COOPYKeHUsIMU. [1]

HaydHoe coo0111ecTBO BCeX CTpaH JaBHO MPUILIO K BBIBOLY O TOM, YTO
perieHne 00N MpoOJIeMbl HE JTOJDKHO OBITh OJTHOCTOPOHHHM, OHO JIOJDKHO
OBITh KOMILUIEKCHBIM, TAKOW IMOJXOJ MO3BOJISIET YYECTh BCE JIEUCTBYIOIIME Ha
00BEKT HccheoBaHus (HaKTOPhI, MPOAHAITU3UPOBATH UX B3aUMO3aBHCHUMOCTU U
MIPUHSTH NMPABUIIBHOE PEIICHUE.

Ucnonb3oBanue I'MIC B cdhepe MHKEHEPHO-TEOAE3UUYCCKUX H3BICKAHHUI
JUJIs CTPOUTENBCTBA UMEET OOJBIIOE MpaKTUYeCcKoe 3HaueHue. [loBbieHue ka-
4YeCTBa PE3yJIbTATOB M3BICKAHWM, YCKOPEHHUE MPOIECCa BBITYCKA TEXHUYECKUX
OTUYETOB, CHI)KEHHE CEOECTOMMOCTU BCEro KOMILIEKca paboOT — BOT OCHOBHBIC
MOKa3aTeNu, KOTOPhIX MOXHO JTOCTUTHYTh, €CJIM Ha CTaJAUU COTJIACOBAHHS MeE-
CTOITOJIOKEHUSI U TEXHUUECKUX XapaKTEPUCTUK MHKECHEPHBIX KOMMYHUKAIUU C
AKCIUTYaTUPYIOIIUMHU Opranu3auusiMu ucnotibzoBatb [ MIC cooTBeTCcTBYyIOLIEH
peaMETHON 00JIacTH.

VYkazanHble (PYHKIIMOHAJIbHBIE BO3MOXXHOCTH TNPOTPaMMHOTO obecreue-
Husg [ YIC — 310 mipophIiB B 001aCTH MH(POPMALIMOHHBIX TEXHOJIOTUH M, IO CYTH,
IJIABHOE TPEUMYIIECTBO TEpea KIACCUYSCKMMU apXUBaMHU HH(POPMAITMOHHBIX
pecypcoB. JlanHoe npeumyiiectBo Aenaetr [ MC He3aMEHMMBIMU B COBPEMEH-
HOM MHpe, T1ie HHGOpMaIKs TOCTENEHHO 3aBOEBBIBACT CTATYC IJIABHOTO (haKTO-

pa Mpou3BOICTBA YKOHOMUYECKUX OJar.
Cnucok ucnosb3yemMoi JuTeparypbl

1. MeTonuueckne peKOMEHIAIMH 10 BHIOOPY 3€MENIbHOTO y4acTKa JJIsi CTPOH-

TCJIbCTBA U MPCABAPUTCIBHOMY COIIACOBAHUIO MECTA PACIIOJIOXKCHUA 06’I)CKT3.,
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pa3pad.: HavanpHuk TexHudeckoro otaena Humxeropoackoro ¢ummama OAO
«IUTTPOAOPHUN» A.Bb. Caexuurikuit, 2011

2. [DnexTpoHHBIN pecypc]-Www.stroyproject.ru/pos/

CEKIIUA « COBPEMEHHBIE TOPO’KHBIE MATEPHUAJIBI,
TEXHOJOI'MM U MAIIUHBI JJIAA 1OPOKHOI'O
CTPOUTEJ/IbCTBA»

YK 625.8
CPABHEHUE HOPMATUBHbBIX TJOKYMEHTOB
HA MEBEHD JUISA CTPOUTEJIBCTBA ABTOMOBUWJIBHBIX TOPOI’
COMPARISON OF THE REGULATORY DOCUMENT
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OunpHBIX 1opor. CBsi3aHO ATO ¢ pa3pabOTKOl HOBOrO METOJa MOAOO0pa CoCcTaBa
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aC(i)aHLT06eTOHHOﬁ CMCCH, YUHUTBIBAIOIICTO KAa4YCCTBO aC(l)aJIBTO6eTOHa II0 3KC-
IIyaTalluOHHbIM CBOMCTBaM U AO0JITOBECYHOCTDL JOPOKHBIX HOKpBITHﬁ.
Annotation: A comparison of regulatory documents on technical requirements
for crushed stone from rocks for the construction of roads. This is due to the de-
velopment of a new method for the selection of the composition of asphalt con-
crete mixture, taking into account the quality of asphalt concrete in terms of op-
erational properties and durability of road pavements.

KiaroueBbie cioBa: IlleOeHb TOpHBIX TOPOJA, T'PaHYJIOMETPUUYECKUN COCTaB,
3epHa MJIACTUHYATON M UTJI0BATOM POPMBI, TPOOUMOCTH, U3HOC.

Key words: Crushed rock, granulometric composition, grains of lamellar and

needle-shaped forms, crushability, wear

[IleObeHb — OCHOBHOM MAaTepuasoB Uisl yCTPONCTBA OCHOBAHUW JTOPOKHON
OJICXKIbl W TPUTOTOBIICHUSA ac(hanbTOOETOHHON CMECH TpPU CTPOUTEIh-
ctBe aBTojmopor. Ceifuac JeHCTBYIOT JiBa CTaHJapTa Ha TEXHUUYECKUE TpeOoBa-
HUS K meOHto u3 ropubix nopoa: [OCT 8267 [1]u T'OCT 32703 [2].

[IpuBeneHb OCHOBHBIE OTINYMSI IAHHBIX HOPMATUBHBIX JOKYMEHTOB.

1. Cornacuo I'OCT 8267 B cTpOUTENBCTBE MPUMEHSIOT 1IEOCHb CIEY-
romux ¢paknuii: ot 5 (3) 1o 10 mm; cB. 10 1o 15 mm; cB. 10 10 20 Mm; cB. 15
10 20 mm; ¢B. 20 g0 40 mmMm; cB. 40 10 80 (70) Mm.

I[To T'OCT 32703 mpumensitor mebdeHb 0omnee y3kux (pakiuii: ot 4 110
5,6 MmM; ¢B. 5,6 10 8 MM; ¢B. 8 1o 11,2 mm; cB. 11,2 10 16 Mm; cB. 16 1o 22,4
MM; CB. 22,4 1o 31,5 mm; cB. 31,5 10 45 Mm; cB. 45 10 63 MM.

Omnpenenenue TpanyioMerpudeckoro cocraBa mebns mo ['OCT 8267
OCYUIECTBJISIIOT B JJAOOPATOPHUM HA CUTAX C KPYTIbIMU oTBepcTUsiMu, a o ['OCT
32703 — Ha cuTax C KBAJAPATHBIMU STUCHKAMH, YTO MPUOJIMKEHO K MPOU3BOJI-
CTBEHHBIM ycloBUsM. B acdambrocMecuTenbHON yCTaHOBKE NMPUMEHEHBI BUO-

POTrpoOXO0THI C KBAAPATHBIMHA STYCHMKaAMU.
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Pa3mepsl ssiueek KOHTPOIBHBIX CUT IO JABYM CTaHAapTaM pasznudHbl. [Ipu
pacceBe meOHs Tpoxoasl depe3 KoHTpodbHbie cuta mo ['OCT 32703 umerot
OoJbIe Bapualuii — NPEJIOKEHO MATh MapOK I'PaHYJIOMETPUYECKOTO COCTaBa
ieOHs.

Takum o6pazom, cornacHo ['OCT 32703 Bo3moxkeH 0osiee KaueCTBEHHbBIN
U pa3zHoOOpa3HbI Mo00p cocTaBa acdaabTOOCTOHHOM cMecH, a Ha achayibTo-
OETOHHOM 3aBOJI€ TIPOU3BOIUTCS BBIMYCK ac(haibTOOETOHHON cMecH B OOJIbIIIEH
CTENIEHU COOTBETCTBYIOIINN PELENTY.

2. ®opMy 3epeH IIeOHs XapaKTepU3yIoT COAEepKaHUEM 3€pEeH IIacTUHYa-
TOH (JIeu[aAHON) U UTTI0OBATOU (POPMBI.

Cormacio I'OCT 8267 mieOeHb MOJpa3feisioT Ha MSATh TPYII, a To
['OCT 32703 — Ha ceMb MapOK C MEHBIIMM JUANa30HOM COJEPKAHMS 3EPEH
IJIACTUHYATON U UTJI0OBATOU (OPMBI.

CopeprkaHue 3epeH MIacCTUHYATON U UTII0BaTOM GopMbl, %o

Mapxka me6Hs JI10 JI15 JI20 JI25 JI30 JI35 JI50
['OCT 32703 Ho 10 Cs. 10 Cg. 15 Cg. 20 Cs. 25 Cg. 30 Cg. 35
no 15 1o 20 1o 25 10 30 1o 35 1o 50
I'OCT 8267 " 10 "10"15 | "15" 25 — "25"35 - "35"50

B wutore, npu cTpouTENbCTBE aBTOAOPOT BO3MOXKHO OOJIbIIE Bapualui

TEXHUYECKUX TPEOOBAHUH JJI PA3TUYHBIX BAPUAHTOB MPUMEHEHHUS IICOHS.

3. IIpouyHocTh 1IEOHS XapaKTEPU3YIOT MAapKOH MO COMPOTUBIECHUIO IPO0-

JICHUIO TpU CKaTuu (pa3fgaBiuBaHUK) B IMJIMHJPE U MApKOM MO U3HOCY B MO-

Jo4HOM Oapabane.

Cornacao 'OCT 32703 tpeboBaHus K 1mEeOHIO 1O IpOOUMOCTH 00bEIU-

HEHBI JIJTs1 U3BEPKCHHBIX, METaMOp(PHUeCKUX MOPOJI 1 MIeOHs U3 rpaBus ¢ 0oJiee

HKECTKUMHU MMOKA3aTeJSIMU MTOTEPU MaccChl Mpu ucnblTanuu B oTiinuue ot ['OCT

8267.
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B I'OCT 32703 uckjiro4eHo MCIOJIb30BaHUE IICOHS MapKH MO APOOHUMO-
ctu M200 u M300, no6aBieHbl Be MapKu IIEOHS MO UCTUPAEMOCTH C 0oJiee
KECTKUMHM TTOKA3aTeNIMU TIOTEPU Macchl MU UcnbiTaHuu B cpaBHeHuu ¢ ['OCT
8267.

Brenenue B nevicteue B 2015 1. 'OCT 32703 cBsizaHo ¢ pa3pabOTKOI HO-
BOI'0 MeTOJ1a 1mo10opa coctara achanbroderonnoi cmecu no [THCT 114, TTHCT
183, ITHCT 184 [3 — 5], yuuTsiBaromiero ka4ecTBo ac(haabToOSTOHA IO IKCILTY-
aTallMOHHBIM CBOMCTBAM U JIOJITOBEYHOCTh TOPOKHBIX TOKPBHITHIA.

Takum obpazom, 'OCT 32703 mpuMEHSIOT JJi CTPOUTEIHCTBA aBTOMO-
ownbHBIX gopor, a 'OCT 8267 — nasi CTpOUTENBHBIX PadOT MPOMBIILICHHO-

IrpaxKaaHCKOro HasHa4ucHusA, TCILJIO-, I'a30-, BOI[OCH216)KCHI/IH.
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AHHOTaIII/Iﬂ: B pa60Te H3JI0KCHA BO3MOKXHOCTb IMIPUMCHCHMU:A 2[06a1301<, KOTO-
phI€ MOCJE BBEJEHUS B UX CTPYKTYPY Marepuaia, CTaHyT 00Jiee yCTOMYMBBIMU K
arpecCMBHBIM YCIIOBUSM OKPYKAIOIIEH Cpeabl, 00JIamaTelsiMu yIydlIeHHBIX
CBONCTB.

Abstracts: in work the possibility of use of additives for receiving materials
which after introduction to their structure will become steadier against aggres-
sive conditions of the environment, owners of the improved properties is stated.
KiroueBsble ciioBa: 6utym, nodasku, [I13TD, sMmyTscCHOHHO-MHHEPATBHBIE CMe-
cH, OUTYMOMUHEPAJIbHBIE CMECHU, MOJTU(DHUKATOP.

Keywords: bitumen, additives, PETF, emulsion and mineral mixes, bi-

tumomineralny mixes, modifier.

BOHpOCBI IMOBBIICHMA KAa4C€CTBA CTPOUTCIbHBIX MATCPHUAJIOB B HACTOAIICC

BpCM: SABJIFOTCS BCCbMa AKTyaJIbHBIMH, T.K. BO3PACTANOINNC HAI'PY3KHW HA KOH-
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CTPYKIIMH, a TAaKXKe YCUJICHUE BO3JICUCTBUS arpeCCUBHBIX CpeJl PUBOASAT K yBe-
JUYEHUIO U3HOCA U pa3pylIalomux Bo3aeicTsui [1,5].

OCHOBHBIM HaNpaBJICHUSIMU HCCIEIOBaHUSA B paMKaxX JTaHHOW paboThl,
SBJIIIOTCS. HAHOJIOOABKHU M MaTEpHAaJIbl [l UX U3TOTOBJICHUSI, B TOM YHUCJIE, MO-
Jy4eHHBIE U3 OBITOBBIX OTXOJIOB.

