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B cTaTtbe paccmaTpuBaeTcsi MeToguka
unccnenoBaHusi BO34eiCTBUS MIOMEX,
co3gaBaeMbiX TIroBbIM TOKOM
3J1eKTPONnoABMKHOIro COcTaBa, Ha
paboTy NnpuéMHUKOB PeJsibCOBbIX Lenei
TOHaJIbHOM YacToTbl. [JaeTcs cxema
npoBefeHns N3MepeHui, noKkasaHa
(PyHKUMOHaNbHas cxema 1abopaTopHOro
cTeHAa no nposepke napamMmeTpos,
BANSIIOLYMNX HA NosiBJIeHne c60es.
MNMpuBegeHa nocnenoBaTesIbHOCTb
ucnbiTaHW NyTeBOro rPpuéMHuKa Ha
NMoOMexoyCTONYNBOCTb K HOPMUPYEMbIM
cuHycouaasibHbIM nomexam. OnpegesieHn!
3Ha4YeHUs1 TOKa B Lienu, rno3BoJisioLymue
A06UTLCS 4aCTOTHOro 6anaHca.

Kno4eBbie cioBa: xene3Has gopora,
BJIEKTPONOABUXHON COCTaB, rapMOHUKa
TSroBOro ToKa, 8J1eKTpPoOMarHuTHasi
COBMECTUMOCTb, MOMEXOYCTONYNBOCTb,

paboyasi rosioca 4acToT, MyTEeBOV MPUEMHUK.
|
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MOCJICIHUE TOJIbI B CBSI3U C BHEIPSHM -
€M Ha CEeTH XKeJIe3HBIX JJOPOT ITePCIIeK -
TUBHBIX TUIIOB 3JIEKTPOIIOABUKHOIO

CcOCTaBa C COBPEMEHHBIMU BUIAMU TSITOBBIX

npeobpa3oBaresieii U CUCTEMaMU JIBOMHOIO

MMUTaHUsI OCTPO BCTaJl BOIIPOC 00 obecreue-

HUU TTOMEXOYCTOMUYMBOCTU MPUEMHUKOB

PeNbCOBBIX LieTieit [1—5].

ITocKkoJIbKYy peryiupoBaHKe TITU OCY-
LIECTBJISICTCS IIYyTEM M3MEHEHMS] 4aCTOThI
TOKa, IOTPedJIIeMOro aCMHXPOHHBIM JIBUTa-
TeJIeM, TApDMOHUKY CETEBOI'0 TOKA 3JICKTPOBO-
32 BO3HMKAIOT B OY€Hb IIIMPOKOM JHMAaria30He
YacTOT, BKJIIOYAsl ¥ TOT, B KOTOPOM pabOTaioT
PEIbCOBBIC 1IETIH.

IIpoGaema 3716 KTpOMarHUTHOM COBMECTH -
MOCTH 3JIEKTPOITOABMXKHOTO COCTaBa U PeJib-
COBBIX LIETICH peIlIaeTCs 3a CYET MPEIbIBICHMS
0oJ1ee XKeCTKIX TpeOOBaHMUIA K YPOBHIO ITOMEX,
JOIYCTUMOMY JUISI ACUHXPOHHOT'O IBUTATEIs.
Takue TpeboBanus BkioueHsl B [OCT [6].
PenibcoBbIe 1ETH TOJKHBI IIPOSKTUPOBATHCS
C YYETOM MEIIAIOLIEro BIUSHUS TToMeX [7—
10]. B mpo1iecce akcmIyaTaluu cieayeT KOH-
TPOJIMPOBATh YPOBEHb MOMEX, CO3IaBaCMbIX
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Puc. 2. PyHkunoHanbHasi cxema cTeHAa o rnpoBepKe MoMexoycToN4YNBOCTU MyTEBOro NPUEMHUKA.

3JIEKTPOTIOIBMKHBIM COCTAaBOM, M OTHOBpE-
MEHHO IIPOBEPSITh HAJTMYNE YCIIOBUI IJIs CO-
OJIFOIeHUSI YCTAHOBJICHHBIX HOPM.

