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Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonoausi xoHe
MmexHUKarbIK fbifibiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfaH HyckKachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apsiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xoHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, asmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MmexXHUKasbIK fbliibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexXHUKarbIK FblribiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bl 6irndipeodi.

HAH PK coobuwjaem, ymo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu u mexHu4eckux
Hayk» 6bln npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, ob6HosneHHol eepcuu Web
of Science. CodepxxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOmpeHUs: KoMmrnaHuel
Clarivate Analytics Onisa danbHetiweezo npuHmus xypHana & the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3dameniell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCMpupyem Hawy rnpueepxeHHoCmb K Hauboriee akmyarnbHOMY U 8/USIMEsIbHOMY KOHMeHmMy
10 2e0/102UU U MeXHU4YeCcKUM Haykam Orisl Hauleeo coobwecmsa.
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MODELING CAPACITANCE OF CAPACITIVE TRANSDUCER

Abstract. The modern circulating electrical machines used to produce electric power and act as drivers are
wide spread in electric-power industry. One of the typical mechanical troubles electrical machines encounter is rotor
eccentricity. It is usually accompanied by non-uniformity of air gap between stator and rotor and formation of
additional magnetic fields in it which leads to deterioration of electromechanical features of electrical machines and
increase in electric power loss. With a large displacement of the rotor, the rotor core starts to rub against the stator
core. It is accompanied by fairing of cores and overheating. Severe overheat of rotor core can lead to rotor coil
burning-out, and overheat of stator core is accompanied by accelerated thermal deterioration of insulation and a
subsequent fault in its coil. This can lead to total damage of the machine. Nowadays, rotor eccentricity can be
determined by using methods based on measuring values which are caused by additional magnetic fields. However,
the sensitivity of the methods mentioned is limited by the need of considering the interferences due to variation of
mains settings and loads. In this sense, capacitive sensors used as measuring capacitive transducers are known to be
more perspective diagnostic means for determination of rotor eccentricity. However, there are no methods for calcu-
lation of parameters of such measuring transducers with complex geometry of electrodes.

The current document features a simple method for calculation of a capacitive transducer with electrodes of
various shapes. This method comprises modeling the transducer electro-statical field using nets method and calcula-
tion of capacitance based on the empirical formula proposed. As an example, the method efficacy is checked by
determination of plate capacitor capacitance using the method proposed and classical formula. It was demonstrated
that the modeling accuracy did not exceed 5%.

The example included evaluating a capacitance for electrodes with toothed rotor of electrical machines and with
different positions of capacitive transducer plates relative to rotor slot opening. This document also contains the prin-
ciple of forming boundary conditions and electrostatic potential distribution patterns, and the calculation of
capacitance.

Key words: diagnostics method, rotor eccentricity, capacitive transducers.

Introduction. In electric-power industry, for example, when diagnosing moving parts of electrical
machines (EM) the capacitive transducers (CT) [1-4] are widely used because they provide simple
operation and reliable performance. As it is known, changes in transducers capacitance can happen both
due to movement of target machine part and its circulation on a shaft. The example [4] shows measuring
rotor eccentricity during operation when one of CT electrodes has constant geometrical sizes and the other
one represents a circulating toothed rotor core as shown in the figure 1,a: where 1 and 2 — stator and rotor
cores; 3 — armature key; 4 — CT electrode; 5 — EM air gap.

Since CT capacitance during rotor circulation changes both because of rotor eccentricity value and
open slots of rotor that follow along its electrodes development of methods for diagnosing EM rotor
eccentricity is simply impossible without modeling transducer capacitance value depending on the
conditions mentioned.

As it is known [5-9], there are many ways that facilitate calculation of capacitor capacitance with
various electrode shapes. However, their analysis has shown that it is too difficult to use some of them
even equipped with computer technology. Some of them describe only particular cases for electrode
surfaces and others cannot provide the required accuracy.
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Figure 1 — EM specific design features and calculation diagram

In connection with this, electrical capacitance of two electrodes with various shapes can be calculated
the following way.

