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MOJIEJI JJISI OTHKHA MACHA KOCMIYHOI THAYCTPIAJIBHOI
IJIAT®OPMMH TA i MOJIYJIIB

Incmumym mexuiunoi mexaHixu
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Merta crarTi — po3poOka Mojemneil Al OLiHKKM MacH KOCMIYHOI iHAyCTpiabHOI mnaThopMu Ta ii MOXYIIB.
Ha nouartkoBomy erami po3poOKki HOBOr0 KOCMIYHOTO amapara icHye oOMexxeHuil Habip Buxignux panux. oo
KOCMIYHOI iHAyCTpianbHOI IaTGOPMU TAKMMH €: CKJIaJ OCHOBHHX Ta JOIOMDKHHX MOJYIIB; APaMETPH TEXHO-
JIOTIYHMX HPOLIECIB, 1[0 peani3yloThcs Ha miathopmi (piBeHb BaKyyMy Ta HEBaroMOCTi, eHEPTreTHYHA MOTYKHICTh
00aHaHHS TOIIO); CKJIaJ TEXHOJIOITYHOro o0JIaJHAHHS JUI BUPOOHUITBA Ha iHAycTpianbHil miatdopmi. Ocod-
JIMBICTIO MPOEKTYBAHHs IHAYCTpiajabHOI MIATGOPMU € Te, IO MPAKTHYHO BIACYTHI TEOPETHYHI pOOOTH, LIO
TIOB’s3aHi 3 BUOOPOM TapaMeTpiB IIaTGOpMH i JIOTikoI0 1i IPOEKTYBaHHS Ha €Tall KOHIENTYalbHOIO MPOEKTY-
BaHHs. [Ipolnec NpoekTyBaHHs B AaHiil poOOTI PO3IIIANAETHCSA CTOCOBHO JI0 €Tally KOHIEHTYaJlbHOTO IPOEKTYBaH-
Hs. Lleil eram XxapaKkTepH3yeThCs TUM, IO IIPO CHCTEMY, IO PO3POOISETHCS, BiJOMO JIMIIIE 3aTaJIbHE YSBJICHHS IIPO
il KOMITOHOBKY, TIPO THITH [epeA0avTyBaHUX OCHOBHHX CIIY:KOOBHX CHCTEM, PO JAEsKi BUXIIHI JaHi Ta mapaMeTpu
TEXHOJIOTTYHUX IPOIECIB, IO IUIAHYEThCS peanidyBaTH Ha Iutatdopmi. IIpomec mpoekTyBaHHS HOBOI CKIIamHOI
KOCMIYHOI CHCTEMH, [0 KOl HAJIEKHUTh IHAyCTpiaibHa muiathopma, npeactaBise cobol GaraTopiBHEBHH iTepa-
LilffHUH 1 onTHMIi3aliiHMIl mpolec, IiJ Yac SKOr0 BU3HAYAIOTHCS 1 YTOUHIOIOTHCS 1i XapaKTEepHCTHKU 1 MacoBe
3BezieHHs. P0o3po0iieHo Moens IUis OL[IHKK MacH iHAycCTpianbHOI miathopmu Ta ii MOAYIIiB, IPH PO3POOILI SKOT
TIPOBEJICHO JICKOMIIO3HILIIO IIATGOPMH i 11 CKIIAJOBHX O PiBHS €IEMEHTIB CHCTeMH. IIpOBENeHO CTaTHCTHYHHI
aHaJi3 MAaCOBHX YaCTOK OOPTOBUX CHCTEM KOCMIYHHX amapariB. BusHaueHO cepeiHi MOKa3HUKH YaCTOK Mac i3
JIOCITIKYBaHOT BUOIPKM KOCMIYHUX amapatiB Ta iX BiAMOBIIAHI MOKa3HUKHU PO3CISHHS (IHUCIEPCis, CepeHe KBaJI-
partudne BimxuneHss). st cepeqHix MOKa3HUKIB 1 Aucmepcii BU3HAYEHO NOBipUi iHTEpBaIU 3 HaIHHOIO IMOBIp-
HicTIo 99,9 Bincortka. [Tomanbni KocmimKeHHS 3 IPOEKTYBAaHHSI KOCMIYHHX 1HIYCTpiaJbHUX IUIATGOPM IUIAHYETh-
Csl MIPOBOAUTH 3 YPAaXyBaHHSIM BH3HAYCHHX MAaCOBHX YaCTOK CHCTEM CYIYTHHUKIB 3 YpaxXyBaHHSM BiJIIIOBIIHHX
JIOBIpYHUX IHTEPBAJIB, a caMe MiHIMaJIbHO 1 MAKCUMAJILHO MOXJIMBHUX Mac UL Ti€l 4M iHIIOI CHCTeMH.

Knwuosi cnosa: xocmoc, KoHyenmyaivbHe npOEKMy8aHHs, iHOYCMpianbHa niam@opma, mMooyis, 6a208d
MOOenb, CamucmuyHi NOKA3HUKU.

The goal of this paper is to develop mass models of a space industrial platform and its modules. At the ini-
tial stage of development of a new spacecraft, a limited set of basic data is available. For a space industrial plat-
form, they are as follows: the configuration of its main and auxiliary modules, the parameters of the technological
processes to be implemented on the platform (the vacuum and the microgravity level, the equipment energy ca-
pacity), and the manufacturing equipment configuration. A feature of industrial platform design is that there are
few, if any, theoretical works on the choice of platform parameters and the logic of platform conceptual design. In
this paper, the design process is considered as applied to the conceptual design stage. This stage is characterized
by that nothing is known about the system to be developed except for the general concept of the platform layout,
the expected types of the main service systems, some basic data, and the parameters of the technological processes
to be implemented on the platform. The process of designing a new complex space system such as an industrial
platform is a multilevel iterative and optimization process, during which its characteristics and the mass fractions
of its components are determined and refined. The paper presents a mass model of an industrial platform and its
modules, in whose development the platform and its components were decomposed to the level of system ele-
ments. A statistical analysis of the mass fractions of the onboard spacecraft systems was carried out. The mean
values of the mass fractions for the sample of spacecraft under study and their scattering coefficients (the disper-
sion and the mean square deviation) were determined. For the mean values and the dispersion, 99.9 confidence
intervals were determined. Further studies on the design of space industrial platforms are planned to be carried
using the mass fractions of satellite systems and the confidence intervals, namely, the minimum and the maximum
possible mass for a particular system, determined in this study.

Keywords: space, conceptual design, industrial platform, module, weight model, statistical parameters.

