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METO/bI IPUMEHEHUA TEH30OMETPHYECKHUX JATYHKOB B
ABTOMATHYECKOU HIBAPTOBHOMU JIEBEJIKE

METHODS OF APPLICATION OF STRAIN GAUGE SENSORS IN AN AUTOMATIC
MOORING WINCH

AnHoTauus. IlIBapTOBHOE YyCTpOICTBO mpencTaBiseT co0OW KOMILJIEKC MEXaHHU3MOB, KOTOPBIHA
npe€aHasHaucH IJI YACPKaHHA YCTAHOBJICHHOI'O HOMHMHAJIBHOT'O HATSXXCHHS IIBAPTOBHOI'O KaHaTa, Korja
CYAHO TMPHIIBAPTOBAHO K OEpPEroBBIM M IUIABYYHUM MPUYAIBHBIM COOpYXeHHsM. [l mopnepkaHus
AOJDKHOT'O 3HAYCHUA CUJIbl HATAKCHHS IIBAPTOBHOT'O TPOCAa B COOTBECTCTBHUU C YCTAHOBJICHHBIM CTAHAAPTOM,
TpeOyeTcsl MPOBEIEHUE COOTBETCTBYIOIIUX MEPOIIPHSITUH, IENBI0 KOTOPBIX, SIBISICTCS yIy4IICHHE KauecTBa
" YACpKaHHA YCTAHOBJICHHOI'O HATSXKCHUS TpPOCA. I[aHHOG Tpe6OBaHI/Ie MOXeET OBITh AOCTHUTHYTO 3a CUCT
HUCITOJIB30BaAHUA COOTBECTCTBYIOIIMX TEXHOJIOTUYCCKUX pGIHGHI/Iﬁ Ha craagnu HACHBITaHUI u
YCOBCPHICHCTBOBAHHWA HIBAPTOBHOI'O O60pyI[OBaHI/I}I, a TaKXXC IIPUMCHCHHUC 0oee TOYHBIX H HaaACXHbIX
JaTYNKOB HATsDKeHHUs Tpoca. [l BeIOOpa METOAOB UCCIICOBAaHWN OBLT  OCYHIECTBIEH COOp
IKCIICPUMCHTAJIbHBIX JAaHHBIX Ha CYyldaX HNPOBOAAIHNX MIBAPTOBHBIC OIICPALMU B ITOPTY, KOTOPHIC BKIIKOYAJIN:
U3MEpEHHUE IapamMeTpoB pabOThl aBTOMATUYECKOW IIBAPTOBHOW JIeOCIKM, OIlEHKAa KadecTBa PabOTHI H
TOYHOCTh NOKa3zaHuil. Ha HaTskeHue MMBAPTOBHOI'0 TpoCa BJIMACT MHOXXCCTBO BHCIIHHUX (I)aKTOpOB, n3-3a
4Cero yCHUJIMC Ha IBAPTOBHOM TPOCC U3MCHACTCA B IIHUPOKHUX NPUACIIAX, ITIOITOMY JJISI TOYHOI'O U3MCPCHUA
CWJIbl HATAKCHHA TpPOCa IMOAXOAAT TCH3OMCTPHUUCCKUC HATYHMKH, TaK KaK OHH CHOCOOHBI 00ECIEUYNTD
MAaKCUMAJIbHYI0O TOYHOCTb H3MCPCHUA YCHUIIMA HATAKCHHUA Tpocalpu U3MEHEHUU TATOBOI'O yCuiua B
IIAPOKHUX MpHUACIaxX. CTONMOCTB AJaTYUKOB TaKOI'o TUiia COOTHOCHUTCSA C UX KaY€CTBOM U HAJCKHOCTBIO.

Annotation. The mooring device is a set of mechanisms that is designed to hold the established
nominal tension of the mooring rope when the ship is moored to the shore and floating mooring facilities. To
maintain the proper value of the tension force of the mooring cable in accordance with the established
standard, appropriate measures are required, the purpose of which is to improve the quality and retention of
the established tension of the cable. This requirement can be achieved through the use of appropriate
technological solutions at the stage of testing and improvement of mooring equipment, as well as the use of
more accurate and reliable cable tension sensors. To select the research methods, experimental data were
collected on ships conducting mooring operations in the port, which included: measurement of the
parameters of the automatic mooring winch, evaluation of the quality of work and accuracy of the readings.
The tension of the mooring cable is influenced by many external factors, which is why the force on the
mooring cable varies in wide aisles, so strain gauges are suitable for accurate measurement of the tension
force of the cable, since they are able to provide maximum accuracy of measuring the tension force of the
rope with changes in the traction force in wide aisles. The cost of sensors of this type is related to their
quality and reliability.

KiwueBbie cjioBa: NIBAPTOBHOE YCTPOWCTBO, TEH30METPUUECKWW IaTYMK, IIBAPTOBHBIA KaHAT,
TATOBOC yCUIINC, IIC(I)OPMaI_II/IH.

Keywords: mooring device, strain gauge, mooring rope, pulling force, deformation.

AKTyaJIbHOCTL HCCJIGI[OBaHHﬁ. Ananns CYHICCTBYIOIIUX I/ICCJ'ICI[OB&HI/IfI. ITocTanoBka Hp06HCMLI.
[IIBapTOBHOE YCTPOWCTBO MpEJCTaBIsIET COOONH KOMILJIEKC MEXaHM3MOB, KOTOPBIM MpelHa3HayeH s
YACPIKAHUSA YCTAHOBJICHHOI'O HOMUHAJIBHOTI'O HaTAXKCHUSA IBapTOBHOTO KaHara, Korga CYAHO
MNpUIIBAPTOBAHO K 6epePOBLIM U IUIaBYYUM IMPHUHYAJIBHBIM COOPYKCHHUAM. HpI/I MMPOBCACHNUUN T'PY30BbIX
onepaum‘/'l, Ipru Pa3IMYHbIX TIOTOAHBIX YCJIOBUAX IIBAPTOBHOC YCTpOﬁCTBO JOJDKHOIIOAACPIKUBATH
HaTsKCHUC HNIBAPTOBHOI'O KaHAaTa ICPEa 6apa6aHOM ne6e111<1/1 B 3apaHCC YCTAHOBJICHHBIX IpCciIax.
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Jlns perynupoBKM HaTSHKEHMsI MIBApTOBHOTO KaHATa MPUMEHSIOT PA3JIMYHbIE JAaTYMKU, OHU MOTYT
OBITh JJIEKTPUYECKHE, MEXaHMUYECKHE M 3JIeKTpoMexaHudeckue. B maHHOH craThe OyaeT paccMOTPEHO
[IPUMEHEHUE DIIEKTPOMEXAHUYECKOTO TEH30METPUUYECKOrO0 JaTdyuKa B aBTOMAaTUYECKOM IIBAPTOBHOMN
ne0eake Ui peryaupoBaHUs HATSKEHHSI IBAPTOBHOTO KaHATa.

ITocTanoBka npoOJiembl. B Hacrosiiiee BpeMs NOJAX0Ja K ONPEACICHUI0 KPUTEPHUS ONTHUMU3ALMU
IIBAPTOBHOI'O PEXHMMa, KOTOPbII MO3BOJMI Obl yCTaHOBUTH oOmIyr0 mporpammy aewctus AL nns
KaX/IbIX KOHKPETHBIX YCJIOBHUH IIBAPTOBKH, IO3TOMY OOIIEHPUHSATHIM TNPUHIMIIOM aBTOMAaTH3AIMH
IIBAPTOBHBIX JIEOEOK SABIIsAETCS CTAOMIM3aLNs HATSYKEHHS IIBAPTOBHBIX TPOCOB HA 331aHHOM YpPOBHE.

Haxopsice mon aelicTBueM BHEUIHHMX (PaKTOPOB, JieOenka 00 CTPaBIMBAET TPOC MPHU YBETUUYECHUHU
YCUJIMS Ha KaHarte, 1100 Moa0upaeT ciabuHy IIPU YMEHBIIEHUHU ero HaTskeHus. OcoOeHHOCThIO JiebeKH,
KaK CUCTEMBbI aBTOMaTU4YECKOI0 PETyJIMPOBAHUs, ABJIAECTCS TO, YTO HATSHKEHUE IBAPTOBHOI'O KaHaTa JJIsd Hee
3TO OJJHOBPEMEHHO U BO3MYILAIOUIUM (DAKTOP, U PETYIUPYEMBIM MTapaMeTp.

Buemmnumu axkropamu, BIMAIOIIMME Ha CHIIy HATSDKEHHS IIBAPTOBHBIX KAHATOB, MOTYT OBITH HE
TOJIBKO CHJIBI BETpa, TCUEHUS, BOJTHOBBIC BO3JECHCTBUS, SBICHUS NPWIMBOB U OTIMBOB. VI3MEHEHHE CHIIBI
HATSDKEHUsT COBEPINACTCS U MPU HOPMAJIbHOM LMKJIE MOIPY304HO-pa3rpy304HbIX onepauuii. Kaxasii us
3TUX (aAKTOPOB TPeOyeT MOCTOSIHHOI'O HAOJIIOJCHMS, II09TOMY IPUMEHEHHE aBTOMATHMYECKOW IIBAPTOBOM
ne0eKM YyBCTBUTEIBHBIMH JAaTYMKAMHU HATSHKEHHS TpPOCa IO3BOJIIET YMEHBIIMTH TPYAO3aTpaThl Ha
BEJICHHUE IIBAPTOBHOI'O PEKUMA.

Hear m 3amaum ucciaenoBanmid. (11 moaaepkaHusl JOJKHOIO 3HAYEHUS] CHUJIbI HATSKECHMS
IIBAPTOBHOTO TpPOCa B COOTBETCTBUM C YCTAHOBJICHHBIM CTAaHIApTOM, TpeOyeTcsi IpoBeleHUe
COOTBETCTBYIOIIIMX MEPONPHUATHH, LEIbI0 KOTOPBIX, SBJSIETCS YIy4YIICHHE KadecTBa M yJeprKaHUs
YCTaHOBJICHHOT'O HaTsDKEHUs Tpoca. JlaHHoe TpeOoBaHHe MOXET ObITh JOCTUTHYTO 3@ CUET UCIIOJIb30BaHUS
COOTBETCTBYIOIIIMX TEXHOJIOIMYECKUX PEIICHWM Ha CTAaguu HCIBITAHUM W YCOBEPIICHCTBOBAHUS
IIBAPTOBHOIO OOOPYJOBaHUS, a TakXe MPUMEHEHHEe 0ojee TOYHBIX M HAJASKHBIX NAaTUYUKOB HATSKEHHS
Tpoca.

MeToabl U MaTepuaibl McciaenoBaHuii. /(11 BeIOOpa METO0B UCCIIEAOBaHUI ObUI OCYIIECTBIEH
cOOp AKCHEPUMEHTANBHBIX JaHHBIX Ha CyAax MPOBOISIIUX MIBAPTOBHBIC OINEPALUU B IOPTY, KOTOpPHIE
BKJIIOYAJIM: HW3MEpEHUEe IapaMeTpoB HATSHKEHHs IIBApTOBOIO KaHaTa, OLEHKAa KadyecTBa paloOThI
aBTOMATHYECKOW IIBAPTOBHOM JI€OSIKH U TOYHOCTH MOKA3aHHIA.

Pe3yabTaThl HMcciegoBaHuii. Bce MHOXECTBO aBTOMAaTHYeCKMX IIBAapTOBHBIX JI€OEJOK,
HCIIOJIB3YEMBIX HA CyJax IO MPUHLHILY U3MEPEHUS YCWIMS B IIBAPTOBHOM KaHATe, MOYKHO Pa3JeiIUTh Ha
JIBE OCHOBHBIE CHCTEMBI, IlepBas CHUCTeMa C JaTYUKOM HATsDKEHHs, a BTOpas cHcTeMa Oe3 JaTyuka
HaTsOKeHUs. Bua npumeHsieMoll HM3MEpUTENbHOM CHUCTEMBI IOJHOCTBIO OIpENessieT XapakTep padoThl
3JIEKTPOIIPUBO/IA IIIBAPTOBHOI'O MEXAaHU3MA.

Ha cynHe B kadecTBe IIBApTOBHOT'O TPOCA MCIOJIB3YIO INIETEHbIE KAHATHI U3 HUTEW PACTUTENIBHBIX U
HCKYCCTBEHHBIX BOJIOKOH, a TAK)K€ TPOCHI U3 CTAJIbHBIX IIPOBOJIOK.

OKCIUlyaTallUOHHBbIE KadecTBa IIBAPTOBHBIE TPOCHI W  KaHaThl  ONPENENAIOTCS  (PU3UKO-
MEXaHUUYECKUMHU XapaKTepUCTUKaMU. ['JIaBHBIMM KauecTBaMM IIBAapTOBHOI'O KaHAaTa SBIIAIOTCA MPOYHOCTD,
TMOKOCTh U 3JITaCTUYHOCTb.

CriocoOHOCTh BBIIEPKHMBATH HATPY3KY PACTSIKEHHs IMIBAPTOBHOIO KaHATa Ha3bIBAIOT NMPOYHOCTHIO.
PaznuyaroT nBa BHIa MPOYHOCTH pabouyio M pa3pbiBHYI. Pabouell mpOYHOCTBHIO ABIISETCS HAauMOObILAs
Harpyska, IpH KOTOpOW IIBapTOBHBI KaHAT CIOCOOEH COXPaHATh CBOU (PU3MKO-MEXaHUYECKHE
XapaKTepUCTUKU 03 HapylleHus LEeJOCTHOCTH Tpoca. 3HaueHue padoyeil MpOYHOCTH Ompenensercs
bopmynoii:

rae R — pa3peiBHOE yeunue, H;

K — koadunmeHT mpoyHOCTH (17151 OOIBITMHCTBA CYIOBBIX TPOCOB OH PaBEH 0).

Pa3ppiBHass NMPOYHOCTH OMpEENseTcs] HAaMMEHBUIMM Ppa3pbIBHBIM YCHJIMEM HEOOXOAMMBIM ISt
paspylleHusl IIBapTOBHOrO KaHaTa. Pa3pblBHOE yCHJIME€ MOMKHO BBIYUCIUTH I PACTUTEIbHBIX H
CHUHTETHYECKUX KaHATOB MO (opmyIie:

R=f.C*
)
JUISL CTaJIbHBIX TPOCOB MO (hopMyIie

R=f.d2
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rae f — smmupudeckuit koadduimeHt;

C — ummHa OKPYKHOCTH CEUEHHS TPOCa, MM;

d — amamerp Tpoca, MM.

Ha pucynke 1 n3o0paskeHa KOHCTPYKINS TEH30/IaTYNKa HATSHKSHUS TPOCa.