N3mepeHue nepeMeHHO COCTaBIISIONIEH
TOKa B IIETIM CPeIHEH TOYKH 1 TIOJIyOOMOTKAaX
npoccenb-TpanchopMaropa (AT) mpoBomuT-
Csl B Pa3HBIX peXKMMaXxX JABIDKCHUS 3JICKTPO-
MOABMXHOTO cocTaBa. CxeMa M3MEpeHUA
npuBeneHa Ha puc. 1.

B xauecTBe 1aTYNKOB TOKA UCTIONIB3YIOTCS
npoccenb-Tpancdopmaropsl Tuna JAT-0,2,
karymku Porosckoro tuma FLUKE 13000s,
3aITUCh OCYIIIECTBIISICTCS Ha peructparop Al7-
US.

J11st aKcriepuMeHTaIbHOM OLIEHKU B J1a00-
PaTOPHBIX YCIOBHSIX BO3IEMCTBUS ITOMEX Ha
paboTy MyTeBBIX MPUEMHUKOB TOHAJIBHBIX
penascoBbix nereit (TPLL) Bo Bpems usmepe-
HUIT HEOOXOIMMO 3aIiMcy MepeMeHHOM co-
cTaBJIsIfolLel ToKa B Liernu cpeaHeit Touku AT
YMEHBIIIUTh, TTPe0OPa30BaTh B aHAIOTOBYIO
(opmy 1 mogaTh Ha BXOH IMIPUEMHMKA.
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CxeMa cTeHaa ISt TPOBEACHUS SKCITepH-
MEHTa MMpUBeIeHa Ha puc. 2.

Hanpstkennst AM-cUrHaioB ycTaHaBIIN-
BaIOTCS C TIOMOIIIBIO PETYINPOBOYHOIO BJIe-
MeHTa reHepatopa I'TI31 u perynmmpyemoro
pesuctopa RI1, compoTuBieHEe KOTOPOTO
JIOJKHO OBITh He MeHee 1,5 KOM, 1 KOHTp-
OJIMPYIOTCSI MyJIBTUMETpOM Tuma B7—63 Ha
Bxogax 11—43 nmpuéMHuKa.

Ha Bxon ycunurenst TABOR9100 ¢ momo-
B0 ITM(POAHATOrOBOTO IIpeodpa3oBaTess
(LIAIT) momaércs 3armich mepeMeHHOM COCTaB-
JISTIOLIEN TATOBOrO ToKa. JIj1s1 Kaxk 10 3anucu
onpeaensieTcs CBoi Koa(hGUIIMEHT HOPMUPO-
BaHMUSI.

HopmupoBaHue 3anmceit Ipou3BOIUTCS
C 1IEJIbI0 UCKITIOUCHNS UCKAaXCHUN, BBI3HI-
BacMBIX OTpaHMYCHUEM MaKCHUMaJbHOTO
3HAYCHMUS BBIXOTHOTO HATIPSKCHUS YCUITH -
tenst TABOR9100 na yposue 120 B. Bcee
daiinpl 3anuceil IepeMeHHOM COCTaBIISIO-
et Toka B uenu cpeaHeit touku AT Hop-
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Puc. 3.
Ocuyunnorpammsi

HanpsHkeHusi Ha
Bbixoge LAl n Toka
BO BXO4HOW yenu
npuéMHMKa.
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MHUPOBAHBI TAKUM 00pPa3oM, YTOOBI IMTUKO-
BOC 3HAUCHME HATIPSIKEHUSI He TIPEBHIIIAIO0
120 B, a mukoBoe 3HaueHUe ToKa — 80 MA.

BennunHa ToKa moMexu Ha BXOAE MPUEM-
HUKa [ BBIYUCIIAETCS 110 OpMyIie:

[0Sk,
40

rae I — mepeMeHHas COCTaBJIsIoNas ToKa
ayiekTpoBo3a DI1-20 B cpenHeit Touke T,
K, — K0o(hHUIMEHT aCUMMETPUN TOKOB
B nmoryoomoTkax /T,
40 — xoadduueHT TpaHcHoOpMaLIUU
AT-0,2.
W3 npuBeaéHHOM (OPMYIIbI CIIEIYET:
K - 40 ° InOM
“ 0,541,

ITpu MmakcumanbHOM (MTMKOBOM ) 3HAYEHU U

nomexu [ | =80 MA opMyJia IPMHUMAET BHII
_ 400,08 6,4

“0,5¢1 I

emax | emax

b

bl

rae

Iz,mx| — MaKCUMaJIbHOC 3HAYCHUC ITOME-

xu (B amriepax) B cpefaHeil Touke T, B3sitoe
110 MOAYJIIO.

