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M ecmanognents KopeasayitiHux emMnipuyHux 3a1eiCHOCmell Midc Koe@iyicnmom 0emngysants OypuibHo2o
IHCMpyMeHmy ma MexaHiuHOW WeUuoKicmio 0ypinHsa Ha 6ypoeomy cmenoi IOHTYHI b6yna nposedena ooua cepis
00CniONCeHb 3a KAACUYHUM NAAHOM. Tlocmilini YuHHUKYU 00CTIONHCEHb. napamempu npoyecy O0YpIiHHA, 0cbose cma-
MuUYHe HABAHMANCEHHA [ uacmoma 00epmaHHs 00J10Mma, HCOPCMKICMb 6YP08020 IHCMpYMeHmy, mun i diamemp
oonoma, BUMPAMa NPOMUBATLHOT PIOUHU.

bypinns eenoce y 610Kax nickosuxa opomMuujeHcbkoi ceimu, Ki CKAA0eHI 3 080X NPONIACMKIE MEepOiCmio
1440MIla ma 2050MIla. 3minnum paxmopom 0ys koegiyicnm OemndysanHs OYpo6020 IHCMPYMEHMY, AKUU
scmanosniosascs na wecmu pisusx: 0.1, 40, 50, 70, 80, 9 c/m. /s 3minu koeghiyienma oemnysanist ¢ inmep-
sani 40...90xH-c/m, 6ypunvro2o incmpymenmy Oyiu UKOPUCMAHT CePIliHI 6EPMUKANLHI 2I0OPAGIINHI RO2IUHAYT KO-
qauseans KB3-JIMMDKT, 0o koncmpykyii skux 0yau @ueceHi 0eaxi 3minu. 3a npunyunom pooomu no2iuHavi € pioun-
HOIO NPYIACUHOIO, OCHAWEHOI0 Oemnghepom V eueisidi opoceis 080CMoOpoHHboi Oii. Memoouka 3minu Koeghiyicuma
oemnpysanns ¢ inmepsani 40...90kH M bazyemvcst HA OCHOBHUX MEOPEMUYHUX NOJIONCEHHSX NPOCKMYSEAHHS 2i0-
pasiiuHux npyxcun. Pe3ynbmamom 6UKOPUCMAHHA MeopemudHux UKIAOOK € GUKOPUCMAHHA nozauHadie KB3-
JIMVDKT i3 piznoio KinbKicmio KIAnauHux OpoceibHux omeopis. s nopieHAHH CIMAMUCIUYHUX XAPAKMEPUCTUK
060X 6UOIPOK 13 3HaUeHHAMU Mexaniunoi weudkocmi Oypinns Vyii Vv, o0epoicanux 0ns piznux pienie koediyicnma
demnghysanns, 6y8 3acmocosanuii memoo ,, Cmamucmuyna nepesipka napamempuynux cinomes”. 3a pesyibsmama-
MU 00CTiOdNCEeHb BCMAHOBAEHO, WO 3 30iibUleHHAM Koeiyichma OeMn@y8ants, MeXaHiuna weuoKicmes OypiHHs

smenutyemocs. Inosipnicms icnyeanns emnipuunux xopensayitinux sanexcrocmeti Vygpy = f(B) ons deox nponaa-

CcmKi6 61I0KI@ NICKOBUKA 8OPOMULUEHCbKOT ceimu 3naxooumuvcs y meoicax 0,9...0,98 Icnysanns emnipuunoi kopens-
yitnoi 3anedxcnocmi niomeepoceno Ons inmepeany snauensv koegiyienma demngysanns 40...90xH-c/m, nasimo y
6UNAOKY GUKOHAHHS HYJIbOBOI 2INOMe3U NPO PIGHICIb CEPEOHIX 3HAUEHb GUOIPOK MEXAHIYHOT UBUOKOCTII.

KirouoBi cioBa: OypoBuii crenn, koedinieHT aemndyBaHHs, KIACUUYHUN EKCIIEPUMEHT, MapaMeTpH INpOLEecy
OypiHHSI, BUOIpKH, MeXaHIYHA MIBUAKICTh OYpiHHS, CTATUCTHUYHI XapaKTEPUCTHKH, MTapaMEeTPUYHI TIilTOTe3U, KOPes-
[iHA eMITIpUYHA 3aJI€XKHICTD.

[ yemanosnenust KoppensyuoHHbIX IMRUPUYECKUX 3AGUCUMOCIIE MeNCOY KOIPPuyuenmom demnuposa-
HUsL OYPUTLHO2O UHCIMPYMEHMA U MeXAHUYeCKOU CKOpocmbvlo bypenus, na oypogom cmende MOHTYHI nposedena
cepus ucciedosanull no Kiaccuveckomy naany. Ilocmosannvle paxmopul ucciedosanuii. napamempsl npoyecca Oy-
peHUsl, 0ce6as CMamu4ecKkas Hazpy3Ka Ha 00J0MO U YACOMA BPAWjeHUs], HCeCMKOCMb O6YP068020 UHCMPYMEHmd,
mun u ouamemp 00a0mda, pacxood NPOMbIBOYHOU HCUOKOCTU.

Bypenue nposoounoce 6 610Kax necuanuxa 60pOMbIUYEHCKOU CEUNMbL, COCMOsWel U3 08yX NPONIACHKOE C
meepdocmuro 1440 MTla u 2050 Mlla. [lepemennviii hakmop — koappuyuenm demn@uposarus, KOMopwil ycma-
nasnueancs na wecmu yposusx: 0.1, 40, 50, 70, 80, 9H c/m. [ns usmenenus xospguyuenma demnpuposanus 6
unmepeane 40...90kH c/m Oviiu ucnonvsosanvl cepuiinvie éepmukanvhvie 2acumenu koaebanuii KB3-JIUWIKT,
KOHCMPYKYUsi KOmopulx oviia usmenena. Ilo npunyuny pabomer eacumenu npedcmasisiom cobou HCUOKOCMHYIO
NPYIACUHY, CHAOICEHHOI OeMn@epom 6 gude opoccelis 08YCmOopoHHe20 Oelicmausi. Memoouka usmeneHus Kodgpu-
yuenma demnduposanusi 6A3UPYEMcsi HA OCHOGHUX MEOPEMUUECKUX NOTOICEHHSX NPOEKMUPOSAHUS 2UOPABIUYEC-
Kux npyosicun. Pesynomam meopemuueckux usnodscenuit — ucnoavszosanue cacumenei KB3-JIMVKT ¢ pasnvim Koau-
YeCmeoM KIANAHHBIX OPOCCENbHbIX Omeepcmeut. [isi cpasHenus Cmamucmu4eckux Xapakmepucmux 08yx 6bl00pox
co 3HaueHuAMU mexanudeckou ckopocmu oypenust Vyju Vi, ROayueHHbIX 0Jis 08YX YPOGHEU HceCmKOCmU 6YPO8020
uHCMpyMenma, Ucnonb308aics memoo * Cmamucmuueckas nposepka napamempuydeckux eunomes”. Ilo pesyroma-
mam UuUccredo8anull YCMaHo8ieHo ciedylouee. ¢ yeeaudenuem Kodpouyuenma O0emMnuposanus mexamHuueckas
cKopocmyb OYpeHUsl CHUNCACMCS, BePOSIMHOCHb CYUECMBOBAHUSL IMRUPUHECKUX KOPPETAYUOHHBIX 3A6UCUMOCTEl

