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AHHoTauusl. Ilocmanoeka npoénempl - MOBBILICHHE OE30MIACHOCTH Ha pabOYnMX MECTax 3a CYeT BHEAPCHHS B
MIPOM3BOACTBO ABTOPCKHUX METOJOB M CPEICTB CHIDKCHHS BHOpalMHM M IIyMa B MCTOYHMKAaX, BXOMAIINX B COCTaB
KOMIIPECCOPHBIX YCTPOWCTB. Memoobt - CHUCTEeMHBI aHamW3 B 00MacTd (QyHAAMEHTANBHBIX HCCIEIOBAHHUN
KoJIeOaTEeNbHBIX TPOLIECCOB, BHOpalMM W IIyMa; CTaHAAPTHBIE W NPEAJIOKEHHBIE aBTOPAMH pPacdeTHBIE W
9KCIIEPUMEHTANIbHBIE METOABI  MCCIENOBAaHHUS  KOJNEOAaTENbHBIX CHCTEM C HEYpPaBHOBEUIEHHBIMH POTOpaMHU
KOMIIPECCOPHBIX arperatoB. Pesynsmambi. OCHOBHBIMH HCTOYHHKAMU IIOBBIIIEHHOTO MEXAHHWYECKOrO IIymMa H
BUOpalMM Ha HU3KHX YaCTOTAaX SABJIAIOTCS HEYPaBHOBEIICHHBIE POTOPHI OJIOKOB C)kaTws. BO3HMKHOBEHHE BHOpanun
NP BpAILEHUH HEYPABHOBEIIEHHOTO POTOPA OOBSICHSASTCS HATMYMEM BUOPALIMOHHBIX CHJI, YACTOTAa KOTOPBIX COBIAAET
C 4YacToToM BpalmicHusd, a MOAYJib TMPONOPUHUOHAJICH BCIMYUHEC HCYPABHOBCUICHHOCTH. Yposeﬂb myMa OT
BUOpHPYIOILICH MOBEPXHOCTH 3aBUCHT OT €€ (OpMbl, IUIOMaAM M BHOpockopocTH. B oOmem ciyuae
HEYPaBHOBEIICHHOCTh JKECTKOTO pPOTOpa MMEET JBE COCTABIIONIME: CTAaTHYECKyl0 M MOMeHTHylo. Jlis
YPaBHOBEIIMBAHKUS POTOPOB IPUMEHSIOTCS Ppa3IMYHBIE CIOCOOBI, CyTh KOTOPBIX CBOAMTCS K KOPPEKTHPOBKE
HEYPaBHOBEIIEHHBIX MAacC. JTO MOXXET OBITh JOCTHI'HYTO ITyTE€M CHSATHS WM JO0OaBJICHUS ONPE/ICIICHHOW MacChl B
IUTOCKOCTSAX KOPPEKIMHU IyTeM BBICBEpPJIMBAHMS, CTAUMBAHWS, NPHUIIANBAHUS, NPUBAapUBAHUS WIM TPHUKICHBaHHA. B
MIPOIIECCe IKCIUTyaTallMM KOMIIPECCOPHBIX YCTAHOBOK YAacTO BO3HHKAIOT SKCIUTyaTallMOHHbIE IUCOATaHChl H3-3a
BIIMSHUSI arPECCUBHOM cpeabl (IbUTH, EAKUX XMMHUYECKHX BELIECTB U APYTuX (hakTopoB). Beicokas ckopocTh 1 HaIH4KE
MIPUBOJOB BPAIIEHHUs POTOPOB B Mpolecce 0alaHCUPOBKH SIBISIFOTCS NPUYMHOM BBICOKOM OMACHOCTH TPaBMHPOBAHMS
moneil. IIpennoxeHHbIe METOABI U CPEICTBA MOTYT OBITh BHEIPEHBI HE TOJIBKO HA MPEANPUATHAX-U3TOTOBUTEISIX
KOMIIDECCOPHBIX YCTAHOBOK, HO M HA PEMOHTHBIX Y4YacCTKax MPEANPUATUN, IKCILUIyaTUPYIOIIUX KOMIIPECCOPHBIE
YCTAaHOBKH, HanpuMmep, HpEeAnpusTuil cTpoduHnyctpun. Hayunas noeusna 3akiroyaetcsl B TPEJICTABICHHH HOBBIX
METOHOB U CPCACTB U3BMEPCHUS HeypaBHOBeIﬂeHHOCTeﬂ, KOTOPLIC, T0 MHCHHUIO aBTOPOB CTATbH, HC YCTYIIAIOT aHaJloraM
B 3¢ ¢eKTUBHOCTH U SBISIOTCS Oonee OezonacHbIMU. TIpakmuyecKkas 3HAUUMOCHb - BO3MOXXHOCTH HCIIOJIB30BAHMS
MIPEJIOKEHHBIX METOJZIOB M CPEJICTB HETOCPEICTBEHHO Ha PEMOHTHBIX YYacTKax MPEANpPHUATHH CTpOHMHAYCTpUH. DTO
MIO3BOJINT COXPAHHUTh BpeMsi M (PUHAHCOBBIE 3aTpaThl HA PEMOHT KOMIIPECCOPHBIX YCTaHOBOK, YTO CIIOCOOCTBYET
CHIDKEHHIO [ITyMa W BUOpAIMH BO BpeMsI UX PabOTHI.
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AHoTauisi. Ilocmanosxka npoénemst - NinBUIICHHS Ge3MeKd HA pOOOYMX MICHSX 32 PaXyHOK YIPOBA/KCHHS Y
