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MOBBINIEHUE UYBCTBAUTEJIbHOCTH U3MEPEHUI
COJAEPXAHHUA BJATH B TPAHC®OPMATOPHOM MACJIE
JUIJIBKOMETPHYECKHUM METOJA0OM B PE3OHAHCHOM
PEXKXUME

IIpuBeaeHo onMMcaHWe KOAKCHAIBHON KOHCTPYKIIMH W3MEPHTEIILHOTO MpeobpasoBatelis IS ONpeiesie-
HUS HU3KUX KOHIICHTpANUH BJIarocoieps:Kanusi B TpancopmaTtopHoM Macite. IIpeacTapieHsl pesyibTa-
ThbI OIPe/ICICHUS BJIATOCO/ISPIKAHMS IIPH MaJbIX KoHIeHTparusax 0,1%- 2% mo MeToguKe, OCHOBAHOH
Ha WCIIOJIb30BAHUHU JIUAJIBKOMETPUUSCKOTO METOJa B PE30OHAHCHOM peKMMe. MeToaMKa MO3BOJISCT
PACCUUTBHIBATH BJIArOCOJACPIKAHHUE 1O Pe3yJIbTaTaM W3MEPEHHsI COOCTBEHHBIX PE3OHAHCHBIX HACTOT IS
JIBYX BapHAHTOB 3AIIOJHECHHS U3MEPHUTEIBHOTO NPeoOpa3oBATENS YUCTBIM MAC/IOM, HUCIIBITBIBACMBIM
MacjioM U IPH OTKIIOYCHHOM H3MEPUTEILHOM Hpeobpasopatese. [IpuBeIeHbl OTPEITHOCTH U3MEPEH-
HBIX YacTOTOMepoM U3-34 pe3oHAHCHBIX YACTOT U BJIATOCOMICPIKAHHS HCTIBLITHIBASMOTO MAcJia ¢ U3BECT-
HOH 3apaHee KOHICHTpaIlueH Bo/IbI.

© B. B. Pynaxos, A.A. Kopo6ko, 2014
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KmoueBble ciioBa: Biara, TpaHchOopMaTOpHOE MACIIO, SMYJIBCHS, JUDJIBKOMETPHISCKHN METOJ,
PE30HAHCHBIN MeTO/l, H3MepHTEIbHLIH Ipeobpa3oBaTelib.

Beenenune. DKcrpecc aHaIW3 BJIArocoAcpXaHHSI B HE(TSIHBIX (Qpakumix (B
YACTHOCTH B TPAHC(OPMATOPHOM MACIC) BECbMA BAXKCH UL OLICHKH KAa4eCTBA
SHGKT'pH‘ICCKOfl H30/IMUH BBICOKOBOJIBTHBIX MACJIOHANIOJTHCHHBIX aNapaTOB H
obopynosanua. CyImECTBYIOIIHEC MCTOABI OLCHKH OTJIHYAIOTCA 3HAYHATCIIHHBIM
BPEMECHEM IPOBECHUS AHAIN3A, JOPOTOBU3HON W HEOOXOAMMOCTHIO MPUMCHEHHUS
pearcHTOB IpH mccaenoBaHud. B [1] ObL1 mpeatoskeH CBOOOHBIH OT YKA3aHHBIX
HEIOCTAaTKOB JHATbKOMETPUYCCKUHA METOX OIpPEACICHUS BJIArOCOJCPKAHUS B
TpaHC(OPMATOPHOM MAaclie, OCHOBAHHBIH HA W3MEPCHHH JHIJCKTPUYCCKOH ITpo-
HHUIIAEMOCTH PE30HAHCHBIM METOIOM.

TexHuyeckasd peanusalus JAHHOTO METOJA B BHAC, M3JI0KCHHOM B [1], He
TO3BOJIANIA OBBICUTH €TI0 YYBCTBUTCIBHOCTH IO BEIIMUMHE BJIATOCOACPKAHHUS 10
YPOBHA MCHBUIC 5%, YTO ABJLICTCA HCAOCTATOYHBIM 1 JHATHOCTHKH MACJIOHA-
TIOJTHEHHOTO 000PY TOBAHWL.

