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Opwniit BEHKOBUY

Yury .ZENKOVICH
|

Crtartbs nocssileHa meToauke
HaxoX)AeHs1 MOPOroBoro 3Ha4YeHus!
cpabaTtbiBaHUs KOHTPOJIbHOIO 6J10ka

B MUKPO3JIeKTPOHHbIX CUCTEMaxX
ynpasJsieH1si CBeTOOPHOM
curHanm3saumeii. MpueoguTcs cnocoo,
MO3BONIAUOLLMNI ONMPEARESINTb BEJINYUHY
HanpshkeHus1 Wi Toka cpabartbiBaHUs
komnaparopa npu umgpoBori o6paboTke
CUrHaJIoB B yCTPOMWCTBaxX KOHTPONS

Jnamn ceetogopa. Ans nonyyeHusi
pac4eTHbIX 4aHHbIX NCIO0J1b3yeTCs
MeToAuKa NPUHATAS CTATUCTUYECKNX
peLLeHnii Ha OCHOBE KPUTEPUS CPesHero
pucka. OHa MOXeT ObITb UCIOJIb30BaHa
Ha 3aBofax-u3roToBUTEJIsIX anmnaparypbl
npuy ee perysimpoBkKe.

KnioyeBsie crioBa: xxene3Has 4opora,
CBETOMOP, YCTPOKMCTBO KOHTPOJI,

BXOZ NUTaHsi NepemMeHHbIM TOKOM,
VHANBUAYASIbHBIE MPEAOXPAaHUTEIN

curHana, pabo4nvi TOK J1amribl,
maremarn4eckoe oxvaaHve, AUCrepcus,
CPEaHEKBALAPATNHYECKOE OTK/IOHEHNE, PUCKU.
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HAYKA VI TEXHWKA

NMopor KOHTPOJILHOIO
cpabartbiBaHusd B NKY-M

3enxosuu FOpuii Hocughosun — xanoudam
mexHu4ecKux Hayk, doyenm Mocko6cko2o
20cydapcmeenHo20 yHueepcumema nymeii coooujeHus
(MHUHT), 3acayxncennviii usobpemamens Poccuiickoii
Dedepayuu, Mockea, Poccus.

UKPO3JIEKTPOHHBIE MEePEeKITI0Ya0-

11e U KOHTPOJbHBIE YCTPOICTBA

(ITKY) ncnomb3yroTces B CBETOGOP-
HOI CUTHaJIM3aIlM1 CUCTEM aBTOOJIOKMPOBKHI
U 3JIeKTpUdecKkoi neHtpanusanuu. Haubosb-
LW UHTEPEC ITU YCTPOMCTBA MPENCTABIISIOT
JUTSI IEHTPAJIM30BaHHBIX CUCTEM YITPaBJICHUS
cBeTohOpaMu, TaK KakK TO3BOJISTIOT COKPATUTh
pacxof Kabessi U 3HAYUTEJIbHO YMEHBIIUTh
00bEM CTPOUTEIBHO-MOHTaXHBIX pPadboT
10 CPaBHEHUIO C TUITOBBIMU PEUICHUSIMHU,
MPeIIOKEHHBIMA UHCTUTYTOM «[UTpoTpaHc-
curHaicssa3b» (I'TCC).

ITpu npumenenuu ycrporiicts 1KY mig
MEePEKITIOYEHUS U KOHTPOJISI COCTOSTHUST JIBYX -
HUTEBbIX CBeTOGOPHBIX JJaMIl (puc. 1) Tpedy-
€TCS1 OTIPEICSTUTh BETMIMHY HATIPSIKEHUST TN
TOKa cpabaThIBaHUS TTOPOTOBOTO KOMITApaTo-
pa, BXOJSIIETO B COCTaB CXeMbI IM(MPOBOIA
00pabOTKU CUTHATIOB YCTPOUCTB KOHTPOJIS
(YK).

