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Posensioacmocsa 00na i3 nidzadau onmumanvbHo20 KepysaHhs npoyecom OypiHHS HAGMOSUX [ 2a308UX C8epo-
JI0BUH eleKkmpooypamu — i0eHmuikayis cmpykmypu i napamempie 00 €Kma KepyeanHs, a came, Mooesi 6UunaoKo-
6020 npoyecy QryKkmyayii MOMeHmy Ha O0JIONI 8 PENCUMIL PealbHO20 Yacy. 3a 00NoMO2010 CYHACHUX 0OHUCTIOBAb-
HUX 3aco0i8 Y 3a0aya eUpiuleHa Ha NPaKmu4HoMy pieri o enekmpobypa E170-8 3 oonomom 2K190T3. Bpaxoey-
HOYU, WO CIMAMUCMUYHI NPOMUCTOBE OAHI NPO 008206IYHICTNG ONOP WAPOUWKOBUX OONIM 8AICKO GUKOPUCOBYEAMIL
OJ151 NPOCHO3YBAHHSL IX MEXHIUHO20 CMAHY Yepe3 HeCMAabiIbHICIb Yb0o20 napamempa, HeoOXioHo mamu Ha Oyposill
3aC00U A8MOMAMUUHO20 KOHMPOIIO MEXHIYHO20 CIAHY 00I0MA Y PENCUMI PealbHO20 Yacy. AHANI3 CIMAMUCMUYHUX
Xapakmepucmux MOMeHmy Ha 00JOMi 00816, W0 O0CIONCYBAHUL SUNAOKOBULL NPOYEC epeoOUtHUL, 2y CCi6CbKUL,
MA€ eKCNOHEHYIANbHY a8MOKpetayituny (yukyito. Lle 0ano 3mozy eusHauumu CReKmpaibhy 2yCmuty 00CIiONCY8aHO-
20 npoyecy ma amMnIimyoOHo-paz08y Xapakmepucmuxy Gopmyouozo girempa.

Kitro4oBi citoBa: aBTOKOpesAIiiiHa QYHKIIis,, MOMEHT Ha JOJI0Ti, €JIeKTpoOyp, 'yCTHHA, eproANYHICTh, MaTeMa-
THYHA MOJIETb.

Paccmampusaemcs oona u3 nodzadau OnmumManrbHo20 YRpAeieHus npoyeccom bypenusi He@msaHbIX U 2a308bIX
CKBAICUH INEKMPOOYPAMU — UOSHMUDUKAYUS CIMPYKITYDbL U HAPAMEMPO8 00beKma YRPAasieHus,, d UMEHHO, MOOeU
CAyHaliHo2o npoyecca Qaykmyayuii MOMenma Ha 0on1ome 6 pedcume peanbrHoz2o spemenu. C noMOwbIo co8pemeH-
HbIX BbIYUCTUMENbHBIX CPEOCME 9MA 3a0a4a pewena Ha NPAKmu4eckom yposHe 0is dnexkmpobypa E170-8 ¢ dono-
mom 2K190T3. Yuumvisas, umo cmamucmuyeckue npoMuluLieHHble OAHHbIE 0 00JI208€UHOCIU ONOP WAPOUUEUHbIX
00J10M COACHO UCHONIBL306aMb OJisl NPOZHOZUPOBAHUSL UX MEXHUYECKO20 COCTNOSHUS U3-30 HeCMAOUTbHOCTU 1020
napamempa, Heobxo0umo umems Ha Oypoeol cpedcmsea A6MOMAMUYEcK020 KOHMPOIs. MEeXHUYECKO20 COCMOAHUS
donoma 8 pesicume peanrbho2o pemeHy. AHaIu3 cmamucmudeckux Xapakmepucmux MOMeHma Ha 0010me 00Ka3dJ,
umo uccuedyemblil CIyYaiHblil RPOYecc 3P2oOUUecKull, 2ayCCO8CKULL, umeen IKCHOHEHYUATbHYIO A8MOKOPPeSIYUOH-
HY10 yHKYuIo. Dmo Nno360aui0 onpedeuns CNeKmpaibHyIo NIOMHOCHb UCCIedyeMo20 npoyecca U amniumyoHo-
Gasosyio xapaxmepucmuxy gopmupyroueo urompa.

KiroueBble croBa: aBTOKOppENSIMOHHAS (YHKIMS, MOMEHT Ha JOJIOTE, eJeKTpOOyp, CIIEKTpasbHas ILIOT-
HOCTbh, 3PTOIUYHOCT, MATEMaTHYCCKAs MOJICITb.

One of the optimal control problems during the process of oil and gas wells drilling by electrodrills —
identification of the structure and parameters of the controlled object, namely, the model of a random process
Sfluctuations point at bits in real time is researched. This problem is solved on a practical level for electrodrill E170-8
with a chisel 2K190TZ using modern computational tools. Taking into consideration the fact, that the statistical
data on roller cutter bits durability can hardly be used for the prediction of their technical state due to the
instability of this parameter, the drilling rig must be equipped with computer-aided facilities to control technical
state of the bit in real time mode. The analysis of statistical characteristics of the moment to chisel proved that the
studied stochastic process is ergodic, Gaussian and has the autocorrelation exponential function. It made possible
to determine the spectral density of the process under study and the amplitude-phase response of the shaping filter.

