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Mpepucnosune

1 NOATOTOBJ/IEH BocTo4HO-Cubupckum cunmnanom denepanbHOro rocyaapcTBeHHOrO0 YHUTapHO-
ro npegnpuaTua «Bcepoccnincknii HayyHo-uccnenoBaTeNbCknii MHCTUTYT (OU3NKO-TEXHUYECKUX U pagmoTex-
HUYECKMX U3MEPEHNIA» (BOCTOUYHO-Cubupckuii comnuan ®ryn «BHUUOTPU») Ha ocHOBE COGCTBEHHOrO
ayTeHTMYHOro nepeBoja Ha PYCCKUI A3bIK MEXAYHAPOAHOro ctaHaapTa, yka3saHHOro B NyHKTe 4

2 BHECEH YnpasneHvem meTtposiorun defepasibHOro areHTcTsa Mo TeXHUYeCKOMY perynmposa-
HMIO 1 meTponoruu, TK 206

3 YTBEPXAEH N BBEAEH B JENCTBWE npukasom defepasibHOMO areHTCTBa Mo TEXHUYECKOMY
peryimpoBaHunio 1 MeTPoAorMn ot 27 Hosbps 2012 r. Np 1243-ct

4 HacTtoswmii ctaHgapT UAEHTUYEH MeXAyHapoAHOMY cTaHaapTy M3K 62562:2010 «MeTopg n3sme-
PEeHUs1 KOMMIEKCHON AM3NEKTPUYECKOV MPOHMLAEMOCTU MAAcTUH U3 AN3NEKTPUKa C MasibiMU NOTEPSAMU C
ncnosb3oBaHveM 06beMHOro pesoHatopa» (IEC 62562:2010 «Cavity resonator method to measure the
complex permittivity of low-loss dielectric plates»)

HanmeHOBaHMe HacTosALero craHgapTa U3MeHeHO OTHOCUTE/IbHO HaMeHOBaHUA YKa3aHHOro Mex-
AyHapoaHOro ctaHgapTa Ana npyeedeHns B cootBetcTBue ¢ FOCT P 1.5-2004 (nogpasgen 3.5)

Paspen «CopepxaHne» HacTosALWEro cTaHgapTa U3MeHeH OTHOCUTE/IbHO COAePXaHUA MexayHa-
poaHoro ctaHgapTa 418 npusegeHusa B cootseTcTBue ¢ FOCT P 1.5-2004 (nogpasgen 3.4)

5 BBE/JEH BIEPBbIE

MpaBuna npMMeHeHUs HacTosILero cTaHgapTa ycTaHosneHol B FOCT P 1.0—2012 (pa3gen 8).
MHdhopmaumsa 06 n3MeHeHUsX K HacTosLLEeMy cTaHgap Ty Nyb6namnkyeTcs B eXerogHoM (Mo COCTOSHUIO Ha
1 AHBaps TeKyLLero roga) MHOOPMaLMOHHOM ykasaTesnie KHaumoHaslbHble CTaHdapThi», a odmumasibHbIl
TEeKCT N3MEHEeHW 1 MOoNpaBoK - B eXeMeCAYHOM WHAOPMaLMOHHOM yKa3aTene «HauvoHalbHble CTaH-
AapTbi». B cnyyaB nepecMoTpa (3amMeHbl) UM OTMeHbl HACTOSALWEro cTaHjapTa CoOOTBETCTBYOLLee
yBegomMieHne 6yaeT onyb/mkoBaHO B GnvpkalilleM Bbinycke MHOpMaUVOHHOrO ykasaTens «HaunoHasnb-
Hble cCTaH4apThi». CoOTBeTCTBYHOLWAs MHpopmaLms, yBeAOMIEHVE U TeKCThI pa3MeLLaloTCcs Takxe B
MHOPMaLIMOHHOW ccTeMe 06LLero Nnosb3oBaHus - Ha ouumanbHOM caiTe PefepasibHOro areHTcTBa
Mo TEeXHUYEeCKOMY perysimpoBaHuio 1 MeTposiorum B ceTu NIHTepHeT (posf.ru)

© CtaHgapTuHdopm. 2014

HacTosAwunin ctaHgapT He MOXeT ObiTb MOJSIHOCTLIO WK YaCTUYHO BOCMPOM3BEAEH, TUPaXMPOBaH U
pacnpocTpaHeH B KayecTBe oOduumanibHOro u3gaHus 6e3 paspeweHus PefepasibHOTO areHTcTBa Mo
TeEXHNYECKOMY perynmpoBaHUio U MeTposiornn
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Mpeaucnosune K MexgyHapogHomy ctaHgapty M3K 62562:2010

