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BaeMOM MHpOpPMaLMOHHOM yKa3aTene «HauvoHanbHble cTaHfapThli». CoOTBETCTBYO W aa nHopmaLus,
yBeOM/IeH/e U TEKCThbl pasMeLLalnTCs TakxXe B MHhopMaLMOHHON cucteme 061 ero nonb3oBaHNs — Ha
othuumnansHom caiiTe ®epepanbHOroareHTCTBa NO TEXHUYECKOMY PeryimpoBaHnio » MeTpoioTumMBCeTH
MHTepHeT
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HALUWOHANBbHDLIN CTAHOAPT POCCUNCKOMN GELEPALUMN

[ocypapcTBeHHas cucrema obecneyeHus eAuHCTBa VI3MepeHVIVI

OTHOCUTENIbHAA ANSNEKTPUYECKAA MPOHNMUAEMOCTb
W TAHIEHC YITNA QNSJIEKTPUYECKNX MOTEPb
TBEPAbIX ANSNEKTPUKOB

METO,CI'I/IKI/I BbINOJTHEHNA MBMEDEHMIZ B Anana3oHe CBEPXBbICOKNUX HAaCTOT

State system for ensuring the uniformity of measurements. Relative dielectric permittivity and the loss tangent of solid
dielectncs. Procedures of measurements at microwave frequencies

[ata BBegeHna — 2008—06—01

1 O6nacTb NpuUMeHeHus

HacTosAwwuii ctaHaapT ycTaHaBNnBaeT METOAVKN BbINONHEHNS U3MePeHWii OTHOCUTENbHOM AN3NeKTpu-
4YeCcKoli NPOHMLLIAeMOCTN en TaHreHca yrna AnanekTpuyecknx notepb 140TBepabIX 4N31eKTPUKOB B MUKPOBO/I-
HOBOM Anana3oHe 4acToT Ha OCHOBE Pe30HAHCHbIX METOAO0B.

B HacTosleM cTaHAapTe NpeacTaBneHbl cneayowme MeTobl U3MepeHunii:

- 06BEMHOro pe3oHatopa npu UKCMPOBaHHON Pe30HaHCHOW YacToTe;

- 06beMHOro pesoHaTopa npu PrMKCMPOBaHHOI Pe30HaHCHOW A/TMHE;

- LesieBOro pesoHaropa:

- MeTanno4ananeKkTpMyeckoro pesoHaropa.

O6pasLbl TBEPALIX AUINEKTPUKOB A1 U3MEPEHUI (fanee — o6pasLbl) MOTryT MeTb hOpMy ANCKOB Auna-
meTpom D>f. rge f — TonwmHa gucka, chopmy LMIMHAPOB AnamMmeTpoM D. BbICOTOW L Npu pa3iMyHbIX OTHOLLE-
HUsX D/L unu nnacTuH (Nognoxek) ToNWwmHol t«  A. B. rae A. B — anvHa v linprHa npsMoyrosibHOW NNacTuHbl
(NoANOXKNM), 1 TOHKUX AnckoB npu M« D.

B 3aBMCMMOCTM OT TNopa3mepa o6pasLa NPMMEHSAIOT pa3/iMyHble METOAUKMN BbIMOMHEHWUSA U3MEPEHN 1
TUMNbl PE30HATOPOB, NPYBEAEHHbIE B NPUNOXEHUN A 06bEMHBIA LUANHAPUYECKNIA pe3oHaTop € KonebaHnem
Tvna HOlp Ansa AnCKoBbLIX 06pasL 0B, 06bEMHbIN LLeNeBol pe3oHaTop ¢ konebaHnem Tuna HOlp AnsA nnacTuH
(noanoxek) N TOHKMX AMUCKOB, MeTanIoAnanekTpuyecknii pesoHaTtop ¢ konebaHvem tuna HOTp ANS UWMNKH-
Apuyecknx obpasuos. PasMmepbl NpUMeEHAEMbIX Pe30HaTOPOB 1 06pa3LLoB ONpeAeATCa Agnana3oHoM HacToT,
B KOTOPOM HE06X0AVMMO NPOBOAUTL U3MEPEHUS.

2 HopmaTmBHbIE CCbIJIKMK

B HacTosWwem cTaHgapTe NCNob30BaHbl HOPMaTUBHbLIE CCbISIKU Ha cnegylme ctaHaapTbl:

FOCT P NCO 5725-2—2002 TouHOCTb (MpaBW/IbHOCTb W MPELU3NOHHOCTb) METOAO0B M pPe3y/bTaToB
n3mepeHnii. Hactb 2. OCHOBHOI MeToA onpefeneHuns NoBTOPSEMOCTM 1 BOCNPOM3BOANMOCTU CTaHAAPTHOroO
MeToAa U3MepeHuii

FOCT P51652—2000 CnmpTaTUN0BbIA peKTUUKOBAHHbIV U3 MULLLEBOTO Cbipbs. TEXHUYECKNE YCN0BUS

FOCT 2789—73 LLlepoxoBaTtoCTb NOBEPXHOCTU. MapameTpbl U XapakTepucTukn

FOCT 6433.1—71 MaTepuanbl 31€KTPOU30NSALMOHHbIE TBEPAbIE. YCNOBUSI OKpyXatoLeil cpebl npu
noArotToske 06pasLoB 1 UCMbITaHWi

FOCT 24643—81 OCHOBHblE HOPMbI B3aMO3aMeHAeMOCTU. [Jonycku hopMbl M pacnosioXeEHNSA NOBEPX-
HocTeli. YUncnosble 3Ha4YeHus

M3paHne oduynanbHoe
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MpumMmeuyaHue — MNpu NONL30BAHUN HACTOAWMM CTAHLAPTOM LENecoo6pasHo NPoBEpUTh AEACTBUE CCbINOY-
HbIX CTaHAapTOB B MH(IOPMALMOHHOI cucTeMe 06LLero nosib3oBaHs — Ha ogMuMan-HOM caiite defepasbHOro areHT-
CTBa MO TEXHUYECKOMY PETY/IMPOBAHMIO Y METPOJIOFUN B CETW VIHTEPHET WM MO EXEroAHO U34aBaeMOMY ykasaTtento «Ha-
LMOHaNbHble CTaHAAPTbI», KOTOPbIA ONy6AMKOBAaH MO COCTOSHUIO Ha 1 siHBaps TeKyllero roAa, ¥ no COOTBETCTBYHOLUM
eXeMeCsA4YHO M3aaBaeMbliM MHPOPMALMOHHBIM yKa3aTensaM, ony6MKOBaHHbIM B TEKyLLEeM rogy. EC/M CCbINOYHbIA CTaH-
[,apT 3aMeHeH (M3MEeHeH), TO NPU MOJIb30BaHUK HACTOSLMM CTaHAAPTOM CNeAyeT PyKOBOACTBOBATLCS 3aMEHSIOWNM (13-
MEHEHHbIM) CTaHAAPTOM. EC/M CCbINIOYHbINA CTaHAAPT OTMEHEH 6e3 3aMeHbl, TO MOJIOKEHNE, B KOTOPOM [aHa CChiika Ha
HEero, NPUMEHSIETCA B YaCTW, HE 3aTparMBalLLei 3Ty CCbiky.

3 Tpeb6oBaHua 6e3onacHoOCTH

Mpwn BbINOMIHEHUN U3MEPEHU OTHOCUTENbHOW AU3NEKTPUYECKON NPOHMLL@EMOCTM 1 TaHreHca yrna au-
3/1eKTpMyecknx noTepb cobaaloT cnegyoLline TpeboBaHUa 6e30MacHOCTH:

- K U3MepeHunam fonycKatT NnL,. NPOLIeALLNX MHCTPYKTaXK NO TEXHUKe 6e30NacHOCTM Npu paboTe C afek-
Tpo- n CBY-pagnonsmeputenbHbiMu npnéopamu;

- BbINOMHAT Tpe6oBaHnA 6€30NacHOCTH B COOTBETCTBUM C TEXHUYECKON AOKYyMEHTaUen Ha UCNob3y-
emble Npnéopsl;

- KOpnycbl BCeX Npu6opoB, NCNOJb3yeMbIX NMPU N3MEPEHUAX, 3a3EMIAIOT;

- OTCOE[MHEeHVe LUWH 3a3eM/IeHNs, NOAK/IOYEHNE UK OTKI0UYEHNE MEeXOBI0UHbIX U COeANHUTENbHbIX
Kabenei NPoBOAST TOMILKO NPY BbIK/OUYEHHbIX Npubopax;

* B oMeLLeHun, rae npoBoAAT U3MepeHus, AO/MKHbI OTCYTCTBOBATL rasbl U Napbl BELWECTB, Bbl3blBalo-
LMe KOpPpPO3nI0 MeTanInyecknx getanei.

4 YcnoBuSA BbIMO/IHEHUS N3MEPEHUA

4.1 Tpw BbINOSIHEHUN N3MEPEHUI TemnepaTypa OKpyXalLlero Bo3ayxa, OTHOCUTENIbHAA BNaXHOCTb,
6apomeTpuueckoe gasneHne, BuGpaLmm B NOMeLLEHNN A0/KHbI COOTBETCTBOBATL YCTAHOB/IEHHbLIM B 3KCNya-
TalMOHHOI AOKyMeHTauuy Ha NpUMeHsIeMble CpeacTBa N3MepeHUiA.

4.2 13meHeHue TemnepaTypbl OKpYXaloLLero Bo3ayxa 3a BpeMs usMepeHnii obpasia He A0/HKHO NpeBbI-
watb 1 1°C.

5 TpeboBaHusa k kBanudukaunm onepartopa

K BbINO/IHEHWIO U3MepeHuii 1 06paboTke UX Pe3ynbTaToB AONYCKAT /UL, UMEeLUX NoAroTOBKY A
pa6oTbl ¢ CBY-paavon3MepuTesnbHbIMIU NPUGOpamMM 1 HaBbIKM NOMb30BaTEeNs KOMMbloTepa.

6 TpeGoBaHus K cpeAcTBaM M3MepeHUii U BCNoOMOraTelbHbIM yCTpoicTBaM

6.1 B 3aBMCMMOCTM OT MeToAa M3MEepeHuil MPUMEHSIIOT CpeAcTBa U3MepeHwuii U BCnomoratesibHble
ycTpolicTBa, Heob6xoAuMbIe Ans ero peanusaumm. O6une TpeboBaHNA K UCNOb3YEMbIM CPeACTBaM n3Mepe-
HWIA NpUBEAEHbI HNXE.
6.1.1 TeHepaTOopbl CBY:
- BbIXOAHAA MOLLHOCTb. MBT. HE MEHEE ...coiiiiiiii ettt 1
- OTHOCUTE/IbHAas HeCTabUNbHOCTb YacTOTbl 3a 15 MUH. HE BOMEO0...cceeeieeeeiieeeiee e 1+10-4;
- napasuTHas YacToTHas geBuauns (OTHOCUTesNbHas), He 6onee
- HecTabu/bHOCTb BbIXOAHOI MOLLHOCTM 3a 5 MUH. Ab. He 6onee
- JIMHEeNHas YacToTHass MOAYNSAUMS BHELIHMM CUTHa/IOM B OTHOCUTE/IbHO nosioce

HACTOT, HE M B H B B it iiiieeeititi e e e e e e e ettt et e e e e e e ee e ettt e e e e e e e e eeeabab e aa e e e aeeeetetba e e e eeeeeeeesnbnnnaneaaeas 5 10'4.
6.1.2 Yacrtotomep:

- npegen AonyckaeMoi OTHOCUTETbHOW NOTPELUHOCTU, HE BOMEE ..ocevvviieeicieereecre s 1wl0 7,
- YpOBEHb MUHUMasIbHOW BXOAHON CBY-MOLHOCTW. MBT, HE BOJEE.....ceeveeiriccieereee 0,2.
6.1.3 VHgukaTop pesoHaHca (ocuunnorpad):

- YyBCTBUTE/NIbHOCTb MO Y-BXOAY. MB/OEM., HE MEHE € .ocviiiiiiiciieee et 2.
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6.1.4 BoNbTMETP MOCTOAHHOIO HAMPSXXeHUA:

- MUHUMANbHBIA NPeAEN N3MEPEHNA. MB ..ot 100;

- npeaen fonyckaeMoli OTHOCUTENIbHOW MOrPELUHOCTU, HE BOMEE ...coiieeiiieieiiieciie e 110 '3.
6.1.5 ATTeHaTop NonApuU3aLoHHbIRA:

- Anana3oH N3MEHEHUS OCNABNEHUA. AB. HE MEHEE ... 0—40:

- npegen gonyckaemoii abCcontoTHOW NOrpeLrHoCT N0 pa3sHOCTHOMY ocnabneHuto. Ab. He 6onee:
- BAMANA3OHE 0—4 1B ..o e s 0,03:

- BAMANA3OHE 4—40 [ B e e e 0.3.