OrnpenesieHre UICTIPaBHOTO VI HEWCITPaB-
HOTO COCTOSTHUSI HUTH HaKaja cBeTO(OpHOI
JIaMTIBI OCYIIIECTBIISIETCSI KOMTIapaTopoM,
TMOAKITIOYEHHBIM K pe3ucTopy R, uepe3 koTo-
PBIlt TIPOTEKAET TOK, U3MEHSIOIIUIICS T10 Be-
JIMYMHE B 3aBUCUMOCTH OT TOTO, TIOAKITIOYeHa
HUTbH Hakaja JIaMITbl K CUTHAJIbHOMY TpaH-
copmaropy unu HeT. [Ipudem rpu OTKITIO-



Puc. 1. Cxema noanemeHTHoii uenu MKY.
Pic. 1. Element circuit of switching and
control device.

KaGesth IMpuusiTeie 0603Havenns (lettering):
FU Brok BEIGOpa CT v -
g— R — YCTPOICTBO nepeksoyeHus
nokasanwii Vi HL (switching device);
FU Ip _lp | crerodopa CT — curHanbHbIii TPaHCcopmMaTop
oxc >3 (signal transformer);
HL — aByxHuTeBasi namna ceetogopa
N (double-filament bulb);
KOMIIapaTop Cxema | -
‘ {1 mdposoit ‘ YK — ycTporicTeo koHuTpons (control
ofpaGoTki | device);
CHrHama |

Caetonn-
Katop

YEHHOI HUTH JIaMIIbl CBeTO(Opa Yepe3 pe3u-
CTOp MPOTEKAET TOK, OOYCIOBJICHHBII BXOMI-
HBIM CONPOTUBJICHUEM KaOeIbHOW JTUHUU
M COITPOTHBJIEHUEM XOJIOCTOTO XO/Ia CUTHAJIb-
Horo TpaHchopMmartopa CT. Cnenyer npu 3ToM
OTMETUTb, YTO BeMYMHA paboyero Toka /,
MpOTeKaloILero yepe3 pe3uctop R, sBisiercs
CJy4yailHOW BEJIMYMHOIM, KOTOpask 3aBUCUT
OT psifia CAyYaiiHbIX TapaMeTPOB BJICKTPUYEC-
CKoi1 ienu. B Hee BXOAAT ciiyvaiiHble 3HavYe-
HUSI, YYUTBHIBAIOTCS COMPOTUBJICHUE HUTHU
Hakaja CBETO(MOPHOM JIaMIIbl, TIEPBUYHbIE
rnmapaMeTpbl KabeJbHOM JUHUM, TTapaMeTPhbl
CUTHaJIbHBIX TPaHC(HOPMATOPOB, a TAKXKE PSIIT
JIpyrux (hakToOpoB, CBSI3aHHBIX C KCIUIyaTa-
LIMOHHBIMU OCOOEHHOCTSIMU PabOThI CBETO-
(bopHOIi CUTHAIM3ALIMN.

W3 U310XEHHOTO CIIeIyeT, YTO paboumit
TOK JIAMITbI ¥ TOK XOJIOCTOT'O XO/1a IIPU OTKJTIO-
YEHHOI1 JlaMIIe, TIPOTEeKAOIIMe Yepe3 pe3u-
ctop R komItapaTopa, SIBISI0TCS (DYHKIIUSMU
3HAYUTEJbHOIO YK CJIa HE3aBUCHUMBbIX CITydaii-
HBIX apTYMEHTOB, CPaBHUMBIX 110 CBOEMY
paccerBaHuIo. B 3TOM ciydae Hamo oxXuaaTh,
YTO CJy4yaiiHble BeJIUUYUHBI (pabouuii TOK 1p
M TOK XOJIOCTOro Xoja [ ) pacnpenesieHbl
o HOpMaJII)HbIM 3aKOHaM.
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Bripaxxenwst (1) u (2) mpeacTapisitoT co0oit
(PyHKLIMM IUTIOTHOCTU PaCIIpeae/ICHUS CITydaii-
HBIX BeJIMYMH pab04yero Toka Ip TIPY UCTTPaBHOM
HUTH CBETO(OPHOIA JIaMIIbl M TOKA XOJIOCTOIO
xona I, COOTBETCTBEHHO MU TIEPETOPEBILEN
OCHOBHOI HUTH JIaMIIbl, 4 g 1 g, — HPOBOMIU-

MXC, OXC — Bxoa nuTaHus nepemMeHHbIM
Tokom 220B (220 V AC power input);
FU — nungnBuayanbHblie npesoxpaHATennu
curHana (individual fuses units of signal);
Ip — paboynii Tok namnel (operation
current of a bulb).

