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K BBIBOPY TIAPAMETPOB KOCMHUYECKOI'O AIIITAPATA 1
ATIOTEHHOT'O PAKETHOT'O JIBUTATEJISI HA TBEPJIOM TOILJIMBE

PaccMmoTpeHa 3a/1adya COBMECTHOI ONTHMH3AIIHU MPOSKTHEIX IapaMeTpoB KocMmudeckoro ammapara (KA) u
YCTaHOBJICHHOrO Ha HEM amoreifHoro pakerHoro apurarteis Ha TBEpmom Tommse (PJTT), obecnednBaromero
ocyIecTBIeHHEe OPOUTATLHOTO MaHEBpa, CBI3aHHOIO ¢ mepeBonoM KA ¢ mepexonHoi »imMnTHIecKoil opOuTsI Ha
3a/IaHHYIO KPYTOBYIO opOuTy. 3ana4a copMynipoBaHa Kak 3aaya HEJTUHEHHOr0 MaTeMaTHIEeCKOro IPOrpaMMH-
POBaHUS C OTPaHUYCHUSMH B BHJIE PaBEHCTB U AuddepeHnnanbHbIX csazeil. C yuérom TpeboBaHUi CHCTEMHOIO
MOJX0/1a K MPOEKTUPOBAHUIO CIIOKHBIX CUCTEM IPOBEIEHBI UCCIIEAOBAHUS M0 ONPENEICHUIO ONTUMAIIbHBIX 3HA-
YeHUi nMpoeKkTHbIX napamerpoB KA u amoreiinoro PTT, npu KOTOpBIX 00€CIEYNBACTCS BHIBEICHUE MAKCHMAIIb-
HOI1 OJIE3HOI HArPY3KH HA 33aHHYIO KOHEYHYIO KPYTOBYIO OpOUTY.

PosrnsiHyTo 3amady crninpHOI ONTHUMI3aLii MPOEKTHHX HapameTpiB kKocmiuHoro amapara (KA) i BcraHoBie-
HOTO Ha HHOMY aIloreifHOro pakeTHOTo JBHTIYHa Ha TBepaoMy nanusi (P/ITII), mo 3abe3neuye 3ailicHeHHS OpOi-
TAJIHOTO MaHEBpY, MOB'A3aHOro 3 mepeBogoM KA i3 npomixHOI eninTuyHoi opOiTH Ha 3aJaHy KpYroBy opoOiTy.
3amady copMyIbOBAHO SK 3a[ady HETIHIHHOrO MaTeMaTHYHOTO HMPOTpaMyBaHHsS 3 OOMEXEHHSMH y BHUIJIAL
piBHOCTeit 1 mudepeHuiaTbHuX B'si3ell. 3 ypaxyBaHHSM BHMOI' CHCTEMHOIO MiIXOAY IO MPOEKTYBAHHS CKJIAJHUX
CHCTEM NPOBEICHO JOCIIKCHHS 3 BU3HAYCHHS ONTHMAIBHUX 3Ha4Y€Hb MPOEKTHUX mapamerpiB KA i amoreitHoro
PATIIL, npu sikux 3a0e3HevyeThCsi BUBEACHHS MAKCHMAIBHOIO KOPHCHOTO HABAHTAKCHHS HA 3a/aHy KiHIEBY
KpYTroBy opOiTy.

The problem of a combined optimization of spacecraft design parameters and its apogee solid rocket engine
for the orbital maneuver resulting in the spacecraft transfer from elliptic orbit into given circular orbit is exam-
ined. The problem is formulated as a problem of nonlinear mathematical programming with limitations in the
form of equalities and differential constraints. Optimal values of spacecraft design parameters and its apogee solid
rocket engine resulting in delivery of maximal payloads to given final circular orbit are determined considering
requirements of a system approach to designing complicated systems.

Knwouesvie cnosa: anoeeiinviii pakemubvill 08ueamenb Ha MeepooM Monauee,
nepexoouas opouma, KOHeunas Kpy208as opouma, npoexmuvie napamempsbl, on-
MUMU3AYUA.

OnHo#t n3 mpobieM, penraeMpIX IPH MPOSKTHPOBAHUN KOCMHUYECKHX armapa-
toB (KA) c nBurarensHOM yctanoBkod ([Y) Ha Oopry, siBisieTCS OmpeneneHue
panMoHaIbHBIX 3HAYEHHI OCHOBHBIX IMPOSKTHBIX MApaMETPOB JIBHUIATENs, KOTOPBIN
obecrieyrBaeT BBINOJIHEHHE TPEOYeMbIX OpOWTAJIbHBIX MAHEBPOB ISl PELICHUS
NocTaBJIeHHBIX repea KA meneBbIx 3a1ad.

OpHUM W3 TUHOBBIX OPOMTAJIbHBIX MAaHEBPOB sBIsieTCA AoBbIBeAeHHE KA ¢
MePEXOHON LU THYECKOH OpOUTHI Ha KOHEYHYIO KPyroByro opoury. [Ipu sTom
BBICOTHI IIEPUTEEB MEPEXOJHBIX OPOUT MOTYT M3MEHAThCA B auanazone ot 160 km
10 250 KM, a BBICOTHI KOHEYHBIX KPYTOBBIX OPOMT MOTYT IPHUHUMAThH 3HAUYCHHS B
3HAUUTENBHO Ooyiee mmpokoM auanazone ot 700 kM must KA aucraHIMOHHOTO
30HIMPOBaHMS 3€MJIM JIO0 BBICOT T'€OCHHXPOHHBIX WJIM T'€OCTAallMOHApHOW OpOuT,
XapaKTePHBIX JUIS TEIEKOMMYHUKAMOHHBIX KA.

Jns noseiBenernst KA ¢ nepexoaHoil opOUTHI Ha KOHEYHYIO KPYTrOBYIO OpOH-
Ty MOXXET OBITh HCIIOJIb30BaH TaK Ha3bIBAEMBIH AIOTEHHBIN JBUraTeib, C IMOMO-
HIBbI0 KOTOPOTO U OCYILIECTBIAETCS A0pasroH KA 1o ckopocTH, COOTBETCTBYIOIIEH
CKOPOCTH JBI)KEHHSI HA KOHEUHOU KPYTrOBOH opOuTe.

