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O0J1acTh TEXHHKH, K KOTOPOi OTHOCHTCS M300peTeHHe

Hacrosiee n3o0peTeHre OTHOCUTCS K CIIOCO0Y I KaaTnOPOBKY U3MEPEHUs IMTyCTOTHOU (ppakimu, mpoBe-
JEHHOTO OTHOCHUTEIIFHO MHOTO()a3HOTO MOTOKA, a TaKXKe K CII0cCO0y M 000PYIOBAaHUIO IS BEIYHCICHHAS Macco-
BOTO pacxojia OHON Wim OoJiee ¢a3 B MHOTO(Ga3HOM TTOTOKE.

Onucanne npeanecTBYIONIEro YPOBHSA TeXHUKHU

W3BecTHO, 4TO OTOOP YIIIEBOJOPOIOB BEI3BIBAET MHOTO CIOXKHOCTEH. ONIHA U3 CI0KHOCTEH 3aKIII0YaeTCs B
TOM, YTOOBI YCTaHABINBATH (a30BbIe QPAKIMHA MATEPHAIOB, OTOMPAEMBIX U3 CKBaXHUHBI, KOT/Ia TIOTOK OTOHMpae-
MBIX MaTepUaIOB MOXKET COJEPKaTh BIUIOTH 0 TpeX (a3 (Kuakyro HedTAHYIO ¢a3y, KUAKYIO BOIHYIO (azy u
ra3zoo0pasnyto (asy). He Tonbpko o0beMHBIC Ppakimu (a3 MOTYT U3MEHATHCS BO BPEMEHH, HO M PACIIPEICIICHIE
(a3 B MOTOKE TaKke MOXKET M3MEHATHCS. B 4acTHOCTH, pacnpeneneHne Mo00i MpuCyTCTBYONIEH Tra3000pa3HoM
(ha3bl MOXKET U3MEHATHCSA B PE3YNbTaTe OKPYKAIOIICH Cpellbl OTOKA, IPUCYTCTBHS U3THOOB B TPyOEe M APYTHX
(hakTopoB. YacTh MOTOKa MOXKET CONEPKATh OTHOCUTEIHLHO TOMOTCHHOE pacHpeeiCHUE HEOONBIINX My3bIph-
KOB, B TO BpeMsl KaK B JPYrOo YacTH KOAICCIICHIIUS Ta30BBIX IMYy3BIPHKOB MOXKET MPHUBOINUTH K TETCPOTCHHOMY
pactpeieleHuIo ra3000pa3Hoii (a3bl. MI3MeHEeHUs JaBIeHUS U TEMIIEPATyPhl TAK)KE MOTYT 3aCTaBIISTh MaTepua-
JBI, TAaKWE KaK JIETydne YTIeBOJOPOIBI, IMEPEMEIIaThCs MEXIy KHIKAMH U ra3oo0pa3HsiMu (azamu. BakHo
3HaTh MAacCCOBBIN pacxo]] OTOMPAEMBIX YTJIEBOAOPOJIOB, TIOCKOIBKY He(Tem0ObIBaHNE TIPENCTABISIET cO00H 00-
IIyto 1eih Onu3Heca.

OmuH crioco6 pa3penieHus 3TOW MPoOIEMBbI 3aKII0YAETCS B TOM, YTOOBI TIPEIOCTABIIATH PACXOAOMEPHI HH-
JKe IBYX- WU TpexdasHoro cemapaTopa(oB), a 3aTeM OTACIHHO U3MEPSATh MOTOK Kaxaoh u3 (a3. CemapaTopsl
MOTYT OBITH OOJIBIITMMH, JOPOTUMH M TPEOYIOIMIMMH YacTOT0 TeX0OCTykuBaHus. [IoMHUMO 3TOTO, €clii cemapa-
Top(Bl) IMEET HEKOPPEKTHBIM pa3Mep, TO OYCHb CYIICCTBCHHOE KOJIHMYCCTBO Ta3a MOXKET OCTABAThCS YBJICUCH-
HBIM B BEIXOJIHYIO KUIKYI0 (ha3y(bl) wiu BoAy B 00bemMe 1oObuu HepTH TpexdasHoro cemaparopa. TpeboBanus
MO pa3MepaM cenapaTopoB MOTYT M3MEHATHCS TI0 MEpEe YBEIMYCHHUS CPOKa CIYKOBI CKBaXKUHBI, U 3a4aCTyIO He-
MPAaKTUYHO WJIA SKOHOMUYECKH HEIEIeco00pa3Ho 3aMCHAThH CErapaTop B XOJE IKCILTyaTallil OTICIBHON CKBa-
JKUHEI.

MHuorodazHble U3MEPHUTEIH, TOMyCKAIOIKe onpeeneHne (pa3oBbIXx 00BEMHBIX (PAKIH, MOTYT HUCIOJb-
30BaTh HECKOJBKO PA3IMYHBIX CIIOCOOOB M3MEPEHUS I TOTO, YTOOB! JocTHraTh Henu. OnH Takoi crmocob 3a-
KIIFOYaeT B ceOe MCIOIB30BaHNE YCTPOUCTBA, KOTOPOE SIBIISICTCS YYBCTBUTENBHBIM K W3MEHEHHSIM MPOHHUIIAEMO-
CTH TIOTOKA, TAKOTO KaK MHUKPOBOJHOBBIA PE30HATOP, M OTACIHHOE M3MEpPEHHE INIOTHOCTH KOMOMHHPOBAHHOTO
notoka. O0opyaoBaHue, TOJAXOAIIEE IS BRIMTOJTHSHUS dTUX U3MepeHui, packpriBaetcss B WO 2016/135506 Al
M 3aKJII0YaeT B ceOe MpOITyCKaHWe MOTOKAa TeKydel Cpeipl 4epe3 MUKPOBOJIHOBBIH M3MEPHUTENH C PE3OHHPYIO-
Ie TOJIOCTRIO U IOTIOTHUTEIFHOE U3MEpEHIEe 00hEMHOM TUIOTHOCTU TIOTOKA MOCPEICTBOM TaMMa-IUIOTHOMEpa.

Pagromerpuueckue IOTHOMEPHI, TAKKE KaK FaMMa- U PEHTI'CHOBCKHE IDIOTHOMEPEI, XOTS M TOYHBIC, Tpe-
OYIOT MCHONB30BaHUS OMACHOI'O PAJMOAKTHBHOTO MCTOYHHUKA, YTO, B CBOIO OYepe/ib, MIPUBOAMUT K TIpodiIeMam
KacaTeIbHO 3I0POBBs U OC30MACHOCTH U TPeOyeT 3HAYUTEIHHOTO SKPAHHPOBAaHUS. JTO MOXKET JICNATh TaKHe
WU3MEPUTENN TSDKEIBIMH, TPOMO3IKAMH M Joporocrosmumu. [ToMrMO 3TOTrO, cCHenuanbHas CepTHPUKAIUS U
JPYTHE TPOIEIYPhl TPEOYIOTCS Tepea TeM, KaK PaJIdOaKTUBHBIA MCTOYHHK MOYKET HCIONB30BaThCS HAa MECTE,
KOTOPBIE ABJISIOTCS BPeMsI3aTPATHBIMU M TOPOTOCTOAIIMMU Ha MPEIMET OPTaHU3aIHH.

KopronicoBsl m3MepuTe W3BECTHHI I H3MEPEHHUSI MaCCOBOTO PAacXoja U INIOTHOCTH. Takue n3Mepure-
JU coiepKaT TPYOKH, KOTOpBIE KOJEOMOTCS Ha cOOCTBEHHOHM yacToTe. Korja moTok He MPUCYTCTBYET, TPYOKH
KoJIeOITIOTCS 10 (pa3e W He MMEIOT NMPHU3HAKOB 3aKpy4yuBaHMA. 1locie TOoro kak MOTOK BBOIUTCS, KOPHOIHCOBHI
CHJIBI O00yCIIaBJIMBAIOT 3aKkpydnBaromui 3@dext B TpyOkax. [locpencTBoM M3MEpEeHHs CIABUTA MO BpEMEHHU B
(haze xonmeOaHUI KaXKIOH M3MEPUTEIEHON TPYOKH, MOXKET BBIYUCISATHCS MACCOBBIA PacXo[ U IMOCPEACTBOM H3-
MepeHUs] COOCTBECHHOM 4acTOTHI KOJIeOaHU OTHON M3 H3MEPHUTEIBHBIX TPYOOK MOYKET BRIYHCIISITHCS TNIOTHOCTS.

B mpuHIMIIE, KOPHOIUCOBEI U3MEPHUTEIU MPEICTABIAIOT 0oJice OE30MACHYI0O U MEHEe KPYMHOrabapUTHYIO
ANBTCPHATHBY PATHOMETPUUCCKUAM ILIOTHOMEPAM JUI U3MEPEHUs 0ObEMHON IUIOTHOCTH MOTOKA, U OHU TaKKe
00aaf0T JOMOTHUTEIBHEIM MPEUMYIIECTBOM H3MEPCHHS MAacCOBOTO pacxoja. Tem He McHee, Ha TPAKTHUKE
KOPHOJUCOBBI M3MEPHUTEIN MOTYT MPEIOCTABIATh HETOYHBIC TMOKa3aHUS OOBEMHOW IIOTHOCTH M MacCOBOTO
pacxofa, eciii IPUCYTCTBYIOT (ha3bl ¢ CYIIECTBEHHO OTIMYAIOMICHCS THIOTHOCTBIO /MM BA3KOCTBIO TaKUM 00-
pa3oM, YTO BO3HHKAET IIOXOE CBS3BIBAHHME MEXIY IUCIIEPTHPOBAHHBIMH M HETPEPHIBHBIMH (pazamu, 3P QexT,
KOTOPBI MOXET YITIOMHHATHCS Kak "3acopenue (aspl”. [Ipobdiaema MOkeT ObITh OCOOCHHO CYIECTBEHHOM, KOTIa
MIOTOK COAEPIKUT CMECH XKUIKOH M razooOpasHoi (a3. Bremenme rasza B XKHIKOCTb, MPOTEKAIONIYIO depe3 KO-
PHOJIUCOB M3MEPUTENh, 3HAUUTEIHHO TACHT aMIUTHTYAY W HCKaxaeT a3y kojeOaHui TpyOOK. DTH W3MEHEHHUS
MPHUBOIAT K OmMOKaM B JaHHBIX MAacCOBOTO PacXoda M INIOTHOCTH W3 M3MepuTens. B obmewm, ommbka u3mepe-
HUS 3aBUCHT OT PsiJia TAPAaMETPOB, TAKKX KaK CKOPOCTh MOTOKA M BSI3KOCTh )KUJKOCTH, TABJICHUE U TEMIIepaTypa
MOTOKA U CTENCHb YBIICYCHHUS ra3a JKUAKOCTHhIO. ECIM ra3 OTBA3BIBACTCS OT JKUAKOCTH TAaKUM 00pa3oM, YTO OH
Ooyee HEe YBJIEKAETCs, TO B PE3yJIbTATEC MOXKET IOJNyYaThCs TaK HAa3bIBACMBIH "MPOOKOBBIM MOTOK'", YTO MOXKET
YBEJIMYHMBATh OUIMOKKA U3MEpeHUs. DT (HaKTOPBI, KOTOPHIC SBISIOTCS MEPEMEHHBIMHU, MOTYT 3aTPYAHATH KOM-
MIEHCANNIO OIMOOK M3MEpPEHHs B MOJIEBbIX ycioBHsaX. Crexyer obparutbest K padbore aBropa Chris Mills, o3a-
rnasnieHHoi "Correcting the Coriolis Meter for Two Phase Oil and Gas Flow", npencrasnennoii Ha International
Flow Measurement Conference 2015, 1-2 uronst 2015 rona, B YOpUKCKOM YHUBEpcHUTETe, BenukoOpuTanmsl.

Jlnst TpexdazHoro moToka B 0TOOpE yriaeBomopoaoB (comepikamiero HeQTaHyIO dasy, BogHyo a3y u ra-
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3000pa3Hyto ¢asy), ecii KOdPPHUIMEHT COAEpKAHUS ra3a B JKUJIKOCTH M CKOPOCTh TEKy4YeH Cpeabl SBILIFOTCS
OTHOCHTEJIFHO TIOCTOSIHHBIMH WM W3BECTHBIMH, TO MOXKET NMPHUMEHSTHhCS ANNPOKCHMUPOBAHHBIN KoddduimeHt
KOPPEKINH, KOTOPBII MOXKET 00eCTIeYnBaTh BO3ZMOKHOCTh KOPHUOJIMICOBY M3MEPUTEIIO BEIBOJUTH OTHOCUTEIHHO
TOYHYIO TUIOTHOCTh M MacCOBHIH pacxof. C ApYyroil CTOPOHBI, €CIM ATH BEINYUHBI KOJICOIIOTCS 3HAUATEIEHBIM
00pa3oM, TO TaHHBIH MOJXO0/ HE MPEIOCTaBIACT TOUHYIO 0OBEMHYIO INIOTHOCTH 1 MACCOBBIA PACXO.