Heapro HacToAmeH padOTHI ABIICTCA YBEIMUCHHUC YyBCTBUTCIHHOCTH IH-
JJIbKOMETPHYECKOT0 METOJA M3MEPEHHS BIArOCOACPIKAHUsA, OCHOBAHHOIO HA H3-
MEpEHUH Pe30HAaHCHBIX YacToT LC KoHTYypa.

OcHoBHas yacTh. [IpoBeICHHBIN aHAMH3 MYTCH MOBBIICHUS yBCTBHTCIIb-
HOCTH AMDIBKOMETPHYECKOTO METOAA B PE3OHAHCHOM PEKMME BBIABII TPH OCHOB-
HBIX HATIPABICHHA PEIICHHA IOCTABICHHOM 3a1a4H.

1. YcosepimeHCTBOBAaHHE KOHCTPYKIMH H3MEPHTEIBHOTO IPEOOPa30BaTENs.
B oTnmimy 0T M3MEPHTETBHOTO MPEOOPA30BATEI B BHIC IDIOCKOTO KOHACHCATOPA,
HCIOIB30BAHHOTO B [1], B 7aHHOH padoTe OBLT MPUMCHCH H3MCPHUTCIBHBIA MPEO0-
paszoBareab KOAKCHAIBHOTO THIA ( puC.1).

Takoli THII M3MEPUTEIBHOTO NpeoOpaszoBaTessl (C 3a3eMICHHEM BHEIIHETO
3JEKTPOAA 2) MO3BOJUI CYMIECTBCHHO YMCHBIIHTBH 3JCKTPHYCCKUEC HABOJAKH HA
H3MEPHUTETIHHOM IPEoOPA30BaTEC M YBEIMYUTD €TO UyBCTBUTECJILHOCTh K M3MCHE-
HHIO BIIATOCOACPIKAHM B MOPLMH MACNa, 3aJMBAEMOTO MEXKIY JICKTpoJaMu 2 u 3
B BEPTHKAJIBHOM IOJOKCHHH ITPEOOPA30BATEIL.

Kpome 3toro, mpuseacHHAS KOHCTPYKIHSI H3MEPHTESIHLHOTO MPEoOpa3oBaTeit
MO3BOJIIA CYLIECTBEHHO YBEIUYUTD €T0 UyBCTBUTEIBHOCTD 34 CHET ONTHMH3ALUA
COOTHOIICHHUSA 3ICKTPUICCKUAX EMKOCTEH Pa3IHYHBIX €TI0 YYACTKOB

Taxk padouas 4acTh EMKOCTH H3MEPUTEIBHOTO IPeOOPA30BATEI ONPEACTIICT -
€4 €MKOCTh MEKAY KOAKCHAIBHBIMHU 3JICKTpogamu 2 3 Ha ydacTkax 3 u 4. Ilpu
3TOM 00€ €MKOCTH 3THX YYaCTKOB SBIIIFOTCH "paboumMu" HECMOTpPS Ha TO, 4TO
OHH HMCIOT PA3HYIO BEIHUIHY.

