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PaccmatpuBaeTrcss Hay4HO-TeXHN4Yeckas
npo6sema HOPMUPOBAHUS YPOBHS
MOMEXOYCTOMYNBOCTU U XECTKOCTU
UCTbITAHWNI XeJ1e3HO[40POXKHON

aBTOoMaTuku n tenemexaHuku. lpobaema
ocTaercs aKTyasibHOM B CBSI3U C LUNPOKUM
BHeApeHNeM MUKPOIPOL|eCCOPHbIX

Y KOMMbIOTEPHbIX CUCTEM aBTOMAaTUKU,
obecne4ynBaloLmx 6e30MacHOCTb ABUMKEHUS
noe3pgos. MocTtaBneHa 3agavya Halk TV HOPMbI
MoOMexoyCcTOoi4YMBOCTU Ha OCHOBE y4éTa
BEpOSITHOCTHOIO XapaKTepa ypOBHS TOMeX
¥ YPOBHSI TOMEXOYCTONYNBOCTU 3JIEMEHTHOMN
6a3bl annapaTtypbl. MeTogom «Harpy3ka—
YCTONYUBOCTb» MOJIYy4EHbI yPABHEHUS

AJ1s1 onpeaesieHNsi HOPMUpPyemoro
3HaYyeHUsl MIOMeX03aLyNLLEeHHOCTH.
PaccuyutaHHbIe no npeasaraeMon MmeToguke
HOPMbI MO3BOJISIOT ONTUMN3NPOBATh
J)KECTKOCTb UCMbITaAHWI U COMYTCTBYIOLNE
MM KOHCTPYKTOPCKUE peLUeHUs.

KnoyeBble crioBa: xeneaHas gopora,

CUCTEMbI aBTOMATUKN U TEJIEMEXaHWKH,
2/1eKTPOMarHUTHasi CoBMECTUMOCTb,
HOPMUPOBaHNE, BEPOSITHOCTHbIV MOAXO/,
MeTOoAbl NCTbITaHUI, BEPOSITHOCTb CO0S,
6e30rMacHOCTb [IBUXEHUS] M0e3/0B.
|
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BESOINACHOCITE

BeposATHOCTHbIN MeToA
HopMupoBaHua AMC
XKeNne3HO[0pPO0XXHON aBTOMAaTUKU

bouxoe Koncmanmun Agpanacveeun — doxmop
MexXHU4ecKux HayK, npogheccop, NPopeKmop no
Hayunoil pabome beaopycckoeo eocyoapcmeennoeo
YyHugepcumema mpancnopma, lomens, Beaapyce.
Komuammuwuit JImumpuitc Buxmoposuu — xanoudam
mexHuecKux HayK, oouenm Kageopvt «Aemomamura
u menemexanuxa» benopycckoeo eocydapcmeennozo
YHugepcumema mpancnopma, lomens, beaapyce.

WUKPO3JIEKTPOHHBIE ¥ MUKPOTIPOLIEC-
COPHBIE CUCTEMBI XEeJIE3HOIOPOXK-
HOIl aBTOMAaTUKU U TeJeMEeXaHUKU
(CXKAT) BBITIONHSIIOT OTBETCTBEHHBIE (DYHK-
uu obecrieyeHus1 6e30MacHOCTU IBUXECHUS
moe3n0B. [1oaToMy K HUM MPEIbsIBISIOTCS
BBICOKME TPEOOBAHMUS TI0 DJIEKTPOMArHUTHOM
comectTumocTt (DMC), oTpakeHHbIE B HOP-
MaTUBHO-TEXHUYECKOI JOKYMEHTALINH.