Beryn. BukopucTaHHST KOCMIYHEX 1HAYCTpiaNbHHUX TATGOPM MpH iHAYCTpia-
mizarii KocMocy y MaiOyTHHOMY JIO3BOJIUTH BHPIIIMTH MPOOJIEMH TII00aIBHOTO
MOTEIUIIHHS Ta OOMEXKEHOCTI ICHYHYHMX 3eMHHuX pecypciB [1]. Ha mouaTkoBomy
eTarti po3poOKH HOBOTO KOCMIYHOIO anapaTa y po3poOHHKIB, SIK IPABUIIO, B HAsB-
HOCTI OOMexeHHui Habip BUXIIHUX JaHuX. Tak, mpu po3poOil KOCMIidHOT iIHAYCTpi-
anpHoi atdopmu (KIIT) € HacTymHI BUXiJHI JJaHi: CKJIaJ, OCHOBHUX Ta JOMOMIX-
HUX MOJYJIiB; MapaMeTPH TEXHOJOTIYHMX MPOILECIB, 0 Peali3yloThCs Ha miaTdo-
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pMi (piBeHb BaKyyMy Ta MIKpOTpaBiTallii, CHEpreTHIHA MOTYXHICTh OOJIaTHAHHS
TOIIO); CKJIAJT TEXHOJOTIYHOTO OOJIaTHAHHS JUIsl BUPOOHHUIITBA HA 1HIYCTPiallbHIN
mwiardopwmi [2, 3]. Ocobmusictio npoekTyBanHs KIII € Te, mo BiacyTHI TeopeTHdHi
pobotw, o TOB’A3aHi 3 BUOOPOM MapaMeTpiB MIATPOPMH 1 JIOTIKOIO ii MPOEKTY-
BaHHS Ha €Tamli KOHIENTyaJbHOTO TPOEKTyBaHHS. [Ipormec mpoekTyBaHHS HOBOL
CKJIaJIHOT KOCMIYHOI CHCTEMH, A0 SKHUX HaJeXHWTh IHIycTpiaibHa ImiaTdopma,
TIpeACTaBISIE COO0I0 OaraTopiBHEBUH iTEpariitHuil 1 ONTUMI3aIIHHAN TIpoIIec, i
Yac SIKOTO BH3HAYAIOTHCS 1 YTOYHIOIOTHCS 11 XapaKTEPUCTUKH 1 MAaCOBE 3BEJICHHSI.
Ha modatkoBoMy erTami BH3HA4Ya€ThCS CTPYKTypa CHCTEMH, IO TMPOEKTYETHCS.
Crpykrypy KIIT 3anponioHoBaso B [2] Ta po3suneHo B [3].

IHocTranoBka 3agaui. [Iporec mpoekTyBaHHA B HaHiil poOOTI PO3TISLAAETHCS
CTOCOBHO [0 €Tally KOHIENTyaJIbHOTO MPOeKTyBaHHsL. Llei eran xapakTepu3yeTbes
TUM, IO NIPO CUCTEMY, IO PO3POOIAETHCS, BIIOMO JIMIIE 3arajbHE YSIBICHHS IPO
il KOMIIOHOBKY, TIPO THIH Iepea0adyBaHUX OCHOBHUX CIY)KOOBHX CHCTEM, IIPO
JesIKi BUXIHI JIaHI Ta mapaMeTpu TEXHOJIOTIYHHUX TIPOIIECiB, IO TUTAHYETHCS pealli-
3yBaTH Ha TuiatdopMi. 3 JiTepaTypu Ta HOPMATUBHUX JTIOKYMEHTIB MO0 MIPOEKTY-
BaHHS KOCMIYHUX cucteM [4 — 13] Bimomo, 1m0 Ha MOYATKOBIM cTafil KOHIIENTya-
JFHOTO TIPOEKTYBAHHA (CTalis MEPEIIPOEKTHUX JOCHTIDKEHb) MICIs BH3HAUYEHHS
CTPYKTYpPH HOBOTO KOCMIYHOTO amapara HeoOXiJHO MPOBECTH aHalli3 Mac HOro
CKIIaIOBUX Ha 0a3i craTucTHYHWX MaHuX. Lle mo3BonmTh mpw 3amaHiit Maci KopHc-
HOTO HAaBaHTa)KCHHS, B HALLIOMY BHUIAIKy TEXHOJOITYHOTO OOJaJHAHHS IJisi BUPOO-
HHLTBA, 110 BIIOMHUM BEIWYMHAM MIPUBEACHUX Mac BU3HAUMTH cTapToBy Macy KIIL.

Merto10 naHOi pobOTH € po3poOKa MAaCOBHX MOAEINEH KOCMIYHOI i1HIyCTpiallb-
HOI maTdopMu Ta ii MOTYIIiB.

B zaranpHomy Burmsmi KIIT ckrmagaerscst 3 OCHOBHUX Ta JAOMOMIXKHUAX MOIY-
niB. [TouaTkoBa Maca iHAyCTpialbHOT TNIATPOPMU M, ; BU3HAYAETHCS CYMOIO Mac

OCHOBHMX Mgy, , TOMOMDKHHX My, Ta MPOMKCIOBOTO My, MOJIYIIB:
Myp =Mey + Mgy + Mgy, . (1)

Maca ocnoBHux MonyniB KII1 Bu3HauaeTbcs K cyMa Mac: KOHCTPYKIIl

my'™, Momynst kepyBaHHS M, , EHEPreTHYHOrO KOMILIEKCY My, , MOMYJs 3a-

Ge3reuenHts TEMIOBOro pexuMy miarhopmu Myl Moyns 3abe3nedeHHs opie-
HTalii i crabimizanii M, 2. , GOPTOBUX MAHIMYIATOPIB My, , MO KOMaHIHOT
pamioiiHii m A’f,;ggn , IPUAMaJIbHUX JIOKIB My, Ta BiJIBAHTa)KYBaJIbHUX JIOKIB Mgy
1 OITUCYETHCS SK:

o Kil Kif Kim
Moy =My +Mye +Mge +Myarp +Myaoe +

+ Mgy, + Moy + My + My,

Koncrpykuis inaycrpiansnoi miiargopmu. Hecywa koHCTpyKIlist iHIAyCTpi-
IBbHOI TUTATGOPMH BKITFOYA€E OCHOBHI HeCydYi elleMeHTH (TepMeTHYHI Ta HerepMme-
THUYHI BiJICIKH, ()epMU), BHYTPIIIHI KapKacu MOJYJIB, MEXaHI3MH Ta eKpaHH (3a-
XHCT BiJl (parMeHTIB KOCMIYHOTO CMITTSI, paliallifHA{ 3aXUCT, MOTJIMHAYI eJIEKT-
POMAarHITHHX XBHJIb TOIIIO).

