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AnaHoTanus

B crarbe onmceiBaercsa cucreMa aBTOMATHYECKOW 0OpabOTKM HMOHOIPAMM BEPTHKAJIHLHOIO
30HAMpPOBaHus. Bela pa3zpaborana rnmporpaMma 1jig 00paboTKMU U WHTEPIIPETAIIUA KOHOIPAMM,
TTOJTy Y€HHBIX MOHO30HIaMu ceMeitcTBa, « L [ukaou», co3manubivMu B Ka3zaHCKOM rocyiapCTBeHHOM
yHuBepcuTeTe. TecTUpoBaHMe aaropuT™Ma aBTOMATHIECKON 00PabOTKM MOHOIPAMM MOKA3aJI0,
UTO OH MOYKET KOPPEKTHO OMpeIeaaTh 3HAUeHusT MOHOC(hEpHBIX mapamMeTpor 6osee gem B 90%
CIIyaeB.

KiroueBbie cioBa: nomnocdepa, NOHO30H ], aBTOMATHIeCKass 00paboTKa MOHOTPAMM.

BBenenue

[Mpu wucciemoBannn moHOC(HEPH BO3HUKAET P 337a4, PEIIeHNe KOTOPHIX HEBO3-
MOXKHO 0e3 OpraHu3anuy aBTOMATU3UPOBAHHON 00pabOTKU WHQOPMAIUE O COCTOSTHUU
nonocdepbl. onorpamma, win BBICOTHO-9ACTOTHAS XaPAKTEPUCTHKA, — OJUH U3 CAMBIX
pacIpoCcTpaHeHHbIX UCTOYHUKOB HHMOPMAIN 00 HoHOCKEpe, MPeACTABIAIONIHI cODO
HADOP TOYEK, KaxKIas U3 KOTOPBIX UMEET KOOPAUHATHL: 9acTOTy 30HAUPYIOMEH pajamno-
BOJIHBI U JIEHCTBYIOIIYIO BHICOTY OTPAYKEHHOTO MMITYJILCHOTO curHaja. [Ipu orpaskeHnn
0T nOHOC(EPHBIX CJIOEB HA, NOHOTPAMMAX 0DPA3YIOTCS CJIEIbI OTPAYKEHMUIA, TTPEICTABIISIO-
mme coboit HempephIBHBIE TIOCIEI0BATEILHOCTH ToUYeK. [Ipn apTroMaTndeckoii obpadboTKe
HOHOTPAMM CTABUTCS 3aJiada noa00pa B OTAEIbHBIE MOCIEI0BATEIBHOCTH TOYEK, 00pa-
3YIOIIUX HA HOHOTPAMME JIMHUU — CJIEIbI OTPAXKEHUT OT PA3IMIHBIX CJI0EB HOHOCHEPHI.
OueBUIHBIM TIPEMATCTBHEM K 3TOMY OyAyT TOMEXHU, MPU KOTOPBIX AJTOPUTM MOYKET
paborarh Heycroiunpo. CieayIoImM, He MeHee CJIOXKHBIM, ITArOM sIBJISETCS] WHTEPIIPe-
Tamusa CAeJ0B OTPAYKEHHUsI W OTCUYET TI0 HUM TMapaMeTpoB MOHOCKhEPHBIX CJIOEB.

VaurbiBas CI0KHOCTH 00PAOOTKU U MHTEPIPETUPYEMOCTH MOHOTPAMM, a TaKKe U
pa3HooOpasue m CHenudUIHOCTL METOI0B UG POBOil 00pAbOTKN M300parKeHuit, Heob-
XOUMO HUMETh HEKOTOPbIE HAOOPBI AJTOPUTMOB, MpeJHA3HAYEHHBIE sl PEATU3AIUH
KaykJI0ro 3Tana oOpaboTKM mM300paskeHmii, a Kak CJAeJICTBUE, s KayxKIOW KOHKPET-
HO MOHOTPAMMBI — BEIOOP ONMTUMAJIBHON TIOC/II0BATETLHOCTH X BBITIOJHEHHUS, TO €CTh
HEeOOXO0IMMa, MpeaBapuTeNbHass KIACCH(PUKAINA UCXOTHON HHMOPMAINKE JisT BBIOOPA
Hauydniero (¢ TOYKYM 3PEHUs ONPEIEIEHHOIO KPUTEPHsl) alropurmMa (UM HECKOJIbKUX
AJrOPUTMOB), PEATU3YIOIIEro JAAHHbBIA dTall (STalbl).

