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AHHOTaIA KnroueBsbie c1oBa

IIpennoskeH BapMaHT MCIONb30BAHUA W3OMApIIPYTHBIX  Kocmuueckuii annapam, oucmanuu-
OpONT B Lie/IsAX YBe/MMYEHNs YaCTOTI HAO/MIOEHNsI pAllOHa  OHHOe 30HOUpOBaHue 3emau, U30-
3eMHOJI THOBEPXHOCTM KOCMMYECKMMM anlapaTaMu [U-  MAPuPpymuas opouma, MOHUMO-
CTAHI[IOHHOTO 30HAMPOBaHNUA 3eMnu. PaspaboTaHbl anro-  puwe, patiox

PUTMBI pacyeTa BpeMEeHHBIX ¥ PeCypCHBIX 3aTpart, HeobXo-

AVIMBIX JJIs1 M3MEHEHMsI [IapaMeTPOB OPOUT KOCMUYECKUX

anmapaToB AMCTAHLMOHHOTO 30HAMPOBaHMA 3eMIU IpU

HepecTpoeHNN OpOUTANTBbHON ITPYNIMPOBKA /I HabIIIOfie-

HMsI MHCIEKTVpyeMoro paitoHa. O6ocHOBaHa Iienecoo0-

PasHOCTb pacCMaTpUBAEMOrO CIOCO0A IIPY PEIIeHNN 3a4ad

MOHMTOPUHTA PaifOHOB CTUXMITHBIX OGelcTBuMit M 4pesBbl- [locrymmia B pegakuuio 13.06.2017
YalHbIX CUTYaLINIA © MITY um. H.9. bBaymana, 2018

Begenue. B HacTosIee BpeMs 3a/jada ITOMCKA ¥ MOHUTOPMHTA JIECHBIX II0XKAPOB IIPU-
obperaet Bce GOJIBLIYIO AKTyaIbHOCTD. KaXK/Ibli TOJ] OT JIECHBIX II0>KapOB IMOHYT JIIOAN,
yHUYTOXaeTcs riopa u ¢ayHa, HAHOCUTCA 3HAYUTE/IbHBIN yIiepd S9KOHOMUKE U 9KOJIO-
run. B cBsi3u ¢ 9TH KpaliHe BaKHO CBOEBPEMEHHO OOHAPY>KUTD 1 JIOKA/IM30BATh JIECHBIE
noxapbl. OfiMH 13 CIOCOO0B OpraHM3alMY ITOVICKA 0YaroB BO3TOPAHMII — MOHUTOPVHT
TII0>KapOOITaCHBIX PalioHOB KocMumdecKumy ammaparamu (KA) pucraHIMoHHOTO 30HAM-
posanmst 3emu (133).

OpHako mpy 3TOM CI10cobe MepUOANIHOCTD HAOMIOMEHNS [TOXKAaPOOIACHBIX Pait-
OHOB 3aYacTyI0 AB/AETCA HEeJOCTAaTOYHOI JI1 CBOEBPEMEHHOTO pearupoBaHUsA Ha
CK/IaJbIBAIOIIYIOCA YPEe3BbIYANHYI0 CUTyaluio. IIOBBICUTH 4YacTOTy MOHUTOPMHIA
MOXXHO IIyTeM HapauuBaHus opburampHoii rpynnuposku (OI) KA JI33, Ho Taxoil
crioco6 TpebyeT 3HAYUTE/IbHBIX PECYPCHBIX 11 BPEMEHHBIX 3aTParT, CBSI3aHHBIX C M3TO-
tosneHueM KA 1 ux BbIBeZleHVUEM Ha 3afjaHHble opOuTHL. boree pannonanbHO B pac-
CMaTpUBAEeMOIl CUTyaluy — opOuTaIbHOE IepecTpoeHre GpyHKunonnpyomnx KA.