Ha ocHoBanum hopmyJibl pacCunTHIBAETCS
K03GbGUIIMEHT aCUMMETPUH, TIPU KOTOPOM
TIPOBOUTCS OTIpeeIeHUE TTOMEXOYCTONIM -
BOCTHU TTyTEBOTO MPUEMHUKA C YIETOM TOTO,
YTOOBI MMKOBOE 3HAY€HME TOKA HE TTPEeBBIIIA-
70 80 MA.
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t,c

B pesynbraTte 06paboTKM M3MEPEHUI B CO-
OTBETCTBHU CO CXEMOI puC. 1 yCTaHOBJICHO,
4yTo (pakTUUECKU KOG PUITUEHT aCUMMETPUN
TOKOB B ntosryooMoTKax JI T siBisieTcst cirydaii-
HO¥ BenmnunHOM. Ero 3HAaueH1Me 00yCIOBICHO
acMMMeTpHE IEPBUYHBIX ITapaMETPOB PeJib-
COBOI TWMHUM (CTaTHYeCcKass aCUMMETPHS)
Y aCUMMeETpUEN YCI0BUI TOKOChEMA Ha DJIEK-
TPOBO3€ U3 OIHOM U APYTOU peIbCOBO HUTH
(mrHAMUYEeCcKas acuMMeTpus). Hampumep, Bo
BpeMsI OTHOI M3 TT0E3I0K 3JICKTPOBO3a ObUTA
TIOJTyYeHBI PE3YJIbTATHI:

— MaremaTuyeckoe oxunanue M(K ) =
0,173;

— BEpPOSITHOCTh TOTO, YTO KO3(PPUIIUEHT
acummerpun Menbiie 0,06: P(K. <0,06)=0,11;

— BEpPOSITHOCTh TOTO, YTO KO3(PPUIIUEHT
acummerpuu 6onbire 0,2: P(K > 0,2)=0,41.

I1pu ucribITAaHUSIX MPUEMHUKA TEHEPUPY-
embrii curHan TPII (BeBomsr 112-113 Tpanc-
dopmaropa ITOBC-2) n momexu (BBHIXOI
yeunutenss TABOR9100) ntuneitHo cymmupy-
1oTcs v yepes pesuctop R1 mogaroTcest Ha BXO,
npUEMHUKA.

PabGora myTeBOro nmpuéMHIKa KOHTPOJIH-
pyetcst peructpatopoM Al17-US. Tok Bo Bxo-
HOH IeNn U3MepsIeTCs C TIOMOIIBIO JaTINKa
tina TCP A300 (Ha cxeMe IToKa3aHo Kpy>Kod-
KOM) 1 hukcupyercs peructparopom A17-US.

Bo3zneiicTBre moMexu 3aBUCUT OT MOMEH-
Ta ee rmosiBJeHus. YTOOKI IToIacTh B Hanobosee
HeOJIaroNpUSTHBIIA MOMEHT BpeMeHU, daii
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CK3 TOKa rapMoHUKu, conBatoLLen NpUEMHMKA B HOPMarnbHOM pexmMe, MA
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TOMeXH 3alTycKaeTcss MHoOTokpatHo (10—30
pas).

ITpu ucbITAaHUSIX B HOPMAJIBHOM PEXIME
pa6otsl PLI ipu Bo3meiicTBUM TOMeX OTpeie-
JIIeTCSl MUHIMATbHOE 3HaYCHIE HATTPSKCHUST
AM-curHana Ha BXoje TIpUEMHNKA, IPU KO-
TOPOM HE TIPOUCXOAUT COOEB.

IIpu UCIIBITAHUSIX B ITYHTOBOM PEKMME
pa6oTtel PLI mpu Bo3aeiicTBUM TTOMEX OITpe-
JeJIIeTCsS MaKCUMallbHOe 3HaUYCHUE Hampsi-
XKeHuss AM-curHaja Ha BXoJe MpUEMHHKA,
IpY KOTOPOM HE ITPOMCXOIUT €TO CpabaThl-
BaHUE.