Ocobo crieryeT 0CTAaHOBUTHCS HA MTPodIeMe BhIOOpa nH(MOPMATUBHBIX TPU3HAKOB KAK
HEKOTOPBIX MHTErPaJbHBIX XapPAKTEPUCTUK UCXOMHON mHpopmannn. Beibop momobuoro
HAOOPA CTATUCTUYECKUX MTPU3HAKOB OUEHb TJI0X0 MO/ TaeTcst (hopMaIn3aIiy U 3a9acTyI0
IPAHUYUT C UCKYCCTBOM. B ciydae 06pabOTKH HOHOTpAMM B KA9€CTBE TAKAX MPU3HAKOB
MOYKHO BBIOPATH CJAeAyIoNne pakKTOPbI:

e ampuopHas reodusndeckas HHGOPMAINA: BpeMs TOa, BpeMs CyTOK, reorpadu-
YECKOe MECTOIMOJIOKEHNE, COJTHEYHAsT AKTUBHOCTD W T. II.;

e 00IIMe WHTErpaIbHbIE XAPAKTEPUCTUKN CAMOTO M300PaYKEHNs: THCTOTPAMMBI, CO-
OTHOIIEHUE CUIHAJI/IIYM, YUCJIOBbIE OIEHKU AMILIATY/IbI;



ABTOMATUYECKAY NHTEPIIPETAIINA NTOHOTPAMM. .. 37

® KOPpEeJAIUsa UCXOTHOTO N300ParKEeHUA ¢ ONPEJETCHHBIMY STAJTOHAMHA.

CyImecTByIoT aaropuTMbl, I KOTOPBIX HMEETCH CTPOroe MaTeMATHYECKOe OIIHCA-
HUe, HO Hapsjy ¢ HUMH eCThb M 3MIUPUYECKHUe, IBPUCTHYECKUE MeTOJIbl, OOLIYHO pa3-
pabaThIBaeMble SKCIIEPTAMHI B XOJI€ UX PabOTHI IO Mepe NMPUOOPETEHna TPAKTUIECKOTO
OMbITA W HE MOJJAIONINECS YeTKOW ajaropmrvMusannu. B mameM ciaydae MbI Kak pas u
MMeeM JIeJI0 ¢ TaKOBbIMH [1].

Takum 06pazoM, CI0XKHOCTL IIOCTABJICHHOH 3ajaum AB/SeTCS <«CIePKUBAIOIIIM »
$daKTOpoM HpH NPAKTHHYECKOH peaju3allii aJirOPUTMOB aBTOMATUYEeCKOH MHTepHpera-
UM MOHOTPAMM.

1. COBPEMEHHBIG MeTOJAbl MHTepIIpeTalnunu MOHOTpaMM

Paccmorpum moapobHee MeToapl 00pabOTKY U WHTEPIPETAIINY HOHOTPAMM, MTPUMe-
HSIIOIIUECs] B COBPEMEHHBIX MOHO30HIAX.

OcCHOBHBIM MeTOZOM 00OpabOTKH MOHOTPAMM JIO CHUX TIOP TPOJOJXKAET OCTABATHCS
METO/T BPAIAIOIIMXCs, WU TpadapeTHbiX, MACOK. [Ipyu MCIONIB30BAHUN ITOTO METOJA
BBIOpaHa JABYXJITAMHAS MPOIEIYyPa: HA MEPBOM dtare (GopMupyercs HabOp Teoperwmde-
CKU BO3MOYKHBIX BAPDUAHTOB PEIIEHNUsI, & Ha BTOPOM 3Tare MyTeM COOTHECEHUs KayKII0-
o0 BapWaHTa C PeaJbHBIMU JAHHBIMU BHIOMpAETCS HAWIYUIuii Bapuant. Pabory 3roit
MPOIEAYPbl MOXKHO HADJISIHO MPEJICTABUTEL B BUJE MOCTIEIOBATEIBHOIO HAKJIAIBIBAHIS
HA WOHOrpaMMy TpadaperHblX MACOK, BBLICIAIONUX sl aHAJIA3A YacTh HU300pazKe-
HUs onpejeseHHoN KoHduryparuu. JJoOCTOMHCTBOM JTAHHOTO MOAXO0/IA ABJIAETCS TO, 9TO
npu aHajan3e nHQOOPMAIIUU OCYIIECTBISETCS ee 0000IEHNe U, KAK CJIeJICTBUE, MEHbBITAs
YyBCTBUTENBHOCTh K PA3JMIHOTO poja moMexam. Takum o0pa3oMm, ecjIu MoJIe3HAs WH-
dopmanmsa paznuauma Ha (PoHe IMEIONNXCA MOMeX, TO OHa Oymer Boiaenena. /s aToro
ere HeoOXOAUMO, ITOOBI MPABUIBLHBIN BapHaHT MOMAT B HAOOP MPOBEPAEMBIX W 9TOODLI
€rocob ornpesiesieHnss KAa9ecTBa MaCKU He JaBajl HEBEPHBIX PE3YIbTATOB.

VKa3aHHBI METO TPUMEHSIETCS B TAKUX COBPEMEHHBIX UG POBBIX HOHO30HIAX, KAK
«ITapyc», «Buzon» n «Digisondes [2, 3].

