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1. 3arajibHa XapaKTepUCTUKA IUCHUATLIIHA

Jucnumnina «BuMipioBaHHsS B CHCTeMaxX 3B'S3Ky» BBEIEHAa [0 CTaHAApTIB
HaBUaHHA 1 3a0e3medye 0a30BYy TMIATOTOBKY OakamaBpiB 3a HampsimoMm 6.050903
«TenekoMyHikaiii»  3a  CHEHIAIBHOCTAMU:  «[€IEeKOMYyHIKAILlIMHI ~ CHUCTEMU»,
«[Hopmariiini Mepexi 3B'I3Ky».

Hucuumnina mae 2,5 kpeautry ECTS, MmoaymiB-2, 3MICTOBHUX MOJyJiB-4, 3arajibHa
KUTbKICTh ToAnH-90, 30Kkpema: nekilii - 34 roawH; Ja0OpaTOpHI 3aHATTS-18 TOIWH;
camocTiiiHa poOoTa Ta iHmWBimyanbHa pobOoTta - 38 romwH; cemectp 2.3, 2.4; BUJ
KOHTPOJIIO - 3AIK.

CTpykrypa 3MicTOBHUX MOaYJIiB 1

3aHATTA CamocriiiHa
. . Jleknii podora (y | ImauBinyaiabHa
3MicTOBHUIT MOAYJIb .
y (roaHM) npalc. naﬁop.a TOMY YHCJTi podota
THUYHi | TOpHI TH/I3)
«BumiproBanns napametpiB iHpopmaniiiHuX curHaiiB y cucremax 3B’s3ky.»(1,25 kpeaur;
47 ron.)
1. OcHoBH Teopii
BUMIpIOBaHb. 00'exTn ) )
BUMIPIOBAaHb Y CHCTEMAaXx
3B'AI3KY.
2. Yacosuit Ta
CNEeKTPAIbHUI aHaji3 8 - 4 7 -
iHopManiliHMX CUTHAJIB.
3. BumipoBaHHSI 4YacTOTH 3 6 10
Ta YaCOBHX iHTepBaJiB.
Ycboro 1 moayJib, roamH. 18 - 10 19 -
2. 3MicT 3MiCTOBHUX MOAYJIIB (JIeKIIiTHUX TOXMH)

2.1. OcHoBu Teopii BuMipoBanb. O0'ekTH BUMIPIOBaHb B CHCTEMAX 3B'SI3KY.
(2 roguHN)

3arayibH1 MOJOKEHHS. AJITOPUTMI3allisl BUMIPIOBaHUX MepeTBopeHb. Dopmartizaltis
Croco0iB BUMIPIOBaHHS. AHai3 BIUIMBY  METPOJIOTIYHUX XapaKTEPUCTHK 3aco01B
BUMIPIOBJILHOT TE€XHIKM HAa BUMIPIOBAHHS. AHAJIOrOBI BHMIPIOBaJIbHI MEPETBOPEHHS.
Amnasnoro-idpoBe epeTBOPEHHS, peajizallis aHaJIoro-IuGPOBOTo MEePETBOPEHHS.

2.2. YacoBuil Ta CcHeKTPaJbHUH aHadi3 iHGoOpMaUiHHUX CHTHAJIB.
(8 roquHu.)

JlocnmipkeHHsT eNEeKTPUYHMX CUTHaMIB. 3araibHi Bimomocti. YacoBuil aHaui3
curHaiiB. Bumm  ocumnorpadiunux — posroprok. CHHXpOHI3allis  PO3TOPTKH.
BumiproBanHs mapaMeTpiB AOCTIKYBaHUX CUTHAIB. Oco0auBoCTI ocimiorpadyBaHHs
HAHOCEKYHJHUX IMIOYJbCIB 1 CHUTHAJIIB HAJABUCOKMX YacTOT. 3acTOCyBaHHS
MikporporecopiB 'y ocmwiorpadax. IludpoBi ocrunorpadu, mo 3amam'sTOBYIOTS.
[lepcriekTUBM PO3BUTKY 3ac00iB BUMIPIOBAJIBHOI TEXHIKM [IJI1 4YacOBOTO aHAI3y
CUTHAJIIB.



2.3. BumMipoBaHHSI YaCTOTH i YacOBHMX iHTepBaJiB (8 roauH)

Metoau BUMIpIOBaHHS YaCTOTH Ta YAaCOBUX 1HTEpBaJliB. BUMiproBaHHS 1HTEpBaiB
qacy METOJOM IUCKPETHOTO paxyHKy. LludpoBuii cmoci® BUMIprOBaHHS YacTOTH.
BukopucranHs MiKpOIpoOILIECOPIB y €IEKTPOHHO-TIYMIBHUX YacTOTOMIpaxX. AJTanTUBHI
€JICKTPOHHO-JIIYMJIBHI ~ 4YacToToMipu.  Metposoriune  3abe3neueHHs  3aco0iB
BUMIPIOBIBHOT TEXHIKM JUIsi BHUMIpIOBaHHA 4YacTOTH. OCOOJMBOCTI BHUMIPIOBAHHS
YaCTOTHO-YaCOBUX MapaMeTpiB CHUTHAMIB HU(POBHUMH YaCTOTOMIpAaMH Ha BHCOKHX
4acToTax.

Ta6muig Nel — Criucok abopatopHux poOIT MoaymiB 1

Nes/
I Tema rOJAMHH
1 JlaGopatropna po6ora Ne 1 BumiproBaHHS mMapaMmeTpiB )
eJICKTPUYHMX CUTHAJIB 3a JOMOMOI0I0 ociiiorpaga
JlaGopatopua pobora Ne 2 KaniOpyBaHHs yHIBEpCaTbHUX
2 ocuunorpadin 2
3 Jlabopatopna po6ota Ne 7 JlocmimKeHHS YacTOTH 1 YaCOBHX 4
1HTEpBaJIiB IHYOPMALIIITHOTO CUTHATY IU(POBUM CIIOCOOOM.
JlabopaTtopua po6ora Ne 7a. Metposoriuae 3ade3neuenns 3BT
4 | 11 BUMIpIOBaHHS 4acTOTH 1H(OCUTHATIB. BuMiproBaHHS 4acToT 1 2
YacOBHX IHTEpPBaJiB 1H(POPMAIIHHOTO CUTHAITY.
Ycboro: 10

BxigHi BUMOI” 10 BUBYEHHS J1a00paTOPHOI po0OTH:
Heo0xinHo 3HaTH:

- Bumy matematuky: BEeKTOpHY anredpy Ta aHAIITUYHY '€OMETPII0, MaTaHai3,
audepeHLiagbie Ta IHTErpajbHE YHUCIEHHS, TEOpilo Yy3araabHeHUX (QYHKIINA 1
IUCKPETHY MaTEMaTHKY; TEOPilO BIPOTITHOCTI Ta MAaTEeMAaTU4YHY CTATUCTHKY; HU(DPOBY
00po06ky curnamnis (IIOC).

- @i3uKy: Teopil0 EeJIeKTPOMAarHeTu3My; KOJMBAaHHA 1 XBHJI; TEOPIO
iHTepdepentii; Gpi3uky TBEpAOro Tila, TEOPiI0 HAMIBIPOBIAHUKIB, HAIIBIPOBIIHUKOBI
IPUCTPOi Ta X 0COOJIUBOCTI.

- Meronu BUMIpIOBaHHS YacCTOTHO-YAaCOBHUX I1apaMeTpiB CUTHANy: aHAJIOTOBi
METOJIM BUMIPIOBAHHS YaCTOTH; IU(PPOBI CIOCOOM BUMIPIOBAHHS YaCTOTH Ta YaCOBUX
IHTEpPBAJIIB €JICKTPUYHUX CUTHAJIIB.

- Hudposi yacroromipu. CTpyKkTypHa cxema 1 npuHOUNU pobotu. [udposuii
croci0 BuMiproBaHHS yacTtoTu. [{udpoBuii cnocid BUMiproBaHHS 4YacOBHX 1HTEPBAJIIB 1
BigHOWIEHHST yacToT. [loxuOku BHUMIPIOBaHHS 4YacTOTH 1 4acOBHX 1HTepBaiiB. BuOip
napaMmeTpiB HUGPOBUX YaCTOTOMIPIB AJISL PI3HUX PEKUMIB POOOTH.

Ywmiru:

- BuxopucrtoByBaTu AudepeHLiOBaHHs, IHTETPyBaHHS MPH OLIHII HapaMeTpiB
CUTHAJIB 1 OLIHIOBAaTH MOXHWOKM pE3yJbTaTiB BUMIPIOBAHHS 32 JOMOMOIOI0 PSAIB.



BukopucroByBaty TEOpil0 BIPOTIAHOCTI MPU CTATHUCTUYHIA 0OpOOIll pe3ynbTaTiB
BUMIPIOBaHHS.

- Ckmajmatéd CTaHIapTHI CXeMH Ta pIBHSHHS BHMIipIOBaHb, KOPUCTYIOUUCH
METPOJIOTIYHUMHU TPaBUJIAMH, IO [il0Th, HOPMaMH, TEpMiHaMHU Ta BU3HAYCHHSIMH,
OJMHUIIMU CUCTeMH SI, BHKOPHUCTOBYBAaTH HAyKOBI MPHHIIUAIN, aTECTOBaHI METOIUKH
Ta 3aco0u BUMIiproBalibHOI TexHiku (3BT)

- BukopucroByBaTn U (poBi 4acCTOTOMIPHU-TIEPI0AOMIPH: BUOHMpaTu
ONTHUMAJIbHI PEXUMHU POOOTH, PO3PaXOBYBaTH MEXI JOIMYCTUMHX MOXHUOOK IU(PPOBUX
BHUMIpIOBaHb 1 iu¢ppoBux 3BT.

BuxinHi 3HaHHA Ta yMiHHS 3 J1a00PAaTOPHOI Ta MPAKTHYHOI po00oTH:
B pe3yabTaTi BUKOHAHHSA J1200PATOPHOI pOOOTH CTY/ICHT NIOBHHEH:

- 3maTm: 1udpoBuil cnoci0 BHUMIPIOBaHHS YacTOTH; LHUQPPOBUN cHociO
BHUMIPIOBAHHS YaCOBUX IHTEPBAJiB 1 BIJHOIICHHS 4YacTOT; MOXMOKH BHUMIPIOBaHHS
YacTOTH 1 4YaCOBHUX IHTEPBAIIB; SK MPOBOAUTHCS BUOIp MapaMeTpiB HUPPOBUX
4aCcTOTOMIPIB ISl PI3HUX PEKUMIB POOOTH; METOAW aHaiizy (GopMHU Ta CIEKTpa
€JICKTPUYHUX CHUTHANIIB; OCHOBM Bi3yamizamii mpoieciB. I[lpoctuit ocuumorpad,
CTPYKTYpHY CXEMy, TPOIIECH, OpTaHHW YMPaBIiHHS;, OIIHKY TIOXHOKU pEe3yJbTaTiB
ocruiorpad@iyHMX BUMIPIOBaHb; SIK BUKOPHUCTOBYBATH OCIHUJOTpad ISl TOCIIIKEHHS
dbopmu curHaniB. Buau posroprok ocumiiorpada ta iXx CMHXpoHi3alii. BumiproBaHHS
€HepreTUYHUX 1 YaCOBUX MapaMeTpPiB MPOIIECIB.

- YmiTm: KopuCTyBaTHCS eKCIUlyaTaliiiHOO JnokymeHrtauiero Ha 3BT,
aHali3yBaTh CTPYKTypHI Ta ¢yHKuioHaneHl cxemu 3BT, npencrasmstu Qopmu
CJIEKTPUYHHUX MPOIIECiB, BU3HAYATH 3aCTOCOBAHI MPHUHIUIK Ta METOIW BUMIPIOBaHHS,
BUOMpPATH ONTUMANBHI PEKUMHU POOOTH. BUKOPHCTOBYBaTH €MEKTPOHHUN ocmiorpad
Ui JTOCHI/DKEHHST (OPMHU Ta BUMIPIOBAHHS EHEPreTUYHHMX 1 YacCOBUX MapaMeTpiB
CJIEKTPUYHHX TPOIIECIB.



Beryn

MeTo1o JaHOTO METOJIMYHOTO KEPIBHUIITBA € 3aJTyY€HHS CTYACHTIB JO 3HAHb IPO
OCHOBHI TIOJIOXKEHHSI Jep>KaBHUX CTAHAAPTIB, SKI 3a0€3MeUy0Th €IHICTh BUMIPIOBaHb,
METOAM Ta TIPUAOMU TIepeBipkHM 3aco0iB  BuMmiproBaibHOI  TexHiku (3BT),
BUKOPHCTOBYBAHUX JUIsI BUMIPIOBAHHS YaCTOTH Ta YaCOBUX 1HTEPBaJIiB 1H(HOCUTHAIIB.

MeronuuHe KEpIBHUIITBO MICTHTh KOPOTKI BIZIOMOCTI Tpo IMudpPoBi crocodu
BHUMIPIOBAHHS YaCTOTH Ta YaCOBUX 1HTEpBaJiB. TyT TakoX MOJaHI OCHOBHI BIJOMOCTI 3
METpPOJIOTIYHOTO 3a0e3neueHHs Bkazanux 3BT.

KepiBHUIITBO MICTUTh METOJUYHI BKa31BKHU JI0 JBOX JTAOOPATOPHUX POOIT, a TAKOK
IHAWBITyaIbHI 3aBIaHHS MJIs CTyACHTIB. [liAroToBKY 10 JAPyKYy METOJAMYHOTO
KEpIBHULITBA AaHTJINCHKOI0 MOBOIO ISl CTYIEHTIB «TeXHIYHOI emTu» 3I1HCHIOBAIU
noueHT CeniBanos ILII. Ta Buknanay XKmypxo 10.B.

Y JnopaTkax moJaHi BIIOMOCTI MpPO METPOJIoTiuHi Xapakrepuctuku 3BT,
BUKOPHUCTOBYBAHUX Yy JIaOOpaTOPHUX POOOTAxX 1 MPU BUPIIICHH] MPAKTUYHUX 3aBaHb.

3araJjbHi BizoMocTi

BuMiproBaHHss 4acTOTM Ta YacOBMX IHTEPBAJiB, IO € IapaMeTpamMu 3MIHHOI
HAIpyru eNEeKTPUYHOIO CUTHANy, Y TOMY YHCII W 1H(QOpMAIiHOrO, - OJAWH 3 BUIIB
BHMIPIOBaHb, SIKI HAWYACTIIIE 3yCTPIYAIOThCSI.

Ile mosicHIOETBCSA, B Tepury  4epry, JyKe€  BHCOKOI  TOYHICTIO
YaCTOTOBUMIPIOBIBHUX TpPHIAiB, HenocspkHoro ans iHmux 3BT. Kpim Toro, B
MPUCTPOSIX 3B'A3KY 1X YAaCTOTHA XapaKTEPUCTHKA - 11€ XapaKTePUCTUKA, B K01 Oarato
B YOMY 3aJIC)KUTh HECITOTBOPEHA Tepeaada inpopmaitii.

He MeHII BaXJIWBUM € KOHTPOJb 3a CTaOUIBHICTIO YacTOTH, HANpUKIAZ, B
npuiiManbHO-TIepeAaBaIbHUX MPUCTPOsiX. OCKUIBKM YacToTa 3B'si3aHa 13 IIBUJKICTIO
3MiHM ¢a3u HaNpyrd CHUTHAIY, TO, OYEBUJIHO, KOHTPOJb YaCTOTH HEOOXIMHHWH 1 JJIs
00J11Ky (pa30BUX CIIOTBOPEHB, OCOOIMBO Ha Jy’KE€ BUCOKHX YaCTOTaX.

I, mapemTi, nepeBipka, arectaiis Ta kamOpyBaHHs iHmUX 3BT BinOyBaeTbcst B
MEeBHUX TOYKAX YACTOTHOTO Jialla30Hy, 110 BUKIUKAE HEOOXITHICTh Y X011 IPOBECHHS
BKa3aHUX Ofepalliii TOYHO BUMIPIOBATH YaCTOTY.

Jliama3oH 4acTOT, BUKOPUCTOBYBAHUX y TEXHIIl 3B'SI3KY, MPOCTITAETHCS B[ J10JIb
repi 10 JECATKIB rirarepil. SIKII0 BUKIIOUYUTH MPOMHUCIOBY YacTOTy CTPYyMY, TO BECh
CHEKTP YMOBHO MOKHa pO3AUIMTH Ha M'ATh [lana3oHiB: 1H(PPa3BYKOBI YaCTOTH
- amxde 20 I'm, 3BykoBi yactotr — Bix 20 't mo 20 kI'1r, Bucoki wactotu — Big 20 xI'1x
no 30 MI'n, ymerpaBucoki wactotu — Big 30 mo 300 MI'm i HagBHCOKI YacTOTH
- Bumie 300 MI'. Bepxusi Mexa BUKOPHCTOBYBaHUX YacTOT Y MPOLEC] PO3BUTKY HAYKH
1 TexHikM  Oe3mepepBHO  MIABUUIYEThCS 1 B  JaHUM  4Yac  NEPEBHILYE
300 I'Tw.

YacToTy eneKTpOMarHiTHUX KOJIMBaHb 3pYYHO BUPAKATH Yepe3 JOBXKHUHY TUIOCKOI
XBUJI1 Y BUTBHOMY ITPOCTOPI A Ta nepion 7.

i Bemm4uHYU 3B's13aH1 MK COOO0I0 MMPOCTUMHU 3aJICKHOCTIMU:

f=c/k, f=1/T’ (1)



ne f—yacrora, ['1;

¢ — MBUAKICTh PO3MOBCIO/KCHHS €JIEKTPOMAarHiTHUX KOJIMBaHb, M/C;

A — TOBXKMHA XBUJI1, M;

T — mepioa KOJWBaHHS, NapaMeTp MEPIOJMYHOIO CHUTHANY, SKUM XapaKTepusye
1HTEpBaJI Yacy, yepe3 IKHil TOBTOPIOIOTHCS HOr0 MUTTEBI 3HAYCHHS, C.

IBUAKICTE PO3MOBCIOKEHHS EJIICKTPOMArHITHUX KOJUBaHb 3aJICKUTh  BIJl
napameTpiB CEPEIOBHUIIA, B TKOMY BOHU PO3TIOBCIOKYIOThCS:

1e |, — abCoJII0THA MarHiTHA MPOHUKHICTB;

Ha = Holt;

€, — aOCOIOTHA JIICICKTPUYHA TPOHUKHICTB; €, = & - &;

Jlnst Bakyymy Lo = 47-107 Tu/m; gy = 8,852-107°®/m, Toxi ¢p = (299792,5 + 0,3)
KM/C.

Tyr p 1 & BigHOCHa Marf”iTHa 1 Ji€JIGKTpUYHA TMPOHUKHICTh CEPEIOBHUINA,
BIIITOBIIHO.

Hampuknan, MBHAKICTE PO3MOBCIOHKCHHS EJIEKTPOMArHIiTHUX KOJHMBAHbL Y
Ka0essix 3B'SI3Ky 3aJIEKUTH BIJ L, 1 €, BXUBAHOIO B HBOMY JI1€JIEKTPHUKA.

JIIsi XapaKTEePUCTHKU EICKTPUYHUX KOJWBAaHh MOXHA BHUMIPIOBATH YacTOTy f,
nepion 7' ad0 AOBXKHHY IUIOCKOI XBWJII Yy BUIBHOMY HpPOCTOpl A. Y TEXHIIl 3B'A3KY
Maif’)ke 3aBXKJIM BUMIPIOETHCA YACTOTa, pIAINIE - MEpioJl KOJMBAHHS, 1 JIMIIE Ha
HAJIBUCOKMX YacTOTaX BHUMIPIOIOThCA 1 4YacToTa 1 JOBXKMHA xBwWii. Haifuacrime
BUMIPIOIOTH CEPEHIO YaCTOTY 3a Yac J140u:

f =N/ Tniq, (2)

ne N — 9ucJo nepiojiiB KOJIMBaHHS,

T’ — 9ac miubu (4ac BUMIPIOBAHHS).

BuMiproBaHHSIM 4acCTOTH KOPHUCTYIOTHCS MPU IPaJAyIOBaHHI IIKaJI BUMIPIOBAIBHUX
rEHEpaTOpiB  paJIONPUUMAIIBHUX 1 pajiionepeaBaibHUX MPUCTPOIB 3 IUIABHUM
MEePECTPOIOBAHHSIM YaCTOTH Jl1alla30HY; BUSHAUYCHHI PE30HAHCHUX YaCTOT KOJMBATBHHUX
KOHTYpPIB 1 pI3HUX PE30HATOPIB; BU3HAYEHHI CMYTH NPOMYCKaHHS QUIBTPIB 1
YOTUPHUIIOIIOCHUKIB; BUMIPIOBaHHI 200 KOHTPOJI1 BEJIMYMHU BIAXHUJICHHS YaCTOTH BIJ ii
HOMIHQJIBHOTO  3HAY€HHS, BJIACTUBOrO JaHOMY HPUCTPOIO, -  PaJlOCTaHIII],
F€HEPATOPHOMY YCTAaTKyBaHHIO CHUCTEMM VIIUIbHEHHA 1 Take 1iHme. [llupoxke
3aCTOCYBaHHS O€3IMONIYKOBOIO 1 HEHACTPOIOBAHOTO Pajl03B's3Ky, OaraTOKaHAJIbHOTO
BUCOKOYACTOTHOTO YIIIJILHEHHS, CYNyTHHUKOBOTO, a TaKOXX MOOIIBHOTO 3B'SI3KY
BUSIBUJIOCS] MOXKJIMBUM Y PE3YJIbTaTl PO3BUTKY METO[IB TOYHOTO BUMIPIOBaHHS YaCTOTH.

B ninomy, moxuOka BUMIPIOBaHHS YacTOTH 3aJa€ThCs B abcomoTHUX Af, abo,
qacTile, y BITHOCHUX BenuuuHax Af/f. Jlomyctuma Benu4MHA MOXUOKH BU3HAYAETHCS
HECTaOUTbHICTIO BUMIPIOBAHOI YaCTOTH 1 MOBHMHHA OyTH MEHIIE Hei, mpuHalMHI, B 5
paziB. Hanmpukian, Ko BiIHOCHA HECTAOUIBHICTh YaCTOTH PaJIIOCTAHIIIT piBHA 107, To
BIJIHOCHA MOXMOKAa BUMIPIOBAHHS HE MOBHHHA TEPEBUILYBATH 2-107°. [Tpunan, sxwuit
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3abe3rneuye MOTPIOHY TOYHICTh BUMIPIOBaHb, MIOBUHEH MOBIPATUCS 3a JOIMOMOTOIO IIIE
TOYHIIIOTO MPUCTPOIO, MOXHOKA SIKOTO B JAHOMY BHUIIa[Ky HE MOBHMHHA MEPEBUINYBATU
4-107. TToxubKka BHMipIOBaHb HM3BKMX 4YACTOT, 3BHYAMHO, MPHUITYCKAEThCS 3HAUHO
oinpme — (1 ... 2)%, 3a BUHATKOM YacTOT, BXXKMBAHMX Y TOHAJbHIN Tenerpadii ta
nepeaayvi JaHuX.

Jlyisi BUMIpIOBaHHSI 4acCTOTH BUKOPUCTOBYIOTH 3BT, siki Kiacu(dikyrOThCS TakuM
YIUHOM:

Yl — crangapTy 4acTOTH Ta 4acy;

Y2 — yacToTOMIpH pE30HAHCHI;

U3 — yacTOTOMIPH €JIEKTPOHHO-JIIUUIIBHI;

Y4 — yacToTomipu reTepoMHHI, EMHICHI Ta MOCTOBI;

U5 — CMHXpOHI3aTOPU YaCTOTH Ta MEPETBOPIOBAYl YaCTOTU CUTHAIY;

U6 — cuHTE3aTOPH YaCTOTH, MOAIJILHUKU Ta TOMHOXYBayl YaCTOTH;

Y7 — mpuiiMadi CHTHAJIIB €TaJOHHUX YacTOT 1 CHTHAIIB 4Yacy, KOMIIapaTOpH
yacTOTHI ((ha30Bi, 4aCOB1) Ta CHHXPOHOMETPH;

Y  BuUMIpIOBaJbHUX MpUaZaX 4YacTOTH, SK MPaBUIO, BHUKOPUCTOBYIOThH
BHUCOKOCTAOUIbHI KBAapIIOBI T'€HEPATOPH SIK €TAJOHHY MIpy, IS SIKMX PO3PI3HSIOTH
KOPOTKOYAcCHY Ta JOBroTpuBaidy HecTabuibHOCTI. KopoTkouacHa HECTaOUIBHICTh TaKUX
reHepaTopiB 00yMOBIIEHAa TEIUIOBUMH ITyMaMH KBapIlOBOTO Pe30HATOpa Ta €JIEMEHTIB
reHepaTtopa 1 JApoOOBUM IIyMOM TpaH3ucTOpiB. KpiM TOoro, Ha KOpPOTKOYacHy
HECTAOUIbHICTh BIUIUBAIOTh HECTAOIBHICTD JKUBJISTUOI HAIIPYTH Ta BiOpaiiii.

JloBrorpuBana HeCTaOUIBHICTh BH3HAYAETHCA, TOJOBHUM YHHOM, CTapIHHAM
KBapIOBOI'O pE30HAaTOpa Ta 3MIHOI0 HOro MEXAaHIYHUX BJIACTUBOCTEW MiA €10
NecTallmi3ylouuX  YWHHMKIB:  BOJIOTOCTI, THCKY, BIOpamii Ta paaiamiiHoro
ONpPOMIHIOBaHHs. J{J1 3MEHIIEHHs 1ecTa0uII3yI040i /11 BOJOrOCTI Ta TUCKY KBapLOBUI
pE30HATOp PO3MIMIYIOTh y BaKyyMHOMY OajioHl. XapaKTepHI TpaHU4YHI 3HAYCHHS
BIJIHOCHOI ~ TMOXMOKM  BIATBOPEHHS  YacTOTH, OOYMOBIICHI  JIOBFOCTPOKOBOIO
HecTabiIbHICTIO, cKIanaoTh Bix 10 3a no0y 1o 5 107 3a pIK eKCIuTyaTarlii, a B JeIKuX
puiaax e MeHIIe.

BumiproBanHs yacTtoTu iH(ocurnaasy uuppoBum cnocooom

B nanwii yac uudpoBuii cnoci6 HabyB HaiiOUIbIIOr0 omMUpeHHs. Ha iioro ocHoBi
noOy/ioBaHa BEJIMKA YAaCTUHA YaCTOTOMIPIB, Kl BUITYCKAIOThCS MPOMUCIOBICTIO. SK
MpaBwyio, B HUGPOBOMY 4YaCTOTOMIpI mepeadadueHa MOXKJIUBICTH BUMIPIOBAHHS HE
TUIBKM YacTOTH, aje 1 Mmepiojly MOBTOPEHHS 1 4acoBHX iHTepBadiB. [leski mpunaau
MOXYTh BUMIPIOBATH U 1HIII MTapaMETPU CUTHAJIB 1 KU, 3a3/aJIeriib NEePETBOPUBIIHN 1X
y 4acoBui 1HTEepBas a00 B 4acTOTy. TakuM 4MHOM, IIU(POBI YACTOTOMIPU € XOPOIIIOIO
OCHOBOIO i1 TOOYJI0BU OaratopyHKIIOHANIBHUX NpWIaaiB. 30KpeMa, HU(POBUM
€JIEKTPOHHO-TUMILHUM vacToToMipoMm (EJIY) MoxHa BHUMIpIOBaTH YacTOTy, MEpiof
CUTHAITy, BIAHOIIEHHS, PI3HUIIIO, CYMY YacTOT TOIIO.

B ocHOBYy po60oTH HH(PPOBUX YACTOTOMIPIB MOKIAACHUN MPUHIUI JAUCKPETHOI
JYOM: MAPaxXyHOK KIJBKOCTI IMITYJICIB 32 TIEBHUH MPOMDKOK 4Yacy, SIKUM Mae 6arato
nepesar. JIo HUX BIAHOCSATHCS: IIMPOKUMA Jiara3oH BUMIPIOBaHb, BUCOKA TOYHICTH 1
3aBaJIOCTINKICTh, MOXJIMBICTh BHJIaul PE3yJIbTaTIB BUMIPIOBAHHS Ha JIPYK 1 TaKe 1HIIIE.
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BumiproBaHHsT ~ 4acTOTHM  3JIMCHIOETbCS  MPSAMHM  TMOPIBHSHHSM  YacTOTH
JOCIIAKYBAaHOTO CHTHAly fo 13 3HAYEHHAM 3Pa3KOBOi YaCTOTH fia, CTBOPEHOIO
KBapIlOBUM T'€HEPATOPOM, y KOCTI Mipu. HaitO11bpI oNTUMANbHUM B TUTaH1 3MEHIIIEHHS
NOXUOKHM pe3yJIbTaTy BUMIPIOBAHHS LIeW pEeXUM OyJe 3a YMOBH, SIKIIO BHUMIpIOBaHA
yacToTa y 0araTo pasiB IEPEBUIILYE YACTOTY 3Pa3KOBOTO CUTHAIY.

VY 1mpomy pexxumi NEpioJUYHUI CUTHAN 3 YacTOTOIO f. MOJAEThCA HAa YaCTOTHUMU
BxiJ 1 (puc. 1). [Ticnst BxigHoro npuctporo (1) gociiKyBaHUl CUTHAT MOCTYIA€E Yepes
KoMyTatop (2) (KoY KOMyTaTopa 3HAXOJUThCS B MOJIOKEHHI 1) Ha mepeTBOproBad
aHajoroBoro curHainy B auckpetHuid (3). Tyr mocnipKyBaHMil CUTHal (HANpUKIAL,
CUHYCOIJJaTbHUN) TIEPETBOPUTHCA B MEPIOJUYHY MOCHIIOBHICTh KOPOTKUX IMITYJIbCIB
(puc. 2). Okpemi IMOYJbCH IIi€T MOCTIOBHOCTI MOXKYTh OyTH c(pOpMOBaHI B MOMEHTHU
Mepexoqy CHUHYCOiJaThbHOTO CHUTHATY Yepe3 HYJIhOBHUH PiBEHb 3 TMOXITHOI TOTO XK
3HaKy. TakuM 4YMHOM, 4acTOTa MPOXOHKEHHS LMX IMIYJbCIB CHIBMNA/NA€ 3 YACTOTOIO f;
BUMIPIOBAHOTO CUTHANY. J{asi 1151 MOCTiIOBHICTh IMITYJIBCIB ITOCTYIIA€ HA OJIMH 13 BXO/IIB
gacoBoro cenekTopa (4). Ha iHmumii BXiJ 4acOBOro celeKTopa MoJa€ThCs, TaK 3BaHUM,
cTpoOyrounii  iMmysbe. @DopmyBaHHA CTPOOYIOUOTO IMIYJbCY BITOYBA€THCS B
yIOPaBISIOYOMY KaHali, B SKOMY Hampyra 3pa3KoBOi 4YacTOTH, fKa T'€HEPYEThCS
KBaplIOBUM T'E€HEpPaTOpOM, IMOAAEThCs uepe3 KomyTraTop (8)(Kiou KoMyTaTopa
3HAXOAUTHCS B MOJIOXKEeHH] 1) yepe3 Onok AineHHs yactotu (9) Ha popmyBay (10).

1 2 3 1 11
. 1 a e, r
Bxitl — = 1§ T & e
Q LTTH]
B
5 6
G _1L| f
% fm
7 3 9 10
. 1 I bnox
Bxig2 - 0. o [ .
e nb 52 fin VIIPABIIHHA

Pucynok 1 — CtpykrypHa cxema EJIY

Ha puc. 2 nonaui emtopu Hanpyru EJIY, ki HA0YHO MOKa3yl0Th CYyTh LIU(GPOBOTO
crioco0y, SIKMH 3BOJMUTHCS A0 MiAPAXyHKY 4YHCIa IMIyIbCiB N, SIKi MOCTYIMAaKOTh Ha
paxynkoBui 610k (11) 3a yac, mo gopiBHIOE Ty, Ha3Bauuh «YHAC BUMIPIOBAHH1»
a6o «HAC JITYBN».

ToOro:

N="t_7 . ,
=T fa (3)

e fo, — AliCHE 3HaYEHHS BUMIPIOBAHOT YaCTOTH.
Takum 4rHOM, YacTOTa JOCTIIKYBAaHOTO CUTHAITY BU3HAYAETHCS BUPA3OM:
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N
fc;[_T_’ (4)

g

Ae T niy = T KI*
[Ipu BuUMIpIOBaHHI B paxyHKOBHUI OJIOK mOCTynuTh (N+1) iMImynbCc 3a paxyHOK
JTYMCKpEeTH3allii, Toal

Jasa =—> (5)

Ac Tniq = nTKF;
T — mepio KOJIMBaHb KBapIIOBOTO T'€HEPaATOPA;
n — KoePiieHT AijeHHS 4acToTH (010K 9).

H (1)
) N AN AN AN AN A
VARVERVERVERVERV "
Hiny
6 | [
 §
i Te
B)
t
# (D) i
ol | | [ [ |
 §

Pucynok 2 — Entopu Hanpyru B pexKuMi BUMIPIOBAHHS YaCTOTH

[Ipu BuMiproBaHH1 4acTOTH 3a jgornoMororw EJIY maroTh Miciie ABI MOXUOKU: MipH
(32 paxyHOK HeCTaOUIbHOCTI YacTOTHM KBapILIOBOTO TIeHepaTopa) Ta TMOpIBHSIHHS (3a
pPaxyHOK JUCKpETH3allii).

VY cyyacHux HHU(POBUX YACTOTOMIpaxX 3aCTOCOBYIOTHCS KBapIOBI T'€HEPATOPU 3
BifHOCHOIO HecrabimbHicTI0 wactotn mopsiaky + 107'°..107"%. TloxuGka mopiBHSHHS
BU3HAYAETHCS, TOJIOBHUM YMHOM, MOXMOKOIO JUCKPETHOCTI, TOOTO 0OyMOBJIEHA THUM,
mo ¢GpoHT 1 cmajx Kepyrwdoro(ctpoOyrdoro) IMMOyJbCy, HE CHHXPOHI30BaHI 3
MOMEHTaMHU TMOSBU IMIOYJbCIB MEPIOJUYHOT  MOCIIOBHOCTI, C(POPMOBAHOI 3
JOCJIIIDKYBAHOTO CHUTHaJIy a0o0, IHIIUMHM CJIOBaMH, I MOXHWOKa IMOB’sA3aHa 3 HE
KPATHICTIO MEPi0/1iB BUMIPIOBAHOTO CUTHATY Ta 3pa3KOBOTO.

MaxkcumasnbHe 3Ha4eHHs a0COMIOTHOT MOXHMOKHM TUCKPETHOCTI Ay:

Ay =fraa —Jfua = - =% . (6)
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BoHa He 3ajeuTh BiJl YaCTOTH JOCIIKYBAaHOT'O CHUTHAIY 1 BUpaxaeTbcs B I
3MCHIIMTH 3HAYCHHS a0CONIOTHOT TMOXWMOKM MOXHA 3a PAaXyHOK 30LIBIICHHS Yacy
BUMIpIOBaHHA Iyiy. MiHIMalbHEe 3HaueHHSA Ay MOXe OyTH OTPUMAaHE INPH I iy pospaxs
00yMOBJICHOMY OOMEXEHHsIM Ha paxyHkoBuit 010k EJIY, To6TO

N =107 -1, (7)

ne g — uucio pospanis EJIY.
Toni, 3 ypaxyBaHHsAM (4)

Tp03pax = (10q - 1)/fczl (8)

MakcuMalbHe 3Hau€HHS BITHOCHOI MMOXUOKU JTUCKPETHOCTI BUSHAYAETHCSA BUPA30OM
1
Tt ©)

ne N — 4ucio IMIyJbCiB, IO MOCTYNWIN B paxyHKoBul 6s0k EJIY.
CyMapHa noxu0ka BUMIPIOBAHHS YaCTOTH

By = /82 +8% (10)

1e O, — CKJIaJ0Ba MOXUOKH, BHECEHA MIPOIO (KBapIIOBUM T'€HEPATOPOM).

[TonoxxeHHsT JeUUMAalIbHOI KpamKd B peE3yJbTaTi BUMIPIOBAHHS BU3HAYAETHCS
CTYNEHEM PSY YHUCEN, SIKI BUPAXKAIOTh Yac BUMIPIOBAHHS T,y Y MUIICEKYHAX, 3BIIKH
CHIAy€ ONWHUI BUMIPIOBaHHS 4acTOTH «KI'Ii», 110 1 BKa3aHe Ha JUCIUIEl YacToOToMIipa.
Lleit psig yncen BUMIISAAE TaK: 1 g = (100; 101; 102; 103; 104) MC.

[Micns o6uncneHHs Tyiy pospax BUOUPAIOTH 13 BKA3aHOTO PARY Iy, JOTPUMYIOUUCH
HACTYITHUX YMOB:

- AKIO Ty pospax = 10*Mmc, TO BUOUPAIOTH Ty = 10*mc;

- sgxmo 10*Me> T, pospax > 10°mc, TO BUOUPAIOTH Ty = 10° mc 1 Tax mai.

Pesynbrar Ha qucniei EJIY, sk yka3yBanocs, nogaerscs B KI 1.

Hpuxnan. Yacrora gocmimxkyBaHoro curHany aopiBHioe 650 k[, BumiproBanus
npooauthes EJIY Ty U3-57. Moro ocHoBHI MeTpostoriuni xapakTepuctuxu (MX):

- mianasod BumiproBaHHs yactotu 0,1 I'm + 100 MI't;

- Jlama3oH BUMIpPIOBaHHS nepioay 1Mkc + 104MC;

- uac miu6u 10" + 10" mc;

- MHOXHUK Iepioay 10° = 104;

- witku yacy 0,1 mkc; 1 mxc; 0,01 mc; 0,1 mc; 1 Mmc;

- YHCJO pO3psIiB — 7.

HeoOxigno BuzHauuTH: 7}, Ay 1 Oy 1 3aIIMCATH PE3YJIBTAT BUMIPIOBAHHS.
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Po3zé’sa3anns.
Buznauaemo:

10°-1_ 10" -1

T. = -
J1iy po3pax f 650 . 103

~15¢=1,5-10*mc.

3 ypaxyBaHHSM BHIIE3raJaHUX peKOMeHaariit Buoupaemo Iy, = 10*mc = 10c.
AGcoinoTHa moxuoKa:

1 1
A, =t—=%+—=201I"11.
N Tnil{ 10 u
BignocHa moxuOka AUCKPETHOCTI:
8N=J_ri=1r Ly 13 ~1,5-107".
N T f T. ~650-10°-10

Tyt f.—BI'1; Ty — B CEK.
Pesynbrar Ha gucmiei: 650,0000 1.

[Ipu BuMIpIOBaHHI HM3bKMX YacTOT MOXHMOKAa JUCKPETHOCTI € BHU3HAYAJIBHOIO B
CKJIaJi TOXWOKW BUMIpIOBaHHSA. Hampukian, SKII0  BHMIPIOEThCS — 4YacTOTa
fe=5Tunpu Ty, = 1 ¢, MakcuManbHe 3HAYEHHS aOCOIIOTHOT MOXUOKHU TUCKPETHOCTI
Ay = %1 T'ml, a MakcuMaibHE 3HAYCHHS BITHOCHOI IMOXHMOKH CKIIaae 9, :i%:i%,
100TO 20%, 1110 HEMPUITYCTUMO BEJIUKE.

Takum YWHOM, 13-32 BEJIMKOI TMOXUOKH JUCKPETHOCTI HM3bKI YacTOTH
0e3mocepeTHbO BUMIPIOIOTHCS ITU(PPOBUM YaCTOTOMIPOM 3 HEBUCOKOIO TOUHICTIO. Tomy
3HAXO/XKEHHsSI CIoCcO0y 3MEHILIEHHS BIUIMBY MOXUOKHM JMCKPETHOCTI Ha pe3yJbTar
BUMIPIOBAHHS 3aBXK/IU MPEACTABIISUIO OJIMH 3 BAKIUBUX HANPsIMIB po3poOKku nudpoBoi
4aCTOTOBUMIPIOBAJILHOI TEXHIKH.

[Tepmuii criocid oueBUAHUMN: BiH 3BOJUTHCS 110 301IBIIIEHHS TPUBAJIOCTI «4aCOBHUX
BOPIT», TOOTO TPHUBAJIOCTI Yacy BHUMIPIOBaHHS. AJie MOXJIHMBOCTI TaKOro CIIOCO0Y
oOMEXeHl, OCKUIbKM B 3BHYAWHUX UUQPPOBUX YACTOTOMIpax (sIKI HE MICTATh
MIKPOMPOLIECOPH) MAKCUMAIILHO MOXJIMBA TPUBAIICTh Yacy BUMiptoBaHHs 1y, = 10 c.

Hpyruii cnoci® 3BOAUTHCS 10 30UIBIICHHS YWCIA IMIYJbCIB, SIKI 3alOBHIOIOTH
«4aCOBI BOPOTa», MO OCSATAETHCS MHOKEHHSIM YacTOTH JOCHIDKYBAHOTO CHUTHAIY.
[Ipu upoMy MakcumandbHa aOCOJIIOTHA MOXMOKAa HE 3MIHIOETHCS (SKIIO HE3MIHHA
TPUBAIICTh «YAaCOBUX BOPIT»), alie 3MEHIIYEThCS BiAHOCHA MOXMOKa (y 4MCIO pa3iB
MHOXXEHHS1). 3JIACHEHHs] JaHOTO Croco0y TOB'Si3aHE 13 3aCTOCYBaHHSM J10JAaTKOBOTO
0JIOKY - IOMHOXYBay4a YaCTOTH, L0 YCKIIAIHIOE 1 3I0POXKYE arapaTypy.

Tpetit cmoci0, sKuii BpaxOBY€ BHUIIAJIKOBY IPUPOAY IMOXUOKH JUCKPETHOCTI,
INPUITYCKa€E MPOBENCHHS 0OaraToOKpaTHUX CHOCTEPEKEHb (OAMHUYHHX BUMIPIOBAHb) 1
yCcepeHIOBaHH iX pe3yabTaTiB. Lle ehexTuBHMIA MIISIX 3MEHIIIEHHS BIUIMBY BUIIAJKOBO1
NOXUOKH Ha Pe3ybTaT BUMIPIOBAHHS.
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YerBeptuii cmoci6 monsrae B Oe3locepeHbOMY BHUMIPIOBAHHI  TEPIOAY
JOCTIDKYBAaHOTO CUTHANY 3 MOMAIBIIMM OOYUCIICHHSM YHCIIOBOTO 3HAYEHHS YacCTOTH
(f. = /T, ), 3BOPOTHBOTO pe3yJbTaTy BUMiproBaHHS niepioay. Lleit musx mo3Bossie pizko
3MEHIIUTH MTOXUOKY JUCKPETHOCTI MPU BUMIPIOBAHHI HU3bKUX YaCTOT.

BumiproBanns intepBany yacy (nepioay) ingocurnasasy

Y  nmaHoMmy pexumi  BiOYBA€ThCA MOPIBHSAHHS  BUMIPIOBAHOIO  MEPIOAY
JOCHIIIKYBAaHOTO curHaity 7. 13 3pa3koBHM iHTepBajioM uacy. Ilpu 1mpoMy cursan
nogaethcs Ha BXxia 2 EJIY (puc. 1, karou B mojokeHH1 2) 1, Aaji, MCas BIAMOBIIHOTO
nepeTrBopeHHst B 6s1okax (7), (8) 1 (9) uepes 6mok ynpasininas (10) mogaeTbecs Ha Apyruid
Bxi1 cenektopa (4). Y oOmomt (10) 3 mocnipkyBaHOro curHainy (opMmyeTbes
MPSMOKYTHUH CTPOOYIOUUH IMITYJIbC, TPUBAIICTH SKOTO CHIBMA/A€ 3 IEPIOJOM CUTHATY
abo KpaTHa HoMmy.

Hampyra 3pa3koBoi 4acToTH BijJ KBaplioBOro reHeparopa (5) yepe3 MOMHOXKYBay
yacTtoTu (6), komyTaTop (2) (MOJ0KEHHS KJI0UYa KOMyTaTopa - «2»), neperBoproBau (3)
1 JaJTi MOAA€EThCS Ha MEPUINH BX1J 4aCOBOTO CEJIEKTOpA.

Emropu Hanpyru, mio nosicHooTh podboty EJIY B pexxumi BUMIprOBaHHS TEploiy,
nojani Ha puc. 3. 3 HUX BUJHO, IO MEPIOA JOCIHIKYBAHOTO CUTHANYy BU3HAYAETHCS
BHUPA30OM:

ne T, — nepioJ 3pa3koBOro CUrHaity (MITKHU 4acy);
N — aucno mitok, EJIY, siki mocTynuiv B paxyHKOBHI1 OJIOK;
1 — MHOYKHHK TIepioAy (111 JaHOTO BUMAAKY 7 = 1).

Yac mi40u BU3HAYAETHCS BUPA3OM:

Thy=nT,=NT, (11)
T
q) = .
) HT¢ U t
H(ﬂk
B) | =
Tm=T
Hiny "l
ﬁ)IHI [ I I e
L™ 4
Hin T
1')l1||ll|||||IIIIIII -
ﬂ, 4

Pucynok 3 — Entopu Hanpyr B peKuMi BUMIPIOBAHHSI IEPI0TY
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PesynpraT Ha aucniei EJIY, sk npaBuiio, BUPaKaeThCs B OJIUHUIITX BUMIPIOBAHHS
BUOpPaHOi «MITKH 4acy» (MC a00 MKC).

[TonoxeHHs qenuMaIbHOI Kpanky MpU bOMY 3aJI€KUTH 1 Bl 3HAYEHHSI MHOKHUKA
nepiofay, 1 Bil YUCIOBOTO 3HAYEHHS MEeP10Ty YaCOBOT MITKH.

[ToxuOka BuUMiptoBaHHS Tiepiony 7, CKJIANaeTbCAd 3 TPbOX CKIAJOBUX: MOXUOKU
MIpH, TEpeTBOpeHHS Ta TopiBHAHHA. [loxubOka Mipu o0OyMOBJI€HAa BIJHOCHOIO
HECTaOLIBHICTIO YACTOTH KBapLOBOrO TreHeparopa o, = 5-(10°+10"%). IMoxubka
IIEPETBOPEHHS Oyep O0YMOBIIEHA, TOJOBHUM YMHOM, BiJHOLNIEHHAM HANpPYId CUTHAIy Ta
NEPEIIKO/IM, 1110 BIUIMBAE HA (POPMYBAHHS IMITYJIbCY, IO YIPABISIE, 1 BUBHAYAETHCA 3
BHpa3y (popmyna CimricoHa):

b
T-n

U
S = (12)
N

JIe 1 — YUCJI0 3MIPSHUX MEPI0JIiB CUTHAIY;
U, — cepeTHbOKBaIpaTUYHE 3HAUCHHS HAIIPYTH 3aBaJIU;
Uc — cepeIHbOKBaIpaTUYHE 3HAUCHHS HAIPYTH CUTHATY.

U : ) .
SIkmro ZOlgUC—: — 40 1b 1 n = 1, TOA1 Opyep = 0,3%, sixkmo n = 100, Tomi
N
Onep = 0,003%.
[ToxnOka nopiBHSIHHSA OOYMOBJIEHA TOXUOKOIO AUCKPETHOCTI.
AOCOJIIOTHA Ta BIJHOCHA ITIOXUOKHU, BIJAIIOBIIHO

NzxI)- T, N-T, T
Ay =T _Tc'ei:( AL —=t—, (13)
n n n
T,
§y=torop n__yl (14)
T, ~N-T, N

CyMapHa BiJHOCHA MTOXMOKa BU3HAYA€THCS 32 (POPMYIIOI0:

8y =03 +0%, +0% .

Jlist BUOOpPY ONTHUMAJIBHOTO pEeXUMYy POOOTH 3 MHOrJAAYy MiHIMI3alli MOXUOKH
PO3IISIHEMO HACTYIHUM NPUKIIA.