CyMMapHad ¢€MKOCTh H3MCPHTCIBHOTO MPEoOpa30BaTeIl (KOTOpas IO IKIIFO-
YCHA NMAPAJUIEBHO HHIYKTUBHOCTH T'€HEPATOPA) ONMPEACILIETC CYyMMOI €EMKOCTEH
H3MCPHTCIBHOTO MPeoOpa3oBareId Ha yuacTkax 1 - 4. [IpuBeACHHAS KOHCTPYKIHA
H3MCPHTCIHHOTO MPEoOPA30BaTeII MPH BHIIOTHCHUH JUICKTPHICCKON MAaHObI 4
W3 HEMOJLIPHOTO JHMICKTPUKA B BHAC (roporiacra-4 (ams oOecrieueHHs MHHH-
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MAaJIBHBIX JJICKTPHUCCKAX W aJCOPONMOHHBIX IOTEPb) OOCCIEUMIA CIEAYFOIIHC
BCTIMYHHBI TIOTCPH UYBCTBHTCIIFHOCTH H3MCPHTEIHHOTO MPCOOPA30BATEIA 32 CUCT
HAIMIHA KOHCTPYKTHBHBIX CMKOCTCH HA y4acTkax 1 w 2 (MeKay OMOPHBIM (PrIaH-
meM 1 u amekrpomom 3): 6,2 % — mid ciydas HE3amOJHCHHOTO MACIIOM H3MCEPH-
TETHHOTO TPEcoOpa3oBateid; 3 % — JIA Clydas H3MCPUTCIBFHOTO MPSoOpasoBaATEIIA,
3aMOTHEHHOTO TPAHC(HOPMATOPHBIM MACIIOM.

@ 13,55

1=
(]
w
i

Prcynok 1 — CxeMaTudeckoe M306pakeHre H3MEpUTETHHON stueliku: 1 — omopHbI dra-
HEIT, 2 — BHEIIHUH 3IIEKTPOJ, 3 — BHYTPEHHHUH BIIEKTPOJL, 4 — JUBIEKTpUUEcKas Iaiida

2. Pazpabotka m cozmanme kommakTHOoro LC reneparopa, paboTarommero B
cO0pe ¢ M3MCPUTCIIHHBIM MPEOOPAZOBATCIICM.

Ocob6enroctrio LC reHepaTopa SBIACTCS MAKCHMATHLHOC YMCHBIICHUE BXOI-
HOM Mapa3uTHON €MKOCTU I'€HEPHUPYIOLIECTO V314, KOTOpasd BMECTE C MAPAICIbHO
BKIIFOUCHHOW CYMMApHOW €MKOCTBIO M3MEPHTEIBHOTO IPeoOpa30BaTEN SBIICTCA
MOTHOM eMKOCThI0 C K0IeDaTempHOTO KOHTYpa reHeparopa. ObecreueHue MUHH-
MAJIbHOM H&pﬂSI/ITHOﬁ C€MKOCTH OOCTUTHYTO MPHUMCHCHUEM KOMIIAKTHOTO TCHCPH-
pytomiero y3aa Ha ocHoBe LC reHeparopa ¢ 3MUTTEPHOH CBS3BIO B IBY XKACKATHOM
YCHIUTEIA COBMCCTHO C BBIIOJHCHHUCM HHAYKTHBHOIO JJICMCHTA TCHEPATOpA B
BHJC UCTHIPEXCCKIIMOHHONW KaTYIIKH B OJHOM 3KpaHHpyeMoM kopmyce [2,3]. C
TIIOMOIIBKO 4-x KATYIICK WHAYKTUBHOCTH BO3MOKHO TCHCPUPOBAHUC 4-x gacTot
IyTEM PYYHOTO MEPEKIFOUCHU.

[TpumeneHne B KOHCTpYKIMH reHepupytomero y3ma LC rereparopa Tepmo-
CTAOMIBHBIX 3JIEMECHTOB COBMECTHO C PETYJIHPYEMBIM CTAOHMIM3HPOBAHHBIM HC-
TOYHHKOM MHUTAHHS MO3BOIIIIO JOOHTHCA YACTOTHOH HECTAOMIBLHOCTH TCHEPATOPA
HE XYK€ BEIIMIUHBI 107 - 10°. TeM caMbIM MOBBIIICHA CTAGHIBHOCTb YACTOTHI TS~
HEPHUPYIOIICTO y37a.

3. TloBbImIEHUE TOYHOCTH M3MEPCHUH, KOTOPOE 00ECIECUNBAIOCH ABYMS IIy-
TAMH: 1) UCTIONB30BAHHEM TEPOMOCTAOMIN3MPOBAHHOTO JJICKTPOHHOTO YaCTOTO-
Mepa U3-34 ¢ TOUHOCTBE) H3MEPEHHUS YACTOTHI 107; 2) TIATEIbHO# MOATOTOBKOM
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HCCIICAYCMBIX 00PA3I0B TPAHC(HOPMATOPHOTO MACTA.

