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Mpeancnosue

1 NOArOTOBJIEH Ha ocHoBe ohuumnansHOro nepesofa Ha pyCcKUn si3blK aHrNoA3bIMHON BEpCUM yKa-
3aHHOTO B NYHKTe 4 cTaHAapTa, KOTOPbIA BeINoHeH PeaeparnbHbIM rocyAapCTBEHHBIM YHUTapHbBIM Npeanpus-
TMem «BcepoccUnCKniA Hay4yHO-UCCNefoBaTENbCKUA UHCTUTYT ONTUKO-(busnudeckux usmepeHuiny (Sryri
«BHANO®WN»)

2 BHECEH TexHunyeckum koMUTETOM No cTaHgapTusauun TK 206 «3TanoHbl 1 NOBEPOYHbIE CXEMbI»,
noakomutetom MK 10 «OnTrKo-brnsnyeckme nsmepeHnsi»

3 YTBEP>XOEH W BBEAEH B JEMCTBWE Mpukasom PefeparibHOro areHTCTBa Mo TEXHUMECKOMY pery-
nupoBaHuto 1 MmeTponorin ot 20 aekabps 2016 r. Ne 2046-cT

4 HacTosawwi ctaHgapT uaeHTUYeH mexayHapogHomy ctanaapTty MOK 60904-4:2009 «Mpubopbl poTo-
anekTpuyeckne. Yactb 4. DTanoHHble conHeYHble npubopbl. MpoLeaypbl yCTaHOBNEHWUS NPOCNEXUBAEMOCTH
kanmbposku» (IEC 60904-4:2009 «Photovoltaic devices — Part 4: Reference solar devices — Procedures for
establishing calibration traceability», IDT).

Mpy NpUMeHeHM HacToSILLEro cTaHAapTa peKoOMeHAYETCS UCMONb30BaTb BMECTO CChINTOYHbIX MEXAyHa-
POAHbLIX CTaHAAPTOB COOTBETCTBYIOLNE UM HaLMOHabHbIE U MEXIrOCY4apCTBEHHbIe CTaHaAapThl, CBEAEHUs O
KOTOpbIX NpYBeAeHbl B AONONHATENLHOM NpunoxeHun JA

5 BBEJEH BMNEPBbIE

lNpasuna npuMeHeHUs1 Hacmosilweao cmaHdapma ycmaxoereHsl 8 cmamese 26 QedeparnibHO20 3aKoHa
om 29 uroHs1 2015 2. Ne 162-03 « O cmaHdapmu3saluu e Poccutickoli @edepauyuuy. Hgpopmauusi o6 usmeHe-
HUSIX K HacmosiweMy cmaHdapmy riy6IiuKyemcsi 8 exke200HOM (110 COCMOsIHUIO Ha 1 siHeapsi meKyuje2o 20da)
UHGbopMayUOHHOM yKkadamerie «HauyuoHanbHbie cmaHdapmel», a oghuliuanbHbil mekcm usMeHeHul u nornpa-
80K — 8 EXXEMECSHHOM UHOpMayUOHHOM yKkazamere « HayuoHanbHbie cmaHOapmbi». B criyyae nepecmom-
pa (3ameHbl) unu OMMeHbI Hacmosiuleeo cmaxHOapma coomeemcemsyowee ysedomreHue 6ydem
onybrniukosaHo 8 briuxaliuieM 8bIfTyCKe eXeMecs4HO20 UHOopMayUuoHHO20 ykazamensa «HayuoHarnbHbie
cmaHOapmebi». Coomeemcmsyroujas UHopmayusi, yeeOOMIIEHUE U MEKCMbI pa3Melwalomcs makxe 6
UHghopMayuoHHoU cucmeme 0bweao nonb3oeaHuss — Ha oghuluanbHomM calime @edepansHoz20 azeHmemea
10 MEeXHUYECKOMY peayriuposaHuio U Memposioauu e cemu MIHmepHem (www.gost.ru)

© CraHaapTuHdopm, 2017

HacToswuin ctaHgapT He MOXeT 6bITb NOSTHOCTLIO UM YacTUUHO BOCMPOM3BEAEH, TUPaXXMPOBaH U pac-
npocTpaHeH B kKayecTBe oduLMansHoro usgaHusa 6es paspelueHus deaeparnsHoOro areHTCTea nNo TeXHUYECKo-
MY PerynmMpoBaHuio U MeTponornu
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HAUUWOHANBbHBIN CTAHAAPT POCCUMUCKOW OSEAEPALUMNU

NMPUBOPbI ®OTOINEKTPUYECKUE
YacTtb 4

OTanoHHble conHevHble NpU6GopbI.
Mpouepypbl ycTaHOBMEHUsI NPOCNEXUBAEMOCTHU KanuGpoBKUu

Photovoltaic devices. Part 4. Reference solar devices. Procedures for establishing calibration traceability

Narta BBegaeHns — 2017—10—01

1 O6BEKT U ob6nacTb NPUMEHEHUA

HacToswuwii cTaHgapT ycTaHaesnnsaeT TpeboBaHuA K npoueaypam KanmbpoBku, NpeAHasHavYeHHbIM ANst
yCTaHOBMNEHWS MPOCNEXMBaEMOCTIN STaNoHHbIX hoToanekTpudeckmx ($P3J) conHeuHbIX NpMBopoB K MexayHa-
poaHol cucteme eanHuL, CU B cooteeTcTeumM ¢ TpeboBaHmuamn MOK 60904-2.

HacTtoswwmii cTaHgapT pacnpocTpaHsieTcsl Ha aTanoHHble PO conHeudHble NpUBopLI, KOTOPLIE UCNONb3Y-
toTCA ANs1 U3MEePEeHUs aHepreTndeckon oceelieHHocTn (30) eCTeCTBEHHOMO UMM UCKYCCTBEHHOTO CONHEYHOro
N3Ny4eHNs C Lenbio KONMYECTBEHHbIX OLEHOK NpoussoanTenbHocT ®3 npnubopos. Ucnonb3oBaHue aTanoH-
HbIX PO conHeuHbIX NpMBopoB saBnsieTcs 0bsizatensHbIM Npy npumeHeHn MIK 60904-1 1 MOK 60904-3.

Mpw paspaboTke HacTosILLEero ctaHaapTa UMEeNUCh B BUAY oaHONEpexoaHble 3TanoHHble O conHeuHble
NpuBopLl, B 4aCTHOCTU NPUBOPBI U3 KPUCTANNNYECKOro KpeMHUS. TeM He MeHee, OCHOBHas YacTb cTaHaapTa
HOCUT 4OCTaTOYHO OBLNIA XapakTep U MOXeT ObITb pacnpocTpaHeHa Ha Apyrue TexHonorun. Bnpouem, meto-
Abl, ONcaHHble B MPUNOXEHUU A, MPUMEHNMBI TONBbKO K 0HONMEPEXOAHBLIM TEXHOMOTUSIM.

2 HopmaTUBHbIE CChINKK

B HacToAwem cTaHAapTe UCnonb3oBaHbl HOPMAaTUBHbBIE CChINTKU HA NpUBeAEeHHbIe HUXe cTaHaapThl. Ans
AaTUPOBaHHbIX CChISIOK MPUMEHSIIOT TOMLKO YKkasaHHoe u3fdaHue. [ns HeAaTUpoBaHHBIX CChINIOK NPUMEHSIIOT
nocnegHee nsgaHue ykazaHHoro JoKyMeHTa (Co BceMuy nonpaskamu).

IEC 60904-2 Photovoltaic devices — Part 2: Requirements for reference solar devices (MpuGopel
doToanekTpudeckue. Hactb 2. TpeboBaHUs K 3TANOHHBIM COMHEYHBLIM NpUbopam)

ISO/IEC 17025 Generalrequirements forthe competence oftesting and calibration laboratories (O6wwne
TpeboBaHWUA K KOMNETEHTHOCTM UCNbITaTeNbHBIX U KaNMGPOBOYHLIX NaGopaTopuit)

ISO 9059 Solar energy — Calibration of field pyrheliometers by comparison to a reference
pyrheliometer (SHeprusa conHeuHas. KanmbpoBka nonesbiX TMPresIMoMeTpoB NyTEM CPaBHEHUS C 3TANOHHBIM
nUpresIMomMeTpom)

ISO 9846 Solar energy — Calibration of a pyranometer using a pyrheliometer (QHeprusi conHeyHas.
Kannbposka nupaHoMeTpa ¢ Ucrornb3oBaHUEM NUprenuomMeTpa)

ISO/IEC Guide 98-3:2008 Uncertainty of measurement — Part 3: Guide to the expression of uncertainty
in measurement (GUM: 1995) (HeonpegeneHHocTb uamepeHusi. Hacte 3. PyKOBOACTBO MO BbIPaXEHUHO
HeonpeaeneHHoCTU nsmepeHuns)

3 TepmuHbl ¥ onpeaeneHns

B HacTosilem CTaHAapTe NpuMeHeHbl crneaytolme TepMUuHbl C COOTBETCTBYOLWMMIK onpeaeneHusamMmu.

Uspaune opuymnanbHoe
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MpuwmeyaHue— BHacTosWeM pasgerne OnNMcaHbl Pa3nuyHbIe 3TANOHHbIE CPEACTBA A/15 NPOCIIEXNBAEMOCTH
B Luenu 0 conHeuHbIM uanyyenmem. B Tabnuue 1 nepedncrieHs! M CONocTaBreHbl Te X HUX, YTO UCMONb3YOTCS B HACTOS-
wee Bpemsi. Ha pncyHke 1 cxemaTtUHecky NokasaHbl HanGonee pacnpocTpaHeHHble Leny NPOCeXnBaeMocTu, KOTOpbIe
OCHOBaHbI Ha METOAAX, ONNCAHHbBIX B NMPUMNOXEHNUN A,

3.1 nepBuYHbIX 3TanoH (primary standard): MpuBop, kKoTopbIl hrsndeckn peannsyeT oaHy U3 equHUL,
CW unu HenocpeacTBeHHO cBSA3aHHbIE C HeM BeNnYMHbI. [NepBUYHbIE 3TanoHbl 0BbIYHC HAXOAATCH B BEAeHNN
HaLMOHamnbHbIX MeTponornieckux MHCTUTyToB (HMW) unmn aHanornyHelx opraHM3aunil, KOTOPbIM NMopyveHo
coaepaHve aTanoHoB U3NIECKNX BEMUYUH. TepMUH «NePBUYHBIN» YAacTO OTHOCAT TaKXkKe K TakoMy BblOpaH-
HOMYy MeToAy hU3MIEeCcKOoro BOCTPOU3BEdeHUs, Npu KoTopoM obecrnednBatoTcs MakcMmMansHO OOCTUXKUMbIE C
TOUKM 3PEHUSI COBPEMEHHBIX TEXHOMOMI ONroBpeMeHHasi CTabUNbHOCTb, TOUHOCTb 1 BOCMPON3BOAUMOCTb
N3MepeHU COOTBETCTBYIOLEN BENUYNHBI.

MpwumeyaHune— Muposon Pagnomerpnyeckun dtanoH (MPJ), peanvsoBaHHbili kak MupoBasi 3TanoHHasi
Mpynna (M3I7) NONoCTHLIX paanoMeTpOoB, SIBNAETCA NPU3HAHHLIM NEPBUYHBIM 3TarnoHOM 415 U3BMEPEeHUI SHepreTUHecKom
OCBELLEHHOCTW CONHEYHOIO U3NYy4YeHus.

3.2 BTOpMYHBbIN 3TanoH (secondary standard): Mpubop, KOTOPLIA NyTEM NeproaNYEeCcKOrc CrinieHuns ¢
NepBUYHBbIM 3TaNoHOM CIYXWT AN NoOAAepKaHUs cooTBeTCTBUSA cucTeMe eguHnl, CU B Tex MecTax, roe HeT
4ocTyna K NepBUYHOMY STanoHy. st BTOPUHMHOTO 3TanoHa He siBNsieTcA 0bA3atenbHbIM MPUMeHeHNe Tex xe
TEXHUYECKMX MPUHLUMOB, YTO UCNOSb30BaHbl B MEPBUYHOM 3TaNOHe, OAHaKO COXpaHAeTCs CTpeMneHne goc-
TWUYb aHaNMOTMMYHbIX Pe3ynbTaToB No AOMrOBPEMEHHON CTaBbUNbHOCTW, TOMHOCTU 1 BOCMPOU3BOAMMOCTMY.

MpunmeyaHue— TUNNYHBIM BTOPUYHBIM 3TanoHoM 30 COMHEeYHOro Nany4yeHus sBnseTCsl NONoCTHON paano-
MeTp, Nepuoanyeckm (0bbI4HO Kaxgple 5 neT) NpuHMMarLWmin yqactue B MexayHapoaHbix MuprennomeTtpuyeckux Crivde-
Husix (MIMC) ¢ M3r.

3.3 pabouun aTanoH 1-ro paspaga (primary reference): 3TanoHHoe cpeacTBO, KOTOPOE UCNOb3YeTCA
ans kanubpoBku pabodero atanoHa 2-ro paspsiga. Pabounin atanoH 1-ro paspsiga nepuoaMyeck cnn4yaeTcs ¢
BTOPUYHBLIM 3TanoHoM. YacTo paboune aTanoHbl 1-ro paspsga peannaoBaHbl 3Ha4nTebHO 6onee geleBbiM
crnocobom, YeM BTOPUYHbIE STalOHbI.

MpumeuyaHune— ObObIYHO B KauecTBe paboYyero aTanoHa SHepreTMYeCcKoi OCBEWEHHOCTN eCTECTBEHHOO MU
WCKYCCTBEHHOIO CONTHEYHOTO U3TYHEHUSI UCTONb3YEeTCsl COMTHEYHbINA 3/TEMEHT.