IIpumMep ocmLtorpaMM HampsKEHUST Ha
Boeixoze LIATT 1 Toka BO BXOJHOI LIETIN TIPU-
€MHUKa TIpUBEICHBI Ha pucC. 3.

[Ipu GonbIIOM YpOBHE TTOMEX, KOTIa TIPU
HOPMHUPOBAHUM KO3(GGUIIMEHT aCUMMETPUN
cocranisieT MeHee 0,04, HeoOXomrMo TIpeBa-
pUTEJbHO MPOBECTU 00pabOTKy 3amucei
C MCTIOJIb30BaHMEM MaTeMaTUICCKON MOIEII
BXOIHOTO (DUJIBTPA ITyTeBOTO MPUEMHMKA.

HopwMmBbI 110 371eKTpOMarHuTHOM COBMeE-
CTUMOCTH pa3paboTaHbI ST TIOMEX, IPeI-
CTaBJISTIOIINX COOOI TApMOHWYECKME CUTHA-
JIBl CHHYCOMTAILHOM (DOPMBI, SKBUBAJICHT-
HBIe CUTHaJIaM TIOMeX B paboueil Imoixoce
qacTtoT npuéMHUKoB [11]. IIpu mpoBepke
MYTeBOr0 MPpUEMHHMKA Ha MTOMEXOYCTOWIM-
BOCTb K CHHYCOMIATbHBIM moMexaM Ha LIATT
nojaéTcsl mepeMeHHBII TOK C 4aCTOTOM, OT-
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CTPOEHHOM OT HECYIIEW YaCcTOThI CUTHAaJIa
TPL na 0,13 II.

IToMmexoycTOoMYUMBOCTh MpUEMHUKA
B HOpMaJbHOM pexume pabotel PL mpu
BO3IEHCTBUM CUHYCOMIATbHBIX TTOMEX
B paboyeii mojioce ompeaesieTcsa Kak MaK-
CUMalbHOEC 3HAaYeHME TOKa MOMEXH
I yaxc(f), He TpuBoadIiee K COOSAM, TIPU
HaJU4YMUU Ha ero Bxoge AM-curuaiga ¢ Mu-
HUMaJIbHBIM ypoBHeM U .. yKa3aHHBIM
B PETYJMPOBOYHOI Tabiule.

3uavenue [, .. (f) duxcupyerca npu
BBIKJIIOUCeHHOM AM-CHUTHaJIe ¢ TTOMOIIbIO
M3MEpeHUsT HAIpSDKeHUST Ha pe3uctope R1
C U3BECTHBIM COIIPOTUBIICHUEM (MarasmH
COITPOTHUBIICHUIA).

dukcauusg cb6osa B padboTe NpuEMHNKA
OCYIIECTBIISICTCS IO KPAaTKOBPEMEHHOMY WITA
IUINTEIBHOMY Pa3MBIKaHUIO (PPOHTOBOTO
KOHTAaKTa UCIIOJTHUTEIFHOTO pejie TIPH TIaB-
HOM YBEJIMYCHUU YPOBHSI CMHYCOMTATBHOMN
nomexu Ha Bxone LIATI.

ITomexoycTOMYMBOCTb MPUEMHMKA B IITyH-
TOBOM pexxume padotsl PLI nmpu Bo3aeiicTBuun
CHHYCOMIAJBHBIX TIOMEX B paboueil momoce
MpUEMHIUKA OIPEeNeIIIeTCSI KaK MaKCHUMAaJIb-
HO€ 3HayeHue Toka nomexu I ... .(f), He
npuBojsilee K cpabaThIBAHUIO NPUEMHUKA,
IIpY HaJAW4IUU Ha eTo Bxoge AM-curHana
C MaKCHMAaJbHBIM PAaCUYETHBIM OCTATOYHBIM
YPOBHEM.