According to [10-15] electro-statical field density in any point between the two electrodes of the
capacitor is a constant value. In light of this and the figure 1:

E-U_92-01_A9 (1)
d y,-y1 Ay
where ¢; and ¢, - electro-statical field potentials in points 1 and 2 with respect to lower capacitor plate;
y1 and Yy, - coordinates y of points 1 and 2;. U and d - voltage and the gap between capacitor electrodes.

Then, taking into consideration equation correlations (1) in order to determine the capacitance of air
plate capacitor we can use the following empirical dependence:

C= 801112 P2~ %1 = 801112 A(P ’ (2)
Y2 =¥ Ay
where 1; and |, - breadth and length of capacitor electrodes; g, - electrical permittivity of vacuum.
Since the capacitor electro-statical field is potential and there are no free electro-statical field sources
in it then taking into consideration the diagram in the figure 1 and [13-17] the field can be described by
Laplace equation:

0%p/ox? +8%¢/oy? =0. ?3)

Analysis of [17-20] makes it clear that it is hard or sometimes impossible to get an analytical
expression from direct solution of equation (3) with complex electrode shapes whereas the net method
provides a simple answer. Here, partial Poisson equations [21-23] (3) for i, k — th node in the figure 2 are
replaced by expressions:

a%x _ Px@k+1) T 205 (i,k) + Px(ik-1) . )
oy> = 12 ’
0%¢, _ Ox(irLk) = 2Px(i k) + Px(i-1k)

(%)
0z7? h?
As aresult in i, k — th node electro-statical field potential can be described as:
1
Px(ik) = Z((Px(i+1,k) T Ox(i-1,k) T Px(ik+1) T Px(i,k-1) (6)
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The efficacy of the mathematical model for solution of such issues can be easily demonstrated in an
example with determination of capacitance of air plate capacitor [24-25]. According to [10] and the figure
1,6 plate capacitor capacitance is:

C=golly/d- )

When using the net method for modeling electro-statical field between MF electrodes the area in
question is divided into squares with the help of k,, + 2 horizontal and i, + 2 vertical lines as shown in the
figure 2 with square side h. When k - th horizontal line crosses i - th vertical line it forms i, k - th node
where k,, and i,, - number of nodes in target area in vertical and horizontal direction where electro-statical
field potential is calculated based on equation (6). In the figure 2 these nodes are located in the area
outlined with dotted line. Electrode breadth 1, of capacitor and distance d between its electrodes on
calculation diagram can be described according to:

11=X2—X1 anddZY2—y1: (8)

where x,, X, and y,, y» - coordinates of capacitor electrodes in cells.

Y h

h

¥

¥1

¢=0

X

Figure 2 — Calculation diagram

When modeling the electro-statical field the upper electrode potential y, is assumed to be equal to one
and the lower one o, is to zero. After iteration procedure, all nodes with coordinates k =0 and k =k, + 1
are assigned nodes potentials with k = 1 and k = k,, and all nodes with coordinates i =0 and i =i, + 1 are
assigned nodes potentials with i = 1 and i = i,, which is boundary conditions for the given type of task.

Potentials of each node within outlined area are calculated with the help of computer based on
iteration method which assumes potential calculation beginning from the left lower corner and then back
from the right lower corner of the area. After each iteration procedure boundary conditions are reset again
and iteration number is chosen so as to minimize errors.

After calculation of potentials in nodes the capacitor capacitance can be calculated using
mathematical expression (2) as

N N
200 /N=g 2.0n
C=gglil, 1 — —e 1], L )
0412 h 04142 Nh

¢, - potentials of all nodes adjacent to electrode with @; = 0; N - number of nodes adjacent to CT electrode
with ¢; = 0. In the figure 2 all nodes that adjacent to electrode with potential ¢, = 0 are marked with dots.

As one can see from the mathematical expression (9) (which defines capacitance through traditional
method [10] with constant plate characteristics) the capacitor capacitance depends on the distance between
the plates that is determined by air gap which sizes are shown in the table.
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EM air gap
Revolutions Gap, mm, with engine power, kW
per minute, rpm Upto0,2 0,2-1 1-2,5 2,5-5 5-10 10-20
500-1500 0,2 0,25 0,3 0,35 0,4 0,4
3000 0,25 0,3 0,35 0,4 0,5 0,65

If for calculation diagram in the figure 2 we assume h = 0,01 ™, k,, = 11 and i, = 11 cells and
coordinates x; = 3, X, = 9, y; = 4, y, = 8 then potentials modeling results in nodes can be presented as
tables shown in the figure 3.

