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1 PA3PABOTAH AkuuMoHepHbIM 00LiecTBOM «POCCUICKMIA Hay4yHO-UCCNEeaoBaTEeNbCKUA WMHCTUTYT
«3nektpoHcTaHaapT» (AO «PHWUW «3BnekTpoHcTaHaapT»)

2 BHECEH TexHuyeckum KoMmuteToM no ctaHpapTtusaumm TK 303 «3nekTpoHHas KOMNOHeHTHana basa,
MaTepuansl U obopygoBaHue»

3 YTBEPXIEH W BBENEH B JEWCTBWE Mpukaszom deaepanbHOro areHTCTBA MO TEXHWUYECKOMY
perynupoBaHni u metponorum ot 1 oktabpa 2024 r. Ne 1336-cT

4 BBEJEH BINEPBbIE

MNpasuna npumeHeHUss Hacmosweao cmaHdapma ycmaHoeneHbl 8 cmamse 26 @edepansHO20 3aKOHA
om 29 uwoHsa 2015 a. Ne 162-03 «O cmandapmusauyuu e Pocculickol ®edepayuu». MHgopmayusa ob us-
MeHeHUsX K HacmosuwieMy cmaHdapmy nybrukyemcs e exez200HOM (10 COCMOSAHUK Ha 1 AHeaps meKyuieao
2o00a) uHghopMayuoHHOM yKazamene «HayuoHanbHble cmaHOapmeiy, a oghuyuanbHbil MmeKkecm uamMeHeHul
U MONPasoKk — 8 EXEeMEeCcHYHOM UHOPMAaUUOHHOM ykazamene «HauyuoHanbHeie cmaHOapmel». B cnyyae
rnepecMmompa (3aMeHbl) Uunu ommMeHbl Hacmosuje2o cmaH@apma coomeemcmeyouwiee ygedomMneHue bydem
onybnukoeaHo 8 6ruxaliweM 6bINyCKe eXeMeCsyHo20 UHGHOPMAaUUOHHO20 ykaszamens «HayuoHanbHble
cmaHOapmsi». Coomeemcemayou,as UHGopmayus, yeedoMIeHUe U MeKcmbl pa3Mewalomcs makxe 6 UH-
hopmayuoHHOU cucmeme obuje20 Nob3o8aHus — Ha oguluanbsHoM calime @edepansHo20 azeHmemaa rno
MexHUYeckoMy peayupoeaHuro U Memponoauu 8 cemu MHmepHem (www.rst.gov.ru)

© OdpopmneHue. ®IBY «MHcTUTYT cTaHgapTuaauuuy», 2024

HacToawwmin ctaHgapT He MOXeT ObITb MOMHOCTLIO MMM YACTUYHO BOCMNpPOU3BEOEH, TUPaXXMNPOBaAH U pac-
NMPpOCTpaHeH B Ka4vecTBe OCbMLI,I/‘IElJ'IbHOFO n3naHua bes pa3pelieHunsa G)e,qepaanoro dreHTCcTBa no TeXxHNn4ecko-
MYy perynmpoBaHvMi 1 METPOJIOTUA
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HAUMWOHANBbHBIA CTAHOAPT POCCUUCKON OEOEPALUMN

PE3OHATOPbI NbE30O3NEKTPUYECKUE
MeToabl n3amepeHna pacceMBaemMoin MOLHOCTH

Piezoelectric resonators. Methods for measuring power dissipation

Oarta BeepeHna — 2025—03—01

1 O6bnacTb NnpUMeHeHUs

HacTtosawmin ctaHgapT pacnpoCTpaHsAeTCcs Ha OBYXMOMKOCHbIE MbE303NEeKTpUYeckme pe3oHaTopbl (4a-
nee — pe3oHaTopsl) B AnanasoHe yactoT go 300 My n ycTaHaBnMBaeT MeToAbl U3MEePEeHUs] MOLLHOCTU, pac-
cenBaeMOoi Ha pe3oHaTope.

MHTepBan namepsaemoin mowHoctn pacceeaHns 100 HBT—100 mBT.

CraHpapT cnegyeT npuMeHATb Ans Bbibopa napameTpoB Npy pa3paboTke TexHMYeckux 3agaHuin (T3)
Ha Hay4HO-MCCrenoBaTeNbCKME UM OMNbITHO-KOHCTPYKTOPCKMEe paboThl, nporpaMmM ucnbitaHui (M), onbITHBIX
obpasuos, cTaHaapToB Buaa «MeToasl usmepeHuniay, «HomeHknaTypa nokasaTenei» cUCTeME! nokasaTenen
Ka4yecTBa W TEXHWYECKOTO YPOBHS W COCTaBMNEHUs KapT paboyux pexrMoB pe3oHaTopos.

HacToswmin cTaHgapT npefHasHadYeH Ons NpuMeHeHWst NpeanpusiTUaMU, opraHn3auusMi U gpyrumm
cyDbeKkTaMm Hay4YHOM U XO3ANCTBEHHON AeATENbHOCTH He3aBMCMMO 0T hopM COBCTBEHHOCTW M NOAYMHEHNS,
a Takke degepanbHbIMU OpraHammn MCNOMHUTENBHOWM BAACTW, y4acTBYKLWMMK B pa3paboTke, Npon3BoacTBe,
3KCMyaTauum pe3oHaTopoB, B COOTBETCTBUM C AENCTBYHOLLMM 3aKOHOAATENECTBOM.