Kpaeuoe 0. A., AHTOHOB A. A., BakuH M. E. MeToauka npoBepkn NOMEX0yCTOMYMBOCTU MPUEMHMUKOB
TOHaJNbHbIX PENIbCOBLIX LIENen




MuHVMaNbHBIN YPOBEHb CpeIHEKBaIpa-
tyeckoro 3HaueHus (CK3) Toka rapMOHUKHA
HaxXOJUTCSI Ha 4acToTe, OTJIMYalolleiics Ha
HECKOJIbKO ecIaThIX [11 OT Hecylleil 4acToThl
MPUHUMAEMOT0 CUTHaJa OT ITyT€BOTO reHepa-
Topa. MetoTcs JloKaabHbie MUHUMYMHBI,
pacmoJIoXXeHHbIE OT HeCyIllel YacTOThl MTPH-
HUMaeMOTO0 CUTHAJIa Ha PACCTOSTHUM YaCTOThI
MaHUMYISALUA. 3aBUCUMOCTb TTOMEXOYCTOM -
yuBocTu mpuémHuka [1I11-8/8 mpuBeneHa Ha
puc. 4. J1ng mpuéMHMKA ¢ 9aCTOTON MaHMITY-
gguuu 12 Tix mojiydaeTcst aHaJIOTUUYHBIN pe-
3ynbTatr: MuHUMYM CK3 MakcumaibHO J101my-
CTUMBIX BEJIMYMH FapMOHUK, BBI3BIBAIOIINX
c0oii B paboTe MpuéMHUKa, COCPEAOTOUEH Ha
Hecylleld YacToTe, a JIOKaTbHble MUHUMYMBI
OTCTOSIT OT HETO Ha BEJTMYMUHY YaCTOTHI MAHU -
TTYJISTIIU N,

3anucu nepeMeHHOM COCTaBIISIIOLIeH TsI-
TOBOTO TOKA 11eJIeCO00Pa3HO MEePeCcUYUTaTh KO
BXOJy MyTeBOro nmpuémMHuka. HopmatusHoe
3HaYeHUe TAPMOHUKH B LTI CPEIHEN TOUKHU
JIpoccesib-TpaHcdopmaTopa sl PeIbCOBBIX
lerneil TOHaJAbHOW YacCTOTHI COCTaBJSIET
0,35 A [6]. [Ipu koaddULIMEHTE ACUMMETPUI
penbcopoit uHun K _=12% HopMmaTuBHOE
3HaYEHUE TapMOHUYECKOU COoCTaBIsIONIeH
TSATOBOIO TOKA Ha BXOJIE ITyTEBOTO MPUEMHUKA!

I =0,35A+0,12-0,5/38= 0,55 MA.

IIpu MakcuMalbHOM PACUETHOM 4YHCIE
1Moe310B B (GUIEPHOU 30HE U TOMYCTUMOM MO
TI'OCT ypoBHe rapMOHUKHN KaXIOTO 3JIEKTPO-
Bo3a 0,35 A 3HaueHUe rapMOHUYECKOU COo-
CTaBJIIOLIEH TATOBOTO TOKA Ha BXOJE MyTe-
Boro npuémMHuka B ieperoHHbix TPLI cocTas-
nset 0,7 MA. CneoBaTesibHO, TIOMEXOYCTOM -
YUBOCTh MPUEMHUKA B HOPMAJIBHOM PEX1Me
pa6otsl PLI mpu Bo3aelicTBUM CUHYCOUIATb-
HBIX TTOMEX B paboyeil mojoce MpUEMHUKA,
SABJSIOIIAsICS MAaKCUMAaJIbHBIM 3HAaY€HUEM
ToKa nomexu I ... (f), HEe IPUBOAAILUM
K c00sIM, 10JIKHA OBITh HEe MeHee 0,7 MA.

[lpusedénnasn memoouxa sKcnepumeHmans-
HOIL nPOBePKU NOMEX0YCMOUMUEOCIU NPUEMHU-
K08 npumensiemcs: 045 YCMAHOBACHUS. NPUHUH
B03HUKHOBEHUSL HAPYUEHULL 8 pabOme Peabcosbix
yeneil monanvHoil wacmomot. Ho ona npeonona-
eaem u KOHmMpoaupyroujue QyHKyuu, cnocooHa

cmams 00HUM U3 cpedcme onepamueHoil oua-
CHOCMUKU.
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METHODS OF INTERFERENCE IMMUNITY CHECKING OF TONE TRACK

CIRCUITS RECEIVERS
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ABSTRACT

The article considers a technique to study impact of
interference from electric rolling traction current on
operation of tone track circuits receivers. Measurement
scheme is given, functional diagram of the laboratory

bench to verify parameters that affect the appearance
of failure is provided. The sequence of test track re-
ceiver immunity to normalized sinusoidal interference is
considered. The values of current in the circuit are de-
termined, which enable to achieve frequency balance.