B mMexayHapogHOM cTaHfapTe NpuBEAEH MeToh M3MEepeHWUii KOMMIEKCHOW AM3MeKTPUYecKoi npo-
HULLAEMOCTU ANINEKTPUYECKUX MIACTUH C MasibiMK NOTEPSIMU B 06bEMHOM PE30HATOpe Ha YacToTax MUK-
POBOJIHOBOIO AuanasoHa. JTOT MeTod 6bl1 co3faH Assi pa3paboTKM HOBbIX MaTepuasioB U KOHCTPYMpOBa-
HVS1 aKTUBHbIX W NaCcCMBHbIX YCTPOWCTB, A8 KOTOPbIX BCe 6O/iee BaXHOI CTAHOBWTCSI cTaHAapTusaumsa me-
TOOOB U3MEPEHUSI CBOWCTB MaTepumasos.
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HAUMOHANbHBIMW CTAHOAPT POCCUMNCKOWN SELEPALUMN

rOCYAQAPCTBEHHASA CUCTEMA OBECMNEYEHNA EAVMHCTBA NW3MEPEHUIA
KomnniekcHasa anManekTpnyeckass NPOHMLAEMOCTb ANSMNEKTPUYECKNX NNACTUH C MalbiIMU NOTEPSAMM

MeToa n3mepeHuii B 06-bbeMHOM pe3oHaTope

State system lor ensuring the uniformity ot measurements.
Cavity resonator method to measure the complex permittivity
of low-loss dielectric plates

[ata eBegeHnsa —2014—07—01

1 O6nacTb NpUMeHeHnA

HacTosawmni ctaHgapT ycTaHaBNMBaeT MeTOo4 U3MepPeHUi i KOMMIEKCHOM AN3NEKTPUYECKO NpoHuua-
eMOCTU AN3NEeKTPUYECKNX NNACTUH C MasibiIMM NoTepsiMM B 06bEMHOM pe3oHaTope {fanee - pe3oHaTop) Ha
yacToTax MUKPOBOJIHOBOro gvanasoHa [1] - [3].

MeToa nmeeT cneytoLine XxapakTepuCcTUKA:

- OTHOCUTesIbHasA AMaNeKTpuyeckas NPoHULAeMOCTb €' U TaHreHc yrna AMaNeKTpuyeckux norepb
tgS obpasua AN3NeKTpUYeckol NNacTuHbl MOryT ObITb M3MepeHbl TOYHO U 6e3 paspylleHus obpasua [4],

n;
* MOXET 6bITb M3MepeHa TemnepaTypHas 3aBUCMMOCTb KOMIMJ/IEKCHOWN AW3/IEKTPUYECKOl MpoHuLae-
MOCTU;

- HeornpeaeneHHOCTb U3MepeHnsa He 6onee 0.3 % ANA OTHOCUTE/IbHOW AN3NEKTPUYECKOM NpoHMUa-
emocTn £ U He 6onee 5 10'6419 TaHreHca yT/1a AN3NEKTPUYECKUX NoTepb tgr?;

- KpPaeBoi 3(PEeKT yunTbIBaeTCS NPUMEHEHNEM KOPPEKLMOHHbLIX HOMOrPaMM, PacCUMTaHHbIX Ha oc-
HOBaHMW CTPOTNX aHa/IM30B.

MeToa NpUMEHUM A1 U3MepeHuii B criefytoLnX yCoBUsX:

yacTtoTa 2Ty </ <40TTuy;
OTHOCUTEe/IbHasA AN3NEKTPUYecKas NpPoHMLLaeMoCTb 2 < e' < 100-
TaHreHc yrna AnasekTpnyecknx notepb 106< tg<>< 10r.

2 l3MepsieMble napameTpsbl

M3mepsieMble NapameTpbl onNpeaesnsioT CefyowmmMm 06pa3om;

Er=£'- jE' = D/(£qE) 1)
tgS = £*/£" )
TKr.= —— =— — 106 (XAQ-b/K), 3)

sref T-T ref

roe D - wvHAYKUMA 31eKTPUYecKoro nons:
E - HanpshkeHHOCTb 3/1EKTPUYECKOro Nnosns;

£q - AnaneKkTpnyeckasa NOCToAHHaA BakKyyMma,

£ .£- ABVICTBVITeﬂbHaﬂ N MHUMasA cocTaBndouwmne KOMMJIEKCHOW OTHOCUTENIbHO AN3NeKTpunye-

CKOV npoHuuaemoctn £r;

T K e - TemnepaTypHbili KOAOPULNEHT OTHOCUTE/TILHON ANINEKTPUYECKON NPOHNLLAEMOCTH;

M3paHne oduumanbHoe
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£T» £ref~ OelicTBUTENbHbIE YACTU KOMIM/IEKCHOW AM3/1EKTPUYECKOIN NPOHMLAEMOCTU NMpu TeMnepa-

Type T wu onopHoii TemnepaTtype Tre, B npegenax 20 °C< T/g < 25 °C coOTBETCTBEHHO.

