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KJIIOUEBBIE CIMYEHUSA STAJTOHOB OTHOIEHUI
HANPSAXKXKEHUA IEPEMEHHOI'O TOKA

Ilpu svipabomke u pacnpedeneHuu dNeKMPUHECKO IHEPIUU  UMEPEHUe OCYWEeCBIAemcs IAeKmpo-
CUeMYUKAMU, BKIIOYEHHbIMU Yepe3 MPAHCPHOPMAmopbl HANPsICeHUst. JJOMUHUPYIOWYIO COCIMABTSIOWYIO 8
NOZPEeUHOCHIb USMEPEHUSl KOIUYeCMEd INEKMPUIECKOU SHepeUuU 6HOCAM MPAHCHOpMamopsbl Hanpsidice-
Hust. /[ kaaubposKu mpancgopmamopos HanpsadliceHust NPUMEHSIOMCS SMAI0Hbl OMHOUWEHUL HaNpsiice-
Hust. C yenvblo oyeHKU KaauOpOBOUHbIX U USMEPUMETLHBIX 603MONCHOCHEN U YCMAHOBIEHUSL CIENEHU K-
BUBANEHMHOCMU  HAYUOHALLHBIX IMALOHO8 NPOBOOSIMCS CAUYEHUsL IMANOH08. Paccmompenvl - aneopum-
Mbl 1O ONPEOeieHUI0 ONOPHO20 3HAUECHUSL KII0UeB8020 CIUYEHUS], €20 HeONpPeOeleHHOCHU U CIENeHU IKEU-
8ANIEHMHOCIU HAYUOHANLHBIX IMATOHO8 OMHOUEHUN HANPANCEHUS.

mpauc:])opmamop Hanpsas)cenus, ciudenue, onopnoe 3nauenue, IKGUAICHMHOCHb IMA/I0OH06, Heon-
pedeﬂeuuocmb, Ka.rm6posouubte U UBMEPUME]IbHBbLE 603MOIICHOCHU

BBenenune

IHocTaHoBKA MPoGJeMBbI M AHAJH3 JUTEPATYPHI.
Bcst anextpuueckas sHeprusi BeIpabaTbiBaeTcs, repesa-
eTcs M pachpeiernsercs Ha BBICOKOM HalpsbkeHud. B
9THX CIy4asX H3MEpPEHUE DJIEKTPUYECKOH 3Hepruu
OCYILIECTBIIIETCS CUETUYMKAMH 3JIEKTPHUUECKON HIHEPIUH,
BKJIIOUYEHHBIMH 4epe3 TpaHC(OpMAaTOphl HAIPSIKEHUSL.
ToyHOCTE M3MEpEHHs EKTPUUECKON YHEPTHH ABISETCA
(yHKIMEH TOYHOCTH CYETYMKOB M TpPaHC(HOPMATOPOB
HanpspKeHUs, IpUYeM JOMHUHHUPYIOUIYI0 COCTaBIISIOLIYIO
MIOTPEIIHOCTH U3MEPEHUS JNEKTPUUECKON SHEpruy, Kak
MIPaBHJIO, BHOCAT TPAHCPOPMATOPhI HANPSKEHHSL.

XapakTepucTuKoi TpaHchopMmaropa HalpsDKEHHS,
KOTOpas HCIONB3YyeTcs AJs ONpeAeseHHs KOJIMYecTBa

QNIEKTPUYECKOH SHEepruu, sBisgeTcs Kodd(uuueHTt
Tpanchopmarmu [1]:
U,
ky = > (1)
U,

rae k, — mdelicTBUTenbHOe 3HaueHHE Kod(QdHIHEHTa
TpaHchopManuu TpaHchopMmarop Hampskenus; U; —
JIEVCTBUTENILHOE 3HAUEHHE MEPBUYHOTO HAIPSHKESHUS;
U, — JCHCTBHTENbHOE 3HAYCHHE BTOPMYHOIO HAINPs-

HKEHUSL.