Crnenyer OTMETHTD, YTO MCIIOJIB30BaHUE TaKOM cxeMbl BeiBeAeHUs1 KA mo3Bo-
nsieT (M0 CpaBHEHUIO C HETIOCPEICTBEHHBIM BhiBeZieHHeM KA Ha KpyroByro opOu-
Ty) MOBBICUTD BBIBOIUMYIO Maccy KA mpu ucnoibp30BaHUM OJHOM U TOH ke pake-
Thl kKocMuyeckoro HazHaueHus: (PKH). Otum onpenensercst akTyaiabHOCTb IpoBe-
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JICHHBIX HWCCIIEIOBAHUH, TIOCKOJBKY IONyYeHHAs: WH(POPMAIHs TTO3BOJSET YIIyd-
IIUTH KQ9ECTBO MPOeKTUpoBaHus KA B 1IeTIOM M pacIMPHUTh CIEKTP PEIIaeMbIX UM
ENIEBBIX 3a]1a4.

B kauectse /|VY, pacnonaraemsix Ha 60pTy KA, namee paccmarpuBatotcs 00-
JaJlarolire BBICOKOH CTENEeHbI0 OTPaOOTKU M HAJECKHOCTHIO PAKETHBIC ABUTATEIIH
Ha TBepaoM torumuBe (PIATT). Ilpm sTtom, omHON W3 HamOoJee palMOHATLHBIX
koH(urypanunii Bxogsamero B P/ITT 3apsma tBepaoro pakernoro tomusa (TPT),
SIBIISICTCSL 3apsi)l NMIMHAPHUYECKON (HOPMBI, Y KOTOPOTO TOPEHUE OCYIIECTBIISCTCS
M0 TOPIIEBOW TTOBEPXHOCTH, OOPAIIEHHON K COIUIOBOMY OJIOKY, UYTO OOecIieuuBaeT
B TIporiecce paboThl ABUraTens OJM3KHE K MOCTOSHHBIM H3MECHEHHsSI TOBEPXHOCTH
TOPEHUS, €r0 TATOBBIX M PACXOHBIX XapPAKTEPHUCTHK.

3a/auu, CBSI3aHHBIC C ONTUMH3AIKEH H BHIOOPOM MapaMeTpoOB CIOMXKHBIX TEX-
HUYECKUX CHUCTEM, BXOJSIIUX B HUX MOJICUCTEM U DJIEMEHTOB, Ielieco00pa3Ho pe-
1IaTh C MCIMOJh30BAHUEM METOJOJIOTHH CHCTEMHOTO TIOAX0Ja, B COOTBETCTBHH C
KOTOPO# MpOEKTHpyeMasi CUCTeMa PACCMATPUBACTCS KaK CIOKHAsS, COCTOSIIAS M3
OTJCNBHBIX B3aUMOCBSI3aHHBIX TIOJICHCTEM, KOTOpPhIC, B CBOKO OUYEpe/lb, TAKKE MO-
TYT OBITh PACUJICHEHBI HAa OTJIENIbHBIC YacTh. Takol Mpolecc pacuJCHEHUs! CUCTe-
MBI, Ha3bIBAEMbBIN JIEKOMITO3HIINEH, TIO3BOIIAET PA3NIONKHUTh HCXOAHYIO 33734y Mpo-
EKTUPOBAHUS CHCTEMBbI Ha psij OoJice MPOCTHIX B3aMMOCBSI3aHHBIX 3aj1ad. JlekoM-
MO3MIIUST MCXOJHOM 3aJayd OCYIICCTBICHA € YYETOM CIIEAYIOIINX OCHOBHBIX
TIPUHIIHAIIOB:

— KOXJI0€ pacwICHEHHWE MPOSKTHPYEMOW CHUCTEMbI 00pa3yeT CBOil ypOBEHb,
npuuéM UCXOHAs CUCTEMa pacloiaraeTcsi Ha HyjaeBoM ypoBHe — Cy ;

— [I0CJI€ PACUJICHEHHsI CUCTEMBI HyJeBOro ypoBHS Cy MOITy4aroTCs MOJICHCTE-
MBI IepBoro ypoBHs — Cj; , Tie | — KOJIMYECTBO MOJICHCTEM IEPBOTO YPOBHS;

— pacdJIeHeHHe NOACUCTEM NepBOro ypoBHs C;; MM HEKOTOPBIX U3 HHX IPH-
BOJUT K IOSIBJICHHUIO TTOJICUCTEM BTOPOro ypoBHs — C,; , Ilie | — KOJIMYECTBO MOJ-

CUCTEM BTOPOTO YPOBHS U T. 1.

C uenbto nonydeHus: Oosee IOJIHOTO NPEACTABICHUS O IPOEKTUPYEMOH cu-
cTeMe U e€ CBS35X B OOIIYI0 CTPYKTYPY MOXKET ObITh BKIIIOUCHA TaK)KE HAJICHCTEMA
¥ COCTABJISIIOLINE €€ 4acT (cucTeMbl HyleBoro yposHs — Cy; )

I'paduueckoe u300pakeHne IEKOMIIO3UPOBAHHONW CHCTEMBI MOXKET OBITh

NPEACTABICHO B BUJE HEPAPXUIECKON CTPYKTYpPBI, KOTOpast Ul pacCMaTpUBaeMOi
3aJa4y BBIIIOJIHEHA B BUE BeTBsILeics 0s10K-cxeMsl (puc.1)

Ha,xcuc.rcm PKH

-

Cucrema KA - Cy,y Cuerema crynesn PKH - Cyr
G e e
Moacucrema KA Ges IV - Cyy Moacucrema KA c 1V - C),
=
[Moackerema XPA - C;, Noacuctema PATT - Cy; Moacucresa PN - Cyy
i
MoacHerema [Toncucresa MNoackcrema _
3apsa TPT - Cyy xopnye PATT - Cy; connosofi Gnox - Cyy

Puc. 1 — Hepapxuueckas CTpyKTypa
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3mech B KadecTBe HancucTeMbl paccmarpuBaeTcss PKH, Ha HymeBoM ypoBHE
pacnonaratorca ase cucteMbl: KA — Cy u coBokynHocTs ctyneneit PKH — Gy, .

Pacunenenue yactu cucTeM HyJIEBOTO YpOBHsA, a UMeHHO ctyneHedt PKH, na mon-
CUCTEMBI 00JIE€ HU3KOTO YPOBHS 3/IeCh HE PACCMaTPUBACTCS, MOCKOJIBEKY MPOCKT-
HBIE MMapaMeTpsl U ocHOBHBIC Xapaktepuctuku PKH mpu pemennn paccmatpusae-
MOM 3a/1a4i CYUTAIOTCS 3aJaHHBIMU.

