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KoHTponb XxapakTepMcTHUK peHTreHoguarHocTU4YecKMX annapaTtoe

B YCNOBHAX 3KCNnyaTauumn

Annoranua

B nocncanme rofikl B MIPOBOI MPAKTHES MCAMIMHCKON PEHTTEHOTEXHIKN YTBEPANAOCH HOBOS NOKONCHHE PAIHANMONHEYX Npubo-
POE IR HIMCPCHIA BHXODHBIX XAPAKTEPHCTHE peHTrenoanartoctiyecknx annapatos (POA). HX ocnornas oranduTensias ocoben-
HOCTh — BOIMOAHOCTh NOAKMIONCHHA K ISMEpHTENBHOMY npubopy nepconansiioro komnstotepa (MK) ¢ wenso spyucnenns, rpadisec-
KOl BIIYANHIALIH H XpaHeHHA (TabnuuHOTO NPOTOROANPOBANNA) OCHOBHBIX napaMeTpos PIA.

B 2013 roay Ha oTeMeCTBCHHOM PHIHKS MPONIOMNE cMena 3apybemisx Moeneit npnBopos 18 kouTpons xapaktepucrig PIA (kax
YHHBCPCAMBHBIX, TAK Hl NOPTATHEHLIX), CCPTADIIIMPOBANKEIX it 3aperHcTpposanibix B Focpeectpe CH PO,

C oxtabps 2013 roga HITL] Meanumickoil pagMonori nepeisen Ha BeMyCK Momndiimposannex yerpoitcts YKPOX ¢ anonckimy
NETEKTOPAMH PEHTIEHOBCKOro Hanyyenna Tina 58193, npomsomamsivin dupmoil «Hamamatsus,

B cTaTse NPHBOMAATCA OCHOBHLIC TEXHIYCCKHE XAPAKTCPHCTHRKH MOPTATHBHOTO asToHoMHOro npubopa «Cobiar 1 MogndiuHposaH-

Horo yerpoicrea YEKPOX.

Mokazans KouxypenTocnocobHOCTs MofepHisHposantoro papuanta YKPIX u seicoras sddextunnocts cro b wacti obecneve-
HHA PEMONTHEIX M MYCKOHANAT0MNEIX paGoT M0 CPpaBHCHNIO ¢ 3apyOeKHEIMH MOTENAMH PATHALHOHHBIX KHAOBOABTMETPOB.

CrpeMuTensHEIL Nporpece B pasBMTHH TEXHHKEH A8 Y-
yenoil AuarnocTHky TpebyeT Bee DoNee TINATENEHOTO KOHT-
PO OCHOBHEIX XdPAKTEPHCTHEK ANNAPATYPEL D TOT Nporpece
BEIZBAH CTPEMHTENEHBIM BHEAPEHHEM KOMNBIOTEPHEIX TEX-
HOJOTHI B cHeTeMy GOPMHPOBAHME MeAHIMHCKHX W3o0pa-
sennii s nydesoit auarnoctuki. B oGnacTy penTreHo-
ArHOCTHEM MOMMMO HOBBIX IM(POBBEIX ANNapaToB MOABH-
MIHCEL KOMIUIEKCE! INA coueTaHuex Metomuk: OMIKT-KT,
KT-MPT u ap., Tpebyromme BEICOKOI TyUeBOil HATPYIKH Ha
nauHeHTa W nepconan. B penTreHoBckoil annaparype Hava-
JIH TIPHMEHATBCA BMECTO TpexdasHelX I'eHepaTopos relepa-
TOPH HA MOMYNIPOBOIHHKOBEIX CxeMax ¢ npeobpasopanmem
YACTOTH! MHTAHUA, oDecneYHBAIOIIHE BRICOKYIO TOUHOCTE
MOLIEPAHBAHMA HATIPAMEHHA H MYNECALHH HA YpoBHE 4 Y.
[IpH 3TOM FEHETHYECKH 3HAMHMAZd JI03a HA HACENIEHHE OT
Bo3elicTBHA My4eBoil AHATHOCTHKH ITPOAO/IKACT BOIPACTATE
(ne menee 1 % B rom), nocTHrad Nopoil oNacHOro 3HAYMEHHA,
B penTrenoomarHocTHYECKOH annmapaType 1033 H3yueHHA
ABNSETCA OCHOBHBIM MAapaMeTpoM, a 1033 ONpelenseTcs
npesjie BCero 3HAMEHHEM HAaNpAKEHHA Ha PeHTreHoBCKOI
TpyGre, MMelHO M03ToMY 3HAYCHHE AHOIHOTO HATPAKEHHA
B PEHTTEHOAMATHOCTHUECKOM amnnapate Tpebyer MocrosH-
HOro | Bee Gonee TIATENBHOTO KOHTPoNA. [Inf Takoro KoH-
TPONA CO3AH CIeUHANLHBI knace npubopos, Ha3kIBAEMBIX
PAIMALHOHHEIMHE KHIOBONBTMETPAMH (HHOTAA HX HA3BIBA-
0T peHTreH-TecTepami).

