vk UIEMUASE CTAHAAPTU3AIUM METPOJIOI'NA U CEPTUOUKALINH

A.Il JlensiBKO

PACXO/JIOMEPbI
IHEPEMEHHOTO IEPEIIAJIA IABJIEHUSA

YyeOHoe nmocodoue

MockBa
2004



VIIK 531.7.87

Jlenssko A.J1. PacxoioMepsl INEpeMEHHOrO mNepenafa TaBICHWUS:
Vyebuoe nmocobue. — M.: ACMC, 2004.

B yueOHOM 1oCOOHE PacCMaTPUBAKOTCS Pa3JIMYHBIC TUIBI Pacxo-
JIOMEPOB, OCHOBAHHBIX HA METOJE HEPEMEHHOTO Tepenaja AaBICHUS.
Onucadbl KOHCTPYKIHMH NpeoOpasosateneil pacxoja, TpeOOBaHHUS
K IeOMETPHYECKAM IapaMeTpam, NpUBEeHbl OCHOBHBIE XapaKTEpH-
CTHKH H3MEPUTENBHBIX HPHOOPOB. PacCMOTPEHBI COCTABISIOWME 10~
IPENTHOCTH U3MEPEHUs pacxo/ia.

VueOHoe mocobue COOTBETCTBYET NMporpamme HUCHHMIIHHBI «ITo-
Bepka M KanmubpoBKa CPEJCTB TEIIOTEXHHYECKHX M3MEPEHHil» (pa3-
nen «ITosepka i KaTUOPOBKA CPEACTB M3MEPEHHST PACXOAA K KOJHIE-
CTBAY).

VyebHoe Hocobue TNpeiHasHAueHo s ciymartenedl Axajgemuu
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JACTY U3MEPEHUH pacxo/ia U KOJMUYeCTBA.

VyeGHoe ocobue paccMOTpeHo Ha 3aceiaHuH kadenppr «Tero-
TEXHHYECKHE H3MEPEHHS» H PEKOMEHJ0BAHO K HCHOJIb30BAHUIO

B yueOHOM IIponecce.
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BBEJAEHHNE

[IpuHIMn JeACTBUS PacxoioMepPOB NEPEMEHHOTO Hepenajia asne-
HKsi OCHOBAH Ha 3aBHCMMOCTH OT pacxofa Ilepernaja AaBJeHHus, Co3-
JIABAEMOr0 KAKHM-JIHO0 YCTPOMCTBOM, yCTaHOBJIEHHBIM B TPYOOIIpO-
BOJIC.

Ilpu knaccuuKanuu pacxojOMepoB UX OOBIMHO TOAPA3NEIIOT
Ha oObeMHble M MAacCOBBIE. PacxojoMepbl IepeMEHHOro Iepenaja
JIABJIEHHS] HEJb3sl OTHECTH HU K OOBEMHBIM, HM K MaccoBbM. OHH
3aHUMAIOT NPOMEXKYTOYHOE HONOKEHUE MEXIY STUMHU ABYMs TpYI-
namu. BBIXOMHOI curHan npeobpazoparelis pacxoja (epenas nasie-
HUS) HPONOPUHMOHAJNCH KBAJPATHOMY KOPHIO M3 IPOU3BEACHHSL
06BbEMHOr0 M MaccoBOro pacxojtoB. Takum oOpa3oM, sl H3MEPEHUs
K4K MacCOBOTO, TaKk H 00BEMHOrO pacxojia HeoOXOAUMO ONPEHETH
MIOTHOCTE.

B cocras pacxooMepa BXOJAT:

npeobpa3osarens pacxoa, Co3AAoNIMi nepenaj HaBIeHus;

nuppepeHMabHbI MAHOMETD, H3MEPSIONING Nepena AaBICHUS,

CPeJICTBA U3MEPEHHS MIIOTHOCTH M3MEPAEMOH CPEeibl NPAMBIM HIIH
KOCBEHHBIM METO/0M;

coeMHUTENbHBIE TpYOKH MexIy HpeoOpasoBarcieM pacxona
U TM(PMaHOMETPOM;

BBIYHCIIUTENLHOE YCTPOUCTBO (MEXaHUUECKOE, DIIEKTPUIECKOE aHa-
JIOrOBOE KM U (PPOBOE).

Fcii B cOCTaB BBIYMCIHTENLHOIO YCTPOHCTBA BXOJUT UHTET PATOP,
TO TpUOOp SBISCTCS HE TOJNBKO PACXOJOMEPOM, HO M CUETUHKOM
KOJNIUUYECTBA.

B 3aBHCHMOCTH OT HpPUHIIKIA IpeoOpa3oBaHys pacxojia B nepenan
NaBJICHMS, a TAKkKe OT KOHCTPYKLUHMH IIpeobpasosarelis pacxona pac-
XOJOMEPBI [IEPEMESHHOTO TIepena/ia XaBIeHusl I0paselstoTCs Ha He-

CKOJIBKO THIIOB. B 0OCHOBHOM MMPUMEHAIOTCA CIEAYIOHNIUE THIIBL



PACXONIOMEPBI € CYKAIOIMMA YCTPOHCTBAMH,

pAcXoOMepbl C HAOPHBIMH TPYOKaMH;

PACXO0/IOMEpbI C THAPABIHYECKUMHI CONPOTUBICHIAMH.

MeToJ NepeMeHHOro nepenaja JaBieHus — ONHMH H3 nauboJee
CTApBIX, U3YUEHHDIX W MPUMEHAEMbBIX METONOB U3MEPCHUA PaCXod.
Hau6onee pacHpOCTPAHEHEI PACXOAOMEPBI ¢ CYKAIOMHUMH YCTPOHCT-
paMi. B TocienHee BPEMsi BCE 4alle UCIHOIB3YIOTCS pacXOAOMEphI
C HANOPHBIMH TPyOKamy, 910 B 3HAYUTENBHOM CTENEHH BBI3BAHO NO-
BBIIICHAEM TOYHOCTH AU(PMaHOMETPOB, HPE{HAZHAUCHHBIX NI H3ME-
penust HeGONBINKX TIePenaios NABIeHHIA. PacxojoMepsl ¢ FAJIpaBiIn-
YeCKMMH COIPOTMBICHHSIMYA NPAMEHAIOTCA PEAKO — B OCHOBHOM
JUISL M3MEPEHUSI MAJIbIX PacXOMOB.

ILIupoKoe TNPHUMEHEHHE PACXOAOMEPOB  IEPEMEHHOTO nepernazia
JABJEHHS ONpEHeNsercs WX BAKHBIMH JOCTOMHCTBAMA, K HHCITY
KOTOPBIX OTHOCATCS:

pocToTa peodpazoBatelis pacXona;

BBICOKAsi HA/IEAKHOCTH;

[[POCTOTA MACCOBOTO NMPOU3BOACTBA (MHAMBHAYANEHO UILOTABIMEA-
eTCS TONBKO CYIXKAIOHIEE YCTPOHCTBO, OCTANBHBLIC DJIEMEHTBI BhILYC~
KalOTCs GONBINMME CEPUAMM);

BOZMOYKHOCTH M3MEPeHH s IPAKTHHECKU JHOOBIX 0H0(a3HEIX TOTO-
kOB (B HEKOTOPBIX CIiydasx H IBYX(A3HBIX) Pa3IAYHBIX BEUIECTB
B LIMPOKOM JIHAIa30He PacXOOB, AABJIEHHI 0 TEMIIEPATYD;

BO3MOJKHOCTE KOHTPOJISE METPOJIOTHYECKUX XapakTepUCTUK ITpH 1o~
Bepke M KajubpOBKE pacxoJOMEpOB C CyRKaroUMMA H HAIIOPHBIMH
yerpoficTBamMu 6e3 MPUMEHEHHS STANOHHBIX PACXO/IOMCPHBIX ycTa-
HOBOK;

HanHHe MEXAYHAPOAHBIX U HAIMOHATILHBIX CTAHAAPTOB IIO A3MC-
PCHHIO PACXOJA METONOM IIEPEMEHHOTO Nepenaa NasIeHIs.

HecMoTps Ha OICTPOE PA3BUTHC B NOCIECAHME ACCATUICTHS APY-

X THIOB pacxoloMepoB W CYETUYMKOB, [OBBIMCHNE HX TOYHOCTH
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¥ HaJIeKHOCTH pacxoJOMephl IIEPEMEHHOTO Tepelafa NaBieHus
IO-TIpEXXHEMY MPUMEHSIOTCS. Haubonee 4acTo. IIpEMEpHO NONOBHHA
BCEX HMCIHOJB3YEMBIX B HACTOSILEE BPEMS PacxoloMepoB — 3TO pac-
XOJIOMEpPBI IEPEMEHHOr0 Nepenaia JaBIeHus.

Ipumenerne HUGPOBBIX BEITHUCIHTENBHBIX YCTPOUCTB M MOBBIIIC-
HHE TOYHOCTH M3MEpEHUs repenajia AaBlcHus [I03BOIHIIM IpaKTHye-
CKH TOJIHOCTHIO YCTPAaHUTh IPUCYIIME DPACXOJAOMEPaM IEpPEeMEH-
HOTO TIepenaja AaBlieHns] HEAOCTATKH (WM CYIECTBCHHO MX YMEHb-
[IMTH) — TaK¥e, KaK HeJTWHEHHOCTh 3aBUCHMOCTH BBIXOJJHOT'O CHTHa-

Jla OT pacxoja U OTHOCHTENBHO y3r<m7[ Iyara3on u3MepeHus.



1. OCHOBHBIE CBEJIEHMS1
N3 T'UJIPABJIMKU 1 TEPMOJAUHAMHUKHA

YpaBHenue Hepa3pbIBHOCTH

YpaBHEHHE HEPA3pPbIBHOCTU IPENCTABIACT coboil 3ammch 3aKOHa

COXpaHEHHMs MACCHI JUIsl NOTOKA HUAKOCTH B Tpy©OnpoBOLE:
pvF =const,

re p — IMIOTHOCTH JKUIKOCTH;

¥ —— CKOpOCTB JKAJIKOCTH;

F — ceucHHE KaHana.

PacCMOTpUM J(Ba CeyeHusi TpyOorpoBosia I m II (puc. 1). Macca
JHAKOCTH B YJacTKe TPyGOIPOBOAA MEXKJIy DTHMH CEHCHMSIMHM OCTd-
eTCsl HEM3MEeHHOM. Macca BTeKaIOIIEH JKUIKOCTH paBHA MAacce BhITE-

KaroIeH KUAKOCTH.

pavals

Puc. 1. Teuenue KMAKOCTH B TPyOOTIPOBOJIE:
[ y Il — ceyeHHs MOTOKA

MaccoBble PacXOAbl KUIAKOCTH B CEUCHUAX I (Oy1) 1 1L (Qy) pas-

HbI MEXKJTY CODOM:

Qut =0w2>

pif=pava ity

YV HecKMMAaeMbIX JKUIKOCTEH p=const. YpaBHeHHE HEPa3pBIBHO-

CTH yIIpomaeTcs:

v =vy by
n
va_h
w B

Cxopocth 06paTHO IPONOPLUNOHANEHA CEYEHUIO MOTOKA.
Ypapaenue bepuynim

VYpaBHenre BepHymIHM BbIpaXKAcT 3aKOH COXPAHEHHS SHEPriun

JUIS OTOKA KUJKOCTH:
2
pgh+p+pv7+ApH0T =const,

rie pgh — NOTEHIMANbHAsA SHEPTHs OIOKEHNS;

g — YCKOpeHHe CBOOOAHOIO NaICHHU;

h — BBICOTA CEUECHHS;

p — IiaBJICHUE;

2
v
p—— — KHHCTU4YECKas DHCPIUi MOTOKA;
2 2

APror — TOTEPY AABJICHUS HA TPEHHUE.

Be3 ydyera noTepb DHEpPrMH ypaBHeHWE DBepHymm s CeYeHMH

notoka | u 1l npuHuMaeT BIA:

2 2
A% V.
P&+ 11 +P171: Paghy + pr+p2 72

JI1s Hec)KHMMaeMOMR JKUAKOCTH IIPH PABEHCTRE BBICOT Ay = hy ypas-

HCHUC BCpHy.HIII/I IIpUHUMAET BAIL

2

2
1 5 5



OTKY/1a

ITpi M3MEHEHHH CKOPOCTH IPOMCXOJUT IEPEXON KHHETHYECKOH
SHEPruM MOTOKA B IMOTEHUHMAIBHYIO SHEPTHIO NABJICHUL. HsmeHenue

CKOPOCTH IIPUBOJIUT K U3MCHEHMIO JaBJICHHUSL.
Pexuvbl Tedennsa. Kpurepuii PeiiHosibaca

Il0o KAYECTBGHHBIM IPU3HAKAM MOTOKK JKHUAKOCTH NOAPA3AESIOT
Ha YCTAHOBHBIIMECS (CTAlMOHAPHBIE) U HCYCTAHOBUBLIMCCS (uecra-
[OHAPHBIE), JJAMHHAPHBIE U TYPOYJICHTHBIE.

[loTok Ha3bIBAeTCHd YCTAHOBHBHIHMCH, €CIM CPE/IHsA CKOPOCTH
M pacxojl B JAHHOM CEYEHH¥ HE MEHSIOTCS BO BPECMCHH. IoToK,
He YNOBIETBOPSIOLIHI STOMY TPEOOBAHHUIO, HA3BIBAETCH HEYCTaHO-
BHBIIHMMCH.

YacTHEIM CllydaeM HEYCTAHOBUBIIEIOCs ITOTOKA SBJISETCH I1yJIbCH-
PYIOIIMA MOTOK, B KOTOPOM HAOMOAAIOTCS MYJIBCAIMH pacxola onpe-
JeNeHHOR 4acToThL. TIpu 5TOM HEOGXOMMMO Pa3IMyaTh MIHOBEHHbIH
Pacxo/ ¥ cpejHuil Pacxo)] 3a Kakoi-T0 MPOMEKYTOX BPEMCHH.

[TONHOCTHIO YCTAHOBMBIIMECS NMOTOKU NPAKTUYECKH HE BCTPCHAIOT-
cs. OIHAKO €CU AMIUIHTYIHO-YACTOTHBIE XapaKTEePUCTUKH CYIIECT-
BEHHO He BIMSIOT Ha XapakTep PaccMaTpPUBAEMOrO SBJICHUS, €ro CHM-
TAIOT YCTAHOBUBIIMMCS WM, TOUHEE, KBa3HYCTAHOBUBILIMMCSL.

IIpn TeyeHHH XHUAKOCTH B TPYOONPOBOJAE 3a CUET TPEHHs pacupe-
JleNeHHe CKOPOCTH MO0 CeueHMio HepasHomepHo. Ha crenkax TpYOBI
CKOPOCTh PaBHA HYJIO (KHMKOCTB NPUIUNACT K cTeHke). B uenrpe
TpyOBI CKOPOCTh MAKCHMAIIbHA.

IIpy ManbIX CKOpOCTSX B TPYOOIpPOBOAE HAOIIONACTCA CIOHCTOC —
naMuHApHOE Teuenue. PacipesieneHne CKOPOCTH 110 pauycy TpyOB!

cootBetcTBYeT Iapabone. IIpu yBenmmueHHH CKOPOCTH CIOHCTOC

TeyeHHe HapymaeTcs. YacTHlbl )KAIKOCTH HAYHHAOT IEPEMETIaTsCs
IIONEPEK MOTOKA. PeXXUM TCUEHUS] MEHSETCH, OH CTaHOBHTCA TypoOy-
JIEHTHBIM. 32 CUeT NepeMENINBaHUs YaCTUIl XUIKOCTH pacipesene-
HHE CKOPOCTH CTaHOBHTCS Goylee paBHOMepHBIM. I'paduuecku pac-
npesieNiende CKOPOCTH 110 PAAUYCY IPH TaMHHAPHOM U TYpOyIEeHTHOM

TEYEHHH IIOKA3aHOo Ha pHC. 2.

a 8

—
— =

Puc. 2. Pacnpefieniesne CKOPOCTH B CE4CHMH TPYOOIpOBOIa:
a— JIAMAHAPHBI PEXAM TeueHus; 6 —— TypOyNeHTHBIH PeXKuM TedCHUs
(— rramkas Tpy6a; - - - wepoxosaras Tpy6a)

PexxuM TeucHHs! JKHUJKOCTH B TPYOOIIPOBOAE XapaKTEPH3YeTCs KpPH-
Tepuem Peitronmsaca Re. Jns tpyOGonposofa Kpyrjioro moruepeyHoro

ceyeHus KpUTepHit Re paccuuTriBaeTes 10 Gopmyne

Re_ "2 _(PV)D.

v 2
rae v — CpeHss CKOPOCTh XKHUAKOCTH;
D — BHyTpeuHuit AnamMmeTp TpyoonpoBoa;
L — KO3 PUNUCHT KHHEMATHIECKOH BA3KOCTH;
(pv) — cpeaHsis MaccoBasi CKOPOCTh JKUIKOCTH;

p=pv — KO3POUNHEHT TUHAMHYECKOH BA3KOCTH.

Jlist Tpy6OnpoBo/ia MPOM3BOJNBHOIO IMONEPEYHOro ceyenus Re Bbl-

umciseTcs no GopmyJe




F .
roe D = 4ﬁ — I'uApAaBJIHUECKUE MTUAMETP KaHaja,

F — nomab nomnepe’Horo CCUCHHA pr60r1p013011a;

1 — nepuMeTp HoepeyHoro CeYeHus TpyOGOIpOBOJA.

Kpurepuii Pejinonpaca onpeieisieT COOTHOIICHHE CHI WHEPLHK
4 BSBKOCTH B NOTOKE xuukoctd. Hdem Ooblie 3HAYCHUE Re, TeM
MeHbIIe CKA3BIBACTCA BIMSHAE CUIT BI3KOCTH U TeM Oojiee paBHOMEp-
HO pacrpefiefieHue CKOPOCTH IO CCYEHHIO. JlaMHHapHBIA peKuM Te-
yeHusi NepeXouT B TYpOYJEHTHBIH HNPU KPUTUICCKOM HHCIC Peii-

nonpaca Rey,, paBHOM 2320. Tlpu noBbiienuy Re no 10*-10° ero

janpHelilliee yBeInYeHHe He NPUBOMMT K CYNICCTBCHHOMY M3MCHC-
HHIO PAacIpelesicHus CKOpoCTH U zakoHOMepHocTeil Teuenus. TaxoH
XM TEUCHHs HA3BIBACTCS ABTOMOJCHEHBIM.

Ha pacnpesie/iensie CKOPOCTH B CEUCHHHU BIMACT TAKKE UIEPOXOBA-
TOCT, BHYTpeHHeil MOBEPXHOCTH TpYGOMpOBOZA. LlepoxoBaTocth
IIPUBOJIUT K TOPMOXKEHHIO CIOCB XKHJKOCTH, MPUICTAONHX K BHYT-
penneil mopepxHocty. [loaTomy npu ONMHAKOBOM cpepHeil CKOpoCTH
CKOpOCTH B IleHTpe TpyObsl BBIIE, a Y CTCHOK TpyOBl HIDKE
(cm. puc. 2, 0).

Pa3/iMuBble MECTHbIE CONPOTUBJICHHSI B TPyOOIPOBOZE (Knanaﬁm,
3a7(BYOKKH, KOJICHA, TPOMHHKM H T.JI.) BHOCSAT BO3MYILEHHS B IOTOK
¥ MCKAXAIOT pacupeneietye ckopoctu. 1ocTenesto Ha HeKoTOpoM
y4acTke HpSMOro TpybonpoBoja BHECEHHBIC HCKIKEHUS 3aTyXaloT,
u 3areM (GoOpMHUpYETCs HOPMAIbHOE, XapaKTepHOC A AanHOro pe-
xuma (ancna Re) M epOXoBaToCTH PACHpPEACICHUE. MectHbie cO-
[POTUBNEHUS MCKAKAIOT PACTIPENIENIEHHE CKOPOCTH HE TOIBKO nocle
ce6s 110 XOJ1y TIOTOKa, HO 1 0 ce0st. UTobs! ycTaHOBMIOCH pacpee-
JIeHHE CKOPOCTH, COOTBETCTBYIOIIEE KPUTEPHIO Peiinonnjca U 1epo-
XOBATOCTH TPYOOMpPOBOJA, HEOOXOAUMO IPEAYCMATPUBATE MPAMEIC

y4JacTKu A0 | 11ociie paCCManI/lBaCMOFO ceucHusl.
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YpaBHeHH¢ COCTOSHHAS ra3a

VpaBHEHUE COCTOSHHS CBS3BIBACT OCHOBHBIC TEPMO/IMHAMMUYCCKHAC
IIapamMeTphl rasa: JaBlieHne, TEMIIEparypy U II0THOCTD.

st mieanbpHOIo rasa
Mp=. PRI,
TJic p — AaBIEHHE,
p — [UIOTHOCTE;
M — macca OJTHOTO KIJIOMOJIS ['a3a;
T — TepMOIMHAMHYecKas TeMieparypa, K;
R — rasosas nocrosHHasi.

Jlnst peansHOTO rasa

ML =pRT,
Z

e z — Kod(pUIHEENT, YUHTHBAIOIIHNA OTKIOHEHHE CBOUCTB pealib-
HOTO rasza OT CBOWCTB HaeanbHoro (GakTop CKAMAEMOCTH).

Ucnonsiys ypaBHEHHE COCTOSHHSA IO M3BECTHOH IUIOTHOCTH Tasza
TIpH CTAHAAPTHHIX YCIOBUSX P, MOKHO HAUTH NIOTHOCTE P P KOH-
KpEeTHBIX 3HAUEHUSIX ABICHHA p ¥ Temneparypsl 1

pIc 1

p:pcpc T R.a

rae p. = 101,325 xlla u T, = 293,15 K — napnienue u TeMneparypa
[IpY CTAHAAPTHBIX YCIOBUAX;
zZ
K = — — k03¢ dHIHECHT CKHUMAEMOCTH 'a3a;
Zc

Zo — (baKTop CKMMAEMOCTH ra3a IIpyd CTaHAAPTHBIX YCIOBHIX.

11



2. PACXOJIOMEPBI C CYKAIOIIUMHA YCTPOVCTBAMU
2.1.1lpnHnun aefdcreus

B cyxaromem ycrpoiictee (CVY) pacxogomepa NepeMEHHOro nepe-
Haza HAaBIeHHst IPOUMCXONUT YBEJUUEHHE CKOPOCTH, CHIDKACTCH AaB-
nenue. ViaMeHeHue napneHust npd TedeHuHn depe3 CVY  3aBHCHT
0T pacxoja.

Kapruna teuenus yepes CY — muadparmy npeicraBieHa Ha puc. 3.

APuor

N _—"

Puc. 3. KapTuHa TedeHus XUAKOCTH Yepes quadparmy:
¥ — CKOPOCTE KMIAKOCTH; p — JIaBIICHUC )KHIKOCTH
( ~—— Ha ocH TpyORL; Ha CTeHKE TPYOBI)

B ocHoBe NpHHLKIA AelcTBUs pacxoxoMepa ¢ CY jiexar pa 3aKo-
HA COXPAHEHHs U IOTOKA MMJKOCTH: 3aKOH COXpaHEHHs DHEpPruu
(ypaBnenue Beprymiu) U 3aKOH COXpaHeHHMst Macchl (ypaBHEHHUE He-
Pa3pEIBHOCTH).

B cedennu A moTok XKHAKOCTH HAYMHAET CYXAThCs, €ro norneped-
Hoe cedeHHe ymenbmiaetca. COriacHO ypaBHEHUIO HEpPasphHIBHOCTH
CKOPOCTH MOTOKa Ha OCH TPYOBI yBENMYMBACTCS U, B COOTBETCTBHU

¢ ypaBHEHHEM EepHmeH, €ro JNaBJICHHC YMCHBIIACTCH. Ha crenke
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Tpy6BI mepen auadparmMol OTOK TOPMOSHTCS U JIABIEHHE IIOBHIIIA-
eTcsl.

[locie mmadparMsl 10 cedesus B cedyeHue OTOKA MPONOIDKACT
YMEHBILATHCS, CKOPOCTh YBEJIMUYMBAETCS, JaBeHue manaet. lpuaeM
JaBICHHE HA CTEHKE TPYObI OTNIMYAETCs OT HABIICHMsS HAa OCH H3-3a
BO3HMKHOBEHHS BTOPUYHBIX [IOTOKOB.

[Tocne ceyenuss B MOTOK pacimmpsiercs, CKOPOCTh YMEHBLIAETCS,
naprneHue pospacraer. B cedennu C NMOTOK 3aHHMAET BCE CCUCHHE
TpyGonpososa. OFHAKO JaBIEHHE B 3TOM CCUCHHH MCHBIIE, HCM JaB-
Jenue B cedeHHH A 1o auadparMbl, HA 3HAYEHHE Appor 32 CUET IO-
Teph SHEPrHU HA TPEHHUE.

PaccMOTPHM JIBA CEYEHHS TTOTOKA HECKMMAEMO# XHIAKOCTA: B TPY-
Gonposoae no CY u menocpeacreenno B CY. PasHuna BHICOT ITHX
cedenmit npeneOpexnMo Maya. be3 ydera N0oTeph SHEPrud JUIL ITHX
JBYX CCUEHWIL:

ypasHetve bepHymm

V2 v

PaptPE= pey P
L

ypaBHEHHE HEPA3PLIBHOCTH
vipF = VeyFey»

A€ prp ¥ Pcy — JIaBICHHE B tpy6Gonposoae u CY;

p — IIOTHOCTD HKMAKOCTH,

Vip M Vgy ~— CKOPOCTE XHAKOCTH B tpy6ouposoze u CY;
Fop 1 Fy — muiomab IpOXOJIHOTO cederus TpyGonposoga u CY.

W3 ypapHeHUs bepHyium crieyer:

2 2
Véy —Vip

Ap=Prp =Py =P|

13



U3 YpaBHEHWS HEPA3PBIBHOCTH!

_ FCY _
va —VCy E— —vcym,
P
Fey
rige m = —>~ — OTHOCHTEJIbHAs Iaouagb NpOXoJAHOro CEYCHUA CYV.
T

Tl Tpy6onporono 1 CY Xpyrioro ceueHus

2
d 2
m={ — = 5
(5)
rae d — puamerp oreepetus CY;
D — BHyTpennuit iuameTp Tpybonposoaa 1o CY;

d
B= 5 OTHOCHTEILHBIH nuameTp oTBepcTHs CY.

Orcrona

4

2
Ap= PVey

o 1 pr
cy [ 41 -
Ji-pt Vo

Obnemublit pacxon O,

A
Oo =Vey Fey = EFyy z?p,

MaccoBbIi pacxon Oy,

Oy =pVeyFoy = EFcyN2pAD,

rae K =

— KO3 HHIUEHT CKOPOCTH BX0JA.

11
Viem? iopt

14

CUMAEMOCTh U3MepsAeMOoil Cpejibl YHHTBIBAETCSL KOIPPHLMEHTOM
paciuupenns €. OTnu4us peanbHoil KAapTHHBL TEYEHUs OT TEHCHUA
MAEANbHOM HKUAKOCTH YUHTHIBAIOTCH KOIPHHUHEHTOM HCTEHEHHA C.

YpaBHeHHs AN 0OBEMHOI0 U MAacCOBOr0 Pacxo/a HMEHOT CIEyto-
LM BUA:

O, :CESFCy é‘—)[—),

O, =CEeFoy\2pAp.

[poussenenue CE = o — K02ppHUHEHT pacxoaa.

Yro6Gbl ONpesesnTh PpacXoj Mo U3MEPCHHOMY 3HA4YEHHIO nepenana
JABJIEHUs, HEOOXOAMMO 3HATL NJOWE@/b MPOXOAHOrO CEHCHUA Cy,
[IIOTHOCTD XKMAKOCTH H KO3D(ULHMEHT NUCTCHEHHUS.

Kospuument ucrevenus ¢ — 3T0 OTHOLICHHE JCHCTBUTEILHOTO
3HAUEHHUS PACXO/A KMAKOCTH K €ro TEOPETHUECKOMY 3HAYCHHIO. Ko-
>(QULMEHT McTedeHns 3aBUCHT OT reomerpun CY (runa CY, orno-
CHTENbHOTO JMAMETPa OTBEPCTHs, pAacnoJioKeHHs Mect orbopa
JlaBieHus), PEKMMA TeYeH s, XapaKTEPU3yeMOro 4uciom PeiiHolbil-
ca, wepoxoBaTocTn Tpybonposoaa. Kpome Toro, Ha 3HaucHHe KO-
(GULMENTA MCTEUCHHUS OKA3bIBAIOT BIMSIHUE MCKAXEHHS pacnpeicie-
HUSI CKOPOCTU B CeueHHU TPyOONpoBoja, KOTOPBIE BbI3bIBAIOTCS pas-
JIMYHBIMH MECTHbIMK COTIPOTHBIIEHUSAMH, PACIONOKEHHBIMUY 10 U 1O~
cne CY.

XapakTep 3aBUCMMOCTH Kod(bduinenTa HCTEUEHUS OT HUCIA Peii-
HOJbJICA JUIS CTAHAApPTHON AMadparMbl U COMIA NOKa3aH Ha pUc. 4.

B  onpenelcHHOM  JHMana3’oHe  PeKUMOB  TEHEHHs (uucna
Re > 10*-10°) kooddpuuuenT UcTEHEHHs U3MEHSAETCS HE3HAYUTENBHO.
DTOT AMANA30H PEKUMOB UCMONb3YETCA AJI U3MEPEHHUS pACX0/a.