A.AA | H.¥6 A A.¥5 H.¥V4 | A.A8

k“lﬂ.?ﬁ B.76 A A.YS ©B.74 | A.74
A.75 ([ B.Y5 A A.74 ©W.¥Y3 | A.73
a.73 | 8.73 8 a.7Y3 8.71|8.71
a.ev¥ | B8.67 8 a.7d 8.67 | B.67 ¢=1
a.58 (8.58 @ A.63 B8.61 | d.61
a.49 (8.49 @8 a.51 8.51 | a8.51
a.39 (8.39 a8 a.40 B8.41 | 8.41
a.33 | 8.332 a8 a.38 8.33 | 8.33 ¢=U
a.29 (8.29 8 . a.24 8.27 | 8.27
B.26 | 8.26 8. a. a.23 8.25 | 8.25

1 8.25 | 8.25 0.24 8.23 0. A8.20 B8.21 8.23 8.24 | 0.24
a.680 ([ 8.25 B8.24 B8.23 0. B.20 B8.21 8.23 B8.24 | 0.808

1 im

Figure 3 — Potentials modeling results in nodes of electro-statical fields of two-plate electrode

Then, CT capacitance calculated based on mathematical expression (9) using net method amounted
to 1.55pf and 1.442pf accordingly. The net method accuracy was 7.001%. Therefore, such method for
determination of air CT capacitance is simple and provides sufficient accuracy within the diagnostics
system.

Based on the model proposed it is easy to calculate CT capacitance variation of asynchronous motor
(AM) rotor with open slots. If we assume CT breadth 1;, air gap & and rotor slot opening breadth by, equal
to 5, 3 and 3 cells then potentials modeling results in nodes with CT electrode located above rotor slot
opening can be presented as tables shown in the figure 4. Then, CT capacitance was 2.628pf. At the same
time when CT electrode was located above the middle rotor tooth the capacity amounted to 2.736pf, as
shown in the figure 5.

=0

[ s ucn] [
48]
=]

8.19 B8.14
3 8.18

Qoo oo@@
QoL@

oooooDo@
=
3%
ooooDooDo@
=
35
ooooDooDo@
=
35

00 |A.00 N.P8 B.08 0.00 ) B8 B.08 0.0
1 =0 ¢=0 im

Figure 4 — Potentials modeling results in nodes of electro-statical fields of plate electrode
and air gap area above AM slot opening
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o=1 =0 ¢=1

B.88 [1.88 1.88 1.0 A.B0 B.B0 B.A0 B.88 B.B680 1.0 1.8 1.08 |B0.88
Km 1. T 3 0.00 A [ 1.08
.62 (B.62 B.58 B.48 ©.30 B.16 6.13 6.15 B8.25 ©.44 B.59 B0.65 (0.65
.41 (A.41 B.38 B.32 B.Z24 A.1¥VY H.14 B.16 A.21 B8.30 B.38 0.42 |@3.42
8.22 (8.232 B8.22 B8.19 B8.16 B8.12 B8.12 B8.12 B8.14 B8.18 B8.22Z 08.24 (0.24
A.88 i 8.9 B.88 0.08 a.8a
8.88 B8.84 B8.85 8.85 a.88
8.68a8 B8.82 ©8.82 8.83 a.86
8.68a8 8.1 B8.82 08.82 a.86
8.68a8 B8.81 8.81 B8.81 a.86
8.68a8 8.8 B8.81 6.81 a.86

1 o.06 BH.80 0.8 B6.88 a.686
8.68a8 8.0 8.0 B.80 O.80 B.60 B.00 0.08 |0.08

=0 I

Figure 5 — Potentials modeling results in nodes of electro-statical fields of plate electrode
and air gap area above middle tooth of AM rotor

Thus, CT capacitance with AM rotor can be determined the following way:
Cun = Cuno + Com 8in (275 1) (10)

where C,,0 and C,ym - constant component and CT capacitance variable amplitude; f, = nZ, / 60 - CT
capacitance variable amplitude frequency; n - rotor rpm; t - time.