NmeroTcst  HETOCTATKY JAHHOTO METO/IA: BO-TIEPBBIX, U3BECTHO, UYTO KOH(DUTY AT
MACKHU ONpPeJIesercs HeKOTOpO# (hyHKuei, u, ciegoBaTeabH0, COOTHECEHHE MACKHU C
HOHOTPAMMOI €CTh MOMBITKA AMMPOKCHUMUPOBATH peasbHble JTaHHbIE MOAEIbl. Ecin
BO3HUKAET CUTYallMsi, KOTOPAs HE YKJAJIBIBAETCS B PAMKH MOJIEJIHHBIX OMUCAHUMN, TO
u B Habope mepedMpaeMbIX MACOK HE OKaryKeTCs MCTWHHON. Bo-BTOpBIX, B mpoIeIypax
TAKOTO pPOJA YK€ HAYMHAET CKA3bIBATHCS TAK HA3BIBAEMBIH «(DEHOMEH CJIOXKHOCTHUS:
TEOPETUYECKAs] OCYIECTBUMOCTH AJTOPUTMA CTATKUBAETCS C MPAKTUIECKH HEOCYIIe-
CTBAMBIM 00BEMOM BBIYHCIEHUH. B Hamem ciaydae 3To MOrio ObI Mpon30iiTu, eciu Ob
MbI HCYEPIAJIN BCE BO3MOKHBIE METOJbI COKpAIleHus obbema nepebopa, Tak u He J10-
CTUTHYB TpuemjieMbix 3uadennii. C Apyro#t CTOPOHBI, yMeHbINEHHEe 00bema mepebopa
YBEJIMYUBAET PUCK TOTO, 9TO B HAOOP HE TOMaJ eT UCTUHHAS MacKa. [lo3ToMy HaM mpu-
XOJUTCS UCKATH KOMIIPOMHUCC MEYK/Iy JBYMs IPOTHBOPEYUBBIME TPEOOBAHUIMHU K ITOM
BEJINIHHE.

Takmm obpaszom, cmabble CTOPOHBI ITOTO TMOAXOAA MOTLYT MPUBOIUTH K HEBEPHBIM
pesyabraraMm 00paboTKu nonorpamm. Tak, Ha puc. 1 BUIHO, YTO aJTOPUTM HE CIIPABUIICS
¢ WHTepTIpeTanueil ciaoes, (pakTndeckn nmoMmenans mecramu foEs n fxF2.

2. Ausaropurm skKcrpecc-aHaIn3a MOHOC(MEPHBIX CJI0EB

s pacnozuaBanust nonocdepubix cioes B mporpamme “Cyclon-Rapid” 6su1 mpeio-
KEH W PeaTn30BaH METO OBICTPOTO aHAIN3a HOHOCHEPHOH HH(MOPMAIINN IO BHICOTHBIM
(h’) m wactorabiM (f) TECTOrpAMMHBIM PACHDPEIETEHASM HOHOTPAMMBI, WA THCTO-
IPAMMHBIM SKCIPECC-aHAIN30M. [IpeyIoKeHHbIl METO OT/INYaeT HAMHOTO MEHBIast
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Puc. 1. Ilpumep HEKOPpeKTHO 06pabOTAHHON MOHOTPAMMBI ITPU MCIIOIL30BAHUN METOJIa TPa-
dapeTHbIX MacoK

TPYJOEMKOCTDb TPH TPAKTHIECKON PeATn3allii, CBI3aHHAs ¢ MEHBIIUM KOJUIECTBO M-
MUPUIECKUX MMPABUJI, IO CPABHEHUIO C MeTOI0M TpadapeTHbIXx MacoK. [Iporpamma Obita
HAMKCAHA B BUJE MOJYJIeii, BCTPANBAEMbIX B TPOTPAMMHOE obecredenne noHOCGhEPHOTO
komiunekca “Cyclon-M”, pazpaGoranroro B KazaunckoMm rocy1apcTBEHHOM YHUBEPCUTETE
[4, 5]. Cpenoit nporpammupoBanus 66wt Beibpan Delphi, ucxonsa uz rpebosanuii come-
CTUMOCTHU € CYIIECTBYIONIAM MPOTPAMMHBIM 0OECTIEdeHUeM KOMILIEKCA.

[IpenmyIiecTBOM JAHHOTO METOJIA SIBJISETCS TO, YTO OH OMEPUPYET C OTHOCUTETHHO
OombmuMu 00J1ACTAMY HA MOHOTPAMME, & HE C OTAEJHHBIMU TOYKAMU, U, CJIEIOBATEIIb-
HO, HE TAK YyBCTBUTEJIEH K TOMexaM. Takue mpenMyInecTBa 0COOEHHO TPOSIBJIAIOTCS TIPU
06paboTKe HOHOIPAMM C HU3KUM OTHOIeHueM curuast/mym. Heo6xoaumo rakxke orme-
TUTh, YTO NPUMEHSABINUANCSA B MOHO30H/E PAHEe METOJ| COCTABJICHUS <«IITHYPOB» HE MOT
KOPPEKTHO 00padaThiBATh HEKOTOPKIE nOHOCKhepHbIe Tapamerpbl. Hampumep, on He MOT
pacno3uaBarh F-paccesuusi. Paccmorpum mompobree paboTy MeToia HCTOTPAMMHOL
00paboOTKM.