ITocranoBka 3amaun. OpbuTanbHOe nepectpoenne GyHKImoHupyommx KA 3a-
K/II04YaeTcsl B M3MeHeHnn napaMeTpoB opobut KA (mepeBoy Ha HOBbIe 1ie/ieBble OpOM-
TbI) B HemAx cospanusa OT JI33 pia HaOmMofeHNs MHCIIEKTUPYeMOTo palioHa Ha 3a-
[aHHOM MHTEpBajle BPEMEHMU, KOTOPBIl olpenensercs nmbo 3abraroBpeMeHHO Ha

ISSN 0236-3933. BectHuk MI'TY um. H.9. baymana. Cep. ITpu6opocrpoenne. 2018. Ne 1 105



B.B. Canos, I1.A. ITporenko, P.B. Xy66ues

[IepUOJ Ce30HHOTO 00OCTPEHNs MOXKAPOOIIACHOM 0OCTaHOBKY, MO0 OIEPaTUBHO B
IIepMOJ CTUXMITHOTO OefcTBMA B paitoHe. II0 OKOHYAaHWMM BBIIONHEHNA 3aflauyl IO
nHcnekTrposanuio paitona KA Ol mepeBoisT Ha MCXOgHBIE OPONUTBI C BOCCTAHOBIIE-
HIeM IOKasaTenell pyHKIMOHNPOBAHNA KOCMIYecKuX crucreM. COBOKYITHOCTD TaKMX
[preMOB 00pasyeT CIoco0 yBenM4eHNs] YacTOThI HAOMIOEHUI MHCIEKTUPYEeMOTO
pariona KA [I33.

KauectBo (3¢dexTnBHOCTD mpuMeHeHus1) MI000I CI0KHOI CUCTEMBI (B TOM
gpcie OI' KA [133) xapakTepusyercs CIemyOUMM ee OKa3aTe/sIMI: Pe3y/IbTaTIB-
HOCTb; PeCypcOeMKOCTb; onepaTuBHOCTb. Ouenutb atn nokasarenu OI, a creposa-
Te/IbHO, I 000CHOBATD 11e/1eCO0OPasHOCTD NepeBoja Kaxxporo KA Ha HOBYIO Lie/IeByIo
OpOUTY IIpejyIaraeTcs myTeM OIpefie/leHNs TaKUX IoKasaTesell, Kak:

— Ppe3y/IbTaTMBHOCTD (9) — OTHOLIEHVE YacTOThI HAOJIOfIeHN VHCIIEKTUPYeMOro
pariona KA, ¢pyHKIMOHMPYIOMMM Ha HOBOJI LieJIeBOI OpONTe, K 4acTOTe HaOIIOfeHI
paitona KA ¢ ncxonnoit opourtsr. ITepesop KA 133 Ha HOBYIO Iie/1eByI0 OPOUTY Liesieco-
00paseH TONBKO NPV 3HAYEHVAX Pe3y/lIbTaTMBHOCTY Oosblie eayHNIbl. OCHOBHOI Lie-
JIeBOII TTOKA3aTeNb, XapaKTePU3YIOLUII pe3y/IbTaT, I/11 KOTOPOTO IIPOBOANTCS MAaHEeBp;

— PecypcoeMKOCTb (1) — 3aIac XapaKTepUCTUIeCKOi CKOPOCTH, PACXOAyeMblil Ha
ocyuiecTsneHue nepesoa KA Ha HoBylo 1eteByro opoury. O6muii 3amac xapakrepu-
crudeckont ckopoctyt KA JI33 orpanndeH u B 60/bLIell YacTy ONpefenaeT CPOK aK-
TUBHOTO cyliecTBoBaHUA KA;

— OIepaTMBHOCTH (T) — BpeMs, TpebyeMoe Ha ocyllecTBeHue nepesosna KA ¢
VICXOJHOJ OPOMUTBI Ha HOBYIO LIEJIEBYIO.

Bri6op panmoHanbHOro BapuaHTa opburanbHoro nepecrpoenusa KA 133 mop-
pasyMeBaeT IpPOBEPKY KPUTEpMsA IPUTOJHOCTM IepecTPOEHNSA II0 COBOKYITHOCTHU
YCIIOBUIA

3> 9,;
r <t (1)
T<T,.

3pech 3y, f, T, — TPaHMYHbIEe 3HAYEHM:A IIOKasaTeslell pe3ynbTaTMBHOCTY, PECYPCO-
€MKOCTY U OIIePaTUBHOCTM.

3ajjaHue rpaHMYHBIX 3HaYEHUI IT0Ka3aTesiell OCyIeCTBIACTCH:

— 110 pe3y/IbTaTUBHOCTY 3, — UCXOJs U3 TpeOOBaHMI, IPENbAB/IAEMBIX K 4aCcTO-
Te HaOJIIOIeHNSI MHCIIEKTYPYEMOTO palioHa;

— OIIEPaTMBHOCTU T, — B 3aBMCUMOCTM OT CKOPOCTM Pa3BUTHA Ype3BbIYalIHOM
CUTyall B pailOHe;

— PeCypcoeMKOCTH 7, — MUCXOfiA U3 OTpaHMYEeHNII 3aI1acoB TOIUIMBA Ha 6opTy KA
1133, 3aBMCUT OT IpeAIIoIaraeMoro ucronb3osanua KA.

