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NNEPEAMOBA 10 YKPAIHCBKOI'O NEPEK/IAY

Micrepis, wo {i HasuBaemo Bcecsitom, sanwu Gyna i
Oyae 00’eKTOM A0CAILIB i AuCKycCiil Haykosuin. [locryn kyanrypu
i HMBiNi3auii, a 30KkpeMa TeXHikH, CTPUUMHUBC L0 mopas Giianluo-
ro 3apoBoJieHHs noTped i 6axanHs moauuu. Hayka jokasye, wo
BCE AOBKPYrd JIIOAHHU MOCTIHHE 1 BMOPSAKOBaHC, a NP TOMY
pyxome.

3 po3BUTKOM (Di3UKH, aCTPOHOMIT, XCMIT Ta iHINNX HAYK,
3 BMHAXOAOM panio, JiTakKiB Ta 3 IHIWHUMH 3A00YTKAMH HAYKM i

TeXHiKkH, MIOAMHA piwMaa BiadyTH nopopox Ha Micsib, ceOTo
Haitbmmxkuy a0 Hawoi 3emai nasiHeTy. Taka ogiccest B MHnyJOMY
Oyaa mpiero ans HaykoBora cBiTy. Tenmep BoHa crana aiiicuicrio.
20-ro aumnus 1969 poxy o 4:17:40 roamHi no noayjHi amepukaH-
CbKMI npocTipHuii kopabear “Open” ociB Ha noBepxHi Micsus.
[TpuGan3HoO yepe3 WiCTb 3 MOJOBHHOK FOAMH MICAS TOrO, O TOA.
10:56:20 actponaBt Hin Amcrponr (N’eil Armstrong) Bucis 3
kopalas i 3poOMB nepwmii Kpok Ha noBepxHi Micsiug, naworo cy-
nytHuka. ActponaBTt ExBin Anapin (Adwin Aldrin) npueanascs
0 CBoro apyra o roa. 11:16. Maiika Koaninc (Michael Collins),
TPEeTil aCTPOHABT, KPYXJ4B y nepeaHiii yacTtuui xopabasi p0B-
KpyrH Micsus 10 MOBHOIO 3/JYYEHHS Ta MNOBOPOTYy Ha 3CMJIO.
3 Ti€elo XBUJIMHOK aMePHKAHCHbKI aCTPOHABTH 3all04aTKyBAJH HOBY
icropuuny 100y AAS BCbOro JIOACTBa i NPUYUHUINCH A0 PO3-
B’3KM 0aratboX CKJAAJLHMX npobaeM mictepiitnoro BcecsiTy.

Jo ycnixy uiei oniccei amepUKaHCbKHX aCTpPOHABTIB NpH-
YMHHUBCS BEJUKOIO MIpOI0 YKpPaiHChbKHMit TaNaHOBUTHH Y4CHUI-BHU-
HaXiJHUK, OJMH 3 NiOHepiB i JOCAIAHHUKIB y ranysi pakeTHO{ TeXHi-
ku HOpiit KonapaTiok, Hanucasmm moHorpadiro n. H. “3ABOKO-
BAHHA MIKIVIAHETHUX ITPOCTOPIB”. Tepiue BuaaHHs wWiel
npaui, Hanucadoi B 1916 poui, noasuaoca B 1929-my, a apyre B
1947 poui. B 13-ox poszxinax cBoei moHorpadii aBTop aHanisye
LMl AKMyT npolJeM 3 TEOPeTHYHOro i mpakTHyHoro OOKy, mo-
B'13aHUX 3 noaboToMm y npoctip. HOpift KonapaTiok B aHanisi uux
npoGieM CTBEPAMB, LI0 AJs BUcany HA Micsups noTpidHo MiHimym
- TpboXx mojaei. KopaGenbr mMae ckanapaTucs 3 ABOX YaCTUH i3 MoB-
HMM yCTATKOBaHHSM AJ51 BUCALY i NOBOPOTY Ha 3eMJIIO.

ABTOp BKasye, 3 IKUX MeTaJiB MOBUHEH OyTH NoOy10BaHUI
kopabenb, sika mae GyTH Kamepa 181 acTPOHABTa, aHagli3ye Nu-
TaHHS1 LIBHIKOCTH, TENJa, CNOBiJbHEHHS KOpalJsi Ta pO3B’Si3ye
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psij iHLWIMX CKJAAJHUX NUTAaHb, CMOJYYEHUX 3 MIXKIVISHETHHUMH NO-
asoramu. Okpim 1soro HOpiit KonapaTiok onpauoBap paj paker-
HUX CXeM AJS MIXKIJSIHETHUX MOAOPOKEH 1 CMPOEKTYBAB KOMY-'
HikauiiHy craHuio Ha Micsui. Bei ui cknaadi nutanHs yrpyHry-
BaB BiH MaTemaTuunumu dopmyaamu. [Ipauto Hpis Kongparioka
Bucoko ouinuB Konctautun E. [lionkoBcbkuil, BURATHUIl yUCHHI
i BUHaXifHUK B ranysi aepoAuHaMiKH, pakeTHO! TexHIKM i Teopii
MIXMJASHETHUX CIOJYUYECHb.

