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AHHOTaNHUS:

B cratee aBTOp paccMarpuBaer mnpobiemy ucnosnb3zoBaHuss MBP,
CHATBIX C JKCIUIyaTallud, B KAa4E€CTBE PAKET-HOCUTEJIEH JIETKOrO Kilacca.
Ha xoHKpeTHOM IpuMepe NpOBENEH aHAINW3 MACChl MOJIE3HOM Harpy3Ku
(mnanee - IIH), BeBoaummoit Ha HOO. IlpousBeneHo cpaBHEHHE
ITOJIYYEHHBIX PE3yJbTAaTOB C AHAJIOTUYHBIMH PAKETAMU-HOCUTEIISIMHU.

Beenenue:

B Hacrosimee Bpemsi Bc€ OoJjblliee pacHpOCTPAHEHHE MOIy4aroT
manbie cnytHuku(dpopmaroB CubeSat, NanoSat u T1.1m.). B ocHoBHOM
UCIIOJIB3YIOTCSL JIBa croco0a BbIBOJA MajblX CIHYTHUKOB: JIHOO Ha
cpenneM Hocutene Thna «Coro3», «3eHUT» MOMYyTHBIM 3aIyCKOM, JIHOO
Ha JI€rkoM Hocurene Ttuna «/lHenp», «Pokor»  cnenumanbHO
OPUEHTHPOBAHHOM Ha TPYIIIOBOM 3allyCK amnmapaToB Takoro tuma. Tak
KaK KOJMYECTBO CIYTHUKOB, BBIBOJMMBIX Ha OpOUTY MOIMYyTHBIM
3aIlyCKOM OTPaHMYEHO, a UX KOJIMYECTBO PACTET C KAXKIBIM T'OJOM, TO
BCTa€T BOIIPOC O CpEACTBaX MX BbIBeAeHUS Ha opOuty. CHATbIE C
akcruryatauuu MDBP paccmarpuBarorcss kak oguH w3 Bapuantos PH
JIETKOr0 KJ1acca.

Coneprxanue pabOThI:
1.PaccMmoTpenue koHcTpykiuu Minuterman-3 1 mouck cripaBOYHbIX
JTAaHHBIX O XapakTepuctukax PH.

1.10mpenenenre Tuna KOMIOHOBKHY U TIOCIIEIOBATEILHOCTH PaOOTHI

crynene PH 2
1.2Beruucnenue macc crynesneit PH 3
1.3Bbruucnenue ckopocTe ucTeueHus ra3oB Juisi cryneHeid PH 4

2.CocraBiieHHE 3aBUCUMOCTH peanbHOil ckopocTd PH B KOHIIE aKTUBHOTO
y4acTka nosi€ta ot maccel [TH.
2.1PaccmoTpenue TUIIOB MOTEPh CKOPOCTH
2.2Y4€T noTeph CKOPOCTH
2.3Paccuér peanbHoii ckopoctu PH 6
3.0npenenennie maccol [TH ni1s1 yeneniHoro €€ BbIBOJIa Ha HU3KYIO
OKOJIO3EMHYIO OpOHTY

o O1

3.1PacuéT 3aBUCHMOCTH pealbHOM cKkopocTu OT Macchl [TH 7
3.2PaccuéT nmepBoit KOCMHYECKOW CKOPOCTH JIJIS 3aJaHHBIX

yCIOBUU 7
3.30npenenenue maccol [TH 8

4. CpaBHEHHUE TIOJYYEHHBIX PE3YTbTaTOB C aHAIOTUIHBIMHU
paKeTaMH-HOCUTEIIIMU U OIIEHKA TOYHOCTH ITOJTYYCHHBIX JaHHBIX MaCCHhI
ITH. 8
5. Tlepedenn cokpaiieHn 9
6. McTtounuku 10



1.AHanu3 koHcTpyknuu Minuterman-3 u mouck
CIIPABOYHBIX IAHHBIX 0 Xapaktepucrtukax PH.

