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AHAJIN3 METOJOB PACYETA SJIEKTPUTYECKHUX HATPY30K CTAIIMOHAPHBIX
YCTAHOBOK YI'OJIbBHBIX IIAXT

BBeneHue u mocTaHoBKa 3aJa4uM. DIEKTPUIECKHE HArPY3KH SBISFOTCS NCXOIHBIMU TaHHBIMH JUTS pere-
HUS CIIO)KHOTO KOMTUIEKCAa TEXHMYECKUX M SKOHOMHUUYECKHUX BOMPOCOB, BO3HUKAIOIINX MPU MPOEKTHPOBAHUN CH-
CTeM 3JIEKTPOCHAOKEHWs IaxT. BEIMOMHEHHBIN aHann3 GoNbIIOro odbeMa CTATHCTHYECKOTO MaTepHaia Tio
(haKTHIECKNM Harpy3kam YroJIbHBIX IIAaXT W, B YaCTHOCTH, OCHOBHBIX YHEPTOEMKHX MTOTpeduTeNe moaTeepikaa-
eT Heo0XOMMOCTh ¥ BXKHOCTB OTIPE/ICNIEHNS BEJIMIMHBI PACUETHBIX Harpy30K Kak Ha CTaJWH MPOEKTHPOBAHUS,
TaK ¥ Ha CTaJNH 3KCIUTyaTallny MAaXThl. ITO 0OBACHSIETCS TEM, YTO OT BEIOPAHHOIO METONA pacyeTa JIeKTpHuie-
CKUX Harpy3oK M OT KOPPEKTHO MOIyYEHHBIX Pe3yJIbTaTOB OyAyT 3aBHCETh BEJIMYHMHBI KaK KalUTaJIbHBIX, TaK U
JKCITyaTallMOHHBIX 3aTpaT.

MertonaM onpeneneHus SIeKTPUUECKUX HArPy30K INPOMBIIIIEHHbBIX NPeANpUATH U aHAIN3Y WX rpauKkoB
MOCBAIICHO OOJIBIIOE KOMUYECTBO padoT [1—13], B TOM uucie u AJs yrodbHBIX maxT [6—11], B KOTOPBIX OTpa-
JKEHbl HE TOJIBKO TEOPETHYECKHE, HO W MPAKTHUYECKHUE pe3ynbTaThl 0 JAHHOMY HampasieHuto. [lomumo 3toro
TaKxe pa3paboTaHbl 1 HOPMATHBHbIE JOKYMEHTBI, ONPEE/ArOIIe METOAbI ¥ CaM MOPAIOK pacyeTa 3JIeKTpuue-
ckux Harpy3ok [13—15]. K dyHaameHnTanbHbIM, HarpuMmep, MOKHO oTHecTH padoTsl I'.M. Kasnoa, B.1. 'opae-
eBa, I0.A. ®okuna, E.M. KypenHoro [1-4].

[Ipn ompeneneHnM 3MEKTPUYECKUX HATPY30K YrOJIbHOM IMIAXThl BaXKHO 3HATh, KAKUE 3JIEKTPONPUEMHHUKU
Gosiee BCEro BIWSIOT HA CyMMapHYIO MOTPeOIieMyI0 MOIIHOCTb, MOCJIE YEro BHIOMPAIOT HEOOXOAMMBIN METON,
Ha OCHOBaHHMW KOTOPOrO M BBINOJIHAETCS pacdeT. AHaNM3Mpys B NPOLEHTHOM COOTHOIIEHWH IMOTpeOJeHue
MOLIHOCTH MO YroJlbHOM 1axTe, npociexuBaeTcs cieayrouee [12]:

- snektponpueMHuky 10 1000 B, Kk KOTOpbIM MOXHO OTHECTM MOA3EMHOE U MOBEPXHOCTHOE OCBELICHUE,
MarucTpajbHblli KOHBEHEpHBI TPAHCHOPT, OYUCTHBbIE M TNOJATOTOBUTEJbHbIE 3a00M, KOTENBHYIO, CKJIaabl U
BCIIOMOTaTeNbHbIe [IeXa, CyMMapHO NOTpeOnsoT 0koio 30—35 % moiHoCcTH OT 0011Ieii Mo maxTe;

- anekTponprueMHUKH cBblie 1000 B, koTOpble BKIIOYAIOT BEHTWIATOP [JIABHOTO MPOBETPUBAHUS, yTOJb-
HbIE, IPY30-JTIOJCKHE W MOPOJHBIE MOABEMBI, BOJOOTINB M KOMIIPECCOPHI, T.e. CTALMOHAPHBIE YCTAHOBKH, B
cpenHeM NoTpeOssitoT 65—70% MOIIHOCTH.