Ha npenBapurebHO OYUIIEHHON OT IIyMa HOHOIPAMME CTPOSTCSA OJHOMEPHBIE THC-
TOTPAMMBI [I0 BCEMY YACTOTHOMY U BBICOTHOMY Auanas3oHaM. [losrydennbie HOHOrpaMMbl
nozsepraiorcs unbrpanuu criaazxusaomux (HY wiu seiisner) dunbrpos. Ciyyaitnas
COCPEIOTOYEHHAS TIOMEXa TPU PACCMOTPEHUH €€ BO BPEMEHH (TO eCTh TPU PACCMOTpe-
HUU OTCYETOB PA3HBIX BHICOT OJIHON YaCTOTHON peajn3anuu) nposssger ceba B o0uem
claydae Kak TayCCOBCKWI MIyM, KOTOPBIH, KaK M3BECTHO, JIyYIlle BCErO CLJIAKHUBAETCSH
MPOCTBIM HU3KOYACTOTHBIM (puibrpoM. [Ipu pacecMorpennn miepexojia Mexay pean3a-
[USME HA COCEJIHUX 9aCTOTAX HU3KAs KOPPEJAIUs MEKIY [IIyMOBBIME TOMEXaMu dpupa
MPUBOJUT K TOMY, 9TO MOMEXA CTAHOBUTCS MUMITYJILCHON ¥ JIyUIlle BCETO YIAISIETCS Me-
nuaHHbIM (buabTpoM. TakuM 00pa3oM, «aHU30TPOMHOCTHY MIyMa, TpeOyeT MpUMeHEHUsI
pasHbIX GUIABTPOR J1JIsi 00PABGOTKNM YaCTOTHBIX M BBICOTHBIX MMCTOTpaMM [6].
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Ha cnenyrommem sTarme BBICOTHASI TECTOTPAMMA TOJIBEPTAETCS PA3IEIEHUI0 HA [IBE
paboune obIaCTH: BEPXHIO W HUKHIOI noHocdepbl. B obnactu Hm:kHe# nonocdepsr
IPOU3BOATCS UCCIIEI0OBAHUS HA IIPeJIMET 0OHAPYKeHus oTpaxkenuii ot obsnactu E (ciou
E u Es), B o6nactu Bepxueit — or oosnactu F (ciou F1 u F2). Pa6ouue BoicoTb GepyTcs
u3 pekomengannii URSI [7].

Ha Boicornoit ructorpamme obnactu E naxomurcs riasubiii makcumywm (1) (31ech u
Janee 0603HAaYEHHs OTHOCATC K puc. 2). Jlajiee oT Hero BBEPX U BHU3 110 BLICOTE [IPOK3-
BOJIUTCS UCCIEOBAHNE PUCTOMPAMMHOIO pacipesenerus. Iy Tcs BbICOTBI, /1isi KOTO-
PBIX HA MEUCTOrPAMME CUTHAJ OT OTPAXKEHHOIO cJiena cxoauT Ha uer (ammiuryza A = 0
HE MeHee 4eM Ha 3-BBICOTHBIX MHTEPBAJIAX), U 3AIMOMUHAIOTCS MUHUMAJILHOE W MAKCH-
MaJjIbHOE 3HAYEHUs BBICOT, HA KOTOPBIX CUTHAJ ele Habswogaercs. s BbIIEJI€HHOTO
IMana30oHa BBICOT CTPOUTCS HOBOE JIOKAJIHHOE YaCTOTHOE IHCTOTPAMMHOE PACIpeese-
uue. Creyer oOparuTh BHUMAHUE HA TO, YTO ITO PACHPE/IETCHIE YIKE HE TMOABEPraeTcs
dunbTparmm, 9Todbl He MOTEPATH MEIKHe JeTaad OT OTPazKeHHoro cios. Ha wactor-
HOM pAaCIPEIe/IEHNN, HAUMHAS ¢ MAKCUMAJIHHOM YaCTOTHI, HIETCS HAYAJI0 OTPAYKEHUS OT
nouocdepuoro cios. Hagamo canraercs HaiIeHHBIM, €CJTH B OKPECTHOCTH HECKOJTbKUX
TOYeK (4-X MO yMOJYAHUIO) TIPUCYTCTBYET XOTs OBl OJ[HA YACTOTA, UMEIOIAsA HEHYIEBOE
snadenue. Takum 06pa3oM, OTCEKAIOTCS JTOKHBIE YACTOTHI, 3AILY MJICHHBIE CUTHAJIOM Pa-
JIHOTIEePEIAIOIINX CTAHIWI WK IPYTUMHU oMexamu. B Maccus 3nadenuit qius obiacru E
3aHOCUTCA MUHUMAIbHAS BBICOTA, HA KOTOPOIi erie HaGIIOAaeTCs CUHAT, U Hall/leHHas
KPUTHYIECKAsT 9aCTOTa CJIOsT F, COOTBETCTBYIOITAsT MAKCUMAJIHLHOM 9acTOTE, IPU KOTOPOii
A # 0. Unrepuperarus ee Oyaer MpOU3BOIUTHCS TAJIEE.

