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ONPEJAEJIEHHE HOHOC®EPHRIX IAPAMETPOB
B METOAE HP HA OCHOBE HCIIOJIb3OBAHUA
UCKYCCTBEHHBIX HEMPOHHBIX CETEH

Po3rAAUACTHCH MUTaHHA 32CTOCYBAHHA HCHPOHHMX MepeX /Ul PIUCHHS 3BOPOTHOI 3aiadi eneKTpoim-
HaMiKH 1D BH3HaYeHHi i0HOCHEPHHX NapaMeIpiR MeTONOM HEKoTepeHTHoro poscisnua Habomwtscs
apxiTeKTYPa HeHpOHHOT MepeKi.

Questions of the using neural networks for the solution of an electrodynamics return problem of an
jonospheric parameters definition by an incoherent scatter method. Architecture of neural network is
shown.

Breaenne. M3-3a OTCYTCTBHA aHATHTHYCCKHX BBIPAYKCHHH U PELOCHHA 00-
paTHOM 3234 JJEKTPOMHAMHKM HEOOX01MMA Pa3paboTKa CEUHaTH3HPOBAHHBIX
AMMOPKUTMOB OUCHKH NApPaMETPOB HOHOC()EPHOH MIa3MBI HA OCHOBE TEOPHH pacno-
3HABAHMA aBTOKOppeIAuMOHHBIX ¢yHkumit (AK®D) cHrHaga HEKOrepeHTHOro pac-
ceanusa (HP) [1].

B Hacrosmice BpeMA H3BECTHO OONBINOE KOJIMHECTBO MATEMATHYECKHX MO-
JeNei, IPUTOHBIX A1 pellcHHA 33434 pacno3HaBaHus 06pa3os. Bee a1 Moaenn
(aKTH4ECKH OMHPAIOTCA HA TCOMETPHYECKOE H300PaXKCHHME M MCTOJIKOBAHME Xa-
PaKTEPHCTHK Pacno3HaBacMbIX 00BLEKTOB B MPOCTPAHCTBE NIPH3HAKOB.

B merone HP Tawokc NMpHMEHAIOTCA NOJOOHMBIC METOTBI OLCHKH, KOTOpBIE
OCHOBAaHh HA CPABHEHAH TE€OMCTPHYECKOTO W300Pa’KEHMA IKCNEPHMCHTANBHBIX
dyHxuui ¢ MX TCOPETHYECKHMH aHANOraMu, NOJYMCHHBIMH COrNacHo ¢(u3mue-
CkHM mpencTaBiicHHAM 006 uoHoceproil miasme [2]. O6brmo noxobeie mpoue-
AYpHI peamu3yloTcs Ha 0a3¢ pa3IMYHLIX METOJOB CIYCKAa. JTO ZOBOJIBHO MEIJICH-
Raj ¥ TPYIOCMKAA MPOLECAYPA BLIYHCIICHHH, MO3TOMY JANbHEHHICE YCOBEPILICHCT-
BOBAaHHE BHIYHCHHTEIHLHOrO MPOLECCA JOJDKHA ObITh HANPABJICHO HA Pa3paGoTKy
CMEeUMATHIHPOBAHHBIX YCTPOICTB, HMEIOIMHX MOBLITIEHHOE OBICTPOACHCTBHE PK
N0TOKOBOH 006pabOTKE AAHHBIX.