3 Teopusi 1 pacUyeTHble COOTHOLIEHMS

3.1 OTHOCUKTe NbHas AU3NeKTpUYeckas NPOHNLAEMOCTb M TAHTEHC yI/1a AU3/1IeKTPUYeCcKUX no-
Tepb

CxemaTuyeckoe n3obpaxeHne pe3oHaTopa A5t U3MepeHuii KOMM/IEKCHON AN3/IEKTPUUECKO NPOHN-
LaeMOoCTU NpuBEAEHO Ha pucyHke 1. Pe3oHaTop, umewowunii guametp D un gnudy H = 2A/, pasgeneH Ha
ABe NonoBuHbI. O6pasel, AM3/IEKTPUYECKONM NNACTUHbI, UMEIOLWMIA C ', tgrV 1 TONWMHY /, MOMELLEH Mexay
HUMU.

Lns nsmepeHuns ucnonbsyetcss moga TEO 1 vMetowas TONbKO KacaTeslbHYHO K M/I0CKOCTM 06pasua
COCTaB/IAOLLYIO 3/IEKTPMYECKOro Mosis, NO3TOMY BO3AYLIHbIE 3a30Pbl MeXAY MOBEPXHOCTAMU pe3oHaTtopa u

NAaCTVHbI AN3MEKTPUKA HE BUSIIOT HA 3/1EKTPOMArHMTHoe nosie. lMapameTpbl e' wu tgr)' onpegenstoT u3
N3MepeHHbIX 3HAaUYeHU pe3oHaHCHOW YacToTbl / 0 U COGCTBEHHOW [O6GPOTHOCTM QU pe3oHaTopa c o6pas-

LOM. yunTbiBas KpaeBoe nosie B 06/1acTV o6pasua 3a npegenaMy BHYTPEHHEro anametpa pesoHatopa [6]
nyTem CTPOroro pelleHus KpaeBol 3a4ayn MeToA4oM «ClUMBaHUS nonei» [7]. 3T yncneHHble pacyeTbl A0-

BOJIbHO FPOMO3/KU, MO3TOMY CHadasia onpegensitoT npubmkeHHble 3HaveHunst £(1 n tg~e u3 BenmuuH / 0
n QU c ucnonb3oBaHUEM MNPOCTbIX hopMyn ANs MOAEeNN pe3oHaTopa, NOoKasaHHOW Ha pucyHke 1(6), B KO-
TOPOW He yuuTbiBaeTcs kpaeBol adhchekT moaenn pesoHaTopa, NokasaHHOW Ha pucyHke 1(a). 3arem Tou-
Hble 3HayeHnss C' n tgS u3 £* un tgSa nonydyaloT C UCMOML30BaHMEM HOMOrpamMm, pacCUMTaHHbIX Ny-

TeéM CTPOroro peweHuns.

PucyHok 1 - CxemaTnyeckoe nsobpaxeHue pesoHartopa € o6pasyom (a) u mogenb pes3oHaTtopa Ansa pacuye-
Ta ea u tgSa (6)

3HauyeHMe Su onpeaenstoT nNo dpopmyne

roe € =2.99792458 101 mMm/c - CKOpPOCTb CBeTa B BaKyyMe;
/0 - pe3oHaHCHas 4acTtoTa. I'y;

/ - ToAWWHa NNacTUHbI, MM;
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X - nepBblli KOPEHb YpaBHEHUS:

X .tgX =— Y.agy, (5)
roe 2M -anwvHa pesoHatopa, MM;
Y HaxogAT v3 BbIpaXeHus
y=M~Kl-k; =]¥\ (6)
roe K _ M . Kk -YKk.
c R

W> =3.83173 pana wmogbl TEOL, (i'0oi- KopeHb ypaBHeHUA J q(.v) = 0 ;
Jag\{x) - npousBogHasn dyHkuun Beccens Y 0(.r));

R - pagunyc pesoHaTtopa, MM.
Korga kO - K r<0, Y 3ameHsitoTHajY '.

3HaueHune onpeaensoT no gopmMyrne
>g5a =-£— RS$B. @
roe Rs - NMOBEPXHOCTHOE COMNMpPOTUB/IEHNE CTEHOK pe3oHaTopa

*.-J¥ oM, cy = (Tderr CMm M\ (8-

roe //. CT - marHMTHas NPOHULAEeMOCTb M NPOBOAUMOCTb CTEHOK pe3oHaTopa;
CIT - OTHOCUTEeJSIbHas NPOBOAVMOCTb;
<10 =5,8 107CM M ' - NpOBOAMMOCTb CTaHAAPTHOW mMeawn.