MOCTb COIPOTHMBIJICHUS Mepenayd MeXay
HMCTOYHMKOM ITUTAHMSI Y CBETO(OPHOI JTaMIIOi
M BXOJHBIM COIPOTUBJICHUEM CUTHAJIbHOIO
TpaHchopMaropa B PesKMMe XOJIOCTOIO Xo/a.
B 060ux ciiydasix B CONPOTUBIICHUE Tiepeaadn
BXOAUT KabeJibHasl JIMHUsSI, COCAUHSIIONIAs
HaroJbHbIC ¥ ITOCTOBbIC YCTPOMCTBA.

J17151 cXeM C LIEHTPaIM30BaHHbIM YITpaBJie-
HMEM OTHSIMU CBETO(OPOB UCITOJIb3YeTCsI 1Ba
pexumMa paboThl CBETOMOPHLIX TamIT; U — 370
JIHEBHOM peXkuM, IIp1U KOTOPOM Ha cBeTO(hop
MmojaeTcsi HOMMHAJIbHOE HaIpsikKeHue
U =220B nepeMeHHOTO TOKa, U HOYHOM pe-
>KUM, TIPU KOTOPOM Ha CBETO(hOpP MOAAETCsI
Hanpsokenue U =180 B. Ipu nerepmuHupo-
BaHHOM 3Hauy€HMU Mopora cpabaTbIBaHMUS
KOMIIapaTopa BO3HUKAET 3aiaya, CBsI3aHHast
C OIpeie/ICHUEM 3TOM BEJIMUUHBI B YCIOBUSIX
MPUHSITUS CTATUCTUYECKUX PEIICHUI MpHU
M3BECTHBIX IJIOTHOCTSIX PACpeAeIeHMS CITy-
YyaiiHbIX BeJaW4yuH f (1 P) u f(I_). llpunsarue
CTaTUCTUYECKUX PELIEHUI B YCJIOBUSIX U3MeE-
HSIOILIErocsl pexXuma paboThl CBETOMOPHbBIX
JIaMIT (IHEBHOM 1 HOYHOI) MOXET ITPUBOIUTh
K COBEPIICHUIO OLIMOOK MEPBOro M BTOPOIrO
pona. DTo OOBSICHSETCSI TEM, YTO 3HAUCHMUSI
TOKOB [ TpU JHEBHOM PEXHMME IOPEHUs
JIaMITbl MOTYT COBMaaaTh CO 3HaUEHUEM pabo-
4ero ToKa /, B HOYHOM PeXnMe.

O06aacTtb nepecevyeHUs1 GyHKIUI MIOTHO-
cru pacnpeaeienus (puc. 2) f(1 ) f (I P) 3a-
BUCUT OT 3HAYCHUI AUCIIEPCUIA CIyYailHbIX
BEJMYMH; COIPOTUBIICHUS CBETOGOPHOM
JIaMIIbl, COTIPOTUBJIEHMSI XOJIOCTOrO Xojaa
TpaHcopMaTopa u Apyrux.

OrnpefesieHre opora cpabaTbiBaHMsI KOM-
napatopa /, CBOAMTCs K M3BECTHOM 3a1aye
MPUHSTUSI CTATUCTUYECKUX PEILICHUI: K Ka-
KOMY KJIaCCY OTHECTU HEM3BECTHOE 3HaYCHUE
npusHaka f(1).
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Puc. 2 /Pic.2.

s,

ITo TepMUHOJIIOIMHU TEOPUM CTATUCTUYE-
CKUX pelIeHUi oInOKa IepBoro poaa (Bepo-
SITHOCTD JIOKHOM TPEBOI'M) MOXET OBITh
ompejeieHa Kak

B=[f(.)dl. 3)