1
c 3 0 9

~J

o 4 6 11

Pucynok 1 — KoHcTpyKus TeH304aTUMKa HATSDKEHUS Tpoca

JlaTuvik BBIOJHEH B BHAC TEH300aJKH, COICPKHUT YIPYruid dJeMEHT 1 ¢ BHYTpEHHEH
HAJUHIPUYECKOW TOJIOCThI0 2, THOKWK opran 3, memOpany 4 c¢ mnpeoOpa3oBareieM MEXaHHYECKOM
BEJIIMYMHBI B DJJICKTPUUYCCKYIO 5, JKECTKYI0 KOHCOJbHYIO Oanky 6, ymop 7. IlpmkumHO-TipornbodHOe
YCTPOMCTBO BKIIIOYAET B ce0sl JIBE CTOMKMU € BhIpe3aMu OBalbHOU (popMbl 8 /ig yKIaaKu rHOKoro oprana 3,
noxxkemMeHT 9, ckoOy 10, mmactuny 11, umuiauHApUYecKas MOJOCTh 2 YIPYroro 3JIEMEHTa C TOPIIOB
FEPMETHYHO 3aKpbITa JJI 3alIUThl OT MEXaHUUYECKUX BO3ACUCTBUI U OKPYKarOLIEH Cpeibl.

Ha pucynke 2 mokaszaH nmpuHIAI PabOTHI TCH301aTYHKA.

CTUIA HATAREHILA IrsMePASMET
Tpoca / Tpoc

) /
oropa " ¥ /

\
\
\

\
ortopa

IBMepiAeMoe
yveromre

Pucynok 2 — [Ipuniun paboThl TeH30/1aTYNKA

[Ipy HaTsDKEHMM Tpoca oOmopa TEH300aJKu TojaBepraercs AehOpMHUPOBaHMIO M Ipeodpasyer
MTOJIyYEHHOE U3MEPSEMOE YCHIINE B AJIEKTPUUYECKUN CUTHAI, KOTOPBIM NOCTYIAET Ha YIPABISIEMBIA OpraH U
BKJIIOYAET JBUIaTelb JJs YCTAHOBJIEHUS HOMMHAJIBHOIO HATSDKEHUS IIBApTOBHOIO KaHaTa. OJTO
o0ecrieurBaeT MaKCHUMaJbHYI0O TOYHOCTh M3MEpeHUs IMokazarens Yycwius. OCHOBHBIM YCIIOBUEM
cpabaThIBaHUsl TEH30JaTYMKa SBIISETCS HATSDKEHUE MIIM OcllabjeHHe Tpoca 3a CUeT BO3JIEHCTBUS BHEIIHUX
(hakTOpOB.

OCO0EHHOCTBIO TEH30METPUUYECKHUX JATYMKOB HATSKEHHS TPOCa SIBJISIETCS] MX CIIOCOOHOCTh paboTaTh
B YCIOBHUSIX OKCTPEMaJIbHOM Harpy3k, COXpaHsisi NpPH 53TOM MAaKCUMaJbHYI0 TOYHOCTH pabOTHI.
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MexaHuuyecKkre yrmophl Ha JaT4ynKe 00ECIeUrBAIOT HAJCKHYIO 3aIIUTY OT MEeperpy3ok. BrICOKoi TOUHOCTH
M3MEpPEHUI MOXKHO JOCTUTHYTh 3@ CUET UCIOJIb30BAaHUS CXEMbI MOCTa U3 HECKOJIBKUX TAKUX JaTUUKOB.

OOcyxxaeHne pe3yiabTatoB HcciaeaoBanumii. B Poccum  OONBIIMHCTBO — COBPEMEHHBIX
TEH30METPUYECKUX JIaTYMKOB HATSHKEHHS Tpoca M3rOTAaBIMBAIOT U3 JIETMpOBaHHON cramu. Ha wux
[IOBEPXHOCTh HAHECEHO HUKEIMPOBAHHOE IIOKPBITUE, YTO TapaHTUPYET MM 3alIUTy OT BO3AECHUCTBUSA
OKpy)XaroIlel cpeapl. DTUM JaTYMKaM TPUCBAUBAETCs BBICOKMM Kiacc 3amuThl |IP-67. JlanHblil THI
TEH30/1aTYNKOB CIOCOO0EH paboTath ¢ TAroBeIM ycuireM 50 kH, uto coorBercTBYyeT padorte B cxemax ALLLJI
C MaJIbIM U CPETHUM TSITOBBIM YCHJIUEM.

TeH3zomeTpuuecKre 1aTUYMKU HATSHDKEHUS. TPOCA OTHOCSITCS K KJIACCy BBICOKOW U CpelHEN CTOMMOCTH,
pa3HuIla MEXAY HUMHU B 3arace MPOYHOCTH CaMOro JaT4MKa, TO3TOMY JIYUIIUM BapuaHTOM OyleT MOKyIKa
JATYNKOB CPEIHETO KJIacca CTOMMOCTH, IIE COOTHOIIEHHE LIEHBI M Ka4€CTBA IIPUEMIIEMBI.

BreiBon. Ha HaTspkeHue IIBapTOBHOTO Tpoca BIMSET MHOXECTBO BHEUIHUX (PAKTOPOB, M3-3a YETO
yCWJIME Ha IIBAPTOBHOM TPOCE M3MEHSETCS B IUMPOKUX MPHUAETIAX, IO3TOMY JUIsl TOUHOTO M3MEPEHUS CUJIBI
HATSOKEHHMsI Tpoca TMOAXOAAT TEH30METPUYECKUE JAaTYMKW, TaK KaK OHU CHOCOOHBI 00ecreyuTh
MaKCUMaJIbHYI0 TOYHOCTb HW3MEPEHHUS YCUJIMA HATSKEHUs Tpocalnpu H3MEHEHHI TArOBOTO YCHIIHS B
HUPOKUX npuaenax. CTOUMOCTh JaTYUKOB TAKOTO TUIIA COOTHOCUTCS C MX Ka4YECTBOM U HAJIEKHOCTBIO.

BaaropapHocTn. 3a okasaHue MMOMOIIM B IOATOTOBKHM U IPOBEACHMSI MAaTEpUaIOB HCCIIEIOBAHUN
aBTOpPHI BbIpakaroT OmaromapHocTh 3aB.Kadeaporr DCHUAIl kanammaty TEXHUYECKHUX HAYK, IOICHTY
Yépuomy C.I'., moxtopy TexHHMUECKMX Hayk, mnpodeccopy [opoBckomy B.A. u acmmpanty A.A.
MaciieHHUKOBY.
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METOZABI TIOBBIINEHUE KAYECTBA 9JIEKTPOOHEPI'MHU CYAOBBIX 2JIEKTPO
SHEPITETUYECKHUX CUCTEM

POWER QUALITY IMPROVEMENT METHODS OF SHIP'S ELECTRIC POWER
SYSTEMS

AHHOTaIIHﬂ. CYIIOBaSI QJICKTPOIHCPICTUICCKAA CUCTEMA COCTOUT M3 yCTpOﬁCTB AJI IIPOU3BOACTBA,
nepcaaduu M paclpCaciiCHUsA BHGKTpI/I‘{eCKoﬁ OHCPIrur, a TaK¥XC €€ HOTpe6I/ITeJ'IeI71. Z[J'ISI NOAACPIKaHU S
KauecTBa SJIEKTPOIHEPTUM B COOTBETCTBHUHM CO CTaHIAPTaMHU CYAOCTPOCHHs, TpeOyeTcs MpPOBEICHUE
COOTBCTCTBYIOIIIUX MepOHpI/I}ITI/Iﬁ HCJIBHO KOTOPBIX, SABJKCTCA YIYUHICHHUC KA4YCCTBA JSJICKTPO3IHCPTHUU.
Jlannoe TpeOoBaHME MOXET OBITh JOCTUTHYTO 3@ CYET HCIOJIb30BAHUS  COOTBETCTBYIOIIMX
TEXHOJIOTHYCCKNX peI_I_IeHI/Iﬁ Ha CTadunu CTPOUTCIIBLCTBA CyJHA KW ITOBBIIICHHA KBaJ'II/I(I)I/IKaLII/II/I pa60qero
[IepCOHANIa Ha CTAJUM dKCIUTyaTtauuu cyaHa. Jljis BbIOOpa METO0B UCCIIEI0BaHUN ObUT OCYIIECTBIEH cOOp
OKCIICPUMCHTAJIbHBIX JAHHBIX Ha CyJdaX BCAYHIUX ITPOMBICEII, KOTOpHﬁ BKJINOYAJI: USMCPCHHUC IIapaMCTPOB
paboThI CYyJOBOM 3JIEKTPOIHEPTreTUICCKONW CHCTEMBI, OIICHKA KadyecTBa padOThI CYIOBBIX MOTpEOHTENCH U
TOYHOCTh ITOKa3aHUI HU3MCPUTCIIbHBIX 3JI€KTpOl'IpPI60pOB CUCTCMbI  YIPABJICHUA. B pe3yjibTaTre
I/ICCJ'IGI[OBaHI/II\/'I MNPOBCACH aHAJIM3 CYICCTBYIOIIUX MECTOJOB TIIOBBIIICHUA KauCCTBA OJJICKTPOSHCPIUU
CYAOBBIX JJICKTPOSHCPICTUYCCKUX CHUCTEM W YCTAHOBJICHO, 4YTO HeO6XOJ_'[I/IMLIM YCJIOBUEM AKTHBHOTO
KOHTpPOJISI KauecTBa 3JIEKTPOIHEPTUH SBIISETCS HENPEPHIBHOE MOJyUYEHUE HU3MEPUTENbHONM HH(OpMAaINH,
KOTOpass MOXKET OBITH nojJiyu€Ha € TIOMOIIBIO COOTBCTCTBYIOIIUX HpI/I60pOB dHaJIn3a KadeCcTBa
QJICKTPOOHCPIUU.

Annotation. Ship power system consists of devices for the generation, transmission and distribution
of electric power, as well as its consumers. To maintain the quality of electricity supply in accordance with
the standards of shipbuilding, requiring relevant activities aimed at improving the quality of electricity,
which can be achieved through the use of relevant technological solutions on ship under construction and
improving the qualifications of personnel working at the stage of operation of the vessel. To select the
research methods, experimental data were collected on the vessels of the leading fisheries, which included:
measurement of the parameters of the ship's electric power system, assessment of the quality of the ship's
consumers and the accuracy of the readings of the control system's measuring electrical devices. As a result
of research the analysis of existing methods to improve power quality of ship electric power systems and
found that a prerequisite for active control of power quality is continuous measurement information, which
IS receiving can be obtained by using the appropriate instruments power quality analysis.

KmroueBrle ciosa: QJICKTPOSHCPIeTHUICCKAA CUCTCMA, Ka4YCCTBO JSJICKTPOIHCPIHUH, (I)I/IJ'IBTpBI,
TapMOHHKHU.

Keywords: power system, power quality, harmonic filters.

AKTYyalbHOCTh  MCCJIEIOBAaHUI. AHAAM3 cylecTBymmx ucciaenosanuil. IlocranoBka
l'lpOﬁ.]'IeMbI. Cy,Z[OBaSI QJICKTPOOHECPICTUYCCKAd CUCTEMA COCTOUT U3 yCTpOﬁCTB IJig  MPOU3BOACTBA,
nepeadn U pachpeiesieHusl dJIEKTPUUECKON dHEPTUH, a Takke ee norpedureneil. OCHOBHBIE KOMITOHEHTHI
CYILOBOﬁ 3HeKTp03HepFCTH‘{CCKOﬁ CHUCTCMBI ABJIAIOTCA UCTOUYHHUKHU JICKTPOSHCPIUU, I JIaBHBIN U aBapPIfIHBIfI
pacmpeenuTeNbHbIE IIWTHI, JWHWAW OJJIEKTporepenady W cyaoBble mnorpebutenu[l]. Wcrounukamu
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AJIEKTPO’HEPTUU HA CYJHE SIBISIOTCS M3eNb-TEHEpaTOphl, BaJOr€HEpaToOphl, TypOOreHepaTopbl MU T..I.
I'maBubnii  pacnpenenutenpHbiidi mmtT ([PI) ©Ha OopTy cynmHa sBISeTCS IEHTPAIBHBIM  y3JIOM
AJIEKTPOIHEPIETUUECKON crcTeMbl. ABapuiiHbIl pacnpenenutenbHbil mut (APIL) nonkitodeH k riiaBHbIM
IIMHONPOBOJAM 4Yepe3 aBApUMHBIA KOMMYTAaTOp BMECTE C 3allUTHBIMA M aBapUUHBIMM CUCTEMaMU
ynpasinenusi. [lorpeOuTenu  ANEKTPOSHEPTHMM MOTYT MHHUTAThCS  HEMOCPEICTBEHHO OT  TJIaBHOTO
pacnpenenuTeabHOIO UTA WM OT BCIIOMOTATEIbHBIX CEKLIMOHHBIX PACIpPENEIUTEIbHbIX IUTOB, & TAKXKE
OT KOHIEBBIX PACIpPEISIUTENLHBIX IMTOB MO COOTBETCTBYIOUIMM CHJIOBBIM KaOensm. [Ipumepnas cxema,
WUTFOCTPUPYIOIIAs MPEACTABICHUE O CyI0BOM Tpex(a3HOH ceTH, BKIoUaromei: BaoBoi reneparop (BI),
reHeparop, NpUBOAUMEIN B ABkeHue TypOuHoii (TI'), cHabkeHHON mapoM, BbIpaOAaThIBAEMBIM B KOTJIE-
YTUIIU3aToOpe, coeluHeHHOM ¢ riaBHbIM aurarenem (I'J]), u nuzenvubie reneparopsl ([I), npencrasiena
Ha puc. 1.

HanpaxeHie Ha miHe

-

©

Pucynok 1 — CtpykTypHas cxema CyA0BOH 3JIEKTPOCTAHIUH.