MocTosiHHbIE [ 1 i onpegensatoT no opmMynam;

- S ©

Pbl + Pcy2 +
B = (t0)
o ure
roe HY' n W / - 3Heprus anekTpuyeckoro nosas, 3anaceHHas B NnacTuHe AM3NeKTpnYecKoro obpasua

(o6nactb 1) 1 B Bo3ayxe (06/1acTb 2). Kak Moka3aHO Ha pucyHke 1(a);
P(y| . PC\2 u Prnj - noTepu B NnpoBoAHMKax B 061acTsix 1,2 1 Ha TOPLEBOL CTEHKE;

(O= 2n/0 - kpyroBasi yacToTa.
3TV napaMeTpbl ONpPeaensatoT Mo credyrowmym opmynam:

K = (Ki)y~i+ 1 ; (11)

sin2K ~cos2X

i AOL M (12
4 2Y ) sin2y
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sinlX \
Yy lI=7~R sJc,<v(nm 13
p.y ( 2X ) (13)

ainly ~cos2*
“fV o f'o i V*RK*r\ 14
2Y ) sin2K '

2°°%2X

pend “ T2 “/er0O 701 X\fIT/] Si'nzy : (15)
TouHble 3HayeHns £ n tgeV onpeaensatoT no dhopmynam:

£'=£:n - - £' (16)

1
"mN(+T)-Y 1) )
roe /Xe'js'a . AAjA. &B/B - nonpaBoyHble KO3(PULMNEHTBI, YUUTbIBAIOLME KPaeBOli addIeKT, YNCIIEH-
HO paccuuTaHHble NyTEM CTPOroro pelleHns KpaeBol 3ajayun «ClUMBaHMEM MOJeli» C UCMOo/Ib30BaHMEM Me-

Topa Putua - FanepkuHa (puc. 2 v 3). OHM HaligeHbl ANA AUS/IEKTPUYECKOli NaacTuHbl guametpom d Tak.

4yto / 0 CXOAUTCS K MOCTOSIHHOMY 3Ha4YeHUto Npu cooTHoweHun d / D >1,2.

MonpaBouyHble KO3(MULMEHTbI, NoKasaHHble Ha pucyHkax 2 n 3. paccumTaHbl gns d / D> 1.5 n
NPUMEHUMbI K AN3MEKTPUUYECKUM obpasuam sto6oii hopmbl, ecnin d / D > 1.2,
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HeonpepeneHHoctn A~ n m3mepeHmsa s' un tg”™> oueHMBAIOT Kak cpefHekBagpatuye-
CKNe OTK/IOHEHUA 1 NOoNy4varoT COOTBETCTBEHHO NO chopmynam:

(As")2 = (AE'f 12+ (As; )2+ (0b)2 + (Aem )2, (18)

(Alg”n)2 = (Atg$,)P + (AlgSaf, (19)

roe Ac'j, Ai.\, O £/), 4 s'ff - HeonpeaeneHHocTM S' u3-3a CTaHAAPTHbIX OTKMOHeHWn /0, /, D, WU
COOTBETCTBEHHO;

Atg<$£. A tg”™ - HeonpegeneHHocTn |gS un3-3a cTaHOAPTHbIX OTKIOHeHWA Qu u CiIT cooT-
BETCTBEHHO.

3.2 TemnepaTypHas 3aBMCUMOCTb S' 1 Igr?

C ncnonb3oBaHMEM 3TOr0 MeTofAa MOXeT 6bITb Takxe ornpefesieHa TemMnepatypHas 3aBUCUMOCTb
s' un tgtf. TemnepatypHblli KO3(p(PULUNEHT OTHOCUTENIbHOW AM3NEKTpuYeckol npoHuyaemoctn TKsS
paccuuTbiBatoT rno oopmysne (3).

B yacTHOCTH, Korga TemnepaTypHas 3aBucuMocTb S' nvHeliHa. S'{T) onpegenstoT no dopmyne
e'(T)=e(ro*1 + TKe(T - TO)], (20)

rae T wn o - TemnepaTypa npy U3MepeHUU M OMOpHas TemnepaTypa COOTBETCTBEHHO. B aTom cnyvae
TKsS MOXHO onpegenntb N0 MeToAy HavMeHbLUMX KBaApaTtoB ANS 60NbLUOTO KOAU4YecTBa M3MepseMblX
Touek no I .

