YCHEXU BUXPEBOH PACXOJOMETPUM

M.B. borym

[lpuHumn gefcTBUST BHUXPEBBIX PacxoJOMEpOB (CUETYMKOB) OCHOBAaH Ha
npeoOpa3oBaHUU MOCTYIMATENBHOTO IBUKEHHS U3MEPSEMOU Cpelibl B BUXPEBYIO JIOPOXKKY
Kapmana ¢ momoIpi0 yCTaHOBICHHOTO TOMEPEK MOTOKa Tella OOTEKaHUs U H3MEPEHUS
yacToThl cpbiBa Buxpell [1]. Yacrora oOpazoBaHHs BUXpell B HEPBOM MPHOIMKEHUN
IIPONOPLMOHANIBHA CKOPOCTH IOTOKA, a HX KOJMYECTBO 3a IMPOMEXKYTOK BPEMEHU —
CyMMapHOMY PacXxoJy SHEPrOHOCUTENS.

JIOCTOMHCTBOM BUXPEBBIX PACXOJIOMEPOB SBJISETCS OTCYTCTBHE KAKUX-THOO
MOJIBIKHBIX JJIEMEHTOB BHYTPH TPYyOOMpPOBOJA, JOCTATOYHO XOpOIMIash TOYHOCTh H
JIMHEWHOCTh B IIMPOKOM JUAIa30HE U3MEPEHUMN, YACTOTHBIN BBIXOJHOW CHTHAJI, a TaK K€
YHUBEPCATBHOCTh: OJUH U TOT K€ MpUOOp Mocie TPagyupOBKH MOKET ObITh CUETYMKOM U
JKUJKOCTH U Ta3a u napa [1,2].

HecMoTpsi Ha JAOBONBHO MPOMOIDKUTEIILHOE BpPEMsS OCBOCHHSI 3THX MPUOOPOB B
W3MEPUTEIILHON TEXHUKE, TEOpHsi M TPAKTUKA BUXPEBBIX PACXOIOMEPOB HENPEPHIBHO
pa3BUBAaeTCAd M COBEPILICHCTBYETCA. MIyT MOMCKHM JIy4IIMX CXEMHBIX pelleHu#, Oosee
3¢ (HEeKTUBHBIX U TEXHOJIOTHYHBIX KOHCTPYKIIUI MEPBUYHBIX MpeoOpa3oBaTeneit pacxoa.

OmHuM U3 BaXHEWIIUX SJEMEHTOB BHUXPEBBIX PACXOJAOMEPOB  SBISIOTCS
peoOpa3oBaTely SHEPTUU MOTOKA B AJIEKTPUUYECKUN CUTHAJ, BO MHOTOM OIIpENESIONIe
AKCIUTyaTal[MOHHbIE BO3MOKHOCTHM M TEXHUYECKHH ypoBeHb NpubopoB. I3BecTHBI
BHUXPEBBIE PACXOJIOMEPHI, B KOTOPBIX MPUMEHSAIOTCS WHAYKTUBHBIE, aHEMOMETPUYECKUE,
€eMKOCTHBIE, OITOIEKTPOHHBIC,  MbE303JCKTPUUECKUE U JApYyrue  mpeoOpa3oBaTesu
sHepruu [3].

[enpto HacTOsImIEH pabOTHI SBISICTCS aHAJIU3 KOHCTPYKTHBHBIX OCOOCHHOCTEH,
METPOJIOTHUECKUX M SKCIUTyaTallMOHHBIX XapaKTEPUCTUK BUXPEBBIX PACXOIOMEPOB BOBI,
ra3a M rnapa pas3IiMYHbIX POCCUMCKUX IMPOU3BOIUTENICH, CpaBHEHHE UX C aHajloraMu
BEIYIIUX 3apyOCKHBIX (UPM, a TaKkKe TEHICHIMM pa3BUTUS JTOW OTpaCiIH
MU3MEPUTEIIBHON TEXHUKHU.

BuxpeBble cueTYMKM KHUAKOCTH. [lepBble BUXPEBBIE PACXOIOMEPHI KUAKOCTH
BUP-1 Obutn paspaborans B T'HL[ «HUM Temmonpubop» r. MockBa M BHEAPEHBI Ha
3aBosie «Ctapopycnpubop» r.Crapas Pycca B 1982 romy [1]. IlpuHmun aeicTBus 3THX

U3JIeIN OCHOBAH Ha YJIbTPa3BYKOBOM JETEKTUPOBAHUU BUXpEH, 00pa3yIOMIMXCs 3a TEJIOM



oOtekanus. YacTo Takue NpUOOPHI HA3BIBAIOT BUXPEAKYCTHUECKUMH WM BHUXPEBBIMU
yJIBTPa3ByKOBBIMU pacxogoMepami [2,4].

VY CTpoRCTBO TaKOro pacxoiomMepa MOosICHSET puc. 1.
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Puc. 1. Cxema suxpeakycmuueckozco pacxooomepa

B mporounoit wactu pacxomomepa 1 3a TenoMm oOTekaHus 2 JAMAMETPAbHO
MPOTUBOMOJIOKHO PAa3MEMIAIOTCS IMHE303JCKTPUUSCKUE H3IIy4areldb W TMPUEMHHUK 3.
Pacxomomep moakitoueH kK TpyOompoBomy S5  uepe3 Quianubl 4. Ha wmsnywatens ot
reHepaTropa TMOJaeTCs MEepeMEHHOE HampsbkeHue, 00bIYHO yactoTor 1-2 MI'm, kotopoe
npeoOpasyeTcss B yJIbTPa3ByKOBBIE KONEOAHMS >KUIAKOCTH U, MPOUIS 4Yepe3 MOTOK, B
pe3yJbTaTe B3aMMOACHCTBHS C BUXPSIMHU OKA3bIBAIOTCS MOAYIHMPOBAaHHBIMU 1O da3ze. Jlanee
YIIBTPa3BYKOBasl BOJTHA BOCIIPUHUMACTCS IPUEMHUKOM U TIPe0OpazyeTcsl B AIEKTPUICCKUI
CUTHAJI C 4aCTOTOM CJIeIOBaHUS BUXPEH, SBIAIOUICHCS MEPOM CKOPOCTH MOTOKA.