B o101 TOKyMEHTaUUK MO CIOXMBILEHCS
npakTrKe HOpMbl Ha DMC BBIOUPAIOTCS TI0
TIPUHITUITY HAUXYIIIUX YCTIOBUIA, KJIACC XKECT-
KOCTHU UCTIBITAHUI OTIpe/ielisieTCsI HabopoM
Ka4eCTBEHHBIX MPU3HAKOB OKpYyXaroliei
3JIeKTPOMArHUTHOM 0b6cTaHOBKU (DMO),
a CTereHb KECTKOCTU UCTIBITAHUI B35ITa C 11e-
JIbIO BOCITPOM3BOICTBA MAKCUMAJIBHOTO YPOB-
Hs ToMeX. OCHOBHBIMU CTaHIaPTU3UPOBAH-
HBIMU BeTMunHaMu Jist onucaHust DMC BbI-
CTYMAIOT «yPOBEHB JIEKTPOMATHUTHOW COBME-
CTUMOCTW», TO €CTh MAaKCUMAJIbHBIN YPOBEHD
TOMeX, JISVCTBYIOIINX B YCIIOBUSIX 9KCITTyaTa-
1IMU, U «yPOBEHb HEBOCTIPUUMYUBOCT». JI71sT
TaKUX BEJIMYUH B HOPMATUBHO-TEXHUYECKOM
JOKYMEHTAIUU 33[al0Tcsl (PUKCUPOBAHHBIC
3HaueHwus. [ToaToMy maHHBIN MTOAXOM K yCTa-
HOBJIeHUI0 HOpM Ha DMC 1o IPUHIINITY TT0-
CTPOEHUS SIBJISIETCS A TEPMUHUCTCKUM.

.196-202 (2017)
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C npyroit CTOpOHBI, B COBPEMEHHOI T€O-
puu CXKAT [1-3] ypoBeHb 6€30MMacCHOCTU
U 2JIEKTPOMarHUTHON COBMECTUMOCTH BbIpa-
JKaeTcsl BEPOSTHOCTHIO COOSI armapaTyphbl BO
BpeMsI €€ 9KCILTyaTallum.

CrenoBarebHO, 3aja4a HOPMUPOBAHUS
OMC Takux cucTeM J0/KHA peliaTbes C Mo-
3ULIMI 0becrieueHUs TpeOyeMOi BEpOSITHOCTU
c6o0s1 anmaparypbl B OMO u ¢ y4ETOM BeposIT-
HOCTHBIX CBOWCTB BO3/IEMCTBYIOIINX TTOMEX
¥ YpOBHeli momexoycroitunBocTu. [Ipu aToM
HEeo0XOoIMMO o0palllaTh BHUMaHUE U Ha 0CO-
OEHHOCTHU TTIOCTPOCHUSI MUKPOSJIEKTPOHHBIX
u mukponpoueccopHbix C2KAT. g obecrie-
YeHUsI TpeOyeMOoro ypoBHST 0€301TaCHOCTY OH1
CTPOSITCS TTO IIPUHITUITY «IBa 13 IBYX» WIN «IBa
U3 TPEX» U BKIIIOYAIOT B ce0s1, TOMUMO COOCT-
BEHHO BBIYMCITUTEIBHBIX KAHAJIOB, OJIOKH CXeM
CpaBHEHUS 1 OJIOKM cxeM oTKtodeHust. [1ep-
BBIC BBITTOJHSIOT (PyHKIIMIO OOHAPYKEeHMS
c0oeB, BTOpble — (DYHKILIMIO OJIOKUPOBKYU BbI-
YUCIUTETBHOTO KaHasla B 3allIMTHOM COCTOSI-
HUU Tipu odHapyxeHuu coos. CornacHo [2],
BEPOSTHOCTD COO4 anmnaparypbi P, ,OTIPEICIs-
€TCSl BEPOSITHOCTBIO COOST BEIUMCIUTEIEHOTO
KaHama mech, BEPOSITHOCTBIO OOHAPYXEHUS
3TOro c604 P, 1 BEPOATHOCTBIO NEPEBOIa Ka-
Hajla B 3alllUTHOE COCTOsAHuE P, - Pm,f=
mech(l_Pa't Pdsch)'

