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AHnomauia — po3rJISHYTO MeTOAU 3MiHHM YYTJIUBOCTI, MiIBUILEHHSA
TOYHOCTI TA aBTOMATH3allil BUMIPIOBAHHS NMapaMeTPiB YaCTHHOK [10-
MIIIOK BOJHUX PO34YHHIB NPH eJeKTPo(ope3i 3 BUKOPUCTAHHIM Jia3e-
PHOI J01U1epiBcbKOI iHTepdepoMeTpil

Knwuosi cnoea — nazepHa nomiepiBcbka inrepdepomerpisi; ana-
Joro — uu¢poBuii NepeTBOpPIOBaY; JOKAJIbHI CXeMU OYHUILEHHS CTiY-
HHUX BOJ; MaTeMaTH4YHe, KOMII’I0TepHe MO/ie/Il0OBaHHs (opmHu ii mapa-
MeTPiB 10ILIePIBCHKOI0 CUTHAJTY.

Ilocmanoexa npobaemu. ONTHYHI, Ta3epHI METOJU J103BOJISIIOTH BH-
MIPIOBaTH TIIPOMEXaHIYHI MapaMeTpPH YAaCTUHOK JIOMIIIOK CTIYHHUX BOJ
MPOMUCIIOBUX MiJIPUEMCTB 3 METOK KOHTPOIIO sKOCTI ouuiieHHs. [Ipu
pO3po0Ili ¥ MPOEKTyBaHHI JIOKATHHUX CXEM OYHIINCHHS BUPOOHUYUX CTid-
HUX BOJI TAKOXK Ba)KJIMBE 3HAUYEHHS MalOTh TEXHOJOT1i BUMIPIOBAHHS IIIBU-
IKOCT1, e(EKTUBHOTO JlaMeTpy Ta EICKTPOKIHETHYHOTO MOTEHIlaTy Jac-
tuHOK [1, 2]. Tloganblire yIoCKOHAICHHS METOJIIB BHMIPIOBAHHS Bifirpae
BXJIMBY POJIb y MOMIMPEHHI 3aCTOCYBaHHS LUX CIIOCOOIB KOHTPOJIO 1 aHa-
73y e(pEeKTUBHOCTI OUHMILEHHS, 110 OOYMOBIIOE AKTYaJbHICTh LILOTO Ha-
MpsIMY JAOCITiI’KEHb.

MeToro KOHTPOIIO SIKOCTI OYHMINEHHS € OTpUMaHHs iHpopMaIii mpo
TOJIOBHI MTOKA3HUKH, 1110 BU3HAYAIOTh SIKICTh OYMILEHHS, a caMe KOHIICHT-
parito po3uuHy, e()EeKTUBHUM MiaMeTp Ta €JICKTPOKIHETHYHHUIN TOTEHITial
JaCTHHOK JOMIIMIOK. BaockoHanmeHHss MeToay Ja3epHoi JOIJIEPIBChKOI 1H-
TepdepoMeTpii moTpedye MiABUINEHHS YYTIMBOCTI Ta aBTOMATH3aIlli BUMI-
poBaHb. Jlnsg 1BOro HEOOXITHO YIOCKOHAJICHHS MaTEeMaTHYHOTO
KOMIIT FOTEPHOT'0 MOJISITFOBaHHS MPOIECY BUMIPIOBAHHS, OL[IHKA MOXKIIUBUX
noXHOOK Ta BU3HAUCHHS MEX 3aCTOCYBaHHS JiazepHOro Meroxy [3].

Ananiz ocmannix 0ocniodicens. [N BU3HAUSHHs] KOHIIGHTpALlii yac-
TUHOK JIOMIIIOK y BOJHOMY PO3UYHHI B PEAIbHOMY 4Yaci BUKOPHCTOBYIOThH
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€TaJIOHHUN PO3YMH 3 BIJOMOIO KOHIIEHTpalli€o n,. CrodyaTtky BUMIPIOIOTh
KUTBKICTh K, IMITyJIbCIB JOIUIEPIBCHKOIO CUTHANY 3a OJAMHUIIO Yacy JJis

