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BBEAEHUE

QnekTpoMmarHuTHaa coBmectumoctb (OMC) — 9To cnoCOBHOCTL 3NEKTPO-
TexXHu4yeckoro obopyaoBaHNA yOOBNETBOPUTENBHO (PYHKUMOHMPOBATL B YC-
NOBUSAX 3NEKTPOMarHUTHbIX BO3AENCTBUI CO CTOPOHbI OKpYXatoLlen cpefbl, a
TaKKke He oKasblBaTb HeOOoMyCTMMOro BO3L4EWCTBUS Ha APYroe areKkTpoTex-
Hu4eckon obopyaoBaHME N OKPYXKatoLLYO cpeay.

BaxHenwmmm Bonpocamu B npobrnematnke AMC ABASAOTCA OLEeHKa U Hop-
MUpOBaHWe anekTpomMarHUTHbIX nomex (AMI1). CornacHo henepansHomMy 3a-
KOHY OT 27 pekabps 2002 r. Ne 184-d3 (pea. ot 03 gekabpsa 2012 r.) «O Tex-
HUYECKOM pPErynmpoBaHuUny, 3fIeKTPOMarHMTHaa nomexa — 3TO arekTpomar-
HUTHOE SIBMIEeHMEe, MPOLECC, KOTOPbIE CHWXAaOT UM MOryT CHWXaTb KayecTBO
PYHKUMOHMPOBaHNA TexHudyeckoro cpeactea. B Tteopun OMC npuHATO pac-
cMmaTpvBaTb BO3OEWCTBUE MOMEX KaK U3NyyaemblX B MNPOCTpPaHCTBE (MHAOYK-
TUBHbIE NOMEXM), TaK 1N PacnpOCTPaHAIOLMNXCS NO NPOBOAHUKAM (KOHOYKTUBHbIE
nomexu). Nokasatenu kadecTBa anekTpuyeckon aHeprum (MK3I3) ¢ ToYkM 3peHuns
OMC xapakTepusyroT KOHOYKTMBHbIE MOMEXW, MO3TOMY MUX KOHTPOSb, pacyeT u
OLEHKa CTeneHn COOTBETCTBUS CYLUECTBYIOLUMM HOPMATMBHBIM [OKYMEHTaMm
SABNAKTCSA BaXXHbIMK 3agadammn obecneveHuss SMC.

BrimaHne 3MI, BbI3BaHHbIX HU3KUM Ka4eCcTBOM arekTpudeckon aHeprum (K39)
Ha annapaTtypy CBsi3M U MPOYyl0 annapaTypy, BKIOYEHHYKO B AIEKTPUYECKYHO
CeTb, MOXeT BbITb pasHOObpasHbIM — OT HenpeackasyeMblX BPEMEHHbIX YXya-
LUEHNA XapaKTepUCTUK KaHana nepefayn vHpopmaumm 0o msmnyeckoro no-
BPEXAEHUS U JaXe BO3ropaHus annapaTtypbl U ee kabenen, noaTomy ocobeHHO
BaXXHO Hay4uTbCA MaTemMaTudecku paccumtbiBatb 1K, oueHnBaTb, NPOrHo3un-
poBaTb MU NpeaoTBpaLLaTb No40OHbLIE NOCNEeaCTBUAS.

[aHHble MeToAuYecKkMe yKasaHWa MNO3BOMAT CTydeHTaM CaMoCTOos-
TeNbHO N 3a KOPOTKOE BpeMs pas3obpaTtbCs B pellaeMbix Borpocax 6es no-
Mowm npenogasatens. MeTtoandeckme ykasaHua copepkaT pekoMeHaauum
MO BbINOSTHEHUIO N OPOPMITIEHNIO PaBOThbl, OCHOBHbIE TEOPETUYECKNE CBE-
AeHUst U MeToauKn pacyeTa. 1o Bonpocam, KOTOpble U3MOXEHbl TOMbKO
YaCTUYHO, MO TEKCTY AAOTCS CCbINIKM Ha pPEeKOMEeHAyeMYy nutepartypy ans
6onee yrnybneHHoro uayveHus. Takke NPUBOLATCA NPUMEPbl TECTOBbIX
3a4aHuin ans 3akpenseHnsa nNnpornaeHHoOro martepuana u caMmonpoBepku CTy-
JEeHTaMMN CBOUX 3HAHUMN.

MeTogmyeckne ykaszaHusi MoryT ObiTb MCMNOSMb30BaHbl CTyAEHTaMWN OHEB-
HOrO M 3a04YHOrO OTAENEHUN HE TOSbKO MPU BbINOSTHEHUN KOHTPOSbHON pa-
60Thbl, HO 1 Npu NpopaboTKke BONPOCOB, U3naraeMblx B JIEKLMOHHOM Kypce, npu
noaroToBke K flabopaTtopHbIM paboTam 1 NoCAeayLWnM 3a4eTy N SK3aMeEHY.



1. OBLWWME PEKOMEHAALIUN MO O®OPMITIEHUIO
N NorPAQOKY COAYUN KOHTPOJIbHOU PABOTDI

1.1. Uenu, 3agaum, CTpyKTypa U 06 beM KOHTPOSIbHOM paboTbl

KoHTponbHas pabota — aTO camocTtosTernbHas paboTa cTyaeHTa, oby-
YarLleroca Ha 3a04YHOM OTAeneHun. BbinonHAA KOHTpOrbHYK paboTy, CTy-
AEHT COBEPLLUEHCTBYET 3HAHUS U YMEHUS, NOSTYyYEHHbIE B NpoLiecce N3yyeHns
Kypca «3neKTpoMarHMTHas COBMECTUMOCTbY», YYMTCA CaMOCTOATENbHO OC-
BanmBaTb METOAMKN pacyeTa M NpUHUMNbI paboTbl C METOLNYECKOM U Crnpa-
BOYHOM NUTepaTypon, roTOBUTCHA K pelleHuto 6oriee CroXHbIX U OTBETCT-
BEHHbIX 3a4ad, BKMOYasi HanncaHme UTOroBoM BbIMYyCKHOM KBanuMukaunoH-
HOW paboThl.

Llenn BbINONTHEHNA KOHTPOSIbHOW paboThl BKAKOYAIOT:

e cucTemMaTmsaumio 1 3akpenneHme NoSTyYEHHbIX TEOPETUYECKUX 3HAHUI U
NPaKTUYECKUX YMEHUN MO OUCUMNIINHE «ONEKTPOMarHMTHas COBMECTUMOCTb
N cpeacrtsa 3awntbly («ONEKTpOMarHUTHas COBMECTMMOCTb W KayecTBO
3IIEKTPUYECKON SHEPTUNY);

e yrnybrneHne TeopeTnyeckmx 3HaHUn B BOMpPOCax pacyeTta, HOpMUpoBa-
HUSA U OLEHKM rNoKasaTernen KayecTBa af1eKTpUYEeCKon SHeEPIrnu;

e (hopMMpPOBaAHNE YMEHUN MPUMEHSATbL TEOPETUYECKUE 3HaHUA Npu pe-
LLIEHNWN NOCTaBSIEHHbIX BONPOCOB;

e (bopMMpOBaHME YMEHUMA WCMONb3OBATb CNPAaBOYHYID nUTEpaTypy Wu
HOPMaTUBHYIO AOKYMEHTaUMIO;

® pasBuUTUE TBOPYECKOWN MHULMATUBLI, CAMOCTOATENBHOCTU, OTBETCTBEH-
HOCTW U OPraHM30BaHHOCTY;

e 3aKpenneHve HaBblKOB OMOPMNEHUA TEXHUYECKUX OOKYMEHTOB B CO-
OTBETCTBMM C TPEOOBAHMSMU €OVHON CUCTEMbI TEXHUYECKON U KOHCTPYKTOpP-
ckon gokymeHTauum (ECTO n ECKL).

KoHTponbHas paboTa cooepXuT anemMeHTbl y4ebHOo-uccrnegoBaTenbCKom
paboTbl ctygeHta (YUPC), KoTopble BbINOMHAKTCA HENOCPEACTBEHHO NpPU
N3y4eHUn QNCUMNINHBI U BKITKOYaloT B cebs:

e (bopmMMpPOBaHME HaBbIKOB TBOPYECKOro NPOdEeCCNOHaNbHOro MblLLNEHNS
NyTEM OBNafeHNs Hay4YHbIMM MeTO4aMu NMO3HAHUS N UCCreoBaHng;

e OBfajeHWe MeToaMu aHanuia, cpaBHeHud, Krnaccuduvkauuu, cucrte-
MaTu3aumm n ooobLLeHUS;

e BblpaboTKy HaBblkoB Oubnuorpaduyeckon paboTbl, CaMOCTOSATENbHOM
paboTbl C y4ebHO-CNpaBOYHOM, NEPUOONYECKON, HOPMATUBHOWN NUTEPATYPOU
N ApYrMMm NCTOMHUKaMM MHpOpMaLUK, BKITKOYas CETEBbIE PECYPChI;



® pasBUTME YMEHMSI HECTAHAAPTHO MbICNUTL (Haxo4uTb MHOXECTBO pas-
HbIX BapMaHTOB peLUeHnst NpU OOHUX U TEX Xe YCNoBUAX, HEMPOTUBOPEUMBLIE
peLleHns NPOTUBOPEYMBLIX CUTYaLNIN) N NPUMEHATDb 3HAHUA Ha NPaKTUKe.

3afaHne Ha KOHTPOSbHYK paboTy B BMAE UCXOAHbLIX OAHHLIX K pacyeTy
cogepxutcsa B bnaHke 3agaHus. bnaHk 3agaHus Bbl4aeTCs KaXXaoMy CTYAEHTY
NIMYHO BO BPEMSI YCTAHOBOYHOW CECCUU, HOMEP BapuaHTa, CPOKU Bblaauun n
coayum paboTbl Ha NPOBEpPKY 3anucaHbl Ha 6naHke. Npumep TMNOBOro 3agaHngd
Ha KOHTPOSIbHYIO paboTy NpeacTasneH B npun. 4.

[MoacHUTenbHasa 3anucka K KOHTPOSIbHOW paboTe Mo CBOEW CTPYKType
BKINIOYaET crefyoume dfeMeHThbl:

® TUTYNbHbIN JINCT;

e OnaHK 3agaHus;

e coaepxaHue;

e BBeJeHMe (pacKpblBaeTCs akTyanbHOCTb M 3Ha4YeHue TeMbl, hopmmpy-
eTcsa uenb paboTol);

e pacyeTHyl 4acTb (pacyeTbl MO WUCMOfb3yeMbiM MeToauKkam, onmca-
TenbHasi 4acTb, B KOTOPOW M3naraetcs NpUHUMN AEUCTBUS, KOHCTPYKLUMS,
TeXHOMNormyeckne oCobeHHOCTN 1 apyrne 060CHOBaHUS MPUHATLIX peLleHni);

e 3aksitoyeHune (NMpMBOAATCS B LMdpax OCHOBHbIE MOSTyYEHHbIE TEXHUYE-
CKMne napameTpbl, AenarTcsa BblBOAbl OTHOCUTENbHO OOCTMXKEHUSI MOCTaB-
NEHHbIX uenen);

® CMMCOK UCNOSb3YEMbIX UCTOYHUKOB (NIUTEpPATYPHbIE U CETEBLIE UCTOYHUKN);

o NpunoxeHus (Tabnuubl, cxembl, rpadukn, gnarpammbl, FIMCTUHIN UC-
NoSfib3yeMbIX NporpaMmm u T.n.).

Obwui 06 beM NOSAICHNTENBHOW 3anUCKN He OOMKeH npesbiwaTb 7—10 nuc-
TOB (BKIoYas rpadouyecknin matepuan). lNosicHuTenbHas 3anmMcka K KOHTPOsb-
HOM paboTe OoMmkHa AaBaTb OOCTATOYMHO MOMHOE NpeacTaBreHne O NpuHUune
peLleHnst NoCTaBNEHHOM 3a4auun.

1.2. NMpaBnna ochopmMeHnsa KOHTPONbLHOWN paboTbl

MosicHutenbHas 3anucka (M3) K KOHTpONbHOM paboTe odopMseTca U
pa3pabaTbiBaeTcsa B cooTBeTCcTBUMN ¢ TpeboBaHuammn ECT n ECKA. Kaxabin
CTPYKTYPHbIA 3NIEMEHT NOSICHUTENbHON 3anNnUCKN pekoMeHayeTca NpuBoanTb C
HOBOrO nucTa.

TumynbHbIG TUCM ABNAETCA NEPBbIM IMCTOM NOACHUTENBHOW 3aMUCKN,
BXoauT B obuiee yncno nuctos 3, HO HOMep NUCTa Ha HEM He NPOCTaBNs-
eTcq. PekomeHayembln o6pasel, ohopMneHnst TUTYSNIbHOIo NCTa NPUBEAEH B
npun. 1.



B codepixaHuu npnBOOATCS 3arofiOBKM BCEX CTPYKTYPHbIX 3NIEMEHTOB
KOHTpONbHOW paboThbl, Ha4YnHaa c BBedeHus. CoaepxaHue BKOYaeT Ha-
MMeHOBaHMe BCeX pas3denioB C UX HoMepamu. B cogepxaHum HanpoTuB Ka-
XOO0ro Homepa M HaMmeHoBaHWA pasgena (nogpasgena) npobenamu oTae-
naeTcs, BblpaBHUBAETCH MO NEeBOMY Kpak NucTta HoOMepa CTpaHuu, Ha Ko-
TOpbIX pa3MmeLlaeTcsa Havyano maTepuana pasgesioB, NnoapasaesioB U NyHKTOB.
CopepxaHne HymepyeTca BTOpbIM niuctoMm 13, cKkBO3Has Hymepaumsa ctpa-
HWUL, NpoCTaBnsaeTCcs.

BeedeHue coaepXuT MOCTAHOBKY 3ajaudn, Lenn n KpaTKoe onucaHue
o0LMX METOA0B peLLleHns nocTtasrneHHon 3agayn. Takum obpasom, BBegeHNe
KpaTKO OTBeYaeT Ha Bonpockl: 1) 4TO MMeHHO ByaeT paccmaTpuBaTbhbCs B pa-
6oTe; 2) ans 4Jero aTo genaetcs; 3) Kakummn cnocobammn 6ygeT gocTuratbecs
pelleHe NocTaBfeHHOW 3afaudn; 4) Kakme oxuaaemble pesynbtaTtbl OyayT
nonyyeHbl B pabote. BBegeHne He OOMKHO 3aCrOHATbL OCHOBHOMO coAepia-
HuA. MNo obbemy BBeAeHME 3aHUMaET NPUMEPHO 1 CTpaHULy, AOCTATOYHbIM
cumtaetcss ob6bemM He MeHee MonoBMHbI CTpaHuubl. BBeaeHne HymepyeTca
TpeTbuM niucTom N3, Hymepaumsa cTpaHuL NpoCTaBnseTCcs.

3adaHue Ha KOHMPOIBLHYIO pabomy NoMeLaeTcsl HENOCPEACTBEHHO 3a
BBeAEHNEM, BXoaAUT B 06Lyt0 Hymepaumo nuctoB 13 1M BbIHOCUTCA B CO-
AepxaHue, HO 0TAeNbHOro HoMepa (Kak pasgens! Unun nogpasgenbl) He UMeeT.

B ocHoeHOU yacmu npuBOOUTCSA ONMCaHWe MeTOLOSOorMM peLlueHns no-
CTaBMNEeHHOW 3agayun, KpaTKo u3naraeTcsi CyTb MNPOU3BOOUMbBIX BbIYMCIIEHUN,
KpaTKO NPUBOASTCA OCHOBHbIE MOMEHTbI UCMOMb3YEMbIX PACHETHbIX METOLMK
CO CCbISIKOW Ha UCMOMnb3yeMyto nutepaTtypy, pacdeTHble oopMysibl C npume-
paMmn pacyeta (NOACTAHOBKOM YUCIIOBbLIX 3HAYEHUW) U NOSTydYeHHble pe3yrib-
TaTbl C 0683aTENbHLIM YKa3daHUeM eaNHNL, U3MEPEHUS UCKOMbIX BEMNYMH.

PacuyeTHO-nosicHMTeNbHaa 3anucka OOrmkHa ObITb HanucaHa rpamoTHO, C
NpaBUNbHbIM MPUMEHEHUEM TEXHUYECKUX TEPMUHOB, onpefeneHnn n Oyk-
BEHHbIX 0603HaA4YeHNN PU3MYECKUX U MaTEMATUYECKUX BENUYUH (B COOTBET-
CTBUM C YCTaAHOBMEHHbIMW CTaHgapTamn). PacyeTbl, npMBoANMbIE B MOSICHU-
TenbHOW 3anuncke, A0SMKHbl BbITb BbINOSTHEHBI B cucteme eamHny, CUL.

OcHoBHas YacTb KOHTPOSIbHOW pPaboTbl MOXET BbITb pa3buTta Ha pasgensl
n nogpasgensl, ecrnv 3ato Heobxoanmo. Pasgens MeloT CKBO3HYHO Hymepa-
LnI0, HOMepa fINCTOB NPOCTaBNSAKTCA Ha KaXX4oM JucCTe.

