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O0o3HaYEeHUA:

3
G =6,6743 x 10711 B:— - TPaBUTALIMOHHAS TOCTOSIHHAS
C“KrI'

M, = 5,9722 X 102* kr - macca 3emin

M,y = 7,35 x 10?% kr — macca JIyHsI
3
nw=GM, = 3,986 x 1014 1:_2 - IPaBUTALIMOHHBIN HApaMeTp 3eMIIH

w==GM;y, =4,903 X 1012 Dcd—zs - TPaBUTALIMOHHBIN MapameTp JIyHbI
r, = 6371000 M — pagnyc 3emiu

h,, = 200 000 M — BbIcOTa HauYaIBLHOU OPOUTHI

Vyyn = 968 % - CKOpOCTb JIyHBI

r, = 6571000 M — paccTosiHUE OT LIEHTpa 3€MJIU JI0 TIEPUTEITUS IEPEXOAHONU OPOUTHI

r, = e = 330399 000 M — paccTrosiHME OT LEHTpa 3€MIIM JO arloresl MepexoaHou
OpOUTHI.

h, =200 000 M — BeicOTa HAYAJILHON OPOUTHI OT TOBEPXHOCTH 3EMITU

Iy = 367 047 000 M — paccrosiaue oT neHTa 3emin 10 JIyHbl

Vyyn = 968 %— ckopocTh JIyHbl Ha opOuTe

Avg — rpaBUTAIHOHHBIC TIOTEPU

Av,,- IOTEpH Ha IPOTHBO/IABIICHUC

AVy,p- XapaKTEPUCTHIECKAS. CKOPOCTh

Av,- a3poIMHAMUYECKHE TOTEPU

[y- ynenbHBIN HMITYITBC

T,- Temnepatypa B KaMepe CropaHusi

Py~ AABJIEHUE B KaMepe CropaHus

T, - TemmiepaTypa Ha cpe3e coria

P.- JaBIIEHUE HA CPe3€e COoIIa

1§g2= -3 828 x/[x/kr — sHTambIUs BOJOpOAA Ipu Temmneparype nogayuu T,=13 K

Iggf -398 kJ[>K/Kr — SHTANIBNKS KUCIOpOoaa Ipu Temneparype nojgaun T,=54,2 K

V- 00bEM KaMephl CropaHus

R - panuyc kamepsbl cropanus



R,- paauyc cpesa conna
Ryp- pazinyc KpUTHYECKOTO CEUCHHS
dyp- TMAMETP KPUTHYECKOTO CEUECHHS

Fy,- TUIOIAb KPUTHUECKOTO CEUEHHUS

Kp
F,- miomane cpesa coria
F - miomans kamepsl Cropanus

Lx- mmHa kamepsl cropaHus
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BBenenue:
C xaxapIM THEM MHTEPEC K KOCMOCY ToBbImaeTcs. Ha opoute 3eman QyHKITMOHUPYIOT

MHOXECTBO CITYTHUKOB. KaKIplli M3 HUX BBINOJHAET CBOE 3amauyy. CIyTHUKOBas CBS3b,
MHTEPHET, TPOTHO3UPOBAHUE MOTOAbI CTAIU I YEJIOBEKA HEOTHEMIIEMOM YACTBIO KU3HHU.
UccnepoBanne kocMoca M €ro 0oOBEKTOB HE CTOMT HAa MeCTe, B OYyIyIIeM IUJIaHUPYIOTCS
BbICaIKU Ha JIyHy mtofelt u co3nanue Ha Helt 0a3bl. JIyHa, HAa IPOTSKEHUU BCETO Pa3BUTHS
YeJI0BEYECTBA, SIBISIACh 00BEKTOM MHOTUX HccienoBanuii. Ha e€ moBepXHOCTh MOOBIBAIO
MHOXXECTBO KOCMHYECKHUX CHCTEM U Jofiel, Ha e€ OpOuTy OTIpPaBIsAIOCh MHOXKECTBO
CIIyTHUKOB U B OyyIIIEM IUTAHUPYETCS CO3JaHue JTyHHOM 0a3bl. Jliis 9Toi 3agaun HeoOxoauma
KaueCTBEHHasl CBA3b 0a3bl ¢ 3emu€id. J{ist xoporeit cBsizu 3emisi-Jlyna-3emutst mpeasiaraeTcs
3aIyCTUTh CITyTHUK PETpaHCIAIUU B TOUKY JInOparuu L1 cucremsr 3emisi-JlyHa.

Henn:

[IpoBenenue OamIMCTUYECKUX PAcUYETOB TPAHCIOPTUPOBKU KOCMHUYECKOTO arapara
(KA).

Ontumuzanus napaMeTpoB SHEPTOCUIIOBON YCTAHOBKH.

|. KpaTkuii 0030p XapakTepuCTHK CYyIIeCTBYHOIIEro NapKa CIIyTHUKOB U
paKeTa-HOCHTeJIel
Ha cerogusmHuii 1eHb CyIIECTBYET MHOXECTBO CIIyTHUKOB CBSI3M, HAIIPUMEpP, CEPUU

«SAman» (Tabm. 1).

Tabnuya 1
CoyTHHUKH CBSI3U cEpUU «SIMai»
HaunmenoBanue Macca, kr | MomnocTts, BT OobopynoBanue
SIman-201 1330 2 000 9 tpancnonaepoB C-nuana3ona
6 TpancnonaepoB Ku-auamnasona
Sman-202 1330 2 000 18 Tpancnonaepor C-nuana3ona
Sman-300K 1640 5600 11 Tpancnonaepor C-nuana3ona
18 Tpancnonnepos Ku-nuamnazona
Sman-401 3270 10 600 17 tpancnonnepoB C-auamnazoHa
36 TpancnonaepoB Ku-nuamazona
Sman-402 5250 10 800 46 TpancnoHepoB Ku-nruanazona
Sman-601 5400 7 400 18 Tpancnonnepos C-nuamna3oHa

32 tpancnonaepos Ka-anamnazona




SAman 401 obnagaet onTUMaIbLHBIMU MApaMeTpamMu JJis paauocBsizu Jlyna-3emus-Jlyna.
Haxopsich B Touke mubpanuu L1, CyTHUK CMOYKET MPUHUMATh U OTIPABJISATh PAIUOCUTHAT C
3emiu u JIyHBI TEM CaMbIM yCTAaHOBUTH KAUYECTBEHHYIO PaANOCBA3b ¢ JIyHO.

Ha ceromnsimiauii newb B Poccuiickorn denepanyu CyneCTBYOT CIEIYIOIIUE paKeTa-

Hocutenu (PH) nis BeiBoga KA Ha opOuty (Tadm. 2):

Tabnuya 2
Hexotopsie xapakrepuctuku poccurickux PH
CraproBas Macca I1II" Ha CroumocTts 3anycka  |Hané&xnOCTh Ywucno
Hassanmne macca(T) HOO(xr) (M1 pyo.) (%) 3aIyCKOB
Anrapa-1.2 171 3500 9 100 3
AHnrapa-A5S 773 24000 9 66 3
Juenp 210 3700 2 95 22
Enwuceit 3167 115000 - - -
WpTein 535 17400 4,73 - -
Kgant 235 5800 - - -
Kocmoc-
M 109 1500 - 96 440
MonHus 306 3000 - - -
[Iporon-M 705 23700 6 89 426
Coro3-JI 307,65 7100 2,7 100 3
Coro3-M 307,65 7100 2,7 100 8
Coroz-Y 313 7100 2,7 97 793
Coro3-2 313 9200 2,7 97 139
99 70

[Ipoton-M ¢ 3-m OnokoM «bpus3-M» sBAsieTCS CpaBHHUTEIBHO HEIOPOTUM U
KauecTBeHHbIM PH, KOTOpBIM CMOXXET JOCTaBUTh HEOOXOIUMBIN CITYTHUK U 4-W paKeTHBIN
0JIOK Ha HEOOXOAMMYIO HU3KYIO OoKkoJsio3eMHyto opouty (HOO) 3emin.

Kocmoapom st 3amycka 0w BeiOpaH — baitkonyp (45,6914° c.m, 63,2413° B.11.).

1. BanucTuyeckune pacyérnl

2.1. Cxema nmoJéra

Ha nepBbix 3Tanax 0amIucTUYeCKuX pacy€ToB HEOOXOAUMO BBIOpaTh cXeMy nepenéTa
KA, xoropas siBnsiercss Hanbosee 3(h(HEKTUBHOMN TIPH TAHHBIX YCIOBUSIX.

1-a, 2-s1, 3-1 ctynedb PH IlpoToH-M BBIBOOUT Ha HAYaJIbHYIO KPYTOBYHO OpOUTY
BbicoToM 200 KM ¢ HakjoHeHueM 1=87,6187°, HeoOX0qUMBIN TPy3 B cocTaBe 4-if CTYIEHU H
cnytHuka. llocne, 3-as JaCTUYHO (OPMHUPYET TEPEXOIHYIO

cryneHb  «bpuz-M»

AIUTUIITUYECKYIO0 OpOUTy. 3aTeM 4-s1 cTyneHb (pOpMUPYET MOJIHYIO IJUIUNTUYECKYIO OpOUTY.

1). B touke mubpamuu L1, C TOMOIIbIO

(puc.

JOOIIOJIHUTCIIBHOT'O HMMITYJIbCA KA BBIXOJUT Ha KOHCYHYHO Op6I/ITy B OKPCCTHOCTAX TOYKH

KOTOpad COBIAAacT C allorecm,

mubpauuu L1 cucremsl 3emns-Jlyna.



Puc. 1. Cxema nepenéra KA.

2.2 OnpenesjieHue nNpupamneHus ckopocTu npu Buixojae PH na
LIUNITUYECKYI0 OPOUTY 0€3 YU4éTa rpaBUTAIIMOHHOIO BJIUSAHNSA JIYHBI
Bce Gammmctuyeckue pacd€Thl CBOAATCSA K ONPEACICHUIO MPHUPAIICHUN CKOPOCTH B

onpenenéHHpIe MOMEHTHI BpEeMEHH, O1arofgapsi KOTOPsIM OyAeT BeIOpaHa KOHPUTYpaIus
4-ro OJI0OKa paKeThl ¥ JIOCTUTHYTHI MOCTABJICHHBIE 1IEJIM ¢ HAUMEHBIIIUMHA YKOHOMUYECKUMHU
3aTpaTami.

