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AHHOTALUMUA

BBepeHue. [luHamunyeckoe AaBrneHne namepseTcs BO MHOTUX cpepax XU3HeAesTeNbHOCTM YenoBeka. PasmecTuTb garyuk
HernocpeaCcTBEHHO B TOYKE NMPUEMHUKA AaBMeHWs 4YacTo He MpeacTaBnseTcs BO3MOXHbIM. [pUXoanTcsa ncnonb3oBaTb Co-
eAVHUTENbHble TpyOkn. PaccmaTtpuBaeTcs AnarHocTvika U3aMepUTENbHOM CUCTEMbI Af1s1 NOMyYeHUsl ANHAMUYECKUX Xapak-
TEPUCTMK NOTOKa B MOAENU BOAOCOPOCHOro TpakTa rugpoTypbuHbl. Llenb nccnegosanus — onpegeneHve onTUManbHON
ONVIHBI COeAVMHUTENbBbHON TPacchl U NPOBEpKa NepeAaToYHbIX XapakTepuCTVK UCMOSb3yeMON U3MEPUTENBHON CUCTEMBI.
MaTepuansbi u meToAbl. [1ns ANarHOCTVMKM N3MEPUTENBHON CUCTEMbI CO3AaH cneuuanbHblin cteHs. lNMporpammHoe obecne-
YeHue anst 06paboTky cUrHanoB peanv3oBaHoO B cpede rpadmyeckoro nporpammupoBanns LabVIEW. Anroputmom npe-
obpa3oBaHusi CUrHaNoB AaT4YMKOB 13 06nacTy BpeMeHu B 0bnacTb 4acToT SIBNANOCh AUCKPETHOE NpeobpasoBaHue dypbe.
B na3meputensHon cucteme npuMeHsinuch gatymku gaesnenna XGZP6857A. cnonb3oBancs aHanoro-undposor npeobpa-
3oBatenb NI USB 6225. KannbpoBka BbinonHAnack ctaHAapTHeIM METOAOM MyTeM NPOBEAEHNS «3TanoHHbIX» 9KCNepUMeH-
TOB B a3pofumHammnyeckon yctaHoBke AerolLab. OtanoHHbIM npubopom ctan auddepeHumanbHbii LMdpoBo MaHOMETp
OKO-MHTEX OML-01M.

Pesynbrathl. [10 nToram npoBeAeHHbIX OMbITOB MOMyYEeHbl 3HAYEHNs MyNbCcauWi AaBNEHNUs NMPU LWECTU PasnnyHbIX ANMHaX
coeauHUTENbHbIX TPyOOoK. B akcneprmeHTax ncnonb3oBanicb coeauHuTenbHble TpyOku cnegytowmx anvu: 20, 40, 70, 150,
400, 900 mMm. Mynbcauun gasneHus 3anvcbiBanuck B AnanasoHe ot 0 go 70 'y ¢ warom 10 'y, MNpu ganebHenwem aHannse
curHarnoB GbInu Nony4YeHbl CNEKTPbl Mynbcaunii 4aBNeHNUs U 3aBUCUMOCTM aMNNnUTyAbl Nynbcauuii 4aBneHust oT AnWHbI Co-
eanHUTEnNbHOM TPYOKN.

BbiBogbl. ONMCaHHbIA CTEHA MOXET NPUMEHSITLCA N1 AMHAMUYECKON KanMbpoBKM AATUMKOB AABIEHMS B AMana3oHe Ya-
cToT o 70 'y, npy pa3nuyHon AnNvHe coeauHUTENbHBIX TPYOOK. Mi3amepuTenbHas cuctema, pacCMOTpPEHHas B CTaTbe, MOXET
ObITb MCMONb30BaHa A5t NONYyYeHNUs1 AMHaMUYECKMX XapakTepPUCTUK MNOTOKa B MOAENy BOAOCOPOCHOro TpakTa ruapoTypbu-
Hbl NPV NPUMEHEHNUN MeHbIX COeanHUTENbHbIX TPy6ok A0 400 MM ANUHOW.