Jns mepenaun pasmepa €OMHHIBI W3MEPEHUS
TpaHchopMaTopaM HANpPsHKEHUS TPHUMEHSIOTCS 3Taio-
HBI OTHOIIEHHI HanpspKeHus (eauHUIBl KoddduipenTa
MacCIITaOHOTO MpeoOpa3oBaHUs HAIPSDKCHUS) Iepe-
MEHHOTO TOKA. YUHTHIBAas Ba)KHOCTh JJICKTPUUECKOI
SHEPTHHU JJIsl HAPOJHOTO XO35CTBA, BO3HUKAET BOIPOC
00 OILIEHKE TOYHOCTH KaJMOPOBKH M M3MEPEHHH, rapaH-
TUPYEMOU HAIIMOHATIBHBIM METPOJIOTHYECKUM HHCTHTY-
tom (HMU) morpebutensM, ¥ B3aUMHOM IPH3HAHUU
Pe3yNbTaTOB U3MEPEHUM.

KnroueBoe cnuuenne CCEM (KoHcynbraTrBHBIIH
KOMHUTET [0 3JEKTPUYECTBY W MAarHETHU3MY), BBIMOJI-

Hiemoe CCEM MexayHapoaHOro KOMHUTETa Mep U Be-
coB (CIPM) [2], npuBOAMT K OIOPHOMY 3HAYEHHIO
KJIIOYEBOTO CIIMYEHUs, €0 HEOINpeleIeHHOCTH U ycTa-
HOBJICHUIO CTETIEHU 3KBUBAJIEHTHOCTH 3TaJIOHOB.

Kirouesie cnmuennst (KC) pernoHanbHbIX METpO-
nornueckux opranmzanuii (RMO), nanpumep, KO-
OMET, nmpoBoasTcs ¢ LEeNbi0 pacIpOCTPAHEHUSI METPO-
JIOTMYECKON 3KBUBaJIGHTHOCTU Ha 3TanoHsl HMU, He
npunumaBiux ygactus B KC CCEM.

B pexomenparmuu KOOMET [3] naHbl anropuTMsl
YCTQHOBJICHHUS CTENEHU DSKBUBAJIEHTHOCTU JTAJIOHOB
HMMH, yuactByromux B RMO KC, nmo oTHomeHuro k
onopHoMmy 3HaueHHI0 KC CCEM wuepe3 pe3ynabTatThl
HU3MepeHuil, moiay4deHHsle B cBa3yromux HMU, kotopsie
y4acTBOBAJIN B OOOMX CITMYEHUSX.

KC CCEM »3TanoHOB OTHOIIEHUH HAINPsDKEHUS He
MIPOBOJMINCE. YKpMeTpTecTcTaHaapT Hanpasuwi B KO-
OMET mnpemnoxenus o noeaenuun KC stanoHOB OT-
HOUICHUH HAaNpsDKEHUS W TOATOTOBHI TEXHUYECKUI
MIPOTOKON coriacHo [2]. B TexHuyeckoM mpoToKone
IIPUBEJICHBI AITOPUTMBI HAXOXAECHUS OINOPHOIO 3Haye-
wus KC mpuMeHnTENnbHO K TpaHCpOpMaTopaM Hampsi-
JKEHUsI, KOTOpble coryiacoBansl ¢ [4]. [Ipenmnonaraembie
YYaCTHHUKU YyX€ HU3BABWIM >KEIaHHE YJacTBOBAaTh B
MIpeJIaraeéMbIX CIMYEHUSIX.

OcHoBHOI MaTepuaJl

Hmxe paccMOTpeHbI OCHOBHBIE TOJIOKEHHUSI TeX-
HHYECKOT'0 IIPOTOKOA.

H3mepsiembie Beanmuyunsbl. [Ipu KC usmepsrorcs
JIBE BEJMYMHBL: TIOTPEITHOCTh Hampsbkenus f, (mo-
IPEIHOCTh OTHOIICHHSI HANPSHKEHHS WM TIOTPEIIHOCTh
koo dunmeHTa TpaHchOpMaIMK) W YIIIOBasi MOTrpell-
HocTh O, ((hasoBoe cMellleHnE HANPSHKEHUI).

IMorpemHocTs HampspkeHHust f;  ompenensrorT mo

¢dopmyne [5] (B OTHOCUTENBHBIX €INHHIIAX):
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VYTi0Bast MOrpemHocTs O, , B MUHYTaxX, 3TO Yroi

u >
MCKAY BCKTOpaMH IICPBUYHOIO HAIIPSKCHUA U] u
BTOPUYHOT'O HAITPSXKCHUSA U2 IIpu TakKOM BI)IGOpe ux

HaIpaBJICHUH, YTOOBI TS UCaTILHOTO TpaHchopmaTopa
HATPSDKCHUS 3TOT Yrojl ObLT paBEH HYJIIO.