PesynbTatbl OAHOTUMHBIX pacyeToB cBOAATCA B Tabnuubl (Bug tabnuuy
CcTygeHT paspabaTtbiBaeT camocTosaATenbHO). Pesynbtatel pabot unntoctpu-
pyroTCa rpacunyeckMmMmn 3aBUCUMOCTSMU, UX BUL Takke paspabaTbiBaeTcs
CTYOEHTOM WHAMBMAYANbHO N CaMOCTOATENBHO, B COOTBETCTBUN C PEKOMEH-
AaumsMn pacyeTHbIX METOANK.

3aksiroyeHUe COOEPXUT KadeCTBEHHbIE U KONNYECTBEHHbIE OLIEHKU pe-
3ynbTaTtoB pacyéTta, Takum obpas3om, oTBevas uensam u 3agadam paborThbl,
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0b03Ha4vyeHHbIM paHee BO BBeAeHuW. [1o obbemy 3akroyeHue, Kak npasusio,
He npesblwaeT 1 cTpaHuubl.

Cniucok ucnosib308aHHOU Jslumepamypbl COOEPXKUT MnepeyvyeHb UCTOY-
HWKOB, UCMONb30BaHHbIX NP BbINOSTHEHUN KOHTPOSBHOM paboTbl. YKa3biBatOT
TONbKO T€ NCTOYHUKN, HA KOTOPbIE MMEIOTCS CCbINKA B TEKCTE NOACHUTENBHOMN
3anucku. JintepaTypa B cnncke pacnonaraeTcs B NOpsaKe NosiBIIeHNSA CCbINOK
Ha HEeEé B TeKCTe.

lMpunoxeHusi cogepxaTt BcroMoraTenbHblM Matepuasn (IUCTUHIN Npo-
rpamMm, KpyrHble PUCYHKN, YepTeXn U T. N.). PUCYHKN, npuBOAMMBIE MO TEKCTY
13 1 B NpUnoXxeHnax, AOMKHbl ObITb HArMsg4HbIMU, XOPOLLO YMTaeMbIMU, Ka-
XObIA PUCYHOK JOMMKEH UMETb Ha3BaHWe 1 MNOPAAKOBLIM HOMepP, X HyMepaLuna
MOXeT BbITb Kak CKBO3HOM BO BCEM JOKYMEHTE, Tak U B nNpegenax pasgena.

TekCT OCHOBHOU 4Yacmu pPacyeTHO-MOACHUTENbHOW 3arnucKkn COAEepPXUT
CMMOLWHON TeKCT, dopMyribl, pacyeTbl, Tabnuubl, MANKOCTPALNOHHBLIA MaTe-
pnan (PUCYHKW, cxembl, anarpammbl). OnucaHne npomnsBOLUMbIX OEUCTBUN
pekoMeHAayeTCH BbINOMHATD Creayowmm 0bpasom: «Mbl paccynTanmy, «Hamm
paccynTaHo», «MOLLHOCTb onpefendeTcsa», «rpaduk NOCTPOEH MO pe3yrib-
Tartam, NpuBeaeHHbIM B Tabnuue 2.1» n 1.0.

Kaxaobin pasgen pekomMeHOyeTCca HayuMHaTb C HOBOro nucra. Homep
nogpasgena CoCTOUT M3 HOMepa pasfenia n nogpasfgena, pasgesieHHbIX
Toukon. B koHUe HOMepa nogpasgena Todka He cTaBuTcs. Pasgenbl wm
nogpasfesnbl AOMMKHbI MMETb 3arosyioBKM, KOTOpble criefgyeTt nucaTb C npo-
MNCHOW BYKBbI.

Bce nuctbl noacHUTENnsLHOM 3anmncku UMEKT CKBO3HYHO Hymepauuio. Homep
CTpaHuULbl NPOCTaBNAT apabckumn undpamm BHU3Y CTpaHuLUbl MO LEHTPY
6e3 ToYKK (3a UCKMYEHNEM TUTYNBLHOMO NCTA).

lMonsi cmpaHuy, pekomeHaoBaHbI crieqyoLwne: BepxHee — 2 CM; HUKHee —
3 cMm; nesoe — 2 cMm; npasoe — 1,5 cm.

Tekcm NOSICHUTENBHOW 3anucku HabupaeTcs ¢ cobnogeHnem cnegyto-
LLMX NpaBuI:

« ab3aLbl OTAENATCA ApYr OT Apyra o4HMM MapKepoM KoHua ab3aua;

* BCe cnoBa BHYTpu ab3aua pasgensitoTcs ToNbKo 0gHUM Npobenom;

* nepeq 3HakoMm npenuHaHus npobenbl He CTaBATCA, NOCe 3Haka npenu-
HaHWs — oauH npoben.

PekomeHnayembii cmunb Onsi Habopa mekcma — obbl4HbIN, WpndT Arial
Cyr, 14 nT; CTPOYHbIN; BblpaBHMBAHME MO LUMPUHE; MEXCTPOYHBIN NHTEpBas —
OAMHAPHbIN; 3anpeT BUCAYMX CTPOK; C nepeHocom crnoB. AB3aubl B TeKkcTe
Ha4YnHaT OTCTYNoM, paBHbiM 0,75 cm.

PacuyeTHble ¢popMynibl [OMKHBI UMETb NOPSIAKOBLIA HOMepP (QonyckaeTca
CKBO3Hasi HyMepauus Unn Hymepaumsa BHYTpPU Kaxaoro pasgena). Popmynbl
HabupaTca B pefaktope opmyn, ux Bua U pasmep LOOSMKeH ObiTb nerko
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yntaem. Homepa ¢opmyn obo3HavalT apabckumm uupamn B KpyribixX
ckobkax, pacnosiaratoTca y npaBoro Kpasi nonockl 6e3 oTTounsa Mexay HAMU U
doopmynoun. lNpumep odopmrieHns popmyn B TEKCTE NpuBeaeH B npun. 2.

Tabnuubl, pUCYHKMU, OOPMYNbl N HepaBeHCTBa criegyeT oTAensTb OT
OCHOBHOro TekcTta ab3saueM. TekcT cdopmynbl criegyeT pacnonaratb Mo
LEHTPY CTpaHuLubl, NOPAAKOBLIA HOMEP (opMysSibl — B NpaBOM Kpako CTpa-
HULbI, TOW XXe CTPOKON, YTO N cama dopmyna. K pacyetHbiMm doopmynam u
HepaBeHCTBaM JaeTcs NOACHEHNE CUMBOJSIOB U YNCNOBbIX KO3 PULIMEHTOB,
HenocpeacTBeHHO noa dopmynon. [lepBas CTpoka paclwnpoBKM Hayu-
HaeTcd crioBoM «rae» 6e3 BoeTo4Ynsa rnocne Hero.

[Mocne npuBeaeHWs B TeKkcTe pacyeTHou opmynbl obsizaTtenibHa pac-
LUNdOpOBKa BCEX BENMUYUH, BXOOAWMX B dOpPMYIy, C yKasaHMEM UX pasmep-
HocTu. [lanee npmBoAnTCS OAWH NogpO6HbIN NpuMep pacdeTa ¢ NOACTaHOB-
KOW BCEX YMCIIOBbIX 3HAYEHNN COOTBETCTBYIOLLEN PAa3MEPHOCTH.

PesynbTaTbl pacyeTa gonyckaeTcsi CBOAUTb B mabnuybl, Takke Tabnuubl
cnefyeT NPUMEHATb AN NydlWen HarnsagHoCTM u yaobeTtBa cpaBHEHUS MO-
kaszatenen. Bug tabnuy camoctoaTenbHO paspabaTbiBaeTcsl CTYAEHTOM.

HasBaHune cnegyeT nomewatb Hag Tabnuuen n HymeposaTb apabckumm
Undpamm CKBO3HOW Hymepauuen. [onyckaetca HymepoBaTb Tabnuubl B
npegenax pasgena. B atom cnyyae Homep Tabnuvubl COCTOUT M3 HOMepa
pasgena v nopsiakoBoro Homepa Tabnuubl, pasgeneHHbIX TOYKOW, Hanpuvep,
«Tabn. 3.1 CeogHass BeAOMOCTb Harpy3ok». Ha Bce Tabnuubl A0SmKHbI ObITb
NpuBEOEHbI CCbINIKU B TEKCTE, NPU CCbISIKe cneayeT nucatb CnoBo «Tabn.» ¢
ykaszaHnem eé Homepa. Tabnuuy nomewiaroT cpasy nog TEKCTOM, B KOTOPOM
BNepBble JaHa Ha Heé CChifika, UK Ha crieyoLen cTtpaHuue (ecnu pasmep
Tabnuubl aToro Tpedyer).

PucyHku n Tabnuubl, npuBoanmble B TekcTe [13, cneaoyeT oTaenstb OT
OCHOBHOro Tekcta absauem. PUCyHKM OOMmKHbI pacnonaratbCa HenocpeacT-
BEHHO cpasy Mocre TekcTa, B KOTOPOM OHW BMnepBble YNOMUHAKTCH, Unn Ha
cnegywoulen cTtpaHuue (ecnu 3To o60CHOBAHO pasMepamMu pUCYHKa).

PucyHkn gomkHbl 6biTb BbINOMHEHbI B nporpamme Microsoft VISIO. Ecnu
CTYOEHT HamepeBaeTCsa NPUBECTU B MOACHUTESIbLHOW 3arnucke pUCYHKU, aua-
rpaMmbl 1 T.M., NOMyYEHHbIE B ApYyrnx nporpammax (kK npumepy, MathCAD,
Excel n T.n.), TO pUCYHKM U3 3TUX Nporpamm cnegyeT BcTaBuTb B Microsoft
VISIO, obpaboTaTth A0 BMAa, Tpebyemoro HacToawmMMm npasunamm odpopm-
NeHus1, N, TONbKO Mnocrne 3Toro, coxpaHume kak obbekT VISIO, nomectntb B
TekcT 3. MNpamasa BcTaBka PUCYHKOB M3 MHbIX nporpamm, kpome WORD un
VISIO HeponycTma.

PuUcyHkn HymepytoT apabckmmmn umngpamm CKBO3HOM Hymepauuen u nve-
HylOTCS, Hanpumep: «Puc. 2. N'padmk CyTOMHOM aKTMBHOW MOLLHOCTU NoTpe-
Gutenay. Ona nogpucyHOYHOW NMOAMMCK peKoMeHayeTcsa WpUdT Ha 2 Kerns
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MeHbLle obblvHoro wpudTa (Arial, 12 nT). BelpaBHMBaHME MO LWMPUHE PUCYHKA
BbIMNOSIHAETCS B TOM Crlydae, ecrnv MnoapucyHoYHas Mnoanucb KOpoTKas U
yMellaeTca B 0gHy CTpoky. Ecnn nogpucyHoyHasa nognuchb 3aHMMaeT bornee
OLHOW CTPOKW, TO ee BblpaBHMBAKOT MO LUMPUHE PUCYHKA N OHA He OOJSMKHa
BbIXOOMUTb 3a ero npegenbl. [Mpumepbl 0POpPMMAEHN PUCYHKOB U NOAPUCY-
HOYHbIX NoANMCen NpuBeaeHbl B Npun. 2.

Ccbinku Ha Tabnuubl, PUCYHKN U rpadukn, npuBoanmble No Tekcty 13,
BbIMOSTHAOT crneayrowmmM obpasom:

® «...KaK rnokasaHo Ha puc. 2.1, HanbosnbLweMy 3HA4YEHU MOLLHOCTU CO-
OTBETCTBYET Nepno BpeMeHn ¢ 2 40 3 4acoBY;

® «... pacyeTbl A4Nns ocTanbHbIX nNoTpebutenen no dpopmyne (2.8) npoms-
BeJeM aHasfiorMyHo 1 pesynbTaTbl cBeaem B Tabn. 2.5».

CcbInkn Ha nuTepaTtypy No TEKCTY NOSICHUTENBHOW 3annCKX BbINOSTHAOTCA
yKazaHMeM B KBagpaTHbIX CKOBKax MOpsAKOBOro HoMepa UCTOYHMKA B COOT-
BETCTBUN CO crnvckoM nutepatypbl. Hanpumep: «CornacHo [1] Bblbupaem
nposog Tuna AC-10/1,8; ¢ JONyCTUMBbIM TOKOM |y = 84 A».

Ncnonb3yemas nutepaTtypa B CNUCKE WUCMOSIb30BaHHbLIX UCTOYHUKOB 3a-
NUCbIBAETCH NO CUCTEME: NMOpPsaKoBbLIN HOMep, aBTop, HasBaHWe, MECTO MU3-
AaHus, n3gaTenbCcTBO, rod U3gaHust, KoNnmy4ecTBo cTpaHuul. Hanpumep:

«3. KoHtoxoBa, E.A. OnektpocHabxeHne obbekToB [TekcT] : y4eb. nocobue /
E.A. KoHtoxoBa. — 10-e n3a., ctep. — M. : Akagemmsa, 2013. — 320 c.

4. DnekTpoHHbIN pecypc http://scbist.comy.

Mpumepbl odopMIIEHNsT PUCYHKOB, Tabnuy, dparMeHToB TekcTa ¢ op-
MySflaMu M CCbIJIKAMM Ha HUX U UCNOSib3yeMble nuTepaTypHble UCTOYHUKK
npueseneHbl B npun. 2 n 3.

Bonee getanbHO TpeboBaHusA K opopmMneHnto paboT u npumepbl 0opMm-
NEHNs TEKCTOBLIX YacTeun, pUCyHKoB, Tabnuy 1 opmyn npmesoaartcs B [8].

1.3. NMopsanok caayum KOHTPOSIbHOW PaboThbl

BblinonHeHHas KoHTponbHaa paboTa (odopmieHHas Hagnexawmm obpa-
30M MOSICHUTENbHAsA 3anMcka CO CXEMaMW, YepTeXamu, ICKM3aMu, CKpen-
fleHHas B BUAEe eaMHOro JokymeHTa dopmata A4) cCBOEBPEMEHHO (CorfacHoO
rpadouky BbINOSHEHUN PabOTbl M CpoKaM, ykasaHHbIM B GnaHke 3agaHus)
cAaeTcs Ha NPOBEPKY NpenogaBaTtento, BeaywemMy 31oT Bug paboTbl.

PacneyataHHyto nepen coadven Ha nposepky 13 cTyaeHTy Heobxoanumo
elle pa3 BHUMATEINbHO MPOCMOTPETb U «OT PYKM» YCTPaHWUTb (Mpu HeobXxo-
ANMOCTK) onevaTkn, He nponevaTaHHble 3NeMeHTbl U T.M.
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CornacHo ctaHgaptam OBIYTIC, koHTponbHasa paboTa cgaetcs Ha npo-
BEPKY A0 Havana aKk3aMeHaLMOHHOW CeCCUM COOTBETCTBYHOLLEro Kypca. PaboTa
Ha NPOBEPKY CAAeTCs CeKpeTapro kadenpbl C PUKCMpoBaHMEM OAaTbl B Xyp-
Hare y4yeTa KOHTPOSIbHbIX U KypCOBbIX paboT.

[MpoBepeHHasa npenogaBaTesieM B TevyeHWe Headenu paboTa Bo3Bpalla-
eTCsa cekpeTaplto Kadpeapbl, KOTOpbIM NepedaeT NPOBEPEHHY paboTy CTy-
AEHTY ans 4opaboTkn N yCTpaHEHUsA 3aMeyaHuii B TOM criyvae, ecrv TakoBble
nmetoTcs. Ha TutynbHOM nMCTe npenogaBaTenb OCTaBnsAeT 3anncb «K YCT-
PaHEeHUIO 3aMedaHun» Unn «K gopaboTke». 3ameyvyaHuss 3anncbIBalOTCA Mpe-
nogaBaTenem Ha 06opoTe TUTYNBLHOMO NIMCTa /UM NO TEKCTY MNOSICHUTENbHOM
3anuckn. YCcTpaHeHue 3amedaHun (ucnpasneHme owmnbok) NnpomsBoauTcsa Ha
YUCTOM CTOPOHE NMUCTa, NPOTUBOMOSIOXKHOMY JIUCTY C BHECEHHbIMU 3ameda-
HUaMKN. He pgonyckaeTcs mM3bATUE CTYQEHTOM JINCTOB C 3aMevyaHusiMu U3
npoBepeHHON paboTbl N 3aMeHa NUCTOB Ha HOBbIE.

NcnpaBneHHaa pabota ¢ BHECEHHBbIMU UCMPaBNEHNUSIMU COAETCH CTyAEeH-
TOM Ha NPOBEpPKY NOBTOPHO (Takke vepes cekpeTapsa Kadenpsbl), HO yXXe He
doMKCUPYETCS B XKYpHarne yyeTa KypCoBbIX M KOHTPOSMbHbIX paboT.

B cnyyae, ecnu 3ameyaHus no paboTe HecyLeCTBEHHbIE, TO Ha TUTYNIbHOM
nncTe npenogasBaTenb 3anucbiBaeT «K 3aluuTe nocrie yCTpaHeHus 3ameda-
HUM» — Takyto paboTy NOBTOPHO Ha NPOBEPKY CAaBaTb HE HYXXHO, TaK Kak OHa
yXXe gonyuleHa K 3awimTe, 4OCTaTOMHO BHECTU MUCNpaBrfieHusi, YCTPaHUTb 3a-
MEeYaHUs U IBUTbCS Ha 3aLUMUTy KOHTPOMbHOM paboThl.

