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Pa6oTa BbimosHeHa Ha Kadezape «CucreMublii aHanu3 u ynpasinenue» ®I'bOY BO
«MOCKOBCKMI  aBUALIMOHHBIA  MHCTHTYT (HAIIMOHAJIBHBI  MCCIIENOBATENbCKUM
YHUBEPCHUTET)»

HayuHbI1it Pasymubiii FOpuii HukonaeBuu, npodeccop kadenps « CHCTEMHBbIH

PYKOBOJUTEND: AQHAIN3 M yIpaBlIeHHe» APOKOCMHYECKOTO HHCTHTYTa MOCKOBCKOro
ABMAI[MOHHOIO HHCTUTYTa (HALMOHAJIBHOIO HCCIIE0BATENIHCKOTO
YHUBEPCHUTETA), TOKTOP TEXHHYECKHUX HAyK, Mpodeccop

Odurpansapie  Cayiabekuiit Bukrop KOHCTAHTHHOBHY, TIJIaBHBIM CHELAAIUCT

OIMOHEHTHI: AximonepHoro o6mectBa «Hay4HO-IpOU3BOACTBEHHAs KOPIIOpAIUs
«Kocmuueckue CHUCTEMBI MOHUTOPHHTIA, UH(OPMALMOHHO-
YOPaBISIIOIINE M JJIEKTPOMEXaHWYECKHE  KOMIUIEKCBD») HMEHH
A.I'. MocudbsHa», OKTOpP TEXHUUYECKUX HAYK
bapanoB Auapeii AHaTOJIbeBHY, BEIYLIUH Hay4HBIH COTPYIHHK
denepallbHOTO  TOCYJJAPCTBEHHOro  yupexzaeHus «®DenepanbHbIA
UCCIENOBATENbCKHM LEeHTp WHCTUTYT NpUKIaJHON MaTeMaTHKU
um. M.B. Kengeima Poccuiickoit akaieMuu Hayk», KaHIuAaT (pU3KKo-
MaTeMaTH4YEeCKUX HayK

Benymas MI'TY um. H.D. Bbaymana (®enepanbHoe TrocyaapCTBEHHOE

opraHmzanus:  OMJpPKeTHOe 00pa3oBaTeNbHOE YUpeXIeHHE BBICIIEro 00pa30oBaHUS
«MOCKOBCKHH TOCY/IapCTBEHHBI TEXHUYECKUN yHUBEPCUTET UMEHU
H.D. Baymana (HallMOHABHBIA UCCIIeJOBATEIbCKUNA YHUBEPCHTET)))

ammra coctouTcs «26» nexabps 2018 roma B 14:00 yacoB Ha 3aceqaHHM
muccepranmonHoro Cosera J[ 212.125.12 B MOCKOBCKOM aBHAIlMOHHOM HMHCTHUTYTe
(HALMOHAIBHOM HCCiIeNoBaTeNIbckoM yHuBepcutere, MAWM) mo axgpecy: 125993,
r. Mocksa. A-80, I'CII-3, Bonokonamckoe 1occe, 1.4.

C nuccepranyeil MOXXHO O3HAKOMHUTBCS B OHOMMoTeKke MOCKOBCKOIO aBHAI[HOHHOIO
MHCTUTYTa (HALMOHAIBHOTO HCCIeNoBaTeNbcKoro yHuBepcurera, MAW) mo anpecy:
125993, r. Mocksa, A-80, I'CII-3, Bomokonamckoe mocce, 1. 4 u Ha caiite MAU:
https://mai.ru/events/defence/index.php?ELEMENT _ID=98198

ABTopedepar pa3ociaH « » 2018 roxa.

OT3bIBbI, 3aBEpEHHBIE T€YaThIO, MPOCHM HANpaBiIATh No azapecy: 125993, r. Mocksa,
A-80, I'CII-3, Bosoxosamckoe 1mocce, 1.4, Yuensiii CoBetr MAN.

VY4enslil cekpeTapb
JUCCEPTALlMOHHOTO COBETA

H212.125.12,; Crapkos A.B.
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OBILIASA XAPAKTEPUCTHUKA PABOTHBI

B CBA3M C MHTEHCUBHBIM pa3BUTHEM KOCMHUYECKHUX CPEACTB pEUICHUS 3anad
r1o0anpHOW HaBUranuu, oOecredeHHss O€30MaCHOCTH KOCMHYECKOW JeATENbHOCTH,
MOHUTOpPUHIA 3aCOPEHHOCTH KOCMHMYECKOIO IIPOCTPAHCTBA M  psAxa JAPYTHUX
NEPCHEKTUBHBIX 33Jlad B HACTOSLIEE BPEMsS OCTPO BCTAET BOMNPOC ONpPENETCHUS
palroHaIbHBIX BAapHAHTOB OPOUTAIBHOTO MOCTpOeHHsI CHyTHUKOBBIX cucteM (CC),
OCYILECTBISIONMX B aOCTPaKTHOM TOCTAaHOBKE HEIMpPEpPhIBHBIA 0030p pailoHOB B
3aJJaHHOM Cc(heprUECKOM CJI0€ OKOJIO3EMHOI0 KOCMUYECKOI'0 IIPOCTPAHCTBA.

OOBEeKTOM HccienoBaHul B Hacrosiiied pabote sBisitorcs CC HeENpepbIBHOTO

0030pa chepruyeckoro ciosi 0Koyo3eMHoro kocmudeckoro npocrpanctsa (OKII). [Ipu
ATOM H3ydaercs oOmuit ciydait L-kparHoro (L>1) o030pa cdepudeckoro cios, Kormaa
JUIS KaKIOM TOUYKH C(EepHUuecKkoro ciosi B JiI000H MOMEHT BpPEMEHH aKTHBHOTO
¢bynkunonuposanus CC obecneunBaercst 0030p HE MeHee YeM L crmyTHMKaMu CUCTEMBI.

[IpenMeTroM wWccleOBaHUN SBISIOTCS METOJbI ONTHUMH3AIMU OpPOUTAIHLHOTO
noctpoenusi CC HenpepbIiBHOTO 0030pa chepuueckoro ciost OKIIL.

AKTYaJIbHOCTb _TEMBl _WCCIEIOBAHUN OMNpEAENseTcd IOCTAaHOBKOM 3aayu
ontumuzanuu CC HenpepsiBHOTO 0030pa chepuueckoro cinos OKII, HemocTaTouHOCTHIO
npopaboTku BorpocoB mpoektupoBaHuss CC mogoOHOTO TUNA M HEOOXOIMMOCTHIO

COBEPIIICHCTBOBAHMSI METOJOJIOTHH ONTUMHU3AINK OPOUTATHLHOTO TOCTPOSHUS TaKUX
CUCTEM.
Crenedb pa3pabotaHHOCTH BOpocoB ontumuiaimu CC 00630pa chepruyeckoro

ciosg OKII MOXHO OXapakTeprU30BaTh CYLIECTBYIOIIMM YPOBHEM IPOPAOOTKH BOIPOCOB
ONTUMH3AIMN OPOUTAIBHBIX CTPYKTYP Il 0030pa KOHIIEHTPUYECKUX Cep, KOTOPHIMU
MOKET OBITh ANMPOKCUMHUPOBAH CPEPUUECKHI CIION, TaK KaK BOIMPOCHI ONTUMU3AIUU
opouTtanbHbIXx cTpykTyp CC HenocpeacTBeHHO 1 0030pa OKII panee mpakTuuecku He
paccmaTtpuBanuchk. UccnenoBanust B obnactu ontumuzanuu CC HenpepbsIBHOTO 0030pa
chepbl ObuM HayaThl B 60-X romax MOpOILIOTO Beka, korga B paborax JI. Bapro,
®. T'obeTa U HEKOTOPBIX APYrHMX aBTOPOB OBUT MPEMJIOKEH M OOOCHOBAH CHOCOO
noctpoeruss CC Mo MPUHIMNY CIYTHUKOBBIX IETOYEK, UMEIOIIUN, KaK BBISCHUIOCH
MO3/IHEE, CYIIECTBEHHBIN HEJOCTATOK: CIIOCOO MPUMEHUM TOJIBKO B CiIy4ae, Koraa olriee
YHUCJIO CIIyTHUKOB B CHUCTEME KPaTHO YMUCIy CIYTHHUKOB B OTHEIBHBIX OPOUTAIBHBIX
IJIOCKOCTAX, M3 KOTOpbIX cocTouT CC, a 4Yuclio CIYTHUKOB B OJIHOM IUIOCKOCTH
JIOCTATOYHO JIJIs1 (POPMHPOBAHMS CIUIONIHOM IMOJIOCHI 0030pa. JlaHHBIM crmoco0 aaer
3aBBIIICHHBIE OIICHKH MOTPEOHOI0 YKCIIa CITYTHUKOB 110 CPABHEHUIO C MPEIJIOKEHHBIMU
JIx. Yonkepom u I'.B. MoxaeBbiM mo3aHee, Ha pyoexe 1960-x u 1970-x romos, u
n3ydeHHbIMH B 1970-x u 1980-X rojax ”Mu COBMECTHO C IPYyTUMHU UCCIIEI0BATEISIMU TaK
Ha3bIBAEMbIMU Oenbma-cucmemamu (B TepmuHosioruu [[x. Yonkepa, JaHHBIN TepMUH
Oy/zeM HCIOJIb30BaTh B JaJbHEHIIEM), MOJYYHBIIMMH B HHOCTPAHHON JHTEpaTrype
HAa3BaHUE CHUCTEMBI Y OJIKEpa.
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JlenbTa-CUCTEMbI CTPOSITCS. Ha KPYTrOBBIX OpOMTaxX OAMHAKOBOIO pajuyca u
HAKJIOHEHUS, UMEIOT OJMHAKOBOE KOJUYECTBO CITYTHUKOB B OPOUTATIBHBIX MIOCKOCTSIX,
XapaKTepU3ylOTCs PABHOMEPHBIM paCHpe/ieIcHUEM CIIyTHUKOB BJOJIb OpPOUTHI U
PaBHOMEPHBIM  paclpeliefieHUeM BOCXOJSIIMX Y3J0B OpPOUT BAOJL JKBATOpA.
VYHuBepcaabHBIM MOKA3aTeNeM KadecTBa JAEJIbTa-CUCTEM HENPEPBIBHOIO TII00ATBHOIO
MOKPBITUSL chepbl KPYroBbIMH 30HaMH 0030pa CHYTHUKOB TMPHUHSATO CUUTATh O-
xapakTepucTuky L-kpaTHoro o63opa (00o3Ha4aeTcs a) — MMHHMAIBHBIA YIJIOBOM
panuyc o 30H 0030pa, 00ecrneunBaronfi HEMPephIBHOE CILIONIHOE L-KpaTHOE MOKpBITHE
chepsl.