Omunbka BTOpOro poaa (BeposiTHOCTH
MpOTyCcKa IeJUn) OMpeaesieTcsi COrIacHO
BBIPaKEHMIO:

P=[fU,)dl. 4)

Coo0OpaxkeHnsT, KOTOPBIMHU CJIEAYeT PyKO-
BOJACTBOBATBLCS IIPU BbIOOPE MOPOTOBOTO
3HaueHus [, NOJDKHbBI YYUTBIBATh IOTEPU IIPU
COBEpPLICHUM OILIMOOK IEPBOr0 U BTOPOTO
pofa, a TaKxKe IOTePU MPABUIbHBIX PEILIeHUI,
€CJIM TAKOBbIE UMEIOTCS. YKa3aHHbIE IOTEPU
00pa3yIoT IIaTeKHYI0 MaTPULLy BUaa

Cll C12

C= ; (&)
G Gy

e C,, C, u C,, C,— notepu, coOTBET-

CTBEHHO CBSI3aHHbBIE C TIPABUJILHBIMU pellle-
HUSIMU 1 OIIIMOKaMU TIEPBOTO U BTOPOTO POJIA.

CpeaHuii pucK, CBSI3aHHBIN C TPaBUIb-
HBIM BBIOOPOM TTOPOTA U YIETOM COBEpIIIe-
HUS OMIMOOK MEPBOTO M BTOPOTO poja,
COCTaBJISIET:
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R=P(1,)-C,-(1-R)+
P(,)-F-C,+P(,)C,-(1-P)+ 6)
P(1,)-P,-C,,.

Jis onpeieieHs MUHUMAITbHOTO Cpe/iHe-

ro pucka R Heo0X0aMMO B3Th MPOU3BOIHYIO

dR

A =0 u npupasHaTs K Hymo. [Tocie pana
0

[1peo0pa3oBaHUil MONIYYUM BbIPaXEHUE JJIs

nioporosoro 3Hauenus toka /,(7),rne: 1, 1,

— 3HAYEHMSI OLICHOK MaTeMaTUUECKMX OXKMIa-
HUII COOTBETCTBEHHO TOKa XOJIOCTOTO X0Ia
1 paboyero Toka, A, — Koo GUIMEHT PaBIo-
[10I00MSI OIIPEE/ISIEMBIIA I10 BhIPAsKEHUIO:

P(Ixx)'(clz _Cn)
P(Ip)-(CZI—CZZ) ’

IMonyyeHHble pacyeTHble COOTHOLLEHUS
MO3BOJISIIOT BbIOPATh BEJMUYUHY TTOPOTOBOTO
3HAUEHUsI KOMIIapaTopa ¢ y4eTOM MUHUMAaJTb-
HOT'0 3HAUEHUSsI CPETHETO PUCKA.

B uacTHOM cityyae, eciiv IPUHSITH TOTEPH,
CBSI3aHHBIE C TPUHSATUEM MIPABUITBHBIX pelle-
Huit, paBubiMu Hymio C, = C,, =0, ripn omm6-

Ay = @®)

Kax MepBOTO W BTOPOTO POJa, PABHBIMU
mexay coboii €y, =C,, ,atakxke P(1)=P(I,)

1N COOTBETCTBCHHO Gxx=6p, TO BCJIMYMHA I10-
POroBOro 3BHa4€HUA MOXKET OBITb pacCuruTaHa
T10 BBIPA’KCHUIO:
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[TonyyeHHoe BoIpakeHue (9) mMo3BosIET
BBIOPATh ITOPOrOBOE 3HAUEHME KOMITapaTopa
JUTSI TIPAaKTUYECKUX CITydaeB, CBSI3aHHBIX C U3-
MEHSIIOIIIMMCST 3HaUYeHKEeM ITopora cpadaThi-
BaHUsI, B 3aBUCUMOCTH OT BEJIMYMHBI HATIPSI-
JKEHUsI, [I0IaBaeMOTO JIJIsS TUTaHKsI CBeTO(Op-

[\

HOI JIAMIIBI, T. €. aZaOTUBHBIX CUCTEM KOHT-
poJIsL.
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LIMIT OF CONTROL ACTUATION IN SWITCHING AND CONTROL UNITS OF
DOUBLE-FILAMENT BULBS OF LIGHT RAIL SIGNALLING SYSTEM (PKU-M)

Zenkovich, Yury I. — Ph.D. (Tech), honoured inventor of Russia, associated professor of Moscow State
University of Railway Engineering (MIIT), Moscow, Russia.