B cny4ae, ecnn no pabote He UMeeTCs 3aMevyaHUin U OHa COOTBETCTBYET
BCEM KPUTEPUSAM OLEHKW, MPUBEAEHHbIM HUXe, TO paboTa ponyckaeTtca K
3awmTe. B Takom criydyae Ha ee TUTYSNbHOM NICTe npenofasaTtenb OCTaBnseT
3anncb «K 3aLinTey.

KputepmsiMm oLleHKM KOHTPOSbHOW paboThbl ABMSAOTCSA:

® CBOEBPEMEHHOCTb CAa4un, COOTBETCTBUE 3a4aHUIO;

e cooTBeTcTBUE TpeboBaHUAM (MO CTPYKType, OOpMMEHNIO, CoaepKa-
HWIO, MPaBUNBHOCTU BbIMOMHEHUS PacYEToB, afeKBaTHOCTU BbIBOOOB MO pe-
3ynbtatam paboTbl);

* NHOMBMAOYASNbHOCTb UCMOSIHEHWUA, rrybuHa n KadecTBO NpopaboTku BO-
NpocoB (CTUNNCTUKA pacHeToB N odoopmMrieHuns N3, caMOCTOATENBHOCTb U OpU-
MMHaNbHOCTb CY>KAEHWI Npy (hOpMMPOBaHUN BLIBOAOB O NpoAenaHHon paboTe).

Takum obpasom, CTyQeHTYy B COOTBETCTBUM CO CBOUM 3ajaHWeM Hagne-
XWUT BbINOMHUTL pacyeTbl U MNOCTpoeHue rpacukoB (Tabnuu), odPoOpMUTHL
Hagnexawmm obpasom N3 1 coaTb ee Ha NPOBepPKY BefylleMy npenoja-
BaTento. B cnyyae Bo3BpaTa oT4eTa Ha 4opaboTKy — YCTPaHUTb 3aMeyaHuns n
NOBTOPHO cAaTb Ha NpoBepkKy. B cny4yae BbINOMHEHUS BCeX Bblwe 0603Ha-
YEeHHbIX KpUTepueB oueHkn paboTa gonyckaetcs K 3awmrte. 3alumTta KOH-
TPONbHbLIX PaboT NpPomM3BOAUTCS MO YCMOTPEHWUO npenodasaTtensa nuvbo B
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BMAE YCTHOro onpoca, NMbo B BuAe TECTUPOBaHUSA. 3allumMTa AaHHOW KOH-
TPONbHON paboThl, Kak NPaBMNO, NPOBOANTCH B TeCTOBOWN dopme. Mpumepsl
TECTOBbIX 3afaHui npmueeaeHbl B M. 2.3 AaHHbIX METOAMYECKUX yKa3aHUN.

2. OUEHKA HECUMMETPUU HAMPSXXEHUIA
B TPEX®A3HOU CUCTEME

KoHTponbHaga paboTa aBnsgeTcs caMoCToATENbHOW paboTon CTyaeHTa.
B npouecce BbINOSIHEHUS KOHTPOSIbHOM paboThbl CTYAEHT y4UTCA Ha npak-
TUKE NPUMEHATb TEOPETUYECKNE 3HAHUSA U YMEHUS, NONYyYeHHbIE B NpO-
Lecce Wu3y4deHUst Kypca «INeKTpoMarHuTtHasi COBMECTMMOCTb», CaMo-
cToaTensHo pabotaTtb C METOANYECKOW, HOPMATUBHOW N CMPaABOYHON NK-
TepaTypon, 4YTO B JaNbHenWweM MNOMOXeT npunobpecTn HaBblK pelueHus
Goniee CrNoOXHbIX U OTBETCTBEHHbIX 3agad. OgHoOM M3 BaXHbIX 3agay ans
CTYLEHTOB SIBNSETCSA 3aKpensieHne npakTu4eckmx HaBblkOB MO odopmie-
HUIO TEXHUYECKUX LOKYMEHTOB (NOSICHUTENbHOW 3amnucku, coaepikallen
pe3ynbTaTbl pacyeToB, PUCYHKWN, YEepPTEXN N T.4.) B COOTBETCTBUU C Tpe-
oosaHuamun ECTI n ECK[.

Lenb KoHmMposibHOU pabombil: 03HAKOMUTLCHA C Ha3HA4YeHUEM, MPUH-
ymunamm pacyeta NKS 1 oueHKM COOTBETCTBUS HOPMATUBHBIM TpeboBaHNAM B
TOYKE Nepenaymn anNeKkTpPUYECKon SHepPrum Ha npumMmepe 0gHOro 13 nokasaTenemn
Ka4yecTBa QSIEKTPUYECKON JHEpPrum — kodadpduuneHta HECUMMETPUM Hanps-
XeHun no obpaTHOM NocneaoBaTenbHOCTMW.

3adaHue Ha 8bInoJsIHeHUe KOHMpPOJIbHOU pabomabi. 3aaHNEe COAEPXKNT
NCXOOHYI0 MHGOPMAUMIO O AaHHbIX YAaCOBOrO KOHTPOSISI HANPsPKEHUA Ha LUn-
Hax NOACTaHUUM NEepPEeMEHHOro TokKa, Ha OCHOBaHUW KOTOPbIX NPOM3BOAUTCS
pacyeT KoapdpuumeHTa HECMMMETPUM HanpsKeHU no obpaTHoW nocneno-
BaTeNbHOCTM M OUEHKA €ero COOTBETCTBUA TpeboBaHMSIM CYLLECTBYHOLLNX
HOPMaTUBHbIX JOKYMEHTOB.

brnaHk 3agaHus Ha KOHTPOSbHYK paboTy BblOAETCHA KaXaoMy CTYOEHTY
NIMYHO Ha YCTAHOBOYHOW CECCUM, HOMEpP BapunaHTa 3aaHund ykasaH B OnaHke.
[Mpumep BnaHka 3agaHMsa Ha KOHTPOSbHYO paboTy npueeaeH B npurn. 4.

2.1. OCHOBHbIE TeopeTUYeCcKue cBeaeHuUs
O HECUMMETPUN HaNpPsAXeHUU B TpexcasHbIX cuctemax

CornacHo [1], ypoBeHb 3NEKTPOMarHNTHOW COBMECTUMOCTU B CUCTEME
9IEKTPOCHABXEHNA — 3TO perfiameHTUPOBaHHbIA YPOBEHb KOHAYKTUBHOW
3I1IEKTPOMarHUTHOM NOMEXU, UCMOSb3yeMbl B KA4YeCTBE ONOPHOro Ansd Koop-
AVMHaUUM Mexay AOonyCTUMbIM YPOBHEM MOMEX, BHOCUMbIM TEXHUYECKUMMU
cpeacTBaMu rnonb3oBaTeneun 3rnekKTpUYecknx ceTen, u YypoBHeM nomex, BOC-
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NPUHMMAEMbIM TEXHUYECKMMWN CpeacTBaMW, MOLKMHOYEHHbIMU K dneKTpuye-
CKon ceTu, 6e3 HapyLleHUss NX HOpMarbHOro (pyHKUMOHMpPoBaHNA. KayecTBo
3IIEKTPUYECKON SHEPINN XapaKTepusyeT Mepy SNeKTPOMarHUTHOro BO34ew-
CTBUSI CUCTEMBbI dneKTpocHabxeHus Ha npuMbopsbl, annapaTbl, aNeKTpoobopy-
[OBaHWEe 4epe3 KOHAOYKTMBHbIE 3reKTPOMarHUTHbIE MOMEXW, pacnpocTpa-
HAKOWKWeCca No anekTpudeckon cetu. Takmm obpasom, KO xapakrepusyer
3JIEKTPOMarHUTHYI0 cpeay, B KOTOPOU (PYHKLMOHUPYET MOAKITHOYEHHOE K Hew
obopygoBaHue, U npeacTaBnsieT cobon CTeneHb COOTBETCTBUSA XapaKTepwu-
CTUK 3NEKTPUYECKON SHEPrUn B AAHHOW TOYKE SNEKTPUYECKOM CUCTEMbI CO-
BOKYMHOCTM HOPMUPOBaHHbIX NnokasaTtenen KO.

Mo onpegeneHnto Toro xe NOCT 32144-2013 [1], HeCMMMETpPUS Hanpsa-
XXEHUN — 3TO COCTOSAHME TpexdasHOM CUCTEMbI SHEProcHabXXeHnsa nepemeH-
HOro TOKa, B KOTOPOW cpedHeKkBagpaTUyeckMe 3HayeHUs OCHOBHbIX COCTaB-
NAWMX MeXaydasHbIX Hanps>keHUn unn yrnbl casura a3 Mexay OCHOB-
HbIMW COCTaBNALNMU MeXaydasHbIX HaNPsHKEHNN He paBHbl Mexay coboMn.
[Mpymep HeCUMMETPUYHOWN TpexdpasHON CUCTEMbI HaMNPs>KEeHUN NpuBeaeH Ha
puc. 2.1, a.

Kak un3BEeCTHO M3 Kypca 9NneKkTPOTEXHWKWU, INoOyId HECUMMETPUYHYIO
TpexdasHylo CUCTEMY MOXHO NpeacTaBUTb B BUAE CYMMbl TpeX CUMMET-
PUYHBIX CUCTEM — NPSIMON, OBpaTHOM U HyNeBOW NocnenoBaTeNlbHOCTU, Kak
nokasaHo Ha puc. 2.1. Takon meTo Nony4yms LLMPOKOEe NPUMEHEHME B Hayu-
HOW MpakTUKe U HOCUT Ha3BaHMe MeToa CUMMETPUYHbIX COCTaBMNAOLLMX.

Ha puc. 2.1, 6, npuBeaeHbl BEKTOPHbIE AnarpaMmmMbl TPEX CUMMETPUYHbIX
TpexdasHbIX CUCTEM:

1) cuctema nNpsiMoOM MocrefoBaTenbHOCTU - ee COCTaBMsT TPU BeKTopa —

L_JlA, U 1 U, nmerome oguHakosbin Moayrb (OnMHY) U COBUHYTbLIE ApYr OT-
HOCUTENBLHO Apyra Ha yron, pasHbli 120°. BekTop L_JlA, BpaLlascb NpPOTMB Ya-

COBOIA CTpenku, onepexaet Bektop Uy, a Bektop Uz onepexaet Bektop U .

MHbIMM crnioBamun, NOPSIAOK YepenoBaHUS BEKTOPOB B CUCTEME MPSAMON nocre-
A0BaTENbHOCTU NPSIMOM (TakoW >Ke, Kak U B UICXOQHON HECUMMETPUYHON CUCTE-
me): A-B-C. Cuctema npsimon nocrnegoBaTefibHOCTN ypaBHOBELLEHHAs, CyMMa
BEKTOPOB Tpex a3 paBHa HyIio;

2) cuctema oBpaTHOII NOCNeaoBaTeNbHOCTY — ee COCTaBnsAT BekTopbl U, ,
U,g 1 U,e. OHM TaK ke, KaK 1 B cUcTeMe NPsIMON MOCMeaoBaTenbHOCTH, UMEIoT

OOVHAaKOBYI ANMMHY WU CABUHYTbI APYr OTHOCUTENbLHO Apyra Ha Yrom, paBHbIv
120°. Ho yepenoBaHue a3 naet B obpatHom nopsigke: A—C-B. Npu BpaweHun

NPOTMB YacoBon cTpenku ocb 0-x cHavana nepecekaet Bektop U,, , 3aTem

sektop U,c, a 3aTem yxe Bektop U,g . CricTema oBpaTHoii nocneaosaTenbHo-
CTU Takke ypaBHOBELLEHHaA (T.€. CyMMa BEKTOPOB Tpex a3 paBHa HysHo);
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3) cuctema HyrneBow nocrnenoBaTenbHOCTUM — 0Opa3yeTcs BeKTopamu Uo A

Ugg 1 Uye, KOTOpbIE OAMHAKOBbI MO MOAYMIO M HanpaBreHuio (COHanpas-

J'IeHHbIe). Cuctema HyﬂeBOVI nocnegoBaTtesribHOCT CMMMETPUYHadA, HO He
ypaBHOBELUEHHAA.

a 6
Uza Uoa npsimasi
Ua AUjp obpaTtHas
HyneBsast
Uoa
\> ‘> Usg Uss |,
0A
U Uoc \\‘4
Uic Usg 1C Uszc
UlB

Uss

Puc. 2.1. PasnoxeHne HECUMMETPUYHON CUCTEMbI BEKTOPOB (Da3HbIX HanpsiKeHWn (a) Ha
CUMMETPUYHbIE cocTaBnsaowwme (6) npsimon, obpaTHOM N HYNEBOW NocrneaoBaTeNbHOCTEN

Ha puc. 2.1, a, rpaduyeckm nokasaHo, Kak npu noMoLiM CrOXeHUs oa-
HOMMEHHbIX BEKTOPOB HanpsiXeHUN Tpex nocriegoBaTenbHOCTEN (4N KaXXaou
drasbl) nonyyaetcs ncxogHad, HECUMMETPUYHAA CUCTEMA HaNPSXKEHWUMN.

B cooTtBeTcTBUM C [1], HECUMMETPUIO HaMpPsHKEHUN B Tpex(asHbIX CUCTe-
Max xapaktepusytoT criegytowme MNMK3:

* KOI(PPULUMEHT HECUMMETPUN HaNpPsXKEHWA Mo obpaTHOW nocnenoBa-
TenbHocTu Ky,;

* KO3(O(PUUMEHT HECMMMETPUM HaNpPsHKEHUA MO HyneBoW Mocnenosa-
TenbHoCcTn K.

[MooyepkHeM, 4TO OaHHble KOI(PPUUMEHTbI UMEKT CMbICT NUWb A
TpexdgasHbIX CUCTEM, eANHULIEN UX N3MEPEHNA ABMAIOTCS MPOLEHTHI.

ELe ogHuM BaXkHbIM 3aMeyaHneM SBisieTca TOT goakT, YTO CUCTEMa BEKTOPOB

MexaydasHbIX (MMHerHbIx) Hanpspkeruin Ugy , Upe, Ugg 3amkHyTa (cocTasns-

eTCA B TPeyrofibH1K), NO3TOMY HyrneBasi nocrneaoBaTenbHOCTb B HEW MPUCYTCT-
BOBaTb HE MOXET (M KoadpdpuumeHT Ky Ans Heé otcyTcTByeT/paBeH 0). B cBssu ¢
3TUM AN TpexdasHbIX ceTen HanpsbkeHnem Bbiwe 1 KB Hanbonblumin npakTu-
YeCKUA MHTepecC NpenCcTaBrisaloT BOMPOCHI pacyeTa U OUEHKU KoadhdpuuueHTa
HECUMMETPUM HanpskeHun no obpatHon nocnepoBaTtenbHOCTU (Kyp), Yemy u
OyaoeT nocesilleHa pacyeTHO-rpadnyeckas HYactb JaHHOW KOHTPOSTbHOM paboThl.
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2.1.1. lNpnynHblI NOABAEHNA HECUMMETPUN HaNPSHKEHNN
B Tp€xdrasHom cnucteme

HanoMHuM, 4TO HECUMMETPUA — 3TO BNEKTPOMArHMTHOE ABNeHNE, KOTopoe
ABNAETCH KOHOYKTUBHOMW 3NEKTPOMarHMTHOM NOMEXOU, T.e. OHa pacnpocTpa-
HAETCA MO NPOBOAHMKAM 3f1IEKTPUYECKON CETU U Yepe3 0OMOTKM TpaHCcdop-
MaTOpPOB N MOXET LEeNCTBOBATb B 9NEKTPUYECKMX CETSAX C pa3HbiMU 3Haye-
HUAMW HanpskeHus. Kak n Bce npoyne KOHAYKTMBHbIE 3SIEKTPOMarHUTHbIE
NOMEXU, HECUMMETPUA MOXET YXYALUTb Ka4yeCTBO (PYHKLMOHUPOBAHUSA YCT-
POWUCTB, 3NEKTPOYCTAaHOBOK UMM CUCTEM BMMOTb 40 UX NOBPEXOEHUSA.

N3MeHeHUs XxapaKTEPUCTUK HaMNPSXKEHNA INIEKTPONUTaHUA B TOYKE nepe-
[adn INeKTPUYEeCKON 3Hepruu norb3oBaTesito ANIEKTPUYECKON CeTu, OTHOCS-
LLINXCS K YacToTe, 3Ha4YeHUsM, popMe Hanps>KEHNA 1 CUMMETPUN HaMNPSKEHUIA
B TpexdasHbIX cuctemax anekTpocHabxeHusi, noapasgensoT Ha ABe KaTte-
ropum — NPOAOIHKUTENbHbIE N3MEHEHUSI XapaKTEPUCTUK HaMpPsHKeHUss U cny-
YanHble cobbiTna [1].

[MpooomkntTenbHble N3MEHEHUSI XapaKTEPUCTUK HaNPSXKEHNA 3MEKTPOnu-
TaHUs NpeacTaBnsalT CcoboM AnUTenNbHbIE OTKIOHEHUSI XapakKTepUCTUK Ha-
NPSKEHNA OT HOMMHASbHbLIX 3HA4YEeHUN N 0BYCnoOBMNEHbI, B OCHOBHOM, U3Me-
HEHUAMMW Harpy3Kku Unn BANSIHUEM HESTMHENHbIX Harpy3okK.

