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MPUBOP JJIs1 ONPEJEJIEHMA OB BEMHOI'O PACXOJA
TEIJIA HA OCHOBE YJIbTPA3BYKA U ITLE30KEPAMUWKU

B nanuoif paboTe aprymMeHTHpOBaHa HEOOXOAMMOCTE KOHTPOIS PACKOXA TEIlIad B BLICOTHBIX 3HAHMAX,
0BOpYAOBAHHEIX ABTOHOMHBIMH KOTeNbHBIMU. [lpenitoxena crpykrypa npudopa ¢ NpUMEHEHHeMm
MUKPOIPOUECCOPHOIf TexHOoMorun. B ocHoBy npubopa BXOAMT TMBE30KEpaMUKa, 00:C1EUUBAIOLIAN HE
TONBLKO TOYHOCTB YILTPA3BYKOBOTO — METONZ M3MEPEHHH, HO ¥ BBICOKYIO IKCITYaTallMOHHYIO
HaLEKHOCTH NPUBOPOB.

In this article was argued the need to control hea: flow in high-rise buildings equipped with independent
boilers. Proposed develop a device using microprocessor technology and piezoceramic elements, which
provides accuracy of the ultrasonic measurement method and the reliability of devices too.

Beejgenue. CucreMmbl yvera Temja CTAaHOBATCA HEOOXOIUMBIMM, Kak
roTpedUTeNsAM TeIUla, Tak M ero rocraBmukam. OCHOBHBIM KpUTEPHEM KauecTBa
cucTeM TerulocHaOKeHus SBJsAeTCsS OTCYTCTBUE TeMIIepaTypHOro auckoMmgopra B
fIOMSDIEHUAX M [IOCTOSHHOE HalM4YME TropsyYed BOIBl C ONpPEAENCHHOH
TeMIlepaTypoit B TpebyemoM oObeMe. DTO [JOCTUTAeTCs 3a CYeT BHEAPCHUS
ABTCHOMHBIX ~ KOTENBbHBIX, (QYHKUHOHHPYIOWIMX [0  NPUHUMITY  IOJHOH
2aBTOMATH3aUMU  TEXHOJOIMHECKOro  Iipolecca. BaKHBIM  MPEHMYyILECTBOM
JECUECHTPAIM3OBAHHBIX CHCTEM TCIUTOCHAOXKEH ! ABJISETCH BOIMOXKHOCTH MECTHOIO
PeryJiMpoBaHIi B CHCTEMaX KBAPTUPHOTO OTOIUICHUA ¥ ropsdero BOAOCHAGKeH .
OpHarko  OKCIUTyaTalMsi — MCTOYHHMKA  TenNOTBl K BCEro  KOMIUIEKCa
BCIIOMOIraTeabHOro o6opynosamm KBapTHpHOFI CHCTEMbl Teﬂnocx{aG)erm
KUIbL@MK HE BCErjga JaeT BO3MOXHOCTE B ITOJIHOM Mepe MCIIDIB30BaTh 3TO
npeuvyiiecteo. Ilocneanue wnccnemopanus nokasamu [1], uTo  cymecTsyer
HEOOXOAUMOCTE KOHTPOIS [OTEPs TeIla Ha KaxkaoM dtaxe. st 1oro, 4Tobbl He
NPUBJEKATh PEMOHTHO-3KCIUIYaTAIOHHYEO OpPraHH3auvio A O0CTyKHUBAHIL
UCTOMHMKOB TEIUTOCHAOXKEHUsT HeOOXOAMMO He TOJIBKO B KBAapTYpax, HO U HA
KaXXIOM 3TaK€ YCTAaHOBMTH TEIUIOCUETYHMKH, I OMNEPAaTHBHOIO CIEKEHM 3a
NOTEPAMU TENITa B 34aHVH ¥ YITPaB/ieHMs fIPOLeccoM TernocHabxenus.

AHAJIN3 TUTEPATYPHI.

