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Ilposedeno ymounenns diaeHOCMUYHUX 03HAK Oeekmis npu GiOpayitinomy O0iacHOCMY8AHHI WAMYHHUX NiO-
wunnuxie 2azomomoxomnpecopie ('MK) 10NKH.

s nowyky Haubinbur epekmurux OlaeHOCMUYHUX 03HAK 0epeKmis wamyHHUX NIOWUNHUKIE AHANI3AMOPOM
cnexmpig giopayii AC-640 nposedeno siopayiiini docnioxncenns I'MK 10I'KH 3 diamempom KOMRPeCOpHUX YUTIHO-
pie 320mm. Ananiz pesyromamis ceiouums, wo cnekmpu eiopayii Oyau HakonuyeHi y uacmomuomy oianazoni 10-
25001y, kinbkicms ycepednens danux — 8, kinvkicmo ainiti — 3200.Cnexmpu 6i6payii wiamyHHux niOWUNHUKIE 3Hi-
ManucCh Ha azpe2amax nepeod npo8edeHHIM NIAH08020 02150y 8 Micysax, ausnauenux 3eiono 3 COY 74.3-30019775-
150:2009 Komnpecopni cmanyii. I'azonepexauysanvhi azpecamu. Koumponb mexuiyHo20 cmany 2a30MOmoKOMN-
pecopie muny 100KH" ¢ JIK " Yipeazeuoobysanns”. Ilpu nianosomy o2nsodi 6USHa4amucs Gaxmuuni oepexmu 00-
COJHCYBAHUX 8Y3TI6.

Buoineno nosuii wvacmomnuti 0ianason ma panuyne 3Havenus cepeonvoksaopamuunozo suwavenns (CK3) 6i6-
DONPUCKOPEHHSL 3 KDAWUMU 3HAYEHHAM UMOBIPHOCMI 8UsHAYeHHs Oeghexkmis wamynnux niowunnuxie I MK 10CKH.

Pospaxosano imosipnocmi susenenus cnpasHo2o ma oepexmuozo niOWUnHUKIE, UMosipHicmb XubHo2o deghe-
KIMYBaHHs [ NPONYCKy Oepekmuo2o niouunHuKd.

Tlobyoosano xkpusi imogiprocmi po3nooiny depexmnozo i be30eheKmnoco cmamny WamyHHux NiOWUNHUKIe y
3AN1eAHCHOCII 810 BIOPONPUCKOPEHHSL.

Ymounenus diacnocmuunux osnax degpexmis nio uac GiOpayitiHo20 OIAeHOCMYBAHHS WAMYHHUX NIOWUNHUKIG
I'MK 10I'KH oacmu 3mo2y 30inbuumu KilbKiCmb C80E€UACHO 8UGNIEHUX OeheKkmis, niosuuumu HadluHICMy i pecypc
Mawun, smenwumu gumpamu Ha excniayamayiio i pemoum I'MK.

Kirto4uoBi ciioBa: ra30MOTOKOMITPECOD, IMiIIHITHUKY, HAJIHHICTh, pecypc, BiOparlii, JiarHOCTHKa

IIposedeno ymounenue OUACHOCMUYECKUX NPUSHAKOG OeeKmos npu UOPAYUOHHOM OUASHOCMUPOBAHUY WA=
myHuoix noouwunnuxoe I' MK 10'KH.

s noucka naudonee 3pHexmusHbIX OUACHOCMUYECKUX NPUSHAKOE 0epeKmos WamyHHbIX NOOUWUNHUKOS NPO-
8edenbl GUOpayUOHHbIE UCCIed08anus cazomomorxomnpeccopos 10IKH ¢ duamempom KoMRpeccopHbIX YunuHOpos
320 mm. Hceenedosanus nposoounucey anarusamopom cnexkmpos suopayuu AC-6400.Cnexmpol subpayuil dvliu Ha-
xonaenovl 8 yacmomuom ouanasone 10-25000y, konuuecmeo ycpednenuii oannvix — 8, konuuecmeso aunui — 3200
Cnexmpbi 6ubpayu WamyHHulX NOOWUNHUKOS CHUMANUCL HA azpe2amax neped nposedeHuem nianoso2o ob3opa 6
Mmecmax, onpedenennvix coeracho COY 74.3-30019775-150:200K0mnpeccopuvie cmanyuu. I'azonepexauusaio-
wue acpeeamvi. Koumporb — mexHuyeckozo — cocmosiHusi  2azomomokomnpeccopos muna 10KH' 6
JIK " Vkpeazoobwiua". Ilpu nianosom 0b630pe onpedensinucy paxmuueckue oepexmol ucciedyemulx y3nos.

Buidenen noswiti uacmommuoiii ouanason u npedenvroe snavenue CK3 eubpoyckopenus ¢ ayuuumu 3HAYeHuem
sepossmuocmu onpedeiieHusi Oepexmos uamyHnvix noowunuuxos I' MK 10I'KH.

Paccuumana eepossmnocmo 6viselieHUs. UCHPAGHO20 NOOWUNHUKA, 8EPOSIMHOCMb BbISIGIEHUSL OeheKmHO20 no-
OWUNHUKA, BEPOSIMHOCb OUWUOOYHOU 0eheKmOBKU U 8ePOSIMHOCHb NPONYCKA 0eheKMHO020 NOOWUNHUKA.

Tlocmpoenvr kpusble 6eposamnocmu pacnpeoeneHust 0ehpeKmnozo u 06e30eekmnozo cOCMOAHUS WAMYHHbIX
HOOUUNHUKOG 8 3A8UCUMOCIU O BUOPOYCKOPEHHSL.

Ymounenue ouacnocmuuecxkux npusnaxoe oeghekmos npu nposedenuu SUOPAYUOHHO20 OUASHOCUPOBAHUSL
wamynnelx noowunuuxos I' MK 10I'KH no3zeonum ysenuuums KOAULECMBO CEOEEPEMEHHO OOHAPYHCEHHBIX OeqeK-
MO8, NOBLICUMb HAOEIHCHOCMb U PECYPC MAWUH, YMEHbUUMb PAcX00bl Ha dKkcnayamayuio u pemoum I’ MK.