Cny4danHble cobblTna npeactaBnaoT cobon BHe3amnHble U 3HaYUTESbHbIE
N3MEHEHNSA (POPMbI HaMpPsHXKEeHUS, NPUBOAALLNE K OTKNOHEHUIO €ro napameTt-
POB OT HOMWHarbHbIX. [JaHHbIE U3MEHEHNA HaNpPsXKeHWsA, Kak npaBuio, Bbl-
3blBalOTCA HenpeackasyembiMu cobbITuaMM  (Hanpumep, MoBpeXAeHUsaIMU
obopyaoBaHus Nonb3oBaTensa ANeKTPUYeCcKon ceTn) UNu BHELWHNUMU BO3aEN-
CTBUAMU (Hanpumep, NoroaHLIMN YCROBUAMWU UMW OEUCTBUAMU CTOPOHbBI, HE
ABMAOLLENCA NONb30BaTENEM AIEKTPUYECKON CETH).

HecnmmeTpusa TpexdasHOW CUCTEMbI HanNpPsKeHUM OTHOCUTCSA K NMpoaon-
XUTENbHbIM U3MEHEHNAM XapaKTepuUCTUK HanpsbkeHnsa. OHa obycrnoBneHa
HECUMMETPUYHBIMU Harpyskamm notpebutenen 3MeKTPUYEeCcKON 3IHepruu
(BKMOYEHME B TpexdrasHyr CeTb HECUMMETPUYHbLIX HarpysoK, MoslyvaroLmx
nnTaHMe OT ogHOW unu AByX has TpexdasHom ceTn) U HECUMMETPUEN
aNeMeHTOB arnekTpuyeckon cetu [1]. ICTOYHMKOM HECUMMETPUN TakxKe S1B-
NATCA HECUMMETPUYHbBIE PEXUMbI, KOTOpble OBYyCNoBMEHbI TPeMs NpuUyu-
Hamu [2, 3]:

1) Heo4MHAKOBOWM Harpy3kon a3 35IEMeHTOB CEeTU, Bbl3biIBaeMon paboTomn
3MEKTPONPUEMHUKOB C HECTAbOMNbHOW Harpy3kon a3 (Hanpumep, Ayroeble U
cTanennaBuibHble NeYn) U ogHOMAasHbIX 3NEeKTPONPUEMHUKOB (OcBeLLeHME,
6biToBblIE MpPUMbBOPLI, O0aHOGAa3Hasi Harpyska 3neKTPOnoABMXHOIO cocTaBa
XenesHbIX Jopor U T.M.);
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2) HenonHocasHon paboTon NIMHUIA, BbI3BBAHHOW KPaTKOBPEMEHHbLIM OT-
KNntoYeHneM ogHoM M3 has NUHUM MpU KOPOTKUX 3aMblkaHUsX unu bonee
AOMrOBPEMEHHbLIM OTKITHOYEHMEM MpPU NoasHbIX PeMOHTaxX, HanmMyMem no-
NnepeYvHbIX peakTopoB He BO BCeX dpasax NIUHUM U T.N.;

3) HepaBeHCTBOM (hasHbIX NapamMeTpoB NUHUK, 0OYCNOBNEHHbIM pasnny-
HbIM pacrnosioXXeHMeM MpoBOAOB Ha orope. HecummeTpua Hanps>keHun, Bbl-
3BaHHas 3TUM (PaKTOpOM, Ha MOPSALOK MeEHbLUE NepBbIX ABYX, N YCTPaHAETCH
ans nuHnin 330+750 kB nytem TpaHcno3nuun npoBoaoB (NnoodepenHoe nsme-
HeHWe pacnosioXXeHWUsi NPOBOOOB Ha ornopax B nNpejesiax wara TpaHcnosmumm).

Ha npaktuke Hambonee 4acTton MPUYMHOM HECUMMETPUN HaNPSIKEHUN
ABIISIETCA HEPaBEHCTBO TOKOBbIX HArpy3ok gas.

2.1.2. NocnegctBus BIINAHUA HECUMMETPUM HANPSHKEHUI
Ha paboTy 3NeKTponpUeMHUNKOB

KauyecTBO anekTpoaHeprnnm HenocpencTBEHHO CBA3AHO C 3KOHOMWYHO-
CTblO MPOM3BOACTBA, NOCKOSIbKY OTKNOHEHUS KO OoT HOMUHAarMbHbIX NPUBO-
OAT K CHUXKEHUI KOIPPMLMEHTOB MOME3HOro 4enUCcTBuUs, MOLLHOCTU, NPOoun3-
BOOAUTENbHOCTU, CPOKa Cnybbl W Opyrux rnokasaTtenen noTpebutenewn
AneKkTpoaHeprum [2—4]. Opyrum oTpaxeHMeM KadecTBa 3JIEKTPOIHEPIUN AB-
naeTcs ero BNMsSHME Ha cam npeaMeT Npou3BOACTBA, T.€. HA KayecTBO
npoaykunun. [1IencTBUTENbHO, OTKINOHEHWE NoKa3aTeneun KayecTsa 3Heprum ot
HOMWHarnbHbIX BedeT HEenoCpeACTBEHHO K HapyLeHU0 TeXHONOrm4yecKux
npoueccoB (06paboTkn, NnpokaTa, ranbBaHM3auum, Harpesa 1 T. Mn.).

CHmKeHe Ka4vecCTBa 3MeKTPUYECKON IHEprnn MOoXeT NpuBOAUTb K psagy
HeraTMBHbIX MOCNEACTBUA TEXHOMOMMYECKOro MU 3SIEKTPOMarHMTHOrO Xxapak-
Tepa. B obuwem cny4vae [3], oTpyuaTernibHoe BIIUSIHUE 3MEKTPUYECKON SHEPrnn
HWU3KOro Ka4yecTBa MpPOoABNAETCS B CNneayrLLnx acrnekrax:

* yBenuyeHue NnoTepb akTMBHOW MOLLHOCTU U 3NEKTPUYECKON SHEpruu;

* HeBbINOSTHEHME NACNOPTHLIX XapakTepUCTUK 3NeKTPoobopyaoBaHUS;

e COKpaLLeHMe CpoKa Crnyxbbl anekTpoobopynoBaHuUS;

* yBenMyeHne KanntasbHbIX BIOXKEHUN B 3NIEKTPUYECKYIO CUCTEMY;

® HapylwleHMe HOopMaribHOro xoda TEeXHONOorMyeckmx MnpoLeccoB noTpe-
butenen.

Kak n3BecTtHO, OCHOBHOW Harpy3kom B 9N1EKTPUYECKUX CUCTEMAX ABNAKOTCS
areKkTpuyeckme apuratenu, oonsa Kotopblix coctaeBnseT 60% Bcen Harpysku
cUCcTeM anekTpocHabxeHusi. B aTon cBs3WM, 0cob0 BbIAENSAT HeratmBHoe
BNUSHNE HECUMMETPUN HaNPsHKEHUA Ha paboTy SNEeKTPUYECKMX MalUWnH ne-
peMeHHOro Toka. B aTom cnyyae B 3neKkTpuyecKknx malinmHax nepemMeHHOro
TOKa BO3HMKAKOT MarHUTHbIe MOfs, BpallaroLlmneca He TOSTbKO C CUMHXPOHHOW
CKOPOCTbIO B HarnpasfeHnn BpalleHUs poTopa, HO U B MPOTUBOMONOXHOM
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HarnpasBfieHMN C YOBOEHHOW CUMHXPOHHOW CKOpOCTbio. B pesynbraTe aToro
BO3HMKAET TOPMO3HOM 3NIEKTPOMArHUTHbIN MOMEHT, a Takke AOMNOSHUTENb-
HbI HarpeB aKTMBHbIX YacTEN MaLUMHBbI, FNaBHbiM 00pa3oM, poTopa, 3a cYeT
TOKOB [OBOWMHOM 4acTOTbl. [JONOMAHUTENBbHbBIN HarpeB 3MEKTPUYECKNX MalLWH
BbIHY>XXOAET CHWXKAaTb UX pacrnonaraemyt MOLWHOCTb, YTOObl COXpaHUTb HOP-
MWPOBAHHbIA CPOK CITy>KObl.

[Mpy BO3HMKHOBEHUN HECUMMETPUM B CUHXPOHHbLIX MaLUMHaX Hapsagy C
BO3HWKHOBEHWEM [OOMOJSTHUTENbLHLIX MOTEPb M HArpeBoM cTaTtopa U poTopa
MOryT BO3HMKaTb OrnacHble BMOpauun B pesyrnbTaTte NosiIBIEHNS 3HaKonepe-
MEHHbIX Bpallalowmx MOMEHTOB U TaHreHuuasnbHbIX CUM, NyNbCUPYHOLLNX C
ABOMHOMN YacToTon ceTu. [pn 3Ha4YnMTENbHON HECUMMETPUN BUBpaLUs MOXET
oKasaTbCsl OonacHoW, B OCOOEHHOCTU MpU HeOOCTaTOYHOW MPOYHOCTU UMK
HanNM4Mn gedeKToB CBapPHbIX COeaANHEHUN [2].

[Mpn paboTte anekTpoobopyaoBaHUS B HOMWHANIbHOM pPeXMUMe LOMOSHU-
TenbHbIE NOTEPU HECUMMETPUN HaNPsHKEHUN NPUBOAAT K NeperpeBy TOKOBeE-
AyLWMX YacTen Bbilwe gonyctumon TemnepaTtypbl. K npumepy, npu pabote
anekTpoasuratensa ¢ HOMUHanNbHbLIM BpallaloWLMM MOMEHTOM U KO3 ULK-
€HTOM HECUMMETPUUN HanpsXKeHnn no obpaTHOW nocrneaoBaTenbHOCTU, paB-
HOM 4%, CpOK Crny>bbl ero cokpallaeTcsi NPMMEPHO B 2 pasa TOSIbKO 3a cYeT
AOMNONHUTENbHOro Harpesa. K noBbilleHO TemnepaTypbl BECbMa YyBCTBU-
TenbHa U309una 0BMOTOK, CPOK CITy>KObl KOTOPOW CYLLLIECTBEHHO CHMXaETCS.

KoHaeHcaTopHble YCTAHOBKM MPU HECUMMETPUN HarpsiKeHUN HepaBHO-
MEPHO 3arpyatoTcs peakTMBHOW MOLLHOCTbIO Mo doasam, YTO AernaeT He-
BO3MOXHbIM MOJSIHOE WCMNOJSIb30BaHWE YCTAHOBMIEHHOW KOHOEHCAaTOPHOW
MOLLHOCTN. Kpome TOro, KOHAEHCaTOpPHbIE YCTAaHOBKM B 3TOM Cryyae ycunu-
BalOT YXe CYLIEeCTBYHOLLUYD HECUMMMETPUID, TaK KaK Bblgaya peakTUBHOW
MOLLIHOCTW B CETb B da3e C HaMMEHbLLNM HanpsikeHnem byaeT MeHbLLE, YEM B
ocTanbHbIX (hasax (NMpPonopLUNOHaNbLHO KBaapaTy HanpskeHUa Ha KOHAEeHca-
TOPHOW YyCTaHOBKeE).

HecnmmeTpus HanpsKeHU He OKasbiBaeT 3aMETHOro BNIMSIHUA Ha paboTy
BO34YLUHbIX M KabenbHbIX IMHNIA, HO CPOK CIYXObl 060PYyA0BaHNS 3TUX NINHUN
MOXEeT CYLLECTBEHHO CHU3UTBLCS.

Mpn nossrneHun B TpexdasHom cetn 380 B HanpsikeHna HyneBowu no-
criefoBaTesIbHOCTU YXyALaTca peXuMbl 0gHOda3HbIX 31EKTPONPUEMHUKOB.
Tokn HyneBoW nocnenoBaTesibHOCTU MOCTOAHHO MPOTEKalT Yepes3 3aseM-
NUTENN U 3HAYUTESNIbHO BbICYLUMBAKOT FPYHT, YBENMYMBAA COMNPOTUBIEHUE
3a3eMnALWNX YCTPOMUCTB. OTO MOXeT ObITb HegonycTumMo Anga paboTtbl pe-
NEenHOoN 3alUnTbl, U3-3a YCUIeHNa BO34ENCTBUA TOKOB HyneBOW nocrnenosa-
TENIbHOCTM Ha HWU3KOYaCTOTHble YCTaHOBKM CBA3W. [1py NOSIBNEHUMM TOKOB
HyfieBOM MocriefoBaTesibHOCTU YBENUYMBaKOTCA CyMMapHble TOKM B OT-
AenbHbIX hasax ceTu.
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HecnmmeTpusa HanpsKeHWn 3HauuTenbHO BIIMAET W Ha ofHOasHble
3MEeKTpPoNpPUEMHUKN. Tak, K TpuMepy, ecrnm goasHble HanpsPKeEHNs He paBHbI, TO
namnbl HakanMBaHWs, NOOKIOYEHHbIE K dda3e ¢ BGornee BbICOKMM Hanpske-
HMEM, UMelT OOoNbLIMKA CBETOBOM MOTOK, HO 3HAYUTESNTbHO MEHbLLUMK CPOK
Ccnyxbbl N0 CpaBHEHUO C Nnamnamu, NOOKIYEHHbIMU K dase C MEeHbLUUM
HanpspkeHneMm. HecummeTpusi HanpskeHUn YCRoXHSeT paboTy perienHon
3aWmThl, BeeT K owmnbkam npu paboTte CHETUYMKOB INEKTPOIHEPrUM U T.4.,
MO3TOMY HECUMMETPUIO HEOBXOANUMO BbISIBASATE U YMEHbLUATb.

2.1.3. MeponpuaTus N0 YMeHbLLIEHWNIO HECUMMETPUMN HaMNPSKEHUN

B HacTosLee BpemMa cymmapHas Harpyska oTaenbHbIX NpeanpuaTum co-
aepxnt 85...90 % HeCMMMETPUYHON Harpysku, NO3TOMY KpanHe Heobxoanumo
CBOEBPEMEHHO MPUMEHATb Mepbl MO BbISBIEHUID, OUEHKE U YMEHbLLUEHWUIO
HECUMMETPUN HaNPSXKEHNIA.

YMEHbLUEHNA HECUMMETPUM MOXHO SOOUTBLCA creayowmmMm nyTamm [2—4]:

® CHWXEHWEM COMPOTUBIIEHUS CETU TOKaM OBpaTHOW W HyneBon nocre-
[0BaTENbHOCTEN U CHUMXXEHMEM 3HAYEeHUW caMmxX ITUX TOKOB (NyTem Bblae-
NEeHUss CUMMETPUYHBIX U HECUMMETPUYHbIX Harpy3ok Ha OTAerlbHble TpaHC-
doopmaTopbl, UCMONb30BaHWE Ha TpaHcdopmaTopax LYHTOBbLIX CUMMETPU-
PYIOLLNX YCTPOUCTB, MnepepacnpegesieHne MOLLHOCTEN KOMMEHCUPYHOLLMNX
YCTPOWCTB Mo paszam ceTu Tak, YToBbl KOMMNEHCMPOBATbL TOKM OBpaTHOM no-
cnefoBaTenbHOCTU U T.4.);

* CUMMETpUpOBaHMEM OOHOMA3HOW Harpy3ku: 1) nytem npuMeHeHus
CXEeMHbIX peLleHur Mo nepepacnpeneneHnto ogHoMasHON Harpyskm mexagy
dpazamMn NUHUM 3nekTpornepenadn, T.e. BKINIOYEHMEe Harpy3ok B CETb Takum
o6pa3oM, YTOBbl HECUMMETPUYHOCTb MX ANEKTPONOTPEBNEHMS B3aUMHO KOM-
neHcupoBanach; 2) NyTemM UCNOSIb30BaHUSA CXEM BKITHOYEHUS Ha OCTaBLUMECS
drasbl peakTopoB U KoHAeHcaTopHbIX 6aTtapen (cxema LTenHmeTua) [3];

® LCMONb30BaHNEM Pa3fNUYHbIX CUMMETPUPYIOLWNX YCTPOMUCTB: 1) He-
CUMMETPUYHOE BKNOYeHne GaTtapen KOHOEHCATopoB; 2) MUCMOfb30BaHWE B
MecCTe NOoAKITIoYEeHNA OAHOGa3HOW Harpy3ku crneumanbHbIX CUMMETPUPYHOLLNX
YCTPOWCTB, BKNIOYalLWwmx B ceba KoHaeHcaTop 1 peaktop; 3) B criyyae Bpe-
MEHHOro Hernpeackasyemoro xapakrepa HeCMMMeTpUM B CeTU — NMPpUMEHeHne
aBTOMATUYECKUX CUMMETPUPYHOLLNX YCTPOUCTB.

