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AHHOTAUA

B cratee paccMmarpuBaeTcs NpPUMEHEHHE MOJCIM 3HAHUM O IUHAMUKE pACHpPOCTPAHEHHUS
MOJ3eMHBIX BOA Ha mnpumepe MnpuHckoro Bomo3a0Oopa. I[lokazaHo wH3MEHEHHE YPOBHSA
MOA3€MHBIX BOJ B 3aBUCUMOCTU OT YBCIMYCHUA KOJIMYCCTBA OTKaYMBaeMOM BOJbI, UBMCHCHHUC
YPOBHA IMOA3CMHBIX BOJ B COCCIHUX CKBAXHMHAX IPU YBCIWYCHHUU KOJHUYCCTBA OTKauyMBaeMOM
Bozbl. CrenaH BBIBOJ, YTO YBEJIMUEeHHE 3a00pa BOIbI B OAHOM U3 CKBaXXHH BO103a00pa MPUBOAUT
K OCYUICHHIO CKBaXHH B0/J03a00pa, HAaXOMSIIMXCS 1O HANpPABICHUIO TEUCHHS BOJBI.
Paccmotpeno ¢yHknmuoHMpoBaHUE apeHaxHbIX cucTteM ['OKoB M TpaHCHOPTHPOBKA IyJBIBI B
XBOCTOXpaHmiuie, oosemM 3abupaemoit Bomsl u3 'OKoB Ha HYKIBI TOPOICKHAX OKpyros. U3
9KCHEPUMEHTa BUAHO, YTO U3MEHEHHE TOJIIMHBI 3aIIUTHON CTEHKH XBOCTOXPAHMJIHILA, & TAKXKe
HCII0JIb30BaHHUEC 3(1)(1)CKTI/IBHI>IX MaTCpuajioB AJId U30JIIUU XBOCTOB, HAIIPAMYIO BJIMACT HA O6’beM
U CKOPOCTh MPOTEKAIOLIEH CKBO3b 3aIUTHYIO CTEHKY 3arpsi3HEHHOH BOAbl. Mojenb OTpakaer
CE30HHBIE KOJIeOaHUs] YpPOBHS NOA3EMHBIX BoA. Hamnunme BCTPOEHHOrO S3bIKA ONKCAHMSA
(YHKIIMOHANBHBIX Y3JIOB JIeaeT MOJellb OueHb TMOKOW B HCIONb30BaHWM. [Ipu mpoBeneHun
OKCIICEPUMEHTOB MOXHO HWMUTHUPOBATH PA3JIMYHBIC TCXHOICHHBLIC YCJIOBUA NYTEM HU3MCHCHUA
COOTBETCTBYIOIINX METO/IOB, A TAKXKE 3HAUCHUH MOKa3aTeIel y3JI0BbIX OOBEKTOB.

KaiueBble ca0Ba: WMHUTAMOHHAS MOJENb; IIOJ3EMHBIC BOJBI; YPOBEHb IOJ3EMHBIX BOJ;

BOJ103200D.
UDC 004.822
Petina M.A! ON THE DEVELOPMENT OF A SIMULATION DYNAMICS MODEL
Egorov LA OF THE GROUNDWATER DISTRIBUTION

Kovalenko A.N.1
Reshetnikova L.K.2

1 Belgorod State National Research University, 85 Pobedy St., Belgorod, 308015, Russia
2 Belgorod center for Hydrometeorology and environmental monitoring, 6 Avtomobilistov proezd, Belgorod, 308004, Russia

e-mail: petina_m@bsu.edu.ru

Abstract

The article discusses the application of the model of knowledge about the dynamics of
groundwater distribution on the example of llyinsky water intake. The change in the groundwater
level depending on the increase in the amount of pumped water, the change in the level of
groundwater in neighboring wells with an increase in the amount of pumped water. It is
concluded that the increase of water intake in one of the wells of water intake leads to drainage of
wells of water intake, located in the direction of water flow. Deals with the functioning of
drainage systems, processing plants and transportation of the pulp to the tailing, the volume of
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water withdrawn from GOK to the needs of urban districts. The experiment shows that the change
in the thickness of the protective wall of the tailings storage facility, as well as the use of effective
materials for the isolation of tails, directly affects the volume and speed of contaminated water
flowing through the protective wall. The model reflects seasonal fluctuations in groundwater
levels. The presence of built-in language description of functional nodes makes the model very
flexible to use. During the experiments, it is possible to simulate different technogenic conditions
by changing the appropriate methods, as well as the values of the parameters of nodal objects.
Keywords: simulation model; groundwater; groundwater level; water intake.

BBE/IEHUE

Pa3paboTka  MeCTOPOXXIEHUH  IMOJE3HBIX  HCKOMAEeMBIX M  (QYHKIHMOHUPOBAHHWE TOPHO-
000raTUTENbHBIX MPEANPUATHN MPUBOIUT K 3arpsA3HEHUI0 OKpYyKarolled cpenbl U 00pa3oBaHUIO
TEXHOTEHHBIX TaHAmagTOoB. PaccmarpuBaembiii paiion Crapoockoiibeko-I'yOKnHCKOTO
FOpHOJOOBIBAIONIETO  y3JIa  XapaKTepu3yeTcs  3HAUUTEIbHOW  TEXHOTEHHOM  Harpy3kod  Ha
TUIPOTEOJIOTUYECKYIO CHUCTEMY, TaK KaK Ha CPaBHHUTEIHLHO HEOONBINON TEPPUTOPUHN PACIIONIATAOTCS J1BA
ropona (I'yOkun u Crapeiii Ockon), a Takke MOCENOK Topoickoro Tuma YepHsiHka. B coBokymHOCTH
YHCIIO JKUTENIEN Ha 0003HAaYEHHOH IUIOMmAaaN cocTaBisgeT okoiio 400 TeIcsSY YeIoBeK, uTo cocraBiasieT 30%
oT Bcero Hacenenusi benropozackoit obmactu. B Crapoockonbcko-I'yOkuHCKkOM paiione BwisiBieHO 11
KPYITHBIX MECTOPOXKIACHHUH JKEJIC3HBIX Py, 4 M3 KOTOPHIX pa3pabaThIBAIOTCS B HACTOSIIEE BPEMsl, YTO
MPUBEJI0 K MHTEHCUBHOMY Pa3BUTHIO TOPHOAOOBIBAIOIIEH U METAJUIypru4ecKoi MpOMBIIUIEHHOCTH. Ha
paccMaTpuBaeMO TEPPUTOPHHM HAXOMATCS TaKKEe MECTOPOXKICHHUS Mela W TJIMH, MHOTHE W3 HHUX
pa3pabateiBatoTcsi. Ha Tepputopum pailoHa pacmosiaraercss maxTa uM. ['yOkuHa M JBa Kapbepa
(Jlebemuuckuit u Croinenckuit), aa rtuapoorBana (bepesoserii Jlor u I'paue Jlor), naBa
xBoctoxpanwmia (Jlebenunckoro u Croitnenckoro I'OKoB), MHOrOYHCIIEHHBIE OTBAJIBI BCKPBILIHBIX H
CKampHBIX Topon. IlepepaboTka HOOBITBIX pyx MPOU3BOIUTCS Ha JIBYX TOPHO-000TAaTUTEIIBHBIX
komOuHarax JleGeaunckom u CroiieHckoM, U Ha OCKOJIBCKOM 3JEKTPOMETAILTYPrUueCKOM KOMOUHATE
(OBMK). O6o3HadyeHHBIE (DAaKTOPBI  OKA3bIBAIOT CHUJIBHOE BIWSHUE HA TMOJ3EMHBIE  BOJBI
paccMmarpuBaemMoro paiona. [IpenaxHsie paboThl U BOAOOTOOp MOA3EMHBIX BOJ Ha BOA03a00pax Takxke
OKa3bIBAIOT 3HAYUTEILHOE BIUSHUE HA PEKHUM IOJI3EMHBIX BOJI.

OCHOBHAA YACTb

PazpaboTka  MECTOPOXKIACHHMH  TOJIE3HBIX  HCKOMAEMBIX U (YHKIHMOHHUPOBAHHE TOPHO-
000raTUTENbHBIX NPEANPUATHN TMPUBOJUT K 3arpsA3HEHUIO OKpY)KalIled cpeabl U 00pa30BaHUIO
TeXHOreHHbIX JaHamagtoB. [Ipu padore 'OKoB noObiBaeTcss OrpoMHOE KOJUYECTBO PYJIbl, KOTOpas
nocye o0oTamieHus] TOMEIIAeTCsl B CIICUAbHBIE XPAHMIIUINA — XBOCTOXPAHWIIHIIA. XBOCTOXPAHWIIHIIA
OKAa3bIBAIOT BIHMSHUE HAa YPOBEHHBIH pPEXHMM W KauyeCTBEHHBIH cocTtaB moma3emMHbix Bon [1]. Ipwm
IMPOBCACHNHN aHAJIM3a BJIUAHUA FOpHOJIO6I:IBaIOHIeI7[ MNPOMBINIJICHHOCTH Ha TIOA3CEMHBIC BO/IbI OBLI
INPUMEHEH CHUCTEMHBIH MOJXOJA, B PAaMKax KOTOPOro Oblja MOCTPOEHA MOJAETb 3HAHWHA O JUHAMHKE
YPOBHS IIOJI3EMHBIX BOJ [2].

Ha ocHoBaHMM MOJenu 3HaHUM O JUHAMUKE PACHpPOCTPAHEHUS IOJ3EMHBIX BOJ B OKPECTHOCTSAX
Ctapoockoyibckoro U ['yOCKHHCKOTO TOPHO-000TaTUTENHHBIX KOMOWHATOB, OMMMCAHHOM B padore [3, 4, 5],
B KQYeCTBE Y3JIOBBIX 00BEKTOB MOXHO OIPEEIIUTh CIETYIOIUE BUJIbI TEXHOTEHHBIX COOPYKEHUI:

1. Bonosabopsl, Haxoasmuecs Ha Tepputopuu CTtapoockonbckoro M ['yOKMHCKOro ropojackoro
OKpyra:

1) WnbuHckuit BOg03a00p.

2) BopotHuKOBCKHI BOI103200p.

3) He3namoBckuii Bogo3adop.

4) Bop-AHIWIOBCKHUIT BOI03a00D.

5) T'ymeHckuii B0J03a00p.

6) Bom03abop ceBepHOMIPOMKOM3OHBI.
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7) Bomnozabop MVYIT «OXKKX».

8) Bomozabop «JIebemu».

9) Bomo3zabop . Tpourkuii.

10) Bomoszabop «Termiblii KOJIOAE3bY.

11) Bomo3zabop «IlapkoBblii».

12) Bomo3zabop «I'OpoAcKoii mapK».

13) Bomoszabop «p-Kyuayrypsiy».

2. TexHOTeHHBIE COOPYKEHHUsI, OTHOCsAIMEC K nHPpacTpykType Croitnenckoro u JledGequHcKkoro
TOPHO-000TaTUTETHHBIX KOMOMHATOB:

1) CIOK.

2) JIT'OK.

3) Xsocroxpauuauine CI'OKa.

4) Xsocroxpaunuwmmiie JII'OKa.

B kauecTBe ynpaBisifolIMX y3JI0BbIX 00BEKTOB MOYKHO pacCMaTpUBATh:

1) Kiumarudeckuii paxTop.

2) 3abop BOIBI.

Bopmozabopel, mpencTaBieHHbIE B MOJENH, OO0JIAAA0T YHU(PUIIUPOBAHHBIM (DYHKIIMOHAIBEHBIM
anroputmMoM. PaccMotpum ux paboty Ha npumepe UnbuHCKOTO Bo103a00pa.

YBenuuuM Bo103a00p 13 ckBaxuHBI No 5 MnbuHCKOTO BO03a00pa. i 3TOr0 M3MEHUM 3HAYCHUE
KOJIMYECTBA BOJBI, OTKAYEHHOE 3a TeKyIIHe CyTKH ¢ 1B50 M°/cyT (TO ecTh cpeaHecyTOuHbIH 0TOOp) 10
83330 M%cyT (MpaKTHYECKM IOIHOE OCYIIEHHe). PaccMOTpuM M3MEHEHHs rpadUKOB KOJNHYECTBA M
YPOBHS BOJIbI B CKBaXMHE MPU 3HAYUTEILHOM YBEJIMUEHUH KOJIMYEeCTBA 3a00pa BOBI.

T ¥3en MInbWHCKWA Bogozabop L 4

0 GozHaveHHA
’ ’ . R, I Huskan sarpyska
I Cpegras sarpyzka
BanycTuTe MNayza Mpogons#ure Ornagka OcraHoeuTe CoxpaHuTe B B:icokan sarpuska

E; FPYHTOELIE | &
EAKMETI

- Bopore Mpadur | HacTpoika

[]—-% HezHar

&8 Wnbunc EvarQ EVard
55 Fymerc: ; : : : ; ; i : : ! BVarH1
[]--@2 B op-tHr |

@E XEOCTO
Bl zadope
[]—-@2 Bonosa
[]--@2 Bogosal
#-E2 Bogoza ™
4 4

Nuarpataraa MNparpardeda CocToaHue Nor K.oHzob Mpachur, MapareTpi

HautiaHos: radstie | 00D Fr==-====- premmmomes prmmmmmes premmmmes pommmmmes premmmomes prmmmmmes premmmmes pommmmmes prmmmmomes :

1] 10235?28 204?1455 30?0?184 4094291 2 511?884 81414388 ?1850098 81885824 92121552 10235?28

Puc. 1.T pa(I)I/IK HU3MCHCHUA YPOBHS MMOA3CEMHBIX BOA B 3aBUCUMOCTH OT YBCIIMUCHUA KOJIMYCCTBA
OTKAQUYMBAE€MOMN BOJBI
Fig. 1. Schedule of changes in the volume of groundwater depending on the amount of pumped water
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Kak BugHO u3 pucyHka |, Ha BepxHeM rpaduke KOJIMYECTBO BOABI B CKBOXKHHE YIIANO [0
MUHHUMAJIbHBIX 3HAY€HUWH, MPHU 3TOM Ha HIDKHEM rpaduke MOKa3aHO, YTO YPOBEHb BOJBI ymai (TO €CTh
paccTosiHie YPOBHS BOJIbI OT IIOBEPXHOCTH 3EMIIU CTAIIO OOJIBIIE).

Taxke yBelIWUYEHHE KOJIMYECTBA OTKAYMBAEMOMW BOJBI M3 CKBOKHMHBI No5 TOBIUSAIO Ha YpPOBCHB
BOJIbl B COCEAHUX CKBAXMHAX MO HAIMpaBJICHUIO Te€YeHUs BoAbl. Ha pucyHke 2 OTpa)keHO MOHUKEHUE
YPOBHsI BOJbI B COCEIHHMX CKBOKHMHAX B0J03a00pa, O YeM CBHJETEIbCTBYIOT WHIUKATOPHI OJIOKOB,
Ha4YMHAas CO CKBaKUHEI Neb.
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Puc. 2. U3menenune YPOBHA NMMOA3EMHLBIX BOJA B COCCAHUX CKBAXKMHAX IMPU YBCIMYCHUHN KOJINYCCTBA
OTKAaYHMBaE€MOM BO/IbI
Fig. 2. The change of groundwater level in neighboring wells by increasing the amount of pumped water

Takum oOpa3zom, yBenuueHue 3a0opa BOJBI B OJHOW K3 CKBaXHH BOJI03a00pa MPUBOIHUT K
OCYIIEHHUIO CKBaKMH BOJ103a00pa, HAXOAAIINXCS 110 HAIIPABICHUIO TeYEeHUs BOHI [6, 7, §].

PaccmoTpuM umuTanuio mporecca Bogo3abopa uepe3 apeHaxuyr cuctemy ['OKos. s storo
3aIyCTUM MOJEJb C MaciuTaboM BpeMeHHU: | ceKkyH/a peaJbHOro BpeMEeHU paBHa 1 CyTkam MOJEIBHOTO
BPEMEHH.

Ha pucynke 3 nokasan mpoiecc 3a00pa MoA3eMHBIX BOJ] U3 BCEX BOJOHOCHBIX CJIOEB, 3aTPOHYTHIX
npu pazpabotke ['OKos. IIpsmoyronsHble mHAMKaTOphl Ha Onokax I'OKoB MOKa3bIBAaIOT KOJIWYECTBO
3a0brpaeMoi BOJIbI Ha HYXbl TOPOJIa, OCTATOYHOE KOJIMYECTBO BObI Ucnoib3zyeTcss 'OKamu B mporniecce
(yHkunonuposanus. KonudecTBo 3a0upaeMoil BOJABI B CYTKH OTPaKE€HO 4Yepe3 CBA3U «3a00p9» u

«3abopl0» n mapametp «Q» (MO3BONAET pPACCUMTATh CYTOUHBIH OOBEM BOJBI, OTKAYMBAEMBIH M3
CKBOKMHBI B KyOMUECKMX METpax), Mpu 3TOM oOmMil 3a00p Boabl Ha HYXIbl CTapOOCKOJIBCKOIO U
I'yOKHHCKOTO TOPOJICKOTO OKPYyTa BBIYHCIAETCS B Y3I0BOM OOBEKTE «3A00p 600b1». TIpAMOYTONbHbIA
MHJIMKATOp 6JI0Ka «3A00p 800bL)» OTPAXKAET NOJIO OT MAKCMMAIBLHO BO3MOYKHOTO 3a00pa BOJbI B CYTKH.
Taxxe Ha pucyHke 3 orpaxkeHo B3aumojerctsue ['OKoB co cMexHBIMM XBOCTOXpaHMIMIIaMu. Yepes
cBs13b «Q» 1 mapamerp «K0JI60» UMUTHPYETCS 10/1a4a MyJIbITHl B XBOCTOXPAHUIIHIIIE.

Ha pucynke 4 oTpakeHsl rpaguku KoJW4YeCcTBA 3a0UpaeMoil BOIbI HA TOPOJICKHE HYXIbI B CYTKH.
Bepxuuii rpaduk nokassiBaeT koianuecTBo 3adbupaemoii Boabsl u3 CI'OKa, Huxuanii — n3 JINOKa.
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Puc. 3. ®yaxuuonupoBanue qpeHaxHbIx cucteM ['OKoB 1 TpaHCTIOPTUPOBKA MYJIBIIBI

B XBOCTOXPAaHUJINIIEC

Fig. 3. Functioning of the drainage system of mining and transportation of the pulp to the tailing
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Puc. 4. O6vem 3a0upaemoii Bosbl 3 'OKoB Ha HY bl TOPOJICKUX OKPYTOB
Fig. 4. The volume of water withdrawn from mining to the needs of urban districts
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R ESEARCH RESULT

W3 mpuBeIeHHBIX BHIIIE IPAQUKOB CIEIYET, YTO KOJIUYECTBO 3a0MpPAEMOii BOJIBI Yepe3 IPCHAKHYIO
cucteMy CI'OKa cocraBmser mpumepHo 90000 wm/cyr, a uepe3 cucremy JII'OKa — mpumepnHO
140000 m/cyT.

Ha pucynke 5 neMOHCTpUpYeTCSi COBOKYNHBIM 3a00p BOJIbI B CYTKH Ha TEPPUTOPHH
Crapoockosbekoro u ['yOKHHCKOTO TOpOJICKOTO OKPYTa.
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Puc. 5. OGmiee konruecTBO 3a0MpaeMoii BOABI Ha HYX/IbI TOPOJICKHX OKPYTOB
Fig. 5. The total water withdrawal for the needs of urban districts

W3 mnpencraBieHHoro rpaduka cieayer, 4YTO KOJIMYECTBO 3a0MpaeMoil BOABI Ha HYXKIbI
Crapoockonbekoro 1 ['yOKMHCKOTro ropoJICcKoro okpyra npuxoaurcs npumepto 360000 m/cyT.

TakuM o00pa3oM, W3MEHEHHE TOJIIUHBl 3alUTHONM CTEHKM XBOCTOXPAaHWJIMING, a TaKke
UCMOJIb30BaHUE 3((HEKTUBHBIX MaTEpUANIOB Ul M3OJSALMM XBOCTOB, HAINPSIMYIO BIIMSET Ha O00bEeM H
CKOPOCTh MPOTEKAIOIICH CKBO3b 3aITUTHYIO CTEHKY 3arpsi3HeHHON BOjbI [9, 10].

3AK/IOYEHUHE

Mogenb oTpa)kaeT Ce30HHBIE KOJeOaHUs YPOBHS IMOA3EMHBIX BOJ. Hamudue BCTPOEHHOTO s3bIKA
onucaHusi (PyHKITMOHAIBHBIX Y3JIOB JIeJIaeT MOJIE]h O4YeHb TMOKOW B McIonb3oBaHuu. [Ipu nmpoBeneHun
SKCHEPUMEHTOB MOXKHO HMMHUTHUPOBATh pa3JIMYHble TEXHOTCHHbIE YCIOBUA IYTEM HU3MEHEHUS
COOTBETCTBYIOIINX METOJIOB, a TAK)KE 3HAYCHUH TTOKA3aTeNIel y3JI0BbIX O00OBEKTOB.