According to the net method in the figure 4 capacitance values are C,;o = 2.682pf and
Cunm = 0.054pf.

The example mentioned shows it obviously that the method proposed allows simple and quite precise
modeling CT capacitance, for example, for diagnosing rotor eccentricity regarding electrode shapes.

A. O. IOcyrmBal, A. H. HoBoxuioB', T. A. HoBosxuioB'

'C. TopaiirsIpoB aThiHgars [1aBI0Iap MEMIIEKETTIK YHHBEPCHTETI,
*OMObI MeMIIeKeTTiK yHIBepcHTeTi, OMOBIO Peceit

MOJEJBIEY 3JEKTP ChIbIMIABLIBIFBIH OJIIIEY TYPJIEHIIPTILI

Annoranus. Kazipri 3aManfbl aifHaIMalisl 2JIEKTp MalllnHAIAPhI SJIEKTP PHEPTeTUKACKIHAA JIEKTP SHEPTUSCHIH
OHJIIpY YIUIH JXoHE J)KETEK peTiHje KeHiHeH Kojaanbuiansl. Onap/blH ©31He TOH MEXaHUKAIIBIK 3aKbIMIaHYbIHBIH 0ipi
POTOPJBIH AKCUEHTPUCUTETI OOJIBIT TaObLIa bl ONETTE OJI CTATOP MEH POTOP apachIHIAarbl 9ye CaHbUIAYBIHBIH
OipKernKi eMecTiriMeH oHe OHJa KOChIMIIAa MarHUTTIK epicTepAiH maiina OomysiMeH cyiiemenaeneni. by sxarnaii-
JapAbIH 09pi 3JEKTp MalIMHATIAPBIHBIH MEXaHUKAIBIK CHIIATTaMaJIapblH HaIlapiiayblHA )KOHE 3JIEKTDP SHEPTUSICHIHBIH
IaMasial ThIC HIBIFBIHAHYHa oKenendi. Erepie poTOpablH KBUDKYHI YIIKEH OoJjica OHZIa POTOPABI ©3€Ti CTapTop
©3€TiH YiiKemnel Oactaiinpl. by e3ekTepiH KpI3ybIHA OKeTl COFaabl. POTOPIBIH ©3eTi KaTThl KbI3Ybl POTOP OPaMBIHBIH
OaNKyblHA OKEI COFYbIHA MYMKIH, aJl CTapTOPJABIH ©3€TiHiH KbI3ybl CTapTOp OpaMBIHBIH OKMLIAyJIaFbIIIapbIHBIH
XKBUIYJIBIK KapTalyblH Te3eTel KeiiHeH opaMaapaa KbICKa TYbIKTAAmynap Oosansl. By perTe aJieKTp MalluHACK
TOJIBIFBIMEH ICTEH IIBIFaMbL.

Kaszipri yakpITTa pOTOp/bIH IKCIIEHTPUCUTETIH aHBIKTAY YIIIIH HETi3iHeH KOCHIMIIIA MarHUT ©piCTepiHiH Maiiaa
OoNlybIHaH TyBIHJAaFaH HIaMajiap/bl OJIIIeyre HETI3AeNreH SAiCTep KOoNJaHblIaasl. bipak omapiblH ce3iMTasIbIFbl
KOPEKTEHAIPYIIi JKENIIHIH 3JCKTp MapaMeTpiiepiHiH TepOeTiCiHeH JXKOHE KYKTEMECIHEH TYBIHIAaFraH KelepriiepicH
ayBITKYJIBIH KaKETTUIIriMEH mektenesi. by skarmaiiia poTOpABIH AKCLEHTPUCHUTETIH IMAarHOCTHKAajay >Kyhesnepi
YIIiH eJImeyinl TYPJASHIIPTill peTiHae ChIHBIMABUIBIK AATYUKTEP ITaiiiaaHy HEeFypiIbIM OoJialarsl OOJIBIT TaObI-
nansl. Analia 3J€KTpoATapAbIH KypAedi (opMachIMEeH OCHIHAAN ejmeyilll TYPJSHIIPTilTiH HapaMeTpiepin
ecerTey dici KoK,