CKopocCTh Ha ILTUNITUYECKON OpOuTe HaXOAUTCS (DOPMYJION:

, 2 1 [1, ctp.73]
Vop6 =M

Lop6 a

TJIe. Vops— CKOPOCTH TeJla 0OpaIleHus B ONPEAEIEHHON TOUKE OPOUTHI;

Lops — paccTosiHEE OT IIeHTa 3eMJTH JI0 TeJla OOpaICHHUS;

a=(ry+r,)/2 - 6oJbIIas MOIYOCh MEPEXOTHON OPOUTHI.

st BeiOpanHoit opoutsl a=168 485 000 m - const OyaeT crnpaBensimBa Clemayromias

3aBUCUMOCTD Vo = f(Lopg), puc. 2.
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Puc. 2. 3aBHCHUMOCTE Vo6 = f(Lgps)

HavanbHast ckopocTh Ha KpyroBoi opoute BbicoTol 200 KM COCTaBIISIET:

GM,  [6,6743 x 1011 x 59722 x 102*
i T+ h, 6371 000 + 200 000

= 7788,5M/c



KBaapar CKOpOCTH B TIEPUTe/INH MIEPEXO0THOH OPOUTHI:
2 1
2
vZi=pl——-
n=H (rn a)

[Tpn a=168 485 000 m u r,=r,+h,=6 571 000 m:

1
6571000 168485000

= (3,986 x 101% x ( ) =10906,7 M/c

Torz[a IIEPBOC IMPpHUPAIICHHUC CKOPOCTH I10 a6COJ'IIOTHOMy 3HAUYCHHUIKO COCTABJIACT.
Av, =v, —v, = 109067 — 7 788,5 = 3 118,2 M/c

CKOpOCTB B a11orec H@pGXOI[HOﬁ Op6I/ITI>I BBIYHCILICTCSA aHAaJIOTUYHO!:

2
330399 000 168485 000

= 13,986 x 101* x ( ) = 2169 M/c

CKOpOCTh B TOUKE JIMOPALINH:

Vagn 968

Tagn ™8~ 367 047 000

Vi = x 330399 000 = 871,3 M/c

BTopoe nmpupamieHue CKOPOCTH ONPEeseTcs CIeIyIomHuM 00pasoM:
Avy, =V —Vq
C yuéTOM HaKJIOHEHHs OPOHTHI, HCIONL3ys TEOpeMy KOCHHYCOB HAXOIHM BTOPOE

MpUpanieHue CKOPOCTHU M0 MOAYJIIO!

Avy = \Jvi2 +v,2 — (2 X Vg X V, X COSi) =

\/871,32 + 216,92 — (2 x871,3 X 216,9 X cos 87,6186585°) = 889,1 m/c.

B urtore ObuiM MmojcYMTaHbl HEOOXOIMMBIE W3MEHEHMS] CKOPOCTU JJISI BBIOJTHEHUS
MaHEBpOB 0e3 yuérta BnusHus JIynel. OgHako €€ BIMSHME BHOCUT CYIIECTBEHHBIA BKJIAJ] B
HarnpaBJICHUE U 3HaueHue cKopocTu KA, mo3ToMy BO3HHUKAET HEOOXOAMMOCTh MPOBEACHUS

OQITUCTUYECKUX PACYETOB C YUYETOM IpaBUTAIMOHHOTO BIHSIHUS JIyHBI.

2.3. Onpenenenue npupameHusi ckopoctu npu Beixoae PH Ha
IITMNTHYECKYI0 OPOUTY € Y4€TOM IPABUTANUOHHOIO0 BiaMsiHUSA JIyHBI
Pemienue 3amaun BRIYUCICHHS B O0IIEM cllydae KWHEMAaTUUECKUX XapaKTEPUCTUK Teja

Ha MPOTSHKEHUH BCETO TIEpeiéTa Ha DITUIITHIECKON OpOrTe, a B YaCTHOCTUA KOHEYHBIX JJAHHBIX
0 CKOPOCTH B aroree rnepexoaHo opOUThI, CBOAUTCS K PEIICHUIO 3a/1a4u TPEX TeJl, TaK KaK Ha
MecrtornosnoxeHnue KA, ero ckopocTs U €ro yCKOpEeHHUE OKa3blBAET IPABUTAIMOHHBIE TOJIS KaK

3CMJ'II/I, TaKk 1 .HYHBI. Her 06IHI/IX MCTOAOB TOYHOI'O PCHICHHA 3aJa4 AAHHOI'O THIIA, HO



CYLIECTBYIOT NMPHUOJMKEHHBIE METOJbl PEIIECHUS C HU3KUMH IMOTPEIIHOCTSIMH B KOHEUYHBIX
pe3yJipTaTax, KOTOpble OAXOJAT /7S ONKMCaHUs Nepeéra K Touke nuopanuu L1.

JUis pemieHusi 3amadd Obula HamMcaHa MNpPOrpaMMa Ha S3bIKE MPOrpPaMMHPOBaHUS
Python, no3Bossitoniast onrcath NepenéT ¢ y46TOM TPaBUTAIIMOHHOTO BIUSTHUS 3eMITH U JIyHBI
(npunoxxenue 1).

IIporpamma BeraucisieT CKOpocTh KA, €ero yCKOpeHHe 1 pacioioKEHUE B N3HAYAIBHO
BbIOpaHHOMN cUCTEME KOOPAUHAT X, Y, Z (pUc. 3) B MOMEHT BPEMEHH, CYMMUPYS pe3yIbTaThl
BBIYMCIICHHUSI YCKOPEHUS, CKOPOCTH, MECTOIIOJOKEHHUS, COCTaBIISIETCS O0mas KapTHHA
nerxenuss KA. Ha Bxoxg B mporpaMMmy, B KadeCTBE HAyalbHBIX JAHHBIX, ITOCTYIIAOT
KOOPJMHATHI T€JA, €r0 IMPOEKIHUH CKOPOCTH HAa KOOPAMHATHBIE OCH B HAa4YaJIbHBIA MOMEHT
BpeMeHU. B pesynbprare mporpaMma BBIBOJUT 3HAYEHUS IPOCKIMKA CKOPOCTEN HA OCH B arioree

MEePEXOHON OPOUTHI.

y

JIyna
Yays z

I

KA

Liex

JlvHa

!y / - X

Puc. 3. Cxema BbIOpaHHOM CUCTEMBI KOOPIUHAT.

[To HayanbHBIM KOOPAMHATAM BBIYMCISAETCS PACCTOSIHUE OT LIEHTpa 3emMiid (Hadalo

KOOpAUHAT):

L3€M = \/Xaz + Yaz + Za2

Xa Vas Z; — KOOpJIMHATA TEJNA 1O OCSIM X, Y, Z COOTBETCTBEHHO.



Brruncnsiercss yckopeHue Tesia, BbI3bIBaeMOe 3eMJIIEN:
1l

83 = 2

L3eM

Brruncinsarorces koopauHatel JIyHBI B cHCTEME:
Ha ocu X: X1y = Ty X SIN Ay
Ha ocu Y. y,yi = Fpyy X COS Oy

Znyn = 0 — const

Oyyn — YTOIl MEKJLY OCBIO Y M TIPAMOH, COSMHAIOIMHA 1IeHTp 3eMit U JIyHBbI.

Brruucnstores npoekuuu pacctosinus oT KA 1o uenrtpa JIyHsi:
Ha ocb X: Xy = Xpyu — Xa
Haoch y: yy, = Yiayu — Ya
Ha ocb Z: Zy, = Zyyu — Z,
Zya = TZ,

Brruucnsercs paccrosinue ot KA no nenrpa Jlynsi

— 2 2 2
rMa - \/XMa +YMa + ZMa

Breruucnsercs YCKOPCHHUC TCJId, BBI3BIBACMOC HYHOP'II

ul
2
I'ya

nyn =

Brruncinsercss npoeKIUuu YCKOPEHH Tella Ha OCH, BbI3bIBAEMbIE 3EeMIIEH:

Ha oCb X! Zzem, = 8zem X SIN (arctg (\/%))
. . Ya
Haocp y: 8sem, = 8zem X SIN (arctg (Jﬁ))

. Za
Ha ocs z: 83em, = 8zem X SIN (arctg( X2 ty.2 2))

Bpraucnsrores npoeKuuu yCKOPEHUH Tejla Ha OCH, BbI3bIBacMbI€ JIyHOU:

Ha o¢b X! gyu, = Bayu X SIN (arctg (T/%))
Ma Ma
. . YMa

. VA
Ha ocb Z: gy = gnyu X SiN (arctg (#))
Ma Ma

Brrunciarores pe3yabTHPYIOIINE YCKOPEHHS IO OCSM:

10



X. 8oy = Buayny — 83emy

y goy = gJIYHy - g3eMy

Z. 8o, = 8zem, + 8nyn,

CYMMI/IPYH IMOJTYYCHHBIC JAaHHBIC O IIPOCKIOHUHU CKOPOCTHU Ha Ka)K,HOﬁ OCH U Ha KaXXI0M
IMPOMCIKYTKC BPCMCHH, IMOJIYUACTCA KOHCUYHBIC ITPOCKIHUU CKOPOCTH IO OCAM:

X: Vyye = fot 8o At = vy + 8, At +g, At+--+g, At+g, At

t
Vi Vyy = fo 8o, At = V1 + 8o, AL + 8o, AL + -+ + 8o, AL + 8, AL

Z: Uy = fot g, dt=v, +g, At+g, At+--+g, At+g, At

8oxn' Boynr 8oz, — TPOCKIHMH YCKOPEHUH B N-bIi MPOMEXYTOK BPEMEHH Ha OCH X, Y, Z
COOTBETCTBEHHO;

Vx1s Vy1, Uzq — TPOCKIUM CKOPOCTH B HAYaIbHBIM MOMEHT BPEMEHH Ha OCH X, Y, Z
COOTBETCTBEHHO;

At = 0,005 ¢ — mar npupalieHus apryMeHra.

