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YacroTrHa Jokajgi3aliss Ta OWIHIOBAHHS MapaMeTpPiB CHUTHAJY TeCTyBaHHA

00MOTKH cTaTOpa TPU(PA3ZHOr0 ACHHXPOHHOI0 IBUT'YHA

Edhexmuena excniyamayis enexmpuiHo2o pyxomozo cKaady 3ani3HUYb MOJCIUBA MINbKU 34 YMOGU NIOMPUMAHHS
docmamubo 006p020 MEXHIUHO20 CINANY MA20BUX eNEeKMPOOBULYHIE, 30KpeMa MPUDAZHUX ACUHXPOHHUX.

Basiciusa cxnadosa ionogioHux 3axo0ié — GUMIPIOGAHHS eNeKMPUYHUX NApamempie 0OMOMOK CMAamopa ulisixom
nooamHs mecmogozo cuenany. Toumicmv 6UMIpIO6anb NOZIPULYIOMb 3A6a006I cmpymu 6 yil oomomuyi. [ns it
niosuwenHs, a 6i0maxk — OibU MOYHO2O BUSHAYEHHS! MEXHIYHO20 CMAHY O8USYHA, HEeOOXIOHO HAYKOBO 0OIPYHMYEAmu
VMOBU, CRPUSIMAUBIE OJIsl NPOBEOEHHSL BKA3AHUX BUMIPIOSAHL. Y pobomi usHAUeHO Jianda3on Yacmom msizo068020 CIMpymy,
BInbHULL 610 3aB8a0, AKI MAIOMb Micye 6 CMAYIOHAPHOMY POOOYOMY pedcumi msic08020 MPUDA3ZHO20 ACUHXPOHHOO
oguzyna. 3anpononogano obupamu 6ud i napamempu CUSHALY MAxK, wob 1020 CHeKmp PO3MAUOBYBABCL 8 YbOMY
Oianasoni. Pospobieno mamemamuuny npoyedypy OYIHIOBAHHS NAPAMEMPIE MeCmo8020 CUSHANLY 3 YPAXYBAHHAM
3AMUUKOBUX 30640, POSMAUOBAHUX Y BUSHAUEHOMY 0Iana3oHi yacmom. Buxopucmano mMemoou cnekmpanbHo20 ananizy
3a6a008UX CUSHANIG, A MAKONC MemoO OYIHIOBAHHS NAPAMEMpIE 3a KPUMEPIEM HAUMEHWUX CEPeOHiX K8aopamis.
Llnaxom KOMRN 1OMEPHO20 MOOEMOBAHHA NPUKAAOY BUKOPUCMAHHA CUHYCOIOHO20 MECMO8020 CUSHANY 3 6I00MOI0
YACMOMOI0 BU3HAYEHO MOYHICHI XAPAKMEPUCTUKY MAKO20 OYIHIOBAHHS 8 UUPOKOMY Olana3oni aMniimyo iMRYIbCHOL
3a6a0u i CIMyneHs nepekpumms CUSHaLy ma 3a6aou 6 4aci.

Knwuosi cnosa: mpughaznuii acunXpoHHuil O8USYH, MECMOGUIl CUCHAT, 3A6a0d, CHEeKmp, HAUMeHWU cepeoHill
Keaopam.

Beryn

3HAaXO/DKEHHs B HIA NPUCTPOIB, HE TIOB’S3aHUX 13

KoHTponb eNeKTpOHHUX TPOLECIB 1 MapamerpiB
OOMOTOK ~ €JIEeKTPOABHUTYHIB € OCHOBOIO TEXHIYHO ¥
€KOHOMIYHO e(eKTUBHOI eKCIUTyaTalii eIeKTPHIHOro
PYXOMOro CKJaay 3aii3Huilb. PoOOTI KOHTpPOJIOKYUX
MPUCTPOIB  3aBa)KAIOTh  EJIEKTPOMATHITHI  BIUTHUBH
30BHIIIHIX 1 BHYTPIIIHIX BiIHOCHO JBUTYHA YUHHUKIB, SIKI
CYTTEBO CIHOTBOPIOIOTH E€NEKTPHYHI KOJNWBAHHA, IO
HECyThb  KOHTPONbHY iHQopmamio. Ile  cTBOpIOE
MePeAYMOBU U TMOXHWOOK y MPHUHAHATTI PIllleHb MIOAO
cTaHy OOMOTOK. 3pOCTae HACHYEHICTh EIEKTPOPYXOMOIO
CKJIaly ~HOBHMH  CIIEKTPOHHHMH  IPUCTPOSMH  —
JDKepeTaMHu  3aBajJ, a TaKOoX yPI3HOMaHITHIOIOTHCS
BUKOPHCTAaHI B HHUX EJIEKTPOMATHITHI KOMWBaHHA. Tomy
3pocTtae W KIIBKICTH 3aBajg pPoOOTI KOHTPOIOIOUHIX
mpuctpoiB. Uepe3 me 3pocTae akTyaJdbHICTh BUPIMICHHS
3aBJAHHS  JIOKaJi3alii KOHTPOJIBHOTO CHTHATy B
3aBaJIOBOMY OTOUYEHHI Ta OIIHIOBaHHS 1H(MOpPMAIIHHUX
mapaMeTpiB IIHOr0 CUTHAJIY 3 YpaXyBaHHAM Il 3aBajl.

IMocTanoBka mpodaemMu i aHadiz gocaigxeHb i
nyoaikaniii
EnexktpoHHi mpHCTpOi MIarHOCTHKH  TSATOBUX

ACHHXPOHHHUX JBUTYHIB MpAIIOIOTh B YMOBax CKIAJHOL
€IIEKTPOMAaTHITHOI 00CTaHOBKH, HE OpPI€HTOBAHOI Ha

CHJIBHOCTPYMOBUMH NIPOLIECAMH.