KNKOYEBBLIE CIIOBA: paTyvk AaBneHusi, UsMepeHue AaBrieHusl, cTaTnyeckas v AuHamudeckas kanubposka, CoOeanHU-
TenbHasa Tpybka, YaCTOTHbIN CNEKTP curHana, U3MepeHne MynbCaLuoHHOro AaBneHusl, CTeH Ans AUHaMUYeCcKON Kanu-
OpoBKM, ANNHA Tpacchl, Nynbcauuy AaBreHus
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ABSTRACT

Introduction. Dynamic pressure is measured in many areas of human activity. It is often not possible to place a sensor directly
at the pressure receiver point. Connecting tubes have to be used. This paper discusses the diagnostics of a measuring system
for obtaining dynamic flow characteristics in a model of a hydraulic turbine spillway. The purpose of this study is to determine
the optimal length of the pressure connecting line and to check the transfer characteristics of the measuring system used.
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Materials and methods. A special stand was created for diagnostics of the measuring system. The software for signal pro-
cessing is implemented in the LabVIEW graphical programming environment. The algorithm for converting sensor signals
from the time domain to the frequency domain was the discrete Fourier transform (DFT). The measuring system used pres-
sure sensors XGZP6857A. An analog-to-digital converter (ADC) NI USB 6225 was used. Calibration was performed using
the standard method by conducting “reference” experiments inthe AeroLab aerodynamic setup. The reference device is the dif-
ferential digital pressure gauge ECO-INTECH DMC-01M.

Results. As a result of the experiments, pressure pulsation values were obtained for 6 different lengths of connecting tubes.
The following lengths of connecting tubes were used in the experiments: 20, 40, 70, 150, 400, 900 mm. Pressure pulsations
were recorded in the range from 0 to 70 Hz with a step of 10 Hz. During further analysis of the signals, pressure pulsation spec-
tra and the dependence of the pressure pulsation amplitude on the length of the connecting tube were obtained.
Conclusions. The setup described in the paper can be used for dynamic calibration of pressure sensors in the frequency
range up to 70 Hz with different lengths of connecting tubes. The measuring system discussed in the paper can be used
to obtain dynamic characteristics of flow in the model of the hydraulic turbine spillway when copper connecting tubes up to
400 mm long are used.

KEYWORDS: pressure transducer, pressure measurement, static and dynamic calibration, connecting tube, signal fre-
qguency spectrum, pulsation pressure measurement, dynamic calibration stand, route length, pressure pulsations
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BBEJIEHUE

JuHaMu4decKkoe NaBIICHHE M3MEpSeTCs BO MHO-
ruX cdepax KU3HEAEITeTbHOCTH YeI0OBEKa: aBTOMO-
OMITEHOW TTPOMBITIIICHHOCTH, TypOOMAIITMHOCTPOCHHH,
a’ponuHAMUKE, THAPOIHEPTETUKE, PA3TUIHBIX ITPOU3-
BOJICTBEHHBIX IIpOLECCAaX, MEAUIIUHE U IpyroM. Berpe-
YarOMIMeCs aMIUTUTYIbI BAPHUPYIOTCS OT HECKOJIIBKUX
ITa no Heckonbkux rlla, a 4aCTOTHI OT MEHEE OJHOTO
I'n no mpumepno oxnoro MI'nt [1-7]. PasmecTuts nar-
YHMK HEMOCPEICTBEHHO B TOUKE 3a00pa JIaBJICHHUS 4acTo
HE TPECTaBIACTCS BO3MOKHBIM. [IpHX0ANTCS HCIIOTH-
30BaTh COCIUHHUTENbHBIC TPYOKH. TOUHOCTH IUHAMHYE-
CKMX U3MEPEHUN aBJIEHUs TAKOM CUCTEMbl HAUMHAET
CHIJIBHO 3aBHCETh OT Pa3MEpPOB M TEOMETPUN COCTUHH-
TETBHBIX JJIEMEHTOB. BONBIIMHCTBO CYyIIECTBYIONINX
JATYUKOB JABIICHUS KaIUOPYIOTCS TOJTBKO Ha CTaTHYC-
ckoe napnenue [7—11]. [ToaTomy J1s1 U3MEPEHUS TyJb-
canuii JaBJICHUS B IIOTOKE )KUAKOCTH HY>KHO IPOBEPUTH
JTMHAMHYECKHE XapaKTePUCTUKN HCIIOJIb3YyEMOil chcTe-
MBI cOOpa JaHHBIX. B IpOTHBHOM cilyuae JaHHbBIE MO-
I'YT OBITh TIOJABEPKCHBI BIUSHIIO MHOTUX CUCTEMHBIX
OrpaHUYEHHI B YACTOTHBIX M aMIUIMTYIHBIX JTHAIa30-
HaxX CUTHAJIOB JABJICHMS, 1 OHH HE CMOTYT MPaBIHBO
OTpa)kaTh THAPOJWHAMHKY HMCCIIEyeMOro Ipolecca
[11-16].