CymMmupysl [aHHBIE M3MEHEHHUS IPOCTPAHCTBEHHOro mnoJiokeHns KA, momywaercs

KOHCYHBIC KOOPpAWHATLI TCJIA I10 OCAM:

t 0wy XAL? 0ur, XAL?
X: X = fo v, dt = x,1 + vy At + e Vo At + gsz + o+ v, At +
o xAt? xAt?
0y At + B —
t goyletZ 8oy XAt?
y: Yax = Jo Uy At = Va1 + V1At + =— + vy At + =+ -+ vy, AL +
goyn_1><At2 goynxAt2
T — + vy AL+~ —
t 0,1 XAt? xAt?
z: Zax = Jy Uy At = Zgg + V1AL + 2B p v A+ 22— by, AL
gOanAtz

2
Bt 20 4y, AL +
Ux1s Vy1, Uz — KoopauHatel KA B HayagbHBI MOMEHT BPEMEHHM Ha OCH X, Y, Z
COOTBETCTBEHHO; Vyp, Vyp, Vzn — MPOEKIMU CKOPOCTEN B N-il MPOMEKYTOK BPEMEHH HA OCH
X, Y, Z COOTBETCTBEHHO.

JIJ1st mpoBEepKH KOPPEKTHOCTH PabOTHI MPOTpaMMbl OBUTH PaCCMOTPEHBI JIBA YaCTHBIX

ciyyvasi:
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1. JIBukeHue Tena Mo KpyroBod opOute 3emiu, HE yuuTbiBas BiussHue JIyHbI
(npunoxkenue 2). JlaHHas MpoBepKa MOMOTaeT YAOCTOBEPUTHCS B KOPPEKTHOM pacuéTe
I'PAaBUTAILMOHHOTO BIIMSHUS 3E€MJIU.

Cxopocts KA nHa kpyrosoii opoute 3emau BeicoToit 200 kM coctasisier 7788,5 m/c u
npu aBrxeHnn KA ona octaércst mocTostHHOM. J{J1 MpOBEpPKU 10CTATOYHO BBIBECTU JIAHHBIE
o ckopocTi KA B 1100011 MOMEHT BPEMEHH U CPABHUTH PE3YJIBTAT C HAYAIBHOW CKOPOCTHIO.

2. JIBukeHue Tena mo KpyroBoi opOute JIyHbl, HE Y4YUThIBasi BIMSHHUE 3E€MIIU
(npunoxxenne 3). JlaHHas MpOBEpPKa MOMOIraeT YAOCTOBEPUTHCS B KOPPEKTHOM pacyeéTe
rpaButaliionHoro BiausiHus JlyHel. Ckopocth KA Ha kpyrosoi opobute BbicoToit 1 104 km
coctaBisier 2 107 M/c u npu nBmwxkenun KA ona octaércs moctossHHON. JJIsi MpoBepKH
JOCTaTOYHO BBIBECTH JaHHble O ckopocth KA B 000 MOMEHT BpPEMEHH M CPABHUTh
pEe3yNbTaT C HAYaJIbHOU CKOPOCTBIO.

[lo pe3ynpraTaM TECTOBBIX pacyeTOB IIOIYYEHO, YTO pPa3sHOCTh cKopocTen KA,
MOJIyYEHHBIX C UCIOJB30BAaHUEM IIPOrPAMMBbl U MOIYYEHHBIX aHATTUTHYECKUM CIIOCOOOM IpH
JBYDKEHUU Tena BOKpYr JIyHel u 3emin coctaBisiia He Oosiee 2 M/c unu menee 0,1 % ot
HaYyaJIbHOU CKOPOCTH, YTO CBUAETENBCTBYET O KOPPEKTHOCTH pabOTHI AITOPUTMA POTPAMMBI.

[IporpamMma mo3BosisieT onpenenutb ckopocth KA B amoree mepexogHoi OpOUTHI €
Y4ETOM IPaBUTALIMOHHOTO BIUSAHU JIyHbI 1 3emmu. /s paccmaTpuBaemMon 3a1a4u IOJy4eHO
v, ACHCT=217 4 m/c.

C yuérom v,=217,4 m/c neiiCTBUTEIHLHOE MIPUPAIICHHE CKOPOCTH AV, COCTaBISAET:

Av, = \Jvi12 +v,2 — (2 X vy X v, X cosi) = 889,2 m/c

BbiBoja Ha opOury:

Jist BeImonHeHus: Heooxoaumeix JITX nepBoro sramna->to Beixoa Ha HOO, Heobxoaumo
B KOHIIE aKTUBHOTO y4acTKa 00€CeUnTh ONpeIeIEHHYIO BEIMYMHY U HANIPABJICHHE CKOPOCTH,
KOTOpasi CyIIECTBEHHO 3aBHCHUT OT MAaCCOBO-dHEPIreTHUECKUX xapakTepucTuk PH.

Onucanue ABMXKEHUS U pacuéTa KOHEYHOU CKOPOCTH UCIOJIb30BaHUE TOIBKO (hOPMYIIbI
[{1O0NKOBCKOTO HEKOPPEKTHO, K3-3a BJIMSHUS HAa KOHEYHYIO CKOPOCTh TI'PaBUTAIMOHHBIX
(>75% Bcex moteph), adpoamHamuueckux motepb (<10% Bcex moTeph) W MOTEPh Ha
NpOTHBOABIICHUE TIpu ABMKeHUH B atMmocdepe (<10% Bcex mortepsb). laHHBIE MOTEPH

CKOPOCTHU Ha y4acCTKe BBIBEJCHUS MPECTaBIEHBI B Ta0I. 3.
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ITorepu ckop

octu HeKOTOpbIX PH, kMm/c

Tabnuya 3

N[ A Aui Aug | Auc | Aua Aup [ Auo Au
Saturn V
1 2.760 3.760 1.220 — 0.045 0.125 —0.390 1.000
2 4.175 4.695 0.335 0.185 — — — 0.520
3 0.855 0.865 0.005 0.005 — — — 0.010
4 3.055 3.170 0.115 — — — — 0.115
A 10.845 12.490 1.675 0.190 0.045 0.125 —-0.390 1.645
Titan 11
1 2.500 3.820 1.090 - 0.120 0.110 0.000 1.320
4.705 5.260 0.410 0.145 - - - 0.555
A 7.2052 9.080 1.500 0.145 0.120 0.110 0.000 1.875
Oanocrynenyarblii Hocutess (OH)
1 7.790 9.090 1.075 0.145 0.100 0.265 —-0.285 1.300
3ennt-2SLB
1 3.090 3.955 0.960 - 0.130 0.060 —0.285 0.865
4.815 5.280 0.320 0.145 - - - 0.465
A 7.905 3) 9.235 1.280 0.145 0.130 0.060 —0.285 1.330

Vi=AVyap-AVg-AVe-AVa-AVp, 6€3 yuéTa noTeph Ha yIpaBiIeHHUE MOTydaeM:

Ai/g =Vvgcosa—gsinb

Av

Vs =

t

]

0

g

[2, cTp.66]

t

= st cos adt —

0

P(t) _

SaDPHx _

/

CXa qSM

gsin 6dt

M

@dt_

M

M

tS t
aPHx
JMdtf

0

0

Cx,ASu

[2, cTp.66]

dt

['ne, Vg — KakyIeecs: yCKOpEeHUe, 0-yrojl MeXIy BEKTOPOM CKOPOCTH U yCKopeHus, 0-

Yroa MCEKIAY BCKTOPOM CKOPOCTH M T'OPHU30HTOM, UW-OTHOCHTCIIbHAA MacCCa JICTATCIbHOI'O

anmapara, M-macca JIA, P - Tsra nBurarens, komiuieke S,=gMmy(N-Ng), N-Ng-COOTBETCTBEHHO

HayaJbHas IIEPETPY3Ka B IMyCTOTE Uy 3eMIH, Kx-OTHOCUTEIBHOE IaBJIEHUE Ha BBICOTE, Cy ( —

npousBeqeHre KorhduieHTa a3poIMHAMUYECKOTO COMPOTUBIICHUSI HA CKOPOCTHOM Hamop,

SM-HHOH_[aI[B MUACIA, Pyx — OTHOCUTCIIBHOC JABJICHUC Ha BBICOTC H.

C yuérom, uto cos o = 1, mosmyqaem:
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t t t t

P(t S Cy. QS
vK=f%dt—f a&“"dt—f%dt—fgsinedt
0 0 0 0

Av

v, = Av, — Av, — Avg

ap — “2Vp
AVyap 3aBHCUT OT KOJIMUECTBA TOILTUBA U yIEIBHOTO UMITYJIbCa:
Avyap = =1y Inpy

m
W, = m_K — OTHOCHTCJIbHAsA Macca,
0

m, — KOHEYHas Macca,

m, — HayaJbHas Macca.

[Tpu npmwxenuu PH co BpemeneM uzmensiercs yrou 0 u M, Ho cuuras 6=const u M=const
B KXl HEOOJBIIONH MPOMEKYTOK BpeMeHn Ot M cuuTas Bce M3MCEHEHHS CKOPOCTH IS
JTAHHOTO MPOMEXKYTKA BPEMEHH, TO MOJTYUUTCS 00Iasi KapTHUHA JBUKEHUS, TOYHOCTh KOTOPOI
3aBHCHUT OT BHIOPAHHOTO 3HAYCHUS BpeMeHH Ot. YUuThIBas, YTO MOTEPU HA MPOTHUBOIABICHUE
YYHUTHIBAOTCS B M3HAYAIBHBIX XapakTepucTukax PH B Buae n3mMeHeHUs yIeIpHOTO HMITYJIbCa
C BBICOTOM, TO U3MEHEHHE CKOPOCTH M PACCTOSHUS ISl KaXKIIOTO MaJEHBKOTO MPOMEXKYTKA
BPEMCHH MOXKHO BBIUYMCIUTEL. JlaHHBIA CIOCOO BBIYMCICHUS HA3bIBACTCS YHCICHHBIM
WHTETPUPOBAHUECM.