Ipuknaa. HeobxigHo BumiproBatu curaai yactorow f. = 100 I'u, (7, = 102 ),
THUM K€ 4aCTOTOMIPOM.

Busnauutu: Ay, Oy, BUOpaTH n, T,, 1 3aniucaTt pe3yJbTaT BUMIPIOBaHb.

Po3zs’azanns.

Bubupaemo nepioa MITKHU (K MPaBUI0, MIHIMAJIbHE 3HAYCHHS)
-7
T,=0,Imxc =107 c.
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3 ypaxyBaHHSIM OOMEKEHHS Ha paxyHKOBHUH OJIOK BETUYMHA MHOXKHHKA 711 TIEPIOLy
CUTHAIIY:

N-T, (10"-D107’

M

T 1072

C

=10>-10"<10%.

n=

Ockinbku 10 <n <10%, 3HaYeHHS MHOKHHUKA Tepioqy 6epemo n = 10.
3anucyemo pe3ysbTaT BUMiproBaHHs niepioay Ha aucruiei: 10000,00 mkc.

AOCOIIOTHA TOXUOKA

-7
Ay=tluo4 0 _si07e.
n 10
BigrocHa noxubOka
1
6N =iﬁa
n-T. 10-107
N=—-=:= =10°
fic T, 107 ’
1 _
SN =iW=i10 6

BumiproBaHH# BiTHOIICHHS YacTOT iHPOCUTHAIIB

VY pexumi «BIJJHOIIEHHS YACTOT» Hampyra BUINOI 4acTOTH, IMOJAAETHCSA HA
BX1J «l» (TOJIOKEHHS KiIroYa Ha KomyTtartopi «1» puc. 1). ¥V kanam us Hampyra
NEPETBOPUTHCA B TOCHIZOBHICTh KOPOTKHX IMITYJIBCIB 3 YacTOTOIO MPOXOJKEHHS,
piBHOIO f.; Lli iMOynbcH mocTynaroTh Ha MEPIIUN BXiJl YACOBOTO CEJIEKTOpa, Ha MOro
ApYTUil BX1J MOCTYyNA€ YIPABISIIOYUN IMIYJIbC, TPUBANICTIO 7. DOpMyBaHHS LBOTO
IMITyJIbCY, B1IOYBA€THCSA B KaHajl 2 3 CUTHAJIY 3 HUKYOK YACTOTOK fcp, MOJAHOTO Ha
BXig 2. 3MiHa Koedili€eHTa MUICHHS YacTOTH B Ojomi 9 mo3Boiisie 301IBLIMTH Yac
BUMIPIOBaHHS, 1110, B pe3yJbTaTi, 30UIbIIYeE IHTErpyrouy 3aaTHicTh EJTY.

Ha puc. 4. imoctpyerbesi pobora EJIY B pexkumi BUMIpIOBaHHSI BIJHOIICHHS
4acTOT fo1/fe.

3 pucynka BuaHO, o N T, = n' T, 3BIIKU

T, | _N.
5)

qac JI1490u:

17



Tniq: n.TCZ = N'Tcl .
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i
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Pucynox 4 — Entopu Hanpyr y peXuMi BUMIPIOBAaHHS B1IHOIICHHS 4YaCTOT

[Toxubka BHUMIpIOBaHHSA BIJHONIEHHS 4YacTOT f./f. CKIagaeTbes 3
CKJIaZIOBUX: TIOXUOKH NMEPETBOPEHHS (Opep) 1 TOPIBHAHHSA (O)

81‘56 =

Jie n— MHOKHHK TIEp1oAdY,

U., — nampyra cursaaiy, oJiaHoro Ha BXiJ 2,
U, — nHanipyra 3aBaJiu.

AOcoroTHa MOXHOKa TUCKPETHOCTI:

Ay=|T| _[Te| N2l _N__ 1
Ty ). Ty ), n n n

BignocHa moxu0ka AUCKPETHOCTI:

e N:m,
nl

CymapHa noxuOKka BU3HAYAE€ThCSI BUPA30OM:

(16)

IIBOX

(17)

(18)

(19)
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By = 4|02, +0% . (20)

[TomoxxeHHsT ACTMMANTBHOI KpAlKd BU3HAYAETHCA CTYMEHEM psIy YHUCEN, M0
BUPAXKAIOTh MHOKHHUK TIepioay n (n = 10% 10'; 10% 10°; 104).

Posrnsaemo mpukiaj BUMIPIOBaHHS BIIHOIICHHS YacCTOT 3 THUX e IMO3HUIIIH, IO 1
paHiiie, To0To, MiHIMI3aIlll MOXUOKH.

Hpuxnax. HeoOxigHo Bumipstud BigHomieHHss yactor 2,1 MIn / 3 kln
yactotomipom Y3-57.

Po3zé’s3anus.

3anucyemo 3rigHo (16) piBHICTB:

Tniq = n'TCZ :N'TCI’

rHeTC2=1/f02:— =

. 1
aHaJIOT14HO T =

b

i 1 .. ; 10°
Tom n-—-107=(10"-1)- ,
a1 n 3 ( ) 1

b

(10" -1)-10°-3 _10*-3 1073

3 = 1,4 : 104 .
2,1-10 2,1 2,1

3BIAKUA 71 =

Bepemo n = 10*:

Ty.=n-Ty, =10" .%-10‘3 =3,33i.

: 1 -
Busnagaemo abCOMIOTHY MOXHOKY TUCKPETHOCTI: A, =+—=%10"".
n

N

1
OGUUCITIOEMO BiTHOCHY MOXHOKy: Oy = + N

0T 10*- 107
ne N=——2= 13 =7-10°,
T, 10"
2,1
1
5, =+ =+0,143-107°.
M 700

Pesynbrat Ha Tabm0: 700,0000.

19



MeTtpoJioriune 3a0e3meyeHHsi 3ac00iB  BHUMIPIOBAJBHOI TEXHIKM I/
BUMIpPIOBAHHS YaCTOTH TA YACOBHUX iHTEPBAJIiB

€1uHa HanioHanbHa cucteMa 3B's13Ky Ykpainn (EHC3YVY), a takox ii iHTerpauis y
BCECBITHIO MEPEXKY 3B'SI3Ky 00OYMOBIIOIOTH OCOOIMBOCTI CTaHAAPTHU3ALIl1l ramy3l 3B's3KY,
il rapMOHIMHOI amanTalii B MDKJIEp)KaBHI, MDKHApOJHI, perioHalbHI 1 HaIllOHAJIbHI
CHCTEMH CTaHJapTH3alIi].

OpHuM 3 OCHOBHUX 3aBJIaHb CTaHJAPTHU3alll € 3a0e3MeUeHHs €IHOCTI BUMIPIOBaHb.
Bupimyerbcs 11€ 3aBaaHHs MIISIXOM BIANOBITHOTO METPOJIOTTYHOTO 3abe3neueHHs (M3)
3aco0iB BuMiproBaiabHO1 TexHikK (3BT) vacrortu, sike nmosnsarae y BunpoOyBaHHi, MOBIpIIi
1 kambpyBanHi 1ux 3BT.

Po3poOka, BHpOOHHUIITBO Ta EKCIUTyaTallisi 4YacTOTOBHUMIPIOBAIIbHUX TMPUJIAIiB
BUMAararoTh BIJIIIOBIIHOTO METPOJIOTIYHOTO 3a0e3nedeHHs. [Ipu 11boMy 3H1HCHIOETHCS
T KOMILIEKC HAayKOBO-TEXHIUHMX 1 OpTraHi3amiiiHUX 3axoJliB, HAMpaBJICHUX Ha
MIITPUMKY €IHOCTI Ta HEOOXi1MHOI TOYHOCTI YAaCTOTHHUX BHUMIPIOBAHb Yy BCIX Tally3siX
HapOJHOTO TOCIOIaPCTRA.

3 yKciIa TEXHIYHUX 3aXOA1B OCOOJIMBO CIIIJ BiA3HAYUTH MOBIPKY MPHIAIIB, TOMY
[0 BOHA BUMAarae HasBHOCTI BEJIUKOI KIJIBKOCTI BUMIPIOBAJILHOI anapaTypH 1, B MepIry
4epry, 4acTOTOBHUMIiprOBaibHOI. JlOCHTH cKa3aTw, MO /IS TPOBEICHHS MEPEeBIpKU
CTaHJapTy YacTOTHU KBApILIOBOrO reHepaTtopa MOTpiOHI: pyOilieBUN CTaHIApPT 4acTOTH,
KoMmaparop 4actoTHuid, EJIY, MIKpOBOJBTMETp CENEKTUBHUM, aHAII3aTOp CIEKTpa.

3 TOYKM 30py MOBIPOYHUX POOIT BCl BUAM YACTOTOBUMIPIOBAIIBHOI amapaTypu
MOXHa PO3/JIJIUTH HA JIBl TPYINU: NPUIIAJIUA, IKI BUMIPIOIOTH YacTOTy, 1 MpUIaaH, sKi
BUPOOJISIOTH BUCOKOCTAOIbHI €IEKTPOMArHITHI KOJIMBAHHS.

[lpunagu mepmoi Tpynu NOBIPAIOTHCS NUISIXOM MOJadl  Ha iX  BXiJ
BHCOKOCTaOUTbHUX 32 YAaCTOTOIO €JIEKTPOMArHiTHUX KOJMBaHb 1 BU3HAUYCHHS MOXUOKU
BUMipioBaHHA. [loxnbKka yCcTaHOBKHM 3pa3KOBOi 4acCTOTH Ta ii HECTAOUIbHICTh MOBUHHI
OyTH, IpuHAMHI, B 3 pa3u MEHIIIe TOXUOKW BUMIPIOBAHHS TPHIIANY, SIKUM MOBIPSIOTH.
Tomy 17 TOBIpKM 4YacTOTOMIPIB 3aCTOCOBYIOTBHCS BIAMOBIAHI CTaHIAPTH YaCTOTH,
CUHTE3aTOpH, TMOMHOXYyBaul 4YacToT. [loxubka BHUMIpIOBaHHS  YacTOTOMIpa
BHU3HAYAETHCS B TOYKAX YAaCTOTHOTO Jiama3oHy, $Ki perjaMeHTOBaHI HOPMAaTHBHO-
texHiuHoto jokymeHTaniero (I'OCT, i1HCTpyKLisIMH, METOJWYHUMH BKa3iBKaMH 3
MOBIPKM TpWIaaiB). SIK mpaBuUiio, TOBIpPKA MPOBOJUTHCS HA IMOYATKY, B CEPEIMHI 1 B
KIHI[l YaCTOTHOTO J1ala30Hy MpUIaay.

YacToTOBUMIPIOBAJIbHI NMPUIIAIU APYTroi TPyN HOBIPSAIOTHCSA NUISIXOM MOPIBHSHHS
YaCTOTH BUPOOJIIOBAHMX HUMHU €JIEKTPOMArHITHUX KOJIMBaHb 13 3Pa3KOBOI0 YAaCTOTOIO
npuiaay, SKAd Mae METPOJIOTIUHI XapaKTEePUCTUKH, B 3 pa3u kpamil. s moBipku
TaKuX MPUIaAiB 3aCTOCOBYIOTHCSI CTAHJAPTH YAaCTOTH, CUTHAIU 3Pa3KOBHUX YACTOT, LIO
nepealThes Mo pajaio, npuiMadyamu, ociuiorpadamu.

3 HaMBUIIOK TOYHICTIO YacTOTy 1 4Yac BIATBOPIOIOTH 32 JOINOMOIOI BHCOKO
CTa01IbHUX MOJICKYJISIPHUX T€HEPATOPIB.

Bunpobyeanns.  BumnpoOyBanmHss 3BT  mpoBomaThCcs — creliaii3oBaHUMH
OpraHizaiisiMd, aKpeIUTOBAaHMMH SK JepkaBHI IleHTpu BumnpoOyBanb 3BT.
BunpoOyBannss  3pa3kiB 3BT  mpoBoasThcsi y  BCTAHOBJICHOMY  MOPSIKY
HepxnorpedcranmaproM. BunpoOyBanns 3BT 3 meroro 3aTBepKeHHS iX THITY
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IPOBOJISATH 32 3aTBEP/KEHOIO MPOTpamMoro, sSika MOBHHHA MICTUTH HACTYITHI PO3JILIH:
PO3IIISA]l TEXHIYHOT JOKYMEHTAIlll; eKkcriepuMenTanbHe nociimxeHHs 3BT; opopmuenns
pe3ybTaTiB BUMIPOOYBaHb.

JloknazHi BUMOTH 1O TMpOrpaM BHKJIQJ€HI B PEKOMEHIAISAX MIXKHAPOIHHUX
METPOJIOTIYHUX OpraHiB. B X011 BunpoOyBaHb MOBUHHI OYTH TIEPEBIPEHI BIAMOBIIHICTh
JoKyMeHTarllii 1 xapaktepucTuk 3BT TexHIYHUM ymMOBaM 1 HOPMAaTHUBHUM JOKYMEHTaM
(HII), six1 po3MOBCIOKYIOTHCSI HA HUX, BKJIFOUAIOYX METOJUKH TTOBIPKH.

Bignosiguicts 3BT 3aTBepakeHOMY THIy KOHTPOJIOEThCSI opraHamu Jlep>kaBHOi
MeTposioriyHoi ciayxou (JIMC) 3a MiciieM po3TallyBaHHS KOPUCTYBayiB.

ITosipka 3BT - e BctanoBneHHst opranom JIMC (iHIIMMU yOBHOB)KEHUMU Ha T€
oprasizamisiMu) npugatHoctTi 3BT 1o 3acTocyBaHHs Ha MiJCTaBl €KCIIEPUMEHTATIBLHOTO
neBHUX MX 1 MATBEPKEHHS iX BIAMOBIIHOCTI BCTAHOBJICHUM O0OB'I3KOBUM BUMOTaM.

[lepenik rpyn 3BT, mo nigisraioTh NOBIPIl, 3aTBEPIKYIOThCS JlepkcTaHAapTOM.
[loBipka mpoBomuThCcs BiAnoBiAHO 10 HJI, mo 3arBepiKyeTbcs 3a HaCHAKaAMU
BUMPOOYBaHb.

PesynpraTomM moBipku € miaTBepkeHHs npuaatHocti 3BT mo 3acrocyBanHs. B
IbOMY BHIIQJIKy Ha HBHOro Ta (a00) TEXHIYHY JOKYMEHTAIlll0 HAHOCHUTHCS BIATHCK
MOBIPUTENLHOTO KiieiiMa Ta (a60) BumaeThes «CBIAONUTBO MPO MOBipKy». [loBipuTensHe
KJIEHMO - 3HaK BCTaHOBJIEHOI (hopmHu, 110 HaHOCUThCS Ha 3BT, BU3HAHI B pe3ynbTari ix
MOBIPKK TpUAATHUMHU 110 3acTocyBaHHs. fAxumo 3BT BuU3HAHI HEOpUAATHUMHU 0O
BUKOPUCTAaHHA, TO B LbOMY BHUIIQJKy BIATHUCK IOBIpUTEIBHOIO Kiekma 1 (abo)
«CB1IONTBO MPO TMEPEBIPKY» AaHYIIOIOThCA 1 BHUOUCYEThCA «CBIIOITBO PO
HenpuJaTHiCTh». DopMma KieliMa 1 CBIIOITBA MPO MOBIPKY, MOPSJIOK HAHECEHHS
MOBIPSAEMOTO KJIeiiMa BCTAHOBIIOIOTHCS JlepKcTaHaapTOM.

3BT mnignatoTbesi TEpBUHHINA, TMEPIOJUYHINA, MO3a4EProBiil, I1HCHEKIIMHIN 1
EKCIEPTHIN MOBIPIIL.

[lepBuHHa TOBIpKa MPOBOAMUTHCS MpHU BUMycky 3BT 3 BupoOHHIITBA a00 micis
pEeMOHTY, a TakoX npu BBeseHHI 3BT depe3 kopmoH mnapTismu. Takiid moBipii
IiJAa€ThCs, SIK TPaBUIIo, KoxeH exzemiunsip 3BT.

[lepioguHa TmOBIpKa MTPOBOJUTHCS YEpe3 BCTAHOBJICHI I1HTEpBAIM  4Yacy
(MIXKTIOBIpOYH1 1HTEPBAJIH). it mimsrarots 3BT, 110 3HAXOMSATHCS B eKcruryaTarii abo
Ha 30epiranHi. Konkperni nepeniku 3BT, mo miaisraroTe moBipIll, BCTAHOBIIOKOTH X
BJIACHUKU - IOpuauyH1 Ta ¢i3uyHi ocodu. Opranu JIMC npu Harisal 3a JOTpUMaHHAM
METPOJIOTIYHUX HOPM 1 MPaBUJI MEPEBIPSAIOTh MPABUIIBHICTh CKJIAJIaHHS IIUX MEPETIKiB.
[lepioguuny MOBIpKY MOBUHEH MPOXOAUTH KOKeH ek3eMIiuisip 3BT. BUHATOK MOXYTh
ctanoBuTH 3BT, 1110 3HaXOAATHCS HA TpUBAJIIOMY 30epiranti. Pe3ynbrat Takoi HOBIpKH
JIHACHI MPOTATOM MIKIOBIPOYHOTO iHTepBamny. [lepiunii iHTepBa BCTAaHOBIIOETHCS MPU
3atBepakeHH1 Tuny 3BT, HacTyIHI BU3HAYAIOTHCS HA OCHOBI PI3HUX KPUTEPIiB.

[TozaueproBa moBipka 3BT mpoBoauThCsl A0 HACTAHHS TEPMIHY iX MEPIOJUYHOI
NOBIPKM y BUIMAJKaxX: MOIIKOJKEHHS 3HAaKa IMOBIPUTEIBHOTO KieiiMa, a TaKoX IpHU
BTpaTi CBIJIOLITBAa TPO TOBIPKY; BBEICHHS B ekciuryartanito 3BT micns TpuBaioro
30epiranHs (OUIBII 3a OJWMH MDKIOBIPOYHHEN 1HTEpBaj); MPOBEACHHS ITOBTOPHOI
HACTPOMKH, a TAKOXK, SKIIO BiIOMO a00 € MPUITYIIEHHS PO yAapHY (MEXaHI4HY) Ail0 Ha
3BT a6o npo He3aa0BIIEHY HOTO POOOTY.

[HcnekmiitHa noBipka mpoBoauThbes opranamMu MC mpu 3a1MCHEHH1 Aep>KaBHOTO
HarIsALy a00 BiJOMYOro KOHTPOJIO 3a cTaHOM i 3acTocyBaHHsM 3BT. Ii nomyckaerscs
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IPOBOJUTH HE B MOBHOMY 00'eMi, mependaueHOMy METOJIMKOIO MOBIpKU. Pe3ynbTaTn
1HCIIEKIIHOT MOBIPKU BiJOMBAIOTHCS B aKT1 MEPEBIPKH.

ExcrieptHa moBipKa NPOBOAUTHCS MPU BUHUKHEHHI CHIPHUX NHUTaHb mo MX,
cnpasrocti 3BT i mpugaTtHocTi iX 10 BukopucraHns. 1i mpooaarts opranu JMC Ha
MCbMOBY BUMOT'Y 3aIliKaBJIEHUX OCi0.

[Topsimok mpencrasinenns 3BT Ha mnoBipky Bu3HadaeTbes Jlep:KCTaHIaApTOM.
[ToBipka MpOBOAUTHLCS BIAMOBIHO 0 BCTAHOBJICHUX METOAMK 1 BKIIFOUA€ HACTYITHE:

- BCTAHOBJICHHSI  MEPIOJUYHOCTI  poOIT  (BU3HAUYEHHS  MDKIIOBIPOYHHUX
iHTepBaiiB) BiamosigHo 10 ISO 10012;

- po3poOKYy 1 JOKYMEHTYBaHHS METOAMK IMPOBEACHHS POOIT 3TiAHO IHCTPYKIIIi
P/1 50-660-88;

- BEICHHS BIAMNOBIJHUX MNPOTOKONIB, M0 BiAOOpaxalwTh pe3yiabTaTu
MPOBEJCHUX POOIT;

- oprasi3ailiro 30epiraHHsi Ta BAKOPUCTAaHHS JoKyMeHTallii 3 moBipku 3BT.

OcHoBHOIO MX, sika BU3HA4Ya€ThCS MPU MOBIPI, € MOoXuOKka. BoHa BU3HAaYaeThCA
Ha TiacTaBl mopiBHAHHSA nokasiB 3BT, ska moBipseTbest 1 OUIBIIT TOYHINIONO pOOOYOTO
€TaJIOHY.

3axo01 MOXYTh OYTH MOBIPEHi:

- 3BIpKOI0 (MeTojaMu 3icTaBieHHS a00 3aMIIIEHHS) 3 TOYHINIOK MIpOK0 3a
JIOTIOMOTOI0 KOMITapatopa. 3arajibHuM il nux MeTtoniB noBipku 3BT € oTpumanHs
CUTHAJIYy MPO HASBHICTh PI3HUII PO3MIpPiB MOPIBHIOBAHUX BEIUYMUH. SIKIO el CUTHAI
HUIIXOM M1A00pY 3pa3KkoBOi Mipu Oyne 3BE€AEHUM A0 HYJsl, TO peali3yeTbcsl HYJIbOBUI
METOJI BUMIPIOBaHb;

- BuUMIpIoBaHHAM eTasioHHMM 3BT BenuuuHu, BIATBOpEeHOI Miporo. B nbpomy
BUITAJIKY MOBipKa 9acTO HA3WBAETHCA TPAAYIOBAaHHSAM. [ 'pajytoBaHHS - 116 HAHECCHHS Ha
IIKaJIy BIIMITOK, BIJMOBIIHUX IOKa3aM poOOYOro €TajoHy, a0 BHU3HAYEHHS 3a MOro
MOKa3aMH YTOUHEHUX 3HAY€Hb BEJIMYMHHU, BIAMOBIIHUX HAHECEHUM BIIMITKAM Ha IIKaJl
3BT, siKi TOBIPSAIOTHCS;

- cmocoboM KamOpyBaHHS, KOJU 3 TOYHIMIO MIPOIO 3BIPSIETHCS JIUIIE OJIHA
Mipa 3 Habopy abo oJHa 3 BIIMITOK IIKJIM OaraTo3HayHOI MipH, a JIACHI po3Mipu
IHIIMX MIp BU3HAYAIOTHCS HUISIXOM iX B3a€EMHOTO MOPIBHSHHS B PI3HUX MOETHAHHSIX HA
npuiIaaax MOPIBHSAHHS 1 MPU MOJAJBIINH 00poOIll pe3yIbTaTiB BUMIPIOBAHb.

[ToBipka BUMIPIOBAJIbHUX MPUIIAJIIB TPOBOAUTHCS:

- METOAOM 0e3MOCEepeIHhOr0 MOPIBHSIHHSA BUMIPIOBAHMX BEJIWYUH 1 BEJIUYUH,
BIITBOPEHUX POOOYMMHU €TaJIOHAMH BIJIMOBIAHOTO pO3psiay abo Kiacy TOYHOCTI.
3HayeHHS BEJIMYMH HA BHUXOJl MIip BHOMPAIOTHCS PIBHUMH BIJAMOBIIHUM (YacTilie
onuppoBaHUM) BIAMITKaM Kaiu npuianay. HaitOinpmma pisHULS MIXK pe3yJbTaToM
BUMIPIOBaHHS 1 BIJIMOBIIHUM HOMY PO3MIPOM E€TaJOHY €, B IIbOMY BHUIIAJIKy, OCHOBHOIO
MOXUOKOI0 MpUiauy;

- METOoJ0M 0e3MocepeHbOT0 3BIPEHHS MOKa3aHb MPUady, SIKUUA MOBIPSIETHCS, 1
€TAJIOHHOTO TPU OJHOYACHOMY BHUMIPIOBAHHI OJIHIET 1 Ti€T K BEIMYMHH. Pi3HMI iX
NOKa3iB JOpiBHIOE aOcomoTHIM noxubii 3BT ske mnoBipseTscs. MoxyTh OyTu
BUKOPHCTaH1 1 1HIIII METOJIA MOBIPKHU.

BaxnuBuM 11pu MOBIpIll € BUOIP ONTUMAIBHOTO CIIBBIJHOIICHHS MK IMTOXHOKaMH
etaoHHuX 3BT, 1 TuX, K1 MOBIPAIOTHCS. 3BUYANHO, II€ CITIBBIIHOMICHHS MPUHUMAETHCS
piBHUM 1:3 (BUXOASYM 3 KPUTEPII0 HEXTYBAaHO Mayioi MOXMOKM), KOJU TPH MOBIPII
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BBOJISITh MOMpPaBKU Ha Mokasu 3paskoBux 3BT. ko >k BumpaBieHHS HE BBOIATH, TO
etaionHi 3BT BuGupatoThcs 13 crmiBBigHomeHHs 1:5. CrniBBigHomeHHs nmoxubok 3BT,
AK1 TOBIPAIOTHCS, 1 €TAJIOHHUX, BCTAHOBJIIOETHCS 3 YPaXyBaHHSIM MPUNHSATOTO METOMY
NOBIPKH, XapakTepy IMOXHOOK, M0 JOMYyCKAIOTh 3HAYEHHS MOMWJIOK IMEpIIoro Ta
JPYroro poay, Ta 1HOAI MOKYTh 3HAYHO BIJIPI3HATHUCS Bl BKa3aHUX paHiIie mudp.

3a pimenasM [epxnotpedbcranaapty mpaBo mnoBipku 3BT moxke OyTu HamaHe
akpeauToBanuM MC 10pHIUYHUM 0c00aM, MISUTBHICTh SKUX 3I1MCHIOETHCS BIATOBIIHO
0 YHWHHOTO 3akoHoJaBcTBa, Ta HJ[ 13 3a0e3nedeHHs €IHOCTI BHUMIPIOBaHb, 3
ypaxyBaHHsM pekomenaniit ISO 1 [EK.

VY tux cepax nisUIbHOCTI, 1€ epKABHUI METPOJIOTIUHUM HArJIs 1 KOHTPOJIb HE €
00OB'SI3KOBUMHM, MJIA 3a0e3medeHHsi MeTpojoriunoi crnpaBHocTi 3BT 3acTtocoByeThes
KaJI1OpyBaHHS.

Kanibpysanns (xamiOpyBaiabHI poOOTH) - CYKYIHICTh OMeparllii, ki BUKOHYIOThCS
3 METOI0 BHM3HAUEHHS Ta MIATBEP/KEHHS MIMCHUX 3HAYEHb METPOJIOTTYHHUX
xapakTepucTuk 1 (abo) mpuaatHOocTi A0 3actocyBanHs 3BT, ki He MiIIATarTh
Jep>KaBHOMY METPOJIOTIYHOMY KOHTPOJIIO Ta HATJISIAY.

Opranizariisi, sKka BUKOHYE KajiOpyBajbHI poOOTH, IMOBUHHA MAaTH TMOBIpEHI Ta
inenTudikoBaHi 3acobu KamiOpyBaHHS - €TajJOHHW, ycTaHOBKHM Ta iHmI 3BT, BxuBaHi
pH KaniOpyBaHHI BIJMOBIIHO IO BCTAHOBJICHHX IMpaBwil. BoHU mokinkaHi 3a6e3meunTu
nepegayy po3Mipy OJUHHUIIL BiJ JEp>KaBHUX €TaJOHIB 3aco0amM BUMIPIOBAJIbHOI
TEXHIKH, SKI KaliOpylOThCS; aKTyalli30BaHI JOKYMEHTH, 10 PErIaMEHTYIOTh
OpraHi3ailil0 Ta TMPOBEICHHS KamiOpyBajibHUX poOIT. Jl0 HUX BIAHOCATHCA
nokymeHnraiiss Ha 3BT 1 kaniOpyBaHHs, HOPMaTUBHI JIOKYMEHTH Ha KalliOpyBaHHS,
npoleaypyu KaliOpyBaHHS Ta BUKOPUCTaHHS ii AaHUX; MpodeciiiHO MiATOTOBJICHUH 1
KBaJ1(hikoBaHUI EepCOHAN; NPUMIIIEHHS, K1 3aJI0BOJIbHSIOTh HOPMATUBHUM BUMOTaM.

Pesynpratn kamOpyBaHHS 3acBIOUYIOTh  KalIOpYBaJIbHUM  3HAaKOM, SIKUU
HaHocuTbess Ha 3BT, abo cBigonTBOM TMIpo KalmiOpyBaHHs, a TaKOX 3allMCOM B
eKCIUTyaTallliHUX TOKYMEHTaX.

Bumorn no xamOpyBanepHuX jaboparopiii momani y BigmoBimHomy I['OCT 1
crangapti ISO / IEK 17025-2000 /.
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JIABOPATOPHA POBOTA Ne 7

AOCTIZKEHHA YACTOTH I Y4COBUX IHTEPBAIIB
IHOOPMALNIHHOI' O CHT'HAIY IITH®POBHM CIIOCO50M

1. Mera po6otn

1.1 HaOyrtu npodeciiiHnx HaBUYOK Y poOOTi 3 HU(POBUM HaCTOTOMIPOM. Y MITH
apryMEHTOBaHO BHOMpaTH 4ac paxyHKy (7y4), MHOXKHUK mepiofy (n) Ta 4acToTy
reHepaTopa MIToK (fy,).

1.2 HochimKyBaTH OCHOBHI XapaKTEPUCTUKH HU(PPOBUX YACTOTOMIPIB y Pi3HHUX
pexuMax poOOTH. YMITH MOPOBOJUTH BHOIp PEXUMIB poOOTHU, SIKI 3a0€3MeUylOTh
MiHIMaJIbHI TOXUOKHM pE3yJIbTaTiB BUMIPIOBAaHHS YacTOTH, YAaCOBUX I1HTEPBAJIiB,
BIJTHOIIICHHS YaCTOT.

2.  Kuio4oBi nos10:keHHs

2.1  Cyuacsi uu¢poBi 4acTOTOMIpH, BUKOHAHI HAa MIKPOIIPOIIECOPHil OCHOBI 200
Ha cXeMax 3 KOPCTKOIO JIOTIKOIO, - Mpuiiaau 0ararodyHkiioHanbHi. [lepexin Bia ogHi€q
GyHKINT 10 1HIIOI 3IMCHIOETHCS 3a BCTAHOBJICHOK IMPOTpaMor0 abo 3a JOMOMOTOI0
€JEKTPOMEXaHIYHUX KOMYTATOPIB - (KJIIOUiIB).

dyHKIlIOHAIbHA CXeMa, To/1aHa Ha puc. 1, BimHocuthes 10 cxem EJIY 3 xopcTkoro
JIOTIKOIO.

2.2 ¥V pexumi «BUMIPIOBAHHSA YUACTOTHW» npoBOAUTHCA MpsMeE
MOPIBHSIHHS YACTOTH JOCIIII)KYBAHOTO CUTHANY f, 13 3HAUEHHSIM 3Pa3KOBO1 HaCTOTH fi,
BIITBOPEHOI MipOI0 (KBapILIOBUM FEHEPATOPOM) K «OJIMHUIIS BUMIpIOBaHHS». TyT f. >
fir» O JTA€ MOKIIUBICTD 3HAUTH IIUGPOBUM CIIOCOOOM YHUCIIO, IO MOKA3Y€ B CKIIBKU
pasiB f, OubIIe fi.

Ha puc. 2 noxani niarpamu Hanpyr EJIY, siki HAOUYHO MOKa3ylOTh CyTh HU(POBOTO
METOAY, SKUH 3BOJUTHCS A0 MIJIPAaXyHKY 4HUCia IMIYJIbCiB N, SKI NOCTYNamTh Ha
paxynkoBuit 010k (11) 3a vac, piBHui 7y, 3Banuii «<4ACOM BUMIPHOBAHHS» a6o
«HACOM JIIYbN ».

3 nmiarpaM BUXOJWTh, IO JIACHE 3HAYEHHsS YaCTOTH JOCIIA)KYBaHOI'O CHUTHAIY
pI1BHE:

N

fc;[ _T_

Bumipsine 3Hau€HHS 4aCTOTU JOCTII)KYBAHOTO CUTHATY JIOPIBHIOE:

N *1

f;) BHUM — T.S .

e+

3Ha4deHHs a0COIOTHOI MOXUOKHU JUCKPETHOCTI:

Ntl N 1
Ay = —fon= - =+
N ﬁ:BMM ﬁ:/:l T T

g iy iy
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MakcumanbHe 3HAUYC€HHS BIJHOCHOI TOXMOKHM JHCKPETHOCTI BHU3HAYAETHCS
BHUPA30M:

1
By ==t

ne N — 9ucjo iMIyJIbCiB, K1 MOCTYNUIN B paxyHkoBuii 610k EJIY 3a gac miu6wu.

CyMapHa noxu0ka BUMIpIOBaHHS YaCTOTH:

SZ: V6§r+6?\/ )

1€ Oy — CKJIaJIOBA MOXUOKH, sIKa BHOCUTHCSA MIPOIO (KBapllOBUM T'€HEPATOPOM).

23 YV pexumi «BUMIPIOBAHHA IIEPIOIY» mnpoBoIUThCS MOPIBHSIHHS
BUMIPIOBAHOTO TEPIOY MOCIIIKYBAHOTO cUTHANY 7, 13 3pa3KOBUM 1HTEpPBAJIOM dacy.
Hiarpamu Hanpyr EJIY B isoMy pexumi mogaHi Ha puc. 3.

3 HUX BUXOIUTH, IO JIMCHE 3HAYEHHS TMEpioly JOCIHIIKYBAaHOTO CHUTHAITY
BU3HAYAETHCS] BUPA3ZOM:

ne 1, — nepioJ 3pa3K0BOT0 CUTHAILY;
N — 4ucio MITOK, 5Kl HOCTYNWIN B paxyHKoBuid 0ok EJIY;
1 — MHOKHHK IIeploay.
Yac paxyHKy BU3HAYAETHCSA BUPA3ZOM:
Tniq =n-T, ce

BuwmipsiHe 3HaueHHs Iepioly TOCTIKYBAaHOTO CUTHATY BU3HAYAETHCS:

_ (N£D-T,

TCBHM_ - -
n

3HayeHHs a0COJIIOTHOI Ta  BIJIHOCHOI ~ MOXHMOOK  JMCKPETHOCTI PIiBHI,
B1/IMOBITHO:

(NED)-T, N-T, T, . 1
AN=TCBI/IM_TC,H= - =+ ; 8N:i_,
n n n N
e N:”'Tﬁaéi .
T

1

CymapHa BiJTHOCHA MOXMOKa BU3HAYAETHCS 32 (OPMYIIOI0:

25



Szz\/Bgﬁ +825 +8%,

€ Opep — NOXMOKA NIEPETBOPEHHS, 00yMOBJIEHA BITHONICHHSAM HAallPyTH CHTHAIy Ta
3aBajid.

24 VY pexumi «BIIIHOIIEHHA YACTOT» Hanpyra 3 O1Ib11010 YaCTOTOIO f1,
(MOJIOKEHHS KJII0Ua Ha KOMyTaTopi «1») momaerscst Ha BXig «1» (puc. 1). Y kanani 1 us
Hampyra TMepeTBOPUTHCS B TOCHIJIOBHICTb KOPOTKMX IMIIYJBCIB 3 YacTOTOIO
MPOXOJKEHHS, piBHOIO fi. Lli iMIOynbCHM MOCTYMamOTh HAa MEPIIMI BXIiJT 4acOBOTO
CEJICKTOpa, Ha HOro APYruid BX1J MOCTYIIA€ IMITYJIbC, SKUN YIPABISE, TPUBATICTIO 7 iy

dopMyBaHHA IMIYJbCY, IO YIpaBisi€, MPOBOAUTHCA B KaHaii 2 3 CHUTHaIy 3
HUKYOI0 YACTOTOIO f,, MOJAHOTO Ha BX1] 2.

3 puc. 4 ciigye piBHICTb:

N'T1 = I’Z'Tz.

I mificHe 3HAYEHHS BIIHOIICHHS YacTOT PiBHE:

S} J( ) N
fzﬂ_ T1ﬂ_n'

BI/IMip}IHe 3HAa4YCHHA Bi,IIHOI_IIGHHH YacCToOT:

4.3
f2 agi 01 agi n

Tniq= I’l'Tz.

Yac niyowu:

AOGcoII0THA MOXHUOKA TUCKPETHOCTI:

ay=| L] (L] =WED Ny
o )., O, ). n n

acl a

BignocHa moxubka TUCKPETHOCTI:

-T
ne N = z
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CymapHa noxuOKka BU3HAYAE€ThCSI BUPA30M:

8y =185 + 0% -

3.  KuaouoBi nuranus
3.1 UYomy EJIY BigHOCATP 10 BHUCOKOTOYHHUX 1 YHIBEpCaJIbHUX 3ac00iB
BUMIpIOBaHHS?
3.2 'V yoMmy mojsira€ CyTb METOJly BUMIPIOBaHHs, Ha SIKOMY 3aCHOBaHa pobOoTa
EJIY?
3.3 Iloscautu npuniun poootu EJIY B pexxumax BUMIpIOBaHHS:
- YacTOTH;
- 1HTEpBalliB yacy;
- BIJHOIIEHHS YacCTOT.
3.4 [IlepepaxyBatu mnoxuOku, ski BuUHUKalOTb B EJIY mpu poboTi B pi3HHUX
peXMMax, i BKa3aTH MPUINHH 1X MOSBH.
3.5 Bka3zaru criocoOH 3MEHIIIEHHS MOXUOOK, K1 BUHHKAOTE B EJIY.
3.6 IlosicHuTHu, sk BU3HA4aeThbcsd cyMapHa noxuOka EJIY B pi3HHX pexumax
poboTH.
3.7 TlosicHUTH, SIK BU3HAYAETHCS MOJIOKEHHS JEHUMAJIBHOI KpamkKu B PI3ZHUX
pexumax poboru EJIY.

4. JlomaniHe 3aBIaHHA

4.1 BUBYHMTH CTPYKTYpHY CXEMY 3aJIaHOT'O YaCTOTOMIpa, 1 MPUHIIMII J1ii B PI3HUX
pexuMax pobotu. 3apucyBaTu CTpyKTypHY cxemy EJIY.

4.2  KopucTyrouuch TEXHIYHUMHU XapaKTEPUCTUKAMHU 3aJIaHOTO YacTOToMipa,
BUOpaTH yac miyOM, mo 3abe3nedye HalMEHIy MOXUMOKY B pPEKHMMI BHUMIPIOBaHHS
yacTtoTu. Pe3ynbraT nmogatu y ¢gopmi tadn. 4.1. Bapiantu 3aBnaHHs nogaHi B Tadmd. 1
(momatok A); TyT f= fe.

Tabmuns 4.1. — OuiHka OCHOBHUX XapakTepuctuk B pexumi «BUMIPIOBAHHSA
YACTOTH»

OuikyBaHUil pe3yabTar

, KT T iw, MC
feo I m Ha Tabmno, k'

AN, FH N 8N

4.3 KopucTyrounch TEXHIYHUMHU XapaKTEPUCTUKAMH 3aJIaHOTO YacTOTOMIpa,
BUOpaTH mapamMeTpu PeKUMY BUMIPIOBaHHS MEPIOAy TaK, 00 3a0€3MEUUTH HAMMEHIITY
noxXuOKy BUMIpIOBaHHS TiepioAy. Pesynprar momatu y Burasal Tabmn. 4.2.
PexomeHmy€eThCS TMPOBOAWTH PO3pAaXyHKH HaA THUX K€ YacTOTax, mo i B Tadi.l
(momatok A).
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Tabmuns 4.2 — OiiHka OCHOBHUX XapakTepucTtuk B pexumi «BUMIPHOBAHHSA
I[HEPIOAY »

fe KI'IX n Ty

OuikyBaHHii pe3yabTaT Ha

TabJ10 (Mc, a00 MKC) Ay N Sy Tsiu, ©

4.4  KopucCTyrouuch TEXHIYHUMHU XapaKTEPUCTUKAMH 3aJIaHOTO 4YacTOTOMIpa,
BUOpaTH MapaMeTpH PEKUMY BUMIPIOBAHHS «BIJHOIIEHHSI YacTOT», IO 3a0€3MeYy0Th
HallMEeHIITy TOXMOKY BUMIpIoBaHHS. Pe3ynbrat momatu y BuUDsiAl Ta6i.4.3 (4acToTu
3a/1aHl B 10JaTKy A).

Tabmums 4.3 — Oniaka OCHOBHUX XapakTepucTuk B pexumi «BIJJHOIIEHHS
YACTOT»

OuikyBaHMil pe3yabTaT '
fl/fZ n Ha Ta6710 AN N 8N qu, Y
5.  JlabGopatopHe 3aBIaHHA

5.1 OsnaifoMuTHCS 13 3ac00aMU BUMIPIOBaHHS Ha poOodYoMy Miclii. BcranoBuTn
BIJIMOBIAHICTh MK OpTaHaMU YMPABIIHHS, BUBEJICHUMH Ha MEPEIHIO MaHeIb Mpuiaiy,
[0 BUBYAETHCA, 1 CTPYKTYpHOIO cxeMoro (puc. 1). IToromkyBaTi 3 BHKJIajauyeM IUIaH

poboTH.
5.2 IlpoBectn 3oBHimHIA orman EJIY 1  BunpoOyBaHHS B PeXHUMI
CaMOKOHTPOJIIO.

5.3 IlIpoBecTu BUNIpoOYBaHHS B YCIX peKUMAX POOOTH.

54 YV pexuMi BHUMIPIOBAHHS YacTOTH TMPOBECTH IMEPEBIPKY MPABUIBLHOCTI
BUOOPY XapaKTepUCTHK YacTOTOMIpa Ha 4acTOTax, BKa3aHUX B Tabn.l (momatok A).
PesynpraTu noxaru y Burisiai t1adm. S.1.

Tabmuns 5.1. — OuiHka OCHOBHUX XapakTepuctuk B pexumi «BUMIPIOBAHHSA
YACTOTHN»
fe KD T i, MC Pesynbprar Ha Tabno, KI'11 Ay, T N on
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5.5 VYV pexumi BUMIPIOBaHHS TEpioAy MNPOBECTH AHAJIOTIYHI BUMIPIOBAHHSI.
PesynpraTu nomatu y Burisiai 1adm. 5.2.

Tabmuns 5.2 — OiiHka OCHOBHUX XapakTepucTtuk B pexumi «BUMIPHOBAHHSA
ITEPIOAY »

fe, k' n Ty Pesynprar Ha Tab10 Ay N Oy Tiw, C

5.6 VY pexuMi BHUMIPIOBAHHS BIJHOIIEHHS YacTOT IMPOBECTH aHAJIOTIYHI
BUMIpIOBaHHA. Pe3ynbpTaTu nmogaTu y Burisiai Tadu. 5.3.

Tabmums 5.3 — Ouiaka OCHOBHUX XapakTepucTuk B pexumi «BIJJHOIIEHHSA
YACTOT»

filf2 n Pesynprar Ha Tab110 AN N on Tria, €

6. IIporokoJ saGopaTopHoi podoTu (Ne . Ha3Ba . )
6.1 Mera nabopaTopHoi poOOTH.
6.2 Ilepenik BUKOPUCTOBYBAHOI anaparypu B Tad. 6.1.

Tabnuus 6.1 — [lepenik BUKOPUCTOBYBAHOI anapaTrypu

. MerTposoriuHi XapakTepUCTHKU
3aBOACHKUI

HalimenyBanHs Tum K - q v
Ay HOMED mac I[1an330H acTOTHHH
TOYHOCTI BUMIPIOBAHHS Jlianas3oH

6.3 (Cxema BUMIPIOBaHHS.

6.4 IloOyayBaTu B OfHIN cHUCTEM1 KOOpAUHAT Ipadiku 3aJIeKHOCTI BITHOCHOT
MOXUOKHU Oy BiJ] HACTOTH B PEKUM1 BUMIPIOBaHHS YACTOTH 1 IepioAy. 3poOutu
BHCHOBOK Ipo BUOIp pexxumy podotu EJIY.
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JIABOPATOPHA POBOTA Ne7a

METPOJIOI'TYHE 3ABE3IIEYEHHA 3BT /U1 BUMIPIOBAHHA
YACTOTH IHO®OCHT'HAJIIB. BUMIPIOBAHHA YACTOT I YHACOBHX
IHTEPBAJIIB IHOOPMAIL[IHHOT O CUTHAJTY

1.  Meta poboTn

1.1  OsnaifoMuTHCs 3 HAYKOBOIO, 3aKOHOJABYOI 1 TEXHIYHOIO OCHOBOIO
MeTpoJoriyHoro 3abesneuenns 3BT myist BUMiproBaHHS 4acTOTH.

1.2 BuBYUMTH METOJMKHU TMOBIPKH €JIEKTPOHHO-TUMIbHUX yacToToMipiB (EJIY) 1
METPOJIOTIYHI OMepallii mpu moBipiii.

1.3 HaOyTtu npakTUyHUX HAaBUYOK 3 IpoBeAcHHs noBipku EJIY.

2. Kuro4oBi mosio:xxeHHst

2.1 Xapaktepuctuku EJIY, ki moBipsAOThCA.

[ToBipii migasra0Th HACTYIHI MapaMeTPu:

- Jiana3oH BHUMIPIOBAHMX YacTOT CHUHYCOiJallbHUX 1 IMIIYJbCHHUX
CUTHAJIB;

- moxuOKa BUMIPIOBaHHS YaCTOTH;

- Jiama3oH dYacTOT TMpPHU BHUMIPIOBaHHI TEpioJy CHHYCOIiZaldbHUX 1
IMITYJIbCHUX CUTHAJIB;

- moxuOKa BUMIPIOBaHHS Mepiony;

- Jiama3oH BUMIPIOBAHHS BIAHOIIECHHS 4acTOT;

- moxuOKa BUMIPIOBAaHHS BIJHOUICHHS YacTOT 1 1H.

2.2 3aco0bu BUMIipIOBaHb, BXXMBaH1 IPU MOBIPIII.

I[Ipu mnosipui EJIY 3acTocOBYyHOThCS HACTYNHI €TaJlOHHI Ta JAOMOMIXHI
3ac00U MOBIPKHU:

- mpuiiMadvi €TaJOHHHUX YacTOT;

- pyOimi€eBl cTaHIApTH YacTOTH 3 HOMIHAJIbHUMH 3HAYEHHSIMU 4YacTOT
100 xI'r;, 115 MI'1 3 BimHOCHOIO HECTAaOIBHICTIO MOPSIAKY 107

- KBapIoOBl T'eHepaTopu 3 TUMHU X 3HAYCHHSMHU HOMIHAJbHHUX YacTOT 1
BITHOCHOIO HECTAO1IbHICTIO MOPAAKY 1078:

- CTaHJapTU 4YacCTOTH 1 KBapIlOBI TreHepaTopu € 3acobamMu 3pa3zKoBOi
4acTOTH, 1 SKIIO € MOXJIUBICTh 1 HEOOXIAHICTh, TO TOYHICTH IHUX MIp
KOHTPOJIIOETHCSA 3a JOIMOMOTOI0 MPUIMaUuiB €TAJIOHHUX YacCTOT;

- CHHTE3aTOpH YacTOTH, IO MepekpuBaroTh niamazon yactor 0,01 I'm —
50 MTI'n;

- NOMHOXYBaul 4acTOTH;

- KOMITapaTOpH YacTOTH;

- TeHepaTopu  YyHIBEpcalibHI, BOJBTMETPU 3MIHHOI Hampyru Ta
ocruiorpadu.

2.3 YMOBH MOBIPKH Ta MIJTOTOBKA JI0 HEI.

[Ipu npoBeieHH] orepalliii MOBIPKHU MOBUHHI BUTPUMYBATHCS HACTYITHI YMOBHU:

- Tpwiaj, IO MOCTYIHUB Ha TMOBIPKY, MIITAETHCS 30BHIIIHROMY orisny. [lpu
IIbOMY CJIiJT 3BepTAaTH yBary Ha HasBHICTh, CIIPABHICTh 1 YUCTOTY BChOTO MaifHa, CTaH
nakogapOHMX TOKPUTTIB 1 UITKICTh MapKyBaHHi. HasBHicTh Opyay Ta ipxi

30



Hermpunyctuma. [lpunajg He MOBMHEH MAaTH MEXaHIYHUX TOIIKO/KEHB, SKI MOXYTh
BIUIMBATH HA MOro poOOTy, HAMPHUKIAN, MOTaHe KPIIUIEHHS PY4YOK YIpaBIiHHS,
MOIIKO/IXKEHHS 3aTUCKAaYiB, ToraHa ¢ikcallisi IepeMUKaiB;

- Tpuiaju, Mo MalTh HECIIPABHICTh, B MOBIPKY HE TPUHMAIOTHCS.