2 HopmaTtuBHbIE CChINKK

B HacTofllweM cTaHOapTe UCNonb3oBaHa HOpMaTUBHAs CChINKa Ha crnedylownin cTaHaapT:
FOCT 18669 PeaoHaTopbl Nbe303anekTpuyeckme. TepMUHbI U onpeneneHuns

MpumedyaHue — [pu NONb30BaHUM HACTOSALLMM CTAHAAPTOM Lienecoobpa3Ho NpoBepuTh AEWCTBUE CCbiNoy-
HbIX CTAHAAPTOB B MH(OPMAaLMOHHOW cucTeMe OBLLEro Nonb3oBaHus — Ha ohuLMansHOM canTe PenepanbHOro areHT-
CTBa MO TEXHWUYECKOMY PerynupoBaHWio U METPOMNOrAM B ceTh MIHTEpHET UMW MO eXXeroqHoMy UHHOPMaLIMOHHOMY yKa3a-
Tento «HauuoHanbHbIe CTaHO4apTbI», KOTOPbI ONyBnuMKOBaH Mo COCTOAHMIO HAa 1 AHBAPA TEKYLLEro rofa, v Mo Bbinyckam
EXEMECAYHOIO MHOPMALMOHHOIO yKkasaTens «HaunoHanbHble CTaHOapThi» 3a TekyLimii rog. Ecnun 3ameHeH CCbinoYHbIA
CTaHAapT, Ha KOTOPbIA AaHa HeaaTMPOBaHHAsA CChIMKa, TO PEKOMEHAYETCH UCMOMb30BATE AENCTBYIOLLYI0 BEPCUIO 3TOrO
CTaHaapTa C YY4eTOM BCEeX BHECEHHbIX B JAaHHYK BEPCUI0 M3MEHeHW. Ecnu 3aMeHeH CCbinNoyYHbIA CTaHOApT, Ha KOTOPbIN
[aHa JaTWpoBaHHas CCbINMKa, TO PEKOMEHOYETCS UCMONb30BaTh BEPCUIO 3TOM0 CTAaHAApTa C YKa3aHHbIM BbILLE rofoM yT-
BepkaeHust (NpuHATUA). Ecnn nocne yTBEPXKOEHWS HACTOSLIero cTaHaapTa B CCbIMOMHbIA CTaHAAPT, Ha KOTOpLIA AaHa
LaTWpOBaHHAA CCbiNka, BHECEHO W3MEHEHWE, 3aTparuBatolLee NONoXeHWe, Ha KOTOPOE AaHa CCbIMKa, TO 3TO MOMOXEHWe
peKkoMeHAyeTCA NPUMEHATL Be3 yueTa AaHHOMo U3MeHeHWsA. Ecnm cobinoyHbIi cTaHaapT oTMeHeH 6e3 3ameHbl, To nono-
KEHWE, B KOTOPOM [aHa CChIMNKa Ha HEro, PEKOMEHAYETCH NPUMEHSATE B YACTU, HE 3aTParuBaroLLEel 3Ty CCbIMKY.

3 TepmuHbI 1 onpegeneHna

B HacTosweM cTaHaapTe npuMeHeHbl TepMuHbl no MOCT 18669, a Takke cneytolne TEPMUHBI C COOT-
BETCTBYHOLLUMMUK ONpeaeneHnsamu:

3.1 yacToToONpenensOWMA 3NEMEHT: SMEMEHT, COCTOSLL UM U3 pe3oHaTopa WU Harpy3ku, cymMma peak-
TMBHbIX COMPOTUBIEHWIA KOTOPOro Ha paboyeit YacToTe paBHbl HYMH.

MapaHune ochbuumnansHoe
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3.2 Harpy3ka pe3oHaTopa: PaCI'Ipe,D‘GJ'IBHHbII‘:‘I SNEMEHT, CyMMa PeakTUBHOIo COnpoTuBreHnsa KOToporo
N peaKTUBHOro ConpoTuBneHnd pe3aoHaTtopa Ha paﬁoqeﬁ HacToTe paBHa HYyIo.

3.3 umnegaHc Harpy3kKu pe3oHaTtopa: 3KBMBaNeHTHOe NofHoe COMpoTUBINEHE HArpy3ku.

3.4 umnepaHc pe3oHaTopa: 3KBMBaNeHTHOe NofHoe conpoTuBneHMe pe3oHaTopa.

35 MoAynb MnegaHca pe3oHaTopa: Mo,qynb MONMHOTo CONpPOTMBNEHUA pe3oHaTopa.

3.6 pPe3NCTaHC pe3oHaTopa: 3OKBUBANEHTHOE aKTUBHOE conpoTueneHne pe3oHaTtopa.

3.7 peaKTaHC pe3oHaTOopa: 3KBMBaNeHTHoe peakKTMBHOE COnpoTUBINEHWE pe3oHaTopa.

4 MpuvHUKN, YCNOBUA U PEXUM U3MEPEHUA

4.1 MpuvHUMN M3MEPEHMS MOLLHOCTW, PACCEMBaEMOI HA Pe30HATOpe, OCHOBAH Ha 3aBUCUMOCTU MOLLHO-
CTW OT HaMPsXKEHWA Ha pe3oHaTope KM TOKa, MPoTeKaloLlero Yepes peaoHaTop, onpeaensoLLnXcs SKBUBaNeHT-
HbIMKW MapameTpamMmu pe3oHaTopa W 3MIeMeHTaMW CXeMbl NPUMEHEeHWs (M3MepeHWUs, KOHTPOMs) pesoHaTopa
(Oanee — cxema nNpUMeHeHus ).

4.2 VlamepeHua MOLLHOCTW, paccenBaemMoi Ha pesoHatope, NPoBOASTCA KOCBEHHBIMKM MeTodaMu; Oc-
HOBaHHbIMM Ha N3MEPEHWUU HaMNpsKeHWs! Ha Y4acTKax CxeMbl NpUMeHeHusi. B 3aBMCMOCTM OT BO3MOXHOCTH
M3MEepEeHWs HaMpPsHKEHWs Ha y4acTKax CXeMbl NPYMEHeHWs MeTObl M3MEepPEHUs MoApa3aensioT:

- Ha meToq 1, OCHOBaHHbLIA HA U3MEPEHUM HaMpPsHKeHWs1 Ha pe3oHaTope. [MpumeHsieTcs ons pe3oHaTo-
poB, paboTatwLmx B6NM3KN NnocnefoBaTerlbHOrO Pe30HaHCa;

- MeTo[, 2, OCHOBaHHbIN Ha W3MEPEHUsIX HaNpsXXeHWsl Ha YacToTooNpeaensiolleM aeMeHTe, ecnn ero
MOHO BbIOENUTE B CXEME.

MpumeHsieTca npy GonbLlwKx, YeM B MeTode 1, paccTpoiikax OT YacToTkl NOCMNEeAoBaTeNlbHOro Pe30HaHCa;

- MeToZ 3, OCHOBAHHLIA HA U3MEPEHUM HAMPSKEHWA HA 3NeMeHTe, BKIIYEHHOM MocrnegoBaTensHo ¢
pe3oHaTopoM.