B nocnegume roasl B MMpoBOit NpakTHre MeaMUMHCKO
PEHTTEHOTEXHHKH YTBEPAH/IOCH HOBOE MOKONEHHE PaaHallu-
OHHEBIX NpHOOPOB ANA HIMEPEHHA BEINOAHBIX XapaKTepHC-
THE peHTreHoanarHocTHyeckux annapatop (POA). Hx oc-
HOBHAR OTNHYHTENBHAR ocoBeHHOCTE — BOIMORKHOCTE MOJ-
KIIOYEHHA K H3MEPHTEIBHOMY MPUBOPY NepcoHATEHOTO KOM-
netotepa (IIK) ¢ uensio Beiuucnennsa, rpaduueckof
BMIYAMM3ALUMH M XpaHeHHA (Tabnu4HOTO NMPOTOKONHPOBA-
HHA) ocHOBHEIX napaMeTpos PIA. [Tpumepamu TakHx npH-
BOpoB MOCYT CHYAHTE YHHBCPCANBHBIA JI03HMETD PEHTIE-
Hoeckoro manydenns «Unfors Xin («Unfors Instrumentss,
[lrewna), otedectoenubil pentren-Tectep YKPIX B nosoM
KOHCTPYKTHEHOM HCMOMHEHHH € BO3IMOKHOCTBIO NOAKIIOYe-
A & Hemy [MK, srimyckaemslii ¢ 2013 ropa.

Kak y#e rosopiioch, 0CHOBHAA NMPHYHHA NOABIEHHA
Takux NpUOOPOB — WHPOKOE BHEIPEHHE B MEIMIHHCKYIO
NMPAKTHEY HOBOTO MOKOJNEHHA PEHTIeHOMHATHOCTHHECKOd

ANNapaTypsl UHGPOBRIX ANMAPATOB [NA PeHTreHOrpaduu
H PEHTIeHOCKOMHH, KOMINBIOTEPHRIX ToMorpados.

B muratomux yerpoficTEax TAKHX annapaTtos NMpHMend-
I0TCA CpellHe- H BRICOKOYACTOTHAIE IeHepaTopsl, obecneun-
BAIOIIHE MOMYHEeHHE AHOAUOID HATIPAKEHHA ¢ 0MEHb MaNbl-
MH MYJIBCALHAMH H IIYMaMH.

Hapany ¢ nogoOHEIMH YHHBEPCATBHBIMH HIMEPHTE/ILHbI-
mi npuBopamu, paSoratonmmu ¢ [TK, npakTiyeckn Te xe
thipMBLE CTANK BRINYCKATE H ABTOHOMHBIE MOPTATHBHEIE W3-
MepHTeNELHEIE TPUOOPE! LTS ONepaTHRHON OLEHKH TeXHHYEeC-
koro cocrosuua PIA. THIMMHBIMH TPHMEPaMH TAKHX MPH-
GopoB MOrYT CIY#HTE fo3uMerp «Mult-o-Meter» («Unfors
Instruments», [lIsenns), oTevecTEeHHBIl pPEHTIEH-TECTED
YKP3X 8 Bazopoii koncrpykui [1]. K HacToAweMy Bpeme-
i HITL meanunnckof paauonorun (I'BY3 «HIILIMP
J3M») seimycTrn Mo 3akaszam noTpebirencii oxono 300 ye-
Tpoiicte YKP3X, xoTopsle yenemHo 3KCIYATHPYIOTCH BO
MHOIHX OPraHH3alMaX MPaKTHYecKH BeeX perionos PO [3],

B 2013 roay Ha oTeYecTBEHHOM PEIHKE NPOHIONIIA CMe-
Ha 3apybesubix Moaeneil npuBopoBs N KOHTPONA Xapak-
TepucTHE PIA (kak yHHBepCcaibHBIX, TAK M NMOPTATHEHBIX),
cepTHHIMPOBAHHEIX H 3apeTHCTPHPOBAHHBIX B ['ocpeect-
pe CH Pd.