6.1.6 OeTtektop CBUY:
- YyBCTBMTENIbHOCTb. MB/MKBT. HE MeHee

- KO3(h(hULMEHT CTOsIUEN BOSHbI N0 HanpshkeHuto (ganee — KCBH) Ha pa6ounx yactoTax

(C pa3BA3bIBAILLUNM BEHTUMEM), HE DO T € .ooiuieiiiiiieiiie ettt ettt sttt 14.

6.1.7 PasBs3sbiBaloLle BEHTUNN:

= KCBH. HE DO . .uiiiii ettt et e et e et e e e e e et ae e e e e et be e e e e saaae e e e e eabraaeeeenreeeenan 1,4,

6.2 BmecTo ykasaHHbIX NpubopoB BO3MOXHO NPYMEHEHNE n3mepuTensa Mmoayns koadduuneHTa nepe-

Zlauy 1 oTpaXeHus ¢ LU POBbLIM CHHTE3ATOPOM YacTOThl B KauecTBe reHepaTtopa CBY.
MepeyeHb PEKOMEHAYEMbIX CPEACTB U3MEPEHNI NPUBEAEH B NPUIOXEHNN A.

7 MeTop 06bEeMHOro pe3oHaTopa npu (PMKCMPOBAHHOW Pe30HAHCHOM YacToTe

[ns n3amepenuii faHHbLIM METOLOM NpY hMKCUPOBaHHOW pe30HaHCHOM YacToTe B AnanasoHe 6—20 My,
MCNoNb3yT 06pasLibl, UMetoL e OPMyY [UCKOB, COTHOCUTE/bHOW [N3/1IeKTPUYECKOl NPOHNLAEMOCTbIO e oT
1.2 00200 v TaHTEHCOM YrnaauanekTpuyeckux notepb tg not5 10 640 1+10 '2. lOCTOMHCTBOM MeToAa SiBNS-
eTCs LUMPOKMIA Anana3oH U3MepsembiX 3HauyeHuli tg 6 1 BO3MOXHOCTb MCNONb3oBaHusA reHepatopa CBY c
Masioil NepecTpoiikoi YacToTbl, HEO6XOAUMOW TOMTbKO A5 U3MEepPeHNs 4O6POTHOCTM pe3oHaTopa.

7.1 CywHocTb mMeTofa

7.1.1 [Ans n3mMepeHunii NPUMEHSIIOT LMAVHAPUYECKUiA 06 beMHbI pe3oHaTop, B KOTOPOM BO36YyxaaeTcs
konebaHve Tna HOlp, raep =2.3.4,5 — 4ynCno NOMYBOJH, yKNaAblBAIOLWUXCA NOL4/IMHE pe3oHaTopa. Cxema-
THUYECKOe N306paxeHne 06bEMHOIO pe3oHaTopa c kosiebaHmem tuna HOlp asst nsmMepeHuii npu oMKkcMpoBaH-
HOI pe3oHaHCHOW YyacToTe NpuBefAeHo Ha pucyHke A.l (Mpunoxexue A).

B gnanasoHe yactoT 8— 12 Ty pekomeHAyeMmblii BHYTPeHHU AvameTp pesoHaTopa D coctasnseT
50 MM. A/IMHA Pe30HaHCHOIN NonocTh — He MeHee 80 MM.

Pa3mepbl pe3oHaTopa B Apyrux guanasoHax 4acToT npusegeHbl B Tabnuue b.1 (npunoxexne b).

CTaHpapTHas HeonpegeneHHoCTb B cooTBeTcTBMM ¢ PMI 43 [1]. oueHnBaemas no Tuny B. npun n3mepe-
HWUN pPe30HaHCHOW ANWHbI NycToro pesoHaTtopa L0 Ha yacToTe namepenus fOaomkHa 6biTb He 60nee 0.01 mm,
npu U3MepeHNN BHYTPEHHero AnameTtpa pe3oHatopa — He 6onee 0.005 mM. 3HaveHus LOvn O moryT 6bITb B3S1-
Tbl M3 TEXHWUYECKON [OKYMEHTaLuuM Ha WUCMo/ib3yeMblli pe3oHaTop Wan onpejesieHbl B COOTBETCTBUU C
npunoxexvem b.

7.1.2 OnpepfenexHne OTHOCUTENIbHONM ANSMEKTPUYECKOM NPOHULAEMOCTH e 3aK/1l04aeTCcsa B M3MepeHnmn
pa3HOCTU Pe30HaHCHON ANMHbI pe3oHaTopa 6e3 obpasua Lg v pe3oHaHCHOW AnnHbI Lt nocne nomelyeHns B
Hero obpasua npu hrkcmpoBaHHOl pe3oHaHcHol yacToTe fL =f0.

7.1.3 OnpepgeneHune TaHreHca yrna gnanekTpnyeckux notepb tg 6 3akoyaeTcs B U3SMepPeHNn CO6CTBEH-
HOI fO06pOTHOCTM pe3oHaTopa ¢ obpasyom QOl. n cpaBHeHWUM ee ¢ CO6CTBEHHON AOBPOTHOCTLIO pe3oHaTopa
6e3 obpasua C y4eTOM M3MEHEHUA pacrnpefenieHns noss u OMUYEeCKUX NoTepb B CTEHKax pesoHaropa
nocne nometlyeHnsa obpasua.

7.2 ToAroToBKa K BbINMO/HEHUIO U3MOPOHWIA

7.2.1 Tlpun NOAroToBKe K BbIMOSIHEHWNIO M3MEPEHMNI NPOBOAAT cneaytlowme padboThl:

- cobupaloT M3mMepuTesnbHY YCTAHOBKY MO CXxeMe, NpvBeAeHHOW Ha pucyHke 1. MNMepep c60pKOi BOHO-
BO/JHOr0 TpakTa hiaHLbl BO/IHOBOAHbIX 3/1EMEHTOB NPOTMPAatOT 6A3bt0, CMOYEHHOIN 3TUNOBbLIM CNMPTOM-PEKTY-
cukatom no FOCT P 51652. n BbiCyLLUMBAKOT €CTECTBEHHbLIM MyTEM;

- BCe Npubopbl, BXOAALLME B COCTAB U3MEPUTENbHOW YCTaHOBKU, NOAroTaBAnBatoT Kk paboTe B COOTBET-
CTBWM C TEXHUYECKON JOKyMEHTaUMen Ha HIX;

- MOABVKHbIV MOPLUEHb N3MEPUTENILHOIO pe3oHaTopa NpOTUPAT MATKo 6enoii 653bl0, CMOYEHHOWA
3TUI0BLIM CNUPTOM-PEKTUUKATOM, U BbICYLUNBAKOT €CTECTBEHHbLIM NyTEM;
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- 06pasupbl NOAroTaBAMBAKOT K U3MEPEHVAM B COOTBETCTBMMN C TPe60BaHUAMM, YKa3aHHbIMY B MPUIOXe-
Humn B.

1— yacToTomep; 2 — reHepatop CBY. 3. 6 — pa3BasbiBalOWUi aeHTUNb; Jl — aTTeHI0aTOp NOMAPU3ALMNOHHBIA; 5 — U3MepUTENbHbI i
pesoHaTop. 7 — AeTekTop CBY; 8 — nHAMKATOpP pe3oHaHca C BbIXOAOM Hanps)KeHUs pasBepTku. 9 — BOAbTMETP

PucyHok 1 — CTpyKTypHas Cxema U3MepuTesbHOW YCTaHOBKM AN Pe30HAHCHLIX METOLOB U3MepeHuii el tg 6 TBepabIx
[M3NEKTPUKOB

MpumeyaHne — YM — yacToTHasa moaynauusa; HF— HenpepbiBHaA reHepauus.

7.2.2 Mpy ncnonb3oBaHUN N3MEPUTENA MOAYA KO3 MLMeHTa nepesayn n oTpaxeHus ¢ uudpoBbIM
cuHTe3aTopom CBY BMeCTo n3MepuTesibHOl YCTaHOBKM, NPUBEAEHHOW Ha pUCYHKe 1, cobupatoT cxemy nsme-
peHns moayna kKoadhuumeHta nepefavm UamMepuTesibHOro pesoHaTopa (4eTblpexnosilCHNKa) B COOTBET-
CTBMMN C TEXHUYECKOW JOKYMeHTaunel Ha namepuTens.

7.3 BblNONHEHME U3MepeHunit

7.3.1 W3mepeHnst OTHOCUTENbHOM AN3/TEKTPUUYECKON MPOHMNLAEMOCTU I.u TAHFeHca yria gnanekrpuyec-
KMX NoTepb tg SNpoBOAAT B pexume HenpepbiBHOM reHepauuu (HIN) reHepatopa CBY. Pexum paboTbl ¢ NMUHEI-
HOW YacToTHOW Moaynauuein (UM) ncnonb3yloT TONbKO AN BU3YanbHOTO KOHTPONSA Pe30HaHCHOW KpuBOIi Ha
nHavKaTope pesoHaHca. MNpu ncnonb3oBaHUK LUPOBbIX CMHTe3aTopoB CBY v uudpoBbix nsmeputenei
mMoayns koadhduumeHTa nepeaayn n otpaxeHns (L posbix aHanuszaTopoB CBY-Leneit) nsmepeHns nposo-
OAT B peXxume pa3BepTky NO YacToTe C warom He 6onee 10 kIu,

7.3.2 V3mepeHuns BbINOHAOT cieAyowmum obpasom:

- reHepartop CBY HacTpaunBaloT Ha 3afaHHy0 4acToTy fQ KOHTPO/Ib YACTOTbI OCYLLECTBSAT NO YACTOTO-
Mepy c HeonpeneneHHocTbio He 6onee 10 kL. VI3meHeHne YacToTbl reHepaTopa CBY 3a Bpems ogHOro nsme-
peHuns He fo/mkHO npesblwaTth 30 kY. YpoBeHb BbIXOAHON MOLWHOCTU reHepaTtopa CBY npu nsmepeHumn
0CTaBNAT 6€3 N3MEeHeHWIA:

- HacTpauBaloT pe3oHaTop 6e3 obpasua nepeMeLleHneM NoABMKHOIO NOPLUHA B PE30HAHC MO0 MakCUMy-
My nokasaHuii BonbTMeTpa M (UKCUPYIOT NokKasaHus MUKpomeTpa (AaTyuka nepemeLleHuss NOABWKHOro
nopLHs) /0, MM. CO CTaHAAPTHON HeonpeAeIeHHOCTbI0, OLeHnBaemoli no Tuny B, He 6onee 0,005 Mm 1 nokasa-
HWUS BONbTMETpa (He MeHee Tpex 3Havawmx umdgp) Y0,

- U3MepsIloT cO6CTBEHHYIO JO6POTHOCTL pe3oHaTopa 6e3 obpasua Q00 co cTaHAapTHOW HeonpeaeneH-
HOCTbI0. OLleHnBaemMoii no Tuny B. He 6onee 5 % B cOOTBETCTBUU C NpUoXeHneM I. lonyckaeTca ncnosib3oBa-
HMe 3HaveHus QOO0 Ha yacToTe fQM3 TeXHNYeCKoin AOKyMeHTauuy Ha pe3oHaTop;

- NOABWXHbI NOPLUEHb pe30HaTopa 0TBOAAT B KpaiiHee HKHee NosIoXeHNe 1 NoMeLLaloT Ha Hero o6pa-
3el. MNepemelleHneM MNOPLUHA BBEPX HacTpavBalT pe3oHaTop B Pe30HAHC N0 MakCMMyMy nokKasaHuii
BOJ/IbTMETPA;

- (hUKCUPYIOT NoKasaHne MUKkpomeTpa (4atyvka nepemMeLleHmnst NopLIHSA) €O CTaHAapTHO Heonpeae-
NIEHHOCTbH. OLEHNBaemMoii no Tuny B, He 6onee 0.005 MM 1 HaxoAAT NepemMeLleHne nopwHa AL = |/0 - 1;

- U3MepAlT CO6CTBEHHYIO A0OPOTHOCTL pe3oHaTopa ¢ obpasuom QOI co cTaHAapTHON HeonpegeneH-
HOCTbH. OLleHMBaeMoi no Tuny B. He 6oniee 5 % B COOTBETCTBMM C NpuaoxeHnem rI.