IMoaroroBka 00pa3LOB NMPOBOAMIACH MYyTEM CMCIIHBAHHSA BBICYICHHOTO
Tpancopmaroproro macia T1500 u BOABI B CBEPX3BYKOBOM MHKCCPS KABHTAILH-
OHHOTO THNA. Jlanee 0Opa3nbl HOMEMAIICH B BAKYYMHYIO KaMepy Ul ACa3palin.
Brimm mccaea0BaHbl BOAOMACIITHBIC SMYIBCHH CO CJICAYIOIIHMH BETHIHMHAMH BJIA-
rocoaepxkanug; 0,1 %, 0,2 %, 0,5 %, 1 %, 2 %.

Pesyabrarsl uccaegoanus. g ouncHKH 3()(EKTHBHOCTH KOHCTPYKIHH
H3MEPHUTETHFHOTO MPeodpa3oBaTeil ObLIO MPOBEICHO IKCIIEPUMEHTAIBHOE HCCIIC-
JIOBAHHUEC MO OICHKE BJIMSHES YPOBHS HAMOIHACMOCTH H3MEPHTEIBLHOTO IPeodpa-
30BaTeI UCCICAYCMOH 3MyIbCHCH. [Ipr 3TOM OBLIO BBIABICHO, YTO OTKJIIOHCHHS
mo yactoTe renepammu LC reHepaTopa, 00yCIOBACHHOS BIHSHHCM MOTPCITHOCTH
VPOBHSI HAJTMBA HE TPEBBINIACT BETMIMHBI HECTAOMIBHOCTH IO YaCTOTE TCHEPALIMHA
LC reneparopa.

Jng kaKA0H KOHLEHTPALMH MPOBOAWIOCH MO 12 H3MEpEeHHH 4acTOTHI MPH
TTOMOIIHM 3JICKTPOHHOTO YacToTomMepa U3-34. PesymbsraTel m3MepeHmii 00padarsl-
BAIINCH COTTIACHO MeToamKe [3-6]. Kaskawrit oOpa3en ObLT HCCICAOBAH HA YCTHIPEX
yacrotax 100 k', 500 x['m, 1 MI'm, 2 MI'.

Jlns onpenencHus BEIMYIMHBI BJIArOCOACPKAHUS B MCCIICYEMBIX 3MYIIBCHIAX
OBLIM HCIIOJIE30BAHBI MOJMYUCHHBIC paHee B PadoTe [0] pacueTHBIC COOTHOMICHHS
MEXKIy HCKOMBIM BJIATOCOCPKAHMEM H 4aCTOTAMH I'CHEPAlMH TE€HEpaTopa:

S o
W= LV e Vi
1 _1

3(% 2M A 20)
I7Ie Vo — YaCTOTA TEHEPALUU TCHEPATOPA NPH OTKIFOYCHUN H3MEPHTEIBHOTO Ipe-
00pazoBaTes, V,— YacToTa TCHEPAIUH TCHEPATOPA MPH MOAKIFOUCHHOM H3MEPH-
TEJIHHOM NPeoOpa3oBaTeie M 3aMOJHEHHH €T0 CYXHM MAacloM, V., — JacT0Ta I'cHe-
paumy TEHEpaTopa NPH IMOAKIIOYCHHH H3MEPUTEIBHOTO MpeoOpa3oBaTens M 3a-
MOJIHEHHH €T0 HCCIEAYEeMON 3MYJIbCHEeH; W — KOHICHTPALUA BOABL, BBIPAYKCHHAS
KAK OTHOIICHUE 00BEMa BOIBI K 00MICMY 00BEMY MY TbCHH.