[TpyHUMNHANLHO MOXHO U3MEPHTbL PACXO/l U NMPY MEHbILMX 3HAYC-
Husix umcen Peiinonbaca. ONHAKO MPH 3TOM He3HAUWTelbHas OlMOKa

B ONpecJCiACHUH peiKuMa TeyeHHs, BbI3BAHHASL HETOUYHOCTBIO OINpEAC-
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JICHUS KOGC];)(I)I/ILU/IGHTa KHMHEMATHYECKOH BA3ZKOCTH, IIpUBEAET K HO-

I'PCIIHOCTH ONpEeACICHUs pacXxoaa.

c
1,0
-—"'F—_/é
08 =4
0.6— A=

0,4 /
0,2

0 10

Re
7

1 2 3 4 e} 6

10° 10" 10" 10" 10" 10

Puc. 4. Xapakrep 3aBucuMocTH koadduumenta ucrevenus C
or upcya PefiHonsaca Re:
| — nauadparma ¢ yrioBsiM 0T60pOM JaBNeHNUs;
2 — coro HCA 1932

Y HexoTtopbix crnenuanbHbX CY ko3pdHUUEHT HCTEUCHUs 0CTaeTCs
HOCTOSIHHBIM B AUANA30HE 3HAUUTEILHO MEHBINMX qucel Peiinonpuca.
[IprueM muanasoH, B KOTOPOM KO3(QQHIMEHT HCTEYEHUS OCTAeTCA
ITOCTOAHHBIM, OTPAHMYeH KaK CO CTOPOHBI MEHBIIUX, TAK U CO CTOPO-
HBl 6onpinux urcell Re. Takue CV vCHONB3yrOTCS JUIst M3MEPEHUS
pacxojia mpy Maielx yucnax PedHonbica, T.e. MPH MajblX pacxoiax
H BI3KUX KUIAKOCTAX.

Jna papa CY 3nadeHus kod(Q@QUIUEHTOB HCTCYCHUS Ha OCHOBE
GOJBIIOr0 YMCla IKCIEPUMEHTOB OINpejeNeHbl ¢ JOCTATOYHON UL
nesnei n3mepenus pacxona TouHoctsro. Takumu CV ABISIOTCS:

cranpapTHeie CY B COOTBETCTBHH C I'OCT 8.563.1-97;

crermamsanie CY B coorserctuy ¢ PJ{ 50-411--83.

16

2.2. PacxoaoMephl [lepeMEHHOro nepenajia 1aBiaenus
€O CTAHJAPTHLIME CYXKAIOMHUMH YCTPOHCTBAMH

KosgduunenThl ncreuerns cranpaptupix CV onpeneneHs! ¢ Aoc-
TATOYHOI Jna Uejiel u3MepeHUs TOYHOCTBIO Ha OCHOBE DKCNEPUMEH-
TOB, nposejicHHbIX B 20-¢ roabl XX Beka. Pe3yabrarhi 3THX DKCIEpH-
MEHTOB 00001eHb TeXHUUECKUM KOMUTETOM NpH MexayHapo/Ho#
opranusaiuu 1o craupaprusanun (HCO).

B COOTBETCTBUM C MEXAYHAPOAHLIMH PEKOMEHAAUMAMH B HaileH
cTpaHe ObUIM 110CCOBATENbHO BbITYHIEHbI CIC/YIOIIME HOPMATHB-
HbIC JIOKYMCHTBI:

[Tpasuina Ne 169 B 1938 r;

[TpaBuna 27-54 B 1954 1,

[pasuna 28—64 B 1964 1

[Tpasuna PJ[ 50-213-80 B 1982 r.;

I"OCT 8.563--97, BrcaeHubiid B 1999 1.

IFOCT 8.563-97 coorBeTcTBYET € HEDOJIBIUUMH OTKIOHCHHUAMH
MexlyHapoanomy cranjapry MCO 5167-1:1991.

['OCT  8.563-97

MU 2588-2000, B KOTOPLIX yUTCHA NPAKTHKA NMPUMCHCHHS PacXxo/o-

JIoUoAHUTENBLHO K BBLINYUICHBl  YKa3aHus
MEpOB 1IEPCMEHTIONO [Epenaja JaBieHus B HaLIeH cTpaHe.

B cootsercrsinn ¢ ['OCT 8.563-97 nzmepcuue pacxoia 1 KOJIUHECT-
Ba XKMAKOCTEN M ra30B OCYLIECTBAACTCS C IOMOILILIO H3IMEPHTENLHBIX
komiuiekcon (MK). UK BkiouatoT B ceOs ceyOWLUE 3IEMCHTDL

CTAHAAPTHOE CYXKAlOLlEee YCTPOHCTRO;

u3mepuTenbhble Tpybonposoast (UT);

COCJIMHNTENbHBIE JIMHUU M BCIIOMOTaTe/IbHbIE YCTPONUCTBA;

CpE/ICTBA U3MEPEeHUs fepenaja AaBjieHus ¥ NapaMeTpoB uiMepse-
MOWH cpebl;

cpencTpa 00paboTKH pe3yNnbTaToOB H3MepeHHuii.

K cranaaprbiv CY (cM. puc. 5) OTHOCSTCS:

CTaHjapTHble anadparMel ¢ YrIOBbIM (NIAHUCBBIM H TPEXpaanyc-
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HbIM citocobamy oTOOpa JaBIeHH;
coruta UCA 1932;
cornna BeHtypy;

Knaccuueckue Tpyos! BenTypu.

1a 1 625,4 v 25,4 Mu 18 1,0D 05D 2
o sz P D2 P1 P2 I 4 sz
D dEE—. D dE - D dE Dy d[]
3 4
plj s ] P -
”MW M—
D dI { +D D d { =D
e, ;

Puc. 5. CraHaapTHble CyXKalollUe yCTpoicTBa:
la — nuadparma ¢ yrijoBeiM 0T60pOM JapieHus; 16 — nuapparma
¢ pranuesnM oT6OpOM JagieHus; 1B — Jauapparma ¢ TpexpaguyCHpIM
oT6opoM sarienus; 2 — comio MCA 1932; 3 — comwio Bentypu;
4 — xiaccuueckas Tpyba Benrypu

Corura Bentypu u tpy6si Bentypu mMoryT umers auddysop, yko-
podeHHbIH Ha 35 %. BeixoaHo# auamerp quddy3opa npr 3ToM MeHb-
me guameTpa TpybonpoBoia. 3a cueT yMeHblueHus AnuHbl Auddyso-

pa HECKOJBKO YBEIHYMBAIOTCS [IOTEPH IABICHM.
2.2.1. Yenosus npumenenns cranaaprubix CY

1. Miamepsiemas cpefia JOKHA OBITh OfiHO(A3HOK W OJHOPOAHOH
1o ¢uznueckum cpoiictBam. Kosuionanbie pacTBOPBI ¢ BHICOKOH CTe-
TIEHbIO TUCIEPCHOCTH JIOILYCKAETCS CUMTATh OMHODA3HBIMH.

2. Ma3oBOE COCTOAHHE MOTOKA HE JIOJUKHO M3MEHATHCS IPH ero Te-
yeaun qepes CVY.

3. TIoTOK JIOMKEH OBITH CTAIMOHAPHBIM MM MEAJICHHO H3MEHSIO-

IMUMCA BO BpEMCHH.
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4. Cxopocth moToxa B oreepcTr CY 1070KHA OBITh MEHBILE CKOPO-
CTH 3BYKA.

5. Ilna cxumaeMoit cpelibl OTHOIeHUe Ieperaja JaBieHns K abco-
JNEOTHOMY JJABJICHUIO Ha BXOJ€ TOJIKHO OBITH HE Oonee 0,25.

6. TToTok ROMKeH GBITH TYPOYIEHTHBIM IPH YiCIax Re B mpeaenax
o1 3,2:10° o 10°.

7.CY I[OWKHO YCTaHaBNMBATBCS B TPyOBl KpYrioro CeYCHUs
¢ BHYTPEHHIM JAHaMeTpoM He MeHee 50 MM.

B cootserctuu ¢ TOCT 8.563.1-97 npumeHeHHe CTaHIapTHBIX

CV orpaHd4eHo CIeAyIOMUMY YCITOBUAMH.
CraHpaprabie 1aadparmbt

JuadparMp! ¢ yrJIOBBIM 0TOOPOM NABJICHHSA:
d> 12,5 muM;
50 MM < D <1000 Mmm;
0,2<p <0,75;
5000 < Re < 10® mpu 0,2 <P <0,45;
10000 < Re < 10° ipu B > 0,45.
Jlnadparmsl ¢ GIaHIEBBIM U TPEXPAIHYCHBIM 0TOOPOM JaBACHU:
d> 12,5 mm;
50 MM < D <1000 mm;
0,2 <p<0,75;
1260 B*D <Re < 10°.
B coorserctiur ¢ MU 25882000 obnacTh MpUMEHCHHs CTAHIAPT-
HBIX JMadparM ¢ yrioBbIM OTOOPOM NABICHHS PACIIHPEHA:
d>12.5 mM;
D> 50 mmM;
0,2<B=<08;
5000 <Re < 10% mpu 0,2 < B <0,45;
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10000 < Re < 10° mpu 04% B < 0,75;
20000 <Re < 10® npu 0,75 <P <0,8.

Conana HCA 1932

50 MM <D <500 mmM;
0,3<p=<0,8;
7-10* <Re < 10" npu 0,3 <P < 0,44;
210" <Re < 107 npu 0,44 <B <0,8.

Comia Beutypu

d> 50 mMm;
65 MM <D <500 mMm;
0,316 < p <0,775;
1,5-10°<Re<2- 10°

Knaccuueckue Tpyonl Benrypu

Knaccuueckast Tpy6a Beutypu ¢ nutoil (6e3 00paboTkiL) BXOJHON

KOHHYECKOH YacThIO

100 MM < D < 800 Mm;
0,3<p<0,75;
4-10" <Re<2-10°
Knaccuueckas tpyba Bertypu ¢ oOpabotaHHOM BXOJHOH KOHMYE-
CKOH 4acThIO
50 MM <D <250 mym;
0,4 <B<0,75;
5-108<Re<1-10°.
Knaccudeckast TpyOa BeHTypu €O CBapHOH BXOJHOH KOHHYECKOH
4ACTHIO
200 MM <D <1200 mMm;
0,4 <P <0,75;
4-10"<Re<2-10°
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2.2.2. KpaTkasi cpaBHUTEJLHAS XAPAKTEPUCTHKA
crangapTaeix CY

Cpenu CyxaloIUX YCTPOHCTB HauOoJbllIee MPUMEHEHNE HALlIH
muadparMbl. X HOCTOMHCTBAMM SBISAIOTCA IIPOCTOTA W3TOTOBIICHHUS,
MOHT@Xa ¥ OcMOTpa Ipu IoBepke. /lmadparmbl uMmerorT nHaubosee
IIMPOKMI JMafa3oH JomyckaeMbeix uucest Re. Onu obecreduBaior
Haubonee BBICOKYIO TOYHOCTH M3MEDEHMs|, Tak KaK IOrPEIIHOCTb
HCXOAHOTo KOd(GuIUMeHTa UCTEUeHUs JuapparMbl y HUX MCHBIIE,
yem y apyrux CY (cM. pasnen 2.2.5). HepocratkoM nuadparM sBisi-
€TCsl NPUTYIUICHWE BXOJHOH KDOMKM M M3MEHEHHE 3a CYET 3TOro
K03 ¢ HHIFeHTa IPU IKCIULYaTal{HH.

JIOCTOMHCTBOM COTIEN SIBISCTCS MEHbIIeEe BIMIHHE HIEPOXOBATOCTH
Tpybonposoa, uem y auadparm. Kpome Toro, xoodpuiueHt uereue-
HUsl COMENl IPU IKCTUTyaTalluy U3MEHAETCS MEHbLIE, YeM Y nuadparm.

JlocrouncTea xnaccudyeckux Tpyo BenTypm u comen Bentypu —
MEHbIIKE, B CPABHEHHH C JuadparMamMy U COIUIAMH, NOTEPH HaBile-
Hus. [ToTepu pasieHus uamMepsieMoi cpenpl B craugapTaeix CY noka-
3aHpl Ha puc. 6. [1puBeNeHbI 3aBHCHMOCTH OTHOUIEHUS IIOTEPh NaBie-
oS Ap,,r K H3MepsieMOMy nepenaxy zasiemus na CY  Ap
OT OTHOCHTENBHOrO JIHaMeTpa oTBepcTus 3.

Knaccuueckue TpyOsl BEeHTYpPH UMEIOT OJIHO CYHIECTBEHHOE Ipe-
UMyLLEeCTBO nepel ApyruMu crangaprabivu CVY. Ilpu ux ycraHOBKe
Tpe6YIOTCA MPAMBIC YHACTKH U3MEPUTENBHBIX TPYOOIIPOBO/IOB, AJMHA
KOTOPBIX B HECKOJIKO pa3 MeHbIe, yem st apyrux CVY. Ilpu aTom
JKe ¢ Y4EeTOM TOro, YTo cama TpyOa BeHTypu uMeeT 3HaYNTENbHYIO
JUIMHY, TpeOyemasi o0luas AnuHa 3Ha9MTENbHO MCHBIIIE, YEM Y IPYTHX
Cy.

TpyGa Benrypn ManouyBCTBUTENbHA K Je(OpMAiliH T0Js CKOPO-
CTel, BHI3HIBAEMOM MECTHBIME CONPOTHBICHUAMU. DTO OOBACHIETCS
HaiMupeM Ha Bxoje B Tpyby Bentypu xoHdy3opa, koTopslii obecre-

YHMBAcT BbIPABHHBAHUE CKOPOCTH IO CCHUCHHMIO. ITo »Toit [IpHYHHE
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LIEPOXOBATOCTh M3MEPUTENLHBIX TpyOonposonos (MT) mpakrTudeckn

HC BJIMACT Ha K03¢)(bHHH€HT ucreuedus. OTHoCHTENLHAS HiepoxoBa- ‘

TOCTL HOPMHUPYETCS TONILKO Ha ArHe 2D 1o Tpy6sl Beurypu.

ApHOT
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Puc. 6. IloTepu naBnesHs Ha CYXKAIOWUX YCTPOHCTBAX:
1 — muadparma; 2 — comto MCA 1932;
3 — yKOpOYEHHOE cOILIo Ui Tpyba Bentypu;
4 — coruro wiM Tpy6a Benrypu

Hocrounctso knaccuueckux Tpyd BenTypu — Taroke Xopouias us-
HOCOYCTOHYHBOCTH M BO3MOXKHOCTh U3MEPEHHMS 3arPS3HEHHBIX CPeL.

OcobennocTero Tpy6 BeHTypu siBJsieTCs TO, YTO Y HUX KO3(PHHLM-
CHT MCTeYEHHs 3aBUCUT HE OT OTHOCUTEIBHOIO JHaMeTpa OTBEPCTHA,

a TOHBKO OT peXKXHMa TEUYCHU S, T.€. OT YHUCIa Re.

2.2.3. TpeGoBaHHus K reoMeTPHYECKHM MapaMeTpam
H3MEPUTENBLHBIX TPYGONIPOBOAOR
H YCTAaHOBKE CYXKAIOMHUX yCTPoiicTB

3nauenns xo3ppuuuentoB ucredenuss CY ornpesesieHbl SKCHEPH-
MeHTansHo. YToOB! HCIOJB30BaTh HKCICPHMEHTANBHBIE 3HAYEHHS KO-

sdduimenTa uCTEUEHNS IIPH pacueTe pacxoia Mo repenaay OaBlie-
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(1151, He0OXOAMMO OOECTIEUNTh TAKOH e XapakTep TEHEHUS U3Mepsic-
moit cpempl depes CVY, Kak IpH DKCIEPHMEHTAEHOM ONPEASHCHNH
03¢ pHIHEeHTa UCTEYEHHS.

C 9TOM IeJbi0 HOPMHPYIOT F€OMETPHUCCKHE TTapaMeTphl KaKk cob-
creerno CV, tax u UT. Cpenu pacxonoMepoB NMEPeMEHHOI0 Iiepena-
/14 IaBlieHust Hanboiee MUPOKO MPUMEHIOTCS PACXOJIOMEPB] CO CTaH-
japTasME guadparmamu. ITosTOMy B TOCOOUH IPHBEIEHBI TpeboBa-
IS TOJBKO K FEOMETPHYECKMM MapaMeTpaM CTaHNapTHBIX Auadparm.

TpeGosannst, IPEABABIIEMbIE K TEOMETPUUECKHM llapaMeTpaMm urT
n ycramoske CVY Juist CTamgapTHBIX JuadparM, conel HUCA 1932

u coreli BeHTYpH, OJMHAKORBBL
Juadparmel, conuia HCA 1932, consia Bentypn

dopma u3MepHTEILHBIX TPyOonposogos. UT nomxusl OBITE TpsI-
MBIMM M KpyLJibIMH. JlOycKaercs MpHMEHEHHE CBApHBIX TPYO mpH
YCJIOBHH, YTO BHYTPEHHHH CBapHON INOB MapajuieNicH OCH TPYObL
[HoB iomxeﬂ pacnosiaraThcst B CeKTOpe ¢ yriiom +3(0° nonepeyHoro
cedenust TPyOBI OT OTAENBLHOTO OTBEPCTHs JUIst oT6opa nasyenns. Ha-
JUYEe BHICTYNAIOMEH YacTH CBAapHOrO IIBa Ha miuHe 20D ot MecTa
oTGopa JaBnenus Ha BHyTpeHnnei mopepxuoctu UT He nomyckaercs.

Ocobble Tpebosanus K Gopme UT npeabsBistOTCS TONBKO HA -
e 2D nepen CV (MM KopiycoM KoJiblepol kamepsl) u mocie CV
1a qmyde 20D oT ero BXOAHOTO TOpUa.

Ha mmume 2D nepen CY WUT cumraercs UMIMHIPUUECKUM, €CITH
000N BHYTpeHHHH JMaMeTp B OO0 IUIOCKOCTH OTHMYaeTCs
OT CpeJIHEero 3HaueHns He 0oJiee YeMm Ha 0,3 %.

ITocne CV Ha juiHe 2 D OT ero BXOJHOIO TOPLA BHYTPEHHUHA Ja-
meTp YT He M0KeH OTIMYATECS OT CPEIHEro BHYTPEHHETO InameTpa
NT nepen CV Gonee uem Ha 3 %.

UT nepen CVY Ba paccrosuun Gonee 2D OT HEro MOXET OBITH CO-

¢TaBHBHIM (OJlHA MJIX HECKONBKO cekiuit). CeKIu MOIyT COSIMHATLCA
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MexcIy coboii ceapkoii umu ¢nanuamu. Beicora ycryna h MEXTY CeK- |

uusavy UT pomkna y10BIEeTBOPATH ABYM YCIOBHAM:

In
L 0,005 u 7 < 0,002 %L—Z‘,
D D 0,1+23p
rie [, — paccTOSHME OT YCTyHa JO OTBEPCTMA AIs OTOOpA JaBICHUS

nepex CY wiu nepeaHero Topia KonbIeBoit kaMephL.

Ecnw BeicoTa ycTyna B Mecte cTeika aByX ceknuii UT ne cooTser- |
CTBYET TPEOOBAHMAM HMIMHAPHYHOCTH Ha Jumne 2D mepex CVY, |
HO YJIOBJIETBOPSACT YKa3aHHBIM YCJOBHSM, TO K ITOFPEILHOCTH KO3(-

d(')HI_II/ICHTa HCTCUYEHHSL apI/leMCTI/I‘ICCKI/I IlpI/I6aBII5110T JONOJHUTEI -

HYO IIOIPeIHOCTh Sh =20,2%.

Bricora ycryna na paccrosun 6onee 2D 3a CV He noikHa npe- |

Bemmate 0,010,

Ha Bnyrpenneit nosepxnoctn UT ua mamvre He mexee 10D o CY
n Be Menee 40D nocne CY He NOMDKHBL CKAIIMBATHCS OCAAKH B BHAE
[BUIH, ITECKA, METAIUTMIECKUX NMPEAMETOB WIIM APYIHE 3arPA3HEeHHSI.
Hnst ypanenns TBEpABIX OCAKOB M HKHAKOCTEH MOIyT npeaycMarpH-
BATbCs NPEHAXHLIC W HPOAYBOUHbIE OTBepCTHS. JlHamerp 5THX
OTBEPCTUH J10JDKeH ObITh He Oonee 0,080, a paccrosnue oT LeHTpa
OJIHOTO M3 3THX OTBEPCTUH IO LEHTPa OTBEpPCTHs AJIk 0TOOpa naBiie-
HUsA ROJKHO ObITh He Gostee 0,5D. Yo Mex /1y ocsiMi IPOYBOYHBIX
OTBEPCTHH U OTBEPCTUH AL 0TOOpA JABIEHUA NOJDKEH OBITH HE Me-
ree 30°,

IllepoxoBaTocTh BHyTpeHHell moBepxHocTH HT nepen CY.
IlepoxoBarocts BHyTpeHHed mosepxnocTe MT NPHBORMT K M3MEHe-
HUFO pacrpejiencHust CKOpocTd B cedennt (cM. paszen 1.3). Tlpu Tom
K€ CPCIIHEM €€ 3HAYCHUH CKOPOCThL HepUEPHIHEIX CII0EB YMEHBIIIA-
€TCs, a B IICHTPE TPYOB! YBEIMUUBACTCA. 3a CYET HTOTO 3HAUYEHHE KO-

shuLeHTa HCTEYCHN TOBBIIAETCS.
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IllepoxoBatocTh TpyGompoBoga HopMmHpyeTca Ha jmHe 10D

iepen CV.
Ecny 3HayeHHs OTHOCHTEIBHONW DKBHUBAJIEHTHOM IIEpOXOBATOCTH

YAOBJICTBOPSIIOT YCIOBUAM!

10p*

4
1epeJ| COIIoM U corioM Bentypu Twot<10 9

D
3HAYCHMSL KOQ(i)(l)I/ILII/IeHTa HCTEYEHUS ONPEACTISar0OTCA MO YpaBHCHHAM

JUIsL TAIKUX TpyO.
Eciu 3Haueuust OTHOCUTEITHHON HIEPOXOBATOCTH HE YHOBJIETBOPS-

10T yKa3aHHEIM YCHOBHSM, PAaCCUMTHIBACTCS IOTMPABOUHbIH K0dhHH-
MeHT K Kod(uuueHty ucreueHus K, YIMTHIBAIOUHI BIUAHHME
IEPOXOBATOCTH, U YYMTHIBAETCS IOTPEIIBOCTh OMPEAETEHHs ITOTrO
nonpaBounoro koadguuuenta. 3uauenne K pacCUUTHIBACTCS B 3a-
BHCHMOCTH OT OTHOCHTEJIbHOH IIEpOXOBATOCTH TPyGONpoBOAa

R/D, Tuma CV, B u yncina Re.
B coorsercreuy ¢ FOCT 8.563.1-97 1uepoxoBaTocTh TpyOOIpoOBO-

na OFpaI{I/Iqua yCHOBI/IeM
(5@ : 104) <30.
D

B MU 25882000 mpuBecHb! 3aBUCUMOCTH JUISL pacyeTa ko3hdu-
muenta Ky, mns quapparm u conenr MCA 1932 npu Gonpuinx 3Have-

HHUSX OTHOCHTEILHON 1IEPOXOBATOCTH.
Ilpu Re < 10, a Taroke B Tex ciydasx, €CliM MPH pacdere MOJTydeHo

sHaveHne K, <1,0005, mpunnmaror K, =1.
He nonyckaercsi NpoBOAMTE W3MEpPEHUs IpU 3Havenun K, >1,03,

IIPH 5TOM U3MEPHUTENHHBIN KOMILIEKC OpaKkyeTcs.
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Ha puc. 8 npusenens: 3as
p pUBE HCUMOCTH KO3 duuMenTa K, OT OTHOCH-

TEJIBHOU IIEPOXOBATOCTU pr601'[p0BO,IIa AJIA ,HI/IEI.(i)paFMLI H corjia.

IllepoxopatocTs BHyTpeHHed mnosepxHocTd MT 3aBHCHT OT Mate- .
puana, crocoba pOM3BONCTBA, CBOMCTB U3MEPAEMOH cpejbl 1 po- ‘

AOJDKUTEIBHOCTH 3KCILUIyaTar{uu. 3HaueHus IIEPOXOBATOCTH MOI'YT |

ObITH ompeneneHbl Mo Tabnunam, npusenenusiM B [OCT 8.563.1-97
(npunoxenue b) u MM 2588-2000, nii sKCriepaMEeRTaNnEHO O pe-

3ylbTaTaM OINpEAEICHUs KO3PPUUUEHTA THAPABINYECKOTO TPEHHU.

1 ’/
1,020 AN /

4

p%
e

Ky

2 AN
1,010 L\ L
/
Pt AN
T
1,00 Lo
1,0 1,5 2,0 lg(Rm-104/D)

Puc. 8. 3aBucnmocts nonpapounoro xoaddunuenta na mepoxorarocts UT K,
OT OTHOCUTENBHOM WEPOXOBATOCTH Ry, / D:
P 6
f=0,6;Re=1-10"; 1 — puadparma; 2 — comno
Msmepsiercs nepenan napnedus 8 UT Ap,. ma pimne Ipp ¥ paccuu-

TBHIBAETCS KOD(POHUHEHT THAPABINYECKOrO TPEHUSA
2= 2Ap, D
2 >
lAppv

'€ Vv — CKOPOCTE ABHKCHU S H3MepﬂeM0ﬁ Cpearnl B UT.

OKBUBAJICHTHAS OTHOCHTEILHAS MepoxXoBaTOCTh

1
Ry 37100 297 _ 934
RevA
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Eciu 1mepoxoBaToCcTh OTpeAeNnsercs IO TabnuiaM, IOrpPeIHOCTh
HOMPABOYHOTO Kod(uIpenTa Ha mepoxoBaTocts UT 8y, paccdnthI-
BAIOT 110 hopMyJie

S = (K =1)-100.

[Tpr SKCHEPUMEHTALHOM ONpPEJICTICHHH  MIEPOXOBATOCTH, CCIH
HOTPEHIHOCTD OIpEeNeHusT KodQQUIMEHTA TH/[PaBITIECKOr0 TPEHUS
ne mpespimaer 10 %, DOrpenrHocTs NOIMPaBOYHOTO koapduueHTa

11a IEPOXOBATOCTE PACCTHTHIBAIOT 10 dhopmyne
8y =0,5(Ky—1)-100.

JUIMHBI H3MEPHTENLHBIX TPYOONPOBOXOB. MECTHBIE CONPOTHB-
seans (MC), ycranosieHHble B HT, HCKXAOT KUHEMAaTHYCCKYIO
crpykrypy miotoka. Yroosr 8 UT nepen CY u B camom CY cdopmu-
POBAJIOCH TEUEHHME, XapaKTEpPHOE JUId PEKUMa TEUCHHs, KOTOPOEe Xa-
PAKTEPH3YETCs YMCIOM Re, ClefyeT npeaycMaTpuBaTh HEoOOXONMMYIO
JaEHy npsmeix ydactkos MT. HopMupyroTesa JUIMHBL CHEAYIOUIHX
yaactkoB UT:

Ly mexay CY n 6arkaifiiiaM nepeji HEM MECTHBIM CONPOTHBIICHH~
em MC1;

L, mexny apyms Gmmkaiummy Kk CY MECTHRIMM CONPOTUBIICHHU-
w1, pacrionoxerabMA nepes CY 1o xoxy noroxka MC1 1 MC2;

Ls mexay CY v OmpkaliiluaM 3a HEM MECTHBIM CONPOTHBJICHUEM
MC3.

Cxema WUT npeacrasneHa Ha puc. 9.