JTanoHbl cpaBHeHUs. B kauecTBe 3TaJOHOB CpaB-
HEHMs MIPEATOJIaracTcsl MCIOoIb30BaTh TPaHC(HOPMATOPHI
HATPSDKEHUS, KOTOPbIe CTAOWIBHBI BO BPEMEHH, CO CJIe-
JYIOIIMUMHU METPOJIOrMIECKHUMHU XapaKTePUCTUKAMU: TIep-
BUYHBbIE HOMUHAJIbHOE Hampsbkenue 6, 10 kB u Bbie;
BTOpUYHOE HOMUHAJbHOE Hampspkenue 100 B; Harpyska
5B-A, cose=1 u0 B-A (xoocroii xoxm).

MeTtonuka npoBeaenusi usmMepenuid. CrauueHus
HAIMOHAJIBHBIX (TOCYIAapCTBEHHBIX) 3TAJIOHOB IPOBO-
JIUTCSI TIyTeM HU3MEPEHUS] METPOJIOTUYECKUX XapaKTepH-
CTHK 3TanoHa cpaBHeHus (f, u O, ) Ha 3THX JTaJOHaX.

M3mepeHust MpoBOJATCS MpH 3HAYEHUSIX MEPBUYHOIO
Hamnpspkenus: 40, 60, 80, 100 u 120% ot mepBUYHOTO
HOMHHAJILHOTO HampshkeHus Ha yactote 50 I'm u npu
JIByX Harpyskax 5 B-A u cos@=1, Takke mnpu

0 B-A (xomocroii xox).

Kaxxaplif yuaCTHUK CIUYeHHH MpoBoAUT o m = 10
HaOMIOAEHUH Ha Ka)XOM HAIPSDKEHUH M TIPH Ka)Ioi
Harpy3ke. B xadecTBe pe3y/nbTaTOB M3MEPEHHUN KaxIbIi
HMMU nipexncrasnsier cpenpee apudmeTnueckoe 3HaUeHHE
n3 10 HaOnrofeHNi 1 HeonpeneIeHHOCTh U3MEPEHHUH.

MeTonp! caudeHusi. MeToIbl CIIMUEHHS ATAIOHOB
CpaBHEHUsI C HAI[MOHAIBHBIMHM STaJIOHAMU 3aBUCST OT
obopynoBanus Jaboparopuii HMU: ciouueHue c¢ a3ra-
JIOHHBIM TPaHC(HOPMATOPOM HAIPSHKEHHS M KOMIIapa-
TOpOM HampspKeHus [6], ciuueHue ¢ 3TaJOHHBIM KOH-
JIEHCATOPOM U KOMIIapaToOpoM ToKa [6] M ciauuyeHue ¢
STaJIOHHBIM €MKOCTHBIM JICJIUTENIeM HanpspKeHus [7].

O0paGoTka pe3ynbTaTOB H3MepeHUil. Borurc-
nstoT onopHoe 3HaueHne KC kak cpeqHeB3BELIEHHOE
3HaueHue mnpesacraBieHHBIXx HMU pesynbpraToB nsme-
peHuii mo popmysaam:

n
D fp w3 ()
Lol :

fo=tsl — (3)
>u(fy)
L=1
Y8 uTt ()
8y = A, €
> u?(8p)
L=1

rac fO , 80 — OITOPHBIC 3HAYCHUS KIIHOYEBOI'0 CJIMYCHUA
JJIA TIOIpCITHOCTU HAIIPSKEHUA U yI‘J'IOBOﬁ orpeuIHo-
CTH, fL , 8L — PE3YIbTAThI I/ISMePEHI/Iﬁ MOrpeIIHOCTHU

HaNpsDKEHUS U YTII0BOM MOTPEIIHOCTU AJIS KakJIoM Ja-
Goparopuu, KOoTopasi IPUHUMAET y4acTHE B CIMUCHUSIX;

u(fy), u(d;) — cymMapHble CTaHAApTHbIE HEONpeze-
JICHHOCTh TOTPENIHOCTH HANPSDKEHHS W YIJIOBOM ITO-
TPENIHOCTH, KOTOPBIC MPEACTABICHBI KaXI0i abopa-
TOpHEl, MPUHUMABIIEH YyU4aCTHE B CIAMYECHUH; N — YKCIIO
nabopaTopuii, KOTOpPbIE MPHHUMAIOT Y4acTHE B CIIHYE-
HUH.