JIns BBIUMCIICHUE ObLTa HalMcaHa MporpamMma Ha si3bIKe IporpaMMupoBanus Python
(mpunoxenwue 4), KOTopas MOXKET ITOCYUTATh Bce KHHeMaTHdeckue mapameTpbl PH Ha kaxaom
MOMEHTE TI0JIETA, OT CTapTa JI0 OTPAOOTKH 2 CTYIEHHU.

HpI/IHI/IMaIOTCH HN3Ha4YaJIbHBIC JaHHBIC:

HauanpHast macca pakeTsl I'sra 1-i u 2-1 cTynenun
Macca 1-oii ctynenu Pacxon ToruBa 1-o# cTynenu
Macca 2-o1 cTyneHu Pacxon TorumBa 2-01 cTyneHu
Cyxas macca 1-oli cryneHun [IpomexxyTok BpemeHnu dt

JlanHast mporpaMma BBIYUCISIET KOHEYHYIO CKOPOCTh M BBICOTY OpOUTHI. J{71s1 IpoBepKH
KOPPEKTHOCTH PabOThI MIPOTPAMMbl UCTIOJIB30BAIUCH JaHHBIE MOJIE3HOM HATrpy3KH, KOTOPYIO
moxeT BoiBecTH PH IIpoTon-M Ha I'TIO (reomepexonnas opouta). B mporpamme 3anoxeHa
MporpaMma TaHTaXka, PU KOTOPOH JOCTUTAeTCsl HYJIEBOM YIroJl aTaku B KaXKJIOM IMPOMEKYTKE

BPEMEHHU.
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[Iporon-M: B pe3ynbTare MPOBEPKH MPOTPaMMbl OTHOCHTENbHAS TOTPEUTHOCTH B
KOHEUHO# ckopoctu coctaBisier meHee 3%, (10 005 m/c — mo mporpamme, 10 243 m/c —
HeoOxoumas ckopocth B aroree I'TIO).

bazoBas macca 4-oro 6ioka cocraBusier 6 000 kr, Torma B pe3ynbrare pacyéra B
mporpamme moydaem 6 194 wm/c mocne 3aBepuieHHs paOoThl 2-0i cTymeH:u (puc. 4).
[Ipupamenue ckopoctd, cosmaBaemoe Omokom «bpusz-M» mo ¢opmyne IlnonkoBckoro

cocraBiisieT 3 791 m/c.

My; 8370
Avy = —lyp3 X In (Mﬂg) = —3220X1In (27 170) =3791m/c

Av3 — mipupalieHne CKOpOCTH 3-i CTYNCHH, Ly, 3 — yACTbHBIN UMITYIIbC 3-i CTYIICHH,
M,; — macca KA nocne orpabotku 3-i1 ctynenu, M, ; — Mmacca KA B Hauasne paboTsl 3-i

CTYIICHH.

Torma ckopocTs noce oTpadoTku 3-it cryneHu coctasisietr 6 194 + 3 791 = 9 985 m/c,
CJIeZIOBATENIbHO, IPUPAILIEHUE CKOPOCTHU JIJIs1 00pa30BaHMsI IEPEXOJHOM OpOUTHI COCTABIISET:
Avy, = vy —v, =10906,7 — 9985 = 921,7 m/c
Torma obiee mpupaiieHue ckopoctu cocrapisier Av, + Av; = 1 810,9 m/c.

1178.5335233242442 54423,343832824945 1643.46728251412:
BB6.3524355286927 199323 ,61541888647 6194.568394384338

Puc. 4. Pe3ynbrarsl pacuéra mporpaMmsl

2.4 Onucanue opoUTHI
r,—r, 367047000—6571000

© T L. +r, 367047000+ 6571000
b =ax./(1—¢?) = 168485 000 X /(1 — 0,9648250352) = 44 293 502,3 M

€ — 9KCIIEHTPUCHUTET OpOUTHI, D-Manas moayoch OpOHUTHI.

= 0,964825035

TpaexTopus BpIBOJIa HA HAYAIBHYIO OPOUTY U cama opOUTa MPEICTABICHBI Ha PUC. 5 U

puc.6:
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TpaeKkTopuA nepenérta Ha ONOPHY OpbUTY

400000

yIM

0 400000 800000 1200000

X,M

Puc. 5 Tpaektopus nepenéra Ha ONMOPHYIO OPOUTY.

)/,
\

267047

44284,2

AT

330399

Puc.6. Cxema nepexoaHoi OpOUTHI.

I11l. Pac4éT MaccoBO-IHEPreTHYECKUX XaPAKTEPUCTHK 4-010 0JI0KA.

3.1 BbiO6op ToninBa
VY nenbHbIA UMITYJIBC SIBJIIETCS BaXKHEHIIMM Moka3zareneM 3()(PEeKTUBHOCTU PAKETHOIO

asuratenas (PJI) u mocTikeHne HaMOONBIIETO 3HAYEHHUS SBISICTCS BayKHOM 3agadeit

npoektupoBanus P/I.
JUist 1OCTHKEHUsT MaKCUMAaJIbHOM cKopocTH U3 Gopmyiibl [{noakoBckoro HeoOXoaum

HauOOJIbIINI y,[[GJIbHBIﬁ HUMIIYJIBC B IIYCTOTC.
Ve = — X n(—
K yn P ;[H

(RT)a

[yn =w, +

a

M, - macca koHeuHas1, M, - Macca HadaJlbHas!, W,- CKOPOCTh pabouero Teia Ha cpese

coI1uja.
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2 L E—
w, = |—Y_RT, 1—(&) Y
-1 Px
R
R=-%
i

FI[C, Y-IIOKa3aTcClIb aI[I/Ia6aTI)I, UW-MOJIIPpHAAg MacCa pa60qero TCJla, R- YACIIbHAA Ira30Basd

IIOCTOAHHAA, RM-YHI/IBCPCEU'IBH&H ra30oBas IIOCTOAHHAA.

W3 ¢opmMyn BHIHO, 9TO KOHEYHAs] CKOPOCTh PAKETHl OOPATHO 3aBHUCUT OT MOJISIPHOMN
Macchl pabouero Tena, Ciel0BaTeNbHO, B OE3BO3IYIITHOM MPOCTPAHCTBE Ha 4-0H CTyINEHH,
HanOosee 3O PEeKTUBHBIM TOIIMBOM 11 4-0r0 O110Ka siBisieTcs napa xkuakue Hy u O,. JlanHbie

KOMIIOHCHTHI TOIIJIMBA 6YI[yT HCIIOJIb30BAaHEBI B I[&J'IBHCIZHICM.

3.2 IlpoBeneHne TepMoguHaMuieckux pacuéroB B kamepe 2KP/I ¢ neibio
BbIOOpPAa ONTHMAJILHOTO COOTHOIIEHUSI KOMIIOHEHTOB TOILJIMBA.
PaccMoTpeHa 3aBHCHMMOCTb M3MEHEHMSI IIYCTOTHOTO YACIBHOIO MMITYJbCa OT

U3MeHeHUs o, (K03 puumeHTa n30bITKa OKUCIUTEIS).

Ky
aqA=—
&
m,
k, =—
mF

I e, Ky-1eicTBUTEIPHOE COOTHOIIICHUE PACX0/I0B OKUCIMTENISA U TOPIOYETo, M- pacxo.
OKHCIIUTENS, M- pacxol Toprooudero,  K2-cTeXMOMETPUUYECKOE COOTHOIIEHHE PACXOIO0B
OKHCIIMTENIS U roprodero (kuciopoa-sopopon), k2=8,

Hauanbubie ycnous pacuéra: p,=10 Mlla, Iﬁf‘l‘;: -3 828 kJx/kr, Ig&zx: -398 xJIx/kr,
P-=0,001 MITa.

[Ipu ucnonb30BaHUM MPOrpPaMMBI ISl TEPMOJAMHAMUYECKUX pacu€ToB «AcTpa» ObLla
MOJIYYEeHBI CICAYIONINE PE3YNIbTAThl, TabmuIa 4.

Tabnuya 4

o 0,2 0,3 0,4 0,5 0,6 0,7 0,72 0,74 0,76
ly 41689 | 44336 | 4581,7| 46688 | 47189 | 4743,7| 4746,2 | 47479 | 4748,9

o 0,78 0,79 0,8 0,9 1 11 1,2
ly 47493 | 47492 | 47489 |4736,7| 4699,6 | 45295 | 43727
JlanHast 3aBUCUMOCTb ObLIa aNMPOKCUMHUPOBaHA ¢ KOA(P(OUIIMEHTOM anpoKCUMAIUU

0,9447 n Obuta momyyeHa GhopmyJia, ONMKUCHIBAOIAs 3aBUCUMOCTh Ha Tpaduke, puc. 7.
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.= -2252,902 + 34200 + 3481,4
= y 4 ’
,=f(at) R? = 0,9447
5300
4800

4300

1y, m/c

3800

3300

a

Puc. 7 3aBUCHUMOCTb yI€IBHOTO UMITYJIbCA OT KO3(PPUIIMEHTa N30BITKA OKUCIUTEIS

MaxkcumanpsHoe 3HaueHue ly, =4 749,3 m/c obecneunBaetcs npu 0=0,78.

3.3 MocTpoenue npopuis kamepa cropanusi (KC).

Vi
an - F—Kp

Benuuuna HpHBGI[éHHOﬁ JJINMHBI KaMCPBI CrOpaHus an 3aBUCHUT OT IIPHUPOAbI TOILNINBA U

ycnoBui cmeceoOpazoBanus. s mapel kuciopoa-sopopon Ln,=0,25-0,5 m. VYcpennss

L.p=0,3 m.
m
Gf = F_K
I'ne Gs—pacxononanpspxkénnocts KC, m — pacxoj Toriusa.