MC2 MC1 cY MC3

o}
L~

—

L2 L‘I L3

Puc. 9. Hopmupyemsle IUTMHBI IPSAMBIX YIaCTKOB
H3MEPHUTEIBHBIX TPYOOIPOBOIOB
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Haumenrrune AT HBI LKla IIPH KOTOPBIX HE YUHTBHIBACTCS JOIIOJHU-

TCIIbHAsA MOrpelIHOCTh KOSCI)Q)I/IHI/IGHT& HUCTECYCHUS, paCC‘{I/ITLIBaIOTC}I)

no gopmyne
L . ll — b c
kl — B =a+ B >
rae [y ¥ D — pquMHA W BHYTpPeHHWMI JHaMETP PACCUYUTHIBAEMOIO
yuactka WT;

[
a, b, ¢ — nocrosuubie K03 bunMenT s, 3apucsye ot thra MC. i
Ilony4ennble 10 ypaBHEHHIO 3HAYCHUS [, OKPYIISIIOT B GONBINYIO

CTOpoHy 1o nenoro vucna. Kosppuuuentst a, b, ¢ aist pasinuubix |

MECTHBIX CONPOTHBICHUH W PE3yNbTaThl pacyeta HAUMEHBIINX JUIHH ‘

L1 npu pasusIX  npusesnens! B Tab. 1. f

|

Tabnuua 1 |
Mecruoe K
COIIPOTHBJICHHE oopepunmenL Lx1 vpu B
MCI a| b | ¢ [02]03]04]05]06]07]075
3anBroKka, {
PaBHONPOXOAHOM 11,5/820 (67 |12 (1212113 ]| 15|19 |24 |1

rapoBoy Kpad

Ilpobkorkiit kpau 14,530,520 16 | 18 20123 |26 (30|32
3anopHsIit

KNIAAH, BEHTHIL 1751645 (4,1 18 | 18 [ 19| 22| 26 | 33 | 38
3arop 21,0385 1,4 [ 2529|3236 40|45 | 47
(3acimonka)

Kondyszop 500114168 51 516|619 (16|22
CuamMmerpuutoe

peskoe 30,01 0,0 | 0,0 30 |30(30/[30]30](30]|30]
Cy)KeHue I
Auddyzop 16,01 185 | 72 | 16 { 16 { 17 | 18 | 21 | 31 | 40
CumMmMerpuuboe »
pesxoe 475|545 1,8 151 |54 |58)|64|70]| 771 80 é
pacuiMpenye :
OnuHOYHOE

KOJIEHO, TPOHHHK 100 113 [ 5210 | 11 |11 | 14 ] 18|28 36

C 3arIy1IKOH
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Oxonuangue Tadi. 1

I 'pynna konex

1 OHOH
IIOCKOCTH,
pa3BETBISIONHECS
1IOTOKH

1350825 (3,7 |14 | 15| 17| 20| 26|36 42

['pynna xonen

B PasHLIX
IWIOCKOCTAX,
CMEUIUBaIOIHECS
IIOTOKH

3350 115 | 40 | 34 35137 | 41 | 49162 |70

MecrtHoe
COTNPOTHUBJIEHHE
HEOTIPEAENEHHOTO
‘THTIA

5451650 | 1,6 | 60 )64 |70 |76 | 849296

I'nne3a 0000005 |5|5|5|5151S5
TEPMOMETPA,
MIOTHOMEpa
Wi KapMaH
JAAMETPOM!
<0,03D

<0,13D

CTpyEBBIPAMHATEND

20,0 0,0 { 0,0 2020120202020 20

0,0 2212222222222 22
L3

22,01 0,0

JIroboe mecTHOE
COIPOTHBIICHHE

0,00 855055 4151|667

Ecnn Ll MEHBIIC JJHAH, OIPEACIICHHBIX TII0 3TOMY YPaBHCHUIO,

TO YHYHUTBLIBAIOT AONOHUTCIBHYIO HOTPELIHOCTEL I(OE)(b(l)I/IL[I/IeHTa ucre-

"EHHS. &, KOTOPYIO apH)METHHYECKH CYMMMPYIOT ¢ OCHOBHOIM mo-
FPENIHOCTRIO K03¢)(1)I/IHH6HT3 NCTCYUYCHUA. HOHOHHHTGHBHY}O norpemi-
HOCTB O, OMPEJCISIOT 10 YPABHEHHIO
s
— Ll
6L: 0,8+19,2 — 3

wl

e L| —IeHCTBUTEILHOE 3HAYEHUE JUIHHEL L]
Ly — HauMenbIriee 3xadeHue Lq, IpH KOTOPOM HE YYHTHIBACTCS

JIOIIOJIHMTEIIbHAS IO PEeIHOCTL KoadduiinenTa ucreuesus (o; = 0).
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He nonyckaercst coxpaiienne jumner L 10 3nauennii menee 50,

Musumanenoe snavenwe anuae! L, (Lyy) paBHO 1I0JOBHHE 3HAYE
mus Ly, onpeneneunoro ans MC2 npu B = 0,7 He3aBHCUMO OT baxd|
THYECKOro 3Ha4YeHust B. DT0 MpaBMIIO HE OTHOCHTCS K CIIydasim, Korné
MC1 —s710 Gonbmias eMKOCTh (CUMMETpHYHOE pe3sKoe CyxeHue
WM CTPYCBLUIPSAMUTENb, a Taxke Kk MC2, pacnonoxeHHbIM Ha pac

crosnun 6ojee 100D nepen CY. MC2, YCTaHOBJIEHHBIE TIEpes 60)15}

IO €MKOCTBIO I Ha paccrosnuu Gonee 100D mepen CY, ue yuud
ThIBAIOT. ‘

3uauenus Ly, Mpusenedsl B Tabir. 2.

Tabmuna 21
’7 e
MectHoe conporusiienue MC2 Lo
3anBrKKa, paBHONPOXOAHON MAPOBOI KpaH A 10
IIpobxoBeIit Kpau 15 <h
3anlOpHEIH KIIanaH, BEHTHIE 17
3arsop (3acioHKa) 23
Kondyzop
CHMMETPHIHOE Pe3Koe CyIKeHHE 15
Hudpgysop 16
Cummerpuunoe peskoe pacimupenue 39
Onunounoe KONEHO, TPOHHMK ¢ 3arTy KOl 14
I'pynna xonen B 0ftHOM IUI0CKOCTH, Pa3BETBISIOLHECST IOTOKH 18
I"pyrura xonen B pa3HBIX IIOCKOCTAX, CMEMMUBAIOIMECS TOTOKHU 31
MecTHoe conpoTHBIEH e HEONPENEIEHHOrO THIa 46

Hnuna yyacrka L, Moxer 6bITH cOkpalleHa 3a cuer YBETMYEHHS

Ha TO XK€ 3HaYeHue NIIUHBI ydacTKa L]. B atoMm cny4yae ajis onpenere-

HHA OMOJIHUTENLHOH MOTPEIHOCTH &7 yUMTHIBAIOT JUIMHY Lj, ompe-
JEJIEHHYIO 110 YPaBHEHUIO

Li=ILp~(Le ~Lyy ),
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1j1€ Lyp 1 Lpp — peanbHble JUIMHBI yHaCTKOB LinLy;

L ¥ L, — HOPMUPYEMBIE 3HaYCHHA Ly U Lo.

Jlnsa yuactka Lj 3a CY Moxer GBITH COKpalleHa, HO He Ooee
qeM 710 TIONOBHHBI PACYETHBIX 3HAYCHHH, OKPYITIEHHBIX B OOIBIIYIO
CrOpOHY [0 3HAYeHMH, COCTaBISUOLMX Tojiosuny muamerpa HT.

”[’)I/I 10060M COKpallueHuy ydJacrka L3 YYHTBIBACTCA JOIOJIHUATEIbHAL

HOrpemnocTh Koadhuiuenta ueredenus 6, = 0,5.

3nagenus L3 OpH pasHbIX B npuseaeHsl B Tab. 1.

ITpn omHoBpeMeHHOM cokpamtenud JumH HT, pacnonoxeunbix
nepes 1 mocne CY, JONONHUTENbHBIE TIOTPENIHOCTH KO3 QuruueHTa
incTeueHus apudmeTnuecku cyMmupyrores. CyMMa JIONONHATENBHBIX
HOTPELIHOCTEH HE JOJDKHA npesbimarh 1 %, a juisi BHOBB CO3JaBac-
MBLIX i PEXOHCTPYHPYEMBIX H3MEPHTEbHBIX KoMIIIEKCOB 0,5 Yo.

[Tpu cyMMapHO# JUlMHe Y4acTKOR U L u Lo 6onee 44D pekoMeH-
NyCTCS yCTAHABIMBATL CTPYEBBIIPAMHUTENH, KOHCTPYKIHUS KOTOPBIX
npusegera 8 FOCT 8.563. CrpyeBbIpAMHTENs YCTAHABIMBAIOT Me-
sy CY m 6meokaiimum x Hemy MC (na-yqacrie Ly). [lnuHa npsmoro
yuacTka Mexay mobkiM MC u cTpyeBBIIpSMUTENeM JOJOKHA OBITH
ne meree 20D, Mexy crpyessinpsamurenem u CY — ne menee 22D.

Ananuz tpebosarui k anuuam T 1okassigaer, 4ro 3TOT BONPOC
10 HACTOAINETO BPEMCHH H3y4eH Hejpocrarodno. Hampumep, eciu
vokaiimum k CY (crappapraoil nuadparMe) MECTHRIM CONPOTHBIIE-
e MC1 gBiisieTcs rpynna KojeH B PasHblX INIOCKOCTSX, TO IIPH
wauennn B = 0,7 tpebyemast umHa Ly = 62D. Tlpn stom Heobxou-
MO TPEIYCMOTPETh, B 3aBHCHMMOCTH OT BHAA MECTHOIO CONPOTHBIIC-
st MC2, ydacTok JuuHO# Ly Ecim mexay rpymoit xonen u CY
N paccTosHEM 19D pasMeCTHTh 3aJBIDKKY WM PaBHONPOXOIHON
NIapoBOH KpaH, KOTOPKIHA IpH 3TOM CTaHOBHUTCS MECTHBIM COIPOTHB-

neiwem MC1, TO TpyIy KoJeH, KOTopast CTAHOBUTCSA B 9TOM Clyvae

31



MC2, MoxHO pasmecTuTh Ha PacCTOSHMH OT 3aABWXKH L,=31D. MC,
PACHOJIOKEHHOE TICPEN TPYNION KONEeH, MOXKHO HE YIuThIBaTh. CyM-
MapHas Tpebyemas Jutuba L + Ly = 50D IIpH JONOJIHUTENLHOMN Mo~
TPENTHOCTH &, =0 CTAHOBUTCS Aake MeHblUe, YeM JuHa L) (62D)
B HCXOXHOM citydae (cM. Tab. 1 u 2 TOCT 8.563.1-97).
Hpumeuanue. B coorsercTum ¢ PEKOMEHIANUAMH MEX(yHa-
posoro crannapra MCO 5167 cieayeT mo Bo3MOXHOCTH npemy-
cMarpuBatk 6osee NMHHbIE OpsiMble yaactku MT, yem yKa3zaHHble

B TabJHLAX MUHUMAIbHO AonycTumele s obecneyequs SL:O.
Haripumep, npu nposeiennn uccnenoBatensckux pabor Heobxo-

AUMO yBENMYMBATE JUIMHY HE MEHEe YeM B 2 pasa.

Crangapr UCO 5167 nomyckaer COKpauleHHe JIHH UPAMEIX
ydactkoB HT, Ho ne 6onee yem B 2 pasa. Hpnu mobom coxpaimennu
ATHHBI HEOOXOMUMO YUHMTHLIBATE AONOIHHTEIBHYO HOTPEUIHOCTD,
He MpeBpIaoLyio &, =0,5. :

Tennousonsiuus UT. Ecin pazsocts TEeMOeparyp Cpeibl nepen
1 3a CY npesbinaer 1/3 norpemHoctu U3MEPEHHS TeMIIepaTyphl,
T no/mKHB UIMETH TeNnTOM30MIAIHIO. ﬁ

Ipu usmepennn temmepatypsl nepeny CV JONYCKAECTCS TEIIOM30-
JpOBATE TOJIHKO yuacTok UT OT MecTa pasmernenns 4yBcTrBuTebHO-

o siemenTa tepmomerpa no CY. [lpu usmepesuu TemmepaTypsl

3a CY Teronsonupytor npamele yyactku UT nepex u3za CVY.
Hna nuadparm u conen TEMIOM30JUPYIOT yyactok UT na miune 5D
nepen CY (uust 1py6 Bentypu Ha munme 0,5D). Yaacrox UT nocine

CY Teniousomupyor oT Mecta pasmelenus YYBCTBUTENBHOIO 3Jle-
MeHTa TepMomeTpa qo CV.

Knaceuueckune tpy6ur Benrypn

H3mepuTenshblil Tpybonposo Ha mmHe 21D nepen Tpyooii Benry-
DY JIOJDKEH OBITH UHIHHAPHYECKHM. Pe3yibTaTsl OTaeIbHBIX u3mMepe-
HUM MaMeTpa He JOJDKHBI OTIHYATHCS OT CpeTHEro 3HaueHus Goiee

yeM Ha 2 %. CpeﬂHee 3Ha4YCHUE JAHaMETpa HE AOJDKHO OTIHYATHECSA
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nosice yeM Ha 1 % oT JuaMerpa BXOJHOTO HWIHHIPHICSCKOTO yIacTKa
1pyOBL.

3i1aueHne oTHOcHTenbHOM mepoxosaroctd UT Ha juHe HEe MeHee
'1) 10 Tpy6BI BeHTYpH I0IDKHO OBITH Ry / D < 107,

Jlnamerp UT HemocpecTBEHHO 3a TPyOO# BeHTYpH MOIDKEH OBITH
ne meree 90 % oT AraMeTpa Ha cpese ero maggysopa.

Cmemenne ocu MT mepen Tpybod Bentypw OTHOCHTENHHNO OCH
1pyObl BeHTypH, u3MepeHHoe B IIOCKOCTH CThika T ¢ mumunapuie-
(M BXOJIHBIM Y4acTKOM TpyOBI BenTypu, ZOIDKHO ObITH He Ooiee
0,005D. CymMmapHOe 3HAYEHHE OCEBOr0 CMEINCHHMS U NOJOBHHBI OT-
wnonerns 3HaueHns auamerpa WMT or cpenero’ 3HadeHHs JOIDKHO
v, He 6onee 0,0075D.

I33anMHBIH mepekoc oceit TpyObt Bentypn w HUT nomxen ObIth
ne Gosee 1°.

MUHEMAJILHO JONYCTHMBIE JUIMHBI TpsiMbix ydactkos T nepexn

1py0Ooii BeHTypH IIpHBEICHBI B Ta0IL. 3.

Tabnuua 3
MUHUIMAIBHO JTONyCTMAast JMHa Ly npu H L =05
| MectHoe Haumenpuas jmnHa L o , IpH kotopoit 57 =0
‘ ¢ ONPOTHBJIEHAE
MCI1 B B
| 0,30 10,350,4]0,45] 0,5 |0,55 0,6 |0,65| 0,7 |0,75
LAIRIDKKA, 05 105 |1,5|1,5]L5]|15]25 2,51 3,5 3,5
I .
ot xparn | 15 |25 |2,5]35 |35 | 45| 45|45 (55|55
- 0,505(05105(0651 05115125 3,5
obysop 0,5 | 15254555651 851{95 10,5 |11,5
0,5 105051015115 1,525 (35145
ibysop 1,5 1,5 1,50 25]25135{35]45|55]|65
1,512,011 3,0
CONNIOYHOE - -1 -105105(05| LOo| 1,
e 05 105/05]1,0]15125]301]40]|40)45
|
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Oxonyanne tabn. 3

I'pynima xonen 05 10505/05|1,5]|15 25(125]25(3,5
B OJIIHOM

IWIOCKOCTH 1,5 1,5 [1,5] 1,5 25125 3,5145 45 1 4,5
I'pymma konen 05 ]05(05|05]18,5 12,5 17,5 23,5 27,5 29,9
B Pa3HBIX — ]
TUIOCKOCTIX J - - - - - - - - L - -

Hpu nnuwe Ly menbute L yIUTHIBACTCS MONOIHATEIBHAS [forperir
HOCTE kod(bduinenta ucredcHns &, =0,5. Coxpamenue anuuel L
JIO 3HAYCHUH MEeHee yKazaHHBIX B Tabnure L npy SL =0,5 e gomyc-
KACTCSI.

Hayumenblume DiMHbI IPAMBIX y9aCTKOB Ly nns MC1, He yKa3aHHLIX«’
B Talul. 3, ONpeRensoTcs TaK xe, Kax Juls nmagpparm, conen u core
Bentypu. Jlnuna npsamoro yuacrka L oTcunThBaeTCS OT JUTOCKOCTH,
DPOXOJSIIEH Hepe3 OTBEPCTHS OTOOpa JABACHMS py , AJMHA Ly «*
OT ILIOCKOCTH OTBEPCTUH st 0T6Opa NaBACHHS py.

MunumaneHas una Ly, MEXIY JBYMS ONMKalInMu K prﬁe'
BeHTypn MecTHBEIMH COOpOTHBIEHUAMY paBHa NOJOBHHE 3Ha‘16HH§I‘
L, onpenenensoro mast MC2 npu = 0,7.

Mecrabie conmpormsrenns MC3, pacrnonoxenbie nocie prﬁbla

Bentypn Ha paccrosnun He Menee 4d ot miockocTd otbopa npaBieHus

P2, HC OKa3bIBaIOT BIUAHHA HA TOYHOCTH U3MEpCHUs. ’

Tpebyempre mmiust npsmbix yuactkor UT s Tpy6 Bentypu B ne-
CKOJILKO pa3 MEHbIIe, YeM IS ApYruX crauaapTabix CV. Hanpuwmep,
MEXNy ONHHOYHBIM KoneHoM (MC1) u auadparmoii TpeGyemoe 3na-
denue Ly = 10-36D B 3aBHCHMOCTH OT OTHOCHTELHOIO JuamMeTpa
otBepctia CVY, a MeXy OJVMHOYHBIM KOJEHOM H Tpyboit Benrypu
Ly = 0,5-4,5D. Tak kax nmuHa Ly OTCUMTHIBACTCS OT IJIOCKOCTH OT-
BepcTuid s orbopa gaBieHus p, UL Tex CIIydaeB, KOrAa ,zlmvma‘r

ni¢pdysopa Gonbine 3,5d, GaKTHUECKH MOXKHO ycranasiuBare MC3
HEIIOCPEICTBEHHO Iocie TpyOs! Bentypu, |
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TpeGoBanusi K yCTAHOBKE CY/KalOMX yCTPOHCTB

Criocob 3axperuiesns CY pomken obecreydBaTh COXPAHEHHE €TO
1 PABHJIBHOTO TIOJIOXKeHHs nocie ycranosku. [Ipu ycranoske CY me-
Ay (praBnaMy HeoOXOA¥MO O0ECHevuTh ero ¢BOOOIHOE TEMNOBOE
pacipenne 6e3 KopoOJIEH s M IOBOAKM.

VIUIOTHUTENbHBIE IPOKJIAKHA HE NO/KHBI BHICTYIATh BO BHYTPCH-
molo noxocts UT wmi oTBepcTust JUist 0T00pa NaBieHds. Y IIOTHH-
renbibie Tpoxianke Mexay CY H KOpHoyCoM KOJIBHEBOH KaMepsl
ue ;Lofnxﬂm BBICTYNATh BO BHYTPEHHIOIO MOJIOCTL Kamepsl. TIpoxiaj-
K1 JIOTDKHBI HMETH 10 BO3BMOXKHOCTH MUBMMAIbHYIO TOJIIHHY.

lleneplieHAuKy IIPHOCTH BXOJIHOrO Topua CVY k ocu UT nomxna
bLITL B Opegenax % 1°.

(Y ycranapmsaior coocgo UT. Cmemenue ocu CY OTHOCHTENHHO

0,005D

: HECOOCHOCTE ) €, HE NOJDKHO HpeBLIH_IﬂTL 1
nen MG e 0,1+2,3p

l{cIyM HECOOCHOCTh HaXOMUTCA B npeueﬂax
0,005D

0,0025D
T <e T
0,1+2,3p

0,1 +2,3p%

I HOCPEMIHOCTH KO3 (QULMEHTa HCTeUeHHS apuMeTHyecKkn npubas-
JSHOT JOMOIHUTENBHYFO orpemuocts O, =0,3.

0,0025D
< -
0,1+2,3B

CITa HCTEYECHU S HE YHHTBIBACTCA.

JIOMOJHUTENBHAS TOrPELIHOCTh KOd(prum-
llpu e,

2.2.4. TpeOoBaHUs K FeOMETPHIECKHM NapAMeTPaM
CTAH/IapPTHBIX Auadparm

llonepeynoe ceuenue auadparmsl noxaszano Ha puc. 10. Kectkue
0 Vi Haxo0-
i pcOOBaHKs IPE/IBABIAIOTCS K TOH HacTH AHadparMpl, KOTOpas

nirrest BHYTPH TpyOonpogosa.
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Pnc.IO.ChaHaapTHaﬂuua®parMa

Bxoonoii mopey A. IlosepxnocTh BXOZHOI'O TOpHA A J[OJDKHA OBITS,
anockoi. OHa npusHaercs TUIOCKON, €CJIM HaKJIOH NpsSIMOH JIMHUY,
CBASBIBAIOIUEH IBE JIOOBIE TOYKH ee TOpLeBoi HOBEPXHOCTH, OTHOCH- |
TENILHO MIIOCKOCTH, NEePUeHIMKYIAPHOHN ee ocu, MeHee 0,005 (0,3°).

IllepoxoBaTocTh OBEPXHOCTH BXOMHOrO TOpNA JuapparMsl J10/K-
Ha 6bITH He Gomee 107 d.

Buixoonoit mopey B. Brixonuoit Topeu nuadparmel B gomxen
OBITh MJIOCKMM U NapajeabHbIM BXOJHOMY TOpL.

ItlepoxoBarocts nosepxHocTH BBIXOJTHOIO TOpUa [JOJKHA OBITEH
Ra <0,01 mm.

HAnuna  yununopuuecxoii  wacmu omeepcmus  ouadhpazmer.
Hmana munveapuyeckoit wacty OTBEPCTHS AMadparMsel e nomKHa
656116 0,005-0,02.D.

3Ha4eHus e, U3MepeHHblE B MOGOH TOuYKe OTBepCTHA quadparmel,
AOJDKHBI pasigathCst MexAy Co6oii He Gosee uem Ha 0,001D.

Tornwuna ouagppazmer. Tonmuna Anapparmel Ey nomxra Baxo-
AUTCA B ripenenax ot e 1o 0,05D. IMpu 50 Mm < D < 64 MM JIonycTuMa
ToJIMHA Ky o 3,2 M.

3HadYeHHs TOMIHMHBL JHadparmoL, HU3MEpPEHHBIC B J000H Touke
€ TOBEPXHOCTH, HE NOJDKHEL PasiMYATBCA MEXAY coBoil Golee yem ‘
Ha 0,001D. f'
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HauMmenbyo HEOOXOAHUMYIO TONIMHHY JIHA(pParMbl ONpeaelsiol
113 YCJIOBHSI OTCYTCTBHsS ee¢ Aedopmaumnu B pabouux YCIOBHSIX 1O
(hopmyne

0,5
E,zD %’3—(0,681—0,651[3) ,

T

re G6p — TpeleNl TeKydecTd Mmarepuana jauadparmsl npu paboueit
remileparype, Ila.

liemi Tonmuba guadparMpl MeHbille paccYMTaHHOH 1o Qopmyre,
V'HITBIBAIOT JIOTIONHATENBHYIO [OTPEMHOCTE Of , KOTOPYIO apudMe-
IIMCCKM TIPUOABIAIOT K MOTPEeIHOCTH K03 @uUneHTa HCTEUCHHSL.
Snauenne O onpeesioT no popMyJie
. ApD?

D
O =———5(a——=b),
E, Ef By

tne Ky — MORYIb YIPYrocTH Martepuaia nuadparmsi, Ila;

a =B (13,5-15,5p);

h =117 —106p".

Juamemp omeepcmua ouaghpazmer. 3a 3Hadenue nuamerpa d 1u-
HJIPUYECKOR 4YacTH OTBEPCTHS HPUHHUMAIOT CpEAHEe 3HadeHue
[iyJIbTATOB HE MeEHee 4 H3MEpPEHHH MMaMeTpoB, pacloNIOKEHHBIX
110j| PABHBIMU yrilaMu ¢ OTKJIOHeHHeM £5°. 1lpu 3TOM HOrpeiHocTh
1:MCPUTENBHOr0 MHCTPYMEHTA AOJDKHA OBITE He Oonee 0,02 %.

Orpepctue nuadparms! JODKHO OBITH UMIHHAPHYISCKUM. Pesynpra-
11 OTAENBHBIX U3MEpPEHHH AMaMeTpa OTBEPCTHS HE JOJDKHBL OTJIH-
1TLCs OT CpeiHero 3HavueHus 6omnee yeM Ha 0,05 %.

IllepoxoBarocTh TOBEPXHOCTH  OTBEPCTUS Ra we nomkHa OBITH
vuonee 107 Sd.
()ch OTBEPCTHA XOJKHA OBITH NIEPIIEHANKYISIPHA K BXOJHOMY TOPLY

[o]
‘nvyparMel ¢ OTKJIOHEHHUSIMU B ripeaesiax +0,5°.
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Yroa naxiona obpasywomeii konyca. Ecnu tonmuHa quadparmot
E) npeBplIaeT JUIMHY OTBEPCTHS €, TO CO CTOPOHBI BBIXOJHOTO TOpIA
OTBEPCTHE JODKHO UMETh KOHHYIECKYIO IIOBEPXHOCTb.

VYron HaknoHa F oOpasyiomiell koHyca AomxeH Obith (45+15)°
I1lepoxoBaToCTh IOBepXHOCTH He Gomnee 107 *d.

Kpomxu G, H u I. Bxonras kpomka G U BHIXOAHbBIE KPOMKH H U [
HE JOJDKHBl UMETh MPUTYIJIEHUH M 32yCEHIEB, 3aMETHBIX HEBOOPY-
HKEHHBIM IIIA30M.

Bxonnas kxpomka G jomkHa ObITh OCTpoll. Panuyc ee 3axpyrienus
Jomken ObTh He Oonee 0,05 MM. D10 TpebOBaHHE MPOBEPSIOT
MUTH BHEHTHUM OCMOTPOM 110 OTCYTCTBUIO OTPaKEHHS CBETOBOIO fyya
OT BXOHHOH KpOMKH (B 3TOM cllyyae pajuyc NPUHUMArOT PaBHBIM
0,05 MM) UM HENOCPEJCTBEHHBIM H3MEPEHHUEM.

Ilputynnenue BxonHO# Kpomku auadparmel IPHBOJUT K YBEIHYE-
HHIO CeYeHMs NOTOKa M, CIEJOBATENBHO, K TOBBIIEHUIO XK03(QHu-
€HTa UCTEYEHUA. DTO YUUTBIBAETCS NYTEM YMHOXKEHMS KO3 UIueH-
Ta MCTEHEHHSA HA MONpPaBOuHBIA ko3 duuuent K. 3Hauenue mompa-
BOYHOrO KOI((MUIMEHTa Ha [PUTYIJIEHHE BXOJHOH KpPOMKHM JAWa-
(bparMel 3aBHCUT OT OTHOCHTENBHOTO pajuyca NPUTYIUIEHUS ~— OT-
HOIIGHWs PafMyca IPUTYINICHUS KPOMKH Fy K JIHAMETPY OTBEPCTHS
quadparmsl d. I'padux 3apHcuMOCTH monpaBovHOro ko3ddunuenta
OT OTHOCHTEIBHOIO pajdyca IpHUTYINEHHS IpuBeleH Ha puc. 11.
Ilpu 3HaueHHAX OTHOCHMTENBHOIO pajuyca INpUTymieHus Oonee
0,410 monpasoumsiii koapunueHT K, 601bIIe eTHHUIBL

B nponecce akciTyatauuu BXOmHAast KpoMKa AuadparMbl IPUTYII-
JsIeTCs O AeHCTBUEM ITOTOKA U3MepseMoil cpensl. Ilpnyem, kak mo-
Ka3ajd OJKCIEPUMEHTANbHBIE HCCIENOBaHUS, HNPUTYIIEHHE KPOMKH
3aBUCHT TOJNBKO OT BPEMEHHM IKCIUTyaTallud ¥ He 3aBHCHT OT XapakTe-

pa U3MepseMON cpesbl.
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HagaibHOE 3HAYEHHWE pajuyca 3aKpyTJeHUsl BXOJHOW KPOMKH
IPH HPOBEPKE €€ OCTPOTHI BU3YaNbHBIM CIOCOOOM YCTaHABIMBAETCS

paBHBIM 0,05 MM UM OIPENENSIETCS IIyTEM H3MEPEHNA.

Kn

1.07
1.06

1,05
1.04

1,03
1,02

1,01A

gi 2 4 6 8 10 12 14 d
0,4

Prc. 11. 3aBHCUMOCTE TONPaBOYHOr0 K03 dunueHTa
Ha IPUTYIUIEHHE BXOAHON KPOMKH Anadparmul Ky

OT OTHOCHTENBHOTO PajNyca ee IPHTYIIeHus ry / d

Ha puc. 12 npuBejeHs! 3aBHcMMOCTH kodddunuetita Ky oT gHa-
meTpa oTsepcTdst aHadparMel d Opu HAYalbHOM PajHyce 3aKpyrie-
HES i = 0,05 MM 1 pasHbIX 3HAYeHUAX MEXKIIOBEPOYHOro HHTEpBAA T.

[Ipu pacdere HOTPEITHOCTH M3MEPCHUS PACXOJa YUMTHIBACTCS 1O~
PEIIHOCTH ONpPEAEICHHS MONPaBOYHOro KodhduinenTa Ha MPUTYII-
JIeHUEe BXOJIHOMN KPOMKH Jiadparmul .

Ecnu ocTpoTa KPOMKH IIPOBEPSIETCS BU3YalbHO U HAYaJbHOE 3HA-
YeHHe pajmMyca 3akpyryieHmst npuHmMaercs pasHeiM 0,05 MM, 1mo-
rPemHocTh  TOMPaBOYHOIO Ko duiueHTa 8, paccuMThIBACTCA
mo Gopmyie

5, =(K,—1)-100.
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Puc. 12. 3aBUCHMOCTD NIONPABOYHOro kKoa(hrmenta
Ha NPUTYIUIEHYE BXOHOH KPOMKY quadparMel OT JMAMETPa OTBEPCTUA
AuadparMel IpyM Ha4aabHOM Pajilyce 3aKpyrienus r = 0,05 Mm

Ipu m3MepeHrr HaYaIbHOIO PafMyca 3aKpyrjieH st BXOJHOH KPOM-
ki puadparMbl ¢ MOrpenHocTho He 6onee + 10 % norpemHocTs 1o-

NPABOMHOTO KO3 pUIHEHTa PACCUUTEIBACTCS 1O (PopMyIIe

8, =0,5(K, 1) -100.