CyMMapHast ~ CTaHAapTHass  HEOMPEICICHHOCTh
OITOPHOTO 3HAYEHHs JUIA IOrPEIIHOCTH HAIPSKEHHSI
u(fo) u yrmopoi morpemHoctd u(8,) OMpenesIoTCsS

o hopmysiam:

)

(6)

PacmpeHHble HEOINpeAeIeHHOCTH OMOPHOrO 3Ha-
YyeHus Uil morpemHoctd HampsbkeHus U(fo) u yrio-
Boif morpemHocty U(S,) misa kodpduienTa oxpara
k= 2 npu ypoBHe mnoBepus 95% ompenensroTcs Mo
bopmynam:

U(fy) =2u(fe); (7 U(8,) =2u(8g). (8)

CreneHb DKBUBaJCHTHOCTH L-ii  ;abopaTopuu
HMMU ompenensoT kak pa3HUIy pe3ylnbTaToOB HU3Mepe-
HUS JTaOOpaTOpUH, KOTOpasi IPUHUMAET y4acTHe B CIIU-
YEeHUH, W ONOPHBIM 3HAYEHUEM JUIS TOTPENIHOCTH Ha-
npspkenus A(f)) u yrioBoit norpemHoctd A(Sp ) 1o
dbopmynam:

Afp) =1L —-f,; 9 A(Sy) =01 -6,. (10)

CyMMapHasi cTaHmapTHas HEOIPE/IeICHHOCTh TOH
Pa3HHUIIBI UL IOTPELIHOCTH HanpspkeHus u(f) ) u yrio-

BOH HorpemHocTy u(dy ) onpenesrorcs no Gopmynam:

w(Afy) = u () —u’(f,) ; (11)

u(AS) =4u’(@)-u’@,) . (12)

PacrimpeHHble HEOMPEIeICHHOCTH 3TONH Pa3HUIIBI
i norpemtHocty Hanpspkenus U(f) ) u yriosoit mo-
rpemHocty U(81 ) ompenenstorcs no GopMynam:
U(Af)=2u(Afy); (13)  U(A8;)=2u(Adr). (14)

OmnopHbIe 3HAYEHHUSI U UX HEONMPEACICHHOCTH, KO-
TOpBIC 3aCIy)KHBAIOT JIOBEPUSA, U B IPEAIOIOKCHUH
TOTrO, YTO Ui PE3YJAbTATOB HM3MEPEHHUS MPABOMEPHO
MIPUTIHACATh TayCCOBO pacIpeesieHne, XapaKTepu3yoT-
sl pactipe/ielieHueM xz .

Onpe;[enﬂ}oT XapaKTCPUCTUKH ITOr0 pacrpeaciic-
HUA IJ19 pE3YJIbTAaTOB H3Mep6HI/1ﬁ MOIrpCIIHOCTHU HAIIps-

KEHUA X%L 1 YIJIOBOM MOTPEIIHOCTH ng JUIs KaKJ0Tro

HMMH, kotopblil mpuHUMaeT y4acTHe B CIMYEHUH, IO
dbopmynam:
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2 n(fL_fo)z.
=8l (15)
fL Lz=1 u(fp)

) LB -8,)

w2 = Y 0L "%) (16)
o L2=1 u2(8p)

2
Pacnipenernienuie 3~ xapakTepu3yeTcsi OTHOIICHH-

eM Ry:
2 2
X" =Rp-(n-1. (17)
Otnomenue Ry onpexensror u3 popmyinsl (17):
2
Rp =4|-%—. (18)
n-—1

OyHKIHA xz tabynupoBaHa. [[ns BeposTHOCTH

P =0,95 u uucna creneneit ceodomsl (n — 1) ompemens-
10T 3HaueHue Ry 1o gopmyie (18).