Hecyu4i repmeTnyHi Ta HErepMETHYHI BiJICIKU Ta epMH Pa3oM i3 CTHKYBallb-
HUMH TIPUCTPOSIMH, IO BXOJSATH JIO CKJIAJY CHCTEMH CTHKYBaHHS MPHUHUMAIBHOTO
Ta BiJIBAHTaXyBaJIbHOI'O MOJIYJIIB, 00'€IHYIOTh KOHCTPYKIIiFO CTaHIII] B €IUHE I[iJIEC.
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TI'epMmeTrruHi BiACIKKM 3a0€3MEeUyIOTh 30€pEKCHHS YHIKAIBHOTO TEXHOJOTIYHOTO
00JaHaHHS Ta HOT0 3aXHCT BiJl BIUTUBY ()aKTOPiB KOCMIYHOTO IIPOCTOPY.
®epMu cITy)KaTh JUISI PO3MIMIEHHS BEJIMKUX BUHOCHUX €JIEMEHTIB CTaHIIi: Co-

HIYHUX Oatapel, pamiaTopiB CHCTEMH 3a0€3MEUCHHS TEIIOBHUX PEKUMIB 1 TEXHO-

JIOT1YHOI'O yCTaTKyBaHHs. Maca KOHCTPYKLIT m,’f ' 3amesxuTh Bim Mac: repMeTHY-

nux Bincikis mf7 . merepmermunux Bincikismy? , depm my'", BryTpimmix

KapKaciB MOIyIIiB M g,’f’ , 3AXUCHUX EKPaHiB mg,_i” 1 BUBHAYa€eThCSA 32 GOPMYIIO0

M =mi" i - mE mi - mi

Mopayab kepyBanusi. Monyns kepyBanHa KIII mMokHa yMOBHO MOIIMHTH Ha
JIBI YaCTHHU: KepyBaHHS OOPTOBUMH CHCTEMaMH IUIAT(OPMHU 1 KepyBaHHS TEXHO-
JIOTIYHUMH TIPOLIECaMH, IO Peai3yroThcs Ha TuiatdopMi. ['onoBHOIO 3a7a9eto Mo-
ITyJIsl KepYBaHHS iHAYCTPIaTbHOIO TIaT(HOPMOIO € 00’ €AHAHHS 11 MOIYJIiB B €IUHUI
iH(OpMaIiHHO-TOTTYHNN KOMILIEKC.

Ho ckmany momyns kepyBanHs KIII Bxomars: 6opToBa mudpoBa o0UrcIOBa-
JbHA CHUCTEMA, MOAYJb KEpyBaHHS OOPTOBUMH CHCTEMaMH Ta MOIYJb KepyBaHHS
TEXHOJIOTIYHUM IporecoM. TakuM YMHOM Maca I[bOr0 MOAYJIS 3aJIeKUTh BiJl Mac:
0OpTOBOI OOYHCIIOBANBHOI CHCTEMH My 00 , MOJYJISA KEPYBAaHHS OOPTOBUMH CHC-

TeMaMd M, - , MOAYJISl KEPYBaHHS TEXHOJOTTYHUM TIPOLIECOM M.+, Ta BH3HA-

Ya€ThCS HACTYITHUM YUHOM
Myx =Mgyoc T Mykse T Myrr -

Eneprernunuii kommiekce. EnepreTnuHuii KOMIUIEKC CKIIagaeTscsi ¢ OOpTo-
BOI CHEPreTHYHOI CHCTEMH 1 PO3MOAITICHOT eHepreTHYHO1 cucTeMu. Maca J1aHoro
KOMIIJIEKCY 3aJIeKUTh BiJl Mack OOpTOBOI €HEPreTHYHOI CUCTEMH Mg, Ta MacH

PO3MO/IINIEHOT €HEPIreTUYHOT CUCTEMH My, 1 BU3HAYAETHCS 32 JJOTIOMOTOI0 BUPa3y
Mg =Mgege + Mpge -

Boprosa eneprernuna cucrema (BEC) mMae y cBoeMy ckiani coHsuHi Oarapeti,
aKyMyJISTOpHI OaTapei, CTpyMOIpPOBiIHI KaOelni, CHCTeMy KepyBaHHS 3apsiOM
aKyMyJISITOpHUX OaTtapeil. Maca My .. BU3HAYAETHCS CYMOIO Mac: COHSYHUX Oara-
peit ngEc , AKyMYJISITOPHUX OaTtapeit mfgc , AJIEPHOI YCTaHOBKHU m;,E)’:;C , CTpyMOII-

POBiTHUX KaOemiB mgKEC Ta MOJYJI KepyBaHHS 3apsAOM-PO3PSIOM aKyMYJSITOp-

HUX Oatapeii m Ab;,i% 1 OITUCYETHCS HACTYITHUM YHHOM

Mezo =ME® +ME® +MEE" +mE® +mEET ®

VY pa3i HelocTaTHBOTO eHepro3abesnedeHHst 00PTOBOT CHCTEMH BUKOPHCTOBY-
€TBCsI IOTIOMI>KHA PO3IIOJIiIeHa eHepreTudHa cuctema. OJHUM 13 BapiaHTIB pealri-
3alii po3MOAUIEHOT CUCTEMHU € BUKOPHCTAHHS MOJYJIIB HAKOITUYEHHS eJIEKTPOCHe-
prii. L{i Mmoxyni po3minieHo Ha op6iTax, siki komruanapHi 1o opoita KIIT. Momyni
HAKOIWYEHHS eHEePril BUKOHAHO Y BUTIIS YTPYIYBaHHS €HEPTETHYHNX KOCMIYHUX
anapari (EKA), ronoBHa (QyHKIIiS SIKUX HAKOMWYYBaTH, 30epiraTu Ta rnepe/iaBaTu
enepriro g0 KIIT.

Koncrpykrusao EKA ckmanaersces i3 matgopmu, cucTeMu 3a0e31edeHHs Te-
IJIOBOTO PEXKHUMY, CUCTEMHU 3a0e3IeUYeHHs OpieHTalll 1 cTadimi3alii, aKkyMyJsaTop-
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HUX Oatapei, cucremu nepenadi eneprii Ao KIII. IcHye mekinpka crmocob6iB mepe-
nadi ereprii Bix EKA mo KIII: korTakTHHI Ta 6€3KOHTAKTHUH.

[Ipu xonTakTHIN Tepenadi eHeprii EKA 3B’s13aHi 3 eHEPreTHIHOIO CHCTEMOIO
KIIT 3a momomororo cTpyMOMpOBIIHWUX TpociB. Y mboMy BHmanky maca EKA

. EKA .
M., BU3HAYA€THCA CyMOIO Mac: mIatpopMu My ", cuCTeMu 3a0€3MEUeHHs Opi-

enTaii i cTabimizaiii Myoe . , CUCTEMH 3a0e3MeUeHHS TEIOBOTO PEXUMY My rp |

COHAYHHMX Oarapeit mfg/‘ , CTPYMOTIPOBiTHUX KabemiB mg,fA , MOJlyJI1 KEpyBaHHSA

3apsAIoM-po3psiioMm OaTapei m 57/; , aKyMYJISITOpHUX OaTtapeit m EZA

L EKA EKA EKA EKA EKA
Mega =My +Myzoc T Mygrp +Meg™ + Mg +

EKA EKA
+Myg TMyg -
Maca KOHTaKTHOI pO3NO/IIIEHOT €eHEPTeTUIHOI CUCTEMH BU3HAYAETHCS HACTY-
[IHUM YUHOM
Mpee =Mgga +Mer

e M, —Maca CTpYMOIIPOBIAHUX TPOCiB, 3a noromororo skux EKA 3’ennyerses 3

KIIT.