Bsmecto yuupepcansHoro gosumMerpa «Unfors Xin, no-
crasaasmerocs morpebutenam 8 2010-2012 rr., wisenckas
¢mpma «RTI1 Electronics AB» ¢ navana 2013 rona nauana
nocraeky (depes poccHiickoro aucTpuideloTopa) Donee co-
BePIIEHHOTO YHHBEPCANBHOIO JOIHMETPA ANA KOHTPOIA
napamerpos PIA tuna «Piranha» B pazmuuneix Moamdgu-
kauunax, obecnieunnalomux cosmectro ¢ K pacumpennyio
TEXHHMECKYIO IKCOEPTH3Y paznuuHex THmos PIA (pewrre-
Horpadu4eckuy, PeHTIeHOCKOMHYeCKHX, MaMMorpaduyec-
KX, croMaronoruueckux, KT).

C atoro xe BPEMCHH Ha OTEYCCTBCHHOM PBIHKE BMECTO
mozumerpa «Mult-o-Meter» nosBHiICH ABTOHOMHBIH, NopTa-
THBHBI JO3MMETP M4 ONEPATHEHOIO KOHTPOMA XdpakTe-
puctur PJIA tHna «Cobia», Bumyckaemuiii Toil e msenc-
Koit gmpamoit,

C oktabps 2013 roga HITL mequuunckofi paamonorun
nepernest Ha BRIMYCK Moadinposannx yerpoiicrs YKPOX
C AMOHCKHMH JIETEKTOPaMH PEHTIEHOBCKOIO H3MYYeHHUA THIA
58193, nponzeoguMeiMu dupmoii «Hamamatsu», Jetextop
58193 npencrapnser coboil Muockuii KpeMHHEBEI doToau-
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Of1 ¢ HATIBITICHHBIM Ha HErO KePAMHYeCKHM CUHHTHIITATOPOM
tuna GOS, Cnasnoe ero A0CTOHNCTBO — HEIABHCHMOCTD Ma-
paMeTpoB AETEKTOPa OT BAHAHHA KIHHHYMECKHX yCmopmii
oKpy®awmeii cpens (nMpexae Beero BAAXKHOCTH), OTCIOAL —
BeICOKAA CTAOHNBHOCTE JAHHEIX NApaMeTpos. 3To oberos-
TENbCTBO MOIBONAET MOBBICHTh CTAGWIBHOCTE XApaKTePHC-
ik YKPOX, pacimpirs AHANAZOH HIMEPHTEIBHEIX IEKT-
PHYCCKHX H AOTHMETPHYCCKHY NAPaMETPOB PEHTICHOBCKIX
afmapaTon, a TAKKE YBETHYHTE TOMHOCTE H3MEpPEHHIH,

OcHOBHEBIE TEXHHYECKHE XAPAKTEPHCTHKH MOPTATHEHO-
ro asToHomuoro npubopa «Cobia» w Mognduunposanio-
ro yerpoitersa YKPOX ¢ AanoHcKHMH NETEKTOPAMH NpHBe-
IeHsl B maéia, [,

B yuusepcanstiom pentres-recrope YKP2X, conparae-
muim ¢ [TK (pue. 1), Takme HCMOML3YIOTCA HOBEIE ATIOHCKHE

ACTCKTOPEL,

Puc. 1. OGwma sng YEPIX

[Moaxmouenne [TK x YKPIX naer po3MoxHOCT BH3ya-
mH3HpoBaTh HaMmepAemele YKPIOX xapaxrepHcTHrl B rpa-
tpueckoit dopme (3To npexie BCEro OTHOCHTCA K aHOAHO-
MY HAMPAHKEHHIO, & TAKKE K BRIXOAHEIM CHIHATAM AETEeKTO-

