ninkchopMaunoHHBIE

KOMMJIEKChIgNICUCTEMDbI

01113(?15

111320 310101

(100

0 330101((
110101001001

0100100001101
0010010

0111 r n
Electrlcal and dat “
pmcessmg facllltles i

dfsystems

NeXIS. 11, 20151" m

JEKC!




IANNEKTPOTEXHNHECKVIE

/I IHOOPMALIVIOHHBIE =&
KOMIMMEKCHI V1 CUCTEMBI UL

Y®OVIMCKII TOCYOAPCTBEHHbBIV YHVIBEPCUTET 3KOHOMUIKIA 1 CEPBVICA Vryac

Ne 1, T 11, 2015
Kypnan ocuosan B 2005 roxny. Beixonut 4 pasza B roa.

Yupenureanb

MuHHCTEPCTBO 00pa3oBaHus U Hayku PO

DenepanpHOe roCcyIapcTBEHHOE OIOIKETHOE 00pa30BaTeIbHOE YUPEKACHHE BBICIIEro 00pa3oBaHust «Y GUMCKHUNA
rOCYIapCTBEHHBIN YHUBEPCUTET SKOHOMHKH U CEPBHCA»

Kypnan BrimtoueH B «IlepedeHb perieH3upyeMbIX Hay4YHBIX JKYPHAJIOB M U3JaHUH I OMyOIMKOBAaHHSI OCHOBHBIX HAYYHBIX

Ppe3yIbTaToB JuccepTaluiny (peleHue npesuauyma Beiciieit arrectaiimonHol komuccuu ot 2 Mapra 2012 roza).
MexnyHapoIHblil cTaHgapTHBIN cepraabHblidi Homep ISSN 1999-5458.

PenaknuonHasi KoJu1erus: «Y puMCcKuit rocy1apCcTBEHHBIN

I'maBHBI pegaxTop: YHUBEPCUTET 3KOHOMHKH U cepBuca» (Poccus, 1. Ya) i
C.B. lllanupo — 1-p TexH. Hayk, npod. PI'BOY BO M.A. YpakceeB — 1-p TexH. Hayk, npod. PT'BOY BO

«Y puMCKUH TOCYIapCTBEHHBIH YHUBEPCUTET SKOHOMUKH «Y ¢pumMckuii rocyapcTBeHHBIN aBUALIMOHHbIH

u cepsuca» (Poccus, . Va) i TexHuueckuil yausepcuret» (Poccus, r. Ya) i
3aM. IaBHOTO peAaKTopa: H.A. ®eokTuctoB — 1-p TexH. Hayk, npod. DI'BOY

111.3. BanueB — kaHA. TEXH. HAayK, A-p 9KOH. HayK, Mpod. BO «MocKoBCKHi rOCY/1apCTBEHHbIH YHUBEPCUTET

OI'BOY BO «VY dumckuii rocyaapCcTBEHHBIH Jm3aiina u rexHonorun» (Poceus, . Mocksa)

YHUBEPCHUTET 3KOHOMHUKH 1 cepBuca» (Poccus, . Ya) i &.0. Xu30ymmiH — A-p XuM. Hayk, npod. PI'BOY BO
YneHbl peJaKIHOHHON KOJLJIETHH: «Y puMcKnil TOCyIapCTBEHHBI YHUBEPCUTET

B.M. ApTIOIIEHKO — A-p TEXH. HayK, Mpod. 9KOHOMUKH U cepBuca» (Poccust, . Ya) i
I'BOY BO MO «®uHaHCOBO-TEXHOJIOTHYECKAst I1.1. YepeaHHU4EHKO — J-p TEXH. HAYK, Ipod.

akazemusd» (Poccus, . Mocksa) i YUepHHUTOBCKOTO TOCYAAPCTBEHHOTO TEXHOIOTHYECKOTO

B.M. T'opuikoB — -p TexH. Hayk, npod. PI'BOY BO yuuBepcureta (YkpauHa, . YepHHIOB) -
«IToBOMKCKHI roCcynapCTBEHHbIH YHUBEPCUTET B.A. lllabanoB — kaHz. TexH. HayK, mpod. PI'BOY BO
cepuca» (Poccus, r. TonpsiTTH) i «Y puMcKnil rocyaapcTBeHHBIA HEPTIHON

M.IO. JlonomaroB — i-p XuM. Hayk, npod. ®PI'6OY BO TexHnuecknil ynusepcuret» (Poceus, r. Ya) i
«¥Y (puMCcKuit rocy1apcTBEHHBIN P.Bb. Slpymnnun — 1-p TexH. Hayk, npod. PT'BOY BO
YHUBEPCHUTET 3KOHOMHUKH 1 cepBuca» (Poceus, . Ya) i «¥Y puMcKuit rocyapCTBEHHBIN YHUBEPCHTET

B.I. KpbIMckuii — I-p TeXH. HayK, Ipod. 9KOHOMUKH U cepsuca» (Poccus, 1. Yda) i
OI'BOY BO «Y dumckuii rocyaapCTBeHHbIH W. 3unmane — n-p TexH. Hayk, mpodeccop Prkckoro
YHUBEPCUTET SKOHOMHUKH U cepBucay (Poccus, . Ya) i TEXHUYECKOT0 YHUBEPCHUTETA, SKCIIEPT HAyYHOT'O COBETa

B.I. Kymnup — n-p TexH. Hayk, npod. Kocranaiickoro JlarBuiickoit akanemuu Hayk (JlarBus, 1. Pura) =
rOCyIapCTBEHHOTO YHUBEPCUTETa UM. AXMeTa I'J1. Teoprues — a-p TexH. HayK, IIpenojiaBareb
baiitypceinona (Kaszaxcran, . Kocranait) E Texunueckoro ynusepcutera (bonrapus, r. BapHa) i
C.B. [1aBnoB — a-p TexH. Hayk, npo¢. PI'BOY BO W.B. IlenTeroB — 1-p TeXH. HayK, Ipodeccop, Bell. HAYYHbII
«Y GUMCKHIi roCyIapCTBEHHBII aBUAIIMOHHBIA TeXHHIECKUI cotp. MucTutyTa 3nexkrpocsapku uM. E.O. ITarona
yruBepcure» (Poccus, . Va) i HanuonansHol akaneMuu HayK YKpanHbl

P.P. Caur — 1-p TexH. HayK, Ipod. (Ykpauna, 1. Kues) L
OI'BOY BO «VY pumckuii rocynapcTBeHHbINH b. BpynHuk — 1-p TexH. HayK, Bel. Hay4H. cotp. Tenp-
YHUBEPCHUTET 3KOHOMHUKH 1 cepBuca» (Poceus, . Ya) i ABusckoro yausepcureta (M3pauip, r. Tenb-ABuB)
I1.C. CepenxoB — a-p TexH. Hayk, npod. beropycckoro

HAIMOHAJIEHOTO TEXHUYECKOTO YHHBEPCHUTETA OTBeTcTBeHHBIN cekperapb: A.A. Myxamanues
(Benopyccust, . MUHCK) . Texauueckuii penakrop: C.C. Hekpacosa

A.®. PomaH4eHKo — JI-p TexH. HayK, npod. DI'BOY BO
TToammcka BO BCeX OTJACNCHHX CBsi3H: HHeKe 91824 B o6benuenHoM Karaiore «IIpecca Poccrny.
Kypuaun BkitoueH B Poccuiickuii nnziexce Hay4gHoro rutiposanus (PUHIL).

JlocTyn 1 TIOANKMCKA Ha 2JIEKTPOHHYIO BEPCHIO XKYpHalla — Ha caiiTe Www. ugues.ru
CBHUJIETETBCTBO O PETUCTPAIMH CpesicTBa MaccoBoit nupopMarmu ITH Ne @C77-56127 ot 15.11.2013 1. Beano PenepalbHoii ciryx00ii o Haa3opy
B cd)epe CBA3H, HHq)OpMaL[I/IOHHBIX TEXHOJIOTHH U MacCOBBIX KOMMyHI/IKaL[Hﬁ (POCKOMHa}ISOp).

© YuMckHit rocy1apcTBEHHBIH YHHBEPCHTET SKOHOMHKH U cepBuca, 2015
Anpec penakunn: 450078, PecriyGnika Bamkoprocras, T. YVa, yiu. Yepnsimesckoro, 145.
Ten.: +7 (347) 228-91-38.

Toxmucano B nevars 25.03.2015 1. ®opmar 60x80 ¥, . [Tears opeernas. Yeu. neu. 1. 8. Tupax 1000 ox3. 3aka3 Ne 16.

l'[epenel{aTKa MaTrepualion, OHyGIII/IKOBaHHLIX B JKypHalie ((BHSKTPOTCXH"‘ICCKHC " "H(bopMaL[HOHHB]C KOMIUIIEKCHI M CUCTEMBI», JIOITYCKACTCs TOJIBKO
C MUCbMCHHOTO pa3peIICHUs PEAAKIINN.

MaTCpHaJ'ILI TIPUBOJIATCA B aBTOpCKOﬁ peaaKkuun.

Touka 3pEHUA PEAAKIIMN HE BCCrla COBIIAZACT C TOYKOM 3pEHHs aBTOPOB ny6nm<yeMHx crareii.



ELECTRICAL AND DATA O
PROCESSING FACILITIES " 1/]]
AND SYSTEMS

UFA STATE UNIVERSITY OF ECONOMICS AND SERVICE U S U ES

Ne 1, v. 11,2015
The journal was founded in 2005. Issued 4 times a year.

Founder:

Ministry of Education and Science of the Russian Federation

Federal government budgetary educational institution of higher education
"Ufa state university of economics and service"

The journal is included in "The list of reviewed scientific journals and editions for publication of the main scientific results of
theses" (decision of the Highest certification commission presidium of March 2, 2012).
International standard serial number ISSN 1999-5458.

Editorial board: A.F. Romanchenko — Dr. Sci.Tech., prof. of
Editor-in-chief: FSBEI HE Ufa state university of economics
S.V. Shapiro — Dr. Sci.Tech., prof. of FSBEI HE and service (Russia, Ufa) i
Ufa state university of economics and service M.A. Urakseev — Dr. Sci.Tech., prof. of FSBEI HE
(Russia, Ufa) i Ufa state aviation technical university (Russia, Ufa) i
Deputy editor-in-chief: N.A. Feoktistov — Dr. Sci.Tech., prof. of FSBEI HE
Sh.Z. Valiev — Cand. Sci.Tech., Dr. Sci. Econ., prof. of Moscow state university of design and technology
FSBEI HE Ufa state university of economics and service (Russia, Moscow)
(Russia, Ufa) i F.F. Hizbullin — Dr. Sci.Chem., prof. of FSBEI HE

Ufa state university of economics and service
Members of an editorial board: (Russia, Ufa) i
V.M. Artyushenko — Dr. Sci.Tech., prof. of SBEI P.I. Cherednichenko — Dr. Sci.Tech., prof. of Chernigov
HE MR Financial and technological academy state technological university (Ukraine, Chernigoy) B

(Russia, Moscow)

B.M. Gorshkov — Dr. Sci.Tech., prof. of FSBEI
HE Volga region state university of service

(Russia, Tolyatti)

M.Yu. Dolomatov — Dr. Sci.Chem., prof. of
FSBEI HE Ufa state university of economics

and service (Russia, Ufa)

V.G. Krymsky — Dr. Sci.Tech., prof. of FSBEI HE
Ufa state university of economics and service

V.A. Shabanov — Cand. Sci.Tech., prof. of
FSBEI HE Ufa state petroleum technological
university (Russia, Ufa)

R.B. Yarullin — Dr. Sci.Tech., prof. of FSBEI HE
Ufa state university of economics and service
(Russia, Ufa)

1. Zicmane — Dr. Sci.Tech., prof. Riga Technical
University, expert the Latvian Council

of Science (Latvia, Riga)

i Tri
innil

(Russia, Ufa) G.D. Georgiev — Dr. Sci.Tech., lecturer Technical

V.G. Kushnir — Dr. Sci.Tech., prof. of Kostanaysky university (Bulgaria, Varna)

state university of Ahmet Baytursynov L.V. Pentegov — Dr. Sci.Tech., prof., leading

(Kazakhstan, Kostanay) [ researcher the E.O.Paton Electric Welding Institute

S.V. Pavlov — Dr. Sci.Tech., prof. of FSBEI HE of the National Academy of Sciences of Ukraine

Ufa state aviation technical university (Russia, Ufa) i (Ukraine, Kiev) ]
R.R. Safin — Dr. Sci.Tech., prof. of FSBEI HE Ufa B. Brudnik — Dr. Sci.Tech., leading researcher

state university of economics and service of Tel Aviv University (Israel, Tel Aviv)
(Russia, Ufa) i

P.S. Serenkov — Dr. Sci.Tech., prof. of Byelorussian Assistant editor: A.A. Mukhamadiev

national technical university (Byelorussia, Minsk) - Technical editor: S.S. Nekrasova

Subscription is available in all post offices: Postal code 91824 in the integrated catalog of the "Russian Press".
The journal is included in the Russian Index of Scientific Citing (RISC).

Access and subscription to the electronic version of the journal is available on the website www. ugues.ru.
Mass media registration certificate PI Ne PHS 77-56127 from 15.11.2013 given by Federal service of supervision in the scope of communica-
tion, information technologies and mass media.

© Ufa State University of Economics and Service, 2015
Publisher's address: 145 Chernishevskiy St., 145, Ufa, 450078.
Ph.: +7 (347) 228-91-38.

Signed for printing 25.03.2015. Format 60x80 /; . Offset printing. 8 printed pages. Circulation is 1000 copies. Order Ne 16.

The text of journal "Electrical and data processing facilities and systems" may be quoted with written permission of the publisher only.
Content is published as provided by authors.

Publisher's view may be different from that of the authors of the articles.



COOEPXAHUE

BHCRTPOTCXHH‘ICCKI/IC KOMIIJIEKCBI 1 CUCTEMBbI

Ocopenxoe B.U., Tamesocan A.C., [lumonosa V.B., [lonaxoe J.A. DkciepuMEeHTaIbHOE UCCIIEIOBAHNE
U MaTeMaTH4YeCKOe MOJICINPOBAHUE TUHAMUKH DJIEKTPOMATHUTA MOCTOSTHHOTO TOK ... euveuverteneenreneeneeneeneeneeneeseaseaseaneanes 5

Xaxumvanos M.U., Cupaes P.M., Kpvinos A.O. ViccnenoBaHue BIMSHUS HA SHEPrONOTPeOJICHHE CKBAKHMHHBIX
HACOCOB TEXHOJIOTMYECKUX U IKCIUTYATALHOHHBIX HAPAMETPOB ...ouvveurevetenrtenrerentesenneresesenseneaseneasenessensesessesensenessenesnens 15

Kywnup B.I, Kowxun U.B., I'atigpynnun 3. OnpenencHue CCUCHUS JIMHUI AISKTPONCPEadu B JICKTPHUUCCKUX
ceTax HanpsikeHreM 10 1000 B METOZOM aNMPOKCUMAIIMH JTAHHBIX ...c..eeuveetteteereeieaitenteetenieestesieessenieessesseessesseensesseenne 20

Apynaun P.5. O peryaupyeMoM JIEKTPOIPUBOAE TEXHUKU CEPBUCA ......eeurerieurinreenrenteentenieentenseenseessenseessenseenenseensenseenne 24

Cnasymckuii A.JI. MopienupoBaHue MepexoHbIX PEIKUMOB y3Jia HAPY3KU C ACHHXPOHHBIM JIBUTATEIIEM
B (DABHBIX KOOPIITHATAX ......veveenreeseenseeseasseeseasssassenseassesssansesseansesssensesssensesssensesssenssesseseensesseensesseensesseensesseesessesnsenseensenseenes 38

Kapabenvcrkasn U .B. ViccnenoBaHust 3J€KTPUUECKUX MOJIeH MOCTOSHHOTO TOKA B CUCTEMaX CO CIIOKHBIMU
TEOMETPUUECCKUMHU TTAPAMETPAME «..e.vteenereaureerureanseentteeteessseenseessseesseessseanstessseenstessseenseessseasstessteenstesaseenstesnseenseesnseenseesnses 45

Hcmaeunos @.P., Cammapos P.P., Iaticun B.M., I'ymeposa M.F., Anoponukos /].A. ViccnenoBanne XapaKTEPUCTUK
ABTOHOMHBIX HCTOYHHUKOB JIEKTPOIHEPT N HA OCHOBE (DOTODIICKTPUUIECKUX MOIYJICH B YCIOBUSX CPETHUX
LIHPOT POCCHI ..ttt ettt ettt et e et e bt e s et e e bt e e et e e bt e s e be e st e sab e e bt e eab e e bbeenseenbeesabeenaeesateas 52

Aunoe P.C., Axuypun C.B., Ilyeaues B.B. Maremarnueckasi MOAEIb BUOPOIIPUBO/IA C JINHEHHBIM aCHHXPOHHBIM
JIBHTATEIICM ...ttt ettt sttt et e st ese e s eaeeh e b ea et b e e e et s e s e s e e s e e e s e s es s e b e ea e eb e e bt eh e b e b sa et e e ae e et et e s e eaeeneeneeneenis 58

Jlonamun B.II, Humyxameodos M. K. CoBpeMeHHOE 3JIeTa30Boe IEKTPO0OOpyIOBaHUE MTOJCTAHIIII CHCTEM
ANEKTPOCHAOKCHUSI U OCOOCHHOCTH €TI0 IKCTLTYATAIIHIH ... ...vvevveenvenseenseeseenseassanseessesseensessesnsesseensesssensesseensessessenssensensennes 63

NudpopMannoHHbIe KOMIIEKChI U CHCTEMBI

Kosznosckuii B.H., [lebenog B.B., [Ibsinos M.A. DAEKTPOTEXHUIESCKUI 1 TPOrPaMMHBIN KOMITJICKC YIIPaBICHUS
JIBUTATEJIEM BHYTPEHHETO CIOPAHUS JIETKOBOTO ABTOMOOIIIS «.c.cveverenteneeuietteteeteetesieseeete st sae st sesee s ennenneneeneeneeueeneeseenes 73

Anopuanosa A.B., Mewrxos UK., Cynmanos A.X. I eHepaiis MHOTOKaHAJIBHOTO CBEPXITUPOKOIIOIIOCHOTO CUTHAIA
TITISE ROE CHICTEM ... e et e e e e e e e e e e e e e e e e e e et e e e e e e e e e e e e e e e e e e e e e as e s e s e s e eeaeees 84

3omos K.H., Kysneyos U.B., Canos A.C., Cumbupyesa /].C., Cmpenvnuxosa JI.B. PazpaboTka anropuTMoB
KJIaCTEpPHOT0 aHaJIM3a KOHICHTPAINHA A00HECHTCKUX YCTPOHCTB B CHCTEMAX MOOFITBHOM CBABH.....eevveeneenvianreeieneeeeanss 90

MeTtpoJiorusi 1 uHGOPMAITMOHHO-U3MEPUTEJIbHbIE YCTPOHCTBA

Vpaxcees M.A., Jlesuna T.M., [llamaes @.@., Kynsoun A.C. PazpaboTka BOJOKOHHO-ONTHYECKUX CHCTEM JIISI yUeTa,
MOHHUTOPHHTA U IIPOTHO3UPOBAHUS pabOThI BEICOKOBOJIBTHOrO 000pynoBanus B CYB/] ¢ web-untepdeiicom............ 97

@Dedocos B.A., Aseycmunosuu A.B. BubpoakycTrueckasi TEXHUKA sl ©3BMEPEHUS YPOBHS BUOpaIUK
HA TIPOMBBOMCTBE ...euveeuvveeuteenureenseenueeanteessseeseessseasseessseeseessseenseesssesnseessseenssessseenssssnseensessnsesnseesnseensseesseessseenseenseesnseeneesnse 103

HaHO3JIeKTp0HHKa U KBAHTOBbBIC I/IH(l)OpMaIII/IOHHI)Ie CUCTEMBbI

Jlenucosa O.A. OcOOEHHOCTH pacpOCTPaHEHUS YIIBTPA3ByKa B XOJECTEPUUECKUX KUIKUX KPUCTAIIAX .....vveenneen. 109

Jonomamos M.IO., Ilempos A.M., Peisicuxos O.JI., baxmuszun P.3. OcobennocTH (ha30BbIX IEPEXOI0B
«IUAIIEKTPUK-TIOIYTPOBOAHUKY» B MHOTOKOMIIOHEHTHBIX OPraHUUYECKUX CITMHOBBIX CTEKIIAX ..vveuvveenrieirernreenarenneeennns 117

0 ABTOPAX ...ttt ettt et ettt et esa b e et e e s bt e et e eshe e e bt e esteea bt e ea b e eabeesh et e a bt e bt e et e e e bt e ea bt e e hbe et e e ehbeenbe e bt e ebeennteenbeas 122



CONTENT

Electrical facilities and systems

Ogorelkov B.1, Tatevosyan A.S., Pimonova U.V.,, Polyakov D.A. Experimental research and mathematical modelling
of dynamics of the electromagnet of the dir€Ct CUITENT .......cc.ieiiiiiiiiiieiet ettt sneas 5

Khakimyanov M.L, Siraev R.M., Krylov A.O. Research of influence energy consumption for well pumps technological
ANA OPETALIONAL PATAIMICTETS ....evvivieeiiitieeieiteete et ete et eteeteebeeteebeess e seesseseessesseessesseessesseessesssessesssesseassesseessesseessenseessesseenes 15

Kushnir V.G., Koshkin 1.V, Gaifullin G.Z. Definitions cross sections power lines in electric networks with voltage

up 1000 V method of approximating the data............ccieiiiiiiiii e eneens 20
Yarullin R.B. About the regulated electric drive of technology Of SEIVICE.......vevivieriieieiieieie e 24
Slavutski A.L. Modeling transients in the load nodes containing the induction motors in phase coordinates................ 38
Karabelskaya 1.V. Research the electric field of direct current systems with complex geometric parameters................ 45

Ismagilov F.R., Sattarov R.R., Gaisin B.M., Gumerova M.B., Andronikov D.A. Study of characteristics autonomous
sources of electricity from photovoltaic modules under midlatitudes RUSSia ..........cccccvevviviieviiiieiiiieieciceeeeeeee e 52

Aipov R.S., Akchurin S.V., Pugachev V.V. Mathematical model of vibratory drive with linear induction motor ............ 58

Lopatin V.P., Ishmukhamedov J.K. Modern gas-insulated substations electric power systems and its operating
EATUTES ...ttt ettt ettt h et b bbb bbbt bbbt h et h e bbbt b e a et b et b et b et b e 63

Data processing facilities and systems
Kozlovskiy V.N., Debelov V.V., Pianov M.A. Electrical and software internal combustion engine control car ............... 73
Andrianova A.V., Meshkov LK., Sultanov A.Kh. Multichannel ultra-wideband signal generation for RoF systems ....... 84

Zotov K.N., Kuznetsov L.V, Salov A.S., Simbirtseva D.S., Strelnikova L.V. Development of algorithms for
analyzing the concentration of a cluster of subscriber devices in mobile communication SyStems. ..........ccccecerererennns 90

Metrology and information-measuring devices

Urakseev M.A., Levina T.M., Shamaev F.F., Kuliabin A.S. Development of fiber-optic systems for recording,
monitoring and forcast of high-voltage equipment operation in DBMS with web-interface...........c.ccoooevveniniciinnennenns 97

Fedosov V.A., Avgustinovich A.V. Vibro-acoustic technique for measuring the vibration level at the enterprises........ 103

Nanoelectronics and quantum data systems
Denisova O.A. Features of ultrasound propagation in cholesteric liquid crystals..........ccoecveviieiierieiieniiieeeee e 109

Al

Dolomatov M.Yu., Petrov A.M., Ryjikov O.L., Bakhtizin R.Z. Features of the phase transition "insulator-semiconductor’
in multicomponent Organic SPIN LASSES......eeruiiieriiiietiei ettt ettt et ettt es et e e e et e e e ene e teeneenaeeneas 117

ADOUL the AUEROYS ... et e e et e e e e et e e e e e eateeeeeseetaaeeeeeeaaaeeeeeeanareeeeeeanntes 124



Electrical facilities and systems

AJNEKTPOTEXHUYECKHUE KOMIVIEKCBI 1 CUCTEMbI
ELECTRICAL FACILITIES AND SYSTEMS
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IKCIIEPUMEHTAJIBHOE NUCCJIEJIOBAHUE
N MATEMATUYECKOE MOJAEJIUPOBAHUE INHAMUKHN
SJIEKTPOMAT'HUTA NIOCTOAHHOI'O TOKA

B cratbe paccMaTpuBaoTCs pe3yNbTaThl KCIIEPUMEHTAILHOIO MCCICOBAHUS JMHAMUYCCKIX XapaKTepu-
CTHK 3JIEKTPOMAarHuTa OCTOSHHOTO TOKA Ha pa3pab0TaHHOM J1a00paTOPHOM CTEH/IE, HO3BOJISIOMIEM 00€CIeUuTh
CHSTHE BPEMSTOKOBOW XapaKTEPUCTUKH U U3MEPEHUE BPEMEHH CpadaThIBaHHS MPH BKIOYEHUH/OTKIIOYCHUU
JJIEKTPOMArHUTa ¢ BLICOKOH TOYHOCTBIO M3MEPEeHUH Onaronaps ucrnonb3oBanuio USB-ocimmiorpada u 16-6ut-
HOTO TaiiMepa MUKpoKoHTpoiiepa AVR Atmega 16, 3anporpaMmmMupoBaHHOro Ha padoty ¢ yactotoi 125 x['u. B
KadecTBe IpruMepa 00BEKTOM HCCIICAOBaHMS Ha JTa0OPaTOPHOM CTEHJE SIBIISIETCS MalorabapuTHBIA KOHTAKTOP
cepuu. [IpuBoAKMTCS MPUHIIUITHATBHAS YJIEKTPUYECKast cXeMa JJabopaTOPHOTO CTeHIa M onucanue ee padboTsl. [1o-
Jy4eHHBIE Ha J1Ja0OPaTOPHOM CTEHJIE PEe3yJIbTaThl HCCICAOBAHMS JUHAMHUKH JJIEKTPOMArHuTa MOATBEPKIAAOTCS
pe3yJpTaTaMy MaTeMaTHYeCKOro MOJCIMPOBAHUS ITyTEM PEIICHUSI HEJIMHEHHOH crucTeMbl U depeHInanbHbIX
YpaBHEHUH JBUKCHUS SIKOPS AJIIEKTPOMArHUTA M DJICKTPHYECKOTO PAaBHOBECHSI B ICMIN KATYIIKH B IMIEPEXOIHOM
nponecce. [IpemnoxkeHHas MaTeMaTH4eCKasi MOACTh IMHAMUKH JIBH)KEHUS SIKOPS SJICKTPOMAarHUTa HMCIONb3yeT
Pe3yabTaThl YMCICHHOTO pacdyeTa MarHUTHOTO MOJisi B KoMILIeKce mporpamMM Elcut mpu ¢uKcHpoBaHHBIX 3HA-
YEeHHU X padovero 3a3zopa B Mpejesiax Xoja sKOpsl U alllPOKCUMAIIHI0 3aBUCHMOCTH MHBEPCHOW MHIYKTHUBHOCTH
KaTyIIKH OT X0/a SIKOPsl ypaBHEHHEM MPSIMOM JIMHUK. Peanu3anus npeniokeHHoro anroputMa B makete Matlab/
Simulink naet xoporiee coBmajeHue € HKCIIEPUMEHTANIBHBIMH JaHHBIMH, YTO TOJITBEPKIACT MPABOMEPHOCTD
MPHHSTHIX JOMYIIECHUH MTPH TOCTPOSHUH MOJIETTU TUHAMHUKH 3JICKTPOMAarHUTa.

Kniouegvie cnoea: 3MeKTPOMAarHUT IOCTOSIHHOTO TOKA, JJAOOPATOPHBIM CTEH], 0OBEKT UCCIEOBaHUS, Bpe-
MSATOKOBasI XapaKTEPUCTHKA MaJorabapuTHOIO KOHTAKTOpa, BpeMsi cpabaThIBaHMs, TaliMep Ha OCHOBE MUKPO-
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KOHTpOJIIEpa, MaTeMaTHYeCcKask MOJIEIb, yPABHEHUE JBUIKEHHUS SIKOPS, YPABHEHUE AIEKTPUUYECKOrO PABHOBECUS,
HeJIMHeHast cucteMa qudQepeHIInalbHbIX YPaBHEHUH, YHCICHHBIH pacyeT MarHUTHOTO TOJIs1, 3aBUCHMOCTD MH-
BEPCHOM MHJYKTUBHOCTHU KATYIIKU OT XOJa SIKOPSL.

EXPERIMENTAL RESEARCH AND MATHEMATICAL MODELLING OF
DYNAMICS OF THE ELECTROMAGNET OF THE DIRECT CURRENT

In article results of a pilot study of dynamic characteristics of an electromagnet of a direct current at the
developed laboratory stand, allowing to provide removal of the time-current characteristic and measurement of
time of operation at electromagnet inclusion/shutdown with high precision of measurements thanks to USB of an
oscillograph and the 16-bit timer of the AVR Atmega 16 microcontroller programmed for work with a frequency
of 125 kHz are considered. In article results of a pilot study of dynamic characteristics of an electromagnet of a
direct current at the developed laboratory stand, allowing to provide removal of the time-current characteristic
and measurement of time of operation at electromagnet inclusion/shutdown with high precision of measurements
thanks to USB of an oscillograph and the 16-bit timer of the AVR Atmega 16 microcontroller programmed for
work with a frequency of 125 kHz are considered. The offered mathematical model of dynamics of movement of
an anchor of an electromagnet uses results of numerical calculation of a magnetic field in a complex of the Elcut
programs at the fixed values of a working gap within a course of an anchor and approximation of dependence
of inverse inductance of the coil from an anchor course the straight line equation. Realization of the offered
algorithm in a Matlab/Simulink package gives good coincidence to experimental data that confirms legitimacy of
the accepted assumptions at creation of model of dynamics of an electromagnet.

Key words: electromagnet of a direct current, the laboratory stand, object of research, the vremyatokovy
characteristic of the small-sized contactor, operation time, the timer on the basis of the microcontroller, mathematical
model, the equation of movement of an anchor, the equation of electric balance, nonlinear system of the differential
equations, numerical calculation of a magnetic field, dependence of inverse inductance of the coil on an anchor

course.

DJICKTPOMAarHUThl TOCTOSSHHOTO TOKa 10 MHOTUM
SKOHOMUYECKUM M TEXHHYCCKUM IapameTpam IPeBOC-
XONAT DIIEKTPOMATrHUTHI TEPEMEHHOro ToKa. Pa3Ho-
o0pa3ue KOHCTPYKTUBHBIX PELICHHI [TO3BOJISICT UX JIeT-
KO IPHUCIIOCA0IUBATh BO MHOI'MX YCTPOMCTBAX K pa3iny-
HBIM YCJIOBHSIM Pa0OThI, HAPUMED, B MPOMBIIICHHON
aBTOMATHKE, amnmapaType pPeryJIupoBaHUsS U 3allluTe.
[Inpokoe pacmpocTpaHEHUE AIEKTPOMATHUTOB MOCTO-
SHHOTO TOKa TpeOyeT OT pa3pabOTYMKOB U IKCIIEPTOB
COBEPIICHCTBOBAHUS METOJIOB UX ONTHUMAJILHOTO IPO-
SeKTUPOBAHUS U HKCIEPUMEHTAIBHOTO HCCIICIOBAHUS.
HecMmotpst Ha G0nbII0l HAaKOMJIEHHBIN OIBIT B BOIPO-
cax pacueTa, IPOCKTUPOBAHUS U UCIBITAHUI 3JIEKTPO-
MarHuTOB MOCTOSIHHOTO ToKa [ 1-3, 10], HapacTatomas B
MOCJEIHNE NECATUICTHUS TCHACHIIHS K UCIIOIb30BAHIIO
B UCCJICJIOBAaHUSIX COBPEMCHHBIX MAKETOB IMPUKJIAJHbIX
[POrpaMM, HOBBIX METOJOB HM3MEPHUTEIbHONW TEXHUKHU
Ha OCHOBE MHUKPOKOHTPOJIEPOB JIEIaeT HEOOXOIUMBIM
MPOJIoJDKEHUE paboT B 3Toit obnactu [4, 5, 9]. Joctu-
JKEHUE TOCTABJICHHBIX II€JICH BO MHOTOM 3aBHCHT OT
YCIEXOB PEIICHUS 3aJ[add JMHAMUKH 3JICKTPOMAarHUTa
MTOCTOSTHHOTO TOKA.

JlaHHasi cTaThs MOCBsIICHA pa3paboTke J1labopaTop-
HOTO CTCHJIa U alMapaTHO-IPOTPAMMHOTO U3MEPUTEIb-
Horo komruiekca (AITMK) nns uccrnenoBanusi TUHAMU-
YECKUX XapaKTEPUCTUK 3JICKTPOMArHUTa MOCTOSHHOIO

ToKa. JIaHO comocTaBiieHHE dKCIIEPUMEHTAJIbHbIX JIaH-
HBIX, MTOJTYYECHHBIX Ha JIAOOPATOPHOM CTEHJIE, C PE3YJib-
TaTaMd MaTeMaTHYECKOr0 MOJICIMPOBAHUS JHUHAMHUKH
SNIEKTPOMArHuTa, BBIOJHEHHOTO C HCIIOIb30BaHUEM
naketoB nporpamm Elcut 5.6 (mpodeccruonanbHas Bep-
cusi) u Matlab/Simulink [1, 2]. B koMIuiekce mporpamm
Elcut npuBoauTCs penieHne MarHUTOCTaTHYeCKOM 3a/1a-
YM pacdera KapTWH MarHUTHOTO MOJISI MIPU Pa3IHYHbIX
(DUKCHPOBAHHBIX TOJIOKEHUSIX SIKOPSI M OIpe/esicHHe
3aBUCUMOCTH WHBEPCHOH WMHAYKTHBHOCTH (BEIHMUYUHA
oOpaTHasi HHAYKTUBHOCTH) KaTYIIKH 3JEKTPOMAarHUTa
or xona sikops. B makere Matlab/Simulink BbimosHsi-
eTcs pellleHHe YpaBHEHHWH JIMHAMHUKH AJICKTPOMAarHu-
Ta, KOTOPYIO C MaTeMaTHYECKOW TOYKH 3PEHUST MOXKHO
0XapaKTepU30BaTh KaK JIMHEHHYIO cucTeMy nuddepeH-
IUAIBHBIX YPaBHEHHUH C MEPEMEHHBIMU KOd((UIIHEH-
TaMH, UMEIONIYI0 TPU HE3aBUCHMBIX MEPEMEHHBIX CO-
cTostHus (1 — TOK B KaTyIIKe, V — CKOPOCTb JBMIKCHHS
SIKOPS, X — IIEPEMELICHHE STKOPS).

B kauectBe oOBEKTa HCCIENOBAHUS TUHAMHUKH
ANIEKTPOMArHuTa TMOCTOSHHOTO TOKa B J1a0OpPaTOPHOM
CTEH/IC UCTIOJIb3YETCsI MallorabapUTHBIA KOHTAKTOP I10-
crostHHOTO ToKa cepuu KMUn-10910 — auctanmuonHo
YIPABJIIEMbI KOMMYTALMOHHBIN annapar, 103BOJISIO-
M KOMMYTHUPOBATH MOIIHBIE (B TOM YHCJIE HHYKTHB-
HBIC) HAarPy3KH Kak MEPEeMEHHOI0, TaK U TOCTOSHHOTO
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Toka. MarHuTHas cucreMa KOHTaKTopa paszefieHa Ha
nBe yactu (puc. 1): HEMOABMKHYIO, IMACTUYHO 3aKpe-
IUICHHYI0 B OCHOBaHMH U3 IUIACTMACChl M MOJBHKHYIO
¢ KOHTaKTaMU JUIsl KOMMYTAallui CWJIOBOM LieNH. YIIpaB-
JIEHHE KOHTAaKTOPOM OCYIIIECTBIISETCS KaTyIIKOM MOCTO-
STHHOTO TOKa Ha HanpspkeHue 110 B, pacnionokeHHol Ha
cpemHeM CTepiKHe HeronBrkHON yactu LII-o6pasznoit
MAarHuTHOW cucTeMsbl. IIuTaHue KaTylKu yIpaBJICHUS
KOHTaKTOpa MPOM3BOAUTCSA C TIOMOIIBIO IPOrpaMMHU-
PyeMOTO MCTOYHHKA MOCTOSHHOTO Toka cepuu AKUII-
1125. B mayiorabapuTHOM KOHTAKTOpPE T'€OMETPUUYECKOE
ceuenue cpernHero crepxus S = 10,5x16,5. Koapduuu-
€HT 3aI0JIHeHNS ceueHus cTanbio paseH 0,9. HauanbHbIi
paboumuii 3a30p 8, = 8 MM, KOHEUHBIH paboumii 3a30p O,
= 0,5 mMm. [lepememnienne skopst 0 < x < 7,5 mm. Yucio
BUTKOB KaTymiku yrnpasienus w = 5500. Conportusie-
Hue karymku R = 586 Om. Cuiia Ha9alIbHOTO CHKATHUS
BO3BparHO npyxunsl F = 1,7 H. JKecTkoCTh Ipy>KUHBI
¢ =400 H/m. Macca sikopst m = 0,15 kr.

B cocraB nmaboparopHoro cTeHjna BXOAWT aBTOMa-
THYecKuil BoIKiItoyarens IEK MonynpHOrO THIA, npea-
Ha3HAUEHHBIH I OOecredYeHHs 3alUThl 3JIeKTpude-
CKHX LIeNeil 0T BO3MOXKHBIX MEPErpy30K MIU KOPOTKHUX
3aMbIKaHUM, NpomexyTouHoe pene cepuu PII-25 B
LENU YMpaBIE€HUS IEPEeMEHHOTO TOKa HampsKeHHEM
no 230 B, mpeaHa3HayeHHOE JUIS Teperadyd KOMaHJ
YIpaBJIeHUs HCIOJHUTENBHBIMA 3JI€MEHTaMH, MyTeM
KOMMYTAallUd UX JJIEKTPHUUECKUX IeNe CBOMMH Iepe-
KJTIOYAIOIIUMH KOHTAKTaMHU. DJIEKTPOHHAs 4acTh CTEH-
Jla TPEJICTABIISIET CO0O0M IKCIEPUMEHTAIBHBIN 00paser
MHUKPOIIPOLIECCOPHOTO YCTPONCTBA (Taitmep) Ui u3-
MepeHHsI BpeMeHH cpabaTbIBaHUSI KOHTAKTOPa, IOCTPO-
SHHBIM Ha OCHOBE MHUKpokoHTposuiepa ATMegal6. Ha

SB2 SB1 KM1
)
2208 * | KMl ﬂ

————— .
OfBbexT HecaeRo0BaHuT TKM2 3 |
worTaxTop cepun KMHm - ! IKM1.2

1 L -
iy X

MepeaHel MmaHeny MIacTUKOBOTO KOpITyca CTeHJa pas-
meniarores JKK-nucruiedl, 000pymoBaHHBINH MOJCBET-
KOH, IO3BOJISAIOIIEH pa3jinuaTh CUMBOJIBI C HU3KOU CTe-
MIEHBIO OCBEIICHHOCTH, KHOMKH yrpasieHus «llyck» u
«Crtony, mpeaHa3HaYeHHbIe I BKIIOYEHUS U OTKIIIO-
YeHMsI MUTAaHUS MPOMEKYTOUHOTO pelie MePEeMEHHOTO
ToKa. B kopmyc cTenna BMOHTHpOBaH pa3beM «Bxox 1»
Jutst nofkitoueHus 1yna USB-ocimnorpadga BM8020
[4], KOoTOpPBIH BKITFOYAETCS MapaLICIHFHO H3MEPHUTEIHHO-
My comnporusiennio R = 10 Owm, ucnonssyemomy B
71a00paTOPHOM CTEH/I€ B KaueCTBe JIaTurKa TOKa.
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Puc. 1. Dckn3 MarHUTHOM CHCTEMBI KOHTAKTOPA CepUH

KMMHn-10910

[IpuHIMNIMaNpHAs cxema J1abOpaTOPHOTO CTEeHa
IoKa3aHa Ha pHC. 2, a Ha pUC. 3 TIPUBEACH 00N BH]T
1a00paTOPHOTO CTEH/a C BHEITHUMH TOAKITIOYCHUSIMHA
JUTST TIPOBENIEHUST DKCIIEPUMEHTAIBHBIX HCCIIeIOBAaHUN
TUHAMHYECKAX XapaKTEPUCTUK KOHTAKTOpa MOCTOSH-
HOT'O TOKA.
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Ha puc. 3 0603HaueHbI: | — HICTOYHUK TTOCTOSTHHO-
ro Toka cepun AKUII-1125; 2, 3 — xHonKu ynpaBiaeHus
¢ noacsetkod ABLF-22 «Crom» (kpacHas) u «lIlyck»
(3eneHast) COOTBETCTBEHHO; 4 — ITACTUKOBBINA KOPIYC;
5 — XK-nmucrureit; 6 — aBTOMaTUYEeCKUH BBIKIIIOUATEIH
cepun MEK 47-29 2-mon. C25; 7 — manoradapuTHbIN
KOHTAaKTOp IOCTOSHHOTO TOKa; 8 — MPOMEXYTOUHOE
pene cepuu PII-25; 9 — USB-ocummorpag; 10 — IIK.

Hnst muranus KK-nucres ucnons3yeTcst agantep

npeoOpaszoBarelisi NEPEeMEHHOIO TOKa HaNpsHKEHUEM
220 B B nocrostHHBIN TOK HampsikeHuem 5 B. Pazbembl
JUISL TIOAKJIIOYCHUSI MCTOYHHUKA MOCTOSHHOTO TOKa H
ajlanTepa pa3MelaoTcs Ha 3aJHeH CTEHKE TIIaCTUKOBO-
ro Kopmyca jgadoparopHoro crenaa. Pabora naGoparop-
HOTO CTeHZa (pHC. 2) COCTOUT U3 MOCIEI0BATEIBHOCTH
olepanyii Ha BKJIIOYCHHE M OTKIIIOYEHHE KOHTAKTOpa
MOCTOSIHHOTO TOKA.

Puc. 3. OOmuit By 1a00OpaTOPHOTO CTEH 1 C BHEITHUMH COCTUHCHUSIMU

HN3mepenne BpemMeHH cpalaTbIBaHUsl KOHTaK-
TOpa NpH BKJI4YeHnu. [Ipu Haxxatun Ha kHONKy SB1
HanpsHKeHWe OT TPOMBIIIJIEHHON CETH NEepeMEHHOIo
ToKa HampspkeHueM 220 B moctynaer Ha KaTyliky mpo-
MexyTtouHoro peae KM1. Ilpomexyrounoe pene KM1
cpabaThiBaeT M 3aMbIKAE€T CBOM OJOKHPOBOYHBIH KOH-
takT KM1.1, myHTHpys KHONKYy SB1, KOTOpYIO MOXKHO
oTIycTUTh. OJHOBPEMEHHO C 3TUM IPOUCXOIUT 3aMBbl-
KaHue JIByX JAPYTMX KOHTAaKTOB MPOMEKYTOUHOTO pelie
— KM1.2 u KM1.3. Ilpu 3ambikanuu koHtakra KM1.2
MUTaHUe OT MCTOYHHUKA MocTossHHOro Toka bII1 moxpa-
eTCsl Ha KaTyllKy yrpaBieHus koHtakropa KM2. Ilpu
3aMbIkaHuM KoHTakta KM1.3 Ha BXox mpephiBaHuUsA
PD2(INT0) MHKpOKOHTpoOJJIEpa MOCTyNaeT MepeIHui
¢poHT nmMmIynsca. B nenu karymku kontakropa KM?2
MIPYU TOja4Y€ MOCTOSHHOIO HANpsKEHHMsI Ha KaTyIIKy
YIpaBIeHHUs BO3HUKAET MEPEXOJHBIH Mpolecc, Xapak-
Tepusyrouuiics n3MeHeHueM Toka, JJIC nBUKeHUS U
nepeMelieHns skopsl Bo BpeMeHu. [lo okoHuaHuM xona
SKOpsA KOHTaKkThl KoHTakTopa KM2.1, KM2.2 1 KM2.3
3amMbIKatoTcs. [Ipy nx 3aMbIKaHUM TaK e, KaK IPY 3aMbl-
KaHUU KOHTaKTa mpomexyTouHoro pesne KM1.3, Ha Bxo-
1l MukpokonTpoiuiepa PBO, PB1(INT2), PD3(INT1)
COOTBETCTBEHHO MTPUXOJUT MEPEAHUIN PPOHT UMITYIIbCA.
[Tockonbky npepsiBanne INTO B MuxpokoHTpossepe

3aIporpaMMHUPOBAHO JUIsl cpabaTbiBaHus Ha 00a (poH-
Ta umnynbca — INT1 — Tonmpko Ha mepenHuit GpoHT, a
INT2 — Tonbko Ha 3a7HMI GPOHT, TO MOCIIEC HAKATHS HA
kHOnKy SB1 cpaboraroT /Ba mpepbIBaHUS MHUKPOKOH-
tposiepa INTO u INT1. ITpomexyToOK BpeMEHU MEXAY
cpabaTbIBAaHUSMH ITHX MIPEPHIBAHNHN ONpeeIseT BpeMs
cpabaTbIBaHMsI KOHTAKTOpA Ha BKIIIOYEHHE.

N3mepenne BpeMeHH KOHTAKTOPAa MPH OTKJIIO-
yeHuM. [locne Haxxartus Ha kHonKy SB2 karymika mpo-
Mexxyrounoro peire KM1 oOecrounBaercsi, OI0KUpoO-
BouHBEIH KOoHTakT KM1.1, kontakt KM1.2 B nenu mnu-
TaHusi KaTywku koHTakropa KM2 u konrtakt KM1.3
pasmbikatorest. [locne pa3mbikanust kontakra KM1.3
3aHUN (PPOHT UMITYJIbCA [TOCTYIMAET HA BXO NIPEPhIBa-
Hust PD2(INTO) mukpoxonTposuiepa. [Ipu pazmbeikannn
koHTakta KM1.2 karymika ynpaBieHUss KOHTaKTOpa
KM?2 tepsier nuranue. Haunnaercss nepexoaHblii mpo-
Lecc, CONpOBMKIAEMbIl n3MeHeHueM Toka, JJ1C nBu-
KEHUS U TIEPEMELICHUS SIKOPS B HCXOIHOE TOJIOKEHUE,
COOTBETCTBYIOIIEE MAKCUMalbHOMY paboueMy 3a30py,
TO €CTh 3Ha4eHuio O,. C BO3BPaTOM SAKOPS B MCXOIHOE
coctosinue koHTakTel KM2.1, KM2.2 1 KM2.3 pa3mbl-
katotcst. [Ipu sToM Ha Bxoabl MUKpokOHTpoiiepa PBO,
PB1(INT2), PD3(INT1) COOTBETCTBEHHO TOCTYIaeT
3agHUNA (QPOHT HMILyJbca, CPadaTHIBAIOT MPEPBIBAHUS
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INTO u INT2 u Bpemsi OTKIIIOUEHHUSI U3MEPSETCS Kak
MIPOMEXKYTOK BPEMEHH MEXAy cpabaThIBaHUEM JTHX
npepbiBaHui. JlJ1g 3alMTHl OT IIYMOB Ha BXOJAaX Mpe-
pBIBaHUS MUKPOKOHTpOJUIEpa W Jpede3ra KOHTaKTOB
ucnoinb3yres pesucropsl R2+R5. Bxon PBO ucnons-
3yeTcs Ui JOMOTHUTEILHON 3alUThI OT apede3ra KOH-
TakToB. Karymika ympaBieHusl KOHTAaKTOpa MOCTOSHHO-
TO TOKa UMEeT 3HAYUTEIbHYIO0 HHIYKTUBHOCTE. llpn ee
OTKJIFOYEHUU OT MCTOYHHMKA IMOCTOSHHOTO TOKa MOTYT
BO3HUKATh IEPEHAIPSDKEHUS, OTACHBIe TSl M30JISIIAN
KaTymky. J{Js 3amuTsl H30MIAUN OT TIepeHaNpPsHIKeHUN
napajielbHO KaTylike KoHTakTopa KM?2 Brirouaercs
TTOJTYTIPOBOTHUKOBEIN THOA (Ha pHC. 2 TONXYyHIPOBOIHH-
KOBBIM TUOI HE MOKazaH). KOHTaKTOpHl HOBBIX Cepuid
000pyIOBaHbI CIIEIUANBHBIME TTONTYIPOBOIHHUKOBBIMU
cOopkamu, 00eCIIEUNBAIONTIAMH OTPAaHWUYCHUE TIepe-
HaNPsDKEHWH TPH OTKIIOYEHUH KATYIIKW YIPaBICHUS
KOHTaKTOpa OT HCTOYHHKA ITOCTOSHHOTO TOKA.

Ha puc. 4 mokazana pabora 2JIEKTPOHHOTO Tak-
Mepa Ha MUKPOKOHTPOJUIEPE 10 W3MEPEHHIO BPEMEHU
cpabareiBaHus KOHTakTopa KM2 mpm ero BKITFOUSHUH
n oTkiroueHuu. Bepxusas nudpa ma JKK-mgucmiee co-
OTBETCTBYET BPEMEHH CpalaTbIBaHHS KOHTAKTOpa Ha
BKITFOYEHUE, HIDKHSS — HA OTKITFOUEHHE.

N3mepenne BpeMeHH CpadaThIBaHHUS KOHTAKTOpA
MIPOM3BOIUTCS Ha 16-OMTHOM TaliMepe MHKPOKOHTPOJI-
nepa AVR Atmegal 6 , 3armporpaMMupoBaHHOM Ha pado-
Ty ¢ yactoroit 125 kI’ [6].

884 oz, :5883885
T Y

Puc. 4. Bpems BkuitoueHus (71,24 Mc) 1 BpeMs OTKITIOYEHUS
(21,38 mc) xonTakTopa Ha ’3Kkpane KK-gucmnes

Ug,B

B TakoM pexxume 37eKTPOHHBIM TailMepOM MOKHO
u3MepATh BpeMs A0 0,52428 cekyHIbI € 11aroM B 8 MKC.
Pasmep peructpa Taiimepa paBen 65536. B atom nerko
yOeauThCs Ha IPOCTHIX BRIYUCIICHUSX. Bpems, 3arpadn-
BaeMoO€ Ha OJIMH TaKT TaiMepa:

L 81070 = guxe.
125000
KomnaecTBo TakToB Ha 16-O0MTHOM TaliMepe:
216 =65536.

MaxkcumansHO BO3MOXKHOE U3MEPSIEMOE BpeMsi:
8-10%65536 = 0,524288 c.

[Ipu cpabareiBanum npepeBanuii INTO u INT1
MPOUCXOJAUT CUMTHIBAHUE 3HAUYCHHM M3 PErucTpa Tau-
mepa TCNTI1, nmocie 4ero HaxXxoJuTCS Pa3HOCTb ATHUX
3HAYCHUH U MIEPEBOANTCS B MUJUTUCEKYHIBL. JlomycTrm,
9TO TIpU cpabarsiBanuu npepbiBanus INTO Oput0 cum-
TaHo 3Hadenue t°, = 500, a mpu cpabaTbIBaHKH MPEPBI-
Banus INT1 — ', = 9500, Torma Bpems cpabaTbiBaHuUs
Oyzer (puc. 5):

* * -6 6
tepas = \t2 —t1 )-8-1077 =(9500 - 500)-8-107° = 72wmc.

JlaHHBIE OCIIHIIOrpAMMBI TIPOTPAMMHBIM TTPHIIO-
keaneM USB-ocmmmmorpada [7] coXpaHsIOTCS B TEK-
croBoM (aitire. [Tocme 0b6paboTkm TekcTOBOTO (haiina
B makere Exel mo 3HaYeHHWsIM HaNpsHKCHHUH HA H3MEPH-
TETBHOM COIPOTHBIIEHHUH PACCUUTHIBAIOTCS 10 3aKOHY
Owma 3HaueHus TOKa B COOTBETCTBYIOIINE MOMEHTHI Bpe-
MEHH, 110 HUM Ha Tpaduke (puc. 6) CTPOUTCS BPEMSATO-
KOBasl XapaKTEPUCTHKA KOHTAKTOPa MTOCTOSTHHOTO TOKA.

[IpoBenem comocTaBiIeHHE SKCIIEPUMEHTATBHBIX
JAHHBIX, TTOTYYEHHBIX Ha Ja00paTOPHOM CTEHE, C pe-
3yapTaTaMl MaTeMaTHYeCKOTO MOIETUPOBAHUS TUHA-
MUKH KOHTaKTOpa IMOCTOsTHHOTO ToKa. [Ipu moctpoernn
MaTeMaTHIeCKOW MOJEITH KOHTAKTOpa IPUMEM CIIETYT0-
e JOTyIIEeHUS:
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SﬂeKTpOTeXHVILleCKVIe KOMMNEeKCbl N CUCTEMbI
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Puc. 6. BpemsiTokoBas xapakTepuUCTHKAa KOHTAKTOPa MIPH €T0 BKIIOYECHUN

1. MarauTHOE 1oJie eKTPOMarHuTa OOBIYHO SIB-
JIIETCS TPEXMEPHBIM, OJTHAKO YaCTO €0 aHAJIN3 C 1OCTa-
TOYHOM JUIsl TPAKTUKHU TOYHOCTBIO YIAETCS BBIITOJIHUTH
IIyTEM pELICHUS 3aJadyd B JBYXMEPHOW ITOCTAHOBKE,
IIPH TOMYUICHUHU O IUIOCKONIAPAJIIEILHOM UM OCECHM-
METPUYHOM XapakTepe pacHpeleiIeHus] MarHUTHOIO
nosis. [IpuHrMas BO BHUMaHuE, YTO UCCIIEAyeMas KOH-
CTPYKLMSI KOHTAaKTOpa HE MMEET OCEBYH) CUMMETPHIO,
MarHWTHOE T0JIe KOHTAaKTopa OyJIeM CUMTaTh III0CKOTa-
paJIICIIBHBIM.

2. BrusHue BHXPEBBIX TOKOB B KOPOTKO3aMK-
HYTBIX QJIOMHHHMEBBIX KOJIBLIAX, 3allPECCOBAHHBIX B
SKOpb, TPOSBISIETCSl MPH MaJbIX pabouux 3a30pax B
KOHIIE XO/1a SIKOPsL, TO3TOMY ITPH BKJIFOUEHUH KOHTAKTO-
pa UX MOXKHO HE YUUTHIBATb.

3. Ilo pe3ympraram pacdera KapTHH MarHUTHOTO
OJI1 B KOMIUIEKCE MPOrpaMM M MHIYKTUBHOCTH Ka-
TYIIKA KOHTAaKTOpa NpH (PUKCHPOBAHHBIX 3HAYCHHSX
pabouero 3a3opa B Mpeaenax Xona SKops 3aBUCHMOCTh
WHBEPCHOM WHAYKTUBHOCTH KaTyHIKH (BeIWMYUHA 00-
parHas UHAYKTUBHOCTH) C JIOCTaTOYHOMN IS TIPAKTUKU
TOYHOCTBIO MOXKET OBITh NpEACTaBICHA YpaBHEHHEM
MPSAMOU JINHUU:

I'x)=L"(x)=a-Dbx, (1)

1
a=—,b
VEETL

H LHSH
IEPBOro nopsjka; L, — HauanbHas WHIYKTUBHOCTD Ka-
TYLIKH [IPH IEPEMELIEHUH AKOPs X = 0; 6, — HaYaIbHbIA
pabounii 3a30p.

Bripaxkenue (1) MoxeT OBITH MCHONB30BaHO IS
pacdera SIEKTPOMAarHUTHOM CHJIBI  C Y4ETOM BBITYYH-
BaHMS MarHUTHOTO MOTOKa B paboueM 3a30pe, XapakTe-
PHUCTHK UCTONB3yEeMbIX MAarHUTHBIX MaTepUalloB U HC-

TUHHOU reoMeTpun MarHUTHOM CUCTEMBI KOHTAaKTOpa:
_lodix)_1a b
20 dx 2 (a-bx)

— k03 unHeHTH MmoNTMHOMA

Fou 2

10

YuutbiBasi cuibl, AEHUCTBYIOIME HA AKOPb, MOJY-
YUM CJENYIOLIEe YPAaBHEHUE JIBHIKEHUS SIKOPS, IIPEHE-
Operas cuioi TpeHUs:

Faps

mﬂﬂzFanLP,,— 3)
dt

rue an =F,+ ¢+ X — cuna cxatusi BO3BPAaTHOU MpPYXKH-
Hbl; F| — cHila HAYanbHOTO CKATHsl BO3BPATHOM MPYXKH-
HBI; C — )KE€CTKOCTb MPY>KHUHBI; X — IEPEMELLEHHE IKOPS;
V — CKOpOCTB siKops; P =m_ - g — Bec skops; m_— macca
MOJBMKHBIX YacTel, MPUBEIEHHBIX K siKopto; g = 9,81
M/c? — ycKopeHHe CBOOOIHOTO MaICHHUSI.

IlonHast cucremMa ypaBHEHMH, XapaKTepu3yrollas
M3MEHEHHE TOKa U JIBUKEHHE SIKOpSA MPHU MEPEXOTHOM
Ipolecce, BO3HUKAIOIIEM C MOMEHTa IMOJayd Ha Ka-
TYLIKY TOCTOSHHOTO HAMpsKEHHUs HCTOYHHUKA MTUTaHUS,

nMeeT cne):[y}omnﬁ BU:

U:R-i+#g;

(a—bx)dt
dv 1., b
m-—=—1-———-(F +c-x)+m_-g, 4
“dt 2 (a—bx) (" Jrmog @)
dx
—=V.
dt

Jns pernieHust MOIy4eHHOHM CHCTEMbl YpPaBHEHUU
HEOOXOIMMO 3a/1aThCsl HAYaIbHBIMU YCIIOBHSMHU:
a) 10 Havaja JABWKEHUS SKOPS B MOMEHT BPEMEHHU
0:
dv _

dt

Tpebyercs onpenenuts — i(t), BpeMsi TpOTaHUS t o
TOK TPOTaHUs 1 ;
<t<
6) B mpouecce IABHKCHAM SKOPS Bpemsi t <t <t |
nepemenenue saxopsa 0 < x < x, = 6, — 0,, B MOMEHT
BpEeMeHHU t = tTp:

t=

x=0,i=0,v=0,2 =0. (5)

(6)
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Tpebyercss onpenenmuth — i(t), v(t), dv(t)

BpeMs IBIKCHHSA t =t =t —1t
JB cp P
B) [IPY OCTaHOBKE SIKOPsI B MOMEHT BpeMeHH cpaba-
TBIBAaHUS KOHTAaKTOpa Ha BKIIOYeHHe t =t +1t :
cp ™ B

dv
X=X,=0,-0,, v=0, —
. dt
TpeOyertcst onpenenuts — i(t).
[MoxcTapisis HayaabHBIE YCIOBUSL B ypaBHEHHE
JBIDKCHUS STKOPS, MOYKHO OIIPENICNIUTh TOK TPOTAHUSL:

. 2F0_mﬂg
1Tp :aqu.

[Ipu 5TOM B ccTeMe ypaBHEHH (4) pELICHHUIO MOA-
JISKHUT TOJIBKO MEPBOE YpaBHEHUE, U3 KOTOPOTO MOXKHO
HaWTH BpeMs TPOTaHUs:

L it,),

0. (7)

(®)

k
ty =T, In | )
k, -1
L, 1 .

rae TH =-—_ = —_ — 3HaA4YCHHUC IMOCTOAHHOU BPECMCHU

R aR 1
npu x = 0 (10 HaYana ABMKEHHS sKOps); K = —~ _ xo-

1

U P
3(1)(1)I/II_II/ICHT 3ariaca, Iy = ﬁ — YCTaHOBHUBLICCCA 3HA4YC-

HHUE TOKa B KaTyIIIKe KOHTAKTOpa IPH €ro BKIIOYCHUH Ha

MOCTOSIHHOE HAIIPSYKCHUE HCTOUYHUKA ITUTAHUSI.
Cucrema auddepeHIMaIbHBIX ypaBHEHUH (4) B

¢dopme Ko nimeet Bu:

di

a:(a—bx)-(U—Ri)

dv 1 |1.» b

- | if——  _(F . (10
e bl rweca R R T
dx

— =V

dt

Pemennie cuctembl aud¢epeHnnanbHbIX ypaBHe-
HUIl ¢ nepeMeHHbIMU KO3 dunmentamu (10) ans pac-
4yera IMHAMHUKHA KOHTAKTOpa OCHOBBIBACTCS Ha 3HAHHUH
3aBUCUMOCTH WHBEPCHOW HWHIYKTHBHOCTH KAaTyIIKH
F(X)= L_I(X) oT xoza sikopsi. Jlust onpeeneHus Ko3g-
¢unuenTos a, b 3aBucumoctu (1) B padouem okue Elcut
MOCTPOEHa pacyeTHass 00JIaCTh IUIOCKOMApauIeIbHON
MOJIETT! MAaTHUTHOTO TIOJIsI KOHTakTopa (puc. 7). Kaptu-
Ha MarHUTHOTO TIOJISI KOHTAKTOpa NpU (PUKCHPOBAHHOM
3HauUeHUH pabouero 3a3opa NpuBeeHa Ha puc. 8.

Boszayx

22
37

’

1055

/

MarHHTONpPOBOA

| |

Puc. 7. Pacuyetnast 001acTh KOHTaKTOpa B paboueM OKHE

i

|

3 ‘_J =)

NS

Puc. 8. KapTI/IHa MAarHuTHOI'O ITOJIsI KOHTAKTOpa IMOCTOSHHOI'O TOKa ITPU 3a30p€ d=5mMm
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[To oxoHYaHWMM pacueTa KapTHHBI MArHUTHOTO TTOJIS
KOHTaKTOpa C MmoMoIipio «Macrepa WHIYKTUBHOCTHY B
komiuiekce nporpamm Elcut Obin onpeneneHs! 3Hade-
HUS 3amaca sHepruu MarautHoro nont W = 0,129 Jix
Y MHIYKTUBHOCTH KaTymiku kKoHTakropa L = 1,0333 I'n
npu padoyeM 3azope 6 = 5 mm. [1o paccunTaHHbIM Kap-
THHAM MarHUTHBIX IOJIEH NMpH (UKCHPOBAHHBIX 3HA-
yeHHAX pabodero 3asopa OMIpenesieHa 3aBUCHMOCTD

r=L ), ru!
14

WHBEPCHON WHIYKTUBHOCTH KaTYIIKU OT XOJa SIKOPS
(puc. 9). Ha rpaduke pacyeTHbIe 3HaUCHHSI HHBEPCHOM
WHIYKTHBHOCTH KaTymIKd 00oO3HaueHbl OykBamu A0,
Al, ..., A7. Mexny pacueTHBIMH TOYKaMH Ha rpaduke
MoKa3aHa anmpoKCHMHUPYIOIIas MpsiMasi TINHUS, ypaB-
HEHUE KOTOpPOH

I(x)=L(x)=a-bx =1,32-130-x.

Al
A0

1,2
1,0

A2

A3
0,8

A4

A5

0,6

\
A6

0,4

02

0 1 2 3

4 5 6 7

Puc. 9. Annpoxcumanus 3aBUCUMOCTH yPaBHEHUEM IPSIMON JINHUU

Colmromast mpaBwiia TIOCTPOCHUS MOJCIH B Tia-
kere Matlab/Simulink, cuctema muddepenmanbHbIX
YpaBHEHUH TUHAMUKHA KOHTAKTOPa TMOCTOSHHOTO TOKa
(10) mpeoOGpasyercst B CTpyKTypHYIO cxemy (puc. 10),
B KOTOpO# oTaenbHble (pparmentsl Simulink-monenn
odopMIICHBI B BHJE OTHCIBHBIX OJIOKOB. brmaromaps
HcIonb3oBannio  Subsystem-moncuctem B Simulink-
MOJICTTH YMEHBINASTCS KOJINIECTBO OJJHOBPEMEHHO OTO-
OpakaeMbIX OJIOKOB Ha dKpaHe, 9TO 00IerdaeT BOCTIPHU-
atue Monenu. [Ipu 3TOM MOXKHO CO3/1aBaTh (parMeHThI
MOJIETH 1O OTAEIBHOCTH, YTO TOBBIIIAET TEXHOJIOTHY-
HOCTh ee cozmanus [9]. Ilo masBanmro ¢parmeHTOB
Simulink-mozmenn Ha CTPYKTYpHOH CXeMe MOXKHO IIO-
HSTh (YHKIMH, KOTOPbIE OHU BBITOJHSIOT, & UMEHHO:
WCXOJIHBIC JIAHHBIC; PACUET BPEMEHHU TPOTAHUS; JIOTHKA;
pacder BpeMEHHBIX 3aBUCHMOCTEN TOKa, MepeMeIICHHSI
U CKOPOCTH SIKOpSI; PacdeT BPEMEHHBIX 3aBUCHUMOCTEH
ANEKTPOMATHUTHOM CHITBI U TIOTOKOCIICTUICHHSI.

Habnronenne BpEeMEHHBIX 3aBHCHMOCTEH  TOKa,
MEepeMEIeHUsI, CKOPOCTU SIKOPS, TOTOKOCIICTUICHUS,
ANEKTPOMArHUTHOM CHIIBI OT BPEMEHH MPOU3BOUTCS C
nmomortisio ocrntorpada (Scope). I'padukn muHamu-
YECKHX XapaKTEPHCTHK KOHTAKTOpPa MOCTOSIHHOTO TOKa
npuBeeHs! Ha puc. 11.

BriBOaBI
1. Tlpemmaraembrii 1abOpaTOPHBINA CTEHI IS HC-
CJICO0BaHUA OTUHAMUYCCKHUX XAPaKTCPUCTUK IJICKTPO-

12

MarHuTa Mo3BOJISIET 00ECIICUUTh CHATHE BPEMSTOKOBOU
XapaKTEPUCTHKH M U3MEPEHUE BPEMEHHU CpadaThIBAaHUS
KOHTaKTOpa TPU BKJIIOYEHUH/OTKITIOUEHUH C BBICOKOW
TOYHOCTBIO HW3MEpPEeHHH Onarofaps HCIOIb30BAHUIO
USB-octmmnorpada u 16-0utHOTO TaliMepa MUKPOKOH-
Tpoutepa AVR Atmega 16, 3armporpaMMHpOBaHHOTO Ha
paboty ¢ gactotoit 125 kI

2. TlpencraBneHHass MaTeMaTHyecKas MOJCIb JH-
HAMHKH JIBWKCHUS SIKOPS JJIEKTPOMArHWUTA, HMCIIOJb-
3yIOMIas Pe3yNbTaThl YHCISHHOTO pacyeTa MarHUTHOTO
noJsi B Komruiekce nporpamM Elcut u anmpokcnmanuio
3aBUCUMOCTH HMHBEPCHOW WHJIYKTHBHOCTH KAaTYIIKH
OT XOJIa SIKOpSI ypaBHEHUEM IPSIMOU JTHMHUH, JaeT BO3-
MO>KHOCTb ITOCTPOUTH aJITOPUTM PELLECHUST HENUHEHHON
cucteMbl TUQQepeHINATBLHBIX YPaBHEHUH JTUHAMUKH
3JIEKTPOMArHUTA P TIEPEXOTHOM TPOIIECCE.

3. Peammsanus ykazaHHoro B makere Matlab/
Simulink maer xopomiee coBmageHne ¢ pe3yiabTaTaMH
pacdera ¢ SKCIEPUMEHTAIBHBIMU JIAHHBIMH, MOJTYy4eH-
HBIMH Ha JJAOOPAaTOPHOM CTEHJE, YTO MO3BOJISET CYyAUTh
00 2 exTuBHOCTH pa3pabOTAaHHOTO aJTOPUTMA U TIpa-
BOMEPHOCTH MPUHSTHIX JIOMYIICHUH.

Ilpeocmasnennas cmamovsi GbINOIHEHA 8 PAMKAX
pabomvl Kageopvr  «Teopemuueckas u obwas siex-
mpomexuura» OMCKO20 20CYO0apCmEeHHO20 MexXHUYe-
CKO20 YHUSepcumema no paspabomke npocpammHoco
obecneyenuss 1AOOPAMOPHLIX  CIMEHO08, OCHAU|EeH-
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'- Scope5 E‘m

—i(t), A

— v(t), Mm/c

— x(t), m

— F, (O, H

B ‘Il(t)s BG

— t, ¢

Puc. 11. lunaMmuyeckye XxapaKTepUCTUKU KOHTAKTOpa IOCTOSHHOIO TOKa Ha 9KpaHe ocuuiuiorpada B cpege Simulink
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HbIX  COBPEMEHHbIMU — YUDPOBGLIMU — UIMEPUMENbHO-
BLIYUCTUNETLHBIMU  KOMNLEKCAMU, UCNONb3YEMbIMU 6
yuebnom npoyecce O0Jisi 00yuenuss CMmyOeHmos u mazu-
cmpanmog no nanpaeiernuro 13.03.02 — «Onexmpuue-
cKue u snekmponnvle annapamoly [8].
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@I'BOY BO «Ygumckuii cocyoap- Poccus, 2. Yoha Poccus, 2. Yoha

CMBEHHbI HehMAHOU MeXHUYeCKUll
yuusepcumemy, Poccus, 2. Ypa

YK 681.5:502:622.276

NCCIEAOBAHUE BJIUAHUSA HA SQHEPI'OITIOTPEBJIEHUE CKBAKUHHBIX
HACOCOB TEXHOJIOI'MYECKHUX U SKCIIJIYATAIIMOHHbBIX ITAPAMETPOB

CKBa)XKMHHAS MEXaHU3UPOBAHHAS J00BIYA SIBISICTCS] CAMBIM HEPTOEMKHM TEXHOJOTHYESCKUM MPOIIECCOM Ha
HeTEAOOBIBAIONIUX MPEAMPUITHIX. B COBPEMEHHBIX SKOHOMUYECKHUX YCIOBHIX HE(PTEI0OBIBAIONIUEC KOMITAHUN
BBIHY/ICHBI ONITUMH3UPOBATH TIOTPEOJICHHE DJICKTPOIHEPTUN HA TEXHOJIOTHIESCKUE TIPOIECChl 100bIun. J{ist aTo-
ro HEOOXOMMO UMETh METOIUKH, TIO3BOJISIOIINE PACCUUTHIBATL SHEPTOMOTPEOICHHE BCero HeTeA00bIBAIOIIETO
o0opyToBaHMUsI.