[Tpu 6e3konTaKTHIN Mepenadi eHeprii EKA 3abe3nedyioTs MOmyIIeM mepeTBo-
pPEHHS eJeKTPUYHOI eHepril B elNeKTpoMarHiTHy. [lami 3a 1omoMororw aHTeHH, SKY
po3mimeno Ha EKA, enekrpomarHiTHmii curaan nepexaerscs po KIII. s otpu-
MaHHS IIhOTO CHUTHANY iHAyCTpiaibHa IIaT(GopMa OCHANIYETHCS MOIYJIEM IPHIA-
MaHHs enekTpomarHitHoro curHairy (EMC) Bin EKA. Monxyns npuiiMaHHS €TeKT-
POMArHiTHOrO CHTHaJy OCHAIUIAEThCA CHELiaJbHOI NPUHMAIBHOI aHTEHOIO-
PEKTEHOI0 Ta MOAYJEM NEPETBOPEHHS EIEKTPOMAarHiTHOIO CUTHAIIy B €JIEKTPUY-
Huit. Komu enekrpomarHiTHuii curaan Big EKA npuiiHATO, TPOBOANTHCS 3BOPOTHA
mpoleaypa Mo HNEPEeTBOPEHHIO €JIEKTPOMArHiTHOIO CUTHANLY B €JIEKTPUYHMH 1 3a
cTpyMonpoBigHuM kabenem nepenaetbes no KIII 1 mpoBomuThes 3apsakKeHHS
akymyisitopanx Oartapeid. [lpu Takiii koHdirypamii maca EKA Bu3Hauaetbes sk
cyMa Mac: MOAYJS NEPETBOPEHHS EJEKTPUYHOI'O CUTHAIY B €JIEKTPOMAarHiTHHUN

mMHEEM ; AHTCHHU, 110 Mepeaac CICKTPOMAardiTHUM CUIrHaJl mAH 5 MOOYJIs IIEPET-

BOPCHHA eﬂeKTpOMaFHiTHOl"O CUTHAITy B eJ'IeKTpI/ILIHI/Iﬁ curHaj. Maca Oe3KOHTaKT-
HO1 pOSHOHiHeHOI eHepFeTI/I‘IHOI CUCTCMHU Y IbOMY BUIIAIKY BU3HAYAETHCA K

Mpge =Mega +Mypne

_ EKA EKA EKA EKA EKA EKA
rnEKA _mﬂ +mM3OC +mM3TP +mCE +mCK +mMK5 +

EKA
TMag +Mype, T Myg

_ Mric Mric Mric
rnMI7C - ml7 + mMSOC + mM3TP + mAPI7 + mMﬂCZ '

My, sMam — MacH BiJIMOBIHO MOJIYJIs TIEPETBOPEHHS €EKTPUIHOTO CHTHATY B
eIeKTPOMATHITHHIA 1 aHTeHH, WO HOro mepexae; My ¢ g, My ' "My o', My o,
Magi +M; g, — MacH BiTOBIHO MOMTYJIsl PUHOMY €NEKTPOMATHITHOTO CHTHATY,

maTGopMu MOIYJIsS HEPETBOPEHHS CHTHAITy, MOMIYJIs 3a0e3leueHHsT OpieHTallii i
cTalimizamii MOIyJisi MEPETBOPEHHS CHUTHANY, MOIYJsA 3a0€3MEUEHHS TEIIOBOTO
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PEXUMY MOJYJIA TIEPETBOPEHHS CUTHAITY, aHTEHU-PEKTEHH, 110 MPHUIIMa€e eNeKTpo-
MarHiTHUH CUTHAJ, 1 MOIIYJIS, IO HOTO TIEPETBOPIOE B €IICKTPUIHHM.

MopayJib 3a0e3nedeHHs TenJaoBoro pexumy. [lig gac opbitaasHOTO MOTBOTY
Ha KIII xiroTh 30BHIIIHI Ta BHYTPIIIHI TETUIOBI TOTOKH. /{0 30BHINIHIX MOKHA BiJI-
HecTH BUIpoMiHIOBaHHS CoHIl, BUIpoMiHIOBaHHS COHIL, 0 BimOUTE Bix 3emiti,
Ta BJIACHE BHUIIPOMIHIOBAHHS 3eMJli. B 3alIe’KHOCTI BiJl KiJTbKOCTI TEIIOBOI €HEprii,
aKy notpidHo BigsecTH Bif KIII, Moxynp 3a0e3nedeHHs TEIIOBOTO PEKUMY MOXKE
MICTUTH TTACUBHY 1 aKTUBHY CKJIa/IOBI.

[TacuBHA YacTHHA BHUKOHYETHCS Yy BHIJIAI MacHBIB €KPaHHO-BAKyyMHOI TeTl-
noizonsmii (EBTI) i BUKOpHCTOBY€eTHCS TIepeBa)XHO UIA 3aXUCTYy OOpTOBOI amapa-
TypH BiXl [ii TEIUIOBUX MOTOKIB KOCMIYHOTO mpocropy. Ha modarkoBomy erami
npoekTyBanHs Maca EBTI mae HacTynHy ¢yHKIIOHANBHY 3aJI€KHICTD

K
_ EBTI
Mg = Zmi )
i=1

ne miEBTl

[Tix gac peamizamii Texnonoriuaux mnpoueciB Ha KII1 Oyne Buminarucs 3HagHa
KUTBKiCTh TermoBoi eHeprii. Hacmimok toro, mo EBTI 3qatHa 3axummaru nmuiie Bix
30BHIITHIX TEMJIOBUX MOTOKIB, IJIsI 3a0€3MEYEHHS 33laHOTO TETUIOBOTO PEXUMY
TEXHOJIOTIYHOTO 00JaJHaHHS HEOOXiTHO BUKOPUCTAHHS aKTHUBHOI CKJIAIOBOi MO-
ITyJisl 3a0e3MeYeHHs TEIIOBOTO PeKUMy — cucteMu TepMoperyioBanas (CTP), maca
SKOT 3aJICKUTH Bii MACH CUCTEMH TETUIOBUX TPYO My, , MacH piAMHU-XOJOH0ArCHTY

— Maca i-To Iapy Teroi3osimii; K — KigbKICTh MIapiB TEIIO130IsIIil.