Ananu3 pazpaborok Mo 3TOH Teme IO3BOJNWI  CHENaTh BEIBOH, YTO IS
KOHTPOJIsL pacxojia BObI M Tera CyUIECTBYIOT Pa3NMuHble NPUOOPL! U CUCTEMBI.
OEHHMH U3 WX OCHOBHBIX HEAOCTATKOB SBAAKOTCA OTHOCUTEIILHO BbICOKasA
MOrPEWHOCTh U3MEPEHHUS M HEA0CTATOYHAS MEeTPOJIOrUYeckas HalleKHOCThb. JTY
npobieMy B aBTOHOMHBIX KOTEIBHBIX MOXXHO PEIIMTE ITyTEM HCIIONB30BAHUS
YABTPA3BYKOBBIX PAcX0JOMEPOB, pabOTAIOMMX HA NPUHLMIIEC U3MEHEHHA BPEMEHH
[IPOXCIKICHMSA YIbTPAa3BYKOBOIO CUI'HAIAa OT MCTOYHMKA IO NPUEMHHKA, KOTOpoe
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3aBMCHT OT CKOPOCTH MOTOKA JKMIKOCTH M OOJaNaroUX CPaBHUTEILHO BBICOKOH
HaJI&KHOCTBIO [IPH OTHOCUTENBHO HU3KOH CTOMMOCTH.

IMocranoBka 3agayn. B Hacrosilee BpeMs K pacxoAOMepaM M CUETHMKaM
[PENBSIBISIIOTCA  MHOIO  TpeOOBaHUid, YIOBIETBOPUTH KOTOPBIE COBMECTHO
JIOCTaTOMHO CIOXKHO M He Bcerna Bo3MoxkHO.[2] Ilpu sTomM uMeroT MecTo nBe
rpymasl Tpebopanui. K 1mepBoit rpyrne oTHOCATCS HHAMBHIYallbHBIE TPEOOBaHMS:
BBICOKAs TOYHOCTb, HA[EXKHOCTb, HE3aBUCHMOCTb DPE3YJbTaTOB H3MEPEHMA OT
U3MEHeHHs  IUIOTHOCTH  BeIIeCTBa,  OBICTPONEHCTBHE M 3HAYMTENBHLIH
JMHaMHYeCKUi auana3zoH m3mepenns. Ko BTOpoil rpymmne orHocaT TpeboBaHMs,
KOTOpbIE  XapaKTepU3ylOT BCIO TIPYMIly  pacXOOOMEpOB W CUETYHKOB:
HEOOXOOMMOCTb HM3MEPEHHM pacXofa M KOJMYECTBA TeIUla O4eHb Pa3HOooOpa3HoM
HOMEHKJIATyphl BEIUECTB € OTIMYUTENBHBIMH CBOHCTBAMU MpPU CYLUECTBEHHLIX
3HAYCHHSX BHEIUHUX JecTaOmIM3upyromuy. (GakTopoB (OTHOCHTENBHO OOIBLIMX
M3MEHEHUAX HABJICHUN U TEMIIepaTyphl).

TakuMm o0pa3oM, [UId YCTpaHEHMs YyKa3aHHBIX HEOCTaTKOB paboTta
HampaplieHa Ha [OBBIUEHHE TOYHOCTH H3MEPEHMIl - OIHOrO M3 OCHOBHBIX
TpeOOBaHUI NpeabABIAeMBIX K mnpubopaM mpu  TpeOyeMoW HaJeKHOCTH U
OTHOCHUTENBHO HEBBICOKOH CTOMMOCTH.

OcHoBHASA 4ACTh.

H3rotoBUTENH PACXOAOMEPOB IMOCTOSIHHO PaboTaroT Hal TeM, YToOsl HaliTu
HaWIydlIyro  3aMeHy  MexanuueckuMm  cueruukam.[3]  Koucrpykropcko-
uccileaoBaTelibckie padoThl NoKasany, 4To Hanboee yaayHON 3aMEeHOR SBIETCH
KCIIONb30BAHKE YJIBTPA3BYKOBOrO METONA M3MEPEHMs pacXoJa IOCTPOECHHOro Ha
OCHOBE [MbE30KEPAMHUKH M MHKPOIPOUECCOPHBIX TEXHOJOIMH, 00eCIeqMBaOINX
HE TOJIBKO TPeOYEMYIO TOUHOCTh M3MEpPeHUH, HO U BBICOKHE METPONIOTHUYECKYH) U
IKCIUTYaTalMOHHYIO HaIeKHOCTh IPUOOPOB.