Jlasee Ha BBICOTHOM TrcTOrpamme ooactu E mpou3BoInTCs OUCK JTOMOTHATETHHBIX
makcuMmyMoB. Ecsiu Hadijen jiokanbablii MakcuMyM (2), IPOIECC HOCTPOEHUsE HOBOIO JIO-
KAJBHOTO YaCTOTHOIO PACIPEIE/IeHUs W MOUCK KPUTHYECKON 9acTOThl MPOU3BOISATCS
AQHAJIOTWYHO ONMMCAHHOMY BBIIIE aJrOpuTMy. FKC/Im JOMOTHUTEIBHBI MAKCUMyM CYIIe-
CTBYET, TO TMPOW3BOIUTCS CPABHEHHE KPUTHUYECKUX YACTOT HA MPEIMET COOTBETCTBUS
KOHKDPETHOMY HOHOC(EPHOMY CJI0K0. Bosbimeil vacTore mpeaBapuTeIbHO MPUCBANBAET-
csI MHIAEKC TpeaeTbHOM 9acToThl [id cios Es (foEs), MEHbIIEH — UHIEKC KPUTUYECKON
gacrorsl s ciosd E (foE). Tlo rabaunam URSI nposepsiercst nonajganue Kpuruaeckoit
9acTOThI CJI0s B B Anana3oH BepOSATHBIX 3HAUEHUI CYTOYHOTO XO/1a cjIosd E B 3aBUCHMO-
ctu ot ce3ona. Eciu nosyuennoe 3uadenne foE mpeBbimaer 310 1omycTuMoe 3HAUEHUE,
TO JAHHBIN CJIe]T MHTEpIpeTupyeTcsa Kak ciaem ot ciaosg Es. B Takom caydae panee Haii-
nennbiii napamerp foE uckioyaercsa u3 MaccuBa JAHHBIX U OOJIBINE HE yIACTBYET B Pac-
cvorpenun. Eciu nonyuyennoe 3uadenne foEs nexkur B okpectHocru tabauunoro foE, a
suavenue foE muoro mensbine ero ( foEs — foE > 2 MI'n), ro npunumaercs runoresa,
uaro 3uauenue foEs B gefictBurensHocTn coorBercrByer foE u, COOTBETCTBEHHO, TTPUCBA-
UBAaETCS emy, a npexkuee 3Hauvenne foE ymansercs w B majgpHEHIIeM pacCMOTPEHUHU HE
yaactByer. Ecim Ke B BbICOTHO#H obmactu E mabmomaeTcsa TOMbKO OJWH THCTOTPAMM-
HBI MAKCUMYM, TO HHTEPIPETAIUs CIe1a TPOU3BOAUTCs u3 Tabimanbix ganabix URSI.
Ecnu kpurndeckasi 9actora pacrnojaraercs B Auana3oHe TabJuIHbIX JTaAHHBIX I CJI0s
E, To mapamerpy npucBauBaercs uugekc fok, B mporusHOM ciayuae — uugekc foEs. B
MAaCCHB JIAHHBIX 3aHOCATCS JAanHble Kputndecknx foE u/mnn npenenbubix gacror foEs
(3 u 4), a MUHUMAJIbHBIE BHICOTHI, IVI€ CUIHAJ I 3TUX CJIOEB €Ile HaOII0NaIcs, — B
coorsercrByoime napaMerpbl h’'E u/uiu h' Es.

Ananus Bepxneil nonocdepbl IPOU3BOANTCI aHAJIOIMYHLIM 00pa3oM. PekomernjoBaH-
ubie 3uadennss URSI B gqannoMm ciyuae momoraroT uHTEprnperupoBath cjou F1 u F2 mo
PA3JIMYHBIM BBICOTAM WX PACIIOJIOXKEHUS W CYIIeCTBOBAHWIO ¢j10si F1 B 3aBUCHUMOCTH OT
BPEMEHHU CYTOK.

Crenyer OTMETUTD, 9TO HAXOXKJIEHHE KPUTUICCKAX YACTOT Jjisd BepxXHel nonocde-
pbl HauuHaercs ¢ HeoObikHOBeHHO# KommoHenTol fxF = foF + 1/2 - wH, rue fxF —
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Puc. 2. NonorpamMmma ¢ pacro3dHaHHBIMUA HOHOCHEPHBIMEA CJIOIMUA

KPUTHYECKasi 9acTOTa OTParKeHusT HEOOLIKHOBEHHON KoMmoHeHnTh F-cios, foF — kpu-
TUYECKas 9acTOTa OTpPaXKeHWs HeOOLIKHOBEHHON KommoHeHTwl F-ciost, wH — yriosas
IUPOYACTOTA.

