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HNPEINCTOBUE

Hacrosimee yuebHoe mocobue siBisieTcs IepBOi YacThI0 KOMILIEKCa
y4eOHBIX 110COOUH, B KOTOPBIX OMMCHIBAIOTCS] HA4YaIbHBIE OCHOBBI IIPOEK-
TUPOBAHUS, KOHCTPYHPOBAHUS M IPOM3BOJACTBA PAKETHO-KOCMHYECKOMH
TEXHUKH.

Y4ebHoe mocoOue MpeAHa3HaueHO i 00YyYaloUIMXCs Ha MEePBOM
Kypce cryneHToB crenuanbHOCTH 24.05.01 «llpoexTupoBanue, mpowns-
BOJICTBO M JKCIUIyaTalusl PakeT U PaKeTHO-KOCMHYECKHX KOMILIEKCOBY» H
6akanaBpoB o HamnpasieHuto 24.03.01 «PakeTHble KOMIUIEKCHI B KOCMO-
HaBTHKa».

[Ipu paccmoTpeHHE MaTepHalla HACTOSIIETO yYeOHOTO IMOCOOUS
npeAroaraeTcs, YTo YnTaTeNnb 001agaeT 3HaHHSIMA MaTeMaTHKH U (pU3H-
KU U psiia €CTECTBEHHBIX HAYK B 00beMe CpEeIHEN ILKOJIBI.

Llenpro 1aHHOTO y4yeOHOrO MOCOOUS SIBIISIETCS NOATOTOBKA CTYICH-
TOB IEPBOTO Kypca K YCHEIIHOMY OCBOCHHIO OOIIEHH)KCHEPHBIX U
CHEIUAITBHBIX JUCIUIUTUH CTapIINX KypCOB.

Bbonee noapoGHble cBeleHUA U3 O0JIACTH NMPOCKTHUPOBAHUS M KOH-
CTPYUPOBaHHS paKeT-HOCUTENIEH MOTYT OBITh MOJyYeHBI CTYACHTaMU U3
yueOHOro MOoCcoOHs JIOKTOpa TEXHHYECKHX HayK, mpodeccopa Kaderpbl
kocMudeckoro MammHocTpoeHust B.M. Kypenkosa «OCHOBBI POEKTHPO-
BaHMsI pakeT-HocuTenei. BEIOOP OCHOBHBIX MPOEKTHBIX XapaKTEPUCTHK H
(hopMHpOBaHUS KOHCTPYKTUBHOTO OOJUKA» TMOJ| PeJaKirell JOKTopa TeX-
HUYECKHX Hayk, mpodeccopa A.H. Kupunnna.

OTxenbHO aBTOPHI BRIPAXKAIOT OJAroJapHOCTh PELIEH3EHTaM — JOK-
TOpY TEXHUYECKHMX HayK, mpodeccopy Kadeapbl KOHCTPYKIHH U
NPOCKTHPOBAHMS JIeTaTeNbHBIX anmaparoB CaMapcKoro YHHBEpPCHTETA
Anzpero BsiuecnaBoBuuy bongbipeBy M KaHIUAATy TEXHHYECKHX HAYK,
3aMECTHTENII0 T[EeHEPaJbHOr0 KOHCTPYKTOpa IO HaydHOoW pabore
AO «PKL «IIporpecc» Eprenuto BramgumupoBudy KocMmomembsHckomy
3a IeHHbIE 3aMeyYaHusd U PEKOMEHIAIMM, KOTOpble OBUIM YYTEHBI NPHU
MOJATrOTOBKE PYKONHMCH Y4eOHOTO ITOCOOHS K U3/AaHUIO.



BBEJEHHUE

K HacrosimemMy BpeMeHH paKeTHO-KOCMHYECKasi OTPacih MOTYydriia
HIMPOKOe pacmpocTpaHeHue. OHa BKJIIOYAeT B cedsi OTpOMHYIO MH(]pa-
CTPYKTYpYy: TIPOEKTHO-KOHCTPYKTOPCKHE OpTaHM3alliH; 3aBOJBI  TI0
MPOU3BOACTBY PAKETHO-KOCMUYECKOW TEXHHKH, JIA0OpaTOpuu; KOCMO-
JIPOMBI U MHOTHE JAPYTUE CMEXKHbIE opraHu3anui. OpraHu30BaHbl IICITbIC
WHCTHUTYTHI, KOTOPBIC 3aHUMAIOTCSI TTOJITOTOBKOM MHXKEHEPOB ¢ 00pa3oBa-
HUEM B 00J1aCTH pa3pabOTKH PaKEeTHO-KOCMHUYECKON TEXHUKH.

OpnHoil W3 TeMaTWK MPOU3BOJACTBA PAKETHO-KOCMUYECKOM TEXHUKHU
SIBIISICTCSI CO3/IaHME PaKEeT KOCMHYECKOTO Ha3HAYCHHSI.

CoBpeMeHHas pakeTa SBJSIETCA TEPEIOBBIM CIIOKHBIM TEXHHYE-
ckuM wm3aenueM. llodToMy WHXXEHepY-paKeTOCTPOHUTENI0 Tpedyercs
00J1a1aTh MIUPOKUM HAOOPOM 3HAHHUI B 00JIACTH €CTECTBCHHBIX U TCXHH-
YECKUX HAyK, KOTOPBIMH OH OYyJeT MOJB30BaTHCS B MPOIECCE CO3TaHUS
paker.

Bech jXHM3HEHHBIH UK paKeThl KOCMUYECKOT'0 Ha3HAYCHHMSI TIPUHS-
TO  pa3iensiTh HA  CIEAyIolIne STaITBL: MPOSKTUPOBAHUE;
KOHCTPYHPOBaHHE; IPOU3BOJICTBO; dKCILTyaTanuio. Ha atame mpoexTupo-
BaHUS CO3JIAETCS MCXOAHAs WHGOpMAIMs O BHEUTHEM OOJHKE pakeThl B
(dopMe onmcaHus OYIYIIUX XapaKTePUCTUK (K IPUMEPY, MacChl, BHEIIIHE-
ro BHJA, XapakTepa IBWXEHHS W T.I.). Ha 3tame KOHCTpyWpoBaHUS
OCYIIECTBIISIETCS JIeTallbHAsT MPOpadOTKa MPOEKTa PAKETHI, Pe3yIbTaTOM
KOTOPOM SIBJISICTCS CO3J[aHKe TOJIPOOHBIX YepTekel, Hecylux uHpopma-
U0, KaK U M3 4Yero «cobuparh» pakery. Ha srtame mpowmsBojcTBa mpu
HATMYUHN KOHCTPYKTOPCKUX YEPTEKEH pelraroTcs 3afadu: Ha KakoM 000-
PYAOBAaHHMM CJHIeNaTh JIeTald, coOparh Y3Jbl W arperaTtel W pPakeTy-
HOCHUTENH B 1IeJIoM. Takke HeOThbeMIIEMON YacThI0 IPOU3BOICTBA SIBIISICT-
Cs WCIIBITAHWE 4YacTe paKeTHI-HOCHWTENS Ha HaJeKHOCTh. Ha atare
SKCIUTyaTallMyd PEIIAlOTCs TaKWe 3a/ladyd, KaK TOATrOTOBKAa PAaKEeThl K 3a-
MYCKY, HEIIOCPE/ICTBEHHO OCYIIECTBIICHHE 3aITyCKa.

B Hacrosimem y4eOHOM 1ocoOWM OIMMCcaHbl OCHOBHBIE 3a/1a4H MPO-
EKTUPOBaHUs, KOHCTPYHPOBAHUS M TPOU3BOJCTBA PAaKET KOCMHUYECKOTO
Ha3HAYCHHs, a TAKXKe NpHBeJAcHa HWHGpOpPMAIUSI MO0 COCTOSHHIO HH(pa-
CTPYKTYPBI CO3[aHMsI M KCILIyaTal[ii PaKeT KOCMUYECKOIo Ha3HAYCHUS
B HACTOSAIIIEE BpEMSI.



1 OCHOBHBIE CBEJEHHUSA O PAKETAX
KOCMMUYECKOI'O HASHAYEHUA

1.1 IpuHIAN TBHKEHUS PAKeT

Peaxmuenoe osudicenue

OCHOBHBIM CIIOCOOOM JBM)KCHHUS PAKETHl SIBISICTCS PeAKMUGHOE
osuiceHue, TO €CTh JBIKEHUE, KOTOPOE BOSHUKAET IPU OTACICHUU YacTH
Macchl OT Te€ja C HEKOTOPOM OTJIIMYHOW OTHOCHUTENIBHOM CKOpOCThI0. K
MpUMepY, €CIM HaIyTh JAETCKUH HAaTyBHOH IIap U OTIYCTUTH, TO BBIXO-
JUIIIMIA BO3TyX OYJET ABUraThCS B OJHY CTOPOHY, a Iap — B APYTyr0 (CM.
puc. 1.1.)

OT6poLeHHbIN HagysHoii wap

BO3AVX

M1 Vi

Puc. 1.1. [Ipumep peakTUBHOTO IBMKEHHS

Pakera B mepBOHavaIbHOM IMPECTABICHUH — 3TO TEJIO, BHYTPH KO-
TOporo o0pa3yloTcsi Tra3bl U BbIOpachlBalOTCS B  OKpYyJKarollee
IPOCTPAHCTBO C ONPEAETICHHON OTHOCHTEIIEHONW CKOPOCTHIO, CamMa pakeTa
OCYIIIECTBIISIET PEaKTUBHOE JIBIKEHUE B IPOCTPAHCTBE.

B ocHOBe peakTWBHOTO JBM)KEHHUS JIEKHUT 3aKOH COXPAHEHHS WM-
nyjibca IBIKEHHS, YpaBHEHHE KOTOPOrO B OOLIEM BHJE 3alMCHIBACTCS

CIIEIYFOIIUM 00Pa30oM:
n

> (m;-V,)=const, (1.2)

i=1
rae m; — macca i-it ToueyHoi Macchl Tena (cuctemsl Ten); V; — oTHOCH-

TCJIbHAasA CKOPOCTb I-ii TOUYEYHOM MacChl T€Ia; N — KOJWYCCTBO TOUYCK
TCIa.



IIpencraBum pakeTy B BUAE YNPOLIEHHOW MOJENHU, KaK IMOKa3aHO
Ha puc. 1.2. Macca pakeTsl Ipy 3TOM CKJIaIbIBAETCS U3 MacChl KOHCTPYK-
LMK pakeTbl M, M Macchl BbIOpachiBaeMbIX ra3os M,. B ompenenenubii

paCCManI/IBaCMBIﬁ MOMCHT BPEMCHHU pAKETa ABHUKETCA CO CKOPOCTHIO \Y P

0TOpachIBaeMBbIE I'a3bl JIBUKYTCS CO CKOPOCTBIO V.

Puc. 1.2. YnporueHHas MOIenb pakeTsl

3akoH COXpaHCHHUA UMITYyJIbCa IJIS (1)I/IKCI/IpOBaHHOFO MOMCHTA BpE-
MCHH 3aITMIICTCA B BUJC:

m,-V,=m, V.. (1.2)
[peobpasyem ypaBueHue (1.2) k ciemyromemy BHIY:
mZ
Vp — ,Ve . (1.3)
m

W3 ypaBuenus (1.3) BUIHO, YTO CKOPOCTh JBMKEHHS PAKETHI, CO-
BEpIIAMOIIEH PEeakTUBHOE JBU)KEHUE, 3aBUCHT OT CKOPOCTH HMCTEUCHHS
ra3oB M OTHOLIEHHUS] MacChl KOHCTPYKIMH PaKeThl K Macce OTOPOLICHHBIX
ra3oB. COOTBETCTBEHHO, YeM OOJIBIIYIO CKOPOCTh TpeOyeTCs IpuaaTh pa-
KeTe, TeM 00JIbIliee KOJUIECTBO ra30B TPeOyeTCss OTOPOCHUTD.

Dopmyna uonxoeckozo

Ypasuenue (1.3) sABisieTcs CripaBeUIMBBIM JJIs CIy4as MTHOBEHHO-
ro orOpachiBaHHS YacTH Macchl Tena (pakerhl). B peangbHOCTH, Korua
TpeOyeTcs NpUaaTh pakere OOJNBINYI0 CKOPOCTh JBIKEHHS, TO €CTh OT-
Opocuth OOJIBIIOE KOJUYECTBO TAa30B, TO TPATUTCS OTHOCHTEIHHO
MPOJIOJDKUTENBHOE BpeMsl (HECKOJNbKO MHHYT). B naHHOM citydae amst
pacuera CKOPOCTH JBIKEHHS PaKeThl WCIMOIB3YIOT YPaBHEHUE, TOIYICH-
Hoe pycckuM yueHbIM K.O. [{luonkoBckuM.



m +m,
mp

rae V, — cKopocTb, KOTOPYI0 PHOGPETET pakeTa NoCyie NCTEUEHHs BCEX

ra3oB U3 COIUIA PEAKTUBHOTO JABUTaTells; @ — CKOPOCTh UCTCUCHHS T'a30B
U3 JIBUraTess pakeTbl; M, — Macca KOHCTPYKUMU PakeTsl; M, — macca
razoB, OTOPOIIEHHBIX PAKETOM.

IIpumep 1.

TpeOyercss  pa3orHatb pakery C  Maccoil  KOHCTPYKITUH
m, =1000 xr 1o cxopoctu V, =8000 m/c, npu 5TOM U3BECTHA CKOPOCTH

ncreuenns razos @ = 4000 m/c.

Pemenue:
1. TIpoBenem npeoOpazoBanus Beipaxkenus (1.4)
A m+m | 2 m +m, Y
L=In| L+—=|, e =———=, m,-e® —m,=m,
® mp mp
Y ToTy4YnM BbIpaxenwue (1.5)
Vo
m=m,le® -1/ (1.5

2. [ToxcTaBuB 33a7jaHHBIE B YCIOBUSX 3a/1a4M BEJTMYMHBI B BhIpaXKe-
Hue (1.5), momyumm, d9ro Macca OTOPOIIEHHBIX ra3oB OyneT paBHa

m, = 6340 xr.

3. Macca pakeTsl BMECTE ¢ TOIUIMBOM B MOMEHT cTapra OyJaeT pas-
Ha M, +m, =7340 kr (8 7,34 pasa Goiblile KOHEUHOH MACCHI PAKETHI).

®opmyna L[MOIKOBCKOTO HCIIONB3YeTCSl Ha HAYaIbHBIX 3Tamax
NPOEKTHPOBAHUS AJISI OTIPENEIICHUS] OPUEHTUPOBOYHBIX MACCOBBIX Xapak-
TEPUCTHK OYAyIIEH paKeThl.

Tpaexmopuu ogusicenus pakem

[IpenmecTBEHHNKOM NEPBBIX PaKkeT, CO3JaHHbBIX B JIBAIIATOM BEKE,
ABJISUIMCH PEAKTHBHBIE CHapsAbl. PeakTHBHBIE CHApPsIBl B OTIIMYHME OT ap-
THUIEPUICKUX CHAPSIIOB MPHOOpETaii Ha4yallbHYI0 CKOPOCTH JBMKEHUS
3a CYET WCIOJB30BAaHMUS pPeakTHBHOrO naBurareis. llocie Beiropanus pa-
KETHOTO TOIUIMBA PEaKTHUBHBIA CHapsiA MABUTAICA 1O TaKUM JKe
MPUHLUIIAM, KaK U apTUIUIEpUHCKUN cHapsa. To ecTh TpaeKkTopus JBUXKe-
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HUs CHapsiga (OPMUPOBAIACH MOJ ICHCTBHEM TaKUX OCHOBHBIX MPUPOI-
HBIX CHJI, KaK CHJIa TSDKECTH M CHJIa aTMOC(EPHOTO COTPOTUBICHHUS (CM.
puc. 1.3).

Yyactok pabotbl
Y peakTUBHOro Y4acToK NacCMBHOIO ABUMXKEHUA CHapaaa
Asuratena
K i =
S
C
lig e,
/ \
P %4 mg \
- \
\.
\
\.
R \
S
; mg P — cuna mazu om peakmusHozo dguzamens \
7 ]
; R —cuna ammocgepHoz0 conpomusneHus !
o

X

Puc. 1.3. Tpaekropusi IBIKEHHS PEaKTHBHOTO CHapsia

Tpaekropus (ycmoBHasI JIMHUS B MPOCTPAHCTBE, MO KOTOPOM JBU-
JKETCS TeJNO) NBWKCHUS PAKEThl MOJ JCUCTBUEM CHJIIBI TSXKECTH U CHIIBI
aTMOC(EpPHOTO COIMPOTHBIICHUSI HA3BIBACTCS OWIIUCIMUYECKOU MpPAeK-
mopueit. Hayka o JBWXCHUU Tell MO OaJUIMCTHYECKHM TPACKTOPUSIM
Ha3bIBACTCS OALIUCHIUKOU.

IlepBble pakeThl, LENbI0 KOTOPBIX SBIIIACH JOCTABKA B3PBIBHOTO
3apsiia (XMMHUYECKOTO WM SJEPHOTr0), Ha3bIBAIUCH OaNTUCTUYCCKUMU
pakeramu. OCOOEHHOCTBIO MOJOOHBIX PAKET SBISIETCS TO, YTO PEaKTHB-
HBIE JBUTATENN Pa0OTAIOT HA HAYaJNbHBIX yYacTKaxX IBWKEHUS, a 3aTeM
MOJIE3HBII TPy3 COBEpIIAET MACCUBHOE JIBUWKEHUE MO OaTMCTUYECKOM
TPaeKTOPHH.

B nHacrosiee BpeMst K Kj1accy OaJUIMCTHUECKHX pakeT OTHOCST pa-
KEThI KJIacca 3eMJII-Bo3AyX (K IpUMeEpY, 3eHUTHBIE PaKeThl), paKeThl AJIs
JTIOCTABKH SJEPHBIX 3aPsII0B U TAKTUIECKHE PAKETHI.

Crenyronum IaroM pa3BUTUSL PAKETHON TEXHUKU SIBIISUIACH 3a/a4ya
JOCTaBKH IIOJIE3HOTO Tpy3a (K HpuUMepy, KOCMHUYECKOro ammapara) Ha
OKOJIO3EMHYIO OpPOUTY (TPAaeKTOPHUIO JIBIKCHHS BOKPYr 3emiin). PakeTsl,
BBITIOJTHSIOIINE 33729y TOCTaBKH TOJIE3HOTO Tpy3a Ha OKOJIO3EMHYIO Op-
OuTy, OTHECIM K OTAEIBHOMY KJlacCy — pakKemuvl KOCMUUECKO20

10



HazHaueHus. YTPOUICHHBIN BUJ TPACKTOPUHU JBUKCHUS PAKEThl KOCMHU-
YeCKOro Ha3HauYCHUS MpUBeAcH Ha puc. 1.4,

A—moyka koHYa pabombl peakmueHbix deuzamenel pakembi-Hocumens
O - movKa cmapma paxemei-Hocumens

Op6ura BOKpyr \‘\ -
3emnm ~~ -

Puc.14. MO}ICJ’IL TPACKTOPUHN NBHKCHUSA PAKETHI KOCMHUYCCKOI'O HA3HAYCHUS

1.2 OcHOBHbIE 0TCEKH PAKETHI

Pakera, Kak ¥ npyrue BUIBI TPAHCIIOPTHBIX aIlllapaToB (CamMoOJEThI,
peYHBIE U MOPCKHUE Cyna W JAp.), COCTOUT U3 HECKOIBKUX OTCEKOB (IIpo-
CTPaHCTBA BHYTPH, IOJHOCTHIO WJIA YaCTHYHO M3OJIUPOBAHHOTO OT
OCTAJIBHBIX YaCTEH ammapara).

B nepByto ouepenp B pakeTe MOJDKHO MPUCYTCTBOBATH YCTPOHCTBO,
CO3/1af0IIee PEaKTUBHYIO CHTy (00pa30BaHKE Ta30B U BRIOPACHIBAHUS UX B
OKpYy’Karolllee MPOCTPAHCTBO). TakuM YCTPOHUCTBOM SIBISICTCS PeaKmug-
Hblil 0suzamenb. PeakTUBHBIN JBUTATENIh BKJIIOYA€T B CBOM COCTaB JBa
OCHOBHBIX COCTaBHbLIX KOHCTPYKTUBHBIX KOMIIOHCHTA:

1) xamepa cropanus (B HEHl MPOUCXOTUT XMUMHUYCCKAsT peaKiiys ro-
peHUS MEXIy >KUIKAMH WIA TBEPABIMH BEIIECTBAMH W OOpPa3yroTCs
ra3zo000pa3HbIe BEIIECTBA ¢ OOJBIION TEIJIOBOW YHEPTUEH);

2) peakTHBHOE COIUIO (B KOTOPOM TEIUIOBas DHEPrus oOpa3oBaB-
IIMXCS Ta30B MpeoOpa3yeTrcs B KHHETUYECKYIO JHEPTHI0 JIBUKCHHS, U
YCKOPHBIIHECS Ta3bl BEIOPACKIBAIOTCS BO BHEITHIOW CPEAY).

OO0pazoBaBiiyiecs B KaMepe CropaHus Ta3bl TaKXKe Ha3bIBAIOT IPO-
JIYKTaMU TOPEHUSI PAKETHOT'O TOIUIUBA.

11



Kak mpaBuio, peakTUBHBIE JBUTATEIHM PAa3MEILIAIOTCS B OTACILHOM
OTCEKE, PACIIOI0KEHHOM B XBOCTOBOM YaCTH pakeThl. Y Ka3aHHBIN OTCEK C
PEaKTUBHBIMU JIBUTATENISIMU HA3BIBAIOT XBOCTOBHIM OTCEKOM PAKETHI.

IMockonbKky At pabOThI PEAKTUBHBIX JIBUTATEIICH PaKeThl TPeOyeT-
Csl TOTUTMBO (XMMHUYECKHE BEIIECTBA, MPU PEAKIIUH KOTOPBIX 00pas3yroTCs
MPOAYKTHI TOPEHHUs), TO HYKEH OTCeK, B KOTOPOM 3TO TOILIMBO Oymer
XpaHUTHCS. JJaHHBIN OTCEK HA3BIBACTCS MONAUGHBIM ONLCEKOM.

Mopnenb ycTpolicTBa pakeThl B IEPBOM TNPUOIMKCHUHU MOXKHO
MPEeICTaBUTh, Kak Ha puc. 1.5.

XBocToBOil 0TCEK

PeakTusHbiii

Tonnuenetii orcex JBHTATE b
- 5

Tonesnan

Pakernsiii 610k (PB), nan
Harpysxa (ITH)

Yeropureab

Puc. 1.5. Moaenb ycTpoiCTBa paKkeThI-HOCUTENS B IEPBOM MPHOIMKCHUH

W3 puc. 1.5 BumHO, 94TO B pakeTe MOKHO BBIJEIUThH TPU OTCEKA: OT-
CEeK TIOJIE3HOM Harpy3kH; TOIUIMBHBIM OTCEK; XBOCTOBOM OTCEK.
TonnuBHBIA OTCEK U XBOCTOBOM OTCEK, KaK MPaBHUIIO, CUMTAIOT €IUHBIM
OJIOKOM paKkeThl U Ha3bIBAIOT PAKEMHBIM 0J10KOM, VTN YCKOPUMENeM.

1.3 Bl/l}]bI PCAKTUBHBIX I[BI/Il"aTeJIeﬁ H PAKETHBLIX TOIIUB

PakeTHOE TOIUTMBO BKJIFOYAET B CBOI COCTAB MHUHHMYM J[Ba KOMIIO-
HEHTa, KOTOPhIE BCTYIAIOT B XMMUYECKYIO PEAKIMI0 B KaMepe CrOpaHHs
PEaKTHBHOTO JIBUTATEIIs. YKa3aHHbIE KOMITOHCHTBI Ha3bIBAIOTCS:

- OKUCIHTENb (BEIIECTBO, COEPIKAIEe B CBOEM COCTaBe OOJIbIIOE
KOJIMYECTBO KHCIOPO/a, OTIABAEMOro MPU XMMUYECKOI PEeaKIin);

- roproyee (BEeUecTBO, KOTOPOE MPH XMMHUYECKOH PEaKku OKHUCIIe-
HUs (TOpeHHs) MPUHMUMAET aTOMbl KHCIOpOJAa W BBIICISCT Ta3bl C
0O0JIBIIION TETIOBOW SHEPrueii).
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Peaxmuenvie oguzamenu na meépoom monuee

B mepBbIX peakTHBHBIX CHapsIax HCIOJIbh30BalCS PEaKTUBHBIHN MMO-
POXOBOM JBUTaTENh. TO €CTh TOILTMBOM JIJIsi TAKOTO JIBUTATEIS SIBIISICS
nopox — TBEpAAA CMECh BEILECTB, CIIOCOOHAs TOpeTh 0e3 A0CTyMa KUCIIO-
poa W3 BHeIIHEeH cpeabl. ['oproYrM KOMIIOHEHTOM B MOPOXE SIBIISIOTCS
yriecoJiepaliye BeIecTBa MM HUTPOILCIUTIONIO3bl. B KauecTBe OKUCITH-
TEJsI B TOPOXE MOXKET UCIIOIB30BATHCSI HUTPAT KaJIHsl.

TBépnmas mopoxoBasi CMECh C TOPIOYUM UM OKHCIHUTEIEM B (Qopme
HIanieKk 3aKiajbIBacTCs B KaMepy CrOpaHusl PEakTHBHOTO IMOPOXOBOTO
JIBUTATEIIs, KOTOPAsk OJTHOBPEMEHHO SIBJISCTCS] OAKOM JJisi XPaHEHUsSI TOII-
nuBa. Bo BpeMs crapra ¢ MOMOIIbI0 BOCIUIAMEHHUTENSI TIOPOXOBas CMECh
MOJDKUTACTCSI M HAYMHACTCS PEaKIUs TOpeHHs ¢ 00pa3oBaHHEM MOPOXO-
BBIX Ta30B, KOTOpPbIC BBHIOPACHIBAIOTCS Yepe3 PEaKTUBHOE COIUIO BO
BHEIHIOIO cpeny (cm. puc. 1.6).

Kopnyc kamepbl PeaktusHoe
cropaHua conno

BocnnameHnutenb

Mopoxosan
IETE]

Puc. 1.6. YcTpoiicTBO peakTHBHOTO OPOXOBOTO TBUTATEIIS

PeakTuBHBIC MOPOXOBBIC JABUTATENIN SIBIISIOTCS MPAPOIUTEIEM CO-
BPEMEHHBIX PEaKTHUBHBIX aBurateneil Ha TBépaom torume (PATT) mms
pakeT-HOCUTENEN.