3.4 pabouuin aTanoH 2-ro paspsaga (secondary reference): UamepuTtencHeiil npubop, exeqHEBHO
NCNOMNb3yeMbIii ANS PYTUHHBIX U3MEepEeHNA U Anst kanubpoBku paboymx cpecTB uamepeHunn. Pabouunii ata-
NoH 2-ro paspsifa nepuoguyeckun kanmbpyeTcs no pabovemy atanoHy 1-ro paspsga.

MpuwmeyaHue— Hanbonee pacnpocTpaHeHHbIMU paboUMMM 3TanoHamm 2-ro pa3psga Arnst USMepeHnst SHep-
reTU4ecKoi OCBELLEHHOCTN eCTECTBEHHOIO NI UCKYCCTBEHHOIO COITHEYHOTO U3INYHEHNS SIBNSIIOTCH CONTHEYHBIE 3TTEMEHTbI
W COMNMHEYHbIe MOayNu.

3.5 npocnexuBaemocThb (traceability): TpeboBaHue ana noboro atanoHHoro ®O conHevHoro Npubopa
npuBaA3aTh ero kKannbpoBovHoe 3HaYeHue k cucteme eanHul, CU uenbio HenpepbIBHBIX AOKYMeHTanbHO odop-
MITeHHBIX KannbpoBok ¢ obasaTenbHbLIM OLEHNBaHNEM HeornpeaeneHHOCTEN.

MpwnmedaHune— MP3asaxabl NpoLLern CIIMYeHUs C paguomMeTpuYeckon wkanom cucte Mol egunny, CU v noka-
3an cornacosaHHOCTb ¢ cuctemon CU B npeaenax cyMMmapHon HeonpegeneHHocTH. Takmm o6pa3omM, NpocnexmBaemMocTb
Kk MP3 aBTOomaTn4eckn obecneumnBaeT NpocnexmBaeMocTb k cucteme eanHuy, CU. Ho npu aTom Heob6xoammo yunTbiBaTh
HeonpegeneHHOCTb cooTHoweHust mexay MP3O n CU. Mupoeol paguaumnonHeii ueHTp (MPLL) pekomengyeTt Heonpeae-
NEHHOCTb paBHOMEPHOTO pacnpegenenus ¢ nonywmpuiom 0,3 %. B HacTosilee BpeMs NNaHnpyoTCA TPETLY MO CHETY CIun-
YeHus, pesyneTaTbl KOTOpbIX ByayT ony6rnmkoeaHbl.

J. Romero, N.P. Fox, C. Fréhlich, Metrologia 28 (1991) 125-8
J. Romero, N.P. Fox, C. Fréhlich, Metrologia 32 (1995/1996) 523-4

Tabnwuuya 1—MpuMepbl 3TaNOHHbLIX CPEACTB, UCNONb3YEMbIX B LENsIX MPOCNEXUBAEMOCTU 6AUHUL, BDEMEHU U SHEP-
reTM4eCcKon OCBELEHHOCTU COMNHEYHOro U3ny4eHus

3TanoHHoe cpeacTeo Bpems OHepreTuyeckas 0CBELLEHHOCTb CONMHEYHOrO U3NyYeHUs
MepBUYHBIN 3TANOH LleaneBbie aTomHble Yackl B Haum- | Mpynna nonocTHbIX pagvmoMeTpoB, COCTaBISIOWMX
OHarnbHOM MeTponornyeckom | Muposyio OtanonHyto pynny (M3I') Mupoeoro Pa-
Unctutyte (HMW) avomeTpudeckoro dtanona (MPJ)
KpuoreHHbI Tpan-geTekTop
OranoHHas namna
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3TanoHHoe cpeacTso Bpewms

SHepreTuyeckasn 0CBELLEHHOCTb CONTHEYHOTO U3NYyYEeHUA

LleaneBble aTOMHblEe Yackl HA
cnytHnkax  GPS  (Global
Positioning  System — Mno-
6anbHas Cuctema [losmumo-

BTOpWYHbI 3TanoH

Kommepuecku JoCTyrnHble NOMOCTHbIE PaANoOMETPbl, KaxX-
aole 5 net yvacteyowme B MexayHapoaHbix lNuprenvo-
meTpuyeckux Crnnyenmsx (MIC)
OTanoHHbIN NPVEeMHMK,

KanmbpoBaHHbIN no

HMPOBaHWS) TPan-aeTekTopy
CnekTpopaguomMeTp, KanmbpoBaHHbI/ MO 3TaNoOHHON naM-
ne
Pabouunit stanoH 1-ro | Mpuemuuk GPS ¢ uHaukato- | MuprennomeTtp HopmanbHoro nagexus (MHM) (MCO 9059)
paspsiga pom BpemeHu OTanoHHbIM conHeYHblli npubop (MK 60904-2 n M3K
60904-4)
PaGounin atanoH 2-ro | KeapueBble Yacsl MupaHomeTp (LNCO 9846)
paspsga OTanoHHbIV conHeyHbli Nnpusop (MK 60904-2)
MepBnuHbIA | Tpan-getextop I IGTanonuaﬂ namnal
aTarnoH @
BT:TpaVJ'_‘I‘::M AGconioTHbIA paguomMeTp| | STanoHHbI NpUeMHUK CnekTtpopaguomeTp
X Z
MCO 9059 MOKE0SL2 D
PaGounii N y 4
STasoH I 3TaroHHbIl ConHeYHbIM npubop I
1-ro paspspa
M3K 60904-2
PaGounit
3TanoH " =
2-r0 paspsiaa | 3TanoHHbIN CoNHeuHbIi NpuGop |

MpwumedaHune— Takke MOXeT ObITb peannaoBaHa NPAMas NPOCNEXMBAEMOCTb aGCONIOTHBIX PAAUOMETPOB K
paguomMeTpuryeckon Wkane cuctembl eaunmny CU.

PucyHok 1 — Ouarpamma Haubornee pacrnpoCcTpaHeHHbIX 3TaNOHHbIX CPEACTB U METOAOB NepeaaUn, MCNONb3yembIX
B LLENsIX NPOCNEXMBAEMOCTU A5 NPUEMHUKOB IHEPTETUHECKOWN OCBELLLEHHOCTU CONHEYHOTO U3NYyYeHus!

4 TpebGoBaHus K npoueaypam NpocneXxvBaeMon KannbpoBKU 3TaNOHHbIX
®3 conHeYHbIX NpuéopoB

Ons nepefadn pasmepa eguHALLbI SHEPreTUYECKON OCBELLEHHOCTN CONTHEYHOTO N3MNYYEHUs OT 3TanoH-
HbIX cpecTB Bonee BbICOKOro paHra (Takux Kak mofiocTHOW pagnomMeTp, NUprenMoMeTp U MpaHoMeTp) K aTa-
noHHomy ®3 conHedHoMy Npnbopy HeOBXoANMO Hanudue npoueaypbl NPocnexmsaemon kannbposkn. Mpwn
npoBeaeHUN TakUX npoLeayp OOMKHbI BbITb cOBMoaeHbl crieayoLme yCrnoBus:

a) Bce CpeAcTBa M3MepeHusl, ncnonb3yemMble Ans npoueaypbl nepefayn, A0MKHbI UMETb Mpocnexnsae-
MOCTb K eauMHuLam cuctembl CU;

b) Hanuyne gokymeHTanbHO NOATBEPXKAEHHOTO aHannsa HeornpegeneHHOCTH;

C) Hanu4ue AoKyMeHTarnbHO NoATBEepPXAEHHOW BOCNPOU3BOAMMOCTU NSMEPEHWNIA: Hanpumep, B opme
pesynbTaToB MexnabopaTopHbIX CIIMYEHWA U AOKYMEHTa O KOHTposle kadyecTBa nabopaTtopuu;

d) npoueaypbl 40MKHBI 0becrnevmBaTb abCONMOTHYIO TOYHOCTb KanMbpoBKn C yHeTOM KOHEMHOro Yncna
NMPOMEXYTOUYHbIX Nepeaay.
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MpumeyaHnune 1 — Ob6bIMHO eguHULA NEPeaaeTCs OT BTOPUYHOIO 3TaNOHa K 3TanoHHOMY PO CONMHEYHOMY
anemeHTy B paHre paGovero atanoHa 1-ro paspsiga.

Mpumeyanune 2— lMepegayaeamHuLbl OT OGHOIO 3TANIOHHOIO CONIHEYHOrO NPpUGopa ApYromMy pernameHTUpy-
eTcsi ctaHgapTom M3K 60904-2.

5 AHanus HeonpeaerneHHOCTeN

Kaxgasa npoueaypa npocnexusaeMoi kannbpoBky AoMKHA CONPOBOXAaTbCA OLEeHKOW Heonpeaenex-
HocTel B cootBeTcTBUMM ¢ MISC UNCERT — ED. 1.0 (1995-01) (Guide to the expression of uncertainty in
measurement — PyKOBOACTBO MO BbIpaXXeHWIO He onpeAenieHHOCTU usMepeHuid). Takaa oueHKa AoSKHa
npeaocTaBnATb MHpopmaLmMio 0 HeonpeaeneHHOCTU KanMbpoBKK, a Takke 3HaYEeHUs1 COCTaBNAIOLLMX Heonpe-
AeneHHOCTen ANA KaXaoro cpeicTsa M3MepeHust, UCTMob3YEMOro Npy BbINOMHEHUM NpoLieaypbl kKanMbpoBske,
a UMEeHHO:

a) cocTaensawowaa HeornpegeneHHOCTU, Bo3HUKatowWwas 6narogaps cnyyanHbiM addektam (CocTaBrsio-
wasn Tuna A);

b) cocTtaBnsawwas HeonpegeneHHOCTW, BO3HUKalowas 6narogapsi cuctematudeckum adpdekram
(coctaensowas Tuna B).

B nto6om cnyvae AormkeH 6bITb BbINOMHEH NOMHBIA aHan1M3 HeonpeaeneHHoCTel Npy peanuaaunmn MeTo-
Aa KanubpoBKM B KaxkaoW KOHKPETHOW NabopaTopuu.

6 OTtueT 0 KanMbpoBKe

OTy4eT 0 KanMbpoBKe A0IPKEH COOTBETCTBOBATL TpeboBaHuaM MCO/MOIK 17025 n gorxeH, Kak npasuno,
BKNtouaTk B cebs, no kpaHeh mepe, criegyioLlyio nHdopmaumio:

a) HasBaHue (Hanpumep, «CepTudukart o KanMbpoBKe»);

b) HaumeHoBaHuWe, ropuanYeckUn u bakTudecknuin agpec nabopaTopun, B KOTOPOI NPOBOAUIINCE UCTIbI-
TaHuA U/Mnn KanMbpoBKa;

C) vaeHTudMKaumio otTyeTa (Takylo Kak NMopsaKoBbI HOMEP), HYMepauuio KaXaoi cTpaHuubl, obliee
YUCIIO CTPaHWLL U A4aTy COCTaBMEHNS OTYETa;

d) HanmeHoBaHWe 1 agpec 3aKkasyuka,;

e) onucaHue U MaeHTUDUKALUOHHBIA HoMep 06bekTa UCNbITaHNA NN KanNMBPOBKMK;

f) AaTy nony4yeHus obbekTa kanMbposku 1 AaTy NpoBeAeHUs UCTIbITaHWIA N Kannbposkn (o TpeboBa-
HUI0);

g) pesynbTaThl KanMOPOBKN C yKasaHWeM TemrepaTtypbl YCTPOMUCTBa, Npu KoTopoi 6bina npoBeaeHa
KannmbpoBka;

h) ccbinkaHa ncnonb3yemMsble B nabopaTopum npoLieaypsbl céopa nokasaHui, rae 370 UMeeT OTHOLEeHUe K
AOCTOBEPHOCTU UMK MPUMEHUMOCTU Pe3yribTaTos;

i) bamunuio, nHMLmanel, AOSMKHOCTb U NIMYHYI0 NOANMCE N1ua (N1L), yTBePKaatoLLero oTyeT,;

j) B COOTBETCTBYHOLLMX CryYasixX 3asiBIeHNE O TOM, UTO pe3yNbTaTbl OTHOCSTCS TOMNBKO K M34ennam, npo-
LeALWNM UCTIbITaHWUS U KannubpoBky.

7 MapkupoBkKa

OTanoHHbIA CONHeYHbIA Nprbop, npoLealnin KanubpoBKy, AoMKeH GbiTb MapPKUPOBaH CEPUAHBIM UM
naeHTUPUKaLNOHHBIM HOMEPOM, a B NPUNoXkeHHOM cepTudukaTe 4oskHa bblTh ykasaHa cnegytowas MHhop-
Maums:

a) JaTa kanubpoBKK;

b) kanubpoBoYHOe 3Ha4YeHWe 1 ero TeMnepaTypHblil kKO3PPULMEHT (€CNN BOZMOXKHO).
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MpunoxeHne A
(cnpaBouHoe)

Mpumeptbl BanMaUpoBaHHLIX Npoueayp KanuGpoBku

A.1 BBepgeHune

B HacToAweM NpunoxeHnn onucaHsl NpUMepsl Npoueayp KanmGpoBKM STanoHHbIX P COMHEYHbIX 9NEeMEHTOB B
paHre pabouynx aTanoHoB 1-ro paspaga u COOTBETCTBYIOLLME UM YCTAHOBMEHHbIE HEONpPeAeneHHOCTU. 3Tn npoueaypbl
cryaT Ansl yCTaHOBNEHUA NPOCNEXMBAEMOCTU STANOHHBIX CONHEYHbIX NPUBOPOB K cucteme eauHuy, CU, kak Toro Tpeby-
et ctaHgapT MOK 60904-2. Paboune atanoHsl 1-ro pa3psiga, npowealme kanmbpoBky B COOTBETCTBUM C 3TUMKN Npoueay-
pamu, cnyxar 47151 yCTaHOBNEHUS NPOCIEXNBAEMOCTU HUXKECTOSILLMX 3TANOHHbLIX $3 ConHeuHbIX NpU6opos..