MpumeHsaeTcs Ans pesoHaTopos, paboTaloWwux npu nioboil paccTporke;

- MeTo[ 4, OCHOBAHHbIA Ha U3MEPeHWUN HanpshkeHWs U a3kl HA Pe30HaTope W dNeMeHTe, BKMIOHYEeHHOM
nocnefoBaTenbHO C HUM.

MpumeHseTcs Ans pesoHatopos, paboTalmx BGNW3K nocrneaoBaTeNsHOrO pesoHaHca, B TOM YKcre
AMs pe3oHaTopoB C NOTePsiMU B napannensHoi CKOPOCTU.

4.3 VcxogHbIMU OaHHBIMU ONS pacyeTa MOLLHOCTM, pacceMBaeMoi Ha pesoHaTope, SBMATCH 3KBU-
BaneHTHbIe NapamMeTpbl pe3oHaTopa ¥ UMMNeaaHChl 3NEMEHTOB CXeMbl NPUMEHEHWs, KOTOpbIe JOMKHbI ObITh
npefBapUTeEnbHO M3MepPEHbl UMK yKa3aHel B TY Ha pe30HATOPbl KOHKPETHLIX TUMOB WKW B TEXHUYECKOW O0-
KYMEHTaLMW Ha CXEMY NMPUMEHEHUWS] PE30HATOPa B COOTBETCTBWU C NPUINOKEeHUeM A.

4.4 NamepeHre MOLLHOCTU, pacceMBaeMoil Ha pe3oHaTope, NPOBOAAT B paboyMX YCrOBUAX U PEXUMAX,
onpenensaemMbIX MO CXeMe NPUMEHEHWS.

5 Annapatypa

5.1 MamepeHus cnegyeTt NpoBoAWMTL HA YCTAHOBKE, CTPYKTYPHAsA CXema KOToOpOoW NpuBedeHa Ha pucyHke 1.
Ecrnn oguH 13 nonocoB yyYacTka CXembl 3a3eMmeH, TO U3MEepPEeHMEe HanpskeHWs NPOBOAUTCH BOMLTMETPOM
(cm. pucyHok 1a), ecnu HW OOMH M3 MOMOCOB HE 3a3eMIeH, TO U3MEepPeHMe NPOBOAWNTCH M3MepUuTenem pas-
HocTu dhas (cM. pucyHok 16).

5.2 BonbTmeTp gomkeH obecneymBaTb M3MeEpeEHWe HanpsKeHus B AuanasoHe 4vacTtoT go 300 My
C norpelHocTe B npegenax +10 % Bo BCeM WHTeEpBane WU3MepseMbiX HanpskKeHWn, MoAaynb MMnedaHca
BOMLTMETpA AOMKeH ObiTh He MeHee YyeM B 10 pas Gonblue Mogynsa MMneaaHca u3MepsaemMoro y4acTka CXembl

[2¢| < —=—= (1)

rae |[Z, — moaynb N3MepsieMoro y4acTka CXembl;
R, — BXOOHOE COMPOTUBNEHWNE BONLTMETPA;
Cj, — BXOAHas eMKOCTb BONLTMETPA;

o — 2nfy,.
5.3 NamepuTens pasHocTi has gomkeH obecneyneats MaMepeHue dasbl B guanazoHe yactot go 300 My,
C norpeLLHocTbio B npegenax ¥4 %. Mogyne uMnenaHca kaxgoro kaHana asomerpa AoMmKeH BbiTe He MeHee
yem B 10 pas Bonblle MoAyNsa MMMegaHca CXeMbl MeXAY TOYHbIMU MOAKMIOHYEHUsIMK ha3oMeTpa 1 3eMITen.

2
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5.4 HacToTOoMep gomkeH obecnevymBaTh U3MepeHue 4YacToTkl B AnanasoHe Ao 300 My ¢ norpellHocTb
B npegenax +1 - 106.

5.5 Cxema NpuMeHeHWs MOXET UMETb Pa3beMHOEe COedMHEHUE ANS NOOKIHYEHUS BONETMETPa UM 13-
MepuTens pasHocTu as.

5.6 MNepeveHb annapaTtypbl, NPUMEHAEMON AN U3MEPEeHUsl MOLLHOCTW, PAacCerBaeMoin Ha pesoHaTope,
npuBedeH B NpunoxeHuun b.

XT XT
% .
PV 7 ¢ —>> PF
a
XT XT
Y -
27 6 —>>—— pF
Pe
Z,
] W XT
2/ '

Il

G — cxema NpuMeHeHUs pesoHaTtopa; Z, — UMNEeLaHC M3MEepsiemMoro yHacTka cxembl; PV — BonsTMeTp; XT — pagbeMHoe CO8ANHEHME,;
P¢ — namepurens pasHoctu pas; PF — vactotomep

6

Pucynok 1

6 NMoaroToBKa u NpoBeAeHNEe UIMEPEHUN

6.1 MogroTaBnUBAKT annapaTypy k paboTe, pyKOBOACTBYSACH KCMNyaTaLUMOHHOW OOKYMeHTaluei Ha Hee.

6.2 Belbop y4acTka CxeMmbl, HA KOTOPOM U3MepPSeTCs HanpskeHWe, MOXeT NPOBOAUTLCA 3KCNEPUMEH-
TanbHO. [INA pacyeTHOro onpeaeneHns y4acTka CXeMbl BbINOMHSAIT cregylowue AelcTBus.

MNpoBoasaT usmepeHne pabodei 4acToThl fyy,.

PaccunTbiBaoT Moaynb uMneaaHca |Z | BonsTMeTpa nnm nsmeputens pasHocti das no popmyne

1
1Zel=—= (2)

22

—+ 0 °Cj

R
PaccuuTbiBatoT 0606LLEHHYI0 PacCcTPOIiKy X Mo copmyne
fiy —f
x=2QW%W S (3)
fs

roe Q — [oBpOTHOCTL pe3oHaTopa;
fg — yacToTa nocnegoBaTenLHOrO pesoHaTopa.
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MpumeyvyaHuns
1 x = 0 cOOTBETCTBYET NOCMNEA0BATENBHOMY PE30HATOPY.
2 x = M cooTBeTCTBYET napansensHoOMy pe3oHaTopy.