OjiHaK TOTEHILIHHI BHUIOAM BiJ ONEPATHBHOI'O
oTpuMaHHs iHGOpMALl MPO TEXHIYHUH CTaH JBHTI'YHA
IUIIXOM HENPsIMOTO CIIOCTEPEXEHHs IapameTpiB Horo
SNIEKTPUYHHUX BY3JIIB CTUMYIIOIOTH POOOTH B Hampsimi
JOOCTDKEHHS BIUIMBY BEIMYMH LUX IapamMeTpiB Ha
napaMeTpu JIONOMDKHHX CIa0KOCTPYMOBUX KOJHMBAaHb,
aJIUTUBHO JTOJAHMX O CKJIAIy TATOBOrO CTpyMy. Maroun
CTpYKTYpy Ta (abo0) mapameTpu, IO BigpPi3HAIOTHCS Bil
AHAJIOTIYHMX TIOKA3HUKIB TATOBOTO CTPyMY, IIi BHECEHI
KONMBaHHS  3a0e3Ne4yloTh  OTPUMAHHA  JOJAaTKOBOI
iH(popMaIii Ipo TeXHIYHUNA CTaH ACHHXPOHHOTO JABHUTYHA.
Y poborti [1] po3riasHyTO KOHTPOIb MI>KBUTKOBOI 130JIAII11
NUIAXOM aHaJi3y eJIeKTPUYHUX IPOIECIB, SKI BUHUKIN
npu 30y/DKEHH] eNeKTPHYHUX YTV MICISIX MIKBHTKOBHX
npoboiB. Takmit cnoci® morpedye  3acTocyBaHHS
BHCOKOBOJIBTHOTO TECTOBOTO CHTHAlTy i HE MOXe OyTh
3aCTOCOBAaHMN HAa [BWTYHI, SIKHA 3HAXOAWTHCS B
pobouomy pexmmi. Ilimxim, OMU3BKHAN IO OMMCAHOTO,
3acTOCOBaHO B po0OoTi [2], ame Tam 3amporoHOBaHO
KOHTPOITIOBATH TapaMeTpyd OOMOTKH IIUISXOM KOHTPOIIO
PE30HAHCHOI YacTOTH KOHTYpPY, NOOymoBaHOTO Ha 0asi
i€l oomotku. [IpakTraHi 0OMEKEHHS — Ti caMi, o W s
Ppe3ynbTaTiB MonepeIHpoi podboTH.
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ABTopamMu ctatTi [3] pO3IISIHYTO MOMITHBiCTb
BHECEHHS B OOMOTKY CTaTopa HEBEJIMKOTo IIOCTiHHOTO
CTpyMY JUIsl OTpUMaHHs e(eKTiB, sIKi HecyTh iH(opMarito
PO aKTHBHUM OIip 1 TeMIieparypy miei oOMoTku. Takuii
METOJI MPUAATHAHN ISl KOHTPOJIIO MPAIIOI0UO0ro JBUTyHA,
aje Horo peamizamis TNPHU3BOAWTH JIO MAarHiTHOTO
nucOallaHCy JBUTYHA;, BIIACHE, MPOOJeMaM MAarHiTHOTO
HACHYEHHS cTaTropa I CTaTTs HacaMIlepesa 1 IpUCBsSYEHa.
Buxnanenmii y podorti [4] meTon 6a3yeThbcsl Ha BBEACHHI B
KOHTPOJIbOBAaHY OOMOTKY HH3KOBOJBTHOTO OLI0r0 IIymy.
KiHneBuM pe3ynpTaToM BHMIpIOBaHb € TepelaTHa
(GyHKIIST TBOOOMOTKOBOT'O TpaHC(HOPMATOpa, SIKY Ba)KKO
IHTEpIIPETYBAaTH B CEHCI KOHKPETHHX YHCIOBHX 3HAY€Hb
eNeKTPUYHKUX mapameTpiB  oOMoTku. Y poboti [5]
PO3TIITHYTO  BBEICHHS BHMCOKOYAaCTOTHOTO TECTOBOTO

CHUTHaJTy B 00MOTKY craTopa BEHTUJILHOTO
eNeKTpOABUIyHa.  JIOCHIDKEHHS  30cepeiLKeHe  Ha
npobyieMax, TMOB’s3aHUX 3 O00EpTaJbHAUM MOMEHTOM

JIBUTYHA 1 HE MICTUTH 3aBJIaHHS TECTYBaHHS OOMOTKH.
KoHTponr Temmeparypu OOMOTKH cTaTOpa JBUTYHIB
OCTaHHBOTO 3a3HAYEHOrO TUIY PO3MISIHYTO B pobOTi [6].
OcHOBHI ~ 3ycHJuIsi  30Cepe/KeHI Ha  iHTepnperaii
pe3yNnbTaTiB  BUMIPIOBaHHS Ta HEJOMYIEHHI BIUIUBY
TECTOBOTO CHTHaJy Ha o0epTalbHHH MOMEHT. MOXJIHBI
€JIEKTPOMArHITHI 3aBaJii BUMIPIOBAHHSIM HE PO3TJISHYTO,
IO 3QIMINAE BIAKPUTUM THMTAHHS TPO palliOHATbHHUMA
BUOIp Jiana3oHy 4YacTOT CUTHaJy BiJJHOCHO Jliala3OHiB,
MEPEKPUTHX TAKUMHU 3aBajlaMH, TOOTO PO PalliOHAJIbHY
YaCTOTHY JIOKQNi3allil0 TeCTOBOrO CHrHaiy. Pe3ynpTaTn
TEOPETHYHHUX 1 TPAKTUYHUX AOCIIKEHb 3aCTOCYBaHHS
pednexromeTpii s BU3HAYEHHS MiCLsl PO3TAILIyBaHHS
HEOIHOPIMHOCTEH OOMOTKM TpPU(A3ZHUX EJISKTPUYHUX
MallIMH PO3IJsIHYTO B poboTi [7]. OqHak 3anporoHoBaHa
MeToAuKa HOTpedye IONEepeaHbOro  MpeHapyBaHHA
MallMHA 1 TOMY HENpHIaTHA Iy 3acTOCYyBaHHS Ha
npaigorouiii Mammui. Takok 3a3HauMMo, 1O B yCiX
PO3MIISTHYTHX pOOOTax /i€ HEsBHE MPHITYNICHHS, IO
CIOCTEPE)KEHHST TECTOBUX CHUTHANIB BiIOyBa€eThCs 3a
BIJICYTHOCTI ~ IXHBOTO  CIIOTBOPEHHS  3aBa/IOBUMHU
KOMITOHEHTaMH Tiei camoi ¢izuuHol mpupomu. Lli
CIIOTBOPEHHS IPU3BOAATH [O BIAXWIEHb pPe3yJbTATiB
CIIOCTEPEKEHHS BiJl TAKUX, IO OMHCYIOTh peaNbHUil CTaH
oOMOTKM Ta JBUTYHAa B IiyioMy. Panime me Oyno
npo0IeMoI0, IPUTAMAHHOIO DPAAlIe Tamy3sM 3B S3Ky Ta
aBTOMATHKH, Yy SAKHX Oylno CTBOpeHO  ©Oarato
HaNpaIllOBaHb, IO 3abe3medyBannd ii BHpIMICHHS 3
NPUHHATHAMH pe3yJabTaTaMu (AWB., HAPUKIAL, OLJLI y
pobori [8]). Ase mommMpeHHS IMX HANpANOBaHL Ha
CIIOCTEPEKEHHSI TECTOBHX CHTHANIB B ENIEKTPOIBHUI'YHAX
noTpedye AyXkKe CYyTTEBUX 3YCHIIb.

Otxe, po3poOieHi Ha CBHOTOXHI MeTomu 1 3acobm
KOHTPOITI0 OOMOTOK 3 BUKOPHUCTAHHSIM TECTOBHX CHTHAIIIB
320e31edyroTh MOHITOPHHT iXHIX OCHOBHHUX IapaMeTpiB.
Are He BIanocs BUSBUTH OITyONIKOBAaHMX pPO3POOOK, Y
skux Oyno © oOTpyHTOBaHO BHOIp YaCTOTHOTO liala3oHy
JUIsl PO3TAalllyBaHHS TECTOBOTO CHTHANY 3 YypaxyBaHHIM

3aBaI0BOTO €JIEKTPOMArHiTHOTO cepenoBHIIa
MIPAIFOI0Yoro Tpr(a3zHOrO ACHHXPOHHOTO JBHTYHA Ta
OJHOYAaCHO  PO3MNIAHYTO  IHUTAHHS  BHUMIPIOBAHHS

mapamerTpiB [[bOr0 CHIHANY 3 YypaxyBaHHAM 3aBajl.
BupimeHHs Takoro 3aBIaHHS 3a0€3MEUIIIO O ITiIBUIIICHHS

TOYHOCTI Ta ONEPATHBHOCTI JiarHOCTYBaHHS OOMOTOK
JIBUTYHIB BKa3aHOI'O THIIY.
Merta Ta 3aga4i gocigKeHHA

Mera nociiKeHHS! — HAYKOBO OOTPYHTOBaHE BU3HAYECHHS
CIIPUSTIMBUX YMOB BUMIiPIOBaHHS MapaMeTpiB TECTOBOIO
CHTHAY, aJUTHUBHO JIOJJAHOI'O [0 CKJIaay TATOBOI'O
CTpyMy Tpu(a3zHOTO aCHHXPOHHOI'O JIBUTYHA 3 METOIO
HETIPSIMOTO KOHTPOJIIO TIapaMeTpiB HOro eneKTpUYHUX
BY3JIIB Y ITPOILIEC] ITATHOI pOOOTH LIHOTO IBUTYHA.