Brisenenne KA Ha KOHEUHYHO KPYTOBYIO OPOHMTY MOXET OBITH 00ECIIEYeHO
JIBYMsI CLIOCOOaMU: HETIOCPEICTBCHHOE BBIBEACHUE PAKETOW KOCMHUYECKOTO Ha3HA-
YCHHSI Ha KOHCYHYIO OpOUTY; BBIBEJCHUE IO MEPEXOIHOM AIUTUIITHUECKON Tpack-
TOpUHU C TOCceayrommM jgopasronoM KA B amoree mepexoaHoit opoutel. B cBoro
ouepeab BO3MOXHBI JBE cxeMmbl HoBbIBeneHUss KA: ¢ ucnons3oBanuem Y mo-
cnenueit crynenu PKH (pasronHHoro 6yoka) Wiy ¢ MCIOJIB30BAHUEM aroreiHOro
JIBUTATEJIS, PACIIONIOKESHHOTO Ha 6opTy KA.

Bosmosknbie Trrbl JIY, KOTOpbIe MOTYT OBITh PUMEHEHBI JUIS JIOBBIBEICHUS
KA Ha xOHEUHYI0 OpOUTY, MPEACTABISIOTCS KaK MOJCUCTEMbI BTOPOTO YpoBHs. B
KadecTBE MOCJIEIHUX MOTYT pacCMaTpUBAThCS: KUIKOCTHON paKeTHBIA JABUTATEIH
(OKPLl) — Cyq ; PATT — C,, ; anextpopakeTHslii apuratens (OPJ]) — Cos.

[lockonmpky manmee B KadecTBE AamoOTEHHOTO JBUTATENsl pPacCMaTpPUBAETCS
PATT, pacuneHeHue 4acTH CUCTEM BTOpOro yposHs, a uMeHHO C,yu Cy3, Ha

HOJICUCTEMBI 00JIee HU3KOr0 YPOBHS, HE pacCMaTpPUBAIOTCS.

[Toxcucrema Broporo yposHs — C,, (amoreiinenii PITT) B cBoro ouepenb
pacuiieHseTcsl Ha MOJCUCTEMBI TpeTbero ypoBHs: 3apan TPT — Cy; , kopmmyc kame-
pol cropanus PATT — Cs,, comnosoii 6ok — Cy3. bonee aeranpHOro pacuieHe-
HUS MOJICCTEM TPETHEr0 YPOBHS HE MPOBOAMIOCH, IOCKOJBKY AajbHEHIIas Je-
KOMIIO3ULIMSI ATOH MOJICCTEMBI A7 pelaeMoil 3ajauu He 1esiecoo0pasHa.

[Janee ¢ mo3unuii CHCTEMHOTO MOJX0/1a PACCMATPUBAETCS IIOCTAHOBKA 3a/1a41
omnpeneneHusl ONTUMAJbHBIX 3HaueHWid mnapamerpoB KA wu amoreitnoro PTT
(mopcuctema Cy, ) ¢ yuétoMm TpeOOBaHUH, IPEABIBIAEMBIX K HEMY I10JICHCTEMaMU
00Jiee BBICOKOTI'O YPOBHSI BILIOTH 10 HajcucteMbl — PKH.

IlocTanoBka 3agaum. 3agaua mpoektupoBanusa amoreiiHoro PATT (manee
mpocto PJITT) nnst KA B cocraBe PKH paccmarpuBaeTcst tst city4asi, KOT/Ia 3a/1aHbl
3HAYEHUS] CTPYKTYPHBIX, OCHOBHBIX MPOEKTHBIX MMapaMeTpOB M OCHOBHBIX XapakTe-
puctuk PKH [1 — 3]. [IpoektHbie mapamerpbl KA u anoreitnoro PATT moadupatot-
Csl M3 YCJIOBUSI 00ECIICUeHUSI MAaKCUMAIILHOTO 3HAYCHHS LIEJICBOT0 (YHKIIMOHANIA —
Macchl moJie3Horo rpy3a KA, BBIBoJMMOW Ha KOHEUHYIO OpPOUTY C YYETOM 3THX
yenosuit. Macca nosiessoro rpysa KA mp, onpeznensiercst COOTHOLICHHEM

rae My, —HadaneHas Macca KA, xoropas BeiBogurcs PKH Ha nepexonHyro 31-

JUITHYECKYI0 opOuTY; Mp, —cymmapHas Mmacca PJITT, obecneunBaromero 1o-

BbIBeieHne KA Ha KOHEYHYIO KPYTOBYIO OpOHTY.

3agaua chopMynupoBaHa Kak 3afada HEJITMHEHHOr0 MaTeMaTHYeCKOro Mpo-
IpaMMHPOBAHHSI C OTPAHUYCHUSIMH B BUJIC PaBEHCTB U N depeHIMaIbHbBIX CBS-
3eil. B kadectBe ontummsupyemsix napaMmerpoB KA u PIATT paccmarpuBanuch:
K03((ULUEHT HaYalbHOU TAroBOOpykeHHOCTH KA v, , naBieHHe B Kamepe Cro-
panust PATT p,, crenens pacmmpenus comna PATT &, a takxke yron Ha cpese

comna f,.
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[Tockonpky ontumuzanus napameTpoB KA u PJITT (koMmoHEHTHI BeKTopa
P ) npousBoautcs B coctaBe PKH, Taxke M0KHBI ObITH COOPMHUPOBAHBI UJIH 3a-
JIaHbI CIICTYIONINE TaHHBIE (BEKTOpP X ):

— HavanbHag Macca KA my, , BeiBonumas PKH Ha nepexonnyto smnunrude-
CKYyI0 OpOHTY, KOTOpast MOXeT OBITh TOJyueHa B pe3yibTaTe PEeICHUs] KOMILIEKC-
HOH 3a/layu ONTHUMU3AIMKU OCHOBHBIX MPOEKTHBIX mapamerpoB PKH u mporpamm
yrnpasieHus apmwkenueM [1 — 3];

— BbICOTHI anorest H 5, nepurest H e nepexoaHo sJIMITHIECKON OPOUTBI 1

KOHEYHOM KPyrosoii opoutsl, mpu uém H, ., =H . ;
py p p kp ap

—tun u dopma 3apsaa TPT, koTopas, kak yxke yKa3blBalIOCh paHee, Mpel-
CTaBJICHA B BUJE LIWIMHIPUYECKOTO 3apsijia ¢ TOPEHUEM II0 TOPLIEBOU IOBEPXHO-
CTH, OOpAIEHHOM K COTUIOBOMY OJIOKY;