[ToTepu SHEPrUU MPOUCXOMIAT BO BCEX DJICMEHTAX YCTAHOBKU 3JIEKTPOICHTPOOCIKHOTO HACOCA: B CAMOM Ha-
coce, MOTPy»KHOM 3JICKTPOJBHUTATENE, HICKTPUUCCKOM Kabere, TpaHchopMmarope u cTaHuu yrnpasieHus. Cyie-
CTBYIOT aHAJTUTHUYCCKHIE BBIPAKEHU S, TIO3BOJISIONINE HAUTH MOTPEOICHIE MOIITHOCTH BO BCEX DJICMEHTAaX HACOCHOU
yctaHoBKH. OHAKO MOTPEOICHUE SHEPTUH 3aBUCUT OT MHOTHX TEXHOJIOTHUECKUX U OKCIUTYaTAIHOHHBIX Mapame-
TPOB, TAKUX KaK MIIOTHOCTh, BI3KOCTh U OOBOTHCHHOCTh CKBAKHHHOM ) HIKOCTH, COACPIKAHHUE ra3a, TeMIeparypa
B CKBaXKHHE.

ABTOpBI MPOBEJH MCCIICIOBAHMUS O BIUSHUHU HAa MOTPEOJICHHE SIEKTPOIHEPTUH PATUYHBIX TEXHOJOTHICCKUX
M 9KCTUTyaTaI[HOHHBIX TApaMeTPOB.

IToTepu MOIITHOCTH B AJIEKTPUUYCCKOM Kabene 3aBHCAT OT ero TeMrepaTypbl. OMHAKO OMpeAeiIeHUe CPeTHeH
TEeMIepaTypbl Kabemst IBISICTCS JOCTATOYHO CIIOXHOM 3a/1aucii, Tak Kak TeMIeparypa CKBaKUHBI H3MEHSICTCS 110
ryOuHe, MPOUCXOUT CAMOHATPEB Kadesst OT MPOTEKAIOIIEr0 TOKa, TEMI000OMEH uepe3 000I0UKY CO CKBAXKHMHHON
KHUJIKOCTHIO, HATPEB JKUKOCTH TEIUIOTOH, BBIJCAACMOM paOOTAIONUM HACOCHBIM arperaToM.

bblna nccneioBaHa 3aBUCHMOCTD SHEPTOMOTPEOICHUS OT BA3KOCTH CKBOKUHHOTO (uitonaa. M3BecTHO, YTO OT
BSI3KOCTH MEHSIFOTCS TAKHE XapaKTePUCTUKU HAacoca, Kak Hanop, mogadya u KI1/I.

Hcmonp30BaHNe YaCTOTHO-PETYIHPYEMOT0 TIPUBO/IA IBISCTCS OJJHIM U3 OCHOBHBIX CITOCOOOB CHIKEHHSI DHEP-
TOEMKOCTH TEXHOJOTMUYECKHX MPOIECCOB MEXaHU3UPOBAHHOMN 100bIur HeTH. B cTaThe momyueH rpaduk 3aBUCH-
MOCTH yJIEBHOTO MOTPEOICHHUS HIEKTPOIHEPT UK CKBAXHMHHBIM HACOCOM OT YaCTOTHI MUTAOIIECTO HAMPSIKCHHUS.
ITpu perynupoBaHUHU MPOU3BOAUTEIBHOCTH HACOCA H3MEHSICTCS ICTTPECCHSI TIIACTa, & COOTBETCTBEHHO, U HEPTEOT-
Ja4a CKBaXUHBI. [103TOMY ONMpeeIuTh ONTUMATBHYIO TPOU3BOAUTEIBHOCTS HACOCA TSI KOHKPETHOH CKBaYKUHBI
PacyYeTHBIM MyTEM JIOCTATOUHO MpobieMaTnyHO. CBA3b MEX 1Y ACMPECCUCH TTACTA U U3MEHEHUEM MPUTOKA CKBa-
KUHHOM )KHIKOCTH MOXKET OBITh OMPE/ICNICHA 0 TAHHBIM FUAPOIMHAMUYCCKUX UCCICIOBAHUI CKBAYKUHBI.

Pe3ysbTaThl MPOBEACHHBIX HCCIIEIOBAHNN MOTYT OBITH MOJE3HBI CHCUATHCTAM He(TeTOOBIBAIOIINX TPE/I-
MPUSITHN TIPU pa3paboTKe MEPONPUSATHI MO OMTUMHU3AIUH MOTPEONICHHUS SHEPTUH.

Kmiouesvie crosa: >MeKTPOLCHTPOOSIKHBIH HACOC, TOTPYKHOM AIICKTPOIBUTATENb, BSI3KOCTh, MIOTHOCTD,
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JaCTOTHO-PETYITHUPYEMBIH AJIEKTPOIIPUBOI, YIEITHHOE dHEPronoTpedacHue, 3Heprodh(EKTHBHOCTS.

RESEARCH OF INFLUENCE ENERGY CONSUMPTION FOR WELL PUMPS
TECHNOLOGICAL AND OPERATIONAL PARAMETERS

Downhole artificial lift is the most energy-intensive process at the oil companies. In the current economic
conditions, the oil companies are forced to optimize the power consumption for production processes. To do this,
you must have a methodology for calculating the energy consumption of all oil-producing equipment.

Energy losses occur in all parts of the electrical submersible pump: in the pump units: submersible motors,
electrical cables, transformers and control station. There are analytical expressions that allow finding the power
consumption in all elements of the pumping unit. However, the energy consumption depends on many process
and operating parameters, such as density, viscosity, water content wellbore fluid, gas content, temperature in the
borehole.

The authors conducted a study on the impact on the power consumption of various technological and operational
parameters. The power loss in the electrical cable depends on its temperature. However, determining the average
temperature of the cable is quite a challenge, as the temperature varies with depth of the well, there is a self-heating
cable from the current flow, heat transfer through the shell with the well fluid, the fluid is heated, the heat developed
operating the pump unit.

The dependence of energy on the viscosity of the borehole fluid. It is known that the viscosity of the changing
characteristics such as pump pressure, flow and efficiency.

The use of a variable frequency drive is one of the main ways to reduce the energy intensity of the mechanized
process of oil production. The paper obtained plot of the specific energy consumption of the borehole pump from
frequency of the supply voltage. When adjusting the pump performance varies depression and reservoir, respectively,
and the oil recovery wells. Therefore, to determine the optimal performance of the pump for the payment by a
particular well is problematic. The relationship between the formation and the depression change inflow borehole

fluid can be determined according to well testing.

The results of these researches can be useful to specialists in the development of the oil-producing enterprises

of measures to optimize energy consumption.

Key words: electric submersible pump, submersible motor, viscosity, density, variable frequency drive, energy

intensity, energy efficiency.

CrnoxHble HSKOHOMHUYECKHE YCIIOBHS, HECTAOMIIb-
HBIE [IEHbI HAa HE(Th W HEMPEPBIBHBIN pocT Tapu(oB Ha
ANEKTPUIECKYIO SHEPTHIO 3aCTABISIOT HePTeI00bIBAIO-
M€ TPEeNNPUATHS 3aHUMAaThCs ONTHMH3AIMEd CBOMX
3aTpar, IIAaHUPOBAHUEM MTOTPEOICHNS SHEPTOPECYPCOB.
N3BecTHO, 4TO CaMBbIM HEPTOEMKHUM TEXHOJIOTHIECKUM
mporeccoM Ha He(pTeA0OBIBAIONTNX TPEAIPUATHIX SB-
JIieTCs CKBaKMHHAS MEXaHM3UPOBaHHAsA A00b4a [1, 2].

[ToTpebnsiemas ycTaHOBKaMH DIIEKTPOIEHTPO-
O6exxabix HacocoB (DLIH) sneprus pacxomyercss Ha
MOIBEM CKBaXHHHOM JKHAKOCTH, a TaKXKe Ha MOTEepHU
BO BCEX DJIEMEHTAaX YCTAHOBKH: HAcOCE, MPEeaBKIIIO-
YEeHHOM yCTPONCTBE, MPOTEKTOPE, MOTPYKHOM 3JeK-
TpoaBuraTtesne, KabelbHOW JTHMHUHU, TpaHchopmaTope,
CTAaHIIMM YIPaBJICHUS, TAaK’K€ B CETEBOM M BXOJAHOM
¢unbTpax [3].

Hecmotps Ha TO, 9uTO TOTpeOIeHNEe MOIIHOCTH B
J000M M3 JIEMEHTOB ycTaHOBKU DIIH MoxHO paccum-
TaTh MO W3BECTHBIM aHAINTHYECKUM BBIPAKECHUSAM, 3a-
Jlada OTIpeJIeIeHNs YAeIbHOTO YHEPTONOTPEOICHUS A
Ka)XI0H KOHKPETHON CKBaXXHHBI SBJISETCS JTOCTATOYHO
CIIOKHOM. DTO CBSI3aHO C TE€M, UTO HA dHEpronorpedie-

HUE BIUSAET MHOKECTBO TEXHOJOTUUECKUX U IKCILTyaTa-
LIMOHHBIX NTAPaMETPOB, TAKUX KaK IJIOTHOCTb, BI3KOCTh
1 00BOTHEHHOCTH CKBAYKIMHHOU JKUIKOCTH, COJEPKaHNE
rasza, rpaJIu€HT TEMIEPATypbl MO CTBOJY CKBaXXHUHBI U
JIpYTHUX.

Hanpumep, Temneparypa B CTBOJIE CKBaXKUHBI BIIH-
sIeT Ha COTIPOTHBIICHUE KU KaOells, I0 KOTOPOMY TO-
BOJIUTCA HAIPSHKEHUE K MOTPYKHOMY 3JIEKTPOJIBUTATE-
JI10, CIIEJIOBATEIbHO, U Ha IOTEPU B HUX:

AP — 1,732-p- L, [1+ (T, —20)]-I°

KJI F s
IJe p — YAENbHOE CONPOTHBICHHE Marepuaia Kadems,
Om™m (st meau p = 0,0195-10 ¢ Om-m); o — Temre-
parypHbIil K03(QGUIMEHT paclupeHust MeIu (JJ1s1 M
a = 0,0041); L, — mmuna kabens, m; T, - — cpennss
temneparypa xabens, °C; I — pabouwnii Tok, A; F — mo-
I1a/1b TIOTIEPEYHOTO CEUCHUSI KUITbI, M.

OpHako ompereNneHne CpeiHel TemIeparypsl Ka-
Oellst ABISETCS AOCTATOYHO CIOXKHOM 3amadei, Tak Kak
TeMIeparypa CKBaXHHbBI H3MEHSIETCS ¢ TITyOHHOMW B CO-
OTBETCTBUU C T€OTEPMUYECKUM I'PAJUEHTOM, ITPOHCXO-

(1)
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JIUT CaMOHArpeB KaOells MPOTEKAIIUM TOKOM, TEILIO-
0o0MeH uvepe3 000JI0UKY CO CKBaXKHMHHOH >KUJKOCTHIO,
HarpeB KHJKOCTUA TEIUIOTOH, BBLICIsEMON paboTaro-
IIUM HACOCHBIM arperaroM.

Wutepec mpenacTaBisieT 3aBUCUMOCTH YIIEIBHOTO
SHEPronoTPEOICHHS OT BI3KOCTH CKBKUHHOTO (ITIOU-
na. 3BecTHO, 4TO OT BA3KOCTH MEHSIOTCS TAKHE XapaK-
TEPUCTUKU Hacoca, Kak Hamop, nogaya, KI1J[ nacoca [4,
5]. DT U3MEHEHHUS 3aJAI0TCS C TIOMOIIBIO COOTBETCTBY-
OIMX K03()(HUITHEHTOB!

-0,57
oB

KQV :1—4395'V0’85 Q (2)

)

0,4
v

Q 0,27 ’
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L =1-195.
3.96
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CL07-v* -qy,
Q 0,57 ’

oB

e KQV k03D (QUIIMEHT W3MEHEHHUs TMOJaYu OT
BSI3KOCTH; Knv — xoadpduuuent mzmenenus: KIIJ[ or
Ba3kocTH; K| — Ko>()puIHMEHT n3MeHeHus Hamopa oT
BSA3KOCTH; V — 3 (EKTUBHAS BA3KOCTH CMECH, M?/C; Qp
— ONTHMAaJIbHAS MOja4Ya Hacoca Ha Bofe (IO MacmopTy
Hacoca), MY/CyT; q,, — OTHOCHTEIIbHAs 110/1a4a Ha BXOJIe
B Hacoc.

Ha pucynke 1 npuBeneHa 3aBUCUMOCTh YACIBHOTO
sHepromnorpednenus ycranoBku OIH ot Bsskoctu
JKHUJKOCTH JIg CcKBaKMHBEI Ne 718. Bupmno, 4uto s
Bsazkoctu0...1,4-10° M?*/c ynenbHOE dHEprOMOTpEOICHNE
Oy/ieT u3MeHSThCs OT 3,76 110 3,96 kB1-u/M>.

1 “4)

0.8 1 1.2 1.4

x10°

Puc. 1. 3aBUCHMOCTH 0OBEMHOTO YICIBHOTO 3HEpronoTpedieHus yctaHoBKH DI[H 0T BA3KOCTH CKBaKMHHOW KHIKOCTH
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Puc. 2. 3aBHCUMOCTH 00BEMHOT0 YACITHHOTO dHEpronoTpedienus ycranoBku DL[H oT Bsa3kocTH
CKBa)XKMHHOH JKUJKOCTH MPH PA3IUYHBIX 3HAYCHU X TIIOTHOCTH
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Ha pucynke 2 mpuBeneHs! KpUBbIE 3aBHCHUMOCTEH
VAETBHOTO YHEPronoTpeOIeHus] OT BA3KOCTH MPU pas-
JIMYHBIX IJIOTHOCTIX CKBa>XUHHOI'O (I)JIIOI/I)Z[a. Bugno,
4YTO C YBCIMYCHUEM BA3KOCTU U INIOTHOCTHU KUJAKOCTHU
yAeTbHOE YHEPronoTpedieHre nopelmaercs. Tpexmep-
HBII TpaduK 3aBUCUMOCTEH YAEIBLHOIO DHEPromnoTpe-
OJIEHHS OT BSI3KOCTH IIpU Pa3JIMYHBIX IJIOTHOCTAX CKBa-
JKUHHOTO (QIIFOMJIa IPUBE/ICH Ha PUCYHKE 3.

M3BecTHO, YTO  UCHOJB30BAaHHE  YACTOTHO-
peryinupyemMoro IpuBoa sIBII€TCS OJHUM U3 OCHOBHBIX
C1oco0OB CHUKEHUS JHEPTOEMKOCTH TEXHOJIOTHUECKUX
MPOIIeCCOB MEXaHM3UPOBaHHOH 100buu HedTH. Ha ce-
TOMHSIIIIHAN JIeHb B OOJBIIMHCTBE CIIy4aeB OMTHMAIIb-
HbI€ IIPOU3BOAUTENIBHOCTh HACOCA U CKOPOCTh Bpallle-
HUA ONPUBOAHOIO ABUTATCIIA OMPCACIISAOTCSA OIBITHBIM
MyTeM — 1epedopoM ¢ OmpeeseHHbIM maroM. Pacyer-
HOE OIpE/eSIEHNE ONTUMAJIBHON IPOU3BOAUTEIBHOCTH
3aTpyAHACTCA TEM, YTO HG(I)TCOTI[EI‘-I& CKBA’XHMHBbI TAaK»XKE

W, kBt /e

2.5
1100
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800
P, KT/

\\
R i R
R

700

3aBHCHUT OT CKOPOCTH OTOOpa )HIKOCTH. B pesynbrare
PEryaupOBaHMs MTPOU3BOAUTENBHOCTH HAcOCa M3MEHS-
eTcs JISPEeCcCHs MJIacTa, 4To 00yCIaBInBaeT N3MEHEHHE
MPUTOKA KUIKOCTH. HeoOxoauMbIe JaHHBIE MOTYT OBITh
MIOJTy4€HBI TTOCJIE TPOBEIEHUS THAPOAMHAMUYECKUX HC-
CJIEZIOBaHUIN CKBA)XKMHBI, B YACTHOCTH, CHATHS KPUBBIX
BOCCTAHOBJICHUS JIaBIICHUS U YPOBHS [6, 7].

I'padux 3aBHCUMOCTH yIEIBHOTO SHEPronoTpedie-
HUS OT YaCTOTHI MUTAIOIIETO HANpPsKeHUs IPUBECH Ha
pucynke 4. U3 rpaduka BUIIHO, YTO JUIsl TaHHOM CKBa-
YKHHBI MUHAMAJILHOTO YHEProNnoTPeOIeHHsT MOKHO JI0-
CTUYh TPH YacTOTE MUTAIONIETo HampstkeHus 28 [
[Ipn MeHbIIMX YacTOTax HaOMIONAETCS YBEJIWYEHHE
9HEPToNoTPEONCHUsT M3-32 YMEHBIIECHHS KOJIMYECTBA
W3BJIEKaeMOH JKUAKOCTH, a IPU OOJBIINX — U3-3a POCTa
noTpedIsieMOil MOITHOCTH TTOTPYKHOTO AIIEKTPO/BHUTa-
Tesl.
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Puc. 3. TpexmepHbIi rpadyK 3aBUCUMOCTH dHEpronoTpedienus ycranoBku DIH oT BI3KOCTH CKBa)KMHHOM
KUJKOCTH IIPH PATUYHBIX 3HAYCHUSIX IUIOTHOCTH
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Puc. 4. 3aBucuMOCTb 00BEMHOI0 YAEIBHOIO 3HEpronoTpedinenus ycranosku SLH ¢ UPII
OT YaCTOTHI ITUTAIONIETO HATIPSKEHUS
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Crnenyer OTMETHTh, YTO PEXKHUM OSKCIUTyaTaluu
CKB2)XHMHBl C HAaUMEHBIIUM YACIbHBIM JHEPromnoTpe-
ONeHreM He BCerna sIBSIETCSl paldOHaIbHBIM C DKOHO-
MHUYECKOH TOYKH 3peHHs. B ycrnoBusx moporoi Hedtn
W JICUICBOH DIIEKTPOIHEPTHU TPEANPUSTHSIM BBITOIHO
obecrieunBaTh MAKCUMAaIBHBIHN AEOUT TPH JTFOOBIX SHEP-
TeTUYECKUX 3arparax, TaK KaK IeHa JIOMOJHHUTEIbHO
JOOBITON He(TH MEPEKPHIBACT BCE 3aTPAThI.

TakuMm 06pa3om, 1Mo NPOBEJCHHBIM HCCIICIOBAHUSM
OBUIN ClIeNIaHbI CIIETYIOIHE BBIBOJIBL:

1. Jlyise TOYHOTO OTpeneNeH sl YIeIbHOrO YHEPro-
NoTpeONieHNs] yCTAaHOBOK CKBaKMHHBIX HACOCOB He-
00XOIMMO YUYHUTHIBATH LEIBIA PsJI TEXHOJIOTUIECKUX U
IKCITyaTal[HOHHBIX MApaMEeTPOB: IJIOTHOCTb, BI3KOCTh
U OOBOJHEHHOCTh CKBKWHHOH >KHUIKOCTH, CPEIHIOIO
TeMIIeparypy Kadelsi, CoAep:KaHue ra3a ¥ Jpyrux.

2. Ha moTpebisieMy0 HAaCOCHBIM arperaTroM MOIII-
HOCTh 3HAYUTENBHOE BIHMSHUE OKA3bIBAIOT IOTEPH B
KabeJse, KOTOpbIe 3aBHCAT OT ero temreparypsl. Onpe-
JIeNIeHHEe CpellHel TeMIieparypbl Kabels sBIseTCs J0-
CTAaTOYHO CJIOKHOW 3aJjadeid, TaK KaK OHa 3aBHUCUT OT
rpajiieHTa TeMIepaTyphl BIOJIb CTBOJIA CKBaKHHBI, Ha-
rpeBa KuJl Kabessl MPOTEKAIOIINM TOKOM, HarpeBa yKH/I-
KOCTH TEIUIOM, BBIJCTSIEMbIM PaOOTAIOIIUM HACOCHBIM
arperarom.

3. [InoTHOCTH W BSI3KOCTh CKBaKUHHOTO (hIIOU-
Jla OKa3bIBAIOT BECbMa CYLICCTBEHHOE BJIMSHUE Ha
yIAETbHOE JHEPronoTpediIcHne, 3HAYCHUsI BSI3KOCTH
3HAUUTEIBHO W3MEHSIIOT XapaKTepUCTUKU Hacoca OT-
HOCHTENIFHO MAaCIIOPTHBIX JaHHBIX MO IMojaye, HAropy
u KII/I.

4. Tlpu peryaupoBaHHU MPOU3BOAUTEILHOCTH Ha-
coca M3MEHsIeTCsl ACTIPeccHusl TIIacTa, a COOTBETCTBEH-
HO, 1 HedreoTnaua ckBaXWHBI. [loaTOMy OIpeaenuTh
ONTUMAIILHYIO MMPOU3BOJAMTENBHOCTh HACOCA ISl KOH-
KPETHOW CKBa)XMHBI PAcYCTHBIM MYTEM JOCTATOYHO
npobiemarnuHo. Ha mpakThke NpoOW3BOJUTENBHOCTD
Hacoca ONPENeNSIOT ONBITHBIM MYTEM, PEryaupys ee ¢
OTIPE/ICNICHHBIM IIarOM.

5. CBs3b ieTIpecCui IJ1acTa U U3MEHEHHUS TIPUTOKA
CKB2)KUHHON KHJIKOCTH MOXXHO OMNpEACIHUTH IO JaH-
HBIM THAPOANHAMHYECKUX MCCIICOBAaHUN CKBaKUHBI, B
YaCTHOCTH, IO CHSITHIO KPWUBBIX BOCCTAHOBIICHHS J[aB-
JICHUSI U YPOBHSI.

6. Hambonee onTHManbHBIM CIOCOOOM TOBBILIIE-
HUSL 9(QPEKTUBHOCTH PadOTHl CKBaKMHHOTO HAcoC-
HOTO O0OOpYIOBaHHS SIBISIETCS BHEAIPEHHUE YaCTOTHO-
PEryIIMpyeMoro 31eKTPOIPHUBOAA.
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ONPEJEJIEHUE CEYEHUA JUHUA DJIEKTPOINEPEJAYM B DJEKTPUUECKUX
CETAX HAITPAKEHUEM J10 1000 B METOAOM AIIITPOKCUMAILIMHN JAHHbBIX

B mayuHO#t paboTe mpeacTaBiIeH aHAIN3 METOAA OMPEAeIEHNS TOYeK dKCTpEeMyMa, IMIUPHUECKOH (PyHK-
LIAW JIJIS pacdeTa CeYeHUsl JIMHUH aneKTpornepenadn. [IpoBeseHo uccienoBaHne METOIO0B OMPEIeICHUs CEUCHHS
MTPOBOHUKOB M0 HOPMATHBHBIM JJOKYMEHTAM JIEKTPOTEXHUKH. 7151 5KOHOMHUYECKOTO 000CHOBaHUS OLIEHKH d(-
(hekTHBHOCTH BBIOOpA CeUeHU s TPOBOIHUKA MCITOIH30BaH METO] MUTHUMYMa TTPHUBEICHHBIX 3aTpar.

[lo maHHOMY METORY KanuTaJbHbIE BJIOKECHHS HA COOPYKEHHE JIMHIH AIIEKTPOTepeaddl pacueTHOTO cede-
HUSI TISITUTTPOBOTHOTO MCTIOTHEHUS IEPECYUTHIBAIOT B AKBUBAICHTHYIO TOJJOBYIO CTOMMOCTD C TIOMOIIIBIO CTICTIH-
aTBHOMN TNCKOHTHOM CTaBKH, a 3aTeM MPHOABIIAIOT K SKCIUTYaTAIMOHHBIM pacXo/iaM 3a rofl. Pe3ynbraTom sBiseT-
sl TIOTy4YeHHasi CyMMa €XKerofHBIX TPUBEICHHBIX 3aTpar.

Jns matemaTndeckoit 00pabOTKM MHOKECTBA PEIICHHs BEIOpaH METOJ CHCTEMATH3AIMN M UCTIONH30BaHUS
CTAaTUCTHUYECKUX MAHHBIX JJIS HAYYHBIX W MIPAKTHYECKUX BBIBOJIOB M TEXHUKO-YKOHOMHUYECKUX PACIETOB O0BHEK-
Ta JIEKTPOCHAOKEHHS ¢ 3aJaHHON Harpy3koi ceTu HampspkeHueM g0 1000 B. [Ipoussenen pacder OTKIOHCHUS
3HAYEHU U TOJIOBBIX 3aTpaT OT 3HAYEHU U MPEJICTABICHHBIX CEYEHUM MPOBOJHUKA B CUCTEME YpaBHEHUH. Perienue
CHCTEMBl YpaBHEHHS ompesenseTcs MeTofoM [aycca. MeTos mpenmonaraeT IOCIEI0BaTEIbHOE HCKIIOUEHHUE
MEPEeMEHHBIX, KOTJa C TIOMOIIBI0 TPe00pa30BaHMil cUCTeMa YpaBHEHUH MPUBOINUTCA K PaBHOCHIBHON cHCTEME
CTYTNIEHYaTOr0 BU/Ia, 3 KOTOPOTO TIOCIE0BATEIhHO, HAUNHAS C TTOCIEIHUX MIEPEMEHHBIX, HAXOISITCS BCE OCTaIb-
HbIE IEPEMEHHBIE.

[Ipencranen rpaduk 3aBUCIMOCTH MTPUBEACHHBIX 3aTPAT OT CEYCHHUSI TPOBOTHUKA IMHUH SJICKTPOTIEPEIauH.
Omnpernenena cpenHeKBaJApaTHUYecKas OMNOKa, JOMyCTHMAas TP BRIYUCICHUN MTPUBEICHHBIX TOJIOBBIX 3aTpPaT, C
MTOMOIIIBIO TIOTYYEHHOTO allMTPOKCHMHPYIOIIET0 MHOTOYJIeHa, HaXo/sasica B quana3one meHee 1%. Pa3paboran-
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HBIH CIIOCOO MOKET OBITh MPUMEHHUM JIJIsl IIPOBOIHUKOB JTFO0O0H JIIMHBI ¥ BUJA TIPOKJIAJKH, C UCTIOIb30BaHUEM
YKPYIHEHHBIX TEXHUKO-D)KOHOMUUYECKUX T0Ka3aTellell aHAIU3UPYyEMOM IEKTPUUYECKOi ceTh. [laHHbIN cTaTu4de-
CKUH METOJ] MOXET ObITh MPHUMEHEH TOJBKO KaK MHCTPYMEHT C MPOCTHIM CIIOCOOOM BBIYMCIICHUS TTOKa3aTenel
pacuera.

Kniouegvie cnosa: annpokcuMarus, Kabenb, dIeKTPOCHA0KEHNE, SMeKTPUUIeCcKas CeTh, CEUeHHE IPOBOIHUKA,
IIPUBEJICHHBIE 3aTPAThI, IOIPEIIHOCTb.

DEFINITIONS CROSS SECTIONS POWER LINES IN ELECTRIC NETWORKS
WITH VOLTAGE UP 1000 V METHOD OF APPROXIMATING THE DATA

In a scientific paper presents an analysis method for determining the extreme points of the empirical function
to calculate the cross-section of power lines. A study of methods for determining the cross-section of conductors
for electrical regulations. For the feasibility study evaluating the effectiveness of choice of the section of the
conductor used the method of minimum cost is given.

According to this method, capital expenditures for the construction of the power line design section five wired
performance translated into an equivalent annual cost of using the special discount rate, and then added to the
operating costs for the year. The result is obtained by the sum of the annual discounted costs.

For mathematical processing of multiple solutions, the method of ordering and use of statistics for scientific
and practical conclusions and feasibility study for an object with a given power supply network load voltage up
to 1000 V. The calculation of the deviation values of annual costs from the values presented in the section of
the conductor system of equations. Solving systems of equations determined by Gauss. The method involves the
sequential elimination of variables when using transformations of the system of equations is reduced to an equivalent
system of stepwise form from which sequentially, starting with the last variables are all the other variables.

Is a plot of reduced expenditures on the section of the conductor transmission line determined standard error
allowable in calculating the reduced annual costs by approximating polynomial obtained in the range of less than
1%. The developed method can be applied for any length of conductors and form gaskets with enlarged technical
and economic parameters of the analyzed electrical network. This static method can be used only as a tool with a

simple way to calculate performance calculation.

Key words: approximation, cable, power supply, electrical network, section of the conductor, reduced costs,

measurement error.

Br16op cedeHuss TPOBOJOB BO3AYIIHBIX JIHHHAN
(BJI) u xwn kabeseit sSBsieTcs BaKHEHIIEH 3a1adeil B
MTOCTPOSHHUH CUCTEMBI SJIEKTPOCHAOKEHUSI.

B mepByro odepenp oT mpaBUILHOTO BEIOOpa ceve-
HUSl TIPOBOJHHKA 3aBUCHT HAJEKHOCTh M pabOTOCIIO-
CcOOHOCTh BCEH 3JeKTpuYecKoi ceTn. HempaBHiIbHBIN
BBIOOpP CeueHHsI MMPOBOJIOB MOXKET NMPUBECTH K TIOTEpE
MOIIIHOCTH ¥ BEPOSTHOCTH TIEPETpPeBa, YTO BITOCIE-
CTBUHU MOXKET TIPUBECTH K TIEPETOPAHUIO TPoBOIOB. Ha-
rpy3Ka Ha IMPOBOJIA JIOJDKHA PACCUUTHIBATHCS JJOCTATOY-
HO TOYHO, TaK KaK €€ 3aBbIIIEHUE MPHUBENIET K BHIOOPY
MPOBOJIa OOJIBINIETO CEUEHUS, 4 3aHIKEHHUE — MEHBIIIETO,
YTO TaKke€ SKOHOMHYECKH HE BBITOJHO, TaK KaK BBI3BI-
BaeT JIUIIHUE TIOTEPH IEKTPOIHEPTUHN U HATIPSIKCHUS B
nposogax [1].

CeueHune MPOBOIOB W JKHUJ Kaleyei BRIOMPAIOT B
3aBUCUMOCTH OT TEXHUYECKUX M DKOHOMUYECKHX (hak-
TopoB. [Ipu pykoBOACTBE HOPMATHBHBIMH JIOKyMEHTA-
MU, TakuMmu Kak [IpaBmia ycTpoiicTBa 3ieKTpoycTa-
HOBOK, CYyIIECTBYET psiji CrOCOOOB BBIOOpa CeUeHUs
MTPOBOHHUKOB:

— TI0 YCJIOBHIO MIPEJIEBHO JIOIYCTUMOTO Harpesa ¢

YUETOM HE TOJIbKO HOPMAJIbHBIX, HO ¥ IIOCJICaBapUIHHBIX
PEKUMOB;

— I10 YCJIOBHIO JAOIYCTUMBIX JUINTEIIbHbBIX TOKOB;

— II0 HOTepe HampsDKeHMs B KUJIax KaOened win
IIPOBOAAX BO3AYLIHBIX JIMHUH OT MPOXOSIIETO 110 HUM
TOKa B HOPMaJIbHOM U aBapUMHOM PEXHUMax;

— 10 MEXaHUYECKOM MIPOYHOCTH;

— 110 SKOHOMHUECKO IJIOTHOCTH TOKa,

— I10 YCJIOBUSIM KOPOHBI U PaInONIOMeX.

B TeXHHKO-3KOHOMHUYECKUX pacdyeTax CUCTEM Ipo-
MBILJICHHOTO 3JIEKTPOCHAOXKEHUSI 4acTo Tpelyercs
OTBICKaTh TOYKH KCTpeMyMa (DYHKLUH, 3aJaHHBIX Ta0-
anuHo. K Takum 3a1ayaM OTHOCSTCSI, HAlPUMED:

— BBIOOpP 3KOHOMUYECKH 11eJIecO00Pa3HOro Hamps-
KEHUS Ul CUCTEMBI 3JIEKTPOCHA0KEHUS;

— BBIOOP MOIIIHOCTH TpaHC(HOPMATOPOB;

— BBIOOP 9KOHOMHYECKH IIETIECO00PA3HOTO CEYCHUS
LIMH, IPOBOIOB, KU Kaleneil.

Llenpro HaydHOW pPaOOTHI SBISAETCS HAXOXKICHHE
1es1eco00pa3Horo ceueHus: kalesiss Ha OCHOBAaHUM HC-
10JIb30BAHMSI METOa MATEMaTH4YECKON CTaTUCTHKH.

3anmaueii HaydHOUW pabOTHI SBISIETCS 0OOCHOBAHME
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3(h(HEKTHBHOCTH IPUMEHEHHSI METOIa MaTeMaTHIeCKOH
00pabOTKN SMIUPUYECKUX TAHHBIX IJIS OIPEeIeHHUs
CEYeHUs TIPOBOJIA.

OCHOBHO# MeTOJI, KOTOPHBI OyZIeT paccMaTpuBaTh-
csl Uil BRIOOpA CedeHwsl, OCHOBBIBAETCS HA 3aBUCHUMO-
CTH TOIOBBIX 3aTpaT OT ce4eHus Xui kabems. Kaxmomy
CTaH/JaPTHOMY CEYEHHIO COOTBETCTBYIOT OIIpENIEIICH-
HBIE 3aTPaTHI.

B cymmupoBaHHBIE 3aTpaThl BXOJSAT M3IEPKKHA Ha
aMOPTH3AITHIO, TEKYITHI PEMOHT, 00CITy>)KHBaHUE U CTO-

HUMOCTb TIOTEpb EKTpo3Heprun. Crnocold MpokKIanKku
HE YYUTBIBAJICS, YPOBEHb HANPSIKECHUS JIEKTPUUECKON
cetu npuHAT 10 1000 B.

s monydeHus MCXOAHBIX MAAHHBIX IIPOU3BEIN
pacder NpUBEACHHBIX 3aTpaT Ha 3HAYUTEJIbHBIN Iuara-
30H CeYeHHI KaOebHOW W BO3IYIIHOM JTMHUH IEKTPO-
Iepeiauu U IMOJyUYCHHbIC JAaHHbIC CBEJIM B Tabmuiy 1.
[IpuBeneHHbIE 3aTPaThl IPEICTABICHBI B TEHI€ M TAKXKe
HCTIOJIB3YIOTCSl B JAJbHEHIIMX pacuerax MareMarhye-
CKOTO amrnapara.

Tabnuya 1

PacueTHble 1aHHDBIE NPUBECACHHBIX 3aTPAT MO CTYNNEHAM CTAHAAPTHBIX CceYeHUH JTUHUH JEKTponepeaauIn

Ceuenne, MM* IIpuBenenHbie 3aTpaThl, TeHre/Tox

25 3143550

35 2906862

50 3049866

70 3388291,2
95 4152708,85
120 6199477,75
150 6946332,25
185 7891319,25
240 8751388,08

[epBbIM 3Tanom TpedyeTcst ONpPEICITUTh aHAIUTH-
YyecKoe BeIpaykeHue Juist GyHKImU 3 = f(S) 1Mo 3aJaHHBIM
3HaUeHHsM aprymenra. J[ius Toro 4roObl cuenarh 3a-
Jla4qy OIpEeCeTICHHOM, B Ka4eCTBE anpoOKCHMHUPYIOIIESH
¢dyHKIMH Bo3bMeM MHOTOWIeH Pn(S) crenenu n. Beibop
CTETIEHN MHOTOYJICHA 3aBUCHT OT TPeOyeMOi TOYHOCTH
annpokcumanuu. [papuuecku 3To O3HAYaeT, YTO Ha
MJIOCKOCTH TPEOyeTCsl MPOBECTH Mapaboiy n CTEMEHH,
MPOXOJISIIYI0 BO3MOKHO OJIMKE K TOYKaM, MOTydYeH-
HBIM 13 pacdera. [ paduk npencrabieH Ha pruCyHKe 1.

3, MJIH.T€HI'€

25 35 50 70 95 120 150

185 240 300

2
F, mm
Puc. 1. I'paduk 3aBUCHMOCTH MPUBEICHHBIX 3aTPAT OT Ceye-

HUS TPOBOJAHHUKA JIMHUU DJICKTPOINCpeaavYn
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3areM Mo JaHHBIM M3 TaOJUIBI CTPOUTCS TpauK
3aBUCHUMOCTH TOIOBBIX TPUBEJICHHBIX 3aTpaT OT ceve-
Hus. [lo momydeHHOMY rpadMKy BUIHO, YTO (PYHKIIHS
aIMPOKCUMHUPYETCS MHOTOUJICHOM BTOPO CTETICHH.
Juist HaxoxeHust ero Ko3(Q(UIIMEHTOB COCTaBIIsI-
€M YpaBHCHUS, XapaKTePHU3YIOIIHE BEIHMYUHY OTKIIO-
HEHUH.
0O0603Ha4MB Yepes «&» OTKIIOHEHUS 3HAYSHHH T0J10-
BBIX 3aTpar OT 3HaYCHUI B TaOJIHIIE, 3aITUCHIBACM ypaB-
HEHHS, XapaKTePU3YIOIIHE BETUUNHY OTKIOHCHUH:
g, =a+bs +cs?-3;
e =s(a+bs +cs?—3);
e =s?(a+bs +cs?-3). (1)
st Toro uto0wI f (a; b; ¢) MMena HanMeHblee 3Ha-
YeHUE, HEOOXOANMO, YTOOBI €€ YaCTHBIC TPOU3BOIHBIC
1o a, b, ¢ (kaxkmas B OTAEIBHOCTH) PAaBHSINCH HYIIIO.
CrnenoBarenbHO, I 3TOTO M3 TaOMUIBI TOOYEPETHO
KaXJIy1o Tlapy 3Ha4eHUI 3aTpar M CEYCHHUs MOJICTABIISI-
€M B ypaBHEHHUSI, MOJTy4asi CHCTEMY YPaBHEHHH.
[Tosyuniin HOpMaIbHYIO CUCTEMY YPaBHEHMIA:

1oa + 1270b + 237000c — 55.75 = 0 )
1270a + 237000b + 53642500c — 9096 = 0
237000a + 53642500b + 13416317750c — 1197175 = 0.

Jlnst pemieHust CUCTEeMbI HCIONB30Bacsi MeTox [ a-
ycca. M3 koa¢hduImeHToB pu HEU3BECTHHIX B YpaBHE-
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HUSI CUCTEMBI COCTaBUM Marpuily. Ecin 1o6aBuTh Kk Hel
cTonber, COCTOSINN U3 CBOOOTHBIX YIEHOB, TO IOJY-
YHM TaK Ha3bIBAEMYIO PACHIMPEHHYIO MATPUILY:
A3)
1oa + 1270b 4 237000c —55.75 =0
1270a + 237000b + 53642500c — 9096 = 0

(2370003 + 53642500b 4 13416317750c — 1197175 = 0).

OcrtaBisieM NEepBYI0 CTPOKY 0€3 H3MEHEHHs, & BTO-
PYIO U TPEThIO IPeoOpPa30BhIBACM. YMHOXKAEM BCE dlie-
MEHTHI IepBO CTpoKH Ha (-127) u pe3ynbrarsl mpruodaB-
JISieM K COOTBETCTBYIOIIUM BIIEMEHTAM BTOPOI CTPOKH:

4
loa + 1270b + 237000c — 55.75 = 0 Q
0 + 75710b + 23543500c — 2015.75 =0

(2370003 + 53642500b + 13416317750c — 1197175 = D)-

Hanee ymMHOXaeM Bce 3JIEMEHThI IEPBOM CTPOKH Ha
(-23700) u pe3ynbraThl MPUOABIsIEeM K COOTBETCTBYIO-
MM BJIEMEHTAM TPEThed CTPOKU. MHOXHUTENIH TMOj-
OMparoTCs Tak, YTOOBI BCE DJIEMEHTHI TIEPBOTO CTOJIOIIA,
KpOMe TIEpPBOTO AJIeMEHTa, OBIITH PaBHBI HYITIO:

10a + 1270b + 237000 — 55.75 = 0 )
0+ 75710b + 23543500¢ — 2015.75 = 0
0+ 23543500 + 7799417750c — 5984425 = 0/ -

Teneppb BcE AJIEMEHTHI BTOPO CTPOKU YMHOXKAEM
Ha (-23543500/75710):

loa + 1270b + 237000c — 55.75 =10
0 + 75710b + 23543500c — 201575 =0 (6)
0+ 0+ 4781075%c + 283945 = 0

Takne mpeoOpa3oBaHUS PACIIUPESHHOW MAaTPHIIBI
NPUBOIAT K CUCTEME YPAaBHEHUU, SKBUBAJIEHTHON HC-
XOIHOM:

loa + 1270b + 237000c — 55.75 =0
75710b + 23543500c — 2015.75 =0
478107590c + 283945 =10.
[Tocie mpeoOpazoBaHMii CHCTEMBI YPaBHEHUH T10-
JYYUIIA aIPOKCUMHUPYIOIIHI MHOTOUJIEH:

3 =1.27 + 0.0455 — 5.94 x 107*52.

(7

@®)

Ucxons u3 cnenmuduku TEXHUKO-IKOHOMUYECCKHUX
3a/1a4 MPOMBIIIICHHOTO AJICKTPOCHAOKEHUS, CUUTAEM
aTMPOKCUMAIIMIO JTOCTaTOYHO XOPOIIEH, eclu KBajpa-

V2ig? VA e
;

THUYHAS OLIMOKA 0 = =
n-1 n-1

HE
npesbimaer 10% cpenHeaprupMeTHuecKoro TabIMIHbIX
3HauUeHHUI SMIupruecKoil pynkuun. Ecium y npesbimaer
3a/IaHHYIO JOIIyCTUMYIO BEIUYHHY, TO CIELYeT CAENATh
nepecyeT (anmpoKCUMUPOBATh (PYHKINIO MHOTOUJICHOM
0oJiee BHICOKOH CTETICHN).

Haxonum cpenHexBaipaTHUECKyl0 OIIUOKY, JOIMy-
CTUMYIO NIPH BBIYMCIIEHUH NPUBEACHHBIX I'OOBBIX 3a-
Tpat, ¢ NOMOLIBIO MOJIy4EHHOIO allpPOKCUMUPYIOLLETO
MHOI'OYJICHA.

Jliist aTOrO COCcTaBUM TaONMUIly 2 OTKIOHEHUH, Te:
3, — 3arparbl, NOJYYEHHBIE B PE3YNILTATE BHIYMCICHUSA
10 KallUTAJIbHBIM 3aTpaTaM; 3 — 3aTpaThl, MOJy4YEeHHbIE
Ha OCHOBAHUHU ANIIPOKCUMUPYIOLEr0 MHOTOWIEHA.

Tabnuya 2
Pacyernasi Ta0iMua OTK/JIOHEHUI IPUBEEHHBIX 3aTPAT OT CeYeHUs1 IPOBOJIHUKA
IpuBeeHHbIE Ceuenue npoBoIHNKA, MM’

3aTpaThl 25 35 50 70 95 120 150 185 240

3. 3,1 2,9 3,05 34 4,2 6,2 7 7,9 8,8

3 2,36 2,77 3,37 4,13 5 5,82 6,68 7,56 8,65

€ -0,74 -0,13 0,32 0,73 0,8 -0,38 -0,32 -0,34 -0,15
Homyuum: Ye. = 0,01; Y2 =2,273 '=0,045-2x%x5,94 x10*x S. (10)

2.273

—=105. ©
9

[TosryyenHOE TIPUOMKEHNE TOCTATOYHO XOpOoIIIee,
noToMy 4TO cocTtaBisieT 1% cpeaHeapuMeTHIecKoro
TaOMMYHBIX 3HAYCHUH (PYHKITH.

Jlns HaXOXKAEHHS TOYKH SKCTpeMyMma aupepeH-
[IUPYEM TTOyIeHHBIH MHOTOWIEH U TIPOM3BOIHYIO IPH-
paBHUBaeM K Hymto. [Tomygaem:

Electrical and data processing facilities and systems. Ne 1, v. 11, 2015

B Touke sxcTpemyma Haxomum S3 = 37,9 mm>.

B TeXHMKO-3KOHOMHUYECKUX pacdyeTax CUCTEM Ipo-
MBILIJICHHOTO 3JIEKTPOCHAOKEHUSI 3aBUCUMOCTb T'OZI0-
BbIX 3arpar 3 = f(S) umeer cnabo BbIpaKCHHBIN MUHH-
MYM, TO €CTh Ha HEKOTOPOM y4acTKe (yHKIHS MaJIO OT-
KJIOHSIETCSL OT MPSIMOIA.

[Io »KOHOMHMYECKHM COOOPaXXEHHUSIM B HpeAeiax
norycTuMoil 10%-Ho morpemHoCcTy A 3HaYeHUH TO0-
JIOBBIX 3aTpPaT BBITOIHO B35Th S? KaK HAUMEHbLIEE J10-
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MMyCTUMOE 3HaY€HHe apryMeHTa, TO €CTh 110 HailIeHHO-
My 3HA4YEHMIO OMpeJeNsieM JOMYCTHMYI0 aOCONIOTHYIO
MOTPENIHOCTD JIsl (PyHKIINH.

KopHu cocraBieHHOTO ypaBHEHHS SIBISIOTCS abc-
LMCCaMH TOYEK MepeceyeH s KpUBOM TOJIOBBIX 3aTpaT 1
npsiMoi. Takum 06pa3om, B 3TOM citydae OyzeT HaiiieHa
TOYKA, T7Ie HAXOAATCS KOPHU MOJTy4YE€HHOTO KBaIpaTHOTO
YpaBHEHUSI.

B xoze mpoBeIcHHBIX pacueToB ObLTO BBIOPAHO I1e-
JecooOpas3Hoe ceueHne Kabemst ¢ MPUCOeNHIEeMOH Ha-
rpy3koii B 200 A, paBroe 50 mm’. Bbibop sxKoHOMUYE-
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O PEI'YJIMPYEMOM JJIEKTPOIIPUBOJAE TEXHUKHN CEPBUCA

CoBpeMeHHBIH 3JIEKTPOIIPUBO/] pa3BUBAETCS IO Ty TH MAKCHMAJIBHOTO COOTBETCTBHUS JEKTPOIBUTATENS pa-
0odeif MaImHe, 9YTO BE/IET K MUPOKOMY PACIIPOCTPAHEHUIO PETYIHPYEMOT0 dIIEKTPOIIPHBO/IA TIEPEMEHHOTO TOKA.
Perynupyemslii 1 yIipaBIsieMbIi 2JIEKTPOTIPUBOL ABJISETCS HE TOJIBKO OCHOBOM MeXaHM3aIM! TPOMN3BOICTBEHHBIX
MIPOIIECCOB, HO M TEXHUUYECKOM 0a301 COBEPIICHCTBOBAHNS M aBTOMATH3AIIUH dTUX IporieccoB. [loaTomy riraBHOM
TEHJCHITHEeH Pa3BUTHS COBPEMEHHOTO 3JEKTPOIPHBOJA CTAHOBUTCS MEPEXOJ] K PEryIUPYEMBIM AIIEKTPOTIPUBO-
JlaM B COYETaHHH CO BCECTOPOHHUM IPUCIIOCOOIEHUEM AIIEKTPOTIPUBOAA K TPEOOBAHUSIM pabOINX MEXaHN3MOB
Y TEXHOJIOTHYECKUX TIPOIIECCOB.

B T0 Xe camoe BpeMsi OCHOBHBIM MOTPEOUTENEM DIEKTPOIHEPTHH CUUTAETCS DIEKTPOIPUBOJ, OCHOBHYIO
JIOIF0 KOTOPOTO COCTABIISIET aCHHXPOHHBIHN 3JIEKTPOIIPUBO/I. YUUTHIBAs, YTO OCHOBHBIE TIOTEPH DIEKTPOIHEPTUU
MIPOUCXOMAT TIPHU DHEPTOMOTPEOICHIH, CYIIECTBEHHAS SKOHOMUS DJIEKTPUYECKON YHEPTUU BO3MOXKHA TIPH HC-
MOJTb30BAaHUH YaCTOTHO-PETYIHPYEMOTO aCHHXPOHHOTO AIIEKTPOIIPHUBO/IA C OJHOBPEMEHHBIM BBITIOJTHEHHNEM BCEX
TpeOoBaHMH pabOUYNX MANTUH U TEXHOJOTHUCCKUX TIPoIieccoB. TpeboBaHUs pabOUNX MAIIHH K 3JICKTPOIPHUBOIY
OTIPEAETATOTCS UX TPUBOHBIMH XapaKTePUCTUKAMHU (TEXHOIOTHUECKUMH, MEXaHWYECKUMH, Harpy309HBIMH, KH-
HEMAaTHYECKIMH, YHEPTETHUYECKIMHU 1 HHEPITMOHHBIMH). Kak 3BeCTHO, BHIOOP paIrimoHaIbHOTO 3JIEKTPOIIPUBO/IA,
MPEKJIe BCETO, HAUNHACTCS C OMPEeTIeHUs TEXHOIOTHYECKON XapaKTePUCTHKN ITPON3BOICTBEHHOTO MEXaHN3Ma,
CBSI3aHHOM, TJIABHBIM 00pa3oM, CO CKOPOCTHBIM PEXHUMOM IPOIIecca, 9YTO BKIIFOYaeT He0OXOIMMOCTh, THaIa3oH,
HaIpaBJIeHNE U IABHOCTH PEr'yIUPOBAaHMUS, a TaK)Ke CTAOMIBHOCTh pabodeil CKOPOCTH.

[IpuBos OBITOBBIX MAIIHMH, TPUOOPOB U ATITIAPATOB, & TAK)KE MEXaHU3MOB B WHINBHTYaTbHOM X03SHMCTBE OCY-
MIECTBIISIETCS KOJIEKTOPHBIMH, OJTHO()a3HBIMI ACHHXPOHHBIMH ¥ CHHXPOHHBIMH ABUTaTenaMu. OCHOBHAS 4acTh
OBITOBBIX MAITH MOJTYYaeT ANEKTPONPUBO OT KOJIJIEKTOPHBIX ABUTATENIEH, TaK KaKk OHU 00ECTIeYUBaIOT, C OTHON
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CTOPOHBI, JOCTHKEHNE BBICOKMX CKOPOCTEH pabodmx OpraHoB 0e3 MpoMeKyTOYHBIX Tepead, ¢ IPyroi cTopo-
HBI, IMAPOKUN THATMA30H IJIABHOTO PEryJaupoBaHMsS CKOpOoCcTH. OMHAKO OHM 1O CPaBHEHHIO C aCHHXPOHHBIMHU
JBUTATENISIMU UMEIOT 00JIe€ CI0KHOE YCTPOHCTBO, OOJIBITYIO0 CTOMMOCTH, MEHBIIIUH CPOK CITYKOBI, TOBBIIIICHHBIE
9KCIUTYaTaIlMOHHBIE PACXO/BI, PAIUOTIOMEXH U MITKYIO0 MEXaHMYECKYIO XapaKTePUCTHKY U TEM CaMbIM HU3KYIO
CTa0MIBLHOCTE pabodell CKOPOCTH BHYTPH AWama3oHa perynnpoBanus. OmHoda3Hble aCHHXPOHHBIC ABUTATEITH
MPUMEHSIOTCS B OCHOBHOM JIJISI HEPETYITHPYEMOT0 MPHUBO/Ia OBITOBBIX MAIIMH U MEXaHU3MOB B WHINBUTyaTbHOM
X03sHcTBe ¢ yacToTol BpameHus mMeHee 3000 o6/MHH, a Tak)Ke MPHU PETyIHPOBAHNN CKOPOCTH B HEOOJBITHX
mpezesax OBITOBBIX YCTPOUCTB C BEHTUIIATOPHOM MEXaHWUECKON XapaKTEePUCTHKOM.

Onnako ogHO(a3HBIE ACHHXPOHHBIE ABUTATEIN OTHOCUTEIHHO Tpex(a3HbIX ABUTATENCH UMEIOT psl HEHO-
CTaTKOB, TIOITOMY C Pa3BUTHEM IOIYIIPOBOAHUKOBEIX IpeoOpa3oBaTesieil 9acTOThI, KOTOPBIE OMHO(MA3HBIA TOK
Mpeo0pPa30BBIBAET B PETYIHMPYEMBIH 110 YaCTOTE W HAIIPSHKEHUIO 10 TpeOyeMoMy 3aKOHY Tpex(asHbIi TOK, Iee-
CO00pa3HO 3JEKTPOIPHUBOJ psa OBITOBBIX YCTPONCTB MEPEBONUTH HA YACTOTHO-PETYIUPYEMbIil aCHHXPOHHBIH
ANEKTPONPHUBOA Ha 6a3e OECKOHTAKTHOTO Tpex(a3zHOoro ABUTATENS C KOPOTKO3aMKHYTHIM POTOPOM.

Ha ocHoBe aHanm3a maTH TEXHOIOTHICCKHUX MPOIIECCOB B cdhepe cepruca (IepeBooOpadoTka, OTKUM OeIbs
B 0apa0aHHBIX CTHPATBHBIX MAIIWHAX, KOHJUIIMOHUPOBAHUE BO3/yXa, IMUTHE OJEKBI U MBIICYAaIEHUE) pac-
CMOTpEeHa BO3MOYKHOCTH MPUMEHEHHSI JJIs1 HUX YaCTOTHO-PETYIHPYEMOT0 IEKTPOIPHUBOIa Ha Oa3e Tpex(azHoro
ACHHXPOHHOTO JIBUTATEIIS.

Karouesvie crnosa: sneprocoepekeHue, peryanpoBaHue CKOPOCTH, TUANa30H, KOO PHUITNEHT TIIaBHOCTH, IBHU-
raTend, Ipeoopa3oBaTeau 4aCTOTHI.

ABOUT THE REGULATED ELECTRIC DRIVE OF TECHNOLOGY OF SERVICE

Modern electric drive developing towards maximum compliance motor driven machine, which leads to a
proliferation of controlled electric AC. Regulated and controlled by the drive is not only the basis of mechanization
of production processes, but also the technical basis to improve and automate these processes. Therefore, the main
trend in the development of modern electric drive becomes a transition to a regulated electric drive, combined with
a comprehensive adaptation to the requirements of the drive working mechanisms and processes.

At the same time, a major consumer of electricity is considered to be the drive, the bulk of which is
asynchronous electric. Given that the main power losses occur when power consumption is a significant electricity
savings possible by using variable-frequency asynchronous electric with simultaneous fulfillment of all the
requirements of working machines and processes. Demands of the workers to the motor vehicles are defined by
their driving characteristics (technological, mechanical, stress, kinematic, energy and inertia). As you know, the
choice of rational electric primarily starts with the definition of the technological characteristics of the production
mechanism, associated mainly with high-speed mode process that includes the need, range, direction, and control
the smoothness and stability of the operating speed.

Drive household appliances, devices and apparatus, as well as mechanisms to individual farms carried collector,
single-phase asynchronous and synchronous motors. The main part of household electric machines prepared
by collecting engines because they provide on the one hand, the achievement of high working speeds without
intermediate transmissions, on the other hand, a wide range variable speed. However, they are compared with
induction motors have a more complex device, a large value, a shorter life, higher maintenance costs, mechanical
interference, and a soft characteristic and thus low stability in the operating speed of the control range. Single-
phase asynchronous motors are used mainly for household unregulated drive machinery sector individually at
a speed of less than 3000 rev / min and by adjusting the speed within a small range of consumer devices with
mechanical ventilatory response.

However, single-phase asynchronous motors with respect to three-phase motors have anumber of disadvantages,
so with the development of semiconductor inverters that convert single phase in the regulated voltage and frequency
required by the law of three-phase current, it is appropriate number of electric home appliances translated into
frequency-controlled asynchronous electric drive on the basis of non-contact three-phase squirrel cage induction
motor.

Based on the analysis 5 processes in service (wood, spin the laundry in the washing machine drum, air
conditioning, sewing clothes and dust extraction) considered the possibility of using them for variable frequency
drive on the basis of 3-phase induction motor.

Key words: energy saving, variable speed, range, coefficient of smoothness, motors, frequency converters.

Electrical and data processing facilities and systems. Ne 1, v. 11, 2015 25



SﬂeKTpOTeXHVILleCKVIe KOMMNEeKCbl N CUCTEMbI

OfHUM U3 TJaBHBIX TPUOPUTETOB JSHEPIETHU-
yeckoil crparerun Poccum Ha mepuon no 2020 roma
OTIPEJIETICHO CHIKEHUE yAENbHBIX 3aTpaT Ha MCIOJb-
30BaHME JHEPrOpPECypcoOB 3a CUET palMOHAIM3ALUN
WX MOTpeONeHUs, MPUMEHEHHs YHEprocOeperanmx
TEXHOJIOTHI U 000pyI0BaHUSI.

YcranosneHo [1, 2], 4To OCHOBHBIE TIOTEPH DIICK-
Tposuepruu (10 90%) mMpOUCXOIAT MPU SHEPTOTIOTPEO-
nenunn. [loaroMy pazpaboTKu 1O HEPTOCOEPEIKESHUIO
[JIaBHBIM 00pa3oM JIOJKHBI OBITh HAlpaBJICHbl Ha
paloHaIN3alUI0  MOTPEOJIEHUsT  YHEPropecypcoB.
OCHOBHBIM IOTpeOuTEIEM 31eKTpodHeprun (60+70%)
[1, 2, 3] cumTaercss MEKTPONPHUBOMA, TII€ OCHOBHAS
JIOJISI TIPUXOJUTCS HAa ACHHXPOHHBIN AJICKTPOIPUBOI.
[TosTOMy cymiecTBeHHass 3KOHOMHS DIIEKTPHYECKON
SHEPTHM BO3MOXKHA IIPU HCIOJIB30BAHUU CHUCTEMbI
«TIOJYNTPOBOHUKOBBIN TMpeoOpa3oBareib YacTOThl —
ACHHXPOHHBIN JIBUTATEJb C KOPOTKO3aMKHYTBIM POTO-
pom». YCTaHOBJIEHO [2], YTO YaCTOTHO-PETYIUPYEMBIT
ACHHXPOHHBIN AJEKTPONPUBOA B ONIMKaWIINE TOABI
CTAHOBUTCS IVIABHBIM TEXHHMYECKHUM PEIICHUEM Mac-
COBOTO pPEryJlHpyeMOro 3JIEKTPONPUBOAA, KOTOPBIH,
YIpaBIsisi CKOPOCTBhIO pabodero opraHa IMPOU3BOJ-
CTBEHHOTO MEXaHU3Ma B COOTBETCTBUU C TPeOOBaHMSI-
MU TE€XHOJIOTHYECKOTO Mpolecca, 0THOBPEMEHHO IKO-
HOMHUT M DJIEKTPOdHEpruto. Paccmorpum crnienuduxy
NIEKTPOIPUBO/Ia TEXHUKH CEepBHCA.

Kak u3BecTHO, MpuBOA OBITOBBIX MaIIWH, TPUOO-
poB (BMII) u MexaHU3MOB B MHIUBUIyaIbHOM X035~
CTBE OCYIECTBISICTCS B OCHOBHOM YHHBEPCaIbHBIMU
KOJIJISKTOPHBIMH, TaKXe OJJHO(PA3HBIMUA aCHHXPOHHBI-
MU U TOJIBKO HEeOOJIbIIast 4aCTh CHHXPOHHBIMHU JIBUTa-
TEJSIMHU.

KosuiekTopHble BUraTe i HaXOIAT MPUMEHCHHE,
KaK IpaBuilo, B alekTponpusoaax bMII ¢ mmpokum
JINana30HOM PErylIHpOBaHUA CKOPOCTH (TBLIECOCHI,
IIBEHHBIC MAaIlUHBI, 3JICKTPOUHCTPYMEHTHI), a TaK-
e C BBICOKMMHU cKopocTsiMu Oosiee 10 Thic. 00/MUH
(MUKCepbI, B30MBAIKH, KOPEMOJIKH, COKOBBKMMAJIKH,
OneHaepsl U T. 1.) U C OOJBIIMMU MOMEHTaMH TpOra-
HUs (cTapTepbl aBTOMOOUIIEH, KBaJAPOIMKIOB, MUHHU-
TPaKTOPOB).

OpnHoda3Hble aCMHXPOHHBIC JBUTATENIA TMPUME-
HSAIOTCS B OCHOBHOM IS HEPETYJIUPYEMOTO IPHUBOJA
BMII u MexaHu3MOB B MHAMBHUAYATbHOM XO3SHCTBE
npu vyactotax BparieHus menee 3000 06/muH (mepe-
BOOOpa0aTHIBAIONNE CTAHKH, ODIIEKTPOIMIIBI, DJIEK-
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TpopyOaHKH, HACOCHI, XOJIOAMJIBHUKH, CTHUpalbHBIE
MaIllUHbI, TA30HOKOCHUJIKU, MICOPYOKH 1 J1p.). Takxke
OHHM TPHUMEHSIOTCS U1 PEeryIupOBaHUS CKOPOCTH B
HEOOJIBIINX TpeAeNaX CTYNeHYaThIM WIIH IJIaBHBIM
M3MEHEHUEM HaIlpsKeHUs 0OMOTOK cTaropa JABUTaTe-
Jiell OBITOBBIX YCTPOWMCTB C BEHTHJIATOPHON MeXaHH-
YECKON XapaKTepUCTUKON (BEHTHUIIATOPHI, BO3IyXO-
OYUCTUTENH, KOHIUIHMOHEPHI, TEINIOBEHTUJIATOPHI U
T. I.) U cTyneH4aro (0apabaHHbIC CTHPAIbHbIC MalllK-
HBbI C TIPUBOJOM OT OJIHOTO JIBUTaTejsl) U3MEHEHUEM
YHCJIa map MOJI0COB MOJIA CTaTopa.

Kak u3BecTHO, BBIOOp panMOHaIBLHOTO DJIEKTPO-
MIPUBOJIa HaYMHAETCs, TIPEXKJIe BCETo, C OMpeeIeHus
TEXHOJIOTMUECKONW XapaKTepUCTUKH MEXaHWU3Ma, CBS-
3aHHOM, ITIaBHBIM 00pa3oM, CO CKOPOCTHBIM PEXKMMOM
TEXHOJOTHYECKOTO Mpolecca (He0OXOAMMOCTb, IHa-
Ma30H, HallpaBJeHUE U IUIABHOCThH PETyIHpOBaHUS, a
TaKXe CTa0MIBHOCTh paboueli CKOPOCTH).

IIpoBenem aHanu3 moOKas3aTelnedl TEXHOJIOrMYe-
CKMX TIPOILIECCOB HEKOTOPHIX MEXaHHW3MOB CepBHCa
JUISl YCTAHOBJIEHHSI HMX TEXHOJOTHMUYECKHUX XapaKTe-
pucTHK (B cOope 1 00paboTKe MaTepHalioB B pa3HbIC
ro/ibl MpuHUMau yyactue ctynenTsl YI'YIC: bukoy-
natoB U.D., Kykosuu B.A., Uansrmes V./]., Kacumon
O.0. u Axmertos U.P.).

1. TexHoJiornuyeckasi XxapakTepucTHKa npouec-
ca 1epeBoo0padoTKu

O0paboTka IpeBeCHHBI U APEBECHBIX MaTEPHAIIOB
pe3aHueM 3aHMMaeT Beayllee MEeCTO B JAepeBoodpa-
oorke [4, 5]. Ocoboe 3HaYCHHUE TIPH 3TOM HMEET pe-
HnIeHue MpoOJieMbl KayecTBa 00pabOTKH ApPEBECHHBI,
KOTOpPO€ 3aBHUCUT B OCHOBHOM OT ONTHMMAaJIbHOHN Ieo-
METPHUHU PEXKYIIEero HHCTPYMEHTA U CTEIEeHH €ro IMOojI-
TOTOBKH K paboTe, a Takke cKopocTH pe3anusd. Cko-
pOCTh pe3aHusd, B CBOIO OYepeb, ONpeAeNsIeTcs Kak
MOPOAOH IPEBECHHBI, TaK U BUJIOM PACIIHJIOBKH U J0-
cruraet 10 20+60 m/c. [Tunenne qpeBecUHBl KPYTIIbI-
MU (JMCKOBBIMM) IMHUJIAMHU SIBJISE€TCS CaMbIM pacIpo-
CTpPaHEHHBIM 3a CYET MPOCTOTHl YCTPONHCTBA CTAHKOB,
OTHOCHUTEJIBHO HU3KOM CTOMMOCTHU U BBICOKOH MPOU3-
BOJIUTEIBHOCTU. BBITOBBIE NepeBooOpabarbIBaroine
CTAHKH B OCHOBHOM MMEIOT IMaMEeTp MUIIbHOTO JAHCKa
250 mm. B tabnuie 1 mpuBeaeHBI TOKA3aTEIN PETYIIU-
pOBaHHSI CKOPOCTH TIpoliecca JAepeBOOOPadOTKH ISt
TaKUX CTAHKOB, PAcCIHOJIOKEHHbIE MO Mepe yObIBaHUs
CKOPOCTH pe3aHMs B 3aBUCHMOCTH OT CTENEHU TBEp-
JIOCTH JPEBECUHBI ¥ BUa 00paboTku [5].
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Tabnuya 1
Iloka3zarenu peryMpoBaHusi CKOPOCTH Mpolecca 1epeBoodopadoTku
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A
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W3 tabmuupl 1 cremyer, 4TO peryaupoBaHUE Kak
YacTOThl BpAallCHUs] MIJIBHOTO Balla, TaK U CKOPOCTH
nojaud  oOpadarsBAEMOro MaTepHana JODKHO ObITh
IUTAaBHBIM. DTO BBITEKAET U3 3HAUCHHI KOAPPUIIMESHTOB
TUIABHOCTH, ONMM3KHUX K 1, y KOTOPBIX CpelHWE 3Haue-
HUs COOTBETCTBEHHO paBHbl: K =125 (1.54 + 1.08)
u K =126 (1.60 + 1.07). KoadpdumenTst TIABHO-
CTH HaXOJTCS KaK OTHOILICHUSI CPETHUX 3HAUCHHH CO-
CEHUX CTYNEHEW CKOPOCTEH BHYTPH JMANa30HA pPEry-
nupoBaHus. Jlana3oHbl PeryJUpOBaHUsI COCTABHIIH:
4aCTOTHI BpallleHUs MmunkHOro Bama D =n_  =n
= (3821:1318) [006/mMuH] = 2.9:1, CKOpOCTH IOIAYH —
pama D =v_ v o .=(12:4) [M/c] = 3:1. lonycru-
MBbIE OTKJIOHEHHUSI YacTOThI BPAICHUs MHIBHOTO Baja
OTHOCHTENIFHO CPEIHEr0 3HAYCHUS] BHYTPH JMAla30Ha
peryaupoBaHus JOJDKHBI ObITh HEe Oonee £34%. U3 Ta-
OJIUITBI BUJIHO, YTO ISt OOCCIICUCHUS PEKUMA Pe3aHuUs
JUTSL BCEX CEMHM TO3HIIUI 000pOTHI MUJILHOTO Bajia C He-
peryinupyeMbIM PUBOAOM JOJDKHBI ObITh YCTaHOBJICHBI
Ha MaKCHMaJlbHbIC 3HaueHus, paBHble 3821 [00/MuH],
MPU KOTOPBIX OCYIIECTBIISIETCSI 00paboTKa OCTabHBIX
BUJIOB JIPEBECHHBI C MOBBIIICHHBIMH dHEPro3aTparamMH.
Takoke ciieyeT OTMETUTb, YTO PEKUM PaOOTHI AIEKTPO-
JIBUTATENsI TIOBTOPHO-KPATKOBPEMEHHBIH, e pabouuii
MEPUOJ YepelyeTcsl C TEePHOIOM PadOThl ABHIATEIIs
BXOJIOCTYIO.

