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1. MaTemaTnyeckas mogenb

3agady onpefeneHus SanbHOCTU 0O NPOWU3BOSIbHO OPUEHTMPOBAHHOIO AWMOMBHOIO UCTOYHMKA
n3nydenms B pagmyce o 100 kM MoOXHO pewnTtb, ucnonb3ys avana3oH C[B. BrnonHe agexksaTHoOR
MatemaTU4eckon Moaenblo 3eMHOM MOBEPXHOCTU AN pacCcMaTpuMBaeMblX pacCTOSIHUA U ASIMH BOJSH
aBnseTca 6ecKoHeYHO NpoBofsLlas NnockocTb. Kak nokasaHo B [1], opTOoroHanbHble MPOEKLUN KOM-
MOHEHT NOnNs, MHAYUMpyemoro B Todke O aneKTpu4eckum AUnoneM, pasmeLleHHbIM Hag 6eckoHeYHo
nposoAsLLen NNOCKOCTbIO, paBHbI

e(t)=q(tV+q'() L +q"() 1 hxoy(t)=(q'(t)§+q”(t)oj—2} ex(t)=ey (t)=h,(t)=0.

3pecb a=c/p — Benu4ynHa, obpaTtHas BpeMeHu pacnpoCTpaHeHWs BOMHblI OT UCTOYHMKA OO TOY-
Kn HabnogeHus, nepemeHHble U, v, g(t) — Hen3BeCcTHble NnapaMeTpbl ICTOYHUKA U3NYyYEHUS.
KomMnoHeHTbl €z, hyoy MOryT GbiTb M3MEpPEHbl C MOMOLLbI AHTEHHOW CUCTEMbI, COCTOALLEN U3

BepTMKaﬂbHOVI SﬂeKTpW—IeCKOVI aHTEeHHbl 1 Napbl B3aMMHO OPTOroHasrbHbIX PaMO4HbIX MAarHUTHbIX aH-
TEeHH W, cnepgoBaTtesyibHO, UCNOJ1b30BaHbl B Ka4e€CTBE UCXOAHbIX AaHHbIX ONA pelleHna 3aga4vn OLEeHKU
AalribHOCTU OO TOYKM pa3MeLlleHna annorn4.

2. Mpamon anropuTtm

B pabotax [1, 2] npeanoxeH n nccrnegoBaH NpsAMon anropuTtMm onpedeneHns napameTpoB U, V,

n o B Moaenun:
o= Méop —hoéy U= €0é2 _é12 v 350u0c—é00c—g
hoég —hé4 ’ hoég —héq ’ 2hgo ’

roe
T T ) .
ékzjegm(t)h(x’é)y(t)dt, i = J (h‘x’é)y(t)) dt, =[x (o (1), k=0,12, T= é_r; |
0 0 0

Qp — HWXKHASA YacToTa cpesa BXOAHOro ounbTpa.
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I'Ipe,qnonomeHme Hann4na B Ha6J'II-OD,aeMbIX curHanax 6enoro wyma C MHTEHCUBHOCTbLIO N nepe-
BOAOWUT OUEeHMBaeMble NapaMeTpbl B KATEroputo CﬂyHaVIHbIX BENMMYMH. B aTom cnyydyae Mmatematunyeckme
OXnaaHnsa oTHOCUTENbHOM NorpewHoOCTN OUeHOK aanbHOCTU p U NapameTpa u, UX gucnepcumn mn Ko-

Bapunaumn4a okasbiBaroTCA paBHbIMU

2100 (A2A4 —A§ )+ o4N(A2Co — A3Cy)
2190 (A2A4 ~A2 )+ 02N(A4Cy—A3Cs)

E{8, }=1-

E{5,)=- uNoA AC2 —A3Cy ,
Qo Qg (A2A4 ~A2 )+oc4N(A2C2 —A3Cy)

2 A B +A28 —-2A3A4B
D{S }_ N(1+u?) 4 6 —4£A3A455
P 8u2n

+o(a2),
(A2 A2A4)
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D{ }_ 1+u2 Joud A By +A5Bg - 2A;23AQB5 +o(at),
(A3 -A2Aq)