Mpu onpegenennn TKsS cnegyeT yuuTbiBaTb TemnepaTypHbI KO3MMULMEHT NNHENHOrO pacLuun-
peHVs OM3/1IeKTPUYECKON MAacTUHbI a . a Takke TemnepaTypHblii KOathhnLMeHT 06BEMHOI0 paclInpeHns

pesoHaTtopa a c . Mpy n3MepeHUr TeMnepaTypHOii 3aBMcUMOCTU Lgd* crieflyeT yunTbiBaTb TemMnepartypHbIii
KoappumeHT conpotuBrieHnss T Kp. Wcnonb3ys 3t napameTtpbl, 3HadeHuss r(T), T)(T), H(T) wu

p(T) paccunTbiBalOT NO hopmMyiam:

(T)=/(ToX1+ar(r-roj; @0
(T)=/(F,11 +a (T -T 0)]: (22)
H(T)=H(r,i\+a,.(T-T,)I (23)

p (T )~ =pT)I+ TKp(T- T,)]. (24)

3.3 TMapameTpbl pe3oHaTopa
Mepep n3mepeHveM AU31EKTPUYECKOW MPOHULAEMOCTV OonpeAensatoT napameTpbl pe3oHaTopa D .
H =2M .cec.<Ttr»TKp.

3HaueHns D u H onpegenstoT no AByM pe3oHAHCHbIM YacToTam MycToro pesoHatopa /, Ans
mogel F£0|1u fi ana mogpiFTE0|2 no chopmynam:
Y
=n
* 1)41,2-12

D (25)
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(26)

MpvBefeHHble hOPMy/ibl NOMYYEHbI U3 PE30HAHCHbIX YC/IOBUIA pe3oHaTopa.
3HauyeHne a C onpenesistoT, UCMOMb3ysl pe3ynbTaTbl U3MEPEHUS TeMMNepaTypHoii 3aBucumoctn / (,

N3 BblpaxeHunsa
ac=-L L (27)
I AT

3HayeHne CIT onpeaensitoT M3 U3MepeHHbIX 3HaueHnii D , H , /| n Qlu. - cob6cTBeHHOI [06-

POTHOCTM NYCTOro pesoHatopa ana mogpl M£0] i
2

1

A3

(28)

2 2 (1D
ffotloC jvoi +| —

HakoHey, TKp onpegenstor, ncnonb3ys pesynbTaTbl U3MepPeHUs TemnepaTypHOl 3aBMCUMOCTU

pr = rr()/rT, 13 BblpaxeHus

(29)

- _ A
TK»  =p- A7

4 lamepuTenbHoe ob6opygoBaHne 1 annapatypa

4.1 N3mepuTenbHoe obopygoBaHne
Ha pucyHke 4 npuBefeHbl [Ba BuAa CTPYKTYPHOU CXeMbl YCTAHOBKM A1 WU3MEPEHUS Ha MUIu-

MEeTPOBbIX BOSHaX. [ U3MepPeHUss AU3NEKTPUYECKMX CBOWCTB Heob6xoAuma TOofIbKO MHopMaumsa o6 am-
nanTyae nepegasaemMoli MOLWHOCTW, MHopMauusa o dase nepefaBaemMoit MOWHOCTW He TpebyeTcsa. OAns
TakMx U3MepeHuii MOXeT ObiTb MCMO/Ib30BaH CKa/IAPHbIV aHanM3atop Lenei, Kak MoKasaHO Ha PUCYHKe
4(a). O4HaKO BEKTOPHbIV aHanu3aTop uenel Ha pucyHke 4(6) nmeeT 60/1ee BbICOKYIO TOYHOCTb U3MEPEHUIA.

a) 6)

PucyHok 4 - CTpyKTypHas cxema u3mMepuTesibHOW yCTaHOBKM CO CKaNsipHbIM aHa/M3aTopom Leneii (a) U ¢ BeKTOPHbIM
aHanusaTopom uenei (6)
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4.2 Annapatypa 47191 U3MepeHusi KOMMNJIEKCHON AN3NeKTPUYECKON NpoHNLaeMocTun

CTpyKTypa pe3oHaTopa A1 U3MepeHUin KOMMIEeKCHOM AMN3NEeKTPUYECKOi NPOHMLLaeMOCTM NpuBese-
Ha Ha puUCyHke 5.

Pe3oHaTop coCTOWT M3 ABYX OANHAKOBbIX YacTeid, N3roTOBEHHbIX U3 MeAn. [INs n3MepeHuii B 06-

nactu 10 Iy pe3oHatop umeet gnametp D - 35 mMm. BbicoTy // = 25 MM 1 gnameTp doiaHLeB
D,. > 15D .