2. TexHosnornueckasi XapakTepucTHKa Mpolecca
KOH/IMIIMOHMPOBAHUS BO31yXa B ;KMJIBIX OMeEIIEHUsIX

[Ton KOHAMIIMOHUPOBAHWUEM BO3IyXa MOApa3zyMe-
BAeTCS CO3/IaHUE M aBTOMATH4eCKOe MOJICPKUBAHNE B

3aKPBITHIX TIOMELICHUSX TEMIIEPaTyphl, BIAXXHOCTH, YH-
CTOTBI, COCTaBa, CKOPOCTH JABHIKCHHS BO3/IyXa, KOTOPhIE
SBIISIFOTCSL HauOoJiee ONarompusITHBIMU JUIsSE CaMOYyB-
CTBHS JItOJIeH, 00yCIaBIMBAIOIIUE TEIIOBOW KOM(OPT
M BBICOKYIO paboTOCIOCOOHOCTh. [l 3TOrO, B 3aBH-
CHUMOCTH OT THIIa TIOMEIIEHNH U BPEMEHH XOJIOJJHOTO U
TEIUIOBOTO MEPUOA Tola, CKOPOCTh TBHKEHHS BO3IyXa
Tpebdyercs noauepxkusarh oT 0.1 g0 0.3 m/c, 4yTO Hau-
Oonee 1enecooOpa3Ho OOECIEUUTh PEryarupOBaHUEM
CKOPOCTH BEHTHIISITOpa BHyTpeHHero Onoka. Hanbomnb-
Iee pacripoCTpaHeHHe IS KUIIBIX TIOMEIICHUH HAIILTH
KOHIMIIMOHEPHI, COCTOSIINE W3 JBYX OJIOKOB (CILIUT-
CHCTEMBI), PacCCUYMTaHHbIE HA KOMHATHI IUIOIIAABIO OT
15 mo 20 M? ¢ XOMOAMIBHON MOIIHOCTBIO OT 1.8 110 5.0
KBT u BbIlycKaeMble MHOTHMH 3apyOeHBIMH (hupma-
Mu [6]. [l mpuBOIa BEHTUISTOPA BHYTPEHHETO OJIoKa
KOHIMIIMOHEPOB B OCHOBHOM IPUMEHSIIOTCSI aCHHXPOH-
HBIE JIBUTATENIM C KOPOTKO3aMKHYTBIM POTOPOM HOMH-
HaJIbHOH MOIHOCTEIO OT 10 1o 57 Bt Ha 1500- u 1000-
CHHXPOHHBIE 000POTHI. PerynupoBanne cKOpOCTH BEH-
TUJIATOpPAa BHYTPEHHETO OJOKA MPOWU3BOJUTCS CTYIICH-
yaro (0T 3-x 70 8-MH) Kak MepeKIrouyeHeM Yncia nap
MOJTFOCOB, TaK M U3MEHEHHEM HaINpsHKEHHsI HA 0OMOTKaX
CTaTtopa acHHXPOHHOTO AHraress. B Tabnune 2 npuse-
JICHBI TIOKa3aTeNId PEeryINpOBaHUsI YacTOThl BPAILCHHS
ACHHXPOHHBIX JIBUTaTeliell HOMUHAJIbHON MOIIHOCTHIO
P =57 BT BeHTUIATOpa BHYTPEHHETO OJIOKa Ha MPHME-
pe Tpex mMozeneil — KoHAuInoHepoB Gupmbl Daikin 28,
Daikin 42 u Daikin 50 [6].

Tabruya 2

IToxka3zarenn pery/JimpoBaHusi 4aCTOThl BPAIICHUA ABUTaTE/IA BEHTUWIATOPA BHYTPEHHEIr 0 010K

HanmeHoBanue CryneHu peryJiupoBaHHsl CKOPOCTU BEHTHJIATOPA, 00/MUH
1 MOJeJb
BHYTD. 0i10Ka LLL | LL | SL L | ML | M | HM | H | HH
KOHJIMIHOHEpPa
- 500 | 720 | 790 | 890 | 990 | 1090 | 1190 | 1270
Oxu1.
D =1:2.2
- 122 o w3 | o | o | oo | 107 |-
Daikin e K, =112
FTXR2EVIB | 350 | 590 | 790 | 860 | 970 | 1080 | 1190 | 1300 | 1380
o D=1:3.9
169 | 134 | 109 | 113 | 111 | 110 | 1.09 | 106 | -
wil-8 K :12
TLLCP.
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Oxonuanue mabauyo 2

HaumenoBaHue CryneHu peryJHpoBaHuUs CKOPOCTH BEHTHJISITOPA, 00/MUH
H MoaeJIb
BHYTP. G10Ka LLL | LL | SL | L | ML | M | HM | H | HH
KOHIHI[HOHEPA
o - | 590 | 750 | 820 | 940 | 1060 | 1180 | 1300 | 1380
' D =1:2.3
N - 127 [ 109 | 1as | 13 | i | nio | o6 | -
Daikin e K =113
FIXR4ZEVIB [ | 350 | 590 | 820 | 890 | 1000 | 1110 | 1220 | 1340 | 1420
D =1:4.1
169 | 139 | 109 | 112 | 111 | 110 | 110 | 106 | -
ks K =121
o - | 590 | 790 | 860 | 990 | 1120 | 1250 | 1380 | 1460
' D=1:25
" - ] 134 [ 109 | 115 | 113 | 12 | nio | 106 | -
Daikin o K, p=114
FTXRSOEVIB | | 350 | 590 | 860 | 950 | 1070 | 1190 | 1310 | 1440 | 1520
D =1:4.3
y 169 | 146 | 110 | 113 | 111 | 110 | 110 | 106 | -
ks K, =122

W3 ananmza mokasareniell peryjaupOBaHUS CKOpPO-
CTH BEHTUJISITOPA BHYTPEHHETO OJIOKa KOHIUIIMOHEpa
caenyet: 1. Jlyis peryiupoBaHusi CKOPOCTH BO3IyXa B
npenenax 0.1-0.3 m/c yactoTa BpallleHUS BEHTHIIS-
TOpa M3MEHseTCs cTyneH4aTo (7 CTyneHed B pexuMe
oXJIaXKJIeHUsI U § cTyrneHel — oborpesa). Cienyer oT-
METHUTh, YTO JIaXe MPU TAKOM MHOTOCTYIICHYATOM pe-
T'YJIMPOBAHUU CKOPOCTH He oOecrieunBaeTcs Tpedyemast
CKOPOCTh BO3/yXa, KOTOpas MOXET OKa3aThCsl MEXIy
COCEIHUMH CTYIICHSIMHU CKOPOCTH. 2. Jlnana3oHsbl pery-
JIUPOBAHUSI CKOPOCTH COCTABJISIOT: B PEKHUME OXJIAXK-
nenus D < (1460+590) [06/mun] < 2.5:1, B pexume
oborpesa D < (1520+350) [06/mMun] < 4.3:1. 3. M3me-
HEHUE CKOPOCTH BHYTPH JMana3oHa PeryJnpOBaHUs
TpebyeTcs IUIaBHOE, TaK KaK CPEeIHUE 3HAYCHHS KO-
(PUIUEHTOB TUIABHOCTU CKOPOCTH COCTABJISIFOT: JUJIS pe-
JKUMa OXJIaXKICHUS chpé 1.13(1.12+1.14) — 1, a s
pekuma oborpesa — K. o =1.21(1.20+1.22) — 1. 4. Pe-
T'YJIMPOBAaHUE CKOPOCTH JIBUTATEINS 32 CYCT HANPSHKCHUS
rapaMeTpU4ecKoe, T.e. 32 CUST U3MCHEHHS CKOJIBKCHHS,
YTO M3-32 CYIICCTBEHHBIX IMOTEPh JENIACT HEOOXOIUMBIM
3aBBIIICHUE MOIIHOCTH, a TAK)KE MPUMEHEHHE JIBUTATE-
JISL TIOBBIIIICHHOTO CKOJIB)KEHHUSI.

Harpy3ouynas xapakTepuUCTHKa AJIEKTPOIIPHBOJIA
BEHTWJIATOPA COOTBETCTBYET JJIMTEIILHOMY DPEKUMY C
MEPEeMEHHOM Harpy3Ko#, TJie TepUojbl CTyICHEeW Ha-
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IPY3KH (CKOPOCTH) MOTYT OBITH JOBOJBHO MPOJOIIKH-
TEJILHBIMHU.

3. TexHosoru4eckasi XapakTeprucTHKa Mporecca
oT:kHMa Oelbsl B CTHPAJBbHBIX MAalIMHAX OapadaH-
HOT'0 THIA

OTXUM BJard U3 TKaHU B OBITOBBIX CTHUPAIbHBIX
MaIlIMHAaX SBJSETCS CAMOW CIIOKHOW TEXHOJIOIMUYEeCKOU
oreparyen, onpenensomel KOHCTPYKIUIO MallluHbl 1
THUI JIeKTponpuBosa. B cpennem 1 kr cyxoil Tkanu 3a-
XBaTbIBaeT 2+2.5 KT BOABI, T. €. OCTAaTOYHasl BIaKHOCTb
Tkanu coctapisieT 200+250%, koTopyIo B Impolecce oT-
JKMa HeoOX0IUMO TOBeCTH 10 55+65% [8].

HUccnenoBanus nmokaszanu [§], yTo i o0ecriedeHus
octarogHol BiaaxkHocTH 110+120% yvacToTta BpameHus
Oapabana momkHa coctaBisath 350400 00/MuH, a s
noctkeHus 45+55% Heo0XoarMo yBeTUUUTD YaCTOTY
Bpamenus 6apadana 1o 1000 o6/MuH. B coBpeMeHHBIX
CTHpaJbHBIX MalIMHAX JOCTHYb OCTATOYHOH BIIaX-
HoctH HIKe 38+40% HEBO3MOKHO M3-3a HAXOXKICHHUS
BOJIbI BHYTPH BOJIOKOHHBIX KallWJIJISIPOB. YCTAHOBJIIEHO
[9], 4TO yBenMUYeHHE YACTOTHI BpaleHus OapabaHa Be-
JET K CYLIECTBEHHOMY BO3pPacTaHHMIO ISHEProeMKOCTH
MAIIMHBI, YCI0XKHEHHUIO €€ KOHCTPYKIUH.

Brixon Ha pexxum orTxuMa OapabaHa ¢ BIayKHBIM
OebeM BCTpeyaeT OmpelesieHHbIe TPYJHOCTH, CBSI3aH-
HBIE C MOsIBJICHNEM OneHns OapabaHa n3-3a HEHTPOOEK-
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HOM CHJIBI OT HEPaBHOMEPHO pPAacIpe/le]IeHHON Macchl
BJIQKHOW TKaHU. |1 perieHus 3Toi mpooieMbl UCCIIe-
JIOBATEIISIMUA TIPEAJIaraeTcs: MPEPBIBUCTBHIA PEKUM OT-
KUMA MW CTYMEHYATHIN OTKUM C PAa3TMYHBIM YUCIOM
CTYNEHEW U UX YPOBHEH, a TAKXKE JIUHEHHBIA OTKUM C
TUTABHBIM MOBBIIICHUEM YaCcTOThI BpaieHus. O030p uc-
CJIeIOBaHUI Tpoliecca OTKUMa Oelibsi ToKa3bIiBaeT [8],
YTO CKOPOCTHOM PEIKUM OT)KHUMA O€JIbsl 3aBUCHUT TAKKE
OT BUJa TKaHeH (Tadmuia 3).

W3 tabmuiel 3 cieayet, 4To MpU OTKUME Oenbs
W3 pa3jINYHBIX BUIOB TKAHEH IWAMa30H PEryaupoBa-
HUSI CKOPOCTH JUISl CPEJHHX 3HauyeHHd o0opoToB Oa-
pabana cocrasnsger D =(850:450) [06/mun] =1.89:1

C IOMYCTHMBIM OTKJIOHEHHEM O0OPOTOB OT CPEIHEro
3HAYCHUs CTyreHH He Oosee £3%. Perynuposanue 000-
poroB OapaOaHa BHYTpPH jauana3oHa TpeOyeTcs IIaB-
HOe, 4TO ompenensieTcs Kod(QOUIMEHTOM IIaBHOCTH
Km_=1.03+1.65, e chp':l.Z — 1. Crieyer 3aMeTUTh,
YTO B ciiyyae mpuBoja 6apabaHa B peKuMe OTKUMA OT
HEPEryJIMpyeMoro npuBoja o00poThl OapabaHa JIOMIK-
HBbI COOTBETCTBOBAThH OGOpOTaM OT)KMMa TKaHeH U3 CUH-
TETUYCCKUX MATCpUajIoB, T. €. MAKCUMAJIbHbLIC, PABHBLIC
850 06/MuUH, 4TO IPUBOAUT K TIOBBILIICHHOMY HEPTOMO-
TpeOJICHUIO TIPH OT)KUME TKaHEH W3 JPyrux Marepua-
JIOB, TIPH OT)KUME UX TP 00Jiee BBICOKHX 000poTax.

Tabruya 3
Ioxa3aTenu pery,iMpoBaHusi CKOPOCTH MpoIlecca OTKUMA
YacrTora BpaiieHus OTKJI0HEeHHue
Ne .
Buap! Tkaneit 0apadaHa, 00/MHH | 4YacTOTHI BPallleHHs K ,o.e.
n/m ih}
+An, %
(400+500) B
1 JenukarHoe Oernbe 450 11
(450+500)
2 [lenx 475 5.25 1.06
(450+550)
3 [lepcth 500 10 1.05
4 XI0MOK, Jien (800-850) 3.03 1.65
825
5 CuHTeTHYECKHE MaTepUaIb (803;800) 5.88 1.03
Junanazon
=+3.039 =1.
Cpennue 3HaueHus D- 450:850=1:1.89 AnZIDH 3.03% chp‘ 1.2

B xavectBe npuBogHOTO ABUrareis OapabaHa CTH-
paybHOM MaIIMHBI BCTPEYAIOTCs KOJJIEKTOPHBIE, A TaK-
JKe BEHTWIbHBIC (BEHTHJIBHO-UHAYKTOPHBIC) ABHIAaTe-
. Bo MHOTMX CTHpajibHBIX MAalIMHAX HCIOIb3YIOTCS
JIBYXCKOPOCTHBIE OAHO(a3HbIE aCHHXPOHHBIC KOHJCH-
CaToOpHbIC ABHTraTeNId Kak HanOoyiee MpOCThIEC, HAIEK-
HBIE U JemeBble. Harpy3ouHas xapakTepucTruka padoThl
ANEKTpOINpHBOIa OapabaHa B MPOLIECCE CTUPKH U OTKH-
Ma IOBTOPHO-KPATKOBPEMEHHAsA, B PEBEPCUBHOM PEXKHU-
M€ IpU CTHPKE C YacTOTOW BpaieHus Oapadbana 45+60
00/MHH ¥ IMKOBOH HAarpy3Koi B Mpolecce OTKUMa.

4. TexHOTOTHYECKAS] XaPAKTEPUCTHKA IIHUTHSA

[lutbe mpencrasiseT coOOW co3naHME Ha Marte-
puajie CTEKKOB M IIBOB MPHU IOMOIIM WMl U HUTOK
C LIETbI0 NMPOU3BOACTBA MM PEMOHTA OJIEXK/bl U TEK-
CTHJIbHBIX M3ENIUi, BBIIONHSAEMOE B OBITY BPYUYHYIO
WK mBeHHOW MamuHOM. CrieruduKa MUThs Ha TIBEH-
HOU MarinHe 00yClIOBJIEHa HEOOXOIUMOCTBIO B Hauase
HINTBS] MAJIOH (TION3Y4el) CKOPOCTH M 3aTE€M IIJIaBHOTO
nepexosia Ha OOJIbIINE CKOPOCTH, C YMEHBILICHHEM HX
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MIpY MOSIBJICHUY KPUBOJIUHENHON TPAEKTOPUH CTEKKOB.

MaxkcuManbHasi 4acToTa BpallleHus [JIaBHOTO BaJia
OBITOBOM MIBEHHOW MAIIMHBI C BJIEKTPOIPHUBOJOM IO
I'OCT 25647 cocrasiser 1000+200, a MUHUMAIIbHAS —
2504100 06/MuH. [y MaIIMH € 3IEKTPONPUBOAOM HO-
MUHaJIbHAs OTPEOIsieMast MOLTHOCTD MPH MaKCUMaJIb-
HOW 4YacToTe BpallleHHs IIaBHOTO Bajia JOJDKHA OBITH
He Oonee 115 Bt [10]. B mpoMBINIICHHBIX IIBEWHBIX
MalllMHaX MPUBOIHBIM JIBUTATEIIEM sIBIsIeTCs 3-(hasHblid
ACHHXPOHHBIN JBUTATelb, TOTA KaK B OBITOBBIX ILIBEH-
HBIX MallMHAX KOJUICKTOPHBIN ABHUraresb. Perynuposa-
HHUE CKOPOCTHU MPOMBIIUICHHBIX IIBEHHBIX MAIIUH OCY-
HIeCcTBIACTCS (PPUKIUMOHHON WM BJIEKTPOMAarHUTHOU
My(hTamu 3a c4eT M3MEHEHHUs MePEeJaTOuHOr0 OTHOIIIE-
HUS, & TaK)Ke M3MEHEHHUS! YacTOThl TOKAa aCHHXPOHHBIX
nBurarenel. PerynnpoBaHue cKOpOCTH KOJUIEKTOPHOTO
JBHUrarens ObITOBOM MalllMHBI PEOCTaTHOE, C HU3KOU
CTaOMIIBHOCTBIO CKOPOCTH, CO 3HAYUTEIBHBIMU TOTEPSI-
MU MOUIHOCTH.

Harpyzounass xapakrepucTuka paOoThl HIBEHHON
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Electrical facilities and systems

Tabnuya 4
[Moxa3aTeau pery;inpoBaHUs CKOPOCTH OBITOBBIX IBEHHBIX MAIIINH
Maxkc. CKOpocTh MomHnocTh
IINThS MIBEHHBIX | JBHUraTessl, )
MAIIHH (CTSK/MUH) Bt = zé
Mapka, = = Makc. 060poThI § =
M3rOTOBUTEJIb Onepanmus, g g BeAyLIero Bajia =) =
NPOMBIILIEHHOI MaTepHa o = o = OBITOBOI IIB. E g
IIBEHHON MaIIHHBI = g = g Maml., 00/MHH = =
2 = | 2| E g =
2 o] 2 o] Cll=
z - z - 2 3
3 S =9
<9 2.
= =
K. 563 I'epmanns
«Durkopp»
K2 271 T I 6000 800 400
7. epMaHus PAMOCTpOdHas, 9271000 (960) i
«Durkopp» JUTSL JIETKAX TKaHEH —
31-11+50 benapych
I1O «IIpommiBeiimarn» 53500 740 300
OTtaenouHsle
31+
31 3,,1 >0 CTPOYKH JJIst 5000 670 840 S
- COpOYEK -
32+
3 3,,2 30 4800 640
- — 764800 (78) | 5
— —+ —
31-32+100 4600 | 610 | 350 | 80
[IpssmocTpouHas,
1022,,_ MT JUTSL TATbTOBBIX 4200 560 700 g
- - TKaHen -
31-33450 ITpssmocTpouHas,
- JUTSL CPETHETSIKEIBIX
- - TKaHEeN <
4000 540 670 —
K. 0810 Poccus st craunBaHms 450 -
3-1 uMeHHu JlertsapeBa | MEXOBBIX IIAMOK
72111-1050 Yexwms Jns craunBanus 3500 470 400 533
«Munepa» KOXKHU
2
PexxuMm — mHagano n =250+ Jwnanazon D =(960:250) —
MHH n || ]
ITUTHS 100 PETYIIUPOBAHUS =3.84:1 g
Ml::

MalIrHbl TTOBTOPHO-KPATKOBPEMCEHHAA C nepeMeHHoﬁ

Harpy3Kkoi B repuoj padoThl.

00630p pador [11] mo mporeccam MUTHS Ha IIBEH-
HBIX MAIlIMHAaX IOKa3aj, 4To IJIsi KadeCTBEHHOI'O BbI-
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MOJIHCHH MHWTBA, B 3aBUCUMOCTH OT BHUAa OIICpaluu

" MaTepurajia TKaHu, Tpe6y10TC$I OIIPEACICHHBIC CKOPO-

CTH, KOTOPBIC HapsIy C TMOKa3aTeISIMUA PEryIMPOBaHUS
CKOPOCTH TIPUBECHEI B Ta0muUIE 4.
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W3 ananm3a Tabnumbl 4 ciemyer, YTO0 MaKCHMallb-
HBI JTMANia30H PEeryJupOBaHUs CKOPOCTH COCTABIISET
D = (960:250) [06/mMun] = 3.84:1. Cam npouecc muThs
B 3aBHCHMOCTH OT OTIEPAINN ¥ MaTePHAJIOB TKaH! FIMe-
et nuanason D =(960:588) [06/mun] =1.63:1, npu 3TOM
PETYIMpPOBaHUE CKOPOCTH TpeOyeTcs TIaBHOE, TaK Kak
3HAYCHUS KOA(P(PUIIMECHTOB IIJIABHOCTH COCTABJISIOT
chp: 1.102(1.04+1.14) —» 1, 1. e. Omm3km K 1.

5. TexHoJiornyeckasi XapakTepHCTHKA Npolecca
NblIeyIaJdeHUs B 5KUJIbIX MOMeIeHnsIX

Bopr0a ¢ mpUIBIO0 B JKMIIHIIE YETIOBEKa NMEEeT HUC-
KITIOYATENBHO OOINBIIIOe 3HAau€HWe [UIsl COXPaHEHUs
310poBbs. IIbUTb BecbMa BpPEIHO NEWCTBYET Ha JIbIXa-
TEJbHBIE OPTAHBI YEIIOBEKA, OHA MOXKET OKa3aThCs MPH-
YUHOW 3a00JI€BaHUS TAKXKE 7143 U KOXKH.

B 60pn0e ¢ MBUTbI0 UCKITIOYUTETHFHO OONBIITOE 3HA-
YeHHE MMEIOT TBIJIECOCH], IPH paboTe ¢ KOTOPHIMH HE
MIPUXOMIUTCS COMTPUKACATHCS C MBLTBIO.

IIpakTrka MOKa3bIBAE€T, YTO IIOCJIE IOJYy4acOBOM
yOOpPKH TIOMEIIEHUS BIJIECOCOM OTHOCHTEIHHOE KOJIH-
4eCcTBO OakTepuil B BO3IyXe cokparmaercs BuBoe. [1bI-
JIECOC MOJKHO C yCIIEXOM HCITONB30BaTh i OOPHOBI €
MOJIBIO, €€ JIMYMHKAMH W JPYTUMHU HAaCEKOMBIMH, CIIe-
[IUABHO PACIIBUISS TOPOIIKH; 1151 00PHOBI C APEBECHBI-
MU TPHOKaMHU M JKyKaMH, Pa3pylIaloNMMA APEBECUHY,
OTIPBICKHBAS €€ CIEIUAIbHBIMHA COCTaBaMU; JIJIsl TTOOeI-
KM CTEH W TTOTOJIKOB MTOMEIIEHNH N3BECTKOBBIM PacTBO-
pOM; 11l pa30pBI3TUBAHUS apOMATHISCKUX U Je3HH(H-
UPYIOIINX PACTBOPOB.

B cocTaB mbun BXOASAT B OCHOBHOM KBapIIeBhIE Ya-
CTHIIBI PA3TUYHBIX Pa3MEPOB M OPTAaHUYECKUE TaCTHUITHI

XJIOTIK, IIePCTH, OyMard o T. 1.

CKOpOCTh BO3/yXa B BO3/IyXOBO/IaX IPHHUMAIOT Ha
25+30% Oobie, 9eM CKOPOCTh BUTAHUS, TIPU KOTOPOU
YacTHUIa MOEPKUBACTCS TIOTOKOM BO B3BEIIIEHHOM CO-
CTOSTHUH. DTa CKOPOCTH JUTSI TSHKEIION aOpa3uBHON IBIITH
paBHa 14+16 m/c, MmuaepaapHOU BTN 10-12 M/c, XITon-
ka 8+10 m/c, cuATeTHYecKOTO BosTokHA 10+14 m/c [12].
Ortcroma cnemyer (Tabmuia 5), 9T0 HEOOXOAUMBINA TIpe-
JIeJT CKOPOCTH — OT 8 10 16 M/C MiTh Yepe3 cpenHue 3Ha-
geHus ot 9 no 15 M/c, T. e. B auamazone 1:1.67. 13 npu-
BEJICHHBIX CKOPOCTEH, COOTBETCTBYIOIINX B3BEIICHHO-
My COCTOSIHUIO MHUHEPAIbHBIX U OPTaHUYECKHUX YaCTHIL
LT, KOA(G(UIMEHT TUIAaBHOCTH cocTaBisieT oT 1.10
mo 1.25 (KmpA=1.19) — 1, T. e. perynupoBanue Tpeody-
€TCsl TUTABHOE C JOMYCTUMBIM OTKIIOHEHHWEM CKOPOCTH
He Ooiee =+ 6.6% OT cpeaHero 3Ha4YeHHUS. MOIIHOCTH
OBITOBBIX ITBUIECOCOB HAXOMUTCS B mpexenax ot 100
1m0 2000 Bt u 6omee. [TpuueM 3a mepuo mpuMeHEHUS
MBIJIECOCOB TIPOCMATPHUBASTCS TEH/ACHITUS YBEINYCHUS
MOIITHOCTH TIBUIECOCOB, YTO CBA3aHO C YBEIHMYCHHEM
MTPOU3BOUTENFHOCTH M TEM CaMbIM 00OpPOTOB arperara
MTBLJIECOCOB.

B cymecTBytommx meuiecocax mu3-3a HEOOXOIH-
MOCTH OOecreueHHUs] BBICOKHX OOOpPOTOB M WX ILIaB-
HOTO pEryJupOBaHUs MCIONB3YIOTCS KOJUIEKTOPHBIC
AIEKTPOABHUTATENH ¢ JUarna3oHoM 00opoToB oT 9000 1o
15000 06/muH.

Harpy3ousblii pexxum paboThl 3IEKTPOJBUTATENS
mblIecoca SBJSETCS JIUTENBHBIM C TIEPeMEHHOW Ha-
Py3KOil.

Tabnuya 5
IMoxa3aTesu pery;inpoBaHusi CKOPOCTH MbLIeyIaJIeHUs
Homycrumsbie
e CxopocTh YacTHI OTKJIOHEHHS Koa¢ppunment
I /;[ Buabl yacTun neLiim B BO3IyX0OBOJIE, M/C CKOPOCTH miaBuoctn K,
(cpenHee) OT CpeIHero 0. e.
3HaYeHus1, = %
8+10
1 XT01I0K 11.1 -
€))
2 MuHepanbHas IblIb 1?1~—11)2 9.1 1.22
3 CunTeTHYeCKHe BOJIOKHA 1(0;21)4 8.4 1.10
14+16
4 Tspxenast abpa3uBHas TbUTH (15) 6.6 1.25
Hwnanazon
CpenHue 3HaueHUs D, =(15:9) [06/mun] AV =+6.6% K, =119
=1.67:1
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Jns obmero aHanmmsa MONydeHHBIE PE3YIIbTAThI
cBezieM B Ta0nuity 6 «IIpuBOgHBIE XapaKTEPUCTHKHU OBI-
TOBBIX MaIlIH», /I, KPOME TEXHOJIOTHYECKHUX XapaKTe-
PUCTHK, MPUBEIEHBI HAarpy304YHbIE (MOMEHT Ha Baly B
mporiecce paboThl) M MEXaHWYeCKre (MOMEHT Ha Baiy
OT yTIIOBOW CKOPOCTH) XapaKTEPUCTHKH.

W3 Tabmuuer 6 crexyet, uro: 1) HanOoNbIUi nua-
Ma30H PETYIUPOBAHUS CKOPOCTH JIEKTPOJIBUTATENCH HE
npesbimaet 4.3:1 u Haxoautcs B npenenax 3821+250
00/MHH C JOMYCTHMBIM OTKJIOHEHHEM CKOPOCTH HE
0omnee +3%, kpoMe TBIIECOCa, TE AWAITa30H Mo 000-
poram coctasisier 15000+9000 06/mMuH; 2) peryaupo-
BaHUE CKOPOCTH BHYTPH YCTaHOBJICHHBIX JHANa30HOB
IIOJDKHO OBITH TIIABHBIM, TaK Kak KOd(DPHUITUEHT TUIaB-
HOCTH CTpeMHUTCA K 1, T. €. Km’cp.=(1.l+l.26) — 1. Ha-
MIpaBlieHUE PETryIUPOBaHUS JIOJKHO OBITh KakK BBIIIE,
TaK W HU)KE €CTECTBEHHON XapaKTePUCTUKH JIBUTATEIIS;
3) xapakTep U3MEHEHHSI MOMEHTa CTaTHYeCKOTO COIPO-
TUBJICHUS PACCMOTPEHHBIX MAIllWH, B OCHOBHOM BO3-
pacTarouui Kak JMHEHHO, TaK U KBaJPaTUYHO, a TAKKe
yOBIBaIOMINN HEIWHEHHO.

Bcem npuBeieHHBIM ITOKa3aTeNsM M0 peryaIupoBa-
HUIO CKOPOCTH, B COOTBETCTBUH C TEXHOJIOTHYECKUMU
TpeOOBAHMAMH, C OMHOBPEMEHHBIM YHEPTOCOEpEKCHHU-
€M TIpH ITyCKe W paboTe MPU MEHBIINX CKOPOCTSX, CO-
OTBETCTBYET JIEKTPOIPHUBOA Ha 0a3ze OECKOHTAKTHOTO
3-(ha3HOTO ACHHXPOHHOTO JIBUTATEINS C KOPOTKO3AMKHY-
TBIM POTOPOM W MOJYIPOBOIHHUKOBOTO IpeoOpazoBa-
TEeJsl 9aCTOTBhL. DTO CIEAYeT W3 TOTO, YTO, BO-TIEPBHIX,
peoOpa3oBaTesId YaCcTOTHI ITO3BOJISIOT U3 OMHO(DA3HOTO
TOKa ¢ HarpspkeHueM 220 B momyduTs Tpexda3Hbiii TOK
¢ JIMHEHHBbIM HanpsbkeHueM 220 B, ¢ miaBHO perynu-
pyeMoii B IIMpPOKOM auarnaszone yactoroi ot 0 go 200
(400; 800) I'ty mmst mBUTaTENe, ¢ MOITHOCTRIO OT 0.2 110
2.2 xBT. B T0 k€ camoe BpeMs AJIs1 IOJYUYEHUST BBICOKHX
SHEPreTUYEeCKUX TMoKa3areel aCHHXPOHHOTO JABHUTaTe-
JIT TIpeoOpa3oBareT 00SCIEYNBAIOT OJHOBPEMEHHO C
4acTOTON f W3MEHEHHWe W IMOJBOJMMOTO HAIPSKeHUS

1
U, B 3aBHCHUMOCTH OT XapaKT€PUCTUKHN MOMECHTa CO-

H];OTI/IBJ'ICHI/IH M manmu 10 3-M 3akoHam: M= const
— U /f, const; narpyska BenTuiistopnas — U /f,> = const
(KOHIUIIMOHEPHI, TTHUIECOCHI, OTXKUM O€Ibsi, IBEIHBIE
MaIlIMHbI); Harpy3Ka HEJMHEHHO yObIBaromas — Ul/\/f_l2
= const (n1epeBooOpadaTHIBAIONTNE CTAHKN), & TAKXKE IT0
nporpaMmmupyemMou 3aBucuMoctu. IIpu 3TOM MexaHu-
YeCKHe XapaKTePUCTUKH 007alaloT BBICOKOH JKECTKO-
CTBIO, T. €. CTAOMILHOCTBIO CKOPOCTH, ¢ HEOOIBITUMU
MOTEPSIMH MOIITHOCTHU. Takke pr HeOOXOUMOCTH OCY-
MECTBIAETCS dPPEKTUBHOE IICKTPUIECKOE TOPMOXKE-
HUE, 9TO TpeOyeTcs 1Mo MpaBHuilaM TEXHUKH 0e3011acHO-
¢ty Tipu paboTe Ha AepeBO0OpadATHIBAIONINX CTAHKAX,
B CTHPAJHHBIX MAIIMHAX B IIPOIIECCE OTKIMA OEIIhsI.
Bo-BTOphIX, Tpexda3HbIil aACHHXPOHHBIN IBUTATEITh
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MMeeT HeOCTIOPUMBIE MPEUMYIIECTBA KaK Mepes] OIHO-
(ha3HBIMH aCHHXPOHHBIMH, TaK M KOJJIEKTOPHBIMH JIBH-
raTessiMH.

Taxk KOJUIEKTOPHBIM ABHUTATEISM IIPHUCYI P CY-
IIECTBEHHBIX HEIOCTATKOB: CIIOXHAsi KOHCTPYKIHA W
OTHOCHUTEIFHO BBICOKAs CTOMMOCTB; HECTaOMIBHOCTH
CKOPOCTH C M3MEHEHHEM Harpy3KH W3-3a MSTKOH Me-
XaHWYECKOW XapaKTepUCTHKH JIBUTATeNs; HaJIU4He
[IETOYHO-KOJUIEKTOPHOTO y3J1a, YTO, B CBOIO OYepe/b,
00ycCIIaBIUBaeT: MOHIKEHHYIO HAJEeKHOCTh, CHIIBHOE
HCKpPEHHE Ha KOJJIEKTOPE M3-32 KOMMYTAIlUU U CBS3aH-
HBIE C OTHM PaTUOIIOMEXH U MOYKaPOOIaCHOCTh, BBICO-
KUl ypOBEHb LIyMa.

Onnodaszusie acuaxponnsie apurarenn (OAJ]) B
cpaBHeHuu ¢ Tpexdazaeivu (TAJ]), B CBOIO odepens,
MMEIOT CIIEAYIONIHe HEIOCTaTKh: 1) OTCYTCTBHE Ha-
Y4aJBHOTO (ITyCKOBOTO) MOMEHTa W TE€M CaMbIM HE0O0-
XOIUMOCTh (ha30CIABUTAIONINX D3JIEMEHTOB; 2) MEHb-
e Meperpy304Hasi CoCcOOHOCTh, IyCKOBOH MOMEHT
u sHeprernyeckue nokazarenu (KIIJ] n xoaddunment
MoIHOCTH); 3) MOIHOCTH cocrtaBiser 40+45% ot
morrHocTH TA ] Tpy omMHAKOBBIX TadapuTax; 4) 4acTo-
Ta BpalleHHs Jake TPU XOJIOCTOM XOZE MEHBIIe U3-3a
TOPMO3SIIIIETro JAeUCTBUS 00pPaTHOTO MAarHUTHOTO IIOJIS;
5) KpyToBOE ToJie TOJBKO B HOMHHAIBHOM PEXUME pa-
0OTBI, B OCTAJIBHBIX PEXHMMaXx, BKIIFOUast ITyCKOBOH, AJI-
TunTAYeckoe; 6) rabapuThl KOHIASHCATOPOB Y KOHJCH-
catopabsix OAJ] (KOAJI) comocTaBUMEI ¢ TabapuTamMu
IBUTATEIS; 7) B cioy4dae paOOTHI C MMyCKOBBIM KOHJICH-
caropoM KOAJ[ BO3MOXKEH pEe30HAHC HAIpPSIKEHUH WU
TEM CaMbIM MPOOOH KOHIEHCATOPOB M BBIXO/ U3 CTPOS
JIBUTATEIIS.

OjHaKO aCHUHXPOHHBIM AJIEKTPOJBUraTeIh OCHOB-
HOTO WCIIOJIHEHHUSI HE PEKOMEH/IYeTCS HCIONb30BaTh B
COCTaBE YaCTOTHO-PETYIUPYEMOTO TPUBOJA TIO CIEIY-
romuM npuarHaM [ 13]: camkaercst KIIJ[ u tpebyercs
3aBBIIIIEHNE YCTAHOBIEHHOW MOIIIHOCTH JIBUTATEIIS; U3-
3a BBICIIMX TapMOHHMK HANPSIKEHUS W TOKa Ha BBIXOJIE
peoOpazoBareis 4acTOThl BO3PACTAIOT MOTEPH B JIBH-
raresie; CHH)KaeTCs CPOK CIYKObI M30JIAINN OOMOTKH
cTaropa; MpU YMEHBIIEHUH CKOPOCTH BpAIICHUS CHU-
xkaeTcst d(h(PEeKTUBHOCTh OXJIAXKIIEHUS; TIPU yBeJInde-
HUUW CKOPOCTH TIOBBIIIIAETCS ITYM BEHTUJISITOPA, a TAKKE
MajiaeT meperpy3ouHasi ClioCOOHOCTh JIBUTATEINS; Yepe3
MTOJIIIAITHUKYA HAYMHAIOT MIPOTEKaTh Mapa3uTHbIE (BUX-
peBBIC) TOKH, pa3orpeBalollife W pas3pyliaroliie Kak
CMa3Ky, TaK ¥ TOAIITHUITHAKH.

[IpOMBIIUIEHHOCTh ~ BBIITYCKaeT  CIeEIHalbHBIC
YaCTOTHO-PETYIUPYyEeMble  aCHHXPOHHBIE  JIBUTATENH
(YP1) nnst pa®oTHI B cOCTaBe PETYIUPYyEMOTO TIPUBOJIA
¢ npeodpazosaremssmMu yactotel (ITY) cepuit AWP [13],
JAP [14], RA[15] u AYP [16] (Tabmuma 7).
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[IpumMeHeHre YacTOTHO-PETYIMPYEMOTO TPHBOA
mo3BoisieT: 1. PerymmpoBars ckopocTh 0e3 0OpaTHBIX
CBA3€M B IIMPOKOM JTMANa3oHe JUIsl IBUraTesieii: ¢ camo-
BeHTHILIHEH OT 5 10 50 (60) 't ¢ muamazonom 1:10, ¢
HeszaBucuMon BeHTwmuen ot 0 mo 50 (60) I'm ¢ ama-
mazoHoM 10 1:20...40 [16]. [Ipu aToM gormmycTruMas Mak-
cUMasTbHasi CKOPOCTH (TadnuIa 7) COCTaBIsIeT pu 2p=2
st meurarenet AUP, AIUP no 4500 o6/muH (75 T'm),
st RA — no 6000 o6/Mun (100 I'm), ipu 2p=4 cooT-
BercTtBeHHO 11 AP, AIUP, RA — 4500 o6/mun (150
') m ipu 2p=6 — 4500 06/mun (200 I'tr) ot RA u 3000
06/muH (150 I'm) most AUP u AJIUP. 2. 3a cueT ycTaHoB-
KU ONITUMAJIBHON CKOPOCTH U 00ECIICUCHHS €€ CTA0MITb-
HOCTH, Onarofapst >KeCTKOM MEXaHHMYECKOH XapaKTepHh-
CTHIKE JIBUTATEJIsl HA BCEX YaCTOTAaX, MMOBBICHTH Ka4€CTBO
BBITTyCKaeMOH TIPOMYKITHHU. 3. DKOHOMHUTH JICKTPOIHEP-
ruto Oomaromapst BeicokuM KII/1 i ocobeHHOCTSIM yIIpaB-
nerus [TY u utaBHOMY mIycky [15]. 4. O6ecieunTs T1aB-
HOCTb IyCKa W OTPaHUYUTh ITyCKOBBIE TOKU. 5. YBEJH-
YUTh CPOK DKCIUTyaTallld, Ha/Ie)KHOCTh ¥ TEPMUIECKYIO
MEPerpy304Hyi0 CIIOCOOHOCTh 3a CYET TPUMEHEHHUS
M30JSIIHAN KJ1acca HarpeBocTorkocTH F. 6. O6ecneunTs
BBICOKYIO TIEPErpy309HYI0 CIIOCOOHOCTh Ml TEM CaMBbIM
YCTOHYMBYIO padOTy B IMIMPOKOM IHATIA30HE PETYIUPO-
BaHus [15]. 7. CHU3UTH aKyCTHYECKHE moKa3arenu [15].
8. [IpuMeHsTh 711 IBUTATENEeH Majoi MOIITHOCTH CTaH-
JTapTHBIC TIOAIINITHUKY, TaK KaK MPOTEKaHHE TOKOB IO
KOHTYpY 4epe3 MOAINITHIKN HaOIFOMaeTCcsl y ABUraTe-
Jeii 6onbIIMX rabapyuToB, HAYMHAs ¢ MOIHOCTH P, > 90
kBT [13, 14, 15, 16].

Kpowme atoro, mo 3akazy morpedurens YPJl moxet
OBITH CKOMIUIEKTOBAH: TEMITEpaTypPHON 3aIUTONH 0OMO-
TOK CTaTOpa M MOAIITUITHIKOB, KOHTPOJIEM TeMITEPATyPHI
C TIOMOIIIBIO TEPMOTIPE0Opa3oBarTeIeii 0OMOTOK cTaTopa
Y TIOAIIUITHUKOB, TaTYNKAMH CKOPOCTH (JHKOAEpaMH), C
caMmoBeHTHIIAIINEH (KpoMe cepun AWP) mim He3aBucH-
MO BEHTWJISIUEH U BIIEKTPOTOPMO30M.

W3 mpoBeneHHOTO aHanmm3a CIeayeT, 9To ISl TeX-
HUKW CEpBHCA TEPCIEKTUBHBIM SBIAETCS PETYIUpye-
MBI 3JIEKTPOTIPUBO Ha 0a3ze CHUCTEMBI «Tpexdha3HbIi
ACUHXPOHHBIA JBUTATENlh — IMPeoO0pa3oBaTeNb 4acTo-
TBI», KOTOpas YIOBIETBOPSIET BCEM OCHOBHBIM TpeOoBa-
HUSAM paOd04HNX MAIINH K IPHBOY.
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MOJIEJIUMPOBAHUE ITEPEXO/HBIX PEKUMOB Y3JIA HAT'PY3KHA
C ACUHXPOHHBIM JABUTATEJIEM B ®A3HBIX KOOPIANHATAX

Crathst IOCBSIICHA MOACIUPOBAHUIO TIEPEXOIHBIX MTPOIIECCOB B y3JIaX HArPYy3KH dHEPTOCUCTEMBI. AKIICHT
C/IeTIaH Ha y3J7bl HAarpy3KH, Cofiep Kalllie MOIIHbIE aCHHXPOHHBIE nBUTaTend. [IpeacraBnena Metonrka pacuera
MIEPEXOTHBIX MPOIIECCOB B DJICKTPUUCCKUX IICTISAX YepPe3 CHHTCTUUYECKHE CXEMBI MOCTOSHHOTO TOKa (AJITOPUTM
I. lommens). PaccMoTpena muHaMudeckasl MOIEIb ACHHXPOHHOTO IBUTATENS B (Ja3HBIX KoopawmHaTaX. Momenb
JIBUTATEIISI TIO3BOJISIET OTCIICKMUBATH U3MEHEHHE YTJIOBOM CKOPOCTH U AJIEKTPOMArHUTHOTO MOMEHTA Ha BaJly Po-
TOpa, a TAaKXKe — BApbUPOBATH MEXaHIMICCKUI MOMEHT COITPOTHUBIICHHS. [I[prMeHeHre MOICITH TIO3BOJISIET IETAIb-
HO PacCMOTPETH MPOIECCH, CBSI3aHHBIC ¢ U3MEHEHUEM CKOPOCTHU BPAIICHUS AJIEKTPOIBHUTATEISI IPH N3MCHEHIHU
apaMeTPOB CETH WJIM MEXaHUUECKON Harpy3Ku Ha BaTy poTopa. [I[prMeHeHHBIH MOAX0 1aeT BOZMOKHOCTH pac-
CMaTpUBATh B3aUMHOC BIIMSHUE IBUTATENS W CETH B 0Oasmce (pa3HBIX KOOPAWHAT U paboTaTh C MTHOBCHHBIMHU
3HAUCHUSIMU TOKOB U HAIPSIKCHUHN. DTO MO3BOJISET ONIEHUTH HCKaKEHHUE (DOPMBI CHTHAJIOB ¥ N3MEHECHHE JaCTOTHI
CeTH TP CIOXKHBIX TIEPEXOIHBIX MIPOIECCax, HAIPUMEpP, BO BPEMs BBIOECTA IBUTATEISI C pEKyTIepaIiueii SHepruu
B ceTh. Mcronb30BaHNe METOAUKY MTOKA3aHO Ha TPUMEpPE MOICTUPOBAHUS PSKUMOB y311a Harpy3ku 10 kB, comep-
JKAIeTo aCHHXPOHHBIN JBUTATEh, CTATHYECCKYIO0 HATPY3KY, YCTPOHUCTBO KOMIICHCAITUN PEaKTUBHOW MOIIHOCTH
B BHJIe OaTapen KOHJAeHCAaTOpoB. PaccMarprBaeMblil moaxom 00IagaeT pSIOM BaXKHBIX TOCTOMHCTB: TPUMEHEHUE
anroputma I, Jfommens maet BO3MOKHOCTh YIUTHIBATh PA3IMYHBIC BUILI HETUHEHHOCTEH SJIEMECHTOB CHCTEMBI
U HE HaKJaJbIBACT OTPAaHUYCHUN HA GOPMY M TapPMOHHYCCKHUN COCTaB CHTHAJIOB B Mojaenu. Kpome Toro, anro-
PUTM TIO3BOJISICT MEHSITh TIApaMETPhl B KOHPUTYPAITHIO CXEMBI Ha BPEMEHHOM JHAITa30HE MOJCITUPOBAHUS, UTO
YBEJIIMYUBACT CIIEKTP pacCMaTPUBAEMBIX PEXUMOB. [Ipu paccMoTpeHnn y37a Harpy3ku B 6as3uce (pa3HBIX KOOp-
JIMHAT JICTKO MOACITHUPYIOTCS Pa3IMIHBIC BUIBI HECHUMMETPHH U CIIOKHBIX TTOBPEKICHUH. Moaeb aCHHXPOHHOTO
JBUTATEIsI 00J1a7laeT BHICOKOW THOKOCTBHIO M JTa€T XOPOIIHE PE3YIbTaThl MPH MOJCIMPOBAHUN TUHAMHUYCCKHIX
PEXKHMOB.

Kutouegvie cnosa: y3en Harpy3KH, IEpeXOIHbIE TPOIECChl, ACHHXPOHHBIN ABUTATENb, (ha3HbIE KOOPIUHATHI,
TUHAMUYECKasi MOJICIb, ITYCK, BEIOET, MTHOBCHHBIC 3HAUCHUS.

MODELING TRANSIENTS IN THE LOAD NODES CONTAINING
THE INDUCTION MOTORS IN PHASE COORDINATES

The article concentrates on the modeling of transients in the power system load nodes. Under consideration
the load nodes contains the powerful induction motors. Methodology for calculation transients in electrical circuits
using the direct current synthetic schemes (Dommel algorithm) is recommended. We consider the dynamic model
or the induction motor in phase coordinates. The model enables to study the angular velocity and electromagnetic
torque of motor and variation of the mechanical torque. The application of the model enables the detailed studying
of processes associated with change of motor velocity when changing network parameters or mechanical torque
on rotor shaft. The approach makes it possible to consider the mutual influence of the motor and the network in the
basis of the phase coordinates and to work with instantaneous values of currents and voltages. This allows us to
estimate the distortion of the signals form and frequency in complex network transients, for example, during the
run-down of the motor with regenerative power supply. Using the techniques illustrated by simulation mode of the
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load node containing 10 kV induction motor, static load, reactive power compensation in the form of a capacitor
bank. The considered approach has several important advantages: the using of the Dommel algorithm allows to
considerate different types of non-linear elements of the system and does not impose restrictions on the forms
and harmonic composition of the signals in the model. Moreover, the algorithm allows to change the parameters
and configuration of the circuit in the time range of modeling, which increases the number of the modes. The
considering of the load centers in the basis of the phase coordinates, the different types of asymmetry and complex
faults can be easily modeled. Model of induction motor has high flexibility and gives good results in the simulation

of dynamic modes.

Key words: load node, transient process, induction motor, phase coordinates, dynamic model, start, run-down,

instantaneous values.

MopenupoBaHre TEPEXOAHBIX PEKUMOB y3JI0B Ha-
Tpy3Kkd TpeOyeT MPUMEHEHHS METOAWK pacueTa, Y4H-
THIBAIOIIMX JUHAMHYECKHE CBOMHCTBA 3IEKTPHUIECKUX
9JIEMEHTOB U TIO3BOJISIOIINX MTPUMEHATH TUHAMHYECKHE
MO/JIENIN 3JIEMEHTOB SHEPTOCHUCTEM. Y3l Harpy3Ku Kak
ANIEKTPUYECKYIO IIETh MOYKHO OIMHUCATh C OIPE/IEIeHHBI-
Mu pomymeHusMu [1] cucremoit muddepeHnaTbHbIX
ypaBHeHUH 10 3akoHaM Kwupxroda. s HEKOTOpPHIX
9JIEMEHTOB, HAIpPUMED, IEKTPOJBUTATENICH, B Ty CH-
CTEMY BKJIIOYAIOTCS] yPaBHEHUS ISl MEXaHUYECKOH Ja-
cru 2, 3].

JlnHaMu9aecKre MOJICITH JICKTPOIBUTATEIICH O0BIY-
HO TIPE/ICTABJICHBI B MHOTO(Aa3HOW CUCTEME KOOPIUHAT.
MopenupoBaHre HECUMMETPHYHBIX PEKUMOB y371a Ha-
Tpy3KH HE TO3BOJISIET MPUMEHSATH OIHOJMHEHHBIE CXe-
MbI 3aMenieHns. COBOKYIMHOCTB 3TUX (DaKTOB MIPUBOIUT
K TIeJIeCO00pa3HOCTH MCIIONB30BaHUSA Oa3nca (pa3HbIX
KOOPJIMHAT.

[Ipu pacdere mepexomHBIX NporeccoB Ha OBM
4acTO HCIOJB3YeTCS METO]| TMEePEMEHHBIX COCTOSHUS.
JlaaHbIil MeTO TpeOyeT 3amucu CUCTeMBbI TuddepeHim-
aJIbHBIX YpaBHEHUH i1 Bcell enu. Takoi moaxoa npu-
BOJIUT K IMOJYYEHHUIO CUCTEM C OOJBIINM KOJTHYECTBOM
MEPEMEHHBIX, YTO YCIOKHSAET BBIYUCICHUS U CHIDKACT
CTa0MIIBPHOCTh PACUETOB JJIA OONBINUX IIETIeH ¢ HEJH-
HEUHBIMH 31eMeHTamu [1].

B pabore mpuMeHeHa METOAWKA CBEACHHS pacde-
TOB TIEPEXOIHOTO TpOIecca B AIEKTPUUECKON IeTH K
pacdeTry CHHTETHUECKHX CXEM ITOCTOSHHOTO Toka [1].
B 3apy0OexHO# TIpakTHKEe MaHHAs METONWKA M3BECTHA
kak anroput™ I'epmana ommens (Herman Dommel)
[4, 5]. OTOT anrOpUT™M WMEET PSI MPEUMYIIECTB TPH
MPOrpaMMHON peanu3alii, 4TO JOKa3aHO €ro IMIMPO-
KHM HCIOJB30BAaHUEM TPH CO3AAHUU TPOTYKTOB Ha-

IIUMH  3apYOCKHBIMH KOJIJIETaMH. AJITOPUTM HUMEET
CIIEZYIONHE TIPEUMYIIECTBA: B OTIMYHE OT METona
TIEPEMEHHBIX COCTOSHUS [6] OH HE TPUBOAWT K 3aMUCH
muddepeHInanbHEIX ypaBHEHUH 10 3akoHaM Kupxro-
(a, a mo3BoONAET cpasy MepeiTH K ypaBHEHHUSIM LEMHU
MTOCTOSTHHOTO TOKa. llomy4mBIIascs mermp moCTOSHHOTO
TOKa W MCXOAHAS LIEMb UMEET OJIMHAKOBYIO TOIIOJIOTHUIO,
YTO MOBBIIIAET yA0OCTBO M HANISAAHOCTH MeToma. Me-
TOJ] HE HAKJIaJbIBAET OrpaHNYEHUI Ha ()OPMY CHUTHAIOB
HCTOYHHUKOB M TO3BOJISIET OTHOCHUTENFHO JIETKO Y4eCTh
HEeJMHEWHBIC XapaKTePUCTHKH 3JeMeHTOB. ClleyeT oT-
METHUTbh, YTO JAHHBII METOJ JAAaeT Ha BHIXO/E MTHOBEH-
HbIE 3HAYEHUS TOKOB M HANPSHKEHHUH BO BCEX BETBAX U
y3JaxX CXEMBI.

Metonuka pas3zmernsieTcss Ha HECKOJIBKO OCHOBHBIX
JTAroB:

1. Anmpoxcumanust quddepeHITnaTbHBIX YpaBHE-
HUW OTAENBHBIX 3JIEMEHTOB IIETIH PA3HOCTHBIMH YPaB-
HEHUSIMH, C KOTOPBIMHU COMOCTABIISAIOT YACTO PE3UCTHB-
HBIE CXEMBI.

2. ®opMHupOBaHNE HAa KaXKAOM IIare pacdera CH-
CTeM airedpamdecKux YpaBHEHHUH, COOTBETCTBYIOIIMX
PE3UCTUBHBIM CXEMaM 3aMEeIIeHHs [eTe.

3. Pemenne cuctem anreOpandecKux ypaBHCHHH,
MOJTy9aeMbIX Ha mare 2.

[IpoBeaeM pa3HOCTHYIO alMPOKCUMAIHIO YpaBHE-
HUH HAKOTIUTEIHHBIX DIIEMEHTOB:

i —cfe , 1
dt dt
e C — emkocth, ®@; L — UHAYKTUBHOCTD, ['H; i, ¥ i
— TOK MHAYKTUBHOCTHU U TOK €MKOCTH, uC u uL — Harps-
KCHUEC Ha EMKOCTH M HalPs)KCHUEC HA MHAYKTUBHOCTH.
CornacHo MeToxy Tpamneruii [7]

Upp YU, T~ 2L . 2L .
s 12 =L 1h L=y, =71Ln+l _71Ln_uLn; (D
len Hicy _ Ucnn Uy Coy. =M @)
2 h Cn+1 2C Cn+1 2C Cn Cn>
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rae o, . — HalpsKCHUE Ha MHAYKTUBHOCTH B MOMEHT

BpeMCHH ¢ = ., 1, W1, — TOK B MHIYKTUBHOCTH B

MOMEHTBI BPEMEHU { = U [ =1 COOTBETCTBEHHO, I .

n+l n Cn+1

— TOK B €MKOCTH B MOMCHT BpEMEHU ¢ =1 U,  HU, —

HaIpsKCHUE HA EMKOCTH B MOMCHTBI BpEMCHU £ =7 | U
t= tn COOTBETCTBEHHO, /1 — 11ar JUCKpETU3ALMH.

ITonydenHble BbIpaXKEHUS OMPEACIISIIOT JABYXIIO-

2L

JIFOCHUKH, COCTOSIIIAE W3 COMPOTHUBIECHUS R; = p >
ok B h. 2L

Re o ONC Ec =ug, +%1Cm E 27’;1 +up,

COEIMHEHHBIX TocnenaoBatensHo (puc. 1). Mcnoms3ys
¢dopmynel (1) u (2) Ha ntl mare pacuera /Ui HaXOXK-
JICHUS] TTapaMeTPOB CXEeM, MPEACTaBICHHbIX Ha puc. 1,
TIOJTyYUM CXEMBbI 3aMEIeHUs] HAaKOMUTEIbHBIX 3JIeMEH-
TOB Ha TEKYIIEM Illare pacyera. 3aTeM COCTaBUM CXEMY
TOH K€ TONOJOTMYECKOM CTPYKTYpPBI, UTO U HCXOJHAs,
U3 TIOJIYYEHHBIX CXEM 3aMEIIeHHS COOTBETCTBYIOLIMX
aNeMEHTOB. PaccunraeMm STy cxemy IHOOBIM METOJIOM,
HampuMep, KOHTYPHBIX TOKOB MJIM Y3JIOBBIX TOTEHITHA-
708 [8].

L . ¢ .
YLl I I ke
u, -
u.
h
RI :£ E =£l RF == EL' :ucu
h L h Ln C
l.LrHl iC/1+l
u,., -
a) 6)

Puc 1. [lepexon oT HAKONUTEIBLHOIO JIEMEHTA
K €ro PE3UCTUBHOMN CXEME 3aMEILEHHs JUIs pacyeTa MeEPeXoHo-
TO IIpolecca: a — UIsl UHIYKTUBHOCTH, O — 17151 €MKOCTH

IIpuMeHMM mpUEMBI MAaKpOMOZEIUPOBAHUS IS
OKBUBAJICHTUPOBaHNA BCTBU C B3aNMMHON UHAYKTUBHO-
cThiOo (pHC. 2).

iLZ L2
— Y Y,
E, E
e R i (MIZ L2 RL RRL i
L
: MRL g . MRL("H) .
a) 6)

Puc. 2. BetBs, nmeronas B3aMMHY0 HHIYKTUBHOCTb
C COCENHEeH: a — cXeMa BeTBU; O — SKBUBAJICHTHAS
PEe3UCTHBHAs cXeMa Ul pacyeTa IepPeXoAHOro mpouecca
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YpaBHeHue (3) OMUCHIBACT BETBh C B3AaMMHOW WH-
JTYKTUBHOCTBIO. ANIIIPOKCUMUPYS ypaBHEHHE (3) MeTo-
JIOM Tpaneluii, HoJy4uM ypaBHeHue (4):

. di di
—~Up =—€+ip, R+ 1L, —;t“ + M, L2, (3)
) 2L
Uppnsty =Urrn) T €1 T €, Hippm| — — R
2M12 . . 2L 2M12 .
=l ~lrugen| —— TR [ l10m1)s
h h noe

e M, — ko3 GuuneHT B3auMHON UHAYKIUH, ['H.
Pe3nctuBHas cxema, COOTBETCTBYIOLIAsl BBIpaXe-
Huto (4), mpuBeaeHa Ha puc. 2, 6. B aToii cxeme:

) 2L
Erp =Uprony T €01 T €, Firpin o R
2M,, . 2L
+7121L2(n)’ RRL :7+R .

Jlerko 3aMCTUTb, YTO IPU HAJTIUYNU HH,HYKTHBHOfI
CBA3U BBIPAKCHUC IUUIA ERL BKJIIOYACT B ceOs JOII0JI-

HUTCIbHBIA YJICH

2 i
[ 5(ny TO3BOJIAIONIMH yueCTh

Brusinue J/1C, HaBeleHHOW OT BETBU, HUHAYKTUBHO CBS-
3aHHOU ¢ JaHHOoU. Kpome Toro, cxema conepKuT JOMOoI-

1

2 .
nurensuyro IC E;, = Tl L2(n+1), C TIOMOIIBIO KO-

TOPOH B CXEM€ YUUTHIBAETCS B3aUMHOE BIMSIHUE BETBEH
JIpyT Ha Ipyra Ha TEKyIIEeM IlIare pacuera.

Pacuet mepexonHoro mpoiecca B cXxeMe OCYIIECT-
BIISIETCSI ITyTEM PEICHUs CUCTEMbI JIMHEHHBIX anreOpa-
WYECKUX YPAaBHEHUN CTEHEPUPOBAHHOM LEMU MOCTOSH-
HOTO TOKa JIJIsl KaK10r0 MOM€eHTa Bpemenu ¢ = ¢ . Ilpu
9TOM TOIIOJIOTHS IIEIM MHOCTOSHHOIO TOKa HE M3MEHS-
eTCsl, MEHSIOTCS ToJIbKO 3HaueHus: DJ]C BeTBel ¢ peak-
TUBHBIMHU AJIEMEHTAMHU B 3aBUCUMOCTH OT MPEIbIAYIINX
pPACCUMTAHHBIX 3HAYCHUM U MTHOBEHHBIX 3HAYCHHUH HC-
TOYHUKOB HampspKeHus. 1S HeMMHEWHBIX 3J€MEHTOB
WJIU 3JIEMEHTOB C M3MEHSIOIIMMUCS BO BPEMEHHU Mapa-
METpaMU MOTYT U3MEHSITHCSI 3HAYCHUSI COTIPOTUBIICHUN
Ha Ka)XJOM Ilare quckperuszauuu. Hampumep, nms mo-
Jeneil >NIeKTpoJBUraresic, Te B3auMHbIC MHIIYKTHB-
HOCTHU MEX]y LICTIbIO CTaTOpa U POTOpa U3MEHSIOTCS B
3aBUCUMOCTH OT IIOJIOKEHUS POTOpa.

s pacdyera mepexoqHOro IMpolecca B aCHHXPOH-
HOIl MallMHE CYIICCTBYIOT PA3NUYHBIC METOAMKHU €¢
yuera B cxeme. Camble pacnpOCTpaHEHHBIE METOIbI
y4deTa JICKTPOABUTATENST B DJCKTPUUECKOM LEMu — 3TO
y4eT ero B Buje T- umu ['-00paTHOM cXeMbI 3aMeIeHUS
[9]. IIpu >TOM aKTHBHOE CONPOTUBIIEHUE BETBU POTOpPA
3aBUCUT OT CKOJBL)KCHMS B JBUTaTeae. TakoM ITOIXOM
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SIBJIICTCSL HAauOOJIee MPOCThIM MPU Y4eTe JBUTATEeNs B
CXeMe CETH M KOMIIAKTHOCTH MaTeMaTH4YECKOM MOJEIIN
MamuHbel. CTOUT OTMETHUTBH, YTO MPOCTOTA MOJICTH CBSI-
3aHa C MHOYKECTBOM JOIMYILIEHUN U NPUBOAUT K HUZKOU
TOYHOCTH PE3YJAbTaTOB, OCOOCHHO MPU MOICIUPOBA-
HUAW HECTAIMOHAPHBIX PEXUMOB. JlaHHAsS MOmens u3-
HavalbHO OPUEHTUPOBAHA HA TIPUMEHEHHE B pacdyerax
CTAIMOHAPHBIX PEKUMOB. DTa MOJEIb HE TTOIXOIUT IS
MIPUMEHEHUSI COBMECTHO € anroputMoM JlomMmerns, mo-
CKOJIbKY TIPEATIONAaraeT MCIONIh30BAHUE JEHCTBYIOIMINX
3HAYEHUH TOKA MPHU pACUETe MEXaHUYCCKHX MapamMe-
TPOB MAIlIMHBEI — MOMEHTA, YTJIOBOM CKOPOCTH H T. .
JvnHaMuueckue MOAEN aCUHXPOHHBIX JBUTaTeNeH, Kak
MPaBUJIO, UMEIOT Oo0Jiee CIOKHYIO CTPYKTYPY M Tpe-
CTaBJICHBI B KOOPJAMHATAX, CBA3AHHBIX C POTOPOM WU
CTaTOpOM MaIIHMHBI, HapUMep, KOOpAUHATH! (d, g, 0),
(x,y,z) u T 0. [2, 3]. B nannoit pabore mpuMeHeHa Mo-
nenb B (Da3sHbIX KOOpAWHATaX. Takod BBIOOp CBsi3aH C
MIPOCTOTON COTJIACOBAHUS MOJETU CETH M MOJETH JIBU-
rarens — CeTh W JABUTATEIh MOACITUPYIOTCS KaK TpeX-
(ha3HbIe CUCTEMBI, YTO TO3BOJISICT HAMPSMYHO MTOJIKIIIO-
YUTh 3Q)KUMbI MOJICIIH JIBUTATEIIS K Tpex(a3HoH Mojieu
ceTd 0Oe3 JIOMOJHUTEIbHBIX MPEOOPa30BaHUI CHCTEM

1 1
Lls + Lms - ELms - ELms
— 1 1
Ls - - ELms Lls + Lms - ELms
1 1
- ELms - ELms Lls + Lms

koopauHar [3]. Cucrema ¢a3HbIX KOOpIMHAT yIoOHA
CBOE HAITISAHOCTHIO 1 TTO3BOJISIET JIETKO MOJIETMPOBATH
CJIO’KHBIE CHMMETPHYHBIE 1 HECUMMETPHUUHBIE PEKIMBI
MHOTO(a3HOH CeTH.

Mopenb acHHXpOHHOTO ABHUTaTelis B (pa3HbIX KOOp-
JIMHATaxX OMMCBIBAECTCS CUCTEMOM yPABHEHUI B MATPUY-
HoWi popme [2]:

us RS + pLS pL'sr iS
= , 5
u'r p(L'sr )T R'r +pL'I’ i"’ ( )
d
e p — oneparop nuddepenuuposanus: P = EQ u u

u_— BEKTOPBI CTOJIOLbI HANPSDKEHUH BETBEW CTATOpa M
poTopa; i ¥ i' — BEKTOPBI CTOJIONbBI TOKOB BETBEH CTATO-
pa u poropa:

sa ra sa ra
_ v s | ; Y
Uy =1 U |, W= Uy 5 Ly =1 | 1, = lrb;
' : '
Use Uy Lse Uye

RS u R'r — JIMaroHaJbHbIE MATPUIBI AaKTUBHBIX COIIPO-
TUBJIEHUH BETBEH potopa u cratopa (Om); L n L' —ma-
TPULIbl MHIYKTUBHOCTEN BETBEM CTAaTOpa U poTOpa:

' 1 1
L Ir +Lms - ELms - ELms
B 1 ' 1 .
’ Lr_ _ELms Llr+Lms _ELms H
1 1 '
- ELms - ELms L Ir +Lms

L, u L' — coOCTBEHHbIE HHIYKTUBHOCTH BETBEH cTaropa u poropa (I'H), L, — MHIyKTUBHOCTh HAMATHUYUBAHUS

BeTBH ctaropa (I'n);

L'Yr — MaTpulla B3aUMHBIX HHHyKTHBHOCTCﬁ MCKAY BETBAMU CTATOPA U pOTOpAa:

cosd.

L'SV = L}’MS COS(QV - 27)

cos(g, +%) cos(0, - )
cos6,
cos(6, +22) cos(6, - )

3
cos(d, +2)|;

cosd.

0 — yroi noBopoTa poTopa JJBUraTelisi OTHOCUTENLHO cTaTopa (pa).
C yKka3zaHHOIW CUCTEMOH YpaBHEHHH JI1 aCHHXPOHHOW MAIlIMHBI MOYKHO COTIOCTAaBUTH Tpex(azHylo cXemy 3a-
MEIIeHHUs, COIEPIKaIy0 6 BETBEW, HHIyKTHBHO CBSI3aHHBIX MEXIy co0oH (puc. 3).

Lls + Lms

CeTb

CraTop

PoTtop

Puc 3. Cxema 3aMeneHUs] aACHHXPOHHOTO JBUTATENS B (Pa3HBIX KOOPHHATAX.
Bce BeTBM MHAYKTHBHO CBSi3aHbl. VIHAYKTHBHBIC CBSI3M Ha PUCYHKE HE YKa3aHbI
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Benuuunbl MOMEHTa, YIJIOBOM CKOPOCTH poTOpa
M yIjia ero MOoBOPOTa OTHOCHTEIBHO CTAaTOpa CBsI3aHbI
MEXIy co00#l clemyromuMu BeIpaxeHusmu [2, 3, 10,
11, 12]:

Z /o \T 8
T == —/ 1L ' 6
e 2(1S) agr[ Sr]l}” ()
T = J(gj o, T, 7
z) Ot
o0, _ .
p - (®)

rae 7 — 5IEeKTPOMArHUTHBIM MOMEHT Ha Bajlly pOTOpa,
Z — YHCIIO TIONKOCOB JIBUATENs, (0, — yIIIOBas CKOPOCTh
BpaIleHHsT poTopa, J — MOMEHT UHEpIHH poTopa, 1 —
MeXaHW4YeCKHI MOMEHT CONIPOTHUBIICHNUS Ha BaJly pOTOpA.

Uucnenno pemas ypaBHenus (6) — (8) mig Benu-
unH 7, @ W 0 Ha KaJI0M HOBOM IIare JUCKPETH3ALNN
TI0 BPEMEHHM { = { | W NOJICTABIIssA HOBOE 3HaYeHHE 0 B
cucremy (5), moxydaeM AMHAMHYECKYIO MOJEIb aCHUH-
XPOHHOTO JIBUTaTeIsi, KOTOpas JeTrKo COTIacyeTcs ¢ al-
roputMoM JloMmers.

[Tocne muckpernzanuu ypaBHenuit (6) — (8) mo npa-
BUJTY Tpamnelnuii OHU PeIaroTcsi OTHOCUTEIHHO BEIUYUH
T, ® n 0 HaKaXI0M BPEMEHHOM WIare =, COBMECT-
HO C YpaBHEHUSMH [UIs JEKTPUUYECKOM IEeMH, COCTaB-
JICHHBIMU contacHo anroputmy Jommens [11, 12].

Mopenb CHIOBOTO TIOHHIKAIOIIETO TpaHchopMaro-
pa mpescTaBiIeHa ABYMs HHIYKTHUBHO CBSI3aHHBIMU BET-
BSIMU JIJISL KaXK101 (pasbl.

