Ontuka u cniekTpockonus, 2026, Tom 134, Bbin. 2

14

Ucnonb3oBaHne rnaBHbIX KOMMOHEHT nonepeYHbix a6eppau,v||7|
BOJIHOBOTO CprHTa B MOAEJIbHO-OPNEeHTUPOBAHHLIX ajJiropuTtMax
ynpasneHuna gna aganTUBHOMN OMNTUKU

© [A.A. ArnatuHckuii', A.M. KysHelos?

' MnctutyT onTukmn atmocdpepbl um. B.E. 3yesa CO PAH,
Tomck, Poccus

2HNAY MUDN,

Mocksa, Poccus

e-mail: lambsky@yandex.ru

lMoctynuna B pegakuuio 02.09.2025 r.
B oxonuarenbHoui pegakuymm 16.11.2025 r.
lMpuHsTa K nybnukauum 23.01.2026 r.

s MOneJsIbHO-OpHEHTUPOBAHHBIX aJTOPUTMOB aNalTHBHOW ONTHKH, PabOTAIONMX HA OCHOBE H3MEpPEHUS
CPEIHCKBAIPATHYCCKOTO paaryca ()OKAJIbHOTO MNSTHA Ha [AaTYMKE MHTCHCUBHOCTH, IPEIIOKCHO MCIIOIb30BATh
B KauecTBE MOJ YIIPaBJICHUS IJIaBHbIC KOMIIOHEHTHI MOIEPEYHBIX abeppanuii BOJHOBOrO (poHTa — (YHKINH
Kapynena-JloaBa-Jliokoca, cOOTBETCTBYIONIME 3aJaHHOU CTAaTHCTHKE (ha30BBIX HCKaKeHHU. BEIOpaH mpumep KoJ-
MOTOPOBCKOI MOJEIH TypOYJICHTHOCTH ONTUYecKoi cpefpl. C IOMOIIBIO YHCIIEHHOIO MOJICIMPOBAHNUS IIPOU3BEICHO
CpaBHEHHE PabOTHI aJTOPUTMOB I OBYX 0a3sHCOB MOJ yIpaBJieHHs: HoymHOMOB Jliokoca n ¢yrkimit KapyHnena-
JlosBa-Jlrokoca. Ilokazano, yTo ucnosb3oBaHue B aiaroputMax Mop KapyHnena-Jlospa-JItokoca mo cpaBHEHHIO ¢
Moziamn JI1oKoca TO3BOJIAET CTaTUCTUYECKH YMEHBIIUTH CPETHEKBAApPaTHYECKOE OTKJIOHEHHWE BOJHOBOTO (poHTa
U YJIYYIIUTh TTapaMeTpbl pOKYCHPOBKH JiazepHOro maitydeHus. OOHapyKeHO, 4TO HPH alepTypHOM 30HIUPOBAHUI
ko3¢ durmentsl npu Monax Kapynena-Jloasa-Jltokoca ompenesnsiiorcst TodHee, yeM npu Mozax Jliokoca. Pesynbrarst
HOJIYYCHBI /IJIS CJIydaeB paboThl MeaIbHOIO KOPPEKTOpa M ONTHMU3MPOBAHHBIX Mozeieil 1eOpMUpyeMBIX 3epKail

Ha CTPEKXHEBLIX NbE30IPUBOAAX.

KnioueBble cnoBa: aganTvBHAasi ONTHKA, aJTOPUTMBI YIPABJICHHUS, CPEIHCKBAIPATHUYCCKUN paguyc (OKaIbHOrO
nATHa, abepparuy, KOJIMOIOpPOBCKass MONEIb TYpOyJIeHTHOCTH, mojmHoMbI Jliokoca, ¢yHkimu Kapynena-Jlossa-

Jiokoca, nedopmupyeMoe 3epKaso.
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BeepeHue

Cpenn aJIrOpUTMOB YIPaBJICHAS IS AJATUBHBIX OITH-
geckux cucteM (AOC), peansyonmx METOM arepTyPHOro
3oHaMpoBanus [1,2], MO0 MpUHIKITY paboThl, OOBIYHO BBIIC-
JSIIOT [[BE OCHOBHbBIC KaTeropuu [3] — aJroput™Msl ciie-
IIOr0 MOMCKA M AJITOPUTMBI AETEPMHHHPOBAHHOIO IIOHCKA,
OCHOBaHHBIC Ha (DM3WYCCKAX CBOMCTBAX MOJEJIM ONTHYE-
ckoii cuctembl. (ITo MHEHHMIO aBTOpPOB, Ceif4ac yxKe MOXKHO
BBIJICTIUTh TPETHIO KATETOPHIO arOPUTMOB — OCHOBaHHBIX
Ha WCIOJIb30BAHWH HEpoceTeil, HO Ha 3TOM MBI 31eCh HE
OyIeM OCTAaHABJIMBATHCS.) AJITOPUTMBI CJIETIONO IOUCKA, HE
yauThBaoonme ocodbenHocteir momemn AOC — ,model-
free”, mosBmiuce paspme. Co BpeMeHeM 00pa30BajioCh
OoJsbIIoe WX KOJIMYECTBO PA3jIMYHBIX THUIIOB, B YacTHO-
crti [4-11]. BaxxHO#l aIbTepHATHBOI 3THM aJTOPUTMaM $IB-
JISTIOTCSL MOJIEJTbHO-OPHEHTHPOBAHHBIE aJITOPUTMBI ,,model-
based, KOoTOpble B KavecTBe IejeBoi (GyHKIMU (KpuTepust
ONTUMU3ALMH ) HCIIOJIB3YIOT CPEIHEKBAIPATUUCCKHUI PagycC
(CKP) ¢okanpHOro msiTHa Ha JATYMKE MHTCHCUBHOCTH [12—
19]. OCHOBHBIM HPEUMYIIECTBOM TaKUX aJITOPHTMOB IO CBO-
€My TEOpPETUYECKOMY ITOCTPOCHHIO SIBJISICTCSI PEKOPIHO Ma-
JIO€ KOJIMYECTBO MPOOHBIX BO3MYIICHUIA, HCOOXOMUMBIX I1JIsI
nu3MepeHust GopMel BOJIHOBOTO (hpoHTa. B 3THX anmropmrmax
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OTIPENeIISTIOTCS HEM3BECTHRIC a0epparroHHbe KO HUIeH-
THL B 33JaHHOM MOHOBOM Oasuce. CrieslaeM 3aMedaHue, 4To
Tak kak B AOC OoJibllie BpeMeHH YXOAUT Ha Mofavyy KOMaH[
KOPPEKTOPY M OTPabOTKy MM LEJIEBOH MPOCTPAHCTBEHHOH
(OpMBL, TO MBI XapaKT€pU3yeM aJITOPUTMBI UMEHHO KOJIU-
YeCTBOM HTepalyii, CBI3aHHBIX C BO3ACHCTBHEM Ha medop-
MHpyeMOe 3epKaJlo, a HE YHCJIOM H3MEPEHMI Ha JaTYhKe
MHTEHCHBHOCTH, KaK OOBIYHO YKasblBacTcsi B paboTax IO
manuoit Teme [12-17,19,20]. YmcneHHoe MopenupoBaHHe
U TPOBEICHHBIC HKCIICPUMEHTHI MokasbBaioT [20,16], uro
MOJIEJIbHO-OpUEHTUPOBAHHBIE AJITOPUTMBI MOT'YT OBITh OoJee
3¢ PEKTUBHBIMY JIJIT KOPPEKIMH BOJTHOBOTO (PPOHTA ONTHYC-
CKOT'O M3JIy9€HHsI, YeM aJITOPUTMBI CJICTIOTO TOHCKa.

Ha pmc. 1 mpencraBmena xapakTepHasi cxema pabOTHI
AOC 10 anropuTMy anepTypHOro 30HAUPOBAHUSA B PEXKIME
00paTHOH cBsA3U. Bxoasiee u3jrydeHne COOEP>KUT UCKaXKEH-
HBIl BOJIHOBOM (PPOHT, KOTOpPBIH IMagacT Ha amepTypy Je-
(dopmupyeMoro 3epkaina. Jlasee ¢ OMOIIBIO CBETONEIUTENIS
U3JIydeHHe pasfesseTcd Ha 1Ba Iydka. OfWH U3 IyYKOB
ocraercs B KOHType YIpaBJIeHUS — Mpoias o0beKkTuB 1, oH
HocTynaeT Ha (pOTOOETEKTOp, PETHCTPUPYIOIINIA pacIperie-
JICHHE WHTEHCHBHOCTH B (pokasibHOM nsiTHe. Ha nedopmu-
pyeMoe 3epKajio MOaloTCs MPOOHBIC BO3MYIICHHUS B BHJIC
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0a3uCHBIX MO abeppamyii ¥ MO KPUTCPHIO YMCHBIICHUS
CKP ¢dopmupyorcs ynpapisiiolie CUTHAIBI IS CIICAYIO-
meil urepauu. B pesynprare 3a HEKOTOpOE KOJIMYECTBO
TaKMX UTepalyil 3epKajlo IprodpeTaeT NPOCTPAHCTBECHHYIO
¢dopMy, ONU3KYI0 K CONPSKCHHONW BXOAAIIEMY BOJIHOBO-
My @ponry. Ily4ok, BHIXOOSIMI TOCJIE CBETOHEIHATEIIS
U3 KOHTYpa YIpaBJICHAS] M UMEIONINII CKOPPEKTHPOBAHHBIA
BOJIHOBOU (D)POHT, MOYKHO HCIIOJIB30BATh IS (POKYCHPOBKU
Ha 00BEKTE C TIOMOIIBI0 OOBEKTHBA 2.

B paccmaTpuBaeMbIX MOIEITbHO-OPHEHTHPOBAHHBIX aJIro-
pUTMax AJIs MOJAYM MPOOHBIX BO3MYIIECHMII MPUMEHSIOT-
Csl CIeLMalbHble MOMIbl YIpaBJIeHHs, KOTOpble O0O0JafaloT
CBOIICTBOM OpPTOI'OHAJIbHOCTU T'PaJMEHTOB Ha BHIOpaHHOMN
aneprype. JlaHHOe CBOICTBO oOecreunBaeT He3aBUCHMOCTD
Bimsians OasucHeIX Mom Ha CKP ¢okanpHOrOo msataa mu
MO3BOJISICT KOPPEKTHPOBAaTb HX C BBICOKOH TOYHOCTBIO
HE3aBUCUMO [IpPYyr OT JApyra — HpPH 3TOM OTCYTCTBYET
M3BECTHAS U1 MHOTHX JITOPUTMOB allepTYPHOTO 30HIUPO-
BaHus ,,2N-tipobiiema™ [21], Korna cucTeMa OKa3blBaeTCsl B
COCTOSIHUM, IIe KPUTEPUI ONTHMHU3ALIN UMEET JIOKAJIbHBIN
9KCTpeMyM (dallle BCEro Takasi mpobyieMa XapaKTepHa MJIst
uucia rpesst). MomesbHO-OPHEHTUPOBAHHBIE aTOPHTMEL
peanu3yloT MOIAJIbHOE YIIPaBJICHHE, IPU STOM MOIBI Kak
(akTopbl HE3aBUCHMO BJIMSIIOT Ha KPUTEPHil ONTHMHU3AIINH,
YTO TO3BOJISIET PEIIHTh HPOOJIeMY JIOKAJIBHBIX SKCTPEMY-
MOB.