Mpy, , MACH CUCTEMM LUPKYJIALIT XOJI0A0areHTy Mg, ), , MACH CUCTEMH paJliaTopiB-

BUIIPOMiHIOBauiB M . Maca CTP m,, Bu3HauaeThCs 3a popmyInoro
Merp =Mypr +Mpyy + Mgy +Mpg .

B nynvoBomy HaOmmkenHi maca CTP npezncraBiseTses sk (GyHKLIS BiJ XOJIO-
. Kir . . . . .
JONPOIYKTHBHOCTI Q Ta 4acy OpOiTalbHOTO iCHYBaHHS iHIyCTpiaJIbHOI ILIaT-

dopmu T2 i Bu3HAUaETHCA 32 10MOMOTOI0 HACTYNHOTO Bupasy [13]

0,25

Mepp =110-(Q47 ) (TL" +0,2)

XooI0IPOIYKTUBHICTD MTATHOPMHI BU3HAYAETHCS HACTYITHOIO 3aesxHicTo [13]:

QMM —f (Qc Qn1Q3.Qr0.Qsc:Sn7 04 18A)’

e Q. .Q,.Q;.Qr Qgc — TEMIOBI MOTOKU COHSYHOTO BUIIPOMiHIOBaHHS, ANb0e10
3eMi1i, 3eMHOT'0 BUIIPOMiHIOBAaHHS, BUIIPOMiHIOBAaHHS TEXHOJIOTTYHOTO 001 AHAHHS
Ta OOPTOBUX CHCTEM BIAIMOBIIHO;, S, — IUIONIA MPOEKIIii HA TUIONIMHY OTOKY BHU-
NPOMIHIOBAaHHS; O, — KOE(]ILi€EHT MOIJIMHAHHS TOBEpPXHi; €, — KOeQilieHT BU-
NPOMIHIOBAaHHS TIOBEPXHi.

Mopnyas 3a0e3nedyeHHsi opieHTamii i cradimizamii. Jlanuii Moxyns cknana-
€THCS 3 CUCTEMH JAaTUYMKIB OpieHTaMii i crabinizamnii Ta BUKOHaBYMX opraHiB. Cuc-
TeMa JaTYMKiB BKIIOYA€E B ce0e: 30pSAHMI JaTyuK, JaTYMK CUCTEMH HaBiraiii, co-
HSYHUM aTYUK, MarHiTOMETp, TpaBiMETpH, SIKi BCTAHOBJICHO B 30HI PO3MIILIEHHS
TEXHOJIOTYHOTO 00JIaZIHAHHS MMPOMHUCIIOBOTO MOIYJIS Ul KOHTPOJIO PiBHS IpaBi-
TalifHUX MIKpPONPHCKOPEHB, B 3aJI€KHOCTI BiJ TEXHOJIOTIYHOTO MPOLIECy, 110 pea-
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nizyersest Ha KIII. B 3a1exHOCTI Bi BUMOT 10 TOYHOCTI Opi€HTaImil i cTabimi3artii
Ta BiOpaIifHUX HaBaHTaXX€Hb BUKOHABYI OPTaHM MAarOTh HACTYITHUN MEPEITiK: Ma-
PIIOBUN paKeTHWH IBWUTYH, Ta30JAWHAMIYHI paKeTHI IBUTYHH, €JIEKTPOMATHITH,
ripoguan. Moxayns 3a0e3neueHns opienTamii Ta crabimizanii (M30C) KIII cymic-
HO 3 MK kepye BUKOHaBYMMH OpraHamH IUTaTGOpMHU B peXUMax KopekIii opoiTy,
opieHTamii Ta crabimzarii cranmii. L cucrema 3abesnedye crabimizallito mpu cTu-
KyBaHHI, BKJIIOYal0Yd aBTOHOMHE HaBeICHHS Ha CEPBICHUN KOCMIYHHIA amapar, o
CTHKYETHCS JI0 TUIaT()OPMH, a TaKOX cTabimizamiro Ui 3a0e3nevYeHHsT HOpMaIbHO-
ro (GpyHKIIOHYBaHHS TexHOJOTiYHOTO 00ManHaHHsa. CucteMa opieHTamii Ta cTabimi-
3amii 371iCHIOE aBTOHOMHY HaBITaIlif0 3 BUKOPHCTAHHSIM KOMaHJHHAX TPUIALIB, a
TaKOXX HaJa€ AaHi moao nojoskeHHs COHI T Opi€HTaIlii COHTIHUX Oarapeii Ta
pamiaTtopiB cucteMu TepMmoperyioBaHHsa. Maca M30C m,\'f,’s’z,c BHU3HAYAETHCA CY-
M30C M30C

MO0 Mac: 30PSHOTrO AaT4hka Mgy , JaTYMKa CHCTEMH HaBiramii M.~ , CoHsd-
HOTO JaT4hKa mc"Zfoc , Mar"iTomeTpa m°> | akcenepomerpis my>* | mapmosoro
M30C : : M30C
PaKeTHOro JABMIyHa My° " , ra30MHAMIYHUX PAKETHUX JIBHIYHIB M5, , €IEKT-
pomarhiTis MY | IBUTYHiB-MaXOBUKiB M Z’,f,oc , CHCTeMH 30epiraHHs Ta rmojaadi
Pp0o00Y0i peHOBHHH A0 IBUTYHIB mg’.,i,oc 1 BU3HAYAETHCS SIK
Kin  _ M30C M30C M30C M30C M30C
My30c = M3y +Mpoy +Meg ™ +My, +Mmy, +
M30C M30C M30C M30C M30C
+Mypg +Mrpg ™ + Mgy +M gy +Mgpp