—tun TPT u ero ocHOBHBIE (PU3UKO-XUMHUYECKUE XapPAKTEPUCTHKH, TAKUE KaK
ra3oBasi OCTOSIHHAsi MPOIYKTOB cropanust Ry, TemmepaTypa ropeHus TBEPAOro

TOIUIMBA T, MOKa3aTelb U303HTPOIBI MPOAYKTOB cropanusi K, miotHocts TPT

g»
Pm » TApaMETPBI, XapaKTepu3yromue ckopocts ropenns TPT uq, v; MaccoBas 1o-
15 amoMuHus B TPT gy ;

— XapPaKTCPUCTUKU KOHCTPYKIMOHHBIX, TCIIJIO3AIIMHTBIX W JAPYIrUux marcepua-
JIOB, KOTOPBIE UCTIOJNIB3YIOTCS AJis u3rotosienus PATT.

3amaya Qopmyaupyercs cienyrimuM obOpa3zom. HeoOxoaumo ompenenuTh
BEKTOP OCHOBHBIX NMPOEKTHHIX MapameTpoB KA u amoreiinoro PAATT pP* u mpo-
rpamMmy ynpasieHus nerwkeHueM KA U *, oOecrieunBaioniye MakCUMalbHOE 3Ha-
YEeHHUE 1ISJICBOTO (PYHKIIMOHAJIA

| (X, p*u*)= max my(x,p,u)
EEPS, uelU

IpU OTPaHUYCHHUSAX:

TJEISS,ISSCPS; )Te)zk,)zkcxk; ueU;
%:f(y,ﬁ,u,i); veY",Y"cY";
HX (Y, p.u.X)=HP; VXY, p.u.x)=V,";
GK(V,r),U,)T)=O;
F=R(Z) Z=PSxX*xY"xU,

re p= (p, ), i=1,s; X= (X i ),j =1k - BEKTOPBI ONTHMHU3UPYEMBIX I1a-
pPaMETPOB M MCXOJIHBIX JaHHBIX, SBISIOIINECS JIEMEHTaMU JICHCTBUTEIBHBIX BEK-
TopHbIx npoctparcte PSu X K coorsercrrenHo; PSu X K- 3aMKHYTbIE 00JIaCTH
B JCHCTBUTENBHBIX BEKTOPHBIX IpocTpanctBax PSu X K| kotopeiv mpunammexar
BEKTOpPBL P U X ; Y = (yi ), i=1,n - BEKTOp (a30BBIX KOOPIUHAT, OTPEICISIFOIIUH
nonoxxeane KA B pocTpaHCTBe, SBISIONIMICS SJIEMEHTOM JICHCTBUTEIEHOTO BEK-
TopHoro mpoctparctBa Y"; Y™ — 3aMKkHyTas 06macTh B JEHCTBUTEILHOM Bek-
TOPHOM MPOCTpaHCTBE Y'', KOTOPOMl MPUHAUIEKUT BEKTOP Y ; U — mporpamma

YHpaBJICHUA IBUXKCHUEM KA, npuHUMaromas 3Ha4Y€HUA U3 3aMKHYTOI'O MHOXE-

CTBa JOMMYCTUMBIX 3HaueHni U 5 HKOpﬁ— pacucTHad BbICOTA KOHCUHOM prFOBOﬁ
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op6utsl KA; H/P — 3anannas KoHeuHas BBICOTA KPYTOBOH OpOUTHI; VK°p6 — pac-

yeTHOE 3HavYeHne ckopoctn KA Ha KOHewHOIi kpyroBoii opbure; VP — 3naueHne
CKOpPOCTH JABHMKEHHS, COOTBETCTBYIOIIEE KOHEUHOW KPYroBOH OpOMTE C BBICOTOU
HI ; 6, - yron nakiona Bektopa ckopoctr V,° K MECTHOMY FOPH30HTY TOCIE
OKOHYaHWsI mporiecca AoBbiBeieHns KA Ha kpyroByto opouty; F = R(Z) — omepa-

TOp ¢ 06JacTbIO ONpesieeHus Ha MHoXkecTBe Z = P° x X KxY"xU u obmactbio
3HA4YEHUI Ha MHOXKeCTBE F , COMMOCTaBIAIOLINI B COOTBETCTBHE KaXKI0MY JIEMEH-
Ty MHOXKECTBa Z € Z MHOXECTBO BBIXOJIHBIX XapakTepucTtuk KA u amoreitHoro

PATT FcF .

DJieMeHThl MaTeMaTH4eckoii Moaenu. [lpu pemennu 3agaun onpeaeneHus
ONTUMAJIbHBIX 3HAUYE€HUS] MPOEeKTHhIX napamerpoB KA u amnoreitnoro PATT pac-
CMaTpUBaeTCs TUIOCKOe NBMKeHne KA B IEHTpallbHOM T'PaBUTALMOHHOM IIOJIE
3emun. B 3TOM citydae ypaBHeHUs ABIDKeHUS 1eHTpa macc KA (B mpoeknusax Ha
paananbHOE HAIpaBIIEHWE I' W TPaHCBEpCAb T, HANPABIECHHYIO B HANPAaBICHUU
npwxkenust KA nepneHaukysipHo r ) umerot Bun [4, 5]:

dv., P \VARRVA
=—-cosQp———";
dt m r

2
dl:i.sin(p+v_f_g;
d m rr

dr . (1)

dm "

dt ¢
rae V. u V, — TpaHCcBepcabHas U paauajibHas COCTABJIAIONIME BEKTOPA CKOPOCTH
KA; P - 3HaueHme myCTOTHOM TATH, CO37aBa€MOM JBUTATEIHHOW YCTaHOBKOMU
KA; ¢ — yron mexay HampaBleHHEM BEKTOpa TATH M TPaHCBEPCaJIbHON COCTaB-

nsroneil Bektopa ckopoctu KA, XapakTepusylommii MporpaMMy YIpaBieHHUS
nBmxkeHneM KA; I — pagmyc-BeKTOp, COEIUHSIONINM HEHTpP MPUTSHKEHHUS C LIEeH-
TpoM Macc KA; p — rpaBuUTaIiioHHas IOCTOSIHHAS 3€MJTH; Y — IIEHTPAIbHBIN yToI,