PaccuuTeiBaloT no koadhdhuuneHTy KadyecTBa pe3oHaTtopa M no dopmyne

Q 1
M=, (4)
T UJCOR1
rae Cy — napannenbHas eMKOCTb;
Ry — AuHaMu4yeckoe CONpPOTUBMEHWE,
Co 2
T — EMKOCTHOW KO3 ULNEHT,;

C
C1 — AVMHaMun4eckKkasd eMKOCTb.
PaccuyutbiBaioT MO,EI,yJ'Ib nMmnegadHca pesoHartopa no q)OpMyne

‘I+x2

Z |=RM |———
|T| ! 1+(x—M)2

WK pe3oHaTtopa Cc CKOMI'IEHCVIDOBBHHOI;I napanneanoﬁ E€MKOCTbH

1Z,| = Riv1+ x2. (6)

Mpu BbinonHeHwn HepasBeHcTBa |Z,| 2 10|Z | npoBoAAT M3MepeHMe HanpsKeHWs Ha pesoHaTope
(metog 1). MNMpw namMepeHUM HanpsKeHUa Ha pe3oHaTope HeoBXoOAMMO KOHTPONMPOBATb YacToTy, AoMnycKas
usMeHeHue pabouei 4acToTkl Afj,, Npu NofknoyeHun npobHvika He Gonee 5 % OT paccTpowku fy,— fq.

Ecnu B cxeme ecTb aMeMeHT, BKIMIOYEHHbIX NOCNeaoBaTenbHO ¢ pe30HaToOpPoOM, TO BO3MOXHO NpUMeEHe-
HWe MeToda 4, He Tpebytollero npefBapUTENEHOIO M3MEPEHUS SKBUBANeEHTHLIX NapaMeTpoB pe3oHaTopa, HO
MCMOMb3yHLLEero M3aMepuTenbs pa3HocTX gas.

Ecnu HanpskeHne Ha pe3oHaTope U3MepPATb HEBO3MOXKHO, HO B CXEME MOXHO BblAEMNUTb YacToToonpe-
AENsoLWN MOMEHT, PACCHMTLIBAIOT 9KBUBANEHTHOE aKTUBHOE COMPOTHBIIEHNE pe3oHaTopa Rg, no gopmyne

2

X
RSL:R1 1+_L 3 (7)
Xo

rae X, — peakTaHc napanneribHoi eMKoCTH;
M
X| — peakTaHc Harpysku, |X,_| < E'XO"

Iina pe3oHaTopa Co CKOMMNEHCUPOBaHHOW NapannensHon eMkocTeio Rg = R.

Ecnu HepaBeHCTBO |ZB|>‘IOJR3L +RL2; +XE BLIMOMHAETCA, MPOBOAAT W3MEpPEHME HanpsKeHWs Ha

YyacToToonpeaensolem anemerTte (metog 2).

MNpy HEBO3MOXHOCTU U3MEPUTb HaMpshKeHwe Ha YacToToonpedensleM aNeMeHTe UMnu npu ero oT-
CYTCTBMM BbIBMPAOT PEaKkTUBHbIA 31eMeHT, CTOSALLWIA NOCNeAoBaTeNnbHO ¢ Pe3oHaTopoM U eCnn Moaynb ero
UMnenaHca ynoeneTeopsieT HepaeeHCTByY |Z,| 2 10|Z| npoBoaAT u3MepeHUe HanpsKeHus Ha Hem (MeTof 3).

Mpu HEBO3MOXHOCTU N3MEHUTL HaNpPsHKeHWe Ha peakTMBHOM 3NeMeHTe UMK Npyu ero oTCYyTCTBUW, NPUBO-
OAT U3MepeHne HanpshXeHUsl Ha pe3ncTope, BKIMIOYEHHbIM B CXEeMY NOCcneaoBaTensHoO C pe3oHaTopoM.

B cxemax npumeHeHWs ¢ M3MEHAEeMOW 4acTOTOW reHepaTtopa M3MepeHue HanpsKeHWsa NpoBOAAT Ha
4yacToTe, NPy KOTOPON HabniogaeTca MakcumanbHoe 3Ha4eHUe M3MEPSIEMOro HanpsKeHUs.

N3mepeHns NpoBOAAT, PyKOBOACTBYSCh IKCMMNyaTaLMOHHON JOKYMEHTaLKWen Ha annapaTypy.

MpumMepbl Ha NpUMEHeHWe MeTO40B U3MepeHUs MOLLHOCTU, paccenBaeMon Ha pesoHaTopax, paborato-
LWMX B pasnuUyHbIX CXemMax NpuMeHeHnd, npueedeHsl Ha pucyHkax B.1—B.4

7 O6paboTka pe3ynsLraToB U3MEpPEHUHN

7.1 MeTop 1
Pacuet paccenBaeMomn MOLLHOCTM MO pesynbTataM U3MepeHUst HanpsKeHus | Ha pesoHaTope (PUCYHOK 2).
4
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BQ

BQ — pesoHatop; G — cxema npuMeHeHvs pesoHartopa; U, — HanpsikeHne Ha pesoHatope
PucyHok 2

7.1.1 o pesynsratam U3amepeHUs HamnpsKeHUs Ha pe3oHaTope pacCeuBaeMyr MOLLHOCTb pacCyMThi-
BaoT No opmyne

%

P—W.

(8)

7.1.2 MNpwu paboTe pesoHaTopa C peakTaHCOM Harpysku X, B reHepaTope NocrnefoBaTenbHOro pe3oHaHca

M
npu |X,u_| < E|X0| MOLLHOCTL, NOAAEPKUBAEMYI0 Ha pesoHaTope, paccyuTLIBaT no dopmyne

p=—F _ (9)

R1 F—
Rst

7.2 MeTop 2

Mo pes3yrnerataM M3MepeHuna HanpaxeHusd Uf Ha 4YactoToonpegendrllem arnemMeHTe (plﬂcyHOK 3) npu

M
|XL| < E|XO| MOLHOCTb, paccenBaemMyro Ha pe3oHaTope, pacCHMTbIBaKOT NoO dpopmyne

P:—Ufz'RSL ; (10)
(Rs. +Ry )*
T I G
1 U,

BQ — pesoHatop; Z, — Harpyska peaoHatopa; G — cxema NpuUMEeHeHWs peaocHatopa; Uy — HanpsikeHne Ha 4acToToonpeaenstowem
anemexTe