KitroueBble €10Ba: Ta30MOTOKOMIIPECCOP, HAISKHOCTh, MOIIUITHUKH, PECYPC, BiOpaluH, JHarHOCTHKA

Clarification of diaanostic signs of defects is danted during the vibration diagnosing of the pistod bear-
ings of gasmotocompressors (GMKY Ka&1.

For the search of the most effective diagnostiosigf defects of the pistood bearings vibration research
of gasmotocompressors /IKH with the diameter of compressor cylinders 320 menewconductedResearche
were executed by means of the analyzer of specwtinibration ACE-6400. The spectrums of vibratiorese ac-
cumulated in a frequency range 10-2500 Hz, amo@igiven mean values— 8, amount of lines — 3200.spee-
trums of vibration of the piston-rod bearings wéaken off on aggregates before conductina of thanmgd review
in places, determined according SOU 74.3-300197&&2009 "Compressor stations. gasmotopumping aggre-
gates. Control of the technical st of compressors of type I®BH" in the SC'Ukrgazvydobuvannya". During t
planned revie' the actual defects of the probed assemblies wetermined.

A new frequency range and maximum value of SR\baodacceleration is selected with the best vatie
probability of determinatic of defects of the piston-rod bearings of GMKAH.
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Probability of defectio of the bearing in good condition, probability oftdctior of the imperfect bearin
probability of erroneous defecti and probability of admission of the imperfect begy is estimated.
The crooked probabilities of distributing of thepienfect and good state of the pistad bearings are bui

depending on vibroacceleration.

Clarification of diagnostic signs of defects duringnducting of the vibration diagnosing of the @istod

bearings of GMK 10KH will give an opportunity number of timely idergdi defects, increase reliability and re-

source of machines, decrease expenses on expaitatd repair of GMK.
Keywords: gasmotocompressor, reliability, beariifgation analysis, diagnostics

AKTyaJIbHICTh Ipo01eMHu

Ha pmanumii wac mapk ra3oMOTOKOMIIPECOpiB
10rKH (I'MK) Ha 06'ekTax Ta30BOi IPOMHCIOBOC-
Ti YKpainm 3Ha4HO 3acTtapiB. CTaTUCTHKAa POCTY
KUTBKOCTI BiIMOB OOJIafiHAHHS CBiTYMTH, IO IMPO-
BEJICHHS TUTAHOBUX DPEMOHTIB He 3a0e3reuye Ha-
niriHol excruryaranii 'MK. Buxomom i3 cutyariii €
MEpexia 10 PEMOHTY MallliH 1 001agHaHHs 3a (hak-
THYHUM CTaHOM. AJie II€ MOKJIMBO JIMIIIE y pasi
BHKOPHCTAHHS MCTO,Z[iB 1 3aco0IB [1arHOCTHKH,
PO3paxyHKy HMOBIPHOCTI Ge3BIIMOBHOI pO60TI/I
IHTEHCHBHOCTI BiJIMOB OOJIaTHAHHS B MPOIIEC] HOTO
eKCIDTyaTarlii.

Iadopmariiss mpo cTaH MparroYoro ooJaI-
HaHHS 3 O0CPTOBUMH BY3JIaMU MIiCTUThCS, HacaM-
nepex, y curHaii BiOpauii. Tomy anaimi3z BiOpamii
(X BHJ KOHTPOJIO CTaHy 1 JIarHOCTHKH MAIIHH)
JTO3BOJIMB BUIPIITYBATH IMPAKTUYHI 3aBIAHHS JIOB-
TOCTPOKOBOTO TIPOTHO3Y CTaHy OONamHaHHS 1, SK
HACJIIJIOK, 3A1MCHUTH TIepeXil 0 00CIyroByBaHHS
1 peMOHTY 00JIalHAaHHA 33 (PaKTHUYHUM CTaHOM.

AHaJii3 cTany npooaemMu

Ha cporomuimHiii 1eHb piBeHb PO3BUTKY BiO-
POJIIarHOCTHKN HE JO03BOJISIE BUSBUTH BCl BHIU
JeeKTiB, MO 3yCTPIYalOThCS i PO3BUBAIOTHCS B
MIOPIITHEBUX KOMIIPECOpaXx.

BumiproBanHst  iHTerpajgbHHX  BiOpaLiiiHHX
XapaKTepPUCTHK JI03BOJISIE BH3HAYMTH 3arallbHUii
TCXHIYHMH CTaH MallMH. B OCHOBY HOpMyBaHHsI
a0conroTHOT BiOpamii 3aknajeHi peKOMEHMAIll
MikHapoaHoro cranaapry 1SO 2372-74y sxkomy
KPUTEPIEM € CEepelHE KBAJApPAaTUYHE 3HAYCHHS
(CK3) BiGpomBHAKOCTI B [miama3oHi 4acTOT Bix
10l mo 1xI['u. BoHu 3acHOBaHI Ha NPUITYLICHHI,
o MmoAiOHI 3a TOTYXKHICTIO, BUCOTOIKO OCi 00ep-
TaHHs, YaCTOTOK OoOepTaHHsS 1 eKCILTyaTallii arpe-
ratd MawTh NPUOIM3HO OAHAKOBI MPHITyCTUMI
3Ha4YCHHs BiOparlii 3 JOCSATHEHHSAM T'PaHHYHOTO
cTaHy. ba3oBHMM HOPMATUBHHM JIOKYMEHTOM IIO
BiOpanii € 1ISO 10816-1-97y sxomy 3a3Ha4eHO,
10 MPH 30CEPE/HKCHHI 3HAYHOI YaCTUHU BiOparriii-
HO1 eHeprii 3a Mexxamu nianazony 10-100Q1, no-
JaTKOBOMY HOpMyBaHHIO minnaerbest CK3 Bi6po-
MEePEMIICHHS 1 BIOPOIPHCKOPCHHS Yy BIAIOBIHIi
cMy31 4actort. [Ipudaomy sk KpuTepii OUIHKH BHKO-
PHUCTOBYIOTh HE TUTBKU aOCOJIFOTHE 3HAYCHHS BiO-
patii, ane i oro 3MiHy B IpoOLIECi eKcIuTyaTarii.