Y CHIHBUTFaH JKYMBICTa DJICKTPONTAPABIH €pKiH (HOpMacHIHAAFBl CHIMBIMABUIBIKTEI OJIICYINl TYpPIACHIIPTIIITI
ecenTeyIiH KapamaibiM dfici YCHIHBUIFAH, OYJI TYPICHIIPTIMITIH 3JIEKTPOCTATHKAIBIK OPICiH TOp dHiciMEeH MOJEI-
JIeyTe KoHE KeNTIPUITeH IMIAPHUKAIBIK (popMyna OOWBIHINA CHIMBIMABUIBIKTEI ecenTeyre HerizaenreH. Ochl omicTiH
0apalbapIbIFbIH XKa3bIK KOHJICHCATOPBIH CHIMBIMIBUIBIFEIH aHBIKTAY MbICATIBIHIA TEKCEPY JKY3€re achIpbUIIbI, OHBIH
[IaMachl YCBHIHBUIBINT OTHIPFAH OMICTI MaifjajgaHa OTHIPBII JKOHE KIACCHUKAJIBIK (opMyna OOMBIHIIA aHBIKTAJFaH.
MopgenbaeyaiH Kareniri 5%-1aH acnajpl.
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Byn omicti KonmpgaHy MBICaibl pETiHIE JIEKTP MANIMHA POTOPBIHBIH TICTI OeTi Oap JEeKTponaTap YIIH CHIHBIM-
JBUIBIKTBI aHBIKTaybIHA KATBICTHI OJIIEYIIl TYPICHIIPrill IUIACTUHACHIHBIH TYPJI KaFJaislapblHOa >Ky3ere achl-
pouinel. COHBIMEH Kartap, IISKapajblK >KaFgaiylapAbl KalbIITACTBHIPY NPHHLIHUI JKOHE 3JIEKTPOCTATHKAIBIK Opic
MOTEHIMAIIapBIHbIH Tapaly cyI0ackl KeNTipiireH, COHIal-aK ChIHBIMIBUIBIKTAP €CENTENTCH.

Tyitinaik ce3aep: QUarHOCTHKA dJiCTEMECi, POTOPIBIH KCHEHTPUCHTETI, CHIMBIMIBUIBIK OJIICYIll TYpJIeH-
Jiprimrep.

A. O. IOCyHOBal, A. H. HoBoxuios', T. A. HoBosxuios'

'Masnonapckwuii rocynapcTBennsiii yausepeuter um. C. Topaiireiposa, Ilasnonap, Kasaxcran,
OMckuil rocynapcTBeHHbIN yHIBepcuTeT, OMcK, Poccust

MOJIEJIMPOBAHME JJIEKTPUYECKOM EMKOCTH
MN3MEPUTEJIBHOI'O TIPEOBPA3OBATEJIA

AnHoTanusi. COBpeMEHHbBIE BPALIAIOMINECS AIEKTPUUECKUE MAIIUHbI MIHPOKO HCHOIb3YIOTCS B JIEKTPOIHEP-
TeTHKE Ul MPOM3BOJCTBA NIEKTPOIHEPrMM W B KadecTBe HpuBoAa. OIHUM M3 UX XapaKTEPHBIX MEXaHHYECKUX
MOBPEXICHUH SBISIETCS] SKCLEHTPUCUTET poTopa. OOBIYHO OH COINPOBOXKIAETCS HEPABHOMEPHOCTHIO BO3YIIHOTO
3a30pa MeXIy CTaTOPOM U POTOPOM M BO3HHUKHOBEHHEM B HEM JIOMOJHUTEIBHBIX MAarHUTHBIX noJieil. UTo npuBoauT
K YXYIIIEHHUIO 3JIEKTPOMEXaHUUYECKUX XapaKTEPUCTHK 3NEKTPUUECKONW MAIIMHBI U yBEJIUYEHHEM IOTEeph 3JIEKTPO-
sHepruu. IIpy GONBIIOM CMENICHHH POTOpa CEpACYHHMK POTOpa HAaUWHAET TEPEThCs O CeplIeUHHK craropa. YTo co-
MIPOBOXKIAETCS «3aJM30M» CEPJCUYHUKOB M MX pa3zorpeBoM. CHIIBHBIN pa3orpeB CepACYHMKA POTOPA MOXKET ITPUBECTH
K BBIIUIABJIICHUIO OOMOTKH POTOpA, & pa3orpeB CepACYHMKA CTATOpa CONMPOBOXKIACTCS! YCKOPEHHBIM TEIUIOBBIM CTa-
pEHHEM HM3OJLIUM U TOCIEAYIOINM KOPOTKMM 3aMBIKaHHEM B ee OOMOTKe. B Takmx ciydasx MamiiHa MOXET
MOJTHOCTBIO BBIMTH U3 CTPOSL.