B nHacrosiieil crarbe paccMarpuBaeTCs IUArHoO-
CTHUKA W3MEPUTEITHHOW CHCTEMBI IS TIOTYUCHUS IH-
HAMHUYECKHAX XapaKTePUCTUK MTOTOKA B MOJCIH BOJIO-
cOpocHOTO TpakTa ruApoTypOmHBL. B cBsi3u ¢ oco-
OCHHOCTSIMHU HKCIIEPUMEHTAa U KOHCTPYKIIMEH MOJIEIN
He OBIJI0 BO3MOXKHOCTH Pa3MECTHTh JaTYMKH HETOCpeI-
CTBCHHO B TOYKe 3a0o0pa naienus. [loaromy nmorpedo-
BaJICs COCMHUTENIBHBIN 3JIEMEHT, B Ka4eCTBE KOTOPOTO
Obuta BEIOpaHa MeqHast TPyOKa ¢ BHYTPEHHUM JHaMe-
TpoM 1 MM. PaccmaTpuBasics inamas3oH 4acToT MyJibca-
it ot 0 10 70 ',
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Lenp nccienoBanust — onpeaeIeHne ONTUMATb-
HOH UIMHBI COEJUHUTENBHOIO 2JIEMEHTA U MPOBEpKa
Ka4yeCcTBa IPUMEHIEMON U3MEPUTEIBHOM CUCTEMBI.

MATEPHWAJIBI U METO/JbI

Jnst TUarHOCTUKH U3MEPHTEIBHONM CHCTEMBI CO3-
JIaH CIICIHaJIbHBINA CTEH]], CXeMa KOTOPOTo n300paxeHa
Ha puc. 1.

IIporpamMmmHoOe obecriedeHne s 0OpabOTKH CHUT-
HAJIOB PEaJIM30BaHO B Cpejie rpa)uueckoro nporpam-
muposanus LabVIEW.

Kiraccnyeckuii momxon K CIEKTPaIbHOMY aHAITU3Y
(bU3MYECKHUX MPOIIECCOB OCHOBAH HA MPUMEHEHHH TIpe-
obpazosanust Dypse [17-20]:

p(f)= [ pe™df,

rae f— dacToTa; p(f) — CUTHAM; { — BpeMs; | — MHHU-
Masl eIMHHUIIA.

Ha mpakTuke npuxoanTcst UMETH JIeNI0 C AUCKPET-
HBIMH CHTHANIaMH p(f), TIOTyYEHHBIMU C HEKOTOPBIM
BpEMEHHBIM I1aroM A¢. AJTOPUTM, KOTOPBI obecrie-
YHBaeT NpeoOpa3oBaHne BEIOOPKH CHTHAJIa U3 001acTH
BPEMEHH B 00JIACTh YaCTOT, SIBIISIETCST TUCKPETHBIM TIpe-
obpazoBanuem Dypoe (IAI1D) [17-20]:

_2m

fa(fk)ﬁzp(rn)e

e k — k-1 SIEeMEHT CTIIeKTPaTbHOMN COCTaBIISTIOIIIEH; N —
KOJIMYECTBO BPEMEHHBIX OTCUETOB; 77 — HOMEp OTCUEeTa.
DaKTUUECKN UCXOIHBIA CUTHAN MPEACTaBISETCA
B BUIC psga Oypre: Habopa TapMOHUK C YaCTOTAMH,
KpaTHBIMH YacTOTE MEPBOM TapMOHUKH, M aMILIUTY-
JlaMU, OTPEICISACMBIMU C TIOMOIIBIO TPeoOpa30oBaHHUS
®Dyphe UCXOIHOTO CUTHAIIA B TIPEeNIaX ero Mmepruosa.
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Puc. 1. Cxema cTeHa sl THATHOCTHKH U3MEPUTEIBLHON CUCTEMBI: | — CETeBO (UIBTP MUTAHUS; 2 — OJOK MUTAHUS JaT-

4rKOB; 3 — OJIOK MUTaHUs aHanoro-mupposoro npeodpaszosarens (ALIT); 4 — AL, 5 — nepcoHaNBHBIH KOMIIBIOTED; 6 —