MeTa uboro TpeTbOro BHAAHHS i MEPIIOr0 YKPaiHCbKOIO
MOBOK JaTH B PYKH HAIWIOMY uWTadesi L, Tenep yxe 6i0Jjio-
rpagiyHy piiKiCTb, HC3BUYAKHY NpaLl0, NONYASIPU3YIOUH, BKA3ATH
Ha BE/JMKHW{l BKJAJ YKPaAiHCbKOrO BUEHOrO B MIAMOTOBY MiXKIJIfi-
HETH#X CIOJYYEHb.

IOpiit Konppatiok HapoanBcst 7-ro sepecHst 1900 poky B M.
Jlyubky Ha Ykpaidi, 3akinuus Kouaerio Ilasna anarana B Kuesi
i NpaLioBaR B YKPAiHCbLKOMY HayKOBO-AOCAiAHOMY IHCTHTYTI npo-
MUCI0BOT eHepreTuku. [lepea apyroi CBIiTOBOIO BiliHOW mpauio-
BaB Haja OynaoBow Haibiabuiol B CBiTi KpUMChKOT BiTpo-enekTpiB-
Hi. 3arudys 1942 poky nis MockBo10, 3M00i/i30BaHUil 10 uyepBO-
HOT apmii, He BCTUIWUU AAaTHU AJS CBITOBOI HAyKH 1 YKpaiHu BCbOTO
TOro, U0 Mir 6u e 3poduTH HOro TalaHT HAYKOBLS i BHHAXij-
HHKa.

Muxaiino labkiB
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PREFACE TO THE THIRD EDITION

Yuriy Vasylievych Kondratyuk was born on September 7,
1900, in Lutsk, Ukraine. Like others before him, he became
fascinated with the prospect of man’s interplanetary travel. By
1916, Kondratyuk had developed a comprehensive theory of space
flight; this he presented in the book The Conquest of Inter-
planetary Space, published in 1929, which, by now, is a classic
in the field of space exploration. What distinguished Kon-
dratyuk’s work is that it is a comprahensive and systematic
analysis of both the theoretical and practical aspects of space
travel, as a feasible occurance,

Rather early in life, Kondratyuk set himself the task of
answering the question: “Is it possible at present to make an
interplanetary flight on a reactive device with known and available
substances?”’ By making the appropriate mathematical derivation
and necessary calculations, he was one of the first to establish
the principle formulae for rocket flight. He concluded from these
that, in principle, flight to other planets is possible with the use
of a rocket. Thereupon, Kondratyuk set out to render more
precise a set of questions concerned with space flight.

Kondratyuk established that the velocity of a rocket in a
vacuum depends only on the characteristics of the fuel and on
its initial and final mass. In this book he devotes considerable
attention both to the weight of the rocket and the characteristics
of its fuel. He suggests the idea of decreasing the passive mass
of a rocket by discarding the parts of its construction, no longer
needed. In effect, he gives specifications for what in modern day
is well known as the multistage rocket when he states: ‘‘...once
we have used up certain portion of the fuel, we reject the tank
in which it is carried. It is better, therefore, and perhaps neces-
sary, not to contain the entire reserve of fuel in one tank but in
several progressively smaller ones.”” He devotes one chapter
to various rocket fuels, suggesting the preferability of ozone over
oxygen as oxydant, since the former produces a higher com-
bustion heat at a lower overall specific gravity of the fuel.
Kondradyuk also proposed the harnessing of solar enrgy for
powering of space vehicles; however, he felt this alternative to be
beyond the state of forseable art.
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The problem of flight dynamics is examined thouroughly
by the author, as Kondratyuk discusses in detail various types of
trajectories of departure, taking into consideration the drag
effect on the flight of the rocket, as well as thermal problems
in dense atmosphere at high speeds. He derives the speed re-
quiremnts for various trajectories, and defines the transfer from
one trajectory to another, Kondratyuk focuses special attention
to the problem of reentry into the atmosphere and to the extinc-
tion of speed during descent to the Earth’'s surface.

In this book, Kondratyuk also discusses the interplanetary
spaceship itself: the construction of certain of its parts, its con-
trol and stability, its crew requirements. Ht is interesting to note
that he envisaged that a crew of at least three men would be
required for a flight to the Moon. Also worthy of mention is the
sequence of initial steps, given by Kondratyuk toward the con-
quest of space. He outlined the following stages:

I. Test the function of the vehicle in the atmosphere.
Il. Flight not too far from the Earth's surface.
[ll. Flight to the Moon without landing there; actually a
flight around the Moon.
IV. A flight to the Moon with stopover.