BHPOOHMIITBO aBTOPCHKMX METOMIB 1 3ac00iB 3HIDKEHHS BiOpamii i mIymMy B JpKepenax, IO BXOISITHh O CKIaTy
KOMIPECOPHUX NPHUCTPOiB. Memoou - CUCTEMHUH aHaii3 y ramy3i (yHIaMEHTAJbHHX JOCHIIIKEHb KOJIUBAIBHUX
npoueciB, BiOpauii 1 HmIymMy; cTaHZapTHI il 3alpOIOHOBAaHI aBTOpPaMH PO3PAaxXyHKOBI i €KCIEpHMMEHTAIbHI MEeTOan
JOCITIZPKEHHS KOJIMBAJIbHUX CUCTEM i3 HEBPIBHOB2)KEHHMH POTOPaMH KOMIIPECOPHUX arperatiB. Pe3ynsmamu. Poborta
KOMITPECOPHUX YCTaHOBOK IOB'S3aHa 3 MiJBUINEHMMH PIBHAMH HIymy i BiOpauii. L{i mkinnuBi BupoOHMYI (axTopn
HETaTHBHO BIUIMBAIOTH Ha JIIOAMHY SIK IIPSIMO, TaK 1 orocepenkoBaHo. be3 cBO€4acHOro BXKHUTTS IPEBEHTHBHUX 3aXO0/IiB
PHU3MKH 33 BHIIEBKA3 aHMMHU HeOe3NneKamMH pPi3Ko 3pocTyTh. OCHOBHI JpKepelia MiJIBUIIEHOTO MEXaHIYHOro WIymy i
BiOpamii Ha HM3BKMX YacCTOTaX - L€ HEBPIBHOBAXEHI POTOpW OJIOKIB CTHCHEHHsS. Y BCIX PO3MITHYTHX IDKepelax
HEBPIBHOBA)XCHICTh POTOPIB € NPUYMHOI INIBUINEHOI BiOpamii i MexaHiuHOTOo mIyMy. BuHuKHEHHS BiOparmii
MTOSICHIOETHCSI HASIBHICTIO BiOPAIifHIX CHII, YaCTOTA SKHUX 30Ira€Thesl 3 YaCTOTOI0 0O0EPTaHHS, a MOIYIb IPOTIOPIiHHIN
BEJIMYMHI HEBPIBHOBaXXEHOCTI (nucbanancy). PiBeHp mymy Bin BiOpyro4Oi MOBEpXHi 3aJIeXHTh Bif ii (hopMu, mIomi i
BiOpamiifHOi MIBUAKOCTI. Y 3aralbHOMY BHIIAJIKy HEBPIBHOBa)KEHICTH JKOPCTKOTO POTOpa Ma€ [IBi CKJIQJOBI: CTATHYHY 1
MOMEHTHY. Iyl BpiBHOBaXXEHHS POTOPIB 3aCTOCOBYIOTHCS Pi3HI CHOCOOHM, CyTh SKHX 3BOAUTHECS A0 KOPEKTYyBaHHS
HEBPIBHOBa)KEHUX Mac. Lle Moxke OyTH IOCATHYTO LUISIXOM 3HATTS a00 J0JaBaHHS IEBHOI MacH B IUIOLIMHAX KOPEKIii
IIJISIXOM BUCBEPIUIIOBaHHS, CTOUYBaHHSI, IPUITAIOBAHHSI, TPUBApPIOBaHHs a00 NpuUKIiIeoBaHHs. [Iponec BUMipiOBaHHS Ta
YCYHCHHST HEBPIBHOBA)XEHOCTI POTOpPIB HA3MBA€ThCs OanaHCyBaHHAM. Hapasi 3acTOCOBYEThCSA KijbKa THIIIB
OayaHcyBaJbHMX BepcrariB. HallOinbll mommMpeHi JOpe30HaHCHWH 1 3ape30HAaHCHUH OajaHCyBaJIbHI BepCTaTH.
3arpornoHoBaHi aBTOpaMH METOAM Ta 3aCO0M MOXYTh OyTH BIPOBAaPKeHI HE TUIBKM Ha MiANPHEMCTBaX-BHPOOHUKAX
KOMIIPECOPHUX YCTaHOBOK, & 1 HA PEMOHTHUX AUISIHKaxX IiIIPHUEMCTB, IO €KCIUTyaTyIOTh KOMIIPECOPHI yCTaHOBKH,
HANPUKJIA, MiIIpUEMCTB OyniBenbHOI iHAycTpii. Haykoea HoeuzHa - TONATaE B MOJAaHHI HOBHX METOIIB 1 3aco0iB
BHUMIPIOBaHHS HEBPiBHOBA)KEHOCTI, SIKi, HA TYMKY aBTOPIB CTATTi, HE OCTYMAIOTHCS aHAIOTaM B €PEKTUBHOCTI i OLIbII
oesneuni. Ilpakmuuna 3nauumicms - TONSATa€ B MOXIUBOCTI BHKOPHCTAHHS 3alPOIIOHOBAHMX METOJIB i 3ac00iB
Oe3mocepelHO HAa PEMOHTHHX MAUISHKAX HiANPHEMCTB OynaiBenbHOi iHmycTpii. Lle m03BONMWTH CKOpPOTHTH dac i
(hiHaHCOBI BUTPATH HA PEMOHT KOMIIPECOPHUX YCTAHOBOK, L0 CIIPUsIE 3HIIKEHHIO IIyMY 1 BiOpalii mijg gac ix podortu. B
KIHIIEBOMY MiJICyMKY BIIPOBa KEHHS 3aIpPOIIOHOBAHMX METOMIB 1 3ac00iB MiIBHIINTH Oe3reKky Ha poOOYMX MICITIX
HiAnpUueMCTB OyAiBENbHOI IHIYCTpil, MOB'I3aHUX 13 POOOTOK KOMIIPECOPHUX YCTaHOBOK.

