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IIpusoodamcsa u ananusupyromcs
menJnio6ble cmamucmuuecKue xapax-
mepucmuxu poauKosvLx 6yKc 2py306bix
6a20H08, maxue Kax 00HoMepHbLe PyH-
Kuyuu pacnpeoeienus amniumyoHvlx
3HAUEHUl CUZHATNI08 HOPMATBLHO 2pero-
wuxca u nepezpemoix OyKc; 0symepole
u MHOZOMepHbLe PYHKUUU pacnpedee-
HUSL AMRAUMYOHIX 3HAMEHUN CUZHATL08
0dsyx (unu HeckonvKux) Oyxc eazona;
6€POAMHOCMU NOABTIEHUS CUZHATIO8 OM
HOPMANLHO 2PEIOUUXCS U nepezpenblx
oyxc

Bsenenue

TexHoJOrUsT HEMOCPEACTBEHHOTO KOHTPOJSI U IHa-
FHOCTHKM OYKCOBBIX Y3JIOB C HOMOIIbIO OOPTOBBIX -
rooctudeckux cranuuii (BJIC) mpussana obecredynTh
panHee oOHapyKeHUe U TPEAYIPERIEHUE O HEHCIPAB-
HocTax Oyke [1].

ABTOMaTHYECKOE pACHO3HaBaHWe HEMCIPABHBIX
GyKC OCYIIECTBISIETCS Ha OCHOBE aHaIn3a U 00paboTKN
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0 ONpeIeJIEHHBIM AJTOPUTMAM XAPAKTEPUCTHUK TeJe-
METPUYECKUX CHUTHATOB, TMOCTYMAOMHUX OT OYKCOBBIX
V3JI0B.

ITU CUTHAJBI SBJSIIOTCS PE3YAbTATOM Mpeobpaso-
BaHUs TeMmieparypsl 6ykc B nudposyio Gopmy. Mayde-
HHE CTATUCTHMYECKMX XapaKTePUCTHK TeJeMeTPUUYECKUX
CUTHAJIOB 0T OYyKC MMEET MePBOCTENeHHOe 3HAUYEHUe TIPU
pas3paboTKe METOJIOB U TEXHUYECKUX CPEICTB aBTOMATH-
4eCKOro 0OHapy KeHUst aBapUIHBIX OYKC.



OcHoBHast 4YacTh

[TapaMeTpbl TejeMeTPUYECKUX CUTHAJOB OT OyKC
OTIPeJIeTIAI0OTCS TeMTepaTypoll MOANUNHUKA (MU IIei-
KM ocH KoJiecHoii mapbl). Temueparypa HOAIIUITHUKA Ha
JI060M OTpe3Ke MyTH U3MEHSIETCS 110 SKCIOHEHTE, Tapa-
METPbl KOTOPOH SIBJISAIOTCS CJIY4YalHBIMU BeJIMYUHAMU,
3aBUCSIIIUMU OT MHOTUX (DaKTOPOB: COCTOsIHUSI HY KCOBOTO
y3Ja, TeMIepaTypbl HapyskKHOTO BO3/yXa, CKOPOCTH II0-
e3/1a, Harpy3KH Ha OCb U JIP.

ITO 03HAYAET, YTO YCTAHOBUBIIHUICS PEKUM TEILIO-
oOMeHa sl Kask[0H OYyKChl HACTYNAET B «CBOE» BPEMSI.
IKCIEPUMEHTAJNbHO YCTAHOBJIEHO, YTO YCTAHOBUBIIUTICS
peskum Oykcbl HacTynaet yepes 30—40 KM OT MOMEHTa Ha-
yaJia JIBUKeHnd roeszual2].

OCHOBHBIMM CTATHUCTUYECKUMHU XapaKTePUCTUKAMK
TeJeMETPUYECKUX CUTHAJIOB OT OYKC SIBJISIIOTCSL: OJHOMEP-
Hble (DYHKIIUU pacipesieieHus aMIIJTUTY/IHBIX 3HAUYCHU I
CUTHAJIOB HOPMaJIbHO TPEIONIUXCSA U Teperpersix OyKC;
JIByMepHbIE ¥ MHOrOMepHble (YHKIMHU paclpejesieHus
AMIJIMTYHBIX 3HAYEHUN CUTHAJIOB ABYX (MJM HECKOJb-
kux) GYKC BaroHa; BEPOSITHOCTU MOSIBJIEHUSI CUTHAJIOB OT
HOPMAJIbHO I'PEIONIUXCS U [IePerpeThix Oy KC.