Tak kak OJJOKM CXeM CpaBHEHMSI U OJIOKU
CXeM OTKJIIOUECHUST OKA3bIBAIOT CYIIIECTBEHHOE
BIIMSTHUE Ha 0€301TaCHOCTb CUCTEMBI U paboTa-
OT T10 TTPUHIIMITY CAMOIIPOBEPKU, TO IOTUIHO
CUMTATh 33IaHHBIMU BEJIMIMHBI BEPOSITHOCTEN
P uP,  nHapanycP o TTpuyem BeposATHOCTH
P, n P,  IOIKHBI OBITh BECbMA BBICOKUMMU
U SBISIIOTCS BEPOSTHOCTIMU 0€30TKa3HOU
pabOTHI COOTBETCTBYIOIINX OJIOKOB B TAaHHOM
OMO. Toraa wid HOPMUPOBAHUS UCTIOJIb3Y-
FOTCST BEJTMIMHBI BEPOSITHOCTE M OTKA30B CBOE-
ro BBIYMCIUTENbHOrO KaHana: Q,=1—-P ,
stch=1_Pdsch’ mech = Pmlf/ (1_Pdt Pdsch)'

TTockombKy 271eKTpOMarHuTHasi 00CTaHOB-
ka B Mecte akcrutyatanuu C2XKAT ObiBaet 3a-
YacTylo 3aIaHHOM, TO 3a71a4ya HOPMUPOBAHUS
OMC MoxXeT ObITh TTOCTaBJIEHA B ClIeAyIOIIei
(opme: 110 3a1aHHOIT BEpOSITHOCTH COOST OTIpE-
JIeJTUTh HOPMUPOBAHHOE 3HAUYEHUE YPOBHS
TMMOMEX03alIUIIeHHOCTH 0J0Ka ammapaTyphbl
CUCTEeMBI TIPU U3BECTHBIX MapaMeTpax 3aKoHa
pacripeieieHUusT TJIOTHOCTU BEPOSITHOCTHU
YPOBHSI TTIOMEX U 3aJJaHHBIX OTPaHNYEHMSIX Ha
CTaHIAPTHBIE OTKJIOHEHWST TTIOMEXO03alUIIeH-
HOCTH.
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PetieHue 3701 331241 JaeT OTBET Ha BOII-
pOC, KaKOBBI JIOJZKHBI OBITh XapaKTePUCTUKU
YPOBHEl TOMEXO03aIIUIIIEHHOCTH aIllapaTyphbl,
YTOOBI OHA paboTaja ¢ 3aJaHHON BEPOSITHO-
cThio c60s1 B OMO Ha MecTe ee 9KCIUTyaTalluu.

s monydeHusT peleHrus: Heo0XouMo
MMEeTh MaTeMaTUYeCKOe BbIpaXXEHUE, CBSI3bI-
Balolllee CTATUCTUYECKUE TTapaMeTphl 3aKOHa
pacrpeie/IeHUsI TTIOTHOCTH BEPOSITHOCTH T10-
MeX, (PUKCMPOBAaHHOE 3HAYCHUE CPEeTHEKBA -
pPaTMUYECKOTO OTKJIOHEHHUSI TIOMEX03alUIIEH-
HOCTH, HEM3BECTHOE MaTeMaTUUECKOE OXKM/Ia-
HME YPOBHSI TOMEXO03AIIUIIEHHOCTH,, KOTOPOE
U SIBJISIETCSI HOPMUPOBAHHBIM, a TAaKXe BEPO-
SITHOCTB cO051. Takoe BbIpaxkeHUE, aHAJIOTUYHO
[4], HazbIBaeTcs (PyHKIIMEH CBSI3U M UMEET BUJT
mec » =Sy Gp 1y, ©,). B 5TOM COOTHOLIEHNM
U, — MaTeMaTUYECKOE OXMIaHUE MTOMEXO-
YCTOMYMBOCTHU 2JIEKTPOHHOM armaparyphl,
G, — CPEIHEKBAIPATHIECKOE OTKIOHEHHUE €€
MIOMEXOYCTOMYMBOCTH, |1, — MATEMATUYECKOE
oxuaaHue ypoBHs moMex B OMO Ha mecTe
9KCIUIyaTalUWH, G, — CPEIHEKBAAPATUIECKOE
OTKJIOHEHME YPOBHSI TTOMEX.

DyHKIIMN CBSI3U TIOJIyYeHBI U3BECTHBIM
METOIIOM «Harpy3Ka—ycToi4uBocTh» [S]. B [3]
TPUBE/ICHBI Pe3yJIbTaThl IPUMEHEHUST METO/IA
JIIST HOPMAJIbHOTO pactpe/eieHus TTOMeXO0-
YCTOMYMBOCTH, YTO COOTBETCTBYET BBHIBOJIAM
LIEHTPaJILHOM TIPeAeIbHOM TeopeMbl M Hanbo-
Jiee pacipoCTpaHEHHbBIX 3aKOHOB pacrpeaese-
HUS ToMex [6].