BriOpaHHbBIN TOAX0M K MOJCIMPOBAHUIO y3Jia Ha-
Tpy3KH C aCMHXPOHHBIM J[BUTATENIEM MO3BOJISET IMPO-
M3BOJIUTH pacdeT OONBIIOTO CHEeKTpa pekumoB. JluHa-
MUY€ECKasi MO/IETIb IBUraTesIsl 1aeT BO3SMOXKHOCTh MOJIE-
JIMPOBATh PEXKUMBI ITyCKa, BIOETa U YCTAHOBUBILIETOCS
pexrMa MaluHbl. Bo3MOXKeH yueT U3MEHSIONETr0Cs BO
BpPEMEHH, WIN OT yIIIOBOH CKOPOCTH, MOMEHTa COIIPO-

TUBJIEHHUA Ha Bally poTopa. Monenb Mo3BOJSET BECTH
pacder TeHepaTOPHOTO PEXHMMa TPH BhIOETe JBHUrare-
ns1. [TockonbKy Mozenb 3afaHa B (pa3HbIX KOOPJMHATAX,
BO3MOJKHO 0€3 JIOTIOTHUTENBHBIX MPpeoOpa3oBaHuii MO-
ACTIUPOBATHL HECUMMCETPHUYHBIC PEIKUMBI CETU U ABUT'A-
tend. [Tockonbky comtacHo anroputMy Jlommerns pacuer
IIPOU3BOAUTCH Jid BCEX Y3JI0OB U BeTBeH CXEMbI, MOXKHO
OTCJICAUTH B3aMMHOC BJIMAHUC PCIKUMOB pa6OTbI JBUra-
Tens U Harpy3ku. Mcnonbs3yemast Moiens TpaHcopma-
TOpa MCKII0YaeT He0OXOMUMOCTh IPUBEICHHS TTapamMe-
TPOB CXEMBI K OTHOMY KJIACCy HAMPSHKEHHUS, IIOCKOJIBKY
TpaHchopMaTop MoAeTHpyeTCs KaKk HaOOp WHITYKTHBHO
CBS3aHHBIX BeTBell. Takoi MOaXoJ J1aeT BO3MOXKHOCTH
OLICHUTH BIMAHUC MEPEXOAHBIX IMPOIECCOB Ha CTOPOHEC
HU3KOI'0 HAIPAKEHUA Ha COCTOSAHUC CETU CTOPOHLI BbI-
COKOI'O HaIpPSKEHHUS.

Jns mpumepa paccMOTpUM MOAENH y371a Harpy3KH

10 kB, mokazanHoro Ha puc. 4.
‘oL

E1 T
C1

CLU 110 kB

CLlU 10 kB

> HI'

Puc. 4. Cxema HcCIIeayeMOoro y3ia Harpys3Kku

[lapamerpsl y3na cnenyromme: £, = 110sin (2 - 50 -
), napameTpsl Tpanchopmaropa T1 onucansl B Ta0. 1.
[Tapamerpel neurarens M1 B Tabi. 2, narpyska: S, =
IMBA, cosp,,, = 0,9, KOMIIEHCUPYIOIIEE YCTPOKCTBO
umeer MomHocTh Q. = 840 kBAP. ITapamerpsr 06mo-
TOK TpaHC(OpMaTopa pacCcunTaHbl MPUOIH3UTENBHO, U3
MACIIOPTHBIX JTaHHbBIX.

Tabnuya 1
[Mapamerpsl Tpancdopmaropa T1
S, MBA U,,, kB U, «B AP, kBt U, % AP,, kBt
16 110 11 85 10.5 18
L, % R, Om L,,TH R, OM L,.,Tlu M, ., T
0.7 2.21 1.3933 0.22 0.0139 0.1393
Tabnuya 2

ITapameTpbl acunxponHoro asurareas M1 (A3MII-5000)

o KBT e KB n,00/MuH z S Show? KIT/,%
5000 10 2985 1 0.005 330 98

coso, k, R, Om R', Om L,Tn L', Tn L,Tu

0.9 7 0.13 0.112 0.1959 0.1992 0.1898
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Jliis neMoHCTpauu paboThl METOUKH ITPOU3BEIC-
HO MOJICJIMPOBAHKE JIByX PEKUMOB PaOOTHI YKa3aHHOTO
y3J1a Harpy3KH: IIyCK JIBUTATENsl HA BEHTWIATOPHYIO Ha-
Ipy3Ky IpH pabOTaroIeM y3Jie Harpy3KH M BBIOET JIBU-
rarejid Npu OTKJIOYCHUU MUTAHUA y3J1a Harpy3Ku C 110-
CJICYIOIEM BO30OHOBICHUEM TUTAHUS.

1. Ilyck mBurarenss Ha BEHTUISITOPHYIO HATrPy3Ky

npy paboTarouieM y3Jie OCYIISCTBISIETCS TPU MEXaHU-
YEeCKOM XapaKTePUCTHKE MOMEHTa COIPOTHUBJICHUS Ha
BaJIy JBUTaTelis, 3a1aHHoi o ¢popmyse (9). Ilyck mpo-
WCXOZUT B MOMEHT BPEMEHHU t2= 0,1 c.
Tv=%/6 ©)
Tok Ha MIMHAX U CKOJILKEHHUE ABUTATEIIs TTOKa3aHbI
Ha puc. 5.

10000
5000
.
= A
0 0.5 1 1.5 2
tc
1
.05
w
0 Y N
0 0.5 1 1.5 2
t,c

Puc. 5. I'paduk Toka (a3pl A Ha IIMHAX Y3714 HATPY3KU U CKOJIBKEHHS aCHHXPOHHOTO JBUTATEIIS TIPH €T0 ITyCKe

I'paduku puc. 5 wTOCTPUPYIOT PabOTy METO-
JIUKA TIPU TIEPEXOIHBIX MPOIECCax B y3JIe HarpysKH,
CBSI3aHHBIX C HECTAIIMOHAPHBIMU PEKUMAMHU 3JIEKTPO-
neuratens. [Ipu pasroHe nBuUrarTelss B CTaTOPE U CETH
TE€YET IyCKOBOH TOK, aMIUIUTyIa KOTOPOTO HAaYHMHA-
€T YMCHBIIATHCS TOJBKO MPHU JIOCTHIKECHHUS CKOJIbXKE-
HUsl, ONMM3KOro K HOMUHaJIbHOMY. CleIyeT OTMETHTb,
YTO U3MCHECHHS aMIUIUTY/bl HANPSDKEHUS Ha CTOPOHE
10 kB HE3HAYUTENBHEI, B CHITY I0CTaTOYHON MOIITHOCTH
TpaHchopMaTopa 1 MUTAIOIICH CHCTEMBI.

2. BwiGer nmpuratens Nmpu OTKIIOYCHUH TTUTAHUS
y3Ja Harpy3kd ¢ IOCJICAYIONIMM BO300OHOBICHHEM
nuTaHus. JlaHHBIM pEXWM TOKa3aH MPH HadalbHBIX
YCIIOBHSIX YCTAHOBHUBIIIETOCSI pexxuMma paboThl y3ma. B
MoMeHT BpeMmeHu t = 0,1 ¢ MPOUCXOAUT OTKIIOUCHUE
nutanusi Tpancopmaropa Ha cropone 110 xB. 3arem
MIPOUCXONUT BKIIIOUCHUE TTUTaHus Ha ctopone 110 kB B
MoMeHT BpemenH t = 1,5 ¢. ['paduku moka3zansl Ha puc 6.

5000
-
) 0 MWW
K
-5000
0.5 1 15 2
tc
x10*
2
m
% 0 '-'A'g-‘:" AN
=1
-2
0 0.5 1
t,c
1
ﬁg 0.5
0
0 0.5 1 15 2
tc

Puc. 6. I'paduk Toka pa3el A craropa snekrponsurarens M1,
HarpsDKeHHs Ha IUHAX Y3714 Harpy3KU M CKOJIBbXKEHHs ABurarens M1
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Ha pucynke 6 moka3aH TOK B CTaTOpe JIBHTATels,
MTOCKOJIBKY B MOMEHT BbIO€ra WMEHHO IBUTATENb SB-
JISeTCSl NCTOYHUKOM HAIPsDKEHUS W Yepe3 Hero Te4eT
CyMMapHEIH TOK y37a. M3 rpadmkoB BHAHO, UTO, Kak
Y TIpeAroiaraeTcs, HaupsHKeHUe B y3Jie MpoIajaeT He
MTHOBEHHO, a HAdyMHAeT TOCTeNeHHO cmanarh. llpum
9TOM YacTOTa CEeTH 3aBHUCUT OT YacTOTHl BpAIlIEeHUs
poTopa JBWTATENA, TOCKOJBKY MABHTrareis paboTaer
B reHepatopHoM pexume. Kpome Toro, nepexomHblid
MIPOIECC TIPH OTKIIOYEHHH BEpXHEW CTOPOHBI TpaHC-
(opmaropa MPUBOAMT K IOSBIEHUIO BBICIIIIX TAPMOHHK
Ha PE30HAHCHOM 4acTOTe UHAYKTUBHOU COCTABJISIONIEH
Harpy3Kd ¥ €eMKOCTBIO YCTPOHCTBA KOMITEHCAITUH Peak-
TUBHOW MOILIHOCTH.

BriBOIBI

[IpencraBnenHas MeTOAWKAa TO3BOJSIET MOJAEIH-
poBaTh y37BI HArpy3kd B (PasHBIX KOOpPAMHATAX, YTO
JTAeT BO3MOKHOCTB C JIETKOCTBIO YUUTHIBATH Pa3IMIHbIC
BUJIbI HECUMMETPHUH Tpex(a3HBIX CeTel U Harpy30K.

Ilpumenenue anroputma JloMMenst JaeT BO3MOXK-
HOCTh YYHTBHIBATH PA3IWYHBIE BUABI HETMHEHHOCTH B
JIIEMEHTaX MOJIEIHPYEMO SHEpProCUCTEMBI, 3a]aBaTh
(hopMy CUTHAJIOB HCTOYHUKOB TTPOU3BOILHOUN (hOPMBI U
4qacTOTHl. [lOCKONMBKY MOAETUpOBaHUE MPOUCXOAUT BO
BPEMEHHOI 00J1aCTH M B MTHOBEHHBIX BEIMYMHAX, Ya-
CTOTHasi 00NacTh WCCIIEOBAHUS TEPEXOAHBIX MPOIec-
COB OTPaHMYMBAETCS TOJHKO YAaCTOTHBIMH CBOMCTBaMHU
MOJIeJIel DIEMEHTOB M Pa3MepoM Iara MOJEIHpPOBa-
HUS. DTO TIO3BOJISIET JIETKO MOJIEIMPOBATh MEPEXOTHBIC
MPOIECCHl C PA3IUYHBIM TapPMOHMYECKHM COCTaBOM
TOKOB W HAaIPSIKEHUN. AJITOPUTM I103BOJIIET MEHSTH
mapaMeTpsl U KOH(QUTYPAlHI0 CXeMbl Ha BPEMEHHOM
JMara3oHe MOJIETMPOBAHMUS, YTO YBEIHMYUBAET CIIEKTP
paccMaTpHUBaEMBIX PEKIMOB.

Mogens acCHHXpOHHOTO JBHTareis B (a3sHBIX KO-
OpAWHATaX, B COBOKYITHOCTH C anroput™MoM Jlommerns,
MMEET CJIeyIoIIne BaKHbBIE JOCTOMHCTBA!

— BO3MOXXHOCTh MOJEITUPOBAHUS HECHMMETPHY-
HBIX PEXHMOB;

— pa3menbHBIE [EMU CTAaTopa U POTOpa, CBI3aHHBIC
MaTpuled MHAYKTUBHBIX CBA3E€H, YTO IMO3BOJISIET pac-
CMaTpuBaTh M OIIEHUBATh COCTOSHHS ATHX IIETIel B OT-
JIEITbHOCTH;

— pacdeTr COCTOSHHUS MEXaHWYECKUX TepeMEeHHBIX
JIBUTATENS BO BPEMEHH, YTO JJaeT BO3MOXKHOCTH OTCJIe-
JIUTH YTJIOBYIO CKOPOCTH, AIIEKTPOMArHUTHBIA MOMEHT
Y CKOJBKEHHUE JIBUTATENsI BO BPEMS TIEPEXOIHBIX MPO-
1IECCOB;

— COBOKYITHOCTB MOJIENY JIBUTATEIIS] U METOIANKH pac-
Yyera TMEepexXOoqHOr0 Tporiecca MO3BOJSET MOJEINPOBATh
pexxnM BeiOera A/l B peskrMe peKyTieparim, 9To JaeT BOo3-
MOYKHOCTH OIIEHHUTbH BIIMSHUE JAHHOTO PEKUMa Ha CETh;
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— METO/IMKA ITO3BOJISIET 3a7aBaTh MOMEHT COIIpO-
TUBJICHUA Ha BaJly JBHUTATENsl TIEPEMEHHBIM B 3aBUCH-
MOCTH OT Pa3JIMYHBIX BEJTMYNH MOJIEIIH: BPEMEHH, yTIIO-
BOIl CKOPOCTH POTOpA UITH JIPYTHX.
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UCCJIEJOBAHUS JEKTPUYECKHUX MOJENA MOCTOAHHOI'O TOKA
B CUCTEMAX CO CJIOKHBIMU TEOMETPUYECKUMHU ITAPAMETPAMMU

B cratee chopmynmpoBaHa mMareMaTHUecKash MOIETh CAMOCOTJIACOBAHHOM KpaeBOM 3a/laud, OMUCHIBAIOIICH
ANIEKTPUYECKUE TIONS C IIMIIHHAPHYECKUMHU HEOTHOPOIHOCTSIMH, SIEKTPOAAMH W M30JISTOPAMHI; BEIYHCIUTEIHHBIE
aJTOPUTMBI TIOHIKEHHSI PA3MEPHOCTH 3a/1a91; PACCMOTPEHBI TPUMEPBI, HILTIOCTPUPYIOIIIE BOZMOXHOCTH HCIIONb-
30BaHMS OECKOHEYHBIX HHTETPAIFHBIX TPE00pa30BaHMH /ISl TOHMIKEHUS Pa3MEPHOCTH JAHHOW KPaeBOH 3a/1a4H.

HccnenoBanns >MeKTPUUECKUX IMOJICH TIOCTOSTHHOTO TOKA B CHCTEMax CO CIOXHBIMH M T€OMETPHUYECKUMU
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rnapaMeTpaMy UMEIOT Ba)KHOE HAYYHO-TEXHUYECKOE M HDKOHOMHYECKOe 3HaYeHHE MPH reoPU3nIecKrX MONCKax
TyOOKO3aJIerafolinX TOJIE3HBIX HCKOMAEMBIX METOJOM JJIEKTPOPA3BENKH, CKBAXWHHOM W MEKCKBaKMHHOU
ANIEKTPOPA3BEAKH HA TIOCTOSTHHOM TOKe. [1000HbIe ArieKTpruyecKue Mot BOSHMKAIOT Tak)Ke B DIIEKTPOXHUMHUE-
CKUX METOJaX 3alluThl B 00paboTku MeTasos [1-12].

[locTosiHHO pacTymue TpeOOBaHMS K IMOBBIMIEHUIO TOYHOCTH, HAJIS)KHOCTH M OTIEPATUBHOCTH PE3YJIbTATOB
WCCIIEZIOBAHN BBIBUTAIOT HA MEPBBIN IJIaH B KAYECTBE METO/A UCCIIEIOBAHMS — MAaTEMATHIECKOe MOJIEITUPOBa-
HYE W BEIYUCITUTEIBHBINA IKCIIEPIMEHT Ha 0a3e NCTI0Ih30BaHU S WH(OPMAIIMOHHO-BBIYUCIUTEIFHBIX KOMILIEKCOB
[13]. Hannas meromonorust Oa3wpyeTcs Ha pa3padOTKe MaTEeMaTHYECKHX MOJIEIel, aleKBaTHO OIHMCHIBAIOIINX
peaspHBIC TIPOIECCH M UX ITPOTPaMMHO-aITOPUTMHYECKOE 0OecIiedeHne.

B HacTosmee BpemMsi nMeeT MeCTO TEHICHIIHS K CO3/IaHUI0 CHCTEM aBTOMAaTH3MPOBAaHHBIX HAYyYHBIX HCCIIE-
JIOBaHMI Ha OCHOBE OOOOIIEHHBIX MaTEMATHIECKIX MOJIEIIeH, yHUBEPCAIBHBIX aITOPUTMOB 1 IMTAKETOB TTPHKJIIA/I-
HBIX TIPOTpamMM.

CrpemJieHre K MOTyYeHHIO JOCTOBEPHOTO YHUCIEHHOTO aHATN3a MaTeMaTHYECKUX MOJIETIEH ¢ HCIIOIb30BaHU-
€M OTpPaHWYEHHBIX PECYPCOB BEIYUCIUTEINBHBIX CPEJICTB MPUBOANUT K HEOOXOIUMOCTH pa3paboTKH dPPEKTUBHBIX
anropuTMoB. OCHOBHAS TPYAHOCTH, HAXOAIIASACS HA DTOM IyTH, 3aKJTI0YAaeTCS B TPEXMEPHOCTH ¥ MHOT'OCBSI3-
HOCTH pacYeTHBIX 00JIacTe!, HeTMHEHHOCTH MaTeMaTHIECKUX MOJIETIeH, COlepIKaIuX B KAUeCTBE NCXOIHBIX TaH-
HBIX TJIAJIKAE U pa3pbIBHBIC (O)yHKIIHH.

TpyIHOCTH peleHus TaKuX 3a7a4d B 00IIeM cliydae MPUBOIAT K HEOOXOAMMOCTH pa3paboTKH SKOHOMHUYHBIX
aJITOPUTMOB JIJI51 OTIPEAEIIEHHOr0 Kilacca 3a/1a4. DTH alTrOpUTMBI, KaK MPaBUII0, OCHOBaHBI HA KOMOWHUPOBAHUHU
Pa3IUYHBIX BEIYUCIUTEIHLHBIX METOOB.

B mannOi paboTe mpemiararoTcs pa3padoTaHHbIe, apoOupoBaHHBIE Ha DBM, KOMOWHHPOBAHHBIC aJITOPUT-
MBI YUCJIEHHOTO aHAJIN3a AIIEKTPUUYECKUX TT0JIEH, OMTUCHIBAEMBIX TPEXMEPHBIMH HETMHEHHBIMHA CaMOCOTIIaCOBaH-
HBIMHU KpaeBbIMH 3aJ]adaMU B HEOTHOPOJHOMN Cpelie C IMMIHHAPUYECKUMH HEOJTHOPOJHBIMH BKIFOUSHUSIMHA, U30-
JNATOPAMH U DIIEKTPOIAMHU.

DTOT KJIacc MOAETe 0XBaThIBAET IOCTATOUYHO MIMPOKHHA KPYT TEOPETHUECKUX 3a7ad dJEKTPHIECKUX U Te-
TIJIOBBIX TOJIEH, MMEIONINX Ba)KHBIE MPAKTHYECKHE MTPHIIOKEHHUS.

Karouesvie crosa: maTemaTndeckast MOZIEIb, CAMOCOTIIACOBaHHAS KpaeBas 3a/1aua, UCCIIE0BaHUSI DIIEKTprde-
CKHX TIOJIEH MMOCTOSSHHOTO TOKA, CHCTEMBI CO CIIOKHBIMH W T€OMETPHIESCKIMHU ITapaMeTpaMH.

RESEARCH THE ELECTRIC FIELD OF DIRECT CURRENT
SYSTEMS WITH COMPLEX GEOMETRIC PARAMETERS

The article presents a mathematical model of self-consistent boundary value problem describing the electric
field with cylindrical inhomogeneities, the electrodes and insulators; computational algorithms for dimensionality
reduction tasks, examples, illustrates the use of the infinite integral transform to reduce the dimensionality of the
given boundary value problem.

Research the electric field of direct current systems with complex and geometric parameters has important
scientific, technical and economic importance in geophysical search of deep-seated minerals method of electrical
prospecting, downhole and crosshole GPR DC. Such electric fields occur in electrochemical methods of protection
and processing of metals [1-12].

Ever-increasing demands to improve the accuracy, reliability and timeliness of the research results highlight as
a method of research — mathematical modeling and computational experiment based on the use of information and
computing systems [13]. This methodology is based on the development of mathematical models that adequately
describe the real processes and their software-algorithmic software.

Currently there is a trend towards the creation of automated systems of scientific research on the basis of the
generalized mathematical models, universal algorithms and software packages.

The desire to obtain accurate numerical analysis of mathematical models using the limited computational
resources of funds leads to the development of effective algorithms. The main difficulty on this path is three-
dimensional and mnogosvyaznoi settlement areas, non-linear mathematical models, containing the initial data is
smooth and discontinuous functions.

The difficulty of solving such problems in the General case leads to the need to develop efficient algorithms
for a given class of problems. These algorithms are usually based on the combination of different computational
methods.
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This work offers developed, tested on PC, the combined algorithms of numerical analysis of the electric
fields described three-dimensional self-consistent nonlinear boundary problems in inhomogeneous media with
inhomogeneous cylindrical inclusions, insulators and electrodes.

This class of models covers a rather broad theoretical problems of electric and thermal fields with important

practical applications.

Key words: mathematical model, self-consistent boundary value problem, research the electric fields DC

system with complex and geometric parameters.

1. MaTemaTnyeckasi IOCTAHOBKA 3a/1a4

[lycth TpexmepHas 3JIEKTPOXMMHYECKAs CHUCTEMa
(OXC) — obnacte uHTerpHpoBaHus ) coctout u3z M
LHWIMHIPAYECKUX oOsacrelt (ceueHue obmactu € mio-
CKOCTBIO Z = const), UMEeT IpaHuIlbl pasaena cpen v (i

3aIIMOHHBIMU 3aBUCUMOCTSIMHU TUIOTHOCTEH TOKA OT pas-
HOCTH NIOTCHIIMAJIOB Ha TPAHUIIE HIEKTPOJI/ IPOBOASIIIAS
cpena, P, — 5JIEKTPOIOB € 3a/[aHHBIM PACIIPE/IEICHUEM
TOKa WJIH JIEKTPOU30JIATOPOB.

[Tpu >Tx Hanbosee OOUIMX YCIOBUSIX pacyeT JIeK-

=1,2,..., M~ 1), N, — TO4€YHBIX UCTOYHHUKOB MOJISL C TPUYECKOIO MOJISI MOXKHO MOJTyYUTh PELICHUEM IPaHUY-
WHTEHCUBHOCTIMU Il_j (G=1,2,...,N), K —51€eKTpooB ¢  HOH 3a1a4u
rpanuiamu S, (k = 1,2, ..., K)) ¥ U3BECTHBIMHU NOJISAPH-
+ + =—— . O(x-x.. -V z-z..), i=1,2,..., 1.1
G 2 = A A y
ITo xoopnuHaTe z onpeenuM JIMHEHbIe TPaHUYHBIE YCIIOBHS BUA
azui 82ui
. - . = A+ . =
al ul ﬂl Gl az vll (xa J’) s az ul ﬂz Jl aZ Vzl (-xa J’), (1 2)
z=0 z=0
IJ€ KOHCTaHTBI al,ﬂl,az,ﬁz >0 u ﬂz >0 n < 0, Bo3bMeM u, — 0 npu z — . (1.3)

a2+ ﬂz <0.
Ecmn H = oo, To B7Mecto Broporo yciosus B (1.2)

Ha snextponax 1 Ha rpaHuIax paszena cpej omnpe-
JIeNTUM JIMHEHHbIE IPaHUYHbIC YCIOBHS:

ou.
Ui+ Cpp) o, = = @@, k=12..K, 1 =12... M (1.4)
S.
ik
B} i _ il — g 4= B}
l qu‘% 0, 0; —Lto, —& 0, i=12.., M-I (1.5)
i V;
o Ul =y oy 2. p=12.. P, i=12.. M (1.6)
" On / p ’ !
p

0 <z<H (xyeQ

B (1.1) — (1.6) 6 — nenpra-dynakus Jdupaka;

¢, (X, y) — KoO3pQUIHMEHT YNENbHOM TONAPHU3YEMO-
CTH k-TO DJIEKTpoOa B i-i cpene;

Vi; (x,y), Vo (>, ¥) — dyHk1mM pacnpeieneHus mo-
TEHIIMAJIA WM TUIOTHOCTU TOKA Ha TIOCKOCTSIX z = 0 |
z=H;

v, (X, ¥, Z) — GyHKIMM pacrpenenenus mIoTHOCTH
TOKa Ha TPaHMIIC p-TO IEKTPofa B i-i cpene (Tipu v, = 0
TpaHuIa l,-p SIBIISICTCST DIIEKTPOH30IIATOPOM);

¢, (z) — pacmpenenenue MoTeHIMaNa BHEMHER 00-
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KJIQJIKK JIBOMHOTO 3JIEKTPHYECKOTO CIIOS HA TPaHUIIe
MPOTSHKSHHBIN IEKTPOJT — TIPOBOJIAIIIAS CPEJia.

®yukumnu ¢, (z) = @, = CONSst, €CIU yAEIbHbIE CO-
MPOTUBJICHUS IIUITUHIIPUICCKHIX BIIEKTPOJIOB U HX MPO-
TSDKEHHOCTh HE BEIMKU. B 3TOM citydae majieHHeM Io-
TEHIIMANA 1O JUTUHE MPOTSHKEHHOTO JEKTPOJIa MOKHO
peHeOpeb.

JUis TOHKHX TPOTSDKEHHBIX JEKTPONOB  (DYHK-
M @, (z) HaxXomATCA M3 PEUICHWsA HMHTErpo-
muddepentmansHOTO ypaBHeHUS [ 14—16].
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" a i ' 2
P " (2) = 'Oik(z) o; Sj a—";dsikJr 'Oik(z) Iik+(j)drs_I

ik

WA TPH. P, = const

ou.
oon — l
P " (2) Py Oi SJ S dsik

IIPpU KPACBLIX YCIIOBUSAX

¢lk 0) = (Dik’ (le' (H) = Iik’

WM npu ycsoBuax Komm

ik

ik © = Py Pig'©) = Lige g ©).

3neck p,, (z) — GyHKIMH, ONKCHIBAIOLINE CONPOTHB-
JICHWE eMHMIIBI JUTHHBI A-TO AIIEKTPOAA, PACIIOIIOKEH-
HOTO B I-i cpene.

Taxum 00pazom, copMyTupoBaHa CaMOCOTIIACO-
BaHHas KpaeBas 3ama4a (1.1) — (1.6), ommceiBaromas
AIIEKTPUYECKHE TIONS C IMITUHIPHYECKIMH HEOTHOPO/I-
HOCTSIMH, JIEKTPOJIAMHU B W30JIATOPAMH.

Maremarmueckas momenb (1.1) — (1.8) ommceBaeT
MHOTHE 3aJ[a9¥l TPUKIAJTHON IEKTPOXUMHUH, IEKTPO-
XUMHYECKOW 3aIlUTHl MPOTSKEHHBIX METAUTHIEeCKIX
COOPY)KEHUH OT KOPPO3HWH W 3aJa49H 3JIEKTPOPA3BEIKU
1 2JIEKTPOKapOTaXKa.

2. BpluucjanTe/bHbIe AJTOPUTMbl MOHMKEHHUS
pa3MepHOCTH 321241

YcnoBHO camocoracoBaHHyto 3anady (1.1) — (1.8)
MOYKHO 3aITicarhb B OIepaTopHoii (hopme

Llu = fi(xaysz)’ I, M|F: o, L2 ® = f2 aaina Lo ‘7/: a,
(2.1)
e f, (x, y, z) — GyHKums; u, ¢ — BeKTop-QyHKIMYU; a —
BEKTOD;
L, 1,1, f,— oneparopsl; I'— rpaHuna pacyer-
HOI 00J1aCTH;
Y — MHOKECTBO, COCTOSIIEE M3 KOHIIEBBIX TOUEK
DIIEKTPOJIOB.
3amaay (2.1) ymoOHO pemiaTh MO WUTEPAIMOHHOMN
CXeMe pacIIeIUIeH s Ha IBE He3aBUCHMBIE 3aaun

Gui
o.—ds.
I on ik (1.7)
1
(1.8)
Luk= f, Llukr= of1, (2.2)
Lok =8 Lok k12 04
2¢) 2%, 2(0 }/ a, 9Ly aen ()

Ipu k= 1 u 3amanHOM ¢° = const peleHneM 3a1aun
onpenensiorcss pynkimn u' (x, y, z). Oynkuun u', (x, y,
z) mo3BonAIOT u3 (2.3) onpenenuts GyHkuuu @' (z) u,
TakuM 00pa3oM, HTEPANMOHHYIO CXEMY pacIleIUIeHHUs
MOYKHO TIPEJICTaBHUThH B BUJIE

o° —>u1—>(p1—>u2—>(p2—>--- 2.4)

HawnbGomnee mpocToii 3agadeii B cxeme (2.4) sBisieTcst
3amava (2.3), KoTopast OTHOCHTCS JTUOO K KpacBOM 3a1a-
4e U1l OOBIKHOBEHHOTO IH(h(epeHnnaIbHoro ypaBHe-
HUS BTOPOTO TIOpsizika, Moo K 3amnade Komm miis aToro
ypaBaeHus. s ux pemenns 2pPpeKTUBHBI pa3HOCTHBIC
CXEMBI B COYETaHWHU C METOAOM IIPOTOHKH WIIH, HATPH-
Mmep, meton Pynre — Kyrra [17]. 3anmaua (2.2) B cxeme
(2.4) ssnstetcs kpaeBoit 3amaueit (1.1) — (1.6) ¢ u3Bect-
HbIMH (DyHKITUSAMH (Z), 3T (DYHKIIHHA OTIPEAEISIOTCS U3
3amaun (2.1) (mmm (1.7), (1.8)).

Han 3amaueii (1.1) — (1.6) coBepmmum HEKOTOpOE
peoOpazoBaHue MO MEPEMEHHON Z:

ALu=Af, Alul|p=Ag, (2.5)
MTOHIDKAIOIIEEe Pa3MEPHOCTh 3aJadll M TPUBOIAIICE K
TpaHUYHOM 3a/1a4e C IByMs IEPEMEHHBIMU X H Y

P P s 1, 5 + 26
ox2 o2 S _;ijél i (x_xl'j)(y_yij) (Z_ZU)P(ZU) fi(xy) (2.6)
— ou; _ .
u.+ Cl-k(x,y) o; 8_l =@y k=12..K,i=12.., M (2.7)
s.
ik
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Ep—— 0 u; 0 LE B
Ml - ul+1 v 0, O-l a—n + l+18—n = 0, 1 = 1,2, , M -1 (28)
7i
oui|  — _ P .
la_nl = Vip x, v,2), p=12,.., Pi’ i=12,.., M;xyeQ (2.9)
ip

HUckomeie Gynkimu u, (x, y, z) HAXOAATCS 0OpaTHBIM npeoOpasoBanueM. Tak uto
u; (x, v, z)=B u; (x, v, @), tne B — oneparop, 0OparHslii oneparopy A.

PaccMoTpuM KOHKpeTHBIE BH/IBI IPEOOPA30BAHUII

a) Ilycts a= 1, B, =0, H = oo, Torna

o0

o _
u (x,y a) = [ulx,y,z)sinazdz, ux,y, z)= 2 [u(x,y,a)sinazde,
0 70

P(Zij) = sinx Ziio

o

_ o0
vip (x, 5, 0) = (I) Vip (x, v, z)sin o zdz,

f,- x,y) =-a Vll.(X,y), oir(a) = j (Dl.k(z) sin oz dz

0

6) llpn =0, g =1, H= o nmeem

1

3o

o0
uxy a)= Julx,yz)cosazdz, u(x,y, z)=
0

o0

0_
[u(x,y,a)cosazda
0

P(Zij) =cosa z;, &ip (x,» a)= g) Vip (x, y, z)cos a zdz

i =- -, ”

1 0

B) Ecm a=1,H= oo, o, =0,

..=O'M,To

_ 0 2 ©- a)
u @y o= [ulxy2yza)dz, uxyz = . [u(x,y,a) 5= da
0 0

w(z,a)=oacosax thsinax, h =

- 0
Vip (h . a)= (I) Vip @y, 2y(zeydz, f; () = =

00

Pi(a) = (I) 0. () w(z,0)dz.

IIpumepsr a), 0) 1 B) WIUTFOCTPUPYIOT BOZMOXKHOCTH
WCTIOJIb30BaHUS OECKOHEYHBIX HHTETPAJIbHBIX Mpeodpa-
30BaHMN TSI TIOHWKEHHS pa3MepHocTH 3amaun (1.1) —
(1.8) ¢ ycimoBuem (1.3).

Cnucok aumepamypol
1. Usanos B.T. KoMImiekc porpaMMHO-aITOPHUT-
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oik (@) = J col.k(z) cos o zdz

w(z,
h2 +a2

m: P(Z,-j): l//(Zl-j,Ol),

HEND)
o1
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Gumerova M.B. Andronikov D. A.
KaHOUOam mexHuiecKux Hayk, ooyeum xageopsvi enagHuil mexrnonoe OO0 «HTL] TIITy,
«Inekmpomexanuxay @I'BOY BO «Ygumckuii 2ocyoap- Poccus, e. Canxm-Ilemepoype

CMBEHHBII ABUAYUOHHIL MEXHUYECKULL YHUBEPCUMEN,
Poccus, 2. Yoha

YK 621.311.25, 621.311.21

NCCIEAOBAHUE XAPAKTEPUCTUK ABTOHOMHBIX HCTOYHHUKOB
JEKTPOSHEPIT'MU HA OCHOBE ®OTOJJIEKTPHUECKHUX MOJYJIEN
B YCJIOBUAX CPEJHUX IIUPOT POCCUH

Crarps MOCBSINEHA WCCIEIOBAHUIO XapaKTEPUCTHK aBTOHOMHBIX MCTOYHUKOB 3JEKTPOIHEPTHH HA OCHO-
Be (hoTodnexTprueckux Moxyieil (POM), BBITIOTHEHHBIX 110 Pa3HBIM TEXHOJOTHSAM, B YCIOBUAX CPEIHUX IIH-
pot Poccun. M3yden Bompoc 3hhekTHBHOCTH TPUMEHEHUSI BO3OOHOBIISIEMBIX HCTOYHHKOB AJIEKTPOIHEPTHH Ha
OCHOBE (DOTOINEKTPUUECKUAX HIEMEHTOB 10 HOMHUHAIBHBIM M IKCILTYaTAI[MOHHBIM TEXHHYECKHM TTOKa3aTeNsiM
1 XapakTtepucTukaMm. OnrcaHbl OCHOBHBIE HOMHUHAJIBHBIC SKCIUTyaTallMOHHBIE TapaMeTpsl POM 000uX THUTIOB, a
TaKKe MIPUHITATI pa0OTHI ¥ B3aMMOJICHCTBHE 2JIEMEHTOB TECTOBOU (hOTOIIEKTPUUECKOM CHCTEMBL. Bee m3mMepeHus
BBITIOJTHEHBI TIPH yCIOBUSIX Hanbosee OJIM3KHUX K CTaHAAPTHBIM YCIOBUSM HCTbITaHuH. [Ipon3Beneno cpaBHeHne
M3MEPEHHBIX TaHHBIX HOMUHATFHONW MOIITHOCTH TT0 OTHOIIIEHHIO K MAaCTIOPTHBIM naHHBIM @OM. MccenoBana a¢-
(heKTUBHOCTH TIpeoOpa30BaHUS COTHEUHOW PHEPTUH B JIEKTPpUUCCKYIO I Kaxaoro ®OM. [locTpoeHs! Xxapak-
TEPUCTUKH MUHUMAIIFHOT'0, MAKCHMAJIEHOTO U CPETHET0 3HAUEHUH TeMITepaTyphl OKpyKatomen cpeasl. 3ydeHo
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BO3JICHCTBHE TeMIIepaTypbl OKpyskatomien cpeasl Ha dddexruBHocTh (KI1/]) mpeoOpa3oBanust coTHEYHOH dHEP-
TUU B JJIEKTPUYECKYI0. B Xoze aKkcriepuMeHnTa pOU3BEeHO CpaBHEHHE TIOKa3aTesel CpeTHEMECIYHOTO YPOBHS
COJTHEYHOH pajguaiuu ¢ TaOIMYHBIMU JaHHBIME 10 0a3amM NASA. ChopMynupoBaHbl CpaBHUTEIbHBIC BEIBOIBI
3G PEKTUBHOCTH TPeoOpa30BaHus COTHEUHON PHEPTUU B DIIEKTPHUECKYIO st 06onx OOM, a Takke cpaBHEHHE
MOJTyYEHHBIX PE3yJIbTaTOB C MACIOPTHBIMU JaHHBIMH DOM.

Kntouesvie cnosa: aBTOHOMHBIE COJIHEUHBIE JIEKTPOCTAHIMYM, aBTOHOMHBIE UCTOUYHUKH 3JIEKTPOIHEPIUH,
COJIHEUHasl JHEPreTHKA, OTOINICKTPUUECKUE MOTYJIIH.

STUDY OF CHARACTERISTICS AUTONOMOUS SOURCES OF ELECTRICITY
FROM PHOTOVOLTAIC MODULES UNDER MIDLATITUDES RUSSIA

The article investigates the performance of independent sources of electricity from photovoltaic modules
(FEM), performed by different technologies in a middle latitudes of Russia. Explored the effectiveness of renewable
electricity from photovoltaic cells in nominal and operational and technical performance characteristics. The basic
nominal operating parameters of the PEM of both types, as well as the operation and interaction of the elements of
the test photovoltaic system. All measurements were made under conditions as close to the standard test conditions.
A comparison of the measured data nominal power in relation to the passport data of the PEM. The efficiency of
conversion of solar energy into electrical energy for each PEM. Built characteristics of the minimum, maximum
and average values of the ambient temperature. An effect of ambient temperature on the efficiency conversion
of solar energy into electrical energy. In the experiment performed comparison of the average monthly level of
solar radiation with tabular data bases NASA. Formulated comparative conclusions conversion efficiency of solar

energy into electricity for both FEM and results are compared with published data of FEM.
Key words: autonomous solar power station, solar power energy, autonomous sources of electricity, photovoltaic

modules.

OO0IIen3BeCTHO, YTO TPATUIIMOHHBIE HCTOYHUKU
SHEPTUH SBJISIOTCS HEBO300HOBISIEMBIMU, WX 3arla-
Chl OTpaHHWYeHBl. B HacTosmiee BpeMs pacTeT WHTe-
pec K albTepHATUBHBIM CHCTEMaM 3JIEKTPOCHAOKEHUS
(AC3C), uCronb3yOUMM SHEPIHI0 BO30OHOBIISIEMBIX
WCTOYHMKOB HEPTUHU — BETPa, COMHIIA 1 BoAbl. Hecmo-
Tpsl HA TO, YTO CTOMMOCTH DJIEKTPOIHEPTHH, MOTydae-
Mol oT ACOC 3HAYUTENBHO BHIIIE, TAKHE CUCTEMEI 00-
JAIAI0T PSAZIOM MPEUMYIIECTB TIepe] TPaIUITHIOHHBIMU:
00IIeIOCTYTHOCTEI0O U HEUCUYEPIIaeMOCTBHIO HCTOYHH-
Ka, OOJbIIel SKOJOTHYHOCTHIO. C 3TOW TOYKH 3pEHUs
HauOoJiee MPEANOYTHTEIBHBIM SBISIETCS TPUMEHEHHE
(hOTOINEKTPUIECKUX COTHEUHBIX ANEKTPOCTAHIINN HITH
¢doroanexrpoctanumii (POC). Ecnu oneHnBarh gomro-
CPOYHBIE MTEPCIIEKTUBEI, TO MOKHO OTMETUTH, 4T0 ®OC
MIPH OTHOCHTEIHHO BBICOKHX ITEPBOHAYAIHHBIX KallH-
TaIbHBIX 3aTparax B MPOIECCE IKCILTyaTallul MPaKTH-
YeCKH HE TPeOYyIOT JOMOJTHHUTEIBHBIX BIOKEHUH, T. K.
WCTOYHUK DHEPIHH HEWCYepIraeM U COJHEUHBIe (OTO-
AIIEKTPUYECKHUE AIIEMEHTHl UMEIOT JUTMTEIBHBIH CPOK
CITYKOBI.

Henocrarkn ®OC Taxke 0OIEN3BECTHBI:

— HU3Kas TUIOTHOCTh COJIHEYHOU SHEPTHH,

— 3aBHCUMOCTh OT Treorpauyeckodl IUPOTHl H
KJIMMaTa MECTHOCTH,

— HEOOXOIMMOCTh aKKYMYJISIIIAA YHEPTHH,

— Hu3Kasg 3((HEeKTUBHOCTh COJIHEYHBIX (HOTOIIIEK-

Electrical and data processing facilities and systems. Ne 1, v. 11, 2015

TPUYECKHUX 3JIEMEHTOB U UX HarpeB.

C ydeToM yKa3zaHHBIX JOCTOMHCTB M HEJOCTATKOB
@®OC npuHATO BBLIENIATH 00IaCTH IPUMEHEHHS COHEY-
HOH 3JIEKTPO’HEPTETHKH, B TOM YHUCIIE Teorpaduueckue.

B nactosiee Bpemst HaOonaeTcs CyeCTBEHHBIN
mporpecc W AMHAMHKA B pa3paboOTKe, NPOM3BOJICTBE U
MIPUMEHEHUH COTHEYHBIX (POTOIIEKTPUUECKHUX JIEMEH-
TOB, YTO NMPHUBOIUT K PACIIUPEHHUIO 00IACTH NMPUMEHE-
nust ®OC. [TosTomy npencrapisiercs 1esecoo0pasHbIM
MIPOBECTH MCCIIECIOBAaHNE COBPEMEHHBIX COIHEUHBIX Ma-
HeJICH B «IOJIEBBIX» YCJIOBHSX HE TOJIBKO 110 HOMHUHAIIb-
HBIM TEXHMYECKUM I10Ka3aTelsiM, HO M IKCILTyaTalu-
OHHBIM Xapaktepuctukam. /s PO Hanbonee BaKHBIM
SIBJISIETCS OLICHKA 11eJIeC000pa3sHOCTH U 3P PEeKTUBHOCTH
npumeneHuss ®OC B cpemHUX MUPOTax (HAXOASAIIUXCS
Mexay 40 u 65° ceBepHOH MIUPOTHI), XapaKTePU3YIO-
LIMXCSl TPOAOIKUTEIIBHBIMHU 3UMaMH (5 MecsIeB), BbI-
COKOM 00yauHOCTBIO B TeueHue roga. C 3Toi Leabio B
paMKax COBMECTHBIX HAyUHBIX HCCIICIOBAHNH B 00J1aCTH
Bo300HOBIIsIeMOl sHepreTrkr @I'BOY BO «VY pumckuii
rOCYIapCTBCHHBIH aBHALMOHHBI TEXHUYECKUH YHH-
Bepcure™ (YIATY) u OOO «HTL] TOHKOIIJIEHOUYHBIX
texHonoruit B suepretrke npu ®TU um. A.O. Uodde»
Obuta ycranosieHa tectoBag ®OC (TDIC), mokazaH-
Has Ha pUCyHKe 1, paboTaromas B peajbHbIX yCIOBUIX
[1-4]. Yron ycTaHOBKH CONHEYHBIX NaHenen 39°.
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Puc. 1. TectoBas ®IOC: 1) TOHKOIIEHOUHBIH COHEUHBIN MoayIb Pramac Luce;
2) KpUCTalIM4eCKU KpeMHHEBBII COIHEUHbIH MOIYJIb HA OCHOBE IIAaCTHH Sun Power
¢ MeTayu3anuei Ha 3agueit nosepxunoctd TCM-210SB; 3) naTunk cKOpOCTH U HaNpaBJIeHHs BETpa

HawnGonee yacto B mpousBoAcTBe (pOTOINMEKTpUYC-
CKHX 3JIEMEHTOB HCIOJB3YIOTCS KPUCTAITUYCCKUN U
amopdHbIil kpemHuit [S]. COOTBETCTBEHHO 00BEKTaMU
MOHHUTOPHHTA SIBJISFOTCS J1BA (POTOIIEKTPHUECKUX MO-
JUyJisl, U3TOTOBJICHHBIX MO PA3TUYHBIM TEXHOJIOTHUSIM.

IlepBbiii 0OOBEKT MOHHUTOPUHTA — TOHKOILICHOY-
HBIH oTodneKkTpruecKuii Moxynb Pramac Luce (POM
1), U3rOTOBJICHHBIH MO MUKPOMOP(HON TEXHOJIOTUU
U SBISIONUACS TMPOTOTUIIOM  (POTOIICKTPUUESCKUX
Moaynel, npousBoguMbix Ha 3aBoge OO0 «XoBemy,
r. HoBoueOokcapck. KOHCTpYKTHBHO MUKPOMOP(HBIN
MOy Ib COCTOUT U3 (DPOHTAILHOTO CTEKJIA C HAHECCH-
HBIMH Ha HETO KOHTAKTHBIMU U (POTONPeoOpa3yInuMu
aKTUBHBIMH CJIOSIMH Ha OCHOBE aMOpP(HOTr0 U MUKPO-
KPUCTAINTNYECKOTO KPEMHUS, B KOTOPBIX MPOUCXOIUT

mpeoOpa3oBaHue CBETOBOM YHEPTUHU B DNEKTPHUECKYIO,
TBUTBHOTO OTpaXkaTess W 3aJHEro crekia, odecredu-
BAIOIET0 JOMOIHUTEIBHYIO IPOYHOCTh KOHCTPYKIUH.

Bropoii o0bekT uccnenoBanus — GoTosrnexTpuye-
ckuit momgynr TCM-210SB Hay4HO-IPOU3BOACTBEH-
Horo mpennpusatus 3A0 «Tenekom-CTBy», 1. 3ene-
HOTpaJ, COOpaHHbIM M3 IUIACTHH KPHCTaJUIMYEeCKOTO
KpeMHHS 10 TexHomoruu Gupmsl Sun Power, obecne-
YUBAIOLIEH MaKCHUMalbHBIH Kod(pduuueHT mpeodpa-
30BaHMs CBETOBOH »Hepruu B anekrpudeckyro (KII/)
cpean (OTORIEKTPHUECKUX MOAYJECH Ha OCHOBE IJja-
CTUH KpucTajutnueckoro kpemuus (OOM 2) [6].

OcHOBHBIE HOMUHAJIbHBIE KCILUTyaTallUOHHBIE Ta-
pameTpsl (HOTOIIEKTPUUIECCKUX MOAYJEH 00OMX THUIOB
MPUBEACHBI B TaOJHIIE.

Tabnuya

IKCITyaTAMOHHBIE MapaMeTPhl (POTOIICKTPHYECKHUX MOLYJIeil

HaumenoBanne ®IM
Tapawerp Pramac Luce (®3M 1) TCM-210SB (®3M 2)
HomuHanpHas MOITHOCTH 125 Bt 223 Bt
Hanpspxenue xonoctoro xoaa 72,5B 44 B
Pabouee nanpsoxeHne 55B 38 B
PaGouwmii Tox 2,27 A 5,87 A(5,5A)
KILJ 8,74% 17,34%
ITnomans MOBEPXHOCTH 1,43 m? 1,286 m?
["abGapuTHBIE pazMepsl 1300 x1100 x6,8 1578x815x43
Macca 20 kr 15 kr
CroumMocTh 10 000 py®. 25 000 py6.
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OT060p 3Hepruu OT (HOTOIICKTPUYSCKOTO MOIYIIS
obecriednBaeTcsi CHCTEMOM, COCTOSIIICH U3 KOHTPOJIIe-
pa 3apsina EPSolar Tracer MPPT 2210 ¢ ynepxanuem
TOYKH MaKCHUMaJIbHOW MOIIHOCTH (POTOAIEKTPHUECKOTO
MOJYJIs, aKKYMYJIITOPa U PE3UCTUBHOM 3JIEKTPUYECKON
Harpy3ku. CucreMa Mo3BOJMT MPOU3BOIUTH KPYTIIOTO-
JIMYHOE W3MEpPEHHE XapaKTEPUCTHK (OTOAIEKTpHUe-
CKUX MOJyJIel, paboTaloKX B PeabHbBIX YCIOBHSIX.

Jnsg u3MepeHHs: OCHOBHBIX JJIEKTPUYECKHUX Ta-
paMeTpoB (OTOIIEKTPUIESCKUX MOIYJIEH M IMOTOMHBIX
YCIIOBHH HCTIOJIL3YETCsl CHCTEMa MOHUTOPHHTA Ha 0ase
aneKTpoHHOTO peructparopa «lIlaparpad PL2», xoto-
pBIi oOecrieuuBaeT KpyrIOCYTOYHBIH cOOp, XpaHeHUe
JAHHBIX O MOITHOCTHBIX, TEMIEPATyPHBIX XapaKTepH-
CTHKaX, YPOBHE COJHEUHOW MPpaJMAIH, a TaKKe 00e-
CIeYMBAeT JOCTYI K 3TUM JaHHBIM ITOCPEICTBOM IOJI-
KJIIOUEHHUs K ceTH Internet. DIEKTPOHHBIN perucTparop
(UKCHpyeT 3HaUCHHS CICAYIOUIMX TapaMeTPOB B DHEP-
TOHE3aBUCUMOM MMAMSITH:

1) BripabarbiBaeMblil TOK U HamnpsiKeHHE B TOUKE
ONTUMAILHOH MOUIIHOCTH JBYX (POTOAIEKTPHUECKUX
MOZYJEH.

2) BripaOarbiBaemast JI€KTpHUUECKas MOIIHOCTD.

3) Temmeparypa Ha TBUILHOW MOBEPXHOCTH (OTO-
EKTPUUECKUX MOJYJIEH.

4) YpoBeHb CONHEUHOM UppasnaIii, N3MepEeHHON
KPEMHHUEBBIM (DOTONIPHEMHHUKOM, PAa0OTAIOIIUM B PEIKH-
Me KOPOTKOTO 3aMbIKaHUSI.

5) Temmeparypa OKpyKaromieil cpepl.

6) CkxopOCTb M HaNpaBJICHHUE BETPA.

N3mepenne curaioB MpOU3BOIUTCS ¢ TOYHOCTHIO
He menee 0,2% B quanazone HanpspkeHuit 0—100 Boxst
u B auamna3one Toko 0—10 Ammep.

Cucrema paccunTaHa Ha aBTOHOMHOE XpaHEHHE
MOJTYYEeHHBIX JTAHHBIX (JaHHBIX CUCTEMbl MOHUTOPHHTA
1 (POTOCHUMKOB), COOpaHHBIX B TEUYEHHE OJHOTO Toja,
YTO JIeaeT ee KpaiiHe MaJo4yBCTBUTEIHLHON K TIOTEPSIM
cBs3u. Kaxapie 15-30 cexyH cepBep OIpalimBacT BCe
CHCTEMBl M COOHMpacT TEKyIUe H3MepsieMble JTaHHBIC.
B ciyuae BpeMeHHOTO 0OpBIBa KaHaa CBSI3U C KaKOM-
b0 CHUCTEMOM — cepBep MPOBOAMT CHHXPOHU3ALHUIO
JAHHBIX 32 BPEMsI OTCYTCTBHS CBSI3H (TI0CJIe BOCCTAHOB-
JICHHSI CBSI3U) C JaHHBIMH, COXpAaHEHHBIMHU BO BHYTpPEH-
HEl TaMsATH JIEKTPOHHOTO PETUCTpaTopa U CETEBOTO
JKECTKOTO JIUCKA.

Juis obecriedeHust KPYIIIOTOAMYHON perucTpamnun
JAHHBIX YIPABJISIONMIA OIOK YCTaHABIMBAETCS B Tep-
MomIKad ¢ TOCTOSHHOM TeMITepaTypoil, pUCYHOK 2.

Puc. 2. Tepmomkad ¢ 0603HaUCHUSIMHU Pa3MEIICHHBIX B HEM KOMIIOHCHTOB
CHCTEMbI YIIPABJICHUS, PETUCTPALIMY U TIepeladyl JAaHHBIX

Electrical and data processing facilities and systems. Ne 1, v. 11, 2015
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Ha pucynke 2 npexncraBnensl: / — OJIOK 3JI€KTpH-
YeCKOM Harpy3ku; 2 — 3JeKTPOHHBINA PEerucTparop JAaH-
HBIX; 3 — KOHTpoJuIeps! 3apsana AKb ®OM 1; 4 — koH-
Tposutepsl 3apsaa AKb ®OM 2; 5 — AKb ®OM 1; 6
— AKBb ®9M 2; 7 — xouTtpomnep pazpsna AKb ®OM
1; 8§ — xoutpomnep paspsina AKb ®OM 2; 9 — uzme-
putenbHas miara; /() — mpegoxpaHuTeIbHbIE aBTOMATHI,
11 — cereBoit koMMyTarop; /2 — poyTep ¢ MOJAEPIKKOM
3G-momema; /3 — yCTpPOWMCTBO COTTIACOBAHUS CHTHAJA
narduka Berpa; /4 — 010k OecriepeOOWHOTO MUTaHMUS,
15 — cereBoil TUCK.

st obecrieueHus! yIaIeHHOTO JIOCTYTIA K CUCTEME
cOopa NaHHBIX M JJIS Nepe/iaud HAaKOTUICHHBIX JTaHHBIX
Ha LEHTPAJIN30BAHHBIN CepBEp OCYIIECTBIEHO MOIKIIO-
YEHUE CHCTEMBI K TEJICKOMMYHHUKAIIMOHHBIM CETSIM C
BBIJICJICHHEM CHCTEME «BHEIIHEro» (UKCHPOBAHHOTO

IP-agpeca (x cetu Internet, mepenaya JaHHBIX OCYIIECT-
BJISIETCSI U€pe3 COTOBbIE ceTu ¢ TomoIIsio 3G-Moaema).
JlocTyn K JJaHHBIM OCYILECTBIISIETCS Yepe3 web-cepBep
C OTpaHUYCHUEM JOCTYIA K JaHHBIM.

Ha ocHoBe moiy4eHHbIX JaHHBIX ObLT C/IeNaH aHa-
su3 3(pheKTUBHOCTH PabOThI U CPAaBHEHUE MOJIYUYCHHBIX
rokasareseit Juis (POTOIISKTPUISCKUX MOJYJICH 3a Tie-
puon ¢ mast 2013 1. mo utons 2014 1.

Cpeny BayKHBIX MapaMeTPOB, OKAa3bIBAIOIIUX BIHS-
HUe Ha APPEKTUBHOCTH MPEOOpPa3OBaHUS COTHEUHOU
SHEPrUH B IEKTPUUECKYIO ABJISIOTCS MOKAa3aTeIn TeM-
repaTrypbl OKpyXkaroleil cpepl. Yem Bhblllie TeMIiepary-
pa ®OM, tem Gonbiiemy camxenuto KI1/1 onn noasep-
KeHbl. B Xo/le MOHUTOpPHUHTA OIpeAeTICHB MUHUMAIb-
HbIC, MAaKCUMaJbHbIC U CPETHHE 3HAYCHUS TEMIIEpaTy-
pBI okpy>katomeit cpensl (°C), pucyHok 3.

o 50
°
rl 40
e ®
o
] 20
H
& 10
0
-10
-20
-30
-40 .
Mait.13 [uioH.13 |uion.13 | asr.13 | cen.13 | okT.13 | HoA.13 | gek.13 | aHB.14 | des.14 |map.14 | anp.14 |mait.14 |uioH.14 [mion.14 sgii:
——MuH 29 | 7,95 | 11,77 | 674 | 2,72 | 527 | 4,65 | -215 | 3438 | -27,89 | -11,27 | -7,62 | 3,44 | 823 | 646 | 416
—l—Cpeannan| 15,68 | 21,82 | 21,99 | 20,32 | 13,85 | 4,89 | 2,84 | -7,43 | -12,67 |-1335| 0,99 | 473 | 18,79 | 19,78 | 17,84 | 854
~—#—Makc 32,45 (3742|3519 | 353 | 291 | 13,44 | 1404 | 2,18 | 218 | 064 | 03 | 19,97 | 36,77 | 34,08 | 33,54 | 21,77

Puc. 3. MuHnMabHble, MAKCUMaJIbHBIC U CPEJHHE 3HAYCHUS TEeMIIepaTypbl OKpYKaIOLIeH
cpenbl B Toukax MoHutopunra (°C)

B xome skcnepuMeHTa TPOM3BEACHO CpaBHEHUE
MoKa3aTesiel cpeTHEMECSYHOrO YPOBHS COTHEUHOH pa-
nuanuu ((kBt*u/mM?)*cyTku), pucyHOK 4 ¢ TAOIMYHBIMU
naHHbIMU 110 0a3am NASA. B cpenHeM OTKIIOHEHHE

W3MEPEHHBIX BEJIMYMH OT TAOJMYHBIX HE MPEBBIILIACT
13%. OTKIOHEHHE W3MEPEHHBIX BEJIMYHUH OT Tabnmnd-
HBIX B MEHBIIYIO CTOPOHY B 3MMHHE MECSILIBI CBSI3aHO, B
TOM YHCIIE, C HATMYUEM OCAJIKOB B BHJIC CHETA.

1 N

d

mait.13 uioH.13|nion.13| aBr.13 | ceH.13 | okT.13 |HoA.13

nek.13

Cp. rog,
no
6ase
NASA

Cp.3a
rog

AHB.14| des.14|map.14|anp.14 |mai.14 uioH.14|mion. 14

—+=Yba| 56 | 6,34 | 509 | 475 | 2,55 | 123 | 1,16

0,42

1,12 | 2,32 | 3,04 | 526 | 7,78 | 6,66 | 6,05 | 3,24 | 36

Puc. 4. CpenHeMecsyHbIH YpOBEHb CONHEYHOM paauaimu ((kBt* u/m?)*cyTkm)
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[Mpousseneno cpaBHeHne >H(HEKTHBHOCTH MPeod-
pa30BaHuUs COTHEYHOI SHEPTUH B AMeKTpruieckyo ®OM
1, tne macmopTHOe 3Ha4YeHHE cocTaBisieT 8,74 %, u3-
mepennoe 7,6 %. [lng ®OM 2 macnopTHOE 3HAYEHHE
coctaBisier 17,34 %, mzmepennoe 17 %. M3mepenus
BBITIOJTHEHBI MIPU YCIOBUAX Hambosee ONM3KUX K CTaH-
naptHbM ycnoBusMm ucnbitanuid (CYH) (1000 Br/m?,
25 °C). IIpu 3TOM HCTIONB3YIOTCS yAETbHBIE TTOKA3aTENN
BBIPA0OTKHM AIIEKTPOIHEPTHH ¢ 1 M?, OTHECCHHBIC K HO-
MuHaIBHOH miomaan ®OM (kBt*u/m?). Bonee Huskue
mmMepennblie 3Hauenus KIIJI momyneit Pramac u TCM
210SB B cpaBHEHHH C UCXOJHBIMH CBSA3aHBI C YaCTHY-
Holi perpananueii apdexruBHOCTH DOM.

Taxxe mis uccnenyemsx @OM mpous3BeeHO CpaB-
HEHHUE M3MEPEHHbIX JaHHBIX HOMHUHAJIBHOW MOIHOCTH
10 OTHOIIEHHUIO K ITACTIOPTHBIM NP YCIOBUSX HanboJee
omskux kK CYHM (1000 Bt/m?, 25 °C). Tak, st MOTYJIst
Pramac 3HaueHre HOMUHAJIBHON MOIIIHOCTH COCTAaBUIIO
109 BT, uto Ha 16 BT MeHBIIIE 3asBICHHOTO MACTIOPTHO-
ro 3Hadenus. s moayns TCM-210SB 3nauenne usme-
PEHHON HOMHMHAJILHOW MOIIHOCTH cocTaBmwio 219 Br,
YTO TaK)Ke HUKe MacopTHOTo 3HadeHus Ha 4 BT. Takoe
OTKJIOHEHHE, 110 BCeW BUIMMOCTH, CBA3aHO C HaJTMUYHUEM
cBeToBOM nerpananuu GOM.

AHanu3 noy4yeHHbIX JAHHBIX IT0Ka3aJl, YTo 32 BECh
MepHoJl MOHUTOPHUHTA C TeMIepaTypaMu OKpyKarolien
cpenpl, omyckaBmmMucsa 10 —34 °C, BbIXoAa U3 CTPOs
®OM He 3adukcupoBaHo. Takxe HaOIOAAIACH KOppe-
TS 10 BEJIMYMHAM YEJIbHOM 3HEPrOBBIPaOOTKH CO
CpeIHEMECSYHBIM YPOBHEM COJTHEUHOW paIuaIliH.

3a mepruoa MOHHUTOPUHTA W3MEPEHHBIH YPOBEHBb
COJTHEYHOHN pajuaiiyl B CPeTHEM C OTKJIOHEHUSMHU HE
Bolle 13% cOOTBETCTBOBAJI 3HAYEHUAM U3 0a3bl JaH-
HbiXx NASA. BenuuuHbl yIenbHOH 3HEProBBIPadOT-
k1 O@OM MOIHOCTBIO KOPPENNPOBAIHN C U3MEPEHHBIM
YPOBHEM COJIHEUHOW paavaluu. BenuyuHbl yaelbHOU
9HEProBeIpabOTKM Momynel Pramac mpeBblmanu Be-
JUYMHBI yAeTbHOW 3HEeproBeIpaboTku Moxyieir TCM-
210SB B yneTHHI IEPUOJ ¥ HECKOJIBKO YCTYIIAHd UM B
3UMHHUN IEpUO.

3naueHus >Q(HEKTUBHOCTH MPeoOpa3oBaHUs COJI-
HEYHOM SHEePTUH B IEKTPUUECKYTO JUTst MOIymst Pramac
OKa3aJluch MEHbIIIe HOMUHATRHOMU (8,74 %) Ha 1,14 %.
Host momynst TCM-210SB  okazanuch MEHBIIE HOMU-
HaibHOH (17,34 %) Ha 1,96 %. Pa3zbpoc cpennnx usme-
PEHHBIX 3HAUEHUH CBSI3aH KAaK C BEJIMYMHOU UCXOJHOTO
3HaueHus dPPEKTUBHOCTHU, TaK U ¢ pabouel Temmepa-
Typo¥ MOIyss, HO SIBHOW 3aBHCHMOCTH BETUYHMHBI U3-
MepeHHOH (P PEeKTUBHOCTH OT pabodell TeMreparypsl
MOJIyJiel He HaOIIoaaeTCsl.
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MATEMATHYECKA S MOJEJb BUBPOIIPUBOJA C JUHEVMHBIM
ACHHXPOHHBIM /IBUTATEJIEM

B mapogHOM X03sICTBE MIMPOKO PACHIPOCTPAHEHO TEXHOJIOTUYECKOE 000PYAOBaHNE C KOJIeOATETbHBIM JIBH-
KeHHeM pabodero oprana. JInHeHHBIN aCHHXPOHHBIN nBUTATENb (JIA J]) T03BOJISET IPOCTO MOIYUYUTH BO3BPATHO-
nocTymnareiabHoe ABrmkeHne. OcoObIif MHTEpeC ¢ TOYKH 3PEHUS TPOCTOTHI alllapaTypHOI pearn3annun IpeacTaB-
nset subpomnpuson ¢ JIAJL (BJIA D), paboTaromuii B pe’kuMe BBIHYKJICHHBIX KOJICOAHMA.

Ilens mccnemoBaTeIbCKOM pabOTHI — BBEIPAOOTKA PEKOMEHIAIIMH IJIs yIpaBICHUS PEKUMaMH KoJeOaHu
BJIA .

Ha mpumepe o0o0menHoi kmHeMaTudecko cxeMbl BJIAJl mpuBeneH aHaan3 YCTAHOBUBIIHMXCS PEXHUMOB
BBIHYK/IGHHBIX KOJIEOAHHMI METOJJOM rapMOHUYECKOH JuHeapu3anuu. [IpeacTaBieHsl cHloBas XapakTepHCTHKA
YIOPYTUX 2JIEMEHTOB, XapaKTEPUCTUKHU CUJIIbI CYXOI'0 U BSI3KOTO TpeHus, cuibl JIA [, usmeHsromencs BO BpeMeH!
0 TIEPHOIUIECKOMY 3aKOHY.

C yderowm, uro cuna JIA/] nmeetr HEM3MEHHOE HAIpaBJICHHE TIPU €€ BKIIIOUEHUH, JUJIS aHAJIN3a yCTaHOBHUB-
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IIUXCSl PEKUMOB BBIHYKJICHHBIX KOJICOaHUI MPHHSATO, 4TO UHAYKTOP JIAJ] cMemaercss OTHOCUTENILHO IICHTPA.
[Ipennoxena ¢popma 3anmucu HEIMHEHHOW (DYHKIIMK B BUJIC YPAaBHEHHS TaPMOHUYECKOM JTUHEapU3alii U B OT-
HOCUTEIIBHBIX CANHHIIAX.

[lonyueno ypaBHEeHUE aMILTUTYIHO-4aCTOTHON XapakTepuctuku BJIAJI. DxcnepuMeHTHI TOKa3aiu, 4To KO-
JINYECTBEHHBIC PACXOXKJICHUS YaCTOThI U aMILTATYbl BBIHYKJICHHBIX KoneOanuii BJIAJ[ ot pacyeTHBIX OCTH-
ratoT 30—40%, 4To OOBACHSICTCS MPUHATHIMU YIPOINAOIUMU JonyineHUussMu. OHAKO, KaK CBUJIETEIHCTBYIOT
AKCIEPUMEHTBI, JIJIs PEKMMa BBIHYKJICHHBIX KOJICOAHUH MOJyYCHHBIC aHATUTUYCCKUE 3aBUCUMOCTH JIAIOT Ipa-
BUJIBHOE TIPEJICTABIICHUE O XapaKTepe MpoieccoB u (huznueckux crorictBax BIIA/L.

Karoueswvie crosa: maTemMaTudeckasi MOJIEN b, BUOPOIIPUBO/L, TMHEHHBIN ABUTATEIb, TEXHOJIOTMYSCKUE MaIlTU-
HBI, BEIHY)KJICHHBIC KOJICOAHMS, YCTAHOBUBIIUHCS PEKHUM, YIIPYTUE AIEMEHTBI, aMIUTUTYIHO-4aCTOTHAS XapaK-
TEPUCTHKA.

MATHEMATICAL MODEL OF VIBRATORY DRIVE
WITH LINEAR INDUCTION MOTOR

Technological equipment with an oscillatory movement of the working body is widespread in the national
economy. Linear induction motor (LIM) allows to obtain a reciprocating movement. Vibratory drive with LIM
(VLIM) working in the mode of forced oscillations is of particular interest from the point of view of simplicity of
hardware realization.

The purpose of research work — development of recommendations for management of the modes of oscillations
of VLAD.

Analysis of the steady-state modes of forced oscillations is shown in the example of the generalized kinematic
scheme VLAD, harmonic linearization method applied. Power characteristics of elastic elements, characteristics
of the dry and viscous friction, LIM forces, changing in time under the periodic law are presented.

It is considered that force of LIM has the invariable direction at its inclusion. For the analysis of the steady-
state modes of the forced oscillations it is accepted that the inductor of LIM is displaced concerning the center. The
form of record of nonlinear function in the form of the equation of harmonious linearization and in relative units
proposed.

The equation of the amplitude-frequency characteristic of VLAD is received. Experiments showed that
quantitative divergences of frequency and amplitude of the forced oscillations of VLAD from the settlement reach
30-40%. It is explained by the accepted simplifying assumptions. However, as experiments testify, for the mode
of the compelled fluctuations the received analytical dependences give the correct idea of nature of processes and

physical properties of VLAD.

Key words: mathematical model, vibratory drive, linear motor, technological machines, forced oscillations,
steady-state mode, elastic elements, the amplitude-frequency characteristic.

B mocnennue romapl MOBBICWIICS HWHTEPEC K TPH-
MEHEHHUIO B MPHBOJIE TEXHOJOTMYECKUX MAIIMH C KOJIe-
OaTeNbHBIM JIBIDKEHHEM pabouero opraHa JIMHEWHBIX
acuaxponnbix asurareneit (JIA) [1]. JIAJ otnmuaer-
Csl IPOCTOTOM B U3TOTOBJICHNH, HAIEKHOCTHIO B pabdoTe,
BO3MO)KHOCTBIO MTOJTYYEHHUS OCTYATeIbHOTO ABIKEHUS
0e3 npuMeHeHusI IpeoOpa3oBaTesici BuIa IBKEHUS [2].

BonbmmHCTBO M3BECTHBIX BUOPOTIPUBOAOB ¢ JIAJ]
(BJIAJ]) MOXHO CBECTH K CIEOYIOIICH KHHEMaTHde-
CKOM Mozaenu (PUCYHOK 1).

Oco0blit HHTEpEC C TOYKU 3pEHUS IIPOCTOTHI aTlIa-
paTypHoOii peanm3aruu npeactasisieT BJIA /], paboraro-
M B pe’KUMeE BBIHY)KJIEHHBIX KoneOauwuii [3]. Mare-
MaTHYECKOe MOJIETMPOBAaHNE MPOLIECCOB B pacCMaTpH-
BaeMOM IPHUBOJIE METOIOM MPHUIIACOBBIBAHUS TTPUBOIUT
K TPYAO€MKOCTH BhIYUCIIeHUI. OTCYTCTBUE aHAIUTHYE-
CKOM 3aBHCHMOCTH TMapaMeTpoOB KOJIIEOaHWH OT Xapak-

Electrical and data processing facilities and systems. Ne 1, v. 11, 2015

TEPUCTUK DIIEMEHTOB MPHUBOAA JEJaeT HEOOXOIUMBIM
YKpPYITHEHHOE HCCIIeIOBAaHHE MapaMeTPOB YCTAHOBHB-
IIMXCS KOJICOaHU.

Lenp — BBIpabOTKA pEKOMEHAALUI JUIsl yIIpaBie-
HUS pexumamu kojeOanuii BJIA/L.