€TaJIOHHOTO PO3YHMHY, MOTIM /10 BUMIPIOBAJILHOI KAMEpPU CIPSIMOBYIOTH PO-
34MH, 1O JOCIIKYETbCA 1 BUMIPIOIOTH KIJIBKICTh K, BIIMOBIAHUX IMITYJIb-

CciB JoriepiBcbkoro curHaity. KoHueHTpallis n 4acTHHOK AOMIIIOK BOJHO-
IO PO3YMHY BH3HAYAETHCS 32 POPMYJIOKO:

n =—=-Ny. (1)

Takum urHOM, 32 g0ormoMororo Gpopmyitu (1) 3AiHCHIOETHCS OIlIHKA KOH-
LEHTpAIIIT YaCTHHOK Ta SIKOCTI OYMIIIEHHS CTIYHUX BOJ| y peajbHOMY daci [4].

Dopmymosanus yineu cmammi. MeToro maHoi poOOTH € TIABHUIICHHS
TOYHOCTI BUMIPIOBaHb, 3a0€3MEUEHHS 3MIHU Jlialta30Hy BUMIPIOBAHHS IIIBH/I-
KOCTI 1 aBTOMaTH3aIlii MpoIeCy BUMIPIOBaHHS Ta OOpPOOKHM OTpUMAaHUX pe-
3yNbTaTiB. [[71s1 JOCSATHEHHS MOCTAaBIEHOI METH HEOOXiTHO BIIOCKOHATIUTH Ma-
TEeMaTUYHE, KOMIT IOTEPHE MOJICIIOBaHHS (POPMH i MapaMeTpiB JOMIEPIBCh-
KOTO CHUTHAITY, & TAaKOX PO3pOOUTH crociO Ta MPUCTPIH 11 HOTo 3iACHEHHS
NpHU 3MiHI KyTa MDK JBOMa 30HIYIOUUMH MPOMEHSIMHU TUQEpeHITIalbHOI Oll-
TUYHOI CXEMH JIa3ePHOT'0 JIOIIIEPIBCHKOTO iHTEphepoMeTpa.

Ocnosna yacmuna. 1 BUBHaYEHHS IIBUAKOCTI YACTUHKH MIPH €JIe-
KTpodope3i BUKOPUCTOBYEThCA AUGEPEHITIiTHA ONTHYHA CXeMa J1a3epHOTro
JOTIEPIBCHKOTO 1HTEp(epomMeTpa, sSKa JO3BOJISE 3MIHIOBATH JTiama30H BU-
MIpIOBaHHS MapaMeTPiB YaCTUHKU Ta aBTOMATH3yBAaTH MPOIIEC BUMIPIOBaHb
[5].Crioci6 BuMiproBaHHS MIBUAKOCTI, €(EKTUBHOTO AiaMeTpy 1 €JIeKTPOKi-
HETHYHOTO TMOTEHI[ially YaCTUHKU TMPH eNeKTpodope3i 3MiHCHIOEThCS Ha-
CTYITHUM YHHOM. 32 JOTIOMOT'O0 CBITJIOMOATbHUKA 2, [3epKaja 3 Ta JiH3U
4 KorepeHTHE BUIPOMIHIOBAHHS Telliii — HEOHOBOTO Jiazepa 1 MoAiIsoTh
Ha J1Ba TIPOMEHS 1 (POKYCyIOTh B 30HAYIOUY 30HY €JIEKTPO(hOPETHIHOI Ka-
mepu 5 (puc. 1). Lli 1Ba OCBIT/IIOIOYMX IPOMEHSI PO3TAIIOBaHI IMiJ KyToM &
OJTUH JI0 OJHOTO, SIKUI JT0PIBHIOE:

a —arctg-i
2.

k. @)

ne H - BicTaHb MK JBOMA JIa3€pHUMH POMEHSIMU;
F - dokycHa BincTanb JiH3U 4.

CBITJIOMOAITBPHUK 2 Ta A3epKasio 3 BCTAHOBIJICHI 3 MOXIIMBICTIO 3Mi-
HU Bigctani H Tta, TakuMm guHOM, 1 KyTa ¢, 110 JI03BOJISIE 3MIHIOBATH Jlia-
Ma30H BUMIpIoBaHHs mBuakocTi. Ha puc. 1 mpeacraBiena cxema excriepu-
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MEHTAJIBHOTO BUMIPIOBAIBHOTO MPUCTPOIO LIS JOCTIHKEHHS MIPOIiecy elie-
KTpodope3a MpH OYMIIECHHI CTIYHUX BOJ TaJbBaHIYHOTO BUPOOHHMIITBA.