PucyHok 3

7.3 MeTtog 3

PacyeT paccevBaeMoi MOLLHOCTU MO pesynsTatam U3MepeHnUs HanpsKeHust Ha anemeHTe, BKovae-
MOM MOCnefoBaTeNbHO C PE30HATOPOM (PUCYHOK 4)
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BQ — pesoHaTop; Z — aneMeHT, BKNYeHHbIM NocrnegoBaTenisHo ¢ pe3oHatopom; G — cxema nprMeHeHns pesoHaTopa;
U, — HanpsxeHne, u3MepeHHoe Ha anemMeHTe, BKIIKYEHHOM NOCNeA0BaTenbHO K pe3oHaTopy

PucyHok 4

7.3.1 1o pesynbratamMm MamMepeHna HanpaxXeHd B afrieMeHTe CXeMbl NpUMeHeHUA, BKIMIYEeHHOM nocrne-
AoBaTtelibHO C pe30oHaTopoM, MOLWLHOCTL, pacCenMBaeMyto Ha pe3oHaTope, pacCHUTLIBAOT Mo cbopMyne

U?.-mM?.R,
(R2 + xz)[1+(x—M)2]

a MOLWHOCTb, pacceuBaeMyH Ha pe3oHaTope Co CKOMI'IEHCVIDOBBHHOFI napanneanoﬁl E€MKOCTbLH No CbOpMyJ'IE.‘

P= (11)

U2.R
p=——1, (12)
(R + x)
rae Z— nMmnegaHc anemMeHTa CXeMbl, BblYUCNAEMbINA NO cpoprvlyne
Z=R+ix (13)

7.3.2 Mpw paboTe pesoHaTopa ¢ peakTaHCOM Harpysku X, B reHepaTtope nocnegoBaTenbHOro pe3oHaHca

M
npu |XL| < E|X0| MOLWHOCTb, pacceMBaeMyr Ha pe3oHaTope, paCcCHUTbIBAKOT Mo cpopr\nyne

2
_Us Rg

P= .
R2 4 x2

(14)

M
7.3.3 o peaynesTataMm U3MepeHUs HanpsHXeHWA Ha Harpyske pesoHaTopa npu |X,_| < E'X()' MOLLHOCTb,

paccenBaeMyr Ha pe3oHaTope, paCCHUTBIBAKT No cbopr\nyne

U2.R
p=——SL (15)
R+ X[
raoe ZL_ nmMnegaHc Harpysxw, BblYUCNAEMbINA NO cbopwlyne
Z, =R, +iX,. (16)

7.4 MeTon 4

Mo pesyribrataMm UaMmepeHUd HarnpsaxXeHnm m Cba.?obl Ha pe3oHaTope n 3rnemMeHTe, BKN4YeHHOM nocrneno-
BaTesribHO C HAM (pldcyHOK 5) MOLUHOCTb, pacCemBaemMyro Ha pe3oHatope, paCcCHuUTbIiBakT Mo cbopMyne

B Us [U1 cos (g1 + ) + Uz cos(ps + ) — Uy cos y] - UgUs (pq + 3 + III]

) 17
H (17)
rae |Z|, v — modynb 1 pasa umnegaHca Z = |Z|el* 1
6
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(3 — pasHOCTb ha3 mexay HanpsikeHusamu Us u U, (13 pasbl U, BolunTaetcs asa Us);
¢, — pasHoCTb ha3 mexay HanpsikeHusamu U, u U, (v3 pasel U, BelunTaetcs asa U,).

Uy
| Ba -
- Y -
Z
Uy

BQ — pesoHaTtop; Z — aneMeHT, BKIIOYEHHbLIA NocfeaoBaTenbHo ¢ pesoHatopom; Uy, Us, Uy — HanpskeHns, namepeHHble B To4Kax
cxembl; G — cxema NpuMeHeHusl pesoHaTopa

PucyHok 5

8 MNokasaTenun TOYHOCTU U3MEPEHUN

8.1 lNokasaTenu TOYHOCTU WM3MEpPEeHU pacceMBaeMon MOLLHOCTU AOMKHbI COOTBETCTBOBATL YCTAHOB-
MeHHbIM B cTaHaapTax unu TY Ha pe3oHaTopkl KOHKPETHBIX TUMOB.

8.2 paHuUbl MHTepBana, B KOTOPOM C YCTaHOBNEHHOW BepoAaTHocTho 0,95 HaxoguTca norpelHocTb
M3mepeHus pacceMepaemon MolLHoCTU 3P, onpegensemoi no dpopmynam (8)—(12), (14), (15), (17), paccuu-
ThiBaOT No chopmynam (18)—(25) cooTBeTCTBEHHO

~ SUV (SR 4x? 2(8Q)? fw]z 2(5fw ]2 (fw]z Z(stf

1+ x
2
2 2 2
oR
5P = +1,96 4(8—U) + 1 . Rf(LJ,L] 1 [_1) x
] IELENLE
X ®g (19)
4 (xoaxo )2+(XL8XL ]2
(X0+XL)2 g J
roe 8X0=—SCO;

8X; =—8C, npn eMKOCTHOW HarpysKe;
38X, =— 8L, npu WHAYKTUBHON Harpyske;

2 2 2 2 2 2
oR. oR 4X oX ¢
5P = +1,96 4(&] + ! - 4Rf(—1] +(R -Rg [—1) + — ( LJ +( OJ , (20)
4 (R +Rs) 4 3 (Xo +X.) B 4
7
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(21)
2 2 2 2 2 2
Q f, of, of.
1M—122[—)4ﬂoz—w4”’023,
J+(+y)( )+xy +yfs a +ny 7
2(x-M
e y = ( )2,
1+(x - M)
2 2 Y 5o 2
5P = +1,96 4(8—U) + aﬁ] — ALY I ESUS (22)
SUV (B8R 4 R2RY) (x2ox ) 4 8%, P (8Xg)?
oP = £1,96 4(—] +(—1 + + - 2( L) +( O] . (23)
3 3] (RP+x?)|\ 3 3 )| (xo+x)°|\ 3 3
2 2 4 2 2 : 2 2
5P = 1,96 4(5—U] +(5ﬁ +L2-[8ﬁ] +(8X°) +4( X _ 2X 2] -[SXL) ,
3 3 (R? + x?) 3 3 Xo+ XL RE+X2 3 (24)
2
P = +1,96 (8|Z| + 21 2{[Ug(Ug-cos((m+1|I)+U1-cos((91+\lf)—
3 1z|°-P
2 2
J—2U2 -cos(y) +U12(U2 -cos(pq + w)+U3 -cos((p1 + Qg + w]) + U%(Uz -cos(qu + w)—
2 U\
~Uy-cos(@q+ 93 +y) ]+(?J +[U2(U2-simy—U1-sin((p1+q1)—u3-5in((p3 +y))+ (25)

