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AHHoTauuA. PaccmaTtpuBaeTcs OAHO U3 NPUOPUTETHBIX HaNpaBneHuin no npobneme obecneyeHns oxpaHbl Tpyaa
OnepaTopoB, MalLMH 1 COOPYXEHUI OT AENCTBMS MPOMBILNEHHBIX BUOpaLmin. Bubpaums SBnseTcs 04HON M3 OCHOBHBIX
MPUYKH paspyLLUEHNS MALLMH, 3AaHUIA 1 COOPYXKEHWA, OHA YMEHbLIAET JONTOBEYHOCTb W HAAEKHOCTb MaLUWH, HapyLwaeT
PeXuM ux paboTbl, yXydLaeT TEXHONOrMYeckuii npouecc. Bubpaums u Wwym OkasblBatoT BpeaHOe BO3AEUCTBUE Ha
YenoBeka-onepaTopa, Ha ero U3rnonornyeckoe M NCUXoNorMveckoe CoCTOsIHWE; BMOPaLMOHHAs NaTonorms CTOUT Ha
BTOPOM MecTe (nocrne nbinesblX) cpean npodeccuoHanbHbix 3abonesannit. [JnutensHoe BosgencTame Bubpauuii Ha
0nepaTopoB NPUBOANT K MOBBILLEHWIO YTOMASEMOCTI, CHUXKEHWIO MPOM3BOANTENBHOCTY W KQYECTBA X TPYAA, K PA3BUTHIO
npodpeccuoHanbHbIX 60NesHeln, K PUCKY BO3HWKHOBEHWMS aBapui W katactpod. Lym yxygwaer dusmyeckoe M
NCKUXONOrYECKOe COCTOSIHWE ONEPaTopOB, NPUBOAUT K YXYALUEHWIO CRyxa, BO30YXAEHUIO HEPBHOW CUCTEMBI, Pa3BUTMIO
CepaeYHo-cocyamncTbix 3abonesaHui u T.4.

PaccmatpuBatoTcs MeTodbl M CPeacTBa 3aliuTbl 0BCMyXMBAKOLWEr0 nepcoHana, MawwH u obopyaoBaHus OT
OENCTBAS MHTEHCWBHBIX BUOPALMOHHBIX HArpy3oKk C WCMONb30BaHWEM 3MaCTOMEpHbIX 3neMeHToB. OpHum 13
HanpaBneHuin peLleHus aTtoi npobnembl ABnseTcs paspabotka 3GheKTUBHBIX BUOPO3aALMTHBIX CUCTEM Ha OCHOBE
PE3NHOBBIX U PE3NHOMETANNMYECKMX MaCCUBHbIX BubpousonsTopos Tuna OMM-180. Takue cuctembl Bbinn paspaboTaHbl
WHcTuTyTOM reoTexHuyeckon MexaHukn um. H.C. Monskosa HAH  YkpawHbl M COBMECTHO C  YKpauHCKUM
rocygapcTeeHHbIM HAM 6e3onacHoCTy Tpyda v 3KONOrMmM B FOPHOM 1 METaNypPrityeCckom MPOMBILLIIEHHOCTY YCTaHOBIEHbI
Ha BuxpeBblX cmecutenax arnogabpukn CeslOKa (r. Kpusoi Por). [poMbIlWnEHHbIE 3KCNEpUMEHTamNbHbIE
ucenenoBaHms nokasanu athPEKTMBHOCTb BUOPO3aLUMTHBIX CUCTEM, UX BbICOKYIO HAAEXHOCTb U AONTOBEYHOCTb: NOSHOE
OTCYTCTBME OTKa3a B TeyeHue ABeHaguaty neT. 3ameHa BUOPO3ALUMTHOA CUCTEMbI MPOM3OLLNA BCMEeACTBuE
€CTECTBEHHOrO CTapeHust Matepuana B ycrnosusx arnogabpukn kombuHaTa. ShheKTMBHOCTL CUCTEMBI 3aKnoYanach B
CHKEHWM BUBPALIMOHHON Harpy3kv 4O CaHUTapHbIX HOPM.

lMokasaHo, 4TO pa3spaboTaHHble pe3nHOMETanMyeckue BUOPOU3ONATOPbI MOTYT ObiTb MCMOMb30BaHbI B
BUOPO3aLLMTHBIX CUCTEMAX MALUMH PA3NMNYHOTO TEXHOMOMMYECKOro Ha3HAUYeHNs!, a TaKKe B 30aHWSX U COOPYXEHMSX: B
TEXHUYECKOM CMbICTIe OHM 06€CneynBatoT 4ONTOBEYHOCTb U HAAEKHOCTb MALLMH, B COLManbHOM — 3alMLLiatoT nepcoHan
OT AENCTBIS BPeaHbIX BUOpaLmit 1 Lwyma.