Peaxkmugnule Osuzamenu Ha HcUOKOM monauee

[llupokoe MpUMEHEHHE B PaKETaX-HOCUTEINSX TOIYYWIIA PEaKTHB-
HbI€ JIBUTATEIM, B KOTOPBIX HCIOJB3YIOTCS JKUIKHAE TOproYee |
okucnutenb. K npumepy, B KaueCTBE OKUCIUTENS MOXKET HUCIIONIb30BAThCS
xunkuid kucaopon (O, ), roprounm MoeT ObITh Kuakuid Bogopoa (H,)
wi KepocuH. I1ogo0HbIe peakTUBHBIC JBUTATEIM HA3bIBAIOT JKUIKOCT-
HBIMH pakeTHbIMU aBuraTernsmu (OKP /).
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JKujxue KOMITOHEHTHI PAaKETHOTO TOIUIMBA TPU TIEPEMEIINBaHUU
BCTYMAIOT B XUMUYECKYIO peaknnio. [[03ToMy XpaHUTh KHUAKHE TOprouee
Y OKHCIIATENb CIeAyeT B OTJENbHBIX TOIUIMBHBIX Oakax. [lepememmBanne
JKUJKUX KOMIIOHCHTOB PAKETHOI'O TOILTUBA MPOUCXOUT HETOCPEICTBECH-
Ho B kamepe cropanmsa JKPJ[. Ha puc. 1.7 mpuBeneHa ymporieHHas
MoZeIb ycTpoicTBa pakeTsl ¢ JKP/I.

ropiotiero

Puc. 1.7. Pasmemenne JKPJ] 1 6akoB ¢ TOPIOYUM U OKHCIIMTENIEM B PaKeTe

Ckopocmb ucmeuenus npoOyKmMo8 20peHus MONIued U3 COnd
PeaKkmugnozo osuzamens

Paccmotpum Beipakenue (1.5). IToctporm rpaduk 3aBHCHMOCTH
MacChl TOIUIMBA OT CKOPOCTH MCTEUCHUSI IPOIYKTOB CrOPAHHUs TOILTHBA H3
comma peakTuBHOro asurarens M, (). Jlms mpuvepa GyaeM HCIOIB30-

BATh CIEYIOIIME HCXOHBIE TaHHBIE: Vp =5000 m/c; m , = 2000 xr.

160,0

o - [
o ~ =
=1 =1 S
o o o
_,,—"‘__———

@
=]
=]

=
2
=]

~
k=]
=]

Macca rpe6yemoro Tonsuea(rasos) 4as pasroHa, ToHH
0
L=]
°

\

1000 1500 2000 2500 3000 3500 4000

CKOpPOCTb UCTEYEHMA FA30B U3 PEaKTMBHOIO gBUraTens, M/C

Puc. 1.8. 3aBucHMOCTB 3aTpaT Macchl MPOJYKTOB FOPEHHUS TOIUTHBA (Ta30B)
OT CKOPOCTH UX MCTEUCHUS U3 PAKETHOT'O JABUTATEN
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U3 puc. 1.8 BugHO, 4TO YeM OonblIe CKOPOCTh UCTECUCHHS MPOIYK-
TOB TOPEHHs TOILIMBA (Ta30B) W3 PEAKTUBHOTO JBUTATENs, TEM MEHbBIIE
PacxoJ1 Macchl TOIUTMBA JJISI Pa3TrOHa PAKETHI 10 TpeOyeMol CKOPOCTH.

[ yBenmu4eHUs] CKOPOCTH UCTEUCHUS MPOAYKTOB TOPEHUS TOILIH-
Ba M3 PEAKTHBHOTO JBUTATENs, BO-TIEPBBHIX, MCHOJIB3YIOT CHEHHATIBHYIO
(hopMy BBIXOIHOTO OTBEPCTHSA (COMIIA) C PACHIMPSIONINMCS JAHAMETPOM
(como Jlosans). Takas ¢opma coruia Mo3BOJSIET YBETUYUTH CKOPOCTD
BHIOPACHIBAEMBIX Ta30B.

Kpome Toro, npyu oAnHAKOBBIX TEXHHYECKUX XapaKTEPUCTHKAX pa-
KETHOTO JBHUTATeNIsl CKOPOCTH HCTEYECHUs NPOIYKTOB TOPEHHUS TOIUTMBA
OyzeT 3aBHCETh OT BBIOOpPAa XUMHYECKOTO COCTaBa TOPIOYETO U OKHUCIIHTE-
ns1. MakcuMaibHast cCKopocTh uctedenus (mopsiaka 4000 m/c) momydaercs
IpU UCIIOJIB30BAaHUHU TOIUTMBA C JKUAKAM KHCIOPOIOM (OKHCIUTEIEM) H
KUAKUM BOJOPOJOM (TOPIOYUM).

B Tabn. 1.1 npuBeaeHB! BEIMYMHBI CKOPOCTEH UCTEUEHUsSI MTPOAYK-
TOB TOpEHHS XHMHYECKHX pEaKTHUBHBIX JBUTATeJIeld C  49acTo
HCIIOJIb3YEMBbIMHU KOMIIOHCHTAMH TOILIMBA.

Ta6muna 1.1. CkopocTy MCTEYESHHS HPOIYKTOB TOPEHUSI XUMUYECKHX PAKETHBIX
JBHTaTenel Ul pa3HbIX BHOB TOILINBA

PakeTHoe TONINBO
CKOpoCTh HCTeYeHUs
M/c
Toprouee Oxkucanrenb
Kepocun A30THasl KUCJI0Ta 2700
Kepocun YeThIpEXOKHCH a30Ta 2800
Kepocun Kukuii kuciopon 3000
Jumetunruapasus Kunkuii kuciopon 3200
Kunkuii Bogopon Kukuii kuciopon 4000

MaccoBbie IPOEKTHEBIE XapaKTEPUCTUKH PAKETHI OyAyT 3aBUCETH OT
BEIOOpa KOMIIOHEHTOB TOIUTMBA. Hanbollee 3KOJOTHYECKH YUCTHIM | 3(-
(DeKTHBHBIM BapUAHTOM C TOYKH 3PEHHUS CKOPOCTH HMCTEUYCHUS SBIISICTCS
TOIUTMBO Ha *HUIKOM BOAOPOJIE U Kuciaopoae. HemocTaTkoM KHCIOpOAHO-
BOJIOPOJHOTO TOIUIMBA SBJISIETCS TO, YTO 00a KOMITOHEHTa KPHOTCHHBIE.
To ecTb AJs MONIY4YEHHS M XPAHEHUS KUAKUX KUCIOPOia U BOJOPOAA Tpe-
Oyercs co3gaHMe OYEHb HHU3KUX TEMIeparyp. OTO YCIOXKHIET
KOHCTPYKITUIO TOTUTMBHBIX 0AKOB M CUCTEMBI T10/IaYU TOTUINBA B PEAKTHB-
HBINA IBUTATEND.
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1.4 Ctynenu pakeTnl

Ecnmn npoanammupoBats ypaBHeHue L{uonkoBckoro (1.4), To MOXHO
C/IeNaTh BBIBOJL, YTO JUIsl yBEIMYCHNUS KOHEUHOH CKOPOCTH PAKEThI V, CIIey-

€T YBEINYMBATh MAcCy 3ampasisieMoro tormsa. OJHAKO eciy MoTpedyeTcst
YBEMYUTH MACCy 3aI1acoB TOIUIMBA B pakeTe, TO TaKKe MOHAT00HUTCS yBEIH-
yuTh M 00BEM TOIUIMBHBIX OakoB. I[lpm 3TOM nepBoHauanbHas Macca
KOHCTPYKLHUH pakeTsl M YBENUYUTCS Ha BeanunHy AM

KOHCmMpPYKyul KOHCMPYKY W
(em. puc. 1.9). Ilpu ompeneneHHBIX KOHCTPYKIMOHHBIX XapaKTEePUCTHUKaX
pakeThl BO3MOXKEH CITy4al, KOrja MpU YBEIMYCHUM KOJIMYECTBA PAKETHOTO

TOIUIMBAa U MAaCChl KOHCTPYKIHK BCIMYNHA KOHCYHOM CKOPOCTHU PAKCThI HE

TIPEBBICHT NPeNENbHOTO 3HAYCHUS: V, <V, 5000, (CM. pHC. 1.9).
+AM1<mtcmpyKuuu Mxoucmpykuuu
Vp < Vnpe@efthmm
N\
+AMT!0”.7M€H Mmorl:mga

Puc. 1.9. [IpenenbHOCTh XapaKTEPUCTHUECKON CKOPOCTH PAKETHI

B TO e Bpemsl U3BECTHO: pakeThl KOCMUUECKOTO0 HA3HAUEHHUS MpU
BBIBE/ICHUH KOCMHYECKOTO arapara Ha OpOUTy cOOOIIar0T €My CKOPOCTH
nopsijika nepBoi kocmuudeckoit (ot 7900 m/c) u Bbime. JIJjis MakCUMAaIb-
HOTO YBEJIMYEHHUS] KOHEYHOM CKOPOCTHM KOCMHUYECKOro armapara
3¢ (EKTUBHBIM SBISETCS BAPHAHT MaKCHUMAaJILHOTO cOpOCca MacChl PaKkeThl
B IIPOLIECCE TOJIETA.

Jns permenus ykazaHHOW TTPOOIEMBI B paKETOCTPOCHUH MCTIONB3Y-
eTCS npuHYyun MHococmynenyamocmu paker. To ecTh pakera coOupaercs
13 HECKOJIBKUX PaKETHBIX OJIOKOB C COOCTBEHHBIMU TOILTUBHBIM, XBOCTO-
BbIM OTCEKaMM M PEAKTHUBHBIMU JIBUTareiisiMU. B mpoliecce mosera
HAYMHAIOT pa0OTaTh OJHU M3 PAKETHBIX OJIOKOB JIO TMOJIHOW BHIPAOOTKU
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TOILUIMBA, 3aTCM OHU OTCOCAUHAIOTCS OT PAKCTBI-HOCUTCJIA U BKIIFOYAIOTCH

creyromme paketHbie 610ku (ecm. puc. 1.10).
PeaKTUBHbIN

asurarenb Ne2 Vy=AVi+ AVa

Vi

PeaKkTUBHbIW
Apuratenb Nel
Bnok ¢ Tonnueom Bnok ¢ Tonnusom

v aBuratenem Nei n aBuratenem Ne2

Puc. 1.10. IIpuHIUIT MHOTOCTYIEHIATOCTH PAKET-HOCHTEIEH

Cmynenplo cUuTaeTCSI 9aCTh PAKETHI, KOTOpAs BKIIOYAET B CBOI
COCTaB paKeTHHIN OJoK(M) M ToJe3Hyl Harpys3ky. IIpu BelpaboTke Bcero
TOIJIMBA PAKETHBIA OJIOK CTYNEHH OTCOEIWHSICTCS, a MOoJie3Hasl Harpy3Ka
NpOJIOJDKACT AajbHelIee IBKeHrne camoctostenbHo. Ha puc. 1.11 mpu-
BEJICH IPUMEP CTPYKTYPBI TPEXCTYIIEHYATOW PAKETHI.

Ionesnas

E Harpyska

DY, " er >
Pb 2-ii crynenu 3-s1 cmynens paxemuvi

Pb 3-ii ctynenn

Pb 1-it ctynenn

|—D:> 2-a cmynenb paxkemost

1-s CMYneHsv paxkemnvl

Puc.1.11. IIpumep CTPYKTYpHI TPEXCTYNIEHUATON PaKeThI

W3 puc. 1.11 BumHO, 9TO TIEPBOI CTYTIEHBIO SBISETCS BCS pakeTa Ha
MoMeHT ctapTa. [locie okoHuaHust pabOTHI MEPBOM CTYNEHH OT PaKeThI-
HOCHTEJSI OTACISETCS] PaKeTHBIN 070K mepBoi crynenu. Ocraercst Bropas
CTYII€Hb, KOTOpas SIBJIAJIaCh IMOJE3HOM HAarpy3kKou Jyisi MEpBOM CTYIEHM.
[locne oxoHuyanus pabOTEI BTOPOW CTYNEHH OTIEINSETCS PAKETHBIH OJIOK
BTOpOM cTyneHu. OcTaercst TpeThs CTyNEHb, KOTOpas ABIAIACH TOJIE3HON
Harpy3Kkoil asst BTopoit crymenu. [lo 3aBepmieHnn paboThl TpeTbelt CTY-
NIEHU OTJIeIIsIeTCs €€ paKeTHBIN OJIOK M MoJie3Hasi Harpy3Ka (KOCMUYECKHUi
anmapar) HaYMHAeT CaMOCTOSITEIBHO IBUTaThCA MO 331aHHON OpOuTe.

17



Cnocobwl pazmeuienus paKemusix 010K08 MHOZOCHYREHYAMOI
paxemut

CyIecTByeT Tpu OCHOBHBIX CXEMbI pa3MEICHUsI PAKETHBIX OJIOKOB
MHOTOCTYTICHYATOW PAKETHI:

- CcXeMma C TIOCJICIOBATEIbHBIM COCIUHCHUEM DAaKETHBIX OJIOKOB
«Tammem» (cMm. puc. 1.12a);

- cXeMa MapaulejbHBIM COCMHEHUEM paKeTHBIX OJoKOB «IlakeT»
(cMm. puc. 1.126);

- KOMOMHHMpOBaHHas cxeMma (cM. puc. 1.126).

Ioaesnotit
py3
THonesnviit Honesnvint
— 2y 3-it
py3 . py3 . PB
Pb 2-u Pb 2-i cmynenu
cmynenu cmynenu
PB 2-i Pb I-it PE 1-i
cmynenu cmynenu

cmynenu

Pk I-it
cntynenu

a) 6) B)

Puc. 1.12. CxeMbI pa3MeIIeHHsI PaKeTHBIX OJIOKOB MHOTOCTYIIEHYATOH PaKeThI:
a— cxema «Tangem»; 6 — cxema «IlakeT»; B — KOMOMHHPOBAaHHAS CXEMa

B cxeme «Tanaem» Bce Bpems paboTaeT caMblii HHOKHUN pakeTHBIN
6nok. B cxeme «Ilaker» cHauama paGoTaioT GOKOBBIE paKeTHbIE OJIOKH,
3aTeM BKJIIOYAETCS LIEHTPAJIbHBIN PakeTHBIN OJIOK.

1.5 OcHoBHBIE 3TANBI ;KU3HEHHOTO IUKJIA PAKETHI

JKW3HEHHBIH IMKII U3AETUS — COBOKYITHOCTB ITPOLIECCOB, BBIMOJIHS-
€MBIX OT MOMEHTA BBISBJICHHUS MOTPEOHOCTEN 001IecTBa B ONPEACICHHOM
NPOAYKIMU JO MOMEHTa YAOBJIETBOPEHHMS 3THX NOTPEOHOCTEH M yTHIIU-
3alMd TpoaykTa. To ecTh KU3HEHHBIM LUKI BKJIIOYAET MEPHOA OT
BO3HUKHOBEHHUS MOTPEOHOCTH B CO3JIaHUU MPOAYKLIUH 10 €€ JTUKBUAALNH
BCJIC/ICTBHE HCYEPIIAHUS MTOTPEOUTEIBCKUX CBOMCTB [5].
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OCHOBHBIE 3Talbl XU3HEHHOTO IUKJIA JF000T0 M3/eNHsl, B TOM YHC-
Je€ W paKeThl: IPOCKTUPOBAaHHE, IPOHM3BOJACTBO, AKCIUTyaTalus,
yrumu3anus. CaMo MOHSTHE «KU3HEHHOTO NUKJIA M3/eNUs», KaK IpaBHh-
7O, TPUMEHSETCSs MO OTHOIICHWIO K TMPOXYKIMH C BBICOKHMH
MOTPEOUTENBCKIMH CBOWCTBAMH, @ TaKKe K CIOKHOW HAyKOEMKOW TIPO-
JYKIIN BBICOKOTEXHOJIOTHYHBIX MTPEATPHUATHH.

Pakera xocMuueckoro Ha3zHa4eHUs, 0€3yCIOBHO, SBISIETCS CIIOXK-
HBIM HayKOEMKHM BBICOKOTEXHOJOTMYHBIM W3ZCIHEM, U € >KU3HEHHBIH
LUKJ BKJIIOYAET B ce0sl HECKOJIIBKO 3TANoB, KOTOPbIE YKPYIMHEHHO Mpel-
CTaBJICHBI HUXKE:

- UCCIIeIOBaHre U 000CHOBaHUE Pa3pabOTKH;

- pa3paboTKa;

- Ha3eMHas SKCTIEPUMEHTAIbHAs OTPa0OTKa;

- JICTHBIC UCIIBITAHUS,

- CepUitHOE NPOU3BOACTBO;

- DKCTUTyaTaIlus;

- CHATHE ¢ dKcIutyaranuu (yruamsais) [5].

Ha craguu nccnenoBanust 1 000CHOBaHUS pa3padOTKH GOPMHUPYIOT
HNCXOOHBIC OAaHHBIC W TEXHUYCCKUC 3aJaHUA Ha IHPOBCACHHUC HAYYHO-
UCCIIEIOBATENBCKUAX PA0OT M OMBITHO-KOHCTPYKTOPCKHUX padoT.

[Mpouecc pa3paboTKu MPUHATO Pa3esATh Ha JIBE COCTABISIONINX —
NPOCKTHPOBaHKE U KOHCTPyHpOBaHUe u3enus. Ha craaum npoekTuposa-
HUS BBIIOIHSIOT dCKU3HBIN IMPOCKT U COCTABJIAIOT TEXHUYCCKUC 3aJIaHUA
Ha COCTABHBIC YaCTH PAKEThI, B TOM YUCIIC U Ha pa3paboTKy ee KOHCTPYK-
TUBHO-KOMIIOHOBOYHOM CXeMbl (€CTM OHa CO37aeTcsi BHOBb WIIU
MOJICPHUBHPYETCS).

[Tocne BbITycKka ACKU3HOTO IPOEKTa BEIETCS pa3padoTKa KOH-
CTPYKTOPCKOW JOKYMEHTAaluH (3Tal KOHCTPYWPOBAHUS), BKIFOYAIOIICH
BBHIITYCK pabouuX dYepTexed, M0 KOTOPHIM B jAanbHeiimem Oyner ocy-
IECTBJICHO U3TOTOBJIICHUE U3ACIIHSL.

Craaust Ha3eMHOI SKCIIEPUMEHTaNIbHON 0TPAaOOTKH BKIIIOYAET B ceOsi:

- 1abOpaTOpHO-OTPAOOTOUHBIE UCTILITAHUS;

- KOHCTPYKTOPCKO-/I0BOI0UHBIE UCIIBITAHHS;

- KOMIUIEKCHBIE MCIIBITAaHUS 110 MOATBEPKICHUIO OCHOBHBIX Xapak-
TEPUCTHK U3JEIHUS B LIEJIIOM.
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ITocne 3aBepiieHNsT HA3EMHOM IKCIIEPUMEHTATBEHON OTPaOOTKN BBI-
MTyCKaeTCs UTOTOBBII OTYET O TOTOBHOCTH K HAYAITy JIETHBIX MCIBITAHHH.
JleTHBIE WCTIBITAHUA MOTYT JENHUTHCSA Ha JIETHO-KOHCTPYKTOPCKHE W 3a-
YEeTHBIE.

Ha cragmn cepuiiHOTO MPOW3BOACTBA BBIMTYCKAIOT YCTAHOBOUYHYIO
MapTUIO JUIA OTPAOOTKH TEXHOJIOTHYECKOTO TpoIiecca U TIATeNbHO KOH-
TPOJIUPYIOT KauecTBO u3aenuil. Ha 3Toil ctaguu BO3MOXKHBI U3BMEHEHUS U
JnopaboTKU u3Aenuid. B panpHeieM TeXHOIOTHIO MOACPKUBAIOT HEU3-
MEHHOI.

OKcmlyaTtalusi pakeT KOCMHUYECKOro Ha3Ha4deHMs BEAETCS B DKC-
IUTYyaTUPYIOIIUX ~ OpPTaHW3allusaX ¢ BKJIOYAaeT B ce0s OCHOBHBIC
TEXHOJIOTMUYECKHUE MPOLIECCHI:

- IpuBeJieHHe KoMiuiekca (paketsl, KA) B TOTOBHOCTh K IIpUMEHe-
HUIO;

- IOIIEpKAHUE B 3TON TOTOBHOCTH;

- IPUMEHEHNE KOMILIEKCa 110 Ha3HAuYEHHUIO.

Ha CTaguu JKCIUIyaTallui BO3MOJKHBI OTACJIbHBIC IlOpaGOTKI/I 110
3aMC€UaHMAM, BBIABJICHHBIM B IIPOIECCE OKCILTyaTalur, a TaK:)KE€ MOJACPHU-
3aIUsl AIIEMEHTOB M3JIENNS B CITydae HeOOXOAUMOCTH.
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2 BBEJEHUE B IIPOEKTUPOBAHUME PAKET
KOCMMUYECKOI'O HASHAYEHUSA

2.1 lpouecc MpoeKTUPOBAHUS PAKETHI

[IpoexTrpoBaHue — 3TO OJUH U3 HAYaJIbHBIX 3TAllOB CO3JAHUS JIIO-
OBIX TEXHHYECKUX CHCTEM, B YJACTHOCTH PAKET KOCMUYECKOTO Ha3HAYEHUS
[5]. D10 TBOpUECKHMil poLIecC MOUCKA M HAXOXKICHUS PAllMOHAIBHBIX pe-
HICHUH, 00ecTIeYnBaIOINX 3aJaHHbIe TPEOOBAHHSI.

B ympomieHHOM MOHMMaHUM NPOEKTUPOBAaHHME — 3TO MPOLECC CO-
3[JaHHs] OKOHYATEJbHBIX OMHCAHUH TEXHUYECKOTO OOBEKTa (HOBOTO HIIH
MOJEPHU3UPYEMOT0), AOCTATOYHBIX JJISI M3TOTOBJICHUS WIH pean3alliu
3TOT0 00BEKTA B 3aaHHBIX YCIOBUAX. Pe3ynbraToM MpOeKTHPOBAHUS SIB-
jasiercst  mpoekTt  Oyaymero — um3genus.  [Ipoekr  ananumsupyercd,
00CyXIaeTcsi, KOPPEKTHPYETCS M TPUHUMACTCS KaK OCHOBA ISl Jallb-
Heiimreit paspabotku [11].

CymecTByeT u 60Jiee CTpOroe ONpeAeIeHNe MOHATHS «IIPOEKTHPO-
Banuey». Ilo crammapry I'OCT 23501.101 - 87 «Cucrema
ABTOMAaTH3UPOBAHHOTO MPOEKTUpOBaHUs. OCHOBHBIC MOJOXKECHUS): MPO-
€KTUPOBAaHUE — 3TO MPOLECC COCTABJICHUS OMMCAHMS, HEOOXOAUMOIO JUIS
CO3J1aHMs B 33/IaHHBIX YCIJIOBHSX €Ie HE CYIIECTBYIOIIEro OObEKTa Ha
OCHOBE TIEPBUYHOTO OMHCAHHS 3TOr0 OOBEKTa W (MJIHM) alropuTMa ero
(YyHKUIMOHUPOBAaHUS C ONTUMH3ALKEl 3aJaHHBIX XapaKTEPUCTHK OOBEK-
Ta.

B Meronnueckoi ureparype, NOCBSIICHHON POEKTUPOBAHUIO pa-
KET, KaK MMPaBUIIO, BBIIEIISIOTCS CIICAYIOIINE dTarbl [5]:

1) pa3paboTKa TEXHUYECKHX MTPEIOKEHHH;

2) pa3paboTKa 3CKH3HOTO MPOCKTA;

3) pa3paboTKa TEXHUYECKOTO IIPOCKTA,;

4) pa3paboTKa KOHCTPYKTOPCKOHN TOKYMEHTALHH.

Ha srtane pa3paboTky TEXHHYECKHX MPEIIOKEHUH OMHCHIBAIOTCS
BCE TEXHUYECKUE XapaKTEePUCTUKU (MaccOBbIE, TE€OMETPUUECKUE, IHEPTe-
TAYeCKue W T.A.) Oymymieit pakersl. [Ipu 3TOM pemiaroTcst Ciemyronue
XapakTepHbie 3a1a4n npoekTupoBanus [10]:

- QHAJIN3 CTATUCTHUYECKUX MATEPUAJIOB 10 CO3/IaHHBIM PAKETaM;

- pa3paboTKa TEXHUUECKNX TPeOOBaHUI K CO3/1aBaeMOil pakere;

- pacyeT XapaKTepUCTHYECKON CKOPOCTH;
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- BEIOOP KOMITOHEHTOB TOTLTUBA,;

- BEIOOD KOJIMYECTBA CTYTICHEH paKeTHl,

- pacdeT CTapTOBOWM MacChl PAKETHI;

- pacyer MpeABapUTEIBHBIX 00bEMHO-TA0APUTHBIX XapaKTEPUCTUK
pakeTsr;

- IOCTPOCHNE TPEABAPUTEIHHON KOMITIOHOBOYHOW CXEMBI PAKETHI;

- pacueT Macc BJIEMEHTOB KOHCTPYKITHH PAKETHBIX OJIOKOB;

- YTOYHCHHE KOMITOHOBOYHOHN CXEMBI C y4eTOM TPeOOBaHMIA 11O T0-
JIO’KEHUIO IIEHTPA JaBJICHNUS,

- IOBEPOYHBIA pacueT TPAeKTOPHH JBM)KCHUS PAKETHI,

- YTOYHEHHUE MPOCKTHBIX XapaKTCPUCTUK PAKETHI.

Ha srane pa3paOoTKi 3CKU3HOTO MPOEKTa PAKETHl PEIIAIOTCs TaKnue
3a7a4uM, Kak:

- BEIOOP OOPTOBBIX CUCTEM PAKETHI M IPUHIIUIIOB X Pa0OTHI,

- pa3paboTKa KOHCTPYKTHBHO-KOMIIOHOBOYHON CXEMBI PaKeThl
(cxemsbl, copeprkamieid HHPOPMALIUIO O Ta0apUTHBIX pa3Mepax PakeThl
€€ OTCEKOB, B3aUMHOM PacCIIOJIOKEHUH IPUOOPOB U 3JIEMEHTOB KOHCTPYK-
[IUH, pa3Mepax MpruOOPOB U IJIEMEHTOB KOHCTPYKIINN);

- pa3paboTKa TEeXHHYECKHX 3aJaHUi Ha CO3/JaHUC OTAEIBHBIX CO-
CTaBHBIX YacTel pakeTsl  T.1I.

Ha stane TexHM4yeckoro mpoekTa OCyLIECTBISIETCs emme Oonee ae-
TaNbHas MPOPadOTKa MPOEKTa PAKEThl, BO3MOXKHO YK€ C M3TOTOBJICHHEM
MaTepHaJbHBIX MAKETOB OTCEKOB U PAKETHI B IIEJIOM.

Ha srtane pa3pa®oTkn KOHCTPYKTOPCKOH JOKyMEHTauuu pazpada-
TBIBAIOTCSl JTOKYMEHTBHI (TEXHHYECKHE 3aJaHus, YepTeKHd M T..) I
W3TOTOBJICHUS OIBITHOTO 00pa3iia pakeThl, KOTOPHIH B AajbHEHIIEM OyaeT
coOpaH M UCTIBITaH (IIPOBENICHBI JICTHBIEC UCTIBITAHUS).

JeranbHoe M3ydeHHE Mpolecca MPOEKTUPOBAHUS PAKETHI MPELy-
CMOTPEHO B psJe CIeNWalbHBIX JUCHUIDIAH Ha CTapUIuX Kypcax
MOJTOTOBKM CTYJAeHTOB 1o HampasieHusMm 24.05.01 «IIpoextupoBanue,
NPOMU3BOJACTBO U AKCIUTyaTalysl pakeT U PaKeTHO-KOCMHUYECKUX KOMILIEK-
coB» 1 24.03.01 «PakeTHbBIE KOMITIEKCH 1 KOCMOHABTHKA.

B macrosmiem y4eOHOM TTOCOOMHM TIO3HAKOMHUMCS C HEKOTOPBIMU
NEepBOHAYATILHBIMA MOJEIISIMHU U 3afladyaMHM, PElIaeMbIMH HA paHHHUX CTa-
IUSIX TIPOEKTUPOBAHUSI pakeThl (Ha CTagud Pa3pabOTKH TEXHUYECKHX
MIPEIOKEHHH ).