3arambHI BUMOTH BHUMIpPY BiTHOCHOI BiOparrii
3asHaveHi B ISO 7919-1-99y sixomy BHKOpUCTO-
BYIOTBCS Ti 3K JiBa KpuTepii. Ha 6a3i 1iporo cranma-
PTY PO3POOICHO HOPMH JUTS PI3HHX MALINH.

CraTucTHyHe HAKONUYCHHS M aHali3 Kopems-
LIHHO-CIIEKTPaIbHUX XapaKTEPUCTUK BIOPOCHUIHA-
7y, TIPOBEJICHI CTOCOBHO JIO ONIIO3UTHUX KOMIIpe-
COpiB, JO3BOJIMJIM BCTAHOBUTH B32€MO3B'SI30K 31
3HOLIYBAaHHIM Yy By3Jax MeXaHi3MiB pyxy [1].

IcroTHy mOTIOMOTY IpH BU3HAYEHH] TEXHIYHO-
ro CTaHy MAalIMHHOTO OONagHaHHS MOXKE HaJaTH
KOMITIOTEPHE MOJICIIIOBAHHS ,Z[I/IHaMiKI/I U 3HOIIY-
BaHHs BY3IIB, 110 I03BOJISIE MOB'A3aTH 3MiHy QyH-
KI[{OHAIBHUX 1 JMHAMIYHUX TIapaMeTpiB MaulMHHU
31 3HOIIYBaHHSAM OKPEMHX ii €I€MEHTIB i pOTHO-
3yBaTH Li Mpolecy Ha Yac Mail0yTHBOI eKcIuTyara-
wii [2, 3]. Y Takwuii ciocié B podori [4] Bu3HaYEHO
rapMOHIKH BiOpallii OCHOBHUX AC(EKTIB MOpIIHE-
BUX KOMIIPECOPIB.

HecnpaBuuii By30:1, poboTa SIKOTO CYIpOBO-
JDKY€ETBCS yAapoM, e(heKTUBHIIIE 1IarHOCTYBaTH 3a
JIONIOMOT'OK0 aHaJIi3y aMILTITY/I OTMHAI0Y0i BiOpo-
curnaiy. Lei MeTox 6asyeThest Ha TOMY, 1O Mepi-
OJIMYHA TIOCHIZOBHICTD yJApHUX IMIYNbCIB, IO
30y/Ky€e BECh CHEKTP BIACHUX YacCTOT MEXaHi3My,
IPOSIBISIETBCS Y BUCOKOYACTOTHIH 00JacTi y BHU-
IS aMILTITYAHOI Moxmyssinii BiOpariifHoro mpo-
mecy. CmyroBa ¢iiapTpaliisi BACOKOYaCTOTHOTO CH-
THaJly 3 HACTYIHHMM HepeTBOpeHHsIM [imbbepta i
CHEKTpPAJFHUM aHaJi30M aMIUIITYAHOI OTMHAI0YOi
Ja€e 3MOTY 32 YacTOTOIO MPOXOKEHHS yAapy Jo-
KamizyBatn nedeKkTHH By3oi. Haitmmprmoro 3a-
CTOCYBaHHS LIeH MeTo/ HaOyB IPH KOHTPOJIi CTaHY
ITiIIIMITHUKIB KOYeHHS 1 3yOuyacTux nepenad. Moro
BUKOPHUCTAHHS € NEPCHEKTUBHUM 1 [T BUSIBICHHS
JesKUX Ae(eKTiB HOPIIHEBUX KOMIIPECcOopiB [5].

[Ipu miarHOCTYBaHHI MiAIMTUITHUKIB KOYCHHS
JIOBOJIUTHCSI CTUKATUCS 13 MPUCYTHICTIO B CHEKTPi
BiOpamii MHOXWHU OOKOBUX CKJIQJOBUX, IO
OB’ si3aHe 3 TPyIHOIIaMH mpH GopMyBaHHi iH)O-
pMaTUBHOI IiarHOCTUYHOI O3Haku. KencrpanbHuit
aHaji3, MO € 3BOPOTHHUM IIepeTBOpeHHAM Dyp'e
CIIEKTpa CHUTHAIY B JorapupMidHOMY MacmTadi,
J03BOJIsIE€ 00'€THATH EHEprilo BCiXx OOKOBHX CKIa-
JOBUX OCHOBHHX 4YacTOT JeQEeKTHOro By3da i
1[1p]e;[0TaBI/ITH ix y BUrmsiAi ofHi€ei niHil Ha rpadiky
5].

B poborax [7, 8] npoBoanThCs momyk aedex-
TiB mwaryHHux mmpuunHukiB (LUIT) razomorokom-
npecopiB 100KH 3a piBHeM BiOpallii B BU3HAUCHUX
YaCTOTHUX CMYTax.

Buaisiennsi HeBUpilleHUX YaCTHH
npooJeMu

AKTyaJbHUM € TIOIIYK HaiO1mb epeKTUBHIX
JarHOCTHYHUX O3HAaK JEe(EKTiB MATYHHUX Iij-
IIUITHAKIB HAa OCHOBI BIiOpaIiiHUX JOCIiIKEHb
razomorokomipecopie  10UKHB, ockinbku 10
I[LOTO YacCy Ba)XKO OYyJO BH3HAYWTH IX TEXHIYHUH
CTaH.