BbJIAI'O/JAPHOCTH
HccnenoBanue BBIMOMHEHO NpH (uHaHCOBOM moznepkke PODU B paMkax HayyHOro NpoeKTa
Ne 16-07-00451.
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AHHOTAIINA

B pabote onmceBaroTCs 0COOEHHOCTH HCITOF30BAaHUSI OHTOJIOTHH, Kak (DOPMaIbHOTO OMHCAHUS
MPEIMETHBIX 00JIacTei. BBIIENSIOTCS OCHOBHBIC 3Tallbl CO3JaHHMS OHTOJIOTHMH, CIOCOOBI W3
MpeJCTaBICHUs], ONMCHIBACTCS MPOLIECC BBIACICHUS KIACCOB, UX CBOHCTB M OTHOIICHHH MEXIY
Humu. Ocoboe  BHHMMaHWE  YAENSETCSs  DJICKTPOHHBIM  OHTOJOTMYECKUM  MOZETISIM,
paccMaTpUBaIOTCA MPOrpaMMHbBIC PELICHUs, WCHONb3YIOIIKECs A MX HOCTpoeHHs. JleTanbHo
ONMCHIBAETCA paboTa B pelakTope OHToJormi Protege m mpoiecc co3gaHusi OHTOJIOTHYECKON
MOJIEJIN MPU TOCTPOCHHU (HOPMATIBHOIO ONUCAHMS MPOQMISL KOMIIETEHTHOCTH COTPYIHHKOB
IT-bupmpl. OcHOBHBIMH 33JlayaMH  MOJEIM JAaHHOM TMpenIMeTHOW OO0JIacTH, SBISIOTCS:
KOHCONUAANMS UHPOPMAIMK O HAJTMYUN KOMIIETeHIMIH (pUPMBI, IpeiocTaBieHre HHPOPMALIUH O
MOJICTTM  KOMIICTCHIIMH, TPEAOCTaBJICHUE JaHHbIX 00 YpOBHE TEKYIIUX KOMIICTCHIIUH
COTPYZIHHUKOB, KiacCU(UKAIMs KOMIICTCHLHUM, a TakXe I[OMCK COTpyIHHKa IO Tpedyemoi
KOMIICTCHIINH. B I[aJ'II:HefIH.IeM TakKass OHTOJIOTHYECKasA MOJICJIb MOXKET OBITh HCIIOJIL30BAaHAa JJIsA
MMOCTPOCHUA 633])1 3HaHPII71, JIM00 B COYETAHHMH C MATEMATHUYECKUMU MOACIAMU IJid PCIICHUA
3a7a4 ONTHUMU3ALUH U TOANCPKKH MPUHSTHS PELICHUMH.

KiroueBble c10Ba: OHTOJIOTHS; OHTOJOIMYECKas MOJENb, 0a3a 3HAHWW, PEJAKTOP OHTOJIOIMH

Protege.
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Abstract

The article describes the features of using ontologies, as a formal description of subject areas. The
main stages of creating ontologies, methods from the presentation are outlined, the process of
selecting classes, their properties and relations between them is described. Particular attention is
paid to electronic ontological models, software solutions used to construct them are considered.
The work in the ontology editor Protege and the process of creating the ontological model in the
process of constructing a formal description of the competence profile of the IT company
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employees are described in detail. The main tasks of the model of this subject area are:
consolidation of information on the presence of the competences of the firm, providing
information on the competence model, providing data on the level of the current competences of
employees, classification of competencies, and also searching for the employee in the required
competence. In the future, such an ontological model can be used to build a knowledge base, or in
combination with mathematical models for solving optimization and decision support problems.
Keywords: ontology; ontological model; knowledge base; ontology editor Protege.

B mocnennue roapl MOMyISpHBIM HHCTPYMEHTOM 3KCIIEPTOB B Pa3IMYHBIX MPEAMETHBIX O0JIACTSIX
SBIISIIOTCS OHTOJIOTMUYECKHE MOJEINH, MpeArnoiaratonue GopmMaabHOoe ONMCaHUe TEPMUHOB MPEIMETHOM
00JlacTU W OTHOLICHUNA MexXay HuMH. OHTOJOTMYecKas MoJeNb (Jajee — OHTOJIOTHS) SIBJISETCS
KOHIENTYaIU3UPOBAHHBIM MPEACTaBIeHHEM MH(OPMALUK B 3JIEKTPOHHOM BHUJE O KakOW-mubo obiacTu
peanbHOCTH [1].

Hcnonp30BaHWe  OHTOJOTMYECKMX  MOJeNel  OCOOCHHO  aKTyallbHO, KOTJa  BO3HHUKAET
HEOOXOMMOCTh JIOCTHKCHHSI OOIEro MOHMMAHUS CTPYKTYPhl HH(POPMAIMH IMUPOKHM KPYTrOM JIFOJeiH
WIM TPOTpaMMHBIMU areHtamu. Kpome Toro, 3To KpaiiHe MOJIE3HBIH WHCTPYMEHT MPU MOCTOSHHOM
HEOOXOAMMOCTH TOBTOPHOTO HCIIOJIB30BAHMS 3HAHMM W aHaiau3a mpeaMeTHol obsactu. OHTONOTHSA B
COBOKYITHOCTH C OpPHUTMHAJIBHBIM Ha0OpOM »SK3eMILIIPOB KIaccoB oOpa3dyer ©0a3y 3HaHuit [3].
Bo3moxxHocTh uMeTh 0Oo0Jiee OJHOTO 3HAYEHUsS Ui KaXJIOrO CBOMCTBA — OJHO W3 OTIUYHM
CEMaHTHUYECKON HH(POPMAIIMOHHON MOJIENN OT PENSALIUOHHOM.

®dopmarnbHas OHTOJIOTHYECKast MOJIEIb 3a/1a€TCS MHOXKECTBOM [9]:

0 ={C,R,A}, 1)

rae O — oHTOINIOTHS,

C — COBOKYMHOCTb KJIACCOB IIPEAMETHON 001acTH,

R — COBOKYITHOCTH OTHOILLIEHUI MEXKIy HUMH,

A — Habop akcHOM (3aKOHOB M MPaBHJI, KOTOPBIE ONMUCHIBAIOT 3aKOHBI U MIPUHIUIIBI CYIIECTBOBAHUS
KJIACCOB).

EnunHoro moaxojga K CO3AaHUIO OHTOJIOTUH, KOTOPBIM Obl MpHUBEN K OJHO3HAYHO YCIEIIHOMY
pe3ynbTaty He cyumectByer. [Ipouecc cozmaHuss OHTOJIOTHMH OOBIYHO SIBISIETCS UTEPATUBHBIM, T.€. IO
Mepe HEeoOXOAMMOCTH MPOMCXOJUT BO3BpAaT Ul ONpEAENeHMs JeTajeil, MoKa OHTOJOrHs He Oyaer
OTpakaThb KOHLENINIO0 MaKCUMaJIbHO YHUBEPCAIIbHO M MHPOPMATUBHO B paMKax ee MpeaHazHadeHus [S].

Briensior cienyromye OCHOBHBIE 3TaIlbl CO3JaHUSI OHTOJIOTHM:

® JIEKOMIIO3MIIMS — BBIJICIIEHUE CYIIHOCTEN IPEIMETHON 00J1aCTH, yUaCTBYIOIIMX B MOJIENH;

e KJaccU(UKalus — CO3JaHHE KJIAcCOB, COOTBETCTBYIOLIUX IpymmaMm cyuHocted. Iloctpoenue
MepapXHHU KJIACCOB, BKJIFOUEHUE CYITHOCTEN B KJIacChl MM TOJKIIACCHI;

® OINNMCAHUE CBOMCTB — ONPENEICHHUE CJIOTOB U X AONYCTUMBIX 3HAYEHU;

® CO3JaHME OTHOUICHWH — IPUCBOCHHE 3HAUEHUI CBONMCTBAM, CO3/IaHUE CBSI3EH.

Jlnis ompeneneHns KJIacCOB OHTOJIOTMU OOBIYHO MPOBOJUTCS IPEIBAPUTENIbHBIN aHANN3 3aJ1aHHON
npeaMeTHol obnact. B mpouecce nccienoBanus, cocTaBIsIeTCsl CHCTEMATU3UPOBAHHOE TPEICTaBICHUE
3HaHUH O MpeIMeTHOM oO0NacTH, NMOHUMAHUU CYTH HPOMCXOISAIIMX B HEH NpoLeccoB, MpaBUI U
orpanuueHuil. [lpu nccnenoBanuu o0sA3aTeIbHO COCTABIAETCSA U JOKYMEHTUPYETCS TJIOCCapuil TEPMUHOB
(monsTuit). B ciydae, ecnu B rioccapuu OyaeT OTCYTCTBOBATh ONpEAETICHHE Ui HEKOTOPOTO MOHATHS,
pa3paboTYMK OHTOJIOTMM TpEeAMETHOM o0nacth OyaeT BBIHYXKIEH caM ONpPEeNesuTh (PYHKLHIO
UHTEpHpeTallid JUId O3TOro TMOHATUA. B pe3ynprare JomKeH OBITH MOJYYEH TMOJIHBIM CIHCOK
CYILIECTBEHHBIX JJIs 3aJJaHHON MpeIMeTHON 00JacT MOHATHH U uX popmanbHble GopMyIHpPOBKH [6].

Yare Bcero pe3yabpTaT aHalu3a MPeACTaBIAI0T B BUJIE TOCTPOSHHOTO Tpada (IBYI0IBHOrO rpada,
/1€ BEPUIMHBI — 3TO MOHATHS IPEIMETHON 00JIACTH, IyTH — CBA3H MEXKIY HUMH). 3aT€M OCYIECTBIISIETCS
IPOEKTHpPOBaHUE rpada npeaMeTHoM 0071acTH U cocTaBIeHUE ero (opMaTu30BaHHOTO OMMCAHUS.
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B osnexkrponHoM BuIe QoOpMaIbHOE ONUCAHWE W TPEACTABICHUE KOHILENTYAIU3UPOBAHHOU
uH(OpMaAIIUKM OCYIIECTBISACTCS MPU IOMOIIM CEMAaHTHYEeCKHEe TexXHoJoru [2]. OHHM MO3BOJIAIOT
HepeaBaTh COACPKAIIYIOCS B OHTOJIOTHUECKUX MOJEISIX HH(POPMAIIMIO U aBTOMAaTHYeCKU 00padaThIBaTh
ee, B TOM YHUCJIE — MOJIy4yaTh JIOTHYECKUE BHIBObI HA OCHOBAHHUH MPABUIIL.

bazucHbiM criocoOOM BBIpaKeHHsST MH(POPMALUU, MPEICTABICHHON B OHTOJOTHUYECKUX MOIECIX,
SBIISIETCS. TPUILJIET — CUHTAKCUYECKasi CTPYKTYpa, COCTOAIIAsI U3 TPEX AJIEMEHTOB: CyObEKT, MpeAUKaT U
00bekT (pucyHok 1). Habop tpumieroB HasbiBaercsi RDF — rpadom. Ilo cMbicny BepIIMHBI TpUILIETa
SIBJISIFOTCSI CYIITHOCTBIO (TTOJIeKaIee), 00bEeKTOM (JOMOTHEHHEM K MTOJIeKAIIEMYy), pedpom (Ckazyemoe).

[Ipenukar
OObekT

) 4

CyObekT

Puc. 1. Tpunier ceMaHTHYECKON MOJIETH «Cy6’beKT-HpeI[I/IKaT-06’beKT»
Fig. 1. Triplet of the semantic model "Subject-predicate-object”

Jns  co3maHuWsl OHTOJIOTMH Ha CErofHs pa3padoTaHbl M HCHOJB3YIOTCS — CIICHUAIBHBIC
UHCTPYMEHTAapuu. B OONbIIMHCTBE CBOEM COBPEMEHHBIC PEJAKTOPhl OHTOJOTUH MPEACTABISIOT COOOM
cpeacTBa omucaHus (popManbHOW MOIENH NPEAMETHOW 007acTH, a TaKKe Jal0T JONOJHHUTEIbHBIC
BO3MOXXHOCTH 10 aQHAJIMU3y OHTOJOTHHU, HCIONIB3YIOT MEXaHU3M JIOTUYECKOro BbiBoja. Dopmar
IPEJICTaBICHUsI OHTOJIOTUI 3aJaeT BUJ XPaHEHUs U CIOCO0 Iepenayd OHTOJOrnyeckux onucanui. Ilox
dbopmaTamu noapazymeBaroTcs si3biku npeacrasienus onronoruit: RDF, OWL, KIF, SCL. B nocnennee
BpEMsI KOJMYECTBO OOILEJOCTYIHBIX PEIAKTOPOB OHTOJIOIMM pacTeT, Ha TEKYLIMH MOMEHT HU3BECTHO
6onee 100 mporpamMmHbIX perieHuil. HauOonee mMOMyIspHBIME pelakTopamMu SBISOTCA Protége,
Ontolingua, WebOnto u mip. [7].

Protégé sBnsiercs Hanbomnee MOmyasipHbIM CBOOOAHO PACIPOCTPAHSIEMBIM PEIaKTOPOM OHTOJIOTHIA,
paspaboranHblii CT3H(OPICKUM YHUBEPCUTETOM, K KOTOPOMY B BUJE IUIATMHOB MOKHO IOJKJIIOYATh
CpeAcTBa BU3YyalU3allMi, IOCTPOEHUS 3alPOCOB K OHTOJIOTUH, MOJY4eHHs] BbIBOAOB. OH MOAIEPKUBAET
cranaaptel OWL u RDF. Protégé nonnepxusaer crannapr SPARQL, onuchiBaromuii mporpaMMHBIN
uHTep(deiic U CHHTAKCUC 3allpOCOB K OHTOJOTHMYECKUM MOJENSAM, a TaKXKe CTaHAapThl IS 3alucu
CEMaHTHUYECKUX Mojeneil, ocHOBHbIMH M3 KoTopbiX sBisioTcst RDF, RDFS u OWL. Crannapramu
MPElyCMOTPEHBI pa3Hble CHHTAKCHCHI, Mo3BoJstomue coxpansath OWL unu RDF/RDFS B daiin [1].

C wucnonp30BaHMEM JIaHHOTO PENaKTOpa CO3AaJUM OHTOJIOTHIO, JJI OINHCAaHUS MPEIMETHON
o0jacT MO KOMMETEHIMSIM COTPYAHHKOB (UPMBI, OKa3bIBAIOMIEH KOHCAJITHHIOBBIE YCIYTH IO
peamuzanun IT mpoexToB Ha 6a3ze mporpamMmmHoro obecrieuerns SAP ERP.

K 3amagam, koTopbie JOMKHBI 00€CTIEYUBATh MMOI00HBIE OHTOJIIOTUH OTHOCSITCS:

e KOHCOJUAAIMS HHMOPMAIIUU O HATMYUU KOMIIETEHIIUNA (PUPMBI;

MIpeloCTaBlIeHnEe NHPOPMAIIUU O MOJIEIH KOMITETEHIIHI;

MIPEIOCTABIIEHUE IAHHBIX 00 YPOBHE TEKYIINX KOMIETEHIINH COTPYIHUKOB;
KJIacCU(PUKALIMS KOMIIETEHITUH;

MOUCK COTPYAHUKA MO TpeOyeMOol KOMITETEHIIHUH.

Ontonorus B Protégé cocToNUT U3 CleyroIMNX JIEMEHTOB:

e Class/SubClassKimaccer u moakmaccel. Kitaccbl COOTBETCTBYIOT 00BEKTaM WIIM THIIAM OOBEKTOB,
B HeKoW mpenMerHoi obnactu. Kiaccel m monkiaccel B Protégé oroOpakaioTcs B BUAE HEpapXHH
HacJe/0BaHMUS.

e Data property — atpuOyTsl KJaccoB, OCHOBaHHBIE Ha JJIEMEHTAPHBIX THIAX JAHHBIX (CTpOKa,
YUCIIO, AaTa U Tp.)

e Object property — cBoiicTBa-yka3aTeau Ha OObEKTHI.
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RESEAERCH_RESU LTI

e Individual — wHmMBUAYanbHBIA SK3eMIUIIp Kiacca ¢ uMeHeM Name. OHTONOTHS BMECTE C
Ha0OpOM HHAMBHUIYaJIbHBIX 3K3EMIUIIPOB oOpasyeTr Oa3y 3HaHUH npenmeTHoil obisactu. Ha nanHom
3Tare Mbl 3aTparuBaeM BONPOC IMOCTPOCHUS CTPYKTYpPhI OHTOJOTHH, MOATOMY 3jeMeHThl Individuals B
CTaThe HE PACCMATPUBAIOTCSL.

e Domain — 3To Kiacc, K 3K3eMIUIIpaM KOTOPOTo MPUMEHUMO TaHHOE CBOMCTBO. YKa3bIBacT
IK3EMILIIpaM KaKUX KJIaCCOB IPHUCYIIE 3TO CBOMCTBO.

e Range — »TO0 THD 3HayeHUil, KOTOpblE CBOMCTBO MOXET NpuHUMaTh. Ompenenser TN
IPUHUMAEMOT0 3HAYCHMS.

e Type — tun nanubix [10].

JIroOyro MO/IeTTh OHTOJIOTUH MOXHO M300pa3uTh B BUaE rpada [1].

Class

> SubClass -

domain domain

CrpaBo4HBIE TaHHBIE

Object Property

Data Property

Range

Name Name
type type

A

— Individual Individual —

daxTopaduieckue
JTaHHbBIC

Puc. 2. Ilpumep rpaduyueckoro npeacTaBiIeHUs CEMaHTUUECKOW MOJICIIA B OHTOJIOTHH
Fig. 2. An example of a graphical representation of a semantic model in an ontology

BepxHssi yacTh pHCYHKAa COAEPKHUT CIPABOYHBIE JAHHBIE, KOTOPBIE OMHUCHIBAIOT CTPYKTYPY
uH(popManu. HkHSS 9acTh, COOTBETCTBYET HAIIOJHEHUIO MOJICIH, TO - (hakTorpaduiIecKue TaHHbIC.

Takoe mpeacTaBlieHHE CEMAaHTHUYECKONH MOJIEIH OIpenesseT crnocod MOCTPOSHHs 3alpOCOB K HEH,
peamu3oBanHblii B s3pike SPARQL. SPARQL - nambonee momynispHBIA Cpead S3BIKOB 3allpPOCOB K
XpaHWJIUIIAM OHTONOTHH. UTOOBI MONYyYUTh CIHCOK BCEX SK3EMIUIAPOB KIAcca, HYKHO BBINOJIHHUTH
CIEAYIOUIMI 3a1pocC:

SELECT * WHERE {?class rdfs:type <http://na3zBanue ontonoruu/#Class>}.

C nmomormipio mporpamMmbl Protégé co3maem Kiacchl Uisi OCHOBHBIX 0OBEKTOB MPEAMETHON 001acTH
«[Tepconan» u «IIpoduiib KOMIIETEHITHI.
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Puc. 3. I'paduueckoe npezacrapieHne nepapxuu kiacca «Ilepconan» B nporpamme Protégé
Fig. 3. Graphic representation of the hierarchy of the Personnel class in the program Protégé

Knacc «llepconanm» comepXuT cHpaBOYHUK noipkHOcTel ¢(upmbl. Kiace mpencraBnsier coOoi
@OpaiiM U coAepKUT psAl aTpUOyTOB (CIOTOB), OTHOCSIUXCA K JJAHHOMY KJIaccy.
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Puc. 4. T'padudeckoe npencrasienue uepapxuu kinacca «[Ipoduns KoMOeTeHTHOCTI
B nporpamme Protégé
Fig. 4. Graphic representation of the hierarchy of the "Competence profile" class in the program Protégé

Knacc «HpO(I)I/IJ'IL KOMIICTCHTHOCTHW» COACPIKUT TOJIHBIN NEpCUCHDb KOMHCTCHHHﬁ, HCO6XOﬂHMLIﬁ
KOMIIaHUU JJIs1 o0OecIieyeHrs BBIOJIHEHNS HpOI/ISBO,HCTBeHHOﬁ JCATCIIBHOCTH.
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3aBepIaIuM TarloM CO3JaHusl TeKYIEeH OHTOJIOTMH SIBJIACTCS HAa3HAYEHUE OTHOIICHUN MEXTy
KOHEYHBIMH TOJIKJIACCAMH MepapXUU KJIACCOB C TIOMOIIIbIO ONpeesieHUs] CBOMCTB 00beKTOB. [l qaHHON
MPEeIMETHOM 00JIaCTH ONPE/ICIICHBI IBa BUJa OTHOIIECHUH «JlomkeH nMeTh» u «KenaTenbHO UMEThY.

Hanpumep, oauH M3 TPUILUIETOB JaHHOM OHTOJOTHMM MOXET OBITh IMPEJICTaBICH B CIEAYIOIIEM
Bujie [8]:

JloJKeH 3HaTh
HNHcTpyMeHTANIBHEIE

cpencrea ABAP

Koncynbrant -
pa3zpaboTanK

) 4

Puc. 5. lTpumep Tpuriera co3aaBaeMoil OHTOJIOTUH
Fig. 5. Example of a triplet of the created ontology

[Tnarua OntoGraf s mporpammbl Protégé mo3Bossier 0ToOpa3suTh MOCTPOCHHYIO OHTOJIOTHIO B
rpau4ecKoM BUJE.
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Puc. 6. parmenT rpadudyeckoro oTo0paxxeHus OHTOJIOTHH B ITporpamme Protégé
Fig. 6. Fragment of the graphical display of the ontology in the program Protégé

KoppekTHo nocTpoeHHas MoJieb He IPUHECET IM0JIb3bl 0€3 aIeKBaTHOW IPOrpaMMHON pealin3alui,
TaK ke Kak HU oJHa Oe3ynpeuHo cnpoekThpoBaHHas MT-cucrema He NmpHHECET MOJIb3bI 0€3 YEeTKOro
NOHMMAaHUS 1ieJied U crocoba MPUMEHEHUs MOJy4aeMbIX Pe3yJbTaToB, KOTOPhIE MOTYT OBITH J1€TalbHO
npopaboTaHbl Ha ATAIle CO3aHMsI OHTOJIOTUH MpeIMeTHOM obnactu [1].