IlocranoBka mpodaembl. Bece Oonee cephe3Hol MpoOIeMON CTAaHOBUTCS YBEIUYCHHH TapMOHHK
HanpsDKeHUs, TepexXoHble MPOLECcChl U AucOaTaHc MOLIHOCTeH Tpex(a3HOM CylOoBOH CETH, B CBS3U C
BBICOKOW 3yeKTpuukanue cyaHa, a TakXke HENpPepbhIBHBIM YBEIWYEHHEM 4YHUCJIAa W MOIIHOCTH
noTpeOuTeNneil AEeKTPOIHEPTUU Ha cyHe. BritoueHne B cy/10BYyIO ceTh MOTPEOUTENS OOJIBbIION MOLUTHOCTH
MPUBOJUT K NapajuleIbHOW pabdoTe OJHOr0 WJIM HECKOJbKUX TeHepaTopoB. Jle1o B TOM, 4YTO 3aIyck
TeHEepaTopOoB Ui MapayliebHOW paboThl MPUBOJUT K MOSBICHHUIO 3HAYUTEIBHOTO KOJIMYECTBA TApMOHMK
(nepexoaHbix TOKOB). Kpome TOro, mpuMmeHeHue mnorpeOuTeneil W cucteMm OOJIbLIOW MOIIHOCTH TaKkKe
NPUBOANT K YXYALICHUIO KayecTBa 3JieKTpuuyeckoi sHepruu.llosTomy Bce Oojbllle BHUMaHUS YIenseTcs
CHIDKEHHIO HEraTMBHOI'O BO3/EHCTBHS Ha CYIOBYIO 3JIEKTPOCTAHIUIO, a TAK)KE€ PAcCMaTPHUBAIOTCS HOBBIE
CIOCOOBI MOBBILICHUSI KauecTBa 3JEKTPO3HEPruu Ha cyAHe. B Hacrosiiee BpeMs Ha cyaax HPUMEHSIOTCS
MHOTOYHCJICHHBIE AJIEKTPOHHBIE IPEoOpa3oBaTeNM MOIIHOCTH, KaK Ha IJIaBHBIX JIBUraTeNsiX, TaK W Ha
BCIIOMOTATENbHBIX 3JIEKTPONPUBOJAX. DTU 3JIEKTPOHHBIE MpeoOpa3oBaTeNy MPUMEHSIOTCS B OTHOIIEHUH
MOIIIHBIX MOTpeOuTeNel, TaKuX Kak MPUBOJABI MaTyOHBIX KPAaHOB, IIBAPTOBBIX JIEOETOK, MOAPYIUBAIOLINX
YCTPOMCTB, OXJIAXKAAIOIIMX BOJSHBIX HAacOCOB JM3EJIBHBIX JIBUraTelIell IPy30BbIX HAaCOCOB HAa TaHKEpPAX,
BEHTUWJISITOPOB, KOMIIPECCOPOB XOJOIMIBHOM Cpelibl Ha pepuKepaTOPHBIX CyAax, KaK MPaBUIIO, OTHOCSTCS
K KJIacCy HEJMHEWHBIX M MepeMeHHbIX noTpeduteneit sHepruu. CTOUT 100aBUTh, YTO B HACTOSAIIEE BPeMs
YBEJIMUMBAETCS HE TOJBKO KOJMYECTBO CHJIOBBIX IIpeoOpa3oBareneil B KOpaOeNbHBIX CHCTEMax, HO U
MOIITHOCTh OJTHOTO 3JIEKTPOJBUTATEINSA, KOTOpas BMECTE ¢ MpeoOpa3oBaTeIbHON CUCTEMOM, HCIOIb3yeMOH B
IVIABHBIX JIBUTATEIbHBIX YCTaHOBKax, 4acto mpesbiumaer 20 MBr. Ilpm stom cymmapHas MOIIHOCTB
IIPUEMHMKOB DJIEKTPUYECKOW 3HEPIUH, YCTAHOBJIEHHBIX B ATHX CHCTEMaxX, BO MHOTMX CIIydasX JOCTUTAET
sgaueHnii 10 &0...100 MBt. Takwme Oomplire 3HAYEHUS MOIIHOCTH BBI3BIBAIOT HEOOXOINMMOCTH
HCIIOJIb30BAaHUsl BBICOKOBOJIBTHBIX PEIICHUH, @ YPOBEHb HAIPSDKEHMH JocturaeT 3HaueHui 11kB. B takux
yCIIOBUSIX ~ TpeOyIOTCSI ~ HOBBbIE€  KOMIIETEHUIMH  JUIS  BBICOKOKBAJIM(UIIMPOBAHHOTO  IEpCOHANA,
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OPUEHTHUPOBAHHOTO B OCHOBHOM Ha JJIEKTPOTEXHUYECKHE, DJIEKTPOHHBIE M KOHTPOJIBHO-TEXHUYECKHE
BOIPOCHI[2].

Heo0xoauMocTh  MCHOJNB30BaHMS  MHOTMX  HENMHEHMHBIX W IEPEMEHHBIX  MNOTpeOuTenei
ANEKTPOIHEPIHH HA CyAaX BbI3bIBAET MPOOJIEMY YXYIIICHUS KAaueCTBA 3JEKTPOIHEPTUU B CYIOBBIX CETSX,
BBI3BIBACT HCKa)K€HHE (OPMBI BOJIH HANpPSKCHUS M HM3MEHEHHE 4YacTOThl ceTd. Hawmbosee yacTbiMu
MPUYMHAMH HAPYIICHUH KaueCTBa 3JIEKTPOIHEPTUU, KOTOPHIE OMMCAaHbl B UCTOYHUKAX [2], [3], SIBISAIOTCS:

- HEOPEXKHOCTh B IIPOEKTUPOBAHUM U IIPOBEPKHU CYZOBOM AJIEKTPOIHEPTETUUECKON CUCTEMBI;

- om0k B paboTe CUCTEMBI («4eloBeuecKasi OIMOKay SBJISIETCS OCHOBHOW MPUYMHON aBapuil Ha
MOpE B COOTBETCTBUU CO CTATUCTUKON MeKyHapoJHOM MOPCKOW OpraHu3alim);

- BIIUSIHUE CWJIOBBIX 3JIEKTPOHHBIX YCTPOICTB;

- IPOLECChl KOMMYTAllMM M CIPOBOLMPOBAHHBIE MMM IEPEHAINPSDKEHUS] B PACHPENEIUTENbHBIX
YCTPOMCTBAX U 3JEKTPUUECKUX MOTPEOUTENSIX;

- OTKa3bl BOXHBIX 3JIEMEHTOB CHUCTEMBI (HAIpUMEp: FapMOHUYECKUX (PUIBTPOB YCTAHOBIICHHBIX B
CHCTEME BaJIOTEHEPaTOpa WM IJIABHOTO AJIEKTPUYECKOTO TBUTATETIS).

Heap u 3axaum uccaenoBanuii. [ noaaepxaHus Ka4ecTBa IEKTPOIHEPTUM B COOTBETCTBUU CO
CTaHJIapTaMU CYIOCTPOEHUs, TpeOyeTcs MpPOBEACHHE COOTBETCTBYIOIIUX MEPOMNPHUATHUN LIETbI0 KOTOPBIX,
ABJIAETCS yJIyULICHHE KaUeCTBA AIEKTPOIHEPTHH, KOTOPOE MOKET OBITh JOCTUTHYTO 32 CUET MCIIOIb30BaHUS
COOTBETCTBYIOIIMX TEXHOJIOTMYECKUX PpELIEHWH Ha CTAaJud CTPOMUTENIbCTBA CyJHA U IIOBBILICHUS
KBaJTM(HUKAIMKA pabOYero nepcoHasa Ha CTaIiH SKCILUTyaTaliy Cy THa.

Metoabl U MaTepuaibl uccjaeaoBanmii. /s BeiOOpa METOAOB MCCIEeOBaHU ObUT OCYIIECTBIEH
cOOp OSKCIEPHUMEHTAIBHBIX JAHHBIX Ha CyJax BEAYIIMX IPOMBICEN, KOTOPBIM BKIIOYAI: H3MEpPEHHE
MapaMeTpoB padOThl CYJOBOW SJIEKTPOIHEPreTHUUYECKON CHCTEMBI, OlEHKAa KadecTBa paboThl CYIOBBIX
noTpeOuTENei 1 TOYHOCTD MOKa3aHUH N3MEPUTENLHBIX AIEKTPOIIPHOOPOB CUCTEMBI YIIPABJICHUS.

Pe3yabTaThl HCCIEI0BAHUM.

TexHosornueckye pemeHus AJs yJIy4lIeHHsl KauyecTBa 3JIEeKTPOIHEPIHH B Cy/I0BbIX CHCTeMAaXx.
TexHOMOrnyeckne peleHus OCHOBAHbl Ha JIEATEIbHOCTH U COTPYJHUYECTBE CYAOBJIAJIEIBLEB,
IIPOEKTUPOBIIMKOB M TIOJb30BaTeNeld CyAOBbIX cucTeM. OHHM MOTYT OCYLIECTBISATHCS Ha CTaaAuU
MIPOCKTUPOBAHUS M OKCIUTyatauuu cyaHa. Ha srtamne mnpoekTUpoBaHUS CYJIOBOM CHUCTEMBI CIEAYET
YUUTBIBaTh, YTO UMIIEJIAHC (PEAKTUBHOE COIPOTUBIIEHUE) CYJJOBOIO T€HEpaTopa, KaKk MpaBuio, JOCTaTOUHO
BBICOK II0 CpPaBHEHHUIO C HMIIEJAHCOM TpaHcpopMaTopa HHEProceTd. ITO NPUBOAUT K OOJBIIOMY
HCKKEHUIO HaNpsyKEHUs TOKa Ha HMCTOYHUKE, KOIJa Ha TFapMOHMYECKHE TOKH BIIUSIOT CYLIECTBEHHBIE
HEJIMHEHHbIE HArpy3Kd, TaKhe Kak KOHBEPTEephl MOUIHOCTH TIJIaBHOTO JABWXHUTENsS. ['eHepartopsl
AJIEKTPOIHEPTUU Ha CyAHE HUMEIT 3(PGEeKT CHUXKEHHUS O0OIIero HWMIIeJaHCa, YMEHbIIas KOJUYECTBO
rapMOHUYECKUX HCKakeHHH. C ydeToM BBIIIEU3IIOKEHHOTO H(PQeKTa BaKHONW peKOMeHAaluen uis
MIPOEKTUPOBIIMKOB  SIBJISIETCS YCTAHOBKA TIEHEPATOpPOB C  OOJNBIIMM  MEPEXOJHBIM  PEAKTHUBHBIM
compoTuBieHreM. Jlaxke Tpu  COOMIOJEHMHM BCEX peKOMEHJaluui, Kacaoomuxcs 3PQPeKTHBHOI
KOH(UTYypallK Cy/lI0BOM 3HEPrOCUCTEMbI, TAPMOHUKHU U JPyrue MOMEXH B MOPCKHUX CHCTEMax HE MOTYT
OBITh MOJHOCTHIO ycTpaHeHbl. Ha camoM jiene cyIecTByeT HECKOIBKO METOJI0B, OMMCAHHBIX B MCTOUYHHKAX
[3], [4], ucnomp3yembIx UIsl cMsrdeHuss >P¢eKTa TrapMOHHYECKUX HCKAKEHUH B paccMaTpUBAEMbIX
CUCTEMAaX:

- IACCUBHBIE UM AKTUBHBIEC QUIBTPHI,

- yBEJIMUYEHHE KOJIMYEeCTBA MMITYJbCOB B CHJIOBBIX MpeoOpa3oBaTeNsiX 3a CUeT HCHOJIb30BAHUS
MHOTOKpPaTHO CMEILIEHHBIX MO (a3e BTOPUYHBIX OOMOTOK B CHJIOBBIX TpaHCpopMaTopax IUTaAHUS
JIBUTATEJICH;

- MCII0JI30BAHKE APYTUX CIIEHNATU3UPOBAHHBIX KOHCTPYKTUBHBIX M TEXHOJOTUYECKUX PEILICHUH.

Ha craguu npoekTHpOBaHUS PACCUMTHIBAIOTCS MNpeoOiafaloliie TapMOHHUKH, KOTOpPbIE MOTYT
MPOM30MTH B CHUCTEME Tepenadyd M MpeoOpa3oBaHus 37MeKTpodHepruu. OOBIYHO IS TAPMOHUK TOKOB
UCMOJB3YIOT (WIBTPHl MACCUBHOTO THUIA, COCTOSIIUE M3 IOCIEAOBATENbHONW IIENMM KOHAEHCATOPOB U
HMHIYKTOPOB, OOECMEUMBAIOIIMX B JJIGKTPUYECKUX CETSIX HHU3KUA HMMIENaHC ¢ MpeobsaJaroliuMu
rapMoHuKamu. VIx pabota ocHOBaHa Ha SIBICHUMM PE30HAHCA, KOTOPOE BO3HUKAET U3-3a Pa3IMUMii B 4aCTOTE
KaTyIIKH WHIYKTUBHOCTH U KOHJAEHcaTophl. IlaccuBHbIE QUIBTPHI OOBIYHO COETUHEHHBIE MAPAIIENBHO C
HEJIMHEWHON Harpy3Koil M HacTPOEHbl HAa OUYEHb HU3KUI MMIIEJAHC TApMOHUYECKON 4acTOThl. Pe30HaHCHBIE
L-C ¢unbTpel UMEIOT OTHOCUTEIBHO BBICOKYIO CTOMMOCTb, HU3KYIO 3((EKTUBHOCTh B HU3KOBOJBTHBIX
CUCTEeMax M TeHJEHIIUIO 3aCTaBJISTh CUCTEMY pabOTaTh ¢ BEAYLIIUM KO3(PPHUIIMEHTOM MOLTHOCTH.

OObIuHBIE HacTpauBaeMble (QHUIBTPbI TPEOYIOT HACTPOHKM K crenuduyeckoi rapMOHMYECKON
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qyacTore, X 3((PeKTUBHOCT MpeaebHa, €CIU HEe BKIIOYEHO MHOXKECTBO HACTPOCHHBIX AJIEMEHTOB. Takke
OHM TIOJIBEP)KEHbI TaKUM @poOiieMaM, KaK PE30HAaHC C JAPYTUMU KOMIIOHEHTAaMH CHUCTEMbI, HUMIIOPT
TapMOHUK U3 BBILIECTOSIINX HETMHEHHBIX HArPY30K U BeAYIIUH K03()(PUIIMEHT MOLITHOCTH.

[[InpokomnonocHbie GunbTpel Oosnee 3 EKTUBHBI, YeM OOBIYHBIC HACTpawBaeMble (UIBTPHI, HO
ABISIIOTCSL OoJiee joporocrosiuMu. HecMoTps Ha TO, YTO OHHM YCTPAHSIOT HEKOTOpBIE IPOOJIEMBI,
CBSI3aHHBIE C OOBIYHBIMHM HACTpamBaeMbIMHU (UIBTPAMH, OHU HE SBISAIOTCS Oe3oTkasHbIMU. [IpoGnemoit
ABIISIIOTCSL UX OoJbIMEe OaTaper KOHAECHCATOPOB, KOTOPBIE CO3JAl0T BEAYIIMH (aKTOpP MOIIHOCTH, UTO
co3/1aeT npobiieMy ynpaBlieHUsI BO30YXIEHUS T€HEPaTOPOB.

AKTUBHBIE (QUIBTPHI 00pabaTHIBAIOT TAPMOHHUKHU MyTEM M3MEPEHUs! YPOBHS TapMOHUYECKOTO TOKa
MPUCYTCTBYIOIIETO B CUCTEME M CO3JaHUE TAPMOHUYECKOr0 TOKA IPOTHUBOIIOIOKHOM MOJISIPHOCTH ISl TOT'O
qT00bl OTMEHUTHh HX. [IpoOiema 3akimOo4aeTcss B IUIOXMX JAMHAMHYECKUX XapaKTEPHCTUKAX aKTUBHBIX
(GUIBTPOB, MOITOMY OHU MOTYT OBITh HETIPAKTUYHBIMU JJIS1 UCIIOJIb30BAHUS C MOIIHBIMUAJIEKTPOIIPUBOIAMU
C TEpPEeMEHHOW CKOpPOCThIO. AKTHBHBbIE (QUIBTPHI 007aJalOT BBICOKOH CTOMMOCTBIO M HU3KOM
3¢ PEeKTUBHOCTHIO.