Hacrosmee m300peTenne pa3paboTaHO ¢ yI€TOM BBIIIECKa3aHHOTO.

CyurHocTb u300peTeHust

CoriacHO TIepBOMY acIeKTy H300pEeTeHHUs, IPEIOCTaBISIETCS ClIocod GopMUpOBaHUS KPHBOW OIMHMOOK ITO
nyctotHoW Qpaximu (VF), kotopas koppenupyer kaxyuytocst VF ¢ dakruueckoit VF MHorogasHoro nortoka,
IIPH 9TOM CIOCO0O COJEPIKUT:

a) UCIIOJIb30BaHNE YCTPOWCTBA JUIS TOTO, YTOOBI M3MEPATH CBOHCTBO MHOT0()a3HOTO MOTOKA, U3 KOTOPOTO
MOXET BBIUUCIIATHCS Kaxymasics VF;

b) Beruncnenue xaxymeiicst VF ¢ Mcoap30BaHrEM H3MEPEHHOT'O CBOICTBA U3 YCTPONCTBA;

c¢) onpenenenue dakruueckoit VF MHOrodazHoro moroka ¢ MCrosb30BaHHEM PaJMOMETPHUYECKOTO IUIOT-
HOMEpa;

d) ucronk30BaHMe 3HAYCHUH U3 b) U ¢) 71 TOTO, YTOOBI BEIYUCIATE VF-01mmoKy;

¢) moBTopeHue b)-d) I Bcex OKUAAEMBIX YCIOBHH MOTOKA, ¢ TeM 4TOOBI (hOpMHpOBaTh KpuBylO0 VF-
OIMOOK.

[Ipu ucmons30BaHWM B JaHHOM JOKyMeHTe, TepMuH "VF" Tekydeil cpenbl, poTeKaromieil depes Tpyoy,
O3HAYaeT:

VF=005beM raza B eTMHHYHOM 00beMe TPYOBI:

IIpY TpeobiIaJarolIiX YCIOBHAX M0 TeMIIepaType U JaBieHHIo B TpyOe. OH 00BIYHO BEIpaskaeTcst Kak Mpo-
LIEHTHAsI J10JISL.

[Tpn ucnonb30BaHUM B TaHHOM JOKyMeHTe, TepMHH "00BogHeHHOCTH" (WC) MeeT crielyIomuii CMBICI:

WC=0065eM BOJBI B €ANHUYHOM 00BEMe TPYOBI,

OO0beM KUIKOCTH B EAMHUYHOM 00beMe TPYObI:

TIpH TIPE0OTATAIONINX YCIOBUAX TI0 TEMIIEpAaType W JaBlieHHIO B TpyOe. OH Takke OOBIYHO BBIPAKAETCS
KaK MPOICHTHAS TOTIS.

Pamnomerpudeckuii MIOTHOMEP MOXKET HaISKAIUM 00pa3oM MPEACTaBIATh COOOM 000N U3MEPHUTEID,
KOTOPBII M3MepsieT HCTHHHYIO IJIOTHOCTH ITOTOKA, TAKOH KaK raMMa-TUIOTHOMEpP WM PEHTICHOBCKHH IIOTHO-
Mep. PagunoMerpuuecknii TUIOTHOMEP MOXKET TPEICTABIATh COO0H MBYXOHEPTETUIESCKUH TUIOTHOMEP WU OJHO-
9HEPreTUYECKUH IIOTHOMED.

dakrnueckass VF MoxeT onpenensTbcs HEMOCPEACTBEHHO M3 PAIMOMETPUUECKOTO TUIOTHOMEPA, €CIH pa-
JMOMETPUYECKHII TNIOTHOMED INpeZcTaBisieT coboil nByxaHepreTnueckuii (mmu Ha ocHoBe DEGRA (nByxanep-
TETUYECKOTO TaMMa-JIy4e€BOr0 OCIa0JICHHs)) INIOTHOMED, KOTOPBIH MCIIOIb3YEeT HCTOUYHHUK KaK BHICOKOIHEPIeTH-
YEeCKOro, TaK W HU3KOIHEPTETHYECKOTO M3ITyYEHHsI JJIsl TOT0, YTOOBI CHavYaj a OTJIMYaTh ra3 OT )KUAKOCTH, a 3a-
TeM He(Th OT BoJbl. Ecim pagmomerpudeckuii IIIOTHOMEP HPEACTaBIIET cO00i 0JHOIHEPreTHYECKUI TIOTHO-
Mep, To ¢akTryeckass VF MOXeT He moirydaThCcsi HEIOCPEACTBEHHO M TOJDKHA BRIYUCIATHCS. Berancienne mo-
JKET BBITIOJHATHCS C MCIIONB30BaHUEM (DaKTHIECKOH 0OBEMHOHN IUIOTHOCTH, H3MEPEHHOMN MOCPEICTBOM paIHo-
METPUYECKOT0 IUI0THOMepa. HrkenpuBeneHHOE ypaBHEHHE | MOXET HCIIOJIB30BAThCA (C 3aMEHOM KaXKyIIewcs
00BEMHOM TUIOTHOCTH Ha (aKTHYECKYI0 0OBEMHYIO TUNIOTHOCTh, H3MEPEHHYIO TIOCPEICTBOM PaAHOMETPHIECKOTO
TUIOTHOMEpA JIJISl TOTO, 9TOOBI IPEOCTaBIATh PakTHIecKyo VF).

CoracHO BTOPOMY acleKTy M300peTeHHs crocod BeraucieHus dakruyeckoit VF muHorodasHoro moroka
COJICP’KUT M3MEPEHHE CBOMCTBA MOTOKA, U3 KOTOPOT'O MOXET BBIYHMCIAThCS KaxKymasicst VF, BeauciIenne Kaxy-
meiics VF MHOroda3HOro noroka m KOppeKTHpoBKY kaxkymiedics VF ¢ mcmnonbp3oBanueM kpuBoi VF-ommbox
MIEpBOTO acIeKTa H300peTeHusl.

Crioco0 coryacHO TIepBOMY U BTOPOMY aCHEKTaM H300pETEeHHsI MOXKET PEHMYIIECTBEHHO HCIOIb30BaTh-
Csl, KOTja TIOTOK COAEPIKHT XHUIKYI0 (ha3zy u ra3oByio ¢azy. bonee npenmymiecTBenHo, xuakas $aza MOXKET CO-
JepkaTh BoAHYIO a3y u HepTsIHyI0 (a3zy TakuM 00pa3oM, 4TO UMeeTcs TpeX(asHbId IMOTOK, COICpPIKAIIHMA
CMEITaHHYIO HEPTIHYIO ¥ BOJHYIO XKUAKYIO a3y u razoo0pasnymo dasy.

CornacHO 0THOMY BapHaHTy OCYIIECTBICHHS IIEPBOTO U BTOPOTO ACIIEKTOB M300PETCHUS YCTPOWUCTBO, KO-
TOpPOE U3MEPSIET CBOWCTBO MHOTO()Aa3HOTO IMTOTOKA, I3 KOTOPOTO MOXKET BRIYHCIIATECA Kaxymmasacsa VF, mpencras-
JseT co00i KOPHOIHMCOB M3MEpUTENh. KOPHOIMCOBBI M3MEPHTENH H3MEPSIOT KaXYIIylocs OOBEMHYIO ILIOT-
HOCTh M KKYIIUHCS MacCOBBIM pacxofl. Mi3MepeHue Kaxymencss 00beMHOH MIIOTHOCTA MOXKET UCTIOIB30BAThCS
JUISL TOTO, YTOOBI M3BNIEKaTh Kaxymrytocs: VF ¢ ucronp3oBaHueM ypaBHeHUs 1:

VYpasrenue 1: kaxymascs VF=p_-p

PLPG,

IZie pL ABISETCA IIOTHOCTHIO )KUIKOCTH, PG SIBISIETCS INIOTHOCTBIO Ta3a M P SBISCTCS Kaxylleics o0bem-
HOH IUIOTHOCTBIO, U3MEPEHHOH ITOCPEACTBOM KOPHOIMCOBA U3MEPHTEIIS.

B xone 3T0# (ha3er KanuOpOBKH, Py U Pg MOTYT HOJIY4aTHCS MOCPEICTBOM (DaKTHIECKUX M3MEPEHHH, Ipo-
BE/ICHHBIX M3 P00, 0TOMpaeMBbIX U3 MOTOYHOM JIMHUH, YTOOBI ONpenessTh (a3oBble (pakuum, 1, eciu Tpedyer-
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Cs1, IOCPEICTBOM JIAHHBIX, H3BECTHBIX CIICI[HANIICTAM B JIAHHOW OOJIACTH TEXHUKHU U3 TaKUX Mojeneii, kak "PVT-
mozaenn” (rae "PVT" oznauaer "naBienue, o0beM u TeMneparypa’).

CornacHO IpyromMy BapHaHTy OCYIIECTBJICHHS IIEPBOIO M BTOPOTO aCHEKTOB M300PETEHHS YCTPOMCTBO,
KOTOpOE M3MEpSET CBOWCTBO MHOT0()Aa3HOTO MOTOKA, U3 KOTOPOTO MOXKET BBIYMCIATHCS Kaxkymasics VF, mpen-
CTaBJSIET COOOW MHUKPOBOJHOBBIN HW3MEpHUTENb. MUKPOBOJIHOBBIH M3MEPUTENh MOXKET HCIIOJIb30BaTh PE30HAHC
("MHKpPOBOJIHOBBIN pe3oHaTop') WK moriomeHue. [IpenamodaTuTeIbHO, MUKPOBOJIHOBBIA H3MEPHUTENh MTPEICTaB-
JsIeT co00H MUKPOBOJHOBEIN pe3oHATOp, K MpuMepy, packpbiTeiii B WO 2016/135506 Al. MuUKpOBOJHOBBIN
U3MEPUTENTb MOXKET M3MEPSATh 00BEMHYIO MMPOHUIIAEMOCTh MHOTO()A3HOTO TOTOKA, 3 KOTOPOTO MOXKET M3BJIE-
KaThcs Kaxkymascst VF crmioco0oM, H3BECTHBIM CIEIUAINCTAM B JAHHOU OOJIACTH TEXHUKH.

[epBEIit U BTOPOI aCEKTHI H300PETEHUS OTHOCSITCSA K KaJIMOPOBKE YCTPOHCTBA WM YCTPOWMCTB, U3 KOTO-
PBIX MOXeT M3BIeKaThes kaxkymasics VF. CoriaacHo 3TUM acrieKTaMm H300pETeHHs YCTPOHCTBO, TaKOE KakK KO-
PHOTHCOB U3MEPUTEINh W/WIM MHUKPOBOJIHOBBIN U3MEPUTEINh, YCTAHABIUBACTCSA B MOTOYHOH JIMHUHM B MOJCBBIX
YCIIOBHSX, U JOTIOJHUTEILHO TAK)KE BPEMEHHO YCTAaHABIMBACTCS PATHOMETPUUCCKUi motHOMep. [Ipeamouru-
TENBHBIA TOAXOJ] 3asIBUTENSI 3aKIFOYACTCS B TOM, YTOOBI KaaHMOpOBaTh YCTPOHCTBO Ha MecTe B (DaKTHUCCKOM
JIMHWU B TIOJIEBBIX YCIIOBHAX, B KOTOPBIX OH JIOJDKCH CTAI[IOHAPHO YCTaHABIMBATHCS. Y CTPOHCTBO KamHOpyeTcs
JUTSI TIOJTHOTO pabovero Auama3oHa paccMaTprUBaeMol JIMHUHA. DTO 03HAYAeT TO, YTO KPUBBIE OMIMOOK MO 00HEM-
HOM TuIoTHOCTH M VF (hopMuUpYIOTCS JJI BCETO OXKUAAEMOTO TIOJHOTO JHana3oHa YCIOBHH MOTOKA, HaOJromae-
MBIX B THHHAU. Bpems, TpeGyeMoe i1 3TOTo, JODKHO BapbUPOBATHCS B 3aBUCHMOCTH OT CKBAYKHHBI, HO THITHIHO
COCTaBIISIET HEKOTOPOE KOJTMYECTBO THEH.