Ecnu npunumaercs runoresa o cymecrsopanuu cjiod F1 (5), To Ha BbICOTHO! ru-
crorpamme B BepxHeil monocdepbl HaxoaurTcs riaaBhbiii Makcumym h’max (6). Eciu
na neGonbpmom paccrosann (h'max— h / < 50 kM) BHEH3 OT HEro HAXOAMTCA BTODPOI
MO BEJINYHHE MaKCHUMyM, BEJIMUWHA KOTOPOTO MO KpaiHeil Mepe He MEHbINe MOJOBH-
HBI TJIABHOTO MAKCUMyMa, TO TPUHUMAETCS THTIOTE3a O TOM, UTO IJIaBHBIH MaKCUMyM —
OoTparkeHne OT HeOOBIKHOBEHHON KOMIIOHEHTHI ciiost F1, n B ganbHeifneM B paccMoTpe-
HUU OH HE Yy4YacTBYEeT, a BTOPOIl HUKHUN MAKCUMyM — OT OOBIKHOBEHHON KOMIIOHEHTHI
9TOrO YK€ CJI0S U CTAHOBUTCA IAaBHBbIM. OT MJIABHOTO MAKCHUMYyMa BHH3 HINETCS TOYKA
neperuba, KOTOpas U NPUHUMAETCs 3a BbicoTy h’ F1.

[Tocsie HaxoXKAEHNS MAaKCUMAaIhHONW 9acTOTHI, HA KOTOPOI MPOMCXOANT OTparKEHHe
OT CJI0s1, TpOBepsieTcs Haanane ciena Ha dacrore foF. Ecan curnan B ee okpecTHOCTH He
HADJIIOIAeTCs, MPUHUMAELTCS TUIIOTE3a O TOM, 9TO HalijleHHas KpuTudeckas gactora fxF
HA CAMOM JIeJie SIBJISIeTCsl TIOMEXOH OT PAIUONepeIafoniuX yCTPORCTB, U TPOU3BOIUTCS
HOBBIH [MOKUCK JI0 TeX MOP, MOKA OJHOBPEMEHHO He OY/IyT CyIIEeCTBOBATH OTPAYKEHUS JIJIst
obenx kommonenT. lanee foF- n fxF-koMmonenTsr 1 MUHUMAILHOE 3HAYUEHWE BBHICOTHI,
MM COOTBETCTBYIOIIEE, 3aHOCATCS B MACCHB JTAHHBIX.

Haxozxk nenne fmin cocrout u3 Bbiaesenns: HanboIee HU3KOIACTOTHON HEPEPbIBHOM
obactu coorsercrByionieil rucrorpammsl ¢ A # 0 (7).

[Ipumep moaHOCTHIO 0OPAOOTAHHOW MOHOTPAMMBI C BBIIETEHHBLIMIA OOTACTIMHE, TPH-
BeJIeH Ha puc. 2.

3HaveHnss BCeX HAWIEHHBIX HOHOCHEPHBIX MapaMeTpoB, JOMOJHEHHBIE BpPEMeHeM
30HINPOBAHWSA, 3aHOCATCS B (aiisi, XpaHsanmii cyTounble n3Mepenns. st Bu3yanbHo-
PO KOHTPOJISI 33 PENPe3eHTATUBHOCTHIO 0OPAbOTAHHBIX JTAHHBIX MMEETCs BO3MOYKHOCTH
nocrpoenus f-rpadukos u3 nosydeHHoro gaiia.
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Puc. 3. Ilpumep psa10B HaHHBIX, TOIYI€HHBIX TP AaBTOMATHYIECKON M PYIHONU 00paboTke

3. TouyHOCTHBIE XapaKTepuCTUKH MeToda
TUCTOTrPaMMHOTI'O 3KCIIpeccC-aHaJIn3a

JI7is KOJMYeCTBEHHOM OIEHKH TOYHOCTH PabOThl aHAIU3ATOPA PAIbl JAHHBIX, MO-
JIy9eHHBbIE B PE3yJbTATe aBTOMATHYECKON 00pabOTKH CPABHUBAINCH C AHAJIOTHIHBIME
pagavu, obpaboTaHHbBIME Bpy4HYIO. [lpuMep comocTaBjienus JAHHBIX, 00PADOTAHHBIX
BPYUYHYIO U aBTOMATOM, MIPEICTABIEH HA PUC. 3.

Awanu3 mosiyYeHHbIX JAHHBIX TIOKA3aJI, 9TO THCTOTPAMMHBIN 3KCIPECC-aHAIN3 03~
BOJIIET KOPPEKTHO 00padarsiBarh 0koJ10 80% nonorpamm. [Ipu srom kosdduiinent pan-
roBoit koppessanuu o KeHnaamny Mex Iy 9TUME Peaqn3aiuaMu KoaedaeTcs B Tnana3oHe
0.8 + 0.84. 9T0O CPaBHUMO C APYTUMHU AJTOPUTMAMHU, PEATUIOBAHHBIMY B MTPOMBIIILIEH-
HBIX MOHO30H/IaX, HECMOTPS Ha TO 4TO, B oTandne ot kKomriekca “Cyclon-M”, B HekoTo-
PBIX W3 HUX PeajM30BaHO anmapaTHoe pas3/esenne 0OBIKHOBEHHOW W HEOOBIKHOBEHHOM
KOMIIOHEHT, 9TO CHJIbHO 00Jerdaer paboTy MporpaMMbl PACIIO3HABAHUS .