OTCUUTHIBAEMBIN OT HAYaJBLHOTO IMOJIOXKEHUS paguyca-BeKTopa I B HYJIEBOH MO-
MEHT BpeMEeHH; M — TeKyllee 3HaueHue mMaccbl KA; M, — MaccoBbli CEKYHIHBIH

pacxoj IpoJlyKToB cropanus anorerinoro PJTT.
Benuuuna nmyctotHoi Tsiru PJITT B 3aBucuMocTH 0T K03 duimeHTa Hadaib-
HOW TAroBoopykeHHOCTH KA v, (onTtumusupyemblii IpOeKTHBINA mapamerp KA)

onpeaesieTcs Cleayoneil 3aBUCUMOCTEIO [ 5]
m .
p=rwa o )
Vn
rne gy — ycKopeHue cBOOOIHOIO Na/leH!us y HOBEPXHOCTH 3eMIIH.
[Tonnoe Bpems paboTsl ts u 3anmac Tommusa M, PATT, HeoOxomumslii mis

noBbiBeieHns KA Ha KOHEUHYIO KPYroBYIO OpOUTY, ONpPENENSIOTCS B pe3yibTaTe
MHTETPUPOBAHUS CUCTEMbI ypaBHeHHH (1) ¢ yu€Tom orpaHM4eHHi, MPUBEICHHBIX
npu GOPMYJIUPOBKE 3a/1a4H.
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B kauectBe mporpaMMbl yrnpaBiIeHHs [BM)KEHHEM Iocie nocTibkeHus KA
aroresi IepexoAHONH OpOUTHI pacCMaTPHBACTCS YIPABJICHHE HAIPAaBICHUEM BEKTO-
pa taru PATT u :(p(t, P), KOTOpPO€ OIpPENeIseTC U3 YCIOBUS PaBEHCTBA HYIIIO
PaAuaIbHOTO YCKOPEHUS, HAIIPaBJIEHHOTO BJIOJIb paJlyca-BeKTOpa I, COeANHSIIO-
IIEro UEHTP NpHUTsHKeHHs 3emitu ¢ neHTpom Mace KA [5]:

po V2 Iml) 3)

| 2 )

[Ipu BeIOOpE mporpaMmel yrpasnenus asmwkenneM KA tsra PATT P mpuns-
Ta IOCTOSIHHOM BO BPEMEHH, YTO 00ECIIEeYMBAETCS UCIIONb30BaHUEM LIMIMHApPUYIC-
ckoit koHurypanuu 3apsga TPT TopueBoro ropeHus ¢ mpakKTUIECKH TOCTOSTHHOM
HE U3MEHSIOIIEHCS BO BPEMEHHU MOBEPXHOCTBIO TOPEHMUSL.

W3 coorHOmenust (3) MOXHO OIpeneTuTh MUHHUMAIBHO JOMYCTUMYIO TSTY
PATT P,;,, Ipu KOTOpoH BO3MOXKHA peanu3auusl NpeaIoKeHHOH cXeMbl opOH-

TaNbHOTO TIepexoa [5]

2

M Vta
Prin = 2 “Myga

ra la

I/ie TapaMeTphl C HHAECKCOM « @ » COOTBETCTBYIOT CBOMM 3HAUCHHSM B aroree re-
PEXOIHON TUTMITUYECKON OpPOUTHL.
Macca tommuBa M, , HEOOXOMUMAas! AT OCYIIECTBICHHS YKa3aHHOTO MaHEB-

pa, BBIYUCIACTCSA 10 COOTHOLICHUIO

Onepretudeckne xapakrepuctuku PITT (tara P, ymenpHBIE WMIyIhC
Inycm
yo

ontummu3upyembix napamerpoB KA u PATT P, pU3HKO-XUMHUYECKHX XapaKTepu-

, CeKYHIHBIH pacxoj mponykroB cropanus TPT m,) 3aBucsat ot BekTOopa

ctuk TPT, a Takke reoMeTpHIECKHX XapakTepUCTHK coruioBoro 6moka (Ch), Ta-
KUX KaK pajnyCc KPUTHYECKOro ceueHus comia Ry, , paamyc cpesa comma R,

JUIMHA CBEPX3BYKOBOM yacTH comna L.

Panuyc xputndeckoro ceuenus comna Ry, ompezaenserca u3 ycnosus obec-
nedyeHus tpedyemoro ypoBHs mycrtotHoi Tsaru P PATT (2). Paguyc cpesa R,
BBIYHMCIISIETCS. B 3aBUCHMOCTH OT CTENIEHHM paclIMpeHus coruia & (MpoeKTHHIN ma-
pametp PATT) no cooTHOIIEHNIO

Ra =Ry -E.
[Tnomans KpUTHYECKOTO ceueHus comna F,, mpu ycioBuu obecnedeHus Tpe-

Oyemoro 3HaueHHs1 MycTOTHOM Tsru anoreliHoro PITT P Berumcisiercss mo dop-
myite [6 — 8]
P

Fo =
wlia) | ©

2 k1
o 2 e ke
Pp - Pk (k+lj Pe a+Q(7»a)

e @, — KodppuuMeHT pacxona; @; — KOIPHUUHUEHT MOTEPh YAEIbHOTO MM-

yJbca; A, — HPHBEICHHAs CKOPOCTh Ha CPe3e COILIA.
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Bxopmsmue B (5) 3HaYeHHS Tra30IMHAMUYECKHX (YHKITHMA n(%a) u q(Xa)
OTIPEIEIISIOTCS U3BECTHBIMH COOTHOIIEHHUSIMU [8]:

k
alha)=(1-151 4 )

k+1

1 1

K+1)k-1 k—=1 .5 k-1

Ay )=| —— Ay | 1-——-X .
Q(a)(zj a( 1 a)

3HaueHMe MPHBEACHHOI CKOPOCTH A, B (6) ompenenseTcs B pe3yibTaTe pe-

(6)

IIEHHST TPAHCIICHAECHTHOTO ypaBHeHus [8]

R _g(1.)- 7
R—"g—q(ka) ()

3aBucumocts Ko3puumenta pacxona comra PIATT ¢, 0T KOHCTPYKTHBHO

CXEeMBI JO3BYKOBOW 4acTH MpuBeeHa Ha puc. 2 [7], roe mapamerp R; onpeness-
€TCsI TI0 COOTHOIICHHUTO

R, - 51 , ®)
kr

rae R, — pamuyc ckpyrinenus no3BykoBoil 4actu comna; Dy, — nuamerp kpuTH-

YECCKOIro CCUYCHHA COIlIa.