G G
JI1s KHCIIOPOHOTO KJIacca JBUIaTeIs p—f x 10* = 1,1 — 1,3, ycpenusas p—f x 10% =1,2.

B pesynbrate pacu€toB B mporpamme «Actpa» riae, P—=10 Mlla, p,=1500 Ila , F,+=70 000 1
noxy4daem: m=14,739 xr/c, F./F,=311,058. 13 ypaBueHus MenaeneeBa-Kiaiinepona:
nR,T = pV
N - KOJIMYECTBO MOJieH BemiecTBa, V-00bEM, T-Temneparypa.
n
Jns pacxona rasa:
m = (pwF),
P-TJIOTHOCTB Ta3a.

[IpupaBHUBas O TUIOTHOCTH MOJTYYaEM:

R,T,m 8314 x 869,354 X 14,7394
= = = 1,0559 m?

F, = = —
® (puw), 1500 x 0,0144953 X 4640,16
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Kp

4 _

Linp 3,6184, L
LK - ) ) K — FK

Fip = F2/311,058 = 0,0033946 M?

14,7394
"~ 12000 000

10* = 0,012283 m?

Fip X Ly, 0,00339457 x 0,3
B 0,012283

= 0,0829 m

FK-OTHOCI/ITCHLHaﬂ momaab KaMCpPBhBI.

R1=2R,=0,06574 M

R, 6
pX=R—=O,25><10 P =25

K

R, = R, X 0,25 x 10~6p, = 0,06253 X 0,25 X 10 = 0,156325 M

lBX

— RKp\/(Z + p\/F=K)2 — |- DVE+ 3]2 = 0,03287 x

2 +2,5v3,6184)° — [(2,5 — 1)v3,6184 + 3]" = 0,11086 m
( )

h 2

L 2+ py/F,
1%
Vi
Rk &1

Rkp
/ H h

Puc. 8 Iloctpoenue npodus KaMmepbl CrOpaHHUsL.

21 2x0,11086

h = = = =0,03282 m
2+pJF, 2+25V36184
H=1,,—h=0,11086 — 0,03282 = 0,078 m
Cuuras 3Hauenus radbaputHbsix pazmepoB KC npu paszHeix p, moiayyaem (Tadi. S).
Tabnuya 5
No 1 2 3 4 5 6
Pa, na 1500 1200 1000 900 800 700
Fx,m2 |0,01228 | 0,01224 0,01220 0,01218 0,01216 |0,01214
R, m 0,06253 | 0,06241 0,06232 0,06227 0,06222 | 0,06216
L, 0,08291 | 0,08291 0,08288 0,08291 0,08291 | 0,08291
Fip, w2 0,00339 | 0,00338 0,00337 0,00337 0,00336 | 0,00335
Rip, m 0,03287 | 0,03281 0,03276 0,03274 0,03271 | 0,03268
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Fow2  [1,05500 | 1,24529 | 1,42489 | 1,54020 | 1,68016 |0,76826
No 1 2 3 4 5 6
RI,m |0,06574 | 0,06562 | 0,06551 | 0,06548 | 0,06542 | 0,06536
R2,m |0,15632 | 0,15603 | 0,15581 | 0,15568 | 0,15555 | 0,15540
Lex,m |0,11087 | 0,11066 | 0,11051 | 0,11042 | 0,11032 |0,11022
h,M |0,03282 | 0,03276 | 0,03271 | 0,03269 | 0,03266 |0,03263
H,m |0,07805 | 0,07790 | 0,07780 | 0,07773 | 0,07766 |0,07759
l,c  |484,126 | 485925 | 487,322 | 488,100 | 488,945 | 489,873

3.4 IlocTpoenne comia mo meroay Pao.
Jlnia moctpoeHus: razoanHaMmudeckoro mpoduis xamepsl JKPJ/l u coruta Ha yeprexe,

HE0OXO0IMMO BOCIIOJIb30BAThCS CIIELUAIBLHON METOIUKOM [4].
JIJ1st IOCTPOCHMUS COoTlIa He0OXOAMMO 3HATh TIOKa3aTesb aauadaThi(y),yroi

KacaTesbHOU Ha cpese ([3,),0THOCHUTENbHBIN AuaMeTp cpesa (D).

_ R, 057976
a7 R . 0,03287

= 17,637
Kp

ITpu B, = 8°, y =1,2 (1m0 TepMOAMHAMUYECKUM pacu€TaMm B «ACTpay), HAXOJIUM X, U
Bm METOIOM MHTEPHOJAINH 13 Ta0uibl yueonnka Kynpssuesa X, = 52,782, 3, = 41,1°.
Xa Xa
Xa = =
R 0,03287

= 52,782
Kp

X, = 52,782 x0,03287 = 1,735 ™M

X,- JJIMHA COTLIA.

\

1 Rep

Puc. 9 IToctpoenue npoduss cora.

B taGnure 6 npuBeneHsl X, U §; IPU Pa3HBIX P,.

Tabnuya 6
No 1 2 3 4 5 6
Pa, na 1500 | 1200 | 1000 900 800 700
X, 52,782 57,684 161,965 (64,611 67,680 |71,336
D, 17,637 |19,189 (20,555 |21,388 (22,358 |23,510
Xo,M |1,735 11,893 |2,030 |2,115 |2,214 |2,331
B, ° 41,1 | 41,7 | 42,1 42,4 42,7 43,0
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B nporpamme AutoCad 0110 TOCTPOEHO COTUIO MO UCXOTHBIM JAHHBIM.

Jlnsg ompeneneHus Macchl JTaHHOTO COIIa, OHO OBUIO TOJENEHO Ha S5 yCeuEHHBIX
KOHYCOB HeoxJaxkaaeMoi yactu. [lociae KpuTH4ecKoro ce4eHust MPUCYTCTBYET OXJIaxKgaeMast
4acTh, paJINyC OCHOBAHMS YCEUEHHOTO KOHyCa OXJIaKIaeMoil yacTu paBeH SRy,.

[Iromans MOBEPXHOCTH HeoxJdaxmaemol wactu: 41 649 cm? Torma mpM ToOJIIUHE
CTeHOK 1,5 MM M IUIOTHOCTH MaTepHana 8,4 r/cm® (HepkaBerolas CTajidb) Macca
HEOXJIAXK1aeMOI1 yacTu coruia — 52,477 xr.

[TpumeHsist aHaTOTUYHYIO METOJIUKY JJISl OTIPEACTICHUS] MacChl APYTUX COTLI

nostydaercs, Tabnuma 7.

Tabnuya 7
Ne 1 2 3 4 5 6
Pa, na 1500 1200 1000 900 800 700
Mmacca
comia, kr | 52,477 62,491 71,897 77,980 85,413 |94,615

3.5 Pacuért macchl 4-oro 0J10KA.
JInst mpuOIM3UTENIbHOM OIIEHKH MacChl KOHCTPYKIIUM 4-0T0 OJI0Ka, IIPHU Macce TOIUIMBA

M;on=2200 KT, BOCIOJIb3yeMcs clieayromumMu hopmynamu [2]:

Macca roprouero, npu o = 0,78 cocTaBiser:

m
k,=——=axk’=078x8=624

rn1"0p
k +1:m0K+mF0p=mTOH=724
" rrl1"op rrl1“op '
m
Mo, = ﬁ = 303,867 kr

My = My, — My, = 1896,133 kr
Mox-Macca KUCI0poJa B 0aKke OKUCIUTENS, Myop-Macca BOAOPOA B 0aKke rOproYero, Myon-

o0111as Macca TOIJiuBa B OaKax.

m
Vigp = —= = 4,28 M°

rop

mOK

V, = —==1,662M

Pox

Viop~00bEM BOZOPOJA B Oake TOprOYEro, Prop,=71 KI/MC-IUIOTHOCTh BOAOPOAA, Vo

00BEM KHMCIIOpOIa B 6aKe OKUCIUTENS, Po=1141 Kr/M*-IIIOTHOCT KHCIOPOAA.
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3anoaHsAEMOCTh TOIUTMBHBIX 0akoB cocrtaBiisieT 97% o0béMa, Torna o0bEMBI 0aKOB:
Vorop=4,412 M3, Visor=1,713 M3

dopma Oaka roprodero Oblia BeIOpaHa MIJIUHAPUYECKAs CO CPEPUISCKUMHU JHUILAMH,
a hoopma Oaka oKuCIUTENS — cheprudeckas.

Pamnyc cdepuueckoro 6aka cocTaBisieT:

_#BX Voo _2|3X1713 _
fox = 145w~ |ax31415 ~/*M

Torna TOJIIIMHA CTCHKH 0aka COCTaBIISICT:

s _ Poan oxfTox 155000 X 1,5 X 0,742
oK 26 2x190000 000

'€ Pyay ox~MAKCUMAJIBHOE JABIEHUE HayBa OaKka oKucamMrens (171 0aka KMCIopoaa

= 0,000454 m = 0,454 MM

coctaBisier npumepHo 1,55 arm.), f-xoadduieHt OGezomacHOCTH, O-Tpenen TEKy4ecTH
Marepuana 6aka (st AJI27, amoMHUHHEBO-MarHUeBbIN cIiiaB, coctaBisgeT 190 MITa).

3HauuT Macca 6aKa OKHCIUTENS COCTABIISET:

Mg o = kccl)nDOszmKéSoK =1,3 x 3,1415 x 1,4842 x 2550 x 0,000454 = 10,412 kr

I'ne Kg-omMmupuuecknii koapduument(cocrapnser 1,2-1,3), Doy = 2rq = 1,484 M -
nuamerp 6aKa, Pg,-IIIOTHOCTL MaTepuana 6aka (s Al27 cocrasnser 2550 kr/m®)

Pamnyc 6aka roprouero J0JbKEH MPUMEPHO COBMAIATh C PAANyCOM Oaka OKHCIUTE,
TOT/IA I'ryp=0,8 M.

