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ANCTAHIIMOHHASA KAJIMBPOBKA
N3MEPUTEJIA KOMIVIEKCHBIX KOO®®UIIUEHTOB INEPEJIAYN
N OTPAKEHUSA VNA 25-37

Acn. TOJIOYKO T. K., kanouoamul mexn. Hayk, ooyernmol I YCHHCKHH A. B., KOCTPHKHH A. M.

FBenopycckuii 2ocyoapcmeennulii ynusepcumem uH@OPMAmMuKy U paouodieKmpoHuKy

Haznayenne kannOpOBOYHBIX 1abopaTopuii —
nepeada pa3MepoB eIUHUI] (PU3HMUECKUX BETHUUH
(®B) uepe3 kamuOpoBKy motpedurensaMm. [ Toro
4TOOBl COOTBETCTBOBATH TPeOOBaHMSIM CTaHIApTa
CTBb UCO/MBK 17025, meroasl niepeqaun pa3me-
poB equnull @B 10/KHBI HEPEPHIBHO COBEPIIICH-
ctBoBathes [1]. OmHUM U3 MyTel COBEPLICHCTBO-
BaHUS SIBJSIETCS KaJIMOpPOBKA CPEICTB M3MEPEHUI
(CH) ¢ wucronp30oBaHUEM KOMITBIOTEPHBIX CETEH,
KOTOpasi HaXOAUT Bce OoJbliee pacripoCTpaHeHUe
Omarogapsi MaJbIM CpPOKaM peain3alru TaKuX yc-
JYT U CHWXEHHI0O MX CTOMMOCTH. B crathe pac-
CMOTpEH MpHUMEp peaIn3alliy JaHHOTO MOoJaXoja —
TUCTAHLIMOHHAS KaTUOpPOBKAa H3MEPUTENST KOM-
TUIEKCHBIX KO3((QHUIMEHTOB Tepeqadyd W OTpake-
Hust VNA 25-37.

W3meputens W3TOTOBIEH HAyYHO-HCCIEI0-
BaTENbCKON JlabopaTropueil ammapatypbel W yCT-
poiictB CBU benopycckoro rocynapcTBEHHOTO
yHUBEpcUTeTa HHOOPMATHKN U PATUOIIEKTPOHH-
KM, KOTOpas CHEeHUalu3upyeTcs Ha pa3paboTke
ABTOMATHU3MPOBAHHBIX CPEACTB HW3MEPEHHUH st
KaueCTBEHHOW HACTPOWKM W MPOU3BOJICTBA YCT-
PONCTB MUJUIMMETPOBOTO AMANa30Ha JJIUH BOJH, a
TaKKe pemaeT MpoOIeMbl X METPOJIOTHYECKOTO
obecrieuenus [2-5]. OTauuuTeNnbHONH OCOOCHHO-
CTbIO TPHOOPOB N1a0OPATOPUU SIBISETCSI BO3MOXK-
HOCTbH IIPOBEJCHUS UX JUCTAHLIMOHHOM KaauOpOBKU
MyTEeM peai3alliy TEXHOJIOT U «KITUEHT — CEPBEPH.

Iopsinox padoThLl ¢ CUCTEMOM, peaJn3ylo-
el TEXHOJIOTHIO «KJHMEHT — cepBep». TexHomo-
TUSl «KJIHEHT — cepBep» ucnonb3yer TCP/IP mpo-
TOKOJI U COCTOMT M3 JBYX 4YacTeil: cepBepHOH
gactu mnporpammuoro obecrneuenus (I10), ycra-
HABJIMBAEMOTO Ha TMEPCOHAILHOM KOMIIBIOTEpE
(TIK), BxonsmieM B COCTaB HU3MEPHUTENs, a TaKxKe
knuenTckoi gactu 110, ycranaimBaemoro Ha 11K
MeTposorudeckoii ciyx6ost (MC).

Ces3p u B3aumozeiictsue IIK usmepurens u
I[IK MC MOXeT OCYIIECTBISTBHCS IO JIOKATHHOMN
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cetd, cetu Internet, a Taxke Mo APYTUM CETAM,
(u3uUecKu peanu3yomM KOMIIBIOTEPHYIO CETh,
moJiIepKUBatoIy o mpotokon TCP/IP.