OTmMeTnM, 4YTO BbLIDOP KOHKPETHOrO MEpPOMpPUATUS MO YMEHbLUEHU He-
CUMMETPUUN HaNpPSPKEHNIN Ha NpaKTUKe onpenenseTcs TEXHUKO-3KOHOMUYECKUM
obocHoBaHMeM, Tak Kak 3agada obecnevyeHns OMC B LernomMm CTaBUT CBOEN
KOHEYHOWN LIEeSTbH0 CHKEHWE NEKTPOMAarHUTHbLIX NOMEX He 0 HYNEeBOro YPOBHS
(MOCKONbKY, 3a4acTyto, 9TO CIIMLLKOM 3aTpaTHO), a 40 NpPUeMsIEMOoro, HopMu-
pPyEMOro ypOBHS.
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2.1.4. HopMmupoBaHue 1 pacyeT HECUMMETPUU HaNPSXKEHUN

B HacTosiwee Bpems B PO HopmaTmBHO-NpaBoBas 6a3a no Bonpocam Ka-
YecTBa 3NEKTPUYECKON 3HEPrMM HaxoauTca B cTagum pedopmMmpoBaHna u”
npuBeeHUs B eANHOe COOTBETCTBUE C CUCTEMOW €BPOMNENCKUX CTaH4ApPTOB.
[pynny ctaHgapToB 06beanHAeT obLlee Ha3BaHWe «AIieKTpuyeckasi SHeprus.
CoBMECTUMOCTb TEXHUYECKUX cpeacTB anektpomarHutHas» [5]. MTOCThi,
BXOASLLMEe B 3Ty rpynny, no aHanormm ¢ eBponenckuMn OJOKyMeHTamu, pas-
HeceHbl Mo cregyowemy npuHumny — camu NK3 1 nx HopmMbl NpuBeaEHbI B
ogHux NOCTax [1], MeToabl X N3MEPEHU 1 pacyeTa — B Apyrux [6], Tpebo-
BaHWUS K CpeCTBaM U3MEPEHNSA — B TPETbUX.

[MokasaTenu n HOpMbl KadecTBa 3MEKTPUYECKON IHEPrnn B TOYKax ne-
pedayn 9rfeKkTpUYECKOM SHEeprum nonb3oBaTeNnsM 3NEeKTPUYECKUX CeTen
HWU3KOro, CpefHEro M BbICOKOrO HanpsiKeHUst CUCTEM 3NEKTPOCHaBXeHUs
obuiero HasHayeHUsa nepemMeHHoro Toka 4Yactoton 50 U npuBeOeHbl B
FOCT 32144-2013 [1]. ns paccmaTpmMBaeMbIX B KOHTpONbHOM paboTte MK
B [OCTe ycTtaHoBneHbl cnegyowmne Hopmbl [1]:

e 3HaYeHUs KOI(PEPMUMEHTOB HECUMMETPUN HAMpPsSPKEHUA NO obpaTHOM
nocnegoBaTenbHOCTM Ky, U HECUMMETPUN HAMNPSXKEHUA MO HYNEBOW nocrie-
aoBaTenbHOCTU Ko B TOYKE nepenayvmn 351eKTpUYeCcKon SHeprum, ycpeaHeHHble
B MHTepBane spemeHn 10 MUH, He OOMKHbI NpeBbiWwaTb 2% B TeyeHne 95%
BPEMEHU MHTepBana B OfHY HeOento;

e 3Ha4yeHNa KOI(PPUUMEHTOB HECMMMETPUM HaNPsSKEHUM MO OoOpaTHOM
nocnegoBaTenbHOCTU Ky, U HECUMMETPUN HaMNPS>XKeHUN Mo HyNeBoW nocrie-
aoBaTenbHoCTU Ko B TOYKE nepenayvmn a51eKTpU4eCcKon SHeprum, ycpegHeHHble
B nHTepBane sBpemeHn 10 M1H, He OOMKHbI NnpeBbiwaTh 4 % B TeyeHne 100 %
BPEMEHU MHTepBana B OfHY HeJernto.

Taknm obpasom, oueHka cooTBeTCcTBUA KD yKkaszaHHbIM B [1] HOpMam npo-
N3BOOMUTCH B TeYEeHWe pacyeTHoro nepuoga, pasHoro 1 Hegene (10080 mMuHyT),
npuyemM 3amepsbl 1 pacyeTbl yepeaHsTcsa 3a 10 MUHYT.

CtaHgapToM ycTaHaBnuBalTCA ABa BUAa HOPM — HOpMaribHO OOMycTu-
Mble U npegenbHo gonyctumble 3HadveHna (HOA3 u MNO3 cooTBETCTBEHHO).
OTMeTUM, YTO Takme HasBaHWUS UCMOMb30Basniocb Ansi 0603Ha4YeHUs HOPM B
npegblaywmnx nsgaHuax FOCToB No kayecTBY ANEKTPUYECKON SHEPTUK, HO B
HacTosiwem FOCT 32144-2013 Takas abbpeBuaTtypa yxe He Ucnonb3yeTcs.
[ns 6onee ACHOro NOHMMaHUS CNOXHOIO A3blka HOPMAaTUBHOW AOKYMEHTaLun
B y4eBHbIX Liensix BOCnonb3yemcsi 3Ton abbpeBmnatypon Ansa nyyero noHu-
MaHUs MexaHu3ma oueHku MNK3.

KayecTBO anekTpuyeckom aHeprum no KodpdpuumeHTam HecummeTpumn
no obpatHon (Ky,) n Hyneson (Kyo) nocrnegosartenbHocTaAM 6yaeTr cuu-
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TaTbCA YOOBMETBOPUTENbHBIM MNPU OLHOBPEMEHHOM CObNAEHUN Cchne-
AYHOLWKUX YCNOBUN:

1) B TeyeHre 95% BpemeHu namepeHun (9576 muH) 3HayveHus NKS Ha-
X0OATCA B HOpMasribHO A0NyCTUMbIX npegenax (3HaveHna Ky, n Kyo MeHbLue
HO3, paBHOro 2%, MHbIMK CroBamMu, HAXoOAATCA B npegenax ot Hyns Ao 2%);

2) octanbHoe Bpems 3amepa (5% o1 Hegenu unu 504 MUHYTbI) 3HAYEHUN
KO3 PUUMEHTOB MOryT 6bITb 6onblue HO3, HO MeHbLue MN03, nHbIMK crnoBamu,
HaxoaaTcsa B npedenax ot 2 4o 4%.

[Mpn HeBbINONHEHNN OOHOrO M3 ycrnoBun, KO cumMtaeTcs HeyaoBneTBOpU-
TenbHbIM, U Janee crefyeT npouenypa HaducneHus wrpadHbiXx HagbaBok
BUHOBHMKY 3a MOHWXEHHOE Ka4eCTBO 3SIEKTPOSHEPrMn Mo paccmaTpnBaeMomy
nokasaTento KayecTBa JIEKTPOIHEPrumn, YTO ByaeT pacCMOTPEHO farnee.

Takum obpa3oM, He4OCTaTOYHO 3HaTb TOMNbKO 3HaveHue MNMK3. [ns oueHkn
KO Heobxoamnmo 3HaTb, Kak 4osiro aHavyeHuns NKS Haxogmnuceb B TEX UK UHbIX
npeaenax.

Cdopmynmpyem OCHOBHbIE MOMOXEHUs, HeobxoauMble ONSA OLEHKU Ka-
YecTBa ANEKTPUYECKON SHEPTUN MO HECUMMETPUM HaNPSHIKEHWUIA:

1) nokasatenn kKayecTBa 3SIEKTPUYECKOW 3HEeprum no HecUuMMeTpun Ha-
NPSYKEHUN ONPeaeNIATCA Kak 3Ha4eHNH 3a pacHeTHbIN Nepuos BpeMeHu (CyTKuM);

2) HOpManbHO AONYCTMMOE W NpedesibHO AOMNYyCTUMOE 3HadYeHust obomx
KO3 (PULMEHTOB HECUMMETPUN HAMPSHKEHUN paBHbl COOTBETCTBEHHO 2,0 U
4,0%;

3) HOpMbI Ha KO3MUUMEHT HECUMMETPUN HaNpPsXXeHMn no obpaTHoum
nocnepoBaTenbHocTh (Ky,) 0AMHaKoBbI ANs ceTen nobbiX HanpsiXkKeHUn;

4) KOIPPUUNEHT HECUMMETPUMN HaMNPsSPKEHUA MO HYNEBOW nocnenosa-
TenbHoCcTU (Kyp) MMeeT CMbICI TOMbKO AN1S1 YeTbIPEXNPOBOAHbLIX 3rIeKTpuye-
ckmx ceten 0,4 kB;

5) AN OUEHKU COOTBETCTBUA TpeboBaHWAM HOPMATMBHbLIX OOKYMEHTOB
HeobXO0OUMO MOMUMO YMCIIEHHbIX 3HaveHun [1K3O 3HaTb AOnUTENbHOCTb
(Bpems) HaxoxaeHua MNK3 B gonyctumbix npeaenax.

PaccmoTpum TexHomornio pacyeta M aHanu3a KospdpuumeHTa Hecum-
METPUM HanpsKeHUn No obpaTHON NOCneaoBaTeNbHOCTM AN NPUHATUSA pe-
LUEHMS O COOTBETCTBUM KayecTBa 3NeKTpuyeckon aHeprum rno atomy [1KO
TpeboBaHuam (OCTa [1, 6].

CornacHo [6] pac4éT koadhduumeHTa HeCMMMETPUM HanpsXKeHnn no ob-
paTHoOM nocnegoBatenbHOCTU Ky, %, NPON3BOAAT NO BblpaXeHUto

Ky, = 22100, 2.1)
1
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roe U, — HanpshkeHne obpaTHOW nocnegosartenbHocTu, B; U, — HanpsxeHne
npsiMon nocregoBartenibHOCTH, B.

3agada onpegeneHust HanpskeHun npaMon u obpaTHOW nocnenosa-
TENbHOCTU [0CTAaTOMHO MNPOCTO pelaeTcsa Mnpu Hanuyum COBPEMEHHbIX
CpeacTB U3MePUTENbHOM U BbIMUCNUTESNTIBHON TEXHUKWU, HO OTNNYaeTCs 3Ha-
YMTENbHbIM O0OBbEMOM OAHOTUMHLIX BbIYUCNEHUIW, KOTOPblE MalluMHa npoae-
nbiBaeT 6bICTPO. B pamkax gaHHOM KOHTPOSbHOM paboThbl BBEAEM CreayloLlme
AO0MyWeHns, KOTopble NMOMOryT HaMm, HE MEHSISI CYyTU pellaeMon 3agayun, 3Ha-
YMTESIbHO COKPaTUTb 0ObEM NPON3BOAUMBIX BbIYNUCITIEHUN.

HanpshkeHne obpaTHom nocnegosatensHocTu U,, B, ona kaxgoro i-ro
HaONIAEHUS BblYMCIIIEM MO NPUBAMKEHHON ddopMyne:

Ui = 0,62 (Uusi — Unmi), (2.2)

roe Ugei, Uuwi — Hanbonbluee n HauMeHbLLee OeNCTBYIOLWMNE 3HAaYEHUS U3 TPEX
MexaydasHblX (JIMHENHLIX) HANPSPKEHUW OCHOBHOW 4acTOThbl B i-M Habnwoge-
Hun, B.

[Mpn aTOM OTHOCUTESbHAsA MOrpeLHOCTb onpenenennsa Kyy no ynpoLlex-
Hon doopmyne (2.2), He npeBbiwaeT 8% no cpaBHEHNO C POPMYISION, YYUTbI-
BatoLLEen BCe TPU JIMHENHbIX HaMpPsXXeHWs, Kak 9TO 3anucaHo B [6].

Hanee ponyckaeTtcs BbMUCHATb Ky, %, A8 KaXgoro i-ro HabnwogeHus no
ynpoLieHHon copmyre:

U,
Ko = U#-100, (2.3)

HOM Mdd

rae Upom g — HOMUHAmMbHOE 3HayeHne MexaydasHoro (nMHenHoro) Hanps-
»XeHus, B.

[Mpn aTOM OTHOCUTESIbHAA MOrpewHocTb onpeaenieHna Ky, € MCnomnb3o-
BaHueM copmyrsbl (2.3) BMecTto popmyrnbl (2.1) YACNEHHO paBHa 3HAYEHUIO
OTKINOHEHUS HanpsaXXeHna NpaMon nocrnegosarteribHoCcTH Uyj OT HOMUHAIIbHOro
mexaydasHoro HanpskeHUss U,om we. Kak npasuno, 31o 3HayeHue B 6onb-
LUMHCTBE criydaeB MmeHee 5%, 4TO yaoBneTBoOpsieT TpebyemMon UHXEHEPHON
TOYHOCTW NPU BbINOSTHEHUM KOHTPOSIbHOM paboThl.

PaccmoTpum npumep pacyeTa KoadpuumeHTa HeCUMMETPUN HaNPS>KEHNN
no obpaTtHon nocnegosaTenbHOCTN Ky, ANs NoaCcTaHUUMM NEPEMEHHOIO TOKa.
OroBopumMmcs cpasy, YTO B KayecTBe npumepa C Lenblo yMeHblleHns obbema
Bbl4MCNEHMA Mbl ByaemMm paccmaTtpuBaTb MHTEpBan BpeMeHW HabnogeHun,
3HauMTENbHO oTnuyarwwmmnca ot TpebosaHun FOCT 32144-2013. NogobHoe
aonyuweHne uenecoobpasHo B y4eOHbIX LensX U He MeHseT CyTU Npou3BO-
AUMbBIX NP 3TOM PacyeToB.
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Mpumep 2.1. [na noactaHumMm NepemMeHHOro Toka 6binn Npou3BedeHbl
3amepbl MexaydasHblx HanpskeHnn Ha wunHax 110 kB 3a Bpema Habnwoge-
HWUR, paBHoe 24 MnHyTaMm. 1o pesynbTatam 3TUX 3aMepoB, NPeACTaBEHHbIX B
Tabn. 2.1, TpebyeTcs:

1) onpenenntb 3Ha4YeHne KoaPUUMEHTa HECUMMETPUN HANPSXKEHUIN MO
obpaTHOM NocnegoBaTeNbHOCTM B KaXKAoM i-M 3amepe Ky, j;

2) HaWTK cpefHee 3a Bpems HabnogeHun 3HadeHne Kyze, U B NMepBoM
MPUBNMXKEHUN NPOU3BECTU OLIEHKY COOTBETCTBUA 3HadeHusa Ky, TpeboBsa-
Husam TOCT 32144-2013.

Tabnuua 2.1 — Pe3ynbTaTbl 3aMepPOB HaNPs>KEHUN Ha LWWNMHaX NOACTaHLUN

Homep 3amepa YcpeaHeHHoe 3H§1ngme
i = Bpewms 3amepa MexaydasHblX HanpsXXeHun B i-m 3amepe, kKB
Uagi Usci Ucai
1 01:00 110,0 112,0 111,4
2 02:00 112,5 112,2 111.,4
3 03:00 110,4 109,1 112,0
4 04:00 112,0 112,4 114,1
5 05:00 111,3 112,3 110,9
6 06:00 110,0 114,0 110,8
7 07:00 111,6 114,0 112,0
8 08:00 110,5 112,0 112,4
9 09:00 114,0 113,0 112,4
10 10:00 111,8 114,0 108,0
11 11:00 112,8 112,0 110,9
12 12:00 112,0 113,0 110,0
13 13:00 1145 111,5 107,0
14 14:00 111,3 112,3 110,3
15 15:00 114,2 114,2 110,7
16 16:00 117,0 115,0 113,0
17 17:00 112,4 115,0 109,9
18 18:00 116,9 115,0 110,0
19 19:00 114,2 112,4 112,0
20 20:00 110,0 111,4 105,0
21 21:00 110,0 112,4 108,0
22 22:00 114,3 111,0 110,0
23 23:00 109,5 111,0 108,0
24 24:00 114,2 111,0 109,0

PeweHue

Pacuet 6ygem Bectn no npubnuxeHHbIM cdopmynam (2.2) n (2.3).
CHavana onpefenum Hanbonblee N HauMeHblLee AEeNCTBYOLWMNE 3HaYe-
HUA HaNpsXXeHNN U3 Tpex MexaydasHbix HanpsaXeHni OCHOBHOM YacToThbl B
Kaxxgom I-m HabnogeHun U,g, U,,,. Tak, B nepsom 3amepe (01 mmH 00 cek)
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N3 Tpex 3HadeHuUm Upgi-1 = 110,0 kB, Ugciz1 = 112,0 KB 1 Ucpi=; = 111,4 kB
Bbloupaem U,g-; = 112,0 kB, U, =1 = 110,0 kB, pesynbTaTbl 3aHecem B
Tabn. 2.2.