IlocranoBka 3agmawan. Tpyasoctn oueHkn AK®D MOryr GbITh B KAKOH-TO
MCPE pClICHBI, €CIIH B TEXHHYECKYIO PEANH3ALUMIO BBIMHCIHTENCH 3aJIONHTHL
UDHEIMN NeiiCTBHA HCKYCCTBCHHBIX HEHMpOHHBIX cercil. Pemenmio momoOHmIX
pOGJieM MOCBAMEHO 3HAYATENBHOE YHCIO NMyO/mxaumii. Cpei HAX MHTEPECHBIE
Pe3ynbrarer npmsezensl B nccnenosanuax Koxonena [3] Ha mpaMepe camoopra-
HH3YXOmuXCs CTPYKTyp, MCHONBL3YEMbIX MPH PAaCNO3HABaHHH 00pa3oB, MpCACTaB-
JICHHBIX BEKTOPHBIMH BEJIMMMHAMH, KOIAA KAXKIbIH KOMIIOHEHT BEKTOPA COOTBET-
CTByer HoBOoMy 06pa3y. MIHTEpeCHbIE AMATHOCTHDYIONHE LENH UL KQHTPONS
COCTOsHMA 06BEKTOB MpeAcTaBAcHb B pabotax JIMurpHenxo [4 -5].
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CiopMyMpoOBaTh 33324y CTATUCTHYECKOH 00pabOTKH HOHOC()EPHBIX AaHHLy
¢ MOMONIBI0 HEHPOHHOH ceTH B MeToAe HP MoxHO crieavionuM 00pa3oM: ompege.
JIUThL HEM3BECTHBIA MapameTp O, XapaKTepu3yIOmmi BHYTPCHHEE COCTOSHHE HOHg.
C(hepHO# IIa3MBI Ha 7 BBICOTHBIX Y4AaCTKAX C UCHTPAaMH Ha h,, o HHGOpMaly ¢ ¢
OpAMHATAX ero 3kcnepuMcHTamsHOM AK® r (h,; 0). Dra 3amaya Moxer Okt
copMy/IHpOBAaHA elle KAK 32/134a ONpPEJCICHHA TAKOTO COCTOSHMA HOHOC(epy,
XaPAKTCPU3yEMOr0 BEKTOPOM NAapaMeTpoB O, NpH KOTOPOM BEMHHA MHHHMAJTERg
BO3MO>KHOH OIUHOKH B ONPEACIICHMH 3TOr0 BeKropa Oyler HauMeHbIIek.

B [6] mpuBeacHB! ANTOPHTMEI JUI1 PCANH3ANMH MOAENH TAKOIO PACMO3HaR3.
Hua. [lpouenaypa oucHxs mapameTpoB HOHOCGCpHOH IIAa3MBl Ha 7-M BBICOTHOM
YY4CTKE CBOAMTCA NMPU ITOM K TMOMCKY C NMOMOMIBIO Pa3sHOCTHOrO (yHKIMORan,
MHHHMYMa CICAYIOMEro BUAA:

22(h,:8) = ki Zo[rf (h,:8) —<r, (8)M(z,q7)>]

rae cuMBojoM <..> o6o3HayeHa oncpamus cBepTku. OXHOH M3 OCHOBHBIX
MOACHCTEM MOJCITH J0DKHA OBITh MaMATh, BRIOMHMOmAA GyRKuMH 0a3bl JAHHRX
g Teopernyecknx AK® r, ,(0), xoropbic PaCCYHTHIBAIOTCA 3APAHEE JNIA PA3AMYHEX
COYCTAHHNH HOHOC(ICDHBIX NAPAMETPOB H NPHBOAATCA KO BXOAY C NOMOIIEO
MAaTpHII ANNAPATyPHLIX Mpeobpa3oBanuit M.

Henbio crarbu sBisieTcA pa3paborka mMoaemm pacno3naBanus AK® curmam
B Meroge HP ¢ MCIONb30BAHHEM HCKYCCTBEHHBIX HCHPOHHBIX CETeH AJIA BOZMOX-
HOCTH €€ NOCHCAYIOMEH peamM3aniy aImapaTypHLIMH CPEACTBAMH.