OnHoMepHbIe HYHKIMH pacpe/IeeHns] AMIUIMTY /| CHrHA-
JIOB OYKC

TesieMeTpuuecKre CUTHAJIBI OT OYKC HPENCTaBJISIOT
€060l MOCTIe0BATETHHOCTD OJHOMOISPHBIX UMITYJIbCOB,
Crtporo roBops, TaKkas MOCJAeI0BATETbHOCTD He SBJISETCS
HY CTAIlMOHAPHBIM, HU 3PTOANYECKUM IIPOIECCOM, TAK KaK
cpe/HNe 3HAYEHMS] aMIUIUTY] MMITYJbCOB OTIUYAIOTCS
KaK OT peajn3aluu K peaansanuu (HapuMep, oT 0JHOTO
noesa K Ipyromy), Tak u Bo BpeMenu. Ilepsoe 06cTos-
TEJHCTBO OOYCJIOBJIEHO PEXMMOM [IBUKEHUS TO€3/a 110
y4acTKy 6e30CTaHOBOYHOTO CJIEIOBAHUS, €T0 3aTPy3KOil;
BTOPO€ — KJINMaTHYECKUMHU YCTOBUSIMU.

[ToaToMy mpu OTIpesiesIeHNN CTATUCTUYECKUX XapaKTe-
PHCTHK TeJeMETPHYECKUX CUTHAJIOB OYKC TMPOBOIUIOCH
ycpejnenue, Kak 110 MHOXKECTBY peasu3aliuii, Tak u BO
BPEMEHH.

CratucTuyeckye XapakTePUCTUKH, OJyYeHHbIE B pe-
3yJIbTaTe TAKOrO YCPEJHEHUS, He 3aBUCAT OT BPEMCHU U
HOMepa peajyusalui U XapaKTepusyioT HeKOTopyio 0606-
MIEHHYIO TTOCJIe[0BATENBHOCTh CUTHAJIOB. B masbueitnem
[0/l TEPMUHOM <TeJIeMETPUUECKHE CUTHAJBI OT OYKC»
GyleM MOHUMATh TAKYI0 «CPEIHECTATUCTHYECKYIO» HM-
IIyJIbCHYIO IOCJIEL0BATEIbHOCTD.

[1710THOCTD BEPOSTHOCTHU 3HAYEHW I aMIIJINTY/I CUTHA-
JIOB HOpMaJIbHO rperomuxcsd Wii(X) u meperpetsix Wia(X)
GyKC XOPOIIO AMPOKCUMHUPYETCsI JOTapudMUIeCcKu-HOP-
MaJIbHBIMY 3aKOHAMY pacrpesesnenus|[2]:

o< x<0
(Inx-a,)

exp| —
J2py,x 2y, 1)

0 nopnm

W, (x)= npu x>0

IJIe 8,0y — apaMeTpsl JorapuMIIecK-HOPMATIbHOTO pac-
IpeIeIeHusT;

ke{1,2} - nuzekc, ykaspiBaionuii Ha NPUHA/UIEKHOCT T1a-
paMeTpa COOTBETCTBEHHO K KJIACCY HOPMAJIBHO TPEIONIUXCS
7 TIEPETPETHIX OYKC.
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PucyHok 1. HenpepbigHble 3aKOHbI pacnpefeneHns NaoTHOCTH
BEPOSATHOCTH aMM/IMTYA CUrHaN0B HOPMaNbHO rperoLmxca (a)
U neperpeTbix (6) poNMKOBbIX ByKC

WccnenoBanust MOKa3bIBAIOT, YTO pacIpereeHust
AMIIJTUTY/l CHUTHAJIOB HOPMAJbHO TPEIOIIUXCSI POJIUKO-
BbIX OYKC, & TAKJKe aMILIUTYJ[ CUTHAJIOB IIEPETPETHIX PO-
JIUKOBBIX OYKC € IOCTATOYHOI TOYHOCTHIO TAKKE MOTYT
ObITH AINIPOKCHMHUPOBAHBI JOTapU(bMUUECKI-HOPMATh-
HbIMM 3akoHamu. Ha puc.la, mokazaHbl rUCTOTPaMMbl 1
HeIpepbIBHbIE 3aKOHBI PACIIpe/leIeH s aMIIJINTY CUTHA-
JIOB HOPMAJIBHO I'PEIUXCs POJNUKOBbIX Oyke Wii(x) , a
Ha puc. 16 — neperperbix posuKoBbix Oyke Wiy(x). Ila-
paMeTphbl, 0 KOTOPBIM Ha YKa3aHHBIX PUCYHKAX TTOCTPOe-
HbI HEIIPEPbIBHbBIE 3aKOHBI, IPUBEAEHBI B Tab1.1.