INbezonnextpudeckuii 3¢ deKT npucyul HeKOTOPBIM MPUPOIHBIM KPHUCTAIIIAM,
TAKMM KaK KBapll ¥ TYPMaJIMH, KOTOPBIE B TEUEHHE MHOIHX JIET UCIIOJIb30BANIUCH B
Ka4ecTBE SJIEKTPOMEXAHMUYECKUX rpeodpazoBatenel. Kpucrannuyeckas peluerka
KPHCTA/UIOB, OONamaromMX IMbe30JIEKTPHHECKUM d(Q(EKToM, HEe HMeeT UeHTpa

_cummerpun. BospelicTBue (CxuMaroliee WM pacTsTHBAKOINEE), MPUIOKEHHOE K

TAKOMY KPHCTAILTY, MPHBOJIHT K [TONSPU3ALMH [TOCIIC PA3ICIICHUS MTOTIMKUTENBHEIX
U OTPHLIATENBHBIX 3apA/0B, MMEIOIIMXCS B KAXIOH OTIENBHOM 31eMEHTapHOM
vacruiie. DPQeKT MpakTHYeCKu ITMHEHHBIA, TO eCTh CTeNeHb NOIApU3ALMM [IPAMO
[POMOPUMOHANbHA  BENMYMHE  [IPWIAraeMoro  YCWIMs, HO  HalpaBjieHue
NOJISIPU3aUMK 3aBUCHUMO, TaK KaK YCHJIME CKATHSL I PACTSDKCHHUS eHCPUPYIOT
JNEKTPUUECKME I10/14, a CIEeJOBATeNbHO, W HANPsDKEHWE, IPOTHEONONIOKHOMN
nossspHocty. COOTBETCTBEHHO, IIPU MOMEIIEHHH KPUCTAILIA B JIEKTPHIECKOe TIaTe
ynpyras aepopmauys Bbl30BET yBENHYEHWE WM YMEHbUIEHHE €ro JUIMHBL B
COOTBETCTBHHU C BETIMUMHON U HAIPABJICHUEM IO PHOCTH I1OJI.

Ion BO3DEHCTBMEM  3MEKTPHYECKCrO TONsA  (HAIPSLKEHMs)  pa3sMephl
MbE30KEPAMHYECKOr0 3JIEMEHTa H3MEHSIOTCA. 1Ipy MEeXaHWYeCKHMX BO3IEHCTBYSX
MbE30KEPAMUYECKUH  3NIEMEHT reHepupyeT OJexTpuueckuid Tok. [losTomy
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[image: image3.jpg][ThE30KEPAMUIECKII SMEMEHT MOXET UCIONB30BATRCS B KAUECTBE KaK M3Iy4daTelNs
TaK ¥ MPUEMHUKA CUTHAJIA, T.€. KaK IIPHUeMOTIepeRaTHHK.

IlBa OCHOBHBIX MPMHLMNA YIHTPa3BYKOBOLO METOJA W3IMEPEHHs PacXona -
3TO TPaH3UTHO-BPEMEHHOM METON M MeTOX Ha ocHOBe adidexra Jonuiepa. Merox
Jonmiepa ucnone3yerT 3¢QGEeKT M3MEHEHHMS 4YacTOTBI 3BYKA, OTPAKAOIIErocs of
JBWAKYIIMXCS HacTHLL. TpaH3UTHO-BPEMEHHOH METO/l OCHOBAaH Ha ToM (axre, 4To
yABTPA3BYKOBOMY CHUIHANTy, HAMpPaBJIGHHOMY MPOTHUBR [RIDKCHMS [10TOKA, JUIS
MPOXCHKAEHHUA PacCTOSHHUS OT H3ydaTens 10 [puemHnka Tpebyercs 6onbrue
BpEMCHM, YEM CHIHAIy, HalPaBJeHHOMY [0 XOXy MIBMKEHHA roroka. PasHocth
BpeMeHU NPOXOMISHUA CUrHANA B mpefenax TpyObl pacxopomepi kpaiiHe Mana
(HarocexkyHIbl).

[TosTomy mis pocTipkeHHst HEODXOZMMOW TOYHOCTH H3MEpPeHUS pPa3HOCTH
BpPEMEHY [IPOXOXKIEHUS CHUrHANla ONpEeesioT 10 Pa3HOCTH (a3 MEeXKY ABYMS
curtanamu ¢ yacrorodt 1MI'u. Onpenenenue BenW4HHb! pacxona @ MPOU3BOAUTCA

H3MSPEHHEM DPACXOJHON CKOPOCTHM f [OTOKa M YMHOXKEHHeM €¢ Ha I[UIoINajihb
ceueHust A M3MEPUTENBHON TPYOBI:

B (1)
ITnomans ¥ paccrosHue, KOTOpble MPOXOAMT CUTHAN B M3MepUTeNBHON Tpyoe,
M3BECTHRL. PaccrosHue, NPOXOAMMOE CUIHAMOM, MOXHO JIPEACTaBWTH B BUIE
plpaykeHust L=V -T , B3 KOTOPOro nony4aem
T L
=y @
rae: L - u3MepsieMoe paccTosHue
V' - cKOpOCTE HPOXOXKICHHS 3BYKOBOrO CUTHANA
T - BpeMst €ro MpOoXOXKIACHMA.
Tereps BpeMs MOXHO BBIPa3UTh KaK Pa3sHOCTb MEXIY CKOPOCTAMM CHIHAJOB,
HaIpaBJeHHBIX 10 HANPABICHHIO TTOTOKA M IIPOTHB HETO!