Boprogi maninyasitopu. bopToBi poboTH30BaHi MaHIMyIATOPH HA 1HAYCTpi-
IBHIN TUIaTGOPMI BUKOHYIOTH (DYHKIIIIO 3aXOIUICHHS Ta MEepeMillleHHs 10 IUIaT-
¢dopmi pisHOMaHITHUX BaHTaxiB. Lle Moke OyTH CUpOBHHA, SIKY TOCTaBIISIE CEPBicC-
Huil kocMiunnii anapar (CKA), mpoayktu nepBUHHOT a00 BTOPHHHOI MEpepoOKH
Ta TOTOBA MPOAYKIis. Y 3aralbHOMY BUTJISIII KOCMIYHUI MaHIMyJISITOP CKIIA/IA€Th-
cs 3: 0a30BOT KOHCTPYKIi, TUIeUeH, IApHIPHUX CYTJI00iB, 3’€AHYBAJILHUX TpH-
CTpOiB, KOMIT FOTEpPA, IO KEPY€e MAHIMyJISATOPOM, BifieoKaMep Bi3yBaHHs, OCBITIIO-
BaJIbHUX MPHUCTPOIB. Maca 0IHOTO MaHimysTopa mg,(,,” BU3HAYA€THCsI CYMOIO Mac
roro ckianoBux [14]: 6a30B0i KOHCTPYKIIiT mg,ﬁ” , Tuteueir m ﬁM , IIAPHIPHUX CYT-
n06iB Mp/% | 3’ enHyBanbHUX IPUCTPOTB MSY | KOMIT'H0TEpa, 1O Kepye MaHiMmyJIs-
TOpOM M2y, , Bijleokamep BizyBaHHS MSys , OCBITIIOBAILHUX NPUCTPOiB MY i
OIUCYETHCSI HACTYITHIUM BUPa30M

mET =mgl +mg" +mE% +mS +mgl, +mglh +méy

Mpuiimanbhi noxu. [puiiMansHi JOKM pU3HAUYESH] IS IpUioMy, i1eHTr]i-
Kallii, nedparMenTarii i COpTyBaHHS CUPOBUHH, IO JOCTABISIETHCS HA 1HIyCTpia-
neHy wiatdpopmy CKA. s npuuantoBanss no KIIT cepBicHux amapariB Ha Iiat-
(opMi BCTaHOBJICHO CIIEIiaJIbHI CTUKYBaJbHI CHCTEMH, SIKI BUKOHYIOTH (DYHKIIII:
amMopTH3aIlii, KOMIIEHcallii MMOYaTKOBOTO MpPOMAaxy, 34YeIUICHHs, BUPIBHIOBAHHS,
CTSTYBaHHS, CYMIIIEHHS CTHKY 3 OCTaTOYHUM BHUPIBHIOBAHHSM, OPCTKE
3’€AHaHHSA, PO3CTUKYBaHH:, mToBXaHHs CKA micns po3’enqnanHs. 34enieHHs cep-
BICHOTO amapara 3 JJOKOM MOJe 3JIIHCHIOBATUCS 3a JIOTIOMOTOIO CIIEIialli30BaHOTO
MaHimyssatopa. CHcTeMa CTHKYBaHHS CKIIQIA€ThCsl 13 KOPIYCY, CTUKYBaJbHOTO
MeXaHi3My Ta CTUKYBaJILHOTO mimanroyty [15, 16]. s indopmariiiiHoro 3abe3re-
YeHHsI mpoliecy HaBenaeHHs 1 30immxeHHs CKA i3 cMCTeMOI0 CTHKYBaHHS Ta 1J1€H-

80



tugikaiii BaHTa)XXy Ha MPUHMaIbHOMY JOI[l PO3MILIYIOTHCS ONTHYHI Ta iHPpadep-

BOHI matauku. Maca HpI/II/IMaHLHOI‘O 0Ky mK’” BHU3HAYA€TBCA CYMOIO Mac:

HpHﬁMaHBHOFO MaHIHyJ'IHTOpa m I7M , KOpIIYyCy CUCTEMU CTHUKYBaHHS mggc , CTH-
KYBaJIbHOT'O MSX&HISMY mCM 5 CTI/IKYBaJ'II:HOFO HIMTaHTOyTY mcw , OIITHYHUX JaT-

YUKIB mqa , iHd)pauepBOHNX TATIHKIB M. ﬂ 1 OTIMCYETHCS BUPA30OM

Kirn
mhy =miy +mge +mil +mG7 +mil +miik

BinBanTaxkyBajbHi 10kHM. BigBaHTaXyBalbHI JOKM HEOOXiTHI JUIA TpUda-
moBaHHs1 CKA, HaBaHTa)XeHHS Ha HHOTO TOTOBOI MPOAYKIii 4 HamiBpabpukary i
JIOCTaBKH 70 3aMOBHHKA. KoH}irypamis X J0KiB aHAIOTiYHA MPHHMAaIbHIM J0-
kam. [lpmitMaemo, 1m0 Maca BiJBaHTaXyBaJIbHHX IOKIiB mgz',” TIOPIBHIOE Maci

HpI/II/IMaJ'IBHI/IX ,Z[OKIB m glﬂn

K K

Mg, =Mp,
HJomomixkni moxyui. JJomomixxai moxymi KIIT BuxopucToByroThCS 11 320€3-
nevYeHHs (HYHKI[IOHYBaHHS TEXHOJIOTIYHOTO OOJaHAHHSA, 10 BCTAHOBIICHO B IIPO-

MUCIIOBOMY MOyIi. 3rigHO 3 [3] Maca JOMOMIKHUX MOZYIIB M ﬂ,\f KIIT Bu3Hava-
€TBCS CYMOKO Mac: MOJIyJIsl BaKyyMyBaHHA MY Moz[ynﬂ 30epiraHHs CUPOBUHU
MY, MOJLyJisl EPBHHHOI OGPOGKU CUPOBHHH MM~ . MOJTyIIs IOJa4i CUPOBHHHU
mM/M. , MOYJsl BiIBAHTAKEHHS TOTOBOT MPOLYKIHT Mpwr ; MOAYyIs 30epiranHHs
roTOBOT MPOIYKLIi M ,f,’g,”n 1 ONTUCYETHCS] HACTYITHUM YHHOM

mgﬂf = m B+ mM3C + mMnoc + mMnc + mMBn + mM3I7 '

IIpomucaoBuii moayab. Ha mpoMucioBoMy MOyl BCTAaHOBIIOETHCS IPOMHU-
cJI0Be OOJazHaHHA JJI1 BUTOTOBJICHHSI BiJNOBIAHOT MPOAYKLii, HA SKOMY MOXYTb
OyTH pearnizoBaHi pi3Hi TEXHOJIOTIYHI MIPOIECH, HA BUXO/II SKMX BUXOJISAThH €IEMEH-
TH KOHCTPYKIIil 00'€EKTIB KOCMIYHOI TEXHIKH, a TaKOK HOBI pedoBnHHU. Ha modat-
KOBOMY €Talll NMPOEKTYBAaHHS Maca IIPOMHCIOBOTO MOAYJsl Oyne BU3HAYaTHCS Cy-
MapHOIO Macol0 TEXHOJIOTIYHUX YCTaHOBOK, SIKi BCTAHOBJIEHO HAa HHOMY BiJIIIOBiJI-
HO JIO TEXHOJIOTTYHOTO Ipotiecy 3riano 3 [3].

st Bu3HaueHHs aiana3zoniB Mac moayiiB KIII copmoBano cratuctuiny Bu-
0ipKy LIOJO CKJIaJaHHS MacoBOI'O 3BEJCHHS CKJIQZOBUX KOCMIYHHMX CHCTEM, IO
IPOEKTYETHCS, (pparMenT skoi HaBeaeHo B Tabuuni 1. CratuctuyHa BUOipKa cKia-
Jaina 55 KOCMIYHUX CHCTEM.