B nHacrosmee Bpemsi 17151 BBIABICHHUS SKCIEHTPUCUTETa POTOPA B OCHOBHOM HCIIOJIB3YIOTCSI METO/IBI, OCHOBAH-
HbIE Ha U3MEPECHUM BEIWYMH BBI3BAHHBIX MOSBICHUEM JONOJIHUTEIBHBIX MAarHUTHBIX Mojied. OJHAKO UX YyBCTBH-
TEJIbHOCTb OTPaHMYEHA HEOOXOAMMOCTBIO OTCTPOWKM OT MOMEX, BBI3BAHHBIX KOJIEOAHHWEM 3JIEKTPUYECKUX Mapa-
METpPOB MUTAIOLIEH CeTH U Harpy3ku. B aTom oTHOIIeHHH 00j1ee MepCHeKTHBHBI CUCTEMbI TMArHOCTUKH 3KCLEHTPH-
CUTETa POTOpa, Y KOTOPHIX B KauecTBE H3MEPHUTEILHOTO MPeoOpa3oBaTelisi UCIOJIBb3YIOTCS €MKOCTHBIE NaTYHKH.
OyHaKO METOJ pacuera MmapaMeTpoB TaKMX W3MEPHUTENHLHOTO MpeoOpa3oBaTelsl CO CI0KHON (OpMOIl AIIeKTPOIOB
OTCYTCTBYET.

B npemraraemoii paboTe npeioxeH MpoCcToi METO pacueTa eMKOCTHOTO M3MEPHUTENIFHOTO NpeoOpa3oBaTes
C TPOM3BOJILHOM (OPMOH BIEKTPOAOB OCHOBAaHHBIH Ha MOJIEIMPOBAHMM JIEKTPOCTATUYECKOTO MOJIS 3TOTO TIpe-
00pazoBarelisi METOZIOM CETOK M Pac4e€TOM €MKOCTH I10 MIPUBEICHHON AMITUprUIecKoit Gpopmyre. OcymiecTBieHa Ipo-
BEPKa aJEKBATHOCTH 3TOTO METOJAa Ha IIPUMEPE OMPENENICHNUSI EMKOCTH IUIOCKOTO KOHJICHCATOpPa, BEIWYMHA KOTO-
pOro OIpenensuiach C HCIOJIB30BAHUEM IIPEUIaracMoro MeToja W Mo Kiacchmdeckoi ¢opmyre. Ilokaszano, dro
MOTPEITHOCTh MOJICIMPOBAHUS HE MTpeBbIcHIa 5%.

B kauecTBe mpuMepa HCIOIb30BaHUS 3TOTO METOJA OCYILIECTBICHO ONpENeNIeHHe EMKOCTH VISl 3JIEKTPOIOB C
3y04aTOil IOBEPXHOCTBIO POTOpa AIEKTPUYECKOH MAIIMHBI B PA3HBIX IOJOXKEHUSX IUIACTHHBI H3MEPHUTEIBHOTO
npeoOpa3oBaTessi OTHOCUTENIFHO PAacKphITHS Ia3a. Takxke MpuBeAeH MpUHIMN (OPMHUPOBAHUS TPAHUYHBIX YCIOBHI
U KapTUHBI pacipeeeHns: HOTeHIUAIOB 3JIEKTPOCTATUUECKOI0O OS], @ TAKXKE PACCUUTAaHbl EMKOCTH.

KaioueBble ciioBa: MeTOqMKa JHAarHOCTHKH, DKCIEHTPHCUTET POTOPA, EMKOCTHBIE M3MEPUTEIbHBIE peodpa-
30BaTeNN.
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