Cummempuunsie ouapazmer. Ecin aunadparma npeanasHadeHa
JUISL M3MEPEHMsT Pacxo/ia Cpell, TEeKyUluX B UPAMOM M 0OpaTHOM Ha-
IIPABJIEHUSX, TO JIOJDKHBI BBITONHATHCS CJIEYIOIHE TPEOOBAHMS:

oTBepcTHE AnadparMel He JO/DKHO MMETH KOHHYECKON YacTu;

TONIMHA uadparMpl Ey K0o/DKHA OBITh paBHA JUTHHE [MIIMHIPHYE-
CKOH YacTH e;

00e KpOMKH OTBEPCTHUsl JOIDKHBI COOTBETCTBOBATH TPEOOBaHUAM
IUTSL BXOJHOM KPOMKH;

Ut JradhparMbl ¢ TpexpainyCcHbBIM OTOOPOM JaBieHHs IpeaycMar-
PHUBAIOT NEpejt ¥ 3a Hell JiBe IPYIIIBI OTBEPCTHH A1 0TOOpa MaBieHusl,
KaX/IyI0 U3 KOTOPBIX MCIOIB3YIOT B COOTBETCTBUH C HANPABICHHEM

IIOTOKa.
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OT160op AaBieHHA

Juagpazmet ¢ y2noesim omoopom 0agieHus. Otbop RaBieHus
MOXET OBITh IIPOU3BEICH KaK yepe3 OTAENbHBIC OTBEPCTHS, TaK U e-
pe3 xonplesble memd. CxeMaTHIHO Juadparmpl € yriOBBIM oTbopOM
naBieHus ¢ KONbIEBOHW Kamepodl M OTHENbHBIMA OTBEPCTHAMH I
or6opa JlaBneHis n300paxeHpl Ha puc. 13.

OrJjienbHble OTBEPCTHA AJisi 0TOOpA JABJICHUS MOTYT OBITh BBIIOJ-
HEHbl KaK B TPyGONpoBOAe, Tak U B ero Gdraxuax. MecroMm otbopa
NABJICHUS TIPU HANMYAY KOJIBLEBOH MIENH SBJSICTCH OTBEPCTHE B KOP-

myce KOJNBLEBOHR KaMephbl.
3HayeHMs HaUMEHLINEro AuaMmerpa OTHENBHBIX OTBepCTHﬂ, ui

IIMPUHB] KONBIEBBIX meneil a HaXomsaT U3 YCIOBUM:

0,005D <a <0,03D nipu f <0,65;
0,01D <a <0,02D mpu B > 0,65.

gug |
[ ¢ f

Hanpasnerue
II noToKa

bl —=

Puc. 13. Jluadgparma ¢ yriosbiM 0TOOPOM J@BICHHA:
1 — ¢ koNBNEBO KaMEepOH;
Il — ¢ OTAENBEHBIME OTBEPCTUSMH U1 0TOOpA JABICHNA,
1 — KopITyC KOJIBIEBOH KaMepsl, 2 — OCh IUCKA JInadparMel;
' 3 — juck puadparmer; 4 —— OTBEpCTHA IUIA 0TOOpa NaBICHHs
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Hesapucumo OT 3HAUYCHHS B 3HAYCHHUE a JOJDKHO YIOBJICTBOPATH
CIeayrouum Tpe6OBaHI/IHMZ

— IS JKHOKOCTEH U razoB
1 MM <a <10 mMMm;

— JUIs IapOB B ClIydac NPUMEHEHUS KOJBLEBBIX KaMep
ImMM<a <10 mm;

— A NIapoB M COKMKXCHHBIX I'a30B B Cliydae NPHMCHCHUA OTACIIb~

HBIX OTBEPCTHH 1111 0TOOpa JaBieHMi
4 MM <a <10 Mm.

FEcnm uMeeTcs HECKOJBKO OTAENBHBIX OTBEPCTHH MUl 0oTOOpa JaB-
JeHHs B ofHOM monepeunoM ceueHud T mepen u 3a pmadparmoi,
HX OCH JTIOJDKHBI 00pa30oBhIBATH MEX Iy COOOU paBHBIE YIJibl.

KonsueBble 1IN BBIIOAHSIOT CIUIOHIHBIMA HIIH HOpPEPBIBUCTHIMH
10 BceMy nepumerpy nonepeudoro ceuenuss UT. Kaxpas konniesas
Kamepa JoJoKHA coobuiatecst ¢ BHyTpeHHed nosoctsio MT ¢ momo-
IBI0 HE MeHee 4 OTBEpPCTHH, OCH KOTOPBIX 00pasylor paBHbIC
yriabl MexIy coboil. IDhiowags Kaxaoro OTBEpCTMst JNOJDKHA OblTh
ue Menee 12 Mm’.

BHyTpennuii quaMerp b xopiyca KOJbLEBOH KaMephl JOJUKEH OBITH
paseH uin 6onee BHyTpenHero quamerpa D HT. 3navenue b posxuo

HaAXOJUThCS B Ipesieax
D<bh<1,01D,

le/l OTOM JOJKHO BBIITOJHATLCS YCJIOBUC

b=Dcygpe 0L

D D 0,1+2,38%

JlnuHa xopnyca KONBLEBOH KaMephl Mepej AHCKOM auadparmbl
¢ ¥ oymHa ¢’ 3a qradparmMoii JoImkHbI ObITh He 6onee 0,65D.

TommuHa f CTEHKH KaMepH 10KHA ObITh paBHA win 6osee 2a.
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[Tnowmans ceuenus gh KOIbIEBOH KaMephl JoJDkHa ObITh PaBHA HIIK
GoJiee MONIOBUHBI OOLIEH TIIOMAAN [IEH, COSANHSIIOENR 3Ty KaMepy
¢ sayTpeHHel nonocreio T,

Oreepcrust 111 0TOOpa AaBJIEHU U3 KOJIBIEBBIX KaMep K COSANHM-~
tenpabM uHEsAM YT BBIIONHAIOT B CTEHKE Kopryca kamepsl. B mec-
T€ BLIXONA M3 CTEHKM OTBEPCTHE AOJDKHO MMETh KpYrjo€ Ce4eHHe
nuamerpom oT 4 o 10 mm.

Bce NOBECPXHOCTH Kopryca KOHbHCBOﬁ KaMepbl, coanKacaxoumeca
CO CpeJIof, HOJDKHBI OBITH YMCTHIMH.

BaauMHOE paCHOJIOKEHHE KOJBIEBBIX Kamep repel JuadpparMoi
¥ 3a Hell HeoBA3aTenbHO JOJDKHBI ObITh CHMMETpUUYHbLIM. O0e Kamephl
JIOJDKHBI COOTBETCTBOBATH NEPEUUCIEHHBIM TPEOOBAHM M.

Juagpazmsl ¢ Pranuessim u mMpexpaouycHoiM 0moopom daene-
Hua. PacnonoxeHne MecT oTOOpa JaBieHUs IIPUBEAEHO Ha prC. 14.

PaccTOSIHUSL 0 OCH OTBEpCTUs IUIsl 0TOOpa JaBlieHHs M3MEPSIOT
no ofpasyioieil TpyObl ¢ y4eToM TONNMHBI YIUIOTHUTENLHBIX MPO-
KJIAJ0K ¥ (HITH) YIUIOTHUTEIHHOr0 MaTepuana.

V puadparmsl ¢ QuaHueBbM 0T60POM JIaBNEHHS] PACCTOSHUS [
¥ [, M3MepSIOTCSL COOTBETCTBEHHO OT BXOIHOIO ¥ BHIXOIHOI'O TOPLOB

nuapparmsl.

1

Hanpaenetue notoxa

P

Hanpagnexue NoToKa

RIS e N

Puc. 14. PacnionosxkeHue oTBepcTHil Iyp1 oTb0pa JaBieHus:
a — (iaHueRbli 0TOOP JABNEHHMs; 6 — TPeXpa/uyCHEIA OTOOD AaBICHHA
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Paccrosanus /1 u /, NOIKHBEI HAXOOUTECS B CAENYIONIX IIpe/ieiax:
(25,4 0,5 mmupu > 0,6 u D <150 mm;
(25,44 1) MM mpu B <0,6;
(2541 npuf>0,6 u150 Mm <D <1000 mm.

V nuadparMbel ¢ TpexXpainyCHBIM OTOOpOM paccTosuus [ u I, u3-

MEpPSIOTCS OT HepeaHero Topua auadparmbl. OHE TOJHKHBI OBITE:
L =1,0+£01)D;
I, =(0,5+0,02)D npu B <0,6;
Iy =(0,5+0,01)D npu B> 0,6.

Hduametp oTBepcTHii Anst oTOOpa JaBIeHMs A0JDKEH ObITh He Bonee
0,13D m ue 6onee 13 Mm. Otsepcrus nis orbopa AaBieHUs Hepej
CVY ¥ 3a HUM JOJDKHBI OTIMYATBCS APYT OT Apyra He Oonee yem
Ha 0,1 mMM.

Ocu otepctust fiist otdbopa aarnenus 1 UT MOIKHEL TiepecekaThes
HOJ NIPSIMBIM YTJIOM C OTKJIOHEHHEM B Tipejiesax +3°.

B Mecte Bhixoaa B T oTepcTre N0/DKHO HMETh KPYIIoe CeUeHHE,
KPOMKHM €ro JOJDKHBI ObITh 3aN0JUIHLO C BHYTpeHHEH MOBEPXHOCTHIO
HT. [ng uckIrO4YeHUs! 3ayCEHUEB HA BHYTPEHHMX KPOMKAX OTBEPCTHS
JIOIYCKAETCSl MX NpUTYIUIeHHEe paauycoMm He Gosee 0,1 puamerpa ot-
BEPCTHUSL.

He nonyckaioTcs HEPOBHOCTH Ha BHYTPEHHEH NOBEPXHOCTH COEIH-
HATCIBHOIO OTBEPCTHs, HAa KPOMKAax OTBEPCTHS, INPOCBEPIICHHOrO
B crenke UT, unu na creuxe MT BOnu3m orBepcTus s otbopa jiaB-
JIeHUSI.

Otsepcrre st 0TOOpa AaBileHUs JOJDKHO OBITH KPYITBIM U [{FTHH-
JpUYECKHM Ha JUIMHE, peBbiliaomeii B 2,5 pasza ero auametp. Jlnmuny
U3MEPSIOT OT BHyTpeHHel crenku UT.

Ocu orBepctuil nist ot6opa nasienus repey CY u 3a HUM MOTYT

6LITL pacnonomeHH B pa3HBIX IIJIOCKOCTAX, HpOXOIIﬂH_II/IX qepes
ock UT.
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B ropusoHTaibHbIX TPYOONpPOBOJAX ¢ ra30BOW CPENOH OTBEPCTHA
juist oTGopa NaBNeHus pa3MellaioT B BepxHel wactm Tpyborposona
VIIA KaMephl ¢ OTKTOHCHHEM OT BEPTHKAIBHOM IJIOCKOCTH, NPOXOAS-
mieit uepes ochk TPyObI, He Golee 45° Ul BIAXHBIX Ta30B H He Oolee
90° I CyXHX raszoB. B ropu3oHTaNbHEIX TPYOOIPOBOAAX C XKHIKOH
cpenoit oTBepcTHs Ui OTOOpA JABIEHUsT PACIONaraioT B rOpU30H-
TaNBHOM TUIOCKOCTH C OTKJIOHEHHEM OT Hee He Oonee 45°. Ecma xum-
KOCTH COJEPXKHT Ta30BBIC BKIFOYEHHs, TO OTBEPCTHS pacroaraior
HIDKE COPH3OHTANBHON MIIOCKOCTH, @ JUIsl ropauell sKuiKocTy (TeMie-
parypa Gonee 120 °C) 1 napa — B TOPU3OHTAILHOM IIOCKOCTH.

B BepTHKANIBHBIX TPYOOIPOBOAAX OTBEPCTHA IS 0T00pA JaBICHUA
MOryT OBITh pPACTIONIOXKEHBI B JIIOOOH TUIOCKOCTH, NPOXOMSIIEH
yepes ock UT.

JlomyckaeTcst MPUMEHSTH HECKOJIBKO CrOCOO0B OTOOpa JaBJICHUS
Ha ONHOH crammaptHOi muadparme. Jlus HCKIIOYEHUS B3AUMHOIO
BIMSIHUST HE JIOITYCKAETCsl pacioiaraTh B OIHOH OCEBOM IUIOCKOCTH
(Ha ONHOM 0OpazyIOIIEH TOBEPXHOCTH TPYOBI) HECKOIBKO OTBEPCTHH

¢ OJTHOM CTOPOHBI Juadparmel.

2.2.5. CoequunTe/ibHbIe JTHHHH
H BCIIOMOTaTeJLHbIE YCTpOicTBa

Iepenan nasuennst Ha CY usmepsiercs quddepeHunaibHbIM MaHo-
METPOM, JIaBJICHHE H3MEPSCMOM CPeIbl — MAaHOMETPOM.

JudMasoMeTp 1 MAHOMETP MOACOEHUHSIOTCS Yepe3 COeMHUTENb-
Hble TPYOKH X OTBepcTHsAM A oT6opa jpasnexns. Manomerp Hoj-
KJII0YAeTCs K OTAETbHOMY OTBEPCTHIO, pasMellleHHOMY B cedenuu T
B MecTe OTBepCTHs JUIsl 0TOOpa Napiienus Ha Bxoje B CY.

Jlomyckaercs NPHCOEANHEHHE MAHOMETpPa K TUIIOCOBOH COCHUHU-
TenpHON TpyOke audmaHoMerpa. B aTOM ciiydae MECTO COCAUHEHHSA
Tpy6OK HODKHO ObiTh HemocpeacTeento okoio CY. Ilpu TakoM noa-

COCAUHEHHH MaHOMETpa €ro pa60Ta HE OKa3bIBACT BJIHSHHUA Ha IMOKa-
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3annsg gudMaHoMeTpa. B npoTHBHOM ciydae HeoOXoIuMa ITpoBepKa
B3aUMHOTI'0 BJIUSTHIS MAaHOMETpa M TU(MaHOMETpa.

JudmaHOMETp MOMKEH HAXOAUTHCS Kak MoxkHo Ommwke k CVY.
Pexomennyercs, 4ro0pl JIHHA COSIMHMTENBHBIX TPYOOK HE IPEBBHI-
waina 16 M. HMcoonp3opanue TpyOboK OONBIICH JUIMHBI AOITYCKAECTCs,
€CI YCTAHOBJIEHO, YTO 5TO HE BIMSET Ha Moxazanus AudmaHomerpa
U MaHOMETpa.

BryTpenHee ceueHHE COeAMHUTENbHBIX TPYOOK JOIDKHO OBITH ONM-
HAKOBBIM 110 BCEH JuiMHe, a JuaMeTp JMOJDKCH ObITH Oofiee 6 MM jpaxe
JUISL YUCTBIX BEIIECTB M KOPPO3MOHHO-CTORKUX TPYyOOK, ITOOH M3be-
JKATh OHACHOCTH WX 3aCOPCHMS IPU AJNUTEIBHOR BKCIUIyaTallly.

B cnyuae onacHocTH KOHJ(eHCAIMH WNM 00pasoBaHus My3bIPHKOB
rasa BHYTPCHHHA AMAMETp COCIUHUTEILHBIX TPYOOK AOIDKEH OBITh
He MeHee 10 mMm. PekomenpyeMmbld BHYTpEHHMH JuaMeTp COEIUHM-

TeABHBIX TPYOOK NipHBeeH B Tabm. 4.

Tabuuua 4

Jlnamerp coeIMHUTEABHBIX TPYOOK, MM,
[PH UX [UIHHE

0-16 m 16-45 m 45-90 m
Cyxoii raz, Bojia, nap 7-9 10 13

Tun KOHTPOJIMPYEMOH cpenpl

Bo3nyX WM BIKHBIH ra3
(T.€. OMacHOCTH KOHAEHCALUHI 13 13 13
B COCAUHHUTENBHBIX TPYOKax)

Bs3kue »xuakocTu 13 19 25

3arpa3HeHHbIC a3 WM AKHIKOCTh 25 25 38

CoelmHuTENbHBIE TPYOKM YCTAaHABIMBAIOT C HAKIIOHOM K FOPU30H-
Tamu Gonee yem 1:12. Takoit HakioH ofecrneunBaeT ABWKEHUE KOH-
JeHcaTa 4 TBEPHBIX YACTUI[ BHH3 JO OOOTPEBAIOIUX OTCTOHHHKOB
MK LMJIHHPOB, & ITY3BIPHKOB ra3za — JI0 ra30cO0pHBIX KaMep.

JudmarnomeTp, kak IpaBHUIO, OCHAIIAIOT IPHCOCIUHUTEIRBHBIMY,

HpPOXYBOYHBIMH U YPaBHUTENbHBIMU BEHTHIIAIMHE (CM. pHc. 15).
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OudmaHomeTp AvndmanomeTp

Puc. 15. BapuadTsl NOAKIIOUEHH AubmanoMerpa:
1 — mpUCOEAMHUTENHBIA BEHTHIIb; 2 —— ypaBHUTEIBHDIH BEHTHIIE;
3 — NpOIYBOYHBIA BEHTIIb

Tlpu nomcmodeHus k CY fiByx v 6onee JupMaHOMETPOB JOIyC-
Kaercsi NOAKIIOUEHHe COCIHANTENBHBIX TPYOOK onHOro mupMao-
MeTpa K COSHHUTENBHBIM TPyOKaM Apyroro JndManoMeTpa.

Bo m36exapde MCKaXKeHMs IEperayoB AaBjeHUs, BO3HUKAIOLIEro
W3-32 Pa3HOCTH TEMIIEPATYp, ABE COCTMHUTENbHbIC TPYOKH JIOKHbL
HaXOMUThCs PAJOM. B cllyyae OmAacHOCTH Harpesa MM OXJIaXICHHS
COC/IMHUTENBHEIX TPYOOK UX COBMECTHO TENOU30JUPYIOT.

CoeMHUTENBHbIE THHAH JIOIDKHBl TIPOKJIAIBBATACA TaKuM 00pa-
30M, 4TOOBI MCKJOUMTH CKOIUIEHHE B HMX Ta30BbIX Iy3BIPDHKOB
(UpH M3MEPEHHH PACXO/a KHUAKOCTH) U KOHJEHCaTa (IPH H3MEPEHHH
pacxofia rasa Wiy mapa). J[yis 3Tux uesed Ha COS/IMHUTENBLHBIX JIMHH-
AX PEKOMEH/IYeTCsl YCTAHABJMBATH Ta30COOPHUKM WM OTCTOHHBIC
COCYZBI.

Ilpu m3MepeHHH pPacXola arpecCHBHBIX CPeJl Nepeiada AaBieHUs
OCYIICCTBIISETCA Yepe3 pasJIeNuTesbHbe MeMOpaHbl MM pasjic/Ti-
TEJNBHYIO XKUAKOCTE.

CoeqMHATENbABIC JHMHHH IPH H3MEpeHMHM pacxoja [ra3oB.
CoeuHuTebHBIE JHHUM IOJKIFOYAlOT K BEpXHEH 4YacTh IOPU30H-
TAJIBHOTO TPYOOIPOBOAA ¢ OTKJIOHGHHEM OT BEPTHKANBHOHM MIIOCKO-
CTH, Ipoxoasieil gepes ock TPYOhi, He Golee 45° 1A BIOKHBIX I'a308
1 we Gomee 90° s cyxux rasoB. JIHdMaHOMETP PEKOMEHAYETCS

ycranasnusath Bbiue CY.
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Ha puc. 16 npuBefieH NpUMeEp NOAKMIOYEHHS CPE/ICTB U3MEpEeHMs
neperaja MaBneHus], AaBIEHUA M TEMIIEPATYPBl IPH UX PACIOJIOXKE-
HUH B OTACIHEHOM NOMELIEHUH.

CoeuBaTeNbLHbIE JJMHHM NPH A3MEPEeHHH PacXoaa MKUIAKOCTeH.
CoeMHUTENLHbIE JHHKU TMOAKIIOYAOT K OOKOBOH YacTd FOPH30H-
TAJIBHOro TPYGONPORO/A C OTKJIOHEHHEM OT FOPH30HTANbHOW OCEBOH
MIOCKOCTH He Ooiee 45°. Ecnu :xUAKOCTH COAEPKHUT ra3oBbIC BKIIIO-
4eHUs, TO IOAKIIOYEHHE OCYLUECTBISIOT HHXE IOPM30HTAIbHOH
TUTOCKOCTH.

Judpmanomerp pexomenyercs ycrapapiusats nxe CY. Ilpu pac-
nonoxkeHuy gudmanomerpa Bpimie CY B BBICIIMX TOYKAX COCAUHH-

TeNbHRIX JHHUH HEOOX0AMMO pasMelliaTh ra30cOOpHUKH.

Puc. 16. CxeMa NOAKIKOYEHH CPEICTB H3MEpEHUH
NIpH MU3MEPEHHH PAacXoia rasa:
1 — npeobpa3oraTes Nepenana JaBieHns; 2 — npeobpazoBates JaBIeHus;
3 — npeoOpa3oBaTells TEMOEPATYPL; 4 — BBIMUCIIHTEN;
5 — OTCEKAIOWKH BEHTWIb; 6 — YPaBHHUTENIbHBIH BEHTHIIB;
7 — HpOAYBOYHBII BEHTIUIb; 8 — 3ariyIlKa JUTsl NOAKIOUEHHs 3TalOHHOro
MaHOMETpA IIPH IOBEpKe M KaJIMOPOBKE;
9 — npenaxxHpie BeHTHIH; 10 — OTCTOMHBIE COCYNIBI

Ilepen audMaHOMETPOM PEKOMEHAYETCH YCTAHABIMBATH OTCTOM-
Hble cocybl. Eciu u3 u3MepsieMoR XM/IKOCTH BBIIANAIOT OCaJKH, YC-

TAaHOBKa COCYIIOB obsizaTenbHA.
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CoeanHuTe/IbHBIE JHHUH MPH H3MEPEHHH PACXoja BOASHOIO
napa. CoejMHUTENLHBIE JTHHUA NOAKIIOHAIOT K TOPH30HTAILHOMY
TPyOOTPOBOJY B FOPU3OHTAILHOH TIIOCKOCTH, IIPOXOJAIIEH Yepes 0Ch
Tpy6bl. B HemocpencrBenHoi 6nusoctH ot CY  yCcTaHaBIMBAIOTCS
YpaBHHTENBHbIE KOHNEHCAIIMONHBIE COCY/bl, KOTOPhIC BMECTE € y4a-
CTKAMH COEJMHUTEIIbHBIX JIMHUH MEXKHY COCyHaMH M IM(pMaHOMET-
POM 3aNOJHAOTCS KOHIACHCATOM.

JupmanomeTp pekoMeHIyeTcs ycTaHariuBaTe vuwke CVY.

[Mpu pacrionoxenun audmanomerpa eune CY 1 abCONOTHOM JaB-
JeHuy napa 6ojpuie 2 Kr/cM® B BBICHIAX TOYKAX COENUHMTENHHBIX
JMHHUA HEOOXO0MMO YCTAHABIMBAaTh ra30CO0PHHUKH.

[Ipu pacnionoxkenun ardpmanomerpa Boimie CY i abCOMOTHOM JaB-
JIEHHH Tapa, PaBHOM WM MeHbie 2 KI/CM’, YPaBHHTENbHbIE COCY/bI
YCTAHABIUBAIOT B BBHICIHHX TOYKAX COCIUHUTENLHBIX THHUH, pACCTOS-
HHe Mexay cocymamu u CY JoJpkHO ObITh HE Oonee 4 M, a TpYOKH,
coequusromue CY ¢ cocyaamu, JOJDKHBI HMETh BHYTPEHHUME JHaMETp

He MeHee 25 MM | JIOJKHBI OBITh TEMUIOM30IMPOBAHEL.
2.2.6. YpaBHeHHH 1 pacyera pacxoga u KOJH1ecTBa

MaccoBbIi pacxon
2 42 0,5
Ou =K1 ECo, Ko K1y Ky K5 d2g S(pAp) i

O0beMHublil pacxoa

0,5

2 42
N :KIECOOKReKmKnKo dype épg

O06beMubIil pacxo/i, NPHBEAEHHbIH K CTAHIAPTHBIM YCIOBUAM

HpI/I HEIIOCPEACTBCHHOM ONPEACICHHHN IIFIOTHOCTH

A 0,5
QC:KlECwKReKmKHKgdzzOs@—p _

c
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HpI/I KOCBCHHOM OIIPCHACJIICHHAH IIJIOTHOCTH ras3a B pa60q1/1x ycloBu-
SIX 4epE3 IUIOTHOCTH IPH CTAHIAPTHRIX YCIOBHAX

/\05
O =K, EC’OOKReI<LuI<n[<gdZZOS &SIL
pIK

B dopmymax:

Ki 1 Ky — x03GPpuuueHTs TPONOpPUHOHAILHOCTH, 3HAYEHHS KOTO-
PhHIX 3aBHCAT OT UCHONBL3YEMBIX SIHHHUI] H3MEPEHUs BEJIHIUH, BXOIS-
X B YPaBHEHHE,

E — xosddunment cxopoctr Bxona;

C,, — xoadpurment ucredenus npu yucie Re — oo;

KRre — x0o(QOdHLEEHT, yuuThIBAIOMI n3MeHene kodpduiuenTa
VICTEYEHHs [IPH M3MEHEeHWH uucia Re;

Ky — monpasounbiii KOhPHUUUCHT, YUUTHIBAIOLIME IIEPOXOBa-
TOCTb H3MEPUTENLHOTO TPYOOIPOBO/IA;

Ky — nonpaBodHbld KO3(PQUIIHEHT, YIHTHBAIONIHIA TPUTYIIEHUE
BXOJIHOH KpoMKU uadparMai;

Ky — x03¢}puunenT, yuuTHBAIOIANR H3MEHEHHE JHAMETPa OTBEp-
crus CY  1npu  OTKJIOHEHMH TEMIEpPAaTyphl M3MepsieMOi  cpejbl
ot 20 °C;

dro — nuamerp otepcrus CY npu 20 °C;

p — IUIOTHOCTE U3MEPSIEMOil Cpeltbl B pabOUMX YCIOBHIX;

Ap — u3MepeHHbIH nepenan gapyenns wa CY;

pc — IIOTHOCTH I'a3a IIPU CTaHJAPTHBIX YCJIOBHSIX;

P — IaBlieHue rasa;

T — remmeparypa rasa s K;

K — ko3 punueHT cxuMaeMoCTH rasa.

KonnyectBo BeniecTBa (Macca m H 00beM, NPUBEACHHBIH K CTaH-
JapTHBIM ycioBUsM, V), npowemuero uepes CVY, onpenensercs

10 ypaBHEHHSIM
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T
m= [0dt;

T

T2
V.= JQCdI,
gl
e T U T, — BpeMsl Hauajla i KOHIIa H3MEPCHUH.
IIpu np¥MeHeHnn NPAGOPOB ¢ IUCKPETHBIM BHIUHCIEHUEM WITH [IPH
pyuHOlf 06paboTKe Pe3yNHLTATOB U3MEPEHUS UCTIOIB3YIOTCS npubIH-

JKCHHBIE YPaBHCHUS onpeacieHns KOJIH4eCTBAa:

n
m=73 0y A ;
i=1
n
Vc = ZQci ATi >
i=1

IJIe T; — MHTEPBAJ ONpPOCa JATUYMKOB WM MHTEPBaJ BPEMCHH OCPe/I-

HEHU M3MEPSIEMOTO Napamerpa.
OryeTHbIN TEPUOJ BPEMEHH

13
T = Ty —Tl = ZIATi .
i=

2.2.7. IlorpemHoCTh M3MEPEHUS PACX0/IA H KOJIHIECTBA

IIpn pacyeTe MOrPEIIHOCTH W3MEPEHHs PpacXofia YHHTRIBAIOTCHA
HeHCIUTIOUEHHBIE CHCTEMATHYECKMe IOTPELTHOCTH M CIly4JalHHbIe
IIOTPELIHOCTH.

CucreMaTHUYeCKie MOrPEIIHOCTH, U3BECTHBIE IO 3HAYCHUIO U 3HA-
KY, JOJDKHBI OBITh MCKJIIOUEHBI ITYTEM BBEJCHHS TTONPaBOK WM COOT-
BETCTBYIONIEH HACTPOMKOM CPEICTE N3MEPEHUH. [Ipu pacyere 9TH CO-
CTABJISIOLIHE TIOTPEIIHOCTH HE YUHTHIBAIOTCH.

HpI/I pacdere MnorpemHoOCTA u3MepeHmsi pacxojia JenaroTcs clie-

Ayomye nonynieHus:
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IIOTPEIIHOCTH OT/AENbHBIX BEIHYHH, BXOJANIUX B (OPMYIy pacxo-
Jla, He3aBUCHMBI IPYT OT APYyra;

pacipe/iefeHie HEMCKIIOUCHHBIX CUCTEMATHUECKUX U CIlydanHblX
IOIPEIBOCTeH COOTBETCTBYET HOPMAbHOMY 3aKOHY;

JIOBEPUTENLHBIE I'PAHKIBI IOPENIHOCTEN HAXOUAT HCXON U3 N0BE-
puTenbHO# BepositHocTH 0,95.

IIpy OTCYTCTBHM JaHHBIX O 3HAUYCHHUSIX COCTAB/LUOMIMX NOIPEIIHO-
CTH CpelCTBa H3MEPEHHH OCHOBHYIO MOIPEIUHOCTL CPEJCTBA U3MEPE-
HHUi ¢ BepoATHOCTBIO 0,95 NpHHHMAIOT 332 HEMCKIIOUEHHYIO CHCTeMa-
THYECKYIO NOrpeimaocts. ClyyaiiHylo COCTABISIONIYIO NOrPEIHOCTH

CpelCTBa M3MEPEHUE IPUHIMAIOT PABHOM HYIIIO.