Ha puc. 4 npusesena cBojHAs THCTOrpAMMa [0 YACTOTHOMY PACIPEIETEHUIO
omubOK I TPeX Pa3JUYIHBIX MPOrpaMM aBTOMATHUIECKO# obpaborku. [Iaa cpaBme-
Husi ObLIM BHIOpaHBl cieayiormme mnporpammbl: Cyclon-Rapid, cucrema apromarmdue-
ckoit 06paborku monorpamm Communication Research Laboratory (Ministry of Post
and Telecommunications, fdmorus) [8-10] n mporpamma Autoscala (Italian National
Institute of Geophysics and Volcanology, ramus) [11].

ObHapy KeHbI CIeAYIONNe HEJOCTATKHA AJITOPUTMA:

® TIOBBIITIIEHNE KOJNYIECTBA HEKOPPEKTHO 00pabOTaHHBIX HOHOTPAMM TPH TTOBBINIEH-
HOM ypPOBHE MIyMa Ha MOHOTpaMMax (HOYHBIE HOHOTPAMMDI). PeKOMEHIyeMbIil MeTo
yCTpaHeHus: BKJIIOYEHHE BCTPOEHHOTO AlMapaTHOTO ATTEHI0ATOpA B aBTOMATHYIECKOM
peRMMeE TI0 3aJJAHHOMY PACIUCAHUIO; IPEJIBAPUTEIHLHOE CKAHUPOBaHMe dhupa Ha mpeji-
MET UCCIeJOBAHUS [yMOBOH 0OCTAHOBKH;



42 E.}O. 3BIKOB 11 IP.

40

30

100

90

80
2 70 |
v
o
2 60 -
£ Cyclon-Rapid
E' 50 B CR Laboratory
9 O Autoscala
[T
[3)
o
=

20

10

0 _
-250 -2.00 -1.50 -1.00 -0.50 0.00 050 1.00 150 2.00 250
foF2(manual)-foF2(auto) MHz

Puc. 4. CpaBHenre TOYHOCTHBIX XaPAKTEPUCTUK PA3IUIHBIX IPOrpaMM 06paboTKu HOHOrPaMM

® HEBO3MOYKHOCTh B PsiJie CJIy4uaesB KoppekTHoro pacrno3unasanus foF1 u foF2. Pexko-
MEHIYeMbIi METOJ YCTPAHEHWs: MCITOJIb30BAHNE JOTTOJTHUTEILHOM MOJIEIN pacno3HaBa-
HUST;

® HEKOPPEeKTHOCTH 00paborTku obsactu F npu Gosbuiom (> 2) KomuecTBe KpaTHbIX
orpaxkenuii or cjiosg Es npu 6onbimom saauenun foEs. Pekomenayemblii MmeTon ycrpame-
HUsi: BBEJIEHUE JOMOJTHUTEIbHON MPOBEPKU HA KOJUYECTBO KPATHBIX OTPAXKEHUI;

® HEBO3MOKHOCTH KOPPEKTHON 00pabOTKM MPW OTCYTCTBUN OTPAYKEHWS OT OOBIKHO-
BeHHOI KoMIoHeHThl F2 (penkuii ciydaii). PekomenmyeMbrii MeTO yCTpAHEHUST: MPH-
BJIEYEHUE OMEPATOPA.

JlanbHeiiiee yCcOBEPIIIEHCTBOBAHUE SKCIIPECC-AHATN3ATOPA [71si ABTOMATUIECKO# 00-
paboTKU MOHOrPAMM 3aKJII0YAETCs BO BBEJIEHWUW JIOMOJHUTEIHHBIX aJTOPUTMOB, TOBBI-
MMAMONIAX YCTONYIUBOCTh K COOSM Tpu 00pabOTKE MOHOTPAMM C HU3KUM COOTHOIIEHUEM
CHTHAJI/TIYM /WM WOHOTPAMM TIpH CHIbHOBO3MYyIIeHHOI nonocdepe. K coxkasnennio,
MO/TIOOHBIE AJITOPUTMBI CHJILHO 3aBUCAT OT KOHKPETHBIX CJIYYIA€B W MOTYT BBOJUTHCS
TOJIBKO MPU BO3HUKHOBEHUHW IOI00HON CHUTYAIUU <TI0 MECTY ».

4. IloBbIllIeHNE TOYHOCTH paGOTI)I JKCIIpecc-aHaJJIn3a

Ananus mokazas, 9To IKCIPECC-aHATU3ATOP MOXKET JABATh COOM TP HAJTUYUN CHIIb-
HBIX KPATKOBPEMEHHBIX 3JIEKTPOMATHUTHBIX TOMEX B MOMEHT 30HIUPOBAHUS, TPU ITOM,
KaK MPaBWUJIO, MPEILIAYIAs U TOCIeIYIOIass HOHOTPAMMbI 00pabaThIBAINCH KOPPEKTHO
(puc. 5).