Cpenu Moz [11A IPECTaBJIeHHUs BOJHOBOro (poHTa, nMe-
IOIMX OPTOTOHAJIBHBIE I'PAUEHTHI, Yallle BCEro UCIOJIb3YIOT
nosmHoMbl JTiokoca (L) [22,23], KoTOpble OMHMO yKa3aH-
HOTO BBIIIIE CBOICTBA ABJIAIOTCA €llle U cOaIaHCUPOBaHHBIMU
C TOYKH 3pEHUs] MUHUMAJIbHOM IUCHICPCHH CBOMX IONEeped-
HBIX (JTyueBblx) abeppaumii [24]. B pabGore [25] naHHbie
MOJIMHOMBI OBUIM TPaHC()OPMHUPOBAHBI B Apyrue Oa3nCHBIC
mozsl — ¢ynkuun Kapynena-Jloasa-JTiokoca (LKL), koTO-
pble ABJIAIOTCS IJIaBHBIMH KOMIIOHEHTaMH I'e€OMETPUYECKUX
HonepeyHbx abeppalyii BOJHOBBIX (POHTOB IpU 3adaH-
HOIl cratuctuke (a3oBbIX MCKaxeHWil. IlosydeHHBIE HOBBHIE
(YHKLIN COXPAHSAIOT KJII0UYEBOE CBOHCTBO OPTOTOHAJIBHOCTH
CBOMX T'PaMCHTOB M MO3TOMY MOTYT OBITH MCHOJIb30BAHBI
B MOJIEJIbHO-OPACHTHPOBAHHBIX aJITOPUTMAX KaK MOJMHOMBI
JTiokoca. B ommdne ot paboter [25] MbI 3mech Oepem miist
CPaBHCHHSI MOJQJIbHOM KOPPEKIMH TOJBKO [BE CHCTEMBI
6asucHbIx Mo — L u LKL, Tak Kak Apyrue pacipocTpaHeH-
Hble 0a3UChl HE YIOBJIETBOPAIOT YCJIOBHIO OPTOTOHAJIBHOCTH
I'PaleHTOB.

OTinunTeNIbHON ocobeHHocThI0O Mopn LKL, xak OBbLIO
yKasaHo B [25], sIBJsieTCS TO, YTO TPU WX BBIYATAHHU U3
WCXOIHOTO BOJIHOBOTO (PPOHTA CTATHCTHYCCKH MHUHHMH3HU-
pyercss CKP, T.e. onTHMHU3aIMOHHBIN KPUTEPHUil B paccMar-
pHUBacMBIX HAMH MOJIEJIbHO-OPHEHTUPOBAaHHBIX aJITOPHTMaX.
Iespio HacTosmell paboThl ABJIAETCS MPOIEMOHCTPUPOBATD
IperMyIIecTBO ucnonb3oBanus ¢Gynkiumii Kapynena-Jlossa-
JIiokoca nepen nosmHoMamu JIlokoca B JaHHBIX aJITOPUTMAX.
Kak u B [25] MBI paccmMaTprBaeM CTaTHCTUKY (ha3oBBIX
WCKa)KCHUI1, COOTBETCTBYIOIHUX KOJIMOTOPOBCKOMY CIICKTPY
TypOysienTHOI atmocdepst [26,27] (cooTBETCTBYIOIIIE BOJ-
HOBBIC (POHTHI M TYpOYJCHTHOCTh OymeM Ui KpaTKo-
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CTH Ha3bIBaTh ,,KOJIMOI'OPOBCKMMH‘, KaK 4acTO MPHUHATO B
pasroBOpHOM peun W Juteparype [27]); maHHas MOMEIb
UCKa)XEHUII BOJIHOBOTO (ppOHTA BO MHOIUX IPAKTHYECKHX
cily4yasgx OJIM3KO COOTBETCTBYET pPeasIbHBIM aTMOC(EpHBIM
YCJIOBHSIM, XOTSI M IMEET CBOM orpanmicHus [27].

1. Maremartnyeckoe onucaHue
MopfeflbHO-OPUEHTUPOBaHHbIX
anroputmMoB, MUHUMU3UPYIOLLINX
cpegHeKBagpaTuyeckum paguyc
cokanbHOro nATHa

ITycTh mMeeTcst JIasepHbId IMMydoK Oe3 amogusaluu ¢
IUIMHON BOJHEI A M HEKOTOPBHIM BOJIHOBBIM (POHTOM, KO-
TOPBIA MBI PasOKUM (B eIMHHIAX (asel) IO MOJMHOMAM
Jhoxoca {L;} ¢ abeppanroHHbIME Kodddurmentamu {b; }:

® = b,L;. (1)
j=1

W3BectHo, uro ua GasucHeIX Mop {L;} BbINOJHSETCS
cienyiomee coictso [15]:

[[ vL;VLydo = a5y, (2)
01

rme O — KPyr eIMHUYHOTrO pajmyca (MOMepevHbe KOop-
IMHATBl HOPMHUPOBAHBI COOTBETCTBYIOIIMM 006pasoMm), V —
omeparop rpaaueHTa, § — HAeibTa-ciMBOJI Kponekepa.
Tornma 1t KpyrJioi anepTyphl B IPHOIIDKCHAN FeOMeTprYe-
cKkoil ontuku crpaseqymBa Gopmyna st CKP ¢okamsrOrO
IATHA R, BHIPaXEHHOTO Yepe3 abeppalMoHHBIE KO3 duImy-
entsl Jliokoca {b;} [28]:

292 ©©
2 foc A 2
R = 2.0 ®)
j=4
e foc — (OKYCHOE pacCTosiHUE JIMH3bL, D — muamerp

anepTypbl. Ha ocHOBe HaHHOTO COOTHOIICHUS C TOMOIIBIO
MOJICJIbHO-OPUEHTUPOBAHHBIX aJITOPUTMOB, PEaTM3YIONIUX
MpoOHBIE BO3MYIIECHHSI BOJHOBOTO ()pOHTA KaKIou u3 Oa-
3ucHBIX Moyt JIToKoca, MOXKHO M3MepsITh KoaddumueHTH JIfo-
KOCa HEMW3BECTHOTO BOJHOBOTO (ppoHTa. Ecim B anmropurme
Npy 30HAUMPOBAHMM NaHHOW abeppaumuu Ljo HCIOIBb30BaTh
IBa TPOOHBIX BO3MYILICHHUS, T.€. M00aBJISITh B BOJHOBOM
(GPOHT KOMITOHEHTHI +&9Ljo U —&oL jo (g0 — ko3 PuIEEHT
IpOOHOTO BO3MYIIEHUS), TO HEU3BECTHBIN abeppariiOHHBIN
K03 duImenT b jo BerUCseTCA 1Mo hopmyie

Ri —R% &0

:——, 4
R% +R? — 2R} 2 @

bjo
e R3, R2, R* — xsanparsl CKP QokanbHOro nstHa npu
HCXOIHOM BOJIHOBOM (POHTE H IOCJIE IMOfAYdl HPOOHOro
BO3MYLICHHS B MOJIOKUTEJIBHOM M OTPHUIIATESIbBHOM Harpas-
JICHUSIX COOTBETCTBEHHO. Eci B anropuT™e Jisi 30HIUPO-
BaHUS BHIOPAHHO abeppanuil WCIOIb30BATh OHO MPOOHOE
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Puc. 1. [Ipumep cxemsl AOC 1151 paboThl MOZICIIBHO-OPUCHTUPOBAHHBIX AJITOPUTMOB.

BO3MYIIEHHE BOJIHOBOTO (poHTa &Ljo, MOCIe KOTOPOTO
pamuyc HATHa paBeH R, TO COOTBETCTBEHHO HEHU3BECTHBIN
K03(pULUEHT b ;) MOXHO HallTH 110 GopmyIie

ﬂ2D2 2 2 &0
= S (R —Ry) — - (5)

222 foc?e 2
Paznmume mexny BbramciicHusiME 10 dopmynam (4) u (5)
3aKJII0YACeTCsl B TOM, YTO BO BTOPOM CiIydae B ONperes-
IOIIEM BBIPAXKEHHU IPHUCYTCTBYIOT MapaMeTpPhl ONTHYECKOM
CHCTEeMbl, a B IIEPBOM CJlydyae — HeT. B Beipaxenue (4)
OIIOCPENOBAHHO BXOOWUT TOJIBKO [JIMHA BOJIHBI H3JTy4YCHHUS,
4TOObl 3HaThb KaK COOTHOCHUTCSI IIPOrUO KOPPEKTOpa B eu-
HUIaX JJIMHBI ¢ IPOruOOM BOJHOBOIO (pOHTA B EIUHU-
nax ¢aspl. AJTOpUTM C ABYMSI HPOOHBIMH BO3MYIICHHASMH
MO3BOJISICT WCKJIIOYATh W3 PAcUCTOB AWAMETP arepTyphl
n (OKyCHOE pacCTOsiHHE OOBEKTHBA. AJITOPUTM C OXHUM
HIPOGHBIM BO3MYIICHHEM C HCIOJIb30BaHHEM (GopMmysbl (5)
MPEANOYTUTEIICH 711 MaKCUMasIbHO OblcTpoil pabotel AOC
B yCJIOBUSIX JMHAMHUYeCKuX abepparmii [17,29].

Takum obpasom, cBoiicTBO nosmHOMOB Jliokoca (2) mos-
BOJISIET MCIOJIb30BaTh COOTHOLICHHE (3) s peaim3ainun
ITOpUTMa NMPOOHBIX BO3IMYLIEHHWI C pacueToM abeppanu-
OHHBIX K03 duimeHToB no Gpopmysam (4) u (5). fAcHo, uro
U1 JHOOBIX OPYTMX CHCTEM Oa3MCHBIX MOM, O00JIagaromux
csoiictBoM (2), cooTHomieHue (3) TakkKe BBINOJHSETCS,
MOATOMY B JAHHBIX MOIEIbHO-OPHEHTHUPOBAHHBIX aJITOPHT-
Max MOXXHO NEpeXOOuThb M K ApyruM Oasucam. 3amuuieMm
BOJIHOBOI#1 (poHT (1) B Gasuce ¢pynximit Kapynena-Jloosa-
Jliokoca {A;} depes COOTBETCTBYIOLIME abeppalOHHbBIC

ko3¢ duumenTs {f; }:

bj,

® = BiA;. (6)
j=1

Torma popmyna (3) Oyner BepHa, €CJIM IPOU3BECTH 3aMEHY
b; — Bj, a dopmynet (4),(5) OyayT clpaBeIJIMBEL 1JIs KO-
adpumenTa Kapynena-Jloasa-Jliokoca 8o npu BHIOpaHHON

aMIUTATyIe MpoOHOro Bo3MmyineHusi Ey (eciu Mpom3BeCTH
3ameHny & — Ep).