1402102 (AaBa+A2Bg)A3 —(AZ +A2A4)Bs
{5y, u)= (z:’n)“ ( )

+o(04),
(Ag —A2A4)

roe
+oo e T
A= J w2 ‘F(w)‘z ‘Q(w)‘z do, By = J ©2m ‘F(m)‘4 ‘Q(m)‘z dw, Cp= J ®2m ‘F(a))‘2 dw,

Q(w), F(w) — cnekTpanbHble XapakTepUCTUKN UCTOYHMKA M3MyYEHNS U BXOAHOIO dounbTpa Ans npe-

[06paboTkn HabnaaeMbIX CUrHaNoB COOTBETCTBEHHO.
PaccMOTpM MCTOYHUK M3MYYEHNS CO CMEeKTparnbHOM XapaKTepUCTMKON, yaOBNeTBOpsioLLen orpa-
HUYEHMIO

2
‘Q(m)‘ -M
Takon cnekTp annpokcMMUpyeT YCpeAHEHHble aMnAUTYAHO—4acCTOTHbIE CMNEKTPbl MOJSIHMEBbLIX pa3ps-
noB B ananasoHe ot 100 Ny go 10 Klu. B kayecTtBe dhopmupytowero punbtpa bygem ncnonb3oBaTb
WHTEerpaTop ¢ orpaHNM4yeHHoOM NOfoCcon NPonycKkaHus
L, npnoec[Qo, 2],
Fl)=
0 npuoe [Qo, Q1].

Mpu ykasaHHbIX Q U F nmeem
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D{u)- 3N(1+u2)od 3Q% -7QoQ1+3Q2 ol o8
107M (Q1-Q0 )3 Qb |
2 2
N(+u2)o2 Q00 (490 —7Q0Q1+3Q ) ol
C{Sp’ “}: +0
4unM (Q1-Q0)3 Q4

M3 nonyyeHHbIX hopMyn BUAHO, YTO MaTEMATUYECKME OXKMOAHUSI NOTPELLUHOCTEN ABMSATCS MOHOTOH-
HO YGblBalOWMMK DYHKLMAMU NapameTpa Qg U He 3aBUCAT OT BEPXHEN YacToTbl cpe3a Q4. Ux guc-

nepcun, HaobopoT, SBNAOTCA MOHOTOHHO BO3pacTallWMMKU YHKUMSMU napameTpa Qg (Qp<Q4).

Mpu dukcupoBaHHOM 3HadeHuM Qg Aucnepcus D{Sp} ABNAETCA yHMMOAanbHOW (PyHKUMEN napa-

MeTpa, ee MUHUMYM JocTuraeTca npun Qg = (9+\/145)QO /4=5,261-Q . CunTas, 4TO BEPXHAS YacToTa

Cpesa yaoBrneTBopAeT nocrnegHeMmy paBeHCTBY, HaxoOanm

2 4
- o | En - o | En
E{ap}_o,me(m} B E{5,} 9,193(91) B

4
_o57.10-3 1+u2 En _ nl_a | En
D{s,}=27-10 B D{u}=3562(1+u )[91) B

2
c{sp, U}ZO,QSQM(L] i,
u Q‘| ES

roe

1
En=1L (21-Q0)T =4,26N, Es=j|Q(o>)|2o|o>:2,289-1o—3i3

2n Ao Q4

SHEeprus Wwyma u SHeprusi curHana CooTBETCTBEHHO.
OTHoweHue Ep/Es MOXHO MHTEPNPETUPOBaTb KaK OTHOCUTENbHYK MOrPELUHOCTb MOAENUPOBA-

HUsA. PaccmaTpuBaeMblii anroputm BrOMIHE YCTOMYMB NpU onpegerneHun napameTpa u. ducnepcus
D{Sp} OLleHKM [anbHOCTU CYLIECTBEHHO 3aBUCUT OT BENUYMHBI NapameTpa u. TeM He MeHee, npwu
3HayeHusix napameTpa u>27-10-3 gucnepcusi OTHOCUTENbHOW MOrPELUHOCTM OLEHKU AanbHOCTM
He NPeBOCXOAUT OTHOCUTENbLHOW MOrpeLHoCTn moaenupoBaHuda. Ecnn xe u—0 TO Aucnepcus
D{Sp}—>oo. OpHako, Hannyne OUeHKM napaMeTpa U MNO3BOMSET B KAXOOM Crlyyae OLEHUTb He TOMNbKO

pacctodaHne o0 UCTOYHUKa U3nyyvYeHuda, HO U Ancnepcuio OUeHKn, N B 3aBUCUMOCTU OT MNOJTYYEHHbIX
pe3ynbTaTtoB NPUHATbL ageKBaTHOE pelleHne 0 BO3MOXHOM MeCTe ero pasmMeLleHna.