Ta6bnuuya 1

3HadeHWs napamMeTpoB W MOMEHTOB 3aKOHOB pacrnpefeneHu1s
aMMIUTY [, CUTHA/IOB OT POJIMKOBbIX BYKC

ITapameTpnr

JaKonon MoMeHTBI 3aKOHOB pacit HUH
1{6ﬂacc pacpe- ome 3aKOHOB pacIipeene
yKC JIeJIeHUT

Ay GZK T M2 Md M4 K Y
Hop-
MaJib-
HO 0,17 | 0,75 | 1,72 | 3,32 | 26,35 | 546,4 | 4,35 | 46,5
rpero-
nmecsa
Mepe- 1 3 351 013 [29.67| 1235 | 1400 [98500| 1,1 | 3,5
rpeTble

Ilomoxurenbubie 3HaUeHUsT KOI(DOUIIMEHTOB ACUM-
METPUU HOPMAJIbHO TPEIOIUXCs U meperperbix oyke (K=-
4,35) yKa3bIBaIOT HA TO, YTO CPEAN MHOKECTBA 3HAYCHUI
CUTHAJIOB OYKC KaKJ0TO M3 KJIACCOB MOTYT BCTPEYaThb-
Cs1 3HAYEHUST CUTHAJIOB, 3HAYMTEIbHO MPEBBIINAIONINE UX
CpeiHUil yPOBEHbD.

IIpu pemeHryu HEKOTOPBIX BEPOSITHOCTHBIX 3ajad,
CBSI3aHHBIX C ABTOMAaTHUYECKUM Paclio3HaBAHUEM T'Peio-
muxcst OyKc, He0OXOAMMO 3HATh 3HAYEHMSI MOMEHTOB pac-
npeeseHus aMIInTy A curaasios 6yke. [lomb3ysich 0Ouu-
MU BBIPAKEHUSMU HAYAJNbHBIX (Ty) U eHTpaabubiX (M)
MOMEHTOB pacnpe/eeHusi|3]

oo

m, = IX"W1k(X)dX :

)

M, = [(x=m,)" W, (x)dx,

rJie Ty — MaTeMaTHYecKoe OKUIaHIe CyYailHOM BEJIMYUHBI X.
1 MOJICTABJISASE B 9TH BhIpakeHUst (hopMyJry 3aKOHA paciipe-
JleJIeHUsT aMIUTATY] curHasIoB (1), TTocjie HHTerpupoBaHie u
peoOpa3oBaHuil HallleM COOTHOIIEHUST MEKIY MOMEHTAMU
U HIapaMeTpaMiy 3aKOHa paciipe/iesIeH s aMIJIUTYl CUTHATIOB
OyKc:



— Oy .
m, =exp ak+7 ‘ (2)
M, =exp(2a, +0° )[exp(cﬁ = 1] ; 3)

M, = exp(BaK +%Gi)[2—36xp(ci)+exp(30i )] (4)
M, =exp(40, + 20 ) exp(662) - 4exp(307 )+ 6exp(a?) - 3].(5)

[leHTpasbHble MOMEHTBI TPEThbero Ms M 4eTBEpPTOTO
M, TOPSIZIKOB SIBJSIIOTCS KPUTEPUSAMU [IJsI OLEHKU CO-
OTBETCTBEHHO aCUMMETPUM U 3Kcllecca 3aKOHa paclpe-
JeJIeHWsI, KOTOPBI XapakTepuayercsi koadduimentom
acummerpun|3]

M3
RN ©

u K0a(puimenToM aKciec-

ca

eT U3 NMIPUBEJAEHHBIX MAaTPUIl, KO3 GUIMEHT KOppeasinu
AMILJIUTY/ CHTHATIOB OYKC OJHON TEJeXKH, KaK MPaBuJIo,
Ha 0,1—0,2 Boiue xoadunuenTa Koppeasauu aMIJIAnTY
CUTHAJIOB Pa3HBIX TeJeskeK, a KoahduimerT xoppess-
U aMILIATY/l CUTHAJIOB OYKC OJHOU KOJIECHOU Mapbl Ha
0,1—0,2 Bbime koahduineHTa KOPPEJSINT aMIIUTYT
CUTHAJIOB GYKC OJIHON TeJIekKKU.

Koppensiiust aMILIUTYI CUTHAJOB OYKC 3aBUCUT OT
3arpy3KH BaroHa.