<

4
6

(6 o 7 1 ¢]

Puc. 1. Cxema na3epHOro JOIJIEPiBCHKOrO iHTEphEepoMeTpa i BU-
MIpIOBaHHS €JIEKTPO(YOPETUIHOI MIBUAKOCTI, €PEKTHUBHOTO JilaMeTpy Ta
eNEKTPOKIHETUYHOTO TTOTEHITiaTy PYXY YaCTHHOK Y BOJHUX PO3YHHAX:

1 - mKepeno KOrepeHTHOTo BUIIpoMiHtoBaHHs (nasep JITH — 222); 2
- CBITJIONIOIUTHHHUK ; 3 — n3epkaio; 4 — miH3a 3 GokycHOr BimcTaHHIO F ;5
- enektpooperruHa kamepa; 6 - poronpuiimau (DOEIT 84 - 5); 7 — mudpo-
BUii 3anam’stoBytounii ocuminorpad C 9 - 8; 8 — ananoro — nudposwii me-
perBoproBau (ALII); 9 - mepconanbuuii koM totep (I1K).

[HTEHCHBHICTH CBITIIA, SIKE€ PO3CIIOETHCS YACTUHKOIO KOTPa PyXa€Th-
Cs1 31 MBHUAKICTIO V Y HAMIPSAMY NEPICHANKYIIPHOMY ONTHYHIN OCi JIiH3M 4,
PEECTPYETHCS 3a AOMOMOTOI0 (oTonpuiiMaya 6, BUXiJ SKOTO €IEKTPUIHO
MOB'SI3aHUH Yepe3 3amam’ ITOBYIOUri U(ppoBUiA ociiuiorpad 7 Ta aHaJIoro
— nudpoBuil IepeTBoproBay 8 3 mepcoHAIBHUM KoM 1oTepom 9. B pesyiib-
TaTi MAaTEMAaTUYHOTO MOJAEIOBaHHS (OPMHU JIOMIEPIBCHKOTO CUTHAITY 3 BHU-
X0y JlazepHoro inTephepomerpa [3] oTpuMaHo 3B'SI30K MiXk MIBUAKICTIO Ta
JiaMeTpoM YacCTUHKH 3 XapaKTepUCTHKaMU JOIUIepiBChKOro curHaiy. He-
00XiIHO BH3HAYUTH YACTOTy v Ta 4Yac 3pOCTAHHS t, aMIUTITYAW CUTHAIY 3
BHUXOJY JIa3epHOTO iHTephepomerpa. Toi aBTOMATUYHO, Y peaIbHOMY Jaci
O0YHCITIOIOTHCS MIBUKICTh V YACTHHKH 32 (hOPMYJIIOH0:

v-A
v=—T—-, 3)
2~n'sm%

ne A =0,6328-10"" M - JOBKUHA XBHJI BUIPOMIHIOBAHHS IelTiii — HEOHO-
BOro jasepa; N =1,33 - MoKa3HUK 3aJIOMJICHHS] BOJJHOT'O PO3UUHY.

UYac 3poctanHs t, aMILUIITYAU JOIUIEPIBCHKOTO CUTHATY 3aJI€KUTh B1Jl
JlaMeTpa YaCcTUHKU D, MIBUJKOCTI YAaCTHMHKU V, KyTa « MDK JBOMa 30H-
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IYIOUUMH TPOMEHSIMHU Ta JiaMeTpa b JIa3epHOro MPOMEHsI B 30HAYIOUUI
30H1 MepeTuHy BOX myukiB. Lleit giamerp b masepHoro mpomens y ¢oxa-
JTHHIN TUTOIIMHI JIIH3U 4 TOPIBHIOE:

b=1,22-/1-%, 4)

ne d - JiamMeTp rayCcoBOro JIa3epHOro MpOMeEHs J10 JiiH3U 4, 3 (POKYCHOXO BifI-
CTaHHIO F .
Toni edekTUBHUIA MiamMeTp D YaCTMHKHM BU3HAYAETHCS 32 (hOPMYJIOH0:

D:u~tl-cos%—0,1-b 5)

BenuunHa enekTpOKIHETUYHOIO J3€Ta - MOTEHUIany ¢ BU3HAYA€ThCA
3a ornomororo ¢popmys CMOITyXOBCBKOTO:

3w
5_2-8-80-:&’ (6)

-3 .. . .
e n =10 — Ila-c — koe(ilieHT B’I3KOCTI BOJIH;
& =81 - BigHOCHA JieIEKTPUYHA TPOHUKHICTH BOJIH;
-12
g, =8,85-10 ® / M — eneKTpUYHA CTaNa;

E =10° B/ M — HanpysKeHicTh eIeKTPHUHOTO HOJIS.

Oco0nUBICTIO €KCITEPUMEHTAJIBLHOTO Ja3€pHOro JOIJIEPIBCHKOrO 1H-
TepdepoMeTpa € MOXIIMBICTH IIJIIXOM 3MIHU BiicTaHi H MK CBITJIOTOI-
JHHUKOM Ta J3€PKajioM 3MIHIOBAaTH KyT « MDK JIBOMa 30HAYIOUYUMH MPO-
MEHSIMH, 110 3a0e31meuye 3MiHy 9yTIMBOCTI IPUCTPOIO W Tialla30H BETUINH
MIBUJIKICTI Ta €PEKTUBHOTO JIIAMETPY, SIKI BUMIPIOIOTHCS.

Bucnosxu. Po3pobiieH0 METOIMKY JIa3epHOI JTOIIePIBChKO1 1HTEpde-
poMeTpii, BHACTIIOK YOTO PO3TISTHYTa MOKIIUBICTh ITIIBUIIICHHS MEXI1 9yT-
JUBOCTI, Jllala30Hy BHUMIPIOBaHHS MIBUAKOCTI Ta J1aMETPy YAaCTUHOK JO-
MIIIOK TpH eNeKTpodopesi MUITXOM 3MIHM KyTa MK JBOMa 30HIYKOUUMH
MPOMEHSIMH JIa3€PHOTO JOIUIEpPIBCHKOTO iHTepdepoMeTpa i aBTOMAaTH3aIil
MPOILIECY BUMIPIOBaHHS Ta OOpPOOKM OTPUMAHHMX pe3ynbTaTiB. Takum du-
HOM, 3a0€3IeYy€eThCsl YAOCKOHAJICHHS METO/Ia BUMIPIOBAHHS TiApOMEXaHi-
YHUX TMapaMeTpiB YaCTHHOK JOMINIKIB W KOHTPOJO €()EKTUBHOCTI OYH-
IICHHS CTIYHUX BOJ MPOMUCIIOBUX BUPOOHHUIITB Y pealTbHOMY Yaci.
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METO/bI JIABEPHOM JOIIJIEPOBCKOM
UHTEP®EPOMETPUU U3MEPEHUS CKOPOCTHU U
JTUAMETPA YACTHUIl IPUMECEN CTOYHBIX BO/JI

IMPOMBIIIJIEHHBIX IPEAIIPUATHUN

M. B. Mopo3os, C. 1. MoBuan

AnHomayua — pacCMOTPeHbl MeTOAbI U3MEHEHHSI YYBCTBHUTE/Ib-
HOCTH, NMOBBIIICHNS TOYHOCTH U AaBTOMAaTH3alMU U3MepeHHs Iapame-
TPOB YaCTHUIl PUMeceil BOAHBIX PACTBOPOB IIPH dJIeKTpPo(opese ¢ uc-
M0JIb30BAHUAM JIA3€PHOM N0ILNIEPOBCKO HHTEP(epPOMETPUM.

METHODS LASER DOPPLER INTERFEROMETRIA OF SPEED
AND DIAMETER MEASURING OF PARTICLES OF
ADMIXTURES IN FLOW WATERS OF INDUSTRIAL

ENTERPRISES

M. Morozov, S. Movchan

Summary
The methods of sensitivess laser change, increase of accurate and
automation of parameters measuring of admixtures particles in water
solutions with the laser Doppler interferometria are considered.