YCUJIMTEJb 3BYKa; 7 — AMHAMUK; § — pe3epByap ¢ BOJOH; 9 — NaTuuKK JaBICHUSA

Fig. 1. Diagram of the stand for diagnostics of the measuring system: / — power line filter; 2 — sensor power supply; 3 — analog-

to-digital converter (ADC) power supply; 4 — ADC; 5 — personal computer; 6 — sound amplifier; 7 — speaker; § — water

tank; 9 — pressure sensors

Jlanee MOKHO BBIYHCIHTD CHEKTPATHHYIO ITJIOT-
HOCTH MOITHOCTH CleIyomumM oopazom [17-20]:

2 2
_ﬁ(f}c)| > f;c¢05 fmax
N.J,
SP (f;f): 1 . ) s
N7 p(fI s £ =0, fon

rae N, — KOIHMYECTBO BPEMEHHBIX OTCUETOB (N — m);
fs = 1/At — 4acToTa TUCKPETU3AIMH CUTHAIIA; fmax =
= [,/2 — MakcuMaJlbHas YacTOTa Pa3PELICHHs CIIEKTPA.
B usmeputenbHo# cucTeMe UCIOIb30BAINCH J1aT-
guku naBieHuss XGZP6857A (puc. 2).
Hx TexHUUYECKHUE XapAKTEPUCTUKU NIPEACTABIICHbL
B TabIuIeE.

315
[ 1

Puc. 2. Jlaruuku napnenuss XGZP6857A
Fig. 2. Pressure sensors XGZP6857A

IMpumensiembrt AILIIT NI USB 6225 — 80-
KaHAJIbHBIA MOAYJIb AU (EepeHInaIbHOTO BBOAA, Pa3-
pemrenne 16 OWUT; MakCHMaTbHAs YaCTOTa OMpoca —
250 000 orcuetos/c.

TapupoBka BBIIOJIHSUIACH CTAHJIAPTHBIM METOJIOM
IyTEM IPOBEICHHS «ITAJTOHHBIX» 3KCIIEPHMEHTOB.

DTaJ0HHBIM IPUOOPOM siBJIsIeTCs AU depeHInab-
HBIH 1Udposoit manomerp DKO-UHTEX JIMII-01M.
IIpenen ocHOBHO TOMTyCKaeMOi aOCOTFOTHON OTpeT-
HOCTH U3Mepenuit He 6ornee (1 + 0,005AP) I1a. B pe-
3yJbTaTe KaTMOPOBKHU OBLIH MTOTY4YEHBI TAPHPOBOUHBIC
3aBUCHUMOCTHU JJId BCEX HUCIIOJIB3YEMBIX IPU MPOBEAC-
HUU WCCIIeIOBaHMN 1aTuukoB (puc. 3). Bee momyuen-
HbIE 3aBUCUMOCTH UMEIOT JINHEHHBIN XapakTep.
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TexHuueckne XxapakTepuCTHKU AaTyuka aasieHus XGZP6857A

Technical characteristics of the pressure sensor XGZP6857A

Tun narumka / Sensor type Wnterpuposanuslii / Integrated
Tun m3mepsiemoro nasnenus / Type of pressure measured Huddepenmansreii / Differential
P, xlla/kPa —40/+40
P, 1y Kla / kPa 75
VeeB/V 4,75-5,25
T,°C 0-60
Kopmyc / Case 1351
Bpewmst otkimka, mMc / Response time, ms 2,5

y=10123x - 53,915
R =

0,2 0,3 0,4

UB/V

Puc. 3. TapupoBouHast 3aBUCIMOCTb OHOTO M3 JaTYUKOB JaBICHUS

Fig. 3. Calibration dependence of one of the pressure sensors

PE3YJIIBTATBI HCCJIEJOBAHMUA

B pesynbrare nmpoBeIeHHBIX OMBITOB TOMYYEHBI
3HAUCHUS MyNbCAIII JaBJICHUS TIPH IISCTH Pa3THIHBIX
JUTMHAX COCIUHUTEIBHBIX TPyOOK. B akcrmepumenTax
WCTIONIB30BANIUCH COETUHUTENbHBIE TPYOKH CIIEIYONTUX
nud: 20, 40, 70, 150, 400, 900 mm. ITynbcauuu gasie-
HHUS 3anucblBIMCh B quanaszone ot 0 mo 70 ' ¢ mia-
rom 10 ['n. AMIUIUTYIHO-4aCTOTHBIC XapaKTePUCTUKU

600
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200

P,Ila/Pa

-200
—400

—600
0 0,025

0,05

0,075 0,1 0,125

—20MmMm/ mm  — 40 MM/ mm

Puc. 4. [Tynscanuu nasnenus Ha yacrore 10 '
Fig. 4. Pressure pulsations at a frequency of 10 Hz
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70 MM / mm

