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Awnana3ox 1000... Tak BCe-Takm OH JOCTMXUM?

C.b. Kaspi A 3AO0 «Baner»
(noknan Ha 6-0it cm:veM B XKKX I npombitLLneHHOCT»
B pamkax bopyma 1 aHepr 11-12 anpens 2012, r. ExarepuHGypr)

B crarbe paccmarpusaeTcs 4asHo ob6cyxaaemsiii n HaboneBLwNii BONPOC 0 BO3MOXHOC-
™M M3MepeHus pacxoaa B AnHamu4Yeckom auanasoxe 1000 u 6onee, NPUMEHNTENBHO K
anekTpomarHuTHomy metoay. MoxeT nu 6biTe pa3paboTaH pacxogomep, KOTOPbIHA «4ecT-

HO», TO €CTb M Ha y3ne yyera, 6yger obecne4ynBaTs N3MEPEHNs1 CBEPXMaslbiX PacXOfos C

HOPMMPOBAHHOW MOrPELHOCTBIO.

Hayane 1990-X rofoB U3BECTHbIE COOLITVSA B
CTpaHe npuBenn K GbiICTPOMY POCTY Tapu-
$OB Ha BHEPropecypchl, B TOM uuCne Ha
TennoByio aHepruio. O4esuaHol cTana Heobxoam-

MOCTb onnaTbl 0Ty nor M
y4eTa. MoTpeGHOCTL B HUX MHOFOKPAaTHO MPeBbICH-
na np 4TO CT ) cTpemu-

TenbHbIii NPOrPecc COOTBETCTBYIOLE OTpacnn B
Poccun.

o koHua 90-x rogoe He GbiNO HUKAKUX MPO-
6nem ¢ aManasoHoM MamepeHus pacxoaa. MoHsaT-
HO, 4TO P c eroy b,
TK. 3Ta XapaKTePUCTUKA ABSETCH KOHKYPEHTHbIM
NPeNMyLIECTBOM A1t OIHUX TUMOB PACXOAOMEPOB
(anexTpomMarHuTHbe, yNbTPasByKOBbie) W HEeao-
cTaTkoM Apyrux (avadparmbl, BUXpEBble U Taxo-
MeTpuyeckne pacxoAaomepsi). Bbinu AOCTUrHYTHI
NPUMEPHO Cneaylolme ananasoHsl: anekTpomar-
HUTHble pacxogomeps 100...120, ynbTpa3sykoBbie
- 80...100, Buxpessbie — 50...70.

Cutyauusi pesko uameHunace ocenbio 1999 r.,
Koraa oaHa u3 GupM No3uUMOHUPOBana CBOe HO-
BOE M3aenne (Haao ckasarb, O4eHb

4TO pacxogomep o6s3aTensHo NOBTOPUT Ha y3ne
y4eTa xapakTepucTUKU, MOJYYEHHbIE Ha MPOSUB-
HOM cTeHae, B nabopatopumn? Moyemy pacxonome-
Pbl HE BOCNPOU3BOAAT CBOW XapakTepucTuku Ha
PasHbIX NPOVBHLIX CTEHAAX?

W3BecTHbI aecsTkn Pas3nuyHbIX METOA0B U3Me-
PEeHUsi pacxofa XWAKOCTM, OAHAKO, LUMPOKO Mpu-
MEHSIIOTCS BCEro CeMb: avadparmsl, MexaHu4ec-
KM€ CHEeTYMKK, PpOTameTpbl, KOPUONUCHbIE, BUXpe-
Bble, YNLTPA3BYKOBbIE U 3N1EKTPOMArHUTHBIE PacX0-
AoMepbl. MPUHUMNUANBHO, TONLKO ABA NOCAEAHUX
meToga Cnoco6HbI M3MepsATb ucyesaoule manbie
pacxoapl. an/NVIHa B 3HEepreTuke npouecca name-
PEeHus: B OCTaNbHbIX METOAAX UCNONL3YEeTCH 4acTb
aHeprin HaGeraloLLero noToka.