JUis  yMeHbIIEHUS BXOAHOTO TOKAa TapMOHHMK HCIIONB3YIOTCA MeToAsl 'caBura ¢assl’.
MHOXECTBEHHbIE MOCTBI KOHBEPTEpa BXOJHOIO CUTH&JIA COEJUHEHHBIA TaK, YTO TapMOHUKH
IIPOU3BEIECHHBIE OAHUMH MOCTaMHM OTMEHSIOT HEKOTOPbIE TAPMOHMKHU IPOM3BeAeHHbIE ApyruMu. Iloatomy
orpezieNieHHbIe TAPMOHUKHU YCTPAHSIOTCS HAa BXOJI€ IEpBUYHOM 00MOTKH (ha30BOT0 TpanchopmMaropa.

da3zocnBHTAONIEe TPaHCPOPMATOPHI MOTYT OBITh JKOHOMHYSCKH J(P(EKTHBHBIM METOJOM
UCIPABIIEHUSI TAPMOHUK, HO TpeOyeTCsi OJHOBPEMEHHO MPUMEHSITh HECKOJIBKO 6-ITYJIbCHBIX BBIMPSIMUTEICH
Harpy3ku. ®azoBble CUCTEMBbl OI'PAaHUYEHBI B KOJIMYECTBE TAPMOHMK, KOTOPHIE MOXHO KOHTPOJIMPOBATH U
CTENEHb TAPMOHUYECKOTO CMSTYEHHUS 3aBUCUT OT TOTI'O, B KAKOW CTENEHHW Pa3jMYHble UCTOUHUKU FapMOHHK
OJIMHAKOBA M 3aBHCHT OT MX yIJla CBUTa (a3 MEeKIY HCTOUHUKAMH.

VicToOYyHUKY MUTaHUS C MOMPaBKOW HAa KOA()PHUIIMEHT MOIIIHOCTH, PEAKTOPHI U JPOCCENN OTHOCATCS K
JIPYTUM CIIELMAIU3UPOBAHHBIM TEXHOJIOIMUYECKUM M KOHCTPYKTHUBHBIM DELICHHUSAM, Ipe/iaraéMblM s
ocnabieHusi TapMOHUYECKOTO TOKA. VICTOYHWKM TMUTaHUS C TMONPaBKOW Ha KOA(P(GUIMEHT MOIIHOCTU
SBJIAIOTCS. JJOPOTOCTOSIIMMHM U MMEIOT OrPaHUYEHHOE NPUMEHEHUE; pPEakTOpbl U APOCCENH SIBISIFOTCS
OTHOCHUTENIbHO HEJOPOTHUM pEIlleHHWEM, HO SBIISIOTCA JUIIb YMEPEHHO >(Q(EKTUBHBIMH, U WX BBICOKUHN
UMIIEAHC MOXKET IPUBECTU K HEIIPUATHBIM NaJI€HUSAM HAIPSKEHUS.

OO0cyxaenne pe3yabTaroB HccaeAoBaHuil. CTaTUCTUKA aBapuu IOCIEAHUX HECKOJIbKHUX JIET
[IOKa3bIBAa€T,  YTO  JIaXX€  BBICOKOTEXHOJIOTMYHO  OOOpYyJOBaHHBIE  Cyda,  AKCIUIyaTUpyeMble
BBICOKOKBAIN()UIIUPOBAHHBIM TI€PCOHAJIOM, HE CIIOCOOHBI MPEAYCMOTPETh HEOXHJAHHbIE aBapHilHbIE
CUTyalluu M UX nocienctsusa. CTaHIapThl KauecTBa 3JIEKTPOIHEPIUU U CBSI3aHHBIE C HUMU TEXHUYECKUE U
OpPraHM3alliOHHBIE  MEPOINPHUATHS  JOJDKHBI  BBIABIATH  HESICHOCTU M HETOYHOCTH  CYAOBOM
ANEKTPOIHEPIeTUYECKON CHCTEMbl W CTPEMHUTCS pPEuTh UX. JlOKHBI OPUHUMAThCA MEphl IO
HEMpepbIBHOMY MOHUTOPUHTY KauecTBa 3JIEKTPOIHEPTHH, KOHTPOJIIO MEPEXOIHBIX MPOLECCOB, YHU(DUKALIUU
MHJEKCOB W METOJOB MX M3MEpPEHHs, a TaKkKe CBA3aHHBIX C COOTBETCTBYIOIIEH KBamupuKauuen u
KOMIIETEHIMEeH WIEHOB OHKUIaXa /Ui MPaBWIBHOW JKCIUTyaTallud, TEXHUYECKOTO OOCIYXHBaHUS H
WCIIBITAaHUH AJIEKTPONPUOOpPOB [6].

HenpeprIBHBIN IPOTrpecc B CO31aHUU U KOHTPOJIE JIEKTPUUECKUX U DJIEKTPOHHBIX YCTPOUCTB BBOJUT
HOBBIE TpeOOBaHUS K BaXTEHHBIM OQHIlepaM, OTBETCTBEHHBIM 332 KOHTPOJIb, TEXHUUYECKOE OOCITYyKHBaHUE,
JMArHOCTUKY M PEMOHT 3JIEKTPUUYECKHX M AJIEKTPOHHBIX YCTAHOBOK Ha OOpTy CylqHa. DTH TpeOOBaHUS B
MEPBYIO OYEpEeb KacaloTCs CYIOBBIX JHEPrOCUCTEM U €CTECTBEHHBIM 00pa3oM CBs3aHbl C ACIEKTaMU
KauecTBa DJIEKTpodHepruu. KOHTposIb KauecTBa DSJIEKTPOIHEPIHUU SBISAETCS CIIOKHOM 3ajaden Juis
MIPOEKTUPOBIIMKOB M OMNEPAaTOpPOB (WJIEHOB HKHUIIAXa) CYJOBBIX AJIEKTPOIHEPreTUYECKUX CUCTEM. ITOT
IIPOLIECC MOXKHO PAacCMaTpUBaTh KaK MACCUBHBIM M aKTHUBHBIM KOHTPOJIb KadecTBa 3jeKTpodHepruu. [lox
MaCCUBHBIM yTpPAaBICHHEM MOHMMAETCS NPUMEHEHUE TaKHX TEXHOJOTHYECKMX U KOHCTPYKTHBHBIX
pElIeHnli, KOTOpble TIOATOTOBJIEHBl Ha CTaJWU IPOEKTHPOBAHUS CYJOBOM CHCTEMBI, a HMEHHO
COOTBETCTBYIOIIAsl KOH(PUTypalus IIaBHOTO PacCHpeIeUTEIbHOrO MNTa, GUIBTPYIOMINX LEenel, yCTponCcTB
U METOJ0B TapMOHUYECKOro cmsardeHus. HanmpoTuB, aKTHBHBIA KOHTPOJb KAauecTBa AJIEKTPO3HEPIHU
OCHOBaH Ha KOHIENIMHU "YMHBIX CETE€H", WIM IIMPOKO PacCIpOCTPAHEHHBIX aKTUBHBIX ceTei. B HacTosmee
BpEMS B CYAOBBIX JIEKTPOIHEPIETUYECKUX CUCTEMAX DJEMEHTAMM "YMHBIX CETEH" SABIAIOTCS Pa3IM4YHbIE
MCTOYHHUKH DJIEKTPOIHEPTHH B3aWMOJCHCTBYIOIIKME JPYyr € JApyroM (KOMOWHAIMM TypOOreHepaTopoB,
NN3e1b-TeHEPAaTOPOB, BaJIOI€HEPATOPOB), TOMOIHUTEIbHBIE KOMIIEHCHPYIOIIUE YCTPOMCTBA (KOMIIEHCATOPHI
PEaKTUBHOIM MOIIHOCTU ¥ (PUIIBTPBI BHICIINX TAPMOHHUK), HAKOITUTEIN SHEPTHH (AaKKYMYJISITOPbI, TOTJTMBHBIE
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3JIEMEHTBI, KOHJICHCATOPBl) M CHCTEMa YIpaBJIECHHsI MOIIHOCTBIO, KOTOpas obecrieunBaeT OecriepeOoiHbIM
MMATAaHUEM OTBETCTBEHHBIC 1 0COOOOTBETCTBEHHBICIEKTPONIPHUEMHUKH cyaHa [5]. HeoOxoauMpIM ycioBreM
aKTUBHOTO KOHTPOJII KadecTBa AJIEKTPOIHEPIHU SIBIAETCS HENPEPHIBHOE TIOJIyYE€HHE H3MEPUTEIbHOM
nH(pOpMaLIUU, KOTOpasi MOXKET ObITh MOJTy4YeHa ¢ MOMOIIBI0 COOTBETCTBYIONINX MPHOOPOB aHAIM3a KaueCcTBa
anekTposHepruu. Mudopmaius o napaMeTpax KauecTBa 3JIEKTPOIHEPTUH MPeodpazyeTcs B YIPaBISIOMINE
CUTHaJbl, KOTOpbIE TMOJAIOTCS HAa CHUCTEeMY yIpaBjieHHs HampsbkeHueM U uactotoil. [Ipouemypa
HETPEPHIBHOTO MOHHUTOPUHTAa MOIIHOCTH SIBJISIETCS KIIOYEBHIM MOMEHTOM [UIS YIIYYLICHHS KauecTBa
ANEKTPOIHEPIruu Ha cyaHe. B o0oM cilydae MpOeKTUPOBIIMKUA U OMEPATOPHI (WIEHBI IKUIIAXKa) CYAOBBIX
AJIEKTPOIHEPTETUUECKUX CUCTEM JOJDKHBI OCO3HABATh, YTO JIEKTPOMAarHUTHBIC BO3MYIICHUS HE MOTYT OBITH
MOJIHOCTBIO YCTPAHEHBI, MOXKHO TOJIBKO YMEHBIIUTH MPUYUHBI UX BOSHUKHOBEHUS U CMATYHUTDH IOCIIE/ICTBUS
UX HETaTUBHOTO BIIMSHUS.

BoiBoabl. B pesynbrare nccienoBaHMil IPOBEIEH aHAIU3 CYIIECTBYIOLIUX METOAOB MOBBIIICHUS
Ka4yecTBa JICKTPOIHEPTUHU CYAOBBIX 3JIEKTPO SHEPreTUYECKUX CHCTEM M YCTAHOBJICHO YTO HEOOXOAMMBIM
YCIIOBUEM AaKTHBHOTO KOHTPOJISI KayecTBa JJIEKTPOIHEPIHH  SBISETCS HEMPEpPhIBHOE TMOJy4YCHHE
M3MEPUTENIBHON MH(pOpPMAIIMU, KOTOPasi MOXKET OBITh MOJIydeHa C MOMOIIBI0 COOTBETCTBYIOIIUX MPHOOPOB
aHaJlM3a KauecTBa 3JIEKTPOIHEPTUU

BaaropapHocTn. 3a oka3aHue MMOMOIIM B IOATOTOBKH U IPOBEACHMSI MaTEpPHUAJIOB HUCCIEIOBAHUMN
aBTOpPHI BBIpaXaroT OmarogapHocTh 3aB.Kadenporr DCHUAIl kanauaaTy TEXHUYECKUX HAyK, IOICHTY
Yépuomy u acnupanty A.A. MacieHHUKOBY.
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VJIK 519.688
[MOCTPOEHUE MOJEJIHM MPUBBLIBHOCTHA TOPTOBOI TOUYKH
OUTLET'S PROFITABILITY MODEL BUILDING

AnHoTanusi: B cTatbe paccMOTpeHbl OCHOBHBIE METOJNIbI TMOCTPOCHHS perpeccud. B pamkax
MPOBEICHHOTO WCCIEIOBaHMs OblIa pa3paboTaHa MporpaMma, IMO3BOJISIONIAS IMOCTPOUTH YHHUBEPCAIBHYIO
MOJieJIb TPUOBUTFHOCTH TOPrOBOM TOYKM Ha OCHOBAHMU JAHHBIX O TOPTOBBIX TOYKaX HECKOJIbKUX
MPEATPUATHI U3 PA3IMYHBIX TOPOJOB.

Abstract: the paper describes popular methods of the regression model building. The program for
building a universal model of the retail outlet’s profitability on the base of data on retail outlets of several
enterprises from different cities was developed in the framework of the study.

KioueBble cj10Ba: OICHKAa perpeccud, OTOOp MPHU3HAKOB, MPOTHO3MPOBAaHUE, KiIacCHUpUKAIMS,
OYCTHHT.

Keywords: regression estimation, feature selection, forecasting, classification, boosting.

eanb uccaenoBanus

[lenbto naHHOM pabOTHI ABJISIIOCH YCOBEPIIEHCTBOBAHUE MOJENH, MpuMeHseMol B komnanuu OO0
«Mectomepy.

st mocTrKEeHUs STOM 1eN OBLTH MTOCTAaBJICHBI CIEAYIONINE 3a/1a4H.

1. IIpousBecTd NOATOTOBKY MPEAOCTABICHHBIX JaHHBIX, BKIIOYAIONIYI0 B ce0s 0ObeIUHEHHe
JAHHBIX 110 Pa3JIMYHBIM TOPOJIaM, yIaJeHNEe HEKOPPEKTHO 3aITOJTHEHHBIX TTOJICH.

2. Pa3zpaboTraTh mporpaMMy Ha si3bIK€ BBICOKOT'O YPOBHS, MO3BOJISIOIIYIO MOJOOpaTh HAWIy4IIUN
MCTO MOCTPOCHUA MOACIIN IO UMCIOINUMCA TaHHBIM.

3. OTo6paTh HauboIee MOAXOIAILYI0 MOAEb SKCIIEPTHBIM ITyTEM.

IMocTaHoBKa 3a7a4n

HmeroTcs JaHHbBIE O TOPTrOBBIX TOUKAaX KOMIAHUN Pa3HOIo THUIA (alTeKu, OPTONEeIUUYECKUE CaIOHbI U
T.J.) U3 HECKOJBKUX ropojoB: MockBa, Cankr-IlerepOypr, HoBocubupck, ExarepunOypr, Boponex, Omck,
ITepmb. Kaxxpast Touka XapakTepu3yeTcss HEKOTOPBIMH MPHU3HAKAMU, MPUYEM 7S KaXKI0M KOMIaHUH OHU
MOryT ObITh pa3zHble. KonnuecTBo 00mux npusHakoB — 42, Bcero — okosio 150. Beixognas nepemMeHHas —
pasmep roj1oBoi NpuOBUIM KOMITAHUH.

Heo0XxomuMo MOCTpOUTh MOJIENb, TTO3BOJISIONIYIO CIIPOrHO3UPOBATh MPHOBITH KOMIAHHHA B HOBOM
TOUYKE B IIKaJie OT 1, YTO COOTBETCTBYET MOHATHUIO «IUIOXask TOUYKA», 0 5, SBIAIOLICICS, COOTBETCTBEHHO,
«OTIIMYHOU TOYKOW».