Bormpocsl ucnonb3oBaHus BTOPUYHBIX MAaTEPUAIOB HA CETOHALIHUMN J€Hb
SBJISIIOTCSI BEChbMa aKTyaJIbHBIMU, TaK KaK MMO3BOJISIIOT OBBICUTH JI0JTOBEYHOCTh
KOHCTPYKIIUH, U, 3a4acTylo, cJeiaTh KOHCTPYKIUIO Oosee skonoruyHoi. [Ipo-
OJieMa yTHIIM3AIUU BTOPUYHBIX OTXOJI0B, B YACTHOCTH Pa3HOT0 POJia MJIACTUKOB,
C KaXX/IbIM TOJIOM CTaHOBUTCS Bce Oosiee akTyaiapbHOM. KommyecTBO BTOPUYHOTO
nomdTUiIeHTepedTanara (II9TD) yBenuuuBaercs, BONpoc 0 €ro nepepadboTku
ABJIETCSI OCTPOM MPOOJIEMO, KOTOPO B YACTHOCTH pEIIaeTcs MpU Moau(pUKa-
[IUU IOPOKHBIX OUTYMOB.

Baxxnoit ocobenHocthio nonumdtuiieHTepedranara (II3TD) sBusercs ot-
HOCHUTEJIBHO JIeTKas rnepepadoTKa ero 0TX0J0B. BriCOKas TEXHOIOTMYHOCTh OT-
xon10B nonudTIienTepedranata (II12TD) u mmpokre BO3MOXKHOCTH UX UCTIONb-
30BaHMsI CIIEJAIM UX CaMbIMU TiepepadarbiBaeMbiMu B mupe. B 2013 r. Boimyck
nepBUYHOrO nojimdtTuiaeHtepedranara (II3TAD) OyTHIIOUHOrO HA3HAYCHUS TIpe-
Bbicui1 20 miH T. [lo orieHke skcnepToB, o0liee KOJIMYECTBO MPOU3BEACHHBIX U3
HUX €AUHMUII, TJIABHBIM 00pa3oM B (popme OyThUIOK, peBocxoaut S00 mupy mrT.
Hcrnonp30BaHne TaKOTO KOJMYECTBA OYTHUIOK CO3/1a€T, HECMOTPS Ha MX MOJTHYIO
MHEPTHOCTh M 0€30MacHOCTh, CO3/AaeT MPOOJIEMBbI C 3aXJIAMJICHHOCTBIO CpEJibl
oOutanusa. Bmecte ¢ TeM M3BECTHO, YTO MOBTOPHOE MCIOIb30BaHUE 1 T monu-
srunentepedranara (IIDTD) skoHOMHUT 10 5 M° 00bEMAa HONUIOHA IS 3aX0PO-
HeHust 0TX0710B. KpoMe Toro, BechMa MOJIHOM, 0COOEHHO Ha 3araje, siBIseTcs
0opb0a 3a MuHuMH3aLK BeIOpocoB CO, B atMochepy.

Hcnonw3oBanne BropuuHoTOo NojudTmieHtepedranara (II3TD) crnocob-

CTBYCT 3TOMY 3a CUCT CHHKCHHUA 3HCpFOHOTp66HeHI/I5{. K TOMY K€ IICHA Ha BTO-
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puuHblii onudTUIeHTepedTanat (II3T®) nocturaer B psane ctpan 70—-80 % ot
CTOMMOCTH MEPBUYHOTO MojauMepa. TakuM o0pa3oM, COBOKYITHOCTh TE€XHOJIOTU-
YECKUX, IKOJIOTUYECKUX U IKOHOMUYECKUX (DAKTOPOB OOBEKTUBHO CIIOCOOCTBY-
eT pocTy cOopa u nepepadboTku, ucnosibzoBaHHou [IT®-rapsl. [Ipu aToM ypo-
BeHb cOOpa W mepepaboTKu BTOpHYHOTrO mnoiudTwieHTtepedTanata ([I1D9TD) B
pa3HbIX CTpaHaX o4eHb paznuuaercs. Ecnu, Hanpumep, B Kutae u SAnonnn o0b-
em cOopa ncnoab30BaHHBIX [IDT® - OyTeutoK coctaBisut okono 80 %, B [IBeii-
napuu — 70 %, B ctpanax EC — B cpegnem 6omee 50 %, To B BocTtounoit EBporne
3TOT noka3arenb — Hke 20 %. EBponeiickuii ppiHOK [[9T®-0TX000B cOocTaBUI
okosio 1,5 miH. T. B CeBepHoit AMmepuke cooupaercsa 6omnee 1,3 muH. T, B Kutae
— Ooyree 3,0 MITH T.

Takum oOpazoM, peiiasi IpoOJIeMy HCIOIb30BAHUS 3TOTO IJIACTUKA, MbI
HapsAy C peUIEHUEM 3KOJOTMYECKOM MPOOIEMBI, MOTyYyaeM MaTepuai A CTpo-
UTEILCTBA C BBICOKUMH TEXHOJIOTHYECKUMH CBOMCTBAMU.

Camblil pacnpoCTpaHEHHBIM M, KaK MpaBWJIo, HauOojee SKOHOMUYHBIN
MEXaHUKO-XUMHYECKUN METOJl IepepadOTKH U3MENIbUYEHHBIX U OUUIIEHHBIX OT-
xo0B TIDT®, npeacraBistomuii coO0M TEXHOJOTHYECKYIO IIEMOYKY, B COOT-
BETCTBUU C KOTOPOW OHHU TMOCIEIOBATEIbHO IJIABSITCSA, TOMOTCHU3UPYIOTCS,
OUHUIIAIOTCA OT 3arpsA3HEHUN U QUIBTPYIOTCA B DKCTPYyJAEpE C Jierazaiueu 1o
BaKyyMOM.

B kxagectBe Mmogudunupytomnieit 106aBku B OUTYM ObLI B3ST HOJUITUIICH-
tepedranar (IIT®). Kak roBopusiocs Bblllie, OH SBISACTCS OJHUM U3 HanboJee
pacrnpoCTpaHEHHBIX MaTEPHUaIOB, UCMOJb3yEeMbIX B Ka4€CTBE YIMAKOBKU IHIIIE-
BBIX MPOJYKTOB W HANUTKOB, YTO OOBSICHSIETCS YHUKAJIBHBIM KOMIUIEKCOM €ro
CBOMCTB: XMMUYECKOU CTOMKOCTBIO, MHEPTHOCTHIO U OaphepHBIM CBOMCTBaM. B
COYETaHUU C Xopolied nepepadaTbiBAEMOCTBIO OH NMPAKTUUYECKH BHE KOHKYpPEH-
MU TI0O CPABHEHUIO C JPYTMMH KPYIMHOTOHHAKHBIMU MOJMMEPHBIMH MaTepua-

JaMU TOTO K€ HazHadeHus. Moauduiupyromnme 100aBKHM U3MEHSIOT (PU3HKO-
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MEXaHUYECKHUE CBOMCTBA U CTPYKTYPY BSDKYIIETO, OKa3bIBAIOT IUIACTU(DULINDPY-
IOlI[ee BO3/ICUCTBUE HA JUCIEPCHOHHYIO cpeay. [Ipyu 3TOM KOMIOHEHTHI CUCTe-
MBI OUTYM-TIOJTMMEP BCTYMAIOT MKy COO0H B XUMHUUYECKOE B3auMo ielicTere. B
pe3ynbrate o0pa3yercs eauHasi MPOCTPAHCTBEHHAS CTPYKTypa MOIUMEPOUTYM-
HOTO BsDKymiero [2,3,4]. Takum oOpazom, momudumupyromue no0aBKu JcH-
CTBYIOT KaK apMUPYIOIINN JIEMEHT.

B xone maGopatopHbIX paboT ObUTH MOTYYEHBI 3aBUCUMOCTH OT KOJIMYE-
CTBa IJJACTHKA OCHOBHBIX CBOMCTB OMTyMa — ITyOMHBI IIPOHUKAHUS WTJIBI, TEM-

IICPaTypol pasMArdCHuA, PaCTAKUMOCTHU, TEMIICPATYPhI XPYIIKOCTH.
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AHHOTanuUsi: B paboTe paccCMOTPEH OAMH W3 MyTEW MOBBIIICHUS KauecTBa ac-

dbanbrobeTOHA MyTeM BBEIECHHS MoauduIUpylomed a00aBku, pa3padoTaHa
TEXHOJIOTUS BBEJICHUS MOJU(HUKATOpa B BSIKYIIEE, YITECHBI MPUPOTOOXPAHHBIC
MEPOIPHUATHSL.

Abstracts: one of the ways for bituminous concrete quality improvement
through injecting modifying additive, the technology for modifier injection into
cement have been studied in the research and environmental aspects have been
considered.

KiroueBble ciaoBa: moaudukatop, CBocTBa acharbToOETOHA, MOBBIIIICHUE Ka-

4cCTBa.
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Bormpocsl ncnonb30BaHrs MHHOBAIIMOHHBIX MaTepUaioB HA CETOHSIHUN
JICHb SIBJISIFOTCSL BEChbMa aKTyaJbHBIMH, TaK KaK MO3BOJIAIOT MOBBICUTH JOJITO-
BEYHOCTh KOHCTPYKIIUH, YBEJIMUUTh CTPOUTEIIbHBIN CE30H U, 3a4acTyI0, C/eNIaTh
KOHCTPYKIHUIO O0Jiee IETKOW U Ha/IeKHOM.

Kak wu3BecTHO, cmpoc poxaaerT MNpeUIoKEHHE, MOITOMY JOCTaTOYHO
OO0JBILION KpPYr HMCCIEAOBATEIbCKUX OpPraHM3allMil M KPYHIHBIX KOpIOpauui B
cdepe MpOou3BOACTBA CTPOUTEIHHBIX MATEPUAJIOB 3aHUMAETCS TOTOOHBIMH HC-
CJIEIOBaHUSIMH.

3amavya MOBBIMICHUS! Ka4ecTBa CTPOUTEIBHBIX MAaTEPHAIOB B HACTOSIICE
BpeMsl SIBISICTCSl TIPUOPUTETHOU, T.K. BO3PACTAIOIIME HATrPy3KHd Ha JOPOKHYIO
KOHCTPYKLHIO U3-3a IPUPOCTA NHTEHCUBHOCTHU JABMKEHUU HA J0pOrax MpUBOJSAT
K YBEJIMUCHUIO U3HOCA U PA3pYyLIAIOIINX BO3ICUCTBUN.

Haubosnee mmupoko npuMeHsieMbIM MaTepUaIoM JJsl TOPOXKHBIX MOKPBI-
TUW U OCHOBAaHUU sBIAETCSA ac(hambTOOETOH, MO3TOMY MOBBIIIEHHUE SKCILTyaTa-
IIMOHHBIX XapaKTEPUCTUK ITOTO MaTepHala SBIISAETCS BEChMa BaKHOW M HACYIII-
HOM MPOOJIEMOM 10POKHOIO CTPOUTENILCTBA.

Haunbonee mupoko mpuMeHseMbIM CIIOCOOOM YIIYYILIEHUsS KadyecTBa J0-
POKHBIX OUTYMOB SIBJISIETCSI €70 MOAN(UKAIIHSL.

K momudummpyronmm qo06aBkaM OTHOCST TaKKE BEIIECTBA, KOTOPbIE, OY-
JIydd BBEJEHBI B BSUKYIIEE, M3MEHSIOT (U3MKO-MEXaHHMYECKHE CBOWCTBA U
CTPYKTYpPY, WU JEHCTBYIOT KaK MEXaHHYECKOE J100aBJI€HHE KOMIIOHEHTOB, HO
KaK B OJIHOM, TaK U B JIPYTOM CJIy4ae MPHUBOIAT K NM3MEHECHUIO CBOWCTB B HYX-
HOM HampaBJieHue [2].

OnHO M3 MEPCHEeKTUBHBIX HANpaBICHUI MOBBIMICHHUS KauecTBa M CpPOKa

Ci1yk0bl ac(hanbTOOETOHHBIX MOKPHITUA — pa3paboTKa TEXHOJOTHUM MPOU3BOI-
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cTBa ac(aybTOOETOHHBIX cMecel, MOIU(MUIIUPOBAHHBIX MOJTUMEPHBIMU MaTEPU-
anamu. IIprMeHeHue MOJIMMEPHBIX J00AaBOK MO3BOJISIET YJIYYIIUTh BECh KOM-
IIeKC (U3MKO-MEXaHMYECKUX CBOMCTB ac(anbToOETOHA — IMOBBICUTH MPOY-
HOCTb, Je(OPMATUBHYIO YCTOMYHUBOCTb, MOPO30CTOMKOCTh, BOJOYCTONYUBOCTD
u ap. Haubonee >peKkTUBHO M TEXHUYECKH OCYIIECTBUMO HAIpPAaBIICHUE, CBS-
3aHHOE ¢ MOAMGUIMPOBAHUEM OUTYMOB M MOJYYEHHUE MOJTUMEPHO-OUTYMHBIX
BSDKYILETO.

B nanHo#l paboTe paccMOTpeH BONPOC MCIOJIb30BaHMS IIJJaCTUKA B Kaue-
cTBe MoauduKaTopa OuTyma HeTIHOTO JOPOKHOTO.