ITocne Toro xak KaJMOpPOBKa BBIMIOJHEHA, YCTPOHCTBO(a) MOXKET OTCIICKHMBATHCS B XOJ€ HCIIOJIB30BAHHUS
croco0OM, MOSICHEHHBIM HIDKE, YTOOBI 00ECICUNBATh JITUTEIBHO COXPAHSIONIYIOCS TOYHOCTH, TaK YTO MPOIIE
BCETO BEPUPHUIIMPOBATH KATUOPOBKY.

IMocne Toro, xak kpuBass VF-ommoO0ok copMupoBaHa A pacCMaTPUBACMOTO YCTPOICTBA, TAKOTO KaK KO-
PHOJMCOB MU3MEPHUTEITb FIIH MUKPOBOJIHOBEIA U3MEPUTEIh, B TAKOM CIIydac PaTuOMETPUICCKUAN IIIOTHOMEDP MO-
JKET UCKITI0YATHCS, OCTABIASA TOJNBKO YCTPOHUCTBO, KOTOPOE MOXKET ITOCIIE 3TOTO MCIOJIE30BaThCSI BMECTE C KPH-
Boit VF-ommboK, ¢ TeM 9TOOBI TOUHO onpenenaTh paktudeckyto VF MHOro¢azHOTo moToka.

CornacHo TpeTbeMy acleKTy N300peTeHHs MPEeIOCTaBIIETCSl CIIOCO0 /sl BRIYHUCICHUS MaCCOBOTO pacxoa
oHO# min 6onee ha3 B MHOTO(Aa3HOM TTOTOKE, COJIEPIKAIIIHIA:

a) WCIIOJIb30BaHHUE KOPHOJIMCOBA M3MEPUTENS I TOTO, YTOOBI M3MEPSTh KaXKYIIyIOCcS 00BbEMHYIO IIIOT-
HOCTHh MHOTO()a3HOTO TIOTOKA;

b) BeruucIieHne nepBoii kaxymieicss VF ¢ ncnob30BaHneM Kaxyiehcss 00beMHOH TUIOTHOCTH U3 a);

C) MCIOJB30BAHNE MHKPOBOJIHOBOT'O U3MEPUTENS JJIS TOTO, YTOOBI M3MEPSTh MPOHHUIIAEMOCTh MHOTO(a3-
HOTO TIOTOKA;

d) Beruncnenne BTOpoi kaxkyieiicss VF ¢ ucrnoib30BaHrEeM H3MEPEHHS IPOHUIIACMOCTH U3 C);

¢) BeIUUCIIeHUE (ha30BBIX 00BEMHBIX (Ppakiuii MHOTO(A3HOTO MOTOKA C MCIIOJF30BAaHUEM PE3YIIBTATOB M3
b) u d);

f) onpenenenue hakTHIECKOTO 0OBEMHOTO MaCCOBOTO PACX01a MHOTO(A3HOTO MOTOKA;

£) BBIYHCIIEHUE MacCOBOTO pacxoja OAHON Wim OoJiee a3 ¢ UCIoIb30BaHHeM 3HaueHuH u3 d) u ).

CornacHO TpeTbeMy AaCIeKTy M300peTeHHsS KOPUOJIHCOB M3MEPUTENh H3MEPSET KaXYyIIyIocs O0OBEMHYIO
TUIOTHOCTh W KaXXyITUICS 0O0bEMHBIN MacCOBBIM pacxoa MHoTo(asHoro moroka. [lepsas kaxymasics VF 3atem
BBIYHUCIISICTCS C MCIIOJB30BaHNEM BBIIICTIPHBEICHHOTO ypaBHEeHHUs 1. [locie 3Toro MUKpOBOITHOBBIN H3MEPUTEINH
n3MepseT 00BEeMHYI0 IPOHUIIAEMOCTh MHOTO(a3HOTO MoToKa. Bropas kaxymmascs VF Beramcisercs u3 namepe-
HUSL 00BEMHOI MPOHUIIAEMOCTH.

JBa m3Mepenus kaxymeiics VF MOTYT UCTIONB30BaThCS AJIs TOTO, YTOOBI BEIYUCIATE WC MHOTO(]a3HOTO
MOTOKA U B CHITY 3TOTO Takxke (a3oBbie 00beMHBIC (Ppakiu (mockonbky 3Hanne WC u VF obecrieunBaer Bo3-
MOKHOCTh BBIYHCICHHS (ha30BBIX (paknuii). Kak m3mepeHrne 00beMHOI MPOHUIIAEMOCTH U3 MUKPOBOJIHOBOTO
U3MEPHUTEIIS, TaK U U3MEPCHUE 0OBEMHON IUIOTHOCTH U3 KOPUOJIHCOBA U3MEPUTEIIS SBISIOTCS YYBCTBUTCIBHBI-
mu K VF 1 WC muorogasHoro noroka. KoHkperHas mapa 3Ha4eHHI U3 JIByX HMapaMeTpoB (Kaxyuieics o0beM-
HOW TUTOTHOCTH M OOBEMHOW MPOHHUIIAEMOCTH) MOXKET GopMupoBarhes aisa nuanazoHa WC- n VF-3HaueHHH.
Hctuaasie WC u VF mHOTOda3HOM TeKydel cpeibl B M3MEPUTEIHLHOM y3JI€ MOTYT OIPEAEIISATHCS MMOCPEICTBOM
BeranciaeHus VF mis nuanazona WC-3HaueHHI W3 U3MEPEHUS, TIPOBEACHHOTO U3 KaXI0T0 H3MEPUTENS (OJHOTO
W3 MHAKPOBOIIHOBOTO M3MEPHUTENS W OTHOTO JJISi KOPHOJIHCOBA M3MEPHTEIN), M HaXOXKICHUS 3HAUCHUS OOBOJ-
HEHHOCTH, TSI KOTOPOTO 00a W3MEPEHHUs 00€CIIeUnBaOT HASHTHIHYIO ITYCTOTHYIO (hpaKIIHIO.

OTOT mpoLecc MOXKET MPEACTABIATHCA OCPEICTBOM IBYX KPHBBIX Ha JIBYMEPHOM IpaduKe 3aBUCHMOCTH
WC ot VF. Kaxnas kpuBas npeacrasiseT Bo3MoxHble 3HaueHHss WC u VF, koTopble MOT'yT IPUBOJIUTH K KOH-
KPETHOMY 3HAUCHUIO M3MEPCHHUS JINO0 U3 MHUKPOBOIHOBOTO U3MEPHUTEITS, TUOO U3 JAaHHBIX 00BEMHOW TUIOTHOCTU
u3 kopuosncosa mmepurens. Mcruaapie WC- n VF-3HaueHUs: BO3HUKAIOT TaM, IJIe 3TH JBE KPHUBEIC TIepeceKa-
I0TCH.

MUKpPOBOJTHOBBIC JaHHBIC MPEHUMYIICCTBCHHO SIBISIOTCS YYBCTBUTEIBHBIMH K OOBOJHCHHOCTH, U 00BEM-
Hasl TUIOTHOCTH SIBJSICTCS MPEUMYIICCTBEHHO YYBCTBUTEIBHON K IMyCTOTHOW (ppakiuu. Takum oOpasom, JaBe
KPHUBBIE M3 PA3IMIHBIX W3MEPEHUH THUIHYHO SBIAIOTCA NMPAKTHYECKH HMEPHICHIUKYISPHBIMHA APYT IPYTy, 9TO
03Ha4YaeT TO, YTO TOYKA MEPECEUCHHUS YETKO 3aJaCTCS.
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B npenmyIiecTBeHHOM YCOBEpIIEHCTBOBaHMH KpHBBIe VF-0mMO0OK M3 mepBoro acnekra n3o0peTeHust Mo-
TYT WCIIOJIL30BAThCS JUIS BBIYMCICHHS Ha €). B 3ToM ciydae pemieHne HaXOAMTCS HOCPEACTBOM HUTEpalUK WU
MOCPENICTBOM PEUICHHUS OJHOBPEMEHHBIX YPaBHEHUI TaKUM 00pa3oM, 4TO M3MEPEHHS M3 KOPHOJIHCOBA H3MEPH-
TeNS W M3MEPEHHE W3 MHKPOBOJHOBOT'O M3MEPHTENS JAIOT B pe3yibTare (aktudeckyio VF, M3MepeHHyIo Io-
CPEIICTBOM paJioMeTpuuecKkoro ioTHoMepa. Ha neymepHom rpaduke 3aBucumoct WC ot VF B Takom ciydae
MOJXKET ompeaensaThes ¢pakrudeckas WC.

CoriacHO TpeTheMy acIieKTy U300peTeHus PaKTHIECKUl 00BEeMHBIN MacCOBBIH pacxol MHOTO(A3HOTO T0-
TOKa JOJDKCH BBIYHCIATHCA. B3amMocBs3p MexAy OudQepeHnrnanbHbBIM JaBICHHEM dYepe3 Nperpaay BHYTPH
TpyOBI M MaccCOBBIM PAacXoJOM MaTepHaa, IPOTEKAIOIIEro Yepe3 Hee Ul HeC)KMMAeMOW TeKydel Cpejbl, n3-
BecTHa M3 mpuHIMNa beprymum. Takum oOpa3oM, OJIMH CIOCOO Ul YCTaHOBJIEHUSI MacCOBOTO pacxoja Marte-
pHaia, mpoTeKaromero yepe3 TpyOy, 3aKkiirouaeTcsi B n3MepeHnn audhepeHnInarb-HOro TaBIeHus yepes mperpa-
Iy JUIS IOTOKa BHYTpH TpyOomnpoBoaa. Vzmepurenn nudQepeHuaibHOro TaBIeHHs Ha OCHOBE 3TOTO NMPHHIIHIIA
M3BECTHBI M BKJIIOYAIOT B ce0sl ycTpoiicTBa ¢ TpyOKoit Bentypu u ¢ nmmadparmenHoit mnactunoil. OHH MoryT
UCIIONIb30BaThCS JJIs1 TOTO, YTOOBI N3MEPSTh MajIcHHUE JaBJICHUS BIOJb CEKLIUH IPOTOKA TEKydell cpebl, Halpu-
Mep BIOJb TPYOBI MM B ycTpoHcTBe. KOpHOMMCOB M3MEpHUTENh MPEAOCTABISIET MPerpany Uis MOTOKa BHYTPH
TpyOBbI, Tak uTo AnudepeHnaTbHOe JaBIeHIE B KOPUOIHUCOBOM M3MEPHUTEIIE MOXKET HCIIOIB30BATHCS IS TOTO,
YTOOBI H3MEPSATh MACCOBBIA PACXOM Yepe3 N3IMEPUTETIb.

Oxwupaercs, 9TO B3aMMOCBsI3b bepHymm Mexay muddepeHnnansHeIM JaBICHHEM B M MacCOBBIM Pacxo-
JIOM 4epe3 Mperpany BHYTPH TPYOBI HE JOJDKHA MPUMEHITHCA K MHOTO(a3HOMY ITOTOKY, COAEpKaIieMy razoo0-
pas3Hyio a3y, MOCKOIBKY ATOT THIT TEKy4IeH Cpebl JOJKEH OBITh COKMMAEMBIM, T.€. TMHEHHAs IIIOTHOCTH JTOJDK-
Ha BapbUpPOBATHCS B 3aBUCHMOCTH OT JaBJIeHHs. TeM He MeHee, 3asiBUTEIb KOHCTATUPYET, YTO €CIIH KOJINYECTBO
NPUCYTCTBYIOIIETO Ta3a COCTABISIET MeHee 5%, mpennodYTuTeasHo MeHee 2% 1 0oJiee MPEeaoYTHTEILHO MEHee
1% mo macce MHOTOoa3HON TeKydei cpelbl, TO MaJeHUE NABJICHMS U1 JaHHOTO MAaccoBOTO pacxoja IOTOKa
TOJBKO C XHUIKOCTBIO SIBISACTCS MIACHTUYHBIM TafCHUIO JaBJICHUS JUIS WAESHTUYHOI'O MAacCOBOTO Pacxoja MHO-
ro¢a3zHoTo MOTOKa, BKIIOYAIOIIETO B ce0s razoodpasHyio ¢asy. Jpyrumu cinosamu, muddepeHimansHoe gaBie-
HHE, TTIAaBHBIM 00pa3oM, 3aBUCHT OT MacCOBOTO PAacXo/a )KUIKOCTHU U ABJsAeTCA He3aBUCHUMBIM oT VF. YcraHoBka
YCTPOMCTBA IJIST TOTO, YTOOBI U3MEPATH TU(GEepEHINATHLHOE TaBlIeHUE, B CHITY 9TOTO MOXKET 00eCTeunBaTh BO3-
MOJKHOCTB TOYHOTO OTPEAEIICHNS MAaCCOBOTO pacxo/a KUAKOCTH Jaxke Ui MHOT0()a3HOTO ITOTOKa, COAeprKaIie-
ro razoo0pasuymo dasy.