Hioxe Ha 0CcHOBE YMCJIEHHOTO MOAEIMPOBaHUs OyleT mpo-
U3BEIECHO CpaBHEHHE PabOTHl MOMEIbHO-OPUEHTHPOBAHHBIX
QITOPUTMOB, PabOTAIOIHX MO JBYM YIPABJISIOMIM MOAAM:
nosmaoMaM L u ¢yukimsam LKL(A). Bynyr paccmorpenst
IBa THIIA TaKMX AIrOpPUTMOB: ObicTpbie [15-17] ¢ BbIumC-
JICHUEM HEW3BECTHBIX KOI((UIMEHTOB TpH abepparnusx 1o
dopmynam (4), (5) 1 aaropuT™ MOCIEIOBATEIBHON KOPpPEK-
Uy 06e3 BBIYMCIICHUI abeppallMOHHBIX KO3((HUIMEHTOB IO
KakuM-1n0o (opmynam [18] (B pexknme ¢ OfHON T100aTh-
HOIt wmreparmeit). TTocieqHmii aqropuT™M TOXKE TO3BOJISIET
HU3MEPUTH 3TH KOIP(UIMEHTH ¢ HEKOTOPOU TOYHOCTHIO (Oy-
IeM Ha3blBaTh 3TOT aJITOPUTM MPOCTO ,,AITOPUTMOM I10CIIe-
noBarespHoi Koppekumuu (AIIK)). Hamomunm, 4to B Te-
KyIIeM BapHaHTe aJl'OPUTMA MOCIICIOBATEIbHON KOPPEKIINH
3HAYEHUE TPOOHOrO BO3MYIICHHS & (W E() yMECHBIIACTCSI
C KaXKIbIM CJICIYIOLIUM IaroM B 2 pa3a — 3HAUMT, U1 IUIy-
6unbl noucka (depth), Hanpumep 3, onpenessiemsie abeppa-
LIMOHHBIE KOA(QUIMEHTH OyIyT IMETh OfTHO U3 CJICAYIOMNX
3HAUEHUIL: &g, 1.5€9/0.5€0, 1.75¢9/1.25€4/0.75&9/0.25¢9, 0.

OTMeTHM, YTO OBICTpBIE AJTOPUTMBI OYIYT CMOAEIUPO-
BaHB B TaK Ha3blBAEMOM ,,CHHXPOHHOM pexHME” (TOKe
C mocJieioBaTeNbHOi Koppekuueit) [16,17], xorna kaxmas
abeppalysi KOPPEKTHPYETCs cpasy Iocyie ee u3MepeHus. To
€CThb Ul KaXHIOH MOMBI KOJIMYECTBO HUTEpalMii Ha OHY
yBenuuuBaeTcs. [109ToMy naHHBIE aJrOpPUTMBI MOXHO Ha-
3BIBaTh OBICTPRIME anroputMamu ,,2N“ u ,,3N“ [29]. Takoii
PEeXHUM PabOTHI OOJIBIIE MOIXOMUT IJIsI TPAKTHIECKOTO MPHU-
MEHEHHUs] aJITOPUTMOB B Cilyyae AMHAMUYECKUX abeppauuii,
YTO aKTYyaJIbHO, B YaCTHOCTH, JJIs1 KOJIMOTOPOBCKOU TypOy-
sertHOCTH [17]. TeM He MeHee MBI IPEICTABUM PE3yJIbTAThL
MOJISJTUPOBAHUS B MPUOIMKCHAN CTATHYECKHX (Ha3OBBIX
9KPAHOB, UMEIONIMX KOJIMOrOPOBCKHUIA CIIEKTp mporuba (4ro
TaKKe CIeNaHO B HepBoil vactu padotsl [17]). Dro co-
OTBETCTBYET IIPEICIIbHOM CTEHCHH BO3MOXHOU KOPPEKIHU
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BOJIHOBBIX (D)POHTOB TpH CBepXBBICOKOCKOpocTHOI AOC.
PacueTsl OynyT nmpousBeeHs IUIs CIy4aeB UIeaIbHOTro KOp-
pPEeKTOpa BOJHOBOIO (PPOHTA U peasbHBIX KOPPEKTOPOB —
BBIOpPAaHHBIX ONTHMHU3MPOBAHHBIX MOZENell nehopMUpyeMbIX
3epKajl Ha CTEPXKHEBBIX Mbe3onpuBonax [30]: omuu 3eprana
OymyT UMeTb JOCTATOYHO BBICOKOE MPOCTPAHCTBEHHOE pa3-
pemienue, npyrue — Oosiee Huskoe. B oTimume ot Hamieit
Gostee panHeil paboTs [18], rIe MCMOIB30BAIOCH TEOMETPO-
OINITHYECKOE NPHUOJIKEHNE ¢ TOUYSYHOU AuarpaMMoi JIydei,
(oxanpHOE IATHO 37ech OyIeT MOMEeINPOBaThC B MPUOIH-
KCHHH BOJIHOBO# ontuky (Kak u B [25]). IlpencraBiieHHbIC
pe3ysbTaThl OyayT conepkaTh 3HaueHUsA qocTmkuMbIX CKO
BOJIHOBOT'O (ppOHTA M BHIOPAHHBIX MAPaMeTPOB (POKYCHPOBKH
JIa3epHOro M3JIy4YeHHsI 10 CPAaBHEHHIO C HMCXOIHBIMU 3Ha-
YCHHUSMH, a TAKKe OIMMOKH OmpeneseHHst abeppaloHHbIX
K03((HUIICHTOB.

2. YucneHHoe mopenupoBaHue paboTbl
anroputmoB no mopam Jliokoca
n KapyHeHa-JloaBa-Jliokoca
C naeanbHbIM KOPPEKTOPOM

PaccmoTpuM 3atauy KOppeKIuH BOJIHOBOrO ()pPOHTA C I10-
MOIIBIO MOJEJIbHO-OPMEHTUPOBAHHBIX aJrOPUTMOB. B man-
HOM pasfesie Mbl OygeM CUUTaTh, YTO KOPPEKTOpP ABJISAETCSH
uneasbHbIM, T. €. TOYHO BOCIIPOM3BOIMT LieJIeBble abeppanuu
6e3 KakoH-TMOO OHmMOKM W MIHOBEHHO 0e3 MepexOomHbIX
IPOLIECCOB, B PEaJIbHOCTH Pa3BUBAIOIIMXCA NpU Kojeba-
HUSIX OTpakarolieil moBepxHocTd 3epkaia [31]. Micxomubie
[aHHBIC TPEICTAaBJSIOT co0Oi, Kak B [25], BBIOOpKY u3
2000 BOJHOBBIX ()POHTOB, CTATHCTHKA (Ha30BHIX HMCKaKe-
HHUI KOTOPBIX IOMYMHSICTCS BHIOPAHHON KOJIMOTOPOBCKOM
Mozend (COOTBETCTBUE CTATHCTUKH BBHIOOPKH IO OTHOIIE-
HHUIO K TEOPETHYECKOW MONEIN MOATBEPXICHO AHAIU30M
CTPYKTYpHO# (yHKImr — 1o Mertony u3 [32]). Bynem nus
yHoOCTBa paccMaTpUBATh BOJTHOBBIC ()POHTHI C BEIYTCHHBIMU
HakioHamu Jliokoca (momamm 2,3). B Teopmm 31O He
BJIMSICT HA PE3YJIbTaT KOPPEKIHMH, TaK KaK IO aJlrOPHTMaM
KOPPEKTUPYIOTCS. MOJBL, HAYMHAsi CO BTOPOro IMOPsiAKa, W
OTCYTCTBHE IJI00AJIbHBIX HAKJIOHOB HE IOBJIMSET Ha CTPYK-
Typy ¢okaipHoro msitHa [26]. BeiGepem ypoBeHb TypOy-
seHtHoctTd k = D/ro =10 (D — puamerp BBIOpaHHOM
KPYroBoii amepTypsl, ro — mnapamerp ®puma [26]). B ka-
4ecTBE MOJeNU paboueil 00J1acTH AAaTYNKa WHTEHCHBHOCTH
(region of interest — ROI) Bo3bMeM KBapaTHYIO 00JIaCTb B
(hoKaIbHOM MJIOCKOCTH cO cTOpoHOi ~ 400 panuycoB nucka
Olipu. DTO rapaHTHpyeT, YTO 30HA, INle KOHLEHTPUPYETCSH
O6sbliasi vacth 9Hepruu (> 98%, Kak pEKOMEHIyeTcs
IUIsl TpakTHYeckux 3agad B [33]) Bcerma OymeT BXOOUTH
¢ OonpIMM 3amacoM B JlaHHYIO oOustacTh. CrenaeM Taxxke
BOXHOE 3aMeyaHHe, O KOTOPOM HHKOITAa HE YIIOMHHAJIOCH
B paboTax 1Mo JaHHON TeMe: pasJIMYHbIC OOJIbIINe 00JIacTh
IJIs1 perucTpaniu GOKaJbHOTO MATHA B TAHHBIX aJITOPHTMAX
MO)KHO HCIIOJIb30BaTh OJlarogapsi OMMHAKOBON aCHMIITOTHKE
pacnpenesieHusi THTCHCHBHOCTH B JJIbHEH 30HE HE3aBHCH-
MO OT (OpPMBI BOJIHOBOrO ()poHTa Ha ameprype — MpU
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pauaibHOM YNAJICHHW B IIONEPEYHOM HANpPaBJICHHU OT
[JIABHO ONTHYECKO# ocH [34]. DTO 3HAUMT, UTO B 3HAYCHHE
CKP ¢doxkanpHoro narua npu yseaumuenuu ROI pns pas-
HBIX (ha30BBIX Hpoduiieil OyneT m00aBIATHCS ONUMHAKOBAs
BesmurHa U B (opmynax (4), (5) npu BeMuTaHMM GymeT
TIPOMICXONTh YHHUTOKCHNE OIMHAKOBOH 00aBKH K R2. O6-
paTtuM BHHUMaHHeE, 9TO JjIs Oospmroro BeiOpanHoro ROI us-
MEHCHHE ONTUMU3AIMOHHON (YHKIMH R TIpH 30HIUPOBAHUH
OYCHb HE3HAYUTEIIBHOE, ITOATOMY IIOJTyYCHHBIC PEe3yJIbTaThI
OoTHoCATCA K ciayvalo uaeanbHoit CCD-kamepnl 6e3 Kakux-
b0 IIYyMOB U C BBICOYAHIIUM pa3perieHueM. J{obaBum,
YTO Pe3ysIbTaThl YMCIEHHOI'O MOJICJINPOBAHUS [IOKa3aJId, YTO
UCIIOJIb30BaHME KBAJ[PaTHOM, a He OOpe3aHHOil 10 Kpyry
obnactu, Kak 370 00brMHO Gepercs [12-17,20], mpuBomut
K OOJIbIIeil TOYHOCTH ONpEesicHAs] abepPaMOHHBIX KO-
(ULHEHTOB.