B 1988 rony AQHAJOTUYHBbIE 1O NPHUHIMUIY JACUCTBUS CUETYUKHU BOJbI
yneTpasBykoBele  CBY  Obumn paspaboransl CKBb «Cubna» (#piHe OAO
«CubHe(dTeaBTOMATHKA») U OCBOCHBI  TIOMEHCKHM «OIBITHBIM 3aBOJIOM DJIEKTPOH» [5].
bonee 70 Thicau Takux TpHOOPOB OBLIO TIOCTABJICHO [JII  y4YeTa BOJBI B CHCTEMax
MOJJEP)KAaHUS TUIACTOBOTO JaBIIEHUS Ha HE(TAHBIX MECTOPOXKIEHUsX. J[ocTOMHCTBOM
3TOTO THUIA PACXOJOMEPOB SBISETCS PAOOTOCIIOCOOHOCTh HPU OOJBIIOM H3OBITOYHOM
JNABIEHUU XUAKOCTH - 1o 20 MIla. Otu cuerumku, nperepreBmue 3a 20 jer
HE3HAYUTEIbHBIC N3MCHECHHUS, aKTyaJIbHBI M BBIITYCKAIOTCS JIO CHX TIOP.

TexHuyeckne XapakTEpPUCTUKH  BHUXPEAKyCTUYECKUX  CUETUYMKOB  JKHUIKOCTH
pa3IMYHBIX MPOU3BOJUTENEH, BBITYCKAEMBIX B HACTOsAIIEe BpeMs, MpHUBEIEHHI B Tali. 1
[2,4,5].

OtmeTrM, 9TO TIPUOOPHI ATOTO THIIA HE MPUTOIHBI I U3MEPEHUs pacxoja rasza

HJIN Iapa u3-3a HECOrJIaCOBAHHOCTH aKyCTHUYCCKOI'0 MMIIEAaHCa IIBE303JICKTPUUCCKHUX



Tabmua 1

Tunm cueTunka KHUIKOCTH

XapaKTepuCTHKA CBY.M CBX Metpan-300IIP

«OIJIEKTPOH» «Cubna» «Metpan»
Jlnanazon tunopasmepon, Dy MM 50-300 50 -150 32 -300
Jnama3oH n3MepeHus pacxojia rno 0,6 - 330 0,8- 500 0,18-2000
BCEM THIIOpa3Mepam, M°/d
JnHaMudeckuii nrana3ox 1: 33 1: 40 1: 50
n3Mepenuit, Qmin : Qmax 1:44 1:100
MakcumanbsHOE pabouee JaBJiICHHE, 20 20 1,6
MIla
OZ[Hana30H TeMIepaTyp KUJIKOCTH, 4...60 0...150 1...150

C

JlmanazoH TeMmepatyp -40...50 -45...50 -10...60
okpykaroiei cpepl, °C
MeX1oBepOUHbII UHTEPBAJL, JIET 2 2 4
[Ipenen pomyckaemoil OCHOBHOM
MOTPeNHOCTH, %, HEe Oonee
Ot 0,08 Qnom 10 Q nom
Ot 0,04 Qnom x0 0,08Q nom + 1,5 + 1,0 + 1,0
Ot 0,04 Qnom 10 Q min + 1,5 + 1,5 + 1,5

+ 2,5 + 4,0 + 3,0

npeoOpaszoBareseii ¢ ra3oBoi cpenoi. B pesynbrare Oobias 4acTh aKyCTUIECKOW BOJIHBI

MIPOXOJTUT Yepe3 CTEHKH TPYObl, a HE KOHTPOJIHUPYEMYIO CpPELy.

Buxpessbie cyerunku rasa. Ilepsslil poccuiickuil BuxpeBoil cueruuk raza CBI'
obu1 pazpaboran OAO «CuOHedTeaBTOMAaTHKa» W OCBOCH B CEPHUIHOM IMPOHM3BOJICTBE
1991 rony [2]. s peructpaiivu BUXpEil MCTOIB30BAIUCH MTbE303JEKTPUUECKUE TATIHKU

JIABJICHUSI TEHEPATOPHOTO TUMA. Y CTPOMCTBO BHXPEBOTO pacxojoMepa ra3a ¢ JaTYMKaMu

JAaBJICHUsS IIOKA3aHO Ha pHUC. 2.
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Puc 2. Cxema suxpesoco pacxooomepa 2aza ¢ nbe3091eKmpuieckumMy Oamyukamu

oasetus.




[Ipe30amexkTpryeckue naTyuku 3 yCTAHABIMBAIOTCS B IIPOTOYHOM YacTu
pacxomomepa 1 3a TemoMm oOTekaHHWsS 2 TOMApHO. DTO TO3BOJISET YCHIUTH IMOJIE3HBIN
CUTHAJI 1 MUHMMHU3HUPOBATh BUOPALIMOHHBIE M aKyCTHYECKHE ITOMEXH, T.K. CUTHAJl OJTHOTO
U3 JATYUKOB B COIJIACYIOILEM YCTPOMCTBE MHBEPTHPYETCS U CYMMHUPYETCS C CHUTHAJIOM
JIpyroro aatyvka. B pe3ynbrare cuH(pa3HBId CHUTHAJI TOMEXH KOMIIEHCHPYETCS  Ha
CyMMaToOpe, a TOJIe3HbI NpPOTUBO(A3HBIA CUTHAT BBIJIEIIACTCS. B kauectBe
COTJIACYIOIIETO HCIIONB3YETCsl 3apsIOBBI YCHIUTENb, KOTOPBIH IMpeoOpazyer  CHrHal
JaTYMKa B MEaHp, 4aCTOTa KOTOPOI'0 MPONOPIUOHAIBHA CKOPOCTH ITOTOKA

OAO «CuOHedTeaBTOMaTHKa» pa3pabOoTaH U OCBOEH B IPOMU3BOJCTBE
HOPMANBHBI psi cuerdrkos rasa CBI.M ¢ mpeaenamu m3mepenuii ot 160 1o 10000 v>/u
st TpyO ¢ ycioBHbIM mpoxogoM oT 50 go 200 mMM. Ot mpuOOpel 00ECTIEUHBAIOT
JTUHAMHWYECKHUI JUana3oH M3MEpPEHUH pacxoja ra3a Mpu M30BITOYHBIX JaBlIeHUsX J0 160
klla - 1:20, a npu gaBnenusix ot 0,16 no 2,5 Mlla — 1: 40. IlorpemHocts u3MepeHuii B
HaunOosee BeposATHOM HMHTepBaje pacxona or 0,1 mo 0,9 MakcMManbHOTO HE NPEBBIIIAET
+1%, a Bo Bcem muamnazone uaMmepenuii +1,5% [6]. Opnako mociie mpUBEACHUS K
HOPMAJIbHBIM ~ YCIIOBMSIM HM3MEPEHHOI0 KOJMYECTBA Ta3a, CyMMapHas IOIpPEIIHOCTb
Bo3pactaer 10 +2,5% 3a cyeT MOrpeuIHOCTed BHOCHUMBIX JaTUYMKaMH  H30BITOYHOTO
JABJICHUSI U TEMIIEPATYPbI, KOTOPBIMH KOMILJIEKTYETCS CUETUHUK.