Viyex = T(B) oas 08yx nponnacmxos 6a0koe necuannuxa sopomviwencroii ceumst — 0,9...0,98ywyecmeosanue

IMAIUPUUECKOU KOPPETAYUOHHOU 3A8UCUMOCTIU NOOMBEPICOAEMC Ol UHMEPBAa 3HaAYeHUll Kodpuyuenma dem-
npuposanus 40...90kH-clm, Oasice npu noomeepiicoenuy Hyregoi 2UNOme3sbl 0 PAGHOCU CPEOHUX 3HAYEeHUT 8blO0-
POK MEXAHUYECKOU CKOpOCmu OypeHusl.

KitoueBbie cnoBa: OypoBoi cTeHI, KOAPDHUITUESHT AeMIPUPOBAHUS, KIACCHISCKUA EKCIIEPUMEHT, MapaMeTph
npoiiecca OypeHusi, BRIOOPKH, MEXaHUYECKasi CKOPOCTh OYPEHUs, CTATHCTUYCCKUE XapaKTCPUCTHKH, MapaMeTPUYICC-
KHE TUTIOTE3bI, KOPPEISIMOHHAS SMINPUICCKAs 3aBUCUMOCTb.
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In order to determine empiricacorrelation between the coefficient of damping eilidg tools anc
mechanical speed of drilling, a series of invediyzs at the drilling bedstead of Ivat&ankivsk Natione
Technical University due to classical plan has bemmried out. Constant resrch factors are as follown
parameters of the drilling process, static bit loadd rotary speed, rigidity of drilling tools, ty@ed diameter «
the drill bit, drilling fluid flow rate.

Drilling was carried out in blocks of vorotyschekdy sandstondéormation composed of two sublayer:
1440 MPa and 2050 MPa hardness. The variable facthe damping coefficient was set at six levels; 8Q1 50
70, 80, 90 k/m. To change the damping coefficient in the rapigé0 ... to 90 k¥, serial vertial vibration
dampers KB with the changed construction were used. Accortlindne mode of operation dampers correspol
a fluid spring, equipped with a damper in the fasfrdoubleaction throttle. The technique of damping coeffit
change is based dime basic theoretical aspects of hydraulic spridgsign. The effect of theoretical expositiol
the application of B3 dampers with different numbers of throttle valveemings. To compare statisti
characteristics of two torques with drilling rat®%; and \{; obtained for two levels of drilling tools rigtgli the
method "Statistical checking of parameter hypotseses applied. According to the results of thaseliss it wa
determined the following: with the growth of thengang coefficiehthe mechanical drilling speed decreases

probability of the existence of empirical corretats Vy py = f(8) for two blocks of vorotyschenskoy sands

formation is from 0.9 ...
damping coefficient from 40 ...
mean values of mechanical drilling speed.

to 0.98, the existenceewipirical correlation is confirmefor a range of values of t
to 90-khi, even with the confirmation of the null hypsih®f equality of torqt

Keywords: drilling bedstead, damping coefficierdlgssical invetsgation, parameters of the drilling proct
torques, mechanical drilling speed, statisticarabteristics, parameter hypotheses, empirical tiroa.

VY mnpoueci OypiHHS HaQTOBUX Ta Ta30BHX
CBEP/UIOBHH MIAPOIIKOBUMH JTOJIOTAMH BUHUKAIOTh
KOJIMBAaHHS OypHIJIBHOT KOJOHM 3 OZHOYACHOIO TI0-
SBOIO JIOJJATKOBOTO JMHAMIYHOTO HABAaHTAKCHHS
Ha TiPCBbKY MOpPOXY, €JIEeMEHTH OypOBOi KOJOHH i
HAa3eMHOT0 oOsiagHaHHs. [{s 3MeHIIeHHs 1LIKi1-
BOTO BIUIMBY KOJIMBaHb Ha PoOOTYy OypmiibHOI KO-
JIOHW B KOMITOHOBIII i HU3Y 3aCTOCOBYIOTH BIOpO-
3axucHi mpuctpoi (B3II), ski Ha3MBaIOTHCS aMop-
TU3aTopaMu. E(eKkTUBHICTE BUKOPUCTAHHS amop-
THU3aTOPa OLIHIOETHCS 32 JAHUMH 3HOCY €JIEMEHTIB
OypoBoi KoioHH 1 Ha3zeMHoOro oGnagHanHsA. Cro-
CTEpEKEHHS 3a PeCypcoM iX poOOTH BUMarae Tpu-
BaJIOTO Yacy Ta 3HAYHHX JIIOACHKHX pecypciB. Ilix
4ac  BHKOPHMCTAaHHS aMOpTH3aTopa Ha OypoBHX
CIIIA 0ys0 BUSBIICHO HOTO BILTMB HA OCHOBHI IO-
Ka3HUKU OypiHHS: MeXaHI4Hy MIBUIKICTb i MPOXO-
IKy Ha moioto [8]. 3a pesympraTamu mUX JOCITI-
JDKCHb BCTAHOBJICHO, IO BUKOPHCTaHHS aMOpPTHU-
3aTOpa y KOMIIOHOBLI HU3Yy OypoBOi KOJOHH 3Me-
HILYBaJIO BapTiCTh OAHOTO MeTpa OypiHHs Bix 14
o 23%