22



2.2 PacuyéTt MaccoBbIX XapaKTEPUCTHK OAHOCTYNEHYATOH paKeThl
KOCMHYEeCKOr0 Ha3HAYeHHsI

Abcontomusle Maccogvle XapaKmepucmuKu paKenmsl

Ha puc. 2.1 npuBeneHa cxeMa, WLTIOCTPUPYIONIAs COCTaBHBIC a0-
COJIOTHBIE ~ MAacCCOBbIE  TIPOCKTHBIE  XAPAKTCPHCTHKH  PAKETHI,
UCTIOJIb3YEeMbIC Ha PaHHUX CTaIUsIX MpOeKTHpoBaHMs. C MOMOIIBIO ATOM
CXEMBI YIPOoIIaeTCs MOHUMAHUE CYIIHOCTU MPEOOpa3oOBaHU ISl Onpejie-
JICHWsI  COOTHOIICHWH  MAacC  KOMIIOHEHTOB  PakKeThl,  KOTOPBIC
NPE/ICTABIICHBI HIXKE.

my - CTapTOBﬂﬂ Macca paKeTbl

m, - Macca TOILTIBa paKeTsl

m., =m, —mg - Macca PAKETEL IIOCTIS BBIPaGOTKPI TOILIHNBa

KOH

m g, - Macca nonesHoil Harpysku

M = My, — My, - Macca pakeTHOTo 67I0Ka (YCKODHTEIT)

il LN

Mg = Mpz — M - Macca KOHCTPYKIMH PAKETHOIO GII0Ka

Puc. 2.1. Cxema, HILTIOCTPHPYIOLIAsi COCTABHBIC MACChI pakeThl [5]

OmmnocumenvHrbie Maccogvle XapaKmepucmuKy pakentvl

ITpy NpOEKTUPOBAHUU PAKET UCIIOJIB3YIOTCS CIEAYHOIUE OTHOCHU-
TEJIbHBIE MaCCOBBIE IPOEKTHBIE XaPAKTEPUCTHKH:

- yuciio L[onKoBCKOro (OTHOLIGHHE CTAPTOBOM MaccChl pakeTsl M,
K Macce PakeThl 110cje BEIPa0OTKU TOILUTMBA My — My )

m
7=—20—, (2.1)
my — M,

- KOHCTPYKTHBHAsl XapaKTEPUCTHKA PAKETHOro 0j0ka (OTHOIICHHE

Macchl paKeTHOro OJI0Ka M, 3aI0OJIHEHHOTO TOIUIMBOM, K Macce KOH-

CTPYKIIMM paKeTHOro 610ka M, (6e3 TommBa)).
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Mps __ Mg _ My Mg 5 Mr 2.2)
Mg Mpg =My My My

- OTHOCUTCJIbHAA MacCa paKCThbI (OTHOIHGHI/IG CTapTOBOﬁ MaccChl pa-

KEThI I, K Macce MOJIC3HON Harpy3ku M HH)

p=—To_ 2.3)

My

Xapakmepucmuueckas cKopocms paKemol

PaketHprit 070K (YCKOPHTENb) MPOEKTUPYETCS TaKUM OOpa3oM,
9TOOBI TOCIIE TIOJHOW BHIPAOOTKM TOILIMBA TOJE3HBIH TPy3 MPHOOpEI
TpeOyeMyI0 CKOPOCTh IBMKEHUS (CM. puc. 2.2).

Y I 9/

I it

Puc. 2.2. Pa3ron none3Horo rpysa 1o TpedyeMoil CKOPOCTH

CKOpoCTh, KOTOPYIO paKeTa Morjia Obl JIOCTHYh B IYCTOTE, JBUTA-
SCh TMPSIMOJIMHEHHO TOJ JCUCTBHEM TOJBKO CHIBI TATH PEAKTHBHOTO
JIBUTATEIIs, HA3BIBACTCS XAPAKMEPUCHUYECKOIL CKOPOCHbIO PaKkeThl. [is
OJIHOCTYIICHUATON PAaKEThl 3Ta XapaKTEPUCTUYECKass CKOPOCTb BBIUUCIIS-
€TCsI 0 CIIEAYIOIIEMY BRIpaKeHHTO [1]

V= | —0 |4V, =w-In(2)+V,, (2.4)
My — My
rae V, — CKOpOCTb pakeTbl B MOMEHT 3allyCKa PEaKTUBHOIO JBUraTesIs
(s pakeTbl KocMHuYecKoro HasHaueHus V, =0 m/c); @ — cKkopocTh ucTte-
YCHU IPOAYKTOB rOpE€HUA U3 COIlJIa PEAKTUBHOI'O ABUTraTCIIA.

B peanbHBIX YCIOBUSIX HPUCYTCTBYIOT HOTEPU CKOPOCTH M3-3a
TOPMO3SILIMX BO3AEHCTBUI CO CTOPOHBI OKpYXKaroLIel cpelbl (K mpumepy,
conportusieHne armocgepsi). I[losTomy peanbHas KOHEUHas CKOPOCTb
paKeTHl 1ocjIe BHITOPaHUs TOIUIMBA Oy/eT paBHA
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V¢ =V, —AV, (2.5)
rae AV — noTepH XapaKTepHCTHYECKOH CKOPOCTH PAKETHI.

[IpeobOpazyem BoipaxkeHue (2.4). s 3TOro cHavana mpeacTaBHM
CTapTOBYIO Maccy pakeThl B BUJIE:

My = My + My + My (2.6)
[ToncraBum Beipaxkenue (2.6) B (2.4) u momy4ynm:
m m
V, :a,.h{MjJFVOI (2.7)
M7y + My

[Ipeobpaszyem BeipakeHue (2.2) caeayronM 00pa3om:

m 1
s=1+—"L, (s-1)-mg=m;, mg=m,.-—.

m (s—-1)-m, r k=M

K
[ToxcTaBuM pe3ynbTat npeobdpazoBanuii B Beipaxenue (2.7):

1
My, + My +m, o1
1 +V,. (2.8)
s-1
Jomyckass TO, 9TO MBI paccMaTpHBaeM paKeTy KOCMHYECKOTO
HazHavyeHwus, npuanMaeM V, =0 m/c. Taxke mpoBoarM AampHeHIINE Mpe-

Vy=w-In

My + My -

00pa30BaHMA U TIOTyJdaeM:

S
Mgy +7S my

| —s=1 " | (2.9)

1
My +—mM
g

IIpousBenst mpeoOpa3oBaHHE HATYpaJbHOTO Jorapupma B SKCIO-
HEHIMAJIBHYIO BETUYUHY, TOTYyYUM:

Vi

w

S
Vy Mgy +——Mp
e o =—51—1. (2.10)
My +—1mT

IIpeobpazyem Boipakenue (2.10) B 3aBUCMMOCTh MAacChl TOILIMBA
JUISL PaKEThI OT MACCHI IIOJIE3HON Harpy3KHu:

x 1 S
e '(mHH"'amTj:mHH"‘_lmT:
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—Mm,—e® - ——Mmy =€ My, —Myy,
s—1 T -1 [1H [TH
Vx.

s—e® Ve

m,=(e?® =1{-my,,
s—1 T 1TH

Vx

e® —1]-(s-1)
m, = Ve My - (2.11)

s—e”

Beipakenue (2.11) yao6HO Tem, 4TO MpH pacdere MOTpeOHO# mac-
Chbl TOIJIMBA PAKETHI BCC BCIIMYMHBLI B npaBoﬁ YaCTH ypaBHCHUA MOXKHO
CUMTATh U3BECTHBIMH: My, — Macca MOJIEe3HOr0 Ipy3a, KOTOpyro TpedyerT-
sl BBIBECTH Ha OpOUTY (3aaeTcs HHKeHepoM); V, — CKOpPOCTh, KOTOPYIO
JOJDKEH MPUOOPECTH TOJIE3HBIN Ipy3 Ha opOuTe (3aaeTcs WHKEHEPOM);
@ — CKOPOCTh MCTEUEHHSI POIYKTOB FOPEHUS ONPENENISIETCS XapaKTepH-
CTUKaMH PCAKTHBHOI'O ABUIATCIIA, S - KOHCTPYKTHBHAA XapaKTCPUCTHUKA
paKeTHOro OJOKa SBISETCS BEIUYNHOM, KOTOPYIO MOKHO TIPHOJIU3UTEIb-
HO OmnpeacinuTtb M3 CTATUCTUUCCKUX PacCuUCTOB (KaK ImpaBuJIoO, IJid
COBpEeMEHHBIX pakeT S =6...16).

Anzopumm pacuéma cmapmoeoii maccol 0OHOCHYREeHYAmol pa-
Kembl

B o0mem Bujie anropuTM OIEHKH MacCOBBIX IPOSKTHBIX XapaKTe-
PHCTHK PaKeThI-HOCHTEIISI BKIIIOYACT CIIETYIOIINE [Iaru:

1) 3aaroTcst KCXOJHBIC JAHHBIE [UISl PACUETOB:

- Macca IMoJIe3HOro rpysa (M, );

- TpeOyemast KOHeYHasi CKOpOCTb paketsl (V. );

- KOHCTPYKTHBHAsI XapaKTEePHCTHKA PaKeTHOro OJ10Ka (S );
- CKOpPOCTb MCTECUYCHUSI Ta30B U3 COILIA JABHTaTels (@ );

- IOTEPH XapaKTePHCTHYECKOW CKOPOCTH pakeThl ( AV ).

2) IpuHKUMasi BO BHUMaHHE TO, YTO HAayallbHasi CKOPOCTh PaKEThI
pasHa Hymo (V,=0wM/c), BBIYMCIAETCS XapaKTEPUCTUUECKasi CKOPOCTh
paKeTHl 10 BhIpaXXeHUo (2.5).

3) Bce ucxonHble JaHHBIE MOJCTABISIOTCS B BbIpakenue (2.11), u
BBIYHCIIICTCS. Macca TOILIMBA JUIsl pakeTsl ( My ).
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4) Brruucinsiercst Macca KOHCTPYKLUMH pakeTHoro Omoka (M, ) mo
1

s—1

5) Beramcnsercs mMacca pakeTHOro 0j0ka (My,) MO BBIPAKECHUIO
My, =M, +m;.

7) Berumcisiercsi craptoBasi macca pakeTbl (My) U3 BBIPAKEHUS
My =My, +M;y.

Hpumep 2.

Tpebyetcsi pa3orHaTh MONE3HBIH Tpy3 Maccod My, = 2000kr mo

BBIPAKEHHIO My =M -

koHeuHol ckopoctu V. =5000 m/c. M3BecTHO, 4TO KOHCTPYKTHUBHASI Xa-
paKkTepucTHKa pakeTHoro 6jgoka S=10 u CKOPOCTh MCTEUEHHS ra3oB W3
comia peakTuBHoro asurarens @ =3000m/c. Pakera crapTyer ¢ moBepx-
Hocth  3emmmu w3 coctosHus  mokost  (V,=0wm/c), motepu
XapakTepucTH4ecKor ckopoctd paBHbl AV =200m/c. Onpenenuts crap-
TOBYIO MacCy pPaKeTbI-HOCUTEJIS.

Pemenue:

1) Beraucianm xapakTepucTHIECKyI0 CKOPOCTh PAKETHI:

V, =V, +AV =5200 m/c.

2) Bprumcianm mMaccy TpeOyeMoro pakeTHOro TOILTUBA:

Vi
e” —1]-(s-1)
m, = Ve M, 19241 kr.
s—e®
3) BbruucianM Maccy KOHCTPYKIIMH PAKETHOTO OJI0Ka:
1
my =——-m; = 2138 kr.
K=5 1 My

4) Beryricnum Maccy pakeTHOTO OJI0Ka paKeThl:
Mps = My + My = 21379 k.

4) BbIuuCIUM CTapTOBYIO Maccy PaKeThl:

My = M, + My = 23379 Kr.

2.3 PacuyéTr MaccoBbIX XapaKTePUCTHK MHOTOCTYNEHYATOI paKeThbl

Jt MHOTOCTYTIEHYaTON pakeThl abCOMIOTHBIE MACCOBBIC XapaKTepH-
CTHKH BBIYUCIISTFOTCSI TIO CIIETYIOIIM BbIpaXKeHHsIM 13 Tao. 2.1.
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Tabsuua 2.1. AGCOTIOTHBIC MACCOBBIC XapaKTEPUCTHKUA MHOTOCTYIIEHYATOH pakeTsl [5]

HaumeHoBanue
XapaKTepPUCTHKHU

Bripaxxenue

IIpumevanus

Macca i-i cTyneHu

i i
m; =My + Mpg

i o
M7y — Macca nonesHoi
HArpyskH i-i cryneHu;

i
Mp; — Macca pakeTHOro

0JI0Ka i-if cTyneHn

Macca nosie3Hoit Harpy3Ku
i-it crynexn

mHH — i+l

M; ., —Macca crexyrome

CTYIICHU

Macca paketHoro 6i0Ka i-if
CTYTIEHU PaKeThl

i i [
Mpp = My + My

i
M, — Macca TomIMBa paKeT-
Horo 6110Ka i-i cTyneHu;

i
M. — Macca KOHCTPYKIUU

pakeTHoro 610Ka i-i cTyme-
HH

CraproBasi Macca paKkeThl

m, =m,

M, — mMacca nepBoii cTynenu

OTHOCHTENLHBIE MAaCCOBEIE XapPaKTCPpUCTUKU IJIA MHOI'OCTYII€HYa-
TOH paKeThl MOYKHO BBEIYHCIHTD MO BEIPAXEHHSIM U3 Tabm. 2.2.

Tabnuia 2.2. OTHOCUTENbHBIE MACCOBBIE XapaKTEPUCTHKA MHOTOCTYIICHIATOH pakeTsI [5]

HaumeHnoBanue Bripaxxenue IIpumevanus
XapaKTePHCTHKH
Yucno Luonkosckoro I-i m, rae M, — macca i-it crymen;
CTYIIEHH PaKeTh Z, = i _
— I
m; —Mmy M, — macca TorutuBa pa-
KETHOTO GJIOKa i-if CTyNeH:
KOHCTpyKTHBHAs XapaKTe- i i i
Py P - Mpp Mpp rae My — macca pakeTHOro
pHUCTHKA paKeTHOTO OJI0Ka i- §=—2=— i
o i i i . i
1 CTYTICHH PAKETHI M Mpg =My IGnoxa i-it crynenn; M e —
Macca KOHCTPYKLIMH PaKeT-
HoOro Oroka i-it cTyneHy;
mi
 — Macca TOIUIHBa pa-
KETHOro GJIOKa i-# cTyneHn
OtHocuTenbHas Macca i-it m: i .
_ rne M, — macca monesHoi
CTYIEHH PaKeThI Pp=—— .
My HarpyskH i-i crynesn
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®opmyna IIMOIKOBCKOTO i1 MHOTOCTYHEHYATOM pakeThl UMEET
CIEAYOLINN BUL:

N N
Vipy =V +.. 4V =>Viy =Y -Inz, (2.12)
i=1 i=1
rne Vg, — oO0mas xapaKTepUCTHYEeCKass CKOPOCTb  PaKeTHl,
i m;
V'x =@, -Inz; =0;-In| ———— | - ueanbHas XapakTepuCTUIECKas CKO-
m, —mw
pocTh i-il CTyHeHH; ®; — CKOpOCTb HCTEUCHHUs IMPOIYKTOB CrOpaHUs

TOIUTMBA PEAKTUBHOTO JIBUrATeNs i-ii CTYIICHH.

Ipumep 3.

TpeOyercsi BbIBECTH Ha OpOWTY 3eMJIM TOJE3HBIA TPy3 Maccoit
M, = 2000kr. J{is 3TOTO TUTAHWUPYETCSI WCIIONB30BaTh 2-CTYMEHYATYIO
PaKeTy-HOCUTEb, KOTOpas CO30AacT HACANBHYIO XapaKTEepHUCTUYECKYIO
ckopocth Vs, =8000m/c. M3BecTHO, 4TO KOHCTPYKTHBHAS XapaKTepH-
CTHKa TEPBOM M BTOpPOH cTymeHW S, =S, =10. M3BecTHO, YTO CKOPOCTH
UCTEYCHUS NPOLYKTOB CrOpaHMs TOIIMBA PEAKTHBHBIX ABMIaTeled mep-
BOH M BTOpOIA cTymeneil @ = w ,= 3000 m/c.

OmnpenenuTts CTapTOBYIO Maccy 2-CTyNeHYaTOW PaKeThl.

Pemenue:

1. IIpuHrMaem, 9TO Kaxkaas CTYNEHb PakeThl CO3JAeT IMOJIOBHUHY
o011ei naeansHON XapaKTEPUCTHIECKOH CKOPOCTH!

V.
Vi =V =% = 4000 m/c.

2. [IpoBepsieM BO3MOXKHOCTh peai3aluu 2-CTYNCHYATON paKeThl-

HOCHUTEJIA 110 BBIPAXKCHUIO:
Vio.x 4000

s—e © =10-e%%=10-379=6,21>0.

3. BrruncieHrne MaccoBbIX XapaKTEPUCTHK OCYIIECTBISIETCS OT TMO-
CIEIHEN CTyleHM K NepBod. B nNaHHOM ciydae KpalHEW CTyNEHBIO
spisiercst Bropas. [lone3Hoil Harpy3koi Juisi BTOPOM CTYNEHM SIBISIETCS
NOJIe3HBIH Ipy3 ¢ Maccoir My, = 2000 kr. OnpenenuM Maccy TOTUIMBA JUTS

pakeTHOro 0J0Ka BTOPOii cTyrneHu u3 Boipakenus (2.11):
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4000

e ~11(-1) e%0%0 _1 |.(10-1)
my = My = 2000 ~ 8087 K.
- s, — @3000
S, —e®? 2

4. OnpexnenyM Maccy pakeTHOro OJI0Ka BTOPOIl CTYIEHH:
1 1
mZ = mZ = -8087 = 899 kr,
s, -1 10-1

m3, = M +m; = 8087 +899 = 8986 «r.

5. Ompenennm Maccy BTOPOH CTYIIEHH:

m, =m?,, + M3, = 2000 + 8986 =10986 .

6. Bropas cTymeHp SBISETCS IOJNIE3HONW HATPY3KOW LIS IIEPBOU
CTYIIEHU pakeTbl-HOocuTelsl. OIpeenuM Maccy TOIUIMBA AJISL PAKETHOTO
0JI0Ka MepBOii CTYIEHH 110 BhIpaxkenuro (2.11):

1
o 4000
e —1|-(s _1) e300 _1|.(10-1)
my My = 10986 ~ 44422 .
1

7. OmpesiesiuM Maccy pakeTHOro 0JIOKa IepBOil CTYNEHH:
my = L ms. = 1 44422 ~ 2936 KT,

s, -1 10-1
My, =Mt + My, = 44422 + 4936 = 49358 kr.

8. OnpenenuM Maccy TiepBOii CTYNIEHH, KOTOpasi paBHSETCS CTapTO-
BOM Macce pPaKeThl:

m, =mt,, +mb, =10986 + 49358 = 60344 k.

2.4 Monenu AJisl OIeHKH BHEITHUX CHJI,
JNeHCTBYIOIIUX HA PAKETY B MOJIETE

Ha paxery, kak Ha 1000e hu3ndeckoil Teno, 1eicTBYIOT BHEIIHHE
npupojHele cuibl. [log geiicTBHEM yKa3aHHBIX CHJI B COOTBETCTBHM C 3a-
KoHaMH HbIOTOHa BO3HHMKAIOT YCKOPEHHS, BIUSIONIME HA XapakTep
JIBYKCHHS pakeThl. Tak)ke BHEIIHWE CHJIBI BIHSIOT HA T€OMETPHUYECKHE
XapaKTepUCTUKU pa3padaTeiBaeMon paKeThl.
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2.4.1 Buabl BHEIIHUX CHJI

Bce BHemHue cuibl, IEMCTBYIOLIME HA TBEPAOE TEIO0, MOXKHO pa3-
JICIUTh Ha OOBEMHBIC M MMOBEPXHOCTHBIC. Takke 1Mo XapakTepy JCHCTBUS
BCE CHJIBI MOXKHO Pa3/IelITh Ha CTAaTHYECKHE M JTUHAMUYECKHE.

ObvemHble cuibl — 3TO CHIIBI, KOTOPbIE paclpeAeNeHbl 0 BCeMy
00BbeMy TBEPJOTO Teja, TO €CTh NSHCTBYIOT Ha KaXKAYIO TOUKY (MOJIEKYIY,
atom) Tena. K 00beMHBIM CHIaM MOKHO OTHECTH CHJTYy TPaBUTAIIMOHHOTO
TIPUTSHKEHISL.

B MexaHuke cuuTaeTcs, YTO PaBHOJACUCTBYIOIIAS BCEX OOBEMHBIX
cun F mpunoxena k yenmpy macc tBepmoro tena. Llenmpom macc TBep-
JIOTO TeJa Ha3bIBAETCS TOYKA, MOJIOKEHUE KOTOPOH OTHOCUTENHHO KECTKO
CBSI3aHHOHM C TEJIOM CHCTEMBl KOOPAHWHAT OMPEACISeTCS W3 BBIPAKEHUS
(cM. puc. 2.13)

N
zmi -l
i=1

ym — N '

m;
i=L

(2.13)

rae [, - paanyc-BeKTOp HEHTpa Macc Tesa; M; — Macca i-ro KOMIoHeH-

Ta (vacTH) Tena; f; — paauyc-BEKTOp i-ro KommoHeHTa (dactu) tena; N —

KOJIMYE€CTBO KOMIIOHCHTOB (qaCTeﬁ), 13 KOTOPBIX COCTOUT TECJIO.

Ye

Zc

Puc. 2.3. K onpezesnieHuro mojoKeHUs EHTpa Macc

B mpoexmmsix Ha ocu cuctembl KoopauHAT XcYc¢Zc BBIpaKEHHE
(2.13) zanmmiercs B BUIE:
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Zmi'xi imi'yi Zmi'zi
i1 i1

=S S = (2.14)
2.m >.m >m
i i=1 i=1

PaBHOI[efICTByIOHIaH BCEX 00BEMHEIX CHII 6YI[CT paBHaA:

F:%ﬂ, (2.15)

i=1

rac fi — YACbHaA o0beMHAas CcHJia, ILGI‘/'ICTBYIOIHaﬂ Ha TOUKY o0bema TBEP-
J0ro Tcia.

Tlon neiicTBHEM paBHOJEHCTBYIONIEH 0OBEMHEIX CHI F TBepmoe
TEJIO COBEpIIAET MOCTYNAaTeIbHOE YCKOPEHHOE JABIKEHNE B IIPOCTPAHCTBE
0e3 BpalleHHs BOKPYT CBOETO LIEHTpa Macc.

st ynoGcTBa pacueToB U pasIoKeHHsI BEKTOPOB CHJI Ha MPOEKIMHU —
HAYaJI0 CBSI3HOM C TEJIIOM CUCTEMBI KOOpAHHAT XcYcZc 4acTO MOMEIIAIOT B

IEHTP Macc ykaszanHoro Teepsioro tena (T, =0).

Ilogepxnocmmuvie cunbl — 3TO CUIIBL, PACIPEAEICHHBIE 110 y4acTKaM
MTOBEPXHOCTH TBEpAOro Tena. [IpumepaMu MOBEpXHOCTHOMN CHIIBI SIBIISFOT-
ci. cuna Apxumena, CWIa adpOAMHAMHUYECKOTO CONPOTHUBICHUS, CHIIa
TATH PEaKTUBHOTO JBUTATEINA U T.II.

ITockonpKy BHEIIHHE TOBEPXHOCTHBIE CHIIBI IEHCTBYIOT HAIIPSIMYIO
TOJIBKO Ha YacThb Tela, TO, CIEAOBATENBHO, PABHOACHCTBYIOIIAsA BCEX TO-
BEPXHOCTHBIX CHJI R MOXeT W He MPOXOIHTHh Yepe3 IIEHTP Macc Tela.
CuuTtaercs, 4yTO paBHOJAEHCTBYIONIAS MOBEPXHOCTHBIX CHJI TPUIOKEHA K
LEHTPY HaBieHus. Llenmp Oagnenuss — 3TO TOUKA TBEPAOTO TeJa, K KOTO-
poii IPHUIIOKEeHA PAaBHOCHUCTBYIOMIAs TIOBEPXHOCTHBIX CHIT (CM. pHC. 2.4).

Ye

Mr

Zc Xe

gi
Puc. 2.4. K onpenenenuro neHTpa JaBIeHUs PaBHOJACHCTBYIOIIECH TOBEPXHOCTHBIX CHII
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U3 puc. 2.4 BUAHO, YTO PABHOJCHCTBYIOIAS MOBEPXHOCTHBIX

=z

cunR =) §; Kpome TOro, 4TO TOJNKAET TEJO B MPOCTPAHCTBE, TAKXKE CO-
i=1

3/1a€T MOMEHT BpalieHuss M OTHOCHUTENBHO LIEHTpa Macc.
Mr=h-R. (2.16)
rae h —mwiedo cunnbl R OTHOCHTENBHO LIEHTPa Macc.

K cmamuueckum cunam OTHOCSTCS CUIIBI, MEJUIEHHO U3MEHSIOIINE-
Csl C TEUCHHUEM BPEMEHU (TsAra JBUraTesiell B II0JeTe, AaBJICHUE HaIayBa
Ha CTEHKH 0aKoB, a3pOANHAMUYECCKHUE CHUJIIBI H T.II.).

Junamuuecxue naepysku — 3T0 Harpy3KH, OBICTPO U3MEHSIIOLIHECS C
TE€YEHHEM BPEMEHH, KOTOPbIE MOTYT BBI3BAaTh YIpyrue KoJjieOaHHs 3iie-
MEHTOB KOHCTPYKLHH (23POJMHAMHYECKUE CUJIBI IIPY BHE3AIIHOM IIOPbIBE
BeTpa, ObICTpPOE, MOYTH MTHOBEHHOE, HapacTaHWe CUIIBI TSTH Ha cTapre,
nasieHue CUJIBI TSTH MOCTIE BBIKJIIOYCHUS ABUTATENeH U T.1.).

2.4.2 BHeniHUe CUJIbI, 1eHCTBYIOIINE HA PAKETY B MOJIeTe

Ha nepBoHayanbHOM 3Tane NPOEKTUPOBAHMS PAKETHI [JIs aHAIN3a
JEUCTBYIOIIMX BHEUIHUX CHJI paccMaTpUBaeTcs ydyacTok mousera. Ha pu-
CYHKEC 25 ImpuBE€ACHA CXEMa, MMOKa3bIBaroniasi OCHOBHBIC BHCIIHUE CHUJIBI,
JICUCTBYIOIIME HA PAKETY B MOJIETE.

v

0 X
Puc. 2.5. BHenH#e CHJIbL, JeHCTBYOIINE Ha pakeTy B mojere [12]

Ha puc. 2.5 npusenens! cienyromue obozHaueHus: XYO — cucre-
Ma KOOpJIMHAT, cBsi3aHHas ¢ 3emiedl; O — Touka crapra pakersl; XY —
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CHUCTCMaA KOOpAWHAT, ) KCCTKO CBA3aHHAA C paKeTOfI; P — cuma Taru ot pe-

AKTHUBHOI'O JBHUIATCIIA, Pynp — PpC€aKkTuBHAA YIpaBIAXOIIAsA cuiaa, Mg —

CHJIa TSDKECTH; R — cHjla a3poiMHAMUYECKOTO COMPOTUBIICHUS; @ — yrOJ
aTaK¥ BO3AYIIHOTO MOTOKA (Y201 MeHCAY NPOOOALHOU 0Cbi0 X U 8EKMO-
POM adpOOUHamMuyeckoll cuivl conpomusienus R); ® — yrom HakioHa
HPOJONBEHON OCH X K FOPU3OHTY.