3. OkcTpemManbHbIN anropuTm

npﬂMOVI anroputm ObIn nony4yeH B npeanonioXeHun, 4To UCTOYHUK U3NyHeHUA ABNAeTCA OUno-
neMm, a nogctunarowad noBepxXxHOoCTb — MJIOCKOCTbIO C GeCKoHeYHOM npoBOANMOCTbLIO. B cuny Heunpge-
anbHOCTU MoAEeNnen u Hanuyus LymoB B Ha6ﬂ}0ﬂaeMbIX CurHamnax, npmxogutca gonyckatb Hanundune
HEBA30K B MOJTy4EeHHbIX YpaBHEHUAX. |_|03TOMy, C VIHTyVITVIBHOVI TOYKN 3peHnsa I'IpG}J,I'IO‘-ITI/ITGJ'IbHGVI nc-
nonb3oBaTb NPUHUMN HAaMMEHbLLUNX KBAaApPaTOB, B COOTBETCTBMU C KOTOPbLIM nNapamMeTpbl moaenn on-
penendarTcd U3 ycnoBua

o 2
t
I(x):j[x1e'+x2e+x3h’+x4h+X5jh(r) dr| dt=(x, Ax) — min,
0 X
0
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roe

A=[ssTdt, s={ke(t) e(t) k(t) h(t) L h(r)drT,

k

k — nocTosiHHasa BpeMeHu auddepeHLUmMpyoLLEero n MHTErpUPYOLWEro 3BeHbLEB, BBEAEHHAs 4N CO-
rmacoBaHus MacLuTaboB koopAnHAT BEKTOpaA X.

Myctb Ao <Aq<Ap2<A3<Ag4 — cOGCTBEHHble Yncna matpuubl A, x(/),i=0,1, 2, 3, 4 — cooTBeTCT-
BylOLLUME COBCTBEHHbIE BEKTOPLI. KCTpeMarbHbI anroputm [3] onpeaeneHus napaMeTpoB U, V, U o,
YCTOMYMBbIN K OLUMOKaM B MCXOAHbLIX AAHHbIX COCTOUT B BbIYMCIEHUM

2A25

2
—A24—-A15 i\/(A24 +A15)" ~4M14A25

, ecnm ‘Azs‘Z‘Am‘,

koo =

2
—A24—-A15 1\/(A24 +A15)" ~4A14A25

, B MNPOTUBHOM Cryyae,

2A14
g kb3t Ay o —Ags =12
l Ap T keyAgst+Ags’ o

T
i* :argirginz (1, ko, —uj, —ko,jvj, —k20L,'2V,')A(1, kaj, —uj, —ko;v;j, —k20L,'2V,') ,

A=0jx, U=Ujx, V=V,

rae Amn — onpegenuTenb MaTpuulbl, MNOMYyYEHHOW U3 MaTpuULbl (x(z), x(3), x(4)) nyTem yaaneHus

CTPOK C HOMepaMu m 1 n. Ecnn HanaeHHble 3HaYeHnst napameTpa o UMEeloT pasHble 3HaKku, TO B Kaye-
CTBE peLUEeHNst UCNONb3YyeTCs NOMOXUTENbHOE 3HaYeHNe.