OTHOCHTE/IBHAS TOTPEIHOCTh U3MEPEHUS PACX0/ia Oy BHIYHCISIETCS
1o gopmyie

Og :(Sé +qu )0,5’

rae Sq — HeMCKJIIOUEHHAsl CHCTeMAaTHueckas NorpelujocTb u3mepe-
HUS pacxojia;
Sq — cnyyaiiHas morpeuiHocTh U3MEPEHUs pacxoa.
Hewncxiouennas cucTeMarddeckas W ciydailHas COCTaBJISIONIAs
HOrPEIHOCTH M3MEPEHHsE PACX0/a PACCYUTHIBAIOTCS O CIEAYIOMHUM
dopmynam.

HpPI H3MEPCHUH 00BLEMHOrO HMJIM MacCOBOT0 pacxoda KUAKOCTHU:

le/l U3MCPEHHM MacCOBOTO MK 00 BEMHOTO pacxona rasa, IpaBC-

JICHHOI'O K CTaHAAPTHBIM yCJIOBHAM, B Cllydae 3aBUCMMOCTH P H P!
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i, MBI IR .

o

3 5 0,5

5,52, 2 |52, 25 524025052, 452
1-p
5,=05(52,+52)"".
HpI/I I/I3MepeHH5{X O6’B€MHOFO pacxozla, HpHBeHCHHOFO K CTanmapT-
HBIM yCIIOBI/IﬂM, B cnyqae HE3ABUCUMOCTH P nu pC:
0,5

S§+“s§+o,zs(s§p+sg)+s§ ,
C

24 2 2
B 8%+

i-p 1-g*

N T2 T2 %2 10,5
sq:[o,zs,(aAp+5p)+épc] .

B dopmynax:
3¢

8p M 8y —— NOTPENIHOCTH M3MEPCHUIH BHYTPEHHETO JHaMeTpa

NorpenHocTh KO3 QUIMEHTa HCTCHEHHS,

Tpy6omposoaa D i TMaMeTpa OTBEPCTHSI CYXKAIOMEro YCTPOUCTBA d,

8. — morpemHocTh Ko3phNUIHEHTa paCiupeHIs €. IIpu m3mepe-
HU¥ PacXo/ia HECXKUMAEMOU YKUIKOCTH —Sa =0;

SAp 7§ SAp — HEHCKJIFOYEHHAs] CUCTeMaTHIecKas v CilyuaidHas 1o-
IPEIIHOCTH U3MEPEHNUs Nepenajia IaBIeHus;

Sp I/Igp — HeMCKIIOUCHHAs CHCTeMaTHJeckas W ciydainas I10-
TPENIHOCTH OIpe/ieNIeHHs IIIOTHOCTH.

Spc U Spc — HEMCKJIOYEeHHas CHCTeMaTHyeckas M CiyvaiHas Io-

rpenIHOCTH OIPEACHCHHUA [JIOTHOCTH B CTaHAAPTHBIX YCJIIOBHAX.
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CocTaBJistoNIHe NOrPELHOCTH H3MePEeHHs pacxoaa
Hozpewrocns Koy druyuenma ucmedenusi

3paucHust Kod(puIMeHTa UCTEUCHMs CYXKaIOIICro ycrpoiictea €
TOJTydeHbl Ha OCHOBE GONBIIOrO YHCHa DKCTICPUMEHTAILHBIX JIaHHBIX.
[orpemnocts k0dhduipenTa HCTEUCHU 3 ompenelnsercs morpe-
HOCTSIMH  SKCTIEPUMEHTAIBHBIX JAHHBIX, TOTPEUIHOCTBIO ANlIpOKCH-
Maliy STHX JAAHHBIX M SBJSIETCS HEMCKIIOUEHHOH CHCTEMATHYECKON
HOI‘pCIIIHOCTbIO. 3HaueHue norpeumocn/l KO3(1)(I)I/IL[I/ICHT8. HCTCUYCHUA

paccumThIBaeTCs 10 Gopmye
I e
SC:‘:(SCO +—SL+6E+8h+86)2+6L2u+6£} ,

rac 6(,‘0 — HOFpCLﬂ}{OCTL HCXOAHOTO KOG(l)q)I/IU;I/IeHTa UCTCHCHUS,

§, — momonHUTENbHAsS NOTPELHOCTH xoadpduuenta UCTCUCHN,
BBI3BAHHAS COKPAIEHHEM JIITAH U3MEPUTENIBHBIX TpyOONpOBOIOE;

85 — JONOJHUTENbHAS TIOTPELHOCTE ko3 (ppUIIMEHTa NCTCUCHNS,
BoaBanHas Aepopmanueii auadparMbl N0 ICHCTBUEM Mepenaja Aas-
JleHus B pabouuX yCIOBUSX;

§), — HOMONHMTENbHAS TOTPEUIHOCTD Kod(pprIHeHTa HCTEHCHU,
BEIBAHHAS HANMYMEM YCTYNa MEX[y CEKUHSMU H3MEPHTCILHOTO
tpy6onposoa nepen CY;

§, — LOMONHHUTENbHAS TOrPEHOCTE K03 pUIHCHTa MCTECUSHUS,
pEBanHas cMeneneM ocu orsepcTis CY OTHOCHTENBHO OCH MU3ME-
PUTENEHOTO TPYOOIPOBOAA;

8].LI

Ha MepoxoBaToCTh BH}’TPGHHCI/I MOBEPXHOCTH U3MEPHUTEILHOIO TpYy-

— YIOrPeIHOCTh ONpENCICHHs TONPaBOiHOro xoadpunmenTa

6oIpoBO/Ia;
8, —— NOTPEMHOCTh ONPENCNCHUA TIOJIPABOYHOTO KO3(QUIMEHTA

Ha OPUTYIUICHUE BXO/IHOM KPOMKH quadparmbl.

54

INorpeiHocTh HCXOAHOTro KodbduienTa uCTeIeHus It pasid-

HBIX CYXKAIOUIUX YCTPOHCTB:
Huagpazmot
SCO =+0,6 1pup<0,06;
8C0=i[3 npu B> 0,6.
Conna
8¢, =+0,8  upup =06
3¢, =+ (2p-0,4)  mpu B>0,6.
Conna Benmypu
S, =+ (1,2+1,5B%).
Tpybor Benmypu
U1 Tpy6 ¢ MUTON HeoGPabOTAHHON BXOMHOH KOHHYECKOH YaCThIO
8¢, =£0,7  upnRe= 2:10%...2-10°%
= (2,7 -Re/10%)  npn Re =4-10"...2-10;
U151 TpY6 ¢ 06paboTAHHOM BXOAHOH KOHUYECKOH YacThIO
8c, =£1,0  mpuRe= 2:10°...1-105%
5c, =+ [32-Re/(10°B)]  mpuRe :_4'-1% 5-’1052;

s Tpy6 co CBapHbLIM HeoOpabOTaHHbIM BXOJHBIM KOHYCOM
U3 JIUCTOBOH CTaU

8¢, =*15  mpuRe=210"...1-10%
Sc, =+(3,2—Re/ 10 npu Re =410° 410°

Hozpewnocmu  usmepenus 6HympenHezo Ouamempa usmepi-
mensnoz0 mpybonposoda u ouamempa omeepcmus CY nexons us
TpeGOBaHUH K TOYHOCTH H3MEPEHHs IEOMCTPUYCCKUX NapaMeTpoB

NPHHAMAIOTCA:

8,4 =0,07;8p=0,4.
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Hozpeutrocmy Ko3phuyuenma paculupenus

[Torpemsocts KO3(QOUIHCHTA PaCcIIUpeHHs de paccuuTBHIBACTCS

o hopmyne

— c—1 2_
5 =| 3¢, +(-—j 82 |,
€ an

rie O o, ~ MeTojnHeCKad COCTAB/UIOIIAS TIOIPEIHOCTH KO PHITH-

eHTa pacllupeHus;
SKan . JIOTPEMIHOCTH MOKa3aTeNs afuabaThl Kay H3MCPICMOTO
raza.
MeTo/iueckasi COCTABISIONAs TOrpelHoCTH Koo duipenTa pac-
wmpenns 3apucut 0T THra CY, OTHOIUCHUS IICPeNaja JABICHHUA K ab-
COMOTHOMY HABJEHHUIO Ha BXOJE Ap/p W OTHOCUTENLHOTO JMaMEThd
oteepctust CY P.

3HAYEHHs O o U1 pasTHIHEIX CV:

nuadparmst npr B < 0,75

O 0= 4§£;
P
auadparMpl ¢ yrioBbIM 0TOOPOM NaBIEHHS IPH B>0,75
5. —gip
g9 p ?
comna UCA 1932
N Ap.
Oy = o

conna ¥ TpyOs! Bentypu
A
5, =(4+100p%)=2.
0
p
JInist JUAKOCTEH MOTPEIIHOCTD 8, pasHa HYJIIO.
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B g

HOFpelHHOCTb M3MepeHns nepenaaa JaBJeHHsA

CucreMarvyeckas (HEHCKIIOUEHHAs) ¥ CiydafiHas COCTaBIAIOLIMC
IOTPEIIHOCTH M3MEPEeHHs Mepenaja JaBieHus pacCuMThIBAIOTCA Kak
CyMMapHbie OrPEIHOCTH BCCH NEnU H3MEPEHUS.

Ecu BBIXOAHON CHTHAN M3MEPUTEIIBHOIO yCTPOMCTBA B LICTIM H3-
MepeHHsi POIOPLAOHAJIEH TIepenajy AaBlenns, yIUThIBACTC k03¢-
uuuenT BIMSHES, PABHBIH 1, €clu pacxony, T.c. Ap , TO yUUThIBA-
ercst kodbQUUMEHT BIHAHVS, PaBHbIi 2.

Hanpumep, eciid U3MepHTeNbHas Hellb COCTOMT U3 npeobpasopare-
ns nepenaja fapiaenust JIM, perucTpupyromiero nputopa tuna KCJI
CO IIKANOH, NPONOPLUMOHAIBEHONH pacxoiy, M NpOIMOPUHOHAIBHOrO
[IaHUMETPa, 3HAYeHUEe OTHOCHTENBHON IOrPelIHOCTH U3MEPEHHS 1€~

penana gasienns OyaeT

Sap= (6%IM +4d%oxr +46§n)0’5.

ITorpemHOCTh M3MEPEHHUs Mepernaja JaBJICHus MLCHH, cocTosen
u3 npeobpazoBaTesisi nepenafa AaBJcHAL JAM, peructpupyrouiero
npubopa KCJ co mkanom, HPOTIOPIMOHANBHON Iepenany NaBieHHd,
)5 KOpHeBOFO IJaHuMeTpa,

0,5

Sap= (S%LM +8ken +45§m) ’

B TOM city4ae, eciid H3MepUTENbHas Lellh COCTOMT U3 npeobpaszoBa-
Tels Depenana jaBieHus Tuna «Canupy, OJOKa U3BICHCHHUs KBA/I-
partnoro kopus (BbHK), perucrpupyromero npubdopa Jluck—-250
CO IIKajoif, IPONOPLUHOHAIBHOH pacxody, ¥ HPONOPHHOHANBLHOTO

ILIAHAMETPA,

2 2 2 2 |03
6Ap :(SCan(pup+465HK +48,[[nc1< +48nn) -

Ecnu u3MepuTelIbHas Nenb COCTOUT us3 npeo6pa3013aTenﬂ pepenaga

nasienysi Candup, perucrpapytouero npuoopa Juck-250 co mka-
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J'IOﬁ, HpOHOpHHOHaHBHOﬁ nepernagy NaBICHUSA, U KOPHEBOIO jaanu-

MeTpa,
0,5
2 2 2 s
E‘)Ap = (6 Candup +6I[Hc1< + 461111) -

Ha puc. 17 npuBeeHsl 3aBUCUMOCTH OTHOCHTEIIBHOH JIOTPEITHOCTH
H3MEPEHMs TIepenajia JABIeHUsS Oy, OT 3HaueHUs AP/ Ap s » KO-
TOpOE [PONOPLMOHATBHO 3HAYEHUIO OTHOCHTENHFHOTO  Pacxoja
0O/ Omax (OTHOIIEHHUS pacxona (J K pacxoiy NpH BEPXHCM Mpejeie
m3mepesust nudmanomerpa Opay) TIPH UCHOMB30OBANMI  PA3IIMIHBIX

CpEJICTB H3MEPEHHSI.

84\17 \ T
'\ 16
16
8.0 \ 1 I
\\\ 1a
6.0 \\“\\/ [
PN
4.0 W
20 e s
. 26 ] ~ -
02 04 06 08 VAP/ AP max

Puc. 17. OTHocHTEBHAS TIOrPELIHOCTE NEepenana AapieHus
YIPH HCTIONB30BAHHA PA3IHIHBIX KOMILIEKTOB IPHGOPOB:

la — npeobpazoearess nepenana Jasnenus JIM wr. T. 1,0, perucrpupyro-
it nproop KCJI kit 1. 1,0 # NponopiiioHasbHbii JUIAHUMETD;

16 ~— mpeoBpazosarens nepenafa mapnenus [AM . 1. 1,0, peructpupyio-
wwit mputop KCJI k. T. 1,0 1 KOpHEBOH ITaHUMETD;

2a — npeobpasosarens nepenana gapienus Candup i T. 0,5, perncrpu-
pyroursii ipu6op quek-250 kir. T. peructpaumy 1,0, 650K U3BNEHEHNS KBa/ApaT-
Horo kopHs BUK wi. T. 0,25 1 MponopuuoHanbHeIN MIaHHMETP;

26 — npeobGpazosartens nepenaga Aasinenns Candup ki 1. 0,5, perucrpu-
pytomwii ipu6op IHuck-250 1. T. perucTpauny 1,0 1 KOpHEBOH IIAHAMCTP
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Kaxk BunnO M3 puc. 17, HeIoIb30BaHHE PETHCTPUPYIOMIUX TIPUHOO-
pPOB €O IIKAJOH, MPONOPIHOHANBHON pacxo/y, MO3BONSET MOBBICHTh
TOYHOCTE M3MEPEHMs! IPH MaIblX pacxogax u o0ecneuuTs Oosee M-
pokuii nuanason mamepenus. Ho npu pacxojax, 6MM3KHX K BEpXHEMY
Hpeleny U3MepeHHs, OrpeHOCTh OObIIe, YEM IPU UCOIb30BAHHU
PErHCTPUPYIOLIMX HPHOOPOB €O IIKAJIOH, NpONOPIHOHANBEHOH mepe-
fany JaBJCHUsL.

HOZPCWHOCmb UIMEPEHUA NJIOMHOCMU

Ecimm nnmoTHOCTE HU3MEPSIETCA INOTHOMEPOM, 3HAYCHHS ITOTPECINHO-
crei 6p H 69 ONPCHCIISIIOTCS 110 NACTIOPTHBIM JTAHHBIM HJIM IO IIPO-

TOKOJLY TIOBEPKH.

Korga nmotHOCTS OlIpenienisieTcsi KOCBEHHBIM METOJIOM IO PEe3yilh-
TaTaM U3MEpeHull 1aBeHUs, TeMIIEpaTyPhl H COCTaBa, COCTABISIOLIAE
NOrPEIIHOCTH TUIOTHOCTH PAcCUUTHIBAIOT 110 (OPMYaM IS KOCBEH-
HOIO M3MEPEeHHsA ¢ YYETOM IIOIPELIHOCTH ONPEACNCHHS ILIOTHOCTH

Npy CTAaHJAPTHBIX YCIOBHAX 8, , LOrpeHocreli usmepenus abco-

JIIOTHOT'O HaBJICHHA o , TEeMIIEpaTypbl 6T> COoCTaBa 5x H METoaHn4e-

CKOit TNOTPEUIHOCTH pacyeTa NJIOTHOCTH by

Po
0,5
T _|x2 2 g2 22 2%2 2352 .
Sp— SpO +Upc8pc +UT8T +Up8p+ZUxi8xi N
!
0,5
¥ |2 ®2 272 2%2 22
oy = v, 69c +O787 +up6p+20xi6xi ,
[
rae 8y, O, — COCTaBIAIOLIME HOTPEIHOCTH ONPENEIEHHsS KOMIIO-

HEHTHOT'O COCTaBa Cpelbl (/s OIHOKOMIOHEHTHOMN CPeJ(bl UX IIPHHM-
MAaroT PaBHBIMHU HYIIIO);

Vp,> V75V p, Uy — KOIQOHUIUHCHTB! BIMSHUA ()15 Ta30B JOMyCKa-
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€TCA 3Ha4YCHU: Up > U7, Up OpHHUMATL PaBHBIMH CAUHHUIE, I KU~
c

KOCTEH paBHBIME HYIIIO).

3uayenue O, NPHBOJUTCT B COOTBETCTBYIOMIHX JOKYMEHTaX, Y¢-

TAHABJIMBAIOIMX METOJIHI KOCBEHHOTO pacyeTa IJIOTHOCTH.

[Ipu pacyere NNOTHOCTH Yepe3 KOIPPHLUIEHT CRUMAEMOCTH K:

L . _ %05
k2 2w 2%2, .2 2]» ,
6p_[6,< +Dr)069c +OFOT+V R0, |

—~ ~ ~ ~9 0,5
2 T2 22 272
6:[o 5 +0r6+05] .
p Pe Pe T pep

TlorpenmHocTh KOIQQUIHEHTE CKMMAEMOCTH Sy CKIabIBAETCS

H3 MeTO,&H‘ICCKOﬁ NorpemnocT # NMOrpeIHOCTH, BBI3BAHHOM 110-
I'pEUIHOCTIMHA HUCXOAHBIX JaHHBIX AJIg pacucTa K (HOFpCIHHOCTﬂMH

OIpeJICIIEHNS JIaBJeHHsl, TEMIIEPATYPhl H COCTABA).

Hozpewnocms onpeocieHus LAGMHOCIU
6 CIAILOAPMHBIX YCILOGUSIX

B rex cliyyasix, Korja mjioTHOCTh rasa 1npu CTanjaapTibiX YCIHOBHSIX

Pc UBMEPACTCA IUIOTHOMEPOM, NMOTPEINTHOCTD Spc onpeaensAtoT 110 nac-

IIOPTHLIM JIAHHLIM WK JAHHBIM [IPOTOKOJIA NOBEPKA.

Ecmt p, ODpEmeNsercss KOCBEHHBIM METOJIOM, 6pc TIPUHAMAIOT

paBHOf/’I MCTOI[I/I"—XCCKOﬁ norpeHoOCTH pacdera ¢ yucTOM NOTrpeurHo-

cTell UCXOMHBIX JaHHBIX.

HOFpeﬂlHOCTL U3MepEeHns KOJIHIecTBa
TTorpeimHOCTh H3MEPEHHs KOIMIeCTBA 8y, Oupenesnsiercs o Gpopmye
0,5
=2, =2 27
6y —(67 +6V +6I) ,

rac St? — cHCTeMAaTW4ecKast COCTaBISIIONIAs MOIPeMHOCTH pacxo/a,

paccyuTaHHas PH CPEIHUX NIapaMeTpax MOTOKA 3a BpEMsl U3MeEpEHHIA;
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Oy — JOTIONHMTENBHAsl CUCTEMATHYECKAs TOTPEIIHOCTE, BBI3BAH-
Hasi OCpeJHEHHEM IapaMeTpOB, BXOAAIIMX B YpaBHEHHA pacxona
HEJNIMHEHHO;

&, — WHCTpYMEHTaIbHas HOrPEIIHOCTh HM3MEPCHHH HHTEpBaja
BPEMEHM.

[Ipu pacyere HOTPELIHOCTH M3MEPEHUS KOJNMYECTBA ClIydadHas
COCTABJIAIOLAS TIOTPEIIHOCTY U3MEPEHHA PACX0/ a NIPHHUMACTCS paB-
HOH HYJIIO.

JononHuTenpHas MOrpeIHocTh SV BO3HHMKAET B TEX CIyuasiX, KO-
[Ja 3a YCIIOBHO TNOCTOSAHHBIC IPUHHAMAIOT BEIHYHMHBL, BXOAAILKE
B ypaBHeHHe pacxoma B crenenu 0,5, Tak xaK KOpEHL KBaApATHbLIA
U3 CpEJIHEro 3HAYEHMs HE PABEH CPelHEMY 3HAYCHHMIO KBaJpaTHBIX

KOpHEH.

2.3. PacxofioMepbI nepeMeHHOI0 Iepenajia AaBjaennus
€O CeNHAJILHLIMH CYKAIMHMH YCTPORCTBAMH
Pacxon ¢ moMompko crienyansiblx CY usMepsercs B COOTBETCTBHH
¢ PI150-411~-83.
K crnenpanesisiM CY oTHOCSTCS:
AuadparMsl ¢ KOHHIECKUM BXOJIOM;
IYLUTHHIPHYECKHUE COILIA,
COTIa «YETBEPTH Kpyray;
JiBoliHbIe Auadparmel;
H3HOCOYCTONYMBEIC CErMEHTHbIE JHadparMel;
cTaHzlapTHeIe AuadparMsl Uit TPYyOOIPOBOAOB ¢ BHYTPEHHHM Ana-

MeTpoM mMeree 50 MM.
2.3.1. YenoBus npumenenust cienuaibabix CY

1. XapakTep ABMKEHHS TOTOKA B NPSIMBIX Y4acTKax TpyObompoBoa

Jo 1 nocie CY JoMKEH ObITh CTAlJHOHAPHBIM.

61



2. I/I3Mep${eMaH cpejia NOJDKHA 3aIOJIHUTDL BCE MONEpPEIHOE CEYC-

rue Tpybonpososa nepel CV # 32 HAM.
3. Mmepsiemas cpesia IOJDKHA YIOBJIETBOPATE TpeboBanugM, Npu-

BEJICHHBIM B Ta0OI. 5.

Tabsmna 5
4
__nu
Wsmepaemad cpena ITpumeck n= v
HC
KuakocTs
Tas ! <0,05-"-
Teepnoe €0 Pn
0,003
Fas 1ﬁ8[1,,
p
Aunkocts 0,003
. ey |
I'seppoe Teo g
p
Ho He Gonee 0,0015 B

B tabnnue:
n= LA 0GBEMHOE COEPKAHUE NpUMecel B HM3MEpseMoH
Vic

cpene;

V,, — o0bem npumecei;

Ve — 0OBEM U3MEPSCMOH CPEABL,

p — IUIOTHOCTb H3MEPACMOM Cpe/ibI B pabouux yCnoBHUSX;

Py —— IIOTHOCTH NPHMeECeH B a3MepsieMoi cpefe.

4. Tlpu W3MepeHHM PacXo/a rasa OTHONIEHHE nepenana JasacHusd
Ap K aBCOMOTHOMY [aBJICHUIO Ha BXOJC CY p NOMKHO ObITh:

JUIS TAMUHAPHYCCKAX COTICH

A—pSO,29.
p 2
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utst octaneaeix CY

Ap <05
p
5. Tlpy M3MepeHHd pacxoja *KMIKOCTH AOJDKHA OBITh MCKIIFOYEHA
KABUTAIIMSL.
6. JlomycTHMble 3HAYeHMs BHYTPEHHEro JMaMeTpa TpyOOmpoBoja
D, nuamerpa CY d ¥ OTHOCUTENBHOM NIIOLIAIM OTBEPCTHSI (Momyns)

CVY m npuseJieHbl B Ta0I. 6.

Tabmuna 6

Crenpansueie CY D, Mmm m d, MM
AaparmeI ¢ KOHHIECKUM | 15 5 100 0 0,01-0,25 6,0-50,0
BXOJIOM
Humunapudeckue coria 25,0-100,0 0,01-0,49 2,5-70,0
Cormna «4€TBEPTH KPyra» 25,0-100,0 0,05-0,49 6,0-70,0
JIBoitrbie nuadparMbl 40,0-100,0 0,10-0,50 12,7-70,5
CermenTHsie auadparmbl 50,0-1000,0 0,10-0,50 -
Hsnocoyctortnebie 30,0-1000,0 | 0,05-0,64 16,0-800
nuadparMsl
CrangaptHele quadparmsl
A TpYGONPOBONIOR 14,0-50,0 0,05-0,64 7,0-40,0
C BHYTPCHHUM JUaMETPOM
Menee 50 MM

C
m=—

Frp

rae F, — TIomajp IPOXOIHOr0 CEICHUs OTBEPCTUs Cy;

F.;, — niomak MPOXOJHOTO CEHeHHs Tpyborposoja.
Jlna Beex cnenuanbHbix CY KpoMe cerMeHTHBIX fuadparm
2
d
m=|=| =p2,
D

rje p — OTHOCHTENBHBIA ANAMETP OTBEPCTHSL.
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CnennaibHble CyKaloge yerpoicrsa
JUISL M3MEPeHHs PACX0/a TIPH MaJIBIX Ynciaax Re

JluadparMpl ¢ KOHHYECKHM BXOAOM, UHJIHHAPUYECKHE COIUIA, CO-
I1a «YEeTBEPTh KPyra», QBOMHBIC AuadparMbl NMPHUMEHSIOTCS AN W3-
MEPEHHS IPU MaJIBIX YhcHax Re, T.e. Ipy H3MEPEHUH Pacxoa BASKHX
JKHKOCTEH, TOPAYMX Ta3oB ¥ Npu HebonbiMX pacxojax. CxemarHy-
Ho 11 CVY nsobpaxkens! Ha puc. 18.

B otmmyume ot apyrux CY, y KOTOpBIX K0d(HUIHEHT pacxoxa cTa-

HOBHTCS TIOCTOSHHBIM TIpu Re — 00, xoaduuueHT pacxona (xoag-
¢unpent ucredenns) Takux CY ocraeTcs NOCTOAHHBIM B obnacty uu-
cen Re, orpanuuenuoii ¢ aByx cropon. Ha puc. 19 mokasan xapakrep
H3MeHeHns koo HIMenTa HCTeYSHNs OT uncia Re.

Crienransaple CY IpEMEHSIOTCS B TeX obrmacTax uucen Re, rae xo-
5(PUUMEHT Pacxoga MOKHO CUMTATH MOCTOSHHBIM. I'DaHHYHBIE YHMC-

na Re cnequanereix CY npuseneds B tabmu. 7.

Py P2 r Py +le
| W, ,__I | I
‘ |
V]
d d Hl d D
%
é
| l
- — G

Puc. 18. Crienpanbuplie CyKalomue yeTpoicTBa
1719 M3MEPEHUS PAacXo/ia NPH MaJbIX JHciax Re:
a — nuadparma ¢ KOHUIECKHM BXOZIOM; 6 — UMIMHAPHIECKOE COTIIO0;
B — COIUIO «4ETBEPTH Kpyra»; I — HBoitHas auadparma
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2 1

0,0 R [
- -
08 i —

4
0,7 L
3 [ -
10 102 10° 104 10° 10° Re

Puc. 19. 3aBucumocts ko> dunuenTos ucredenua C

oT uucna Re npu m = 0,2:
1 — LUIMHAPUYECKOE COMIIO; 2 — COILIO «4ETBEPTH KPYray,
3 — nuadparmMa ¢ BXOIHBIM KOHYcOM; 4 — npoiiHas auadparma

Tabnuua 7
Creuunansnsie CY m Renin Reémax
0,01 40 20000
0,04 40 40000
JuadparMpl ¢ KOHUIECKUM BXOAOM 0,09 60 50000
0,16 120 50000
0,25 260 50000
0,01 500 8000
0,05 1100 30000
0,10 1600 40000
umasapudeckde comia 0,15 2000 60000
0,25 2500 100000
0,35 3000 150000
0,49 5500 200000
0,05 2000 35000
0,10 2000 45000
Comnna «4eTBepTh Kpyra» 0,20 2300 80000
0,30 3500 100000
0,40 4000 120000
0,49 5000 200000
0,10 2500 150000
0,20 3500 200000
N 0,30 5000 250000
JiBoitHble quadparmol 0.40 7300 300000
0,50 10000 350000
0,60 15000 400000
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CermenTtHbie Auadparmsol

CermenTHble fuadparmpr mpeJHAZHAYECHDB! IS M3MEPEHHs Pacxoza
3arpsA3HEHHBIX XKMAKOCTEH M ra30B, a TAKKe XXUAKOCTEH, U3 KOTOPBIX
MOIYT BBINCHATLCA Taspl. st KMIKOCTeH, comepkKamuX Ta3oBylo

Ap 6,4
$aszy, usmepenue pacxona BO3MOXHO npu —— < 0,004+ 4,8m™".
P
Jlist razoB oOBeMHOE cojepKaHue S>KHIKOH (asbl JOJKHO OBITH

n< O,4—p—, TBepIOi dazer 1 < L

u Pn

Cxemarnuno cerMenTHas Auadparma npeacrasiena na puc. 20.

P, P2 P P2
i1 |

Puc. 20. CermenrHas nuadparma

Ipn n3meperun pacxoya ) UAKOCTH € TBEPBIMU BKIIOYEHUSMH OT-
BEpCTHe iuadparMpl pacronaraercsl B HIKHell yactu Tpy6onposona,
OTBEPCTHS [yl OTOOpA JaBJieHMsl B BepxHell wact. [Ipu uaMepenun
pacxolia JKHJIKOCTH ¢ My3bIphKAMHM Ta3za OTBepCTHE Auadparmel pac-
NOJIaraeTcsi B BEPXHEH 4acTH TPYOONPOBOJA, OTBEPCTHS Uit 0TOOpa
JaBlieHHs — B HIDKHEH gacTu.