AnopHoe nanpmsedne Ua = 71,45 kv

MowHoCTs fo3s RD = 60,98 R/min
BpaMa sxcnosuywn  Tex = 409 ms

POB, NPONOPUHOHATBHEIX MOLIHOCTH JO3E HAMYHeHHd), pe-

AMM30OBEIBATE PAMTHMHEBIE ANTOPHTME] 06paboTEH M BBIMHC-

TEHHA HIMEPASMBIX MAPAMETPOB, COXPAHATD WX JUTA MOC/e-

JVIOWIEH perucTpaliy i aHaIH34 TIPH CPABHHTENBHO HeDO k-

LWIOM YBEAHYEHUH CTOMMOCTH,

B kauectee [1K momer OpiTE HCMONB3IOBAH HACTONE-
ustii [TK, noyt6yk nnn nethyk ¢ onepauHoHHbIMIE CHCTe-
smami Microsoft Windows XP, Vista unn Windows-7, co-
OepxamumMi Tabnuuneli npoueccop Excel n obonoury
Met-Framework.

Hna ceasu ¢ [IK menonesyercsa nubo coennunTens-
Heiit kabens RS-232/RS-232 (COM-1), nubo nepexon-
g RS5-232/USB, mubo cneuuansHEI MOIYNE, BRITONIHEH-
et mo Texnonoriud Bluetooth, noaxmouaemsrii ¥k YEKPIX
BMecTo kabens RS-232,

Jna paborel ¢ [TK ¢ npumencunem portuer ((NET) Tex-
Honoeruy Ha A3eike CH# Grina pazpaboTana nporpamma, obec-
neunsaoan cegas YKPIX ¢ [1K, seiuncnenye, sizyanu-
SALMIO M XpaHenie HIMEpeHHBIX XapAKTEPHCTHE C BOIMON-
HOCTBIO HX 3KcnopTa B Excel.

IMporpamma paspaBorana B epene Visual Studio 2008 nns
obonouky . Net Framework, skmoyaemoii 8 OC T1K,

[1IK #ia ocnose monydennsix 13 YKP2X ganusix seimc-
JIAET H BEIBOMHT Ha QHCInedi creaylouHe napaMeTpsl:

*  AHOJAHOC HANPAMCHHE HA PEHTICHOBCKON Tpybke & Vp
(kVp cpenuenuronoe, kVp, ., — IKBHBANICHTHOE NOCTOAH-
HOMY Hanpssenno 8 cootsetcTeii ¢ IEC 61676);

®  MOUHOCTH IKCOOINUHOHHON 10361 (PAIHALHOHHDBI BbI-

xom), Phvoan s mTplfe;

IKCMOZHUHOHHYI0 no3y, MP nnn mIp;

Bpems axcmozuim: 10, 10000 mc;

cnoit nonoeHHHoro ocnabnenna HVL,

rpacik HaMepenis k ¥p Bo BpeMeH;

rpadir H3MepeHHA MOLHOCTH J036l ¢ ABYX JeTEKTOPOB

BO BPEMEHH.

=5 ]
Benwumua nyascaymi Ua = 2565 %

fAoaa wanyvennn DZ = 415,69 mR

Cnoh nonoownd.ocnab. HVT = 3,2 mm Al

[ A

o WO |

] ] uad

| 73

Puc. 2. PaGoyee oxHO NPOrpaMmMsl Ha sxpade MK

Tatinuya |
CpasHuTEnsHEIE XaPaKTERHCTHKH HOPMATHBEHLIX PAAHALMOHHLIY KHNOBONLTMETROR
np.:énapa AHOOHOE HANPRKEHWE Ao3za MOWHOCTL Q03 Bpema 3kcnoamumm Mprmesaqme
MOoWHOCTL Q036!
Cobla | (3B...153 B} £12,5% | (400 mklp... 1000 kMp) £ 5% | (15..100 mxlp) £5% | (0,1 mc...2000c) £ 3 % BBIMHCIABTCA
noDwuTa
YEPSX & (1...400 P/mun) 1nu " [o3a BeMUCRAeT-
(2013 r.) (40...150 kB) £ 3 % {15 melp...0,6 Mp) £ 10 % (0,15...60 mlp/c) + 10 % (10 mc...10c) £ 3 % R e DuTs
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Puc. 3. TaGnuua anexTpMYeck: W DaaMaUMoHHeX xapakTepucTie YEPIX Ha skpade MK

Pabouee okno nporpammet Ha gucnnee [TK no oxonua-
HHH OpOLecca HIMEPEHHA 34 BPeMA OIHOMN IKCIIO3HIIHN HMe-
€T BM, MpeICTABNEHHLIN Ha puc. 2.