Keywords: autocorrelation function, chisel moment on the bit, electrodrill, spectral density, ergodicity,
mathematical model.

Bceryn. MOMEHT Ha JIOJIOTI € OJHHUM i3 TOJI0-  YYHOTh KOHTPOJIb TEXHIYHOIO CTaHY OIOpP IIApOIIl-
BHUX YHMHHHWKIB, fIKi BH3Ha4yalOTh €(PEKTUBHICTb KOBUX JIOJIT. BpaxoByrouw, 110 CTATHCTHYHI MPO-
nporecy OypiHHS sk 00’€KTa KepyBaHHS, 3a0e3le-  MHCIOBI JIaHI PO JOBrOBIYHICTh OMOP MIAPOIIKO-
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BHX JIONIT Ba)XKO BUKOPHUCTOBYBATH JUIsSi MPOTHO-
3yBaHHS iX TEXHIYHOIO CTaHy dYepe3 HecTaOilb-
HICTh LILOT'O MapaMeTpa, HeoOXiJHO MaTH Ha Oypo-
Bilf 3aC00M aBTOMATHYHOTO KOHTPOJIIO TEXHIYHOTO
CTaHy JI0JIOTa y PeKHMI PeaIbHOTO Yacy.

[IpomuciioBi  IOCTIIKEHHS CBiI4aTh, IO
75-80 % wacy poOOTH OMOPH J0JI0Ta MPAIIOIOTh B
YMOBaX IMOCTYMOBOTO 3HOCY JIO OCBOBOTO 3a30py
1,2-1,35 MM, miciig 4oro HacTae KaTacTpo(iuHUH
3HOC 3 HACTYITHHM 3aKJIMHIOBAHHSM OIOp, IO CY-
MPOBOKYETHCS 3HAYHUM 30UTBIICHHSIM KPYTHOTO
MOMEHTY Ha JOJIOTI, 0 BKa3y€e Ha HEOOXITHICTh
MpUITUHEHHsT OypiHHSA 1 iAoMY J0JI0Ta ISl 3aMi-
HUu. ToMy 3a HasBHOCTI 3acOOIB aBTOMATHYHOI'O
KOHTPOJIIO MOMEHTY Ha JIOJIOTI MOXHa OLIIHUTH
Horo TexHiYHWH craH. [ CTBOPEHHS TEXHIYHUX
3aC00IB KOHTPOIIO MOMEHTY Ha JOJIOTi MOTpiOHa
iH(opmaList Ipo HOro CTATUCTUYHI XapaKTEPUCTH-
ku. [Ipote anami3 niteparypHux jpkepen [1, 2, 4, 5
Ta iH.| BKa3y€ Ha HEIOCTATHIM OOCST MPOBEICHUX
JIOCII/UKEHb Y LBOMY HAmnpsMKy, a TAKOXK y Ha-
IPSMKY CTBOPCHHS QIrOPUTMIB (YHKLIOHYBAaHHS
NPUCTPOIB Ul KOHTPOJNIO MOMEHTY Ha [OJOT,
MPHUIATHUX JJIsl BUPIIIEHHS 3324 aBTOMAaTH30Ba-
HOT'O KEpyBaHHS MPOIIECOM OypiHHS.

Meta po6oTu. Meroro nanoi poboTH € aHai3
CTaTUCTUYHUX XapaKTEPUCTHK (IyKTyalliii Mome-
HTY Ha J0n0Ti M(?) mig 4ac OypiHHS CBEPIUIOBUHU
CIEKTPOOYPOM.

Bukian ocHoBHOro mMartepianay. Busnauenns
CTaTUCTUYHUX XapaKTEPHCTUK BHIIAQJKOBOTO MPO-
necy M(f) nependayae BigHECEHHS HOro 10 IMEBHO-
ro KJjacy BUIJKOBHX IPOIIECiB, TOOTO MOOYIOBY
Woro mMarematuyHoi mozeni. IligcraBoro s Imo-
Oynosu Moneni npouecy M(f) € Hacammepen ampi-
opHa iHdopmalis PO HBHOTO, JHKEpENaMH KO €
JTepaTypHi JaHi, JyMKH NPOBIJHUX CICLIAIIiCTIB,
TOYKa 30py MEPCOHANY, SKHH EKCIUTyaTye elleKT-
pobypu Ta iH. [Ipore us iHdopmamis Mae OyTu
YTOYHEHA 1 JOMOBHEHA B XOJ1 NMPOBEICHHS CKCIIe-
PUMEHTIB Ha 00’ €KTi KepyBaHHSI.

Ockinbku MOJIENb SBISE OO0 ifeanizaniio
PeaIbHOr0 MpoLecy OYpiHHS, TO HOMY Ma€ Bifmo-
BiZJaTH MHOKMHA Mojenel. Bubip koHKpeTHOi MO-
JeTTi 3aJeKUTh B 3a/adi, B SKii BUKOPHCTOBY-
IOTBCSI XapaKTEPUCTUKU JOCHTIPKYBAaHOTO BHITA]I-
KoBoro mpouecy M(f), ane Mojenb He MOBHHHA
OyTH CKJIaTHOIO 1 Takoro, o0 ii MoxHa Oyllo BH-
KOPUCTOBYBATH JUIsl IOCUTH IIMPOKOTO KOJNa 3a1a4d
KEepyBaHHS.