['maBHOW MPUYMHONW MAJION JOJITOBEYHOCTH ac(aibTOOETOHHBIX MOKPHI-
TUW SIBJISIETCS UX HU3Kas TEIUNIOCTOWKOCTb, T.€. PE3KO PA3IMYANOIIASCS IIPOY-
HOCTh ac(anbToO€TOHA B Mpenenax paboyux Temieparyp. DTy sIPKO BbIpaKeH-
HYI0 TEMIIEPaTypHYIO 3aBUCUMOCTb B ac(aibTOOETOH MPUBHOCUT OUTYM, O He-
JIOCTaTOYHOM Ka4eCTBE KOTOPOIo, TOBOPUIIOCH BhilIe. Takum oOpa3om, eciu Obl
yAQJIOCh MPUJATh OUTYMY >KelaeMyl TEIUIOCTOMKOCTh, TO M ac(aibTOOETOH
npuodpesn 3T0 CBOMCTBO. DTy MpoOJIeMy MbI U MBITATUCH PEUIUTh, BBOAS B OU-
tyMm [IOTD [1]. Momudbunupyromnme n00aBKd AEUCTBYIOT KaK apMHUPYIOIIHIA
AIIEMEHT.

IIpu 3TOM XMMHUYECKOE B3aMMOJCHCTBHE OTCYTCTBYET, HO B CHCTEME OH-
TyM-IIOJIUMEP 00pa3yrOTCS HE3aBUCUMBIE IMPOCTPAHCTBEHHBIE CTPYKTYPBHI.
Crpykrypupymomue A00aBKU CYIIECTBEHHO MOBBIIIAIOT MEXaHUYECKHE CBOM-
CTBa ¥ TEMIEPATYPHYIO YCTOMYMBOCTD BSKYLLETO.

['maBHOW MPUYMHONW MaJION JOJITOBEYHOCTH ac(aibTOOETOHHBIX MOKPHI-
TUW SIBJISIETCS MX HU3Kasl TEIUIOCTOMKOCTb, T.€. PE3KO PA3IMYAOIIASCS IMPOY-
HOCTh ac(anbToO€TOHA B Mpenenax paboyux Temreparyp. DTy sIPKO BbIpaKeH-
HYIO TeMIEpPaTypHYIO 3aBUCUMOCTD B ac(haibTOOETOH MMPUBHOCUT OUTYM. Takum

o0Opa3oM, eciii Obl yAaloCh MPUAATh OUTYMY JKEeJTaeMyI0 TEIJIOCTOMKOCTb, TO U
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acanbTo0E€TOH MPUOOpPEN 3TO CBOMCTBO. DTy MpoOjeMy Mbl U MBITAIUCH pe-
IUTh, BBOAS B OutyMm [1DTO.

OU3NKO-MEXaHUYECKUE CBOMCTBA IJIACTUKA XAPAKTEPU3YIOTCS BBICOKOMN
CTaOMJIBHOCTBIO B MHTEepBasie Temneparyp ot - 50° C go 200° C. Boas ero B
OUTYM, MOXHO MOHHU3UTH TEMIIEPATypy XPYHKOCTH, MOBBICHUTH TEMIEPATYPY
pa3MsryeHus, a, CJeI0BaTeIbHO, MOBBICUTH TPEIIMHOCTOMKOCTh W CIIBUTO-
YCTOHYHBOUTH ac(alibTOOETOHA.

Cnenyet oOpatuth 0c000€ BHUMaHUE HA 3HAUUTEIBHOE MOBBILIEHUE TEM-
nepaTypsl pa3MsrdeHus, a TakKe CHIDKEHHUS TeMIlepaTypbl XpyNKocTu (10 -
29°C).

AHanu3 BceX 3THX 3aBUCUMOCTEMN IMO3BOJIMJI PAacCUUTATh ONTHMAJIBHOE
KOJIMYECTBO IJJACTUKA, BBOJUMOI'O B KaueCTBE MOIU(UKATOPA.

Takum 00pa3om, MPUMEHEHNE JAaHHOTO PEIIEHUS MTO3BOJISIEM

- MOJYYUTh HPEANOCHUIKM K CO3JaHHUI0 JOJITOBEYHOro acdanbToOeToHa
MOKPBITHS C BBICOKUMH SKCIUTyaTallMOHHBIMH CBOWCTBAaMMU;

- YTHIIM3UPOBATDb OBITOBBIC OTXOAHEI.

Cnucok MCnoJIb3yeMoii JIuTepaTyphbl:
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Bnaaumupckoil 0651actu ¢ yaeTroM 0COOEHHOCTEH pernoHa.
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K ocHOBHBIM (akTopaMm, KOTOpbIE BIMSIOT Ha JIKCIUTyaTallMI0 aBTOMO-
OWJIBHBIX JOPOT B 3UMHHUI MEPUOJI I'0/1a, OTHOCUM 3UMHIOIO CKOJIb3KOCTh, HAIU-
Yyhe CHEXHOTO MOKPOBa, Toojea. ITU (PaKTOpbl MPUBOAIT K PE3KOMY CHIDKE-
HUIO CIENHBIX KAa4eCTB JOPOT, YXYILIEHUIO POBHOCTH MOKPBITHS, U3MEHEHUIO
HMIMPUHBI TPOE3XKeH yacTu u 000unH. B pe3ynpTaTe COBOKYIMHOCTH 3THX (PAKTO-
POB B 3UMHUI MEPUOJ CHIXKAETCSI CKOPOCTh aBTOMOOMIJIEH U YBEJIMUMUBAETCS KO-
mnuectBo A TII Ha noporax.

I''maBHas 3a7a4a 3UMHETO COAECPIKAHUA — 3TO MAKCHUMAJIbHOE YBEIMYECHUE
CIIETIHBIX KAa4eCTB aBTOMOOWJIBHOM JOPOTH, IIyTEM MPEIOTBPALICHUS CHEXHBIX
OTJIOKCHUU U ONEPATUBHON JIMKBUJALIMEN CKOJIB3KOCTH.

JI1s1 BBIMTOJTHEHUS ATUX TPeOOBAaHUM JOPOXKHBIE CIYKObI Bragummupckoi
00JIaCTH BBITIOJHSIIOT Clieayronue meponpusrtus [ 1, m. 3-4, crp. 12-17]:

- Npo(pUIAKTUYECKHE, LIEJIbI0, KOTOPBIX SIBISETCS HE NOMYCTUTh 00pa3o-
BAHUE CHEXHBIX U JIEASHBIX OTJIOKEHUN; MOBBICUTH CLECIHBIE KAU€CTBA IOKPHI-
TUW, TIpU 00pa30BaHMM HA HUX CHEXHBIX HaKaToB WM rojonena. Coznarorcs
MCKYCCTBEHHBIE IIEPOXOBATOCTHU IIPU ITOMOILM PA3JIUYHBIX IPOTUBOTOJIOIEIHBIX
BEILIECTB

- 3aIIIUTHBIE MEPBHI, C MTOMONIBI0O KOTOPBIX MPETPAKIAIOT TOCTYI CHETA HA
nopory. Bo Bmamumupckoir o6iactu MIMPOKO MPUMEHSETCS Hape3aHue TpaH-
mieil. ['maBHbIA KpUTEpUI CHEr03alUThl — 3TO UCKIIFOUEHUE OOJIBIIOr0 KoJnye-
CTBA METEJIEBBIX OTJIOKECHUM.

Crnenyroliee 3alIUTHOE MEPONPUITHE OYMCTKA JOPOT OT CHEra W JIMKBU-
Janusi 3MMHEN CKOJI3KOCTH, MOCKINKa 00JeAEeHEBIINX TOBEPXHOCTEN MPOTHUBO-
rOJIOJIEIHBIMU MaTepuaiaMu. B OCHOBHOM NPUMEHSIIOTCS ChIIIyYHE MaTepHUalbl
(IECKOCOJISIHBIE CMECH).

TexHnonornyeckas yoopka aBTOMOOWJIBHBIX JOPOT OT CHEra Bcerja Jie-
auThbest Ha 2 stana. [lepBelii aTan oxBaThIBaeT 00pabOTKY MOBEPXHOCTH MPOE3-

J)KEW 4acTu IMPOTUBOI'0OJIOJICAHBIMKU MaTCpHalaMu, 3aTCM IOCIICAYIOIas y60p1<a
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CHera ¢ mpoesxeil yactu. bopr0a ¢ BbIIABIIUM CHEroM TpeOyeT OOJBIIOro Ko-
JMYECTBA TEXHUKH, HECMOTPS HA TO, YTO MOJHOLUEHHON YOOpKHM CHEra He Mpo-
UCXOJIUT.

B o6cnyxuBanuu gopor 3aJeiCcTBOBaHbI JIJIsl CrpedaHusi CHEra TpakTopa,
MOTPY3YMKH, MUHU-TIOTPY34YHKH U Jpyras TEXHUKA, OCHAIIICHHAs CHET0y0opo-
HBIMM OTBajjaMd M HIE€TKaMu, HO HaubOojee 3(PQeKTUBHBI Ha MEPBOM CTaIUU
yoopku komObuaMpoBaHHbIe MamuHb! (KJIM). VX pyHKIIMOHATEHBIE BOZMOKHO-
CTH TIO3BOJISIIOT OXBAaTUTh BECh CIIEKTP pabOT, TaK HEOOXOAMMBIX ISl TIOJAJIEP-
YKaHUs YHCTOTHI B HAaCEJIEHHBIX MyHKTaX. B Hamiel o61acTv MIMPOKO pacmlpo-
ctpanenbl K/IM ¢ neckopa3zOpasbiBaTeIsiIMU Ha KOTOPBIX MOHTUPYIOTCSI OyHKe-
DPBI UL [IECYaHO-COITHON cMecH 00beMoM ot 3 o 12 m°. J{is yGopku cHera Ha
HEOOJBIINX TIJIOMIAMIAX 3aICUCTBYIOTCS MOTPY3UMKH UM MUHU-TIOTpy3unuku. Ha
NOTPY3YMKU TaK >K€ MOHTHPYIOTCS HaBeCHbIE Meckopa3OpaceiBarenu. Ilecko-
pazOpaceiBaTelib — 3TO OlEpaTHUBHAs BO3MOXKHOCTH 00paboOTaTh TEPPUTOPUU
JIBOPOB, MEUIEXOHBIE 30HbI, B O0IIEM T€ MeCTa KyJa TpyAHO J00paThCs KpyIl-
HOTa0apUTHOM TexHUKEe. OTIUYUTENbHAs OCOOEHHOCTh HABECHOW YCTaHOBKH
CIIOCOOHOCTH CaMOCTOSITEJILHO 3aUeplbIBaTh MaTepuai Ijisi o0paboTKH MOBEPX-
HocTel. Tak jxe kpoMe meckopa3dopachiBaTesel UCOJIb3YETCs HABECHOE 000pYy-
JIOBaHHUE.

Bropoii 3Tan cHeroyobopku — 310 crpedaHue CHera co BCEeil MIMPUHBI MPO-
€3)Kel Y4acTu. ITO JIMIIb SBJSETCS TMOJTOTOBKOM K TPEThbeMY 3TaIy YOOPKH, TO-
rpy3Ke M BBIBO3KE CHera. [IprueM BBIBO3 BKJIIOYACT B CeOS yIaieHUE JICISTHbBIX
00pa30BaHUM, €CIIM UMEETCSI CHEXKHBI HAPOCT UX CKAJIbIBAIOT.

JIJisi BBITIOJIHEHMS 3aBEPIIAIONIMX OIeparuil nmpu yOOpKe HCIOIb3YIOT
bponTansabie orpy3unku AMKAJIOP ¢ BMecTUMOCTBIO KOBIIIa 3 M. Tax xe
UCIIOJIB3YIOTCS JIAMOBbIE MOTPY34YMKHU, MO3BOJISIIOLIUE TPY3UTh CHETr Ha JOOBIE

TUIBI aBTOCAMOCBAJIOB [2, ¢. 23].
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OnHuM U3 TJIaBHBIX YCJIOBHM, rapaHTUPYIOIIUNA BBICOKUNA YpPOBEHb 0€3-
OMACHOCTU JBUKEHUS aBTOTPAHCIIOPTA HA aBTOMOOMJIBHBIX JOPOTaX B 3UMHHUMI
NEePHUO/JT TOJa, SIBISIETCS BBICOKAs CTENEHb 00ECIEYEHUS TOPOKHBIX CIYKO CHe-
royoopouHoit TexHukoil. He MeHee BakeH BBIOOP TEXHUKH, T.K. OT/I€TIbHBIC 3Ta-
bl CHETOYOOpPKH MOTYT MPUBECTU K YXYIIICHUIO JOPOXKHOU 00cTaHOBKH. O0s-
3aTeNbHO JJIs1 TOJHON 3((HEKTUBHOCTH PaOOTHI ClIEyeT MPUMEHATh KOMILIEKC-

HBI MTOJIX0]] K PEIICHUIO TIPOOJIEM CHETOYOOPKH.
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AHHOTalII/Iﬂ: I[aHO OIIMCAaHUC COBPCMCHHBIX MATCPHUAIOB, IMIPUMCHACMBIX JJIA
PEMOHTHBIX pa60T Ha aBTOMOOWJILHBIX aoporax, a TakKe yKasaHbl TCXHOJIOT'HU-
YCCKHC IIPUCMBI U O60pyI[0BaHI/IC, HCO6XOI[I/IMBIC JJI UX UCITIOJIb30BaAHUA.
Abstracts: The description of modern materials used for repair work on the
roads, as well as technological methods and equipment necessary for their use.
KiarwueBble cjioBa: peMoHT, achaibTo0€TOH, OUTYM, KapTa peMOHTa, CTPYHHO-
HHBCKIMOHHAA YCTaHOBKA.