Jisl TOCATHEHHSI MTOCTaBIIeHOI MeTH Oyiio BUpIIIEHO IBa
3aBJIaHHS:

1) BuU3HaYeHHS iaMa30Hy 4YacTOT TATOBOTO
CTPYMY, BIJIBHOI'O BiJl CIIEKTPAJIbHUX CKJIAJOBHX ILHOI'O
CTpyMy, TpUTAMaHHUX TpH(]Pa3HOMY AaCHHXPOHHOMY
JBUTYHY B pOOOYOMY pEXHMI (YacTOTHA JIOKalli3ailis
TECTOBOr'O CHTHAY);

2) po3poOJeHHS  MaTeMaTHYHOI — MPOLEAypH
OL[IHIOBaHHS ~ IapaMeTpiB  TECTOBOTO  CHTHAIY 3
ypaxyBaHHSM 3aJMIIKOBUX 3aBaj, pO3TAIIOBAaHHX Y
BU3HAYCHOMY Jliana30Hi YacToT.

OCHOBHA YaCTHHA
Bu3zHaueHHs1 CKJIaJy KOMIUIEKCY 3aBaJ i 4acToTHa
JIOKaJi3alis TeCTOBOI0 CUTHALY

Hexait y sxilice 3 ¢a3 oOMoTKM craTopa
Tpr(a3zHOro aCHHXPOHHOTO JBUTYHA TPHUCYTHIH IITY4HO
BBE/ICHUH TyIW TECTOBMH CUTHAJI y BUMNISAL CTPyMY 3
MOCTIHHMMU TapaMeTpamu. [10TyXKHICTh OI'O CHUTHATY
BBOKATHMEMO HACTIJIBKM Major, M0 BiH(BOHA) HE
BIUIMBa€ Ha OOEpTaJbHUA MOMEHT [BUTYHA. I[HTepBai
criocrepesxeHHst [T1, T2] CTPYMOBHX TIpoleciB B OOMOTII
BBO)XATUMEMO [IOCTATHHO MAJIUM, I00 IPOTATOM HBOIO
napaMeTpH TATOBOTr'0 CTpyMY TeX Oynu noctiiHuMu. Cam
el TArOBUHM CTPYM YTBOPEHUM ULUIIXOM IIMPOTHO-
iMmoynbcnoi  moapynsimii  (HIIM)  immynbciB  mocriitHOl
aAMILTITYH.
3a 11X yMOB CTpyM (ha3u € CyMOIO KiJIbKOX CKJIaJIOBHUX:

1. Tlocriitna cknanosa lo. Ii moxe it He Gytu
TPY XKHUBJICHHI JBUT'YHA ABonosipHOto [IIIM-Hampyroto.

2. BracHe >XUBWJIbHA CHUHYCOIIHA CKJIa[l0BA
igp(t).

3. TlcepmommikomnomiOHa pisHUIL iges(t) Mix
pe3yibTaToM  iHTerpytodoro meperBopenns  LIM-
Hampyru B CTPYM lout(t) hasHoi 0OMOTKH i cTpyMOoM isp(t).

4.  CkmamoBa iy(t), BuUKIMKaHa 3yOIIEBUMH
TapMOHIKaMH.

5. ImmynschHa 3aBaza in(t), BUKJIMKAHA
KOPOTKOYaCHUMH TIpOIleCaMH B O KABWIBHIA Mepexi
(BTpaTa KOHTaKTy maHTOrpada, HaBEICHHS BiJl TPO30BHUX
po3pAamiB).

VY miacymMKy cTpyM onHi€l (a3 MOXKHA 3aIHCaTH K

i(t)=5(t)+ 1o +ig(t) +iges (t) +ier () +is (). @

KoxxHe 3 KOnIMBaHb, IO MICTUTHCS B JIiBiH
gactuai Bupazy (1), XapakTepu3yeTbCs He TiIBKH
BUTJISIZIOM YacoOBOi 3aJICKHOCTI, alleé W 1HAWBIITyaTbHOIO

CYKYIHICTIO TapaMeTpiB, 00’€THAHOK y BEKTOp ALY
MOJANBIIOMY OyIeMO BBaXKaTH, IO MOCTIHHY CKIAA0BY Io
BifdinpTpOBaHO, 200 BOHA Oyna BiJICYTHS 3 CaMoro
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novatky (sk mpu asonossipHiit 11IIM). 3 ypaxyBaHHAM
3a3HaveHoro Bupas (1) HabyBae BUTIISIITY

i(t) :s(t,is)Jrisp (t,}\;p)-l- ges (t,iges)+ iy (t,}; ) +ip(t,7:p). 0

IHmexkcn  mpm BekTOopax — IapaMmeTpiB
TIOBTOPIOIOTH 1HIEKCH MMapaMeTPU30BaAHUX CTPYMIB.

Kusunbauii  cTpym isp (t’ksp) € CHHYCOiIoI0 3

9acToToro fsp, sIKa HAa MpaKTHI JISKHUTE y Mexax 2...60
I'n.  TIpoTspkHICTE  BiApI3KY 1€l CHHYycOimu, —SKUi
HAJXOIUTh MiJ Yac CHOCTepeKeHHs, nopiBuioe (T2 — T1)
cekyHa. Bigomo, mo 95 % moTy)HOCTI Takoro Bijpizka
(TIPAMOKYTHOTO IMITYJIECY 3 CHHYCOIJTHUM 3aITOBHCHHSIM)
JEXUTh Y BiJl

Mexax fsp — J10

L =Ty

( f 2 )

sp + T——T—J Tepu [9, 10]. Sxmo 7»>-T1=1 c, TO
2 1

HIKHBOKO MEXEI0 e(DeKTUBHOIO CrieKTpa curHainy oyme 0

UL

npu fsp = 2 'y, a BepxHBOIO Mexero Oyae 62 'y npu sy =

60 I'm.
iges (t, }‘Tges )

KOMITOHEHTH — 1€ Pe3YJbTaT IHTETpYBaHHS >XUBUIILHOI
[IM-nanpyru IHYKTHBHO-PE3UCTUBHOIO ¢azHOIO
o0oMoTkoro. OcKiJIbKH iHTeTpyBaHHS (i3HYHO BiAIOBiIa€e
HU3bKOYACTOTHIN (inbTpallii, TO MUpPUHA CMYTH YacTOT
CTPYMY € MEHIIOI 3a HIMPUHY CMYTH 4YacTOT HAIpYTIH,
110 BUKJIMKaE 1iei ctpyM. OTke, po3paxyHOK ITUPUHA
CMYTH 4YacTOT HAlpYyr'd € PO3PaxyHKOM «Ha HaWTipIIui
Bumnaaok». Eckiz ciiekrpa [IIIM-Hanpyru mogaHo Ha puc.
1. Ha wmeomy sk f. mo3HavyeHa yactoTa HECy4oro
nIKonoioHoro konusanHs LIIM.