KuarodoBi cioBa: komnpecop, pomop; wym,; gibpayis; oucéaranc;, MasmHuKk08a pama, GinbHi KOTUBAHHS
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Abstract. Purpose. Increase of safety at working places due to introduction in manufacture of author's methods
and means of decrease in vibration and noise in the sources which are a part of compressor devices. Method. System
analysis in the field of fundamental research of oscillatory processes, vibration and noise; application of standard and
proposed calculation and experimental methods for studying oscillatory systems with unbalanced rotors of compressor
units; mathematical modeling of processes. Results. The work of compressor plants is associated with increased levels
of noise and vibration. These harmful production factors adversely affect the person and act on it both directly and
indirectly. Without the timely use of preventive measures, the risks of the above hazards will increase dramatically. In
the course of the study, it became apparent that methods and means of eliminating the causes of increased vibration and
noise in compressor plants to date have not been fully understood. The main sources of increased mechanical noise and
vibration at low frequencies are unbalanced rotors of compression blocks. Unbalanced rotors are the cause of increased
vibration and mechanical noise. In all considered sources, the imbalance of the rotors is the cause of increased vibration
and mechanical noise. The appearance of vibration in the rotation of an unbalanced rotor is due to the presence of
vibration forces whose frequency coincides with the rotational frequency, and the module is proportional to the
magnitude of imbalance (imbalance). The level of noise from the vibrating surface depends on its shape, area and
vibration velocity. In general, the unbalance of a hard rotor has two components: static and momentary. Different
methods are used to balance the rotors, the essence of which is to adjust the unbalanced masses. This can be achieved
by removing or adding a certain mass in correction planes by drilling, staining, soldering, welding or gluing. The
process of measuring and eliminating the disequilibrium of the rotors is called balancing. Currently, several types of
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balancing machines are used. The most common are resonant and after resonance balancing machines, on which the
corresponding measuring methods (before resonance and after resonance) are realized. In operation of compressor
plants, operational imbalances often arise due to the impact of an aggressive environment (dust, caustic substances and
other factors). Both of the considered machine tools (the method) have drawbacks, which limit their efficiency and the
possibility of using on repair sites of construction industry enterprises. These include the need for pre-setting the
machine, limited accuracy of measurement at one start, the effect of external and internal interference on the
measurement result. High speed and the presence of rotary rotor drives during the balancing process are the cause of a
high risk of injury to people. Balancing rotors in specialized machine-building enterprises usually requires high
financial and time costs. As a result, compressor installations are used for complete wear with increased noise and
vibration. Currently developed and patented vibration methods and instruments for measuring the imbalance of rotors,
based on measuring the frequency of free fading oscillations of the swivel frames. Different methods are used to
balance the rotors, the essence of which is to adjust the unbalanced masses. This can be achieved by removing or adding
a certain mass in correction planes by drilling, staining, soldering, welding or gluing. In operation of compressor plants,
operational imbalances often arise due to the impact of an aggressive environment (dust, caustic substances and other
factors). High speed and the presence of rotary rotor drives during the balancing process are the cause of a high risk of
injury to people. The proposed methods and means can be implemented not only at the enterprises producing
compressor plants, but also on repair sites of enterprises that operate compressor plants, for example, construction
industry enterprises. Scientific novelty. 1t is the presentation of new methods and means of measuring imbalances,
which, in the opinion of the authors of the article, are not inferior to the analogues in efficiency and are safer. Practical
meaningfulness. It consists in the possibility of using the proposed methods and tools directly on the repair sites of the
construction industry enterprises. This will reduce the time and financial costs of repairing compressor plants, thereby
reducing noise and vibration during their operation. Ultimately, the introduction of the proposed methods and tools will
increase the safety of the enterprises in the construction industry associated with the operation of compressor plants.