Panunyc cdep auuin coctaBiser fy=1,3r.,,=1,04 M, TOr1a MOKHO ONIPENETUTH BHICOTY

aau Ny,

(rﬂH - hAH)z + rF20p = Ty’

hyy =Ty — [Ty — 12, = 1,04 —/1,042 — 0,82 = 0,376 M

IS ZH AH op —

O0BéM muuIa 0aka COCTaBIISIET:
1 1
Vg = 1Thm,2 (rAH — ghm,) = 3,1415 X 0,3762 (1,04 —3 X 0,376) = 0,406 m3

B Oaxke 2 puuina, Torna mimHa 6aka Lg. cocTaBiseT:
Verop — 2V 4,412 — 2 x 0,406
L6I‘ = > + 2 IH = >
Tl rop, 3,1415 x 0,8

+ 2 x 0,406 = 2,603 m

Torpa macca Oara TOpPHOYECTO COCTABJIIACT:
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m6rop=ku.6.ETpZo A——+—

TC Pgacf 5 3[ 1 nn®+1
rop n 4 n?

] = 75,5 Kr

I'me K;6=1,3 — KO>QQUUMEHT, yUUTHIBAIOIIMI MACCy INIAHTOYTOB M apMaTyphl
0aKa, Py o = Puagox T NuonProp8oNx Puag ox=2,39 aTM — naBieHne HajtyBa 0aKa roproyero,

h,,,=2,603 M - BeICOTa CTOJ10a KUAKOCTH, g,=9,81 M/c?> — yckopeHHe CBOOOIHOrO NaACHHUS,

Drop
ny, & 5 — MakcuMaibHas TMPOJOJbHAs Ieperpy3ka Ineperpyska, n = = 2,128, Dpop =
ITH

L6r

21y, = 1,6 — muamerp Oaka, A = =1,627.

rop
Macca pabodero Tena 0aka OKHUCITUTENSI HanaayBa (T€NHid) TPHU XOJOIHON CHCTEME
HaJ1yBa OIpeaemnsieTcs: GopMyIoi:

m _ PHa,u OKV6OKZ _ 155000 x 1,713
PO RyeThe 2078 x 273

x 1,03 = 0,482 kr

Rye = 2 078

Jbx
—.x — [a30Bas MOCTOSHHAA Teus, The = 273 K — Temneparypa renusl,

z = 1,03 — ko3 PpULMEHT CKUMAEMOCTH TENHSL.

Macca paboyero Tena 6aka roproyero:

- _ PuonropVorop  _ 239 000 X 4,412
HAATOP T TR The 2078 x 273

x 1,03 = 1,915 kr

[1nomans MOBEpXHOCTH OAKA OKUCITUTEIIA:
Sox = 4Tr, 2 =4 X% 3,1415 x 0,742? = 6,918 m?
[Tnomanr moBepXHOCTH O0aKa OKUCIUTEIS:
Srop = 4TI hyy + 21ry,, (L, — 2hy,) = 14,218 M2

Macca Temosamuthl mpu  OOWIEH IUIOIAANM TIOBEPXHOCTH  Sygy = Sox + Spop =

6,918 + 14,218 = 21,136 Mm% :
Myy; = Myg;Seey = 21,136 Kr

M, = 1 Kr/M?- g Temmosamutsl (MHOTOCIONHAS TEIUIOM3OJALMS HA OCHOBE

AKpaHHO-BaKyyMHOH u3onsauuu(OBTH).

Macca raprpoTos:

My, = MpgpLgopn = 3 X4 = 12 kr

KI'
m.,, = 3—
rap M

» Liopn = 4 M - [utnHa KopItyca

Macca oxpacku:
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My, = MogpSeey = 0,2 X 21,136 = 4,227 kr
My = 0,2 Kr/M? — OTHOCHTENBHAS MACCa OKPACKH.
Macca nBurarens:
My = YueFrar = 1,4 X 70000 = 98 kr
Y s — OTHOCHTENbHAsA Macca asurarens, npu Fo,. = 70 000 Hy,; ~ 1,4 r/H.
CymmapHas Macca 000py10BaHHS:
mys = 300+ 0,9 x 1073m, = 300+ 0,9 X 1073 X 6 000 = 305,4 kr
m, =~ 6 000 xr — cTapToBas Macca.

Macca KOMMYHUKAaIIH:

Mok Mo

= 3 Kr

my,y = (0,5) + (0,5)

OK rop
Macca HeyYTEHHBIX 3JIEMEHTOB:
Kpené:xnspie y3bl U qeranu:
Mypen = (0,8)107*F ;. = 5,6 kT
Crabunmu3aropsl:
Mg = (0,7)1073m, = 4,2 kr
DIJIEMEHTBI CUCTEMBI Pa3ACICHUS:
m., = (0,3)107°m, = 1,8 kr
Jpyrue Hey4TEHHBIE JIEMEHTHI:
Mg = (4)1073m, = 24 kr
Htoro Mmacca KOHCTPYKLIMHU COCTABJISIET:
Moy = Mg o T Mg rop + Mya g ox + Myay rop + My, + mrap + mOKp + My + myg
+ My + pren + My + mc.p. T Mg = 567'6 KT
Macca koHeuHasi, TOCJI€ UCIOIb30BAHUS BCETO TOTUIMBA:
Myoy = Mygyue + Mppygy = 567,6 + 3 270 = 3 837,6Kr
Mypysa = 3 270 KT — Macca CIyTHHKA.
[Tonnas macca 4-o¥i CTyneHu:
My, = M,y + My, = 3 837,64+ 2200 =6037,6kr

3.6 PacuéT onTUMaIbHOM reOMeTPUYECKOil cTeneHn pacliMpeHusi comia.
VYBennueHue IUIOMAAA Cpe3a COIUla BEAET K YBEIWYEHHIO YAECIBHOTO HMITYJIbCA

ABUTATCIIAA, HO IIPU 3TOM IPHUBOAUT K YBCIIMYCHNUIO MACCHI COILIA U, CJICA0BATCIIBHO, KOHEUHOH
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maccel 4-oro Ojoka (¢p. Iluonkosckoro). Torma ¢yukuus V=f(F;), Oymer Bo3pacTaTth 10
onpenenEHHOro 3Ha4eHUsl, JIOCTUTHET CBOEr0 MakCMMyMa M HadyHET yObiBaTh. HeoOxoammo
HAWTH MaKCUMyM JaHHOW (YHKIUH, NP KOTOPOM JOCTHUTAeTCs MaKCHMajbHas KOHEYHas
CKOPOCTb.

Takum oOpa3zom MakcuMalibHas KOHe4YHast ckopocTh KA mpu pas3HbIx coriax OyayT

OTINYATCA: AVyax

Tabauya 8

Pa, 12 1500 1200 1000 900 800 700

AViae | 2152 | 2156 | 2158 | 2158 | 2159 | 2159
FalFkp | 3111 | 3682 | 4225 | 4575 | 499.9 | 552,7

MaxkcuManabHOE NpUpALIEHUE CKOPOCTH MOJy4aeTcs i coruia NeS, OHO cOCTaBiseT

2158,73 m/c.

Ha Fpa(bI/IKe IIOKa3aHa 3aBHCHMOCTD IIPpHUpPAIICHUSA CKOPOCTH OT HABJICHHA Ha CPC3C.

3aBUCUMOCTH ObLJIa alMpOKCUMUpPOBaHa ¢ ko3 duiieHTom anmnpokcumaiuu 0,9953.

2160 [Av]_max= -8E-06p,2 + 0,0099p, + 2156
5159 . R?=0,9953

2158
2157
2156
2155
2154
2153

2152

2151
500 700 900 1100 1300 1500 1700

Puc. 10. 3aBucMMOCTh MAKCUMAJIBHOTO MPUPALIEHUS CKOPOCTH
OT JIaBJICHUS Ha Cpe3e COIUIA.

B urore 4-i1 6J10K BBITJIAINAT CIEAYIOIMUM 00pa3oM, pUCYHOK 11:
2603 1484
6518

Puc. 11. Utorossiii uepTéx 4-oro 0j0ka
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HUrorn:

[IpoBenensl GammcTuyeckue pacuétol BoiBojia KA Ha opouty B Touke auOparuu L1
cuctemsl 3emiisi-JlyHa.

Hanmucana w  mporectupoBaHa  Oa/sTMCTHYECKass  MporpaMMa Ha  SI3bIKE
nporpamMmmupoBanus Python s BeiBoja KA Ha HadaibHYr0 OpOHTY.

Hammcana w  mporectupoBaHa  OayuMcTHyecKass  MporpaMMa Ha  SI3BIKE
nporpamMMupoBanus Python jis perienns yactHoro ciydas 3aaadn 3-x tei 3emisi-KA-JIyHa.

Cozpnan BapuaHt 4-0ro 0J10Ka, KOTOPBIN MOAXOIUT ISl BEITOJIHEHUS 3a/1a4H.

