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NIIBUIIEHHSA BE3NEKHU PYXY MOI31IB LHJIAXOM
ABTOMATHYHOI'O KOHTPOJIIO ITAPAMETPIB CUT'HAJIBHOI'O
CTPYMY B PEUKOBHUX KOJIAX

Mera. besnieka pyxy 1oi3/1iB 3Ha9HOIO MipOIO 3aJISKHUTh Bl QYHKIIHHOI Oe3nmevHOCTi 1 HamiiHOCTI poOoTH 3aco-
01B 3aJII3HUYHOI aBTOMATHKH Ta 3B’s13Ky. IIpu IboMy 0COOIMBA POJIb y IIbOMY HAJIEKHUTH CUCTEMI IHTEPBAJILHOTO pe-
TYJIIOBAaHHS PYXy IOi3MiB, A0 CKJIaIy SKOi BXOAWTH aBTOOJIOKYBAaHHS, aBTOMAaTH4YHA JIOKOMOTHBHA CHTHANI3allis
(AJIC), cucteMu KOHTPOJIIO MUAIBHOCTI MammHicTa, aBTOcTONH. ONHI€I0 3 OCHOBHUX MPOOJIEM TOTOYHOTO MiIXOAy
JIO MOHITOPHHT'Y PEHKOBHX K1JI € BAKOPHUCTaHHS PYYHUX BUMIPIOBaHb, SIKi € JOPOTUMH, TPYJOMICTKUMH Ta CXHJIBHUMHU
JI0 JIFOJICBKHX MOMMIIOK. KpiM Toro, 1Ti py4Hi IIPOIecH YacTo He 3a0e3MeuyloTh He0OX1AHOT TOUHOCTI AJIsl BU-SIBJICHHS
nedexTiB Ha paHHii crazii. [y 3aroBHEHHS 11i€l TporairHu HeoOXiqHNi Oe3repepBHIN aBTOMAaTHYHUH MOHITOPHHT
CHUTHAJIBHOTO CTPYMY B PEHKOBHX KOJIaX, IO JO3BOJISIE CBOEYACHO BUSIBIISITH KPUTHYHI CIIOTBOPEHHS CUTHAITY 1 Haf-
JIMIIKOBI €IEKTPOMATHITHI 3aBaJ B PEHKOBHX KOJaX, sIKI MOXKYTh CIIPHIMHUTH 3001 B iX poboTi MeToto nociiKeHHs
€ M JIBUIIEHHS Oe3IeKH PyXY IT0i3/1iB IUIIXOM aBTOMAaTHYHOTO KOHTPOJIIO apaMeTpPiB CUTHAJIBHOTO CTPYMY B peiiko-
BUX Konax. [yt mocsrHeHHs miel MeTH HeoOXiHO BU3HAYMTH XapaKTEpHI O3HAKHM CHTHaibHOTO cTpyMy B PK, ski
MOXYTb OYTH BUKOPHCTAaHI JUI CBOEYACHOT'O 1 HAAIHHOTO BUSIBJIICHHS B HHOMY Ae()eKTIiB Ta HaUTMIIKOBUX 3aBasl, 110
MOXKYTh IPUBECTH JI0 3001B ¥ poOOTi CHCTEM yIpaBIIiHHS PyXOM HOI3iB.

MeToau. AHaii3 CUTHAJIBHOTO CTPYMY PEHKOBOrO Kojla B 4acoBiii 00JacTi 3 IIISIXOM 3HaXOJPKEHHS OTHHAI0YO01
CHTHAJy PO3PaxyHKOM CepeAHbOKBAAPATUIHOTO 3HAUCHHS HAIIPYTH B IMITYJIBCI 1 TIay31 CUTHATY, @ TAKOX CIIEKTpaJIb-
HUH aHATI3 CUTHAILY METOIOM IiepeTBOpeHHs Dyp'e.

PesyabraTn. Busnayeno, mo ananiz piBHIB HaIlpyru Ha BXOJi KOMIHHOTO NpuiiMaya ITijJ 4ac iMIyJIbCiB 1 may3
CHUTHAIBHOTO CTPYMY MOXKE HaJlaTH JOJATKOBY iH(pOpMaIito npo noteHuiiHi negextu PK, sxi MoxxyTb OyTH Heode-
BUHUMH JIUIIIE 32 JOTIOMOT00 IPOCTHX BUMIPIOBaHb HAIPYTH HA PEHKOBOMY IpHHMai.