Crpym TICEBIOMIJIKOITIO NI OHOT

fsp

J‘I 21T

fip

0 j:‘/' fe

2 ';' 5 * ' ' uz:h-

Puc. 1. Cnexrp LHIM-Hanpyru

1AMHJIiTy,ElI/I TapMOHIK  3MIHIOIOTBCS 32

3aKOHOM H I (O|5an ) [11], ne J, (X) -

¢yukuist beccens N-ro nmopsaky; M — iHaekc Momynsmii
IIIM; m — HOMep NENMOCTKU crieKTpa. BBakatumemo, 1o
fe= 20 ', M = 0,9 (THOBEe TpaKTHYHE CIIONTYUYCHHS B
€JIEKTPONPHUBOIi) 1 3pOOUMO pO3paxyHOK TapMOHIK ISt M

= 1 (tobro mepmoi memOCTKH crekTpa). [lpm mmx

x =0,5mtmM ~1,41
o Jo (x) ~ 0,567 ;

J,(x) ~ 0,544 J,(x) ~0,210;
J5(X) ~0,052; 35 (X) ~ 0,009

IIOYaTKOBUX JaHUX

OTPUMYEMO,

J5(X) ~0,001. 13 spocrammsm n  BenmumHM

Jn (X) 3MEHINYIOThCS Bce Oumpmie. 3ymuHUMOCS Ha

BpaxyBaHHI TMEpPIIUX II'ATHOX OIYHMX IiHIA CHeKTpa:
ypaxyemo adimiifoBaHi 3 MEpHIO0 OIYHOI0 IEIFOCTKOI0
rapMoHiku 3 N = 0,...,5. Buxomsun 3 1iporo nepira 6idHa

nemocTka nexuth y Mexax [fo— 5fsp; fs + 5fsp] abo
[19640; 20360] I'i. Bimcrans Mix TEpIIOR Ta IPYrorO

nemtoctkaMu cknagae fs = 20 xI'u. Ha niii Bigcrani
adinifioBaHi 3 MEMOCTKAMHU TapMOHIKH 3racaroTh JI0
HEXTYBaHO Mallux Benu4uH. KpiMm Toro, uepe3 HasiBHICTh

1

MHOXHHKA amMIuTiTyu  aiTiifOBaHUX 3 JIPYrok0

MEMOCTKOI0 TAPMOHIK IIIe y JABa pa3u MeHmI. Bokosi
METFOCTKU 3 HOMepaMu Olbliie 2 11[e MEHII BIUIUBOBI.
OTxe,, MOXKHA \OOTPYHTOBAHO BBaXKaTH, IO CKJIA/I0BA
I ( , ) 3aliMae aiama3od dacto Bix 19640 no
ges

20360 T'u. .
Tenep mpoaHanizyeMo HaCTYIMHHHN H0qaHOK Gopmynu (1)

ges

—  CTpyM itr (ta}btr)' BUKJIMKAHUH  3yOneBuMu

rapMonikamu. Moro gacrora ckinamae [13]

fp - 22 (1-5)
f, = > + 1, 3

30

IKC3T, 2023 N4




IHOPOPMAIIMHO-KEPYIOUICUCTEMU HA 3AJTIIBHUYHOMY TPAHCIHOPTI

Jc fsp — 4acCTOTa JXMBWUJIbHO1 HAIIPYTHU; 22 — KUIBKICTh

3yOIiB poTOpa; S — KOB3aHHS, P — KUTBKICTh Map MOJIOCIB;
| — mine HemapHe YMCIO — HOMEP TapMOHIKH 3yOLIEBOTO
crpymy. IlpuiiMemMo THMOBI Ui TATOBHX JBUTYHIB
yrcinoBi 3HadeHHs fsp= [20...60] 'y 2, =40; p = 3; s =

0,05. IIpu TaKUX TaHUX MaeMoO

fp =(25,4...762) £(2...60) 1, 1=1, 3,57,
VYpaxoByroul TapMOHIKM BKIIOYHO 10 17-Ty,
N A

Biabaa JUsHKa HacToT

OTPUMaHO, 110 YaCTOTH 3yOIIEBUX TapMOHIK JiexkaThb Bij O
(mpu | = - 12) no 1992 I'n.

Otxe, y3araabHCHHS X KOMIIOHEHTIB iges (t, 7\,ges ) i

itl’ (t'ktr) NPU3BOAUT JO JliarpaMH  3aiHATOCTI

4acToTHOI 00J1acTi, Ho1aHoi Ha puc. 2.

( 1.992

e

ol

19.440 20360 7 4y

Puc. 2. 3aitHATiCTh 4acTOTHOI 00JIACTI 3aBaIOBUMH CTPYMaMH

ToOTo MOYKHA BBaXKAaTU BUIBHOK BIiJ il IUX
JIBOX KOMITOHEHTIB AUISHKY 4actoT Big 2 mo 19 kl'm.

ImmynbcHa 3aBaja ip (t, 7Lp ) yTBOpEHA MPOLeCaMH, SKi

MOXYTh OyTH mOyXe KopoTkodacHMMH. OJHaK depe3
IHepIiHICT, 1HAYKTUBHO-PE3UCTUBHOIO Koia (hazHOi
00OMOTKH TIPOTSDKHICTG Ii€T 3aBaIi HE MOXE OYTH MEHIIe
cTajoi yacy uUporo kona. Hampuknan, ans TIroBoro
meuryHa AJ[-914Y mapamerpm mporo Koila CKIIaJaroTh
[14] R = 0,0226 Om, L = 0,68-10" I'n. Binmosigxa

BeIMYUHA cTanol dgacy T = L/ R=~0,03 < Crextp
IMITyNIbCy, TPOTSDKHICTD SKOrO OOMEXKEeHa 3HH3Y Mi€l0
BEJIMYMHOIO, JIOKUTh y Mexax Big 0 1o ]/’C ~ 33 I'u.

OpmHak TpW BWHUKHEHHI HECTpaBHOCTEW BemuumHa L
MOKe 0araToKpaTHO 3MEHIIyBaTHCs, a R — 6araTokpaTHO
30impIryBaTCA. TOMy MOXIHBY BEpXHIO YacTOTY
CIEKTpa IMITYIIbCHOI 3aBaji CJIiJT BBAYKATH JIyXKE BEITHKOIO
— y coTHi pa3iB Oinbine HiX 33 [,
[lincymok aHamizy 3aifHATOCTI

qacTOTHOI ~ o0nmacTi

3aBaJIOBUMH cTpymMaMmu Takuid. Ctpymu Io, isp (t, }“Sp ),

iges (t, xges ), ip (t, }:p ) 3aliMaroTh  OOMEKeHi

miamazonu dyacror 0...2 k[m 1 19,64...20,36 kI
Benukuit mpoMi>kok MK IUMHU Jialia30HaMH Ja€ 3MOTY
MOBHICTIO BiA(inbTpyBaTH Ii 3aBagyl NPH TEPBHHHIN
00poOIi CTpyMy i(?), HaAmNpHKIal, UUISIXOM BHUKOHAHHS
neperBopeHHsI @yp’e Ta OOHYIIEHHS YaCTOTHHUX BIIJIIKIB y
BKa3aHMX Jiala3oHax 30cepeKeHHs 3aBai. JliamazoH Bif
2 mo 19 kI'u BiNBHUIA Bifl yciX 3aBajl, OKPIM IMIYJIbCHOI.
Y HBOMY IOLITHHO PO3MICTUTH (JIOKAJi3yBaTH) TECTOBUIL
curHan (MoxHa i Bumie 20,36 kI, ame 31 3pOCTaHHSIM
YacTOTH 3OUTBIIYETBCS W OMip IHAYKTUBHO-€MHICHOTO
koma asm, 1 I OTpUMaHHS NPUHHATHOI BETHYHHU

CHUTHAIY S(t,?us) 3HAJOOUTHCA ¥ OiNbIIA MOTYXHICTh

TeHepaTopa bOro CHTHAIY).