ITpn sabnaroBpemenHoM nepeBofie KA Ha HOBYIO IlelleByI0 OpOMTY B LieAx
HaO/TIOfIeHNA palioHa B MIePYOJ] Ce30HHOTO 000CTPEHNA T10>KapPOOIIACHOI 06CTaHOBKMI
3HAYMMOCTD II0Ka3aTesIsA ONEePATBHOCTY He CTOJIb CYLIeCTBEHHA U €r0 y4eT TpebhyeT-
Cs1 TOJIbKO J/1A IVIAaHMPOBaHNA MaHeBpa.
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ITpy BOSHMKHOBEHWM CTUXMITHOTO OeICTBMA B pailOHe 3HAYMMOCTD ITOKa3aTeIs
olepaTUBHOCTY opbOuTanbHOro nepecrpoenns KA 133 Bospacraer, Tak Kak He06X0-
muMocTh nepeBosia KA Ha HOBYIO Iie/leByI0 OpOUTY 00yC/IOB/IeHA YpPe3BbIYAIIHON 00-
CTAQHOBKOJ1, CK/IaIbIBaIOIeliCs B MHCIEKTUPYEeMOM palioHe, YTO HaKIafibIBaeT Oosee
KECTKIIe OTpaHIIeHNs 1Mo oneparuBHocTy (T,) B (1).

/13 COBOKYITHOCTH BCeX NMPUIOJHBIX BAPMAHTOB MaHEBPOB BBIOMPAETCS TOT, KO-
TOPBIIT I03BOJIAET IOTYYUTh MAaKCUMA/IbHYIO Pe3y/IbTaTUBHOCTD.

O6ocHOBaHMe BbIOOPA OPOUTHI. B KauecTBe HOBBIX Ie/IEBBIX OPOUT CIelyeT BbI-
OupaTh M30MapIIPYTHbIE (KBa3MCMHXPOHHbIE) OPONTEI, TaK KaK MIMEHHO OHM obecIe-
YMBAIOT HAVWIYYIIYIO YCTONYMBYIO IIEPUOANYHOCTD HAOMIONEHNA 3a/JaHHOTO PajioHa.
ITop n3oMapmpyTHON (KBa3MCMHXPOHHOI) opouToil MoHMManT opbuty KA, tpacca
o71eTa KOTOPOTO 3aMBIKAETCs Yepes OIpefieNIeHHbII IPOMEXYTOK BpeMEeH.

VccnenoBaHme BOIPOCOB OIpefie/IeH sl MI30MAPILIPYTHBIX OPOUT /s 0becIedeHs
orpenbHbIMI KA 1 KocMM4eckyMu cucTeMaMyl HaVTyYIINX C HO3UIVIM 33/JaHHBIX 3Ha-
JeHNII IoKa3aTesiell 30HAVIPOBaHNA 3eM/IN IIpoBefieHo B paborax [1, 2]. B ykasaHHbBIX
paboTax paccCMOTpeH CiIydail, KOrjja M30MapLIpyTHbIe OPOUTHI BBIOMPAIOTCS Ha JTaIle
cosmannsa Kocvmueckux cucreM KA J133. IIpu 3TOM He yumMTBIBaeTcsl 4acToTa Ipo-
CMOTpa KaKOro-mmb60 KOHKPETHOTO paitoHa mosepxHocty 3emym. Ha arame ¢ynkimo-
HyposanyA KA [133 s ynydinenns 3HadeHNiT TOKa3aTesnell Hab/MogeHnsA KOHKPETHO-
O paiioHa, IOJIeKAIer0 MOHUTOPUHTY, TPeOyeTcs OLEHNTb BO3MOXKHOCTD IIepeBofia
KA Ha HOBYIO IIe/IeBYI0 M30MapIIPYTHYI0 OPOUTY C Y4E€TOM pPas/IMIHBIX OTPAaHIIEHNI,
CBA3aHHBIX ¢ pecypcoM KA 1 BO3SMOXKHOCTSIMM pabOTHI CIIEI[Va/IbHON allllapaTyphl Ha
HOBOIT opbuTe.