Py
1,00
0,99 | =S
0,98
0,97 o
0,96 -
095 |
094 +
0 02 04 06 08 1 12 14 16R

Puc. 2 — 3aBucumocts k03 duumentTa pacxoaa or napamerpa R,

KoapduimenT noreps yaenpHOro UMITyJbca (O MOXKET OBITh ONpEelieH 10
3aBUCHUMOCTH [6]
¢c=1-c5, )
B KOTOPOH CyMMapHBIE IIOTEPH YIEIBHOTO HMMITYJIbCA Gy OIPEACISIOTCS MyTeM
CIIOXEHUSI OTAETBHBIX COCTABIISIIOIINX

SEDN-F (10)
i=1

IJIe G; — COCTABJIAIOIIAs HOTEPh 00YCIOBIECHHAs | -M (hPaKTOPOM.

Ha nauanbHOM 3Tane npoexktupoBanus PATT cymmapHbie noTepu yIEIbHOTO
HMMITyJIbCa MOTYT OBITh OIPEICIICHbI 10 CTATUCTUYCCKOW 3aBUCHUMOCTH, MOIY4CH-
HO¥ B pe3yJibTare 00pabOTKH paCYETHBIX U IKCIIEPUMEHTAIBHBIX TAHHBIX

Gy =—2,46+3,28-InB—1.11-InD,, +0,254 -g, +
Mrzp ' (11)
+1,234-Ing+0,7 - —4—

m

rae Myzp — Macca TeII03alUTHOIO MOKPBITHS.
Bxogsmas B cootHomenue (11) BenuunHa B onpenensercs no GopMmynam:
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P 3
-1 (12)
6y =arctg [F’J;
a
— L
Xgq =—2
er
VY aenbHbId UMIYIBC TATH | %C'" B IIyCTOTE, a TAK’)KE MACCOBBIM CEKYHJIHBIN

pacxox IMPOAYKTOB CrOopaHus rhc(t, f)) PaCCUUTBIBAKOTCS I10 U3BECTHBIM COOTHO-
meHusM [6, 8]:
|}f/7$/cm :1. Z'M'X'Rg 'Tg '[Xa"’l];
2"k Ao (13)
: = Py (t) P
me(t, p)= A, -2
x- Rg .Tg
rae y — Ko3hGULUUEHT TeIIONOTeph B KaMepe CrOpaHus; [y (t) — JIaBJICHHUE TOP-
MO>KEHMS Ha BXOJIE B COILIO, IPUHUMAEMOE PABHBIM 3HAYEHUIO IIPOEKTHOIO Iapa-
metpa PATT p, .

Koadduuuent A, , Bxoxsamuii B (13), onpenensercs no 3aBUCUMOCTH

(14)

[Ipu 3amaHHBIX 3HAUYEHUSAX AMAMETPOB KPUTHUECKOTO CEUEHHsS U Cpe3a coIlia
JUIMHA CBEPX3BYKOBOM uacTu comuia L. MoxeT ObITh ompejiesieHa B COOTBETCTBUU

¢ [6] o rpaduky, NpUBEACHHOMY Ha PUC. 3, TJI€ UCIOIb30BAHbI CICAYIOIIHE 000-
3HaueHUA: Ry, — paanyc kputudeckoro ceuenus comwna; F,, F, — miomamm cpesa

Y KPUTUYECKOTO CEYECHHUs COTLIa.

CoBMmecTHOe pereHre ypaBHeHui (2), (5) — (14) ¢ yu€rom rpaduiecknx 3aBu-
cumocTel (puc. 2 u puc. 3) T03BOJISIET ¢ AOCTATOYHOM JUI HAYAJIbHOTO 3Tara MpoeK-
THUPOBAHMSI TOYHOCTBIO ONPEJENUTh TeOMETPUUECKHE pa3Mephbl COIUIOBOTO Oioka
PITT, a Takxe nepeynciieHHbIE PAHEE €r0 SHEPTETUUECKHUE XapPAKTEPUCTUKH.

LoRup
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S 10 15 2 25 30 35 40 45 50 FaFe
Puc. 3 — 3aBUCHMOCTD OTHOCHUTENBHOH JUTMHBI CBEPX3BYKOBOH YaCTH COILIA
OT CTEIICHH PACIINPEHUS
ITo momyueHHOMY 3HA4YEHHIO CEKyHAHOro pacxoga M. (13) ompenemnstorcs

JUTSL TIFTUHAPUYECKOTO 3apsia HeoOXOoIuMOe 3HaueHHUE IUIOIIAIN TOPIIEBOH IO-
BEPXHOCTU I'OpPEHUs S, U COOTBETCTBYIOIIUI el JuaMeTp LWIMHIPUYECKOH ya-
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cru 3apspa TPT D, [9]:

T
B 3aBucuMocTH OT 3amaca TOIUIMBAa, HEOOXOAMMOro Ha AoBbIBeAcHHE KA,
omnpexensercs mmHa |, mummaapryeckoro 3apsana PITT mo gopmyne
My
Sm *Pm
TonmmHbI HECYIIHNX AMeMeHTOB KOHCTpyKimH anoreiiHoro PATT moryT 66ITh
OIIpPEIEIIEHBI 110 M3BECTHBIM COOTHOIICHHMSM M3 pacdera Ha mpodnocts [10, 11].

Tommuaa BHyTpeHHETO TerurozammTHOro mokpsiTus (T311) Kopmyca kamepsr cro-
paHus TPU pEIICHUH OCTABICHHON 3a]]au ONpeessiach M0 COOTHOIICHHIO

z

O1zp =80 +Urzp Ly,
rae O1zp , Op — pacuéTHas U MUHHMMAIBHO JIOIycTHMas B KoHue pa®otel PATT
tonmuHsl T3II; Urzp — ckopocts yHOca T3II, onpenensemas 10 CTaTUCTUKE.

C yu€ToM BBINIE WU3TO0KEHHOTO, TIPU TIOYYEHHBIX paHee rabapuTHBIX pa3zMme-
pax 3apsina TPT u comoBoro 6:10ka MOTYT OBITh OTIpeIeIEHbl MAaCCOBBIE XapaKTe-
puctuku anoreitnoro PITT.