B = ] e | 3)

B npuMeHeHHM K YJBTPAa3BYKOBBIM pacxomomepam ckopoctd V| u V, MOxHO
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T.0. KOHTpONE DOBEMHOrO PAcXoja Telld ClieAyeT PaCCUMTBIBATE 110 hopmyne (6).

Yrobbl MHUHUMH3MPOBATE HETOYHOCTH, BBI3bIBAEMBIC W3MEHCHHMSIMH CKOPOCTH
3BYKa B BOJE, [IPOM3BOJAT €e uaMepeHue. M3Mepenus: ckopocTy pacrpocTpaHeHms
3ByKa B BOJE IPOU3BOATCH [0 CrieuuaibHbIM MerTonukam Jomepa. s wroit
UeNd OPOM3BOAMTCS Dsifi U3MepeHuit alCONMOTHOrO BPEeMEHM MPOXOXKIEHHMS
CUrHaJIla MEXAY ABYMHA IpUEMoIepefaTdrkaMH. Pe3ynbrarel m3mepeHuil 3atem
[EPECUUTHIBAICTCS B TEKYILYIO CKOPOCTH PACIIPOCTPAHEHMs 3BYKa, UCIIONB3YEMYIO
[anee npi BEIYUCIeHUsX. [4]

B awHammrieckoM [uanazode npubopa OT [Opora UyBCTBUTENHHOCTH [0
a0COMIOTHOrO MAaKCHUMANBHOTO PAacXola HMMEEeT MeCTO NHMHEeHHas 3aBUCHMOCTH
MEXILY [POTEKAOMUM OOBEMOM O KMIKOCTH M BbIIABAEMBIM KOJTUYCCTBOM

uMiynscos. Ha pucynke 1 npuBeneH npuMep 3aBHCHMOCTH MEXIY PacXoJoM M
4acToTON UMY bCOB.
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Puc. 1. 3aBucumocts MEXAY HaCTOTOU ¢ PACKCAOM TeIUIa.
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Ecnn pacxon HIDKe nopora 4yBCTBUTEILHOCTM MIM IIPQTMBONOJIOKEH 110 .
HANPABICHUIO, UMITYIBCH HE FeHepupyloTes. (em.puc. 1). D Tl &
Ilpu 3HAuCHKSIX pacxoja BbIE [OTOKA  HACBIUEHHWS, KOTOPOMY PRCA "‘
CcOOTBETCTBYET Makc. wacrora 128 [, Oyner MpoOROLKATECA IEHEPUPOBAHUE Ha 32Ta>xa
HUMITYJIbCOB MaKCUMAa/IbHOR 4aCTOTHI. B3
Crpyxrypuast cxema npubopa. [t ynyqineHus OTHOWIEHHMS CHTHAW IIyM ::;3; ZTT;
BPEMS  PacripOCTpaHeHWs YALTPa3BYKOBOIO CMIHANIA YacTo M3Mepsercs B JIBYX 3p i
HaIIPaBJICHVITX, NIPY 3TOM 003 IMBE30KPHICTALIA pabOTAOT NONEPEMEHHO TO NIPUEMBUKAMH, )
TO NEpelaTdirKaMi. DTO MOKHO pPEAM30BaTh TPU MOMOLUM TEPEeKMOYaTenbHOro i xcoxcng
YCTPOHCTBA, MOKA3aHHOrO Ha puc. 2, KOTOpBI padoTaer Co CPaBHUTEIBHO HU3KOH e
gacroroit (Harpumep, 400 [i). CurycoupaipHbe YIBTPa3ByKOBbIE BOMHBL (€ 4acTOTOH Ty3BIpAN
okono 3 MI'u) mepenaroTcs B UMIYJILCHOM pPEXKHME C TOM e caMOH TakTOBOH BB
qacroro#t (400 I'u). Hpussteiit BYU curwan orcraer or 3ajaroulero Ha epems 7. ——
Benuuuna 5TOR 3aJep>KKd 3aBUCHUT OT CKOPOCTH NOTOKa cpensl. Bpems T Pacxomom
M3MEPAETCs TIPU NOMOLIM BPEMATPONETHOTO AETEKTOPA, 4 CHHXPOHHBIi JETEKTOp 3.wwwka
2006.