Keywords: compressor; rotor; noise; vibration, imbalance; pendulum frame; free oscillations

IMocranoBKa npooJieMbl. PaGora  moBblIeHHON ~— BuOpamuu U IIymMa B
KOMIIPECCOPHBIX ~ YCTAHOBOK  CBfi3aHAa C  KOMIIPECCOPHBIX YCTAaHOBKAaX HAa CETOJIHSALIHUI
MOBBIIIEHHBIMU YPOBHSMM IllyMa ¥ BUOpAlMM.  JI€Hb M3Y4EHBI HE JOCTATOYHO MOJHO.

DT BpeAHbIE NPOU3BOACTBEHHBIE (HAKTOPbI Lenbio cTaTby SBIAETCA AEMOHCTpALUs U

HCTAaTUBHO BJIMAKOT HAa 4YCJIOBCKAa M OKAa3bBIBAIOT BHCPCHUC B IMPOU3BOACTBO ABTOPCKUX
Ha HCEro Kak IpdaAMOC, TaK HW KOCBCHHOC MCTOOOB M CpPCACTB CHUIKCHHA BI/I6paIII/II/I )51
JICHCTBUE. CormnacHo JaHHBbIM pa60‘{I/IX OpraHoB mymMa B HCTOYHHKAX, BXOIAIMIUX B COCTaB

@oHma CONMATBHOTO CTPAaXOBaHUS YKpPaWHBI,  KOMIIPECCOPHBIX YCTPOMCTB.

npumepHo  19%  or  ofmero  ducna JUis  AOCTWXKEHMsI IOCTaBJICHHOM Lenu
npodeccuoHambHBIX 3a0omeBanuii 3a 2017 1.  HEOOXOAWMO PEIIUTH CIIEAYIONIUE 3a1aUH:
NPUXOAUTCS Ha BHOPOOOJIE3Hh M 3a00JI€BaHUS - BBIBUTh HWCTOYHHKH IIOBBIIICHHOTO

OpraHoB CJiyxXa, 4YTO MABJIACTCA IPOABICHHEM MEXaHHUYCCKOTI'O mryma )51 BI/I6paHI/II/I B
npsaMoOro HCETraTUBHOTO HeﬁCTBHH. Kocsennoe KOMITPECCOPHBIX YCTpOﬁCTBaX;

JIEHCTBUE TOBBIIICHHOTO IIIyMa W BHOpaIuu - YCTaHOBUTBH CBSI3b HEYPAaBHOBEIICHHOCTHU
mposiBIsieTcss  oOmiell  3a00eBaeMOCTH, B POTOpA C MOBBIIICHHBIM IIIyMOM U BUOpaLnei;
MOBBIIICHUH MPOU3BOJICTBEHHOTO TPaBMaTH3Ma - TPHUBECTH OMNHCAaHUE COBPEMEHHBIX
U B CHUWKEHUH MPOU3BOIUTEILHOCTH Tpyaa [1]. METO/JIOB u CpEICTB HU3MEPEHUS
AHaIM3 MOCJEeIHUX HCCAEAOBAHMII M  HEYpPAaBHOBEIICHHOCTEH KECTKUX POTOPOB;

nyosukaumid. [lo manneimM ['ocynapcTBeHHOH - TPUBECTH ONHCaHWE u 00OCHOBATH
CyxkObl cTaTUCTHKH YKpauHbl, ¢ 2016r.  0e30macHOCTh pa3pabOTaHHBIX (ABTOPCKHUX)
OTMEYAETCs] pOCT OOBEMOB CTPOMTENHCTBA U METO/OB U CpEeICTB U3MEPEHUS
MIPOMBILIIIEHHOTO MPOU3BOJICTBA, i€  HEYpPaBHOBEIIEHHOCTEH POTOPOB.