Xoua aHali3 cepeHbOKBAIPATHYHOI HAPYTH CUTHAMIB Y PSHKOBUX KOJIaX HAJA€ LiHHY AiarHOCTHYHY iH(popMa-
{10, TIJIBKY ii MOXe OyTH HeJOCTaTHRO. BifcTexxyroun piBHI Halpyry, 30KpeMa B IMITyJIbcax 1 IMay3ax CUTHAJILHOTO
CTpYyMY, 1 JIOTIOBHIOIOUH II€ CHIEKTPAILHIM aHaJli30M, MOJKHA OTpUMAaTH Habarato OuIbII AeTaabHE PO3YMiHHS CTaHy
petikoBoro kona. CriekTpaibHUN aHali3, 30KpeMa, JI03BOJISIE BUSIBUTH MTOPYIICHHS, SIKI MOKYTh OYTH HEOUEBHIHIMHU
IIpY aHaJli3i B 4acoBiil oOJyacTi, ane Bce K BKa3ylOTh Ha MOTEHIIIHHI HECIIPaBHOCTI. 3alpOIIOHOBAHO CHEKTPAIbHUI
aHaJIi3 CUTHAJIBHOTO CTPYMY B peiiKax HEOOXiHO BUKOHYBATH OKPEMO IS IMITYJIbCIB 1 Imay3, MoAiOHO 10 aHaNi3y B
qacoBii o6macTi. OgHAK Yepe3 HEeBENUKY TPUBAICTh IMITYNBCIB i may3 (mpubnusao 0,083 cekyHan) BayKKO BUKOHATH
CHEKTpaJIBHUHA aHalli3 3 HE0OXiTHOIO TOUHICTIO Yepe3 (pyHAaMeHTaNbHIN NPUHIUI HeBU3HAaYeHOCTi. CrieKTpaibHAN
aHaJ1i3 3aiiMae Oinple yacy Ta morpedye OubIe 00YHCIIeHb, HIXK aHajli3 y yacoBii obsacti. Y pe3ynbTaTi peKoMeH-
JIyETHCS ABOETAITHUI Tpoliec JiarHOoCTUKU. Ha mepmiomy erarmi ciii BUKOHATH OUIBIN MPOCTHH aHAJi3 CUTHAJIBHOTO
CTPYM Yy 4acoBiii o0nacTi, o0 MBHUIKO BU3HAYUTH Oy/b-sIKi 03HAKU HA/A-MipHHX 3aBaJl. Y pa3i BUSIBJICHHS Oy/Ib-SIKHX
aHOMaJIiii MO>KHA IIPOBECTH OLIBII ICTaTbHUI YaCTOTHO-YaCOBHMI aHAJI3 K APYTUil KPOK, 100 MiATBEPAUTH IIPUPOLY
CHOTBOPEHb CHTHAIY Ta OL[IHUTH HOTO BIUIMB Ha Ipale3aTHICTh PEHKOBOTO Kojia. 3aBIsIKH Oe31epepBHOMY MOHITO-
pary cursanis B HK 3 ix aHasi3oM y 4acoBiii 1 4acTOTHIH 001acTsIX MOXKHA HE TUIBKU BUSIBIISITH HECIIPABHOCTI, aJie i
MIPOrHO3YBATH iX /10 X BUHUKHEHHS, II0 JI03BOJISIE OUIBII e(heKTHBHO IJIaHyBaTH TEXHIUYHE 0OCIyroByBaHHS Ta 3HH-
KY€ PU3HUKH 3001B y poOOTI.

IIpakTuuna 3HaYuMicTh. OTpUMaHi pe3yNbTaTH MOXKYTh OyTH BUKOPHCTaHi IPH po3poOIi cuctemMu Oe3nepeps-
HOT'O MOHITOPHMHTY PEHKOBHX KiJI, IO 03BOJIMTH MiJABUIIUTH OE3IIeKy pyXy MOI3/iB 1 3MEHIINTH EKCIUTyaTaliiHi BU-
TpaTtH. 3anponoHOBaHa METOIMKA JI03BOJIsE HE TUTHKU BUSBISATH HECIIPABHOCTI B PEUKOBUX KoJaxX, ajie i mpo-
THO3YBATH iX JI0 IX BAHUKHEHHS, 1110 J03BOJIsIE OLTBIN €()EKTHBHO IUIAHYBATH TEXHIUYHE 00CIYTOBYBaHHS Ta
3HWKYE PU3HKH 300iB y pOOOTI.