B cmydae ecnu mmpuHa IOMOCH 0030pa anmaparypbl MeHblIe MeXBUTKOBOTO
PacCTOSHMSA, PACcIIONIOKEHHBI Ha M30MapuIpyTHOIT opbute KA Mosxer He obecreun-
BaTb Hab/ofieHne TpebyeMbIX PailOHOB, TOCKOJIbKY HO/I0ca 0630pa He Oyzer 06paso-
BBIBaTh 0e3pa3pbIBHOTO IOKPBITYSA 33[JaHHOTO MIMPOTHOro mosica. CiaemyeT Takxe
OTMETUTD, 4TO I obecriedeHyst HarbOoIbIell YacTOThl HAOTIOieH NS 30HAVIPYeMOTO
paiioHa Tpebyercs, 4ToObl Tpacca momera KA mpoxoamna depes reoMeTpUdecKuit
LIEHTP 3aZJlaHHOTO pajioHa.

Pacyer mokasaTens pe3ynIbTaTMBHOCTU. PacueT moxasaresns pesy/lbTaTMBHOCTU
OCYIIECTBIIAIOT CIIOCOOOM VIMUTALIOHHOTO MOJENIMpPOBAaHNUA Ipoliecca PyHKIMOHN-
posannsa KA [133. OCHOBY MMMTAIlIOHHOJ MOZENM COCTaBJIsIeT MeTOAMKA pacyera
30H 0630pa KA [133, usnoxxennas B pabore [3].

Pacuer nmokasarensa onepatuBHocTi. Pacuer Bpemenu nepesoga KA J133 ¢ uc-
XOJJHOI OpOUTBHI Ha 1LIe/IeBYI0 M30MAPUIPYTHYIO IIPETIOKEHO OCYIIeCTBUTD C MCIIO/Ib-
30BaHMeM CJIeyIolero noaxona [4-7].

ITycrp mapamerpsl opoutsl KA J133 3aaHbl KeIIepOBCKMMU 3/IeMEHTaMU

Xz{i, Q o, a,e, u},
Ifie | — HaKJIOHeHMe OpOuThb; ) — IpsIMOe BOCXOXKIEHVe BOCXOAIETro y3/1a opou-

TBI; (» — apTyMEHT LIMPOTHI Ilepures; @ — OONbIIAs MIOTYyOCh; € — SKCIEHTPUCUTET;
U — apryMmeHT mWnpoThl KA.
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VI3BeCcTHBI KOOpPAMHATHI LIEHTpa paiioHa HabmofieHns: A, — [OJTOTa LeHTpa
paitoHa; , — MMpoTa LeHTpa paitoHa. [IBikenne KA ocyijectsisiercss B HOpMab-

HOM IpaBUTALMOHHOM I10Ie 3eMyn. Tpacchl 1o/1eTa IoKasaHbl Ha puc. 1.

Zy

ILtockocTh
JKBaTOpa >
e

X: 7}

Puc. 1. Tpaccel monera KA B HopmaipHOM rpaBuTalinoHHOM 1ose 3emn (1)
U 110 OCKY/IMpyIolLeii opbute (2)

Jlonrota BOCXOASAIIETO y3/1a OpOUTDI, FApaHTHUPYIOLast IPOXOXKAeHMe Tpacchl KA
Jyepe3 TeoMeTpUIecKIil IIeHTP 3a[JaHHOTO palioHa, OIPefesAeTCs MO BRIPAKEHNIO

Ay =L, —AL, (2)
rge AN — reoLeHTPMYECKNIT YTOI B IVIOCKOCTY 9KBAaTOpa, KoTophlit KA mporneraer
OT BOCXOJIAIIETO y3/1a IO MHCIEKTHPYeMOTo pajioHa.

Teouentpuyecknit yron AL us cdhepudeckoro tpeyronpanka ByPK npexcraps-
et coboit cymmy ayr ByK' u KK'. Ilyra B,K' u3 chepudeckoro mpsMoyroibHOro

tpeyronbavka ByP'K’, o npasuny Henepa, Borancisiercs mo gpopmyie
t
ByK' = arcsin g\kp . (3)
tgi

Apryment mupotsl KA B MoMeHnT nporera KA Haj 3aaHHBIM palloHOM OIIpefie-
nsteTcs 1o popmyiie

sin

u = arcsin P (4)

sini
Hyra KK' olpefieNieTCs HalmMuueM Kak BpalleHus 3eMy, TaK ¥ IIpeleccun
IIVIOCKOCTU OP6I/ITI)I KA U BbIYUCIACTCA 3 COOTHOILIIEHU A