[Ipu pacnipeneseHUN TTOMeX 110 HOpMaJlb-
HOMY 3aKOHY (DyHKIIMSI CBSI3U MMEET BUT

1 Mg —H
L = (1)
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rae @ — uHTerpa BeposITHOCTEN.
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IIpu 10rOHOPMaJILHOM pacIipefeieHUun
rmomex

1 M —Inpu
P, =--0 A=K 4)
2 | folval,

Ha npakTtrike BO3MOXKHbBIE 3HAYEHUST YPOB-
HSI TIOMEX U YPOBHSI ITOMEXO3aLIUILIEHHOCTU
OrpaHuYeHbI CBepXy U cHu3y. [loaToMy mpes-
CTaBJISIET MHTEPEC CJIyYaii, KOraa YPOBHU I10-
MeX ¥ [TOMEXO3aILULIEHHOCTH pacipeaeieHbl
0 yce4EHHOMY HOpMAaJTbHOMY 3aKOHY C Tapa-
MeTpamu a, b, ¢, d. 1nst aToro ciydast QyHKITS
CBSI31 UMEET BUI
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[Ipu 5TOM HEM3BECTHOE MaTeMaTHUECKOe
OXMWJIaHUE YPOBHS TIOMEX BXOJIUT B apTyMEHT
(byHKIIMM MHTETpasia BEpOSTHOCTH, TO €CTh
HaxONIUTCS B TIpejieslaX MHTETPUPOBAHMS He-
orpenesieHHOTo uHTerpana. [Toaromy mist
YIPOIIEHUS PACIETHBIX COOTHOIIEHUI B (PYHK-
LM CBSI3U BBITIOJTHSIETCS 3aMeHa TIepeMEeHHOMA.

Tl (1) HoBast iepeMeHHas = % )
oR+Oy
_ Hg
B (2) HoBas mepemeHHast 7 = R
OR+Oy

B (3) HOBasI IIepeMeHHast 2= (i — A0} .

—In
B (4) COOTBETCTBEHHO Z = % .
Or+ 04y
U (5) =22 E
oy+or,

Torna nyist OThICKAHMST HEM3BECTHOM Tiepe-
MEHHOU Z HY>KHO PeILINTh TPAHCLIEHICHTHBIE
ypaBHEHUSI.

[pu pacnipeneneHnn MoMex 1Mo HOpMab-

HOMY 3aKOHY
1
QD(Z)zi_l)mlf' (6)

I1pu pacnpeneseHun MoMex Mo 3aKOHY
Ponesa
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IIpu pacnpeneeHUM IOMeX 0 3KCIIOHEH-
LIMAJIbHOMY 3aKOHY

P, = exp(—%ﬂ(k—ﬂo—; )}
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2 ot

ITpu pacripenesieHUN TTOMEX IO JIOTOHOP-
MaJIbHOMY 3aKOHY YpaBHEHMUE JIJ1s1 Z aHATIOTUY~
Ho (6).

ITpu pacripeesieHr ypoBHE ITOMeX 1 10~
MEXOYCTOMUMBOCTH [0 HOPMaJTbHOMY YCEUEH-
HOMY 3aKOHY YpaBHEHME JJ15I Z