O030p MeTO10B NOCTPOCHUS Perpeccun

['peGHeBast perpeccust

MeTtoa HaXOAUT MapaMeTpbl MOAETH JIMHEHHON perpeccun ¢ orpannuenueM [1]. OH peanuzyer
KJIacCHuecKyro L, perymspusamuto THXOHOBA, P KOTOPOil apaMeTpbl MOACIH 3 HAXOAAT MHHHMU3AIIHCIT

A

. 2
p = argmin [Z?:l(yi — XL Bixyi) +AXT, ﬁjz], 1)
e f — napameTpsl MOJIENH,
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N — KOJIMYECTBO MPUMEPOB B BEIOOPKE,

m — KOJIMYECTBO MPU3HAKOB,

Y; — BBIXOJIHOE 3HaUEHUE TIpuMepa i,

Xij — 3Ha4YCHHWE NPU3HAKA j y puMepa i,

A — mapamMeTp peryssipu3anuu.

[lepeceuenne OTCYTCTBYET B (hOpMyJie, TaK Kak IMPEAINOJIaracTcs, YTO Ka)Ibli MPU3HAK U BHIXOJ]
00pa3IoB EHTPUPYETCS.

[TapameTp perymnspusanuu A MOKET ObITh HaliJIcH Ha CKOJIB3SIIEeM KOHTpoe [2].

OOmwmit cMpIca TpeOHEBOM PErpeccuy B TOM, YTO OHA HE JAeT MapaMeTpaM MPUHHUMATh CIUIIKOM
OoJIbIIIME 3HAYCHMS, JIeNast €e, TeM CaMbIM, 00Jiee YCTOMYUBOMA.

Perpeccus Jlacco

B oTiimume ot rpeOHEBOM perpeccuu, B JaCCO PETPECCHH PETYISIPU3ANNS MPOUCXOIUT C MTOMOIIBIO
3aKII0YeHUs KOA(DPHUITMEHTOB B MOIYIIh IIPH HAXOXKICHUH ITapaMeTpoB Moenu [3].

ITapameTrpsl MofeIH ﬁ HAXOJAT MUHAMU3AIMEH CIeyIoNero (yHKIIMoHaIa

f = argmin |5, (y; — X%, Biciy)” + 22 1], )

e f — napameTpsl MOJIEIH,

N — KOJIMYECTBO IPUMEPOB B BEIOOPKE,

m — KOJIMYECTBO MPU3HAKOB,

Y; — BBIXOJIHOE 3HaYEHUE IIpumepa I,

X;j — 3HAUCHHUE TPU3HAKA ] y TIpUMepa I,

A — mapameTp peryispu3aluu.

[lepeceuenne oTCYTCTBYET B (opMylie, TaK KakK MPEIoJiaraeTcs, 4TO KaXkKIbli MPU3HAK U BBIXOJ
oOpa3noB nenrpupyercs. [lapamerp perynspuzanuu A MOXeT ObITh HAWEH TaK K€, Kak U i rpeOHEeBOM
perpeccuu, HalpuMep, Ha CKOJIb3AIIEM KOHTPOJIE.

OOmwmii cMbIc TpeOHEBOW Perpeccu B TOM, YTO OHAa HE TOJIBKO HE JaeT MapaMeTpaM NpUHUMATh
00JIbIIIKe 3HAYCHHS], HO U OOHYJISIET T€ MapaMeTphl, KOTOPbIE c1a00 BIHUSIIOT Ha BBIXO/I.

MeToa HauMEHBIINX YIJIOB

MeTo HaUMEHBIIUX YJIOB TOXE padOTaeT C JIMHEWHBIMH MOJENSAMU, U TOXKE SIBISETCS METOJOM
0TOOpa MPU3HAKOB.

Ha nepBoM 11are oH HaXOAUT MEPEMEHHYIO, KOTOpasi O0JIbIlIEe BCEX KOPPETUpyeT ¢ BhixoJoM. [lanee
OH MpuOIMKaeT KodPPUIIMEHT TIepe STON MepeMEeHHON B TeMy KO3 UIIMEHTY, KOTOPBIN ObLIT MOJTy4YeH C
MIOMOIIbI0 METO/Ia HAaUMEHBIINX KBaApaToB. MeHseT Kod(ppUIUEeHT 10 TeX Mop, MoKa Apyras nepeMeHHas
He OyleT KoppenupoBaTh C OCTaTKaMu OoJjblle, yeM Tekymias. Torma yxe oba koapduiueHta OyayT
MeHATbes. U Tak OyAeT mpoAosKaThes 10 TeX Mop, MoKa He OyJ1eT MOoIy4eHbl Te ke K03 (OUIIMEHTHI, KaKue
MOJIy4aroTCs MpH 1MoA0Ope UX ¢ MOMOUIbIO METO/]a HAUMEHBIINX YIIIOB [4].

OpHako, MBI MOXEM MPEKPATUTh OTOOP MEPEMEHHBIX Ha KAKOM-TO I1are, TeM caMbIM OTOPOCHB 3TOT
npusHak. HyxHoe KOJIMYECTBO OCTaBHIMXCS MPU3HAKOB MOXHO TIOJYYUTHh C TOMOILBIO CKOJIB3SILIEro
KOHTPOJIS.

Cry4JaliHbIi jJec

OcHoBa ciy4yaifHOT 0 Jieca — IepeBbs PELIeHUH.

JepeBbst pemieHuil — 3TO cnoco0 MpPeACTaBICHUS MpaBWI B HEPapXUUYECKOW, MOCIEI0BATEIbHON
CTPYKTYpE, Tie KaX/10My OOBEKTY COOTBETCTBYET €JMHCTBEHHBIHN y3eI, Aarouuil pemenue [5].

Pemaromuii y3en — y3en, cofaepKaliuil BOpOC U HAIPaBJISIONIMN B pa3HbIE CTOPOHBI B 3aBUCUMOCTH
OT OTBETA.

JIuctoBoii y3en — y3el, Jearoluil TPOrHo3.

JlomycTum, 3a/1aHbl HEKOTOpPbIE MAapKHUPOBAHHBIE JIaHHBIE U CHUCOK aTpHOyTOB, TOTJAa MOCTPOEHHE
JiepeBa pemieHuii cornacHo anroputmy D3 [6] BeITasSuT ciiemyronmm o0pa3oMm:

1. Ecnin Bce JaHHBIE UMEIOT OJMHAKOBYIO METKY, TO CO3/1aTh JINCTOBOH y3€I1, MPeCKa3bIBAIOLINHI 3Ty
METKY, ¥ OCTAaHOBHTHCS, HHA4Ye TIEPEXo Ha T1. 3.

2. Eciu cicok atpu0yToB MYCT, TO CO3/aTh JIMCTOBOM y3el, mpecKa3blBalonil Harnbonee o0myto
METKY, ¥ OCTaHOBHTHCS. MIHa4ye mepexox Ha 1. 3.

3. Pa306uTh 1aHHBIE MO KQKIOMY aTpUOyTY.

4. BoiOpath pa3dueHne ¢ HauMEHbIIEH SHTPOIHEH.

5. JloGaBuTH pemaromuii y3ea Ha OCHOBE BEIOPaHHOTO aTpudyTa.
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6. PexypcHBHO MOBTOPHUTD ISl KaXKIOW MOATPYIIIBI pa3OueHHs.

CrnyqaifHpI JIeC SBISICTCS KOMITO3HMITMEH (aHCaMOJIeM) MHOXKECTBA PEIIAIOIIUX JIEPEBHEB, UTO
MO3BOJISIET CHU3UTH NPOOJIeMy MepeoOydeHHsT M TTOBBICUTh TOYHOCTh B CPAaBHEHHH C OJHUM JIEPeBOM [7].
[IporHo3 nosyyaeTcst B pe3ynbTare arperupoBaHusi OTBETOB MHOXKECTBA J€peBbEB. TpEHUPOBKA J1€PEBHEB
MIPOMCXOUT HE3aBUCUMO JIPYT OT Jpyra (Ha pa3HbIX MOJAMHOXKECTBAX), YTO HE MPOCTO PEIIaeT MpodieMy
MIOCTPOCHUS OJJMHAKOBBIX JEPEBbEB HA OJHOM U TOM e HaOope NaHHBIX, HO U JIeNaeT STOT aJrOpPUTM
BeChMa yJIOOHBIM ]ISl IPUMEHEHUS B CUCTEMaX Paclpe/IeIEHHBIX BRIYHCICHUH.

Jnst 3agaun perpeccur BbIXO/l BCEX JIEPEBBEB ycpeauseTcs [8].

OnucanHpld METOJ yIOOEH TeM, 4TO MOXeT >(PQPEeKTHBHO 00pabaThiBaTh JaHHBIE C OOJBLINM
KOJIMYECTBOM MPU3HAKOB U MPUMEPOB. Takke AJs ero paboThl He HY>KHO HOPMHUPOBATh MPU3HAKH.

['pagrieHTHBIN OyCTUHT

Kak w cinydailHBIH Jiec, TpagUMEHTHBIM OYyCTHMHT OOBEAWHSAET BBIXOJ HECKOJbKUX Mopenei. OH
WTEpPaTUBHO J00aBiisieT HOBble Mozenu. Kaxmass Mozenb MbITAeTCs HAYYUThCS MPEACKa3blBaTh TPaJUECHT
byHKIIMM 1OTEph TpagueHTHoro Oycrunra. [locie 3Toro, Mbl J00aBisieM ATy HOBYIO MOJAETL K
IPaJUeHTHOMY OYCTHHTY C IIIaroM, KOTOPBI MUHUMHU3HPYET (YHKIIMOHAT MOTEPh TPAJUEHTHOTO OYCTHHTA

[9].

B cinydae ecnm B kadecTBe (PyHKIMOHANa NOTEph BBIOpaHa KBaJpaTW4Has Mepa OIIMOKH, TO
I'paJIMEHT MPEBPAIIAETCS B PA3HOCTh MEKAY MPOTHO30M I'PaJUEHTHOr0 OYyCTHHra M 3HAYCHUEM IPUMEPOB.
Taxum 00pa3oM, Kakaast HOBasi MOJIENb MBITAETCS MPEJICKA3aTh OMIMOKY MPEIBITYIINX MOICIICH.

Beixonom rpanumenTHoro OycTuHra OyJneT B3BELIEHHAas CyMMa BBIXOJOB Bcex Mojenell. Bec
OTIPEJIeNIICTCS aroM, ¢ KOTOPhIM MO/JIENIb ObUIa TIpruOaBieHa K TPaAMEHTHOMY OYCTHHTY.

AdaBoost

AdaBoost — anroput™M OOBEAMHEHHsS MHOXXECTBa Mojeined. B ormimume oT ciydaiiHoro Jeca,
IPUMEpPbI BBIOMpAIOTCA CIIydyailHO, HO IPH 3TOM BEPOATHOCTh BBIOOpA IpUMeEpa 3aBUCUT OT TOrO, Kak
XOpOIIO YMEET MPOTHO3MPOBaTh 3TOT mpumep AdaBoost. Uem xyxe mpumep oOpabaThIBaeTCsl MOJECIbIO,
TeM OOJIbIIIEe Y HEro BEpOsITHOCTh BbiOOpa. Eciu kopoue, aaropuTm yaiiie BBIOUPAET T€ MpUMEPBl, KOTOPbIE Y
HETO0 HE IMOJy4YaeTCs BEIyUUTh [9].

Kak wuror, mnpeickazaHue pacCUMTHIBAETCS IO B3BEUIEHHOM MenuaHe, IA€ BEC 3aBUCUT OT
YBEPEHHOCTH MOJICIIH.

Meron bopyra

Merton bopyra oTOupaeT npusHaku 1o ciegyroiiemy aaropurmy [10].

1. Ins xax7aoro mpu3Haka J00aBisieT TEHEBOM aTpuOyT, KOTOPBIM COCTOMT W3 3HAYEHUIl 3TOro
MpHU3HAKa, 3aTeM 3HaYCHHE TEHOBOTO aTprlyTa CIiydaifHO IIepeMENTBAOT.

2. 3amyckaeT CIy4alHBI Jilec Ha 3TOM Habope, HaXOAUT Z-OLEHKY /s KaXJI0ro Mpu3HaKa, B TOM
YHCIIe U ISl TEHEBBIX MPHU3HAKOB.

3. Z-o1leHKa KaX/I0ro NpHU3HAKa CPAaBHUBAEM C caMOW Jiyurield Z-OLIeHKOH TEHEBBIX HPU3HAKOB.
Ecnu BaskHOCTB pU3HAKa MEHBIIIE TEHEBOTO, OTOPACKIBAEM €TO.

4. YoupaeMm TeHeBble Npu3Haku. [loBTOpseM mpouenypy 10 JOCTHKEHHS HYKHOIO KOJIMYECTBa
uTepanun.

WNHorna Z-o1eHKy NpU3HaKa CPAaBHUBAIOT HE C CAMBIM JIYYILIUM, a C MEIMaHHBIM Pe3yJIbTaTOM, UJIH C
pe3yIbTaTOM KaKOTO-TO KBAPTHJIS, YTOO CHENIaTh CEJNEKIMI0O MEHee MOIIMHOW. MokeT paboTaTh ¢ JHOOBIM
METO0M, KOTOPBI MOXET NOJCUNTHIBATh BAKHOCTh MPU3HAKA.

IIporpammHuas peajau3anus

JUis  TmOoCTpoeHHsT yHUBEpcalbHOM Monenu Obula paszpaboTaHa MmporpamMma Ha  sI3bIKe
nporpamMmmupoBanus Python, mo3Bosisitorias oCyIecTBUTh MOAO0p Jydlineid Moaenu. [Ipu moMomny JaHHON
nporpamMMbl ObLTH ompeseneHsl 15 Hanbosee BIMAIOMIMX HAa MPUOBUIL MPU3HAKOB, CPEAM KOTOPHIX €CTh
Takhe KakK BpeMs paboThl TOPrOBOW TOYKH, KOJHMYECTBO OCTAHOBOK B OINPENEIICHHOM paamyce, Tpaduk
ucrons3oBanus Wi-fi, uucneHHocTh HaceneHus ropoja W apyrue. Takke Oblla TOCTpOSHA JHMHEHHAs
MO/IEITb, YTO TIO3BOJISIET KOMITAHUSM OTIPENICTUTE CTETIEHb BIMSHUS TOTO WJIM MHOTO MPH3HAKa, ONMUPAsCh Ha
KOX(QQHUIMEHT mepel THM IapaMeTpoM B YpaBHEHHMHU perpeccuu. HawmirydmmuMm MeTofoM s JaHHOM
3aJ1auu SIBJISICTCS TPAMCHTHBIA OYCTHHT.