Pesyabrarel nechnexosauuii, Hefiponnnie cetH o0OblMHO 00ecmevHBAIOT
CPE/CTBA /UIA BHIMONHEHMA MApaJUICIBEOIO yMHOXeHMS MarTpuu. ITpouecc Qynx-
LHMOHAPOBaHAA GONLIIMHCTBA HCKYCCTBEHHBIX HEHPOHHBIX cereif Moxer OnTs
ONHCAH MATCMATHYCCKH B BHJE IOCNEAOBATEIBHBIX YMHO)KCHHH BEKTOpa Ha Mar-
pHIy, OJJHA ONEPaLHsi YMHOKCHHA B KDKIOM Cioe. Jlns BEMMCICHHA COCTOSHHA
BBIXOJJHOTO CIIOA BXOJHOH BCKTOP YMHOMXACTCA HA MATPHIy BECOBHIX K03(dmme-
eHTOB, 00pa3sys Bexrop NET. K a1oMy Bekropy mpHKiIagbBaeTcs 3arteM (ymxmms
axruBaumn F, obpasys Bexrop OUT, ssusmomuiics Beixoaom cnos. Taxmm obpa-
3oM, cuMBosmdecku NET = XW, OUT = F(NET), rae NET - BexTop B BHAE CTPOKH,
c(OPMHPOBAHHLIA B3BEMICHHBMHE CyMMaMR BX00B; OUT - BuX0HO#M BeKTOp; X -
BXOIHOH BEKTOp; W - MaTpHIIA BECOBBIX KO3()HIHCHTOB.

B nmpoueaypax uacurudpuxaman AK® B meroae HP pons BxoxHOro BekTOpd
X BLINOMHAIOT IKCHCPUMEHTANBLHBIE 3HAYCHHA o, 0), B 6aze mammeix OymyT
HAXONHTCA TCOPETMMECKHE BEKTODH THNA r,,0), MaTpHmeii BecoBhX
kodpdummenToB wij aBnsercs uadopMmamaAs 06 OCOOGEHHOCTAX anmaparypHbX
npeoGpasoBanuii CHrHama. MatpEma M HMeerT T CTPOK (YMCIO BXOZOB) H 7
CToA0LOB (YMCIO HEHPOHOB), IIE QT ONpeJenser Pa3MEPHOCTh Ga3hl NAHHBX:
Hanpumep, w; ; - 310 BeC, CBA3LIBAIONIMI TPETHH BXOA CO BTOPBIM HEHPOHOM.
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Puc. 1. Upenrudmimpyonmias HeilpoHHas ceTh

Ha puc.1 Ha 6a3e paauaibHO-0a3HCHON KOMNOZUIMA CHHTE3HPOBAHA CTPYK-
Typa CeTH AJIa opraHu3almy npoueAypsl BneHTHGuKxammn AK® npu oucnke napa-
METpOB MOHOC(EPHOMH MNa3MBI HO CHTHANY PACCESHHA ANA HENPEPHIBHOIO OPOLIEC-
Ca NOCTyTUIEHUs MHOXKECTBA {F;> (1)), #:-(t2), ..., F+ (t2)} BXomubx AKD.
B pa3paGoranHoli CTpyKType HEHpOHHAS CETh WMCET TPH CJOA HEHPOHOB.
CHPOHBLI BXOAHOTO cNiost A’ CYXAT B KAuCCTBE PACTIO3HABAHMS M PA3BETBICHHA
AUIA IEpBOro MHOMECTBA BECOB. [1ePBOHAYANIPHO OHM BOCHPMHAMAIOT CIy»KeGHY10
HHGopmanmio o Fy4, 3ANOMHAA 633y JAHHEIX, @ 3aTEM NECPEJAOT €€ HEHPOHAM MH-
TepdeiicHoro cos 4 Kaxmpii 21eMEHT MHTEPEHCHOIO CIOA CBA3aH C Mpeabl-
AYMHMH 3jIeMEHTaMH PACHO3HAIOMIETO CJIOA Pa3IHYHBIME BHIAMM CBiseil wy, pea-
T3YI0WKX nponecc anmaparypHoii ceeprkn. Croit A’ mpencrasnser cooit cnoii
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Pa3HOCTHBIX HEHPOHOB CO CBA3AMM BHAA “+1” M “-1" Ha BBIXOJE KOTOpPOro nocse
BO3BC/ICHHA B KBAJPAT NPOMCXOAMT CYMMHPOBAHHC PE3YJIbTATOB C YHETOM Koy
opauHathl Bekropa. Takum oOpa3oM, HEHPOHHAA CETh OTHOCHT Bxpzmoii BEKTOp X
T.e. r;>(h,; B), KO BCEH COBOKYIIHOCTH g OGHOBJICHHBIX 00Pa30B 7 ¢ 4(B), M Crency,
37Ol GJIM30CTH OTPRXAIOT BBHIXOABI Yq.