7.4 O6paboTka pe3y/nbTaToB U3MEPEHWUIA

7.4.1 [M3neKTpuyeckyo NpoHMLAeMOoCTb »06pa3La OTHOCMTENILHO BakyyMa BbIUMCAAOT Mo hopmMye
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0)

rge c — CKOpOCTb CBeTa B Bakyyme (299.792458 «109 mm c ‘1),
fQ— pesoHaHcHas yacToTa. I'uy;
t— To/wwuHa obpasua, MMm;
vn = 3,831706 — nepBbIil KOpeHb yHKLuMKN Beccens J,(z);

a— paguyc pesoHaTtopa, MM (a = e O —AanamveTp pe3oHaTopa, MM);

X — 6e3pasmepHast BefiMumnHa («3neKTpuyeckas TofluHa» o6pasua), onpegensemMasi U3 ypaBHeHUs

tQx  tg(/i2(AL 0O), n )
X h2t
roe /2 (pasoBasi NOCTOsIHHAA B pe3oHaTtope 6e3 obpasua 1 B MyCTOIN YacTn pe3oHaTopa C

o6pasyom, Mm-1;
BOJIHOBOE 4YMNC/I0 B BO3Ayxe Ha yactote fQ mm"1;

e, — OTHOCUTE/IbHAasA AU3NeKTpuYeckKas NpoHNLLaeMoCTbBO34yXa, 3arno/HAKLWero peso-
HaTop. [Npy HoOpMasbHbLIX YCN0BUAX (aTMOcepHoe AasneHue 760 Mm pT. CT., TEM-
nepatypa 20 °C. oTHocuTenbHas BNaxHocTb 20 %) rs = 1.00058;
AL — cMelleH/e NopLuHA, Heob6xoAnMoe A1 BOCCTAHOB/IEHUSA Pe30HAHCHOW YacToTbl
nocse noMeLleHns B pesoHaTop o6pasua, MM.
7.4.2 TaHreHc yrna AnanekTpuyeckux noteps tg obpasua BbIYNCAAIT No hopmyse

tg =K ;A\ —-——oo 3-], )
]‘%lom Ooo}

roe K1£— koadpuuueHT 3anoHeHUs pe3oHaTopa, paBHbIii OTHOLLEHWIO 3/1EKTPUYECKO aHepriu B o6pas-
Lie K NOJIHOI 3Heprum pesoHaTopa ¢ 06pasLom 1 onpegensemblii no popmyne

)
K 1E ~
roelLc =L0 - AL — gnivHa pe3oHaTopa ¢ o6pasLom, Mm,
4— napameTp, onpeaensieMblii no gpopmyne
Iv? S X ()
-I(SI') co82[r2(Lk - r)l  sin2(ft2(t..-f))"
®,. P2 — napameTpbl, onpegensemMole no popmynam:
p<=1_3,n(2x) (6)
2x
o2 * sin(2/>2(Lt - I)]. @)
2MU -0

O00 — cob6cTBEHHas A06POTHOCTL pe3oHaTopa 6e3 ob6pasua;
QOc — cobcTBEHHaA 4OGPOTHOCTL pe3oHaTopa ¢ 06pasyom;
NM— napameTp, yunTbiBAIOLLMIA U3MEHEHNE OMUYECKMX NOTEPb B CTEHKAX pe3oHaTopa nocne BBeAeHUs
obpasua v onpegensemblii no opmyne

a\2 t '
7, bl

««., * «L, -ty»3

8
y (8)

raoe G — napamertp, onpegensiemsiit no popmyne
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\2

— w g,
G=al0 —<0o V -<-0 @)

MpumeyaHune — [pa crnocoba onpegenervs ~ no chopmyne (5) AaHbl 47151 UCKMOYEHUS onepauuy aenexns Ha 0.

7.4.3 Mpy onpeaeneHun AM3NeKTPUUYECKoi NPOHULAeMOCTU M TaHTeHca yria AnanekTpudeckux notepb
06pa3sLoB NPOBOAAT He MEHEE YeTbipex M3MepeHuii 1 3a pesyibTaT NPUHUMAlOT cpegHeapudMeTyeckoe 3Ha-
ueHve.

7.5 TpeboBaHua K HeonpeaeneHHOCTN N3MepeHuni

7.5.1 PacwwupeHHan HeonpegesieHHOCTb (Mpefen AOoMycKaeMoil OTHOCUTEsbHOM MOrpeLlHocTn) pe-
3y/ibTata U3MEepPEeHUii r ntg 6 TBeEpAbIX AN3INEKTPUKOB, OLLEHEHHAs Npu ypoBHe foBepust 0,95 B COOTBETCTBUM
¢ PMIr43(1], pns metoga 06beMHOro pe3oHaropa npu hUKCMpOBaHHOW pe30HaHCHO YacToTe cCocTaBNseT:

00,5 % ana e ot 1,2 go 10:

£1% pnaeot 10 8o 60;

£2% pnaeot 60 go 100;

3% pgna . 6onee 100:

3.1Mn 3
+(5 + )% ana tg &

7.5.2 Ecnun Heobxopmma oueHkKa NOBTOPSIEMOCTU (CXO4MMOCTMN) 1 BOCNPOU3BOANMOCTU N3MEPEHWIA, ee
ocyuwecTtenaoT B cootsetcTeumn ¢ FOCT P NCO 5725-2.

8 MeToa 06beMHOro pe3oHaTopa Npu PUKCUPOBAHHO pe30HaHCHON ANnHe

[na n3mepeHunin faHHbIM MeTOA0M B Anana3oHe yacTtoT 6—20 Ty ncnonb3yoT o6pasibl, UMetoLme
dhopMy AUCKOB, C OTHOCUTENBLHOM AN3NEKTPUYECKO NPOHNLAEeMOCTbI0 eOT 1,2 10 200 1 TaHTeHCOM yrna Au-
3aneKkTpnyecknx notepbtg 8 ot 5 «10“6 40 1+10-2. OCTOMHCTBOM MeTOAA ABMAETCSH LUMPOKNIA Anana3oH name-
psieMbIX 3Ha4YeHun tg 8 M OTCYTCTBME MeXaHM3Ma TOYHOr0 NepemMeLLeHns NOABMXHOIO MOPLUHS.

8.1 CywHoCTb MeToga

8.1.1 [Ons usMepeHuii NPUMEHSIOT 06bEMHbIN LUIMHAPUYECKU pe3oHaTop, B KOTOPOM BO36YXAaeTcs
kone6aHno HOlp,raep =2,3,4,5 — uncno NonyBoOJH, yKaablBalowWmxca nognvHe pesoHaropa. Cxemaruyec-
Koe n3obpaxeHne 06bLEMHOroO pe3oHartopa c konebaHvem Tuna HOlp ans m3amMepeHuin npu UKCUPOBaHHO
pe30HaHCHOW ANInHe NpuBeAeHo Ha pucyHke A.2 (npunoxexune A).

B gnanasoHe uyactoT 8—12 T, pekoMeHAyeMblli BHYTPEeHHUI AnameTp pe3oHaTtopa D coctaBnseTt
50 MM. ANMHA Pe30HAHCHOW NoN0CcTM — He MeHee 80 MM.

Pa3mepbl pe3oHaTopa B Apyrnx guanasoHax 4acTtoT npueegeHbl B Tabnuue b.1 (npunoxexHve b).

[nnHa pe3oHaHCHOI N0N0CTM NyCcTOro pe3oHaTtopa LgHa yactoTe namepeHus fOgomkHa 6biTb M3BECTHA
CO CTaHAapTHOW HeonpeAeneHHOCTbIo, oLeHBaeMoii no Tuny B. He 6onee 0,01 mMM. BHyTpeHHwWIi gnameTp
pe3oHaTopa [Jo/KeH OblTb M3BECTEH CO CTaHAapTHON HeonpeaeneHHOCTbIO, OLeHnBaeMon no tuny B. He
60nee 0,005 mM. 3HaueHus LOn D MoryT 6bITb B35iTbl U3 TEXHUUYECKOW [O0KYMEHTALMMN HA UCNO/b3yeMblli pe3o-
HaTop unu onpefesieHbl B COOTBETCTBUW C NpUnoxeHuem b.

8.1.2 OnpepgeneHne OTHOCUTENbHOM AN3NEKTPUYECKON NMPOHULLAEMOCTU e 3aK/1l04YaETCA B U3MEPEHUN
pe3oHaHcHbIx YacToT f0, ft pe3oHaTopa Ao 1 nocne nomelleHunst B Hero obpasua npu OMKCMpPOBaHHOW pe30HaH-
CHOW gnuHe Lq = Lt.

8.1.3 OnpepgeneHune TaHreHca yrna ananekTpuyecknx notepb tg 8 3aknovaeTcs BU3IMepeHnmn co6CTBEH-
HOW fO06POTHOCTM pe3oHaTopa ¢ obpasyom QOs 1 cpaBHeHWN ee ¢ COBCTBEHHON 4O6GPOTHOCTLIO pe3oHaTopa
6e3 ob6pasua O00 C y4eTOM U3MEHEHWA pacnpefeneHns nons, pe3oHaHCHON YacToTbl U OMUYECKMUX NOTEPb B
CTeHkax pe3oHaTopa nocse nomeLeHns obpasua.

8.2 MoAroToBKa K BbINMO/THEHUIO N3MEPEHUIA

[MoAroTOBKY K BbINOSTHEHUIO M3MepeHVIVI npoBoAAT B COOTBETCTBUN C 7.2.

8.3 BbliNONHEHME U3MepeHuii

8.3.1 I3MepeHne 0OTHOCMTENbHO AN3NEKTPUYECKON MPOHNLLAEMOCTU e nTAHIEHCA Yr/la AN3NeKTpuyec-
KMX noTepb tg 8NpoBoAAT B pexume paboTbl reHepaTopa CBY cornacHo 7.3.1 npu oMKcMpoBaHHOI pe3oHaH-

6
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CHOW [nvHe pe3oHatopa Lg v pe3oHaHCHO uacToTe pe3oHatopa ¢ obpasuom fe oTnuuawoweiics ot
pPe30HaHCHOW YacToTbl MycToro pesoHartopa fO.

8.3.2 W3mepeHns BbINOMHAKT criefylwum o6pasom:

- U3MEHEeHMeM 4acToTbl HacTpamBatoT reHepatop CBY no makcnmymMy nokasaHuii BOibTMETpa Ha pes3o-
HaHC pe3oHaTopa 6e3 o6pasua;

- chukcupytoT nokasaHus yactotomepa fQc HeonpegeneHHocTbi0 He 6onee 10 kIy;

- U3MepsoT COBCTBEHHYI A06POTHOCTL pe3oHaTopa 6e3 o6pasua O00 co cTaHAAPTHON Heonpeaesnex-
HOCTbI0. OLeHnBaeMoii no Tuny B. He 6onee 5% B cOOTBETCTBMM C NpUnoxeHuem I. lonyckaeTcs ucnonb3oBa-
Hye 3HauveHns O00 Ha yacToTe fQM3 TEXHMYECKON AOKYMEHTaLMN Ha pe3oHaTop;

- OTBOASIT MOPLUEHb pe3oHaTopa B KpaiiHee HWxHee NonoXxeHue 1 nomMeLlaoT obpaseL, B pe3oHatop;

- BO3BpallalT NopLleHb pe3oHaTopa B UCXOAHOEe MOJoXeHne (BOCCTaHaB/IMBAKOT Pe30HAHCHYI0 ANu-
HY"™);

- nepecTpauBatoT YacToTy reHepatopa CBY B CTOPOHY YMEHbLUEHWSA A0 NOSIB/IEHUSA PE30HAHCA,;

- HacTpauBaloT reHepaTop CBY Ha pe3oHaHC No MakCcMMyMy MoKa3aHuii BobTMeTpa 1 No 4actoTtoMmepy
M3MepPSI0T pe30HaHCHY 4YacToTy pe3oHatopa ¢ obpasuom f. ¢ HeonpegeneHHocTblo He 6onee 10 kIu;

- N3MepSIT COGCTBEHHYH 4OGPOTHOCTL pe3oHaTopa c ob6pasuom QOi.co cTaHAapPTHO HeonpeeneHHo-
CTbi0. OLleHMBaeMoi no Tuny B. He 6onee 5 % B COOTBETCTBUM C NpuioxeHnem I.

8.4 O6paboTka pe3ynbTaToB N3MEpPEHU

8.4.1 [unanekTpuyeckyo NpoHULAEMOCTb I.06pa3La OTHOCUTENLHO BakyyMa BbIUUCASIOT No hopmMyne

roe X — 6e3pasmepHas BesimumMHa («anekTpuyeckas ToNwmHa» obpasua), onpegensemMas U3 ypaBHeHus

tgx  tg[M<-0 -01wn (11
X ha
roe 2 = (hasoBasi MOCTOSIHHAsA B NYCTOI YacTn pe3oHaTopa c o6pasyom, MM'lL

BO/THOBOE 4YMC/O B BO34yXe Ha YactoTe f.. Mm-1.