[Ipu pabore MOIEITPHO-OPUCHTHPOBAHHBIX AaJITOPHTMOB
pabodnm mapamMeTpoM TaKKe SBJISeTCS KOAMOUIUEHT Mpoo-
HBIX BO3MyILIeHHi. Jly1g OBICTPBIX AJITOPUTMOB SICHO, YTO
koadpurments £y (Ep) cienyeT BHOMPATh HE CUIIBHO MECHb-
[IMMU U HE CUJIbHO OGJIBIIMMU U3MepsAeMOoro ko3gduienrta
BOJIHOBOTO (poHTa bjo (Bjo). Monyip kaxnoro abepparm-
OHHOTO KOA(HUIMECHTA PU KOJIMOTOPOBCKOU TYPOYJICHTHO-
CTH TOMYUHSCTCS TOYHOPMAJIbBHOMY paclpelesiCHHIIO, TaK
Kak caM KOd(p(UIMECHT UMeeT HOPMAJIbHOE PACIIpEICIICHAE
N(0, 62). B cBAI31 ¢ 3TUM J1J151 30HIMPOBAHHs KaX0ro abep-
panronHoro ko3hduuuenTa bjo (B;0) HaMu ObUIO BHIOPaHO
3HavyeHUe Kodad¢uimenTa mpobHOro BosmymieHus & (Ep),
paBHOE MeTHaHe pacrpenesieHns o/ 2erf ! (1/2). 9o coort-
BETCTBYET CTATHCTHYCCKH MHUHHAMAJIBHON PasHOCTH MEKIY
MomysieM ompenessieMoro koaddummenta u koadpunmes-
TOM TIpo6HOro Bosmymienus (erf~! — ¢yHkims, obpaTHas
¢byukuun ommnbok laycea). [js anropurMa mocsemnoBaresib-
Hoil koppekimu [18] MakcHMaslbHOE 3HAYCHHE CKOPPEKTH-
pOBaHHOH abeppaly COOTBETCTBYET YABOCHHOMY 3HAue-
HHUIO HavaJbHOro Ko3¢@uuueHTa MpoOHOr0 BO3MYILEHUS.
[ToaToMy ¢ y4eToMm mpaBuja ,,TpeX CHUI'M* 3TO HayajlbHOE
3Ha4eHUE OBUTIO B3STO paBHBIM 1.50 (MOmeIMpoOBaHUe TAKKe
MOKAa3aJI0, YTO Pe3yJbTaT NPH ITOM MOIydYaeTcs TOYHEe,
4eM, HanmpuMmep, s BeimunHsl 1.00).

Tak Kak B Ipolecce BBIIOJHCHHS AJTOPHUTMOB OIIpe-
TeJIIoTC KOA(p(UIMEHTH MpH 30HANPYEMBIX abepparysx
BOJIHOBOTO ()POHTA, TO MMEET CMBIC/ IIOKa3aTh CPEIHION
abCOMIIOTHYIO OIMOKY ONpeNeIeHHs KaxIoro adeppaluoH-
HOro ko3¢@duinenTa, IpuUeM B eIUHUIAX CPEIHEro 3Haue-
HUSL 3Toro Kod(¢unueHTa. OTHOCHTEIbHAS OIMMOKa 371eCh
He sBJISICTCSl aJIeKBATHOM XapaKTECPUCTUKOM, TaK Kak s
MaJIbIX abeppanroHHBIX K03(D(UIIMEHTOB OHa MOXET OBITh
OYeHb OOJIBINON, HO 3TO IMOYTH HE OKa)XET BJIMSHUS Ha
CBOiicTBa U3Ty4yeHus. Taxxe OyneM CpaBHUBATD PE3yJIbTaThl
KOPPEKLUH 110 Pa3sHbIM BapHalUsaM aJI'OPUTMOB, HCIIOJIb3Ys
kpurepuit CKO u kpurepuu (OKycHpoBKM Kak B [25]:
nukoBoe St u oceBoe St0 — uncna ITpess, MOIIHOCTD B
nuadparme Diipu PIB (power-in-the-bucket), Gera-pakrop
B (ancrno nudpakimonnsx paauycos) [35) u CKP R.

Ha puc. 2,a u b npencraBjieHsl pe3ysbTaThl IS Be-
mmuuebl (Ab;) B emuHunax (|b;|) u BenumuuHB (AB;) B
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Puc. 2. Cpennsisi abcommoTHasi ommbKa onpefereHnsi abeppalioHHOro Ko3(QHIeHTa B eIMHANAX CPEIHEro 3HAYCHUsI ero MOMYJISL IIPH
paboTe arOPUTMOB C HICaIbHBIM KOPPEKTOPOM TS K&KIOH U3 6asucHBIX MO utst Mox L (a), st mon LKL (b).

Original

Puc. 3. Bun dokasibHOro nstHa U nmpouiab COOTBETCTBYIOLICIO BOJIHOBOTO (PPOHTA B MCXOIHOM COCTOSIHHU U IPH KAXKIOM CJICAYIOLIEM

YKa3aHHOM IOPsiIKe MOJAJIbHOI Koppekuuu (co 2-ro mo 10-it).

evHUIAX (|f3;]) COOTBETCTBEHHO — CpelHell abCOMOTHOI
TIOrPELIHOCTH ONMpENesIeHNsT abeppaloHHOro K03 duureH-
Ta I Kaxmoil OasuCHOM MONBI BOJHOBOrO (poHTa OT
2-ro po 10-ro nopsinkoB (4—66moner). Pesymbrarsl mpu-
BEMICHHl B CIVHHUIAX CPEOHETO 3HAUCHHS MOMNYJSL 3TOTO
abepparmonnoro ko3¢ duimenra (pasHoro o+/2/7 — npn

paboTe OBICTPBIX MOIEIbHO-OPUEHTUPOBAHHBIX aJITOPUTMOB
(FAST 3N/2N) u ajropuT™a MOCJIEIOBATEIBHO! KOPPEK-
mun (SEQ. depth: 1,2,3,4,5) ¢ macaibHBIM KOPPEKTOPOM.
11 HeOONBIION TJTyOWHBI IOWCKA TOYHOCTH AJTOPHTMa
TIOCJIENOBATEIbHOW KOoppeKimu st Mox L u LKL mpakTu-
YECKH OIMHAKOBAs W OMIMOKa ompernesieHus: koddduimenta
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YMEHbBIIAETCsl B 2 pasa C yBEJIMYCHUEM IJTyOWHBI TTOHCKA, a
Janee yxe u3-3a TU(QpakIoHHbIX 3Q(PEeKTOB B (OKaTIbHOM
nsATHEe 3(pPEKTUBHOCTD MOMCKa CHIDKaeTcs. BumHo, 9TO Kak
ang Mop L, Tak m g Mon LKL TOYHOCTb U3MEPEHUs
abepparoHHBIX KO3((UIMEHTOB BCEraa BHINE y OBICTPBIX
aJITOPUTMOB, XOTs TPH YBEJIWYECHWU IJTyOMHBI MOWCKA ajl-
TOPUTM TIOCJICIOBATESIbHON KOPPEKIMH CTPOTO CTPEMHUTCS
M0 TOYHOCTH K OBICTpEIM. MOXXHO OTMETHTb, YTO IS
paboTsl o MofiaM L ommOKa onpenesieHus ko3hpuimenTa y
OBICTPHIX AJITOPUTMOB BO3PAcTaeT MPH KaKIOM CJICAYIOIIEM
nopsake abeppaumilt. B ciaydae pabotel mo momam LKL
pocT ommOKM ompenesieHns1 Kod(@uimeHTa Takxe HMeeT
TEHJCHLHIO IIOBBIIIATbCA [JI1 Oojiee BBICOKMX IOPSIIKOB.
s Bcex mMon 10 9-ro mopsiika BKJTIOYUTEIIBHO abeppary-
oHHBIe Mombl LKL w3MepsioTcsi ToYHee (JIydmie BCEro —
ACTUTMATU3MBI M N-TUCTHUKH ), 4eM MOfbI L. ToJIbKO y YacTu
mont 10-ro mopsika ommOKK orpeneneHus adbepparnoHHbIX
ko3pduiienToB npu Momax LKL oOKa3auCh HECKOIbKO
BBIIIIE, YeM Yy Mof L.

J71s myuTIocTpay AMHAMUAKY U3MEHEHUS PacIpeesICHNs
WHTEHCHUBHOCTH B ()OKaJIbHOM IATHE B IpoLecce KOPPEKLUH
BOJIHOBOTO (hpOHTA HA PUC. 3 MPEACTABIICHA MOCIIEIOBATEIIb-
HOCTh (POKAJIPHBIX NATCH (M300pajKeHHsT B BBICOKOM KOH-
Tpacte) U IPOGUIN COOTBETCTBYIOIIMX BOJIHOBBIX (PPOHTOB
IIPU MOJAJILHOI KOPPEKIMHU: CaMH MCXOMHbIE NATHA U ()POHT
Hocjie KaKIoro CJICHYIOMEro MopsaKa MOJAJIbHOH KOppek-
man (co 2-ro mo 10-i) — Tt.e. mpu Koppekuuu 4—6 Mo,
4—10mon, 4—15mon u T. 1. 10 Koppekimu 4—66 Mox.

Ob6patumca Temepp K Tabjs. 1, roe mpuBeneHsl cpen-
Hue 3HadeHMss CKO BosHOBOro (hpoHTZ M KpHUTEpHEB
(hOKYyCHUPOBKM W3JIy4eHUs] B pe3yibTaTe paboOThl paccMOT-
PCHHBIX aJITOPUTMOB C HJICAIBHBIM KOppekTopoMm. BumHo,
9YTO B 3aBUCHMOCTH OT TMOpPsAAKa MOJAJIbHOH KOpPPEKLHH
NP KCNOIb30BaHMKA Mopn LKL 1O CpaBHEHHIO C MOAAMH
L CKO cKoppeKTHpOBaHHOTO BOJIHOBOTO ()poOHTa yMEHb-
maercd Ha ~ 10—15%, uucna [ltpens yBenuuuBaroTCs
Ha ~ 10—40%, momHocTs B aumadparme Oiipn yBesiu-
ynBaeTcd Ha ~ 15—45%, a OeTa-pakTOp yMEHBIIAETCH
Ha ~ 1 %. VIHTepecHO OTMETHUTB, YTO, KaK U OBLJIO ITOKa3aHO
B [25], OTHOCHTEJIbHBIIA BBHIUIPHIII B 3HAYCHHUSIX MAPAMETPOB
(OKyCHPOBKH 1JIsi HAHHOTO ypoBHsI TypOysientaocta (10)
Gosblle TP MOAAJIBHONH KOppeKuu: 4-ro mopsnka, B TO
BpeMsl Kak OTHOcHTeNbHbIA BeMrpeml B CKO Bbmme mst
MopiaIbHON Koppekimu 7-ro u 10-ro mopsimkoB. D10 sIB-
JSIETCSl MJUTIOCTpPAIell CBOMCTBA, OTMEYEHHOro B [25] —
koppensituss Mexay ymenbiieHueM CKO u ymyumenuem
napameTpoB (POKYCHPOBKH HE BCEIa SIBJIAETCS CTPOro Mpsi-
Moit. UTo KacaeTcsl pasyimumst pe3yJIbTaTOB PACCMOTPEHHBIX
opicTpeix anroput™MoB 3N u 2N mpu paboTe HaeabHOro
KOPPEKTOpa, TO MOXKHO CKa3aTb, YTO MX (PAaKTHUECKH HET,
a aJroputM nocienoBartesbHoil koppekunn (AIIK) ¢ ry-
O6uHOI moncka 5 maeT 4yTh Oosiee XyAIIUe XapaKTepUCTUKH
Jla3epHOro m3yTydeHus. B Tabs. 1 maHBl 5KBWBaJICHTH aH-
ruiickuM TepmuHaM u3 puc. 2: AIIK — SEQ, rimy6una —
depth, OvicTpsIit amroputm — FAST.
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3. Bbibop napameTtpoB u nnaHa
pacnonoXeHusa npusoaos
pedopmMupyembix 3epkan gnsa
Mcnonb3oBaHud
B MOAEeNIbHO-OPUEHTUPOBaHHbIX
anroputMax