TlocTaHOBKA 3aa4i JOCTiKEeHb

3aBIaHHSAM JOCII/DKEHHS € yYTOYHEHHS fiar-
HOCTHYHHMX O3HAK NS(EKTIB IiJ 4ac MPOBEICHHS
BiOpaLiMHOrO MiarHOCTYBaHHS IIATYHHMX ITiIIH-
nuukis MK 10'KH.
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Ta6auns 1 - 3icTaBjieHHS TeXHIYHOTO CTAHY MIATYHHUX MiIIIMNHAKIB
3 CK3 BiOponpuckopeHHs1 B 10CTiXKyBaHiil yacToTHil cmy3i, I'n

Tapamerp ['pannune CK3 BibponpuckopenHs, m/c®
0-0,5|0,6-101,1-1,4/1,5-2,0{ 2,1-2,4| 2,5-3,0| 3,0-3,5
HIarysauit migmmmank Ne 1 * * * * * * *
No [MarynHuit miamunauk Ne 2 * * * * * * *
I'MK, |Hlarysasuit migmmnaak Ne 3 * * * * * * *
JaTta atyaanii migmmnHuk Ne 4 * * * * * * *
atyaanii migmmnHuk Ne 5 * * * * * * *

*

1 - pylinyBanHs 6abiTOBOIO APy BKJIAIUIIIB MIATYHHUX ITiIIIUITHUKIB;

2 - 301NbLICHAIH 3a30p MIXK BKJIaguIIaMun 1 KOJIIHYACTHM BaJIOM,

3 —cpaBHUA.

Tadanus 2 —KinbkicTh nedeKTiB MIATYHHUX MiIIIMTHAKIB,
110 BHSIBJICHA B pa3i BUKOPUCTAHHS BiOpOMeTPOM J0CHiIZKyBaHOI 4acTOTHOI cMyrH, I'nx

TTapamerp POE’;Mip- I'pannane CK3 Bibponpuckopenns, m/c”
HICTB 0 0.5 1.0 1.5 2.0 2.5 3.0
Kinpkicts cpaBaux HITT IIIT. * * * * * * *
Kimskicts nedexrrux IITT IIT. * * * * * * *
X1OHO MiarHOCTOBAHMIA K HECIIPABHUH|  IIT. * * * * * * *
X1OHO MiarHOCTOBAHMIA K CIIPaBHUI IIT. * * * * * * *

Pe3yabTaTu gocaigxenn

Jns momryky HaiiOinbpm eeKTUBHUX AiarHoO-
CTUYHUX O3HaK JCe(PEKTiB MATYHHUX MiANIUITHUKIB
Oynu mpoBeseHi BiOpartiiiai JOCIiHKEHHS Ta30MO-
tokommnpecopie 10CKH 3 miametpom kommpecop-
Hux mutiHapie 320 M. [locmimkeHHs Oyau BHKO-

HaHi aHaii3atopoM crekTpiB Bibpauii AC-6400.

[potsirom 2008-2010pp. Oyiu HaKOMUYEHI CIIEK-
Tpu BiOpauii y yacrornomy mianazoni 10-25000w,
KIUTBKICTD yCEpeHEeHb NaHUX — 8, KUIBKICTB JIHIH —
3200. Criextpu BiOpamnii mAaTYHHUX MiJIIAITHAKIB
3HIMAJIMCh Ha arperartax Iepesi NPOBEICHHAM ILIa-
HOBOTO OIJISiAy B MiCLSIX, BU3HAUEHHUX 3TiAHO 3
COY 74.3-30019775-150:2009  KomnpecopHi
crantii. I'a3onepexadyBanpHi arperatu. KoHTpois
TEXHIYHOTO CTaHy Ta30MOTOKOMIIPECOPIB THILY
10rkKH" 8 JK "VYkprazsumoOysanus'. llpu mia-
HOBOMY OIJISII BHU3HAYalUCh (haKTUUHI AehEeKTH
JTOCITIKYBaHUX BY3JIiB.

Jns aHanizy BHOpaHO HACTYIIHI Jiana3oHU:
100+1000 TI'm, 200+1000 I'u, 400+1000 I,
600+1000 I'uy, 1000+1200I'u, 1000+1500 Iy,
1000+2000 , 1050+1170 .

B xoxHOMY 3 IIMX Aiama3oHIB MPOBOIUIUCH
JOCITIDKEHHS.

JI7Ist KOYKHOTO LIATYHHOTO MiAIIUITHUKA Y Bij-
MOBITHOMY CIIEKTPi PO3paxOBYBAJIOCH CEpEIHE
KBAJIPATHYHE 3HAYCHHS (CK3) BiOPONPHCKOPEHHS
y AOCIi/KyBaHii 4acTOTHIN cMy3i. B moi 3nauens
BIOPONPHCKOPEHHS 3aHOCHIM TTOKa3HUKU TEXHid-
HOT'O CTaHy IIATYHHOTO MiAIIUITHAKA Yy BiAMOBiI-
HOCTI 3 JAaHWMH IUIAHOBOTO OIJISAY, Ha 3pa3ok
Tabymmi 1.

INopanpmuii a”ami3 BCiX BHECEHMX 3HAuY€Hb
JIaB MiICTaBy JUIS TAKMX BHCHOBKIB. MAaKCHMAaJIbHA
KUIBKICTh pO3MOALTY sSIK Oe3gedeKkTHOro, Tak i

JNe(eKTHOTO CTaHIB INIATyHHUX IiIIIUITHHKIB
NeNe 1-3, Ne 4 ta Ne 5 BifnoBigae pi3HUM 3HAUYCH-
52

HSIM BiOpOIIPUCKOPEHHS, TOMY JJIS MOIIYKY YTOY-
HEHUX JIarHOCTHYHUX O3HAK Je()eKTiB HEOOXiTHO
pO3IIISIaTH OKPEMO 3HAYEHHs BiOpauiiHUX mapa-
METPIB ITUX MATYHHUX ITiITAITHAKIB.

Ha miacTapi maHux, 310paHuX 3a 3pa3koM Tad-
muti 1 3a mepiof KOCIIHKEHb, IPOBOIUBCS TIiIpa-
XYHOK KUIBKOCTI Oe3eeKTHUX 1 Ae(eKTHUX IiJ-
IIMITHUKIB T KOXKHOI 3 BUIIIJICHUX TPYII, Y BiAMO-
BigHOCTI 10 rpannuHuX 3HaueHb CK3 BiOpompuc-
KOPEHHS, Ha 3pa30K TaOuIl 2.