[na aHanuM3a TOYHOCTM U YCTOMYMBOCTW IKCTPEMANbHOroO anroputMa, a Takke CpaBHEHUS ero
XapaKkTepucTuk ¢ NpaMbIM anroputMoMm [1, 2] 6bin NpoBeAeH BbIMUCIIUTENBHBIN 3KCnepuMeHT. po-
rpaMMHas peanusaumsa 3KCTpemarnbHOro anropMtMa BbINOMHEHa ¢ cobniogeHvem crieqyowmx corna-
weHun: curHanel e(t), h(t) npegcrtaBneHbl LENOYUCIIEHHBIMU OTCYETAMU MIHOBEHHbLIX 3HA4YeHUN B
OVNCKpeTHble MOMEHTbl BPEMEHMW, Lar AuckpeTusauumn no BpemeHn — At=2MKc, 4ucrno ypoBHeW
kBaHTOBaHMA — 2'° . BxogHble curHanbl e(t), h(t) npegsapuTensHo o6pabaTbiBalOTCA Crnaxmsaro-
LWMM counbTpom. [na ymcneHHoro AvddepeHUMpoBaHns 1 UHTErPUPOBaHNS UCMONb30BaHbI OBbIYHbLIE
pa3HOCTHblE M KBagpaTypHble (hOpMyrbl C TOYHOCTbIO O(At2). [nsi pelieHnst NONHOM CUMMETPUYHOM

npobnembl COBCTBEHHLIX 3HAaYEHUI NPUMEHSIeTCA MeTo BpaLleHun M'mBeHca.

Ona reHepaumn curHanos e(t), h(f) wcnonb3oBaHa nporpamma—mMmuTaTop us ombnuoteku [4].
B kayecTBe OMNONBHOrO MOMEHTa MCMOMb30BaHbl annpoKCMMaLmMM aTMOCEPUKOB NEPBOro, BTOPOro
W TpeTbero Tmna no knaccudpukaumm Tennopa. NapameTpoB U NpuMHMMaeT 3Ha4YeHus U3 AnanasoHa
[0,05, 1] ¢ warom 0,05; napameTp v — 13 gnanasoHa [-1, 1] ¢ warom 0,1. NpegmeTom aHanu3a asns-

JINCb 3aBUCUMOCTU cpeaHero 3HadeHud <5> OTHOCUTESNbHON MOrpeLwwHoOCTN [ OUEHKU paccTodHua I,

a TaKkxke cpegHekBaapaTn4ecKoro OTKIIoOHeHUA (8—<8>)

N3—3a cnoXHOCTU aHanUTUYECKOro ONUCaHUS NOTPELLHOCTEN MOAENVPOBaHMUS, AN X UMUTaLUK
MCNonb3yeTcs LWyM KBaHTOBaHWS Mpu UMPOBOM NpeacTaBneHnn NpUHUMaeMbIX CUrHanoB. Mccne-
[OBaHMe BMNUSIHUA LlyMa KBAHTOBaHUSI Ha XapakTEPUCTUKWM anroputMa NpOBOAMUIIOCH MOCPEACTBOM
N3MEHEHVs1 aMNNUTyabl MOAENMPYEMbIX CUrHanoB. B 4acTHOCTU, 3KCNEPUMEHT Nokasan BO3MOXHOCTb
HEOBHapYXKEHNS1 UCTOYHMKA M3MYYeHNs NpU aMnnuTyae e, curdana e(t) MeHbLuei 2°, 4To cooTBeT-

CTBYET CpegHeMYy 3Ha4Y€HNI OTHOLWUEHNA YPOBHA LUyMa K YPOBHKO CUrHana 0,1, a Takke NpaKkTU4eCKyro
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6e30LWNB0YHOCTL OnpeaeneHnsl anbHOCTU NPy aMnnuTyae em =29, YTo COOTBETCTBYET CPEeAHEMY
3HaYEHUI0 OTHOLLEHNS YPOBHS LWyMa K ypoBHIO curHana 0,06. B cesasun ¢ atum, 6onee nogpobHo pac-
CMOTPUM pe3yrbTaTbl BbIMUCIIUTENBHOIO 3KCMNEPUMEHTA NPV aMNUTYAaxX €, paBHbiX 27 un 28,
npeacTaBneHHble Ha PUCYHKE.

0.2 / 0.1
@ | TN { @ 0| —
0 i ]
_U'lﬁﬂ s v 90 110 130 150 _U'lju 5070 90 110 130 150
k) Fkm)
0.2 - 0.02 -
<a-<a>f >l \/'\f <(a=<o>f >om : !
i |
o Lol | Y0 0 ?ﬁu 110 130 150
I s 70 90 110 130 150 K
r(Km.) r (Km.)