8.4.2 TaHreHc yrna gnanekTpnyecknx notepb obpasua BbIYMCASIOT N0 hopmye

tg8=K '\ J - 1), 12
HU< o

rae /CIE — KoaphuLMeHT 3anoHeHUs pe3oHaTopa, KoTopblii HaxoadT no dhopmyne

(13)
rae napameTp, onpegensemMblii no opmyne
2 5*2 X 31r r2x (14)
.= (v) cosdlM*0-01" s.n2{h2(LO- IN)]

®,, 2 — napameTpbl, onpegensemMbie no opmynam:

d1=1-8" <2x> (15)
2X
®» -1 8&n@ir(lo - M. (16)
2 2ft2(i.n - N

000 — cob6cTBEHHast 4OOGPOTHOCTL MYCTOrO pe3oHaTopa;
OOc — co6cTBEHHAA f06POTHOCTL pe3oHaTopa ¢ 06pasLom:
M — napameTp, yuuTbIBAKLWMIA N3MEHEHNE OMUYECKNX MOTEPb B CTEHKAX pe3oHaTopa nocse BBeAeHus
o6pasLia 1 U3IMEHEHNA Pe30HAHCHOI YacToTbl, onpeaensemMblii No dhopmyne
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17)

roe G — napameTp, onpegensieMblii no popmyne

(18)

G=alo (2a-L0) FC
.2L0Of :

MpumeyaHune — [1Ba cnocoba BbluMcneHNs napameTpa *no copmyne (14) npuBefeHbl AN UCKIOYEHUS one-
pauun genexus Ha 0.

8.4.3 Mpu onpegeneHnn 4ManekTpUYecKoil NPOHMLAEMOCTY 1 TaHTEHCA Yria AN3NTEKTPUYECKUX NOTEPL
06pasLoB NPOBOAST HE MEHEE YeTbIpeX M3MEPEHUIA 1 3a pe3ybTaT NPUHUMAIOT cpegHeapudMeTnyYeckoe 3Ha-
yeHwue.

8.5 TpeboBaHus K HeONpeAe/IeHHOCTN U3MepPEHUiA

85.1 PaclumpeHHas HeonpegeneHHOCTb (Npefen AonyckaeMoli OTHOCUMTENbHOW MOrpewHocTn) pe-
3ynbTata usmepeHuii e ntg 8TBepabix ANS1EKTPUKOB, OLEHEHHan nNpu ypoBHe aosepust 0.95 B cOOTBETCTBUM
¢ PMI 43 (1]. pna meToga 06bEMHOrO pe3oHatopa npu hrKCMpoBaHHOW Pe30HAHCHON A/IHe cocTaBAseT:
z0.5%pnsaeor 1.2 go 10;
1% panacot 10 go 60;
2% pndeot 60 go 100:
3% ans e6onee 100:

tg 6
8.5.2 Ecnn Heobxoavma oueHka NOBTOPAEMOCTM (CXOAMMOCTUN) U BOCNPOM3BOAMMOCTY N3MEpPEHWiA, ee
ocyulectsnaT B cootsetctBuu ¢ FTOCT P NCO 5725-2.

9 MeTo[ Wenesoro pesoHaropa

[ns n3mepeHuin faHHBIM METOAOM B Auana3oHe yactoT 4—20 Ty ncnonb3yT obpasubl, umerLine
dhopMy TOHKMX [UCKOB, NNACTUH U ANINEKTPUYECKUX NOANOXEK TOMLWMHON 0T 0.5 f0 2,5 MM C OTHOCUTENIbHOI
AV3NeKTpMyeckoii NpoHMLaemMocTbio 0T 1,2 40 20 1 TaHTEeHCOM Yyrna fuanekTpuyecknx notepb ot 310 540
no"a

JlocTOMHCTBOM MeToAa SABNSAETCA BO3MOXHOCTb M3MepeHns 06pas3LioB B BUAE NAACTVH, IMCTOB, NOAJ0-
XeK 1N AMNCKOB Masioil TONWUHbLI NPU AOCTATOYHO 60/bINX KO3 hULMEHTAX 3anN0/HEHUSI N3MEPUTENbHOTO
pe3oHaTopa. YCnoBmaAMy NpMMEHMMOCTM MeToAa ABASAITCS NepekpbiTue 06pasLoM pe3oHaHCHOW NoAoCTH
BbINO/IHEHNE HepaBeHcTBat 1 c/(57 -fi.)

9.1 CywHoCTb meToga

9.1.1 [na n3mepeHuii NPUMEHAIOT LLleNeBoli pe3oHaTop, B KOTOPOM BO36YyxaaeTca konebaHne HOlp ¢
HeyeTHbIM MHAEKCOM p =1 unmp =3 BAnanasoHe yactoT 4— 20 Ty. Pe3oHaTop o6pa3oBaH ABYMS COOCHbIMU
unnMHapamu ogHoro gnameTpa D =2a nanuHbl L kaxabiii, B LWenb Mexay KoTopbiMy noMeLlatoT obpasel,. Cxe-
martuyeckoe n3obpaxeHune Lenesoro pesoHaropa c konebaHnem tuna HO,p npusBeeHo Ha pucyHke A.3 (npu-
noxexve A). Pa3mvepbl LlWeneBoro pesoHaTopa ANS U3MEpPeHWid B AManasoHax 4acToT NpuBefAeHbl B
Tabnuue b.2 (npunoxeHue b).

[nnHa pe3oHaHCHON nonocTu nyctoro pesoHatopa LO = 2L go/mxHa 6bITb N3BECTHA CO CTaHAAPTHON
HeonpeeneHHOCTbI0, oLeHnBaemoli no tuny B. He 60nee 0.01 MM. BHYTpeHHWI AnameTp pe3oHaTopa Ao/IKeH
6bITb U3BECTEH CO CTAHAAPTHOW HeoNpeeneHHOCTbI0, OLleHBaeMoi noTuny B. He 6onee 0.005 MMm. 3HaueHUs
LO 1 D moryT 6bITb B3ATbl U3 TEXHUYECKON AOKYMEHTaLNN Ha UCMOMb3yeMbIii pe30oHaTop UK onpegeneHsl B
COOTBETCTBUU C npunoxeHnem b.

9.1.2 OnpepgeneHne 0THOCUTENbHOW AUINEKTPUYECKON NPOHULAEMOCTM « 3aKNH0YAETCA B U3MEPEHUN
pe3oHaHCHO YacToTbl pe3oHatopa fQ 7 [0 v nocne nomelleHns B pesoHaTop obpasua.

8
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9.1.3 OnpefeneHne TaHreHca yrna ananekTpuyecknx noteps tg SsakitoyaeTcs B UsMepeHun Co6CTBEH-
Holi fo6poTHOCTM pe3oHaTopa QOi. c 06pa3LoM 1 cpaBHEHUN ee cCOBCTBEHHOW 06poTHOCTLI0 O00 pe3oHaro-
pa 6e3 obpasua.

9.2 TloprotoBka K BbIMO/THEHUIO U3MeEPEHWNIA

9.2.1 Tpn NOAroTOBKE K BbINOSIHEHWIO U3MEPEHUI MPOBOAAT Criegytowme paboTbl:

- cO6GUPaKT N3MEPUTENIbLHYIO YCTAHOBKY N0 CXEME, NPUBELEHHOW Ha pucyHke 1

- Bce nNpubopsbl, BXOAALLME B COCTaB U3MEPUTE/bHOWN YCTaHOBKW, NOAroTaBIMBaloT K paboTe B COOTBET-
CTBUU C TEXHUYECKON [OKYMEHTaUMeR Ha HUX;

- hnaHubl 060MX LMANHAPOB N3MEPUTENIBHOTO pe3oHaTopa NpoTUpalT MArKo 60101 653bt0, CMOYEH-
HOI 3TNNOBbLIM CNMPTOM-PEKTUCIUKATOM, U BbICYLLUMBAIOT €CTECTBEHHbIM MyTEM,;

- 06pa3sLbl NOAroTaBANBAIOT K U3MEPEHMSAM B COOTBETCTBUU C TPE6OBaHMAMY, YKa3aHHbIMU B NPUI0OXe-
Hun B.

9.2.2 lpu ncnonb3oBaHUM N3MepuTena Moayns KoadduumeHTa nepegayn 1 oTpaxeHns ¢ LMpPoBbIM
cuHTe3aTtopom CBY BMeCTO M3MepuTEeNbHOW YCTaHOBKM (PUCYHOK 1) cobmpaloT cxemy U3MepeHuss mMoayns
KoadhpuumeHTa nepefaym M3MepuTeIbHOro pesoHaTopa (4eTbipexmnostoCHIKa) B COOTBETCTBUM C TEXHUYEC-
KOl fOKyMEeHTaLumen Ha nsmepuTens.

9.3 BbINO/IHEHNE U3MEPEHMUA

9.3.1 M3mepeHune 0THOCUTENbHOW AN3IEKTPUYECKOV MPOHNLLAEMOCTHY en TAHTEHCA yrna AuanekTpuyec-
KX NoTepb tg 0 NPOBOAAT B pexume paboTbl reHepatopa CBY cornacHo 7.3.1 npy pe3oHaHCHO YacToTe pe3o-
HaTopa c obpasuom fE oTnuyarlowelics oT pe30HAaHCHON YacToThbl NycToro pesoHatopa /0.

9.3.2 MN3mepeHns BbINOMHAKT crefyowmum o6pasom;

- W3MEHEeHMEeM 4acTOoTbl HacTpavBalT reHepaTop CBY no makcumymy nokasaHuin BonbTMeTpa Ha pe3o-
HaHC pe3oHaTopa AnuHoli LO +t 6e3 o6pasua;

- domKeupyloT nokasaHus yactotomepa fO c HeonpegeneHHocTbio He 6onee 10 KIu;

- U3MepstoT COBCTBEHHY A06POTHOCTL pe3oHaTopa 6e3 o6pasua O00 co cTaHAAPTHON Heonpeaesnex-
HOCTbIO. OLeHBaeMoii no Tuny B. He 6onee 5 % B COOTBETCTBUM C NpUNOXeHnem T;

- nomewjaloT obpasel B Web MeXAy LuanHapaMm Tak. YyTobbl obpasel nepekpbiBas pe30HaHCHYI0
nosnocTb;

- nepecTpavBatoT yacToTy reHepartopa CBY B CTOPOHY YMeHbLUEHUSA A0 NOSB/IEHUSA pe30HaHca,

- HacTpauBatoT reHepatop CBY Ha pe3oHaHC No MakCcvMyMy nokasaHuil BoibTMeTpa v No YactoToMepy
N3MepsT Pe30HaHCHYI YacToTy pe3oHaTopa ¢ o6pasuom f. ¢ HeonpegeneHHocTbio He 6onee 10 kly;

- N3MepsT CO6CTBEHHYIO AOOPOTHOCTL pe3oHaTopa ¢ obpasuom QOt co cTaHAapTHOW Heonpeaenex-
HOCTbIO, OLeHBaeMoii no Tuny B. He 6onee 5 % B COOTBETCTBUM C NpUIOXeHnem TI.

9.3.3 Tpwn nsmepeHun HakonebaHun Hon nocne nomelleHns obpasua B pe30HaTop BO3MOXHO NOHMXKe-
HHO PEe30HaHCHOW 4acToTbl ft HMXE KPUTUYECKOW 4acToTbl BOMHbI HOL B nycToi 4yactm pesoHatopa
fc =cv1l/(2na¥e7).