Ans onpeaeneHHoOCTW PacCMOTPUM 3NeKTPo-
MarHuTHele pacxogomepsl (AMP), Tem Gonee, 4TO
VIMEHHO Y HUX W AEKIAapUPYIOTCS «PeKOPAHbIe» -
anasoHbl.

Kak usBecTHo, npuHuun aeicteus OMP ocHo-
BaH Ha 3akoHe Papajes: Mepoii pacxoaa sSBNseTcs
HanpsXXeHne Ha 3NekTpoaax, BO3HMKaoulee npu

anekTpor i1 XnakocTv B none-

ANsi TOrO BPEMEHU), KaK «eAVWHCTBEHHbIA B MUpPe
npubop C ANana3oHOM W3MEepeHusi pacxoaa
1000». KOHKypeHTbl Gbinn BbIHYXAEHbI OTBETUTH

0, ¥ nowen IiA npouecc.
Ha ceroaHsiuHUiA AeHb NpakTU4ecku noboi ote-
YECTBEHHbIi  NPOW3BOAWTENL  PACXOAOMEPOB
npeanaraet wiu npeaniaran NpuGopel C pacium-
PEHHbIM AuanasoHoM namepernii — 400, 500 u aa-
xe 1000. OgHako, O4eHb CKOPO CTan o4eBUAEH
baKT pasuTenbHOro HECOOTBETCTBUS 3aABIEHHbIX
[ManasoHoB PeasnbHeIM.

Monpobyem CS1, €CTb /1M i
OrpaHMYEHsi Ha ANanasoH M3MEPeHWs Pacxoaa:
MOXHO N1 U3MepUTL pacxoa B avanasose 1000 n
Gonee.

TonyTHO PaCCMOTPUM EluE /18 CYLIECTBEHHbIX
BOMPOCA: HACKONbKO MNPaBOMOYHO yTBEpXaeHue,

PEYHOM MarHuTHOM rone. Hazlo OTMeTHTL, 4TO 3a-
KoH dapazies ABNSETCH OAHNUM M3 CaMblX TOYHbIX B
MNpUpOAE W, Kak CNneacTeme, Ha nokasanus AMP He
BAVSIOT TEMNepaTypa, iaBeHue, BA3KOCTb 1 ApY-
rie napameTpbl X1aKoCTy.

MoacTasum B hOpMyNy curHana TMNU4HsIe napa-
MeTpbI Col npu6opos: 1 mTn,
CKOPOCTb MOTOKA 1 M/C, PACCTOAHUE MEXAY 3/1EKTPO-
namn 0,1 m (Qy 100). Monyumm yaenbHyio HyBCTBN-
TENbHOCT, T.€. BE/INYMHY NONIE3HOTO CUrHana Ha Cko-
poctut 1 m/c 100-150 MkB/m-c. CnepnosatensHo, B av-
anasoHe 1000 curHan Gymet 1-5 mMkB, yto BnontHe
JI0CTATOYHO AN151 TOYHOTO M3MEPEHMSE C MOMOLLBIO CO-
BPEMEHHBIX CPEZICTB BMIEKTPOHMKA 1 MPOrPaMMHON
06paboTky curHanos. ATOT GakT O4EBUAEH 1 MHOTO-
KPAaTHO NMOATBEPXAEH HATYPHBIMIA MCTILITAHNSIMU Ha
NPOMBHBIX CTEHAAX MHOMMX Moaenei SMP.
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Puc. 1. Pacnpeaenenve ckopocTeit
1Py TYPGYNIEHTHOM PeXVMe.

Has ¢ auanasona 200-250, seayT cebsi BCe Xyxe i
xyxe. Hakoreu, B ananasore 1000 Ha HUX Ha4YMHAIOT

- noropa, HacTpoeHue MeTponora, MoGusl

CBA3L N T.A.
Mpc W A0BO!

[0BaHUSA NO3BONMN YCTAHOBUTL OCHOBHYIO NPHYMHY

nNOXoM IMOCTH. 370 — T

Mo4TH BCE METOAIbI N3MEPEHMS PacXoaa XWaKo-
CTW HyBCTBUTENbHBI K MPOGUIIO NOTOKA, T.€. K Pacs
npe 0 ] B DS
ceyennn. IMP — He ucko4eHme.