OaHuM M3 HanpaBiIeHUW NPUMEHEHUS OHTOJIOTHM, SBISETCS OpraHu3alvs 3HAHUW U TOJJepiKKa
IIPOLIECCOB IPUHATHS PEUICHUM, a TAKXKe UCIOIb3yeTCs s PEIICHNs ONTUMU3AaLMOHHBIX 3a1a4 [4]. Kak
IIPaBUJIO, OHU CBOJATCS K COCTABJICHUIO ONTHUMAJIbHOM C dKOHOMHYECKOW TOYKHM 3pPEHUS IPOrpaMMbl
neiictBuil B kakoi-nmubo cdepe. s perieHuss ONTUMHU3ALMOHHBIX 3a7ad HCHOJIB3YETCS COUYETaHUE
CEMaHTHUYECKUX MOJeNIell OHTOJIOTUN U 3aJJaHHBIX MaTeMaTH4ecKuX Mojeneid. OHTONIOrHs UCIIONIb3YeTCs
JUISL TOTO, YTOOBI OTPA3UTh MOJHBIA HAOOP aTprOyTOB U CBSA3EH 2JIEMEHTOB MOJAETHpyeMoi cuctembl. Ha
9TOM MOJENN MPOBOAATCS JIOTMYECKHME M MaTEeMaTHYECKHE BBIYHMCICHHS, KOTOPBIE IMO3BOJSIOT HAWTH
ONTUMAaJIbHOE PELICHUE.
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Pa3paboTanHast OHTOJOTHSA SABJSETCS OCHOBOM JUIs JAJIbHEHINIEro MOCTpoeHus 6a3bl 3HAaHUN (PUPMBIL.
Jis 3TOrO moslydyeHHas CTPYKTypa HAMOJHSETCS HSK3eMIUIIpaMH KJIacCcoB, MOXKET ObITh pacluupeHa
HOBBIMH KJaccaMH M CBsi3AMHU. Jlajee OHTOJOrMS MOXKET OBITh HCIOJb30BaHA B COYETAHUH C
pa3pabOTaHHBIMM MaTEMaTHMYECKUMM MOJENSAMH JJI PELIeHMs 3a4ad ONTUMM3ALMU U IOAJCPKKHU
npuHATHS pemennii. Hampumep, «oundpoBaB» Bce 00BEKTHI OHTOJIIOTUH, a TaKXKe UMes] HH(OPMAIIHIO O
K03(ppULMEHTaX 3HAYMMOCTH KaX<JIOTO 3BEHA, BO3MOYKHO BBIIIOJHHUTH PAacdyeT YPOBHS KOMIIETEHTHOCTH
WH/IMBUYAJILHOTO COTPY/IHHKA.

Cnucok JuTepaTypsl

1. T'opmxkos C. Beenenne B onTONOTHYecKOe MoaenupoBanue // M.: OO0 «Tpunullara», 2016. 165 c.

2. lo6pos b.B., Jlykamesnu H.B. BropuuHoe ucnonb30BaHne TMHIBUCTUUECKIUX OHTOJIOTHIA: U3MEHEHHE B
cTpyktype  Koumentyammsanmu  //URL:  http://www.rcdl2006.uniyar.ac.ru/papers/paper_78 vl.pdf (mara
obpamenus: 23.03.2018)

3. JlammmH B.A. OHTOJOTHY B KOMIIBIOTEPHBIX cucTeMax // M.: Hayunsiii mup, 2010. 224 c.

4. AcanynmaeB P.I'. Moaenu u cpeacTBa MOAJEPKKU MPUHATHUS PELICHUH B CHCTEMax IMEpernoJroTOBKU
kanpoB npeanpusitus / P.I. Acagynnaes, B.B. Jlomakun, F0.}O. benokons, T.B. 3aiinesa, O.C. Pe3nmuenko //
Hayunsie Benomoctr benl'Y. Cepust: Oxonomuka. Uadopmatuka. 2017. T. 44. Ne 23(272). C. 148-158.

5. Mypomues /.M. OnTonornvecknii MH>KMHUPUHT 3HaHWi B cucteme Protégé // CII6: CII6 I'Y UTMO,
2007. 62 c.

6. IMamarua A.B., Iletpenxko H.I'., MamaxoB K.C. Meroauka mpoeKTHPOBaHHUS OHTOJOTHH MPEIMETHON
obnactu // KommbroTepHbie cpencTBa, cetr u cucteMbl. 2011. Ne 10. C. 5-12.

7. Cnobomok A.A. O momxome K CO3AaHUIO OHTOJOTMH Ha OCHOBE CHCTEMHO-OOBEKTHBIX MOJIeNei
npeameTHoi obmactu / A.A. Cnobomiok, C.U. Maropun, C.H. YerBepukoB // Hayunwsie Bemomoctu benl'V.
HUcropwust. [Tomuronorus. Ixonomuka. Madopmatuka. 2013. Ne 22(165). Bermyck Ne 28/1. C.186-195.

8. Tobpos B.B. OHTOJOrMH W Te3aypycChl: MOJCIH, WHCTPYMEHTHI, MPHIOKEHHS: yueOHOe mocobue /
b.B. o6pos, B.B. lBanos, H.B. Jlykamesuu, B.Jl. ConoBse // M.: UnTepHer-YHuBepcuter MHMOpMaIMOHHBIX
Texnonoruit; BUHOM. JlabopaTtopus 3Hanwmif, 2013. 173 c.

9. OHrosoruyeckass  MoOJeNb  mpejacraBieHus — 3Hanmii  //  Cadt  ¢akymeretra  BonrTV.
URL:http://fevt.ru/load/ontologicheskaja_model_znanij/124-1-0-1732, (nata obparenus: 23.03.2018)

10.Odummanshsrii caitt Protégé. URL: http://protege.stanford.edu/ (mata obpamenus: 23.03.2018)

References

1. Gorshkov S. Introduction to ontological modeling // M.: OOO "TriniData", 2016. 165 p.

2. Dobrov B.V., Lukashevich N.V. Secondary use of linguistic ontologies: a change in the structure of
conceptualization // URL.: http://www.rcdl2006.uniyar.ac.ru/papers/paper_78_v1.pdf (accessed: 23.03.2018)

3. Lapshin V.A. Ontology in computer systems // M.: Nauchnyj mir, 2010. 224 p.

4. Asadullaev R.G. Models and means of decision-making support in the retraining systems of enterprise
personnel / R.G. Asadullaev, V.V. Lomakin, Yu.Yu Belokon., T.V. Zaitseva, O.S. Reznichenko // Scientific
statements of BelSU. Series: The Economy. Computer science. 2017. P. 44. No. 23(272). Pp. 148-158.

5. Muromtsev D.I. Ontological knowledge engineering in the Protégé system // SPb: SPb GU ITMO, 2007.
62 pp.

6. Palagin A.V., Petrenko N.G., Malakhov K.S. The method of designing the domain ontology // Computer
tools, networks and systems. 2011. Ne 10. C. 5-12.

7. Slobodyuk A.A. On the approach to the creation of ontologies on the basis of system-object models of the
subject domain / A.A. Slobodyuk, S.I. Matorin, S.N. Chetverikov // Belgorod State University Scientific Bulletin.
History Political science Economics Information technologies. 2013. No. 22(165). Issue number 28/1. P. 186-195

8. Ontologies and thesauri: models, tools, applications: manual / Dobrov B.V., Ivanov V.V,
Lukashevich N.V., Soloviev V.D. // Moscow: Internet University of Information Technologies; BINOMIAL.
Laboratory of Knowledge, 2013. 173 pp.

9. Ontological model of representation of knowledge / The site of the VolgTU faculty. URL:
http://fevt.ru/load/ontologicheskaja_model_znanij/124-1-0-1732, (accessed: 03/23/2018)

10.Official website of Protégé. URL: http://protege.stanford.edu/ (accessed: 03/23/2018)

NHOOPMAILIMOHHBIE TEXHOJIOT A
INFORMATION TECHNOLOGIES


http://www.rcdl2006.uniyar.ac.ru/papers/paper_78_v1.pdf

~—r

HA‘yLIHbIM JlomakuH B.B.,, Muxaiinosa C.B., Besokonb F0.10. [TocmpoeHue ¢hopmanabHO20 onucaHus
npodusas komnemenmuocmu compyorukos IT-gpupmul npu nomowu

PE BYHE)TAT pedakmopa oumo.iozuli Protégé // HayuHbiii pesysomam. =
PEER T

HugpopmayuorHble mexHoaozuu. - T.3, Ne1, 2018

Jlomakun Baagumup BacmibeBM4, KaHIMIAaT TEXHUYECKUX HAyK, JOLUEHT, 3aBEAYIOIIMH Kadeapod NpUKIaJHOH
nHPOPMATHKA U HHOPMAITMOHHBIX TEXHOJIOTUH

MuxaiijoBa CBersana BajiepbeBHa, pyKOBOAUTEN PAKTHKH pemmeHuid 1 suepretuka OO0 «Caitaep»

Besoxons HOmnsa FOpseBHA, KOHCYIBTAHT NPAaKTUKU petteHuit aist sHepretuku OO0 «Caitnep»

Lomakin Vladimir Vasilyevich, candidate of technical sciences, associate professor, head of the Department of applied
informatics and information technologies
Mikhailova Svetlana Valeryevna, head of the practice of solutions for the energy of LLC "Sciener"

Belokon Yuliya Yurievna, consultant of the practice of solutions for the energy of LLC "Sciener"

NHOOPMAILIMOHHBIE TEXHOJIOT A
INFORMATION TECHNOLOGIES



~—r

I—IA y I—II—IbIM Becmaesa H.B., Cynmaneanuesa Jxc.K., 3y6oea A./l. HccaedosaHue cucmem MOHUMOpUH2A 8
cesnbekoxossticmeenHoll cghepe // Hayumbili peyabmam. 19
PE BYHE)TA HugpopmayuoHHbie mexHosozuu. - T.3, Ne1, 2018

RESEAERCH_RESU LTI

YK 004.031.2 DOI: 10.18413/2518-1092-2018-3-1-19-24
Becraesa H.B. MCCJIEJJOBAHUE CUCTEM MOHUTOPUHT A

Cyaranranuena /[:k.K. | B CEJIbCKOXO03UCTBEHHOU C®EPE

3y6oBa A/l

DenepanbHOE FOCYAAPCTBEHHOE OIODKETHOE 00pa30BaTeIbHOE YUPEKACHUE BBICIIET0 00pa30BaHus «ACTpaXaHCKUH
rOCy/IapCTBEHHBIM TEXHUUECKUI YHUBEpCUTET», yiI. TaTtumiesna 1. 16, r. Actpaxans, 414056, Poccus

e-mail: astu@astu.org

AHHOTAIUA

B craTthe npencrTaBieH 0030p CyIIECTBYIOLIMX CUCTEM MOHUTOPUHIA, IPUMEHSIEMBIX B CEIILCKOM
XO34HCTBE, TPU HCIOJIB30BAHUM MEPEIOBBIX TEXHOJOTHH, TaKMX Kak MajorabapuTHbIC
OecruIIOTHBIE JieTalolue anmaparthl. [Ipou3BeseH aHalU3 CENbCKOXO3SIMCTBEHHBIX OTYETOB 32
MOCJTICIHUH TOA O CTENEHH HAHECEHHOIo yiepda capaH4YOBBIMH Ha IOT€ M CpeHEH Imosoce
Poccun, B CeBepHoii Adpuke, B Amonnn n B Kazaxcrane. PaccMOTpeHBI OCHOBHBIE CHCTEMBI
MOHUTOPUHIA COCTOSHUA paCTeHI/II\/'I, HaJIM4UA II10KAapOB, IMOABJIICHUA Ha IUIAHTAOUAX IOUKHUX
XKHUBOTHBIX M BpPEIOHOCHBIX HACEKOMBIX. B TOM umcie omucaHa aBTOHOMHAs CHCTEMa IIO
BBIPAILMBAHUIO KYJIBTYPHBIX pacTeHuil. Tarxke onucanbl CUCTEMBI CIIyTHUKOBOTO MOHUTOPHHIA B
Adpuke u B 3anagHoit CuOupH A MPOTHO3UPOBAHUS TOSBICHUS BPEIUTENEH Ha TMOCEBHBIX
MOJISIX, OCHOBAaHHBIE Ha cOOpe AAaHHBIX O BIAKHOCTH aTMOC(epbl B HUCCICAYEMBIX paliOHaX.
PaccMotpens! ocHOBHBIE cITOcOOBI OOpBHOEI ¢ BpenuTensaMu Ha 2017 roa 1 ux 1menecoo0pa3sHoCTb.
[Ipencrasien ananus phlHKAa OEeCHIOTHBIX ammapatoB Ha 2017 Tox W COCTaBIEH MPOTHO3 €ro
JaBbHEHIIer0 pa3BUTHSI B Chepe CeNbCKOro X03HCTBA.

KiiroueBble ci10Ba: cucteMa; MOHUTOPUHT; APOH; CITyTHHUK; CEIBCKOE XO3SHCTBO.

UDC 004.031.2

Bestaeva N.V. THE RESEARCH OF MONITORING SYSTEM
Sultangalieva Dj.K. IN AGRICULTURAL SPHERE

Zubova A.D.

Astrakhan State Technical University, 16 Tatishcheva St., Astrakhan ,414056, Russia

e-mail: astu@astu.org

Abstract

The review of the existing systems of monitoring applied in agriculture with using advanced
technologies, such as the small-sized pilotless flying devices is presented in article. The analysis
of agricultural reports for the last year on degree of the caused damage locust in South and
midland of Russia, in North Africa, in Japan and in Kazakhstan. The main systems of monitoring
of a condition of plants, existence of the fires, emergence on plantations of wild animals and
harmful insects are considered. Including the autonomous system on cultivation of cultural plants
is described. The systems of satellite monitoring in Africa and in Western Siberia for forecasting
of appearance of wreckers on sowing fields, the atmospheres based on collection of data on
humidity in the explored areas are also described. The main ways of pest control for 2017 a goal
and their expediency are considered. The analysis of the market of pilotless devices for 2017 is
submitted and the forecast of his further development in the sphere of agriculture is made.
Keywords: system; monitoring; drone; satellite; agriculture.

BBEJ/IEHHUE
B Hamm paHM cHCTeMBl MOHUTOPHMHIA IIOJNy4arOT BCE OOJBLIYIO MOMYJISPHOCTb, IOCKOJIBKY
NO3BOJISIIOT ClIeNaTh Haubosiee TOYHBIE MPOTHO3bI Osarojapst cOopy M aHanu3y JaHHbIX. OHH yxe
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UCTIONB3YIOTCSL B TAaKMX HAIPABJICHUAX, KaK: OOHApYKEHHE I0KapOoB, HAONIOJACHHE 32 CO3PEBaHUEM
MTOCEBOB, 3allIUTa 3eMeJIb OT IUKUX )KUBOTHBIX M HACEKOMBIX U T.1. [1].

Haubonee akTyasbHOU sIBisieTCs TpoOJieMa MOHUTOPUHTA PA3IMYHBIX CTAJHBIX BPEIUTENCH,
MIOCKOJIbKY OHHM PEryJIsipHO HAHOCAT 3HAYMUTENbHBIN ymiepd ¢epmepam. CambpiMH pactpocTpaHEHHBIMU
BPEIUTEIISIMU B CEITECKOM XO3SICTBE SIBIISTFOTCS KOJIOPAACKUH KapTO(eIbHBIN )KYK U capaHda BCEX BUIOB.
B ocHOBHOM capaHuya MUTAETCs MOCEBAMHU 3JIaKOBBIX KYJIbTYp. Ee Takke MOXHO BCTPETHUTh Ha TOJIAX
JbHA, TPEYUXH, OTOPOIHBIX OBOIIEH M KOHOIUTH. Koopaackuii ’yK, B OTIIMYUE OT CApAaHYOBBIX, TUTACTCS
KIyOHsiMu kaptodens. [lo craTucTUYecKMM JTaHHBIM, OCHOBHBIMHM OYaraMH SIBJISIIOTCS FOT U YaCTHYHO
cpennsist mosoca Poccun, Kazaxcran, Sinonus u CeBepnas Adpuxka [2, 5].

Tonsko B Poccun mo manHbIMU mpenctaBieHHbIM Poccenbxo3uentpoM B 2017 roay JMYMHKH
BpeauTens ObLTH OTMEUEeHBI Ha Tutommaan — 15,46 Teic. ra.

[To mpenBapuTenbHBIM JIaHHBIM PoccenbXxo3meHTpa B pe3ynibTaTe HMX KOHTPOJBHOTO BECECHHE-
JeTHero obcienoBaHus co BTOpor aekaasl Mapra 2017 roga nepe3nMoBKa SUIl B KyOBIIIKax B CPEIHEM
nmo obmactu cocraBmia 80 %. UYTto CBHIETEIBCTBYET O CTOMKOCTH JIMYMHOK BpEAMTENICH K
HKCTPEMAJIbHBIM YCIOBHSIM.

Taxke PoccenbXxo31eHTpOM MPOBEACHBI O00CIIEI0BATEILCKUE MEPOINPHUATHS IO 00JIacTH Ha
wiomanu 14,38 Teic. Ta, T1Ie 3aceneHHas IIomaab cocTaBmia — 1,57 ThIC. ra: UTAJbSIHCKUM MIPYCOM I10
obnactu 3aceneno 0,63 Teic. ra ¢ umcineHHocThio 0,1-1 kyOG/M?; asuarckoil capaHuoil 1Mo objacTu
3aceneHo 0,45 Treic. ra ¢ yncieHHOCThI0 0,2-1 KyO/M?; HECTaqHBIMH CapaHYOBBIMU 110 00JIACTH 3aCEIICHO
0,49 TeIC. Ta ¢ uncneHHocThiO 0,14-2 Ky6/M2.

TakuM 00pa3oM, MOXKHO CHEJIaTh BBIBOJ O 0€3YCIIOBHON HEOOXOJIUMOCTH MOHHTOPHHTA TTOCEBHBIX
3eMellb Ha Halln4yKe JMYUHOK BPEeIUTENeH ¢ IEeNbI0 MPeA0TBpAIlleHUs] YHUYTOKEHUS TTI0OCEBOB.

OCHOBHAA 9YACTH

Cenbckoxo3siicTBeHHas cepa UMEeT OrPOMHBIN MOTeHIMAN /171 BHeApeHus I T-TexHonorui.

Vike ceifuac akTUBHO UCHOJIb3YIOTCS TAKHE CUCTEMBI, KaK:

1. TexHosornyeckuil KOMIUIEKC OOHApyKE€HUS W TYLIECHUS I[OXapoB IIPU MHCIOJIb30BaAaHUU
OecnuIOTHBIX JeTarenabHbIX anmapaTtoB (BIIJIA) [1].

2. CucreMa MOHHUTOPHHIra JJisi 3alIUThl MOCEBHBIX MOJEH OT AMKUX >KUBOTHBIX. JTa CHUCTEMaA
ocHoBa Ha ucnosb3oBaHuu BITJIA u OGbina BnepBble 3ajeiicTBoBaHa B SmoHuM 1715 oMoy ¢pepMepaM B
3allUTe CBOUX yroauii. B 3TOM cucTteMe NCIonb3y0TCs TAKUE annapaTHble CPEeICTBaA, Kak:

1. KBanpaxonrep;

2. Kamepa ¢ UK-gaTunkowm;

3. Cucrema ¢ HCKYCCTBEHHBIM HHTEIIEKTOM.

JpoH, oOneTas MOAKOHTPOJIBHYIO TEPPUTOPHIO, OYIET BBIABIATH MPUOIMKAIOMIMXCA K IOJISIM
JKUBOTHBIX M OTIIYTMBAaTh MX C IOMOIIBIO BBICOKOYACTOTHOIO CUTHAjJa WIM 3BYKOB pa3pblBa METapA.
Kamepa ¢ uHppakpacHbIM 1aTYMKOM MO3BOJUT JAPOHY OTCIEAUTD KUBOTHBIX KaK B JIHEBHOE BPEMs, TaK U
B HOYHOE.

Kpome Toro, cucrema Ha OCHOBE MCKYCCTBEHHOTO HMHTEIJIEKTa OYyJEeT aHaTU3UpOBaTh OTCHSTHIE
KBaJJpaKONTEPOM MaTepHajbl, 4TOObl Ha OCHOBE IOBAJOK U CIIEAO0B >KMBOTHBIX IMPOrHO3UPOBATH HUX
noBeneHue [2].

3. Cucrema HaOI0IEHHS 3a MIPOLIECCOM CO3PEBaHUS KYJIbTYPHBIX PACTEHUN Ha MOCEBHBIX MOJISIX.

bnaromaps kamepaMm ¢ uH(paKpacHbIMM JaT4uKamMu ¢GepMepbl MOTYT CIEAMT 3a YPOBHEM
xJiopouiuia B pacTeHusiX. Ero ymeHblieHHE SBISETCS MEPBBIM NMPU3HAKOM HalU4Ke BpEAUTENeH MU
mIoxoro yxonaa [7].

4. AsromatusupoBanHas ¢pepma Hand Free Hectare (BenukoOpuranus).

ABTOHOMHAs CHCTeMa, KOTOpas 3aHHMMAaeTcsl IOCEBOM, IOJMBOM MU cOopom ypoxas. OHa
NoJpa3yMeBacT  yIpaBJIEHUE OllepaTopaMd M3  JUCHETYEpPCKOW. JIpOHBI €O  BCTPOEHHBIMU
MYJBTUCHEKTPAIbHBIMHU JITATYMKAMHU TPOU3BOAAT CheMKy yroauid. HeGonblne cenbckoXo3sHCTBEHHBIE
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MAaIIMHBI OepyT 00pa3ibl 3€MJIH, OLIEHUBAIOT €€ U MOJ0MPAI0T HEOOXOIMMbIC MUHEPATbHBIC YIOOPCHHMS.
Kamepsl B pesxrMe peasbHOr0 BpeMEHU OIMOBEIIAI0T O BPEIUTENSIX MM COPHSKAX.