OuiHoBaHHS MapaMeTPiB TeCTOBOT0 CUTHAJLY

OTxe, TiCIsI 4YaCTOTHOI JIOKami3amii CHTHalIy Ta
BUJIAJICHHA BCIX KOMIIOHEHT CTPyMY, IO 3HAXOIATHCS
032 JTiarra30HOM JIOKaui3aiii, Bupa3 (2) st cTpymy, IIo
HAJIXOAWTH JIO BUMIPIOBAJIBLHOTO TMPHUCTPOIO, HaOyBae
BULIISTY
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IH(DOPMAIIIEI,H

qT1 C
= \l,/ﬁ}—l' p\l,/\;p (4)

AuJe Ipy BUMIpIOBaHHI JOCTYITHA JIMIIE BEJINYMHA I('[)

niBoi yactuHM 1i€l piBHOCTI. 11100 BU3HAYNTH BETUIUHI
rapaMmeTpiB MpaBOi YacTHHH 3a Takow _H(QpMalliero,
HEOOXiIHO BBECTH JO pPO3LIALy Moxenb | CTpyMy

it . )
I()—stk +iy tk —SU)+50)

e X mA~
S p
CTpYMY, MiI0OOPOM SIKMX JIOCSTa€ThCsl HalWKpalia 3a

— BEKTOPH OLIIHOK MapaMeTpiB peaibHOro

TIEBHUM KPUTEPIiEM CXOXKICTh YaCOBUX 3aJI€KHOCTEH l(t)
Ta l (t) . SIk Takuii KpUTEpili BUKOPUCTAHO HAWMEHIINIA

cepelHiii KBaJpaT BiIXWICHHS CTPYMiB I (t) Ta I (t)
oIH Bix oxHoro. Ha mibomy kputepii 0azyeTbest BiqomMuid
METO/I OIIIHFOBAHHS — METOJl HallMeHIIuX KBaapaTis [15],

— —
A

3a SIKUM Y PO3TIISIHYTOMY BHIAJAKY OLIHKH 7\,5 Ta ?\,p €

TaKUMH, IO MiHIMI3yIOTb CEPEIHI0O HOTYXHICTb CTPyMY
noxu0Oku B pezucropi onopom 1 Owm:

= OO
TZ——TITIth t | dt

BBaxxatumemo, 10 CIIOCTEPEKEHHS 3IHCHIOEThCS B

%Icziqiemi NRMeHTH qacy 1 = (k 1) At, ne

]_[1 MOMEHTHU pO3TalllOBaH1 3 OIIHaKOBI/IM

inteppamom At. 3a Ttakux ymo Bupas (6) HaGymac
BUTJISLY

e ik Ta 'k — BIUIIKK BiIMOBITHO CTPyMY i(t) Ta

I} (t) IMomuoxuBIIK 06KMaBI YacThHu Ha (K-1), BuHMKae

HEOOX1IHICTh MiHIMI3aIi BEITNIUHA

‘= i(ik - iAk)z

k=1

[Ticns migHECEHHS A0 KBaIpaTa MaeMo

LCHUCTYEMU HA 3AJIIBHUUYUHOMY TPAHCIIOPTI

2 " AZ K2

zi(i AN |k) Z'k ZZII" Z'k

k=1

VYpaxysapuu Bupa3s (5), orpumaemo

Z'k 22|ksk 22||gpk+Zsk+Z|pk+ZZsk X
o kal

k=1 k=1 k=1

Ilepmmmii  mgOmAaHOK IBOTO  BUPAa3y €  TOCTIHHOMO

BemmumHO0 s (Ok)OHKpeTHOI BHGIpKH CIIOCTEpEXKEHS,
TOMY HE BIUIMBA€ Ha Tpolec MiHiMizanii. 3 ypaxyBaHHIM
I[bOr0 BUHHMKAE HEOOX1IHICTh MiHIMI3allil BETMYNHH

8:K§A2Kig iz 2Kid +2Ks
k Zk Zpk Zk pk Z k pk
k=1 k=1 k=1 k=1

k=1

2 . S .
ITosnauenus € =~ 3aMiHEHe Ha , OCKUIBKH BHIAJIEHHS

nepuioro jgofaHka Bupasy (8) Moke mNpu3BECTH [0
BiJl’€MHHX 3HAYCHb HOro MpaBol YaCTHHH, KA BKE HE €

KBaJpaToM MOXUOKH. Aje O mae MIHIMYM y Till camiit
Todulll mpocTopy mapamerpiB. Bupas (9) wnamae nBi
MOJJIMBOCTI I MOJAIBINO] BEIWYUHHU o) (uimpoBOT
¢ynkuii). Bonm 3anexaTh Bif MAXOAY 1O TMOAAHHS
iMIynbCHOT 3aBaju. [lepmuii migxij mojisrae B ysBICHHI
uie'l' 3aBaJyl SIK MIUPOKOCMYTOBOTO BI/Il'Ia,Z[KOBOFO nporecy

HYJbOBOI) CEPEJHLOI0 BEIHYHMHOIO. nporec He
MiCTiTTS napaMerpiB, SK1 H1JIATal0Th OLiH OBatt 10, 1 HE €

KOpeJboBaHUM 13(6C)UrHaaoM. 3a UX YMOB OCTaHHI TpU
nomankd Bupasy (9) He BIUIMBAIOTH HAa TOJIOKCHHS

MiHIMyMy LiJIbOBOI (YHKLII B HPOCTOpI MapamerpiB i
MOXYTh OyTH BHIAJICHI 3 BUpa3y Ui LINbOBOI (YHKIIIT,
sIKa B LIbOMY BUIIA/IKy HaOyBa€ BULILSIY

_K~~_ Kk 7.
Zsk 2;|k Sk
k=1 =1

Jpyruii  miaxix monsirac B YABICGHHI 3aBagu  SIK
CTPYKTYPHO-IeTepMiHOBaHOI (DyHKIIIT Yacy, siKa 3aJIeKUTh
Bil JeAKOi CYKYIHOCTI IapamMeTpiB, 3rPYNOBaHUX Y

BEKTOp TMapaMeTpiB ?\‘p . Bemnmuman nmux mapamerpis

BU3HAYAIOTh YAaCOBY 3alIeKHICTh MHUTTEBOI BEIMYMHU
3aBaJy B KOHKPETHIN CIIOCTEepeXHiH peanizamnii. 3a TaKoro
miAXooy 3aJada OIIHIOBAaHHA IIapaMeTpiB  CHUTHATY
MIEPETBOPIOETHCS HA 3a/Jady CYMICHOT'O OILIHIOBAaHHSI
mapaMeTpiB CHUTHAJIy Ta 3aBajl. TOYHICTh OTPHUMAaHHUX
OLIHOK CYTTEBO 3alie)KaTUME BiJl TOr0, HACKUIBKA
JICTAJILHO MPUIHATA CTPYKTYPHO-ACTEPMIHOBAHA MOJICTbH
3aBaJM 37aTHa oIfifyBaTH Oyab-iky il peanizauito. Ilpu
IBOMY MUIATa€ MiHIMi3aImii MiTboBa (QPYHKIiSI B TOBHiM
dopwmi (9).

Po3risiHeMO ~ 3aCTOCYBaHHSI — MEpIIOrO0 3 OMHCAHUX
MiAXOIB HA MPHKIIAAiI TECTOBOTO CHUTHATY Y BUTJIAL
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CHHYCOiIM 3 BiJIOMOIO dYacToTol0 () Ta HEBIIOMHUMH K 1 2

ammitynoro |y, Ta mowarkosoro dasoro P : Jz Ik - SIn [(D ( k — 1) At + (ps:l }
s __ k=

S(t,?‘vs)—lms-Sln((Dt—l-(Ps), - K (211)

D sin [ o(k-1)At +o |
k=1

Jie BEKTOPOM HEBIJJOMHX MapaMeTpiB € 7\,3 = ‘( | ms \W

\®s)  Ocximin  sin‘a =0,5(1-cos2a), o

[Micns quckpeTy3anii Takoro CUTHAITY 32 4aCOM MaeMo 3HAMEHHUK BHpa3dy (14) MoxHa 3amucaTd y BUIIISII
K
S (%)= Ims -sin[o-(k=1)At+¢5 . >-0,5-.0,5-cos[ 2 (k—1) At +2g; |
k=1 k=1