CoBepLmnm HeGOoNbLLION IKCKYPC B TEOPUIO.

Br 1onar i KD
- uucno PeiHonbaca (Re), kotopoe xaj T
KpynHOMacLUTaGHbIe CBOMCTBA MOTOKA: xapaxreplﬁ
TOKa (namMUHapHBbIA, TyPOYNEHTHbIN) U pacnpeaene-
Hue 7. DI i cmbicn Re —

CWN UHEPLMKN K CUnam BASKOTrO TpeHus. Yem Gonblue:
Re, Tem Gonblue nepeMeLuBaHie CI0es XNAKOCTHM,
HO, Gonblue

Pyic. 2. Pacnpesienenue ckopocTeit
MPM NAMUHAPHOM PeXMME.

Takum 06pa3oM, MOXHO YTBEPAUTENLHO OTBE-
TUTb Ha NepBbliii BONPOC — U3MEPEHne pacxoaa B
Avana3zoxe 1000 NpUHUMNNANLHO BO3MOXHO, 1 60~
nee T0ro, AasHO peanu3oBaHo.

0OpHako, B 3TOM PaAYXHOM KapTUHE ECTb OAUH
HENPUSTHBIA HIOGHC — 3TO COBEPLLEHHO HENpUeM-
nemasi BOCNPOM3BOANMOCTL peaynbtara npu no-
BTOPHbIX UCMNbITAHUAX.,

B camom fiene, eciv Mbl BO3bMEM Camble NyuLune
(n cambie goporvie!) B mupe npubops! Aaxe npo-
cnaenenHbix dpupm: KPOHE, MOKOTABA, 3HAPEC
XAY3EP, u nyqwwue oteyectBeHHsie: TEMJIOKOM,
B3JIET, TBH 3Heprocepsuc, KOTOpbie, KCTatu, no
Ps1y NapameTPOs NPEBOCXOAST AMMNOPT, TO 06GHapy-
XM, YTO BCE MEPeyUCHeHHbie NMPUGOPLI XOPOLIO
«BOCNPOU3BOASATCS» B Ananasore 100-150, a, Haun-

CKOPOCTb Y CTEHK TPyGbi MOYTU PaBHa CKOPOCTH B
ueHTpe. 370 TypOyNneHTHbIN pexum (puc. 1).

CoBepLIEHHO Apyras KapTUHa B 30HE MaNEHBKIX
uncen Re, T.e. npu Manbix pacxopax. Mepemeunsa-
HUE C/IOeB OTCYTCTBYET, T.K. KUHETUHECKOW SHEPTHH
noToKa He xBaTaeT Ha NpeoaoneHne Cun BA3KOMD
TPEeHUS, CNON CKONB3AT KOHUEHTPUHECKMMM KONbLa= i
Mu. CKOPOCTb XMAKOCTN BLICTPO YMEHbLIAETCS NPH
YAQNeH! 0T 0CH TPyGbl 3a CHET TOTO Xe TPeHUs. 10
NamUHapHbIi PEXUM MoToKa (puc. 2).

Teop: 3TN PeXuUMbI KpUTU-
4eckoe 4ucno Re kp, KOTOPOE Ans Kpyribix TpY6
pasHo 2320 [2]. B peansHbix Tpy6ax Re Kp He KOH-
CTaHTa, a HekoTopbIi auana3oH: 1000<Re< 10 000.
B 370M AvanasoHe 06a pexuma CamonpoM3sonb-
HO CMEHSIOT APYr Apyra U JaXe MOTyT COCYLIeeT-
BOBATL BMECTE, 3aHUMAs 4aCTb CeyeHus. B Takux
Cnyyasx NPUHATO rOBOPUTHL O IOKANbHOM 4ncne Re.