[Mopsimok pabOTBHl ¢ CUCTEMOM, peanu3yIomel
TEXHOJIOTHIO «KJIMEHT—CEPBEP», 3aKI0YaeTcs B
cnenyromeM. [Ipu ycranoske 11O na IIK, Bxons-
U B COCTaB M3MEPHTENs, YKa3bIBA€TCA THII YC-
taHoBku Custom, a mpu BeIOOpE KOMIIOHEHTOB —
Server. Ilpu ycranoske 10 na IIK MC yka3biBa-
ercs TN ycraHoBku — CuStom u BBIOOp KOMIIO-
Henros — Client. Tlocne ycranoBku B manke «IIpo-
rpaMMmb» TiaBHOro MeHwo «llyck» mosBiseTcs
narnka BSUIR & MWM lab, a B ueii — sipibixk VNA
Server ams cepepHoit actu [10 u spmeik VNA
Client — s xnuenrckoit yactu I10.

ITocne 3amycka mporpammbl cepBepa VNA
Server Ha IIK u3mepurens MOSBISIOTCS OKHO H
APJIBIK B TIPAaBOM HW)KHEM YIJy OKHA, CUTHANIU3U-
PYIOLIMH O COCTOSHUHM CEepBepa M II03BOJISIO-
MK yOpaBIATh UM Yepe3 KOHTEKCTHoe MeHio. Ha
puc. 1 mpuBeaeH BHEIIHNIN BU OKHA CepBepa.

= VNA Server X

Clients IP: Hide |
Exit |

T Help |
D Stop server

[~ Auto-start serser ﬁ

Puc. 1. Buemnmii Buj okHa cepsepa

Start server

B okHe cepBepa HaXOAATCS CIACAYIONIHNE YIpaB-
JISTFOIIAE JIEMEHTHI:

e KHOTIKA Start server — nmpuBeIeHUE cepBepa B
PEXKUM OXKUIAHUS;

e KHOTIKa StOp SErver — oCTaHOBKa CepBepa;

o ¢rnaxok Auto-start server — BO3MOXKHOCTH
CTapTa cepBepa aBTOMATHUYECKH MU 3aMyCcKe Mpo-
rpaMMBl;
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« kHomnKa Hide — ckpbITHe OKHA IPOrpaMMel, C
BO3MOXXHOCTBIO BOCCTaHOBJICHHUS uepe3 SPIBbIK B
IIPaBOM HIDKHEM YTy,

o kHOMKa EXit — BBIXOI U3 MPOrpaMmel ¢ aBTO-
MaTHYECKOM OCTAaHOBKOM cepBepa;

o kHOMKa Help — BBI30B cripaBKH.

B okHe cepBepa Takke pacronararoTcs HH-
(opMalMOHHBIE 3JEMEHT, B TOM YHCIIE CIUCOK
Clients IP — undopmanus 00 aapecax MOIKITIO-
YUBIIMXCS MMOJIL30BATENCH.

Jnst opranusaiyy paboThl MEXaHM3Ma «KITHEHT —
cepeep» VNA co ctoponsl cepeepa Ha IIK uzme-
puTeNs HEOOXOMUMO 3aImycTUTh mporpamMmy VNA
Server — HaxkaTh KHOTIKY Start server.

IMTocue 3amycka mporpammer VNA Client na ITK
MC nosBisieTcs OkHO (puc. 2).

Untitled - Vector network analyzer JS[=]
Fle View Bate Sewver Help

A== s ==

Vector Network Analyzer [ A

Puc. 2. BHemHuil BHJ OKHa YIpaBJICHHA H3MEPUTEIIEM
KOMIUICKCHBIX KOI(Q(UIIMEHTOB Tepegaun M OTPAKCHHUS
VNA 25-37

B 3ToM OKHEe pacnojoXeHO MeHI0 Server,
BHEIIHUH BUJ KOTOPOTO MPUBEAEH Ha puc. 3.

|8 fe] =t
Connect optionz

With query

Puc. 3. BHeunuii Bug MeHro Server

MeHto Server ciayXuT ajsl BBIOOpa mapameTpoB
HacTpoiiku coeaunenus Ha 1K usmepurens u co-
JEPKUT CIAENYIOIMINE MyHKTHI:

o Connect — ycTaHoBKa COCOMHEHHS C Cep-
BEpPOM;

o Disconnect — paspelB coenuHEHHsS C Cep-
BEPOM;

« Connect options — HacTpolika mapamMeTpoB
COCIUHECHHS.
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IIpu BBIOOpE HTOTO MYHKTA MOSBISETCS OKHO,
[PH TIOMOIIHM KOTOPOTO MOYKHO 3aJaTh PEKUM T10-
HCKa cepBepa:

« 110 IP ampecy — knomnka IP address;

e [0 MMEHH — KHOMKa Name W OopraHu3oBaTh
CIIUCOK HanboJiee MCIOB3YEMBIX apecOB U UMEH

(puc. 4).