Tabnuua 2.2 — PesynbTaThl pacyeTta Ky, Ha wunHax 110 kB noactaHuum

;(;AMGZF; 3HayeHve mexaydasHblX HanpsXXeHun, KB Usscris | Usni | Uz Kua .
i = Uasi Usci Ucai kB kB kB %
1 110,0 112,0 111,4 112,0 | 1100 | 1,24 | 1,13
2 112,5 112,2 111,4 112,5 111,4 0,68 0,62
3 110,4 109,1 112,0 112,0 | 109,12 | 1,80 | 1,63
4 112,0 112,4 1141 1141 | 1120 | 1,30 | 1,18
5 111,3 112,3 110,9 112,3 | 1109 | 0,87 | 0,78
6 110,0 114,0 110,8 114,0 | 1100 | 2,48 | 2,26
7 111,6 114,0 112,0 114,0 111,6 1,49 1,35
8 110,5 112,0 112,4 112,4 | 1105 | 1,18 | 1,07
9 114,0 113,0 112,4 114,0 112,4 0,99 0,90
10 111,8 114,0 108,0 114,0 | 108,0 | 3,72 | 3,38
11 112,8 112,0 110,9 112,8 | 1109 | 1,18 | 1,07
12 112,0 113,0 110,0 113,0 | 1100 | 1,86 | 1,69
13 1145 1115 107,0 1145 | 107,0 | 4,65 | 4,22
14 111,3 112,3 110,3 112,3 110,3 1,24 1,13
15 114,2 114,2 110,7 114,2 | 110,7 | 2,17 | 1,98
16 117,0 115,0 113,0 117,0 113,0 2,48 2,26
17 112,4 115,0 109,9 115,0 | 109,9 | 3,16 | 2,88
18 116,9 115,0 110,0 116,9 | 110,0 | 4,28 | 3,89
19 114,2 112,4 112,0 114,2 112,0 1,36 1,24
20 110,0 111,4 105,0 111,4 | 105,0 | 3,97 | 3,61
21 110,0 112,4 108,0 112,4 | 108,0 | 2,73 | 2,48
22 114,3 111,0 110,0 114,3 | 110,0 | 2,67 | 2,43
23 109,5 111,0 108,0 111,0 | 108,0 | 1,86 | 1,69
24 114,2 111,0 109,0 114,2 109,0 3,22 2,9

Kuzep | 2,24

3aTtem no dopmyne (2.2) onpeaennm OenNCTBYHOLLEE 3HAYEHME Hanpsixe-
HMS obpaTHOM NnocneaoBaTENbHOCTU OCHOBHOW 4acToTbl TpexdasHom cuc-
TEeMbl HanpsbKeHnn B i-m HabnogeHmn U,. PacyeT cpasy 6yaem npomM3BoanTb B
KMnosonbTax, Ang nepBoro HabnaeHns nonyyaem
U,=; = 0,62 - (112 — 110) = 1,24 kB.
Onpegenum Ky, =1 B nepBoM HabntogeHuum no opmyne (2.3).

Kup. . = _ Y2 100124 400-1,13%.
= HOM_Md 110
AHanornyHbiM obpasomM paccumtaem 3HadveHunsa Ky, Ans oCTaBLUMXCA W3-

MepEeHNn 1 NpeacTaBuM pes3ynbTaThbl B BUge tabn. 2.2.
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[anee onpegenum cpeaHee 3Ha4YeHUE Koadh(PUUMEHTA HeCUMMETPUU
HanpshXeHnn no obpaTHon nocnegoBaTenbHOCTN Ky, B NPOLIEHTaX Kak pe-
3ynbTaT ycpeaHeHus N HabnogeHnn Ky, no popmyne:

(2.4)

B paccmaTpuBaeMom HaMmu npumMepe Ha MHTepBarne BpeMeHn 24 MUHYThI
domMKcMpoBanncb yCpeaHEHHbIEe 3a Kaxayt MUHYTY 3HadeHunsa Ky, noaTtomy
N = 24,

BbiBoA. [lonyyeHHoe B pesynbTaTe pacyeTta rno gopmyne (2.4) 3HayeHue
Kuzep cOCTaBUNo 2,24%, 4YTO npesblllaeT HOpManbHO JONYCTUMOE 3Ha4YeHue,
paBHoe 2%, crnegoBaTesibHO, He0BX0AMMO NPeayCMOTPETb MEPONPUATUS NO
CHWXEHWNIO HECUMMETPUM HanpskeHu. CkasaTb O4HO3HAYHO, y4OBNETBOPU-
TeNnbHOE SN Ka4eCTBO 3JIEKTPUYECKOM SHeprum no paccmatpmsaemomy 1K
Hemnb3s, TaK Kak COrfmacHoO HOPMaTUBHbLIM JOKYMEHTamM MOMMMO CamMoro 3Ha-
yeHna MNKO Heobxoammo 3HaTb BpeMmsi Bbixoda KO 3a HopmanbHO M npe-
AenbHO OOoMyCTUMbIE 3HAYEHUS 3a BCHO ASIMTENBbHOCTb HAbMOOEHUS, @ HaMm
9TO HEN3BECTHO, TaK KaK B pamMKax 3agavn Mbl 3TO HE paccyMTbiBasnu.

[nsi OKOH4YaTenbHOro MNPUHATUSA peLleHNs O COOTBETCTBUM paccMaTpu-
Baemoro K3 TpeboBaHnaM cTaHgapTa, HeO6X0OMMO HaWTU BpeMSA BbIXOOa
3HayeHnn K3 3a Hopmupyemble npegenbl. Bpemsa Bbixoga MNK3 3a HO3
NPUHATO HasbiBaTb T3, @ BpeMsa Bbixoaa 3a 143 — T,. B Bonpocax kayecTtsa
3IIEKTPUYECKON SHEPrun NPUHATO onpenenatb T; n T, No CTaTUCTUYECKUM
(MHTerpanbHbIM) XapakTepUcTUKaM.

N3mMeHeHns napameTpoB 3SIEKTPUYECKOM CeTu, MOLLHOCTU W Xapaktepa
Harpyskn BO BpeMEHU ABNAKTCA OCHOBHOMW NPUYMHON nameHeHuna NK3. Taknm
obpasom, K3 — 370 BenU4YMHbI criydamHble U UX n3MepeHuns n obpaboTtka
AOSMKHbI 6a3npyloTcs Ha BEPOSTHOCTHO-CTAaTUCTUYECKNX MeTodax. [loaTomy,
KaK y)ke oTMeyarnocb, B CTaHAapTax ycTaHaBnmeatoTcs HopMbl KOS n oroea-
puBaeTcsi HeobXOOMMOCTb UX BbIMOMHEHUS B TevyeHne 95 % BpeMeHn Ha-
brnogeHnn (Ana HopManbHO AOMYCTUMbIX 3HAYEHUN).

Hanbonee nNosnHyo xapakTepucTuky CriydamHbIX BENUYNH JAOT 3aKOHbI UX
pacnpegeneHnst (HopmarsibHbIW, paBHOMEPHbIN U T.4.). HopmanbHoe pacnpe-
AerneHne nrpaeT UCKITIYNTENBbHYIO POfib B TEOPUN BEPOATHOCTEN U MaTeMa-
TUYECKOMN CTaTUCTUKE. DTO Hanbonee 4acTo BCTPEYaloLWMNNCS 3aKOH pacnpe-
AeneHns, ero rnaBHasi o0CO6eHHOCTb B TOM, YTO OH sIBMSIETCSA NpenerbHbIM
3aKOHOM, K KOTOPOMY NpUBAMXKaKTCA ApYyrMe 3akoHbl pacnpeneneHus npu
onpeneneHHbIX YCroBUaX.

OnbIT aKkcnnyaTauum nokasbiBaeT Hanu4mne CyTouHbIX, HegenbHbIX 1 6onee
ASIUTESbHbIX LWKIOB N3MEHEHUS HECUMMETPUUN HanpsXKeHUn BO BPEMEHN, YTO
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NO3BONSAET HAaXOOUTb BEPOSITHOCTU MOSIBIIEHUST TEX UITU MHbIX 3HaYeHun KD
3a paccMaTpuBaeMble NPOMEXYTKM BpemeHn. CTaTUCTUYEeCKNe daHHble noa-
TBEPXXOAlT, YTO Hanbonee TOYHO 3aKOH pacnpeneneHnss HeCUMMETPUN Ha-
NPSYKEHNN B 3NEKTPUYECKNX CETAX MOXET OblTb OnMcaH C MOMOLLBbIO HOP-
ManbHOro 3akoHa pacrnpeneneHusi, KOTOpbIM U NONb3YKTCA B NPaKTUKE KOH-
Tponsa K3.

AHanunTuyeckoe ornucaHuve HopMaribHOro 3aKOHa OCYLLEeCTBMAETCH C Mo-
MOLLbIO OBYX MapamMeTpoB: MaTeMaTU4eCcKoro OXuaaHus cryyarmHow Benu-
YMHbI (1) U CTAHOAPTHOrO OTKITOHEHUSA OT CpefHEero — cpefHero Keagparunde-
CKOro (KBagpaTu4HOro) oTKNoHeHus (o).

[MpuMeHeHne BEepOATHOCTHO-CTATUCTUYECKMX METOOO0B MOSICHUM Ha crie-
ayowem npumepe. na ynpoleHus npnbopoB KOHTpona KO HenpepbiBHbIE
Clny4yanHble BeINMYmHBbI, KOTopbiMK aBnaoTcs MNK3, 3ameHsoTcs npy KoHTpore
ANCKPETHbIMW MNocrefoBaTenbHOCTAMM MX 3HaveHun. Hambonee ynobHom
dopmon npeacraBneHns nHoopmMauum 06 N3MEHEHUsIX CriydanHOW BESNTUYMHDI
SABNAEeTCA rmcTorpaMmma.

McTtorpamma — rpadudeckoe npencTaBfeHne cTaTUCTUYECKOro psaga
nccrnegyemMoro nokasartensi (CnyvyamHow BenUYUHbI), U3MEHEHWE KOTOPOro
HOCWUT clydanHbIn xapakTep. [Npu 9ToM BeCb Ananas3oH U3MeHeHUs CrlydanHoOW
BESIMYMHbBI HAMNPSKEHNA OENUTCA Ha MHTepBarnbl PpaBHOW LUMPUHbLI (KBaAHTbI).
3aTeM HaxoauTca BEPOATHOCTb (4acToTa) nonagaHusi UICKOMOW CrlydanHom
BESIMYMHBI B 3TOT UHTEpPBas 1 NPOU3BOANTCA NOCTPOEHME MMCTOrPaMMbl.

B Hawem cnyyae, BepOATHOCTb nonagaHus 3HadeHus Ky, B uHTepBarn,
0003Ha4eHHbIN bykBon m — P(K, ), ONpeaenseTca Kak

N

P(Ky2)m = Wm’ (2.5)

roe N, —uucno nonagaHmn Ky, B uHTepean m; N — obLiee uicno HabnogeHun.

C nomouiblo rMcTorpamMmbl HaXOAUTCA M BEPOATHOCTb BbIXOA4a Wccre-
ayemoro KO 3a HopManbHO [0MyCTUMbIE 3HAYEHUH, MO HEW Xe HaxoaaTt
BennUuHbl T1 n T,. PaccMoTpuM, Kak BbINOMHAETCSA MOCTPOEHNE U pacyeT
rmcTorpaMmmbl Ha npumepe koadduumeHTa Ky,, nonpeaenmm OTHOCUTENbHOE
Bpems Bbixoaa T; 1 T, 3a HOpManbHO U NpeaenbHO A0NYCTUMbIE 3HAYEHUS, B
nTore caenaem BbIBO4 O COOTBETCTBMM UMM He cooTBeTcTBMM KO TpeboBa-
Huam FOCT 32144-2013.

[nsi NOCTpPoeHnsa rucTorpamMmbl MO AAHHbIM CTAaTUCTUMYECKOro psiga, no-
Ny4YeHHOro B pesyrbTaTe aKcnepumMmeHTta (3a obliee Bpemsi), CHayana onpe-
AensawT npeaBaputeribHoOe 4ucno kBaHToB (MHTepBarnosB) K, Ha koTopoe
A0SMKHa 6bITb pasbuta ocb 0 — Ky, C NOMOLLbH OLLEHOYHOW (hOPMYIIbI:

K=1+32-IgN. (2.6)
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HangeHHoe KonmyecTBO KBAHTOB (MHTepBarnoB) OKPYrnsT Ao 6nvkan-
wero 6onbliero ynucna. nsa nocTtpoeHus n nocriegyrowero aHanusa rmcro-
rpaMmmbl yaobHee, 4Tobbl KONIMYECTBO KBAHTOB ObINI0 HEYETHBIM — PEKOMEH-
ayemoe KonmyectBo — 7 unu 9 kBaHToB. [opsiaKoBbI HOMEP KBaHTa COrfacHo
onucaHHoMy Bbllwe byaet obo3HavaTbca 6yKBOWM M, U NPUHUMATL 3HAYEHUS M
oT eanHuubl oo m = K.

[anee onpenenstot gnvHy nHtepsana (kBaHta) AKy,

K — K| o
AKUZ — U2maxK U2m|n_ (2_7)

[Mony4yeHHyo ONMHY MHTEpBana 4acTo OKpYrnawT ANns yaobcTeBa BblYUC-
NEeHUN, B KOHTPOSNbHOM paboTe pekoMeHAYyeTCs OrpaHNYNTLCA ABYMSA 3HaKaMum
nocne 3ansaTton (coTble JoNN).

[anee HaxoOaT n rpadunyeckn OTMeYarT rpaHuubl KaXaoro uHtepBana
BMNOTb 4O NocreaHero Tak, YToObl B COBOKYNHOCTU OHU TOYHO NepeKpbiBanu
BCtO 06nacTtb OT Kyomin 40 Kuomax, KGK NOKa3aHo Ha puc. 2.2.

P (KUZ) _(Kuz m=1=0,62) - HUXHss 2paHuua (Hayario) kKeaHma

0,351 KBaHT
03] (Kuz m=1+ A Ky2=1,34) - 8epxHsisi epaHuya
’ (MHTEPBaN)| ~(<oHey) keaHma

025 mL >

0,2 H
0,15 1 |AK»=072| AKw | AKe | AKe
0,10 V m=2 | m=3 | m=4 ’ m=K=5
0,05 | Kuzmin=0,62 Kuzmax=4,22
0" =

0,62 1,34 2,06 2,78 3,50 Kuz, %
Puc. 2.2. MNMocTtpoeHune ructorpaMmmsbl NIIOTHOCTU pacnpegenexms Ky;

Ha cregyrowem aTtane noacyuTbiBalOT KOMMYECTBO MornagaHun UCKOMOTo
[MK3 B kaxabl MHTEpBas (KBaHT) — T.e. NOACUYUTLIBAOT, CKOMbKO 3HadYeHun MK
nonaro B KaXabl UHTepBan — 3TO KOSIMYECTBO nonagaHum n eCcTb Yncrno Ny, LWT.
Mpwn 3TOM, BCIO BbIBOPKY (BCE 3HAYEHUS Cry4YanHOW BESMYMHBI) NPUHATO Ha3bl-
BaTb BapuvauMOHHbLIM PSAOM CINyYaHOW BENWYMHBLI, a KaX[doe 3HayeHue —
YrfieHOM BapuaLMOHHOro psaa.
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3aTteM n3 obuiero yncna HabnwogeHun N HyXXHO BblbpaTb M noacyMTaTb
YUCNO TaKUX YNIEHOB BapuauMOHHOro psiga Ky, KOTOpble nonagatT B pac-
cMaTpuBaeMbIt M-MHTEpBan 1 Ans KOTOpbIX CNpaBeanMBo HEPABEHCTBO:

Kuzm = Kuar < (Kyom +AK2), (2.8)

roe Kuom 1 (Kyzm + AKyz) — COOTBETCTBEHHO HWKHAA U BEPXHASA rpaHuUbl
M-ro nHTepBana.

Takmm obpasom noacuMTbIBaOT Yucno HabnwoaeHun Ny, nonasWni B
Kakabl KBaHT m (MHTepBan). NMpn nogcyeTe BaXKHO, YTO NPU UCMNOSTb30BaHUM
dopmynbl (2.8) 3HayeHus Ky,, coBnaBLUne C rpaHuLEN COCEQHUX MHTEPBANoB,
HY>XHO noAcyuTaTtb TONbKO oAnH pa3. CBoeobpasHoW MpoBepKon SABMSETCH
CyMMa BCex MornagaHun criydavHoW BESIMYUHBLI B KaXdbl MHTEepBan — OHa
OOIMKHA paBHATbLCH 0bLLeMy Yncny HabnoaeHun.

[anee paccuntbiBaloT No dopmyrne (2.5) BepOATHOCTb nonagaHus Ko-
ahppuUMEHTA HECUMMETPUN HaNPsSXKEHU NO obpaTHOW nocnegoBaTenbHO-
cTn Ky, B MHTepBan, obo3Ha4yeHHbIn 6ykBon m — P(K,,),, U CTPOAT IMCTO-
rpamMmy nMroOTHOCTU pacnpegeneHna (MHadye — MNSIOTHOCTU BEPOATHOCTU)
CIlydanHOW BENUYMHbI.

Mo pesynbTaTam NOCTPOEHUSA TMCTOrpaMmMbl ONpeaensT BEPOATHOCTHbIE
XapaKTepuUCTUKM paccmaTpmBaemoro koagpguumeHta Ky, — marematmnyeckoe
oxungaHue (1), aucnepcuto (D) n cpegHee kBagpaTuyeckoe (KBagpaTu4HOE)
OTKITOHEHWeE (o):

1 N
HKyo] = —__ZlKuzi ! (2.9)
1 N 2
DIKy.] = mé(Kuzi — Ky (2.10)

o[Kyz] = y/DIKy,] . (2.11)

MaTemaTtndeckoe oxugaHue onpenensieT cpegHUn ypoBeHb CryyYanHOU
BENIMYMNHLI 3a KOHTponupyembln nepuon. PaccedaHue criydaHOn BenUYUHLI
xapaktepusyetcsa gucrnepcmen. OHa paBHa MaTeMaTU4YeCKOMY OXWUOAHWUIO
KBagparta OTKMNOHEHUN Cry4YanHOW BenWYMHbI OT ee CpedHero 3HadeHus.
CpenHee KBagpaTU4ecKoe OTKMOHEeHMe SABNAeTCs CTaHOapTHbIM OTKMOHEe-
HueM, mepon pasbpoca AaHHbIX N XapakTepusyeT paccesiHne rmctorpaMmmel,
T.€. pa3bpoc OTKNOHEHMS CIydanHOW BENNYUHbLI OTHOCUTENBHO ee MaTema-
TUYECKOro OXngaHus.
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Pa3bepem 6Gonee nogpobHO NOPSAOK MOCTPOEHUA W aHanu3a rUCTo-
rpammbl Ha npumepe 2.2.