Kak 6110 0TMeYeHO B pasgene 1, onucaHHble B HACTOSILLEM NPUNOXEHUU METOALI OTHOCHTCS TONBKO K 0OAHONEpe-
XOAHbIM TeXHONOorMAM. bonee Toro, 4o CMX NOP 3TV METOAbI NPOLLITM BaNvUAaumIo TONbKO ANA TEXHONOMMU KPUCTaNNNYecKo-
ro KPEMHWS, XOTS [OIMKHbI 6bITb MPUMEHUMbI U K PYTUM TEXHOSIOTUSIM.

OnncaHHble 3aecb MeToabl peanu3oBaHbl B psige nabopatopui pasnuyHbIX CTpaH MUpa 1 6binu nogTBepXKASHbI
pe3ynbTataMmu MeXayHapOAHbIX CIIMYEHWI, B TOM YMUCIE NPUBEAWMNX K YCTaHOBNeHWI0 MupoBoi PoToaneKTpuieckomn
Wkansl (M®3LL). Onncanus, npuBeaeHHbIE B HACTOSILLEM CTaHAAPTe, HOCAT 06 M xapakTep. [leTanu pa3nuyuHbiX peanu-
32U MOXXHO HaNTK B NyBNukauusix, CCbINKU Ha KOTOPbIE aHbl B KOHLIE OMNWUCaHUS KaXa0M npoueaypsl.

Bce cocTaBnsiowme HeonpeaeneHHOCTU NPMBEAEHbI KaK paclumpeHHble HeonpeaeneHHocTn Ugg (¢ koadhduumer-
TOMoxBaTa k = 2). CyMMapHasi pacluMpeHHast HeornpeaeneHHOCTb BblYMCNEHA KaK KOPEHb KBaApaTHbLIA CyMMbl KBagpaToB
BCeX cocTaBnsowmx. MpreeaeHHble GlompKkeThl HEONPEAENneHHOCTeN NpeaocTaBneHbl naboparopuamm, oCyWwecTBUBLIN-
MW NPVBELEHHbIE HMXe NpoLeaypb!, Y ABMSIIOTCS YNPOLWEHHbIMU BEPCUSIMU, OFPaHUYEHHBIMU TONBKO OCHOBHBLIMUW COCTaB-
nawWumn. 3TN BbIYUCNEHUS HEONPeAeneHHOCTEN CnyXaT B Ka4eCcTBe PyKOBOACTBA M AOMKHbI 6biTh aAanTupoBaHbl K
KOHKPETHOW peanu3aumm Kaxaon npoLe aypbl B AaHHOW nabopaTtopun. HeonpegeneHHOCTU, AOCTUIHYTHIE NPY Pa3NNUYHBIX
peanusaunsix 3TUX METOA0B, MOTYT UMETb CYLLLECTBEHHbIE pa3nuyus. MNpu 3TOM oLeHMBaeMble HeonpeaeneHHOCTN Jorn-
KHbI ONMMPATBLCS Ha AeTalbHbIN aHaNu3 1 He MOTyT KONMMPOBATLCA CO CCLINTKOW Ha HACTOSILLMIA CTaHaapT.

A1.1 Mpumepbl BANMAMPOBaHHbLIX METOOOB

A.2 MeTop nonHoro CoNHEYHoOro N3ny4eHus.

A.3 Metog guddepeHumnanbHomn cnekTpanbHol YyBcTBUTENBHOCTU ([ICY).
A.4 MeTop CONHEYHOro nmMmmuTaTopa.

A.5 MeTog NpsiMOro COrHEYHOro U3MNy4eHusl.

AA1.2 Cnncok obwmx o6o3HaveHnn

l¢s — TOK KOPOTKOTO 3aMbIKaHNs 3TANIOHHOTO SNIeMEeHTa;

T, — TemnepaTypa 3TanoHHOro SNeMeHTa,

M5 — KOS(PDULIMEHT KOPPEKLIMN SHEPTETUHECKON OCBELLEHHOCTH (CM. HUXE);

M7 — k03 dOULMEHT TEMMNEPATYPHON KOPPEKLMM (CM. HUXE);

TKoadp — TemnepaTypHbIi KO3MPULNEHT o TOKA KOPOTKOro 3ambikainst (MOK 60891), HOpManusoBaHHbIN Ha TOK
KOPOTKOro 3amblkaHus npu 20 °C n BelpaxeHHbiri B 1°C;

MMF — cakTop HECOOTBETCTBUS (CM. HUXKE);

A — ONVHa BOIHBI,

S( \) — cnekTpanbHas YyBCTBMTENBHOCTb 3TANOHHOIO 3/1EMEHTA;

s( 1) — anddepeHUnanbHas cnekTparnbHas HyBCTBUTENBHOCTL 3TANOHHOIO 3N1EMEHTA;

E().) — cnekTpanbHasi NNOTHOCTb 3HepreTuyeckon oceelweHHocTH (CMN30) ecTeCTBEHHOIO UNN MCKYCCTBEHHOMO
COSTHEYHOI O N3ITYYEHUS;

E_.( A) — cranpapTHoe pacnpegenenne CMN30 cornacHo MOK 60904-3;

G, — aHepreTMyeckasn oCBeLeHHOCTb (30) NPAMOro Uany4eHns;

Gp — 90 paccesHHOro nany4eHns;

chM — cymmapHas 90;

Ecyy — 90 npy cTtangapTHbIX yenosusix ucnbitaxmii (= 1000 B1/m2);

CV — kanmbpoBoyHOe 3HaqeHue, T. . |, B CTaHOapTHbIX YCIOBUAX UcnbITaHni (CY W),

AM — Bo3gywHas macca;

CYW — cTaHAapTHbIe yCrosus ucnsitanuii (1000 B/m2, 25 °C E. (M)

P — nokanbHoe aTMochepHoe AaBNeHue;

P, — 101300 Nag;

0 — BbICOTa CONHLA Hag rOPM3OHTOM B rpagycax.

AA1.3 O6wwme chopmynbl

MeToabl, onucaHHble B pasgenaxA.2, A.4 nA.5, cogepxar HekoTopble 06LLMe BblYMCNEHUs], NOAPOGHO paccMOTpeH-
Hble B 4aHHOM noapasgene. [letanu pasnuyHbix peanu3aaumi onucaHel B COOTBETCTBYIOWMX Nogpasaenax.



rocT P M3K 60904-4—2016

O6biuHO /, , M3mepsieTcs B ycriousax 30, 6rMakoi, HO He COBCEM TOYHO pasHoli 1000 B1/m2. Mpepgnonaras, 4To I
3TanoHHOro 3nemMeHTa U3MeHsIeTCH NMMHENHO ¢ nameHeHrem 30, BBOAUTCA CriedytoLwas nonpaeka:

10008—2 (A1)

| (1000 BT-M2) =/, -Mg =1, ——M
cym

CYW nogpasymeBaloT, 4To Temneparypa npubopa pasHa 25 °C, ogHako n3aMepeHusi He BCeraa BbINomnHAKTCS Npy
3TON Temneparype. TemnepaTypHble OTKITOHEHUS JOIKHbI ObITh YHTEHbI B GloxeTe HeonpeaeneHHocTH. MOXHO Takke
BBECTU TEMMNEPaTYPHYI0 KOPPEKUMIO C TeM, YTOGbI NPUBECTU 3HaueHue | ,(T, ), namepenHoe npu temnepatype T, KUCKOMON
BennunHe /,,(25 °C) nytem ymHoxenus |, ( T,) Ha koadnLmMeHT TemnepaTypHol koppekunn My

(25 °C) = I (T)) My = Delle) (A2)
1-Teoap(25 'C-T,)

Monpaeka, CBA3aHHasA C OTMYMEM CIEKTPATbHbIX YYBCTBUTENBHOCTEN Kanmbpyemoro arnemeHTa u npubopa, npea-
Ha3Ha4eHHOro AnsA nameperns 30, MoxeT GbITb ONMCaHa kak hakTop HECOOTBETCTBUSI:

4000HM 4000HM (A.3)
[S(1)-Er(d)-ah [E()-oh
_ 300HMm 300HM
MMF = 4000HM " '4000HM :
[S()-EQy-dh [E(0)-dh
300HM 300HM

Mpunmeyanune— ObBnacTb MHTErPUPOBaHNA COOTBETCTBYET onpeaenenunio E (). Ecnn namepenus, B vac-
THOCTU ANA E()\), He NOKPLIBAIOT LENTMKOM 3TOT CNEKTParbHbI AUanasoH, MOryT OblTb MCMONb30BaHbI annNpPOKCMMAaLMS, 9KC-
Tpanonsumsa v mogernbHble OLEHKW, HO 3TO AOMXHO ObITh YHTEHO NPU pacyeTe HeonpeaeneHHOCTH.

KanubpogouHoe 3HaueHue CV 3TanoHHOro 3/ieMeHTa onpeaensercs criegyowmm o6pasom:
Cv=1l, Mg My -MMF. (A.4)

A.1.4 CnpaBoyvHasa AOKYMeHTauuA
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performance measurements: Final Report», NREL/TP-520-23477 (1998), 209 pages.

C.R. Osterwald et al. «The world photovoltaic scale: an international reference cell calibration program», Progress in
Photovoltaics 7 (1999) 287—297.

K. Emery «The results of the First World Photovoltaic Scale Recalibration», NREL/TP-520-27942 (2000), 14 pages.

Winter el al.: «The results of the Second World Photovoltaic Scale Recalibration», Proc. Of the 31st IEEE PVSC
3—7 January 2005, Orlando, Florida, USA, pp. 1011—1014.

A.2 MeTtoa NONHOro CONHEYHOro N3nyvyeHunsi

B gaHHoM cnyvae yCTaHOBNEHWE NPOCNeXuBaeMoCT OCHOBaHO Ha KanMbpoBKax ¢ NCMONbL30BaHUEM TaK Ha3blBae-
MOrO «HeMNpPepLIBHOrO MeToAa CONnHUAa-nu-TeHny», onmcaHHoro B UCO 9846. KannbpyeMbin 3TaNOHHbIN CONHEYHbIN 3NEeMEHT
CNMYaeTcs B YCMOBUSIX €CTECTBEHHOTO CONHEYHOTO U3Ny4eHUs C ABYMS 3TANOHHBIMY paguoOMeTPamMm, a UMEHHO C Nupre-
NMOMETPOM, namepsiiowmm npamyo 30 OT conHua, U ¢ NMPaHOMETPOM, N3MEPAIOWNM PACCESHHYI0 ConHevHyo 30 ¢
NOMOLLBIO YCTPONCTBA, CO34AI0WEro HeNnpepbIBHYIO TEHb B HANpaBneHUn HOpMansHoro nagenHus. Monuasa 30 ot conHua
onpegensetca cymmupoeanHnem npamon 30 u paccesiHHon J0. B kauecTee nuprenmometpa ncnonb3yertcs abconioTHbIA
NONOCTHON pagnoMeTp B paHre BTOPUUHOIO 3TarnoHa, KOTopbliii kaxable 5 net cnuyaetca ¢ Muposon 3tanonHon Mpynnon
(M3r), coctaensawwen Mupoeon Pagnometpuyeckuit 3tanoH (MP3). KanubpoBouHbii koaddpuumneHT atanonHoro 3
aneMeHTa onpeaensieTcs U3 N3MepeHNUsl TOKa KOPOTKOTO 3amblkaHusl, npueeaerHoro k 30 1000 B1/m2, ¢ nonpaekoi Ha
cnekTpansHoe HecooTeeTcTBUE (MIK 60904-7), nocumtaHHoe Ha ocHoBaHumn nameperHnn CMN30O NONHOro ConHeYHoro
N3NY4YEHUA N OTHOCUTENBHOW CNEKTPanNbHOW YyBCTBUTEILHOCTU KAanMBpyemMoro 3TanoHHOro COMHEYHOro 3NeMeHTa.

B onpeaeneHHbiX yCNoBUSX MOXET ObiTb NPUMEHEH YINPOLLEHHbIN METOA NOMHOIO COMHEYHOro M3nyvenusi. Tok
KOPOTKOrO 3aMbIKaHWS 3TANOHHOTO aremeHTa npueogutcest kK 90 1000 BT/M2 1 3aTem CTPoUTCA rpaduk 3aBUCUMOCTM ToKa
KOPOTKOro 3aMblKaHMA OT reOMEeTPUYECKON BO3YLLHOW MAcchl C y4eTOM NOMpaBku Ha aTmocdepHoe aaenexue. anee
nony4eHHbIN rpadyk METOAOM HAMMEHBLUUX KBaZAPaToB annpoKCUMMMUPYETCA NMUHENHON 3aBUCUMOCTBIO, U3 KOTOPOW onpe-
AenseTca KanMbpoBOYHOE 3HAYEHME KaK COOTBETCTBYIOLLEE 3HAUYEHMI0 BO3AyLWHONW maccel AM1.5. Koppekuus Ha cnek-
TpanbHy0 HECOBMECTUMOCTL He TpebyeTcsi, T.0. nameperusi ClN30 u cnekTpanbHOW HYyBCTBUTENBHOCTU NPOBOAUTL HE
ob6sasarensHo. B ynpowweHHOM BapuaHTe MeToa NOJSIHOTro CONHEYHOro U3Ny4eHUs KOPPEKUUN HA CNEKTPanbHOE HECOOTBE-
TCTBUE ABHO HE NMPOU3BOAUTCS, HO YCIIOBUSI NPUMEHEHUSI METOAA AOIKHBI rapaHTupoBaTe, 4To CMN30 ectecTBEHHOIO
COMHEYHOro cBeTa HacTonbko 6nmska k crangaptHoi CM30 (M3K 60904-3), 4To COOTBETCTBYIOWAA COCTABNAOWASA
HeonpeaeneHHOCTb MEHbLUE BETNTMYMHbI, yka3aHHow B Tabnuue A.1. HecmoTpsa Ha To, 4TO 3T0 06¢cTOATENBLCTBO 066CNevYeHo
HWXE NepeynNCneHHbIMU YCNOBUSIMU B ONMUCAHWM MEeToAa, OHO AOIDKHO ObiTb ABHO MpoOBepeHo (NpeanovTUTENbHO C

6
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NOMOLLbIO METOAa NOMHOIO COMHEYHOro M3nyyeHus). Mocne Takon NPOBEPKU YNPOLLEHHAs BEPCUsSI MOXET ObITb NPUMeHe-
Ha, HO Wb B TOM CIy4ae, eCInv rpaHWYHble YCIIOBUS OCTaKTCH TaKUMU XKe, YTO U BO BPEMSsi IPOBEPKY.