O6pasey, auametrpom d > 1,2D nomewaoT mexay iaHuamMm pesoHatopa 1 (MKCUMpYIOT ¢ no-

MOLLbIO 3XMMOB. Pe3oHaTop BO36YyXAaeTcs ABYMS MONYXECTKUMU KOaKCUaIbHbIMU Kabenamu, Kaxablii u3
KOTOPbIX MMeeT MaslIeHbKylo MeT/i0 Ha KOHLe. [laHHbI pe30oHaTop SAB/SEeTCSA Pe30HaTOPOM MPOXOAHOro Tuna
N UMeeT OAMHAKOBble KO3I(MULNEHTbI CBA3N BXOAHOW W BbIXOAHONM netesb, yCTaHaB/NMBaeMble MO paBeH-

CTBY BXOAHOMO 51, ¥ BbIXOAHOTO 5 22 KOI(hUUMEHTOB OTpaxeHns 5y = N 22- $oTO pe3oHartopa npu-
BeZleHO Ha puUCyHke 6.

Pe3oHaHCHy0 4YacToTy pe3oHaTopa c o6pasuom / 0. nosocy NponyckaHWs Ha YpOBHE MO/I0BUHHOM
MouwHoctn f BW un BHocumoe ocnabneHue /11, (aB) Ha yactoTe / 0 M3MEPAIOT C UCNOMb30BaHWEM aHasu-
3aTopa uenel B pexnme CkaHMpPOBaHMA MO YacToTe. 3HayeHWe COBCTBEHHOW [OGPOTHOCTM pe3oHaTopa C

obpasuom Q u onpesenstoT no opmyse

(30)

KoakcunanbHblii
Kabenb

|/ bl Coaxial cable

Dielectric Conductor PTFE rng
plate
[vanekTpuyeckas MpoBogHuK dToponnactosoe
nnactuHa KOMbLIO
6)

PucyHok 5 - Pe3oHatop c gnanekTpuyeckuMm ob6pasuom (a) u 6e3 obpasua (6)
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JAaTtuunk
parypbl

O6BbEeMHbIN pe3o-
HaTop

kabenb

PucyHok 6 - ®0oTo pe3oHaTopa A1 u3mepeHuin B o6nactu 10 Iy
5 BbINOAIHEHME U3MEpPEHNi

5.1 MoAroToBka N3MepuTeNbHOK annapaTypbl

Pe3oHaTop 1 AnanekTpuyeckuii obpasel, XpaHAT B YUCTOM U CyXOM COCTOSIHMM, TaK Kak BbICOKas
B/IQXHOCTb yXyALwaeT 4O06POTHOCTb pe3oHaTtopa. OTHOCUTENbHAA BMI&XHOCTb He A0/HKHA npeBblwaTb 60 %.

CobupaloT nsmepuTesibHyl0 YCTaHOBKY COM/TaCHO CTPYKTYPHOW cxeme (PUCYHOK 4).

5.2 I3mepeHMe ONOPHOro YpoBHSA

CHauyana u3MepsitoT OMOpHbI/i YPOBEHb - YPOBEHb MOJHOW Mepejayy MOLWHOCTW. BkitovaroT onop-
HYIO NIMHUIO B U3MEPUTESIbHbIV TPAKT U M3MEPSIIOT MNOMHbIA YPOBEHb Nepejayy MOLLHOCTM BO BCEM guana-
30HE U3MepsieMbIX YacToT.

5.3 N3mepeHne napameTpoB o6bemHoro pesoHartopa: D , H ,<Tr,ac, TKp

Mpu6nwkeHHble 3HaveHns f\  pesoHaHcHol mogbl TEOLL u /»> pe3oHaHcHol Moabl TEql2 Mox-
HO onpeAesMTb U3 HOMOrpaMMbl MO/, MPUBEAEHHON Ha pUCyHKe 7. CNeKTp pe30HaHCHbIX 4acToT pe3oHarTo-
panpu D =35 Mmmun H =25 mm npuBeaeH Ha puUCyHke 8.

(©LL3
ICC 13ilt

PucyHok 7 - Homorpamma Moz pesoHartopa
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PucyHok 8 - CneKTp pe3oHaHCHbIX 4acToT pe3oHaTopa

[Ona pasgeneHus BblpoxaeHHbIX Mog TMw wu TMuy2 ot mog TEOy » TEIn2 B TOpuUEeBble

KPbILKN pe3oHaTopa BCTaBNAT Kosbla 13 ptoponnacta (PTFE), kak noka3aHO Ha pucyHke 5. BkniovatoT B
TPaKT NycToi pe3oHaTop U U3MEeHEHWEM PaCCTOSIHUA MeXAy ABYMS MOMYXECTKMMU KaGensamu HacTpavmBatoT
BHocuMoe ocrniabneHune /A() Tak. UTobbl OHO 6bl1I0 B6M3N 3HauveHMs MUHyc 30 AB. Kak NnokasaHo Ha pu-

CYyHKe 9.