Hailinen onTuManbHBI BapHaHT TEOMETPUUYCCKOTO PACIIMPEHHS COIIa, KOTOPBIN

ITO3BOJIUT JOCTHUYb HanOOJIbIICH KOHSYHOH CKOpPOCTH.
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KA

Ipunoocenue 1
[Iporpamma pemeHus 3a1a4i OTPAHUYEHHON 3aJ1a41 TPEX TelL.
Import math
v3=217.4 #cKopoCTb B amoree
t=0.05 #maneHbKuil IPOMEXKYTOK BPEMEHHU
xa=0 #HavanbpHas koopauHata KA mo ocu x
ya=330399000 #navanbHas koopauHata KA no ocu y
za=0.0000001 #nauanbHas koopauHata KA mo ocu 'y
T=0 #HadaJIbHBIII MOMEHT BPEMEHU
vxa=v3*math.cos(1.52923376) #BbIYMCICHUE CKOPOCTH IO OCH X
vya=-0.0000001 # ckopocTb Mo ocH y
vza=v3*math.sin(1.52923376) #BbunciieHue CKOPOCTH I10 OCH Z
uglun=0 #nauyanpHbIN yroma JIyHb
xlun=0 #HauyanbHas koopauHata JIyHbI O X
ylun=363104000 #nauyanbHas koopauHaTa JIyHbI 110 y
zlun=0 #nauvanbHas koopauHata JIyHbI 110 Z
rze=2000000000000 #BcriomorarenbHas epeMeHHas
vo=0
for i in range(10596000000):
kx=rze #BcrioMmorareyibHasi IepeMeHHas
T=T+t #BBIUKCIICHHNE BPEMEHHU
a=rze #BCIIOMOraTeIbHas epeMeHHas
rze=((xa**2)+(ya**2)+(za**2))**0.5 #Bbruncinenue paccrosiuus ot KA no 3emiu
0=-398589195999999.94/(rze**2) #Bbruncinenue yckopenus KA ot 3emiu

Vi1=vo #BcrioMorarenbHas epeMeHHas
uglun=uglun+0.0000001330794 #uzmenenue yria JIyHbl
xlun=363104000*math.cos(uglun) #Bbrurcienue koopauHathl X JIyHbI
ylun=363104000*math.sin(uglun) #Bbraricienue koopauHathl y JIyHbI
zlun=0 #BbIuKciIeHNE KOOPIUHATHI Z JIyHbI

xma=xlun-xa #Berunciaenue paccrosaue ot JIynsr 10 KA mo x
yma=ylun-ya #Bsrunciacaue paccrosiaue ot Jiynsr 1o KA no y

zma=zlun-za #Bbruncienue paccrosiaue ot JIynsl 10 KA 1o z

rlun=((xma**2)+(yma**2)+(zma**2))**(0.5 #Bpruncnenue paccrosaue ot JIyHsI 10

glun=4902450000000/(rlun**2) #Bpruucnenue yckoperusi KA BbI3piBaeMOTo0

JlyHou

azlun=math.sin(math.atan(zma/(((yma**2)+(xma**2))**0.5)))*glun #BeraucieHue

yckopenusa KA Bei3siBaeMoro JIyHoit o x
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aylun=math.sin(math.atan(yma/(((zma**2)+(xma**2))**(0.5)))*glun #Bberuncinenue

yckopenust KA Boi3piBaemoro JIyHol 1o y

axlun=math.sin(math.atan(xma/(((yma**2)+(zma**2))**0.5)))*glun #Beraucienue

yckopenus KA Bei3siBaemoro JlyHou 1o z

ugl=math.atan(za/(((ya**2)+(xa**2))**0.5)) #Beraucnenue yria ajs MoucKa
ycKopeHus neictByeniero ot 3emin Ha KA Ha ocu

ug2=math.atan(ya/(((za**2)+(xa**2))**0.5)) #BbpruncieHue yria ajs Movcka
yCKOpeHwus aeicTByerniero ot 3emin Ha KA Ha ocu

ug3=math.atan(xa/(((ya**2)+(za**2))**0.5)) #BbruncieHue yria ajs Movucka
yCcKopeHwus aeiicTByeniero oT 3emin Ha KA Ha ocu

axze=g*math.sin(ug3)+axlun #Beraucienue odmero yckopenus KA Ha ocu x
ayze=g*math.sin(ug2)+aylun #Bwraucinenue oobiiero yckopenus KA Ha ocu 'y
azze=g*math.sin(ugl)+azlun #Beruncnenue obmero yckopenust KA na ocu z

vxa=vxataxze*t #BBIYMCIEHHE CKOPOCTH Ha OCH X
vya=vyatayze*t #BBIUMCIEHHE CKOPOCTH Ha OCU y
vza=vzatazze™t #BBIUUCIEHUE CKOPOCTH Ha OCHU Z

xa=xatvxa*t+(axze*(t**2))/2 #BbluncieHre KOOPAUHATHI HA OCH X
ya=ya+tvya*t+(ayze*(t**2))/2 #BbrunciieHrue KOOPJIUHATHI HA OCU Y
za=zatvza*t+(azze*(t**2))/2 #BpluncIEHUE KOOPIUHATHI HA OCH Z

vo=((vxa**2)+(vya**2)+(vza**2))**(0.5 #sbruucnenue ckopoctu KA
if rze>kx:
break
else:
g=9
print(vxa,vya,vza,xa,ya,za,rze,uglun,glun,g,kx)

Ipunosicerue 2
TecroBas 3anaya 1.

Omnpenenenue ckopoctu KA Ha kpyroBoit opoute 3eMiIu OCIie MOJOBUHBI BUTKA.
import math
t=0.005 #ManeHbKU MPOMEKYTOK BpEMEHU
xa=0 #HavaibHasi KOOPAUHATA MO OCH X
ya=6571000 #HauanbHasg KOOPJAUHATA [0 OCU Y
za=0.0000000000000001 #nauanmpHasi KOOPJIMHATA IO OCHU Z
T=0 #HavalbHBII MOMEHT BPEMEHHU
vxa=7788.5 #HauanbHas CKOPOCTH IO X
vya=0 #HadanbHasi CKOPOCTb 110 y
vza=( #HayanbHasi CKOPOCTb MO Z
uglun=0 #HavyanbHbIA yrona JIyHsl
xlun=0 #HavanbHas koopauHata JIyHbI O X
ylun=363104000 #navanpHas koopauHata JIyHBI 110 y
zlun=0 #navanpHasg koopauHara JIyHsl 10 z



rze=0 #BCIIOMOTaTENbHOE EPEMEHHAS

vo=0 #BcnomoraTenbHOE epeMEHHas

for i in range(65881181):
T=T+t #BbIUNCICHUE BPEMEHU
a=rze #BcroMorareibHas epeMeHHas
rze=((xa**2)+(ya**2)+(za**2))**0.5 #BprancieHne pacCTOSHUS 10 3eMIIU
0=-398589195999999.94/(rze**2) #Bpruncnenue yckopenus KA ot 3emnn
V1=vo #BcrnomorarenabHas repeMeHHas
xlun=363104000*math.sin(uglun) #paccrosiuue OoT 3eMJIH 10 JTYHBI IO X
ylun=363104000*math.cos(uglun) #paccrosiuue oT 3eMJH 10 JTYHBI IO Y
zlun=0 #paccrosiHue oT 3eMJIH JI0 JIYHBI 110 Z

xma=xlun-xa #Beraucienue paccrosaue ot JIynsr 10 KA mo x
yma=ylun-ya #Bsruucienune paccrosaue ot JIynsl 1o KA mo y
zma=zlun-za #serancienue paccrosiaue ot Jlyast 10 KA mo z

rlun=((xma**2)+(yma**2)+(zma**2))**0.5 #Bwpruucienue paccrosinue ot JIyHsl 10
KA

glun=0 #0e3 yu€Ta rpaBUTAlMOHHOTO BIUSHUA JIyHBI

axlun=math.sin(math.atan(xma/(((yma**2)+(zma**2))**0.5)))*glun #Bbruucnenue
yckopenusi KA Boi3biBaemoro JlyHoi mo x

aylun=math.sin(math.atan(yma/(((zma**2)+(xma**2))**0.5)))*glun #Bbruucienue
yckopenust KA Bei3piBaemoro JIyHol 1o y

azlun=math.sin(math.atan(zma/(((yma**2)+(xma**2))**0.5)))*glun #BbIuncienue
yckopenus KA Bei3siBaemoro JlyHoi 1o z

ugl=math.atan(za/(((ya**2)+(xa**2))**0.5)) #BBIYMCIICHUE YIjla JJIs TIOHMCKa
yCKopeHus zeictyeniero ot 3emuin Ha KA Ha ocu

ug2=math.atan(ya/(((za**2)+(xa**2))**0.5)) #BBIYMCIICHUE yTIiia IS TOUCKa
yCKopeHus zeictByeniero ot 3emiin Ha KA Ha ocu

ug3=math.atan(xa/(((ya**2)+(za**2))**0.5)) #BBIUMCIICHUE yTrja Uil TOMCKa
yCKopeHus Jeictyeniero ot 3emuin Ha KA Ha ocu

axze=g*math.sin(ug3)+axlun #Beruncnenue odmero yckopenns KA Ha ocu x
ayze=g*math.sin(ug2)+aylun #Bbruucnenue oobmero yckopenus KA Ha ocu 'y
azze=g*math.sin(ugl)+azlun #Bbruucnenue oobmero yckopenus KA Ha ocu z

vxa=vxataxze*t #BblUMCIEHUE CKOPOCTH HA OCH X

vya=vyat+ayze*t #BBIYMCIIEHUE CKOPOCTH HA OCH y
vza=vzatazze™t #BBIYMCIEHHE CKOPOCTH HA OCH Z
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xa=xatvxa*t+(axze*(t**2))/2 #BbrunciIeHHEe KOOPAUHATHI HA OCH X
ya=ya+tvya*t+(ayze*(t**2))/2 #BbruncieHne KOOpIUHATHI HA OCH Y
za=za+tvza*t+(azze*(t**2))/2 #BBIUNCICHUE KOOPIUHATHI HA OCH Z

vo=((vxa**2)+(vya**2)+(vza**2))**(0.5 #spruucnenue ckopoctu KA
if vya>0: #yclioBus 0CTaHOBKU MTPOTPAMMBI

break
else:

g=9
print(vxa,vya,vza,xa,ya,za,rze,uglun,glun,g)

Ilpunoowcenue 3.

TecroBas 3agaya 2.

Omnpenenenue ckopoctu KA Ha kpyropoit opoute JIyHbI 1ocse moJIOBUHBI BUTKA.