Knacudikamito  OyIb-KOro  BUMNAJIKOBOTO
MpoIecy MO)KHA MPOBECTH 32 PI3HUMH O3HAKAMH,
aJie i1 yac po3B’si3aHHs 3a/1a4 aBTOMAaTH30BAHOTO
KepyBaHHs peKMMaMH OypiHHS HadTOBUX 1 Tra3o-
BHUX CBEP/UIOBHH HaWOUIbII BaXKJIMBHMHU € TaKi
BJIACTHBOCTI BUIIAJKOBOIO NPOLECY, SIK CTalliOHa-
PHICTb, ePrOAMYHICTb, THII PO3MOALLY, AU(DEPeH-
if1OBaHICTb.

Bimznauumo, 1o cnenudika 3amaay aBTOMaTH-
30BaHOTO KEPyBaHHs pekuMamu OypiHHs HadTo-
BUX 1 Ta30BMX CBEPIOBMH (ampiopi HeBifoMi
CTPYKTypa i mapameTpu 00’€KTa, Majna KUIbKiCTh
arperaTiB, HasBHICTb anpiopi HEBIAOMUX 30ypeHb,
IHIMBIAYaIbHICTh XapaKTEPUCTUK OKPEMHUX arpe-

raTiB, pi3Hi YMOBH poOOTH arperatiB Ta iH.) y Oa-
raTbOX BUITAJIKaX MPUHIIMIIOBO BHKIIOYAE MOMKIIU-
BICTh YCEpEeIHEHHS pe3yJbTaTiB CTATUCTHYHOTO
EKCIIEPHUMEHTY 32 MHOXKUHOIO 1 3aJIMIIAE €IUHUH
LUISX [UIS aHAIl3Y CTATHCTHYIHUX XapaKTePHCTUK —
110 OIHIH peanizauii KiHIeBOI JIOBKUHH.

[pore, sik moka3ye aHaii3 pe3yabTaTiB pooiT 3
EKCTIEPUMEHTAIBHOTO JOCII/UKEHHS CTATUCTHYHNX
XapaKTEPUCTHK 1 BUBYEHHS OCOONMBOCTEH TEXHO-
JIOTTYHUX PEKHUMIB OypiHHS HA(QTOBUX 1 Ta30BHX
CBEpJIOBHUH, HECTAIlIOHAPHI MPOIlECH y 0araThox
BUIQ/IKaX MOXKHA PO3TISIATH SIK TPOIECH, IO €
HECTaIllOHAPHUMH JIMIIE BITHOCHO MAaTEMaTHIHOIO
CHofiBaHHA [6] 1 10 HUX MICJA LIEHTPYBAaHHS MO-
KyThb OyTH 3aCTOCOBaHI 3 NEBHHUMH 3aCTEpEKEH-
HSIMU BHCHOBKM TEOpIii CTalliOHAPHUX IPOIIECIB.
Crin 3a3HAYMTH, 11O 3aCTOCYBaHHA MaTeMaTHYHO-
ro amapaTy CTalliOHAPHUX epPrOJUYHUX BHIAJKO-
BHX MpoleciB 0e3 MomepeaHboi MepeBipKd YMOB
EproIMYHOCTI y TAKOMY BHIAJKYy MOXKHA BBaXKATH
HEIOCTaTHbO KOPEKTHHM, ajie 3IIHCHEHHS TakKol
nepeBipku MoXKe OyTH JyXKe TPYILOMICTKHM, OCKi-
JIBKA JUIS LBOTO IMOTPiOEH aHcaMmOnb peatizaiii
BHITAIKOBOT'O TIPOIIECY, IO JTOCIIIKYETHCS.

[Ipote, ockinbku mporec OypiHHS € HEBITBO-
pIOBaHMM, MU BHMYILICHI 3aJI0BOJILHATHCS OJIHIEIO
peatizalli€ro, 1Mo He J03BOJISIE PO3MOBCIOIUTH Pe-
3yNbTaTH aHali3y Ha BUMAJKOBHHA IMPOIEC y LLIO-
My. JleskuM BHUIpaBAaHHSIM MOXKE CIYT'YBaTH Te,
0 TeopeMa MpO eproJANTHICTh 3aCTOCOBYETHCS JI0
MaTeMaTHYHOI MOJAEI JOCTIIKYBaHOIO IPOIECY,
a pe3yJbTaTH MOUIMPIOIOTHCS JIMIIEC Ha JIesKi ere-
MEHTH HMOBIpHOT MHOXXHHHU.

OxpiM 1BOTO, pe3yJbTaTH aHAIi3y CTaTUCTHU-
YHHUX XapaKTEPUCTUK TMPOMHUCIOBUX BHITAJKOBUX
MPOIIECIB TOBOJISITh, 1110 JJISl BUIAJKOBOT'O MIPOIIECY
3 HYJIbOBUM MAaTEMAaTUYHHMM CIIOIIBaHHAM Xx(f) 110-
CTaTHS YMOBa €ProAWYHOCTI I10 BIAHOIICHHIO [0
aBTO KopensauiiHoi ¢yHkuii lim R, (7) =0 wMaii-

T—0
e 32BN BUKOHYETHCH.