/ 0- pe3oHaHcHas yactoTa: 1\) - BHOocumoe ocnabnenue: j u\\'- nosoca NponyckaHWs Ha YPOBHE MOSIOBUHHON
MOLLHOCTH

PucyHok 9 - Tpacuk gna onpegeneHns Jo6pOTHOCTU pe3oHaTopa
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3MepsA0T pPe30HaHCHYK 4acToTy /,, MOfIocy MpOMyCKaHWs Ha YpPOBHE MOSIOBUHHOM  MOLLHOCTU
f BW moagbl TEQll 1 pe3oHaHCHYtO YacToTy /T Mogbl TEq\2 mPaccunTbiBalOT COGCTBEHHYHO JOGPOTHOCTbL
nyctoro pesoHatopa QIK mogbl 7'£0y, mcnonb3ys BbipaxeHue (30). BbluncnsawoT pasmepsl D. H n
3HayeHne (71 o6bemHOro pesoHaropa, MCnosb3ys BblpaxeHus (25). (26) u (28). Tak kak NPOBOAVMOCTb
CTEHOK 06beMHOro pesoHaTopa yxy/LlaeTcs 13-3a OKUC/IEHUSA MeTa/l/InYecKoii NOBEPXHOCTUN, 3HaYeHne <Tr
HYX[aeTcs B NepruoAnYeckoM yTOUHeEHMU. [lanee n3MepsitoT TeMmnepaTypHyto 3asucumoctb f X u Quc pe-
30HaTopa. NoOMeLLeHHOro B TepMocTaTt. BbiuncnsawT a ¢ u T K p . ncnonb3ys BblpaxeHus (27) n (29).

5.4 M3mepeHne KOMMMEKCHOW AN3MEKTPUYECKOW NpoHuLaemMmocTm obpasya: £ , tg<t
MomewatoT obpasey, Mexgy hnaHuamm n GUKCUPYOT UX C MOMOLLBIO 3aXMMOB, Kak Noka3aHo Ha

pucyHke 6. YcTaHaBMBalT NpuMepHoe 3HaudeHne vacTtoTbl / 0 mogbl 77T ()y, B3siToe M3 rpadmka Ha pu-

cyHke 10. 3aTeM M3MepstoT 3HaveHus /0 n Qu. PaccunTbiBaloT 3HadeHnss £' u tg(?, ncnonb3ys Bbipa-

XeHus c (4) no (17).

CER L

33

PucyHok 10 - Pe3oHaHcHas YactoTta /,, mMogbl j pesoHaTopa cAamanekTpuyeckor nnactmHon (D = 35 mw.

H =25 mv)

5.5 TemnepaTtypHasa 3aBUCUMOCTb £', tg<?

MomelwaoT pe3oHaTop € 3adMKCUPOBAaHHOW AM3/IEKTPUYECKON NNAaCTUHOM B TepMOCTaT U U3MepPSoT
/o w1 Qu, Kak hyHKUMM OT Temnepatypbl T . PaccuntbiBaloT £ 1 tg<)\ kak yHKumMn oT T , yunTbiBas
a, ac u TKp.3arem Bbiuucnsaot T K e, ucnonbsys BbipakeHue (3) M MeTo HaMMeHbLUMX KBaApaToB

015 60M1bLWOTo Ko/iMyecTBa U3mMepsieMbiX Todek no T .

10
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Mpunoxexne A
(cnpaBo4YHOE)

Mpumep pesynbTarta U3MepeHuii U HeonpeneneHHOCTb

A.l1 MapameTpbl pe3oHaTopa
B Ta6nuue A.l npuBedeHbl pesynbTaTbl M3MEPEHUI NnapaMeTpoB pe3oHaTopa. Kak nokasaHo B Tabnuue, gna-

MeTp D wuBbicoTa H pe3oHaTopa MOoryTt 6bITb onpegeneHbl C TOYHOCTLIO A0 MUKPOHa npun Ucnosib3oBaHN pacyeTa

no yactoTam n _['> 3HayeHne (Tr 3aBUCUT OT KayecTBa MOBEPXHOCTW U OKUC/IEHUSI MaTepuana BHyTPEeHHel CTeH-
KM pe3oHaTopa, NO3TOMYy XesjlaTe/lbHO COXPaHATb 3HayeHne (Tr Bbiwe 80% A9 LOCTUXEHUS BbICOKOW TOYHOCTU Npu

nsmepeHun tg<s.