B pabote Ha npumepe BWUXPEBOrO CMecUTENs C BUOPO3ALMTHOM CUCTEMON PacCMaTpUBAKOTCS BbIHYXAEHHbIE
konebaHnst OQHOMACCHOW cucTeMbl. [lpMBEOEHO pelleHWe 3adays B JIMHEMHOW MOCTaHOBKE ANS Cryyasi, Koraa
MEXaHM4eckas peakuus pesuHbl OMWCbIBAETCA WHTErpanbHbIMM  COOTHOWeEHWAMM Tuna BonbuymaHa-BonbTteppa.
MpuBOOATCS COOTHOWEHMS Ana KoagduumeHTa Bubpousonaumn auccunaumy SHepruv cuctembl. COOTHOLLEHUS
MOnyYeHbl C Y4ETOM PEOnorMYECKUX NapamMeTPOB PE3NHDI, MOTYYEHHbIX C UCTONb30BAHNEM YEThIPEXMAPAMETPUYECKOTO
snopa tO0.H. PabotHosa.

© [Obipda B.N., Azanbyos I".H., Toncmexko A.B., Jlucuya H.H., Hosukosa A.B., 2018



KntoueBble cnoBa: oxpaHa Tpyaa, NPOMbILLNeHHas BUGpaLs 1 WyM, BUGPO3aLLMTHaS cucTeMa, BUBPOU3ONATOP,
BMXPEBOWN CMECUTENb, KOI(PULMEHT BUOGPOU3ONSALMM, YPABHEHIUE BbIHYXAEHHBIX KOneGaHui.

BBenenue

[Tpon3BoacTBEeHHAs BUOpAIUs BBHICTYIMACT KaK BPEIHOE SIBJICHHUE, ITPEXKIEC BCETO
10 OTHOIIICHHUIO K CAMHM MalllMHaM — €€ MCTOYHWKaM, TaK KaK MHTCHCHU(PHUIIUPYET
U3HOC, CHIDKAET MX HaEKHOCTh U JOJITOBEYHOCTD, MOBBIMIAET YPOBHU H3Ty4aeMOro
myma. B 3TOW CBs3M MO MHTECHCMBHOCTH BUOpAIMM TPHHATO CYIWTh O KAdeCTBE
MAalIUHBI, €€ TEXHUYECKOM COCTOSIHUH. PactipocTpaHssach 0 KOHCTPYKIUSM U TPYHTY,
BUOpaIUsl BO3CHCTBYET HA JPYrue 0OBEKThI, BHI3BIBAET Pa3pyIICHUS] CTPOUTEIbHBIX
KOHCTPYKIIUH, yXyAIIaeT paboTy nNpuOOpoB, TOUYHBIX CTaHKOB. M, HaKoHell, B ciydae
KOHTaKTa 4YeJOBEKa C BHOPUPYIOIIMMH IOBEPXHOCTSAMH BO3HHMKAET Psii HOBBIX
cnenupuyecKkux mpoosaemM, 00yCIOBIECHHBIX OTPUILIATEIILHBIM BIUSHUEM BHOpaluu Ha
3JI0POBBE U PaOOTOCIIOCOOHOCTH JrojeH [1, 2].