B He3arpysKeHHbIX COCTABAX KOPPEJSIU MEKIY TEM-
neparypoil HarpeBa KOpIycoB GyKC MeHee BbIpakeHa, a
MHOT/IA U BOBCE OTCYTCTBYET.

CBenennss o xoadduIMeHTAX KOPPEJANUU U
crennduIecKuil BUI BBIPAKEHUS OJHOMEPHOTO 3aKOHA
pacrpesiesieHust aMIJITY]] CUTHAJOB MO3BOJISIIOT 3allu-
caTh BBIpakeHHEe MHOTOMEPHOTO 3aKOHA pacIpefieseHus
IJIOTHOCTU BEPOSITHOCTHU JIOrapudMOB aMIJIUTY] CUTHA-
JI0B J11000r0 yrciaa OyKe B BaroHe:

n n —
1 1 Inx, —a, Inx;-a,

W, (Inx,,...Inx )=

M o
=3 7
e @)

e

Y

3HaueHMsT NMapaMeTpPOB 3aKOHOB pacHpeeseHus u
MOMEHTOB, PacCYUTAHHBIX 110 dopmynam (2) — (7) nnas
aMIJIUTY/I CUTHAJIOB HOPMAJIbHO T'PEIOIMXCS U Teperpe-
THIX 6yKC, CBeJeHbI B Tab6I. 1.

MuoromepHbie QyHKIMU
pacipe/ie/IeHUil aMIUIMTY/] CUTHA-

0B Byke W,, (Inx,,Inx,)=

II]IEI 3allMCN MHOTOMEPHDbIX 3a-
KOHOB pacipenesgeHnnss COBOKYII-

- exp
6,,4/(2n)°D,,

yooey

[ 2
2n01k02k 1- Lo

1 (Inx, -a, )’ _

(12)

J
1]
2D, T3 O Oj

T/ ajk ,ajk,Oik , Ojk — MapaMeTPbl PACIPeNeTeHNT;
Dy , — omnpesiesinTestb 11-ro 1nopsijiKa;
Djx — anrebpandeckoe JIOTIOJHEHNE 3JIeMeHTa Tij B onperie-
aurene Dyy.

Jlist GyKe OHOM KOJIeCHON Maphl MK IBYX OYKC OJHOM
CTOPOHBI TeJieskKU Barona popmysa (12) umeer Buj

1
X

Xexpy—
2(1-1y,)

HOCTH aMILJIUTY/ CUTHAJOB OyKC
OJIHOTO BaroHa, HeOOXOIXUMBIX
MPU aHAJUTUYECKOM OIpejeie-
HUM 3aKOHOB paclipejieJieHusl Pa3JMyYHbIX IIPU3HAKOB
pacrosHaBaHusl rpewomuxcs OyKc, HaZo pacloJararb
CBEJIEHUSAMHU O KOPPeJAlUNd aMIJIUTYJ CUTHAJOB pas-
JUYHBIX 1ap OYKC B BarOHe.

Mepoii Takoil KoOppeasAnuu SABIAAIOTCS KOdDhuIn-
€HTBl KOPPENALUHU Tjj MEXKAY aMILIMTYyAaMM CUTHAJIOB
i-ii u j-it 6ykc, KOTOpbBIE MPEACTABALIOT co00i cpepHue
3HAYEHUS TTPOU3BENCHUN HOPMUPOBAHHBIX OTKJIOHEHUI
rnap cJaydyailHbIX aMIIJIUTY/l CUTHAJIOB. DKCIIEPUMEHTATb-
HbIe MCCJEJOBAHUSA I0KA3aJM, YTO €CJu HUMPOBBIMU
UHJEKCAMU 10CJIeI0BAaTENbHO 0003HAYNTh HOMepa oceil
OJIHOTO BaroHa, To KoM UIMEHTH KOPPEJISIUN MEKY
AMIIUTYAMU CUTHAJIOB OYKC Kak/0il U3 CTOPOH YeThl-
PEXOCHOTO BaTOHA MOYKHO 3aIIMCATh B BUJE KOPPEJISIU-
OHHOW MaTPUIIBI

1 04 03 03
1 03 03
_p - 1
=5 1 04 an
1

KoaddunumenTsl Koppeadnuu Mexay aMITUTYTaMKI
CUTHAJIOB OYKC OJTHOM KOJIECHOIT TTapbl rj; = 0,6. Kax cneny-

2
9 (Inx, —a,; )(Inx, —a,) + (Inx,-a,)
2 12k 2
Ol GO Oy

(13)

Kax Bunno us Beipaxkenunit (12) u (13), mepexox ot
AMILTUTY/l CUTHAJIOB OYKC K WX JlorapudmMaM M03BOJIsIeT
B KauecTBe 3aKOHA paclpelesieH s aMIIJIUTY/ CUTHAJIOB
HCIIOJIb30BATh M-MEPHYIO (DYHKIIMIO HOPMaJbHOIO pac-
npejiesieHus.