2
. A ) 2
J+U1U3 -sin(@q + @3 + w)2]+(—:;p) + [Uf(U3 -sin(@q+ @3 +y) - Us (94 +w]) +

2
2 : ; 27( Ay
\/+U3 (U1 -sin(@q + @3 + ) — Uy -sin(@q + v) ](T) ,
rge P — MOLWHOCTb, paccyMTeiBaemas no dopmyne (17).
8.3 B dhopmynax (18)—(25) 8 — oTHocuTeneHasn, A — abconmoTHas NOrpeLlHOCTM, yKasaHHble B 3KCnmy-
aTauMoHHOW AOKYMEHTaL M1 Ha CpeacTea M3MepeHui.
8.4 lNMpumepbl 06paboTky pesynbTatoB M3MEpPeHUn 1M pacyeTa NorpelHocTel NprBeaeHbl B NpUnoxe-
Hum I
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MpunoxeHune A
(cnpaBo4yHoe)

WAcxopHble gaHHbIe ons pac4yeTa paccenBaHNA MOLWHOCTHU

VicxogHble OaHHbIE ONA pacyeTa paccenBaHUA MOLLHOCTU:

fy— pabouas 4acToTa, U3MepAeTca B CxeMe NpUMeHeHNs peaoHartopa;
fpy— HOMMHanbHasA 4acToTa, yKkasbiBaeTca B TY Ha pesoHaTophl;

R; — OuHaMu4eckoe ConpoTUBIIEHNE;

C, — AMHamn4eckas emKoCTb;

Q — noBpOTHOCTL;

fg — yacTtoTa nocnefoBaTensHOrO Pe3oHaHca.

Mpumedvanne — Ry, Cy, Q, fg M3BMEPAIOTCA B TEXHOMNOTMHYECKON annaparype;

CO — napannenbHaa eMKOCTb,
Z— nMmnenaHc anemMeHTa, BKINKYeHHOro nocnegoBareribHO C pe3oHaTtopom CO’ Z.

M punMedyaHune — CU’ Z N3MepAKTCA U3MepUTenaMMn NapameTpom uenemn unm YKa3blBakOTCA B TEXHUYECKOW Jo-
KyMeHTauMn Ha CXeMy NpuMeHeHUA pe3oHatopa.

McxogHeIMKM AaHHBIMW ABNAKTCH TakkKe BENUYMHEI, BblYUCNAEMbIE MO cbopmynaM:

w = 2nfy;
fw —fs .
¥ = 2Qf— (o6obBLUeHHas paccTpolika);
s
— Q — 1 .
=il= WCoR, (koahduumneHT KavecTBa);

C .
T= FO (EMKOCTHOWM KO3 MULMEHT);
1

1 _
Xy = o (peakTaHc NapannensHol eMKOCTH);
0

2

X .

Rg =R, (1+ X_L (peakTaHc pe3oHaTopa BOGNM3K nocrnegoBaTenbHOrO pe3oHaHca NPy M3BECTHOW Harpyske).
0

BenuuuHa X, onpefensetca nNo UamepeHHbIM fiy, 1 fg, nocne 4ero paccyUTLIBAETCA OTHOCUTEMbLHAA paccTpoika
Af fy —Ts 1 AF
— = ——— . ECrM nonoxuTensHo, TO eMKOCTHaR Harpyska X, = ——,aecnu — oTpuuatensHa, To Harpyska X, = wl,.
f fg wC, f
PeakraHc Harpysku XLU onpegenseTca no copmyne

1

X, =W, (A1)
Xo gA_f
f

M
BenuumHa X, [OMmKHa yAOBNETBOPATL HepaseHcTay | X, | < E'X(]' .

Ecnu mogynb peakTaHca Harpy3ku BbIXOOUT 33 YKa3aHHbIA Npeaern, TO ero BenuyMHa onpeaensieTcs aKCnepuMeH-
TanekHo U3 YCNOBUS COBNAAEHUA fiy, C 4acTOTOM NocnenoBaTensHOro pe3oHaHca pe3oHaTopa ¢ HarpyaKon.
Ans pesoHaTopa ¢ CKOMNEHCMPOBaHHOI NapanenbHON eMKOCTLIO X, BbIMMCNSIOT Mo hopmMyne

2 Af
Wy iy A2
L="we, (A2)
9
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MepeyeHb annapaTypbl, peKOMeHAYEeMOW NPpU U3MEepPeHUsAX MOLLHOCTU, pacCeMBaeMol Ha pe3oHaTope

Tabnuuya b.1

Mpunoxenune b
(pekomeHgyemMoe)