Cucremarnueckoe BO3JEHCTBME BHOpaluMyM Ha pabdOTalOUMX MOPUBOJUT K
MOBBIIICHUIO YTOMJISIEMOCTH, CHIDKCHHIO TIPOM3BOIUTEILHOCTH M KAYECTBA UX TPY/a,
a TaKXe K Pa3BUTUIO MPO(ECCHOHATBHOrO 3a00JI€BaHNSI, UIMEHYEMOT'O BUOPAIMOHHON
oosie3npro. OOmIas BUOpanus mnepenaércs 4depe3 OMOPHbIE MOBEPXHOCTU Ha TEJO
CUJSIIET0 WINA CTOSAUIEro 4yenoBeka. OHa BOBJIEKAaeT B KOJeOaTeIbHBIM MPOLECC BCE
TEJIO 4YEJIOBEKa, KOTJa OINepaTop BBIMOJHIET padOTy CHIASL WU CTOS, HaXOIACh
HETMOCPEJICTBEHHO Ha BHOPUPYIOIIUX TOBEPXHOCTSAX MAIMH, arperartoB WId B
HEIMOCPEICTBEHHON OJIM30CTH OT HUX Ha BUOPUPYIOMMX (PYHIaMEHTax WM y4acTKax
nosia. JlokanbHas BUOpanus nepenaércs 4enoBeky uepes pyku. OHa BO3HHUKAET MpU
WCIIOJIb30BAaHUU PYUYHBIX MAIlMH, MPU KOHTAaKTe PYK pabo4yero ¢ BUOPHUPYIOUIUMU
MOBEPXHOCTSIMHU.

[IpousBoacTBeHHAss BUOpaIusi, MUMes IIMPOKUNW YaCTOTHBIM auamna3oH (0T
JECATHIX JIOJICH 10 HECKOJBKUX ThICSY ['11) KoneOaHuii, BO3JAEHCTBYET MOCPEICTBOM
pasapakeHus epupepuIecKuX HEPBHBIX OKOHUAHWN B MECTaX KOHTAKTA, BBI3BIBAS
U3MCHEHHUE KaK (M3HOJOTHYECKOTO, TaK W (DYHKIIMOHATLHOTO COCTOSHUS OpraHM3Ma
yenoBeka. JleiicTBue BUOpanuu Ha 4eJIOBEKa CTAHOBUTCA OCOOEHHO OIMACHBIM, €CIH
yacToTa KojeOaHui mpuOmmKkaeTcss K  COOCTBEHHOM 4acToTe KojeOaHui
yenoBeueckoro Ttena (51'm). IlpobGnema 3amuThl OT BUOpalUUU CYIIECTBYET
MPaKTUYECKA Ha KaKIoM npeanpusatuu. E€ ycnentHoe pemenre BO MHOTOM 3aBHCHT
OT YMEJIOTO HCIIOJIb30BaHUS MPUEMOB YIIPABICHUSI KOJICOATEIbHBIMU MPOIECCAMH,
BO3HMKAIOIIMMUA B MAaIlIMHAX, peanu3anui 3(PQGEeKTUBHBIX CIHOCOOOB U CPEJICTB
BUOpo3ammThl. Pabota B 5TOM HampaBieHHH TPeOyeT KOMIUIEKCHOTO CHCTEMHOTO
MO/IX0/1a Ha BCEX dTanax MPOCeKTUPOBAHMS, TIPOU3BOJICTBA M IKCILTyaTallMy MaIlluH U
arperaToB. MeTOJ 3alMThl — CHIDKEHHWE TIMapaMeTpoB BHOpanuu Ha myTH €
pacnpocTpaHeHUs! OT UICTOYHUKA BO30YKICHHUS ITyTEM HCTIOIB30BAHMS 2JIACTOMEPHBIX
AIIEMEHTOB.

NMeHHO »macTOMEpHBIC 3JIEMEHTHI — BHOPOHM3OJISATOPBI, YIPYTHE 3BCHBS,
3aIIUTHBIE PYTEPOBKH, — BBEAEHHBIC B CTPYKTYPHBIE CXEMBI MAIllMH, CITOCOOCTBYIOT
CHI)KCHUIO  BHOpDOHArpy>)KCHHOCTH,  3BYKOBOTO  JIaBJICHHS,  ITOBBIIICHHUIO
JOJITOBEYHOCTH, HAIEXKHOCTH U Oe3omacHocTu. Bce poctiwkeHus B oOnacTu
MaITUHOCTPOCHUS, aBTO— U TPAKTOPOCTPOCHHUSI, BUOPAIIMOHHON TEXHUKH H T.JI. B TOU



WIM WHOM CTENeHU CBSI3aHbl C MPUMEHEHHEM 3JacCTOMEPOB KaK KOHCTPYKIIMOHHBIX
MaTepuaoB.