9.4 O6paboTKa pe3ynbTaToB U3MEPEHNUIA

9.4.1 O6paboTKy pe3y/ibTaToB U3MEPEHNI HAYMHAIOT C MPOBEPKM BbINO/THEHWSA HepaBeHcTBa f k< fcunm
fc £ fc. MNpwu BbINONHEHUN HepaBeHcTBa fc k fc 06paboTKy pesynbTaToB NPOBOAAT crneayowmm obpasom. Aun-
3/1eKTPMYECKYI0 NPOHMLL@eMOCTb e 06pa3Lia OTHOCMTE/NIbHO Bakyyma BbIYMCAAIOT NO hopmyne

(19)
E
roe X — 6e3pasmepHas BesiMunHa («anekTpuyeckas TosWmnHa» obpasua), onpegensemMas U3 ypaBHeHus
ctg(x/2) 2tg</?zl ) _ Q 20y
X /2 h2t
roel)2 = (hasoBasi MOCTOSIHHAsA B NYCTOW YacTu pe3oHaTtopa, MM

271,
BOJIHOBOE 4YMC/I0 B BO3Ayxe Ha vactoTe fK Mmm~\
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9.4.2 TaHreHc yrna guanekTpuieckux notepsb tg .So6pasua BblYMCASAT Mo hopmyse

(21)
1 ‘ H H
M i-id -
roe
22)
G— napameTp, onpegensemsblii no dpopmyne
2 =N 0 BI/IIEl B (23)
(M-) sin> 2L)
roe
O =arctg j— [g(h2L)\; @
fe '
<1t 2 — napameTpsl, onpegensemMble no hopmynam:
d _1 sIn@2(x T B}) - sin2<)) (25)
1 Tx :
- 1- SIn(ZhAL) (26)
2h2L
MapameTp 1] onpegensanT Kak
\2 |
-, *dr Ne il J.21
a N/,, 3 I (27)
K>, + cLft>2
roe G — napameTp, onpegensieMblii no hopmyne
C 28
G=a(T0+0 (2a-(Lo +0)| P 4 (Lg +/)» 8)

2(LOt rYOT/"J
MpumeyaHune — [iga cnocoba onpegenexHuns napameTpa £no popmyne (23) gaHbl 418 UCKIOUEHNSA onepauun
nenexHus Ha 0.

9.4.3 Mpw BbINOAIHEHNY HEPaBeHCTBa ft < fc AnanekTpnyeckyro NPOHNLLAEMOCTb € 06pasLa 0THOCUTE Tb-
HO BakyyMma BblYMCNSAT No popmyne (19). B KOTOPOI X HAXOAAT U3 ypaBHEHUS

ctg(x/2) 2UMtbM_0 (29)
x12 p2 "
raep2 i S R npoAo/bHOe BO/IHOBOE YMC/I0 B MYCTOM YyacTh pesoHaTopa, Mm'l
9.4.4 TaHreHc yrna guanekTpmyecknx notepb tg ~obpasya BbluMcaAT no popmynam (21), (22), roe
.2 (30)
sh2((iZ) (M J ch2t )
a (31)

2a
"“Cattdd +
roe G — napameTp, onpegensiemsliii no popmyne (28);

0
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¢ .1 sIn[2(x »BL, - sin(2(0) (32)
1“ 2X
2 =1 9h(2|52L) (33)
2|bl
(34)

0 =arctg a._ -
|i2%h(’\/| )

9.45 Mpu onpeeneHnn AN3NeKTPUUECKO MPOHNLLAEMOCTY U TaHTeHca yrna AN3NeKTPUIecKux notepb
06pa3L 0B NPOBOAST He MeHee YeTbIpex U3MepPEHNit 11 3a pe3y/bTaTt NPUHUMAaKT cpeaHeapupMeTMYeckoe 3Ha-
YeHve.

9.5 Tpe6oBaHNUA K HeonpeeeHHOCTN U3MepeHUii

9.5.1 PaclumpeHHas HeonpeaeneHHoCThb (Mpeden Aonyckaemoli OTHOCUTESIbHOW MOrpeLuHocTu) pe-
3y/nbTata U3MepeHnil e ntg S TBEPAbIX AN3NEKTPUKOB, OLEeHeHHast Npy ypoBHe foBepusi 0.95 B COOTBETCTBUM
3-10)

t

¢ PMI 43 [1]. ana meTofa LieneBoro pesoHaTtopa coctasnset +0.5 % ansa en 1(10 + -
gn

% ana tg &
9.5.2 Ecnv HeobxogmMa oLeHKa NOBTOPAEMOCTM (CXOAUMOCTH) U BOCMPON3BOANMOCTY N3MEPEHUIA, ee
ocylecTBnAT B cooTBeTcTBUMU ¢ TOCT P CO 5725-2.

10 MeTo4 MeTannoAmaneKTpMyYeckoro pesoHartopa

[ns n3MepeHwii AaHHbIM METOAOM B Auanas3oHe yacTtoT 1—20 Ty ncnonb3yoT 06pasubl, umetoLme
dhopMy UMNUHAPOB, C OTHOCUTENBHON AN3NEKTPUYECKOW NPOHNLAEMOCTbIO OT 2 A0 500 1 TaHreHcoMm yrna an-
anekTpuyeckux notepbot 1-10 5405 mL.0"3. OCO6EHHOCTLIO METOAA ABNAETCA OTCYTCTBUE «MYCTOr0» pe3oHa-
Topa. BbICOKMe 3HaYeHUs AN3NEKTPUYECKOV MPOHMLLAEMOCTH Hanbosiee TOYHO U3MEPSAIOT aHHbIM METOA0M.

10.1 CyuwHocTb MeToAa

10.1.1 BwmeToAe MeTanno4ManekTpuyeckoro pesoHaropa (ganee— MAP)ANa n3MepeHuii ncnonb3yoT
unnuHapuyeckuii obpasel,gmametpom D n BbICOTOM!, 3axaTblil Mexay ABYMA napanienbHbiM1M MeTanimyec-
KMMW NI0oCKOCTAMM (3epkanamu). PekomeHgyemoe oTHoweHve D kL oT 0,7 go 2.5. CxemaTnyeckoe nsobpaxe-
HWIi pe3oHaTopa npuBefeHO Ha pucyHke A.4 (npunoxeHme A). COOTHOLIEHME OCHOBHbIX pasmepos MAP
npusefeHo B NpunoxeHun b.

10.1.2 OnpepgeneHne OTHOCUTE/bHOW AN3/1EKTPUYECKO NPOHNLAEMOCTU e 3akKoyaeTcs B U3MepeHun
pe3oHaHCHOo YacToThl konebaHusa HO11. Bo3byxgaemoro B MAP. 1715 NOBbILEHNS TOYHOCTU N3MEPEHUS BAMa-
nasoHe 4acToT BO3MOXHO MCMOMb30BaHWe Pe30HAHCHbIX YacToT konebanuin HOTp npu nHgekcax 1= 1.2.3 un
p=1.2,3.

10.1.3 OnpefeneHve TaHreHca yrna AU3NIEKTPUYECKUX noTepb tg 6 3aknwyaeTcs B M3MeEpeHuu
co6CcTBEHHO fo6poTHOCTM MAP ¢ o6pasuom QO 1 yyeTe OMUYECKNX NOTEPb B METa/I/IMYECKMX 3epKanax.

10.2 MoAroToBKa K BbINO/THEHUIO M3MEpPEeHUit

10.2.1 Npw NOArOTOBKE K BbIMOJIHEHUIO M3MEPEHUI NPOBOAAT cneayowme paboTbl:

- co6MpalT N3MEPUTENIbHYIO YCTAHOBKY MO CXeMe, MPMBELEHHON Ha pUCYHke 1;

- BCe Npubopbl, BXOASALME B COCTAB M3MEPUTESNILHOW YCTAHOBKM, NOAroTaBANBAOT K paboTe B COOTBET-
CTBUU C TEXHUYECKOW AOKYMEHTaLMel Ha HUX;

- o6pasubl NoAroTaB/IMBaKT K USMEPEHNSIM B COOTBETCTBUY C TPEGOBaHMAMM, yKa3aHHbIMU B MPUIOXe-
Huun B.

10.3 BbINOMIHEHME U3MEPEHUIA

10.3.1 Mpw BbINO/THEHNW U3MEPEHUIN OTHOCUTENBbHON ANSNEKTPUYECKON MPOHNLAEMOCTU e N TaHTeHca
yrna fmanekTpuyeckux notepb tg 6 Metogom MAP npoBogAT cnegytowime onepayum:

- N0 M3MepeHHbIM 3HaYeHnsM AnameTpa obpasua D, MM. M ero BbiCOTbl /..MM. NPUGAVNKEHHO U3BECTHOMY
3HayeHnio e obpasLa paccunTbIBAKOT CNEKTP PE30HAHCHbLIX YaCTOT CUMMETPUYHbIX KonebaHuit HOTp no ypas-
HEHWIO

n
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W - Ki(y) 0 (35)

udo{u)  YyKO{y)
rge Jn(u). Kn(y) — dyHkunm Beccens n mogudmumpoBaHHble yHKuMn Beccens TpeTbero poga (dhyHKUun
MakgoHanbaa) nopsigka n = 0,1;

n=aJk2 -h 2 — BHyTpeHHee nonepeyHoe 6e3pa3mMepHOe BOIHOBOE 4mcno (2.405<un<3.832gna 71 =1,
' 5520<un<7,016n9T-2: 8,654< 1< 10,173 gna 1 =3);

y =a”h2 - k* — BHellHee nonepeyvyHoe 6e3pa3mepHoe BonHoBoe yncno (0 <y < 50);
rpe h =pk!L — npogonbHoe BO/THOBOE YXC/10, MM-1;
p=1,2,3,... — 4MCN0 NONYBOJIH MO BbiCOTE pe3oHaTopa (NPOoAOo/bHbIA MHAEKC KonebaHus);
2 x I
n =" — BOJIHOBOE 4YUC/I0 B MaTepuane obpasuya Ha yacTtoTe fL. Mm*1;

K2 r BOJ/IHOBOE 4YMC/I0 B BO34yXe Ha YactoTe ft, Mmm

fr — pe3oHaHcHas yactoTa konebaHus. I,

- moAroTaBnMBalOT K paboTe BbICOKOYACTOTHbIE reHepaTopbl A/18 U3MEPEHUS BbIGPaHHbIX Pe30HaHCHbIX
4acToT HauMHasa ¢ YacToTbl kKonebaHus HOL1,

- Ha KaxgoMm Tune konebaHuii NpoBOAAT HACTPOIKY HA pe30HaHC No MakCcUMyMy nokasaHuii BofibTMeTpa
U U3MEPEHNE PE30HAHCHOI YacToTbl  CO CTaHA4APTHOW HeonpeaeneHHOCTbI0, OLeHMBaeMOl nNo Tuny B, He
6onee 0,02 %;

- Ha Kaxgom Tune konebaHuii onpefensoT cCo6CTBEHHYIO 06poTHOCTL QOt Co cTaHAapTHOWM Heonpeae-
NIEHHOCTbIO. OLeHNBaemoit no Tuny B. He 60nee 5 % B COOTBETCTBUM C NpUNoXeHuem I;

- COMOCTaB/SAT PACYETHbI U U3MEPEHHbI CNEKTPbl PE30HAHCHbIX YacTOT U UAEHTUDULMNPYIOT UHAEK-
Cbl T, p.

104 O6paboTka pe3ynbTaToB U3MeEpPEHU
10.4.1 [M3nekTpUYecKyr NPOHNLLAeMOCTb e 06pa3La 0THOCUTENLHO BakyyMa BbIUUCAAT No hopmMyne

(36)
E =
roe a— paguyc obpasua, Mu;
n(y) — KopeHb ypaBHeHus (35).
10.4.2 TaHreHc yrna gnanekrpmyecknx notepb tg 606pasua BbIYNCAAT No hopmyne
19S=KJ @GN
, O,
roe
(38)
*E =1+"7;
W — napameTp, onpeaensemMblii N3 BblpaXeHus
N/ . ~2(U) (Fo(Y)Kr<y)-K,r(y)), (39)

" K2(y) 13,2(u)-J0«/y2«/)]
QOc— co6cTBeHHas fobpoTHocTb MAP;

Qr — yacTuyHas [o6poTHOCTb MAP. 06yCcI0BNIEHHAA OMUYECKMMU NOTEPSIMU B METaNI/TMYECKMX 3epKkanax
n onpegensiemasn no popmyne

12
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<40)

rae Jl— rny6uHa ckuH-cnos e 3epkanax MAP. MM. Ha yacToTe”, onpegensieMas 3KCnepuMeHTabHO B COOT-
BETCTBUW C NpuioxeHnem [;

U— koathdpmumeHT ha3oBoro 3ameaneHus mogbl B MAP, onpeaensiemblit U3 BbipaXeHns

*1 * [N (41)
H KL2 ZLPt(h' a
10.4.3 MpuonpegeneHny AN3aNeKTpUYecKoli NPoOHNLLAeMOCTN U TaHreHca yrna AnaekTpudecknx notTepb

06pa3u,03 npPoOBOAAT HE MEHEee HeTbIpex M3MepeHVI[/‘I n3apesynbtat npUHNMarT cpe,qualecbmeTMLleCKoe 3Ha-
yeHue.