Tui OCHOBHbIE TEXHUYECKME XapaKTepUCTUKN
HaumeHoBaHue npubopa 6
Npyoapa [unana3oH 4YactoT [unana3oH napaMeTpoB MorpelwHocTs
BonetmeTp B3-36 10 kTu—1 1Ty, 3 mMB—300 B 4 %—25 %
B3-38A 20 M'u—6 My, 0,1 M[—300 B 2,5 %—6 %
B3-48A 10 Mu—>50 My, 0,3 mB—300 B 2,5 %—10 %
B3-55 20 f'u—1 My, 0,1 mB—300 B 2,5 %—4 %
B3-56 10 Mu—15 My, 0,1 mB—30B 2,5 %—15 %
B3-57 5Mu—5 My 10 kB—300 B 1%—4 %
B6-8 20 Tu—200 klMy 1 mkB—10 B 6 %—15 %
B6-10 100 kMu—30 My 1 mkB—1 B 10 %—15 %
B7-26 20 Tu—1TTy 200 mB—1 kB 4 %—25%
B7-27 20 Tu—6 MIy 300 mkB—500 B 1%—5 %
B7-36 20Tu—1TTy 30 mB—1 kB 2.5 %—6 %
B7-38 40 Tu—100 klMy 10 mkB—1 kB 1%
MamepuTens pasHo- DK2-12 1 MMu—1 1Ty 0°+180° £2.57
cTd has ®2-16 20 Muy—2 My 0°+360° +0,2°
DK2-29 100 MI'u—1 My 0°£180° +0,5°
®2-34 1Tu—5 MIy 0°£180° +0,6°
Mameputens napame- nnrPo-1 1 kMu—10 My +(3—5) %
TPOB pPE30HATOPOB
mneQ-2 10 kMuy—1 MIMy +(3—5)%
YKasaH B TEXHUYECKOMH
mneo-3 1 MIu—10 Mly, [OKyMeHTaLM +5 %
WMP-45 10 MN'u—150 Ml'y + (5—10) %
WIMP-55 150 MIM'u—300 Ml'y +0 %
YactoTomep Y3-54 0—300 Mly YKkazaH B TEXHNYECKON +1,5- 1077
[OOKYMeHTaL MK
WamepuTene napame- E4-10 1 MMy —100 My, 6 %
TpoB A0BpOTHOCTK
P P E4-7 50 ku—36 My YkasaH B TEXHUYECKOW 6 %
E4-11 30 MIMNu—300 MI'y AoKymMeHTauuu +6 %
E7-6 1 kMY 30,1 %
TexHonormyeckne re- TrK-1 5 kMu—50 klMy +1-10°8
HepaTopel TrK-2 50 kM'y—1000 ky +2-10°5
TrK-3 1 MMy—30 Mry YKkazaH B TEXHUYECKON +2.10-6
LOKYyMeHTauuu1
TrK-4 30 MMu—100 MI'y +2 .10
TK-300 100 MIN'y—300 Ml'y +5- 106
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MpunoxeHune B
(pekomeHgyeMoe)

OCHOBHbIE CXeMbl nMpUMeHeHWA pe30oHAaTOPOB B Nbe303NEeKTPUYEeCKMX reHepaTopax n peKkoMmeHaauyumun
no naMepeHUK MOLWHOCTH, pacceMBaemoﬁ Ha pe30oHaTopax

+0O

BQ

|

R

o . . O

PucyHok B.1 — leHepaTop no cxeme Betnepa go 100 MI'y (pezoHaTop B NaCCMBHOM YETLIPEXMOMIOCHUKE )

Ina namepeHna paccenBaeMoi MOLLHOCTU PEKOMEHYeMbIA MeToA 2, OCHOBaHHbLIA Ha M3MEPEHUKU HaNPsHKeHUs Ha
pe3oHaTope 1 nepecTpavBaemMoi emkocTu. [pu paboTte BGNU3M NocnenoBaTenbHOro pe3oHaHca MOoXeT ObiTb UCNONb30-
BaH metoa 1.

O+

[ e

PucyHok B.2 — Husko4acToTHbIN reHepaTop 4o 1 My,

Mpw paboTe pesoHaTopa BOMM3M NocrnegoBaTeNbHONO pe3oHaTopa cnegyeT NpUMeHsaTe metogel 1 v 4. MNpu HeBo3-
MOXHOCTU M3MEPEHWs1 HaMpshKeHUst Ha pesoHaTope criefyeT NPUMeHATbL MeTod 3, OCHOBaHHbLIM Ha M3MepeHUW Hanpsxe-
HWs Ha peaucTope R1.

11
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p

(B
L

— R3

R1

O

c2
+
o—

Pucyrok B.3 — lNeHepatop no cxeme lMupca go 150 KMy (eMkocTHaa TpexTodka)

EMKOCTHYI0 Harpysky pesoHaTopa obpasyloT eMKOCTb, 3aTBOP M CTOK MOSIEBOrO TPaH3UCTopa, W napannenkbHbii
KoHTYyp C2L2, npyMeHseMblii Npy paboTe pe3oHaTopa Ha rapMoHukax. Ecnv R3 He meHee 4yem B 10 pa3 meHbLUe Mogyns
MMnegaHca BoSIbTMETPA, TO MOXHO UCMoSb30BaTh MeTog 1. ECnin eMKOCTb 3aTBOP—CTOK UM SKBUBANEHTHAaA eMKOCTb na-
pannenbLHoro KoHTypa He meHee Yem B 10 pa3 BonbLue BXOOHOM eMKOCTI BONBTMETPA, TO MOXHO MCNONb30BaTe MeTof 3.
Mpy HEBLIMOMHEHWW YKa3aHHbIX YCNOBWMA MeTOA 3 fomKeH BbiTb NPUMEHEH C U3MEPEHMEM HanpskeHWs Ha peancTope R2.

c

J_ 1 O+
c

——R o

| Ba

— §
R R
— ] O -

PucyHok B.4 — leHepaTtop no cxeme Konnutua go 300 My (pesoHaTop B uenv obpaTHol cBA3W)

MH,ElyKTHBHOCTb L NPpUMEHAETCA ONA MHTErpaunn napanneanoﬁl EMKOCTW Ha BbICLUMX YacTOoTax. I'Ipm BO3MOXHOCTU
N3MEPATE HanpAXeHne Ha pe3oHaTtope NpUMEeHAETCA MeToq 1. M‘BMEpMTeJ'IbeII:‘I PE30HAaTOP BKIHOYEH B CXeMy OnA npu-

MeHeHWda meToda 3.
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MpunoxeHue I
(cnpaBo4dHoe)

MpumMepbl NpoBefeHUA U3MepeHUid, 06paboTKM pe3ynbLTaTOB U3MEPEHUI U pacyeTa NOrpeLlHoOCTH

Mpumep 1
Ksapuesblii pesoHaTop paboTaeT B CxeMe dKBMBaneHTa reHeparopa 3akasvuka Ha paboyeit YacTote f,, = 8 901 536 L.

MapameTpbl pe3oHaTopa:
fyy= 8 901 536 Ny — namepena B TIK-3 ¢ norpewHoCTBIO 2 - 1075,

=0,75-10°
M — uamMepeHbl npubopom UIMPO-3 ¢ norpeluHocTblo £5 %.
Ry=7,50M

Cy = 5,5 n® — namepeHa npméopom E7-8.