1 Toro 4TOOBI MPOMJITIOCTPUPOBATh MPUOIMKEHHBIN
K TPaKTUKe ciIydail paboThl MOMEIbHO-OPHEHTHPOBAHHBIX
QJITOPATMOB C PeaJIbHBIMI KOPPEKTOPaMH BOJIHOBOTO (ppOH-
Ta, BBIOEPEM COOTBETCTBYIOIINE MOICIH Ae(hOPMUAPYEMBIX
3epKaJl, NCXOsl M3 HEKOTOPHIX IIEJICBBIX KPUTEPUEB U YCTa-
HOBJICHHBIX OrpaHM4eHui. byneM 3agelicTBoBaTh B aaropur-
Max faeopMHpyeMBle 3epKajla Ha CTPEKHEBBIX INbE3OINPH-
BOJAaX — TaKHe 3epKajla 4acTO UCIOJIb3YIOTCA Ui paboThl
C MOIIHBIM JIa3€PHBIM H3JIy4€HHEM, PaclpoCTPaHSAIOINMCS
ckBo3b armocepy [30,36], a TakKe B YCTaHOBKax Jis
JlasepHOro tepmosiaepuoro cunre3a [37]. Pacuer ¢yHkmmit
BJISIHUSI TIPUBOJIOB 3€pKaJl JIJIsl OIPENeJSICHNsI CTEICHN OT-
paboTkn OasucHBIX abeppanyii W TOCIIEIYIOIEro BHOOpPa
OINITHIMAaJIbHBIX IIJITAHOB PACHOJIOKEHNS IIPUBOIOB M Pa3MEpOB
TIO/IJIOXKKK Oy/IEeT BBIIIOJIHEH C ITOMOIIBIO METO/IA, U3JIOKCH-
Horo B [38].

BospMmeM rekcaroHaJIbHBEIN TUTAH PACIOJIOKEHUSI MTPHBO-
noB. OH Hepenko HCIoJb3yeTcs B Oe(opMHpyeMBIX 3ep-
kanax (/13), Tak Kak IMO3BOJISIET HOCTHYb NOCTATOYHO BBI-
COKOr0 TIPOCTPAaHCTBEHHOro paspelneHust [36] u ymoGeH
VI ONTUMM3ALMH, ITOCKOJIbKY 3aBHCUT TOJIBKO OT OJHOTO
napameTpa — pPAacCTOSIHUS MEXKIY COCEIHHMH IPHUBOMA-
mu (pitch). Ymamum 6 kpaifHuX YIJIOBBIX NPHBOMOB (Kak,
HanpuMmep, B [36]), Tak kak mpum paboTe 3epkaia ITU
TIPUBOMIB YacTO AAIOT CJIMIIKOM MaJTblil TPOTUO M HE MOTYT
00ecIeunTh JOCTAaTOYHbIN AMHAMUYECKUN NANa3oH.

[Tyctp cBeToBast 30Ha 3epkana mMmeer auamerp 200 mm,
I1ar, ¢ KOTOPbIM MOXXHO BBIOMpPAaTh MEKIPUBOIHOE PACCTO-
gHIe — 1 mm, a BO3MOXKHBIC AMAIa30HBI JJI AUaMeTpa n
TOJIIIIHBI TOJVIOKKN cooTBeTCTBeHHO paBHBI 200—300 mm
u 3—5mm. Bbygem paccMaTpuBaTh [1Ba BapHaHTa CXEMBI
pacroyio)keHlsl IpPUBOHOB. ¢ 5 u O6psamamu — obmee
KonmdecTBo mnpuBooB 85 m 121 coorBercTBeHHO. [laH-
HBII BBIOOpP 0OycioBsieH TeM, yTo 121 mpuBoxm mo3BossieT
3epKaJly HOCTaTOYHO XOpomo oTpabaTsBare Momel A0 10-
ro TOpsifIKa BKJIIOYUTEIBHO, a 85 TPHBOINOB yKe ILJIOXO
0TpabaThIBAIOT MOJBI CAMBIX BBICOKHX M3 BBIOPAHHBIX MOPS/-
KOB. DTO TO3BOJIAT YBH/ICTh B CPAaBHCHUM KaK yXyIIIAcTCs
paboTa aJropuTMOB NPH OTPaHWYCHUH MPOCTPAHCTBEHHOTO
paspeleHus 3epKaa.

1 cpaBHHUTEIBPHOTO aHaymM3a paboThl AJITOPUTMOB IIO
Mmonam Jlokoca n monam Kapynena-JlosBa-JItokoca Mel ipo-
W3BOJMM BBIOOD IIJIaHA PACIIOJIOKEHMsI MPUBOIOB COOTBET-
CTBEHHO, PYKOBOJCTBYSACb KpUTEpHEM Oojiee TOYHOU OTpa-
OOTKM JTaHHBIX IIPOCTPAaHCTBEHHBIX (OPM 3epKajioM. BaskHo
MOYEPKHYTb, YTO €CJIM MOJIbl HU3KOT'O MOPsIfIKa 10CTATOYHO
XOpOILIO MOTYT OTpabaTbiBaTbCA NMPHU BBHIOPAHHOM KOJIMYeE-
CTBE MPHUBONOB 3€PKaJI ISl MIMPOKOTO AWAIa30Ha MEKIIPHU-
BOJHOI'O PACCTOsIHUS IpH BEIOpanHoit koHpuryparmu (CKO
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Ta6bnuua 1. Hdocruraemsie CKO u mapamerpsl (POKYCHPOBKH JIa3epHOTO H3JIyYeHHsl Ipd paboTe pacCMaTpHBACMbIX MOJEIIBHO-

OPHEHTUPOBAHHBIX AJTOPUTMOB C HICATBHEIM KOPPEKTOPOM

YpoBeHb KOJIMOTOPOBCKOI1 TYpOYIEHTHOCTH (CKOy, (St) (510) (PIB) (B)
D/ro=10 rad
HWcxonnblit BOJIHOBOI (hpOHT 2.59 0.078 0.020 0.067 7.09
Koppekuus mon L, nieasbHbI KOPPEKTOP
AIIK, MopnanpHast Koppekius 4-To mopsiika 124 0224 0222 0.195 6.38
riTyouHa 5 MopanbHasi KoppeKIms 7-ro mopsiaKa 0.82 0.512 0512 0.420 5.96
Mopanbnast koppekimsi 10-ro nopsika 0.62 0.683 0.682 0.564 5.62
BoicTperit MopnanpHast Koppekius 4-To mopsiika 124 0.225 0.224 0.195 6.38
anroput™ 3N MopanbHasi KoppeKIms 7-ro mopsiaKa 0.82 0.515 0.515 0422 5.96
Mopanbnast koppekimsi 10-ro mopsika 0.61 0.687 0.687 0.566 5.62
BoicTperit MopnanpHast Koppekius 4-To mopsiika 124 0.225 0223 0.195 6.38
anroput™ 2N MopanbHasi KoppeKIms 7-ro mopsiaKa 0.82 0514 0514 0421 5.96
Mopanbnast koppekimsi 10-ro mopsitka 0.61 0.686 0.686 0.565 5.62
Koppexuusa mon LKL, uneanbHblil KOPPEKTOP
AIIK, MonanpHast Koppekiust 4-To mopsiika 1.10 0310 0.303 0.280 6.32
riTyouHa 5 MopanbHasi KoppeKIms 7-ro mopsiaKa 0.71 0.602 0.602 0519 5.86
Monanbnast koppekmust 10-ro mopsiika 0.54 0.750 0.750 0.639 5.58
BoicTpsrit MopnanpHast Koppekius 4-To mopsiika 1.10 0312 0.305 0.281 6.31
anroput™ 3N MopnanbHasi KOppeKIms 7-ro mopsiaKa 0.71 0.607 0.607 0.522 5.86
Monanpnast koppekmust 10-ro mopsiika 0.53 0.756 0.756 0.642 5.58
BoicTperit MonanpHast Koppekius 4-To mopsiika 1.10 0312 0.305 0.281 6.31
anroput™ 2N MopnanbHasi KoppeKIms 7-ro mopsiaKa 0.71 0.607 0.607 0.522 5.86
Monanprast koppekmust 10-ro mopsiika 0.53 0.756 0.756 0.642 5.58

YMEHBLIACTCSI [IOYTH Beeraa He MeHee, 4eM B 10 pas), To oT-
paboTka Beicimx Mof (9— 10 MOPSIIKOB) MOKET KPUTHYECKU
3aBHCETb OT MEKIPUBOAHOrO paccTosiHus. I1pu pabore pac-
CMaTPUBACMBIX MOJICTIPHO-OPHCHTUPOBAHHBIX aJITOPUTMOB
Ka)Kyiasi OT/eJIbHAs Oa3uCHAs Mojia u3MepsieTcs U cpasy OT-
pabateiBaeTcs 3epkaioM. [loaToMy ecim py 30HIUPOBAHUH
abepparys BHICOKOTO MOpsifKa Oy#eT u3MepeHa ¢ OoJIbIIoit
OmMOKOM, TO Ha CJICAYIONICH HTepalid BMECTO KOPPEKLINA
3Ta abepparus OyneT BHECEHa B BOJIHOBOU (PpPOHT, mpudemM
¢ OosIbLION aMILIMTYAOH. B ¢BSI3M ¢ 9THMM IpH ONTUMU3ALIN
napameTpoB [[3 Mbl BeIOMpasn citydau, Korga Momsl 9-ro n
10-ro nopsnkoB oTpabaTHBAIMCH JIy4llle Bcero. Pe3ynbratsl,
MOJTyYCHHBIC B CJICAYIOIEM pasJiesie, MOATBEPOHIIM, YTO
BbIOpaHHbIe Moesu (3 mo3BoOJIAIOT npu paboTe MOMEIbHO-
OpPHEHTUPOBAHHBIX AJTOPUTMOB jaocThdb 3HadeHHit CKO
BOJIHOBOI'O (ppoHTa U MapaMeTpoB (POKYCHPOBKH JIa3epPHOTO
U3JIy4YeHHs, OJIM3KHUX K CIIy4alo UCIIOJIb30BAaHUS HIICAJIbHOTO
KOppEKTOopa.