Criei0BaTenbHO, COTIIACHO TPETHEMY aCIIEKTy M300peTEeHUs MPEeNOCTABIACTCS H3MEpUTeNh auddepenim-
aJBHOTO JABJICHHS, YTOOBI M3MEPITh MU pepeHnaIbHOe JaBICHHE B KOPHOIUCOBOM H3MEPHUTEIIE, C TEM YTOOBI
obecrieynBaTh BO3MOXHOCTh YCTaHOBJICHHSI MACCOBOT'O PAacX0/a )KUAKOCTH BHYTPH TPYOBI.

B3anmocBs3b Meky MacCOBBIM pacXo0M IIOTOKa TOJIBKO C )KUAKOCTHIO C M3BECTHOM IJIOTHOCTBIO Yepes3
KOPHOIUCOB M3MEPHUTETh U MU PEepCHIIMATBHBIM JaBICHHEM B HEM IPEACTaBIsIeT cO00¥ BaXKHBIN pabounii ma-
pameTp Uit MHOTHX YCTAaHOBOK KOPHOJIMCOBA U3MEPHTEINS U C OOJIBIION BEPOSITHOCTHIO JIOJDKHA OBITH M3BECTHA
JUISL M3rOTOBUTENA. Eciin HeT, oHa MOXET JIETKO yCTaHaBIMBAThCS B JIt0OOM citydae. [Ipu ycnmoBum, 4To 3asBH-
TeNlb TeNeph KOHCTATHPYET, YTO 3Ta MH(OPMALMS MOXKET HCIIOIb30BaThCS AT MHOTO(a3HOro IOTOKA, COMEp-
JKarrero razoobpasnyio $azy, audepeHnranb,Hoe TaBlIeHHe MOXKET MPEUMYIIECTBEHHO U3MEPSThCS B KOPHO-
JIFICOBOM HM3MepuTelie, M WHPOpMAIHs, MPEIoCTaBIIeMasi ¢ IOMOIIBI0 KOPHOINCOBA M3MEPUTENS, MOXKET HC-
TIOJIB30BATECS ISl TOTO, YTOOBI KOPPENHpoBaTh M3MEPEHHOE Mu(QepeHInanbHOe JaBICHHE B M3MEPHUTENE C
MacCCOBBIM PAaCXOI0M JKHUAKOCTH depe3 Hero.

UT0OB!I BHIUUCIATh (DAKTHUECKUH MAcCCOBBIH pacxof, (akTmueckas oObeMHAs IUIOTHOCTH MHOTO()A3HOTO
MOTOKA JOJDKHA OBITh M3BeCTHOH. OHAa MOXKET M3BJIEKATHCS U3 KPUBOM OMIMOOK MO 00BEMHOI MJIOTHOCTH, KOTO-
past KOPPEKTUPYET KaKyIIyIoCsi 00bEMHYIO INIOTHOCTb, H3MEPEHHYIO II0CPEICTBOM KOPHOJINCOBA M3MEPHTEIIS, C
(hakTHUeCKO 00BEMHON IUIOTHOCTEIO. PamuoMeTpudecKuil TNIOTHOMEP, TaKOH KaK paJriOMETPHUYCCKHIA MIOTHO-
Mep, OIHMCaHHBIH OTHOCHUTEIHHO IIEPBOTO acIeKTa M300pETeHHUS], MOKET HUCTIONIb30BAThCs IJIsl TOTO, YTOOBI H3Me-
pATH pakTHUECKyI0 00BEMHYIO INIOTHOCTH MHOTO(A3HOro MOTOKa. TakuM 00pa3oM, KpHBasi OIIHOOK 110 00BeM-
HOH IJIOTHOCTH MOXeET ()OPMUPOBATHCS MapauIeIbHO ¢ popMupoBaHueM KpuBOi VF-ommnbok 11t koprosimcoBa
W3MEPHUTEIIS COTIIACHO IIEPBOMY aCTEKTY H300peTCHNSI.

Co 3HaHEEM (haKTHIECKOH 00BEMHOH TNIOTHOCTH M3 KOPHOJIIICOBA U3MEPUTENS], CKOPPEKTHPOBAHHOM C HC-
MOJIb30BaHNEM KPHBOH OMUOOK 10 00BEMHOM IIIOTHOCTH B (Pa30BBIX 00BEMHBIX PpaKIii MHOTO()A3HOTO IMOTO-
Ka (C(OPMHUPOBAHHBIX C WCIIOIB30BAaHMEM KOPHOJIHCOBA M3MEPUTENS U MUKPOBOJIHOBOTO HM3MEPHUTEINS H, Ipe-
UMYIIIECTBEHHO, Tak)Ke KpUBBIX VF-0mmMOOK mepBoro acmekra n300peTeHus ), 1 MaCCOBOTO PACXOa KUIKOCTH C
WCIIOJIb30BaHUEM M3MEpEeHHS N (PEpEeHIIATIHHOTO JaBICHIS B KOPHOIHUCOBOM M3MEPUTENE MOXKET BBIYHUCIISATE-
cs1 pakTHyecknit 00BEMHBII MACCOBBIA Pacxo/l.

Hcnonp3oBanue n3mepeHns: AnpQpepeHnaIbHOro JaBiIeHUs] 00eCIeYrBacT BO3MOXHOCTh OIPEAEICHHS
(haKTHIECKOTO MacCOBOTO PacXo/1a )KUAKOCTH B PEKHUMaX ITOTOKA C BAPbUPYIOLIEHCS] CKOPOCTBIO ITOTOKA B YKH/I-
Koii aze. B ciayuasix, B KOTOPBIX CKOPOCTh MOTOKA B JKUIKOH (paze SBISIETCS OTHOCUTEIHHO HOCTOSIHHOH, MMe-
eTcsl JIMHeWHast B3aMMOCBSI3b MEX/y OLIMOKOH 10 0OBEMHOMY MAaccOBOMY PacxXoJy M OIIHMOKOHW Mo 0ObEeMHOMH
IUIOTHOCTH TakMM 0Opa3oM, YTO MOXET HCIIOJIb30BaThCSl allbTEPHATHBHBIN CIOCO0, B KOTOPOM BBIYMCIICHHUE
(hakTHIECKOTO 00BEMHOTO MaCCOBOTO PacXoia Uik MHOTO(a3HOTO TIOTOKa COJIEPIKHUT:

1) ompeeyieHre OMMUOKH 10 0OBEMHOMY MacCOBOMY PacXoJy U3 OMIMOKH MO0 0ObEMHOM TNIOTHOCTH; 1

-4



039878

ii) BBIYHCIICHUE (PAKTHUCCKOTO OOBEMHOI0 MAaCCOBOTO PAacXofa IMOCPEACTBOM KOPPEKIMH KaKyIIeTOCs
00BEMHOT0 MacCOBOT'0 Pacxojia ¢ UCIOJIb30BaHUEM OLIMOKK 0 0OBEMHOMY MacCOBOMY Pacxoay;

pu 3ToM (akTHIecKast 00beMHas MIIOTHOCTh BEIUUCISAETCS ITOCPEACTBOM KOPPEKINH KaXKyIIercs oobeM-
HOW MIJIOTHOCTH C UCTIOIH30BAaHUEM KPUBOW OIMHNOOK IO 00HEMHOM TUIOTHOCTH.

B 3aBepmieHme COTJIaCHO TPETbEMY ACIEKTYy M300pETeHHs Jajee BBIUHCISACTCS (haKTHIECKHUI MacCOBBIH
pacxon omHOM mim Oonee (a3 B MHOrO(pazHOM MOTOKE. DTO BBIMOIHIETCS C UCIOJIb30BaHHEM (ha30BBIX 00bEM-
HBIX (ppakmuii u paxTHIecKOoro 00BEMHOTO MAacCOBOTO pacxofa. s MONHOTHI MIIOTHOCTh KAXKAOH M3 OTIENb-
HBIX (a3 mpu JaHHOW TeMmIepaType M NaBJICHUH TAaKXKe TOJDKHA OBITh M3BECTHOH, HO 3TO MPEACTaBIIET COOOMH
UHPOPMALINIO, KOTOPAst BCET/Ia TOCTYITHA JUIS MCIIOJIB30BAHUS CIICIIHAIICTAMYU B TAHHON 00JaCTH TEXHUKH, Ha-
npumep, u3 PVT-monenu.

[IpenMyIecTBEHHO, COTIACHO TPEThHEMY AacleKTy HM300peTeHUs MHOTO(Aa3HBI MOTOK COACPKUT BOAY,
HE(Th W Ta3, U CIoco0 COACPIKUT BHIUUCICHHE OOBEMHBIX (Dpakimii Kaxaod w3 3Tux (as. JlomomHuTenpHOE
NPEUMYIIECTBEHHOE YCOBEPIICHCTBOBAHUE COTJIACHO TPETHEMY acIeKTy M300pETEHHS COACPKHUT BBIYMCIICHHUC
MaccoBOTO pacxoa He(TH.

TpeTwmii aciekT n300peTeHnss o0ecreurnBaeT BO3MOKHOCTh TOYHOTO ONPEICIICHNST MaCCOBOTO pacxo/ia(oB)
onHOU miu Oojee (a3 B MHOTO(a3HOM IOTOKE C WCIOJIB30BAHWEM TOJIBKO KOPHOJIMCOBA U3MEPUTEIS, H3MEPH-
TeJs, MEKPOBOJIHOBOTO M3MEPHUTEIS M, HEO0S3aTeIBHO, H3MEpUTENs Tu(GepeHITNaIbHOTO TaBICHUS, YCTaHOB-
JICHHOTO Ha MecTe B paboueil TuHUH. DTO MCKII0YaeT HEOOXOAMMOCTh B CTAllHOHAPHOW yCTAaHOBKE PagHOMET-
PHUYECKOTO TUIOTHOMEpA.

BaxkHoe mpenMyIecTBO HACTOSIIETO M300PETeHUSI COCTOUT B TOM, YTO ITOCIIE KAIUOPOBKH KOPHOJIMCOBA
U3MEPUTENIT ¥ MHUKPOBOJHOBOTO U3MEPHUTENS, TOYHOCTh ITUX HU3MEPUTEICH MOYKET OTCIIC)KHBATHCS MPOCTHIM
crocoboM. B kadecTBe 4acTH peryisipHON KaaTHOPOBKH IO PACIMCAHHIO, W/IITH €CIH MPEINOI0KHUTEIBHO BO3-
HUKACT CYIICCTBEHHOE M3MEHCHHE YCIOBUI MOTOKA, MPOU3BOIUTECIHLHOCTh ITHX HM3MEPHUTENICH MOXKET OICHH-
BaThCsI TIOCPEACTBOM B3SATHS MPOOBI JKUAKOCTH M3 MHOTO(A3HOTO IMOTOKA B JIMHHM, €€ aHAIH3a JIJIsl TOTO, YTOOBI
YCTaHABJIMBATH MPOTOPIIUH KaXKIAOH MPUCYTCTBYIOMICH KUIKOM (ha3bl, TaKoW Kak He()Th ¥ BOJA, U MX CPABHCHHUS
¢ WC-noka3zanmeMm, u3BJIEKaeMbIM M3 KOMOWHAIIMHA KOPHOJIMCOBA U3MEPHUTENI 1 MUKPOBOJIIHOBOTO M3MEPHTEIIS.
TTockonbky VF- 1 WC-naunble, chopMupoBaHHBIE TTOCPEACTBOM 3THUX JABYX U3MEPHUTENEH, ABISIOTCS B3aUMO3a-
BUCUMBIMH, eciii W C-u3MepeHne U3 U3MEPUTEITS SBJISETCS TOUHBIM, TO VF Takke MopKHA OBITH TOYHOH.

CornacHO 4eTBEPTOMY acCHEKTy M300PETCHHs MPEIOCTAaBIACTCS M3MEPHTEIBHBIM y3€N U BBIYUCICHHS
MacCCOBBIX pacxoJI0B OHOU miH 6oiree a3 B MHOTO(a3HOM MMOTOKE, TPUIEM W3MEPUTEIBHBINA y3€J COACPKHUT:

a) KOPHOJIMCOB U3MEPUTEIN U H3MEPEHUS KaXyIIencss 00beMHOM INIOTHOCTH U KaXyIIerocs 00eMHOTO
MacCOBOT'0 PacxoJia MHOro(a3HOI0 IOTOKa;

b) usmepurens nudGepeHNaTBFHOTO TaBICHUS U U3MEpeHU TUQPEepCHIIMATEHOTO TaBICHHUS B KOPUO-
JIMCOBOM M3MEPHTEIIE;

C) MHKPOBOJIHOBBIH M3MEPHTENb, PEAMOUYTUTEIHHO MHUKPOBOIHOBBIN PE30HATOP, UIS U3MEPECHUS 00beM-
HOW POHHUIIAEMOCTH MHOT'O()a3HOTO MTOTOKA.