CHTHAJIOB IIECTH JATYUKOB JABJICHHUS C PA3IMIHON JUTH-
HOHW coeauHnTeNnbHON TpyOoKHu ot 20 10 900 MM mpen-
craBiieHbl Ha puc. 4. Ha rpaduke moxHO HabmonaTh
(hazoBoe cMeIeHHE CUTHAJIOB Ha JIaTYMKax C JUIMHON
coequauTebHON TPyOKH 400 1 900 MM. Takke MOKHO
3aMETUTh YMEHBIICHNE aMIUIUTY/bI MyJIbCALIMH Ha JUTH-
He TpyOku 900 MMm.

I'padux mynbcanuii qaBiaenus npu yacrore 70 '
MIPUBEJIEH Ha pUC. 5.

0,15
t,c/s

0,175 0,2 0,225 0,25 0,275 0,3

150 MM / mm  — 400 MM / mm  — 900 MM / mm
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Puc. 5. Ilynscanuu gaBienus Ha yactore 70 'y

Fig. 5. Pressure pulsations at a frequency of 70 Hz

P, Tla/Pa

Puc. 6. Fpa(bm(n 3aBUCUMOCTHU CPEAHEIO NaBJICHUSA OT JJIMHBI COCI[I/IHI/ITCJ'ILHOﬁ pr6KI/IZ a — TMOJIOKUTECIIBHOC JIAaBJICHHUE,
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Fig. 6. Graphs of the dependence of average pressure on the length of the connecting tube: ¢ — positive pressure; b — nega-

tive pressure
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Puc. 7. CuexrpanpHas IUIOTHOCTh MOUTHOCTH: @ — JUTMHA COCAMHHUTEIbHON TpyOKH 20 MM, wactoTta 10 I'mi; b — mmHa

coenuHATENBHON TPYOKH 900 MM, wactota 10 ['y; ¢ — mumiHa coenmanTenbHOM TpyOKu 20 MM, yactora 70 'y d — nmmiHA coemu-

HUTENbHOU TpyOKH 900 MM, yacTtota 70 't

Fig. 7. Power spectral density: a — length of connecting tube 20 mm frequency 10 Hz; b — length of connecting tube 900 mm

frequency 10 Hz; ¢ — length of connecting tube 20 mm frequency 70 Hz; d — length of connecting tube 900 mm frequency 70 Hz

Ha rpaduke (puc. 5), Tak e Kak ¥ Ha IPEIbIIY-
meM, oTMedaeTcs (pazoBoe CMEIeHne H yMEHbLICHHE
aMIUTATYABI, HO €T0 y)Ke MOXKHO HaOmronats Ha Oomee
KOpOTKHX TpyOKax mummHo# 70 n 150 Mm.

[IpoaHanu3upoBaB aMILIUTYIHO-4AaCTOTHBIE Xa-
PaAKTCPUCTUKU, MOXKHO YTBEPKAAaTh, UYTO C YBCJINUCHU-
€M JITMHBI COeIMHUTEIBHON TPYOKH M 4aCTOTHI CUT'HANA
MIPOUCXOMAT YMEHBILICHNE AMIUTUTY/BI ITyJIbCAnii 1aB-
JeHus 1 a30BOE CMEIICHHUE.

B pesynbrare nanpHeWIero aHajin3a CHUTHAJIOB
6BIJ'II/I IMOJIYYCHBI 3aBUCUMOCTU aMILIATY bl HyJ'II)C&HI/Iﬁ
JTABJICHUS OT JUTMHBI COSANHUTEIHHON TPYOKH (puc. 6).

I'padmky Ha prc. 6 TOATBEPKIAIOT BBIIIECKA3AHHOE.
W3 HUX XOpOIIO BHIHO, YTO MaKCHMAaJIbHYIO aMILTUTYLY
MyJIbCALMI MOYKHO HaOJTIONATh MPH HEOOJBIIION JUTHHE COe-
JIMHUTEIILHBIX TPYOOK /10 250 MM 1 yactorax ot 0 10 50 1.
IIpu nymaHe coemMHNTENBHBIX TPYOoK Oombime 400 MM am-
TUIMTY/IA TTyJIbCAINi HAYMHAET MaJIO 3aBHUCETh OT YacTOTHI
u crpemutcs K Hymo. Ha gacrorax 6onbine 50 'y naxke
Ha CaMbIX KOPOTKHX TPyOKax aMIUTUTYJa OUYeHb HEBEJIMKA
IO CPaBHEHHMIO C OOJIee HU3KUMH YaCTOTaMH.