3ammTa TAKENBIX MALIMH U ONIEPATOPOB OT BUOPALlUM U LIyMa

HNucturytom reorexunueckoi mexanuku uMm. H.C. IlonskoBa HAH VYkpannbl
COBMECTHO ¢ YKpawmHCKUM rocyaapcTBeHHBIM HUU 6e3onmacHoCcTr Tpyna u SKOJOTUN
B TOPHOPYIHOM M METaJUTyprU4ecKoil MPOMBIIIICHHOCTA BBITIOJHEHA pa3padoTKa
CI0CO00B 3alIUTHI 00CITY>KMBAIOIIETO MePCOHaNa, TSHKENBIX MAIIUH U COOPY>KEHUH OT
JEeNCTBUS BUOPALIMOHHBIX HATPY>KEHUM C UCTIOJIb30BAHUEM AJIACTOMEPHBIX 3JIEMEHTOB.
BrinonHena pa3paboTka W HCCIEAOBaHHE PE3HMHOBBIX BHUOPOU3OJSATOPOB THUIIOB
OI1-180, YI1-230 u cuctem BUOpOM30JISIIIAM JJ1s1 BUXpeBbIX cmecutenerd BC-360 [3].

OKCnepUMEHTAIbHbIE HCCIEAOBAHUS TOKAa3alld, YTO BEJIMYMHBI BUOpaIuii
CYLIECTBEHHO 3aBHUCAT OT BEJIMYMH JUHAMHYECKOTO HArpyKEHHs Ha OIOPHBIC
KOHCTPYKIIMH, MaTepualia OMOPHBIX IJIOMIAJ0K (3KeJIe300€TOHHBIE UJIN CTAJIbHBIE), UX
CBS3BIO C MAIIMHOM (KECTKON CBA3BIO UIIM YEPE3 DJIACTOMEPHBIE KOHCTPYKIIUH).

N3mepennst BeaMYMH BHOPOYCKOpPEHHMSI Ha IUIOHIAJKaX OOCTYKWBaHUS
BUXPEBBIX cMecHuTener BbIMOJHEHB Mo ocaM OX, OY u OZ B TOYKax, KOTOpbIE
HaxoJsATca B 30HE oOcioykuBaHus. J[laHHbIE Tpo pe3ynbTaThl H3MEPEHHI
BUOpoycKkopeHuid BuxXpeBbiX cmecuteneid BC-360 mpu xECTKOM yCTaHOBKE Ha
NEPEKPBITUH NTPUBEJEHBI B Ta0M. 1.

Tabmuua 1 — Bennuunsl BUOpanuii Ha IUI0IIAKE BUXPEBOIO CMECUTES JUIs
cpeaHereoMeTpuyeckoi yactotel 16 ['1 npu sxE€cTKON ycTaHOBKE

Touku u3mepeHni ‘ Ocu u3Mepenuit ‘ BuOpoyckopenus
ITo nansubiM uHcTUTyTa UI'TM HAH YKpaunsl
T2’ 0z 1,08
] oYy 0,98
3 0z 1,78
) oYy 1,48
I3 0z 1,5
) oYy 0,5
o4 0z 2,3
) oYy 1,8
T.5 0oz 1,6
ITo mannasM KIT «Xapekosckuii [IpomcrpoitHMpoekT»
T.2 0z 0,71
T.3 0z 2,03
o4 0z 2,34
) oy 1,02
IPaHUYHO-AOMYCTUMBIE:
— I OOCITY)KHBAIOIIETO OX, OY, 0z 0,56
nepconana npu t = 60 Mun
— JUTSI IEPEKPBITUS 0z 0,60

JlaHHbIE PO PE3yJIbTATHI U3MEPEHUN BUOPOYCKOPEHU BUXPEBOTO CMECHUTEIS C
CUCTEMOM BUOPOM3OJISIIIUY TIPUBEICHBI B TA0JI. 2.

Pe3ynpTaThl M3MEpEHH MOKAa3bIBAIOT, YTO I'PAHUYHO-IOIYCTUMBIE 3HAYEHUS
BUOPOYCKOpPEHUST 00€CTIEUNBAIOTCS BO BCEX TOUKaX, kpoMe ToUkH 4 (puc. 1). B Touke