BpaxoByioun 3a3HaueHe BHINE, OCHOBHHM
(hakTOpoM, SIKHil BH3HAYa€ €KOHOMIUHY e()eKTHB-
HICTh BUKOPUCTaHHS aMOPTH3aTOpa, € MiJBUILCHHS
MeXaHI4HOi IIBUAKOCTI OypiHHS. JlocmimkeHHS
npoeneHi y CHIA Tta iHmmx xpaiHax Big3HayaroTh
SK 301TBIIICHHS MEXaHIYHOI IIBHUAKOCTI OypiHHSA,
TakK 1 ii 3MEHIIIEHHS Y BUTIAAKY 3aCTOCYBaHHS aMO-
pruzaropis [5]. B po6oTi [4] HaBeneHO pe3ynbTaTu
BUNpoOoByBanb amopTu3aropiB B BO "Kpacnona-
pHedreras”, B 3axignomy Cubipy, Ta B BO "VYkp-
3axigHadroras”, 3a sIKUMM BUKOPUCTaHHS aMOPTH-
3aTOpa OHOTO K i TOrO THILY, 3aJI€XKHO BiJ YMOB
eKCIUTyaTallii, mo-pisHOMY BIUIMBA€ Ha MOKA3HUKH
Oypinns. Lle cBiguuTh Npo HEOOXiAHICTH OOIPYH-
TOBAHOTO BHOOPY XapaKTEPHCTHK aMOpTH3aTopa
JUIsL KOHKPETHUX yMOB OypiHHS, IKNA MOXHA 3pO-
OWTH TIJIBKM HAa OCHOBI KOPEILIHHMX 3aJIeKHOC-
Teil Mk MEXaHIYHOIO IIBUIKICTIO OYpiHHS Ta Koe-
¢imienToM nemmndyBaHHS MPYKHOTO €JIEMEHTa
aMopTH3aTopa, SKWA BHU3HAYA€ KIUIBKICTh CHEPTii
KOJIMBHOTO TIPOIIECY, IO NEPETBOPIOETHCS y TEl-
JIOBY BHACTIZOK Mii BHYTPINIHIX CHJI TEPTS ITHOTO
eJIeMEHTA.

Jl1st BCTAaHOBIICHHS IMX 3aJIEKHOCTEH OYB BH-
OpaHMi METOA CTEHIOBUX EKCIEPUMEHTAIbHUX
JOCIIDKEHB, T 4Yac TPOBEACHHS SKUX PEKUM
OypiHHA 1 TITapamMeTpu KOMIIOHOBKH OYpOBOTO iH-
CTPyMEHTA MAIOTh CTPOro (iKCOBaHi 3HAYCHHS Ta
ICHye MOXKITUBICTh iX 3MIHU B IIEBHUX MEXKax JUIs
KOHKPETHHUX (PI3UKO-MEXaHIYHUX XapPaKTSPUCTHUK
TipCHKOI MTOPOIH.

MeTo10 IOCHTIKeHb, MPOBEACHUX Ha Oypo-
BoMy creHai IOHTYHI [6] 3a kiacuuHuM Tuia-
HOM, OYJIO BCTAHOBJICHHSI KOPEJISAIIMHNX 3aJI€KHO-
cTell Mixk koedimieHToM aemndyBaHHs OypHIBHO-
ro IHCTPYMEHTY Ta MEXAaHIYHOIO IBHUAKICTIO Oy-
pinHsa. s 3miHn koedirienta aemrndyBaHHI B
inrepam 40...90kH[d/m 6ypI/IJ'II>HOFO IHCTpYMeH-
Ty OyJIM BUKOPUCTaHi CepiliHi BEPTHKAIbHI TiIpaB-
miyai mornuHadi konmBaHb KB3-JIMMXKT, no
KOHCTPYKIIii KX Oyim BHECEHI Aeski 3MiHH. 3a
MPUHITUIIOM POOOTH MOTIIWHAYI — [I€ PIAWHHA TIPY-
JKUHA, OCHAIleHa JeMI(EpOM Y BUTIISIII APOCEIs
JIBOCTOPOHHBOI [ii. MeToanka 3MiHU KoedilieHTa
nemndysanus B inTepsami 40...90 kHId/m 6Gasy-
€TbCS HAa OCHOBHUX TEOPETHYHHX IOJIOKEHHSX
MPOCKTYBAHHS TiAPABIIYHUX TPYXKHUH. Pe3ysbra-
TOM BHKOPHUCTAaHHS TEOPETUYHHX BHKIIAJIOK € BU-
kopuctanns nornuHadis KB3-JIMMXKT i3 pizHoro
KUTBKICTIO KITAaIIaHHUX JAPOCENBHUX OTBOPIB [7].

BennunHn KepoBaHHWX MapaMeTpiB Mpolecy
OypiHHS T Yac MPOBEACHHS IMX JIOCIiPKCHb Ha-
BezeHl B a0 1.

Jlnst BU3HAUEHHS CTAaTUCTHUYHUX XapaKTEpHC-
THK BHOIpPOK MEXaHIYHOI IIBHIKOCTI OypiHHS He-
00X1HO 33aaTHCh BEIMYNHOIO HAIIHHOCTI, 3 SIKOIO
MO>KHA TapaHTYyBaTH MOTPAIUISIHHS MATEMaTUIHOTO
CIOJIIBaHHS 3HAYCHHS MEXaHIUYHOI MIBHAKOCTI Oy-
piHHS y Bu3HaueHWW noBipuumii iHTepsan. Ilig gac
JOCIIKEeHb IPOoIeciB OypiHHS Ha(TOBUX 1 raso-
BHX CBEPIUIOBHH BEIIMYWHY HAIIMHOCTI TpHUitmMa-
10Th B Mexax — 0,8...0,95 [2].

B Tabnumi 2 HaBeneHI CTaTUCTHYHI XapaKTe-
PUCTUKH BUOIPOK MEXaHIYHOI HIBHIKOCTI OypiHHA,
BU3HAUEHI 3a BETMYMHOIO HafiiHocTi — 0,8.