B Poccun npennaratorcs cuctemsl ¢ ucnoisb3oBanueM BITJIA B nensix MOHUTOpUHIA COCTOSHUS
TEXHHUKH U [TOCEBOB, MHBEHTAPHU3AIMH CEIbX03YTOAMH, CO3JaHMsl 3JIEKTPOHHBIX KapT MOJeH U T. 1.

B nensx 60ps0BI ¢ BpeIOHOCHBIMH HACEKOMBIMH AKTHUBHO UCIIOJB3YIOTCS CITYTHUKOBBIC CHCTEMBI.
Tak, narpumep, B CeBepHoii Adpuke 3a 70 qHEl 10 HaYaia PpOCHHUS CaApaHYOBBIX CTaJl YUYCHBIE CMOTIIN
OTIPENICIUTh UX MOSBICHHUS C TOYHOCTHIO 70 1 kM. Takoil cmoco0 MOHHTOpWHTra OCHOBaH Ha cOope
JAHHBIX O BJIAXKHOCTH MOYBbI U atmocdepsl. CrmytHuk SMOS (Soil Moisture and Ocean Salinity
MISSioN) mojy4an ¢ MOBEPXHOCTH 3eMJIM HM300pakKeHUS C  «IPKOCTHOH TeMIepaTypoi», T.e.
MHTEHCHUBHOCTHIO CBETOBOI'O M3JIyUYEHHUS. DTa BEIMYMHA 3aBHCUT HEMOCPEICTBEHHO OT YBJIAXKHEHHOCTH
BO3/1yXa. YYeHble Ha OCHOBE ATHX JAaHHBIX CMOIJIM COCTaBHTh MPOTHO3 M ONpEAETHTb Haubolee
OJraronpusTHBIC 30HBI JJI Pa3MHOXKEHUS capaHyiH [4, 6, 8].

B 3anagnoit CuOupu ObulM IpPOBENEHBI HCCIENOBAaHUS BeIblleK Bpeauteneir 3a ¢ 2007 r.
YuuThIBaNKUCh Takue reo(ru3nuecKue XapakTepUCTUKH, KaK:

1. TemnepaTypa 3eMHON IOBEPXHOCTH;

2. BeretanyoHHBINH UHICKC;

3. Bia)XHOCTB MOYBHI;

4. Jlanuble HAOMIOEHUI Ha METEOCTAHIIUAX.

Ha ocHoBanmm »THX mapaMeTpoB OblUIa MNpenoXKeHa MaTeMaTHYecKash MOJEIb 10 pacyery
CapaH4OBOM OMACHOCTH, UCXO/ISl U3 CHUMKOB CO CITyTHHKOB [6].

Takxe B HEKOTOPBIX PETHOHAX METOaMHU O0pbOBI ¢ BPETOHOCHBIMU HACEKOMBIMH SIBJISTFOTCSI:

1. O6paboTka TOCEBHBIX KYyJIbTyp OuoOmecTHIHIaMU. OTO Ouompenaparbl sl OOpsOBI C
BPEIUTENSIMH Ha OCHOBE HOBBIX IITAMMOB OakTepWi, 3aIMIIAIONINE 3€PHOBBIEC, TIOJIOBBIE M OBOIIHBIC
KYJIBTYpBI OT 3a00JIeBaHUH U BpeauTeNe, He OKa3biBasi HEraTUBHOTO BO3CHCTBUS,

2. BceraxuBaHue IUIAaHTAIVHA B EISX YHHUTOXKEHUS 3aJICTAIONIUX B 3€MJIC TMUNHOK BPEIUTEIICH.

AHanu3 UCHOJb3YeMbIX TEXHOJOTUH TMO3BOJIAET CAENAaTh BBIBOJ, YTO HCIIOJIb3yeMble Ha JaHHBIN
MOMEHT METOJIbl MOHUTOPHHTA BPEAUTEICH HA TUIAHTAIMSAX HE SIBJISIOTCS JOCTATOYHO A(()EKTHBHBIMU,
MOCKONIBKY OHHM HE OOpIOTCS C MCTOYHUKOM TMPOOJIEMBI, a YCTPAHSIOT €€ TOCHEeACTBUSA. Takke
BCIIAXMBAHHUE 3eMeNIb U 00paboTKa IJIAaHTAIlMKA JOCTATOYHO JOPOroM U TpyHao€Mkui mpouecc. M3 vero
MO>KHO CJIeNaTh BBIBOJI, UTO HamnOosee 3(h(HEeKTUBHBIM SBISETCS MOHUTOPHHT C MOMOIIBI0 OECTIUIOTHBIX
JIeTaTeIbHBIX amlmapaToB.

Ha navano 2017 roga peiHOK «cenbckoxo3siiicTBeHHbIX» BIIJIA HaxonuTcs Ha HayanbHOM cTaauU
pa3Butus. OJHAKO 3KCHEPTHI MOJAratoT, 4TO B OyAYIIEM CEIbCKOE XO3SMCTBO CTAHET OJHUM M3 CaMbIX
KPYIHBIX CErMEHTOB PbIHKA JUIsl kBaapakonTepoB. Markets and Markets B 2016 romy oreHun peliHOK
«cenbckoxo3sicTBeHHbix» BIIJIA B $§ 864, 4 miH., crnporHosupoBaB 1m0 2022 roma yBepeHHBIH
exerofnbrii poct orpaciu B 30% (mo $ 4,2 mupna.). Ilo cnoBam skcmeprtoB, Markets and Markets,
aKTUBHOMY pOCTY pbIHKa OyJeT CIOCOOCTBOBAaTh IOCTENEHHOE YIIYYIlIEHHE HOPMAaTHUBHO-TIPABOBOM
KOHBEKTYpPBI, KOTOPOE ceiiuac HaOt01aeTCs B pa3IMYHBIX cTpaHax Mupa [4].

[To omenkam aHamuTHueckoro areHTcTBa PWC, dWepe3 HECKOJIBKO JECATKOB JIET PBIHOK OJHHX
«CETMbCKOXO3SICTBEHHBIX» TPOHOB (HE BKIOYas OECMUIOTHUKHA CaMOJETHOTO THIA) MOXKET COCTaBUTh
nopsiika $32,4 mapa. JlaHHbIi pocT OyaeT 00yCIoBICH YBEINISHUEM YUCIICHHOCTH MUPOBOTO HACEIICHHSI
— 4TOOBI BCEX MPOKOPMUTH, 0€3 MHHOBAIMI B OTPACTH CENBCKOTO XO3SICTBA, MO3BOJISIOIINUX TOBBICHTH
YpOXaiHOCTh, HE OOOUTHCH.

Cpenu crtpaH, rae ceiyac MNPOUCXOJUT AKTUBHOE HCIIOIb30BAHUE «CEIBCKOXO035MCTBEHHBIX)
OecnunoTHUKOB, MOXKHO BeIienuTh CIIA, Kurait, Anonus, bpaszunus, ctparst EC u mp.

Cpenu xpynuedmux ¢uryp mupoBoro pbiHKa BIIJIA, KOoTOpble OpHUEHTHUPYIOTCS Ha CEIhCKOE
X035ICTBO, MOKHO BBIJCJIUTH TaKHX MpejacTaButTesel, kak AeroVironment Inc, AgEagle, DJI, Yamaha u

ap [11].
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B konne nexabpst 2017 roxa kommnanus DJI Innovation Technology (DJI), kpynHeiimuii B Kutae
IPOU3BOJIUTENIF ~ KOMMEpPYECKMX  OECHUJIOTHHUKOB,  coolmimia, 4yro  Oomee 10 Thicsu
onepatopoB BIIJIA ucnons3yror BIIJIA DJI cepun MG, npenHazHaueHHbIE 17151 IPUMEHEHUS B CEILCKOM
xo3siicte. [lo onenkam komnanuu, npoaaxu Takux BITJIA B 2020 rogy 1ocTUrayT 45 ThICAY IITYK.

Kuraiickuii npous3BoAuTeNh HAMEPEH M Jajibllieé HApalluBaTh WHBECTHLUMU B pa3paboTKy
cenbekoxo3siicTBeHHbIX BITJIA u oOydeHue onepaTopoB [Uisl HUX, 4TOOBI MOMOYb (hepMepaM MOBBICUTH
3¢ (HeKTHBHOCTL 00PAOOTKH cenbX03yroauii mectuiuaamu, nepenaet China Daily [9, 10].

B nHost6pe 2015 roma DJI BeimycTtmiia cBo¥ mepBbIii cenbckoxo3siiictBeHHbd BITJIA MG-1, a B
2016-M monoaHUIA aCCOPTUMEHT ero Moaudukanueit moa HazBanueM MG-1S, ocHaleHHOH nepeaoBoi
cucremoit ynpasinenus BITJIA, pagapom u ceHcopamu.

B xonne 2017 roga DJI npeacraBuna emie 6onee coepiieHHbId BITJIA cenbckoxo03siicTBEHHOTO
HasHaueHnss MG-1S Advanced ¢ yinydimeHHBIMH pagapoM, pACTIBUIUTEIBHOM W JUHAMHYECKOU
CUCTEMaMH, TOBBIIAIIHUMH YPPeKTUBHOCTh paboThl BITJIA u ero tounocts. [1o qaHHBIM KOMIaHUH, C
MOMOIUIBIO 3TOM MOJENIN ONEPATOPHI MOTYT €KETHEBHO 00padaThIBaTh XMMUKATAMU ITOCEBbI HA TUIOIIAIU
0K0J10 40 reKTapos.

DJI Bumur OonbliMe TEPCHEKTUBBI IS cenbckoxo3sicTBeHHbIX BIUIA wu  mnanupyer
AKTUBU3UPOBATh YCUJIMS IO MOATOTOBKE OOJIBILEro 4Kcia ONepaTopoB s HUX. B MHTEpBBIO M3/1aHUIO
Bunie-nipe3uaeHt DJI JIyo [Ixxenxya (Luo Zhenhua) 3asiBui, 4to cpoc Ha cenbckoxo3siiicTBeHHbIX BITJIA
IIPOCTO OTPOMEH.

ITo nmanubiM DIJI, Ha nmomto ee BIUIA cepum MG npuxomutcs okono 70% mnponax BITJIA
CEJIbCKOXO035HCTBEHHOr0 Ha3HaueHus B KuTtae.

C monepHu3anueil cenbckoro xossiiictBa B KHP peiHOK mepenoBbix ycTpoiicTB A depmMepoB
NEepEeKUBAET 3HAYUTENbHBIN nogbeM. Oxunaercd, 4to B 2023 roay nokasarenb npoHukHoBeHUs bITJIA B
arponpoMblnuIeHHOM KoMmiuiekce Kurtas npeBbicuT 40%, a mpoaaku TakUX YCTPOWCTB B JICHE)KHOM
BBIPAKCHUU TOCTUTHYT 16 mMupj roaneii ($2,4 mupn) [4].

3AK/TIO9EHUE

W3 BbIIECKa3aHHOTO MOXHO CJieNaTh BBIBOJA, 4YTO HH(OPMAIMOHHBIE TEXHOJOTMHM AKTUBHO
BHEJPAIOTCS. BO Bce cepbl KU3HU JroAed. MOHUTOPUHT B TaKUX CHCTEMax SIBJISIETCS HEOThEMIIEMOM
yacTelo. HanOonee pacnpocTpaHEHHBIMH CHCTEMAaMU B CEJIBCKOM XO3SHCTBE SBISIOTCS CHCTEMBbI
HaOmoneHuss c¢ npumeHeHueMm BIIJIA. Ucnonb3oBanue OecHUIIOTHBIX —ammapatoB —Haubouee
9KOHOMHUYHBIN U 3()(HEKTUBHBIN CIOCOO CIEKEHUS 3a IITAHTALMSIMU U3 BCEX CYIIECTBYIOIUX METOIOB.
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Abstract

A model of an economic-production system with a flow-based method for organizing production
is considered. The space of states of the subject of labor is introduced. The state of a particular
subject of labor is determined by a point in the state space. The state of the economic-production
system is determined through the aggregation of the states of a large number of the subjects of
labor that are in the process of production. The paper assumes that if the state of each individual
subject of labor is known, then the state of the parameters of the economic-production system is
known. Using the variational and differential principles, Lagrange's function of the economic-
production system is recorded. The equation for the normative technological trajectory of the
movement of a subject of labor along a technological route is defined in the state space. When the
subject of labor moves along a technological trajectory from one technological operation to
another technological operation, technological resources are transferred to the subject of the labor
as a result action of technological equipment. The Lagrange function of the economic-production
system with a flow-based method of organizing production is recorded. The Lagrange function is
constructed using the variational and differential principle. Methodological differences are shown
when using the variational and differential approach to construct the Lagrange function of
economic-production systems. It is shown that the Lagrange function, taking into account
production and technical and socio-economic constraints, determines the subjective function of
the economic-production system. The integrals of the movement of subjects of labor in the state
space are defined, which can be used to model economic-production systems with a flow-based
method of organizing production. It is shown that the integrals of motion are conservation laws
that characterize the process of processing subjects of labor along the technological route.
Keywords: subjective function; variational principle; differential principle; production system;
technological operation; basic product; acceptable deviations; technological trajectory; production
system.
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AHHOTaNUA

Paccmorpena Mopenb 3KOHOMHUKO-IIPOM3BOJICTBEHHOM CHCTEMBI C MOTOYHBIM  METOIOM
OpraHU3alMH TPOM3BOACTBA. BBEIEHO MPOCTPAHCTBO COCTOSIHHMM mpemmeTra Tpyna. CocTosiHue
OTIETHLHOTO TIpEeIMeTa TpyAa OINpPEAeNseTcs TOYKOW B MPOCTPaHCTBE cocTosHuM. CocTosHue
SKOHOMUKO-TIPOU3BOJICTBEHHON CHCTEMBl ONPEICISIETCS] Yepe3 arperupoBaHHUE COCTOSHHMA
0O0JIBIIOTO KOJIMYECTBA IMPEIMETOB TPYAd, HAXOISAIIMXCS B IMPOIECCE MPOHM3BOJICTBA. B pabote
MpeJIoaraeTcsi, YTo €CJM U3BECTHO COCTOSTHUE KaXJI0TO OTJEIBHO B3ATOrO IpeAMETa Tpyaa, TO
H3BECTHO COCTOSIHME MapaMeTpPOB 3KOHOMHUKO-TIPOU3BOACTBEHHON cucTeMbl. C UCHOIB30BAHUEM
BapHalMoOHHOTO U audepeHnraIb-HOr0 IPUHIUIIOB 3anvcaHa QyHknus Jlarpanxka SKOHOMHUKO-
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MPOM3BOACTBEHHON cucTeMbl. OmpeneneHo B TPOCTPAHCTBE COCTOSHWN ypaBHEHWE IS
HOPMAaTHUBHOW TEXHOJOTHYECKOM TPaeKTOPUHU BMKECHUS TPEAMETa TPya M0 TEXHOIOTHIECKOMY
Mapuipyty. I[lpu nBmXkeHHM npeaMera TpyAa IO TEXHOJOTHYECKOH TpPaeKTOPUU OT OJHOM
TEXHOJOTMUYECKOM omepanuy K Jpyrod TEXHOJOTHYECKOM OIepalud Ha MpeaMeT Tpyaa
MIEPEHOCSTCS] TEXHOJOTHYECKHE PECypchl B pe3yibTaTe BO3ICHCTBHA TEXHOJIOTHYECKOTO
obopynoBanusa. 3amucana ¢(yHkuus JlarpaHka SKOHOMHUKO-TIPOM3BOJCTBEHHOW CHCTEMBI C
MOTOYHBIM METOAOM OpraHu3aluu mnpousBoacTBa. st moctpoenust ¢ynkumu Jlarpamxka
WCTIONIF30BaH BapHAIMOHHBIN M MuddepeHnnanbaplii mpuHIu. [lokazaHbl METOIOIOTHYECKHE
OTIIMYMS TIPH UCTIOIB30BAHUY BapUAIIMOHHOTO ¥ AU epeHIrambHOro Moaxo/1a I MOCTPOSHHS
¢ynkumu Jlarpamka 9SKOHOMHKO-TIPOW3BOJACTBEHHBIX cHCTeM. [lokazaHo, 4YTto (yHKUOUsA
Jlarpamxa ¢ yd4eToM  MPOW3BOACTBEHHO-TEXHHYECKHX W  COIMAIHFHO-DKOHOMHYECKHX
OTPaHWYECHHUH OTpeneisieT IeNeByl0 (PYHKIUI0 3KOHOMHKO-TIPOM3BOJICTBEHHOW CHCTEMEI.
OnpeneneHpl MHTETpabl ABWKEHUS MPEAMETOB TpPyJa B IMPOCTPAHCTBE COCTOSHUI, KOTOpBIE
MOTYT OBITb HCIIOJIB30BaHbl JUIsI MOJEIMPOBAHUS 3KOHOMHKO-IPOM3BOACTBEHHBIX CHCTEM C
MMOTOYHBIM METOJOM OpTaHU3alii MPOW3BOACTBAa. [lokazaHO, YTO WHTErpaibl JBIKEHUS
SIBIITIOTCS 3aKOHAMH COXPaHEHUs, XapaKTepU3yIIIue Mpolecc oO0paOdOTKH MPEeIMETOB Tpyda
BJIOJIb TEXHOJIOTHYECKOT0 MapIIpyTa.

KaioueBble cioBa: 1eneBass (QyHKIWS, BapHAlMOHHBIN NpuHOUI; auddepeHnInatbHbII
MIPUHIINI;, TPOW3BOJICTBEHHAS CHCTEMa; TEXHOJOTHYECKas orepanus; O0a30BBI IMPOIYKT;
JIOTTYCTUMBbIE OTKIOHEHH; TEXHOJIOTMUECKUH 1IyM; TPOMU3BOJICTBEHHAs CUCTEMA.

1. INTRODUCTION

The description of the functioning of modern production can be represented in the form of a process
in which the production system passes from one of its states to another. The state of the system can be
defined as the state of the total number N of basic products of the production system [1, p.178]. Under the
basic product (or conventional product [2, p.183]) is understood the element of the production system, to
which the transfer of the value of living labor, raw materials, materials and tools during its movement
along the operating chain of technological maps occurs. Along this movement, a task-oriented
transformation of the starting and raw materials (interoperable procurement) into a finished product
through the directed impact of socially useful labor takes place. The state of the j - base product can be

described by microscopic quantities (engineering and manufacturing arguments) (Sj,,uj) [3], where

AS.
S; $) and g =1itmoTtJ ($/hour), respectively, the sum of total costs and costs per unit of time

transferred by the production system to the j- base product, O< j< N. The considered production
system [4, 5] will be characterized by the function Jn(t,Si,ui) [6]. Through the S, and g, variables the

technology of manufacturing process of the base product in the phase technologic space (S, ,u) of the
observed engineering and manufacturing arguments is defined. Variables S, and g, determine the

standard technologic technological trajectory for the production process [6, 7, 8]:
_dS,(®

So=S,(1), Ho = dt (1)

in phase space (S,y). The nominal technologic technological trajectory is determinate. Determinacy of
the nominal technological trajectory follows the uniqueness of the given technology of manufacturing of
the base product? [9-10]. Each manufacturing process has nominal technological arguments of production
of the base product and acceptable deviation from the nominal technological arguments. The
manufacturing process, performed with exceeding of the values of the maximum deviation, leads to a

1TOCT 3.1109.82. TepMHHBI U OIIpe/eNeHUs OCHOBHBIX MOHATHIL. — M.: Toccranaapt Poccun, 2003. — 15 c.
GOST 3.1109.82. Terms and definitions of basic concepts. — M.: Gosstandart of Russia, 2003. — 15 p. (in Russia)
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violation of the manufacturing process, that is, to the emerging of a reject workpiece? [9-10]. Let us
assume that the manufacturing process at each m technological process be defined by k technology

factors with their design intent (2, . )-AZ,,, <Z . <(Z )-AZ ., m=1.N,, x=1.N,, where
N, u N, denote, thereafter, the number of process stages and the number of technology factors that is
allowed by the process stage. Each technology factor Z_, is a random process with expectation function

(face value) <Zm'k>and thereafter upper and lower acceptable deviation (operational margin) AZ, . and

AZ, .. from the statutory value. The upper and lower operational margin AZ, , and AZ, . determine
the upper and lower divergences of the parameter of the process stage from the given standard
technologic trajectory allowed by the technology of manufacturing of the base product. When
manufacturing the base product with technological parameters within the limits of the upper AZlm’k and

lower AZ, . deviations from the statutory values, allowed by the manufactory process, it is recognized
that the base product is manufactured in accordance with the defined technology. Then, using the means
of the theory of random processes®, the values of technological parameters could be received
Hom =0, S My S llon =0, Som —0s, < S <5, —0og With m for process stage

/uOm = IUOm(Zm,k’Azlm,k 'AZZm,k )’ O'#Om = O-;zo,,, (Zm,k’Azlm,k ’AZZm,k ) ’K:]'" Nk (2)

2. MAIN PART
With a large number of process stages N, >>1, it is convenient to go from a discrete description of

values u,,,, o, of the manufactory process to continuous description of values x4, (t), o ,(t) on the

Hom
multitude of integrable and differentiable functions [3]. Note that the values S,(t), o, (t) can be obtained

by the method of integrating technological parameters 4, (t), o, (t). Each j base product in the process
of processing treatment passes from its reference state (initial procurement) to the final state (end product)
in accordance with the given manufacturing process of the base product and forms a technologic
technological trajectory in the phase technologic space (S, ,u). This technologic technological trajectory is
the implementation of the manufactory process for the j base product. The technological process is

implemented in the neighborhoods of the known manufacturing process of the base product, which is
limited by the zone of admissible technologic trajectories.