Ha migcraBi oxnepskaHux maHux Oynu pospa-
XOBaHi:

- KpHBi IMOBIpHOCTI JeheKTHOrO i Gesnedek-
THOTO CTaHiB MIATYHHUX MiAMIUITHAKIB B 3aJ1€KHO-
CcTi Bif oOpaHoro rpanu4yHoro 3Hadenns CK3 BiO-
POTIPUCKOPEHHS,;

- KpUBI KUIBKICHOTO PO3MOIiNY NeeKTHOrO i
0e3meeKTHOTO CTaHIB MATYHHHUX I AITHITHAKIB.

Kpusi Oynmm moOymoBaHi 3a METOAOM Hai-
MEHIITNX KBaaparis [6].

AHani3 oTpUMaHUX KPUBUX JTO3BOJIUB BUILIH-
tn piana3od 300-1000[ Ta monepenHe rpaHUYHE
3HaueHHs BiGponpruckoperus 1,2 m/c?, sike € or-
TAMaJIbHAM 3HAYCHHSIM WMOBIPHOCTI BH3HAYCHHS
nedexTiB maTyHHux mamunaukie TMK.

Ha pucynkax 1-3300paxkeHo KpHBi IMOBIpHO-
CTi PO3MOLNY 1€(EKTHOrO i Ge3AE(PEKTHOTO CTaHy
LIATYHHHUX HI,Z[H_II/IHHI/IKIB Ne 1-3; Ne 4: Ne 5 B 3a-
JISKHOCTI BiJi BIOPONPUCKOPEHHS Y 4YacTOTHIN
cmy3i 300-100001 moOya0BaHi 3a 1aHUMH, 310pa-
HuMH npotsirom 2008-201Gp.

JUis MpUAHATTS OCTaTOYHOTO PIIIEHHS IPO-
BEJICHO IMOPIBHAHHS ¢(EKTUBHOCTI HOBOIO jiama-
3ony 300-10000'y 3 miamazonom 1050-1170@w,
skuii OyB Bukopuctanmii B mpmiami CBiK-I'MK
JUIS IarHOCTYBaHHs MIATYHHUX MiJIIUIHUKIB pa-
Hime [7, 8).

B Tabmnisax 3 i 4 HaBEICHO KiNbKIiCTh Aedek-
TiB IMATYHHUX MIIIUITHUKIB 3aJIE)KHO BiJl 3MiHU
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1 —06e3nedexTHuil ctan; 2 —pyiHyBaHHS 06a0iTOBOTO mapy; 3 —30UIbIICHUH 3a30p

PucyHnok 2 —Kpugi 3ajie:knocti iMmoBipHocTi po3noginy gedextHoro i 6e3nedekTHOr0 cTany
IATYHHHUX MiIImUmHuKiB Ne 4 3aj1eskH0 BiJ BiOponmpuckopeHHs

[PaHMYHOTO 3HAYCHHs BIOPONIPHCKOPEHHS BiAIIO-
BigHO /i cmyr 300-1000I i 1050- 11701“11 JUTS
BU3HAYCHHS N€(EKTIB IATYHHUX ITi AIIHITHKKIB.

His cmyrn 300-10000' i rpaHUYHOTO 3HA-
yeHHs BiOponpuckopeHHs 1,2 m/c, sike Bifmosimae
HaOMbLII WMOBIPHOCTI BHM3HA4YCHHS NC(EKTiB
matyHHux nigmmnaukiBe MK, 3a #iMoBipHOCTI
BuzHaueHHs Aedektis IIIT 74,1% rtakox icHye
HAMOBIpHICT, BHM3HAUuTH fAK HecmpaBui 21,1%
CIIPaBHUX IMATYHHUX ITiITHITHAKIB.

3 Tabni 4 BuHO, o it emyru 1050-1170 1y
i TPAHUIHOTO  3HAYCHHSA BiOpOIPUCKOPECHHS
0,25 m/c®, SiKe € ONTHMATLHAM 3HAYCHHSIM HMO-
BIPHOCTI BU3HAYCHHs N€(EKTIB WATYHHUX ITiAUIN-
nuukiB I'MK, 3a AMOBIpHOCTI BU3HAYCHHS Ae(eK-
tiB T 74,1% takox icHye HMOBIpHICTh BH3Ha-

yuTh K HecnpaBHi 43,9% cnpaBHUX IIATYHHHX
M IIIATHUKIB.

[TopiBHAHHSA LHMX HaHMX BKa3ye Ha OLIbIIY
e(DeKTUBHICTh BUKOPHUCTAHHS YaCTOTHOI CMYTH
300-1000T'1y mast Bu3HA4YEHHS ASPEKTHOrO CTaHy
maryHaux miamunankie T'MK 100KH.

JInst IPUAHATTS PillICHHS TPO HASBHICTH Jie-
(heKTy IIaTyHHOTO IAMIUIHUKA HEOOXITHO 3HAUTH
rpanmaae 3HadeHHS CK3 BIOpONpPHUCKOpEHHS B
00paHilf 9acTOTHIN CMy3i, BUKOPUCTOBYIOYH METO-
JIM CTaTHCTHYHUX pilieHb [9].

[MpuiiMmaemMo 1IykaHe TpPaHUYHE 3HAYCHHS
CK3 BIOpOTIPUCKOPEHHS PIBHUM — Xo.