JIis TIOpIBHSIHHSL CTATUCTUYHUX XapakTepHc-
THK JBOX BHOIPOK 13 3HAYCHHSMH MeEXaHi4HOI
MIBUAKOCTI OypiHHA Vy; | Vyj, OfepKaHUX st
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Tadauna 1 - Knacuynuii IJIaH eKCiepUMEeHTATbHHX JT0CTiIKeHb BILUTUBY
KoedinieHTa 1eMnyBaHHA HA MeXaHIYHY WIBHAKICTH OypiHHS

L o [MocriitHi mapameTpu SMinmmii
KinpkicTh nmapanaensHUX TOCTiAiB
s pi3HMX PiBHIB KoedinienTa nemndysanns | Fer, n, C, P flapametp
kH | x| kH/m |AO0T0| MITa | B KH-c/M
4401 0.1, 40, 50,
0,1_3,40_3,50_3,60_3, 70_3,90_3 25 82 425 T 9 050| 60,70 90

Taoauns 2 —CTaTHCTHYHI XapaKTepUCTHKU BUOIPOK 3HAYEHb MeXaHiYHOI IIBHIKOCTI OypiHHS
3a pe3yJbTAaTaAMHU eKCIePUMEHTAJIbHUX J0CHiIKeHb

o5 ) 5 BiI[HO6CHa
eM OBIpHHIA moxuoka
2 Bt | ol | o | Vo | G, | Crare | ST | e
MEX.cp £ Ev V mEex.cp
T%
1 1440 0,1 12 6,40 1,6593 1,288 6,4+0,51 7,9
2 40 8 4,69 0,051 0,2257 4,69+0,11] 2,4
3 50 11 4,66 0,1453 0,3812 4,66+0,16 3,4
4 1440 70 6 4,65 0,2841 0,5331 4,650,322 6,9
5 80 5 457 0,1698 0,4121 4,57+0,28 6,2
6 90 17 4,41 0,755 0,8689 4,41+0,28 6,4
7 0,1 10 3,48 1,0497 1,0245 3,48+0,45 12,9
8 40 12 2,78 0,2276 0,477 2,78+0,19 6,8
9 2050 50 6 2,70 0,065 0,255 2,70£0,15 57
10 70 22 2,63 0,135 0,3674 2,63+0,10 3,9
11 80 5 2,64 0,0224 0,1495 2,64+0,10 3,9
12 90 21 2,59 0,0649 0,2548 2,59+0,07 2,8

pi3HUX piBHIB KoedilieHTa neMiyBaHHS OypOBO-
ro IHCTPYMEHTY, BHKOPHCTOBYEMO CTAaTHCTHUHY
HepeBipKy MmapameTpuyHux rinores [1, 3].
l'imote3u npo piBHICTH AUCTIEPCiH Ta CEPEAHIX
3HadeHb BUOiIpok — Dy ; =Dy; i Vy; =V, . Ha3u-

BaeThCa HyNnboBUMH — Hy. IIpoTn mux rimore3 Bu-
CYBalOThCS AllbTEPHATHBHI (KOHKYPYIOUi) TilOTE3H
H,, 5Ki CTBEpIKYIOTh, IO Ii BUOIPKU HE BigHO-
CATBCA IO OJIHOI reHepallbHOI CYKYITHOCTI, TOOTO —
Dy; #ZDy; 1 Vy;>V,;, 3a Cx<Cy. Kpurnuna
o0macTh MPHIHATTS TilIOTE3 MiJ Yac HOPIBHSHHS
JMCIEPCii — ABOCTOPOHHS, IiJ| Yac IOPiBHIHHS
Cepe/HIX 3HAYCHb — MPAaBOCTOPOHHs. CHOYaTKy
MIOPIBHIOKOTHCSI BUOIPKOBI jamcriepcii BUOIpOK 3a
CTaTUCTUYHHM KputepieM F. YMoBa TpHAHSITTS
HYJIbOBOI TIMOTE3W TPO PiBHICTh MHUCIEPCIA IS
BUOpPAaHOTO piBHS 3HAYYIIOCTI & Ma€ BHUTIISA]
Fou<F - ne F., — excnepumenransue (emmipuyne)
3HAYCHHS KPHUTEpis, OOYMCIICHE 3a 3HAYCHHSIMH
BUOIPKOBHUX Aucnepci, F,, — KpuTnuHe 3HaUYeHHA
posmoniry dimepa — CHemekopa, sKa BiIIiIsLE
KPUTHYHY 00JacTh BiJ 00JacTi NPUHHATTS HYJIHO-
Boi rimote3u Hy.
Emmipuane 3nauenns F,, Bu3Hagaemo 3a ¢o-
PMYJIOHO:
F - DX.i '

em

xi > Dy - (1)

Y.i

Kputnune 3Hauenns F,, BU3HauaeMo 3ayex-
HO BiJl IPUHHATOTO PiBHA 3HAYYIIOCTI @ Ta 3a CTe-
neHsaMHu BUIbHOCTI Ky 1 Ko

k = Ny; =Lk, =Ny; -1 (2)

3a miarBepmKeHHs TinoTe3u Ho mijx yac mopi-

BHSIHHSI JUCTIEPCIM TIPOBOAUTHCS TEpEBipKa TiIlo-

Te3u HoTpo piBHICTE CEpeHIX 3HAaUCHb BUOIPOK 3a
CTaTUCTUIHUM Kputepiem T.

YMoBa MPUUAHATTS HYJILOBOI TIMOTE3H PO Pi-
BHICTh CepeHiX 3HaueHb BHOIpOK IJIst BI/I6paHOFO
piBHsA 3HauywocTi @ mae Burisn — 1,,<7T,,. [le T,,
— €KCIIEpUMEHTAJIbHE (EMIIPUYHE) 3HAYEHHS KpH-
Tepito, OOUYKCIIeHe 32 CepeIHIMU 3HAUYCHHSIMHU BU-
Oipok, T, — KPUTMYHE 3HAYEHHS PO3MOMiNLY
CTblozieHTa, sKa BIJULISE KPUTHYHY 00NacTb Bix
o0 acTi MPUHHATTS HyJIbOBOI TinmoTe3u Hy.