Pesyabrarsr n3MepeHuit And pexxkuMa 4actoTel 100k ' u 2 MI'n 471 KOHICH-
Tpauui BOAOMACIIAHBIX 3MYJBCHH CO CIACAYFOIIUME BEJIMYMHAME BIArOCOACpIKA-
mus: 0,1%, 0,2%, 0,5%, 1%, 2% npuseacHs! B Ta0n. 1,2. 3HAYCHAA BIATOCOICP-
JKAHUS TOJIYYCHBI IyTeM MOACTAHOBKH B (1) 3KCHEPHMEHTANBHBIX 3HAYCHHI 4ac-
TOT Vo Vy Vey

AHanu3 JAHHBIX, TPEACTABICHHBIX B TaOm. 1, 2 MOKA3bIBACT, YTO PEKUM
100k’ COOTBETCTBYET MAaKCHMATBHOH cradmabHOCTH 4acToThl LC TreHeparopa
(TouHOCTH HM3MEpPEeHHM), pekuM 2MI'1I COOTBETCTBYET MAKCHMAJIbHOW 4yBCTBHU-
TEIBHOCTH JAHHOTO METOMA.

PacxoxacH SKCIEPUMEHTANBHBIX PE3YABTATOB C TECOPETHUCCKUMH HATILAA-
HO NPEACTABICHBI HA PHC 2, 3.

. (D
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TaGmra 1 — Pe3ynmbTarsl 3KCIIEpUMEHTANILHBIX H3MepeHuil Tipu pexkume 100k 11

vo 111 149129.3+£2.8
vy I TT 114248,0£2,3
Vou, 114140.,6 114081,5 113855,5 113503,0 112758,1
T +0.4 +0.6 +0.9 +1.1 +33
W, % 0,14+0,003 0,2440,003 0,560,003 1,060,004 2,1520,006
12
®
9
W, %
0.8 \
0,6
®
0.4
0,2 @
L P
0
113503 113855 114081 114140
Van, Il

PucyHok 2 — pacxosk/IeHue TeOPETUIECKO KPUBOH 3aBUCUMOCTH W U SKCIIEPUMEHTATBHBIX
pesyabraroB A pexkuma 100k T OT YaCTOTHI Ve, (TOUKH — BKCIIEPUMEHTAIIHBIE JJAHHBIE,
CILTOINHAS KpuBas — Teopus [6])

1.2

1

W, %
0,8
0,6
\!’
0.4
0,2 \\
I
(o]
1717744 1724524 1729686 1730980
Vew, MY

PucyHok 3 — pacxok/eHue TeOPETUIECKOH KPUBOH 3aBUCUMOCTH W U SKCIIEPUMEHTATBHBIX
Pe3YIBTATOB s peskuma 2MI 11 0T YaCTOTHI Ve,  (TOUKH — 3KCIIEPUMEHTAIbHBIE JIAHHBIE,
CIUTOIIHAS KpUBas — Teopus [6]).

ISSN 2079-0740. Bicnux HTY «XI1I». 2014. Ne 50 (1092) 147



Tabmra 2 — OkcliepUMeHTAlBbHEIE PE3YNIBTaThl TP pexume 2MI T

vo, [T 2656831,5£7.6
Vapl IT 1732601,4+1.4
Vors 1730980.4 1729686.2 17245247 17177448 1703036.7
I +1.3 +2.3 +2.0 +9.5 +26,3
W% 0,11 0,20 0,55 1,0 2,03
i +0,0001 +0,002 +0,0001 +0,0007 +0,002

Boisoabl I1o pe3yabrataM HCCICIOBAHUN MOKHO CACIATh CICAYIOIIHUE BbI-
BOJBI.

1. YCOBCPMICHCTBOBAHHUEC KOHCTPYKIIHH H3MCPHTCIHFHOTO MHpeoOpas3oBaTeisa
COBMCCTHO C TCXHHYCCKHMHU PCIICHUAMHU IO ITOBBIILICHUIO CTAa0MIBHOCTH YaCTOTHI
LC TCHEPATOPA MO3BOJHIA MOJHATH YTyBCTBUTC/IIBHOCTH AHUIJIBKOMETPHYICCKOIO
MCTOJA M3MCPCHHS BIATOCOACPKAHUA B TPAHC(POPMATOPHOM MACIC MYyTEM H3MC-
peHus yactot Oomee weM B 50 pas (¢ 5 % m0 0.1 %).