MpumeyvaHue 1— lpunpoeeaeHnn BepudbrKaLum 1 BanMaaumm nony4aoT YMCIOBbIe 3Ha4eHNs ansa o6omx
mMeToAoB. Ecnun aTn uncnoBble 3HaveHus coBnagateT B npegdenax 6rogxeTa HeonpegeneHHoCT MeTOA0B, TO YNPOLLEHHbIV
MeTOo/ CUMTaeTCs NpoLeaLWwmnM Banugauuio.

MpumeyvaHune 2— YnpolweHHas Npoueaypa AaeT AOCTaTOMHO TOYHbIE pe3ynbTaThl 4nA NPMBOPOB ¢ OTKNU-
KOM B LUMPOKOM CNEKTPanbHOM Aguanas3oHe COMHEYHOro CrekTpa, Hanpumep, A4ns KpMeTanim4eckmx KpeMHUeBbIX npnbo-
poB. HanpoTue, Ans npubopoB ¢ y3KOW CNeKTpanbHOW MONOCON YyBCTBMTENBHOCTM MOTYT BO3HUKHYTb CYLLECTBEHHbIE
OLNGKN.

A.21 O6opynoBaHue

a) MoHTaxHasa nnaTdopma, KoTopasi MoxeT OblTb OPUEHTMPOBaHA MO HOPManW K COMHLY € TOYHOCTLI0 £0,5° Ha npo-
TSIKEHWM BCEro npouecca KanuobpoBky.

b) MonocTtHon paguomeTp ¢ NnpocnexmeaemocTbio kK MP3.

¢) MupanomeTp c npocnexusaemocTbio kK MP3.

d) Mpucnocobnenne ans co3gaHus TeHn, ObecnevmBaeT TeHb Ansi npubopa u3 NnepeuncnexHns c). Yron nons 3pe-
HWR, yron o63opa 1 anepTypHbIV yron, co3gaBaemMble TEHbIO, AOMKHbI KOMMEHCUPOBaTbL COOTBETCTBYIOWME YrNbl NONOCTH
pagvomeTpa ua nepeuncnenus b).

e) TepmocTabunuanpoBaHHbIV 610K ANst MOHTaXa Kanmbpyemoro 3tanoHHoro npubopa, KOTopbI MOXeT noaaep-
XMBaTb TeMnepaTtypy Ha ypoBHe (25 + 2) °C Ha NpoTsKeHUn Bcero npouecca kanubpoeku.

f) KanubposaHHoe cpeacTBO, NO3BONSIOWES UMEPATH TOK KOPOTKOFO 3aMblKaHUA CONHEYHON SSYENKN C TOUHOCTBIO
He xyxe £0,1 %.

g) KannbpoBaHHoe cpeacTBO, NO3BOMNAIOLLLEE U3MEPATHL CUrHAN NMPAHOMETPA C TOYHOCTLIO He XyXe £0,5 %.

h) CnektpopagnomeTp, no3sonsiiowuii uamepsate CMI0O NONHOIO CONHEYHOrO U3Ny4eHUn B AnanasoHe ANuH BONH
o1 350 go 2500 Hm (unu Gonbluem).

MpumeyaHune 1— HetpebyeTcs gnsa ynpoweHHON Bepcuu.

i) AnnapaTypa gns onpegeneHns OTHOCUTENbHON CNEKTPANbHOW 3TaNOHHOW YYBCTBUTENBHOCTU CONMHEYHOrO are-
MEHTa.

MpumeyaHune 2— HetpebyeTcs gnsa ynpoweHHON Bepcuu.

j) CpepcTBO ANA M3MEPEHUS BICOTHI CONHLA HaJ, FOPU3OHTOM C TOYHOCTbIO +2°. BbicOTa COMNMHLA B KaXabli UHTepe-
CYIOLWUIA MOMEHT BPEMEHN MOXET Takke GbITb onpegeneHa no crnpaBo4HMKaM Iy BblUKCIieHa, ecrnv npu aTom o6ecneyn-
BatTCs TpeboBaHmA ToUHOCTM. B nocnegHeM cnydyae, kak npaBuiio, TpebyeTcs kanubpoBaHHOe CPeACTBO U3MEPEHUs
BpeMeHU, Heobxoanmoe Ans BblMUCTEHN S BO3AYLIHOW MacChl.

MpumeyaHue 3 — TpebyeTcs TONbKO Ansi YNPOLLEHHOW BEPCUMN.
k) MaHomeTp ans namepeHus aTMocepHoro AaeneHusi P ¢ TOYHOCTBIO He Xyxe +250 Ma.

MpumeyaHue 4 — TpebyeTcs TONBKO 415 YNPOLLEHHON BEPCUN.
A.2.2 NamepeHunn

Kannbpoeky B COOTBETCTBUM C HACTOSALWMM CTAHAAPTOM CnegyeT NPOBOAUTL TONBKO B SICHbIA CONHEYHbIN AeHb NPY
BMAUMOM OTCYTCTBUM 06NnakoB B Npegenax 30° oT conHua.
a) OnpepensioT OTHOCUTENbHbIV CNEKTPanbHbIA OTKIMK KanubpyeMoro 3TanoHHOIO CONTHEYHOrO SNeMeHTa.

MpumeyaHwuel— HetpebyeTcs AN yNpoOLLEHHOW BEPCUN.

b) BeibupatoT MecTo n/unv Bpems roga, rae v korga BelcoTa CoNnHua Hag ropu3oHTOM MOXKET rapaHTUPOBaHHO A0C-
TWUYb B TEMEHWE OHA YINa, KoTopbin cooTBeTCTBYET AM1.5 (41,8° Npm Py).

¢) YcTaHaBnuBatoT NOMOCTHOW PaguoMeTp Ha YCTPOWCTBO CMEXEHUs 3a CONHUEM [cM. NyHKT A.2.1, nepeuncne-
Hue a)]. PagnomeTpsl, kak NpaBuno, CHaGXeHbl 3MEKTPOHHBIMK GrIoKaMu, KOTOPLIE AOSKHBI GbiTh NOAKMIOUEHE! B COOTBET-
CTBUM C peKoMeHpaumsmu uarotoButens. [locne BKMIOYEHWs BbiKMAAKT BpeMms, Heobxogumoe Ansi nporpesBa
SNEKTPOHUKM.

d) YctaHaenmealoT Kanubpyemblii 3TanoHHbIVA CONMHEYHbIV 3NEMEHT B NITOCKOCTU MOHTaXXHOMW NNaTgopmsl, Npucoe-
AVHVB ee K TepMocTaTupoBaHHOMY 6NOKy, U ycTaHaBNMBAIOT TeMNepaTtypy anemeHTa (25 + 2) °C.

e) YcTaHaBnMBalT nMpaHoMeTp Ansa nuamepeHust 30 paccessHHOTO CONMHEYHOrO M3rny4YeHUsi B NITOCKOCTU MOHTAM-
Holn nnatdopmel. CnegyeT ybeanTbCa, YTO B NONE 3peHns NMPaHOMeTpa HeT OTpaKatoLLMX NOBEPXHOCTEN, KOTOPbIe MOTyT
NOBMNWATb HA Pe3ynbTaT M3MEPEHUIA. Y CTaHaBNUBAIOT 3aCNOHKY, (POpMUPYIOLLYIO TeHb, M YBexaarTes, YTO YyBCTBUTENb-
Hasi 30Ha NMPaHOMETPa HaXOoAUTCH B LEHTPE TEHU.

f) YctaHaBnuBaloT CNekTpopaanomMeTp B NITOCKOCTU MOHTaXKHOW NnaTtdopMel.

MpumeyvyaHue 2— Hetpebyercs ons ynpoweHHON BEPCUUN.
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g) MpoBoAsT OQHOBPEMEHHbIE U3MEPEHMS, BbINOMHSS Cieayowme Wwaru:

1) NpoBepsiloT IOCTUPOBKY BCEX YCTPOWCTB MO OTHOLIEHMIO K CONHUY U yBexaaloTcsl B NPaBUITbHOCTU pacno-
TNOXEHUs TeHW;

2) ybexpatoTcs, YTO TemnepaTtypa STanoHHOrO COMHEYHOro 3NeMeHTa NeXWT B npegenax, onpegenex-
HbIX B nepeyuncnenum d);

3) BLINOMHAT perncrpaumio an, 30 NpsAMOro n3ny4eHusi Nno NoKasaHWAM NOMOCTHOTO PaAMOMETpa;

4) BbINOMNHSIOT pervcTpaumio Gp, 90 paccesiHHOro U3rny4eHust No NokazaHUsaM NMpPaHoMeTpa;

5) BLIMONHAIT perncrpaunio /,, TOKa KOPOTKOIO 3aMbiKaHWsl Kanubpyemoro 3TanoHHOIO COMHEYHOTO
ANemMeHTa;

6) BbINonHsioT pernctpaumio E(1) CrN30 NonHOro CoONHEYHOro N3ny4YeHus.

MpumedaHue 3— HeTpebyeTcs ons ynpoLweHHOW Bepcuu;

7) M3aMepsIloT O BLICOTY COMHUA Haj rOPU3CHTOM UMW (PUKCUPYIOT TOYHOE BPEeMsi (Hacbl, MUHYTbI, CEKYHZbI)
c6opa gaHHbIX ¥ PacCYUTLIBAKOT BLICOTY COMHLA.

MpumMmeuaHued— TpebyeTcs TONBKO As YNPOLLEHHOW BEPCUM;
8) BbLINOMHAT perncrpaumio P nokansHoro atmocdepHoro AaeneHust.
MpumeyaHue 5— TpebyeTcs TONbKO A YNPOLLEHHOW BEPCUM;
9) noBTOpPAIT Warn 1)—6) HeckonbKo pas.

MpumMmeyaHue 6 — He tpebyeTcs 4ns ynpoLLeHHON Bepcuu;

10) noeTopstoT Wwarn 1)—>5), 7) 1 8) No kpalHeh mepe yepes Kaxable 5 MUH B TEUEHUE HECKOITbKUX YacoB
[0 U nocre acTPOHOMUYECKOTo NONyaHs, OXBaTblBas AManasoH BO3AyLIHbIX Macc OT 3HaueHus Huxe, yem AM1.5, go 3Ha-
YeHus Bbiwe, YeM AM 3 B 06a neproga BpeMeHm (40 1 nocne NonyaHs).

MpumeuyaHue 7 — TpebGyeTcs TONBLKO As YNPOLLEHHO BEPCUM;

h) nonHocTbI0 MOBTOPSAIOT NPOLEAYpY U3MepeHuii B apyrve aHu (No KpakHen mepe ABa aHs).

A.2.3 O6paboTKa pe3ynbLTaToB M3MEPEHUN

Ans kaxgow TOYKU 3MEPEHNI BbINOIMHAT CNeaylolme Wwarn:

a) WCKITIoYalT TOYKU, AN KOTOPbLIX 3Ha4YeHusA G Gp |, OTNINYAIOTCA OT COOTBETCTBYIOWMX 3HAYEHNI NPeaLeCT-
BytloWwmx Tovek 6onee yem Ha 3 %;

b) BeumcrsioT cymmapHyto 0 kak G, = G + Gy

C) NepecyMTbIBAOT U3MEPEHHbIM TOK KOPOTKOTO 3aMblKaHWA KanubpyeMoro 3TanoHHOro COMHEYHOro 3MeMeHTa,
NPVBOAS ero K 3HaveHuto cTaHaapTHon 0 1000 BT/m2, ncnonkays dopmyny A.1;

d) BBOOAT TEeMMnepaTypHYyH NONpPaeKy, ncnonb3aysi opmyny A.2.

np’

MpumevaHune 1— He TpebyeTcs,, ecnu TemnepaTtypa nogaepXuBaeTcsa NOCTOSHHON, Kak yka3aHo B A.2.2,
nepeuncreHve d), n ecnu 4ONYCTUMbIE OTKITOHEHUA TEMNEPATYpPb! y4TEHbI B BlogxeTe HeonpeaeneHHOCTH;

€) BBOASAT NOMpaBkKy Ha CrekTparbHOe HECOOTBETCTBUE, UCNONb3ysa chopmyny A.3, rae E(A) — namepenroe CM30
NONHOro CONMHEYHOro N3ny4eHns;

f) BbluMcnaT kKaNMBPOBOUHOE 3HAYEHME, UCNonb3ysi opmyny A.4;

g) ycpeOHsioT Bce KanmbpoBOYHbIE 3Ha4YEHUs], NONyYeHHbIE B TeHEHNE OQHOMo AHA n3aMepeHun, n o603HaqaloT 3to
cpenHee Kak CVy;

h) noeTopsiloT nepeuncnenns a)—g) ANsA BCEX M3MEpUTENbHbIX AHEN U BbIYUCIAIOT COOTBETCTBEHHO CV,, CVg,...
Cv,;

i) BblYMCMSIOT OKOHYaTeSIbHOE KanMBPOBOYHOE 3Ha4EHNe 3TANOHHOrO YCTPONCTBA, YCPeaHMB Bee n 3HaveHnin CV