3KCI'IepI/IMeHTaJ'IbeIe XapakTepuUCTUKnN TOYHOCTU NPAMOIro 1N 3KCTpemMasibHOro afiropuTtmMmoB:

_— SKCTpeMaJ'IbeIVI anropyutm; — — — — I'IpﬂMOVI anropuTtm

N3 pucyHka BUAOHO, YTO SKCTpEMarbHbI anroputM AaeT 6oriee KauyecTBEHHble XapaKTepUCTUKU
TOYHOCTM MO CPaBHEHMIO C NpsIMbIM anroputMoM. Hanbornee cyllecTBeHHOe pasnuyve B XxapakTtepu-
CTukax HabnogaeTca Ans paccTosiHAN MeHbLuMX 50KM: norpelwHocTb NpsiMoOro MeToaa pesko Bo3pac-
TaeT C yMeHbLUEHNEM PACCTOSIHUS, a NOTrPELLUHOCTb SKCTpeMarbHOro Metoga — ybbiBaeT. [ockonbky
C YMEHbLLEHMEM PACCTOSIHUA BO3pacTaeT NorpellHOCTb NPeACcTaBeHnsl peanbHOro NCTOYHMKA B BUAE
3MEeKTPUYECKoro Aunonsi, To pesynbTaTbl IKCNEpPUMEHTa [AEeMOHCTPUPYIOT, YTO MpWU PacCTOSIHUSIX
r<50 Km 6onee uenecoobpasHbiM SIBNSETCSA UCMONb30BaHWe 3KCTPEMAsIbHOMO anropuTMa.

3aknroyeHune

MpencTtaBneHHas MaTemaTuyeckass MoAenb afeKBaTHa 3aJade onpenerneHus MecTornonoXeH s
MOSTHMEBOro paspsiia B GnukHel 30He, pelleHne KOTopor UMeeT Gonblluoe 3HaveHue, Kak ans gyH-
[AaMeHTanbHON Hayku, Tak U AN NPaKTUKK.

AHanUTMYecKn 1ccriefoBaHo, YTo NPSIMON anropuTM SIBMSIETCS YCTOMYMBBLIM. [JaHHbIN anroputm
BbIBEAEH B NPEANONOXEHUN, YTO B YPABHEHWUAX UCXOAHOW MOAENMN UMEIOT MECTO TOYHbIE paBEeHCTBa.
B cuny HempgeanbHOCTM MoZenel 1 Hanuumsa WyMoB B HabnogaeMblX curHanax, npuxoamTcst Aonyc-
KaTb HanMyne HEBSA30K B ypaBHEHMSIX Modenu. MNoaTomy, C MHTYUTUBHOW TOYKM 3pEHUS, UICKOMbIE Ma-
pameTpbl NpeanoyTMTenbHee onpeaensiTh, UCNONb3ys NPUHUMN HaMMeHbLUUX KBagpaToB. JTa maes
Oblna passuTa Npun paspaboTke 3KCTPEMaribHOro anropuTma.

AHanuTyeckoe MCcreaoBaHne aKCTpPemarnbHOro MeToa B HacTosLLEe BPEMS He NpeacTaBnseTcs
BO3MOXHbIM, NO3TOMY A1l aHanm3a TOYHOCTU U YCTOMYMBOCTY OblN NPOBEAEH BbIMMCIUTENbHbIN 3KC-
nepumeHT. COBMECTHOE YMCINEHHOE MCCreaoBaHue NPSIMOro M 9KCTpeMarbHOro MeToda yCUnmBaroT
yTBEpXXaeHne o6 yCToOMYMBOCTU IKCTpemarnbHoro metofa. MccnegoBaHue BnusiHME LymMa KBaHTOBa-
HUSI HA TOYHOCTb BbIMWUCMEHUI, NO3BOMSET, BO—NEPBbIX, CAENAaTb BbIBOA O JYYLIMX TOYHOCTHBIX Xa-
paKTepPUCTMKaX SKCTpeMaribHOro MeTofa, BO—BTOPbLIX, onpeaenutb TpebosaHusa k ALM.
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