Sxmo 06'emu Ny i Ny BHOOpOK, 10 TOpiB-
HIOIOThCs, MeHIn 30, eMIipuyHe 3HAYCHHS KPHUTE-
pito Cteronenta T,,, BU3HAYATUMETHCS 3a GOpPMY-
JIOKO!

ro- Vxi = Vyil y

en —

xi ~Dx i +(Ny; DDy

x\/Nx.i Ny (Nxj +Nyj =2)
Nxi + Ny;

3)
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Ta6aunsa 3 - Ilepesipka HyaboBoi rinoresn D, ; = D, ; . Kpurepiii 3nauymocri a=0,01

Ne Bu6 | B, kH-c/m Dy N Few<Fep Hynbosa rinore3a Dy ; = Dy;
% 913' %%%913 ]éz 32,53>6,54 He niaTBepmkena
% %g' %Eggg i‘% 11,34>4,46 He niaTBepmkena
411 g’g' é:ggii’ 162 5,84<9,96 [MinTBepmKCHA
. 2.z gfggg 121 977<1445 Tixrsepmxena
é %3‘ 1667%953 ]]_'3 2,20<3,61 [linTBepmKeHA
:%, ?318 é)’ ’]215513 fl 2,85<6,62 [MinTBepmKCHA
421 ;18 C()) 5)85 4‘}1 % 5,457<7,46 [MinTBepmKCHA
% 38 C? f(?918 g 3,33<7,85 [linTBepmKeHA
é 38 8:92% f7 14,8>6,27 He niaTBepmxena
2 ?8 8: ;-48145& 161 1,96<5,64 [MinTBepmKCHA
g 28 8%283 ]él 1,17<5,99 [linTBepmKeHa
g 88 %?‘745553 i‘% 5,16>4,21 He niaTBepmkena
g gg 8:%23; g 1,67<15,29 [linTBepmKeHa
g 58 %27%451 167 2,66<9,68 [linTBepmKEeHA
2 8 o ,17%958 2 445<14,15 Tixrsepmxena
g 91’3' é:gg?g %g 4,61<4,63 [MinTBepmKCHA
g %CJ)- 10’%46957 %0 16,15>10,15 He nixTBepmkxena
170 gé' 16%13957 %g 7,78>3,4 He niatBepmkena
171 %’3‘ (1)’,842131 150 46,86>14,66 He niaTBepmkena
172 %’C])- é’gg?lg %g 16,17>3,45 He niaTBepmkena
g 28 %,2026756 ](.32 3,50<9,96 [linTBepmKeHA
180 A;g 06’2123756 %g 1,69<3,24 [linTBepmKeHa
18 1 gg 8’,%%;3 152 10,16<14,45 [MinTBepmKCHA
fZ 38 8%%28 ]2'?_ 3,5>3,3 He niaTBepmkena
190 gg gggg 262 2,08<9,55 [linTBepmKeHA
fl gg (()),’826254 65 2,90<15,52 [MinTBepmKCHA
1?2 gg C()) ’C())66 459 5’1 1,00<4,1 [MinTBepmKCHA
%2 ;8 00012325 7} 252 6,03<13,93 [linTBepmKEeHA
%g ;8 0(),b163 fg %i 2,08<2,86 [MinTBepmKCHA
i% 88 8’8223 251 2,90<14,02 [MinTBepmKCHA
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HocnigxeHHs ta Merogu aHanizy

Ta6auns 4 —Iepesipka HyaboBoi rinotesu V, ; =V, , . Kpurepiii 3mauymocri a=0,025

Ne | Viexcr Iepesipka Hynnosa IMOBipHicTS
N %P T I
I L 58 [ 185951 121 368521 | Henimmepmrena | 0999 0.001
Aot ] 43>2.08 | Henimmepmxena | 0,9999 0,0001
31' 466?: 012’268549:3 612 3,15>2,12 | He migrBepmKeHa 0,9968 0,0032
é 46?'54, 01, 166599{3 512 3,06>2,13 | He miareepaxkena 0,9963 0,0037
I [ 58 1 185951 121 4985205 | He nimmepmiena | 09999 0,0001
:% i’g? 0?1’912:-1 2| 02<212 | Mixmsepmxena 0,578 0,422
O & 0.19<214 | Tiamepmwxena | 0578 0,422
2 [ 489 [ OOSL 1 81 0ge<22 | Mimmmepowena | 0751 | 0,249
21 o0 1 OZLT 81 089<207 | Mixmmepmrena | 0,81594|  0,18406
?1 i’g? O(?’218A215:3 611 0,1<2,13 | [Minreepmxkena 0,539 0,461
g 2?—,6 00,3-1649553 511 0,43<2,13 ITigTBepmKEHA 0,687 0,313
g 2,’216 8,’%&5 & 171 L1 09<2,06 ITinTeepmKkena 0,81594 0,18406
g i’SGE/S oc,)'126894§l 56 0,3<2,23 | TliaTeepmiena 0,615 0,385
g 2,’2? 8,’5354 L 176 0,7<2,08 MixTBepiKena 0,75804 0,24196
g 2,’217 8,'%2? i 175 0,4<2,09 ITixrBepmKena 0,653 0,347
g :23:%3 O%’Z(?247€27 1%O 2,11>2,09 | He migrBepmkena 0,9755 0,0245
g g?? 8)-83? ! 610 1’(?:1& %)'575 He mixreepmpxena 0,9538 0,0462
& g’,’gf 8:83?7 50| 348>2,04 | Henixmepuxena | 09975 0,0025
171 3348 010%%7 510 2’0?3& %’576 He migTBepmkena 0,9705 0,0295
172 g’ég 01,6%127 > 11 0 3,81>2,05 | He migTBepmkeHa 0,99993 0,00007
8 S;CS 8,'(%%57 2 612 0,4<2,12 ITixrBepmKena 0,653 0,347
180 567;8 8,’%3%576 221 21 1,0<2,03 MixTBepixeHa 0,84134 0,15866
B8 OG5° 2 06<213 | Mimmsepmrena | 0,721 0,279
182 %ch 0%262416 5 11 21 1,5<2,03 MigTBepkena 0,93319 0,06681
190 %gio O(),i03655 226 0,4<2,06 I[TinTBepmKeHa 0,65542 0,34458
191 5;233 O?dgg? 56 0,5<2,26 | [ixrBepmiena 0,685 0,315
192 %9 0%82? 216 1,8<2,06 Minteepmkena | 0,96407 0,03593
%522 006<2,06 | TMimcpmxena | 0,53983| 046017
15 225?3 0%5’55 522 04<2,02 | Tiamecpwxena | 0,65542|  0,34458
%% 2256c4 0%%24%4 . 15 0,4<2,06 | Tixreepmkena | 0,65542 0,34458