OTxe, MOfENb BHUIAIKOBOTO Tporiecy M(t)
MOJKHA IMOJATH [6] Yy BUIIISII CTPYKTYpH, HaBeIe-
Hoi Ha puc. 1.

Kommonenta a(f) oOyMmoBIeHa TOBLIBHOO
3MIHOIO 3HOILIEHHS OIOp JI0JIOTA.

IapmoniuHi kKoMmoHeHTH c(f) PopMyIOThCS Y
pe3yabTaTi PI3HOMAHITHUX MEPIOIUYHUX IPOIIECIB,
TOJIOBHUM YMHOM IIBUKOCTI 00EpTaHHS J0JIOTA.

BumnankoBa xomrioHeHta x(f) popmyerbcs y
pe3yabTaTi OAHOYACHOT Jii MHOKHHHU HE3AJICKHHUX
1 cabo 3B’sI3aHUX OJMH 3 OJHUM (aKToOpiB — (i3u-
KO-MeXaHIYHUX 1 a0pa3uBHUX BIACTUBOCTEN TipCh-
KHX TOPiJl, IaCTOBOTO THUCKY, BIACTUBOCTEH MpO-
MUBQIBHOI PIZIMHHU, TEMIIEPATYPH Ta iH.

AIMTHBHUHA CTpyM e(f) sBIsiE cO0OI0 KOMOi-
HAaI[il0 PI3HOMAHITHUX BHIIAJKOBUX IPOIECIB, 1110
BUHUKAIOTh y BUMIPIOBAJILHIX KaHAJIAX aBTOMATHU-
30BaHOI CHCTEMH KEPYBaHHS peKUMaMU OypiHHSL.

Burnsg xomnonenTu a(f) Mmoxxe OyTH BH3HA-
YCHUU INUISIXOM BUBYCHHs nmiarpam M(f), 3amuca-
HUX y CTHUCIOMY MacmTabi yacy. Bin Biamoinae
KIACHYHIA KpUBiH 3HOWEHHs JlopeHna.

Jl1s1 BUSBIICHHS TAPMOHIYHAX KOMIIOHEHT ¢(7)
MOXKHA 3aCTOCYBATH OJIMH 13 BIJIOMHX METOJIB BU-

8 )
e
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mocTifina dyaKig abo HenepiomiuRa
dvEKnia. mo nocTifino 3mintoeThCT —a(r),

rapMoHiitei yHKI 3
(hiKCOBAHHME Hepexomanu —cit)

BHITA IKOBHIT oponec 3 HyIbOBHM
MaTeMaTHYHHM CIIOOIEAHHEAM

—x(1)

BHNAJKOBHH a IHTHEHHH LIy M
(moxHOKa BHMiDIOBaHHA ) — &(1)

-

| | BEIAOKOBHH Ipomec 3MiEH

“| | MoMeHTV Ha monoti — M)
>

e

Pucynok 1 — CtpykTypa Moaesi BUnaakosoro npouecy M(r)

SIBIICHHSI TIPUXOBAHUX MEPIOJMYHOCTEH, MO IPYH-
TYETbCs HA BUKOPHCTAHHI KOPENAUIHHIX QyHKIIH.
AmntuBHi wymu e(f) (y BUMIPIOBaJIbHAX Ka-
Hajax) MOXKyTb OyTH BHAUICHI OJHUM i3 BiIOMHUX
MetoaiB ¢impTpanii. Tomi kommnoHeHTa x(f) € cTa-
[IOHAPHUM BHIIAJKOBUM IPOIECOM, XapaKTepuc-
THKH SIKOTO MOXYTh OYTH BH3Ha4YeHi MeETOIaMH
MaTeMaTHYHOI CTATHCTHKH CTalliOHAPHUX BUIIAJI-
KOBHUX IMPOLIECIB 1 MOMEHT Ha JOJIOTI
M(t) = a(?) + c(t) + x(2) + e(?) . (D
Binznaunmo, mo edeKTUBHICTH mporecy Oy-
piHHS HA(QTOBHX 1 TA30BHX CBEPIIOBUH EICKTPO-
Oypamu 3alIeXUTh BiJl KepyBILHUX il (OCHOBOI
CHJIM Ha J0J10TO F 1 4acTOTH HOro oOepTaHHd n, a
TAKOXX BUTPATH MPOMUBAILHOI pinuan  (J), KOHC-
TPYKIIi 1070Ta 1 MOTY>KHOCTI, SIKa JOBOAUTHCS 0
Buboto cepiosunu. Iloryxuicts Ni(7), sxa cro-
KMBAETBCS €IEKTPOOYPOM Bifl MEPEKi, MEpeTBo-
PIOETHCS Ha TIOTYXKHICTh Ha Bajli N,(?) 31 3HAUHUMH
BTpatamu, To0TO [1, 2]:
Ny ()= Ny (1) -2 AN(), 2
ne
S AN(1) = AN g () + AN (1) + AN (1) +

+ ANy (1) + ANy, (1) + AN, (1)

AN, (t) - BTpaTH HOTYXHOCTI B OOMOTI
cTaTopa eleKTpOIBUTYHA,

AN (f) - BTpaTH MOTYKHOCTi B CTalli €IEKT-
POABHTYHA, BUKIIMKAHI TICTEPE3HUCOM 1 BUXPOBUMH
CTpyMamH,

AN, (¢) - BTpaTH HOTYXHOCTI B 0OMOTLI po-
TOpa eNeKTPOJABUTYHA,

AN, (t) - nOIaTKOBI BTPAaTH HOTYXHOCTI B
CNEKTPOJIBUTYHI,

AN,,,(t) - BTpaTH NOTYKHOCTi Ha TepTA B
MIIIMITHAKAX, IITAHAEI Ta 1H.,

AN, (t) - BTpaTu MOTYKHOCTI B CTPYMOIIifI-
BiJTHOMY Kabei.