YMOBHUMOCS BBaXKAaTH, 1110:

D, — ctipaBHUii cTaH,

D, —nasBHIicTb AedekTy;
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1 —06e3nedexTHuil ctan; 2 —pyiHyBaHHs 0a0iTOBOTO mapy; 3 —30UIbIICHUH 3a30p

Pucynok 3 —Kpugi 3ajie:knocti iMmoBipHocTi po3noaginy gedextHoro i 6e3nedekTHOr0 cTany
IIATYHHUX NiAIunHuKiB Ne 53a/1e:kH0 Big BiOponpuckopeHHs

f(x/ D) — cTaTucTHYHKUN PO3MOMALN IIiTEHOCTI
HAMOBIPHOCTI [JiarHOCTHYHOTO Mapamerpa X Ui
cripaBHOTO cTany Dy;

f(x/ D,) — crarucTHYHMI PO3IOALT HIiTEHOCTI
HMOBIPHOCT]I JIarHOCTUYHOTO TapameTpa X JyIst
nedextHoro ctany Dy;

P,=P (D;) — anmpiopHa HMOBipHiCTb AiarHO3Y
D; (BBaxaeThbCs BiIOMOIO Ha IACTaBi MMOMEpeIHIX
CTaTUCTHYHUX JIAHUX;

P,=P (D,) — ampiopHa HMOBIpHICTH HiarHO3y
Do;

Ci11, Coo — BapTIiCTh BipHOTO pillIEHHS TPU BU-
3HAYCHHI CIPAaBHOTO TEXHIYHOTO CTaHy W BUSBIIE-
HOTO Me(heKTy MOCITIHKYBAaHOTO 00'€KTa BiIIMOBII-
HO,

C,2 — BapricTh cmpaBHoro crany, Cp; — Bap-
TICTb MPOMYCKY AC(EKTY.

IMOBIpHICTP TPHHHATTS TOMIJIKOBOTO pi-
MIEHHS CKJIANIAEThCSA 3 UMOBIPHOCTEW XHMOHOI TpH-
BoTM ¥ mpomycky nmedexry. lliHa mommikm Mae
YMOBHE 3HA4CHHS, aji¢ BOHA TIOBUHHA BPaxyBaTH
nepeadadyBaHi HacHiAKKM XUOHOI TPUBOTH 1 MpPO-
nycky aedexty. Y 3aBJaHHIX HaIIHHOCTI BapTiCTh
MPOITyCKy aAedeKTy, 3a3BHUYaid, iCTOTHO OijbIma
BapTocTi ¢ikTuBHOI TpHBOru (Cqip >>Cyq ). Llina
npaBuibHUX pimeHb Cyy, Cpp IO BUKOPHCTOBY-
€TbCS I TIOPIBHSHHSA 3 BapTicTiO BTpaT (MoMu-
JIOK), TIPUAMAEThCSI HETaTHBHOIO. 3arajoM cepe-
Hill pusuk (ovikyBaHa BEJIMYMHA BTpaTH) BHpaka-
€TBCS PIBHICTIO!

X0 oo
R=C;; R [ f(x/Dy)dx+Cy R [ f(x/Dy)dx+

- 0 (1)

X0 00
+C1o P, J. f(x/ Dy)dx+Cyo P, j f(x/ Dy)dx.
—o0 X0

3HaliieMO TpaHWYHE 3HA4YEHHS Xo METOAOM
MiHIMaJIbHOTO pHU3UKY. [Ipuitmaemo
(X<xp xODq ; mpu X>Xg XxODy) 3 ymoBH
MIHIMYMY CepeIHbOTO PHm3uKy. JludepeHitiroroun
(2) 3a Op ¥ MpUPIBHIOIOYHM MOXIAHY 10 HYJs, OJie-
PKMMO CHIOYATKY YMOBY €KCTPEMYMY

drR
E:Cn"l f(xo/D1) =Co1 P f(Xo/D1)+

2
+ C12 P (X9 /D2) =Ca2 P, f(Xg/D2) =0
a6 f(x/D1) _ (C12=Coa)Pp 3)
f(x0/D2) (C21-C1)R
[TpuiimaemMo, 10 MapaMeTp X Mae HOPMallb-
HUH po3nonin npu cnpasHoMy Dj i HecipaBHOMY
D, cranax. Po3citoBanHs mapamerpa (BeJUYHHA

CEepEHbOKBAIPATUYHOTO  BIJXWICHHS) MpUiiMa-
€THCSI OJJTHAKOBUM.

VY po3riasHyTOMY BUMNAAKY MIIJIBHOCTI pO3MO-
JimiB

(x-xp)?

1 T 2

f(x/Dy) = e 20° .
(x/Dq) P

(x-xp)?

f(xIDy) =—_e 202
O\ 21T

Juia crpaBHOTO cTaHy MIATYHHOTO ITi/IIAII-
HHKa cepenHe 3HadeHHs CK3 BiGponprckopeHHs

craHoButh X1=0,9 M/c?, a cepemHbOKBAIPATHIHE
BiXMIeHHS O;= 2.3a HagBHOCTI Je(eKTy maTyH-
HOTO MiJIUNHUKa cepenHe 3HaueHHa CK3 BiOpo-
npUCKOpeHHs gopiBHIoe X2=1,8 M/c?, a cepenrbo-
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Taoanus 3 — KinbkicTs nedexriB maTyHanx migmmnaukis Ne 1-3,
1[0 BUSIBJIEHA NP BUKOPUCTaHHI BiOpomeTpoM yacToTHoi cmyru 300-1000'n