Otmerum, uto paspabotkn OAO «CubOHedTeaBTOMATHKA» OTIMYACT BBICOKAS
CTENEHb YHH(PHMKALMU TEXHUYECKUX peuieHud. Tak BO Bcex TUIOpasMepax JaTYUKOB
pacxoma raza  JIPI'.M ucnonb3yloTcs eauHble MajorabapuTHBIE MbE303JIEKTPUYECKHE
natuukd  pasinenus  014MT  [2,7], a cuertunku raza CBI'M koMmIuieKTyroTCA
YHHBEPCAILHBIM MHKpOTIpo1ieccopHbIM O10koM BKT.M.

[IpumepHoO B 3TO e BpeMs npyras TromeHckas pupma 3A0 «/lalimer» pazpaborana
U OCBOMJIa B COOCTBEHHOM IPOM3BO/ICTBE, @ TAKXKe Ha 3aBOJE «DJIEKTPOH», CUETUMK rasza
«Dymetic-9421» [8] ansa u3mepeHue pacxomga B TpyOax orT 32 mo 150 MM B auamazone
ot 6 10 5000 M’/u.

[IpuHIUn AelcTBUS U pa3MEIIEHUE IbE303IEKTPUUYECKUX JaTYUKOB JaBICHUS B
3TUX npuOopax aHamoruuHel puc.2. OcobenHocteio  «Dymetic-9421» sBisiercst TO, YTO
JaTYUK PacXoAa BKIIIOYACT TAKXKe NAaTUYMKU H30BITOYHOTO AABICHHUS WU TEMIIEPATyphl,
IIpUYEM TEPMOMETP YCTAHOBJIEH HEMOCPEICTBEHHO B Telo oOTekaHus.  DakTHUecKu
U3MEPUTENIbHBIA y4acTOK TPyObl SIBISIETCS €AMHBIM  TPEXKOMIIOHEHTHBIM  JAaTYMKOM

pacxola, AaBJICHUA U TEMIICPATYPHI.



AHaNOTMYHBIA CYETYMK Tra3a moa Mapkoi «MetpaH-331» pacnpocTpaHseT depes
cBoto ToproByto cetb 3A0 I1I" «Metpan» [4].

Jlpyroii BapuaHT KOHCTPYKTUBHOT'O HCIIOJIHEHUSI BUXPEBBIX PacXOJOMEpOB rasza
pazpaboran OOO «I'mobyc» r. benropon. B mpubopax «Hpra-PB» mns perucrpanun
BUXpEU HCTONB3YIOTCS 2 MbE303IEKTPUIECKUX AaTuuka u3rubatomiero momenta 108 [3,9],
YCTaHOBJICHHBIX BIOJb OCH TPyOBI 3a TeqoM oOTekaHus. (Cxema 3TOro pacxojoMepa
nokazana Ha puc. 3 [10].
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Puc 3. Cxema euxpegoco pacxodomepa C  Nbe3021eKMPUYecKUMy  Oamyuxkamu
uzeubarowe2o Momenma

[Tpe3031eKTpUUECKUE TATYUKN M3TMOAIONIET0 MOMEHTA BBICTYIAIOT B IPOTOYHYIO
4acTh, B TO BPEMsI KaK JaTUYMKH JIaBJICHHUS OOBIYHO MOHTHPYIOTCS 3alOAJIUIO CO CTEHKOU
TpyObl. B pesynpTare chbeM MHPOpPMALUU MPOUCXOIUT HE B NPUCTEHHOW 30HE, I
CKOpOCTh TEYEHUS MHUHMMaibHa, a Ha paccrosHuM 10-15 MM BriyOb pacxonomepa.
PacrnionokeHue JaTYMKOB TIOCJIENOBATENBHO JAPYT 3a JPYroM B TEHH Tela OOTEKaHUs
o0OecreynBaeT MX 3alIUTYy OT MEXAHWYECKUX MOBPEKICHUM M pErucTpaluio  3HEPruu
OIIHOBPEMEHHO JBYX BUXPEH, YTO MO3BOJSAET IOBBICUTH YyBCTBUTEIBHOCTD K IIOJIE3HOMY
CUTHAJIy U KOMIIEHCHPOBaTh BIMSHME BHOpauuu W Ipyrux nomex. Pacxomomep «Mpra—
PB» ycroifuuB k ruzpoyaapaM ¥ HEBOCHPUUMYMB K HAJIMYMIO >KUIKOW (as3bl B ra30BOH
cpene [10].

B razoBeix pacxomomepax BHP-100, OAO «Temnonpubop» 1. YensOwHCK,
«B3ner-BPC», 3A0 «B3znetr» r.Cankr-IlerepOypr i perucTpaunu BUXpei HCHONb3YI0TCs
JATYUKH JaBJICHUS, HETOCPEJICTBEHHO BCTpauBaeMble B Teno obOtekanms. B BUP-100
nbe30351eMenThl (I13) B BUJie MIacTUHBI YCTAHOBIIEHBI HEMOCPEACTBEHHO HA  CKOLIEHHBIX
MOBEPXHOCTAX TpanelueuianbHOro Tesa oorekanus. OIHAKO TEXHOJIOTHYECKUE MPOOIIeMbl

3allluThI IID ot Bimaru m arpeCCUBHOCTU CpCAbl CACIIAIIN 3TOT HpI/I60p MaJloHaASKHBIM. B



npubopax «B3ner-BPC» B Tene oO0TekaHusi NpeaycMOTPEHbI OTBEPCTHS, Yepe3 KOTOphIE
CHenuanbHO pa3paboTaHHBIE CABOCHHbIE NaTuuku pAasieHus tuna 021 cooOmrarores ¢
paboueii cpenoil.

AHanorn4yHelM 00pa3oM depe3 KaHajbl B Teje OOTEKaHMs OCYIIECTBISAETCS CBSI3b
MEXIy MpeoOpa3oBaTeissMy BUAA SHEPrUu U padboueit cpenoit B cuetunkax «MpBuc-P4y»,
00O «MpBuc» r.Kazanp, BBITyCKaeMbIX B IByX MOAM(DUKALUAK: C AHEMOMETPUIECKUMU
JaTYMKaMM AJI1 U3MEPEHHUsS pacxo/a ra3a U ¢ Ibe303JEKTPUUYECKUMH AAaTYNKaMU J1aBICHUS
014MT nns u3MepeHus pacxojia rasa u napa.