KK'=L A0, (5)
27

rme AL, — MeXBUTKOBOE PacCTOSIHIE.
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C y4eToM BIUSHUS HELEHTPATbHOCTY IPABUTALMOHHOTO MO/ 3eMIu abCOMI0T-
Has Be/IN49MHAa MEXKBMTKOBOTO PAaCCTOAHNA OIIPENENACTCA KaK
T,
AN, =2m—2. (6)
Tp

3necy T — apakoHmdeckuit nepuop obpamenns KA (mpomexyTok BpeMeHU MeXIy
ABYM:A IIOC/IENOBATE/IbPHBIMU IIE€PECEIEHMAMMN IIVIOCKOCTU HebeCcHOro 9KBaTOpa B BOC-
xonsuem ysne); T,, — sabdexTuBHble CyTKN, BpeMs MOTHOTO 060poTa 3eM/IU OTHO-

CUTE/IPHO BOCXOOAIIETO y3/1a 0p6I/ITbI,

Ta(b - @ — Q > (7)

Iie 3 — YIJIOBask CKOPOCTDb BpallleHMs 3eMiu; Q — YITIOBasi CKOPOCTb IpeLieccum
BOCXOJAIIETO y3/1a opouThl. IIpu 9TOM ClIefyeT YIUThIBaTh, YTO BOCXO/SAIINIL y3eTI 3a
BUTOK CMelljaeTcs Ha 3amaj. Takum obpasom, ucnonb3oBanue ¢opmyn (3)—(7) mos-
BoJIsIeT 110 (popMysie (2) BBIYMCIUTD JOITOTY A, BOCXOZSILIETO y3/1a OpOUTHI, PO
4epe3 KoTopblit KA rapaHTMpOBaHHO NPOJIETUT HAJL 33/JaHHBIM PajlOHOM.

17151 M30MapUIPYTHOIL OPOUTHI € TapaMeTpamiu p 1 q (q — YUCIIO CYTOK; p — UUC-
JI0 BUTKOB) CYIECTBYeT p BOCXOAAIINX Y3/I0B C JOTOTON A;, MOBTOPSIOILINXCA Yepes
q CYTOK. YUMTBIBasA, YTO BOCXOAAIINII Y3/l 32 BUTOK CMEIAeTCsl Ha 3amaj], 3SHaYeHs
IOJITOTBI BOCXOJAIIETO Y3/Ia Ha M30MapIIPYTHOI OpONTe OIpefe/AI0TCA 110 BhIpaKe-
HUIO A; = A, —nAA,,, n=0,1,...,p—1, rae n — HOMep BOCXOJAIIETO y3/1a OPONUTBL

CoBrajieHe KOITOTbI BOCXOAAIEro y3na opoutsl KA, mmepeBejeHHOTO ¢ UCXOf-
HOJI OpOUTHI Ha M30MApIIPYTHYIO, XOTS OBbI C OHVMM U3 3HAYEHUIT JOMTOTH A; obec-
[eYNT IPOXOXK/eHMe Tpacchl mojera KA yepes 1jeHTp 3alaHHOTO paiioHa.

VsomapuipyTHas 1 MCXO[Hast OPOUTBI SABJIAIOTCS OKOTOKPYTOBBIMY, 4TO 0becIie-
Y/BaeT BO3MOXXHOCTbh BBIOOPA TOUYKM CTapTa C MCXOMHOV OPOUTHI MPU MOCTOSTHCTBE
9HepreTHYeCKNX 3aTpaT Ha MaHeBp. [l obecmedenus: momera KA Haj 3ajaHHBIM
paitoHOM HeOOXOAVMMO BBITIOJTHUTD C/IefyIoliiee PaBeHCTBO:

A A —A
ey = 1Ny = Ry = 1y~ Ay, — S T A
2m 2m (8)

n=0,1,..,p-1.

3mech Ay — [JONTOTa BOCXOJAIIETO y3/1a Ha MICXO[HON OpOMTe; # — YMC/IO BUTKOB
OKMIaHUsI Ha UCXOMHON OpouTe; Alyypy, Alypn — MEKBUTKOBOE PAcCTOsIHME Ha
VICXOJHOJL U TIePeXOfHOI opbuTax; Au — apryMeHT WIMPOTHI TOYKM CTAPTA C UCXOJ-
Hoit opbutsl, Au €[0;2m].