1.10npeoenenue muna KOMROHOBKU U NOC1E008AMETbHOCHU PADOMbL
cmyneneu PH

MBP Minuterman-3 mnpencraBisger u3 ceOs TBEPAOTOIUIMBHYIO
TPEXCTYNICHYATY) PAKETY-HOCUTENb. [l MaJIbHEUIIUX BBIYUCIECHUN
HEO0OXO0MMO OTPEACIIUTh TUIT KOMIIOHOBKHU CTYIIEHEHW paKeThI-HOCUTES.

Hoaesnwii

py3

Hoaesnsui Hoaesnwiit

Pb 3-it

o Py
2py3 v Py o
4 # i
Phb 2-i Pb 2-it cmynenu
cmyneny cmynenu

Phb 2-i
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Pb 1-u
cmynenu

a) 0) B)

a) TaHO4eMHas cxeMma, 6) NaKeTHas cxema, B) KOM6VIHMpOBaHHaH cxema

Turbl KOMIIOHOBKH CTyTE€HEN paKeTbl-HOCUTENS
Minuterman-3 paspa®oTaH MO TaHAEMHOH CXEME, YTO MPEANOaracT
nociieoBaTeNibHOEe  oTneneHue  crymeHed.  Crymenum — paboTaroT
MOOYEPEAHO. YUTEM 3TO MPU PACUYETE XAPAKTEPUCTUUECKOU CKOPOCTH.
Ckopoctb, kotopytro mnpuobperér IIH Oynmer cknagsiBaThCs U3
XapaKTEPUCTUUECKUX cKopocTel 1, 2 u 3 cTyneHeil u norepsk.
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Paccmotpum PH 6e3 6oeBoii Harpy3ku. [lJist 3Toro oopatumcs K Tadiuiie.

Hwxe npusenena Tabnuma xapakrepuctuk PH Minuterman-3.
MepBas CTyneHb:

- ANMHa, M 7.29

- Auametp, M 1.68

- Macca CHapshXeHHOW cTyneHn, kr - 23210

- ABUraTenb POTT Thiokol M55A-1
- TAra, Krc 90780

- Macca TOMnJnBa, Kr 20690

- 4yucno conen 4

BTopad cTyneHb:

- ONIMHa, M 4.22

- AnameTp, M 1.3

- Macca CHapsXXeHHOW cTyneHu, Kr - 7280

- ABurareflb POTT Aerojet General SR19-AJ-1
- T4ra, Krec 27500

- Macca TonAuBa, Kr 6200

-y4yucno conen 1

TpeTbA cTyneHb:

- ANINHE, M 1.68

- AnameTtp, M 1.3

- Macca cHapsiXeHHon cTynenu, kr - 3300

- ABUraTesb POTT CSD/UTC SR73-AJ/TC-1
- T4ra, Krc 15600

- Macca TONuBa, Kr 2800

- 4ucrno conen 1

Tabnuua xapakrepuctuk PH Minuterman-3

1.2Bviyucnenue macc cmynenen PH

Jliist Hauana He0OXOJUMO BBIYUCIUTH MACCHI

BBeném 0003HaUYeHHU:

M. - cHapsk€HHast Macca N-HOM CTyNEeHU

M. - Macca TorIMBa N-HOM CTyNEHU

M- Macca KOHCTpyKIui (6€3 TomIuBa) N-HOW CTYTCHH

Macca KOHCTPYKIIHI N-HOM CTYIIEHU BBIYUCISETCS TI0 popmyrie:
MnH:M nc-M nt (1. 1)

N3 Tabauiibl MOJYyINM
M1.=23210 kr M,.=7280 kr M3=7280 xr
M1:=20690 kr M>,=6200 kr M3,=6200 xr
M1,=2520 kr M;,=1080 xr M3,=1080 xr



1.3Bvtuucnenue ckopocmeii ucmeuenus 2a3o6 01a cmynerneii PH

JUiss  BBIYMCIIEHHS CKOpPOCTE€M MCTEUEHHs Ta3oB o0OparuMcs K
anamornayHoMy PH nérkoro knacca - Minotaur V.