B Tabnuue 2 mnpuBeneHbl — XapaKTEPUCTUKU HNPOMBIIIJICHHBIX BUXPEBBIX
pPacxoIOMEPOB raza BEAYIIUX POCCUUCKUX mpousBonutenei [2,4,8,11-13]. [ns cpaBHeHUs
B Tabmuiy BkItoueHbl potopHblie (RVG, DJIbCTEP-I'a3anexktpoHrka) U TypOUHHBIC
(CI'16MT, Apzamacckoro MpuOOPOCTPOUTEIHLHOTO 3aBOJA) ra3oBble  CYETYMKH,

COCTaBJISIOIIME KOHKYPEHIIMIO Ha PhIHKE BUXPEBBIM PACX0JA0MEPaM.

Tabauua 2.
XapakTepucTuka Tum  cueruymka rasa
CBI''M Dymetic- Merpas- HUpra-PB HWpsuc- Bsner- CrieMT RVG
9421 331 P4 BPC
«Cubna» «[laitmery «Metpan» «I'mobyc» «MpBuc» «Baner» AII3 «DnbeTepy
«DIEKTPOH»
Juana3on 50-200 32 -150 32 -150 32-500 50-200 32-100 50-100 40-150
TUNOpa3MepoB, Dy MM
Jlnana3oH uzMepeHus 4 -10000 6- 5000 6-5000 4-80000 12-5000 | 6-2500 | 10-2500 0,8-650
pacxoa 1o BceM
TUIIOPa3MeEpaM, M /uac
JlnHaMHYECKHIA 1: 20, 1:30 1: 30 >1:40 >1:50 1:20 1: 20 1:20, 1:
JIMana3oH M3MEpEHUi, 1:40 50, 1:100
Qmin : Qmax
MaxkcumanbHoe pabouee 2,5 1,6 1,6 1,6; 6,3; 1,6 1,6 1,2u 1,6 1,6
nasnienue, Mlla 16
Jluana3oH TeMuneparyp - -20...150 | -20...200 | -55...250 - - -20...60 | -20...70
SHepronocurens, C 20...250 35....25 | 40...100
0

Jlnama3oH TeMmneparyp -40...50 -40...50 -40...50 -55...60 | -35...50 - -40...50 | -30...70
okpysKaromeit cpesl, °C 40...70
MesxnoBepouHslil 2 2 2 4 2 2 2 4
HHTEpBaJ, JeT
[Ipenen pomyckaemoit
OCHOBHOM IOTPELIHOCTH,
% + 1 + 1 + 1 + 1 - + 1,5 - + 1
Ot 0,1 Qmax mo Qmax - - - - + 1 - + 1 -
Ot 0,2 Qmax mo Qmax + 1,5 + 1,5 + 1,5 + 1,5 - + 1,5 - + 2
Ot Qmin g0 0,1Qmin - - - - + 1,3 - +2 -
Ot Qmin mo 0,2Qmin

13 Ta6J'II/II_IBI 2 CJICAYCT, YTO 3adABJICHHBIC TCXHHUYCCKUC XAPAKTCPHUCTUKU BCEX

MNPUBCACHHBIX TUIIOB CYCTYHMKOB I'a3d, KaK BUXPCBbIX, TAK U MCXAHUYCCKUX OTIUYAOTCIA

HC3HAYHUTCIIbHO.

B nayuHo#l nuTepaType

MIPOJIOKACTCS

IUCKyCCHSI O TpEuMyIIecTBax U




HE/OCTaTKaX NpUOOPOB, OCHOBAHHBIX HAa PA3NWYHBIX (PU3UUECKUX MPUHIMNAX, IS
KoMMepueckoro yuera raza [11,14].
B kadecTBe HEOCTATKOB BUXPEBBIX CUETYMKOB rasza ykaspiBaetcs [14]:

- TIOBBILICHHAs YyBCTBUTEIBHOCTD K JIIIOPE CKOPOCTEH B TOYKE M3MEPEHMs, a KaK
CJIEZICTBHE HEOOXOIUMOCTh OOJIBIINX MPSIMBIX YYaCTKOB J0 U Mocie npuoopa;

- 3aBHCHUMOCThH JMHEWHOW o0nacTu mpubopa OT CBOICTB ra3a W Kak CIEACTBUE
HEBO3MOKHOCTb IPOBE/ICHUSI TOUHBIX U3MEPEHUN ITPU MAJIBIX pacxoax;

- OoJiee BBICOKHE MTOTEPH JIaBJICHUS MPU U3MEPEHUSX;

- HU3Kasl MOMEXO03aLUIEHHOCTh OT BUOpAlMK IPU MaJIbIX pacxojax.

HecoMHEHHBIMM IPEUMYILECTBAMU BUXPEBBIX pPacxoAoMepoB cumrTarorcd [14]:

- Xopomasi paboTa B 3arps3HEHHBIX M arpECCUBHBIX T'a3ax;

- HaJIeXHOCTh B CHCTEMax aBTOMATH3aLlMU TEXHOJOIMYECKHUX IPOLECCOB, IIE HE
TpeOyeTcs BBICOKAsi TOUHOCTh B IIMPOKOM JMHAMUYECKOM UAla30HE;

- ycToitunBas paboTa NMpH HAIUYMH B T'a3e METAUIMYECKON TBUIH;

- HEBOCIIPMMMUHMBOCTh K CKauKaM JIaBJIECHMs, pacxo/a, THEBMOyJapaM;

- KOMMEpUYECKUH ydeT pacxo/a napa.

HecMmoTpst Ha OTMEUYEHHBIE HENOCTATKH, YXKE CEMYac BUXPEBBIC pacXOJOMEpHI rasa
3aHUMAIOT B Hamiel ctpaHe Ooinee 23% pbIHKAa MPOMBIIUICHHBIX MPUOOPOB yueTa rasa
cpenu poccuiickux npousBoautenei, B Tom uncie OAO «CubHedreaBTOMAaTHKA» OKOJIO
17% [15].

Buxpesble cyerunku mapa. Kak npaBwiio, Bce BUXPEBBIE PACXOIOMEPHI rasa,
CO3aHHBIC Ha OCHOBE IbE303JIEKTPUUECKUX AATUYMKOB I€HEPATOPHOIO THMA SIBISAIOTCA H
pacxosoMepaMH Mapa. JTUM OHM BBIFOJHO OTJIMYAIOTCS OT BUXPEBBIX PAaCXOJOMEPOB,
OCHOBAHHBIX Ha JPyTUX (QHU3NYECKUX NPUHIHUIAX — AaHEMOMETPUYECKHX, MHIYyKTHBHBIX,
yJIBTPa3ByKOBBIX. [l m3MepeHus pacxona mapa HeoOXOAMMO BBECTH B BBIYHCIHUTEINb
IIPOrpaMMy pacueTa 3HAau€HUIl Macchl Iapa U IMEPEeHOCUMOW UM TEIJIOBOM 3HEPTMHM H
00ecrneynTh TEPMOCTOMKOCTh KOHCTPYKTUBHBIX 3JIEMEHTOB JaTYMKA Pacxoja.