JI7is OBBIIIEHUs] TOYHOCTH PabOThI KCIpecc-aHaau3aropa B nporpammy “Cyclon-
Rapid” 6bu1 BBemen sormueckuit anasu3arop. Ilpu maxoxmennn moHochepHBIX mMapa-
METPOB IO AJITOPUTMY, U3JI0KEHHOMY BBIITIE, IOy YeHHBIE 3HAYEHNS HA KOHETHOM TATe
CPABHUBAIOTCS C JAHHBIMU, TTOJYIEHHBIMUA W 0OPaOOTAHHBIMU BO BPEMS TPEIbIIYIIEro
ceaHca 30HAWPOBaHUs. Ecan pasdpoc MeXIy TPeabIIYIIUM U TEeKYIIUM 3HAYECHUSMU
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Puc. 5. ITocnenosarensaocts omubok foF2auto-foF2manual B revenne cyrox (2 mas 2006 r.)

JIOCTATOYHO BEJIMK, TO MPOW3BOJIUTCS TOUCK OTPAYKEHWI B OKPECTHOCTH IIOJIyYeHHBIX
OPEebIAYIUX 3HaYeHuil. Beswduabl 10BEPUTENHHBIX 9aCTOTHBIX W BBHICOTHBIX HHTEP-
BAJIOB MEHSIOTCA B 3aBUCHMOCTH OT HMCCJIETYEeMOro MapaMerpa W Ce30HHOTO 3HAYEHNS.
K coxxanenuto, HA JAHHOM 3TAIe ITH 3HAUEHUS TOIOUPATIUCH IMITUPUIECKUM 00pa30M,
UCXONsT M3 aHAJIN3a JJIUHHOTO PsiIa JIAHHBIX, MOJYYEHHBIX HOHOChEPHOI CTaHImel B
2004-2006 rr. TakoBble WHTEPBAJIBI HEb3s PEKOMEH/IOBATh KAK YHUBEPCAJbHBIE U De-
KOMEH/IOBAHHbBIE JIJIsi UCIOJIb30BAHUS B YCIOBUAX HOHOCKEPHI, OTINIAIONINXCA OT CPe/i-
HEIUPOTHBIX. 1Ipu HEBO3MOXKHOCTU HAXOXK/IEHUS B 3TUX O0JACTell OTparKeHwii 3arpy-
JKAETCsl TIOAMPOrPpaMMa PYIHOI 00pabOTKMU U mpe iaraeTcs Jub0 BBECTH JAHHBIE CAMO-
CTOSITETTHHO, JIMOO COTJTACUTHLCS C MOy YeHHBIMH IKCITPECC-aHAIN3ATOPOM Pe3yIhTaTaMHy.
Jlannoe J0MOTHEHWE TI03BOJISIET HE TOJIHKO CHU3UTH MOI'PEITHOCTH U3MEPEHUN aHam3ar-
TOPOM, HO U CYIIECTBEHHO MOBBICUTH PEIPE3eHTATUBHOCTD MOJIYYE€HHDBIX JTAHHBIX IyTeM
[PUBJIEYEHUs ONIEPATOPA B 3aTPY/IHATEIbHBIX CIydasix.

[IpnMenenne TOTMYECKOTO aHAIN3ATOPA TMO3BOJSET OTCIEIUTH M YCTPAHUTH OKOJIO
80% mcTpewalommxcs OMubOK, KOTOPHIE OMMCAHBI BHITIE.

5. BeiBoabI

Pazpaborannas n peanmm3oBannas B KazaHCKOM TrocyIapCTBEHHOM YHHBEPCHTETE
mporpaMMa aBTOMATHYECKONW OOpADOTKM W HWHTEPIPETAIMA HOHOIDAMM HE yCTYIAeT
AHAJIOMMYHBIM [IPOrPAMMAaM, HCIOJB3YIONUMCS B COBPEMEHHBIX MU(MPOBBIX MOHO30H-
max. Awmann3 paboThl aJrOPUTMOB MO3BOJISET MPEANOJIOKNUThL, YTO MPOrpamMMa HMeeT
pe3epBbl s fgasbHeiineil mogepan3anun. OIMeHeHbl TOYHOCTHBIE XAPAKTEPUCTUKU U
[PUBEJEHBI PEKOMEH/IAINN [0 JaJbHEHINeMy yCOBEPIIEHCTBOBAHUIO AJITOPUTMOB, Ha-
paBJIeHHbIE HA MOBLIMIEHNE KadecTBa 0OpabOTKM.

Pab6ora Bemosnaena npu noaaepxkke Poccuiickoro dgouma hyH1aMeHTATBHBIX HCCIIE-
nosanuit (mpoekt Ne 06-05-65150).
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Summary

E.Yu. Zykov, A.D. Akchurin, A.L. Sapaev, O.N. Sherstyukov. Automatic Interpretation of

Vertical Incident Ionograms.

This article describes an automatic vertical incident ionogram processing system.

Autoscaling software has been designed to scale and interpret the ionograms produced by
“Cyclon” series ionosonde. The automatic scaling algorithm test indicates that the algorithm
can successfully derive parameters of the ionospheric layers in more than 90% cases.

10.

11.

Key words: ionosphere, ionosonde, ionogram autoscaling.
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