Import math

t=0.005 #maneHbKrE MPOMEKYTOK BPEMEHU

xa=(0 #HadaJbHAg KOOPAUHATA MOOCH X

ya=362000000 #HadanpHasi KOOpJIMHATA 10 OCH Y

za=0.0000000000000001 #navanbpHas KOOPAUHATA IO OCH Z

T=0 #HavalbHBII MOMEHT BPEMEHHU

vxa=2107 #HadasbHasi CKOPOCTH IO X

vya=(0 #Ha4yaJabHasi CKOPOCTb IO Y

vza=(0 #HavanbHasi CKOPOCTb 110 Z

uglun=0 #navyanbHBINA yroa JIyHsl

xlun=0 #nHauanbHas kKoopauHata JIyHbI O X

ylun=363104000 #nauanpHas koopauHarta JIyHbI 10 y

zlun=0 #nHavanbHasg koopauHara JIyHsl 10 z

rze=0 #BCIIOMOraTeNbHOE IEPEMEHHAS

vo=(0 #BcHOMOrarTejIbHOE ITEpEMEHHAs

for i in range(65881181):
T=T+t #BplUKMCIIEHUE BPEMEHU
a=rze #BCIIOMOraTelnbHas IEpEMEHHAs
rze=((xa**2)+(ya**2)+(za**2))**(0.5 #BbIYucICHUE PACCTOSHUS 10 3EMIU
g=0 #npoBepka 0e3 yuéTa rpaBUTAIMOHHOTO BIMSIHUS 3€MIIU

Vi1=vo #BcrioMorarenbHas epeMeHHas
xlun=363104000*math.sin(uglun) #paccrosiuue OoT 3eMJIH 0 JTYHBI IO X
ylun=363104000*math.cos(uglun) #paccrosiuue oT 3eMJH 0 JTYHBI IO Y
zlun=0 #paccrosiHue OT 3eMIIH JI0 JIYHBI 110 Z

xma=xlun-xa #Beranciaenue paccrosiaue ot JIlynsr 10 KA mo x

yma=ylun-ya #Bsruncienue paccrosiuue ot Jiynsr 1o KA no y
zma=zlun-za #Beruucienue paccrosaue ot JIynsl 10 KA mo z
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rlun=((xma**2)+(yma**2)+(zma**2))**0.5 #Bwpruucienue paccrosinue ot JIyHsl 10
KA

glun=4902450000000/(rlun**2) #Bpruncienne yckopenus KA BwI3bIBaeMOro
Jlynou

axlun=math.sin(math.atan(xma/(((yma**2)+(zma**2))**0.5)))*glun #Bwraucicaue
yckopenusi KA BeizsiBaemoro JIyHoit mo x

aylun=math.sin(math.atan(yma/(((zma**2)+(xma**2))**0.5)))*glun #BbruncicHue
yckopenusi KA BeizpiBaemoro JIyHoit o y

azlun=math.sin(math.atan(zma/(((yma**2)+(xma**2))**0.5)))*glun #BbIuncienue
yckopenusi KA BeizsiBaemoro JIyHoi 110 z

ugl=math.atan(za/(((ya**2)+(xa**2))**0.5)) #BBIYMCIICHUE YIJla JJIs TIOMCKa
yCcKopeHus neicTByeniero ot 3emin Ha KA Ha ocu

ug2=math.atan(ya/(((za**2)+(xa**2))**0.5)) #BBIYMCIICHUE yTIja I IOUCKa
yCKOpeHus neunctpyemniero ot 3emuin Ha KA Ha ocu

ug3=math.atan(xa/(((ya**2)+(za**2))**0.5)) #BBIYMCJICHUE YIJa JJIs TOMCKa
yCKOpeHus JiecTByemniero ot 3emiin Ha KA Ha ocn

axze=g*math.sin(ug3)+axlun #Beruncnenue odmero yckopenus KA Ha ocu x

ayze=g*math.sin(ug2)+aylun #Beruncnenue oduiero yckopenus KA Ha ocu y

azze=g*math.sin(ugl)+azlun #Bsruucnenue obuiero yckopenus KA Ha ocu z

vxa=vxataxze*t #BbIUMCIEHHUE CKOPOCTU HA OCH X
vya=vyatayze*t #BbIUHMCIEHUE CKOPOCTU HA OCH Y
vza=vzatazze*t #BbIYHCIIEHUE CKOPOCTH HA OCH Z

xa=xatvxa*t+(axze*(t**2))/2 #BbrunciieHHE KOOPAUHATHI HA OCH X
ya=yatvya*t+(ayze*(t**2))/2 #BblunMCIEHNE KOOPJUHATHI HA OCU Y
za=zatvza*t+(azze*(t**2))/2 #BbIlUKCICHHE KOOPIUHATHI HA OCH Z

vo=((vxa**2)+(vya**2)+(vza**2))**0.5 #Bpruncienue ckopoctu KA
if vya<0: #ycnoBHsI OCTaHOBKH MPOTPaMMBbI
break
else:
g9=9
print(vxa,vya,vza,xa,ya,za,rze,uglun,glun,g)

Ipunoocenue 4
import math

m=654370 #ctapToBas macca

M=m

=10024000 #tsira nBUTaTenel 1-oii cTyneHu
d=3429.46 #pacxon neurarenei 1-oil cTyneHu
vve=0 #HavaJlbHas BEpTUKAIbHAs CKOPOCTh
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sve=0 #HavajbHas BBICOTA B3JIETA

vvp=0 #HayajabHas TOPU3OHTAIbHAS CKOPOCTh
t=0.001 #maneHbpKui TPOMEKYTOK BpeMeHH dt

Q=0 #nauvanpHas cuia CONPATUBIEHUS BO3IyXa
Qmx=0

T=0 #HavaIbHBIII MOMEHT BPEMEHU

while m>(M-428300): #ycnoBus nojiéra 1 cryneHu

T=T+t
g=398479140000000/((6371000+sve)**2) #pacdy€T yckOpeHUsI CBOOOTHOTO MaACHUS

if sve<500: #1II0THOCTH BO3/yXa OT BBICOTHI
plot=1.25

elif 500<=sve<1000:
plot=1.11

elif 1000<=sve<1500:
plot=1.058

elif 1500<=sve<2000:
plot=1

elif 1500<=sve<2500:
plot=0.95

elif 2500<=sve<3000:
plot=0.9

elif 3000<=sve<3500:
plot=0.81

elif 3500<sve<4000:
plot=0.84

elif 4000<=sve<4500:
plot=0.8

elif 4500<sve<5000:
plot=0.73

elif 5000<sve<6000:
plot=0.66

elif 6000<=sve<7000:
plot=0.59

elif 7000<=sve<8000:
plot=0.525

elif 8000<=sve<9000:
plot=0.467

elif 9000<=sve<10000:
plot=0.41

elif 10000<=sve<11000:
plot=0.37

elif 11000<=sve<12000:
plot=0.31

32



elif 12000<=sve<14000:
plot=0.23

elif 14000<=sve<16000:
plot=0.16

elif 16000<=sve<18000:
plot=0.1216

elif 18000<=sve<20000:
plot=0.0889

elif 20000<=sve<24000:
plot=0.0469

elif 24000<=sve<28000:
plot=0.0251

elif 28000<=sve<32000:
plot=0.0136

else:
plot=0

if T<10: #npoMeKyTOK BpeMEHU C BEPTHKAIbHBIM HAIPABIEHUEM BEKTOpA TATH

gr=1.57079

else:
gr=gr-(60*3.1415927/180/(111350))

f=10024000-Q #y4éT CrIbl CONPOTUBIICHUS BO3/1yXa

fve=f*math.sin(gr) #pacuét BepTUKAIBHON CHUJIBI
fvn=m™*g #BbIYMCIICHUE CUJIBI TSKECTU
ave=(fve-fvn)/m #BbruncicHue yCKOpeHus
sve=sve+vve*t+((ave*(t**2))/2) #BbIYHCICHUE BHICOTHI
vve=vvetave*t #BbunciIeHe BEpTUKAIHHON CKOPOCTH

fvp=f*math.cos(gr) #BbIuncieHre ropu30HTATLHON CUJTBI
avp=fvp/m #BbIYHCIICHNE TOPU30HTAIILHOTO YCKOPECHHUSI
vvp=vvptavp*t #BbIUKCIICHIE TOPU30HATIBHON CKOPOCTH
m=m-d*0.001
v=((vve**2)+((vvp)**2))**(.5 #BprunciacHne o0IIe CKOPOCTH
if v<100:

Q=(0.3*(v**2)*40*plot)/2 #pacu€T COMPOTUBIECHHUS BO3IyXa
elif 100<=v<200:

Q=(0.4*(v**2)*40*plot)/2
elif 200<=v<340:

Q=(0.3*(v**2)*40*plot)/2
elif 340<=v<680:

Q=(0.3*(v**2)*40*plot)/2
elif 680<=v<1000:
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Q=(0.2*(v**2)*40*plot)/2
else:
Q=(0.2*(v**2)*40*plot)/2

iIf Q>Qmx:
Qmx=Q
else:

Q=Q

print(vve,sve,vvp)
sve=sve+((vve**2)/(2*Q)) #BbIunciacHre MaKCUMAaIbHON BBICOTHI

M=m-30600 #co6poc 1 ctynenu

vve=0 #HadaJIbHBIE YCIOBUSI

ave=0

avp=0

fve=0

fvp=0

d=732.2 #pacxon aBurareneii 2 CTyneHH
f=2400000 #tsira gBUraTENEH 2 CTyNneHu
gr=(55%3.1415927/180) #nauanpHbIi yroa

while (M-458900)>=m>(M-616200): #yciioBusi paboThI 2 CTYIICHH
gr=gr-(39*3.1415927/180/211100) #mporpamma yrijia TaHraxa
2=398479140000000/((6371000+sve)**2) #pacu€T ycKOpeHHs CBOOOTHOTO IMaICHUS

fve=f*math.sin(gr) #pacuét BepTUKaJIbHONU CUJIbI
fvn=m*g #BBIYKCIICHUE CHIIBI TSKECTH
ave=(fve-fvn)/m #BbruncicHue yCKOpeHus
sve=svetvve*t+((ave*(t**2))/2) #BbIunCciIEHUE BHICOTHI
vve=vvetave*t #BbIUnCICHIE BEPTUKATHHON CKOPOCTH

fvp=((f**2)-(fve**2))**0.5 #BbIuricICHHE TOPU30HTAILHON CHIIBI
avp=fvp/m #BbIunciieHne TOPU30HTATIBHOTO YCKOPEHHUS

vvp=vvptavp*t #BpIUKCIICHIE TOPU30HATIBHON CKOPOCTH
m=m-d*0.001

sve=sve+((vve**2)/(2*g)) #BbIuncaeHne MaKCUMAJIbHON BBICOTHI
print(vve,sve,vvp,gr)
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