[Toce mpeoOpa3oBaHUs BEIOOPKH CHTHAIIA U3 00-
JaCTH BPEMEHH B 00JacTh YacCTOT BBIYHCIICHA CIIEK-
TpajbHast ITIOTHOCTH MOIITHOCTH 1 IMTOCTPOEHBI CIIEKTPBI
nynbcanui nasneHus (puc. 7).
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AmHanmm3 rpauKoB CIIEKTPAIEHOHN TUIOTHOCTH MOIII-
HOCTH MOKa3bIBACT, YTO HA BCEM ANAIa3oHe JUTHH COeIH-
HUTEJIBHBIX TPYOOK M '€HEPUPYEMBIX 4aCTOT U3MEPH-
TeJbHAsl CHCTEMA YJIaBIIMBACT YAaCTOTy CHUTHaa O0e3 UCcKa-
seHnd. C yBeJIMUCHNEM JUTMHBI COSANHNTENBHOH TpyO-
KM ¥ 9aCTOTBI yMEHBIIIAETCSI MOIITHOCTh CUTHAJIA. YMEHb-
IIEHNE aMIUTUTY/ABI IPY YBEITMUYCHUN YaCTOTHI BO3MOXKHO
U3-3a 0COOEHHOCTEN AMHAMUKA, C IOMOIIBIO KOTOPOTO
TEHEPHUPOBAIINCH ITyJIbCALIUH.

3AKJIIOYEHUE U OBCYXJIEHHUE

OmnucaHHBIH B CTaThe CTEH]T MOXKET HCIIOIb30BATh-
Cs1 1Sl ANHAMHUYECKON KaJTMOPOBKHU NATIYMKOB JIABICHUS
B anama3zoHe 9actoT A0 70 I'm mpu paznudHoil 1nHe
COEIMHUTENBHBIX TPYOOK.

Ha ammmtyny mynbcanuii JaBaeHUs: CUIBHO BIUSET
Kak JJIMHA COSMHUTENIBHBIX TPYOOK, TaK M 4acTOTa I'eHe-
pUpyeMOro currana. MakCUMabHYI0 aMILTATYILY ITyJIbca-
LU MOYKHO HaOMIONaTh IPH HEOOJIBIIION UTMHE COSTUHU-
TeNBHBIX TPyOOoK 1o 250 MM u gactotax ot 0 mo 50 I'm.
[Ipu gmHe coenMHUTENBHBIX TPYOOoK Gombiie 400 MM aMm-
IUTUTY/A My/IbCAUI HAIMHAET MaJIO 3aBUCETh OT YaCTOTHI
" cTpeMuTcs K Hymo. Ha gactorax Gomprre 50 ' maxke
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Ha CaMbIX KOPOTKHX TPYOKax aMIUIMTY/Ia OUYeHb HEBEJIUKa
TI0 CPaBHEHHMIO ¢ OoJiee HU3KUMH YaCTOTaMHU.

Ha Bcem auana3oHe JUIMH COSAMHUTENBHBIX TPYOOK
ot 20 10 900 MM 1 reHepupyembix 4actoT ot 0 10 70 I'1g
HM3MEpUTENbHAs CHCTEMa YIAaBIUBACT YaCTOTy CHUTHAIa
0e3 UCKaKEeHHH.

[Tpn npoxokIeHNH CUTHAJIA YepPe3 COCANHHUTEb-
Hble TpyOKH uMHOH 0T 400 MM MOXKHO HaOJIIOAATh €ro

(hazoBoe cMmeleHre. ITO TOBOPUT O HEXKEIATEIILHOM
MPUMEHEHUN MEIHBIX COSIMHUTEIbHBIX TPYOOK JJIH-
Hoit 6onee 400 MM Ha TIpaKTHKE.

W3mepurensHas cucTeMa, paCCMOTPEHHAS B CTAThE,
MOXKET OBITh UCIIOJNB30BaHA ISl TOJY4YEHHs AMHAMUYE-
CKHX XapaKTEPHUCTHK TIOTOKAa B MOJIENIN BOZOCOPOCHOTO
TpakTa TUAPOTYPOUHBI IPU NPUMEHEHUH MEIHBIX CO-
€IMHUTENBHBIX TPYOOK 10 400 MM UTHHOIA.
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