CV=(CV,+CV, +...+CV,)n (A.5)
j) Ons ynpoueHHON BEPCUMUN NEPEYUCTIEHNS €)—() 3aMeHSII0T CriegyoWmMu:

1) ncknioualoT namepuTenbHble TOYKW, NS KOTOPbIX oTHoweHue G /G, . "ubo meree 0,1, nubo Gonee
0,3. Takke NCKIIoYatoT TOUKM, ANS KOTOPbIX GCyIVI BBLIXOAWT 3a rpaHuLisl ananasona 800—1200 B1/m2,

MpumMmeyvyaHune 2— ITorapaHTUpPYeT, YTO AaHHbIE, UCNOMb30OBaHHbIE ANA AanbHelWwen 06paboTku, NonyyeHb
npv aTMOChepHbIX YCIOBUSIX, BIIM3KMX K TEM, YTO COOTBETCTBYIOT CTAHAAPTHOMY CONTHEHYHOMY CMEKTPY;

2) ncnonb3ys BbICOTY NOAbeMa COMHLA HaZ FOPU3OHTOM M aTMOCKepHoe AaBrieHue, paccyMThIBAIOT 3Ha-
YeHune BO3gyLwHom maccel AM Ha MOMEHT namepeHunsi no opmyne:

AM = PI(P, - sin 6); (A.6)
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3) ucknoYalT gaHHble, Ans koTopbix AM npesbiwaer 3;

4) cTpOSAT rpacuK 3aBMCMMOCTW 3HAUEHWI | ., MONYy4YEeHHbIX MOCMe BLINOMHEHUA AENCTBUI MO nepeqmncrie-
HUI0 d) OT COOTBETCTBYIOLLMX 3HAYEHWI BO3AYLWIHLIX Mace AM;

5) NpoOBOASIT NWHEVHYO annpoKCUMaumio, MOMb3ysCb MEeTOAOM HaWMeHbLIMX KBagpaToB, W HaxogasaT
HaknoH m v caeur b nonydeHHon npsimon. [ns 6onee cbanaHcMpOBaHHOWM anmnpokcMmaumu cnegyeT npegBapuTenbHO
ycpeaHuTb TOKM KOPOTKOro 3ambikaHusi B npegenax wara AM, pamHoro 0,01. Kaxgan ceccust UamepeHnin, YTpeHHss 1
BeuepHsis, 4OMKHa AaTk BKnag He meHee 33 % B obLwee uncno naMepeHHbIX TO4eK, MCNonNb30BaHHbIX AN MeToda obpart-
HbIX KBagpaToB.

MpumedvaHue 3— [ns onTMMmanbHOW NMHEWHONW annpokcMmMmauum Heobxogumo umetse MMHUMYM 10 namepu-
TenbHbIX ToYeK, Yem Gonblue Toyek B parioHe AM1.5 ncnons3oBaHo Ans MeTo4a HauMeHbLLUX KBaApaToB, TEM MEHbLUe
HeonpeaeneHHOCTb NpoLeAypb! KannbpoBKK.

MpumedvaHue 4 — [JonycTMMO UCNONb30OBaHNE AaHHbIX TONBKO OAHOW NONOBMHBI AHs1. OgHAKO B OKOHYaTENb-
HOe ycpeaHeHWe AOMXHb! BbITh BKIMIOUYEHb! AaHHbIe MO KpaHen Mepe Tpex pasnuyHbIX AHeR, Npy 9TOM Mo KpanHen mepe
ABYX YTPEHHUX W AIBYX BEYEPHNX CECCUI;

6) BbLIYMCNSIOT KANMBGPOBOYHOE 3HaYEHKe STanoHHOro npnéopa no opmyne
CV,=m-AM + b npn AM = 1,5; (A.7)
7) panee BbINOMHAT AeNCTBUS NO Nepeyncnenmam h) ni).

A.2.4 OueHka HeonpegeneHHocTen

B tabnuue A.1 npuBeaeHbl TMNWYHbIE 3HAa4YEeHUs1 COCTABMNSIOWMX HEONPEAENEHHOCTHN ANA METOAA NOJTHOIO CONHeY-
HOro M3Ny4eHVs (NeBas KONOHKAa) U ero ynpoLLLeHHON Bepcum (NpaBas konoHka). CymmapHas paclumpeHHas HeonpegerneH-
HOCTb Ugs ANS K&XO0ro M3 MeTOL0B COCTaBNAET COOTBETCTBEHHO 0,8 % 1 1,1 % (koadbdunumeHT oxeara k = 2).

Tab6nwuuya A1 — TunuyHble 3HaYeHUs1 COCTaBINSIOWMUX pacMpeHHON HeonpeaeneHHoCT (k = 2) Ans meToaa NofIHOro
CONMHEYHOro N3Mny4eHns

HeonpeaeneHHOCTb N3MepeHnsi TOKa KOPOTKOIO 3aMblKaHUA 0,1 %
HeonpeaeneHHOCTb, CBA3aHHasA ¢ HeCTabWNbHOCTLIO TeMNepaTypbl anemeHTa (2 K) 01 %
HeonpeaeneHHocTb namepeHnsa 30 NPSAMOro n3ny4YeHns 0,4 %
HeonpeaeneHHocTb namepeHns 30 paccesHHOro n3ny4eHns 1,6 %
HeonpeaeneHHocTb uaMmepeHusi cymmapHomn 30 (80 % npamon n 20 % paccesiHHO) 0,6 %
HeonpegeneHHOCTb, CBsi3aHHasl C MOMNPaBKOW Ha CNEKTpanbHOe HecOOTBETCTBUE

(M3K 60904-7) unu c otnudnem B cnektpax CM30 npu kanubpoeke n ctaHgapTHON 0,3 % 0,4 %
CMN30 gna AM1.5 (M3K 60904-3)

iamMeHeHne pesynbTata n3aMepeHuit OTO AHS KO OHI0 0,3% 0,8 %
CymmapHas paclumpeHHasi HeonpeaeneHHoCTb 0,8 % 1,1 %

A.2.5 CnpaBo4Hasa oOKyMeHTauusa
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K. A. Emery, C.R. Osterwald, S. Rummel, D.R. Myers, T.L. Stoffel, and D. Waddington «Comparison of Photovoltaic
Calibration Methods» Proc. 9th European Photovoltaic Solar Energy Conf., Freiburg, W. Germany, September 25—29,
1989, pp. 648—651

K.A. Emery, D. Waddington, S. Rummel, D.R. Myers, T.L. Stoffel, and C.R. Osterwald «SERI Results from the PEP
1987 Summit Round Robin and a Comparison of Photovoltaic Calibration Methods» SERI tech. rep. TR-213-3472,
March 1989

Gomez, T, Garcia L, Martinez G «Ground level sunlight calibration of space solar cells. Tenerife 99 campaign» Proc.
28th IEEE PVSC, 1332—1335, (2000)

J. Metzdorf, T. Wittchen, K. Heidler, K. Dehne, R. Shimokawa, F.Nagamine, H. Ossenbrink, L. Fornarini,
C. Goodbody, M. Davies, K. Emery, and R. Deblasio «The Results of the PEP ‘87 Round-Robin Calibration of Reference
Cells and Modules — Final Report» PTB technical report PTB-Opt-31, Braunschweig, Germany, November 1990,
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H. Millejans, A. loannides, R. Kenny, W. Zaaiman, H. A. Ossenbrink, E. D. Dunlop «Spectral mismatchin calibration of
photovoltaic reference devices by global sunlight method» Measurement Science and Technology 16 (2005) 1250—1254

H. Millejans, W. Zaaiman, E. D. Dunlop, H. A. Ossenbrink «Calibration of photovoltaic reference cells by global
sunlight method» Metrologia 42 (2005) 360—367
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H. Mdllejans, W. Zaaiman, F. Merli, E. D. Dunlop, H. A. Ossenbrink «Comparison of traceable calibration methods for
primary photovoltaic reference cells» Progress in Photovoltaics 13 (2005) 661—671

F.C. Treble and K.H. Krebs «Comparison of European Reference Solar Cell Calibrations» Proc. 15th IEEE PV Spec.
Conf., 1981, pp. 205—210

R. Whitaker, G. Zerlaut, and A. Purnell <Experimental demonstration of the efficacy of global versus directbeam use in
photovoltaic performance prediction of flat plate photovoltaic modules» Proc 16th IEEE PVSC, pp. 469—474, 1982

A.3 MeTtop gndpchepeHunanbHoOM cnekTpanbHON YyBCcTBUTENLHOCTH ([ICH)

B aaHHoOM cny4vae npocnexnBaemMoCcTb OCHOBaHa Ha U3MEPEHUSIX CNeKTpanbHOWM YyBCTBUTENBHOCTH C NOMOLLBIO 3Ta-
NOHHbIX NPUEMHUKOB, UMEIOLLIMX, B CBOIO O4epeb, NPSIMYH0 MPOCHEXMBaeMOoCTb K cncteme eamHny CU. KannbposouHoe 3Ha-
YeHue BblUNCISeTCs 3 M3MepeHHON abCcoNOTHON CNeKTpanbHON YyBCTBUMTEIIbHOCTY 3TANOHHONO CONTHEYHOMO 31eMEHTa U
cTangapTHoro pacnpegenenus CMN30 conHevHoro nanydvenus. MNMepeaada cnekrpanbHON HYyBCTBUTENBHOCTU OCYLLECTBISA-
eTcA oT ypoBeHA 30, NpucyLwen 3TanoHHOMY NPUEMHUKY, K YPOBHIO 30O COMHEYHOro N3Ny4eHNs C YBENUYEHVEM B HECKOIBKO
nopsiakoB 6e3 kaknx-nnbo orpaHMYeHnii Ha IMHENHOCTb CONHEYHOrO 3MeMeHTa UK CNeKTpanbHOe COOTBETCTBUE.

A.3.1 ObopypoBaHune

Ons peannsaummn meToga TpebyeTcsi cneaytolan annapaTtypa (CM. pucyHku A1 n A.2):

a) WMCTOYHUK MOHOXPOMaTU4eCKOro uanyveHusi Ha 6ase cHaGXXeHHOro Moy nsiTOPOM MOHOXpOMaTopa, Co3AalcLumi
oceelleHue ¢ ypoeHeM CMNA0 He menee 1 MBT M2 Hv~! B guanasoHe AnvH BOMH, MepekpbiBAIOILMM ANana3oH CnekTparb-
HOW YYBCTBUTENBHOCTMU KannbpyemMoro 37arnoHHOro CONHEYHOro SfieMeHTa U XapaKkTepuayeMblil NPOCIEXUBAEMOCTLIO N0
ONVHE BOMHbI;

b) namna (namnel) ¢ TMH30BOW MNW 3epKanbHOW BXOAHOW ONTUKON (PEKOMEHAYIOTCS KBapLeBas ranoreHHasi namna
ANsi CNeKkTpanbHoro gnanasoHa ot 400 HM 1 ganee v KCEHOHOBasA AyroBasi namna ans AnuH BornH meHee 400 Hm);

C) WCTOYHMK CMELLalolWero ocBeLleHusi, cTabunbHOCTb, oaHopoaHocTb U CMN30 KOTOpPOro A0IKHbLI COOTBETCTBO-
BaTb TpeboBaHUSAM K UCTOMHUKaM kracca CBA cornacHo M3OK 60904-9;

d) MogynMpoOBaHHbI MOHOXPOMAaTUYECKUIA UCTOHYHUK ((PUNBTPOBLIN), C MPOCNEXMBAEMOCTBIO MO AMMHE BOIHBI,
npeaHasHavYeHHbIN Ans abconoTHOW KanubpPOBKM HA OAHOW WNKW HECKOJTBbKMX KOHKPETHLIX AnvHax BorH. HepaBHoMep-
HOCTb OCBELLEHWS, CO34aBaeMOro UCTOYHMKOM, AOIMKHa GblTb MeHee +3 % B npefienax akTMBHOM 30HbLI kKanubpyemoro
npubopa;

€) KOHTPOMbHbIV PoTOANOA (MPUEMHUK-MOHUTOP) C NNOWAaALIO0 NPUEMHON NNOLWAaAKN 40CTaTO4HO 60MbLLION, YTOOLI
KOHTPONMPOBaTh MOLWHOCTE U3MY4EeHUs1 MOHOXPOMaTUYECKUX MCTOHMHMKOB NO NepeuncrieHnam a) u d);

f) TepmocTaTMpPOBAHHLIN 3TANOHHBIN NPUEMHUK (MPUEMHUKM) M3NYHEHUA C NPAMON NpocnexmusaeMocTeio k CU. B
Ka4eCTBe TaKNX MPMEMHMKOB CrielyeT UCronb3oeaTth POTOANOALI C HANNYHLWMMMN XapaKTe PUCTMKaMM rNo IMHENHOCTH, NPO-
CTPaHCTBEHHOW OQHOPOOHOCTU U CTAaOUINBHOCTY;

g) tocTupyemas guacdparma (Mpoeumpyemas Ha 3TanoHHbINA SMEMEHT);

h) cpepcTBa nogaepxaHus TemnepaTypbl CONHEYHOTO 3rieMeHTa Ha ypoeHe (25 + 2) °C;

i) cpefcTBaAnsa M3aMepeHUs nepeMeHHON COCTaBMSIIOLWEN TOKOB KOPOTKOrO 3aMblKaHUs kKanubpyeMoro ConHe4Horo
3NeMeHTa, 3TanOHHOIo NPMEMHKKA U MPUEMHNKA-MOHUTOPA, T. €. CPeICTBA HA OCHOBE CUHXPOHHOTO yeunuTens. Pacxox-
AeHnA K03MULNEHTOB YCUIEHMS TaKUX yeunuTenen (Ha ofHMX U TeX Xe Npeaenax ycurneHusl) He 0IDKHbI OTNnYaThest
6onee yemHa 0,1 %. XKenaTenbHO MCMONb30BaTh OAVH U TOT e YCUNUTENb A4NA 3TarOHHOTO 3MeMeHTa M 9TanoHHOIo Npu-
€MHUKa;

j) cpeacTBaM3MepeHUsi NOCTOSIHHOM COCTaBnAIoWel / ,, TOKa KOPOTKOrO 3aMblKaHWs CONHEYHOTO SNemMeHTa, B COoT-
BeTcTBUMM C A.3.2, nepeuuncnenne f).