PaccMOTpUM KaXIyI0 U3 YKa3aHHBIX BHEITHUX CHJI TOAPOOHO.

Cuna mazu

Cuna tsiru P siBisieTcst paBHOCHCTBYIOIICH MOBEPXHOCTHBIX CHIT
JaBJICHUsI Ta30B (MPOAYKTOB CrOPAHUS TOIUIMBA) HA BHYTPEHHIOIO CTEHKY
KaMmepsl cropaHus ABuratens (cM. puc. 2.6). Cunma Taru mpeaHa3HavyeHa
I IIPUOAaHUS paKkeTe MOCTYNAaTEIbHOIO YCKOPEHHOIO IBIDKEHHUA B IIPO-
CTpaHCTBe, 0€3 BpamaTeJIbHON COCTABISIONICH, MOITOMY BEKTOp 3TOM
CHJIBI JIOJDKEH OBITh HAIIPABIICH BIOJIb OCH X U MPOXOAUTH Yepe3 LCHTP

Macc PaKeThl.

Dg P . M. Xe

Puc. 2.6. PacnionosxeHune BEKTOpa CHIIBI TSATH OTHOCHTEIIBHO IIEHTPA MacC PaKeThI

BennuuHa CUBI TATH BO3pacCTacT C YBCIMYCHUEM BBICOTHI ITOJIETA
COTJIACHO U3BECTHOMY BhIpaxkeHHUIo [12]

P =P +S,- Puo-[L-7(y)], (2.17)
rae P, — Tsra Ha ypoBHE MOpSI HUIM CTEHIOBOE 3HAYCHHE Tsru; S, —
IJIOIIAb BBIXOJHOTO CEYEHHS COINIA, ﬂ(y)z Py / Pyo— GyHKUIMS BBICO-
Thl, MPEJACTABIAIONIas OTHOUIEHHE AaTMOC(QEPHOro JIaBIEHUA Ha
IIPOU3BOJIBHOM BBICOTE [} K JIABJICHUIO HA YPOBHE MOPS Py -

Cuna mancecmu

Cuna TskecTH MQ pakeTsl ABIAETCS MaccOBOM cuioi. Bemen-

CTBHUC BbII'OpaHWd TOIUIMBA, Pa3ACJICHUA CTyneHeﬁ n  HU3MCHCHUA
YCKOPCHUA 3€MHOT'O IPUTAKCHUA C BBICOTOM II0JIETa BEIMYMHA €€ HEIIpe-
PBIBHO U3MECHACTCA.
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Kpome TOro, M3MEHsSETCS TOYKa MPIIOKEHUS CHIIBI TSDKECTH
(menTp macc). Tak kak cwia Tarm P moDKHA MPOXOAWTH Yepe3 IEHTP
Macc pakeThl, TO MPH U3MEHEHWH MAacChl PaKeThl (YMEHBIICHUS MAacChl
OKHUCJIUTENISI U TOPIOYEro) IEHTP MacC JOJDKEH JIBUTaThCs BJOJb IPO-
nonbHON ocu X (cM. puc. 2.7). DTUM U OOBSICHACTCS PACIOIOKEHUE

0aKOB OKHCIIMTENS M TOPIOYEro JPYr 3a JAPYroM BJOJb MPOJOIBHON OCH
paketsl (cM. puc. 2.7).

AM, TOpIOYEro - AM, OKHCIIUTENIS

Puc. 2.7. PacnionojxeHue TOIUIMBHBIX OAKOB PaKeThI

Ecnu 0003HaunTh yepe3 M, Ha4yaJbHYIO Maccy pakeThl, a M — ce-
KYHIHBI MacCOBBIM pacxoJl TOIUIMBA, TO MAacca pPaKeThl m(t) B

IPOM3BOJILHBI MOMEHT BpeMeHH t OyeT
m(t)=m, —m-t, (2.18)

. P
rae m= T, P — cuma TATH, I - YACIABbHBIM UMITYJIBC PAKETHOI'O ABHIA-

TCIIA (paHee BBEJIU 0003HAUYCHUE CKOpPOCTU HUCTCUCHUA 6()), t — TCKYyILICC
BpEMI I10JICTA PAKCTHI.

Cuna aIpoounamuueckozo cCOnpomueenus
[pexne yem pazoOpaThCsi B XapakTepe NEHCTBUS CHIIBI adpoJIuHa-
MHYECKOI'0 CONPOTHUBICHHUS Ha PAKETy, BBEJEM OCHOBHBIC MOHATHS H
TEPMHHBI, CBS3aHHBIE C aPOIMHAMHYECKOM CHUIION.
1) Jeiicmsue cunvl a’poOuHamMuieckoco conpomueieHus Ha none-
PEYHYIO NAACTUHY
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IlycTh Ha MIACTHHKY IUIOMAABI0 S HaberaeT BO3AYIIHBIA MOTOK
co ckopocThio V . PaccMOTpHM cxeMy HONepedHOro 00TeKaHusl IaCTHH-

KW BO3IYIITHBIM ITOTOKOM, MPECTaBICHHYI0 Ha puc. 2.8 [8].
1 2

[ [ S Sy

Puc. 2.8. Cxema nomnepeyHoro 00TeKaHuUs ITTACTHHKY BO3LYLIHBIM IIOTOKOM

Ha nnactunky Oyzaer aeiictBoBath cuia R . IMomcuwmraem mputiu-
KEeHHO 3Ty cuiy. O0o03HauMM 4Yepe3 o — IUIOTHOCTh BO3dyxa, P —

nasiieHue. byaeM npuOIMKeHHO CUMTaTh, YTO Ta3 HEC)KUMAEMBbIH, a TeM-
nepaTypa ero ocTOsHHa.

Bocnonbs3zyemcs ypaBHEeHHEM, KOTOPOE Ha3bIBAETCs ypaBHEHHEM
Bepnynnu (6e3 yyera u3sMeHEHHs IOTEHIUAIBHOW YHEPTHH):

p-V?

+ p =const. (2.19)

PaccMoTpuM 3TO ypaBHEHHE JJIs IBYX CEUYCHHUI MOTOKA BO3/yXa:
ceueHnus 1-1 u ceuenns 2-2:

2 2
%WL plz%jt D, . (2.20)

Tak kaxk IJIOTHOCTH CUMTAETCA HEU3MEHHOHU, TO P, = p, = p . Cko-
pocth otoka V; =V , a V, momaraem paBHbIM Hy:10. [ToaTomy

V2
P =P (2.21)

Ecau npuHsTH, Y4TO C3a1U IUIACTUHKH JAaBJICHUE PABHO JIABIICHUIO
OKpY’Karoleil cpensl, T.. P;, TO BCTPEYHOE CONPOTHBICHUE (1000BOE

CONPOTHBJIEHUE) TONYyYHM, YMHOXasi Pa3HOCTh JaBieHud (P, — P;) Ha
TUIOIA/Ib TNIACTUHKH S !
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2

R_P V' s

2

OmnbIT, OAHAKO, MTOKA3bIBAET, YTO HOJTYYEHHOE COOTHOLICHHUE HE SIB-
JsieTcsl TOYHBIM. B BBIBOZIE IPUHSTO yMpoUIaoiee MPeArnooKeHHE, YTO
CKOpPOCTh TOTOKa BO3AyXa BOJM3HM IUIACTUHBI PaBHA HYJII0. DTO BEPHO
TOJIBKO JUISl OJJTHOM IEHTPAJIbHOM TOYKU, B TO BpeMs KaK pacTeKaroluics
B CTOPOHBI BO3[yX UMEET CKOPOCTh, OTIMYHYIO OT HYJIS, & 3aKOH pacmpe-
JeNeHUsT CKOPOCTEeH IO MepeqHel MOBEpXHOCTH 3aBUCUT U OT (HOPMBI
IUTACTHHBL. 3aTeM IIPEIONarajJoch, YTO HEIIOCPEACTBEHHO 3a IUIACTHHKOM
JaBJICHHE PaBHO JABJICHUIO OKpYy»XKaromeil cpeasl. Ha camom nene nasie-
HHE 3]IeCh Oy/IeT HECKOJIbKO HUKE.

HctunHoe 3HaveHue JTI0OOBOTO COMPOTUBICHUS AJISi KPYTJIOW Ijia-
CTMHKA TIPH OTHOCUTEIBHO HEOONBIIMX CKOPOCTSX OKAa3bIBAETCS
npumepHo Ha 11 % BhIlIe TOro, yTo Aaet Gopmyna (2.22). IlorpemrHocTh
HE CTOJIb YK W BEJIMKA, a TIIaBHOE, 0OHA/Ie)KUBAIOIINM SIBJISIETCS TO, YTO B
001acTH YMEPEHHBIX CKOPOCTEH OHA OCTAeTCsI HEM3MEHHOM U HE 3aBHUCHUT
OT a0COMIIOTHBIX Pa3MEpOoB Tea. DTO O3HAYAET, YTO MPH CICIAHHOM IpU-
OJM>KEHHOM BBIBOJIE OTMEUEHO TJIaBHOE.

Eciu yuects monpaBounbiii kodddumuent ¢ =111, to mus kpyr-

(2.22)

JIOH IUTACTUHKH IOJIYy4YHM:

2
R=111.2°V".

S. (2.23)

2

BCJ'II/I‘II/IHy q= IIPUHATO HA3bIBATb CKOPOCTHBIM HAIIOPOM,

p-V
2
TaK Kak €€ Pa3MEepHOCTh BBIPAXKAETCS B CIMHUIIAX JABJICHHS, TO €CTh B
[Nackansx. Belpaskenue (2.22) npencTaBuM B cIeIyIONIEM BUJIE:
R=c-q-S, (2.24)
rae C — k03(hGHUIMEHT, YYUTHIBAIOMINN OTKIOHEHHE SKCIEPHMEHTAILHOM
A’POIMHAMHUYECKON CHIIbI OT TEOPETHYECKOM.

2) Jlelicmeue cunbl A9POOUHAMUYECKO2O CONPOMUBTIEHUS HA
HAKIOHHYIO NIACMUHY

Ecnm Temeps IUTaCTHHKY HAKJIOHUTH K TOTOKY, TO MOXKHO pasJio-
JKUTh a9POJMHAMUYECKYIO CHITy R Ha JBe COCTaBJISIONINE:

- R, —moxwemHas cuia;

- Ry — cuia 1060BOro COnpoTUBIIECHUS.
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v
— Ry

Puc. 2.9. Cxema 00TeKkaHHs1 HAKIIOHHOM [UIACTHHKU BO3IYIIHBIM OTOKOM

BenuunHbI cribl T0OOBOTO COMPOTHBICHHUS W TOABEMHOW CHITBI
MOJKHO OTPEJIeNIUTh U3 CIEAYIONINX BBIPAKECHUH:

2

R, =cx.%.s, (2.25)
2

R =cY-%-S, (2.26)

rae Cy u C, — KO3(hQUIMEHTH JOOOBOTO COMPOTUBICHUS U ITOABEMHON
CHUTBL.
Koappuumentel C, u C, 3aBUCAT OT yrjla HAKJIOHA IUIACTUHKH.

3Has 3TH K03 (HUIHMEHTH! U UX 3aBUCUMOCTD OT yIJIa HAKJIOHA IUIACTUHKH,
MOXHO 10 (opmynam (2.25) u (2.26) ompenenuTh a’poJUHAMHUYECKUC
CWJIBI JIJIsl TUTACTUHKU B Ha0EraronieM MmoToke (MOJIbEMHYIO CHITY U CHITY
J1000BOT'O COTIPOTUBIICHHUS).

Kpowme Toro, koapdurimentsl C, u C, 3aBUCAT TaKKe U OT GOPMBI

obrexkaemoro tena. K mpumepy, Ha puc. 2.10 mokazaHpl OJIM OTIUYHUS
TEOPETHUECKON CHIIBI JIOOOBOTO COMTPOTUBIICHHUS OT PEATHHOM.

5 S
& e s
| | |
] |
100% 50% 12%
Cx=1 Cx=0.5 Cx=0.12

Puc. 2.10. 3aBucumocTtb kK03 urnenTa 1060BOro ConpoTHBIeH s OT GopMbl Tena [8]
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Ilpy OAMHAKOBOW IUIOIIAIM TIONEPEYHOrO CEYEHHS S, KOTOPYIO
TaKXe Ha3bIBAIOT AI0UAObI0 ceyenus Muoesi, BETMINHBI CUIIbI T0OOBOTO
COINPOTUBJIEHUS pa3UyHbl. TaK JJid MJIOCKON MONEPEYHOM MIACTUHBI KO-
s¢duient 1060Boro conpotusieHus cocrasmsier 100 % (¢, =1), a s

Tena B opme Karum ero BenuuuHa coctapisier 12 % (¢, =0,12). Coort-

BETCTBEHHO, JAJIs Teia B (opMe Kamm cuiia JT0OOBOTO CONPOTHBICHUS
OyZeT mOYTH B AECATH pa3 MEHbBIIE, YeM JUIS IIOCKOH MOoNepeyHoil mia-
CTHHBI.
3) Heiicmeue cun aspoounamuyecko2o conpomueieHus Ha paKemy
[IpoananusupyeM BIUSHNAEC a3POJMHAMUYIECKHUX ITOIbEMHOM CHIIBI 1
CHJIBI JIOOOBOT'O COITPOTUBIICHUS Ha pakeTy (cM. puc. 2.11).

Puc. 2.11. BnusiHUE TOTBEMHOMN CHIIBI U CHITBI JIOOOBOTO COMPOTHBIICHUS Ha PAKETy

[Tpu GONBIIMX CKOPOCTSX HAOETAOIIUI Ha paKeTy BO3MYIIHBIN TO-
TOK TPUOJTM3UTENBHO HAIIPaBJICH BJOJb MPOJOIBHON ocl X pakeTsl, TO

€CTb YroJl MeKAy BEKTOPOB CHJIbl R M mponoabHOi ocbto X OYeHb Mal

(a=~0). ITosTOMy YacTh adpOANHAMHUYECKOI HAPY3KHU MEPEXOIUT B CUITY
J000BOr0 CONPOTHBICHUS Ry , U 4YacTb a’pOJMHAMHYECKON HArpy3KH

CO3/1aeT MOJbEeMHYI0 cuity R, .

Crnenyer ormMeruTs, uto cwiibl Ry ¥ R, OKa3bIBalOT HEXeIaTellb-
HOE /sl pa3pabOTYMKOB BIMSHHE HA JBIDKEHUE pakeTsl ( Ry mopmozum
dsuoicenue pakemsl, a R, omkiousem paxemy om 3a0anHoU mpaekmo-

puu). [TodTOMYy TIpH TIPOEKTHPOBAHUH CIEAYET MPHUIABATh PAKETE TaKYIO
TEOMETPHUYECKYIO (POpMY, KOTOpasi YMEHBIIIUT BETHYUHBI ITUX CHJL.
Jnst onpenenenus ko3¢ (HUITUESHTOB JTOOOBOTO COMPOTUBICHHS Cy

u HOHLGMHOfI CHJIbI CY MOXXHO HCIIOJIb30BATh CJICAYIOMIUEC BBIPAXKCHUA:
¢, =252, (2.27)
¢, =3-a, (2.28)
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rae f — yron moiypacTBOpa KoHyca (B paauaHax); & — yroil aTakd B
pagmaHax; S,, — IUTOLIAb MHUJIEII.

[pumep 4.

Onpenenuts BemauHb! cun Ry, u R, , AeficTByronix Ha pakerty, ecimm
M3BECTHO, YTO YTOI aTAKH HAGETAOIIEro MOTOKA BO3AyXa @ = 2°, yroin nomy-
pacTBOpa KoHyca obrexatens paketsl 4 =15°, muamerp pakersi D =2 M,
WI0THOCTH Bo3yxa o = 0,1 kr/m®, ckopocts paketsr V = 2000 m/c.

Pemenune:

[lepeBoaum yriasl @ ¥ [ B pajuaHbl:

a=i-7zz0,035; ﬂzﬂ-ﬂzo,%.
180 180

Brruncnsiem ko3 unmeHTs! Cy u Cy !
¢, =2-p°=2-0,26=01352,
¢, =3-a=3-0,035=0,105.

Brruncsiem miromans MuaeiieBa CeUeHUs PaKeThI:

. 2 . 2
g, Dt 347
4 4
Berancnsiem cunsl Ry n R,
2 2
Ry zcx-p v -S,, =0,1352 -%-3,14 ~ 42500 H;
2 2
R, =¢,- 2 Y .5 =0,105-%-3,14z32800 H.

W3 mpumepa 4 MOXKHO clienath BHIBOJ, YTO Ha PAKETy, COBEPIIAIO-
LIYIO MOJIET B JJOCTATOYHO IJIOTHOM BO3AYIIHOM HPOCTPAHCTBE, 3aMETHOE
BJIUSIHUE OKa3bIBAIOT a3pOIMHAMUYECKHUE BO3AeicTBU. [loaTOMY npu BbI-
Oope cwiabl TATH JUIS paKeThl CJIeAyeT YYWUThIBaTh TOTEPH Ha
a’POIMHAMUYECKOE COMPOTHUBIICHUE (CHIIy JIOOOBOTO COTIPOTHBIICHUS).
Jns HelTpanu3alyMyu OLyTUMOIO BO3JEUCTBUS MOJBEMHON a’3pOAMHAMHU-
YeCKOW CHWJIBI B XBOCTOBOW YaCcTH PAaKEThI, BO3MOXKHO, MOTpeOyeTcs
YCTaHOBKA JIONOJHUTENbHBIX CTAOWIM3UPYIONIMX ad3pPOAMHAMUYECKIX
MOBepXHOCTEeH (cM. puc. 2.12).
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Puc. 2.12. YpaBHOBeIINBaHIE MOMEHTA BPAILICHHUS PaKEThI, CO3/1aBAEMOT0 MOABEMHOI
CHJIOH, OTHOCUTENBHO LIEHTPA Macc

[TnotHOCTH aTMoOchepbl 3eMiau OBICTPO yMEHbIIAETCs (IO 3KCIIO-
HEHIMAJIbHOMY 3aKOHY) C YBEIMUCHHEM BBICOTHI mosieTa (cM. Tabi. 2.3).

HOSTOMY YEM BBIIIC BBICOTA, TCM MCHBIIC CTAHOBATCA BCIIMYHUHBI CHUJI RX

Ta6nuua 2.3. 3aBUCUMOCTh TEMIIEPATYPHI, IIOTHOCTH aTMOC(EPHI U CKOPOCTH 3ByKa
OT BBICOTHI [8]

I'eomerpuueckass | Temneparypa T, K | IlmorHocts | Ckopocrth

oicoTa H, M £, Kr/m® 3ByKa, M/¢
0 288,15 1,22500+e0 340,294
500 284,90 1,16727+e0 338,370
1000 281,651 1,11166+e0 336,435
3000 268,659 9,09254-e1 328,584
5000 255,672 7,36429-el 320,545
7000 242,700 5,90018-e1 312,306
9000 229,7333 4,67063-e1 303,848
10000 223,252 4,13510-e1 299,532
15000 216,650 1,94755-e1 295,069
20000 216,650 8,89097-e2 295,069
25000 222,544 3,42565-e2 299,056
35000 236,513 8,46334-e3 308,299

VYcnoBHO atMocdepy 3eMITd MOXKHO Pa3ieuTh Ha 5 CIIOCB:
- Tponiocepa (Beicota ot 0 10 10 kM);
- ctparocdepa (Beicota oT 10 10 40 Km);
- Me3ocdepa (Boicota ot 40 10 80 KM);
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- repmocdepa (Beicota ot 80 10 1000 km);
- ak30cdepa (BoicoTa Boime 1000 km).
Cunraercs, YTO IUIOTHBIE CIOM aTMOC(ephl pacrojararoTcs 0
100 kM, a BbIIIE ATOH OTMETKH pPaKeTa JOCTHTaeT KOCMHYECKOTO MpO-
CTpaHCTBa, W CHWJIbI JIOOOBOTO CONPOTHBICHHUS W TOJABEMHON CHIIBI
cTaHOBiTCA paBHbl Hymo. CoorBercTBeHHO, Bbimie 100 kM pakere-
HOCHTEIIO YK€ HE TPeOYyeTCs KOHMYSCKUI 00TeKaTeb.

Ynpaenawwasa cuna

VYnpasnsromas cuiia npegHa3HadeHa sl yIPaBIeHHUsT TTOBOPOTOM
CHIIBI TSTH PaKeThl B Tpolecce moyieta. Eciam pakera mpeaHazHaueHa
TOJIBKO JJIA TTOJIETOB B IUIOTHBIX CIIOSIX aTMochepsl (3eHUTHAS paKeTa), TO
JAHHYIO CHUTy MOXXHO TIOJIYYHTH 32 CUET Pa3MEIICHHs PYJIEBBIX adpOiIu-
HAMHYECKHX IOBEPXHOCTEH Ha CTAOMIN3aTOPaX PaKeThl, PaCMoI0KEeHHBIX
B XBOCTOBOH YaCTH.

Ecnu ke pakera coBepiaeT cBOM monet Ha BbicoTax Bbimie 100 kM,
TO JAHHYIO YIPABJISIONIYIO CHITy MOKHO MOJYYHTH 32 CUET HCIOJIbh30Ba-
HUSI TOTTOJHUTENBHBIX PEAKTUBHBIX ABUTaTeeh (cM. puc. 2.13).

Puc. 2.13. YnpasinsieMblif HOBOPOT pakeThl OTHOCHTEIILHO LIEHTPa Macc

3aKOH W3MEHEHHs yria MOBOPOT PAKEThl OTHOCUTENBHO LIEHTpa
Macc MOYKHO TPEACTaBUTH CIEAYIONIUM BBIPAKEHUEM:

Mysp=e-1y,, (2.29)
r1e € — yIJIOBOE yCKOpeHMe pakeTsl [pam/c’], |, — MOMeHT mHepuum
BpallleHUs paKeThl OTHOCUTEIHHO IIEHTPa Macc.
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Taxxe MOXXHO 3almcaTtb, 4TO

Myip = Pupp b =Ry - 1. (2.30)
YTrII0BO€ yCKOpPEHHE MOYKHO MIPEICTABUTH B BHJIE:
ow . op . ..
E=—=0, O=—"—=¢, E=@, 2.31
p ol ¢ (2.31)

TAC @ — yriaoBad CKOPOCTb BpAlICHUS PAKCThI, ¢ — YI'OJI IOBOPOTA paKe-

ThI OTHOCUTEJIbHO NIEPBOHAYAIIBHOI'O ITOJIOXKCHUA HpOHOHBHOﬁ OCH.
B utore MOJIy4acM BBIPAKCHHUC

.1

(P:_'(Pyn '|1_RY'|2)- (2.32)
Iy

MoOMEHT MHEpPUUH BPAIICHUS] PAKETHl OTHOCHUTEIILHO MOIMEPEUYHBIX

0Ceii CBS3HOM CHCTEMBI KOOPAMHAT MOYKHO BEIYHCIIHTH TIO TTPHOIMKEHHON
thopmyre:

1 2, 1 2
l,==-m-r'+—-m-I1°, 2.33
g 12 (2:33)
rJle M — TeKyInas Macca pakeThl, I — paanyc Kopmyca pakersl; | — 00-

mas JUIMHa paketsl (cM. puc. 2.13).
2.5 Ilpumep MpuOIMIKEHHOTO PAcYéTa TPAeKTOPHHU
JABH:KEHUSI PaKeThl B MoJIeTe

YpaBHeHHS ABWKEHUS PaKeThl JODKHBI MO3BOJATH HAXOIUTH €€
KoopauHatel X M Y B 11000 MOMEHT TEKyLIero BpeMeHH moiera. J{is

COCTaBJICHUSI yPaBHEHUH IBIKEHHUS paccMOTpuM puc. 2.14.

X
Puc. 2.14. K cocTaBneHUIo ypaBHEHU I JBIDKCHUS PAKEThI
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3anuiemM BTOpo 3akoH HbpIOTOHA B MPOEKIUSIX HA OCH CHCTEMBI
KOOpPJMUHAT CBA3aHHOM ¢ 3emiyield X u Y !
{(P ~Ry )-c0s®— (P, +R,)-sin®@=m,, -a,

(P— Ry )~Sin®+(PynP + RY).cos®_mPH g=m,, a (2.33)

y
Y4auTeiBas, 4To

a, =X,

a, =y,
T

O=—-9¢,
5 Q

.1

(D—I_'(PVHP'Il Ry |2)’
"

MOJYyYMM CHUCTEMY YpPaBHEHUH, OIKCHIBAIOUIYIO ABHUKEHHE PAaKEThl B
mockoctd XY

Mpy - %X =(P =Ry )-c0s® —(P,,;p + R, )-sin©
My, - Y =(P—Ry)-sin®+(P,,,, +R,)-cos®—m,,, - g

0="_p . (2.34)
2
.1
(DZI_'(PynP'Il_RY ‘Iz)
"
IIpumep 5.

C 3emHON TOBEPXHOCTH B BEPTUKAJIHHOM IMOJIOKEHUH CTapTYeT
onHocTyneHyaras pakera (cMm. puc. 2.14). CrapTroBas Macca pakeTsl
m, = 50000 kr. Cuna taru pakersl P =700KH. Y nenpHblil umITyasc 1BU-
rarenst paketsl | =2700M/c. Macca ToIuIMBa pakeThl B MOMEHT CTapra
My, = 40000 kxr. Ynpasinstomas cuia paketsl Py, =5H. [iinHa pakertst
| =15wm. Inametp pakerst D =1m.

B 3anaue BBeJICHBI CIIeyIONIHE JTOMYIIECHHS:

1) cuna no6oBoro comporuBieHuss Ry =100H wu B mosiere He u3-

MEHSETCS,
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2) moabeMHas CuUja B TCUCHHE BCETO MOJIETA PaBHICTCS HYIIO
(RY =0H);

3) IeHTp Macc pakeTHl B TEYEHHE BCETO MOIETa HE N3MEHSIET CBOETO
MOJIOKEHUS U PACIOJI0KEH B CEPEIMHE PAaKeThl Ha IIPOJOJIbHOM ocu X ;

4) cuna tsru P w ynpasnsiroras cuna Py, MOSBISIOTCS B MOMEHT

crapra pakeTs! (t=0) 1 1elcTBYIOT Ha paKeTy HEMPEPHIBHO, MTOKa HE 3a-

KOHUYHUTCS BCE TOIJIMBO;
5) korza ympasinstomnias cuia P, CTaHOBUTCSI paBHOW HYJIIO, YT-

JIOBast CKOPOCTH BPAIICHUS PAKEeThl @ TaKXKE€ CTAHOBHUTCS PABHOM HYIIO.

YA
AXC
/
2
[
- v
¥
Pyor
- X >
A7

D

Puc. 2.15. K nmpumepy 5 (pakera B MOMEHT cTapTa)

TpeOyeTcss MOCTPOUTH MPUOTMIKEHHYIO TPACKTOPHIO MOJIEeTa paKe-
ThI (Tpaduk y(x)) Ha nHTepBalie Bpemenu mosieta t =0...600c.