IIpu BbIOOpe myIaHa pPAacHOJIOKEHUs HPUBONOB BechbMa
BaKHO TAKXKE YYUTHIBATH JTUHAMUYECKUI IHANA30H Iporuda
3epkasl. bymeM cumTarh, YTO Ilepen pabOTOil Ha 3epKa-
Jie 3aJaHa HadvajbHas ,cepennHHas“ moncraBka (bias) u3
YIPaBJIAIOIMX HANPSHKEHUH, Takasi, YTO 3EpKajlo MOXKeT
oToM J1eopMHUPOBATLC B 00€ CTOPOHBI C ONMHAKOBHIM
mporudoM. YureM, 9TO HpPOrud 3epKajia MpH CONPSHKCHUH
¢ mporuboM BOJIHOBOTO (pPOHTa IOJDKEH ObITh B 2pasa
MeHblre [39]. 3agaquM MakCHMaJIbHBI YPOBEHb TYPOYIICHT-

HOCTH JIJIS1 KOJIMOTOPOBCKHX BOJIHOBBIX ()POHTOB — BBIOE-
pPEM €ro paBHBIM K,y = 25 (3TO 4acTo sIBJSETCA pasyM-
HBIM IIPEfeJIOM B TEOPETHYECKOM MOACIUPOBAHUN PAabOTHI
maHubix ajroput™oB [14,20]). Takke mJst yCTaHOBJICHHS
COOTBETCTBHSI (PA30BOr0 M M3MEPSEMOro B CIMHUIAX JTH-
Hbl Ipoduieil BOJIHOBOrO (poHTa BHIOEpPEM [UIMHY BOJIHBI
Jla3epHoro naitydeHus paBHoi g = 1.053 um. Takas nymHa
BOJIHBl YaCTO WCIIOJIb3yeTCs, HAPUMEp, B YCTAHOBKAX IS
JlasepHOro TepMosiiepHoro cuHresa [37]. Bribepem mosmo
IMHAMIYECKOTO JWana3oHa 3epKaja Ha HCIIpaBJIeHHE COO-
CTBEHHOH HadaJIbHOH (opMmbl, paBHOH 15 %. DTO 3Ha4YeHHe,
XapakTepHOe Ui 3epKajl paccMaTpuBaeMoro Ttuma [36].
B kxauecTBe npuBOmOB 3epKajl Bo3bMeM akTioaTopbl AITM-2-
7 [40] ¢ yToYHEHHBIMU 3HAYECHUSIMHU TPOIOJIBHOI JKECTKOCTH,
paBHoit K = 30N/um, u MaxkcuMalbHOI BHYTpEHHEH CH-
JI0H Ha pactsbkeHue, paBHoil Fy = 1000 N. JJononHuTEI5HO
MPOBEPHUM, YTO TpH Tofa4e MPOOHBIX BO3MYIICHHHA ISt
BOJIHOBOTO (PpOHTA YCJIOBHBIC HANpPSUKEHUS Ha 3epKajax
TaKke HE BBIANYT 3a momycTuMmble npenessl. Mcxonmsa us
MPaBWIA ,,TPEX CUTM* MPOBEPUM, YTO 3€pPKaJiO MPH JaHHON
IUIMHE BOJIHBI CIIOCOOHO OTpabOTaTh Kaxaylo abeppaluio ¢
K03 uIeHTOM 30'k15n/fx. Kak u oxupasoce, 310 yciaoBue
OKa3aJIoCh 3HAYMTENIbHO cjlabee, 4eM YCJIOBHE OTpabOTKU
BCEro KOJIMOTOPOBCKOT'O BOJIHOBOTO (ppOHTA.

B utore B pesynbTare MPOBENEHHBIX ONTUMHU3ALMOHHBIX
pacueToB ¥ YCTaHOBJICHHBIX OrpaHWYEHUI ObLIM paspa-
6otanel 413 Ha CTPEXHEBBIX IBE3OMPHUBONAX — [Ba C
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Optimized deformable mirror LM-85
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Optimized deformable mirror LKLM-85
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Puc. 4. Monemm I3 nist orpabotku Mo L u LKL o 10-ro mopsiika BKJIIOYUTEBHO.

yucjaoM mpuBofoB 121 w fABa ¢ umCiIOM TNpPHUBOXOB 85.
Ha puc. 4,a u ¢ nokasaHbsl ONTHMHU3MPOBAHHBIC MOJIEJIN
sepkast — LM-121 u LKLM-121 — mrsa G6onee TOYHOH OT-
pabotku nosmmmaOMOB Jliokoca n ¢pynkmmit Kapynena-Jlossa-
Jlrokoca coorBercTBerno. [Tomnoxkka 3epkama LM-121 mve-
er auametp 270 mm U MEXIPHUBOIHOE paccTosiHUE 22 mm.
IMonnoxxa 3epkana LKLM-121 umeer nquametp 300 mm u
MEXIpPUBOHOE paccTosgHue 18 mm. JIBe apyrue onTUMH3HU-
pOBaHHbIE MOJIEJIN 3epKajl MEHee BBICOKOT'O pa3pelieHus —
w1 oTpaboTku moymHOoMOB Jlokoca n ¢yHkmmit KapyHena-
JlosBa Jliokoca coorBerctBeHHO — LM-85 m LKLM-85 —
TOKa3aHbl Ha puc. 4, b u d. [lonyoxka 3epkaia LM-85 nmeer

Ontrka n cnekTpockonus, 2026, Tom 134, Bobin. 2

mmameTp 240 mm u MEKIPUBOTHOE paccTosgHKe 24 mm.
Ilonnoxka 3epkana LKLM-85 umeer nuamerp 300 mm u
MEXIpHUBOIHOEe paccTosiHie 22 mm. ToMmuHBl MOAJIOKEK
BCEX 3epKaJl Ul UX OOJIbIIEro BO3MOYKHOIO IIPOruda B3ATHI
paBHBIMH 3 mm.

[lpn HameM pasbHEHIIEM MOICIMPOBAHUH PabOTH aJl-
TOPUTMOB C BbIOpaHHBIMH [J[3 MBI, KaKk U B cJy4ae IOJ-
HOCTBIO MICAJIBHOTO KOPPEKTOpa, CUATaeM, YTO 3epKajio
oTpabaThlBaeT 3afaHHble IPOCTPAHCTBEHHbIE (POPMBI MIHO-
BEHHO 03 MepexomHbIX KojieOaTesIbHBIX IIporieccoB. Ec-
JI1 IOTOJIHUTEIPHO PacCMaTpUBATh MOIYCK HA MHUHHAMAJIb-
HOC 3HAYCHHWE IIePBOIl YaCTOTH COOCTBEHHBIX KOJICOAHWI



202

A.A. ArnartuHekui, A.T1. KysHeloB

Ta6bnuua 2. Crenesp 0oTpaboTKH fe)OPMUPYEMBIME 3epKajlaMi Oa3vCHbIX abeppaimii (JIeBast yactb — mpu pabore 3epkan LM-121,

LKLM-121; npaBast yacts — npu pabote 3epkan LM-85, LKLM-85)

Ne CKO,/CKO No CKO,/CKO Ne CKOy/CKO Ne CKO,/CKO
Monst Monst Monst Monst Monst Monst Monst Monst
L LKL L LKL L LKL L LKL
4 15729 832 37 15.1 28.8 4 509 598 37 5.1 11.6
5 27660 333 38 16.1 28.8 5 1640 269 38 52 11.6
6 27753 334 39 16.0 194 6 1650 270 39 5.1 8.7
7 2997 1922 40 22.1 20.9 7 193 867 40 5.7 8.8
8 2995 1924 41 220 210 8 193 866 41 5.7 8.8
9 5666 154 42 572 253 9 370 130 42 6.2 8.8
10 6495 278 43 103 253 10 384 177 43 10.2 8.8
11 818 589 44 583 23.7 11 56.0 254 44 10.8 9.0
12 992 156 45 582 25.7 12 70.3 98.3 45 10.8 9.2
13 987 157 46 82 174 13 69.8 98.6 46 44 6.5
14 2110 140 47 82 21.1 14 137 96.6 47 44 8.3
15 2100 140 48 9.6 10.6 15 136 96.4 48 4.7 4.5
16 200 187 49 9.3 10.6 16 240 107 49 4.0 4.5
17 200 187 50 13.0 104 17 240 107 50 4.5 4.5
18 445 101 51 13.0 133 18 354 59.6 51 4.5 4.5
19 424 77 52 15.7 14.5 19 312 43.8 52 53 4.8
20 913 103 53 15.7 14.5 20 61.5 58.8 53 53 4.8
21 915 103 54 359 14.7 21 614 58.8 54 54 52
22 782 794 55 36.7 14.7 22 11.8 41.5 55 11.8 52
23 83.2 97.6 56 5.0 12.7 23 129 39.0 56 49 4.7
24 83.6 97.6 57 52 12.7 24 13.0 39.0 57 4.5 4.7
25 217 62.1 58 52 59 25 18.2 29.8 58 4.5 24
26 218 89.6 59 6.2 6.1 26 183 40.8 59 39 25
27 722 62.6 60 6.2 6.1 27 582 29.8 60 39 25
28 390 62.6 61 10.6 6.7 28 24.5 29.8 61 35 2.6
29 30.7 373 62 7.1 6.7 29 7.1 189 62 4.1 2.6
30 30.7 372 63 9.6 8.7 30 7.1 189 63 4.0 33
31 432 50.8 64 9.7 8.7 31 7.3 184 64 4.0 33
32 38.7 44.1 65 242 9.1 32 94 16.6 65 4.7 33
33 118 442 66 243 9.1 33 11.2 19.5 66 4.7 33
34 118 442 34 11.2 19.5
35 102 409 35 17.8 16.6
36 102 409 36 17.8 16.6

MOUTOXKKA 3epKay, TO B Mopeisax 3epkanm LKLM-121 u
LKLM-85 moxHO ObUTO OBl BHIOpaTh MEHBIIMN OUAMETP
MOMJIOKKH, Hanpumep, 240 mm — mpocTpaHCTBEHHOE pas-
pellieHre TpPH 3TOM YXYAIIMTCS HesHaduTenbHo (< 5%
st kputepusi CKOy/CKO), Tak kak BHEWIHSISI MO OTHO-
IICHUI0O K 30HE NPHUBONOB YacTb IIOMJIOKKH OYEHb CJ1ado
BJMSICT Ha mpormd 3epkana. B cBow owepemp, dacrora
HIepBOil MOIBI COOCTBEHHBIX KOJIEOaHMI IPH TaKOM YMEHb-
IICHAW JUaMeTpa MOIUIOKKH yBeJIMYMBacTcsi Oojee 4eM B
2 pasa.