Keywords: repair, asphalt concrete, bitumen, map repair, jet injection installa-

tion.

ABTOMOOWIIbHAS TOpOTa, Kak JI000€ IPYroe WHKEHEPHOE COOPYKEHUE,
paccunTaHa Ha OMpPEAENICHHBIA CPOK CIIY:KOBbI, B T€UEHHE KOTOPOTO, OHA TMOJ-
BEpracTcs pa3IuvyHOro poja W KOJWYECTBA BO3JACHCTBUSAM TPAHCIIOPTA M TIOTO/I-
HO-KJIMMaTH4eckuX (paktopoB. CamMbiM MEpPBbIM, U HauboJee HE3aIUIICHHBIM
€€ DJIEMEHTOM, WCIBITHIBAIONINM TaKUE BO3IACHCTBUS, SIBISCTCS ITOPOXKHAS
oJIeXK1a.

«JleueHnue» MOPOKHOTO TOKPHITUS OCYIIECTBISETCS Pa3TUYHBIMU METO-
TaMu, CpencTBaMu W MaTtepuaiamMu. CaMbIM aKTyadbHBIM, Ha CETOMHSITHUHN
JIeHb, SIBISIETCS CTPYWHO-UHBEKIIMOHHBIN METOJ] peMOHTa ac(haibToOETOHHOTO
MOKPBITHS. IMEHHO 3TOT crmoco0 HMCMOIB3yeTCs Yalle APYTuX, MOTOMY YTO OH
3HAUWTEIHLHO BBITOJHEE, SKOHOMUYHEe U ObicTpee. OTPEeMOHTHPOBAHHOE TIO
ATOUW TEXHOJIOTHH TIOKPHITHUE BBIJCPKUBACT CPETHUN MO WHTEHCUBHOCTH MOTOK
JIETKOBBIX aBTOMOOMJEH (He OoJsiee ThicsiuM aBTOMOOWIEeH B yac). CtpyitHO-
WHBEKIIMOHHAS TEXHOJIOTUS TPUMEHSACTCS JIJIi PEeMOHTa TPOTyapoB, MEMIEXO/I-
HBIX JOPOXKEK, TApPKOBOK TIepe T HeOOJbITUMU Mara3nHaMH.

PeMOHT cTpyHHO-UHBEKIIMOHHBIM METOJIOM C HCITOJIb30BaHUEM KaTHOH-
HOUW OMTYMHOM SMYJIBCHH BBITIOTHSIOT C MPUMEHEHUEM TMPUIEITHOTO CTCIHaTh-

HOTO 00opyaoBaHus. OYUCTKY MOBEPXHOCTH IO PEMOHT OCYILECTBIISIOT CTPY-
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€l cXKaToro BO3/yXa WJIM METOAOM BCAaChIBaHUS, MOATPYHTOBKY - IOJOIPETOM
10 60-75°C smynbcuei, 3aroIHEHUE - YEPHEHHBIM B IPOLECCE NHBEKTUPOBAHUS
meOHeM. [Ipu 3TOM MeToze peMoHTa 00pYyOKY KPOMOK MOKHO HE TPOU3BOJUTD.

JUji1 SIMOYHOTO PEMOHTA MO 3TOW TEXHOJIOTMU PEKOMEHYETCS UCIOJIb30-
BaTh mebeHb Ppakmuu 5 - 10 (15) MM 1 OBICTpOpaACTIaTAIONTYIOCS KAaTHOHHYIO
(11 KMCTIBIX KaMEHHBIX MOPOJ, HApUMEpP, TPaHUTA) WM aHUOHHYIO (A7 oc-
HOBHBIX KaMEHHBIX MOPOJ], HAPUMEP, U3BECTHAKA) OUTYMHYIO 3MYyibcHio 50 -
60%-Ho1 KOHIIEHTPAIIUH.

[IpenBaputenbHO B J1aOOpPaTOpPUM CIIEAYET MPOBEPUTH NPUIUIIAEMOCTb
OuTyMa K IIEOHIO U BpeMs pacnaja dMYJbCHH, KOTOPOE HE JOJKHO MPEBBIIATH
25 - 30 muH.

[Ipeumy1iecTB y 3TOro crnocoda A0CTaTOYHO, YTOOBI CUUTATh 3TY TEXHO-
JIOTHIO ITPOTPECCUBHOM:

1. Xopomasi anresust 3amiiaTel C OCHOBaHHWEM. PeMOHTHas cMech ¢
OOJBIION CHJION BIEYaThIBAE€TCS B BHIOOMHY, 0OecrieunBasi OTCYTCTBHE BO3yII-
HBIX ITOJIOCTEN U POYHOE CLEIJIEHUE C OCHOBOM.

2. He tpebyercs paznenka nedexra — 1mo Toi ke npuyuHe, 6aaroaaps
JABJICHUIO U CKOPOCTH CMECh MPOHUKAET BO Bce HEpOBHOCTH. [Ipu 3TOM HEOO-
XOJUMOCTb B OUHCTKE U CYIIKE BEIOOMHBI OCTAETCSI.

3. [IpakTyecku He Hy»*)Ha TpaMOOBKa — U 0€3 3TOro MaTepua ykKia-
JBIBAETCS TUIOTHO.

4, Bce onepanuy BBIMOTHAIOTCSA OJTHOM MAIlTUHOM.

Bce paboTaroniue AOMKHBI UMETh MHAMBUAYAJIbHBIE CPEJCTBA 3aIIUTHI,
IIPELYCMOTPEHHBIE IEUCTBYIOIIMMH HOPMAaMH U MO 3allUTHBIM CBOMCTBaM CO-
OTBETCTBYIOIIMMU BUIY M YCIOBHUSIM pabOThI, a TaAKXKE MPUMEHSIEMbIM MaTepH-
aJl.

B 3aBepiuieHnH onMcaHus CTPYWHO-UHBEKIIMOHHOTO METOJA XO4YeTcs 3a-

MCTHUTb, YTO AaHHasA TCXHOJIOTHA IMOYHOI'O0O PEMOHTA B HallIeu CTpaHC HCIIOJIb-
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3y€Tcsl TOJBKO B JIETHUM MEPHUOJI, HO €€ MOYKHO HCIIOJb30BaTh MOYTH KPYIJIbIN
roa. OTHOCUTEIBLHO HEOOJBIIONW ONBIT B Poccuu u Oosiee oOmmMpHasi MpakTUKa
ero npumeHenus, Hanpumep, B CIIIA, Anrmuum, [lIBennn, @UHASHIANNA TTOKA3bI-
BaIOT, 4TO (DAKTUYECKU KPENKYI0 U JIOJITOBEYHYIO 3aJI€JIKy BBIOOMHBI MOXHO
obecrieunTh Aake mpu Temriepatype Bozmyxa mo - 10..-15°C [1, c.1]. Xots
CJIelyeT OTMETUTH TOT (haKT, 4TO B MOCIIETHUE T0JIbI 00bEMBI SMOYHOTO PEMOH-
Ta, BBIMOJHIEMOTO CTPYHHO-UHBEKIIMOHHBIM CIIOCOOOM, 3HAUUTENHHO YBEIUYHU-
muck. Tak, Hampumep, BO Bcex paiioHax Bramumupckoil 06j1acTé JTOPOKHO-
CTPOUTEIbHBIC OpraHU3aIliy, 3aHUMAIOIIUECs OOCIYy)KMBAaHUEM CETH aBTOMO-

OWJIBHBIX IOPOT, UMEIOT Ha OalaHCce TaHHOE 000PY/I0BAHHUE.
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AHHoOTaumsi: MoTHUBaIUs SBISAETCS BOXXHOM COCTaBJISAOIICH s 3(PEKTUBHO-
CTH JIFOOOW JeATEIbHOCTH, B OCOOEHHOCTH WHHOBAIIMOHHON. YPOBEHb MHHOBA-
HI/IOHHOﬁ ACATCIbHOCTH OIIPCACIIAACT SKOHOMUKY CTPAHBI, IIO3TOMY CTOHUT YIC-
JATh € 0CO00e BHUMAaHMUE.

Abstracts: Motivation is an important component for the effectiveness of any
activity, especially innovation. The level of innovation determines the country's
economy, so you should pay special attention to it.

KaroueBble ciioBa: MOTHUBAaNMA, THHOBAIITMOHHAA ACATCIIBHOCTD, IICPCOHATI, 3(1)-
(dheKTUBHAA ACATEILHOCTh, aBBTOMOOUJILHBIE JJOPOTH.

Keywords: motivation, innovative activity, staff, effective activity, road.

HMHHOBaLMOHHAsA JEATEIBHOCTh HA COBPEMEHHOM J3Talle pa3BUTUS MUPO-
BOW DKOHOMHUKH SIBJISICTCS BaXKHBIM II0Ka3aTeJIeM MO3ULMU U YPOBHS MOTYIIe-
CTBa KaXKJJOW CTpaHbl COBMECTHO C 00ECIIEYEHHOCTHIO Pa3IMYHBIMU PECYPCAMH.
JJ11 BO3MOKHOCTHU BEJIEHUS YCEIIHON KOHKYPEHTHOU 00pbObI, 5KOHOMHUYECKO-
ro pocTa ¥ pa3BUTHsI TOCYIaPCTBA B LIEJIOM HEOOXOUMO YMETh CO3aBaTh U Iie-
Jecoo0pa3HO HCIOIb30BaTh HOBbIE 3HaHUS. OCOOEHHO B JIOPOKHOM OTpaci,
SIBJISIIOIICHCS. OJTHOM M3 KJIIOUEBBIX B SKOHOMHKE JIFOO0H MPOMBIILJICHHO pPa3BU-
TOU CTpaHbl. B 3THX mpoueccax CymecTBEHHYIO pojib UrpaeT Motusauus. Mo-

TUBaLUsl — Tpolecc MoOyxaeHuss K 3(G(GEeKTUBHON TpPyAOBOH AESITEIBHOCTH,
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OIIPECIISIONTNN HAMPABIICHHOCTh, OPraHU30BaHHOCTh, YCTOMYUBOCTh M AKTHB-
HOCTB Y€JIOBEKA.
MHHOBalMOHHAS JIEATEIBHOCTh — 3TO TPOIECC CO3JaHUs, MOJYYCHHUS U
WCITOJIb30BAaHUS HOBBIX 3HAHHUH M IPEBPAIICHUE X B HHHOBAIIHIO.
NHHOBanMOHHAs JEATEILHOCTh B JOPOKHOM XO3SHUCTBE MMEET BHICOKYIO
COIMAJIBHO-DKOHOMHYCCKYI0 3HAYMMOCTh. [IpMMEHEHHE HOBBIX TEXHOJIOTHIA,
TEXHUKH, KOHCTPYKIIMH U MaTEPHAIIOB CTIOCOOCTBYET CYIIECTBEHHOMY YJIydIIie-
HUIO TOTPEOUTEIIbCKUX CBOMCTB aBTOMOOMIIBHBIX JIOPOT, K KOTOPBIM OTHOCSITCSI:
- HEIPEPBIBHOCThH, 0€30MaCHOCTh, CKOPOCTh U yI00CTBO JBHKCHUS;
- BBICOKAs TMPOITYCKHAs CIOCOOHOCTh W HU3KWH YpPOBEHBb 3arpy3Kd JOPOT
JIBIDKCHUEM;
- CIIOCOOHOCTH MPOITYCKAaTh aBTOMOOWIIA M aBTOIOE3/1a C 3aJaHHBIMH raba-
pUTaMH, OCEBBIMH Harpy3KaMu U Ipy30I0bEMHOCTBIO (00111l Maccoi);
- DKOJIOrHYecKas 0€30MMacHOCTh;
-000CHOBaHHAS CTOMMOCTH CTPOUTEIBCTBA M IKCILTyaTallid aBTOMOOHIIb-
HBIX gopor. [1, ¢.9-10]
MeTob1 MOTHBAIIUK PAaOOTHUKOB MOYKHO Pa3/Ie/IUTh Ha:
- DKOHOMHUYECKHE METOIBI;
- OpPraHU3aIMOHHO-aIMUHUCTPATUBHBIC METO/IBI;
- COIMAILHO-TICUXOJOTHYECKHE METOIBI.

[Tox PKOHOMHUYECKUMHU METOJIaMU CJIEYEeT MOHUMATh MaTePUATBHBIA XapaK-
TE€p MOTHUBAIIMH, KOTJIa pAOOTHUKH BBHITIOJHSIIOT CBOM 00S3aHHOCTH U JJOOMBAIOT-
Csl pe3yJIbTaTOB TSI MOJYyYEHUS MaTepUaIbHBIX OJIar.