Pemenue:
st ynoGcTBa mocTpoeHus MPUOIMKEHHOW TPACKTOPHH I10JIeTa Pa-

KeThI Oy/1eM Hcroiib30BaTh nporpammy Microsoft Excel.
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1) BamaeM MCXOIHBIC AaHHBIE IS pacueToB (cM. puc. 2.16);

@_] ®aiin Mpaeka Bua Boraeka  Gopmar  Cepeuc  faHHble OkHO  Cripaexa
NEERAE R PR R 0o e o8 s s H B i0% ol

 Aricl 210 plx Ly === % 0058 0 ;v{hvﬁ,v!
E15 v 7
A B [ c [ D [ E [ B [ 6

1
12

CraproBan macca Havanbnaa macca Cuna tamm, H YaenbHblit nunynsc,

3 PaKeTbl, Kr TONNHBaA paKeTbl, K mc
I 50000 40000 700000 2700]
15|
18|
Ynpasnawwaa Dnuna paketel, u | Ouamerp paketsl, Cuna nobosoro
cuna, H " conpoTuenenna, H

Ll
| 8 | 5) 15| 1 100
19|
10|
11|
[12]

Puc. 2.16. VcxoaHble JaHHBIE ISl pACUETOB

2) CocraBisieM MakeT TaOJIMIbl PACCUUTHIBAEMBIX BEJIUYUH (CM.
puc. 2.17). Illar u3mMeHeHNs BpeMEHH IPHHUMAaEM paBHBIM Ot =1.

i) gain pme B foma oopmr Cpen Jawe (eo OpaEe
NSEA S T bR Fla o8z Az as 0 el

i prid 20 plXzulEE=a@ampai=sc. 0.4
R
H | ) K L M N 0 P Q R s i1 u va
7 4
2
13
4
[
L&l
Texymee| Texyman | Teryman | Cwnatam,H Mowenr Wouent | YmoBas cxopocts | Yron nogopora | Texymas | Tekyman |  x.u you
BpeMA, ¢/  Macca Macca cwa, H | ynpasnammeil | WHepwIN (BpaWeHN pakeTel,| pakeTsl, pag |ckopocts Vx| cropocts Vy)
7 TORANBA, KT | paKeTsl, kT cunet, Hu panc
Il ]
R
[10]
|
2]
113
[14]
[15]
6]
17l
[18]
@

Puc. 2.17. Maket TaOIUIIBI PACCYUTHIBACMBIX BEIMYUH

3) Texymas Macca TOIUIMBA PAKETHI BHIYUCIISETCS 110 CIIEMYIOIIEMY
BBIPQKEHUIO
+ Pugp

mT(t)zmro—PI 1. (2.36)
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4) Tekymas Macca pakeThl BBIYUCIIACTCS MO CIEAYIONMEMY BBIpa-
SKEHUIO

My — My + My (t), ecnu my(t)>0
Mppy (t) =

My — Mo, ecu My (t)<0
5) Cuna TAru pakeThl BEIYUCIIAETCA 110 CIEAYIOIEMY BBIPAXKEHUIO

p(t)= {P, ecu m; (t)>0

(2.37)

: 2.38
0, ecnu m;(t)<0 (2.38)

6) YpaBisomas CUiIa BHIYHCIACTCS MO CIIEAYIOEMY BEIPaKEHHIO
Pyyp, ecau my (t) >0

Pp(t)= (2.39)
0, ecnu mT(t)< 0

7) MOMEHT YIpaBJSIONMIEH CHJIBI BBIUUCISETCS IO CICAYIOIMIEMY
BBIPAKEHUIO

Myip = Poap E ' (2.40)

8) MOMEHT HHEPLUH BEIYHUCIIAETCS 110 CIEAYIOLIEMY BBIPAKEHHIO

IH:—-m-r2+i-m-lz=i-m-D2+i-m-I2. (2.41)
4 12 16 12

9) YrioBas CKOPOCTh BpAIICHUS PAKETHI BEIYUCISICTCS CIEAYIOIIAM
obpazom

a)(t”l):{a)(ti)-'- dw, ecnu my(t)>0

0, ecnu m; (t)<0 ’ (242)
rae t,, —t=0ot=1c; 6(0=%-8’[ .
COOTBETCTBEHHO: "
o) = ot )+% ot (2.43)

u
B Microsoft Excel mporpammupoBanie 3HauY€HHI YIIIOBOW CKOPO-
CTH OCYILECTBIIACTCS 110 CICAYIONIEMY JITOPUTMY:

w(t=0)=0;
M
olt=1)=w(t=0)+ -2 .5t;
IYHP
olt=2)= ot :1)+M'8t W Tax jianee.
vIipP
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10) Yron moBopoTa pakeTsl BBIYHCISIETCS MO CIEAYIOLIEMY BBIpa-
KEHUIO

(0(ti+1)=(0(ti)+a)i -ot. (2.44)
11) CkopoCTh IBHXKEHHS PAKEThI Vy BBIYUCIISCTCS MO BHIPAKCHHIO

(P(O)-Re)-e0d 5~ ~Ruslt)si( 7 -0
mPH (t)

12) CxopocTh IBMKEHHUS PAKETHI Vy BBIYHUCISAETCS IO BRIPAKESHUIO

(P)-Re)-si F =0+ Plhcof £ -0 |-, ()0

My (1)
13) KoopanHaTa MOJI0XKEHHUS PaKeThl B MPOCTPAHCTBE X OMpEAes-
€TCs 110 BBIPAKCHUIO

X(ti+1)= X(ti)+vx(ti+l)'at . (2.47)

14) KoopanHaarta MONOKEHUST paKeThl B MMPOCTPAHCTBE y ompeze-
JSIETCS TI0 BHIPAKCHUIO

y(ti+l) = y(tl )+Vy (ti+l)' ot. (248)
[Ipy COOTBETCTBYIOIIEM 3alOJHEHUH BCEX SUCEK M IMOCTPOCHHU
JUarpaMMbl y(x) MOJTIYYUM CIIEIYIOIINI pe3ynbTat (cM. puc. 2.18).

Vx(ti+1)=vx(ti)+ -ot- (2.45)

Vy(ti+1)=vy(ti)+ ot (246)

Lvarpaiman

C6naCTl gAarpas el

%) gwn (e Bu Goase Gopus Cmew [lapawa Ono Opaks

.8 x
TN TR T VENE X A A ST R R TN A ¥ qr |
£ Anal Cyr T PR L e e |
Dwarp 1% 3 o
I A | B 1 c 1 D 1 € ! 1 | H_ | ! 1 ] 1 K 1 L | =
11
Craprosan macca | Hawanuwas wacca | Cwna tare, W | YAentnuin manynee,
5 paxersi,ar | Tonnusa paxerei, we
£al [ 50000 ¥0000] 700000) 2700]
5 |
|
Ynpaensoman Drwwa paxetss, w | Awametp paxerss, | - Cowna nodosoro Texymee Toxyman Cuna tam, H | Ynpas.
“ conporuenenns, H Bpeua, ¢ macea w
5 Tonnuaa, ot
8| B 13 1 00) 0
9 1
10] r w
ul 45000000
13| 400000.00
s 35000000
18 300000.00
18] 250000,00
19
w| 200000.00
2 b 15000000
23| 100000,00
el Vi
= 50000.00
=, 0,00
2| @ = o 3 = =) =) =) =
® 8 8 8 8 8 8 8 8 8
- S S S s = S S s S
-] 2 2 2 2 2 2 2 2 54 1000 C
WO W\ e J 2 ) vera / I< |

Fomoeo

Puc. 2.18. Pe3ynbTaT pemenns npumepa 5
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3 BBEAEHUE B KOHCTPYUPOBAHUE PAKET
KOCMMUYECKOI'O HASHAYEHUA

3.1 [Ipouecc KOHCTPYHPOBAHUS PAKEThI

B o0mieit nmkeHepHO# TuTepaType Mol KOHCTPYUPOBAaHHUEM MTOHH-
MaloT MpPOIECC NPUAAHUS TEXHUYCCKUM OOBEKTaM (U3JCIUAM) U HX
JJIEMEHTaM KOHKPETHBIX reoMeTpuyeckux (opm um pasmepoB, Hambolee
3(PEeKTHBHO 0OCCIICUMBAIOIINX MX H3TOTOBJICHHUE, B3aMMOJCHCTBHE (CO-
MPsDKEHUE) U peann3aluio (yHKINOHATFHOTO Ha3HAYCHHSI.

KoncTpyrnpoBanue BKJIIOYaeT MPOLERYypbl OOMYyMBIBaHUS U OTOO-
pakeHusl, BHIOOpa MaTEepUaNOB M TEXHOJOTUH H3TOTOBICHHS, IOJKHO
obecreunBaTh BO3MOXKHOCTh 3KOHOMHYECKH IEIeCOO00pa3HOTO MaTepH-
AILHOTO BOIUIOIICHHUS KOHIIECTIIIMK 00bEKTa U ero deMeHToB [11].

B pakeroctpoenuu nporiecc KOHCTPYHUPOBaHUS 3aKII0YAETCS B pa3-
paboTKe KOHCTPYKTHBHOMW CXEMBI pakeThl, colepkameir B cebe
MopOoOHOE OMHUCAHHWE DJIEMEHTOB KOHCTPYKIIMW: arperaToB, Y3JIOB, CH-
CTEM, OTCEKOB, CTYIEHEHN U T.II. BIUIOTh A0 OTAEJIbHBIX JETaJCH.

Pabota Ham KOHCTpYKIHMEH paKeThbl HAYMHAETCS €I Ha JTare pas-
pabOTKH  3ICKMU3HOTO TMpoeKTa (C  TOABIEHHEM KOHCTPYKTHUBHO-
KOMITOHOBOYHOHM CXEMBbI U3/IEJIHsI), MPOA0IDKACTCS Ha dTamax pa3paboTKH
TEXHMYECKOTO TPOEKTa M3JENns, TEXHHUECKOTO 33/JaHusl Ha OTAEIbHbIE
y3JIbl, arperaThl, IETalld ¥ 3aKaHYMBACTCs Tepenadeil KOHCTPYKITUH, yKe
OIpoOOBaHHOM B HCHBITAHHUSAX B dKCILTyaTanuio [5].

[Mpomecc KOHCTPYMPOBAHMSI PAKEThl XapaKTepus3yeTcsi OONBIINM
00BeMOM paboT MO MOATOTOBKE JIOKYMEHTAIIMH, COJIepIKaIleil B cebe cBe-
JEHUST O TEOMETPUYECKHX pa3Mepax »dJIEMEHTOB KOHCTPYKIIHH,
KOHCTPYKIIMOHHBIX MaTepHaiax, crnocodax oOpabOTKH IOBEpXHOCTEH
3JIEMEHTOB KOHCTPYKLIMH, CIIOCO0axX COETUHEHUS U T.1.

CocTaB KOHCTPYKTOPCKOW JOKYMEHTAIIUM HA PA3JIMYHBIX CTaIUAX
MPOCKTHON M KOHCTPYKTOPCKOHN pa3paboTKH, TpeOOBaHUS K COAEPIKAHHIO
U OQOPMIICHHIO Pa3IUYHBIX KOHCTPYKTOPCKHX JIOKYMEHTOB (Tpadude-
CKMX W TEKCTOBBIX) OINPEAEICHbl KOMIUIEKCOM CTAaHJApTOB €IUHON
CUCTEeMBI KOHCTpYKTOpcKoit noxkymenTaruu (ECK/I).

B nacrosmem yueOHOM MOCOOWMH BBIICTUM Psil YKPYITHCHHBIX 3a-
Jla4, KOTOPbIE PEIIaloTCs MPU Pa3padOTKe KOHCTPYKITUH PAKETHI.
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3aoauu, peuraemvie npu KOHCMPYUPOBAHUU PAKEN b

1. Brigenenue »eMEHTOB KOHCTPYKIIMH PaKeThl, TO €CTh paz0ue-
HUEe 00IIel CXeMBI paKeThI 0 AIIEMEHTAPHBIX JeTaJICH.

Ha puc. 3.1 npuBejeH npuMep YWICHSHUS OOIIEH CXEMbI PaKeThl Ha
KoMIOHeHTHI. CHavasa MpOMCXOANT WICHEHHE Ha OTCEKH, 3aTeM B KakK-
JIOM OTCEKE BBIJIEISIIOTCS Y31l W arperaTbl, KOTOpPBIE, B CBOIO OYepenb,
JeNsTCs Ha Aetanu. B npasoit yactu puc. 3.1 nmpuBeneH mpuMep dicHe-
HUS YIIPOIIICHHOM MOJIEIU TOTUIMBHOTO Oaka JIo TATH JACTaleH.

Omcek daxa okuciumena

Obmexamens

! ITonesnaa Hazpyska

} IIpubopnuiii omcex

Omcex 6axa oxuciumena

[ e

} Meoswcbaroeviii omcex

Eema.'ul, Komopbole exo0sam e cocmae omcexa baka

Omcex 6axa 2opivez20 oxKucaumena.

1 - Bepxwee onuwe 6axa;

2 - BepxHuil cu10€01l COeOUHUMETbHbLIL UNAH2OYM,
B 3 - Obeuaiixu 6axa;

| Mesicoaroevtii omcex 4 - Hudicruil cu10€01i coeduHumets Hottl Wnaizoym,

| 5 - HuoicHee OHuwye 6axa.

Typbonacochwiil azpeeam

l ! ! Leuzamenvraa ycmaroexa

Puc. 3.1. [Ipumep uireHEHUs pakeThl HA OTCEKH U WICHEHUS YIPOIIEHHOW MOIEH
TOTUIMBHOTO 0aka 70 JIEMEHTAapHBIX JieTanei

2. Crenyromeii 3ajaueii sBISETCS BBIOOP MaTepUANOB, KOTOPHIC B
KOHCTPYMPOBAaHUU HA3bIBAIOT KOHCTPYKIMOHHBIMUA MaTepHUajaMH, U3 KO-
TOPBIX OyAyT W3rOTABIMBATLCS OTACHbHBIC jeTtand. Ha puc. 3.2
MPUBE/ICHA CXeMa C OCHOBHBIMHU BHJIAMHM KOHCTPYKI[MOHHBIX MAaTEpHAIIOB
JUTsI IPOM3BOJICTRA JICTalICH paKeThl.

- Anromunuessie cniasvt |
Hemanw 6 y3ne < Cnaaest cmanu |
KOHCHpYKY U

- Komnozumnsie mamepuanst |

< IThacmmaccer u m.o. |

Puc. 3.2. OcHOBHBIE BU/IbI KOHCTPYKI[MOHHBIX MaTepPHaJIOB
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3. Tpetbeii 3amaueii ABISIETCS OMPEACICHUE PACUCTHBIX T€OMETPH-
YECKUX pa3MepoB JeTanedl (K TpuMepy, TONIIMH OOMIMBOK) U3
BBIOPaHHOTO KOHCTPYKIIHOHHOTO MaTepuaia. Ha pucyHke 3.3 mpuBeneH
MIPUMEP BBIICICHUS TCOMETPUYCCKUX PAa3MEPOB JIeTalIel MOJICIH TOTUINB-
HOro Oaka pakeThl. B nmaHHOM ciydae mMeercs TpW Jetand (JIHUIIE,
COCJIMHUTEINHHBIN TIMAaHrOyT W IWIMHAPHYECKas 000JOYKA) W CIIEAyeT
BEIOpaTh TOJIIIMHBI M IUIOMIA]h TIONIEPEYHOr0 CEUYCHUs OaKa.

01 ceveHud unancoyma

1 I
; .
: 02
i\ ’ .
i 01 - MOMUYUKHA WUNUHOPUHECKOTL
| 0001I0UKI OaKa
i < _
: Sun 55 monuuHa 060nN04KU OHUA
i oaka
[ Sun - N10WAOL NONEPEUHO0
|
I

SN

Puc. 3.3. Boibop TOMNMIIMH U IITONMIAEH B CEUEHHSX AeTaIeil MOJENH TOIUINBHOTO Oaka

4. Crenyroiasi 3aJa4a 3aKIF04aeTcs B BEIOOPE PEasbHbIX TOJIIHH
WK TUTONIAJIeH B CEYEHHSX JeTajeil, IPU KOTOPHIX 3amac MPOYHOCTH Kak
MOYKHO OOJIBIIIE M Macca JeTalyd Kak MOJKHO MeHbIe. J[ist mpumMepa, mpu-
BEJICHHOT'O Ha pHC. 3.3, BEIOOP OYJET OCYIISCTBIATLCS U3 YCIOBUI:

peanbvi peanbvi peanbvi
SIS 5 SP > 5, SRS

wn

5. Ilaroii 3agaueit ABNsETCA ONpeeNeHre Criocoda CoeTMHEHMS Jie-
TaJiel, arperaTtoB, y3JIOB U OTCEKOB Mexay coboi. K mpumepy, neranu
MOTYT COCIUHATHCS MEXKIY COOOH CICAYIONUMH CIIOCO0aMH: KIIENKOM;
CBapKOIf; CKIIEMBaHHEM; C TIOMOIIIbI0 OONTOB U BUHTOB.

6. B 3aBepimieHre OCyHIECTBISETCS TOJTOTOBKA KOHCTPYKTOPCKOM
JIOKYMEHTAIIMK, KOTOPYI0 OyIyT HCIOJb30BaTh Ha Mpou3BojcTBe. KoH-
CTPYKTOpPCKasi  JOKYMEHTAllUs COJEPKUT UYEPTEeXKH, B  KOTOPBIX
cofepkutcs nHpopMalus 0 MaTepuaiax JeTajiei, crocodax coelnHeHus,
TpeOoBaHMs K 00pabOTKE OBEPXHOCTEH U JIPyroe.

B ocHOBe OONBIIMHCTBA KOHCTPYKTOPCKHX pacu€ToB JeXKaT
NPOYHOCTHBIE MOJIEINN, MO3BOJISIIOIINE BEIOMPATh TaKue KOHCTPYKTHUBHBIC
XapaKTePUCTHUKH, TPH KOTOPBIX HEe OYAYT BBIXOJUTH M3 CTPOS SJIEMEHTHI
pakethl. B cnenyronux naparpadax mo3HaKOMUMCSI ¢ HEKOTOPBIMH MO/Ie-
JISIMH, UCTIOJIb3yEMBIMH B IIPOYHOCTHBIX pacdeTax KOHCTPYKIIMU PaKETHI.
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3.2 MopneJiu O1leHKH BHYTPEHHUX CUJI B KOHCTPYKLIMH PaKeTbl

B mporiecce monera pakeTa-HOCHTENb UCHBITHIBACT HATPY3KH, KO-
TOpble Kak Obl cTapaioTcsi ee paspymmrtb. K mpumepy, cuma Tsaru P
BMECTE C CHJIOW JIOOOBOTO COMPOTHUBICHUSI R, CTPEMSTCS CXKaTb pakeTy

BI0OJIb HpOHOJ’IBHOﬁ OCH, yHpaBJIAmoIas cuiia Pynp 1 IIoAbECMHAasA CuHJia

R, — u30rHyTH paxery.

BcenenctBue 3TOr0 B 3reMEHTaX KOHCTPYKIMH PaKETHI-HOCHUTEIS
BO3HUKAIOT BHYTPEHHHE yCWIUs (CHJIbI). BHyTpeHHHME CHIIBI cTaparoTcs
Kak Obl YpaBHOBECHTH BHELIHHE CHJIbL. 3HAYCHHE U paclpeaecHue BHYT-
pPE€HHUX CHUT B 3HAYUTEJILHON CTENeHU OIIpeaAcCIACTCd 3HAYCHUCM U
XapaKTepOM pacIpe/ieNieHHs] BHEITHUX CHJI IO TIOBEPXHOCTH KOpITyca pa-
keTbl. CymMmapHOe JeHCTBHE BHYTPEHHHMX CHJI TIPEJCTaBiISeTCs, Kak
ImpaBuJio, B BUJIC.

- oceBbIX BHyTpeHHUX cui (N) pacTsKeHUsA-CoKaTHs;

- TIepepe3bIBaOINX BHYTpeHHHX cHl (Q);

- BHYTPCHHHUX M3rHOAIOIIMX MOMEHTOB (M).

Ha puc. 3.4 mpuBeneHa cxema JIeHCTBHS BHYTPEHHUX CHIL

Puc. 3.4. Cxema efiCTBHSI BHYTPEHHUX CHJI B KOHCTPYKIIMH pakeTsl [9]

Ha pucynke BBelieHBI cieyronue o0o3Hauenusa: Ry — cua 1000-
BOTO COmpoTuBieHust; Ry — nombemuas cuna; P — cuna Tarn; P, —

yrpaBJiromas Cujia; p, — BHYTPEHHCC NJaBJICHUC B TOIJIMBHBIX Oakax.
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OceBble BHyTpeHHUE cuiibl N HampaBJeHBI BIOJIb MPOJOJIBHONU OCH
X paxetsl. [lepepesbiBatonirie BHyTpeHHHE CHIIBI Q HampaBiIeHBI HOTIe-

PeK mpoxonsHON ocu. BHyTpeHHue n3rubaromue MmoMeHTsl M paBHBI 1O
3HAYEHUIO COOTBETCTBYIOLIMM CHJIaM U MOMEHTaM OT BHEIIHHX Harpy30K
1 TIPOTUBOITIOIOXKHO MM HarpasieHs! (cM. puc. 3.4). Chibl, BOZHHKAIOIINE
OT JaBJICHUS B TOIUIMBHBIX 0akaX, yCIOBHO OTHOCST K BHEIITHHM Harpys-
KaM.

s onpeneneHysi BETMYUH BHYTPEHHUX CHJI B KOHCTPYKIIMHU YacTO
UCTIOJIB3YIOTCS BBIPKEHUS, B KOTOPBIX CONEPKUTCS KOIhduyuenm nepe-
epy3ku. PaccMOTpUM 3TO MOHSTHE.

Ilonamue o nepezpyzkax

Koagpguyuenmom nepeepysku N (nepeepysxoii) Ha3bIBAIOT OTHO-
HIEHWE YCKOPEHHUS, KOTOpoe OBl HWMeJO0 TeJlo BHE IO 3eMHOTO
TATOTEHHs, K YCKOPEHHIO 3eMHOT0 TATOTeHUs (.

HpI/IMCHI/ITCJII)HO K 3CMHBIM YCJIOBUAM IMOHATHUC NICPETPY3KHU MOKHO
copMyIHpoBaTh CIEAYIOIUM 00pa3oM: Meperpy3Koil Ha3bIBalOT OTHO-
IICHHE BEKTOpPAa PpaBHOJCHCTBYIOIIEH BCEX IOBEPXHOCTHBIX  CHI,
JICWCTBYIONIMX Ha PAKETY K e€ BeCy.

[eperpyska B HanpaBiIeHUH NMPOAONIBHOM ocu X (cM. puc. 3.1) Ho-
CHUT Ha3BaHHC HpOI[OJ'IBHOﬁ i oceBo. COOTBETCTBEHHO mpoaoJibHasA
neperpyska obo3zHagaercst Ny . [leperpyska B mornepedHoM HampaBICHUH

K TIPOJIOJIEHOM OCH HOCHUT Ha3BaHWE IOTNIEPEYHON 1 o0o3HaudaeTcs Ny (ec-
71 TPEXMEPHOE MPOCTPAHCTBO, TO emie N ).

BeipaskeHust, 10 KOTOPBIM ONPEAETSIOTCS BETHYUHBI K03 duimen-
TOB MEPErPy30K, BBITIIAT CICTYIONIIM 00pa3oM:

PR,

=— X 3.1
i m-g, -sin(®) 3.1)
n __ Re-Pa (3.2)
¥ " m-g,-cos(®)’

rae ® — yron HaKJIOHA PakeThl K TOPU3OHTY (TaHraxa) B Mpolecce Mose-
Ta.

PaccMoTpuM mpuMep BbIpaKeHUs AJI ONpPEJENICHUs BHYTPEHHEH
oceBoii cuiibl N . BoipaskeHHe BBIMIISAUT CIACAYIOMIMM 00pa3oM:
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2

-D
N :_(RX +Myy - Qo+ nX)+ poﬁT ) (3.3)

rae My, —Macca OTCEYEHHON YaCTH KOHCTPYKLIUU PaKEThI.

3HaKk MUHYC yKa3bIBaeT Ha TO, 4TO MO cxeme Ha puc. 3.1 cuna cxu-
Maromias.

Y1006cTBOM HMCIOJIB30BaHUS TAKOTO BBIPDAKEHHS SBISIETCSA TO, HA
MOKa3aHHOW CXeMe He TPUBEICHBI CUIIBI BECa OTIEIBHBIX YacTel paKeThl,
TaK Kak IPU OINPEAEICHUN BHYTPEHHUX YCHIIMH 3TH CHIIBI HEPAaBHOMEPHO
pacmpeneneHsl Mo Kopiycy pakersl. COOTBETCTBEHHO, CHIIBI Beca OymyT
YUTEHBI C MOMOIIBI0 MEPErpy30K, ACUCTBYIOMIMX MO COOTBETCTBYIOIIUM
OCSIM PAKETHI.

B nacrosmem yueOHOM TTocobun OyayT pacCMOTPEHBI MTPOCTEHIITe
Cllyyau Harpy>KeHHH, KOTOPBIE BBI3bIBAIOT IIOSIBICHUE BHYTPEHHHUX OCE-
BbIX cis1 N pacTsSHKeHHUS U CKaTHsI KOHCTPYKLIUU PaKeThI.

3.3 [loHsiTHE 0 MPOYHOCTHOM pacyeTe KOHCTPYKIUH PAKeThI

Bubixo0 u3z cmpos 3nemennmos KOHCMPYKyuu

3agaua omnpeAeieHUs] XapaKTEPUCTHK KOHCTPYKIMH pPakeThl (K
npuMmepy, Marepuai, reomerpudeckas (opma), MpH KOTOPBIX HE Mpo-
M30MJET BBIXOJ M3 CTPOSI PaKeThbl, HA3bIBACTCS NPOUHOCHIHBIM PACYEHMOM
(mm pacyeToM Ha TPOYHOCTB ).

PaccMoTpumM NpUHATYIO KJIacCH(DHUKALIUIO BUJOB BBIXOAA U3 CTPOSI.
[TpuHsTO paznuyarh CIEeAYIOLUIME OCHOBHBIE BH[bl BBIXOAA KOHCTPYKLIUH
U3 CTPOS:

1) Pa3pymenune marepuana KOHCTPYKLIUU

Paspymienne — 310 coObITHe, 3aKIIOYarOIIeecs B JIOKATbHOM HIH
r100JIBHOM pa3Jie/IeHMH KOHCTPYKLUMHM Ha 4acTH. beIBaioT cnemyromue
BH/IbI Pa3pyLLICHHN:

- MECTHOE€ pa3pylIeHHE 3JIEMEHTOB KOHCTPYKIMH (K TpUMEpY, IO0-
SIBJICHUE TPEILUH);

- of1ee paspyleHne KOHCTPYKUUH (IIPOUCXOAUT pasliesieHue die-
MEHTA Ha YacTH).

2) CocTosiHUE TIIACTUYECKOT0 TEYEHUS 3JIEMEHTOB KOHCTPYKIUH (K
HpUMepy, OTUIABJICHHE JIEMEHTA O/ ACHCTBUEM TEMIIEPaTYPBI).

3) IoTepst ycTORYUBOCTH KOHCTPYKIUH (K PUMEPY, U3TUO OMOPHI
O] HAarPYy3KOMH)

[oreps ycTounBOCTH Takke ObIBa€T MECTHOM M OOLIEH.
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Hanpsicenue 6 31emenmax KOHCMPYKyuu

ITpu BBIOOpE XapaKTEPHCTHK KOHCTPYKIHMH PaKeThl (KOHCTPYHPO-
BaHWHU) TI0 PACCYUTAHHBIM BEIMYMHAM BHYTPCHHHX CHJI CIIEC HEJb3s
CYIHTh, TPOU3OWICT paspylieHne Wik HeT. [103TOMy B MPOYHOCTHBIX
pacdeTax TakKe HCIOJB3YIOTCSA MapaMeTphl, KOTOpPbhIE HAa3bIBAIOTCS
HAMpPSHKEHUSIMH B KOHCTPYKITHH.