Beeném o603HaueHMS:

Un - CKOPOCTh UCTEYEHUS I'a30B N-OU CTyIICHU
Py~ YACIBHBIN UMITYJIBC N-HOU CTYIIEHU
CKOpOCTb HCTEYEHHsI Ta30B MPUOIMKEHHO

dbopmyie:

Un=0*Pyxn(1.2)

W3 cnpaBounbix ganHbeix kK PH Minotaur V:

MO>XHO BBIYHUCJIHUTH IIO

First Stage Second Stage

Type SR-118 (TU-903) Type SR-119
Diameter 2.34m Diameter 2.34m
Length 8.4m Length 7.9m
Propellant Solid — HTPB Propellant Solid — HTPB
Launch Mass 49,000kg Launch Mass 27,700kg
Empty Mass 3,600kg Empty Mass 3,200kg
Propellant Mass  45,400kg Propellant Mass  24,500kg

Guidance via Booster Control Module Engine With extendable Exit Cone
Propulsion TU-903 Guidance via Booster Control Module
Thrust 2,224kN Thrust 1,223kN

Burn Time 56.5sec Burn Time 6lsec

Specific Impulse

229sec (SL), 284sec (Vac)

Specific Impulse

308sec (Vac)

Control Hydraulic Thrust Vector Control Control Hydraulic Thrust Vector Control
Type SR-120

Diameter 2.34m

Length 2.44m

Propellant Solid — NEPE

Launch Mass 7,720kg

Empty Mass 650kg

Propellant Mass 7,080kg

Engine With extendable Exit Cone
Guidance via Booster Control Module
Thrust 289kN

Burn Time 72sec

Specific Impulse
Control

300sec (Vac)
Hydraulic Thrust Vector Control

(ITocnennsis Tabnuita mpuBeaeHa U 3 CTYIIEHH)

BprancnuM CKOpOCTH UCTEUEHUS Ta30B I BCEX TPEX CTYNEHEU, PUHSB
0=9,81:

P1yn=229 C U1=2246,49 m/c

P2y:=308 ¢ U,=3021,48 m/c

P3y,=300 C U3=2943 m/c



2.CocTraBjieHHe 3aBUCHUMOCTH peasibHoi ckopoctu PH B KoHIIE
aKTHBHOI0 Y4acTKa nmoséra or maccsi ITH.
2.1Paccmompenue munoeé nomeps CKopocmu
dopmyiia [unonkoBckoro MO3BOJISIET BBIYHCIIUTh CKOPOCTH
pPaKeThI-HOCUTENS NPU OTCYTCTBUU ACHCTBUS BCEX BHEIIHUX CHUJI, HO B
peaNbHbIX YCIOBHSIX HEOOXOJIMMO YYHUTHIBATh CHJIbI, HPHUBOJALIUE K
MOTEPSM XapaKTEPUCTHUECKOU CKOPOCTH.

JUisi HaxOKIeHUsl pealbHOM CKOPOCTHM HEOOXOJIMMO YYEeCTh MOTEpH,
TaK KaK OHU CYUIECTBEHHO BIIMSIIOT Ha XapaKTEPUCTUUYECKYIO CKOPOCTb.
Y6enumcss B HEOOXOAMMOCTH y4€Ta MOTEPHh C MOMOIIBIO Cieayrolen
Tabnuiel. B Tabnuie npuBenén 6ananc ckopocteit paketsl CatypH V npu
IpenosaraéMoM BBIBOJIE KOpaOiisi ANIMOJIOH HA TPACKTOPUIO MONETA K
Jlyne:

MoTepwu Ha ¢aK‘I’M‘IECKaS||
XapakTtepuctunyeckas paBuTaunoHHbIe | AapoaMHaMUveckue