[TosToMy HamOounbllee BIMSHWE HA CYMMAapHYIO Harpy3Ky OKa3blBalOT CTallMOHAPHBIE YCTAHOBKH Hampsi-
skeHreM cBbiuie 1000 B. Bnaronaps ux ucnosb30oBaHUIO B KayecTBe morpedereneii-peryistopos (I1-P) moryt
BBIMOJIHATHCSI MEPONIPUSATHUS MO PEryJMPOBAHHIO PEKUMOB 3ekTponoTpedaenus (PPD), koTopsle ocCHOBaHBI Ha
CMELIEHNH pabo4MX LUKJIOB CTALIMOHAPHBIX YCTAHOBOK BO BPEMEHH, a TAKKE JOMOJHUTEIBLHOE MOJKIIOYEHUE
3NIEKTPONIPUEMHUKOB, HANPUMEp ABUTATeJel HACOCOB INIABHOTO BOJOOTIMBA. AHAIN3 pexuMoB padotsl [1-P
npyu HajIMIuy MHGopManuK 00 NX NMEKTPUUECKUX HArpy3Kax MO3BOJISIET BHITIOIHUTD MOJETMPOBaHNe TpadukoB
anekTpuyueckux Harpy3ok (I'OH), ncrnonb3oBaHne KOTOPBIX MOXKET CYLIECTBEHHO MOBBICUTH 3((EeKTUBHOCTH BBITION-
HeHust MeporpusaThii o PPO. B cBs31 ¢ 3TUM BO3HMKAeT HEOOXOIUMOCTb B IOCTOBEPHOCTH METOJA [UTs OTIpesesne-
HUS TIOTPeOIIIEMOi MOIIHOCTH CTALIMOHAPHBIX YCTAHOBOK KaK MPH pacyeTe MHANBUIYaATbHBIX 3JEKTPOIPHEMHHKOB,
TaK ¥ Ha ypoBHe uX 0000meHns. OQHAKO, HECMOTPS HA 3HAYUTENILHOE KOJIMYECTBO paboT, KAacarOIMXCs W3yYeHHs
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QJICKTPUYECCKUX HArpy30K IJI1 YTOJIbHBIX MIaXT, HU OOWH M3 HUX HE JOKa3all CcBOEH TPUOPUTETHOCTH OTHOCUTEIIBHO
pacyera Harpy30K 3JeKTPONPUEMHHUKOB YTOJIbHBIX 1IAXT HanpsbkeHreM cBbite 1000 B.

Leab cTaThu — aHANU3 CYLIECTBYIOIIMX METOOB OMpeeIeHUs NEeKTPUUECKUX Harpy30K U 000CHOBaHUE
MPUMEHEHUST MEeTOlla TEXHOJOTMYEeCKOro rpaduka, Kak MPUOPUTETHOTO ISl CTAlIMIOHAPHBIX YCTAHOBOK YTOJb-
HBIX [IaXT.

H3n0:xxeHne OCHOBHOIO MaTepuaJa. J[nd 31eKTpPONPUEMHUKOB TNpEeaNpUSATHA yrienoObiBaroliell mpo-
MBIIIEHHOCTH, B YaCTHOCTHU, CTAL[IOHAPHBIX YCTAHOBOK, B 3aBUCUMOCTH OT PEXKHMOB MX pabOThl U OCOOEHHO-
CTeil MPOW3BOACTBA MOTYT OBITh HCIMOJIb30BaHbI CIEAYIOLIMEe METOAbl ONpelesieHus] pacdyeTa ANEeKTPUYECKUX
Harpy3ox.