HeiipoHHas ceTb nO3BOJAET KIACCHPULMPOBATH JIOO0C MHOKCCTBO BXOMHyy
BekTopoB X. [Ipu 3ToM ABa WK Gonbine GM3KMX BXOMHBIX BEKTOPAa MOTYT Pacrg-
3HABaTBCA OJHHM WM IPYNNOH HEHPOHOB, BEKTOPA BECOB KOTOPBIX OIM3KM. Jng
YTOUHCHHA CTCNICHH 3TOH OJIM30CTH Jajiec MOXHO BOCTIONB30BATHCA AHATH3OM ng-
BEPXHOCTH ommOkH [6].

OOy4acMOCTh TaKo# ceTH TpeOyeT HAMYMA MPOUERYPHl HACTPOHKH BECOB ce-
TH AJIA PeayM3alMu CBOCH QyHKUMHM. B cilyyae M3MEHCHHS anmapaTyPHBIX Xapax.
TEPHCTHK CETh 00Y4aloT, MOAABasA MHOXECTBO 00PA30B 7, IO OMHOMY Ha €0 BXop
X u moncTpamMsas Beca wy; IO TeX Nop, NoKa JUIA BeeX g 06pa3oB He Oyaer JocTwr-
HYT CBOH BbIX0OX Yq.. OOyucHHE MOXHO MPOBOIHMTHL H C HOMOLIBIO 0OpPaTHOIO pac-
NPOCTPAHEHHA, KOIJA HCIOJb3YETCA PAa3HOBHOHOCTh TPAJAMEHTHOIO CIYCKa, T. e
OCYILECTBJIACTCA CHYCK BHH3 IO [OBEPXHOCTH OMIMOKE C HENMPEPHBHOM NOACTPOi-
KOH BECOB B HANPABJICHHH K MHHHMYMY PE3y/IbTaTa.

BriBoanl. Briepsrie 1 oOHapyxeHMS COOTBETCTBHA IKCNIEPHMEHTANBHEIX
AK® curnana HP HX TeopeTHYCCKHM aHAJIOraM NMPEIOXKEHA K HCNONb30BAHMI0
HIcHTHQHIHPYIOWIAs HelipoHHasA ceTh. Takas CeTh MOXKET CIY)KHTh OCHOBOH mpH
ONTHMW3AIHY M CHHTE3E CNENHAIM3HPOBAHHBIX, HO rHOKHX -CHCTEM 00paCoTKa,
TIO3BONAIOIMX TPOBOJAHMTEL ABTONMOACTPOHKY CBOHX CBA3€H B Clydyac H3MCHEHHA
NpOUEAYP HACHTHQHKAIMH MAPaMETPOB.

B npanpHelneM IUIaHHPYETCA MCHOJIB30BATh HCHPOHHBIC CCTH HE TOMBKO AIA
OLICHKH NMApaMETPOB, HO H TAIOKE /Ul BHIAEICHAS NOMEX C HEJBI0 HX YCTPAHCHHAA B
MPOLECCE ONTAMANLHOH (PHIBTPAIMA CHIHANA PACCESHHAA.
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