Meton pemenusi. Beibop napamerpoB KA u anoreitnoro PATT ¢ yuérom
TpeOOBaHUI MojcHcTeM OoJiee BHICOKOTO YPOBHSI OCYIIECTBISICTCS TIPH CIEIYIO-
IUX OrpaHUYCHMSIX M JponylieHusx. lIpexnmonararoTcs 3aJaHHBIMM IIPOEKTHBIE
napaMmeTpsl U ocHoBHbIe xapakTepuctuku PKH. BeiBenenne KA nHa mepexonnyro
OpOUTY OCYIIECTBISIETCS COOTBETCTBYIOIIMM BHIOOPOM MPOTPaMMbl M3MEHEHHS
yrina tanraxa [1 — 3], obecreunBarorieii TpebyemMbie mapaMeTpsl MEPEXOHON op-
OWUTBI, 2 UMEHHO BBICOTHI TIEpUTesl U aroresi, PH 5TOM BBICOTa arnores MpUuHUMAaeT-
Csl paBHOM BBICOTE KOHEUHOW KpYyroBoi opOuThL. [Ipn 3a1aHHBIX XapaKTepHCTUKAX
TPT, 3nauenusax ontumusnpyemsix napamerpoB KA u PITT onpenensercs Tpe-
Oyembiii 3arac TPT, koTopsili HeoOXoauM Juis JNoBbiBeAcHHS KA Ha KOHEUHYIO
KpYroByto opouty. B 3aBHCHMOCTH OT 3HaYeHHH ONTHMH3UPYEMBIX MMapaMeTpOB
OTIPEJIEIISIOTCS. TEOMETPUIECKUe, Ta0apUTHO-MACCOBBIE U DHEPTreTHYCCKHE XapakK-
tepuctuku PJITT. IlenenanpaBineHHOE BapbUpPOBAHUE ONTUMU3ZUPYEMBIX Mapa-
meTpoB KA u PATT npu pa3snuyHbIx mapameTpax MepexoaHOH OpOUTHI IO3BOJISET
ONPEIEINTh, B KOHEYHOM HTOI€, pallMOHAIBHBIE 3HAUYCHUS I1apaMETPOB IEPEXOJ-
HOW opOuTHI, onTuMH3upyeMbIx mapamerpoB KA u P/ITT, a Takke OCHOBHBIX Xa-
pakrepuctuk PITT.

NamocTpaTtuBHblii nmpumep. C HCMIONB30BAaHUEM PACCMOTPEHHOTO BBIIIE
MoAX0/a MPOBEACHA ONTUMHU3AIMS OCHOBHBIX MPOEKTHHIX mapameTpoB KA u aro-
reitHoro PJITT. [Insa BoiBenenuss KA Ha mepexonHylo JUTUNTHYECKYIO OpOHTY B
pacuérax wucnosb3oBanach aByxcrynendaras PKH co craproBoii Mmaccoi
My =100,0 m . Pemanuce LeneBble 3a1auu, CBA3aHHbIE C BbiBeJeHUEM KA mak-

CHUMaJbHONH Macchl Ha Kpyrosble opOutsl ¢ Bbicotamun Hy, =800,0 kM ;

Hy, =1000,0km ; H,, =1200,0km . Haknonenne miockocteii opouT 1o oT-

HOILICHUIO K TIOCKOCTH 3KBaropa mpuHsaTo paBHbiM | =90°. BeiBenenne KA Ha
KOHEYHBIE KPYrOBbIE OPOUTHI OCYLIECTBISUIOCH C MEPEXOIHBIX SJUTUNTHYECCKUX
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opour c BBICOTaMH nepures, M3MEHSIONUMHCS B JUarma3oHe
170,0km <H p <220,0 kM , n BbicoTamu anorest H,, , paBHBIMA BBICOTAM KO-
HEYHBIX KPYroBbIX OpOUT H, .

[Ipu pacuérax Tpaekropuii BbiBeneHHss KA Ha mepexoiHble OpOUTHI HCIOb-
3oBasiich Matematuueckas moaens PKH u nanusie, npuseaenusie B [12].

B kauectBe ontumusnpyembix napametpoB KA u amoreitnoro PATT (Bextop
P ) npuHATHL: K03 dUIKEHT HavalbHOH TAroBoopyxkeHHoctd KA v, naBienue B
kamepe cropanust PATT p, , crenens pacmupenus comna PATT £, a Takke yron
Ha cpese comna f3,.

IIpu onpenenenuun ocHoBHBIX XapakTtepucTuk PIATT ucnonb3oBanuch cieny-
IOLKE XapaKTepUCTUKU ycinoBHOrO TPT u, COOTBETCTBEHHO, MPOIYKTOB €r0 Cro-
panus: miotHocts TPT p,, =1800 K2/ M3 rnapaMeTpbl, XapaKTepU3YIOIIHE CKO-
pocts rTopenus TPT u;=0,003m/c, v=0,2; temneparypa ropenust TPT
Tg =3500 K ; maccoBas nomst amtomunus B TPT g, =0,03 ; ra3oBast nocTosiHHas
npoaykros cropanus Ry =280,0 [k /(ke-K) ; mokasarenb H309HTPOIBI IIPO-

nykToB cropanus K =116 .

Hauansneie maccel KA, BeiBonumblie PKH Ha pa3nuuHble nepexoaHble SIUIHI-
THYCCKUEe OpOUTHI, Xapakrepusyembie BbicoTamu mepures H o u amores H 4,
nmpuBeIeHbI B Tabm. 1 .

Jia xakoit 3 mpuBeeHHBIX B Tabn. 1 opOMT poBeIeHa ONTHMH3AIINS TIPO-
exTHbIX mapamerpoB KA wu amoreitHoro PIATT. I'panunsr obmacteit naMeHeHUs
ONITHMHU3HUPYEMBIX TApaMETPOB IPUBEICHBI B Ta0IM. 2.

OnrtumanpHble 3HaUY€HMs JABJICHUsS B KaMepe CrOpaHus [, M YIOJl Ha cpes3e
comna f,amnoreiiHoro PATT B mpouecce onTuMu3anuu U BCEX PACCMOTPEHHBIX
KOHEYHBIX OPOUT MOITYYUINCh PABHBIMU HIKHUM I'PaHULIAM 00J1acTell M3MEHEHHUS,
creniedp pacmmperus corua PATT & momyumiace paBHOW BepxHel rpaHuiie 00-

JJaCTH UBMCHCHMUA.