Ins ocymecrsnenns nepesoga KA JI33 Ha TpebyeMyio M30MapIIPYTHYIO OpOUTY
¢ TpeOyeMbIM 3HaYeHUEM JIOJITOTHI BOCXOAAIIETO y3/Ia 32 MUHVMAIbHO BO3MOJKHBIN
IIPOMEXYTOK BpeMeHM HeOOXOAMMO OIpefie/INTh MUHVIMAJIbHOE 3HAueHue M, JIA
KOTOPOTO PaBeHCTBO (8) CTaHeT BEPHBIM.
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Pacyer mokasatens pecypcoeMkocTu. B kadecTBe MaHeBpa nepesopia KA ¢ uc-
XOJHOJ OpOUTHI Ha M30MApIIPYTHYIO 11e/1eCOOOpPasHO MCIIO/NIb30BATh OITMMA/IbHBII
TOMaHOBCKUII ITepexof (puc. 2).

AV,
Hcxonnas
opbuta
IInockocth
T—Au 9KBaTOpa
B B
Au 03
N3omapmipyTtHas AV [Iepexonnas
opbuta opbuta

Puc. 2. Cxema roMaHOBCKOTO IIepexojia € ICXOHOI OpOUThI Ha M30MAPLIPYTHYIO

3amac XapakTepucTyecKoit ckopoctu AV, TpeOyeMblit [Ijisl OCYLIeCTBIEHNUS Ma-
HeBpa IepeBoga KA ¢ mcxomHOV OpOMTBHI Ha M30MapUIPYTHYIO, BBIYMCIAETCHA IO
dopmyne

AV =AVi + AV,
2 2
roe AV = B A—l ;0 AV, = B 1- A ; L — TpaBUTaIMOHHAsA
rI/I rI/I + rI/IS rI/IS r]/[ + rI/[S

IIOCTOSIHHASI 3eMIIV; Ty, fys — PAJIMYChl ICXOHOI 1 M3oMapiipyTHoit opout KA J133.

[TpuMeHMMOCTBD IIpejiIaraeMoro Crocoba orieHeHa Ha IIpyMepe.

ITpumep nmepeBoga KOCMUYECKOTO aNIapaTa Ha NU30MAPLIPYTHYIO op6uTy. Pac-
cmotpuM cosnanne O HabmogeHNs MHCIIEKTUPYeMOTO paiioHa Ha 3aJaHHOM MHTep-
BajJle BPEMEHM C VCIOIb30BaHNEM IpejIaraeMoro croco6a Ha mpumepe fByx KA
tumna «Pecypc-IT». B kauecTBe paitoHa MOHUTOPMHIA KaK OfHY U3 Hanbosee moXapo-
omacHbIX obnmacreit Poccun, mo manHbIM Pocnmecxosa, Beibepem Bonrorpapckyro 06-
J1aCTb.

B cBsi3u ¢ TeM, YTO CpelHAs NPORO/DKUTENIPHOCTh KPYIIHBIX JIECHBIX II0>KapOB
cocrasisieT 006br9HO 10...15 ¢yt [8], mpuMeM BpeMeHHOI MHTepBalT MOJe/IPOBAHNS
15 cyT.

OmnpepenieHne rpaHNYHBIX 3HAYEHMII TTOKa3aTenell 9pPeKTUBHOCT — CIIOKHAs
3ajjaya, TpeOyroIas [JOIOTHUTEIBPHOTO IYyOOKOTO aHaaM3a IpefMeTHON 06/1acTu.
B 60/bIIMHCTBE C/TyyaeB MOKa3aTe/lu ONpPENEe/AT METONOM SKCIEPTHBIX OLIEHOK VMM
aBpUCTMYeCKM. JIIA paccMaTpuBaeMOro IpuMepa 3alaHbl CIeAyloliye 3HaYeHI:
3, =1; ., =100 M/c; T, =5 cyT.

PesynbraThl pacyeToB CBefieHbl B TAO/NIY, B KOTOPOIT IIpefiCTaBIeHbl M30MapIiI-
pyTHBIe Op6UTHI (CyTOYHAs g = 1, ABYXCYTOYHAs q = 2, TPeXCyTOYHas g = 3), Ha KOTO-
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pble MOXKHO IlepeBecTy paccmarpuBaemMble KA B 1e/1Ax NoBbIeHNsA 3PPEeKTUBHOCTH
UX QYHKIVMOHMPOBAHNA, a TAKKe OLIEHMBaeMble 3HAYEeHN IokasaTeneil spdeKTnB-
HOCTH.