Memoo koapdpuyuenma cnpoca. PacueTHas SMeKTpHUECKas Harpyska P, OmpeneNnseTcs 1o CleayIoIeMy
BbIpaxKeHuto [3]:

Py =K Py EBL, (1)

rae K, — ko3 uIeHT crmpoca Mo akTUBHON MOIIHOCTH, MPWHAMAETCS TI0 CTIPABOYHUKY; P, ,,, — HOMIHAIbHAS
MOIIHOCTb OMHOYHOTO 3JIEKTPONPUEMHHUKA WU rpyNnsl, KBT.

B paccmatpuBaemom metone ko3 dumeHT crpoca MpeacTaBiseTcs MOCTOSHHON BEMNUWHOMN, 3aBUCALIEH
0T pojJa noTpeduTeNiell, HO He YUMTHIBAIOLIEH YUCIIO 3JEKTPONPUEMHUKOB, BXOIALIMX B IPYIITy. DTOT METOA Ha
COBPEMEHHOM YPOBHE 3HaHUI HE MOXKET ObITh PEKOMEHI0BaH, HO BCE e M3-3a CBOEI MPOCTOTHI O CUX IMOpP UC-
noJb3yercsi. OCHOBHOE €ro NpUMEHEHHNe — pacyeT MEKTPUUECKUX Harpy30K 3JIeKTPONPUEMHUKOB HaMPSKeHUEM
1o 1000 B.

Pacuem uaepysox no mexwonozuyeckum OaHHulM. DTOT METOHA NPHUMEHSETCA U dJIEKTPOTIPUEMHUKOB,
WMEIOIINX HEeM3MEHHbIe WM MaIOM3MeHsIoNrecs rpaiki WHIMBHIYallbHOM M, CleIoBaTeNbHO, TPYMIOBOM
Harpy3ok. PacueTHas motpeOiisieMas MOITHOCTh B TAKOM ClTydae TIPHHUMAETCS PaBHOM cpeHeit 3a Hanboee 3a-
TpYKEHHYI0 cMeHY. K TakuM 3JIeKTpONpUEMHHUKAM OTHOCATCS 3JEKTPOMPHUBOABI HACOCOB, KOMIPECCOPOB, BEH-
TUNATOPOB U T.A. 71 TaKUX TEXHOJOTMYECKUX YCTAHOBOK PACUETHYHO HArpy3Ky, COBMANAIOLIYIO CO CPeaHEe,
PEKOMEHAYETCS ONPENENATh M0 YIAEIbHOMY pacXoay 3JeKTposHepruu [10] T.e. kak:

'Lr:'..' ﬂ:'\
By = ;.._ . ®Br, )

rae M., — KOIUIECTBO MPOAYKIIUH, BBIITyCKaeMOH 3a cMeHy (IIPOU3BOJUTENLHOCTh YCTAHOBKY 33 CMEHY); O, —
YAENBHBIN pacXol 3JTEKTPOIHEPTHH Ha €AWHUIL NMpOAyKIWH, KBT4; 7., — MPOXOIKATENLHOCTE Hanbolee 3a-
IPY’KEHHOH! CMEHBI, 4.

OCHOBHBIM HEIOCTATKOM JAHHOTO METOJA SIBJISETCA TO, YTO VI arperatoB OONBLION MOIIHOCTH ycCpen-
HEHHbIE OMBITHO-CTATUCTUYECKUE 3HAYEHUS J,), MOTYT NPHUBOAUThL K 3HAUMTEJBHOI OMOKE MPU ONpeAeIeHn
BEJIMYMHBI Harpy3ku. M3-3a Toro, 4ro crauMoHapHbIe yCTAHOBKM 3a/€ICTBOBAHbI B BHITIOJHEHUN APYTUX TEXHO-
JIOTMYECKUX TpoLeccax, TO ONpesiesieHle BeMUUuHbl M., 3aTpyAHEHO, a TOATOMY, IPUMEHEHHE JaHHOTO METO/a
IpEICTaBseTCs HELe1eCO00pa3HbIM.

OcCHOBOH cieayloLlero MeToJa Harpy3oK SBIISIETCA pacuera Yucio 4aco8 UCHONb308AHUA MAKCUMYMA
HA2PY3KU U pacxooa dNeKnpoIHepUl.