BuxpeBble 1aT4uKH pacxojia NpuOOpOB, MPUBEACHHbIE B TaOiule 2, B pa3In4HON
CTENEHU YJOBJIETBOPSIOT TpeOoBaHUAM TepMocToiikocTH. Hampumep, B cueTymkax
«B3ner-BPC»  TepMOCTOMKOCTb TMBE303JEKTPUUECKUX JATYUMKOB pasieHus 021 He
npessimaer 120°C [12], 4o 006yCI0BICHO MPHMEHEHHEM TIACTMACCHI IS 3aIuThl [1D oT
notoka. akTUUECKH 3TU NPUOOPHI HEPUTOIHBI JIsl U3MEPEHUS pacxo/ia napa.

B cuerunkax «Dymetic-9421» wu «Metpan-331» wmakcumanbHas pabouas

Temmeparypa  9Hepromocutens — orpanuuena  200°C  [4,8], uTo  0O0YCIIOBICHO



TEPMOCTOMKOCTHIO TeH3ompeoOpazoBarenss LHP-2,5 kanana usmepeHus H30BITOYHOTO
JABJICHUS .

Ecnu B mbpe303/€KTPUUECKUX AATYMKAX HUCIHOJIb3YETCSl BBICOKOUYBCTBUTENIbHAS
KepaMHKa Ha OCHOBE LIMPKOHATa-TUTAaHAaTa CBUHIIA, Hanpumep, natuuku 014MT, 108, 019,
021 [3], TO TEPMOCTOMKOCTh Takux u3geauii He npessimaer 250-300°C. K takum
npubopaM OTHOCSTCS BCE CUETYMKM, yKazaHHble B Tabmune 2, kpome «Mpra-PB» B
CHEIMAJIbHOM HCIOJHEHUH. B TO ke Bpems, €clii B CYETYHMKE Mapa  IPUMEHSI0TCA
MIbE30JIEKTPUUECKUE JIaTUMKH, BBIIIOJIHEHHbIE Ha OCHOBE MAaJO4YyBCTBUTEIbHOW, HO
TEPMOCTOMKOW KEpaMUKH Ha OCHOBE THUTAHATA-BUCMYTA, HAIpPHUMEp, INATYUKH ABICHUS
019 [3], To pabouas Temneparypa napa MOKeT JOCTUTaTh 450°C u BpImIC.

Cepbesnble Mpo0JieMbl BO3HUKAIOT NMPH M3MEPEHHUU PACX0/a HACHIIIEHHOrO mapa,
KOTJ]a OJHOBPEMEHHO B TPYyOOIpOBOJE CYIIECTBYeT Ta3oBas W uakas ¢asza. Bona
KOHLIEHTPUPYETCSl ~ BJIOJIb  CTEHOK  TpyObl M HPEMATCTBYET  HOPMAJIbHOMY
(YHKIIMOHMPOBAHUIO JATYUKOB JABJICHHS, YCTAHOBJIEHHBIX 3aI0JUIMLIO CO CTEHKOH TPYOBI.
Cnemmamuctel  OAO  «CubHedreaBTOMATHKa» MNPENTIOKHIN  APQPEKTUBHBIN IpUeM
MIPEOAOJICHHSI ITOW MPOOJEMBl 32 CUET BBIABMIKEHMS JaTUMKa JABJICHUS BHYTPb TPYOBI
BMECTE€ C JKECTKO OXBAaTBHIBAIOIICH €ro KOJBIIEBOW BTYJKOW C KOHHMYECKHMM IO (opme
BeicTynioM [16]. Otmerum, uto cuetuuku  «Mpra-PB»  numenst storo nedexra T.k.
KPBUIO JIaTYMKa M3rHOAlOIero MOMEHTa BBICTYNAET BHYTPb TPYOBI, IZie MpeodiaaaeT
ra3zooOpasnas (asa .

OcCHOBHBIE =~ TEXHMYECKHE  XapaKTCPUCTUKHM  BBIIyCKaeMblx B Poccum
MIPOMBINIJICHHBIX BHUXPEBBIX CUETUYMKOB Iapa npuBeeHsl B Tabmuie 3 [2, 4, 8,13,17-19].

EnvHCTBeHHOH anbTepHATHBOM BHXPEBBIM pacxoJOMepaM Ha PBIHKE NPUOOpPOB
ydyera pacxoja mnapa sBISIOTCA HpHOOpPbI, OCHOBAHHBIE HAa M3MEPEHUHU Nepernana
JABJICHUS] Ha CyXallmux  ycTpoiictBax. OJHaKo, 3TH HPUOOPHI XapaKTEpPU3YIOTCA
JUHAMUYECKUMU auana3zoHamu 1:5 — 1:10, mnorpemHocTsio u3mepenuit 10 + 5%, a npu
W3MEpPEHUM HACBILIEHHOI'O Iapa CKOpee JaloT KadeCTBEHHYIO KapTHHY, 4YeEM
KOJIMYECTBEHHYIO OIeHKY [2,17].

Amnanu3 Tabauipl 3 IOKa3bIBACT OYEBHUHBIE IPEUMYILECTBA BUXPEBBIX CUETYUKOB
napa 1o CpaBHEHMIO ¢ JuaparMaMu U JIPyTHMMHU CY>KaIOLIMMU YCTPOWCTBAMH: IMIMPOKUN
JUHAMHUYECKHI JHMAara3oH, BBICOKAs TOYHOCTh H3MepeHuil. Jljis BUXPEBBIX MNPUOOPOB
TaK)Ke XapakTepHa OoJiee BBICOKAs CTAOMJIBHOCTb METPOJIOTMYECKUX XapaKTEPUCTHK BO
BpEMEHHU, OoJiee HU3KUE NIOTepU JaBieHHus. Bce 3To BeleT K MOCTENEHHOMY YBEIUYEHUIO

A0JIn1 BUXPCBBIX CYUCTUMKOB Ha PBIHKC CPEACTB YUCTa pacXoda Imapa, KOTopas yKe ceMyac