4 TrpaHUYHO JOMYCTUMBIEC 5
L 6
3HAYEHHUA BUOPOYCKOPEHUS : .
Ha qacToTax 16 I'nx
00ecIeYnBarOTCA IS 4] s = NP, B 1 )
t=60 mur. Ilo maHHBIM ,
3 |
XPOHOMETPAXKHBIX X 5
N x7
McCIIe0BaHM . Y
MaKCUMaJILHOE BpeMs 2 .
Pucynok 1 — CxemMa pacrnonoXeHus TOUEK U3MEepEeHU
o0cCITyKUBaHUS BUXPEBBIX .
" BUOpaInuii Ha momanke Buxpesoro cmecutenss BC-360 ¢
CMECUTEJIEW MAaIIUHUCTAMU CHCTEMO# BHOPOM30MISITHH
KOHBeliepoB B T.4 (Ha

IUIOIAKAX pa3rpy304HbIX YCTPOMCTB) HE MpeBbIaeT 60 MUH.
PesynbraThl u3MepeHUN TMOKa3aid, YTO BEJIMYMHBI BUOPOYCKOpPEHHH Ha

IUTOINAZAKaX OOCIY)KHBAHHMS CMECHUTENS 3HAUYUTECILHO HIDKE TPAHHYHO-IOMYCTUMBIX,
cormmacuo JICH 3.3.6.039-99 [4].

Ta6muma 2 — BennunHpl BUOpaIuii Ha TUIOIIAAKE BUXPEBOTO CMECUTENS C CHCTEMOM

BUOPOU3OJISIIAH
Ocn Bubpoyckopenus, M/c?
Touku uzmepenui HaMepermit CpeanereoMeTpruecKHe YacTOThl OKTAaBHBIX 10J10C, I'11
2 4 8 16 31,5 63
OX 0,002 0,04 0,04 0,015 0,02 0,02
T. 1 oYy 0,002 0,005 0,02 0,07 0,02 0,03
0z 0,015 0,0 0,02 0,07 0,08 0,05
OX 0,006 0,007 0,008 0,03 0,006 0,005
T.2 oYy 0,007 0,007 0,006 0,016 0,008 0,008
0z 0,001 0,007 0,7 0,33 0,3 0,1
OX 0,001 0,007 0,08 0,08 0,02 0,01
T.3 oy 0,002 0,007 0,03 0,06 0,03 0,02
0z 0,002 0,008 0,008 0,33 0,3 0,2
OX 0,01 0,009 0,008 0,04 0,05 0,03
T. 4 oYy 0,011 0,01 0,02 0,08 0,03 0,028
0z 0,002 0,01 0,11 0,5 0,25 0,20
OX 0,003 0,003 0,005 0,05 0,03 0,05
T.5 oy 0,001 0,0025 0,02 0,03 0,03 0,03
0z 0,005 0,006 0,025 0,2 0,16 0,2
OX 0,003 0,008 0,006 0,03 0,03 0,01
T.6 oy 0,008 0,007 0,006 0,02 0,03 0,04
0z 0,005 0,007 0,035 0,25 0,31 0,08
I'pannuHoO-
JIOITyCTUMBIE:
— IS
00CITy>)KHBAIOIIETO
“f{g;"t‘{i‘”fz'o L |OX,0Y,0Z| 028 0,2 0,2 04 | 078 | 157
pu £ = 60 wiH 0,40 0,28 0,28 0,56 1,1 2,2
0z — — — 0,6 - -
— JUTSI IEPEKPBITUS




BbiHy:K/IeHHbIE KOJIeOaHUsl TAKEIBIX MAIIUH C CUCTEMOM
BHOPOU30JISIIIUMN
YpaBHeHue KojaeOaHUN OJHOMACCHOM CHCTeMBI (puC. 1) MOXKHO 3ammcaTh B
BHUJIC
V+2ny + @y = Psinat . (1)
IJI€ @ — 4acTOTa BBIHYKJCHHBIX KOJIEOAHUI CUCTEMBbI; @y — COOCTBEHHAsl 4acTOTa
KOoJIeOaHUM CUCTEMBI; P — aMIuinTy/1a BO3MYIIAIONIEH CHUIIBI.
bynem cuuTarh, YTO MEXaHMYECKas pPEaKUus PE3UHbI OIUCHIBACTCS
MHTETPAILHBIMUA COOTHOIIEHUSIMU TUTIA bonbliMana-BobTeppa ¢ siapaMu peakcaluu
u nocienericteus. Torna ypaBaenue (1) B onepatopHoit popme MOKHO 3amucaTh TaK
y+Cy=gq,Sinat, (2)
rjae (1 — CWia MHEPLHH, MPUXOAAIIAscsI Ha eIUHUIly Koseomrormieiics maccol;, Ci —
omnepaTop XKECTKOCTH YIPYTOol MOABECKHU