['panuynble 3HayeHus yncen Re muanazona npuMEHEHHUs! CEIMEHT-

HOH nuadparmel npuBesedsbl B Tab. 8.
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Tabnuia 8

m Rempin Remax
0,10 5000 1000000
0,15 7500 1000000
0,20 10000 1000000
0,25 15000 1000000
0,30 20000 1000000
0,35 25000 1000000
0,40 30000 1000000
0,45 35000 1000000
0,50 40000 1000000

H3nocoyeroiiunBble quadparmot

HenoctaTkoM CTaHAApPTHBIX JauadparM sBIAETCA TO, YTO IIPH
HX IKCIUIyaTalH MPOUCXOAUT IIPUTYILIEHHE BXOAHOH KPOMKM, YTO
B CBOIO OYepelb MPUBOAUT K HU3MEHEHHUIO (YBENMUYEHHIO) KOd(duu-
€HTa UCTEUEHHMS ¥ IIOIPEMIHOCTH H3MEPEHHS PACXO/a.

B usHOcoycTOHYMBBIX JuadparMax BXOjHAs KPOMKa HPUTYIUIEHA
3apaHee IyTeM CHATHs (acku. 3a c4eT 3Toro npoduib guadparmsl
U3MEHseTCsS Malio, B Ko3(h(HUUUMEHT pacxofla OCTaeTcs HEU3MEHHBIM
IIPY JUIHTEIIBHOH SKCIITyaTalliy.

I'paurunble 3Hauenys ynmcen Re auamazoHa IpUMEHEHHs] U3HOCO-
ycToiuuBoH auadparmel npusenensl B Tabn. 9. Jluanazon uncen Re,
B KOTOPOM MOXET NIPOU3BOJUTHCS U3MEPEHHE PAcXola C IOMOIIBIO

U3HOCOYCTOMYMBBIX AuadyparM, HECKOJBKO YkKe, YeM JUIs CTaHaapT-

HBIX Anagparm.
Tabnuua 9
m Reyin Renax

B 0,05 20000 10’
0,10 20000 10’
0,20 60000 10
0,30 100000 10’
0,40 160000 10’
0,50 200000 10’
0,60 280000 10’
0,70 300000 107
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Crangaprable quadparmel Ui TpyGONPoBoaoOB
¢ BHYTPEeHHHM AUAMETPOM Menee 50 Mmm

Taxne puadparmsl npeHA3HAYEHB! IS U3MEPEHUSI MANBIX PacXo-
J0B razos (Menee 50 M3/t{) U MajeIX pacxolOB XUAKOCTEH (MeHee
5 M/41), HMEIOLIIX KHHEMATHHECKYIO Bsi3kocTh Menee 1-107° m%/c.

KoncTpykTHBHO 3TH AMadparMbl aHAJOTHYHBI CTAHAAPTHBIM J(Ha-
(pparmam ¢ yrioBsM crocoGoM ortGopa pasiaerus cornmacuo I'OCT
8.563-97. Huanazon umcen Re (cM. Tabn. 10) Tak ke, Kak U y H3HO-
COYCTOMYMBRIX HHadparM, yxe, yeM Yy CTaHAapTHBIX auadparm, co-
rnacno ['OCT 8.563-97.

Tabnuna 10
m Renin Renax
0,05 22000 107
0,10 30000 107
0,15 41000 107
0,20 56000 10’
0,25 72000 107
0,30 90000 107
0,35 110000 107
0,40 135000 107
0,45 158000 10’
0,50 184000 107
0,55 211000 107
0,60 240000 10’
0,65 270000 107
0,65 300000 107

2.3.2. Tpebopanust K yctanoBke crnenuansubix CY

K reomerpru crennanpibix CY u TpyOOIPOBOJIOB NPENBABIAFOTCS
TpeOoBanys, 6NM3KUe K TPEOOBAHMSM, ITPEXbABIAEMbIM K CTAHAAPT-

HeIM CV.
Crnemmanedpie CY  jonyckaercss NPHMEHSTH TONBKO B INIANKUX

TpybonpoBojax. TpyOompoBox CUUTAETCS! I'JIAAKHM, €CJIH CPeaHss
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OTHOCHUTEIBLHAS IICPOXOBATOCTE Ra/D npsMOro yyacrtka AMMHON
10D no CV He npeBbluaet 3HaueHuH, yKasaHHbIX B Tab. 11.

B ornuume ot cravpapTHeix CY ycranoBka cnenpanbibix CY
B IIIEPOXOBATHIX TPYOONPOBOAAX HE HOMYCKAETC.

Tax ke xak ¥ ans crannapTasix CY, HOPMUPYIOTCS JITHHE NPSIMBIX
yaactkoB UT mexnay CY u GnmkafiniuMu K HEMY MECTHBIMU COIIPO-
TURJICHUSIMH L ¥ L3, a Takoke Mex Ty aByms ommxkadimumy k CY Me-
CTHBIMH COIIPOTUBIICHHMSIMH, PACHOJOKECHHLIMM Iepe]l HUM 110 XO[y
notoxa, L, (cM. puc. 9). Hopmupyempie 3HaueHHs JIMH OIU3KH K 3Ha-
YEHMSM, HOPMHUpPYEMBIM I ctanaaptabix CVY. Ilpu ycraHoBke cie-

upansHeIx CY COKpalliCHUC NJINH HPSIMBIX YHaCTKOB HE JONYCKACTCA.

Tabmuna 11
m Baypt m Rayg
D

0,09 } 25,0 0,20 5,6
0,10 18,1 0,25 4,9
0,12 12,9 0,36 4,2
0,13 10,0 0,49 4.0
0,14 8,3 0,64 3,9
0,16 7,1

2.3.3. YpasHeHHust JJi pacyeTa pacxojaa

Maccossli pacxon O,

7Id2
Ou :asﬁTwlpAp.

O6wemnsiil pacxon O,

2
Qozagﬁi éﬁ
4 \p

OO6bemMHBIH pacxoj| CyXOro rasa, IPUBEICHHBIAH K CTaHIAPTHHIM

yenosusiv, (J, onpeenstor no GopMynam
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2 R
Qc:asﬁnj ﬂ
Pec .

2
QC:ag\/EEd_ iépzc_
4 \f PP IK

a — xkod(hdunmenT pacxona;
€ — K03 PHUHEHT paclnpeHHs;

nd?
——— — IIOWAaAEL NpoxoaAnoro ceuenus CV;

HIIA

B ypaBHeHusax:

d — nuameTp orBepctus CY;

p — IJIOTHOCTH U3MEPSIEMOU CPETbl B paGouMX YCIIOBHAX;
Ap — meperaj naBleHUs;

I — remueparypa u3MepsiemMoii cpenpl B K;

p — abCONIOTHOE JaBIECHHE U3MEPSEMOI CPEIbl;

T =1293,15 K — cranpaprHas temrepatypa;

pc = 101,325 xlla — wopmansuoe nasnenue;

pc — IUIOTHOCTD CYXOTo a3a IpPU CTaH/IaPTHLIX YCIOBHAX;

K — xoadumest cxnmaemocty rasa.

2.3.4. llorpemrHoCTh H3MEPEHHS PACX0/AA

llpenenbHyio OTHOCHTENBHYIO MOIPEUIHOCTh M3MEPEHHS PacXoza

IpY J0BEpUTEIbHOW BepositHocTr 0,95 onpenensior 110 GpopmMyiie
6Q = 20‘Q,

[le Og — CPENHss KBAApaTHYECKas OTHOCHTENIBHAS MOrPEIiHOCThH

H3MEPEHHs pacxoja.

0,5
12, 2 ,(mdo 2 m oo 2 (2 2)'
GQ-{GQ +og +4(0L“6m +1j0d20 + 4(ocﬁ8m)GD20 +0,25lo, +03, /|
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TZIE Gy — CPEJIHsI KBAJpaTHUYeCKas OTHOCHUTEIbHAS MOIPEIHOCTh KO-
s(dunuenTa pacxona;

Gg — CPCHHsI KBA[ApaTHYECKas OTHOCHTENbHAs [OrPELIHOCTh MO~
IPaBOYHOI0 MHOXHTENSA Ha PACIUMPEHUE U3MEPAEMON CPEIbL;

Od20 M Oppo — CPCAHME KBA/IPATHYECKHE OTHOCHTENBHBIE TIOrpEl-
HOCTH mameTpa oTBepcTus CY u BHyTpeHHEro jauamerpa Tpybonpo-
BoJa 1ipu 20 °C;

Op — CPEIHSLI KBaJpaTuiecKas OTHOCHTEIbHAS HOrPEIHOCTh OIl-
peneneHys IIOTHOCTH;

Oap — CPEIHsISl KBaJIpaTH4€ECKas OTHOCHTENbHAs [IOrPEMHOCTh U3~
MCpeHUs epenaja JaBleHus.

Cp :0,56p; Opp = O,SSAp.

3naueHus NOrPeNtHOCTEH 8p U 8 ONPENENIIOTCS TAK Ke, KaK U JUIs

cranaaptibix CVY.
B Tom ciyuae, ecmu morpemmocts jgudMaHoMeTpa HOpMHUpYeTCA
B NpONEHTaX 0T MaKCHMaJIbHOI'0 pacxofa, B OpMyNy MOTPEMHOCTH

M3MEPEeHHs pacxoa HeoOX0/IMMO BMECTO 0,25010 CTABHTS G2/ —.
VA
Ipu u3MepeHun 3arpA3HEHHBIX CPeJ CErMEHTHBIMH JHadparMaMu
YHHUTBIBAETCS ONOJTHUTENbHA NOIPEUHOCTE &, , KOTOpas NpubaB-

JAETCS K PACCUMTAHHOMY 3HAYCHUIO.
st rasos 6, =1,5;
AU KAJIKOCTEH, CONepKalMX TBEPAYIO WM ra3006pasHyo dasy,

8 gom =11 75100,
(n+1) | nPm 41
p

CyMMapHast 1OTPEIIHOCT H3MEPEHHS! PAcXo/a He JOMKHA [PEBbI-

mateb 5 %.
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Horpemuocts ko3¢ duMenTa pacxoia

3HadYeHUE CpelHEH KBaApaTHIECKON OTHOCHUTEIHHON MOrPEIIHOCTH

KOB(i)d)I/IHI/ICHTa pacxola G, OHNpEACIBICTC THIIOM H OTHOCHTENBHOI

mwiomaneto CY. 3Hauenns ¢, cnenuansubix CY npusesensl B tadi. 12.

Tabmna 12
Tuner CY Oy

Jnadparmel ¢ KOHUYECKHIM 1,0

BXOJIOM

Comnna «4eTBepTh Kpyra» 1,0

mwiHnprdeckye coma 1,0

Jeoitasle nuadparmer 0,5

CermeHTHbIe IuadparMol 0,6 + m’

0,2npum<0,4

W3HocoycToiuusbie 1uadparmst 0,8m—0,1 npnm> 0.4

) 0,5
5
(;+ 0,2) +0,09 pu m < 0,36,

Crannapryele auadgparmsl
U1 TPYOOTPOBOMIOB C BHYTPEHHHM 0,5

2
50 5
JHaMeTpOM MCHEE MM (;+0’2) +0.25m upu m > 0,36,

roe d B MM

HOFpBIIIHOCTb HOIPABOYHOI0 MHOKHTEJINA
Ha pacliMpeHue nsmepﬂemoﬁ cpelibl

CpCHHHﬂ KBajpaTu4deckast HOTrpeuIHOCTh IONPAaBOIHOTO MHOXHUTEISI

Ha pacIiMpeHHe U3MEepsAEeMOi cpelipl G, PacCYUTEIBAETCA 110 HopMyILe

Og = chp +(G’£)2 ;

rae O-SCp — CpeaHAsd OTHOCHUTEJ/IbHAA ITOIPCIIHOCTL ONPAaBOYHOTO

ko3huIMeHTa Ha pacIIMpPEeHME H3MEpSEMOH Cpeibl NIPHU CpeIHEM

3HaAUCHUU epenajga qaBlICHUs,
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'
08 — CpCAHAA KBaApaTHYeCcKasa IIOrpe€HIHOCTh, BBI3BAHHASA OTKIIO-
HEeHHeM JeHCTBHTEILHOIO 3HAYCHHSA € IIpM TEKYILIEM IIepernane nOaB-

JICHHUA OT 3HaAYCHUA SCp IIpH CpeaHeEM 3HAUCHUU rnepenaaa gJaBicHUs.

3HAYEHHE NTOTPEITHOCTH Ocp ONPEIENIETCs 110 Pa3IHIHbM HopMy-

JIaM JUIsA pa3HbIX CVY u 3aBHMCHUT OT OTHOIICHUA CPENHEro Iepenaja

AaBJIeHUS K abCOMOTHOMY naBienuio nepex CV.

’
3HaueHne g PacCUMTHIBAETCA 110 GopMyITe

/i€ € — KO3((UUMENT PACIIUPEHHS U3MEPAEMOI CPe/IbL.

IlorpemnocTn guamerpa orseperust CY
H BHYTDEHHETr0 AHaMerpa TpyGonposoaa

Cpennsis kpagpaTHdeckast HOrpenIHOCTh Juaamerpa orseperust CY
Ad

S g,, =50—2.
dag

CpeHHﬂﬂ KBaJIpaTHICCKasd MNOrpelmiHOCTh BHYTPECHHErO JHaMeTpa

Tpybonposoga

20
rae Adyy u ADyy — oTknonenus auametpa otseperust CY u BHYT-

PeHHEro nuaMeTpa TPyOONPOBOAA OT PACUCTHBIX, BHIOHPAIOTCS HCXO-
A5t U3 TpebOBaHUM K TOYHOCTH U3MEPEHMIL.

JHaueHus Gd20 H GD20 AOJDKHBI HaXOIWUTECS B npenenax

ot 0,05 1o 0,3 %.
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3. I3SMEPEHUE PACXOJIA HAITOPHBIMH TPYLKAMH
3.1. lIpunumn geficTBHS HAOPHLIX TPYOOK

IlpuHuun IeACTBHS HAOPHBIX TPYDOK OCHOBaH Ha YpaBHEHHH
Beprysum. bes y4era noreph AaBleHus ypaBHeHue bepHyinu nmeer
BU:

2
v
Per +p7:pn =const,
€ Py — CTATHUECKOE JABICHUE I0TOKA;
V2 .
p— — IMHAMHUYECKOE J]aBeHue (CKOPOCTHOM HAop);
2

Pg — IOJIHOE JaBNCHHUEC IIOTOKA.

HSMepHETCS[ CTATUUECKOE JABICHHE P U NOJNHOEC HaBJICHUC Py
HOTOKA, COCTOsHIEEC U3 CTATHYECKOI'o MNaBJICHHMA H JAMHAMHYIECKOTO
JaBJICHUA (CKOpOC’[‘E{OFO Hanopa). PasHuIia monHoOro M CTaTuyeckoro

JABJIEHHUS CIYKHAT OCHOBAHUEM JJIs ONIPCACICHUA CKOpOCTU M pacxoa:

2
A%
Ap=py—Per = p?a
OTKyHa
_ |,Ap
p

C yu4eroM KOHCTPYKTHBHBIX OCODEHHOCTEH HArOpHOH TpPyOKH

" CXKUMaACMOCTHU I/I3MCpHCMOﬁ cpenbl

e k, — koodduuuent npeodpaszosarus TPyOKH;

g — KO>((UUMENT, YUHTHIBAIOIMI CHKUMAEMOCTH H3MEPAEMOH

Cpensl.
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B HexoTOpBIX yCTpoOHCTBaX U3MEpSAETCS HE CTATHYECKOE JABJIEHHUE
MIOTOKa, a HEKOTOPOE APYroe, Kak NpaBmio, MeHblee napienue. Ha-
IpUMep, U3MEPSETCs Pa3sHKBLia JaBNeHUH Ha JOOOBOW M THUIBHOM CTO-
POHE LWIMHIPHYCCKONW TPYOKH, PAaCHONONKEHHOH HEPIeHIMKYIISPHO
moTOKY. JlaBjieHue Ha THIUIBHOM CTOpOHE TPYOKH MEHbIIE CTATHYECKO-
IO JIaBJICHHUS TOTOKA. 3a CYET 3TOrO YBEIHYUBACTCS M3MepsieMas pas-
HOCTbh JABJICHUH.

IlpumensiioTes HamopHele TPYOKH UL H3MEPEHHS MECTHOM CKOPO-
CTH M yCpe[IHsIONIMe HanmopHble TpyOxu. Ilepenan maBnenus ycpej-
HSIIOIEH HAOPHOH TPYOKM IPONOpPLHOHANEH cpeqHell CKOpOCTH MO-
TOKA B TpyOOMpoBoO/E.

3.2. M3mepenue pacxoaa
¢ nomomp10 sHpdepenunanbubx TPyGok Huto

Jlist u3MEpeHusl MECTHOM CKOPOCTH Hauboliee IIMPOKO NPUMEHS-
1071cs nuddepernuansabie Tpyoku [Iuto.

Huddepernuansaas Tpybka IImto — 10 Tpybka I'-0GpasHoit
(opwmbl, UMeromas OTBEPCTUE, HAIIPABIEHHOE IIPOTHB IOTOKA M BOC-
[IPUHAMAIOIIEE TOJHOE JIABJICHHE, U HECKOJNBKO OTBEPCTHH Ha II0-
BEPXHOCTH, HApaJIENbHOR HOTOKY, BOCIPHHUMAIONIMX CTATHYECKOE
nasyienue. Konerpykuuu tpy6bok [luto crampaprusosansi. PasHoBuj-
HOCTH CTaHAAPTH30BaHHBIX TPYOOK NpUBE/ICHB! Ha puc. 21.

Kospunuent npeobpasoBanust TpyOku is 3THX KOHCTPYKIHIA
k. =1+0,0025.

llorpenHocTs u3MepEHHs CKOPOCTH O, CKIAIBIBAETCH U3 ClIEAyIO-
IIMX COCTABISIONIHX:

MOrPEIHOCTE K03 puIMeHTa TpeobpasoBanus TPYOKH;

HIOIrPEIHOCTS OT TYpOYJIEHTHOCTH MOTOKA,

HNOTPEIIHOCTD OT HAKJIOHA OCH TPYOKHU K HAPaBJIEHUIO IIOTOKA;

NOrPEIIHOCTE OT [IOTEPH HANOpPa Ha PACcCTOSHHH MEXY OTBEp-

CTHAMM IIOJTHOT'O U CTATHYICCKOTO NaBJICHUS,
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TOTPEINHOCTD OT 3arPY3KH U3MEPUTENHHOTO CCUCHUS;

NOrPeUIHOCTh OT FPAAUEHTa CKOPOCTU B CEUEHUH;

MOrPeIHOCTh H3MEPEHHS NePenaia JaBICHHUS;

HOTrPEIHOCTh OIPEAETEHUS INIOTHOCTH.

OneHKa COCTAaBISIIOIMMAX M CYMMAapHOH IOIPELIHOCTH HU3MEDEHUs
ckopoctu anddepernnansHoit Tpybkoit [uto &), npusenena s 'OCT
8.439-81. be3 y4uera HOTpEenIHOCTEH M3MEpeHUs! TIEpenaga AaBieHus

1 OLpE/IENICHUs! TNIOTHOCTH O), COCTaBIsET NpuMepHo 1,2 %.
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Puc. 21. nddepernmmansueie Tpyoxu [uro:
a — ¢ KOHHYECKUM KOHLOM; 6 — ¢ nosycdepuueckum KOHLIOM;
B -— C MOy JUIHIICONIANIBHBIM KOHLIOM
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IlpumMensiroTes ciielylolue MeTonbl U3MepeHus pacxona ¢ nomo-
eto guddepennuanbHeX Tpy6bok [Turo:

METOJI (ILTOIA/E — CKOPOCTB», MPH KOTOPOM CeYeHHe MOTOKa pas-
OuBaeTca Ha pAI NEMEHTAPHBIX TIOMAA0K M [0 H3MEPEHHIO CKOpO-
CTH B KaX/IOH U3 HUX ONPEAEIISETCS CPE/IHsis CKOPOCTh HOTOK;

HEIIOCPENICTBEHHOE M3MEPEHHE CPelHell CKOPOCTH B MecTe ee Cy-
ILECTBOBAHMS;

U3MEPCHHE MAKCHMAILHOH CKOPOCTH BJIONB OCH KPYINOH TpyGbI
C IOCJIEAYIOUUM ONIPEACNICHUEM IO Hell cpesiHeli ckopocTi;

U3MEPEHUE MECTHOH CKOPOCTH B TIPOU3BOJIBHON TOYKe CCUEHU,
B KOTOPOH U3BECTHO COOTHOIICHUE MECTHOM U cpeHeit CKOPOCTH.

Bo Bcex METO/IaX MOTPELIHOCTD U3MEPEHHUS pacxona CknagriBaeTcs
U3 MOTPEINHOCTEH OIPEACNIEHNS CPeHeii CKOPOCTH M IUIOMAMH cede-
HUA TpyOONpoBOLA.

Horpewmnocts nnomany 8¢ onpenensercs IO PEIIHOCTBIO U3MEpe-
HUA IHAMETPA ¥ OJIMHAKOBA MPH BCEX MeToxax. IIpH MOrpelHocTH
M3MEpeHHst BHyTpeHHero nuamerpa 0,2 % norpemsocts miomamm
0,4 %.

HorpeiunocTs onpefiencHust cpejiHel CkopoCTH 3aBHCHT OT MeToaa
H3MEPEHHS pacxoa.

Merox  «mnomane — ckopocts»  moApo6HO ommcaH B rocr
8.439-81. Cornacto Tpebopanusm CTaHAapTa 3TOT METOJ NPUMEHHM
pY CHELYIOIUHX YCIOBUAX :

TIOTOK B M3MEPHTECILHOM CEYCHUH JOIDKEH OBITh CTALHOHAPHBIM;

B IIOTOKE ROJDKHBI OTCYTCTBOBATH B3BECH, IPEMSATCTBYIOLUE HOp-
MallbHO# padote Tpydok ITuTo;

(opma pacnpenencnus ckopocTell B ceuemmm He IOJDKHA m3Me-
HATHCA IPH NOCTOAHHOM PACXOJE M IIPH €ro H3MEHEHHH B pafoueM
JHana3oHe;

YPOBEHb TYPOYNIEHTHOCTH OTOKA He Gonee 10 Y%,

OTKIOHCHHUE OT MapalICIbHOCTPYHHOCTH He Gonee 5°;

77




uncio PeifHOMbACA, PACCUMTAHHOE 110 JHAMETPY OTBEPCTHS MOJHO-
ro nasnenvs tpy6xku Iluro, noywxuo 661te 6omnpire 200;

AIMHA HPSIMOr0 y4acTka TpyOONnpoBONa IO U3MEPHTENBHOIO Ceyc-
HUS I0JDKHA ObITh He menee 20 IHAMETPOB /IS KPYIJIoro Tpybonpo-
BOJI3, TOCNE —— HE MEHEE 5 JIMAaMETPOB JUls TPYOONIPOBOIOB KPyrioro
CeHeHNs, 171 TPyOONpPOBOIOB HEKPYIJIONO CEUCHHS — He MeHee 4()
1 10 ruppaBnuYecKnX IMAMETPOB COOTBETCTBEHHO.

IorpemHocTs Onpe/enen s cpefHell CKOpoCTH MpH 3TOM MeToac
CKIaJIBIBACTCS M3 HOrPEIIHOCTH U3MEPEHH MECTHOM CKOPOCTH 1 Me-
TOMMYECKOA IIOTPEIUHOCTH  OCpejiHeHusl ,,, Kkoropas B ['OCT
8.439-81 ouenuBaercs sHauenuem 0,16 %.

Taxum 06pasom, norpemnocTs u3Mmepenns pacxona auddepenim-
anbHBIMM TpyOkamy IlHTO MeTosOM «rnomEans — ckopocTe» 6e3
Y4€Ta NOrPEIHOCTEH U3MEPEHHUS IIEPENiajla IABICHUS U ONpPeIeIeH s

IUIOTHOCTH ) COCTABIAET

0,5
'Q:(a'vz +a§+aﬁ) =13%.

[lorpemsocts u3Mepenust pacxona 8 € YUETOM HOrpemHOCTeH

H3MEPEHUSI Iepeniana JaBICHU s SAP H OHPEOCIICHUS MNOTHOCTU Sp

SQ:[6'2+O,25(5ip +5§)]°’5.

Metoapi, ocHOBaHHBIC HA H3MEPEHHH CKOPOCTH B ONHON TOUKe
TpyOHI, onmcanst B 'OCT 8.361-79. Crangapr npenycmatpusaet nsa
METO/a: HENOCPEACTBEHHOE U3MEPEHHE CpeiHeli CKOPOCTH B MecTe ee
CYIIECTBOBAHMSI 1 H3MEPEHHE MAKCUMAJILHON CKOPOCTH BHOJL OCH
KpYriioii TpyObl ¢ HOCHEIYIOMMM ONpEHENeHUeM 10 Heil cpenHer

ckopoctH. Pacxon onpeaensercs no gopmyie

O, =K, vF,
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rae K, — ornomenue CPeNHeH CKOPOCTH NOTOKA B CEYEHHH K CKO-
POCTH B TOYKEe H3MepeHHs;

V- MECTHas CKOPOCTh [OTOKA;

F — nnomanp HONEPEYHOro ceYeHus Tpy6hL.

Meron Henocpencreennoro U3MEPEHNSI CpefiHeH CKOPOCTH HpHMe-
HACTCS B Tpybax quaMeTpoM me MeHee 300 MM. OTOT METOJ OCHOBaH
Ha TOM, uTO pH pazBuTOM TYpOYJIEHTHOM TeuyeHun Ha OKPYHOCTH
Papuycom (0,758 + 0,013)R (R — BHYTpeHHuii pajnuyc Tpy6s1) Mecr-
Hag  CKOpOCTh moTOKAa pasHa CPCAHEH CKOPOCTH 110 CceveHuIo.
Hpu stom 3navenne K, =1. IInn (popmupopanus OCECHMMETPHYHOrO
pacnpenenenus ckopocry, XapaKTEpHOro Jlsi pasBUTOrO TypOyJeHT-
HOTO TeeHUs, nepes H3MEPHTEIBHBIM CedeHHeM Heobxomumo npeny-
CMAaTpUBaTh NPAMBIE YYacTKy TpyGonpoBoa MHOI B 3aBHCHMOCTH
OT BHZA MECTHOTO CONpPOTHRICHUS HE MeHee 30-80D, nocne H3MEpU-
TCJIBHOTO cevYeHus He MeHee 5D,

B npumepe, npusenennom s I'OCT 8.361-79, [OrPEUHOCTL M3ME-
PEHMS pacxojia 1aHHBIM METONOM B Tpybe muamerpom 1200 mm ore-

HHBACTCH 3HAYCHUEM SQ =272%.

Hpu usmepenuu CKOPOCTH B ICHTpe TPYOK! koshduument K, oc-
TaCTC MOCTOSHHBIM TONLKO B ABTOMOACIbHON obnactu Typ6yieHt-
HOTO Tewenus. 3nauennme K, 3aBucur or THIPaBINYECKUX XapaKTe-
PUCTHK TpYO (1iepoxoBatocTy IIOBEPXHOCTH H YHCHIA Peitnonsca).
Ilpu octosepro u3BecTHOM SHAYCHHH Kod(dunuenta rujpasmmye-
CKOTO TPEHMS A 3HAYCHUE K03 dunuenTa K, moxer GbITh onpeserie-
HO 1o Tabiuue, npuBeneHuol B IOCT 8.361-79. Ipu u3menennu A
or 0,01 mo 0,06 3Hauenye K, cHumxaercs ¢ 0,875 no 0,713. Ipn
A> 0,06 HUPUMEHATL JaHHBIA METOX H3MEPEHHS pacxoja He Jonycka-
ercsi. TpeGyembte muuun: IpAMOro y4actka TpyGonposoya nepes u3-
MEPUTEIBHBIM CEYECHHEM MEHBIIE, YeM NpH MeTone HEIMOCPEICTBEH-
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HOIr0 U3MEpEHUs cpefHed ckopocT. B 3aBHCHMOCTH OT BUIA MECTHO-
O COIIPOTHBIICHUS OHH HOJDKHBI ObITh He MeHee 10—50D.
IMorpemnocts  ompenenierus pacxoga HAXOIHUTCH B pejienax

6Q = 2,5-3,2 %. 1lpu 5TOM OHa B 3HAYNTENBHON CTENEHH onpejens-

ETCA MOTPEITHOCTRIO SKCIIEPUMEHTANILHOI'O OIIpERECTICHN S Kv .

st usmepenus MectHol cxopoctn 'OCT 8.361-79 Jomyckaer
UCIIONB30BaHUE HE TONBKO nuppepenunansHoii Tpyoku IIuto, ®HO
¥ IHIHHAPUYECKOH TPYOKH € HapyXHBIM AHameTpoM d = 5-30 MM
W OTBEPCTHEM Ul NpHEMa [OJHOIO JABIEHHs NOTOKA JHMAMETPOM
2-4 wmM. OChb OTBEPCTHS pPACHONIOXKEHA Na PACCTOSHHH 3-5d
OT HIDKHEro 3aKpyrJAeHHOro KoHia. OTsepcrue st oT6opa cTaThde-
CKOTO AABJICHUA NIOJDKHO HAXOIMTHCS B TOM JKE CEYCHHH TPyOOIIPO-

BOJa, 4TO 1 pr6Ka AN Ipyema noJiHOro Halopa.