Tao0nuua 3

XapakTepucTHKa Tun cuerunka napa

CBII. M Dymetic- 9431 Mertpan-331 Hpra-PB Wpsuc-P4 | Omuc-Buxps 200

«CubHa» «aiimer» «Metpan» «['moGycy «pBuc» «OMucy
Junana3oH THIOPa3MEpPOB, 50 -200 32 -150 32 -150 32-300 25-300 25-300
D, MM
Junana3on uzmepeHus (0,005 — 6- 5000 6-5000 4-10000 8- 12000 9 -12900
pacxojia 1o BcemM 60) (0,009-345)
THIOpa3Mepam, /4 (1/4)
JlnHaMUYeCKUl quana3oH 1:40 1: 30 1: 30 >1:40 >1:50 1:9; 1:40
n3MepeHnid, Qmin : Qmax
MakcumMansHoe pabouee 2,5 1,6 1,6 1,6; 6,3; 16 4
nasnenue, Mlla 16; 30
[Juana3zon Temmneparyp 100... 300 100...200 100...200 100...450 120...250 -40...550
suepronocurens, °C (100...575)
Jlnana3oH Temneparyp -40...50 -40...50 -40...50 -55...80 -45...50 -40...70
okpysKaromeit cpexsl, °C
MesxnoBepouHblil 2 2 2 4 2 3
HWHTEPBAJL, JIET
IIpenen nomyckaemoit
OCHOBHOM IOrpemHocTy, %
Pacxopa:
Ot 0,1 Qmax mo 0,9Qmax +1 +2 +2 +1 +1 +1,35
Ot Qmin go 0,1Qmax + 1,5 +2 +2 +1,5 +1,3 +2,5
Maccs (00pema) +3 +(1,5) +(1,5) - - -
TemuoBoii sHEprun +4 - +4 - - -

cocraBisieT okono 60% cpenu poccuiickux npousBogutened, B ToM uuciae OAO
«CubnedreaBromatuka» - 40% [15].

OTtmeTnM, 4YTO yKa3aHHble B Tabnuie 3 MakCUMallbHble pabouyue TeMIepaTyphl
soie 500°C cieayer paccMaTpMBaTh CKOpPEE Kak HaMepPEeHHe pa3paOOTYMKOB, a HE
JOCTUTHYTHIM M anpoOMpOBaHHBIN Ha MPAKTUKE pe3ysbTaT. DTO CBA3aHO C TEM, 4TO B
HACTOAIIEE BpeMs €IlI€ HET IIbE30IEKTPUUYECKUX AATUYMKOB JJIsl BUXPEBBIX PACXOOMEPOB,
00J1a/1a1011IUX TaKOWH TEPMOCTOUKOCTBIO.

BuxpeBble cuyeTyMKM Tra3a M napa Beayluux 3apyOe:kHbix ¢upm. Becbma
3HaYUMBIM (PAKTOPOM, CIIOCOOCTBYIOIIUM POCTY KOHKYPEHLUH, SBISETCS MPOHUKHOBEHHE
HA POCCHICKUIN PBIHOK MEXIYHAPOTHBIX KOHIICPHOB - MUPOBBIX JIUACPOB B Pa3pabOTKe H
MIPOU3BOJICTBE BBICOKOTOYHBIX HM3MEPHUTEIBHBIX NPHOOPOB: Kopropamuu Emerson wu
Engineering Measurements Company (EMCO), CIIA, Schlumberger, ®panmusa, Krohne u
Endress+Hauser, ['epmanus, Danfoss, llIseuuns, YOKOGAVA (Anonus) u npyrux [15,20].

Kak mpaBuno, BHUXpeBble NpHOOPHl BEAYIIMX 3apyOSKHBIX (UPM  SBISIOTCS
OJIHOBPEMCHHO CUETYMKAMH W >KHIKOCTH, W Ta3za, U mapa. CpaBHUM OTCUYCCTBCHHBIC H
3apyOeKHBIE MPUOOPHI MO HamboJiee MPOOJIEMHO H3MEPSIEMOMY TMapaMeTpy — PacXomy
napa. OCHOBHBIE TEXHUYECKHE XapaKTEPUCTHUKUM BUXPEBBIX CUYETYMKOB TMapa BEAYIIUX

3apyOeKHBIX MPOU3BOAUTENEH IMpHUBEACHBI B Tabmue 4 [21-24].




Ta0nuua 4

XapakTepucTHka Tun narumka pacxojia mapa
Vortex RhD WFEMS5095, Prowirl, Digital YEWFLO,
EMCO, OPTISWIRL Endress YOKOGAVA,
CIIA 4070C +Hauser, SInonus
Krohne, I'epmanus
I'epmanus

Junana3oH THIOPa3MEpPOB, 25 -400 10 -200 15 -400 15-400
D, MM
Jluana3oH u3MepeHus (0,014 — 104) (0,005- 57) 0-20000 4,8 — 443017
pacxoja 1o BceM (0,006-268)
THIIOpa3MepaM, M /4 (T/4)
JlnHaMUYeCKU quana3oH 1:10; 1:35 1:7,1:12 1: 30 1:10; 1:25
n3MepeHnid, Qmin : Qmax
MaxkcumansHOe pabouee 10 1,6 4.0 1,5-224
Jasnenue, MITa (35)
[Juana3zon Temmneparyp -40...400 -40...240 -200...400 -40...260
sueprounocurens, °C (-200...100)

(-40...450)
Jlnana3oH TeMmneparyp -29...60 -40...65 -40...50 -40...85
oKpysKaromeit cpexsl, °C
MesxnoBepouHblil - - - 4
HHTEpBAJI, JIET
IIpenen nomyckaemoit
OCHOBHOM MorperHocty, %
Pacxoma + 1 + 1 + 1 + (0,7 -1,5)
Maccsr (06bema) + 1,5 + 2 - -
TennoBoii sHEprUH + 2,7 - - -

CpaBHuBasi METPOJIOTMUECKHE U JKCIUTyaTallMOHHBIE XapaKTEPUCTUKHU

MPEACTAaBJIICHHBIX B Ta6J'II/II_[aX 3 1 4 MOXHO OTMETHUTh:

- TUTIOpa3MEPHBIN Psill 3apyOeKHBIX MPUOOPOB, KaK MPAaBUIIO, LIUPE B CTOPOHY KaK
OONBIINX, TaK M MaJbIX PACXOJOB; HPU STOM JUIsl MaJlbIX PAacXo/I0B JAMHAMHYECKUMN
JIMana3oH U3MEPEHHI CyIEeCTBEHHO cyxkaercs a0 1:7 wim 1:10;

- MakcuMalbpHas pabouas TeMmIiepaTypa 3apyOeKHBIX NPUOOPOB B CHELHMATIBHOM
UCIIOJTHEHUH  BBIIIIE, YeM Y OOJBITUHCTBA POCCHIUCKUX aHanoroB u jgocturaet 400-450°C;