Kniouoei crnosa: Ge3neka pyxy 1moi3iB; MOHITOPHHT TEXHIYHOTO CTaHy; PEHKOBI Koa, aHaJI3 B 4acoBil 00JacTi;
CHEKTPAIBHUH aHaIi3.
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Beryn

Besneka pyxy moi3diB 3HaYHOIO MiIpOIO 3aie-
XKUTb B QpyHKIiHHOT Oe3neyHoCTi 1 HagiHHOCTI po-
00TH 3ac00iB 3ai3HUYHOT ABTOMATUKH Ta 3B SI3KY.
[Tpu npoMy ocobnmBa poib y IIbOMY HAJICKUTH CH-
CTeMi IHTEPBAJILHOIO PETYIIOBaHHS PyXy IOi37iB,
70 CKJIaJy sIKOi BXOAWUTH aBTOOJIOKYBaHHS, aBTOMa-
TUYHA JIokoMoTHBHa curHamizanis (AJIC), cucremn
KOHTPONIO TMHJIBHOCTI MAalIMHICTa, aBTOCTOIH.
OCHOBHHMM JaTYUKOM TIOJIOKEHHS MOT311Y, a TaKOX
kaHanoM nepenayi curnaiis AJIC B kaOiHy Mamu-
HicTy € peiikoBi kona (PK), mpuHimn po6otn sikux
0a3yeThCs Ha TIepefadi CATHAIBHOTO CTPyMY Bij re-
HepaTopa, IO 3HAXOAUTHCA Ha KUBISTUOMY KiHII
PK, mo xomiliHOrO mpuiimMaya, MO 3HAXOAUTHCS Ha
npotwiexnomy kinui PK. Ha ¢ynxuionyBaHHsS
pEKOBUX KT BIUIMBaE Oarato (akTopiB pi3HOT
MPUPOAH, B TOMY YHUCIi HECTAOUIBHICTH MPOBIAHO-
CTi MIXK peiKaMU 1 3eMJICI0 BHACIIOK 3a0pyIHEHHS
OanacTy, 3MiHM METEOPOJIOTiYHUX OOCTaBHH, a Ta-
KOX 3MiHa OMOpYy pEeHKOBUX 3‘€AHYyBadyiB, 3HOC i
cTapiHHA eleMeHTiB i anapatypu PK, emexrpomar-
HITHI 3aBaju Ta iHIe [1].

OpHi€l0 3 OCHOBHUX MPOOJIEM MOTOYHOTO Tif-
X0y /10 MOHITOPMHTY PEHKOBHX KiJl € BHKOpHC-
TaHHsI PYYHHUX BUMIPIOBaHb, SIKi € JOPOTUMH, TPY-
JOMIiCTKMMH Ta CXUJIBHUMH JI0 JIIOJCHKUX TTOMHJIOK.
Kpim Toro, mi py4Hi mporecu 9acto He 3a0e3redy-
F0Th HEOOXiTHOT TOYHOCTI TSl BUSBIICHHS Je()eKTiB
Ha paHHi# ctanii. Jnsa 3amoBHeHHS 1€l mporanuHu
HeoOXiaHu# Oe3nepepBHUI aBTOMATHYHUI MOHITO-
PHHT CUTHAIBHOTO CTPYMY B PEHKOBHX KOJNax, IO
JI03BOJISIE CBOEYACHO BUSIBIATH KPUTHYHI CIIOTBO-
PEHHS CUTHANY 1 HaJUIMIIKOBI €eKTPOMarHiTHi 3a-
BaJy B PEHKOBUX KoOJaX, sIKi MOXYTb CIIPUYMHUTH
3001 B ix pobori [2][3].