3amauya HernpepbiBHOro 0030pa OKII mosiBuiiack B MOCIEIHUE TOJbI B CBS3U C
Pa3BUTHEM KOCMHUYECKON TEXHUKM U €€ MPUMEHEHHEM B 00JacTh I00aIbHOU
HaBHUrallMi KOCMHUYECKUX MOTPEOUTENE, MOHUTOPUHIA 3arPA3HEHHOCTH KOCMUYECKOTO
NPOCTPAHCTBA, pEUIEHUS 3a7a4 MWHCHOEKIHMH CHOYTHUKOB M UX OpOUTaIbHOIO
obciyxuBanust U 1p. O630p chepuueckoro cios OKII B aGcTpakTHOM MOCTaHOBKE
MO>KHO MHTEPIPETHUPOBATH KaK 0030p OTIEIbHBIX KOHLIEHTPUYECKUX c(ep, KOTOPbIMU
anmnpokcumupyercs chepudeckuii cinoit. Hecmotps Ha nMeronieecs: CXoJICTBO B pEUICHUN
3agau o030pa eauHU4yHOU cdepbl U chepuueckoro cinosi OKII, mocnennsas 3anaya
IPEJCTaBISIETCS] CYLIECTBEHHO O0Jiee CIIOKHOM, TaKk Kak onTuMaibHble BapuaHTel CC
0030pa cheprueckoro ciosi, Kak MoKa3zaHo B HACTOsAIIEH paboTe, B 0011IeM cllydae JiexKat
HE B TPAAUIMOHHOM Kjacce ofHospycHbIX CC (xapakTepH3yrOUIUMXCsl OAMHAKOBON
BBICOTOM M HAaKJIOHEHHWEM OpOUT ISl BCEX CIYTHHUKOB), a B KJIacCe€ MPEMJIOKEHHBIX B
pabore aByxbaApycHbIx CC, cocrosmux M3 ABYX TPaJAULMOHHBIX OAHOsSpycHbIX CC
(4aCTHBIM CJIy4yaeM JBYXbSIPYCHOW CHUCTEMBbl SBIISETCS TPAJAWLMOHHOE OJIHOSPYCHOE
noctpoenue). [Ipu aTom npeanonaraeTcsi, 4To OpOUTANIbHAS CTPYKTYpa KaXKA0ro U3 IBYX
SPYCOB B OTAEIBHOCTU (POPMHUPYETCS HA OCHOBE MPUMEHEHUS] TEOPHH JENbTa-CUCTEM,
MOKA3aBIINX BBICOKYIO 3((EKTUBHOCTh B 3ajlaue HENpepbIBHOrO 0030pa cdeprl. B
pe3ynbTare onTuMu3anus AByxbsipycHoit CC HenmpepbIBHOTO 0030pa chepruuecKoro cios
COCTOWT B ONTHMHU3AIMHA OPOUTAIBLHOM CTPYKTYphl CITyTHHKOB, HAXOISIIUXCS Ha
opOuTax ¢ pa3HbIMHU 3HAYEHUSIMU BBICOTHI U HakJIOHEHUs. CylIECTBYIOUIME MOIXO0/bI K
ontumuzauun CC o0030pa cdepuueckoro cjaos CBsI3aHbl C  HCCIEAOBAHUSMU
O.E. Camycenko Ha pyOexe 1980-x 1 1990-x rog0B 110 MPUMEHEHHIO IS THX LeJeh
TPaJULUOHHBIX OJTHOSIPYCHBIX OpOUTAIIbHBIX CTPYKTYp. ABTOPY HE M3BECTHBI PaOOThHI
JIpyruX aBTOPOB B paccMaTpuBaeMoil B auccepranuu oOnactu ontumuzauuun CC
HenpepeiBHOTO  0030pa  cepuueckoro cnmosi OKII  Ha  pa3HOBBICOTHBIX W
PA3HOHAKJIOHHBIX 10 OTHOIIEHUIO K SKBAaTOPY OpOUTAX.

Llenp HAacTOAUIMX UCCIENOBAHUN — pa3pabOTKa METOJIUYECKOTO M MPOrpaMMHO-

AITOPUTMHUYECKOTO aIapaTa Uil PEIIeHUs 3aJadd ONTHMHU3AIUH JABYXBSIPYCHOTO
opoutanpHOoro nmocrpoenust CC HenpepsiBHOTO 0030pa cepuueckoro ciost OKIIL.
JIJIss TOCTMXKEHUST TIOCTaBJICHHOW II€JIM B pa0dOTe MPOBOMATCS HCCICAOBAHUS IO
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CJIEYIOIIMM HAIPaBICHUSAM (pEIIatoTCs CASAYIOUINE YaCTHbIC 3aa4H):

1. Pa3paboTka METOAMYECKOTO MOJAXO0Ja K PEUICHUIO 3aJa4d ONTUMHU3aLUU
OpOUTaIBLHOTO MOCTPOEHUS ABYXBAPYCHBIX CC HenmpepbhIBHOIO 0030pa chepruuecKkoro
cinost OKII.

2. Pa3zpaboTka TeOpeTHIECKUX TTOJIOKESHHH, OTIPEACIISIFOITNX CTIOCO0 ONTUMH3AITAN
JBYXBSIPYCHBIX OpOUTAIBHBIX TOCTPOSHUH C UCIIOJIB30BAHUEM 0L-XapaKTEPUCTHK JIETbTa-
CHCTEM.

3. Pa3paboTka alropuTMOB M IpOrpamMM JUIsl pacyeTa TpeOyeMbIX XapaKTePUCTHK
U ONTUMHM3alUU OpOUTANIBHOIO MNOCTpoeHUs JBYyXbsApycHbix CC (mporpammHoe
obecrieueHne JOJDKHO OBITh pa3paboTaHO Ha S3bIKE MporpaMMupoBanust C++).

4. @opMUpOBaHME  DJIEKTPOHHOIO  KaTajJora  ONTHMAJbHBIX  BapHUaHTOB
opOUTaTBLHOTO MOCTPOCHUS ABYXBAPYCHBIX CC HempephIBHOTO 0030pa chepruecKkoro
cnost OKII, ux cpaBHEHUE ¢ ONHOSIPYCHBIMHA BapUaHTAMH.

HccnenoBannss B yKa3aHHBIX HAIIPAaBJICHUSAX MO3BOJIMIN, C OJHOW CTOPOHBI,
copMynupoBaTh U 0OOCHOBATH HOBbIE HAYYHBIEC MOJIOKEHUS B 00JACTH ONTUMM3AIHH
opOuTanbHOro nocTpoeHus AByxbspycHblx CC, a ¢ Apyroil cropoHsl — pa3paboTarh
OCHOBHBIE TOJIOXKEHHMSI METOIMKH, QJITOPUTMbl pEIICHHs YacTHBIX 3a7ad U
BBIUMCIUTENbHBIE  MpPOrpaMMbl,  JAalOlIM€  HEOOXOIWMMBbIE 1S IPAKTHKU
MHCTPYMEHTAJIHBIE  CpPEJCTBAa ONTHUMH3aUMU opOuTtanbHOro mnoctpoeHus CC
HemnpepbsIiBHOTO 0030pa chepuueckoro ciost OKII.

HayuHnasi HOBH3HA pabOThI 3aKITI0YAECTCS B CICIYIOIIEM:

1. [Ipensioxken HOBBIM cnocoO ¢GopmupoBanus opOurtambHOoro nocrpoenus: CC

HenpepbsIBHOro 0030pa  chepuueckoro cnost OKII Ha oOcCHOBe HCIOJIB30BAaHUSA
JNBYXbBSAPYCHBIX OpPOUTANIBHBIX CTPYKTYp TPU OCHAIICHUHM CIyTHUKOB BEpPXHETO U
HUKHETO SPYCOB Pa3HOHAIPaBICHHOW OOPTOBOM anmapatypoi HaO o CHUSI.

2. BriepBble mOKa3aHO, YTO 3ajJaya MPOEKTUPOBAHUSI OPOUTAIBLHOTO MOCTPOEHUS
nByxbapycHo CC MoeT ObITh pelieHa Ha OCHOBE PALMOHAIBHOTO OINpENENEHUsl U
M3YYEeHUS TaK Ha3bIBAEMbIX 30H OTBETCTBEHHOCTHU KaXX/10T0 U3 JIBYX SIPYCOB CUCTEMBI ITPU
o0cTy>kuBaHUU (MOHUTOPUHTE) 3aaHHOTO chepuueckoro ciost OKIIL.

3. Pa3pabotanbl  TeopeTHUECKHE  MOJIOKEHMs,  ONpEAeNdolue  Ccrnocod
ONTUMU3ALIUN MPEAJIOKEHHOTO B paboTe HOBOTO Kiacca JIBYXbSPYCHBIX OpOMTaIbHBIX
noctpoenuit CC HenpepbsiBHOTO 0030pa chepudeckoro ciost OKII.

TeopeTtnueckas 3HAYUMOCTb PAOOThI COCTOUT B CIEAYIOLIEM:

1. Ha ocHOBe IE€KOMITO3MIIMM 33/a4d ONTHUMH3aLUUA OpOUTAIBHOTO MOCTPOCHUS

nByxbapycHeix CC HenpepsiBHOro 0630pa OKII mo kputepruio MUHUMyMa 3aTpat
XapaKTEePUCTHUECKOW CKOpocTH Ha pa3BéprThiBaHue Takux CC  pa3zpaboTaHbl
TEOPETUYECKHE TMOJOXKEHUSI MO ONTUMHU3ALMU 30H OTBETCTBEHHOCTH (BBIOOpPY 30H
oOCITy’)KMBaHMs) KaXXIOTO U3 JBYX SPYCOB CHUCTEMBl B Tpeaenax HaOII0AaeMOro
chepuueckoro cios OKII.
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2. ChopmMyarpoBaHbl TEOPETUYECKUE MTOJIOKEHHUS, TO3BOJISIONINE PACCMATPUBATh
nojJiexanuii 0030py chepruieckuil cjaoi Kak COBOKYIHOCTh COMPUKACAIOIIMXCS CIIOEB,
00CITy’>KMBa€MbIX KaX/IbIM U3 IBYX spycoB. OTAEIBHO ISl BEPXHETO U HUIKHETO SIPYCOB
MOJIYYEHO aHAJIMTUYECKOE PEIICHHE 33a]]aull ONpeIeICHUSI ONTUMATBHOU BBICOTHI OPOUT
U MUHUMAaJIBHO HEOOXOJMMOIO YIJOBOrO paguyca 30H 0030pa CIIyTHHUKOB sdpyca s
(uKCUPOBaHHON BBICOTHI pa3JENCHUsA HAOMI0aeMOro CHEpUYECKOTo CJIOS Ha 30HBI
OTBETCTBEHHOCTH KaXJIOTo spyca. Pa3paboTaH UMCIEHHBIN alrOpuTM OMNPEICIICHUS
ONTUMAJIbHON BBICOTHI pa3AelieHUs HAOMIOAAEMOro CGHEpPUYECKOTO CIosi Ha 30HBI
OTBETCTBEHHOCTH KaXKJIOT'0 U3 JABYX SIPYCOB MO KPUTEPUIO MUHUMYMa OTPEOHBIX 3aTpaT
CyMMapHOM XapaKTepUCTUYECKON CKOPOCTH Ha (popmupoBanue NByxbsipycHoi CC.

3.C uenbio TMpoBeNEHUs TIJI00AIBHON oNTHUMM3AlMK ABYXbspycHbix CC
TEOPETUYECKH OOOCHOBAH OBICTPOJEHUCTBYIOMIMIA CIIOCOO pacyeTa O-XapaKTEPUCTHK
HEIPEPBIBHOTO 0030pa cepbl U BbIOOpAa ONTUMAIBHOTO BapuaHTa ABYyXbsipycHou CC
0030pa Tpedyemoro cepudeckoro ciosi OKII Ha ocHOBe co3aaHus JIIEKTPOHHOUM 0a3bl
(9TIEKTPOHHOTO KaTajora) pamuoHaldbHBIX BapuaHToB CC B IIMPOKOM JHAara3oHe
U3MEHEHHUsl NapaMeTpoB OpOUT M XapaKTEPUCTUK 0030pa M UX LieJeHANpaBIECHHOTO
CKaHUPOBAHUS C UCMOIb30BAHUEM 33/1aHHBIX UCXOAHBIX JIAHHBIX.