ISSN 1993—9973. PosBiaka Ta po3po6ka HadToBUX i razoBux pogoBuwy. 2012. Ne 1(42)




HocnigxeHHs Ta Mmerogu aHanizy

Taoauus 5— ExcnepuMeHTa/IbHI 1aHi Ta 3HAYEHHA KOPeIsUiiHNX 3a1e:KHOCTell

P.=1440M1la
kH-c/m 0,1 40 50 70 80 90
b MM 0,2 64 80 112 128 144
Excn m/Ton 6,4 4,69 4,66 4,65 457 441
nami MM 183 134 133 133 131 126
dopmyia V =5755-0,279655TIn 3
VMex.cp m/rox 6,4 4,72 4,66 4,57 4,53 4,5(
m/rox MM 183 135 133 131 129 129
P..=2050MI1a
kH-c/m 0,1 40 50 70 80 90
b MM 0,2 64 80 112 128 144
Excn m/Ton 3,48 2,78 2,7 2,63 2,64 2,5¢
nami MM 99 79 77 75 76 74
dopmyia V =3193-0,12703861n g3
VMex.cp m/rox 3,49 2,72 2,70 2,65 2,64 2,62
m/rox MM 100 78 77 76 75 74

Kpurnyne 3HauenHs T, BU3HAUYa€MO 3aJI€XKHO Bif
OPUAHIATOTO PIBHSA 3HAYYINOCTI & Ta 3a CTCIMCHS
BUILHOCTI K

k=Ny; +N,; -2 (4)
B Tabnuii 3 HaBeneHO pe3yIbTaTH MEPEBIPKU
HYJIbOBOI TINOTE3H DX.i = DY.i . IpuitasTuit

piBenb 3Hauymocti — a=0,01.

3a Tabnuier 3 3pOOMTH OMHO3HAYHHMU BH-
CHOBOK IIPO BIUIMB Koe(ilieHTa AeMI(yBaHHs HA
JUCTIEPCiIO MPOLECY 3MiHM MEXaHIYHOI IIBUAKOCTI
OypiHHSI HEMOXJIUBO.

B neskux BHINagKax CHOCTEPITaeThCs BILUIHB
Ha JTUCIIEPCII0 KOMIIOHOBKH OYpOBOTO iHCTpYMEH-
Ty, B SIKill BiICYTHI# IPHUCTPiii, M0 3MiHIOE Koedi-
nieHT gemndysanHs (rimpaBmiyHuit - gemmndep),
BuOipku 1, 21 3 ta Bubipku 7, 9, 10, 1lra 12.B
IHIIMX — 13 30UIbIICHHIM KoedimienTa aemidy-
Bauns 3 40 no 90kH-c/m (Bubipku 21 6, 3i 6, 8i
12) Takox croctepiraetbcs 3MiHa aucrepcii. Lli
BUOIpKM HE BIJHOCATHCSA A0 OAHI€] reHepasbHOI
CYKyHHOCTi. IMOBIpHICTh TPHUHHATTS TaKoOro pi-
mienns — $=0,99.

B tabmurii 4 maBeneHi pe3yabTaTH MEPEBIpKU
Hynb0BoOI rinore3uVy ; =V, ;. IlpuiinaTuii piBens
3HAYYIIOCTI Ui MPaBOCTOPOHHBOI KPUTHYHOI 00-
nacti — a=0,025.

3a Tabnumero 4 BUOIpKHM 3HAYCHh MEXaHITHOT
IIBUIKOCTI, OTPUMAHUX TIif 9ac OypiHHS 1HCTpPY-
MEHTOM, Y KOMITOHOBIII SIKOTO BiJICYTHI| TiJpaBi-
yHuil gemndep (koediuieHT aemrdyBaHHS TaKOro
incrpymenry 0,1 xH-c/m) He BxOAaTh 10 oxHiei
TreHepallbHOI CYKYITHOCTI 3 BUOIpKamMu 3HAuYCHb
MEXaHIYHOI MIBHUIKOCTI, OJepKaHWX IIij dac Oy-
PiHHSI iHCTPYMEHTOM, Y KOMIIOHOBKY SIKOTO BCTa-
HOBJICHWH TifgpaBiiuHuii Aemmndep. IMOBIpHICTH
OPUAHSTTS TAKOTO PILLEHHS I HMPOIJIACTKY TBE-
paictio 1440MIla — 0,9963...0,99991151 npo-
IUTACTKY TBEPICTIO 2050 MIla -
0,9538...0,99993.

3a Tabaunero 4 Bci BUOIpKH 3HAYEHb MEXaHi-
YHOT IBUAKOCTI OypiHHSA, OfepKaHi Al iHTepBalLy
3Ha4eHb Koediuienta nemmgysanns 40...90kH:c/m,
BiTHOCATHCA 110 onHiel I'C; iIMOBIPHICTh IPHHHSITTS
takoro pimeHHs 0,975700T0 3MiHa KoedirieHTa
nemrnyBaHHSI B 3a3HAYEHOMY 1HTEpBajli HE BIUIU-
Ba€ HA MEXaHIYHY IIBUAKICTh OypiHHS.
B Tabnumi 5 HaBeJeHO eKCIIepUMEHTAIbHI 1a-
Hi I TMA00py eMITIpUIHUX KOPEISIMiHHNX 3aje-
xuocteit V = f([) snauenns mexaniuHoi mBu-
KOCTI, BU3HAYEHI 32 UMM 3aJIeKHOCTSIMU Ta OPAHU-
HaTH BigmoBigHux rpadikie (mus. puc. 1). Macm-
TabHi KoedimieHTH TpadiKis:
H#=100/160=0, 625<H clwmm;
,uv—7/200 3,510% m/200-mm.
AnpokcuMaIiisi eKCIepUMEHTAIbHUX JaHUX
EMITIPUYHOI0 KOPEISALIHHOI0 3aleXHICTIO BBaXka-
€TbCS 3aJI0BIIBHOIO, KOJHM BHKOHYETHCS YMOBa

_ N _
0Y >0y =CKB,[—— ne Y
Y > 0o VN-1

yeHHsI (hYHKIII1, Op — BEIMYMHA OCHOBHOI ITOXUOKH
pH TiAOOpPi ampOKCHMYIOUO0i 3aJIe’KHOCTI. 3a TBe-
paictio nopoxu 144MITa Ta migibpanowo 3aex-
mictio V =5755-0,27965511In 5, ymoBa BHKO-