[ToBipka mapameTpiB mpuiiaay MPOBOAUTHCS IPU HOMIHAJIBHINA Hampy3l MEpexi B
HOPMAaJIbHUX YMOBAX:

- TeMIleparypa HaBKOJHMIIHBOTO cepenouma 293+5°K (20+£5°C);

- BIJIHOCHA BOJIOTICTb MOBITPst 65 + 15%;

- armocdepuuit Tack 10024 kH/M* (750430 MM. pT. CT.);

- Hampyra xxuBis4oi mepexi 220 B+4.,4 B.

Ilepen mnpoBeaeHHsSIM omepaiiid MOBIPKH, HEOOXIAHO TMPOBECTH HACTYIIHI
MiATOTOBY1 pOOOTH:

- PO3MICTUTH MpUJaJl, SIKHIl MOBIPSETHCI, HA POOOYOMY MiCIll, 3a0€3MEUUBIIN
3pYYHICTh pOOOTH Ta YHUKAIOUHW MTOTIAJaHHS HA HHOTO MPSIMHUX COHIYHUX MTPOMEHIB;

- 3’€¢HATU JPOTOM KIEMH THX, SIKI TOBIPSIOTHCA Ta 3Pa3KOBUX MPUIAAIB,
BUKOPUCTOBYBAHMX IPU MOBIPIIi, 3 IIUHOIO 3a3€MJICHHS;

- TPOBECTU MIAKIIOYEHHS MPWIaay, IKUW MOBIPSIETHCSA JO 3PA3KOBUX MPUIIAIIB
3a JIOTIOMOT'O0 IITaTHUX Ka0eJliB 1 MepeXiIHHUKIB;

- MAKIIOYATH TPWIAId 0 MEpexi 3MIHHOro cTpymy 3 Hampyrowo 220 B,
50 I'm;

-BKJIIOUUTH TIPWIAM B MEPEXY 1 AT iM MPOrPITHCS MiJA CTPYMOM HpoTarom 1
T'OJIMHU.

2.4 IlpoBenenHs omeparliii MOBIpKH.

306HiwHIl 02150

[Ipu npoBeIeHHI 30BHINIHBOTO OISy TOBUHHO OYTH MEPEBIPEHO:

- BIJICYTHICTh ME€XaHIYHHMX MOIIKOJKEHbB, [0 BILUIMBAIOTh HA TOYHICTh MIOKa3aHb
pUIany;

- HasABHICTH 1 MIIHICTh KPIIMJIEHHS OpPraHiB yHpaBIiHHS Ta KOMYTaIlli, YITKICTh

- TMPaBWIbHICTh YCTAHOBKHM CTPUJIOK IMOKa3ylOYUX MPUJIAAIB MPOTH HYIHOBUX
BIIMITOK IIKAJIH;

- YUCTOTA THI3/I, PO3HIMIB 1 KJIEM;

- CTaH CIIOJyYHHX MPOBOJIB, KabeIiB, IEPEX1THUKIB;

- craH JakodapOHUX MOKPUTTIB 1 YITKICTh MAPKyBaHb;

- BIJICYTHICTh €JIEMEHTIB CXEMHU Ta CTOPOHHIX MPEIMETIB, 10 BiA'eHANMHCS abo
c1a00 3aKpilIeHUX (BU3HAYAETHCS HA CIIYX MPU Haxujax Mpuiany).

3a HagBHOCTI Ae(dEKTIB, MpUIIaJl, M0 MiIJISITa€ MOBIPI, MIAJSArae OpaKyBaHHIO 1
HaIPaBJICHHIO B PEMOHT.

Bunpo0OyBanHs

IlepeBipka mpare3aTHOCTI Ipwiaay B pexxuMi «CaMOKOHTPOJIb» Ha KOHTPOJIbHUX
4acTOTax MPUIIATy.

llepesipka diana3zonie umiprosarux yacmom i nepiodis

IlepeBipka miama3oHiB BUMIPIOBAHUX YAaCTOT 1 MEPIOAiB MPOBOAUTHCS 33 CXEMOIO,
MOJIaHOIO Ha puc. 1, METOJAOM MPSMUX BUMIPIOBaHb YACTOTH (IIEPiOy), IO 3a1aI0ThCS
BUMIpIOBAIbHUMU reHepaTopamu (BI') BimoBiAHUX Jiama30HIB 1 BUIIB.

BumiproBaHHsI TpOBOAATECA Ha KpaiHIX TOYKax Jiana3zoHy 4actoT fy (1) 1 f, (Tp) 1

B 5TH — OTH TOYKax ycepeauHi aianazony. [Ipu HEoOXi1MHOCTI MEPEeBIPKH MIHIMAIBHUX
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3Ha4Y€Hb BXIJHOI HAMNpPyTH J0 BUXOAY Te€HepaTopa MIAKIIOYAIOTh BOJBTMETP, 3a
JIOTIOMOTOI0 SIKOTO 1 BCTAHOBJIIOIOTH MiHIMaJIbHE 3HAYEHHS HAMPYTy BX1JIHOTO CUTHAIY.
[Tpu ubomy Ha EJIY nmoBuHHI criocTepiraTucs CTiMKi MOKa3H.

BHMipIOBaTLHHIT
reHepaTop

ENY. mo

HOBIpACTBCA

Y

-~ - -

BomsTMeIp

Pucynok 1 — IlepeBipka aiama3oHiB 4acToT (1epioiB) METOI0M PSMUX BUMIpPIOBaHb

Busznauenns ocnoenoi 6i0HOCHOI nOXUOKU BUMIDIOBAHHS YACMOMU TIPOBOIUTHCS
3T1JIHO BHPA3y:

8, =182 +3% , (D

1
8N :iﬁ’

ae N =f. T,
O« — BIJIHOCHA TIOXHMOKA OIIOPHOTO KBapIIOBOI'O FEHEPATOPa;
T’ — 9ac BUMIpIOBaHHS (4ac Jiuom);

/. — BUMIipIOBaHa 4acToTa.

Busznauenns ocnoenoi 8i0HoCHOI noxubKu 6UMIpr8aHHs nepiody TPOBOIUTHCS
3T1JIHO BHpA3y:

.
g 2

5, =182 +8% , (2)

1
8N :iﬁ’

10T,
nme N=——F;

T — epioj] CUTHALY OIOPHOTO KBapIlOBOTO F'€HEPATOPA;

T. — BUMIpIOBaHUH MEPiOI;

n=10",v=0,1,2,3,4,...— MHOXHHK IIEpiOy CUTHAIY;
m=10%¢=0,1,2,3,4,...— MHOXHHK YaCTOTH KBapLOBOI'0 T€HEPATOPA.

ITpn BU3HAaYEHH1 TOXUOOK O 187 MEPEBIPAIOTH OKPEMO:

- BIJHOCHY MOXHMOKY 4aCTOTH OTIOPHOTO KBapIIOBOTO reHeparopa (Oy.);

- TOXWOKM BHUMIPIOBAHHS YacTOTH 1 TMepioay, SAKi BHUHHKAIOTH, 13-3a
JTUCKPETHOCTI (IpyTi nojganku y popmynax (1)1 2)).

Busnauenns 6i0HoCHOI NOXUOKU 3a 4aCMOMOI0 ONOPHO20 K8APUOBO2O 2eHepaAmopd

BigHOCHY 1OXHOKY 3a 4aCTOTOIO OIOPHOTO KBapIIOBOT'O IeHepaTopa BH3HAYAIOTh
METOJIOM TIOPIBHSIHHS 3a JIOTIOMOTOI0 KOMIIapaTopa 3a CXeMOI0, IOIaHOI0 Ha pHC. 2.

32



Buxin onopuoro kBapioBoro reaeparopa EJIY, sikuil moBipsieTbes, 3’ €IHYETHCS 3
BxoJoM | xommaparopa. Bin mxepena 3pa3koBOi 4YaCTOTH, SIKUM € CTaHJIapT YacTOTH
Buay Yl-, mogaerbcsi CUTHAN TAKOi K YacTOTH Ha BXIJl 2 KOMIApaTOpH 1 Ha po3'eM
«SMTI'u» wactotomipa tuny Y3-, 110 BUKOPUCTOBYE 1€ CHTHAJI 3aMICTh BJIACHOIO
CUTHAJy OIOPHOI YaCTOTH.

-

A s

EMY, mo . Cranmapr
) = HKommapatop
IOEIPACTECA TACTOTH

¥

A oTroniEHIT

A

YACTOTOMIp

Pucynoxk 2 — BuznaueHHs BiIHOCHOI MOXUOKH 32 YACTOTOIO OMOPHOTO
KBapII0BOI'O F€HEPATOPa METOJIOM MOPIBHIHHS

Buxignuii curnan koMmmaparopa 3 4acTOTOIO f; MOJAEThCS Ha BX1J JOMOMIKHOTO
EJIY, skuit npaitoe B pekuMi BUMIPIOBAHHSI 4aCTOTH NP Yacl BuMiproBanHs 1 a6o 10
CEK.

JI1st miABUIIIEHHS JOCTOBIPHOCTI Pe3yJbTaTiB BUMIPIOBAHHS 3HIMA€ETHCSI HE MEHIIIE
10 mocniIoBHUX MOKa3iB YacTOTOMIpa 1 3HAXOAUTHCA IX CepelHe apupMeTHUUHE
3HAYEHHS:

Ll 3)

n

¢ fi; — B3HAYCHHS 4YaCTOTH BHUXIJHOTO CHTHAJy KoMIIaparopa OIMHHUYHOTO
BUMIPIOBaHHS;

1 — KUJIBKICTh IPOBEJICHUX OJIMHUYHUX BUMIPIOBAHb.

BignocHa moxmOka 3a dYacTOTOK OIOPHOIO0 TEHepaTopa BH3HAYAETHCS 32
dhopmyoro:

= @

1€ fi, — 3HA4YeHHS YacTOTH KOMMapaTropa, BIJAMOBIJIHE HOMIHAJIBHOMY 3HAYE€HHIO
YaCTOTH OMOPHOTO T'€HEePaTOPa;

Jf« — HOMIHAJIbHE 3HAYEHHS YaCTOTH OMIOPHOTO reHepaTopa.

VY nonatky b momani HMX crangapty yactoru Y1-53, komnapatopa 4acTOTHOTO
Y7-12 i cuntezaTopa yactotu. [Ipun BUKOHaHHI 1aOOPaTOPHOI pOOOTH 3aMICTh MOJAHUX
3pa3KOBUX MPUIIAIB MOKHA BUKOPUCTOBYBATH aHanoriuni 3a HMX npunaau.

BusHayuBIIM BIIHOCHY MOXUOKY Oy, MPOBOISTH KOPEKIII YacCTOTH OIMOPHOIO
rerepaTopa EJIY, miciis 9oro mutii «KOpeKIlist 4aCTOTH» IIOMOY€EThCS.
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Busnauenns cxnadogeux noxubku eumiprosanoi uacmomu ma nepiooy i3-3a
Ouckpemnocmi 1iuou

BusHadueHHs JaHUX CKIQJOBHX IIOXHOKH TIPOBOJASTH METOAOM  IIPSMOIO
BUMIPIOBAaHHS 3Pa3KOBOi 4acTOTH. SIK KEpeso eTaOHHOT YaCTOTH BHKOPHUCTOBYETHCS
a00 CHHTE3aTOp YacTOTH, 800 CHHTE3aTOP CIIUJIBHO 3 TOMHOXKYBauyeM YacCTOTH.

Cxewma 3'eTHaHHS IPHUJIAJIIB TIPH 111 omepalrii MoBipKyu MmojaHa Ha puc.3.

e —
3pasKOBHII TeHepaTop |

CHHTE3aTOp TToMHOAYRAT | |
JACTOTH JACTOTH |

¥

ETY

v
|
|
I
|
L
BomeTMeTp

Pucynok 3 — BuzHaueHHS CKJIaIOBUX MTOXUOKU TUCKPETHOCTI

Cunteszarop 1 EJIY, ski moBipsitOTbCS, MOBUHHI OyTH 3aCHHXPOHI30BaH1 Bijl
OTIOPHOTO TeHEepaTopa MPIIIATY, SIKAN TTOBIPSETHCA.

Ha Bxig EJIY, sxuii moBIpsSI€ThCS, MOMAIOTh CHUTHAJ, ONM3BKHN 1O YacCTOTH
BEPXHbOI MEXI1 1 Hampyrorw, piBHOI MIHIMaJIbHIA BXiAHIN Hampysi, npu sikomy EJIY
MOBUHEH HOPMAJIbHO MpalloBaTU. 3a BIJCYTHOCTI y CHHTE3aTOpa TpaayHoBaHOro 3a
HAIMPYrol0 BUXOJY CUTHATY, HEOOXIHO KOHTPOJIOBATH IF0 HAMPYTY 3a JTOMOMOTOIO
BOJILTMETPA.

ITpoBoasTe cepito 3 10 cmnocrepexxeHb. Pe3ynbTaTH TOBIPKM BBaKAKOTHCS
MO3UTHUBHUMH, SKIIO 9 cHocTepekeHb (MOKa3aHb MpUJIaay) MpH BUMIPIOBaHHI HE
BIJIPI3HSIOTHCSA BiJ fi OlIbIIIE, HI’K HA +1 JAiJICHHS MOJIOAIIOTO PO3PSY JIIUOH.

3a aHAJOTIYHOI METOJMKOI0 BU3HAYAETHCS CKJIAJ0Ba MMOXUOKH 13-32 JUCKPETHOCTI
npu BuMmiproBaHH1 miepiony. [Ipu mpoMy Ha BXiJ YacTOTOMIipa MOJAIOTh YacCTOTH, SIKi
BIJIMOBIAAIOTh BEPXHIN 1 HUKHIN 4acTOTI Jllania30Hy, BCTAHOBJICHOTO JJIsl 4aCTOTOMipa B
pEeXUMi BUMIPIOBAHHS TIEPIOMY.

3. KiaouoBi nuTaHHA

3.1 Jlaiite Bu3HaueHHs Tepminy «BunpooyBanus 3BT».

3.2 Sk npoBoauThCs KaniOpyBaHHA (kaniOpyBasibHi podoTu) EJIY?

3.3 Cdopmymoiite Bu3HaueHHs noBipku EJIY.

3.4 Bwuau noBipoK 1 MDKIIOBIPOYHI 1HTEPBAJIH.

3.5 Sxi ocHoBHI MX BHu3HauarThes mpu nosipii EJIY?

3.6 IlepepaxyiiTe 3aco0u BUMipIOBaHb, BXKUBaH1 Ipu moBipii EJIY.

3.7 Bxaxith oneparii mpu npoBeaeHH1 nmosipku EJIY.

4. JlomanHe 3aBIaHHA

4.1 BuBYUMTH OCHOBHI IOJIOKEHHS, SIKI CTOCYIOTBCSI MOBIPKH Ta KaJiOpyBaHHS
€JIEKTPOHHO-TIYMIIbHUX yacToToMipis (EJIY).

4.2  BumnucaTu METPOJIOTIYHI XapaKTEPUCTUKU KOMIapaTopa 4aCTOTHOTO.

4.3 BumnucaTu METpOJIOTIYHI XapaKTEPUCTUKHU CTAHJAPTY YaCTOTHU.

4.4 BunucaTu METPOJIOTIYHI XapaKTePUCTUKU CUHTE3aTOPa YaCTOTH.
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S.
5.1

JlabopaTtopHe 3aBaaHHA
O3nalioMTecsi 3 YCTaTKyBaHHSIM Ha poOo4YoOMy MicIll, 30epiTh CcXeMy

BUMIPIOBaHHS 3riAHO puc. 1 1 miAroTylTe npuiaau 10 poOoTH.

5.2V pexumi BUMIPIOBaHHS YaCTOTH BU3HAYTE MOPIT YYTIUBOCTI (MIHIMAJIBbHY
HaIpyTy, sKa 3a0e3MeYnTh CTIMKUMA MOoKa3 Ha TabJyio) 1 MPOBEIITh MOBIPKY MPHIAaAy Ha
BKa3aHUX YacToTax B Tabm. 5.1.

5.3

MOXHOKY, OTPUMaHI1 pe3yJIbTaTH 3amucaTy B Ta0i. S5.1.
(6, — BUOMpAEMO 3 MAaCMOPTHUX JaHUX 33JJaHOTO TEHEPATOPa)

Tabnuns 5.1 — [lepeBipka Aiana3oHy BUMIPIOBAHUX YaCTOT

f Pesynbrar Ha AbcomorHa F(f)r? Hcl/;jlliqoa
iy Tsia Usnin Y noxuOka Aoty BHCHOBOK
k' TadJIo0 A=fom—f moxuoka
— JBUM T Ar — 8r fi‘

0,1

1

10
100
1000

Po3paxyBatu aOCoMOTHY TOXHOKY BHUMIPSHY 1 TPaHUYHO JIOMYCTUMY

54 YV pexuMi BUMIPIOBAHHS TIEpioJly MNPOBECTH aHAJIOTIYHI BUMIPIOBaHHS 1
po3paxyHku. Pe3ynbTaTu nogatu y BUrisiai taom. 5.2.

Tabnuns 5.2 — [epeBipka Aiana3oHy BUMIPIOBAHUX MEPIOAIB

['pannuno
AOcomoTHa
Jr, K[ T, " Pesynbrar Ha Uwic Hoxi6Ka JIOIyCTUMA BICHOBOK
(Tp) TabJ10 A=To _T MoxXnuOKa
BUM r Ar — 6r . Tr
0,1
1
10
100
1000

5.5 KopucTtyrouuch TEXHIYHUMH XapaKTEPUCTUKAMU

3aaHOTO0  YacTOTOMIpa,

BUOpaTH Yac J1i40u, 110 3a0e3reuye HallMEeHITy MOXUOKY B PEXUMI1 BUMIPIOBAHHS YaCTOTH.
Pe3ynbratu po3paxyHkiB 3anucati B Ta0i. 5.3.
JlonmycTuMy O y peKrMI 4aCTOTH po3paxyeMo 3a ¢popmyiioro 1.

Tabmus 5.3 — BusHaueHHs BIIHOCHOI TOXMOKM BUMIPIOBaHHS dYacTOoTH (TIoxuOKa
JIMUCKPETHOCTI)
AO6comroTHa
fo, k' Tria PenggTaT Ha moxuoxa N on I[onygTHMa BucaoBok
TabiIo A==+1/Tya
0,1
1
10
100
1000
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5.6 KopucTyrouuch TEXHIYHUMHM XapaKTEPUCTUKAMHU 3aJIaHOTO  YacTOTOMIpa,
BUOpaTU mapaMeTpu pPEKUMY BUMIPIOBAHHS MEPIOJY TakK, 00 3a0e3MeYUTH HaMeEHITy

OXHOKY BUMIPIOBaHHS nepioay. Pe3yabTaTu po3paxyHKiB 3anucaT B Ta0i. 5.4.

Jlonyctrmy O B peKUMI MEPioy po3paxyeMo 3a popmyroro 2.

Tabmums 5.4. — BusHaueHHs BIJIHOCHOI TOXHUOKM BHMIPIOBaHHS Tiepioay (moxuoOka
JTIUCKPETHOCTI)

fo AOcomoTHa

Ko | Ty | n | Ty Pesynbrar Ha moxuoka N | dn Jlomycriva BucuaoBok
(T) Tabno A=+Ty/n 0

0,1

1

10

100

1000

6. IIporokou saGopaTopHoi podoTu (Ne . Ha3Ba . )

6.1 Mera nabopaTopHoi poOOTH.
6.2 Ilepenik BUKOPHCTOBYBAHOI araparypu B Tadm. 6.1.

Tabnuusg 6.1 — [lepenik BUKOPUCTOBYBAHOI arapaTypu

. . MerTposnoriuHi XapaKTepUCTUKHI
HaitmenyBanus Tum 3aBoACchKUI K ; q -
ATy HOMeEp mac Ih.ana30H acTOTHUH
TOYHOCTI1 BUMIPIOBAHHA J1aIta3oH
6.3 Cxema BUMIpIOBaHHS
TeHepaTop T TacToTOMIp

Bom1MeT)

Tumn gyactoTomipa, IKUI MOBIPAETHCS

30BHINIHIA OIS

BunpoOyBanus

YMoBHU KaniOpyBaHHS

°C

TeMmmneparypa HaBKOJMIIIHBOTO CEPEIOBHUIIA
BigHocHa BOJOTICTh MOBITPS

%o

ATtmocdepHuil TUCK

Yac nonepeaAHbOT0 MPOrpiBaHHs

MM PT.CT.
MUH.

Hamnpyra mepexi

B.

YacToTa Hanmpyru Mepexi

I'm.
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6.4 Ha mincraBi OTpUMaHUX pe3yJbTAaTiB 3pOOMTH BUCHOBKU MIPO TMPOBEICHY

MOBIPKY YacToTOMIpa.

[lepeBipka a1ama3zoHy BUMIPIOBAHUX YaCTOT AociiKyBaHoro EJIY
BucHoBoOK:

ITepeBipka aiama3zoHy BUMIpIOBaHUX MEPioJIiB gociimkyBanoro EJIY
BucHoBoOK:

BusnauenHss BiTHOCHOI TOXMOKHM BHMIPIOBAaHHS YacTOTH JociijkyBaHoro EJIY

BucHOBOK:

BusnauenHsi BIJIHOCHOI TOXMOKM BUMIPIOBaHHS Tmiepioay pAociikyBaHoro EJIY

BucHOBOK:
3arajbHU BUCHOBOK:

[ToBipka BUKOHaHA « » 20 _p.
IL.Lb.

[IpoTokon nepeBipuB: (migmuc)
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InuBinyaabHe 3aBJaHHA
Po3paxyHok merpoJioriynux xapakrepuctux EJIY

1. Mera:

1.1  OBoONOXITH METOAMKOIO OIIHKH TOXHOKH BHMIipIOBaHHS, BHKOPHUCTOBYIOUH
HMX EJIY.

1.2 Hauutucs Bubupatu pexum pobotu EJIYU, mo 3abesnedye MiHIMAIBbHY
MOXHOKY.

2.  Kuio4oBi nos1o:keHHs

2.1 IunuBigyanbHe 3aBJaHHS MICTUTh YOTHUPHU 3aBAaHHSA. Y MEpPUIOMY Ta JIPYTOMY
3aBJaHHI HeoOXinHO, BuKopuctoByroun HMX EJIYU, onTuManbHHUM 4YUHOM BHOpaTH
napaMeTpu pexXxuMy poOOTH Ta pO3paxyBaTH MOXUOKHU. 3aMucaTH pe3ysbTaT BUMIPIOBAHHS
Ha TabJI0 13 3a3HaYCHHIM PO3MIPHOCTI.

Tpere 3aBpaHHS TIOB'I3aHE 3 OLIHKOK NOXHUOKH pe3yibTaTy BHMIPIOBAHHS
BIIHOIIIEHHS 4acTOT. TyT TakoX HEOOX1IHO 3amucaT pe3yJbTaT BUMIPIOBaHHS Ha TalJIo.
[Ipu BUKOHAHHI I[LOTO 3aBJAHHS HEOOX1JHO 3BEPHYTH YBary Ha IpaBUJIbHUI BUOIp 4acCTOT,
SIK1 TIOBMHH1 BXOJUTH B Jiana3oH BumiproBanHus EJIY.

YerBepre 3aBaaHHs nependayae OLIHKY MOXUOKU pe3ysbTaTy BUMIPIOBAaHHS 4acTOTH
(mepiody, BIAHOIIEHHS YacTOT), MpEACTaBIeHOro Ha Tabmo. TyT BUpIIIyeTbCSI 3BOPOTHE
3aBJAHHS.

2.2 HopmoBana metrposoriuna xapakrepuctuka (HMX) EJIY — me Merposoriuyna
xapaktepuctrka (MX), BcTaHOBJIEHAa HOPMAaTUBHOIO TeXHIYHOIO JoKyMeHTarieo (HT/).

Jlo HMX EJIY BigHOCSTHCS:

- B peXuMIi BUMIPIOBAHHS YaCTOTHU:

a) Jlama3oH BUMIPIOBAHHS;

0) wuyac mudu 7,y (4ac BUMIPIOBAHHS);

1
e n=10",v=0;1;2:3:4..., Tw=—:

B) KUIBKICTBh PO3PSIIIB;
r) TOpIT YyTJIUBOCTI;
1) BiJHOCHA MOXHMOKA KBAPIOBOTO FeHEPaTOPa Oy;

- B peXUMI BUMIPIOBAHHS TIEPIOaY:
a) Jiama3oH BUMIPIOBaHHS;
0) mepioa MITKH;

T, = 1 :0é2,
m-fezg 10

1€ m — MHOXKHMK 4acTOT KBapLoBoro remeparopam = 10°,£=0; 1;2; 3; 4....,
B) MHOHHUK TIEepioay #;
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)  KUIBKICTh PO3PS/IiB;
1) TOPIT YyTIUBOCTI;
€) BIJHOCHA MOXMOKA KBapIIOBOT'O TE€HEPATOPA Oy

- Y peXUMIi BUMIPIOBaHHS B1IHOIIICHHS YaCcTOT:
a) Jiarna3oH BUMIPIOBAHHS YaCTOTH;

0) ndlama3oH BUMIPIOBAHHS NEPIONY;

B) MHOXHUK niepiony (n);

I) KUIBKICTh PO3PSIIIB;

1) TOPIT YyTIUBOCTI;

2.3 OcHoBHa MMOXMOKA B PEKUM1 BUMIPIOBaHHSI YACTOTH BU3HAYAETHCS BUPA3OM:

5, =82 +62

O — HOPMATHBHE 3HAYCHHS MOXUOKH KBApPIOBOTO T'eHEPaTOpa;
Oy — BIJTHOCHA MOXUOKA TUCKPETHOCTI (MOXHOKa JTYMIBHUKA);

SNzi%;
ne N=f-T,,
T, =n-Ty;
ro 1
Jo

n=10", v=0,1,2,34....;
HpH V= O’ Tni'{ = 100MC ;

v=1T, =10'mc; v=2, T, =10°mc; v=3, T, =10’mc; v=4, T =10*mc.

OcHoBHa oxuOKa B peKUMI BUMIPIOBAHHSI MIEPI01y BU3HAYAETHCS:

8 =82 +82, +8%

Ois :LUCZ;
mn U,
T, 10"-T T 1
SN:ii; N:n <= =, 8N= (V+::<)r ; c T
N r, 10°/T_ 100 - T, m-f.

M — MHOKHHMK 4aCTOTH KBapLOBOIO ME€HEPATOPA;
m=10%; €=0;1;2;3;4.....

VY pexuMi BUMIPIOBAHHSI BITHOIIICHHS YaCTOT:
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I |

1
N 10T, " nT,

5<f1/f2> =t

BapianTu 1HIUBIyaIbHOTO 3aBAaHHS MMOJaH1 B 107aTKy B 1 BUOUparoThes:

- 7S CTYNEHTIB JE€HHOI (opMHU HaB4YaHHS 3rigHO mopsakoBoro Homepa [1Ib B
HaBYAIbHOMY KYypHai;

- IS CTYJICHTIB 3a04HO1 (pOpMHU HaBYAHHS 3T1THO TPETi OyKBi B MPI3BHUILII.

[IpaBuna oopmieHHs 3aBIaHHS:

1. Bunucartu 3aBnaHHs y BUTIsAA1 Ta0nuii ( Joaatok B);

2.  Bunucatu HMX 3anmanoro EJIY (momatok I');

3. IlpoBectu HeoOXigHI OOYHCIECHHS MapameTpiB BHUOpPaHOro (3aJaHOTO) PEKUMY
BUMIPIOBAHHSI.

4. Pe3ynbTaT po3B'sA3aHHSA MOJATU Yy BUIVIAAI TaOMMUI (3aMICTh MUTaHb 3alUCaTH
BIJIITOBI1).
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Jopatok A

Tabnuns Al — Bapiantu iHAMBIIyaIbHUX 3aBAaHb 10 J1abopaTopHOi poboTu No7.

Ne 3-a OykBa
s\ 1 npisBHLa Yacroru B kI'1x Iepion miTox T,
(cramioHap)|(3a0YHUKN)
: N f1 0,08-10% 0,08-10"; 0,08-10% 0,08-10°; 0,08-10* 0,08-10°
fa 0,04; 0,02, 008  0,l; 0,64; 0,8
) 5 f1 0,12-10% 0,12-10"; 0,12-10% 0,12-10%; 0,12-10* 0,12-10°
fa 0,02; 0,04; 006, 0,2; 1; 1,2
; s f1 0,16-10% 0,16-10"; 0,16-10% 0,16-10°; 0,16-10* 0,16-10°
fa 0,04: 0,08 005 02 1; 3.2
A - f1 0,20-10% 0,20-10"; 0,20-10% 0,20-10%; 0,20-10* 0,20-10°
fa 0,04; 0,08; 0,1; 0,5; 2; 5
S , f1 0,24-10% 0,24-10"; 0,24-10% 0,24-10°; 0,24-10% 0,24-10°
fa 0,06: 0,01; 0,08 048 12; 1,5
’ - f1 0,28-10% 0,28-10"; 0,28-10% 0,28-10°; 0,28-10* 0,28-10°
fa 0,14; 0,05  02; 0,5 14 28
; " f1 0,32-10% 0,32-10"; 0,32-10% 0,32-10%; 0,32-10% 0,32-10°
fa 0,2; 0,16; 0,32, 0.8: 1,6; 64
. 5 1, 0,36-10% 0,36-10"; 0,36-10%; 0,36-10°; 0,36-10%; 0,36-10° pii’;;;:lx
fa 0,06; 0,09; 0,03; 1,5; 1,8; 6 JacTOTOMIpiB
9 " fi 0,40-10°; 0,40-10"; 0,40-10%; 0,40-10%; 0,40-10%; 0,40-10° BrGHpaemo
104 ~—
R 0,2; 0,16;  0.2; 125, & 5 L,=10"¢=0,Imc
0 « f1 0,44-10"% 0,44-10"; 0,44-10% 0,44-10°; 0,44-10% 0,44-10°
8-
2 o1, 02 02 L 2% 5 pmpﬂi’;xf’mme
0, I, 2, 3. i, 3
N 4 f1 0,48-10% 0,48-10"; 0,48-10% 0,48-10°; 0,48-10* 0,48-10 T =10 c=1nc
fa 0,12; 0,15; 0,2; 2; 2.4, 8
" " f1 0,52-10% 0,52-10"; 0,52-10% 0,52-10%; 0,52-10% 0,52-10°
fa 0,26; 0,08; 0,4: 4; 5. 65
" u f1 0,56-10% 0,56-10"; 0,56-10% 0,56-10°; 0,56-10% 0,56-10°
fa 0,14; 0,2; 0,4 2; 1,4, 5
M o f1 0,60-10% 0,60-10"; 0,60-10% 0,60-10%; 0,60-10*; 0,60-10°
I 0,2; 0,3; 0,4; 2,5; 1,2; 6
s . f1 0,64-10% 0,64-10"; 0,64-10% 0,64-10°; 0,64-10% 0,64-10°
fa 0,08; 0,4; 0,16; 2; 1; 8
6 > f1 0,68-10% 0,68-10"; 0,68-10% 0,68-10%; 0,68-10* 0,68-10°
fa 0,17; 0,34, 0,68, 1,7; 8; 4
" c f1 0,72-10% 0,72-10"; 0,72-10% 0,72-10%; 0,72-10* 0,72-10°
fa 0,08: 0,36; 0,6; 1.8:; 7.2; 8
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IIponosxxenus Tadbmmi Al

Ne 3-a OykxBa ] _
s\ 1 npisBuia Yacroru B kI'11 Iepion miTok T,
(cramioHap)|(3a0YHUKH)
8 T fi 0,76-10% 0,76-10"; 0,76-10% 0,76-10%; 0,76-10%; 0,76-10°
fa 0,19; 0,38; 0,4, 1,9; 3,8; 5
0 v f1 0,80-10% 0,80-10"; 0,80-10% 0,80-10%; 0,80-10* 0,80-10°
fa 0.4; 0,32; 0,5; 6,4; 8; 4
0 o fi 0,84-10"% 0,84-10"; 0,84-10% 0,84-10°; 0,84-10*; 0,84-10°
f 0,21; 0,35; 0,6; 2.4 42, 4
)l N f1 0,88-10% 0,88-10"; 0,88-10% 0,88-10%; 0,88-10* 0,88-10°
fa 0,11; 0,4 0,55; 1; 4; 4.4
Juist 7-n
0. I, 2, 3. I 3
s . f1 0,72-10% 0,72-10%; 0,72-10% 0,72-10%; 0,72-10%; 0,72-10 pospaix
2 0,08; 0,36; 0,6; 1,8; 72; 8 4acTOTOMIpiB
0. T T T- T 5 BHOWPAEMO
’ u fi 1 0,78-10"; 0,78-10"; 0,78-10%; 0,78-10”; 0,78-10"; 0,78-10 T 10%ec.1
n Cc=U,1MC
f2 0,39; 0,6; 0,65; 1,95; 1,3; 8
11| 0,82-10% 0,82-10"; 0,82-10%; 0,82-10%; 0,82-10"; 0,82-10°
24 111 Jns 8-m
f2 0,82; 0,41; 0,82; 4,1, 5; 4 |[pO3pAIHHUX i BHILE
s " 711 0,86-107% 0,86-10; 0,86-10% 0,86-10°; 0,86-10% 0,86-10° | =10 c=1mxc
fa 0,43; 0,2; 0,86;  2.,5; 8,6; 5
o 5 f1 ] 0,90-10% 0,90-10"; 0,90-10%; 0,90-10°; 0,90-10%; 0,90-10°
f2 0,3; 0,2; 0,6; 1,5; 4.5; 9
” o f1 ] 0,94-10% 0,94-10"; 0,94-10%; 0,94-10°; 0,94-10% 0,94-10°
f2 0,47; 0,94; 047; 1; 2.,5; 5
. o f1 ] 0,98-10% 0,98-10"; 0,98-10%; 0,98-10°; 0,98-10% 0,98-10°
f2 0,49; 0,2; 0,98; 1,96; 7; 5

[IpumiTka. YacToTa f, BUKOPUCTOBYETHCS TIJIBKH IJIS PEKUMY BIHOIICHHS YacTOT.
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Honaroxk b
Komnapartop yacrorHuii

MeTpoJioTiuHi XapaKTEepUCTHKU KoMITapaTopa 4actoTHoro Y7-12:

- 4acTOTH BX1THUX cuTHaTIB 1 1 5 MI'1 mpu MakcuManbHOMY BiIXWJICHHI YaCTOTH
BiJl HOMiHaMy He Ounbiie 1 I';

- Harpyra BxigHux currams Bix 0,5 no 1,5 B;

- MakKCHMaJlbHa BIJIHOCHA Pi3HUIIS 3HAYCHb YAaCTOT BX1IHUX CUTHAJIIB BU3HAYAETHCS
BHPA30M:

M31038M

KI'

ne Onn — JOINYyCTHMa TOXMOKa BHUMIPIOBaHh HECTAOUIBHOCTI YacTOTH BXIJIHHUX
CUTHAMIB, 0,0 =107... 102

Af — PI3HUIIA YaCTOT BXIJTHUX CUTHAJIB;

fi — YACTOTA OMIOPHOTO CHTHATY.

[Ipn 1mOMY MOBMHHA BUKOHYBATHCh YMOBA:

M -Af <10°, T

ne M — koedilieHT MHOXKEHHS PI3HMII 4acCTOT BX1AHUX CUTHAIIB.

- Hampyra BXigHUX cHrHajaiB He MeHme 0,65 B Ha omopi HaBaHTaKEHHS
R =75 Owm.

Cranaapr 4acToTu

MeTpooriuyHi XxapakKTepUCTHKH CTaHaapTy 4yacToTu Y1-53:

- BiTHOCHA MOXMOKa - He Oibime 5-10° micns 4 roqun 3 MOMEHTY BKJIFOUCHHSI;

- BIJIHOCHE BIAXWJICHHS YacCTOTH BUXIJHOTO CHUTHalIy 3a 00y — He Oiibiie S -
10" micns 24-x roqus pobotu;

- CcepeaHbOKBAAPATUYHE BITHOCHE BIAXUIICHHS NIEPi0ay BUX1THOTO CUTHATY ITiCIISI
24-x roauH pobOoTH - HE OlbIe 2 - 10" 3a 1 cex;

- pIBEHb BUXIJIHUX CUTHaJIB - He MeHIne 1 B Ha HaBadTaxxendi 50 Owm.

CunTe3arop 4acToTn

MeTtponoriuHi XapakTepUCTUKA CUHTE3aTOpa YaCTOTH:

- 4acTOTa BUXIJTHOTO CUTHAITY BCTAHOBIIOETHCA B Mexkax 50-49999999.99 I'ny 3
kpokom 0,01 I'i. HabGip 3HaueHHs 3a 10MTOMOT0I0 KHOIKOBOTO MepeMHUKada Ha MepeaHin
naHesi abo AUCTAHIIMHO 3a JOIMIOMOTOI0 CUTHAJIIB MOCTIMHOTO CTPYMY;

- BHUXIJIHA HampyTa Ha 30BHINTHbOMY HaBaHTaxeHH1 50 Om - 0,5 B;

- moxubKa yCTaHOBKH HOMIHAJIBHOTO 3HAUCHHS YaCTOTH - He Oimbir + 5 - 107

- HEeCTaOUIbHICTh YaCTOTH BUXI1JHOTO CUTHAJY IICJs 2-X TOJUH CaMOIPOTPiBY HE
- -10 -9
ouremze 5 - 107" 3a 10c; 5 - 107 3a 10 xB.
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Ta6nuis B1 — BapianTu 3aBiaHs.

Po3paxyHok meTposoriuaux xapakrepuctuk EJTY

JlonaTtoxk B
[aauBinyansHe 3aBIaHHS

Pesynbrar Ha

Bapianr Tun ) Yacrora ITepion Bianomenns Hac MHO?KHHK Mirku UppoBOMY TA, +9 + ds
4acToTOMIpa 4acToT (374 rneplony qacy 136710

1 120 k' ? _ 9 ? 9 9 9 9
? 0,7 MKC _ ? ? ? ? ? ?

13-35 - - 33 MI'w/3 k' ? _ _ ? 9 9 9

A ? ? _ ? ? _ 00297.444 xI'nx ? ? ?
7 2.2 Ml ? _ 9 ? 9 9 9 9
? 400 MKc _ ? ? ? ? ? ?

13-57 _ _ 15 MI'/1 k' ? ? _ ? ? ? ?

b ? ? _ % - _ 4841.227 xT'nl % % %
3 750 xT'11 ? - ? ? 9 9 9 9
? 0,3 MKC _ ? ? ? ? ? ?

324 ? - 42 MI'1i/20 kI ? ? - ? ? ? ?

B ? ? _ ? _ _ 0000.0009 I'1x ? ? ?
4 10 «T'y ? _ ? - _ ? ? 10 ?
U3.36 ? 0,1 MKC _ ? ? ? ? ? ? ?

? ? 47 MI'/10 k't 9 ? _ 9 9 9 9

r ? ? _ ? ? 1 Mxc | 07842.09 Mkc ? ? ?
5 300 k' ? _ ? ? ? ? ? ? ?
? 0,08 MKcC - ? ? 9 9 9 9 9

H3-57 _ _ 4,5 MI'w/12 k' ? ? _ ? ? ? ?

)| — - - ? ? - 00077.75«T 11 ? ? ?
6 630 xI'11 ? _ ? ? ? ? ? ?
? 0,25 MKC - ? ? 9 9 9 9

H3-22 - - 21 MI'w/7 k' ? ? - ? ? ? ?

E ? ? _ ? _ _ 5555.5555 k'l ? ? ?
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[Iponosxxenus Tabnwuii B1

Pesynbrar Ha

Bapiant Tun . Yacrora | Ilepion BinomeH s Hac MHO?KHHK Mirkn rdpoBoOMy TA, o + 0y
qaCTOTOMlpa qacToT JIIIIGI/I HCplO,Z[y qacy Ta6JIO

7 0,01 mc - ? - - ? 107 kI ? ?
0,04 MKc _ ? ? ? ? ? ? ?
H3-35 - - 17 MTI'/2 [ ? ? - ? ? ? ?
K ? ? _ ? 10° ? 00300.0000 mc ? ? ?
8 575 k't ) _ ? ? 9 9 ? ? ?
? 0,35 MKC _ ? ? ? ? ? ? ?
H3-22 - - 906 kI'/3 k1t ? ? _ ? ? ? ?
3 9 ? _ ? _ - 0000.0220 xI'1x ? ? ?
9 966 xI'11 ? - ? ? ? ? ? ? ?
? 2 MKC _ ? 9 ? 9 ? ? ?
H3-57 _ _ 19 MI'/25 k' ? ? _ ? ? ? ?
U 9 ? _ ? _ _ 0006757. k't ? ? ?
10 2,5 Ml ) - ? ? ? ? ? ? ?
? 0,33 MKC _ ? ? ? ? ? ? ?
H43-35 - - 2.9 MI'/1,5 k't ? ? - ? ? ? ?
K ? ? _ ? ? 0.1 mc 0049.0000 mc ? ? ?
11 ? 0,03 MKc - ? ? ? 9 ? ? ?
? 7 MKC _ ? ? ? ? ? ? ?
H3-24 - - 10,5 MT'1/2,5 k[ ? ? - ? ? ? ?
B 9 ? _ ? _ _ 37886.420 k't ? ? ?
12 31 MI'it ? - ? ? ? ? ? ? ?
? 34 MKC _ ? 9 ? 9 ? ? ?
H3-22 _ _ 20,2 MI'/6 k't ? ? _ ? ? ? ?
M 9 ? _ ? ? ? 089124.38 MKcC ? ? ?
13 9,4 MI'y ? - ? ? ? ? ? ? ?
? 8 MKC _ ? ? ? 9 ? ? ?
H3-24 — - 3,8 MI'w/3 k't ? ? - ? ? ? ?
H 9 ? _ ? _ _ 0003333.3 x['11 ? ? ?
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[Tponossxenus Tabnwmii B1

Pesynbrar Ha

Bapiant Tun . Yacrora | Ilepiox Binsomenms Hac MHO?KHHK MiTin UG poBOMY TA, 3, + 0y
qaCTOTOMlpa qacToT JIIIIGI/I HCplO,Z[y qacy Ta6JIO

14 12 MI'i ? — ? ? ? ? ? ? ?
? 0,02 MKc _ ? ? ? ? 9 9 ?
H3-57 _ _ 1,2 MI'w/0,3 k' ? ? _ ? ? ? ?
0 ? 9 _ ? _ _ 06245.74 k'l ? ? ?
15 15,3 MI'p ? — ? ? ? ? ? ? ?
? 27 MKC _ ? ? ? ? ? ? ?
H3-36 - - 27 MI'w/5 k1t ? ? - ? ? ? ?
I ? ? _ ? 107 ? 010.0000 mc ? ? ?
16 1001 xT'x ? _ ? _ _ ? ? 10° ?
85 k' ? _ ? ? ? ? ? ? ?
H3-22 — — 5,9 MI'/5 k[t ? ? - ? ? ? ?
P ? ? _ ? _ - 01378.000 k't ? ? ?
17 3,85 MTI'nl ? - ? ? ? ? 9 9 ?
360 k't ? _ ? ? ? ? ? ? ?
H3-24 - - 18,4 MI'y/2 kI ? ? - ? ? ? ?
C ? ? — ? _ _ 000.04250 k't ? ? ?
18 14,6 MI'1t ? _ ? 9 ? ? 9 9 ?
? 35 MKC _ ? ? ? ? ? ? ?
H3-57 _ _ 35 MI'w/1,2 Ml ? ? _ ? ? ? ?
T ? ? _ ? _ _ 00000.22 kTt ? ? ?
19 17,3 MI'y ? - ? ? ? ? ? ?
? 22 MKC _ ? ? ? ? ? ?

Y3-35
_ _ 4,4 MI'/2,2 MI'L ? 9 _ ? 9 9 ?
v ? ? _ ? - - 9999.9999 kIt ? ? ?
20 940 xI'11 ? — ? — _ ? ? ? ?
2.9 Ml ? _ ? ? ? ? ? ? ?
H3-24 - - 7,75 MT'/2 MI 1 ? ? - ? ? ? ?
@ ? ? — ? _ _ 01000.000 k't ? ? ?
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[Tponosxenns Tabnwmii B1

PesynbTar Ha

Bapiant Tumc Yacrora | Ilepiox Bixsomenns Yac niubu MHoKHHK Mirici udpoBomy TA, uef + Oy
II’élCTOTOMlpa qacToT neplo/:[y qacy Ta6J'IO

21 2,22 Ml ? — ? ? ? ? ? ?
_ 21 MKC _ ? ? ? 9 9 ?
H43-35 - - 7,7 MT'/7 kTt ? ? - ? ? ? ?
X ? ? — ? _ _ 02664.3740 k"1 ? ? ?
22 49 M1t ? _ ? ? ? ? 9 9 ?
_ 17 MKC _ ? ? ? ? ? ? ?
H3-24 — — 8,2 MI'y250 k[t ? ? - ? ? ? ?
11 ? ? _ ? ? _ 008750.00 k't ? ? ?
23 6,25 MI'il ? — ? ? ? ? ? ? ?
750 k11 ? _ ? ? ? ? 9 9 ?
H3-57 _ _ 6,25 MI'/750 k' ? ? _ ? ? ? ?
q ? ? _ ? ? - 0750.0000 mc ? ? ?
24 5 Ml ? — ? - - ? ? 10 ?
? 12 MKc _ ? ? ? ? 9 9 ?
H3-22 — — 5,5 MI'/0,1 MTt ? ? - ? ? ? ?
I ? ? — ? _ _ 0000.2840 xI'1x ? ? ?
25 12,6 MI'it ? _ ? ? ? ? 9 9 ?
? 10 MKcC _ ? ? ? ? ? ? ?
H3-24 — — 10,8 MT'1i/0,7 MT1t ? ? - ? ? ? ?
1] ? ? _ ? _ _ 00001.000 k't ? ? ?
26 10,25 Mt ? _ ? ? ? ? 9 9 ?
27 k'l 9 _ ? 9 ? ? 9 9 ?
H3-57 _ _ 2.8 MI'/40 k' ? ? _ ? ? ? ?
b ? ? _ ? ? 1 Mc 000088.0 mc ? ? ?
27 ? 0,9 MKc — ? ? ? ? ? ? ?
? 9 MKC _ ? ? ? ? 9 9 ?
H13-35 _ _ 14,7 MI'w/0,1 Ml ? ? _ ? ? ? ?
) ? ? _ ? _ _ 00442.2110 k' ? ? ?
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[Iponosxxenns Tabnwuii B1

PesynbTar Ha

Bapiant Tumc Yacrora | Ilepiox BiaHoweH s Hlac MHoRHHK Mirkn udpoBomMy TA, uef + 0y
4acTOTOMIpa YacToT 1L ()7} nepiomy Jacy 26110

28 16,2 MI'n - ? ? ? ? ? ?
66 kI'11 - ? ? ? ? ? ?
13-24 - - 36 MI'y/4 MI'y ? ? - ? ? ? ?
O - - - ? ? — 00024.400 Mkc ? ? ?
29 19,8 MI'n ? - ? ? ? ? ? ?
? 6 MKC - ? ? ? ? ? ?
13-35 - - 20 MI'u/20 kI'g ? ? — ? ? ? ?
s ? ? - ? - — 004455.663 I'11 ? ? ?
30 ? 7,5 MKC - ? ? ? ? ? ? ?
? 0,6 MKC - ? ? ? ? ? ? ?
H13-22 - - 25 MI'n/0,4 MI'n ? ? — ? ? ? ?
? ? - ? — — 00000.100 kI'g ? ? ?
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[Ipukian po3B’si3aHHs 3aBOaHHS W

Tabnuns B2 — YMoBu Bapianta W aiisg tuny yactoromipa Y3-57.