Connect options

- Server

{Paddiess | 194 . 188 . 0 . 1

i Mame I mair comp

194.168.01 Add
main comp

Remove

Set active

i

ok I Cancel

Puc. 4. BHelnuii BUJ OKHa pexuMa IoMcka cepsepa

IIpu ycranoske ¢uaxka With query mpu msme-
PEHMSIX Ha cepBepe MOSBIISIOTCS 3alpochkl ¢ Kap-
TUHKaMH, aHAJIOTHYHBIMH Te€M, KOTOpPBIE BO3HUKa-
ot Ha [IK MC.

Hns opranmzanmu paboTbl MeXaHU3Ma «KIJIH-
eHT — cepBep» VNA co CTOpOHBI KIIMEHTa HE00X0-
JMO:

« 3anyctuth nporpammy VNA Client;

e BeIOpaTh B MeHIO Server myHkr Connect
options u B MOABIAOIIEMCS OKHE BBeCTH wiu 1P
aapec cepsepa, Hanpumep 194.168.0.1, nau ums
cepBepa (TOJIBKO JUIA JIOKAJIBHBIX CETei), Hampu-
Mep «main compy;

 BBIOpaTh B MeHI0 Server myHkT Connect.

[Ipu3HakaMu ~ yCTAaHOBJIEHUS  COEAMHEHUS
CIIy’KarT:

« Ha cepsepe B criucke Clients IP nosBisiercs
ajipec KJINEHTa;

o Ha gucturee IIK MC cTaHOBSITCS TOCTYITHBIMHU
kuonku Setup, Calibration, Measurement u BHU3Y
OKHa B CTPOKE COCTOSIHHSA TOSBISETCA HaJIUCh
BHIa Server IP: XXXXX, TIae XXXXX — UMS HITH aJipec
cepsepa.

Ilocme 3TOrO CHCTEMa «KJIMEHT — CEepBEp»
VNA roroBa K NpoBeACHUIO U3MEPEHUM.
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Opranuzanusi AUCTAHUMOHHOH KaJMOpPOB-
KH. J{[ucTaHIMOHHAs KaTuOpPOBKa YCTpaHsET HE0O-
XOJIUMOCTH Tiepuoandecku moceuiath CU B MeTpo-
JIOTUYECKYIO CIYXKOY UIsI TIPOBEACHUSI KaTHOpOB-
ku. Bmecto storo MC mockiaer nmoTpeOHUTento
STaJIOHHBIE MEPHl M C IMOMOUIBIO CIIEIHATU3UPO-
BanHoro [10, mo3Bossromero corpymauky MC
ynpaenate CH, nIpoBOIUT MUCTAHIIMOHHBIE HU3MeE-
peHus uepe3 KOMITbIOTEPHBIE CETH.

Jlns mpoBeneHusT JUCTAHIIMOHHON KaTuOpOBKH
HCIIOJIb3YIOTCSL TPU OCHOBHBIX KommoneHTa: CU,
I1O, stanonusie Mepsl (OM).

PaccmaTpuBaembiil U3BMEPUTENh KOMIUIEKCHBIX
kod(unmentoB nepenaun u orpaxenus VNA 25-37
MpeaHa3HaveH U1 aBTOMAaTU3UPOBAHHOTO H3Mepe-
HUSI S-TIapaMeTpOB BOJHOBOJHBIX YCTPOWCTB, UMEO-
IMUX BOJHOBOJHBIM KaHAJl cedueHmeM 7,2x%3,4 MM
B nuana3oHe yactot 25,86-37,5 I'T1 ¢ uudpoBbim
OTCUETOM H3MEPSEMBIX BEJIMYHH U BOCIIPOU3BEIC-
HHUEM WX YaCTOTHBIX XapaKTepUCTHK Ha JKpaHe
IIK, Bxomsmiero B cocTaB M3MepHTENs. BHenrHuit
BUJI U3MEPUTENS NIPUBEJICH Ha pUC. 5.