Pa30Ouenne Ha Kiacchl MPOU3BOAMIOCH BPYYHYIO 3KCIIEPTHBIM IyTeM. OCHOBHOH 3a/iaueil B JaHHOM
ciiyyae ObUIO YMEHBIIUTH KOJMYECTBO TOUYEK, OIIMOOYHO OTHECEHHBIX K JIyYIIeH WM XyAlled KaTeropuu
Oosee yeM Ha | myHKT. JIpyruMu ciioBaMu, HY>)KHO, YTOOBI TUTOXHE TOYKH MTOJTydalld 3HAYSHHUS He BBIIIE 3, a
nyqmie — 4 u 5. Ha pucynkax 1 u 2 npuBeseHo NoidydeHHOe pa3OueHue s 0OJHONW U3 Mojenel. YepHbIM
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LIBETOM YyKa3aHbl peaJibHbI€ TOYKHU, CEPbIM — CIPOTHO3MpPOBaHHbIE Kiacchl. [1o ocm X yka3zaHbl MHACKCHI
TOYEK, 10 Y — HOPMaJIM30BaHHAs BEJIMYMHA TOJ0BON IPUOBLIH.
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bbun monmyuyeHsl ABE MOJAENU C OJMHAKOBOH aOCOTIOTHOW OMIMOKON Ha CKOJMB3SIIEM KOHTPOIE,
OIMPCACIICHHBLIC JOKCICPTHBIM IIYTCM KaK JIY4YIIHUC. B neiaoM, s obonx BapuaHTOB CHpaBCIJIIMBO
clIeyronee.

1. B enMHUYHBIX Clly4yasix MJIOXHUE TOYKU ONPEAEIAIOTCA KaK XOPOILHE.

2. Xopotire TOYKU PeIKo 0003HAUYEHBI KaK MJI0XHE, TOUTH BCETIA «XOPOIIUE» UITH «CPETHUEH.

3akiro4eHue

B xone wuccnenoBanus Oblia pa3paboTaHa IporpamMma, MO3BOJISIONIAas O€3 ydacTHsl JKCIepTa
OMMPCACIINTL HAWITYUHIHUC IMapaMCTPbl A paCCMOTPCHHBIX BBIIIC METOJ0B IMOCTPOCHUA PETPECCUHU, YTO
MO3BOJISIET MOCTPOUTH HECKOJIBKO BAapHAHTOB MoOjeNeill NMpuOBUIBHOCTH TOproBoi Touku. Ha ocHoBaHuM
OTUX JAaHHBIX JSKCICPTHBIM IIYyTCM OblI1a ornpeaciicHa Hauiaydlasa MOACJb IO CICAYIOIIHUM KpUTCPUSAM!:
a0coOTHAas! OIMOKa, OTHOCUTENbHAs OLIMOKA, TeOpeTHUeCKasi 000CHOBAaHHOCTh MOIY4YE€HHON (OPMYIIbI;

[Tocne BeIOOpa MOMENH MTPOU3BOINTCS aBTOMAaTHUECKOE pa3OMEeHHe Ha KIacChl Mo mKaie oT «1» 1o
«S».
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AHAJIA3 ITPOI'PAMMHBIX KOJOB METOJA BPEHTA 1151 MUHUMMU3ALIAHN
YHUMOJAJIBHBIX ®YHKIIUU

THE ANALYSIS OF BRENT METHOD CODES FOR MINIMIZING UNIMODAL
FUNCTIONS

AnHoTtanus: [IpoBeneH aHanmu3 IBYX BBIYHUCIMTENBHBIX MPOLEAYp, peanusyroumx meron bpenta
JUIT MUHUMU3AIUA YHUMOJAIBHBIX (YHKIIMH. YCTaHOBIEHO, YTO KOJbI MMEIOT HEJIOCTATKH, KOTOpPHIC HE
MO3BOJIAIOT PELIUTh PSJ 33734 onTuMu3aimu. [IpeoxkeH Ko Mporeypbl, HamucanHblil Ha si3bike Delphi,
KOTOPBIN JIMIICH YIOMSHYTBIX HEJOCTATKOB.

Abstract: The analysis of two computational procedures that implement the Brent method to
minimize unimodal functions was carried out. It is established that the codes have flaws that do not allow
solving a number of optimization problems. A procedure code written in the Delphi language is proposed,
which is devoid of the disadvantages mentioned.

KuaroueBble ciioBa: yaumoaanbHas GpyHkims, metoq bpenra, ALGOL-60, FORTRAN9O, Delphi.

Keywords: unimodal function, Brent method, ALGOL-60, FORTRANO90, Delphi.

[Tpu ananu3ze KOMOMHHPOBAHHOIO MeToAa bpeHTa MUHUMU3AaLMKU YHUMOJAIbHBIX (pyHKUMH [1] 3a
00pa3ubl OPUTHHAIOB BBIYMCIUTEIBHBIX IMPOrPAMMHBIX Tpoueayp Obul mpusiT Kox [2, 3] ¢ yderoMm
nonpaBku [4], HanMcaHHBIA Ha s3bIKe A12071-60 B 1973 1., u xox Ha s3bike PopTpan90, HaNMMCAHHHBIA B
2013 r. [5, 6].

B pesynbpTare mepeBoja JaHHBIX KOMOB Ha s3blk Delphi ObLiy mosydeHbl COOTBETCTBYIOIIME UM
npsiMbIE aHAJIOTH aBTOPCKHX mporeayp Brent (mepeson kona Richard Brent, 1973 r. ¢ yuerom oneuatku [2])
u Burkardt (mepesox xoma John Burkardt, 2013 r. [3]).

s Bepudukanum JaHHBIX MPOLEAYp, @ TAKXKE WHBIX LieJied nccienoBaHus Oblia pazpaboTraHa 0asza
3alad MUHUMH3AIUU, OO0BEM KOTOPOM OIpenenseTcss MPOU3BEIEHHUEM KOJIMYeCTBA HCIIOJIb30BAHHBIX
YHUMOJTbHBIX (DYHKIMH ¥ COOTBETCTBYIOLIMM UM BapHAaHTOB OTPE3KOB HEOMpeAeIeHHOCTH [, b].

Hcnons3oBano 22 ¢GyHKIUHU, B TOM YHcle 16 TTagkux YHUMOJAIBHBIX, 2 MOHOTOHHBIX U 1O OJHOU
MEJIEHHO MEHSIOUIEHCs, CTpOro yHUMOJAIbHOW M Herjaakod (QyHKuMH (QyHKIUS C U3JIOMOM B TOUKE
HKCTPEMYMa).

Bapuantsr oTpe3koB HeomnpeneneHHocTu st M® Haxoamim u3 caeayronmx cooopaxenuid. Beskoi
GYHKIIMM CTAaBHJIM B COOTBETCTBHE JOCTATOYHO IIMPOKUA oTpe3ok [a, b], B koropom QyHKIHs
YHUMOJAJIbHA, U MPHU MOMOIIM METOJa 30JI0TOr0 CEYEHHs ONpeesuin abcuuccy X, Kak pelieHue 3a7auu C
TOYHOCTBIO JI0 MAIIMHHOTO HYJIs1. Jlanee ciaydaiiHbiM 00pa3oM B HHTEpBaiax (@, X) u (X, b) renepuposanu B
HUX YHuclia C ¥ 0, COOTBETCTBEHHO, KOTOPBIC U OMPEACISIN OTPE30K MoucKa [C, d] st uccneayeMoit 3aaaum.
KonmuuecTBo Takux OTpe3koB i [@, D] W, ciemoBarenbHO, KOJIMYECTBO 3amad st ogHoi M® Oyner
MPaKTUYECKH HEOTPaHUYEHHBIM, YTO II03BOJISIET IPOBECTH CTATHUCTUYECKUH aHamu3 OBICTPOAEHCTBUSA
METOJIOB C JKEIAEMON TOYHOCTBIO.

[Tpu poBeIeHNU BBIYMCIUTEIBHBIX SKCIICPUMEHTOB TIPH TIOMOIIH pa3paboTaHHOro Ha si3pike Delphi
KOZa pelleHHe X 3a1ad HAXOAWIH C TOYHOCTBIO A0 € = 10 IpH IIOMOIIM TEPEMEHHBIX M KOHCTAHT
apudmernyeckoro Tumna, nojaepxusatomiero 19-20 3navammx mudp. B kauecTBe KOHTPOJIBLHOTO METOa
HCIOJIb30BaH METO/ 30JI0TOI'O CEUEHUSI.

brio nmposeaeno pemerue 10 000 cirygaitHeiM 00pa3oM CTeHEpUPOBAHHBIX 3aj1ad.

B pesynbTare aHanmu3a pe3ynbTaTOB BBIYUCICHUN OBLIO YCTAaHOBIIEHO, YTO HEPEAKH CIydaw, KOTAa
IIPU pelIeHUH 3a7a4 MpoIelyphl MO0 HAXOAAT HEBEPHOE pelIeHUE, JINO0 He MO3BOJISIOT MOYYUTh €0 U3-
3a 3alMKJIMBAHUS UTEPALIMOHHOTO Mpoliecca.

Tax, HapuMep, TPU MUHUMU3AIMK QYHKIUH (puc. 1)
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f (x) = Max {-2(x —1),8(x—1)} +25(x ~1)’ 1)

Ha orpeske [-1,2; 2,7] mpouenypoii bpenrta [3] mpu pelneHHH psiia HE BBIIOIHSIIOCH YCIOBHE
CXOJIMMOCTH npouecca‘X— X ‘ < &,rae X — NpUOMIDKEHHOE pElIeHre, IONydeHHOe MPOIEAypoi, X* —

TOYHOC PCIICHHUE, MTOJYUYCHHOC MCTOAOM 30JI0TOI'O CCUCHUA, 1160 mponecc 3alUKJINBAJICA.

LA LN N LI B B L NI LA B L BLELELE B
0,800,23 0,87 0,90 0,94 0,98 1,01 1,05 1,08 112 1,16 1,1%
Puc.1.

Ipouenypa Bypkapara [6] Burkardt ve 3anuknuBanack, omqHako B 30-TH ciiydasx JaBajia HEBEpPHbIM
pe3yibTaT, I03TOMY JaHHas Mpolieypa Obula MPUHSTA 32 OCHOBY MPU MOJIEPHU3AIMH ITIPOTPAMMHOTO KOJA,
peanusyromiero metoj bpenra.

AHnamm3 koja bypkapara mokaszan, YToO MPUYMHON OIIMOOYHBIX PE3yJIbTAaTOB SBISICTCS (DparMeHT
TekcTa [6]

tol = eps*abs(x)+t
t2 = 2.0D+00*tol
if (abs(x-m).le.t2-0.5D+00*(sbh-sa)) go to 190

[IpoBenena MmojepHu3anusi npouenypbl Burkardt. Ilpum stom mnapamerp t ObUT HCKITIOYEH, a
BBIIIECTIPUBEACHHBIN KOJI 3aMEHEH CIIEYIOIUM TEKCTOM

tol:= abs(x)*eps*3.0e-2;

if tol < 0.3*eps then tol:= 0.3*eps;
t2:= 2.0*tol;

/I Check the stopping criterion.
if sh-sa <= eps then Goto Lab190;

[Mocne Takux n3menenuii ananornunas Delphi-mporienypa Bcerna naBaia BepHbIid pe3yabTar.
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I'pomosoii IMutpuii AHaTOIbEeBUY
D. A. Gromovoy
®I'bOY BO HMBanosckas noxapHo-cracatenbHas akagemus I'TIC MUC Poccun

VK 004.942:614.841.3

INPUMEHEHUWE MOJIEJIUPOBAHUA PAZBUTUSA 1OKAPOB JUISA PASBPABOTKHA
MEPONPUSATHI IO MMOBBIIIIEHUIO YPOBHS MOKAPHOM BE30ITACHOCTH HA
IPOMBIIIJIEHHBIX OBFBEKTAX OMCKOM OBJACTH

APPLICATION OF THE MODELING OF THE DEVELOPMENT OF FIRES FOR THE
DEVELOPMENT OF MEASURES TO IMPROVE THE LEVEL OF FIRE SAFETY IN THE
INDUSTRIAL OBJECTS OF OMSK REGION

AHHOTanusi: PaccMOTpeHa CTaTHCTHKA 0’KapOB IIPOMBIIIIEHHBIX OOBEKTOB U IPHUBENEH MPUMED
BO3MO>XHOCTH HCIOJIb30BaHUsI MH(POPMAILIMOHHO-aHATUTHYECKOTO KOMILJIEKCa «AHATTUTUK» AJIs pa3paboTKu
MEpPONPUATHIA IO TOBBIIICHUIO YPOBHA IMOKAapHOM O€30MacHOCTH MpEeAnpHsTHs 1O  cOOpKe
CEJIbCKOXO35IICTBEHHON TEXHUKHU.

Annotation: The statistics of industrial objects fires is considered and an example of the possibility
of using the analytical information complex “Analytic” for the development of measures to improve the
level of fire safety of an enterprise for the assembly of agricultural equipment is given.

KiioueBble cioBa: moxkapHas ONAaCHOCTh MPOMBIIIJICHHBIX OOBEKTOB, MOACIUPOBAHUE IM0XKAPOB,
reoMH(OPMALMOHHAS CHCTEMA, THPOPMALMOHHO-aHATUTUIECKAN KOMITIIEKC.

Keywords: fire hazard of industrial facilities, modeling of fires, geographic information system,
information and analytical complex.

B nenom B Poccun Ha mpoTsSKeHHH MOCIEAHUX JIeT 00CTaHOBKA C MOXKapaMu M MOCIEICTBUSMU OT
HUX HMMEET YCTOWYMBYIO TOJOXHTEIbHYIO IWHAMHUKY CHIKeHUS. [lo oduIManbHBIM CTaTHCTHYECKUM
naHHbM B 2017 rogy Ha tepputopuun Poccuiickoii @enepauun 3aperucrpupoBano 133077 moxapos, Ha
KOTOpbIX morubio 7824 uenosek. Ilo cpaBHeHuto ¢ 2016 rogoM KOJIMYECTBO MOXKApPOB YMEHBUIMIOCH Ha
4,7%, norubmmx npu noxapax — Ha 10,7%. [Ipsimoii MaTepuansHblil yiiepO npudnHeH B pazmepe 14 2173
MIIH. pyO. (yMEHbIIeHHE TIOKa3aTens 1o cpaBHeHuto ¢ 2016 roxom Ha 0,7%) [5].

Ha ¢one oOmero cHmwkeHuss noxapoB mo utoram 2017 roma BO3pOCIO YHMCIO MOXKAapoB B
MIPOMBIIIJIEHHBIX 3/IaHUSAX M3-3a HEJOCTATOYHOCTH MPEANPUHATHIX MEP MO CHIKEHMIO M0’KapOB Ha JaHHBIX
oObekTax. Tak, yBennueHue KoiauuecTBa moxkapoB B 2017 roay 3aperHCTpUPOBAHO Ha CIEIYIOIIUX BUIAX
00BEKTOB: MPOU3BOJCTBEHHbIE 31aHus — Ha 3,5%, ckiajnckue 3manus — Ha 6,8%, CembCKOXO3IMCTBEHHBIC
o0BekTh — Ha 1,0% [3].

[Iporuosupyetcst yBenudeHue noxapo Ha 2018 roa: B 3maHUAX IS COACPIKAHMS, DKCIUTyaTalluu U
PEMOHTA TEXHUKH - Ha 48 e]1., B 3AaHUSX AJI1 U3TOTOBJICHHS MAIIMHOCTPOUTEIHLHOU MPOIYKIHH (COOPOUHOE
U JIp. TPOM3BOACTBO) — Ha 3 €., B 3JaHUAX JUIsI BCIIOMOTaTENbHBIX IPOU3BOJACTB (PEMOHTHOE,
IPUTOTOBUTENBHOE U JIp. IPOU3BOACTBO) — HA 2 €/1., B IPOYMX 3JIaHHUSIX MMPOU3BOACTBEHHOI'O Ha3HAYECHUS —
Ha 23 ex. [4].