1 Hg— H
P, =——> e S | )
"2 | Joiva?

JJ1s1 pellieHUs ypaBHEHMI Liesiecoo0pas-
HO NMPUMEHUTh METOJ IOCJIeI0BaTEIbHBIX
npubauxeHuii. PaznoxeHue mHTerpaia
BEPOSITHOCTH B Psii HEKOPPEKTHO, ITOCKOJIb-
Ky apryMeHT MHTerpaja BeposTHOCTH B 3a-
nagax DMC umeet nopsaok 10? [3]. ITpu-
MEHEHHUE aCUMIITOTUYECKUX MPUOIMKEHUIA
MIPUBOIUT K ajredbpandyeckKuM ypaBHEHUSIM
BBICOKOTO ITOPsIIKA [IJISI HEM3BECTHOM BEJIM -
YuHBEI [7]. PemiuTh Takue ypaBHEHUS MOXHO
TOJIBKO YMCJICHHBIMU MeTonaMu. TakKum
00pa3oM, IIPOUCXOIUT HEKOHTPOJIMPYEMOE
HaKOIUJIEHUE MOTPEIIHOCTH, MOJIYYeHHOE
pellleHre OKa3bIBA€TCSI HEIIPUIOAHBIM JIJIS
CXAT. IToaTomy sl pellieHUsI TPUBEAEH -
HBIX TPAHCIEHIEHTHBIX YPaBHEHU I UCITOJIb-
3yeTCsl METO/ MOC/IeI0OBATEIbHBIX ITPUOJIM -
JK€HUI, KOTOPBII peaJn30BaH B IIpOrpaMMe
EMCPar, pazpaboTaHHoOli B JabopaTopuu
«beszonmacHocts 1 OMC» HUMXKT npu
BenopycckoM rocynapcTBeHHOM YHUBEPCH -
TeTe TPaHCIIopTa.

BbiBeicHHBIE B CTaThe COOTHOIIEHUSI 103~
BOJISIIOT 10 3aIaHHBIM BEPOSITHOCTH COOSI CUC-
TEMbI M BEPOSITHOCTSIM 0€30TKa3HOI PabOThI
CXeM KOHTPOJISI B COCTAaBE 3TOM CUCTEMbI BbI-
YUCIUTh TPpeOyeMble YPOBHU OMEXO03allly-
IIEHHOCTH 3JIEKTPOHHOI anmaparypsbl. [Tocie
Yero BO3MOXEH BbIOOD 3JI€MEHTHOI 0a3bl
CXEMHBIX ¥ KOHCTPYKTHBHbBIX PELIeHUI, 00ec-
MeYMBaIOLIMX HYXHBII ypoBeHb. [Ipu aTOM
OyayT ¢bUrypupoBaTh IokKa3aTeJu YPOBHS
0€30IMaCHOCTH KaK OTIEJIbHBIX CXeM 1 0JIOKOB
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B coctaBe armapatypbl CXKAT, Tak u Bceit
CHUCTEMBI, C Y4ETOM BJIMSIHUSI O€30I1aCHOCTHU
OTIEJIbHBIX CXeM U OJIOKOB Ha YpOBEHb 0e3-
OIACHOCTU CHCTEMBI B LIEJIOM.

Ilony4yeHHbIe IO IIpeaIaraeMoii METOIUKE
HOPMbI Ha BEJIMYMHY ITOMEXO03allUIIEHHOCTH
armmapatypbl C2KAT siBisiIoTCSI COryTacOBaHHbBI-
MM, a KOHTPOJIb COOTBETCTBUSI UM ITIOMOTaeT
MOICPXKMBATh 3aJaHHbII YPOBEHb HAIESKHOCTH
(DYHKLIMOHUPOBAHUS MUKPOIJIEKTPOHHBIX
1 MuKporpoueccopHbeix C2KAT B DMO. Ipu-
MEHEHUE BEPOSITHOCTHOIO METO/1a HOPMUPOBA-
HMSI [TO3BOJISIET ONITUMU3UPOBATh KOHCTPYKTOP-
CKM€ MEPOIPUSITUS M KECTKOCTb UCIIbITAHUIA,
HarpaBJeHHbBIX Ha obecrnieueHne OMC u 6e3-
oracHocTu (pyHkunoHupoBanuss C2KAT. Dro
JIaeT ONTUMM3ALIMIO 3aTPaT Ha TaKoe obecreye-
HUEe 1 9KOHOMUYeCKMi 3(P(HEKT OT BHEIPECHUS
COBPEMEHHBIX CUCTEM aBTOMATHKU U TeJIeMe-
XaHUKU Ha XeJie3HbIX noporax Poccum u CHI

Wimoctpanyeil 3Toro BeIBOJA SIBIISICTCS
crenyrorumii mpumep. Iycrs P e 105, p, =
1000 B, 5, = 100 B, 5, = 10 B. YpoBHu nome-
XO3aLIMIIEHHOCTH ¥ TIOMEX PaCIIpeIe/IeHbI 110
HopMaJbHOMY 3aKOHY. Torma @ (2) =0,5—10-¢=
0,499999. Io Tabnuiie byukuuu Jarnaca Z =
4,76. C yyeToM 3aMeHbI IEpEMEHHOM 3HaYEH1E
u, = 1478,37 B.