[Tincrapnstoun 3Ha4eHHs N, (¢) 13 (2) B piB-
HSIHHS TIOTY)KHOCTI Ha BaJii ABUTYHa [1]:
of dl

Ne(t)zwe(t) dt 2 da

»(3)

ne ,(t) — KyToBa MIBUJKICTh Bally €lIEKTPOIBH-
ryHa,

M .(f) — MOMEHT CTaTHYHOIO ONOPY Ha J0-
JI0Ti,

I — cymapHmii MOMEHT iHepIii JoJoTa, MpH-
BEJICHUI JI0 BaJy €JIEKTPOJIBUTYHA,

o — KyT TIOBOPOTY Bajly JIBUTYHA,
OTPUMAEMO BUpa3 JJISI MOMEHTY Ha BaJli JIBUTYHA
eneKkTpodypa, TOOTO Ha J0JIOTI

Moo:() = [M() - ZANDo,(0) . (4)

Bupaz (4) 3amponoHoBaHO BHKOPHUCTOBYBaTH
SK alTOpPUTM (YHKI[IOHYBaHHS MPHCTPOIO JUIS
OJIep’KaHHsSI CUTHAJY, MPOMOPIIfHOr0 MOMEHTY Ha
JI0JIOT1, NIISIXOM OOpOOJIEHHST TIOTOKY €Heprii, ska
MOCTYTAE 3 eJSKTPHUYHOI MEPEXKi JI0 JBUTYHA €JICK-
TpoOypa.

Tomi BigHOCHA MOXMOKAa BHUMIPIOBaHHS MOMe-
HTY Ha BaJi JBUTYHA €l1eKTPoOypa JOpiBHIOBATHME

(N=Np)(1-5) 5)
Ng

ne N — MOTYXHICTb, IO CIIOKUBAETHCS JIBHUTY-
HOM,

-1/-100%,

* * . .
No=N| + N — IOTyXHICTb, BUMIPSHA IIPH
Hep060q0My XOJIi IBUTYHA,

Nl — BTpaTH MOTYXKHOCTI y CTPYMOIiBIiJI-
HOMY Kabei nmpu HepoOOYOMY X011 JIBUTYHA,

* .
N — IOTYXHICTb, 1110 CIIO)KUBAETHCS JBUTY-

HOM 3a BiJICYTHOCTI OCbOBOT CHJIM Ha JI0JI0TO,

S — KOB3aHHS JBUTYHA.

3BimcH BUIUIMBAE, IO BIAHOCHA MOXMOKAa BH-
MIPIOBaHHS MOMEHTY H4 JIOJNOTi 3aleKUTh Bil
IIPUPOCTY BTPAT TMOTYXKHOCTI Y CTPYMOIIIABIAHOMY
Kaberi, sIKi O0YNCITIOIOTHCA SK PI3HUUS MK BTpa-
TaMH y CTPYMOBI/IBOIi TIPH JIAHOMY HaBaHTaXKEHHI
1 BTpaTamMu 1pu HEPOOOUOMY XOJIl ENEKTPOABHUIY-
Ha; BiJl MPUPOCTY BTPAT MOTYKHOCTI Y ABUTYHI, SIKI
06yMOBJIeH1 AKTUBHUM OIIOPOM OOMOTOK CTaTopa;
BiJl IPMPOCTY KOB3aHHs JABUTYHA; Bil 3MiHU MOTY-
JKHOCTI Ha Baiy. [Ipudomy 30iNbIIEHHS BTPAT MO-
TY)KHOCTI Y CTPYMOMIIBIIHOMY KaOeJi 1 y JIBUTYHI,
a TaKO)K KOB3aHHS JBUTYHA MPHU3BOIATH J0 3pPOC-
TaHHS BiJHOCHOI TOXHUOKKM BUMIPIOBaHHSL.
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Pucynok 2 — Biiok-cxema NpucTpo0 aBTOMAaTUYHOTO0 KOHTPOJTIO
MOMEHTY Ha BaJly ABMI'YHA eJIeKTpoOypa

3HM3HUTH BIJHOCHY IOXHOKY MOXXHA IUISXOM
BBC/ICHHs Y BHMIpIOBAIIBHIIA NPHCTPIi 10ATKO-
BHX KOPEKTYIOUH JIAHOK, SIKi 3JIIFICHIOIOTH KOMIICH-
caifiro MoXxuOOK, BUKIMKAHUX [IUMH BTPaTaMH.