_ JliarHoCTOBaHMI1 CTaH I IIIUITHHKIB I[iﬁCHHﬁ
ITapametp Posmip- ['paHIYHE 3HAYCHHS BiOPOIPHCKOPEHHs, M/c” CTaH LA~
HICTH IIHUITHHUKA,
06| 09| 11| 12| 13 14 15 16 wic?
Kinbkicts cpaBaux LI1 IT. 0 45 99| 135 150 159 168 168 171
Kinbkicts aedextaux ITT IIIT. 81 78 72 60 54 48 30 24 81
IX1OHO A1arHOCTOBAHUM
N wr. | 171| 126| 72| 36| 21 12 3 3 -
XubHo niarHocToBanuii mr. | 0 | 3| 9| 21| 27| 33 51 57 :
ITK CHpaBHI/II/I
= gyﬂ.HyBaHH" wr. | 60 | 57| 51| 39| 33| 27 21 18 60
e abiToBoro mapy
> 7 BOLUTBIICHUH 3a30p LIT. 21 | 21 | 21 | 21 | 21 | 21 9 6 21
MIMOBIDHICTE BHSBIICHEA % 0,0 | 26,3 57,9| 78,9| 87,7| 93,0| 98,2 98,2
CHpaBHOFO I JIIUITHUKA
MIMOBIPHICTE BHABICHEA % |100,0 96,3|88,9| 74,1| 66,7| 59,3| 37,0| 29,6
meeKTHOTO ITiIITHITHIKA
MMOBipHiCTS XHOHOrO % [100,0 73,7|42,1|21,1]12,3| 70| 18| 1,8
medeKTyBaHHS
VIMOBIHICTS TIPONYCKY % | 00| 3,7| 11,125,9|33,3|40,7|63,0| 70,4
meeKTHOTO ITiIITHITHIKA

Ta6umus 4 —KinbkicTh aedekTiB maTyHHux migmmnaukis Nel-3,
110 BUSIBJIEHA B pa3i BUKOPUCTaHHA BiopoMeTpoM yacTtoTHOI cMyru 1050-1170

JliarHOCTOBaHUM CTaH MiAIIUITHUKIB Jivcauii
Po3mip- : 2 CTaH Mij-
[Tapametp HICTE I'panuyHe 3HAYCHHS BiIOPONPUCKOPEHHS, M/C P——
0.15| 0.2 | 0.25| 0.3 | 0.35| 0.4 | 0.45| 0.5 m/c?
KinpkicTs cripaBaux LT TIT. 9 48 96 | 126/ 150 165 171 171 171
Kinbkicts aedextHux ITT IIIT. 78 72 60 42 30 24 15 9 81
X#6HoO HiarHocTOBaHHNI mr. | 162 | 123| 75| 45 211 6/ O O -
SIK HECTIpaBHUH
X#6Ho RiarEocToBaHHNI mr. 3| 9| 21| 39| 51| 57| 66 72 -
SIK CITpaBHUI
2. [pyHHYBaHHSA
5 E GaGiToBOTO Mmapy 60 57 | 48| 33| 27 21 12 6 60
> 7 BOUTBIIEHHIA 330D 18 15 | 12 9 3 3 3 3 21
VIMOBIPHICTS BUS(BIICHHS % | 5.3| 28.156.1| 73.7| 87.7| 96.5|100.0100.0
CIPaBHOTO ITi{IIAITHHKA
VIMOBIPHICTS BUSBIICHHA % | 96.388.9|74.1|51.9|37.0| 29.6| 18.5| 11.1
NeeKTHOTO MINIUITHUKA
VmosipuicTh xuGroro % | 94.7|71.9| 43.9| 26.3| 12.3| 3.5 | 0.0| 0.0
medeKTyBaHHS
VIMOBIPHICTS poITyCKy % | 37| 11.1/ 25.9| 48.1| 63.0| 70.4| 81.5| 88.9
NeeKTHOTO MINIUITHUKA
KBaJpaTU4He BiIXWICHHA J,= 3. 3a CTaTUCTHY- lineHOCTI po3moziTy
HUAM JaHWMH, HASBHICTH ME(EKTYy CIOCTEPITacThCsI (x—o,g)2
B 10% miAIIMmHUKIB. 1 2
[TpuiiMeMo, 1O BiTHOIICHHS I[iIHU TPOITYCKY f(xg/Dq) :Te 22t
. . le g
ede i OHOT 0 —===9,
L[:i) KT}: XUOH TPHUBOTH Ripy X _(X_lg)z
(N11 =Ny, =0). 3 ymoBu (3) onepxyemo f(Xg/Dy) = e 23
f(xolDl)_go,l_ 0
f(xo/D5) - @ =10. BHocsun 111 3HaUeHHS B IONIEPEAHIO PiBHICTB,

OJIEPXKYEMO MiCIIs JJorapuMyBaHHs
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Ta6auus 5— 3anexnicTs nokasuukis npuiaagy CBIK-I'MK Bin Texniusoro crany
INATYHHUX MiJIIMITHAKIB Ta peKOMeHIanil 1010 TEXHIYHOr0 00C/IyrOBYBaHHS

PiBHi BibponprckopenHs, m/c” ) Texniune
1300 | amm 5 0 MoxxrBa HECIIPaBHICTh 06CTyroByBaHHS
0,2-1,2 | 0,2-1,3| 0,2-1,9 HecnpaBHicTbh HE BUSBICHA He notpidHo
MoskniBwiA 301TbIIIEHUH 330D, | PerynspHe KOHTPOIIOBaHHS PiBHS
1316 | 1418 2026 py¥iHyBaHHs 0a0iToBOTO mapy | BiOpariii. 3a mepInoi MOKJIMBOCTI
T T '~ =Y poboYOi MOBEpXHi BKIAIUIIA, | 3yIHHUTH arperat, MpOBECTH pe-
BTparTa HaTATY. MOHT
1,7 19 2,7 E .
1 OinmbIe | i Oumbmie | i Giibie KCILTyaTalll:l HeMOAKIMBA
) (XO _ 0,8)2 . (XO _ 1,8)2 i 2010 Jlimepamypa
8 18 3 1 Mertonst BAJ] HencnpaBHOCTEH KoMIIpec-
Le plBH}IHH}I Ma€ IO3UTUBHMH Kopinb COpHBIX ycTtaHoBoK / E.I1.Ocamgumii, M.I1.Ctpora-
x=1,2 (M/c) HOB, B.A.JIsnomenko, B.IT. IIkoasipeB // B k.

Otpumane rpanuuHe 3HaueHHs CK3 BiOpon-
PHUCKOPEHHS JUIsl BUSBJICHHS Ne(EKTIB IIATYHHUX
migmunaukiB Ne 1-3 'K 100KH i3 BukopucraH-
HSIM METOJy MiHIMaJbHOTO pH3HKY [9] MOBHICTIO
30iraeTbcst ONEPEAHIM 3HAYCHHSIM, BUKOPHCTOBY-
BaHUM IPY MPOBEICHHI TOCIiIKCHb.