KOMITPECCOPHBIE YCTaHOBKH MOJTyYHITN H3noxenne marepuaja. OCHOBHBIMU
IIUPOKOE  pacHpoCTpaHEHWE BO  MHOTMX  HCTOYHHMKAMHU MOBBIIIEHHOTO MEXaHUYECKOTO
MIPOU3BOJICTBEHHBIX MpOIeccax. orymMa M BHOpalMd Ha HU3KHUX YacTOTax

OueBugHO, YTO 0€3 CBOEBPEMEHHOTO  SIBISIOTCS HEYPABHOBEIICHHBIC POTOPHI OJIOKOB
NPUHATHAS TIPEBEHTHUBHBIX MEp pHCKH TIO0  cxkartus (cM. puc. 1).
BBIIIICYKA3aHHBIM OTMIACHOCTSIM PE3KO BO3PACTYT.
B xome wmccrmemoBaHus CTalO OYEBHUAHO U TO,
9TO CHOCOOBI M CPENCTBA YCTPAHEHUS MPUYHH
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Puc. 1. Broxu cocamus 6030yxa: a — 6UHMOGO
MACIOHANOTHEHHBIU, 6 - BUHIMOBOU CYX020 CIHCAMUSL,
6 — NOPULIHEBOUL,; & - YeHMPOOEIICHBII

o

=

0 &

A

Puc. 2. JlononnumensHpie uCmouHuKy subpayuu u uyma:
a — pomop (cieea) ACUHXPOHHO20 INEKMPOOCULATNEIIS,
0 U 6 - KPbLILbYAMKU DNeKMPOSCHMUNAMOPO8;

2 — ROOWUNHUK, O - MAXOBUK

B

Ha pucyHnke 2 moka3aHbl JOTOJIHUTEIBHBIC
HCTOYHUKH, co3/aroIue MOBBILIECHHY IO
BUOPAIMIO U MEXaHUYECKUN IIyM HAa HU3KUX U
CPEIHUX YacTOTaxX.

Bo Bcex paccMOTpPEHHBIX  HCTOYHHKAX
HEYPaBHOBEILLIEHHOCTh POTOpOB ABJISETCS
IIPUYUHOU TIOBBIIIIEHHON BUOparuu U
MEXaHUYECKOTo ryma. BosnukHOBeHHE
BUOpallMM TIPU BPAILCHUH HEYpPaBHOBEIIEHHOTO
poTopa OOBACHSETCS HAIMYMEM BUOPAIIMOHHBIX
CHJI, 4acTOTa KOTOPBIX COBMAJaeT C YacTOTOU
BpAILICHUS, @ MOJTYJIb MIPOTIOPIIOHATICH BEITYNHE
HeypaBHOBEIIEHHOCTH (nucOananca) [2; 3]:

_ 2
|FBHEP|_DIUCO , (1)
rue D - nucbaane, KI'x M,
Y7 KodhUIMeHT JTUHAMUYHOCTH;
@ - TUKIIMYECKas 4acTOTa.
VYpoBenb  myMa OT  BuUOpupylomen

MMOBEPXHOCTH 3aBUCHT OT €¢ (JOPMBI, TUIOIIAIN
U BHOpPOCKOPOCTHU. 3BYKOBas MOIIHOCTH OT
MJIOCKOM BHOpHUpYyOIIeH (10 3aKOHY CHHYCA)
MOBEPXHOCTHU paBHa!

,oa)Szv2

W3By1< = s
&

2)

30

3
rae £ - IWIOTHOCTB cpempl, K2/ m>; S -

2

MOBEPXHOCTH, M V.-

IUTOMIAb
BUOPOCKOPOCTh, M/ C; C - CKOPOCTH 3ByKa B
cpene, M/ c.

B o0mem ciay4ae HeypaBHOBEIIEHHOCTb
JKECTKOTO pOTOpa HMMEET JIBE COCTABIISIOLLINE:
CTaTUYECKYIO u MOMEHTHYIO. s
YPABHOBELIMBAHUSI ~ POTOPOB  MPUMEHSIOTCA
pa3nu4HbIe CIOCOOBI, CYyTh KOTOPBIX CBOJIUTCS K
KOPPEKTUPOBKE HEYPABHOBEIIEHHBIX Macc. JTO
MOXXET OBITh JOCTHUTHYTO TYTEM CHSTHS WU
no0aBleHUs OIpeesIEHHOM MaccChbl B
IUIOCKOCTSIX KOPPEKIMH ITyTEM BBICBEPIUBAHMUS,
CTauMBaHMSI, IPUNIAWBAHUS, TIPUBAPUBAHUS WU
npukiaenBanud.  [Ipouecc  usmepeHuss U
YCTpaHEHUsI HEYPABHOBELIEHHOCTEH pPOTOPOB
Ha3pIBaeTCs OamaHCHpPOBKOW. B  Hacrosmiee
BpeMsi  NPHUMEHSETCd  HECKOJbKO  THUIIOB
OamaHCUpOBOUYHBIX cTaHKOB [4; 5]. Haumbomee
pacipoCTpaHEHHbIMU SABIISIOTCS
JIOPE30HAHCHBII u 3ape30HAHCHBIN
0aTaHCHPOBOUHBIE  CTaHKH, Ha  KOTOPBIX
peanu3yroTcs ~ COOTBETCTBYIOIIME  METOJBI
U3MEPEHUMN (tope30HaHCHBIN u
3apE30HAHCHBIN).