Yacrora|[Tepion Binnomenasa Hac MHO?KHI/IK Mirtku | Pe3ynbTaT Ha tA, |+ 6N 3y
4acToT ni4bu | mepioxy | 4acy | uudp. Tabio
5 MI'ng ? — ? ? ? ? ? ?
10 xI'xg ? - ? ? ? ? ? ?
— — 2,1 MI'/3 xI'g ? ) — ? ? ? ?
? ? — ? — — 10100.000 kI'y| ? ? ?
1. BwusHauumo TexHi4yH1 Xapakrepuctuku Y3-57 3 tabm. I'1.
Tabmuug B3 — Texniuni xapakrtepuctuku Y3-57.
Tun Ih.ana30H Ill.aHaSOH Yac MHOXHUK . Ioxubrxa Kinekicts
. BUMIPIOBAHHS |[BUMIPIOBAHHSA | . . MITKH 4acy [KBapLOBOIO .
4aCTOTOMIPY . a14bm, Mc | Tmepiony pOo3psaiB
YaCTOTH nepiony reHeparopa
4y3-57 10,1 I'...100 M| 1 mxc...10* ¢ | 1...10°* 1..10* [0,1mxc...1 md| 107 7

3agaua Nel
- BU3HAYA€EMO TIEPiOJ] CUTHAITY

_ =0,2-10%f=0,2iéf

T. = =
5.10°

1
tf

- obupaemo pexuMm podbotu yactoroMipa. Ockiabku T, He BXOIUTH B Jllala30H
BUMIPIOBAaHHS [1€P101Y, TO BUOMPAEMO PEKUM BUMIPIOBAHHS YaCTOTH.
- 32 (OpMYJIO0 BU3HAYAEMO Yac PAXyHKY:

q _ T _
- 107-1_10" -1

= 3 3. An A 4.
83+.01¢da06 . = = G = 271, T00TO 10 Mc<T &= picoas <10™ Mc;
f 5-10

- 3 ypaxyBaHHSM TOTO, 1110 YaC paXyHKY MO>kKe HaOyBaTH TIJIbKH TaKl 3HaYEHHS
0. 10l 102 103. 104 3
(107 10°; 107 107; 10™) mc, obupaemo T,;,=10" mc=1 c.
- a0coyroTHY MOXUOKY TMCKPETHOCTI BU3HAUYAEMO 3a (hOPMYJIOO:

Ay=t—t -+l 4T
To. 1
- BIJIHOCHA MOXUOKA TUCKPETHOCTI:
Sy =ti= L 4 16 =2.107°.
N fiOs.  5-10°-1

- cymapHa noxuOka BUMIPIOBaHHS YaCTOTH:
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[<2 2
Oy =+/0g +0y

dsz — BUOMpAEMO 3 XapaKTEPUCTUK J1aHOTO yacTtoromipa U3-57, siki 3Be/ieH] B

Taba. B3. Toai 0g5 = 10~7 nigcrassemo B bopmymy:

5, =(107) +(2-10°) =2.10°

Pesynbrar 6y =2- 107
- 3anucyemo pe3ynbtaT Ha Tad0 5000.000 kI'1. (denumanbHa TOuka Ha
1 poBOMYy Tab10 3MIIIYETHCSA HA CTUIBKH PO3PSAIIB BII1BO, KOO € CTEMIHD 1 yy).

3agaua Ne2
- BHU3HaA4Ya€EMO HCpiOI[ CUTHAIY
T,=~ =% =0,1-107f=0,1if ,
f 10-10

- 3 ypaxyBaHHSIM TOTO, III0 YaCTOTA i MEPio/l CUTHALY BXOJAATH B Jiala3oH
BUMIpPIOBaHb, PEKOMEHIY€THCSI BUOpPATH TaKUil pekuM poOOTH 4acTOTOMIpa, B IKOMY
noXuOKa BUMIpIOBaHHA Oy/e MIHIMAJIbHOIO.

- 00YHUCITIOEMO BITHOCHY MOXUOKY AUCKPETHOCTI B PEKUMI BUMIPIOBAaHHS
JacTOTH:

R R S — =1077,
N

f:0s- 10-10%-10

Oy

ne Ty PO3PaxoBaHO, SIK i B IEpIIOMY 3aBJaHHi, i Bu6pano 10° mc=10 ¢

- 00YHCITIOEMO BITHOCHY MOXHOKY AUCKPETHOCTI B PEXKUMI BUMIPIOBAaHHS
nepiony:

- BUOHMpaEMO Mepioj MITKH 4acy, (K MpaBUIo, MiHIMaJbHE 3HAYE€HHS), TOOTO
7,=0,1 Mmxc=10"c.

- J1aeMO OLIHKY BEJIMYMHUA MHOXHHKA 71 TIEPI0Jly CUTHAIY, 3 YpaXyBaHHIM
0OMekeHHs Ha paxyHkoBuii 610k (N <107 =1) N — kinpkicTs MIiTOK, ImipaxoBaHuX

JTYWIBHUKOM, ¢ — KIJTBKICTh PO3PSIIB JIYMIbHUAKA.
: 0. 10l. 102, 103. 104
MHOXHUK TIepioay Moke HaOyBatu 3HaueHHs n=10"; 10°; 107 107; 107,

N-0, _(107-1)107 _

Ngicaas = O 10-*

104 —1073<10*

. 4 . .
Ockinbku 10°<n<10*, T 3HAUCHHS MHOKHHKA [Epioy BBaXaeMO piBHAM 10°.
- BU3HAYAEMO KIJTBKICTh MITOK
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O;-n_107%-10°
O; 1077

-10°.

- 00YHCITIOEMO BITHOCHY MOXHOKY AUCKPETHOCTI B PEXKUMI BUMIPIOBAaHHS
nepioay

o

1 -6
§y=t— =+ =+107F,
NTTN T T 100

TOOTO, MEHIIIE HIK B PEKUMI BUMIPIOBAHHS YaCTOTH, & TOMY BUOHPAEMO PEKUM
BUMIPIOBaHHS MEPIOTY.
- Cymapna nmoxu0ka BUMipIOBaHHS YaCTOTH:

[s2 2
Oy =14/053 +0Yy

dsz — BUOMPAEMO 3 XapaKTEPUCTUK JaHOro yacToToMipa Y3-57, ki 3Be/ieHI B
Tabn. B3.

Toni 645 = 10~ nigcrasustemo B bopmymy:

5, =(107) +(10° ) =1,004-10°

Pesynbrar 5y =1,004 - 1076

— 711 0OpaHOTr0 PEXUMY BU3HAUMMO aOCOJIIOTHY MOXUOKY Ay, 9ac miudu 7y, Ta
pe3yJbTaT BUMIPIOBAaHHS Ha TabJI1o.

0, _107’ _
Ay=t—1= =+107" c,
Yrn10°

Tw. =T;-n=10"%-10° = 0,1 c.
PesynpraT Ha Ta610 100.0000 MKC.

3agaua Ne3
Bumiproemo BigHomeHHs yactoT 2,1 MI'y/3 xI'm.

N <(to7-1)

- pO3paxy€eMo BEJIMUUHY MHOXKHHKA NIEPIOTy 32 YMOBH 3 PIBHOCTI

I’Z'TZZN'TI

10 =1)-T,
n=———:
T,
zie TZZ;.10—3 ¢ T =%-10_6 C; q=T;

2
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7 — . _6 .

TOml N = (10 1) 1?3 3 1,4-10%,
2,1-10

BBakaemo n=10";

— BU3HAUYUMO 7 ;4:

T,. =n-T,=10" %-10—3 =3,33 c;

€
— BHU3HAYMMO a0COJIIOTHY MOXHOKY TUCKPETHOCTI :

Ay T
n

— PO3paxyeMO BITHOCHY MOXUOKY:

1

Sy =f—,

NTTN
1

10*-=-107°
e N:”'T2= ~7.10%, Oy =% ! 6=J_rl-10‘6=0,143-10‘6.
7—‘1 L'lo—é 7'10 7

2.1

- cyMapHa noxuOKa BUMIPIOBaHHS YaCTOTH:

8y =8, +38}

dsz — BUOMpaEMO 3 XapaKTEPUCTUK J1aHOTO yacTtoTomipa U3-57, ski 3BeqieH] B

tabsuwto B3. Toxl 85 = 10”7 mincrasnstemo B bopmyiy:

5, =(107) +(0,143-10° ) =0,391-10°

Pesynbrat 6y =0,391- 107°.
3anucyeMo pe3yisbrat Ha Tadso 700.0000.

3agaua Ned
Lle 3aB1aHHS € 3BOPOTHUM 10 BiJHOIICHHIO JIO TIOTIEPEIHIX. 3aaHui pe3yIbTaT
BumMiptoBaHHs Ha Tab60 0100.000 xI'11. O4eBuIHO, 1110 YACTOTOMIpP MPAITIOE B PEIKUMI

BHMIpIOBaHHS 4aCTOTH. 3 NIPUKIIAAY HOMEPEAHIX 3aBJaHb, BUIHO, IO Oy, = 103me=1c;
— a0coroTHA MoxuoOKa:
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BITHOCHA IMOXMOKa:

8N:

+

1
N

CyMapHa MoxuOKa BUMIpIOBaHHS YaCTOTH:
_ 2 2
Oy =4/0, +0y

Os53 — BHMOMpPAEMO 3 XapaKTEPUCTHK JaHOTOo yactoTomipa U3-57, ki 3BeieH1 B

tabn. B3. Toxi §,; =1077 miacraBmsiemo B popmyy:

Pesynbrar 8y =1-107°
gactoTa curaany f.=100xI'w; nepiox curnany 7,=107c. PesynbraTh
PO3B’s13aHHS BCHOTO 3aBIaHHs MoAaHi B Ta0. B4.

Tabmuns B4 — Pesynbratu po3s’sa3anHs 3aBgands W ams Tumy yactotomipa Y3-57.

1 1
A, =t—=+—==+11"1;
N Tniq 1 H
! =% 13 =1-10
Je Te= 100-10° -1

8, =107 ) +(1-10°) =1.10°

-5,

. Binnomenns | Yac | MHoxuuk |Mitka| Pe3ynbrar Ha + +
Hacrora lepion 4acToT niybu | mepioxy | wacy | mudp. Tabmo | AN - SN 0z
5MTI [2-107c - Ic - — [5000.000 xI'y| 1Ty | 2-107 2107
10 k' | 0,1mc _ 0,1c 10° 107¢ [100.0000 mxc.| 107 10°  |1,004-10°
_ — |21 MI'w3 (3,33 ¢ 10* - 700.0000 10* 10,143-10°|0,391-10°
100 k' | 107¢ _ lc _ — 10100.000 kI'y| 1T 107 1107
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Homarok I

Ta6mui 'l — OcHOBHI TeXHIYHI XapaKTEPUCTUKH YaCTOTOMIPIB.

Jiamazon Jiamazon [Toxubka .
Tun ) ) . MHOXHHUK ) KinpkicTh
. BUMIpIOBaHHA | BUMiproBaHHA | Yac miulu, Mc . Mirtku yacy | KBapLoBOIO .
4acTOTOMIpa . eploay po3psiaiB
YaCTOTHA nepiogy regeparopa
4y3-22 10 T...12 Ml |10 Mkc...100 ¢ 1..10* 1..10* 0.1 mxc...1 Mmc 107 8
Y3-24 10 T...50 MT'p | 1 Mke...100 ¢ 1..10* 1..10* | 0,1 mxc...1 mc 10 8
43-36 10 T...50 MI'm |10 mkc...100 ¢ 1..10* 1..10* 0.1 mxc...1 Mc 108 7
Y3-57 0,1 Tm...100 MI'y | 1 Mkc...10% ¢ 1..10* 1..10* 0.1 mxc...1 Mmc 107 7
Y3-35 10 I'...50 MT' |20 mkc...100 ¢ 1..10* 1..10* | 0,1 mxc...1 mc 10 9
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HN3mepenue 4acToThl 1 BpeMEHHbIX MHTEPBAJIOB HH(POPMANMOHHBIX CUTHAJIOB.

MeTposiornyeckoe odecneyeHne cpecTB H3MepeHHs

ABTODBI: Kozauenko M.T., Kmypko 1O.B., Kozauenko JI.O.,
3uanruposa JI.T., boryn B.I., Cepebpun B.JL

B naGopatopubix pob6otax Ne7 m No7a m B WHAWBUIYyAIIbHOM 3aJlaHUU TIO
Kypcy «/3MepeHus B cUCTEMax CBSI3W» PAcCMaTPUBAIOTCS ITU(POBBIE YACTOTOMEPHI,
KOTOPBIE BBINIOJIHEHBI HA CXEMAaX C KECTKOW JIOTUKOW. AHaIU3UPYIOTCS OCHOBHBIE
XapaKTEPUCTHUKU M PEKUMBI  pabOThl, KOTOpPHIE MO3BOJIAIOT MHHUMHU3UPOBATH
norpemHocT  u3MepeHuid.  [lpuBeaeHbl  WHAMBUIyalbHbIE  3aJaHUs I
CaMOCTOSITENIbHON paOOThl CTYACHTOB, a TakXKe MPUMEPHI PElIeHUs 3a7ad IO OLIEHKE
XapaKTEPUCTHUK PE3yJIbTaTOB U3MEPEHUI MPU Pa3HOOOPA3HBIX peKUMaX padOTHI.

[Ipeana3zHayeHo [J1si CTYJIEHTOB BBICIIUX YYEOHBIX 3aBeICHUM U U3AaETCs Ha
YKPAWuHCKOM, PYCCKOM U aHTJIMHCKOM SI3bIKaX.
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1. OO0masi XapaKTepUCTHKA TUCHHUILIMHBI

JHucuunnraa «M3MepeHuss B CHCTEMax CBSI3W» BKJIIOUYEHA B CTaHAAPTHI
oOyueHuss u oOecreunBaeT 0a30ByI0 TMOJATOTOBKY OakaldaBpOB IO HaNpaBICHUIO
6.050903 «TenexkoMMyHUKAIMU» TI0 CHEHHAIBHOCTAM: «TeleKOMMYHHKAIIMOHHbBIC
CUCTEeMBbI», « H(DOPMALIMOHHBIEC CETH CBS3U».

Hucuunnuaa umeetr 2,5 kpeauta ECTS, Monpynen-2, coaepxarelibHbIX
MopyJnei-4, obmee KoauuecTBo dYacoB-90, B ToM uwmcne: Jjekuuu- 34 daca,
nabopaTtopHble 3aHATHS- 18 yacoB; camocTosTeIbHAsA pad0oTa U UHANBUIyalbHas padoTa
— 38 vacos, cemectp 2.3, 2.4; BUJ KOHTPOJIA - 3a4eT.

CTpyKTypa coaepxkatejbHbIX MoayJaei 1

3ansaTus
Conepxareabnblii | Jlekunu II CaMocTosTe/LRAS NuauBuayanbHas
aK-
MOYJTE (aaceI) P JlaGopaTop pa6ora (B ToM paGora
TuHecs HbIe uncie MH/I3)
KHe
«H3mepenne napaMmeTpoB HH(POPMAIMOHHBIX CHTHAJIOB B cucTeMax cBsi3u.»(1,25 kpennr; 47
YacoB.)
1. OcHoBbI Teopumn
H3MepPeHH .
N 2 - - 2 -
O0beKTbI U3MepeHuil
B CHCTEMAaX CBSI3H.
2. BpemeHHOW H
CIEeKTPAJbHBIN
aHAJIU3bI 8 - 4 7 -
UHGOPMAMOHHBIX
CUTHAJIOB.
3. MH3mepenue
YacTOThI u
8 - 6 10 -
BpeMEeHHMX
HHTEPBAJIOB.
Bcero 1 monyan
AYIE, 18 - 10 19 -
4acoB.
2. Coaep:xxanue coepxaTeJbHbIX MOAYJIeH (JIEKIIHOHHBIX YaCOB)

2.1. OcHoBblI Teopuu u3mepennii. O0beKTbl U3MEPEHNH B CHCTEMAX CBA3M.
(2 yaca)

OOmue  MNoJOXKEeHMs.  ANTOpUTMH3alUMA  M3MEpSAEMbIX  IpeoOpa3zoBaHUM.
dopManuzanus CHocoOOB U3MEpEHUs. AHaIU3 BO3JAECHCTBUS  METPOJOTUYECKUX
XapaKTEPUCTUK CPEJICTB H3MEPUTEIIbHOM TEXHUKHM Ha H3MEpeHusi. AHaJlOroBble
U3MepUTENIbHbIE MpeoOpazoBanus. AHAIOro-IMGpPoBoe Mpeodpa3oBaHue, peanu3alus
aHajoro-uu@poBoro nmpeoOpa3oBaHMUs.

2.2. BpeMeHHOIl M CHEKTPAJbHbIA aHAIH3 WH(OPMALMOHHBIX CHTHAJIOB.
(8 yacos.)

HccnenoBanue 3neKTpuYeCKUX cUrHasioB. O0mue ceenenrs. BpemenHoi aHanus
curHasuoB. Bunel ociumnorpadguueckux pa3BepTok. CHHXpOHHU3AIUS Pa3BEPTKH.
M3mMepeHne napamMeTpoB ucciieAyeMbIX curaaiaoB. OcoOeHHOCTH
ocuusuiorpadupoOBaHUs HAHOCEKYHTHBIX UMITYJIbCOB U CUTHAJIOB CBEPXBBICOKUX
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yactoT. [IpumeHenne MukponporeccopoB B ocimmiorpadax. Ludpossie
3aroMuHaromnye ocuiorpadsl. [lepcnekTuBbI pa3BUTHSI CPEACTB U3MEPUTENBHOMN
TEXHUKH JJIs1 BpEMEHHOI'0 aHAJIN3a CUTHAJIOB.

2.3. H3mepeHMe YACTOThI U BpeMEHHbIX HHTEPBAJIOB (8 4acoB)

MCTO,IIBI N3MCPCHUA YaCTOTHI U BPCMCHHBIX MHTCPBAJIOB. HSMCpeHI/IC HHTCPBAJIOB
BPpCMCHHU MCTOAOM OUCKPCTHOIO CYCTA. HH(prBOﬁ crmoco0 N3MCPCHUA YAaCTOTHI.
Hcnonb3oBanue MUKPOIIPOTCCCOPOB B AJICKTPOHHO-CUCTHBIX qaCcTOTOMCPAX.
A,II&HTI/IBHBIG QJICKTPOHHO-CUCTHBIC YaCTOTOMCPHI. MCTpOHOFI/I‘ICCKOC oOecricueHue
CpCICTB HBMCpHTCHBHOﬁ TCXHUKH I UBMCPCHUA YaCTOTHI. OcobenHocT HU3MCPCHUA
YaCTOTHO-BPCMCHHBIX IIAPpAMCETPOB CUTHAJIOB HI/I(I)pOBBIMI/I YaCTOTOMCPAMHU Ha BBICOKHX
qacToTax.

TabmumaNel — Crincok 1abopaTopHBIX paboT Moaynen 1

Nent
Tema 4yacsl
/n
1 Jlabopatopnass  pabota Ne 1  l3mepeHue  mapaMeTpoB )
AIIEKTPUYECKUX CUTHAJIOB C MOMOIIBIO ociuiorpada
JlaGopatopnas pabGora Ne 2 KanuOpoBka yHHBEpCAIbHBIX
2 octuuiorpadoB 2
Jlabopatopunass pabora Ne 7. UccremoBanume dacTOTHI U
3 | BpeMEHHBIX MHTEPBAIOB HHPOPMAIIMOHHOTO CUTHANA IU(POBBIM 4
CoCcOO0M.
JlabopaTtopHass pabora Ne 7a. Metponorudeckoe oOecrieueHue
4 | CUT pna wusmepeHus dactoTel wuH(pocurnanon. H3mepenue 2
4acTOT U BPEMEHHBIX HHTEPBAJIOB MH(POPMAIIMOHHOTO CUTHAJIA.
Bcero: 10

Bxoanbie TpeOGoBaHNS K N3YyYE€HHUIO JIAa00OPATOPHOM PadoThI:

Heo0xonumo 3HATH:

- Briciryio matematuky: BektopHyio anreOpy M aHaIUTHUYECKYIO T€OMETPHIO.
Marananus, quddepeHnan,Hoe U HHTETpaIbHOE UcUucaeHue. Teoputo 0000eHHBIX
GyHKIUI W IUCKPETHYIO MaTeMaTHKy. TeopHuio BEpOSTHOCTEM M MaTeMaTHYECKYIO
cratuctuky. [ludposyro o6padorky curnanos (11OC).

- ®usuky: Teoputo ayekTpoMarHeTusma. KoneOaHusi U BOJIHBI,  TEOPHIO

unteppeperuun.  dOuszuky  TBEpAOro  Teia,  TEOPUI0  MOJYNPOBOJAHHUKOB,
MOJIYIIPOBOJHUKOBBIE YCTPOMCTBA M UX OCOOEHHOCTH.
- Meroasl  u3MepeHUsT  YaCTOTHO-BPEMEHHBIX napamMeTpoB  CHUTrHaja:

aHaJIOTOBBIE METOBI U3MEPEHUS YaCTOTHI; IIU(PPOBBIE CIOCOOBI U3MEPEHUSI YaCTOTHI U
BPEMEHHBIX UHTEPBAJIOB AJIEKTPUYECKUX CUTHAIIOB.

- Hudpossie uactoromepbl. CTpykTypHass cxeMa M NPUHLHUIB PabOTHI.
[Hudposoit cnocod uzMepeHus: yactotsl. L{udpoBoit cnocod m3MepeHUs: BpPEMEHHBIX
MHTEPBAJIOB U OTHOIICHHUS 4acTOT. [lorpemHocT! n3MepeHus: 4acToThl U BPEMEHHBIX
UHTEpBaJIOB. BBIOOp mapamMeTpoB HHUQPPOBBIX YACTOTOMEPOB MJSl PA3HBIX PEKUMOB
paboTHI.
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Ymersn:

- HUcnonb3oBate  guddepeHuIMpoBaHHE, WHTETPUPOBAHHWE TIPU  OICHKE
apaMeTpOB CUTHAJIOB U OLIEHUBAThH NOTPEIIHOCTH PE3yIbTATOB U3MEPEHHUS C TTIOMOIIIBIO
psanoB. lcronb30BaTh TEOPUIO BEPOATHOCTEH TIpU CTATUCTHUYECKOM 00paboTke
pe3yIbTaTOB U3MEPEHHUSL.

- CocTaBnsaTh CTaHOApTHBIE CXEMbl M YPaBHEHUS H3MEpPEHHUH, TMOIb3YsACh
JACUCTBYIOIIMMH  METPOJIOTUYECKMMHU  TNpaBUJIaMH, HOPMaMH, CpOKaMH M|
OIpENIeICHUsIMU, E€AWHUIAMH CHUCTeMBbl SI, HCIONb30BaTh Hay4yHbIe MPUHIIMIIBI,
aTTeCTOBAHHBIE METOAMKH U CpecTBa u3MepurenbHoil Texuuku (CUT)

- Hcnonp3oBatb  1mUQPOBBIE  YACTOTOMEPHI-TIEPUOTOMEPHI: BBIOMpATh
ONITUMAaJIbHBIE PEXUMBI pabOThI, PACCUUTHIBATH TPAHUIIBl JOMYCTUMBIX MOTPEIIHOCTEH
1 poBbIx u3mepenuit u uudpossix CUT.

BbIxoaHble 3HAHUSI U YMEHHS U3 J1a00PaTOPHOI U MPAKTHYECKO# padoT:

B pe3yabTarte BbINOJTHEHUs J1a00PATOPHOIl Pa00ThI CTYAEHT J10JI2KEeH:

- 3uarb: uudpoBoil cmocod u3IMEpPEeHHs YaCTOThl; LU(POBON  cmocod
U3MEPEHNs YaCOBBIX MHTEPBAJIOB M OTHOLIEHUS 4YaCTOT; IOTPEIIHOCTH H3MEPEHUs
YacTOTHl U BPEMEHHBIX MHTEPBAJIOB; KaK MPOU3BOAUTCS BHIOOp MapaMeTpOB HU(PPOBBIX
YaCTOTOMEPOB ISl Pa3HBIX PEKHUMOB PaOOTHI; METOJbI aHanu3a (OpPMBI U CIEKTpa
JNEKTPUYECKUX CUTHAJIOB; OCHOBBI  BU3yalnu3auuu Ipoueccos. [Ipocrenmmii
ocuuuiorpad, CTPYKTYpPHYIO CXEeMy, TMpOIECChl, OpraHbl YNpaBICHHS; OLEHKY
HOTPELIHOCTH PEe3YybTATOB OCHUIUIOTPAPUUECKUX H3MEPEHMM; KaK HCII0JIb30BaATh
ocuusuiorpad ais ucciaenoBaHus GopMbl CUTHaIOB. Buael pa3sseprok ocuusuiorpada u
UX CHUHXpOHM3alMI. I3MepeHns DSHEPreTM4eCKMX U BPEMEHHBIX I[apaMeTpoB
IIPOLIECCOB.

- YMeTh: M0JIb30BaThCS AKCIUTyaTallMOHHOM  gokyMmeHTauwed Ha CHUT,
aHAJIM3UPOBATh CTPYKTYpHBbIE U QyHKIMOHaNbHbIE cxeMbl CUT, npencraBiasite GopMbl
ANEKTPUYECKUX IIPOLIECCOB, ONPEACISTh IPUMEHEHHBIE IPUHLOMNBI W METOIBI
U3MEpEHHs, BBIOMPAaTh ONTUMAbHBIE PEKUMBI paboThl. Vcmonap30BaTh 3JIEKTPOHHBIN
ocuusuiorpad s uccienoBaHus GOPMBI U U3MEPEHUS SHEPTETUUECKUX U BPEMEHHBIX
[IapaMETPOB AJIEKTPUUECKUX IPOLIECCOB.
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Beryniienue

3amauell HACTOSIIETO METOIUYECKOTO TTOCOOUS SBISACTCS MPUOOIIEHNE CTYICHTOB
K 3HaHUSIM OO0  OCHOBHBIX  [MOJOXEHUSIX  TOCYAapCTBEHHBIX  CTaHAAapTOB,
o0ecreynBaIIMX €AUHCTBO HM3MEPEHHH, METOJax W MpueMax IIOBEPKH CPEJCTB
m3mepurenbHoil  TexHukun (CHUT), wucnonp3yembIx il U3MEPEHHsT 4YacTOThl U
BPEMEHHBIX HHTEPBAJIOB MH(OCUTHAJIOB.

Metoanueckoe mocoOHe COACPKUT KpaTKue CBEAEHUS O IM(POBBIX CIOCOOaX
MU3MEPEHUSI YaCTOThl M BPEMEHHBIX MHTEPBAJIOB. 37€Ch TAKXKE IMPUBEIACHBI OCHOBHBIC
CBEJICHHS TI0 METPOJIOTHYeCKOMY obecrniedeHuto ykazaHHbix CUT.

[TocoOue comepXUT METOMUYECKHE yKa3aHWs K ABYM JabopaTOpHBIM paboTam, a
TAaK)K€ WHIAWBUAYAIbHbIC 3aJaHHUs ISl CTYJEHTOB. [lOArOTOBKY K H3IaHUIO
METOJIUYECKOTO MOCOOUSI Ha aHTJIMHUCKOM SI3BIKE JIJISI CTYJIEHTOB « T€XHUYECKOW SIIUTHI»
ocyuiectBisui goueHT CenuBanos [1I1. u npenogasarens XKmypko 1O.B.

B nmpunoxeHusix K NOCOOMIO TPUBEACHBI CBEACHUS O METPOJIOTHYECKHUX
xapakrepuctukax CUT, ucmomp3yemMpix B Ja0OpaTOPHBIX padOTax W MPHU PEIICHUU
MPAKTUYECKUX 3a]1a4.

OO01mue cBereHus

N3mepeHre 4acTOTBl M BPEMEHHBIX HMHTEPBAJIOB, SBIAIOIIUXCS MapaMeTpaMu
[IEPEMEHHOT0  HAINPSDKEHUs  DJIEKTPUYECKOr0  CHUTHala, B TOM  4YHCIE U
MHPOPMAIMOHHOTO, — OJMH M3 BMJIOB H3MEpPEHUH, KOTOpble Hauboyee YacTo
BCTPEYAIOTCH.

O10 0OBACHSAETCS, B TEPBYIO OYepelb, OYEHb BBICOKOH TOYHOCTHIO
4aCTOTOU3MEPUTENbHBIX MPUOOpoB, HenocTwxkuMont anst apyrux CUT. Kpome Toro, B
YCTPOMCTBAX CBSA3M MX YACTOTHAs XAPAKTEPUCTHUKA — 3TO XAPAKTEPUCTUKA, OT KOTOPOU
BO MHOT'OM 3aBHCHT HEMCKa)XEHHAs rmepeaada HHPOpMaIuu.

He meHee BaXHBIM SBIISIETCSI KOHTPOJIb 3a CTA0OMIBHOCTBIO YaCTOThI, HAIIPUMED, B
IPUEMHO-TIEpEAAOIMX yCTporcTBax. IIOCKONIBKY dYacToTa CBsA3aHa CO CKOPOCTBIO
U3MEHEHUs (a3bl HAIPSDKEHUs CUTHAJIA, TO, OYEBUHO, KOHTPOJIb YaCTOTHI HEOOXOAUM
U 17151 ydeTa (pa3oBbIX HCKaKE€HUM, 0COOEHHO Ha OUY€Hb BBICOKHMX YaCTOTAX.

W, HakoHen, moBepka, arrecrauus U kanubposka apyrux CUT mpoucxoaurt B
OIIpE/ENIEHHBIX TOYKAaX YACTOTHOT'O JMAaIla30Ha, YTO BBI3BIBAET HEOOXOAMMOCTh B XOJ€
IIPOBEICHUS YKA3aHHBIX ONIEPALMI TOYHO U3MEPUTH YaCTOTY.

Jlnana3zoH 4acToT, UCIOJIb3YEMBIX B TEXHUKE CBSI3U, IPOCTUPAETCS OT JOJIEU repi
10 JECATKOB rurarepl. Eciay MCKIIOUUTH NPOMBIIUIEHHYIO 4YacTOTy TOKa, TO BECh
CHEKTP YCIOBHO MOXKHO pa3[eNUTh Ha MATh JAMANa30HOB: MH(PPa3BYKOBHIE YACTOTHI
— ke 20 I'u, 3BykoBbie yacToThl — 0T 20 'y 7o 20 k', Beicokue yactothl — oT 20 KI'11
1o 30 MI'u, ynerpaBsicokue 4acToThl — OT 30 1o 300 MI'n u cBEpXBBICOKHE YACTOTHI
— Bbimie 300 MI'n. BepxHuii mpeaen HCHONb3yEMBIX YacTOT B IMPOLIECCE Pa3BUTHUS
HAayKd M TEXHUKH HENPEPHIBHO IIOBBIIIAETCS M B HACTOSIIEE BpPEMs IPEBBIILAET
300 I'T.

YacToTy 371€KTPOMarHUTHHIX KOJ€OaHUN yA00HO BbIpa)kaTh Yepe3 AJIMHY IIOCKOM
BOJIHBI B CBOOOJTHOM IPOCTPAHCTBE A U nepuof 7.

OTU BEIMUYUHBI CBSI3aHbI MEX1Y COOON MPOCTHIMU 3aBUCUMOCTSIMU:
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f:c/X’ f:1/T, (1)

rae f — gacrora, ['m;

¢ — CKOPOCTh PacCIpOCTPaHEHHUS dJIEKTPOMArHUTHBIX KoJieOaHuH, M/C;

A — JUTMHA BOJIHEL, M;

T — nepuoa konebaHus, mapameTp NEPUOJAUUECKOTO CUTHANIA, XapaKTEPU3YIOIIHI
MHTEpBaJI BPEMEHU, Yepe3 KOTOPhI MOBTOPSIIOTCS €r0 MTHOBEHHbIEC 3HAUEHUS, C.

CKOpOCTh ~ pacmpoCTpaHEHHUs DJIEKTPOMArHWTHBIX KOJeOaHWN 3aBUCUT OT
napaMeTpoB Cpelbl, B KOTOPOW OHU PaCIPOCTPAHSIIOTCS:

rac |, — a0CcoIIOTHAsA MarHUTHAs IMPOHNULACMOCTD;

Ha = Holt;

€, — a0COMOTHAS AUAJIEKTPUYECKAsi IPOHUIIAEMOCTD; €, = € * €;

Jlnst BakyyMa o = 471-107 Tr/M; g = 8,852-10"°®/m, Torna ¢y = (299792,5 + 0,3)
KM/C.

3,[[601: UL W € OTHOCUTCIIbBHBIC MArHvuTHAs KW JHUSJICKTPUYCCKASA IPOHUIACMOCTHU
cpeabl, COOTBCTCTBCHHO.

Hanpumep, ckopocTh pacnpoCcTpaHeHHs MIEKTPOMArHUTHBIX KOJIeOaHUH B KaOesIX
CBA3U 3aBUCHUT OT U, U €; IPUMCHACMOI'O B HEM JHUIJICKTPUKA.

JIns XapaKTepUCTHKU DJICKTPUYECKUX KOJICOAaHUN MOXKHO H3MEPSATh 4YacToTy f,
mepnoag T vin HJINHY IIJIOCKOM BOJIHBI B CBO60,Z[HOM IMPOCTPAHCTBC A. B Texauke cBsa3u
IMo4YTH BCCra HU3MCPACTCA YaCTOTa, PCKE — IICPHUOI KOJIe6aHI/I}I, U TOJBKO Ha
CBCPXBBICOKUX YACTOTAX HUMCPAKOTCA W YaCTOTAd, W MAJIMHA BOJIHBI. anle BCECTO
HN3MCPAIOT CPCOAHIOIO HaCTOTY 3a BpEM:A CUCTA.

f=N/Te, 2)

rae N — 9ucio nepuoioB KojaeOanus,

T., — Bpems cuera (BpeMs U3BMEPEHUS).

N3MepennemM 4YacTOThl MNOJB3YKOTCA MOPU TPAAYHUPOBKE IIKAT HU3MEPUTEIBHBIX
F€HEPATOPOB  PAJAMONPUEMHBIX M  PaAUOINEPENAOIIUX YCTPOMCTB €  IUIABHOMU
NEepPEeCTPOMKON Juara3oHa; ONpPEACICHUH PE30HAHCHBIX YacTOT KoJjeOaTeabHbIX
KOHTYPOB U Pa3JIMYHBIX PE30HATOPOB; ONPEICIECHNUN MOJOCHI TPOMYCKaHUs (PUIBTPOB U
YETBIPEXIIOIIOCHUKOB; U3MEPEHUN WJIA KOHTPOJIE BEIWYMHBI OTKJIOHEHHUSI YaCTOThHI OT
€€ HOMHUHAJIBHOI'O 3HAYEHMS, TPUCBOCHHOI'O JAaHHOMY YCTPOWCTBY — PaJWOCTAHIIUU,
r€HEePaTOPHOMY OOOpPYJIOBAHHMIO CUCTEMBI YIUIOTHeHHMS W T.1. lllupokoe mpumeHeHue
0eCITIONCKOBOM u oecrnoicTpanBaeMou paInOCBA3H, MHOTOKaHaJIbHOT'O
BBICOKOUYACTOTHOI'O YIUIOTHEHHUSI, CIyTHUKOBOM, a TakKe MOOMJIBHOM CBSI3M OKa3aloCh
BO3MOYKHBIM B PE3YyJIbTATE PA3BUTUS METOJA0B TOYHOTO U3MEPEHUS YACTOTHI.

B memom, mOrpemHocTs U3MEPEeHUsI YacTOThI 3aaeTcs B abCOmOTHRIX Af, ww,
yaime, B OTHOCUTENIbHBIX BenuuuHax Af/f. Jlomyctumas BeIWYMHA MOTPEUIHOCTH
OTIPEIEISACTCS. HECTAOMITFHOCTHIO U3MEPSIEMON YaCTOTHI U JJOJDKHA OBITH MEHBIIIE €€, 110
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KpaiiHeir mepe, B 5 pa3. Hampumep, ecnm oTHOcHUTENbHAs HECTAOMIBHOCTH YaCTOTHI
panuocTaniuy paBHa 10”, TO OTHOCHTENbHAS MOTPELIHOCTh U3MEPEHHS He OIKHA
npesbimats 2-10°°. TIpuGop, oGecrneunBaromii HyXHYIO TOYHOCTh H3MEPEHHH, JIODKEH
MOBEPSTHCS C MOMOIIBIO e1ie 00Jiee TOYHOTO YCTPOWCTBA, MOTPEITHOCTh KOTOPOTO B
JIAHHOM Cllydae He JOJDKHA npeBblmaTh 4-107. TTorpemHocTh M3MepeHHil HU3KHX
4acTOT, KOHEYHO, JOIMYCKaeTCs 3HauyuTeabHO Oousbine — (1 ... 2)%, 3a UCKIIOYEHUEM
4acTOT, IPUMEHSEMBIX B TOHAJIBHOM Tenerpaduu v nepegaye TaHHbIX.

Jnst u3mepenuss yactoTel ucnonb3dytoT CUT, koTopble KiaccuGUIMPYIOTCS
cJeIyIoumM 00pazoM:

Y1 — craHaapThl 4aCTOTHI U BPEMEHH;

Y2 — yacTOTOMEPHI PE30HAHCHBIE;

U3 — yacTOTOMEPBI INEKTPOHHO-CYETHBIE;

U4 — yacToTOMEPHI TETEPOIUHHBIC, EMKOCTHBIE U MOCTOBBIE;

Y5 — cHHXpOHU3ATOPHI YaCTOTHI U MMPEOOPA30BATEIN YaCTOTHI CUTHAIA;

Y6 — cuHTE3aTOPHI YACTOTHI, IETUTEIN U YMHOKUTEIN YaCTOTHI;

Y7 - [OpUEMHUKH CHUTHQJIOB JTAJIOHHBIX YacTOT M CHUTHAJIOB BPEMEHH,
KOMITapaTOPhl 4acTOTHRIC ((Da30BbIC, BPEMEHHBIC) 1 CHHXPOHOMETPHI,

B u3mepurenbHbIX ~ mpubopax  4acTOThl, KaK TMPaBWIO, HCIOJb3YIOT
BBICOKOCTAOUJIbHBIE KBApIEBbIE TE€HEPATOpbl B KadyeCTBE JSTAJOHHOW MeEphI, IS
KOTOPBIX pa3IMyaloT KPATKOBPEMEHHYI0 U JOJTOBPEMEHHYIO HECTaOMIIbHOCTH.
KpatkoBpemeHHass HECTaOMJIBHOCTh TaKMX TIE€HEpPaTOpOB OOYCJIOBJIEHA TEIIOBBIMU
IIyMaMH KBapIEBOTO pE30HATOpa M 3JIEMEHTOB TeHepaTopa M JIpOOHBIM IIYMOM
TpaH3uctopoB. Kpome TOro, Ha KpaTKOBPEMEHHYIO HECTaOMJIBHOCTh BJIMSIOT
HECTAaOWJIBHOCTh MUTAIOIIIETO HAMPSKEHUS M BUOpAIUU.

JlonroBpeMeHHasT HECTAOMIBHOCTD OMPEEISIETCS, TJIaBHBIM 00pa3oM, CTapeHUEM
KBapLIEBOIO PE30HATOpPAa U U3MEHEHUEM €r0 MEXAHWYECKHUX CBOMCTB IOJI JEHCTBUEM
JeCTabMIM3UPYIOMUX (DAKTOPOB: BIAKHOCTH, JABICHHUS, BUOpAIUA M PATHAIIMOHHOTO
oOmyueHus. J|jis1 yMEHbIIICHUS TeCTA0MIM3UPYIONIETO NEUCTBYS BIAKHOCTH U TaBICHUS
KBapLIEBbI PE30HATOp MOMENIAIOT B BaKyyMHBII OayuioH. XapakTepHbIE MPEAEIIbHbIE
3HAYEHUSI OTHOCHUTEJIbHOM MOTPEIIHOCTA BOCIPOU3BEAEHUSI YacCTOThI, 00YCIOBICHHbBIE
JIOJITOCPOYHON HECTaOMJIBHOCTBIO, COCTaBIISIOT OT 10° B CyTKH 10 5107 3a roxa
AKCIUTyaTalliy, a B HEKOTOPBIX MPUOOpax emie MeHbIIIE.

N3mepenne 4acToThl HHPOCUTHAIA HUPPOBHIM CIIOCOOOM

B nacrosiee Bpemsi iudpoBoil cnocod moayyusia HauboJblIee paclpoCcTpaHEHUE.
Ha ero ocHoBe mocTtpoeHa OoJiblias 4YacTb YaCTOTOMEPOB, BBIMYCKaeMBbIX
MPOMBINIUICHHOCThI0. Kak mpaBuio, B I1MGPOBOM YacCTOTOMEpPE MPEayCMOTpPEHA
BO3MOKHOCTbh U3MEPEHUS HE TOJIBKO YaCTOThI, HO U MEPHUO]Ia MOBTOPEHUS U BPEMEHHBIX
WHTEpBajIoB. HekoTophie mpuOOpHl MOTYT U3MEPATh U PYTUE MapaMeTPhl CUTHAJIOB U
Leneu, mpeABapuTeabHO MPeoOpa30BaB UX BO BPEMEHHOW MHTEpBAl WM B YacTOTY.
Takum oOpazoM, mHQPPOBBIE YACTOTOMEPHI SBISIIOTCA XOPOIIEH OCHOBOW  JIJIst
NOCTPOEHUSI  MHOTO(YHKIIMOHANBHBIX  NpubopoB. B wyactHOoCcTH, 1UHDPOBHIM
ANEKTPOHHO-CYETHBIM 4YacToToMepoM (DCU) MOXKHO H3MEpATh YACTOTY, NEPUOJ
CUTHaJa, OTHOLLIEHHUE, Pa3HOCTh, CYMMY YacTOT U T.H.

B ocHOBy pa0oThl 1IM(GPOBBIX YaCTOTOMEPOB MOJOKEH MPUHIMI JAUCKPETHOTO

cucTa: IoACYCT KOJIHYCCTBA HMITYJIBCOB 3a OHpC,IICJICHHBIﬁ IMPOMCIKYTOK BPCMCHHU,
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KOTOPBIM HMMEET MHOI0 IpenMyliecTB. K HUM OTHOCATCS: IIMPOKUM JAUana3oH
U3MEPEHHM, BBICOKas TOYHOCTb M IOMEXOYCTOMYHMBOCTb, BO3MOXXHOCTh BbLIAuU
pe3yNbTaTOB U3MEPEHUS HA NIEYaTh U T.1.

W3mepeHre  4YacTOThl  OCYIIECTBIISIETCS  HPSIMBIM ~ CPaBHEHHUEM  YacCTOTHI
MCCIEyeMOrO CHUTHalla f, CO 3HAYeHHEM OOpa3lOBOM YacCTOTHI fu5p, CO3MAHHOM
KBaplIEBbIM TI'e€HEpaTopoM, B KauecTBe Mepbl. Hanbornee onTtuManbHbBIM B IJIaHE
YMEHBIIEHUS MOTPEIIHOCTH pe3yiibTaTa U3MEPEHHUsSI 3TOT PeXUM OyAeT MPH YCIOBHH,
€CJIM U3MepsieMasi YaCToTa BO MHOTO pa3 MPEBBIIIAET YACTOTY 00Pa30BOT0 CUTHAIA.

B sTOM pexuMe nepuoANMYECKH CUTHAJ C YacTOTOM f. MOAAETCS HAa YaCTOTHBIN
Bxoa 1 (puc. 1). ITocme BxogHoro ycrtpoiictBa (1) ucciegyemMblid CUTHaI MOCTYHAET
yepe3 KoMmyTtatop (2) (K4 KOMMYTAaTopa HAaxXOJUTCS B TMOJOXKEHUU 1) Ha
npeoOpa3oBaTenb aHAJIOrMOBOIO CHIHaja B AUCKpPETHBIA (3). 31ech HCCIeqyeMblid
CUTHAI  (HampuMmep, CHHYCOMJANbHBIA) MpeoOpa3yeTcsi B  MEPUOTUIECCKYIO
MIOCJIEIOBATEIbHOCTh KOPOTKHX HMITYJbCOB (puc. 2). OTaenbHble UMIYJIbCHI 3TOU
MOCIIEAOBATEILHOCTH  MOTYT OBbITh  C(OPMHUPOBaHBI B  MOMEHTHI  Iepexoja
CUHYCOUJAIBHOTO CUTHAJIA Y€pe3 HYJIEBOM YPOBEHb C IIPOM3BOJHOM TOrO K€ 3HAKA.
Takum 00pa3om, yacToTa CIEAOBaHUS 3THX HMIIYJIbCOB COBMNAJAET C YacTOTOH f
U3MEPSEMOr0 CUTHaa. J{anee 3Ta nociie10BaTeIbHOCTh UMITYJILCOB IOCTYIIAET HA OJIUH
U3 BXOJOB BpEMEHHOro cenekropa (4). Ha napyroil Bxoa BpPEMEHHOrO CEJIEKTOpa
nojaercs, Tak  Ha3blBaeMbld,  CTpoOupyromuid  umnyisc.  DopmupoBaHue
CTpPOOUPYIOIIETO HMITyJIbCa MPOUCXOJUT B YIPABISAIOIIEM KaHalle, B KOTOPOM
HanpspkeHrue 00pa3loBOM YaCTOThI, FTEHEPUPYEMOIN KBAPIIEBBIM T'€HEPATOPOM, MOJAETCS
yepe3 KoMMyTaTop (8)(KiIroy KoOMMyTaTopa HaXOJWUTCs B MOJIOKEHUU 1) ydepe3 OJI0K
nenenns 9actoThl (9) Ha hopmuponarens (10).

1 2 3 4 11
1 a e 0 r
Bxon 1 L —e—>
—= 1b > ——= - & —*—=1 laoc
B
5 6
G _L f
% Tm
7 3 9 10
Bxon2— ol ;B ol o 2 LE brox
02 fn VIIpaBIeHHA

Pucynok 1 — CrpykrypHas cxema OCY

Ha puc. 2 mnpexacraBineHsl smiopbl HanpsoxkeHumii DCU, KOTOpBIE HarJsAgHO
IMOKA3bIBAOT CYTb HI/I(I)pOBOFO MEeToAa, KOTOpBIﬁ CBOOUTCA K IIOACUCTY YHCIIa
MMITYJILCOB N, TIOCTYNAIOMUX Ha cueTHbIM 610k (11) 3a Bpems, pasHoe T, HA3BaHHOE
«BPEMS USMEPEHUS» nin «BPEMJS CUETA», T.€.

T
=S =T .
N T cq fca 2 (3)

ca
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TA€ fo; — NEUCTBUTEIBHOE 3HAUEHUE U3MEPSIEMON YaCTOTHI.
Taxum oOpa3oM, 4acTOTa HCCIIELyEMOI0 CUTHAla ONPEEIIETCS BBIPAKECHUEM:

fa=7"> (4)

rae Iy = T
[Ipyu wu3MepeHun B cuUeTHbId Ogok mnoctynuT (N+1) wuMmynasc 3a cuer
TUCKPETU3ALNH, TOTAA

fCI/I’jM = ’ (5)

e Tog = nly;
T, — mepuon kKoyie0aHni KBaApIIEBOTO TEHEPATOPA;
n — K03 HUITMEHT ACICHUs YacTOThI 0J10Ka (9).

H(z)
DN AN A AN AN AN A
VARVIRVIRVERVERV "
H () )
6] | ]
4
u ) Te
B)
t
H(ﬂ TE‘{
ol [ | [ [ |
f

PucyHok 2 — Dnropsl HalpsKEHUH B PEXKUME H3MEPEHUS YaCTOTHI

[Ipyn m3mepennn 4actotbl ¢ noMompo JCYU MMEIT MECTO ABE COCTaBISIOIINE
MOTPEUIHOCTH: MEpPHI (32 CUET HECTAOMIJIBHOCTH YacTOThl KBaplEBOIO IeHepaTopa) U
CpaBHEHMS (3a CUET JUCKPETU3ALINN).