- 3apyOexHble TpUOOPHI HMMEIOT KPHOTCHHOE HCIOJIHEHHUE, [OITyCKaroIee
TeMIIepaTypy sHeprouocures g0 munyc 200°C;

- JUMHAMUYECKHE JAMama3oHbl M IOrPEHIHOCTH HM3MEPEHUIl OTEeYeCTBEHHBIX
BUXPEBBIX PACX0JJOMEPOB COOTBETCTBYIOT 3apyOeKHBIM 00pa3LaM;

- MEXIOBEPOYHBI HMHTEpBall 3apyOeKHBIX TNPUOOPOB, Kak MpPaBHIO, HE
pernaMeHTHpyeTcs; B TEXHUYECKOW aokyMeHTauuu, Hampumep ¢upmsl EMCO, CIIIA
yKa3bpIBaeTCs, 4TO pacxomoMepsl Vortex RhD wumeroT moXuW3HEHHYIO TpaaydpoOBKY B
CJIEZICTBUU TOTO, YTO T€OMETPHsI MPOTOYHOM 4acTH Mpubopa co BpeMEHEM He M3MEHSETCs.
Jlus pupma YOKOGAVA, no-sunumomy, nocie ceprudpukanuu B Poccuu, BeIHYXIeHA

ObLTa BBECTH MEXITOBepOUYHBIN MHTEpBal npubdopa Digital YEWFLO 4 rona.



B TexHuueckoil JOKyMeHTaKu MpUOOPOB 3apyOeKHBIX (PUPM COIOCPKHUTCS KpaHe
cKymnas uH(OpMaIHsi OTHOCUTENHHO MPUHLMIA ASHCTBHS M YCTpOIcTBa IpeodpazoBareneit
SHEpPruM MoToka B Aekrpudeckuil curiain. Tak EMCO cooOmiaer auiib, YTO CEHCOPOM
SIBJISIETCSl TIOJIYPOBOJIHUKOBAsl ~ T€H30pE3UCTHBHAs Martpuna [25]. B anokymeHtanuu
HEMELKUX (UPM CBEJEHMS O NPHUHIMIIE pabOThl CEHCopa BOOOIIE OTCYTCTBYET, XOTS B
OOHOM U3 IATEHTOB EndresstHauser omucan BHUXpeBO  pacxomomep C
YHU(PULIUPOBAHHBIM E€MKOCTHBIM BHOPOKOMIIEHCHPOBAHHBIM CEHCOPOM B BHUJE KphbLia,
yCcTaHOBIIEHHBIM 3a TesnoM oOTekanus. Jlumbs YOKOGAVA moapoOHO ONMUCHIBaeT,
IbE303JIEKTPUUECKU peoOpa3oBaTelb, COCTOSIIIUI M3 HaOopa MbE303JEMEHTOB B BUJE
1ail0 ¢ BUOPOKOMIIEHCHPYIOIIUM 3BEHOM, YCTAHOBJIEHHBIH B TOpIE Tesla OOTEKaHWs U
(dakTHuecKu perucTpupyronmii aedopmanuu Tena OOTEKaHUS NPU BHXPeoOpa30OBaHUU
[24].

OrMetruM, YTO OOJiee CKPOMHBIC XapaKTEPUCTUKU MPUOOPOB OOJBIIMHCTBA
POCCHIMCKHMX IPOU3BOAUTENIEH CBA3aHbI  HE C HEJAOCTATKAMU CXEMOTEXHHKH WU
AIIEMEHTHOM 0asbl, a CKOpee ¢ JIMMUTOM (PMHAHCOBBIX CpPEICTB M BPEMEHH, KOTOpBIE
MOKET BBIIEIUTh  HPEINPUITHE H3TOTOBUTENb Ha Pa3pabOTKy U METPOJOTHYECKOE
obecrieueHre HOBOW TEXHUKU. Pa3paboT4YMKU CTpEeMATCS B CXKAThIe CPOKH arpoOMpPOBAThH,
cepTUGUIMPOBATE M HayaTh IPOM3BOJICTBO  NPUOOPOB, MOJNB3YIOLIMXCS  Hambosee
MacCOBBIM CIIPOCOM, OCTaBJIsIs Ha OyAyliee CreluanbHble UCTIOTHEHUS.

B 10 ke BpeMs, Korja ecTh 3aKa3urK Ha SKCKJIIO3UBHbIE M37ENUs, TO CO3JAl0TCs U
YCIEUIHO SKCIUTyaTUPYIOTCSl OTE€YECTBEHHBIE BHUXPEBBIE PAcXOJOMEpPhl Ha YCJIOBHBIN
npoxox 500 MM WM Ha pabouyro Temmeparypy a0 500°C  («Hpra-PB» [18]), He
UMEIOIINE aHAJIOTOB 3a PyOekKoM.

TenaeHuun pasBuTHS BUXPeBOil pacxoaoMeTpuu. K TeHIEHIUAM pa3BUTHUSA ITON
OTpaciy U3MEPUTEIbHON TEXHUKH CIIEAYET OTHECTH:

- CO3/1aHHE BHXPEBBIX pacxXxoJOMEpPOB s M3MEpeHHs B TpyOax OOJbIIOro
JIUaMeTpa;

- TIOBBIIIEHUE paboueil TeMnepaTypsl BUXPEBBIX CYETUMKOB Mapa;

- TOBBIIEHME TOYHOCTHM U3MEPEHUHl B pPabOYMX YCIOBHAX C Y4YETOM
HEPaBHOMEPHOCTH U HECTALIMOHAPHOCTH H3MEPSIEMOTo MOTOKA.

OAO «CubnedreaBTOMaTHKa» pa3padoOTalo M CEPTUDUIUPOBAIO  BUXPEBHIC
natunku pacxona JIPT.3 u JIPC.3 norpyxHoro (30H710BOr0) THNA. [IpHHIIMNIHATBEHO HOBBIE
JUI POCCUICKMX IPOU3BOAUTENEH pacxoAoMephl IMO3BOJIAT HU3MEPATh pPACXOJ] Ta3a HU

JKUOKOCTU B muarazode ot 500 mo 250000 M4 Ha TpyOompoBogax auamerpom oT 200 mo



1000 mMm. IlpegycMoTpeHO Takxke JTyOpHUKAaTOPHOE MCIOIHEHHUE, MO3BOJISIONIEE U3BIIEKATh
JATYUKHU U1 TEXHUYECKOTo OOCIyXHBaHMs Oe3 HapylIeHHs LEeJIOCTHOCTH TpyOompoBoaa
Y OCTAaHOBKH TOAA4U U3MEPSieMOil cpens [25].