[IpakTHyeckas 3HAYMMOCTb PabOThl COCTOUT B CO3JJaHUU METOJUYECKOTO H

POrPaMMHO-AJITOPUTMUYECKOTO aIIapaTa, MO3BOJSIOIIETO0 3HAYUTEIBHO ITOBBICUThH
3¢ (eKTUBHOCTh peleHus 3anadud  BeliOOpa opOurtampHoro mnoctpoeHuss CC
HenpepelBHOTO  0030pa  cdepuueckoro ciosi OKII Ha HavanbHOW  cTaguu
OAITMCTUYECKOT0 MPOEKTUPOBAHUS LIETEBBIX KOCMHUYECKUX CUCTEM.

MeTonpl MccaeioBaHUS — METOJbl CHCTEMHOTO aHalln3a, YHCIEHHBIE METO]IbI

OIITUMH3AlU, TCOPUA CUMMCTPUYIHBIX CUCTCM.
HOJ’IO)KGHI/UI, BBIHOCHUMBIC HA 3aI0UTY.

1. [TocTaHoBKa 3a/a4M ONTUMHU3AIUU OPOUTAIBHOTO TTOCTPOCHHUS JIBYXbSIPYCHBIX
CC nenpepsiBHoro 063opa OKII u ee nexkoMmo3uIusi.

2. MeTomu4ecKknii TMOAXOJ ¥ OCHOBHBIC TIOJOXKEHHUS METOIWKH OINTHMH3AIUU
opOuTaNBHOrO MmocTpoeHus: AByXbspycHbIX CC HempepblBHOTO 0030pa chepruecKoro
ciosa OKII.

3. AHAUIUTUYECKUE COOTHOIICHUSI MJIsi ONpPENeJCHUS ONTHUMAIbHOW BBICOTHI
dbopMHUpOBaHUSI HIDKHETO M BEPXHETo spycoB IBYyXbsipycHoit CC HempephIBHOTO
MHOTOKpaTHOro 0030pa chepuyeckoro ciost OKII.

4, KoMITJIeKC KOMIBIOTEPHBIX TMPOTrpaMM W aBTOMATH3MPOBAaHHAS CHCTEMa IS
ONTHUMM3AIMA  OpOUTATBLHOTO TIMOCTPOCHUS ABYXbApYyCHBIX CC  HempepbhIBHOTO
MHOTOKpaTHOro 00630pa chepuueckoro cios OKII.

5. IIpemnoxkenwst o MPUMEHEHHIO JIByXbSIPYCHOTO OPOUTAIILHOTO TOCTPOCHHUS IS
CC wnenpepwsiBHOTO 0030pa chepuueckoro cios OKII, pesynbraThl cpaBHEHUS
JIBYXBSIPYCHOTO M OAHOAPYCHOTO  BapHaHTOB  OPOUTAJIBHOTO  IMOCTPOCHUS,
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NPEANOYTUTENbHbIE BAapUaHThl JBYXbSIPYCHOrO opOuTaibHoro mocrtpoenuss CC
HenpepbIBHOTO 0630pa chepuueckoro cios OKIL

CreneHb JOCTOBEPHOCTH MOJIYUYCHHBIX PE3YJIbTATOB.

JIOCTOBEPHOCTH MOJIYYECHHBIX PE3yJIbTATOB MOJITBEPKAACTCS UX COMOCTABICHUEM

C M3BECTHBIMHM YACTHBIMU PEIICHUSMH, MOTy4yeHHbIMU Apyrumu aBtopamu (T. JIoHT,
[".B. Moxaes, JI>x. Yoikep) B 00JaCTH HEMIPEPHIBHOTO II00ATBHOTO MOKPHITHS CHEpPHI.
Anpobalys pe3ynbTaToB U MyOJIUKAIHH.

PesynbraThl muccepTarimoOHHONW pabOThl JOKIAABIBAIUCH U TIOJYYHIIA OJI00pECHHE
Ha 4-Xx MEXIyHapOJHBIX Hay4dHbIX KoHGepeHIUsX. (OCHOBHBICE PE3yJIbTaThI
JIMCCEePTAIIMOHHON pabOThl ONyOJMKOBAHbBI B 6 MeYaTHBIX paboTax, B TOM YHUCJE B ABYX
KypHaiiax u3 nepeuds BAK v B 01HOM HCTOYHHKE, MHACKCUPYEMOM B 0a3e JaHHBIX
Scopus, a Takke MCTIOIB30BaHBI MPU MOATOTOBKE IMATH 3asiBOK HA TIOJyYCHHE TTATEHTOB
P® Ha u300peTeHus, MPOXOIAUIUX IKCIEPTUIY YCTAHOBICHHBIM MOPSIAKOM.

CTpykTypa ¥ 00BEM JUCCEPTAIIHH.

JluccepTanusi COCTOUT U3 BBEICHUS, TPEX IJIaB, 3aKIIOUCHUS U CIIUCKA JINTEPATYPHI
n3 105 HammenoBanmii. OHa comepxkutT 142 cTpaHuUBl TEKCTa, BKIOUYaromero 46
PUCYHKOB U 5 Ta0IuII.

OCHOBHOE COIEP KXAHUE PABOTHBI

Bo BBeeHun 000CHOBaHa aKTyaJbHOCTbh TEMBI JUCCEPTALMH, C(HOPMYITUPOBAHBI
1[EJb U 33]1a4d UCCIIEI0OBAHUsI, OTMEUEHA HayYHas HOBU3HA U MPAKTUYECKasi 3HAUUMOCTh
MOJIYYEHHBIX PE3YJIbTAaTOB, MPUBEACHBI OCHOBHBIC TOJIOKEHUS JTUCCEPTAMOHHON
paboThl, BHIHOCMMBIC Ha 3alllUTy, a TaKXKe CBEJACHUS 00 ampoOaruu MOJyYEHHBIX
pE3YIBTATOB.

B nepBoii ri1aBe 1aHa NOCTAaHOBKA PEIIAE€MOM ONITUMHU3AIMOHHON 3a7]a41 — 3aJ]a41
ONTUMM3AIMN OPOUTAILHOTO MOCTpOeHUs ABYXBspycHbIX CC HempepblBHOTO 0030pa
chepuueckoro cios OKII.

[Mognexamuit 0630py chepudeckuit crmoit OKII mpencraBieH kak MHOXKECTBO
cghep 0630pa ¢ OOIIMM LIEHTPOM, COBMAJAIOIIMM C IIEHTPOM 3€MJIM, U BBICOTAMU HaJl
MOBEPXHOCTHIO 3eMiu B auanaszone [Hi,Hz], tne Hi u Hy — BBICOTHI HUKHEH U BepXHEH
rpaHuIl cPepruyecKoro cjaost COOTBETCTBEHHO.

[IpenyioxkeH u 00OCHOBAH HOBBIM Croco0 (HOpMUPOBAHHS ABYXBIPYCHOTO
OpOUTANIBHOTO TIOCTPOCHHUSI Ha OCHOBE OCHAIICHUSI CIIyTHUKOB BEPXHETO W HUKHETO
SAPYCOB pa3HOHAMPABICHHON OOPTOBOH ammapaTypoil (ammaparypa CIIyTHUKOB HUKHETO
spyca HalpaBJICHa BBEpX IO BEPTUKAIM, a ammaparypa BEpXHEro sipyca — BHU3, B
HaIpaBJICHUU HAJIUpa) C OJUHAKOBBIM YIJIOM IIOJIypacTBOpa OOpPTOBOM ammapaTypsbl
(konyca 0030pa) f 1 0IMHAKOBOW JadbHOCTHIO 0030pa D. IIpeamnonaraercs, 4To Kaxxabli
U3 JBYX SIPYyCOB OpOUTAIBHOTO TOCTPOCHUS HMMEET CTPYKTYpPY MAENbTa-CHUCTEMBI,
ONPEAEIAEMYI0, B COOTBETCTBUU C TEOPUEH CUMMETPUUYHBIX CUCTEM, TPOUKOW LIEJBIX
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yucen T, P, F, rne T — KonuM4yecTBO COyTHUKOB B CUCTEME (Jajiee B pabOTE YHMCIO
CIyTHUKOB oOo3Hayaercs cumBosiioM N), P — komudecTBo IutockocTei opout, F —
KodpGUIMeHT pacasupoBKH JIBIKEHUS CIYTHUKOB B COCETHUX IUIOCKOCTSX
(F=0,1, ... P-1).

Hauanvnoe  azosoe cocmosnue Kaxaoro CHOYTHHKA  JCJIBTa-CHUCTEMBI
XapakTepusyercss BekropoM ¢ ={,u}, rae (2 — npsMoe BOCXOXKICHHE BOCXOJSIICTO

y37ga OpOUTHl CIyTHUKA, « — AapryMeHT IIHPOThl CIyTHUKAa B HEKOTOPBIH
(UKCUPOBAHHBIF MOMEHT BPEMEHH, U OIIPEACIIAETCS CAEAYIOIMMUM 00pa3oMm:

Q:Ql+2_;“-(x—1),
1)
u:u1+%|_—n-[F-(X—1)+P-(v—1)],

rae (2 ¥ U;— IpIMOE BOCXOXKIEHHE BOCXOMIAILETO y3jia U apryMEHT HIUPOTHI EPBOTO

CIyTHHKa, A — HOMep opOuTanbHo# miockoctu (A=1,2, ... P ), v — HOMep clyTHHKa B
wiockoctu opoutsl (v=1,2, ... T/P).

[Tpu 5TOM MOHMMAaeTCs, YTo Jr00as AenbTa-cucTeMa Xapakrepusyercs yuciaoMm N
CITyTHHKOB, BBICOTOM H W HakioHeHueMm | opOWT, a Takxke (a3oBoil cTpykTypor @,
BKJIIOYalomlei HauanpHble (a3oBsle cocTosgHus ¢ Beex cnytHukos (j=1,2, ..., N):

QD:@(N) :{¢(1)’¢(2)’-”1¢(N)}_ (2)
OpOuTaabHOE HOCTPOCHUE HUKHETO Si, U BEDXHETO Sy, APYCOB XapaKTepU3yeTcs

CICAYIOIMHUMH IapaMETPaAMMU.