PaccMoOTpuM cTepikeHb, Ha KOTOPBIM JGWCTBYET pacTATHUBAIOIIAS
ocesast Buytpennss cuwia N (cm. puc. 3.5). [lnomians momepedHoro ce-
YeHHs PaCCMaTPUBAEMOrO CTEPKHS 0003HaYMM cuMBojoM S . Cuma N
JICHCTBYET 1O HOPMAJTH K MOTIEPEYHOMY CEUCHUIO CTEPIKHSL.

S

- | § -

Puc. 3.5. Crepikens o pactsikenuem [9]

HopmanpHbIM HampspkKeHHEM O Has3bIBAaeTCS BENWYMHA, KOTOpas
onpezenseTcss Kak OTHOIIEHHE pacTArHBarollel (CKUMarolei) CUIIbl K
IUIOIAAM TOIEPEYHOro CeYeHus. B mpuBeneHHOM cilyyae BbIpa)KEHHUE
IUISL ONIPEAETICHNs] HOPMAJIbHOTO HANPSDKEHUS BBIMJISIIUT CIIEAYIOIINM 00-
paszoM:

o= N . (3.4)

S

PasmepHocTh HampspkeHus NpuUHATO BhlpakaTh B [lackamsax (Ila) un
Mmeranackaiasx (Mlla).

B 00b14HBIX yCIOBUSAX pabOTHI KOHCTPYKIMHU (HE MPOUCXOIUT BBI-
X0Ja M3 CTPOsi) HOPMaJbHOE HANpPSKCHUE HAa3bIBACTCS PACUETHBIM.
COOTBETCTBEHHO CYIIECTBYET I'paHMLA NPEIEIbHOTO COCTOSHHS, IMOCTe
KOTOPOTO MPOU30MAET BBIXOA U3 CTpos. IIpn 3TOM HOpManbpHOE Hampsixe-
HUE JIOCTHTHET IpeNeIbHOT0 3Ha4YeHus. HanpsokeHus, Tpyu MpeBBIIIeHUN
KOTOPBIX MPOU30UIET BBIXOJ M3 CTPOS, HAa3bIBAIOT NpedeibHblMu WU 00-
nycmumvivu. B oOmeM Bujie TpeenbHbIC HaNpsDKEHHS O003HAYAIOTCS

CUMBOJIOM O ;57 -

B wacTHOM BHIe Takke OBIBAIOT CIEMYIONIHE OOO3HAYCHHUS TIpe-
JICTBHBIX HATPSKCHHIA:
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- 0 (BpeMeHHOE CONpOTHBICHHE, KOTOPOE COOTBETCTBYET pas3py-
ICHHIO 3JIEMEHTA WIIH KOHCTPYKIIUH);

- 04, (COOTBETCTBYET HANpSKEHHIO, MPU KOTOPOM IOSBIISIOTCS
TIepBbIe IPU3HAKH TEeKy4ecTH, octarouHas aedopmarus 0,2 %).

BenuuuHbI IpeiebHBIX HAPSKCHHA ONPEACIISIOTCS SKCIIEPUMEH-

TaJIbHO W 3aBHCAT JIMIIb OT BBI6paHHOl"0 MaTtcpuaia. Hx 3Ha4ueHUS MOXKHO
Y3HAaTh U3 HHXKCHEPHBIX CIIPABOYHUKOB.

Yenosue npounocmu koncmpyxyuu

YcnoBrueM nMpoyHOCTH (HEBBIXO/Aa U3 CTPOS) KOHCTPYKIIUU SIBJISACT-
Csl TO, YTO HAMPSHKCHUS B JIFOOOW TOYKE KOHCTPYKIIUH PAKETHI JOJKHEI
OBITH MEHBIIIC, YEM MPEICIILHO JTOMYCTUMBIC O 011+ DTO yCIIOBUE 3aITUCHI-

BaeTCs CIEAYIONINM 00pa3oM:
o<0 0 (3.5

IKcnayamayuoHHble HAZPY3KU
OKcrutyaraiuoHHBIME Harpy3kamu P, (mmm N,, Q,, M ;) Ha3sI-

BarOTCsA BO3MOXKHBIE B OKCILTyaTallud BHYTPEHHUE CHUJIBI, TO €CTb CHUIIBI,
KOTOPBIC UCTIBITBIBACT KOHCTPYKIHA B IMIPOLUECCE CBOCIO CYIICCTBOBAHMA.

Pacuemmnwie nazpysku u kosgppuyuenm 6e3onacnocmu

Ilpu pacuere KOHCTPYKLMHM Ha HPOYHOCTH PACUETHYIO HarpysKy
OOBIYHO NPUHMMAIOT BBIIIE 3KCIUTyaTallMoHHOH. CUMTalOT, YTO IpHU pac-
YETHOW Harpy3Ke HampsDKeHUs] JOCTUTAIOT TMpeNelbHBIX 3HAuYCHHH.

Hucno, nmoka3plBatoUIee, BO CKOJBKO pa3 pacueTHas Harpyska Ppaw (mm
N

s punmeHToM 6€30MacHOCTH

pace? M pacu? Qpacq) Oonplie 3KcIUTyaTallMoHHON P, Ha3pIBaeTcsi Ko-

P
f = _pac (3.6)
P9
Ppacw = f ’ P3 ' (37)

Kak mpaBuiio, npu BbIOOpE XapakTEPUCTUK 3JIEMEHTOB KOHCTPYK-
uH K03 GUIreHT 0e30MacHOCTH 3aJaeTCsl MHKEHEPOM CaMOCTOSITEIbHO.
Tak, nmpu BbIOOpe XapaKTePUCTUK KOHCTPYKIHH OCCIMIIOTHBIX JIETaTelb-
HBIX aNmaparoB MNPUHUMAIOT, 4YTO KOXPQUIMEHT Oe30MacHOCTH
cocrasiter f=1,2...1,5.
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Koapdpuyuenm zanaca npounocmu

OObIuHO TIpH BHIOOpPE XapaKTEPUCTHK KOHCTPYKLIWH TeOMETpHYe-
CKHe pa3Mepbl (K TpuUMepy, IUIOMAAb PpaCTITHBAEMOTO CTEPIKH!)
BBIOMPAIOT 3apaHee OOJIBIINMHE, YeM AJISI BOCIIPUATHUS AOCTATOYHBIMH JUIS
pacyeTHOM Harpys3KHu.

Ilpu sTOM Ansi BHIOpaHHBIX 3apaHee OOJBIINX T'€OMETPHUUYCCKHX
pasMepoB BBIYMCIIIOT HArPy3Ky Ha IpeAeibHbIX HanpsbkeHusx. K mpu-
Mepy, B CiIydae pacTATMBAaeMOro CTEpXKHsS YyKa3zaHHas Harpyska
BBIYHUCIISIETCS CIIEAYIOIUM 00pa3oM:

N=0o,,,"S

make !

roe S — IJIOMIA/Ih TIOTIEPEYHOTO CEUEHUs CTEPIKHS, 3aJaHHasl 3apaHee

Mmakc
OOJIBIIICH, YeM JOCTATOYHO JUISl BOCTIPHATHS PACUCTHON HArpy3KH.
IlomoOHyro Harpy3ky (mpu 3apaHee OONBIINX TE€OMETPHYECKUX

pasmepax) HasblBaIOT paspyllatouleil Harpy3koi P, .

OTHolleHne pas3pyllarouiel Harpysku (mmn N

Ppa3p pasp’ Qpa3p !

M,..,,) K pacueTHoii Harpyske P . HaspiBaetcs koodpuyuenmom sana-

pacu
ca npoynocmu. Bprancngercs ko3hdHUIMEHT 3amaca HPOYHOCTH IO
CJIeTyIOIEMY BBIPaXKEHHIO:

P
_ Tpow 3.8
n P (3.8)

B yactHOM ciyuae, Korja KOHCTPYKIUS paOOTaeT 1Mo CXeMe «pac-
maxceHue—cocamuey CrpaBeUINBO CIEAYIOIIee COOTHOLICHHE

_ Ppu3p _ G[ZOH : S,mmc
77 - P - S ]
pacu O-paw ’ pacu
Tae O — HAIPsAKEHUC, BO3HUKAIOUICE IIPpU HeﬁCTBI/II/I Ha KOHCTPYKIUIO

pacy

pacuertHoi Harpy3ku P

pacu *

Jns panroHanbHBIX KOHCTPYKIHN KO3(pQHUIMEHT 3amaca MpOYHO-
CTH JOJ/DKEH OBbITh paBeH eIUHMIIC (MM HECKOJbKO 0oJbiie). CauiKkom
00J1b1110# KO3 GHUIIMEHT 3amaca MPOYHOCTH JCJIAET KOHCTPYKIIHUIO XOTS U
OoJee HaNEKHOW MO MPOYHOCTH, HO OYCHH TSHKEIIOW, YTO HEIOIYCTHMO
JUTSL IETaTENbHBIX anmnapaToB (paker).
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Ilpumep noobopa zeomempuueckozo ceuenus 0OWIUGKU U HPO-
Quna no 3adannoit Hazpyske

PaccMoTpuM mpUHIMT pacyeTa Ha MPOYHOCTh MOJETH CyXOro OT-
ceka pakeTel-HocuTens. Ha puc. 3.6 mpuBeneHa ykazaHHas MOAETb
OTCeKa, KOTopas BKIIOYAaeT B ce0sl JBa BUJA 3JIEMEHTOB KOHCTPYKIIHH:
o6mmBKy (cM. puc. 3.6, mozunust 1) u crpuHrep (MPOJOIBHBIN CTEPKEHD C
I'-00pa3HbIM HIONIEpEYHBIM CEYEHUEM, CM. PHC. 3.6, mo3unus 2).
s

Neacy
Puc. 3.6. Mogens cyxoro orceka pakeTs [12]

st ynpouieHust moioopa ceueHuit OOMMBKY ¥ PO HiIel 0OBIYHO
BBIJICNISIOT U3 BCETO CEUCHUS OJIMH CTPUHTEP W OOIIMBKY JJTMHOM, PABHOM
paccTosiHUIO MeXy cTpuHrepamu. Ha puc. 3.7 mpuBeieHa WILTFOCTpanus
OTpe3Ka OOLIUBKU C OJHUM CTPUHTECPOM.

T a L

Puc. 3.7. Cxema 1is1 onpezieTieHus] Harpy3KH Ha y4acTKE CEUEHHUsI, TPUMBIKAIOIIETO
K ogHOMY ctpuHrepy [9]: 1 — crpunrep; 2 — obmuBKa; 3 — 3aKiIenKa

JnuHa y4yacTka OOIIMBKH, MPUMBIKAIONIEH K CTPUHTEpY MPHU paB-
HOMEPHOM PacCHpelesICHUH, OIPEAEIAETCS U3 BEIPAKEHUS:

L-=D. (3.9)

m

rae D — nuamerp cyxoro orceka; M— KOJIMYECTBO CTPUHTEPOB B CYXOM
OTCEKE.

I[IpuBeeM alropuT™ mMoA0Opa TOJIIMHBI OOMIMBKH O M F€OMETPH-
YecKHe pasMepbl MOIEPEevYHOro CEYEeHHUs] CTpHHIrepa (pasMepbl MpoQuis
CTPUHTEpA).
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1. BeiOuparoTcs HCXOHBIC JaHHbBIC (BHEIIHUE CHUITBI, Macca, JAaBlie-
HUE B TOTUIMBHBIX 0aKax).
2. PaccunthiBaeTcs oceBas COKMMAIOIIAs CHJIA!
2
N R z-D
3 __( a T Moy 'go'nxl)"' poT-

B paccmarpuBaemMoM mpumepe AaBlieHHE HAAMyBa B TOILTUBHBIX
0akax [, cuMTaeTCs PaBHBIM HYIIIO, TaK KaK B CyXOM OTCEKE 3TO JaBje-

HHUE OTCYTCTBYET.
3. OmpenensieTcsi pacyeTHasl Harpy3Ka:

N .=f-N,.

pacd
4. OnpepensieTcs JUIMHA YacTH OOIIMBKU CyXoro orceka L 1o 06-
pasyromell (OKpY»KHOCTH), TPUXOMSIIEHCS Ha OIWH CTPUHTEp, IO
BbIpaxeHuro (3.9).
5. OmpenensieTcss MPOAOTBHAS Harpy3Ka CyXOro OTCeKa, IPUXOIs-
IIasicst Ha OJJMH CTPHUHTEP C MPUMBIKAIOIIEH K HeMy OOIIMBKON

N1 — pacu .
m

6. Ompenensiercs noTpeOHAs IUIONIAAb IONEPEYHOrO CEUCHHUS
(cTpuHTEpa U MPUMBIKAIONICH K HEMY OOIIMBKYM BMECTE) JJIsi BOCIIPHUSTHUS

yemmust N

S, = N, ,

O qomn

rac O-ﬂOH — AOIMYCTUMOC HAIPSXKCHUE, OMPEACIACTCA U3 CIIPpAaBOYHHUKA

JUTSL BBIOpaHHOTO MaTepuaia KOHCTPYKIIUH.
7. llpuanMaeTcs (B mepBoM MPHOIMKEHUH) JOMYIIEHUE, YTO IJI0-

majIb cedeHus cTpuHrepa (mpoduis) S;”°? u miomas npuMBIKaromeii K

06w
HEMY OOILIUBKHA Sl PpaBHBI, TO €CTh

¢ _ Qob b bw _
Syt =870, gty g =,

COOTBETCTBEHHO:

S S
npogp _ 1 obw __ V1
S =—= u S =—.

2 2

HOHy‘IeHHI)Ie BBIIIC IJIOMIAN ITPUHUMAKOTCA 3a paCUCTHBIC.
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8. ToxOuparoTcst XapaKTePUCTHKU MPO(UIIS CTPUHTEpa MO COpTa-
menty. CoprameHT mpoduieii — 3To Tabiauia pasHbIX CTaHIAPTHBIX
npoduieil co craHaapTHRIMU pasMmepamu. K mpumepy, mdaHHas TabiMIa
COpTaMEHTa Uil CTPHHIEpa MOXKET BBITJSAETH CIEAYIOMAM 00pa3oM
(cm. puc. 3.8 n Tabm. 3.1).

J,
T F go..

PEI7P

[

Puc. 3.8. 'eomerpuueckne XapaKTepUCTUKH THIIOBOTO POt

Tabmuma 3.1. JlaHHBIE U3 cOpTaMeHTa Ha NPO(HIN CTPUHIEPOB

Ne mpodmss|  H, mm B, MM 2 » MM |, MM Sﬁf};ﬁ, Mm?
1 13 12 1 1 29,2
30 16 15 1 1 35,2
2 20 13 I 1 37,2
3 20 15 15 15 65,1
31 20 21 15 15 63,4
4 23 13 1,2 1,2 51,7
5 25 18 15 1,5 77,11
7 25 20 2 2 106,1
32 25 25 25 25 134,8
33 29 20 15 2,5 116,1
34 32 25 25 25 152,0
10 35 20 2 2 126,1
19 48,5 30 25 25 182,5
20 50 25 3 3 278,4
12 50 30 4 4 3533
13 65 40 5 5 568,7

IlpuHMMaeM BO BHHMMaHHE, 4YTO IPHHATAS IUIONAAb MPOQUIs
Sl’i{’);f’n JI0JDKHA OBITH OOJIBIIIE MM PaBHA PACYETHON

npogh npogh
Slcopm = Sl '
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HamomanM, uyTo muromans mpoduias CTPHHTEpa MO COPTAMEHTY
JIOJDKHA OBITh OJrkaiiied K pacueTHOW IUIOIIAJH, MHAYE KOHCTPYKIIUS
OyZIeT mepeTspKeNeHa.

9. Onpenensiercst moTpeOHAsT TONITHHA OOITUBKH
s

o

10. OGmmBKa, KaK IPaBHUIO, U3rOTABIMBACTCS M3 JHUCTOBOTO Me-
Tajyla, MPOMBIIUICHHO, CO CTaHAApPTHBIMH ToiimHamMu. K mpumepy,
MOTYT OBITh TAaKWE CTaHIAPTHBIC TOJIIMHBI OOmMBKY (nucta): 1 mm; 1,2
MM; 1,5 MM 1 Tak manee. [IpuHrMaeM TOMMKUHY OOIIMBKY IO COPTAMEHTY

5061,44 -

Oppom PABHOW Mym Gmiokaiiluei GONbIIEH, YeM pacyeTHas TONMHA 00-

muBKH 577

11. Onpenensercs: mpuHATAs IJIOMAAb YIaCTKa OOMIMBKH 10 (op-
Mye

Soﬁu« =L- 506141

lcopm copm*
12. Onpenensercst o0IIasl MIOMAAb MONEPEYHOIO CEUCHUS CTPUH-
repa ¢ MPUMBIKAIOIIUM K HEMY Y4aCTKOM OOIIMBKH

npun __ Q npog obw
Sl - Slcopm + Slcopm '

13. Omnpepnensiercst paspyliaronias Harpy3ka Ha y4acTKe OOILMBKHU
CO CTPUHETPOM

v . Qnpun
Npaap _G,ZIOH Sl

14. Onpenensiercst k03¢ GULMEHT 3an1aca MPOYHOCTH

N

pasp
N,

[MonyueHHsidi kK03(hHUIIMEHT 3amaca MPOYHOCTH JOHKCH HE3HAUU-
TEJIBHO TPEBBILIATh CIWHUIYY. ECIM OH INpPEBBIIACT  CIUHUILY
3HAYUTEILHO, TO KOHCTPYKIHUS OyleT mepeTspkenena. Kak mpaswio, npu
MPOEKTUPOBAHUU KOHCTPYKIMIA CTpeMsTCS 3HadeHus Ko3(ddummenra 3a-
raca IIpOYHOCTH BBLAEPXkKATh B cienyromeM auanasone: 7 =1,02...1,07 .

77:

OpHako 3TO He BCerja yhaercs 00ecnednTh U3-3a OTPaHHYEHHH 0 COp-
TaMEHTY MpPOW3BOANMBIX TNPOQPHIEH W JHCTOB KOHCTPYKIIHOHHOTO
MaTepuaia.
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3.4 Ilpumep pacyeTa KOHCTPYKIUOHHBIX XaPAKTEPUCTHK
Jaerajieil pakeTsbl

PaccMoTpum 3a1auy KOHCTpYHPOBAaHHUS Ha TPHMEpPE pacdyeTa U BbI-
0opa KOHCTPYKTOPCKHX XapaKTepHUCTUK MOJENM TOIUIMBHOro 0Oaka,
IIPUBEICHHOrO paHee Ha puc. 3.1.

[lpuarMaeM, 9TO KOHCTPYKIHS TOIUIMBHOTO Oaka HCIIBITHIBACT
CIIEAYIOIINE HArpy3KH: TMPOJOIBHYI0 CHIIOBYIO OKCIUTyaTallHOHHYIO
Harpy3ky N, =2000KH; nonepedHyio CHIOBYIO SKCIUTyaTallHOHHYIO
Harpy3ky Q, =100KH; wusrubarommii 53KCIIyaTallMOHHBIA MOMEHT

M,,. =300 KH/m; BHyTpeHHee uU30bITOYHOE [aBleHME HajanyBa Oaka

P, =3arM. V3BeCTHBI IeOMETpHYECKHE MapaMeTpsl Oaka: AHAMETp LH-

JUHApUYCCKON Yactu Oaka D =4wm; pamuyc cdepuueckux mHUI Oaka
Ry =4M.

M, U3 1 1

I = (53/
' IRep

AANNNANNN

Puc. 3.9. Cxema ¢ BHYyTpEeHHUMHU YCHIIUSIMU ¥ KOHCTPYKIIMOHHBIMU XapaKTepUCTUKaMU

Cuntaem, 4TO U MU3TOTOBJICHUS TOILIMBHOTO 0aka IUIaHUPYETCs
WCIIOJIb30BaTh CIUIaB Mapku AMro6 (AropaJroMHUHHEBBIN CIUTaB). XapakTe-
PHUCTHKH CIIJIaBa yKa3aHbl B Ta0I. 3.2.

[Ipunumaem, uro xK03(pPUIHEHT 030MaCHOCTH NPUHUMAETCS PaB-
HBIM f =2. CuuraeM, 4YTO BCe JeTaJlM TOIUIMBHOIO Oaka

U3TOTABJIMBAIOTCS M3 OJIHOTO KOHCTPYKIIMOHHOTO MaTepHaia, U TOJIIUHEI
000J104eK BEIOUPAIOTCS OTMHAKOBBIMU () = J, ).
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Tabnuua 3.2. XapakTepuCTUKH KOHCTPYKIMOHHBIX MaTepHAaIOB

HaumeHoBaHue AM:z 6

TIpenen npouHocTy Matepuana, os, MIla 300
Kpurudeckoe HanpskeHue Ha COBUT, Txp, MIla 200
Kpurrnueckoe HanpspKeHUE Ha CKATHE, oxp, MIa 200
Koaddunuenr ocnabnenus ceapeHHoro msa, f 0,7
ILnoTHOCTL MaTepuana, Kr/ M° 2700

Psin ctanmapTHBIX TONIINH JKCTA U3 JaHHOTO KOHCTPYKIIMOHHO- 1;1,2;1,5;1,8; 2; 2,5;
ro MaTepuaia, MM 3;3,5;4;5;6;7;8;10

Jns pacdeToB TONIIMH W IUIOLIajeil aeTaneld TOIUIMBHOTO Oaka
MOYKHO UCIIONIB30BATh P MPOYHOCTHBIX Moaeiel. O3HaKOMHUMCS ¢ HEKO-
TOPBIMH U3 HUX.

Kaxxnas w3 meraneli TOIUIMBHOrO Oaka MCIBITHIBACT P HANIPSDKE-
Huid. Ha puc. 3.10 mnpuBeaeHbl OCHOBHBIE BHIbl HaNpsOKCHUN B
KOHCTPYKLUU AeTajeH.

5.
bl 5 671 - IKCNAYAMAyUOHHbIE HOPMATBHBIE  HANPANCCHUA
O7ch 6 YUTUHOPUYECKOTI 000]104Ke OAKA 6 NONEPEYHOM
Hanpaeienil

672- IKCHIIYAMAantOHHble HOPpMATIbHble HANPANCEHUA
G I/II,7IIH()])II‘I€CI\‘017 000110UKe OaKa 6 IIpO()O,'IbHO.\I
HanpaeieHuu

62 e - IKCIIVAMAUUOHHBIC HOPMATbHBIE  HANPANCCHUA
6 o0onoyke OHuia bara chepiyeckoii popysi

77 - SKCAYaAmanioOHHele KacamelbHble HaNpAXCeHUA
6 000710YKe MONIUCHO20 OAKA

o "mn

6un - SKCNIAYAmdautlOHHble HOPMAIbHble  HANPANCEHUA
G uinaneoyme

[ 2 un

Puc. 3.10. HanpsikeHHs1 B KOHCTPYKIUH TOIIMBHOTO Oaka

Jiis xaxxnol W3 gertaneil cieayeT pacCMOTPETh YCJIOBHE MPOYHO-
cT. B 1aHHOM cilydae MOTYT OBbITH CIIEAYIOIINE YCIOBHS IPOYHOCTH:

1. YcnoBue MPOYHOCTH TMPH PACTSHKCHWU OOKOBBIX CTEHOK Oaka
OIMCHIBAETCS BBIPAKEHUEM:

f o <Kk 05, (3.10)
rie o, — MaKkCHMalbHOE M3 HOPMAIBHBIX HATIPSKEHWH B 0BONOUKE
koHcTpykumn; f — xoaddunuent GesomacHoctu; K, — xoaddunmeHt
ocTabJIeHUs] B 30HE CBApHOTO IIBA; O — MpeJell MPOYHOCTH MaTepHraia

KOHCTPYKIHH.
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MakcrManbHOE W3 HOPMANBHBIX HAaIMpsOKEHHH B 000JI0YKE KOH-
CTPYKIIUH OIMPEACIACTCS U3 BHIPAXKCHHUS:

oo My N
max — “2 W S
3
rae o 2 HaIMpsOHKEHUE B IIPOAOJIbHOM HaIIpaBJICHHU TOILUIMBHOI'O 6a1<a;

(3.11)

W — mMomeHT conpoTtuBiieHust cedeHns 6aka; S — IUIOI@ab MOIePEIHOrO
ceuenus 6aka (S=7-D- o).

HampsikeHue B MPpOJOJIBHOM HalpaBICHHH TOILIMBHOTO Oaka ompe-
JICTISIETCSI U3 BBIPKCHUS:

o2 =P>D (3.12)
2.5,
MOMEHT CONPOTHBIICHUS CEYCHUS OaKa OMPENeNIeTCs M0 BhIpaxe-
HHUIO:
2
W = # . (3.13)

2. YCIIOBHE MPOYHOCTH MPHU CIKATHHM CTEHOK oOcuyack 0aka OMHCHI-
BACTCS BBIPAKCHHUEM:

2
9 o,
o | [ o7 N
e <1,ecmu o, =0, ——2 <0 (3.14)
T (o S
5 4-Q;
rae 7, — MaKCHMAJIbHOE KacaTeIbHOE HAPSIKCHHE ( 7,y = ).

fmex 7-D-§

3. YcioBue NpPOYHOCTH NPH PACTSDKEHHHM CTEHOK ChepHYecKHX
JHHII 0aKa OMHMCHIBACTCS BEIPAKEHUEM:

f.02, <k, oy, (3.15)
rie ofd) — DKCIUIyaTalMOHHOE HaNpshKeHHE B c(epudecKoil 060IouKe
Py -R
THUINA 6aKa (0{3}, =2 @ ).
2'52

4. Ycnosue IMPOYHOCTH B HIMAHTOYTEC TOIIJIMBHOI'O 0aka OIMCHIBa-
C€TCA BLIpa)KGHI/IeM'

f-lo) <k, -og, (3.16)

wn

c}

rac Ouun — HOPMAJILHBIC HaIpsKCHUA B IOTMMaHT Oy Te

(Co \/ -D?%).
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Hcrionb3yst HCXO/HBIC TaHHBIC, PUBE/ICHHBIC B Havaje maparpada,
OIpeIeM, K MPUMEPY, TOJIIMHY CTEHKH OOeYaliK¥ TOIUIMBHOTO Oaka
(6,), mpu KOTOPOIi BBIMOIHUTCSI YCIIOBUE TIPOYHOCTH.