OO0opynoBaHUE COTJIACHO YETBEPTOMY ACIEKTY M300pETEHHS] MOXKET NMPEUMYIIECTBEHHO COJEp)KaTb BbI-
YUCIUTEIHHOE YCTPOUCTBO, BHIITOIHEHHOE C BO3MOYKHOCTBIO:

a) BRIUYUCIATH MEPBYIO KakyInytocs VF n3 kaxymieics 00beMHO IIIOTHOCTH;

b) BEIMUCIATH BTOPYIO Kaxymryrocss VF U3 00beMHON IPOHUTIAEMOCTH;

C) BBIYHCIATH (Da30BbIe 00bEMHBIE (QPAKITMH MHOTO(A3HOTO IMOTOKA C UCTIOJIH30BAaHUEM PE3yJbTATOB U3 a)
1b);

d) ompenenaTh MacCOBBIA PacXoM KHIKOCTH MHOTO(A3HOTO MOTOKA C MCIOJB30BaHHEM IU(GepeHIAIh-
HOTO JaBJICHHS, H3MEPESHHOTO ITOCPEACTBOM U3MepHTEIIs Au(PepeHINaIEHOTO TaBICHIS,

€) BBIYUCIIATH (PaKTHICCKH 00BEMHBIA MacCOBBIN PacXol MHOTO(a3HOI0 OTOKA;

f) BBIUMCIIATE MACCOBBIH PacXo]] OHOM Wiu Ooiee Pa3 B MHOTO(A3HOM MOTOKE.

[IpenmyiecTBEHHO, COTTIACHO YETBEPTOMY ACIEKTY U300pETEHUS BRIYHUCICHUE (Pa30BBIX 0OBEMHBIX (Ppak-
M MHOTO(a3HOTO ITOTOKA Ha 3Tare C) BKIIOYAaeT B ceds HMCIONb30BaHME NEpBOH M BTOpoi kpuBod VF-
OIMOOK, KOPPEIMPYIOMUX NepByIo Kaxymnytocst VF u Bropyro kaxymryrocs VF ¢ gakrtudeckoir VF, ompene-
JICHHOH C MCTIONTF30BAHUEM PAJHOMETPHUYECKOTO TNIOTHOMEpA.

CornacHO 4eTBEPTOMY ACHEKTY H300peTeHHs BBIYHCIUTEIHHOE YCTPOMCTBO MOXKET OBITH PacCHOJIO0KEHO
PSAIOM C M3MEPHUTENBHBIM y3JIOM JTHOO OHO MOKET OBITh PACHOIOKEHO YAAJCHHO OT M3MEPHTENBHOTOo y3ia. B
JT000M CITydae COeIWHEHHE MEXIy W3MEPHTEIbHBIM Y3JOM W BBIYHCIUTEIHHBIM YCTPOWCTBOM MOXXET OBITH
MIPOBOIHBIM JIHOO OHO MOKET PaboTaTh B OECTIPOBOTHOM PEKHIME.

BrrucnuTensHOE YCTPOUCTBO COTJIACHO MPEAMOYTHTEIBHBIM BapHAHTaM OCYIIECTBIICHHS OMUCHIBACTCS
Kak "BBINOJHEHHOE C BO3MOXHOCTBIO" WM "pa3MeriaeMoe ¢ BO3MOXHOCTBIO" OO MPOCTO Kak "C BO3MOXKHO-
CTBIO" BBIMOJHATH ONPEACTICHHBIC QYHKIMH. JTa KOHGUTYPAIHS WK Y3eJI MOKET OCYIIECTBIATHCS TMOCPEICT-
BOM HCIIOJIh30BAaHHUS aNIIaPaTHBIX CPEACTB WM MPOMEKYTOYHOTO MPOrPAMMHOTO OOecreueHUs 00 JIr00on
JPYTO# MOAXOJSINEH CUCTEMBI. B TIPEAIIOYTHTENBHBIX BapHaHTaX OCYIICCTBICHUS KOH(DHUTYpalus WIH Y3el
OCYIIECTBIISIETCS TOCPEICTBOM IIPOIPAaMMHOTO 00ECTICUEHHSL.

Takum 00pa3oM, COTIIaCHO OIHOMY AacIEeKTy MPEAOCTaBISICTCA NpOorpaMMa, KOTopas IpPH 3arpys3ke Io
MEHBIICH Mepe Ha OIWH KOMIBIOTEP KOHQUTYpUPYET KOMIBIOTEP TaKUM 00pa3oM, YTO OH CTAHOBHTCS BBIYHC-
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JUTEIBHBIM YCTPOHCTBOM.

CorylacHO JTOTIOJHUTEILHOMY acleKTy MPeJOCTaBIseTCsl MporpaMmma, KOTopas pH 3arpy3ke 1Mo MeHbIIeH
Mepe Ha OJMH KOMIBIOTEep KOHPHUTYPUPYET IO MEHBIIEH Mepe OAWH KOMIBIOTEP C BO3MOXXHOCTBIO BBITIOHATH
3TaIbI Croco0a COTIIacHO JTI000MY M3 TIPEABITYIIAX ONPEEICHUN criocoba Tuoo JIF000# nX KOMOMHAIINH.

B o0mmeM, KOMITBIOTEp MOXKET COAEP)KaTh IEMEHTHI, NIEPEeYHNCICHHBIE KaK BBHITIOJHEHHBIC WIIN pa3Melae-
MBIE C BO3MOXXHOCTBIO TPENOCTABIIATh 3aJaHHble (yHKIMH. Hampumep, STOT KOMIBIOTEP MOXET BKJIIOYATh B
ce0s1 3aTIOMHHAOIIEe YCTPOHUCTBO, IIPOIIECCOP U CeTeBO MHTEp(deEricC.

N3o06peTenne MOXET pean30BBIBATHCS B MU(POBON SJICKTPOHHONW CXeME MM B KOMIBIOTEPHBIX armapar-
HBIX CPEICTBAaX, MUKPOIPOTPAMMHOM OOCCIICYCHUH, IPOTPAMMHOM OOCCIICYCHUH JTHOO B KOMOMHAIUSIX BBIIIIC-
03HaYCHHOTO0. 300peTeHne MOKET Pealln30BBIBATHCS KAK KOMITHIOTEPHAS IIPOrpaMMa FIIH KOMIBIOTEPHEIH IPo-
TPaMMHBIH TPOIYKT, T.€. KOMIBIOTECPHAS MPOTpamMMa, MaTepHaIbHO OCYIICCTBICHHAS B HYHEPrOHE3aBHCAMOM
HOCHUTENIC WH(POPMAILIMU, HAIPUMEP B MANIMHOYHUTACMOM YCTPOMCTBE XpaHEHUs JaHHBIX, JIMOO B pacmpocTpa-
HSEMOM CHTHAJE, JJIs BBITIOJHECHUS ITOCPEACTBOM JHOO I YIpaBICHUs paOOTON OJHOTO WM Oojee ammapat-
HBIX MOJTyJIEH.

KommnprorepHas mporpamMma MOXET UMETb (OpMy aBTOHOMHOW ITPOTpaMMBI, YaCTH KOMIIBIOTEPHON Mpo-
rpaMMbl 100 6osiee 0AHONH KOMITBIOTEPHOM MPOTrpaMMBbl U MOXKET OBITh HallMcaHa Ha JIF000H (opMe s3bIKa Tpo-
TPaMMHUPOBAHMS, B TOM YHCJI€ Ha KOMIMIMPOBAHHBIX MIIN MHTEPIPETUPYEMBIX SI3BIKAaX, K OHA MOXKET pa3BePTHI-
BaThCs B JTI000H opme, B TOM YHCiIe B Ka9eCTBE aBTOHOMHOW MPOTPaMMEI THOO B KaueCTBE MOJYIIS, KOMIIO-
HEHTa, BJIOXCHHOW MPOLEAYPHI WIIM JPYTOTo OJI0Ka, MOAXOISIIET0 IS NCIOIb30BaHUSA B OKPYKEHHH 00paboT-
KM JgaHHBIX. KoMIbIoTepHas mporpaMMa MOXKET pa3BepTHIBATHCS C BOSMOYKHOCTBIO BBIITOHATHCS B OJHOM MO-
JtyJie MO0 B HECKOJIBKUX MOMAYJISAX, KOTOPBIC PACIIONIOKEHBI HA OJTHOM Y3JIC WIH PACIPEICICHBI M0 HECKOIBKIM
y3J1aM 1 B3aUMHO COEJIUHSIOTCS MOCPEACTBOM CETH CBSI3U.

Dranbl cocoba M300peTEeHUsI MOTYT BBIMOTHIATHCS IMOCPEACTBOM OJHOTO WU OO0Jiee MPOTPaMMHUPYEMBIX
MPOIIECCOPOB, BEIMOJHSIONINX KOMIBIOTEPHYIO IPOTPaMMy TaKUM 00pa3oM, YTOOBI BBIONHATH (DYHKIIUH H30-
OpeTeHUsT MOCPEICTBOM YIPABICHUS BXOJHBIMH JAHHBIMH M (OpMHUpOBaHUs BhIBoAa. OOOpyIOBaHHE IO H30-
OpeTEeHNIO MOXKET PeaTu30BBIBAThCA KaK IMPOTrpaMMHUpPyEMBIE allllapaTHBIC CPEICTBA IM00 Kak JOTHIecKas cXxema
CHENHANGHOTO Ha3HAueHHs, BKIIoUaronas B ce0s1, Hanpumep, FPGA (mporpaMmupyemMyro HOJIb30BaTEIeM BEH-
THIBHYI0 MaTpuily) win ASIC (cienmuanu3npoBaHHYIO HHTETPAIBHYIO CXEMY).

Kpartkoe onucanue uepre:xeit

Our. 1 WUTIOCTPUPYET y3eJ COTIACHO M300PETEHUIO B PEKUME KaTHOPOBKH, KOTOPBIA 00ECIIeunBaeT BO3-
MOJKHOCTh KaJHOPOBKH YCTPOWCTBA, TAKOTO KaK KOPHUOJHCOB M3MEPHUTEIh WIIM MHUKPOBOIHOBBIN HW3MEPHUTEINb,
MOCPEICTBOM PaAUOMETPUUYECKOrO INIOTHOMEPA.

@ur. 2 WITIOCTPUPYET U3MEPUTEIBHEIN y3€] COTNIACHO M300PETCHUIO B PEKUME B XOJC HCIIOJB30BAHHS
JUTSL U3MEPEHUS MaCcCOBOTO pacxojia OJHOM wid OoJiee a3 B MHOTO(a3HOM MOTOKE.

@ur. 3 sBusgeTcs OJIOK-CXEMOH TMOCIIENOBATEIFHOCTH OMEPAUi, HILUTIOCTPUPYIOMIEH Croco0 MepBoOro ac-
TICKTa U300pCTCHUSI.

@ur. 4 sBiseTCS OJIOK-CXEMOH MOCICAOBATSIFHOCTH OTEPAINi, HIUTFOCTPUPYIOIICH CIIOCO0 TPEThEro ac-
TeKTa U300peTeHUS.

@Owur. 5 sBisgercs rpaduKoM, MOKA3bIBAIOIINM B3auMOCBs3b MeXay VF n WC kak JJ11 KOpHOJIHCOBa Pe30-
HATOpAa, TaK U 151 MUKPOBOJIIHOBOTO M3MEPHUTEIISL.

®dwur. 6 sBisgeTcs KpuBOH, mokaszpiBatomeii GVF, m3MepeHHy0 MOCPEICTBOM KOPHOJIUCOBA M3MEPHUTEIS
(ocb Y) W MHKPOBOJHOBOTO H3MepuTessi, B 3aBucuMocTH oT GVF, m3MepeHHOW MocpeicTBOM TaMMa-
wioTHoMepa (och X).

@ur. 7 sBIsSEeTCS KPUBOW, MOKa3bIBaroIeH auddepeHnnansHoe 1aBIcHUe B KOPUOIUCOBOM U3MEPHUTEIIC B
Oapax (och Y) B 3aBHCUMOCTH OT CKOPOCTH TIOTOKA KHUJIKOCTH Yepe3 KOPHOIMUCOB U3MepuTelb B M/c (och X).