C,=Cy[1- 72, (-B) ], (3)
9 (-B)et) = [ 2, (-t —0)e(e)de, 7

B B e © (_ﬂ)n (t_z_)n(ml)
2 (pu=r)=li=1) ;r[(n+l)(1+a)]’ ©

rme Co — MTHOBEHHOE 3HA4YCHHE KECTKOCTH yIpyrou momsecku; Io(-f, t-7) —
SKCHOHEHIManbHass (PyHkuus gapobHoro mopsaka FO. PabotHoBa; o, S, 4 —
peoJiornueckue napaMmeTpsl pe3unsl; [ — ramma-QyHKIms.

[lens BUOpPO3aAIIUTHI COCTOUT JIUOO B YMEHBIIECHUU aMIUIMTYJbI CUJbl Ro Ha
OMOPHYIO KOHCTPYKLHIO (pamy, IepekpbiTue, GyHAaAMEHT), T.€.

R - Fow/a)é +4n’w? (6)
0 \/( 2 2)2 2 2
@, —@°) +4n‘w

aM00 B YMEHBIIEHUH aMILTUTYbl Ag CTallMOHAPHBIX KOJIEOaHUW KOpIyca MAaIlWHBI,
T.C.

F
A= b . (7)
m\/(a)o2 - a)z) +4n*w’
Breném 6e3pazmeprbie kodpbuimeHTs 3PGHEKTUBHOCTH BUOPO3AIITUTHI:
R, CA,
=—; K,=—. 8
= = (8)

0 0

Benuuuny 77 00b14HO Ha3bIBAIOT KOO PUIIMEHTOM BUOPOU3OJISIIMU, & BETUUUHY
K — xosdpunmentom qunamuuHoctu. Toraa
1+ 4277

= : 9
" (1-2%) +4?Z? ©)




K = ! | (10)

) \/(1— 77 )2 + 4?72

rae Z—ﬁ' V—l— b_. n—i' a)—\/E'
w, w, 2Jem’ 2m’ ° \m’

b — xodddunment nemndupoBaHus yHpPyroi CHUCTEMBI, V — OTHOCHUTEIHHOE
nemrupoBaHue ypyroi CUCTEMBI: IPU V= | B CUCTEME pean3yeTcs KpUTHIECKOe
nemrdupoBaHue.

Koaddurment BUOpOU30IAIINN MOKHO TIPEICTABUTH TAKKE B BUJE

2
(1+ZZ)2164§” ;
T+
n= A (12)

e
(1_Z2)2+Z2167Z'2l//-|-l//2

3nech KO3PGUIMEHT JUCCUTIAIIUU I/ TUOO OMpEAEseTCs YKCIEPUMEHTAIBHO,
100 TPU U3BECTHBIX PEOJIOTHYECKUX MapaMeTpax pe3uHbl «, [, A BBIUUCISAETCS IO
bopmyiie = 27B(w). B atom ciydae ¢opmyia (12) mpuHUMAaET BHT
167°B°
(1rz2) . 7B ()
167° +4x°B (a))
n= TS : (13)
2
(1—22) +7° zﬂ 2(a:)
167°+4x°B (a))
OddekTuBHOCTh BUOPOU3OJISIMY TIPU STOM paBHA
D =(1-7)-100%. (14)

Koaddunument quaaMuaHoCcTH

K, = \/(1—22)2 472, (15)

i ¢ yuétom y = 2 7z8(w)
K, = \/(1— Z}) + 4B (0)Z°. (16)

Cootnomenuss (12) u (13) MO3BONSAIOT JOCTATOYHO TOYHO OMPEACIIUTH
KOd(phULIMEHT BUOPOU3ONISAIMUA CUCTEMBI U C MOMOIIBIO cooTHomeHut (14) u (15)
3¢ (HEeKTUBHOCTH BUOPOU30ISALINU U KOADOUIIMEHT TUCCUTIALIUN.