Puc. 5. BHemHHN BUA M3MEPHUTENST KOMIUICKCHBIX
ko3¢ duimentoB nepenaun u orpaxxenus VNA 25-37

I10, ucnonp3yeMoe B U3MEpHUTENE, U KOMITbIO-
TepHBIE CETH NMO3BOJIIOT MC ympaBisiTh U3MEpHU-
TeneM, BRIOUpaTh pexuM padoThl, hopmy oTobpa-
JKEHHUsI U JOKYMEHTHpPOBAHHS PE3yJIbTaTOB H3MeE-
pEHUIA.

ITpu npoBeneHNN AUCTAaHIMOHHON KaTHMOPOBKU
usmepurenas VNA 25-37 B kauecTBe Mep Moyl
koa(pummentoB orpakennss 1 KCBH wucrmons3o-
BaJIMCh BOJIHOBOJHBIC HAarpy3ku 09-129, a B kaue-
CTBE Mep KO3 (UIIMEHTOB MNepeadn — aTTeHIoa-
TOp ToJiApu3anmuoHHbI J13-36A. Mepol dazoBoro
cagura HM®C-1 paspabortansl s1abopaTopueil u
aTTecToBaHbl B benmopycckoM rocyaapcTBEHHOM
HHCTUTYTE MeTpojiorud. OHHU IMPECTaBISIOT CO-
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00l OTpEe3KH BOJHOBOIOB C (DMKCHPOBAHHOH paz-
HOCTBIO JUIMH, 00eCIeurBaroeil pasHOCTh (a3o-
BbIX HaOeroB 90° u 180° Ha cpemHel YacToTe qUa-
ma3oHa. B auamasone wactor f = (25,86-37,5) [T
npuMeHanuch mepel gmuHoit 5,00 = 0,01 MM u
6,60 £ 0,01 MM (st Boctipon3BeneHust (hazoBoro
Habera 90°) m mepsl mmHOH 5,00 £ 0,01 MM u
8,23 = 0,01 MM (s BoctipousBeneHus (Ha30BOTO
Habera 180°) [6].

3aBHCHMOCTH  BOCHPOHM3BOJUMBIX  (ha30BBIX
CIBUTOB MPUBEJICHBI HA pHC. 6.

250 |
~QPo(n)s ’ |
rpan :

150 4 : !

100

50 s 1 —
25,86 27,36 28,86 30,30 31,74 33,18 34,62 36,02 37,50
f, TT

-

Puc. 6. T'paduk 3aBHCUMOCTH (o) OT 9ACTOTHI B AUATIA30HE
25,86-37,5ITn

Pe3yabTathl, moJy4yeHHble NPH AUCTAHIU-
OHHOIi kaauoposke. [Ipu odhopmnenun pesynpra-
TOB KaJTMOPOBKH METPOJIOTHYECKOU CITyx)O00H CO-
CTaBJIAETCS TMPOTOKOJI, KOTOPBIM COJEPKUT HH-
dopmaruio o kanmbpyemom CHU, stamonnbsix CU,
YCIIOBUSIX TIPOBEACHUS KAIUOPOBKH, PE3yJIbTaThI
HaAOJIOIEHNH, pacdeT HEONpPEIeIIEHHOCTH Pe3yJib-
TaTOB U3MEPEHMUI.

Tak kak NMpW KaJIMOpOBKE B COOTBETCTBHH C
TpeOoBaHMSIMH [7] pacCUMTHIBAIOTCS HEOMpeEe-
JICHHOCTH PE3yJIbTaTOB M3MEPEHHM, MPUBEIEM al-
TOPUTMBI ¥ PE3yIbTaThl OTAEIBHBIX PACUETOB AJIA
mmepurens VNA 25-37.

Pacyer Heompee/JleHHOCTH  M3MepeHUs!
KCBH. MaremaTtnueckass MOJENb U3MEPEHUS TpU
ONpeieNIeHNH  HEONpPEEeJIEHHOCTH  M3MEpeHHs
KCBH nmeet cneayromuii BUIT:

RCTU = RCTUH + AC)T + AKB + Apam (1)

rane Kcry — neiictBurenbHoe 3Hauenne KCBH;
Kcrun — TOKa3aHHE KanuOpyeMoro H3MEpUTENs
VNA 25-37; A,; — HeonpeaeaeHHOCTh, 00YCI0B-
nenHas HewpeanbHOCTRIO Mepel KCBH; A, — He-
OTIPEIICIICHHOCTh M3-3a KOHEYHOTO pPa3pelIeHUs
kanmuopyemoro m3mepurens VNA 25-37; Ape —
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HEOIIPEeIeIICHHOCTh, OOYCIIOBIEHHAs paccoriaco-
BaHUEM B H3MEPUTEILHOM TPAKTE.