ITocTanoBka 3aBIaHHSA JOCTIIKEHHSA

Jlns 3abe3medecHHS Oe3meuHoi 1 0e3BiIMOBHOI
po0OTH PEHKOBUX Kill HANpyra Ha iX KOMITIOHEHTAX,
a TaKOX CUTHAJILHUI CTPYM B peliKax Ma€ Mepiou-
YHO KOHTPOJIOBATHUCS OOCITYyTrOBYIOUHUM TIEPCOHA-
JIOM MUTSXOM TPSIMUX BUMIpIOBAaHb y peiikax Ta/ado
ITiJ] Yac TUTAHOBUX BUIPOOYBAILHUX TOT3/I0K CIICITi-
anbpHO 00JIaHAHOTO BaroHa-nadoparopii, KU 3a-
MHACY€E B KOMII'IOTEP YaCOBY 3aJIC)KHICTh CUTHAJIb-
HOTO CTPYMY 3 TIPUB'S3KOI0 JI0 KOOPAWHATH IOy
[4], [5].

3anucaHuii CUTHAJ Bi3yaJlbHO aHATI3YETHCS elie-
KTPOMEXaHIKOM JJIsl BUSIBJICHHS MTPOOJIEMHUX JILITS-
HOK, JI¢ TapaMeTpu CHTHAIy CYTTEBO BiApi3HS-
I0TBCSI BiJl HOpMaTuBHUX. Llg TexHomorist 06poOku
CUTHaIy € MajoeeKTUBHOIO 1 He 3a0e3meuye Heoo-
X1THOT TOYHOCTI.
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MeTta gocaiaKeHHs

MeTror JIOCHIKEHHS € IIIBUIIEHHS O€3IeKu
PYXy MOI3AIB HUISXOM aBTOMATUYHOTO KOHTPOIIO
napamMeTpiB CUTHaJIbHOTO CTPYMY B PEHKOBHX KO-
nmax. JIms JOoCSTHEHHS 1€l MEeTH HeoOXiJHO BHU3HA-
YUTH XapaKTepHI O3HAKH CUTHAJIBHOIO CTPYMY B
PK, sixi MoxxyTe OyTH BHKOpHCTaHi AJIsi CBOEYAC-
HOTO 1 HAZIMHOTO BUSBJIICHHS! B HHOMY JIeEKTIB Ta
HAJJUIIKOBUX 3aBaj, IO MOXYTh MPHUBECTH [0
300iB y poOOTi cUCTEM YHpaBIiHHS PyXOM IMOi3iB.

AHaJii3 0OCTaHHIX JOCTiIZKeHb 1 myOrikami

Jnst BUSIBIIGHHSI IPOOJIEMHUX CErMEHTIB CUTHA-
JBHOTO CTPYMY B PEHKOBHX KOJax 3a3BHYail BUKO-
pucToByeThes neperBoperns Oyp'e ([1D), ane pea-
JbHUN CUTHAJILHUN CTPYM HE € CTalliOHapHUM, Mic-
TUTh 3HAYHY BHUIMAAKOBY iHTepdepeHwio, i ToMmy
[1® ne 3a0e3neuye MpaBUIBHY OLIHKY CHEKTPallb-
Horo cTpymy [6], [7].

Hennic ['abop 3ampononyBaB KOPOTKOYACHE Ie-
perBopenHst Dyp’e A CHEKTPaILHOTO aHaI3y He-
CTaliOHAPHUX CUTHAIIB, , ale HOr0 BUKOPUCTAHHS
Ma€e Jeski OOMEXeHHs. 30Kpema, OAHE 3 HHUX
MOB’s13aHE 3 MPOTHPIYYSIM MIXK JOBXHUHOIO BIKOHHOT
(GYyHKLIT 1 MUPUHOIO CMYTH YacTOT, IO 3aJeXITh
Bil JOBKUHHM BikoHHOT (yHKuii [8], [9].