B npoiecce 3KCIUTyaTaluu
KOMITPECCOPHBIX YCTAHOBOK YacTO BO3HHMKAIOT
JKCIUTyaTallMOHHbIE nucOamaHchl u3-3a
BIIMSIHUSI arpEeCCUBHOM cpeabl (MBUTH, E€IKUX
XUMHUYECKUX BEUIECTB U APYyrux (HakTopos).
O0a pacCMOTpPEHHBIX CTaHKa (METO/a) UMEIOT

HEJIOCTAaTKH, KOTOpBIE OrPaHUYMBAIOT HUX
3¢ (HEeKTUBHOCTH u BO3MOKHOCTb
WCIIOJb30BaHUSI HAa PEMOHTHBIX Yy4acTKax

npeanpuATiii crpovmHayctpuu. K ux umcny
OTHOCHUTCSI HEOOXOIMMOCThH MpEABAPUTENBHOMN
HACTPOMKHM CTaHKa, OTrPaHUYCHHAs TOYHOCTH
M3MEPEHHUS 3a OJMH IYCK, BIUSHUE BHEUIHUX U
BHYTPEHHUX TIOMEX Ha pPe3yJIbTaT U3MEPEHUSI.
Bricokasg ckopocThb W HaJIM4YUe IPUBOJOB
BpallleHUsI POTOPOB B TMporiecce O0aTaHCHUPOBKU
SIBJISIFOTCS.  MPUYMHOM  BBICOKOM  OMACHOCTH

TpaBMUPOBaHHUS JIOJIEH. banancuposka
pOTOpPOB Ha CHenUaIn3upOBaHHBIX
MAlIMHOCTPOUTCIIBHBIX  MPCANPUATUAX, KakK

MpaBujI0, TPeOyeT BBICOKMX (PUHAHCOBBIX U
BPEMEHHBIX 3aTpar. B pesyabrate 23TOrO
KOMIIPECCOPHBIC YCTaHOBKHU JKCILTYaTHPYIOTCS
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JI0 TIOJTHOTO W3HOCA C MOBBIIICHHBIM IIIyMOM U
BUOpaIHEH.

Puc. 3. Cogpemennvie cpedcmea 0nist OuHAMUYECKOU
b6anaAHCUPOBKU JHCECMKUX POMOPO8.: a U O — BHeUHUL 810
pabouux mecm, 8 — YRPOUWEHHAsL CXeMa OOPE30HAHCHO2O

U 3aPE30HAHCHO20 OANAHCUPOBOUHBIX CHIAHKOS,

1 — pomop; 2 — neypasnogeuiennas macca; 3 - ynpyuii
nemenm, 4 — IKGUBATIEHM MpPeHUs.

B mHacrosimee Bpemsi pa3paboTaHbl U
3alaTeHTOBaHbl BHUOpAllMOHHBIE METOABI U
CPEICTBA M3MEPEHMsI HEYypPaBHOBELIEHHOCTEHN
POTOPOB, OCHOBaHHbIE HA U3MEPEHUU YACTOTHI
CBOOOTHBIX 3aTyXaroIux Kosie0aHuit
MAasiTHUKOBOM paMsl [6].

Ha pucynke 4 nokasaHna cxema ycTpoiicTBa
L U3MEpEeHUs CTaTHYECKOMN
HEYPaBHOBEUIEHHOCTH pOTOPOB,
MpeicTaBisIonas co00i MasTHUKOBYIO paMy.

Potop 1 ycraHoBneH Ha MasTHHUKOBYIO
pamy 2, COEIMHEHHYI0 C HENOJBHXHBIM
OCHOBaHHMEM C T[IOMONIbIO IIAPHUPOB U
npyxuHbl KpydyeHus 3. Potop 1 wumeer
HeypaBHOBelleHHYI0 Mmaccy 4. OH Moxer
MOBOpAUYMBAThCSI  BOKPYT CBOEM ocu U
(UKCHpPOBAThCSI B YETBIPEX  IMOJIOKECHUAX
(touku A, B, C, D). Pama 2 MoxeT coBepIiaTh
CBOOOTHBIE 3aTyXarolue KoseOaHus
oTHOcHUTENbHO ocu O. /{15 n3mepeHus 4acToThl
KoJIe0aHUH MCTIOJIB3YETCs JaTYMK KoleOaHui u
gacToTOMep (Ha cXeMe He MOKa3aHbI).

Meron HU3MEpEHHUS CTaTUYECKOU
HEYPaBHOBEHICHHOCTH (mucbananca)
3akiouaercs B ciaeaywomem [6]. Porop 1
YCTaHABJIMBAIOT HA pamy 2. B 3TOM monoxeHuu
potop TmOBepHYT K ocu O Toukou A.
Bo30yxxmaror W U3MEpAIOT  CBOOOJHBIC

31

3aryxatomue  konebanusa.  Ilocie  artoro
noBopaurBaroT potop Ha 90° MpoTHB YacoBOIA
cTpenkd. B a3ToM monoxeHun oOH Oyner
NOBEpHYT K ocu O Toukod B. AHaJIOrM4YHO
U3MEPSIOT YacTOTy KoyieOaHUl M HOBTOPSIOT
IpoLenypy Ul OCTAJIbHBIX MOJIOKEHUH poTopa
(trouxku C u D).