3.3. U3mepenue pacxona
YCPeAHsIIOMIMMHA HALOPHBIMHA TPYOKAMH
Ha puc. 22 mpusesena mumuHapuyeckas yepeHAOLas HalopHasd
TpybKa nonnoro pasichus. TpyOka pacnonaractcs Mo quamerpy Tpy-
Oomposoja. B Helt uMeeTcst psia oTBEpCTHI, HANPABICHNLIX NIPOTHB
noroxa. [laBnenune B TpyOxe
2

Ve
D1 :p0T+kTp7p7

CAE Vep — CPEAHSIS MO CETEHUIO CKOPOCTh MTOTOKA.
Otsepctus B TpyOKe pacmonaraiorT Takum ofpasoM, 4To6bI KO3-
(uumenT npeoGpasopauust TpyOKH k, ObUI paBeH eMHUIE ¢ Horper-
HOCTBIO, He NpeBhIaonieh 1 %.
Ocpepsenne fapnenus B TpyOKe CONPOBOXKIAETCS NEPETEKaHUEM
B HEH JKHIKOCTH WIIH Ta3a U3 UEHTPANbHEIX OTBEPCTHH B epudepuii-
Hple. CTaTHyeckoe NaBieHHe OTOMpAeTCSt y CTEHKH TpyOOIpoBoxa

B 00/1aCTH HEBO3MYLIEHHOTO MOTOKA MEPe/| yopeusiomeii TpybKoil.
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B cnyqae npumenenus taxoit Tpy6ku B TpyGax JHaMeTpOM He Me-
nee 50 MM 1pu uucnax Re > 2-10° OpH JUTMHAX NPAMBIX YYaCTKOB, CO-
OTBETCTBYIOIUX Tpebosanusm P 50-411-83 mna m = 0,2, we Tpeby-
€TCS HHAMBUAYAILHON IPalyHpOBKH.

POE =

A A

A
%

<P

Puc. 22. Hwmuapideckad ycpenssomas HarmopHas TpyOKa

Pacxon paccuntsisaercs no gopmymnam

2
nD Ap
Oo =k, -
4 p
H
nD?
Ou =kye——/2pAp,
rne k; — xo3duHenT npeoOpasoBaHus TPYGKH (xoapdunuent
pacxoja);
€ — KOI(DOUUKEHT, YIUTHIBAIOIMUI CHMMAEMOCTh H3MEpEMOit
Cpelibl;

D — pHyTpenHuit inameTp Tpy6onpoBoa;

Ap — népena;[ JaBJICHUS;

p — IUIOTHOCTH U3MEPSIEMOH CpeIbl.

HorpemnocTs u3Mepenus pacxona & g oupenensercs 1o Gopmyne

8, = 52 +452, 152 +o,25(5§, +6§)]°’5.
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B nocnennre roapl Bee 6osee IMAPOKOE NPUMEHEHNE HAXOMAT pac-
xonoMmepsl ArRyOapa. OCHOBHBIM 3JIEMEHTOM pacxozoMepa AHHyOa-
pa SBIBTIOTCS IBE YCPETHAIOIIUE HAllOpHbIE TPYOKM, paciosaraeMble
o guamerpy tpyborposona. OngHa B3 3THX TPYOOK HMEET OTBEPCTHS
Ha repefHel CTOpOHE, HANPaBICHHOW MPOTHB IOTOKA, Apyras — Ha
3ajHell. 3a cYeT HTOro BOCIPHHUMAeMbIH JTH(pMaHOMETPOM Hepenan
JapieHus Ooyiee UYeM B JIBa pasa MPEBBIIIAET Iepenaj JaBieHHs], BO3-
HUKAIOIIIH 1pA MPAMEHCHHH OOBIMHOH ycpenusiomen TpyoKkn.

KoHcTpykTiBHO 2TH TpYOKH OOBEMHAIOTCS B ONHY TpyOKY, pasje-
JIEHHYIO neperopoikoil. JlampHefinM yCOBepIIEHCTBOBAHHEM pacxo-
noMepa AHHyGapa craino mpuMeHeHHe Tpyoxu poMmOnUeckoil (hOopMEL
ITpeoGpaszosatenb pacxona pacxogomepa Angybapa ¢ Taxkoil TpyOkoi

CXeMaTHYHO TPEJCTaBIIEH Ha puc. 23.

Puc. 23. [Ipeodpazoparens pacxona AHHydapa

Ipu obTexaHuy TPYOKH NPOUCXOHT OTPLIB noToka. Ilpu obreka-
HUM KPYTJIOH TPYOKH TOJIOKEHHME TOUKH OTPbIBA 3aBHCHT OT CBOHCTB
KMJIKOCTH, CKOPOCTH ¥ CTENEHH TYPOYJIEHTHOCTH IIOTOKA, KadecTBa
06paboTkn  moeepxHocTH. Mcmomnp3opanue poMOMdeckod (opMB
(popmur «Diamond» — «OpuinnnanT») obecneynpaer GUKCHPOBAH-
HYIO TOYKY OTPBIBa. JTO B CBOIO OYepelb MO3BOILIET IIOBBICHTH TOU-
HOCTh H PACIIHPHUTh JMATa30H H3MEPEHUS.

Pacxonomepbl AHHyOapa HIPUMEHSIOTCS ISl U3MEPEHUS pacxona
B TpyOomporoaax auaMerpoM ot 12,7 no 1850 mm. B cocras pacxo-
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MloMepa BXOAUT npeoOpaszoarellb pacxoia, IpeobpasoBaTend nepe-
llajia NaByeHus, AaBIeHUs, TEMIIEPATYPBI B OJIOK BJIEKTPOHUKH.

Kooduument nipeobpasosanus TpyOkn He paBeH eQHHHUIE U H3Me-
HSCTCS B 3aBUCUMOCTH OT pekuMa TedeHus. Ilorpemmnocts koahdu-
LHEHTA 1peobpa3oBanus 6e3 NPOBEACHUsS MHAMBUIYATbHON Ipafxyr-
poBku +1,0 %. IlorpemHocTs H3MEpeHWs pacxojga B KOMILIEKTE
€ MHOI'OIapaMETPUYECKUM JaTuiukoM pacxoaa ¢dupmel «EMERSON
Process Management» ne npesbnnaer +1,3 % B nuanasone pacxojioB
8:1. Ilpu vHMBHAYanbHON IpaayMpoOBKE pacxojoMepa ObecreunBa-
CTCs MOTPEHHOCTS U3Meperus +0,5 % B quanazone pacxozos 10:1.

OCHOBHBIME IOCTOMHCTBAMH PACX0AOMEPOB AHHYGApa SBISIOTCS:

IPOCTOTA KOHCTPYKLMHY U MOHTAKA;

Mallble OTEPH JTABJICHUSI;

JIOCTATOYHO BBICOKAS TOYHOCTE;

OTHOCHTENLHO KOPOTKHE, B CPABHEHUH CO CTAHAAPTHLIMHI U CIIELIHM-
aneHpiMi CY, IpsMbIe yuacTku Tpy6onpoBoaa, KOTOpble HeOGXOmH-
MO NpelyCMaTpHBaTh PU YCTAHOBKE PACXO0MeEpa.

Ilpu ycranoeke pacxogomepa AHHYGapa HOPMHPYIOTCS JUTHHBI
IpsMBIX Y4aCcTKOB TPyOOIpPOBO/a TONBKO JIO U HOcJe npeodpasopare-
s pacxona. He HopMupyeTcs JuliHa MpsIMOTO yyacTka MEeXAY JBYMs
OmpKaRMMK K MPEOGPA30BATEIO PACXOA MECTHBIMH COMPOTHBIIE-
HUAMH, PACIIONOKEHHBIMH TIepe HUM 110 xony notoka. 1o pexomen-
namusiv pupmst «EMERSON Process Management» mpu u3MepeHuu
pacxoia XKUAKOCTH MUHMMAIIBHO JONYCTUMAsT JUTHHA [IPSIMOrO y4acT-
Ka TpybOmpoBoAa A0 HpeoOpasoBaTeNsi pacxXofia COCTABISET: I
TPYNIIBL KOJIEH B PasHbIX MIOCKOCTAX 28D; nng koudysopa 12D; anu-
Ha mpsMOro y4acTka ociie npeodpasopatens pacxoga 40 s mo6o-
I'0 MECTHOI'O COPOTUBIICHHUSL.

3HAYATENBHOE COKPAICHHE JUIHH NPAMBIX YHACTKOB TpyOorpoBoja
obecreynBaeTcss PH HMCIONB30BAHUU CTpyeBbHIpAMUTENA. B atoMm

Cllydae npu BU3MCpPCHUHU pacxona XKHJIAKOCTU HCO6XOI[I/IM35{ JAJiaHa 1ps-
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MOTO Y4acTKa Iepe]l HpeoOpa3oBaTelieM PacXoia COCTABIseT 8 jua-
MEeTpPOB (BKIIIOYAs] JUIMHY CTPYEBBIIPSMUTEINS), ocie 4 nuaMeTpa.

Ilpu u3mepennu pacxopa rasza tpebyemble IUIMHBI IPSIMBIX Y4acT-
k0B B 1,5 paza GonpIe.

Jinsg cpapHeHUs!: IIPU HCIIONB3OBAHUM CTPYEBBIIPSIMHUTENSI H CTaH-
napraex CY anwnHa mpsiMoro yuactka Tpybomnposoja o CV Bmecte
CO CTPYEBBIIPAMUTETIEM cOCTaBIsieT 44.D.

Henocratku ycpennsiouux TpyOoK — HEO0OX0JHMOCTh U3MEPEHUS
MaJnblX NEPenaioB AaBICHHS B BO3MOIKHOCTD 3a0WBAHUS OTBEPCTHIA.

4. PACXOJJOMEPDBI
CTUWJIPABJMYECKIMHU COITPOTUBJIEHUSIMU

Jroboe TUAPABIMYECKOC COUPOTHUBJICHUE, ¥ KOTOPOro U3BECTHA 3a-
BHUCHMOCTD NOTEPU HABJICHHSA OT pacxola, MOXET OBITH KUCIIONBE30BAHO
AT U3MEPEHUA pacxola. B O6IHCM cJiydac 3aBUCUMOCTL nepenana

JaBiieHua Ap ot pacxosia () uMeeT BHI:

Ap=40",

rae A — nocTOSTHHBIN KO PHIMEHT;

1 — NOKa3aTeNnb CTeNeH .

B 3aBucuMOCTH OT pexuma TCUCHHUsS 3HAUCHHUE 7 UBMEHsIeTcs OT |
10 2. Hpu namMuHapHOM pexume n=1, IpH pa3BUTOM TYPOYJIEHTHOM
pexume n=2.

Ilpn TeueHMU XHUOKOCTH B NPAMOM TPYOONpPOBOAE C BHYTPEHHUM
JHaMeTpoM d pacXof MOXKeT OBITh OIpeNeNeH 0 CHHXEHWIO NaBie-

Hug Ap Ha yyactke ANWHON /. 3HavyeHWe pacxojia pPacCUUTHIBACTCS

110 CJIEAYOIHUM YpaBHCHHAM:

JTaAMMHAPHBIA pesKuM

n d*

= 9 Ap,
Q=128 mi ¥
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TYPOYJICHTHBIH pekum

nd? d 2 Ap
QOZM Y]
4 VI X op

rae N — Ko3G@UIHEHT JUHAMHYCCKON BA3KOCTH
A — ko> GUIMERT rHAPABINIECKOTO TPEHHUS.

lIpu u3MepeHuM pacxoza rasa NPOMCXOAUT JOMOJIHATENbHAS IOTe-
psl NaBJICHHUSA, BBI3BAHHAS YMEHbIIEHHEM MIOTHOCTH rasa ¥ yBeJlHde-
HHEM €0 CKOPOCTH.

Koopunuent tperust A s riankux Tpy6 MHOFOKpAaTHO Ompese-
JISUICST OKCIIEPUMEHTANIBHBIM ITyTeM. 110 MOJIyueHHBIM JaHHBIM pa3pa-
botaH psax GopMyn ¢ SMIMPUIECKUME KO HITHCHTAMY.

HpUMEHSIOTCS B OCHOBHOM I'MAPABIMYECKHE COTMPOTHBICHH, pa-
Goralomue B NAMHHAPHOM peXMME, CPEIH HHX HamGolee IIHAPOKO
KAIMIIISIPHBIE TPYOKH.

Hpy namMuHapHOM pexuMe MOTepH NABNEHMS HA TPEHHE Iponop-
LHOHAIBHB]  BA3KOCTH HM3MepsAeMOH cpeibl. BsaskocTb, 0Co6eHHO
Y XUAKOCTEH, 3aBHCUT OT TeMIepaTyphl. I103ToMy ISl MOBBIMEHUS
TOYHOCTH HM3MEPEHMs HEOOXOJMMO CTaOMIIM3UPOBATH TEMIIEpPATypy
KanmuIsipHOTO MpeobpaszoBatelis pacxoa.

LIpy TedeHuH KUAKOCTH Yepe3s KAMJLIAPHYIO TPYOKy IPOUCXOMAT
lI0Tepst TaBNICHMA Ha BXOZAEC B TpyOKYy, NOTepsi [JaBIEHUS OT TPEHHU
TIpH TCYEHUU BHYTPH TPYOKH U MOTEps NABICHHA HA BHIXOJE U3 TPY6-
Kd. 3aBHCUMOCTB TIOTEPDH JABJIEHMS HA BXOJE M BBHIXOJE OT pacxona
KBaJpaTHIHasd, 3aBUCUMOCTb HOTEPh NABJICHHUS HA TPEHHE — JIMHCH-~
Has. [TosTOMYy B KOPOTKMX KANMJUISADHBIX TPYOKaX 3aBHCHMOCTH MO-
Tepb MABJICHUs OT pacxofa OJM3Ka K KBaAPATUYHOMN, B JJIMHHBIX — K
smuednof. [Ipu oTHOWEHHN JIMHBL TPYOKM K BHYTPSHHEMY JAHAMET-
py Oonee 200-300 3aBHCHMOCTH nepenaja JaBneHus. OT pacxoma
OPAKTHYECKH JUHEHHas.,

85




M3meputb BHYTpeHHHH AMaMETP KalHIUIAPA ¢ BHICOKOH TOYHOCTHIO
NPaKTHYECKH HEBO3MOXHO. 11oaTOMY Kanmmisipusie npeobpazosareiu
pacxolia rpaziyupyioTr Ha H3MepsieMoit cpeje.

lIpeoGpasoparens pacxona ¢ OHOM kKanWispHOi TPyOKOH mpuro-
A€H I U3MEPCHHs 0OYEHb MallbIX pacxXosoB. JIst GONBIINX pacXOIoB
TPUMEHAIOTCSA NPEe0OPa30BATENH, COCTOAIINE U3 TAKeTa KalMIUIIPHBIX
TpPYyOOK.

CranfapTv30BaH O/IMH THII PACXOAOMEPOB C THAPABIMYECKHMH
CONPOTHUBIIEHUAMHU — CTEKIIAHHBIE NAOOPATOPHBIC PEOMETPhI, KOTO-
phI€ MPUMEHSIIOTCS VIS H3MCPEHHs HEOONBIIMX PacXoJ0B Tasa. Peo-
METp —— 3TO COYETAHHC MHHHUATIOPHOIO CTEKJISHHOIO THApaBIMYe-
CKOr0 CONMPOTHBJIEHUS B BUIE KaIUILIISIpa MM MATICHBKOMN madparMel
C OMHOTPYOHBIM CTEKIAHHLIM AXPMaHOMETpoM. a3, IPOXOAAHIA IO
TOPU3OHTAIBHON TPYOKe, CO31aeT HA CONPOTHBIIEHHH ITepena/ qaBle-
HHSL, U3MEPAEMBII JIMPMaHOMETPOM.

Bepxune npenensl naMepenns peomerpoB ¢ kanumuspom (PKC)
or 0,06 no 1,0 n/mun. Bepxuue mpeiensl H3MepeHus pPEOMETPOB
¢ pmadparmoit (PIIC) ot 4,0 no 160 n/MuH.

Upusexennas norpenHocTs H3MEPEHUs! pacxoia pH TPajiyHpOBKe
Ha Cpelax, yKa3aHHBIX Ha IIKaje peoMmerpa, B JuanasoHe or 30 1o

100 % BepxHero npeziena usMepenns He 6onee + 2 %.

5. CPEACTBA UBMEPEHUS IEPEITAJIA (ABJIEHUSI
U ITAPAMETPOB U3BMEPSIEMOM CPEJIbI

H3mepenue pacxona MeToIOM NEpPEMEHHOrO NMEpenajga NaBieHus
(haKTHIECKH ABNAETCS KOCBCHHBIM METOJIOM H3Mepennst. I1py u3Bect-
HOH reOMETPHH NMEPBUYHOINO MpeobpasoBatelis pacXo/l ONpPeAEAeTCs
0 pe3yabTaTaM U3MepeHusi Nepernaja JaBieHus, u3MepeHus (omnpe-
JIeNICHHs) IUTOTHOCTH U TEMIEPATYphl cpeibl. 1IOTHOCTH Cpefpl u3-
MeEpSICTCA HEMOCPENCTBEHHO MO0 OnpeeNsercs KOCBEHHBIM METO-

IOM IIO pe3ynbTaTaM U3MEPCHUS TaBJICHUS, TEMHOEpaTypsbl H COCTaBa.
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llorpemHocTs u3Mepenus pacxoaa CKIAABIBAETCH H3 HECKOBKUX
COCTaBJITFIOMIMX, BKJIHOYAs TIOTPEMIHOCTH H3MEpPEHHs Tiepena/a AaBie-
HUS W ITOTHOCTH. B CBOIO O4epesh NMpH KOCBEHHOM OMNpENENCHHH
IIOTHOCTH €€ MOrPEeIHOCTE CKIIaBIBACTCS U3 MOIPEIIHOCTeH H3Me-
PCHUA NaBJCHUS, TEMIEPATYPBl X COCTaBa. [IOrpeIHOCTE H3MepeHHs
KOJIMYECTBa BKIIOYACT B CeDs TakKe MOTPEHOCTL WHTErPHPOBAHMS
H NOrpeIIHOCTE U3MEPEHHS BPEMEHH.

llpn u3MepeHHH pacxofa HeCKHMAEMBIX KHIKOCTElH HOTPENIHOCTH
H3MEPEHUS NAaBIICHUS U TeMIIepaTyphl MPAaKTUYECKH He CKa3hbIBAIOTCS
Ha CyMMAapHOH MOTPELIHOCTH U3MEpPerus pacxona. IIpu m3mepennn
pacxolia rasa HOTPELIHOCTH H3MEPEHHMs JIABICHUs. U TeMIepaTypsl
OKA3BIBAIOT CYLIECTBEHHON BIIMSIHEE HA CYMMAapPHYIO MOTPELIHOCTb.

B Hacrosiuiee Bpems Jis u3MepeHus u pErucTpanyy nepenaga JaB-
JIEHHS MCIIONB3YIOTCSL:

CHITB(OHHbBIE CAMONUIIYIIHE T (MAHOMETPHI THITA JCC;

MeMOpaHHBIE IIPEOOPa3OBATENH JABJIEHUs THIIA M B xommnexrte
¢ b depennuanbHO-TpaHCHOPMATOPH bIMH PETHCTPUPYIOIUMHU NPH-
bopamu tuna KCJ. B 3aBHcuMOCTH OT MOJMQUKAIIMY [TOKA3aHUS
npudopos tuna KCJI moryr Gbith [IPONOPIHOHANILHEL IEpenay JaB-
JICHUST WK Pacxoy (KOPHIO KBafpaTHOMY M3 Iepenaja JaBIIEHNA);

npeobpasoBaTeNy Nepenana JaBleHHs B KOMILIEKTE ¢ GIOKOM H3-
Bicuenusd kaaparaoro kopas (BUK) u perucrpupyrounam npuaGopom
THna «J{uck-250%.

JIst u3MepeHus TaBICHUS MCMONB3YIOTCS MEXAHUUYECKHE CAMOIIH-
IIym1e MaHOMETPBI U NPEeoOPa30oBATENH U3OBITOUHOIO MIIH abCOIIOT-
HOTO NaBJICHHS B KOMILIEKTE C PETHCTPUPYIOIMUMYU IPHOOPAMH.

His usMepeHus: Temneparypst UPHMEHSIOTCS CaMONHUIUYINHE Ma-
HOMETPHHECKHE TCPMOMETPBI ¥ TEPMONIPEOOPA30BATENH COMPOTHBIE-
HUA B KOMIUIEKTE C [IPOMEKYTOYHBIMH H3MEPHTENHHBIMH npeobpazo-

BATCISIMH M PETUCTPUPYIOIUMH TIPHOOpaMHL.
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Hist pacdeta KonuyecTBa M3MEpsAEMOil Cpeibl MCIIONL3YIOTCS npo-
TOPUHOHATbHBIE HIIH KOPHEBBIC TUIAHHUMETPEI.

Ha puc. 24 npusepen IpUMep MOAKIIIOYEHHs! CPCUCTB M3MEpeHHi
C UCMOJB30BaHHEM PETUCTPUPYIOIIMX NpHOOPoB duck-250.

HanGospinee Bimsnye Ha TOUHOCTH H3MEPEHHS PACKOIA OKA3HIBAET
M3MEDEHHE Nepenajga [aBieHus. 3aBUCUMOCTb repenaja JaBlIeHHs
OT pacxoia kBajpatuisas. [loaTomy npu H3MeHeHMH pacxoia B Jua-
nazone or 100 no 30 % nepenaj HaBneHHS CHIDKACTCS OT MAKCH-
ManbHoro o 0,09 or Maxcumyma, npu usMenenuu pacxoma ot 100
1o 10 % nepenay naBiaenus cuuxkaercs 10 0,01 OT MAKCUMANLHOTO.

5 5 5

Pyic. 24. Cxema nonxmouen s cpeactTs n3Mepenuii k Cykaromemy yCTPOHCTBY:
1 — npeoOpasosatens nepenaza nassenus Candup-2271]1;
2 — npeobpasosaTesib U3GHLITOYHOTO HABICHHUS Candup-22141;
3 — TepMonpeoGpasoBaTeNs CONPOTHBIACHIUS,
3a — HopMEpyIOUIHiT ipeoGpasoBaTelh TeMIEPATYPEL;
4 -— ONOK U3BNEUCHNA KBAJIPATHOIO KOPHIL;
5 — peructpupyromuii nputop Juck-250;
6 — OTCEKArOMMUil BEHTHIIb; 7 — YPAaRHATCIBHEIN BEHTHIIB,
8 — npoyrounkIit BedTHIE

Jtst GONBIIMHCTBA MPUMEHSIEMBIX JU(PPEPEHIMATBHBIX MAHOMET-

POB HOpPMUDPYETCS TIpUBEJIEHHAA NOTpCIIHOCTD ’YAp. HpI/I 9TOM OTHO-

CUTEIIbHAS OTPEINHOCTD 8 5,
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Opp =25y,
Ap Ap \p

e Appax — BEPXHMH IIpees H3MepeHHs AupMaHOMeTpa;

Ap — u3sMepenHbIi nepernas AaBNeHRS.

Ipu cHikeHun pacxona GBICTPO yMeHbINACTCS IEpenas AaBieHus
M BO3pACTACT OTHOCHTENbHAsSI MOIPEIIHOCTS H3MEPEHHs Ilepenajad
AapienHs. [105TOMY HMEHHO HOTPEILHOCTE N3MEPEHHS IEPETIaja JaB-
JIEHUS OIIPCNCISICT IMPUHY [Ualla30Ha U3MEPEHUS PacXoja, TaK Kak
COTNIACHO TPeOOBAHMAM HOBEPOUYHBIX CXEM CPELCTB U3MEDPEHUsI
pacxoja OTHOCHTE/IbHAL NOIPEIIHOCTh U3MEPEHHs He JOJDKHA TIpe-
BbILLIATE 5 %.

MsmepurensHas nens nepenaja AaBieHus, Kax [IPAaBHIIO0, BKIIOYAET
B ce0sl IOMAMO TUMAHOMETPa H JpyrHe YCTpOHCTRA. Iorperutocts
U3MEPCHHS Nepenaja AaBJICHUs BKIOYaeT B ceOst OTPEIHOCTH dlie-
MEHTOB IeNIH H3MEPEHUSL

Ha puc. 25 npuBenens 3aBUCHMOCTH OTHOCHTETLHOM [IOTPEIIHOCTH
M3MEpCHHs  KOPHS  KBaJIpaTHOrO M3  Nepenaja  JaBieHHs
) i = 0,56, IpU MCHONB30BAHUM PA3ZNUYHBIX CPEACTB U3MEpPEHUs

OT \JAp/ Appay » KOTODaS IPONOPHUOHANIBHA OTHOLICHHIO pacxoznoB
Q/ Onax (pacxona Q k pacXofly TIpH BepxHem upejene u3MepeHus
nmapmaromerpa Qo ).

[Ipumenenne nudPOBON BEMUCIMTENLHON TEXIHKH IIPHBEJIO K f10-
SBJICHHIO MHTC/UICKTYANbHBIX M3MEPUTENBHBIX yCTPOHCTB. B Mx co-
CTaB BXOMUT MHUKPONPOLECCOP, KOTOPbIH 0OCCIICUNBACT JHHEAPH3A-
UHEO XapaKTEpUCTHKM YYBCTBHTECBHOIO 3JIEMEHTA [EPBHYHOIO IIpe-
obpasoBatenst (cencopa) u yder BIHSIOIIEX daxropor (Temmeparypa
AaTHHKa, NABJICHUE 1 TJ1.). 32 CUET 3TOTO PE3KO CHUKEHBI TIOrPEemHo-
CTH ¥ paciupeHul JINAIIA30NLI H3MEPEHUS 110 CPAaBHEHHIO ¢ aHaIoro-

BBIMH H3MEPHTCIILILIMIL yerpolicTBaMu (eM. puc. 25).
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Puc. 25. OTHOCHTEIbHASA MOrPELIHOCTS M3MEPEHHUS KBaAPATHOTO KOPHA
3 Mepernaa NaBIeHHs TIPH HCIIONB30BAHUN PA3TMYHBIX KOMILTEKTOB IIPHOOPOB:
1 — npeoGpasosaTens neperana Japmenus JM  wiacca TouHoctd 1.5,
peructpupyromuii npudop KCJI wracca Togmocty 1,0 M MPONOpLHOHATIBHBIR
THTAHHMETP;
2 — npeobpazoparens nepenaga jgasnenus JIM  knacca  Tounoctd 1,0,
peructpupyromuit nmpubop KCJ{ wracca tounocty 1,0 u nponopuuoHanbHEIA
IJIAHUMETD;
3 — npeobpasoparens nepenaxa masnesms Candup wracca tounocrn 0,5,
perucTpupyomui nputop Juck-250 xiacca TOMHOCTH NO peructpauwm 1,0,
BHK xuracca Tounoctu 0,25 1 MpONOpUHOHANBLHEIN IAHUMETD;
4 — npeoBpazoparens nepenafa masneHus Carup - kmacca tounoctu 0,25,
peructpupyomumii npuéop Jnck-250 wiacca To4HOCTH mo peructpaumu 1,0,
BHK knacca Toudoctr 0,25 1 mponopuroHaibHbH IIaHUMETP;
5 — KoMIUTeKCHBIN paTduk «I umep®noy-3IIm»

B nocnefHue oAbl Al M3MEPEHHST PACX0a BCE Yallle TIPHMCHSIIOT
KOMIUIGKCHBIE CpENCTBAa HM3MepeHHs (npeobpasoparenu pacxoia),
BKJIOUaroLe B ce0d upeobpasoBaren Ilepenajga JaBJeHus, AaBie-
HIIsl, TEMIEPATyPbi, BRIYMCIATENb PACXOAA H KONHYECTBA H3MEPICMOH
cpensl. B Poccuy Hanuiy MPUMEHEHUE U3MEPHTEIBHBIC KOMILICKCHI
«Cynep®soy-IIE» mpomssonctBa 3A0 «CosTHI'a3z» (r. Mocksa),
KOMILIEKCHBIE JATIUKH ¢ BerumcureseM pacxona « unep®noy-31Im»
npousponctea HII® «Bomvnen» (r. Capartos), NaT4dkd KOMIIAHHH
«EMERSON Process Managementy». Takue KOMIUIEKCHBIE CPeCTBA
M3MEPEHUS MO3BOJSIOT PE3KO MOBBICUTh TOYHOCTH U YBEIMYHTh AHa-

Ma30H U3MEPCHHUA pacxola.
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Ha puc. 26 nprBesieHbl CXeMBI HOAKIIOYEHUS CPEACTB M3MEpEHUH
TpY UX pasMELIEHUH B HEIOCPEICTBEHHON ONM30CTH OT CYKAIOWEro
YCTpPOHCTEA.

Msmepurensuniii  xomnnexc «Cynep®noy-IIE»  1npeaHasHaueH
IUIST U3MEPEHHS M BRIYMCIEHUs pacxola U 00bemMa NPHPOJIHOTo rasa,
UPUBENEHHOIO K CTARJapTHLIM YCIOBMAM, B KOMILIEKTE CO CTaH/(apT-
HbIMY tMadparMamu B coorBetcTBUH ¢ ['OCT 8.563 na ogHOM, ABYX

YUTH TPEX U3MEDPUTENIBHBIX TPyOOTpoBOKax.