Ha puc. 2 300pakeH0 OJIOK-CXeMY MPUCTPOIO
ABTOMATHYHOTO KOHTPOJII0O MOMEHTY Ha Bajy JBH-
ryHa. Bona micTuTh naBad 1 akTHBHOI MOTYXKHOC-
Ti, BHMIpIOBallbHHN mepeTBopioBad crpymy IIT,
10 KOPEKTYye JaHKu 2-2 , KOMIIEHCcAaTop 3, cymy-
104l pucTpoi 4 1 5, mpucTpiit aineHHs 6, 3axaBayq 7
CHHXPOHHOI 4acTOTH oOepTaHHs nBUryHa. Hampy-
ra U, Ha BUXOIl JaBada | aKTUBHOI MOTYXHOCTI
MPOMOpIiiiHa MOTYKHOCTI, IO CIIOXKHBAETHCS €lie-
KTPOJBUTYHOM. JIONOMIKHUN CHTHAJ, MPOMOPITiii-
HUH 3HAYEHHIO (Ha30BOTO CTPYMY, IOJAETHCSA Ha
KOPEKTYIOUN JIAHKY 2-2°, BUXiIHI 3HAYEHHs Ha-
npyru U, i U, s1koi HpOHOleI/IHl BTpATaM IOTYX-
HOCTI Y CTPyMONI/IBIIHOMY Kaleni i y aBuryHi. ¥
cymatopi 4 nHanpyru U, 1 U, BimHIMaIOThCS Bin
U..

SIKIIO CIIOCTEPIraeThest aCHMETPIist CTPYMIB y
(hasax, TO KOPEKTYIOUl JAHKH IAKIOYAIOTHCS 10
KOKHOT (ha3u 1 iX BUXIiHI CHTHAIIH J0AA0ThCSL.

Jlns KomneHcauii curuaiy, sKuii BianoBizae
MOTYXXHOCTI HEpoOOYOro XOny eIeKTPOIBHUTYHA,
CILYKUTh KomreHcaTop 3. Buximuuit curnan Us
TaKOXX BHPAaXOBYETHCS y cyMmaropi 4 BiJl Hampyru
U,. OTxe, BUXiHA HAmpyra cymaTopa CKiajgae

U4:U1—U2—U2—U3:K‘ NB (6)
Ockinbku y po0OoUiii YaCTHHI MEXaHIYHOI Xa-

PAaKTEepUCTHKH eIeKTpoOypa KOB3aHHS €IEeKTPO-
JBUTYHA MPOTIOPIIHHE MOTYXHOCTI Ha HOT0 Bary

N,=C"S, (7)
ae € — xoeiuieHT NPONOPLIAHOCTI MK MOTYX-
HICTIO 1 KOB3aHHSM CJICKTPOJBUIYHA, PIBHUU
S = (wo-w)/wp, TO MOXKHA 3aMKCATH, 1110

w = wy— 0o )
abo
o =wy— KN;, 9)

ne K = w/C — xoedilieHT NponopuiiHoCTi, mo-
CTIHHMH JUIs1 IAHOTO JIBUTYHA.

y cyMaTopl 5 i3 curHaiy, TpOIOPIIHHOTO
CHHXPOHHIN 4YacToTi oOepTaHHs JBUTYHA, O0OYHUC-

JIOETHCSl CHTHAJ, MPOMOPIIHUNA MOTY)KHOCTI Ha
Bany. Buximna wampyra Us;, mpomopiiiiiHa miBHII-
KOCTi 00epTaHHsI o, TOJAEThCA Ha BXIJ MOALIBHO-
IO IPHUCTPOIO 6.

Ha BXiz HOAUIBHOrO MPHUCTPOIO 6 MONAETHCS
TaKOXX CUTHAJ BiJl CyMaTopa 4, NPONOPUIHHHIA mo-
TY)KHOCTI NV, Ha Bally. Y pe3yibTaTi omeparii mi-
JIeHHs1 BUXinHa Hanpyra Us MOAUTBHOTO IPUCTPOIO
piBHa

_U; KN,

(10)
US Ky

Bona npornopiiitna KpyTHOMY MOMEHTY M, Ha
BaJly €JIeKTPOABHUTYHA, SIKHI TIEPEIacThCs IONOTY.

3a JI0MOMOrOK 3aIPONOHOBAHOTO MPHUCTPOKO
BUMIDIOBaHHS MOMEHTY OTPUMAHO Tpadik 3MiHH
MOMEHTY Ha JIOJIOTi il yac OypiHHs CBEpIUIOBUHH
Ne803]J] enexkrpooypom E170-8 Ne774 nmonorom
2K190T3 Ne337 B intepBani 1858-1863 m B onHO-
PIIHUX MillIaHWKaX BEPXHBbOMIHUIITOBOT MiJICBITH 3
TIIOCTIHHOIO OCHOBOKO CHIIOKO Ha J10710T0 85 KH.

®nyKTyanii MOMEHTY Ha JIOJIOTI SIBISIOTH CO-
00r0 BWITAJKOBI MPOIIECH, MEXaHi3M (OpPMYyBaHHS
SIKMX BH3HAYa€ThCS BEITMKOIO KUTBKICTIO (pakTopiB,
HaNPUKIa]], KOHCTPYKIII€I0 HU3Y OYpUIBHOI KOJIO-
HU, BJIACTUBOCTSIMH NPOMHBAJIBHOI PilUHU, TBEp-
JICTIO TTOPOJIM, KOJTMBAHHSMH HANPYTH >KUBICHHS
B MEPEXKI eJIeKTpoIrocTadanHs Tomuo (puc.3).