B ocTaHHI IecATUIIITTS Teopis BEHBIETIB cTana
MOTYXHUM iHCTPYMEHTOM OOpPOOKHM CUTHAJIB, SIKUI
HIMPOKO BUKOPHCTOBYETHCS AJISl aHAIII3Y HecTallio-
HapHUX CUTHAJIIB y 0araThboX MPaKTUYHUX 3aCTOCY-
BaHHsAX [8], [9]. Beitner-neperBopenns (BII) mo-
3BOJISIE HAM OJHOYACHO aHANI3yBaTH XapaKTepuc-
TUKU CUTHAIY SIK Y YacOBiH, Tak i B 4aCTOTHIil 00-
nmacTsax, ane Ha BinMminy Bin [1®D, BeiiBner-anamis
BUKOPHUCTOBYE HILIE YACOBE BIKHO, JOBXHHA SIKOTO
3aJIeKHUTD BiJl YACTOTH, L0 aHATI3YETHCS.

Jlnst aBToMaTH3alii BUSIBICHHS CTIOTBOPEHb CHUT-
HAJBHOTO CTPYMY 1 3aBaj B HOro ckiazai HeoOXiIHO
MPOBaJAUTH HOTO aHali3 SIK Y YacoBiif, Tak i y Jac-
TOTHi# 00aacTi.

Buoip crpykrypu i napamerpiB npucTporo
JJIS MOHITOPHHTY CUTHAJIBHOTO CTPYMY

AmapaTHO-TIpOrpaMHUN KOMIUIEKC ISl MOHITO-
PHHTY CHTHAJIBHOTO CTPYMY B peiiKax CKIagaeThes,
y 3arajbHOMY BUIJISA[I, 3 TIEPBUHHOTO OE3KOHTAKT-
HOT'O TIEPETBOPIOBAaYA TSATOBOTO CTPYMY y HAIpyTy
(IT), npuctporo y3romkenns (YII), anamoroBoro
aHTianmiacinroBoro GpineTpy (A®d). aHamoroBo-IH}-
poBoro meperBoptoBaya (ALIT) i mporpamuoro-
armapaTHOro KOMILIeKCy (KOMIT‘foTepy), SKUil BUKO-
Hye TieperBopeHHs1 Dyp'e 3 MPeCTaBICHHSIM CIIeK-

tpy (puc. 1).



B sxocTi mepBUHHOrO mepeTBOpIOBada CTPyMy
MOX€E BHKOPHUCTOBYBATHCS KOTYIIKa POroBChKOro
abo maT4uk cTpyMy Ha OCHOBi edexty Xomna. Jis
BHUMIpPIOBaHHS y BaroH-JiabopaTtopii abo Ha TIOKOMO-
TUBI B AKOCTI JaTYMKIB CTPyMy B pelKax MO)KHA
B3situ Kotymku AJICH. Yacrora 3pi3y aHTianiacid-
roBoro (GinbTpy BUOMpAETHCS 3 ypaxyBaHHSIM Yac-
totu HalikBicra.
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Puc. 1. CrpykrypHa cxema AIIK mist criekTpaibHOTO
aHaJIi3y TATOBOI'O CTPyMY

Bu3zHaueHHs XapaKTepHHUX JiarHOCTHYHUX
03HAKH CUTHAJIBHOTO CTPYMY

st 3ab6e3nedenns Haniiinoi podboru PK ocHoBHI
napaMeTpu CHIHaJIBHOTO CTPYyMY, Taki sSIK TpHBa-
JICTh IMITYNIBCIB 1 MAy3, a TAKOXK CeperHbOKBAIpa-
THUYHI 3HAYEHHS CUTHAJIIB B IMITyJIbCax i may3ax, mo-
BUHHI BiANOBINATH NMEBHUM HOPMAaTHBHUM BHUMO-
ram. /[y BU3HA4YeHHS LMX MapaMeTpiB Ha amapa-
THO-TIPOTPAaMHOMY BHMIPIOBJILHOMY KOMILJIEKCI
HEOOXiTHO TMEpEeTBOPUTH CHUTHAIBHUN CTPYM TaK
caMmo, K TpU HOro AEMOAYIALii y perdKoBOMY
npuiiMadi, TOOTO 3HAUTH OTMHAIOYY CUTHAJY LUIS-
XOM YCYHEHHS KONMBaHb Hecydol yactoTd. Jlis
LBOTO B pOOOTI BUKOPUCTAHO METOJ] 3aCHOBaHU I Ha
3HAaXOMKEHHI CepeIHbOKBAIPATHYHOIO 3HAUYCHHS
(CK3) curnany B IEBHHUX iHTEpBaJax.