The manufacturing process is determined by the plurality of states of the basic products. If it is
known everything about the state of each base product at any particular time, then it is reasonable to
assume that everything is also known about the state of the production system. The change in time of the
properties of each base product of the production system can be represented as the movement of the base
product in the phase space of the observed production and technologic parameters (S, ,u), and the law of
motion can be obtained by using the methods of the variational calculus. Let us assume that at the instants
of time t=t and t=t, the system is in a state J,=(t,S;,4;), S;=S(,) and in state

2 TOCT 3.1121.84. O6umue TpeGoBaHUS K KOMILIEKTHOCTH W O(OPMIIEHHIO HA THIIOBBIE U TPYIIIOBBIE TEXHOJOTMYECKUE
npouecchl (onepatun). — M.: T'occranmapt Pocenn, 2005. — 48 c.

GOST 3.1121.84. General requirements for completeness and registration for typical and group technological processes
(operations). — Moscow: Gosstandart of Russia, 2005. — 48 p. (in Russia)

8 TOCT 14.004-83. TexHosoruueckas IOATOTOBKA IPOM3BOJCTBA. T€PMHHBI M ONPEJEIEHUS OCHOBHBIX MOHATHH. — M.:
T'occranpapt Poccun, 2007. — 4 c.

GOST 14.004-83. Technological preparation of production. Terms and definitions of basic concepts. — Moscow: Gosstandart
of Russia, 2007. — 4 p. (in Russia)
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7 =,S,15,), S, =S(t,) thereof. Then, between these states, the implementation of the
technological process must be carried out in such a way that the subjective functional

b
| = j J dt A3)

4

has a minimum relatively to possible deviations from the given technology.

Such an approach, which in the construction of the laws of motion of mechanical systems is called
the principle of least action, is used in the construction of economic theories of production systems [11,
12]. The variation of the subjective functional (3) allows us to determine the equations of motion of each
separately taken base product in the phase space of the observed engineering and manufacturing
parameters (S, ,u) [13-16]. Integrating the equations of motion for each base product, we obtain
information about the state parameters of each base product, and hence information about the state of the
production system as a whole [1, 17, 18]. Since everything is known about the state of each base product,
then everything is known about the state of the production system [7, 8]. In most cases, the subjective
functional (3) contains parameters that describe random factors of the implementation of the
technological process [1, 3, 8, 15]. In this case, with the variation of the subjective functional (3), the
equations of motion of the base product, which include random functions of implementation of the
technological process are obtained [19]. Thus, as a result of integrating the equations of motion, a
technological trajectory for the ] base product, which is the implementation of the technological process

and is determined by randomly generated factors during the movement of the base product along the
process chain is obtained.

3. RESEARCH METHODS

3.1 THE VARIATIONAL PRINCIPLE OF CONSTRUCTING OF THE SUBJECTIVE
FUNCTION OF THE PRODUCTION SYSTEM

Let the standard technological trajectory (1) of the manufacturing of the base product in the phase
space (S, ,u) be determined by the growth function of costs during the movement of the base product

along the process chain. growth function of costs is built on the basis of process charts of the
technological process, which determine the sequence of operations of the action of production of the base
product and necessary production resources for performing manufacturing process (raw materials, labor,
electricity, etc.) [3, 19]. growth function of costs — describes the process of accumulation of costs in
accordance with the chosen technology of manufacturing of the base product [20]. We require that the
subjective functional (3) has an extremal value on the set of possible trajectory S,(t,a) for the
manufacturing process with the given production technology of the base product.

The subjective functional (3), enumerated along a specific technological trajectory, is a function of
the parameter « :

I (cx) =tj23,7(t,sj(t,a),uj (t,c))dt. (4)

7}

We calculate the fluctuation of the functional (3):

L9y “d (a1, dajl,
3 = ja] dt_!;( —5yj}t_t2[§—aa—m dt. (5)
The integral is transformed by mtegratlon by parts:
su =s3s (. )—ﬁi S ta)sa=2 s (taysa="Ses, ()
e dt ' dt dt !
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Technological trajectory S, (t,«) for an individual J base product of the production system has a
common beginning (t,,S;(t,)) and a common ending (t,,S,(t,)). Therefore, for t=t, and with t =t, the
variations &S, are equal zero and the integrated part becomes zero.

Since the implementation of the technological process must be carried out in such a way that the
subjective functional (3) for the production process has a minimum, then the variation of the subjective
functional (5) is equal zero:

Iz(i_i&’_n G0, -
L\ 0S;  dt oy
which determines the equations of Euler for each individual base product
o, dal,
(8)
N J ot 8,ul

For production systems is known both the technology of production of the base product, and the
criteria characterizing the deviation of technological parameters of the base product as it moves along the
technological chain. The last is enough to construct the subjective function J,(t,S,,z ) in an explicit

form and write the equations of Euler (8) for each individual base product, which determine the states of
the base product when it moves from one technological operation to another.

The equations of Euler for each individual base product (8) can also be obtained by differential
equations of motion of the basic products along the process chain. However, there is one fundamental
difference between differential equations and variational principles: the differential equations express
some functional connection that connecting the position of the base products along the production chain
of the production system, the transfer rate of cost and the acceleration of the cost transfer to the base
product at the instant of time t. The variational principle also characterizes the normative technological
process as a whole. It formulates the stationary property of the subjective functional for a given
technological process. The variational principle has a more visible and compact form and is often used as
a basis for constructing new methods for describing systems [7, 13, 21, 22].

3.2 DIFFERENTIAL PRINCIPLE OF BUILDING OF THE SUBJECTIVE FUNCTION OF
THE PRODUCTION SYSTEM.

Euler differential equation for the basic products of the production system (8) is necessary and
sufficient conditions for the variation be equal zero (6). Let the movement of the base product along the
technological chain can be described by the equations [18, 19]:

d; (1) ds; (t)
=1, =1, ©)
where through the f(S;) indicated rate of change of the rate of transfer of costs to the | base product. In

mechanics, this intensity is called a summarized force. We obtain the Euler equations (8) from the general
equation of the dynamics of the production process:

i(f(s )——OI St(t)}sj 0. (10)

Using the permutability of the operations of variation and differentiation with respect to time, we
obtain

N d?%S.(t N dS (t N dS.(t N, dS;(t N dS.(t) dSS.
o dt dt 45 dt (= dt dt dt =i dt o dt dt

where
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We introduce the integral characteristics F(S;) of the rate of change of costs

F(S)) = T f(S)dS (12)
Then it follows that 0

jZNllf(sj)ésj :—§JZN1:F(SJ-) (13)

We write the equation of the dynamics of the production process of the base product (10) in the
form

5&”‘50—%isj(t)ésj—5iF(sj)=o (14)

We integrate both sides of this equation in the range from t=t, to t=t,

I{ézﬂ‘()—diF(S )}dt ( ds(jt(t)astz=o. (15)

t j=1

Since the variation &5, for t=t, and t=t, equals zero, hence:

=t Y

and congruence (16) can be transformed to the form

5[[_ “'() ZN:F(S)]dt— 17

where
2 N

JfZN:#j & - > F(S) (18)

=~ 2 =
j=1 j=1
he subjective function of the production system.
Thus, the general equation of dynamics (10) led us to the variational principle

5szndt=0

4

4. ANALYSIS OF THE RESULTS
When the basic products of the production system move along the technological chain in the phase

space (S, ,u), there are functions go(S i ,uj) of economic magnitudes S;, x; that preserve constant values,
depending only on the initial conditions, during the motion of the system. Such functions will be called
the first integrals of the motion of the production system.

If the subjective function of the production system does not depend explicitly on time, then the total
derivative of it can be written in the form:

dS N, du.
d‘]_ﬂ_z 0y +Z &]_Hﬁ (19)
dt 88 dt =} ayj dt
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By virtue of the equation of Euler (9), we replace the derivatives 6;—8” by their values%[?}—”}
’ui
we obtain
N, ds.
d Ay —1L-J,|=0. (20)
dt 55| ou, | dt
From which the intensity
N, ds.
> Ny —L 73, |=const (21)
=\ ou, dt

IS constant at the movement of base products along a technological chain. The systems, having an integral
of this type, are called conservative.

The next integral of the motion of the production system arises from the likeness of the phase space.
As consequence of the likeness of the phase space with respect to the coordinate S, we require that the

subjective function J H(t,Si, ;) of the determined system remains unchanged when the system is

transferred to a segmentSS, as a whole. The change in the subjective function due to a small
displacement along the phase coordinate S:

4| od & 0J
A \LS )= |=L&S|=8) . 22
olt8501:) ;{as,. } 75 (22)
By virtue of arbitrariness oS it follows that &J, =0 and it means that: the sum of all the
technological influences on the basic products of the production system equals zero.
SCI
i3 0S;
Then, by the equations of Euler (8), we obtain

Nl Nl
Zi () :iz S -0, (24)
= dt aﬂj dt 7= 5/1,-

P, = i(a‘]—”J = const. (25)

| du.
= ]
An analogous integral of the motion of the production system arises from the invariance of the
phase space with respect to the phase velocity

(23)

from which

ST
j=1 6;”]
and is a necessary condition for the extremum of the microparameters of the production system.
From the equations of Euler (9), the properties of the subjective function are seen. If the production

system consists of two non-interacting parts (production sites, departments, locations [23, 24]), then the
congruence is correct:

0 (26)

Jp=d,+d, (27)
The multiplying of the subjective function of the production system by an arbitrary constant does

not change the equations of motion of the base products, but leads only to the appropriate choice of the
system of units of measure for building the model of the production system.
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The subjective function of the production system is determined accurate to the total derivative of
any function of the coordinates S,(t) in time t: Q(t,Sj). The latest is relevant to the fact that the

variation from the function Hn(t, Sj) is the null equation:

56,(t,S; Mt = j{g‘:”(ss }dt 5. j—d =0 (28)

t J J

SUMMARY

Using the variational and differential principles, the subjective function for the basic products of the
production system is recorded. The terms of the subjective function that characterize the technological
field of the equipment and the intrinsic properties of the base product are determined. The first integrals
of the movement of the base product along the technological chain are recorded. The properties of the
subjective function for the basic products of the production system are shown. The resulting equations
can be widely used in the design of highly efficient production line management systems, both with the
use of production and technological description, and with the use of PDE-models of production systems
[25, 26]. This approach is a competitive alternative to the use of Clearing functions [16, 26] for modeling
the changes in the state of flow parameters of production lines of modern industrial enterprises.
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AHHOTAUA

B pabote paccMOTpeHBI OCHOBHBIC IPUYHUHBI BOSHUKHOBEHHSI HEUCTIPABHOCTEH B 3JIEKTPHUUECKUX
kabensix cBs3u. C 1enblo MccaeIOBaHusl MX BIMSHUS Ha KadeCcTBO IMEpeAaydl CUTHAIOB B Cpelie
Multisim  mpoBeneHO  WMHTAIMOHHOE  MOJEIMPOBAaHWE  TIpollecca  BO3HUKHOBEHHS
HEHCIIPAaBHOCTEH B 3JIEKTpUYECKOM Kabene cBs3u. s aBTOMaTH3alMy JAaHHOTO Ipolecca
HNPEMIOKEH BAapHAHT IPUHLUINAIBHON CXEMBbl YCTPOMCTBA BHECEHUS HEUCIIPABHOCTEH B
yKa3aHHbIH KkaOenb cBsi3u. IIpoBeneHo HaTypHOe MOAENIHMPOBAHUE, KOTOPOE MOKA3alo €ro
aJIeKBaTHOCTh PEAJBHBIM IPOLECCaM, MPOUCXOMALIMM B IMPOBOJHBIX HANpaBILIIOMIUX CPEAax.
Omnpenenensl TMyTH HWCCIENOBaHWSl BIWSHHUA HEHMCIPABHOCTEW B Kabene CBS3M Ha KadecTBO
nepeaayn HPOPMAaIIUK B CHCTEMax Mepeaadu.

KiroueBble cii0Ba: JMHUS CBS3M; DJICKTPUYECKUH Kabenb, HEUCIPABHOCTb, IOBPEXKICHHE
M30JISIIAN; KOPOTKOE 3aMbIKaHUE; ACHMMETPUS CONTPOTUBIICHUS.

UDC 621.316.824
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Abstract

The paper examines the main reasons for fault in the electrical communication cable. The
imitating modeling of the springing up of fault in the electrical communication cable was carried
out in order to study its influence on the quality of signal transmission in Multisim. The circuit
diagram of the device causing fault in the electrical communication cable and purposed for
automation of the considered process is proposed in the present research. The natural modeling of
the whole process was performed and its result corresponds with the real processes taking place in
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the wire guide medium. The work determines further ways of investigation the influence of fault
in cable on the quality of information broadcast in transmission systems.

Keywords: communication line; electrical cable; fault; insulation damage; short circuit;
asymmetry; resistance.

BBE/IEHHE

CeTb CBsI3U MpECTaBIIAET COO00I KOMIUIEKC COOPYKEHHUH, COJIEpKAIUX PA3INYHbIE HATPABIISIOIINE
CHCTEMBI, CpeAM KOTOpBIX Ba)XKHOE MECTO 10 CUX IOp 3aHUMAIOT 3JeKTpuueckue kademu cpssu. K
OCHOBHBIM (PaKTOpaM, CYIIECTBEHHO BIHUSIONIMM Ha HAJECKHOCTh TaKUX Kalesel, OTHOCATCS OCYIICHHE,
JNIEKTPUYECKOE CTapEHHE M BbICBIXaHWE H30uu. CBA3aHO 3TO, IPEKIE BCEro, C €CTECTBEHHBIM
pasnokeHueM (KpucTajuiu3anyei) nponutodyHoro cios. Kak mpaBuiio, mpu aBapuu 3JI€KTPUUYECKOMY
Ka0e0 HAHOCATCA M BTOPUYHBIC NOBPEXICHMsA: OOXKMUI Jyrod, nedopmanus 3a cueT CO3JaHHOIO
BHYTPEHHETO [aBJICHMs, MOIVIOIIEHHWE BJIarM B IOBPEXJIEHHOM MECT€ M T.A. be3ycloBHO BIMSHUIO
MHOIMX M3 YKa3aHHbIX (AKTOPOB HE IIOJBEPXKEHbI ONTHUYECKHE KaOeau CBSA3M, 4TO JIMIIHUK pa3
JTOKa3bIBAET [EPCIEKTUBHOCTD UX MPUMEHEHHS B KAUECTBE HAIPABIISAIOLIUX CPE.

OpHako NpUMEHEHHE B CEeTSIX CBA3M 3JIEKTPUUECKUX Kalenel oOyciaBinBaeT HEOOXOIUMOCTb
YCTaHOBJIEHMSI IPUYMH BOSHUKHOBEHMSI HEUCIIPABHOCTEN B HUX, UCCJIEI0BAHUE UX BIUSHUS HA OCHOBHBIE
napamMeTpsl Iepejadd, a TakkKe Ha KayecTBO MHGOpMalMd, LHUPKYJIUPYIOIIEH B COOTBETCTBYHOILUX
CUCTEMaX Iepeayu.

HUMHTAITUOHHOE MOJ/IEJ/IHPOBAHUE IIPOLIECCA BO3HHKHOBEHUA
HEHCITPABHOCTEH B 3JIEKTPHYECKOM KABEJIE CBA3H

[Tomumo 3aBojackoro Opaka, KOTOpPbII €O BpPEMEHEM MOKET IPUBECTH K MOBPEKICHHUIO
JIEKTPUUECKOT0 Kabells CBSI3U, CYILECTBYIOT M JPYrye NPUYKHBI OSIBIICHHS] HEUCIIPAaBHOCTEH:

- MEXaHUYECKHE TIOBPESKACHUS TPHU MPOKIIAAKE WIH JPYTUX CTPOUTEIBHBIX PadoTax;

- BCIIyYMBaHME B BUJE cupaiu (MHOrIa ¢ oOpa3oBaHUEM TPEIIMH) B pe3yibTaTe BO3JCHCTBUS B
TEYEHUE JUIMTEIBHOIO BPEMEHU INEPUOAUYECKUX LHMKIOB HArpeBaHMs W OXJIAKICHUA, A TaKXKe IpU
3HAYUTENIBHBIX CETEBBIX NIEPErpy3Kax;

- pa3pylleHHe BHELIHEH 000JI0YKH M0/ BO3ICHCTBUEM BHEIIHUX MEXaHUYECKHUX (DaKTOPOB;

- €CTECTBEHHAsl XUMUYECKasl KOPPO3Us U3-3a BO3ACUCTBUS PA3IMYHBIX PEArCHTOB, COACPIKALUXCS B
IIOYBE;

- pa3pyllieHHe  BHEIIHEero  3allUTHOro  cjos  Omarogaps  ONyKIAalOIUM  TOKaM  OT
ANEeKTPpU(PUIIPOBAHHOTO TPAHCIIOPTA.

['MaBHBIM KOHCTPYKTHBHBIM JJIEMEHTOM 3JIEKTPUYECKOTO Kalelss CBS3U SBISAETCS BHEIIHSAA
000J104Ka, T. K. BBICOKHE JUAJIEKTPUUYECKHE XapaKTEPUCTUKU Kabens oOecreunBaroTCsl IpU OTCYTCTBUU
aKTUBHOT'O BO3JCHCTBUS HA HEro BJAarM M BO3Jyxa. MeXaHHUecKoe MOBpEeXkIeHHE HapyKHOH 000104KH
JIETKO OIpPENEIseTCs 110 BHEIIHEMY BUAY: Kak, IPaBUIIO, B 3TOM cilydae Je(OpMHUpPOBaHA KaK CTaJIbHAs
OpoHs (mpu ee HamMuuMu), Tak U omerka. CBuHIOBasS 000JOYKAa YacTO IOJBEpraercs
MEXKPUCTAJUIMYECKOMY Pa3pyLICHHIO, YTO BU3YaJIbHO BBIPAYKAETCS B NOSIBJICHUU HA IIEPBOM JTaIle CETKU
U3 MEJKUX TpeIlMH. B panbHEiIeM 3TO NPUBOAUT K YBEIWYEHUIO UX Pa3MEPOB C IOCIEAYHOLIUM
paspylieHueM OTAeNbHbIX (parMeHToB. IIpm Hamuuum B cocTaBe MPOAYKTOB KOPPO3UU JBYOKHCH
CBHUHIIA, MO’KHO YTBEP)KJAaTh O €€ AJIEKTPUUYECKOM MPOUCXOKICHUHU 3a CUET OMYKJIAroIIKUX TOKOB. Takoi
OKHCEJl MMEET XapaKTEpPHBIM KOPUYHEBBIM TOH. B TO e BpeMs B pe3ysbTare XWUMHYECKOW KOPpO3UHU
00pa3yloTcsl MPOAYKTHI O€N0ro 1Bera, KOTOpble MHOTIa UMEIOT OJIEHO-KENThIM Min OJeTHO-PO30BBIH
OTTEHOK.

BonbmMHCTBO M3 MOBPEXAECHUIN AIIEKTPUUYECKOro Kabemdst CBS3UM CBSI3aHBI C €ro M30JIIMEH:
ANEeKTpUYECKON n/niu skpaHa. CrienuaiicThl CBSI3U Pa3nyaloT TPHU TUIA MOBPEKICHUMN IeKTpUUYECKOn
U30JLUN: KOPOTKOE 3aMbIKaHUE, HApyLICHUE HW30JLUUA MEXKIy IBYMs JKWJIAMHM pa3HbIX Iap H
HapYIICHUE U30JISILHUH 110 OTHOLIEHUIO K 3a3€MIICHHUIO.
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KopoTtkoe 3ambikanue (U1 TPOCTO «KOPOTKOE») HECKOJIBKO OTINYACTCS OT aHAJOTUYHOTO OHATHUS
B PaJMOTEXHHUKE, B CUCTEMAaX CBS3U IMOJ HUM CJIEIyeT MOHUMATh HapYIICHHE H3OJIALUU MEXAY IBYMS
KWJIAMHA OJHOW Tapbl. YMEHBIICHUE W3OJSIIMA MEXKIY JKAJIAMH 1O COTHH METOM YXKe MpPEICTaBIsIeT
co00i1 KOpPOTKOE 3aMbIKaHHE, a «KKOPOTKOe» B 1-2 Meraoma jaenaet aDOHEHTCKYIO JIMHUIO YK€ MOJTHOCTHIO
Hepabouei.

Hapymienne wuzonsiuuu MeEXIy IBYMsS >KWJIaMHM pa3HBIX Iap, Kak MpPaBUJIO, BO3HUKAET IpHU
MIOTIaJIAHUU BOJIBI B COCTMHUTEIBHYIO MY(PTY WIH BHYTPb Kabens. [[st aOOHEHTOB CUCTEMEBI TIepeaadn 3TO
MOBPEXKACHUE BBI3BIBACT IPPEKT «KPYIJIOr0 CTOJIa» WM «KOH(PEPEHLHU» — CIBIIHB HEPErOBOPHI
MIOCTOPOHHUX JIIOJIEH, KOTOPBIE, B CBOIO OYEpE/Ib CIBIIIAT Bac.

B pykoBomsmmx IOKyMEHTax yCTaHOBJIEHa HOpMa B 5 Mowm/kM Kak oOs3aTenbHas H30JSIUSA
3aIUTHOW 000J704YKK Kabensi. BeimoiHeHne 3TOW HOPMBI CBUICTEIBCTBYET O TEPMETUYHOCTH OOOJIOUKH
JNEKTpUYECKOro Kalenst cBA3UM. B ero peainpHbIX oOpa3max H30Js0usi dKpaHa cocTaBiger oT 40
10 30000 Mowm.

B Hacrosimiee BpeMs CyIIeCTBYeT pasHOOOpa3HOE MHOKECTBO METOJOB IOMCKA PACCMOTPEHHBIX
MOBPEKACHUA, OJJHAKO, HAPSAY C 3TUM, HCCIICIOBAHUIO BIUSHUS JAaHHBIX HEHCIPABHOCTECH HA OCHOBHBIC
napaMeTpsl epeaun MMEKTPUIECKUX Kabemeil CBsI3u yaensaeTcs O4eHb Majio BHUMaHUSI.