Huxe moapoGHee MOSCHAIOTCS YePTEkKH.

@ur. 1 GurypanbHO WLTIOCTPUPYET y3eI ISl KATHOPOBKU YCTPOICTBA, KOTOPOE U3MEPSIET CBOWCTBO MHO-
roa3HOTo MOTOKA, U3 KOTOPOTO MOKET BRIYUCIIATHCS Kaxymascs VF, Takoro kak KOPHOJIMCOB H3MEPUTEIh HITH
MHUKPOBOJTHOBBIM u3MepuTens. KannOpoBka ocymiecTBIsSeTCsT TOCPEACTBOM PaJAHOMETPHUYECKOTO TIOTHOMEPA.
V3en conepXuT MOTOYHYIO JUHUIO 1, yepe3 KOTOpYyIo MpoXoAuT MHOTO(a3HbIi notok F. YcrpoiicTBo 2 u pa-
JTUOMETPUIECKHI TUIOTHOMEP 5 YCTaHABIMBAIOTCS B TIOTOYHOH juHMK 1. M3MeputensHbie IpUOOpHBIC JIMHUN 6
COCIMHSAIOT KKI0€ YCTPOMCTBO 2 M PagMOMETPHUYECKUN TUIOTHOMEP 5 C BBIYMCIUTEIBHBIM YCTPOHCTBOM 7.
MO0>KHO BBHITTOJTHATH KQIHOPOBKY 0OoJiee 1eM Ha OJTHOM YCTpOWCTBE 2 3a ofuH pa3. Hampumep, 1Ba ycTpoicTsa 2,
Tak{e KaK KOPHOJINCOB U3MEPUTENh 1 MUKPOBOJIHOBBIH U3MEPUTENh, MOTYT OBITH Pa3MEIICHBI B TIOTOYHOM JIH-
HUH 1, 1 00a MOTYT KaTMOPOBATHCS C UCIOIB30BAaHUEM PaTUOMETPUIECKOTO TuoTHOMepa 5. Takue kaanOpoBKU
MOTYT BBITIOJIHATHCS. OTHOBPEMEHHO HJIM OJIHA 32 APYTOM.

Ecnm ycTpoiicTBo 2 mpencraBisieT co00i KOPHOJIUCOB N3MEPHUTEINb, TO CBOMCTBO, KOTOPOE OHO M3MEpSIET,
MPEJICTAaBISIET COO0M KaXKYIIYFOCS TWIOTHOCTh MHOTO(a3HOro noToka F. [IJis mOoMHOTE KOPHUOIHCOB U3MEPUTEITH
TaKXKE MOXKET U3MEPSITh KAKYIIHICS MACCOBBIA pacxo] MHOI0(a3HOTo MOTOKa. PaarnoMeTpryecKuii MmI0THOMED
5 m3MmepseT (PaKTUYECKYIO MITOTHOCT, MHOTO(A3HOTO MOTOKA. Ecnu paguomMeTpudeckuii mioTHOMEp HpeaCTaB-
JsIeT COOOH ABYXIHEPIeTUIECKOE YCTPOUCTBO, TO OH TAK)KE MOXKET HETIOCPEACTBEHHO OIPELIATh (PAKTHIECKYIO
VF muorodasnoro nmotoka F. ITokazanus u3 o00oux U3MEpHUTENEH MOAAIOTCS B BEIYHCIUTEILHOE YCTPOUCTBO 7,
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KOTOpOE BBIUUCISIET Kaxymtytocs VF ¢ ncrmonp3oBaHreM M3MepeHHs Kaxylielcs 00beMHOM TUIOTHOCTH U3 KO-
puonucoBa m3Meputens. [Ipy HeoOXoaUMOCTH (€ClIM PaAnOMETPUUYECKU TUIOTHOMEP HE IIPEJCTaBIIsieT coOon
JIBYXOHEPTETUIECKOE YCTPONCTBO) BBHIYMCIUTEIBHOE YCTPOWCTBO 7 Takke BhIUMCIAET dakTmieckyio VF ¢ uc-
MOJIF30BAHNEM M3MEpEHHS (DaKTHIECKOi 00beMHOM INIOTHOCTH M3 PaAHOMETPHUYECKOTO IUIOTHOMepa. Brrancin-
TEJNBHOE YCTPOMCTBO 7 Takke MOXKET (hOPMHPOBATH KPHUBYIO OIIMOOK IO IUIOTHOCTH, OOECIIEUMBAIONIYIO BO3-
MOJKHOCTBh KOPPEKINHU KaXXyIIeHcs: 00beMHON INIOTHOCTH, N3MEPEHHON MOCPEICTBOM KOPHOINCOBA U3MEPUTENS
2, Ha (pakTHIECKYI0 00BEMHYIO INIOTHOCTD, H3MEPEHHYIO TIOCPEACTBOM PaANOMETPHIECKOTO TNIOTHOMEPA.

Ecmm ycTpoiicTBO 2 mipencTaBisieT co00if MUKPOBOJIHOBBINH HU3MEPHUTEIb, TO CBOWCTBO, KOTOPOE OH H3MEPS-
€T, TIPEJCTaBIsIET C000i 00bEMHYIO NMPOHHIIAEMOCTh MHOTO(a3HOro notoka F. C apyroit cTopoHsl, paxuomer-
pUUYeCKH TIIOTHOMED 5 m3MepsieT (aKTHYECKyI0 IUIOTHOCTh MHorodaszHoro moroka F. IlTokaszanust u3 obGomx
M3MEPHTEIICH MMOIAI0TCsl B BEIYUCIUTEIBHOE YCTPOMCTBO 7, KOTOpOE BEMHCIAET Kaxymytocst VF ¢ ucnosnb3oBa-
HHEM HM3MEpEHUs] 00BEeMHON MPOHHUIIAEMOCTH M3 MHKPOBOJHOBOTO M3Mepurens. [Ipu HeoOxomumocTu (eciu
pazMoOMETpPHYECKHI TUIOTHOMEp HE NPENCTaBIsICT CO00I NBYXIHEPreTHYECKOE YCTPOHCTBO) BBIYHCIUTEIHEHOE
YCTpOHWCTBO 7 Tarke Belumcisier (aktudeckyro VF ¢ ucronp3oBanneM m3MepeHus (akTHYecKod 00beMHOM
TUTOTHOCTH U3 PAAHOMETPHYECKOT0 TNIOTHOMEpA.

V3en mo ¢ur. 1 GyHKIIMOHUPYET TaK, KaK IMOKa3aHO Ha OJIOK-CXeMe TMOCIeA0BaTeIbHOCTH ONEPAIMid CIO-
coba mo ¢wur. 3. Ha srame 10 ycTpoHCTBO 2 UCMOMB3YETCS IS TOTO, YTOOBI U3MEPSATH CBOWCTBO MHOTO(A3HOTO
notoka F, w3 KoToporo MoxeT BeHCIATHCS Kaxymascs VF. Ha srame 20 xaxymasics VF u3mepsiercst ¢ uc-
nmoJib30BaHneM ycTporicTBa. Ha stane 30 daktuueckas VF mHOorodasHoro noroka F onpexenseTcs ¢ HCIOIb30-
BaHHWEM paJroMEeTpHUYecKoro mioTHoMepa. Ha stame 40 Berumcisercss omubka B VF-ommbke, KoTopas mpe-
CTaBJIIeT COO0W pasHOCTh MeX1y (akTHdeckoi VF, H3MepeHHOH MoCcpecTBOM pPaHOMETPHYECKOTO INIOTHOME-
pa 5, u xaxymeiics VF, usmepeHHo#l nocpeICTBOM yCTpoHcTBa 2. DTH ITalbl HOBTOPSIOTCS IJIS BCEX OXKUAae-
MBIX YCJIOBHUI MOTOKA Ha 3Tane 50, 4ToObI hopMUpOBaTh KpUBYIO VF-0mMOOK I MOTHOTO pabodero auamna3o-
Ha pacCMaTpUBAECMOU JIMHUM.

Our. 2 GurypanbHO WIUTIOCTPHPYET Y3l A U3MEPEHHUs] MacCOBOTO pacxoja OJHOHM wimu Oosiee (a3 B
MHOTO(a3HOM TOTOKe F B COCTOSHHMM B XOJIe MCIIONB30BAaHMS ITOCIE KaTMOPOBKM C MCIIONB30BAaHUEM Y37a II0
¢ur. 1. Y3en o Gur. 2 coaepUT MOTOYHYIO JIMHUIO 1, yepe3 KOTOPYIo MpoxoauT MHOTO(ha3HbIi moTok F. Ko-
PHOJIMCOB U3MEPHUTENb § YCTAHOBIICH B IMHHUH, M C OHOW U3 CTOPOH KOPHOJIMCOBA U3MEPHUTEIS 8 MPEIyCMOTPEH
JIATYHK 3 JaBJICHHS, KOTOPhIE BMECTEe H3MEPSIOT nuddepeHIanisHoe 1aBjieHue B KOPHOJIMCOBOM H3MEpHTENe 8.
TToMuMO 3TOTO, MUKPOBOJTHOBEIN M3MEPUTENb 4 YCTaHABINBACTCS B MOTOYHOW JHMH 1. MI3MepuTensHbIe TIPH-
OOpHBIC JIMHIH 6 COSANHSIIOT KaXXIbIi KOPHOINCOB U3MEPUTEND §, JaTYNKH 3 ABJICHUS U MUKPOBOJIHOBEIN M3-
MepHTeNb 4 ¢ BEIYUCIUTENBHBIM YCTPOHCTBOM 7. B 3TOM y31e kpuBbie VF-ommOoK Uit KOpHOJIHCOBa U3MEpPH-
TeNs 8 ¥ MUKPOBOJIHOBOTO U3MEPHUTENS 4 W KpUBasi OMIMOOK MO 00BEMHOMU IIIOTHOCTH JIi KOPHOJUCOBA U3ME-
putens 8 3apaHee CPOPMHUPOBAHBI C HCIIOIB30BAHUEM Yy3JIa COTJIACHO (QHT. | ¥ COXPaHSIOTCS B BEIYHCIUTEIBHOM
ycrpoiicTBe 7. BeraucnnuTenbHoe yeTpOHCTBO 7 B CHITY 9TOTO MMEET BO3MOXKHOCTD KOPPEKTHPOBATH KaXKYIYIOCS
VF, u3MepeHHYI0 MOCPEACTBOM KaK KOPHOJIUCOBA M3MEPHUTENS §, TaK M MHUKPOBOJHOBOTO HM3Meputens 4, Ha
¢axTrueckyro VF, 3apanee U3MepeHHYIO ITOCPEICTBOM palOMETPUIECKOTo IuIoTHOMepa 5. OHO TakKe MOXET
COXPaHATh KPHUBYIO OIIMOOK IO 0OBEMHOH TUIOTHOCTH, 00ECTICYMBAIONIYIO BO3MOXXHOCTh KOPPEKIINU KaXKyIIeH-
cs1 00bEMHOH TJIOTHOCTH, H3MEPEHHOH MOCPECTBOM KOPHUOJIMCOBA M3MEPHUTENA 8, Ha (aKTHIECKYI0 0OBEMHYIO
IUIOTHOCTD, TAKXK€ 3apaHee M3MEPEHHYIO OCPEICTBOM PaJHOMETPHIECKOTO TNIOTHOMEpA S5, M B CHIIY 3TOTO BBI-
YUCIATH (HaKTHUECKYIO0 00BEMHYIO TUNIOTHOCTh MHOTO(Aa3HOTO MTOTOKA.