Mpumep 2.2

Mo pesynbTaTam pacdeTa KoadpdPUUNEHTA HECUMMETPUMN HAMNPSHKEHUN NO
obpaTHoM nocnepoBatensHocTn Ky, Ha wuHax 110 kB noactaHumn nepe-
MEHHOro ToKa Mo AaHHbIM 3amMepoB (CM. npumep 2.1) TpebyeTcs:

1) nocTpouTb rucTorpammy MSIOTHOCTU pacnpenenenuns Ky, 3a nepuopg
N3MEPEHNN (24 MUHYTBI);

2) onpenoenuTb MatemMaTtuvyeckoe OXuaaHue, cpegHee KBagpaTuyeckoe
OTKNoHeHue u aucnepcuo Kyo;

3) npomnsBecTu oueHKy cooTBeTcTBUSA Ky, TpeboBaHuam NOCT 32144-2013.

PeweHue

3anuwem pesynbTatbl pacyeta npumepa 2.1 B BUAE CTATUCTUYECKOrO
psga (Bbibopka nsmepeHnn, NpomsBeaeHHbIX Yepesd 1 MUH) U NpeacTaBuM UX B
Tabn. 2.3.

Tabnuuya 2.3 — Ctatuctuyeckun psag Ky,

Homep 3amepa i = | Bpems npoussoactsa 3amepa | Ky, %
1 01:00 1,13
2 02:00 0,62
3 03:00 1,63
4 04:00 1,18
5 05:00 0,78
6 06:00 2,26
7 07:00 1,35
8 08:00 1,07
9 09:00 0,90
10 10:00 3,38
11 11:00 1,07
12 12:00 1,69
13 13:00 4,22
14 14:00 1,13
15 15:00 1,98
16 16:00 2,26
17 17:00 2,88
18 18:00 3,89
19 19:00 1,24
20 20:00 3,61
21 21:00 2,48
22 22:00 2,43
23 23:00 1,69
24 24:00 2,9
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Haxoaum npeaBapuTefibHOE KOSIMYEeCTBO KBAHTOB (MHTepBasnoB), Ha KO-
Topble AommkHa bbITb pasbuta ocb abcumcc oT MUMHUMaNbHOIroO Kyomin 4O MakK-
CUMarsibHoro 3HaveHus — Kyomax, C MOMoLLbto . 2.6.

K=1+3,2-IgN=1+3,2-1g24 = 5,42.

[Onsa ynobctBa NOCTPOEHUs NpuMmeM bnmxanee HeYeTHOE YMCO KBaH-
ToB K, paBHoe 5.

Onpegenvv anuHy nHtepsana no gopmyne (2.7).

AKUZ — KU2max _KU2min _ 4,22 -0,62 =0,72%.
K

Mpumem AKy, = 0,72%. PaccumTbiBaeM rpaHuubl MHTEPBANOB U NOACYM-
TbiBaeM KONM4eCcTBO HabnogeHun N, nonaBLKNX B KaXKAbl MHTepBan (KBaHT).
[‘paHuubl nepBoro (m = 1) nHTepsana: HWXHASA rpaHmua — 0,62%; BepxHAN
rpaHnua — [Kyomin + AKy,] = 0,62 + 0,72 = 1,34 %.

Uncno nonaBlwmnx B 3TOT UHTepBan 3HadveHun Ky, ot 0,62 go 1,34% co-
cTaBuno 9 wr.

Paccuutaem no dpopmyne (2.5) nnoTHOCTb BepoAaATHOCTU Kys.

N 9
PKyo )t = Wm =4 0,375.
PesynbTatbl NpeacrasmMm B Buae 1abn. 2.4.

Tabnuua 2.4 — [JaHHble ANA NOCTPOEHUS rTMCTorpaMmsl

H MpaHuua Yncno nonagaHun MNoTHOCTb
OMep UHTepBana m
M-ro nHtepeana | B uHTepBan Ny, Wrt. | BepoatHoctn P(Kyz)m
1 0,62+1,34 9 0,375
2 1,34+2,06 4 0,167
3 2,06+2,78 4 0,167
4 2,78+3,50 4 0,167
5 3,50+4,22 3 0,125
Cymma 24 1,001 =1

[Mpn pacyeTe AaHHbIX Haao yb6eanTbCa B NPaBUSIbHOCTU NPOU3BEOEHHbIX
Bbl4MCNEHUI — ON151 3TOro ecTb ABa cnocoba NpoBepKu:

1) cymma Bcex nonafjaHun criyydailHOW BeNUYMHbI B KaXXAbl MHTepBar
[OMKHa paBHATbCSA obuiemy umcny HabnogeHnn € N . =N ;

2) cymma NrnoTHOCTEN BEPOSATHOCTEN Cry4anHOW BEeNUYMHbI Ha KaXdom
uHTepBane pasHsietcst eanknue € P&y, - =1.

B Hawem npumepe npumedaTesibHbIM SBISIETCA TO, YTO HA TPeEX U3 MATU
MHTepBaroB 3HayeHus NnoTHoCcTU BeposaTHOCTU P(Kyz)m nonyyunucb ogvHa-
koBbiMKN — 0,1666666. Npu okpyrneHnn oo 0,167 B pe3yrnbTaTe CIIOXKEHNSA BCEX
P(Ku.) nonydyaem 1,001 (eanHnua), cnegoBaTtenbHO, pacyET BbINOSTHEH BEPHO.
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B koHTpornbHOM paboTe pekoMeHOyeTCs BbINOSIHATL OKpYrfieHne 3Hadve-
HU P(Kyz)m OO ThICAYHbIX Aonen (Tpu 3Haka nocre 3andarton).

[anee MOXHO nepexoauTb K MOCTPOEHUID rmctorpaMmmbl. Ha ocHoBaHUM
pacyeTHbIX AaHHbIX MOCTPOMM FMCTOrpaMmy MIOTHOCTU pacnpeneneHus Ko-
appuumeHTa HeCMMMETPUN Hanps>XXeHU No obpaTHOM nocreaoBaTesibHOCTU
P(Ky2) — amnmnpuyecknn aHanor oyHKUMU NAOTHOCTU pacnpeneneHns Bepo-
ATHOCTEN KoadbdpumumeHTa Ky, (puc. 2.3).

P (Ku2)

0,35

0,3
0,25

0,2
0,15
0,10 +
0,05

O*-')

0,62 1,34 2,06 2,78 3,50 Kyz, %
Puc. 2.3. N'nctorpamma nnotHocTn pacnpegeneHms Ky;

Onpegenym maTemaTnyeckoe oXwugaHue, cpegHee KBagpaTuyeckoe OT-
KIOHEHME N OUCMEPCU0 paccMmaTpmBaemoro kKoadpduumeHta Kyo; no dop-
mynam (2.9)—(2.11).

MaTemaTtnyeckoe oxuaaHue

1N 1
WKzl = = 3Kz = 2 (1,13 + 0,62 + ... +2,9) = 1,996%

Ni=1
Nvcnepcus
1 N
Dkuz}mz;,«uzi—ul(uzf =
1=
= —241 1 k1 3- 1,9965 + 0,62 - 1,996E + eag - 19996E } 1’04

CpeaHee KkBaapaTMYecKoe OTKINOHEHME

G[Kuz] = »\,D[Kuz] = 1/1,04 :1,02%

Ha ocHoBaHun ctatuctTuyeckon obpaboTkn pesyrbTaToB NpoAesiaHHbIX pac-
4yeToB nponssenem oueHky cooTBeTcTBus Ky, TpeboBaHuam MOCT 32144-2013.
[Mnowanb dwurypbl, orpaHmndeHHon kpueon P(K,), npeactaensetr cobon uHTe-
rpanbHyl0 BEPOSATHOCTb MMOTHOCTU pacnpenernieHns uckomoro [NKS, vHbIMK
CrnoBamMu, ecrnn NPOBECTU rpaHuLbl HOPMarbHO U NpeaenbHO A0MYCTUMbIX 3Ha-
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YEeHUWN TaK, KaK MoKa3aHo Ha puc. 2.4, TO Mo nnowiaam gurypsbl, BbIXO4ALLEN 32 3TH
npeaenbl, MOXHO B NEPBOM NPUOAMKEHUM OLEHUTb BpemMs Bbixoda T, u T, 3a
Hopmbl [OCTa.

P (Ku)

0,35 [Kuz Hgs [=2%

0,3+
0,25+ / [Kuz a3 ]=4%\A

0,2+
0,15 H
0,10 + Ml %0 B
0,05+ %

O i

0,62§ 1,34 2,06 2,78 3,50 Kyz, %
o o0=1,02
1£=1,996

Puc. 2.4. OueHka cootBeTcTBUA Ky, TpeboBaHuaM
FOCT 32144-2013 vn onpeaeneHne OTHOCUTENbHOIO
BpeMEHU NpeBbILLEHNA HOPMUPOBAHHbBIX 3HAYeHUn T,
n Tz

CornacHo OCT 32144-2013 HopMaribHO A0NyCcTMMOe 3Ha4dyeHue paspe-
LuaeTcsa npesbiwaTh B TedeHne He 6onee 5% ot pacyeTHoro nepunoga (5% ot
Hegenn). HecMoTpst Ha TO, YTO Mbl B HaLIEM NpUMepe B3sNnN ropa3go MeHb-
LUMA BPEMEHHOM MHTEpBan — 24 MUHYTbI, HO 1 3a 3TO BpPeMsi B NEPBOM Mpu-
BAVKEHUN MOXHO HanUTN Ty n T, N OTBETUTb HA BOMPOC — KA4eCTBO 3SIEKTPO-
3Heprnn no paccmatpusaemomy NKO yaoBneTBOpPUTENBHOE UNN HET.

B Hawem npumepe n3 aHanusa puc. 2.4 HEBOOPY>KEHHbLIM rna3oM BUAHO,
yTO nnowanb durypbl, Bblleawasi 3a OTMETKY HOpManbHO A0MyCTUMOro
3Ha4veHus [Kyz nps] = 2%, To ecTb T, HAMHOrO NpesbIWaeT AonyctTumble 5% oT
Bcero Bpemenun 3amepa (T, = 50% 6e3 ToyHOro pacyera, npubnuanTenbHas
BuadyarnbHas oueHka). Takke Mbl BUOMM MNPEBbILLEHME U NpeaeribHO Aonyc-
TMMOro 3HaveHuns [Kyz nps] = 4%, T, = 10%, T.e. T, > 0, 4yTO CBMAOETENbLCTBYET
0 Hebnaronony4YyHon cuTyaumm rno HECUMMETPUM HaNPSPKEHUN, CYLLLECTBYIO-
LLlen Ha paccMaTpuBaemMon Hamu noactaHumm. Takmm obpasom, Moxem 3a-
KNKYUTb, YTO KAYECTBO INEKTPUYECKON IHEPTMN N0 KOIPPULMEHTY HECUM-
METPUN HanpsbkeHnn no obpaTHOM NocrnenoBaTeNIbHOCTU HAa AAaHHOM 06 b-
eKTe Hey4OBNeTBOPUTENBLHOE.

CnepoBaTtefibHO, 4YTOBbLI COKpaTUTL MaTepuarnbHbIin yuiepb OT noBpex-
AeHust paboTtocrnocobHOCTN annapaTtypbl BCeaCTBUE HECUMMETPUM Hanps-
XEHUN, Ha JaHHOW NOACTaHUMM Heobxoaumo paspaboTaTb M MPUHATbL COOT-
BETCTBYHOLLME OPraHM3aLMOHHO-TEXHUYECKNE MEPONPUATUS MO YMEHbBLLEHWUIO
HECUMMETPUN HANPSXKEHNIA.
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OTHOCUTENBHO WTPadHbIX CaHKUMA 3a 3NEKTPUYECKYH SHEPIU0 HU3KOro
KayecTBa, He06X0aMMO OTMETUTL CrieayoLlmne MOMEHTbI, MPUCYTCTBYHOLLNE B
COBpPEMEHHON HOpMaTUBHO-NpaBoBon 6ase PO [7].

1. B HacTosiwee Bpemsa B PO oTcyTCcTBYET ChopMmnpoBaHHaA HOpMaTUBHaS
OCHOBa, MO3BOSIAIOLLAA 3a UCKakeHne napameTpoB KO NpUMeHUTb rpaxkaaH-
CKO-NMPaBOBY OTBETCTBEHHOCTb B BUAE 3aKOHHOM HEYCTOMKM (HanbaBkn).

2.0TCcyTCTBME Yy CTOPOH A0roBopa 3HEpProcHabXewust nyonuyHom obsa-
3aHHOCTM yNnaymBaTb HEYCTOWMKY B Clly4ae BHECEHUs BKaga B yxyaleHue K3
Bfle4eT HEBO3MOXXHOCTb MOHYXXOEHUS KOHTPAreHTOB K 3aKNYEHUO AaHHOro
A0roBopa Ha YCroBUsIX rpaxaaHCKO-NpaBOBOW OTBETCTBEHHOCTU 3a UCKaXe-
Hue MNK3. Taknm obpasom, cerogHa npobrnemMaTtuyHo NpUMEHEHUe Mep rpa-
XOaHCKO-NpaBOBOM OTBETCTBEHHOCTU 3a yxygauweHune KO Kak co CTOPOHbI
3HeprocHabxaroLmnx opraHmsaumin, Tak U Co CTOPOHbI NOoTpedbutenen.

3.Tlopsgok 1 MeToaukm pacyeTa pakTMYeCcKoro Bkrnaga notpebutens B
ypoBeHb [1KO 1 ycnosus, kacarowwmeca onpeaeneHns CTOpoHbl, BUHOBHOM B
NOHMXEHUM KayecTBa O, 4acTO OOroOBOPHO He OroBapmBaloTCA B BMAY OT-
CYTCTBUSI HOPMATUBHO-MNPAaBOBLIX aKTOB, PernaMeHTUPYHOLLNX 3TU BONPOCHI.

4. PaHee Takune ycrnoBua 6o onpegerneHbl N 3anucaHbl B IHCTpyKUMn
[ockomMueH 1 MuHTonaHepro P® Ne 01-12/1443-11, BK-7539 ot 30 Hoa0ps
1993 r. «O nopsgke pacyeToB 3a ASNIEKTPUYECKYIO N TEMSTOBYIO SHEPTUO», KO-
TOpas npusHaHa yTpaTtumeLuen cuny Ha Tepputopumn PO ¢ 01 aueapsa 2001 r.

5. OTBETCTBEHHOCTb 3HEpProcHabXawLwlen opraHusaumm B HacTosiLee
Bpemsi cBoamtcs K N. 2 cT. 542 K P®. PeanbHO npumeHsiemasa mepa topu-
ANYECKON OTBETCTBEHHOCTU 3a CHMKEHNE KadecTBa O3 — agMUHUCTPaTUBHaS
OTBETCTBEHHOCTb Mo CT. 19.19 KoAll P®.

HecMoTpss Ha ykasaHHble acrnekTbl COCTOSIHUSI HOPMAaTUBHO-MPaBOBbIX
AOKYMeHTOB B obnactn K3, Bocrnonb3yemcss METOAMKOWN onpeaeneHus Haa-
6aBOK 3@ NOHMKEHHOE Ka4yeCcTBO O3, U3NoxXeHHoW B VIHCTpyKLmMn TOCKOMUEH 1
MuHTOn3Hepro PO «O nopsiake pacyeToB 3a QNEKTPUYECKYD U TEMNSIOBYHO
3HEpPruo», Tak Kak MeToamuka rno3BosigloT afeKBaTHO OLEHUTb N COM3MEPUTb
cteneHb yxyaweHnsa NKS 1 MMEHHO ee OCHOBHbLIE MOSIOXKEHMS UCMOSb3YOTCA
B M3MEPUTENBHOW MpaKkTUKe M No cen feHb (K npumepy, nNpu noCTPOeHUn
rmctorpamm K3 coBpeMeHHbIMN U3MEPUTESIbHO-BbIYUCIIUTESIbHBIMU KOM-
nnekcamn (MBK) ana onpenenennsa T, n T,).

HapnbaBka 3a NOHW»XeHHOEe KavyecTBO O3 MO KaXaoMy OTAeSIbHO B3ATOMY
K3 onpegensaeTcs no dpopmyne [4]:

H=0,2"(T,-5)+ T, %. (2.12)

Ecnn 3HaveHne T, nonyynnocb paBHbIM HYO (HET MpEeBbIWEHMS Npe-
AeSbHO A0NYCTUMbIX 3HA4YeHuKn), a 3HavyeHne T; MeHble 5 %, To HagbaBska
CUMTaeTCHa paBHOW HYMHO.
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CyliecTBoBaBLUas paHee MNpakTuka 3akntoyanacb B TOM, YTO KOHKpeTHoe
3HayeHne ckngku (Hapgbasku) B 3aBMCUMMOCTW OT CTeneHu HapylieHus KO
mMorna BapbupoBaTtbcs 0T 0,2 4o 10 % oT Tapudba Ha ANEKTPUYECKYHO SHEPTUIO.
Onnata no Tapudy co ckngkon (Hagbaskon) 3a KO npounssoaunach 3a BecCb
00beM 3NEKTPUYECKON 3HEpPrnn, oTnyweHHon (NoTpebrnieHHon) B pacyeTHbIN
nepuog. Ecnn B HapyweHun K3 6bina BMHOBHA aHeprocHabxatowasi opra-
HU3auus, To WwTpadHaa CaHKUuMSa peanu3oBanacb B Buae CKUAKU ¢ Tapuda,
ecnu 6bIn1 BUHOBEH NOTpebuTens — To B BuAe Hagbasku.