YacoBi 3aneKHOCTI HAampyru Ha BXOA1 peHKo-
BOTO MpHiiMaya AJis IBOX CErMEHTIB CUTHaJbHOTO
CTpYMY BIiAIOBIAHO 3 MaJUMH Ta 3HAYHUMHU CIIO-
TBOPEHHSMH HaBEIECHO Ha puC. 2.

s imoctpauii 3actocyBanns merony CK3 Ha
puc. 3 moKa3zaHi CUTHAIU 3 HE3HAYHMUMU CIIOTBOPEH-
HsMH (a) i 31 3HaUHUME crioTBopeHHsmH (D), 1o Bi-
JMOBIIAIOTH TTOKa3aHUM Ha pHC. 4, a TAKOXK iX OTH-
Hatoui, orpumani merogoM CK3. Lli orunatoui mo-
Ka3aHi pa3oM i3 IBOMa MOPOrOBUMH PiBHSIMH Ha-
Opyrdn Ha BXOAI MpuiiMada pEHKOBOTO KoJja.
Jnst HagiiiHOi poOOTH PEUKOBOIO KOJIa CHTHAJ MiJ
Yac iMITyJIbCiB HE MOBUHEH OITyCKaTHCS HIDKYE Bep-
xHbOTO piBHA Hanpyru (BH), a min yac nay3 He mo-
BUHEH TepeBUIyBaTH HYkHboro piBHs (HH) 6i-
nerre Hik Ha 0,3 cekyHam.

Sk BUIHO 3 pHUC. 5, AN CUTHATY 3 HE3HAYHUMHU
CIIOTBOPEHHSIMH IIi YMOBH BHKOHYIOThCS. OmHaK
IUIsl CUTHAJY 31 3HAUHHUMHM CIIOTBOPEHHSIMU OT'MHA-
104a CUTHAJY B JeIKi MOMEHTH 4acy IepEeBUILYE J0-
nyctuMi piBHi. Lle Mae knacudikyBaTHCS CHCTEMOIO
JiarHOCTUKH K HecTabuipbHa podora PK.
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Puc. 2. HacoBi 3aJIe)KHOCTI HALIPYTH CHTHAY (MO3HA-
YaloThCs JIITeporo S) Ta iX oruHarvol (o3HAYarThCs Ji-
teporo E) Ha Bxoji npuiimaya PK jis curnaitis MamuMu
Ta (a) Ta 3HauHEMH (0) CIOTBOPEHHAMHU
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Puc. 3. Orunatoui curHaiy Ta JBa IOpOroBi piBHI s
curnany ACK: BepxHiii piBens (HL) Binmnosinae minima-
JIbHIN MEXI Halpyry B iMITYJIbCaX, a HIDKHIHN piBeHb (LL)
BIJINIOBiJ1a€ MakcUMaJIbHINA Mexi Hanpyru B nay3ax ACK
CHUTHAJ

CroexkTpajbHUil aHAJI3 HX CHTHAJIB

CriekTpanbHUN aHai3 CHTHAIB MIPOBOIMIIH 3 BIKHOM
Xanna goBxuHO0 1 ¢. CIIeKTpH IUX CUTHAIIIB HAaBEACHI

Ha puc. 4.
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Puc. 4. Cniextpu curnaiy i3 3aBaJilaMy BU3HaU€HI IS
inrepBaiy 1 ¢ (a), Wi iMoyabcy curnany (0), 1uis nay3u
curHainy (B).

VY chekTpax BHSIBICHO MiKH MOONH3Y HeECcydoi
yactotu curHainy 420 ['m, a Takox MKW Ha 9acTOTi
TsaroBoro ctpymy 50 I'm. He3Baxaroun Ha cyTTeBi
BiIMIHHOCTI MK (pOpMaMH XBHJIb y 4acoBiil oOia-
cTi mux (parMeHTiB CUTHANy, iXHI CHEKTpU HE
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JIEMOHCTPYIOTh O3HAK, sIKi O 1omoMoriu ixeHTudi-
KyBaTH HaJAMIpHI CHOTBOPEHHs curHaiy. Lle mos's-
3aHO 3 yCepeIHEHHAM HeCTal[lOHapHUX XapaKTepu-
CTHK CHTHally 3a BCi iHTepBaiM 4acy, oOpaHi s
aHamizy (B taHoMmy BUnaaky 1 c).