Hanpumep, 8 Tpy6e ¢ y=100 mm Re=500, T
VIMEETCS! YCTAHOBUBLUIMIACS NaMUHAPHBIA PEXUM.
A 4TO Ha 4acTn 1Y
rap OT HE3a4WLLIEHHOrO CBAPHOIO LUBA BbICOTON h=5
MM. Ha BbicoTe 10 MM OT CTeHKkM TpyObl MeCTHas
ckopocTs cocTtasnseT 0,36 0T MakCMManbHOM Ha 0cH
Tpy6bi, NoKanbHoe 4Mcno Re B BbiAENeHHOM YacTu
ceyeHus Bospactaet o 1500-3000, a npu Hanusmi.
BuGpaumu Tpy6oNpoBoOAa MM NyNbCALAI AABNEHNA
ewe Gonblue. HacTuyHas T
noToKa, BCNEACTBUE KOTOPOW NPOMCXOAMT BbIDas-
HUBaHME MECTHbIX CKOPOCTE W, COOTBETCTBEHHO,
mUcKaxeHne Npoduns, YTo Mbl BUAWUM Ha puC. 3.

TeMm He MeHee, B LIEIOM, XapakTep pexuma no-
TOKA HEe W3MEHWUNCH, T.K. KNHETUYECKON 3Heprun
noToka He xBaTaeT Ha NPeoAONeHue Cun BA3KOM
TPEHUs U NOTOK NamuHapHbii. 3oHa Typbynuaa-
unm, 3atyxas, pacr Ha
14-15 [ly BHWA3 NO NOTOKY U IOCTUrHET PacxoaoMe-
pa. OueHka AnvHbl yyacTka crabunusaumu ¢ ao-




Ta6nuua. PacueTHsie 3Havenms wicna Re ans Ay 10, 50 v 150 MM B PaCLIMPEHHbIX AMANa3oHaX Pacxoaos
NPY Pa3HbiX TeMNepaTypax oAb

|y, 100 °C I 150 °C
1000 | 1000 [ 500 [ 200 [ 1000 [ 500 [ 200

= 57143 121951 370370 526316
57 | 114 | 286 | 122 | 244 | 610 | 370 | 741 | 1852 | 526 | 1053 | 2632

= 285714 609756 1851852 2631579
286 | 571 | 1429 | 610 | 1220 | 3049 | 1852 | 3704 | 9250 | 2632 | 5263 | 13158

o 857143 < 1829268 5555556 7894737
857 | 1714 | 4286 | 1829 | 3659 | 9146 | 5556 | 11111 | 27778 | 7895 | 15789 | 39474

CTaTo4HON aAns NPaKTUKK TOYHOCTLIO caenaHa no
KpUTEpUIo ANbTLIYNA ANS TIAMUHAPHOro noToka [3].
Hajo 0TMeTT, YTO CTPYKTYpa peasibHbIX NoTo-
KOB BOAbI rOPA3/0 CoXHee. B kavecTse npumepa
Ha puc. 4
CKOPOCTei1 B BOAOBOAE OAHOI 13 cubmpckux MIC.
B pamimMke pacxoioMepa Kaxaas TouKka CeyeHms
AAEeT CYLWEeCTBEHHO Pa3Hbiit BKNAZ B CYMMapHbI CUr-
Han, npuyem Hambonee 4yeCTBUTEnbHas 06nacTb
pacnonoxexa B6n13an anextpoaos [1]. 3oHa Typby-
M3aumMKM, OKa3aBLUMCh B NPU3NEKTPOAHOI o6nacT,
3aMETHO UCKa3UT CUrHasl, 4YTO, ECTECTBEHHO, BbI30-
BET y nor C yue-
TOM TOro 0GCTOSTENLCTBA, HTO SIoKanbHOE 4ncno Re,
T.e. CTeneHb MeCTHO TypGynusaumm, — 310 NpakTU-
Yyeckn c.nyuaﬁnaﬁ BE/NNYMHA, KOTOPasi 3aBuCUT OT
YPpbl, pacxopa, , UG-

paumm n n nta.,
TO NOrPeLHOCTb U3MEepeHus GyﬂeY nnaeatb cosep-
LUEHHO HEMPE/ICKa3YeMO, & 3TO HE 4TO MHOE, KaK Mo-
xas
Tenepb onpeaenum, pacxoAoMepsl Kakux ana-
MeTpoB PaboTaloT Ha yanax yyeTa B «30He pUckar.
JAns atoro nocuutaem uucna Re ans Ay 10, 50 n