Pe3ysnbraThl pacyera OMOPHOTO 3HAYEHUS U €rO
HEOIPE/IEJICHHOCTU ONPEENIAI0T Ha COOTBETCTBHE Tec-
1y Ry . Jnsa kaxgoro HMU, kotopslil npuHUMaeT y4a-
CTHE B CIMYEHHHU, M3 COBMECTHOI'O pemieHus (opmyn
(15) — (17) ompenensror oTHOLIEHHE Ry 1 pe3yins-
TATOB M3MEPEHUH MOTPEIIHOCTH HampshkeHus M Rgp

JUTSL YTJIOBOM MOTPEIIHOCTH 110 popMyaam:

Su(fL)-(fL o)

Ry =L ; (19)
n-1
>u3 () (5L —8)
Ry == ) (20)

n-1
OTOUparT pe3ybTaThl U3MEPEHUN TeX JadopaTo-
pHi#i, U1 KOTOPBIX BBITIONHAETCS HEPABEHCTBO:

1)
st aTHX TabOpaTOpHil OMPEAENSAIOT T0BEPUTEIb-
Hble KO3()(UIMEHTHI IS PE3YJIbTATOB M3MEPEHHM I10-

Ry Ry s RsL-Rry - (22)

rpemHocty Hanpsbkenus E (f)) u s yrmosoi mo-

rpemHocty E (8; ) mo dopmynam:

E, (f ):M- 23)
LT uar )

E, (8 ):M (24)
LT ouAsy)

Pe3ysbraThl 1a00paTOpUil ¢ TOBEPUTETBHBIMU KO-
a¢¢ureHTaMu OONBINE SAUHUIIBL:

E (fp)>~1; (25 E ()1, (20
HE BKJIIOYAIOT ISl pacyeTa OKOHYATEIBHBIX OMOPHBIX
3HAYEHUH U UX HEOIpeAEIeHHOCTEH.

PaccunteiBaloT OkoHYaTenbHbIE (0€3 HUCKIIO-
yeHHsix HMU) onopueie 3HayeHus KC mo gpopmynam
(3) m (4), ux cymMapHble CTaHIapTHBIE Heompese-
neHHocTH 1o ¢dopmyiaM (5) u (6), a Takxke paciiu-
pEHHbIE HEONpEeACIEHHOCTH OMOPHOrO 3HAYEHHS IO

dbopmynam (7) u (8).

OnpenemnstoT CTeNneHb SKBUBAJIEHTHOCTH KaXJI0To
HAI[OHAJBHOIO JTAJIOHA, T.€. CTENeHb, A0 KOTOPOM
3HaYeHWE HAIMOHAJBHOIO JTaJloHa COOTBETCTBYET
onopHoMy 3HaueHn0 KC. OHa BbIpaykaeTcsi KOIU4IecT-
BEHHO KaK OTKJIOHEHHE pe3ynbTaToB m3mepenuit HMU
(6e3 uckirouennsix HMU), koTOpBIE IPUHUMAIOT y4a-
CTHE B CIIMYEHUH, OT omopHoro 3HadeHus KC ans mo-
rpemHocTy HanpsokeHus A(f] ) U yriaoBoil morperHo-
ctu A(81) mo dopmynam (9) u (10) u xak pacmupes-
HBIE HEONpENeIEHHOCTH ITUX OTKJIOHEHHWH 1o (opMy-
nam (13) - (14).

Jns HMU, pe3ynbTaTsl U3MEpPEHUM KOTOpPBIX HE
BKJIFOYAIOT U1 pacdyeTa OKOHYATENbHBIX OMOPHBIX 3HA-
YEHUH CIIMYEHHs, pAaCIIMpPEHHBIC HEONPEIeICHHOCTH
OIPEIETSIOT 110 (hopMyIIaM:

U(Af) =24u? (f) +u?(£,) ; 27)
U(A8] ) =24u? (8 ) +u?(3,) . (28)

Odopmaenne pesyabtaTtoB KC. [1o pesynbraram
CIIMYCHUIN TOATOTABIMBACTCA OTYET, B KOTOPOM Jelia-
FOTCS BBIBOJIBI 00 YCTAHOBJICHHM CTETICHH SKBHBAJICHT-
HOCTH KaXKJIOTO HAIMOHAJIBHOTO 3TAJIOHA YYacCTHHKA
CIIMYCHHUSA, & TaKXKe CIIOCO0 MOATBEPIKICHHS 3asBJICH-
HBIX KaJTHOPOBOYHBIX U U3MEPUTEIBHBIX BO3MOKHOCTEH
(CMO).
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