B Tab. 2 myis kaxmon paccMaTpUBaeMoii 0a3UCHOM MOTBI
(8 mymepaimu Homma mas L [24] u cooTBercTByIOIIEiH
eit Hymepauuu uisi LKL [25]) naHbl 3Ha4YeHHs] OTHOIICHUS
CKOy/CKO — Bo crombko pa3 ymensiraercss CKO npogmis

abeppammu mpu oTpabOTKE MaHHBIMH 3€pKajlaMd COOTBET-
cTByomux Mon. Bupmno, uyTo 3epkana ¢ 85 mnpuBomaMu
CIJIPHO YCTYMAIOT 3epKayiaM ¢ 121 mpuBomoM 1mo mpocTpaH-
CTBEHHOMY Da3pellleHHIO U MO3TOMY B paboTe aJropuTMOB
9TO OJDKHO ceOs mposiBUTh. B 11e710M, MOIBI L BOCIIPOHU3BO-
IATCA 3epKajioM Jiydiie mof LKL, HO cienyeT OTMETUTb,
9r0 it abeppamuii HEBBICOKMX MOPsiakoB (2)—(4) mis
BCEX 3€pPKaJl MO)XHO T'OBOPHUTH O MPAaKTHYECKH HACATIBHOM
BOCIIpoM3BeicHUH (opM abeppalii Kak AJisi HNOJIMHOMOB
JIiokoca, Tak u A ¢ynxuuit Kapynena-Jlossa-Jliokoca.
B To ke Bpems cienyeT MOAYEPKHYTb, 9TO Ui Mofl Oosee
BBICOKHUX TTOPSIKOB, HO HE 3alPElEIbHO BBICOKHX, T. €. TIe-TO
MOCEPEIMHE 1IEJIEBBIX NMPOCTPAHCTBEHHBIX YaCTOT, HEPEIKO
ObIBaeT Tak, 9To Momsl LKL oTpabaTsiBatoTCs Jrydme mMox L.
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Ta6bnuua 3. [ocruraemsie CKO u mapamerpsl (pOKYCHPOBKM JIa3epHOTO H3JIydeHHsl Ipd paboTe pacCMaTpHBACMbIX MOJEIIBHO-
OpPUCHTUPOBAHHBIX aJIrOPUTMOB ¢ 3epkaitamMu LM-121 u LKLM-121

VpoBeHb KOJIMOTOPOBCKO# TYpOYJICHTHOCTH (CKO), (St) (St0) (PIB) (B)
D/ro=10 rad
Wcxonublit BoHOBOU (HPOHT 2.59 0.078 0.020 0.067 7.09
Koppexkmms mon L, 3epkamo LM-121
AIIK, MopnanpHast Koppekius 4-To mopsiika 124 0224 0222 0.195 6.38
riIyouHa 5 MopnanbHasi KOppeKIms 7-ro mopsiaKa 0.82 0.513 0.513 0421 5.96
Mopnanbnast koppekimsi 10-ro nopsika 0.61 0.686 0.686 0.569 5.63
BoicTpsrit MonanpHast Koppekius 4-To mopsiika 124 0.225 0224 0.195 6.38
anroput™ 3N MopnanbHasi KOppeKIms 7-ro mopsiaKa 0.81 0.516 0516 0423 5.96
Mopnanbnast koppekimsi 10-ro mopsika 0.61 0.691 0.691 0.571 5.63
BoicTperit MonanpHast Koppekius 4-To mopsiika 124 0.225 0223 0.195 6.38
anroput™ 2N MopanbHasi KoppeKIms 7-ro mopsiaKa 0.82 0514 0514 0421 5.96
Mopanbnast koppekimsi 10-ro mopsika 0.61 0.685 0.685 0.565 5.63
Koppexkmust mon LKL, 3epkano LKLM-121
AIIK, MopnanpHast Koppekius 4-To mopsiika 1.10 0310 0.303 0.280 6.32
riTyouHa 5 MopnanbHasi KOppeKIms 7-ro mopsiaKa 0.71 0.602 0.601 0519 5.87
Monanpnast koppekmust 10-ro mopsiika 0.54 0.748 0.748 0.638 5.59
BoicTperit MonanpHast Koppekius 4-To mopsiika 1.10 0311 0.305 0.281 6.32
anroput™ 3N MopnanbHasi KoppeKIms 7-ro mopsiaKa 0.71 0.606 0.606 0.521 5.87
Monanprast koppekmust 10-ro mopsiika 0.53 0.755 0.755 0.641 5.59
BoicTperit MopnanpHast Koppekius 4-To mopsiika 1.10 0312 0.305 0.281 6.32
anroput™ 2N MopnanbHasi KoppeKIms 7-ro mopsiaKa 0.71 0.606 0.606 0.521 5.87
Monanpnast koppekmust 10-ro mopsiika 0.53 0.754 0.754 0.641 5.59

Ta6bnuuya 4. [locturaemeie CKO u mapameTpsl (OKYCHPOBKH JIa3epHOrO H3JIyYeHHs] MpH paboTe paccMaTpPUBACMBIX MOMIEIIBHO-
OPHEHTUPOBAHHBIX arOpUTMOB C 3epkamamu LM-85 u LKLM-85

VpoBeHb KOJIMOTOPOBCKOI TYpOYJICHTHOCTH (CKO), (St) (St0) (PIB) (B)
D/ro =10 rad
Wcxonublit BoHOBOI (HPOHT 2.59 0.078 0.020 0.067 7.09
Koppexmus mop L, 3epkano LM-85
AIIK, MopnanbHasi KoppeKims 4-ro mopsigka 1.23 0.227 0.225 0.197 6.38
riIyouHa 5 MopnanbHasi KoppeKIms 7-ro mopsiaKa 0.81 0.520 0.520 0430 595
Monanpnast koppekmust 10-ro mopsiika 0.63 0.673 0.673 0.561 5.67
BoicTprrit MopnanbHasi KoppeKims 4-ro mopsigKa 1.23 0.228 0.226 0.198 6.38
anroput™ 3N MopnanbHasi KOppeKIms 7-ro mopsiaKa 0.81 0.523 0.523 0431 595
Monanbnast koppekmust 10-ro mopsiika 0.63 0.676 0.676 0.562 5.67
BoicTprrit MopnanbHasi KoppeKims 4-ro mopsigKa 1.24 0.225 0223 0.195 6.38
anroput™ 2N MopnanpHast KOppeKIusi 7-To mopsiaKa 0.82 0512 0512 0419 5.96
Monanprast koppekmust 10-ro mopsiika 0.63 0.670 0.670 0.555 5.68
Koppexums mon LKL, 3epkaio LKLM-85
AIIK, MopnanpHast Koppekius 4-ro mopsiika 1.10 0310 0.303 0.280 6.32
riTyouHa 5 MopanbHasi KoppeKIms 7-ro mopsiaka 0.72 0.601 0.600 0518 5.87
Monanprast koppekmust 10-ro mopsiika 0.55 0.742 0.742 0.632 5.60
BoicTprrit MopanbHasi KoppeKims 4-ro mopsigka 1.10 0311 0.305 0.281 6.31
anroput™ 3N MopnanbHasi KoppeKIms 7-ro mopsiaKa 0.71 0.605 0.605 0.520 5.87
Monanpras koppekmust 10-ro mopsika 0.54 0.748 0.748 0.636 5.59
BoicTprrit MopnanbHasi KoppeKims 4-ro mopsigka 1.10 0311 0.305 0.281 6.31
anroput™ 2N MopanbHasi KoppeKIms 7-ro mopsiaka 0.71 0.605 0.605 0.520 5.87
Monanprast koppekmust 10-ro mopsiika 0.54 0.748 0.748 0.635 5.59
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Puc. 5. Cpenusisi npuBenieHHasi aOCOJIOTHAS OMIMOKa ONpeesIeHusl abeppalioHHOro K03 dUImeHTa B eUHAIAX CPSIHEro 3HaYeHHs ero
MOMYJIst IPY paboTe aJIrOpUTMOB C BBIOpaHHbIME JI3 U1 Kamoit n3 GasucHeIX Mox: it Mox L (a, b), st mox LKL (¢, d).

ITosTroMy mnpu paBHOM 4dHCJIE NPHBOAOB C OIUHAKOBOH
KOH(Urypanueil uxX pacIojIOKeHHsi HeKoTopble Momel LKL
MOTYT UMETb MPEUMYIIECTBO B BOCIPOM3BEICHUN IO CpPaB-
HEHUIO ¢ MojamMu L.

4. YucneHHoe mMopgenupoBaHue paboThbl
anroputmoB no mopam Jliokoca

n KapyHeHa-JloaBa-Jliokoca

¢ pa3pabotaHHbIMK

AechopMupyemMbiMu 3epKanamm

B nanHoM paspesne OynyT mpuBeneHB pe3yibTaThl pabo-
Thl MOJEJIbHO-OPUEHTUPOBAHHBIX AJITOPUTMOB ISl CJlydas,
KOr7a B KauecTBE KOPPEKTOpa BHICTYMAIOT pa3paboTaHHBIC
Boime monenm J[3. [TomaepkaeM, 9To Takoe sIBJICHHUE, KaK Th-
crepesuc [30,26], B HaleM pacCMOTPEHUH HE YYHTHIBACTCSL.
B peanpHOCTH 3TO MOKET COOTBETCTBOBATH MCITOJIH30BAHUIO

KOHIIENINY NPUBONOB C OOPaTHOH CBSA3bIO, XOTS TOYHOCTD
KOMIICHCAIMU TUCTEepe3uca NP 3TOM OyeT orpaHuyeHa.
Ha puc. 5,a,b n ¢, d npencraBieHBl pe3ynbTaThl IS
BesmuuH (Ab;) B enuHunax (|b;|) u (AB;) B enununax (|3;|)
COOTBETCTBCHHO. B KaXmOM W3 CiIyYacB HCHOJIb30BAJIICH
I3 LM-121, LM-85 n LKLM-121, LKLM-85 mpu pabote
anroputMoB 1o MopaMm L u LKL cootBercTBeHHO. Kak
CJIEIOBAJIO OXKHMAATh 10 CPABHEHHIO CO CJIydaeM Hfeallb-
HOT'O KOPPEKTOpa, TOYHOCTb OIpeesIeHUs abeppalliOHHBIX
K03()(ULIMEHTOB BBICOKMX MOPSIKOB YXYAIIMIach. BumHa
SIBHasi KOppeJALUs OLIMOKKM BOCIIPOM3BENCHUS Oa3uCHON
abeppalludl U OIIMOKU M3MEPEHHs ee abeppalliOHHOrO KO-
a¢¢uuuenTa. 3amMmeTuM, 4To mpu pabore mo mopmam L s
OTHEJIbHBIX KOMITOHEHT (Mombl 56—60 misi 3epkana LM-
121 u momet 29, 37-39, 46—49 min 3epkana LM-85)
TOYHOCTD aJITOPUTMA IOCJICIOBATEIIbHON KOPPEKIIMH CJIETKA
MIpeB30ILIa, HO He Oostee 4eM Ha ~ 2 %, TOYHOCTh OBICTPOTO
anroputMma 2N. OnHako HU pa3y 3Ta TOYHOCTh HE OKasasach
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BBIIIE, YeM y ObicTporo airoputMa 3N. s koppekuun
BOJIHOBOTO (ppoHTa 1O MomaM LKL OBICTpBIE ajrOpUTMBI
Bceraa ObUTH TOYHEe.