JUisi  NpUBENCHHS OUIHOK ~MaTeMAaTHYHOrO
CIIO/IIBAHHS, JUCIEPCii Ta CepPEeNHbOKBAPATHYHO-
TO BIOXWICHHS JOCTI/XKYBaHOTO MapaMerpy CKo-
puctanucs nporpamoro MathCad.

MaTteMaTH4YHEe COOJAIBaHHSA

=K3MB

1 n
m:=mean(M)—-> M, =
noio
=397914 mean(M)=397914
Hucnepcis:
3MIill€HAa OLLIHKA
n
L. > (M- )2:2.2O6>< 10"
n 1

i=1

var (M) = 2.206x 104

10 )
10 )
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Pucynok 3 — I'pagix 3MiHM MOMEHTY Ha J10JI0Ti,
OTPUMAaHMi B pe3yJabTaTi 00po0/1eHHA eKclepUMEeHTAJBLHUX JaHUX y nporpami MatLab

2=107°

kpely,

dnormix 370, o)

1x107>

0 200

400 600 800
kely..x

Pucynok 4 — I'icrorpama i 3akoH po3noaiiy AJisi MOMEHTY Ha JA0J10Ti

He3MinmeHa OIIHKA
n

nl_l Y (M- )2:2.252>< 10"

i=1

Var(M) =2.252x 10"

CepenHbOKBagpaTHUYHE
BIAXHUJIECHHI:

3MIill€HAa OLLIHKA
\var(M) = 148.516  stdev (M) = 148.516

He3MinmeHa OIIHKA
\/Var(M) = 150.055 Stdev(M) = 150.055

Li xapaKTepUCTUKHU ISl KOYKHOT'O KOHKPETHO-
o MOMEHTY € CEpeIHIMHM 3 MHOKMHM ¥ BHU3HaYa-
FOThCSL OJTHOMIPHUM 3aKOHOM PO3IOJILTY.

Jlyis BU3HAYEHHS 3aKOHY PO3IOALTY 1 MmepeBi-
pKH iOro 3a JOMOMOroi Kpurepiro Ilipcona i’
ckopucTanucs nporpamoro MathCad.

3rpymnyBaBIIM e€KClIepUMEHTaIbHI naHi (kely)
Ta 3HAWIIOBIIM IXHI HMOBIpHOCTI TosiBH (kpely),
noOymyBanu rpadik posnoaity (puc. 4).

JloBeieHO, 10 eKCHEpUMEHTANIbHI JaHi Iij-
MOPAAKOBYIOTHCS HOPMAJIbHOMY 3aKOHY.

Jnst BU3HA4YEHHS aBTOKOPEIAIHHOT QyHKIIT
BHUKopuctanu nporpamy MathCad. [{nst mporo 3a-
MHCAIX KOJI MPOrpaMu, Jie BKa3aHo 4ac, BiAMOBIIHI
eKCIEepUMEHTANIbHI JaHi 1 QyHKIS Rxx, sSKa BU-
3HAYa€ aBTOKOPEIIALLIIO.
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Pucynok 5 — I'pagik HopmoBaHoi aBTOKOpesuiiiHol pyHkuii R (m)
JJIS1 BeJIMYMHA MOMEHTY Ha J0JIOTi

[l Exponential Fit

-

oo (SRS %

i Info

Please press the right mouse button for the
graphing features menu. Press F1 for help.

5 = 0.02183574
r=0.99593118

4 8% 7

Y Axis (units)

X Axis (units)

L
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Pucynok 6 — I'pagix HopmoBaHoi aBTOKOpensuiiiHol pyHKUII A1 MOMEHTY HA 10J10Ti

Otpumanu rpadik HOPMOBAHOI aBTOKOpPEIs-
uiitnoi dpynkuii R, (m) (puc. S).

I'padix aBTOKOpensmiiHOI GYyHKIIT MiaTBEp-
JDKYE, 0 JOCIIIPKYBAaHUN CTOXACTHYHHUHN IMPOILIEC
M(t) € cTanioHapHUM 1 €prOAUYHHM.

BinTBopunu aBTOKOpENAIiHHY (QYHKIIO B
nporpami Curve Expert mjis migTBepIKeHHs, IO
naHa (YHKI[S € HAMKPaIOo JUIS HAIIOr0 BUIIAAKY
1 17151 3HAXOKEHHS MepelaBaabHOl (YHKIIIH.

[IpoanamnizyBaBIM TpU PIBHSHHS, BHOHMPAEMO
CKCIIOHCHI[IaIbHE PIBHIHHS:

R, (k)= De*, (11)

ne D=1,065; a=-4.781.
[MoGynyemo rpadik aBTOKOpENSHiHHOT QyHK-
1Iii, 10 ONMUCYIOTHCS JTAHUM PIBHSAHHIM (puc. 6).

Ak Gaummo, Tpadik IMOBHICTIO BIATBOPIOE BHIIC
HaBEJIeHY aBTOKOpeLidHy (yHKIifo 3 Koedii-
eHToM Kopesii r=0,996.