Tabmurs 1 — dparMeHT CTaTUCTUYHOT BUOIPKH MTPUBEIEHUX Mac MOIYJIiB 70
MacH KOCMIYHHX CHCTEM

Kocmiuna Ipusenena maca Moy m; o macu KC m, .
cUCTEMA
(KC) K EM | M3TP | M30C | MK MC BEM KH
KC-1 0,15 | 0,12 | 0,10 0,09 0,05 0,05 0,05 | 0,41
KC-2 0,41 | 0,10 | 0,08 0,13 0,10 0,04 0,04 | 0,11
KC-3 0,03 | 0,11 | 0,04 0,11 0,02 0,10 0,10 | 0,50
KC-55 0,22 | 0,27 | 0,05 0,12 0,05 - - 0,29
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B Tabmumi 1 mosunayeno: K — xoucrpykmis KIII; E — enepreTuanuii MOAyIIh;
TP — momynb 3abe3mnederHs TermioBoro pexumy; OC — Morynb 3a0e3rneueHHs opi-
edranii i crabimizamii; MK — momyns kepyBanus; MC — Momyns cTHKYBaHHS; BM —
6optoBi maHinysTOpH; KH — KOprCcHe HaBaHTa)KeHHSI.

JIiist CTaTUCTUYHOTO aHai3y BUOipKH, oTpumanoi 3 [17 — 24], po3paxyemo ma-

TEMaTHYHE OYiKYBaHHsS M, , AUCHEPCI0 S, , CTaHIAPTHE BIAXWICHHS G; Ta 10-
1

Bipui iHTepBaiu 3a popmynamu [25]

;m_”f ij
2f
i=1

Mg,

S_ZZ i=1 .

i=1 i=1

(if” —1jsf (if” —1jsf
|2:l S Sj S |:12
' (1-a,/2) % (a, 12)

Je M;; — MpHBEJIeHa Maca J-ro Moyt i-1 KOCMIYHOI CHCTEMH; fij — "HacToTta y

BuOipwi; t ’Zfij —1| — kBanTHIB po3noxiny CteiofenTa piBHs 1— %. B pob6o-
i-1

TI JUIS OLIHOK 1—%=0,999; xz(l—oc2/2)=91,87185, Xz(a2/2)=27,4677 —

. o, . a .
3HAYEHHS KPUTHYHKX TOUOK y° -pO3HOMITY TIpH 1—72 1 72 Jyist o1iHOK B pobo-

Ti O, / 2 npuiinsite 0,999.

Po3paxyHoK IOBIpYMX IHTEpPBAIIB MPOBEACHO ISl BU3HAYCHHS J[1alla30HIB BH-
0Opy MEBHOI CHCTEMH 3 ypaxXyBaHHSIM BH3HA4YE€HOTO piBHsS JoBipu. Li mianazoHu
BH3HAYAIOTh TPAHMYHO MOYKJIMBI 3HAYCHHSI Mac Ha Ty, YH IHIIY CHCTEMY 3 OISy
Teopii MPOEKTYBAHHS KIACHYHUX CYIMyTHUKOBHUX CHCTEM. Pe3ynbTaru cTaTHCTHY-
HOTO aHaji3y npueeneHux Mac migcucrem KIIT naBeaeno B Tabmnuii 2.
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Tabymrs 2 — Pe3ynpTaTl CTATUCTUYHOTO aHAI3Y PUBEICHUX Mac
MiICUCTEM IHAYCTpialibHOT mIaTGopmMu

Monyns K EM M3TP | M30C MK MC EM KH

OHiKy- 0,2425 0,2295 0,0811 0,1007 01705 | 00633 | 00633 | 02595

Hucnep-

cis g2 0,0092 0,0077 0,0043 0,0021 00179 | 00010 | 00010 | 00114
i

Crannap-
THE BiJI-
xunenns | 00960 0,0880 0,0655 0,0457 01336 | 00321 | 00321 | 0,1067
Si
JoBipui
iHTEPEA- | (0,199937 - (0,189525 - | (0063791~ | (0081246 | (0113352 | M| HAMI [ 7199

M| 0285619) | 0267883) | 0,111395) | 0121717) | 0231833) | |CTATICT (3 304504)

mg,

JoBipui
inTepBa- | (0,00522 - | (0,004618— | (0,002496— | (0,001232— | (0,010558— (0,006679 -

ma s | 0018468) | 0015446) | 0,008347) | 000412) | 0,035314) CTaTlfa““' CTaTlfa““' 0,02234)
s?
]

Hanmana | Hagqmana

BucnoBok. Po3poOieHo mMacoBy Mojnenb iHTycTpiambHOI miuargopmu Ta ii
MOJIYJIIB, TIPH PO3POOII AKOI MPOBEAEHO TEKOMMO3HIII0 TIaTGopMH 1 ii CKIIamo-
BUX JIO PiBHS eJeMeHTiB cucteMu. [[poBeeHo CTaTHCTUYHHN aHali3 MAaCOBHX Yac-
TOK TOJIOBHUX KOCMIYHHX CHCTEM CYIyTHHKIB. BU3HaueHO cepelnHi MOKAa3HUKHU
YaCcTOK Mac i3 JOCTiIKyBaHOi BHOIPKM CYNMYyTHUKIB Ta IX BIiAMOBiAHI MOKa3HUKH
PO3CisHHSI (Iucmepcis, cepelHe KBaapaTUdHe BiaxwuieHHs). [ cepeanix mokas-
HUKIB 1 Jucnepcii BU3HAYEHO JOBipYi IHTEpPBAIM 3 HAAIHHOIO iMOBipHicTIO 99,9
BifgcoTka. [lomambmni mocmipkeHHS 3 MPOEKTYBaHHS KOCMIYHHMX 1HIYCTpiaIbHUX
wiaTopM IUIAHY€EThCS MPOBOAUTH 3 ypaxyBaHHSIM BH3HAYEHHX MACOBUX YacTOK
CUCTEM CYITyTHUKIB 3 YpaxXyBaHHAM BiAIOBITHUX IOBIpYMX iHTEpBaliB, a caMe Mi-
HIMaJBHO 1 MAKCUMAITEHO MOXKITUBUX Mac JIJIS Ti€l 9M iHIIOT CHUCTEMH.