Siow ={@iow (Niow): Hiow: low » 3)

Sup ={Pyp (Nyp), Hyps o
rae Ny, u Ny, - xomudectBo cnyTHHKOB, Dy, (N,,) 1 @,(N,) - dasosas
cTpykrypa, H,, u H, - BbICOTa OPOUT CIyTHHKOB, i, H I, — HAKJOHEHHE OPOUT

CIlyTHHKOB COOTBETCTBEHHO ISl HUPKHETO M BEPXHETO SPYCOB.
KauectBo nByxbsipycHo CC Ha pa3HOBBICOTHBIX M Pa3HOHAKIOHHBIX OpOUTaX
XapakTepu3yeTcsi CYMMapHOW  xapakTepucThuecko ckopocteio  (CXC) 2V,

HEO0OXOAMMOM ISl BBIBEICHUSI CIIYTHUKOB C IMOBEPXHOCTU 3eMiIM U (DOPMUPOBAHMS HX
op6ut. Benmmunna CXC 2V onpenensiet, no cytu, «3HepreTuky» CC 1 pacCUUThIBAETCS
o gopmyiie

R +2.H ) R+2-H )
V=N, . M FReTe Thow |_ .COS N . M| e e T | .R..cos .
low JRE( Re+How Jw Re 00 kow | *Nsp RE( R +H,, Ja) = "COSkp |2 (4)

II€ @ — yIJIoBas CKOPOCTh BpamieHus 3emin («w=7,2921159-10° ¢1), Re — cpennmii

pamuyc 3emimn (Re=6371 kM), 41— rpaBuTalMOHHBIN Tapametp 3emn (=398 600 xkm3/c?).
Pemnraemas 3ajaua onruMu3ai OpOUTAIILHOIO HNOCTPOEHUsI ABYVXbipycHOU CC
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HENpephIBHOTO 0630pa chepuueckoro cnost  OKII  dopmynupyercss Claeayoumm

obpazom. [ns 3amanHoro cdepuueckoro cios (Hi,Hz) mpu 3amaHHbIX mapameTrpax
ooproBoit anmapatypsl (#, D) u kpaTtHOocTH 0030pa L TpeOyercss HAMTH ONTHMAJIBHOE

opt o o
opbutansHOe TocTpoeHre S, IBYXBAPYCHOM CIHyTHHKOBOH CHCTEMBI S,,={S|OW;Sup},
o0ecrnieunBaroIiee HempephIBHBIN L-KpaTHBIM 0030p €10 ¢ MUHUMAJIBHBIM 3HAYCHHEM
CyMMapHOH XapakTtepuctuyeckoi ckopoctu 2V . [Ipu 3TOM opOUTaNbHOE MOCTPOEHUE B

KaXXJIOM APYCC OTBICKHMBACTCA B KJIACCC KA ACIbTa-CUCTCM.
MaremaTru4deckas IIoCTaHOBKA 3aJa4uu NMCCT CJ'IG,ZIYI-OHII/Iﬁ BHA.

aHoO.
H11 H21ﬁ1 D1 L1 KA'
Haitru:
S;™ =arg min[ZV(S,I)| Hl,Hz,L,ﬁ,D,KA] 5)
{s.}

Teopernyeckre TOJMOKEHHSI pa3paOOTaHHONW aBTOPOM METOIWKH ONTHMH3AIAN
CC mwemnpepsiBHOTO 0030pa 3amaHHoro cdepudeckoro cmosi OKII  nmo3Bommiu
JIEKOMITO3UPOBATh JAHHYIO ONTHMHU3AIMOHHYIO 33/7a9y M CBECTH €€ K TPaJUIIMOHHON
3a/laue€ ONTUMU3AIMK TOKPHITUS cdepbl 30HAMU 0030pa CHyTHUKOB. (OCHOBHOE
coJiep KaHue YKa3aHHBIX TEOPETUUECKHUX MOJOKEHUN COCTOUT B CIECAYIOIIEM.

B 3amanHom HabmomaeMoM chepudeckom cioe (Hi,Hz) xaxmomy u3 1ByX spycoB
COIOCTABJISICTCS CBOSI 30HA OTBETCTBEHHOCTH (0030pa) B BHJAE OJHOW M3 JIBYX
no1007acTei yKa3aHHOTO C(PepUIEecKOro CIosl, MOTydaeMbIX JEJICHUEM TOCIeIHEro Ha
nBe 4yacTu cepoi Ha uxcupoBaHHOU BeicoTe H+ — cepuueckoro cinos (Hi,Hy) ms
BEpXHEro spyca (majnee — HIKHSS 4acTh 3amaHHoro cdepudeckoro ciost OKII) u
chepuueckoro cinos (H:,H2) mns HkHero sipyca (nanee — BEpXHsSISI 4acTh 3aJaHHOTO
chepuueckoro cios OKII). Takoe pasneneHue SBISETCS PAMOHAIBHBIM C y4E€TOM
pa3HOHAIPaBICHHOCTU OOPTOBOM arnmapaTypbl CIYTHUKOB HIDKHETO U BEPXHETO SIPYCOB:
anmaparypa CIIyTHUKOB HUYKHETO sipyca HallpaBjieHa BBEPX IO BEPTUKAJIH, a anraparypa
BEPXHEro spyca — BHM3, B HampaBieHUM Hagupa. Beicotra Hi+ cdepbl paznenenus
MPUHUMAETCS B KQ4eCTBE JIOTOJHUTEILHOTO TTapaMeTpa ONTUMHU3AIIHAH.

B pesynbrate 3amaua obecrieueHusi 0030pa cPeprUUECKOro Cliosi ABYXbSIPYCHOU
CHCTEMOU pa3lensieTcs (IEKOMIIO3UPYETCs) Ha IBE 3a/1a4H

— obecrnieueHne 0030pa HIDKHEW 4YacTH C(HEpPUYECKOTO CJ0S CIIyTHUKAMHU
BEPXHETO spyca (3amaya 1);

— ofecreueHre o0030pa BepxHEW dYacTu C(HEpUUECKOTO CJOosl CITYTHHUKAMHU
HIDKHETO sipyca (3a1a4a 2).

Kaxxnmas w3 3Tux 3amad B OTAEIBHOCTH TPEACTaBIsIET coOOM 3amady 0030pa
cepuueckoro cmost (cmost (Hi,Hi) wmmm cmos (H+H2)) omHosipycHO# cuctemoii
CIIyTHUKOB (CUCTEMOM BEPXHETO WJIM HIKHETO spycoB). Jlis pemenus 3amaum o63o0pa
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chepuIEeCcKOTO CII0SI OTHOSIPYCHOM CUCTEMOM, B CBOIO OYePEh, HEOOXOAMMO PEIIUTh ABE
M0J13a/1a4H .

— HaXO0XJIeHHE B C(HEpPUUECKOM CIIO€ Kpumuueckou cghepvl ¢ HAUXYIITUMH
yCIIOBHSIMU 0030pa, TO eCTh c(epbl, HA KOTOPOW CITyTHHUKOBBIE 30HBI 0030pa MMEIOT
HaUMEHbIIE pa3Mephl (Imoa3amaqa 1);

— HaxO0XXJICHHE OpOUTAIBHOW CTPYKTYPHl ¢ MHHHUMAJIBHBIM YHCJIOM CITyTHHKOB,
oOecrieunBaroIIeii HempepbIBHBIM  L-kpatHblii  0030p  KpuTHueckodl  cdepsl
(moa3anauva 2).

B pesynbrare pemenus noazagaun 1 B kakaoi u3 3amadax 1 u 2 HE0OX0IUMO

ONPENENUTh Kpumuueckue suavenus 0, (H,,) u a,(H,) yriosoro pamuyca 3om

low
0030pa CIyTHUKOB HW)KHETO M BEPXHErO spyca — 3HAYCHHS YTJIOBOTO pajnyca 30H
o030pa Ha kputuueckord cdepe BepxHedt (H:Hz) wm wwxmaer (HijH:) wyactm
Ha0II01TaeMOT0 C(PepUIECKOTO €05, COOTBETCTBYIOIINX PEIICHUIO 3a1a4 1 u 2.
Pemenne nmomzanaun 1 u moxydeHHBIE B pe3yJbTaTe €€ PEIICHHs] KPUTHUYECKHE

sHaueHust o, (H,,,) u o, ,(H,) sBIsSOTCS UCXOMHBIMH JaHHBIMH JUIA PEIICHUS

low
noJ3a1a4n 2, KOTopasi, B MPsIMOW TIOCTaHOBKE, JTOJDKHA Obliia ObI COCTOATH B mepedope
BO3MOXXHBIX BBICOT Hiow QopMHUpOBaHUS OpOMT HMXKHEro sipyca U BbICOT Hyp
(dopMupoBaHUs OpPOUT CIIyTHUKOB BEPXHETO sipyca:

— JUId KaXIOro sipyca MPOBOJUTCA IOMCK BCEX BapHAHTOB OPOUTAIBHBIX
HIOCTPOCHUI B Kiacce aeibra-cucteM K, (U1 3TOr0 HCHOJNB3YeTCs CIEIHaIbHO
pa3paboTaHHBIN ANEKTPOHHBIN KAaTaJor JAebTa-CUCTEM), XapaKTePU3YIOIINXCS TEM, YTO
COOTBETCTBYIOIME UM 0-XapPaKTEpUCTUKU L-kpaTtHoro o63opa (o) He mpeBBIIAIOT

KPUTHYECKOI0 3HaueHus a,,,(H,,,) g opOuTanbHON CTPYKTYpBl HUXKHETO Spyca WU

low

a,,(H,,) nns opburanbHOM CTPyKTYphl BEDXHETO APyca (TAKKE BAPUAHTHI OPOUTAIBLHBIX

CTPYKTYpP Ha3bIBAIOTCS MOAXOASIINMU);

— JUIS KaXKIOTo spyca Cpelud BCeX MOAXOISIIMX BapHAHTOB OIpPEAENIIeTCs
HAaWJIy4ylIMil BapuaHT (Kak NpaBWiIO 3TO Trpynna Hauinydmux BapuaHtoB CC ¢
OJIMHAKOBBIMH XapaKTEPUCTHKaMU 0030pa W Pa3IMYHBIMU BBICOTaMHU (HOPMHPOBAHHS)
Sow(Hiow) ~ (u11  mmxmero  spyca) u  §,(Hy,) (s Bepxmero  spyca),

XapaKTEepU3YIOIMIHNICS MUHUMAJIBHO MOTPEOHBIM YHMCIIOM CHYTHUKOB JJIsi 0O€CIeUeHHUsI
0030pa COOTBETCTBYIOIIEH KPUTHYECKON cdepbl B HIDKHEW WJIM BEpXHEH 4YacTAX
3aJJaHHOTO C(HEePUUECKOTO CJI0sI (TaKKe ONTUMANIbHBIE BAPUAHTHI OPOUTATIBHBIX CTPYKTYP
Uit 0030pa  KpUTHMYECKUX cdep BEepXHEWM W HIDKHEW dYacTedl Ha0II01aeMoro
c(hepuUeCcKOro CIosl ABJISIIOTCS ONTUMAIIBHBIMU U JJ11 0030pa Jt000i apyroit chepsl u3
COOTBETCTBYIOIIEH 4acTH C(HepruuecKoro ciosl):

Son(Hi) = G MIN| N(5(Hi00))| @ (5(H1)) £ G (Hi) | (6)

S(HIOW)EKA
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s,,(H,,) =arg min[N(s(Hup)) | aL(s(Hup)) < %p(Hup)} : )

S(Hup)eKA
Hanee cpeau Bcex noiaydeHHbIX BapuaHTOB CC 1Sl HUKHETO U BEPXHETO SIPYCOB,

B IIpcaciiaxX Aualia3oHa U3MCHCHUA BBICOTBI COOTBCTCTBYIOHICTO sApyCa, OIPCACIIAIOTCA

opt

ONTUMaJIbHbIE BBICOTHI H |,

opt
151 Hus OpOHT CITyTHUKOB B HIDKHEM U BEpXHEM sipycax:

Ho :ar%min[N(s,ow(Hlow))], (8)

H :argHTin[N(sup(Hup))} )

N COOTBCTCTBYIOIIUC UM ONITHMAJILHBIC Op6I/ITaJIBHBIe INOCTPOCHMSA HA DTHUX BBICOTAX.

opt opt
SIow = SIow(H ) '

low

opt opt
Sup _sup(Hup )

(10)

CootBetcTBytoniee BoipaxkeHusM (10) AByXbsipycHOe 0pOUTaIbHOE TOCTPOCHHE

_ opt . oopt
Su(H.) ={si(H.,) s si'(H,)}- (11)
ABJACTCA ONTHUMAJIbBHBIM BapHAHTOM ABYXBAPYCHOTIO 0p6I/ITaJ'IBHOFO IMOCTPOCHUA IJIsA
HEIPEPHIBHOTO 0030pa 3a/IaHHOT0 CHEPUUECKOTO CJI0sI MPU anpuopu (HUKCUPOBAHHOU

BbIcOTE H, pazneneHus cios Ha 30HBI OOCITYKMBaHMS.