10.5 TpeboBaHuA K HeonpeaeneHHOCTU U3MEpPEHNIA

10.5.1 PacwupeHHasi HeonpeaeseHHOCTb (Npefen AonyckaeMoi OTHOCMTENIbHOW MOrpeLuHocTr) pe-
3y/ibTata U3MepeHuii cu tg il TBEpAbIX AM31EKTPUKOB, OLLleHEHHas npv ypoBHe goBepus 0.95 B cOOTBETCTBUN
5-10"4
c PMI 43 [1], pna meTtoaa MAP coctaBnsaet £0,3 % anAa kun (5 + — ) % ans tg 6.
tg #
10.5.2 Ecnm Heob6xoaMma oLeHKa NOBTOPSEMOCTM (CXOAUMOCTI) 1 BOCMPOU3BOAUMOCTU U3MEPEHMWIA, ee
ocyuwecTBnAT B cootBeTcTBUN ¢ TOCT P NCO 5725 -2.

13
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MpunoxeHne A
(pekomeHgyemoe)

CpencTtBa M3MepeHuit, pekoMeHayemble A5 onpeaenieHns AnanekTpuyeckux napamMeTpoB
MaTepuanoB pe3oHaHCHbIMU MeToaamMu

Al [nA npoBeAeHus U3MepeHWint metogamu, npefcTaB/ieHHbIMU B HACTOsALWEM CTaHAapTe, MPUMEHSIOT cneayio-
e cpeAcTBa M3MepeHuninlle 3aBUCUMOCTH OT MeToga:

- reHepartopbl CBY tunos 4-78. '4-79. I'4-80. '4-81. '4-82. [4-83. 4-111. '4-114. nepekpbiBawoLne gnanasoH
yacTtoT oT 1.1 go 25.80 Iy,

- 4acTOTOMEp 3/IEKTPOHHO-CUYETHBIN TMna 43-100 c guana3oHoMm uamepeHuii 10 My — 40 Ty,

- aTTeHaTopbl BO/IHOBOAHbIE nonsipusaumoHHblie Tunos [3-32A. A3-33A. [13-34A. [3-35A.

- AEeTeKTOPHYI rofoBky Tuna 37-6.

- BEHTUNN heppuToBble BOIHOBOAHblIe TUMNOB 26-43. 36-44. 36-45. 96-46 n koakcuanbHble TuUnos ©BK3-28.
PBK2-44. ®BK2-45. ®BK2-46, ®8K2-42. nepekpbiBatowme guanasoH vyactot ot 1.0 go 20 Iy,

- BO/IbTMETP NOCTOAHHOrO HanpsxexHusa Tunos B7-28. B7-46.

BMecTo ykasaHHbIX Npr6OpOB BO3MOXHO NMPUMEHEHNE N3MepuUTens Moaynsa KoadduureHTa nepegaum n otpaxe-
Hua Tuna P2M-18.

A.2 PekomeHAyeMble TUMbl pe30HaTOPOB NPUBEAEHbI B CXeMaTUYeCKkoM n3o6paxeHun, TpeboBaHNA K X pasmepam
ykasaHbl B pasgenax 7. 8.9,10.

A.2.1 CxemaTunyeckoe nsobpaxeHne 06bEMHOIO pe3oHatopa c konebaHmem Trna HOlp ana usmMepeHuii npu duk-
CMPOBaAHHOI Pe30HAHCHOI YacToTe NpUBEAEHO Ha puUCyHKe A.l. Npu PUKCUPOBAHHOW Pe30HaHCHOW AMHE — Ha PUCYH-
ke A.2.

PucyHok A.1 — Cxemartmyeckoe un3obpaxeHne 06BEMHOro pesoHaTtopa
c konebaHmem Tna HOlp Ans usMepeHwii Nnpu OUKCMPOBAHHON pe30HaH-
CHOIi YacToTe

I’ CpefcTBa U3MepeHuii BbINYCKAKT N0 TEXHUYECKUM JOKYMeHTaM pa3paboTumka (M3roToBUTENS).

14
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PucyHok A.2 — CxemaTtuyeckoe nsobpaxeHne 06LEMHOr0 pe3oHaTopa ¢ konebaHnem tuna HOLp Ans usmepeHuii npu
hKCMPOBaHHOI pe30HaHCHOW annHe

A.2.2 CxemaTtnyeckoe n306paxeHue LieNeBoro pesoHatopa ¢ konebanvem Tuna HOLlp npvBefeHO Ha PUCYH-
ke A3.

PucyHok A.3 — CxemaTuyeckoe nsobpaxeHue LeseBoro pesoHaropa c konebaHmem
Tuna HO1p c o6pasyom

15
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A.2.3 CxemaTnuyeckoe n3obpaxeHve MeTan04Ma1eKTPUYEeCcKoro pe3oHaTopa NpuBeAeHo Ha pucyHke A 4.

1-+ NPUXWM BEPXHETO 3epkana. 2 — NeTns CBA3N

PucyHok A.4 — Cxemartnyeckoe nsobpaxeHne MeTanno4naneKkTpuyeckoro pesoHaropa

A.3 [onyckaeTcs NpuMeHsTb Apyrue cpeAcTBa U3MepeHuii u 060pyfoBaHme, MeTPOIOrMYeckne XapakTepucTukm
KOTOPbIX He YCTynalT XapakTepucTnkam ykasaHHbIX CPeACcTB U3MEPEHWUA.

16
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Mpunoxexne b
(pekomeHayemoe)

Pa3mepbl pe3oHaTopoB

B.1 PekoMeHayeMble pa3Mepbl 06bEMHOr0 pe3oHaTopa c konebaHmem tuna HOlp Ans U3MepeHunii B AranasoHax
yacToT npuBefeHbl B Tabnuue b.1.

Ta6nunuya bB.1 — Pasvepbl 06beMHOI0 pe3oHaTopa A U3MepeHuii B fuanasoHax yactor

Pa3mepbl B MunnmmeTpax

[vanasoH yacTor. Iy [vamvetp D OnvHa QO Mepemellexue n1
6—8 70 100 35
8—12 50 80— 100 25—35
12— 16 40 60 25
16-20 30 50 25

MpumeuyaHune — MNpy NCNONb30BaHUWN pPe30HaTOPa C BOTHOBOAHbIM BXOA40M (BbIXOA40M) pabounii guanasoH
pesoHaTopa BblIGUpaloT B COOTBETCTBMM CO CTAHAAPTHLIM Aana3oHoOM YacToT BOSIHOBOAA. [TpeAnoYTUTeNbHO aBnsieTcs
KOHCTPYKLMA U3MEpPUTENIbHOTO pe3oHaTopa C KoakchasibHbIM BXO40M/Bbl XO40M U perynmpyemMbiM KO3 MULMEeHTOM CBS3N
pe3oHaTopa ¢ CBY-Tpaktom. Perynunposka koadppmuymeHTa cBA3n pe3oHatopa ¢ TPakToOM HeobxoAuma npu n3mepeHusx
06pasyoB C NOBbILWEHHBLIMU NOTEPSAMU.

5.2 TouHOe n3mMepeHue pa3mMepoB 06bEMHOT0 pe3oHaTopa no CNekTpy ero Pe3oHaHCHbIX 4acToT
OuameTp O v gnvHa LO o6bemMHoro pesoHaTopa ¢ kone6aHvwem Tuna HOLlp cBsizaHbl C €ro CNeKTPOM Pe30HAHCHbIX
4acToT COOTHOLWEHUEM

(6.1)

M3mepeHne HecKosbKMX Pe30HAHCHbIX YacTOT NMO3BOMSET HANTW TOUYHblE 3HaYeHWUsa pasmepos O, LQU3 dopmynsbl
(B.1).

3HauveHne AnManekTpmyeckoli NPoHNLaeMocTu c, BO3fyxa B pe3oHaTtope, Heo6xoaumoe Anst KOPPEKTHOro pacyeTa
pasmepoB pe3oHaTopa, MOXeT 6blTb ONpeAesieHo No Temnepartype, faB/eHNo U OTHOCUTENIbHON BNaXHOCTW OKpyxatoLle-
ro Bo3gyxa.

[na ycnosuii (aTMocepHoe faBneHve 760 MM pT. cT.. Temnepatypa 20 “C v BnaxHocTb 20 %) ka = 1.00058.

W3 cbopmynbl (B.1) ana oTHoweHusa D/ILQ- r cneayeT dopmyna

2 | 1-T(p,)/Lp/A*~ (6-2)
njp-mvnp,)]2-p?

rae /(p,). 7(p,) — pe3oHaHCHble YacToTbl kKonebaHuii Tvna HO,p ¢ NpoAoNbHbLIMKU MHAEKCaAMK pJIp( COOTBETCTBEHHO.
Mpwu uncne pe3oHaHcHbIx YacToT N nonyyaioT M =N (N — \)12 pasiMyHbIXx CO4ETaHU pe30HaHCHbIX YacToT B (hop-
Myne (6.2) 1 CTONbKO Xe 3HaueHuii rk. k - 1.2. 3. M. OTHoweHune z - D/LQHaxoAAT Kak cpefHee u3 zft.
Mo HallieHHOMY cpefHeMy I HaxoAAT 3HaYeHus fguameTpa ANs KaxAol pe3oHaHCHON YacToTsl

1 nx cpefHee, npuHMMaemMoe 3a gnameTp pesoHaTopa D. 3HaueHns pe3oHaHCHbIX YacToT 1(pt nycToro pesoHaTtopa
N3MepST C HeonpeaeneHHOCTbI0 He 6onee 10 kIu.

BE.3 PekomeHgyemble pa3mepbl LWeNeBOro pesoHaropa A5 u3mMepeHunii B juanasoHax 4acToT npusBefeHsl B Tabau-
ue b.2.
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Ta6nnuya B.2— Pa3mepbl Wenesoro pe3oHaTopa A4/ U3MepeHuii B ananasoHax 4actot

Pa3mepb| B MuanmmeTpax

[nanasoH yactor. Iy [vameTp pesoHaTopa D [OnvHa pesoHatopa 10* 2L [Ouavetp cnaHues d
4—7 60 100 80
6—10 45 75 75
10—15 35 58 60
15—20 25 42 50
MpumeyaHue — M3-3a 3HAYUTENIbHLIX MEPECTPOEK YACTOTbI kone6aHus HO1, LWeneBoro pesoHaropa nocne

BBefieHNsi 06pasua NpeanoyuTUTENLHO ABNSETCS KOHCTPYKLMS pe3oHaTopa ¢ KoakcuasibHbIM BXOOM, BbIXOAOM.

b.4 OnameTp 3epkan MAP d gomkeH obecneunsatb Masble AN pakyOHHbIe NOTEPU IHEPTUN pe3oHaTopa, YToObb!
He yxyALaTb ero J06pOTHOCTb, He CMeLaTb PE30HAHCHYI YaCcTOTY I HE BHOCUTb AOMNO/IHUTENbHYIO NOTPELLHOCTb B 3Me-
psieMble 3HauyeHus cu tg . CootTHoweHne d r 3D okasbiBaeTcs AOCTATOYHbIM ANnsi o6pasuyoB ckr 10npu DILT 2. Ans
APYTyX 3Ha4eHunii cn D/L 0THOCUTENbHBIN CABUT Pe30HAHCHOM YacToTbl M 13-3a KOHEYHOro pasmepa 3epkan nandpauym-
OHHYI0 f06poTHOCTL MAP Od oueHuBaloT no popmynam:

8f =- OmB(1- K,e). (5.4)
(6.5}
roe
B, <2r'Mmy Cod(y), W . ou,JL.
YI1-® 2(y) +(2/y)®(y) *o(Y) *2
na exp(-yb sa>|, 2y*p7 ) na expi yt>/a){2y<ul*
~'yb  KO(y*.(y> [ «* ~yb KryWy) { k28 4

b-d12. P'a0.8 u P"al2

Kputepuem Bbibopa gnameTtpa 3epkan d n(Mam) oTHoweHns pasmepos obpasua D/L ABnAeTca BbINOSHEHNE YC0-
Buii 6f s 10"5 no cpopmyne (6.4) n Orf* SOD1 Of' no dopmyne (B.5).
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Mpunoxexne B
(o6A3aTenbHoe)

Mopsaok NoArOTOBKM 06pa3L,oB TBEPAbIX ANINEKTPUKOB A1 NPOBELEHUS UIMEPEHUIA

B.1 [ns u3MepeHuii MeToAomM 06B-EMHOT0 pe3oHaTopa npu YUKCMPOBAHHON PE30HAHCHOI YacToTe N METOA0M Npu
(PUKCMPOBAHHOM PEe30HAHCHOI ANMHe o6pasel, TBepA0ro AU3NIEKTPUKA BbIMOMHAT B hopMe Ancka.