OpraHu3aIMoOHHO-aIMUHUCTPATUBHBIE METOJIbI TIOJIPA3yMEBAIOT TOIUMHE-
HUE PACTIOPSIKEHUSAM, TIPUKA3aM PyKOBOJICTBA.

CornaabHO-TICHXOJIOTHYECKUE METOJIbI IPUMEHSIOT ISl TIOBBIIICHUS COIIH-
QTBHOW aKTUBHOCTU PAOOTHUKOB. 3/1€Ch OCYIIECTBIISETCS BO3JICUCTBUE HA CO-

3HaHHUC JII-O,Z[Cﬁ, X 3CTCTUYCCKHC, PCIIMTMO3HbBIC, COMUAJIbHBIC 1 APYT'UC NHTCPC-
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Chbl, a TaKXe MPOUCXOJUT COLUAILHOE CTUMYJIHMPOBAHUE TPYIOBOM JEATEIbHO-
cTu. [3, c.6]

3a4acTyl0 pyKOBOAMTENIM 3a0BIBAIOT O HEMATEepUaJbHBIX BElIaX, CIOCO0-
CTBYIOIIMX MOTHBAIIMK PAOOTHUKOB, TAKUX KakK MOTPEOHOCTh B caMopeain3a-
IIUH, YBOXEHUHN U CAaMOYBa)XCHHH, JTFOOOBb K padoTe, 00IECTBEHHOE MTPU3HAHUE
U IpyTrUe, KOTOPBIE SBISIOTCS ACHCTBEHHBIM MOTHBATOPOM MHHOBAIIMOHHOM Jie-
SATEIBHOCTH. [2, C.2]

OnHoll M3 BaXKHEWIIMX MOTUBALMMI [JI1 JOPOKHOM OTpPAcCiIud MOXKET MOCIY-
XKUTh 3a00Ta 00 OKpY’KaIOIIEH cpejie, MOATAIKMUBAIOIIas K pa3paboTKe HOBAIUH,
HanpuMep, MPUMEHEHHE MIIACTHKOBBIX OTXOJOB B JIOPOKHOHM OJ€XKIIe, TIEPEBO
JIOPOKHO-CTPOUTENLHBIX MAIIIMH HA HKOJIOTHYECKOE TOILJIUBO U T.]I.

Bce mronm pasHple ¥ IPUMEHSATH TOJIBKO OJIMH U3 METOJIOB MOTHBAIIUN HE-
s dexTuBHO. Hammyre MOTHBAIIMY B BHJIC MAaTEPUATLHOTO M HEMATEPHATBHOTO
BO3HArpaXkJICHUsI MPUBOAUT K TUIOAOTBOPHOM JEATETLHOCTH YYACTHHUKOB MHHO-
BaIllMOHHOMW JIEATEIHHOCTH, K peau3allii MOTEHINala W JabHEHIIer0 pa3Bu-
THS.

Takum 00pa3om, B Ka4ECTBE BBHIBOJIOB 1O MTPOBEACHHOMY aHAIN3Y, MOYKHO
OTMETHTb:

- U1 TOCTUKEHUS MaKCUMAJIbHBIX Pe3yJbTaTOB B MHHOBAIIMOHHOM Jesi-
TETHHOCTH, B TOM YHCIIC B JJOPOKHOM OTpaciiv, HeOOX0IMMO UCTIOIB30BATh MO-
THUBAIMIO YYACTHUKOB TaKOW JIEATEIbHOCTH;

- TpedyeTcsl COBMENIaTh MaTepUabHbIE U HEMaTEePUAIbHBIC METOABl MO-
THBAIIWH;

- HeoOxomuMmo  aud@epeHInpoBaTh MOTHBAIUIO TPOMOPIIMOHATBEHO

MpeanojgaraeMoMy pe3yJibTaTy HHHOBAIIMOHHON JAESITENbHOCTH.
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AHHOTaUUs: AHANU3UPOBAHUE CIPOCAa HA HAYYHO-TEXHUYECKYIO MPOAYKIIMIO,
KOTOPYIO MOXHO HCIIOJb30BaTh MPHU CTPOUTEIHCTBE aBTOMOOMIIBHBIX JAOPOT B
Poccnn, a UMEHHO, «10pOrM U3 IUIACTUKAa». B cTaTbe ONMMCaHbl OCHOBHBIE ILIIO-
Cbl 1 MUHYCBHI JJAHHOW KOHCTPYKIMH, 00JIaCTU MPUMEHEHUS, TIOCTABJIEH BOIIPOC
O PEIIEHUH YKOHOMHUYECKOU M 3KOJOTMYECKOM MpoOJIeM 3a cueT BHEAPEHHUS TO-

JTOOHOU TEXHOJIOTHH.
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Abstracts: Analyzing the demand for scientific and technical products that can
be used in the construction of highways in Russia, namely, the "plastic roads".
The article describes the main pros and cons of this design, scope, raised the
question of solving economic and environmental problems through the introduc-
tion of such technology.

KiarudeBblie cjoBa: ABTOMOOWILHBIE A0oporu, AOpOru M3 IINIaCTHKA, aHAJIN3
CITPOCa, HAYYHO-TEXHUYECKUM MTPOAYKT, Toporu Poccun, sxonorus Poccun.
Keywords: Automobile roads, plastic roads, demand analysis, scientific and

technical product, Russian roads, Russian ecology.

B craTbe paccMOTpeH cipoc Ha HAYYHO-TEXHUYECKYIO MPOIYKIHIO B Poc-
CUU, B YACTHOCTH, MPU CTPOUTEIBCTBE aBTOMOOMIIbHBIX Jopor. M3BecTHO, 4TO
KaueCTBO aBTOMOOMJIBHBIX JOpOT B Poccun oCTaBIIsSeT )KeaTh JIy4dIlero, no3To-
My KpallHE Ba)XHO YJIYUYIIUTH UCIOJIb3YEMbIE TEXHOJIOTUU CTPOMUTENBCTBA, HO-
POXKHO-MaTepHuayibl U 000pyioBaHUE. Takke OCTPO CTOUT BOMPOC 00 IKOJIOTHU-
yeckoi Oe3zomacHocTH. CBajKd MPOMBIIUICHHBIX OTXOJOB PACTYT C KaIbIM
roJIoM, BTOpUYHAs TiepepadoTKa Mycopa B Halllel cTpaHe Toka ci1abo pa3BUTA.

B coBpemMeHHBIX YCIOBUSIX MPOIECC BHEAPECHUS HOBOBBEACHUN HAXOAUT-
Csl B IIECHTPE BHUMAaHUSI. JKOHOMUYECKOE Pa3BUTHE TOTPEOOBAI YCKOPEHUS HH-
HOBAIIMOHHBIX JOCTH)KCHUHN, CTAHOBJIEHUS U (PYHKIIMOHUPOBAHUS TTOJHOLICHHO-
IO PhIHKA HAYYHO-TEXHUYECKOU MPOAYKIUU.

Hayuno-texuuueckast npoaykuus (B aanbHedmeM — HTIT) — 3To Hayu-
HBIN, HAYYHO-TEXHUYECKHUI pe3yJbTaT, B TOM UHCIIE PE3yJIbTaT UHTEIUICKTyalb-
HOU JIeATEeNIbHOCTH, TPEAHA3HAYCHHBIN Uil peanu3anuu. OHa SBISETCS OJHUM
U3 TJIaBHBIX MHCTPYMEHTOB MPEOAOJICHUS OOIIEIKOHOMHYECKOrO0 Kpu3Huca H
(dhakTopa TOCTHKEHUS CTAOMWIBHOCTH. [1, c.14]

HTII — 510 nTOr HAy4YHO-HUCCIIENOBATENIBCKUX, ONIBITHO-KOHCTPYKTOPCKUX,

IMPOCKTHBIX U TEXHOJOINYCCKHX pa60T, TEXHHUYCCKas AOKYMCHTALMA, ITPOCKTHI
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HOPMATHUBHBIX M 3aKOHOJATENIbHBIX aKTOB, ONBITHbIE O0Opa3libl, OMBITHBIC Map-
TUU, SKCIIEPUMEHTAIIbHBIE 00pa31Ibl/MOIeIN/MaKEeThl, HAYYHbIE OTUYETHI. [ 1, ¢.14]

HTII, npeanaraemasi ppIHKY, OTJIMYAETCS OT OOBIYHBIX TOBAPOB TEM, UTO
Ha JaHHBI MOMEHT OHAa MOYKET UMETh MOTPEOUTEIBCKYIO CTOMMOCTD, @ MOXKET U
HE UMETh (He ObITh TOBAPOM), HO U€pE3 HEKOTOPHBIN MEPUOJ] BPEMEHU CIIOCOOHA
MPOSIBUTH €€. DTO KacaeTcs, MpexJie Bcero, GyHaaMeHTaIbHBIX MUCCIEI0BAHUM
(3KCHIEpUMEHTANBHBIX MM TEOPETUUYECKUX), HAIIPABICHHBIX HA IMOJIYYEHUE HO-
BBIX 3HAHUMN 03 KakoW MO0 KOHKPETHOM 11€J11, CBSI3aHHOM C UX MCIOJIb30BaHU-
eM. [IpeBpaiieHue B TOBap MPOUCXOAMUT TOT/A, KOTAa OMPEAEISIETCS MPUKIal-
HOC 3HAYCHHE MCClIeq0BaHui. [2, ¢.36-43]

Ananmu3 crpoca Ha HTII — BaxkHOe HampaBieHUE B AEATEIbHOCTA OPraHu-
3anmu, 3aHumaronieiics HUMOKP (nayuyHo-umcclienoBaTeNbCKUE U OMNBITHO-
KOHCTPYKTOpPCKHE paboThl). B yCIOBHUSIX PHIHOYHOW SKOHOMHUKHU aHAJIU3 CIpoca
Ha HTII umeer nepBoCTENIEHHOE 3HAYCHHUE.

Onuum n3 HTII, npeanonoXuTeabHO UMEIOIIUM OTEHIINA TPUMEHECHUS
B Poccuiickom TOpPOKHOM CTPOMTENBCTBE SIBIIsieTCs pa3pabotka ['ommanmckoit
ctpoutenbHO kommanuu VolkerWessels, «moporn u3 miactuka» (BBICOKO-
npounblil miactuk PlasticRoad, paspabdorannsiii pupmoit KWS Infra). MoxHo ¢
OOJBINION JI0JIel YBEPEHHOCTH YTBEPKAaTh, YTO B OYIyIlleM Takash TEXHOJOTHUS
MO3BOJIMUT PEUINTh MHOTHE MPOOJIEMBbI CTPOUTEIBCTBA U IKCIUTyaTallud POCCU-
CKHX JOPOT C OJHOBPEMEHHBIM YIIYYIIEHHEM 3KOJOTMYECKOM cHUTyauuu. [3,
c.8]

B paccmaTpuBaemoii TEXHOIOTUU MPEAJIaraeTcsl UCIOIb30BaTh nepepado-
TaHHbIE TEPMOILIACTBL. TeM caMbIM, HapsiAy C JOCTH)KEHUEM BBICOKHUX CTPOU-
TEJIbHBIX TOKa3aTeNeHd, MOSABISIETCS BO3MOXKHOCTH YIYUYIIUTh 3KOJIOTMUYECKYIO
CUTYallMIO, CTUMYJIMPOBATHh HACEJIEHUE U TOCYIapCTBO COPTUPOBATH MYCOp, Op-
raHU30BaTh MMYHKThI NPUEMKH OTXOJ0B, BEJIb CPOK Pa3I0KEeHUS IIaCTMACChI CO-

crapysieT He MeHee 100 net. CornacHo mpeaBapUTEIbLHBIM pacyeTaM, JOPOry U3
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HOBOT'O Martepuaia OyayT BO3BOJUTHCA ObICTpee «Kiaccuueckux» (achanbroode-
TOHHBIX, [IEMEHTOOETOHHBIX), OCOOCHHO AaKTyaJIbHO NIJIi OTPOMHOMN TPOTSKEH-
Hocth nopor PO. Ilpu 3TOM BCe KOMMYHMKALIMU IUIAHUPYETCS PACIIOIararh
BHYTpPH TI0JIOM KOHCTPYKIIMU B CHEIHAIbHBIX MOJIOCTSAX (Kabenu, BOJIOOTBOJ U
T.A.), @ U3-3a OOJIBILIOTO MPOMEXYTKA BPEMEHH Pa3JIOKEHHUsS IJIaCTMAacCChl yBe-

JUYUBAETCS CPOK CITY>KOBI Takux jopor (puc.l, puc.2).