Jlis  mpoBeneHHWss TaKoro uccienoBaHus B cpeae  Multisim  Oputa  paspaborana cxema
BO3HHUKHOBEHHSI OCHOBHBIX HEHCIIPAaBHOCTEH ABYXIapHOTO Kabeuns cBsizu (puc. 1). B kadecTBe mporoTumna
JUTSL HETO pacCMaTpHUBAJICS dEKTprUeckuid kadbensb [1-296, 0CHOBHBIC TEXHUYECKHE M IKCIUTYaTallHOHHBIC
XapaKTepUCTUKU KOTOPOTO Mpe/icTaBiIeHbl B Tabmuie 1.
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Puc. 1. I/IMI/ITaI_II/IOHHOC MOJCIIMPOBAHUC TPOLIECCa BOBHUKHOBCHU A HeI/ICHpaBHOCTeﬁ B DJICKTPUYICCKOM
kabeJe cBsi3u B cpeze Multisim
Fig. 1. Simulation of the process of faults in the electrical communication
cable in the Multisim
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Tabauya 1
OcHoOBHbIE TeXHHYECKHE U IKCILIYaTAlHOHHbIE XapPAKTePUCTUKH
JJIeKTpUYecKoro kaodes cesizu I1-296
Table 1
Main technical and operational characteristics
of the communication cable P-296
XapakTepucTuka Iloka3arennb

ConpoTHBICHHUE 1€ MOCTOSHHOMY TOKY 55,5 Om/km
OMuyeckasi aCHMMETPUS 0,28 Om/xkm
CornpoTHBIEHHE SKpaHa MOCTOSHHOMY TOKY 7 OM/kM
ConpoTUBJICHUE U30JISAIIUU 5000 MOwm/km
PabGouas emkocth Ha yactoTe 0,8 xI'11 44,6 nd/xm
[Tepexonnoe 3aryxanue Ha OnvmxHEM KoHIe Ha qymHe 500 M u wacrore 110

68 nb/ca
K[ 11
3aluIeHHoCTh Ha nanbHeM KoHIle Ha aiuHe S00 M u yactore 110 k'L 77 nb/cn,
HcnpiTarenpHoe HANPSDKEHUE MEKY KIJIAMU, MEXKIY JKAJIAaMH U 000JI0YKOM 1500 B
BrixosHo€ conpoTuBieHue kabes 135 Om
CtpoutenbHas JjiuHa 500 m
Koncrpykuus xun 7%x0,35 MM
KonnuecTBo xun 4 .
Matepuan U30Js1UHU KU MOJIUATHIICH
CKpyTKa KU 3BE€3/1HAs
Martepuan skpaHa MeHasl MPOBOJIOKA
Marepuan 3aiMTHOTO IIJIaHTa MTOJIMBUHUJIXJIOPUT
Junamerp xabens 14 mm
Macca kabens 240 xr/km

B paccmarpuBaemoii cxeme (puc. 1) pesucropamu RI1-R4 ¢ comporusnenusimu 550 Owm
UMUTHpYETCS deKTpuueckuil kabenb JumHoi 10 km. [Ipu 3Tom conpoTtuBienue skpaHa RS cocrasisier
70 OM. Yka3aHHBIMH PE3UCTOpPAMU MOKET OBITh yCTAaHOBJIEHA Jt00as TpeOyemas AJuHA KaOelnbHOM
JWHAW CBSI3W, a NPU MX HEOJAMHAKOBBIX 3HAUCHHSX CONPOTHBICHHHA — CHIMHTHPOBAHA OMHYECKas
acUMMETpHUsi — pa3HUIla B COMNPOTHUBICHUM JBYX >KHUJ MHapbl NOCTOSHHOMY Toky. Kitowamm S1-S5
UMHUTHPYETCS OOpBIB KaXKIOW W3 KW Kabenss W ero skpaHa. Kimowamm S6-S9 € mocrnemoBarenbHO
BKJIIOYEHHBIMU pe3uctopamMu R6-R9 umutupyercs HapynieHHe U30JIUM MEXIY KUIaMU, pean30BaHa
BO3MOXXHOCTh M3MEHEHHs HOMHUHAJa yKa3aHHbIX conpotuBieHnid ot 0 7o 100 MOwm. Kmrowamu S10-S13
C mocJienoBaTeNbHO BKIOYEHHBIMU pe3uctopamu R10-R13 umuTHpyercs HapylieHHe H30JSALMU 110
OTHOWICHWIO K 3a3eMJICHHIO, pEaJH30BaHa BO3MOXXHOCTh HM3MEHEHHS HOMHHAJIA YKa3aHHBIX
conpotusnenuii ot 0 7o 100 Mowm.

Pe3ynbTaThl UMHTAIIMOHHOTO MOJEIHMPOBAHUS yOEAUTENBHO CBHIETENHCTBYIOT 00 aJ€KBaTHOCTH
UCIMOJIb3yeMOoro noaxoaa. Tak Ha pUcyHKe 2, a JEMOHCTPUPYETCSs BOSHUKHOBEHUE KOPOTKOTO 3aMbIKaHUE
MEXIy TIEPBOM M BTOPOM KHUJIOW DIIEKTPUUECKOTO Kabess, a Ha PUCYHKE 2, 0 — MOHMXCHHE H30JISAIUN
Mexay nByms ckuiaamu 10 100 MOM. B xozme skcnepuMeHTa ObUIO YCTAHOBJICHO, YTO YMEHBIIEHUE
COIIPOTHBIICHUS H30JSIIMHU 10 1 MOM NPUBOINUT K aHAIOTHYHOMY pE3yIIbTaTy.
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Puc. 2. PeByJ‘ILTaTbI HUMHUTAHOHHOI'O MOACIUPOBAHUSA ITPOICCCa BOSBHUKHOBCHUA HCHCHpaBHOCTeﬁ
Fig. 2. Results of simulation simulation of the process of faults occurrence

HATYPHOE MOJEJIHPOBAHHE YCTPOHCTBA BHECEHHA HEHUCIIPABHOCTEH B
SJIEKTPHYECKHH KABEJIb CBA3H
Ha ocHOBe MOJTyYEeHHBIX JAHHBIX JJIsI HCCIIEOBAHUS BIUSHHS HEHCIIPABHOCTEH B Kabene CBA3M Ha
KayecTBO Iepenayn HHGOpPMANUMK B CHUCTEMax MepeAadd ObUIO TPEIOKEHO COOTBETCTBYOLICE
YCTPOMCTBO, UCMIONHUTEIbHAS YaCTh KOTOPOTO MPEJCTABICHA HA PUCYHKE 3. B KadecTBe ympaBisiomero
Moxayns ucnosib3oBana twiata Arduino UNO ¢ moakimoveHHbiME K Heil Omokamu pene P1-P13 u
IIATOBBIMH JIBUTATEISIMHU [UTsl H3MEHCHHS TTOJIOKCHUS JIBIKKA TIEPEMEHHBIX pe3uctopoB R1-R13.

3AK/TOYEHUE

B xoz1e HaTypHOTO 2KCIIepUMEHTa OBLJIO YCTAHOBJICHO CIIEAYIOIICE:

1. JIns wMHTaIMMd 3HAYUTETBHBIX JJIUH Kalens (CBBINIE OJHOTO KHIOMETpPa) HE0OXOIUMO
YUUTBHIBATh MEPEXOHBIE MPOIECCHl MEXKIAY OTISIBHBIMU KHJIAMU KaOellss M dKpaHoM. B 3Tol CBs3M B
cxeMe (puc. 3) NPUHATO HCIOJIB30BaTh IiepeMeHHble pe3uctopsl R1-R4 nHomuuazom 100 Ow,
MO3BOJISFOIIE UMUTHPOBATH ACHMMETPHIO COITPOTUBIICHUH JKUJI HA JUTUHE 10 | KM.
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Puc. 3. HpI/IHHI/IHI/IaJ'IBHa}I cXeMa UCHOJIHUTEIbHON YaCTH YCTpOﬁCTBa BHCCCHUA HCHCHpaBHOCTeﬁ B
ANEKTPUYECKUI KaOesb CBA3U
Fig. 3. Schematic diagram of the executive part of the device for making faults in the electrical
communication cable

2. C y4eToM HE3HAYHUTEIHHOTO BIIMSHUS COMPOTHBIICHUS H30JAIMU cBbilie | MOM Ha KadecTBO
pacmpoCcTpaHEeHHs] CUTHAJIA 10 AJIEKTPUIECKOMY Kabemto CBSI3U U OTCYTCTBHSI IEPEMEHHBIX PE3UCTOPOB C
HOMMHAJIOM CBBIIIEC YKa3aHHOW BEJIMYUHBI MPUHATO PEIICHUE O UCTIOIH30BAaHUHU B CXeME pe3ucTOpoB R6-
R13 somunanom 1 MOwm.

3. B kadecTBe CONMPOTHBIICHUS DKpaHA MOCTOSHHOMY TOKY RS TpHHSTO pelleHwe HCIOJIb30BaTh
NepeMEHHbIN pe3uctop HomMuHaioM 10 OM, 3HAUE€HHE KOTOPOTO H3MEHSIETCSI B COOTBETCTBUHU C
W3MEHEHUEeM 3HadeHu# compotuBieHnit R1-R4, UMUTHPYIOMUX pa3IUYHYIO IJIUHY SJIEKTPUUYECKOTO
Ka0es CBsI3U (B Mpeaenax OAHOTO KUJIOMETPa).

Jns wuccinenoBaHus BIHMSHUS HEUCHpPaBHOCTEH B Kabeye CBSI3M Ha KAadyeCTBO Iepeaadyu
uH(popManuu B JajgbHENIeM MpeanoaaraeTcs UCIOIb30BaTh pa3paboTaHHBIA MPOTOTUI YCTPOUCTBA B
COBOKYITHOCTHU C peasibHbIM KabeneM [1-296 npu opraHuzaiuu cucTeM nepeaadu pa3jinyHoro TUMa.
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AHHOTAIUA

B nannO# craThe cTaBUTCS 3amada paccMOTpeTh 3(D(EKT IMEeKTPOMAarHUTHOTO W3IY4YEHHS OT
0a30BBIX CTAaHIUHA MOOWIBHBIX OINEPATOPOB. 3a4YacTyl0 YPOBHU W3IYYCHHUS MPEBBIIIAIOT
MpEACIbHO TOMYCTUMEBIE YCIOBUS M HE COOTBETCTBYIOT CAaHHUTApHBIM HOpPMaM, 3aKOHOJATEIHHO
3aKpeIuieHHBIM B Poccuiickoit @enepanmm. Tarxke HeoOXomuMoO o00paTUTh BHHUMaHHE Ha
MPOOJIEMBI AIIEKTPOMATHUTHON COBMECTHMOCTH PaIHO3TICKTPOHHBIX CPEJICTB.

Onnako B HAy4dyHOH cpelieé IPOBENCHO HEIOCTATOYHO HCCICIOBAHHM, MOATBEPKIAIONIINX WA
OTIPOBEPTaOIINX JaHHBIC CBeleHUs. B paboTe mpemararoTcs 11ard, HapaBJiIeHHbIE Ha PElICHHIe
CymlecTBylommx  mpoOmeM.  Bo-mepBeix, ©Obuta  ommcaHa  METOIWKA  HM3MEPEHHH
QJICKTPOMArouTHOIO M3JIYy4YCHHSA, Ha OCHOBE YK€ HMMCIOIIUXCA OaHHBIX, I MOHHTOPHUHIA
0pr>1<afomeﬁ CpCabl. BO-BTOprX, AJ11 MUHUMHA3alluU HCTAaTUBHOI'O BIIMAHUA PAAUOTECXHUYICCKOT'O
YCTpOWCTBa, HAa HOPMAIBHYK) paboTy MAPYrUX YCTPOHCTB, OBLI TIPOBEICH aHAIM3 €ro
KOJMYECTBCHHBIX U KAYE€CTBCHHBIX PE3YJILTATOB.

Ha cerogusAmnuii 1eHb AJi1 MUHUMHU3AUUA COITYTCTBYIOIIMX HpO6HCM €CTh BCE HEOOXOIUMBIE
pecypcel. Tak, mpoOnema 3IeKTPOMArHUTHOW COBMECTHMOCTH PaJHOdIEKTPOHHBIX CPEICTB
pemraercst TOJIBKO ITyTeM KOMIUIEKCHOTO TI0JX0/1a, a SJIEKTPOMAarHuTHOE U3Iy4YeHHE OT 0a30BBIX
CTaH]_[I/Iﬁ OIepaToOpOB, U €TI0 IMPECBLINICHUEC HCO6XOI[I/IMO CUCTCMATHYCCKU ITPOBEPATD.

KuaioueBrble ci10Ba: 3JEKTPOMArHUTHOE TIOJIE; AIEKTPOMATHUTHOE U3IYUYCHHE; PaJHOTIOIBHKHEBIE
yCTpoiicTBa; 0a30BbIE CTAaHIMH; DIIEKTPOMATHUTHBIA MOHHTOPHHT;  JIIEKTPOMArHUTHAS
COBMECTUMOCTb, CAHUTAPHBIC HOPMBI U IIpaBuJia.

UDC 614:621.37

Dzhanaev S.A.-B. METHODS FOR DETERMINING THE LEVEL OF THE ELECTROMAGNETIC
Alisheva A.E. FIELD OF WIRELESS COMMUNICATION SYSTEMS AND THEIR
Tsyguta A.N. CONFORMITY TO THE REQUIREMENTS OF SANITARY STANDARDS

Astrakhan State Technical University, 16 Tatishcheva St., Astrakhan, 414056, Russia
e-mail: astu@astu.org

Abstract

This article aims to consider the effect of electromagnetic radiation from the base stations of
mobile operators. Often the radiation levels exceed the maximum permissible conditions and do
not correspond to the sanitary norms legislatively fixed in the Russian Federation. It is also
necessary to pay attention to the problems of electromagnetic compatibility of radio electronic
devices.

However, in the scientific environment, there is insufficient research confirming or refuting this
information. The paper proposes steps aimed at solving existing problems. First, the method of
measuring electromagnetic radiation, based on the data already available, was described for
monitoring the environment. Secondly, in order to minimize the negative impact of the radio
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engineering device, on the normal operation of other devices, an analysis was made of its
guantitative and qualitative results.

To date, to minimize the attendant problems, there are all the necessary resources. So, the
problem of electromagnetic compatibility of radio-electronic means is solved only by a complex
approach, and electromagnetic radiation from the operator's base stations, and its excess should
be systematically checked.

Keywords: electromagnetic field; electromagnetic radiation; radio-mobile devices; base stations;
electromagnetic monitoring; electromagnetic compatibility; sanitary norms and rules.

BBEJ/I[EHUHE

Ku3Hb COBPEMEHHOIO YEJIOBEKA YXKE HECKOJBKO JAECATUICTHMM HaXOOUTCS MOJ BIIUSHUEM
3JIEKTPOMAarHUTHBIX NoJiel. Bropas monoBuHa ABAAIaTOrO BeKa O3HAMEHOBAJIACh OIPOMHBIM PBIBKOM B
00acTu paguo3JEKTPOHUKH, CUCTEM OECITPOBOAHOMN CBSI3U, dJIEKTPOIHEPreTUKU. Psiom, HE3aMeTHO ais
Hac, pabOTalOT MOIIHBIE PaJUOINEPENA0NINe YCTPONCTBA Tele-paAuonepealouuX IeHTPOB, aHTCHH
0a30BBIX CTAHLMN, KOTOpbIE H3Iy4YalOT B IIPOCTPAHCTBO JJIEKTPOMATHUTHYIO BSHepruto. B Teuenue
MOCJIETHUX JBYX JECATWICTUA BEJIMYMHBI JJIEKTPUUYECKUX M MArHUTHBIX [OJE€H yBEIUYUIIUCH
MHOTOKPATHO.

Kaxnpiii neHp MWUIMOHBI JIIOJIEH TOJBEPraroTCs BO3ACHCTBUIO 3JIEKTPOMArHUTHOTO IOJIS,
BBI3BIBAEMOT'0 KOMITBIOTEPaMH, OBITOBON TEXHHMKOM, JEKTPUUYECKUMHU KaOEIsIMH U CPEICTBAMHU CBSI3H.
3HauMTeNbHAs YaCTh HaceleHus: Poccuu xKUBET B yepTe ropoja v MOCTOSHHO MOJIBEPraeTcsl BO3AEHCTBUIO
AIIEKTPOMArHUTHOTO TIOJIS, CO3/7aBaeMOro Oa30BBIMH CTAaHIUSMH OIEPATOPOB, AHTEHH IEpEIaroIInX
HEHTPOB, HO 32 3TO yA00CTBO YENIOBEKY MPUXOIUTCS «IIATUTh». be30macHOCTh ueraoBeKka OmpeeisaeTcs
OpeJeNbHO JIOMYCTUMBIMU 3HAYCHUSMH XaPAKTEPUCTUK H3IIYYAIOMIET0 OOOpYIOBaHHUS Hapsmy C
MOHHMTOPHUHIOM KJTIFOYEBBIX MAPaMETPOB AIIEKTPOMATHUTHOTO MO, YTO B uTOre (hopMupyer Oe3onacHbie
yCIIOBHS Ui KM3HUA. Kpome TOro, paguo3jIeKTpOHHBIE CPEACTBA, H3JIYYalOIIUE JHEPTUI0, CO3AI0T
JIOCTaTOYHO CUJIbHBIC TTIOMEXH, YXY/IlIas TEXHHUECKHEe ToKa3aTeau paboThl ITUX YCTPOUCTB.

Takum 00pa3oM, aKTyaJbHBIM SIBISIETCS MOHHMTOPUHI AJIEKTPOMArHUTHOTO TOJS, KaK C TOYKH
3pEHHS] BJIEKTPOMAarHUTHOM COBMECTUMOCTH PaJUOTEXHHUUECKUX CPEACTB, TaK U C TOYKU 3pPEHUs
0€30MacCHOCTH KU3HEIEATEIbHOCTH UEIOBEKa.

JEHCTBHE JSJEKTPOMATHUTHOI'O H3JIVYEHHA H JJEKTPOMAIHHTHBIH
MOHHUTOPHHT

DNIeKTPOMarHUTHOE W3JIYYCHHE JEJSIT Ha TPHUPOJHBIE W aHTpomnoreHHeie. K mepBbIM OTHOCAT
MarHUTHOE MOJI€ HallleWd IJIAHEThl, MOJIHHUH, a TAK)KE PaJHOBOJHBI, KOTOPbIE 3apOXKIAOTCS B KOCMOCE
(CounHile, TaTaKTUKH U T.1.).

B  cooTBercTBMM €  MEXKAyHapogHOW  KkiaccupuKalnued  aHTPONOTEHHBbIE  MCTOYHHKHU
AJICKTPOMArHUTHBIX TOJIEH ACNATCS Ha JIBE TPYIIIIHL:

1 — ucTouHUKH, TEHEPUPYIOIIHE KpallHe HU3KKE U CBepXHU3KHUe yacToThl OoT OI'ty o 3 xI';

2 — UCTOYHHKH, KOTOpPbIE TEHEPUPYIOT H3JIydeHHE B Pagrov4acToTHOM amarna3zoHe ot 30 kI 1o
300 I'T'u, Bxirouas cBepxBbicokue 4actoThl oT 300 MI' o 300 I'T'.

Ha ceropnsimiauii 1eHps B HaIy JKW3HB KPEMKO BOLLIH MoOWiIbHBIE Tenedonsl. Ecnu B 1997 rony
YHUCJIO TO0JIb30BaTeNe COTOBOW CBA3BI0 B Poccum cocraBiso 150 ThicAY 4enoBEK, TO Ha CETOAHS 3Ta
nudpa gocturia yxe 255 mmimnoHoB aboHeHTOB. COTOBas CBsI3b, KaK U BE3/E, COCTOUT M3 0a30BBIX
CTAaHUMWA W PAJAMONOABUKHBIX YCTPOHCTB. ba3oBble CTaHIIMM pPacHONOXKEHbl HAa PACCTOSHUHM OT
500 meTpoB 10 15 KHUIOMETPOB APYT OT Jpyra, 00pazys Mexmay coboi cetb (coTel). [lepegada maHHBIX
MeXIy 0a30BBIMH CTAHIMSIMH TPOUCXOAWT TO TPAHCHOPTHOM CETU: paguopeneiHas IWHUS JTU00
BOJIOKOHHO-ONITUYECKAsI TUHUS CBS3H.

PagrononsuxkHble ycTpoicTBa (MOOHIBHBIE TeaeoHbl) paboTatoT Ha yactoTax 450 — 1800 MI'm.
Yacrota W BUIBI BApUAHTOB 3aBUCHUT OT THUNA COTOBOM CBsI3M. Ha [aHHBII MOMEHT OCHOBHOM
pacrpocTpaHeHHO# cucteMoil cotoBoit cBsi3u B Poccun siBngercss GSM — 900/1800 MI'n. Mcxons u3
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TEXHOJIOTUYECKUX TpPeOOBaHMI MOCTPOCHHUS COTOBOHM CBSI3M, JUarpaMMa HANpaBICHHOCTH AHTEHH B
BEPTUKAIBHON IUIOCKOCTH pacCUMTaHa TakK, YTO OCHOBHoOe u3iyueHue (6oinee 90%) cocpenoToueHa B
y3KOM Jiyue. AHTEHHA HalpaBiieHA B MPOTUBOIOJIOKHYIO CTOPOHY OT 0a30BOM CTAaHIMH, YTO SIBIISIETCS
HEOOXOUMBIM YCIIOBHEM JIJIsl HOPMAJIbHOM pabOThI CUCTEMBI.

bazoBasi craHius MOOMIBHOW CHCTEMBI CBSI3M SIBISICTCS PATUOTEXHUYECKUM OOBEKTOM M HE
paboTaer KpyrJIOCYyTOUHO. 3arpy3ka oOmpeleiseTcss HaludhueM MOOWIbHBIX YCTPOHCTB B 30HE
00CITy’)KNUBaHUsI KOHKPETHOW 0a30BOI CTAaHIMU M UX BO3MOXXHOCTBHIO BOCIOJIB30BATHCS aIMapaToM JJIs
pasroBopa, 4To, B CBOIO OY€pE/ib, 3aBUCUT OT BPEMEHHU CYTOK, PacloioxeHus: 0a30Boi cTtaHiuu u 1p. B
HOYHOE BpeMs CyTOK Harpy3ka Ha 0a30Bbl€ CTAaHIIUU IPAKTUYECKU paBHA HYJIIO.