Puc. 3. Pacnpenenenue ckopocTei
NPW 4ACTU4HOI TYPGYNMIALMM NOTOKA

CnoxwsLiascs npakTuka kannbposku, ucnbita-
HUiA U NPUEMKM PACXOAOMEPOB NpeAnonaraer, 1o

150 mm B AvanasoHax

ecnm Ha r cTeHpe 5l C BbICO-

npn pasHbix TeMnepaTypax Bofbl. PeaynbraTl — B
Tabnnue. KpacHuIM UBETOM BbIAE/EHbI «30HbI PUC-

KO¥ TOYHOCTBIO PACXOAL, OGLEM UM MACCa KIUAKO-
CTW, TO BO BCEX «rpexax» (60NbLIOM NOrpeLHoCcTH,

Ka, T.€. 30HbI rae -
Hasi paboTa pacxogomMepos. Mbi BUANM, YTO Hau-
Gonee maccosbie avameTpsl — [y 25, 32 1 50 mMm,
HE rOBOPA YX€ O MEHbLUMX, NPAKTUYECKN He obec-
neuyusaloT Meronormecxoﬁ HaAexXHOCTN uame-
PEeHUsi B PaCLUMPEHHbIX AvanasoHax.

Takum 06pa3oM, OTBET Ha BOMPOC: BO3MOXHO
N AOCTOBEPHOE M3MEepeHue pacxoaa B Ananaso-
He 1000 i, TX. umeetcs !

KO€ OrpaHuyeHuwe - ruapasnuka. B cneuvansHo
CO3/AaHHbIX YCOBUSX MNPONMBHBIX CTEHAOB (B nabo-

i, Nnoxoi Bocnpx
) BUHOBAaTO 0 KOHCTPYK-
umm pacxoaomepa. 310 He Tak.

B ruapasnuke eCTb MOHATUE aBTOMOAENbHON
06nacTi pacxofos. 3TO Pacxoasl, MU KOTOPLIX B
PasHbIX YCNOBUAX COGNIOAAETCS rMAapaBnnyeckoe

bIX Nap: POB noToka.
ABTOMOAENbHANA 06NACTL OrPaHNyeHa CHU3Y 3HaYe-
HUAMU Re=(20-30)-103. PacwupsTe BHM3 aBTOMO-
AenbHyl0 obnactb 1 oxuaaTe npuemMnembie NoBTO-
psemMocTs n or
poB B o6nactu maneix pacxonoe (Re<5-10 Teic.)

Me-

PaTopuM) NOAOGHBIE U3MEPEHNS BOSMOXHI.
C # BOMPOC: MOXHO N Y’ 410
XapakTepuCTUKN B PaCLUMPEHHOM AvanasoHe, no-
Ny4eHHbIe Ha NPONIMBHOM CTeHae, Gy/yT NOBTOPeHb!
Ha yane yueTa unu Ha pYrom NPONMBHOM CTeHae?
O i ans 0 yT HeT

HUAKaKWX.

€/IbHO Teop

Bker
3/1eCb TE3MCOB OYEHb MPOCTA: AOCTATO4HO UCTbI-
TaTb Ha CTeHae napTuio pacxopomepos Ay 10
86a13n unm aaxe Huxe Ha 30-50% HuxHero npe-
[iena u3MepeHus, a 3aTemM NOBTOPUTL, YCTAHOBUB
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PaCCTOSH# 110 TOPUIOHTANM, MM
Pyc.4. Pacnpepienenyie MECTHBIX CKODOCTEi B BOAOBOAE OAHO U3 CUGMPCKMX F3C.

nepes KaxasiM PACXOAOMEPOM NPOBOMIOYHYIO CeT-
Ky C warom 1-2 MMm. Mbl yBUAUM HA NOPSAOK Nyu-
LWYI0 BOCMPOM3BOAMMOCTS BO BTOPOM criyuae. CeT-

Ka T POM Uy no-
kansHoe 4ucno Re B 2-3 pasa.