CBO60,Z[HBII>'I mapameTp H 4+ HCIIOJB3YCTCs MOJIsI HAXO0XACHHS OITHUMaJIbHOI'O

BapuaHTa S, JBYXBAPYCHOTO opbmTansHOro moctpoenns CC (11) mo kpuTepHio

MuHMMyMa CXC Ha MHOKECTBE JOMYCTUMBIX 3HAYEHNI TAaHHOTO IapameTpa:

HP =argHmin2V(S,,(H+)), (12)

+

S =S, (H™). (13)

PazpabotanHblii B JaHHOW TJlaBe€ METOJMYCCKHN IOJXOJ ITO3BOJISIET HAXOIUTh
ONTUMAJBHBI BapHaHT OpPOWTAIBHOTO TMOcTpoeHus AByXbsipycHoir CC 0030pa
chepuueckoro cinosg OKII no kpurepuro munumyma CXC, cBoas pemiaeMyro 3aaadyy K
TpaJAMLIMOHHOM 3a/laye onTUMHU3auuu opoutansHoil cTpyktypsl CC 0630pa cdepsl. [lpu
ATOM, KAaK IMOKAa3aHO B CIEIYIONICH TJIaBe, YKAa3aHHBIE BBIIIE JTOBOJBHO TPYAOEMKHUE
MPOLIETyPhl MPAMOTO Tepedopa pa3INuyHBIX BHICOT (POPMHUPOBAHUS OPOUT CIYTHUKOB B
HUPKHEM U BEPXHEM sipycax yAaeTcs m30exaTh 3a CUET MOJYyUYeHHUs IS pacueTa TaKux
ONTUMAJIbHBIX BBICOT CIIEIIUATbHBIX AHATUTUYECKUX COOTHOIICHUH.

Bo BTOpO#i rjaBe MPOBOAWTCS aNTOPUTMUYECKUN aHAINU3 pa3pabOTaHHBIX B
IEPBOM TIJIAB€ OCHOBHBIX IIOJIOKEHUW METOIMKH. B  YacTHOCTH, TOJyYEHBI
AHAIUTUYECKUE COOTHOIIEHUS JUISl ONPEAEICHUS] KPUTHUYECKUX 3HAYCHUHN YTIJIOBOTO

paanuyca 30H 0630]38. N HAXOXJICHUA OIITUMAJIBHOI'O 3HAYCHU S BBICOTEI OD6I/IT HIKHETO 1
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BEPXHEIr0 SIPyCOB Mpu (PUKCUPOBAHHOM 3HAYEHHH BBICOTHI pas3iesieHus cepuiyeckoro
ciog H, .

[lokazaHno, uto kputHueckoe 3Hauenue o, (H, ) yrioBoro paguyca 30u 0630pa

CITyTHHKOB HMKHETO SAPYCa BBIUUCIIAIOTCA 110 (POPMYIIaM:

2 2 2
(Re + HZ) +(Re + |_Ilow) -D

2(Re+H,)(Re+Hyq, )
max max
alow(HIow) =1 %ow npun H|0W = H|0W ) (14)
Iow) -sin 5
H

H
f, 2 =arccos

HpHHlOWE(Hz—D, Hmax),

low

max
TH. HpHHlOWe(Hlow ,H+).

R.+H
™ — p_arcsin (Re
2 ﬂ ( Re

max
OnTuManbHasi BICOTa OpOUT Hip,, =argmax [alow(Hlow):I CITyTHUKOB HUKHETO

low

Apyca ONpeAeIsIeTCs MyTEM PELIEHUS CHCTEMbl YPAaBHEHUI:

2
max (R9+H2)2+(R9+le(?\7/x) _D2
Qo = rccos X
2(R9+H2)(R9+Hlow )
( max) (15)
. [(Re+H, -sin 8
max _ o ow
Qow =P arcsm[ R+H. J

Kpuruueckoe 3nauenne oy,(Hy,) yrmosoro paamyca 30m 0030pa CITyTHHKOB

BEPXHETO sIpyca BBIYHUCIISIECTCS 10 (hopMyiam:

H, _ (Re+Hup)-sinﬂ max
f2 ZarCS|n[ Re+H+ —ﬂ IIpu Hupe(H+9Hup )>
o (Hup) =1aip mpu Hyy, =Hyp (16)

(Re+H, )" +(Re+Hyp ) ~D?

H
f. ! =arccos
1 2(Re+Hl)(Re+Hup)

mpu Hyp €(Hyp ™ Hy + D).
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max
OnTumanbHas Bbicota opout Hup = argHmax [aup (Hup):l CITyTHUKOB BEPXHETO
up

spyca OINpeAeNseTcs MyTeM PEIIeHHs] CUCTEMbl YpaBHEHU N

2 max \2 2
ayp | =arccos (Rt Ho) +<R€+Hu m)ax_D ,
2(Re+Hy)(Re+Hyp )
( ) (17)
Re +H o )-sin g
max . e T Mup
oy =arcsin R+H.

Ha ocHOBEe TmONYy4YEHHBIX AQHAIUTUYECKUX COOTHOIICHUW B3aWMMOBIIHMSHUS
OCHOBHBIX MapaMeTpoB nByxbsapycHo CC mnpemioxeH ciemyromuid 3Gh(EKTUBHBIN
QITOPUTM __ HAXOXKJICHWS _ ONTHMAJIBHOTO  BApHWAHTA _ OPOWTAIBLHOTO  MMOCTPOCHUS

nBYVXbApyCcHOU CC HenpepbsIBHOTO 0030pa 3aaaHHoro chepudeckoro ciios OKII.

1. Bapwupyerca BbIcOTa pasjaenieHus cdepudeckoro cios H, B oOmactu
JOTIYCTUMBIX 3HAUEHUH U JJIs1 KaX10T0 3HAaYCHUsI BBICOTHI pazaeneHus H,

— OIpCACIOTCA OIITUMAJIbHAas BbICOTA Op6HT CIIYTHUKOB HHIXHCI'O ApyCa

| ow ®(H,) u cooTBeTCTBYIOMIEE €if 3HAUEHHE KPUTHUECKOTO PaIHyCca yIIIOBOTO paguyca

30H 0030pa alow (H.) ¢ ucronp3oBanreM cootHomenuit (14)-(15);

—  ONpEIEINSIOTCS ONTUMANIbHAS BHICOTA OPOUT CIIyTHHKOB BEPXHETO spyca
ax o

(H.) u cooTBeTcTBYyIOIICE € 3HAYCHNE KPUTUIECKOTO PaJHyca YIIOBOTO pajanyca

max v .

30H 0030pa ¢, (H.) c ucrons3oBannem cootHomrenuii (16)-(17);
— OTBICKMBAaIOTCS B KaTaJllore JeibTa-CHCTEM OINTHUMAaJbHbIE BapUaHTHI

opt o t

OpOUTAILHOIO MOCTPOEHUsS HUAKHEro M BepxHero sipycoB S, (H,) u s p (Hy) xax

BAapUAHThI, UMEIOIIME MUHUMAIBHOE YHCIIO CITyTHUKOB U 0-XapaKTEpPUCTUKU L-kpaTHOTO
0030pa, HE MPEBBIIIAIONINE KPUTHUECKUX 3HAUEHUH YIJIOBOTO paguyca 30H 0030pa:

sta(H) = argmin | N(s(HI(H ) [t (sCHa () = (H) |

s(Hg, (H.))eK,

opt(H+)_ argmin [ (S(H (H+)))‘O‘L(S(H (H+)))<a (H+)}

S(H;:?JGX(HJ)GKA

(18)

— onpenenstorcs CXC HmxHero u Bepxnero spycos Vi, (H,) u V (H,) u
COBOKYITHas CXC JIBYXbSIPYCHOTO OpOUTABHOTO MMOCTPOCHUS
ZV(H+) :Vlow(H+) +Vup(H+) .

2. Ompepensercss ONTUMalbHAs BBICOTA pa3AelieHUus CHEpHUUecKOro Cios

HP = arg min 2V (H, ) ¥ COOTBETCTBYIONIME €l ONTUMAIILHBIE BAPHAHTHI OPOUTAILHOTO

+
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opt opt opt opt
TIOCTPOEHHMSI HKHETO M BEPXHETO APYCOoB S, (H,") m s "(H").

3. cDOpMI/IpyeTCH OIITUMAJIbBHOC JOBYXBAPYCHOC Op6I/ITaJII>HOG IIOCTPOCHHC
opt _ | _opt opty . _opt opt
S ={sm(H); s (HE)].

low up

Ha puc.l mnokasaH xapakrepHsii BHA 3aBucuMOCTeil o, (H,), ayp (H,),

3V (H,). 3nech e OTMEUEHA HIKHSSA TPAHHUIA -, 3HAYEHHMI 0-XapaKTepUCTHK L-

KpaTHOTO 0630pa O(L , COACPIKAUXCS B KATAJIOIC JACJIbTa-CUCTCM.
(24
z Lt”:liﬂ """"""""""""""""""""""
L
g [ =
| o | | .
max{H,—D;H} H™ g™ H ™ min{H, +D.H,}

max

Puc.1. XapakrepHsiii Buj 3aBucuMocteil oy, (H,), ay (H,), 2V (H,)

ANTOpUTM pelIeHus] ONTUMU3AIMOHHON 3a/1a4yl MPEANoaraeT Halnuue Karajaora
JIeNIbTa-CUCTEM, COJIEPIKaIlero 3apaHee pacCUMTAHHBIC 3HAUCHUS (-XapaKTEPUCTHUK ISt
pa3IMyYHOM KpaTHOCTHM 0030pa U IIMPOKOTO MEPEeYHs 3HAUYEHUN uucia CIYTHUKOB B
CUCTEME.

st pacuera o-xapakTepucTuk L-kpaTHOro 0030pa cdepbl ¢ MOMOIIBIO JIeTbTa-
CUCTEM B JuUcCcepTaluu pa3paboTaH M peanu3oBaH B BHUjAE NporpaMmbl Ha OBM
CIEAYIOIINI aITOPUTM.

1. BeiOupaercs koHkpeTHas N-CnyTHHKOBasi JeibTa-CUCTeMa — 3aJaeTcs
onpenensaomas ee cTpykrypy Tpoiika umcen {1, P, F} u HaknoneHue opOut i ee
CIIyTHUKOB.