A.3.2 Pa6ouas npoueaypa

a) CrabunuampyloT TemnepaTypy CONHEYHOro aneMeHTa Ha ypoBHe (25 + 2) °C.

b) KOcTtupytoT gnadparmy Tak, UTo6bl ee n3o6paxeHne COBNaAano ¢ akTuBHOM 06racTbio CONHEYHOTo 3nemMeHTa ¢
TOYHOCTBIO +1 MM.

C) YcTaHaBnMBaOT 3TaNOHHLIA NPUEMHUK B (hOKyCe MOHOXPOMATUYECKOTO Myyka, TaK, YTo6bl MpMeMHUK cobupan
BCIO MOLLHOCTb M3IY4eHUS.

d) KanmbpytoT MOHOXpoMaTU4eckuii ICTOUHMK [cM. A.3.1, nepeuncrnieHve a)] B eauHULAX OTHOCUTENBHOMO pacrnpe-
AeneHus CMN30 (6e3 y4eTa MCTOUHMKA CMELLAIOLWErO U3NyqeHns).

e) BknovaoT MogynsiTop MOHOXPOMaTUYECKOro MCTOYHMKA [cM. A.3.1, nepeuncnerue a)] U MU3MepsIoT OTHOLLEHUS]
nepemMeHHbIX COCTaBMSAIOLLMX TOKOB KOPOTKOrO 3aMbIKaHNs MPUEMHUKa-MOHUTOPA Al 1o, 1 STANOHHOTO NpUemMHnKa Al
M3Mepssa X OGHOBPEMEHHO BO BCEM CMeKTPanbHOM AWana3oHe YyBCTBUTENbHOCTY C NPOMeXyTkamu He 6onee 10 HM.

f) BkniovaloT UCTOHHUK «6ernoro» cMexaiolero oceelermsi [A.3.1, nepeuncnenue c)], ycTaHaBNMBAaIOT XenaeMbii
ypoBeHb 0cBeleHHocTH E,, (B ananasone o1 10 4o 1100 BT1/M2) M namMepsioT COOTBETCTBYIOLLYIO NOCTOSHHYIO COCTABNSIIO-
LLY'0 TOKa KOPOTKOro 3ambikanus I, = I (E.,,).

g) OnpegensiioT OTHOCUTENBHYIO CNEKTPANBHYIO YYBCTBUTENBHOCT CONTHEYHOMO 3NIeMEHTA, UCTIONb3Ys MO4YNUPO-
BaHHbI MOHOXPOMaTWNYECKUI NCTOYHMK OCBELWEHHOCTH [A.3.1, nepeuncnerme a)] u namepsisi OTHOLLEHWS TOKOB KOPOTKOTO
3aMbIKaHUS COMHEYHOTO 31eMeHTa Al 1 NpUeMHUKa-MOHUTOPa Al . BumcnaoT oTHOCUTENbHYIO AnddepeHLmanbhyio

CMEKTPAsbHYI0 YyBCTBUTENBHOCTL S( A, Iy, )y, CONTHEHHOrO S1I€MEHTa Npy OCBELWEHHOCTN E

10
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Al

s ( A ICM)OTH = %'M'San(l)v (A-S)
Algw  Aly
rae S, (A) — cnekTpanbHas YyBCTBUTENbHOCTb 3TANOHHOIO NPUEMHWKA Ha ANWHE BOMHbI A.

h) MoeTopsiOT AelicTBMA No Nepeuncnenmnsm fl—g) ¢ pasnuyuHbIMK YPOBHSAMW CMELLaloWEro OCBeLLEeHNs (He MeHee
5 ypoBHe), NepeKpbIBas AManasoH no kpaiiHei mepe ot 10 4o 1100 B1/M2, BLINONHSS TEM CaMbIM UCCHEI0BAHUE NIMHEN-
HOCTW OTHOCUTESIBHOW CNEKTParibHON YyBCTBUTENBHOCTH.

i) YcraHaBnuBaioT ypoBeHb OCBELEHHOCTYN £y CMeLiaioulero UCToYHNKa, 6nuskun K MUHUMansHOMY, 1 U3MEpPSIioT
NOCTOSIHHYI0 COCTABNSIOILYI0 TOKA KOPOTKOrO 3ambikanus Iy = I (Eq). [lanee, ncnonesyn hnnbTpoebIii MOHOXpOMaTUYEC-
K uctounuk [A.3.1, nepeuncnenune d)], namepsiot abconiotHyio auddepeHumanbHyo CNEKTPanbHYO YyBCTBUTENb-
HOCTb CONTHEYHOTO 3NeMeHTa Ha TPeX ANUHAX BOIH.

j) AbconiotHas audpepeHumanbHasn cnekTpanbHas HyBCTBUTENBHOCTL (A, fy), i = 1,2, 3, onpeaenneTcs oTHOwWe-
HUEM TOKOB KOPOTKOIO 3amblKaHus K YPOBHAM 30 (M3MEPEHHBIM 3TanOHHBIM NPUEMHUKOM B paboyer nnockocTn) ans
Kaxxgoro hunbTpa no ovepeam.

A.3.3 O6paboTka pe3ynbLTaToB U3MEpPEHUM

a) BoelumensioT oTHoweHus k(1) = [oTHOCUTeNbHaA CneKkTpanbHas YyBCTBUTENbHOCTL, onpeaeneHHas B A.3.2,
nepeuvncreHve g)l/[abcontoTHasi cnekTpanbHas YyBCTBUTENBHOCTB, onpeaeneHHas B A.3.2, nepeuncnenue i)] ans kax-
AOW U3 TPEX ATMH BOIH Ay, Ay, Ag ANSI OCBELWEHHOCTN B

b) BeuucnsitoT abecontoTHyo anddepeHumanbHyIo CrieKTpanbHY YyBCTBUTENBHOCTL, YMHOXAas OTHOCUTENbHYIO
YYBCTBUTEIIBHOCTb Ha CpeaHee 3HaqeHue koagdmumenTa k;

s(h 1) = s(2 Ky + ky + ka)/3. (A.9)

’ ICM)OTH

¢) BbiumcnsioT andbtepeHumnanbHyio HyBCTBUTENBHOCTE Sapq s5(Ve,) NMPM OCBeweHHoCTH E ()) Ans no KpaiiHen
Mepe NATK PasfiMYHbIX YPOBHEN CMELLaloLero ocBeLeHuns, onpeaensemblx I , .

[ 800 o) -Ecr (2)-an (A.10)
Sam1 5(ow) = ,
Ecyu
rae Eqyy = [Eq(2)-dA =1000 Br-m2 (A.11)
n
Iow = ha(Ecu)- (A12)

d) OTanoHHbIN CONHEYHbIA 3NEMEHT MOXET CHUTATLCA JIMHENHbIM, €CNN 3HAYEHUA Spp 1 5(/cy,), NONYYEHHbIE ANA He
MeHee MATU Pa3nMYHbIX YPOBHEW CMELLAIOWEN OCBELLEHHOCTH, OTIIMYAIOTCA ApYr OT Apyra meHee dem Ha 0,5 %. B atom
cnyuae 4yBCTBUTENBHOCTL Npu CY W onpeaenaercs kak cpegHee no BCem NONyHeHHbLIM 3HAYEHUSIM Sppq 5(/c,,), @ Kanu6-
poBoyvHOe 3Ha4eHne CV onpegensieTcs Kak

CV = Sps- Ecym (A.13)

e) Ecnu conHeuHbli 3NeMEHT SBNSETCA HEMMHENHbIM, OH He JOMKXEH CNYXUTb B KAYECTBe 3TafioHa Arns nepegaymn
eavHULbI B paMKax HaCTOSILLEro CTaHaapTa.

A.3.4 OueHka HeonpeaeneHHoOCcTeN
B Tabnuue A.2 npuBeAeHbl TUNWUYHBIE 3HAYEHUs1 COCTaBNSAIOWMX HEeoNPeAeNeHHOCTH, a TaKkke CyMMapHas pacium-
peHHas HeonpeaeneHHoCTb Ugys, koTopas okasbiBaeTcs MeHee 1 % (Ans koadduuverTa oxeara k = 2).

MpwuMmeyaHun e — Hanbonbwwuii BkNag gaet COCTaBMNAIOWAA HEONPeAeNEeHHOCTH, OTHOCALWAsACS K 3TaNOHHO-
My NpMeMHuKy. NMpuBedeHHbIN 3a€Ch YPOBEHb HEONPeAENEeHHOCTU ABNAETCA TPYAHOAOCTUXUMBIM U MOXET BbITb peanu-
30BaH TOSBKO B HEKOTOPbIX HAaUMOHaNbHBIX MeTponormyeckux nHetutytax (HMN).

Tab6nuuya A2—TunnmuHblie cocTaenalowme HeonpeaeneHHoctn (k=2) gna metoga auddepeHumanbHON cnek-
TparnbHON YyBCTBUTENBHOCTN

HeonpeaeneHHOCTb, CBSA3aHHAs1 C 3TAaNOHHBIM NPUEMHUKOM <0,5%
HeonpeaeneHHOCTb, CBSI3aHHAs C HENMUMHENHOCTBIO UITM Y3KOMONOCHOCTLIO 3NEeMeHTa <0,1%
HeonpeaeneHHoCTb, CBSAA3aHHas ¢ HECTabUNBHOCTBLIO TeMnepaTypbl dnemeHTa (+2 K) <0,2%

1"
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OkonyaHue mabnuusi A.2

HeonpeaeneHHOCTb Nepeayy, CBA3aHHas C:
OTHOCUTENBHON CNEKTPanbHON YYBCTBUTENBHOCTbLIO

He npumeHsieTca

abCcontoTHON cnekTpanbHON YyBCTBUTENBHOCTBIO HA KOHKPETHBIX ANMHaX BOMH <0,1%
CMNEeKTparbHBIM HECOOTBETCTBMEM MEXIY CMELLaoWMM OCBELLEHUEM W CTaHZAapPTHbIM COr- <02%
HEYHbIM CMEeKTPOM; HEPaBHOMEPHOCTBIO CMELLAIOLLEro OCBELLEHNS; HEPaBHOMEPHOCTLIO MOHOX-
pOMaTUYeCKOro OCBELLEHNWS; PacCornacoBaHHOCTBIO MMOWAAN SMeMeHTa W OCBeLaeMon
nnowaau (usobpaxeHnem amacparmbl); CNEKTPanbHOW Nonocom (< 20 HM) MOHOXPOMATUYECKOTO
N3Ny4eHns; HeNMMHEWHOCTBIO yeunuTenen
CymmapHasi paclumpeHHasi HeonpeaeneHHoCTb <1%
] LuB
cy <>
— AE(ML)
nm —
man 3o \\ 1 uB
\ ca/3n \ cy AL -
®___ MHXP N ‘%____ Sz ¢ | 1a
» +
Cd
Cd
- II' np
] cMn LB
ALEIN
Komniotep af W)l
$(hs Ecu) <->I

MHXP — monoxpomatop; MAIT — moaynsitop; J1 — namnbl ¢ BxogHow onTukoit; 3CJT — 3acnoHka; CBO — ceeToae-
nutenb; MM — npuemHuk-monnTop; CMJ1 — namnbl cmelatowero nanyyenus; C3/9[ — COnHeuHbIN 3aremMeHT u aTa-
NOHHbIV NpnemHuk; NP — npeobpasoBaTtenb TOk — HanpsikeHune; CY — CMHXPOHHbIV yeunutens; L|B — undposon

BO/IBTMETP

PucyHok A.1 — Briok-cxema yCTaHOBKM A uamepeHusi auddepeHumnanbHOl CreKkTparnbHOW YyBCTBUTENBHOCTH,
OCHOBaHHas Ha 0 AHOBPEMEHHOM UCMONb30BaHUM MOAYNMPOBAHHOTO MOHOXpOMAaTU4Yeckoro uanyyenuns DE(/) v Henpe-

PLIBHOTO CMeLLalowero nanyyenus Eg,,
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ABCONIOTHaA CrekTpasibHast
yyBcTBUTENLHOCTbL S(KO)

MepemeLeHve

1
X OTHOCHTEIbHAS CrIeKTpasIbHas!
YyBCTBUTENBbHOCTL 210 - 1900 Hm

x O

CoJHeuYHbIi
3M1eMeHT
36 namn cmeLuaroLero
ocBeLLeHnst
C AVXPOUYHBIMU
3epkanamu
[N OTHOCUTENbHOM
KanMbpoBKM
4 namnel
cMelLLatoLLero
0CBeLLEeHMs
C ANXPONYHBLIMM
<\ 3epKanamm
E-— - 4 ansa abconoTHoi
FipvenH: > Kamopos CeetooTgenurens
MOHUTOP Ha6op
Y3KOMOOCTHbIX 3 [Jvadparma
dunbTpoB [ 1PNEMHIK
MOHMTOP
PTyTHas Mopgynatop
namna
Moaynsitop JIMH30BbIA KOHAEHCOP
F =125 mm
Mogaynatop
MoHoxpomatop
Ha6op namn (Typenb ¢ Tpems peLLeTkamm)

PucyHok A.2 — OnTuyeckas Cxema yCTaHOBKU ANs1 U3MepeHust AuddepeHymanbHol CnekTpasibHO YyBCTBUTENBHOCTH

A.3.5 CnpaBoyHasa foKyMeHTauuna

J. Metzdorf «Calibration of solar cells. 1: The differential spectral responsivity method». Appl. Optics 26 (9) (1987)
1701—1708.