Pa3paboTaHHble KOHCTPYKLUMH BHUOPOM3OIUPYIOIIUX CHCTEM MOTYT OBITh
UCIIOJIb30BAaHbl B MAIlMHAX M COOPYKEHHUAX pa3JIMYHOIO TEXHOJOTHYECKOIO
HazHayeHus. Vcmonb3oBaHMEe  BUOPOM3OJIMPYIOIIUMX  CHUCTEM  TO3BOJSET: B
YKOHOMHYECKOM IIJIAHE — CHU3HUTH 3aTPAThl HAa NOJJEP/KKY CTPOESHUI IPOMBIIIEHHBIX
OpEeINpUsITUA, B COLMAILHOM — OOECHEUYUTh 3aIIUTy MAIIUH U OOCIY>KHBAIOIIETO
NepCOHasa OT JEHCTBUS BPEIHBIX BHOpAIMi U IITyMa.
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AHoTauifi. Po3rnsgaeTtbcs OOQMH i3 MPIOPUTETHUX HAMpsAMKIB Mo npobrnemi 3abe3neyeHHs OXOPOHM mpal
onepaTopi, MalLUWH i cnopya, Big 4ii npomucnosux BibpaLii. Bibpalis € 0aHIE0 3 OCHOBHUX MPUYMH PYIHYBAHHSA MaLLWH,
OygiBenb i cnopya, BOHA 3MEHLLYE JOBrOBIYHICTb i HAAINHICTb MaLLMH, MOPYLLYE PEXMM iX pOBOTH, MOTiPLIYE TEXHONOTIYHNIA
npouec. Bibpalis i Wwym LWKIANMBO BNAWBAKOTL HA NIOAMHY-ONEpaTopa, Ha “oro idionoriYHWiA i NCUXONOMIYHNIA CTaH;
BibpaLliiHa naTornoria CToITb Ha Apyromy MicLi (nicns nunosmx) cepeq NpodecinHux 3axBoptoBaHb. Tpueana gis sibpauin
Ha ornepaTopiB NPWU3BOAUTL A0 MiABULLEHHS CTOMIIOBAHOCTI, 3HKEHHS NPOAYKTUBHOCTI i IKOCTI IX npaui, 4O PO3BUTKY
npodecinHux xsopob, 4O pU3NKY BUHWUKHEHHS aBapii i katacTpod. LUym noripwye isuyHMin Ta NCUXOMOMYHMIA CTaH
onepatopis, MPU3BOAWNTb A0 NOTIPLWEHHS CyXy, NOPYLIEHHS HEPBOBOI CUCTEMW, PO3BUTKY CEPLEBO-CYAMHHUX
3aXBOPIOBaHb TOLLO.

PoarnsgaroTbes MeToam Ta 3acobm 3axucty 06CyroByro4Oro nepcoHany, MalluH i yCTaTkyBaHHS Bi Aii iIH-TEHCUBHUX
BibpaLliiHMX HaBaHTaXeHb 3 BUKOPUCTAHHSAM €NacTOMEPHUX enemeHTiB. OgHUM 3 HaNPAMKIB BUPILLEHHS Liei npobnemu
€ po3pobka eqeKTUBHNX BiBPO3aXMCHUX CUCTEM HA OCHOBI N'YMOBWX i FyMOMETaneB X MacvBHKX Bibpoi3onsTopis Tuny
Or1-180. Taki cuctemu Bynm po3pobneHi IHCTUTYTOM reoTexHiyHoi MexaHiku im. M.C. MonskoBa HAH Ykpainu Ta cninbHO
3 YkpaiHcbkum aepxasHum HI| 6e3neku npadi Ta ekonorii B ripHWYii Ta MeTasnypriiHiin MPOMMCIIOBOCTI BCTAHOBIEHI HA
BMXPOBMX 3MiLlyBayax arnogabpuku lisriyHoro 3K (M. Kpusuin Pir). Mpomucnosi ekcnepuMeHTanbHi AOCHImKEHHS
nokasann eeKTUBHICTb BIOPO3AXMCHUX CUCTEM, iX BWCOKYy HAZiMHICTb i JOBrOBIYHICTb: MOBHA BIACYTHICTb BigMOBM
NPOTArOM [BaHaALATM pOkKiB. 3amiHa BiBPO3axMCHOI CUCTEMM CTafacs BHACMIOK MPUPORHOrO CTapiHHA MaTepiany B
ymoBax arnogabpuks kombiHaTy. EGEeKTMBHICTL CMCTEMM nonsrana B 3HWKEHHI BiOPaLiiHOMO HaBaHTaXeHHs A0
CaHiTapH1X HOpM.