Ananuz BXOJHBIX BCJIMUYWH MNPCACTABJIICH B
Tabm. 1. Pe3ynmpTaThl SKCIIEpUMEHTAIBHBIX HCCIIe-

JIOBaHUM TIpuBenieHbl Ha puc. 7, 8. Ha pucynkax
IITPUXOBBIMH JIUHUSIMH TIOKAa3aHbl TPAHUIBI, B
paMKax KOTOPBIX HaXOASITCS HEOMPEACIICHHOCTH
pe3yJIbTaTOB U3MEPEHUIA.

Tabnuya 1
Bxonnas Benmunna
Tun HeonpeneneHHOCTH A
Bun pacnpenenenus Hopmansnoe
l n
Ouenka BeIMYUHBL Kerpu = ;Z Ko
I i=1
CTUn rie Kcyuyi — pe3yJIbTar i-ro HabIroIeH s
N — KOJIMYECTBO HAOIIOJCHUH
n
_ 1 — )
CrangaptHast HeonpeneneHHocTs  U(Kop,) = —Z(Kcrum - Keru)
n(n-1) 4
i=1
Tun HeonpeneneHHOCTH B
Bupn pacnipenenenuns [MpsimoyrosbHOE
O11eHKa BEJIMYNHBI 0
A, WnrepBai, B KOTOPOM HaXOAWUTCS 3HAYEHHUE BXOMHOM BEJIMUHMHEL: + aj,
n3 pykoBoJicTBa 1o 3kciutyaraimu (PD) mep KCBH
a
CrangaprtHas HeonpeaeneHHocTh U(A,,) = Tl3
Tun HeonpeneneHHOCTH B
Bun pacnipenenenus [IpsimoyrosbHOE
O11eHKa BEJIMYHUHBI 0
WnrepBai, B KOTOPOM HaXOAWUTCS 3HAYEHHUE BXOIHOM BEJIMUHMHEL: * dp,
Ay e ap; — 1/2 emuHUIBI MIIAIIIETo pa3psaa
KaJIuOpyeMoro U3MepHTes
a
CrangapTHasi HeonpeaeneHHoCcTh  U(A,) = Tg
Tun HeonpeneneHHOCTH B
Bun pactipenenenns ApKCHHYyCOHAAIBHOE
OueHka BeTMYHHBI 0
Apac HnrepBan, B KOTOPOM HaXOJMUTCS 3HAUEHHE BXOAHOH BEIUUUHBI: +as3,
m3 'OCT 20271.1-91
&
CranzapTHas HeonpeaeneHHOCTb U(Ap,) = ﬁ
1,510 2,090
Kew Koy {77700 S -
1,470 T — P 2050 1 - pRET—
1,450 ~- 2,030 1
1,430
2,010 -
1,410
1,990 '
1,390
1870 oo wor oo
1350 1 e [ 1,950 T e
1,330 ; ; ; ; ; \\“/// ; 1,930 T T T T T — =
2586 2736 288 303 31,74 3318 3462 3602 375 2586 27,36 2886 303 31,74 3318 3462 3602 375
f, ITu f, T

Puc. 7. T'paduk sapucumoctn Kery+ Uy (k=1,41; p=95 %)

OT 4acToTHl B AuamnazoHe 25,86-37,5 [T, stanonnas mepa ¢
KCTU = 1,4
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Puc. 8. I'pacpux saucumoctr Kery + Uy (k=1,41; p=95%)

OT 4acToThl B auanaszone 25,86-37,5 I'Tu, stanonHas mepa ¢
Keu = 2,0
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Pacuer HeompeneleHHOCTH H3MEpPEHUS OC-
Ja0aeHusi. MaremaTnueckass MOJENIb U3MEPEHUs
IpU ONpeeIeHUN HEONpeAeICHHOCTH U3MEpEHUS
ocnabieHusI UMeeT CIeAyIONIHA BU:

A=Ay + Ayt A + Apac, 1B, )

rae A — ACHCTBUTENIBHOEC 3HAYCHHE OCIa0JICHHUS,
nb; A, — Tmoka3zaHWe KaIHOpPyeMOTO H3MEpUTENI
VNA 25-37, nb; A, — HeomnpeaeaeHHOCThb, 00Yy-
CIIOBJICHHAsT HEWIEaJhbHOCThIO ATAJIOHHOTO aTrTe-

HI0aTOpa, 1b; A — HEONPEIeICeHHOCTh M3-3a KO-
HEYHOTO pa3pelIeHus] KaaunOpyeMoro M3MepuTens
VNA 25-37, nB; Ay — HEOIIPEneNeHHOCTh, 00Y-
CJIOBJICHHAsI PAacCOTIACOBAHUEM B M3MEPUTEIHHOM
Tpakre, nb.

AHanu3 BXOIHBIX BEJMYWH TIPEACTaBICH B
Taom. 2.

P€3yJII:TaTI:I OKCIICPUMCHTAJIIbHBIX HCCJIEAO0BA-
HUU npuBejieHbl Ha puc. 9, 10.

Tabnuya 2
Bxonnas BenuunHa
Tun HeonpeaeneHHOCTH A
Bun pacnipenenenust Hopwmanbhoe
_ n
OlLIeHKa BEJITUYHHBI A Z A
i=1

Ay rae A, — pe3ynbTar i-ro HabmoaeHust, ab;

N — KOJMYECTBO HAOIIOACHUI

1 n
X RY,
CranpapTtHas HeonpeaeneHHoCTs U(A,) D) Z(AM A,)
i=1

Tun HeonpeaeneHHOCTH B

Bun pacnipenenenus IIpsimoyronbHOE

OLeHKa BETMYUHBI
A, HuTtepBan, B KOTOPOM HAXOAUTCS 3HAUCHUE BXOJHON BETHMUYMHBL: £ay,

u3 PD arreHroaropa

CrangapTHasi HeonpeeaeHHocTs U(A,;) = %

Tun HeonpeaeneHHOCTH B

Bun pacnipenenenus [IpsimoyronbHOE

OLueHKa BETHYUHBI

HutepBan, B KOTOPOM HAXOAUTCS 3HAUCHUE BXOMHON BEIHMYHMHBL: £as,
A re as — 1/2 emuHAIBI MIIAIIIETO pa3psiaa

KamuOpyeMoro u3MepUTeIs

CranjapTHas HEOpeaeaeHHoCTh U(A,) = %

Tun HeonpeneneHHOCTH B

Bun pacnipenesnenust ApPKCHHYCOUIATIBHOE

O1ieHKa BEJTUYMHBI
A HuTtepBan, B KOTOPOM HaXOAWUTCS 3HAUCHUE BXOIHON BEJIMYHMHBL: +dg,

pae u3 'OCT 20271.1-91
CranzjapTHas HEONpeIeNeHHOCTh U(Ap) = B
V2

10,000 -

9,800

9,600 : : : :
2586 27,36 28,86 30,3 3174 3318 3462 3602 375
f ITu
Puc. 9. Tpadux 3aBucumoctu 4 = Uy (k = 2,0; p = 95 %) ot
4yacToThl B auanazone 25,86-37,5 I'T'u, ycraHoBieHHOe 3Ha-
yenue ocnabnenus 4 = 10 nb
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30,700
A5
30,300 1
30,100
29,900 1

29,700 -

29,500 : : : : ‘ ‘ ‘
2586 27,36 2886 303 3174 3318 3462 3602 375
f, IT

Puc. 10. Tpaduk 3aBucumoctu 4 + Uy (k = 2,0; p = 95 %) ot
4yacToThl B Auamnasone 25,86-37,5 I'T', ycraHoBieHHOE 3Ha-
yenue ocrnabnenus A = 30 nb
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Pacyer HeompeneneHHocTH M3MepeHusi (a-
3b1 k03¢ duuuenTa nepegaun. Maremarnueckas
MOJENb M3MEPEHUsI IPU ONpPEAETICHUU Heolpele-
JIEHHOCTH U3MepeHus (a3bl KodpQuimenHTa nepe-
Jaud UMEeT CJICAYIOIINI BUL:

®n = P + Aoy + Ay + Apac, TPAL, ®)
rae ¢, — ICHCTBUTENBHOE 3HAUYCHHE (a3bl Kodd-
¢durenTa nepenayu, rpaa; ¢@n; — MOKa3aHUE Ka-
muopyemoro m3meputenss VNA 25-37, rpan; A, —

HEONpeIeIeHHOCTh, 00yCIIOBIIEHHAs HEUACaIbHO-
ctei0 M®C, rpan; Ay — HEONPEACIEHHOCTh U3-3a
KOHEYHOTO pa3pelicHus KaTuopyeMoro u3Mepure-
a1 VNA 25-37, rpan; Ap,. — HEOIpPeNeNeHHOCTb,
00yCJIOBIIEHHAsT PACCOTJIACOBAHHEM B H3MEPH-
TEJIHFHOM TpaKTe, Tpaj.

AHanmu3 BXONHBIX BEIWYHH TIPEACTABICH B
Tabi. 3.

Pe3ynbraTel AKCIIEpUMEHTAIBHBIX HCCIIEIOBA-
HUU npuBeAeHsl Ha puc. 11, 12.

Tabnuya 3
Bxojnnas BenmuunHa
Tun HeonpeaeneHHOCTH A
Bup pacnpenenenus Hopmansaoe
_ 1%
O1eHKa BETMYHHBI O = —Z(an '
Nz
P T/€ @y, — PE3yIbTaT i-ro HaOMIOACHHUS, TPa;
N — KOJIMYECTBO HAOIIOICHUH
_ 1 < _
CraHgapTHas HeonpeaeneHHocTh U(Q,,) = —Z((plmi -0,,)
n(n-1) &=
Tun HeonpeaeneHHOCTH B
Bun pacnipenenenust IIpsiMmoyronsHOE
OueHka BeJTHYUHbI
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Puc. 11. I'padux 3aucnmoctr @ £ U, - (k =1,65; p = 95 %)

OT 4acToThl B tuana3one 25,86-37,5 I'Ty npu Bocnpounsse-
neHuu ¢aszoBoro Habera 90° Ha cpeaHelt yactore
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Peanuzanms mMetrona IUCTAHIIMOHHOW KainO-
POBKH CpEICTB W3MEPEHHH MPEIOCTaBISET BO3-
MOKHOCTh OIIEPATUBHOTO IPOBEIEHHUS METPOJIO-
TUYECKUX PabOT, MOBBIMIAET MPOU3BOAUTEIHLHOCTH
3a CUET YMEHBIIICHNs BPEMEHH KaIUOPOBKU U OJI-
HOBPEMEHHON KaarOpPOBKH HECKOJBKUX CPEICTB
U3MEPEHUN, aBTOMATHU3UPYET U CHCTEMaTHU3UPYET
y4eT peasbHOTO COCTOSHUS CPEICTB H3MEPEHH.

Bomnpoc pa3paboTku HOPMATHUBHBIX JTOKYyMEH-
TOB JUIsI TUCTAHIIMOHHON KaaMOpOBKH IpHOOpeTa-
€T aKTyaJhbHOCTh KaK Ha YPOBHE HAI[OHAIBHOTO
METPOJIOTUYECKOTO 3aKOHOAATENIbCTBA, TaK U 4e-
pe3 BHEApPEHUE CIICIUAIbHBIX TPeOOBAaHUN B MEXK-
JlyHapOHBIE I PETUOHAILHBIE CTAHIAPTHI.

JUTEPATVYPA
1. O6mue TpeOOBaHMS K KOMIETEHTHOCTH HCIIBITATEIb-

HBIX © KamuOpoBouHbIX Jaboparopuit: CTb HWCO/MOK
17025.

YK 621.319.4

2. HoBble cpecTBa pagyioM3MepeHuil B MHITIUIMETPOBOM
nuaraszone il BosH / A. B. I'ycunckuii [u ap.] // Merposo-
rust 1 mpubopoctpoeHue. — 2004, — Ne 1. — C. 38-43.

3. 'omopunnble anamm3aropsl CBY nenell kopoTkoBoJI-
HOBO# Y4acTH MHJUTUMETPOBOT'O JMarna3oHa JyiuH Boid / A. B. I'y-
cuHCcKuil [u 1p.] // YsBectust benopycckoii MHXEHEpPHOU aKa-
aemun. —1999. — Ne 1 (7)/1. — C. 41-43.