BinmoBinHO, CIEKTpaIbHU I aHAI3 CHTHAIBHOTO
CTpYMy B peiikax HeoOXiJHO BUKOHYBATU OKPEMO
IUIs1 IMITYJIBCIB 1 T1ay3, MOIOHO 10 aHaNi3y B YacOBiH
obnacti. OnHaK Yepe3 HEBEIHMKY TPUBAJICTD IMITY-
abciB i may3 (mpubmmzHo 0,083 cexyHmu) Bakko BU-
KOHATH CIIEKTPAJIbHUI aHalli3 3 He0OXiJHOIO TOYHi-
CTIO uepe3 (yHAaMEHTaJIbHUN MPUHIMI HEBU3HA-
YEHOCTI.

BucHosku

B po6ori 3 MeToro migBUILEHHS O€3MeKH pyxy
MOI3MIiB HIJISIXOM aBTOMATHYHOTO KOHTPOIIO Hapa-
METpiB CHTHAJIBHOTO CTPYMy B PEHKOBUX KOJaxX
MPOBENEHO BHOIP CTPYKTYPHOI CXEMH 1 apaMeTpiB
KOMILJIEKCY Ul  BHUMIPIOBAaHHA CHTHaJBHOTO
CTpYMY B peliKkax i BU3HAYE€HO XapaKTEePHI O3HAKH
CUTHAJIBHOTO CTPYMY, SIKi MOXYTh OyTH BHUKOpHC-
TaHi JUIsl CBOEYACHOTO 1 HaJIHHOTO BUSIBIICHHS J€-
(eKTiB Ta HAJUIMIIKOBHUX 3aBaJl B PEHKOBUX KOJaX.

BusnaveHo, 1o aHaji3 piBHIB HAaIpyry HA BXO1
KOJIIHHOrO MpuiiMaya miJ 4ac iMITyJbCiB 1 may3 cu-
THAJIBHOTO CTPYMY MOJKE HaJaTH J0JAaTKOBY iH(oO-
pManito npo noteHuiHi gepextu PK, sxi MOXyTh
OyTH HEOUEBHIHUMH JIMILIE 32 IOMTOMOT 010 IPOCTHX
BHUMIpIOBaHb HAIIPYTU HAa PEHKOBOMY IpUiMayi.

Xoya aHami3 CepeAHbOKBAAPATUYHOI HANPYTH
CUTHAJIIB Y PEHKOBHUX KONax HaJa€ ILiHHY AiarHOC-
THYHY iH(OpMalio, TUIBKH il MOXke OyTH HemocTa-
THBO. Bifcrexyloun piBHI Hampyr#, 30KkpemMa B iM-
MyJibcax i may3ax CHIHaJbHOTO CTPYMY, 1 JJOMOBHIO-
I0YH 1I€ CIIEKTPAIbHUM aHAIi30M, MOJKHA OTPUMATH
Habarato OUTBII eTalbHE PO3YMiHHS CTaHy perKo-
Boro kona. CnekTpaapHHiA aHaji3, 30KpemMa, 103BO-
JIsi€ BUSBUTH MOPYIIEHHS, sIKi MOXKYTh OyTH Heoue-
BHJIHUMH TIPY aHANi3i B 4aCOBii 00J1acCTi, ajie BCe kK
BKa3yIOTh Ha TIOTEHIIIiHI HECIIPABHOCTI.

OpHak cHekTpaJibHUI aHami3 3aiiMae Oinblie
qacy Ta noTpeOye Oinbplie 00YnCiIeHb, HiK aHali3 y
qgacoBiii oOxacTi. Y pe3ynbTaTi peKOMEHIYEThCS
JBOCTAITHUN Tpolec AiarHOcTUKU. Ha mepmomy
eTari ciIii BUKOHATH OLTbLI MPOCTUH aHai3 CUTHA-
JBHOTO CTPYM Yy 4acoBiif 00macTi, o6 mBHIKO BU-
3HAYUTH OyIb-AKi O3HAKH HAJAMIPHUX 3aBaj. Y pasi
BUSBJICHHS OyIb-IKUX aHOMaJii MOXXHA MPOBECTH
OUIBII JAETalbHUI YacTOTHO-4acCOBUHM aHami3 sK
JOpyruid KPoK, 100 MiATBEPAUTH HMPUPOLY CIIOTBO-
PEHBb CUTHAJTY Ta OLIIHUTH HOT0 BIUIMB Ha Mpaie3/aa-
THICTh peiiKoBOro Kousa. 3aBasku Oe3nepepBHOMY
MoHiTopunry curtanie B HK 3 ix awnamizom y