MokasaHo, Wo po3pobneHi rymomeTanesi Bibpoi3onaTopn MOXyTb ByTU BUKOPUCTaHi B BIOPO3axuUCHIUX cucTEMax
MaLLWH Pi3HOrO TEXHOMOMYHOTO NPU3HAYEHHS, a TakoxX B OyaiBnsx i cnopyaax: B TEXHIYHOMY CEHCi BOHW 3abe3neyyoTb
[OBTOBIYHICTb | HAAIMHICTb MALLWH, B COLlianbHOMY — 3aXMLUaTb NepCcoHan Bif Aii WKignvemx BibpaLii i wymy.

Y po6oTi Ha NpuKnagi BMXpPOBOro 3MillyBaya 3 BiGPO3aXMCHOI CUCTEMOKD PO3rNISAATLCA BUMYLLEHI KONMBAHHS
OQHOMACHOI cucTemMU. HaBeaeHo pilueHHs 3adavi B MiHilHIA NOCTAHOBUi ANs BMNAAKY, KOMWM MexaHiuHa peakuis rymu
OMUCYETLCS  iHTErparnbHAMK  CMiBBiOHOWEHHAMKU TNy BonbuMaHa-BonbTeppa. HaBoasaTbes CRiBBIOHOWEHHS Ans
koedivieHTa Bibpoisonauii aucunauii eHeprii cuctemn. CniBBIgHOLEHHS OTPUMaHi 3 ypaxyBaHHSM PEOSOriYHMUX
BNaCTUBOCTEN ryMW, OTPUMAHMX 3 BUKOPUCTaHHSAM YoTupenapameTpuyHoro sgpa F0.H. PaboTHosa.

KnioyoBi cnoBa: oxopoHa npali, npoMucnoBa Bibpalist i Wwym, BibposaxucHa cuctema, Bibpoi3onsaTop, BUXPOBMiA
3MiLlyBaY, koedilieHT BibpoisonsLii, piBHAHHA BUMYLUEHUX KOMWBAHD.

Abstract. One of the priority directions on the issue of ensuring labor protection for operators, machines and
structures against the effects of industrial vibrations is considered. Vibration is one of the main causes of destruction of
machines, buildings and structures; it reduces life of machines and degrades their reliability causing their malfunction and
breakdowns in process. Vibration and noise harmfully effect on the operator, his/her physiological and psychological state.
Vibration pathology is second (after dust) among the occupational diseases. Long-term exposure of operators to vibrations
increases their fatigue, reduces their efficiency and degrades quality of their work, leads to development of occupational
diseases and risk of accidents and disasters. Noise worsens physical and psychological state of operators, causing hearing
injury, excitation of nervous system, development of cardiovascular diseases, etc.

Methods and means for protecting maintenance staff, machines and equipment against intensive action of vibrational
loads through usage of elastomeric elements are considered. One of the ways to solve this problem is designing of effective
vibration-isolation systems based on the rubber and rubber-metal massive vibration isolators of the OP-180 type. Such
systems were designed in the Institute of Geotechnical Mechanics named by N. Polyakov of National Academy of Science
of Ukraine and, together with the Ukrainian State Research Institute of Occupational Safety and Ecology for the Mining
and Metallurgical Industries, were installed in the vortex mixers of the SevGOK sinter plant (Krivoy Rog). Industrial
experimental studies showed effectiveness of vibration isolation systems, their high reliability and long operating life: no
one failure for twelve years. The vibration isolation system was replaced due to natural aging of material in the conditions
of the factory’s sinter plant. Effectiveness of the system consisted in reduced vibration load to the sanitary standards.

It is shown that the designed rubber-metal vibration isolators can be used in vibration isolation systems of machines
of various technological functions, as well as in buildings and structures: in technical sense, they ensure long life and
reliability of machines; in the social sense, they protect the personnel against effects of harmful vibrations and noise.

In the work, forced oscillations of a single-mass system are considered on the example of a vortex mixer with a
vibration protection system. Solution of the problem in a linear formulation is given for the case when mechanical reaction
of rubber is described by integral relations of the Boltzmann-Volterra type. Ratios are given for the coefficient of vibration
isolation of the energy dissipation of the system. The ratios were obtained with taking into account rheological parameters
of rubber obtained by using the Yu.N. Rabotnov’s four-parametric nucleus.

Keywords: labor protection, industrial vibration and noise, vibration isolation system, vibration isolator, vortex mixer,
vibration isolation coefficient, forced oscillation equation.
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