1. Annamoe A. II., I'op6yaun B. I1. Kocmudeckue mIaThopMbl It OPOUTAIBHBIX IIPOMBIIUICHHBIX KOM-
miekcoB: mpobiemsl u mepcrmektuBbl. Bicn. HAH  VYkpaimm. 2013. Ne 12. C. 26-39.
https://doi.org/10.15407/visn2013.12.026

2. Palii O. S. State of the art in the development of orbital industrial platforms. Teh. meh. 2021. No. 3. P. 70- 82.
https://doi.org/10.15407/itm2021.03.070

3. Ianiti O. C. Knacudikamisi TEXHOIOTIYHHX MPOIECIB 3a TXHBOIO peanizallielo Ha KOCMIUHIN 1HIyCTpiambHiit
wiardopmi. Texniuna mexanika. 2022. Ne 2. C. 123-136. https://doi.org/10.15407/itm2022.02.123

4. Fortescue P., Stark J., Swinerd G. Spacecraft systems engineering. Fourth edition. John Wiley & Sons Ltd,
Chichester, 2011. 724 p. https://doi.org/10.1002/9781119971009

5. Larson W. J., Wertz J. R. Space Mission Analysis and Design. Third edition. El Segundo, California: Micro-
cosm Press, 2005. 976 p.

6. Jlebeoes A. A., Fapanos B. H., Fobponnuxog B. T. u op. OCHOBBI CHHTE3a CHCTEM JIETATEIBHBIX AllapaTos.
M.: UznatensctBo MAU, 1996. 444 ¢.

7. IlpoexTHpoBaHWE U WCHBITaHHE OaUTMCTHUECKMX pakeT. Ilonm penakuuein B. Y. Bapghoromeesa u
M. 1. Konvimosa. M.: Boenusznar, 1970. 392 c.

8. Kosnos /1. U., Anwaxos I'. I1., Aeapkog B. ®. u dp. KoHCTpyHpoBaH#ie aBTOMATHYECKUX KOCMHYECKHX arapa-
TOB. M.: MammHoctpoenue, 1996. 448 c.

9. Yebomapes B. E., Kocenxo B. E. OCHOBBI MPOEKTUPOBAHUS KOCMHYECKHX AMMApaTtoB HH(MOPMAIUOHHOTO
obecneuenus. Kpacnospck: Cu6. roc. aspoxocmud. yH-T., 2011. 488 c.

10. Brown. Ch. D. Elements of spacecraft design. Published by American Institute of Aeronautics and Astro-
nautics, 2002. 610 p.

83


https://doi.org/10.15407/visn2013.12.026
https://doi.org/10.15407/itm2021.03.070
https://doi.org/10.15407/itm2022.02.123
https://doi.org/10.1002/9781119971009

11. NASA Systems engineering handbook. NASA SP-2016-6105 Rev2 supersedes SP-2007-6105 Rev 1 dated
December, 2007. 297 p. URL:
https://nasa.gov/sites/default/files/atoms/files/nasa_systems_engineering_handbook_0.pdf (last accessed
28.07.2022).

12. ECSS-E-ST-10C Rev.1. Space engineering: System engineering general requirements. Valid since 15 Febru-
ary 2017. Noordwijk, The Netherlands: ECSS Secretariat ESA-ESTEC Requirements & Standards Division,
2017. 116 p. URL: https://ecss.nl/standard/ecss-e-st-10c-rev-1-system-engineering-general-requirements-15-
february-2017/ (last accessed 28.07.2022).

13. I'viyun B. H. OcHOBBI yCTpOHCTBA KOCMHYECKHX anmapaTtos. M.: Mammnaoctpoenue, 2003. 272.

14. Siciliano B., Khatib O. Springer Handbook of Robotics. Springer-Verlag Berlin Heidelberg, 2016. 2259 p.
https://doi.org/10.1007/978-3-319-32552-1

15. Copomsmnuros B. C. CTHIKOBOYHbBIE YCTPOMCTBA KOCMHUYECKHX ammapaToB. M.. MammmHoctpoenue, 1984.
216 c.

16. Fense W. Automated Rendezvous and Docking of Spacecraft. Cambridge: Cambridge University Press, 2003.
517 p. https://doi.org/10.1017/CB09780511543388

17. Tonspenxo H. B. OCHOBBI IPOEKTHPOBAHUS OpOHTATIBbHBIX cTaHIuUi. M.: M3natensctBo MAU, 1994. 64 c.

18. ITyeauenxo C. E. IlpoextupoBanue opOHTaNbHBIX cTaHnuid. M: MI'TY um. baymana, 2009. 175 c.

19. Dorsey J. T. Dynamic characteristics of power-tower space stations with 15-foot truss bays: NASA Technical
Memorandum. URL: https://ntrs.nasa.gov/api/citations/19860016885/downloads/19860016885.pdf (last ac-
cessed 20.07.2022).

20. Kypenxog B. H., Carmun B. B., IIpoxopos A. I'. Meroanka BbI00pa OCHOBHBIX IIPOEKTHBIX XapaKTEPUCTHK U
KOHCTPYKTHBHOIO 00JIMKa KOCMUYECKHUX annaparos Habmoaenus. Camapa: UznatensctBo CI'AY, 2007. 160 c.

21. Cagpponos C. JI, Tkauenxo U. C., Heanywxun M. A., Boreun C. C. CoBpeMeHHBIE NOAXOIbI K CO3MaHUIO
MaJIBIX KOCMHUYECKHX annapaToB AUCTAHUHUOHHOIO 30HIUPOBAHUA 3emin Ha Oase yHl/l(bl/IIll/IpOBaHHbIX miaT-
¢dopm. Camapa: U3n-Bo Camapckoro yHusepcurera, 2019. 276 c.

22. lllesyos B. FO. lpoexTyBaHHs KOCMIiYHHUX amapaTiB: koHcmekT jekuiit. J[.: PBB IHY, 2008. 100 c.

23. Pathak P. N. A statistical analysis of weight and cost parameters of spacecraft with special reference to «Ary-
abhatay. Proc. Indian Acad. Sci. 1978. Vol. C 1, No. 3. P. 303-312. https://doi.org/10.1007/BF02842878

24. AE1222-1I: Aerospace Design & Systems Engineering Elements |. Part: Spacecraft (bus) design and sizing.
URL: http://www.fisme.science.uu.nl/woudschotennatuurkunde/verslagen/Vrsl2013/lezingen/za-
Zandbergen/Reader%201222%20-%20Spacecraft%20Design%20(total) %202013-2014_v2.pdf (last
accessed 28.07.2022).

25. Alpatov A. P., Kravets Vik. V., R Kravets Vol. V., Lapkhanov E. O. Verification of analytical antideriva-
tives forms using correlation analysis for mechanical problems. Teh. meh. 2022. No 1. P.26-35.
https://doi.org/10.15407/itm2022.01.026

Otpumano 30.08.2022,
B octarounomy BapianTti 04.10.2022

84


https://doi.org/10.1007/978-3-319-32552-1
https://doi.org/10.1017/CBO9780511543388
https://doi.org/10.1007/BF02842878
https://doi.org/10.15407/itm2022.01.026