Jlns ananm3a yCTaHOBUBIIMXCS PEKMMOB BBIHYXK-
neHHbIX KoneOanmii BJIA/] Bocmonmb3yemcsi METOIOM
rapmMoHnyeckor nuHeapmzanuu [4]. C ydeTtom HeH-
HeliHOCcTel auHaMuKy BJIA L MOXHO OTpa3uTh Cliemy-
IOIIUM HEJTMHEWHBIM YPaBHEHUEM:

mi = F(0)~ f-%—c-x—F,(2), (1)

e X, X, X — IyTh, NpOHIeHHbIA nHIyKTOpoM JIAJL,
€ro IrepBasi U BTOpast MPON3BOIHBIE 10 BPEMEHH;

F(t) — cuna, pazsuBaemas JIA/L;

f — k03 GUIHEHT BS3KOTO TPEHHS;

¢ — K09(h(HUIIMEHT KECTKOCTH YIPYTHUX HIEMEHTOB;

F (x) — cuna cyxoro TpeHus.
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Puc. 1. Kunemarnueckas mogens BJIAJL: 1 — unnykrop JIAJL; 2 — Bropuunsblii snement JIAIL; 3 — ynpyruif a1eMeHT
C KO3((PULIMEHTOM KECTKOCTH C,; 4 — YIIPYTHE IEMEHTBI C KOPOHUIUMEHTOM KECTKOCTH ¢; 5 — OJIOK yNpaBJIeHHUs]
(THPHCTOPHEBII KOMMYTATOp); X — IIyTh, MPONACHHBIH HHIykTOpoM JIA /T oTHOCHTENBHO IeHTpa 0’0 KHHEMaTHYeCKOH MOJIeITH

4

arclg . [ arcte

Puc. 2. CunoBas XapakTepUCTUKA YIPYTHX JIEMEHTOB: 6 — IIOJIOBUHA PACCTOSIHUS MEXKIY
YHPYTUMH SJIEMEHTAMU C KO3((QHUIMEHTaMU KECTKOCTH C,

[lo 3akony ['yka cuoBasi XapakTepUCTHKA YIPYTHX

3JIEMEHTOB UMEET CICAYIONH BU (PUCYHOK 2). F / f /
XapakTepUCTUKY CHIIBI CYXOTrO TPEHHUS MOYKHO

MPEICTaBUTh B BUJE 3aBUCUMOCTH Ha pucyHke 3. Cuna

JIAJ1 u3MeHseTcst BO BpEMEHH MO MEPUOINYECKOMY 3a-

KOHY, €€ MOKHO IIPEACTAaBUTH B BUJE 3aBUCHMOCTH Ha 0

pucyHke 4.

Felx) — ]

Puc. 4. I'papuk m3menenus cuiibl JIAJ] Bo BpeMeHH:

E {, — BpeMsl BKIIOUEHUS; T — MEPUOJT BKITIOUCHHUS;
F,— makcumanbHas cuna JIAJL
0 )
= s aHanM3a yCTaHOBUBIIMXCS PEKUMOB BBIHYX-
JEHHBIX Koyie0aHuii mpumeM, 9to uHIykTop JIAJL cme-
aeTcs OTHOCHUTENBHO IeHTpa (PUCYHOK 1) KHHEeMaTH-
1 _/C YEeCKOM MOJIENTU C YaCTOTOM M CONEPHUT MOCTOSHHYIO
COCTaBIISIONIYI0, OOYCIIOBICHHYIO TeM, uTo cuia JIA/]
Puc. 3. Henunelinas xapakTepuCcTHKa CUIIBI CYXOTO TPEHHS UMEET HEM3MEHHOE HAIIPABJICHNUE IPU €€ BKIIFOYCHNM:
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X =x,* asin ot (2)
TIe X, — HOCTOSIHHAsA COCTABJIAMOIIAS (IMHAMUYECKUH
YXOH); @, — aMIUIUTy/la KoneOanuil; @ = 2mf — Kpyrosas
94acTOTa YCTAHOBUBIIMXCS KOJICOAHUA.

cx
20

Puc. 5. I'paduk 3aBucumocreit c(x) u x=f(t)

Ha pucynke 5 npuBeeHO OSICHEHHE 3TOM 3aBUCH-
MOCTH.

IIpu sTOM HenmHeWHyI0 (QyHKIUIO F(?), BHIIEINUB
MTOCTOSTHHYIO COCTABJISIONIYIO 1 OCHOBHYIO TapPMOHUKY,
3aMEHUM TPHUONMKEHHBIM YPaBHEHHEM TapMOHWYE-
CKOM JINHeapu3aluu:

F(x) =f,+ fsin wt, 3)
rJe f, — MoCcTosHHas cocTapsromas cuibl JIAJL £, — am-
IUTATYAAa TIEPEMEHHON COCTaBJISIONIEH BBIHYKIAIOIIEH
CHUIBL.

VYpaBuenue (1) mpw MOCTAaHOBKE TapMOHHYECKHU
JIMHEAPU30BaHHBIX QyHKIWMM ¢(X), F,. [4] v npu ¢,<<c,
MOJKET OBITH 3aIICAHO B BH/I€ CUCTEMbI YPABHEHUI:

, @

F(p)=| mp* +(B=k\)p+ke |x(p),

rie X(p) =a, sinwt; F(p)= fsinat; k), = 4fc

b

¢ ¢ . X, €
k. =—-—-Larcsin—=> -2
7 a

X

Jlns Bo3amokHOCTH Oosiee oOIero anamusza BJIAJ]
ypaBHeHue (4) 1enecoo0pa3Ho MPeaCTaBUTh B OTHOCH-
TEIbHBIX SAMHHUIIAX:

* * 2 * * *
A ) .
—.|1- x‘l —ﬁjtﬁarcsmx—‘l:fO
T A 2 A
> (5)
1
—p'+——p+K. |F (p)=AF"

Electrical and data processing facilities and systems. Ne 1, v. 11, 2015

a. ac N

= =1 amMmmaTyna nepuogu4ecKol co-
a; Fy

cTaBystonei (2), B OTHOCUTENBHBIX SIUHUIAX;

me A =

_1k .
as; = —— — 6a30Bas aMILIUTY/A;

Cl
s Xy X,C
Xo = — = —— — IIOCTOsIHHAs COCTaBJIAIOIIAs PCIICHU
x;  Fy

(2), otHECEHHas K 6a30BOM aMILTUTYIE d )

«_Jo

fo =-=-—TIOCTOSIHHAs COCTABJIAIONIAs BHIHYKIAIOLIEH
K
CHJIBI, OTHECEHHas K cuiie F
.
. K, 1 1 . X,
¢ = =———arcsin— ———
cC 2

*
X B
F;,*( p)=—"—% () _ nepBasi TApPMOHUKA YIIPYTOH CHUTH,
K
OTHECEHHas K 0asoBoi cuie F;

m C

T, = . Q=
M B+K) 0 m

AF"(p) = %sina)t = AF, sinat.

K

B ypaBuenun (5) B KadecTBe 0a30BOW BETUUMHBI
NPHUHATO MakcuManbHoe 3Hauenue cuibl JIAJL F , BbI-
OpaHHOE C y4eTOM JOMYCTHMBIX HAarpy30K B TEXHOJIO-
TUYECKOU MalluHE.

U3 (5) mnomyyum ypaBHEHHE aMIUIUTYIHO-
4acTOTHOH xapakrepuctuku BJIA/L:
T,,Q
A(w) = — : (6)
2 2
O K- |+
Q, Q

Pacdyer aMmIMTYIHO-4aCTOTHOW XapaKTEPUCTUKH
BJIAI MoxeT OBITH TPOBEACH TpadoaHaTUTHUICCKHM
myTteM. [Jist 3TOro MmpH 3aJIaHHBIX TApaMeTpax EKTPO-
MEXaHUYECKOH CUCTEMBI HEOOXOAMMO C TIOMOIIBIO (op-
MyJbl (6) paccuuTaTh CEMEHCTBO 3aBHUCUMOCTEH A =
JIK") mpu @ = const. icnionk3sysi cooTHOIeHHe A" =
AAF ", 510 ceMelcTBO cienyeT npeobpas3oBarh B 3a-
BUCHMOCTb A = f(K ) ipu @ = const B OHAX KOOP/IH-
HaTax ¢ 3apucumoctamu K, = f(A’) npu f," = const, B
TOYKaX MEePECEUCHHs STUX CEMEHCTB MOTY4UM PEIICHUES
3ajaud B BHJE psija 3HadeHuit A, f 7, w. 3aBUCHMOCTH
kod(durmenta K .° OT OTHOCHTENbHOH aMImuTyibl A
MPY 3HAYCHUSIX OTHOCUTEIBHOMN MOCTOSHHOW COCTaBIIs-
IOIIEeH CUIIBI f,"= const onpeNieNaeTcs peleHHeM ypaB-
Henus (5). Koapduuumentsr (5) He 3aBUCAT OT 4acTOT-
HBIX MAapaMETPOB JICKTPONPUBOAA, TIOATOMY MyTEM HX
peLIeHUsI MOXKHO TOTY4UTh 0000IICHHbBIC 3aBUCUMOCTH
otHocuTenbHO K '. Paccuntanubie 060OIIEHHBIE 3a-
Bucumoct K . = f{A") nipu f," = const npuBeieHbI Ha
pHUCYHKe 6.
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Puc. 6. O6o6mennrie 3aBucumoctu K . = f(A ") npu f, "= const

Ha pucynke 7 npuBeeHbI sl CPAaBHEHUSI pacUeTHBIC U DKCTIEPUMEHTAJIbHbBIC 3aBUCUMOCTH aMILTUTYAbI BbI-
HYXJIeHHbIX KoneOanuit BJIA/L.
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Puc. 7. PacyeTHbIe M SKCIIEPUMEHTATbHBIC AMILTHTYIHO-YaCTOTHBIE XapaKTEPUCTUKH
BBIHYKJE€HHBIX Konebanuit BJIAJL: m = 119 kr; ¢, = 28 720 H/m; N = 28H, = 30Hc/m
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OKCHEpUMEHTHl TIOKA3bIBAIOT, YTO KOJIUYECTBCH-
HBIC PACXOXKJCHUSI YaCTOTHl M aMIUIUTY/Ibl BBIHYXK/ICH-
HbIX konmebanuit BJIAJ] ot pacuetHsix gocturatot 30—
40%, 49TO OOBSCHSETCS MPUHSATHIMH YIPOIIAOIIMHU
norymenussiMi. OIHaKo, KaK CBUJICTENILCTBYIOT DKCIIE-
PUMEHTBI, JUTS pEKUMa BBIHYKACHHBIX KoleOaHuii (pu-
CYHOK 7) TIOJNyYeHHBIC aHAIUTHYCCKHE 3aBUCHMOCTH
JIAIOT TIPaBHJIBHOE TPEJICTaBICHHE O XapakTepe Ipo-
neccoB u (huznueckux cpoiictBax BJIAL.
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YIK 621.316.37

COBPEMEHHOE JIETA30BOE 2JIEKTPOOBOPYJIOBAHUE IMOJACTAHIIUIA
CUCTEM 2JIEKTPOCHABKXEHUA U OCOBEHHOCTH EI'O OKCIIVIYATAIIUHU

B coBpemMeHHOM 5371€ra30BOM BBICOKOBOJIBTHOM 3JIEKTPOOOOPYJOBAHUM TOJCTAHIIUNA CHUCTEMBI 3JEKTPO-
cHaOXKEHUSI dIlera3 MCIONIb3YeTCs ISl DIIEKTPHUSCKON M30JISIIUU TOKOBEAYIIUX YacTeld M KaK CPEACTBO TaIle-
HUSI QJIEKTPHYECKON AYTH B KOMMYTAIMOHHBIX anmnaparax. B cTarbe NpUBeIeHBI pe3yJIbTaThl 0030pa 1 aHaIu3a
nHpopManuu 00 3IIera3oBbIX CHIIOBBIX TpaHc(hOpMaTOpax, BBIKJIIOYATEISX, KOMIUIEKTHBIX PaclpeIesnTEIbHbBIX
YCTPOWCTBAX M TA30HANOIHEHHBIX TOKOMPOBoAax. OToOpakeHbl 0COOCHHOCTH IKCILTyaTallii BEICOKOBOJIBTHBIX
3JIETa30BBIX BBIKJIIOUATENEH, 3aKIII0YaloMKecs B TOM, YTO TOJ BIUSHHUEM BBICOKOM TeMIEpaTypsl 3JIeKTpHUue-
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CKOM JIyTH, BO3HUKAIOIICH TPU KOMMYTAIINH LEITH, POUCXOJUT YACTHYIHOE Pa3lIoKEHHUE dJiera3a ¢ 00pa3oBaHHeM
XUMHUYECKH aKTUBHBIX COCJIMHEHU, HEKOTOPBIE M3 KOTOPBIX SBISIOTCS TOKCUYHBIMU. [IpOIYKTHI paznokeHus
MOT'YT BBI3BaTh pa3pylICHUE W3OJISIIMOHHBIX M KOHCTPYKIIMOHHBIX MaTEpUaOB KOMMYTAIIMOHHOTO ariapara u
MPH TOCTATOYHOW KOHIICHTPAIIMH TOKCHYHBIX MPOJAYKTOB PA3JIOKEHHS OKAa3bIBATh OTPUIIATEILHOE BO3/ICHCTBHE
Ha 3JI0pPOBbE OOCIYKHMBAIOIIEr0 MEPCOHANA MOACTAHIIUU MPH TMONAJaHUU 3Jiera3a B arMocdepy MOMeleHus.
Boubliast yacTh MPOIYKTOB Pa3lIONKEHUS U Bliara ajgcopOMpPyIOTCs CIICIHAIbHBIME aJICOPOCHTAMHU, HAIIPUMED,
AKTUBUPOBAHHBIM OKCHJIOM QJTFOMHHHSI, TOMEIICHHBIM B KOPITYC BBIKITIOUATEIIS, WJIH MOJICKYJISIPHBIMU CETKAMH.
[Tpu paznoxkeHuu sreraza KpoMe aKTUBHBIX T'a30B 00pa3yIOTCs TIOPOIIKOOOPa3HbIC METaJUTHUECKUE (TOPUIIBI C
HU3KOM 3JICKTPOIPOBOIHOCTEIO. [IpOIyKThI pa3lIoKEHHUS dJIerasa CollepkKar TaKKe Yriepo], KpeMHHH, KHCIOPOI,
BOJIOPOJI, BOJIb(pam, MeJlb U JAPYTUE DIEMEHTBI, YTO 00YCIOBICHO KOHCTPYKIIMOHHBIMH MaTepHaliaMi BBIKITO-
qareJs.

[pemioskeHa METOIMKA KOHTPOJISI COCTOSIHUS 3JIeTa3a B BEICOKOBOJILTHOM BBIKJIFOUATENIC TIPU BO3JICHCTBUU
TEeMIepaTyphl JIIEKTPHUECKON JIYT'H, B KOTOPOH YUYUTHIBAIOTCS (DAKTOPBI, BIUSIONIME HA MPOLECC Pa3IoKeHUs
9Jierasa: SHeprusi ¥ Bpemsi TOPEHHsl IyTH, 3HAUCHHE TOKa KOPOTKOT'O 3aMBIKaHHS, KOJIMYECTBO KOMMYTAIMHA 1
JaBiieHue snerasza. PazpaboTana KOMIIBIOTEpHAS TPOrpamMmMa, MO3BOJISIONIAs BHITOTHUTH PACUYeT KOHIICHTPAIUN
MPOIYKTOB Pa3NIONKEHHUS dJiera3a JUisl pa3IuvHbIX COYCTaHUN MCXOIHBIX (pakTopoB. CrcTeMa KOHTPOIS MOXKET
OBITH 3a/ICCTBOBaHA B aBTOMATH3UPOBAHHON CHCTEME YIIPABICHUS JIEKTPOCHAOKEeHIEM 00beKTa Ha 6a3e coBpe-
MEHHBIX CPEJICTB TEJIEMEXaHUKH, IIO3BOJISIONIMNX aBTOMATHYECKH KOHTPOJIMPOBATH ITAPAMETPHI IMPOIIECca KOMMY-
TaIUU [ICITH.

Kurouegvie croea: moncTaHnus, dJIEKTPOOOOPYIOBAHUE, dIera3, MPOIYKThl PA3JIOKECHHUS, KOHIICHTPAINS,
nporpamma.

MODERN GAS-INSULATED SUBSTATIONS ELECTRIC POWER
SYSTEMS AND ITS OPERATING FEATURES

In modern gas-insulated high-voltage electric equipment of substations of system of power supply sulfur
hexafluoride it is used for electric isolation of current carrying parts and as means of clearing of an electric arch
in switching devices. Results of the review and analysis of information on gas-insulated power transformers,
switches, complete distributing devices and gas-filled current distributors are given in article. The features of
operation of high-voltage gas-insulated switches which are that under the influence of high temperature of the
electric arch arising when switching a chain there is a partial decomposition of an sulfur hexafluoride to formation
of chemically active connections are displayed, some of which are toxic. Products of decomposition can cause
destruction of insulating and constructional materials of the switching device and at sufficient concentration of
toxic products of decomposition to make negative impact on health of the service personnel of substation at hit of
an sulfur hexafluoride in the atmosphere of the room. The most part of products of decomposition and mois-ture is
adsorbed by special adsorbents, for example, the activated aluminum oxide placed in the switch case, or molecular
grids. At decomposition of a sulfur hexafluoride except active gases powdery metal fluorides with low conductivity
are formed. Products of decomposition of a sulfur hexafluoride contain also carbon, silicon, oxygen, hydrogen,
tungsten, copper and other elements that is caused by constructional materials of the switch.

The technique of control of a condition of an sulfur hexafluoride in the high-voltage switch at influence of
temperature of an electric arch in which the factors influencing process of decomposition of an sulfur hexafluoride
are considered is offered: energy and time of burning of an arch, value of current of short circuit, quantity of switch
and pressure of an sulfur hexafluoride. The computer program allowing executing calculation of concentration of
products of decomposition of a sulfur hexafluoride for various combinations of initial factors is developed. The
monitoring system can be involved in an automated control system for power supply of object on the basis of the
modern means of telemechanics allowing controlling automatically parameters of process of switching of a chain.

Key words: substation, electrical, sulfur hexafluoride, decomposition products, the concentration of the
program.

OJNEeKTpUYeCKUe MOACTAHIINHU, BXOIAIINE B CUCTE- COKOBOJBTHBIM 3JIEKTPOOOOPYIOBAHUEM C DIIETa30BBIM
MY JIEKTPOCHAOKEHHSI TPOMBIIIUIEHHBIX MPEINPUATAN  3amoidHeHneM. K HeMy OTHOCSTCS: CHIIOBBIE TpaHC(hop-
B IIOCJIETHUE T'O/1bl, KOMIUIEKTYIOTCSI COBPEMEHHBIM Bbl-  MaTOpbl, KOMIUIEKTHBIE pAaCIpEeACIUTENbHbIE YCTPOU-
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CTBa, BBICOKOBOJIBTHBIC BBIKJIFOYATCIIH, BBIKJIIOYATCIIN
Harpy3Ku, TpaHc(OpPMaTOpPhl TOKA U HATIPSKEHUSI, DJICK-
TpUYECKHE KOHJIEHCATOPBI M TOKOIIPOBOJHI [1].

Oneras SF, (wectudropucras cepa) B BBICOKO-
BOJIBTHOM 3JIEKTPOOOOPYI0BAHHUH MTOACTAHIIMN UCTIONb-
3yeTcsl B KadecTBE M3OJISIIMOHHON Cpeibl U CPE/CTBa,
oOecreunBaroiiero 3pPpeKTUBHOE TyroraimeHue B KOM-
MyTallMOHHBIX anmaparax. [Ipu naBnennn snerasa 0,3—
0,4 MlIla ero anexkrpuyeckast MPOYHOCTH BBIIIE, YEM Y
TpaHc(hOpPMaTOPHOTO Maca.

Onera3z o6jasaeT MOBBIIIEHHONW TEIUIOOTBOSIIEH
CHOCOOHOCTBIO W SBJSIETCS. XOPOIIEH JIyroracuTelb-
HON CpenoH, IMO3BOJSIFOUIEH NPOU3BOAMTH OTKIIHOYE-
HUE 60HI>HII/IX TOKOB KOPOTKOI'O 3aMbIKaHUS IIPpU 00J1b-
KX CKOPOCTAX BOCCTAHOBJICHHA HAIIPSAKCHUA. KpOMe
MEPEUYNCIICHHBIX CBOMCTB CICAYCT OTMETUTL BBICOKYIO
TepMocTolrikocTh 3j1erasa (10 800 °C). On He obpasyer
B3pPBIBOOIIACHBIX cMecel U ABJISIeTCS XOpouiuM aKyCTu-
YECKHM H30JISITOPOM, HE TO/IBEPraeTcsi CTapeHUI0, XU-
MHYECKH HE aKTHUBEH [2].

I'maBHOM 0COOCHHOCTBIO IKCILIyaTaIUU 3JIETa30B0-
TO 3JEKTPOOOOPYIOBaHUS SIBISICTCS YACTUYHOE Pa3io-
JKEHUe drerasa Mpy BO3/ICHCTBUU JyTOBOTO MM KOPOH-
HOro pa3panoB. [IpoayKThl pa3iioKeHuss MOI'yT BbI3BaTh
paspymi€Hue U30JIAIMMOHHBIX WU KOHCTPYKIMOHHBIX Ma-
TEPHUATIOB KOMMYTAIIMOHHOTO alIapara 1 OKa3blBaTb OT-
pHLIaTeTbHOE BO3ACHCTBHE Ha 3[J0POBBE OOCITYKHBAIO-
IETo MepcoHaa MoACTAHIINH.

Kpome Toro, ciemyer OTMETHUTh HU3KYIO TeMIIe-
parypy CKmwkeHus sneraza — MuHyc 64 °C, xoropas

IIpy MOBBIIICHUN JaBJICHUS YBCINYNBACTCA. HOSTOMY
OKCILTyaTalus BBIKIOYATCIIA IMPU TaKUX YCJIOBUAX TPE-
OyeT yCcTpolicTBa MOI0TpeRa.

I]ens. BpINoaHUTE 0030p M aHAM3 CYIIECTBYIO-
LIETO BBICOKOBOJIBTHOTO JJIEra30BOTO AJIEKTPOOOOPY-
JIOBaHUSl TIOACTAHIUN CHUCTEMbI 3JICKTPOCHAOKECHUS
NpeANpUiTUi, pa3paboTaTh METOJAMKY JAMAarHOCTHUKU
COCTOSIHUSL 3JIerasa Ipu BO3JECHCTBUU JIEKTPUUECKON
JIyTU, BKJIIOYasi KOHTPOJIb KOHUEHTPALM MPOMYKTOB
pa3ioKeHus dJerasa.

B nnera3oBbix BBIKJIFOYATECJIAX, WCIIOJIB3YCMbIX Ha
COBPEMCHHBIX JJICKTPUYCCKUX IMOACTAHLUAX, IallICHUC
3HGKTpH‘IGCKOI7[ Ayru MnpoucxoauT IMpu €€ HHTCHCHUB-
HOM OXJIaXK/IEHWH TTOTOKOM Ta3a. B anerase kaHnami cTos-
0a myru oOnasaeT BBICOKOW JJEKTPHUYECKON TMPOBOJH-
MOCTBIO, U €T0 pa3pylIeHHe He MPOHCXOIUT 0 ecTe-
CTBEHHOT'O Iepexo/ia TOKa 4epe3 HyJb, YTO UCKIIOYaeT
MOSABJICHUE TEPEHANPKEHUM, HalpuMep, IpU OTKIIO-
YCHWU HEHArpyKeHHBIX TpaHc(opmaropoB. Beicokas
CIOCOOHOCTh dJierasa TacuTh Jyry OOyCIIOBIEHA €ro
CBOMCTBOM 3axBaTbIBaTh CBOOOJHBIC IEKTPOHBI MEPET
[IEpPexo/IoM TOKa uepe3 Hyib. llpu 3ToM Konmn4yecTBO
CBOOOJIHBIX 2JIEKTPOHOB B CTOJNIOE TYT'M YMEHBIIACTCS,
u ayra racuer [3].

Drera3oBblii  BBIKIIIOYATEh PEACTABISET COOOM
3aMKHYTYIO CHCTeMy 0e3 BbIOpoca raza Hapyxy. Dje-
ra3d B BBIKJIIOYATCJIC HAXOAUTCA IIpU HCGOJH)HIOM nus3-
OBITOYHOM J1aBJIEHUHU. BaKOBBII AJ1€era3oBblil BBIKIIFOYA-
tens THNa BI'B dupmbl «Onekrpoanmapar» (r. CaHKT-
[etepOypr) nzobpaxkeH Ha pucyHke 1.

6)

Puc. 1. bakoBblii 3J1era30BbIi BBIKJIIOYATEIH
a) BHCIIHUI BU; 0) BU B pa3pese
1, 2 — BBIBOZIBI LTS IPUCOCAMHEHHS BEICOKOBOJIBTHOTO MPOBO/IA; 3 — U30JISITOP;
4 — TOKOTIPOBOJ; 5 — AJieras; 6 — 0aK; 7 — KOHTAKThI; 8§ — MEXaHU4YECKasl CBSI3b C IIPUBOJIOM
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DOrnera3oBble BBIKJIIOYATENH BBITYCKAIOT —OTeYe-
CTBEHHBIC  MPEINPHUATHS  «YPAIDIEKTPOTSHKMAIID»,
«OnexTpoanmapar», «3aBOJl  AIEKTPOTEXHHUYECKOTO
obopynoBanusi» (39TO), a Ttakke ¢upmbl «ABB»,
«ABB-SACE», «Schneider Electricy u np.

B oanerasoBom Beikmiouarene cepun LF 6,10 xB
¢upmbl «Schneider Electricy npuMeHeH npuHIUT Bpa-
HICHUS JTIyTH B 2Jera3e U NPUHIINI aBTOTCHEPALIUH JIaB-
JICHUS1, YTO CO3/IAeT HAWITYUIINE YCIOBUS JJIs TAIICHHS
nyru. [ToBbimenne 3QeKTUBHOCTH TyroraieHust Cro-
COOCTBYET YBEJIIMUCHUIO HANPSOHKEHUS HA OIHMH Pa3pbiB
BBIKJTFOUaTens [3].

AHaIlM3 TEXHUYECKUX XapaKTEPUCTUK PazINnYHBIX

(GuUpM — TPOM3BOIUTENICH dIIETA30BBIX BBHIKIIIOYATEICH
MO3BOJISIET CJIENaTh BBIBOJ, YTO 3JIETa30BbIE BBHIKJIIOYA-
Teau komrnanuu «ABB» uMmeror HanGonbiiee ObICTPO-
JefiCTBUE W BBIIEPKUBAEMOE HANPSIKEHHE HWMITYIbCa,
a KOMITaHUH «Siemens» — HanOOoJbIINE TOKH OTKIFoUe-
HUS U TEPMUUYECKON CTOMKOCTH.

B anexrposHepreTrke Ha4amu MPUMEHSTHCS Tep-
METH3UPOBAaHHBIE KOMIUIEKTHBIE paclpeaeTuTeNbHbIe
yctpoiictBa (KPYD) (cm. pucyHok 2), B KOTOPBIX BCe
ANEKTPOOOOPYNOBaHNE (TOKOBEAYIINE YaCTH, BBIKIIO-
Yarenu, pasbeIUHUTENN U Jp.) PACIONOKEHO BHYTpPHU
repMeTHYecKoi 000I0YKH, 3aII0JTHEHHOM 371era3oM Moj
JIABJICHUEM.

Puc. 2. Sueiika KPYD xoMmnanuu «Siemens» ¢ JBOHHOM CUCTEMON COOPHBIX IIUH
1 — mika¢ ynpasnenus; 2 — TpaHcGopmMarop Toka; 3, 5 — COOpHBIC IIKMHBI C PAa3beIMHUTEISIMU M 3a3EMIIUTEIISIMHU;
4 — nyroracuteinbHasi kKaMepa; 6 — IPYKUHHBII IPUBOJ; 7 — TpaHCHOPMATOp HANPSLKEHUs; 8 — ObICTPOAECHCTBYIOIIUI 336 MIUTENb;
9 — MOIyIb IMHHUN C pa3beANHNTENEM H 3a3eMinTeneM; /() — KoHIeBast kabenbHas MyQra

DrerazoBble KOMIUIEKTHBIE paclpeAeTUTebHbIe
YCTpPOMCTBa yMEHBIIAIOT IJIOMIAIN U OOBEMBI ITOJICTaH-
Ui, 3aHMMaeMble O00OpYIOBaHHMEM, IOBBIIIAIOT YPO-
BEHb 3aIUTHI TIEPCOHANIA OT BO3/ICUCTBUS JJIEKTpUYE-
CKHX M MATHUTHBIX TIOJIEH U €T0 AIIEKTPOOE3011acHOCTb,
YCTpaHsIOT atMoc(epHoe BO3JeCTBHE Ha H3OJIALHUIO
anekTpoobopynoBanus. Kpome toro, cHmkaercs ypo-
BEHb IllymMa IpU paboTe 00OpyaoBaHUs (d11era3 Xopo-
WA aKyCTUYECKUI H30IIATOpP), YCTPAHSIOTCS PaIuo-
IIOMEXH, 00eCIIEUrBAETCS BEICOKAS HAJIEKHOCTD U CEHC-
MOCTOHMKOCTb.

KPVY3 u3roraBiuBaroTCst KAK KOMILIEKC Pa3InYHbIX
(YHKIIMOHAIIBHBIX SY€eK, KaKIas U3 KOTOPBIX BBIIIOI-
HsET (DYHKITHIO KaKOH-TH00 AIIEKTPUYECKON CXeMBI pac-
MIPEEIIUTEIBEHOTO YCTPOUCTBA. SI4eiKH, BBITOIHSIIOTCS
B Tpex(a3HOM HCIIOJHEHHH U COCTOSIT M3 OTJENIBHBIX
OJIOKOB, 3aKIIOYEHHBIX B TEPMETHYHYIO MeTaJlTnde-
CKyI0 O00OJIOUKY HNWIMHIPHYECKOW WIIH mapoBou (op-
MBI, 3aITOJTHEHHOH 3JIETa30M IpU HeOOIBIIIOM H30BITOY-
HOM naBieHud. [lo (yHKIMOHAIEHOMY Ha3HAYEHUIO
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staeiiku KPYD MoryT ObITh TMHEHHBIMU M CEKITUOHHBI-
MU, C OJTHOW WJIH ABYMS CHCTEMaMH COOPHBIX IITHH.

[pu skcmnyaraunu KPYD crnenyer yuuThiBaTh
BO3MOXXHOCTh BHYTPEHHETO KOPOTKOTO 3aMBIKaHHs Ha
KOpIyC IIPH TOPEHHUH JIyTH W TIOBBIIICHUS JABICHUS B
oOomouke. B cBs3u ¢ 3TUM MOBBIIAIOTCS TPEOOBAHUS K
oOomoukam srmemMeHToB. i1 obecriedeHns meKTpode-
30MaCHOCTH MPEAYCMOTPEHO 3a3eMJICHHE KOHCTPYKIIUU
OTAENBHBIX JJIEMEHTOB M BCErO PacIpeleInTeIHLHOTO
YCTpOMHCTBA.

KPY3 ¢ snera3oBoii u3osiuuell BBITYCKAIOT «3a-
BOJl DJIEKTPOTEXHHUYEcKoro obopymoBanus» (33TO),
¢upmbr «ABB», «Hyundai», «Siemens» u nip.

W3 conocTaBneHsl OCHOBHBIX TEXHUYECKUX XapaK-
TEPUCTUK PACIIPEIEIUTENBHBIX YCTPOUCTB (CM. TaOII.)
cnenyet, yto KPYD komnanuu «ABB» no toxam or-
KITFOYEHHUSI KOPOTKOTO 3aMBIKaHUS TIPEBOCXOMIAT JIPYyTHE
KOMITAaHUH, HO YIIy4IIeHHE XapaKTePHCTUK MPUBEIO0 K
YBEJIMYEHHIO Ta0apuTOB PacIpeeINuTEIHLHOTO YCTPO-
CTBa.
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Tabnuya
Texnndeckne xapaKTepucTHKHU coBpeMeHHbIX KPYJ
N T . Komnanus:
° eXHHYeCKHe XapaKTepUCTHKU: ABB AL i Siemens
1 Pacuernoe HOMI/IHiJ]IBLHOC HaInpsKEeHNE, 72.5 72.5 72.5
PacuetHoe KpaTKOBpEMEHHOE
2 UCIBITATEIIbLHOE [IEPEMEHHOE HalPsKEHUE 140 140 140
(1 mun.), kB
3 Pacuernoe BeIAEp)KMBaEMO€E HANIPSKEHIE 175 3125 375
rpo3osoro umityibca (1,2 / 50 mxc), kB
4 PacuerHslii pabounii TOk COOpPHOM MIMHBI/ 2500 2000 2500
bunepa, A
5 PacueTHbIi TOK OTKJIIOYEHHSI KOPOTKOTO 50 40 315
3aMbIKaHMsI, KA
6 PacueTHblii ynapHblil TOK, KA 125 81,9 85
7 Pacuernsrii KpaTKOBPEMEHHEII TOK 31.5 315 315
TEPMHUYECKON CTOMKOCTH, KA
8 IIpuBOn CHUIOBOTO BBIKIIOUATES HIPYRIHIO- N pr)KHHH(l- MIPYKUHHBIH
THIPaBINYECKUI MOTOPHBIN
9 ["aGapuTh! sTUeliKm, MM/MM/MM 1000/3600 - 650/800
P ’ /2700 /1200

Cunogvie mpancgopmamopel ¢ 31e2a30601 U30I-
yuet (CM. PUCYHOK 3) BIIepBbIe OBLTH pa3paOdOTaHBI B
CILIA ¢upmoit «Bectunrays» B konue 50-X rogoB npo-
uutoro croietus. [lnpokoe ucmonb3oBaHue B 3IEKTPO-
SHEPreTHKE 3J1Era30BOro 000py10BaHUs IPUBEIO K BO3-

BpaTy MHTEpeca K JaHHOMY BHIY TPaHC(HOPMATOpPOB.
Kpome cuioBbIx TpancdopmaTropoB 3jera3 HCHONb3Y-
eTCsl B U3MEPHUTENbHBIX TpaHcopMaropax TOKa W Ha-

MPAKCHUA.

Puc. 3. KoHCcTpyKIIns 311€ra30BOro CHIOBOTO TpaHcdopmaropa
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Dnera3oBele  TpaHC(HOPMATOPHI SBIISIOTCS TOXKa-
pO- ¥ B3pBIBOOE30MTACHBIMHU, MAJTOIITYMHBIMH, 00JIaTal0T
BBICOKHUM YPOBHEM TepMETUIHOCTH. [IpoBepka ucrpas-
HOCTH Y aHAJIM3 IPUYHUH HEUCTIPABHOCTH MOXKET MPOH3-
BOJIUTHCS C MCIIONIb30BAHMEM I'a30BOM XpoMarorpadum.
Ecnu B citoBOM 31era3oBoM TpaHcdopmarope BO3HHK-
HET DJIEKTpUYecKas Jyra, TO u3-3a C)KUMACMOCTH dJie-
rasa BHyTPEHHEE JIaBJICHUE B KOPITYCE IOBBICUTCS Ha-
MHOTO MEHBIIIE, YeM B MACIITHOM. DTO CHIKAET yIrPo3y
MIOTepY TEPMETUIHOCTH Oaka [4].

OxJTaKIeHUE 2JIETa30BBIX TPaHC(HOPMATOPOB TPO-
UCXOJIUT B TPOIECCE MPHUHYIUTEILHON MUPKYISIHNA
arerasza uepe3 OXJIQJUTENbHbIE YCTPOUWCTBA BBIHOCHO-
ro tuma. [Iupoko ucmonbp3yercs cucTeMa BOJSTHOTO
OXJIQXKJICHUS. JIera3oBble CHIJIOBBIC W H3MEPUTEITh-
HbIE TpaHC(OPMATOPHI MPOU3BOAIT TaKhe (PUPMBI, KaK

«OMEKTPyM», «3aBOMA AIMEKTPOTEXHUIECKOTO 000PyIO-
BaHUS», «YpalmdIeKTpoTsokMan, «Toshibay, «ABBy,
«Siemensy» u ap.

[IupokoMy BHEIPEHUIO 3JIEra3oBOro 000pynoBa-
HUS HA COBPEMEHHBIX IEKTPHUYCCKHX MTOJICTAHITHSX OY-
JIeT CIIOCOOCTBOBATH HMCIIONh30BAHHE T'a30U30IMPOBAH-
HeIX JuHuR (I'MJI), B KOTOPBIX TOKOBEIYIIUN AIIEMEHT
pacronokeH B 000JIOUKe, 3alOJTHEHHOHN 3JIera3oM Moj
M30BITOYHBIM JaBlicHHEM [5]. DTO mMo3BOIUT obecrie-
YUTh BHYTPUIIOJCTAHIIMOHHOE COCIMHEHHE 3JIera30Bo-
ro anekrpoobopynoBanus B KPYD u npusener K cHH-
YKEHUIO MEKTPUUYCCKHUX TTOTEPh MPU TIepeiade AIEKTPO-
SHEPTUU Ha OOJBIIUE PACCTOSHHS.

B ciyuae opHO(A3HOTO HMCIIOTHEHUS Ta30M30JIH-
POBaHHOM JIMHUK TOKOBEIyIIasl )Kniia H 000JI0YKa pac-
TI0JIaral0TCsT KOAKCHAIBHO (CM. PUCYHOK 4).

Puc. 4. I'azouzonuposanusie aunuu (I'MJI)

CranbHas WIK alloOMUHUEBasT 000104Ka 00ecneun-
BaeT repMETH3AIHNIO0 Ta30BOT0 00bheMa, 3aIlUTy OT BO3-
JEUCTBUS ANEKTPUUECKUX WM MArHUTHBIX moneud. s
KOMITEHCAIIMH TEIUIOBOTO PACIIMPEHHs KOpIlyca HC-
MOJIB3YFOTCS CIIEITUATBHBIE CUITH(OHBI HITH CKOJIB3SIIAs
CHCTEMA KOHTAKTOB.

ToBops 00 3KOIIOTHYECKUX acleKTax OCOOCHHO-
CTEH JKCIUTyaTallMH 3JIeTa30BOTO 3JIEKTPOOOOPYI0Ba-
HUS, CIIEyeT UMETh B BUY TO, YTO B BBICOKOBOJIBTHBIX
BEIKJTFOUATENISIX IT0JT BO3ZCMCTBUEM BBICOKOW TeMIlepa-
TYPBI YNEKTPUYECKON TyTH MTPOUCXOAUT YaCTHIHOE Pa3-
JIOKEHUE 3J1era3a U 00pa3oBaHNe XUMUYECKH aKTUBHBIX
COCTMHEHHIA, KOTOPhIE MOTYT BBHI3BIBATH pa3pyIlICHUE
M3O0IIAIIMOHHBIX U KOHCTPYKITHOHHBIX MaTePHAIIOB AIIEK-
TpUdeckoro arnmapara. Kpome Toro, BO3M0KHO 00pa3o-
BaHUE TOKCHUYHBIX COCIUHEHHU, KOTOPBIE MPHU JTOCTa-
TOYHOW KOHIIGHTpaluu OyIyT OKa3bIBaTh OTPHUIATEIh-
HOE BIIMSIHUE Ha 37I0POBbE 00CTYKHBAOIIETO TIEPCOHA-
Jla TIO/ICTAHIMH TIPY TONaIaHuy 3Jeraza B arMochepy
IIOMEIEHHS.
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l'a3000pa3Hble  MPOMYKTHI PA3/IOKEHUSI dJera-
32 B BBICOKOBOJIBTHBIX BBIKIIIOUATENSAX, YCTaHOBJICH-
HBIC C MCIIOJBb30BAaHUEM XpoMaTtorpaduu W Macc-
CIEKTPOMETPHH, B 3aBUCHUMOCTH OT BHEIIHUX YCJIOBHH
(HaIMuMsl WIN OTCYTCTBUS aJCcOpOCHTa) MOTYT MMETh
CJICYIOIIUI cOCTaB: (TOPUCTOBOAOPOIHYIO KUCIIOTY —
HF; mnokcun yriepoma — CO,; nuokena cepsl — SO,
terpadropun ymepona — CF ; rerpadropun kpemuus —
SiF,; ¢ropun tnonnna — SOF,; propun 1ByokucH cepbl
— SO,F,; nucepnbiii nekadropun — S.F ; Terpadropu
cepsl — SF, u 1p. [6, 7]. TIpomyKThl pasiioxKeHus seraza
coziepKaT TakXKe yIIepol, KPEeMHHH, KUCIOpO, BOIO-
pox, BoibdpaMm, MeIb U APyTHe SJIEMEHTHI, 4TO 00Y-
CJIOBJICHO KOHCTPYKLIMOHHBIMH MaTepuaslaMH, U3 KOTO-
PBIX U3TOTOBJICHO 3IIEKTPOOOOPYIOBAHUE, B TOM YHCIIE
1 KOHTAKTBHI BBIKJItOUATeNsl. bojpmas 4acTh IpoayKTOB
pas3JIoKEeHUsI M Biara ajcopoupyroTcs crenualbHbIMH
azicopOeHTaMu, HapuUMep, aKTHBUPOBAHHBIM OKCHIIOM
QIIOMUHMS, IOMEILEHHBIM B KOPIYC BBIKIIIOUATEIs.
[Ipu pa3noxkeHnu seraza KpoMe aKTUBHBIX Ia30B 00pa-
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3yIOTCS IIOPOIIKOOOPa3HbIE METAIITMYECKUE (QTOPUIBI C
HU3KOM 3JIEKTPONPOBOAHOCTHIO, KOTOPBIE aKKYMYJIHPY-
IOTCSl B CIIEHUANBHBIX MOJIOCTAX AYroracUTeNbHOM Ka-
MEpHI ¥ HE BIUSIOT Ha AJIEKTPOOE30MacHOCTb.

IIpu o1leHKE TOKCMYHOCTH Ia3000pa3HbIX MPOAYK-
TOB pa3JIOKEHHs 23Jerasa CIleIyeT BBIICIUTh (PTOPUA
Ttuonnna SOF,, KOTOpBIA XapakTepusyeTcst BBICOKOU
HOPMOI1 BEIpaboTKH (00bEM B TUTPax Ha SHEPTHIO AyTH
B KMJIOJIKOYJISIX ) B COYETAHUHU C €r0 YPOBHEM TOKCHYHO-
ct. Bxitagamu B 00IIyt0 TOKCHYHOCTH MPOJIyKTa pas-
noxenus sneraza cepuoro ¢gropuna (SO,F)) u mucep-
Horo jiekaropuna (S,F, (caMoro s10BUTOT0)) MOKHO
npeHedpeds [6].

Heo0xoquMocTh KOHTpOJIS YPOBHS 3arpsi3HEHUS
JJIerasa B BBIKIIIOUATENe MPOIYKTaMU Pa3IoKeHHUs TpU
BO3/ICWCTBUHU AJIEKTPUUYECKONW TYTH OOYCIIOBJIEHA Clle-
JYIOIUM (PpaKTOPaMHU:

— BO3MOJKHOCTH YXYIIEHHUS COCTOSIHUS KOHCTpPYK-
LIMOHHBIX M M30JIALIMOHHBIX MaTepHajioB MPH BO37EH-
CTBHU XUMHUYECKU aKTUBHBIX MIPOYKTOB Pa3JI0KCHHUS;

— BO3MOXKHOCTBIO TIONaJIaHMs 3JIera3a u razoo0pas-
HBIX TPOAYKTOB PA3JIOKEHHS B aTMOC(epy MOMEICHHS
UIEKTPUUECKON IMOJCTaHIIMK, HalpuMep, NMpU yTeuke
aIerasa M3 KopIyca BBIKITIOUATeNs, a TakKe Mpu padoTte
C 3JIEra3oM MU TEXHUUECKOM 00CITyKUBAaHUHM KOMMYTa-
LIMOHHOTO ammnapara.

IIpenenbHo nomycTHUMast KOHIIGHTpAIMs 2j1erasa B
MPOM3BOICTBEHHBIX MOMEIICHUSX, I1e pabodyne Haxo-
JIATCSl 10O BOCBMH 4acoB B JIEHb ISITh Pa3 B HENENI0 He
nomkHa mpessiiath (6000 mr/m?) [6]. 3arps3HeHHBIH
MPOAYKTAaMH pa3iIoKeHHUs 3Jera3 MOXKeT ObITh OUHUIIEH
W TYUICH B MOBTOPHYIO SKCIUTyaTallMIo MpU COOIIOze-
HUU KPUTEPHEB KauecTRa.

Cymectyrot npubops! pupmbr «DILO», koTopsie
WCIIOJIB3YIOTCSA JUIsl HEMPEPHIBHOTO KOHTPOJIS OKPY’Kato-
IIero BO3/lyXa B MOMEIIEHNHU 3JIEKTPUUECKOl MoJCTaH-
LMY Ha HaJIM4YMe HEJOMYCTUMO BBICOKOTO COAEp)KaHUs
Jqerasa, a TaKkke JUId BBIABICHHS yTeueK aJierasa u3
aneKTpoobopynoBanusi. OHM MOAAIOT CUTHAT MPU KOH-
LIEHTPALMH 3Jlera3a B KOHTPOJIbHOM Touke Boime 2,0 %
0T 00beMa MOMEIICHHUS.

s onepaTUBHOTO KOHTPOJIS COCTOSTHUS dJIerasa B
BBIKJIFOYATENIE TPU BO3JACHCTBUU 3JIEKTPUUYECKOU JTyru
pa3zpaboTaHa mporpamma, MO3BOJISAIONIAsS BHITIOJIHUTH
pacueT KOHLEHTPALUH MPOAYKTOB PA3JIOKEHHS Hllerasa.
B kadecTBe (axTOpoB, BIMSIIONIMX HA WHTEHCHBHOCTH
Mpolecca pas3jioKeHHUs dJierasa, HCIoJIb30BaHbl dHEP-
TS DJIEKTPUUYECKONW JYyTH, TOK KOPOTKOTO 3aMBIKaHHUA,
KOJIMYECTBO IMKJIOB KOMMYTAllMU U JaBJI€HHUE 3Jera3a
B BBIKIIIOUaresne. [Ipu aTom paccMOTpeHbl BapuaHThI Ha-
JIMYUS WK OTCYTCTBUSI aicopOeHTa. AITOPUTM pacueTa
MPEJCTaBIIEH HA PUCYHKE 5.

B mporpammy BBOAATCS CIEIYIONIHME HMCXOIHBIE
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JlaHHBIE: 00BEM KOpITyCa BBIKIIOUATENs — V ; naBieHue
aJieras’a B BBIKIOYATeNe — P ; TOK KOPOTKOTO 3aMblKa-
Hust — [ ; Hanpsbkenue nyru — U ; BpeMst TOpeHHs IyTH
— ,; KOMMYIECTBO KOMMYTaIuii — N.

OObem onerasza V| B KOpIyce BBIKIIOYATENS B JIU-
Tpax ompenuensercs o Gopmyse [2]:

V,= Yok o, (1)
) P

oc
e P — naBieHne okpyskaromiei cpesl, [la.
Omueprus nyru onekrpuueckon (W) onpenensercs
o dopmyie:
W):]Ks.Uz)'td'N' (2)
Konnenrpamuio (C) i-ro mpoayKra pasiiokeHHs
arerasa MOXKHO ONPEIIENTUTh 110 (hopMyIie:

¢ KEW 0 5

o7
rae K— Ko QUIMEHT, yYUTHIBAIOIINI HATUIHE a7ICOP-
Oenra; £, — HOpMa BBIPaOOTKH i-ro BELICCTBA.
OCTaTO‘{HLII/I o0beM arierasza (V ) B BBIKJIIOYATETIC
IIOCJIC OYEPEAHON KOMMYTAITUH IIeTIH MOXKET OBITh Haii-

JieH 1o popmyIie: "
v, -(100-YC)

" i=1
Vo 100 ' @

[Ipu yBenuueHUH KOIMYECTBA KOMMYTAIUI 3i1era-
30BOTO BBIKJIFOYATENST 00BEM MPOIYKTOB Pa3IOKECHUS
Bo3pacrtaet (Ha 1-2 %), a ocTaTO4YHBI 00BEM YHCTOTO
a5Iera3a yMEHbIIASTCsl.

Hampumep, eciu BBINONHUTHL pacyeT MHPOAYKTOB
pasnokeHus Juist uCXonHbix nanueix: U, = 400 B, ¢, =
30 mc, N =2, 1 =30xA, P =250 KHa TO IOJIY4YUM
YMEHBIIICHHE 06’LGMa yucToro erasa Ha 1 %.

B paborte [8] peraMeHTHPYETCS KOTUYECTBO MIPH-
Mecel, HaXOAIINXCS B AJIera3e, IPEBHIIIEHUE KOTOPOTO
BJIMSICT HA KOMMYTAIIMOHHBIC CBOMCTBA M TEXHUUECKOE
COCTOSIHHE BBIKIIFOYATEINSL. JTa nudpa HE JTOJKHA Tpe-
BeImaTh 5—10 % ot 001Iero 00beMa BBIKIFOUATENIS, 11
Pa3IMYHBIX TEXHUYECKUX XapaKTEPUCTHUK anmnapara.

[Ipumep pe3ynbpTaToB KOMIBIOTEPHOUW 00padOTKU
JAHHBIX IIPUBEICH HA PUCYHKE 6.

Cucrema MOXeT OBITH 3a/ICHCTBOBaHA B aBTOMa-
TU3UPOBAHHOW CHUCTEME YIIPABICHUS DJICKTPOCHAOMXKe-
HUEM Ha 0a3e COBPEMEHHBIX CPEICTB TEICMEXaHUKH,
MO3BOJISIIOLIUX ABTOMAaTUUE€CKU BBOJIUTH UCXOAHBIC TaH-
HBIC B KOMIIBIOTEPHYIO MPOTPAMMY, C Y4eTOM (DaKThde-
CKHMX 3HAUCHHUH MapamMeTpoB, XapaKTEPU3YIOMIUX IPO-
LecC KOMMYTalUH LIETH.

OnepaTuBHBIA KOHTPOJIb COCTOSIHUS DJierasa B
BBICOKOBOJIETHOM KOMMYTAIIHOHHOM 3JIEKTPOOOOpYIO-
BaHUU TIPU €T0 SKCIUTyaTaluu OyleT crocoOCTBOBATh
ONITUMM3ALUHI CPOKOB 1 00BEMOB TEXHUUECKOTO 00CITy-
’KUBaHUS U PEMOHTA.
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Puc. 5. Anroputm pacueTta KOHIICHTpAIMi MPOAYKTOB Pa3I0KESHUS diera3a
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( ‘ PacueThi LEIMH
BemecTteo (Hazearse) | C (KOHIeHTpaUmd BemecTea), %o
Air (ozayx) 0.0111468
CF, 0.1855
SiFs 0.188839
CO; 0.01575
S50,F; 0.0042
SOF; 0.259
H,O +HF 0.013111
50, 0.190155
SFy 0.000000154
S2F1p 0.000000168
S.F;5 99.1322982
JkcnopT B CSV I

Puc. 6. Pe3ynbraTel KOMIIBIOTEPHOIT 00paOOTKH JaHHBIX

BriBoabI:

1. BoimonHeH 0030p W aHAlW3 COBPEMEHHOTO
AIIETa30BOT0 BBICOKOBOJBTHOTO 3JIEKTPOOOOPYIOBAHUS
MOJICTAHIINN CUCTEMBI 3JEKTPOCHAOKEHHUS TPOMBIIII-
JICHHBIX OOBEKTOB.

2. Pa3paboTtan anropuTM MporpamMMbl pacdera
KOHIICHTPAIUH TPOYKTOB PAa3jIOKEHHs 3Jieraza Mpu
BO3JIEHCTBUN ANIEKTPUUYECKOM JAYTH B DIIETA30BOM BBI-
KJIFoYaTelie W BBIMOJTHEHAa JKCIIEpUMEHTAalbHAs IPO-
BepKa.

3. Ilpu yBenWYEHUH KOJIMYECTBA KOMMYTALIMMA
AIIETa30BOTO BBIKIIIOUATENS] 00BEM MPOTYKTOB pasIoxKe-
Hus Bo3pacTaet (Ha 1-2 %), a ocTaTO4HBIM 00bEM YH-
CTOTO 3JIeTa3a yMEHBIIaeTCs.

4. CucreMa OMAarHOCTHKH COCTOSHUS 3Jera3a B
BBICOKOBOJIFTHOM BBIKITIOYATENIe MOXKET OBITH UCIIONb-
30BaHa JIJIsl ONEPATUBHOTO KOHTPOJSI B aBTOMAaTHU3HPO-
BaHHOUW CUCTEMeE YIIPaBIICHUS JIEKTPOCHAOKEHHEM.
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NHOOPMAIIMOHHBIE KOMIIVIEKCBI U CUCTEMbI
DATA PROCESSING FACILITIES AND SYSTEMS

Ko3noeckuii B.H. /ebenoe B.B. ITvanoe M. A.
Kozlovskiy V.N. Debelov V.V. Pianov M. A.
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0apCcmeenHulll yHusepcumenm cepau- Poccus, e. Tonvammu VHUBEPCUMEM CepaUca,
cay, Poccus, . Toresammu Poccus, . Toresmmu
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JIEKTPOTEXHUYECKHUA U TPOI' PAMMHBINA KOMILIEKC
YIIPABJIEHUSA ABUT'ATEJEM BHYTPEHHEI'O
CI'OPAHUSA JIETKOBOI'O ABTOMOBUJIA

PaGoTa mocsiieHa pa3paboTKe M peaju3aluu MEPCHeKTUBHOIO MEKTPOTEXHUUECKOr0 U MPOrPaMMHOr0
KOMILJIEKCA YIIPaBJICHUS IBUTaTEIeM BHYTPEHHETO CrOpPaHHMsI JIETKOBOIO aBTOMOOWIIS. MHTerpauus B equHBINA
KOMIUIEKC IITATHBIX AJIEKTPOHHBIX CUCTEM YyIpaBieHHUs, Takux Kak «Crapt — CTom», peryampoBaHHE CKOPO-
CTH JIBUKCHHUS, yIpaBieHUs pa3zaMu ra30pacupeesieHus, a TaKKe peatn3annsi HOBOH CUCTEMBbl U3MEPEHUSs 10-
KaszaTels BA3KOCTH Macila JABHUTraTelis, 00ecleunBaeT yCIOBHs JUIsl MOBBIIEHUS 3¢ hekTUBHOCTH KakK IMmporecca
yIpaBJCHHs ABUTaTeNIeM JIETKOBOIO aBTOMOOMJIS, TaK M JAJbHEHIIEro Pa3BUTHUSI CUCTEM YIIPaBJICHHUS B pam-
Kax DJIEKTPOHHOM CHCTEMBbI yIIPaBICHH ABUraTeneM. B mocnennue necsTriieTHs HaOII01aeTCsl CyIeCTBEHHBIN
POCT IEKTPOTEXHUYECKUX CUCTEM yIIPaBIeHHsI Ha TpaHcropTe. [Ipu 3TOM B cHily HCTOPUYECKHX OCOOCHHOCTEH
Pa3BUTHS HEKOTOPBIE CUCTEMBI YIIPABJICHHUS JI0 CUX IOP HE MHTErPUPOBAHBI B €UHBIN KOMIUIEKC yIIPaBJICHUS.
[IpeacraBnennas paboTa pemaer AaHHyIo 3a1a4dy. Cieayromei BaXXHOH 3a1a4el, peleHHOH B padoTe, sBisieTcs
CO3JlaHNe KOMIIJIeKca YHU(DHUIIMPOBAHHBIX BUPTYaIbHBIX MMUTALIMOHHBIX MOJIEJICH AIEKTPOTEXHHUECKUX CHCTEM
yIPaBJICHHsI C BO3MOKHBIM paciinpeHrneM QyHKIIMOHAIbHBIX o0nacTell. PazpaboTaHHbIe MOAETH MOTYT OBITh HC-
MOJIB30BAHBI JJIsl CO3JIaHUSI COOTBETCTBYIOIIUX CHCTEM YIPABICHUS HE TOJIBKO JJISI JISTKOBBIX aBTOMOOMIIEH, HO 1
JUTSL APYTHUX BUJOB aBTOTpaHCcHopTa. [Jist 7TOro HeoOX0AMMO B CTPYKTYpe Mozesel 0003HaYUTh IPyIIy YCIOBUN
1 KOJIMYECTBEHHBIX KPUTEPUEB, ONPEACISIOMNX THII JBUTraTeNlsl BHYTPEHHEro cropanus. Moaenu opraHn3oBa-
Hbl B MaTeMaTH4eckod mporpammuoit cpeare MATHLAB u no3BoisitoT popMupoBaTh NporpaMMHbIE KOABI Ha
s3bike C++, 4TO o0ecrneynBaeT peanu3anuio MporpaMM HEMOCPEACTBEHHO B PaMKaxX KOHTPOJIIepa 3JIEKTPOHHOM
CHCTEMBI yIIPaBJICHUS JBUTaTENeM aBTOMOOMIIs. He MeHee BaykHOH 3a7adeid, pelieHHOH B paboTe, SBIIsIeTCs KC-
MepUMEHTAJIbHAsl OTPa0OTKa MOMTYUYEHHBIX IIPU UMHTAMOHHOM MOJEIMPOBAHUU pe3yibraToB. [yist aToro mpo-
BOJIMJIMCH JKCIIEPHUMEHTBHI, MO3BOJISIOMINAE ONPENEeNIUTh JKCILUIYaTallMOHHYIO0 () (GEKTUBHOCTh Pa3padOTaHHOIO
AIIEKTPOTEXHUYECKOI0 ¥ MPOrPaMMHOT0 KOMIUIEKCA B CPABHEHHH C CEPUIHHO yCTaHABIMBAEMOM HAa aBTOMOOMIIN
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AJIEKTPOHHOW CUCTEMOH yIpaBJICHUS JIBUTATEIEM OJTHOTO M3 KpyIHEeHIuX aBronpousBoauteneii B Poccun. Ta-
KUM 00pa3oMm, B cTaThe pa3padboTaH 3(pPeKTUBHBIN KOMIUICKC YIIPABICHUS JIBUTATEIIEM COBPEMEHHOTO aBTOMO-
Oounis.

Knrouesvie cnosa: 31EKTPOTEXHUYESCKUN U MPOTPAMMHBINA KOMIUJICKC YIIPABJICHUSI, JIBUTATEIh BHYTPEHHETO
CropaHwusi, aBTOMOOUJIb.

ELECTRICAL AND SOFTWARE INTERNAL
COMBUSTION ENGINE CONTROL CAR

The work is dedicated to the development and implementation of long-term electrical and software control
complex internal combustion engine car. Integration into a single set of standard electronic control systems,
such as "Start — Stop", speed control, valve timing control, as well as the implementation of a new system of
measuring the viscosity of engine oil, provides the conditions for improving the efficiency of the process as the
motor control of the car and further development of control systems within the electronic engine management
system. Inrecent decades there has been a significant increase in electrical control systems in transport. In this
case, because of the historical features of the development, some control systems have not yet been integrated
into a single control system. This work addresses this problem. The next important task solved in the work is the
creation of unified complex virtual simulation models of electrical control systems with a possible extension of
the functional areas. The developed model can be used to establish appropriate control systems not only for cars,
but also for other types of vehicles. To do this, the structure of the models indicate a group of conditions and
quantitative criteria that determine the type of internal combustion engine. Organized in mathematical models,
software environment MATHLAB and let you create software code in C ++ that ensures the implementation
of the programs directly under the controller's electronic engine management system of the car. An equally
important task solved in the paper is the experimental development obtained by simulation results. For this
purpose, experiments were conducted to help you determine the operational effectiveness of the developed
electrical and software complex in comparison with the standard established for cars, electronic engine control
system, one of the largest car manufacturers in Russia. Thus, in operation, developed an effective control system
of a modern car engine.

Key words: electrical engineering and management suite, an internal combustion engine, vehicle.

[MoBeinieHne KauecTBa (YHKIMOHHPOBAHUS CO-
BPEMEHHOTO JIETKOBOTO aBTOMOOWIISI HEPa3phIBHO CBsI-
3aHO C pelIeHHEeM KOMIUIeKCca 3aJad Mo YIyYIICHHUIO
0e30ITacHOCTH, HAJACKHOCTH, KOM(OPTa, IKOJIOTHIHO-
CTH TIPU OJJHOBPEMEHHOM COXPAaHEHUH JMHAMUYECKHX
xapaktepuctuk. Jlns pemieHus 00O3HAUYECHHBIX 33134
MUPOBBIC JIUACPHI aBTOMPOMAa AKTUBHO 3aHUMAIOT-
csl pa3paboTKOW M BHEIPEHUEM DIIEKTPOTEXHUYECKUX
CHUCTEM YTpPaBIIEHHUS, KOTOpPbIE 00EeCTIeunBalOT UX (-
(heKTUBHOE peleHune.

KagectBo  QyHKIIMOHMpOBaHUS  aBTOMOOWIIA
OTpeNiessieTCsl PAAOM TEXHHUUECKHX MapaMeTpoB, CY-
MIECTBEHHAS YacTh KOTOPBIX obOecmedmBaeT 3¢ dex-
TUBHOCTh PabOThI JBUTATENI BHYTPEHHETO CrOpPaHHS
(ABC). Tlorpeburens B 3amamHoii EBpome BechMma
TpeOoBarejeH K BOMPOCAM TOIIUBHOW 3KOHOMHUYHO-
CTH W BpeIHBIM BeIOpocaM. Ho mpu 3TOM aBTOMOOHITE
HE JIOJDKEH TepsATh TUHAMHUYCCKHE XapaKTePUCTHKH U
rapaHTHUPOBATh BHICOKUN YPOBEHb KoM(popTa.

Cero/Hsi Ha OTEYECTBEHHBIX aBTOMOOMIISIX AKTHBHO
BHEJIPSIETCS] U COBEPILICHCTBYETCS KOMITJIEKC IEKTPOH-
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HOW TIe/laii aKcelieparopa W SJIEKTPOHHOTO TPUBOJA
JpoccenbHOM 3acioHku. KoHCTpyKTOpaMu pa3padarbl-
BaeTCs HOBAs cHcTeMa cABHra (a3 rasopacrpeeneHus
JBC, peanusyercs cuctema «Crapt — Ctom» 1 000CHO-
BBIBAIOTCSI IPUHIIAITHI PETYIUPOBAHHS CKOPOCTH JIETKO-
BOTO aBTOMOOWIISL.

Kpowme sToro, cepre3Hoii mpobaeMoi, pensTCTBY-
OLEH JanbHEHIIEMY pPa3BUTUIO CHUCTEM YNPAaBICHUS
CHJIOBOM yCTaHOBKOW aBTOMOOWIIS, SIBISIETCS MX MO-
ITylTbHAS OpTaHH3all¥sl, IPH KOTOPOH MPOSIBISETCS (-
(exT neneHTpanu3ay QyHKIHA yIpaBISHNUS.

Hcrnons3oBaHne ke COBPEMEHHBIX CPEJCTB MaTe-
MaTHYE€CKOTO UMUTAIIMOHHOTO MOJISITMPOBAHUS 00ecTIe-
YHBAE€T BO3MOXXHOCTH JJISi TIPOBEICHUS KOMIUIEKCHBIX
paboT, CBA3aHHBIX C TEOPETUYECKUM aHAJIU30M, a TaK-
KE TIPOEKTUPOBAHUEM CIIOKHBIX AIIEKTPOTEXHUIECKIX
CHCTEM aBTOMOOMIIEH.

Taxum 00pa3oM, CTAaHOBUTCS aKTyaJbHOM Ba)kKHAs
Hay4YHO-TEXHHYECKas 3ajjada pa3paboTKu mMaremMarnyde-
CKHMX MOJEJIEH HOBEHIIMX CHUCTEM OMNPEICIICHUS BA3KO-
CTH MOTOPHOTO Maciia, perylIupoBaHus (a3 razopacipe-
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JICTICHUs] JIBUTATENsl BHYTPEHHETO CTOPaHUs, CUCTEMBI
«Crapt — CTom» M CUCTEMBI PETYIHPOBAHUSA CKOPOCTH
JIBYDKEHHUS JIETKOBOTO aBTOMOOMJISI B PEXKMMaX TOIICP-
JKaHUSI U OTPAaHMYCHUSI CKOPOCTH C ONTUMAJIbHBIMH I1a-
pameTrpamu.

Llenp HacrosIei pabOThl COCTOMT B pa3paboTke
KOMIIJIEKCA MaTeMaTHUECKUX UMHUTAIIMOHHBIX JIEKTPO-
TEXHUYECKUX M MPOrPaAMMHBIX CHCTEM YIPaBICHHS
JIBUTATENIeM JIETKOBOTO aBTOMOOWIIS ISl CO3/IaHUsI d-
(EKTHBHOM CUCTEMBI C €IMHBIM KOMILICKCHBIM YIIPaB-
JICHHUEM.

Jnst mocTwkeHHs TIOCTaBICHHOM B paboTe 1enu
HEOOXOJIMO PEIIUTD CIICAYIOIINE 33 JauH:

. NPOBECTH aHAJIN3 KOHLENIMH CYIIECTBYIO-
IIMX CHUCTEM OIpENEeNICHUs BA3KOCTH Macila, CUCTEMBI
perynupoBanus (a3 Ta3opacrlpelesieHus], CHUCTCMBI
«Crapt — CTOnm» M cHCTEMBI MOJIEPKaHUS CKOPOCTH
ABTOMOOWIIS,

. pa3paboTarh MareMaTU4eCKUe MOJACIH 3THX
CHUCTEM;
. MPOBECTH IKCIICPUMEHTAIBHBIC KOMILICKC-

HBIE HCCIIEJIOBAHUS C TIPUMEHEHHEM MaTeMaTH4eCKOTO
Y MMHUTALMOHHOTO MOJIEIMPOBAHMUS, a TAaKXKe Ha Jei-
CTBYIOIIEM 00pa3Iie JIerkoBOro aBTOMOOMIIS, CPaBHUTD
MOJTyYeHHbIE pe3ybTaThl M JaTh PEKOMEHAAUU TI0
[IPUMEHEHUIO MOJIETIEH.

BaxHBIM acreKToM B pelleHHH 3ajad 1o pas3pa-
0OTKe MEKTPOTEXHUYECKUX cucTeM ynpasienus IBC
SIBJIIETCS] UX MHTErPalys B paMKaxX €JUHOTO KOMILIEK-
ca ¢ obecrieueHneM BO3MOKHOCTH MOBBITICHUs I Dek-
TUBHOCTH JQJIbHEUIINX paboT, CBSA3aHHBIX C PAa3BUTH-
€M, a TaKKe YIydIlIeHHEeM MX B3aUMOJIEHCTBUS B paM-
Kax €AMHOM KOHLEMIUH, OINpEeesolell o0IHOCTh
CHCTEM.

IIpencraBnenHas Ha puc. 1 CTPyKTypa KOHIEIIHN
MPOrPaMMHOTO 00eCIieUeHHsT KOHTPOJUIEpa CHUCTEMBI
ynpasnenus asurarenem (KCVY]I) mo3Bonser omucarb
B3aMMOCBSI3H MOJYJICH MPOrpaMMHOTO 00CCIICUEHHS U
ux (QyHKIWU, a TakKe HepapXHuio MPOrpaMMHOro obe-
CHEYEeHMsI U IPUBA3KY K allapaTHBIM pecypcaM CHUCTEM
ynpasienus IBC.

OCOOCHHOCTBIO KOHIICTIIIMU  SIBJISIETCSI  BO3MOXK-
HOCTB €€ COOIOICHUS KaK B paMKax OJJHOTO POrpaMM-
HOTO MPOAYKTa HAa YPOBHE MAaTEeMaTHYECKUX MOJIENEH ¢
N00aBJICHUEM BCTABOK MPOrPaMMHOIO KOJa, TaK M Ha
0aze npoexToB. COBMECTUMOCTh JOCTUTACTCS 3a CUET
peoOpazoBaHMi CUTHAJIOB U TUIIOB BEJTMYMH, a TPOEKT
HpeCTaBIsAeT cO0OH 3IEMEHTHl NPOrpaMMHOIO KOJa,
MOJTly4YE€HHOTO C MOMOIIBIO PA3IMYHBIX MHCTPYMEHTOB
KOMITBIOTEPHOTO MOJAETUPOBAHMS M TPAHCIALNU €r0 B
MIpOrpaMMHbBIE KOJIBI.

Electrical and data processing facilities and systems. Ne 1, v. 11, 2015

Cucmema uzmepenus easkocmu macia /[BC asmo-
mobuns [7, 10, 11].

JluHAaMUYEeCKUE XapaKTePUCTUKHA YYBCTBUTEIbHO-
ro 3JIEMEHTA, YIPaBJIseMOro KaTylIKOW C TOKOM, OIH-
CBIBAIOTCSl CUCTEMOW YpaBHEHUIA:

di .dl
U=iR+L—+i—; (1)

dt dt

1 dA

Py =——(iN)>—=2;
p =~ Ny —~ ()
d’x dx dx

P =(m+m)—+A(—) +B—+C_, 3
rae U — HaIlpsAKCHUEC HNCTOYHUKA ImuTa-
HUS; [ — TOK, R — CONPOTUBJICHHE OOMOTKH;

L — MHAYKTHUBHOCTH KaTyIIKH; N — YUCIIO BHTKOB 00-
MOTKH YNpaBleHUs; /A, — INOJHAs MarHuTHas IPOBO-
JAUMOCTb CHCTEMBI; P, — JJICKTPOMAarHUTHOE YyCHIIUE;
m — TpUBEJCHHAs Macca KOHTAKT-IETalIH; ! — BPeMH,
X — TepeMelIeHue; 0 — TeKylllee 3HaueHue 3a3opa; 4 —
KOO(PQUINEHT THIPOJUHAMUYECKOTO CONPOTHBICHHUS;
B — ko3 dunmenT Bsazkoro Tpenust; C — KeCTKOCTh KOH-
TaKTAETAIH.