4. U3mepureab K0d3pOUINEHTOB Nepeadn U OTPAKSHUS
TPEXMIUIMMETPOBOTO JWama3oHa JuinH BojiH / A. B. I'ycun-
ckuit [u ap.] / U3Bectus benopycckoil MH)KEHEpHOW akaje-
mun. — 2002, — Ne 2 (14)/2. - C. 18-19.

5. Ceupua, M. C. ABromaTnueckasi KaIHOpPOBKa BEKTOP-
Horo a”aim3atopa memneii / M. C. Cupun, A. B. ['ycunckuii,
A. M. Koctpukun // CBU-TexHHKa M TeIEKOMMYHHUKAIMOH-
HBIE TEXHOJIOTHU: Matepuanbl 14-ii MexayHap. kong. — Ce-
Bacronains, 2004, — C. 628-629.

6. Taasiro, A. B. Merponorndyeckoe obecneueHue
BEKTOPHBIX AHAIU3aTOPOB IleNeld B JMAla3oHe YacToT
(25,86-37,5) TTu. / A. B. Tansiro // Merponorusi u u3me-
puTenbHAs TeXHUKA. Mmarepuansl KoH(. — Xappkos, 2006. —
T. 1.-C. 247-255.

7. E¢ppemoBa, H. FO. Ouenka HeonpeaeneHHOCTH B U3-
mepennsix / H. }O. E¢ppemoa. — Munck: benl M, 2003.

IMoctynuna 9.06.2007

IQJIEKTPOEMKOCTHBIE JATYUKH
C KOJIBIIEBBIMMU 2JIEKTPOJAMHU

Kano. mexn. nayx, ooy. /I2KE?KOPA A. A.

Bumebckuii 2cocyoapcemeennulii mexnonocuyeckuil ynugepcumem

Hatuuku (mepBUYHBIE TpeoOpa3oBaTein) SB-
JISTIOTCSI OCHOBHOM YacThIO JIFOOOTO U3MEPUTENBHO-
ro ycrpoiicrBa. OG0CHOBaHHBII BBHIOOP KOHCTPYK-
UM U MapaMeTpoB MEPBHYHOTO MpeoOpazoBaTes
HO3BOJIAET ONPEAEIATh METPOJIOTHYECKUE Xapak-
TEPUCTUKHA BCEr0 M3MEPHUTENIBHOIO YCTPOICTBa,
pelaeT BOMpOCH OCYIIECTBUMOCTH TEXHUYECKOTO
peleHrst TMOCTaBlIeHHOW 3amauu. MccnenoBaHue
NEepBUYHBIX NpeoOpa3zoBaresel, ONTUMH3ALUS UX
KOHCTPYKIHMI BO3MOKHBI THOO (U3HYECKUM, OO
MaTeMaTHYeCKUM MOJEIHUPOBAaHUEM IIpeoOpa3oBa-
TeNss W OOBEKTa KOHTPOIA. OTH HCCIEJOBAHUS
4acTO XapaKTePU3YIOTCS 3HAUUTENIbHBIM 00BEMOM,
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TPYJAOEMKOCTBIO M 3aTPAaTHOCTBIO, YTO C Y4YETOM
CIIO)KHOCTH CTPYKTYpPBI OOBEKTOB KOHTPOJS Jerna-
eT Quznyeckoe MOAEIMPOBAHHE TPYAHOOCYLIECT-
BUMBIM. [103TOMY OCHOBHas Harpy3ka HakJIaJbIBa-
eTcd Ha MaTeMaTH4yecKoe MoJelupoBaHue. Mare-
MaTHYECKOE MOJAEINPOBAHNE HEPA3PBIBHO CBA3aHO
C UIMPOKUM HCHOJIB30BAaHUEM Pa3IHMUHBIX METOJIOB
U CPE/ICTB MaTEMaTHKH, C OTPOMHBIM KOJIMYECTBOM
BBIUMCJIEHUH U pacueToB, HCIOJIb30BAaHHEM CIle-
LUAIM3UPOBAHHBIX IPOTPaAMM.

B cratbe nmaercs pacuer MaTeMaTHUECKOH MO-
JeT KOJIBLIEBOTO IEPBUYHOTO MpeoOpazoBaTes
JUISL IOCTATOYHO OOWIEro Ciiydasi, KOraa 00beKTOM
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