[nsi pe3oHaTopa, NpUMeHseMoro B fuanasoHe 4acToT 8— 12w, reomeTpuyeckme pasmepsl, Tpe6oBaHus K hopme
1 LWepoxoBaToOCTU NOBepxHocTell 06pa3LoB cnegytoLyme:

- AnameTp obpasua, M M .. .49.9MNv

- OTKMIOHEHMWS OT NapasneNibHOCTH ¥ NNOCKOCTHOCTY TOPLIOBbIX MOBEPXHOCTEN 06pasua

MO TOCT 24643, MM. HE DO T B ..uiictiieiiecieeieteieie e ettee et e etae e stt e e bt e sateeeeseaaae e saseabeeeataeeesaesabeserasessseentesntesantees 0,02;
- OTK/IOHEHME OT NepneHAVKyNAPHOCTN ocx 6OKOBOI MOBEPXHOCTM 06pasLa K TOpLoBbIM
NoBEPXHOCTAM MO TOCT 24643, MM. HE B O /1€ € ..eoveuiiiiiiiiiiietiete ettt ettt 0,02;

- LWepoxoBaToCTb TOPLIOBLIX NOBepXHOcTel obpasya no FOCT 2789, napameTp Ra. MkM. He 6onee . 0.2.
B.2 TonwwuHy obpasya 1ebiuncasioT no popmyne

(B.1)

rae T — uenoe yucno, pasHoe 1,2,3....;
X =cff0 — pgnunHa BO/IHbI B CBOGOAHOM MPOCTPAHCTBE Ha YacToTe U3MEPEHUid, MM;

c— AuanekTpuyeckas NpoHULaeMoCTb MaTepuana obpasua, B3aTas u3 anpuopHbIX JaHHbIX NN U3 aHann3a nsme-

peHunit 06pasLoB pasHoON TO/LWMUHBI U3 OAHOIO MaTepuana:

a — pajguyc pesoHaTopa, MM.

MpepgnoyTuTenbHee AN U3MEPEHWA ncnonb3oBaTh 06pasLbl NOYBONHOBOM TONWMHBI (? = 1). TonwuHy obpasya
M3MepAIT B AECATM TOUKax, ykasdaHHbIX Ha pucyHke B.1, co cTaHAapTHOW HeonpeaeneHHOCTbIo, OLeHBaemoli no tuny B.
He 6onee 0,003 mm. Mpun pacyeTe AN3INEKTPUUYECKMX NapamMeTpoB ob6pasLa NCcnonb3yT cpegHeapudmeTmyeckoe 3Hade-
HWe pe3ynbTaToB 3TUX U3MEPEHWA.

BO*

PucyHok B.1 — PacnonoxeHue To4yek AN onpegeneHms ToNWmHbl obpasua

[lns pe3oHaToOpOB, NPUMEHAEMbIX BAPYIMX AnanasoHax 4acToT (npunoxeHne 6). Tpe6oBaHnsA khopme 1 Lepoxosa-
TOCTM MOBEPXHOCTe 06pa3LoB, a Takke No N3MepeHnto X TOMLWMHbI COOTBETCTBYIOT NpMBeAeHHbIM B B.1, B.2.

B.3 [ns n3mepeHuii MeTooM LeNeBOro pesoHaTopa o6pasel, 4MaNeKTprKa BbINOMHAT B (DOpMe TOHKOTO Aucka,
NAACTUHbI UM UCMONbL3YIOT AU3NEKTPUYECKME NOAOKKN, ABNAIOWMNECA TOTOBbIMU U3AENUAMU.

B 3aBMCYMOCTM OT 4ACTOTbl M3MEPEHNA 1 pa3MepoB pe3oHaTopa (npuioxeHve B) n3rotoensaoT o6pasubl, reomeT-
puyeckune pasMepbl KOTOPbIX NO3BOMAKT NePeKPbIBaTb PE30HAHCHYI0 NOMI0CTL pe3oHaropa.

TpeboBaHnA K hopme 1 LepoxoBaTocTy 06pasLoB B hopme AUCKOB, a TakKe N0 M3MEePEHUI0 UX TONLMHbI COOTBET-
CTBYIOT npuBefeHHbIM B B.1, B.2.

OTKNOHEHNSA NOBEPXHOCTEN NOAN0XEK OT napasniesibHOCTU U NepneHANKYNAPHOCTY, LLepoXoBaTOCTb UX NOBEPXHOC-
Teli AO/MKHbI COOTBETCTBOBATH TPE6OBAHNAM, YKa3aHHbIM B HOPMATUBHbIX U TEXHNYECKUX JOKYMEHTax Ha HuX.

Tpe6oBaHusA Kk hopme U LLepoXoBaTOCTH NOBepxHOCcTell o6pasLoB B hopmMe NAACTUH aHATOTUYHbI.
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B.4 TonuwuHy o6pasua B hopme naacTvHbl (MOAM0XKKN) U3MEPSAIOT HE MeHee YeM a NATK ToUkax, paBHOMEpPHO pac-
NOJI0XKEHHbIX N0 NOBEPXHOCTH, CO CTAHAAPTHOW HeonpeAeneHHOCTbI0. OLeHnBaemMoii no Tuny B. He 6onee 0.003 mm. Mpun
pacyeTe AM3INEKTPUYECKMX NapameTpoB obpasua MCNonb3ylT cpefHeapudMeTnyeckoe 3HayeHue pesynbTaToB 3TUX
n3MepeHuit.

B.5 [Ons usmepeHwuii metogom MAP o6pasel AuaneKkTpuka BbiNOAHAT B (hopme unanHgpa gnametpom O. MM 1
BbICOTOW L. MM MCXOASA M3 COOTHOLUEHW

250 <, 530 (8.2)
-1 ax _ 1
0,40 £L £ 1.40. (8.3)
roe % ax — BEepPXHWE W HUXHWE TpaHuLbl NPUGAVKEHHO U3BECTHOTO 3HAYEHUS Y

f — Hu3wasn yacToTa AnanasoHa nsmepeHuda. FFL;.

Tpe6oBaHus K (hopmMe 1 pacnosioeHn0 NoBepxHocTel 06pasL0B COOTBETCTBYIOT NpMBeAeHHbIM B B.1.

N3mepeHue guameTpa NnpoBoAAT B CpefHelt YacTu no BbicoTe o6pasLa B Tpex HanpaB/ieHUsx ¢ NOBOPOoTOM o6pasua
Ha yron ~60c. /i3MmepeHune BbiCOTbl 06pa3lia NPOBOAAT B MATU TOYKaX, PABHOMEPHO PacMOOXeHHbIX N0 MOBEPXHOCTU
ob6pasua. MsamepeHus BbICOThI M AnameTpa NPOBOAAT CO CTAHAAPTHON HeonpeaeneHHOCTbI0, OLLeHBaeMOoii no Tuny B. He
6onee 0,003 mMm. lMpu pacyeTe AMaNeKTpUYECKUX napaMmeTpoB obpasLa NCnonb3yrT cpefHeapudMeTnyeckoe 3HaveHne
pesynbTaTtoB 3TUX U3MEPEHWUIA.

8.6 Mpunogrotoske 06pasLoB AN BCex METOA0B N3mMepeHuii o6paboTka 06pa3LoB He A0/KHa N3MEHSTb CBOCTB

maTepuana.
B.7 Hopmanusaumns u KOHAULMOHNPOBaHVe 06pa3LoB /15 BCEX MeTOA0B UsMepeHunii — no FOCT 6433.1.
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MpunoxeHune I
(o6a3atenbHoe)

M3mepeHne co6CTBEHHOI JOBPOTHOCTM pe3oHaTopa

.1 MpuHuMn namepeHnsa

Mpn M3mMepeHnsax TaHreHca yrna UanekTpuyecknx notepb tg iipe3oHaHCHbIMU MeToAaMn Heo6X0ANMbI 3HaAUYEeHNS
CO6CTBEHHOW 4O6POTHOCTY U3MEPUTENIbLHOTO pe3oHaTopa MPOXOA4HOro Tuna.

Mpoueaypa namMepeHns co6CTBEHHON JOGPOTHOCTU pe3oHaTopa 6e3 o6pa3ua O0J u ¢ o6pasuom QOi ognHakosa.
OHa CBOANTCA K U3MEPEHMNIO HarpyXeHHoi go6poTHocTn OA. O, 1 nsamepenuio ocnabneHuns A0, A,. BHOCMMOro pe3oHaTo-
pom 6e3 o6pasua 1 c 06pasyom B M3MepuTenbHblii CBY-TpakT Ha pe3oHaHcHol yacToTe fQfk. B meTofe meTannoaunanek-
TPUYECKOro pe3oHaTopa N3mMepsioT TO/IbKO CO6CTBEHHYIO 406POTHOCTL pe3oHaTopa cobpasyom QO. n HeobxoauMmble ANs
3T0r0 BeNnUuHbl O*. At.

[ns BbINONHEHUs Tpe6oBaHUii No HeonpeAeneHHOCTY pe3yNbTaToB N3MepeHuii Heobxoanma cnabas cBA3b pe3oHa-
Topa ¢ CBY-TpakTtom, cooTBeTCTBYIOLWAsa BHOCMMOMY ocnabnexuto pesoHatopa AO. At 530 ab.

Mpn n3mepeHnsax Heo6XoANMO UCKIOUYNTL BAUAHME XapakTepucTukn getektopa CBY. He aBnsuielica B obwem
cnyyae HU KBafpaTUYHOW, HU NMHeliHOl. 3To AocTUraeTcs NPy NCNO/Ib30BaHUN N3MEPUTEIbHOTO aTTeHaTopa npa6oTte B
O/HO Touke xapakTepucTukn getektopa CBY (npu ogHoil 1 Toll e nagatoueil Ha geTekTop MowHocTn CBY).

M3mepeHnsAdp. A, BbINOMHAIOT HA U3MEPUTENLHOW yCTaHOBKe (PUCYHOK 1) METOAOM 3aMeLLeHns pe3oHaTopa onop-
HbIM OTPe3KkOM BO/IHOBOJA WM MONYXECTKOro KoakcuanbHOro kabens Toro xe Tuna, YTo W BXOAHAA W BbIXOAHAA NNHUN
pe3oHaTopa. [jivHa OnopHOro otpeska / paBHa CyMMe AJ/IMH BXOAHOW NMHUU pe3oHaTopa N BbIXOAHOW /2 (pucy-
Hok I.1a), 6)). ONOpHbIi OTPE30K MMHUKN HEOBXOANM ANA yHeTa U UCKNIOYeHUs ocnabneHns B NoABOAALLNX IMHUAX pe3oHa-
Topa.

.2 V3mepeHune HarpyXeHHOW 4O6POTHOCTM pe3oHaTopa

M3mepeHus BbIMOMHAIOT Ha yCTaHOBKax (PUCyHOK 1) cnegytowum obpasom:

- Ha U3MepuTeNlbHOM aTTeHlaTope ycTaHaBnusalT ocnabneHne AnTT - 3.0 gb, HacTpausalT pe3oHaTop (reHe-
patop CBY)B pe3oHaHC N0 MakCMMyMy NokasaHuii BofbTMeTpa 1 nKcUpyoT nokasaHna yactotomepa (0c HeonpeaeneH-
HOCTbIO He 6onee 10 kY 1 nokasaHWa BONbTMETpa (He meHee Tpex 3Havawmx uudp) (pucyHok .2, pe3oHaHcHas
KpmBasa 1);

- yMmeHblualT ocnabneHvie usmeputenbHoro atteHoatopa AATT fo 0.0 gb. HanpsixeHue fetektopa CBY Ha pe3o-
HaHCHOIi yacToTe Bo3pacTaeT Npu 3TOM A0 3HaveHus V, (pucyHok .2. pe3oHaHCHan Kpusas 2):

- M3MEeHAIT YacToTy reHepaTopa CBY nocneposaTtenbHO B MeHbLyto (f,) 1 60nbliyto ((2) CTOPOHbI OT YactoThl fQ
[10 BOCCTAHOB/IEHMSA Noka3aHuii BonbTMeTpa VO (pUCYHOK M.2. pe3oHaHcHas kpusas 2);

- (MKCUPYIOT C HEOMpeaeneHHOCTbIo He 6onee 1Ky nokasaHus yactoTomepa W/2. Npu KOTOPbIX BOCCTaHaBANBa-
eTca BbIXof4HOEe HanpsaxeHune getektopa CBY VO;

- paccunTbiBalOT HarpyXeHHyl A06pOTHOCTb Nno hopmyne

(r.1)

.3 M3mepeHne BHOCMMOIO pPe30HATOPOM OC/MabfieHnss 1 pacyeT CO6CTBEHHON JO6POTHOCTM

M3mepeHne BHOCMMOro pe3oHaTopoM ocnabneHus n pacyeT cO6CTBEHHOW 4OBPOTHOCTU BbIMOHAIOT C/eAYIOL UM
o6paszom.