B coBpeMeHHBIX U(POBBIX YACTOTOMEpPAX MPUMEHSIOTCS KBapIEeBble T€HEPATOPhI
C OTHOCHTENBbHON HecTabMIBHOCTBIO uacToThl mopsmka + 107'°...10"%. IorpeumsocTs
CpPaBHEHHUs OIPEAEsAeTCs, IJIABHBIM 00pa3oM, MOTPEIIHOCTbI0 JUCKPETHOCTH, T.€.
00yCIIOBJIEHA TEM, YTO (DPOHT U CHAJ YNPABJISIOMIET0 (CTPOOUPYIOIIET0) UMITYJIbCA HE
CUHXPOHU3MPOBAaHbl C MOMEHTAMM  IIOSIBJICHHS  HMIIYJIbCOB  IEPHOJUYECKON
MOCJIEI0BATENBHOCTH, C(HOPMUPOBAHHOW W3 HCCIEAYEMOrO0 CHUTHAla WM, IPYTHMMHU
CJIOBAMM, 3Ta MOTPEIIHOCTh CBSI3aHA C HEKPATHOCTBHIO NIEPHOIOB U3MEPSAEMOI0 CUTHAJIA
U 00pasI0BOroO.

MakcumanbHOE 3HaYeHHE a0COFOTHON MOTPENTHOCTH TUCKPETHOCTH Ay
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N*l N 1
A = Jxsv — Txu = — :i .
N fn eci fna T T T (6)

n-+- n-+- n-+-

OHa He 3aBUCUT OT 4YacTOTbl HCCIEAYEMOIO CHUTHaJla W BbIpaxkaerca B L.
YMEHBIINTh 3HAYEHHWE aOCOJIOTHOM NOTPEHIHOCTH MOXHO 33 CYET YBEJIWYEHUS
BpeMeHU H3MepeHHusl T.,. MuHuManpHOEe 3HauyeHue Ay MOXKET ObITh IMOIYYEHO MpU
Ty pacss OOYCIIOBIIEGHHOM OTpaHMYEHHEM Ha cdeTHbIH 610k OCY, T.e.

N =107 -1, (7)

rae g — uucio paspsgoB ICU.
Torna, ¢ yuetom (4)

Tpac‘i = (10(1 - 1)/ﬁ:/:l (8)

MakcumanbHOe 3HA4YCHUC OTHOCHUTEJIbHOM MOTPCITHOCTH JAUCKPCTHOCTH
OIIPCACIIICTCS BBIPAKCHUCM

A T~;
Sy =—N =t —+ 1, (9)
S N N
T-

rae N — 94uCi0 UMITYJIbCOB, MOCTYNMBIIMX B cUETHBIN 010Kk DCY.
CyMMapHasi OrpelHOCTh U3MEPEHUS YACTOTHI

8y =485 +3y . (10)

rie O, — COCTABISIONIAs TOTPEIIHOCTH, BHECEHHAs Mepod (KBapIIeBBHIM
TEHEPATOPOM).

[TomoxeHne aeUMMAIBHOM TOYKM B PE3YJbTaTe€ HW3MEPEHUA ONpPEAEsieTCs
CTETIEHBIO Psiia YUCEJ, BBIPAXKAIOIIMX BpeMs U3MepeHus 1., B MUIIMCEKYHIaX, OTKy/a
CIIeIyeT CAMHUIIA U3MEPEHUS YacTOThI «KI 11», 4TO M yKa3aHO Ha JMCILICEC YaCTOTOMEpa.
OTOT psifi YUCEN BBIMISINT TaK: Toq = (100; 101; 102; 103; 104) MC.

ITocne BbrancieHus oy pacy BBIOMPAIOT M3 YKAa3aHHOTO psna Iy, NMPHIEPKHBAACH
CIEAYIOMINX YCITOBUIA:

- ecmt Toypacy = 10*mc, TO BEIONPAOT T,y = 10*mc;

- ecmu 10*me> T, pacu > 10°mc, TO BEIONpAIOT Ty = 10° Mc u T.1.

Pesynprat Ha aucmiee OCY, Kak yKa3bIBaJIOCh, IPEACTaBIseTCs B K L.

IIpumep. Yacrora wuccnenyemoro curHana pasHa 650 kl'n. WM3mepenue
npoBogutca DOCY tuma Y3-57. Ero OCHOBHBIE METPOJOTMYECKHE XapaKTEPUCTHKU
(MX):

- nuanasod uzmepenus yactotsl 0,1 I'u + 100 MTI'n;
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- JHamna3oH U3MepeHus nepuoja 1Mkc + 104MC;

- Bpewms cuera 10° = 10" mc;

- muoxuTens nepuona 10° = 10%;

- metku Bpemenu 0,1 mkc; 1 mkc; 0,01 mc; 0,1 mc; 1 Mmc;

- YHCJIO pa3psaoB — 7.

Heo6xonumo onpenenuts: 1.y, Ay 1 Oy U 3aMMCaTh PE3YIbTAT U3MEPEHUS.
Pewenue.

OnpenensieM:

10°-1_ 107 -1

T oven = = - ~15c=~1,5-10"mc.
P 7 650-10

o 4
C ydeToMm BhIIIIEyKa3aHHBIX peKkoMeHaauii Beioupaem 7., = 10" mMc = 10c.
AGcCoIII0THas! TOTPEIIHOCTb:

:ilzi !

1
N T f-T. ~650-10°-10

1,5-1077.

3nech f. — B I'1; Ty — B CEK.
Pesynbprar Ha qucmiiee 650,0000 kI 1.

[Ipy wW3MepeHHH HU3KHX YacTOT MOTPEIIHOCTh JUCKPETHOCTH  SIBISIETCS
ONpPENENAIOMENd COCTAaBIAIONIEH IMOTPEIIHOCTH  u3MepeHus. Hanpumep, ecin
u3Mmepserca vyactora f, = 5 I'u npu 7., = 1 ¢, MakcuMaiabHOE 3HAaY€HHE aOCOIIOTHOMN
MOTPEMIHOCTH TUCKPETHOCTH Ay = £+ | ', a MakCUMaJIbHOE 3HAYEHUE OTHOCHUTEIBHOU

1

1
IOrPEIIHOCTH COCTABUT § 5, = +— =+—, T.€. 20%, 9TO HEAOIMYCTUMO BEJIUKO.
N

Takum oOpa3zoMm, u3-3a OOJBIION MOTPENTHOCTH JUCKPETHOCTH HU3KHE YaCTOTHI
HETIOCPEJACTBEHHO H3MEPSIOTCS MHU(PPOBBIM YAaCTOTOMEPOM C HEBBICOKOW TOYHOCTHIO.
[ToaToMy HaxO0XJIeHHE CII0CO0a YMEHBIIICHHS BITHSIHHS TIOTPEITHOCTH TUCKPETHOCTH Ha
pe3ysibTaT W3MEPEHUs BCEeTJa MPEACTABISIO OJHO UW3 BAXHBIX HAIPaBJICHUH
pa3paboTKu MG POBON YACTOTOM3MEPUTEITLHON TEXHUKH.

[lepBbIii coco0 OYeBHUIEH: OH CBOAMUTCS K YBEIWYEHHUIO MPOAOJIKUTEIBHOCTU
«BPEMEHHBIX BOPOT», TO €CTh JIUTEILHOCTH BpeMeHU u3MepeHus. Ho BO3MOKHOCTH
TaKoro crnoco0a OrpaHUYEeHbl, TTOCKOJIbKY B OOBIYHBIX HHU(POBBIX YacToTOMepax (He
collepKallluX MHUKPOIMPOIECCOPhI) MAaKCUMaJIbHO BO3MOXKHAsl MPOJOIKUTENbHOCTh
BpemeHu uamepenus 1., = 10 c.

Bropoii croco0 cBOAMTCS K YBEIMYEHHIO YHKCIA HMMITYJIHCOB, 3aMOJIHAIOMIMX
«BPEMEHHbBIE BOPOTa», YTO JOCTUTAETCS YMHOXKEHHEM YaCTOThI KCCIIEyEeMOTO CUTHANIA.
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[Ipu 3TOM MakcumanbHas aOCOJIOTHAS MOTPEIIHOCTh HE MEHSeTCs (ecnu Hen3MeHHa
JUTUTENBHOCTh «BPEMEHHBIX BOPOT»), HO YMEHBIIIAETCSI OTHOCUTEIIbHAS TOTPEIIHOCTH (B
YUCIO pa3 yYMHOXeHus). OCyIecTBICHHE JaHHOTO Ccrnoco0a COMpPSKEHO ¢
IIPUMEHEHUEM JIOMIOJIHUTEIBHOTO OJIOKAa — YMHOYKHUTENS YaCTOThI, YTO YCJOXKHSET U
yIOPOXKAET anmaparypy.

Tpetuit  cnmoco0, yYUTHIBAIOIIMK  CIAy4allHYy0  MPUPOAY  IOTPEIIHOCTH
JUCKPETHOCTH, MPEIOoJIaraeT MpOBEIeHUEe MHOTOKPATHBIX HAOJIOACHHUN (€IMHUYHBIX
U3MEpPEHU) U YCpeAHEHHE HMX Pe3yJbTaToB. DTO 3(P(HEKTUBHBIN MyTh yMEHBIICHUS
BJIMSIHUS CIIyYallHOW IMOTPENIHOCTH Ha PE3yJIbTaT U3MEPEHUSL.

YerBepThlii croco0 3akiro4aeTcsi B HEMOCPEICTBEHHOM HW3MEPEHUU IEepUoIa
HCCIIEyEMOTO CHTHAJIA C MOCIEAYIOIIUM BBIYMCICHUEM YHCIOBOIO 3HAYEHUS YaCTOTHI
( fo = /T, ), oOpaTHOrO pe3ysbTaTy U3MEPEHHUs Mepruoaa. ITOT MyTh MO3BOJISIET PE3KO
YMEHBIINTH NOTPEIIHOCTD JUCKPETHOCTU PU U3MEPEHUU HU3KUX YaACTOT.

N3mepenue nHTEepBaia BpeMeHH (mepuoaa) mHGOCUrHaga

B nanHOM pexuMe MpOMCXOJUT CPABHEHUE U3MEPSIEMOTO MEPUOIA UCCIIEyEMOTO
curtana 7, ¢ 00pa3IoBbIM UHTEPBAJIOM BpeMeHU. [Ipu 3TOM cuUrHai nogaercst Ha BXoA 2
OCYH (puc. 1, xio4 B TMOJOXEHUU 2) U, Jajee, IOCI€ COOTBETCTBYIOIIETO
npeobpazoBanus B Oio0kax (7), (8) u (9) uepe3 Onok ynpasienus (10) momaercs Ha
BTOpOoi Bxox cenekropa (4). B 6moke (10) u3 ucciaegyemoro curHaiga (popMmupyercs
OPSIMOYTOJIbHBIN CTPOOUPYIOIIUNA HUMITYJIbC, JJIUTEIBHOCTh KOTOPOTO COBMAAAET C
NEPUOJOM CUTHAJIA WJIK KpaTHA EMY.

Hampsoxkenue o0pas3iioBoii 4acTOTBI OT KBapreBOro reHepatopa (5) uepes
YMHOXHUTEIb 4acTOThI (6), KOMMYTaTop (2) (MOJIOKEHHE KIII0Ua KOMMYTaTopa — «2»),
npeodpazoBarens (3) U 1anee MoJaeTCs Ha MEePBbIA BXOJl BDEMEHHOTO CEJIEKTOpa.

Omiopsl HaPsDKEHUH, nosicHstonme padoty OCY B pexume n3MepeHus nepuosa,
npuBeneHsl Ha puc. 3. M3 HUX BUAHO, YTO TEPUOJ UCCIEAYEMOTO CHUTHAJa
OTPENIEIISIETCS] BBIPAXKEHUEM:

rae T, — nepruoj oOpas3oBOro curHajia (METKH BPEMEHH);
N — 41CII0 METOK, MOCTYIMUBIIMX B CUeTHBIN 0J10k DCY;
1 — MHOXKHTEJIb TIeproJia (11 paccMaTpuBaeMoro ciaydas n = 1).

Bpewms cuera onpenenseTcs: BBIpaKECHUEM:
Teww=nTy,=NT, (11)
Pesynprar Ha gpucree OCY, Kak mNOpaBWlo, MNPEACTABISETCS B E€AMHHIAX
U3MEpEeHHs BBIOPAaHHON «METKH BpEMEHU» (MC HIIU MKC).

[lonoxxenue HCHHM&HBHOﬁ TOYKH IIPU 3TOM 3aBUCHUT W OT 3HAYUCHUA MHOKHUTCIIA
nmepnuoaa, U OT 4YMCJI0BOI'0 3HAUYCHUA IICPHUOIA BpCMCHHOﬁ MCTKH.
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Pucynoxk 3 — Dnropsl HaNpsHKEHUN B peKUMe U3MEPEHUS IEPHOIa

[TorpemHocTh W3MepeHHs Tmepuoma I, COCTOUT W3 TPEX COCTABISIONINX:
MOTPENTHOCTH MEPHI, MpeodpazoBanus U cpaBHeHUS. [lorpentHocTh Mephl 00yCIIOBIIEHA
OTHOCHUTEJIbHOM HECTAOMIBLHOCTBIO YaCTOTHI KBapIIEBOTO reHeparopa
8 = 5-(10°=107). ITorpemnocts npeoOpa3oBaHus d,, OOYCIIOBIEHA, IJIaBHBIM
o0pa3oM, OTHOIIIEHNEM HAMPSHKEHUS CUTHAJIA U TIOMEXH, 9TO BIUSET Ha (OpMUPOBaAHUE
YIPABJISIIOIIETO UMITYJIbCA B OTIPEAeNIeTCs U3 BeipaxkeHus (hopmyna CuMiicona):

1 U
5 = .2m
P omeon Ug (12)

rac n —4Yrucjio UISMCPCHHBIX IICPUOJOB CUI'HAJIA,
UH — CPCAHCKBAAPATUYICCKOC 3HAYCHUC HAIIPIKCHUA IIOMCXH;
UC — CPCAHCKBAAPATUYICCKOC 3HAYCHNUC HAIIPSKCHUA CUTHAJIA.

Ecnn 201g%= —40 1B 1 1 =1, T0 84y~ 0,3%, ecmu 1= 100, T0 3,y = 0,003%.

C
HOFpCIHHOCTL CpaBHCHUA O6YCJIOBJICH3 MOTPCIIHOCTBIO JUCKPCTHOCTH.
AOCOJIOTHAsI U OTHOCHUTEIbHAS IOrpemHOCTH COOTBETCTBCHHO,

(Nt)-T, N-T, T,
Ay =T -Ty= n - " :i7a (13)
o, =tly 4 n_ 41 (14)
T, N

N-T,

CyMMapHasi OTHOCUTENbHAS MTOTPELUTHOCTD OIpeAeIseTcs 1no GopmyJe:
_ 2 2 2
Oy =40, +8, +3} .
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JUist BbIOOpa ONTHUMAIBHOIO pEXUMa padOThl C TOYKH 3pEHHS MHHHMH3aLUN
IIOIPEIIHOCTH PACCMOTPUM CIIEAYIOIINAN IIPUMED.

Mpumep. ITycTs m3Mepsiercs curaan yactoroit f. = 100 I'u, (7, = 107 ¢), Tem xe
4aCTOTOMEPOM.

Omnpenenuts: Ay, Oy, BBIOpaTh 11, T, M 3a1IUCaTh PE3yNbTAaT U3MEPEHUIL.

Pewenue.

Bri6upaem nepruos MeTkH (Kak paBuiio, MUHUMAJIBHOE 3HAUEHUE),

T,=0,1mxc =107 c.

C yderoM OrpaHMYeHHs Ha CUETHBIM OJIOK BEIMYMHA MHOXUTENS n IEepuoja
CUTHaJa:

M

T 1072

C

7 -7
N-T, _ {10 -DI0 =102 -107<10%

n=

ITockonpky 10 <n <10%, To 3HAYCHNE MHOXHTEJIS nepuoia npuHumaeM n = 10.
3anuceIBaeM pe3yabTar u3Mepenus nepuoaa Ha gucruiee: 10000,00 mkce.
AGCOIOTHAS IOTPEITHOCTD

1
o Ery
n-T, 10-107
N=—="= 10°
re T, 1077 ’
5y = =10
S [ L

HN3mepeHre OTHOLIEHUA YAaCTOT HH(POCUTHAIOB

B pexunme «OTHOIIEHUE YACTOT» HampsbkeHue 0ojiee BBICOKOW YaCTOTHI,
roJaeTcs Ha BXoJ «1» (mosnokeHue kiroya Ha kommyTtarope «1» puc. 1). B kanane sto
HamnpspKeHUe mpeoOpaszyercsl B MOCIEA0BATEIbHOCTh KOPOTKUX UMITYJIBCOB C YaCTOTOM
Cle0BaHUsA, PaBHOW f.; OTU UMIIYJIbChl MOCTYMAIOT HA MEPBBIA BXOJ BPEMEHHOIO
CEJIEKTOpa, Ha €ro BTOPOM BXOJ MOCTYNAET yHPaBJISIOMINI UMITYJIbC JJIUTEIBHOCTHIO
T.,. ®opMupOBaHUE YIMPABISIONIETO UMIYJbCA MPOUCXOIUT B KaHale 2 U3 CUTHaNA C
O0onee HHU3KOM dYacToTOM f.), momaHHoro Ha Bxon 2. M3menenue kosdduumeHta
JICTICHHS] 9aCTOTHI B OJIOKE 9 MO3BOJISIET YBEIMYHUTHh BPEMsI U3MEPEHUS, UYTO, B UTOTE,
YBEJIMUUBAET HHTETPUPYIOIIYIO criocooHocTh DCY.

Ha puc. 4. ummoctpupyercss pabora OCY B pexume HU3MEPEHHS OTHOIIEHUS
4acToT fci/fe.
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N3 pucynka BuaHo, uro N'T.; = n' T, oTKyna

(T—J S (15)

T,) N*1
(T_JI/BM - (16)

BpCMA CUCTa
ch: n'Tc2 = N'Tcl .

Hz) T
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Pucynox 4 — Dnropbl HanpsiKEHU B peKUME U3MEPEHUSI OTHOIIEHUS YaCTOT

[TorpemHOCTh M3MEpPEHHsI OTHOIIEHUST 4YacToT f./f., COCTOMT W3 JBYX
COCTaBJIIOIINX: TIOTPEHIHOCTH IIpeoOpa3oBaHus (dy,) U cpaBHEHHUS (Oy)

Opp = (17)

[J€ n— MHOXUTENb IIEPUOAA,

U, — HamnpsbKeHHe CUTHaJIA, MOJJAaHHOTO Ha BXO/I 2,
U — HanpsbKeHHUE TOMEXH.

AGCOIOTHAS IOTPEITHOCTD JUCKPETHOCTH:

T T Ntl N 1
A —_— c2 —_ —C2 = ——:i—'

cl cl

OTtHOcHuTEeNbHAS MMOTPCIMHOCTL JUCKPETHOCTH:
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1
N (19)

n-Tx
e N = —102

nl
CyMMapHasi OrpelHOCTb OMPEAEISIETCS BbIPaXKEHUEM

5y =[82, +82 . (20)

[Tonoxxenne pAeUMaNbHOM TOYKHA ONPEACISIETCS CTENEHBbI0 psga 4uced,
BBIPAKAIOIIUX MHOXKHUTENb Nepuoaa n (n = 100; 101; 102; 103; 104).
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Pesynprar Ha Tab110 700,0000.

MeTtpoJiornyeckoe olecnedeHrHe CpPeICTB H3MEPUTEIbHOM TEXHUKH IS
HU3MepPeHMs YaCTOThI M BpEMEHHBIX HHTEPBAJIOB

Enunas waumonanbHast cucrema cBsizu Ykpaunbl (EHCCVY), a Takxke eé
UHTETpaIys BO BCEMUPHYIO CETh CBSI3U O0YCIIaBIMBAET OCOOCHHOCTU CTaHAAPTH3AINU
OTpaciii  CBSI3M, €€ TapMOHUYHOM  ajamnTalliki B  MEXIOCYJapCTBEHHBIE,
MEXTyHapOJIHbIE, PETHOHAJIbHBIE U HAITMOHAIBHBIE CUCTEMBI CTaHIapTU3AIUH.

OnHolt M3 OCHOBHBIX 3aJad CTaHJAPTU3AIUMU SBJISIETCS OOECIeYeHUe €IMHCTBA
u3MepeHuid. Pemraercss sTa 3amava MyTeM COOTBETCTBYIOIIETO METPOJOTHYECKOTO
obecneuenus (MO) cpencrB usmeputenbHodt TexHuku (CUT) yactoTel, KOTOpoe
3aKJIF0OYAETCS B UCTIBITAHUH, MTOBEpKe U KamnopoBke »tux CUT.

Pa3paboTka, mpoM3BOACTBO M HKCIUTyaTal[Us YaCTOTOM3MEPHUTEIbHBIX MPUOOPOB
TpeOYIOT ~ COOTBETCTBYIOIIETO  METpoJioTHmueckoro  obecrmeuenus. llpu  3ToM
OCYILIECTBIISIETCA LIENbIA KOMIUIEKC HAyYHO-TEXHUYECKUX M  OpraHU3alMOHHBIX
MEpONPUSATUM, HANPABICHHBIX B MOJJAEPXKKY €IMHCTBA W HEOOXOAMMON TOYHOCTH
YaCTOTHBIX U3MEPEHUI BO BCEX OTPACIIAX HAPOJAHOTO XO35HUCTBA.

N3 ducna TEXHUYECKUX MEPOIMPHUSTUH OCOOEHHO CIIEIYyeT OTMETHUTh IMOBEPKY
IpuOOPOB, MOTOMY YTO OHA TPeOyeT HaJWUUs OOJBIIOTO KOJIMYECTBA U3MEPUTEIIHHOM
ammaparypsl 4, B IIEpBYIO ouepe/lb, YaCTOTOU3MEpPUTEIbHOM. Jl0oCTaTOUYHO CKa3aTh, YTO
JUISL TIPOBEJCHUS TOBEPKH CTaHAapTa 4YacTOThl KBapIIEBOTO TeHEpaTopa HY)KHBI:
pyOMAMEBBI  CTaHAAPT YacCTOTHI, KOMIapaTop 4acToTHbIA, DCY, MHUKPOBOJIBTMETP
CEJICKTUBHBIN, aHATIU3aTOp CIIEKTpa.

C TOukM 3peHHUs IOBEPOYHBIX pabOT BCE€ BUJBI YaCTOTOU3MEPUTEIBLHON
anmapaTypbl MOXXHO Pa3IeiuTh HA JBE TPYIII: TPUOOPHI, KOTOPHIE H3MEPSIOT YaCTOTY,
U TpuOOpHI, KOTOpPbIE BHIPAOATHIBAIOT BBICOKOCTAOMIBHBIE 3JIEKTPOMArHUTHBIC
KoJieOaHusI.

[Ipubopsl TEepBOM TpyNIbl MOBEPSIOTCS MYTeM TMOJAa4yd Ha HX BXOJ
BBICOKOCTAOMIJIBHBIX 0 YacTOTOTE JJICKTPOMATHUTHBIX KOJICOAHWW W ONpeneseHUs
MOTPENTHOCTH U3MepeHus. [lorpenHocTh yCTaHOBKM OOpa3lloBOM YacTOTHI U €€
HECTa0MJIBHOCTh JIOJDKHBI OBITh, MO KpailHEHl Mepe, B 3 pa3za MEHbLIE NOTPEIIHOCTU
U3MEpeHus MNpuodopa, KOTOpbIM MmoBepstoT. [lodToMy, s MOBEPKM YacTOTOMEPOB
IPUMEHSIIOTCSI COOTBETCTBYIOIIME CTaHJAPThl YacTOThI, CHHTE3aTOPhI, YMHOXXHUTEIIH
gacToT. [lorpemHocT U3MEpEeHus YacToToMepa OIpeseseTcss B TOYKaX 4acTOTHOTO
JMaria3oHa, KOTOphIe PErjiaMeHTUPOBAaHbI HOPMATHBHO TEXHUYECKOW JTOKYMEHTallUEH
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(I'OCT, uHCTPYKIMSAMH, METOAUYECKUMH YKa3aHUSMHU MO ToBepke npuodbopos). Kak
IIPABUJIO, ITOBEPKA IPOBOAUTCS B HA4YaJI€, B CEPEAUHE U B KOHIIE YACTOTHOTO JUAIla30Ha
npubopa.

YacToTOM3MepUTENbHBIE TPUOOPHI BTOPOM TPYIIIIBI OBEPSAIOTCS ITyTEM CPABHEHHUS
4acTOThl TPOU3BOJUMBIX UMM 3JIEKTPOMAarHUTHBIX KOoJeOaHU ¢ 00pa3l0BOM 4acTOTOM
npubopa, KOTOPBIH UMEET METPOJIOTMUYECKHE XapaKTEpUCTUKHU, B 3 pa3a myuiue. s
IOBEPKHU TaKMX HNPUOOPOB NMPUMEHSAIOTCS CTaHJAAPThl YaCTOTbI, CUTHAJIBI OOPA3IOBbIX
4acTOT, I€PEIaBAEMBIE 110 PO, TPUEMHUKH, OCIIHILIIOrpadBbI.

C HauBbICIIEH TOYHOCTBKO YAaCTOTy M BpEMs BOCHPOM3BOAAT C IIOMOIIBIO
BBICOKOCTaOMJIBHBIX MOJIEKYJIIPHBIX T€HEPATOPOB.

Ucnoimanusa.  Ucnbitanus CHUT  mpoBozdTcss  cnenuain3upOBaHHBIMU
OpraHu3alMsIMH, aKKPEIUTOBAHHBIMU KaK TOCyAapCTBEHHbIE LIEHTpbI ucnbiTanuil CUT.
Ucnbitanus o0pa3uoB CUT mnpoBoasTcs B yCTaHOBIEHHOM [ocmoTpebcTaHaapToM
nopsinke. HWcenbitanuss CUT ¢ wenpro  yTBEpKIEHHS WX TUIIA HOPOBOAAT 110
YTBEP)KIACHHOW NIpOrpaMMe, KOTOpas IOJDKHA COAEpXkKaTh CIEAYIOIIME pPa3Jelibl:
pacCMOTpPEHUE TEXHUYECKOW JOKYMEHTAIINH; dKCIIepuMeHTalibHoe ucciegoBanue CUT;
odopmiieHne pe3yIbTaTOB UCIIBITAHUH.

[TonpoOHBIE TpebOOBaHMsSI K TporpamMmaM H3JI0)KEHbBl B  PEKOMEHIAlMIX
MEXIYHAPOJHBIX METPOJIOTUYECKUX OpraHoB. B Xone HCHbITaHUM JOJKHBI OBITH
IIPOBEPEHBI COOTBETCTBUE JOKyMeHTauuu H xapakrepuctuk CUT texHMueckum
YCIIOBUSIM M HOpPMaTUBHBIM JoKyMeHTaMm (HJI), KoTopble paclnpOCTpaHsOTCA Ha HUX,
BKJIFOYAsl METOJMKH IIOBEPKH.

CoorBerctBue CUT  yTBEpkKIAECHHOMY THUIly KOHTPOJMPYETCA OpraHaMu
['ocynapctBenHoit Metrpojoruueckoid cimyk6p1 (I'MC) mo wmecTy pacnoioKeHus
II0JIb30BATENEN.

llosepxa CUT — 310 yctanoBienue opranoM I'MC (qpyrumu yrnoaHOMOYEHHBIMH
Ha TO opranuzauusmu) npurogHocty CUT K NOpUMEHEHUI0O Ha OCHOBaHUU
DKCIEPUMEHTAIIBHO OmNpenesieHHbIX MX W DNOATBEPKACHUS HUX COOTBETCTBHUSA
YCTaHOBJICHHBIM 0053aTebHBIM TPEOOBAHUSM.

Ilepeunn rpynn CHUT, nomyexanmmx IOBEpKe, yTBepxkAaroTcs I'occraHmapToM.
IloBepka mnposoautcss B coorBercTBUM ¢ HJI, yTBepkmaeMol 1o pesyipTaTaM
UCIIBITAHUU.

PesynpraTrom moBepku sBiseTcs noarBepkiaeHue npurogHocty CUT
OpUMEHEHU0. B 3ToM cilyqae Ha Hero M (WJIM) TEXHUYECKYIO JIOKYMEHTALWIO
HAHOCUTCSI OTTUCK IOBEPUTEIBHOTO KiekWma M (uinu) Bbaaercss «CBUAETENBCTBO O
nosepke". [loBepuTenpHOE KIEHMO — 3HAK YCTAHOBJIEHHOM (pOpMBI, HAHOCUMBIA Ha
CUT, npusHaHHbIE B pe3y/bTaTe UX MOBEPKU MPUTOIHBIMU K IpuMeHeHuto. Eciu CUT
NpU3HAHBl HEMPHUTOJAHBIMH K HCIIOJNB30BAHUIO, TO B 3TOM Cllydae H300pakeHue
MOBEPUTENBHOrO KieiimMa u (mnn) «CBUAETEIBCTBO O MOBEPKE» AHHYJIUPYIOTCS U
BbINUCBIBaeTCsl «CBUIETENBCTBO O HEMPUTOJAHOCTU». Dopma KieiimMa U CBUIETENbCTBA
O TIOBEpPKE, TMOpAJOK HAHECEHMs IIOBEPUTEIBHOIO KJIEHMa YCTAHABIMBAIOTCS
I'occranmaptom.

CcurT MIOJIBEPraroTCs IIEPBUYHOM, MIEPUOTUYECKOM, BHEOYEPEIHOM,
MHCIEKIIMOHHOM U 3KCIIEPTHOU ITOBEPKE.

Ileprunas mosepka npousBogutcs npu Beimycke CUT wu3 mpowmssBoxacTtBa win
nociyie peMoHTa, a takxke npu Beo3e CUT uepes rpanmny naprusimu. Takol nmoBepke

MOJBEpraeTcs, Kak MpaBuiio, Kaxaslil sx3emiuisip CUT.
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Ilepnonuueckass 1oOBEpKa IIPOU3BOJUTCS 4YEPE3 YCTAHOBICHHBIE WHTEPBAJIBI
BpeMeHU (MeXnoBepouHble uHTepBaibl). Eil momiexxar CHUT, nHaxomsmmuecs B
JKCIUTyaTaluy Wik Ha xpaHeHuu. KonkperHele nepeunu CUT, noasexanmx mnosepke,
YCTaHABIMBAIOT MX BIAJENbLBI - opuandeckue u gusndeckue nuna. Opransl [MC B
HAJ30pe 3a COOMIOJEHUEM METPOJIOTUYECKUX HOPM U MPaBUJI IPOBEPSIOT MPABUIBHOCTh
COCTaBJICHUsI 3TUX NepeuyHel. [lepuonnyueckyo MOBEpKY JOJDKEH MPOXOJIUTh KaXIbIi
sk3emiuisip CUT. Uckmtouenue moryt coctaBiarh CUT, Haxonasiuecs: Ha IJIATEILHOM
XpaHeHuu. Pe3ynbTaThl TakoW MOBEPKU NEHCTBUTEIBHBI B T€UYEHHUE MEKIOBEPOUYHOTO
uHTepBasia. [lepBblii WHTEpBal ycTaHaBiIuBaeTca mpu yrBepxkaeHuun tuna CUT,
CIEAYIOIINE ONPENEIIAIOTCA HA OCHOBE PAa3HbIX KPUTEPUEB.

Bueouepennas mnoepka CHUT mnpoBoauTcs [0 HACTYIUIEHMS CpOKa HX
IIEPUOANYECKON MOBEPKU B CIIydasiX: IMOBPEKICHHS 3HAKA MOBEPUTEIBLHOTO KJIEHMAa, a
TaK)Xe IMpU YTpaTe CBUAETENBCTBA O NMOBEpKE; BBoJa B 3kciuryarauuro CUT mocie
JUTUTENBHOTO XpaHeHusi (0osiee OJHOTO MEXKIIOBEPOYHOTO HWHTEpPBaJa); MPOBEICHUS
MTOBTOPHOM HACTPOMKH, a TaKXKe, €CIM W3BECTHO WM HMMEIOTCS NPEANOJIOKEHUs 00
yaapHoM (MexaHudeckoMm) BozaedcTBud Ha CUT uinm o HEynOBIETBOPHUTENIBHOM €ro
pabore.

NHcnekunonHass mnoBepka mpoBoauTcs opraHamu MC mnpu  OCyIIECTBICHHUH
rOCyJJapCTBEHHOTO HaJ30pa WJIM BEAOMCTBEHHOTO KOHTPOJS 3a COCTOSHHEM H
npumeHenueM CHUT. Ee nomyckaercs mnpoBOAWT, HE B IOJIHOM OOBEME,
OPEAYCMOTPEHHOM METOJUKOW TMOBEpPKU. Pe3ynbTaThl WHCIEKIMOHHOW TOBEPKH
OTPAKAKOTCA B aKTE€ IMOBEPKHU.

DKCIepTHasl MOBEPKAa MPOBOAMUTCS IPU BO3HHMKHOBEHUHM CIOPHBIX BOIIPOCOB IO
MX, ucnpaBaoctu CUT 1 npUrogHOCTH MX K HCIOJIb30BaHUIO. E€ MpoBOIAT Oprasl
I'MC no nucbMEHHOMY TPEOOBAHUIO 3aMHTEPECOBAHHBIX JIUII.

[Topsimok mnpencraBnenuss CUT nHa mnosepky omnpenensercs ['occranmapTom.
IToBepka mpOBOAMUTCS B COOTBETCTBUU C YCTAHOBJIECHHBIMHA METOJIMKAMHU U BKJIOYAET B
ce0s ciemyroree:

- YCTaHOBJIEHME NEPUOJUYHOCTH padoT (OmpelneseHue MEKIOBEPOUHBIX
UHTEpBanoB) B coorBeTcTBUU ¢ [SO 10012;

- pa3palOTKy M JIOKYMEHTUPOBAHHME METOJMK MPOBENCHHS pabdOT COIIACHO
unctpykuuu P/ 50-660-88;

- BEIECHHME COOTBETCTBYIOUIMX IMPOTOKOJOB, OTPaXalolIUX  pe3yJbTaThl
IPOBEJIEHHBIX PadoT;

- OpraHM3al{I0 XpPAHEHUS U HUCIIOJIb30BaHuA TOKyMeHTauuu o nosepke CUT.

OcHoBHOUI MX, kOTOpasi OmpeaessieTcs MpPU IOBEPKE, SIBIAETCS MOTPELIHOCTb.
Omna omnpezernsieTcss Ha OCHOBAaHUM CpaBHEHMs Noka3aHuil nmosepsiemoro CUT u Oonee
TOYHOI'O PadOYEro 3TaloHa.

Mepbl MOTYT OBITH IOBEPEHBI:

- CBEpKOM (MeTojamMu MPOTUBOIIOCTABICHUS WIIM 3aMEIleHHs) ¢ 0ojiee TOUHOU
Mepo# ¢ MmoMOIIbI0 KoMmapaTopa. Oommum s 3Tux MetoaoB nmoBepku CUT sBusercs
IIOJIy4YCHHE CHUTHAJIA O HAJIMYMUA PA3HOCTH Pa3MEPOB CPAaBHUBAEMBIX BEIWYUH. Ecim
ATOT CUTHAJ MMyTeM MoJ100pa 00pa3oBOil Mephl OYJET CBEICH K HYJIO, TO peanu3yercs
HYJIEBOM METOJl U3MEPEHUM;

- u3MepeHueM 3TaioHHbIM CUT BenM4MHBI, BOCIIPOM3BOIUMON Mepoil. B aTom
Cllyyae MOBEPKA YacTO HAa3bIBAETCS IpadyHpOBKOHM. ['pamynpoBka — 3TO HaHECEHUE Ha

mKajg1y OTMCTOK, COOTBCTCTBYIOIIUX  ITOKA3aHUAM pa60qero 9TaJIOHaA, 0o
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ONpPENEJICHWE IO  €ro0  NOKa3aHWsAM  YTOYHEHHBIX  3HAYEHUM  BEIUYUHBI,
COOTBETCTBYIOIIMX HAHECEHHBIM OTMeTKaM Ha 1mkaine CHUT, koTopele MOBepsArOTCS;

- cmocoOoM KanumOpOBKH, KOrja ¢ 0osee TOUHOM Mepoil cBepseTcs JHIIb OJIHA
Mepa M3 Habopa WM OJHA M3 OTMETOK IIKaJlbl MHOTO3HAYHOM MEpPBI, a HUCTHUHHbBIC
pasMepsl IPYyTUX MEpP OMNPENESAIOTCS MyTEM HMX B3aWMMHOTO CPaBHEHHS B Pa3JIMYHBIX
COUETAaHUAX Ha MpUOOpax CpaBHEHUS M MpHU JajbHEHIell oO0paboTke pe3yabTaToOB
U3MEPEHUM.

[ToBepka U3MepUTENbHBIX MPUOOPOB MPOU3BOAUTCS:

- METOJOM HENOCPEICTBEHHOIO CPABHEHMS U3MEPSAEMBIX BEJIUYMH U BEJIMYWH,
BOCIIPOU3BOJAMMBIX pPabOYMMM 3TajJOHAMHM COOTBETCTBYIOUIETO pa3psiia WM Kiacca
TOYHOCTH. 3HAa4Y€HHs BEIUYMH HA BBIXOJAE Mep BBIOMpAIOTCA  PaBHBIMU
COOTBETCTBYIOINM (4arie onu(poBaHHBIM) OTMETKaM IIKajabl mpubdopa. Hambombmmas
pa3sHULA MEXAY PE3yNbTaTOM U3MEPEHHUS U COOTBETCTBYIOIIUM €MY Pa3MEpPOM JTAJIOHA
ABJISIETCS] B 3TOM CJIy4ae OCHOBHOM MOIPEIIHOCTBIO PUOOPa;

- METOJOM HENOCPEACTBEHHOI'O CJIMYEHMs IOKa3aHW Mpudopa, KOTOPBIA
IIOBEPSAETCS, W OHTAJIOHHOIO IIPU OJHOBPEMEHHOM HW3MEPEHHH OJHOW U TOU K€
BEJIMUMHBI. Pa3HuIla UX TMOKa3aHW paBHA aOCOJIFOTHON MOTPEUIHOCTH MOBEPSEMOTO
CHUT. MoryT ObITh UCIIOIB30BAHBI U IPYTHUE METO/Ibl TOBEPKHU.

BaxxHbpIM mpu TOBEpKEe SBISETCS BHIOOP ONTUMAJIBLHOTO COOTHOILIEHUS MEXIY
NOTPENIHOCTAMM dTaoHHOro M moBepseMoro CHUT. OOBIYHO 3TO COOTHOLIEHUE
OpPUHUMAETCS paBHbBIM 1:3 (MCXOAS W3 KPUTEPUS HUYTOKHO MaJOW MOTPEUIHOCTH),
KOI/la MpU TMOBEpPKE BBOJAT MONpaBKU Ha TokazaHus oOpasuoBbix CUT. Ecnu xe
UCIpaBieHus: He BBOJAT, TO d3TamoHHble CUT BeiOMparoTcss w3 cooTHomeHus 1:5.
CooTHoleHue mnorpemHocTel nosepsieMblx U 3tanoHHbIx CUT ycraHaBiuBaeTcs ¢
Y4ETOM IPUHATOTO METOJA TIOBEPKH, XapaKTepa IOTIPEIIHOCTEN, ONMYCKAOINUX
3HaYeHUs OIIMOOK MEPBOTO U BTOPOTO POJA, U MHOTJA MOXKET 3HAYUTEIHHO OTIMYAThCS
OT yKa3aHHBIX paHee udp.

[To pemenunro I'ocmoTpedcranmapra mnpaBo moBepku CUT Moxer OBITH
MIPEAOCTABIEHO aKKpeAuTOBaHHBIM MC 10pUANYECKUM JIMLAM, JEATEIbHOCTh KOTOPBIX
OCYILECTBIISIETCA B COOTBETCTBUM C JEHWCTBYIOIIMM 3aKoHonarenbctBoM W HJ[ mo
obecrieyeHn10 eIMHCTBA U3MEpPEHUi, ¢ yueToMm pexomeranuii ISO u IEK.

B tex cdepax gesTenbHOCTH, Ii€ TOCYIaPCTBEHHBIM METPOJIOTUYECKUN HAA30p U
KOHTPOJb HE SABISIOTCS O0s3aTeNbHBIMU, MJi1 OOECHeUYeHUsT METPOJOTUYECKON
ucnpaBHoct CUT npumeHsieTcs: KanmOpoBKa.

Kanubposka (xkanubpoBoUHbIE PaOOTHI) — COBOKYITHOCTbH OIEpaIii, BBIMOJHIEMbIX
C UEIbI0  ONpEACNICHUSs W MOJATBEPKICHHUS  JCHCTBUTENBHBIX  3HAYCHHU
METPOJIOTUYECKUX XapaKTEPUCTHUK W (Win) npurogHoctu K npumenenntro CUT,
KOTOPBIE HE MOJIEKAT FOCYJapCTBEHHOMY METPOJIOTMYECKOMY KOHTPOJIIO U HAa30DYy.

Opranuzaius, BBIIOJHAIONMAS  KaJIMOpPOBOUHBIE palOTHI, JODKHA HMETh
MOBEPEHHbIE U UACHTU(DUIIMPOBAHHBIE CPEACTBA KAIMOPOBKH — 3TAJOHBI, YCTAHOBKU U
apyrue CUT, nmpumensiemble Ipu KaluOPOBKE B COOTBETCTBUU C YCTAHOBJICHHBIMU
npaBwiaMd. OHHM  T[pU3BaHbl  OOECNEUUTh MepeAady pa3Mepa eOuHHUI]  OT
rOCYJapCTBEHHBIX  JTAJIOHOB CPEACTBAM  HM3MEPUTENBHOM  TEXHUKH, KOTOPBIE
KaluOpyIOTCs; aKTyaIu3uPOBaHHBIE TOKYMEHTHI, PErIAMEHTUPYIOUIUE OpraHU3alMI0 U
npoBelieHne KanuOpoBO4HBIX padbor. K HuM oTHocsTcs gokymeHtarnuss Ha CUT u
KaMOpOBKY, HOPMATHUBHBIE JOKYMEHTHl Ha KadHMOpPOBKY, MPOUEAYpPhl KAIUOPOBKU U

HCIIOJIb30BaHUA cC JaHHBIX; HpO(bCCCI/IOHaJ'IBHO HOHFOTOBHCHHBIﬁ 141
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KBATH(UITUPOBAHHBIA TMEPCOHAT;, TIOMEIICHHSI, YIOBJICTBOPSIONINE HOPMATHBHBIM
TpeOOBAHUSIM.

Pe3ynbTaThl KamMOPOBKHU YAOCTOBEPSIOT KaTUOPOBOYHBIM 3HAKOM, HAHOCUMBIM Ha
CUT, wim CBUAETENHCTBOM O KaTMOPOBKE, a TAKXKE 3aMHUCHhI0 B IKCIUTyaTaIMOHHBIX
JIOKYMEHTaX.

TpeboBanusa k KaIMOPOBOYHBIM JIa0OPATOPUSIM MPUBEJEHBI B COOTBETCTBYIOIIEM
I'OCT u crangapte ISO / IEK 17025-2000 /.
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JIABOPATOPHAS PABOTA Ne 7

HCCIIE/IOBAHHE YACTOTBI H BPEMEHHBIX HHTEPBAJ/IOB
HHOOPMAIIHOHHOI'O CHT'HAJIA HTU®POBBIM CIIOCOBOM

1. Hean padoTsl

1.1 IIpuoGpectn mnpodeccHOHAIbHBIE HaBBIKM B pabore ¢ I1U(POBHIM
4acTOTOMEPOM. YMETh apryMEHTHUPOBAHO BbIOMpaTh Bpems cyeta (7.,), MHOXKUTEIb
nepuoja (n) U 4acTOTy T€HepaTopa METOK (fy,).

1.2 HccnenoBarb OCHOBHBIE XapaKTEPUCTUKUA LHUQPPOBBIX YacCTOTOMEPOB B
Pa3TUYHBIX PEKHUMax pabOThl. YMETh TPOU3BOJIUTH BHIOOP PEKUMOB PAOOTHI,
00€eCIeunBaIINX MHUHUMAJIbHBIE TOTPENIHOCTA PE3YyJIbTATOB H3MEPEHHS YaCTOTHI,
BPEMEHHBIX HHTEPBAJIOB, OTHOIICHHI YacTOT.

2. Kiaro4deBbie moJ10KeHUS
2.1 CoBpeMeHHbIE U (POBBIC JaCTOTOMEDHI, BBITIOJIHEHHBIE Ha
MUKPOIIPOIIECCOPHOM OCHOBE WM Ha CXEMaX C JKeCTKOW JIOTMKOW, — TMpHOOPHI

MHOTO(YHKIMOHaIbHBIE. [lepexoa oT ogHON (YHKIMHM K APYTOM OCYIIECTBISETCS IO
YCTAHOBJICHHOW IIPOTrpaMMe WIH MOCPEICTBOM IIEKTPOMEXAHNUECKUX KOMMYTAaTOPOB —
(KJIrouei).

@yHKIMOHAIBHAS CXEMa, IIPEACTABICHHAs Ha puc. 1, oTHOcHTCs K cxemam OCY ¢
YKECTKOU JIOTUKOH.

2.2 B pexume «UBMEPEHUE UACTOTDBI» npousBoauTcs IpsIMOE CpaBHEHUE
4acTOThI UCCIIEIyEMOT0 CUTHAJIA f, CO 3HAaYEHUEM 00pa3llOBOM YaCTOTHI fi,
BOCIIPOU3BOAMMON MepOil (KBapIIEBBIM T'€HEPATOPOM) B KAUECTBE «EAMHUIIBI
U3MEpEHUst». 31eCh f. > fir, UTO AAET BO3MOKHOCTh HAUTH IIU(POBBIM CIIOCOOOM YHUCIIO,
MOKA3BIBAIOIIEE BO CKOJIBKO pas3 f, OOMbIe fi;.

Ha puc. 2 npencraBienbl auarpammbl Hanpsbkennt OCY, HariasgHo
MOKa3bIBAIOIINE CYTh IU(POBOrO METO/AA, KOTOPBIM CBOAMTCS K TOJCYETY YHCIa
UMITYJICOB N, IOCTYMAOIMUX Ha cYeTHBINA 010K (11) 3a Bpems, paBHoe T, HA3bIBAEMOE
«BPEMEHEM U3MEPEHU» nin «BPEMEHEM CUETA».

W3 nuarpamMm criemyeT, 4TO AEHCTBUTEIBHOE 3HAYEHHE YacTOThI HCCIEAYEMOIO
CUTHAJIa PaBHO:

N
-

c4y

Jo =

I/IBMCpCHHOC 3HAYCHUC YACTOTHI UCCIICAYCMOI'0O CUT'HAJIA PABHO:

N=*1
T

cu

fcmM =

3HaueHHne a0COIFOTHOM MOTPEIIHOCTH TUCKPETHOCTH:

N+1 N 1
T T T.

cu c4 c4u

AN :f;:. U3M _fc.n =
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MakcumanbHOe 3HA4YCHUC OTHOCHUTEJIbHOM MOTPCITHOCTH JAUCKPCTHOCTH
OIIPCACIIAACTCA BBIPAKCHUCM:

1
By ==t

rae N — 94uciio UMITYJIbCOB, MOCTYNUBIINX B cueTHBIN 0110k DCY 3a BpeMms cueTa.
CyMMapHasi OrpenIHoCTb U3MEPEHUS YaCTOThI:

8y =4/8; +3y,

rie O, — COCTAaBISIIOIIAsl IOTPEHIHOCTH, BHOCHMMAas Mepod (KBaplEBbIM
TEHEPATOPOM).