J. Metzdorf, S. Winter, T. Wittchen «Radiometry in photovoltaics: calibration of reference solar cells and evaluation of
reference values» Metrologia 37 (2000) 573—578.

S. Winter, T. Wittchen, J. Metzdorf «Primary Reference Cell Calibration at the PTB Based on an Improved DSR
Facility» in «Proc. 16th European Photovoltaic Solar Energy Conf.», ed. by H. Scherr, B. Mc/Velis, E. Palz, H. A. Ossenbrink,
E. Dunlop, P. Helm (Glasgow2000) James & James (Science Publ., London), ISBN 190291619 0.

A.4 MeTo[ CO/THEYHOTO MMuTaTopa

B aTom meToge npocnexuBaeMocTb 6asupyeTcs Ha M3MepeHWuM abCOoMOTHOW CheKTpasbHOW OCBeLLeHHOCTU
(CN30) nckycCTBEHHOrO COTHEUYHOTO U3/yYEHNS M OTHOCUTENBHO CNeKTpasibHOM YyBCTBUTENBHOCTU Kanmbpyemoro ata-
JIOHHOTO COMIHEYHOro anemeHTa. CM3A0 conHeYHoro nmnTaTopa n3mepseTcs CNeKTPOPasMOMETPOM, OTKaIMOPOBaHHbIM
Mo 3Ta/IOHHON Namne, UMEeLOLLLER NPAMYI0 NPOC/eXUBAaeMOCTb K cucteme eanHuy CU. CnekTpanbHas YyBCTBUTENbHOCTb
nepegaeTcsl OT 3TA/IOHHOTO NPUEMHMKA, KOTOPbIV Takke MMeeT NPSAMYI0 MPOCeXMBAEMOCTb K cucteme eanuuny, CU. Ecnn
Heobxoauma npocnexmsaeMocTb K MPJ, To a6contoTHad 30 COMIHEYHOro MMuTaTopa Ao/mkHa 6biTb N3MepeHa nosoc-
THbIM PagMoOMeTpOM, NPMBSA3aHHbLIM K MPJ. KannbpoBoyHOe 3HaYeHne BblYUCAAETCA M3 pe3y/ibTaToB U3MepeHuin cnek-
TpasibHOW 4YYBCTBUTENLHOCTU KanMOpyemMoro cofiHeyHoro 3anemeHta, CIM30O conHeyHoro umutatopa u CrM30
CTaHAapTHOro CofiHevyHoro nsnyvyeHunsa (MK 60904-3).
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A.41 O6opypoBaHune

Ins peanusaummn meTogda Heobxogumo cnegytolee o6opygoesaHue (CM. pucyHok A.3):

a) ConHeuHblli uMuTaTop knacca AAA cornacHo MOK 60904-9.

b) CnekrpopagnomeTp cornacHo TpeboBanusam CIE 53-1982.

¢) CpepgcTBa M3aMepeHnsi cnekTpanbHON YyBCTBUTENBHOCTU 3TANIOHHOIO COMTHEYHOrO 3NeMeHTa B COOTBETCTBUMN C
M3K 60904-8.

d) 3tanocHHasa namna, egunuua ClMN30 koTopon nepegaHa HeMnocpeACcTBEHHO OT HauMOHanbHOW wkanesl CM30,
npoweglwen npoueaypy B3avnMmHoro npuaHasus CCPR/CIE.

e) lMonocTHol pagnomeTp, npocnexveaemsinn K MP3, ¢ yrmom 3penust uvpe, YeM yron pacnpocTpaHeHusn nanyqe-
HWA COMHEYHOro ummnTaTopa (He 06sa3aTensHo).

f) CpepcTBa uaMepeHnsi Toka KOPOTKOMO 3aMblKaHWS STANOHHOTO COMTHEYHOIO 3MEMEHTa, KOTOPbIE JOMKHbLI COOT-
BeTCTBOBaTL 061WMM TpeboBaHmam namepermn M3K 60904-1.

g) Cpeactea nogaepxaHus TemnepaTtypbl CONIHEYHOro 3fieMeHTa Ha ypoBHe (25 + 2) °C.

A.4.2 MpouenypaxkannbpoBKu
a) OTHocuTenbHas cnekTpanbHas HyBCTBUTENbHOCTb STafOHHONO areMeHTa A0MKHa OblTb U3MepeHa ¢ UCNonNb30-

BaHuem «benoro» cMmellaowero nanyyenus ¢ 30 1000 Br/m2 npu Temneparype anemeHTa (25 + 2) °C, B COOTBETCTBUU C
M3K 60904-8.

b) YpoeeHb 30 conHeuHoro ummtaropa B paboyel NNOCKOCTU AOKeH ObiTb YCTAHOBIEH PaBHbLIM MPUMEPHO
1000 BT/M2 ¢ nOMOLLbI0 TENNOBOro POTONPUEMHIKE, HaNpUMep Ha OCHOBE TEpMONaphi.

¢) AbBcontoTHble 3HaveHus CM30 B paboyel NMOCKOCTU AOMKHbI 6bITh U3MEPEHbI C NOMOLLLIO NPOLLEALLEro Kanut-
poBKy cnekTpopaanomeTpa B cootseTcTBUM € CIE 63-1984.

MpumeyaHue— [ns pacyeTos, onucaHHbIX B A.4.3, nepeyncrieHne a), cnekTparbHbIA Auana3oH AOTDKEH Mo
KpalHel mepe coBnagatb ¢ ananasoHom S(l). B cnyuae ucnonb3oBanusi nonoctv [A.4.3, nepeuncnenue b)] cnekrpanbHbii
avanaacH uamepenuin Cr30 gomnxkeH 6bITb 4OCTATOYHO LUMPOKUM, YTO6LI J0CTUYL TPpeGyemon HeonpeaeneHHOCTH.

d) Kanubpyembli 3TanOHHbIA CONHEYHbIA 3MeMeHT AornkeH 6biTb pasmelyeH B paboyeit NnNockocTu ummraropa.
TemnepaTtypa anemMeHTa A4oMxHa NoaAepXMBaTbCsi Ha ypoBHe (25 + 2) °C. Tok KOPOTKOro 3aMblKaHWs1 3rieMeHTa JOJKEH
6bITe 3MepeH Gonee 10 pas, nocre Yero A0MKHO ObITb BbIUUCIIEHO CPeAHEE 3HAUYEHUE.

A.4.3 O6paboTKa pe3ynLTaToOB U3MEpPEeHUN

a) KanubpoBo4HOE 3HAaYeHne BLIMMCNAIDT Cnegyowmm obpasom:

Vel . [ Ecr(M)S(2)dn (A.14)
© JEQS(a

roe E ().) — abconioTHble 3Ha4veHna CM30 conHevHoro umutartopa.

b) B cnyuae HeoGxoaMMOCTH NPAMON Npocnexmneaemoctn K MP3 abconioTHoe 3HaveHne 30 CONHEYHOro MUTaTO-
pa namepsieTcs MONOCTHLIM PAANOMETPOM, UMEIOLLMM NPUBA3KY K MP3 B cootBeTCTBUM C A.4.1, nepeyncnenune e). B atom
crny4yae kanubpoBoYHOE 3HaYeHUe BLIMUCNAIOT no dopmyne A4, rae chm — cymmapHan 30 CONHEe4YHOro nMuTaTopa,
WU3MepeHHasi NONOCTHLIM PaguoOMeETPOM, NPUBsI3aHHbIM K MP3.

c) Heicteus no A.4.2 n A.4.3 cnegyeT BbINOMHUTL ABaXAbl  cpegHee 3HaqveHne CV cumtatb OKOHYaTenbHbIM
KaJ'IVI6p0BOHHbIM 3HAYEHUEM.

A.4.4 OueHka HeonpeaeneHHOCTH

B tabnvuax A.3 n A.4 npuBeaeHbl TUMNWYHBbIE 3HAYEHNSA COCTaBMSIOWMX CYMMapHON paclMpPeHHON HeonpeaeneH-
HocTu Ugg, paBHoii cooTBETCTBEHHO 2 % 1 0,6 % (koaddmumenT oxsaTta k = 2).

T a6nwuuaA.3 —lNpumep cocTaBnNALWUX HEONPeAENEeHHOCTH (k = 2) AnA MeToga CONHEYHOro uMmMTaTopa

HeonpeaeneHHOCTb 3TanoHHOW NaMnbl <2%
HeonpeaeneHHOCTb, CBA3aHHAsA CO CNEKTPOPaANOMETPOM <0,2%
HeonpeaeneHHOCTb, CBsI3aHHaA ¢ HECTAOUINBHOCTLIO TEMNEpPaTypbl <0,2%

HeonpegeneHHOCTb Nepegayn, CBA3aHHasi CO CNEKTParbHOW YyBCTBUTENBHOCTLIO
W CMEKTParibHbIM HECOOTBETCTBMEM MEXIY UMUTATOPOM M CTAaHAAPTHLIM COMHEY- <0,2%
HbIM CMIEKTPOM

HeonpeaeneHHOCTb, CBsi3aHHas C BPEMEHHOW HEeCTabUNbHOCTBIO M NpOCTpa-
HCTBEHHOWN HEOZHOPOAHOCTLIO UMUTATOPA, a TaKKe C OTIIYMEM B pasMepax U no- <0,2%
CTOSIHHOW BPEMEHW CNEKTPOPaANOMETPA U CONTHEYHOTO 3NeMeHTa

CymmapHasi pacluMpeHHasi HeonpegeneHHOCTb <2%

14
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Ta6nuuya A4 — TunuyHble 3Ha4YeHNs COCTaBMALWMX HeonpeaeneHHoCcTH (k = 2) Ansi MeToda CONHeYHOro UMMTaTo-
pa ¢ Cnonb3oBaHUEM MONOCTHOIO paguoMeTpa, MMEIOLWEro NPpocnexneaeMocTs kK MP3

Heonpegenennocts MP3 <04 %
HeonpeaeneHHocTb namepexnn 30 <0,2%
HeonpegeneHHOCTb, CBA3aHHas ¢ HeCTabuNbHOCTBLIO TemMnepaTypbl aneMeHTa <0,2%
HeonpeneneHHOCTb Nepedayn, CBA3aHHan C OTNIMYMEM CMEKTpa uMmuTaTopa oT cTaHaap- <0,3%

THoM CM30 AM1.5 (MOK 60904-3) unv ¢ nonpaBkon Ha CrneKkTpanbHOe HECOOTBETCTBUE
(M3K 60904-7)

HeonpeaeneHHOCTh, CBA3aHHas C BPEMEHHOW HECTabUNBHOCTBIO U NPOCTPaHCTBEHHOW He- <0,2%
OOHOPOAHOCTLIO UMUTATOPA, a TaKke C OTIIMYMEM B pa3mepax W MOCTOSHHOW BPeMeHu
CNeKTpopaaMoMeTpa, COMHEYHOTO 3MeMeHTa U NMONOCTHOro paanoMeTpa

CymMmapHas pacluvMpeHHas HeonpeaeneHHoCTb 0,6 %

Cpegcrea
usmepeHus I,

1 TeMneparypsbl

CoOnHeYHblit umuTaTop

OTtanoHHasi namna Kanu6pyeMii Cpenctea usMepeHms
COIHEMHbIA CreKkTpanbHou
aneMeHT UYYBCTBUTENILHOCTH

s ———
flbonnt V) —p ]
1 V

AOGCORNIOTHLIN NONOCTHON

pagvwomeTp
CnekTpopaguomeTp

PucyHok A.3 — Cxema ycTaHOBKM AN peanusaumm metoaa CONHeYHoro ummrtaTopa

A.4.4 CnpaBo4Hasa AOKyMeHTauusa

R. Shimokawa, F. Nagamine, Y. Miyake, K. Fujisawa, Y. Hamakawa «Japanese indoor calibration method for the
reference solar cell and comparison with outdoor calibration» Japanese J. Appl. Phys. 26(1) (1987) 86—91.

R. Shimokawa, H. lkeda, Y. Miyake, S. Igari «Development of wide field-of-view cavity radiometer for solar simulator
use and intercomparison between irradiance measurements based on the world radiometer reference and electrotechnical
laboratory scales» Japanese J. Appl. Phys. 41 (2002) 5088—5093.

H. Miillejans, W. Zaaiman, F. Merli, E. D. Dunlop, H. A. Ossenbrink «Comparison of traceable calibration methods for
primary photovoltaic reference cells» Progress in Photovoltaics 13 (2005) 661—671.

CIE 53-1982 «Methods of Characterizing the Performance of radiometers and Photometers», ISBN 92 9034 053 3.

CIE 63-1984 «The Spectroradiometric Measurement of Light Sources».

A.5 MeToa npAMOro CONHEYHOro n3ny4eHus

Kanubpyembii CONHEYHBIA 3MEMEHT CIMYaeTcsl C 3TaNOHHBIM PagUOMETPOM B YCMOBUAX OCBELLEHUSI MPSMbIM
€CTECTBEHHbIM COITHEYHBIM U3NyYeHUeM. YCTaHOBINEHWE NPOCNEXMBAEMOCTU KanubpoOBKM OCHOBAHO HA UCMONb30BaHUN
nuprenuomMeTpa, namepsiowero npsmyto 30 COMHEYHOro M3Ny4eHns u umetowero Npueasky Kk MP3. Namepsietcst Tok
KOPOTKOro 3aMblKaHWsi COMTHEYHOIO 3N1eMEHTa, 3aTeM BBOAATCA NONPABKMN Ha oTnn4une nameperHon 30 ot 1000 Bm/m2, Ha
TemnepaTtypy v Ha CNeKTparnbHOe HECOOTBETCTBME MEX/Y M3MEPEHHBIM (C NOMOLLBIO CNEKTPOPagMoMeTpa) CriekTpOM Nnpsi-
MOrQO COJTHEYHOro M3nyyYeHusl 1 ctaHgapTHbiv cnektpoM (MOK 60904-3). Mpu atom Takke gomkHa ObiTb onpeaeneHa
OTHOCMTEINBbHASA CNeKTPanbHas YyBCTBUTENBHOCTb COMHEYHOIO 3NeMeHTa.
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A.51 O6opynoBaHue

a) MoHTtaxHas nnatdopma, KoTopasi MOXeT COXPaHsTb OPUEHTaLMIO NO HOPMAnK K CONHUY € TOYHOCTLIO £0,5° Ha
NPOTAXEHUU BCETro NpoLiecca kKanubpoBku.

b) MNMonocTHol pagnomeTp ¢ NpocnexmeaemocTbio K MP3.