2. Breruncnsercs gpazoBas CTpyKTypa JAebTa-CUCTEMBI IO anroputmy (1).

3. PaccmarpuBaroTcsi OJICITyTHUKOBBIE TOYKM HAa €IWHUYHON cepe 0030pa B

(UKCHUPOBAaHHONW MOMEHT BpeMeHU { M pacCUMTHIBAETCS MTHOBEHHAS O-XapaKTEPUCTUKA

L-kpaTHOro 0630pa @~ CieayommM 06pasom:

— TepeOuparoTcsi BCEBO3MOXKHBIE COYETAHUS JIBYX M TpeX MOJCHYTHHUKOBBIX
2 ~ ~
touek (Cf u Cﬁ COUYETaHUI COOTBETCTBEHHO). Uepes KaxK1yto TaKyo Mapy WK TPOUKY

TOYCK IPOBOAUTCA IINIOCKOCTb — COOTBCTCTBCHHO JIBYX- M TPCXTOYCYHOC CCUCHHUC
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(IByXTOYEYHOE CEYEHUE MPOBOAUTCS MEPHECHIUKYISIPHO PpaguyCy-BEKTOPY LEHTpa
COEJIMHSIONIET0 TOYKH OTPE3Ka);

— IOACYHUTBIBACTCA YHUCIO I'T'Ig+ JOITOJHUTCIIBHBIX TOUYCK CCUCHUA (TO‘-IeK, Hapsaay

C 00pa3yroleii ceueHue mapoi Uik TPOMKOW TOYEK, MOMABIINX B CEUCHHE);

— IIOACYHUTBIBACTCA YHCIIO mp MMOBCPXHOCTHBIX TOYCK Ha KaXJIOM H3 JBYX

OTCEYEHHBIX KPYTOBBIX CETMEHTOB €IMHUYHON Cephl;

— mposepsieTcs BhIMoaHeHue yeaosus L—1-mg, <m, <L -1;

—  ©CIIM KPYTOBOI CETMEHT yJIOBJIETBOPSIET JAHHOMY YCIIOBHIO, OH 3aHOCHTCS B
CcrelUaIbHbIH IepeyeHh CErMEHTOB { P} ;

— TI0 3aBEepUICHHUIO mepedopa BCeX COUYETAHHWM IBYX U TpeX MOACITYTHHUKOBBIX

TOYCK OIIPCACIIACTCA MI'HOBCHHAA A-XapPAKTCPHUCTHUKA 0[tL Kak arCCOS yrjioBOoro pagudyca

MAaKCHMAaJIBHOI'O CCIMCHTA U3 IICPCUHA { p}
ot = arccos[r?g}x o p)] . (19)

4. OmpegensieTcst uckomasi 0000IIeHHAs a-XapakTepucTuka L-kpaTHoro o63opa
KaK MaKCUMaJIbHOE 3HAUYCHNE MTHOBEHHOH (-XapaKTEPUCTHKN HA TIEPHOJIE 7 TOBTOPEHUS

COCTOSIHUH J€JIbTa-CUCTEMBI:
L L

:treT[]&)r(]at : (20)
B Tperbeil riaBe IPUBENECHO ONUCAaHUE pa3pabOTAHHOIO MPOTrPaAMMHO-
MaTEMaTUYECKOro O0EeCrneyeHus pacyeTa ONTUMAJIbHBIX BapUaHTOB OPOUTAIBLHOIO
noctpoenusi CC HenpepriBHOro 0030pa 3amanHoro chepuyeckoro cios OKII B knacce
JBYXBIPYCHBIX OPOUTAIBHBIX CTPYKTYp IO 3aJaHHBIM HCXOJHBIM JIaHHBIM, a TaKkKe
CO37IaHHOTO DJIEKTPOHHOIO KaTajiora onTUMalibHbIX BapuantoB CC HempepbiBHOTO L-
KpaTHOro 0030pa 3aaanHoro chepuueckoro ciost OKII, nMmeromux B 3aBUCUMOCTH OT
WCXOJHBIX JAHHBIX ABYXBSIPYCHYIO WIM TPAAUIMOHHYIO OIHOSIPYCHYIO CTPYKTYpPY.
Karamor paccumtan mjis 3Ha4eHHWA KpPAaTHOCTH HEMpephIBHOTO 0030pa L=1, 2, 3, 4,
pa3NUYHBIX 3HAYEHUH yria MojypacTBopa OOpPTOBOM ammapaTypbl CIIyTHUKOB [ U
pa3IUYHBIX BEICOT H1 HM>KHEH IpaHuLbl HA0II0AaeMOro c(hepruiyecKoro ciosl. YKa3aHHbIe
napameTpbl ONPEAENSIOT CTPYKTYPY 3JEKTPOHHOIO KaTajlora 1o ToMam, NPUBEIECHHYIO
Ha puc.2. B guccepranmm TmpuBeAcHO omnucaHue Tpaduyueckoro uHTEpdelica,
UCIIOJB3YEMOT0 ONEPAaTOPOM MPHU PENICHUU MPAKTUYECKUX 3a7ad C HCIOJIb30BaHUEM
AIIEKTPOHHOTO KaTajora onTuMalbHbIX BapuanTtoB CC.
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KATAJIOT
ONTHMAJILHBIX BAPHAHTOB JIBYXbAPYCHOT'0 OPOUTAIBHOIO MOCTPOEHUS
CIYTHHKOBBIX CHCTEM HENPepPHIBHOTO L-KpaTHOT0 0030pa chepuuecKoro cjaosi

v v v v
Tom 1 Tom 2 Tom 3 Tom 4
L=1 L=2 L=3 L=4
; \4 l ¢ A 4 ¢ ‘ \ 4 $ { \ 4 l
HO NO O’)O Q-O LOO ©O '\O wO CDO 8O ::O (‘::O
Solsw]|lE o S wE o5 W 5 o8 Wbl s 9 = W= O = O
S IESHIER - ESER =SIE SUE S 12 e RIE R
ERNEXRNER E QI Ygx E QI QI é%;«?%é%
v v v v v v v v v v v v
No ctp. 1 2 3 4 5 6 7 8
Hi1, xm 0 5000 | 10000 | 15000 | 20000 | 25000 | 30000 | 35000

Puc.2. CtpykTypa Katajgora onTUMaJIbHBIX BAPUAHTOB JIBYXbSIPYCHOTO OpOUTATIHLHOTO
MOCTPOEHUS CITyTHUKOBBIX CUCTEM HENpepbIBHOTO L-kpaTtHOTO 0030pa chepruieckoro
cIos

Bbonee neranpHOE CTPYKTYpUpPOBAaHHE JAHHBIX DJEKTPOHHOTO KaTajliora MMEEeTcs
BHYTPH KaXXJ0TO0 TOMa. THIIOBas CTpaHWIlAa TOMa KaTajora MpUBEIeHAa Ha puc.3 s
ciydasi kpatHoctu L=1, yrna nomypactBopa f=35° B inamna3zoHe BHICOT HU)KHEH IpaHUIIbI
cpepuueckoro ciost Hi=15000 ... 24000 kM u nuama3oHe BHICOT BEPXHEH TPaHUIIBI
chepuueckoro cios H,=28000 ... 40000 xm. B HmkHEH "acTu TaOJIUIBI TPUBEICHBI
paccMaTpuBaeMble JJI KaXI0W BHICOTHI HUYKHEH TPaHUIIbI €10 3HAaYeHUs JajibHOCTH D
JIEUCTBUS alMapaTypbl CIIyTHUKA.

TumnoBas sueiika TabIUIIBI COACPIKUT CIICTYIONIYI0 HH(MOPMAITHIO:

1-2 cTpOKH: BapHaHT TPAAUIIMOHHOTO OTHOSIPYCHOTO TIOCTPOCHHMSI Ha 0a3€ BHICOTHI
BepxHero spyca (1 ctpoka — CXC (km/c); 2 cTpoka — mapameTpsl aeiabTa-cucteMbl T (N —
YHCII0 CIIYTHUKOB), P, F, BbIcOTa (KM) M HaKIOHEHHE (TPajl) OPOUT CITyTHUKOB);

3-4 cTpOKHU: BapuaHT TPAJUIIMOHHOTO OJTHOSPYCHOTO MOCTPOEHUS Ha 0a3e BHICOTHI
HIDKHETO sipyca (CTPYKTypa mapaMeTpoB aHAJIOTHYHA CTpoKaMm 1-2);

5-7 CTpOKU: BapUaHT NMPEIIOKEHHOTO IBYXBIPYCHOTO OPOUTAIIBHOTO TTOCTPOCHUS
CC (5 crpoka — CXC (km/c), B 6 1 7 CTpoKax MPHUBEACHBI ITApaMETPhl ISl BEPXHETO U
HUKHETO IpycOB B popMate CTPOK 4 U 2 COOTBETCTBEHHO).

W3 THTIOBO¥ CTpaHWIIBI KaTajora, MPUBEICHHONW Ha puC.3, BHIHO, YTO ITOUCK
ontumanasHoro Bapuanta CC 0630pa chepuueckoro ciost OKII B ki1acce IBYyXbIPYCHBIX
OpOUTANBHBIX CTPYKTYP MOXKET MPUBOJIUTH K Pe3yIbTaTaM TPEX THUIIOB: OJTHOSIPYCHOMY
OpOUTANBPHOMY IMTOCTPOCHHIO HAa BHICOTAX HMYKHETO (IIBETOM HE BBIJICTICHO) WJIH BEPXHETO
apyca (BBIIEICHO IKEITHIM IIBETOM), a TaKXe K JBYXbIPYCHBIM OpOUTAILHBIM
MOCTPOEHUSM TPEIOKEHHOTO TUTIA (BBIJCIICHO CHHUM I[BETOM).