VY3en mo ¢ur. 2 GyHKIIMOHUPYET TaK, KaK IMOKa3aHOo Ha OJIOK-CXeMe TMOCeA0BaTEeIbHOCTH ONEPAIMid CIIO-
coba o ¢ur. 4. Ha srane 60 kaxymascs 00beMHas INIOTHOCTh U3MEPSIETCSI TOCPEACTBOM KOPHOJIHNCOBA M3Me-
putens 8. [IoMUMO 3TOTO, XOTS HE MOKA3aHO, KaXYIIIMHACS MAaCCOBBIN pacXoJ1 TaKXkKe MOXKET u3MepsaThes. Ha 3ta-
ne 70 mepBas kaxymiasics VF MHOro(ha3HOro moToka BRIYHCISICTCS C MCIIONB30BAHUEM KaXKYIIEHCS 00bEeMHON
IUIOTHOCTH, M3MEPEHHOH MocpecTBOM KoprosncoBa u3Meputens 8. Ha srane 80 nporuiaeMocts MHOTO(a3HO-
ro MOTOKA U3MEPSIETCS C UCTIOIb30BaHIEM MUKPOBOIHOBOTO m3Mmepurels 4. Ha stame 90 BTopast kaxymiasics VF
BBIYUCIIACTCS C UCIOJIb30BAHHUEM H3MEPEHUS MPOHUIIAEMOCTH U3 MHKPOBOJHOBOTO HM3MEPHTENA. BBIBOIBI U3
atanoB 70 m 90 HCIONB3YIOTCS IS TOTO, YTOOBI (OPMUPOBATH (Pa3oBble 00bEMHBIE (Ppaku MHOTO()A3HOTO
notoka Ha 3Tare 100. Ha stamne 110 gakTuueckuii 00beMHBIN MacCOBBIA pacxoa GOpMHUPYETCS ¢ UCIOTB30BaHU-
€M BBIBOJIAa W3 JATYMKOB JABICHHUA. AJBTEPHATHBHO, B PEKUMaX MOTOKA, B KOTOPBIX CKOPOCTh MOTOKA >KHUIKO-
CTH SBIISICTCA OTHOCHTEIIBHO ITOCTOSHHOM, 3TO MOKET BBIIOIHATHCS IOCPEACTBOM KOPPEKIINH KaXKyIIerocs 00b-
€MHOTO MacCOBOTO pacxoja, M3MEPEHHOTO ITOCPEICTBOM KOPHOJIMCOBA M3MEPHUTENS 8, C UCIIOIb30BaHHEM KPH-
BOH OIMMMOOK 10 00EMHON TUTOTHOCTH M OTIPEACIICHUS OIHOKH 10 00BEMHOMY MacCOBOMY PacXoJy W3 OIIHOKH
1o 00BEMHOH TUIOTHOCTH CIIOCOOOM, IOSICHEHHBIM BhINIe. B 3aBepiuenne Ha srane 120 BeYuciseTcs MaccoBast
¢pakuust oxHO# nim Gosee das.

®ur. 5 ABIIETCS CXEMATUYHBIM IpadUKOM, WLTFOCTPUPYIOIIUM TO, KaK JaHHBIC MEPBO M BTOPOU KaxKy-
nieticst VF MOTryT UCTIONIB30BaThCS JIS TOTO, YTOOBI ONPEACIATh (ha30BbIC 00OBEMHBIC (PPAKIIUH.

KpuBast A, xoTopas mpeacTaBiIseT cO00H JIMHUIO CO CTPEIKOM, KOTOpas yKa3blBaeT B MPCHMYILIECCTBCHHO
BEPTUKAIBHOM HAIMPABIICHUM, TPEACTABISICT BO3MOoxHbIe 3HaueHUuss VF u WC, KOTOpBIe COOTBETCTBYIOT KOH-
KPETHOMY H3MEPEHHIO MOIOBOHM YacTOTHI MHKPOBOJIHOBOTO M3MEPHTEN. JTa JIWHUS YKa3BIBACT NMPEHMYIIECT-
BEHHO B BEPTUKAILHOM HAIPaBJICHUH, IOCKOJIBKY ATO U3MEPEHHE SBILIETCS TIIABHBIM 00pa30M YyBCTBUTEIHHBIM
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K WC. D10 00yCIIOBJICHO TEM, YTO 3JIEKTPUYECKasl IIPOHULAEMOCTh BOJABI 3HAYMTENILHO BBIIIE 3JIEKTPHYECKUX
MPOHUIIAEMOCTEH He()TH U Ta3a, KOTOPHIE SBISIOTCS aHAIOTHYHBIMU.

Kpusas B, xotopasi mpeacTaBiseT coOOOU JIMHUIO CO CTPEKOM, KOTOpash YKa3bIBaeT MPEUMYIIECTBEHHO B
TOPU30HTAILHOM HAIIPABJICHUH, MPEACTABIICT BO3MOKHBIe TIapbl VF- 1 WC-3HaueHmi, KOTOphIe COOTBETCTRY-
FOT KOHKPETHOMY 3HAUEHHUIO KaXKyIIeiHcs: 0ObeMHOH IIOTHOCTH, W3MEPEHHOMY ITOCPEICTBOM KOPHOJIFICOBA H3-
Mepurens. J{is npenmoiaraeMoro 3Ha4eHNsT 00BOJHEHHOCTH VF BBIUHCIACTCS U3 YpaBHEHUS 1, KOTOPOE IMOBTO-
pseTcs 31ech sl yAo0CTBa:

VYpasuenue 1: kaxymascs VF=p_-p

PL-Pa>

TZie pL SBISIETCS TUIOTHOCTBIO KUJKOCTH; OHA BBIYMCISIETCS! M3 M3BECTHBIX IUIOTHOCTEW HE(TH M BOIBI H
npenmnosiaraemond WC,

PG ABISIETCSI IUIOTHOCTBIO Ta3a, KoTopas onpenensercs nu3 PVT-moneny,

p SBISIETCSI KaXKYILEHCs: 00beMHON TIOTHOCTBIO, N3MEPEHHOH ITOCPEICTBOM KOPHOJIMCOBA N3MEPHTEIIS.

Ota IUHUSA SBISETCS MPEUMYIIECTBEHHO TOPU30HTAIBHOM, IOCKOJIBKY 3TO M3MEPEHHE SABISIETCS TIIaBHBIM
00pa3oM 9yBCTBUTEIHHBIM K M3MeHEeHUsM VF rasza BciencTsue Toro (hakta, 4TO IUIOTHOCTB ra3a ropasfo HIDKe
TUTOTHOCTEH He()TH U BOJIBL.

Hcnonp3yemslit crioco0 Berancisier 3HaueHust VF-paxunn, KOTopble SBISIFOTCS BO3MOKHBIMH JJIS IMaria-
30Ha 3HaYeHUiT WC-00BOJHEHHOCTH M3 KaXJIOT'O M3MEpEHHs (OJHO M3 KOPHOJUCOBA MU3MEPHUTENS W OJHO M3
MHKPOBOJIHOBOTO M3MEPHUTENS), U WIUTIOCTPUPYET Ha TpauKe 3TH JBE KPUBBIE U3 PE3yJIbTATOB dTHX BBIYHCIIC-
Hui. Touka, B KOTOPOI JBE JTMHUH IIEPECEKAIOTCS, PEICTABISIET CO00M TOUKY, B KoTOpoil VF, Beruncnennas u3
Ka)XJIOT0 M3MEPEHUs], SBIIsieTCsl nACHTHIHOW. [ockonbKy 00e TMHUM TPeNCTaBIsIoT co00H MOHOTOHHBIE (YHK-
MU (HEBO3MOXXHO UMETh MJICHTUYHOE BhIYMCIIeHHoe VF-3Hauenue st nByx pasnunuaeix WC-3Hauenuit), WC,
TIPH KOTOPOH JIMHUU TTEPECEKAIOTCS, PECTaBIsIeT cobolt dakrndeckoe WC-3HaueHre, 0003HAUYEHHOE B Ka4eCT-
Be TOUkH "c¢" Ha dur. 5. DTa TOUKa MOKET OBITh HalIeHa C UCTIOIB30BAHUEM JTHO0 UTEPATUBHBIX CIIOCOOOB, JIN-
00 aHATUTUYECKH IOCPEICTBOM PEIICHUS Mapbl OAHOBPEMEHHBIX JIMHEHHBIX ypaBHEHHUH.

Crioco6, omucaHHBIN BBIIE, MOKET CTAHOBUTHCS HETOYHBIM, €CIIM BO3HHKAeT 3acopeHue ¢aspl. B Takoit
CUTyaIlN{ KaXXyIasicss 00beMHas IIOTHOCTh, H3MEPEHHAs IIOCPEACTBOM KOPHOJIHCOBA M3MEPHUTEIS, MOXKET CTa-
HOBUTBHCSI HETOUHOU. Bosiee KOHKPETHO, KOPHOIMCOB N3MEPHUTENb MOXKET BBHIJIaBAaTh 3aBHIILICHHBIC ITOKa3aHUS B
OTHOIIEHUN 0OBEMHOI IIIOTHOCTH, U TpeOyeTcs KOPPEKLHS IS 9TOTO 3HAYCHUsI, YTOOBI MOTy4aTh SKBUBAJICHT-
Hyto VF u3 mukpoBonHOBoro mamepurens. [Ipu 6onpmmacTBe VF-3HaueHunit MukpoBoiaHoBas VF, onpenernen-
Has M3 MUKPOBOJHOBOTO M3MEPHTENs, cocTaBisieT Oyke K (akruueckoit VF, namepeHHol mocpeacTBoM pa-
JMOMETPUYECKOT0 IIIOTHOMEpa, yeM VF, u3BnexaemMas U3 KOPHOJIUCOBBIX JaHHBIX IJIOTHOCTH.

UroObl pa3pemarts 3Ty CUTyaluio, KIMOpPOBKa BBINOJHAETCS C HCIOJIb30BAaHMEM DPAIMOMETPHYECKOTO
TUIOTHOMEpA JUIsl TOTO, YTOOBI MOJydaTh KPHUBBIE OMIMOOK MEXIy Kaxymieics VF, m3amepeHHOW MOCpencTBOM
KOPHOJKMCOBa M3MepuTeNs, U GakTuaeckoir VF, u3MepeHHOH MOCPEICTBOM PaIOMETPHIECKOTO TUIOTHOMEpa, C
OJTHOHM CTOPOHBI, U Kaxymieics VF, m3MepeHHo# MocpeIcCTBOM MHUKPOBOJTHOBOTO M3MEPHUTENS, W (DaKTHIECKOH
VF, u3mepeHHoi mocpeicTBOM pagloOMETPUUYECKOro TIIOTHOMEpPA, C Apyroi ctopoHsl. KpuBble, mokazaHHbIEe Ha
¢ur. 6, WUTIOCTPUPYIOT B3aMMOCBSI3M, HAWJCHHBIE C HCIIOJB30BAaHUEM TECTOBOTO O0OPYHOBaHMSA, OMHCAHHOTO
Hke. C HCIIOJIb30BaHUEM KPHUBBIX OmMHUO0K (aktudeckas WC maHHOro MHOTO(A3HOTO MOTOKAa MOXKET OBITh
HaliJieHa MOCPEACTBOM HTEPATHBHOTO NPOXOKACHHS WM PEIICHUS OJHOBPEMEHHBIX YPaBHEHHI TakuM oOpa-
30M, YTO KaK U3MEPEHUE N3 KOPHOJINCOBA U3MEPUTENS, TAK U M3MEPEHHE U3 MUKPOBOJIHOBOTO M3MEPUTEINS AAIOT
B pe3ynbrare (aktuueckyio VF, onpeneneHHyI0 MocpecTBOM pajMOMETPUIECKOTO IIIOTHOMEpA. JTOT CHOCO0
MOXeT npenoctaisats Tounble WC 1 VF, B ToM 4nciie B CUTyalusix, B KOTOPBIX BOSHUKAET 3acopeHne (hasbl.

TecroBoe 000pyI0BaHHE COTIACHO H300PETECHUIO COEPKUT CIEAYIOIINE YCTPOUCTBA:

1. MukpoBosHOBBIN pe3onaTop kommnanuu M-Flow Technologies Ltd.

2. Endress and Hauser Promass Q500, KOTOpBIi TIpeCcTaBiIsieT CO00M Tpe raraeMblii Ha PHIHKE KOPHUOJIH-
COB M3MEPHTEh, MMOAXOIAIINHN I H3MEPEHHS IBYX(a3HOTO MOTOKA KUAKOCTH (TAKOTO KaK BOJA B HEPTH).

3. JIBa KOMMepYEeCKHUX JaT4iKa AABICHUS, KK U3 KOTOPHIX pa3MemaeTcs ¢ OJHONH U3 CTOPOH KOPHO-
JIFICOBAa U3MEPHUTEIIS.

4. MHoroda3HbIli raMMa-IIIOTHOMED, H3TOTOBIEeHHBIH KoMmmanneld M-Flow Technologies Ltd. O cocTout
U3 raMMa-MCTOYHHKA U PUEMHHKA, IpegocTaBieHHoro kommanuei Berthold Technologies (Berthold LB6775, n
MCTOYHHMK TIpefcTaBisieT coboit LB-7440-F-CR), koTopble MOHTHPYIOTCS 32 IIpeAeiIaMi KOMITO3UIIHOHHOW TpY-
Obl. YCTPOWCTBO NpPEACTaBISIET COOOH MOTHOTPYOHBIH raMMa-IDIOTHOMEp (TaMMa-ITydOK MOKPBHIBAET IOJHYIO
MIUPUHY TPYOBI) M IOITyCKaeT U3MEPEHHEe JIMHEHHON MIOTHOCTH MHOTo(a3Horo notoka. OHO MpeNCTaBiIseT Co-
0011 0JTHO3HEPTETHYECKOE YCTPOUCTBO.