CtyneHb ynpasBrfeHne, CKOPOCTh,
ckopocThb, M/c norepu, m/c norepu, m/c
ml/c m/c

[MepBas

3660 1220 46 0 2394
(S-IC)
Bropas

4725 335 0 183 4207
(S-11)
TpeTbst

4120 122 0 4.5 3993,5
(S-IVB)
B cymme | 12505 1677 46 187,5 10594,5°

Kak BuaHO M3 TaOIUIIBI, TPaBUTAIMOHHAS COCTABJISIIONIAS SIBISCTCS
HauOouspiiet B oOmei BenmumumHe mnotepb(13% oT xap.ckopocTn).
I'paBUTaIIMOHHBIC TTOTEPU BO3HUKAIOT M3-3a TOr0, YTO paKeTa, CTApTys
BEPTUKAIBHO, HE TOJBKO pA3roOHSETCA, HO U HaOWpaeT BBICOTY,
peoo0JieBas TATOTEHUE 3e€MJIM, U Ha 3TO TaKXXE PaCXOIYEeTCs TOILIMBO.
AdpoauHAMUYECKHWE TIOTEpPH, TMOTEpPU Ha YNPABICHUE B CyMME
3HAYUTEJBHOTO BJIUSHUSA HE OKa3bIBAIOT(CYMMapHO COCTAaBJISIIOT MEHEE
19% or  xap.ckopoctm). IlpomsBeném  pacuér,  yduTHIBas
IPaBUTAIIMOHHBIEC TTOTEPH M IpeHeOperas OCTAIBHBIMH THIIAMHU ITOTEPb.
Takum 00pa3oM CMOXKEM pacCUMTHIBATH Ha TOYHOCTh KOHEUYHBIX
pe3yJIbTaTOB +-2%(BeTUUUHBI MOTEPh Ha
yIIpaBJICHUE,a3POIMHAMUYECKUX MOTEPh MOTYT HEMHOTO pa3indyaTbCs
BCIIEJICTBHE pPa3IMUYHbIX Macc, radbaputoB, Tpaektopuii PH, HO OymyT
COMOCTaBUMBbI)
2.2Yuém nomeps ckopocmu
Paccmotpum BeiBenenne [1H ara HOO op6uty, Beicotoit H=150 xm
Vroreps=1100 M/C- onpenensiem mo o61ei Tadbmure nmoreps st MBP

Vpean:anp'VHOTepL


https://ru.wikipedia.org/wiki/%D0%A1%D0%B0%D1%82%D1%83%D1%80%D0%BD_V

L. km  hk, kM K, KM 3K ° VK m/c Ha km AVe, m/c
500 50 46 46,9 1986 150 1150
1000 70 60 42,7 2817 280 1150
2500 100 60 384 4318 590 1150
4500 135 200 34,9 5476 990 1100
6000 150 250 31,5 6049 1190 1100
8000 150 300 27,0 6605 1340 1100
10000 150 350 22,5 7012 1490 1000
12000 150 370 18,0 7303 1330 1000

Tabnuya munosbix 3asucumMocmel bannucmuyeckux napamempos om dansHocmu. L — danbHocmb cmpensbebl, hk — ebicoma OKOHYaHus
AYT Ik — npomaxérHocms AYT no nosepxHocmu 3emnu, Sk — yaon Mexdy 6eKmopoM CKOpoCmuU U MECMHBIM 20PU30HMOM 8 KoHUe AYT,
Vik — ckopocmb & koHue AYT, Ha — Hauebicwas moyka mpaekmopuu, AVic — cyMMapHbie nomepu Xapakmepucmu4yeckol cKopocmu Ha
AYT.

2.3Paccuém peanvnoii ckopocmu PH
Cornacno ¢popmyne Llnonkosckoro:

anpZU‘In 1+W
M

n

(2.1)

Beeném o603HaueHUS:

U-CKOPOCTb UCTEUYEHUS Ta30B

Mp: - Macca ToruiMBa N-HOM CTYINEHU

Mnn- Macca KOHCTpYKITUi (6€3 ToTrIMBa) N-HOM CTyIeHU

JInst TpEXCTYIIEHYATON PaKEThI MOJIYUYUM, YTO XapaKTePUCTUYECKAs
ckopocTh [TH Oyner BEIYHCIATHCS Kak CyMMa XapaKTepUCTUYECKUX

CKOpPOCTEH KaKJI0W CTYIECHHU.