23 B pexume <«U3MEPEHUE IIEPUOJIA» mnpousBoauTcs CpaBHEHHE
M3MEpSAEMOro IeproJia UCCIEyeMOoro curnana 7, ¢ 00pasoBbIM HHTEPBAJIOM BPEMEHU.
Huarpammbl HanpspkeHus: DCY B 3TOM peXuMe IpeICTaBlICHbI Ha puc. 3.

W3 HuX cienyer, 4To IEeHCTBUTEIBHOE 3HAUYEHUE MEPUO/Ia UCCIEAYEMOT0 CUTHAIa
OTIPEEIISAETCS BBIPAKEHUEM:

rae T, — nepruoj oOpa3IoBOTO CUTHANA;

N — 41CII0 METOK, MOCTYNMUBIINX B CUeTHBIN 0510k DCY;
1 — MHOKHUTEJIb MIEPUO/IA.

Bpewmst cueta onpenenseTcs: BIpaKEHUEM:

T..=nT..
N3mepeHHoe 3HaYeHUE Tepruoaa UCCIeAyeMOro CUTHaa ONpeIeseTcs:

_(N£D)-T,

TCPISM_ -
n

3HaueHue abCONIOTHOW M OTHOCHUTENBHOM MOTPENIHOCTEH JAMCKPETHOCTH PaBHBI,
COOTBETCTBEHHO:

_(NtD.T, NT, T,

AN:TCI/I3M_TCZ[_ * 5

n n n

1
6N :iﬁ,

-T,
rae N=l"lemn
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CymMapHasi OTHOCHUTEIbHAS MTOTPEITHOCTH OMPEACINIIeTCs M0 (hopMyJIe:

8y =,/05 +0,, +8% ,

rae oy, — MOrPEeIHOCTb NIPeoOpa3oBaHys, 00yCI0BIEHA OTHONICHUEM HANPKCHUS
CUTHAJIA U ITIOMEXH.

24 B pexume «OTHOLIEHUE YACTOT» nanpsbkeHue ¢ Oonblieil 4acToTon
f1, (moyokeHMe KiTroya Ha KoMMyTaTope «1») momaercst Ha BXoj «1» (puc. 1). B xanane
1 sTr0o HampsbkeHHe mpeolOpasyeTcss B MOCIEAOBATEIBHOCTh KOPOTKUX HMIYJIBCOB C
4acTOTOM CIEJOBaHUs, PaBHOM f;. ODTW HMMIYJbChl IMOCTYMAKOT HAa MEPBBIA BXO[
BPEMEHHOTO CEJIEKTOpa, HAa €ro BTOPOM BXOJ MOCTYIAET YHPABILIOINANA HMITYJIbC
JUTATENBHOCTBIO T y.

@opMUPOBAHUE YIIPABISAIOLIETO UMITYJIbCA IPOU3BOINUTCS B KaHAJIE 2 U3 CUTHAJIA C
0o0Jj1ee HU3KOM YacTOTOM f,, IOJAHHOTO Ha BXOJ 2.

N3 puc. 4 cnegyer paBeHCTBO

N'Tl = I’Z'Tz.

n I[CﬁCTBHTCJILHOC 3HAYCHUC OTHOMICHUA 9aCTOT PaBHO

S| [} _N
f), \r) n

I/IBMepCHHOG 3HAYCHHUC OTHOIIICHUS YaCTOT

A (1) _wEn
fz HU3M B Tl HU3M B n

Bpewms cuera:
ch= n'Tz.

AGCOIOTHAS IOTPEITHOCTD JUCKPETHOCTH:

+
A(T_j (T_j _WNED N
H3M pis

n n
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n-T,
T
CyMMapHas OrpelIHOCTb ONPEAEIIAETCS BbIPAKEHUEM:

8y =,/00 +3} .

roe N =

3. KiioueBbie BONPOCHI
3.1 Tlouemy DCY OTHOCSAT K YMCIIy BHICOKOTOYHBIX U YHUBEPCAIbHBIX CPEICTB
U3MepeHus?

3.2 B d4em coCTOMT CyThb ME€TOAa M3MEpPEHHUs, Ha KOTOPOM OCHOBaHa pabora
2CY?
3.3 OObsicHuTh npuHIKI padoTel DCY B pekuMax U3MEPEHUs:
- 4aCTOTHI;
- UHTEPBAJIOB BPEMEHU;
- OTHOILIEHHUS YacTOT.
3.4 IlepeuncauTe mnOrpemHOCTH, Bo3HUKatoue B OCY mnpu pabore B
Pa3IMYHBIX PEKUMAX, U YKa3aTh IPUUUHBI UX MOSBICHHUS.
3.5 VYkazarh cnocoObl yMEHBIIICHHS TOTpenTHOCTeN, Bo3HUKaonmx B DCY.
3.6 TlosicuuTh, Kak ompenenserca cymmapHas norpemHocts DCY B paznuyHbIX
pexuMax paboThI.

3.7 TlosicHUTb, Kak ONpENeNseTCs TMOJIOKEHUE JEeUMMAIbHOM TOYKH B
pa3IMYHBIX pekumax padotsl JCU.

4. JlomanHee 3agaHue

4.1 HM3yuuTh CTPyKTYypHYIO CXE€MY 3aJaHHOI'O 4YacTOTOMEpa, MW IIPUHLHII
JEHUCTBUS B PA3IMYHBIX PEKUMaxX paboThl. 3aprcoBaTh CTPYKTYypHYIO cxemy DCU.

4.2 Ilosp3ysCh TEXHUYECKHMMHM XapaKTEPUCTHUKAMM 33JaHHOTO 4YacTOTOMEDA,
BbIOpaTh BpeMs cuyeTa, OOEeCHeuMBaroOllee HAMMEHBIIYI0 MOrPEIIHOCTh B pPEKUME
u3MepeHus: 4acTtoTel. Pe3ynpraT mpencraButh B ¢popme Tadn. 4.1. Bapuantel 3amaHus
npeacTaBiieHsl B Ta0n. 1 (nmpunoxenue A); 3uech f1= f..

Tabmuma 4.1. — OreHka OCHOBHBIX XapakTepucTuk B pexume «WU3MEPEHUA
YACTOTBI»

O>xuzaeMblil pe3yapTaT

Ha Ta010, Kl 11 Av, T N Oy

feo, kI'ny Teq, MC

4.3 Ilonb3ysaCh TEXHUYECKUMH XapaKTEPUCTUKAMH 33aJaHHOTO YacTOTOMEPA,
BbIOpaTh MapaMeTphl peKuMa U3MEPEHUs Meproia TAKUM 00pa3oM, 4TOObI 00ECTICUUTh
HaVMEHBIIYIO0 MOIPEIIHOCTh M3MEpeHus Iepuona. Pe3ynpraT mHpeacTaBuTh B BHIE
Tabn. 4.2. PekomeHayeTCsl NPOU3BOJUTH PacyeThl HA TEX K€ YacTOTaX, 4TO U B TaO.1
(mpuitoxenue A).
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Tabmuma 4.2 — OueHka OCHOBHBIX XapakTepucTuk B pexume «MU3MEPEHUA
ITEPUOJA»

fe, k11 n Ty

Oxu1aemMslil pe3ysibTaT

Ha Tab10 (MC, MKC) Ay N O T, C

4.4 Tlonp3ysich TEXHUYECKUMH XapaKTePUCTUKAMHM 3aJJaHHOTO YacTOTOMEpa,
BBIOpaTh TMapaMeTphl peKUMa H3MEPEHHUS «OTHOIIEHHE YacTOT», O00eCIeUHMBAIOIINE
HAaUMEHBIIYIO TOTPEIIHOCTh M3MEpeHHs.  Pe3ynbTarhbl MpEeJACTaBUTh B BH]IE
Ta051.4.3 (4acTOTHI 3a/1aHBI B IPUIIOKEHUH A).

Ta6muma 4.3 — OrneHka OCHOBHBIX xapaktepuctuk B pexume «OTHOIIEHUE
YACTOT»

O>xuzaeMblil pe3yapTaT
fI/fZ n Ha Tab10 AN N 8N ch’ C
5. JlaGoparopHoe 3axaHue

5.1  O3HaKOMUTKCS CO CPEJCTBAMU U3MEPEHHS Ha paboueM MecTe. Y CTAaHOBUTh
COOTBETCTBHUE MEX]ly OpraHaMu YIpPaBJIEHUs, BEIBEJCHHBIMHU Ha MEPEIHIOI0 MTaHENb
M3y4aeMoro npudopa, u CTPYKTypHOI cxemoi (puc. 1). CormacoBarts ¢
npenojaBaTesieM I1aH paboThl.

5.2 IlpousBectu BHemHu## ocmoTp OCYU wu ompobOoBaHME B pEXHUME
CaMOKOHTPOJIS.

5.3 IIpousBectu onmpoOOBaHUE BO BCEX PEKUMaX PaOOTHI.

54 B pexnMme U3MEpPEHHs 4YacTOTbl MPOM3BECTH NPOBEPKY MNPABUIBHOCTU
BbIOOpa  XapakTEPUCTHMK YacTOTOMEpa Ha 4YacToTax, yKa3aHHbIX B  Tabi.l
(mpunioxenue A). Pe3ynbTaThl mpencTaBuTh B BUE TaoI. 5.1.

Ta6muma 5.1. — OrieHka OCHOBHBIX XapakTepucTtuk B pexume «WU3MEPEHUA
YACTOTbI»
feo, KI1D Tey, MC Pesynbrar Ha Tabmo, kI'11 Ay, T N oN
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5.5 B pexume wu3MepeHuss NEpUOJa MPOUZBECTH AHAIOTHMYHBIC H3MEPEHUS.
PesynbraThl mpeacTaBuTh B BUAE Ta0md. 5.2.

Tabmuma 5.2 — OueHka OCHOBHBIX XapakTepucTuk B pexume «MU3MEPEHUA
I[TEPUOIA»
fe, KI'11 n Ty Pesynprar Ha TabI0 Ay N Oy Teu, ©

5.6 B pexume wu3MepeHUs OTHOIICHHUS 4YACTOT TMPOU3BECTH aHAJIOTUYHBIC
u3MepeHus. Pe3ynbrarel npecTaBUTh B BUAE Ta0d. 5.3.

Ta6muma 5.3 — Ornenka OCHOBHBIX xapaktepuctuk B pexume «OTHOUIEHUE
YACTOT»

filf> n Pesynprar Ha TabI0 An N On Teu, €

6. IIporokou jadopaTopHoi padoThl (Ne ... Ha3BaHMeE ... )
6.1 Ilenb SKCHIEpUMEHTA.
6.2 Ilepedenn ucnoyib3yeMoOH ammaparypsl B Ta0I. 6.1.

Tabnuna 6.1 — [lepedyeHs ucnoab3yeMoit anmnapaTypbl

o Metponoruueckue XapakTepUCTUKHI
HaunmenoBanue 3aBoaCKOU

Tun v
npu6opa HOMep Knacc Junanazon YacToTHBIN
TOYHOCTHU M3MEPEHUS Jrana3oH

6.3 (Cxema uzMmepeHus.

6.4 IlocTpouTh B OJHON CUCTEME KOOPAUHAT rPaQHUKU 3aBUCUMOCTH
OTHOCHUTEIFHOM MOTPEIIHOCTH Oy OT YACTOTHI B PEXKMME U3MEPEHUS YaCTOTHI U
nepuona. CrnenaTh 3akiitoueHue 0 BeiOope pexuma padotel DCY.
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JIABOPATOPHASA PABOTA Ne7a

METPOJIOT'HYECKOE OBECIIEYEHUE CUHT JlVIA USMEPEHUA YACTOTbBI
HHO®OCHTI'HA/IOB. H3SMEPEHUE YACTOT H BPEMEHHBIX HHTEPBA/IOB
HHO®OPMAIIHOHHOI'O CHTI'HAJIA

1. Hean padoTsbl

1.1  O3HaKOMHUTBCA C HAYYHOW, 3aKOHOAATEIBHOM M TEXHUYECKOHW OCHOBOMU
meTpoaoruyeckoro ooecnieuenust CUT aiis u3mMepeHus 4acTOThI.

1.2 M3y4nTh METOAMKH MOBEPKU DJIEKTPOHHO-CUETHBIX yacToToMepoB (DCY) u
METPOJIOTUYECKHUE ONepaIUU IIPU TOBEPKE.

1.3 IIpuoOpecTu nmpakTUUECKHUE HABBIKU IO MPOBeAeHUI0 ToBepku DCY.

2.  Kurouesble M0J10:KeHUA

2.1 TIloBepsemsbie xapakTepuctuku JCHY.

[ToBepke moanexar CiAeayIHe NapaMeTphl:

- Jvamna3oH H3MEPSEMbIX YacTOT CUHYCOUJAIbHBIX U HUMMOYJIbCHBIX
CUTHAJOB;

- TOTPEUIHOCTh U3MEPEHUS YaCTOTHI;

- Juamna3oH 4YacTOT IpU U3MEPEHHU IMEPHUOJAa CHUHYCOMIANBHBIX U
UMITYJIbCHBIX CUTHAJIOB;

- TOTPEIIHOCTh U3MEPEHUS MEPUOJIA;

- Juana3oH U3MEPEHUs OTHOUICHUS 4acToT;

- NOTPEUIHOCTh U3MEPEHUs OTHOUIEHUS 4acTOT U JP.

2.2 CpencTtBa U3MEPEHUN, IPUMEHSIEMbIE TP NTOBEPKE.

I[Ipu nmoBepke OCY  npuMeHSIOTCS  CIEAYIOUIME  3TAJOHHBIE U
BCIIOMOTaTEJIbHBIE CPEJCTBA MOBEPKU:

- NPUEMHHUKH TAJIOHHBIX YaCTOT;

- pyOuagmeBbie CTaHAAPTHI YacTOThl C HOMHHAJBHBIMU 3HAYCHUSIMHU
gacTtoT 100 k', 1 u 5 MI'it ¢ OTHOCHTEIbHOW HECTAOMIBHOCTBIO MOPSIKA
101

- KBaplEeBble T€HEPATOPHI C TEMU K€ 3HAUEHUSIMU HOMUHAJIBHBIX YaCTOT U
OTHOCHTEIbHOM HecTaGMIbHOCTHIO Topsinka 10°°;

- CTaHJapTbl YacTOThl M KBAapIEBBIE TEHEPATOPHI SBISITCA MEpPaMH
00pa31oBOil YaCTOTHI, U €CJIM €CTh BO3MOXKHOCTh U HEOOXOIMMOCTh, TO TOYHOCTD
ATUX MEP KOHTPOJUPYETCSA C MOMOIIBIO NPUEMHUKOB 3TAJIOHHBIX YacTOT;

- CUHTE3aTOpbl 4YaCTOThI, mepekpbiBawomue aunanazoH vactor 0,01 I'm —
50 MTI'n;

- YMHOJXUTEJH YacCTOTHI;

- KOMIIapaTopbl YaCTOTHI;

- TEHepaTopbl YHUBEPCAIbHBIEC, BOJBTMETPHI MEPEMEHHOTO HANPSIKECHUS U
ocuHIIOTpadHbI.

2.3 VYcioBus NOBEPKU U MOATOTOBKA K HEM.

[Ipu mpoBeneHHH oOmnepaluid TOBEPKH JOHKHBI COONIOAATHCS — CIEAYIOIINE
YCIIOBUSL:

- npubop, NOCTYNUBILIKUNA HA TTOBEPKY, MOABEPraeTcs BHEIIHEMY ocMOTpy. [Ipu

9TOM CJICAYCT 06pa1uaTB BHHUMAHHUC Ha HAJINYUC, HUCIPABHOCTL H YHCTOTY BCCTO
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MMYIIECTBA, COCTOSIHUE JTAKOKPACOUHBIX MOKPBITUI M YETKOCTh MapKUpoOBKU. Hanuune
TpSI3U W pXKABYMHBI HepomycTumo. [Ipubop HE MOMKEH HUMETh MEXaHWYECKHUX
MOBPEXICHU, MOTYIITUX BJIMSTH Ha €r0 padOTy, HAIPUMED, IIOX0E KPEIJICHUE PYYEeK
YIPABJICHUS, TOBPEXKACHUE 32KUMOB, TUTOXas (PUKCAITHS TIEPEKITI0YaTEIICH;

- npuOOpbI, UMEIOLIUE HEUCTTPABHOCTD, B MOBEPKY HE PUHUMAIOTCS.

[ToBepka mapameTpoB MpuOOpa MPOU3BOJAUTCA MPU HOMHUHAIBLHOM HANPSKEHUU
CETH B HOPMAJIbHBIX YCIOBHSIX:

- TeMreparypa okpyxatomein cpeapl 293+5°K (20+£5°C);

- OTHOCHUTEJIbHAA BIAXHOCTh BO3ayxa 65 + 15%;

- armocdepuoe gasnerne 100+4 kH/M* (750430 MM. pT. CT.);

- HanpspkeHue nuraromen cetn 220 B+4.4 B.

Ilepen mpoBeneHHeM omepaluii MOBEPKU, HEOOXOJUMO MPOU3BECTU CIIEAYIOLINE
MOATOTOBUTEIIbHBIC PAOOTHI:

- pa3MecTUTh TOBEpseMbIi mpubOOp Ha pabodyem mecTe, o0ecreyuB ya00CTBO
pabOThI ¥ HCKITIOYMB TIOTIAIAHNE HA HETO MPSMBIX COJTHEYHBIX JTydeH;

- COCOUHUTH MPOBOJOM KJIEMMBI TOBEPSIEMOTO W OOpPa3IOBBIX MPUOOPOB,
MIPUMEHSIEMBIX MPH MOBEPKE, C ITUHOMN 3a3E€MJIICHHUS;

- MPOU3BECTH MOJKIIOUYEHHE MOBEPIEMOro nprubopa Kk o0pa3loBbIM MIPUOOpaM ¢
MOMOIIBIO IITATHBIX KaOeNel U NepexoIHUKOB;

- MOJKIIOYMTH MPUOOPHI K CETH NMEPEMEHHOro Toka ¢ HampsbkeHuem 220 B,
50 I'm;

- BKJIIOYUTH MPUOOPHI B CETh U JIaTh UM IMPOTPETHCS MOJA TOKOM B TeueHue |
yaca.

2.4 IlpoBenenue onepanun MOBEPKHU.

Brnewnuu ocmomp

[Ipu npoBeieHNN BHEIITHETO OCMOTPA JOJDKHO OBITH IPOBEPEHO:

— OTCYTCTBHME MEXAHUUYECKHUX MOBPEXKICHUH, BIMUSIIOMIUX HA TOYUHOCTh MMOKAa3aHUM
npuodopa;

— HAJIMYME W TPOYHOCTh KPEIUICHHWS OPTaHOB YIMPABICHUS W KOMMYTAIIUH,
YETKOCTh (PMKCAIIMH UX MOJIOKEHUH, TUIABHOCTh BPAILIEHUsI PyYEK OPTaHOB HACTPOUKHU;

— TPAaBWIBHOCTb YCTAHOBKH CTPEJIOK MOKA3bIBAIOIINX MPUOOPOB MPOTUB HYJIEBBIX
OTMETOK IIIKaJIbI;

— YHCTOTa THE3J, PA3bEMOB U KIIEMM;

— COCTOSIHHUE€ COEIMHUTEINIbHBIX MPOBOJIOB, KaOemel, Nepex0IHUKOB,;

— COCTOSIHUE JIJAKOKPACOYHBIX MOKPBITHI U Y€TKOCTh MAPKUPOBOK;

— OTCYTCTBUE€ OTCOEIMHUBILIMXCS WIH CJ1a00 3aKPEIUVICHHBIX 3JIEMEHTOB CXEMBI U
MMOCTOPOHHUX MPEAMETOB (OMpEAEIAETCA Ha CIIyX MPHU HAKIIOHAX Nprbopa).

[Ipu wammumm  gedekToB NOpubOp, TMOUICKAMUNA  TMOBEPKE,  IMOJJICIKUT
3a0paKOBBIBAHHIO M HATIPABJIICHUIO B PEMOHT.

Onpobosanue

[IpoBepka pabGorocnocobHocT mpubopa B pexume «CaMOKOHTPOJIb» Ha
KOHTPOJIBHBIX YaCTOTaX Mpuodopa.

Ilosepka ouanazonos usmepsaemMuvlx 4acmom u nepuooos

[ToBepka nuamazoHOB H3MEPSIEMBIX YACTOT U TMEPUOJOB MPOBOJUTCSA MO CXEME,
npuBeACHHOM Ha puc. 1, METOIOM TPSAMBIX H3MEPEHHH YacTOThl (Iepuoa),
3a/laBaeMbIX H3MepuTeNbHbIMU TeHepatopamu (MI') cooTBeTCTByIOMMX AMANAa30HOB U

BHU/JIOB.
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N3mepenust mpoBoAsSITCS HA KpaHUX TOYKaX auana3zoHa 4actor fy (Ty,) u f; (T;) u B
Sti — 6TH TOYKax BHYTpHW auamnaszoHa. [Ipm HEoOXOAMMOCTH MPOBEPKH MUHUMATHHBIX
3HAYECHHUN BXOJHBIX HANPSKEHHM K BBIXOAY I€HEPATOpA MOJKIKOYAIOT BOJBTMETP, C
MMOMOILBIO KOTOPOTO U YCTAHABIMBAIOT MUHUMAJIbHOE 3HAYEHNE HAIIPSKEHUSI BXOAHOTO
curnazia. [Ipu atom Ha ICY 10JKHBI HAOMI01ATHCS YCTOMYHMBBIE TTOKA3aHUS.

HaMepHTEeNBHEI
TeHepaTop

> [loBepAeMEIl
2CY

-~ —

Bonemyerp

Pucynok 1 — IloBepka auana3oHOB 4acToOT (IIEpUOAOB) METOAOM IPAMBIX U3MEPEHUN

OnpedeﬂeHue OCHOBHOU OMHOCUMEIbHOU nocpewHocmu usmeperus 4acmomol
IMPOU3BOAUTCA COTJIACHO BBIPAKCHUTO!

5, =182 +38 , (D

1
8N :iﬁ’

rie N=f.-T,;
O — OTHOCUTEIBbHAS TTOTPENTHOCTH OMTOPHOTO KBAPIIEBOTO TEHEPATOPA;
T., — BpeMs u3MepeHus (Bpemsi CUeTa);

fc — u3MepsieMas yacTora.

OnpedeneHue OCHOBHOU OMHOCUMENLHOU NOSPEUIHOCIU USMEPEHUs Nepuood
IIPOU3BOJAUTCS COTJIACHO BBIPAXKEHUIO:

5, =+,/82 +873,, (2)

1
8N :iﬁ’

10V .1

C

rne N=——;
T..

€
T+ — IEpHOJI CUTHAJIa OTIOPHOTO KBAPILIEBOT'O T€HEPATOPA;
T, — u3MepseMbId IEPUOT;
n=10",v=0,1,2,3,4,....— MHOXWTEJb IIEPHOA CUTHAJIA;
m=10%¢=0,1,2,3,4,...— MHOXKHTEIIb YaCTOTHI KBApPIIEBOI'O F€HEPATOPA.

[Ipu onpeneneHUN NOrpeIHOCTEHR Oy U 07 IPOBEPSIIOT OTAEIBHO:
- OTHOCHUTEJBHYIO NOTPEIIHOCTh YaCTOThI OMOPHOIO KBAapLEBOrO TreHepaTopa
(81r);
- COCTaBJMIOIIME TMOIPEIIHOCTH M3MEPEHUs YacTOThl M IEepuoaa u3-3a
JTMCKPETHOCTH (BTOpHIE ciaaraemeie B hopmyiax (1) u 2)).
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Onpedenenue OmMHOCUMENLHOU NOCPEUWHOCMU NO 4acmome ONOPHO20 K8apyego20
eeHepamopa

OTHOCHUTENIBHYI0 NOTPENIHOCTh MO YacTOTE OMOPHOIO KBAapLEBOIO TIeHepaTopa
ONPENEISAIOT METOJIOM CPABHEHMS IPU MOMOIIHA KOMITAPATOpaA MO CXEME, MPUBEACHHOU
Ha puc. 2.

Brixox omopHoro kBapueBoro resepartopa mnosepsemoro DCU coeauHsieTcst co
BxonoM | kommapartopa. OT MCTOYHHMKA OOpa3OBOM YACTOTHI, KOTOPBIM SIBISETCS
CTaHJIApT 4acToThl BHUAa Yl-, momaeTcs cCUrHajm TakoOW K€ 4YacTOThl Ha BXOZ 2
KoMIaparopa U Ha pazbeM «SMI'» uvactotomepa Tuma Y3-, MCHOJB3YIOMIETO 3TOT
CUTHAJI BMECTO COOCTBEHHOT'O CUTHaJIa OMIOPHOM YaCTOTHI.

IToeepAeMEIT . CraHoapt
P = KoMnapatop [= P
SCY JACTOTEI

Y

BenoMoraTensHEIll|
JacTOTOMeEP

Pucynok 2 — OnpezenieHre 0THOCUTENbHON MOTPEIIHOCTH IO YACTOTE OMOPHOTO
KBapLIEBOr0 T'€HepaTopa METOJ0M CPAaBHEHUS

BBIXOTHOM CUTHQJI KOMIIApaTopa € 4YacTOTOM f, TMOJAeTcs Ha BXOJ
BcrioMoraresibHoro JCY, paboTarolero B pexXuMe U3MEPEHHs] 4acTOThl TP BPEMEHU
n3mepenus 1 umm 10 cek.

J171s1 TOBBIIEHNSI TOCTOBEPHOCTH PE3YJIbTATOB U3MEpPEHNs CHUMaeTcs He MeHee 10
IIOCIEAOBATEAbHBIX  ITOKA3aHMM  4acTOTOMEpPA M HAXOOWUTCS  HUX  CpPEIHEE
apu(pmeTnyecKkoe 3HauUCHUE:

Ll 3)

n

rae f; — 3HAYeHWS YacTOThl BBIXOJHOIO CHTHAajla KOMMaparopa €AUHUYHOIO
U3MEpEeHUS;

1 — KOJIMYECTBO MPOBEACHHBIX €AMHUYHBIX U3MEPEHUH.

OTHOCHUTENBbHASI HOTPEMIHOCTD IO YaCTOTE OMOPHOI0 TE€HEPATOPa ONPEAEIAETCS 110

bopmyre:
=T 4)

rie fi — 3HAYeHUE YacTOThl KOMIApaTopa, COOTBETCTBYIOUIEE HOMUHAIBHOMY
3HAYEHHIO YaCTOThI OIOPHOT'O T'€HEPATOPA;
i — HOMUHAJIbHOE 3HAY€HUE YaCTOThl OIOPHOTO Te€HEPATOPA.
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B npunoxennn b npusenenst HMX cranmapra wactorel Y1-53, kommaparopa
gactotHOro Y7-12 u cuntezatopa 4actoThl. [Ipu BeimonHeHnu 1abopaTopHOil paboThI
BMECTO MPUBEIECHHBIX 00pa3LOBBIX MPUOOPOB MOXKHO HCIIONb30BATh aHAIOTUYHBIE T10
HMX nipu6opsl.

OnpenenvB OTHOCUTEIBHYIO TOTPELIHOCTh Oy, HPOBOAAT KOPPEKLHUIO YacTOThI
ornopHoro reaeparopa DCY, mocie 4ero Nuinil «KOPPEKIUs YaCTOThI» MIOMOUPYETCS.

Onpeoenenue cocmasaaowux NOSpeutHoCmuy UMepsaeMou 4acmomsl U nepuood
U3-3a OUCKpemHoCmu cuema

OnpeneneHne JaHHBIX COCTABIIOMIMX TOIPEMIHOCTH MPOBOAAT METOIOM HIPSMOTO
U3MepeHust oOpa3loBOM YacTOThl. B KkauecTBE HUCTOYHMKA STAJIOHHOW YacCTOTHI
UCIIONIB3YyeTCsl OO0  CHHTE3aTOp YacTOThl, JHUOO CHHTE3aTOp COBMECTHO C
YMHOKHUTEJIEM YaCTOTHI.

CxeMa coemHEHMS TIPUOOPOB NP ITOU OTIEPAIMH TOBEPKH MPUBEICHA HA PHC.3.

CHHT22aTOP VMHOKHTENE | |

SCY
YACTOTEI YACTOTEI |

Y

e —

Bonetyerp

Pucynok 3 — OnpezeneHne coOCTaBISIOMUX MOTPEIIHOCTH JUCKPETHOCTH

Cunrezatop u mnosepseMbld OCY JOMKHBI OBITH 3aCHHXPOHU3MPOBAHBI OT
OIOPHOTr0 TeHepaTopa MoBepsieMoro npudopa.

Ha Bxox mnosepsemoro OCY momarOT curHaj, OJM3KHM K YacTOTE€ BEPXHEIo
npeaena M HanpshKeHUEM, pPaBHBIM MHUHHMAJIbHOMY BXOJHOMY HAIPSKEHHIO, IPU
kotopom OCY nomkeH HopManbHO pabortath. [lpu OTCyTCTBMM Yy CHHTE3aTOpa
IpayUpOBAHHOIO IO HAMNPSHKEHHWIO BBIXOAA CHUTHAja, HEOOXOAUMO KOHTPOJIUPOBATH
9TO HANPSKEHUE C IIOMOIIBIO BOJIBTMETPA.

[IpoBogsaT ceputo u3 10 HabmomeHuid. Pe3ynabTaThl MOBEPKH CUHUTAIOTCA
MOJIOKUTENbHBIMUA, eclTu 9 HabOmoneHnid (MOKa3aHUW MpUOOpa) MpHU H3MEPEHUU HE
OTJIMYAIOTCA OT f; O0see, uem Ha +1 aeneHue MiIaAliero pa3psaa cuera.

Ilo aHAJIOrMYHOM METONMKE ONPENEISIETCS COCTABIIIONIAs MOTPEIIHOCTH H3-32
JUCKPETHOCTH NpH HM3MepeHuu nepuona. Ilpm 3ToM Ha BXOJ 4acTOTOMEpA IMOJAIOT
YacCTOThI, COOTBETCTBYIOLIME BEPXHEW M HU)KHEN YAaCTOTE JAHANa30HA, YCTAHOBICHHOTO
IUISl 4YaCTOTOMEPA B PEKUME U3MEPEHUS MTEPUOLA.

3 KiaioueBbie Bompochl

3.1 Maiite onpeaenenue tepmuny «Mcnbrtanus CUT».

3.2 Kak npousBoauTtcs kanOpoBka (KamuopoBounbie padoTs) DCY.

3.3 Cdopmynupyiite onpeaeneHue nosepku ICU.

3.4 Bwupapl NOBEPOK U MEKIIOBEPOYHBIE HHTEPBAIIBI !

3.5 Kakue ocHoBHbIe MX onpezenstorcs npu nosepke ICH?

3.6 Ilepeuncnute cpencTsa U3MEpPEeHHil, MpuMeHsaeMble pu nosepke JCY.
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3.7 VYkaxure onepauuu pu nposeneHnu nosepku JCY.

4. JlomamiHee 3ajaHue
4.1 HV3y4uTh OCHOBHBIE MOJOXKEHUS, KOTOPbIE KACAIOTCS MOBEPKU U KATMOPOBKU
3JIEKTPOHHO-CYETHBIX YacToToMepoB (DCYH).

4.2  Bblnucatb METPOJIOTMUECKUE XaPAKTEPUCTUKHI KOMIIApaTOpa 4aCTOTHOTO.
4.3  Bblnucatb METPOJIOTMUECKUE XaPAKTEPUCTUKH CTaHIapTa YaCTOTHI.

4.4  Bplnucatb METPOJIOTMUECKUE XapAKTEPUCTUKHU CUHTE3aTOPA YaCTOTHI.

5. JlaGoparopHoe 3axaHue

5.1 OsnHakombTeCh ¢ 00OpymOBaHWEM Ha paboyeM MecTe, COOepHUTe CXeMy

M3MEPEHHS COTJIACHO PHUC. 1. ¥ MOATrOTOBbTE MPUOOPHI K padoTe.

5.2 B pexume wu3MEpeHUs YACTOTHl OINPEAETUTE IMOPOr YYBCTBUTEIHLHOCTU
(MMUHUMAJIbHOE HAMpPSKEHHE KOTOPOe 00eCTeyuT yCTONYMBOE MOKa3aHWe Ha Taljo) u
NOBEpKy mpuOopa Ha yKa3aHHBIX YacToTax B Ta0m. 5.1.

5.3 Paccuutath aOCONIOTHYIO IOIPEIIHOCTh HM3MEPEHHYI0 M  MPEAEIIbHO
JOIMYCTUMYIO MOTPEIIHOCTb, ITOJIyY€HHbIE PE3yJIbTaThl 3aMKucaTh B Ta0I. 5.1.

(0, — BEIOMpaeM U3 MACTIOPTHBIX TAaHHBIX 33JaHHOTO TeHepaTopa)

Ta6nuna 5.1 — [ToBepka nuanazoHa U3MepseMbIX YaCTOT

IIpenenbHo
PesynbraT Ha AbcomoTHas JOIyCTHMAs
S KI'nn Ty Unin a0 nozp_emHOCTb HOTPEIIHOCTS Brisog
_fI/I _fr Ar — 8r ﬁ"
0,1
1
10
100
1000

5.4 B pexuMe u3MepeHHs IepuoAa MPOU3BECTH AHAIOTMYHBIE U3MEPEHUS U
pacdeTsl. Pe3ynbTaThl IpeACTaBUTh B BHIE TA0. 5.2.

Tabmuma 5.2 — [loBepka nuama3zoHa u3MepsieMbIX ITEPUOIOB

[IpenensHo
AOcomoTHas
o, KI'M T, Pesynbrar Ha Ui N —— JOIycTUMAs Brmox
(T TabJ10 A=T. T MOTPEITHOCTh
T Ar=0;-T;
0,1
1
10
100
1000
5.5 HOJ'IBBYHCB TCXHHUYCCKHUMH XAPAKTCPUCTUKAMH 3aJdHHOI0 4YacTOTOMCPA,

BBI6paTL BpCMs CUCTA, 06CCHC‘{I/IB3IOHIC€ HAMMCHBIIYIO IIOTPCIIHOCTL B PCKHUMC

U3MEpPEHHUs YacTOThl. Pe3ynbTaThl pacueToB 3anucaTh B Ta0u. 5.3.
JlommycTuMyto O B pexuMe 4acTOThl paccuuTaeM o gpopmye 1.




Tabmuna 5.3 — OmnpeneneHre OTHOCHUTEIbHOW TMOTPEITHOCTH H3MEPEHUS YacTOTHI
(IOrpemHOCTh JUCKPETHOCTH)

Pesynbrar Ha Abcomotnas HomycTumas
Jr KI'11 Teu a0 MOTPEUTHOCTh N oy 5 BriBox
A=+1/Te
0,1
1
10
100
1000

5.6 Ilonp3ysach TEXHUYECKUMHU XapaKTEPUCTHKAMHU 3aJaHHOrO YacTOTOMEpa,
BBIOpaTh MapaMeTphl peKuMa U3MEPEHUs Meproia TAKUM 00pa3oM, 4TOObI 00ECTIEUUTh
HaWMEHBIIYIO0 MOTPEIIHOCTh M3MEpPEHUsl nepuoia. Pe3ynpTaTel pacueToB 3amucarh B
Tadi. 5.4.

JlormycTumMyto O B pexuMe eprojia paccuutaem mno popmyse 2.

Tabmuua 5.4. — OnpeneneHne OTHOCUTENBHOW TMOTPEIIHOCTH HW3MEpPEHUsl Iepuoa
(IOTPEIIHOCTh TUCKPETHOCTH)

fr Pesynbprar Ha Abcomohas Jlomyctumast

Kl | Ty | n | T 6 MOTPEIIHOCTh N | oy 5 BriBon

(T)) ranio A=+Ty/n

0,1

1

10

100

1000

6. IIporokoJ saGopaTopHoii pa6oThl (Ne ... Ha3BaHue ... )

6.1 Ilenb SKCHIEpUMEHTA.
6.2 Ilepedenn ucnoyib3yeMOH armaparypsl B Ta0I. 6.1.

Ta6nuna 6.1 — [lepedens ncnoap3yeMoit annapaTypbl
MeTtposioruueckue XapakTepuCTUKU

HaumenoBanue Tum 3aBoICcKOU < 0 _
npubopa HOMep jacc Jnanazon aCTOTHBIN
TOYHOCTHU HN3MCPCHUSA JAuara3oH
6.3 (Cxema usmepeHus
[eHeparop T YacToTOMED
Bonemyerp

Tun kanubpyemMoro yacroromepa
Buemnuit ocMotp
OnpoOoBanue
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YcnoBus kamuOpoBKU

TeMmmeparypa okpyKarouen cpesl °C
OTHOCHTENBbHAS BIAKHOCTh BO3/IyXa %
ATtMocdepHoe aBieHne MM PT.CT.
Bpewms npeaBapuTenbHOro nporpesa MUH.
Harmpsixenue cetn B.
Yacrora HanpsHKEHUS CETH I'o.

6.4 Ha ocHOBaHMHM IOJIyYEHHBIX PE3YyJbTAaTOB CIENATh BBHIBOJBI O IPOBEICHHON
MOBEpPKE YaCTOTOMEpa.

[ToBepka quanazoHa U3MEpSAEMbIX 4acTOT ucciiegyemoro JCH

BriBos:
[ToBepka muanmazoHa U3MepSIEMbIX EPHOA0B ucciaeayemoro DCY
BriBos:

OnpeneneHue OTHOCUTEIBLHOM MOTPEIIHOCTH MU3MEPEHHS] 4acTOThl HMCCIIETyEMOTO
2CYH
Brison:
OnpenesieHue OTHOCUTEIBHOW MOTPEIIHOCTH U3MEPEHMS MEePUOJIa HCCIETYEMOTO
2CYH

Brison:

OO01mii BBIBOI:

[ToBepka BBITOJTHEHA « » 20 1.
D10

[IpoToKOJI MpOBEPUIT: (moAmuch)
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NupuBuayajibHoe 3a1aHue
Pacyer meTposiornyeckux xapakrepuctuk JCH

1. Henan:

1.1 OBiaaeTp METOAUKON OIIEHKH MOTPEIIHOCTH M3MEpeHus, ucnoiab3yss HMX
OCH.

1.2 Hayuutbcs  BbIOMpaTh pexkum  paborer  OCY, obOecneuuBaroniui
MUHUMAJIbHYIO MOTPEIIHOCTD.

2.  KuroueBble M0J10:KeHUSA

2.1 HHpuBuayanbHOE 3aJaHHE COJEPKUT YEThIpE 3aAauu. B mepBoul u BTOpOU
3amaye HeoOxoaumo, wucnonb3dys HMX OCHY, ontumansHbiM 00pa3om BbIOpaTh
napamMeTppl pexmma padoThl W PACCUUTATh TOTPEIIHOCTH. 3ammucaTth pe3yabTaT
M3MEpEHUs Ha TabJIO C YKa3aHUEM Pa3MEPHOCTH.

TpeThss 3amaua cBsi3aHAa C OLIEHKOM MOTPEUIHOCTH pe3ysibTaTa HW3MEPEHUSs
OTHOIIIEHUSI 4YacTOT. 3JE€Ch TaKKe HEOOXOAMMO 3amucarh pe3ysibTaT HU3MEPEHUs Ha
tabno. [lpu BHIMOJIHEHMH OTOW 3agadud HEOOXOAWMMO OOpaTUTh BHUMAHHE Ha
IpaBUJIBHBIN BHIOOP YaCTOT, KOTOPBIE TOKHBI BXOJUTH B JIMarna3oH usmepenus JCY.

UYeTrBepTasg 3ajadya MNpPEeayCMATPUBAET OLEHKY IOTPEIIHOCTH  pe3yJibTara
MU3MEpPEHHUS YacTOThI (MIepHO0/Ia, OTHOIIEHHS 4acTOT), IPEICTaBIEHHOTO Ha Ta0Jo0. 31eCh
penraeTcst oOpaTHas 3ajaya.

2.2 HopMmupoBanHas merposorudeckas xapakrepuctuka (HMX) 3CY — 310
MeTpoJsiornyeckas xapakrepuctuka (MX), ycTaHOBIIEHHas: HOpPMAaTUBHOM TEXHUYECKOU
noxkymentanuen (HT/I).

K HMX 9CY otHoCcsTCS:

— B PEXHUME U3MEPEHUS YACTOTHI:

a) Juara3oH U3MEpPEHHS;

06) Bpewms cuera T, (BpeMs U3MEPEHHS);

T =n-T

cq KT »

rme n=10",v=0;1:2:3:4..., Lo =—:

B) KOJIMYCCTBO PaA3pPAI0B;
F) IMOopor 4YyBCTBHUTCIBHOCTH;
,II) OTHOCHUTCJIbHAA ITOTIPCIMTHOCTD KBAPLICBOI'O I'CHCPATOPA SKF;

- B PEXUME U3MEPEHHUS NEPUOa:
a) Juarna3oH U3MEpPEHHS;
0) Tmepuoa METKH;

1 T,
TM = . = ’
m-fo  10°

TJIe M — MHOKHTEIb 4aCTOT KBapIeBoro reuepatopa m = 10%,¢=0; 1;2; 3; 4....,
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B) MHOXUTEIb IEPUOAA N;

I) KOJIMYECTBO Pa3psioB;

1) TOpPOT YyBCTBUTEIIBHOCTH;

€) OTHOCHUTENIbHAs MOTPEIIHOCTh KBAPIIEBOTO TEHEPATOPA Oy

- B PEXUME U3MEPEHUs OTHOILIICHUSI YaCcTOT:
a) Juara3oH U3MEPEHHS 4acCTOTHI,

0) Juamna3oH U3MEPEHHS NEPHO/Ia;

B) MHOXUTEJb niepuona (n);

I') KOJHUYECTBO Pa3psiioB;

1) TOPOT YyBCTBUTEIHHOCTH;

2.3 OcHOBHas NOrPEIIHOCTh B PEXKUME H3MEPEHHUs YaCTOThl ONpenesseTcs

BBIPAKECHUEM:
_ [s2 2
O, =,/0" +3y,

Oy — HOPMATUBHOE 3HAYEHHE MOTPEIIHOCTH KBAPIIEBOTO F€HEPaTOpPa;
Oy —OTHOCHUTENbHAS MOTPEIIHOCTh TUCKPETHOCTH (TIOTPEITHOCTh CUETUYHKA);

8N=i%;
rne N=f.-T,,
I, =nTg;
Txr :L'
fo

n=10", v=0,1,2,34....;

Ipu v=0, T,, =10"mc;

v=L T, =10'mc; v=2, T =10"mc; V=3, T, =10°mc; v=4, T, =10*mc.
OCHOBHaSI TIOTPEIIHOCTD B PEKUME H3MEPEHHS TEPHUOJIA OTPEIEISAETCS

8y = /0% +83 +87% ;

5 =L Un
np TN ’
C
1
6N :iﬁ’
_nT, 10"-T,
T, 10°/T.°
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T

KI

RNTECR .

C

M — MHOXUTEJb YaCTOThI KBApPIIEBOTO T€HEPATOPA;
m=10°; €¢=0;1;2;3;4.....
B pexxume nzmepeHus: OTHOIIEHUS YaCTOT:

8()‘/f>=J—ri=J—r d =J—FTI
RTTN TN T, neT,

BapI/IaHTBI HHAUBUAYAJIBHOI'O 3aJdaHuA TIIPCACTABJIICHBI B IIPHUIOKCHHUH B u

BBIOUPAIOTCS:

— JUISl CTYJIEHTOB THEBHOW (HOpMBI OOY4YEHMsI COTJACHO MOPSAKOBOMY HOMEPY
®UO B yueOHOM XypHAIIE;

— 7151 CTYZCHTOB 3a04HOM (hOPMBI 00YUEHHSI COTJIACHO TPEThel OYKBE B (paMIIIUU.

[IpaBuna opopmieHus 3a1aHus:

1. Brmucats 3amanue B Buie Tabnwuipl ( mpuiioxxkenue B);

2.  Bemucate HMX 3anannoro CY (nmpunoxenue I');

3. IlpousBectu  HEOOXOAMMBIE  BBIYUCICHHUS  IapaMETPOB  BBIOPAHHOTO
(3aAaHHOTO) peKUMa U3MEPEHUS;

4. Pe3ynpTaT pelieHus TPUBECTH B BUE TAOIUIBI (BMECTO BOMPOCOB 3aMKCATh

OTBETHI).
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IIpunoxenue A

Tabmuia Al — BapuaaTsl HAWBUTYyaTbHBIX 3aaHUi K 1abopaTopHO padote Ne 7.