YerpoiictBa 1, 2 n 3 npeacTaBisIoT co0OH CTaMOHAPHO YCTAHOBJIGHHBIE YacTH 000pymoBaHUs. Y CTpOU-
CTBO 4, TaMMa-IUIOTHOMED, YCTaHABIMBACTCS BPEMEHHO, YTOOB! KaTMOPOBaTh IUNIOTHOCTh, N3MEPEHHYIO ITOCPE/-
CTBOM KOPHOJIFICOBA H3MEPHUTEIIS.

PeneBanTHas TecTOBas CEKIHsI 00OPYAOBAaHHUS COCTOHUT M3 MPEUMYIIECTBEHHO BEPTHKAJIHFHO COBMEIICHHON
CEKINH, B KOTOPOH MUKPOBOJIHOBBI PE30HATOP, TAMMA-TNIOTHOMEP W KOPHOJIMCOB U3MEPHUTEIh MOCIEI0BATENb-
HO COCIMHCHEI B ITyTH NMPOHNKHOBEHHS MOTOKA M B 3TOM HOPS/IKE B HAaNpaBJIeHNH TOTOKa. [TomuMmo 3Toro, Mat-
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YUK JTABJICHUS COCAUHCH C OJJHOM M3 CTOPOH KOPHOJIMCOBA H3MEPHUTEIIS B HAPABJICHUH MTOTOKA.

CwMmecu B popme MHOTO(]A3HOTO TTOTOKA M3 BOJBL, HE()TH U ra3a HAKAYUBAIOTCS YePe3 TECTOBYIO CEKIUIO B
TOYHO U3BECTHBIX IPOIOPIUIX, 1 00BOJIHEHHOCTh, VF M pHUBEICHHBIE CKOPOCTH BAPHHPYIOTCS.

Kaxymascs o6peMHas IIOTHOCTh N3MEPSIETCS] OCPEACTBOM KOPHOJIUCOBA U3MEPHUTEIS, U 00BeMHas Mpo-
HHUIIAEMOCTh U3MEPSETCS C MCIOIB30BaHUEM MHKPOBOJIHOBOTO pe30HATOpa, M Kaxkymascs VF m3Bnekaercs u3
oboux HabopoB maHHBIX. OmHOBpeMeHHO (akxThdeckas VF ompexpensercs w3 ramma-miioTHOMEpa (KOTOPBIH
MIPENICTaBISIET COOOM OTHOIHEPTETUICCKUH TIJIOTHOMED), U B3aUMOCBSI3U MeXAy Qaktudeckorr VF, namepeHHoi
MIOCPEJCTBOM TaMMa-INIOTHOMEpPA, W 3HAYCHUAMH Kaxyieicss VF, onpeneneHHbIMU U3 KOPUOJIUCOBOM Kaxy-
niericss 00bEeMHOH TUIOTHOCTH M TIOKa3aHUH MUKPOBOJIHOBOHM MPOHHIAEMOCTH, OMPEICIIIOTCSI. DTOT ATall BBI-
MOJHSIETCS JUISL BCEX YCIOBUU MOTOKA JUIS TOTO, YTOOBI IMOTyYaTh KPHUBEIC OMIMOOK IS ITOJIHOTO pabodero Jaua-
na3oHa. KpuBble ommoOoOK moka3aHsl Ha Gur 6. OQHOBpeMEHHO C(OPMHUPOBAaHA KPHBas OMIMOOK MO 0OBEMHOU
IUIOTHOCTH (HE TMOKa3aHa), KOPPEIHpYomas KaXyIyIcs 00beMHYIO ITUIOTHOCTh, U3MEPEHHYIO MTOCPEICTBOM
KOPHOIUCOBA M3MEPHUTENS, ¢ (DaKTHIECKOW 00BEMHOM IIOTHOCTHIO, M3MEPCHHOM TOCPEICTBOM paJiMOMETpHUIC-
CKOT0 IUIOTHOMEPA, VIS IOJTHOTO paboyvero Auana3oHa.

[Tocie 3TOM KaTMOPOBKH paTuOMETPUIECKIN IIIIOTHOMED OoJiee He TpeOyeTcs.

[Ipu uctions3oBanmy, Ga3zoBbie 0OBEMHBIE (PPAKIHH ONPENEIAIOTCS TaK, KaK MOSCHEHO BBIIIE.

Uto66! popmMHupOBaTH MaccoBBIi pacxon HedTH, aKTHUECKH MACCOBBIA pacxoj MHOTO(a3HOTO MOTOKa
JOJDKEH M3MepAThesl. Kak MosiCHEHO BEIIIE, OH TPATUIIMOHHO JOJDKEH TOIYYaThCs M3 KOPHOINCOBA N3MEPHUTEIS
HETIOCPEACTBEHHO, MTOCKOJBKY OfHA (PYHKIMS 3TOTO THIIA M3MEPHTENS 3aKI0YaeTCsl B TOM, YTOOBI U3MEPATH
MaccoBBI pacxoxa. Kak Takxke moscHeHO, Koraa ra3zoo0pasHas (aza IpHUCYTCTBYET B MHOTO(A3HOM IOTOKE,
MPOU3BOIUTEIHHOCTh U3MEPECHUH MAacCOBOIO PAacXoia KOPUOJIHCOBA U3MEPHUTEIS YXYAIIACTCS, M CIOXKHO KOM-
TICHCUPOBATh OMIMOKHU, KOTOPHIC BOSHUKAIOT.

3asiBUTENIb KOHCTATUPYET, YTO MPU HU3KHUX MPOIIEHTAX MO Macce ra3a qudQepeHIraibHOe TaBJICHUC B KO-
PHOJHCOBOM U3MEpUTEIIE, TIABHBIM 00pa3oM, 3aBHCUT OT CKOPOCTH MOTOKA HIKOCTH Yepe3 M3MepuTeib. 13-
MEpPEHUS U3 TECTOBOW CEKIIMH, OTIMCAHHOH BHIIIC, JEMOHCTPUPYIOT 3T0. CO CCBUIKOW Ha (UT. 7 MOXKHO BHICTB,
YTO B3aHMMOCBS3b MEXAY IU(PepeHInaTbHbIM aBICHHEM H CKOPOCTBIO IMOTOKA JKUAKOCTH SBISETCS MICHTHY-
Hot 1t VF B 0%, 5% u 20% (mpuuem Bce u3 31Tux VF coctaBisror menee 1% mo macce MHOTO(]a3HOTO TOTO-
Ka). [Ipyrumu cioBamu, 3Ta peann3anus 00ecreyuBacT BO3MOKHOCTh MCIIOIB30BaTh ABYX(a3HbIe JaHHBIC JJIS
TOTO, YTOOBI OTIPEACIIATh TpexdaszHoe moseacHue. [locpeacTBoM u3MepeHus TudhepeHIMATLHOTO TaBICHIS, B
CHITY 9TOTO MOXET JIETKO OTIPENEIATHCS MaCCOBBII pacxol >KUAKOCTH MHOTO(a3HOTO oToKa. [Ipy 3HaHUH 3TOTO
3HAaYCHHS BMECTE ¢ (PaKTHIECKOH 00BEMHON IIIOTHOCTHIO (M3 KOPHOIMCOBA H3MEPHUTEIIS, CKOPPEKTUPOBAHHOM C
UCIIOJIb30BAaHUEM KPHUBOI OMIHOOK MO 0OBEMHOMW IIOTHOCTH) M UAMETPOM TPYOBI MOKET BBIYUCIATHCS (haKTH-
YEeCKHIT 00BEMHBIH MAaCCOBBIA PacXo MHOTO()a3HOTO MMOTOKA IPH MPEOOIaTAIONINX YCIOBUSIX IO TEMIIEPAaType u
JTABJICHUIO.

B 3aBepiicHue BBIYUCIACTCS (BAKTHUCCKUA MacCOBBIN pacxo] HeTH. DTO BBHIMOIHICTCS C HCIOJIb30BaHU-
eM (ha30BBIX 00BEMHBIX (Qpakiuii 1 (akTHIeCKOro 00BEMHOTO0 MAacCOBOTO pacxoja. J[Js MONHOTHI IIOTHOCTh
KaXI0W W3 OTIACNHbHBIX (a3 MpU JaHHOW TEMIIEpaType W JaBICHHUU TaKKE NOJDKHA OBITh W3BECTHOM, HO 3TO
MpeACTaBIsIeT co00l MHPOPMANHNIO, KOTOpask BCETAa TOCTYIHA IS MCIIOIB30BAaHMS CIICIHAIICTaMHU B JTaHHON
00J1aCTH TEXHUKH.

DOOPMYVYIJIA N30BPETEHUA

1. Cioco6 popmupoBanus KpuBoii omuoOok 1o myctotHoi ¢pakuuu (VF), mpencrasistomnieit coboit 00beM
rasa B ¢AMHUYHOM 00BeMe TPyOBI, MPUYEM KpHBas OMIHOOK Koppenupyer kaxymytocs VF ¢ dpakruueckoit VF
MHOT'0()a3HOTO MOTOKA, IPU 3TOM CITOCOO COJCPIKUT ITAIbI, HA KOTOPBIX:

a) WCHOJB3YIOT YCTPOMCTBO UL TOTO, YTOOBI M3MEPSTH CBOWCTBO MHOTO(A3HOTO MOTOKA, U3 KOTOPOTO
MO>KET BBIUUCIATHCS Kaxymasics VF;

b) BerauCIsIOT Kaxkyytocs VF ¢ ucnonap3oBaHuEM H3MEPEHHOTO CBOMCTBA U3 YCTPOHCTBA;

¢) ompenensioT ¢akTuueckyro VF MHOTo(a3HOro mOTOKa ¢ MCHOJIB30BAHUEM PAIHOMETPHUUECKOTO IIIOT-
HOMEpa;

d) ucronk3yrot 3HaueHUe U3 b) M ¢) A1 TOrO, YTOOBI BEIUUCIATH VF-0mmoKy;

€) TOBTOPSIIOT a)-d) ISl BCeX OXKHMIAEMBIX YCIOBHH TOTOKAa, ¢ TeM 4ToObl (opmupoBath KpuByio VF-
OIIHMOOK.

2. Crioco6 Berancnenns ¢paxrunaeckod VF MHOroaszHoro moToka, cojepikalini 3Tarmsl, Ha KOTOPBIX H3Me-
PSIOT CBOMCTBO MOTOKA, M3 KOTOPOTO MOXKET BRIYUCIATHCS Kaxymiasics VF, BEUuCIAOT Kaxymyiocs VF MHO-
roa3HOTo MOTOKa M KOPPEKTUPYIOT Kaxymytocs VF ¢ ucrmoms3oBanuem kpuBoii VF-ommbok, chopmuposan-
HOH crioco6om 1o 1. 1.

3. Crioco6 1o 1.1 win 2, B KOTOPOM paIiOMETPUICCKHUN IIIOTHOMED MPEICTABIACT COOOH PEHTICHOBCKHIA
TUTOTHOMEP FJIM TaMMa-TUIOTHOMED.

4. Crioco6 1o J000My U3 MPEAMIECTBYIOIMUX MTyHKTOB, B KOTOPOM ITOTOK COJEPKHUT KHUIKYI0 a3y u ra3o-
ByIO (a3y.

5. Crioco0 1o 1.4, B KOTOPOM KuAKas ¢a3a CONEPKUT BOAHYIO da3zy u HeTsaHYyIO (hasy.
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6. Cnoco6 no mo00oMy M3 MPEANIECTBYIOMNX MYHKTOB, B KOTOPOM YCTPOHCTBO IpEACTaBIseT CO00H Ko-
PHOJINCOB N3MEPHTENb, U U3MEPEHHOE CBOHCTBO TPEJCTABISET COOO0M KaXKyIIyrocs 00BEMHYIO INIOTHOCTh MHO-
ro¢a3Horo MOTOKA.

7. Crioco6 1mo mo0oMy u3 il 1-5, B KOTOPOM yYCTPOWCTBO MPEACTABISAET COO0H MUKPOBOJHOBBIA U3MEPH-

Tellb, MPEIIOYTHTEIFHO MUKPOBOJIHOBBIN PE30HATOP, M M3MEPEHHOE CBOICTBO MpECTaBIIseT cOOOW MpOHUIae-
MOCTh MHOTO()a3HOTO TIOTOKA.
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