BigzHauumo, 1110 npH CTAaTUCTUYHOMY aHai3i
CTalliOHAPHUX BHIMAJAKOBUX (DYHKIIH 3py4HO KOPH-
CTYBAaTHUCh CIEKTPATBHOIO TYCTHHOIO BUIIJIKOBOI
¢ynkuii. CriektpaibHa TYCTHHA € JIONaTHOK (yH-
KIII€I0 y BCbOMY Jiana3oHi yactoT Big 0 mo co. Bo-
HAa HE MICTHTb BiJIOMOCTEH Mpo (a3u OKpeMHX ra-
PMOHIYHHMX CKJIaJ0BUX. 3a JOMOMOI'OI HABEACHOI
¢dopmyau (11) MokHa BHU3HAYUTH CICKTPAIbHY
T'YCTHHY.

3acrocoByloun 10 KopensmidHoi  (QyHKIIT
R(1)=De™™ meperBOpeHHs, BH3HAUMWIN CIICKTpa-
JIbHY TYCTHHY 3a (opmysioro [3]:

7 )
12 )
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Pucynoxk 7 — I'pagik cneKTpaibHOI T'YyCTHHH AJ1 MOMEHTY HA J0J10Ti
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Pucynok 8 — I'pagix ADPX ¢opmyrouoro ¢inbTpa
AJ1sl BAMIPIOBAHHS BeJIMYMHM MOMEHTY HA J0J10Ti

s piBasiaas (13) Tpadik criekTpaibHOl T'yc-
S(w)= 2'[50 De %) cos wrdw = % ,(12)  TumM 306[£)a)KeHI/II71 H(a p%lc.p7fb
a”+o OTtpumaHi pe3ysbTaTH JAl0Th 3MOTY BU3HAYH-
ne D =1,065 a=—4.78. TH BJIACTUBOCTI (hOPMYIOUOro (iIbTpa.
[TizcTaBuBIM 1aHi B 1€ PIBHSIHHS, OTPUMAIIH: JlilicHo, 4YacTOTHa TmepelaBalbHa (QYHKIIIS
10.195 Wy(jow) dbinpTpa 3B’s3aHa 3 CIIEKTPAILHOIO I'yCTH-
S(w) = : 5 (13)  How0 S(®W) hOpMYrOUOro CUrHATy HACTYHHHM CITiB-
2287+ w BiHOIIICHHSM [3]:

3a OTpUMaHWUMH JTAHUMH TTO0YTyBali 3aJIeK- {Wy(j0)}*=S(o). (14)
HICTh S Bil @, BHUKOPUCTOBYIOUH MPOrpaMy Jlnst mouryky dyHKIi Wy(jo) HeobxiaHo pos-
MathCad. KJIACTH CHEKTpallbHy TYCTHHY S(@) Ha CHpsbKeHi
o= Fxx(k) MHOKHUKU Wy(jw) 1 Wy(jw). 3 unx 1BOX MHOXK-
HUKIB (I3UMYHO peanizyeMo y BUTIsAL (inbTpa
z = cfft(n) JIUIIE TP MHOKHUK, B SIKOMY HYII 1 MOJIOCH
' (KOpeHi uncenbHUKa 1 3HAMEHHUKA) 3HAXOAATHCS Y

i=0_length(z) — 1 BEPXHIH MIBILIOIIKHI. '
- Jnst curHanmy 3 eKCIIOHEHIIAIbHOI KOpers-

ﬁi = |zi| uiitnoto gynkmiero (11) maemo [3]:

o 2Da N2Da N2Da
W, =i S(@)=———5 == IR (1)
a“+o ot jo a—-jo

( 13
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3Bincu wacrotHa ¢yHKIisS (i3MYHO pearizo-

BaHOTO (piIbTpa:
N 2Da

We(jo)= (16)

Busenemo rpadiku aias ACDX (dhopMyro40ro
¢inpTpa 3a mornomororo mporpamu MathCad.

Pl(w) = 15.269 ) Ql(w) = 3.193w

(22.866+ w 22.866+ W2

w = 0,0.002. 50(

BucHoBok. AHaji3 CTaTUCTHYHHX XapakTe-
PUCTHK MOMEHTY Ha [ONOTI y mpoueci OypiHHi
CBEPUIOBHHH eneKTp06yp0M E170-8 noeis, 1110
JOCIIUKYBaHUA NPOLEC ITIANIOPSAKOBYETHCA HOP-
MaJBHOMY 3aKOHY PO3IOJILTY Ta Ma€ EKCIIOHEHITia-
JIbHY aBTOKOPENSLIMHY (YHKIIIO, IO JTO3BOJIAIO
BHU3HAYHTH CIEKTPAIIbHY TYCTHHY JIOCHIJKYBaHO-
r0O MpOIleC 1 aMIUTITYIHO-(pa30By XapaKTEPUCTUKY
dbopmyrouoro iasTpa.

Otxe, sIK anpiopHy Mojenb QIyKTyamid Mo-
MCHTY Ha J0JIOTI MOXXHA MPHIHSTH MOJCIb CTPY-
kryp (1), B sKiH x(7) — CTaHIOHapHI/II/I €proANYHHMI
raycciBCbKUH BHITQJIKOBHI TpOLIEC, 1 PO3TIsAaTH
BUIAJOK, kKonu M(f) = x(¥).
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