UCITONB3YETCA Ul ONpeAETSeHWs pasHulel BpeMeH AQ, 3aTpaueHHbIX Ha
pachnpocTpaHeHHe CurHama BOONE M [POTHB TeYeHHs [oToka. Takoi
YIILTPa3BYKOBOM AaT4MK 00/1agaeT [OCTATOYHO BBICOKOM TOYHOCTBIO ([IOpPSIKa
2%).

Knaccer ToOYHOCTH:

Kmac 1: E.=+(0,5+ ———-—3A® 1in ) -
AG

Knac 2: B, =+ (2+ &9—21’3—) , ajne He 6inpu HiXK 5% ;
q

Knac 3: Fe=+ (3 + 2&5—‘}—‘"—) , aie He Oinpu Hik +5% ;

rlie MOrpemHocTs E. yCTAHABIMBAET CBS3b MENGLy M3MEPEHHBIM 3HAUYSHHEM
KO.TMYeCTBa TeIIOTHl U ero, sHadeHus E, u E, ans xacca 1 onpenengroT Torna,
KOI'Ja YCOBGPLICHCTBOBAHMS METOAMK HWCITBITAHMH ¥ npeobpasoranuil pacxopa _

TO3BOJIAKOT 3TO CALNATh .

nepcx:}mtmﬁ-moe o — TETeRTOp BpeERR
YCTPOHCTBO ) BPOMIIPOTETH PACTIPOCTPAREHHS
B ApAEMHIK it pererTop CHIHATA O TEHCHII0
e I e
—_— . TZK‘I'Kp}'}OlHEe —T
YCTPORCTRO ¢
| 1acror0i 4007
- . BHXOJHON
| mepeparmke | o CHEXPOHHALH cmﬂgﬂ
:#,J 'acroroil 3 MI'yg JETEKTOp
Prc.2. Cxema ynpTpa3ByKkOBOTO pacXoioMepa, B KOTOPOM KK bl KPHCTAILL UIPaer
PONb U MI€peaaTHrKa, | IIPHEMHKKA.
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bIM 3HaYECHHUEM
ONpPeNENAIOT TOrJA,
DA30BaHMI pacxona

JETEKTOp BPEMERH
PACTIPOCTPaHEHILS
CHTHATA 10 TE4eHHIO

HIDOTHB Hero

CKKXPOM CHIH,
BETEKTOp

JUCTAILT Urpaer

BHEOHOR

Beigonel. 1. Pazpaborana cTpykrypa rniprbopa KOHTPOIS pacxola KOJHYeCTBa
Teria ¢ 3aJaHHOW CTeNeHBIo TOYHOCTH He Gonee 2%  KOTOPLIN OTCIEKUBAET
PACXOJl M IOTepH Tellla Ha Kax oM 3Taxe. Ilpubop peannszoBaH IyTeM yCTaHOEKU
Ha T&XKAX BHICOTHOTO AOMa YNETPa3ByKOBLIX TEMIOROOCUETYHKOB.

2. B yneTpa3sByKOBBIX PACXOROMEPAX B KaYeCTBE W3JyHaTeslel U IIPHEMHHEOB
AKYCTHYECKMX — KONeOaHuil OPEANOXKEHO MHCIOML30BATH  [IBE30KEPAMUYECKUe
MaTePHAbl ¢ BEICOKOH AU3IEKTPUYECKOH [POHHIAEMOCTBIO.

3. Jlng wM3MepeHus pacxoja YHCTBHIX MKUJKOCTEH NPeUIoKeHO HCIIONb30BATH
BBICOKME PE30HAHCHBIC YACTOTBI Y TOHKME MbE3OKEPAMUYECKUEe IUiaCTuHbl. flis
M3MEPEHHs. pPAcXOOd BEINECTB C MEXAaHWYECKUMM MPUMECSIMM MM [a30BBIMH
My3BIPAMHU - UCTIONB30BATE NMBE3OKEPaMHUKyY Conmbureli TONMIMHEL, UMeIyY0 Goiee
HH3KYIO PE3OHAHCHYIO YACTOTY.

Cnumeox  nmrepatypsl: 1. hip//www.c-o-k com va/content/view/35/0/ 2. Kpesneeckuir 1.1
Pacxomomepsl u cyeTduxd komuuecTsa: Crpasoynuk—JL: Mawunoctpoerue. JIeHuHrp. OTA-HUE.
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