JIns TpEXCTYIIEHYATON PAKEThl HMEEM:

Mlm MZm 3m

Vagp = Uz In| 1+ +Uz2-In| 1+ —— |+us-In| 1+
Mln‘|‘M2€‘|‘M36 MZn‘|‘M3c M3n
(2.2)

Takum o00pa3zom, ¢ Yy4€ToM TOTEpb pealdbHas CKOPOCTh OyAeT
BBIYUCIIATHCA O (popMysie:

Mlm M2m M3m
Vpear = U1+ |I’l 1‘|‘ +U2- In 1+— + U3 In 1+ — Vnomeps
Mln‘|‘MZC+M3c M2n+M36 3n
(2.3)




3.0Omnpenenenne macceol ITH niis yecnemHoro e€é BbIB0oJa HA HU3KYIO
OKOJI03eMHYI0 OpOuTY
3.1Pacuém 3aeucumocmu peanvhnoii ckopocmu om maccol IH
O603Ha4MM Maccy MOJIE3HOW HAarpy3KH 3a X KT.
Torna coctaBuM GyHKIHIO peaabHOM cKopocTu oT macchl [TH:

Vpea.zZUl'In(l'i‘ Mlm j+U2|n(1+ Mzm )+U3 In(l+Mj—Vr1omepb

Mln+MZC+M3c+X M2n+M3c+X M3n+x

[TocTpoum rpadux ganHon GyHkuuu B VM KoopauHaTaX:

J 2000 4000 6000 8000 10000 12000 14000 16000

3.2Paccuém nepeoii KocmMuueckoii cKkopocmu 013 3a0AHHbBIX YC108UTL
ITepBast KocMHUYeCKasi CKOPOCTh BBIUKCIISACTCS IO hopmyJie:

GM
Ry+h

(2.4)
h=150 km, Ro -pagunyc 3emnu
Jliist 3amanHoro mapamerpa BeicoThl (H=150 kM) mosryanm:
v1=7814,4 m/c

V1 =



3.30npeoenenue maccot ITH

Yro6s1 Haiitu Maccy ITH noctpoum rpaduk 3aBUCUMOCTH peaibHON
ckopoctu oT Macchl [TH u rpaduk nepBoii KOCMHUUECKOW CKOPOCTH ISt
JAHHOM BBICOTHI B OJHOM cucTeMe KoopauHat. Onpeaenum KOOpAUHATHI
TOUKH nepeceueHus rpaduxon. KoopaunaTta mo ocu m OyAeT SABIATHCS
HUCKOMOW Maccoi.

10000

8000

6000

4000

2000

0 2000 4000 6000 8000 10000 12000 14000

Taxum o6pazom macca ITH, BeIBoiMas Ha OKOJI03EMHYIO KPYTOBYIO
opouty BeicoToii H=150 xm Minuterman-3 PH cocrasmisier 348 .

4.CpaBHeHMe NOJTYYEHHBIX Pe3yJbTATOB C AHAJOTHYHBIMHU
PaKeTAMU-HOCUTEJIAMH U OLEHKA TOYHOCTH NMOJYYEeHHBIX JAHHBIX
maccol ITH

C y4€TOM NOTpenIHOCTH, KOTOPYIO BHOCST MOTEPH MOJIYyYaeM Uarna3oH
3HaueHuit maccol [TH 342-355 kr. CpaBHuM nansbii pesynbtaT ¢ PH
JIErKOro Kiacca.
Xapakrepuctuku PH nérroro kimacca cxoxue ¢ Minuterman-3:
Pegasus XL(ITH-443 xr, macca PH-23130 kr(macca PH menbIre mo
CPaBHEHHMIO C IPYTUMH BCJIEACTBUE CAMOJIETHOIO THUIIA 3aITyCKa))
Hyperbola-1(ITH-300 kr, macca PH-34000 xr)
Minotaur V (ITH-603 kr, macca PH-89000 kr)
(PH, cennanbHO OpUEHTUPOBAHHBIMU Ha 3aITyCK HEOOBIINUX
CITyTHUKOB), YTO MO3BOJISIET CYAUTH O JIOCTOBEPHOCTHU MOTYUYEHHOTO
pe3ynbTrata. JJaHHOW Macchl IOCTATOYHO JJIsl BBIBOJA OOJIBIIMHCTBA
MaJlbIX CITyTHUKOB



Ilepeyenb coxkpameHui
MBP- MexxKOHTHHEHTa IbHast OaJlTMCTUYECKas: pakeTa
[TH- nmone3nas Harpy3ka
HOOQO- Hu3kas okono3eMHasi opouTa
PH-pakera-HOoCuUTEb
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