Puc. 4. Ynpowennas cxema ycmpoiicmea ons
usMepenusi Cmamu4eckou HeypasHOB8eUeHHOCMU (a —
8u0 cooky; 6 — euo ceepxy): 1 — pomop, 2 — pama;,
3 - ynpyeuui anemenm; 4 — HeypagHoseuleHHas Macca

CormacHo  TPEMIOKEHHOMY  METOAY,
BEJIMYMHY CTAaTHYECKOW HEYypPaBHOBEUICHHOCTH
(mucbhananc) paccunuThIBaIOT 0 hopmyiie (3):

2

D=mr = - | =
16z*R\\vi v vy Vv
G 2 2 \? 2 2
= T -T7) +\T; —T, , 3
A ()
rae m - BEJIMYMHA HEYPaBHOBEUICHHOMU

Maccel; G - K03()PUIMEHT KECTKOCTH YIIPYTOTO

aemMeHTa 3 mpu  KpyueHuw; Vy4---Ve wm

T A---T C - U3MEPEHHBIE YacCTOThl M MEPHOJbI

CBOOOIHBIX KoJIeOaHuil
COOTBETCTBEHHO; R - IICYO PaMBIL.

paMsl,

Yron « jgucbajiaHca pacCYMTHIBAIOT C
MTOMOIIBIO AJITOPUTMA HA PUCYHKE 5.



Bicnuk [TpuaHinpoBcsKoi aepkaBHOT akaaeMii OyaiBHUITBA Ta apxiTekTypu, 2018, No 1 (237-238) ISSN 2312-2676

/ Beoa AaHHBIX /
TA, ?je’ Tc’ TD
I
2 2
s — TD
( KoHeu }:" a = —arctg +HT
2 _ ma2
TA Tc

Puc. 5. Ancopumm eviuucienus yena oucoananca

Ha pucynke 6 nmokaszana cxema yCTpoOuCTBa
JUTSt U3MEPECHUS MOMEHTHOM
HEYPaBHOBELIEHHOCTH pPOTOpPOB. Ee
YCTPOMCTBO Y MPUHLMI ACHCTBUS aHAJIOTUYHBI
cxeMe Ha pucyHke4. Otriauuue ITaHHOTO
YCTPOMCTBA 3aKJIOYaeTcs B TOM, YTO pama
HAaKJIOHEHAa K BEPTUKAIBHOM OCH IMOJ YIJIOM

B ().

@
: 3

Puc. 6. Ynpowennas cxema ycmpoticmea ons
uzMepenusi MOMEHMHOU HEYPABHOBCUEHHOCU.:
a— pomop ¢ MOMEHMHOU HeYPABHOBEULEHHOCIbIO 4,
6 — pomop co cmamu4ecKoll HeypagHOBeUEeHHOCMbIO 5

Meron U3MEpEHUs MOMEHTHOM
HEYPaBHOBELICHHOCTH AQHAJIOTHYECH
HpeAbIIyIIEMY METOLY, U TaKKe MPEAIoIaract
n3MepeHue CBOOOJIHBIX 3aTyXaroluX

KoJie0aHUH MasTHUKOBOH paMbl B Pa3JIMUHBIX
MIOJIOKEHUAX POTOPAa OTHOCUTENIBHO CBOECH OCH
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[6]. Bennunna MOMEHTHOM
HEYPaBHOBEUIEHHOCTH  PACCUUTHIBAETCA IO
dbopmyie (4):
R 4)
sin2f

2 2
x [iz (TEA —T‘zf )— 2Dy sin2f-cos a} J{% (T‘zs -T2 )+ 2Dy sin2f3-sin a} ?
A ar

rae )V - paccTosHHE MEXIY TOYKOH O H

O' (O - TouKa, paBHOYaJI€HHAs OT IUIOCKOCTEN

koppekuuu [ u II; O' - Touka Ha mepeceyeHun
OCH pOTOpa U ocu S-S)

Yros MOMEHTHOM HEYPaBHOBELICHHOCTHU

Y pPacCUUTBIBACTCS € IMOMOLIBIO AJITOpPUTMaA
(cm. puc. 7).