Yacosuit intepBan cnocrepexxents (7> — 7i) MicTuth
Oarato TepioliB KOCHHYCHOI'O KOJWBaHHS, TOMY Apyra
cyMa Habarato MEHINA 3a MEpIIy, i 3 BUCOKOI TOYHICTIO
Bupas (14) moxxHa 3anucatH 5K

8(Ims,(ps): Zsmzﬂ_w (k 1)At+(ps]— 2 [K )2
8 (¢ps)= K-{Zik-sin[m(k—l)Atﬂps]J}

[Ticnst miICTAHOBKH OCTaHHBOTO BHpasy 110 dhopmyiu (10)
OTPUMAEMO

K k=1
—2lms - Y jiksin[[ @ - (k —1)At +s | (12)
k=1 Qulmcoro HO‘{aTK({BOI (baSI/I (3 . ]
e xBagpaTudna (yHKIiA napamerpa lms, a OCKiIbKM =arg m -SIN ®
- 2 y . s __Zlk [ (k=1)At+g |
xoedimient npu | .o onaTHmii, T0 TouKa piBHOCTI HysTIO Kk

niepioi noxigHoi 3a Ims — 1€ Touka MIHIMyMy IJIbOBOT
¢byHKLIT 32 mapaMeTpoM |ps:

K {06 oTpumartu , KiHIEBUI BHUpa3 , Ui, OOYUCICHHS
BemanHn (Dg, BisbMEMO MOXUIHY Bifl 3MicTy (IirypHHX

; I - -sin I:(D k 1 At + (Ps:l nykxok popmymu (15) i mpupiBHSIEMO ii 10 HyJIsL.
ms min ((pS ) " OTprMaEeMO Take CIiBBIIHOIICHHS:

Y sin*[| o (k -1)At +g |
=]

—sm(pSZlk -sinfo(k- 1)At]+coscp52|k cos[ o (k-1)At]=0

k=1 (13) k=1
ITizcraHoBKa 11OTO BUpa3y 10 MiaboBOI GyHKILT (12) , ’
3BOAUTH 337auy MiHiMi3amii QyHKmil ) (|ms 1 Pg ) JIBOX SBUIH
3MIHHHX JI0 337a4i MiHiMi3amil QyHKIi1 oxHi€l 3MiHHOT i " k —1 At—|
k -COS|| ®
K ¢ =arctg Z L ( ) J
2 )
8 (95) =l msmin (@5 )- Y sin’[| o (k —1)At + s |-
(95) = I msmin (5) kZ::l [0 (k-1)At+gs | Zlk -sin[| o (k-1)At |

K I[J'IS[ BU3HAYCHHS TOYHICHHMX XapaKTEPUCTHUK OLIIHIOBaHHSI

2l ms min ((Ps ) : z ik -sin I:(D ( k- 1) At + (Ps] =mapaMmeTpiB TECTOBOTO CHTHAIy 3a CIIiBBiJHOMICHHSIMH

k=1 (13), (16), (17) i poboumx Mex CITiBBiIHOMUIEHHS
aMIUTITyZ] TECTOBOTO CHTHally Ta IMIyIbCy OyIio
BUKOHAHE  KOMIT'FOTEpPHE  MOJCITIOBAHHS  CHTHANY,
IMITynibcy  Ta OOpOOKHM iXHBOI amUTHBHOI CyMimm 3a
BKa3aHUMHU CITiBBiTHOMEHHAMH. [Tlapamerpu curHany:
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SAJIIBHUYHOMY TPAHCIIOPTI

Ims=01 A, f;=2500 I,

(I -

Qg = 75° inrepBan

CIIOCTEPEKECHHS ) = 0,01 ¢, inrepsan

muckpermsanii 3a wacom Al = 5.107 «. IMmyIbCcHY
3aBaJly 3MOJIEIFOBAHO SIK IIOCHIJIOBHICTH CTaTUCTHYHO
HE3aJISKHUX BiUTIKIB rayCiBCbKOI BHITQJKOBOI BEIHYHNHH
3 cepemHiM kBamparoM BimxmwieHHS 0,005 A 1 HyTbOBHM
cepeqHIM 3HAa4YEHHSM, MPOMOMIYIHOBAHY 32 aMILTITYIIO0

. —yt .
ooBiznoro  kpueoro  A-l1-€ v ,  TATBEPIKEHOIO
eKCIIePUMEHTANBHUME JOCTiKeHHs MU [16]. Tlapamerpu

A Ta 'y 1i€l KPUBOi MPU KOXKHOMY MOJIENIOBaHHI Oynn
migiOpani Tak, o0 3abe3meunTH 3amany aMmIutlTyny I, i

npoTsDKHICT T p IMITyJIbCy 3aBagy. 3MOJEIBbOBAaHI TPU
BapiaHTH MPOTSHKHOCTI 1HOTO iMITyIbey T p= T 2= T 1
1, =05(T2-T1) i 1,=0125(T; -T1).
O6uucneHo cepeaHbOKBAAPaTHUHI MOXHMOKH O | OIIHKU

aAMILTIT mu curHany 1ta O OHiHKI/I MMOYaTKoBOi (azu
¢

curHaiy. Pe3ynbratu MonentoBaHHsS 3BeJEeHO J10 Tadmn. 1-

3.

Tab 1
IToxuOkm omiHOK Ipu T = T — b
p 2 1
5, 1001|010 02]0 |0 |0, 1] 112 |10
A 0 40 | 60 | 80 | 00 | 00
o 4,01-| 4,01 7,9-| 0,0/ 0,0f 0,0/ 0,0/ 0,0| 0,4
A' 10%4| 10°%| 10| 16| 23| 31| 38| 67| 59
G 021 21 |40| 8, | 11|15 19| 31| 72
O(P 1 1 J 1,8 ,1 9
Tabmuws 2
[Moxubku omiHOK mpu T ) = 0,5(T2 - Tl)
l,,| 0,01/ 0,10, 0,20| 0,40| 0,6/ 0,8| 1,0/ 2,0| 10
A 0 0 0 0
G 2,1-| 2,1-| 4,39-| 8,82| 0,0 0,0/ 0,0| 0,0| 0,2
AI 10#4| 103| 10°%| 10%| 13| 18| 22| 46| 45
G 0,07| 0,77| 1,603 3,14| 4,5| 6,1| 7,4| 14,| 56,
O(P 8 6 3 0 9| 68| 04
Tabmuia 3
[ToxuOku ominok npu T p= 0,125(T2 - Tl)
I, | 0,01 0,10{ 0,20| 0,40| 0,60| 0,80 1,00 2,0 10
A 0
o 5,6-| 5,84| 1,15| 2,29| 3,51| 4,8-| 6,18| 0,0] 0,0
Al 105 10 -10%| -10% -10%| 103 107 13| 78
G 0,06/ 0,68| 1,35| 2,64| 3,99 5,36 6,75| 12,| 60,
O(P 7 9 1 93| 2
Ha puc. 3 1 4 300paxkeno rpadiku 3aieKHOCTEH
0 (] p) i G(P ([ p) ,  BIOMOBINHI pe3yibTaTam

PO3paxyHKy, HaBeJeHux y Tadm. 1-3.

G A

Ty =T5-T,
/rp-um' =T

107

Vi

/ =0.125(T-T1)

7

10

4

e
5

10

0.01 o.10

1.00

10,0 Ip, A

Puc. 3. CepenapoxBagpaTHIHA ITOXHOKA OLIHKH aMIUTITYIH CUTHATY
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Ip:-]' =T

te=0.125(T=-T:)

# p0.5(T:-T )

140

20

0.01 0,10

1.00

10.0 Ip A

Puc. 4. CepenHboKBaipaTHYHa NOXMOKA OI[IHKM ITOYATKOBOI (ha3u CUTHATY

Sk IIoKaszajin pe3YIbTAaTU MOJACIHOBAaHHA,
po3po0iieHa MareMaTH4YHAa TIPOLEAypa  OL[HIOBAaHHS
IapaMeTpiB TECTOBOTO CHTHAJly 3a0e3ledye BHCOKY
TOYHICTh ILOI'O OI[IHIOBAHHS B IIMPOKUX Jiarma3oHax
IHTEHCUBHOCTI  IMITYJIbCHOI 3aBaJid Ta MEPEKPUTTS
CUTHAJTy 1 3aBajiu B 4aci.