¢) Tybyc ans conHeuyHoro anemeHTa, obecneunBaoWwMi TaKoM XKe Yron 3peHus, 4To U y NONOCTHOro paguomeTpa.

d) TepmoctabunuampoBaHHbIN BIOK 4N MOHTaXa kanMBpyeMoro 3STanoHHOTO 3N1EMeHTa, KOTOPbIN MOXEeT noaaep-
XMBaTb TeMnepaTtypy Ha ypoBHe (25 + 2) °C Ha npoTsixeHUM Bcero npouecca kanubposku. Cpeactea ons U3MepeHns Tem-
nepartypbl KanubpyemMoro 3TanoHHOro CONHEYHOro 3NIEMEHTA.

e) KannmbpoBaHHoe cpeacTBO Anst U3BMEePeHUst TOKa KOPOTKOIO 3aMblKaHUA CONHEYHOTO 3M1EMEHTA C TOYHOCTBIO He
xyxe +0,1 %.

f) CnektpopaguomeTp Ans namepenus npsamon CIMNI30 HopmanbHO Nagatowero CONHEYHOro N3Ny4YeHns C TakuM xxe
YIIOM 3PEHUS, YTO M Y NONOCTHOIO PpaanomeTpa.

g) Annapartypa Ans usMepeHns OTHOCUTENBHOW CMNEKTPanbHOW YyBCTBUTENBHOCTU CONHEYHOTO SNEMeHTa.

A.5.2 U3mepeHun

a) YcraHaBnuvBaloT HA MOHTaXHYI0 NnaTdopmy NpegHa3HaYeHHbIN ANA KanMbpoBKW STANOHHBIN CONHEYHbIN 3Nne-
MEHT ¢ Ty6yCOM, NONOCTHOW PaauoOMETP 1 CNETPOPaANOMETP.

b) UamepsioT oTHocuTenbHoe pacnpegenenune CM30 conHeuHoro uanyvenuns E()L), ncnonesysa cnekrpopagmo-
meTp. B npouecce namepenmnsi CI30 BbINONHAIOT OAHOBPEMEHHO criefiylolme AeNCTBUSA:

1) cHMMaIOT NokasaHusi NONOCTHOIo pagMoMeTpa an u y6expatotces, 4To nonHas 30 NexuT B gnanasoHe mexay
750 1 1100 B1/m2;

2) M3MEepsIOT TOK KOPOTKOIO 3aMblkaHus |, kanmbpyemoro 3TanoHHOro CONHEYHOro SNemMeHTa;

3) u3mepsioT TeMnepaTypy 3TanoHHOro anemexTa T;;

4) noBTOPSIIOT 3TW AENCTBUSI HE MEHEE YeTblpeX pa3. ATU NOBTOPAIOWMECH N3MepeHns AoMKHbI 6bITb pacnpeaene-
Hbl NO Bpemenn namepenus CrNa0.

C) BbIMOMHSAIOT U3MEPEHUS] NO NEPEUNUCTIEHNIO b) MUHUMYM NATL Pa3 B TeHeHWe Tpex OTAENbHbIX QHEN.

A.5.3 O6paboTka pe3ynbLTaTtoB U3MEepPEHUN

a) BeogsaT nonpaeky cornacHo dopmyne A.1, rae B kayecTee chM cneayeT B3ATb NOKa3aHWe NONOCTHOro pagno-
MeTpa, cooTBeTCTBYOWee npsimon 30 an.

b) YcpeaHsioT kanMbpoBoUHbIE 3HAYEHWs], MOMYYEHHbIE Ha 3Tane a) ANA KaKZ0oro He3aBUCUMOro U3MEpeHUs
Cnao.

c) OkcTpanonvpytoT namepenHein cnektp CMN30 Ha gnanason 300—4000 HM, pyKOBOACTBYACH CMPaBOYHON JOKY-
MeHTaLUuen, ¢ TeMm 4ToObl NOKPLITE AMana3oH cTaHgapTu3oBaHHoro cnekrpa (MOK 60901-3).

d) Onskaxgoro pesynbTaTa, nony4eHHOro Ha atTane b), NpoBogAT cHavana koppekuuio o Temneparype, UCnonb3ys
thopmyny A.2; 3aTeM KOppeKUM o Ha 9 EKT CNeKTPanbHOro HECOOTBETCTBUS, UcToNb3ys popmyny A.3, rae E(L) — 3Have-
HKA CTMO0 NpsiMOro CONMHEYHOro U3Ny4eHus, aaowme kanmbpoBoyHoe 3HaveHne CV cornacHo dopmyne A4.

e) YcpeaHsioT KannbpoBOYHbIE 3HAYEHWSA, NONYHYEHHbIE B PAMKaX KaX4oro AHA M3MEPEHUIA, a 3aTeM BbIUMCIISIOT
apudmeTunyeckoe cpeaHee CV, ncnonessysa popmyny A.5.

f) VcknioualoT Bce TOUKM, KOTOPbIE OTBEHAIOT CNeAyIOWMUM YCITOBUSIM:

1) CV,otnuyaetcs ot CV Gonee yem Ha 1,5 %,;

2) pasbpoc Ig. npeseiwaet 1,5 %;

3) craHgaptHoe oTKnoHeHne CV/( Tj) npeebiwaeT 1 %.

g) CrnepyeT y6eanTbCs, 4TO CyWECTBYET NO KpanHeln mepe Tpu AHA AOCTOBEPHbIX AAHHLIX, MO MsITb CEPUIA AaHHbIX
KaXabli 4eHb. B NpoTUBHOM criyyae, npoBeauTe AONOMHUTENbHBIE M3MEPEHMs], MOKa YKa3aHHbIe ycnoBus He ByayT goctur-
HYTbI.

A.5.4 OueHka HeonpeaeneHHOCTH

B Tabnuue A.5 nprnBegeHbl TUNUYHbIE 3HAYEHWUS1 COCTaBNSIIOLMX HEONPEAENEHHOCTU AN MeToAa NPSIMOro CONHeY-
Horo nany4eHusi. CymmapHas paclimpeHHas HeonpeaeneHHocTb Uggs meTtoaa (npu koaddmumnente oxeara k = 2) coctas-
nset 0,9 %.

Tab6nuuya A5 — TunnuHble cocTaBnsiiowme HeonpeaerneHHocTn (k = 2) meToa NpsiMOro COMHEYHOTO U3IMYHEHUS

HeonpegenenHocts MPJ 0,4 %
Mamepenns npsimon 30 0,2%
Koppekuusi Ha cnekTpanbHoe HeCOOTBETCTBUE 0,8%
HeonpeaeneHHOCTb, CBsI3aHHasA ¢ TeMnepaTypHON NonpaBkon 0,2%
CyMmapHas paclumpeHHasi HeonpeaeneHHoOCTb 0,9 %
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A.5.5 CnpaBo4Hasa AOKYMeHTaLmnsA

C.R. Osterwald, K.A. Emery, D.R. Myers, R.E. Hart «Primary reference cell calibrations at SERI: History and
methods» Proc. 21st IEEE PVSC Orlando, FL, May 21—25 1990, pp. 1062—1067.

K.A. Emery, C.R. Osterwald, L.L. Kazmerski, R.E. Hart «Calibration of primary terrestrial reference cells when
compared with primary AMO reference cells» Proc. 8th European PVSEC, Florence, Italy, May 9—12 1988 pp. 64—68.

C. Osterwald, K. Emery «Spectroradiometric Sun Photometry» Journal of Atmospheric and Oceanic Technology, 17
(200) 1171—1188.

ASTM E 1125 «Standard test method for calibration of primary non-concentrator terrestrial photovoltaic reference
cells using a tabular spectrum».
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MpunoxeHne OA
(cnpaBo4Hoe)

CBefieHUA 0 COOTBETCTBUU CChINTOYHbIX MeXayHapoaHbIX CTaHAapTOB HaUMOHalNbHbIM
N MeXrocygapCTBeHHbIM CTaHAapTaMm

Ta6nwuuya JAA

O6o3Ha4eHne CCbINOYHOro CrteneHb 0O603Ha4YeHre Y HAMMEHOBAHWE COOTBETCTBYIOLLENO HALIMOHAMBHOTO,
MEXOYHapOOHOro craHpgapra COOTBETCTBUA MEXrocyjapCTBeHHOro craHaaprta
IEC 60904-2 IDT FOCT P M3K 60904-2—2013 «[MocypapcTBeHHasi cuctema obecneve-
HUS eanHCTBa uaMmepenuin. Mpubopbl doToanekTpuyeckne. Yacts 2.
TpeboBaHWsI K 3TaNOHHbLIM COMNMHEYHbIM NpUbopam»
ISO/IEC 17025 IDT FOCT NCO/M3BK 17025—2009 «Obwme TpeboBaHNs K KOMMETEHTHOC-

TW UCnbITaTeNbHLIX U KANMOPOBOYHbLIX NabopaTopuiiy

ISO 9059

*

ISO 9846

*

ISO/IEC Guide 98-3:2008

*

* CoOTBETCTBYOLLMUI HALUMOHaNbHbBIN CTaHAApPT OTCyTCTBYeT. [10 ero MpuHSTUA peKoMeHayeTcs UCNnonb3oBaTh ne-
peBo/ Ha PYCCKMIA sI3bIK AAaHHOIO MEXAyHapoaHOro cTaHaapTa.

MpumedaHne—B HacToswel Tabnuue NCNoNb30BaHoO crieayiolee ycroBHoe 0603Ha4YeHne cTeneHmn coot-

BETCTBUA CTaHOAPTOB:

- IDT — ngeHTuuHble cTaHaapThbI.
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Bubnuorpadcus

IEC 60891, Procedures for temperature and irradiance corrections to measure |-V characteristics of crystalline
silicon photovoltaic devices (MpuGopb! doToanekTpnyeckme. MeTogvkn KOPPEKLMM MO TeMnepaTtype U 3HepreTUYecKom
OCBELLEHHOCTU pe3ynbTaToB M3MEPEHUsi BOTIbTAMMNEPHOW XapaKTe pUCTrKm)

IEC 60904-1, Photovoltaic devices — Part 1: Measurement of photovoltaic current-voltage characteristics (Mpu6o-
pbl hoTosnekTpudeckue. YacTb 1. MamepeHune BoNbTaMNepPHbIX XapaKkTepuCcTHK)

IEC 60904-3, Photovoltaic devices — Part 3: Measurement principles for terrestrial photovoltaic (PV) solar devices
with reference spectral irradiance data (Ipubopsl hoToanekTpudeckme. Yacte 3. MiamepeHune xapakrepucTuk hoToanek-
Tpuyecknx npeobpasoBaTeneii ¢ yueTOM CTaHAaPTHOM CNeKTpanbHON NMOTHOCTW SHEPreTUYECKON OCBELLI@HHOCTN Ha3eM-
HOIO CONMHEYHOr0 U3NyYeHus )

IEC 60904-7, Photovoltaic devices — Part7; Computation of the spectral mismatch correction for measurements of
photovoltaic devices (Mpubopbl dhoToanekTpudeckmne. Hacts 7. BoMncneHve nonpaekm Ha CNekTpanbHOe HECOOTBETCTBUE
npuv n3amepeHnsx POTOINEKTPUUECKMUX NPMBOPOB)

IEC 60904-8, Photovoltaic devices — Part 8: Measurement of spectral response of a photovoltaic (PV) device
(MpunBopsl hoToanekTpudeckue. Hacts 8. MamepeHune cnekTpanbHON HyBCTBUTENBHOCTU hOTOINEKTpUYeckoro (P3) npu-
6opa)

IEC 60904-9, Photovoltaic devices — Part 9: Solar simulator performance requirements ([pu6opbl hoToO3NEKTPU-
Yeckue. YacTb 9. TpeboBaHus K MMUTaTOPaM CONMHEYHOTO N3MNyYeHus)

IEC 61836, Solar photovoltaic energy systems — Terms, definitions and symbols (ConHeuHble choTosnekTpuyec-
KMe 3HEProcucTeMbl. T@PMUHbI, ONpeaerneHnsi U CUMBOIbI)

ISO/IEC Guide 99:2007, International vocabulary of metrology — Basic and general concepts and associated
terms (VIM) (MexxayHapoHelii cnoBapb no meTponornn. OCHoBHble 1 06LLue NOHATUS U COOTBETCTBYIOLLE TEPMUHbI )
NIST Technical Note 1297:1994, Guidelines for Evaluating and Expressing the Uncertainty of NIST Measurements Results
(PykoBoacTBo HaumoHanbsHoro nHcTuTyTa cTaHaapToB v TexHonormin CLLA no oueHKe 1 BbipaxKeHuio HeonpeaeneHHoCTH
pe3ynbTaTtoB M3MEPEHUIA)

The Expression of Uncertainty and Confidence in Measurement, United Kingdom, Accreditation Service, M3003,
Middlesex, UK, December 1997 (BripaxeHne HeonpeaeneHHoCTV 1 JOCTOBEPHOCTU NPU U3MEPEHUSX)
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