- ycTaHaBnuBaloT ocnabnieHne nsmeputenbHoro arteHoaropa AATT =3.0 4B 1 HacTpauBalT pe3oHaTop (reHe-
patop CBY) B pe3oHaHC N0 MakCMMyMy nokasaHuii BonbTmeTpa VO;

- yBe/iMumBalT 3aTyxaHue u3MeputenbHoro artrteHwoartopa AATT Ha 30—35 ab, wuckawualoT pesoHaTop
13 CBY-TpakTa M3MepuUTENbHOW YCTaHOBKM (PUCYHOK 1) M BMECTO HEro BK/IOYAKT OMOPHbIA OTPe30K NuHUKM (pucy-
Hok [.1a). 6));

- ycTaHaB/nuBalT ocnabneHne n3MepuTenbHOro atTeHwartopa A} Takoe, 4TO6bl BOCCTAHOBW/IOCb BbIXOAHOE
HanpshkeHue getektopa CBY VO.

- BHOCMMOe pe3oHaTopoM ocnabneHune AaonpegensioT no popmyne

*0=n,-3.0 (r-2)
M paccynTbiBalOT COBCTBEHHYIO 4OOPOTHOCTL pe3oHatopa no gopmyne

(r.3)
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M3mepeHne co6CTBEHHOW [O6GPOTHOCTM pe3oHaTtopa ¢ ob6pasyom QOt NpoBOAAT aHanorMyHo namepenuto O00.
Mpy ncnonb3oBaHMU LU POBLIX U3MepuTenei Moayna koadduumeHTa nepefaym N oTpaKeHUss C CUHTE3aTopPoM

CBY (aBTOMaTMUYECKNX LLMGPOBLIX aHanusaTopos CBY-Leneii) u3sMepeHne BHOCUMOro pe3oHaTopoM ocrnabieHus npoBo-
AAT M0 06L4MM NpaBuIaM U3MepeHnsi 0CN1a6eHNs YeTbIPEXTOJIOCHUKOB BCOOTBETCTBUN C A0OKYMEHTaLe Ha npneop.

[JonycTumbl fpyrue cnocobbl onpegeneHns co6CTBEHHOI A06POTHOCTM pe3oHaTopa 6e3 o6pasua v ¢ o6pasLom,
obecneunBatLyme CTaHAAPTHYIO HEONPEAENEHHOCTb pe3y/ibTaTa U3MepeHusi, oueHMBaemyto no tuny B. He Gonee 5 %.

€) BO/THOBOJHOE COeNHEHMIA 6) Koanla—/1bHOB 00EIHHBHHE

PucyHok .1 — MosicHeHNe K U3MEPEHWI0 BHOCUMOrO pe3oHaTopoM ocnabneHus

PucyHok .2 — padmk kK 13mepeHunto Harpy>XeHHoi fo6pOTHOCTM pe3oHaTopa
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Mpunoxexune [
(o6A3aTenbHoe)

Onpegenexune ry6uHbl CKMH-CN0S1 B 3epKasiiax MeTaslsIoAn3ekTpuyeckoro pesoHaropa

[na pacyeta tg iiB meToge MIP no choopmynam (37). (40) Heo6xoaMMO onpesennTb 3HaYeHMe ry6uHbI CKMH-C0A B
3epkanax MAP a(/<)Ha yactoTe namepeHunss/lanee paccmoTpeHbl ABa cnocoba onpegenenunsa n(/,X

0.1 OnpegenetHue 4 (")c ncnonb3oBaHMEM ABYX 06pa3l0B U3 OQHOTO AUINEKTPUKA

B atom cnocobe ncnonb3yoT 4Ba 06pasya, M3roToBEHHbIX U3 04HOro matepnanactg 10'4.umeloWnx O41H 1 TOT
xe gnameTp O. HO KpaTHble BbicOoTbl L| mLg=qL,.rae g =2wnn q m3. /13mepsatoT nocnefoBaTelbHO COGCTBEHHYIO J406POT-
HocTb 001, MAP ¢ o6pa3LomM BbicoTo Ll Ha kone6aHum HQLL 1 co6CTBEHHYO A06pOoTHOCTL Q00 MAP ¢ 06pa3Lom Bbico-
Toil Lg - gLj Ha kone6aHun HOlg (pucyHok f.1). Mpu TOYHOM coBRNafeHUn gmameTpoB 060Mx 06pa3LoB M KPaTHOM
COOTHOLWEHNN UX BbICOT KonebaHus HO11l n HOLJ 6yayT umeTb OfMHAaKOBble Pe30HAHCHble 4acToThbl 1 napameTpbl
U. K1£. B npenonoXeHnn oaMHAKOBbIX 3HaUeHU tg 6 B 060ux obpasuax us popmyn (37). (40) cnegyet chopmyna ans
rny6uHbI CKMH-CN0A 8 3epkanax

x <M — L+ (K-1H1-k,e)) (8-1)
2(p-1)(Oon Oc,j (

PaccuntaHHoe no hopmyne ([.1) 3HauyeHne 4 ) noacTaBnsaoT B hopmyny (40)n HaxoaaT tg i nodpopmyne (37).

PucyHok [I.1 — TNosiCHEHUE K M3MepeHuio rNy6buHbl CKUH-cos B MAP ¢ KpaTHbIMK BbicOTaMu

0.2 OnpepeneHne rny6uHbI CKUH-CNOS B 3epKanax MeTanfofnanekTpuyeckoro pesoHatopa no Co6CTBEH-
HOIl [,O6POTHOCTM 06BbEMHOro pe3oHaTopa C konebaHvem Tuna HQMp

BaaHHOM cnocobe onpegenenus a(fv) Mcnonb3yoT 4ONONHUTENbHBIA LMAMHAP U3 TOTO Xe MeTanna, Y4To u3epkana
MAP (umetoLwmnii To xe camoe NPoBOAsLLee MOKPbITUE), N C BHYTPEHHER NMOBEPXHOCTbIO, 06paboTaHHO MO eANHON TEXHO-
norum ¢ 3epkanamy MAP. Uunuuap yctaHaBnueaT Mexay 3epkanamv MAP BmecTo namepsiemoro o6pasua, nonydyas
LUUINHAPUYECKNA 06beMHbIV pe3oHaTop, TOPLOBLIMU KpbIlLKamu KoToporo ssastoTca 3epkana MAP (pucyHok [1.2). Kone-
6aHna HOTp Nosy4eHHOro 06 bEMHOr0 pe3oHaTopa He MMEeKT MOBEPXHOCTHbIX TOKOB, MepecekalLLnX KOHTaKT Mexay 3ep-
Kanamu n LMANHAPUYECKUM KOPMycoMm. X JOBPOTHOCTL He yXyALlaeTcs Npu Haanuny Masblix 3a30p0B Mexay KOpnycom 1
3epkanamu pesoHatopa. [N noAaBfeHns BblPOXAeHHbIX kofiebaHunii £21/pp. NOBEPXHOCTHbIE TOKM KOTOPbIX NepecekannT
KOHTaKT, MPUMEHSAI0T TOoHKy (0.3 — 0.5 MM) M30MpYIOLLYI0 MPOKNAAKY MEeXAy CTEHKOW UWaMHApa u 3epkanamu (pucy-
HOK [1.2). '3amepeHue A[/c)e auanasoHe 4acToT BO3MOXHOE NOMOLLbIO ABYX LUINHAPOB Pa3HOro pasmepa, M3roToB/IEHHbIX
no eAnHOW TeXHoNormu.

PacueT rny6uHbl CKUH-cNos B 3epkanax MAP BbIMONHAWT no dhopmyne

Yy
-o!
( (A-2)
rge O0Q0. f.PB 1.2... — cobcTBeHHas AO6POTHOCTb, pe30HaHCHAas YacToTa U 3HavyeHue NpoLo/IbHOro MHAeKca Kone-

6aHna HOmpe o6beMHOM pe3oHaTope, obpa3oBaHHOM 3epkanamu MAP 1 4ONOMHUTENbHbIM
UMAnHAPOM (pUcyHok [.2).
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PucyHok [1.2 — ToscHeHne K u3MepeHuio riyburHbl CKMH-cnost 3epkan MAP ¢ NOMOLLbIO JONOMHUTENBHOTO LUANHAPA

MonyuyeHHble 3HauyeHus A(f) Ha AUCKPETHbLIX YyacToTax annpoKCUMUPYIOT METOLOM HaWMEHbLLUIMX KBaApaToB Ans
nepecyeTa Ha fpyrme 4acTtoTbl 3aBUCUMOCTbIO BUAA

(0-3}
rge A u B — napameTpbl annpokcumauu.
0.3 Mpumep namepeHns ray6uHbl CKUH-CNOS B MeAHbIX 3epKasiax MeTannoAnaiekTpU4eckoro pesoHaropa
B AnanasoHe yactoT 6—16 Ty,

[nsa namepenus a(/)6blnn ncnonb3oBaHbl Ba MeAHbIX LUANHAPa gnameTpomM 70.7 MM. BbicoToi 50.1 MM 1 fnameT-
pom 49.8 mm. BbicoToil 25.3 MM. 3epkana guameTpoMm 90 MM ¥ MefHble LUANHAPbI GblIM N3roTOBNEHbI 6€3 NPUMeHeHns
abpas3nBoB 1 NONMpOBanbHbIX NacT. KoadhpuuneHTbl CBA3M 06BEMHOr0 pe3oHaTtopa 6biin yCTaHOBAEHbI MasibiMU, YTOObI
ocnabneHne, BHOCMMOE pe3oHaTOPOM B TPakT, 6bi/10 He MeHee 30 AB6. Mpu Temnepatype 20 “'C 6bl1a UsmepeHa co6CTBEH-
Hasi JO6POTHOCTL pe3oHaTopa Ha koniebaHnax paccumTaHbl rnybuHa cknH-cnos () nnoBepxHOCTHOE conpoTuse-
Hue f?s (/). BennunHel A(0. /?$(0 n npoBOAUMOCTb ii</) CBA3aHbl COOTHOLLIEHNAMMN

,Cl,(p.S/igL .Y . (a-4)
x/p0

raoe p0-4n O'7TH wm'1y, a(f)- 00/ g{f),00 — NpoBOAMMOCTb Ha MOCTOSIHHOM Toke (Ana mean c0 =

=58+107Cme+m 1 npu Temnepatype 20 *C). a(/) > 1— 6e3pa3mepHbIi KOIPULMEHT, yunTbiBaIOWMIA COCTOAHME
NOBEPXHOCTUN 3epkan (LepoxoBaToCTb, HAMYME OKMCHOrO CNOoS U A4p.) U NPOSIBIeHNe aHOMa/bHOro CknH-apbpekTa. Ha
pucyHke [1.3 a. 6 npuBegeHsbl TeopeTuyeckme 3aBucumoctn Rs(7) (a) n 4 (/>6) npn a0 - 5.8 «107 CM -M~1 (WTpUXOBbIE
NNHWW) 1 annpoKCUMauma aKCnepuMeHTabHbIX AaHHbIX (CAIOLWHbIE IVMHUN).

~"Ownu

PucyHok [1.3 — YacToTHas 3aBUCUMOCTb NOBEPXHOCTHOIO COMPOTUBAEHUS (@) N TNY6UHbI CKMH-CNos (6) e MefHbIX 3epka-
nax MAP
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Annpokcumauunsa aKkcnepuMeHTanbHbIX AaHHbIX (pVICyHOK A.3a. cnnowHas I'IVIHVIFI) npuneena K 3aBUCUMOCTU

123(/) = 0.830 +10-2+/° 547 (@.5)
npy TEOPETUYECKOI 3aBUCMMOCTU
=0.825 10"2-7°'5 <01 6)
(wTpvxoBas NMHUA Ha pucyHke [1.3a). A ry6UHbI CKUH-CI05 annpokcumupyiolas dopMyna UMeeT BUA
N» 2.102.7-°453. (a-7)
TeopeTuyeckasi 3aBUCUMOCTb UMEET BUL
[, m 2.090 (4-8)

Fny6uHa CKNH-CNoS U NOBEPXHOCTHOE CONPOTMB/IEHNE 3aBUCAT OT TeMNepaTypbl BCieACTBUE TeMNepaTypHOii 3aBu-
cumocTn nposogumocTyh 00. MonpaBka Ha OTANYKe 3HauYeHns TemnepaTtypbl 0Tro*C NpMBOANUT K BbipaxkeHnsam Ansa /25(Mwn

A(l) MmeaHbIX 3epkan
/?5(I")B fts(20)L| ¢ 1.97-10-3( 7 - 20)J, (4-9)

4<7)= [(20)L, & 1.97 +10"T - 20)". (4.10)
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(1) PMr43—2001
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