OOroBopeHHs1 pe3yJbTATIB YACTOTHOI JOKaJi3amii Ta
OLiHKHU MapaMeTpiB TeCTOBOI'0 CUTHAJIY

Po3risiHyTi NMUTaHHS CTOCYIOTHCS BIJIOMOI METOJOJIOTIT
KOHTPOITIO €IIeKTPOHHHX napaMerpis 00MOTOK
ACHHXPOHHHUX EJIEKTPO/BUTYHIB IUISXOM BBEICHHS B
KOHTPOJILOBaHE KOJO CIELialbHUX TECTOBUX CHUTHAIIB.
OpHak  pe3yabTaTH LBOTO  JOCTIDKEHHS  HaTaloTh
OoOTpyHTYBaHHS BHOOpPY BHIY Ta MapaMeTpiB TECTOBUX
CUTHAJIB, 4Oro He Oyln0 pO3MISHYTO B MOMNEPEIHIX
pob6orax. Kpim Toro, BU3Ha4YeHO mpoueaypy oOpoOKu
TECTOBOTO CHUTHAIY, sIKa MiHIMI3ye BILIUB
ENIEKTPOMATHITHUX 3aBaJl Ha OLIHKH MapaMeTpiB IbOTo
curHany. lle muTaHHA Takok He Oylno pO3MIIHYTE B
nonepenHix poborax. Omke, pe3yabTaTH i€l poOOTH
BU3HAYAIOTh KOMIUIEKC 3aXOIIB 3 MIiABMILEHHSA TOYHOCTI
BUMIPIOBAaHHA €JCKTPHUYHUX MapaMeTpiB OOMOTKH, a
yepe3 1€ — MOBUINEHHS TOYHOCTI JiarHOCTYBaHHS
TEXHIYHOTO CTaHy TpuazHoro ACHHXPOHHOTO
eNeKTPOJABHUIYHA. PO3IIIHYTO pexuM poOOTH ABUTYHA 3
MOCTIHHOI0 YacTOTOI0 O0epTaHHA poTopa. Xoda Taki
YMOBH 1 BIAMOBIJAIOTh pPEATBHOMY PEXHMY poOOTH
JIBUTYHa Ha KOPOTKHX IHTEpBajax 4acy, aje BOHH BCE XK
Takiu He BceocshkHi. lle € YmHHUKOM, SKHil oOMexye
3aCTOCOBHICTh ~ OTPUMAHHX  PE3YINBTATIB Y  Pi3KO
HECTAI[lOHAPHUX peXuMax poOoTH mBuryHa. llommpenHs
MIPOBEIEHOT0 OOTPYHTYBAaHHS HA TaKi PEKUMH — HaIpsM
HONAIBIINX JOCIIHKEH.

BucHoBku

1. Ha ©0a3i amHamizy  emeKTpPOMAarHiTHOTO
OTOYEHHS BM3HAYEHO CKJaJl KOMIUIEKCY 3aBas, sKi
CTBOPIOIOTH EJIEKTPUYHUHA (DOH JUIA CIIOCTEPEKEHHS

oomoTLi  TpudazHOro
Hlnsxom  aHamizy
3aBajJ] BHM3HAUCHO
iXHS CHEKTpajbHa

TECTOBOTO ~ CTPYMY B
ACUHXPOHHOI'O JABUI'YHA.
CIIEKTPAJBHOTO  CKIaay IHX
Jiama3oH 4YacTtoT, y SKOMY
HIBHICTE HAMMEHIIIA.

3 ypaxyBaHHSM MOXIMBHX  BapiaHTIiB
YacOBHX  3aJGKHOCTEH  3alIMIIKOBHX  3aBaj
PO3pOOIEHO MaTeMaTUYHY HPOLENYpPY OLIHIOBaHHI
[apaMerpiB  TECTOBOLO  CHTHAIY. Hlnsxom
KOMII IOT€PHOT0 MOZIEIIIOBaHHS BUIAJKY
3aCTOCYBaHHS CHUHYCOIZHOIO TECTOBOI'O CHTHATY
BU3HAYCHO  TOYHICHI  XapaKTepUCTHKH el
NpoLeaypy B LIMPOKOMY [iarna3oHi 1HTEHCUBHOCTI
3aBaJM 1 CTyNEHs IePeKPHUTTSI CUTHANy 1 3aBajau 3a
4acoM.

Cnucok BUKOPUCTAHHUX JKepeJ1

Prony Method Estimation as a New
Approach for Surge Comparison Testing in Turn
Insulation Diagnostics for Three Phase Stator
Windings / L. A. T. Guajardo, L. H. R. Alfaro, J.
R. Maldonado, M. A. G. Vazques, F. S. Salinas,
M. Y. Shin. Machines. 2023. 11 (2), 241. URL :
https: // doi.org/10.3390/machines 11020241.

A New Testing Method for the Diagnose of
Winding Faults in Transformer / Z. Wu, L. Zhou,
T. Lin, X. Zhou. IEEE Transactions on
Instrumentation and Measurement. PP(99): 1-1.
June 2020. DOI: 10.1109/ TIM.2020.2998877.

Magnetic Effects of DC Signal Injection on
Induction Motors for Thermal Evaluation of Stator
Windings / P. Zhang, Y. Du, T. G. Habetler, B. lu.
IEEE Transactions on Industrial Electronics.
58(5): 1479-1489. DOI: 10.1109/
TIE.2010.2089935.

Investigations on using white noise as a test
signal for performing frequency response

35

IKC3T, 2023 N4




IHOPOPMAIIMHO-KEPYIOUI CUCTEMU HA 3AJIIBHUYHOMY TPAHCIHOPTI

10.

11.

12.

13.

14.

15.

16.

measurements on transformer / S. Arumugam.

ElectricPower Systems Research. Vol. 202,

January 2022, 107586. URL : https:/

doi.org/10.1016/j. epsr. 2021. 107586.
Optimisation of HF signal injection

parameters for EV applications based on sensorless
IPMSM drives / L. ldkhajine, E. Monmasson,
Z. Makni, P.-A. Chauvenet,
B. Condamin, A. Bruyere. IET Electric Power
Applications. Vol. 12, Issue 3. P. 347-356. URL :
https:// doi.org/10.1049/iet-epa. 2017. 0228.

Signal injection method without torque ripple
for stator winding temperature estimation of
surface-mounted PMSM drive systems / J. Fang,
S. Ding, Y. Sun, J. Hang. Journal of Power
Electronics. November 2020. 20(6): 1504-1513.
DOI:1007/s43236-020-00153-0.

A Study of Frequency Domain Reflectometry
Technique for High-Voltage Rotating Machine
Winding Condition Assessment / J. Cheng,

Y. Zhang, H. Yun, L. Wang, N. Taylor. Machines.
2023. 11 (9), 883. URL https:  //
doi.org/10.3390/machines 11090883.

Synthesis of a device for anti-jamming
reception of signals of tonal rail circuits on the
background  of  additive  five-component
interference / S. Panchenko, O. Ananieva, M.
Babaiev, M. Davidenko, V. Panchenko. Eastern-
European Journal of Enterprise Technologies. Vol.
3. Ne 9(111). 2021. Do0i:10.15587/1729-
4061.2021.235835.