ITokasarenu a¢ppexruBHocTH npu cosganuy O KA Ha msoMapuipyTHbIx opéurax
misa KA «Pecypce-II1» (uncnurens) u «Pecypc-I112» (3HaMeHaTeb)

VisomapuipyrHas opouta
ITokasarenp A B B T i
apexTuBHOCTI
p=154g=1 p=16,q=1 p=3l,q=2 p=46,q=3 p=47,q=3
T, CYT 2,04/3,66 0,16/0,87 1,33/1,03 11,22/34,01 0,54/0,96
1y, M/C 56,9/56,8 106,5/106,7 25,8/25,8 1,58/1,50 52/52,9
9 4,28/3,32 2,14/1,66 1,00/0,88 0,71/0,56 1,42/1,11

AHanu3 3HaYeHMII ITOKa3aTeslell, PeiCTaB/IeHHBIX B Tab/MLle, TI0Ka3bIBAET, YTO
KpuTepuio npurogHocty (1) ymoBreTBOpsIOT MaHeBpbl 1o nepesogy KA Ha mso-
MapiupyTHble opoutsl A u JI. OntumanbHbIM BapuanToM nepesopa KA «Pecypc-IT1»
u «Pecypc-I12» Ha U30MapIIPYTHYIO OPOUTY IO Pe3y/IbTATUBHOCTY ABJIAETCA IEPEBOJ
Ha opouty A.

Oco6eHHOCTN MCTONTb30BAHNMA TPeAIaraeMoro cmoco6a. CrieyeT OTMETHUTD,
4TO 3aIlaC XapaKTePUCTUYECKO CKOPOCTU M3HAYa/IbHO 3aKaafibiBaeTcsa Ha 6opt KA
s obecniedenusa QyHkumoHuposanusa KA B TedeHue 3ajaHHoro cpoka. C opHoOIt
CTOPOHBDI, MICIIOJIb30BaHME TaKMX 3allacOB MOXKET IPUBECTM K YMEHBIIEHUIO CPOKOB
aKTMBHOTO cylecTBoBaHMsA KA, 4To sB/IseTcs HeraTMBHBIM NIOCTIEACTBIEM IIpefIara-
emoro cnioco6a. C apyroit croponsl, KA 133 cnyxut aisa nomydenus nHbopmannm
00 MHTepecy X palfioHaX B TpeOyeMblil MHTEPBAT BPEMEHU, U LIEHHOCTD MOTy4eH-
HBIX CHUMKOB 3TUX PallOHOB TPYJHO II€PEOLIEHUTD, KOT/ja BOBPeMs IO/Ny4eHHas MH-
dbopmanysa o pasBUBAOIEMCs HOXape MOXKeT CIIACTU >KU3HU JecATKaM Jofeit. Ta-
KIM 00pa3oM, ecn oLeHnBaTh 9¢pPekTuBHOCTD mpruMeHeHNs KA Kak MHTerpasbHYIO
LIeHHOCTb IOJTy4eHHOJ MH(POPMAaIMM 32 BeCb CPOK aKTMBHOTO CYIECTBOBAHUA, TO
IIpYMEeHEeHNe YKa3aHHOTro crocoba He CHIDKaeT 3¢ ¢eKTMBHOCTh HmpuMeHeHus KA
1133, x0T 1 CHIDKAeT CPOKM ero akKTMBHOTO CyILIeCTBOBAHMA.

Ocraerca OTKPBITBIM HETPUBUAIBHBIN BOIIPOC OLIEHMBAHMA LIEHHOCTN MHMOP-
Manuu, nomydaemoit ¢ 6opra KA [133. Otor Bopoc HampsMylo CBsI3aH C OTpaHyye-
HIAMY, HaK/IA[[bIBAaeMBIMI Ha PECYPCOEMKOCTb (PacXofi XapaKTepUCTUIECKON CKOPO-
cru KA), — d4eMm BblIllle IIeHHOCTD MHGOPMAIVM, TTOTy4aeMOli TPy HaOIIONeHNN Tpe-
OyeMoro parioHa, TeM 00JIbliIe XapaKTePUCTUYECKOI CKOPOCTY MOXKHO NOTPATUTD JIA
ee momydenns. [Ipu BbI6Ope orpaHnYeHNs Ha Pacxof] XapaKTepPUCTUIECKOI CKOPOCTI
TaK)Ke HeOOXOAMMO YYUTHIBATh TEXHUYECKE XapAaKTEPUCTUKI 1eIeBOI allapaTypbl
1133, ompependAwoue CTpOruit [uanasoH BHICOT, B IpefielaX KOTOPOTO BO3MOYKHO
npumeHenne KA.