AHaJIOTI9HI PO3paxyHKH MPOBEICHO IJIS OJe-
pxaHHs TpanndHuxX 3HadeHb CK3 Bibpompucko-
PEHHSA TpU BUSBICHHI Oe(EKTiB MIATyHHUX Mij-
mmmmHAKIB Ne 41 Ne 5 TMK 100KH.

V3arajpHUBIIN TOTIEPEHI BHCHOBKH, PEKO-
MEHJIOBAaHO BU3HAYaTH TEXHIUYHUM CTaH IIATYHHUX
migmunaukie MK 10 I'KH, nopiBHiowoun pe-
3yJIbTaTH BUMIipIOBaHHA 3 piBHSAMHM BiOparii, oTpu-
MaHHMHU 3a JAaHUMU TOCTIHKEHb (Tab. 5).

HaykoBa HOBU3HA. YTOYHEHO IiarHOCTHYHI
O3HAKH JC(EKTIB Y X0/ MPOBEACHHS BIOpALIHOrO
JIiarHOCTYBaHHS IIaTYHHHX HIZ[H_II/IHHI/IKIB I'MK
10I'KH. BunineHo HOBMM 4YacTOTHUM [iara3oH Ta
rpannyne 3HaueHHS CK3 BiOpompuckopeHHs 3
KpalnuM{ 3HAYCHHSIM WMOBIPHOCTI BH3HAYCHHS
nedextiB maryHHux mammnaakie T'MK 100KH.

Po3paxoBaHo WMOBIpHICTh BUSBJICHHS CIIPaB-
HOTO ITiIIIMITHUKA, HMOBIPHICTh BHSIBIICHHS Jnede-
KTHOTO ITiJIIIUITHAKA, HMOBIpHICTh XUOHOTO nede-
KTYBaHHS 1 WMOBIPHICTh MPOMYCKY Ie()EKTHOTO
T IIIATTHUKA.

[lobynoBaHO KpUBI IMOBIPHOCTI pPO3MOJLLY
AeekTHOro 1 6e37e(eKTHOro CTaHy IIATYHHHX
i IATTHUKIB 3aJISKHO BiJl BiOPONPUCKOPEHHS.

BucHoBOK. YTOUHEHHS A1arHOCTHYHUX O3HAK
IedeKTiB Ipu NpoBeleHHI BibpaumiiHOTO aiarHoc-
TyBaHHA maTyHHUX mnigmunaukis, MK 10I'KH
JTIO3BOJIUTH 30UTBIIUTH KiJbKICTh CBOEYACHO BHSIB-
neHux aedeKTiB, MABUIIMTH HAIHHICTD 1 pecypc
MAaIliH, 3MCHIMUTH BHUTpPaTH Ha EKCIUTyaTalliio i
pemont 'MK.

[epcrekTrBY MOJANBIINX OCITiKEHb. B 110-
JTATBIIIOMY MOJKJIMBE CTBOPCHHS METOJHKH BiOpO-
JIarHOCTYBaHHSA, KA TO3BOJHTH 30UIBIIATH KiJlb-
KICTh CBOEYACHO BUABJICHHUX IE(EKTIB.

JuarnoctupoBanne 00OpyIOBaHUS KOMILIEKCHO-
aBTOMATHU3MPOBAHHOTO MPOM3BOACTBA. — M.:
Hayka, 1984. -C.122-126.

2 T'pu6 B.B. Pemenne TpuOOTEXHUYECKUX
3a1a4y 4uciaeHHbIMU MeTonamu / I'pu6 B.B. — M.:
Hayka, 1982. — 112.

3 JlunaMuka MeXaHW3Ma JBIOKEHHS TTOPIIIHE-
BOTO KOMIIPECCOPA C YYETOM 3a30pOB B TOABIIK-
HeIX coeaunenusx / B.B.I'pu6, B.I1.Cadonos,
P.B. Kyxos // Becthuk mammHoctpoenus. — 2002.
—Ne4, —C.3-7.

4 I'pu6 B.B. OcoO6eHHOCTH CIIEKTPaTLHON BU-
OpOMarHOCTHKH TOPIITHEBBIX  KOMITPECCOPHBIX
mammH / B.B. I'pu6, P.B. XKyxos // Komnpeccop-
Has TexHuKka 1 mHeBMatuka. — 2001. Ne8. —C.30-
32.

5 I'eaxun M.JI.. BubpoakycTudeckasi Tuarfo-
cTHKa Mamud u Mexanm3moB [/ M.J[.I'enkum,
A.I. CokonoBa. —M.: MammHoctpoenue, 1987, —
283c.

6 Kopu I'. CripaBOYHHK 1O MaTeMaTHKE IS
Hay4HBIX paboTHHKOB M umxeHepo / I'. Kopw,
T. Kopa. —M.: Hayxka, 1968. — 72@.

7 MeToarka SKCHpecc-OUEHKH TEXHUYECKOTO
COCTOSIHUS INATyHHBIX mnoxammnHaukoB ['MK10
I'KH 110 4acTOTHBIM COCTaBJISIFOIIKUM CIIEKTpa BUO-
paruu. —Xapbkos: YkpHWUrasz, 1985. — 1Q@.

8 Canpeikun C.A. BubOpoauarHocTupoBaHHE
OCHOBHBIX Y3JIOB Ta30MOTOPHBIX KOMIIPECCOpPOB /
C.A. CanpeikuH //ABTOMOOWIIBHBIN TPaHCHIOPT. —
2006. Bpi.18. —C.89-96.

9 Bbuprep U.A. Texuumueckas muardocTuka/
W.A. Buprep. — M.. Mammnoctpoenue, 1978. —
239c.

Cmamms naditiuna 00 pedaxkyilinoi Koneeii
23.03.11
Pexomenoosana 0o opyxy npogecopom
10. /1. Ilempunoio
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