VYpaBuenue (3) UCMONIB3yeT METON HMPHUCOETUHEH-
HBIX MacC U YUUTbIBaeT 3P(eKThl TuApOAnHAMHYECKO-
IO CONPOTHUBIICHUS )KUAKOCTH MPH JBUKEHHH KOHTAKT-
JeTalId U JeMII(pUPOBaHUN TOHKOHN YKUJIKOCTHOH IIJICH-
K1 B 00JTACTH TIEPEKPBITHS. 37€Ch K MacCe TyBCTBUTEIb-
HOTO JJIEMEHTa M NPUOABISIETCS «IPUCOSANHEHHAS
Macca KHMJIKOCTH, KOTOpasi HaXOIUTCS Ha MMOBEPXHOCTH
KOHTAKT-/I€TaJIN:

m=kymk,y, (B/2)'(,,
e Y, — INIOTHOCTh KMJKOCTH; k7 — TeMIlepaTypHBIH
K02(UIHEHT TUIOTHOCTH KUAKOCTH; B — mmpuHa u3-
rubaromieiicsa yacTu; ¢, — JUIMHA U3rHOArOIEHcs yacT
KOHTaKT-feTanu; k e KOO PUIHEHT HOPMBI KOHTAKT-
JeTaju.

Benuuunsr L, Pa, A, ompenenstorcest yepe3 mar-
HUTHBIC MPOBOAUMOCTH — BHEILIHIOW A U BHYTpeH-
HIOIO A, 1 apaMeTpbl 0OMOTKH U IepKOHA.

OKcnepuMeHTaJ bHas YCTAaHOBKA ISl OIpezele-
HUS BSI3KOCTH MOTOPHOTO Maciyia (puc. 2) COCTOUT U3
CJIeTyIOIINX 3JI€MEHTOB: HCTOUHUK MUTaHUS MOCTOSH-
HOTO HampspkeHus 12 B; oTnagounas muiata ¢ MEKpPO-
KOHTPOJIJIEPOM; KaTyIlIKa YIpPaBJIE€HHS U TepKOH Kak
YYBCTBUTENBHBIA AJIEMEHT; MaKeTHas Iulata ¢ IOJ-
kioueHHBIM LCD-mucmieeM u gaT4vkoM TeMmIiepa-
Typbl; BCTIOMOraTesIbHasi MakeTHas IiaTa, Ha KOTOpOu
pacrosiaraeTcsi cxema yNpaBieHHUs KaTyILIKOW; COeau-
HUTENbHBIE TPOBO/IA.
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KoHTponnep cuctembl ynpaBneHusa asuratenem (KCY[)

DyHKUUN 1 Moaynb
Mopgynb ynpaeneHus Mogynb Mopaynb
MoAynm ; Mogynb ynpaeneHus ynpaBneHvs
3MEeKTPOHHOM yrnpaBreHus o ynpaBneHus
NpUKNagHoro = OyHKLMen hazamu raso-
LApoccenbHomn LIMKIOBbIM Typbo-
nporpamMmmHoro o «Crapt-CTon» pacnpefgeneHuns
3aCnoHKon HanonHeHVeM HaayBoM
obecneyeHnst «VVT»
basosoe,
Cepsucbl paboTbi C
annaparHo- CepBucobl paboTbl C
S CuvcTemMHble RAMETLIG KOMMYHWKaLMOHHbBIMU
cepBUCHbIE DYHKLMK NHTEpPdEnCcHbIMU ObobLeHHbIe
nporpammMHoe MWKPOKOHTpoOnsepa Hepenaun HaHHbIX cbyHKLVM BBOAA 1
obGecneyeHne pehade Biigona KomnnekcHoe

O60o6LUeHHbIEe
yHKUMK ynipaBneHns
MUVKPOKOHTPOIIIepPOM

O6o6LLEeHHbIe
YHKLMMN paboTbl C
pecypcamu namsiTu

[paiiBepbl paboTbl C
perucTpamm
MUKPOKOHTponsepa

[paiisepbl paboTbl
G MamsTbIo
MUKPOKOHTpoOnepa

nporpaMmmMmHoe
OpanBepHoe
obecneyeHune
Ansi paboThbl C
pecypcamu
MMKpO-
KOHTpornepa

ynpasneHus
nopTamu u
Harpyskamm

O606LeHHbIe
byHKUMM annapaTHbIX
KOMMYHUKaLMOHHbIX
nHTepdencos

[paiiBepbl paboTbl ¢
KOMMYHWKaLMOHHBIMM
nHTEpdencamn

[paiiBepbl paboTbl
C noptamu BBOAA 1
BbIBOAA

MukpokoHTponnep

Puc. 1. Konuenuus apxuTekTypsl mporpaMmuoro ooecneuenust KCYJ{

Crabunusatop Cxema

U3MepPEHNa

— HanpsKeHus
TeMnepatypbl

nUTaHuA

Cxema
BKIIOYEHNA

Cxema
MHANKALWK
n3MepeHbIX

Kuakokpucran-
TMyeckui
VHAMKaTop

4yBCTBUTENbHOTO| |
anemenTa

napameTpoB

Cxema
ynpaenexus

Kxonku ans Cxema

3anycka
n3MepeHni

BKIKOYEHUSA
KHOMOK

KaTyLLKOM
C TOKOM

Puc. 2. CtpykTypHas cxema 1 BHEITHUN BUJ DKCTIEPUMEHTAIBHON YCTAHOBKH

ITocne MomenwpoBaHUsS W TPOBEACHUS DKCIEPU-
MeHTa ObUIH OIpe/Ie/ICHBI BpEMEHHbIE MTapaMeTphbl Cpa-
OarbIBaHUS KOHTAKT-JeTasied mpu Temieparype 26 °C
OKPY>KaIOIIeTr0 BO3AyXa.

Jlyis onpe/iesieHusl UCTUHHOTO 3HAYCHUS B3KOCTH
MacJia ObUT IIPOBEJICH OIBIT Ha BUCKO3UMETPE BUOpaIiu-
onnoro tuna SV-10 komnanuu AND. Bsi3kocTs 4ucTOro
MOTOpHOTO Macia cocrapmia 1230 mlla-c.

C ucmonbp30BaHUEM MaTEMaTHIECKON MOJIEIH C TI0-
JIyYEHHBIM 3HAYCHHUEM BSI3KOCTU OBLIO PACCUMTAHO Bpe-
Ml IBHOKEHHSI KOHTAKTHOM TPYIIITbI, KOTOPOE COCTABUIIO
3114 mxc. IlorpenHocTs U3MepeHHs BSI3KOCTH COCTa-
Buia 3,8 %.

IIpoBeneH SKCIEPUMEHT C 3alOJTHEHUEM KOHTAKT-
HOW Mapbl YyBCTBUTEIHLHOTO AJIEMEHTAa OTPa0OTaHHBIM
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MOTOPHBIM MacJIOM TIOCJI€ €r0 IKCIUTyaTalluyd Ha aBTO-
moOuie. IlpoGer JierkoBoro aBTOMOOWIIS Ha JIaHHOM
MacJe COCTaBHI 9 ThIC. KM.

st onpenenieHuss ICTHHHOTO 3HAYEHUSI BS3KOCTH
0TpabOTaHHOTO Maciia ObUI POBEJICH OITBIT HA BUCKO3H-
MeTpe BuOpanuonHoro tuma SV-10. Bs3kocTs uncToro
MOTOPHOTO Macia coctasmia 865 mlla-c.

C ucnonb30BaHUEM MaTeMaTHYeCKOM MOJICIH C TIO-
JYYCHHBIM 3HaY€HHEM BSI3KOCTH OBLIIO pACCYMTAHO Bpe-
Ml IBHOKEHUSI KOHTAKTHOM TPYIIITbI, KOTOPOE COCTABUIIO
1663 mkc. [lorpemrHocTs U3MepeHUs] BA3KOCTH COCTa-
Buia 4,1 %.

Maremarnueckoe ¥ MMHUTAIIMOHHOE MOJEIUPOBa-
HUE TO3BOJIMIIO YCTAaHOBUTH B3aUMOCBSI3b MEXKIY Teo-
METPUYECKAMHU TlapaMeTpaMu YyBCTBHTEIILHOTO DBJie-
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MEHTa, CHUJIAMH, JICWCTBYIOIIUMH Ha YyBCTBUTEIHHBIN
AIIEMEHT, U BSI3KOCTBIO, KOTOPAs SIBJISICTCS] Ba3KHBIM KpU-
TEpPUEM [IPU aHATIU3E YIIEBOAOPOIHBIX KUAKOCTEH. Mo-
JIeNIb OIIMCHIBACT B3aMMOCBSI3HU U MO3BOJISICT BEIYHCIIMTD
BSI3KOCTh JKHJKOCTH, CIIOCOOCTBYET PEICHUI0 00pat-
HOW 3a/1a4u, I0A00pYy ONTHMAaIbHOTO TE€OMETPHUECKOTO
COOTHOIICHUS YyBCTBUTEIHHOTO AJIEMEHTA U [TOMOTaeT
BBIOpaTh ONTUMAJIBHYIO CXEMY YIIPaBIICHUSI.

Tlocne npoBeaeHMs SKCIIEPUMEHTOB MOXKHO HPUIA-
TH K BBIBOAY, YTO METOJ, OCHOBAHHBIA HA JABU)KCHHUU
IUIACTUHBI B JKMAKOCTH, IIO3BOJIIET JaBaTh KOJIMYE-
CTBEHHYIO U KQYECTBEHHYIO OLIEHKY BSI3KOCTH MOTOPHO-
ro Macna. Pe3ynbsraTsl u3MepeHus BpeMeHU cpadaThiBa-
HUS TEPKOHA, C €ro Pa3jiuvHbIM 3aM0JHEHUEM, CXOAHbI
10 BEJIMYUHE C PE3yJbTaTaMHU, OJIy4YaeMbIMU B MaTeMa-
THYeckoil Monenu. OTKIOHEHHE MOJYyUYCHHON BEIUYU-
HBI cOCTaBujIo He Ooiee 4,5 %, 4To MO3BOJISET CENATh
BBIBOJl O MPUMEHUMOCTU MAaTeMaTUYECKOW MOZIENIH st

OIpeIeICHNs BI3KOCTH Macjia B MUHUMAJIBHOM 00beMe,
B TE€UEHHUE HEOOJIBIIIOTO HHTEPBAIa BPEMEHH.

Cucmema pezynuposanus ¢hazamu eazopacnpeoe-
nenusi /J[BC. B paMkax KoHIenuuu (puc. 3) CUCTEMBI
perynupoBanus (pasamu razopacrpesiesieHus B COCTa-
BE KOHTpOJJIEpA CHCTEMBbI YIIPABIICHUS J[BUTATEIEM
(KCVY]]) pa3zpaborana maremMarndyeckas IMUTAI[MIOHHAS
MOJIEJb, KOTOPAast O3BOJISIET 00ECIIEUUTh ONITUMAIBHYIO
paboty IABC.

[Ipu MonenmupoBaHUM CUCTEMBI OIKMCAaHBI METOJ
CUHXPOHHU3AIlMU JIBUTATEINs C KCIIOJIb30BAHUEM arlla-
PaTHBIX pecypcoB IpOIeccOpa, MO3BOJISIONINX JeJaTh
IIpephIBaHKE TI0 CUTHAJIAM OT JIATYMKOB ITOJIOKCHHS KO-
nendatoro Bana u a3 (AIIKB wmu JID), a Takxke meTon
MTOBBIIICHHUS TOYHOCTH CHHXPOHU3AIUH 32 CUET MPUME-
HEHUS IUCKPETHBIX 3yObeB.

KCyQ c VVT Kenaewsiii | | Kenaewoe ¢, | TOMTSPaTIPa K
MOMEHT  —¥»{ HanonHeH. -
NvarHocTka T— |__p.| ABUratens __|umnunapos [ i agn a
cncTemsl akcenepar. .
ynpaeneHus Pyuroe Abconior. Temnepartypa
M cHXpoHU3. | ["Koppekums | g | YNPaBneHue fAaBneHve BoO OXNKAAIOLLSH
yma NONoXeHem BMYCKHOA M wuakocTy

AwnarHocTuka | | onepexeHns pacnpensana Tpybe

afaantauuu 3aXUraHus ‘ * e
Roppesin Mo3numMoHHbIN PaCHET g Boibop |-t I'Ipoaepx_a

LWAM no w AL < | YCTaBku Hammaes: |l ycnosuu
HanpsHKeHun NonNoXeHus aKkTuBauuu

1o nuTanus || PEYTIRTOPHl < PB. |¥ V\;T wWT

CKBaX. 4 + ‘ A ?
WM : NoNoXeHue
PB.s
MO ppavisepa RP.M. rp.n.K.B.
ynpasnexus BblYKCNEHNe
] KnanaHoMm CUHXPOHU3aLMS BpemeHHble 1 - CuuxpOHu;auun
no ANKB yrnoeble napameTpsbl no /i
1

W
;

da3zoBpalua-
Tens 1

o
@ -

Puc. 3. Konnenuus cucteMsl ynpasieHus Gpa3zaMu razopacipeneicHus

®azoBpalya-
Tens 2

MEIIATbCA (1)336}). Cucrema CUHXPOHHM3aluX MMO3BOJISACT
OTCJIC)KMBATL IIOJIOKCHHUE paclpeaBajia, KOTOPOC HC-
MOJIB3YCTCA IPpU PACUHCTC OTKIIOHCHHUA TCEKYLICIro II0-

KOHTpOJ'IJ'ICp yOpaBJICHUSA ABUIATCIIEM IOCPCI-
CTBOM HM3MCHCHUSA CKBaXXHOCTU YHPABJIAOLICTO CUI-
HaJia, 10JaBacMOI'0 Ha KJIallaH OC\/, 3a4CTaBJIACT IICPEC-
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JoXeHus pacrpenenurenasHoro Bana (PB) ot ycrasku,
npu 3ToM GopMylia pacueTa OTKIOHEHHs paclpeneiu-
TEJIBHOI'O Baja OT YCJIOBHOIO HYJIEBOI'O I1OJIOXKEHUS 110
¢ponram PB: AT

AX === ¢ (5)
zub

rae AX — yroia MeXIy IBYMs COCEIHHUMH aKTHBHBIMHU
(pOHTaMH KOJEHYATOTO Bajla M PAaCHpPEeTUTEIHEHOTO
Bana; AT — WHTEpBald BPEMEHU MEXIY JABYMSI COCEl-
HUMH aKTHBHBIMH ()POHTAMHM KOJIEHYATOTO Bajla M pac-
HpeenTeNbHOTO Bana; 7, , — MOCIESAHUN H3MEPEHHbIH
HEepHO]| CIEJOBaHUs 3yObeB 0 KOJIEHYaTOMy Bally; &,
— YroJI MOBOPOTA KOJIEHYATOTO Bajia, KOTOPBIH COOTBET-
CTBYeT OJHOMY MNEPHOIY CIEJOBAHUS JBYX COCETHHX
3yObeB MO KOJIEHYATOMY Bairy 0e3 ydera BRIOUTHIX.

Texymee u3MepeHHOE IOJOKEHUE pacIpeiesu-
TEIPHOTO Bajla OTHOCHUTEIBHO YCIOBHOTO HYJIS, BBI-
OpaHHOTO 3a CHCTeMy OTCYEeTa, ompenensercs mo ¢op-
MyJe:

zub 9

Xn izm. Nzubjzm. ’ azub + AX? (6)
rae X, ., — yroia NoBOpOTa PacrpeieuTeNbHOr0 Baja
OTHOCHUTEINILHO YCJIOBHOTO HYJIEBOTO MOJIOKEHUS JI0 BbI-
OpaHHOro ()poHTa pacHpeieauTeNbHOro Bana; N_, .
— KOJIMYECTBO 3yObeB KOJIEHUYATOIO Bajla MEKLy yCJIOB-
HBIM HYJIEM M BBIOPaHHBIM ()POHTOM PACIIPEIEIUTEND-
HOTO BaJjla ¢ y4€TOM HNPOIYIIECHHBIX.

OTKIIOHEHHE OT YCJIOBHOTO HYJIEBOTO MOJIOKEHHUS —
BXOJIHOM TapaMeTp JUISl CUCTEMBI yIpaBlIeHUs (a3amu
ra30pacrpeiesieHus, onpeaensiercs no Gopmyie:

AX, i, = X, =X s (7
rne AX, ., — OTKIOHEHHE OT yCIIOBHOTO HYJIEBOTO II0-
JIOXKEHHUs B Ipajycax MoBOpoTa KojeHyaToro Bana; X,
— TaOIMYHBIA TapaMeTp, KOTOPBIN ONpeeseT MoJIokKe-
HHEe (POHTOB B CHCTEME OTCYETA, CBA3AHHOM C KOJIEH-
YaThIM BaJIOM.

Jlns onpezenenns alanTalMoOHHBIX BECOBBIX KO-
(MIMEHTOB BBINIOIHAETCS PacYeT OMIMOKH 171 KaXKJJ0T0

13 GPOHTOB PACIPEACTUTEIBLHOTO Baja:
7

Z Xn izm.

A® =X -0 (8)
n

rne A®, — ommbKa OTKIOHEHHS PACIIPEACIHTEILHOIO
Baja OT YCJIOBHOTO HYJIEBOTO TOJIOKEHHS 110 (hpOHTAM;
n

Z X, ., — PE3YIBTAT HECKOIILKUX U3MEPEHUI BEIHYH-
i=0
HBI OTKJIIOHEHUS JUISI KaXKI0T0 U3 (PPOHTOB pacrpeesu-
TEJIBHOTO BaJa.

Omnpenenenne yCIOBHOIO HYJIEBOIO MOJIOXKEHUS
BBINOJTHSIETCS IO popMyIie:

Xn apt = Xn - A®n (9)
Bennunna I[OHyCTHMOﬁ OLINOKHU OIpEACTACTCA 110
bopmye:
A®n max ®crk + ®cam + ®shk + ®pos ’ (10)
78

rae ©,, — IOmyck Ha U3rOTOBIEHHE 3y04aToro Kojieca
CHHXPOHH3AIMK KOJIeH4aroro Bama; ©®, — momyck Ha
H3TOTOBJICHHE KOJIECA CHHXPOHU3ALMM pacIpeBala;
©®,,, — [OMyCK Ha KPYTUIbHBIC KOJICOAHUS KOJICHYATO-
IO Baja [0 OTHOLICHHIO K PACIPEACIUTEIbHOMY Bally;
O] pos — JOTYCK Ha MOTPEMIHOCTh COOPKU U YCTAHOBKH
3y04aToro xoseca.

AnanTHpOBaHHOE TOJIOKECHUE AKTUBHBIX (DPOHTOB
3y0uaroro Kojeca pacnpenesMTeIbHOTO Bajla HaXOIUT-
cs1 o opmyIie:

anetapted :Xn _(AG)n $A®nmax )’ (11)
1€ X, 0t upreq — AMANTHPOBAHHOE KpalHEE TO3HEE MO-
noxeHue. sl MO3HEro MOJIOKEHUS OLTHOKa yCTaHOB-
ku pemHs: [ PM nonyctima B HEOONBIIOM Mpesiene Kak
B PAHHIO0, TAK U B IIO3/{HIOK0 CTOPOHY.

AJanTHPOBaHHBIE TIONOKEHUS IPEJIENIOB peryiu-
pOBaHMs U1l pAaHHETO YIOpa MOTYT ObITh HaiJIEHBI U3
COOTHOILICHUS:

Xn adv apted = Xn T Ay reg range -
_(A®I’l +A®nmax +A®nregmax)9 (12)
rae A@n regmax MakCHMaJjbHas ommnOKa peryiampoBa-
HUA; nreg range nmpeaei peryjimpoBaHus (1)213, orpeae-

JSIOINME MakCUMalbHBIN YroJl MOBOPOTa paclpe/Bara,
IpH KOTOPOM O0ECIIeUuMBAETCsl OTCYTCTBHE BCTPEUH
KJlarnaHa C IMOPUIHEM BO BCEM IHANa3OHE yNpaBlICHUS
dbaszamu.

s OLleHKM KadecTBa MaTeMaTHYECKOH MOJeNn
ObUTH MPOBEACHBI (PU3NYECKUE IKCIICPUMEHTBI, TI03BO-
JUBILIKE OLEHUTh MOTPEIIHOCTh PabOTHl pa3paboTaH-
Holi cuctemsl (puc. 4). B pamkax paboTsl pa3paboTaHo
ANIEKTPOHHOE YCTPOICTBO, TTO3BOJISIONIEE UMUTHPOBATh
curtHansl JIIKB u JI® u cMmemienue curHanza AaTduka
¢a3. BrimonHeHa HacTpolika M MpOBEpKa MaTeMaTHye-
CKOMl MOJIENT B COCTaBe MPOrPaMMHOTO OOECIeUeHHUs
KOHTPOJUIEPA YIIPABJICHUS IBUTATEIICM.

Cucmema «Cmapm — Cmon» [2, 4, 8, 9, 11].
Cucrema MCHONB3YeT psJ LITATHBIX KOMIIOHEHTOB
ABTOMOOWIISI, BXOASIIIMX B COCTaB PAa3JIMYHBIX CH-
CTEM yNPAaBJICHHSI, TAKUX KaK: dJICKTPOHHAS CUCTEMA
yIpaBJICHHsI JBUTATEIEM, CHCTeMa KOM(OpPTa, IacCH
u apyrux (puc. 5). OCHOBHBIE MOAYJIM CHUCTEMBI CBS-
3aHBl MEXKAY c000i MHTep(EHCHBIMU HIMHAMH IS
nepeaayu gaHHbIX. [1o HUM mepenaroTcs HE0OX0aH-
MbIe TIapaMeTpbl C 3aJaHHOW YacTOTOH OOHOBIEHUS
U TpeOyeMO# TOUHOCTBIO.

B pamkax paOoThl clipoeKTHpOBaHa Moenb (op-
MHUPOBaHHUS YCJOBUSI pa3peiieHus paboThl CHCTEMBI.
Bce ycnoBust pasjesieHsl o IpruopuTeTaM. ITo He00Xo-
MO JJIsl pa3AesieHus1 yCcIoBUs MO (PyHKIHMOHATBHBIM
MPU3HAKAM.

ONeKTPOTEXHNYECKIE N MHAPOPMALIMOHHBIE KOMMNEKChI 1 cuctembl. Ne 1, 1. 11, 2015
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Puc. 4. VI3meHeHHe TOJI0KEHUS pacTIpeIeIMTeIEHOTO Bajia ¢ IIOMOLIBIO CHCTEMBI YIIPaBIeHUS (ha3zaMu ra3zopacrpeesieHHsL:
1 — ycTaBKa MOJ0XKEHUSI PACHPEAEIUTEILHOrO Bajga OTHOCUTEIBHO KOJICHUATOI'0 BaJa;
2 — unpTpoBaHHas yCTaBKa MOJOKeHUs PB; 3 — pa3HuIIa MEKy TEKYIIUM MOJIOKCHHEM U (QUIBTPOBAHHON YCTaBKOI;
4 — Texy1lee MONOKEHUE paclpeBala 10 OTHOLIEHUIO K KOJIEHUAaTOMY Baly; 5 — pacxoj] Maciia uyepe3 MacasHbli KilamnaH

s obecriedeHmnss 6€30MacHOTO TSI cTapTepa Imy-
cka nieurarens B pexxnme «Ctapt — CTom» npuMeHseTcs
crieranbHas MOJIeNTb yTIpaBIeHUs. 3anpeT MPOKPYTKA
cTapTepoM cBs3aH ¢ TpeboBanusMu ISO k GezomacHo-
CTH M Ka4eCTBY pabOTHI CHCTEMBI.

[Ipu dpopmupoBannm npuszHaka «CtapT» ympaiie-
HUe epenaeTcs GyHKINH, KOTOpas OTBEYAET 3a 3aITyCK
JIBUTATEIS, pa3pelieHne BKIIOYEeHUS TOIUTMBHOTO HACO-
ca, BBITIOJHSET pacyeT MOMEHTA | MTOJIady MCKPHI 3aKH-
TaHWs, BKIIOYCHHE pele-cTapTepa, Mocie Yero JIBUTa-
TEJb 3aITyCKAeTCs.

DKcIIeprMeHTaIbHbBIE HCCIIeIOBAHNS BPEMEHHU ITy-
cKa JIJIsl KOHTpOJIJIepa CO CTaHJIapTHOM MPOIITUBKON CO-
craBmwn 0,92 c. [lpu peanuzanum cuctemsr «Crapt —
Crom» COOTBETCTBYIOMIMMA pe3ynsrar coctaBma 0,35 ¢
(puc. 6).

Cucmema peeynuposanusi ckopocmu [1, 3, 6, 8,
9, 11]. B cocTaB CHCTEMBI PETYIUPOBAHUS BKIIOUCHBI
MOJYJTH, KOTOPBIE OTBEYAIOT 3a YIIpaBlieHHe U Oe3omac-
HOCTh. Pa3zpaboTaHHas MOAENs CHCTEMBI COCTOHWT W3
(UIBTpa CKOPOCTH; KOMITOHEHTHI OIPEIEIICHUST PEKU-
Ma peryJupoBaHUs W YIPABIEHUS YCTaBKOW M THUIIOM
(YHKIMN PETyINpPOBAHUS; KOMIIOHEHTHI DPEryInpoBa-
HUS TIOJIOKEHUS IPOCCETBHON 3aCIIOHKH; KOMIOHEHTHI
MIPUOCTAHOBKHU IIPOIIECcCa PETyIUPOBaHUS CKOPOCTH
MIpu U3MEHEHUH HOMeEpa Tepeadn TPAaHCMHUCCHH; KOM-
MTOHEHTHI pacdeTa JINTETHbHOCTH OTKJIOHEHNUS OT 3aJ1aH-
HOW CKOPOCTH; KOMITOHEHTHI JICaKTHBAIIHH.

YciioBUe TMOCTOSHHOTO JIBIKEHHSI OTIMCHIBACTCS
BBIPQKCHHUEM:

Electrical and data processing facilities and systems. Ne 1, v. 11, 2015

C_VSdiﬁ.neg<VSdiffmw<C_VSdiﬁpm. (13)
3aMeICHIE YCKOpEHHUE
JInis Tpex peKMMOB JIBHYKEHHSI TPpecTaBiIeHa Gop-
myna Vs, :
* PEIKUM MTOCTOSIHHOTO TBHYKCHUS
V‘Sdi{f' = VSdif v C _ VSdijj’ fac > (14)

* peXXHUM YCKOPEHHUSI:
VSug = VS praw " C _VSup puc
* pEXXUM 3aMeJICHUS:

VSdzﬁ‘ = VSdgff raw C_ VSdiff fac

+C_VS,:  (15)
~C_VS,; - (16)

B cocrase 6azoBoro komnonenra [1M-perynuposa-
HUS uMeercsl (pyHKUMS MHULMAIM3alUd WHTErparopa,
KOTOpast oOecrieuynBaeT IUIaBHYIO Tiepeaady ypaBleHHs
OT Iealli K CUCTeMe peryiauposanus. [Ipu aktusanuu
pexuma MONJEPKAHUS WIM OIPAHUYEHUS CKOPOCTH
nurerparop IIM-perymaropa WHUIUANU3UPYETCS Ha-
YalbHBIM 3HaU€HHEM, KOTOpOe ompenensercs: kodphu-
uuentom K, . . (freq, gear) 3aBUCUMOCTH OT 4aCTOTBI
BpALCHUS ABUTATENs U TEKYLIEr0 HOMEpa Iepeaayn.
WuTterpanbhas yacth oOmas Ui TpexX PEKUMOB
peryJlupoBaHusl.
Obmast popmyna [1H-perynsropa mojaoxeHus BUpP-
TyaJIbHOH IIelalli aKCelnepaTopa UMEET BUJL:
o (VSd;‘{f) =P, (VSdijf ) +1,, (VSd{fj" ) 5
K iimin <O (VSdzﬁ”)<Kpidmax' 17)
P — gacte [I1-perynaropa B HOPMaJIbHOM PEKUME
paccuuThIBaeTcs o popmysie:
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Moaynb KCYL ¢ doyHKumnei Moayne Natuuk
AMarHocTUKA 1| _ «CtapT - CTon» onpeaenexnsa TemnepaTypei
6esonacHocTK TEMNEPATYPBI
keva FBVIFATENS xrnagareHta
[atymnku
fioHORERIAS Mopaynb cuH- Mogaynb Mogynb Mopaynb [arank Toka
ROFGHUATOM i XpoHusaumn | | | paspeleHns BbiGopa | | onpepeneHus —
KoneHsana u paboTbl pexuma HanpshkeHns 1
pacnpegenu- Gatapem
pacnpegsana Craprt-cTon CrapTt-cTon 3apsga AKb
TenbHoro Bana I [ I
Moaynb I '
npeo6pasosa- M L m Moaynb - Perynsto
Aarumk negann tivis) Grrigirnon: oAy b ORYI1 MeHeaKMeHTa
akcenepatopa | OCTaHOBKMN ——— 3anycka HanpAaXxeHns
L = C AaTynKOB 3rNeKTPUYECKNX
asuratens asuratens Harpy30K
[atuuk neganu Keya Py I
cuennexus | | | I
s | | yoessons | | o | [Woson sz A
TOpMO3a ynp: ynp ynp: AaHHbIX Yepes
e perynartopom BKIlOYEHUEM KaTyLkKamm WHTE q)eIZCHbIe
[laTyuk BKIOYEHUS HarnpskeHns 3MEKTPOHHOrO 3AKUraHNs n LI.IVIHEI SHHBIX
HeiTpasnbHoi reHepatopa pene ctaptepa | hopcyHkamu A
nepegain | | | |
| | | |
‘ leHepaTop ‘ ‘Pene CTapTepa‘ Karyuikn CAN
3axuraHuma LIN
‘ CrapTtep ‘ DopcyHKM NHTEepdencol
Mogynb Moaynb Mogynb ynpaenexus Moaynb
nepegauu Mogynb KY30BHOW 3JTIEKTPOHUNKOMN nepegauu
ynpasneHus
. | naHHbIX yepes ynpaenexus aBTOMOGBUNSA [laHHbIX Yepes
cuecremon NHTepdeiicHble cTeknoo4mc- UHTepdeiicHble
ABS-ESP | wunbl ganHbix TMTensmMu LUMHBI AAHHBIX
Mogynb
Mogaynb Mogaynb NpaBNEHS Moaynb Mogaynb Mopaynb
onpeaeneHna onpegeneHnsa y :J'IbHVIM " ynpasneHus ynpasrieHmsa ynpasrieHusa
CKOpOCTH yrna nosopora AGJWI)KHI/IM NoAOrpeBoOM oborpesom oborpesom
asTomobuns pyns cuaeHui cTekon 3epkan
cBeToM
Puc. 5. Konnenuus cucremsr «CtapT — CTom»
-1
U,B U,B n, MuH U,B 7 n, MuH™ .
A
16 16 1600 {v‘\,\A 144 1400 7 —
14 14 1400 — Vot e B o —
L;_] 121 1200 s i el
12 12 1200 ¥
T 10 1000
,vav‘
10 10 1000 7 '\
8 800 V -,W
8 8 800
6 600
6 6 600 |
4 - 400
4 4 400 | !
2 2 200 } 2 200
o o o — 1 [ . ‘ 0.5 o ‘ !
0 1 2 3 4 t c 0 1 2 3 4 tc

s

a — co crtanaaptHbiM 110

0 - ¢ pynkuuent «Ctapt —Ctom»

Puc. 6. luarpamma mycka jBurateiist co crangaptbim [10:
1 — HanpsikeHne OOPTOBOM CeTH aBTOMOOMJIS; 2 — YaCTOTA BPAILICHUS IBUTATECIIS;

3 — OUT NPOKPYTKH JBUTATEISI CTAPTEPOM
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)=

<P

pid

P

pid

(vs

i VS K ( freq);
|4

p fac
(78, ) <K (18)

P — wacte I1H-perynsTopa mpu paboTe MOACIH B
peXMMe YCKOPEHHS paCCUUTHIBAETCS 110 (PopMyIie:

Kpmin pmax *

pld ace (VSdsz) VSdsz ( p fuc (ﬁ”BQ) +Kpfac (ﬁ’eq, VS, ))
Ko <P (VS ) <K (19)

P — yacte [IU-perynsitopa nipu pa60Te MOJICJIA B
peXUMe 3aMeIICHHs paCCYMTHIBAEeTCS 110 (popmyIe:

Pt dec (VS ) VS, ( P fac (fl’eq) p fac (f’”e‘]’ VS ec ))

K pin < Poa (VS5 ) <K (20)
[ —uacts [TU-perynsitopa paccuutbiBaercs o ¢op-

pmax *

JI1st OIEHKU aJIeKBAaTHOCTH MaTEMaTHUYECKOW MO-
JICJIA BBITIOJTHEH UMHUTAIIMOHHBIN YKCIIEPUMEHT PaOOThI
cucTeMbl. Pe3ynbrarel paOOThI MOKA3bIBAKOT, YTO MOJY-
YCHHAs TUTABHOCTh U3MCHCHUS 3HAUCHUSI (DUIIbTPOBAH-
HOM CKOPOCTHU TIO3BOJIICT YCTPAHUTH XJIOTIKHU JIPOCCEITb-
HO¥ 3aCJIOHKH U YMCHBIIIUThH BEPOSTHOCTH OTKa3a U ObI-
CTPOTO M3HOCA JIETajeil MCMOIHUTEIHHBIX AIEMECHTOB.
3anasapiBaHue QUIBTPOBAHHON CKOPOCTH OT JICHCTBU-
TeIBHOTO 3HaYeHUs cocTanisieT 150 mc (puc. 7).

Kpowme atoro, B paboTe npoBeieHO UMUTAIIMOHHOE
MOJICTTUPOBAHNE PEKUMA OTPAHMUCHUSI CKOPOCTH, OCO-
OCHHOCTH KOTOPOTO 3aKJIFOYACTCS B peanu3aiuu QyHK-
MU Ha0Opa CKOPOCTH JI0 3HAYCHHUSI YCTABKH TIOJT YIIPaB-
JICHUEM BOJIUTEIISI M OTPAaHUUCHUH €€, HECMOTPS Ha Ha-
KaThe TeJalli akceyepaTopa, TpeOyrolee yBeInueHHs
MoMeHTa (puc. 8).

MyJIe:
]pid (VSdﬁ") VS Kl fac (gear) .Kifac (ﬁeq);
Ki min pld (VSdt[f) imax * (21)
Qap, % 7 Cn, % 7 V, KM/u
10 45 - 58 I \\ —
9 404 56 - 4
8 | 35 54 \ “"‘"‘\
] el [s]
7 30 - 52 L
64 25 50 E\\ ""—~/ — \\
5 20 -| 48 -
4 15 4 16 \ / \
3 10 -| a1 |
2 4 5 2 \
1 0 40 \
0 1 2 3 4 5 6 t,c
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Puc. 7. IIpouecc mepenaun yrnpaBiaeHUst OT BOAUTENS K CHCTEME:
1 — ycTraBKa CKOpOCTH; 2 — QUIIBTPOBAHHAS CKOPOCTD; 3 — MPOLEHT OTKPBITUS JPOCCEIIBHON 3aCIOHKH;
4 — IpOLEHT HaXKaTH MeIaJIH aKCeNIepaTopa; 5 — pe3yabTUpyIoliee Bo3AeHCTBHE (IKBUBAJICHT IEAATN aKCEIepaTopa)

V, KM/u

GAD,%' Gn,%’

3] /

L1
N

35

17,51 35 <

N

/

15 30 4 30

12,5 25 1 25
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BriBoABI

* B HacTosimmee BpeMs OCHOBHBIE pPa3pabOTKH
CIIOKHBIX KOMIUIEKCOB BEAyTCS 0€3 MPUBS3KH K KOH-
KpETHOH MOAM(UKAIINA aBTOMOOWJIS, YTO TPHUBOIUAT
K TIposiBIIeHWI0 3¢ deKTa AeTeHTpannu3anu (GyHKITAH
yrmpaBieHus. B mpenctaBieHHONW padOTe BBIOTHE-
HBI KOMITJIEKCHBIE MCCIIEIOBAHMS 110 CO3JaHHUIO OOIIen
KOHIICTIITIH, 00CCIICUNBAONICH SIUHBIA ITOIX0I B pea-
JU3AIIH AITOPUTMOB YTIPaBIEHHUS, HA OCHOBE KOTOPOH
B JaJbHEHIIEM pa3paboTaHbl MATEMATHIECKUE MOJEIN
CHCTEM;

* TIPOBEICHHBIE TEOPETHUYECKHUE WCCIICAOBAHUS
MOKa3aJIi BO3MOKHOCTH TPUMEHEHUS [T OTIPE/IeIeHUS
BSI3KOCTH MOTOPHOTO Macila B Ka4YeCTBE IapaMeTpa Bpe-
MEHH JBW)KEHHUS KOHTAKTHOM TPYIITBI 9yBCTBUTEITHLHOTO
JIIEMEHTA;

* pazpaboTaHa MaremMaTh4ecKkas MOJENb OTpese-
JIEHWsI BSI3KOCTH Maclia, OIMMCHIBAIONIAs B3aWMOCBS3b
MEXJIy TEOMETPHUIECKIMH TTapaMeTpaMu YyBCTBUTEINb-
HOTO DIIEMEHTAa, CHUJIaMH, IEHCTBYIONIMMH Ha DIIEKTPH-
YECKWe KOHTAKTBhI, W BA3KOCTBHIO JKHJIKOCTH, HaXOMsd-
miercst Mex1y Kontakramu. [Ipennaraemoe ycTpoicTBoO
OTIpe/ieTICHHs BA3KOCTH TIO3BOJISIET IIPOU3BECTH U3MEPE-
HUSI C MAJIOW MTOTPEIIHOCTHIO 32 KOPOTKUHM ITPOMEKYTOK
BPEMEHH, HCIIONB3YS MUHIMAIbHBIA 00BEM TUArHOCTH-
PyEMO JKUAKOCTH;

* TpeUIOKeHa MaTeMaTHdecKas MOJENb CHUCTe-
MBI perynupoBaHus (a3 ra3opacrpelneieHns, Mo3BO-
JISTOIIAst TIOBBICHTH CKOPOCTH AOCTHXKEHUS TpeOyeMoro
MomeHnTa JIBC aBTOMOOWIS M pacOIMpHWTh IHAIA30H
YacTOT BpAIICHHS [IBUTATENSI C TIONYYEHHEM MaKCH-
MaJBHOTO KPYTAILIETO MOMEHTA. DKCIIEPUMEHTAILHBIC
WCCIIEZIOBAaHUS TTOKAa3ajM, 4YTO peryinpoBaHue (a3 ra-
30pacIpeieNIeH s TO3BOJIMIIO YBEINIUTh CKOPOCTh JI0-
CTIDKCHHSI MAaKCHUMAaJIbHOTO MOMeHTa Ha 12 %;

* pa3paboTaHa MareMaTH4yeckas MOJEIb CHUCTe-
MBI «CtapTt — CTOm», TTO3BOJISIONIAS POU3BOAUTE OBI-
CTPBIH 3aITyCK JBUTATENSI C MUHIMAIbHBIMU dHEPTETH-
YECKUMHU TIOTepsMHU. VCIomb3ys anropuTMbl CHCTEMBI
«Crapt — Ctom», yaanock CHHU3WUTH BPEMs MPOKPYTKH
nmeuratens ¢ 0,9 no 0,3 ¢. u obecreunTh OoJee OBICTPOE
oTIpesieTIeHne MOMEHTa MCKPOOOPa30BaHUs M TOTLTHBO-
oI,

* TpeUIOKEHHAss MareMaThdeckas MMHTAIlMOH-
Hasi MOJIENIb CHCTEMBI PEryIMPOBAaHUS CKOPOCTH aBTO-
MOOWJISI TTO3BOJISIET OCYHIECTBIISATH YIIPABICHHE YTIIOM
OTKPBITHA JIPOCCEITBHON 3aCIOHKHA 4Yepe3 KOHTpPOIIIep
cucreMbl ynpasnenus JIBC 06e3 mpuMeHEHHs HOIOJ-
HUTENBHBIX OJIOKOB yTPAaBJICHHUs, YTO MO3BOJSIET 0bec-
TIEYUTh HEMOCPEJACTBEHHOE BO3/EHCTBHE HAa WCIOIHH-
TEJTbHBIE MEXaHU3MBI;

*  CO3IaHUe MaTeMaTHYECKIX MMHUTAIMOHHBIX MO-
JIeNield AIIEKTPOTEXHUIECKUX CHUCTeM M MX pealn3aius
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Ha 0a3e 0OIell KOHIICIIUHU TOCTPOSHHS MPOrPaMMHO-
arnmnapaTHOTO KOMILJIEKCA MOXKET I03BOJIUTH IMPOU3BO-
JTUTh MOJICPHU3AIINIO U paciiupeHue QYHKIIUN SIEKTPO-
TEXHUYECKUX CHCTEM YIpaBJIeHUs 0e3 CYIICCTBECHHBIX
KaluTaJIOBJIOKEHHH.

Cmamus ebinonnena 8 pamxax pabomsi Hao epam-
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I'EHEPALIUSI MHOI'OKAHAJIBHOI'O CBEPXITNPOKOIIOJIOCHOI'O
CHUTI'HAJIA IJ151 ROF CUCTEM

B crarpe mpemmaraeTcs metop reHeparnun ceepxmupokonoiocHoro (CLUIT) curnana mmst Radio-over-Fiber
(RoF) cucrem. PaccmaTpuBaercs coBMecTHOe ucnoib3oBanue CLIITI-TexHONMOrMN iepenads TaHHBIX U TEXHOJIO-
ruu RoF nist nepenaun MHorokanainbHoro curnaia. Ilpu ucnonbzoBanuu CHITI-TeXHOIOTMH COBMECTHO C T€X-
Honorueil RoF Bo3HmKaeTt nmpobiema Beioopa criocoba nepenaun ClUII-pagunonmmynsca. B paboTe mpemioxena
cXeMa OpraHW3aIlid MHOTOKAaHAJBHOHN IMepeaadyn CBEPXIIHPOKONOIOCHOTO curHaima Ha ocHoBe FTTH (fiber to
the home — onITOBOIOKHO 710 KBapTHUPHI) CeTEH IS Mepeiavl MyJIbTHMEIUHHOTO BRICOKOCKOPOCTHOTO KOHTEHTA.
[IpoananusupoBaHa criekTpaibHass Macka locynmapcTBeHHON komwuccnu 1o paguodactotram (I'KPY), orpanu-
yuBaromas 3(pQpexkTuBHy0 H30TponHYy0 n3irydaemyo mMomHocTs ClIII-curaana Ha tepputopun Poccuiickoit
denepaunu, U NPeJIoKEHO Ucob3oBaTh nepeaayy CIIII-curnana B Tpex 4aCTOTHBIX «OKHAaX» HA OCHOBE TEX-
svonoruu IR-UWB (Impulse radio ultra-wideband) ¢ momMomisio cBepXKOPOTKAX HMITYIBCOB, TIO3BOJISIONINX J0-
CTHYb BBICOKOW OMTOBOM CKOPOCTH TIEPEIaH.

B pabote npezncrasiena skcniepruMeHTalbHas peanu3anus Texaonoruu nepenaun [IR-UWB ¢ yuerom criek-
TpasnbHOil Macku ['KPY. B skcnepumenTe peanusyercs sJeKTpuueckas resepauus tpex oraenbHeix IR-UWB
KaHaJIOB, YaCTOTHI KOTOPBIX cMetmieHbl Ha 4,5, 7 1 9,5 I'T'1 cooTBeTCTBeHHO. Takoi BEIOOP YaCTOT OOBSICHAETCS
Tpems «okHamu» macku I'KPY. Yactotel 4,5, 7 1 9,5 I'T'11 ABISAIOTCSA HEHTPATBHBIMU YaCTOTAMM 3THUX «OKOH.
JlaHHBII TTOIXO0/T TIO3BOIHII TTOTYYUThH CBEPXIIHPOKOITOIIOCHBIN CHTHAI, KOTOPBIH ONTHMAJIFHO «BIUCHIBACTC» B
cnekTpayibHyto Mmacky ['KPY.

Jlnst oleHKH pabOTOCTIOCOOHOCTH TIpeaIaraeMoil CHCTEMBI OB TIPOM3BEACHBI M3MepeHns koddduruenTa
outoBeix omuOok (BER — bit error rate). Koadpdunuent BER Bapsupyercs ot 10—3 mpu MOIIHOCTH CHTHAJIA Ha
Bxone (oromerexTopa 7 nbm, mo 10—13 mpu mMomrHOCTH cuTHANA Ha Bxozae (oromerekTopa 11 nbm. U3meperus
MPOBOJMIIUCH JUUISI YETBHIPEX CIY4YaeB: IPU OTCYTCTBUM ONTHYECKOW JIMHHMH, 25 KM ONTHYECKOH JnmHUHU, 50 KM
ONTUYECKON IMHUU U 60 KM ONTHYECKOU JIMHUU.

B crarbe Ha puCyHKax NpeICTaBICHBI CXeMa SKCIIEPUMEHTAIBHOTO cTeHAa U nojaydyeHHblil IR-UWB curnai.
Taxoke mokasansl rpaduku 3aBUCUMOCTH Koddurnenta BER ot MomHocTH curHana Ha BXone (oTomeTekTopa.

Karoueswvie crnosa: cBepXmmpoKONOIOCHBIH curHal, radio-over-fiber, mepenada cCBEpXKOPOTKHX HMITYJIbCOB,
OpPTOTOHAJIFHOE YaCTOTHOE MYJIBTHIUIEKCHPOBAHHE, TAYCCOBCKUN MMITYJIBC, MOHOLIUKI, KOd()(PUIIHEHT OUTOBBIX
ommnOok, Macka I'KPY, ciekTpasbHast II0THOCTH MOIITHOCTH, MoxyisiTop Maxa — Llenaepa.
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MULTICHANNEL ULTRA-WIDEBAND SIGNAL GENERATION
FOR ROF SYSTEMS

Ultra — wideband (UWB) signal generation approach for Radio-over-Fiber (RoF) systems is proposed in the
paper. Shared use of UWB transmission technology and RoF technology for multichannel signal transmission is
considered in the paper. There is a problem of choosing UWB radio impulse transmission approach when using
UWRB technology together with RoF technology. The scheme of ultra-wideband signal multichannel transmission
based fiber to the home (FTTH) networks for multimedia high — speed content transmission is proposed.

State radio frequency commission (SRFC) spectral mask is analyzed, which limited UWB signal effective
isotropic radiated power on the territory of Russian Federation and the using of UWB signal transmission in
three frequency «windows» based Impulse radio ultra-wideband (IR-UW B) with ultra-short impulses, allowing to
achieve high bit rate, is proposed.

In this paper IR-UWB transmission technology experimental realization, which takes into account SCRF
spectral mask is offered. In the experiment generation of three IR-UWB channels, which frequencies are shifted
to 4,5, 7 and 9,5 GHz is realized. We chose such frequencies because of SCRF spectral mask «windows». The
frequencies 4,5, 7 and 9,5 GHz are central frequencies of these «windows». This approach allowed to obtain ultra-
wideband signal, which best corresponds the SCRF spectral mask.

To assess the performance of proposed system bit error rate (BER) measurements were taken. BER is 10-3
for received optical power at photodiode 7 dBm and 10-13 for received optical power at photodiode 11 dBm. The
measurements were taken for four cases: back-to-back, 25 km optical line, 50 km optical line and 60 km optical line.

In this paper experimental setup and received IR-UWB signal are shown on the figures. Also plots BER vs.
received optical power at photodiode are shown on the figures.

Key words: ultra-wideband signal, radio-over-fiber, impulse-radio-ultra-wideband, orthogonal frequency
division multiplexing, Gaussian impulse, monopulse, bit error ratio, GKRCH mask, spectral power density, Mach

— Zender modulator.

Texnomorns CIIII-maHHBIX sBAIETCS OTHOH U3
MIEPCIIEKTUBHBIX TEXHOJOTHH IIMPOKOTIOIOCHOTO J0-
CTyIla K MYJbTUMEIUWHBIM YCIyTaM W ajJbTepPHATHBOU
JUTSI 3aMEHBI CYIIECTBYOIINX ITEPCOHANBHBIX U JIOKATh-
HbeIX OecrpoBoHbIX ceteil. CUIII-cucremsr obmamatoT
HU3KHM YPOBHEM COOCTBEHHBIX TOMEX, YCTOWYUBO-
CTBIO K MHOTOJYYEBBIM 3aMHUPAHUSIM, HU3KOW BEPOSIT-
HOCTBIO TIepeXBaTa M BO3MOXXHOCTBIO ITPOXOKICHUS
4yepe3 MPEMNSTCTBUS, P 3TOM COXPAHSS YCTOWYHBYIO
cBsi3b. CIIII-cuctembr 001a1at0T BEICOKOH CKOPOCTHIO
nepesaydl BHYTPH MUKOCOTOBOW SYCHKH, KOTOPYIO Op-
TaHU3YyeT OJIHO OKOHEYHOE YCTpoiicTBO. CyIecTBEeH-
HOM 0COOEHHOCTBIO sABIsEeTCs Hcnoib3oBanue CIIII-
TEXHOJIOTUW COBMECTHO ¢ TexHonorueir RoF mms opra-
HU3aIlMU TIepeadl HEeCKOIbKUX KaHaloB. JlaHHoe Ha-
MpaBlIieHUE MOXKET OBITh TPUBJICKATEIBHBIM B Oy/IyIieM
JUIST OpTaHU3aIllui TIepefayd B OJHOM BOJIOKOHHOM W
0ecIpOBOTHOM KaHaJle HECKOJIBKUX MH()OPMAITMOHHBIX
KaHaJIOB, KOTOPbIe OyyT UCIONB30BaThCs I Tiepesa-
gy pa3mnuHbix cranaapToB (LTE, HD u 4K mudposoe
teneBuaeHue, Wi-Fi u . 1.).

Ha puc. 1 mpencraBneHa KOHIENIHS TTOCTPOCHUS
W OpraHu3aIys rnepeaadsl MyJTbTUMEIUIHHOTO KOHTEHTA
HCTIOJIB3YIONIUX TEXHOIOTHIO TOCTPOCHHUS ONMTHYECKIX
cereit FTTH (fiber to the home — onToBOI0KHO 710 KBap-
TUpBI) U criekTpanbHas Macka ['KPY. Ha 6a3oByro cTan-
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uuto (bC) moctynaroT MynsTUMETUIHBIC TAHHBIE, KOTO-
pBI€ PA3BOIATCS IO OT/IEIBHBIM YaCTOTHBIM KaHallaM, U
renepupyercst equnblii CLUTT-curnan. Ha abonenTckom
Momyne (AM) onTHYECKHWH CHUTHAN MPOXOTUT 4Yepes
(hoTomeTeKTOp, MOIOCOBOM (WIBTP, YCHIUTENh MOII-
HOCTH W u3iny4aercs B 3up. [Ipu sTOM criekrpanbHas
mw10THOCTH MomHocTH (CIIM) orpanudeHa 3HaYeHHEM
-45 nbM/MI'i, naHHOE OOCTOSITENECTBO CYIIECTBEHHO
OTpaHUYHMBAET PAJNYC OECIPOBOIHOW IEPCOHATHHON
CeTH B [uana3oHe yactot ot 2,85 no 10,6 I'Tu [1]. Ilpu-
emuble Moxynu (IIM) pacmomararoTcst Ha OKOHEUHBIX
yCTpoicTBax (TENeBU30p, MEPCOHATBHBIN KOMITBIOTED,
IUTAHIIETHBIN KOMIIBIOTEp). Ellle OHIM OrpaHU4YHBarO-
M (hakTOpOM, BIHSIONIUM Ha TIOJI0CY MPOITYCKaHHUS,
SIBIISIETCSl HAJMYUE B CIIEKTPAIBHON MacKe «OKOH» B
nuarrazone: 3,954,425 I'T'iy — I «oksHOY, 68,1 T'T'Im — 11
«okHO» 1 8,625-10,6 I'T'y — 111 «oKHOY.

Ha naHHBIN MOMEHT U3BECTHBI JIB€ TEXHOJIOTHH TIe-
pemaun CHIII-curnana: mepenada CBEPXKOPOTKHUX MM-
nynbcoB (IR-UWB) 1 nepenaya Ha 0CHOBE OPTOTOHAJIb-
HOTO YaCTOTHOTO MYJBTHUIUIEKCHPOBaHUs 14 kKaHAIIOB ¢
nonocoit 528 MI'm na 128 monnecymux ¢ QPSK mo-
nymsmuern (OFDM-UWB) [2]. TTocienasisi TeXHOIOTHS
npuMeHnMa Toibko it Macku FCC, npunsroit 8 2002
rogy. Jns macku, mpuHsITONH Ha TeppuTopuu Poccuii-
ckoil denepanuu, Ha JaHHBIH MOMEHT PEKOMEHIAIUU
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Puc. 1: a) cxema opranuzauuu nepenauu Ha ociope FTTH-cereili; 0) macka 'KPY YM — ycunuresab MOIIHOCTH,
I1® — nonocosoii punbrp, bC — 6a30Bas crannus, CLIIT-RoF — ceepxmupoxononocHstii RoF

1o ucnonb3oBanuio Texronornn OFDM-UWB orcyt-
CTBYIOT [3].

Ilepenaua nanHpix Ha ocHOBE TexHOJorHK IR-UWB
C NOMOLIBIO CBEPXKOPOTKUX HMMIIYJIBCOB JIMTEIBHO-
cthio 110 0,1 HC 0OecieunBaeT BBICOKYHO CKOPOCTh Iepe-
nauu naHHbx — 1o 10 I'owut/c. [pu peanusanuu naHHON
TEXHOJIOTUU B Ka4ECTBE MEPEHOCUYUKOB OUTOB MHQOP-
MallMU UCIIOJIb3YETCSl TayCCOBCKUI MOHOULMKII WJIA €r0
npou3BoyiHbIe [4]. Pa3spaboTka u MojemupoBaHUe OTHO-
ro HMIYJbCa, CHEKTPaJIbHAas IUIOTHOCTb MOLIHOCTH
KOTOPOT'O COOTBETCTBYET BCEW MACKE YacCTOT, SBJISETCA
TPYAOEMKOH 3a1a4ei ¥ CI0KHOU IPU IPAKTUYECKOH pe-
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anu3anuu. OAHUM U3 TOJXOIO0B AJIS PEIICHUS TaHHOMN
poOJIeMBbl SBISICTCS T'eHEpalus TPEX KaHAJIOB B pas-
JIUYHBIX «OKHAX» Macku. CKOPOCTh MEpeaun B KAKIOM
MOJIKaHAJIe OYIEeT OMPEACSATHCS BHIOOPOM JITUTEIILHO-
CTU MOHOIIUMKJIA M KOJIMYECTBOM HUMITYJIbCOB, OTBEYAIO-
UX 3a nepeaaqy Jorudeckoro «0» u «1». Ho B oOmem
ciIy4ae JUisl IEPBOTO «OKHa» MaKCHUMAaJlbHas CKOPOCTh
nepenayu Oyner okoio 475 Mowut/c, muis Broporo — 2,1
I'éut/c, mst tperbero — 1,975 T'ourt/c.

Ha puc. 2 npexacraBinena cxema 3KCIEpUMEHTAIb-
HOU peanu3aluy IpeIoKeHHON TeXHOIOTUU TIepeaun
CIII-curnana ¢ ucnoib30BaHueM TexHonoruu RoF.
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Puc. 2. DxcnepumentanbHas peanuzauus CHIII-cucremsr: CW-laser — nazep, paboTaromuii B HENPEPLIBHOM PEXKUME;
PRBS — ciyuvaiinas nocnenoarenbHOCTh OUT; Gaussian generator — reHepaTop rayCCOBCKUX UMIYJIbcoB; MZM-EOM —
3NIEKTpooNTHYeCKH MonysiTop Maxa — Llennepa; PIN — PIN — doTonuon; UWB pulse shaping filter — punsrp dopmsr;

RF Amp. — anextpudeckuii ycunurenb; Atten. — arrenproatop; OSC — reneparop xonebanuii; MUX — MyJIbTHILIEKCOD
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B nannoii cxeme peanusyercst reHepauus tpex IR-
UWB-curnanos, Hecymye KOTOPBIX CMeIeHsl Ha 4,5
ITu (1 ch),7ITu(2ch)u9,5 T (3 ch)coorBercTBen-
HO. Taxoii BBIOOp 4acTOT OOBSICHSIETCS TPEMSI «OKHAMM
macku ['KPUY. Yacroter 4,5, 7 1 9,5 I'T'11 sBNISrOTCS 1IeH-
TPaNbHBIMH YaCTOTAMH ITHX «OKOHY.

Ha snexrpuueckuii Bxog moaynsitopa Maxa — Llen-
Jiepa, y KOTOpOTO 1oJI0ca MPOIYCKaHUS COCTABIISET OKO-
mo 10 I'T'm, momaeTcst cirydaifHasi MOCIeA0BaTEIHHOCTD
rayCCOBCKUX UMITYJIECOB CO CKOPOCTBIO, HE TIPEBHIIIIAI0-
el MakcUMasbHbIE CKOPOCTH IS KaXKI0T0 KaHaja. B
KadyecTBe aJbTePHATHBHOIO BapuaHTa T'€HEPHUPOBAHUS
rayCCOBCKUX MMITYJbCOB MOKHO MCIIOJIB30BAaTh JIa3ep ¢
(DUKCHPOBAaHHBIM PEKUMOM (POPMHUPOBAHUS UMITYIIECOB
(MLL — mode locked lazer), Toraa Ha amekTpuyecKuii
BxoJ Moaynstopa Maxa — LleHaepa MOXHO M0JaBaTh
CIy4YailHyl0 MOCIeqoBaTeNbHOCTh NRZ-UMIynbCOB
[5]. K onTtnueckoMy Bxoay MOIYNIATOpa IMOAKIIOYAET-
cs1 CW-nazep. Mogynsauusi ONTHYECKOr0 CUTHasla OCy-
IIECTBIISAETCS IEKTPUUECKOI MTOCIIe0BaTeNbHOCTHIO C
pa3IMYHON CKOpPOCThIO. Jlasiee ONTUYECKUE UMITYJIbChI
nocrynaioT Ha PIN-oToamnon, riae npoucxoauT ux npe-
o0pa3oBaHue B NMEKTPHUYECKHE MMITYIbChI. DOpMUpO-
BaHUE TayCCOBCKMUX MOHOIIMKIIOB OCYIIECTBISETCS C
nomolibpto Gunerpa popmel (UWB pulse shaping filter).
[Mocne ¢unbrpa KakIbli MOHOLMKJ CABHTAETCS TO
gactoTre. CABUT OCYIIECTBIIIETCS C TIOMOIIBIO TeHEepa-
TOPOB HECYINETO BHICOKOYACTOTHOTO KOJIeOaHUs C yac-

totamu 4,5, 71 9,5 I'Tn. Chopmuposannsie IR-UWB-
CUTHAJIBI TIOCTYMAIOT Ha MynbTHIUIeKcop. OOmmii IR-
UWB-curnan 3anuMaet nosnocy gactot 2,85-10,6 [T
(monoca gacrot macku ['KPY).

IR-UWB curnan nociie MyJIsTUILIEKCOpa OCTyna-
€T Ha IEKTPUYECKHI BXoJ MonyisTtopa Maxa — IleH-
nepa. IIpoMonynupoBaHHbIA ONTHYECKUH CUTHAJ TO-
CTyNaeT B JIMHUIO. B sKcmiepuMeHTe HCIOIb30BaIOCh
YeThIpe BapHaHTa JUIMH onTHdeckux auHui SMF co
CTaHJAPTHBIMU TEXHUYECKUMH XapaKTepHCTUKaMHU: Oe3
onrtuyeckoi muauu (pexxum Back-to-back), ontuueckas
quaus 25 kv (L1), 50 xm (L2), 60 kM (L3). [Tocne ontu-
yeckoit tuHum obuuii IR-UWB-curnan nerexkrtupyercs
PIN-doroauonom. HactoTa quckperrsannu GpoToanoia
80 I'T'n, momoca momymsitiun — 2 ',

Jist onleHkH pabOTOCIIOCOOHOCTH BCEH CHCTEMBI
HCTIOJIL30BAJICS aHAIN3 KodduImeHTa OUTOBBIX OIIH-
6ok (BER - bit error ratio). Ananmz BER npoBoanics
JUIS KaKJIOTO M3 TpeX KaHajoB. [y BBLAECTEHUS HyX-
HOTO KaHaja Ha NMPHUEMHON CTOPOHE HCIIOI30BAINChH
MOJI0COBBIE (PUIIBTPHI, HACTPOEHHBIE COOTBETCTBEHHO
Ha CBOM KaHal ¢ Hecymel wactotoi 4,5, 7, 9,5 I'Tm.
Amnanmu3 BER npoBonuiics s Tpex ciydaes: 6€3 onTH-
YEeCKOTo BOJIOKHA, 25, 50 n 60 kM. M3mMepenus mpoBou-
JIUCh TIPY MOIIHOCTH CHT'HAJa Ha BX0/ie (OToIeTeKTOpa
4-8 nbwm.

Log(BER)

) TN
N

/

-8
—#—Back-to-back 1 ch
-B-25km 1 ch
——50km 1 ch

#-60km 1 ch
-12

Received optical power

Puc. 3. Tlepesiii kaHam: a) koddhdunuent BER; 6) rnasz-quarpamma

Kax BumHo u3 puc. 3-5, ¢ yBelIMYECHUEM JTHHBI
BonokHa kodpdunuent BER yBenuuusaercs. 910 00b-
SICHSIETCS BIMSIHUEM HEJIMHEWHOCTEH B OIITUYECKOM BO-
JIOKHE. Take MOKHO OTMETHUTb, YTO IPU OTCYTCTBHU
BOJIOKHA W ITpH paccTtostand B 25 kM BER st Tpetsero
kanana 9,5 I'T1 mensIne, yeM s mepsoro — 4,5 I'Tn
u Broporo — 7 I'T'u. Ho ¢ yBesmnueHueM JIMHBI BOJIOK-
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Ha BER yBenunumBaercs. [lpu 50 u 60 kM HanMeHbIIAN
BER 6511 monyuen s nepBoro kanana — 4,5 I'Tn. Ha
puc. 6 mpuBeieHa CIIeKTpaibHas MIIOTHOCTh MOIITHOCTH
crenepupoBaHHoro IR-UWB-curnana ¢ Hallo)KeHUEM
macku ['KPY. M3 pucyHka BUAHO, YTO IOJIyYEHHBIN
curnai coorsercryet Macke ['KPU.
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B naHHOH cTaThe IpeUIoKEHA cXema T'€Hepaluu
TpexkaHanbHoro IR-UWB-curnaia, cooTBercTByrolie-
ro cnekrpainbHoid macke 'KPY wactor. J[anHas cxema
[IO3BOJISIET OCYILECTBUTh IE€pefady MYJIBTUMEAUMHON
WHPOPMAIMH 110 TPEM HE3aBHCHUMBIM KaHallaM C pas-
JINYHOW CKOPOCTBIO, UCIOJB3Ysl TexHoioruo RoF, npu
3TOM T03BOJIAA THOKO yNPaBIATh CHEKTPAIbHON IUIOT-
HOCTBIO MOITHOCTH CBEPXIIUPOKOIIOJIOCHOTO CUTHAA.

Jannas paboma evinonnena npu noodepoicke Mumu-
cmepcmea 0opasosanus u Hayku PO, coenawenue o npe-
docmasnenuu cyocuouu Ne 14.574.21.0058. Ynuxano-
uoitl uoenmuguxamop npoexma RFMEFI57414X0058.
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VIIK 621.391.6

PA3PABOTKA AJITOPUTMOB KJTACTEPHOI'O AHAJIM3A KOHHEHTPAIIUHU
ABOHEHTCKHUX YCTPOHUCTB B CUCTEMAX MOBUJIBHOM CBS3U

B nanHoii cTaThe ONMUCHIBAETCS METOJl HAXOK/IEHUSI aHOMAIBHBIX 30H, TPOCTPAHCTBEHHO-BPEMEHHBIEC U3-
MEHEHHUs TPa(UKOBBIX MPOIECCOB (M3MEHEHHS HArpy3KH) B CETSIX ONMEPaTOpOB MOOMIBHOW CBS3M, HA OCHOBE
TEOPUHU PA3IAAKHU C MOCIENYOIUM IPUMEHEHUEM aJIrOPUTMa KJIacTepU3alluy, 1JIs BbICJIEHUS y3JI0B CIpoca.

Panuopecypcel ceTeil ¢Bsi3u HoasiexKaT ONEPaTUBHOMY PACIPEAEICHHUIO BCIEACTBUE PE3KUX W3MEHEHUH
KOHIIEHTpalnu a0OHEHTOB B 30HE OOCIYKMBAaHMS, BRI3BAHHBIX OCOOEHHOCTSMH HCIIOJIH30BAHHS MOOUITBHBIX
ceTeil KOHEYHBIMH TOJIb30BaTEIAMH. Pecypchl U3 MeHee Harpy’>KeHHBIX COT MOTYT OBITh WMCIOJBb30BAHBI JIIS
peIIeHHs ATOH MPOOIEMBI.

OYHKIUS TO3UITHOHNPOBAHNS MOOIIIBHBIX CTAHIIUN ONepaTopa MOOMIIBHON CETH SIBISIETCS BAXKHON MPO-
0yieMoii COBpeMEHHOH HayKH.

Hns Toro, 9To0s obecnieunTh 3G(EeKTUBHOE yIpaBICHUE PaAHOpecypcamMu, HE0OXOANMO MOHSATH MTHO-
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BEHHOE pacroyiockeHue MoOMIbHBIX cTanuil (MC) ¢ TOUHOCTBIO, KOTOPasi MIOMOXKET HAMTH yYaCTKU C BHICOKOH
KOHIICHTpalnei aOOHEHTOB ¥ HICHTU(UIIMPOBATH Y3IIbI CIIPOCA BHYTPH KaXJI0T0 KIacTepa.

B pe3ynbrare no3uInOHUPOBAHUS MOJYYaIOTCsI HAOOPhI HEYSTKHUX 00J1acTel BO3MOKHOT'O MOSBJICHHS a00-
HEHTOB, KOTOphIe OyyT crpynnupoBanbl. Hanbonee moaxoasimiuii aaropuTM KiacTepu3auu HEYeTKUX MHO-

)ecTB — 310 FCM.

Yka3aHHBINA anropuT™M 00pabOTKH JaHHBIX C TEOPHEW pasNalKH JaeT Hanboliee MOJTHOE MPEICTABICHUE O
KoJIMuecTBe. B pe3ynbraTre Mbl MOKEM YETKO OMPENEIHUTh Y3JIbI CIpOca Ha KapTe 00JIacTH.

OcobennoctsiMu anroputMa FCM sIBIISIOTCS: BO3MOXKHOCTH IPOTHO3UPOBAHUSI IICHTPOB OYyAYIIMX KJla-
CTEPOB B IPOCTPAHCTBE MPEIBAPUTEIBHON HHPOPMAIIUH 110 KOHIIEHTPAIKK a00HEHTOB; HEOOXOAUMOCTh BBOJIA
KOJIMYECTBA KJIACTEPOB; JIJIsl IOJIYUEHHUS LIEHTPOB MAcC KJIAacTepoB (y3JI0B CIpoca).

Karouegvie crosa: Teopus pa3iajku, IpOCTPAaHCTBEHHO-BPEMEHHAs pasialika, TpaQrKOBbBIE TPOLIECCHI, all-
TOpPUTM HeueTKOU KimacTepusanuu, C-Means, anroputm FCM, y3en crpoca.

DEVELOPMENT OF ALGORITHMS FOR ANALYZING THE CONCENTRATION
OF A CLUSTER OF SUBSCRIBER DEVICES IN MOBILE
COMMUNICATION SYSTEMS

This article describes a method for finding anomalous zones spatio-temporal changes traffic processes (load
changes) in the networks of mobile operators based on the theory of disorder followed by fuzzy clustering al-

gorithm to isolate nodes demand.

The radio resources are subject to operational control because when subscribers move it can cause occa-
sional congestions in mobile communication systems. The resources from less loaded parts can be used to solve

this problem.

Positioning function in MS mobile operator networks is an important problem of modern science.
First step to provide efficient management of radio resources is the location of mobile stations (MS) with
accuracy which help to find areas with high concentration of subscribers and identify nodes of demand inside

each cluster.

The set of fuzzy areas of possible appearance of subscribers is to be clustered. The most appropriate fuzzy

clustering algorithm for that is FCM.

The first data processing by change theory brings information about sufficient quantity of clusters for default
variety of subscribers. As a result we can clearly identify the nodes of demand on a region map.

The FCM algorithm’s features are: possibility to set the centers of future clusters in space by prior infor-
mation about concentration of subscribers; derivation of clustered areas of subscribers with assumptions about
membership in particular cluster. Possibility to set quantity of clusters, and to derive the centre of mass of clus-

ters.

Key words: the theory of disorder, spatiotemporal discord, traffic processes, fuzzy clustering algorithm,

Fuzzy C-Means, FCM algorithm, the node demand.