Plastic ! i
Road A A

Pucynox 2 - BapuaHT pacnonoxeHrss KOMMYHUKAIIUWA BHYTPH MOJI0W KOHCTPYKIIUH

B Hacrosiee BpeMs NpPOBOASTCS HUCHBITAHHMS HOBOrO MOKpbITHS. Ha
ONBITHOM YYaCTKE JOPOTH IMPOBEPSIOTCS, TEXHUUECKUE XAPAKTEPUCTUKH MaTe-
puana, oTpadaThIBalOTCA TEXHOJOTUYECKUE MPUEMBI, TIPOM3BOAUTCS MpeaBapH-

TeJbHasl OLIEHKa ’KOHoMHuYeckoi 3ddextuBHOCTU. [IpenBapurenbHbie pe3yib-
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TaThl, MOJYYEHHBIE B XOJI€ CTPOUTEILCTBA OMBITHBIX y4acTKOB B [oimanauw,
MO3BOJIAIOT YTBEPKJATh, UTO TAaKUE JIOPOrd OyayT OoJiee NEIICBBIMH, HKOJIO-
TMYHBIMU U TIpociykat He MeHee 80 sier. OHM MOKa3bIBAIOT, YTO IUIACTUK BbI-
JIep’)KUBAeT HOPMATUBHbBIC HArpy3Ku Ipu Temreparypax ot -50 mo +80 rpamy-
COB M HE HaKaIIMBaeT Temio. [4, ¢.2] To CBOMCTBO akTyalibHO 17151 Poccuiickux
YCIJIOBUM, KOT/Ia JIETOM ac(habTOOETOHHBIE TIOPOTH MOJ 1ePOPMUPYIOTCS B Me-
CTaX PE3KUX TOPMOXKEHUH, aBTOOYCHBIX OCTAaHOBOK, CO3/1aBasi MOJOCHI HaKaTa
(xoJien), BOJIHBI, TPEOCHKH U JP.

Ha ocHOBaHuU MPOBEIEHHOTO aHajlu3a MOXHO MPEANOJIOKUTh, YTO JaH-
HBI TUN KOHCTPYKIIMU HE MOJOWIET JJIsl BBICOKMX HArpy3o0K, CJ€JI0BaTEIbHO,
MBI HE MOKEM HCIIOJIb30BaTh JAHHYIO TEXHOJIOTHIO NJI1 BO3BEICHUS aBTOMO-
OWJIBHBIX JIOPOT BBICOKMX KaTErOpHil, HO OHA BIOJIHE MPUMEHUMA JJii JIOPOT
MEHBIIINX KaTeropuii, 00bE3AHBIX MyTEH, BEJIOJOPOKEK U TPOTyapoB. To ecTh
MEPCIIEKTUBA MTOBTOPHOTO HCIIOJIb30BaHUS IUIACTMACC TSI IOPOKHOTO CTPOU-
TenbCcTBa B Poccuu, ocyniecTBUMa M 9KOHOMUYECKH OMpaBaHa.

B 3akiroyeHun Xouercs MOMYEPKHYTh, YTO aHAJIMU3UPOBATh CIPOC HA
ppiHke HTII oyeHb BaxkHO Ml pa3BUTHS TNPEANPUSITAN HA BBICOKOM YPOBHE,
JUISL JTy4IIEero pocTa U BHEJAPEHUSI HAYYHO-TEXHUYECKUX MPOAYKTOB Kak B Poc-
CHH, TaK U 32 pyOeKoM, HY>KHO OOJIbIIIe BKJIQbIBATh B MHHOBAIIUH, TPUBJICKAThH
WHBECTOPOB B MPOEKTHI. B Haille Bpemsi, CO BCEMU HMMEIOIUMUCS BO3MOXKHO-
CTIMH MOXXHO 0e3 mpoOJjeM pa3BUBATh MEXKIyHAPOIHOE COTPYAHUYECTBO,
HAXOJIUTh 3aMHTEPECOBAHHBIX JIFOJICH, UTO-TO 3aUMCTBOBATh U HE OOATHCS BHE/I-

PATH B MPOU3BOCTBO.

Cnucok HCnoIb3yeMoii JJuTepaTyphbl:
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AnHotaumsi: OgHa U3 3a7a4 MPU CTPOUTEIILCTBE aBTOMOOWIBHON JOpOTH —
MUHHUMU3AIUS BO3JICUCTBUS Ha OKpyXkarollyto cpeny. C 1enpio onpeneneHus u
MPEAOTBPAIIECHUSI HETaTUBHOTO BO3JCUCTBUSA IPOBOASAT 3KO-U3BICKAHUS, KO-

HKCIIEPTHU3Y U IKO-AYUT MPOEKTOB aBTOMOOMIIBHBIX 1OPOT.
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Abstracts: One of the tasks in the construction of the road is to minimize the
impact on the environment. In order to detect and prevent negative impact, eco-
surveys, eco-expertise and eco-audit of the road projects are carried out.
KiroueBble cjoBa: DKOJIOrHUECKHE HU3BbICKAHUA, JKOJOTHYCCKasdA HSKCIICPTH3A,
AKOJIOTUYECKUN ayJUT, TPOCKT aBTOMOOUIBLHOMN JOPOTH.

Keywords: Ecological surveys, ecological experise, ecological audit, road pro-
ject.

3KO-H3BICKaHI/IH, 9KO-3KCIICPTHU3a U IKO-ayAUT IIPOCKTOB aBTOMOOMJIbHBIX
aopor — CHGI_[HaJIBHLIfI KOMILICKC MCPp IJIAA ITPCOAOTBPAIICHUA H606paTI/IMLIX I10-
CJICJICTBUI B OKPY>KaIOIIEH Cpeie OT BO3ACHCTBUS aBTOMOOUIILHON JJOPOTH.

SKOHOFI/I‘IGCK}’IO OKCIICPTU3Y OCYHICCTBIIAIOT HA OCHOBAHUH q)eﬂepaJILHO-
ro 3akoHa Poccutickoit denepanuu «O0 3k0jI0rudeckon skcnepTuse» [1].

[Ipn 3K0I0THYECKON IKCIIEPTU3E MTPOBEPSAETCS COOTBETCTBUE MPOEKTA AB-
TOMOOWJILHON A0pOoru, Ha OCHOBAHHUHU KOTOPOI'O 6YI[€T CTPpOUTHCA U OKCILIyaTH-
pPOBaThCA aBTOMOOMJILHASA aopora, YCTaHOBJICHHBIM 3aKOHOJAaTCJIbCTBOM Tpe6o—
BAaHUSAM.

K coBpemMeHHOMY MpOEKTy aBTOMOOWJIBLHOM JOPOTH 3KO-3KCIIEpTH3a
MPEABSIBISACT CIEAYIONINE TPEOOBAHMUS:

- IIOJIOKCHHUC TPACChI 110 HAMMCHCC LICHHBIM 3CMJIIHBIM YI'OAbSAM,

- COXpaHEHHE €CTECTBEHHBIX JaHIImadTOB, 00X0] TEPPUTOPUIN 3aIMOBEI-
HHUKOB U MCCT MAaCCOBOI'O IIPOKUBAHHNA JKUBOTHBIX

- YUE€T U3MEHEHUS THAPOJIOTHIECKOTI0 pEKUMA;

- COXpaHEHWE AHTPOIOIeHHBIX JAHAIMA(PTOB U CYyIIECTBYIOIIEH uH(ppa-
CTPYKTYPHI,

- MUHMMAaJIbHOE BO3JICCTBHUE HA LIEHHbIE TPUPOIHBIE 0Opa30BaHUS;

- OCTETHUYCCKas LICJ'ICCOO6p8.3HOCTB HpOHaFaCMOP'I TPaccChI.

K mepeuHio «3KOJIOTHYECKH OIMACHBIX» 00BEKTOB, MOAJICKAITUX 0COOOMY

BHHUMAHHWIO, OTHOCAIT.
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- MarucTpajibHble aBBTOMOOUIIbHBIE JTOPOTH;

- JIOPOTH OOIIErocy1apCTBEHHOTO, PECIYOINKAaHCKOT0, 00JaCTHOTO 3Ha-
YEeHMUS;

- ad3pOMOPTHI C JJIMHOM B3JIETHO-TIOCAI04HOM TTosiockl 1500 M u Oornee;

- MOCTBI U TOHHENH JyinHOU 0osee 500 M.

OdyeHb BaXXHO yIENUTh BHUMAHUE IIACHOCTU IMPOEKTa, MOApa3zyMeBalo-
YO0 BOBJICUEHHE OOIIECTBEHHOCTH U y4eT OOIIECTBEHHOI'O MHEHHSI.

DKOJIOTUYECKHUE U3BICKAHUS — KOMIUIEKCHOE UCCIEA0BAHUE OKPYKAOLIEH
CpeIlbl, IIEIbI0 KOTOPOTO SBJISETCS MIPENOTBPAIICHUE WM JIUKBHUIAlUs HeOIaro-
MPUATHBIX IKOJIOTUUECKUX (PaKTOPOB B MOJATOTOBUTEIBHBIN IEPUO.

Cornacno CII 11-102 [2] paguyc 3K0-U3bICKaHUN COCTABIISIET 3 KM.

[Ipy 5KO-M3BICKAHUSIX MPOEKTa ABTOMOOWJIBHOW JTOPOTH JOJKHBI OBIThH
OIPEJIEIIECHBI:

- IPUPOJIHBIE OCOOCHHOCTU TEPPUTOPHH;

- IOTPEOHOCTH B pecypcax (3eMeNbHbBIX, CIPhEBBIX, BOIHBIX);

- BO3MOYKHO€ BO3/IECTBUE Ha MPUPOJHYIO cpeay (BUAbI BO3AEHCTBUS, 30-
Ha BJIMSIHUSA);

- IPEJIOKEHUS IO OPraHU3aIuU YKOJIOTMYECKOT0 MOHUTOPHUHTA.

OTt4eT 00 IKO-U3BICKAHUAX COACPIKUT BBIBOJBI O COCTOSTHUM BO3YIIIHOM,
BOJITHOM W TMOYBEHHOM Cpelbl HA MOMEHT Hauaja CTPOMTEIhCTBA, MPOTHO3 Ha
HETaTUBHOE BIIMSHUE aBTOJIOPOTH HA MPUPOJHYIO CPEdy, a TAKKE MEPONPUSATUS
10 3aIUTE MPUPOTHOMN CPEJIbl M CHIDKCHUIO BPeIa OT aBTOMOOUIILHOM TOPOTH.

Cornacno ®denepansHomy 3akoHy Poccuiickoit denepanuu «O6 oxpane
OKpy’Karouien cpenbl» [3] AKOJOTHMYECKUW aylIUT — HE3aBHCUMas OIIEHKa CO-
OJtofieHUsI CYOBEKTOM XO3SMCTBEHHOM JEATEIILHOCTH HOPMATHBHO-MPABOBBIX
TpeOOBaHMI B 00JacTH OXpaHbl OKPY’KAIOIIEH Cpeabl U MOJTOTOBKA PEKOMEH-

Al B 00J1aCTH DKOJIOTHYECKOU IEeATEIHHOCTH.
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OcHoBHas 11eJ1b PKO-ayJIUTa — MOMOIIb CYOBEKTaM XO3SHCTBEHHOU Jes-
TEJLHOCTA B YCTAHOBJICHUM HAJJICKAIIECH SKOJIOTMYECKON MOJMUTUKH, a TaKXKe
GhopMHUPOBAHUM MPHUOPUTETOB MO OCYIIESCTBICHUIO MEPOIPUITHI, B TOM YHCIIE
peayNpeIUTEIIbHBIX.

KauecTBeHHBIN 3KO-ayIUT OTJIMYAET HE3ABUCUMOCTh, OOBbEKTUBHOCTb, CH-
CTEMHOCTH, KOMIICTEHTHOCTbD, JIUIICH3HOHHAs 00€CIICYEHHOCTh U COOTBETCTBHE
LIeJIAM | 3a7a4aM.

3akjoueHue

DKO-3KCIIepTH3a, YKO-U3BICKAaHUS U IKO-ayJUT — 3TO HEOOXOIUMBIH KOM-
IJIEKC Mep ISl TI000ro MPOEKTa ABTOMOOUIBLHOM TIOPOTH. DTHU MEphI HalpaBJie-
Hbl Ha COXpPaHEHME DKOJIOTHH, MPEAOTBPAILICHUE HEIOIMYCTUMOIO BIUSHUS MIPO-
[IECCOB CTPOUTENILCTBA HAa Hee. be3 mpoBeeHUs JaHHBIX Mep MOCIeayIoas jie-

ATEJIbHOCTh HA aBTOMOOMJILHOM JOpOTe HEJAOMYyCTUMA.
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AnHoramusi: OOnaropakxMBaHWe OKPYXKAIOIIET0 MPOCTPAHCTBA B MOCIEAHUE

CTOJICTHUA TPCACTABILICTCA YCIIOBCKY HGO6XO,HHMOI>'I 4aCTbIO €TI0 XXM3HH. OI[HI/IM
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N3 DJJICMCHTOB YKpAIICHUA HWHTCPLBEpA ABJEICTCA CO3OAHHUC pYKOTBopHOﬁ
pocrcCH, KOTOpasa CMOXKET IPUAATH TCIIOTBI 1 YHUKAJIBbHOCTH ITPOCKTHUPYCMOMY
IIOMCIICHHNIO. Oco0enno Ba>XHO CcO31aThb HO,Z[06HyIO 06CTaHOBKy B
YUpCKIACHUAX, TAC Tp€6y€TC}I CcaMOC TPCIICTHOC BHUMAHHC K HACTPOCHHUIO
npokuBaromux. PaccMOTpUM OCOOEHHOCTHM MOHYMEHTAJIbHOW  KUBOIHUCH
COBCTCKOI'O IICpHOJa B YUPCIKACHUAX COIUAIBHOTO 06CJ’Iy>KI/IBaHI/I}I.