B nusneil YacTH oKHA PACIONOMEH TAKKE PAI KHOMOK,
YNPaBNgeMEIX MAHHITYIATOPOM SMBILIER,

Knonka «Ueqge nospsonser, uenonksys Maceus Ug, Bhl-
YHCIATH TAK HA3BIBACMOE MPAKTHHECKOE NMHKOBOE HANIpAXkKe-
HHe (MNIH IKBHBATEHTHOES MOCTOAHHOE HATIPSKEHHE) B COOT-
percTeHH ¢ IEC 61676.

Kuonka «Excel» oBecneunBaer cBA3b ¢ TAOMHYHEIM TIPO-
ueccopoM Excel, oprannsys coamanue sxsemmnapa Excel n
3anycK HOBOMH paBounii KHHTH Ha OCHODE 3AMAHHOTO wWab-
NOHA, KyOa 3KCMOPTHPYIOTCA AaHHbIE M3MepeHHil, OpHYeM
Ka#[0oe HOBOE HIMepeHHe ABTOMATHYECKH 3AMHCHIBAETCA B
HOBYIO CTPORY TabNKULL 3anHck NPOM3BOANTCH B YHCIOROM
thopmare, 4TO fAeT BOIMOMKHOCTE ABTOMATHYeCKOi 06padoT-
KM C NOMOUILI0 HOpMYI, 3apaHee 3aMHCAHHBIX B COOTBET-
cTByrmHe Aueiixn Excel.

Ha ocrope nonydeHus pe3ynbTATOR HIMEpeHHIl Hemoc-
peAcTBEHHO B BiJIe AHHaMH4ecKoll Tabmuunl (pue. 3) Hame-
HeHi IMEKTPHYCCKHX o PAAHAUHOHHBIX XAPAKTePHCTHE
PEHTTEHOBCKOTO M3MyyaTend, NpelnomeHHblli AIroOpHT™, B
OTAHYHE OT APYTHX AHAMOTHYHBIX NPHBOPOB, MO3BOMAET B
peRHMe peankHOro BpeMenH Ge2 Sonwmoil pyTHuHoif pabo-
THl aBTOMATHYCCKH OBpaBoTaTh M NMONYUHTE 3aBHCHMOCTH
SIHHERHOCTH J035] H3TYUCHHA OT KONHYCCTRA MIEKTPHUCCTBA,
PAOHALHOHHOIO BRIXOMAA OT AHOJQHOTD HATIPAXEHHS, MOBTO-
PAEMOCTH [103BI HIMYHEHHA NPH OIHHAKOBBIX YCTABKAX pe-
HHMA IKCIOIHLNH, OLEHHTE OTHOCHTENBHYIO H A5COMOTHYIO
MOrpeIlHOCTH H3MEPEHHBIX 3HaYeHuil B ap. 3To Jaer Bo3-
MOMHOCTS (TEXHHUYECKOMY HHCIIEKTOPY) ONEPATHEHO OLEHH-
BATH TCXHHYECKOE COCTOAHHE MHTAIOWEro YCTPOHCTBA M H3-
Ny4aTens PeHTIeHOBCKOro ANNApPaTa HENOCPEACTBEHHO B
JIITY.

OnelT 3xcnnyaTauny HoBoro BapuanTa YKPOX, coeme-
uentoro ¢ [TK, nogreepann yrasaHHusie npensymecrsa [4],

[Mokazaus! KOHKYpeHTOCNOCOOHOCTE MOAEPHHIHPOBAH-
soro sapuanta YKPIX u Beicokas adekTHEHOCTE ¢ro B
dacTH obecnedeHHA PEMOHTHEIX H MYCKOHATANOMHBIX paboT
Mo CPpaBHEHHIO ¢ 2apy0eHEIMH MOIENAMH PaJgHATHOHHBIX
KHJIOBOJNETMETPOB,
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