PacueTHblii MakcMyM coriiacHo pabote [9] onpeaenseTcs o Gpopmyoie:

Py=1%, aBr, 3)

rae 7, — rofoBO€ YKCJIO 4acOB HMCIMOJb30BAHMS MAaKCUMyMa aKTMBHOW Harpy3ku, 4 (IPUHAMAIOT Ha OCHOBE
OMBITHBIX JaHHbIX [/ NpeanpUATUIl aHAIOTMYHOTO TUIA MO TEXHOJOIWM opraHuzauuu pador); W, — ronoBoi
pacxoll 3AEKTPOIHEPI UM N0 NPEANPUATHIO, KBT u.

Yucio yacoB UCMONB30BAHUS MAKCUMYMa PEKOMEHYeTCsl IPUHUMATD 110 CIIPAaBOYHUKY U TONBKO AJ1s Beel
LIAXThl, MOCKOJBKY AJIA OTAEJbHbIX CTALMOHAPHBIX YCTAHOBOK €ro CIO0XKHO BbIOpaTh M3-3a 0COOEHHOCTEH KOH-
KPETHOTO TEXHOJIOTMYECKOTro MpoLecca U PeXUMOB paboTbl o0opynoBaHus. [109ToMy MeTOA peKoMeHIyeTcs
TOJBKO JJI1 OPUEHTHPOBOYHBIX PacyeToB 00l ANEKTPUUECKOl HArpy3KH MO LIaxTe.

PykoBopsimumy ykazaHUsIMU 1O ONPEAETICHHIO SJIEKTPUUECKUX HAarpy3ok [16] npeanaraercs 1is 31M€KTpo-
MPUEMHUKOB HampsbkeHHeM Bbilie | KB pacueT MOIIHOCTHM BBIMONHATH MO TEXHOJOrMYecKuM rpadukam. Ha
MPaKTHUKE e IS ONpe/IeNIeHHs JIEKTPUUECKUX HArpy30K MCMoib3yeTcst MeTon kKoddduiumenTa cnpoca. [Ipume-
HsieMble K03((DUIMEHTHI BapbUpYyIOTCs B auanasoHe 3HadeHuit ot 0,3 mo 0,8 — 0,85. Pexomennaunu 1o BeIGOpY
BEJIMYMHBI KO3(PULHEHTa OTCYTCTBYIOT, K TOMY )K€, TaHHBIH KOI((UINEHT He yUYNTHIBAET BUA TEXHOJIOTHYe-
CKOro 000pyaoBaHusl, ero pexXuM padboThl, TEXHUUECKUE U TeXHOJIOrHueckre napameTpsl 1 ap. Kpome Toro, uc-
noJib3yeMble B pacyeTax K03 (ULMEHTb! YK€ yCTapenu U He NepecMaTpUBalIuCh Ha POTS)KEHUU MHOTHX JIeT.
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VYkazaHHbIE HEIOCTATKU YIUTHIBACT MemoO MeXHON02uyecko2o epaguka. JJaHHBI METOI PUMEHAM ISt
MPEINPUATHI ¢ PUTMUYHBIM IIUKJIOM TIPOU3BOJICTBA, B KOTOPHIX Tpaduku pabOThl MEPHOAMIHEI, TIPHUYEM IJTH-
TENBHOCTh WHIVBHAYaJbHOTO W TPYMIOBOTO LIMKIOB OJMHAKOBBI. B 3TOM ciydae rpaduku Harpy3ku OynoyT
ONpENENATECS HA OCHOBE aHajiu3a MOCJIEA0BATEIbHOCTH TEXHOJIOTMYECKHUX ONEpalyii U pacueTHbIX HAarpy3ok
Ka)KI0r0 3JIEKTPONIpUEMHUKA. B cilyyae, eciau Bce 3JEKTPONPUEMHUKM TPYIIIbI CBSA3aHbl €AUHBIM TEXHOJIOTUYe-
CKHM TPOLIECCOM M Harpy3Kd 3a LMK Ka)KIOro MOTYT ObITh paccUuTaHbl, TO cTpouTca obmmit I'OH, monyyae-
MBIl MyTeM HAJOKEHHS W CYMMHPOBAHMS WHIWBUIYAIbHBIX rpaMKOB, HA OCHOBE KOTOPBIX W OMpeNesseTcs
HETOCPEeCTBEHHO BEIMYMHA PacieTHON NOTpebaseMOi MOIIIHOCTH.