B T1abn. 3 m 4 npusenens cpemgaue 3HadeHusi CKO
BOJIHOBOTO (PpOHTA M KpHUTepreB (POKYCHPOBKH H3ITyUCHHUS
B pe3yibTaTe paboThl aJropuTMOB C BbIOpaHHBIMU [I3.
Hna 3epkan co 121 mpuBomom koHeunble CKO BOJTHOBBIX
(bpOHTOB 32 peryaiIniM NCKITIOYCHNEM Oy YIITICH KaK Mpr
upeasibHoM KoppekTtope. Ilapamerpsl (OKyCHpPOBKH Takke
MOYTU HE MOMEHSINCh, MpUYeM MJii MO L B HEKOTOPBIX
CIIydYasx Jake 4yTh YITyYIIIUIICh — 3TO MOXKHO OOBSICHUTD
TEM, YTO 3€PKaJIO IPUBHECIIO HEOOIBIIYIO TOOTHATEIBHYIO
abeppalyio B BOJIHOBOH ()POHT NpPU KOPPEKIMHU, U MaJleHb-
KU€E NOMOJIHUTE/IbHBIE JIOKaIbHBIE HAKJIOHBI (PPOHTA OKa3za-
JIICh TaK OPHEHTHPOBAHBI, YTO 3TO OOECHEUIIIO OOJIBUIYIO
crH(}a3HOCTh BTOPUYHBIX BOJIH M YCUJIMJIO KOHCTPYKTUBHYIO
UHTEP(EPEHINIO B LIEHTPEe (POKAIBLHOrO MSATHA, YBEJIMYMB
gucia IlItpenst n MomHOCTh B auadparmMe, COOTBETCTBYIO-
meit aucky Oipu. s mox LKL Takoro He HabJomaeTcs,
TaK KaK OHHM MPENCTaBJIAIOT coOoi (opMHl ,CO Ciaboit
BBICOKOYAaCTOTHOI BOJIHUCTOCTBIO®, KOTOpas ONTUMAJIbHEE
BJIMSICT HA TIapaMeTphl (JOKYCHPOBKH M TOJLKHA OBITH TOYHEE
CKOPPEKTHpPOBaHa 0e3 JOMOIHUTEIBHEIX 3aMETHBIX IPUBHE-
CEHHBIX UCKaxkeHUi. [{J1s1 3epkasl ¢ 85 nmpuBogamMu KOHEUHbIE
CKO BOJHOBBEIX (PpPOHTOB MOIYYMJIMCh YK€ 4yTb OOJIbIIE,
9eM B CJIydae HICAIBHOTO KOPPEKTOpa, HO PasJIMuhe 3TO
oueHb Masio — 0.5—3%. IlapameTpsl ¢OKyCUpPOBKU mHpu
UCTIOJNIb30BaHUU 3TUX 3€pKaJl YXYAIIWIACh B CpPEIHEM Ha
0.5—2.5%. MoxHO 3aK/IIOYUTb, YTO yKa3aHHBIE B TaOsI. 2
xapakTtepuctukn 3epkan LM-85 m LKLM-85 sasmsiorcs
AOCTAaTOYHBIM YCJIOBUEM HCIOJIb30BaHus [[3 114 Koppeknuu
abeppalyii KOJIMOTOPOBCKUX BOJIHOBBIX (DPOHTOB HE BBHIIIE
10-ro mopsiaka ¢ MOMOIIBIO PacCMaTPUBAEMBIX MOJEIIBHO-
OPHECHTUPOBAHHBIX aJITOPUTMOB.

3aknioyeHune

B Hacrosmueit paboTe  paccMOTPEHBl  MOJEJIBHO-
OpPHEHTUPOBaHHBIC AJITOPUTMBL, PaboTaOMMEe Ha OCHOBE
kputepusa CKP ¢QokanpHOro mnfiTHa Tmpu  3agaHHOU
craTucTAKe (Da30BBIX WCKAXCHUI BOJIHOBOTO (hpoHTa
(koIMOropoBCKHiA CrieKTp). B KavecTBe MO ympaBiieHwHs
B3ATHI [VIaBHBIE KOMIIOHEHTH! T'€OMETPHYECKUX MOIEePEUHBIX
(;ydeBbix) abeppaumii BojHOBOro ¢(poHra — (yHKIMK
Kapynena-JIoasa-JTrokoca, BbiBefieHHble B [25]. ITokasaHo,
YTO CTATHCTUYECKU HCIIOJIb30BaHME HOBBIX MOH abepparuii
B pacCMaTpUBaeMBIX  QJIrOpUTMax MPU  MOIAJIBHOMI
KOPPEeKLMH BOJHOBBIX (poHTOB 10 4-ro, 7-ro u 10-ro
MOPSZIKOB  BKJIIOYMTEIBHO TP YPOBHE TYpOYyJIEHTHOCTH
10 mo3BosIsieT YJAYYIIUTh XapaKTepUCTHKU J1a3epHOTO
U3JIy4eHUs II0 CPaBHEHHIO C KJIACCHYECKUMH MOIAaMH.
B dacTHOCTH, B 3aBHCHMOCTH OT MOpSiIKa MOIAJIbHON
koppexiwmu (4,7,10) pocrurayt ocratounsiii cpenanit CKO
BosIHOBOro ¢poHTa MeHbmmii Ha 10—15% u moBBITIEHB!
cpenHue napaMeTpbl (OKYCUPOBKU JIa3EPHOIO U3JTyUCHUS —
YBEJIMYCHa WHTEHCHBHOCTb B ILIEHTPE (OKAJBHOIO INATHA
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Ha 10—45% wu ymesnbmeHn Ha 1% pasmep OCHOBHOTO
CKOIUICHHsI MOIIHOCTH Bcero mstHa (Gera-¢pakrop).
YucroBble 3HAYCHUSI JOCTUTACMBIX KOHEYHBIX HapaMeTpoB
(GoKycHpoBKM B pe3ynbTare pabOTBl  PACCMOTPEHHBIX
aJIrOPUTMOB, IpUBeeHHble B Tabs. 1, Tabn. 3 u Tabs. 4,
Pa3IMYaOTCsl JIMIIb HA EIVHHMIBl IIPOIEHTOB (MAKCHMYM
Ha 3.3%, kak mpaBwio, Ha 1—2%) MmO CpaBHEHHIO CO
CJIy4aeM HJIeaJIbHOU MONAJIbHOI KOPPEKIHMH, I KOTOPOro
HaMU [pHBEJIeHbl JaHHble B pabore [25]. DT0 Takke
CBHJICTEJIBCTBYET O TOM, YTO BbIOOp mapamerpoB JI3 s
IaHHOW KOHGUIypalld PacIoJIOKEHHS INPHUBOIOB 3epKall
OJIN30K K ONTHMAJIbHOMY.

[IpuBenena cpemHsisi abCOMOTHAS OMMOKA OTPENCIICHUS
abepparoHHOro ko3¢ QULUUEHTa B eAMHUIIAX CPELHEro CTa-
THUCTHYECKOT0 3HaueHus ero Momyss. Oka3ajaoch, YTO MOYTH
IUIsT BceX 0a3MCHBIX paccMaTpPHBacMBIX abeppanuii — MoJ
Jliokoca L u mon Kapynena-JlosBa-Jltokoca LKL — nis
CJIy4aeB MHJCaJIbHOIO KOPPEKTOpa M BHIOPaHHBIX Mofeseil
nedopmupyeMbix 3epkat, koaddummentsl npu momax LKL
U3MepsIoTCs ToyHee. Pasnuyue B TOYHOCTH M3MEPEHHUs CO-
CTaBJIsIeT OOBIYHO HECKOJIBKO €IMHUIL IPOLICHTOB, HO MHOTIA
u 10-30% (pasHuma Gosblie I 3epKal HEBBICOKOTO
paspentenusi). JTO 3HAYHUT, YTO M3MepeHue mon LKL siB-
JigeTcs 6osee poOACTHBIM NPU HEUIEAIbHOCTH KOPPEKTopa.
Harmomunm takxe, 9to B [41] GbUIO MPEIIOKEHO U3MEPSITh
OT/eJIbHbIE abeppallioHHble KO3((GHUIMEHTH aTMOC(hEpHO-
IO BOJHOBOIO (pOHTAa C MOMOIIBIO JAQHHBIX MOJEJIBHO-
OPHCHTHUPOBAHHBIX AJTOPUTMOB. EciM ¢ HOMoOMIbIO 3TOro
MOJTyYUTb 3aBUCUMOCTb OTHEJIBHBIX abeppauuii BOJIHOBOI'O
¢poHTa OT BpeMeHH (Kak, HAampuMep, M300pPaKEHO B OTHOM
npumepe u3 [42] (ctp. 22)), TO 3TO MO3BOIMIIO OBl BHISIBUTH
UX CTaTUCTUYECKUE 3aKOHOMEPHOCTHU. Pe3yspTaThl MOXKHO
OBbLI0 OBl MCIOJIB30BATh AJIS IPOrHO3UPYIOIIMX aJITOPUTMOB
aJanTHBHOM ONTUKH, PEaT3YIOIIX MOTAIBHYIO KOPPEKIIHIO
(B TOM YHCJIIE U JUTA MOMEJIBHO-OPHCHTUPOBAHHBIX AJITOPHT-
MoB [43]).

CrenaeM BaXHOE 3aMEYaHUEC — IIOBTOPHO PACCMOTpEH-
HBIH 31ech nocie padoTsl 18] aaropur™ mocienoBaTebHON
KODPEKLIMM BOIPEKH pe3yibTartaM, O03ByYeHHbIM B [18],
MOYTH BO BCEX CJIy4asiX IMOKa3aJl MEHEe TOYHbIC Pe3y/IbTaThl
KOPPEKIUH BOJTHOBOTO (poHTa. MOXKHO ITOKA JIMIIIb ITPE/IIIO-
JIOKUTb, YTO €CJIM ONTHMHU3MPOBATh 3aKOH MOJaYX MPOOHBIX
BO3MYILICHHIN B aJITOPUTME MOCJICIOBATEIIbBHOU KOPPEKIIUH,
TO 3TO MOXKET IOIHATh HE TOJIBKO ero OBlcTpoieiicTBIe, HO
U TOYHOCTb, OCOOEHHO INPU HCIIOJIb30BAHUU HEHJICAIbHOTO
a3.

CpaBHeHEe paboTHl aJrOpuTMOB MO0 MomaM Jliokoca u
MonaMm Kapynena-JIoaBa-JItokoca mokaseiBaeT ABOHHOE Ipe-
HUMYLIECTBO IOCJIEIHUX — HX KOPPEKLHs CYIECTBEHHO
YIy4IIaeT XapaKTePUCTUKH JIa3ePHOTO H3JIYYCHHSI M CaMu
Momsl  (abeppaloHHbIe KOA(D(HUIMEHTH) H3MEPSIIOTCS C
MeHbIel omubkoil. Hemocratkom mon LKL B cpaBHEHUH ¢
MofaMi L MOXKHO CUATATh UX OOJIBIIYIO YaCTOTY H3MEHEHHS
BO BPEMEHH, YTO IOTpedyeT BBICOKYIO CKOPOCTb pPabOTHI
OIITUKO-3JIEKTPOHHBIX YCTPOMCTB, HCHOJIB3YyeMBbIX B peajib-
HeIX AOC.
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