MamepeHne MoLHOCTK NPOBOASAT Mo pucyHKy 1 a, ncnonbays annaparypy:
BoneTMeTp B7-26, R, = 75 kOwm, C, = 1,5 n®, norpewwrocte 10 %,

yacToTomep Y3-43, norpellHocTs £5 - 1077,
[MpoBepsoT NpaBUbHOCTL BbiDOpa BoMnsTMETpa Mo 5.2, Ans Yero pacc4MTbIBAOT MOAYMNb UMMedaHca pesoHaTopa

no dgoopmyrne (5)

2
|| = RiM ”—Xz
1+(x-M)

Y . sy,
wCyR; 6,28-8,9.10°.5,5.-107"%.7,5

I . . 5 . - 3
Y- 20fw —fs _2:0.75:10 5;,6 L
Fe 8,9.10
2
z[=75ama7—TBY __go5iow
1+(94,4 - 433,7)
PaccunTtbiBatoT MOoOynb MMnNegaHca BoNnsTMeTpa
|ZB| = 1 = 1 1 2 =11,8 kOm.
1 w2 ———+(6.25:89:10°1,6.1072)
RZR 75210
BonbtmeTp BbIGpaH npaBunbHO, TakK Kak
z
|Zs| M8 s
|z.| 0,905

Mpumenns metod 1, namepsioT Hanpsxenune U, = 5,6 B, npu atom paboyas 4actota usmenunack Ha 5 'y, 4To ygoenet-
BopsAeT TpebosaHuaM 7.2 Af,, < 0,05(f,, — f5). MowHOCTL, paccerBaeMyto Ha pe3oHaTope, paccuuThiBaloT no dopmyne (8)

u? 5,62

= B =4711mkBT.
R(1+x2) 7.5-94.47

P

[MorpelHoCTs N3MepeHUs MOLLIHOCTI paccyMThIBaloT No dpopmyne (18)

2 2 2 2 2 2
5P = +1,96 4(ﬂ] +(@J +L2[12(6—Q) +4Q2[%J +4QZ(%J 1
3 3 (sz) 3 3 3

M3 Tpex cnaraemblx B KBafpaTHbIX CKOBKax NepBoro sHauuTensHO NPeBOCXOAAT BTOPOE U TpeTbe cnaraemble
x0Q=94,4-5-102=47,
2Qéf,,=2-0,75-10°-5-107=75- 102,
2Qéfg=2-075-10°-2-10%=0,3.

®opmyna (18) npuobpetaeT BMA

2 2 N2
P = i1,96J4(6?UJ +[6—§1] +4[5?Q] = 40,6544 (0,1 +(0,05)% +4(0,05) = £14 %.
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Mpumep 2
KBapueBbIii pesoHaTop paboTtaeT B cxeme TexHonorndeckoro reHepartopa T[K-3 Ha vacTtore, 6nv3koi Kk yactote

NocneaoBaTeNLHOIO Pe30HaHCa.
MapameTpkl peaoHaTopa:
fe =27 437 652 Iy,
R, =29 Om

MamepeHve MOLLHOCTH MPOBOAAT N0 CXeMe, NMPeacTaBneHHon Ha pucyHke 1 6, ucnonbaya annaparypy:
BoneTMeTp B3-43, Ry = 80 kOmM, C, = 1,5 n®, norpewHocts 10 %,

yacToTomep Y3-43, norpeluHocTb +5 - 1077,

MpoBepsioT NpaBuUnbHOCTL BIGOPa BonsTMETPa No 5.2, ANs Yero paccyUTLIBAIOT MOAYIb €F0 MMNeaaHca

1

} — unamepeHbl B TIK-3 ¢ norpelwHocTeio 2 - 1075 no yactoTe 1 £20 % no CONpOTUBNEHUID.

= 3,8 kOm.

2| = 1 >
——+(6,25-27,6.10°15.1072)

(80-10%)

PesoHatop paboTaeT B YeThbipexnontocHuke. oroca pesoHaTop COoeAWHEeHbl ¢ 3eMnell 4epea CONnpoTWUBMEHWA
R4 =100 Om, R, = 30 Om. BonkTMeTp BbIGpaH NpaBUMnbHO, Tak Kak

2l s [l
Rm RCE
Mpumennas meton 1, M3amepsatoT HanpskeHna Ha nomocax pesoHartopa U, = 150 mB, U, = 100 mB, npu atom paboyas

4yacToTa HE M3MEHMUNACh.
PaccunTbiBaloT HanpsikeHWe Ha pesoHaTtope U, = 80 MB 1 MOLIHOCTb, paccerBaeMyro Ha pe3oHaTope no opMy-

ne (8), T. e. npuHuMas x = 0.
2
-3
vz (80-10%)

L= =2132 MmxBT.
R, 29

P

[NorpewHocTe N3MEPEHMA paccYUTLIBAKOT No chopmyne (18)

7,1 1 2
3P = +196 4[%} J{%J = £0,654y/4 (0,17 +(0,2)? = £16 %.

YOK 621.372.41.0014:006.354 OKC 31.140

Kntoueskle cnoea: pe30HaTop I'Ibe303ﬂeKTpM‘-IeCKVIJﬁ, paccenBaemMad MOLWHOCTb, METObI MamepeHwﬁ

TexHudeckuih pegaktop M.E. Yepenkosa
Koppektop M.A. Koponesa
KoMmneloTepHas BepcTtka E.O. AcmawiuHa

CpaHo B Habop 03.10.2024. [MoanucaHo B nedatb 22.10.2024. dopmar 60x84%. [apHwuTypa Apuan.
Ycn. ney. n. 1,86. Yu4.-u3n. n. 1,58.

[MoaroToBNEHO HA OCHOBE 3NEKTPOHHOW BEPCUM, NpeaoCcTaBneHHol paspaboTymMkoM cTaHaapTa

CozpgaHo B egUHUYHOM UCnonHeHun B PIrBY «MHCTUTYT cTaHgapTulaumms»
Onsa KoMnnekToBaHua PegepansHoro MHQOPMAaUKWOHHOIO hoHAa CTaHAapToB,
117418 Mockea, Haxumogscknia np-1, 4. 31, K. 2.
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