Kym C. M., IIporonoB . O., CmupHoB B. L.
Teopist curnanis. Y. III. CnektpanbHuil aHami3
HernepioguyHux curHainiB. [Ipakrukym. Kuis: KITI
im. Irops Cikopcskoro, 2019. 31 c. URL
https://ela.kpi.ua’handle/ 123456789/27150.

KobsikoB O. M., Bpaxnuk I. €. Teopis
ENEKTPUYHHUX KT Ta curHaiiB. Teopist curHaiib.
Cymu: Cymchkuil nep>xkaBHuii yHiBepcuter, 2017.
125 C. URL :
https://essuir.sumdu.edu.ua/bitstream/123456789/5
5877/1/ Kobiakov_teoria.pdf.

Ainslie-Malik G. R. Mathematical Analysis
of PWM Process. Thesis submitted to The
University of Nottingham for the degree of Doctor
of  Philosophy, July  2013. URL
https://eprints.nottingham.ac.uk/handle/  13021/1/
Mathematical _Analysis_of PWM_Process. pdf.

Oynkmii beccenst: tabmums 3Hadens. URL :
https://mat.net.ua/jk/Tab_of listingl7_NEW.htm.

Heller B., Hamata V. Harmonic field effects
in induction machins. Prague: Academia, 1977.
330 p.

I'ereman I'. K. Teopist emextpudnoi TATH: Y
2-x 1. Muinponerposcbk: Akuent 111, 2015. T. 2.
492 c.

Kapramos M. B. ImoBipHicTs, mpoliecH,
cratucruka: mnociOHuk. Kwuis: BumaBHnuuoO-
monirpadiuamii ieHTp «KuiBchkuil yHiBEpCHTETY,
2008. 494 C. URL :
https://probability.knu.ua/userfiles/kmv/VPS_Pv.p
df.

M. M., bauamok B. C., JlaBuaeHko

M. T. OniHIOBaHHA CTYIIEHS ICKPIHHA Ha
KOJIEKTOpI TATOBUX JBUTYHIB JIOKOMOTHBIB.
36iprux nayx. npays. XapkiB: YrpIA3T, 2005.
Bum. 68.C. 266-276.

Ananieva O., Babaiev M., Davidenko M., Panchenko
V. Frequency localization and parameter estimation of
the stator winding testing signal of a three-phase
asynchronous motor

Abstract. Effective operation of electric railway
rolling stock is possible only by maintaining a sufficiently
good technical condition of traction electric motors, in
particular three-phase asynchronous ones. An important
component of the appropriate  measures is the
measurement of the electrical parameters of the stator
windings by applying a test signal. The
measurement accuracy is  enhanced by interference
currents in this winding. To increase it and more
accurately determine the technical condition of  the
engine, it is necessary to scientifically substantiate the
conditions favorable for carrying out these measurements.
The work determines the frequency range of the
traction current, free from interference that occurs in the
stationary operating mode of a three-phase asynchronous
traction motor. It is proposed to select the type and
parameters of the signal so that its spectrum is located in
this range. A mathematical procedure has been
developed for estimating the parameters of the test
signal, taking into account residual interference located in
a certain frequency range. Methods of spectral analysis of
interference signals were used, as well as a method for
estimating parameters using the least mean squares
criterion. By computer simulating an example of using a
sinusoidal test signal with a known frequency, the exact
characteristics of such an estimate are determined over
a wide range of pulse interference amplitudes and the
degree of signal overlap and interference over time.

Keywords: three-phase asynchronous motor, test
signal, interference, spectrum, smallest average square.

Ananveea Onvca Muxainiena, o0.m.n., npogecop,
kagheopa asmomMamuxu ma KOMN T0mMepHO20
meneKepyeaHts pyxom noizoie, Ykpaincoxuil oepocasHuii
YHigepcumem 3ani3HUYHO20 mpaHchopmy, M. Xapkie,
Vrpaina.  E-mail: romashkal3052015@gmail.com. 1D
ORCID: https://orcid.org/0000-0001-6686-8249.

babace Muxaiino Muxaiinoguu, 0.m.n., npogecop,
3agidyeay  kagedpu, Kageopa ereKmpoeHepeemuKy,
eleKMpOmexHiku ma eneKmpoMexaHiky, Ykpaincokuil
oepoicasHull yHisepcumem 3ani3HUYHO20 MPAHCHOPMY, M.
Xapkis,  Vkpaina.  E-mail: mmbxiit@gmail.com. 1D
ORCID: https://orcid.org/0000-0003-3553-8786.

Jlasuoenko Muxaiino Ieopziiiosuu, k.m.n., OoyeHm,
Kagedpa enexmpoenepeemuxy, eieKMpPOMexHiky —ma
e1eKMpOMexaniKu, Yxpaiucoxuii OepotcagHul
VHigepcumem 3ai3HUYHO20 mpancnopmy, M. Xapkie,
Ykpaina.

E-mail: davdenk@kart.edu.ua. ID ORCID:

htts://orcid.org/0000-0001-7255-3059.

36

IKC3T, 2023 N4



https://ela.kpi.ua/handle/
https://essuir.sumdu.edu.ua/bitstream/123456789/55877/1/
https://essuir.sumdu.edu.ua/bitstream/123456789/55877/1/
https://eprints.nottingham.ac.uk/handle/
https://mat.net.ua/jk/Tab_of_listing17_NEW.htm
https://probability.knu.ua/userfiles/kmv/VPS_Pv.pdf
https://probability.knu.ua/userfiles/kmv/VPS_Pv.pdf
mailto:romashka13052015@gmail.com
mailto:mmbxiit@gmail.com
mailto:davdenk@kart.edu.ua

IHOPOPMAIIMHO-KEPYIOUICUCTEMU HA 3AJTIIBHUYHOMY TPAHCIHOPTI

Ilanuenko Bnaoucnae Baoumosuu, Kk.m.n., Ooyenm,
Kageopa enekmpoeHepeemuKu, —eleKmpOmexHiku ma
eIeKmMpOMexXaHixu, Yrpaincoruii OepoicasHuil
YHigepcumem 3ANI3HUYHO20 MpAHCnopmy, M. Xapkis,
Ykpaina.

E-mail: vlad_panchenko@ukr.net.
orcid.org/0000-0003-4822-7151.

ID ORCID: htts://

Olha Ananieva, Doctor of Technical Sciences, Professor,
Department of automation and computer telecontrol train
traffic, Ukrainian State University of Railway Transport,

Kharkiv, Ukraine. E-mail:
romashkal3052015@gmail.com. ID ORCID:
https://orcid.org/0000-0001-6686-8249.

Mykhailo Babaiev, Doctor of Technical Sciences,
Professor, Department of electroenergy, electrical

equipment and electromecanics, Ukrainian State

University of Railway Transport, Kharkiv, Ukraine. E-

mail: mmbxiit@gmail.com. 1D ORCID:
https://orcid.org/0000-0003-3553-8786.
Mykhailo Davidenko, PhD, Associate Professor,

Department of of electroenergy, electrical equipment and
electromecanics, Ukrainian State University of Railway

Transport, Kharkiv, Ukraine. E-mail:
davdenk@kart.edu.ua. ID ORCID:
https://orcid.org/0000-0001-7255-3059.

Vladyslav Panchenko, PhD, Associate Professor,

Department of of electroenergy, electrical equipment and
electromecanics, Ukrainian State University of Railway
Transport, Kharkiv, Ukraine. E-mail:
vlad_panchenko@ukr.net. ID ORCID: https://
orcid.org/0000-0003-4822-7151.

37

IKC3T, 2023 N4



mailto:vlad_panchenko@ukr.net
mailto:romashka13052015@gmail.com
mailto:mmbxiit@gmail.com
mailto:davdenk@kart.edu.ua
https://orcid.org/0000-0001-7255-3059
mailto:vlad_panchenko@ukr.net