68

YacoOB1H 1 YaCTOTHIHA 00JIACTAX MOXKHA HE TUILKU BH-
SIBJIATH HECTIPABHOCTI, ajie i MpOrHo3yBaTH iX J0 iX
BUHUKHEHHS, 10 JTO3BOJISE€ OLThI e(h)eKTUBHO TUIa-
HyBaTH TEXHIYHE OOCIYrOBYBaHHS Ta 3HHUXKYE PH-
3UKH 300iB y poOOTi.
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V. HAVRYLIUK, S. SHEMANOV

IMPROVING TRAIN MOVEMENT SAFETY BY USING AUTOMATIC
CONTROL OF SIGNAL CURRENT PARAMETERS IN TRACK
CIRCUITS

Purpose. The safety of train traffic largely depends on the functional safety and reliability of railway automation
and communication. At the same time, a special role in this belongs to the system of interval regulation of train traffic,
which includes autoblocking, automatic locomotive signaling (ALS), driver alertness control systems, hitchhikers.
One of the main problems with the current approach to rail lap monitoring is the use of manual measurements, which
are expensive, time-consuming and prone to human error. In addition, these manual processes often do not provide
the necessary accuracy to detect defects at an early stage. To fill this gap, continuous automatic monitoring of the
signal current in the rail wheels is necessary, which allows for timely detection of critical signal distortions and excess
electromagnetic interference in the rail wheels, which can cause malfunctions in their operation. The purpose of the
research is to improve the safety of train traffic through automatic control signal current parameters in rail circuits. To
achieve this goal, it is necessary to determine the characteristic features of the signal current in the RC, which can be
used for timely and reliable detection of defects and excess interference in it, which can lead to failures in the operation
of train traffic control systems. Results. It was determined that the analysis of voltage levels at the input of the track
receiver during pulses and pauses of the signal current can provide additional information about potential defects of
the LCD, which may not be obvious only with the help of simple voltage measurements on the rail receiver. Although
the analysis of the rms voltage of signals in rail circuits provides valuable diagnostic information, it alone may not be
enough. By monitoring the voltage levels, in particular in pulses and pauses of the signal current, and supplementing
it with spectral analysis, you can get a much more detailed understanding of the state of the rail circuit. Spectral
analysis, in particular, allows you to detect disturbances that may not be obvious when analyzing in the time domain,
but still indicate potential malfunctions. It is proposed that the spectral analysis of the signal current in the rails should
be performed separately for pulses and pauses, similar to the analysis in the time domain. However, due to the short
duration of the pulses and pauses (approximately 0.083 seconds), it is difficult to perform spectral analysis with the
required accuracy due to the fundamental uncertainty principle. Spectral analysis is more time-consuming and com-
putationally intensive than time-domain analysis. As a result, a two-stage diagnostic process is recommended. At the
first stage, a simpler analysis of the signal current in the time domain should be performed to quickly identify any
signs of excessive interference. If any anomalies are detected, a more detailed time-frequency analysis can be per-
formed as a second step to confirm the nature of the signal distortion and assess its impact on the rail circuit perfor-
mance. Thanks to the continuous monitoring of signals in the HC with their analysis in the time and frequency do-
mains, it is possible not only to detect malfunctions, but also to predict them before they occur, which allows for more
effective maintenance planning and reduces the risks of malfunctions. Practical significance. The obtained results
can be used in the development of a system of continuous monitoring of rail circles, which will increase the safety of
train traffic and reduce operational costs. The proposed method allows not only to detect malfunctions in rail wheels,
but also to predict them before they occur, which allows for more effective maintenance planning and reduces the risk
of malfunctions.

Key words: train traffic safety; technical condition monitoring; rail wheels; analysis in the time domain; spectral
analysis.
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