Tab6muma 1
H Hauanpnas macca KA Ha mepexogHo# opOure, ke
per KMy =800 kM | H,, =1000 km | H ,, =1200 km
170,0 3409,1 33314 3257,5
180,0 33949 3317,5 3243,8
190,0 33794 3302,3 3228,8
200,0 3362,5 3285,5 3212,3
210,0 3344,1 3267,3 3194,9
220,0 3324,2 3248,5 3175,7
Tabmuma 2
I'panumer obnacTeit N3MEHEHUST ONTHMU3UPYEMBIX ITapaMeTPOB
Vi Py, kaC | cM? 3 B, 2pad.
min max min max min max min max
5,0 15,0 30,0 70,0 3,2 4,0 8,0 12,0
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Tabmmma 3

OnruMainbHbIe 3HAYCHUS rnapameTpa Vn
Bsicora nepurest nepexonoit opourst H pe: KM
Hy kv
170,0 180,0 190,0 200,0 210,0 220,0
800,0 9.61 9.74 9.86 9.98 10.10 10.22
1000,0 8.08 8.15 8.22 8.28 8.35 8.41
1200,0 7.09 7.16 7.18 7.23 7.27 7.32

OnTuManbHBIC 3HAYCHUS BBIBOAMMBIX MacCC IIOJIE3HOT'O I'py3a KA mpg JJIsL

PAa3IIMYHBIX MIECPEXOAHBIX U KOHCYHBIX KPYT'OBBIX Op6I/IT MMPUBCACHLI B TaoI. 4.

Tabnuua 4
OnruMainbHble 3HadeHus M ng
BeicoTa nepures nepexoanoi opoursr H per KM

Hy kM

170,0 180,0 190,0 200,0 210,0 220,0
800,0 3081.8 3074.4 3065.8 3055.8 3044.4 3031.6
1000,0 2922.3 2915.3 2907.1 2897.4 2886.5 2874.8
1200,0 2776.1 2769.4 27615 2752.2 2742.1 2730.5

OcHoBHbIe xapakTepucTuku anoreifHpix PATT mis pa3nudHbIX MepexoaHbix U
KOHEYHBIX KPYTOBBIX OPOUT MPUBEACHBI B Ta0JI. 5.

Tabnuna 5
OcHoBHbIe XapakTepucTuky anoreitHprx PTT
Hy K ny Bricora nepures nepexoanoi opoursr H per KM
170,0 180,0 190,0 200,0 210,0 220,0
P, kec 354.6 348.5 342.7 336.8 331.0 325.3
mg,ke/c | 1.297 1.275 1.253 1.232 1.211 1.190
800,0 Mpy,Ke | 327.3 320.5 313.6 306.7 299.6 292.6
My, Ke 211.8 207.4 202.9 198.3 193.7 189.1
P, kec 412.3 407.2 402.0 396.7 3914 388.4
m¢, ke /c | 1.508 1.489 1.470 1.451 1.432 1.420
1000.0 Mpy, K2 | 409.1 402.2 395.2 388.1 380.9 373.6
m,, ke 265.7 261.1 256.5 251.9 247.1 242.4
P, kec 459.6 454.6 449.6 4445 439.3 434.0
mg,ke/c | 1.681 1.663 1.644 1.626 1.607 1.587
1200,0 Mpy,Ke | 4814 474.4 467.3 460.1 452.7 445.2
My, Ke 313.4 308.8 304.1 299.3 294.5 289.6

Kak mokazamu pe3ynbTaThl NMPOBEAEHHBIX HCCIEIOBAaHWMA i BBIOpaHHOMN
cxeMbl BbiBeJIcHHs1 KA Ha KOHEUHYIO KPYrOBYIO OpOHTY, B KAQUeCTBE MEPEXOIHOM
OpOUTHI 11eIeco00pa3HO UCIIOIb30BaTh MUINNTHYECKHE OPOUTHI C MEHBIINM 3Ha-
YeHHEM BBICOTHI nepures. B minmrocTpaTHBHOM mpuMepe HanOoJbInas macca Io-
JIE3HOTO TPy3a BBHIBOJUTCS HA BCE PACCMOTPEHHBIE KOHEUHBIE KPYTOBbIEe OPOHTHI C
MIEPEXOIHBIX IUTMIITUIECKIX OPOUT ¢ mepureeM, paBHbIM 170 xwm.
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Koadduuuent HavanbHOU TAroBoopy:keHHoctd KA v, g Bcex paccMoT-

PEHHBIX KOHEUHBIX KPYTOBBIX OPOHT C YBEITUYCHUEM TIEPUTES MTEPEXOTHOM OPOUTHI
TaKKe Bo3pacTaeT. Tak Juisd KOHeYHOH KpyroBoii opouTsl BeicoToii H, =800 km

V, yBenuuuBaeTcs oT 3HaueHus 9,6137 i BblcOTHI mepures paBHoil 170 xu 1o

snavyenus 10,2189 nns BeicoTHI epurest paBHoit 220 kv . AHATIOTHYHOE yBeIU4e-
HHe K03((ULMEeHTa Ha4adbHON TATOBOOPYKEHHOCTH V,, HaOIIOAaeTcs U Ui pac-

CMOTPEHHBIX KOHEUHBIX KpYroBbIX opbut c BelcoTamu H,, =1000 kM u
Hy =1200 kv .

BeiBoabl. C HCTIONB30BaHHEM METOAOJNIOTHH CHCTEMHOTO MOAxonaa chopmy-
JTUpOBaHa 3a/1ada COBMECTHON ONTHMH3AINY MPOESKTHHIX mapamerpoB KA u ycra-
HOBJICHHOTO Ha HEM amoreitHoro PJ[TT, koTopsiii oOecrieunBaeT BHITIOJTHEHUE Op-
OMTAIPHOTO MaHEBpa, CBA3AHHOTO ¢ mepeBomoM KA ¢ mepexomHoH AILTATITHYC-
CKOI OpOWTHI Ha 33JaHHYIO KPYTOBYIO OPOHTY.

Pa3zpaboranHble 371eMEHTHI MaTEMaTHYECKON MOJIEIH, Pean3yomue e€ anro-
PUTMBI ¥ TIPOTPAMMHOE OOECIIeueHNe, MOTYT OBITh HCIIOIH30BAHBI MMPOCKTHHIMHU
OpTraHM3alHsIMHA Ha HAYaJILHOM 3Talle MPOEKTHPOBAHUS KOCMHUYECKHX allapaToB C
YCTaHOBJICHHBIMH Ha OOPTY IBHUTaTeNbHBIMA YCTAaHOBKAMH, pa0OTAIOIUMH Ha
TBEPIOM PAaKETHOM TOTLTUBE.
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