Pacnipenenenne konnuecTsa 1oxkapos, npousomenmux B Poccuiickoit ®enepanuu B 2014-2017 rr.,
Y TIPOTHO3HBIX 3HaYeHUI Ha 2018 roa Mo 00beKTaM MmokapoB Moka3aHo B Tabnuiie [4].

Tabnuna. Pacnipenenenue konuyecTBa MOXKapoB MO 00BEKTaM MOKapoB (MIPOMBIIITICHHBIE 3/IaHUs),

el
Toapt 2014 | 2015 | 2016 | 2017 2018
(mporuo3)

Heskcnmyatupyemoe 31anue 2842 | 3373 | 3198 | 3238 3488
3maHue cKiana JErKOBOCIUIAMEHSIIOINXCS KUIKOCTEN 23 20 26 23 31
3/1aHue CKJIa/ia JIECONMIOMATEPUAJIOB 76 65 62 72 80
3manue CKiIaia ChITydYuX MaTepHalioB 62 60 39 58 58
31aHne CKiIaa MpoJ0BOJILCTBEHHBIX TOBAPOB 129 90 87 94 94
IIpouee cknanckoe 31aHne 693 687 743 822 907
3nmanue Ui CoJIep)KaHus, SKCIUTyaTallid U PEMOHTA 492 513 519 613 682
TEXHUKU

19



EcrecTBeHHOHay4HBIN xypHaT « TouHas HayKa» www.t-nauka.ru

31aHue 151 U3roTOBJIEHUS MAIIMHOCTPOUTENIBHOM 13 18 21 21 24
MPOIYKIIUH (COOPOYHOE U APYTrOe MPOU3BOJICTBO)

3nanue s X0JI0JHOW 00pabOoTKH METAIIJIOB 56 59 45 68 80
[Ipouee 3maHne MPON3BOJCTBEHHOTO Ha3HAYCHUS 396 390 374 444 485
31aHre BCIOMOTaTeIbHOTO MPOU3BOICTBA (peMOHTHOE | 37 40 39 44 46
U JIPyro€e Mpou3BOJICTBO)

3/1aHue MPOU3BOJICTBEHHON 1 AKCIIEPUMEHTAIILHOMN 17 16 19 25 28
MaCTEPCKOM

AKTYaJlbHOCTh TYUICHHS MOXApOB B MPOMBIIUICHHBIX 3AaHUSIX OOYCIOBJIIEHA TEM, YTO C TOYKH
3peHUs] TAaKTHUKH WX TYIICHHE SBIsEeTCS Hawboyiee CIOXHBIMU. EmE Ooiee YCIOXKHSET IONOKCHHE
HEMpPe/ICKa3yeMOCTh Pa3BUTHS BO3MOXKHBIX [T0’KAPOB HA JAHHBIX 0OBEKTaX.

OnHUM U3 OCHOBHBIX METOIOB OOPHOBI C TIO’KapaMU B MPOMBITIICHHBIX 3JaHUSX SBIISETCS IMHUTALIUS
MIPOLIECCOB PA3BUTHS U TYLIEHUS MOXKAPOB C MUCIOJIb30BAHUEM MOJEJIECH PACIIPOCTPAHECHUS T0XKapa U JpIMa,
paboThHI MPOTUBOIIOKAPHOTO 000PYIOBAHMS, IBAKYAIIUH JIIOACH U3 TOPALIETO 3/IaHHS.

Ha pbiHKE mpOrpaMMHBIX ITPOAYKTOB IPEMAraroTCs pazjMyHble MPOrpaMMbl MO MOIEIMPOBAHUIO
pa3BUTHS [10’KAPOB U 3BAKyallUU JIIOJEH, HO BCE OHU OTPAaHUYEHBl PAMKaMU PELLEHUS ONpEeAEIEeHHBIX 3a/1auy.
Hamnpumep, nporpamma «Iliman OBakyanuu» npeaHa3Hay€Ha TOJBKO JJIA PELICHUs 3aJad MO CO3JaHUI0
9BAaKyallMOHHBIX CXeM JIo00oW cioxHOCTH [2]. MHOrme wu3 3THX NPOrpaMM CO3[ABAIUCh IS
HCCIIEA0BATENbCKUX LI€JIEH U HE TPEeHA3HAYAINCh 111 MAaCCOBBIX PAaCYETOB.

Ha wHam B3rasa, naHHBIM NOAXOJ K MOJEJIHMPOBAHUIO IIOKAPOOMACHBIX CHUTyallMH SIBISETCS
HEJOCTATOYHO YHUBEpPCAJIbHBIM, TaK KakK, BO-IIEPBbIX, HUMEITCSI Y3KOHAIpPABJICHHbIC PEIICHUS
OTrPaHUYEHHOTO YHUCJIa 33]1a4 MOJICTIUPOBAaHUS U MOJIyYEHHE PE3YJIbTaTOB PELICHUS 3THUX 3a/1a4.

Bo-BTOpBIX, TakoW TMOAXOM K MOJETUPOBAHUIO HE YUYUTHIBAET OCOOCHHOCTH KOHKPETHBIX
TEPPUTOPUN pa3BUTUA Moxkapa. JJisi MOAENIUpOBaHUSA TOKAPHBIX CUTYallUd OCOOBIM WMHTEPEC TOJIKHBI
MPEIOCTABIIATh T€OMH(OPMAIIMOHHBIE CHCTEMBbI, 00JIaJJaloIIie BO3MOXKHOCTBIO XPAaHEHHS U BHU3yaJbHOTO
0TOOpaKeHHsI MPOCTPAHCTBEHHOW HH(popManuu. [IpuMeHEeHne TaKMX CHCTEM II03BOJIIET MOJEITUPOBAThH
pa3BUTHUE U TYLIEHUE NI0’KAapa HA peaIbHOM MECTHOCTH.

B-Tperbux, HEe yuuTHIBa€TCS BO3MOKHOCTH MPUMEHEHHUS MOJCIUPOBAHUS PA3BUTHUS IMOXKAPOB IS
pa3paboTKu U BHEAPEHUS MPEBEHTUBHBIX MEPOIPHUITHIA 110 CHIYKEHUIO PUCKOB U MaTepUaIbHOIO yiepba ot
BO3MO>KHBIX [10’KapOB.

MonenupoBaHie BO3MOMKHBIX TOKapOB Ha MPOMBIIIIEHHBIX OO0BeKkTax OMCKOW 001acTu u
Ipuieraiomed K JaHHBIM OOBEKTaM TEPPUTOPUHU IO3BOJISET BBIINOJHUTH CHEIHAIBHOE MPOrpaMMHOE
obecrieueHre ¢ HMCMOJIb30BaHUEM T'€OMH(OPMAIMOHHBIX TEXHOJOTHH — WH(GOPMaIlMOHHO-aHAIUTUYECKHMA
KOMILIEKC «AHAIMUTUK» [1].

[IporpaMma mnpeaHasHaueHa JUIsl CO3AaHMsI 0a3bl TEONMPOCTPAHCTBEHHBIX JaHHBIX, OTOOpaKEHUS
ANEKTPOHHON KapThl OIpPENeJICHHOIO paiioHa, Ha OCHOBE XpaHslelcs B 0a3e JaHHBIX WHGOpMAaIUH,
BBITIOJTHEHUS CIIEIUANIbHBIX 3a7ad MOJEIMPOBAHMS HAa OCHOBE NPOCTPAHCTBEHHBIX NaHHBIX. Pe3ynbraTsl
MOJIETTUPOBAHUSI MOTYT OBITh MPOCTPAHCTBEHHBIMU JTAHHBIMH, KOTOPBIE COXPAHSIIOTCS B 0a3e JaHHBIX H
0TOoOpaxaroTcsi Ha (POHE PIEKTPOHHOM KapThl.

[Ipy momou JaHHOTO TEeOMH(GOPMAIMOHHOTO KOMIUIEKCAa MOKHO MPOU3BOJIUTH PacCUeThl
MOCJIEACTBUM Ype3BhIYAIHBIX CUTyallUl MPUPOJHOTO, TEXHOTEHHOTO XapaKTepa, a TAKKe IoJIydaTh U, IpU
HEO0OXOIMMOCTH, UCTIPABIIATH CIIPABOYHYIO KapTOorpapuuecKkyro HHPOPMAIUIO U CaMOCTOSATEIHHO HAHOCHUTD
U KOPPEKTHUPOBATh HOBbIE OOBEKTHI, a TAKXKE MPOU3BOJIUTH pacdeThl O HUM Ha Tepputopuu r. Omcka u
Owmckoit o6sacTH.

B undpopManmoHHO-aHATUTHYECKOM KOMILIEKCE «AHAIUTHK» UMEIOTCS 3a/1a4ll OIIEHKH 0OCTaHOBKU
B UpE3BBIYANHBIX CUTYalUSIX TEXHOT€HHOI'O0 M IPUPOJAHOTO XapaKTepa B KoinuecTBe 16 pacueTHbIX 3ajad, B
TOM YHCIIE:

- MOZIEJIMPOBAHUE U OLIEHKA MTOCIEACTBUM B3PBIBOB I'a3011apOBO3IYIIHBIX CMECEH;

- MOJIETUPOBaHNE B3PHIBOB EMKOCTEH CO CIKAaThIM ra3oMm;

- MOJICJIMPOBAHNE B3PBIBOB MbLJIEBO3IYIIHBIX CMECEH;

- MOJIETTUPOBaHNE aBapUMHBIX PO3JIMBOB HEDTH;

- MOJICIMPOBAHNE aBapUil Ha ra30MPOBOIAX;

- MOJIETTUPOBaHNUE TP MOKapax MPOJIUBOB JIETKOBOCIUIAMEHSIOIIUXCS )KUIKOCTEH U Ap.

Jns mpou3BOJICTBA TAKOrO MOJEIMPOBAHUSI MPOrPAMMHBIE CPEACTBA CHCTEMbI IMPOTHO3UPOBAHUS
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OOCTAaHOBKM Ha TMPOMBIIUICHHBIX OOBEKTaX M NPUJICTAIOMUX K HHUM TEPPUTOPUIH MPEICTaBICHBI
COOTBETCTBYIOIIMMH MPOrPAMMHBIMHA MOYJISIMH.

PabGotry wuH(pOpMAIIMOHHO-aHATUTHYECKOTO KOMIUIEKCa «AHATUTHK» B MPOTPAMMHOM MOIYJIE
«MogenrpoBaHHe B3pBIBOB U MOKAPOB» MOXXHO HCIIOJIb30BATh HE TOJIBKO MO MPSIMOMY Ha3HA4Y€HMIO, HO U
Ui pa3paboTKU MEPOIPHSITHI IO TOBBIIICHUIO YPOBHS TOXApHOH 0€30MacHOCTH Ha MPOMBINIICHHBIX
oObekTax Omckoit oOmactu. [[as 3TOro Hago MPOBECTH NPEABAPUTEIBHBIM aHAIU3 WHKEHEPHBIX,
OMEepPAaTUBHO-TAKTUUYECKUX M OPraHU3alMOHHBIX PEHICHUH MO MNPEIyNpekICHUIO MOXKapOoB Ha JaHHBIX
oObekTax. [locie 3Toro BhIABIEHHBIE HAPYUICHUS M HEAOCTAaTKH BBECTH B MCXOJIHBIC JTAHHBIC U IMOJIYYUTH
TOTOBBIC MOJICIIN MPOIIECCOB PA3BUTHS U TYIIECHUS MOXapa MpHu (HaKTHUECKOM COCTOSHUU MPOMBIIIIICHHOTO
0o0BbEKTa M MpPU BHEAPEHUU MEPONPUSITUNH MO YCTPAHEHUIO HAPYIICHWH U HEJOCTAaTKOB MOXKapHOH
Oe3omacHocT Ha o0OBekTe. CpaBHEHHE pE3yJIbTAaTOB pacdyera MO TOJYyYEeHHBIM MOJIENISM BapHAHTOB
MOKapHOW 3aIIMTHI MPOMBIIUIEHHOTO 00bEeKTa MOKaXKYT 3(P(EKTUBHOCTh U 1I€IECO00Pa3HOCTh BHEIPEHUS
MEpONPHUITHUH.

PaccMoTpuM npUMEHEHHE NPENIOKEHHOW METOAUKA Ha IpPUMEPE HCCIEAOBAaHUS MOXKapHOU
0e30macHOCTH  IeXa IO MPOM3BOJICTBY, PEMOHTY M COOpPKE Y3JIOB M arperaTroB CEebCKOXO3SIHCTBEHHOTO
HazHaueHuss OO0 «lIpousBoacreeHHoe o0beauHEeHHE «CIITIDOP ).

AHalM3 TMOXXKapHOH OMAacCHOCTH TEXHOJIOTMYECKOTO Ipolecca MPOU3BOJCTBA, PEMOHTAa U COOPKHU
Y3JI0B M arperaToB CeJIbCKOXO35MCTBEHHOI'O HAa3HAUYEHMS BBISBUJI JBAa OCHOBHBIX MCTOYHMKA BO3MOXKHBIX
MO’KapOB: MHIYCTPUAIBHOE MAIIMHHOE MACJIO U MOJMI(UPHBIC TTOPOIIKOBBIC Kpacku. [Ipruém mocieaamii
UCTOYHUK SIBJISIETCS HanOoJiee BEPOSATHBIM M Haubosiee TSHKENBIM MO MOCIEICTBUAM JIEHCTBUN OMACHBIX
(dakTOopoB TOXapa. BBUIO YCTaHOBIEHO TakkKe, YTO B HCCIEIyeMOM I€Xe OTCYTCTBOBaja CHUCTEMa
ABTOMATUYECKOM MOKAPHON CUTHATIU3ALINH.

Haubonee BeposSTHBIM BapHaHTOM pPa3BUTHS BO3MOXKHBIX IOXKAapOB B 3JaHUU I€Xa SIBIACTCS
CLEHapUil BOBHUKHOBEHHUS I0Kapa B MOKPACOYHOM Kamepe, B KOTOPOW OTCYTCTBYET CHUCTEMa aBapUilHOIO
CIIMBA JIETKOBOCIIAMEHSIOMIEHCS KHUIKOCTH — MOJUI(PHUPHON MOPOIMIKOBON KpPACKH, U3 TEXHOJIOTHYECKOU
€MKOCTH.

MonenupoBanue BOSHUKHOBEHHS BO3MOXKHOT'O 110)Kapa B MOKPACOYHOM KaMepe UCCIIEIyeMOro Liexa
IIPU OTCYTCTBUM CHCTEMbI ONOBEIICHUS M OpraHM3allMy 3BaKyallMeil JIIoAel mpu moxkape Mokasajo, 4YTo
BEPOATHOCTb 3BaKyaluu coctasisieT P, = 0,113, BenuunHa noreHuuasbHOro pucka Pi = 5,32:10° (rozfl),
BEJIMYMHA WHAUBUAYAIBHOTO OKapHOTo prcka R = 2,77 10°®, uro MIPEBBIIIAET €T0 HOPMATUBHOE 3HAUCHHUE,
YCTaHOBJIEHHOE [6]. DKOHOMHUYECKHE MOTEPHU IPH IOXKAPE 10 JTAHHOMY BapUaHTy Pa3BUTHUS BO3MOXHOTO
nosapa coctasuiu I1,; = 17667,977 Thic. pyo.