2. B obmactu ManbIX BEIMYHMH BJIArOCOICPKAHHS IMOJTBEPKICHA KOPPEKT-
HOCTh MOJCTH 3MYJbCHH MACJI0-BOJA, Pa3paOOTaHHAS ABTOPAMH W MPOBCPCHHAS
paHee Jur1 OONBIMNUX BSIIMYHH BIATOCOACPKAHUA.

3. OnpenencHsl yactoThl reHeparmu LC reHepaTopa, COOTBETCTBYFOIIHC MAK-
CHMAJTbHOW YYBCTBHTCIBHOCTH MCTOJA W MAKCHMAJIBHOHW CTAOHIBHOCTH (TOYHO-
CTI/I) HU3MCPCHUH BIATOCOACPKAHUA JAHHBIM MCTOI0M.
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CHHTE3 CMC-KOMMYHUKAIIMI UEPE3 INTERNET

B craThe paccMOTpeHBI MpOGJIEMBl aHAJM3a U CHHTe3a BeO-IIpMIIOKEHUM mo paccbiike CMC-
coolmmeHui yepes UHTEpHET U BONPOCH pa3paboTku MeTo1oB moctpoeHuss CMC-KOMMYHHUKAIHH.
OGocHoBaH BbIGOp mpoTokoa0oB U CMC-nutrozoe. Ha Ruby on Rails pazpaGoTaHsl mporpaMMHBIH
koj BeO-npunoxenus ¢ Web- u API (RESTful) unrepdeiicamu, Gubnmoreka B3aumoaeict-
Bus BeG-npuwioxkenuss ¢ CMC-umumozomM u  rpadpuueckuil uHTepdelic KIMCHTCKOW dYacTH
BEO-TIPUITOKCHHUSL.

KmoueBbie ciaopa: CMC-xommynukanud, CMC-cepeucel, CMC-nuttosp, CMC-cooGimenus,
CMC-nientpsi, API, WEB-unrepdeiic.

Beenenune. Cay:x0b! kopoTknx CMC-coo0menunit Ha MOOMIbHBIC TeIe(OHDI
IpHOOPETH MACCOBYIO HMOMYSIPHOCTh BO MHOTHX CTpaHax Mupa. K 6a30BbIM Map-
mpyraM CMC-KOMMyHHKAOUH OTHOCATCSI JBE MOJCIHM TIEPEAAdH COOOIICHUMH:
epBad - ¢ MOOHIBHOTO TeIC(pOHA HA APYTOH MOOHIBHBIN TCIC()OH HIH HA MOJICM
GSM/GPRS, BTOpasg — ¢ mpwiIokeHHA HA MOOWJIBHBIA TCIC(OH HIM HA MOJICM
GSM/GPRS.

OmauM w3 akTyansHbIX HanpasieHnH CMC-KROMMY HUKAIWH SIBISICTCS BTOPAs
MOJCb, TO €CTh ABTOMATH3HpOBAHHAA pacchutka CMC-cooOmeHuH U3 MPUKIAA-
HBIX IIporpaMM wiu caiTo yepes CMC-nmmo3sl (SMS-Gateway) ¢ mOMOIIBIO HH-
tepdetica API. CMC-mmo3sr B3anmozekicteyior ¢ CMC-nentpamu (SMSC) mo-
OHJIBHBIX OMEPATOPOB CBA3H, KOTOPBIC MPETHA3HAYCHBI A4 PabOTHI CO Cy:KOOH
KOPOTKHX coobmennii SMS.

Axamm3 ny0aukanuii. B padote mpoBeacH 0030p U aHATH3 MPHJIOKCHHUIH IO
pacceuke CMC-coobmennit uepe3 CMC-mumo3er. CMC-numo3s! — 310 HHTEP(EH-
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