Vcnonb3oBaHye MpefiaraeMoro Croco6a HelmoCpe[jCTBEHHO CBSA3aHHO C MaHeB-
poMm ms nepesosia KA 133 Ha HOByI0 0pbuTy. BO3HMKaeT BOIIPOC 0 HEOOXOAIMOCTI
Bo3BpamleHynss KA Ha mcxopmHyno opOuUTy /yia ero (pyHKUMOHMPOBAHNA B IITATHOM
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pexxnme. [l ypoleHns IpoLeaypsl olleHMBaHMA LiesiecoobpasHocTy mepesopa KA
/133 Ha HOBYIO OPONTY MOXKHO B KadecTBe PeCypcOeMKOCTY pacCMaTpuBaTh CyMMap-
HbIe 3aTpaThl XapaKTePUCTUIECKON CKOPOCTY Ha MaHeBpHI [y mepeBoga KA Ha Ho-
BYIO OPOMTY U BO3BpAILEHNUIO €r0 Ha MCXOAHYI0 opbuty. [Ipu 9TOM BO3MOXHBI CIIy-
Jay, KOIZia HoBasi opOuTa OTBeYaeT BceM TPeOOBaHMAM /sl GYHKIVIOHMPOBAHNUSA Lie-
neBoli anmapatypbl KA, KoTopble nMeeT IITaTHasA OpONTa, WIN IUVIAHUPYETCSA COBEp-
IIeHMe O4YepeflHOTO MaHeBpa [JIA IepeBofia Ha C/IeAYIOLIYI0 HOBYIO OpOMUTY B Lie/Iax
yBe/IMYeHVsI YaCTOThI HAO/MI0eHNsI IPYroTo MHCIIEKTUPYeMOTo paitoHa. B atux cy-
Jasx IPOBOAUTH MaHeBp is1 BosBpaiteHus KA 133 Ha ucxomHyoo opouty He Tpedy-
ercs. Takum obpasoM, oleHMBaTh BCo cxeMy npumeHenusa KA [133 cnemyer xoMm-
IUIEKCHO C y4eTOM JAMHAMIYeCK) MEHSAIOLIeicsl 0OCTaHOBK, a IpejlaraeMblil CIOco0
pacumpseT BO3MOXXHOCTH ITOBBIIeHN 3¢ dexTnBHOCTY mprMeHeHnsa KA [133.

3akmouenne. Vcnonb3oBaHue MpeIOKEHHOTO CIOCO0a IO3BOJIAET IOBBICUTD
vacrory Habmopenusa KA J133 mo)xapoonacHbIX pajloHOB B TeYeHME 3a[JaHHOTO MH-
TepBaa BpeMeHu. IIpu 3TOM BO3MOXHO Kak 3abmaroBpemeHHoe cospanne OI' KA
1133 Hap TpebyeMbIM pailoHOM, Tak U onepaTuBHoe nepectpoenne KA J133.

Takoit cr1oco6 MO>XeT OBITb MCIIO/IB30BaH IIPY IVIAHMPOBAHUY NpuMeHeHrss KA
133 111 KOHTpOJIA He TONbKO I10>KAPOOIACHBIX PailoHOB, HO M IJI1 MOHUTOPMHIA
CTUXMITHBIX O€ICTBUII B TI0OOM pajioHe 3eMHOTO Iapa.
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Abstract Keywords

The study introduces an option for using iso-path orbits in  Earth remote sensing spacecraft,
order to increase the monitoring frequency of the Earth's iso-path orbit, monitoring, area
surface area by the Earth remote sensing spacecraft. We

developed the algorithms for calculating the time and

resource costs necessary to change the orbital parameters

of the Earth remote sensing spacecraft when the orbit

group is rebuilt for observation of the inspected area. Fin-

dings of the research show the expediency of the method

under consideration in solving the problems of monitoring Received 13.06.2017

the areas of natural disasters and emergency situations © BMSTU, 2018
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