HYETHCA —

— CCpCaHE 3Ha-

0V 0 049> gy =0,05 7 - 0059

3a tBepaictio mopoau 205MMIla ta migibpa-

HOIO 3amexwicTio  V =3193-01270386In 23,
YMOBA BUKOHYETHCA —

0V 0028> g = o,oz\E = 0,032

Kpim mepeBipky 1i€i yMOBH [UIsl allpOKCHMY-
0401 3aJIEKHOCTI Tpeba NEPEBIPUTH HyIIbOBY TillO-
Te3y Ho mpo piBHICTH HYIIO TeHEPAIbHOTO Koedi-
mieHTa kopessuii r~=0. 3a um koedirieHToM 00-
YHUCITIOETHCS. EMITIPUYHE CIIOCTEPEKYBaHE 3HAUCH-
HSl CTaTUCTUYHOTO Kpurepito Tcp 3a dopmynoro
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HocnigxeHHs ta Merogu aHanizy

Ky sM/200

5,6
1
\%. ® °
[
4,2
2
2,8 %
- iy

1.4

0 25 50 75 BxH-c/m

1(e) —nporutactok TBepaicTio 1440MIla; 2(A) —npormnactok TBepuictio 2050MI1a

Pucynok 1 —3ajie;kHOCTi MeXaHIYHOT IIBUAKOCTI OypiHHs
Bia koedimienTa nemndyBannsa OypuiabHoro incrpymenry (intepsaj snavuensb 0,1...90kH-¢/m)
B npoieci OypiHHs y 0,10KaX MiCKOBHKA BOPOTHIEHCHKOI CBIiTH

_rB\/N—Z

Tep = m

MK 3MiHHUMH BennuuHamu BuOipku; N — 00'em
BUOipku. 3a TBepaicTio mopoau 1440Mlla ta mizi-

6panoro 3anexwictio V = 5755-0,27965511n 8
_rgvN-2 08822/6-2 _

Tep = = = 375. (5)
\/1— 2 41-08822

, I€ Iz — Koe(ilieHT KOopemsmii

3a BuOpaHoro piBHA 3Hauymocti a=0,05 Ta
crynens BiibHOCTI K=N-2=6-2=4 3HaueHHA KpU-
TUYHOI TOYKH CTATHCTUYHOTO 3aKOHY CTBIOJICHTA,
sIKa BIAJIISIE TBOCTOPOHHIO KPUTHIHY 00JIaCTh Bif
oOmacTi TpUUHATTS HYNbOBOI rimotesu Hy —
Txp=2,78. YMOBa BiIXWJICHHS HYJIEOBOI TilOTE3H
Mae Bun 1c;=3,75>Txp=2,78. IMoOBipHIiCTH iCHY-
BaHHS KOPEJAIINHOI 3aJIeKHOCTI MK MEXaHITHOIO
HIBUAKICTIO OYpiHHS 1 KoedimieHToM aemidyBaH-
Hs1 OypoBoOro iHCTpyMeHTy Oinbuia 3a 0,95.
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HocnigxeHHs Ta Mmerogu aHanizy

Ta6auns 6 — ExkcnepuMeHTabHi AaHI Ta 3HAYeHHSI KOPeIsUiliiHUX 3a1eKHOCTel

p.=1440MIla
kH-c/m 40 50 70 80 90
b MM 25 50 100 125 150
Excrn m/rox 4,69 4,66 4,65 4,57 4,41
nani MM 188 186 186 183 176
dopmyia V =4732-038510" [5°
V mex.cp m/rox 4,71 4,68 4.6 4,53 4,45
m/rox MM 188 187 184 181 178
P..=2050MITa
kH-c/m 40 50 70 80 90
b MM 25 50 100 125 150
Excn M/rox 2,78 2,7 2,63 2,64 2,59
nani MM 111 108 105 106 104
dopmyia V =3/040358-1731362
V mex.cp m/rox 2,78 2,71 2,64 2,62 2,61
m/rox MM 111 108 106 105 104

3a TBepaicTio nopoaun 205Mlla Ta miniGpa-
Hoto 3ajexuicrio V. =3193-012703861n 8

;. _reYN-2_ 001316~
! \/1— r \/1— 091312
B )

3a BuOpaHoro piBHA 3Hauymocti a=0,02 Tta
crynens BiibHOCTI K=N-2=6-2=4 3HaueHHA KpU-
TUYHOI TOYKH CTATHCTUYHOTO 3aKOHY CTBIOJICHTA,
SIKa BIAJIISE TBOCTOPOHHIO KPUTHYHY 00JIaCTh Bif
obmacTi TPUAHSATTS HYyJIBbOBOI Timoreswm Hy —
Txp=3,75. YMOBa BiIXWJICHHS HYJIEOBOI TiMOTE3H
mae Burisin 1c;=4,48>Txp=3,75. IMOBipHICTB iCHY-
BaHHS KOPEIAIINHOI 3aJIeKHOCTI MK MEXaHITHOIO
WBHJKICTIO OypiHHs i KoedinieHTom nemndysan-
Hs1 OypoBoro iHCTpyMeHTy Oinbuia 3a 0,98.

3a pesynbTaTaMu MEPEBIPKU HYIIbOBOI IiroTe-
3M PO PiBHICTh CEPENHIX 3HA4YEHb (1uB. Tabu. 4),3
imoBipHicTio 0,975, anprepHaTuBHA TiNOTE3a PO
HEPIBHICTh CEPEIHIX 3HaUeHb BHOIPOK MEXaHIIHOL
MIBUJKOCTi, OTPUMaHMX MiJ 4ac OypiHHS KOMIIO-
HOBKaMH 3  KoeQilieHTOM  JAeMIQyBaHHA
40...9H-c/M, Bigkumaerses, TOOTO BILIUB 3MiHU
1IOro Koe(ilieHTa Ha MEXaHIYHY MIBUAKICTH Oy-
piHHSA He BCTaHOBICHUH. [l miaTBepmkeHHS ab0
HE TiITBEPIKEHHSI TAaKOTO BHCHOBKY HPOBOAMMO
migdip eMmipuyHUX KOPEeALIHHUX 3aJe:KHOCTEH
Vmex=f(p) 3a Tabmunero 6 Ge3 BpaxyBaHHs 3Ha-
YeHb MEXaHIYHOI IMBHUAKOCTI 3a KoedimieHTa 1eM-
ndysauus 0,1 kH-c/M; xoMmoHoBKa OypoBOro iH-
CTpyMeHTy 0e3 rizpasniynoro aemmndepa. 3HadeH-
HI MEXaHIYHOI IIBHAKOCTI, BH3HAYeHl 3a LUMU
3aJIeKHOCTSIMH Ta OpJMHATH BiJNOBITHUX rpadikis
300pakeHl Ha PUCYHKY 2. MaciiTabHi KoedillieH-
™  rpadikiB: _ (4=64/160=0,4 «H-clm-mwm;
[4=5/200=2,5107 m/200-mm.