Ta6nuuya A.l-Pe3synbTaThl U3MepeHUs napameTpoB pe3oHaTopa

ry, n, rry Quc D, H o, ac. <T-, TKp,
MM MM 0, 1/K
AN TEou O TEou ANATEO|| pprvk %
12.0456 15.936 24256 35.053 24.88%1 155 84.4 0.0034
+ 0.0002 r 0.001 r 145 +0.001 +0.002 +0,3 +1.0 +0.0003

N3mepeHHble pe3ynbTaTbl Temnepatypkoi 3asucumoct J( u Q U(. gna nyctoro pesoHaTtopa nokasaHbl Ha
pucyHke A.1. 3HauyeHue (Xc B Tabnuue A.1 6bls10 ONpesenieHo U3 TemnepaTypHoil 3aBucumoctn f j ¢ ucnonb3oBaHu-
em BblpaxeHus (27). 3HaueHne T K p 6bi10 onpefeneHo U3 TemnepaTypHOl 3aBUCUMOCTM QuCC MCMO/b30BaHMEM
BblpaxeHusa (29). B atux Boiuncnennax O /|/4 | n Aprj AT O6blin onpefeniedbl N0 MeTOA4y HaUMeHbLUMX KBagpa-
ToB. 3HayeHna ( X 6AU3KM K HOMWHANBbHOMY 3HaveHuto 16.5 ppT'K mean. 3HadeHnsa K p 6AM3KM K HOMWUHANbHOMY

3HaveHuto I K p =0.0039 1/K mean Ha NOCTOSSHHOM TOKe.

12.046
12.044
12.042
O 12.040
N 12.03S

12.036

12 034
24 500

24 000
23 5DC
J 23000
22 500
22 003
21 500
20 o] 60 70 80

PucyHok A.1-TemnepatypHas 3aBucumoctb f\ n Quc



FOCT PM3K 62562—2012

A.2 OTHOCuTeNnbHasa gnanekTpuyeckas npoHuuaemocts £ un tgfl>

Ha pucyHke A.2 noka3aH CNeKTp pPe30HaHCHbIX YacToT B pe3oHaTope ¢ 3adMKCMpOBaHHO candmpoBoii nna-

CTuHOW. B Tabnuue A2 npusefeHbl pe3ynbTatbl usmMepeHuin £ 1 tg<? ans cancupoBoii NNACTUHbI TONWWUHOWR / =

(0.958+0.002) MM npu KOMHaTHOI TemnepaTtype. 3HaUeHUs e ' - 3TO NepPNeHAUKYsipHas cocTaBnsowWwas OTHOCUTE Nb-

HOIl AM3aneKTpuyeckoli NPOHNLAEMOCTN OTHOCMTENIbHO ocu C. 3HAYeHNs OLNGKU U3MepeHust A £' n Atg<? paccuuTa-

Hbl no coopmynam (18) u (19). FnaBHas cocTaBnsiowas A e' - 3T0 HEPaBHOMEPHOCTb TOJLWMHBLI 06pasua.

PucyHoK A.2 - CrekTp pe30HaHCHbIX YacToT pe3oHaTopa ¢ canupoBoil NAaCTUHO

Ta6nuya A.2- PesynbraTbl Usmepenus E u tgfl> candupoBoil nnactuHbl
n-rry QU e tgf>" 100 0>, %
8.7546 + 0.0001 24043+ 165 9.404 +0.017 0.91 + 0.06 84.4+ 1.0
Ha pucyHke A.3 npuBefeHbl pe3ynbTaTbl U3MEpPEHUa TemnepaTtypHoli 3aBucumoctn JO, Q ,. e ' un tg<)' ans

cancpmposoﬁ nnacTuHbl. 3HayYeHne e ' JIMHEWNHO yBenunumnsaetcs, 3HavyeHue tg<5 noutu nuHeliHo yBenunymeaeTca C

NOBbIWEeHNnem T . N3 TeMHepaTypHon 3aBuUcMMoCTM e ' OT T C ucnosibsoBaHMem mMetTogda HaMMeHbLWWUX KBafpatoB

nosny4yeHo 3Havyenne T K e =92 ppnvK.

12
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20 30 ao 50 60 70 83
T Ic» r rc)

PucyHok A .3 - TemnepaTypHasi 3asucumocts /,, , QU, £' u tg<i> candupoBoii NNacTuHbI

A.3 HeonpeaeneHHoOCTb U3MepPEHNIA
B (3] npuBefeHa HeonpeaeneHHOCTb U3MepeHnii Ana metofa obbemHoro pesoHatopa 0.3 % ana f', 4% ans

tg"> nopsaka 10 ' v 20% ans tg”> nopsaka 10 Pa3pelweHune no TKe cocrasnser 1 pptTVK ansa TKe no-

psagka 10 ppnvK u 3 ppnv'K ansa TKe nopsagka 90 ppT/K. Takue BbICOKME TOUYHOCTb U3MEPEHUI 1 paspeLleHne npu-
emieMbl B 60/1bLIMHCTBE NPaKTUYECKUX MPUMEHEHNIH AN MUKPOBO/THOBbIX NEYaTHbIX CXeM.

13
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