Abstracts: Ennobling the surrounding space in our time is a necessary part of
human life. One of the elements of interior decoration is the creation of mural,
which can give warmth and uniqueness to the projected space. It is especially
important for creation of a similar environment in institutions where the most
reverent attention to the mood of the residents is required. Consider the features
of the monumental painting of the Soviet period in the institutions of social ser-
vices.

KiroueBbie cioBa: MoHyMeHTainbHas sxuBonuchb, CCCP, nom oTabixa, caHATO-
puii, OBITOBOM aHp, MEeU3aK.

Keywords: monumental painting, USSR, holiday home, sanatorium, domes-

ticgenre, landscape.

XyH0KECTBEHHAs] POCIMUCh CTEH HHTEpPbEpa SBISECTCA Pa3HOBHUIHOCTBHIO
MOHYMEHTAJIBHOTO MCKYCCTBA, KUBOMHUCHIO HA APXUTEKTYPHBIX COOPYKEHUSIX U
JIPYTUX CTallMOHApHBIX OCHOBaHUAX. Oco0oe pacmpocCTpaHEHHE B HaIleH
CTpaHe 3Ta pocCHuch moiyumsia B Hadane XX Beka. [nmaBHOM €€ 1enbio Oblia
mpornaraija HOBOTO COIMAIMCTUUECKOro CcTpos. Moryuue, cmesbie o0pasbl
CMOTPEIM W MO CEl JIeHb CMOTPAT HA HAC CO CTEH 3JaHUM CaMbIX
pa3HOOOpa3HBIX THUIIOB M MpEIHA3HAUYCHUI: TeaTpoB, TOCTUHMIL, JIBOPIIOB
KYJBTYPBI, 3aBOJIOB, METpO U OonbHUIL. Kaxknoe KpynHoe OOLIECTBEHHOE 3aHHe

ObLJI0 0003HAYEHO YHUKAILHON M0o3ankoit uiu dpeckoit [4, c. 233].
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lenpto  gaHHOM  CTaThM  CTABUTCSA  M3y4YE€HHE  OCOOEHHOCTEH
MOHYMEHTAJIbHOW POCIIUCH COBETCKOTO MEPUO/ia B YUPEKICHUIX COLUAIBHOTO
00CITy>KUBaHUS JJI1 BO3MOYKHOTO MCIIOJIb30BaHUS OIbITa MACTEPOB B pabOTax Mo
POCIIUCH CTEH.

3agaud  UCCIEAOBaHUA: HAWTH W PACCMOTPETh  MPOU3BEACHUSA
0003HAYEHHOTO TMEpuo/a, HW3YYUTh I[BETOBOE pEIICHWE U TEeMaTUYECKHE
0COOEHHOCTH.

[IpousBenenuss MoHymeHTanpHOM kuBonucu CCCP B menom
MPENICTaBISIN COOOM TPU3BIBBI K TPYIdYy, CIOPTY, Hayke, IpyxOe HapoJoB,
JIOCTOSTHUIO TOTO UJIM MHOTO MECTa, a Takxke ero crnenuduke. [Ipeq namu BcTarot
1eJICYCTPEMIICHHBIC JIFOIU-TUTAHBI, BETUKUE OOPIIbI U BOXK/IU, IJIABHbIE (DUTYPHI
BPEMEHHU: MPOCTOM pabouuii Hapoa, CHOPTCMEHBI, MPEACTABUTEIN BIACTH
HapOJIOB.

[Tono6Hbie mOMIIE3HBIE PAOOTHI, HECYIIME AaruTalMOHHBIN XapakTep,
TaKKe BCTpeUalroTcss U B caHaropusx. [Ipu 3ToM mnpousBereHUs coaepkar

AJJICTOPUYCCKHEC 06pa31>1, 4TO OTOXACCTBILICTCA C AJIJICTOPUUICCKUM JKAaHPOM.

Pucynoxk 1 - «Tpuymd nokonenuii» [5, c. 54]
Hanpumep, «Tpuymd nokonenuit» A. Kymenko m M. CaBuukoro B

canaropuu «benopyccus» B Mucxope 11 3aCyKEHHBIX MAPTUWHBIX JIESITENCH.
Kaxnpiii o0pa3 sBISICTCS CHUMBOJIMYHBIM, a B CaMOM TeMe POCIIHCH
WCMOJIb3YyeTCAd TPUEM AJJICTOPUM, TMEPEHAIoOlNil HACI0 MPEEMCTBEHHOCTH

ITOKOJIEHU COJIJIAT PEBOJIFOLIMM U MOKOPUTENIEN KocmMoca.Bce repou u anmeMeHThI

382



KOMITO3UIIMM  00pa3yloT 3aMKHYTBIM KpYI, pa3AelieHHbIH Ha SpPYyChl C
[IEHTPAIbHOW TapsIIeii B MpOCTpaHCTBE (UTYpOH, 00O03HAYAIONMICH B3JIET
YyeJIOBEYECKOM MbICHH [5, c. 54].

VYnuBuTeneH BBHIOOP IIBETOBOW MAJUTPhHI i pabOThl B CaHATOPHM:
KpacHbIN, OOPIOBBINA, OXPUCTHIN, JKENTHINA, a TAKKe SPKO BBIPAKECHHBIE OeJble
Oomuku. [Ipu Takoil sipkod U Jake pe3Kod ramme cpa3y CTAaHOBHUTCS TOHSITHBIM,
JUIS KOTO TOCTPOEHO A3TO 3aaHue. JlanHas paboTa LBETOM M TEMOW OYEHb
[OX0)Ka Ha OOJBIIMHCTBO pabOT COBETCKOro Iepuoja, HecET Oomblie
aruTalMoOHHBIN XapakTep. OJHAKO CYIIECTBYIOT U JIpyrue, 0ojiee CIOKOMHbIE U

OTBJICYHCHHBIC ITPOU3BCACHUSI.

Pucynok 2 - «Bpemena rozna» [3].

Pocnucek, BeITIOJIHEHHAsI B OBITOBOM aHpE, TAK)KE BCTpeUaiach Ha CTEHaX
canatopueB CCCP. KonewHo, Ha 3agHeM IUIaHe TOJOOHBIX  padoT
MPEUMYIIIECTBEHHO pacrojiarajics Kakou-1nbo mel3ax, COOTBETCTBYIOIIUMA
HacTpoeHnio momemieHus. Tak, Urope [meGoBuy MakapeBud co3man cepuio
pabot «Bpemena rona» B Jlome otaeixa «Beneka» [3]. Pazbepém oqny u3 HEX.
Oco060e BO3MyIIHOE HACTPOCHUE MepefacTcss ¢ MOMOIIbIO JIETKOTO CHOKETa U
MSATKHX OTTEHKOB. 3HAKOMBI BCEM CHOKET BBI3BIBACT JIETKYIO YIBIOKY, BEIb
MOYTH KaXK]IbIil YeJIOBEK OMHUT TOT JI€Hb, KOT/1a Hay4yuJics miaBath. [lonoOHbIe
CIOJKETBl TPUSATHBI KAXKIOMY, NJII CAHATOPUEB HMX HCIOJIb30BAHUE SIBIISIETCA

IIPEKPACHBIM PELICHUEM U B HAIlle BPEMS.
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Opnako paboThl Ha OBITOBYIO TEMy Tropaszlo Oojiee OOIIMPHBI M HE
3aKaHYMBACTCS ONaXEHHBIMH TOBCEAHEBHBIMU CIOXKeTaMH. BHyTpu 3Toif
TEMaTUKU pacIoyiaraeTcs eme€ HECKOJIbKO HaNpaBICHUN, Cpeau KOTOPbIX
HamOoJiee YacTO BCTPEYAIOTCS TMEW3aKHbIE KOMIIO3UIMU C BKJIIOUYEHHEM
®UBOTHOro mupa [2, c.124].IlpumepoB Ha nNEH3aKHO-TEMATHYECKYIO
KOMITO3UIIMIO BCTpeUaeTcs OOJbIIE BCEro, HAUMHASI C CAHATOPUEB M 3aKaHYMBas

OOJLHUIIAMU, OJTHAKO MOXKHO BBIJICTTUTH €UIE OJIHY BEAYIIYIO TEMY.

Pucynoxk 3 - Pocniuce B LleHTpe npodeccnonanbHoi maronoru [3].

Tperbe OTBETBIEHHE - ITO TeMa, CBSI3aHHAS C BpPaueOHON MPAKTHKOM.
[Toutn B Kak10W MOJUKIMHUKE UKW OOJNBHUIE €CTh (hpecka J00poro J0KTopa,
KOTOPBIM BCE U3JIEUUT-UCLEIUT. Tak, B LIEHTpe NMPOPECCUOHATBHONW MaTOJOTUH
€CTh POCHHCH, U300paxkarolas Bpauel pa3HbIX BPEMEH W HApPOJOB, OJIETHIX B
Oenbie xanatei[3]. PaboTa momeneHa Ha MPSMOYTOJIbHBIE CEKTOPA, B KOTOPBIX
pacroyiiaratoTcsi OTIEJIbHBIE CIOKEThl. [[oKTOpa mTpeacTaloT MOpel HaMu Kak
TepOU: CBETJIbIC COCPENOTOUYCHHBIC JUIA BHIACIAIOTCS Ha (oHEe Oeno-romy0oi
raMMmbl. BrioigHe BO3MOXHO, 4TO 3TO peaibHble Jroau. OpHako MogoOHOE
HalpaBJICHUE YXOAUT B TPOILIOE, B HACTOAILEE BpPEMS POCHUCH B
MOJIMKJIMHUKAX MPEACTABIISIET CO00M paboTy Ha OTBICUEHHYIO TEMY, JAJIEKYIO OT

nedenus [1].
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Paccmotpes HEKOTOPbIE BapUAHTHI peLIeHU oopMIIeHUS
MOHYMEHTAJIbHOM POCHUCH, MOXHO CKa3aTb, YTO JKUBOMHUCHBIE [aHHO
MAHCUOHATOB, CAHATOPUEB W OOJIBHUI] Majl0 YeM OTJIMYAIOTCA OT paboT Ha
3MaHUSIX JOMOB KYyJBTYpbI, @ TaKXE€ METPO M AJMUHHUCTPATUBHBIX 3JaHUU.
MoxHO BCTpEeTUTH OoJiee peamucTUYHbIe W 0Oojiee JeKOpaTHUBHBIC TaHHO,
nocjaeaHue 00bIYHO pa3zesieHbl Ha cexTopa [6, c. 28-30].

B kaxnoi pabote m1yOOKO MPOAYyMaHO B3aUMOJICHCTBUE C apXUTEKTYPOU,
YTO TO3BOJIAET YAOOHO paccMoOTpeTh pocnuch. OCOOEHHOCTH TPOCTPAHCTBA
JUKTYIOT BO3MOKHOCTH BOCIIPUSTHS.

Hrak, npeobnagaHnre pocrnucell Ha OTBJICYEHHYIO TEMY IOJIOKHUTEIBHO
CKa3bIBACTCSI HA MOCETUTENSAX W MPOXKHUBAIOIIUX YUYPEXKICHUN COLUAIBHOTO
oOCIyKMBaHHMsI, & TaKKe Ha Bpadax. BeIOOp LIBETOBOM MaJIUTPbI KpailHE Ba)KEH,
IIPU 3TOM YMEPEHHO SIPKUE OTTEHKH SIBJISIIOTCSI YaCTO UCIOJIb3YEeMbIMH, TaK Kak
OHM BBI3BIBAIOT HauOosiee OIArompUsITHBIC SMOIMHU, Pa3rpyKaroT OOCTaHOBKY.
Pemenne  ykpacuTh  MPOCTPAHCTBO  MOHYMEHTAJIBHOM  JKMBONKCHIO B
yupexJIeHusIX counanbHoro oociaykuanus B CCCP 6bu10 J0CTaTOYHO HOBBIM,
XYJIO’)KHUKaM TIPUXOUIOCH CAMUM OIPEAEIATh, KaKue 0COOCHHOCTH POCIHCEH

HEOOXOIUMEI B 3JaHUSX IT0J00HOr0 Ha3HAYEHUS.
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Anvoranusa: Kaxapii dYelmoBeK ¢ O0COOBIM BHHUMAaHUEM IMOAXOOUT K
00yCTpPOMCTBY CBOEro >KHWIHWIIA, CTApasch CO31aThb BOKPYI ce0s YIOTHYIO H
KOM(l)OpTHYIO O6CTaHOBKy. B HaCToAICC BpCMA A 3TOr0 CyHICCTBYCT
OT'POMHOC KOJIHMYCCTBO BO3MOKHOCTEH. boibmion IIOIIYJIIAPHOCTBIO  CTaJia
IIOJIB30BAThCA MOHYMCHTAJIbHAsA JKHUBOIIUCH. C TEX BpPCMCH, Koraga
C€AUHCTBCHHBIM BUJI0M HAaCTCHHOU pocircu OblL1a q)pGCKa, YCJIOBCUCCTBO YIIJIO
OYEHb JJAJIEKO, COBEPIIMB MAacCy OTKPBITUH B 3TOM cepe. Paccmorpum cambie
HN3BC€CTHBIC U BOCTpC6OBaHHBIe TEXHUKU HACTCHHOU pocCiiuCru T€X BPEMCH U
COBPCMCHHOCTH.