ABSTRACT

The article deals with methods of determination
of limit values of actuation of control block unit
in microelectronic switching and controlling
devices of color light signals. The author describes
techniques to determine value of voltage or current
that actuates comparator in threshold device of
the circuit of digital processing of the signals in
the units of control of light signals system’s bulbs.
Method of statistical decision-making on the basis
of average risk criterion is used to obtain calculated
formulas. The set of proposed methods can be used
at manufacturing plants to adjust manufactured
devices.

ENGLISH SUMMARY

Background. Microelectronic switching and control
units (Russian abbreviation — PKU) are used in devices
ofrail color light signaling of the systems of automatic
block signaling and electric centralization. They are
widely used especially for centralized systems of
control of color light signals as they permit to reduce
cable use and considerably limit volume of mounting
work.

Objectives. While using switching and control units
for switching and controlling of conditions of double-
filament bulbs in light signals (pic. 1) it is necessary to
determine the value of voltage or the value of current,
leading to actuation of threshold comparator, which
is a part of a circuit of digital processing of the signals
of control units.

Methods. Determining of the threshold of actuation
of comparator |, is reduced to the known problem
of statistical decision-making. It is necessary to
determine how an unknown value of attribute f (1)
should be classified.

Results. Fault-free or faulty state of filament of a
bulb of a light signal is determined by the comparator
which is connected to resistor R(pic. 1), through which
the current flows and its value changes depending
on the fact whether the filament is connected to
signal transformer or is not. When the filament is
disconnected, the current, flowing through resistor,
is determined by input resistance of a cable line
and by off-load resistance of signal transformer CT.
The value of operating current | B flowing through
resistor R is a random value which depends on a set
of random parameters of electric circuit. There are
purely random values, resistance of filament of a bulb,
basic parameters of a cable line, parameters of signal

transformers, other factors caused by operation
features of light signaling.

So the bulb’s operating current and off-load current,
when the bulb is disconnected, flowing through
resistor R, are functions of important number of
random arguments, comparable by their dispersion.
In that case it is possible to expect that random values
(operative current I and off-load current | ) are
distributed accord/ng to normal law of distribution:

-, g z)
JU)=—"— (1)
! O' \/
~(1.-U, gxx)
fU,)= 20, (2)

e
loJNERY. o2z
Expressions (1) and (2) are functions of density of
distribution of random values ofl and of | , and
g, v g, show conductivity of resistance of transfer
between power input and light signal bulb and input
resistance of signal transformer in off-load mode. In
both cases a resistance of a cable line between in-
office and outside devices is taken into account when
total resistance of transfer is counted.

There are two modes of operation of light signals
within centralized control of signaling system. U, has
a day mode with nominal alternative current U =220
V, and night mode with U =180 V. When the value of
threshold of comparator actuation is determined, one
come across another problem related to determining
this value under the conditions of statistical decision-
making with known density of distribution of stochastic
values f (1 p) and f (1 ). Statistical decision-making
under changing mode of light signals’ operation
(day and night) may cause errors of first and second
kind. It is explained by the fact that values |, under
day mode can coincide with operative current values
under night mode I

The area of cross-cut of functions of density of
distribution (pic.2) of f(I ) and f( lp) depends on the
values of dispersion ofrandom values; of resistance of
a bulb in light signal; of a resistance of off-load mode
of transformer etc.

As was mentioned above, determining of the threshold
ofactuation of comparator |, is reduced to the known
problem of statistical decision-making, where it is
necessary to determine how an unknown value of
attribute f (1) should be classified.

According to the terminology of statistical-decision
theory error of the first kind (false alert) can be
determined by expression (3). The error of the
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