Jlns pacuetoB ucnonbdyem nporpammy Microsoft Excel. CoctaBum
TaOIMITy UCXOAHBIX JaHHBIX (cM. puc. 3.11).

namvan | Boamea  Pasmerca cpaweus  Gopuymk  Jawnwe  Peuewawposam Bnn
=k Bupesam. T3 = = = .
alibri - -[aTa = w|[® -] | nepenoc rexcra Coumit -
i i) (=i =) )

BRI oat o obpasy || % & 4 +|[E -|[& - A -||[® = i 6= 5 oovenmms n nowecms 5 uerpe + | (80~ % 002 5|

Bydep obuena (] Wipugt (] BuipasHusanme (] Uncno (]

E34 ~ A
A B | c I D | E [ F ] G
1
MNpeaen np: . P Hpw
Mra a Ha
2 caswr, Mna cKaTHe, Mna
3 300 200 200
4
Kosdp-r Kosd-T ocn. caaph.
5 GesonacHocTi Wea
6 0,5
7
Avamerp Gaka,m |  Paawyc chepmy.
8 Annwa, m
9 4
10
cuna, P cuna, Wsr M6
H H momenT, Hm | AaBnenme B Gake,

11 atm
12 300000 100000 3
12

Hanee cocraBuMm Tabnuily, B KOTOPOH 3aaJuM JHAINla30H M3MEHe-
HUS TOJIIMHBI 00€YaeK TOIUIMBHOrO Gaka & =15 ,0

Puc. 3.11. McxoaHble naHHbIE 1715 pacyera

A6, =0,1mmMm (cm. puc. 3.12).
T —

b g, — = ) =
‘B TR, catbn i A ][ @] | e v Oouh E B o9 ]:z
B v sy (B 8= 81 O ][00 8] B Ot oo s < (8 |4 5] | Yowwoe | Scourmoom Crun | o e o o
e ipoae : S 5w ) s
I ——
| 4 G H [ ] 3 L [ N o
Boi6op monusume: obeuaex 6axa
Tonupwa | Mpoa. Hanp., /S, oN/S, Musr/W, | oN/S-Muar/W, | tmax, Yiskstob'o | y2e1-{umax/op)i2-

15 cremm, m na na na na na na (o/ob)r2

16 0,0001 1592356688| 4407643312] 7961783439 4328025478 955414012,7| 8506050955

17 0,0002 796178343,0| 2203821656] 39808917,2( 2164012739 477707006,6| _ 4178025478)

1 0003 BT e Y W U R T

19 0,0008| _1500000000] _ 398089172| 1101910828] 19904458,6] 1082006369 238853503,2 2014012739

20 0,0005] _1200000000] _ 318471337,6] 881528662,4] 15023566,88] _ 865605005,5 1910828025 1581210191

2 0,0006) 265392781,3| 734607218,7[ 13269639,07| _ 721337579,6| 159235668,8] _1292675159)

22 0,0007| 8571428571 227479526,8| 629663330,3] 11373976,3] 618289354 136487716,1] 1086578708

2 0,0008] 750000000 199044586| _550955414] 9952229,299]  541003184,7] 1194267516 932006369,

24 0,0009 _666666666,7  176928520,0| 4897381458 8846426044 480891719,7] 1061571125 811783430,5

25 0,001 600000000]  159235668,8| 440764331,2] 7961783,439| 4328025478 95541401,27| 71560509

2 0,0011] 545454545,5 _ 144759698,9| 400694846,6] 7237984,945 _ 393456861,6] 86855819,34] 6369137232

27 0,0012 500000000, 132696390,7| 367303609,3] 6634819,533| 3606687898 79617834,39 5713375796

2 0,0013|_461538461,5  122488976| 339049485,5]  6124448,8]  332025036,7] 734933856 5158500735

2 00014 428571428,6]  113739763,4| 314831665,2] 5686988171 300144677 6824385805 468289354

30 0,0015]  400000000]  106157112,5| 293842887,5 5307855626  288535031,8) 63694267,52| 4270700637

3 0,0016| 375000000 99522292,99| 275477707 497611465 270501592,4] 507133758 391003184,

32 0,0017| 352941176,5 _ 93668040,46| _259273136] 4683402,023| 254589734 5620082428 359179468

3 0,0018] 333333333,3] _ 88464260,44| 244869072,9] 4423213,022| _ 240445859,0] 53078556,26] 330891719,

7} 0.0019] 315789473,7] _ 83808246,73| _231981227] 4190412,337| _ 227790814,6] 50284948,04 3055816292

35 0,002 300000000] _ 79617834,39| 220382165,6] 3980891,72| _ 216401273,9] 47770700,64] 2828025478

36 0,0021| 2857142857 75826508,95| 209887776,8] 3791325,447) 2060964513 4549500537|  262192902,6|

7 00022 272727272,7] _72379849,45| 200347423,3] 3618992,472| _ 196728430,8 43427909,67|  243456861,6)

2w nomal aenecaces 3| kar1am0a 47 1areacaae 7 aaciaas a7al  1ami7cnal Atcaazia kel 23ka6nA41 o

Puc. 3.12. Pacuernas Tabnuna
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W3 pacueTHoit Tabmuiper Microsoft Excel moxkHO ompenenuts, uTo
OpH  YKA3aHHBIX  MCXOJHBIX  JIAHHBIX  BBIMIOJHSACTCS  yCJIOBHE

5_ oo N
Op =0, — S >0, To ecTb NPOUCXOAUT pacTsukeHue. IlosTomy B Kaye-

CTBE YCIJIOBUS TPOYHOCTHU BbIOMpaeM BoipakeHue (3.10).
s onpeneneHys: TONMIMHBI CTEHKU TTOCTPOUM TpaduK 3aBHCUMO-

et Yy(8,)=Ke -5 — f -0 (cM. puc. 3.13).

5,0E+07

3,0E407

1,0E407
T

o,4os | | 0,0052 D-“V“w/u,“ 58 | | 0,006 | 0,0062  0,0064 | 0,0066 | 0,0068 | 0,007

-1,0E407

HanpsKeHWamu, Na

-3,0E407

PasHOCTb MeAY AONYCTUMbIM M paspyLIaloLum

-5,0E+07

PacueTHan TOoNWWHa 6Gokosoi CTEHKH, M

Puc. 3.13. I'paduk 3aBHCHMOCTH yl(é‘l): ke op—f o

max

[Mpoananu3upoBaB MOCTPOSHHBIH TpaduK, MOXHO 3aMETHTh, UYTO
BEJIMYNHA yl(é'l)B CTaHOBUTCS TOJIO)KUTENBHON, TO €CTh HAaYMHAET BBI-
TIOJTHATHLCS YCIIOBHE TIPOYHOCTH, MPUOIU3UTENHHO TIPU O = 5,7 MM.

COOTBCTCTBCHHO, MOXHO IIPUHATH 3HAYCHUC paCC‘-IPITBIBaCMOfI
TOJIMIWHBI U3 CTAaHAAPTHBIX TOJIIHH. B JaHHOM cCJj1ydac IpUHUMAEM TOJI-

HIMHY OOKOBOM CTEHKH PaBHOM é‘fm‘”“) =6 MM.
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4 BBEAEHUE B MTPOU3BOACTBO PAKET
KOCMMUYECKOI'O HASHAYEHUA

HemocpeacTBeHHOE TPOM3BOACTBO PAKETH OCYIIECTBISIETCS HA pa-
KETHO-KOCMHYECKOM 3aBO/IE. OCHOBHBIMU CTPYKTYPHBIMU
MoJIpa3AeeHUsIMA PaKeTHO-KOCMUYECKOT0 3aBoJla ABJAIOTCA LieXxa U Ja-
Ooparopun. B mexax MOXeT OCYIIECTBIATHCS CO3JaHHE JeTaiei
KOHCTPYKIIHH, a Takke COOpKa y3JIOB, arperatoB M OTCEKOB PaKeTHl. B
71a00paTOPUAX OCYIIECTBISICTCS PaboTa, CBESIHHAS C UCIHBITAHUSIMHU 3KC-
NEPUMEHTAILHBIX 00Pa3lloB AIIEMEHTOB PAKETHI.

B ocHoBe opranmzanyu GpyHKIIMOHUPOBAHUS JTFOOOTO 3aBO/IA JIEKUT
pa3paboTKa TEXHOJOTUN MPOU3BOACTBA. O3HAKOMHUMCS C TIOHATHEM TEX-
HOJIOruA MpOMU3BOJCTBA.

4.1 IlousiTHE 0 TEXHOJIOTHH MPOU3BOICTBA

TexHoIorHs — 3T0 KOMIUIEKC ONepaluil U PUEMOB, HAIPABICHHBIX
Ha M3TOTOBJICHUE, OOCITY)XKMBAaHHE, PEMOHT H(MIIH) SKCILUTyaTaIllUIO H3JIe-
JMs C HOMHHAJIBHBIM KAa4eCTBOM M ONTHMAJbHBIMH 3aTpaTaMd |
00YCIIOBJICHHBIX TEKYIIUM YPOBHEM pa3BUTHS HAayKH, TEXHHKHA U OOIIe-
CTBa B LIEJIOM.

TexXHOJIOTrHs IPOM3BOICTBA PAKEThI OTPAXKACTCS B MPOU3BOJICTBEH-
HOM  JIOKyMEHTAllM¥, KOTOPYI  Ha3bIBAIOT  TEXHOJIOTHYECKUMH
UHCTPYKUIUSIMU. TEXHOIOTHYECKUE MHCTPYKIMU COEPkKAT HH(OPMAIIHIO
0 TOM: W3 KaKhX MaTepUajoB CIIEAYET «CO3/1aBaTh» dJIEMEHTAPHBIC JeTa-
JM; Ha KakOM MPOU3BOJCTBEHHOM O0OpYIOBaHUHU (IPOM3BOJICTBEHHBIX
cTaHKax) o0pabaThiBaTh MOBEPXHOCTH CO37aBaCMbIX JETaJCH; KaKk U B
KaKOW TOCIIeI0BATEIBHOCTH OCYLIECTBISTh MPOLECC COOPKU KOHCTPYK-
IIMU PaKeThI.

IIpu pa3paboTke TEXHOJOTHYECKHX IMPOIIECCOB MPOM3BOJICTBA pa-
KETHO-KOCMHYECKOH TEXHHUKH, KaK TPAaBUIIO, PEIIAOTCS CICAYIOIIe
OCHOBHBIC 33JIa4H:

1) BbIOOp croco0a «CO3MaHMS» AIIEMEHTAPHBIX JIeTaleil, U3 KOTO-
pbIX coOHMpaeTcss paKeTHO-KOCMHUYECKass TEeXHHKa W pa3pabdoTka
COOTBETCTBYIOIIMX TEXHOJIOTHYECKUX MHCTPYKIIHIA;
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2) BbIOOpP cO0COOOB COOPKU €MUHON KOHCTPYKIUH pakeThl win KA
U3 3apaHee MPOM3BEICHHBIX AeTaleil M pa3paboTKa COOTBETCTBYIOLIHMX
TEXHOJOTUUECKUX MHCTPYKIIMIL.

4.2 Cnioco0blI co3aanmd aerajiei

OcHogeHble cnOCOObL CO30anUs 3A20M 060K Oemalieli

[Ipu mpounsBoxacTBe AeTaeil KOHCTPYKIMH MOXKHO BBIACTHUTDH CJe-
OyIOUIMEe OCHOBHBIE OTambl paboT: a) CO3JaHue 3arOTOBKH M3
KOHCTPYKITMOHHOTO Matepraia; 0) oOpaboTka 3arOTOBKH C HEJbI0 TIOY-
YEeHHUS TOTOBOM JIETATH KOHCTPYKITUH.

B Hacrosimee BpeMst Ipu MPOU3BOJICTBE PAKET HCIIOIB3YIOTCS Cie-
JYIOIIME OCHOBHBIC KOHCTPYKIIHOHHBIC MaTepHAJbl: 8) METaJTbI (YepHBIC
Y [BETHBIC); 0) KOMIIO3UTHBIE U TOJIMMEPHBIE MaTepHallbl (TLIACTMACCHI,
YIJIETUTACTHKY U T.11.).

3aroTOBKH M3 MeTaijia CO3/aloTCs B METAJUTypTUYEeCKUX eXax 3a-
BOJIa WUIM Ha OTIEITHHOM METAILTYPTHYECKOM IPOU3BOJICTBE. Y Ka3aHHBIE
3arOTOBKH MOT'YT MIPOM3BOJUTHCS B hopme:

a) CTaHIApTHBIX OpycKoB (cM. puc. 4.1a);

0) craHIapTHBIX JIUCTOB (CM. puc. 4.16);

B) CTaHAapTHBIX mpoduieii (cM. puc. 4.16);

I') YHUKaIBHBIX JTUTHIX (OpM (CreUalbHBIX 3arOTOBOK JUIS KOH-
KPETHOH JeTaiu, cM. puc. 4.12).

0)

Puc. 4.1. Bo3amoxHbIe ()OPMBI 3arOTOBOK:
a— CTaHAapTHBIC OpYCKH; 6 — CTaHAAPTHBIC JIUCTHI; B — CTAHIAPTHBIE GOPMBI;
I — YHUKaJbHBIE JIUThIE HOPMBI
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Ocnoenule cnocoowl 00padomkKu 3a20mo8oK oemaeil

CrenyronpM 3TaroM Mociie MOTYYEeHUs] 3ar0TOBKH SIBIISIeTCsl 00pa-
0oTka c 1enplo momydeHHs Tpebyemoi apetamn. OCHOBHBIE CITOCOOBI
00pabOoTKN METAIUIMYECKUX 3ar0TOBOK MPUBENIEHBI Ha puc. 4.2.

| Croco0st 60padomxu MEemAINIECKUX 340N 080K |

|
I I I

Mexanuveckan edpadomsa | | Tepmuueckan odpadonixa | | Xumuueckan oopacomra
| T T
| Qédpadomra pesariem | | Ilnacmuveckan depopmanua |
Cegep.ieHue omeepcniil 6 _|lllmamwei{a U3 34COMOGKU |

| |3dcontoére

_|K03Ka 3A20NO0BKY |

Ppeseposariie nosepxrHocmell
| |3acomosru

_IHpeccoeaHuemzomoeKu |

LITaugposariie nogepxHochieil

—|3acomoexu —..o. W OP.

Puc. 4.2. Cioco6s1 00paboTKH 3arOTOBOK JeTaleld U3 MeTalia

Cpenu MHOXKECTBAa pa3iIMYHBIX CHOCOOOB 00paOOTKM MeTayuinde-
CKHUX 3arOTOBOK PacCMOTPHUM HanOoJIee 4acTo BCTPEUAIOLIHECS.

Csepaenue

Ilpuem cBepseHUs OTBEPCTHH HCIONB3YETCS MPU CO3AAHUU BHYT-
PEHHUX OTBEPCTHUH B METAUIMUECKOW 3aroToBKE Oymylied AeTand, NpH
9TOM HCHOJB3YETCS PA3ITUIHOE CBEPIIMIIbHOE 000pyI0BaHUE (BEPTUKAIb-
HO-CBEPJIMJIBHBIN CTAHOK, TOPU30HTAIEHO-CBEPIIMIIBHBIA CTAHOK U T.I1.).

®@peszeposanue

[puem dpesepoBanus MOBEPXHOCTEH UCIOIB3YETCS P CO3JIAHUN
wim 00paboTKe CIOKHBIX BBIPE30B B 3aroToBKe Oymymiei peramu. Oco-
OCHHOCTBIO Iporecca (pe3epoBaHUsl SBISIETCS TO, YTO PEXYIIUH
MHCTpYMEHT (¢pe3a) coBepiuaeT ObICTpOEe BpallaTeNbHOE JBUKEHHUE, a
obpabaTrpiBacMasi 3aroTOBKAa IIOCTYMATEIBLHO MBIKETCS OTHOCHTEIHLHO
¢dpe3bl. CooTBETCTBEHHO (hpe3epoBaHKE OCYIIECTBISETCS Ha CIIeUAIb-
HOM (pe3epHOM 000pyaoBaHuH (cM. puc. 4.3).

69



Puc. 4.3. Tlpuem ¢pesepoBaHus METAITHYECKUX 3aTOTOBOK

Llnugosanue

[Ipuemsb! munpoBaHUS UCHONB3YIOTCS AJS MPUOAHUS TpeOyeMoro
YPOBHS ILIEPOXOBATOCTU MOBEPXHOCTSIM CO3[aBAaEMON METaJIIMYECKON
netanu. LlnudoBaHue oCyecTBIAETCS C MOMOIIBIO PA3IMYHBIX MUTH(O-
BaJIbHBIX CTAaHKOB WJIM BPYYHYIO.

Ompe3saHnue

[Ipu co3manum 3aroTOBOK W3 JIMCTOBBIX U OPYCKOBBIX METaJIMYe-
CKMX MaTepualioB TakXKe HCIONB3YIOTCS  Pa3lUYHBIE  OTPE3HBIC
HMHCTPYMEHTBI, K IPUMEPY, HO>KHHUIIBI 110 METAJLTY.

Hlmamnoexa

[IpreM mITAMIOBKH UCIIONB3YETCs, K IPUMEPY, NIPU CO3JIaHHUU Je-
Tanedl O0bEeMHOH (QOpPMBI M3 JIMCTOBBIX IUIOCKHX METATHYECKHX
3aroToBoK (cM. puc. 4.4a). Cam mporecc ITaMIOBKH OCYILECTBISICTCS Ha
HITAMITIOBOYHBIX Tpeccax (cM. puc. 4.40).

a)
Puc. 4.4. [Ipouiecc MWITaMITOBKH:
a — [ITAMIIOBAHHAsI JIETallb; O — ITAMIIOBOYHBI TIpecc
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CrnemyeT OTMETUTh, YTO JIJIS 3arOTOBOK M3 MOJIMMEPOB U KOMITO3H-
[MUOHHBIX MaTEPHAIIOB TAKXKE MCIOJb3yeTCs OOMBIMUHCTBO M3 OMUCAHHBIX
BBIIIIE TpHUEMOB 00padoTku. Takke mepBUUHYIO (OPMY 3arOTOBKH U3 TIO-
JUMEPOB M KOMITO3UTOB, KaK MPABUJIO, TIOIYYArOT CIIOCOOOM JIUTHS.

4.3 Cnnoco0bl cOOpKH

Jns coenuneHust neTanieil KOHCTPYKUMHU pakeTsl nin KA ucmonb-
3yeTcss MHOXKECTBO PAa3IUYHBIX CHOCOOOB, CPEAH KOTOPHIX MOYKHO
OTMETHTB!

1) 6osiTOBOE COCIMHEHME eTaNICii KOHCTPYKITUH;

2) KJICTIaHHOE COCTMHEHUE JITANICi KOHCTPYKIINH;

3) KJIeeBOe COeTMHEHUE JIeTallel KOHCTPYKIIHH;

4) cBapHOE COCAMHEHHE JIeTaleil KOHCTPYKIIUH;

5) masHHOE COCIMHEHUE IETANICH KOHCTPYKIIHH.

Bonmosoe coeounenue npuMeHsieTCs B ciIydae, eclii Tpedyercs co-
3maHue pasompaemMblXx (MOHTHPYEMBIX M JIEMOHTHPYEMBIX) VY3JIOB
koHCcTpykimu KA mimu PH. K mpumepy, kpernenne orcekoB KA apyr k
JPYTy OCYIIECTBIISIETCSI C IOMOIIBIO OOJITOBOTO COEAMHEHNs, Tak Kak KA
NEepUOJUUYECKH COOMpaeTcsl U pa3dupaeTcst Ha OTCEKH Ha dTarax HCIbITa-
HHUH ¥ TPAHCIIOPTUPOBKH €r0 Ha KOCMOAPOM.

Knenannoe coedunenue siBNsieTcss HEPa3beMHBIM COCAMHEHHEM H
XOpOIIO OTPabOTaHHBIM TEXHOJIOTMUYECKUM IPOLECCOM C AaBHUMH Tpa-
munusmu. Kienka mo3BoJsieT coeluHATh MEXAy COO0OH TOHKOCTEHHBIE
JIeTajH, U3rOTOBJICHHBIE U3 JIIOOBIX METAUIMYECKHX M HEKOTOPHIX HEMe-
TAJUTMYECKUX MaTepuaiio (cM. puc. 4.5).

A-A .
o
AN TN TINNNNY
A, /\U/ . /A 74

D

o T,

+ +
_*‘

Puc. 4.5. Wutioctpanust Kienanoro coequuenust [1]
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Kneesoe coeounenue — 3T0 HEpa3beMHOE COEAMHEHUE, KOTOPOE
OCYILECTBISIETCSL. C IMOMOILIbI0 Kiesd. KiieeBoe coennHeHne MO3BOJSAET
CKPEIUJIATh Pa3luyHbIe, B TOM YHMCIIE U Pa3HOPOAHbIE MaTepHuasl, obecie-
4yKMBas paBHOMEPHOE paclpejaeieHue HanpsbkeHuil. JlaHHoe coenuHeHue
UCIIOJIB3YIOT NP M3TOTOBJICHUH W3JENUIl U3 CTalH, alllOMUHMSA, JIaTyHH,
TEKCTOJINTA, CTEKJIA, (haHephl, APEBECUHBI, TKAHH, MJIACTMACChI, PE3UHBI U
Jp. MaTepHajoB, KOTOPbIE MOXHO COEAMHATH B Pa3IMYHBIX COUETAHUSX.
Yare Bcero ¢ moMOIIBIO KJIesl BBITONHSIOT COeANHEHHS, padoTaromye Ha
CABWI WJIM PaBHOMEPHBIN OTPBIB. Takue cOeIUHEHUs Ul CTAJIBHBIX H3]1e-
Ui 00ecreunBaroT mpeaes npoyHoctd Ha caBur 20..35 Mlla, a B psme
CIlydyaeB 3HAYUTENHbHO BhIme. [IpOYHOCTH KIEEHOro INBa IJIACTMACC
0OBIYHO MPEBBILIAET NPOYHOCTH caMoro Matepuana. Hegocratkamu kiee-
BOI'0 COEIMHEHHs ABJIIFOTCS MX MEHbLIAsA JOJTOBEYHOCThH, HAPUMED, I10
CPaBHEHHIO CO CBAPHBIMH M 3aKJIEMOYHBIMHU, U HU3KAasl IPOYHOCTH Ha OJI-
HOCTOPOHHMI HEPABHOMEPHBIN OTPHIB.

Ceapnoe coedunenue oOecTIeUMBAaET HAWIYUIIYI0 Iepefady
Harpy3kd. Ero mpoyHocTs, IpuHUMaeMasi B IPOYHOCTHOM pacueTe, J0XO0-
muT 1o 90 % oT mpoyHOCTH OCHOBHOTrO Martepuana. Ilpu mpumenenun
ABTOMAaTHYECKOIN CBAapKH M HAIMYMU HAJEKHBIX CPEACTB KOHTPOJIS Kaue-
CTBa CBapHBIC COCIMHEHHUS O0ECHEYMBAIOT BBICOKYID T'€PMETHYHOCTD
koprycoB. CBapHoe coeauHeHre Hanbomnee 3pPekTUBHO ¢ TOUKH 3peHHS
MOJTY4YEHUS] KOHCTPYKLMH HAaUMEHBIIEH MaccChl.

Ilasnnoe coedunenue — 3T0 COCIUHEHHE, B KOTOPOM MeTaJlIMye-
CKHE JIeTald CBApUBAIOTCS MEXIy COO0OW C MOMOIIBIO JIETKOILIABHOTO
METAJNTMYECKOTO COEAUHUTENSI (Me/b, 0OJIOBO, cepedpo, 30J0TO, CBHHEI).

4.4 TlonsaTne «xk03(QPUUMEHT UCIOJIH30BAHUS MATEPHAJIA»

Ecnu nipu penieHnn 3ajauv KOHCTPYUPOBAHUS ONPENEISIOTCS KOH-
CTPYKIIMOHHBIA MaTepuain, (GopMa W IUIOMAAM IIONEPEYHBIX CEYCHUI
Oynymieit eranu, NCXo/s 3 TPeOOBAHMH 10 COOIIIOICHHIO TIPOYHOCTH, TO
3a7a4a pa3pabOTKM TEXHOJIOTMYECKOro IIpolecca CO3JaHus M COOpKH
KOHCTPYKLIMHM PAKEThl PEIIaeTCcs M3 COOOpaKEHUH COKpalleHHs 3aTpaT
pecypcoB (MaTepuanoB, BpEMEHH CO3JaHus U COOPKH, CTOMMOCTH U T.II.)
TIPY TIPOU3BOJICTBE.

K npumepy, oqHUM U3 MHOXKECTBA BaXKHBIX IIaPAMETPOB, YUUTHIBA-
eMBIX IpU pa3paboTKe TEXHOJIOTHYECKOro MpoLecca CO3MaHus eTajel u
CcOOPKH KOHCTPYKIHMOHHBIX Y3JIOB, sIBJIsIeTCS KO3()(UIMEHT MCIONb30Ba-
HUS ~ MaTtepuana  (TmoJie3HOro  Hcronb3oBaHus).  KoadduumeHt
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WCTIOJB30BaHMs MaTepraia yKa3blBaeT Ha TO, CKOJIILKO MaTepHala pacxo-
JIyeTcsl TT0 HAa3HAYCHHIO, U CKOJIBKO IMpeBpamaectcsi B 0TXo (K IpuMepy,
MIPH Pe3aHUU YXOOHT B CTPYXkKy). KoaddumueHnr ucnonpzoBanns mare-
pHyaia MOKHO OTIPEACITUTh U3 BRIPAKCHUSI:

m
kI(HM = oo ) (4-1)

rae m — Macca nonqu/IBLueﬁc;I aerand, M — Macca 3aroToBKH M3

oem 3azom
KOTOPOI IPOU3BE/ICHA JICTANIb.

CoOTBETCTBEHHO, TEXHOJIOTMYECKUI MPOIIECC MPOU3BOACTBA JIeTa-
neit Oynet agdexTuBHee, eciu Kod(h(UITUEHT UCTIOIB30BaHUS MaTepHrala

Oynet ctpemutbest K equnune ( Ky, —1). 1 Ha MamMHOCTPOUTEIBHBIX

3aBOJIaX TEXHOJOTHM CTPEMSTCS ONTUMH3HMPOBATh IPOLECC MPOU3BOICTBA
TaKUM 00pa3oM, 4TOOBI CHU3UTH KOJIMYECTBO OTXOJ0B KOHCTPYKIIMOHHBIX
MAaTepHAJIOB, T.C. yBEIUYHUTD Ky, -

PaccmoTpum mpuMep pacdera kod(h(GUIIMEHTa HCIIONB30BaHUS Ma-
Tepuana.

IMpumep 6.

Tpebyercs co3aats aetans (cM. puc. 4.6a) 11 3aKperuIeHUs] IBYX
JPYTUX JeTaled B pa3IMYHbIX MIIOCKOCTAX (KJIacC TaKHX JIeTallei Ha3bIBa-
eTcs KpoHIITeWHamu). JleTanhb HMEEeT CIeIyrole TeoMETPHUICeCKIe
pasmepel: mmHa A=5cm; mmpuna B=3cm; amamerp orBepcTHit

D =0,8cmM; Tonmmuna netanu O =2 MM. [l co3aaHus IeTalld B HATMUUN
UMEETCs JIMCTOBAst 3aroToBKa (CM. puc. 4.60) ¢ reoOMeTpUIECKUMH pa3Me-
pamu C=11cm, E =4 cm u TonmumHol & =2 MM.

Puc. 4.6. [Ipumep pacuera ko3P PHUIIEHTA UCTIOIF30BAHNS MaTepHaa;
a— JeTaib; O — 3aroTOBKA JIeTaln
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Tpebyercst paccuntarh KO3(pGUIUEHT HWCIOIL30BaHUS MaTepuaja
NpY CO3JJaHUU pacCMaTpUBAEMOM AeTalu.

Pemenue:

TexHOIOTHYEeCKH PoIIecC MPON3BOICTBA ATl OyAeT BKIOYaTh
creayromuye paboTh:

1) Bripe3 U3 mepBOHAYAIBHOM JINCTOBOM 3arOTOBKH C pa3MepaMu
C x E mpomexxyTouHoi 3aroToBKH pazmepamu 2Ax B .

2) CBepiieHHe IBYX OTBEpCTHi auameTpoM D B mpomexyTodHO#M
JIMCTOBOM 3aroToBKe ¢ pazmepamu 2AxB.