OntuManbHble BApHAHThI OPOUTANBHBIX MOCTpoeHuil NByxbspycHbix CC mpu L=1, f=35°

H, K;'LKM 15000 16000 17000 18000 19000 20000 21000 22000 23000 24000
823 653 516 431 380 339 283 241 210 178
78[39[32/42783[72.4 | 62|31|26/4411568.6 | 4949|22}45347|67.7 | 41/41]1846476(65.4 | 36|18[13/47504)68.5 | 32[32/28|4843473.8 | 27|9|5/49267]59.9 | 23|23[14/50008/58.7 | 20[10[7|50661/56.8 | 17|17|7/51232}55.5
o 383 367 359 343 336 329 320 320 320 305
S 49/49[22]300/67.7 47/47121]300[66.5 | 46|23[18/300/67.4 44122|17|300/65.6 43/4319[300/68.1 | 42|21[16]30069.2 | 41/41]18j300j65.4 | 4141118300654 | 41}41[18[300/65.4 | 39|39]17|300]68.8
& 473 462 457 450 443 434 434 434 434 433
11/11}4/32511/53.8 | 10[10[7|32627]47.9 | 11/11/4|3506753.8 | 11|L1}4[3686353.8 | 1111]4|38305/53.8 | 11[11/4/40025553.8 | 11|11}4[41091j53.8 | 11[11/4}4277253.8 | 11[11}4/44521[53.8 | 13[13|5/48068]58.4
46[23/18/300/67.4 46[23|18]300[67.4 | 44]22/17|300/65.6 43/43/19]300/68.1 42021]16[300/69.2 | 41j41[18/30065.4 | 4141]18)300j65.4 | 41}41/18300/65.4 | 41}41]18/300/65.4 | 38/19]14/300]67.3
~1183 910 756 590 485 432 381 326 273 242
~11243448[74 | 86l43(36/44917[74.3 | 7171|654629481.5 | 56[28[23|4757567.6 | 46|23(18/48761|67.4 | 41]41|18}49851/65.4 | 36[18[13(50847|68.5 | 31/31/951751/60.9 | 26[26|16[52566]59.5 | 23|23[14/53295[58.7
3 418 367 359 343 336 329 320 320 320 305
s 52|26/21/755/68.1 47/47121]300[66.5 | 46|23[18/300/67.4 44122|17300/65.6 43/4319[300/68.1 | 42|21[16]30069.2 | 4141]18j300)65.4 | 41}41/18[30065.4 | 41}41[18[300/65.4 | 39|39]17|300]68.8
® 507 462 457 450 443 434 434 434 434 433
13|13[535058/58.4 | 10|10[7|32626/47.9 | 11/11/4[3506953.8 | 11|L1}4[36862|53.8 | 1111]4|38305/53.8 | 11[11/4/4002653.8 | 11|11j441092}53.8 | 11[11/4j4277253.8 | 11[11}4/4445053.8 | 13|13[548025[58.4
46[23/18/842/67.4 46[23|18300[67.4 | 44|22]17|300/65.6 43/43/19]300/68.1 4221]16[300]69.2 | 41j41[18/30065.4 | 4141]18)300)65.4 | 41}41/18300/65.4 | 41}41[18/300/65.4 | 38/19]14[300]67.3
~1763 ~1337 1017 826 692 550 464 413 372 316
~166]-|-143950/81 ~126|-{45535[78 | 96}48|41/47037[745 | 7839|32/48452[72.4 | 65/65[59/49778]79.6 | 52|26|21(51014|68.1 | 44[22]17|52159/65.6 | 39|39[17(53215/68.8 | 35/35[31[5418274.7 | 30[10/6/55064/60.6
S 646 499 388 343 336 329 320 320 320 305
S 73[73[67]2772/80.8 | 59[59|27/1808/68.0 | 48]24|19]808|68.7 44122|17300/65.6 43/43119[300/68.1 | 42|21[16]30069.2 | 4141]18j300|65.4 | 41]41/18[30065.4 | 41}41[18/300/65.4 | 39|39]17|300/68.8
o 680 568 485 450 443 434 434 434 434 433
18]6|2/37212|56.6 13|13[536513}58.4 | 11[11]4|35547|53.8 | 11/11/4|36865/53.8 | 11|L1}4[3830553.8 | 11[11/440025(53.8 | 11[11/4/4109253.8 | 11]11}4}42773}53.8 | 11[11/4]4445053.8 | 13|13[5/48025[58.4
56[28[23[2977/67.6 | 51[51[23[1905/66.8 | 46]23/18/830]67.4 43/43/19]300/68.1 4221]16[300/69.2 | 41j41[18/30065.4 | 41]41]18)300j65.4 | 41}4118300/65.4 | 41}41]18/300/65.4 | 38/19]14|300]67.3
>2621 ~1989 ~1476 1134 913 768 624 519 445 392
>246|-|-44320]- ~187]--{46003[81 ~13947612[77 | 107|107|5049143[73.8 | 86/43|36|50592[74.3 | 72|72/66(51958]79.3 | 59[59|27|5323968.0 | 49]49]22|54434(67.7 | 42|21[16[55543]69.2 | 37|37|16|56568/66.4
3 911 713 586 441 372 329 320 320 320 305
S 99|99|46(4714[73.5 | 79[79]36/3800[72.9 | 66/66/6/2853/81.3 52|26[21/1870/68.1 46[23[18/853/67.4 | 42|21[16]30069.2 | 4141]18[300)65.4 | 41}41/18[300[65.4 | 41}41[18/300/65.4 | 39|39]17|300]68.8
® 874 755 635 547 470 434 434 434 434 433
14|7/4|35778/54.0 17|17|7]38428}55.5 | 17]17]7140150[55.5 | 11/11j4[3700253.8 | 11|L1}4[38476[53.8 | 11[11/44002753.8 | 11[11/4/4109353.8 | 11]11j4}42774/53.8 | 11[11/4]4445153.8 | 13|13[5/48025[58.4
79[79/36491772.9 | 64|32[27/4010/68.5 | 52[26[21[302568.1 | 51[51]231892/66.8 | 44|22|17|866/65.6 | 41/41/18[300/65.4 | 41j41[1830065.4 | 41]41]18j300j65.4 | 41}41/18[300/65.4 | 38|19]14]300/67.3
>3368 >2785 >2200 ~1627 ~1267 998 839 715 572 487
>316]-|-44587|- >261|-|-|46352]- >206|-|-|48051- ~153|-|-149681[78 ~119-51238[78 | 94|47}40[5271873.3 | 79[79[36/54119[72.9 | 67/67|6155440[78.9 | 54|27|22|56680/67.3 | 46/23/18/57838/67.4
3 ~1406 1020 783 655 518 416 349 320 320 305
3 ~148]--/6600[78 | 109[109[51[5725[73.7 | 85[85[39/4823[73.6 | 72[72/66[388979.3 | 59[5927[2923(68.0 | 4949|22[192567.7 | 43|43[19[893(68.1 41}41/18[300(65.4 | 41}41[18[300/65.4 | 39|39]17|300]68.8
o 1076 938 824 696 594 523 463 434 434 433
22[22/638371[58.3 | 17|17|738407|555 | 14(74|38663]54.0 14]7/4/40239[54.0 13|13}5/41005/58.4 | 11[11/4j40171/53.8 | 11[11/4/4109353.8 | 11]11}442774/53.8 | 11]11/4]4445153.8 | 13|13[5/48025[58.4
89/89/41(7008[74.1 | 81/81[37[5992[74.2 | 73[73/67|4990[80.8 | 61/6128/4026/68.2 | 52|26/21/3009)68.1 | 48]24[19]1940/68.7 | 43}43[19/893/68.1 41}41/18[300/65.4 | 41}41[18/300/65.4 | 38/19]14|300]67.3
>4040 >3489 >2938 >2374 ~1793 ~1419 1106 904 781 647
>379|--44773- >327|-|-|46605]- >275|-|-/48380]- >222}--/50094]- ~168-51743B1 | =133}--/5332380 | 104|52/45[54831(73.6 | 85/85/3956265|73.6 | 73[73|67|57622/80.8 | 61/61[28/58902/68.2
3 >2262 ~1537 ~1133 871 719 602 475 391 332 305
S >232|-|-8448]- ~160|--[7601[77 ~119}--/6733[78 93(93}43[5841(72.8 | 78[39|32/4920[72.4 | 66/66/6|396981.3 | 54|27|22]2986(67.3 | 46[23|18[1972/67.4 | 41|41/18/92865.4 | 3939|17|300/68.8
& 1330 1138 996 881 768 652 572 506 447 433
37|37/16/40607|66.4 | 26|26[16/40808[59.5 | 17|17|7}40193[55.5 16/8[5/41079[56.5 17)17[7/43186[55.5 | 14[7]4143222/54.0 | 11[11/4/4150553.8 | 11]11j4J42775[53.8 | 11[11/4]4445253.8 | 13|13[5/48027|58.4
97|97/459121(72.7 | 90J45/38/8084]73.8 | 86/43[36[702274.3 | 76[38/31/605674.1 | 64|32|27|5120/68.5 | 56[28[23]4082/67.6 | 52|2621]2996]68.1 | 46[23|18[1972)67.4 | 41/41/1892865.4 | 38|19]14]300/67.3
>4658 >4130 >3600 >3069 >2537 <1997 ~1536 ~1202 990 841
>437|-|-{44894)- >387|-|-46782]- >337|-|-48620]- >287|-|-/50406]- >237|-|-/52134]- ~187]--53800/81 ~144]-|-[55401[78 ~113--[56934]74 | 93[93]43]58396[72.8 | 79]79|36|59786(72.9
3 >3166 >2409 =1713 =1267 950 778 651 533 449 374
S >320|--10281- >245]-|-(9444]- ~176]--/8600[81 ~131|{7739)83 100[50143(685574.0 | 83(83(38]5945(72.6 | 70[70[64/5007|79.9 | 59]59|27}4039168.0 | 51[5123[3041/66.8 | 44|22[17]2014]65.6
S 1633 1397 1205 1049 934 832 716 617 552 503
52(26[21(41847|68.1 | 36|18[1342221/68.5 | 26[261642514(59.5 | 22|22/6/43317|58.3 | 20|10[7/44343}56.8 | 17]17|7|4486055.5 | 19[19|5/47318|57.4 | 14[7|4/46368/54.0 | 14]7/4|4776954.0 | 13|13[5/47584}58.4
110[5548/11182]74.9 | 104[52/45[10127|73.6 | 96/48|41/9105745 | 85[85[39/8134[73.6 | 76/38/31[7168[74.1 | 69]69/63/6163/82.3 | 56[2823/5221/67.6 | 52|2621/4138/68.1 | 46[23|18)3115/67.4 | 43]43]19[2039/68.1
D.im 30000 31000 32000 33000 34000 35000 36000 37000 38000 39000

Puc.3. Ctpanuna karajgora onTUMaJIbHBIX BAPHAHTOB OPOUTAILHOTO MTOCTPOEHUS CITyTHUKOBBIX CHCTEM HETIPEPBIBHOTO 0030pa

chepHuuecKoro ciaos
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Ananu3 60JBIINX JAHHBIX 3JIEKTPOHHOTO KaTalora OnTUManbHbIX BapuanToB CC
HEMpepbIBHOTO 0030pa 3aaanHoro cdepudeckoro cinosi OKII mnoxasbiBaer, 4TO
MOJIYYEHHbIE BapUaHThl ABYXbSAPYCHbIX CC MOryT NpeBOCXOIUTH TPAAUIMOHHBIE
BapuaHThl OMHOSPYCHBIX CC B COOTBETCTBYIOIIMX OO0JACTSAX HX JOKAIM3AIUU IO
KPUTEPUI0O MHHUMYyMa 3aTpaT CyMMapHOM XapaKTepUCTUYECKOHM CKOPOCTH Ha
dopmupoBanne CC nmo aByx pas. Jlokamusamusi TOTO WJIM WHOTO THIA OPOUTAILHOMN
CTPYKTYPbl 3aBUCHT OT HMCXOAHBIX JaHHBIX (TpeboBaHuil Kk npoektupyemoinr CC).
BbIsiBIeHBI 3aKOHOMEPHOCTH B JIOKATW3allMM YKa3aHHBIX THUIIOB OpPOHUTAIbHOU
CTPYKTYpbl. B dacTHOCTH, MOKa3aHO, YTO JABYXBSPYCHbIE BapHaHTbl OPOUTAIBHOIO
MOCTPOEHUSI MMEIOT MPEUMYIIECTBO B Ciy4yae, Korjaa c@epuyeckuil ciiol umeer
3HAYUTEIbHBIE pa3Mephbl (3HAUUTENbHYIO TOJIIMHY), TO €CTh KOTJa BEpXHss rpaHula
chepUyeCcKOro CJI0sl HACTOJIBKO BBICOKA, UTO 30HBI 0030pa CIIyTHUKOB HIMKHETO sipyca B
BEpXHE YacTh CJOs HMMEIT pa3Mepbl, JOCTATOYHBIC JUIsl PpELICHUd 3aJadu
HEIpepbIBHOTO L-KpaTHOro 0030pa MpU YHUCIE CIYTHUKOB, COU3MEPUMOM C YHUCIOM
CIYTHHKOB B BEpXHEM spyce. B Tex ciaywasx, Korja AallbHOCTh 0030pa MEHBIIE
TOJILIMHBI C(HEPUUECKOro €105 (HO OOJIbLIE MOJOBHUHBI €r0 TOJIIMHBI), IBYXbSPYCHBIN
BapHaHT OPOUTAIBHOTO MOCTPOEHUS SIBISETCS HE TOJIBKO IMPEUMYILECTBEHHBIM, HO U
0e3aJIbTepHATUBHBIM.