Brenenue

B mporiecce GpyHKIIMOHUPOBAHUSI CUCTEM MOOUIIb-
HOM CBSI3U BO3HUKAIOT PE3KUE MEPETPY3KU B OTACTBHBIX
€e CerMeHTax, OOYCIIOBJIICHHBIC IMEpeMelicHrneM ado-
HEHTOB, YTO BBI3bIBAET HEOOXOJAUMOCTH OIEPATUBHOTO
yOpaBlieHus paguopecypcamu. Tak, B ciiydae mepe-
IPY3KU CETU B OJTHOW YaCTH 30HBI 00CTYKHBAHUS MOTYT
OBITh 33JICHICTBOBAHBI PECYPCHI U3 MEHEE 3arpyKCHHON
ee yactu [1].

Jist 3 PEeKTUBHOTO yIpaBICHHS PATUOPECYPCaMU
CHUCTEMBI COTOBOW CBSI3U HEOOXOIUMO TO3HUIIMOHHPO-
BaTh MOOMJIbHBIC CTAHIIUU C TOYHOCTHIO, TIO3BOJIAIOIICH
BBISIBIISITH 30HBI AHOMAJBHOTO W3MEHEHMsSI KOHIICHTpA-

uuu [2]. OyHKIMs MO3UIHOHUPOBAHUS (MECTOOIpPEIe-
nenus) MC B ceTsx oneparopa COTOBOM CBSI3H SBISCTCS
aKTyaJbHOH MpOoOIeMOl COBPEMEHHON HayKH U MOXET
CTaTh YHHUBEPCAIbHBIM HHCTPYMEHTOM IUIS PEIICHUS
LIETIOTO Psfia 3a7ad, HAPSIMYI0 HE CBSI3AHHBIX C YCIy-
ramu cBsizu [3].

[Tonydyennsle B pe3ynbTaTe MO3UIIMOHUPOBAHUS
Macchl a00HEHTOB MPECTABIISIOT COOO0M OOJBINNE Mac-
cuBbl. O0pabaTkIBaTh KAKIAOTO A0OOHEHTA HE MPE/ICTaB-
nsieTcs: BO3MOKHBIM. C TOukM 3peHus 3((HEKTUBHOTO
yIpaBICHUS HEOOXOMMO 00BEIMHUTH BCEX a0OHEHTOB
B KOHIJIOMEPAIIUH, YI0OHBIC I JaJIbHEHINEro yrpaB-
JICHUS.
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ITocranoBKka 3a1a4u

W3BecTHBIE aNTOPUTMBI KIIACTEPU3AIUN HEUETKUX
MHOXECTB TPeOYIOT ampHOPHBIX CBEICHHH O CHUCTEME,
TaKHUX KaK KOJMYECTBO KJIACTEPOB, HA KOTOPHIE HEOOXO-
JTUMO pa3OUTh JAHHOE MHOXKECTBO, IKCTIOHEHITHATEHBIN
BeC 00BEKTOB MHOKECTBA, TTApaMETP OCTAHOBKH aJro-
pUTMa ¥ HEKOTOPBIE IpyTHE [4].

Jna  ompeneneHuss MWHHUMAIbHOTO KOJMYECTBA
KJIACTEpPOB, B paMKaX IMOWCKA y3JI0B CIpOca, TepBOHA-
YaJbHO HEOOXOAWMO OIPENEeNUTh 30HBI aHOMAJIBLHOTO
M3MEHEHHs Harpy3KH Ha CeTh OIleparopa CBS3H, HX KO-
JIUYECTBO M PACIIOJIOKEHHE.

J1st cTatucTHIeckod «(pUIBTparumy aOOHEHTOB
¢ TOCIeAyIomuM 00beTMHEHNEM UX B TPYIIHI (KJ1ac-
Tepbl) Ha OCHOBE TEPPUTOPHAIBHONW KOHIIIOMEPAINn
TIpeIaraeTcs NCIoab30BaTh AITOPUTM TEOPUH pasiiaji-
K. B mIpocTpaHCTBEHHO-BPEMEHHON 00JIaCTH B PEKHU-
Me pealbHOTO BpEMEHH JaHHasl TEOPHS MTPEICTaBIACTCS
HanOosee d3PpPEKTUBHOM 1O CIASAYIONAM TTapaMeTpaM:

1. VHBapWaHTHOCTh K CTaTHUCTHYCCKUM CBOMK-
CTBaM Harpy3KH.

2. VHBapwWaHTHOCTH K CITOCOOY M HAa4aly cueTa.

3. HebGompmioe 9nciao BBIOOPOK, MPHUBOMSAIINX K
OTBETY.

4. TIpocToit aJIrOpUTM IPUHATHS pEIIeHU [5].

OnHako JaHHBINA CITOCOO UMEET PSIT OTpaHUICHUI:

1. Jlms xaxmoro cirydas HEOOXOAMMO BEIOWPATH,
10 KaKOMY KpHUTEpHIO OyIeT MPOUCXOAUTH Tiepedop ai-
roputMa paznanku ((hakTuueckas TUIOTHOCTh aOOHCH-
TOB CETH WJIM TUIOTHOCTH 3allPOCOB PECYpCOB CETH B
SIMHUITY BPEMEHH, WM KaKoU-IH00 APyTOi mapamerp,
MMEIONIMIA CYIIECTBEHHOE BIHMSHHWE Ha pabOTy CeTu
CBSI3H).

2. CHoXHBIA BBEIOOP MOPOTOBOTO 3HAYCHUS pPa3-
JaJIKA, TIPH KOTOPOM MOJeNb OyIeT BhIIaBaTh MEHee
pobacTHYIO KapTHHY pa30ucHUS.

3. Pa30oMKHYTOCTH KJIAaCTEPOB aHOMAIBHBIX 30H.

[IpuMeHnTeNbHO K KOHIIETIINH YIIPABICHUS Panio-
pecypcaMm CHCTeM MOOWIBHON CBs3M OOImasi 3ama-
Yya KJIACTEPU3alNU CBOAUTCA K OMPEACICHHIO TPAHHUIL
(KoopauHAT) KIIACTEPOB, MO CYTH, SIBISFOIIMXCS arpe-
TUPOBaHHBIM MCTOYHHUKOM COOOIIEHWH, a TaKkke Kiac-
cuukamuy Tpapuka ITHX HCTOYHUKOB COOOIIECHUH.
[Ipu sTOM pemieHre 3afayd KIACTepU3alUU TOJIKHO
MIPOUCXOANTH B PEXHME PEaTbHOTO BPEMEHHU IO BUIY
MepeaBaeMbIX CEPBHUCOB. AJTOPUTM KIIACTEPU3AIAN
Ha OCHOBE pa3jiaJKh IMOMOTAeT ONpPEAETUTh KOINde-
CTBO HEOOXOMMMBIX KiacTepoB. llocne ompenenenus
YHUCIIa KJIACTEPOB TMOSBIISIETCS BO3MOXKHOCTH TIPUMEHe-
HUS aJITOPUTMOB HEYETKOHN KJIacTepu3aluu (Ha OCHOBE
JTAHHBIX 110 KOJMWYECTBY aHOMAIIBHBIX 30H, PABHOMY KO-
JUYECTBY KJIACTEPOB, HA KOTOPBIE CIIEAYET ACITUTh MHO-
JKeCTBa AOOHEHTOB).
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TakuMm 00pa3om, IepBOCTEIIEHHOH 3a/1aueii pH No-
HCKe KIacTepoB OyleT SBISTHCS 3a/lada OINpeelICHHs
I'paHul] aHOMAJIBHBIX 30H KaK BO BpeMeHHOﬁ, Tak U B
MPOCTPAHCTBEHHOM 00JIACTH.

B pesysnbrare mnepBUYHON 00paOOTKM JaHHBIX C
MOMOIIBIO TEOPUH PA3NaJKH IOSBISIFOTCS CBEICHHUS
0 KOJIMYECTBE KIIACTEPOB, HA KOTOPbIE HEOOXOIUMO H
JIOCTATOYHO Pa30MBaTh MCXOIHOE MHOKECTBO aOOHEH-
toB. Anroputm FCM (Fuzzy Classifier Means) npen-
crapisier co0O0l YacTHBIN CiTydail alropuT™Ma HeYeTKOU
knacrepusaiun ['ycradcona — Keccenst u siBnsiercs
HauOoJee MpoCToi ero peanuzanuei [6]. B pesynsrare
MMPUMCHCHUSA JAaHHOI'O aJilrOpuTMa MOT'YT OBITH nojy4e-
HbI OJTHO3HAYHO-H/ICHTU(DUIIMPOBAHHBIC HA KAPTE MECT-
HOCTH Y3JIbI CIIpOCa.

Pemenne 3axaun

AJNTOpPUTM KJIacTepu3allii Ha OCHOBE pasiajKu
MOYKHO CBECTH K CIIEAYIOIINM IIaram:

Hlae 1. Omnpenenennie BEIOOPKU MECTOIOIOXKE-
Huit MC (x; y) B Te4eHue mara.

lae 2. PazOuenue ucciegyemoil o0lacTH Ha
MoA00IaCTH € IArOM, PaBHBIM CPEAHEMY 3HAYCHHUIO
OIMOKH TTO3UIIMOHUPOBAHMS (HAJIO)KEHHE CETKH).

Ulae 3. Onpeznenenne rpaHull pa3aagKkd B BbI-
6opke. Beraucnsiercs ¢pynkponan T (S) no popmymnam:
T(S(N; M), = 2oL 23 — 52 (1)
RTS8,
25 —51—5;
T(S(N; M = , 2)
(SN M)y = =

rie T(S(N; M)) — 3nauenne QyHKUMOHANA MPH BO3-
pacratomeii narpyske, a T(S(N;M)) — 3nauenue
(dyHKIMOHANA TIpH YOBIBAIOIIEH HArpy3Ke, MpH ITOM
00a (yHKIHOHANIA CYIIECTBYIOT B t = [t<1>‘ ty + Atﬂ],
rae Ly, — paxrnyueckoe Bpems; At, — AMCKPET BpeMeHH,
ONpEJIESIEMBIN PeaNbHBIMU YCIOBUAMHU:

f 1 N-M
e St

y =

1

Cos=m )l

j=(N=M)+1

N—-M M

S e DI

i=1 j=(N-M)+1

rae N u M cBsa3aHbl reomeTpudecku (pucyHok 1), N —
mvHa passeptku Gynkimonana 7(S), Me[1,N]; & -
3Ha4YeHHe Harpy3kd Ha 6a3oByto cranuuio (bC) B man-
HbIIl MOMEHT BPEMEHU.

Illae 4. O0benuHeHE MHOXKECTB 3HaueHuit 7(S) B
OJTVIH:
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T {T(c MEHbIINMHU 3Ha‘-IeHI/IHMI/I),} @)
v T'(c 60/IbIIUMU 3HAYEHUSIMH).
[laz 5. OnpeneneHue COOTHOLEHUS:
IT;
lul = m > Hpoporosoe ®)

]
e unopOFOBoe HaxXoguTCsa U3 CTAaTUCTHYCCKHUX JaHHBIX.

Llaz 6. Boigenenue KOOpUHAT MOMEHTA PasaKu:
(x:y) = arg {Ty(M(x; ), N(x, %) — M(x; )} (6)

s perienust 3a1a4u BO BPEMEHU 10CTATOYHO pac-
CMOTpPETh CYTOUHYIO HAarpy3Ky Ha cexTopa aHTeHHbl bC
oneparopa cotoBoll cBsi3u. [lonmpoOHO paccmarpuBaet-
sl B IIpUMeEDE.

KonnuectBo aHOManbHBIX 30H, MONTYYEHHBIX B pe-
3yJbTaTe MPUMEHEHUS aJIrOpUTMa HA OCHOBE Pa3aKu,
JIETKO ONpeenseTcsl. DTH BBIXOAHbIC JaHHBIE MEPBOTO
QITOPUTMa CTAHOBSITCS BXOAHBIMH YCIIOBUSMH PabOTHI
1t BTOporo ainroputma FCM.

ANTOPUTM BBIICIECHUS Y3JIOB CIIPOCAa HAa OCHOBE
FCM MOXHO CBECTH K CJIEAYIOIIUM LIAram:

Llaz 1. Onpenenenre MECTONOJIOKEHUS LICHTPOU-
10B (TOYKa, OTHOCUTEIILHO KOTOPOU HJIET mepedop 3Ha-
YEHUI MPUHANJICKHOCTU K KIIACTEPY, HE SIBISETCS LICH-
TOM KJacTepa).

Ilaz 2. Onpenenenre HEOOXOAMMOTO KOJIMYECTBA
KJIACTEPOB (M3 TaHHBIX, IOJIYYEHHBIX B PE3YJbTaTE MPH-
MEHEHHUS pa3iagKu).

[lae 3. Pabota anroputMa. MUHUMU3aHsST CyMMBI
BCEX B3BElICHHBIX paccrosnuii ||dy — ¢ |[:

N K

D ) @t de =g > min, @)

j=1k=1

rae ¢ — QUKCUPOBaHHBIN NapaMeTp, 3aJaBaeMBblil epe
utepauusamu. st ucecaenyemoro MoxkectBa K Bxon-
HBIX BEKTOPOB ¢, M N BBIICISACMBIX KIACTEPOB ¢, MPE-
TI0JIAraeTCsl, 4T0 IH0OO0H d, IPUHAIEKHUT JTH0OOMY ¢ c
NPUHAICKHOCTBIO 4, HHTEPBAILY [0, 1], rne j — HOMED
KJacTepa; kK — HoMep BXOJHOTO BEKTOpa; || || — marpuy-
Has HopMma (EBkimmoBa HOpMa); € — 3apaHee 3ajaBae-
MBI ypOBEHb TOYHOCTH [7].

[IpuHMMaroTCsS BO BHUMaHHE CIICTYIOIINE YCIOBHS
HOPMHUPOBAHHS JUTA |1, :

N
zyjk —1vk=1,.,K
=

N
0<z,uijK,Vj=1,..,N. (8)
k=1
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Bs3Belennnii LOCHTP IrpaBUTAlMU BBIITIAAAT CJIC-
JIYFOIIIUM 00pa3oMm:
N
ijl(.ujk)q *dy,

I Yk=1 () ! ©)

1/ .
i = ) "o

N (1
T N =g Y

llae 4. Anroputm FCM cunrtaercs 3aBepIIeHHbIM

NP BBITIOJIHEHHUH CJICAYIOIIETO YCIOBUSI:

|UEHD —UO| <&, (11)
rae U® u U+ — marpurer npuxagiexsocTy; & — 3a-
paHee 3a/1aBaeMblii ypOBEHb TOYHOCTH.

llaz 5. OnpenencHue MEHTPa MACC MOTYYCHHBIX
HEUeTKUX (DUTYp B BUJIC KOHEUHBIX KOOPAMHAT (X; ).

JIaHHBII AITOPUTM HUMEET PsiJ] HELOCTATKOB:

1. Hederkass kiacrepuzanusi IOJIpa3yMEBacT B
CBOCH OCHOBe PaboTy Mo mepedopy OJHUX U TEX XKe
JAHHBIX U3 OOJIBIIIOTO0 MAacCHBa JJAHHBIX, YTO MPHBOTUT
K 3HAUUTEIHHOMY YBEIMYCHHIO BPEMEHH 00paboTKH
JIAHHBIX.

2. B cayuae 607bII0T0 KOJTUIECTBA UCXOTHBIX TO-
4eK (MoJenupyeMoe KOJIMYecTBO a0OHEHTOB paanoce-
TH) BBIYMCIUTENbHBIE MOIIHOCTH OObIUHBIX DBM He
CIIPABIISAIOTCS C MTOCTABJICHHOM 3a1aueil.

3. ANTOpUTM HE JaeT YETKOTO MPEACTABICHUS O
rpaHMIax pasjiesia KIacTepoB, TaK KaK MOTPaHUYHbIC
a0OHEHTBl MOTYT OTHOCHTBCS Cpa3zy K HECKOJIBKHM
KJIacTepam.

Ipumep. TlogpazymeBaercs, 4TO KOOPAUHATHI KaxK-
JIOW U3 AECSTH TOYEK MJIOCKOCTH (aA0OHEHTOB CETH) HaM
W3BECTHBI allpUOPH.

Kak BunHO u3 pucyHkoB 1 u 2, B ciaydae pe3koro
YBEIMUEHHS TUIOTHOCTU a0OHEHTOB CETH Ha EIWHUIIC
IUIOIA/IM, AITOPUTM KOPPEKTHO BBIJCISET Ty SUYCHKY,
/i€ MPOU30IIIIA «Pa3IaKay.

MogaenupoBaHue JAHHOM 3aJa4d IPOUCXOJUIO B
nporpamme C+. Touku 1 Ha4a bHbIE LIEHTPHI KIIACTEPOB
OepyTcsi ciaydaiHbIM 00pa3oM Ha mojie pazmepoM 500
Ha 500 yCIOBHBIX €IUHUI] JIUHBIL. MaKCUMalbHOE KO-
JMYECTBO UTEPALNi, 3aJI0KEHHOE B TIPOTPaMMYy, PaBHO
300. TTorpemmHoCcTh pacyeton 107,

Jlis mpezncTaBieHUs] BPEMEHHOM paziagku ObUIH
B3sThI gaHHbIe 0 bC oneparopa COTOBOM CBSI3H B TOPO-
ne Yde (pucynok 3).

W3 TabauYHBIX JaHHBIX, TTOJyYEHHBIX BCTPOCHHBI-
MU CpeJICTBaMHU IMporpamMMHoro obecrneuenusi bC, Mox-
HO COCTaBUTh IpauKu pacrpeescHUs] Harpy3Ku B Te-
YeHHEe CYTOK Ha yKa3aHHBIX CEKTOpax (HalpaBJICHUsX).

(10)

Uik =
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Puc. 3. Pacnonoxxenue CCKTOPOB aHTCHHBbI BC cotoBoro orneparopa
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Cextop 1aHTeHHbl BC, 29.09.13
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Puc. 4. Cyrounas narpyska Ha | cextop anteHHsl BC coToBOro oneparopa

Kax BuHO U3 pucyHka 4, pasziaaka BO Bp€MEHHOM
CerMeHTe M3y4eHHs BOIIPOCA OTIPEeNsIeTCs BU3yalbHO,
0e3 mpuBIIeUeHUS JOTTOTHUTEIHHBIX CUCTEM H KOMILIIEK-
coB. OHAKO U aBTOMATH3aIlMH TIPOIIecca OIpeiene-
HUSI MOMEHTA PasNiaIki PUMEHSIOTCS popMyIsl 1, 2 n
3 1aHHOH CTaTbhH.

Ha pucynke 1 nmpuBeneH npumep OEHCTBUS allro-

pUTMa Ha OCHOBE TEOPHUH Pa3TagKd Ha Majoe KoIude-
CTBO TOYEK C BBIZEIICHNEM JIByX aHOMaJIbHBIX 30H. Jliis
FCM-xnactepuzanuu 3agaeTcsl Ha TOM K€ MHOXECTBE
TOYEK KOJMYECTBO KIACTEPOB, paBHOE JABYM. Pe3ymbrar
COBMECTHOTO WCIIOJIb30BaHUS JBYX allTOPUTMOB TIpeJI-
CTaBJICH Ha PUCYHKE 5.
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Puc. 5. Cum6ro3 paboTs! aITOPUTMOB pas3iafKi H HEUSTKOH KIacTepH3anuu

Kak BugHO U3 pucyHka 5, pe3ynsrar paboThl anro-
pUTMa ONpeesICHUs] aHOMaJIbHBIX 30H KOHIICHTPALUH
a0OHEHTOB Ha OCHOBE pa3naiku u anropurMa FCM-
KJIacTepU3alK Jjajl IPAKTHYECKH IOJHOCTBIO COBIa-
JAIOIUe Pe3yNbTaThl, a Y3JIbl CIPOCa, B KOTOPBIX PEKO-
MEHJIyeTCsl pacroyiaratb 0a30Bble CTAaHLIMHU ONEpaTopa
COTOBOM CBSI3H, MOMAAAIOT B BBIJICIISIEMBIC 30HBI.

Takum 00pa3oMm, M3 KOHEYHOTO MHOXKecTBa abo-
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HEHTOB CETH COTOBOI'O OIEparopa ObUIM BbIIEICHBI
KJIaCTEPbl, BHYTPH KOTOPBIX OBUIN BBIIEJIEHBI LIEHTPHI
Macc. DTH LEHTPbI Macc MOJTYYEHHBIX KiacTepoB ((pu-
r'yp) JaroT 3HaHUE O TOUKEe HanOoJee BHICOKOH aOOHEHT-
CKOH Harpy3KH B CETH OIEPaTopa CBSI3H, SBISIOLIMECS
y3J1aMH cIIpoca.

95



VHOpMaLMOHHbIE KOMMNEKCHI U CUCTEMbI

Cnucox numepamypul

1. Cymmanosé A.X. O6 ogHOM MeToE TPOrHO3a
ONTHUMAJHHON 30HBI PATUOTIOKPBITUS CETH MOOMIHLHON
cesizu [Tekcr] / A.X. Cynranos, U.B. Ky3sueros, A.D.
Kawmanos // Bectauk YIATY. —2010. — C. 62-67.

2. 3omos K.H. Pa3zpaboTka anroputma TOBBIIIE-
HUSI TOYHOCTH MO3MIUOHUPOBAHUS MOOWJIBHBIX CTaH-
U1 Ha OCHOBE pacyeTa CTATHYECKUX IMTapaMeTPOB K-
TPOMArHUTHOTO TOJIsI B HEOAHOPOHOM cpene [Tekcr] /
K.H. 3otoB // Becthuk YTATY. — 2013. — T. 17. — Ne
2(55).— C. 14-19.

3. Bopobwes H.I1. Victionb30BaHHE KOMIIBIOTEPHO-
T'O MOJICITUPOBAHUS TSI OLEHKH AJIEKTPOMATrHUTHBIX 3a-
rpsiznennii [Texer] / H.IT. BopoObes, A.A. COIHUKOB,
E.B. Turos // [lon3ynoBckuii BectHHK. — 2009. — Ne 4.
- C.31-33.

4. 3omos K.H. IloBbimienne 3pQeKTHBHOCTH CH-
CTEM COTOBOM CBSI3M HA OCHOBE PEJIEBAHTHON KJIaCTEPHU-
3allMid MECTOIOJIOKEHHUST MOOMIILHON CBsizu: ABTOped.
nuc. ...kauj. TexH. Hayk [Tekcr] / K.H. 3otoB. — Ya,
2014. - C. 16.

5. Bpoockuii B.E. AITOpuTM armocTepruopHOro 00-
Hapy»XEeHUs MHOTOKPAaTHBIX pPa3ialoK CIly4ailHOW IHO-
cnenoparensHocTh [Teker] / B.E. bpoxackuit, b.C. [ap-
xoBckuil. — M.: [lanuka, 1993. — C. 60-72.

6. Gustafson D.E. Fuzzy clustering with a fuzzy
covariance matrix[Text]/ D.E. Gustafson, W.C. Kessel.
— Scientific Systems, Inc. 186 Alewife Brook Parkway
Cambridge, Massachusets, 1978. — P. 761-766.

7. Bsamuenun J[.A. HedeTkue MeToapl aBTOMAaTH-
yeckod knaccuduxanuu [Texcr] / JI.A. Bsituenun. —
Munck: Texnonpunt, 2004. — 219 c.

96

References

1. Sultanov A.H. Ob odnom metode prognoza
optimal'noj zony radiopokrytija seti mobil'noj svjazi
[Tekst] / A.H. Sultanov, I.V. Kuznecov, A.Je. Kamalov//
Vestnik UGATU. — 2010 . — S. 62-67.

2. Zotov K.N. Razrabotka algoritma povyshenija
tochnosti pozicionirovanija mobil'nyh stancij na osnove
rascheta staticheskih parametrov jelektromagnitnogo
polja v neodnorodnoj srede [Tekst] / K.N. Zotov //
Vestnik UGATU. —2013. —T. 17. — Ne 2(55). —S. 14-19.

3. Vorob'ev N.P. Ispol'zovanie komp'juternogo
modelirovanija dlja ocenki jelektromagnitnyh zagrjaz-
nenij [Tekst] / N.P. Vorob'ev, A.A. Soshnikov, E.V. Titov
// Polzunovskij vestnik. —2009. — Ne 4. — S. 31-33.

4. Zotov K.N. Povyshenie jeffektivnosti sistem
sotovoj svjazi na osnove relevantnoj klasterizacii
mestopolozhenija mobil'noj svjazi: Avtoref. dis. ...kand.
tehn. nauk [Tekst] / K.N. Zotov. — Ufa, 2014. — S. 16.

5. Brodskij B.E.  Algoritm  aposteriornogo
obnaruzhenija mnogokratnyh razladok sluchajnoj
posledovatel'nosti [Tekst] / B.E. Brodskij, B.S.

Darhovskij. — M.: Cniika, 1993. — S. 60-72.

6. Gustafson D.E. Fuzzy clustering with a fuzzy
covariance matrix[Text] / D.E. Gustafson, W.C. Kessel.
— Scientific Systems, Inc. 186 Alewife Brook Parkway
Cambridge, Massachusets, 1978. — P. 761-766.

7. Vjatchenin D.A. Nechjotkie metody avtomati-
cheskoj klassifikacii [Tekst] / D.A. Vjatchenin. — Minsk:
Tehnoprint, 2004. — 219 s.

ONeKTPOTEXHNYECKIE N MHAPOPMALIMOHHBIE KOMMNEKChI 1 cuctembl. Ne 1, 1. 11, 2015



Metrology and information-measuring devices

METPOJIOT'YA U THOOPMAIINMOHHO-
U3MEPUTEJBHBIE YCTPOUCTBA
METROLOGY AND
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Urakseev M. A. Levina T.M. Shamaev F.F. Kuliabin A.S.
00KMOp MexHuyecKux Kanouoam mexHu4eckux Mazucmpanm, gunuan cmyoenm,
HayK, npogeccop kage-  nayx, ooyenm, 3aéedyiowuti  PIEOY BO «Yumckui ¢unuan ®IHOY BO
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Poccus, . Viha Poccus, 2. Canasam
YK 321.3.08

PA3PABOTKA BOJIOKOHHO-OIITUYECKUX CUCTEM JIJI5 YUETA,
MOHUTOPHUHI'A U ITPOI'HO3UPOBAHUSA PABOTbBI BBICOKOBOJBTHOI'O
OBOPYJIOBAHUS B CYBJI C WEB-UHTEP®ENCOM

B cratbe paccMaTpuBaroOTCs BOJIOKOHHO-ONITHYECKHE cucTeMbl Ha dddexre Dapanes. Jlanable cHCTEMbI
JIMIIEHBI HETOCTATKOB TPAJAUIIMOHHBIX (3JIEKTPOMATHUTHBIX) U3MEPHUTEIbHBIX cucTeM. OHU MOTYT CBOEBpe-
MEHHO IPOBOJUTH MPOTHO3UPOBAHNE PAOOTHI BEICOKOBOJIBTHOTO O0OPYAOBAHUS ISl IPEIOTBPAIEHUS BO3-
MOKHBIX aBapuii U c6oeB B paboTe 000pyAOBaHHS Ha MPEANPUITUAX HedTera3oBoro komriuiekca. Dddexr
@apajest, UCIOJIb3YEMbI B YyBCTBUTEIBHOM 3JIEMEHTE CUCTEMBI, 3aKJIHOYAETCS B TOM, UTO IIPU IPOXOXKIE-
HUU JMHENHO MOISPU30BAHHOIO CBETA YEPE3 ONTHYECKU HEAKTUBHOE BEIIECTBO, HAXOASIIEECS B MATHUTHOM
roJie, HaOIIOIaeTCsl BpAIlEHUE MIOCKOCTH TMOJSPU3AIUK CBETA, 3aBUCSINEE OT BEJIHMYMHBI HAIPSIKECHHOCTH
MarHuTHOTO T0JIsI. BOTIOKOHHO-ONITHYECKHE N3MEPUTEIbHBIE CHCTEMBI MOTYT OBITH IIOCTPOEHBI IO MPUHITUITY
MHTEIJICKTYaJIbHON CUCTEMBI, ITyTEM JT00aBJICHUS HEHPOHHOTO NaTYMKA B CTPYKTYPHYIO cxemy. HelipoHHBIH
JaTYuK oOpabaThiBaeT JaHHBIC TI0 KOJMWUYECTBY MOJYUYECHHOW NOTPEOUTEIEM IICKTPOIHEPTUH, IS JaTbHEH-
LIET0 PEeryJMpoBaHus IJIEKTPOIHEPTUH, OTJaBAEMOM MOCTAaBUIUKOM. VCIoab30BaHNE HEUPOHHBIX JTATYUKOB
B BOJIOKOHHO-ONITHYECKUX CUCTEMAaX CO3/JaeT MOTPEOHOCTh B POPMUPOBAHUH CUCTEMBI yIpaBJcHHs O0azaMu
nanubix (CYBM) ¢ web-untepdericom. [Tpu npoexktuposanun CYB/] ¢ web-uatepdeiicom aiisi BOJIOKOHHO-
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ONTHYECKUX CHCTEM YYeTa, MOHMTOPHHIA M NMPOTHO3UPOBAHUSA PabOTHI BBICOKOBOJIBTHOI'O O0OPYIOBAaHUS
OBLIM TIOCTABJICHBI CIEAYIOUINE 3a]aur: 00ecreunTh 00paboTKy, XpaHeHHE W BbIJAa4y MH(POpPMAIMU O KOH-
TPOJIMPYEMOM 000PYOBaHMH Ha MPEANPHUATHH; YIYULIUTh KOHTPOJIb KAueCTBa U YIIpaBlIeHUE HAJl TPOU3BO/-
CTBOM MPOAYKIHUH; ONPEACTATh TEXHUUECKOE COCTOSTHIE 000pyI0BaHMU I, IPENLYNIPEKAATh aBapuH, MOBBIILATh
3¢ (HEeKTUBHOCTH PEMOHTOB H YMEHbBIIATh YHCIO HEOOOCHOBAHHBIX MIAaHOBO-MPENAYNPEAUTEIBLHBIX PEMOHTOB
00opynoBaHMs Ha MPEANPHUATUH. B cTaThe paccMOoTpeHO mporpaMMHoe obecrieuenue s peanuzannu CYB/L,
takoe Kak: PHPMyAdmin (kueHT, MO3BOJISIOIINE pelakTUPOBaTh 0a3y AaHHBIX HAIpIMYy10), Apache (BUpTy-
anbHbIH cepep), MySQL (cuctema a1 co3ganus 1 XxpaHeHHsT 0a3bl JaHHBIX Ha cepBepe), Django (PpeiiMBopK
JUJIs1 omucaHus 0a3bl JaHHBIX, MOJKIIOUEHUsS K nHTepdelncy u npyrum cepsucam). CY B/l mo3BonuT npousBo-
JIUTH y4eT, MOHUTOPUHT U MPOTHO3UPOBATH PECypc padOThl BBICOKOBOJIBTHOIO 000pyIoBaHu . B nanpHeimen
MEPCIEKTUBE BOJIOKOHHO-ONTHYECKHE CUCTEMBI MOTYT B3aUMOJICHCTBOBATh ¢ TexHonorueir SmartGrid.

Kniouesvie cnosa: BonokoHHO-onTuyeckas cuctema, spdekt dDapanes, WHTEINIEKTyalbHas CHCTEMa,
HEHPOHHBIN NaTYuK, 0aza JaHHBIX, CHCTEMa yIpaBicHHs O0a3zaMu AaHHBIX, web-uHTepdeiic, PHPMyAdmin,
MySQL, Apache, Django, SmartGrid.

DEVELOPMENT OF FIBER-OPTIC SYSTEMS FOR RECORDING,
MONITORING AND FORCAST OF HIGH-VOLTAGE EQUIPMENT
OPERATION IN DBMS WITH WEB-INTERFACE

The article deals with the fiber-optic system on the Faraday effect. These systems do not have the drawbacks
of traditional (electromagnetic) measuring systems. They can work in a timely manner to carry out forecasting of
high voltage equipment to prevent possible accidents and malfunctions of equipment for oil and gas companies.
Faraday effect is used in the sensor system is that when a linearly polarized light through an optically inactive
substance in a magnetic field, there is a rotation of the plane of polarization of light, depending on the magnitude
of the magnetic field strength fiber-optical measuring system can be built on the principle of intelligent system by
adding a sensor into the structural neuronal circuitry. Neural processes sensor data on the number of electricity
produced by the consumer, to further regulate the electricity supplier given up. Using neural sensors in optical fiber
systems create the need for the creation of a database management system (DBMS) with a web-interface. When
designing a database with a web-interface for optical fiber systems of accounting, monitoring and forecasting of
high-voltage equipment, were as follows: to provide handling, storage and delivery of information on the controlled
equipment in the enterprise; improve quality control and management of the production of products; determine the
technical condition of the equipment, to prevent accidents, improve the efficiency of repairs and reduce the number
of unfounded planned - preventive maintenance of equipment at the facility. The article deals with the software
to implement the database, such as: PHPMyAdmin (client to edit the database directly), Apache (virtual server),
MySQL (the system to create and store the database on the server), Django (The framework for the description
of the database, connection to the interface and other services). DBMS will produce accounting, monitoring and
operation of high-voltage prognozirovatresurs oborudovaniya. In the longer term fiber-optic system can interact
with SmartGrid technology

Key words: Fiber-optic system, Faraday Effect, intelligent system, neural sensor, database, data base
management system, web-interface, PHPMyAdmin, MySQL, Apache, Django, SmartGrid.

Jluist mpenoTBpalieHusi BO3MOKHBIX aBapuii U ¢00-
eB B paboTe 00OpyZOBaHMS Ha MPEANPHATHAX HedTe-
ra3o0BOro KOMIIJIEKca HEOOXOIUMO CBOEBPEMEHHO I1PO-
BOIUTH TPOTHO3MPOBAHUE PAaOOTHI BHICOKOBOJIBTHOTO
000pymoBaHUS.

B mocnegnue rombl MOSBUIICS HOBBIM BHJ H3-
MEPHUTENbHBIX CHCTEM, OCHOBAaHHBIM Ha BOJOKOHHO-
ONTHYECKOM METOJe H3MepeHus. BoIoKOHHO-ONTH-
YEeCKHE CHCTEMBbI JIMIICHBI HEJJOCTATKOB TPAIUIIMOHHBIX
(3MIeKTPOMArHUTHBIX) HM3MEPUTENBHBIX CHCTEM, a
MMEHHO: SIBIEHUH HACHIIIEHNS], TUCTEPE3NCa, PE3OHAH-
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ca, OCTaTOYHOI'0 HamMarHu4yuBaHus. Bmecte ¢ TeM 00-
JIAJIAF0T BBICOKOW HAJCKHOCTHIO (yHKIIMOHUPOBAHMUS,
OBICTPONEHCTBUEM, UYBCTBUTCIBHOCTHIO W MAaJIBIMHU
rabapurtamu [1-3].

[Tpunnun AeicTBUA BOJOKOHHO-ONTHYECKUX CH-
CTEM OCHOBaH Ha MarHuToonThuyeckoM 3ddexre da-
panesi, KOTOpbI 3aKjIto4yaeTcss B TOM, UYTO HpPH MPO-
XOKJICHUU JIMHEMHO MOJSAPU30BAHHOTO CBETa 4Yepes
ONITUYCCKH HEaKTHBHOE BEIICCTBO, HaXOASIIICecs B
MarHUTHOM TI0JIe, HAOJIFOMaeTCs BpallleHNEe TUIOCKOCTH
MOJIsApU3aIIMK CBETA, 3aBUCSAILICE OT BEJIMYUHbBI HAIMPS-
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J)KEHHOCTH MarHMTHOTO IoJs [4].

BosnokoHHO-OnTHYECKHE N3MEPUTEIIbHBIE CUCTE-
MBI MOTYT OBITH MOCTPOEHBI MO NMPUHIUIY HHTE-
JEeKTyaJdbHOW CHCTEMBI. {71t 3TOr0 B CTPYKTYpPHYIO
CXEMY BOJIOKOHHO-ONTHYECKOH CHUCTEMBI HEOOXO/H-
MO J100aBUTHh HEUPOHHBIA JATYMK, KOTOPBIA OyJeT
00pabaTbIBaTh JaHHBIC 10 KOJHMYECTBY IMOJYUYESHHOU
MOTpeOuTENEM 3JIEKTPOIHEPIUU, IS JATbHEHIIETO
perynupoBaHus 3JIEeKTPOIHEPrUU, OTAABAEMOM TO-
CTaBIIMKOM.

IlocTaBiieHHas 3aja4ya pemaeTcss TeM, YTO CTPYK-
TypHas cxema (pUCYHOK 1) cOmepKUT HEHPOHHBIN naT-
YUK U ynpasistoniee ycTpoicTBo. HeMpoHHBIN gaTynk
00pabaThIBaeT MOJYyUYCHHbBIC JaHHBIC TOKA C aHAJIOIro-
nugpoBoro mpeodpazoBaressi, MOCIE Yero JaHHBIC
MOCTYMAIOT B YMPABISIONIEE YCTPOWCTBO, KOTOPOE
OCYILECTBIISET PETYINPOBaHUE TOKA, BCE JaHHBIE OTO-
OpakaroTcsi Ha )KHUJIKOKPHCTAJUTHUECKOM HHIUKATOPE.

VYerpoiicTBo paboTaeT cienyrouum odpasom. [pu
[IPOTEKAHUU IEKTPUUYECKOT0 TOKA [ 110 MPOBOAHUKY I
co3jaeTcs KOHTPOJIMPYEMOE MarHMWTHOE IoJie Harps-
JKEHHOCTBI0O H. DTO mojie BO3ACHCTBYET Ha DIIEMEHT
®dapages (CkpydeHHOe onTHYecKoe BoJokHO) 4. Co3na-
BAaeMO€ JIa3epHbIM JAMOIOM [ KOT€PEHTHOE MOHOXPO-

MaTHYECKOE U3JTyUCHUE J, IPOXOIUT TI0 COEAUHUTEIb-
HOMY BOJIOKHY 2, Jajiee TMorajaeT B Moyisipuszatrop 3,
1€ TIOJISIPU3YETCS B IMHEWHO MOJISIPU30BAHHYIO CBETO-
BYIO BONHY J,. B anemente ®apanes 4 1oj qeicTBHEM
BHEIIHETO0 MAarHUTHOTO IOJIA TPOUCXOAUT BpallleHue
IIJIOCKOCTH TIOJISIPU3AIIMU CBETa, PACIpOCTpPAHSIIONIe-
rocs BAOJb HAaIlPaBJIEHHUSI MArHUTHOTO 1oJi1. CBETOBOU
noToK J; ¢ BeIxona sneMenta dapajess MpoOXOaUT ue-
pe3 aHanmu3arop 6 W momagaeT Ha GoToaHMoN 7, 3aTeM
Ha U3MEPUTETbHBIN OJ0K &, KOTOPBII COCTOUT U3 YCH-
JIUTENSA, Jajiee MTPOUCXOIUT Ipeodpa3oBaHNue CUTHANA
B aHaJIOro-1udGpoBoM npeodpaszopareiie 9 B UPpPOBOH
kon. IlomydeHHble 3HAUYE€HUSI KOHTPOJIHPYEMOTO Mar-
HHUTHOTO TIOJIS TIOTIAIal0T B HEUPOHHBIN AaTuuK /0, T1e
MIPOUCXOIUT B3aUMOJICMCTBHE aHaJIU3aTopa JaHHBIX
peanpHOTO BpeMeHH //, cpelibl HHTEIIEKTYa IbHON 13-
MEpPUTETBHON CUCTeMBI /2, WHTEIUIEKTYaIbHOTO TIpe-
obpasoBatens /3, 4eIOBEKO-MaIIMHHOTO WHTEpdeiica
14, ynpasnenus (pearupytomas yacte) /5. [locie 06-
paboOTKU AAHHBIX YMpPAaBISIONIEe YCTPOHCTBO /6 BHI-
MIOJTHSIET IEHCTBUSA 110 PETYIMPOBAHUIO TPOTEKAIOIIET 0
TOKA 0 NMPOBOAHUKY 5. Ha »KHIKOKpHUCTAIINYECKOM
WHJMKaTope /7 MmojlyyaeM 3Ha4eHHe KOHTPOIUPYEMOTO
MarHATHOTO ToJIs [5].
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Puc. 1. CTpykTypHas cxeMa HHTEJUIEKTyalbHO-U3MEePHTEIbHON cUCTeMbI Ha a3 dekte Dapanes

Hcnonb3oBaHne HEHPOHHBIX JATYMKOB B BOJIOKOH-
HO-ONTHYECKUX CHCTEeMax [JIs ydeTa, MOHHUTOpPWHTA
¥ TIPOTHO3UPOBAHUS PAOOTHI BBICOKOBOJIBTHOTO 000-
PYIOBaHUS CO37aeT TMOTPEeOHOCTH B (DOPMHUPOBAHUH
cucreMbl yrpasieHus 6a3zamu nanasix (CYB]) ¢ web-
nHTEpPEHCOM.

IIpu nmpoektupoBannn CYBJ] ¢ web-untepdeii-
COM IS BOJIOKOHHO-ONTHYECKHX CHCTEM YydYeTa,
MOHUTOPWHTA W TIPOTHO3WPOBAHUS PAOOTHI BHICOKO-
BOJIBTHOT'O O0OpPYAOBaHUS OBLIM TOCTABJICHBI CIEHY-
OIIMe 3a/1avu:

— obecrmeunTh 00pabOTKYy, XpaHCHHWE M BEIIAUY
nHpOpPMAIIUE O KOHTPOITHUPYEMOM OOOPYIOBAaHUHM Ha
MIPENNPUATHH;
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— YIy4YIIUTh KOHTPONb KayecTBa M YIpPABIICHHE
HaJI TPOU3BOJICTBOM MPOYKITUH;

— ONpENeNsSITh TEXHUYECKOE COCTOSTHHE 000pyII0-
BaHUsL, MPEIyPEXKIaTh aBAPUH, OBLIMATH 3)HeKTrB-
HOCTh PEMOHTOB U YMEHBIIIATH YHCIIO HEOOOCHOBAHHBIX
MJIAHOBO-TIPEAYIPEIUTENBHBIX PEMOHTOB 000pYI0Ba-
HUS Ha MPEIIPUSITHH.

B tabaute (cM. ctp. 100) mpuBemeH CIUCOK HE00X0-
JTUMOTO TIPOTPAMMHOTO 00ECIICUCHHSI M BBITIOJTHSIEMbIC
¢dbyuxun s peannzanuu CY B/ ¢ web-uaTepdeticom
B BOJIOKOHHO-ONTHYECKUX CUCTEMaX JUJIsl y4eTa, MOHU-
TOPUHTA ¥ TPOTHO3UPOBAHUS PaOOTHI BEICOKOBOJIBTHO-
r0 000pyIOBaHMS.
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Tabnuya

OyHKIMH POrPaAMMHOT0 o0ecredeHHs

HaszBanmue DOyHKUUs
. Kiment. [lo3BonsieT pepaktupoBaTh
PHPMyAdmin DEAAKTHD
0a3y TaHHBIX HAMPSMYIO
Midnight Commander [To3BomNsieT ynpaBisaTh U PEIaKTHPOBATH (aTbl
Apache BuptyanbHslit cepep
Cuctema Ui CO3JaHUs U XPAaHEHUS
MySQL a 8 P
0a3bl JaHHBIX HA CEpBEpPe
3anaueii @peiiMBOpKa SIBISIETCS ONTMCaHue 0a3bl
Django JaHHBIX, OAKIIIOUYEHHE K UHTEpdeiicy
U JIpyTUM CEepBHCaM

s paboThl ¢ 0a30i JaHHBIX HEOOXOJIUM KITH-
ent. K npumepy, PHPMyAdmin — BeG-npuiioxenue
C OTKpBITBIM KOJIOM, HamucaHHoe Ha si3pike PHP u
npejcrapisitoniee co0oit BeO-uHTEepdeic s agMu-
nuctpupoBanus CYBJ MySQL. PHPMyAdmin mno-
3BOJISIET Yepe3 Opay3ep OCyIIeCTBIATH aJMHHHCTPH-
poBanme cepepa MySQL, 3amyckaThs komauabr SQL
Y IPOCMAaTPHUBATh COJCPKUMOE TaOIHIl U 0a3 JaHHBIX.
[MpunoxeHnue Moiab3yeTcst OOJIBIION MOMYJISIPHOCTHIO
y Be0-pa3pabOTYMKOB, TaK KaK IO3BOJISET YIIPABISATh
CYBJl MySQL 06e3 HenocpeactBeHHoro BBoma SQL
KOMaHJI, IPeI0CTaBIIsIs APy KECTBEHHBIN MHTepdeiic.
Ha ceronnsiinnii nenb PHPMyAdmin mmpoxo npu-
MeHsieTcst Ha mpakTtuke. [lociegHee cBsizaHo C TeM,
YTO pa3padOTUNKN HHTEHCHUBHO Pa3BUBAIOT CBOH MpO-
IyKT, yuuTbiBas Bce HoBoBBeAeHUus CYBJ[ MySQL.
[Nopapisitomiee GOIMBIIMHCTBO POCCUHCKUX MPOBaiiie-
POB HCHOIB3YIOT ATO MPHIIOKECHHUE B KAYECTBE IMAHEIH
YIpaBJICHUS JJIs TOTO, YTOOBI MPEJOCTABUTH CBOHM
KJINEHTaM BO3MOXXHOCTH aAMHUHUCTPUPOBAHUS BbIJC-
JICHHBIX UM 0a3 IaHHBIX.

Jnst HanmucaHusi CTPYKTYPBl M «IOABSI3KH» K
0a3ze mHTepdelica MOXKHO HCIOIb30BaTh Pa3IUYHBIC
uHcTpyMeHThl: Denwer (enBep) — Habop auctpu-
oytuBoB (Apache, PHP, MySQL, Perl u T. 1.) + mpo-
rpaMMHasi 000JI09Ka, KOTOpasi UCIONB3YET ATOT HAOOP
IUTST OTJIAJIKA CANTOB HA «JOMAaIlHEN» (JIOKAJIBHOK)
Windows-mamunne 6e3 HeoOXoauMocTH Bbixona B MH-
tepHeT, Abode Photoshop CS2 — npodeccrnonanbHbIi
rpaduyeckuii makeT Ay paboThl ¢ pacTpoBoil rpadu-
koii. OH moHazoouTCs 1St rpadudeckoro ohopmIiIeHUs
web-TIPOeKTOB M CO3/IaHusI TIPUBIICKATEIBHOTO JU3al-
Ha. Web-cepBep Apache 2.2.8 (anprepHaTuBa Internet
Information Services, unn cokpamenHo IS, koTopsiii
WHTETPUPOBAH B ONEpalMOHHYIO cucTteMy Windows)
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— 9310 cepBep, npuHumaromuii HTTP-zanpocel ot
KJINEHTOB, 00bIYHO Web-Opay3epoB, ¥ BBLAAIONINI UM
HTTP-otBeTh1, 00b1uHO0 BMecTe ¢ HTML-cTpanunei,
n3o00pakeHuneM, GailioMm, MeTUAIOTOKOM HITH APYTUMHU
nanHbeiMH. [lo cyTu, web-cepBep — 3TO mporpamMmHoOe
oOecrieueHue, BBINIOJHSONIIEE QYHKIIME web-cepBepa,
KaK 1 KOMITBIOTEP, Ha KOTOPOM 3TO IpOrpaMMHOe 00e-
crieueHue paboTaerT.

baza agantupoBaHa 11t UCTIONB30BaHUS Ha CepBe-
pe KOMITaHUH, TOITOMY MEPBBIM JEJIOM CO3/1aETCs BUP-
TyaJIbHASI MAlIMHA C ONIEPALUOHHON CUCTEMOIA.

B pabote 6a3bl naHHBIX OyJeT OCYHIECTBISATHCS
OO0JIBIIIOE KOJMYECTBO 3allpOCOB, W HYKHA OIepalu-
OHHAs cucTeMa ¢ OOIBIIMMU BO3MOKHOCTSAMH B 00J1a-
ctu cBsa3u. Debian siBisiercst oqHON M3 MonuduKaiui
Linux. OHa xopoiio npopadoTaHa co CTOpOHbI HH(OP-
MaIMOHHBIX ceTell. Takke cucTtemMa ecTb B CBOOOIHOM
JOCTYyTIE C MOCTOSTHHOM MOAJICPKKOW pa3paboTUnKOB.
Unix-cUCTeMbl MEHEE TOIBEPKEHBI BUPYCaM U BPEIO-
HOCHBIM TIpOrpamMMaM 3a CYeT XOpolleld MpopaboTKu
YA3BUMOCTEN cUCcTEeMbI. J[aHHasi cucTema CTaBUTCS HA
cepsep. [is pazpaboTku MpoeKTa MOKHO HCIOJB30-
BaTh JIO0YI0 APYTYI0 MallHy. DTO YJOOHO CO CTOPO-
HbI MOOMJIBHOCTH M 0€301IaCHOCTHU CepBepa B Mpolecce
paspabotku. Korna mpoekT OyJeT roTOB, €ro MOXHO
Oy/ieT NepeHecTr Ha CepBepHYI0 cuctemy. Debian 3a-
HUMaeT npuMepHo 2 I'6 cBOOOIHOro MecTa Ha KecT-
KOM JIUCKE. DTO HEOOJIBIION 00bEM JIJIs OllePallHOHHON
CHUCTEMBI.

PaszpaboTanHas BOJIOKOHHO-OITHYECKAsl CHCTEMa
JUIsl y4eTa, MOHUTOPHHTA M MPOTHO3UPOBAaHUS pado-
ThI BBICOKOBOJILTHOTO oOopynoBanusi B CYB/l ¢ web-
nHTepdEHCOM CONEPKUT HECKOJIBKO TaOJHII, CBSI3aH-
HBIX MEXIy c000M (PUCYHOK 2).

ONeKTPOTEXHNYECKIE N MHAPOPMALIMOHHBIE KOMMNEKChI 1 cuctembl. Ne 1, 1. 11, 2015



Metrology and information-measuring devices
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Puc. 2. Crpykrypa CYB]/] B PHPMyAdmin

Jnst  mocTpoeHuss  CTPYKTYpbl — HCIOJIb30BaH
@peiimBopk Django. DTo no3Bossiet onucath 6a3y naH-
HBIX /10 MEJIOUYEeH U MOTYYUTh HMEHHO TaKyIO CHCTEMY,
KakoW mpejcTaBisieT ee cebe paspadoruuk. Cucrema

He uMmeeT uHTepdeiica, Bcs paboTa OCyIIECTBISIETCS
4yepes3 KoHcoIb. [lociie Toro kak cTpykTypa nponucasa
B IIPOEKTE, €€ MOYKHO 3allyCTUTh Ha BUPTYAJIbHOM Cep-
Bepe (pUCYHOK 3).

mc [alex@debian]:~/newsite

®ain Mpaeka Bwg TepmwHan Crpaeka
alex@debian:~% mc

alex@debian:~$ cd newsite
alex@debian:~/newsite$ sudo aZenmod phpS
[sudo] password for alex:

Module phpS already enabled

Validating models...

0 errors found

September 13, 2013 - 09:23:58

Quit the server with CONTROL-C.

alex@debian:~/newsite$ python manage.py runserver

Django version 1.5.1, using settings 'newsite.settings'
Development server 1s running at http://127.0.0.1:8000/

Puc. 3. Ilporpamma 3anycka Ha BUPTYaJIbHOM CEpBEpe

st aToro ucnons3obaincst Apache. OH co3naeT Ha
MalllMHE BUPTYaJIbHBIN CEpBEpP, K KOTOPOMY MOYKHO 00-
parutbes yepes Opaysep. Django Takxke MOKeT co3aaThb
uHTepdeic 11 aIMUHICTpATOpa caifTa, rae 3a1arTcs
mpaBa IOJIb30BaTeNEH, peaakTUpyercss HHpopManus,
OCYIIECTBIISETCS BEIOOPKA.

OnHoli U3 0cOOEHHOCTEH CO3AaHHON 0a3bl T0IKEH
ObUI cTaTh yueT M3MeHeHui B Oaze. s sToro Obuin
pazpaloTaHbl TaOIHUILIBI CO 3HAYCHUSIMU UIMEHH M0JIb30-
BaTeJIsl, AaThl N3MEHSEMbIX JaHHbBIX U host, ¢ KoTOporo
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OBbLI BBITIOJTHEH BXOJ. 3aIIMCh B 3TH TAOJIUIIBI OCYILECT-
BJISIETCSI aBTOMAaTHUYECKHU TP ITOMOLIHN TpUrrepos. OHK
nponucansl B 6aze MySQI. DTo no3BoJIsleT OJIIHOCTHIO
OTCJIEKUBATh BCE U3MEHEHUS B TaOJIHULIE.
HemanoBaxxHOl 4wacTbio sBisieTcss MHTEpdeiic
6azpl. C momomipio QpeliMBOpKa MOKHO CO37aBaTh
npencrasieHus ang html-crpanun. Bee 3ampocs mo-
cTymaloT B 0a3zy uepe3 3ampochl Ha CTpaHuue. ITO
MOXET OBITh IIOMCK, BHIOOPKA MJIM IIPOCTO MEPEXOA Ha
OPYTYIO CTpaHULy. DTO CTAHOBUTCSI BO3MOXKHBIM OJ1a-
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rojgapsi BUPTyaJbHOMY cepBepy. MBI MOXeM 3aJaTh
CCBUIKHM Ha CTpPaHMIIBI, U cepBep 00paboTaer ux B Ha-
IEN CUCTEME.

Pa3paborannast 6a3a gaHHBIX ¢ web-uHTepdericom
Jact OoJblIMe MPEUMYIIECTBA Mepe/l TEKYIIUM METO-
JIOM TMarHOCTUPOBAHMUS [6].

B  nanpheitmem Ha 0aze  pa3pabOTaHHBIX
BOJIOKOHHO-OIITHYECKUX CUCTEM [JId yu€Ta, MOHUTO-
pPHHTa M TIPOTHO3MPOBAHUS PA0OTHI BHICOKOBOJIBTHOTO
o0opynoBanus ¢ web-uHTEpQeiicoM BO3MOXKHBI CO3/1a-
HUsl THQPOBBIX MOJCTAHINN, KOTOPHIE SBISIOTCS Ya-
CThIO HOBOU TexHonoruu SmartGrid, KoTopyo Ha pyc-
CKUH SI3BIK MOKHO MEPEBCCTU KaK «KMHTCIIJICKTYyaJIbHAasd
AJIEKTpOdHEpreTrueckas cuctema». SmartGrid — 3to
Ha3BaHME II100AIbHOI TEXHOIOTHH PAa3BUTHUS AJIEKTPO-
DHEPTreTUIECKOU CUCTEMEI [7].
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BUBPOAKYCTHUYECKAS TEXHUKA 1JISI UBMEPEHUSA YPOBHSA
BUBPAIIMN HA ITPOU3BOJACTBE

B cBs3M ¢ BO3pOCIINM YPOBHEM COBPEMEHHBIX TEXHOJOTHH aKTyalbHOH MpoOIeMOi Ha CEeroaHsAIIHUN
JICHb 0CTAETCS HEMPEPBIBHBIN KOHTPOJIb 32 MHOTUMHU MapaMeTpaMy TEXHOJIOTMYECKOTo MpoIecca ¥ KOHTPOJIb
cocTosiHUs 00opyaoBanus. Hanboee BaKHBIMU SIBISIOTCS TApAMETPhl MEXaHUUECKOTO JIBHIKCHHS, B YACTHO-
CTH, TApaMETPhI IEPUOUICCKUX MTEPEMEIICHI I HCCIeIyeMOT0 00bEKTa B IPOCTPAHCTRE (BUOpAIUK).

Jlns obecnieyeHust TpeOOBAHMI W HOPM TIO OXpaHe TPy/ia 00sI3aTEIbHBIM YCIOBUEM Ha MPOU3BOJICTBE OCTA-
€TCsl Ha CErOIHSIIHUN JICHbh U3MEPCHUE JIOKATbHON BHOPAIMK U BHECEHHUE €€ T0Ka3aTesell B COOTBETCTBYIO-
I TPOTOKOJ. DTO MCCICAOBAHUE CMOXKET MO3BOJUTH Pa3paboTaTh MEphl MO MPEIOTBPAIICHUIO BPEIHOTO
BO3/ICHCTBHS BUOPAIIMU HA COCTOSTHUE 370POBbs YSJIOBEKAa 1 MUHUMHU3UPOBATH PUCK PA3BUTHSI BUOPAITHOHHON
0omne3Hn y paboTaronuXx.

TTocTOsSHHBIN 1 HEMPEPHIBHBIA KOHTPOJIb TOMYCTUMBIX YPOBHEH BHOPAIIUU MOKET OCYIICCTBIATHCS TOJb-
KO C MOMOIIBIO BEICOKOTOYHBIX BUOPOIATUHKOB.

B nannoit paboTe OBLIH PACCMOTPEHBI YCTPOMCTBA JJIs1 KOHTPOJISA YPOBHSI BUOpaiuu. JlaTunk, U3Mepsio-
U ypOBEHb BHOpAIIMU KOHTAKTHBIM METOIOM, COACPIKHUT MbE303JIEKTPUUCCKUN aKCEIEePOMETP, IETEKTOP,
YCHIIUTENb, OJIOK (POPMUPOBAHUS TUCKPETHBIX OTOPHBIX YPOBHEH, MOPOTOBBIA 3JEMEHT CPaBHEHUS, UCIOJ-
HUTEIbHOE pefe, uHanKaTop. C MOMOIIBI0 TaHHOTO YCTPOHCTBA MOBBINIACTCS TOYHOCTH 33 CUET YBEIHUCHUS
YyBCTBUTEILHOCTH, & TAKKE 00ECIIEUMBACTCS HAICHKHOCTD PAOOTHI.

Hcnonp30BaHUEe YCHIIUTEISA-UHTETPATOPA B YCTPOHCTBE MO3BOJISICT JOCTATOYHO CHIIBHO MOBBICHTH MOME-
XO3aIUIIIEHHOCTh YCTPOMCTBA, B CBA3H C TEM YTO YPOBEHb €0 BBIXOJHOTO CHTHAJIA Ha HECKOJIIBKO MOPSIKOB
BBIIIIC YPOBHS BO3MOXHBIX CITYUalHBIX TOMEX.

CHa0xxeHue ycTpoicTBa 0J0KOM (hOPMHUPOBAHHUS JUCKPETHBIX OMOPHBIX YPOBHEH C 3apaHee 3aaHHBIMHU
BETUYUHAMU, 3HAYCHUSI KOTOPBIX OMPECISIOTCS TUIIOM KOHTPOJIHUPYEMOro 000pyIOBaHUs, MO3BOJISICT B 3HA-
YUTENBHON CTEMIEHN COKPATUTh 3aTPAThl HA €r0 00CIYKUBAHUE, TAK KAK YCTPOMCTBO pabOTAET B PEIKUME HH-
QUKaTopa U GUKCUPYET MPEBBIIICHUE 3apaHee 3a/IaHHbIX YPOBHEH BUOpaIuu.

Kpome 3Toro, ycTpoicTBO CHaOKaeTCs OJOKOM aKyCTHUECKOTO MPOCTYITHBAHUSI, TO3BOJISIONAM HE TOJb-
KO (PMKCHPOBATh aBAPUWHYIO CUTYAIMIO TIEPCOHANY, HAXOASIIEMYCsS BHE 30HBI KOHTPOJIUPYEMOT0 arperara, a
TaKkxe 0oJiee MPABUIILHO OMPEACIATh MPEAABAPUHHYIO CUTYAIHIO.

C moMOIIIbI0 PACCMOTPEHHBIX B pab0OTe YCTPONCTB peaeTess Hanbosee BaXKHas 3aja4ya Ha MPOU3BOJACTBE
— MOBBINICHHUE HAJIGKHOCTH aBTOMATHYCCKOH 3aIUTHI, YPOBHS KOHTPOJIS, TOMEXO3AIIUINEHHOCTH YCTPOUCTBA,
SKOHOMHYHOCTH 34 CUCT HEIKPAHUPOBAHHON JIMHUM CBS3H, a TAKKE CHIIKCHHE TPYJ03aTpaT MPHU ero oociy-
JKUBAHUHU.
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VIBRO-ACOUSTIC TECHNIQUEFOR MEASURING THE VIBRATION
LEVEL AT THE ENTERPRISES

Due to the increased level of modern technology, the actual problem today remains continuous monitoring
of many parameters of the technological process and equipment condition monitoring. The most important
are the parameters of a mechanical movement, in particular the parameters of the periodic movements of the

examined object in space (vibration).

To ensure requirements and regulations on labor protection an integral part of the production is by far the
measurement of the local vibration and its inclusion of indicators in the appropriate protocol. This study will
allow to develop measures to prevent the harmful effects of vibration on human health and minimize the risk of

vibration disease in workers.

Constant and continuous monitoring of the permissible vibration levels can only be carried out using high-

precision vibration.

In the present work, we have considered the device to control the level of vibration. A sensor for measuring
the vibration of the contact method, contains a piezoelectric accelerometer, detector, amplifier, block the
formation of discrete reference levels, the threshold element of comparison, the output relay, indicator. Using
this device increases the accuracy by increasing the sensitivity and ensures reliable operation.

The use of the amplifier-integrator in the device is sufficient to greatly improve the noise immunity of the
device, due to the fact that the level of its output signal by several orders of magnitude above the level of possible

random noise.

Supply device block the formation of discrete reference levels with predetermined quantities, whose values
are determined by the type of controlled equipment, greatly reduce the cost of maintenance, as the device
operates in a mode indicator, and record the excess of the predetermined vibration levels.

In addition, the device is supplied with a block of acoustic listening, allowing not only to fix the emergency
personnel outside the zone of the controlled unit, and more correctly identify the pre-emergency situation.

With the help of considered devices solved the most important problem in the production - improving the
reliability of automatic protection, level control, noise immunity of the device efficiency due to the unshielded
lines of communication and reduce labor costs when maintenance is required.

Key words: labor protection, occupational diseases, working, vibration, working conditions, device control,
harmful production factors, safety in the manufacture, harmful effect, effect.

BHenpenne HOBOro v MOJICpHU3AIUS CYIIECTBYO-
iero 00OpY/IOBaHMSI, YBEIWYCHHE ITPOU3BOIHTEIb-
HOCTH TPyJa M POCT MOIIHOCTH U OBICTPOXOIHOCTHU
MAIllMH M MEXaHW3MOB 3aYacTyl0 COINPOBOXKIAETCS
YXYAIICHUEM YCIOBUH TpyJa Ha MPOU3BOJCTBE — 3HA-
YUTENbHBIM IMOBBIIIICHHEM YPOBHS BHOpAllMU U IIyMa
Ha pabouux mectax [1].

Bubpanus, SBISACH OOMICOMOIOTHYSCKAM pa3-
JIPAKUTENEM, CYIIECTBEHHO BIIHMSIET HA BCE CHCTEMBI
OpraHM3Ma 4YelIOBEeKa, BBI3BIBAS MPH ITOM MPEK/Ie-
BpEMEHHOE yTOMIIeHHe y pabotaromux. B pesynbra-
T€ 2TOT0 CHIKaeTcsl pPaboTOCIIOCOOHOCTh U MPOU3BO-
JUTEIBHOCTh TPYJa, a IPH JUIUTEIHHOM BO3JICHCTBUU
BHOpAaIIMK Ha YeJIOBEKA pa3BUBACTCS TsDKEI0E Ipodec-
CHOHAJTbHOE 3a0o0JleBaHUEe — BHOpaIrmoHHas OO0JIe3Hb.
[TompobHast xmaccudukanuss BPETHOTO BIIUSHHS BH-
Opaunu npuBeseHa Ha pucyHke 1 (cMm. ctp. 106).

B cBsi3u ¢ BpeIHBIM BIIMSIHUEM BHOpAIMK Ha Op-
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raHW3M dYelloBeKa HeoOXOAMMO IpHaaBaTh ocoboe
3HaYCHHUE BOIpocaM OOphOBI ¢ BHOpamueil Ha POm3-
BOACTBE [2].

Ho mist Toro, aTo0Br HauaTh 6OPOTHCS ¢ BHOpaIn-
el Ha TIPOM3BOJICTBE, BHadajie HEOOXOINMO ee U3Me-
puth. Cormacao 'OCT 12.1.012-2004 «Bubpannonnas
0€3011acHOCTH» KOHTPOJIb BUOPAIINH JOIKEH OCYIIecT-
BIIATHCS HA pabOYMX MECTax B MPOIIECCE MPOU3BOCTBA
IUTSl OLIEHKH BUOpaninOHHOM Oe3omacHocT Tpyaa [3].

s onTuMu3anuM NPOBENCHUS CIIELHATBHOU
OLIEHKH YCJIOBH Tpy/a U TIOJIydeHus 0oJiee T0CTOBEP-
HBIX €€ pe3yJIbTaToB B JIAHHOW paboTe paccMaTpuBaeT-
Csl YCTPOHCTBO, OTHOCSIIEECS K BUOPOU3MEPUTEITHHON
TEXHUKE, KOTOPOEe TI03BOJISET KOHTPOIUPOBATH YPO-
BEHBb BHOpAITMH BPAIIAIONINXCS MEXaHU3MOB, padboTa-
IONUX B arPECCUBHBIX YCIOBUAX OKPYIKAIOMIEH CPEIbL.

YeTpolicTBO paboTaeT B peXUMe HHIWKATOPA,
(uKcHpysl TIpeBBIIIEHUE 3apaHee 3aJaHHBIX yPOBHEH
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BUOpaIMM TI0 TPEM MpeesaMm: «HOPMay, «OMacHO»,
«aBapusi». llpn 3TOM aBapuiiHBII YpOBEHb 3a1a€TCS
yKe TIPU MOHTa)Ke yCTPOICTBa B Mpenenax «ny» 3Hade-
HUN. DTO MO3BOJISIET 3HAYUTEIFHO YMEHBIIUTh TPYI0-
3aTparbl Ha 00CIy)KMBaHHE YCTPOICTBa U HE TpedyeT
00s13aTeNbHON eKeroHOH noBepku. CTpyKTypHas cxe-
Ma yCTpOMCTBa JJIsI KOHTPOJsS YPOBHS BUOpanuu Ha
MIPOU3BOACTBE MPEICTABICHA HA PUCYHKE 2 (CM. CTD.
107).

JlaHHOE TEXHHYECKOEe YyCTPOHCTBO OTHOCHTCS K 00-
JIACTH KOHTPOJIS TTapaMeTpoB yCIOBUN TpyJa Ha IMpo-
W3BOJACTBE W pACIIUPAET BO3MOKHOCTH SKCHEPTU3BI
YCJIOBUH Tpy1a MpU NPOBEJIEHUU CIENHUATBHON OLEHKU
YCJIOBUH TpyAa.

VYCeTpoiicTBO 1t KOHTPOJISI YPOBHSL BHOpaluu
arperaToB BKJIOYaeT JaT4MK BUOpamuu [, COCTOs-
U U3 THE303JIEKTPUYECKOro akcelepomerpa 2
MOCIIEIOBATENIbHO COEMHEHHOTO C HHUM YCHJIMTENS-
uHTerparopa 3. IIpumeHsiemblii B paccMaTpHBaeMOM
YCTPOWCTBE JAaTYMK BUOpAIMH TO3BOJSICT HU3MEPSThH
YpPOBEHb BHOpAlMM KOHTAKTHBIM MeToaoM. Cxema
JaTYrMKa BHOpalMM MpEACTaBiIeHA HAa PUCYHKE 3 (CM.
ctp. 107).

Kak BuaHO M3 Ha3BaHMS, B OCHOBY paOOTHI JaH-
HOTO THIA MPUOOpa MOJIOKEH Mbe303PPEKT — SIBICHHE
BO3HHUKHOBEHHUS Pa3HOCTH MOTEHIIMAJIOB HA MHE30KPH-
CTaJlie IPU ero MeXxaHuueckoit nepopmanuu. [Ipu sTom
BBIXOJI IaT4YHMKa BUOpauu / COeIMHEH C OTHUM BXOJIOM
MacIITabHOTO YCHIIUTEINS 4 KOHTPOIUPYIOIIETro OJloKa
23 ¥ TOCNIEAOBATENBHO Yepe3 JACTEKTOp J — ¢ mapa-
JIETFHO YCTaHOBJICHHBIMH KOMIIapaTopamu 6, 7, &, BbI-
XOJIbI KOTOPBIX COEIMHEHBI C BXOJIaMU COOTBETCTBYIO-
IIUX CBETOBBIX HHJIUKATOPOB ypoBHeM Bubpauuu 9, /0,
11, a Takxe ¢ OJIOKOM 3ByKOBOW CHUTHaIHM3auu /2 U uc-
TIOJTHUTEIBHBIM pelte /3, BKIIIOUEHHBIM MapajuieIbHo ¢
WHIMKATOPOM YPOBHS «aBapus» 9.

YceTpoiicTBO CHA0KEHO OJIOKOM 3aePKKH /4, BXOJ
KOTOpOTO MOAKJIIOYEH K BBIXOAY KOMIIapaTopa ypOBHS
«aBapusi» 6, a BBIXOJ — K WHIMKATOPY YPOBHS «aBa-
pus» 9, U mapaJIeNbHO YCTAHOBJIEHHBIM OJIOKY 3BY-
KOBOH curHanm3anuu /2 W UCTIIOTHUTEIRHOMY peine 13
yepe3 OJIOK 3aJIepiKKu 4.

Beixon netekropa 5 coequHEeH ¢ OJ0KOM (opMU-
pOBaHMS TOKOBOTO BBIXO/A /5 W MapajuiebHO C HUM
yepes K04 / orapu)MUYecKUM UHAUKATOPOM /7 Te-
KYLIEro 3HAUCHHS YPOBHSI BUOpALINH.