Ilo cyliecTByIOIIMM HOpPMATHUBaM B JIaH-
HOM cJiyyae Obuta Obl Ha3HauU€Ha KECTKOCTh
ucnbitadnusg 1000 B v 2000 B. ITepBoe 3Ha-
YeHUE SIBJISIETCS 3aHMXKEHHBIM U IIPUBEAET
K HEYJIOBJIETBOPUTEIbHBIM Pe3yJIbTaTaM UCIIbI-
TaHW WK 9KCIUTyaTalluy yCTPOMCTBA aBTOMA-
TUKU U TeJeMexXaHuKu. Bropoe 3HaueHue cy-
LLIECTBEHHO 3aBblllieHO. M3 mpumepa crienyer,

YTO 3aBblllIEHUE TPEOOBAHUIA IO TTapaMeTpam
OMC BeneT K HeoIpaBIaHHOMY POCTY CTOM-
MOCTH aIllapaTyphbl 3a CUET AOIOJIHUTEIbHBIX
KOHCTPYKTUBHBIX Mep JIJIs1 00eCIeUeHUs 110~
MEXO03aIIMIIEHHOCTU. 3aHMKEHUE XKe ITUX
TpeGOBaHUIA HEIOIMYCTHMO 110 COOOPAKEHUSIM
YCJIOBUIT 0€30ITaCHOCTH.

JIOCTOMHCTBOM IIpeiaraeMoro BEpOsIT-
HOCTHOTO IOIX0/a SIBJISIETCS U TO, YTO B HEM
HCIIOJIb3YIOTCSI YMCJIOBbIE XapaKTePUCTUKU
nomex B OMO Ha MecTe 9KCIITyaTaliuiy CUCTe-
MBI, ITOJIydeHHbIE ITyTeM cOOpa CTaTUCTUYE-
CKOW MH(pOpMaLIMY U TIOC/IeayIoNIei e€ oopa-
060TKU. B 3TOM Citydae BeIpaboTaHHBIE HOPMBbI
IIOMEXOYCTOMUMBOCTA MAKCHUMAaIbHO COOTBET-
CTBYIOT YCJIOBMSIM 9KCILIyaTallH.
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/ {? / PROBABILISTIC METHOD FOR RATIONING OF EMC OF RAILWAY AUTOMATICS

Bochkov, Konstantin A., Belarusian State Transport University, Gomel, Belarus.
Komnatny, Dmitry V., Belarusian State Transport University, Gomel, Belarus.

ABSTRACT

The scientific and technical problem of rationing
of noise immunity level and rigidity of tests of railway
automation and telemechanics is considered. The
problem remains topical in connection with the
widespread introduction of microprocessor and
computer automation systems that ensure train traffic
safety. The task s to find the norms of noise immunity

on the basis of taking into account the probabilistic
nature of the level of interference and the level of
noise immunity of the hardware element base. The
«load-stability» method was used to obtain equations
for determining the normalized value of noise
immunity. The norms calculated by the proposed
method allow optimizing rigidity of tests and
associated design solutions.

Keywords: railway, automation and telemechanics systems, electromagnetic compatibility, rationing,
probabilistic approach, test methods, probability of failure, train traffic safety.

Background. Microelectronic and micro-
processor systems of railway automation and
telemechanics (RATS) perform the responsible
functions of ensuring the safety of train traffic.
Therefore, they have to meet high requirements for
electromagnetic compatibility (EMC), reflected in the
regulatory and technical documentation.

In this documentation, EMC standards are chosen
based on the worst-case conditions, the test stiffness
class is determined by a set of qualitative characte-
ristics of the surrounding electromagnetic environment
(EME), and rigidity of tests is taken to reproduce the
maximum level of interference. The main standardized
values for the description of EMC are «the level of
electromagnetic compatibility», that is, the maximum
level of interference in operating conditions and the
«immunity level». For such quantities, the normative
and technical documentation sets fixed values.
Therefore, this approach to establishment of norms
on EMC based on the construction principle is
deterministic.