MonenupoBanue BOSHUKHOBEHHSI BO3MOXKHOT'O 10Kapa B MOKPACOYHOM KaMepe UCCIIEyeMOro 1iexa
IPU BHEJIPEHUU CUCTEMBl ABTOMATHYECKOM IMOKapHOW CUTHAIM3allMM M CUCTEMBl aBapUITHOTO ClMBa
noJaM3(UPHON MOPOILIKOBOM KPAcKU MOKa3aJlo TPEXKPATHOE YBEIMYEHHE BEPOSTHOCTH 3BaKyallMH P, =
0,34, Oosiee ueM [ECATUKPATHOE CHIDKEHHE BEINWYMH MOTEHIUATbHOTO pucka P = 0,396-10'6 (roz['l) u
3Ha4YE€HHE WHIMBHIYAJIBHOTO MOXapHOro pucka R = 0,206-10°, 4o 3HAUMTENBHO MEHbIIE JIOITYCTUMOTO
3HAUYEHMsI, YCTAHOBIEHHOTO [6]. DKOHOMHUYECKHE NOTEpU MPHU MOKApEe MO JAHHOMY BapHAaHTY pPa3BUTHUSA
BO3MOJKHOTO Toxapa coctaBuiu 11, = 11229,512 tic. py6., uto Ha 6438,465 ThIC. py0. MEHbIIIE, YEM TIO
MpeAbIYIIEMY BApUAHTY Pa3BUTHSI BO3MOXKHOTO MOXKapa.

CpaBHeHHE IBYX BapMAHTOB MOJICIIMPOBAHUS BOSHUKHOBEHHS BO3MOXKHOTO T0Xapa B MTOKPACOUHOMN
KaMepe HCCIEeIyeMOro Iiexa IMOKa3ajJo KOHOMHUYECKYIO IIeIeCO00pa3HOCTh BHEIPEHUS MPEI0KESHHBIX
MEPOTPUSITHI, KOTOpasi OMPEIEAETCs CHIDKCHUEM UHIUBUAYATBHOTO MMOXAPHOTO PUCKA 10 BEIMUYUHBI R =
0,206-10'6, MEHBIIIE HOPMATHUBHOM, a TakKe CHIDKEHHEM MaTepHallbHOTO YIepOa, CBS3aHHOTO C
JIMKBHUIAIIMEN TTOCIEACTBUI MOXKapa.

B 3akmioueHne MOXHO TOBOPUTH O TOM, YTO TIpeAsiaraeMas METOAMKA MCIOJIb30BaHUs
MPOTPaAaMMHOTO MPOAYKTA M0 MOJEITHPOBAHUIO PA3BUTHUS BO3MOKHBIX IMOXKAPOB MOXKET OBITh TPUMEHEHA HE
TOJBKO MPHU MPOBEICHUHM YYEHUH W PEIICHUH ONepaTUBHO-TAKTUYECKUX 3aJad HAa MECTHOCTH, HO M JJs
000CHOBaHUS BHEAPEHUS MPEBEHTHUBHBIX MEPOTIPUSITHI IO CHIDKCHHUIO PHCKOB U MaTEPHAIBHOTO yiiepda oT
MOKapOB.

Kpome Toro, mpemmaraemass METOAMKAa HE OrPAHUYMBACTCS BO3MOXKHBIMU TOKapaMH HU
KOHKpETH3allueil MPOMBINIICHHOTO O0BEKTa, HH PETHOHOM €ro HaXOXJIEHHUS, HU KOHKPETHBIMU
HETaTUBHBIMU MocienAcTBUsAMU. [1o kemaHuio monb3oBarenss €€ ¢ YCIEXOM MOKHO MPUMEHATh, Kak MpU
pa3paboTKe JII0ObIX MPEBEHTUBHBIX MEPONPUATUN HA JIFOOBIX MPOMBINUIEHHBIX 00bekTax OMcKO# obacTy,
TaK ¥ MPU UCTIOIB30BAHUU JPYTUX MPOTPAMMHBIX MPOAYKTOB B IPYTUX peruoHax Poccum.
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VJIK 51:52
POJIb ABY PAIXAHA BUPYHHU B MATEMATHUKE M ACTPOHOMUWM
THE ROLE OF ABU RAYHAN BIRUNI IN MATHEMATICS AND ASTRONOMY

AHHoTauusi. B nmanHO#l crtarbe anammsupyercsi poib AOy Paiixana bupynu B Mmartemartuke u
aCTpOHOMUH. DTO TOKa3bIBaeT BKiaa AOy Palixana bupyHu B IMBUIN3AIMIO YEPBEH.

Annotation.This article analyzes the role of Abu Rayhan Biruni in Mathematics and Astronomy. It
shows the contribution of Abu Rayhan Biruni to the worls civilization.

KioueBsble caoBa: Anb-bupynu, 3umxk, Kanyn, ['azna, Canuba, Xaiis.
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1. Introduction

Ninety-five of 146 books known to have been written by Biruni, about 65 percent, were devoted to
astronomy, mathematics, and related subjects like mathematical geography (Kennedy, p. 152). The
mathematical portions of his works were invariably devoted to applied, rather than theoretical, mathematics;
nevertheless, in the process of solving problems, Biruni did sometimes indulge in theoretical discussions.
Similarly, although his main concern in astronomy was for computations, he also devoted attention to
theoretical problems. The following assessment of Biruni’s contributions is based on his work in applied
mathematics and on the theoretical portions of his astronomical works.

2. Literature Review

In this research, The most recent survey of Biruni’s works and biographical sources is that of E. S.
Kennedy, “Al-Biruni (or Beruni), Abu Rayhan (or Abu’l Rayhan) Muhammad ibn Ahmad,” in Dictionary of
Scientific Biography Il and should be consulted by any serious reader. A considerably shorter essay by G.
Saliba in Dictionary of the Middle Ages I, New York, 1983, pp. 248-51, covers some issues not treated by
Kennedy and should also be consulted. The main bibliographical essay is still that of D. J. Boilot, “L’ceuvre
d’al-Beruni. Essai bibliographique,” Mélanges de [’Institut dominicain d’études orientales ;See also S. H.
Nasr, Ketab-shenasi-e tawsiffi-e Abu Rayhan Biruni, Tehran, 1352 Sh./1973; A. Sa‘id Khan, Ketab-shenasi-
e Abu Rayhan Biruni, Pers. tr. “‘A. Habibi;On the theoretical issues raised in this article see W. Harmer and
M. Schramm, “Al-Biruni and the Theory of the Solar Apogee. An Example of Originality in Arabic
Science,” in Scientific Change, ed. A. C. Crombie, London, 1963, pp. 206-18. A. Jouschkevitch, Les
mathématiques arabes (VII®-XV® siécle), Paris, 1976. E. S. Kennedy et al., Studies in the Islamic Exact
Sciences, Beirut, 1983. R. Rashed, Entre arithmétique et algebre and other works.

3. Research Methodology

This is a qualitative research using the content analysis approach. About more ten scientific works
are used to explain how Al-Biruni’s books are being studied in European countires. Besides that, the
researcher had used journals and articles to collect data related to the research.

4. Findings and Discussions

Theoretical concepts. Biruni’s major contribution to astronomy is al-Qanun al-mas ‘udr fi’l-hay a
wa’l-nojim (Mas‘udic canon of astronomy), covering the same ground as Ptolemy’s Almagest but
introducing new material. Most of Biruni’s original theoretical concepts are to be found in this work. Like
the Almagest, the Qanun contains theoretical derivations of astronomical parameters, as well as tabular
functions to facilitate the computation of planetary positions. It thus differs from the works of most of
Biruni’s predecessors and contemporaries who were concerned only with constructing astronomical tables
(zij) suitable for computation of planetary positions, usually without any discussion of the derivation of the
parameters upon which the tables were based.

Although Biruni did not write texts on algebra or geometry and his arithmetical works have not
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survived, he did introduce new mathematical concepts. For instance, in the Qanun (bk. 3), in the course of a
discussion devoted to the trigonometric functions used in astronomy, he defined the irrational number pi as
the result of division of two other numbers (the circumference of a circle and the diameter), whereas his
predecessors, including the Greek authors, had defined it as a geometric ratio. Elsewhere (bk. 6, chap. 8) he
described the variation in the motion of the sun with respect to the earthly observer in mathematical
language that modern historians of science have construed as among the earliest references to mathematical
functional relationships (cf. Hartner and Schramm). In determining the mobility of the solar apogee, Biruni
followed his Muslim predecessors in departing from the traditional Greek astronomy of Ptolemy, but by
means of more refined observational techniques he was able to go farther and to discover that the apogee has
a motion of its own, distinct from the motion of precession.

In trigonometry his major contributions are to be found in Ketab magalid ‘elm al-hay’a
(compendium on astronomy), in which he concentrated mainly on the applications of spherical trigonometry
in astronomy and provided a detailed classification of spherical triangles and their solutions; in Ketab fi
efrad al-magal fi amr al-zelal (exhaustive treatise on shadows), in which he developed the familiar
trigonometric definitions further and applied them to such religious practices as determining times of prayer
and finding the direction of Mecca; and in the third book of the Qanun, in which he propounded
trigonometric theorems equivalent to those related to the sums and differences of angles. It was in this last
context that he developed his solution to the algebraic equation of the third degree (see below) as part of an
attempt to compute the sine of 1°; the iteration method used in this calculation is no less sophisticated than
methods developed by theoretical mathematicians. Furthermore, in these works, Biruni not only defined all
the trigonometric functions used today but also discussed methods of computing them from a circle with
radius R = 1 (still used for this purpose); he also applied fully developed methods of second-order
interpolation to computation of the intermediary values of these functions, thus demonstrating a clear
understanding of functional relationships.

Elsewhere in the Qanun (bk. 6, chap. 10; bk. 7, chap. 8) Biruni showed similar sophistication in
handling functional relationships by manipulating the equations of the sun and the moon so that the
functions would always be positive; in contrast these relations varied between positive and negative in
Ptolemy’s (fl. 150) Almagest and Handy Tables. Biruni also calculated the side of a nonagon, a problem
resulting from his attempt to trisect an angle in order to compute the value of the sine of 1° (Qanun, bk. 3,
chap. 3); his calculations yielded the third-degree equation 1 + 3x = x°. He then solved the equation by
inspection: root x = 1;50,45,47,13 (i.e. 1.846051929), which is correct to the third sexagesimal fraction (i.e.
1.84605). Theoretical considerations of this kind apparently stirred Biruni’s imagination, for he composed a
book on the extraction of roots, unfortunately not extant. The most important aspect of this work, however,
lay in Biruni’s ability to go beyond the strictly geometric approach of the Greeks to tackle the problem of
trisecting an angle and in his recognition that algebraic solutions have the desired precision.

Applied mathematics. In mathematical geography Biruni developed a new technique for measuring
the difference in longitude between two given cities: He computed the longitudinal difference between
Baghdad and Gazna at 24;20°, differing from the modern value by only eighteen minutes. In the same vein
he described a method for calculating the circumference of the earth different from those preserved in Greek
sources, though it may have been invented during the caliphate of al-Ma’'mun (198-201/813-17). In the
domain of numerical analysis and approximative techniques, Biruni’s ability to conceptualize in functional
terms is equally clear. His calculation of the sine and tangent functions and their tabulation in the Qanun
(bk. 3, chap. 7-8) required him to develop an interpolation scheme involving second-order differences, for
he was aware of the failure of a simple linear interpolation to account for extreme variation in functional
values. It is curious that Biruni did not adopt the similar, though not identical, method developed by
Brahmagupta (b. ca. 598) in the Khandakhadyaka; he must have been aware of it, for he quoted from
Brahmagupta’s book in his own works several times (see Qanun, ed. Hyderabad, p. 175 and passim). That
he understood the power of his own second-order method of interpolation is apparent from his comment that
it could be applied to all other tables.

Biruni’s attempts to record and classify all previously known methods for astrolabe projections, as
well as methods that he himself proposed, in his comprehensive book on the astrolabe (Ketab fi esti ‘ab al-
wojuh al-momkena fi san ‘at al-astorlab) can perhaps also be included in the domain of applied mathematics.
The problem of projections as such must have engaged his imagination, for he included some geographical
map projections in another of his works Magala fi-tastih al-sowar wa tabtih al-kowar, ed. A. S. Sa‘idan,
Derasat 4, 1977, pp. 7-22). In all his writings Biruni called attention to original concepts, though usually
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only in passing. In Ketab fi esti ‘ab, for instance, in discussing an astrolabe invented by his contemporary
Abu Sa‘id Ahmad Sejzi (ca. 339-415/951-1024), who had assumed for the purpose that the apparent daily
rotation of the celestial spheres resulted from the motion of the earth, rather than of the celestial spheres
themselves, he commented briefly that, though the motion of the earth is quite possible, the problem was one
for natural philosophers, rather than for mathematicians, among whom he counted himself.

Concluding Remarks: Biruni does not appear to have been interested in the genre of astronomical
writing in which Ptolemaic planetary models were considered as describing both the apparent motion of the
planets and the physical spheres responsible for the kinematic forces acting upon them; this genre included
Ptolemy’s own Planetary Hypotheses and a number of later works usually containing the word zay 'a in their
titles. The main concern of the authors was either to explain the Ptolemaic models, and thus to explain
planetary motion as resulting from the motion of physical spheres, or to suggest new models for resolving
the apparent contradiction between the physical and mathematical assumptions underlying the Ptolemaic
models. Recent studies of these works are revolutionizing modern understanding of the role of Islamic
astronomy in what later came to be known as Copernican astronomy, for the development of non-Ptolemaic
models can be viewed as forerunners to Copernicus’ own work. (E. S. Kennedy and I. Ghanem, eds., The
Life and Work of Ibn al-Shatir, Aleppo, 1976, contains a collection of recent, pre-1976, studies dealing with
planetary theories; D. King and G. Saliba, eds., From Deferent to Equant, Annals of The New York
Academy of Sciences 500, 1987, p. xxvi, lists six recent works by G. Saliba.)

Biruni’s lack of concern with philosophical matters is apparent in his treatment of Sejz1’s assumption
about the earth’s motion. In addition, he seems to have been content to apply himself to solution of the
mathematical and astronomical problems that presented themselves to him, seeking only to achieve greater
precision in the derivation of parameters and thus to obtain a better understanding of the relevant
phenomena. His main contribution must thus be seen in the comprehensiveness of his work, as in his book
on astrolabe construction, and in his continual attempts to formulate concepts like prayer times in
mathematical terms. His attraction to sophisticated computational problems thus led him to consideration of
more general theoretical questions.
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