No 3-s OykBa [Tepuon
m\I1 bamunn YacToThl B Kl 11 METOK
(cranmoHap)| (3a0YHUKHM) T
f1 | 0,08-10% 0,08-10"; 0,08-10%; 0,08-10%; 0,08-10% 0,08-10°
1 A
fa 0,04;: 0,02, 008  0,l; 0,64;: 0,8
5 5 f1 | 0,12:10% 0,12-10"; 0,12-10%; 0,12-10%; 0,12-10% 0,12-10°
fa 0,02; 0,04; 006; 0,2; 1 1,2
3 B f1 | 0,16-10% 0,16-10"; 0,16-10%; 0,16-10%; 0,16-10"%; 0,16-10°
fa 0,04; 0,08; 005  02: 1; 3,2
4 r f1 | 0,20-10% 0,20-10"; 0,20-10%; 0,20-10%; 0,20-10%; 0,20-10°
12 0,04; 0,08; 0,1; 0,5; 25 5
5 1 f1 | 0,24-10% 0,24-10"; 0,24-10%; 0,24-10%; 0,24-10% 0,24-10°
1> 0,06; 001; 0,08, 048 12; 1,5
6 E f1 | 0,28-10% 0,28-10"; 0,28:10%; 0,28-10%; 0,28-10% 0,28-10°
1> 0,14; 005  02;: 0,5; 14, 28
; K f1 | 0,32:10% 0,32-10"; 0,32:10%; 0,32-10%; 0,32-10% 0,32:10°
f2 0,2; 0,16; 0,32; 0,8; 1,6; 6,4
9 3 11| 0,36-10% 0,36-10"; 0,36-10%; 0,36-10%; 0,36-10"; 0,36-10°
fa 0,06;  0,09;  0,03; 1,5; 1,80 6
5 " f1 | 0,40-10% 0,40-10"; 0,40-10%; 0,40-10°; 0,40-10"; 0,40-10° Ilnst 7-n
1 0,2; 0,16; 0,2; 1,25; 4; 5 pa3psAIHBIX
10 K f1] 0,44-10% 0,44-10"; 0,44-10%; 0,44-107; 0,44-10%; 0,44-10° | wacToTOMEpOB
1 0,11; 0,2; 0,2; 1,1; 2; 5 BBIOMpaeM
1" 1 f1 | 0,48-10% 0,48-10"; 0,48-10%; 0,48-10°; 0,48-10"; 0,48-10°
2 0,12, 0,15, 02; 2; 24; 8 |T=10"c=0,1mc
1 M f1 | 0,52-10% 0,52-10"; 0,52:10%; 0,52-10%; 0,52-10% 0,52:10°
f2 0,26; 0,08; 0,4; 4; 5; 6,5
13 H f1 | 0,56-10% 0,56-10"; 0,56-10%; 0,56-10%; 0,56-10%; 0,56-10°
f2 0,14; 0,2; 0,4; 2; 1.4: 5 Jlis 8-u
14 o f1 | 0,60-10% 0,60-10"; 0,60-10%; 0,60-10%; 0,60-10% 0,60-10° | Pa3PAAHBIX U
f2 0,2, 0,3; 04 2,5, 1,2; 6 BBIIIC
(5 - f1 | 0,64-10% 0,64-10"; 0,64-10%; 0,64-10%; 0,64-10"; 0,64-10° 105l
fa 0,08; 0,4; 0,16; 2 I; 8 w=1U " C=1MKC
16 P f1 | 0,68-10% 0,68-10"; 0,68-10%; 0,68-10°; 0,68-10"; 0,68-10°
fa 0,17; 0,34; 0,68, 1.7, 8: 4
17 c f1 | 0,72-10% 0,72-10"; 0,72-10%; 0,72-10%; 0,72-10% 0,72-10°
fa 0,08; 0,36; 0,6: 1,8; 7.2; 8
18 T f1 | 0,76-10% 0,76-10"; 0,76-10%; 0,76-10%; 0,76-10% 0,76-10°
f2 0,19; 0,38; 0,4; 1,9; 3,8; 5
19 v f1 | 0,80-10% 0,80-10"; 0,80-10%; 0,80-10%; 0,80-10% 0,80-10°
f2 0,4; 0,32; 0,5; 6,4; 8; 4
0 o f1 | 0,84-10% 0,84-10"; 0,84-10%; 0,84-10%; 0,84-10% 0,84-10°
f2 0,21; 0,35; 0,6; 2.4; 4.2; 4
)1 < f1 | 0,88-10% 0,88-10"; 0,88-10°; 0,88-10°; 0,88-10"; 0,88-10°
1 0,11; 0.4; 0,55; 1; 4; 4.4
" I f1 | 0,72-10% 0,72-10"; 0,72-10%; 0,72-10%; 0,72-10% 0,72-10°
| 0,08; 0,36; 0,6; 1,8; 72: 8
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[Iponomkenne Tadbmuibl Al

Ne 3-s1 OykBa Ilepuon
m\Il bamumun YacToTrl B Kl 11 METOK
(craumonap)| (3a0YHUKH) Tw
’s 4 f1 ] 0,78:10% 0,78-10"; 0,78-10%; 0,78-10°; 0,78-10%; 0,78-10°
2] 0,39 0,6: 0,65: 1,95; 1,3; 8
o . f1 1 0,82:10% 0,82-10"; 0,82-10%; 0,82-10°; 0,82-10% 0,82-10° st 7-n
I3 0.82: 041: 0.82. 4.l; 5. 4 Pa3pA/HBIX
IIZLCTOTOMGpOB
s " f1 | 0,86-10%;0,86-10"; 0,86-10%; 0,86:10°; 0,86-10%; 0,86:10° |  BEIGHpacM
f> 043;  02; 0,86;  2.5; 8.,6; 5 T,=10"c=0,1mc
2 5 f1 1 0,90-10% 0,90-10"; 0,90-10%; 0,90-10°; 0,90-10% 0,90-10°
f2 0,3; 0,2; 0,6; 1,5; 4.5: 9 Jnst 8-u
, o 1 1 0,94-10% 0,94-10%; 0,94-10% 0,94-10%; 0,94-10%; 0,94-10° p%f;’;f;?x "
f2 0,47, 0,94; 0,47, I; 2,5; 5 T =10
- g f1 ] 0,98-10% 0,98-10"; 0,98-10%; 0,98-10°; 0,98-10%; 0,98-10° bc=1mKc
f> 0,49:  072; 0,98; 196, 7: 5

HpI/IMe‘IaHI/IC. Yacrota fz HCITIOJIB3YCTCA TOJIBKO I PCKUMaA OTHOIICHUA YaCTOT.
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Ipuiaoxenue b
Kommnaparop 4acToTHbIN

Mertponornueckue XapakTepuCTUKH KoMIapaTopa 4actoTHoro U7-12:

- 4acTOThl BXOAHBIX cuTHasoB 1 m 5 MI'1l nmpu MakCuMaqbHOM OTKJIOHEHUU
4yacTOThI OT HOMHUHAJIa He Oonee 1 I'1y;

- HampshKEeHWE BXOJHBbIX curHasios ot 0,5 go 1,5 B;

- MakcHUMaJlbHas OTHOCHUTEJbHAs pa3HMIlA 3HAUECHUN YaCTOT BXOJIHBIX CUTHAJIOB
OTIPEICIISICTCS] BBIPAKEHUEM:

ﬁsm%m

Kr

i€ Ouon — JOMYCTHMAs IMOTPEIIHOCTh HM3MEPEHHH HECTaOMILHOCTH YaCTOTHI
BXOJIHBIX CUTHAJIOB, Oy =107... 10'12;

Af — pa3HUIlAa YaCTOT BXOJ/IHBIX CUTHAJIOB,;

Jf«r — 4AcTOTa OMOPHOIO CUTHAJIA.

[Tpu 3TOM JOIKHO BBITOTHATHCS yCIOBHUE:

M- Af <10°, T

rae M — ko3 PuImeHT yMHOXKEHUS pa3HUIIBl YaCTOT BXOJIHBIX CUTHAJIOB.

- HamnpsbKeHHE BXOAHBIX curHasioB He MeHee (0,65 B Ha conpoTuBiieHUU
Harpy3ku R =75 Om.

CraHaapT 4acToThl

MeTtposornueckue XapakTepuCcTUKH cTaHaapTa yactoTsl Y1-53:

- OTHOCHTENbHAs TOTPEIIHOCTh — He Gosee 5-10° mocie 4 BpeMeH ¢ MOMeHTa
BKJIIOUCHHS;

- OTHOCHUTEJIBHOE OTKJIOHEHUE YacTOThl MCXOAHOIO CUTHAJIA 3a CYTKH — HeE
6oxee 5-10” mocie 24-x 4acoB paGOTHL;

- CpPEOHEKBAJApPaTUYHOE OTHOCUTEIBHOE OTKJIOHEHHE TIEPHUOJA BBIXOJHOIO
curHaia mocne 24-x gacoB pabotsl - He Gomee 2-107'! 3a 1 cek;

- YpPOBEHb UCXOJHBIX CUTHAJIOB — HE MeHee |1 B Ha Harpyske 50 Owm.

CuHTE3aTOP 4aCTOTHI

Metponoruueckue XapakTepuCTUKU CUHTE3aTOPA YaCTOTHI:

- YacToTta HMCXOTHOTO cHTHaIa YCTaHaBJINBAETCS B Ipeaenax
50-49999999,99 I'm ¢ marom 0,01 I'm. HaGop 3Ha4eHWs C TOMOIIBI0 KHOTOYHOTO
MepeKyIroyaTesl Ha MepeAHed MaHeld WIM JUCTAHIMOHHO C TOMOIIbI0 CUTHAJIOB
IMOCTOSIHHOT'O TOKa;

- HMCXOAHOE HallpshDKeHUe Ha BHewHel Harpy3ke 50 Om — 0,5 B;

- HOFpCHIHOCTL yCTaHOBKI/I HOMUHAJIBHOI'O 3HAUCHUA YaACTOThI — HCE 60JICC
+5.10%
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- HeCTaOWJIbHOCTh YAaCTOThI UCXOJIHOTO CUTHAJIA MOCIEe 2-X YaCOB CaMOIPOIrpeBa
-1 K
e 6onee 5-10'° 33 10¢; 5- 10” 3a 10 Mun.
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Tabnuma B1 — BapuanTsl 3ananuii.

IHpuiaoxenue B
NHnuBuayanbHOE 3a1aHNE
Pacuer meTponornyeckux xapakrepuctuk OCH

BapmanT Tun Yacrora | Tepron OtHomenne | Bpemst | Muoxutens | MeTku PesynbTar Ha +A, 15 s
yacToToMepa 4acTOT cyera neproja  |BpeMeHH | uPpoBOM TabIIO

1 120 xI'1x ? — ? ? ? ? ? ? ?
? 0,7 MKc — ? ? ? ? ? ? ?

13-35 - - 33 MI'/3 k[ ? - - ? ? ? ?

A ? ? — ? ? — 00297.444 xI'ny ? ? ?
2 2,2 MI'n ) — ? ? ? ? ? ? ?
? 400 mxc — ? ? ? ? ? ? ?

H3-57 _ — | I5MIwl«lu | 2 ? _ ? ? ? ?

b ? ? - ? - - 4841.227 xI'u ? ? ?
3 750 k' ? — ? ? ? ? ? ? ?
? 0,3 MKC — ? ? ? ? ? ? ?

1324 ? — 42 MI/20 kT | ? ? — ? ? ? ?

B ? ? — ? — — 0000.0009 xI'1g ? ? ?
4 10=Tn ? - ? - - ? ? 10° ?
43-36 ? 0,1 mxc - ? ? ? ? ? ? ?

? ? 47 MI'/10 k' ? ? — ? ? ? ?

I ? ? — ? ? 1 MKC 07842.09 mxc ? ? ?
5 300 kI'1t ? — ? ? ? ? ? ? ?
? 0,08 MKc — ? ? ? ? ? ? ?

13-57 — - |45MIW/12 k| ? ? — ? ? ? ?

I — — — ? ? — 00077.75xI'g ? ? ?
6 630 xI'g ? — ? ? ? ? ? ? ?
? 0,25 MKc — ? ? ? ? ? ? ?

H13-22 — — 21 MI'/7 k' ? ? — ? ? ? ?

E ? ? — ? — — 5555.5555 'y ? ? ?
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BapuanT Tun Yacrora | Tepuon OTtHolIEHNE Bpewms MHOXHTENb Metku PesynbTar Ha +A, £ e
yacToToMepa 4acToOT cyera nepuojaa BpeMeHH | Iu(poBoM TabIIo

7 ? 0,01 mc - ? - - ? 10° k| ? ?
? 0,04 Mkc — ? ? ? ? ? ? ?

335 — — 17 MI'/2 ' ? ? — ? ? ? ?

XK ? — ? 10° ? 00300.0000 mc ? ? ?
8 575 kI'n ) — ? ? ? ? ? ? ?
? 0,35 MKc — ? ? ? ? ? ? ?

13-22 - - 906 k'3 ki ? ? - ? ? ? ?

3 ? ? — ? — — 0000.0220 xI'1g ? ? ?
9 966 kI'it ? — ? ? ? ? ? ? ?
? 2 MKC — ? ? ? ? ? ? ?

H13-57 — — 19 MI'u/25 xI'ng ? ? — ? ? ? ?

nu ? — ? — — 0006757. ' ? ? ?
10 2,5 MI'n ? — ? ? ? ? ? ? ?
? 0,33 MKc — ? ? ? ? ? ? ?

13-35 — — 2,9 MI'/1,5 ' ? ? — ? ? ? ?

K ? ? — ? ? 0,1 mc 0049.0000 mc ? ? ?
11 ? 0,03 Mkc — ? ? ? ? ? ? ?
? 7 MKC — ? ? ? ? ? ? ?

1324 - - 10,5 MI'y2,5 x| ? ? - ? ? ? ?

JI ? ? — ? — — 37886.420 xI'1 ? ? ?
12 31 MI't ? — ? ? ? ? ? ? ?
? 34 mMkc — ? ? ? ? ? ? ?

13-22 — — 20,2 MI'u/6 xI'ny ? ? — ? ? ? ?

M ? ? — ? ? ? 089124.38 mkc ? ? ?
13 9.4 MI'n ? — ? ? ? ? ? ? ?
? 8 MKC — ? ? ? ? ? ? ?

H3-24 — — 3,8 MI'n/3 xI'g ? ? — ? ? ? ?

H ? ? — ? — — 0003333.3 xI'11 ? ? ?
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Tun OTtHolIEHNE Bpewms MHOXHTENb Metku PesynbTar Ha n n
Bapuant 4acToToMepa Hacrora | Tlepnon 4aCTOT cuera nepuoa BpeMeHH | udpoBOM Tabo | Ax oy | £

14 12 MI'g ? - ? ? ? ? ? ?
? 0,02 MKc - ? ? ? ? ? ?
H3-57 - - 1,2 MI'n/0,3 xI'11 ? ? - ? ? ? ?
O ? ? - ? - - 06245.74 xI'y ? ? ?
15 15,3 MI'g ? - ? ? ? ? ? ? ?
? 27 MKC - ? ? ? ? ? ? ?
H3-36 - - 27 MI'/S kIt ? ? - ? ? ? ?
I1 ? ? — ? 10° ? 010.0000 mc ? ? ?
16 1001 k[ ? — ? — - ? ? 10° ?
85 kI'g ? - ? ? ? ? ? ? ?
H3-22 - - 5,9 MI'u/5 k't ? ? - ? ? ? ?
P ? ? - ? - - 01378.000 xI'1g ? ? ?
17 3,85 MI'g ? - ? ? ? ? ? ? ?
360 xI'1x ? - ? ? ? ? ? ? ?
H3-24 - - 18,4 MI'y2 k' ? ? - ? ? ? ?
C ? ? — ? - - 000.04250 It ? ? ?
18 14,6 MI'1t ? - ? ? ? ? ? ? ?
? 35 MKcC - ? ? ? ? ? ? ?
H13-57 - - 35 MI'/1,2 MI'g ? ? - ? ? ? ?
T ? ? - ? - - 00000.22 xI'g ? ? ?
19 17,3 MI't ? - ? ? ? ? ? ?
? 22 MKC - ? ? ? ? ? ?

Y3-35
- - 4,4 MI'u/2,2 MI'ng ? ? - ? ? ? ?
v ? ? - ? - - 9999.9999 kI'11 ? ? ?
20 940 xI'11 ? - ? — ? ? ? ?
2,9 MI'n ? - ? ? ? ? ? ?
H3-24 - - 7,75 MI't/2 MT'x ? - ? ? ? ?
D ? ? — ? - - 01000.000 xI'g ? ? ?
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Bapuanr Tin Yacrora | Ilepuon |OTHOIIEHHE YAaCTOT Bpems | Muoxmrens | Metkn PesynbTar Ha TA, +9 + 55
yacToToMepa cyera nepuoaa BpeMeHH | Iu(poBoM TabI1o

21 2,22 MT'it ? — ? ? ? ? ? ?
— 21 MKC _ ? 9 ? 9 9 ?
H43-35 _ _ 7.7 MI'/7 k't ? ? _ ? ? ? ?
X ? ? — ? — - 02664.3740 xI'11 ? ? ?
22 49 Mt ? — ? ? ? ? ? ? ?
_ 17 MKC _ ? ? ? ? ? ? ?
H3-24 — — 8,2 MI'y250 k[t ? ? - ? ? ? ?
11 ? ? _ ? ? _ 008750.00 k't ? ? ?
23 6,25 MI'11 ? - ? ? ? ? 9 9 ?
750 k11 ? _ ? ? ? ? ? ? ?
H3-57 - - 6,25 MI'/750 k' ? ? - ? 9 9 ?
q ? ? — ? ? - 0750.0000 mc ? ? ?
24 5 Ml ? — ? - _ ? ? 10 ?
? 12 MKC _ ? 9 ? ? 9 9 ?
H3-22 _ _ 5,5 MI'/0,1 Ml ? ? _ ? ? ? ?
I ? ? — ? - - 0000.2840 't ? ? ?
25 12,6 MI'1 ? — ? ? ? ? ? ? ?
? 10 Mkc — ? 9 ? ? 9 9 ?
H3-24 — — 10,8 MT'1i/0,7 MT1y ? ? - ? ? ? ?
| ? ? _ ? _ _ 00001.000 k't ? ? ?
26 10,25 Mg ? - ? 9 ? ? 9 9 ?
27 k' ? _ ? ? ? ? ? ? ?
H3-57 — — 2.8 MI'/40 T ? ? - ? ? ? ?
b ? ? _ ? ? 1 Mc 000088.0 mc ? ? ?
27 ? 0,9 MKC — ? ? ? ? ? ? ?
? 9 MKC — ? ? ? ? 9 9 ?
43-35 _ _ 14,7 MI'w/0,1 Ml ? ? _ ? ? ? ?
) ? 9 — ? — — 00442.2110 k"1 ? ? ?
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Tun OTtHoweHune Bpems MHoXxuTEND Mertku Pesynbrar Ha A +5

Bapuanr gacToToMepa Hacrora | Ilepuon 4acToOT cuera nepuoza BpeMeHH | mudposBoM Tabmo | ¥ B + 05
28 16,2 MI'ny ? — ? ? ? ? ? ? ?
66 xI'1y ? — ? ? ? ? ? ? ?
1324 - - 36 MI'/4 MI'u ? ? - ? ? ? ?
1O — — — ? ? — 00024.400 mkc ? ? ?
29 19,8 MI'n ? — ? ? ? ? ? ?
? 6 MKC — ? ? ? ? ? ?
13-35 - - 20 MI'/20 kIt ? ? - ? ? ? ?
A ? ? — ? — — 004455.663 xI'11 ? ? ?
30 ? 7,5 MKC — ? ? ? ? ? ? ?
? 0,6 MKc — ? ? ? ? ? ? ?
13-22 - - 25 MI'y/0,4 MTI'n ? ? - ? ? ? ?
? ? — ? — — 00000.100 xI'1y ? ? ?
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[Ipumep pemenns 3agannss W

Tabnuna B2 — Ycnosust Bapuanta W 17151 Tumna yacroromepa Y3-57.

Tacrora| epron Otnowmenune | Bpemsa | Muoxutens | Merku | PesynbTar Ha + Ay | +oy | 25y
4acTOT cyera. nepuona | BpemMeHHu | mudp. Tabno
5SMI'n ? — ? ? ? ? ? ? ?
10 k' — ? ? ? ? ?
- - 2,1 MI'u/3 k' ? — ? ? ? ?
? ? — ? — — 0100.000 '] ? ? ?
1. Omnpenenum TexHUYecKre xapakrepuctuku Y3-57 uz tadmn. I'1.
Tabmuma B3 — Texunueckue xapakrepuctuku Y3-57.
Tum [wnana3on Huamnazon | Bpewms MEOKUTEIE Merku [TorpemnocTs KoM1ecTEo
W3MEPEHUS A3MEPEHUS | CUETA, KBapI[EBOTO
4acToTOMEpa rnepuoaa BpPEMEHU paspsAnoB
YaCTOTHI nepuona MC reaeparopa
Y3-57  |0,1 T'm...100 MI'mfl mkc...10*¢| 1..10* | 1..10* D1 mkc...1 Mc 107 7
3amaua Nel
- OmnpenensieM nepuoJ| CUrHaa
. ILI%ZO,ZMKC
f 5-10°Tn

Bri6upaem pexxum padboTsl yactotomepa. [lockonbky 7, HE BXOIUT B

Anara3oH n3MCpCHUs eprnojia, To BBI6I/IpaeM PEKHUM U3MEPCHUA 9aCTOTHI.

3a popmyroii onpezensieM BpeMs cuera:

107 -1_107 -1
f 5100

T- ~ 2fi T.C. 10° mc<T, cq,pacq<104 MC;

fi.dan-. =

C Y4C€TOM TOI'O, YTO BpEM:A CUHCTA MOXKCT IIPUHHUMATDH TOJIBKO TAKHNC 3HAYCHUA

(100; 101; 102; 103; 104) McC, BEIOMpaeM Tc,{=103 mc=1 c.

AOGCOIIIOTHYIO MOTPEIHOCTh AUCKPETHOCTH OIpeiesisieM 3a (OpMYIIOH:

1

=4+-—+1 I

-
—

OTtHOcCuTENbHAS MOTPCHIHOCTL TUCKPCTHOCTHU!

SN:

.
N  f;0

n+

1

.

5.10°-1

=2.107°.
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- CymmapHasi OrpeiHoCTh U3MEPEHHUSI YaCTOTHI:

8y =48 +8}

45 — BHIOMpPAEM U3 XapaKTEPUCTHK JaHHOTO yacToToMepa U3-57, KoTophle

cBeaeHbl B Tabauny B3. Torna dq5 = 10~ nopcraBnsem B bopmyiy:

5, =107 +(2-10°) =2.10°

Pesynbrar 8y =2 - 107°
- 3amuceBaeM pesynbTaT Ha Ta610 5000.000 k['11. (lermmanbHas TOuka Ha

1 poBOM TabJIO CMENIaeTcs Ha CTOIBKO pa3psaoB BIEBO, KOTOPOIl SIBISIETCSA CTENCHb
Tew).

3agaua Ne2
- OmpenensieM EpHOJ] CUTHAIIA

r=to 1 o

© " F T10-10°Tu

- C yuyerom TOro, 4To 4acTOTa U IEPUOJ CUTHaJa BXOJAT B AUANa30H
U3MEpEHHI, pEKOMEHIyeTCs BIOPATh TaKOM pexXUM paboThl YaCTOTOMEPY, B KOTOPOM
MOTPEUIHOCTh U3MEPEHUS OYAET MUHUMATBHOM.

- BblunciseM OTHOCHUTENBHYIO IIOTPEIHOCTD JUCKPETHOCTH B PEKUME
U3MEPEHUS YaCTOTHI:

5N=i%— S ST

feTz: 10-10° 10

rae 7., pacCUuTaHoO, KaKk U B MIEpBOM 3a7a4e, U BEIOpAHO 10* mc=10 ¢

- BbluucnseMm OTHOCUTENbHYIO MOTPEUIHOCTh JUCKPETHOCTH B PEKUME
M3MEPEHUS NMePUOIa:

- BriOupaem nepuoj METKU BpeMEHH, (Kak MpaBuiIo, MUHUMAaJIbHOE 3HAYCHUE),
T. e. 7,,=0,1 Mmrc=10"c.

- JlaeM OIleHKY BEJIMYMHBI MHOXKHUTEJIS 71 TIEPUOJia CUTHAJA, C Y4eTOM
orpaHnueHus Ha cyeTHbIl 6710k (N <107 =1) N — konuyecTBO METOK, MOACUUTAHHBIX
CYETYUKOM, ¢ — KOJTMYECTBO Pa3ps/I0OB CUECTUUKA.

MHOXUTENb MEPUOaa MOKET MPUHUMATH 3HAYEHUE n=100; 10": 102; 10%: 10,

_N-Op _ (107 —1)-10‘7 _

5 = 10* —1073<10*
~ 1 -
n

Nyasi-
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4
Tockonbky 10°<n<10%, T0 3HAaueHME MHOXHTEIS MEPHOAA NPUHMMAEM
paBHbeM 10°,
- Onpenenum KOJIMYECTBO METOK

T.on _107%.10°
Ty 1077

N

- Brraucisem OTHOCHUTCIIbHYIO IMOTPCITHOCTL JUCKPETHOCTU B PCIKNMC
HU3MCPCHUA IICPpUOIaA :

T. €., MCHbIIC YCM B PCKHNMC HU3MCPCHUA YACTOTHI, 4 ITIOTOMY BBI6I/IpaCM PEXKUM
HN3MCPCHUA IICpUOaa.
- CyMMapHa}I MMOTrpCIIHOCTb U3MCPCHUA YaCTOTHI:

8y =85 +8}

0 g5 — BEIOMpPaeM M3 XapaKTePUCTUK JaHHOTO yacToToMepa Y3-57, koTopeie
cBeneHbl B Ta01. B3.

Torna 844 = 10”7 noxcrasisiem B bopmymy:

5, =107 +(10°) =1,004 10"

Pesynbrar 8y =1,004-107°

—  JI7s1 BBIOpaHHOTO pexxuMa OIpeneanuM adCOOTHYIO TOTPEIIHOCTD Ay, BpeMs
cueta 1.y, U PE3yNbTAT U3MEPEHUS Ha TabJIO.

0, 1074
N n 10°

=+107" c,

T:.=T, n=10"*.10° =01 ¢
Pesynprar Ha Tabs10 100.0000 MKC.

3agauya Ne3
N3mepsiercs otHomenue vactor 2,1 MI'n/3 kI 'm.

<107 =
- Paccuuraem BeNIMYMHY MHOKHUTEIA MIEPUO/IA 32 YCIOBUEM N= (10 1) u3

paBeHCTBaA n° T5=N"Tx
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rIe

Ti=--102¢ Ty=-—10"¢;

TOorga

(10" =1)-10°-3
2,1-107°

~1,4-10*,

npuanMaeM n=10";
- onpenenum 7.

1
T:.=n-T;=10% 5710 3=333¢;
- OIIpCACIINM a6COJHOTHYIO MNOTpeIIHOCTL JUCKPETHOCTH

ANzilzilo“‘.
n

- Brrauciasem OTHOCHUTCIIbHYIO IMOTPCIIHOCTD :

1
Oy =—
NTTN
- 1041107
e N:" A _ 3 —~7.10%>
TA L o6
2,1
1 1 6 -6
oy == 6:J_r—-IO =0,143-107".
7-10 7

- CYMMapHa}I MMOTrpC€IIHOCTb U3MCPCHUA 1aCTOTHI:

8y =8, +8y

dp3 — BBIOMpAEM U3 XapaKTEPUCTUK JJaHHOro yactoromepa Y3-57, koTopsle

cBeaeHbl B Tabauiy B3. Torna 855 = 10”7 noxcrasnsiem B dhopmyy:
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5, =(107) +(0,143-10° ) =0,391.10°°

Pesynbrat 8y =0,391- 107°.
3anuceiBaem pe3ynbtaT Ha Tadso 700.0000.

3agaua Ned

Orta 3a7a4a SBISETCS OOPATHOM MO OTHOIICHHUIO K MPEABLAYIINM. 3a/1aH pe3yIbTar
m3mepenus Ha Tadso 0100.000 xI'u. OyeBUIHO, YTO YaCTOTOMEP PAabOTAET B PEIKUME

M3MEPEHUs YacTOThl. M3 npumepa npeapiymux 3aaad, BUIAHO, 9TO T;. = 103me=1c;
- a0COJIFOTHAS TIOTPEITHOCTh

1 1
Ay=t—=1-=+1Tm;
A B
- OTHOCHUTCIJIbHAA ITOTI'PCITHOCTD
Sy=ti=— L 4 13 =1-107>;
N fo-Ti: 100-107 -1

- CyYMMapHasd MorpCHOCTb U3MCPCHUA YaCTOTHI:

8y =8, +8y

dp3 — BBIOMpAEM U3 XapaKTEPUCTUK JaHHOro yactoromepa Y3-57, koTopsle

cBezieHbl B Tabauny B3. Torna 0,5 = 10”7 noxcrasisiem B bopmymy:

5, =(107) +(1-10°) =1-10°

Pesynbrar 8y =1- 1072
—  uacrora curHana f,=100kI'w; nepron curaana T,=107c. Pe3ynbTaThl pelnenus
BCET0 3aJ]aHus IPUBEJEHBI B Tabuie B4.

Ta6nuna B4 — Pesynbratsel penienus 3aganus W s yactotomepa U3-57.

dacrora Mepuoa| oo | Boowt i Mo Tenti <o o | s
5MIy | 2:107¢ - lc - —  15000.000 kI'y| 1Ty | 2-10° | 2107
10k | 0,1mc - 0,1c 10° 107¢ {100.0000 mxc|10"%| 10° |1,004-107°
- — 2,1 MI'w3 kI | 3,33 ¢ 10* - 700.0000 | 10™* |0.143-10° |0,391-10°
100 kT'u| 107c - lc - —  10100.000 kI'y| 1Ty | 107 1-107
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Ipuiaoxenue I'

Tabmuma ['l — OCHOBHBIE TEXHUYECKHE XapPAKTEPUCTHKN YaCTOTOMEPOB.

Tun Jlnanason Jluanasox Bpewms MHoXxUTEND Metkun Horperusocts Konunuectso
I/I3MepeHI/I$I I/I3MepeHI/I}I KBapI_IeBOFO
yacToTomMepa cuera, MC nepuona BPEMEHU paspsaaoB

YacTOTHI rnepuoa regeparopa

4y3-22 10 T...12 MI' | 10 mke...100¢ | 1...10° 1..10* 0,1 MKc...1 Mc 107 8

4y3-24 10 T...50 MI'n | 1 mkc...100¢ | 1...10° 1..10* 0,1 MKc...1 Mc 108 8

43-36 10 I'm...50 MI' | 10 mkc...100¢ | 1...10° 1..10* 0,1 MKc...1 Mc 108 7

Y3-57 (0,1 Tm...100 M| 1 mxe...10%c | 1..10% 1..10* 0,1 Mkc...1 Mc 107 7

43-35 10 I'm...50 MI' | 20 mkc...100¢ | 1...10° 1..10* 0,1 mxc...1 mc 108 9
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Introduction

The purpose of this methodological guide is familiarizing students to know about
basic provisions of the state standards to ensure uniformity of measurements, methods
and techniques of verification of measuring instruments (MI) used to measure the
frequency and time intervals info signals.

Handbook contains a summary of the digital methods of measuring the frequency
and time intervals. It also provides basic information on the metrological provision of
the MI.

The manual provides guidance to the two labs, as well as individual assignments
for students.

The appendices to the manual provide information on the metrological
characteristics of the MI used in laboratory work and in solving practical problems.

General information

Frequency and time intervals which are the parameters of AC electrical signal,
including information, - one of the types of measurements that are most common. This
is due to first of all a very high precision instruments frequency measure devices
unattainable for other MI. In addition, the devices due to the frequency response - a
characteristic, which largely depends on undistorted communication.

No less important is the control of the frequency stability, such as receiving and
transmitting devices. Since the frequency is related to the rate of change of the phase
voltage signal, then clearly, frequency control is needed and to account for the phase
distortion, especially at very high frequencies.

And finally, verification, validation and calibration of other MMT (Means of
Measurement Technic) occurs at certain points in the frequency range, which makes it
necessary in the course of these operations to accurately measure the frequency.

The range of frequencies used in communications technology, extending from Hz
to tens of GHz. If we exclude the industrial current frequency, the whole spectrum can
be divided into five ranges: infrasonic frequencies

— low 20 Hz, sound frequencies — from 20 Hz till 20 kHz, high frequencies — from
20 kHz till 30 MHz, ultrahigh frequencies — from 30 till 300 MHz and super-high
frequencies — more 300 MHz The upper limit of the frequency band is used in
development of science and technology continuously improves and now exceeds 300
GHz.

The frequency of electromagnetic modes conveniently express through the length
of the flat wave in free space A and period 7 so these values are simple dependencies:

F=clh
F=UT 0

Where f — frequency, Hz;
¢ — the speed of propagation of electromagnetic oscillations, m/s;
A —length of wave, m;
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T — period of hesitation, the periodic signal characterizing time interval at which
repeated his instant values, s.

The speed of propagation of electromagnetic oscillations depends on the
environment in which they are distributed:

Where p, — absolute magnetic permeability;

Ha = Mol

€, —permittivity; €, = € €;

For vacuum p, = 4n*10-7 H/m; g, = 8,852-10"°F/m, then ¢y = (299792,5 + 0,3)
km/s.

Here p and ¢ relative dielectric permittivity and magnetic environment,
respectively.

For example, the speed of propagation of electromagnetic vibrations in the cable
connection is dependent on the L, and €, the dielectric.

For the characteristics of electric oscillations can be measured frequency f, the
period T, or the length of the flat wave in free space communications technology in A is
almost always measured frequency, more rarely-period oscillations, and only on
ultrahigh frequencies are measured and the frequency and wavelength. Most often
measure the average frequency of the account.

f =N/ Teoun (2)

Where N — number of periods of fluctuation,

Tount — time accounts (time dimension).

Measurement of frequency used when measuring scales, grades and signal
generators, radio devices with smooth adjustment of the range; definition of resonance
frequencies of oscillatory circuits and Resonators; determining bandwidth filters and
networks are presented; measurement and control of frequency deviations from its
nominal value assigned to this device — radio station, generation equipment system seals
etc. widely used without-searching and without-adjusting radio-frequency multichannel
compression, satellite and mobile communication has been possible as a result of the
development of methods for the accurate measurement of the frequency.

In general, the measurement error of frequency setting in absolute Af, or, more
often, in relative terms Af/f. Permissible error amount is determined by the instability of
the measured frequency must be less than her at least 5 times. For example, if the
relative frequency instability of the radio station is equal to 10, the relative
measurement error shall not exceed 2:10°. Reduction, the needed accuracy of
measurements must be calibrated using an even more accurate device error which, in
this case, should not exceed 4-10”. Error of measurement of low frequencies, of course,
be much more — (1 ... 2) %, except for the frequencies used in tonal telegraphy and data
transfer.
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To measure the frequency using of MI, which are classified in following way:

F1 — standards of frequency and time;

F2 —resonance frequency counters;

F3 — adding electronic frequency counters;

F4 — frequency counters and bridging capacitor, heterodyne;

F5 — frequency converters and Synchronizers frequency signal;

F6 — frequency synthesizers, frequency multipliers and dividers;

F7 — receivers of standard frequencies and time signals and frequency comparators
(phase, temporary).

In the frequency measuring instruments, as a rule, highly stable crystal oscillators
are used as a reference measure for which distinguish short-term and long-term
instability. Short-term instability of such generators is due to thermal noise and the
elements of the crystal oscillator and fractional noise transistors. In addition, the short-
term volatility affects the instability of supply voltage and vibration. Typical values of
the relative standard deviation of the mean frequency increase from 10" for an
averaging time of 1s and 3-10” for an averaging time of 1year.

Long-term instability is determined primarily quartz resonator aging and changes
in its mechanical properties under the action of destabilizing factors: humidity, pressure,
vibration, and radiation exposure. To reduce the destabilizing action of humidity and
pressure crystal placed in a vacuum tank. Typical limiting values of the relative error of
frequency reproduction due to the long-term instability, ranging from 10 per day to
5:107 per year of operation, and some devices even smaller.

Measuring of info signal frequency using digital method

Currently, the digital method was the most common. On the basis of much of the
built of frequency produced by industry. Typically, a digital frequency meter provides
the ability to measure not only the frequency but also the period of repetition and time
intervals. Some devices can measure and other parameters of signals and circuits, pre-
converting them into a time interval or frequency. Thus, digital frequency meters are a
good basis to build multipurpose devices. In particular, digital electronic frequency
counters (DEFC), we can measure the frequency, the period of the signal, the ratio,
difference, sum frequency, etc.

The study is based on the principle of frequency digital discrete calculation:
counting the number of pulses over a certain period of time, which has many
advantages. These include a wide measuring range, high accuracy and robustness, the
possibility of releasing the results of measurements on printing, etc.

Frequency measurement is carried out by direct comparison of the frequency
fs res Of the signal with the value of the standard frequency f; . created by a quartz
oscillator, as a measure. The most optimal in terms of reducing the error measurement
result, this mode will be provided if the measured frequency is much higher than the
frequency of the signal model.

In this mode, a periodic signal of frequency f; s 1S applied to a frequency input
(Fig. 1). After the input device (1) study the signal goes through the switch (2) (key
switch is in position 1) to the transmitter analog signal to digital (3). Here, the analyzed
signal (for example sine wave) is transformed into a periodic sequence of short pulses

114



(Fig. 2). The individual pulses of this sequence can be generated in moments of
transition sinusoidal signal with a zero derivative of the same sign. Thus, the frequency
of these pulses coincides with the frequency f; s of the measured signal. Furthermore,
this sequence of pulses is fed to one input of a temporary selector (4). At the time the
other input selector is applied, the so-called strobe pulse. Formation of strobe pulse
occurs in the control channel, a model in which the voltage frequency generated by the
crystal oscillator is fed through the switch (8) (key switch is in position 1) through a
block of frequency division (9) sharper (10).

I 2 3 4 11
b
Input 1 — = gp Qi_jd’,’\*’ = & _E}a,,] |
02 Laayay
CL
5 6
G f
% fm

9 10

“L e Control
Jin block

?_ oo
-
i

Input 2 = 4p

O
b

Figure 1 — Structure scheme of DEFC

In Fig. 2 shows the stress distribution of DEFC that demonstrate the essence of the
digital method, which is reduced to counting the number of pulses N, arriving at the
counting unit (11) for a time equal to T, titled "TIME MEASUREMENT" or
"COUNTING TIME", i.e.

T,
N = count _ Tcount - fsact, (3)
Tact

Where f;,. — the actual value of the measured frequency.
Thus, the frequency of the signal is determined by the expression:

N
-fs act T 4 (4)

count

where Tiount = T
Measuring the counting unit will go to the (N £ 1) due to the sampling pulse, then

Nt1
\fsres - T ’ (5)

count

where Tooun = nTyg;

Ty, — the period of oscillation oscillator;
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n — frequency division ratio of the block (9).
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Figure 2 — Diagrams of the voltage in the mode of measuring the frequency

Measuring the frequency with electronic frequency counter there are two error
components: measures (due to instability of the frequency oscillator) and comparison
(by sampling).

In today's digital frequency crystal oscillators are used with relative frequency
instability of the order of £ 10" ... 10" Accuracy is determined by comparing mainly
discreteness error, that is due to the fact that the front and drop the control (strobe) pulse
1s not synchronized with the appearance of a periodic sequence of pulses, formed from
the test signal, or, in other words, this error is associated with a multiple of the periods
of measuring signal model.

The maximum value of the absolute error of discreteness Ay:

_N*l N 1 .
_T T = ()

count count Tcoum

AN :fcsres_fs

It does not depend on the frequency of the signal and is expressed in Hz. Reduce
the value of the absolute error can be due to the increase of measurement time 7,.. The
minimum value of A , can be obtained at T,,. due to the limits on the counting unit
electro-counting frequency meters, that is

N =107 -1, (7)

where g — the number of electronic frequency counter rank.
Then, using (4)

Tcalc = (10q - 1)/fs act. (8)

The maximum value of the relative discrete error is given by
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where N — the number of pulses received by the counting unit of electronic
frequency counter.
The total error in measuring the frequency

By = [82, +52 (10)

where 84, — component of the error, introduced by the measure (crystal oscillator)..

Position the decimal point is determined by measuring the degree of a series of
numbers expressing the measurement time 7., in milliseconds, which implies a
measurement of frequency, "kHz", as specified in the display frequency. This series of
numbers is as follows: .oy = (100; 10" 10% 10%; 104) ms.

After calculating the T, is selected from the specified number of 7., adhering
to the following conditions:

-1f T > 10* ms, then we can take 7oy = 10*ms;

~if 10*ms> T ale > 103ms, then choose T,y = 10° ms and so on.

The result is displayed electronic frequency counter, as mentioned is in kHz..

Example. Frequency of the signal is 650 kHz. The measurement is carried out by
electronic frequency counter of U3-57 type. Its main metrological characteristics (MC):

- a range of measuring frequency of 0,1 GHz + 100 MHz;

- period measurement range 1mcs + 10*ms;

- counting time 10° = 10* ms;

- period factor 10° + 10°;

- time markings 0,1 ps; 1 us; 0,01 ms; 0,1 ms; 1 ms;

- digits number — 7.

You must define: 7, Ay and Oy and record the measurement result.

Solution.

We define:

: €))

10°-1 10" -1

; :650 0 ~15¢=1,5-10"ms.

Tcount =

Based on the above recommendations, select 7.qun = 10 ms = 10 s.
Absolute accuracy:

|

Ay =%
Tcount 10

=+0,1 Hz.

Discrete ratio error:
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1 1

SN:ii:i =+ ~
N f.-T 650-10° -10

C count

1,5-1077.

Where f. — in Hz; Touy — per second.
The result on the display is 650,0000 kHz.

Measuring low-frequency error of discreteness is the defining component of
measurement error. For example, if the measured frequency f; s = 5 Hz at Teou = 1 s,
maximum value of absolute discrete error Ay = + 1 Hz, and the maximum value of ratio
errord, = i% = i%, that is 20%, which is unacceptably high.

Thus, because of the large discrete low-frequency error is directly measured by a
digital frequency meter with a low accuracy. Therefore, finding ways to reduce the
influence of the discreteness error in the measurement result has always been one of the
important directions of development of digital frequency-measurement technology.

The first way is obvious: it is to increase the duration of the "gate time", that is the
duration of the measurement time. But the possibilities of this method is limited because
conventional digital frequency counter (non-microprocessor), the maximum possible
duration of the measurement time 7, = 10 s.

The second way is to increase the number of pulses that fill "time-gate", which is
achieved by multiplying the frequency of the signal. The maximum absolute error does
not change (if not change the duration of "time-gate"), but decreases the relative error
(in the number of times of multiplication). The implementation of this method involves
the use of additional power - frequency multiplier, which makes it difficult and
expensive equipment.

The third method, which takes into account the random nature of the error of
discreteness, implies a multiple of observations (individual measurements) and
averaging the results. This is an effective way to reduce the influence of random error in
the measurement result.

The fourth method is direct measurement of the period of the signal and then
calculating the numerical values of the frequency ( f; = 1/7Toun ), the inverse result of the
measurement period. This path can dramatically reduce the error in the measurement of
discrete low frequencies.

Measuring the time interval (period) of info signal

In this mode, the comparison of the researched signal measured period 7, model
with a time interval. The signal is going to the input 2 electronic frequency counter
(Figure. 1, key is in position 2) and then after appropriate transformations in blocks (7)
(8) and (9) via a control unit (10) is fed to the second input selector (4). In block (10) of
the test signal is formed by a rectangular gate pulse, the duration of which coincides
with the period of the signal or a multiple thereof.

The voltage from the standard frequency crystal oscillator (5) through a frequency
multiplier (6), switch (2) (the position of key switch - "2"), the inverter (3) and then fed
to a first input selector of the time.
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Stress diagram illustrating the operation mode of electronic frequency counter
meter measurement period are shown in Figure 3. They show that the period of the
signal is given by:

where T, — the period of the signal model (time of marking);
N — number of marks received by the counting unit electronic frequency counter;
n — the factor period (for the given case is n =1).

Calculation time is given by:

Tcount:n'Tsact:N'Tm (11)
ML
e) P -
U t
Hin) nTs act
c) |
Teount=nTs act  §
M)
b ) LLLL] 1 O I ey
- 4
H Tm
{I)HII[[IIIIIIIIIIII -
I‘{J 4

Figure 3 — Curves of voltage in the period measurement mode

The result is displayed on electronic frequency counter, usually represented in
units of the selected "mark time" (ms or ps).

The situation with the decimal point depends on the value of the multiplier period,
and the numerical values of the period of temporary tags.

Accuracy of measurement period T , consists of three components: the error of
measure, conversion and comparison. The error measure is due to the relative instability
of the crystal frequency 64, = 5-(10°®+10™%). The error is caused by the transformation
mainly the ratio of the voltage signal and noise that affects the formation of the control
pulse and is determined from the expression (Simpson's formula):

Ot=———+, (12)

where n — number of periods of the measured signal;
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U, — the average value of the voltage noise;
U, — the average value of the voltage signal.

If 201g Z“ =—40dB and n = 1, then 6,~ 0,3%, if n = 100, then o, = 0,003%.

S

The error is caused by an error of discrete comparisons.
Absolute and relative error respectively,

Nzx1)-T N-T T
AN :Tsact _Ts :( ) - = Zi_m’ (13)
n n n

_on (14)

sres

The total relative error is given by:
8y=4/00, +85 +38% .

To select the best performance in terms of minimizing the error, we consider the
following example.

Example. Let the measured signal frequency is fsres = 100 Hz, (Tcoun = 107 s), by
the same frequency meter.

To define: Ay, Oy, to choose n, T, and record the measurement result.

Solution.

Choose the timestamps (usually a minimum value) ,

Tm=0,1us=10"s.

Given the limitations on the counting value of the multiplier block of n signal
period:

m

T 1072

S

NT 7_ -7
_ (10" -DIo =102 -10"°<10°.

n=

Since 10 <n <107, then the multiplier period take n = 10.
Write down the measurement period on the display: 10000, 00 ps.
Absolute error

=+10"%s.

Relative error
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where N =

n-0, 10-10% o o _
o, 107 T

Measuring the info signal frequency ratio

In the "frequency ratio" higher frequency voltage i1s applied to the input of "1" (the
key position on the switch to "1" in Fig. 1).In the channel voltage is converted into a
sequence of short pulses with a repetition rate equal to f ;. These pulses are fed to a
first input selector temporary, at its second input receives a control pulse of
duration T ., Formation of the control pulse occurs in the channel 2 of the signal with
lower frequency f ., applied to the input 2. Change of frequency division in block 9 can
increase the measurement time, which, in turn, increases the ability of integrating
ESCH.

In Fig. 4. ESCH illustrated work in measure mode frequency ratio f .|/ f .

The figure shows thatthe N- T, =n " T , from

I, | N,
)

T,)| _N#l
(T ]I/ISM (16)

counting time

Tcount= n- TcZ =N Tcl

By
a) !'ﬂ .'ﬁ- -'"‘v. .-'ﬁ"- .-"ﬁ'\l I."ﬁ‘\.l ,uﬂ. "'-"-
BVAAVAAVAAVIRVIRVIRVARY; }
() .T
o [ | I I T I
' 4
7] G(ﬂ i Tcl
ﬁ .
Tez M i
Hin |
c) | _
T count =HT¢: ¥
Hinh
d) S — | ] .

N

Figure 4 — Diagrams of the voltage in the mode of measuring the ratio of the frequencies
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The error of measuring the ratio of the frequency f .,/ f . consists of two
components: a conversion error ( ¢ony) and comparison (0 y)

1 U
5 =——<2
S (17)
where n — the multiplier period
U ., — the voltage signal applied to input 2,
U ;— noise voltage.
The absolute error of discreteness
avell2| _[Te] _NEL_N_ 1 (18)
Tﬁl meas Tﬁl d n n n
The relative error in discrete
5, = Ay =ii, (19)
N

n-T,
where N = O 2

il

The total error is given by

62 = ngonv +612V : (20)

Position the decimal point is determined by the degree of a series of numbers
expressing the multiplier period n (n = 10 ® 10 'February '> March ' April '

Consider the example of measuring the ratio of the frequencies from the same
positions as before, ie minimize the error.

Example. Let the frequency ratio measured 2.1 MHz / 3 kHz frequency meter
H3-57.

Solution.

Write according to (16) equation:

Tcount:n : Tc2 =N- Tcl,

;3 e 1‘10_38;
3-10 3

! -107%s;

1

9

where T, =1/ foo =

similar to 7, =
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10°°
21°
10" -1-10°-3 10*-3 1073

whence n = —— = — ~1,4-10*.
2,1 : 10 i 2,1 271

then n%~10_3 =(10"-1)-

Take n =10, +.
Tt =nT=10"3"" =333s.
Determine the absolute error of discreteness

A, =t—=%10"".

S | =

Calculate the relative error

1
8N=i_’
N
0T 10 L0 1
where N=——<2=_ 3 ~7.10°, &, =+ =+0,143-10°° ,
1 MoT7a00

T, — .10
21

The result on the scoreboard 700.0000.

Metrological assurance of measuring instruments for measuring frequency

Unified National System of Ukraine (ENSU), as well as its integration into a
worldwide communications network standards stipulate particular telecommunications
industry, its harmonious adaptation to the interstate, international, regional and national
standardization system.

One of the main objectives is to ensure standardization of measurement. This
problem is solved by the appropriate metrological provisioning (MP) of measuring
instruments (MI) frequency, which is in testing, verification and calibration of the MI.

Design, manufacture and operation of frequency measurement devices require
appropriate metrological support. At the same time providing a range of scientific,
technical and organizational measures designed to support the unity and the required
accuracy of frequency measurements in all sectors of the economy.

Of particular technical measures should be noted verification devices because it
requires a large amount of instrumentation and, above all, frequency
measurement. Suffice it to say that for the calibration standard crystal frequency needed:
rubidium frequency standard, the frequency comparator, EFC, micro voltmeter
selective, spectrum analyzer.
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In terms of verification of works all kinds of equipment measurement can be
divided into two groups: devices that measure the frequency, and instruments that
produce highly stable electromagnetic waves.

The first group of devices calibrated by feeding on their input of highly frequency
of electromagnetic waves and to determine the measurement error. Error of the standard
frequency and its instability must be at least 3 times smaller than the measurement error
of the instrument, which confide. Therefore, for the calibration of frequency, the
relevant standards of frequency synthesizers, frequency multipliers. Accuracy of
measurement frequency is determined by the points of the frequency range, which are
regulated by the normative and technical documentation (GOST, regulations, guidelines
for the verification of the instruments). Typically, calibration is carried out in the
beginning, middle and end of the frequency range of the instrument.

The second group measurement devices calibrated by comparing the frequency of
electromagnetic waves produced by a model with a frequency of the instrument, which
has a metrological characteristics, 3 times better. For the calibration of such devices are
used frequency standards, frequency of model signals transmitted by radio receivers,
oscilloscopes.

With the highest accuracy rate and time of reproducing with highly stable
molecular generators.

Test. MI tests are conducted by specialized organizations accredited as a national
center test sieves. Tests of samples held at MI state standard established order. MI tests
for approval of the type carried out by the approved program, which should contain the
following sections: review of technical documentation, an experimental study of MI;
clearance test results.

Detailed requirements for the programs outlined in the recommendations of the
international metrology bodies. During the tests should be monitored compliance
documentation and technical characteristics of the MI conditions and regulatory
documents (RD), which apply to them, including the calibration procedure.