Objective. The objective of the authors is to
consider probabilistic method for rationing of EMC of
railway automation.

Methods. The authors use general scientific and
engineering methods, probabilistic methods,
comparative analysis.

Results. On the other hand, in the modern theory
of RATS [1-3], the level of safety and electromagnetic
compatibility is expressed by the probability of failure
of equipment during its operation.

Consequently, the problem of rationing EMC of
such systems should be solved from the standpoint
of ensuring the required probability of equipment
failure in EME and taking into account the probabilistic
properties of the interference and noise immunity
levels. At the same time, it is necessary to pay
attention to the peculiarities of construction of
microelectronic and microprocessor RATS. To ensure
the required level of security, they are built on the
principle of «two of two» or «two of three» and include,
in addition to the actual computational channels,
blocks of comparison schemes and blocks of
shutdown schemes. The first perform the function of
detecting failures, the second - the function of
blocking the computational channel in the protective
state when a failure is detected. According to [2], the
probability of a hardware failure P, is determined by
the probability of failure of the computational channel
P .. the probability of detection of this failure P, and
the probability of the channel transfer to the protective
state P, P =Pl 1-Py Pygcr)-

Since the blocks of the comparison circuits and the
blocks of the shutdown circuits have a significant effect
on the security of the system and work on the principle
of self-checking, itis logical to assume the probabilities
P, and P, along with P_ . And the probabilities P,
and P, should be very high and are the probabilities
of failure-free operation of the corresponding blocks
in this EME. Then, for rationing, the failure probability
of its computational channel is used: Q =1-P,
Quen=1-P, Proenr = P/ (1=Py P,

dsch™ dsch’ it dsch) :
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Since the electromagnetic situation at the place
of operation of RATS is often specified, the problem
of EMC rationing can be put in the following form: for
a given failure probability, to determine the normalized
value of the noise immunity level of the system
equipment block with known parameters of the law of
distribution of the probability density of the interference
level and the specified limits on standard deviations
of noise immunity.

The solution of this problem gives an answer to
the question, what should be the characteristics of
the noise immunity levels of the equipment, so that it
works with a given probability of failure in EME at the
site of its operation.

To obtain a solution it is necessary to have a
mathematical expression connecting the statistical
parameters of the law of distribution of the probability
density of interference, the fixed value of the standard
deviation of noise immunity, the unknown mathematical
expectation of the level of noise immunity, which is
normalized, and the probability of failure. Such an
expression, like [4], is called the coupling function
and has the form P, = f(i1,, o, U,, c,). In this ratio
U, is the mathematical expectation of noise immunity
of electronic equipment, o is the standard deviation
of its noise immunity, u, is the mathematical
expectation of the interference level in the EME at the
site of operation, c,, is the standard deviation of the
interference level.

The coupling functions are obtained by the known
«load-stability» method [5]. In [3] the results of
applying the method for the normal distribution of
noise immunity are presented, which corresponds to
the conclusions of the central limit theorem and the
most widespread laws of interference distribution [6].

When the interference is distributed according to
the normal law, the coupling function has the form

1 Hp—H
P, =——@ L2V |
"2 [,/U;M;J o
where @ is probability integral.

In the distribution of interference according to the
Rayleigh law

_ @ ) o
sz/—exp[ 2(612(:61%,)}\/5;:0;

1 7%
| —FOy || 2
{2 [GR,/U;M; H (&)
With an exponential distribution of interference
with the exponent A

P, = exp(—%(%ukxl -Ao )}

_ 2
.|:1+(D(M]:|' (3)
2 o
With the lognormal distribution of interference
1 Hp—Inu
By =—-®| A= | (4)
’2 [«/a;mf”,,]

In practice, the possible values of the interference
level and the level of interference immunity are limited
from above and from below. Therefore, the case
where the interference and noise immunity levels are
distributed according to the truncated normal law with
parameters a, b, ¢, d is of interest. For this case, the
coupling function has the form

b—c—(pg—py —\Hr—Hy
@ 2( 2 ) -0 (2 2 )
Po—1- oRt+oy opt+oy (5)
mif = .
1)) b_c_(ﬂk_/—l[v) _Q a_d_(‘uk_‘uN)
2 2 2 2
O'R+O'N O'R+O'N

In this case, the unknown mathematical
expectation of the noise level enters into the argument
ofthe probability integral function, thatis, is within the
limits of integration of the indefinite integral. Therefore,
to simplify the calculation relationships in the coupling
function, the variable is replaced.