OnnosipycHoe nocrpoenue CC HenpepbiBHOTO 0030pa chepuueckoro cios OKII
OKa3bIBAETCA MPEANOYTUTEIbHBIM, €ClIU CPEPUUECKUIN CIIOM PacloiOKEH BBICOKO HaJl
3emuieil, a JanbHOCTh JACHCTBUS OOPTOBOW ammaparypbl 3HAYUTEIBHO MPEBBIIIAET
TOJIIIMHY CJOSl. 3J1€Ch MPEUMMYILIECTBO MMEET OJIHOSPYCHBIM BapHUaHT OPOUTAIIBHOIO
MOCTPOEHUS C HaIlpaBJICHHOW BBEpX OOpTOBOM amnmapaTtypoit. Korna cepuueckuii cioi
UMeeT HeOOJbIINE pa3Mephl U pacioyiaraeTcs B MPU3EMHOM MPOCTPAHCTBE (HAIpUMED,
npujieraer K 3emiie), MPeANOYTUTENbHBIM SIBISIETCS  OJHOSIPYCHBIM  BapuaHT
OpOUTANBHOTO MOCTPOCHHS C HANPaBJICHHOW BHU3 (B HaNpaBlIEHUU Haaupa) OOPTOBOM
anmapaTypou.

3AKJIIOYEHUE

1. IlpennoxkeH HOBBIA crocoO0 (HOPMHUPOBAHUS JIBYXBIPYCHOTO OpPOUTAIBLHOTO
noctpoeruss CC HemnpepwsiBHOTO 0030pa chepuyeckoro ciost OKII, cocrosimmii B
(GOpMHUPOBAHUN HUYKHETO U BEPXHETO SPYCOB C pa3HOHANpPABICHHOW CIyTHHUKOBOW
anmnapaTypoil 0030pa — CIyTHUKHM HHXKHETO sipyca pa3MEIIaloTcsi B HIDKHEHW YacTu
cepuueckoro ciost (o chepuyecKkuM CI0EM) U UMEIOT HANpaBICHHbINH BBEPX KOHYC
0030pa, a CITyTHUKK BEPXHETO spyca pa3MeIaloTcs B BEpXHEH 4acTH c(hepruaecKoro cost
(Han cpepruyeckuM c0eM) U UMEIOT HalpaBJICHHBIM BHU3 KOHYC 0030pa.

2. CdopmynmupoBaHa TIOCTAaHOBKA 3a/ladydl  ONTHMM3AINH  JIBYXbBIPYCHOTO
opoutansHoro nocrpoeruss CC HempepbiBHOro 0030pa chepuueckoro ciosi OKII. B
KayecTBE O0JIACTU ONTUMHU3ALMU OPOUTAIBHBIX CTPYKTYP KaKJIOTO sipyca OIpeneseH
KJIACC JIebTa-CUCTEM, @ B KAUECTBE KPUTEPHS ONITUMHU3ALUU OPOUTATIHLHOIO TOCTPOCHHUS
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nByxbpapycHoil CC — cymmapHas xapakrepuctuueckas ckopocts (CXC), HeoOxoaumas
JUTsl BBIBEJICHUS CITyTHUKOB Ha OpOUTHI M (hopMupoBaHus opouTanbHoro nocrpoeHus CC.

3. IlpoBeneHa neKOMMO3UIMS pelIaeMONd ONTUMHU3AIMOHHON 3aJja4ll Ha OCHOBE
TEOPETUYECKH OOOCHOBAHHOTO MPEAMNOJIOXKEHUS O TOM, UYTO MOJIekKAIMil 0030py
chepuvecKuil CJIOH MOKET OBITh Pa3eicH Ha JBE 30HBI OTBETCTBEHHOCTH — JBa
CONPUKACAIOUIUXCS CJIOSl, KaXIbId M3 KOTOPBIX OOCIYKMBAa€TCSi CBOUM SIPYCOM.
[TokxazaHo, 9TO B 3TOM ciy4ae 3ajJa4ya MPOCKTUPOBAHUS JABYXbSIPYCHOTO OPOUTAIHLHOTO
MOCTPOCHHUS MOKET ObITh CBEJICHA K ONITUMHU3AIIMU BBICOTHI pa3zesieHus] Ha0JIr01aeMOT0
chepuvecKkoro CcJiosi Ha 30Hbl OTBETCTBEHHOCTH SIPYCOB M HU3YYEHHUS ITHX 30H
OTBETCTBEHHOCTH. Ha OCHOBE IPOBEIEHHOMN JEKOMITO3UIIUU pa3padOTaH METOINYECKUM
MOJIXOJ1 PEIICHUS 33Jla4i ONTUMHU3AIMK OpOUTaIbHOro nocrpoeHus CC HenmpepbIBHOTO
L-kpatHoro o63opa cdepuueckoro cios OKII, 3akmrouaromuiicss B ONTUMAIbHOM
pa3/esieHUH CJIOS Ha 30HBI OTBETCTBEHHOCTH (OOCITY>KHMBAHMUSI) U OINpPEICICHUE TaKOM
(onTUManbHOM) BBICOTHI pa3zielieHus CPEepUUECKOro ciiosi, IpH KOTOPOHM JTOCTHUTAETCS
MUHUMYM CXC IBYXBSPYCHOIO OpOUTAIBLHOTO MTOCTPOEHUS MPU YCIOBUH 00ECTICUEHUS
KaXIbIM SIPyCOM HENpPEPhIBHOrO L-kpaTHOTO 0030pa cBOEH 30HBI OOCITYKMBaHUS IMpPU
MUHHMAJIBHOM YHCJIE CIyTHHKOB B sipyce. lIpu 3TOoM omnpeneneHo, 4ro s KaxkI0ro
spyca ONTHMAJIBHOE PEIICHUE OTHICKMBAECTCS B KJIACCE JIEJIBTAa-CUCTEM II0 KPUTEPHUIO
MUHHUMYMAa 0-XapaKTEPUCTUKUA CUCTEMbl — MUHUMAJIbHOM BEJIMYMHBI YTIIOBOrO pajunyca
30H 0030pa, 00ecreynBaroIIeil HENPepPbIBHOE CIUIOMIHOE L-KpaTHOE MOKphITHE Cepbl
30HaMU BUJIUMOCTHU CITyTHUKOB.

4. Pa3paboTaHbl OCHOBHBIE MOJOKEHUS METOJUKHU ONTUMHU3ALNN OPOUTATIHLHOTO
noctpoeHust AByXbspycHbIx CC HempepslBHOTO 0030pa chepudeckoro cios OKII Ha
OCHOBE JEKOMITO3WLIMHA ONTHUMHU3AaLMOHHON 3a7a4l U CBEICHUS €€ K PELICHUI0 CEpUU
YACTHBIX 3a/1a4 NOKPBITH chepbl 30HaMu 0030pa ciyTHUKOB. [1osryueHbl aHaTH4YecKue
COOTHOUIEHMSI, TO3BOJISIIOIINE MTPU (PUKCUPOBAHHOM pa3/IeIeHnu CHEepUUECKOro ClIosl Ha
30HBI 00CITY’)KMBaHUS HAXOUTh KPUTUUECKNE, MUHUMAIbHO HEOOXOAUMBIE JJISI KaKI0TO
gpyca 3HA4eHWs YIJIOBOrO paauyca 30H 0030pa, ONpeaensTh ONTHUMAJIBHYIO,
COOTBETCTBYIOIIYIO JAHHBIM KPUTUYECKUM 3HAUYEHHSIM BBICOTY OpOUT, a TaKxke
MUHUMAJIbHO NOTPEOHOE YMCIO CIIyTHHUKOB U OpPOUTAIBHYIO CTPYKTYpy spyca Ipu
YCIOBUM  HempepblBHOIO L-kpatHoro o030pa COOTBETCTBYIOLIEH €My  30HBI
obciyxuBaHus B cheprueckom ciioe. Pazpaboran aaropuTM Hax0KACHUS ONTUMAIIbLHON
BBICOTHI pazjeieHus c(hepuuecKoro ciaosi Ha 30HbI OOCITY)XKMBAHHs Ka)XJOro U3 JBYX
sapycoB CC 1o KpUTepHI0O MUHUMyMa CYMMapHOM XapaKTepUCTUYECKOM CKOPOCTH Ha
dbopmupoBanue AByxbsapycHoit CC.

5. Co3maHo  mporpaMMHO-MaTeMaTH4yeckoe  oOecnedyeHwe i pacuera
ONTUMAaJBLHOTO opOuTanbHOro mnocrpoeHus CC HempepbIBHOIO 0030pa cHeprUIecKOro
ciost OKII B knacce nByxbsipycHbiX CC, BKIIOYAIOMIMX TPAJAUIIMOHHBIE OAHOSIPYCHBIE
CC B KauecTBe YaCTHOIO CIIy4asl.
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6. Co3maH 37eKTPOHHBIA KaTajaor ONTUMAIbHBIX BapHAHTOB ABYXBbsApYycHbIX CC
HenpepbIBHOro 0030pa cpepuueckoro cinoss OKII Ha ocHOBE NpoBeEHMSI MacCOBBIX
pacyeToB o-XapaKTEPUCTUK AENIbTAa-CUCTEM C YMCIOM CIYTHUKOB 710 110 B kaxaoMm
spyce, Ui KpaTHOCTH 0030pa oT | 10 4 ¥ moJIHOro AMana3oHa U3MEHEHNs HAKIOHEHUS
OpOUT CITyTHHKOB Ka)JIOTO sipyca (TpsiMble 1 0OpaTHBIC OPOUTHI).

/. IlpoBeneH aHalW3 BapUAHTOB D3JIEKTPOHHOIO Karajora ONTUMAaJbHBIX
BapuanToB CC HempepsIBHOTO 0030pa 3agaHHoro chepudeckoro ciost OKII, nmerommux
B 3aBUCUMOCTH OT HCXOJHBIX [JAHHBIX JBYXBAPYCHYIO WM TPAJIULHUOHHYIO
OJIHOSIpYCHYIO CTPYKTypy. Iloka3zaHo, 4TO mosiydeHHbIE BapHaHThl IBYXbspycHbIX CC
IPEBOCXOJAT TPAAULMOHHBIE BapuaHThl OJIHOSPYCHbIX CC B COOTBETCTBYIOLIMX
o0nacTaX MX JIOKAJIW3allUM [0 KPUTEPUI0 MHUHUMyMa 3aTpaT CyMMapHOU
XapaKkTepucTHueckoi ckopoctu Ha popmupoBanune CC. PazpaboTaHbl mpeaoxKeHHs O
MPUMEHEHUIO MOJTYYEHHBIX PE3YJIbTATOB B PEIICHUH PA3JIMYHBIX TPAKTUYECKUX 33]1a4.
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