3a tBepaictio nopoau 144MIla ta miniopa-

HOIO 3aMexHicTio Vg =4732- 3850107 [
YMOBA 33JIOBITLHOT ampoKCUMAIlii BUKOHYETBCS —

= 448.(6)

0V 00465 0p = 0,0SG\E = 0,039
_rgdN-2 _0861%/5-

T =
“ \/1—rB \/1—0,86172

3a BumOpanoro piBHa 3Hauymocti @=0,1 Ta
crynens BUtbHOCTI K=N-2=5-2=3 3naueHHsa KpH-
TUYHOI TOYKH CTaTUCTUYHOTO 3aKOHY CThIOJCHTA,
sIKa BIJUIUISIE TBOCTOPOHHIO KPUTHYHY O0JIaCTh Bijl
oOmacTi TpUUHATTS HYNbOBOi rimotesu Hy —
T]{P=2,38.

YMoOBa BIOXWJICHHS HYJHOBOI TIlIOTE3W Mae
Bursig 7, c17—3 75>Typ=2,78. IMOBlpHICTB icHy-
BaHHs KOPEJSLIAHOI 3aI€KHOCTI MIK MEXaHIYHOKO
WBH/KICTIO OypiHHs i KoedinieHTom nemndysan-
Hs OypoBoro iHcTpymeHTy Oibiia 3a 0,9.

3a tBepaictio nopoau 2050MIla Tta ninidpa-

HOIO  samexsictio V= /04038 - 1731362,
yMOBa BUKOHYETBCS

0V 00275 0 = o,ou(% = 0,014
_rgJVN-2 _09524/5-

Trr =
! \/1—rB \/1—0,9521

3a BuOpaHoro piBHA 3Hauyymocti a=0,02 Tta
crynens BUtbHOCTI K=N-2=5-2=3 3naueHHsa KpH-
TUYHOI TOYKH CTATHCTUYHOTO 3aKOHY CTBIOJICHTA,
sIKa BIJUIUISIE TBOCTOPOHHIO KPUTHYHY O0JIACTh BiJl
oOmacTi TpUUHATTS HYNbOBOI rinmotesu Hy —
Txp=4,54. YMOBa BiIXWICHHS HYJIHOBOI T'MOTE3U:
Tcr=5,39>Txp=4,54. IMOBIpHICTH iCHYBaHHS KO-
PENAIIAHOT 3aJIEKHOCTI MK MEXaHITHOIO TITBUAKI-
cTIO OypiHHSA 1 KoedimienToM aemmdyBanHs Oypo-
BOT0 iHCTpyMeHTY Oinbuia 3a 0,98.

3a 3a3HaUCHUM BHUIINE AHATI30M PE3YJIHTATIB
JIOCIIIDKEHb BIUTMBY Koe(ilieHTa 1eMn(pyBaHHs Ha
MEXaHIYHY IMBHIKICTH OypiHHS 3pO0JICHI HACTYITHI
BHCHOBKHU:

= 294.(7)

= 539. (8)
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K oy sM/200

/. —— [ ] °
1 [
4
3
A
/ k- —h
2
2
1
30 46 62 78 B,KH'C/M

1(e) —mpomracrok tBepaicTio 1440MIla; 2(A) —upomiactok tBepaicTio 2050MI1a

PucyHok 2 —3anexHocTi MexaHiYHOT IIBHAKOCTI OypiHHS
BiI KoedinieHTa nemndyBanns 6ypuiabHoro incrpymenry (intepBaj 3nadens 40...90xkH-¢/m)
B npoueci OypiHHA y 0JI0KaX MiCKOBMKA BOPOTHIIEHCHKOI CBITH

1. 3pobutH OXHO3HAYHUH BHCHOBOK IIPO
BIUIMB KoedilieHTa aeMndyBaHHS Ha TUCIEPCIIO
mporecy 3MiHA MEXaHIYHOI IMBUAKOCTI OypiHHS
HEMOXJIMBO. 3adikcoBaHMi BIUIMB KoedilieHTa
neMiipyBaHHS MK KOMIIOHOBKOIO, B SIKIH BiJICyT-
Hill rigpaBniyaui nemmdep, Ta KOMIIOHOBKOIO 3
nemmndepom. Ilix yac OypinHs OypoBUM iHCTpyMe-
HTOM, B KOMIIOHOBIIl SIKOTO BHUKOPHCTOBYBaBCS
nemiiep, aucmepcis 3MEHITyeThbes. IMOBIpHICTB
MPUUHATTS Takoro pimenus — 0,99,

2. 306inpmenHst koedilieHTa AeMIQyBaHHS
OypOBOI'O IHCTPYMEHTY, IO TOCATAETHCSI BUKOPHC-

TaHHSM B HOT0 KOMIIOHOBIII TiJ{paBIivyHOTO JIEMII-
¢depa, 3MeHIIye MeXaHIUHY MIBHIKICTH OypiHHS.
IMOBIpHICTh iCHYBaHHS MDK ITUMH BEIUIHHAMH
EMITIpUIHOT KOPEJIAIiHHOT 3aJIC)KHOCTI 3HAXOIUTh-
cay mexkax 0,9...0,98.

3. IcHyBaHHS eMmipH4yHOI KOpelALidHOI 3a-
JISKHOCTI MiATBEPIUKEHO IJIS1 IHTEpBaly 3HAuCHb
koedimienra memmdysanns, 40...90 kH-c/Mm, Ha-
BITh Y BUMAJIKy BUKOHAHHSI HYJLOBOT TIlTOTE3U TIPO
PIBHICTh CEpelHIX 3HAUCHh BHOIPOK MEXaHIIHOL
[IBUIKOCTI.
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