HccnenoBanust >IEKTPOMAarHUTHONM OOCTAaHOBKM Ha TEPPUTOpPUH, Mpuieraromeii k 06a3oBoi
CTaHIMK, OBUIM MpOBeleHBbI crernuanuctamMu BeimmenKom «bumaita» B r. Mocksa. Ilo pesymbraTtam
UCCJIEJIOBAaHMSI MOXKHO pe3IOMHUpOBaTh, 4TOo B MockBe u MockoBckoi obmactu B 100% ciydaeB
JIIEKTPOMAarHuTHass OOCTaHOBKAa B IOMEUICHHUAX HE OTIMdYanach OT (oHoBoil. Ha mnpuneraromeit
Tepputopuu B 91% cnyuaeB 3apuKCHpPOBAHHBIE 3HAYEHHUS AJIEKTpPOMArHuTHoro mois Obutn B 50 pa3
MEHBIIIE TPENENTbHO TOMYCTUMBIX 3HAUCHHIA, YCTAHOBJICHHOTO IS JaHHOTO THIa 0a30BOM CTaHIIWU.
MakcumanbHOE€ U3Jy4€HHE NPU MU3MEPEHUAX, MEHbIIEe MPEAeNIbHO IOIMYCTUMBIX 3HaueHud B 10 pas,
OBUIO 3apETMCTPUPOBAHO Y 3/aHUS, HA KOTOPOM YCTaHOBJIGHO Cpa3zy TpH 0a30BbIe CTAHIMHU Pa3HBIX
CTaHJapTOB.

Hmeronyecs: HaydHble JaHHbIE U CYLIECTBYIOLIAs CUCTEMAa CAaHUTAPHO-TUTMEHWYECKOTO KOHTPOJIS
IpU BBEICHUU B JKCIUTyaTallMI0 0a30BBIX CTAHLUNA COTOBOW CBSI3M MO3BOJSIOT MPUYHCIUTH 0a30BbIC
CTaHLIMU COTOBOM CBSI3M K HanOOJee YKOJOTHUECKH M CAHUTAPHO-TUTHEHNYECKH 0€30TMacHBIM CHCTEMaM
CBSI3U.

KOHTPOJIb YPOBHEH 3JIEKTPOMATHHTHOI'O I10JI PAJJHOCPE/ICTB

DJEeKTPOMAarHUTHBIA MOHUTOPHHT TIPEAIOJIAraeT OLEHKY JJIEKTPOMArHUTHOM OOCTAaHOBKH Ha
TEPPUTOPUU pa3MelleHUs 0a30BOM CTAaHIMM Ha BCEX CTaAUAX IPOEKTUPOBAHMS, CTPOMTEIbCTBA MU
PEKOHCTPYKIIMM C WENIBI0 COOTBETCTBHS DJIEKTPOMATHUTHOTO TIOJIS JCUCTBYIOUIMM HOPMAaTHBaM
IpeaeabHO JOMYCTUMOTO YPOBHS.

JlokyMeHTaMH, periaMeHTHPYIOIIMMH METOJIbI OIIPEEIIEHUs] YPOBHEH 3JEKTPOMAarHUTHOTO TIOJIS,
SBIISIIOTCSL METOAMUYECKUe ykazaHus. s Toro, 4ToObl U3MEPUTH YPOBEHb JIEKTPOMArHUTHOIO IOJIS B
nuana3zone yactoT 300MI'n — 2400 MI'n ucnonb3yroTes CpecTBa U3MEPEHUs, NpeJHa3HAYEHHbIE IS
OTIpeJIeNIeHUs CPEIHEr0 3HAUEHUS INIOTHOCTH IMOTOKA YHEPTUH.

Jlnist omnipeniesieHus: pealbHOTO COCTOSIHUS SJICKTPOMAarHUTHOW OOCTaHOBKM B paifoHaX pa3MelIeHUs
0a30BbIX CTAHIMI MPOBOIAT MHCTPYMEHTAJbHBII KOHTPOJb 3JIEKTpOMArHuTHoro mnousis. OmnpeneneHue
IUIOTHOCTH TIOTOKAa SHEPTHH AJIEKTPOMArHUTHOTO HM3IIyYEHHsSI OT MOOWMIIBHBIX YCTPOMCTB, MPOBOJAT II0
METOAMKAM M CpEJICTBaX M3MEpPEHMs, HMMEIOIIUX COOTBETCTBYIOIINE CEPTH(PUKATBI COOTBETCTBUS.
OCHOBHBIM ITyHKTOM, OTIPEAEIISIONIAM YPOBEHb TUIOTHOCTH ITOTOKA YHEPTUM OT MOOMIIBHOTO YCTPOWCTBA,
SBJISIETCS €r0 MOUIHOCTb. YUUTBIBAs U3MEHEHUE MOIIHOCTH B 3aBUCUMOCTH OT TOI'O HAaCKOJIBKO yJajleHa
0a3oBasi CTaHIHS, EJIeCO00pa3HO MPOBOJUTHh U3MEPEHUS] Ha MAKCHMAaJIbHOM Y/IaJICHUN TIPUMEHUTEIIEHO
U3y4yaeMoro HaceleHHOMY MNyHKTY. OIleHKa IUIOTHOCTH IIOTOKa SHEpPIrUH, CO3/1aBaeMoi 0a30BBIMU
cTaHiMsMH B auanasoHe yactoT 300-800 MI'm, mpoBoauTcs Ha pacCTOSHUSAX OT JIMIIEBOW CTOPOHBI
AQHTEHHBI (CM. PUCYHOK 1).
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Puc. 1. P ACCTOAHUA, HAa KOTOPBIX CIICAYCT IIPOBOAUTH U3MCPCHUS IIJIOTHOCTU IOTOKA SHECPTHUU
OT MOOMJIBHBIX YCTPOKMCTB, paboTaromux B quanazone yactot 300-800 MI'i
Fig. 1. The distances from mobile devices operating in the frequency range 300-800 MHz
at which it is necessary to measure flux density

bpanyk A.A., WsanoBa JILLA., Snmmua O.P. B cBoeil crathe «3aBUCUMOCTb BEITUYUHBI
ANEKTPOMArHUTHOTO U3MY4YeHHUs] MOOWJIBHBIX Tele(OHOB OT MapKH MPOU3BOAMTENS M TOAA BBITYCKa»
3aMepsUTH YPOBCHB JIEKTPOMATHUTHOTO W3TYYCHHSI MOOWIJIBHBIX YCTPOHCTB Pa3HBIX MMPOU3BOIUTEICH H
TOJOB BBIMMYCKA, CPaBHUBAIM TOJYYCHHBbIC JaHHBIE C TMPENeiIbHO JOMYCTUMBIMU 3HAUYCHUSMU
3JIEKTPOMArHUTHOTO H3NydeHus. B paboTe HCHOJIb30BaICS U3MEPUTENh YPOBHS SJIEKTPOMArHUTHOTO
usznydeHus I13-41 (cm. pucyHok 2) u anteHHa-mipeoOpaszoBarenb ¢ yactoroil 0,3-40 I'T'n u usmepurens
napameTpoB AJIEKTPUUECKOro U MarHuTHOTO noJieit BE-metp-AT002 (cm. pucyHoK 3).

Puc. 2. 3meputenb ypoBHS JIEKTPOMarHuTHOro usinydenus [13-41
Fig. 2. The measurer of the level of electromagnetic radiation P3-41
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Puc. 3. U3meputens mapaMeTpoB 3JIEKTPUUECKOro U MarHuTHOTO 1nosiet BE-metp-AT002
Fig. 3. The measurer of electric and magnetic fields parameters BE-meter-AT002

B pabore tectupoBanuch 34 MOOMIBHBIX YCTPOHCTBA PAa3HBIX MPOM3BOIUTENECH U TOJIOB BHITYCKA,
HauOoJiee MOMYJISIPHBIX Ha POCCUHCKOM phIHKE. M3MepeHus MpOoBOIMIIUCH B BYX PEXHMAX: B PEKUME
3BOHKA U pexuMe oxxuaanus. [1o pesynpratam u3mepeHuit BUIHO (PUCYHOK 4), 4TO 3HAYCHHS TUIOTHOCTH
IIOTOKAa SHEPIUU B PEKUME OXKHUJAHUS ropas3io HUXKE, YeM B PEKHMME 3BOHKA, TAK)KE YPOBEHb CHIIBHO
OTJIIMYACTCA OT MOJEIH MOOHWJIBHOTO YCTpOWCTBA. B pexkrMe 3BOHKA IUIOTHOCTH IMOTOKA DHEPTUU BCEX
TECTUPYEMBIX YCTPOMCTB COOTBETCTBYET CaHMTAPHO-TUTMEHUYECKUM HOpMaM, KOI/la Kak B pEeXHUMe
3BOHKa yctpoiictB Samsung 2007 u 2009 romoB Beimycka, Bkyrne ¢ Nokia Lumia 2013 npeBblmaroT
IpeIeabHO JONYCTUMBII YPOBEHb.

B xone uccienoBaHusi aBTOPBI BBIICIWIA TPH MapKH MOOWMJIBHBIX ycTpoiicTB: iPhone, Samsung,
Nokia, Hanbonee pacrmpoCTpaHEHHBIX B HaIlIeil CTpaHE M BBISICHWIIM, YTO MPOU3BOJUTENHN JOOHIHCH
CHIDKCHHUSI YPOBHS 3JICKTPOMArHUTHOTO HM3Jy4EeHHUs, B TO BpeMs Kak mpousBomutenu mapku Nokia ne
YIAYYIIWIA 3TOT MOKa3aTellb (PUCYHOK 5).

ABTOPBI IPUXOJIAT K BHIBOJLY, YTO OCHOBHOE BO3/ICHCTBUE DIIEKTPOMArHUTHOTO U3ITYYCHHUS UIET BO
BpEeMsl COBEpUICHHs 3BOHKA, KOIJa Kak B peXHMME OXHUIAHHUS — 3TO BO3JEHCTBHE Ha MOPSAOK HUXKE.
Taxoke ypoBeHb 2JIEKTPOMArHUTHOTO M3ITy4eHHsI B OOJIBINEH CTENIEHN 3aBUCUT HE OT MapKH yCTPOICTBa, a
OT rojJia BBIITyCKa, YeM TeJe(OH «cBexee», TeM OOJIbIlle OH COOTBETCTBYET CAaHMTAPHO-TUTHEHUYECKUM
TpeOoBaHUsAM, TPUHATHIM B Poccum.
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Puc. 4. IIn0THOCTH MOTOKA SHEPTUH YCTPOIMCTB B PEKUME 3BOHKA U B PEKUME OKUTAHHS
Fig. 4. The energy density of devices in the call mode and in standby mode

NHP®OPMAIIMOHHBIE TEXHOJIOI'MU
INFORMATION TECHNOLOGIES




3/1eKMpOMAZHUMHO20 N0/151 6eCNpo800HbIX CUCMEM C8513U, U UX COOMeemcmeue mpe6osaHusim 49
caHumapHbsix Hopm // Hayunulil pesysemam. HugopmayuoHhble mexHoo2uu. - T.3, Ne1, 2018

I—IA y I—II—IbIM Axcanaes CA.-b., Aruwesa A.E., IJoizyma A.H. Memodb! onpedesieHus yposHs

14000

S 12000
Ly
o NE 10000
5 5 — NO¥{P®]
€ &= 8000
k2 m iPhone
i
o 2 (000
'I_ f ISEII"I'ISLII"IE
2 = 4000
= % Mokia

T 2000 I I

0 | | l
2007 2008 2009 2010 2011 2012 2013 2014
MNop eeinycHa

Puc. 5. IITOTHOCTD IOTOKA SHEPTHH MOOMIIBHBIX YCTPOUCTB MPOU3BOJUTENICH B PEKIME 3BOHKA
B 3aBUCHMMOCTHU OT I'0Jla BBIITYCKa
Fig. 5. The energy flow density of mobile devices manufacturers in call mode depending
on the release year

JIIEKTPOMATHUTHAA COBMECTHUMOCTD PA/THOSJIEKTPOHHBIX CPE/ICTB

B cratee «IIpobOnema oOecniedeHHUs] SJIEKTPOMArHUTHOM COBMECTHMOCTH PaJUOAICKTPOHHBIX
cpenct» aBTophsl: FOpkoB H.K., Auapees IL.I"., )Kymabaea A.C. obpamaroT BHuMaHue Ha obecrieueHme
COBMECTHOM pabOThI Pa3HbIX PAJIUOIIEKTPOHHBIX CPEICTB, MX B3AMMHOTO HETaTUBHOTO BJIUSHUSA JIPYT HA
Ipyra, 3a cyYeT TEHEepPHpPOBAaHUS B3aMMHBIX IOMEX, 3aTPYJHSIONIME KX HOPMajbHYI0 paboTy.
DJEeKTPOMAarHUTHAs COBMECTHMOCTh C KaXIbIM TOJIOM 3acTaBIsieT YIENsATh K cebe Bce Oosbliee
BHHUMaHue obmiecTBa. Tak kak B mocienHee BpeMs €€ MCIONb3YIOT 3TOYMBIIIJICHHUKY, H HE TOJBKO JUIS
MOJIYYeHHUS] KaKoW-TnOo mHMOpMaIuu, HO U N ee YHUYTOKeHUsA. CHIbHbIE MCTOYHUKH U3ITYydCHUS
CIIOCOOHBI BBIBECTH M3 CTPOS DJEKTPOHHBIE ONOKM XpaHeHHs] U o0paboTku nHdopmanuu. Benencreue
9TOTO MpOOJIeMa 3aIlUThl OTHOCUTCS K MIPUOPUTETHBIM 3a7a4aM I10 JIEKTPOMArHUTHONH COBMECTHUMOCTH,
KaK Ha YPOBHE KOMITBIOTEPHBIX IIPOrPAMM, TaK U HA YPOBHE TEIEKOMMYHUKAIIMOHHBIX CUCTEM.

DNIeKTpOMarHuTHasE COBMECTUMOCTh — ATO CIIOCOOHOCTh PaMOTEXHUYECKOTO CPEJCTBA COXPAHATH
HOPMAJIbHYIO PabOTOCIIOCOOHOCTh B YCIOBHSIX AJIEKTPOMArHUTHOTO BO3JCHCTBHS APYroro ammapaTta.
ABTOpPBI BBIICNISAIOT HECKOJIBKO MPUYHMH, BBI3BIBAIOIINE MPOOIEMBI 3JIEKTPOMAarHUTHOW COBMECTUMOCTH:
0OJIBIIOE YHMCIIO PAAMOANICKTPOHHBIX CPEACTB B OJHOM TOMENICHHH, OTPAaHMYEHHOCTh JHOO
3arpy’KeHHOCTh ~ JIMala30Ha  4YacTOT, IMOBBIIMIAETCS  U3JyYarolias  MOIIHOCTh  MEPEIaTUYUKOB,
HECOBEPIIIEHCTBO aHTEHHBIX YCTPOMCTB U MOCTOSHHBIN POCT YHEPTeTUUYECKUX MOTPeOHOCTEH YeToBeKa.

OOBEKTHI, OKa3bIBAIOIINE B MpOIecCe pabOThl, BIUSHUE HA DJIEKTPOMArHUTHYIO COBMECTUMOCTH
pPaZMOdIIEKTPOHHBIX CPEACTB HAa3bIBAIOTCA JoHOpamu. OOBEKTHI, MOJBEPraolIuecss BO3JACHCTBUIO
3JIEKTPOMArHUTHOTO U3JyYEHHUs APYTOro yCTPOMCTBA, HA3bIBAIOTCS perenTopaMu. BaxkHO OTMETHTB, YTO
PAAMOANIEKTPOHHOE CPEACTBO MOXET OBITh KaK MCTOYHUKOM, TaK M PEIENTOPOM 3IEKTPOMArHUTHBIX
nomex. B ciyuae, ecnu 35eKTpOMarHUTHBIE BOJHBI PACTIPOCTPAHSIOTCS B OTKPHITOM MPOCTPAHCTBE, TO
YpOBEHb TMOMeX OyleT 3aBUCETh OT HECKONBKHUX (DAKTOPOB: MOIIHOCTH IOMEX, PACCTOSHUE MEXIY
HMCTOYHMKAMHU TIOMEX, UTMHBI BOJIH, TTApaMETPOB Cpebl pacipocTpaHeHus. Ha pucyHke 6 mpeacTtaBieHa
CXeMa BO3MOYKHOTO BIMSHUS TIOMEX Ha HOPMaJIbHYIO paboTy paii0dIEKTPOHHOTO CPECTBA.
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Herowsmsm SNEETPOMATHETHRDE TOMEX

Cpena pacmpocTpaHsHEA TOMER
lanbEaRHYeCcKaT Ceask uepes Ceazb uepes CeAsb "epes
| CBA3B 3MEKTPHYECKOS IO/ MATHHTHOE II0M2 HITYUEHHS ‘

HleToummen SMEETPOMATHETHRIE MOMER

Puc. 6. O606H_ICHH8.${ CXEMa BO3MOKHOI'O BJIMAHUA 3JICKTPOMArHUTHBIX IIOMEX
Ha paarO3JICKTPOHHBIC CPECACTBA
Fig. 6. A generalized scheme of the possible effect of electromagnetic interference
on radio electronic equipment

BnusiHue MCTOYHHMKOB NOMEX Ha JIPYrHe€ YCTPONCTBA MOXET OBbITh BBI3BAHO HAJUYMEM OOLIMX
JJIEMEHTOB B HAJIeKTpuyeckux wLemnsx. CTOUT oOpaTUTh BHUMAaHHE, 4YTO BO3JCHCTBHE IIOMEX Ha
PaZMO3JIEKTPOHHBIE CPEACTBA MOXKET MPOSBIATHCA 32 CYET M3MEHEHHE SHEpPronorpediieHus. ABTOPHI
HOPUBOJAT MIPUMEP, UYTO MPHU BKIIOYEHUU KAKOT'0-JIMOO MOIHOTO YCTPOWCTBA MEHSIOTCS YCIOBUS PabOThI
Pa3IUYHBIX PAJAMONIEKTPOHHBIX CPEACTB M3-32 HW3MEHEHHS HAIPSDKEHUS  JJIEKTPONUTAHUS U
BO3HUKAIOIIMX ITPH 3TOM MEPEXOIHBIX MPOLECCaAX.

HcTouHMKH TOMEX MOXHO pPa3lelnuTh Ha (QYHKUMOHAIbHBIE H  HE(QYHKIHMOHAIBHEIE.
HedyHnkunoHanbHble HMCTOYHMKHM — 3TO 3JEKTPUUYECKUH TPaAHCIOPT, CBAapO4yHOE O00OpYJIOBaHMUE,
npoBoaHble Kabenu W T.J. WX riaBHas OCOOEHHOCTb, YTO 3JIEKTPOMArHUTHBIE BOJIHBI, CO3JAOLIUE
IIOMeXY, HE Y4YacTBYIOT B IIpoleccax INpHuema/nepesadyd HH(pOpMaluu, T.€. HE COAEp)KaT IOJIE3HOro
curHana. @OYHKIMOHAIbHbIE HCTOYHUKM — 3TO pPAaUMO- M TelleNepelaTYuKH, KOTOpbIe H3IIydaroT
JJIEKTPOMAarHUTHBIE BOJIHBI U€pe3 IEPEAAOIINE AaHTEHHBI B OKPYXAIOUIYI0 Cpely B LESIX INepefadu
uH(pOopMaLUu.

3AK/TIO9EHUE

Ha ceromusmnuii aeHp npobGiiema oOecredyeHus 3JIEKTPOMAarHUTHOM COBMECTUMOCTH SIBISETCS
OJIHOM M3 IJIaBHBIX 3aJad COBPEMEHHOM paJMOTEXHUKH. AKIEHT 3aKJII0oYaeTcsi B TOM, 4TO Ipobiema
o0ecrieyeHns DJIEKTPOMATHUTHOM COBMECTMMOCTH NPOHMKAEeT B OOJBIIMHCTBO CYLIECTBYIOIIMX
HAlpaBJIEHUN paJUO3JIEKTPOHUKH, OHA YCTAHABIMBACT B3aUMHBIE CBSI3U MEXJIy HHUMH, 0O0pasyd
UEepapXUUecKylo CTpykTypy. IIpobimema 3JIeKTpOMarHMTHOM COBMECTUMOCTH peELIaeTcs IMyTeM
KOMILIEKCHOTO TI0JIX0/1a, YTO SIBJISIETCS. HEOOXOJUMOCTBIO U OCOOEHHOCTBIO 3TOT0 HAIIPABJICHHUS.