3) Crubanue MpOMEKyTOYHOHW JHMCTOBOW 3arOTOBKH C MOMOIIBIO
MIPECCOBOTO 000PYIOBAHUS U MTOTyYeHHE NCKOMOW AETaH.

PaccunTtaem k03¢ UIMEHT NCTIONB30BaHKS MaTepHaia o popmyie
(4.2).

B manHOM ciyyae macca 3arOTOBKHM JeTald OyJeT pacCUUTHIBATHCS
CIEIYIOIINM 00pa3oM:

m -:C-E-o

3azom = pxaeom .VSHZU”‘I = p3agom 3azom*

Macca nmeranu 6yaeT onpenensaThes ClIeIyIIUM 00pa3oM:

7-D?
My em :pdem.vdem :p()em.51)6m 12-A- B_ZT

YYUTBIBAS TO, YTO L2, ,.0m = Poem + O. 1)

3azom — “Yoem?

ompezaensieM Kodh-
(UIMEHT UCTIONIF30BaHMS MaTepHaa:

2 2
p0en1~5m,m-[2~A-B—2~”4D j [2.A.B—2-”4D J
- = 0,66 -

paaeonfC'E'é‘ - C-E

3azom

4.5 TIpuMep TeXHOJOTHYECKOT0 MPoIecca MPOnu3B0oACTBA TOIINBHOTO
0aka pakeTbl

PaccMOTpUM YKpYIHEHHBIN TEXHOJIOTHUECKUI MPOIecC MPOU3BO/I-
CTBa Ha MPHUMEPE MOJEIH TOIIMBHOTO 0aka pakeThl U3 TPEThEH TIIaBbI
mocobus (cm. puc. 4.7).

I - Bepxnee onuye 6aka;

2 - BepxHuil cunosoil coeouHImensHulll Wnancoym;
3 - Obeuatixu 6axa;

4 - HudicHuil cunogoil coeouHumenbHulil Wnaueoym;
35 - Huocnee onunge oaka.

Puc. 4.7. Mozenb TOITMBHOTO Oaka pakeThl
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Jns ynporueHus Oy/ieM CYMTaTh, 4TO B KOHCTPYKIIHIO Oaka He BXO-
JST HIDKHAH W BEPXHUI CHIJIOBBIC HINAHTOYTH, a CEepUUeCKHe JHUIIA
Oaka TIpPUBAapUBAIOTCS K MIIMHIPHYECKON dacTH. Toraa TOIIMBHBINA Oak
coOupaercs CICAYIONUM 00pa3oM:

1. VI3 AUCTOBBIX 3ar0TOBOK C MOMOIIBIO BAIBIIOBKU CO3JAIOTCS Je-
TalM, KOTOpHIe HA3BIBAIOTCSA (parMeHTOM o00edaeK IMIHHIPHIECKOM
yactu 6aka (cm. puc. 4.8a).

/ 4 O6eyaiika cihpepuyeckozo
‘/V /j OHuwa
[ L ‘

6)

Puc. 4.8. OGeuaiiky UIMHAPUIECKOH YacTh Oaka:
a — npumep GopMUpOBaHUs 00edYaiiki OOKOBOH CTEHKH; O — ()OpMHUPOBaHUE THHILA

2. 3 ¢parMeHTOB 0oOevaeK IMUIMHIPHYECKON JacTn O0aka (opmu-
pYIOTCS 00€UaiiKy IIITHHAPHYECKOMN YacTh (KOJbIA).

3. 13 obeuaex NUIMHAPHYECKON YaCTH C MOMOIIBIO CBApHBIX CO-
earHeHUH (QopMupyeTcs LWIMHApPHYEcKass dacTh Oaka (cM. puc. 4.7,
no3uuus 3).

4. V3 nUCTOBBIX 3arOTOBOK CO3JAIOTCS JIETall, KOTOpPbIE Ha3bIBa-
foTcs pparmentamu cheprudeckux AHUI 0aka (cM. puc. 4.86).

5. U3 ¢pparmenToB obevaek chepruuecKux JHULI C TOMOIIbIO CBap-
HOT'O COeIMHEHUsT (POPMHUPYIOTCS JHUIIA TOIUTMBHOTO OaKa.

6. Cepuueckrie THUINA TPUBAPUBAIOTCS K IUIHMHIPUYCCKON YaCTH
TOIIMBHOTO Oaka.
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5 OPTAHM3ALIUA UHOPACTPYKTYPHBI JJIAA CO3JIAHUA
N IKCILIYATALHUU PAKET KOCMHUYECKOI'O HASBHAYEHUSA

5.1 KoMmnanum-pa3padoTyuku pakeT KOCMHYECKOTr0 Ha3HAYEHUS

Hnocmpanusie KOMRAHuU-paspadomuyuKu paKem-nocumeineil

B Hacrosimee BpeMs B MHpeE CyLIECTBYET MHOXKECTBO KOMIIAHMH,
KOTOpbIE 3aHUMAIOTCSl CO3JaHUEM pakeT-HocuTenel. JlaHHble KOMIIaHWH,
KaK IPaBUJIO, OTHOCATCS] K OTAENbHON CTpaHE U OCHOBHYIO JOJIIO (PHHAH-
CHPOBaHUS MOIy4alOT OT rocynapctBa. CoOCTBEHHbIE paKETHO-
KOCMHUYECKHE MOpOrpaMMbl UMEIOT Takue cTpasbl, kKak Poccus; CLIA;
KHP; SAnonus; Unnus; Uspanns; Upan; KHIP.

CyLIecTBYIOT U MEKAYHAPOJHbBIE KOOTIEPALIH, KOTOPhIE BKIIOUAIOT
B CBOH cOCTaB ()MPMBI U3 Pa3HBIX CTPaH, TO €CTh UMEIOT (PMHAHCUPOBAHUE
OT HECKOJBKUX rocyaapcts. [IpumepoM Takoil koonepauuu sipisiercs: EB-
poreiickoe KOCMMYECKOE areHTCTBO, OFOKET KOTOPOro GopMuUpyeTcs: u3
(buHAHCHPOBAaHUS OT ABaALATH OJHOI'O rOCyIapCTBa.

Taxoke B HacTosillee BpeMs Ha PHIHOK BBIIUIM YaCTHbBIE PAKETHO-
KOCMHUYECKHE KOMIaHUHU, KOTOPBIE YIPABJISIOTCS OTACIbHBIMU COOCTBEH-
HUKamMu 0e3 ydacTusa rocynapctsa. lIpumepom sBisieTcss amepuKaHCKas
KOMITaHUsT SPaceX, KoTopas 3aHUMaeTcsl pa3paboTKOM TakMX pakeT, Kak
Falcon 1 u Falcon 9.

B Tabn. 5.1 npuBeneHbl OCHOBHBIE MHOCTPaHHBIE KOMIAHUU- pa3-
pabOTUYHMKH paKerT.

Tabmuma 5.1. OCHOBHBIE HHOCTPaHHBIE KOMITAHUH-Pa3pabOTUNKN paKeT-HOCUTEIEH

HaumenoBanue Co3gaBaemble
KOMIIAHHUIi-pa3padoTYNKOB PAKeThI-HOCHTEIH
CIIOA Boeing Paketsi-HOCHTEMM cepun
«/lenbray, pakeTbl-HOCUTEIH
cepun «CatypH V»
Lockheed Martin PakeTsl cepun «ATnacy;
paketsl cepun «Tutan»
Orbital ATK PakeTbI-HOCHTENN CEpUM
«MuHOTaBp»

IIpunanjexHocTh
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Iponomxenue tabm. 5.1

KHP China Aerospace Science  |PakeTbi-HOCHTENH CEpUU

and Technology Corporation [«YHauuxsH»

Snonns Mitsubishi Heavy Industries |PakeTtsi-HOCHTEnH Cepuu
«H»; pakeTbI-HOCUTENH Ce-
pun «Mmo»

Wnons Wunuiickas opranuszaius PaxeTsI-HOCHTENN CepHit

KocMuYeckux ucciemoBanmii|«ASLVy», «GSLV» u
«PSLV»

Wzpamns Koomepanus Israel Aero-  |Pakera-aocurens «IllaBut»

space Industries u Rafael

Hpan Hpanckoe kocMuyeckoe PaxeTsI-HOCHTENN cepun

areHTCTBO «Cacdup»

KHIP - PaxeTsI-HOCHTENN cepUH
«bluxa-3»

EBporetickoe xoc- |Airbus Group PakeTBI-HOCHTEH CEPUH

MHYECKOE «Apuan»

areHTCTBO (Medrc-

OYHapoOHast

opeanuzayus)

YactHas amepu-  |SpaceX Paketsi-Hocutenu «Falcon-

KaHCKas KOMIIaHUA

1», «Falcon-9»

Puc. 5.1. Ilpumeps! BHENTHET0 00JIMKAa HHOCTPAHHBIX PaKeT-HOCHTEIEH:
a— PH Jlenpra-4, CLIA; 6 — PH Yanwkan 2F, KHP; B — PH Apuan-5, EKA
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Poccuiickue Komnanuu-papadomuuKku pakem-nocumereil

B Poccuu B Hacrosimee BpeMs JUisl JOCTaBKU IOJIE3HOTO Tpy3a Ha
OKOJIO3EMHYIO OpOMTY HCHOJB3YIOTCSI PaKEThI-HOCUTENIHM [BYX OTede-
CTBEHHBIX KOMIIAHUH-Pa3pab0TUYNKOB:

1) AxmmonepHoe o6mecTBo «PakerHo-kocmuueckuit meHTp «IIpo-
rpece» (AO «PKL «IIporpecey, r. Camapa);

2) depepanbHOE TOCYIapPCTBEHHOE YHUTapHOE npennpusitue «'oc-
YIApPCTBEHHBIH KOCMHYECKUH Hay4YHO-POM3BOACTBEHHBIN LIEHTP UMEHHU
M.B. Xpyanuesay (I'KHIIL umenn M.B. XpyanueBa, r. MockBa).

AO "PaxerHo-kocmmueckuii meHTp «I[Iporpeccy cnenumanuznpyercs
Ha pa3paboTke W MPOM3BOACTBE pakeT-HocuTenel cepun «Cor3», KOTO-
pbl€ BBIBOASAT HAa OKOJIO3EMHYIO OPOUTY aBTOMAaTU4ECKHE KOCMUYECKUE
anmapartbl pa3IMuHOTO HA3HAYCHHS U MWIOTHPYEMblE KOCMHYECKHE KO-
pabnu cepun «Coro3».

I'KHIILL umenn M.B. XpyHuueBa crieruaau3upyeTcs Ha pa3paboT-
K€ M NPOU3BOACTBE pakeT-Hocutened cepuil «lIpoTton» u «AHrapay,
KOTOpBIE UCIIOIB3YIOTCS JIJIs TOCTABKHU MOJIE3HOTO I'py3a Ha BBICOKHE OKO-
J03eMHBbIe OpOUTHl W BBIBEACHUS MOJYJIEH sl MEXIyHapOJHOH
KOCMHUYECKOHN CTaHIUM.

Puc. 5.2. [Tpumeps! BHEIIIHETO 001MKa pakeT-HOCUTeel Poccun:
a — PH [Ipoton-M; 6 — PH Anrapa-5; 8 — PH Coro3-Y; T — PH Coro3-2.1a

OCHOBOIIOJIO’)KHUKOM CO3/IaHHS PaKeT-HOCUTENEeH Oblila KOMITaHus,
KOTOpasi B HACTOAIIee BpeMsi HOCUT Ha3BaHue [lyOmuvHOEe aKkIMOHEpHOE
obmrecTBo  «PakeTHO-KOCMHUecKast Kopriopamnus «JHEprus» HMEHH
C.II. Koponésa» (PKK «Dueprus», oCHOBHOE MPOH3BOJCTBO KOTOPOM
pacnonoxeHo B r. Kopon€se MockoBckoit obmactu). Yka3aHHas KOMIIa-
HUs pa3paboTaja Takue pakeThl-HOCUTENH, Kak «P7», «H-1», « Dueprusy».
B nactosmee Bpemst PKK «DHeprus» He MPOU3BOANUT PaKEeThI-HOCUTEIIH.
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Puc. 5.3. Pakersi-Hocuteny, co3nannsle PKK «Oueprus um. C.I1. Koponésa»:
a — bammcruueckas pakera P7; 6 — PH H-1; B — PH Dueprus-bypan
5.2 CTpyKTypa paKkeTHO-KOCMHY€eCKOro LeHTpa

Tlo3HakoMUMCS ¢ OCHOBHBIMH BUJAMM CTPYKTYPHBIX MOApA3JEie-
HUM, BXOJSIIKX B COCTaB PAKETHO-KOCMHUYECKOTO LIEHTpa.

PaKeTHO-KOCMUUECKUI ueHTp

KOHCTpYyKTOpPCKOE PakeTHO- UcnbiTaTenbHbIit dununanbl Ha
6topo KOCMMUYECKUIA LEHTp KOCMOApOomMax
3aBop,

BcnomoraTtenbHble nogpasgeneHna

Puc. 5.4. OcHoBHBIE CTPYKTYPHBIC IOAPA3ACICHUSA PAKCTHO-KOCMHUYECKOTO [IEHTPa

Koncmpyxkmopckoe 610po — 3T0 CTpYKTYpHOE TO/Ipa3jieieHue, Tie
OCYIIECTBISETCS pa3pab0TKa HOBBIX PaKET-HOCHTEJICH. HAUYUHAS C TAIlOB
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PpaHHEro NPOEKTUPOBaHMS, KOHCTPYUPOBAHHS U 3aKaHYMBasi TOATOTOBKON
TEXHOJIOTHYECKOTO 00ECTIeYEeHHS ISl 3aBOJIA.

Paxemmno-xocmuyeckuii 3a600 — 3TO CTPYKTypHOE IOJpa3/ielieH e,
I/Ie OCYIECTBISIETCS] HETIOCPECTBEHHOE IPOU3BOACTBO PAKETHI-HOCUTENS
(TIpOM3BOICTBO AIIEMEHTOB KOHCTPYKIHH, cOOpKa pakeTsl). B mexax pa-
KEeTHO-KOCMHYECKOT0 3aBoja paldoTaeT TEpCOHAI C  Ppa3uYHBIMH
CPEIHETEXHUUECKUMHU CHENUANbHOCTAME (Clecapy, CBapIIUKH, KIENalb-
VKK, TEXHUKH U JIp.).

HcnvimamenvHulii yenmp — 3T0 CTPYKTYPHOE TIOpa3eiIeHue, B KO-
TOPOM OCYIIECTBIISIOTCS UCTIBITAHUS y3II0B, arperaros,
KOHCTPYKIMOHHBIX 3JI€MEHTOB PAaKETHI-HOCUTENS B MpOLEcce MPOU3BO/I-
CTBa.

Dunuansl pakemHo-KOCMULECKO20 YeHMpAa HaA KOCMOOPOMAX — ITO
CTPYKTYpHBIE MOApPa3AE/IEHUs], PACIOJI0KEHHBIE PSIIOM CO CTaPTOBBIMU
IIomaakaMu. B JaHHBIX MMOAPAa3ACJICHUAX OCYIICCTBIACTCA IMOATIOTOBKA
paKeTBI-HOCUTEIS K MyCKy (MCTBITaHus, COOpKa U T.1II.)

Bcnomoeamenvhvle noopasoenenus — MpeHa3HAYEHbI I oOectie-
YeHUS  YCIOBUH  (YHKIMOHUPOBAHUS  OCHOBHBIX  CTPYKTYpPHBIX
HOApa3IeNIeHNl PAaKeTHO-KOCMHYECKOT0 HEHTpa (K TpHMEpY, CITyKOBI
cHaOKeHUsI, TTO’KapHas CiIyk0a u T.11.).

5.3 Kocmoapomsi

Ilo oOKOHYaHMM TPOM3BOJACTBEHHOI'O LHUKJIA PpPaKeTa-HOCUTEIb
TPAHCTIOPTUPYETCS Ha CIIEMUATBHYIO TEPPUTOPHIO, YIAJICHHYIO OT T'yCTO-
HACEJIEHHBIX PAWOHOB, I OCYLIECTBIEHMS 3allyCKa. YKa3aHHYIO
TEPPUTOPHIO HAZBIBAIOT KOCMOOPOM.

Jns ocymiecTBieHHs 3ayCKOB pPaKeT-HOCHUTENEeH Ha KOCMOAPOMax
pacroaraloTcs CIeAyIOIIe COOPYKEHHS:

1) crapToBBIE CTONBI (COOpPYKEHMS, NpeAHA3HAUYEHHbIE JUII yCTa-
HOBKHM PpAaKeTBI-HOCUTENS B CTapTOBOE IIOJIOKEHHE, IPOBEICHUS
MOATOTOBUTEILHBIX IIPEICTAPTOBBIX PabOT M 3aITyCKa);

2) MOHTa)KHO-HMCIIBITATEIbHbIE KOMILIEKCHI (COOPYKEHHS, B KOTO-
pble JIOCTaBIISIETCSI PaKeTa-HOCHUTENb C 3aBoja B Pa3o0OpaHHOM WU
YaCTHYHO-Pa300paHHOM COCTOSIHWH, MPOW3BOSTCS HCTBITAHHUS BCEX CH-
CTEM paKeThl, OCYIIECTBISIETCA COOpPKa C TOCIEIYIOIUM BBIBO3OM K
CTapTOBOMY CTOJY);

3) 3aBofpI 1O MPOU3BOJACTBY TOIUIMBA JJIsl PAKET-HOCUTENEH (KU
KM€ KOMIIOHEHTHl TOIUTMBA JUIS PAaKETbI-HOCHUTENS, KakK IMPaBHIIO,
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SIBJISFOTCS. KPUOTCHHBIMH BEIIECTBAMU, MPOU3BOJIUTH KOTOpBIC YAOOHEE
HETNIOCPEICTBEHHO Ha TEPPUTOPUH KOCMOIPOMOB);

4) MHXXEHEpHBIE COOPYKEHUS I COMPOBOXKACHHS MTOIETA PAKETHI-
HOCHUTENsI (M3MEPEHUSI TAPaMETPOB JIBHIKCHUSI, COCTOSTHUSI OOPTOBBIX CH-

CTEM H T.IL.).

Kocmoopomet 0na 3anycka unocmpanuplx paxkem
B Tabn. 5.2 nmpuBeneHsl cCBeieHUs 0 HanboJiee W3BECTHBIX KOCMO-
JIpOMax JJIsi MHOCTPAHHBIX paKkeT-HOCUTETCH.

Tabmuma 5.2. HanGonee u3BeCTHBIC KOCMOJIPOMEI IS 3aITyCKa
WHOCTPAHHBIX PaKeT-HOCUTEICH

HasBanmue
KOCMOJIpOMa

I'eorpaguyeckoe
MeCTOIO0/I0KeHHe

3anyckaemble
(3anmyckaBuimecst)
PaKeThI-HOCUTEIHN

Msic Kanasepan

CIA, ®nopuna

Cepus «ABaHrapn»; cepust
«Artnacy; cepus «Tutany;
cepus «CatypH»

baza Bannentepr

CHIA, KanmudopHuus

Cepus «CueticlllaTny» (mu-
JIOTUPYEMBIe MYCKHU); Cepus
«JlenpTa»; cepust «Atmacy,
cepusa «MHUHOTaBpY;
«DankoH-9»

rén-Ilykro

Kypy Opaniysckas 'Buana (ne- |Cepust «Apuan»; cepus
naprameHT OpaHuumn Ha «Coro3»
ceBepo-BocToke HOxHoi
Amepukn)
3roroans KHP, npounnus arbcy  |Cepust «HaHux3H» (TIHIT0-
THPYEMBbIE ITyCKH)
Cuuan KHP, npounuus Ceiuyans |Pakera-Hocurens «Yan-
WKIH-3)
YTunoypa Snonus, ocrpos Krocto Cepus «Mio»; cepus
«JIlamOa»
Tansracuma Snonus, ocrpos Tansra-  |Cepus «H»
cuMa
puxapukora Wunust, octpos tlpuxapu- |Cepun «ASLV», «GSLV»
KOTa u «PSLV»
Tonxs KHAP, npoBuniust Xam- |Cepust «blaxa-3»

Ha puc. 5.5 nmpuBeneHbl WIUTIOCTPALMK MOHTaKHO-HCIIBITATEIbHBIX
COOPYKEHUH NHOCTPAaHHBIX KOCMOAPOMOB.
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Puc. 5.5. [Ipumepsl MOHTaKHO-UCIIBITATEIBHBIX COOPYXEHUH HHOCTPAaHHBIX
kocMmopoMoB: a — Meic Kanagsepain, CIIIA; 6 —YTunHOypa, Snonus

Ha puc. 5.6 npuBeaeHs! WINTFOCTPALIUU CTAPTOBBIX CTOJIOB ISl HHO-
CTPaHHBIX paKkeT-HOCUTEeNeH.

Puc. 5.6. Ilpumeps! cTapTOBBIX CTOJIOB JUI HHOCTPAHHBIX PAKeT-HOCUTENEH:
a— basza Baunen6epr, CILIA, craproBsriii cron nox PH Falcon-9;
6 — Kypy, ®panmysckas ['Buana, craprosstii cron mog PH Apnan-5

82



Kocmoopomet ona 3anycka poccuiickux pakem

B HacTosiiee BpeMsi pOCCHIICKHE PaKEThI 3allyCKAOTCS C YETBIPEX
KocMOIpoMOB. B Tabm. 5.3 mpuBeneHb OCHOBHBIE CBelleHUs 00 yKa3aH-
HBIX KOCMOJAPOMaX.

Tab6muua 5.3. KocMoapoMBl [UIst 3aIycKa pOCCHHCKHUX pakKeT

HaszBanue I'eorpaguyeckoe 3anmyckaemble
KOCMO/poMa MeCTOIO0JI0KeHH e (3anmyckaBuIMecst)
PaKeThI-HOCHTEJIN
Baitkonyp Kazaxctan, Ker3putopaus- |Cepust «Coro3»; cepust
cKast o0yacTb «IIpoTony; cepus «3eHUTY;
cepus «H-1»; cepus
«OHeprusn»
ITnecenx Poccus, Apxanrensckas  |Cepus «Coro3; cepust
obnacTh «Anrpay; cepus «Koc-
Mocy; cepust «LIukmon»
Kypy Opanmysckas [ Buana Cepus «Coro3»
(memaprament ®panunu
Ha ceBepo-BocToke FOxHOI
Amepukn)
BocTounsrii Poccus, Amypckas oomacts |Cepust «Coro3y; cepust
«AHrapay (IIaHupyeTcs)

Ha puc. 5.7 npuBeeHbl WLTIOCTPAUNA MOHTKHO-UCIIBITATEIIbHBIX
COOPYKEHHH JJI1 POCCUMCKHX PaKeT.

Puc. 5.7. IIpuMeps! MOHTaKHO-UCHBITATENBEHBIX COOPYKEHHS TS POCCHHCKUX PaKeT:
a — BOPOTa MOHTaKHO-HCIBITaTeNIbHOTO coopy:kenus nox PH IIporton, baiikonyp;
0 — BHYTpH MOHTaXXHO-HCIIBITaTeIbHOTO coopykeHus mog PH Coro3 2.1a

Ha puc. 5.8 npuBeneHsl HILTIOCTPAIK CTAPTOBBIX CTOJIOB AJISL pOC-
CUICKHUX paKeT.
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Puc. 5.8. CrapToBBI€ CTONBI T POCCHHCKHX PAaKEeT-HOCUTEIICH:
a — craprosslii croi noa PH IIpoton-M, baiikonyp;
0 — craproBsrii cron mon PH cemeiicta Coto3, baiikoHyp;

B — cTapToBbId cToia nox PH cemeiictea Coro3, BocTounsrit
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3AK/IIOYEHHUE

B nanHOM yueOHOM MOCOOHHM JArOTCs OMpeesIeH s TAKUM TOHSTH-
AM, KaK NPOEKTUPOBAHUE, KOHCTPYHMPOBAHHE U IPOU3BOACTBO DAKET.
OnuceIBatOTCA MPUHIUIBI OPTaHNU3aLMN COBPEMEHHBIX KOMIIAHUN IO CO-
3/1aHUIO U 3KCIUTyaTalliH pakeT.

YyeOHoe mocoOue MpeaHa3HA4YeHO IJIs CTYINEHTOB W OakajaBpOB
HayaJIbHBIX KypCOB B paMKax OUCLUUILIMHBI «BBeneHue B crenuanbHYO
TexHuKy» 1o HarpasieHusMm 24.05.01 «IIpoekTupoBanue, IpoU3BOICTBO
U JKCIUTyaTallus pakeT U paKeTHO-KOCMHUYECKUX KomruiekcoB» u 24.03.01
«PakeTHBIE KOMIUIEKCHI 1 KOCMOHABTHUKAY.

B mepBoii raBe Hacrofmero y4eOHoOro mocoOusi ObLIM JaHBI OC-
HOBHBIE CBEJEHMS O paKeTax KOCMHUYECKOro Ha3HAa4YeHMs: OINMCaH
NPUHIMIT JBMKEHHUS PaKeTbl; HEePeUUCICHbl OCHOBHBIE OTCEKHU; ONHCAHBI
BUJBl PAKETHBIX [BUTaTENICil M PAaKETHBIX TOIUIMB; AAHO ONPEACICHUE
CTyneHel pakeTsl. Takke B JaHHOH ri1aBe ObLIM OMHCAaHbl OCHOBHBIE 3Ta-
IIbI )KU3HEHHOTO LIUKJIA PAKETHI.

Bo BTOpOIi r1aBe ObUTM OMKCaHBI HEKOTOPBIE aCIIEKThl MPOEKTHPO-
BaHUS paKkeT KOCMHUYECKOTO Ha3HaueHUs: MOJAENH I pacdeTa MacCOBBIX
XapaKTEepPUCTHK; MOJEIH Ui OLIEHKHU BEIMYUH BHEUIHHX CHJI, E€HCTBYIO-
IIMX Ha PaKkeTy B IOJIETe, MPOCTEHIINEe MOJENN pacdeTa TPaeKTOPHH
JIBYDKEHUSI PAKETHI.

B Tpertneii rinaBe ObuTH JaHBI OCHOBHBIE CBEJIEHUS O Mpoliecce KOH-
CTPYUPOBaHMSA PAKET KOCMHYECKOTO HA3HAUCHMSA: OIMHCAaHBl MOJAEIH
BHYTPEHHHUX CHJI B KOHCTPYKLIUH; BBEACHO MOHITHE IMPOYHOCTHOTO pac-
yeTa.

B uetBepToil r11aBe ocBelIEHB OCHOBHBIE MPOOJIEMBI POU3BOACTBA
pakeT KOCMHUYECKOr0 Ha3HaYeHH: BBEJCHO MOHITHE TEXHOJIOIMH; OIUCa-
HBl OCHOBHBIE CITOCOOBI CO3/IaHUsI JIeTallell W COOPKU Y3IIOB; TPHUBENCH
MIPUMEP TEXHOJIOTHYECKOTO Mpoliecca COOPKH KOMIIOHEHTA PAKeTHI.

B mocnexnneit rinaBe HacTosIIEro nocoOus Obljla ONMUcaHa OpTaHU-
3aMg COBPEMEHHON HWH(PACTPYKTYphl pa3pabOoTKH M AKCIUTyaTalluu
pakeT KOCMHYECKOTO HA3HAYEHHWS: ONHMCAaHBI COBPEMEHHBbIE KOMITAHUU
pa3paboTUMKH; CTPYKTYpa PaKeTHO-KOCMHYECKHX LEHTPOB U KOCMOJIPO-
MBI
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