PaccMoTpumM aTOT «MexaHM3M» B undopax Ha npumepe 2.3.

Mpumep 2.3

Ha ocHoBaHuK pe3ynbTatoB UcnbiTaHmn KO Ha wuHax 110 kB noactaHumu,
npeacTaBneHHbIX B Tabn. 2.6, paccuntaTb HagbaBky Kk cpegHemy Tapudy 3a
Becb 00bemM D3, NoTpebrieHHOM 3a pacveTHbIN Nepuoa.

Tabnuua 2.6 — PesynbTathl ncnbitaHun NK3 no Ky,

3HaveHusa Ky,, %

N3MepeHHbIe HOpMUpYyeMble T0 % | Tp, %
HanbonbLiee npenensHo HOpMarsbHO
cpeaHee Kya ¢p
Kuz ue Jonyctumoe ponyctumoe
5,46 2,59 4 2 23,38 | 0,81
PeweHue

Paccuntaem HagbaBky k cpegHemy Tapudy no gopmyne (2.12) kak:
H=0,2-(T,-5+T,=0,2-(23,38-5) +0,81 =4,49 %

BbiBoa. Hagbaska 3a HeygosnetBoputenbHoe KO no koapdpuumneHTty
HECUMMETPUM HaMNpPsXXEeHU No obpaTHoM nocrnegoBaTeNbHOCTU COCTaBuna
H =4,49%.

[eHexHbIn aKBMBaNeHT HagbaBKM 3a pacyeTHbIN nepuon onpeaensieTcs
NyTeM YMHOXEHUs KonuyectBa noTtpebrieHHon 33, kBTY, 3a pacyeTHbIN
nepuo Ha rnony4yeHHoe 3HayeHne Haabasku U Ha 3HaveHne ctommocTn 1 KBT
3IIEKTPO3HEPTUMN.

2.2. Mopsaok BbINONMHEHUS1 KOHTPOSIbHOM PaboThbI

B KOHTpONbHON paboTe B Ka4eCTBE UCXOAHbIX AaHHbIX CTYAEHTY BblAaeTca
6naHk 3agaHus C pesynbTaTaMy 3amMepoB MeXaydasHbiX (SIMHENHbIX) Ha-
NPSXKEHUN B TOYKE OTMyCKa 31EKTPUYECKON SHEPrnn 3a pacyeTHbIM nepuos
(npwvn. 4).

Mo AaHHBIM M3MEPEHUN HaNpPSPKEHUN Ha LUMHAX BbICLUEro HanpshKeHus
MOHN3NTENBbHOM NOACTAHLUN NEPEMEHHOIO Toka TpebyeTca cneaytoLlee.
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1. PaccuutaTb cTaTUCTUYECKUN psg KO3 MUUMEHTOB HECUMMETPUN Ha-
Nps»keHnn no obpaTHon nocnegoBaTenbHOCTU Ky, %, 3a pacyeTHbIN Nnepuos.

2. MNocTponTb rMcTorpaMmmy nNIIOTHOCTU pacnpeaerneHnsa Ky,, paccuntatb 1
OTMETUTb Ha rMcCTorpamMmMme mMartemartmyeckoe oxugaHue Kyp, aucrnepcuo u
cpenHekBagpaTUYEeCcKoe OTKITOHEHME.

3. OTmeTuTb Ha ructorpamme HO3 v MNA3 ncecnegyemoro MNK3.

4. Onpegenutb (BM3yarbHO B MEPBOM MPUBAMXKEHUN) MO rMCTOrpaMmme
BpeMs BbixoAda NosyvyeHHbIX 3HayveHun Ky, 3a HopmarnbHo (T1) U npegenbHo
ponyctumble 3HaveHus (T,) (B COOTBETCTBMM C CYLLECTBYHOLLMMU HOPMATMB-
HbIMW JOKYMEHTaMM).

5. Paccuntatb pasmep Hagbasku (H, %) 3a NOHMXXEHHOE Ka4yeCTBO 3rek-
TpU4eckomn aHeprum no paccmatpusaemomy MNK3.

6. Ha ocHoBaHun npogenaHHon paboTbl OLUEHUTb CTEMNEHb COOTBETCT-
BUS KadecTBa 3JIEKTPUYECKOW 3Heprum TpeboBaHMAM HOPMAaTUBHbLIX [0-
KYMEHTOB M B Clyvyae HeygoBnetBoputenbHoro KO npegnoxutb Mepo-
NPUATUA MO €ro ynydweHuto.

7. CoenaTtb KpaTKne BbIBOAbl OTHOCUTENBHO NOMYyYeHHbIX pe3ynbTaToB.

[Mprmepbl pacyeTa U NOCTPoeHUs Tabnuu, odopMNeHUs rmcTorpaMmm npea-
cTasneHbl B npumepax 2.1-2.3 n npun. 1-4 gaHHbIX METOANYECKNX YKa3aHU.

KOHTPOIJIbHbIE BOMNPOCHI

Hwke npuBogaTca npumepbl TeCTOBbIX 3afaHun, (opMynupoBka Wu
dopma oTobpakeHnsa KOTOpbIX MCNonb3ylTca B Tecte AST gnsa 3awmTbl
KOHTPOSbHOM paboThl.

3apaHue 1

Bcmaebme nipornyuwieHHoe Crio8o.

OneKkTpoMarHMTHass COBMECTUMOCTb — 3TO 3M1eKTPOTEXHU-
Yeckoro obopyanoBaHna paboTtaTb YAOBNETBOPUTESNBHO B 3M1EKTPOMArHMTHOM
cpene v npu 3TOM He co3faBasd HeJonyCTUMOro 3SIEKTPOMarHUTHOro BNUSAHUSA
Ha OKpyXaroLLyto cpeay

3apaHue 2
Bbibepume 00uH npasuribHbIlU 8apuaHm omeema u3 ripednazaembix.
HecnmmeTpua HanpskeHUn xapaktepnsyeTcs KoadhPULNEHTOM
1) HECMMMETPUN HaNPSKEHMI NO 0BpaTHOM NOCNeA0BaTENbHOCTY;
2) HECUMMETPUM HaNPSKEHNN NO NMPAMOK NOCnenoBaTeNIbHOCTHU;
3) MUCKaXXeHUs1 CUHYCOMOAanbHOCTUN HaNPSHKEHWUI;
4) N-N rapMOHNYECKON COCTaBMSAOLLEN HANPS>KEHWUS.
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3agaHue 3
YcmaHosume coomeemcmeue mMex0y HasgaHuem U 0bo3Ha4yeHUeMm ee-

JIUYUH 8€KMOPOE8 HarllpPs>XXeHU=l. ..

1) npamMown nocrnegoBaTenbHOCTH A) U,

2) HyneBoun nocnegoBaTenbHOCTHU B) Uo A

3) obpaTHOM NocnenoBaTefIbHOCTU B) UlA
3agaHuve 4

Bbibepume 00uH npasuribHbIU 8apuaHm omeema.
KoadpbpuumnmeHt HecuMmmMeTpum HanpsXKeHn rno Hynesow nocriegoBaTterb-
HOCTW CUMBOJIbHO 0603Ha4aeTcs Kak ...
1) kuz;
2) Kyo;
3) k
4) k

HynU :
Unyn -

3agaHue 5
OmmMmempbme nipasursibHbIU omeem.
HopmanbHo gonyctumoe 3HaveHue MNKS3 npuHaTo obo3HavaTthb Kak ...
1) HAO3;
2) Ons;
3) NnAy rkKa;
4) H3 IMKD3.

TUMUYHBIE HETOYHOCTW, NOMNYCKAEMbIE CTYAEHTAMU
NPU BbINOJIHEHUAU KOHTPOJIbHOU PABOTbI

B kadecTBe 3aknoyeHnsa xoTenocb Obl OTMETUTbL Hanbonee pacnpocTtpa-
HEeHHble oWnbKK, coBepLlUaemMble CTygeHTamMu Mpu BbIMOSHEHUN U odopmIie-
HUW KOHTPOSbHOM PaboThl.

1.lMNosAcHUTEeNbHaA 3anucka CTyAeHTOM Mnocrie pacneyaTtbiBaHUA He Bbl-
YnTaHa, NO3TOMY B HEW coaepXaTca He nponeyaTtaHHble 3f1IeMeHTbl — OTCYT-
CTBYIOT OTAESbHbIE NMUHUM Ha rpadukax, CMMBOIbl B popmMmynax u T.1.

2. B copepxaHun npoHymepoBaHbl Te pasaensl 13, kKoTopble HyMmepoBaTb
He Hago (BBeLeHMe, 3aKniyeHne, UCXOAHbIE AaHHbIE).

3. OchbopmneHune paboTbl He cooTBeTCTBYET TpeboBaHnam ECKO n ECT/.

4.TTpn CMMBOMBHOM HanMcaHWK rnokasaTesien KavyecTBa 3S1eKTPUYECKOmn
9Heprum nx obo3HavyeHnsa n paclmgpoBka 3aTMX 0603Ha4YEHMIN HE COOTBETCT-
BytOT cywiectByrowmnm FOCTawm [1, 6].
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5. OgHo 1 To e CMMBONbHOE 0003Ha4YeHne NnapaMmeTpa UCMNosnb3yeTcs A
pa3HbIX YNCINOBbIX 3HA4YEeHMI 6e3 NPUCBOEHUSA NHANBUAYANBHOIO NHAEKCA.

6. He ykasaHbl equHULbI U3MEPEHMS.

7.B pacueT B3aTbl BENNYMHbI, HE MPUBEAEHHbIE K €ANHON Ppa3MEPHOCTM!.

8. BbiBogbl No paboTe BbIMNOMHEHbI MPOCTPAHHO, HE yKa3aHbl OCHOBHbIE
nonyveHHble pe3ynbTaTthl B uudpax.

YKa3aHHble MOMEHTbI MpuUBEAEHbI AN TOro, 4YtoObl MOMOYb CTygeHTaMm
n3bexaTb NOAOOHBLIX CUTYyaUWUA U YCMNELIHO BbINOSIHUTL, 0OPOPMUTL U 3aLUu-
TUTb KOHTPOJSbHYO paboTy.
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NMPUNOXEHUE 1

PEKOMEHOYEMAA ®OPMA TUTYJIBHOI'O JINCTA
KOHTPOJIbHOW PABOTHI

MwuHunctepcTBo TpaHcnopTa Poccunckon ®enepaumm
degepanbHOE areHTCTBO XXEeNe3HO4OPOXKHOro TpaHcnopTa
[anbHEeBOCTOYHbIN rOCYAapPCTBEHHbIA YHUBEPCUTET NyTen coobLeHms

Kadeapa «Cucrembl anekTpocHabXeHus1»

[MosicHUTenbHas 3anucka

K KOHTPOMNbHON paboTe No AUCLUNNUHE
«QnekTpoMarHMTHas COBMECTUMOCTb M CPeACcTBa 3alLUUTbI»

OUEHKA HECUMMETPUWN HAMPAXXEHUU B TPEX®A3HOW CUCTEME

(HazeaHue KoHmMposbHoU pabomel)

CtyneHT

(Pamunus N.0. cmydeHma)
Homep 3a4eTHON KHMXKKM
(wugbp 3a4emHOU KHUXKU)
[aTta coaym Ha nNpoBepKy

MpoBepun

(Pamunus N.0. npenodasamerisi)

XabapoBck
2015
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NMPUNOXEHUE 2

NMPUMEP OPOPMIEHWA PUCYHKOB (FPA®NKOB)
NOACHUTEIIbHOW 3ANMNCKN K KOHTPOJIbHOW PABOTE

K, Ky % Tk
20\\/\"’___'"_'K___"___""———‘
15 / [\ BN
10 — \\// N
5
0

1 2 3 4 5 6 7 8 9 10 11 12 13 14 | km

Puc. 5. 3HauyeHns Koa(PPULMEHTOB UCKaXKEHUS CUHYCONAANBHOCTU KpMBbIX Toka Ki 1
HanpsbkeHus K, Ha TokonpueMHuke anekTposo3a BJ1 80C npu gBuxeHUU no y4acTky

N'y6epoBo—PyxuHo [ocT XX

P (Ku2)
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Puc. 5.2. N'mctorpamma nnotHocTh pacnpegenenms Ky;
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NMPUNOXEHUE 3

NMPUMEP OPOPMIEHWA (PPATMEHT) TEKCTA
C ©OPMYJIAMU U TABITULIEN

4.1 Bbi6bop onTumanbHoro BapuaHta Hactpoukn ®KY Tl PyxuHo no
Hanps>XXeHUo

Ona HaxoXgeHna amMnnuTydbl N-OM rapMOHWUYECKOW COCTaBlSAOWLEN He-
06xoAnMO ycpeaHUTb M3MepeHHble 3HaveHns Kygy U Mo MpOLEHTHOMY CO-
AepXXaHuo BbICLUMX rapMoHudeckmnx coctasnsowmx (BIrC) B kpueon nurtato-
LLlero HanpsbkeHus onpefenuTb 3HAYeHWe HanpsbKeHUs AONs KakKOon Nn-u
rapmMoHukn Uy, B no BbipaxeHuto na [9]:

AU
Un=Unom "~ 4.1
NTHHOM ""1 55 (4.1)
rae U,oy — PacyetHoe 3HaueHue nuTaiowero Hanpskenus, B; Ayqy — npo-

LlEHTHOE coaepXXaHne HanpsXKeHUs1 N- rapMOHUKM B KPMBOW NUTAIOLLIENO Ha-
npskeHnsa, %.

[MpynBenem npmumep pacyeTta HanpskeHna 3-1 rapMoHKKK nNo popmyre (4.1):
3,96

U,=2572523-2""=1018.34 B
3 100

Bce ocTanbHble pacyé€Tbl no dopmyne (4.1) npoBoAUM aHANOrM4HO Afs
ABYX PEXUMOB 1 cBOAMM B Tabnuuy 4.1.

Tabnuua 4.1 — Xapaktepuctunkm BI'C HanpskeHus

YacToTa lNpoueHTHoe coaepxaHue, CpepHee 3HayeHne HanpshkeHns
Ekr)geﬁ BIC, fn, | Augn) %, npyn cocTosHun ®KY Up , B, npu coctosiHum ®KY
M OTKN BKIN OTKN BKI
150 3,96 1,7 1018,34 449,30
250 3,6 2,7 928,16 730,25
350 2,8 1,9 708,93 506,74
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NMPUNOXEHUE 4

NMPUMEP BJTAHKA SAOAHNA HA KOHTPOJIbHYIO PABOTY

3apaHne Ha KOHTPOMbHY paboTy No AncumninHe

((SﬂeKTpOMaFHI/ITHaFI COBMECTUMOCTb U cpeacTBa 3allnTbl»

BapuaHTt 1 ®MO

BblgaHo .20 Cpok caaym Ha NpoBeEpPKY .20

®UNO npenogasaTens
Ne HanpsibkeHne, B Ne HanpsihkeHune, B

A Use U sc U ca Sﬁ“’,ﬁn U s U sc U ca
1 215636,5 | 226350,2 | 212065,9 16 215009,7 | 225462,2 | 212078,3
2 215053 | 226595,7 | 212070,3 17 214038,8 | 223614,5 | 212071,2
3 214608,3 | 226664,6 | 212070,9 18 213384,8 | 222345,5 | 212070,2
4 214957,1 | 226282,4 | 212073,2 19 214536,9 | 223552,7 | 212075,8
5 216394,8 | 225589,5 | 212073,4 20 213087,2 | 223167,7 | 212063,6
6 215728,8 | 225216,9 | 212087,2 21 213586,5 | 222533,6 | 212060,9
7 216727,8 | 224877,1 | 212087,1 22 215138,9 | 221151,4 | 212061,8
8 215349,8 | 225059,4 | 212081,3 23 216509,6 | 222363,4 | 212069,3
9 215804,1 | 225368 | 212081,3 24 217061,6 | 221886,8 | 212067,2
10 214464,2 | 225906,9 | 212072,9 25 217268,6 | 222265,4 | 212066,2
11 214033,8 | 225718,7 | 212069,1 26 217746 | 222097,9 | 212060,2
12 214268,7 | 225607,1 | 212062,1 27 216317,9 | 221619,9 | 212054,8
13 215821,3 | 225206,1 | 212073,1 28 215847,5 | 221140,4 | 212047,5
14 214815,5 | 225048,7 | 212073,3 29 215398,4 | 219929,3 | 212047,2
15 214093,5 | 225783,1 | 212064,8 30 215653 | 218780,8 | 212046

AnutensHocTb 3amepa — 30 MUHYT
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