Keywords: electric rolling stock, traction current harmonics, electromagnetic compatibility, noise immu-
nity, track circuit operation modes, operating frequency band, track receiver.

Background. Inrecentyears, with the introduction
of promising types of electric rolling stock with modern
types of traction converters and systems of dual power
on the railway network a question arose concerning
provision of interference immunity of track circuits
receivers [1-5].

Since traction regulation is performed by changing
frequency of current consumed by induction motor,
harmonics of network current of electric locomotive
occur in a very wide range of frequencies, including
one in which track circuits work.

Objective. The objective of the authors is to
consider methods of interference immunity checking
of tone track circuits receivers.

Methods. The authors use general scientific and
engineering methods, mathematical analysis,
comparative analysis, evaluation approach, modeling,
graph construction.

Results. The problem of electromagnetic
compatibility of electric rolling stock and track circuits
is solved by bringing more stringent requirements for
interference level allowed for an induction motor.
These requirements are included in GOST [6]. Track
circuit should be designed taking into account the
interfering effect of noise [7—10]. During the operation
the level of interference, caused by electric rolling
stock, should be monitored and simultaneously the
conditions for compliance with set requlations should
be checked.

Measurement of variable component of current
in the circuit of the midpoint and half-coils of
impedance bond(IB) is carried out in different modes
of electric rolling stock motion. The measurement
scheme is shown in Pic. 1.

Here the current sensors are impedance bonds
type IB-0.2, Rogovsky coil type FLUKE 13000s,
recording is made on the recorder A17-U8.

For experimental evaluation in vitro effects of
interference on track receivers of tone track circuits
(TTC) during measurement it is necessary to reduce
records of variable component of the current in the
circuit of the midpoint IB, to convert to analog form
and to put to the input of the receiver.

The scheme of a bench for experiment is shown
in Pic. 2.

Voltages of amplitude-modulated signals are set
by the adjusting element of the generator GP31 and
adjustable resistor R1, which resistance should be
less than 1,5 kOhms, and controlled by multimeter
type V7-63 at the inputs 11-43 of the receiver.

At the input of the amplifier TABOR9100 via digital-
analog converter (DAC) a record of variable
component of traction currentis fed. For each record
own normalization factor is determined.

Normalization of records is made in order to
eliminate distortions caused by restriction of

maximum value of the output voltage of the
amplifier TABOR9100 at the level of 120 V. All files
of records of variable component of current in the
circuit of midpoint IB are normalized so that the
peak value of voltage does not exceed 120 V and
the peak current —80 mA.

Value of interference current at the receiver input
1,..is calculated by the formula:

1 +0,5°K
Iiﬂf = - = >
40

where |, is variable component of current of electric
locomotive EP-20 at the midpoint of IB;

K., is coefficient of asymmetry of current in half-
coils of IB;

40 is coefficient of transformation 1B-0,2.

From the above formula it follows that:

- 40'Iinr

“70,540,

At maximum (peak) value of interference |, =
80 mA the formula takes a form:

400,08 6,4
© 0’5.‘Ivmax‘ ‘Ivmax
where |1,,..| is maximum value of interference

(in ampers), at the midpoint of IB, taken modulo.

On the basis of the given formula asymmetry
coefficient is calculated, in which determination of
interference immunity of track receiver is conducted
given the fact that peak current does not exceed
80 mA.

As aresult of measurement processing according
to the scheme in Pic. 1 it was set that actually
asymmetry coefficient of currents in half-coils IB is a
random variable. Its importance is due to asymmetry

Direction of motion

U

B 1 B2

/
Ny P
/

~+--Rogovsky coll

‘ Recorder ‘

‘ Personal computer ‘

Pic. 1. Measurement scheme.
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Pic. 2. Functional diagram of the bench to check noise immunity of track receiver.
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Pic. 3. Oscillograms of voltage at DAC output and
current in the input circuit of the receiver.

of primary parameters ofthe rail line ( staticasymmetry)
and asymmetry of current collection conditions on the
electric locomotive from one and another rail line
(dynamic asymmetry). For example, during one of
trips of locomotive results were obtained:

— Mathematical expectation M(K_ ) = 0,173;

— The probability that asymmetry coefficient is
less than 0,06: P (K <0,06)=0,11;

— The probability that asymmetry coefficient is
more than 0,2: P(K__ > 0,2) =0,41.