. _ Mg My
For (1), the new variable z m .

. Hr
In(2), then ariable 7=————.
(2) ew varia ol tol

In(3), the new variable z= iz —Acy.

—in
In (4) respectively z :% .
Or+ 0y
. Hr— Hy
Andin(5) z=———".
(0= oia

Then to find the unknown variable z it is necessary
to solve transcendental equations.

When distributing interference according to the
normal law

1

D(2)=5-Puy . (6)

In the distribution of interference according to the
Rayleigh law

2
z o 1 [e%4
P, =exp[——)7"’ 7+(D[ N J . (7)
/ 2 \Jor+oy 2 Ok
When distributing noise according to an
exponential law

P, = exp[—%ﬂ(k - Ao, ))

B0

In the distribution of noise by the lognormal law,
the equation for z is analogous to (6).

In the distribution of noise levels and noise
immunity, according to the normal truncated law, the
equation for z

of 2rss)-og
1-P, = RTON

m’f [ e ] ( a—d j &)
O 5 52" 5 5%
GR + O'N O'R + O'N

To solve the equations, it is expedient to apply
the method of successive approximations. The
expansion of the probability integral in a series is
incorrect, since the argument of the probability
integral in EMC tasks is of the order of 102 [3]. The
application of asymptotic approximations leads to
higher-order algebraic equations for an unknown
quantity [7]. Such equations can be solved only by
numerical methods. Thus, an uncontrolled
accumulation of error occurs, the solution
obtained is rendered unsuitable for RATS.
Therefore, the method of successive
approximations is used to solve the above
transcendental equations, which was implemented
in the EMCPar program developed in the laboratory

(8)
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«Safety and EMC» of NIIZHT at Belarusian State
University of Transport.

The relations deducted in the article allow us to
calculate the required levels of noise immunity of the
electronic apparatus of RAT according to the given
probability of a system failure and the probabilities
of failure-free operation of control circuits in the
composition of this system. After that, it is possible
to select the element base of the circuit and design
solutions that provide the required level. At the same
time, the indicators of the level of security of both
individual circuits and units within the RATS
equipment and the entire system will be included,
taking into account the security effect of individual
circuits and blocks on the security level of the system
as a whole.

Conclusion. Received by the proposed
methodology, the norms for the interference immunity
ofthe RATS equipment are consistent, and compliance
control helps to maintain a specified level of reliability
of the microelectronic and microprocessor-based
RATS in EME. The application of the probabilistic
method of rationing makes it possible to optimize the
design activities and rigidity of tests aimed at ensuring
EMC and the safety of the operation of RATS. This
gives an optimization of the costs of such provision
and the economic effect of the introduction of modern
automation and telemechanics systems on the
railways of Russia and the CIS.

An illustration of this conclusion is the following
example. Let P, = 10°, u, = 1000V, c,, = 100V,
c,= 10V. The levels of noise immunity and interference
are distributed according to the normal law. Then
D(Z) = 0,5-10° = 0,499999. According to the table
of the Laplace function, Z=4,76. Taking into account
the change of variable, the value of u,= 1478,37 V.

According to the existing regulations, the test rigidity
of 1000 V or 2000 V would be assigned in this case. The
firstvalue is underestimated and will lead to unsatisfactory
results of testing or operation of the automation and
telemechanics device. The second value is significantly
overestimated. It follows from the example that
overstating the requirements for EMC parameters leads
to an unjustified increase in the cost of the equipment

due to additional constructive measures to ensure noise
immunity. Underestimation of these requirements is
unacceptable for reasons of security.

The advantage of the proposed probabilistic
approach is that it uses the numerical characteristics
of interference in EME at the site of operation of the
system, obtained by collecting statistical information
and its subsequent processing. In this case, the
developed norms of noise immunity as much as
possible correspond to the operating conditions.
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