Tax, nyst onpeeNIeHnsT Harpy30K CTAalMOHAPHBIX YCTAHOBOK HEOOXOIUMO 3HATh OCHOBHBIEC TTApaMeTphI, CO-
TJIACHO KOTOPBIM U3MEHSIETCS TEXHOJIOTHIEeCKHIA TpaiK YCTAaHOBKH M, KaK CJIEeICTBHUE, pacueTHas Harpyska. s
HOJLEMHBIX YCTAHOBOK PacueTHas MOINHOCTB P, 3aBUCUT OT MAaccChl MOJIHAMAEMOTrO Ipy3a (Tpy30M0IbEMHOCTH
ckumna) O W OT BBICOTHI TTOgbeMa H, I BEHTWIATOPHON YCTaHOBKH — OT KOJMYECTBA TIOJaBaeMOTO BO3/AyXa B
maxty O, ¥ CO31aBaeéMOro yCTaHOBKOH HaBieHust H,, 111 BOJOOTIMBHON yCTAaHOBKH — OT PacueTHOMN MPOU3BO-
JUTENBHOCTH Hacoca O, W Hamopa pabodero pexuma H,, , .

[IpumeHeHre JaHHOTO METO/Aa OrPaHUUYEHHO M3-3a €r0 HEBBICOKO TOYHOCTH NPU MCIOJIb30BAHUU UMEIO-
LIMXCS 3aBUCHMOCTEH B CyIlleCTBytolIeM Buae. [l moiydyeHusi TOUHOro 3Ha4eHUs! Harpy3ku HEOOXOIUMO CO-
CTaBUTh TEXHOJIOTUUECKHH rpaduk padOThl AIEKTPONPUEMHUKA U 3HATh SMIUPUYECKYI0 (opMyny, Ha OCHOBE
KOTOpO# Oy/eT MoyueHO 3HaYeHHe pacueTHON Harpy3Ku B Mpenenax IoMycTUMOi morpemHocTd. HecMoTps Ha
3TOT HEAOCTATOK, METOJ BBITVIAAUT MPUOPUTETHEE PAHEE PACCMOTPEHHBIX, OJHAKO U LIMPOKOTO HMCIOJIb30Ba-
HUS €ro He0OX0UMO 10padboTaTh.

BoiBoa. PacueTHyto Harpy3ky CTalMOHApHBIX YCTAHOBOK CIEAYET OMpENeNiTh Ha OCHOBAHWU WHAMBUILY-
QITBHBIX TEXHOJOTHIECCKIX TPaPUKOB, KOTOPHIE MOTYT OBITh TIOTYUEHBI ITyTEM aHAJN3a PEXKUMOB pabOTHI CTaIN-
OHAPHBIX YCTAHOBOK. DTOT METO TIO3BOJISIET YUYECTh HEAOCTATKU PaHee PACCMOTPEHHBIX B YACTU aJ€KBATHOCTH,
a TakKe yueTa BCEX TEXHMUYECKUX W TEXHOJOTHMYECKUX OCOOCHHOCTEH YCTaHOBOK, U KOTOPBIX BBITIONHSACTCS
pacuet Harpy3ku. B ocHOoBe MeToa 3aJ10KeH MPUHLUI, YTO MEPBUUHBIM SIBJISIETCS TEXHOJIOTUYECKUI TIpoLieCC, a
BTOPUYHBIM — PEKUM 3JIEKTPONOTPEOIEHUS.

[IpumeHeHre paccCMOTPEHHOrO METOMa MO3BOJUT UCIOJIb30BaTh €0 KaK OJWH U3 3JIEMEHTOB KOMIUIEKCA
MEpOTIPHUATHII TIO PEryJUPOBAHUIO PEXKMMOB IJIEKTPONOTPEOICHUSI C MMOMOIIBI0 MOJEIUPOBaHNS TparKoB
3IEKTPUUYECKUX Harpy30K AJIS CTAlIOHAPHBIX YCTAHOBOK, KOTOpPBIE U SBJIAIOTCS MOTPEOUTENIMU-PETYIATOPAMU
Ha 1axTe (3a UCKJIFOYEHNEM BEHTUIIATOpA TJIaBHOTO MPOBETPUBAHMUSA ).
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