Jns peann3anyy IPEIIOKEHHOTO METOAA
MU3MEPEHUS CTaTUYECKON HEYpaBHOBEUIEHHOCTU
pa3paboTaHbl U 3alaTeHTOBaHbl ycTpoiicTBa. Ha

pPHUCYHKE 8 MOKa3aHo MPELe3NOHHOE
YCTPOMCTBO, TMPHU  KOTOPOM  JOCTUTAETCA
MUHHMAaJIbHAS MOTPEITHOCTb M3MEpEHUs

BCJIEJICTBHE CHW)KCHUS BIUSHHUA TPEHUS Ha
pe3ynbrar. Ha pucynke 9 nmokaszaHo ycTpoicTBoO
JUISt aBTOMAaTU3UPOBAHHOTO M3MEpEHUs
CTaTUYECKOM HEYpPaBHOBEILIEHHOCTH [6)].
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Havane

Beoa AaHHBIX
L Tg Lo Ty
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r

G | R
4T(1‘",39 —T2 42D ysin2g sina

.fz

\

A,

(T4 — T2 )—-2D vsin 23 - coscr

p

Aa

[

+Th

Puc. 7. Aneopumm eviuucnenus y2na MoMeHmMHOU HEYPABHOBEULEHHOCTNU

Crobogmule
KoneSaHuA

-

Puc. 8. Yempoiicmesa 01 usmepenus cmamuueckou
HeYpagHOBEULEHHOCIU JCECKUX POMOPO8: d —
npeyesuonHoe yCmpoucmeo, 6 — agmomMamusupo8anHoe
yempoticmeo; 1 u 2 — ynpyeue anemenmsi; 3 — pama, 4 -

pomop

Ha pucynke 9 mnoxaszaHo yHHUBepcalabHOE
YCTPOMCTBO pa3AenbHOTO U3MEPEHUS
CTaTUYECKON " MOMEHTHON

HEYpaBHOBEIIEHHOCTH POTOPOB [6].

BaxxHOll OTIMYUTEIBHONM OCOOEHHOCTBIO
YCTPOMCTB
OT

pa3paboTaHHBIX
W3MEpCHUs

METOJIOB U
HEYPaBHOBEIIEHHOCTEH

i)

CeodoaHkble
KonedaHuAa

COBPEMEHHBIX AHAJIOTOB SIBJISETCS TO, YTO IS
X paboThl HE TpeOyeTcs HACTPOWKa C y4eTOM
pacroyioKeHus1 IUIOCKOCTeH u3MepeHus. B
IIPOLIECCE U3MEPEHUS HE BO3HUKAIOT MEPEKOCHI
U BbIXOJ HEYPAaBHOBELIEHHOW MacChl W3
IUIOCKOCTH M3MepeHusa. OTCyTCTBYIOT pasroH,
BpalllcHUE U TOPMOXKEHHE pOTOpa, a TaKkKe

IMPUBOJHBIC OJICMCHTBI BpalicHUs. 3T0
IIO3BOJIACT O9KOHOMUTDH QJICKTPOSHCPIULO,
IIOBBICUTH IMPONU3BOAUTCIIBHOCTD n

0e301acHOCTh TPY/a.

[pennoxeHHbIe METOIBI U CPEACTBA MOTYT
OBITH BHEIPEHBI HE TOJBKO Ha MPEIIPUATHIX-
U3rOTOBHUTENISIX KOMIPECCOPHBIX YCTAHOBOK, HO
U HA PEMOHTHBIX YYacTKax IPEINpPUATUH,

IKCILTyaTUPYIOIIHX KOMIIPECCOPHBIE
YCTaHOBKH, HanpuMmep, pEIIPUATHN
CTPOUMHIYCTPHH.

CeobofHbIe
KonedaHuAa

Puc. 9. Yuusepcanvrhoe ycmpouicmeo 011 usmMepeHust Cmamuyeckol U MOMEHMHOU HeYPABHOBCUEHHOCHU
JHCECMKUX POMOPO8 OUCKOBOU (hopmbl. a — 0buull 8ud, 6 — usmMeperue Cmamuieckoll HeypaeHOBEUEHHOCIU, 6 —
usmMeperue MOMeHMHOU HeYPAGHOBEUIEHHOCIU

BouiBoabl. B pe3ynbTaTe uccienoBaHUsS
YCTaHOBJIEHO, YTO Ha paboymx MecTax
NPEINPUATHI CTPONUHIYCTPUUN 4acTo

HaAOJI0AAI0TCSl TOBBIIICHHBIE YPOBHU IIyMa U

BHOpaIuu, BBI3BaHHBIC paboToii
KOMIIPECCOPHBIX ~ YCTaHOBOK.  (OCHOBHBIMU
UCTOYHUKaMU 3TUX  (DaKTOpOB  SIBIISIOTCS

HEYpaBHOBEIIEHHbIE pOTOphl. CyliecTByOINE
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METOBI 51 cpencTsa U3MEPEHUST  NPEIIPUATUAX CTPOMMHAYCTpUU. B pesynbrare
HEypaBHOBELIEHHOCTEH  005afaloT  pSIoM  3TOro KOMIIPECCOPHBIE YCTaHOBKHU
HEJIOCTaTKOB, OTPaHUYMBAOIINX UX  DKCIUIyaTHPYIOTCS C IOBBIIMICHHBIM IIyMOM H

Bq)(beKTI/IBHOCTb u HCIIOJIB30BaHHUC Ha BH6paHHeﬁ BIIJIOTH OO0 ITOJIHOT'O U3HOCA.
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