When testing the receiver generated signal TTC
(outputs 112-113 of the transformer POBS-2) and
interference (output of the amplifier TABOR9100) are
summed linearly and through the resistor R1 are fed
to the receiver input.

Work of track receiver is controlled by the
recorder A17-U8. The current in the input circuit is
measured by a sensor type TCP A300 (a circle on the
scheme) and recorded by the recorder A17-U8.

Impact of interference depends on the moment
of its appearance. To get to the worst point in time,
the interference file is run repeatedly ( 10-30 times).

When tested in the normal mode of track circuit
(TC) in case of interference impact minimum value of
voltage of AM signal is determined at the receiver
input at which there are no faults.

When tested in shunt mode of TC in case of
interference impact maximum value of voltage of AM
signal voltage at the receiver input, that does not
involve its activation.
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An example of oscillograms of voltage at DAC
output and current in the input circuit of the receiver
are shown in Pic. 3.

At high levels of interference, when rationing
asymmetry coefficient is less than 0,04, it is
necessary first to carry out processing of records
using a mathematical model of the input filter of
track receiver.

Standards for electromagnetic compatibility are
designed for interference, representing harmonic
signals of sinusoidal form, equivalent to interference
signals in the operating frequency band of receivers
[11]. When checking the track receiver for interference
immunity to sinusoidal interference to DAC is fed an
alternating current with a frequency detuned from the
carrier frequency of the signal TTC at 0,1-3 Hz.

Interference immunity of the receiver in normal
operation of TC under influence of sinusoidal
interference in the operating frequency band of
the receiver is defined as the maximum value of
the interference current I, . (f), which does not
lead to failure, if at the input there is AM signal with
minimal level U, . specified in the adjustment
table.

Lyvruax T) value is fixed at off-AM signal by
measuring voltage on resistor R1 with known
resistance (resistance box).

Fixing the failure of the receiver is carried out on
a short-term or long-term opening the front contact
line of control relay at smooth increase in the level of
sinusoidal interference at DAC input.

Interference immunity of the receiver in shunt
operation of TC under the influence of sinusoidal
interference in the operating band of the receiver is
defined as the maximum value of the interference
currentl, .. (f), which does not lead to tripping of the
receiver, ifatits input there is AM signal with maximum
calculated residue level.

Minimum level of root mean square value (RMS)
of harmonics current is at a frequency, which differs
in a few tenths of Hz from the carrier frequency of the
received signal from the track generator. There are
local minima, located in the region of manipulation
frequency from the carrier frequency of the received
signal. The dependence of interference immunity of
the receiver PP1-8 / 8 is shown in Pic. 4. For the
receiver with manipulation frequency of 12 Hz a similar
result is obtained: minimum RMS of maximum
permissible values of harmonics, causing a
malfunction of the receiver, centered at the carrier
frequency and local minima are separated from it by
the amount of manipulation frequency.
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Records of variable component of traction current
should be recalculated to the input of track receiver.
The standard value of the harmonics in the circuit of
midpoint ofimpedance bond for track circuits of tone
frequency is 0,35 A [6]. When the asymmetry
coefficient of the rail line K= 12% the standard value
of the harmonic component of the traction current at
the input of the receiver track is:
1,,=0,35A+0,12-0,5/38= 0,55 mA.

Atthe maximum estimated number of trains in the
feed zone and an acceptable level of harmonics
according to GOST for each locomotive 0,35 A value
of harmonic component of traction current at the input
of the track receiver in haul TTC is 0,7 mA.
Consequently, interference immunity of the receiver
in normal operation of TC under the influence of
sinusoidal interference in the operating band of the
receiver, which is the maximum value of the
interference current ., . (f), which does not lead to
failure, should not be less than 0,7 mA.

Conclusion. The above method of experimental
verification of interference immunity of receivers is
used to establish causes of disruption of tone rail
circuits. But it suggests also control functions and can
become a means of rapid diagnosis.
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