Puc. 26. CxeMB! MOAKIHOYEHHS CPENCTR M3MEPEHUI K CYXAKOIEMY YCTPOHCTBY:
a — u3MepuTeIbHbIH kommeke «Cynep®ioy-I11E»;
6 — KOMIUIEKCHBIN aTunk pacxona «[ unep®noy-3TTm»;
B — KOMITCKCHEIH maTduk pacxoja 3095 MV
komuanuu «EMERSON Process Managementy;,
1 — npeoGpasoBartenp nepemnaja AaBjieHus; 2 — npeobpasoBaresib JABIEHHS;
3 — npeobpazoparens TeMHEPATyprl; 4 — BHIMHCAMTEND;, 5 — OTCEKAFOIIMH
BEHTHIIB; 6 — YPABHHTE/ILHBIH BEHTHIIb; 7 — IPOMYBOUHEIN BEHTHIL; § — 3a-
TIIYIIKa JUtst MOAKIIOYEHHA 3TAJIOHHOTO MAHOMETpa IPU HOBEPKE M KaTHOPOBKE

OcHOBHBIMH DJIEMCUTAMHU KOMILJIEKCA ABJIIOTCA:
H3MEPHUTENbHBIA MHUKPOITPOLECCOPHbIi BEIMUCITATENH PACXOJA;
JaTYUKH Tepenajia NaBieHus — JUPMaHOMETPB;

JTaTYUKHU JIABJICUHS,

JATHHKY TEMICPATYPLI.

Komduectso JlaTunkoB  oupejensercss YHCIOM H3MEpHTENbHbIX
TPYOOIPOBOJIOR.

OcHOBHAs OTHOCHTCILUAN NOIPEIIHOCTL KOMILIEKCA NP H3MEHe-
HHM fepenajia jasincnis s npeienax or 9 go 100 % ot Bepxuero npe-
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Aena usmepeHus andmariomerpa (30—100 % pacxona) He npesbilIaeT
0,5 %. Jlns pacuiupenns Jiuanazona n3MepeHHs pacxojla yCTaHABIH-
BalOT Ba AUpMaHoMeTpa.

HononHuTenbHas NOrpeInHOCTh, BbI3BAHHAA OTKJIOHEHHEM TeMIIe-
paTtypel OKpYaiolwero Bo3jiyxa ot nopmansHoit (20 + 5) °C, B pabo-
ueM ananasoue o1 —30 jo +50 °C ue npesbimaer 0,5 npesena 0CHOB-
HOM OTHOCUTEJILHOM NOrpeliHoCTH Ha Kaxabie 10 °C.

Komnnexcnetii patunk «unep®noy-3[1m» npepHaskaven: aius us-
MEPEHUS W PCTUCTPALMH JaBJieH Hs, NIEepenaja AaBicHUs, TeMIepaTy-
Pbl; BLIYMCIICHUS M PCTHCTPAlMM PacXofa W KOJUUECTBa ra3oobpas-
HBIX CPC/L (B TOM YHMCHIE NIPUPOAHOTO ra3a U BOJASHOTO N1apa), )KUAKHX
CPe/l (B TOM 4HMCRE BOAbI), BBITMCJICHHA M PETHCTPAIUM TCHIOBOM
SHEPIUH BOJBLI, BOASHOIO Napa (B KOMILICGKTE CO CTalIapTILIMK IHA-
¢pparmamu B coorsereTsun ¢ FOCT 8.563.1-97 u I'OCT 8.563.2-97).

Brewnii Bun natunka npusesien na puc. 27.

Puc. 27. Jlatunk « unep®noy-3[1m» ¢ BEeHTHABHBIM GJI0KOM
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JnanazoH Temmeparypsl u3MepsaemMoil cpeast oT — 50 mo + 400 °C.
Pabounit nmanason remmeparypbl oxpyxaromed cpensl or — 30 mo
+ 50 °C. Onun npeo6pasoBarens Imepenaja NaBleHUs obecreyrBaeT
u3Mepenue pacxofia B npegenax ot 10 go 100 % (nepenajia KaBneHus
or 1 mo 100 %). B xopnyce mardmka pasmelyaeTcs TEpMOYyBCTBH-
TEJBHbIA 3JEMEHT W 00eCHEeYHBACTCS KOMITEHCAUS BIHAHHS OKPY-
JKAKOIIEH TEMIIEPATYPhI.

[TorpeurHoCTs H3MepeHUs NaBICHUs U Nepenaja JaBlcHus Spp

Bap = 0,240,001 2max. |
Ap

OTtHocuTenbHAs IIOrpeIIHOCTE UBMEPEHUS pacxoda 66] OpH U3MECHE-

HUH Iteperana gasienus or 1 go 100 % mkanel, T.e. Tpu U3MEHEHUH

pacxopna 1:10,

8, =% O,35+0,004é€%
Ap

ABCOMOTHAS HOTPEIIIOCTH H3MEPEHHS TEMIIEPATYPHL:

+ 0,25 °C (B muanasone ot — 40 go + 50 °C);

+0,5 °C (B ananasone or -+ 50 go + 150 °C);

+ 1,5 °C (B quanasotic ot 1 150 yo + 400 °C).

Oyuxumonansias  cxema aranka  «Manep®noy-3TIv»  6imska
K CxeMe martudika pacxoja mojgenu 3095 MV dupmer «kEMERSON

Process Managementy» (pnc. 28). Ormtnune B TOM, 4TO JATYMK AaBlie-

HES BBUIOJIHEH 1 OT)(CHEHOM KOPHYCC.
Ipu cobmoycinur rpebonanuii 1'OCT 8.563-97, npexbaBaseMbIx
K CY u T (Bee /0nomnrre e norpeninocTu K023 punreHTa uc-
TEUEHHST PARIILL HYIHO), PACICTHLIC MEMCHIE TIOPPCHIIOCTH U3Mepe-
HHUS pacxoia i uiitsone 100 10 %6 or (s COCTABISIOT:
H3MEPSICMilsL ¢t cipipornin rasn 106 1,2 %:
H3MepACMas cpesia cionas 097 1) %
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usMepsieMas cpejia «BosiHol map» 1,00-1,15 %.

Ha puc. 28 npupegesa Onok-cxeMa JaTyHKa pacxoja MOACTH
3095 MV ¢upmbt «t EMERSON Process Managementy.

OYHKUMOHANBHO [ATYMK JIEMTCA HA MOAY/b CEHCOpa M MOJyIb
SJIEKTPOHHUKH. B cocras MOAYJiA CEHCOpa BXOAAT:

BBLICOKOTOUHBII EMKOCTHOMH npeobpazosareinb nepemnana AaBleHust;

BLICOKOTOUHBIH MbE30PE3MCTHBHBIN Tpeobpa3zosaTelib U30bITOUHOrO
uin abCoNIOTHOTO [lABJEHUS,

BXOJl JUIS TOMICTIOUEHHS TepMonpeobpa3oBaTens CONPOTHBICHHS
o HeTblpCXﬂpOBOﬂHOﬁ CXeME,

3NEeKTPOHUKA CEHCOpa, KOTOpasi NpeobpasyeT H3MEPEHHbIE BETHH-

Hbl B LM (DPOBYIO (PopMYy.

MOAYIM CEHEOPA MOAYNL DNEKTROHKA
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Puc. 28. Blok-cxema MHOrONapaMeTpUyecKoro Jaruuka mozeau 3095 MV

J{jist MOBBIIIEHUsST TOYHOCTH M3MEPEHHUs MPOU3BOJAMTCA KOMIIEHCA-
LM BAUSHUS M36bITOHHOTO (a0COIOTHOIO) AaBJISHUS U TEMIEPATYPh!

MOJLYJIsL.

94

Mozysib WICKTPOINTKIL HPHIIMACT 0T MOJLYJIsl celcopa B HHQpoBoi
hopMe CKOPPCKTIPOIIIILIC $HAUCHH lIepeliaja JABICHEs, TaBie-
HUS, TEMIEPATYPLI IIBMEPICMOR CPE/Ibl U IIPOM3BOJMT PACUET PacXo-
Ja. Berxoguas uacr, Moyt ipeo0pasyer nugpoBoe 3HaueHHue pac-
xoma B asanorosuiii curnan 4-20 MA. JucrannuonHas mudposas
CBS3b BBIMONHAETCH IIyTEM HAJOXKEHHUs BHICOKOYACTOTHOrO LU(pPOBO-
ro CHUTHAJNA HAa OCHOBE IMPOMBILUIEHHOrO CTAHJApTHOIO UPOTOKOIA
HART na ananoroBblil BHIXOAHOH! CUIHAJL.

[Tporpammuoe obecriedenre BKIIOYAeT B ceOs 6a3sy NaHHBIX dusu-
deckux cBOMcTB Goiee wem 110 cpen. Jlatuuk MoxeT OBITh 3alpo-
IPaMMEPOBAH sl K3MEPEHHs PacXola METO/IOM NEPEMEHHOTO nepe-
Haja JaBIedus B KOMIJICKTE CO CIEAYIOLUMHA Npeodpa3oBaTeIaMu:

cranjapTeble auadparmbl ¢ yriaoBeIM 4 (IaHUEBBIM OTOOpaMu
JABJICHHS,

TpyOKu BeHTypu;

conuia Bexrypy;

BCTpauBaeMble auadparmbl mozenu 1195, npeanaszgauenHble Ui
U3MEpEHHs pacxoja B TPyOOIIpOBOLax MAIoro AdameTpa Ipd Majlbix
yncaax Pelinonsaca;

npeobpazoBareny AuHyOapa.

ITorpeiHOCTh M3MEPEHHs pacXoAa KMAKOCTEH M ra3oB B KOMILIEK~
TE €O cragpapTHOH quadparmoii + 1,0 % B ananaszone pacxoxa 8:1.

Bce smeMeHThI 32 MCKIIIOUEHWEM NpeoOpa3oBaTesi TeMIEPATYPhI
pa3MenieHbl B OJHOM Kopuyce. BHemmHuH B JaT4uKa IPUBEICH
Ha puc. 29.

s msMmepeRds pacxoja TPHUMEHSIOTCS Taloke H3MepHTETBHEIE
KOMILIEKCEI, BBELIOJHEHHBIE C HCMONL30BAHUEM IATUMKOB HABIICHUS
u nepenana aasienust Gupmbl « YOKOGAWA Electric Corporationy.
IlpeobpazoBareny JaBlicHUs W Iepenafa ABICHHS BBIIONHSIOTCH

Ha OcHOBE paspadoratiitbiX 3ToH (UPMOH KPEeMHHEBRIX Pe30HATOPOB.
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Jlns psina MoIMQpUKaIii npeobpazoBaTencl auanasoH HM3MEPEHUS
nepenana aapieHus cocrapnser 1000:1. ITpu 3TOM JAuanasoH H3Mepe-

HYIS pACX0/1a MOXKET OBITh paBeH 32:1.

Puc. 29. Jaruux 3095 MV ¢ 08 THBCHTHIIEHBIM 6roxom

6. WI3BMEPEHUE PACXO/JIA U KOJIMYECTBA
TP HECTAIIMOHAPHOM PEXKUME TEYEHUSI

B T'OCT 8.563.2-97 mnpuBejieHa cnenyroumast Kiaccuduraums
PEXIMOB TEYEHHS ITOTOKA:

CTANMOHAPNBIH (YCTAHOBUBILMICS) PEXUM, NP KOTOPOM MOXKHO
npenebpeys NONOIHUTENBHOH NOrPEUHOCThI0 H3MEPCHUS KOJTH1ECT-
Ba, BBI3BAHHON H3MEHCHHEM TAPAMETPOB TTIOTOKA BO BPEMEHH;

NyJLCHPYIOINHIA PEXHUM, IIPH KOTOPOM YacToTa H3MEeHeHWH napa-
METpOB MOTOKA TPEBHIIITAET BO3MOXHOCTU CPEACTB u3MepeHui. DTr
cpejcTBa He 06ecneynBaloT GUKCHPOBAHHE MIHOBCHHBIX N3MEHEHUHN
I1apamMeTpoB MOTOKA;

MepPEeMEHHbIil DEXUM, TPH KOTOPOM IPHMEHSCMBIC CHCTEMBI
W3Mepenus obecneduBaloT (GUKCHPOBAHUE U3MEHEHNHA MapaMerpoB
noroka. YacToTa M3MEHEHHs [1apaMeTpoB HAXOJUTCS B NOJOCE TPO-

IIyCKaHMsl 4aCTOThI CHCTEM U3MEPECHUS,
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HeCTALMOHAPHBIHA PEXKUM, IPH KOTOPOM XapakTep H3MEHEHUS
[IapaMeTpoB MOTOKA COOTBETCTBYET YILCHPYIOIIEMY U IEPEMEHHOMY
PEKUMAM.

Ipu nyibCUpyYIOMEM peXUMe TeUEHUA IPUIHHAMYU BO3HUKHOBEHHUA
JOTIOTHATENHHON MOrPEIIHOCTA M3MEPEHHS PACKO/IA BIISFOTCS:

KBaipaTdHAas 3aBECHMOCTD MEX/Ty PaCX0JIOM H ITepenaioM JaBIIcHus,

MECTHOE YCKOpEHHE;

AKYCTHUYCCKHE SIBJICHH,

COEJIMHUTEIbHBIE TPYOKH.

HcTtounukaMu HyJbCaimié MOTYT OBITH TPOHHMKH, 3ariylleHHbBIE
y4acTku TpyOOIpOBOIOB, KOTOPBIE OOPA3yIOT CBHCTKH, & TAKKe CPbIB
BUXpEH ¢ pasiMYHOro pojia HEPOBHOCTEH B TPyOOMPOBOJC (IIBHL,
YITIBI ¥ HE IIOJHOCTRIO OTKPBITasi 3aII0PHAst apMaTypa).

OueByHBIA HCTOYHUK NOIOJHHUTENBHOM IOIPEITHOCTA U3MEPEHMSL
NyJILCHPYIONIEro pacxofa — 9TO0 KBaJpaTH4YHas 3aBHCHMOCTH MEXIY
pacxomoM u InepenagoM nasienus B CVY. H3-3a cpoedl mHepuuu
JU(PMaHOMETp PErUCTPUPYET OCPENHEHHLIH Iepenaj MaBieHus, Ko-
pEeHb KBaJpPAaTHBIH M3 KOTOPOro Ooblle cpelHed BEIMYMHBI KOpHEH
KBAJPaTHBIX M3 MIHOBEHHBIX 3HAYEHHH Tepenaja [daBlCHHA
Jlaxke coBpeMeHHble Tpeobpa3oBaTesy lepenaja JapieHus (HanpH-
mep, Candup-22]1J1, Merpan-43J]1J1 u npcobpaszosarenn (QUPMbI
«EMERSON Process Management») perucTpUpyroT IIyIbCallHH C
gactoTol He Oonce 5 ['u. Bo3HMKaeT IOJNOKUTEILHASA MOIPEHIHOCTD
H3MEPEHUS CPEINEro 3HaUeHUs MYILCUPYIOIIErO pacxoa.

3Hauenre HToi NOIPCHIHOCTH 3aBHCHT OT aMILTHTYABI M (PopMbl
nyiabCallin. Fenm pacXojL U3MCHSICTCA IO IapMOHHWYECKOMY 3aKOHY
B Ipefiesiax MCKIY (Jyax M Qi NOrpelHocTs pasHa 0,065 0,25; 1;
6,3 1 23,8 % coorsererseniio NpU KoshQUIMEHTax I1yJIbCalud pac-

xoma a, pasiipix 0,05 0,1, 0.2: 0,51 1:




a

_ Omax = Prmin . 0., = Omax +Pmin
] cp .
Qcp 2

B I'OCT 8.563.2-97 nmpusenena oleHka JOIOJIHUTEIBLHON 0T pew-
HOCTH M3MEPCHHUsl KOMUYECTBA IIPH NYJIBCHPYIOIIEM PEKUME TEUECHHUS
B 3aBUCUMOCTH OT OTHOCHTENHHOIO M3MEHEHHWs Iliepenana AaBIcHHUs
OAp/Ap. 3nauenne momosmutensHol morpemmnoctu 0,12; 0,5; 1,1;
2,0; 3,1 % npu 0Ap/Ap =0,1;0,2;0,3; 0,4; 0,5.

Ipu nmynbcupyromeM pexuMe CKOPOCTh, AABJICHHE W B OOLIEM ClIy-
Yae IUIOTHOCTh M3MEHAIOTCSI HE TOJBKO IO JuiuHe TPYyOLl, HO H BO
Bpemenu. B ypaBHenusx coxpanenust sueprud (bepuynmn) u wepas-
PBIBHOCTH TOSBIAIOTCA WIEHB], YUUTHIBAIOIINC H3MEHEHHE CKOPOCTH
(MecTHOE yCKOpEHHE) U IIOTHOCTH BO BPEMEHH. 3a CUeT 3TOro Mpo-
UCXOJMT U3MECHEHHE NIEPCTIafia JAaBIeHUs U BO3HHKAET OTpHLATENbaas
HOIPEeNIHOCTh. BiusHne mynbcauui CKOPOCTH BO3pacTaeT ¢ MOBbIe-
HUEM HX aMIUTMTYZbl U YacToThl. IIpuuem 370 BusHue Gompiie npu
M3MEPEHHH pacXoda rasa, 4eM NpH U3MEPEHHH PAcXola XUAKOCTH.

KpoMe Toro, mpH I1yJbCHPYIOIUCM PEXUME TCUEHHS BO3HHKAIOT
BOJIHEI JaBjeHU s, KOTOPbIE PACIIPOCTPAHSAIOTCS CO CKOPOCTBIO 3BYKA.
OHH OTpaxaroTCs OT Pa3JIMYHBIX NPENSATCTBUH HA CBOEM IYTH, H IPH
HEKOTOPBIX YCIIOBHAX MOXET BO3HHKATH PE30HAHC, KOTOPBIH MOXeT
CEPhE3HO MOBJIUATEL Ha pacnpesie/ieHue NaBIeHHs B TPyOe B TIPUBECTH
K DOSIBJICHHIO MOTPEINHOCTU U3MEPEHHUS Mepenana fapiienus. Jonon-
HUTEJIbHAS HOTPEIIHOCTh MOXKET HOSBISTHCS TAKKE M3-3a 3BYKOBBIX
LIYMOB, BO3HHKAIOIIXX N0 PA3IIMYHBLIM IIPHYHHAM, HAITPUMED TIPH BBHI-
TEKaHUM CTPYH raza U3 Peryiupyrouiero BeHTHIIS.

Ilpu n3Mepesny MyNbCHPYIOMIMX PAcXoJiOB BELIECTBO, HaXonsliee-
sl B COSIMHUTENBHBIX TPYyOKaxX, HEMPEPEIBHO NepeMeniaercs B TY UK
apyryio cropony. IloaroMmy coepuHuTENBHBIE TPYOKH MEXIY IPeo6-

pasoBareyieM pacxolia u I[I/Id:)MaHOMeTPOM TAKXE MOI'YyT OBITH HUCTOY-
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HAKOM JOHOJHUTCILIIOA HOFPEIHOCTH H3-32 BO3MOMKHOIO HEpaBEeH-
CTBa CONMPOTUBIICHUH 00eMX TPYOOK, HAHYMSA B HUX MECTHBIX CONPO-~
THBJIEHUHA, HUMEIONMX HENHHEHHYIO0 3aBHCHMOCTH CONPOTUBICHHS
OT pacxoja, ¥ BO3MOXHBIX aKyCTHYECKUX SBIEHUH B TpyOkax. Kpome
TOr0, y GONBUIMHCTBA KOHCTPYKIWMI BeHTIIeH U KJIamaHOB COIPOTHB-
JICHHC pasfiiyHO IPH pa3HblX HallpaBJeHHUSX IOTOKA. 34 CUET ITOro
NaBlieHNEe B KOHIE TPYOXM, BOCIPHHHMaeMoe JAU(PMaHOMETPOM, MO-
KET OTIIMYATECS OT NABJEHH B Hadase TpyOKH.

B menom MoxHO caenath BHIBOZ O TOM, 9TO TPYAHO YYECTh BCE
(haxTopeI, BIMSIOWIUE Ha PE3YNBTAT HIMEPEHHS pacxoja nyJbCHPYFO-
IIEro HOTOKa, U 0OECHEUnTh BHICOKYIO TOYHOCThL u3Mepenus. [ToaTo-
MY OCHOBHBIM ITYTE€M IOBBIIIEHMS TOYHOCTH SIBJISETCS HCKIIIOYCHUE
WM CHHOKEHUE YPOBHS IyJbCallMi. JHis 3TOro NpuMEHSIOTCS passind-
HBIC METOJBL: YAIIOT MECTa H3MEPEHHUS OT HCTOUHMKOB IyJIbCallii,
U30€raloT NPSAMOYTOJIBHEIX KOJIEH M MCKIIOYAKOT M3IHOB TPYOOIpo-
BOJ@a HETIOCPENCTBEHHO Tepel MNpsSIMBIM Y4acTKOM, HCIONB3YIOT
(HILTPBI-YCIOKOUTENH B BUJE KOMOMHALMH €MKOCTEH U CONPOTHB-
JICHUH, TIPUMEHSIOT CTPYEBBLINPSAMHTENH, OOECHeUHBAIOIIHE CHUXE-
HHE YPOBHSA MYyJbCallH#, ¥ T.1.

Ilpy mepemenHoOM pexuMe TedeHHs OOECIEUHBACTCS H3MEPEHHE
pacxona 0e3 BO3HUKHOBEHHs JOTOJHHTEIBHBIX IOIPEILHOCTEH.
Ho npu ompejencnnn KOJIMYECTBA NYTEM Pa3AEbHOrO M3MEPEHUS
HapaMeTpoB HOTOKA M OCPCAHEHHH [0 BpPEMEHH 3THX IM1apaMeTpoOB
C HCIIONB30BANNCM [IAHIMCTPOB BOZHUKAET HOMOMHUTEILHAS CHCTE-
MaTH9ecKas norpemiocts. Jist yMeHbIIEHUS 3TOH MOrpeniHocTH Uc-
HOMB3YIOT xopucinmickaioimnue yerpodictea. Kpome toro, 8 TOCT

8.563.2-97 peromcnnycien subuparh HHTEPBAT BpeMEHH ocpeje-

HISL DAPAMCTPOR Fakolt, sirobnl yra JOIIOTHUTEIbHAS TOrPEITHOCTE
Obpma mMcnee 173 no PETITIOCTH OHPC/ICNEHMsT 3TOro mapaMeTpa Ml
Meree 0.1 %6 B ron Cnyene jronomre mnoi HOIPEIHOCTRIO Olipe-
JCHCHMS KOIIMCC T ¢ peint npeieOperaor.,
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Oco6eHHOCThI0 COBPEMEHHBIX HMHTEJUICKTYalbHBIX CPENCTB H3Me-
PEeHHUsI pacxoia U KOJNUYCCTBA, OCHOBAHHBIX HA NPUHIUIIE TTepeMeH-
HOTO Hepernaja NaBJICcHUs, ABISETCA TO, UTO B HUX M3MEPSIOTCS MTHO-
BEHHBIE MapaMeTPhi NIOTOKA, PACXOJ] PACCYHTHIBACTCS HE HENPEPBIBHO,
a yepes ONpeneNicHHbIC TPOMEXYTKH BPEMEHH. 3aTeéM Ha OCHOBE
MTHOBEHHBIX 3HAYEHUI pacxoia MPOM3BOJUTICS pacueT KOJIMYeCTBa
cpenpl. Ilpu aToM npenmonaraercs, YTO B NIPOMEXYTKE BPEMEHH Me-
Ky U3MEPEHMSIMUA PAcXoJ[ OCTAaeTCs HeWM3MeHHBIM. Takum oOpazom,
W IIPH HMCIHOJB30BAHUN COBPEMEHHBIX CPEJICTB MOr'YT BO3HHKATH IO-
HONHUTENBHBIC TOIPEITHOCTH IPH H3MEPEHHH PacXofa H KOJNMYeCTBa

IYJIbCUPYIOIUUX U NEPEMEHHBIX ITOTOKOB.

7. BBMEPEHME PACXO/JIA T'A3A
ITPU CBEPXKPUTUYECKOM HEPEITAAE JABJIEHU S

B Tex cnywasx, xorjna NpH TEUYSHWUH Tasza qyepes3 CyKarouee yeTpoi-
CTBO COIUIOBOTO THIAa CKOPOCTH B HAuOOJEe Y3KOM CEYCHMHM BO3pac-
TaeT ¥ JIOCTUraeT CKOPOCTH 3BYKA, PACKOZ YK€ HE 3aBHCHT OT IIepe-
naga jaasnedus. Kputudeckass CKOpOCTh BOZHWKAET DPH OTHOLICHHUH

AaBJIICHHS MOCJHE colla p,y K HABJICHHIO mepea COUJIOM py, PABHOM

WA MEHBIIE KPUTUYECKOT'O er .

3Ha4YeHUE F,,, 3ABUCHT OT IMOKA3ATCIIS a,ZlI/Ia6aTBI rasa Y 1 OTHOIIC-

Kp
HUS JWAaMETPOB COIUIa B Y3KOM cedenun d i Tpybomporosaa D. Jina

Bozayxa (¥ =14 )er nexut B mpenenax 0,528-0,592.

HpI/l &S}’Kp pacxon 3aBUCHT TOJBKO OT NapaMeTpoOB ra3a nepea
P

COIUIOM U pacCYMTBIBACTCS IO (bOpMYHﬁ

Po
=CCFy—,
Ou ofo Rt

M
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rae C — x03¢hrIMEHT HCTeUSHUS;
Co — KxpuTHYecKas pacxoinas GyHKIms;
Fy — nomraib KpHTHHECKOTO CEYCHUsI COIIA;
R — yHuBepcabHas ra30Bas OCTOSHHAS;
M — monexynspHas Macca;
Po — IIONHOE JABJIEHUE rasa Iepel COIUIOM, PaBHOE CYMME CTAaTH-
YECKOT0 U IMHAMUYECKOrO JaBJICHHI;
Ty, — nonHas TeMnepatypa (Temreparypa TOpMOXKEHUS) rasa nepes
COILIIOM.
Jlis upeansHOTO rasa
1 %+l
Co :Xé- 2 z(xfl)_
Ay -1
Hast gocTXKEHHs. KPUTHIECKOH CKOPOCTH LEJECOO0Pa3sHO HpHMe-
stk CV tuna conna Bentypu. B Takux comiax KpuTHYECKOe OTHO-
LIeHMe JaBJIeHUs] B HauOoJee y3KOM CEYeHUM H JaBJIEHHs HAa BXOJE

Fip HOCTHIACTCS TPU CYIIECTBEHHO OONbIIEM OTHOMIEHHH po/ py,

YeM B IPOCTHIX COIMJIAX.

PexoMenayoTCs K NPUMEHEHMIO J[Ba Tdma comel BeHTypu uist
paboTBl B KPUTHYECKOM DEXHME: COILIO BeHTYpH ¢ TOPOHAAIbHBIM
ropiioM (puc. 30a) m comino BeHTYpH ¢ HMIMHAPHYECKHM TOPIOM
(puc. 306).

a 3]
(1£0,1)D (1£0,1)D

N ‘ S
._7\1-' e PR S 7\rl __.d'u_____.__l}
Q Q
=d

N r = (240,2)d

Puc. 30. Kpurunaeckue comna Benrypu:
a —— C TOPOMAAILHEIM TOPJIOM; 6 — ¢ LHTHHIPHICCKAM TOPIIOM

101




[Mepe) KPATHIECKUMH COIUIAMH BeHTYPH JOMKHEI HaXOMUTHCS WK
TpyGOIPORO KPYIJIOTO CEUEHHWs, WM OONBUIOE MPOCTPAHCTBO CO
CTEHKAMH He Oxe yeM S5d oT ocH coma. PEKOMEHAyeTes 1l yorI-
paHeHHst BpaUICHUs II0TOKA HA PacCTOSHMU He MeHee 5D mepen co-
IJIOM YCTAHABJIMBATH CTPYECBBIIPIMUTEND JJIMHOIO He MeHee D). Dkc-
LEHTPUCHTET MEXY OCSAMH TPYDONPOBOJA U COIlla BEHTYpH JHOJDKEH
ObITH He bosiee 4 0,02D. M3mepath gasienue ciefyer Mnepen ComIoM
na paccrostauu (1 £ 0,1) D, TemnepaTypy — Ha paccrosuuu (2+ 0,2) D.

Kosdppuument wucre ienuss C 101 KpHTHUECKHX conell Bentypu

MOXHO OIPEACINUTD TI0 YPaBHCHUIO
C=a—bRe,".
Jns corna ¢ ToporganbHBIM TOPIOM
a=0,9935;b=1,525;b=0,5 upu 10° <Re, <10 ;
JJIs colna HUIHHIAPHUYCCKUM TOPJIOM
a=0,9887; b=n=0nupu 3510° <Re, <2,5-10°

wa=1;b=02165;b=02npu 2,510 <Re, <2-107 .

[pu BrimosHeHnH TPeOOBaHUI K TeOMETPUH Npeje/ibHas Norpen-
HOCTh K03(puienHTa ueTeuenust o =+0,5 %.

IIpuMeHeHUE KPUTHIECCKHUX comlenl BeHTypn BMECTO KPHTHYECKOIO
COTUIA MO3BOJISIET TTOBBICHTH OTHOUIEHHE JABIEHHH ITOC]C W 0 COMJIa
no py/ py = 0,83-0,87.

Kputrueckue CY MHPOKO NPUMEHSIOTCS B KAY€CTBE ITAIOHHBIX
CpEeJICTB IIPY MOBEPKE U TPaJyMPOBKE Ia30BbIX PACXOJIOMEPOB U CYET-
YUKOB. DTATOHHBIC KPHTHYECKUE COMA I'PajyHpYIOTCS WHIWBUIY-

anbHo. [TorpemHocTs rpaqyupoBku — B npegenax 0,08-0,2 %.
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