Brok popMupoBaHust TUCKPETHBIX OMIOPHBIX YPOB-
Hel (070K yCTaBOK aBapuHHOTO YPOBHSs) /8 COSMHEH C
BXOJIOM MAacIITaOHOTO YCHJIMTENSA, BTOPOM BBIXOJ KO-
TOpOTO uepe3 BBIKJI0YATeNb /6 COeHEH C OIOKOM 00-
paboTku curHana /9, K BBIXOIYy KOTOPOT'O MOIKIII0OYEHO
YCTPONCTBO aKyCTHUYECKOT0 MpocaymuBanus 20.

Jaruuk BUOpanuu COeMHEH ¢ KOHTPOIHPYOIUM

Electrical and data processing facilities and systems. Ne 1, v. 11, 2015

OJIOKOM JBYXIIPOBOAHOM trHMeH 2] [4].

PaGoTaer nanHOE yCTpOWCTBO KOHTPOJIS yPOBHS
BUOpAIMM arperaToB clieqylomuM obpazoMm. [laruuk
BUOpay / YCTaHABIMBAIOT Ha KOHTPOIHPYEMBIH
00BEKT, MEXaHUYECKHE KOJIeOaHHs ¢ KOTOPOTo MOCTY-
MaloT Ha MBE303JIEKTPUYECKU aKkcelepomeTp 2, rae
peoOpa3yroTcsl B DJICKTPUUSCKUN CHTHAT, KOTOPBIN
YCHJINBAETCs, MHTETPUPYETCs, BEIMYMHA KOTOPOTO
Ha BBIXOJI€ JIaTYMKaA MPOTMOPIHOHANIbHA BETUYNHE BH-
OpPOCKOPOCTH U BBIIIIE YPOBHSI BO3MOKHBIX CITy4allHBIX
noMex. ITo OOBSCHSIETCS TEM, YTO BBIXOIHOE COIpPO-
THBJICHHE JIaATYMKA IPUOIMIKASTCS K HYIIIO, YTO 3HAUH-
TEJIFHO MOBBIIIAET MOMEX03aLTUIIIEHHOCTH U MO3BOJIAET
BBITIOJTHUTH JTUHUIO CBSI3U 2/ MEXAY JaTYMKOM BHOpa-
UM [ ¥ KOHTPOJIUPYIOMHUM O5IokoM 23 HEIKpaHUPO-
BaHHOM U JJIMHOM JIO THICSYU METPOB.

3areM CUTHAIl MOCTYIMAeT Ha BXOJA MacuITaOHOTO
ycunuTens 4, Ha Ipyroi BXoA KOTOPOTo ¢ BeIxona 0I1o-
Ka (OpPMHUPOBaHUS IUCKPETHBIX OMOPHBIX YpOBHEH /8
MOJAaeTCsl CUTHAI «N» (PUKCHPOBAHHBIX YCTABOK Yepes
nepexiovarenu, coorsercrytonme 'OCTy nwnn yno-
BIICTBOpSIONMINE TpeOoBaHMSIM 3akazuumka. C BbeIXOna
MacIITaOHOrO YCUJIUTENs 4 yepe3 JETEKTOP 5 CUTHAI
MOJaeTCsl HAa BXOJIbI KOMIIApaTopoB 6, 7, 8, rae ¢ukcu-
pyeTcs MpeBbIIEHHEe YPOBHS YCTABKU 1O TPEM YpOB-
HSM: «HOPMay, «OIAaCHOY», «aBapus» COOTBETCTBEHHO,
a 3aTeM TI0/1aeTCs Ha BXOJbI CBETOBBIX MHINKATOPOB Y,
10, 11. TTpu 5TOM KOMIIapaTopsl 7 1 § pabOTaIOT B PEKHU-
Me peaJIbHOr0 BPEMEHH, a BXOJ MHIUKATOopa 9, a TakKe
BXO/IbI TApPAJIIEIbHO YCTAHOBJICHHBIX UCIIOITHUTEIBHO-
ro pene I3 u OnoKa 3BYKOBOWM cUTHajdu3anuu /2 moj-
KJIIOUEHBI K BBIXO/lYy KOMIIapaTopa YPOBHS «aBapus» 6
yepe3 OJIOK 3aIepKKH /4, uMeronuil cnenuuyeckyro
(mumooOpa3HyI0) XapaKTEePUCTUKY U CIYXKAITUN ISt
JOTIOJTHUTENBHOTO TPEAYTIPEXKICHHS JIOKHOTO cpaba-
TBIBaHUS YCTPOHUCTBA. DTO OOBSCHSIETCS TEM, UTO OJIOK
3a/Iep’)KKU CYMMUPYET 110 BpEMEHHU ypOBEHb BUOpaIuu
Y HE JIOMYCKaeT CpadaThIBaHUS UCTIOIIHUTEIBHOTO pelie
13 ot cnydaliHBIX (hakTOpoB. B cirydae nelcTBUTENb-
HO aBapHITHOTO COCTOSIHUS OJIOK 3aJepKKH /4 BbIIACT
CUTHAJI Ha UHJIUKATOp 9 YPOBHS «aBapHs», UCTIOIHU-
TenbHOE pene I3 1 OJOK 3BYKOBOW CHUTHanmu3anuu /2
¢ obecrieueHHEM aBapHIHOTO OTKIIFOUSHHSI KOHTPOIIH-
pyeMoro MexaHu3ma B T€YeHHE HECKOJIbKHUX CEKYH/I.

brok /5 paboraer B pexMMe TEKYIIEro BpeMEeHH
u obecrieunBaeT (OPMUPOBAHKME TOKOBOTO BBIXOJA HA
BTOPUYHBIN KOHTpONUpYIomuii npudop. Jlorapupmu-
YECKHI MHIMKATOP /7, MOKA3BIBAIOIINM BCE TEKYIIHE
3HAYEHUS BUOpAIMH, IPH HEOOXOIMMOCTH BKITFOUAETCS
BTOpOI TpyNIoi nepekitouaTeneid /6 u mo3poiuser 6e3
MEPEeKITI0UYeHUs] JUana3oHa MPOKOHTPOIUPOBATh TEKY-
niee 3Ha4eHUE YPOBHsI BUOpalMH B Ipeneniax MExIy
yCTaBKaMH KOMIIApaTopoB 6, 7, 8§ Mo BUOPOCKOPOCTH,
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YTO TMO3BOJSIET TIOBBICHUTH JOCTOBEPHOCTH OMpesese-
HUSl JICUCTBUTEILHOTO BUOPAIIMOHHOTO COCTOSHUS
KOHTPOJIHPYEMOT0 00BEKTa.

Co BTOpOr0 BX0/Ia MacIITA0HOTO YCUITUTENS 4 TIPU
BKJIIOYEHUH TIEPBON TPYTIIBI Mepekitoyareneii /6 cur-
HaJI TOCTYTaeT Ha OJIOK 00paboTKy curnana /9 u najiee
Ha YCTPOUCTBO 2() aKyCTHYECKOT0 TIPOCIyIIuBaHus. B
Ka4eCTBE YCTPOWCTBA aKyCTHYECKOTO MPOCTYITUBAHUS
MOJXKET OBITH UCIOJIb30BaH, HAIIPUMED, TOJIOBHOU Tele-
¢doH.

Tax kak cIIyXOBOH OpraH uyejoBeka 0oJiee YyBCTBU-
TEJIeH K Pa3IMuHbIM OTTEHKAaM 3BYKa, TO 9TO MO3BOJS-
€T 3HAYUTEIHHO TIOBBICHTH JJOCTOBEPHOCTH KOHTPOJISI.

Jaruuk BUOpaluy ycTaHABIMBACTCS IUCTAHITHOH-
HO OJyiarojiaps 3HaYMTENIbHO YJUIMHCHHOH JIMHUN CBSI3U
21, 9TO MO3BOJSAET HUCIIOJIH30BATh JATYHUK B arpecCUB-
HBIX YCJIOBHUSIX OKPY’KalOIIeH cpeibl, TAe 3aTpyJHEH
KOHTPOJIb C TOMOUIBIO MEPEHOCHBIX MPHOOPOB.

ITomuMoO paccMaTpuBaEeMOro JaTuyWKa BUOpAITUU
JUTSL TIeJIeH OIIeHKH YCJIOBHH Tpy/a TakXe MOTYT TpH-
MEHSTBCS JATYMKH, MPUHIUI H3MEPEHHUS KOTOPBIX
OCHOBaH Ha OCCKOHTAKTHBIX METO/aX M3MEpPEHUS BU-
Opanuu. OOBIYHO 30HJAMPOBAHHUE OOBEKTA OCYIIECT-
BJISICTCSI 3BYKOBBIMH U 3JICKTPOMAarHUTHBIMU BOJIHAMU.
[MpuHIMNUaNbHAS CXeMa ONTHYECKOTrO JaTYhKa Mpe/-
cTaByieHa Ha pucyHke 4 (cM. Ha cTp. 107).

B ocHOBY pabOThI ONITHYECKOTO JIATYNKA MTOJI0XKEH
s dexr Jlomiepa. [Ipubop comepkUT JIa3epHBIA HC-
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TOYHHK H3JIYUYCHHsI, TIPUEMHYIO ONTHUYECKYIO CXEMY,
a TaKXe JIEKTPOHHYIO cxeMy obpaboTku. IIpu oTtpa-
JKEHUU U3JYYEHHUS OT HETOABHKHOTO 00BEKTa JTHHA
BOJIHBI MTPHHSATOTO JIyda HE OTIMYAETCS OT UCTHHHOM
JUTMHBI BOJIHBI ja3epa. Ecnu 0OBEKT mepememniaeTcs
BJIOJTb OCH HU3TyYEHHS, TPOUCXOANUT CIABUT JTHHBI BOJI-
HBI OTPAKEHHOTO M3JTYYEHUS Ha HEKOTOPYIO BETUIUHY
(bdext Jomnepa), 3HaYCHUE U 3HAK KOTOPOH HECYT
HH(POPMAIIUIO O CKOPOCTH W HAIIPABICHUH JIBHKEHHUS
00BeKTa, a UCITOIb3yeMast B COCTaBe IIPUEMHOTO ONTH-
9eCKOTO MOAYNsST WHTephepoMeTpruIecKas CxXema ITo-
3BOJISIET OTIPENCTUTh 3Ty BEIWUYHHY. TakuM 00paszom,
KOJIeOaHUsT OTpaXkaroule MOBEPXHOCTH MOIYIHUPYIOT
YaCTOTHBIH CHBHT, W 3JEKTPOHHAsS 00paboTKa 3TOro
CHTHAJa MOJIYJISAIINN TIO3BOJISIET MOTYYUTH TTApaMeTPhI
BUOPAIIMOHHBIX KoJicOauuii [5].

C moMomIsl0 PACCMOTPEHHBIX BBIIIE YCTPOHUCTB
pemaeTcss Hamboylee Ba)kHas 3ajada Ha IPOU3BOJI-
CTBE — MOBBIIICHUE YPOBHS KOHTPOJIS BHOPAIIMOHHON
0€30MacHOCTH, HAJEKHOCTH aBTOMATHUYECKOW 3allfu-
ThI, TOMEXO3ANTUIIIEHHOCTH YCTPONCTBA, SKOHOMHUTHO-
CTH 3a CYET HEOKPAHHPOBAHHON JIMHUU CBA3H, a Tak-
K€ CHIDKEHHE TPYI03aTpaT MPH €ro OoO0CIyKHUBAHUH.
ITpuMeHeHne Pa3TMYHBIX BHIOB AATYMKOB BHOpAIUH
MO3BOJISIET TOJYYHUTh 0OJice KOPPEKTHBIE HM3MEPEHHUS
BHOpAITMOHHON HAarpy3kKd Ha PabOTHHKOB IMPOMBIIII-
JICHHBIX TIPEATPUSTHHN.
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HAHOJJIEKTPOHUKA U KBAHTOBBIE
NHOOPMAINIMOHHBIE CUCTEMBbI
NANOELECTRONICS AND
QUANTUM DATA SYSTEMS

Henucoea O.A.

Denisova O. A.

O0OKMOp PU3UKO-MAMEeMAMUYECKUX HAYK, OOYeHN,
3aseoyrowuil kagpeopou pusuxku PI'EOY BO «Ypumckuii
20CY0apCmeeHtblll YHUGEpCumem 9KOHOMUKU

u cepsucay, Poccus, e. Ya

VK 538.9

OCOBEHHOCTHU PACITPOCTPAHEHMUS YJIBTPA3BYKA
B XOJIECTEPHYECKUX KUIAKUX KPUCTAJIJIAX

TeopeTnuecku paccMOTpEHbI [Ba Cly4dasi pacpOCTPAHEHUS YIBTPAa3BYKOBOW BOIHBI B XOJIECTEPHUYECKOM
JKUJIKOM KpucTasie: 1) BOJHOBOM BEKTOP K MEPHEHIUKYIIAPEH OCH CIIMPaJiK; 2) BOIHOBON BEKTOP A mapasieneH
OCH CITUpaJH.

IlokazaHo, 9TO B IEPBOM CITy4ae B XOJIECTEPUUECKOM KHUKOM KPHCTAIIIE paclipocTpaHseTcs ciado 3aTyxaro-
mas yrpyras BoJiHa. Bo BTopoM cirydae BoytHa ObICTpo 3aTyxaeT. [IpoBeneHa oreHka kKodhGUITMCHTOB 3aTyXaHUS
M CKOPOCTEH 3BYKOBBIX MOJ, KOTOPBIE BO3HUKAIOT MPH (QIIYKTYalHsIX OPUEHTAIINN OCH CITUPAJINA U TUIOTHOCTH.

DKCIEepUMEHTATFHOE HCCICAOBAHNUE ITOKA3aJI0: BO-TIEPBBIX, BHYTPEHHSS CTPYKTypa XOJECTEPHUUICCKOTO
JKUJIKOTO KPHCTAJIa He OKa3bIBACT 3HAUMTEIILHOTO BIHSHES Ha PACIIpOCTPAHCHUE YIBTPA3BYyKa, a CKOPOCTH 3BY-
Ka COBIAJIaeT CO CKOPOCTHIO 3BYyKa B M30TPOMHOH (haze. Bo-BTOPHIX, MOSBIAETCS «BTOPOW» 3BYK, JIJIT KOTOPOTO
CKOPOCTh C, ONPEJIENACTCS BOTHOBBIM BEKTOPOM CIIMPAJIH XOJIECTEPUUECKOr0 JKUIKOr0 KPUCTaIa §,, MPHYEM
¢ LR c?o. IIpu pacnpocTpaHeHUH yJIbTPa3ByKOBOW BOJHBI U3MEHSIOTCS TapaMeTpbl CIUPAJIH, U, KaK CIEICTBUE,
M3MEHSIOTCSI OITHYECKHE CBOMCTBA KUIKOTO KpHUCTasa.

B pabore mpemiokena skciepuMeHTaIbHAsT METOAMKA, OCHOBAHHAS HAa MPUHIIMIIAX MOMYJISIIHOHHON CITeK-
TPOCKOITHH. Omna no3BoJsieT TOYHO (1)I/IKCI/Ip0BaTI) TOHKHEC UBMCHCHUSA B OIITHYCCKUX CIICKTPax, KOTOPbIC HE pPCTU-
CTPUPYIOTCS OOBIYHBIMU ONTHYECKUMH CIIEKTPOMETpaMu. BoCcCTaHOBIEHHBIN CHEKTP OTpaskeHUs aaeT uHop-
MAaITHIO O BITMSTHUH 3aKPYTKH KHUJIKOTO KPUCTAJIa Ha pacCIpoCTpaHCHUE YIbTPAa3ByKa B HEM.

Knrouegvle cnosa: XonecTepuueckue KUIKUE KPUCTAIIIIBI, TBUCT-CTPYKTYPBI )KUIKUX KPHUCTAIIIOB, YIBTPa-
3BYKOBas BOJIHA, AUPECKTOP KUJAKOI'O KprcCTaljia, OCh CIIMPAJIU X XUJKOI'O KprUcCTalljla, IJIaHapHass OpUCHTAIUA MO-
JIEKYJI.

FEATURES OF ULTRASOUND PROPAGATION
IN CHOLESTERIC LIQUID CRYSTALS

Theoretically considered two cases of ultrasonic waves in a cholesteric liquid crystal: 1) the wave vector k
perpendicular to the axis of the helix; 2) the wave vector k parallel to the axis of the helix.

It is shown that in the first case in a cholesteric liquid crystal extends weakly damped elastic waves. In the
second case, the wave decays rapidly. The estimation of the coefficients of attenuation and velocity of sound modes
that occur when the helix axis orientation fluctuations and density.
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HaHoaneKkTpoHMKa 1 KBaHTOBbIE MHCOPMALIMOHHbBIE CUCTEMbI

Experimental study showed: First, the internal structure of the a cholesteric liquid crystal has no significant
effect on the propagation of ultrasound, the sound speed coincides with the speed of sound in the isotropic phase.
Secondly, there is a «second» sound, for which the rate is determined by the wave vector €, a cholesteric liquid
crystal helix ¢, and ¢, = g,. When the ultrasonic wave propagation parameters are altered spiral, and as a result,

modify the optical properties of liquid crystal.

The paper presents experimental technique based on the principles of modulation spectroscopy. It allows you
to accurately capture the subtle changes in the optical spectra, which are not recorded by conventional optical
spectrometer. Recycled reflection spectrum gives information about the influence of twist of the liquid crystal on

the spread of ultrasound in it.

Key words: cholesteric liquid crystals, twist-the structure of liquid crystals, the ultrasonic wave, the director
of the liquid crystal, the helical axis of the liquid crystal, molecule planar orientation.

Pa3Ho0Opa3HbIe CBOWCTBA XKUIKUX KPHUCTAIIIOB
(°KK), mHTEpecHble ¢ TOYKH 3PEHHS MPAKTHIECKOTO
MIPUMEHEHUS, 3aBUCAT OT PaBHOBECHUS B paclpenaeiie-
HuM Mojekyi. [lepecTpoilka CTpyKTyphbl, a TaKXKe U3-
MeHeHre (DOPMBI MOJIEKYJI, BBI3BaHHBIC BO3CHCTBHEM
CBETOBOI'0, YJIBTPAa3BYKOBOI'0, TEPMHUECKOI0, JEKTPHU-
YECKOIr0, MArHUTHOI'O TOJIEH, BEAYT K 3HAYUTEIbHBIM
W3MEHEHUsIM WX (U3NYeCKuX CBOUCTB. lIpocTpan-
CTBEHHBIN MOPSIAOK B XKUJKUX KPUCTAJJIaX OMpeness-
€TCsl OpPUEHTALMEH U PACHOJIOKEHUEM JJIMHHBIX OCEH
WX MOJIEKYJI, TI03TOMY, YTOOBI ONPENETUTh TOCIe0-
BATEJIbHOE MHUKPOCKOIMYECKOE 3HAYEHHUE MapamMeTpa
NOPA/IKA, HEOOXOMMO BBECTH LISl KaXK/IOH MOJIEKYJIbI
KOOPAMHATHI €IMHUYHOrO BeKTopa @ u nenTpa macc
7% BIONB UTMHHOI OCH Mosekyabl. [Tapamerp nopsaka
Qij — 3TO CUMMETPUYHBIA TEH30p, KOTOPbIA ONHUCHIBA-
€TCsl ypaBHEHUEM
PS040 155G -7 (1) = Y05 - ),
mQIj(r9z) a 3 a
rJe m — Macca KaxJ0W MOJIEKYJIbI, p — IUIOTHOCT, 7
— paanyc-BEeKTOp, 51.1. — eIMHUYHBII TEH30p, ¢ — BpeMs,
0 — nenbra-QyHKIHSL.

B 0gHOOCHBIX XHAKUX KpHUCTaIax mapaMerTp Q[j
IIPY YCJIIOBUM PAaBHOBECHS ONPEACIISAETCS BBIPAKEHUEM

<Q; () >= S{n;’ (?)n“; (r) —%5,.1. ,

rze S — Mepa cTeneHu ynopsaoueHHocT Mojiexya KK,
n! (7), n;’ (7) — nanpasnsiomme paBHOBecus. BekTop
n°(r) B HemaTudeckux kuakux kpucrammax (HXKK)
— BEJIMYMHA [IOCTOSHHAS B IIPOCTpaHCTBE. Pacnpenere-
HHE JUPEKTOPA B XOJIECTEPUIECKHUX KUIKUX KPUCTAJI-
nax (X2KK) umeer cnupaibHyI0 CHMMETPHIO, KOTOpas
OIMCHIBAETCS KAK
n’(r)=n’cosy’(r)+(p°’ xn’)siny’(r),

rae 71° — eIMHMYHBIA BEKTOp B IUIOCKOCTH, INEPIIEH-
auKynspHoit p°; p° — eAMHUYHBINA BEKTOP BIOIb OCH

o (= 272- =0
CIUpay; A — War ciupaiy; y° (¥) = T|pTrese

— npou3BoJibHAs (paza, KOTOpasi MOXKET ObITh BbIOpaHa
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takoi, uro n°(r =0) =n’. MOXHO TakXe OTMETHTE,
ato Vy* (F) = q,p"-

Tax kak XOKK HMEIOT NEpUOAUYECKY IO CTPYKTYPY,
HX aKyCTHYECKHE CBONCTBA OTIMYAIOTCS OT CBOMCTB
HXK. IToMrumM0O aHM30TPONUM CKOPOCTH 3BYKa, XapakK-
tepHoit g HXKK [1], B8 X)KK nmeercs BTOpas 3By-
KOBas MOJIa, CKOPOCTh KOTOPOH OIMpeeNsieTCs maroM
criupanu kpucramia [2, 3].

B mpencraBnenHoii paboTe WCCIeNOBaNNCH B
YaCTHBIX CJlydas pacpOCTPAHEHUS YNPYTUX BOJIH B
XOKK: B 0qHOM Cllydae BOJIHOBOM BEKTOp K jiexkal B
mmockoct XOY n coBnagaet ¢ ocbto OZ, napaieiib-
HOW OCH XOJIECTEPUYECKOM CIUpaiu, a B IpyroM BOJI-
HOBOH BEKTOp NEPIEHAUKYIsIpeH ocu OZ.

Crnenys pabore [4], BBemem ¢ynkuum: O(7,1)
— IJIOTHOCTB Cpeabl, &(7,t) — MIOTHOCTH 3BYKOBOM
sHepruw, 0,,(7,t) — nepeMeHHas, CBA3aHHAA C IIATOM U
YTJI0M HaKJIOHA CIupaiu, g(7,t) — IIOTHOCTh MOMEHTA
UMITyJIbca. MOXKHO ONpeesIuTh BOJIHOBOW BEKTOP CITH-
panu q,(¥,t) =27/ A.(¥,t) u Hopmanpb k cnosm XKK
D(F,1), ucxons us suaa Gynxuun 0,;(7,1).

Ucnons3ys paboty [4], 3anumieM ypaBHEHUS TH-
npoaunamukn XKK:

dp(F, 1) .
———=—pV-0(r,t),
Py PV -U(7,1)
oo (¥t o
% =—AP—q,p"MGF, 1)+ OV Vi, (1)
oq(F,1) 00 . 1
T:lgjvivaa Ezqop U__hga

rne T — Temmeparypa cpeabl, P — 3BYKOBOE JlaBJic-
Hue, U(r,t) — KosiebaTelibHass CKOPOCTh B 3BYKOBOU
BOJIHE, 0, — KOO(QOHUUHEHT BA3KOCTH, Xij — KOdppuun-
€HT TETJIOMPOBOIHOCTH, q(7,t) — O606HI€HH_Z}$[ nepe-
MEHHasl, UMeoIas pasMepHOCTh dHepruu, h, =A-h,
h=—0F(n)/0On, F(n) — cBobonnas sueprus O3eeHa —
®panxa [3], Tensop 6, BA3KOYNPYTHX HANPsKEHUH
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eg/klAlak = 29214;,- +2(6, -6 )[pz pkAk] "’PDPZAH]"'Z(Q -20,+0,)p; p-(pZAldpzo)+

o 0

+(6, —(92)5”141(,{ +(6, -0, +‘92)[ i]‘pkpl

rae A, %(Alaj +Aa,).

Jnst BeIsicHeHHsI TOrO, Kakas cTpykTypa XJKK
OyzmeT HaOMIOAATBCS NPU BO3JACHCTBUU YIBTPa3ByKa,
KOTOPOE XapaKTepu3yeTcs napamerpamu 0, p, h, P,
HYXHO ONPEJETUTh BUJ IEPEMEHHBIX O, ¢, &, 0. [lns
9TOTO cleflaeM 3aMeHY TIePEMEHHBIX B YPaBHEHUSX CH-
cremsl (1):

Ak, &) = jd3rofdt exp (—ikF —i&) A(F, 1),
o

@

BH.H=2

S’HSS

PaCCMOTpI/IM JBa cjry4dasd, OT.HI/II‘IaIOH_H/I}CH HarpaB-
JICHHEM BOJHOBOTO BEKTOPA yIIbTPasByKa k.

B mepom ciyuae BeKTOp A COBIagaeT 1O Ha-
NpaBIIeHNIO ¢ HOpMaBIo K cnoto X)KK (k| |0Z). Jins

— v OB
k, )+ —=—
p(k, &) T8

Ay p!pi A

T. €. IpUMEHUM TipeoOpa3oBanue Dypre B MPOCTpaH-
cTBe u npeobpasosanue Jlannaca Bo Bpemenu. Mimeem
trakxke A(k,t=0)= A(k), rne & — napamerp, couep-
JKallMi MaJlyl0o MHUMYIO 4acTb. B ciiyuae JIMHEHHBIX
OTKJIOHCHHUH OT PaBHOBECHs JIF00asl MMEPEeMEHHasl, Xa-
paKTepU3yIomasi BHEITHEE BO3ACHCTBUE, MOXKET OBITH
BBIPA)KEHA YEPE3 NAapaMeTPhI p, g U 0.,.

Iycts B(k,&) — onHa U3 9THX IEPEMEHHBIX, TOT/IA
JIJIs1 Hee MOKHO 3aIMucarh

Oy (k,&).

PSS

. OB
q(k,&)+ 0

S3

3)

S.0s3

yOpouceHud 3aJa4u BJIUAHNUCM HaIrpe€BaHU A KpUcTaia
npeHeOpexem. Toraa, nposess onepaiuto (2) u (3) Han
(1), momyunm:

oP oh =
fz—kza— —kf%a—3 pk,5)—
p 8,63 p 8,643
ik Dl kgt O g ekt D oGR8 = i (F), @
80S3 S.p 89S3 S.p Stis.p
. 7 qokl 7 7
lég(kag)_FTe(ka‘f) = Pﬂ(k)a
i
5% plk, &)~ 1"0 AR50 5= 80+ f);c 2 5p(k).
HWcnonw3ys nanHble paboTHI [4], clenaeM 3aMeHbI:
6_P —? % aqn Oh, - K
(2 29
op S5:0s3 op 8,653 5p hy.S 0085, S.p
oh, oP aq, )
60 = KJ_ (k)> = 2 a >
Stls.p S31s.p P hy,S
rae K’ u K| (k) — nocrosnnbie ynpyroctu. Iloncrasum  rie C, 1 a, — IOCTOSHHBIE.

BeIpakeHue (5) B (4) 1 3anuiieM B OoJiee TpOCTOM BHUJIE:
(& +C)plk,&) +ia,0(k,&) =iEC,,
~i&g(k,&)+a0(k.&)=a,,

EC,pk, &)~ ayg(k,&)~iE0(k,&) = C, +iC,,
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Pemaem 3Ty cucremy ajnrebpanuecKkd ¥ HaXOOUM
$yHKIUU:

r 4,() = 40(&) 7 45,($)

k, i k, =T aka PN
pk,2) AE) g(k,$) AE) (k,$) AE)
11,2015 111



rae

4,0(&) = i§3C2 +ié(a,C
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-Ciagay + &a,C, +iasaqa,,),

4,0(&) = iéﬁau + i‘fz (a,Cs — C,Ciag) + §2a6c4 +&Caza,, +i5Ca, + CCya4 +iC Ciag,

A5(&) = —i§3C4 + §3C5 + iézzcs + 52(C4 +aa))) +SC G +i8CC, + Cagay ),

A(§) = 5 5 (azaq —

BeimonnuM oOpatHoe mnpeoOpa3oBanue Jlama-
ca o BpemeHu. OpuruHan u300paxeHus, HAIpUMep,
¢byukuuu p(k,&) , OyaeT UMeTh BUJT;

c (¢, %)
pk,t) = ‘,° exp(&,0),
; A'(S, k)
e ¢, — kopuu ypasuenus A(C) = 0, a A(C) onpenens-
eTcs BeIpaxkeHneM (6). Vicxomst U3 MpOCTHIX YNCICHHBIX
CPaBHCHHIA, MOKHO 3aMeTHTb, 4T0 |C, —ayay| << a,C, n
| C +asa, —a,C, |>> asa,C, , CIeI0BaTEIIEHO

(7

(-C, +a,a, —a,C,)* >>4a,a,C,. (8)
Ecnu nmpumenuts cooTHomeHus (8), TO 3TO MO-
3BOJIUT 3HAYUTEIIBHO YIIPOCTHTH BhIpakeHue (6), Toraa

pk,t) = p(k)| A(A4,) A4, cos At +A(A)A, cos At +

g(k,1) = g(k)(cos At +cos Ar)+O(k (A, sin At + A, sin A),

(6)

-a,C,)+Caga.

HpI/IBO,[[I/IM Cro K BI/I,Z[y
{5 + 4o b;(k)( j }[5 +C +a,C =A%), (9)

rzie k, — KOMIOHEHTa BOJTHOBOTO BEKTOPA, a kK — ero Mo-
nynb, E’(k) — HexoTOpas HelMHelHHas (yHKIIHS BOJTHO-
BOT'0 BEKTOpa 3ByKOBOM BoaHbL. KopHu ypaBHeHus (9):

2 2
] qOE (k) (ﬁj = iAo )
yo, k

& ==&, = i\ C +a,C, =iA,.

Haiinem pemenue cuctemsl (4), MOICTaBUB KOPHU

(10) B (7):

(10)

p(k)agaA(4)+A(4,)
A(A4)A(4,) ’

(1)

Ok 1) = O(k)(AN(A,) cos At — A A(A, ) cos At)+ g(k ) A, (sin At +sin A7),

rie
h = a6C1 7> A3 = C]Clg, A4 :—a6C1 7.
A(A) A A(4,)4;
Oyuxuun # (k) U dp (k) HaWIEM U3 OIIPEICTUTENS
- B(a,C, —aja5) + B, ia,B, 50(/_5) _ P(E)
- B, +iB.C, BC, -B, \s0(k)) \ok)/
B =AA)A, +AM4)4, B, =AML +AMAA,  prk) = g(k).

Teneps Haiinem g, (k,¢) — BoaHOBO# BekTop crimpainu u p(k,t) — wopmanu k X)KK crosim, 3Has1, 910

0(k) =y (k) + £(0),

ngi — dqo(k t)
o Py
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pl (EI)QO

1

O(k) =

(k)+ 1p1(k 1) k3p3
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[TosnyunM KOHEUYHBIE PE3YJIbTATHI:

P (Ea 1) = p,(k)[AA(A,)cos At — A,A(4,) cos A 1]+ g(lg)A3 (sin At +sin A1),

2k,

Ak, 1) =

PaccMmoTpuM BTOpOM ciiydall, KOraa BEKTOP k co-
BIIagacT C HaIllpaBJICHHUCM, NEPHCHAUKYJISAPHBIM HOP-
mamu k crnosm XKK, 1. e. nexut B mockoctu XOY. B
5TOM CJly4yae HacC HHTEPECyeT TONbKO QyHkius O(k, 1),
koTopas onpenensier A(k,t) u p(k,t). Tloaromy 3agagy
MOXXHO PeluTh mpoiie. [IoBTOpHUB Ty ke Mpoueaypy,
4YTO U B IEPBOM CJIydac, NOJIy4YnuM

9,K, _
|: }g(khé) 2k2081(k1,§) _g(kl)ﬂ
_%g(kpég) {lé:—}_K }951(1%5) 05, (k,).

I[anee MOXXHO 3amnucarb

{ [i&+Clg(k, &) +ay,b6(k, ) = g(k,),

a;;8(k, &) +(=i&+C)bg, (k,, &) = by, (k,), (12)

pi(k,0) =

Hoiy4yenHoe peleHne ruipoanHAMUYECKUX ypaB-
nenwit (11) B sume Qynxumii p(k,1), g(k,1), O(k,0),
P(k,t), A(k,t) ana k| |0Z noseonser cuenars Heko-
TOpPBIC BBIBOJBI. DTHU BBIBOJ(bI OTPAXAOT U3MEHEHUS
cTpyKTyphl cpeansl XKK, BozHUKaOmEH Mo BIUSHU-
€M yJIBTPa3BYKOBOI'O MOJIs. 31€Ch HET PEIICHUM IS ma-
paMeTpoB P3(l€,t) u A(k,,t), IOTOMY 4TO yJIbTpa3ByK HE
BIIMSICT Ha 3TH KOMIIOHCHTBI, U OHU OCTAIOTCS IIOCTOSTH-
HbIMH. Pelenue 11s MIOTHOCTY MOMEHTOB UMITYJIbCa
g(l%t) u s pyHKIuH ok,1), onpenensiomeit p(k,1)
u A(l%t), MOy Yal0TCs B3aUMOCBSI3aHHBIMU, 3TO BUJIHO
u3 (11) u (13). [lonyueHHnast cBsi3b PYHKIHIA TOBOPUT
0 TOM, YTO B XOJIECTEPHKE KPOME BOJH MPOJOIHHOTO

aq,

THIIa CO CKOPOCTBIO
1 2 2
cm=ci+ LTO5 opy ["—J
p k, op h,S k
BO3HHUKAIOT €III¢ BOJHBI (HOHepe‘{HBIZC) CO CKOPOCTBIO
2B (k
(k)= LE® )[ j ’
0 k

e E'(k) = K,k; + K (k)k, ¢*(k) u c; (k) onpenens-
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w (k) [AA(A ) cos At — A A(A4,)cos At]+ g(k)Ay(sin At +sin A1) — (k)

rie GyHKIHsS

05, (k,, &) = — 1805, (k) + G0, (k) +a,,8 (k) .

Ak, )

Kopusimu ypaBHenust A =¢&* +i&(C, +C,)—C,C, —
— 4,0, ABISAKOTCSA

(13)

1 a,a
=—iC, 1 & =—i——21
§1 6 52 4 C6
3]1eCh MCIIOJIb30BaHO ycioBue (K, o/ y?)<<1.
[Ipumenum (7) (oOpatHOe mpeobpaszoBanue Jla-

I1aca) U oJay4uM penieHue ans Gynkuuu 6, (k,,&):

(14)

Os,(k,,1) = O5, (k) As cos &t + g(k )(Ag sin g, + A4, sinS,),
rac
A =1, Aﬁ=%, A, = kg, )
PCs p(Cs—Cg/2ay5a,,)

ITpu ycnosuu

O (k1) = pig, + kl[‘ﬂ(kl) + Wl

o

04, (ky) = k0(ky) 1 O(k) = 2V (1;? )4,

1
dbyuxus p,(k,t) mprodbpeTeT BUI

pl (kg cos &t — plqip(k) + g(k )(Agsin &t + A, sin&yp) .

JUCh U3 cOOCTBEeHHBIX YacToT (10).

Heo6xonnMo OTMETHTB, YTO B CiIy4ae, KOIa BeK-
TOp k nexut B mIockocTH XOY, TakKe HAGIIONAIOTCS
JIBa THIIA BOJIH C YacTOTaMH, ONPEACIsIeMbIMU BbIpa-
xenneM (14). Ananusupys BeipaxkeHue (14), MOXHO
cliesIaTh BBIBOA, YTO UMEIOLIUI MECTO MpoLecc B JaH-
HOM citydae OyneT JudQy3nOoHHBIM.

Tenepp paccMOTPUM pE3yJbTaThl 3KCHEPUMEH-
TaJbHOTO M3YUYCHMSI ONTHYECKUX CBOMCTB XOJIECTEpPH-
YEeCKHX JKMJKUX KPUCTAJIJIOB IPH BO3JCHCTBUU HAa HUX
yibTpasByka. [lisi onucaHus paclpoCTpaHEHUs yiib-
Tpa3BykoBoil BosHbl B X)KK kpome ¢yHkumii miort-
HOCTH 3BYKOBOH SHEpPIruH, Cpebl, MOMEHTA UMIIYJIbCa,
BBOJISIT IEPEMEHHY IO, CBS3aHHYIO C ILIAarOM U yTJIOM Ha-
KJIOHA crivpaiu. B mepBom ciydae BHYTPEHHSIS CTPYK-
Typa HXKK He Oka3pIBaeT CyIIECTBEHHOTO BIIHSHUS
Ha PacHpoCTpaHEHHE YJbTPa3ByKa, a CKOPOCTh 3ByKa
COBIIAIa€T CO CKOPOCTBHIO 3BYKa B M30TPOINHOHN (ase.
Bo BTOpOM ciyuae mosIBISIeTCS «BTOPOM» 3BYK, AJs
KOTOPOTO CKOPOCTH C| OMpEIENsIeTcsl BOMHOBEIM BEK-
Topom ¢, cniupanu XKK, npuuem €, = ¢ . TTostomy B
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u30TpornHOM dase ¢, = 0. Tak KaK B 3TOM CUTyaIMH U3-
MEHSI0TCS MapaMeTpbl CIUPAJIN, TO IIPU PACIPOCTpa-
HEHUU YJIBTPa3ByKOBOW BOJHBI JOJIKHBI MU3MEHSATHCS
onrtuueckue ceorictea HXK.

PaccmoTpuM cuTyanuio, Korga JUIMHA IONEped-
HOW BOJHBI OOJIBIIIE IIaTa CIIUpani. JKCIIEPUMEHTAb-
HO€ UCCJIEJOBAaHUE PACIIPOCTPAHEHUS YIbTPA3BYKOBOM
BOJIHbI B 3aKPYYEHHBIX KUJKUX KPHUCTAIAX 3aTpyl-
HEHO M3-32 psifia MOOOYHBIX (PAKTOPOB, BIUSIOMIMX HA
n3menenue mara X XK-crimpamu. K atum dakropam
MOKHO OTHECTH OpPHUEHTAIlMOHHbIC 3(PEeKThl U Harpe-
BAHHUE KpHUCTAJIA B Ipouecce 3kcnepumMeHTta. IToaro-
MY O3KCIIEPUMEHTAIBHOE HM3YyUYEHHUE PACHPOCTPAHECHUS
YIBTPa3BYKOBOM BOJIHBI HYKHO IMPOBOAWTH IPH J0-
CTaTOYHO CclIaObIX MHTEHCUBHOCTSX ACHCTBYIOIIETO HA
XOJIECTEPUK YJIBTPA3BYKa U IPU MOCTOSSHHOM OTBOJIE
Teruta. B cBsi3u ¢ BbIllecka3aHHBIM Obllla pa3paboTaHa
CIelMaJIbHAsT METOJIMKA PETUCTPALlMU, OCHOBOW KOTO-
POl SABJISAIOTCS NPUHIUIIBI MONYJISLIMOHHON CIEKTPO-
CKOMHH. DTa METOAMKA JJaeT BO3MOKHOCTDH IPOBOAUTH
TOYHBIE U3MEPEHHS JJaXKe He3HAYNTEIbHBIX H3MEHEHU I
B CIIEKTpax, KOTOpbIE HE MO3BOJISIET 3a(pUKCHPOBATH
OOBIYHBIN ONTHUYECKHUH CIICKTPOMETP.

Nneqa metopa 3akiIr04aeTcss B TOM, UTO BIIMSIHUE
yIBTPa3ByKa MNEPUOJUUYECKH W3MEHSET IIar CIUpaId
XXKK ¥ nauHy BOJIHBI IIPU CEJIEKTUBHOM PACCESIHUU
CBETa, & IIPU MOHOXPOMATHUUYECKOM M3JIy4YCHUU H3MeE-
HSIETCSl HHTEHCUBHOCTD PACCEIHHOIO CBETOBOIO MOTO-
Ka. DTH U3MEHEHUsT PUKCUPYIOTCS (POTOMPUEMHHUKOM,
3aTeM BBIJICIISIIOTCS U3 IIYMOB, Jajiee mpeodpa3yroTcs
K BULY, YI0OHOMY ISt U3MepeHu cucteMoit pa3odys-
CTBUTEJIBHOIO JeTeKTHpoBaHus. Hanpumep, skcre-
PUMEHTAJIBHBIE PE3YJIbTaThl MPEJICTABIISIIOTCS B BHUJE
OTHOILIEHHUSI NTEPEMEHHON 4] U MOCTOSHHOU [ cocTaB-
JISIOUIMX CUTHAJA.

DKcnepuMeHTallbHOe U3MepeHHe oTHouteHus A1/1
MOYHO MTPOU3BOUTH pa3HbIMU criocobamu. Hanboee
MPOCTOI METOA — ATO PErucTpalus TONbKO A/ pu mo-
CTOSIHHOM 3Ha4€HUU [ BO BCEM CIEKTPAIBHOM JHUaria-
3one. Jlns onpenenenust otHowmeHnus Al/l Tpebyercs
BBECTH B KOHCUHBIH PE3yNbTaT MOMPABOYHBIN KO-
(UIMEHT, KOTOPBIN ONpeesnseTcs] BEIMYUHON TTOCTO-
SIHHOM KOMIIOHEHTHI curHaja [. JIJs 3Toro Ha BBIXOJE
(OTOANEKTPUYECKOTO YMHOKHUTENS TIOACPKUBAJICS
MOCTOSIHHBIN YPOBEHb CUTHAJIA C MOMOIIBIO (Pa3odyB-
CTBUTEJIBHOTO YCUJIUTENS IIyTEM H3MEHEHUs HaIps-
JKEeHUsI Ha Juojax. Ga30uyBCTBUTEIBHBIM YCHIIUTENIEM
YOPAaBIIsJl KOMITBIOTEp 4epe3 Lielb 00paTHOH CBSI3U B
HCTOYHHUKE BBICOKOro HamnpsikeHus. [locne npenBapu-
TEJIBHOTO YCUJICHUSI IEPEMEHHBIN CHTHAJI MOCTYIAJ
Ha CEJIEKTUBHBIN YCUIIUTEIb, IOTOM IIOCTYIIAJ HA IIpe-
oOpazoBatenb HanpsokeHus. ONOpPHOE HaNpPSKEHHE
gactoTol 79 I'l mojaBanock ¢ HU3KOYAaCTOTHOIO Ie-
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HepaTopa Ha mpeoOpasoBareib HampsikeHus. OHO ke
WCIIOJIB30BAJIOCHh JIJISI MOJYJISIIUN BBICOKOUACTOTHOTO
CHUTHAJIa TeHepaTropa, KOTopas OCYIIEeCTBIISIACH IS
yno0CTBa BBIJCICHHS H PETUCTPAIUH MTOJIE3HOTO CHUT-
HaJjia Ha (hOHE IIIYMOB.

Il;raHapHO OpPUEHTHUPOBAHHBIA XOJECTEPUUECKUI
JKUAKUNA KpUCTAJJl MOMEIaJiCs B SUEWKy, MpeacTaB-
JSIOUIYE0 M3 ce0si COOPKY M3 JIBYX CTEKJISTHHBIX TLIa-
ctuH. CocTosiHUE TIAaHAPHOHM TEKCTYPhl KOHTPOJIHUPO-
BaJlOCh ONTHYECKUM MHKPOCKONOM. TOJIIMHA CIIOS
KK 3agaBanace CIIOAAHBIMU MPOKJIAAKAMUA U COCTaB-
nana 10—15 mxm. IIpononpHas yiasTpa3ByKoBasi BOJIHA
BO30YyKJajach ¢ MOMOIIBIO CABHTOBOrO Tpeobpa3zo-
BaTeNs M3 KpPHUCTAJIJIa CeIEHUTa BUCMYTa C pe30HaHC-
Hoit yactoroit 600 k['u. CnBurosoii mpeodpa3oBaresb
ckaenBaincs ¢ JKK-suelikoll kKaHaJCKUM 0alib3aMOM.
OKCcIIepyMeHTalIbHAsL siYelika C Ibe30mpeodpa3oBarTe-
JieM TIOMEUIAJINCh B TEPMOCTATHPOBAHHYIO Kamepy, B
KOTOpOIi TeMIieparypa 3ajaBajach ¢ TouHocTsio 0,1 °C
1 KOHTPOJUPOBAIACH XPOMENb-aJTIOMEIIeBON TepMona-
poii. JlaHHbIe 0 BeuuuHe curHania A1/I u o temnepary-
P€ BBIBOAMIINCH HAa KOMIIBIOTED MO JIBYM KaHaJaM.

[IpoBeneHHbIE JKCIEpPUMEHTANLHBIE HCCIIENOBa-
HUSI TO3BOJTHIIA OOHAPYKUTH MOAYIISIITHOHHBIE 0COOEH-
HOCTH B CIIEKTPE OTPAKEHUS B 00JIaCTH CEIEKTUBHOTO
oTpaxkeHus cseta. Ha puc. a (cm. crp. 115) nmpusenen
T depeHIHaNbHBIN CIIEKTP XOJIeCTePHIINEIaproHaTa.
[Ipu nnune cBeTOBOM BOIHBI 427 HM HAOIIOJAETCS OT-
pULIATENbHBIN MUK, a TpU 436 HM — MOJIOKUTETbHBIH.

[To ycnoBusiM 3KkcriepuMeHTa 3T0 — quddepeHIiu-
aJIbHBII CIIEKTP IIEPBOM IPOU3BOIHOM OT /, TaK KaK aM-
TUTUTYa MOAYJIMPYIOIIETo ToJist Oblia MaJia (1aBlicHHe
P = 10° nun/cm?) u BenuuuHa A1/ coxpaHsiaach MaJoi.

BoccranaBnuBas o atomy nudQepeHInaibHOMy
CIEKTPY TEepBOHAUYATIbHYIO (OPMY JIMHUU CEJIEKTHB-
HOTO OTPa)XCHHUsS, MOXHO OIpeneNuTh KodQUIueHTt
¢dotoynpyroro s¢dekxra. BoccTaHOBICHHBIN CHEKTP
OTpaKeHUsl TI0Ka3all TOJIHOE COBMajeHUE ¢ (QopMoid
JINHUU CEJICKTUBHOI'O paccestHus (puc. 0).

s onenku doroymnpyroro 3¢ dexra B NEpBYIO
ouyepeqb HEOOXOJUMO OICHUTH AU(PQPEpeHInan Ko-
s uIreHTa OTPaKEHUSI CBETA OT XOJIECTEPHUIECKOTO
KUJKOTO KpUCTaJIa IPU yriiax MajieHust, OMU3KUX K
HOPMAaJIBHBIM [5]:

N sin*(27 8 h q,)
B +sin’Qr foha)’

(15)

) 1/2

k2 _ 2
ﬂ = Oizq" —1 ,
ok
IJle 0 — YroJl paccesHus cBeTa, O = (&-&)/(&1&),
h — TonmuHa KpUcTaa, ¢, — BomHOBOM BekTop XKK-
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a)

AI/1,10°
2
1 _
O T /'\\__/-'
_1 i
9 : : :
440 430 420 A, HM
0)
100 —
50
0 440 430 20 A.HM

a) Moy siiMOHHBIN CIIeKTp oTpaykeHus cBera oT cinost X)KK B 001acTH CeNEeKTUBHOTO pacCessHUs

(T =345 K), 6) BoccraHOBJIeHHas (popma JTMHUHU CEJICKTUBHOTO PACCesHUS

CTPYKTYP, k, — BOIHOBO! BEKTOp HaJalONIEro CBETA, &
U &, — IMDJIEKTPUIECKUE TPOHULIAEMOCTH B HalpaBJIe-
HUU JUIMHHOU U KOPOTKON OCE MOJIEKYIL
W3 (15) mpu k, = g, umeem:
Al _cigz B S q,) 0,
1 po ot
YTO KaYeCTBEHHO XapaKTepu3yeT M3MeHeHUs nudde-

peHLMANBHOrO criekTpa [6, 7].
Kpowme Toro, Beipaxkerue (16) mpenckaspiBaeT, 4TO

> (16)
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IpH YCIIOBMU 27f0q ~ 2mm NOJKHBI HAOTIOAAThCS 110-
MOJTHUTENbHBIE OCOOCHHOCTH, KOTOPBIE (PMKCUPYIOTCS
B OKCIIEPUMEHTAJIBHO 3aperuCTPUPOBAHHBIX CIIEKTpax
(puc. a).

Heo0xoquMo oTMeTHTH, uTO BEIpakeHue (15) mpu-
MEHHMMO JIMIIb B UCAJIBHOM CIIydae, OITOMY KOHEU-
HOE 3HaueHWe BeNWduHbl Al/I OOBSICHSIETCS HEeCOBep-
mencTBoM peanibHoro XKK-o6pasia [8—10].

Takum 00pa3oM, Ha OCHOBE ONMCAHHBIX B CTAThe
SIBJICHUI yBEJIMYUBAs YUCJIO OTPAKEHUH, BO3MOXKHO
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CO3JIaHUE MOJYJSATOPOB M Je(ICKTOPOB CBETA C JIO-
CTaTOYHO OOJBIIMMH TITYOHMHOW MOIYNSIMUA H YTIIOM
nedIIeKIum.
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Nanoelectronics and quantum data systems

Honomamos M.IO. empoe A.M. Porrrcuxos O.J1. baxmu3un P.3.

Dolomatov M.Yu. Petrov A.M. Rygikov O.L. Bakhtizin R.Z.
Kanouoam mexuudeckux acnupanm xageopol «Pu-  KaHOUOAm mexHuyeckKux 0okmop ¢huszuxo-
HAYK, OOKMOP XUMUYECKUX — 3UdecKds 31eKmpoHUKa HAYK, 0oyenm Kagedpvl  MamemMamudeckux Hayx,

Hayk, npogpeccop xaghedper  u Hanopuszuxkay PI'BOY  «Dusuueckas s1ekmporu- npogheccop, 3a8e0yroujuil
«Dusuueckas snekmponu- BO «bawkupcki eocyoap- ka u Hanoguszuxkay PI'BOY  kagpedpoil «Duszuueckas
ka u Hanoguszuxay @I'BOY cmeennviil ynusepcumemy, BO «Bawkupckii eocyoap- — 31eKmMpPOHUKA U HAHOQDU-

BO «Bawxupckii eocyoap- Poccus, 2. Yoha cmeennvlll yuugepcumemy, suxay PI'BOY BO «bau-
CMBEHHDIU YHUBEPCUEMY, Poccus, 2. Voha KUPCKU 20CY0apCmeeH bl
3a6e0yrwull Hay4YHO- yHusepcumemy, Poccus,
uccedo8amenbCKoll 2. Voha

nabopamopueti «Puzuka
9eKMPOHHBIX NpoYyec-
CO8 U HAHOMAMEPUATLOB)
@I'BOY BO «Ygumckuii
20Cy0apcmeenHblll YHU-
sepcumem 3KOHOMUKU U

cepsucay, Poccus, 2. Ygpa VJIK 539.2, 537.9

OCOBEHHOCTH ®A30BbIX ITIEPEXO/10B «JIUJEKTPUK-ITIOJIYITPOBOJHUK>»
B MHOI'OKOMIIOHEHTHBIX OPTAHUYECKUX CIIMHOBBIX CTEKJIAX

HccnenoBanel 2ieKTpou3nyYecKie CBOWCTBA MHOTOKOMIIOHEHTHBIX OPTaHUYECKHX CITMHOBBIX CTEKOJ, B
KOTOPBIX NapaMarHMUTHBIC YaCTUI[BI BHICOKOMOJICKYIISIPHBIX ac()aIbTOCMOIUCTHIX BEIIECTB OJHOPOIHO pacipe-
JIeTICHbI B HU3KOMOJICKYJISIPHOW TUCIIEPCUOHHON TUAJICKTPHUYECKOil cpezie. B kauecTBe 00BEKTOB HCCIICIOBAHMS
M3y4eHbl 00pas3ilbl BHICOKOKHUITSIINX HEPTIHBIX Qpakiuii ¢ Temneparypoit kumnenus cebie 350 °C ¢ comep-
xaHueM achanbreHoB 7—80%. C mpuMeHEHUEM DIICKTPOMETPUIECKHX METOI0B MCCIe0BaH (pa30BbIil mepexos
Marepuaa u3 ($asbl IUIJICKTPUKA B a3y MmosynpoBOAHHKA, MHUIIMUPOBAHHBINA TeMIEpaTypHOI reHepanueit
napaMarHUTHBIX EHTPOB, KOTOPBIN COMPOBOXKAACTCS PE3KUMHU H3MEHEHHSIMH JIEKTPOIIPOBOJHOCTH B HHTEP-
Basie remneparyp ot 20 o 210°C.

Juist pa3nuyHBIX 00pa3loB MaTepHalioB MEPBbIi (a30BbIil MEepexoa MPOUCXOAUT B MHTEpBajie oT 80 1o
100 °C u xapakTepusyeTcs NpeBpaleHHEM IUAIICKTPHUSCKON (a3bl B MOTYyIPOBOAHUKOBYIO C YBEIUYCHUEM
9MEKTPONPOBOIHOCTH B cpeiHeM oT 6,73:10!! 1o 3,58:107 Om "ML,

B o6nactu temneparyp ot 100 mo 210 °C 31neKTponpoBOoAHOCTH yBenuuuBaercs ot 3,58°107 mo 8,56:10°
Om'm'.

[TonTBepkIaeTcs rUNIOTE3a aBTOPOB, U4TO (pa30BbIe MEPeXo/ bl 00YCIABINBAIOTCS XUMUYECKHMH PEAKIIHs-
MU F'OMOJIUTHYECKON TUCCOIMAIIMH apOMATHYECKUX yTiaeBoopoaoB 1o C-C cBs3sM ¢ 00pa30BaHUEM Iapamar-
HUTHBIX YaCTHIl CBOOOIHBIX CTAOMIIBHBIX PAJHKAJIOB, KOTOPBIC SIBJISIOTCS aKIEITOPAMH JICKTPOHOB M CHHIKA-
10T IIMPHHY 3aIPELICHHON 30HBI TPOBOJUMOCTH.

JlaHHBIE MPEINOI0KEHHSI 000CHOBBIBAIOTCS UCCICJOBAHUSMHU O CIIEKTPOCKOIIMH B BUJUMON M yJIbTpa-
¢uoneToBoii odnactu, a Takxke DI1P-cniekTpockonuu.

Kntouesvie cnosa: opraHMdecKue CIMHOBBIE CTEKJa, (a30BbIi MEpeXoi, MOIYNPOBOJHUK, JUIIICKTPHK,
AIIEKTPOIPOBOIHOCTb, ac(haibTeHbl, ac(haIbTOCMOIUCTHIC BELIECTBA, HapaMarHeTUKH.
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FEATURES OF THE PHASE TRANSITION "INSULATOR-SEMICONDUCTOR"
IN MULTICOMPONENT ORGANIC SPIN GLASSES

Authors studied the electrical properties of multicomponent organic spin glasses wherein paramagnetic
particles of asphaltenes and resins are distributed in low molecular weight dielectric compounds of the dispersion
hydrocarbon medium. High boiling petroleum fractions with a boiling point of over 350°C with the asphaltenes
content 7-80% used as objects of this investigation. Authors studied phase transition insulator-semiconductor,
initiated by thermal generation of paramagnetic centers. This phenomenon accompanied with increase of

electrical conductivity in the temperature range from 20 to 210 °C.
For different sample of materials first phase transition occurs in the range from 80 to 100 °C. This phase
transitionis characterized by converting a dielectric phase in the semiconductor with increasingof conductivity

from 6,73:10"" to 3,58:1070Ohm"'-m.

In the temperature range from 100 to 210 °C the conductivity increases from 3,58107 to 8,56:10-°0Ohm™'m'.

In this work was confirmed author’s hypothesis that the phase transitions are caused by chemical reactions
of homolytic dissociation of aromatic hydrocarbons by C-C bond to form stable paramagnetic particles of free
radicals, which are electron acceptors and reducing the band gap of conductivity.

These assumptions are justified by research on spectroscopy in the visible and ultraviolet region, and EPR

spectroscopy.

Key words: organic spin glasses, phase transition, semiconductor, insulator, electrical properties, asphalte-

nes, asphaltenes-resinous substances, paramagnetic.

CoBpeMeHHBIE OpraHMYecKre HaHOMaTepHalIbl,
B YaCTHOCTH, TOJHUIIUKINYECKHE apoMaTH4YeCKue
YTJIEBOJOPO/IBI, OPTAaHUYECKHE KPACUTENH, a TaKKe
rpadeH u yriaepoJlHble HaHOTPYOKH MOJYyYaroTCs B
pe3ylbTaTe MHOTOCTAIUHHBIX U TPYIOEMKHUX TEXHO-
mormdyeckux onepanuii. [loaTomy rmouck 6oinee aenre-
BBIX OPraHMYECKUX MATEPHUANIOB JJI HYXJ MOJEKY-
JNSIPHOW W HAHODJIEKTPOHUKH SBISAETCS aKTyallbHOU
3a71a4yen.

IIpoBenennsie panee uccinenoanus [1, 2] cBu-
JIETENBCTBYIOT, YTO CEPhE3HYIO MEPCIEeKTUBY B ITOU
chepe UMEIOT CHCTEMBI C BRICOKHM COJIEpyKaHUEM He(-
TSHBIX ac(PaIBTEHOB, K KOTOPBIM OTHOCATCS ac(halbTH-
THI, ONTYMUHO3HBIE BemiecTBa U achanbTel. C TOYKH
3peHus (PM3UKU KOHJIEHCHPOBAHHOI'O COCTOSHUS He(-
TSHBIE JUCIIEPCHBIE CUCTEMBI SBIISIOTCS OpraHUdYe-
CKMMU CITHHOBBIMH CTEKJIAMH, TaK KaK OHU CO/EpIKaT
napaMarHuTHYIO ¢asy ac(halbTeHOB, KOTOpas pacipe-
JieieHa B MHOTOKOMTIOHEHTHOH JINCIIEPCHOM YTIIEBOJIO-
pOIHOW cpelne, KOTOpasi SBISETCS TUAMArHETHKOM W
JIUBJIEKTPUKOM [3].

B pabotax [1, 2] ObLIO IPEATIONIOKEHO, YTO BBICO-
Kokursimue ppakuuu HepTH SBISIOTCS aMOp(HBIMU
ITUPOKOTIOJIOCHBIMH KOMTICHCHPOBAHHBIMH TIOJTYTIPO-
BOJIHMKaMU ¥ 00JIaJ]af0T KOHIIEHTpAIel apaMarHuT-
HeiXx neatpos (ITMII) ot 107 mo 10?° cnimu/r [3]. D10
MOJTBEPIKIAIOT JIaHHBIE ONTHYECKOW CHEKTPOCKOIMUU
[4], a TaKIKe SKCIIEPUMEHTHI 10 OTIPEACIICHHUIO JIEKTPO-
MPOBOAHOCTH [l] M KBaHTOBOXMMHYECKHE pPacUeThl
[4]. YcTaHOBIEHO, YTO LIMPUHA 3alPELICHHONU 30HbI B
3TUX MaTtepuanax cocrasisier 2,0-3,0 3B, a sHeprus
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aKTHBAIMU dIeKTpornpoBogHocTr 1,3-2,0 3B/Morne-
kyny [1]. B paborax [1, 2] uccnenoBaHa Temreparyp-
Hasl 3aBUCHMOCTbH BJICKTPOIPOBOAHOCTH ISl acgaib-
Ta MPOINAHOBOW JeacdanbTH3allK, YCTAHOBICHO, YTO
SHEPrysl aKTHBALMM JJIEKTPOIPOBOJHOCTH COCTABIIS-
et 1,34 sB/Monekyny u yBeIHMYEHHE DIEKTPONPOBOJI-
HOCTU comnpoBoxaaeTcss pe3kuMm poctoM [IMII, urto
CBHJICTEJIBCTBYET O (Pa30BBIX MEPEX0AAX «IUAIIECKTPHUK-
MOJYTPOBOIHUKY, MHULIMHPOBAHHBIX TEMIIEPATypPHBIM
BozfeiicTBreM [1, 2]. Ananorudnble 3¢ deKTs 00HapY-
JKUBAIOTCSI B TOHKUX IJIEHKaX MOJUMEPOB [5].

OnHako JaHHBIE HCCIEIOBAaHUS HE Iar0T HC-
yepnsiBaromied nHGopMauuu O (a3zoBoM mepexone
«JIUBIICKTPUK-TIOIYITPOBOJHUKY, TaK KaK HE COIepKaT
JETAJIbHOTO UCCIIEAOBaHMS TEMIIEpaTypPHOH 3aBUCHMO-
CTH 3JIEKTPOPU3NIECKUX CBONCTB, B YaCTHOCTH, OTCYT-
CTBYIOT BOJIETAMIIEPHBIC XapPAKTEPUCTUKH 00pa3LOB, a
HCCIIeIOBAHUS TPOBOAMIINCH B OTPAHMYCHHOM HUHTEP-
Bajie 10 140 °C.

Llenpto pal®oOTBl ABJISIETCS HCCIENOBAHHUE OCO-
OeHHOcTel TeMmmepaTypHbIX (a3oBBIX MEPEXOI0B
«JIUBIICKTPUK-TIONYIIPOBOJHUK» B  IapaMarHUTHBIX
JUCIIEPCHBIX YTJIEBOAOPOIHBIX CPEiax.

B kauyecTBe 00BEKTOB UCCIICIOBAHMS B3SThI BHICO-
KOKHUIISILIME HePTsIHbIC PPAaKLHMH C BEICOKUM COIEpKa-
HueM ac(aibTeHOB, CPEIHUI COCTaB U CBOHCTBA KOTO-
PBIX IPUBENICHBI B TAOIHULIE.
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DU3NKO-XHUMHUYECKHUE CBOMCTBA OpPrauHm4e€CKuX MHOIOKOMIIOHEHTHBIX CIIMHOBBIX CTEKO0JI

CBoiicTBO 3HaueHune
ITnorHOCTH, KI/M? 978-1056
CpenHsis MOJICKYJISIpHasi Macca, I/MOJib 878-989
Koxcyemocts o Konpancony, % macc. 14,5-18,89
Conepsxanue acansreHoB, % macc. 4-12
Temmeparypa pasmsaraenns mo Kulll, °C 42-56
Konnenrpanus [IML, criun/r 4-8-10'8

DneKkTpuyecKre CBOMCTBa 00pa3LOB HCCIEI0BaHbI
Ha CICIUANBbHO pa3paboTaHHOW 1abopaToOpHOMl ycTa-
HOBKe. ATMaparypa COCTOUT W3 LWIMHAPUYECKOH H3-
MEPUTENIbHOW AYEHUKH, IOMEIIEHHOW B TEPMOCTAT, U U3-
MEPUTEIBHOTO OJI0Ka.

W3meputenbHbIi 0J0K coOpaH Ha 6a3e 1laboparop-
HOI'O IMpOrpamMMHoO-annaparHoro komruiekca NIELVI-
SII xopmopanuu National Instruments [11], cHabxeH
aHanoro-unpoBeIM MpeodpaszoBareseM. [lockonbky B
annaparype JaHHOTrO KOMIUIEKCa OTCYTCTBYIOT CPE/ICTBA
JUISL U3MEPEHHsI HU3KMX TOKOB M BBIPAOOTKH BBICOKHX
(mo 500 B) nanpsikeHuit, B ero cxemy ObLIM J00aBie-
Hbl ynpasisemblii FLYBACK umnynbcHbIN ycUIUTEND
(ucnonb3oBasicst kaHan CTRO_OUT B pexume yrpas-
JIEHUSI CKBAYKHOCTBIO) M IPELIM3NOHHbIE OTlepallMOHHbIE
YCHJINTENIN ¢ MaJbIMU BXOJHBIMU TOKAMU W HampsiKe-
HUSIMU CMellleHusl. BXonHble U BBIXOJHBIE MTAapaMeTphbl
BOJITAMIIEPHON XapaKTEPUCTUKU PErHCTPUPOBAINCH
yepe3 ananorosbie Bxonbl AlO, All kommiekca NIELVI-
SII, nporpamMmmHOe oOecreueHre Hamrcano Ha rpaguye-
CKOM s13blke TiporpammupoBanust LabVIEW. Anmapar-
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YcraHoBJIeH TeMieparypHbIi 9 GEKT rucTepesnca MMEKTPOIPOBOTHOCTH (puc. 2).
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Puc. 2. TemneparypHblii THCTEPE3UC YIESIbHON 3IEKTPOIPOBOIHOCTU 00pa3LIoB

TlepBUYHBIN UK THUCTEPE3UCHBIX TETEIh Xapak-
TEepHU3yeTCs MPEAEITBHO HU3KOH AIIEKTPOIPOBOIHOCTHIO
obpasma mo 100 °C, MeHee HHTEHCHBHBIM POCTOM 3JICK-
TponpoBoxHoCcTH B oomactu 100—113 °C o cpaBHEHHTO
C TIOCJTEQYIOINMH HM3MEPEHISIMA U PE3KHM POCTOM
anekTpornpoBogHOCcTH Ha oTMeTKe 114 °C. I[lociemyro-
e 1Ba IUKJIAa OTIIMYAIOTCS OT MEPBOTO OoJiee MmoJo-
TUM POCTOM 3JIEKTPHUIECKON MPOBOJMMOCTH 00pasiia u
TOBBIIIIEHHON MTPOBOJIMMOCTBIO B HU3KOTEMITEPATYpPHOU
obmactu.

ITo-Bumumomy, 3¢ ekt rucTepesnca cBs3aH ¢ 00-
paTUMBbIM TOMOJINTHYECKUM PACIIETNIEHHEM OCIIa0ieH-
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HuTtepBan 1 HaXoauTCs B TEMIIEpaTypHOU 00IacTH
ot 20 mo 80 °C. B mpenmenax yka3zaHHBIX TEMIIEPaTyp
obpasen Marepuana BeAeT ceOs KaK TUAICKTPHK, TPHU-
YeM 3JIEKTPOIPOBOIHOCTh YBEIWYHMBAETCA Ha 2 TIO-
psaaka. COOTBETCTBYIOIIAsl 3TOMY HHTEPBAITY DHEPTHUS
aKTHBAIMH 3JICKTPOIPOBOAHOCTH cocTaBisieT 0,22 3B,
YTO COMNOCTAaBUMO C JHEpPrHer cIabbIX XUMHYECKHX
CBsI3€H, pacTagarommxcs Ha CBOOOMHBIE paguKaibsl. [1o-
BHUIMIMOMY, TIOIOOHOE HAaKOTUIEHHE HOCHUTENeH 3apsna
CBSI3aHO C TOMOJIMTHYECKOH IHCconuaIueil ocnabien-
HBIX COTIPSKEHHWEM apOMaTHYEeCKUX CBSI3€H M yBemude-
HUEM DIIEKTPOHHO-aKIENTOPHBIX IIEHTPOB, MOBBIIIAO-
HIUX JIEKTPOTPOBOAHOCTb.

IIpu Temmepatype ot 80 mo 100 °C Habmromaercs
pe3Koe YBEJIIMUCHHE MPOBOANMOCTH, 60s1ee ueMm B 5000
pas, KoTopoe, MO-BUIUMOMY, CBSI3aHO C yBEIMYECHUEM
MOJIEKYIIAPHOW MOABMIKHOCTH YaCTHI[ KOHJIEHCHPO-
BaHHOH (pa3bl B pe3yNbTaTe MPOIECCOB PACCTEKIIOBBI-
BaHMSA. Takoi pe3kuii CKaukoOOpa3HBIA POCT DIEKTPO-
MPOBOAHOCTH C OJTHOBPEMEHHBIM yBEIHYEHUEM DHEP-
TUU aKTUBAIlUU HE MOXKET OBITh OOBSICHEH C MO3UIINU
KJIACCUYECKOM 30HHON TEOPHWH MPOBOIUMOCTH U 00Y-
CJIOBIICH MPOSIBIICHUEM TIPOIECCa Pa3MATUEHUS CIIITHO-
BBIX CTEKOIL.

PocT 31eKTpOonpOBOAHOCTH B TAKMX CUCTEMAaX CBSI-
3aH C pa3pylICHUEM CBsI3€il MKy CTPYKTYpPHBIMU dJie-
MEHTaMH W B3aMMOJEHCTBYIOIIMMH CITHHAMH, KpOMeE
TOTO, JOTIOTHUTEIHFHO 00pa3yIOTCs Maphl AIEKTPOHOB B
O ¥ 3 COCTOSHUSX.

IIpu temmeparype ot 100 mo 210 °C nabmromaeTcs
JIAIbHEUIINI POCT AIIEKTPONPOBOAHOCTH, KOTOPBIH, IO
BCEH BEPOATHOCTH, CBSI3aH C 00pa30BaHUEM aKIIETITO-
POB BJIEKTPOHA B pe3yjbTaTe TOMOJMTHIECKON AMCCO-
[UAINH YIIIEPOJHBIX CBsi3el. BaXXHO OTMETHTH, 4TO B
9TOW 00acTH HAOMIOAACTCS Majlasl SHEPTHS TUCCOIHA-
mu, 0,88 »B Ha MOJIeKyTy, YTO O3HAYaeT MPAKTHICCKU
cBOOOTHOE MTPOHUKHOBEHHE AJIEKTPOHOB B 30HY TPOBO-
JTIUMOCTH.
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