, e Xe " oun-
3n4eckn rpasmua 0 an-

MOXHO NPUBECTW Pe3ynbTaThi UCMbITAHWIA Ma-
KeTHbix 06pa3uos nepcnektusHoro IMP MK 3A0
«Baner». Uci AaT4MKN C
HbiM kaHanom ¢ [ly 32 u 100 MM, Npu4eM 3NeKTpok-
Hble 610Ku GblK B3STHI OT NPOCTEIALLIEro Pacxoao-
Mepa «Banet 3P» 1 BLICOKOTO4HOrO «Banet T3Ps,

anasoHa u3mepeHmii. PesynsTaTbl Halwnx MHoronet-

HUX n 410

MOXHO U3MEepPSTL pacxoasl B avanasoxe 200-250.
0OpHako, cuTyaumsi oTHIOAbL He Ge3nanexHa. Cy-

1000 npu

nor He npe-
Bbiwana 1,5% Ana NpocTeLei 3NeKTPOHUKK i
0,5% Ans BLICOKOTOYHOW. KOHTPONbHbBIE Pacxoao-
Mepbi C 0GLIKHOBEHHBIM NPOTOYHBIM KaHAOM B TeX

LECTBYET KOHCTPYKLMS, KOTOPAs TEOP! ,a,
MaBHOE, NPaKTMYECKN OBECTIEYNBAET MONHYIO He-
3aBMCMMOCTb NokasaHnii AMP ot

— 310 AMP C NPSMOYro/bHLIM NPOTOYHLIM KaHASIOM.

KoHcTpykumsi knaccuyeckoro OMP ¢ npsimo-
yronbHeIM KaHanom (3MP MK) goctatouHo npocra:
9NeKTPOAAMM SIBSIOTCS GOKOBbIE CTEHKY MPOTOHHO-
ro kaHana [1]. MaruutHas cuctema popmupyeT pas-
HOMEpHOE MarHuTHoe none. MpuHUMN aeicTans Tot
X€, OIHAKO, MMEETCS O4eHb CYLLIECTBEHHOE OTIn4Me
ot 06bI4HOro, «kpyrnoro» AMP: nio6as To4ka none-

xe 7-8%.
Taroxe UCCNeaoBanoch BAMsHUE Npoduns notoka
notoka  yc 7] Ha BXOAe B KaHan

CerMeHTHOI Madparmbi, NPy 3TOM OPUEHTALA Al
adparmbl OTHOCUTENBHO KaHana MeHsnack. 3aduk-
Aor norpf A0 04%

Ha MaKcUMaUIbHbIX Pacxoaax. B HIKHeN YacTi ava-
na3oHa A0MONHUTENbHAs NOTPELIHOCTL OT NPOGMAR
roTOKa He np or
APYriMU CNIOBaMW, NPOCTO OTCYTCTBOBANA.

Mo umeoweincs MHGOPMaUMN aHANOTUYHBIE

PEYHOrO CEYeHNs BHOCUT OJMHAKOBBIA BKNIaA B No-  PaboTl W B Apyrux me
NEe3HbliA curHan. 31o maeHoe (HO He ) y aHanornyHbie

npeumywiecteo IMP MK. OHo obecneynsaer non- , 4TO B Bpems (ve-

0CTb CUrHana or noToKa.  Pes3 rojl UNK 18a) MOXHO OXWIATS OSBNEHNE HOBO-

He ror i BMPTKe

Koreuro,

0i4», NO3TOMY

ot npoduns notoka Gyaet. Hanpumep, HEBO3MOXHO
o6ecneunTs CTPOro PaBHOMEPHOE MarHUTHoe nosne:
8 061acTV 3MEKTPO/OB MONIe UCKAXAETCS («BbiMyuM-
BaeTCH» HAPYXy U3 AaT4MKa), T.K. MarHuTHas cucte-
Ma MMEET KOHE4HbIE Pa3mepbi. TeM He MeHee, HeuyB-

3 noToka npo-
CTO peHomeHanbHas!

‘amanasoHom 1000 u Gonee, Npu BNONHE NpuUemne-
MO#1 CTOUMOCTH.
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