Compliance with the approved type MI controlled bodies of the State Metrological
Service (SMS) at the location of users.

Verification of MI- is the establishment of SMS authority (other authorized
organizations) the suitability of SIT for use on the basis of experimentally determined
MX and confirm their compliance with mandatory requirements.

Lists of groups of MI to be verification, approved by the State
Standard. Calibration is carried out in accordance with the RD, approved the results of
the tests.

The result of verification is to confirm the suitability of MI for use. In this case, it
and (or) technical documents applied confidential imprint stamps and (or) issued
"certificate of verification". Confidential stigma - a sign the prescribed form, applied to
the MI, recognized as a result of verification suitable for use. If the MI as unfit to use, in
this case, the image confidential stamps and (or) "certificate of verification" void and
issued "certificate of unfitness." Form stamp and certificate of verification, the
procedure for applying confidential stamp set by State Standard.

SIT are primary, periodic, exceptional, inspection and expert verification.
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Initial calibration is made at the MI from the manufacture or after repairs, as well
as the importation of MI across the border in batches. This verification is subjected, as a
rule, each instance of the MI.

Periodic calibration is performed at set intervals of time (calibration interval). She
was subject to the MI, which are in use or in storage. Specific lists of SIT to be
checking, set by their owners - individuals and legal entities. Bodies of the SMS in
overseeing compliance with metrological norms and rules checking the accuracy of
these listings. Periodic calibration must pass each instance the MI. An exception may be
the MI, are on long-term storage. The results of this verification is valid for Calibration
interval. The first interval is set at MI type approval, the following are determined on
the basis of different criteria.

Extraordinary MI calibration is carried out prior to the date of the periodic
verification of the following cases: damage to the sign confidential stigma, as well as
the loss of the certificate of verification, the commissioning of MI after prolonged
storage (more than one Calibration interval) of reconfiguration, and, if known, or There
are assumptions about the shock (mechanical) effects on the MI or the poor of his work.

The inspection is carried out verification of the implementation of SMS authorities
of state supervision and departmental control over the state and the use of SIT. It is not
allowed to conduct the full extent permitted by the method of verification. Inspection
results are recorded in the instrument calibration verification.

Expert verification is carried out with any matters of MX, serviceability and
suitability of MI for use. Her conduct SMS authorities upon written request of interested
persons.

The order of presentation of MI in fact determined by the State
Standard. Calibration is carried out in accordance with established procedures and
includes the following:

- Establishing the frequency of work (defined calibration interval) in accordance
with [SO 10012;

- The development and documentation of methodologies for work according to the
istructions of RD 50-660-88;

- Maintaining appropriate protocols, reflecting the results of operations;

- The organization of storage and use of documentation for verification of the MI.

The primary MX, which is determined by calibration, the error is. It is determined
on the basis of comparing the MI under verification and more accurate working
standard.

Measures can be believed:

- Reconciliation of (or opposition to the methods of substitution) with a more
accurate measure using a comparator. Common to these methods of checking the MI is
to provide a signal about the presence of difference in size compared quantities. If this
signal by adjusting the model measures would be reduced to zero, we realized a zero
measurement method;

- Measurement of the reference value of MI, reproducible measure. In this case,
verification is often called a grading. Graduation - a drawing on a scale of marks
corresponding to the testimony of the working standard, or definition of his testimony
refined values of the magnitude of the applied marks on the scale of the MI, which
calibrated;
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- Way to gauge when a more accurate measure is checked, only one measure of a
set or one of the scale marks valued measures and other measures of the true dimensions
are defined by their mutual comparison, in various combinations on instruments for
comparison and further processing of the measurement results.

Calibration of measuring instruments is made:

- By direct comparison of the measured values and values that play an appropriate
level of working standards and accuracy class. The values of the output measures are
chosen equal to the corresponding (often digitized) marks the instrument scale. The
greatest difference between the measurement and the corresponding size standard is, in
this case, the main error of the instrument;

- By direct comparisons of the readings, which calibrated and the reference for the
simultaneous measurement of the same magnitude. The difference of their testimony is
under verification absolute error of MI Can be used and other methods of verification.

Verification is important in the selection of an optimal ratio between the standard
errors under verification and the MI.Typically, this ratio is assumed to be 1:3 (based on
the criterion of negligible error), when checking is introduced amendments to the
testimony of MI model. If corrections are not introduced, the reference selected from
SIT ratio of 1:5. The ratio of errors under verification and reference SIT is established
taking into account the method of verification, the nature of the error, admitting the
errors of the first and second kind, and can sometimes differ significantly from the
previously mentioned figures.

By checking the right decision State Standard MI may be granted by an accredited
MS entities whose activities are carried out in accordance with applicable law and RD
for the uniformity of measurements, taking into account the recommendations of the
ISO and IEK.

In those areas where the state metrological supervision and control are not
required, to ensure proper operation of the metrological calibration of MI is applied.

Calibration (calibrations) - a set of operations performed to identify and confirm
the actual values of the metrological characteristics, and (or) fitness for use of MI,
which are not subject to state metrological control and supervision.

Organization performing the calibration work must be attorneys and an identified
means of calibration - standards, facilities and other MI used for calibration in
accordance with established rules. They are designed to ensure the transfer of units of
the size of the national standards of measurement instruments that are calibrated,
updated documents regulating the organization and conduct of the calibration
work. They include documentation on the MI and calibration, regulatory documents for
calibration, the calibration procedure and the use of its data professionally trained and
qualified personnel, facilities, meet regulatory requirements.

Certify the results of the calibration gauge mark, applied to a MI or a certificate of
calibration, and record in operational documents.

Requirements for calibration laboratories are given in the relevant Standard and the
ISO /IEK 17025-2000 /.
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LABORATORY WORK Ne7

RESEARCH OF ELECTRONIC FREQUENCY COUNTER
CHARACTERISTICS

1. Work purpose
1.1  Obtaining the professional knowledge with digital frequency measuring
device work. Be able to choose counting time (T.,,,,.), period factor (n) and marks

generator frequency (f).

1.2 Research electronic frequency counter (EFC) basic characteristics in
different working mods. Be able to choose working mod that will provide minimal error
result of frequency measurement, time intervals and frequencies ratio.

2. Key features

2.1  Modern EFC based on micro processing schemes with hard logic are the
multifunctional devices. The transition from one function to another is implemented by
installed software or by switching keys.

Functional scheme is shown on pic. 1 relate to EFC with hard logic.

2.2 “FREQUENCY MEASURMENT” mode perform the direct comparing of
researched signal frequency f, with standard frequency value f,. (quartz-crystal

generator). Here f, = f,, that gives opportunity to find with digital method the number
that will show in how many times f, bigger thanf,..

On pic. 2 are shown the diagrams of EFC voltages that reveal the point of digital
method — the calculation of pulses quantity N coming on counting block (11) during
time T, — “MEASURING TIME” or “COUNTING TIME”.

count

From diagram follows that the actual value of researched signal frequency equal to:

=N
fs act "'lljl"

" eoune
Measuring of researched signal frequency value:

_NT1
-f;'?'l?_' KTED:?EE-

The value of absolute error of discreteness:

_."'nr:l N 1

ﬂ'.‘\.':fir'aj‘_f;ﬂf:'_?- _T ZIT .

count

The maximum value of relative error of discreetness defined by next formula:

Ay 1

f: acs - N '
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where, N — quantity of pulses that comes on the counting block of EFC during

counting time.
Total error of frequency measuring:

_—
- _ | o B
Oy = [05; + 05,
- N

where &, — error component causing by quartz-crystal generator.

2.3 “PERIOD MEASURMENT” mode perform comparing of researched signal
period T, with standard time interval. Diagrams of EFC voltages are shown on pic. 3.

We can see from diagrams that actual value of researched signal period is defined by:

T _N Ty

> ackt n

where T,, — period of standard (master) signal;
N — marks quantity that comes on counting block;
n — period factor.
Counting time is defined by:

(N+1)-T T
_ _ M _yim .
AN - Ts res Ts act =+ ’
n n
. 1
ov=t5
n-T
Where N — s res
TM
Total relative error of measuring:
I -
SE = ||5@G v 55" o ﬁ:_e\

where &, — transformation error caused by ratio of signal/obstacle voltage.
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2.4  In “FREQUENCIES RATIO” mode the voltage with high frequency f£; (the

position of key on switch “1”) is applied on the input “1” (pic.1). In channel 1 this

voltage transforms in sequence of short pulses with f; repetition rate. This pulses comes
on the first input of time selector while on the second input is applied the control pulse

with duration T.,,,,... Formation of control pulse is performed in channel ‘“2” from the

signal with lower frequency £, applied on the input “2”.
From pic. 4 follows equality:
N-T,=n-T,.

The actual value of frequency ratio equal to:

@ @)%

act < act

The measuring value of frequencies ratio:

@).-@), -

Counting time:

The absolute error of discreetness:

T, T, N+1 N
A= — — | — — —_— =
N (T) (T) n n

Tes « act

The relative error of discreetness:

X Ay 1
by =— =+—;
N {51} N
T: " ae
Where y=t1
T,
Total error of measurement:
.
8y = N!'aé,a + 63,

129



3. Key questions
3.1  Why EFCs are related to high accuracy and universal measuring tool?
3.2 What is the main point of measuring method of EFC?
3.3  Explain the principle of EFC work by modes:
- frequency;
- time interval;
- frequency ratio.
3.4  List the errors that occur in EFC in different modes of work.
3.5 Find out methods of decreasing of measurement errors.
3.6  Explain how the total error determines in different work mods.
3.7  Explain how to determine the position of decimal point in different work
mods.

4. Home task
4.1 Research the structural scheme of given EFC and the principle of work in
different modes. To draw the structural scheme of EFC.

4.2  Using the technical characteristics of EFC choose time counting that
provides the minimal error in frequency measuring mode. The result show in table 4.1.
The variants of the tasks given in table 1 (appendix A); here f, = f..

Table 4.1 — Basic characteristics evaluation in “FREQUENCY MEASURMENT”
mode.
fs, kHz T count, MS Expected result, kHz Ay, Hz N on

4.3  Using the technical specifications of EFC choose the parameters of period
measurement mode that provide minimal measurement error of interval. The result is
show in table 4.2. It is recommended to provide calculations on same frequencies as in
table 1 (appendix A).

Table 4.2 — Basic characteristics evaluation in “PERIOD MEASURMENT” mode.

fs, kHz n Ty Expected result (ms, us) An N N T;’l"s”t’
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4.4  Using technical specifications of EFC choose parameters of the frequency
ratio mode that will provide minimal measurement error. The results show in table 4.3
(the frequencies are given in appendix A).

Table 4.3 — Basic characteristics evaluation in “FREQUENCIES RATIO” mode.

T counts
ms

filf2 n Expected result Ay N on

S. Laboratory task

5.1 Research the counter. Establish a correspondence between governments,
shown on the front panel of the device and the structural scheme (pic 1).

5.2 To make the external research of EFC in self-control mode.

5.3 To make research in all work modes.

5.4 In frequency measurement mode perform validation of feature selection on
the frequencies given in table 1 (appendix A). The results show in table 5.1.

Table 5.1 — Basic characteristics evaluation in “FREQUENCY MEASURMENT”

mode.
fs, kHz T count, MS Result, kHz Ay, Hz N on

5.5 In period measurement mode perform the same measuring. The results show
in table 5.2.

Table 5.2 — Basic characteristics evaluation in “PERIOD MEASURMENT” mode.
fs, kHz n Tw Result (ms, ps) Ay N oN T.ouns» MS

5.6 In frequencies ratio mode perform the same measuring. The results show in
table 5.3.
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Table 5.3 — Basic characteristics evaluation in “FREQUENCIES RATIO” mode.
filf2 n Result Ay N on T counts MS

6. Protocol of the laboratory work (Ne .... name ...)
6.1 The purpose of the experiment.
6.2 List of equipment used in the Table. 6.1.

Table 6.1 — List of equipment used

Metrological characteristics

Name of the devi t ial numb
ame ol the device ype sefial number Accuracy Range Frequency

6.3 Measuring chart.

6.4 To build in one system of coordinates of graphic arts of dependence of
relative error of 8y from frequency in the mode of measuring of frequency and period.
To draw a conclusion about the choice of the mode of operations of EFC.
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LABORATORY WORK Ne7a

METROLOGICAL PROVISION MEANS OF MEASUREMENT TECHNIC
(MMT) FOR MEASURING FREQUENCY OF INFOSIGNALS

1.  The purpose of the work

1.1 Preview of the scientific, legal and technical basis of metrological support of
MMT for measuring the frequency.

1.2 Examine methods of verification of electronic frequency counters (EFC) and
metrology operations for verification.

1.3 Acquire practical skills for the verification of EFC.

2.  Key statements

2.1  EFC verifiable characteristics.

Subject to verification are the following parameters:

- the range of measured frequency sinusoidal and pulse signals

-the error of measuring the frequency

-the frequency range in the measurement period, sinusoidal and pulse signals

-the period of measurement error

-the measuring range of the frequency ratio

-error measuring ratio of frequencies, etc.

2.2 Means of measurements used for calibration.

When checking EFC, the following reference and auxiliary means of verification:

— receiver reference frequencies
— rubidium frequency standards with nominal values of the frequencies of 100 kHz,

1 and 5 MHz with the relative instability of 10" '-

— quartz-crystal generator with the same values of nominal frequency and the relative

instability of the order of 10

— frequency standards and quartz-crystal generators are measures of the standard
frequency, and if there is a possibility and necessity, the accuracy of these
measures is controlled by the receiver reference frequencies

— frequency synthesizers, covering the frequency range 0.01 Hz -50 MHz

— Frequency Multipliers

— Frequency Comparators

— universal generators, voltmeters, oscilloscopes, and AC voltage.

2.3 Conditions of verification and preparation for it.

In carrying out verification operations subject to the following conditions:

—the unit that came in fact, subjected to external examination. We should pay
attention to the availability, serviceability and cleanliness of the entire property, the
condition of paint and clear labeling. The presence of dirt and rust is unacceptable. The
instrument must not be mechanical damage that could affect its operation, such as
looseness of control knobs, damaged terminals, poor fixation switches

—devices having a fault, in actual fact are not accepted.

— Verification of device parameters is performed at a nominal supply voltage under
normal conditions:
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—ambient temperature is 293 £5° K (20+5° C)

— Relative humidity of 65 +15%, atmospheric pressure is 100 + 4 kN / m® (750 +
30 mm. Hg. Art.)

—Voltage Mains 220V +44 V.

Before the operations of checking, you must make the following preparations:

—place the unit under verification in the workplace, providing comfort and
eliminating getting it out of direct

—connect wire terminals that are under verification and reference devices used for
verification, to the ground bus,

—to make a connection, the device under verification to model devices with regular
cables and adapters;

—connect devices to an AC voltage of 220, 50 Hz

—plug-in devices to the network and give them a warm-energized for 1 hour.

2.4 Transactions verification.

Visual inspection

When conducting an external examination must be verified: the

« absence of mechanical damage, affecting the accuracy of the readings, the

e presence and strength of attachment of controls and switching, the clarity of
fixing their positions, smooth rotation of knobs settings;

« arrows showing the correct installation of devices against the zero marks of the
scale,

« the purity of sockets, connectors and terminals

« the state of wires, cables, adapters,

« paint condition and clarity of markings

« the absence of detached or weakly attached circuit elements and foreign objects
(defined by ear when bending device).

If the appliance defects, due verification shall be cancelled and direction for repair.

Testing

Verifying the device in the "Self-control" mode on the device control frequencies.

Calibration range of measured frequencies and periods of

Verification range of measured frequencies and periods is carried out according to
the scheme shown in Fig. 1, by direct measurement of the frequency (period), given by
the measuring generators (MQG) of the respective ranges and types.

Measurements were carried out at both ends of the range of frequencies f, (T, and
fin (T and 5- 6 points within range. If necessary, check the minimum values of the
input voltage to the output of the generator voltmeter connected by means of which, and
establish the minimum voltage input signal. At the same time observed EFC has to have
stable results.

Measuring
generator

*  Verified EFC

- — - - -

Voltmeter

Figure 1 — Calibration frequency bands (periods) by the method of direct measurements.
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The basic definition of the relative error of frequency measurement is performed
according to the expression:

5, =452, +5% , (1)

1
8N :iﬁ’
where N = f, T, s

040 — the relative error of the reference oscillator,
T.oune — Measurement time (time accounts);
s — measured frequency.

Determining the relative error of the measurement period is made according to the

8, =£,/82, +3% , (2)

1
6N :iﬁ,

oY .
where N=—¢

q8
Ty, — the period of the reference oscillator signal,
T. — as measured by the period;
n=10",v=0,1,2,3,4, .. —amultiplier signal period;
m=10°g,=0, 1, 2, 3, 4, .... — frequency multiplier of crystal oscillator.

9

In determining the errors of 8, and dr is checked separately:
- the relative error of the reference frequency crystal oscillator (O,

- components of the measurement error due to the frequency and period of
discontinuity (the second terms in equations (1) and 2)).

Determination of the relative error by the reference frequency of quartz-crystal
generator

Relative accuracy of the reference oscillator frequency is determined by
comparison with the comparator circuit shown in Fig. 2.

Verifying Frequency
EFC > Comparator [< standart

¥
Secondary

frequency counter [<

Figure 2 — Determination of the relative error in frequency reference oscillator by
comparison
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Output of the reference oscillator under verification EFC connected to the input of
a comparator. Frequency of the source model, which is the standard rate n;-type, the
signal of the same frequency at the input of the comparator 2 and the connector
"5 MHz" frequency of type H3, which uses this signal instead of its own reference clock
signal.
And the comparator output signal frequency f; is input auxiliary EFC, operating in the
frequency measurements at a measurement time of 1 or 10 sec.

To improve the reliability of measurement results is removed at least 10
consecutive readings of the frequency and is their average value:

z fci
_ i 3)
fc n ’
where f,; — a frequency output of the comparator unit of measurement;
n — the number of single measurements carried out.
Relative error of the reference oscillator frequency is determined by the
fe =1
8%’ = fn ’ (4)

where f. — value of the frequency comparator corresponding to the nominal value
of the reference frequency generator;

fo —nominal frequency of the reference oscillator.

Appendix B shows the NMC frequency standard Y1-53, the frequency comparator
Y7-12 and frequency synthesizer. In carrying out laboratory work rather than the above
model can be used similar devices on the NMC devices.

Determining the relative error 6y, shall adjust the frequency of the reference
oscillator EFC, after which the slot "frequency correction” sealed.

Determination of components of the error of the measured frequency and period
due to the discreteness of the account

Definition data components of the error is carried out by direct measurement of the
standard frequency. The source of the reference frequency is used, or a frequency
synthesizer or synthesizer with frequency multiplier.

Circuit connection of devices with the operation of verification is given in Figure3.

The synthesizer must be synchronized with verifiable EFC from the reference
oscillator device under verification.

The input signal is fed under verification EFC, close to the upper limit frequency
and a voltage equal to the minimum input voltage at which the EFC should work fine.
In the absence of a graded synthesizer voltage output signal, it is necessary to control
the voltage with a voltmeter.

Carry out a series of 10 observations. The results of calibration are considered
positive if the 9 cases (reading) the measurement does not differ from f;,, more than
+ 1 division accounts.
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| Master generator |

| Frequency Frequency |
| synthesator > multiplier |

EFC

L

Figure 3 — Determination of discrete error consistent.

For a similar procedure is determined by the component of error due to the
discreteness of the measurement period. In this case the input frequency is served
frequencies corresponding to the upper and lower frequency range specified for the
frequency measurement mode period.

3

3.1
3.2
3.3
34
3.5
3.6
3.7

4.
4.1

Key issues

Define the term "MMT tests."

How to calibrate (calibration work) EFC.

State the definition of verification EFC.

Types of calibration and calibration interval?

What major are determined by checking the MX EFC?
List of measuring instruments used in checking EFC.
Specify the operations during the verification EFC.

Homework
Examine the basic provisions relating to the verification and calibration of

the electronic frequency counter (EFC).

4.2
4.3
4.4

S.
5.1

Write down the metrological characteristics of the frequency comparator.
Write down the metrological characteristics of a frequency standard.
Write down the metrological characteristics of the frequency synthesizer.

Laboratory reference
Familiarize with an equipment in the workplace, collect a measuring chart in

obedience to lines. 1 and prepare devices to work.

5.2

In the mode of measuring of frequency define the threshold of sensitiveness

(minimum tension which will provide a proof show on a board) and conduct the check
of device on the indicated frequencies at tablas. 5.1.

5.3

To expect an absolute error the measured and maximum possible error, it is

got results to write down at tablas. 5.1.
( 0; — choose from passport information of the set generator)
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Table 5.1 — Verification of the range of measured frequencies

absolute error fnaximum
fikHz T, |Unin| results on the board A= Foa—f permissible error | Output
and r Ai — 8i fl
0.1
1
10
100
1000
5.4 In the mode of measuring of period to conduct the analogical measurings

and calculations. To present results as table. 5.2.

Table 5.2 — Calibration of the measured range of periods

maximum permissible
SikHz Tm n results on the board | Upin absolute error error output
(Tr) A= Tand - Tr
Ai = 81 . Ti

0.1

1

10
100
1000

5.5 Using technical descriptions of the set cymometer, to choose time of account
which provides the least error in the mode of measuring of frequency. . 5.3.
Possible 5 in the mode of frequency will expect after a formula 1.

Table 5.3 — Determination of the relative error of frequency measurement (error
discrete)

absolute error Allowable
fikHz | Teount results on the board A=%1/T wum N| & 5 Output
0.1
1
10
100
1000

5.6 Using technical descriptions of the set cymometer, to choose the parameters of
the mode of measuring of period so that to provide the least error of measuring of
period. . 5.4.

Possible § in the mode of period will expect after a formula 2.

Table 5.4 — Determination of the relative error of measurement period (error discrete)

JikHz absolute error Allowable
(T, Twm | n | Teq | results on the scoreboard A=+T,/n N o 5 Output
0.1

1
10
100
1000
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6.  Protocol of the laboratory work (Ne .... name ...)
6.1 The purpose of the experiment.
6.2 List of equipment used in the Table. 6.1.

Table 6.1 — List of equipment used

Name of the device type serial number Metrological characteristics
Accuracy Range Frequency
6.3 Scheme of the measurement
G ¢ Frequency
enerator T counter
Voltmeter

Type of calibrated frequency counter
Visual inspection
Testing

Calibration settings
Ambient temperature °C
Relative humidity
Pressure mmHg
Time of pre-heating min.
Supply voltage V.
The frequency of voltage Hz.
6.4 Based on these results to draw conclusions about the verification carried out
by frequency.
Verification Measurement frequency range investigated EFC
Conclusion:
Calibration of the measured range of periods studied EFC
Conclusion:

Determination of the relative error of measurement of the frequency of the EFC

Conclusion:
Determination of the relative error of the measurement period studied EFC

Conclusion:

The overall conclusion

1s made Checking "___ " 20__y.
Name

Protocol tested: (Signature)
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Individual task
Calculation of metrological characteristics of EFC

1.  Purpose:

1.1 Master the technique of an estimation error of measurement, using NMC
EFC.

1.2 Learn how to choose the mode of EFC, which provides the minimum error.

2.  Key Provisions

2.1 Individual task consists of four tasks. In the first and the second problem
should be using the NMC EFC, the best way to select the operating mode parameters
and calculate the error. Record the measurement result on the scoreboard showing the
dimension.

A third challenge is the result of measurement error estimate of the frequency ratio.
It is also necessary to record the measurement result on the scoreboard. This task is
necessary to pay attention to the correct choice of frequencies, which should be in the
range of measurement EFC.

Fourth task will assess the result of measurement error of the frequency (period,
frequency ratio), submitted to the board. This inverse problem is solved.

2.2 Normalized metrological characteristics (NMC) EFC - a metrological
characteristics (MC), the regulatory and technical documentation (TD).

To NMC EFC are:

- in the mode frequency measurements:

a) measuring range

b) the calculation time T¢qup

where 7=10v=0,1,2,3,4 ..., 0, =

qg
qg
c¢) the number of digits,
d) threshold,
e) the relative error 04, crystal oscillator

- in the mode of measurement periods:
a) measuring range

b) label the period;
Tm — # — % s
m- fqg 10¢

where m — frequency multiplier crystal oscillator m = 10% € =0; 1; 2; 3; 4....,
c) the period of the factor n;
d) the number of digits
e) threshold
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e) the relative error d4, crystal oscillator

- in the mode of measuring the ratio of frequencies:
a) the range of measurement frequencies

b) the range of measurement and period.

c) the period of the factor(n),

d) the number of digits

e) the threshold of sensitivity,

2.3 The basic error in the measurement mode frequency is given by:

2 2
8, =82, +3% .

04 — standard error of the value of the crystal oscillator;
Oy — error of discreteness

1
SN :iﬁ’
where N = f. 'Ocoum,
Tcount :n‘qu;
S 1 .
@~
fqg

n=10", v=0,1234..;
Where v=0, T, =10"ms ;

° _ 1 . _ > _1n3 . _ N 4
Ocount _10 ms, V= 2’ Oﬁount =10 ms, V= 4’ Ocount =10"ms.

=10°ms; V=3, O

count

Basic error in the measurement period is determined by the

qg te

St:L.U“,

n-n U,
8=+i ~n-T, 10"-T, | _ T,
YN T, 10°/T, " 10™.T.°
\ 1
Oﬁ: ’

m fog

m — factor frequency oscillator;
m=10°¢=0,1,2,3,4 .....
In the measurement of the frequency
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|

i
N 10T, " nT,

8(fl/fz)

Options for individual tasks are presented in Appendix B and are selected

for:

- full-time students under the ordinal name of academic papers;

- for students of correspondence courses according to the third letter in the name.

Rules for assignment:

I. Rewrite assignment as a table (Appendix B);

2.  Rewrite NMC of given EFC (Appendix D);

3. Perform necessary computation of the parameters selected (specified) mode
measurement

4. Result of solutions write in a table (instead of written answers questions).
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Appendix A

Table Al. Variants of individual tasks for laboratory work Ne7.

3d letter of .
No surname .. Period of
(stationary) | (extramura Frequencies in kHz m;rks
1 student) m
| A f1 | 0,08-10% 0,08-10"; 0,08-10%; 0,08-107; 0,08-10; 0,08-10°
1 0,04; 002; 008  0,1; 0,64; 0,8
5 5 f1 | 0,12-10% 0,12-10"; 0,12-10%; 0,12-10°; 0,12-10% 0,12-10°
1 0,02; 0,04, 006; 02 1; 1,2
3 B f1 | 0,16-10% 0,16-10"; 0,16-10%; 0,16-10°; 0,16-10% 0,16-10°
2 0,04, 0,08, 005 02; 1; 32
4 r f1 | 0,20-10% 0,20-10"; 0,20-10%; 0,20-10°; 0,20-10% 0,20-10°
1 0,04; 0,08; 0,1; 0,5; 25 5
5 1 f1 | 0,24-10% 0,24-10"; 0,24-10%; 0,24-107; 0,24-10%; 0,24-10°
fa 0,06; 0,01; 0,08 048, 12; 1,5
6 E f1 | 0,28-10"% 0,28-10"; 0,28-10%; 0,28-107; 0,28-10%; 0,28-10°
2 0,14; 0,05; 0,2; 0,5; 1,4; 2,8
; - f1 | 0,32-10% 0,32-10"; 0,32-10%; 0,32-10%; 0,32:10%; 0,32-10°
12 0,2; 0,16;  032; 0.8; 1,6; 64
o 3 f1 | 0,36-10°% 0,36-10"; 0,36-10%; 0,36-10%; 0,36-10% 0,36-10°
f2 0,06; 0,09; 0,03; L,5; 1,8; 6 Let’s take for
9 U fi_| 0,40-10% 0,40-10"; 0,40-10%; 0,40-10°; 0,40-10% 0,40-10° | 7- digit
/2 0,2; 0,16; 0,2, 1,25; 4, 5 frequency
10 K f1 | 0,44-10° 0,44-10"; 0,44-10%; 0,44-10°; 0,44-10%; 0,44-10° | counters
1 0,11; 0,2; 0,2; 1,1; 2; 5 T,=10"
" 1 f1 | 0,48:10%; 0,48-10"; 0,48-10% 0,48-10%; 0,48-10% 0,48-10° | *s=0,1ms
f 0,12; 0,15; 0,2; 2; 2.4; 8
1 M f1 | 0,52-10% 0,52-10"; 0,52-10%; 0,52-10%; 0,52:10%; 0,52-10° | For 8- digit
f 0.26; 0,08, 04 & 5. 65 and higher
3 H f1 | 0,56-10% 0,56-10"; 0,56-10%; 0,56-107; 0,56-10%; 0,56-10° | T»=10"s=1 ps
f2 0,14; 0,2; 0,4; 2; 1,4 5
14 o f1 | 0,60-10% 0,60-10"; 0,60-10%; 0,60-107; 0,60-10; 0,60-10°
fa 0,2; 03; 04 2,5; 1,2 6
B . f1 | 0,64-10°% 0,64-10"; 0,64-10%; 0,64-10°; 0,64-10% 0,64-10°
I 0,08; 0,4; 0,16; 2; 1; 8
16 P f1 | 0,68-10°;0,68-10"; 0,68-10%; 0,68-10%; 0,68-10% 0,68-10
f2 0,17; 0,34; 0,68; 1,7; 8; 4
17 c f1 | 0,72-10% 0,72-10"; 0,72-10%; 0,72-10°; 0,72-10% 0,72-10°
1 0,08; 0,36; 0,6; 1,8; 7,2; 8
18 T f1 | 0,76-10% 0,76-10"; 0,76-10%; 0,76-107; 0,76-10; 0,76-10°
2 0,19; 0,38; 0.4; 1,9; 3,8; 5
10 v f1 | 0,80-10"% 0,80-10"; 0,80-10%; 0,80-107; 0,80-10"; 0,80-10°
1 0.4; 0,32; 0,5; 6.4; 8; 4
20 o f1 | 0,84-10"% 0,84-10"; 0,84-10%; 0,84-107; 0,84-10"; 0,84-10°
2 0,21; 0,35; 0.,6; 2.4 42, 4
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Continuation of table And

3d letter of .
No surname .. Period of
(stationary) | (extramura Frequencies in kHz m;rks
1 student) "
)1 < f1 | 0,88-10"% 0,88-10"; 0,88-10%; 0,88-107; 0,88-10"; 0,88-10°
f» | 0,11; 0,4; 0,55; 1 4; 4.4
. I f1 | 0,72-10% 0,72-10"; 0,72-10%; 0,72-10%; 0,72-10%; 0,72-10°
f2 0,08; 0,36; 0,6; 1,8; 7,2, 8 | Let’s take for
-3 q fi | 0,7810% 0,78:10"; 0,78:10%; 0,78-10%; 0,78-10% 0,78-10° | 7- digit
fa 0,39; 0,6; 0,65; 1,95;  1,3; 8 | frequency
¥ w f1 | 0,82-10% 0,82:10"; 0,82-10%; 0,82-10%; 0,82:10% 0,82-10° | counters
f> 0,82; 041; 0,82, 4,1; 5: 4 7,=10"
0 I f1 | 0,86-10% 0,86-10"; 0,86-10% 0,86-10%; 0,86-10% 0,86-10° | *s=0,1ms
fa 0,43; 0,2 0,86; 2.5: 8.,6; 5
26 3 fi_| 0,90-10% 0,90-10; 0,90-10% 0,90-10%; 0,90-10% 0,90-10° | For 8- digit
fa 0,3; 0,2; 0,6; 1,5; 45; 9 and h61gher
. 0 f1 | 0,94:10% 0,94-10"; 0,94-10%; 0,94-107; 0,94-10%; 0,94-10° | T»=10"s=1 ps
2 0,47; 0,94; 0,47; 1; 2.5; 5
" q f1 | 0,98-10" 0,98-10'; 0,98-10%; 0,98-10°; 0,98-10"; 0,98-10°
1 0,49; 0,2; 0,98; 1,96; 7; 5

Note. Frequency f; is taken only for frequency mode ratio.
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Appendix B
Frequency comparator

Metrological characteristics of the frequency comparator U7-12:

- frequencies of input signals 1 and 5 MHz with a maximum deviation from the
nominal frequency not exceeding 1 Hz;

- input voltage from 0.5 to 1.5 V;

- maximum relative difference between the values of input signals frequency is
determined by:

A o0 S,
qg

where 0 ,; — allowable error of frequency instability measurement of input signals,
Qa1 =10-7... 10-12;

Af — frequency difference of input signals;

Jqe — reference signal frequency.

In this case following condition must be satisfied:

M-Af <10°

where M — multiplication factor of input signal frequency difference.
- voltage of input signals not less than 0.65 V at the load resistance R = 75 Ohm.

Frequency standard

Metrological characteristics of frequency standard Y1-53:

- relative error not more than 5-10° after 4 times from the date of switching;

- the relative frequency deviation of the initial signal per day - not more than

5-107 after 24 hours of work;

- root mean square relative deviation of the output signal period after 24 hours of
work - not more than 2-10"" for 1 sec;

- the level of initial signals — at least 1 V at the load of 50 Ohm.

Frequency synthesizer

Metrological characteristics of frequency synthesizer:

- frequency of the initial signal is set within the 50-49999999,99 Hz with step 0,01
Hz. Dialing of value using the trigger switch on the front panel or remotely using of DC
signals;

- initial voltage on the external load 50 Ohm - 0,5 V;

- error of installation the nominal frequency — not more than + 5-10°%;

- frequency instability the initial signal after 2 hours of self-heating — not more
than 5-10"° in 10 s; 5-10” in 10 min.
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Table C1 — Task variants.

Appendix C
Individual task
Measurement of the frequency and period by digital frequency counter

. Frequency . . | Count- Period Time | The result on the +A 4
Variant counter type Frequency | Period | Frequency ratio ing time| multiplier | marks digital display N 9 * 05

1 120 kHz ? - ? ? ? ? ? ?
? 0,7 us - ? ? ? ? ? ?

H13-35 — - 33 MHz/3 kHz ? - — ? ? ? ?

A ? ? - ? ? - 00297.444 kHz ? ? ?
2 2,2 MHz ? - ? ? ? ? ? ?
? 400 us - ? ? ? ? ? ?

13-57 - - 15 MHz/1 kHz ? ? - ? ? ? ?

B ? ? - ? - - 4841.227 kHz ? ? ?
3 750 kHz ? - ? ? ? ? ? ?
? 0,3 us - ? ? ? ? ? ?

H3-24 ? - 42 MHz/20 kHz ? ? - ? ? ? ?

C ? ? - ? - - 0000.0009 kHz ? ? ?
4 10 kHz ? - ? - - ? ? 107 ?
4336 ? 0,1 us - ? ? ? ? ? ? ?

? ? 47 MHz/10 kHz ? ? - ? ? ? ?

D ? ? - ? ? 1 us 07842.09 us ? ? ?
5 300 kHz ? - ? ? ? ? ? ? ?
? 0,08 us - ? ? ? ? ? ? ?

H3-57 - - 4,5 MHz/12 kHz ? ? - ? ? ? ?

E - - - ? ? - 00077.75kHz ? ? ?
6 630 kHz ? - ? ? ? ? ? ? ?
? 0,25 us - ? ? ? ? ? ? ?

H3-22 - - 21 MHz/7 kHz ? ? - ? ? ? ?

F ? ? - ? - - 5555.5555 kHz ? ? ?
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. Frequency . . Count- . _— Time The result on the
\V + +
ariant counter type Frequency | Period | Frequency ratio ing time Period multiplier marks digital display TA, o + dy
7 0,01 ms - ? - - ? 10°kHz| ? ?
0,04 us — ? ? ? ? ? ? ?
335 — — 17 MHz/2 kHz ? ? — ? ? ? ?
G ? ? — ? 10° ? 00300.0000 ms ? ? ?
8 575 kHz ? — ? ? ? ? ? ? ?
? 0,35 us — ? ? ? ? ? ? ?
H13-22 — — 906 kHz/3 kHz ? ? — ? ? ? ?
H ? ? — ? — — 0000.0220 kHz ? ? ?
9 966 kHz ? — ? ? ? ? ? ?
? 2 us — ? ? ? ? ? ?
13-57 — — 19 MHz/25 kHz ? ? - ? ? ? ?
I ? ? - ? — — 0006757. kHz ? ? ?
10 2,5 MHz ? — ? ? ? ? ? ? ?
? 0,33 us — ? ? ? ? ? ? ?
13-35 — — 2,9 MHz/1,5 kHz ? ? — ? ? ? ?
J ? ? — ? ? 0,1 ms 0049.0000 ms ? ? ?
11 ? 0,03 us — ? ? ? ? ? ? ?
? 7 us — ? ? ? ? ? ? ?
H3-24 — — 10,5 MHz/2,5 kHz ? ? — ? ? ? ?
K ? ? — ? — — 37886.420 kHz ? ? ?
12 31 MHz ? — ? ? ? ? ? ? ?
? 34 us — ? ? ? ? ? ? ?
0. ) ? ? )
3-22 — — 20,2 MHz/6 kHz ? ? - ? ? ? ?
L ? ? — ? ? ? 089124.38 us ? ? ?
13 9,4 MHz ? — ? ? ? ? ? ? ?
? 8 us — ? ? ? ? ? ? ?
H3-24 — — 3,8 MHz/3 kHz ? ? — ? ? ? ?
M ? ? — ? — — 0003333.3 kHz ? ? ?
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Frequency

Count-

The result on the

Variant counter type Frequency | Period | Frequency ratio ing time Period multiplier marks digital display TA 6, + 0y
14 12 MHz ? - ? ? ? ? ? ? ?
? 0,02 us — ? ? ? ? ? ? ?
H3-57 — — - 1,2 MHz/0,3 kHz ? ? - ? ? ? ?
N ? ? - ? - - 06245.74 kHz ? ? ?
15 15,3 MHz ? — ? ? ? ? ? ? ?
? 27 us — ? ? ? ? ? ? ?
q3-36 7 - 27 MHz/5 kHz ? ? - ? ? ? ?
O ? ? — ? 10° 010.0000 ms ? ? ?
16 1001 kHz ? — ? — - ? ? 10° ?
85 kHz ? — ? ? ? ? ? ? ?
H3-22 - - 5,9 MHz/5 kHz ? ? - ? ? ? ?
p ? ? — ? — - 01378.000 kHz ? ? ?
17 3,85 MHz ? — ? ? ? ? ? ? ?
360 kHz ? — ? ? ? ? ? ? ?
q3-24 1~ - 18,4 MHz/2 kHz ? ? - ? ? ? ?
Q ? ? — ? — - 000.04250 kHz ? ? ?
18 14,6 MHz ? — ? ? ? ? ? ? ?
? 35 us — ? ? ? ? ? ? ?
1357~ - 35 MHz/1,2 MHz ? ? - ? ? ? ?
R ? ? — ? — - 00000.22 kHz ? ? ?
19 17,3 MHz ? — ? ? ? ? ? ? ?
? 22 us — ? ? ? ? ? ? ?
H3-35 - - 4,4 MHz/22 MHz| ? ? - ? ? ? ?
S ? ? — ? — - 9999.9999 kHz ? ? ?
20 940 kHz ? — ? — - ? ? ? ?
1304 2,9 MHz ? — ? ? ? ? ? ? ?
- - 7,75 MHz/2 MHz ? ? - ? ? ? ?
T ? ? — ? — - 01000.000 kHz ? ? ?
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. Frequency . . Count- . i Time The result on the | A 45

Variant counter type Frequency | Period Frequency ratio ing time Period multiplier marks digital display TA, T + 0z

21 2,22 MHz ? — ? ? ? ? ? ?

- 21 ps - ? ? ? ? ? ?

13-35 — — 7,7 MHz/7 kHz ? ? — ? ? ? ?

U ? ? — ? — — 02664.3740 kHz ? ? ?

22 49 MHz ? — ? ? ? ? ? ?

— 17 us — ? ? ? ? ? ?

H3-24 — — 8,2 MHz/250 kHz ? ? — ? ? ? ?

v ? ? — ? ? — 008750.00 kHz ? ? ?

23 6,25 MHz ? — ? ? ? ? ? ?

750 kHz ? — ? ? ? ? ? ?

H13-57 — — 6,25 MHz/750 kHz ? ? — ? ? ? ?

w ? ? — ? ? — 0750.0000 ms ? ? ?

24 5 MHz ? — ? — — ? ? 10° ?

? 12 us — ? ? ? ? ? ? ?

H13-22 — — 5,5 MHz/0,1 MHz ? ? — ? ? ? ?

X ? ? — ? — — 0000.2840 kHz ? ? ?

25 12,6 MHz ? - ? ? ? ? ? ? ?

— — 10,8 MHz/0,7 MHz ? ? — ? ? ? ?

Y ? ? — ? — — 00001.000 kHz ? ? ?

26 10,25 MHz ? — ? ? ? ? ? ?

27 kHz ? — ? ? ? ? ? ?

13-57 — — 2,8 MHz/40 kHz ? ? — ? ? ? ?

Z ? ? — ? ? 1 ms 000088.0 ms ? ? ?

27 ? 0,9 us — ? ? ? ? ? ? ?

? 9 us — ? ? ? ? ? ? ?

13-35 - — 14,7 MHz/0,1 MHz|  ? ? - ? ? ? ?

SH ? ? — ? — — 00442.2110 kHz ? ? ?
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Frequency

Count-

The result on the

. . . . - +A +5
Variant counter type Frequency | Period Frequency ratio ing time Period multiplier marks digital display N + 0z
28 16,2 MHz — ? ? ? ? ? ? ?

66 kHz — ? ? ? ? ? ? ?

H3-24 — — 36 MHz/4 MHz ? ? — ? ? ? ?

CH - - — ? ? — 00024.400 ps ? ? ?
29 19,8 MHz ? — ? ? ? ? ? ?
? 6 us — ? ? ? ? ? ?

13-35 - - 20 MHz/20 kHz ? ? - ? ? ? ?

? ? — ? — — 004455.663 kHz ? ? ?

30 ? 7,5 us — ? ? ? ? ? ? ?
? 0,6 us — ? ? ? ? ? ? ?

13-22 — — 25 MHz/0,4 MHz ? ? — ? ? ? ?

? ? — ? — — 00000.100 kHz ? ? ?
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Example of W task solution

Table C2 — Terms of variant W.

Frequ The result
Vari| ency |Frequen . . | Count- | Period | Time on the FA |+
t +3
ant [counte| cy Period | Frequency ratio ing time | multiplier | marks digital N v | #s
r type display
5 MHz ? - ? ? ? ? ? ? ?
10 kHz ? - ? ? ? ? ? ? ?
w1357 - - 2,1 MHz/3 kHz ? ? - ? ? ? ?
? ? - ? - — |100.000 kHz| ? ? ?
1. Determination of technical specifications of Y3-57 from table D1.
Table C3 — Technical specifications of U3-57.
Frequency | Range of frequency | Range of period | Counting Period .
. . Time marks
counter type measurement measurement time multiplier
43-57 0,1 Hz...100 MHz 1 ps...105 1..10* 1..10* | 0,1 ps...1 ms
Task Nel
- determine the signal period
1 1
Ts = —= —6 = 02/15
f 5-10°Hz

- choose the frequency counter operation mode. Since 7T is not included in range of
measurement period, then select the mode of measuring the frequency.
- determine the counting time by the formula:

_107-1_107 -1

T = = -=25, that is 10° ms<Tcoum<104 ms;
f 5-10

- taking into account, that the counting time can take only those values (100; 101; 102; 103;
104) ms, let’s choose T, wum:103 ms=1 s.
- absolute error of discreteness is determined by the formula:

Ay =t —+liip,
Tcount 1
- relative error of discreteness:
Sy=tr=— b =3 16 =2:107
N fs.Twunt 510 1
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- write the result on the display 5000.000 kHz. (Decimal point on the digital display is
shifted to the left for the number of digits, which corresponds to the 7., degree).

Task Ne2
- determine the signal period

1

Tvzi: 7 =0.1ms,
~f 10-10

- taking into account, that the frequency and period of the signal are included in the
measurement range, it is recommended to choose such mode of frequency counter, where
measurement error will be minimal.

- calculate the relative error of discreteness in the mode of frequency measurements:

=+ ! 107

SN:ii: 1 3 =
N f,-T,, 10-10°-10

where T, 1s calculated as in the task 1,and equals 10* ms=10 s

- calculate the relative error of discreteness in the mode of period measuring:

- choose the period of time marks, (as the rule, minimal value), that's 7;,=0,1 us:10'7s.

- give an assessment of the value of multiplier n signal period, with the restriction on the

counting unit (N <10? =1) N — number of marks, calculated by the counter, ¢ — number of
counter digits.
Period multiplier can assume such values n=10" 10'; 10%; 10°; 10°.

N-T, (10" -1)-107

m

T 1074

N

=10* =107 <10*.

ndig =

Since 10°<n<10*, then the value of period multiplier equals 10°.
- determine the number of marks

T.-n_107-10°
T 1077

m

N = =10°

— calculate the relative error of discreteness in the mode of period measuring :

1 1 P
§ =t—=+—_=+]0
NUTUN 108

that is, less than in the mode of frequency measurements, and therefore choose the mode
of measurement period.

— for the selected mode define the absolute error Ay, time counting 7., and the
measurement result of the display.
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-7

Ay :iizlo 3s
n 10

T =T, - n=10"-10> =0,ls

count

=+107",

Display result is 100.0000 ps.

Task Ne3
It is measured the frequency ratio 2, 1 MHz/3 kHz.
calculate the value of period multiplier in the condition of N< (1Oq - 1) from the
equation n°Tg=N"Ty
(107 =DT,
n=———">*%,
TB
where 7, :;10—3 s; T, =21 107 53 ¢=7; then
7 -6
n= (10" -D-107-3 ~1,4-10*, and take n=10*
2,1-107
— determine T,y
VI
T.,,..=n"Tz=10 -5-10 =333s;

: : 1 4

— define the absolute error of discreteness :A,, =*—=%10"".
n
| o T 10*- 1107
— calculate the relative error : §, =+—, where N = b = =7-10°
N T, 1. 10°°
2.1
1 | 6
oy =% -=1--107 =0,143-10
7-10 7 ,

Record the result on the display: 700.0000.

Task Ned
This problem is the reverse of the previous one. It is given the measurement result on the
display 100.000 kHz. Obviously, the frequency counter operates in frequency measurement
mode. From the example of previous tasks, we know, that 7,,,, = 10°ms =1 s;
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1
— absolute error Ay, =f——=1%

count

=x1Hz;

— | —

= -+ ! =1-1075;

1 1
N f T, 100-10°-1

— relative error §, =+

— signal frequency f,=100kHz; period of the signal T,=10"c. The results of solving tasks

are shown 1n Table C4

Table C4 — Results of solving the task W.
Frequency Coun- . . The result on
Variant counter |Frequency|Period Frequg ney ting Per'10<'1 Time the digital | XA, 0,
ratio . multipliery marks .
type time display
5MHz [2:107s s - — |5000.000kH7 1Hz | 2-107
10kHz |0,1ms N 0,1s 10> | 107¢c | 100.0000 us|10% 10°
W 357 _ — | P s535) 10t |- | 7000000 | 10% | 0,143 10°
100 kHz | 107s - Is - — 10100.000 kHZ 1Hz 107

154



Appendix D

Table D1 — The main technical characteristics of frequency counter.

Frequency fl: :nfgn(c):f Ra:r‘(?;g(;)f Counting Period Time marks The Ezg?zr of Number of
counter type q y p time, ms multiplier q digits
measurement measurement generator
Yy3-22  |10Hz...12MHz | 10ps...100¢ | 1..10° 1...10* 0,1 ps...1 ms 107 8
U3-24 |10 Hz..50 MHz| 1ps..100 ¢ 1..10* 1..10* 0,1 ps...1 ms 10°® 8
Y3-36 |10 Hz...50 MHz | 10 ps...100¢ | 1..10" 1...10° 0,1 ps...1 ms 10 7
43-57 0.1 KI/IZH";OO 1 ps...10% ¢ 1..10* 1..10* 0,1 ps...1 ms 10”7 7
U3-35 10 Hz...50 MHz | 20 ps...100¢ | 1..10* 1...10° 0,1 ps...1 ms 10°® 9
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