ITO MO3BOJISIET B AHAJTUTUYECKOM BHUJIe PelaTh 3aj1a-
Y, CBSBAHHbBIE C UCCJAEOBAHUEM METOJ0OB 00HAPYKEHUSsT
neperpeTsix 6yKc.

BeposaTHOCTHBIE XapaKTEPUCTUKY KJIACCOB HOPMaJlb-
HO I'PEIOIUXCS U TIePerpeThix OyKe.

IIpu peuleHuu 3ajady ONTUMM3ANUU OOHAPYIKEHUS
neperpersix GyKC U APYTUX 3224 CTATHCTUYECKOTO pac-
[O3HABAHUSI HEOOXO[MMO UMETD CBEJIEHUSI O BEPOSITHOCTH
KJIACCOB PACHO3HABAEMBIX 00BEKTOB.

CrennduaeckuM MOMEHTOM B Clydae OOHApPY KEHUsI
neperpeTbix OyKC SIBJISETCS 3aBUCUMOCTH BEPOSTHOCTH
KJIACCOB HOPMAJIbHO TPEIONINXCST U MEPETPETHIX OYKC OT
pPa3MepoB IBUKEHUS TTOE3/I0B MO YYACTKY KOHTPOJIs, OT
paccTOSHUS, IPOHAEHHOTO MOE3/[0M /10 TOUKN KOHTPOJIS
Ipyrux hakTopos.

Ha puc.2 nokaszaHa ycpeJHeHHasl 3aBUCHUMOCTD Be-
POSITHOCTH MOsABJIEHUs neperpeToii 6ykenl P(i) oT pac-
CTOSTHUSI, TIPOWZEHHOTO MOE3/I0M 0 TOYKH €ro KOHT-
pOJIAL.
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PucyHok 2. BeposiTHOCTb nosiBneHus neperpetoi Gykcbl B
3aBUCUMOCTH OT AJ/IMHbI Npobera noesga

AnpuopHasi BEpOATHOCTD TOSIBJIECHUS B 110e3/le Iepe-
IPeToi OYKChI OIPEIEISIACh OTHOIIEHMEM YUCJIa [Ieperpe-
ThIX OyKC Ny, K 06111eMy KosndecTBy OyKe B moesiax No:

Nn
MmN

Poszenanymo nepioou pozimxny-
M020 Ma 3aMKHYMO20 CMAHIB €800
Uii MIiCbK020 eeKmpuuH020 Mpamc-
nopmy na Opyeomy emani eoJOUii.
Busnaueno mpueanicmv K0dXCHO020
nepiody. Ilpoenoszosano xinvkicms ma
mpueanicmo nepiodie ma cmauie mpe-
mboe20 emany e6oN0UYil

1. Beryn

[Mporosomennus y Bepechi 1991 poxky VYkpainum sk
HE3aJIeKHOI JIepKaBU BiJIKPUJIO peaibHi NEepPCIeKTUBU
JIJIST Iepexo/y BiJl KOMaH/[HO-aIMiHICTPaTUBHUX METO/[iB
rocroiapioBants /10 paJuKaJbHUX 3MiH BCi€l CyKyIHO-
CTi BUPOOHWYUX BiIHOCHH, JO CTBOPEHHS BIiAKPUTOIO
HapOJHOTO TOCIOAAPCTBA PUHKOBOTO THUIY 3 BHUCOKUM

ATpPUOPHYI0O BEPOSATHOCTH NOSBJIEHUS HOPMAJbHO
rpefoteiicss 6YKChl MOKHO HAaWTH U3 cooTHOomeHus P (i)
=1-P(m).

BoiBog,

Takum 06pa3oM B cTaTbe ObLIM IPOAHATU3UPOBAHBI
OCHOBHBIE TEIJIOBbIE CTATHCTHYECKUE XAPaKTEPUCTHKU
CUTHAJIOB OT POJIMKOBBIX OYKC /s AajbHEHIero ux me-
MOJTb30BAHMS B CHCTEME PACTIO3HABAHWS, UCIIOJIb3YEMO
JIUTSL TEXHOJIOTMH HETOCPEICTBEHHOTO KOHTPOJS U JUa-
FHOCTUKY OYKCOBBIX Y3JIOB C MOMOIIbIO OOPTOBBIX [HUa-
PHOCTUYECKUX CTAHIIUH.
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