Taxxe B pabore Oblia 3aTpoHYTa TeMa 3JIEKTPOMArHUTHOTO W3IY4YEHUS M AIIEKTPOMArHUTHOIO
MOHMTOPHHIa. 3alMTa OT 3JIEKTPOMArHUTHOI'O H3JIy4YEHUS Ha CETrOAHSIIHUN JeHb MUMEET OTPOMHOE
3HayeHue. VX COOTBETCTBME K CAHUTapHBIM HOpMaM U COOJIIOJIEHHE TPOCTHIX MpaBUI C
CUCTEMATUYECKUM MOHHUTOPUHIOM Cpellbl OOWTAaHMS IO3BOJIUT HE JOMYCTUTh IHPEBBIINIEHHE HOPM
IpeeNbHO JOMYCTUMBIX YCIOBUN M HE TIOIYYUTh HETIPUATHBIX MPOOJIEM, CBSI3aHHBIX CO 3/J0POBbEM.
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AHHOTAIUA

I peanuzanuy GOTOHHOW CETH HEOOXOIUMO OOECIICYNTh HAIMYHWE KOMIIOHEHTOB, BKIIOUAs H
KOMMYTAIlMOHHBIC CHCTEMBI, CIIOCOOHBIX 00padaThiBaTh TOJBKO ONTHYECKUE CHUTHAJBIL.
[IpeoOpazoBaHue ONTUYECKOTO CHUTHANa B JJICKTPUYCCKHI M 00paTHOE MpeoOpa3oBaHUC
JOIyCTHMO TOJIEKO B UCTOYHHMKE W pueMHuKe. Ha ceromHsIHMIA 1eHb OCHOBHOHM MpoOIeMoii B
CO3JaHUU MOJHOCTBIO ONTUYECKUX CETEH OCTAETCS CO3JaHUE COOTBETCTBYIOLIMX ONTHYECKUX
KOMMYTaTOpOB. B JaHHOW cTaTbe MPEMJIOAKEH MOAXOJl, OMUCHIBAIONIMN MPUHLKAN KOMMYTalUU
ONTHYECKUX IMOTOKOB HA OCHOBE U3MEHEHUS IPOBOJUMOCTH MacCHBA CBETOBOJOB.

KuroueBble cioBa: KOMMYyTAalMsl ONTHUYECKHX IMOTOKOB; MAacCHUB CBETOBOIOB; IPOBOJUMOCTH
CBETOBOJIA; paclpeIeieHIe MOIIHOCTH; aMIUTUTY THO-(ha30BOE pacIpeieCHuUE.

UDC 621.391.6:621.31
Arhipov S.N. OPTICAL COMMUTATION BASED ON THE CHANGE

Kuznetsov A.V. OF AN OPTICAL FIBER ARRAY CONDUCTIVITY
IN COLLIMATE TYPE DEVICES

Federal state military educational institution of higher professional education "Academy of the Federal security service
of the Russian Federation", 35 Priborostroitelnaya St., Orel, 302034, Russia

e-mail: arhipovsernik@gmail.com, kvaa77@mail.ru

Abstract

To realize a photon network, functioning components and commutating systems capable of
processing optical signals, are essential. The transformation of an optical signal into an electrical
one as well as its reverse takes place in a signal source or its receiver. Up to the present, the main
problem in constructing of all-optical networks is the lack of appropriate optical switchboards.
The present work describes the way of optical flows commutation based on the changing of an
optical fiber array conductivity.

Keywords: optical flow commutation; optical fiber array; conductivity of an optical fiber; power
distribution; amplitude-phase distribution.

BBE/IEHUE

Hayuno-texuuueckuii mporpecc Ha pybexe XX—XXI BekoB crnocoOCTBOBA PEBOIIOIUOHHBIM
U3MEHEHUsM B 00JacTH HHQOpMATH3alMM BCEX CTOPOH >KM3HM Jrojei. UenmoBeuecTBO MNpUILIO K
OCO3HAHMIO TOTO, YTO UMEHHO HHPOPMALIMOHHAs cdepa ero AeATeIbHOCTH CErO/IHs ONpeesieT YPOBEHb
COLIMAJIbHO-TIOJINTUYECKOT0, JKOHOMHMYECKOTO U KYyJIbTYpHOTO pa3BuTUs oOmiectBa. B ob6mactu
roCyJapCTBEHHOT0, BOGHHOTO U (PMHAHCOBO-?)KOHOMHMYECKOTO yIpaBJIeHUsI HHPOPMALUs CTajla TAKHM Ke
CTpaTermueckuM pecypcoM, Kak martepuanbl U sHeprus. OT 3hPexkTUBHOCTH OpraHHU3aIlMi MPOIECCOB
cbopa, HCIONB30BaHMS U 3AIUUTHl HHPOPMALMU 3aBUCUT >KU3HECHOCOOHOCTh MPEANPHUATUH H
OpraHu3aIi, KOPIopaun U HEeJbIX TOCYAapCTB.
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B Poccun OypHbIME TeMIIaMH pa3BHBAIOTCS KOPIIOPATUBHBIC U BEJJOMCTBEHHbIE HH(POPMALIMOHHBIE
uHppacTpykTypsl. [locTOssHHO TOBBIIAIOTCS TpeOOBaHUS MO YCTOMYMBOCTH M 0OE30MaCHOCTU
UH(POPMALIMOHHOTO OOMEHA B HUX.

CnocoOCTBYIOT MOCTPOCHHIO COBPEMEHHBIX BBICOKOIPOU3BOIUTENBHBIX TEIEKOMMYHUKAIIMOHHBIX
CHCTEM YCIIEXH B OOJIACTH BBIYMCIUTEIHHON TEXHUKU U JOCTHKCHHS ONTHYECKUX TEXHOJIOTUH Tepe1adn
uHpopManuu. C KaXIbIM HOBBIM IOKOJEHUEM KOMIIBIOTEPOB COBEPIICHCTBYIOTCS BO3MOXKHOCTH IO
o0paboTke W mpezacTaBicHU0 MHPopManuu. IlpuMeHeHne CpeacTB ONTUYECKOH CBSA3H CIIOCOOCTBYET
YBEJIMUYEHHUIO KOJIMYECTBA U KaUeCTBa MPEJOCTABIIEMbIX NHHOKOMMYHHUKAIIMOHHBIX YCIIYT.

OCHOBHAA YACTb

OCHOBHBIM HAIIPaBJICHUEM PEKOHCTPYKLIMM CETEH CBSA3M SBISETCS IEPEX0] K TEXHOJOTUU
MyJIbTHILIEKCHpOBaHus mo aauHe BoiHbl (Wave Division Multiplexing, WDM), kotopast obecrieunBaeT
MYJIbTUIJICKCHPOBAHWE MHOXECTBAa JUIMH BOJH B oaHoM BojokHe. Cucremsr WDM u OGonee
coBepuieHabie Dence WDM (DWDM) yBenn4uBarOT MPOMYCKHYIO CIIOCOOHOCTH MyTEM PacIpeac/ICHuUs
BXOJSUIMX  ONTHYECKUX CUTHAJIOB IO  ONpPENEJICHHBbIM JUIMHAaM BOJH U HOCIEAYIOLIEro
MYJIbTUIIJIEKCUPOBAHUS 3TUX CUTHAJIOB B BUJIE€ €IMHOTO HU(PPOBOrO NOTOKA B OJTHOM BOJIOKHE.

Buenpenue texnonoruu DWDM sBnsercs BaXHEWIIUM LIaroM Ha IyTH HNOCTPOEHHUS MOJIHOCTBIO
ONTUYECKUX TPAHCIIOPTHBIX CETEH, MOJy4yUBIINX Ha3BaHHE (POTOHHBIX ceTeil. POTOHHAS CETh SIBIACTCS
CETBIO CBS3H, B KOTOPOI MH(POpMALIHA TIepeIaeTCs TOJIBKO B JOPME ONTHYECKOTO CUTHAA.

Jnsa peanuzauuu GOTOHHOM ceTH HEOoOXOAMMO 00ECleYUTh HAJIWYMEe KOMIIOHEHTOB, BKJIIOYas U
KOMMYTallMOHHBIE CUCTEMBI, CIIOCOOHBIX 00padaThiBaTh TOJIBKO ONTHYECKHE curHaiel. [IpeobpazoBanue
ONTUYECKOT0 CUTHaJla B AJIEKTPUUYECKUI 1 0OpaTHOE MpeoOpa3oBaHUE JIOMYCTUMO TOJIBKO B HCTOYHHUKE U
npueMHuke. Ha ceropHsiiHui 1eHb OCHOBHOW MpoOJeMOl B CO3JaHMM IOJHOCTHIO ONTUYECKUX CETEH
0CTaeTcs CO3/IaHNE COOTBETCTBYIOIUX ONTUYECKMX KOMMYTaTOPOB.

[Tporpeccom B 3TOH 007acTH MOYKHO CUMTATh IPOEKT IPYIIbI UCCen0oBaTeNeld U3 1abopaTopuu
Laboratoire Kastler Brossel-LKB (ITapwk, ®pannus), koropsie 23 cenrsops 2016 roma omy0MKoBain
paboty [1], onuceiBaroIyt0 BO3MOXHOCTh CO3JaHMS «aTOMHOIO 3€pKajla» IyTeM MO3ULMOHUPOBAHUS
XOJIOJHBIX aTOMOB I1€3Usl B OITOBOJIOKHE. B 3KCHepuMEHTaIbHON YCTaHOBKE YYeHble JOOMINCH
oTpaxkenus 75% manarommx GoToHOB OT KOHCTpYKIUHU U3 2000 atomoB. Mcxo/is u3 yClIoBUid OTpaKeHUs
Bynbda-bperra, aromsl ObUTH pacroyiokeHbl B HMHTEP(PEPEHLIMOHHYIO KOHCTPYKIHMIO C TOMOIIbIO
OJTHOMEPHBIX 0030HHBIX BOJIHOBOJIOB [2].

Bocnonb3oBaBimmck npeiaraeMoil TeXHOJOTHEeH (QUIbTpAlMM CTAHOBUTCS BO3MOXHO ONMCATh
MACCUBHBIA 3JIEMEHT, OOECHEeUMBAIONIIMN BO3MOKHOCTh KOMMYTAllMM ONTHYECKUX CHTHAJIOB 0e3 uX
npeoOpa3oBaHus B 3JEKTPUUECKUIN BUI.

B kagecTBe mpoTOTHIIA TACCUBHOTO 3JIEMEHTAa UCHOJB3YETCSI MUKPO-ONTO-3JIEKTPO-MEXaHUUeCKas
cucrema (Micro-Opto-Mechanical Systems, MOEMS), BeimosHsIroOIIas CIIOKHBIC OMEPAI[MH CO CBETOBBIM
Jy4OM: TIOJTHOE OTpa’keHue, AUPPaKIMsi, MPOCTpAHCTBEHHAas opueHTauus. OCHOBHBIM 3JEMEHTOM B
JAHHOM DJIEMEHTE CIYXHUT 3€pKajo (CHUCTeMa 3epKai), BBINOJHAIOLIEE OTPaXEHHE Jyda M €ero
NepeHalpaBlIeHUe 3a CYET HW3MEHEHHUs CBOEro IMoyiokKeHus B mpoctpaHcTBe. CoBmecTHas paboTa
HECKOJIBKUX 3€pKajl IMPHBOJ K BO3MOXHOCTH OOECHEYNTh BBIBOJA ONTHYECKOIO Jy4ya Ha Pa3JIMYHbIE
BBIXOJIBI, PEKUM KOMMYTalWW. BeimonHenue ycrnoBuii cormacoBanus Beixoma MOEMS wu topua
NpUEMHOr0 cBeTooBoJa obecreunBaeT (unbTpanuio [3]. Takum oOpa3oM, (opMHUpOBaHHE «aTOMHBIX
3epKajl» B KayecTBE KOJUTUMUPYIOUIMX 3J€MEHTOB [4], ymnpaBieHHe UX OpMON U PacCTOSHUEM MEXIY
aToMaMM, a TaK e IPOBOJUMOCTbIO MPHUEMHBIX CBETOBOJOB, IIO3BOJIUT peaTn30BaTh 3JIEMEHT,
BBIMOJHSIONINN KOMMYTAlUIO ONTUYECKOTO curHana. [Ipm 3ToM B KayecTBe YNpaBISIOIIErO CUTHajla
BBICTYIIAET JIOTIOJIHUTENBHBIN JIy4, (OPMUPYIOIIHIA AUTOJIBHYIO JOBYIIKY JUIsl XOJOJHBIX ATOMOB.

Bre 3aBucumocTtH OT croco0a 0O0paOOTKH ONTUYECKHX TOTOKOB, MOIIHOCTH, MOCTYIAKOIIas B
Harpy3Ky ONTUYECKOM pemeTku, cocrosmeii u3 N CBETOBOLOB ompenesnseTcs CyMMOM MOLIHOCTEH OT
KaXKJ0r'0 U3 CBETOBOJIOB C YYETOM €r0 BECOBOT0 KOA(PGUIIMEHTa WU APYTUMH CIOBaMHU — KO3 pUIIueHTa
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neneHus. B cBoro odepenb, KOIPGUIUEHT MACTEHUS ONPENENsIeTcs OOBEKTUBHBIMH YCIOBHSIMH
00paboTKH, T.e. KOHCTPYKTHBHBIM pPELICHHEM caMON OOJydarollel peleTkd, MECTOM €€ YCTaHOBKHU U
pacmnpeneeHneM KOMIUIEKCHBIX KO3 UIIMEHTOB BO30YXKICHHSI CBETOBOJOB — aAMILTUTYIHO-()a30BBIM
pacrpezieieHueM ¢ y4eToM Ko3((UIIMEHTOB CBA3M MEXIy CBETOBOJAMH, B TOM YHUCJIE IO TUIIAM BOJH
(MOzam), KaK MEXy CBETOBOJIaMH, TaK U B OJJUHOYHOM CBETOBOJIE.

OueBuaHoO [5], pacnpesesnenrne MOIHOCTH Ha BbIXO/I€ CyMMAaTOpa rPYIIIbl 3JIEMEHTOB (CBETOBOIOB)
ONTHUYECKOMN PELIETKH, 3aICICTBOBAHHOM ISl BBIACIECHUS ONTUYECKOTO MOTOKA 3aJaHHOM JUIMHBI BOJIHBI

AMEET BUI:
N

F(6.£)=2W,(2.6.5) rae vvn(ﬂ,e,(f)=i:lﬁ—\rp(ﬂ,e,éxz); (1)

W, (1,0,5) — BecoBoll kod(hdummeHT cBeroBoma (N-ro KaHama); Fp(ﬂ,,é?,f) — ko3¢ dunmeHt
OTpaKeHHs P-ro CBeToBojga (dJEMEHTa TIPYIIbl CBETOBOJOB) TNpuU  (GOPMUPOBAHHUH N -TO
IPOCTPAHCTBEHHOTO HATPABJICHHS, ONpeenseMoro yruamu (@, &) cdepuueckoii cHCTEMbI KOOPIMHAT B
3aBMCHMOCTH OT JUIMHBI BOJHBI (A) 0OpaGaThIBAEMOro ONTHYECKOTO IOTOKA. B CBOI0 Ouepess,

KO3 (OUIHEHT OTPaKCHHsI CBETOBOJAA OMPEIENISIETCS uYepe3 MPUBEACHHYIO MPOBOJMMOCTH CBETOBOJA
Y ynn(4: 0, &) usBecTHBIM coOTHOMIEHUEM [6, 7]:

_ |1_Ypmn(/1707 §)|2
LY, (4,6,8)]

(2.6, )

I[IpuBeeHHAs TIPOBOAMMOCTD OAMHOYHOTO cBeToBoma Y (A,0,&) BeIpaxkaeTcs yepes aMILIUTY/IbI

pmn

najaronien Agm U OTPaKEHHOMN Bgm OT €ro pacKpbiBa BOJH 00pabaThIBa€MOr0 ONTHYECKOI0 MOTOKA [0,

n n

8]:
Ahmn - man
Yo = B, @

pmn pmn

TakuM oOpa3om, A TOTYy4YEHHUS KPUTEPHUS anropuTMa oOpabOTKHM ONTHYECKUX IOTOKOB C
UCIIOJIb30BAHUEM OINTHUYECKOH PEMIeTKH HEOOXOJAMMO TOJIYYHTh COOTHOIICHHE, OMNpEIeIISIoNIee
MPUBEICHHYIO MPOBOAMMOCTh CBETOBOJIa ONTHYECKON PEIIeTKH C y4eTOM Kod()(PHUIIMEHTOB B3aMMHON
CBs3H Me)KI[y €€ DJICMCHTAMU U TUIIAMHU BOJIH B KAXKJI0M N3 DJICMCHTOB U Me>1<)1y HHUMMUA.

[TpeneOperast BBICIIUMHU MOJaMH (THIAMH BOJH) HA TOM OCHOBAHHH, YTO BKJIQJ BBHICIIUX THUIIOB
BOJIH B ITPOBOJIMMOCTD ONTUYECKOTO CBETOBOJIA HE3HAYUTEJICH U COCTABIIsICT BEIUUYHHBI HE Oosee 2% 1o
monymo u 1,6 % mo ¢asze, Kak A1 OAMHOYHOTO CBETOBOJIA, TAK U BXOJMAIIETO B CUCTEMY CBETOBOJOB,
TOJTYYHM:

_ (A1h01_Blh01)_ 1 71203- c! _pD! n 1 y
0= =7 110110 110110 -
(A1h01 + Blh01) 14y, 51% a 7 147, 512) a (A1h01 + B1ho1)

N 2
Yo @
X z (AlhOp + BlhOp ) 172_ C 1|10p10_ D 110 p10 |- 4)
p=2

Jlyiss mpOM3BOJIBHOTO CBETOBOJIA C HOMEPOM P’, BXOJSINEro B ONTHYECKYH pemietky u3 N
CBETOBOJIOB, COOTHOIIIEHUE (4) 3amuIIeM B BUJIE:

1 yha 1
Y. = w-oc! D + X
p'10 i47/10 §1h0a p'10 p10 p'10 p10 i4710 51hoa (AlhOp’ N BlhOp’)
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N 2
Y10 @
X Z (AlhOp + BlhOp ) % C Ip’lOplO_ D Ip'10p10 . (%)

p=1 (p=p)
HpH MICHTUYHOCTH HCHOJHCHUS ONTHYCCKHX CBCTOBOJOB M HX PACIHOJIOXKCHHS B CHCTEMEC —
. o e h e N I
OIITHYCCKOM PCIICTKE, a TAKXKE pacHpeACIICHUS MOJEH B CETOBOAAX (l//axyl//by,l//axyl//by,) mir C p10p1o0 4

(l//t?y"//;;":”g;' ) s D Ip'lo b0 3 (5) momyamnm:
N
2. (Agp +Biop )

_ 1 }/120aC', D' 14 2= _ (6)
{4y, dha | M T (At +Blby)

p'10

O‘ICBI/II[HO, Yp'lO OIPCACILICTCA KOMIUIECKCHBIM CYMMAPHBIM I10JIEM, HaBOJUMBIM B paCKpbIBax

CBETOBOJIOB ONTHYECKOW pemeTku. llepBoiii MHOXUTENb (6) 3aBUCUT OT 3JIEKTPUUECKHX pPa3MepoOB
CBETOBO/Ia U SIBJISIETCS MOCTOSHHBIM KO3 PUIIMEHTOM Ha (UKCUPOBAHHOM JJTUHE BOJIHBI, BTOPOW 3aBUCUT
OT CTPYKTYPBI ONTHYECKOW PEHIETKH, €€ TEOMETPUH U OmpeaesseTcs KodpUIIEeHTaMi B3aUMHON CBSI3H
MEXJy AJIEMEHTaMHU [JIsl YYUTHIBAEMOIO THIIA BOJHBI, TPETUH OMpENeNseT pPeaklni0 CBETOBOJA Ha
COOTHOIIIEHUE PACTIPE/ICTICHUS aMIUIUTY U (a3 MmaJaroneld 1 OTpaKeHHOH BOJH B OCTAIBHBIX AJIEMEHTaX
ONTUYECKOI PEIIeTKH.

B coorHomennn (5) €IUHCTBEHHBIM COMHOMKHTENIEM, KOTOPBIH MOXET OBITh MOJBEPTHYT
BapHAaTUBHOMY W3MEHEHMIO B MPOLIECCE YMPABICHHUS BEIMYMHOW MOIIHOCTA HAa BBIXOJE ONTHYECKOMN
PEIIETKH WJIM TPYIIBI €€ 3JIEMEHTOB 0€3 MEXaHWYECKOro M3MEHEHHsT KOHCTPYKTUBHOTO HCIOJHEHWUS,
ABIISIETCS. TPETUH — COMHOXKHUTEINb, 3aBUCSIIUNA OT COOTHOUICHHS KOMIUIEKCHBIX aMIUIUTY[ MOoJIel B
DJIEMEHTaX M ONpEleNsieMblil aMIUINTYIHO-(a30BbIM paclpeesieHueM BO30YKIEHHUSI ONTUYECKON
peIIeTKH ¢ y4eToM K03 (UILIMEHTOB B3aUMHOM CBSI3U MEXK/y CBETOBOJIAMHU.

3AK/IIOYEHHE

Takum 00pa3om, MPEIJIOKEHHBIA MOAXO0/ MO3BOJSET OMUCATh MPHUHIIMI KOMMYTAIlMH Ha OCHOBE
U3MEHEHHUs  TMPOBOJMMOCTH  TPUEMHBIX  CBETOBOJOB  OMNpEAENSEeMBbI  aMIUIUTYIHO-(Pa30BbIM
pacripeieiecHueM BO30YKJIEHUSI ONTUYECKOW PEIIETKH. Y CTPOMCTBO MCIOJB3YIONIEE JAHHBIN MPUHITUI
KOMMYTAallMd TO3BOJIUT BBIMOJIHATE IEPEPACIPENCICHUE ONTUYECKUX ITOTOKOB B BBICOKOCKOPOCTHBIX
ONTHYECKUX CETsIX 0€3 BBHIMOTHEHUS TPEoOpa30BaHUsI ONITUYECKUNM CUTHA — AJIEKTPUIECKUN U oOpaTHOE.
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