Abstracts: Each person with particular attention approaches the arrangement of
his home, trying to create around himself a cozy and comfortable atmosphere.
Currently there are a huge number of opportunities for this. Monumental paint-
ing became very popular. Since the time when the only type of wall painting
was a fresco, humanity has gone very far, having made a lot of discoveries in
this area. Consider the most famous and popular wall painting techniques of
those times and modern times.

KiioueBblie ci10Ba: MOHYMEHTAJIbHAS )KUBOIIHCH, TEXHUKH, (pECKa, IHKAYCTH-
Ka, akpui, adporpadus, rpapdurtu.

Keywords: monumental painting, technology, fresco, encaustic, acrylic, air-
brush, graffiti.

B CTPCMIJICHUHN YKPACUTHb CBOC KWJIMIIC, JTHOJAHW Ha MPOTAKCHUU MHOI'UX

JE€T HpI/I6CI‘aI-OT K paSHOO6paSHBIM BHJaM OTACJIKH, OT CaMbIX IIPOCTBIX OO
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OUYEHb CJOXKHBIX W M3bICKAaHHBIX. UenoBeuecTBO HE CTOMT Ha MECTe M ceildac
YK€ CYILIECTBYET OTPOMHBIN BBIOOP BCEBO3MOXKHBIX MAaTEPHAJIOB MO JAEKOPUPO-
BaHUIO, KPACOK, MACT, MITYKAaTypOK, 0J1aroiapsi KOTOPBIM JIETKO TOOUTHCS HUHTE-
pecHbIX 3¢ dexToB. OTCI0a U MOSBUIOCH MHOI000Opa3ue TEXHUK HAHECEHMS
pocniucu. Kak mpaBuiio, ux moapas3aensioT Ha ABE TPYMIbL: KIacCuYeckue (Tpa-
JTUITMOHHBIC) U COBPEMEHHBIE.

TpaguuuoHHbIE TEXHHUKH.

HacTtennast pocnuch no KJIacCM4YECKONW TEXHOJIOTMH MPEACTaBIsET COO0M
MOHYMEHTAJIbHYIO KUBOIHUCH, BHIMOJHAEMYIO BPYUHYIO XY0KECTBEHHBIMH KU-
CTSIMU.

@pecka. TepMuH Ppecka — OT UTAIBIHCKOIO «CBEKUN», ITO POCIHUCH O
CBIpOM MTYKaTypke. JKuIKue KpacKu BIIUTHIBAIOTCS THIICOM M TIOCJIC BBICHIXA-
HUSl OHM OCTAIOTCS B MOBEPXHOCTH. [lepes HaHECEeHneM KpacoK XYAO0XKHHK, 3a-
4acTylo, Jiejall MOArOTOBUTEIbHBIA PUCYHOK (CHUHOIHUIO) KPACHBIM MEJIOM.

CymiecTBYIOT Takue MOABUABI (PPECKOBOM KUBOMHUCU, KaK «OYOH» WIIH
UCTUHHAsA (pecKa, «aJCeKKo» M «Melo». byoHn ¢pecka sBisercs Haunbosee
pacnpoCcTpaHEHHBIM METOJOM CO3J[aHusl padOT U MPEIoaraeT UCIoIb30BaHUEe
MUTMEHTOB, CMEIIAHHBIX C BOJOW (0€3 CBSA3YIOIIMX BEIIECTB) HA TOHKOM CIIO€
MOKpPOM, CBEXKEM H3BECTHM WJIM TUIICA. B IPOTHMBOMOJIOKHOCTH €MY, aJICEKKO
dpecka co3maercs Ha CyXOW IITYKaTypKe M, CIEeIOBATEIbHO, TpeOyeT CBS3YIO-
IETO BEIIecTBa (HApUMED, SUYHOU TEMIIEPHI, KJIesl WM Macia), 4YTOObI I[BETO-
BOM nmUrMeHT aepkancs. Camast u3BecTHas paboTa, Co3/1aHHas TI0I00HBIM 00pa-
30M — «Tainas Bedeps». K 1600-My roay B 3HAUMTEIBbHON CTENEHW HAYMHAET
npeo01aaaTh MEIIO MOAX0/, B KOTOPOM MCIOJIb3YeTCS BIAKHBINA CJION MOBEPX-
HOCTH, ¥ KpacKa MPOHUKAET HE CIIUIIKOM TITyOOKO.

Iukaycmuka. [lonpazymeBaeT HaHECEHHUE PACIUIABICHHBIX HA BOCKE WIIH
MacCJISHBIX KPacOK Ha CYXYIO IITYKaTypKy. Emie mupoko npuMeHsieTcs BapuaHT

ZKHNBOIIMCH Ha IlepCBﬂHHOﬁ IMaHCJIN UJIKX Ha XOJICTE, KOTOpBIﬁ 3aTEM HaAKJICHUBAJICA
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Ha CTeHY. Pa3HOBUJHOCTBIO HKAYCTUKH SIBIISIETCS BOCKOBAas TEMIIEpa, OTJINYa-
IOIIAsICS SIPKOCTBIO M COYHOCTBIO KPacOK. B 3TOM TEXHHWKE HAanmMCaHbl MHOTHE
paHHEXPUCTUAHCKUE HWKOHBI. CaMbIM SIPKUM HUKOHOTpaQUUECKUM MNPUMEPOM
TEXHUKU dHKAyCTUKHU cuuTaeTcsi oOpa3 Xpucrta [Tantokparopa (VI Bek), Haxo-
nsmuiicss B CuHalickoM MOHacThIpe [3].

Cepagpgpumo. Crioso «crpadduto» uMeeT UTANbIHCKUE KOPHU, JOCIOBHO
O3HayaeT BhIApANbIBAHUE M YEM-TO HAIIOMUHAET HACKAIbHYIO KMBOMUCH. OT-
JenaTh TAKUM CIIOCOOOM MOBEPXHOCTH OYeHb TpyaHO. Ha moaroroBieHHOE OcC-
HOBAaHHE HAHOCUTCA OJIMH CJIOM LBETHOM IITYKaTypKH, MOCJIE MPOCYIIWBaHUS
HAHOCUTCA CIIEAYIOUIMN CIION Apyroro mnsera. M 3aTem, HE TOKHUAASCH MOIHOTO
BBICBIXaHHUS, METOJIOM COCKAOJIMBAaHMS BEPXHETO CJIOSl ITYKAaTypKH (GOpMHUPYET-
Csl pUCYHOK. M3-3a CII0’KHOCTH BOCIIPUSATHSI Yallle BCErO TaKue BCTABKU U3 TOYE-
HBIX PUCYHKOB HE 3aHUMAIOT BCIO TJIOCKOCTh CTEHBI, UMU JEKOPUPYIOT TOIBKO
ee yactb. Ho ¢ moMomnipr0 3TOro MeToAa MOKHO H3FOTOBUTh M MAHOPAMHOE
n3o0paxenue. OOBIYHO ATO IBETHAsl KapTHMHA BO BCIO CTEHY, KOTOpask 4€M-TO
HaItOMHUHAET QPECKY.

CoBpeMeHHbIE TEXHUKH.

N3o00perast HOBbIE TEXHUKU, MOHYMEHTAJIUCTBI CTPEMSITCSI COKPAaTUTh BpeMs pa-
60T1be1. CoBpeMEeHHOE 000pYI0OBaHUE M BCEBO3MOKHBIC TTPUCTIOCOOICHHSI TT03BO-
JISIFOT ATOTO T00UTHCS, TEM CaMbIM MUHUMHU3UPOBAB 3aTPAThl CPEJCTB U YCUITUH.

Pocnuce akpunom. B Halm JHU pOCTIMCH AKPUJIIOBBIMU KpacKamMu — 3TO
CaMblii pacIpOCTPAHEHHBIM BUJI HAHECEHUsI KAPTUH HA CTEHbI B UHTEphepe. Ta-
KM€ KPacK MJCAIbHO MOJXOJAT JJIi HACTEHHOW POCIHUCH, OHM JIETKO HAHOCST-
csi, OBICTPO COXHYT, IEpPea0oT 00beM. BaXkHO OTMETHTH, YTO CTOMMOCTh TaKOU
pPOCIIMCH TOCTaTOYHO BeJinka. [{eHa 3aBUCHUT OT CIIOXKHOCTH PUCYHKa M Ipopa-
00TKH MeNKuX neranei [1].

Pocnuce ceemawgumuca kpackamu. C IOMOIIBIO KPAaCOK, COAEPKAIINX

J'IIOMI/IHO(I)Op MO>XHO OTTCHHUTb aKPHUJIOBYIO JKHMBOIIMCbH, 3aCTaBUB PHUCYHOK CBC-
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TUTHCA B TEMHOTE. TaKylo KpacKy HaHOCSIT TOBEPX OCHOBHOTO PUCYHKa, U JIeJa-
eTcst 3T0 (pparMeHTapHO, 4TOOBI HE MEperpykarTh Iia3 u3o0pakeHusiMu. Mexa-
HU3M paboThl JIOMUHOGOpPA COCTOUT B TOM, UYTO JAHEM B HEM HaKaIlJIMBaeTCA
DHEPTrHUs, KOTOpas peaqn3yeTcss HOUblo MyTEM CBeueHUs. Takue pocnucu 4acTo
BBITIOJTHSFOTCSI B HOUHBIX 3aBEJICHUAX, KITy0Oax u Oapax[4].

Pocnucev nesuoumvimu kpackamu. Pocriicb HaHOCUTCSI HA CTEHY HEBU-
TUMON (PITyOpeclieHTHOM KpacKoM, KOTopasi MpOSBISIETCS] TOIBKO MPHU BKIIIOYE-
HUU YJIbTPaQHUOIETOBOTO CBeTa. B oTinmyme OT JIOMUHECHEHTHBIX, (Iyopec-
[IEHTHBIE KPacCKW HE HAKaIUIMBAIOT CBETOBYIO SHEPIrUI0 W 0€3 CrelnHabHbIX
JIaMIT HE CBETATCA B TEMHOTE [4].

A3pozpaghua. B ocHOBe ATOM TEXHUKHU JICKHUT YCTPOUCTBO a’porpad, Ko-
TOPbI HAHOCUT HA IMOBEPXHOCTh KPACHTENb C MOMOIIBI CXATOTO BO3AYXa.
Hacrennas pocnuck 310 ogHa u3 cep npuMeHnenus asporpada. IlomynspHoctsb
TaKOW TEXHUKH OOYCJIOBJIEHa BO3MOKHOCTBIO CO3/IaHUsI OOBEMHOTO PHUCYHKA,
MJIABHBIX IIBETOBBIX MEPEXOJIOB M CKOPOCTHIO BhIMOJHEHU. Kpacka JoxuTcs
TOHKUM CJIOE€M, paclibUIeHHE UAET MIIABHOE, 32 CYET ATOTO MPU HEOOXOJUMOCTH
MOKHO JJOOUTHCS a0COIOTHO PEATMCTUYHOTO N300pasKEeHHUS.

I'pagppumu. Ynuunoe uckycctBo rpad@uTu XOTh U PEKO, HO BCE XKe
nomnaaaet B HHTepbephl. ['padhuti MOKET ObITH BHITIOJHEHO HAa CTEHE, MMOTOJIKE,
a TakXKe ¢ MepexoJ0OM U3 MOTOJIKAa Ha CTEHY W 3aTe€M Ha MoJj. PUCYHKH MOXHO
M300pakaTh HA KUPIMUYHOU CTEHE, OCTOHHOM, JEPEBSIHHOM, OIMITYKATYpPEHHOM,
3€pKajJbHOM, MIACTUKOBOW WA METAJNIMYECKOM MOBEPXHOCTH. /(11 HaHEeCEeHMs
KPacKH MCTOJIb3YIOTCS ClIeMalIbHbIe OaJTOHYMKH. [IpenMyIiecTBo Takoi kpac-
KU B TOM, UYTO OHa MOMEHTAJIbHO COXHET. PUCYHOK MOKET UMETh ONPEACICHHBIM
CIOKET, & MOKET U HE UMETh ero BoBce. O0X0oauTCs Takasi paboTa 3HAYUTEIBHO
JICIIEBJIE POCIIUCH aKpUJIOM [2].

Tpaghapemnan pocnuce. JlanHas TeXHUKA OTHOCUTCA K CaMbIM JIOCTYII-

HbpIM. OHa HCO0pora v mpocra B IPUMCHCHUU. Mo>KHO Kak HpI/IO6peCTI/I I'OTOBBIC
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TpadapeTsl, Tak ¥ U3TOTOBUTh UX CaMOCTOATENbHO. Eciu Tpadapet mianupyer-
Csl UCTIOJIb30BATh MOBTOPHO, TO OH JIOJDKEH OBITh M3TOTOBJICH M3 MaTepuasa Bbl-
COKOW HPOYHOCTH M He Ooserocs Biaard. OIHOTOHHBIE BUIBI TpadaperoB —
HauOosee nomyispHble. VX NpUKIAIBIBalOT K MOBEPXHOCTH, 3aKPEIUIAIOT U
MPOCTO MPOXOIATCS MO HUM Kpackoi. Takxke CyIecTByt0OT MHOTOIIBETHBIE, 00b-
eMHbIe U 00paTHbBIe TpadapeTsl [5].

Wtak, nosBI€HHE CTOJIb OIPOMHOI0O pazHooOpa3us TE