B OOO «I'nmobyc» mpoBenieHa ycrelHasi ONbITHAs SKCIUTyaTalus pPacxoJI0MEpOB
napa «Mpra-PB» npu paGounx temmeparypax cpeas 10 500°C, He UMEMIIEro aHaIoroB
B MHpOBOM IpakTHKe. BecbMma 3aMaHYMBOM NEPCIIEKTUBOMU SBIISIETCS CO3JaHUE BUXPEBBIX
[IapPOBBIX CUCTUMKOB ¢ paboueii Temreparypoii 10 575-600°C u BHEIPEHUE UX Ha KPYITHBIX
TEIUIO- U 3JIEKTPOTEHEPUPYIOIINX CTAHIUAX. JTO MO3BOJIMIIO ObI 32 CUET CHUYKEHUS TOTEPU
JaBiieHus. Ha u3MepeHusax yBenuuuTh KIIJ| craHmum M NOMy4YuTh 3HAYUTEIBHYIO
SKOHOMUIO OpraHuyeckoro tormsa [18].

B OO0 «HpBuc» mpoBeneHbl (yHIaMEHTAIbHBIE HCCIEIO0BaHUS (POPMUPOBAHUS
BUXPEBOM JOPOKKH B MyJIbCUPYIOIIEM MOTOKE, KOTOPbIE MOKA3aaH, YTO MPHU HAJIO0KEHHBIX
MYJBCALUAX COXPAHAETCS PEryJIIpHOCTb BUXPEBOH TOPOKKM B IOTOYHBIX KOOpIMHATAX.
D10 ABNseTCS BakHeHIeH (u3n4eckoil OCHOBOM BO3MOXKHOCTH M3MEpPEHHs pacxoja rasa
Opyd MyJdbCallUAX IOTOKAa, HO TpeOyeT CIEeUUAIbHBIX METOJ0B BBIJCIECHUS YacCTOTHI
BUXpeoOpazoBaHus. Takoil MeTon OBUI CO3MaH W pPEaTM30BaH B NporpaMme JUis
MHKpOKOHTposuiepa pacxogomepoB «Mpsuc-PC4». BmepBeie co3gaH pacxoaomep,
CHOCOOHBIH ~ aBTOMATHYECKH JAMAarHOCTUPOBAaTh HECTAllMOHAPHOCTh IIOTOKA U €
OTHOCUTEIIBHO HEBBICOKOM JIOMOJIHUTEIBHOM IOTIPEIIHOCTBI0 H3MEPATh PACXOl B
HecTallMoHapHbIX ycnoBusx. Ilo muenuto cnennanucroB OOO «MpBuc» co3nan BUXpEeBO
pacxoJoMep HOBOT'O MOKOJIEHUSI HE TpeOyIOIMH MPSMOJUHEWHBIX Y4acTKOB 10 U IOCIE
U3MEpUTENIE U 10 COBOKYHMHOCTH XapaKTEPUCTUK MPEBOCXOJAIIMN  Jy4lllie MUpPOBBIE
aHasoru [26].

3akarouenue. Kak nokasaia MHOTOJIETHSSI IPAKTHKA, OCHOBHOW HMILIEH BUXPEBBIX
pPacxoJJOMEpOB-CUETUNKOB YHEPrOHOCUTEIEH Ha POCCHICKOM PBIHKE B HACTOSILEE BpeMs
SBJISIETCS TEXHOJOTMUECKUI 1 KOMMEPUECKUH YUeT pacxoa Trasa u mapa.

JIupepamu B Poccum 1o BBIMYCKY BHXPEBBIX pacxoaoMepoB sBisgroTcs: OAO
«CubnedreaBromaruka» 1. Ttomens (CBI.M u CBIL.M), 3A0 «/laiimer» u «OmBITHBIN
3aBoj JnekTpoH» T. Tromenb («Dymetic 9421», «Dymetic 9431»), OOO «I'mobyc», T.
bearopon («Mpra - PB»), 3AO «B3sner» r. Cankr-IlerepOypr («Bzaer BPC»), OOO
«MpBuc» r. Kazaup («Mpsuc PC4»), 3A0 «Metrpan», 1. Yensounck («Metpan 331» u
«Metpan 332»).

Ot npeanpustus  obecriednBaloT  0koJo  90% pOCCHHCKOrO phIHKA BUXPEBBIX

CpCACTB YU€Ta Iada U Imapa Cpeau OTCUCCTBCHHbBIX HpOI/I3BO,Z[I/ITeJICI>'I. HpI/I60pBI TaKKC



YCIIEITHO 3KCIUTyaTUPYIOTCS B CTpaHax OmmkHero 3apyOexbs, Bkmouyas — Kaszaxcras,
VYxpauny, benopyccuto, Y306ekucrtan, Kupruszuro u ap. O6beM BbIITyCcKa 3THX MPHOOPOB B
2006 romy cocrtaBuia Oonee 3000 mWITYyK U UMEIOTCS BCE MPEANOCHUIKU K JaibHEeHIeMy
pocTy.

ITo TexHUYECKOMY YPOBHIO BUXPEBBIE PACXOJOMEPBl POCCUHCKUX MPOU3BOAUTENEH
HE YCTyMalT JIy4dluM 3apyOekHbIM oOpa3laM, a IO HEKOTOPbIM XapaKTepHUCTHUKaM
MIPEBOCXOJIAT HX.

OTmeTuM, YTO BO BCEX MEPEUYHCICHHBIX BBHINE MpuOOpax Mjs mpeoOpa3oBaHUs
SHEPIUU MOTOKA B AJIEKTPUUYECKHM CUTHAI UCHOJIb3YIOTCSA IbE30IEKTPHUECKUE AaTUUKU
(014MT, 018, 019, 021, 108), pa3zpadorannsie u noctaBisiembie OO0 «IIbe3037TEKTPUK»
r. PocToB-Ha-/{ony.

BuxpeBbie pacxomoMepsl B HACTOSIIEE BpPEMs YCIEIIHO KOHKYPHPYIOT C
TPaJULMOHHBIMK IpUOOpaMK, OCHOBAHHBIMH Ha HW3MEPEHUHU Iepenaja JaBJICHUS Ha
Cy’KalollleM YCTpOicTBe, a Takke TYpOMHHOIO M POTALMOHHOIO THIA, 3aHUMas Ha
poccuiickoM peiHKe Oosee 23% cpenu MPOMBINUICHHBIX MPHOOPOB ydeTa rasa u Oosee

60% cpenu mpuUOOPOB ydeTa mapa.
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