In what was judged by his contemporaries as bordering
on science fiction, Kondratyuk advocates establishment and con-
struction of space stations, to be employed as supply and launch-
ing bases for more remote interplanetary travel. He suggests
that such stations be established as satelites of the Moon rather
than the Earth, to protect them form the Earth's gravitational
and atmospheric effects.

Yuriy Kondratyuk, died in 1942 in the prime of life. His
theories on the mechanics of variable-mass bodies, as applied
to rockets, were generally accepted by the scientific community.
Nevertheless, many of the specifics of space travel were regarded
as bordering on fantasy. However, from today's vantage point
Kondratyuk’'s work seems like a blue print for man’s Odessy to
the Moon and ultimate conquest of space.

Yuriy Honczarenko
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IIEPEIMOBA 10 APYIroro BUAAHHA

Kumxkka HO. B. KongpaTtioka “3aBotoBaHisi MiXKIVIAHETHHX
npocTopiB” nocigae ocoOauBe Micle B Kascuuiiil airtepatypi 3
PaKeTHO! TEeXHIKW. ABTOP y MaKCHMMaJbHO CTHCJIH opmi BHKaa-
Ja€ WHUPOKUHA MaTepidn, nopyuywdd BCI NUTaHHA, 3B'A3aHi 3 pa-
KETHUM MOJbOTOM Yy CBITOBHH NpPOCTIp.

[Tepure BHaaHHs wiel KHMXKKH BUiwWao 1929 poky, a wmo
HakJaag 1l ctaHoBuB Juue 2000 npuMIpHHUKIB, TO TCHCp € BOHA
oiGaiorpadiuHoto pinkicTio. OuiHowud 3HAYCHHS KukkH Kon-
Apartioka, npod. BeTuiHKiH y nepejmoBi L0 NCPLIOro BHJIAHHS
LIJIKOM CcaywHo Bia3nauus, ulo 0. B. KonaparTiokoBi HalexuThb
pPO3B’S1I3aHHS LiJOro psiay HOBUX NUTaHb, NMpO fAKi iHWi aBTOpH
He 3rajiyrTh.

Jo uMx nuTaHp HalexaTh Taki:

1. Tlpono3uuift KOpUCTYBATHCA TOPIHHAM PIZHUX PCYOBHH
B O30HI, 4 He B KHUCHI, L0 MILIBUIILYE TEMJIOTY COPIHHS, 3 OJHOrO
00Ky, i MUTOMY Bary najuBa, — 3 Jpyroro; OCTaHHe Bijirpae He
abUAKY poJIO NMpPU XapaKTEePUCTHLL paKeTH.

2. KoHjpaTiok nepwwuil 3anpoBajuB NOHATTA NpoO Npo-
NOpUifiHKit NacuB, BUCJOBMBLIIM AYMKY, LLO Maca pakeTH, KOJH
BiapaxyBaTu macy aOCOJIIOTHOrO nacuBy, Mae OyTH nponopuii-
HOMK 10 MacH naianBa. oMy X TaKu HaJleKUTb J0Ka3, WO PakeTa,
SIKka He CKHMIae i He cmanioe cBOiX 0akiB MiJ 4Yac pyxy, BHJIETITH
no3a Mexi 3eMHOro TSXIiHHA HE MOXe.

3. Tlpono3nuis KOHCTPYOBATU pPaAKeTy 3 KPUJAAMH XOU i He
e npioputetom KoHapaTioka, oaHak TpebGa BU3HATH, WO BiH
'Nepwuil BKasye, npu IKMX NMPUCKOPEHHAX KpUaa 6yayTh KOPHCHI,
1 LOCHIAXKY€E NpPH LbOMY KYTH Haxuldy TpPaekTopii pakeTu Ko
00pilo, HAHBUIiZHIlY peakTHBHY CHIY Mijl yac NOJLOTY B MOBITPI
i pae i1 BeJHUHHY, WO NPUOJM3HO JLOPIBHIOE MOYATKOBIH Basi
paKkeTH. -

4. HabavxeHe pOCAIIXKEHHS MUTAaHb, 3B’SI3aHMX 3 HArpi-
BaHHAM paKkeTH Mmif yac pyxy i1 B nositpi. Lle nuranng y Kos-
ApaTioKa po3risgHeHe AyxKe AOKAALHO i SBJAE BeJHMKUN iHTepec,
00 BIH mepeBiB OOUMCACHHS i JaB MOPSLOK CNOAIBaHHX Temmnepa-
TYpP, 9Ki MaTHMe pakeTa nif 4ac il pyxy B atmocdepi.

Beabmu xapaktrepucTuunum s KoHapaTiooka € BLIyMaMBe,
Cepio3He | NpaKkTH4YHe CTaBJ/ieHHA MUTaHb.

Posrasipaoun nepiue BUAAHHS i€l KHUXKKH, npod. BeTuin-
kiH nuwe: “Jo roro x yci uucaa gado B HO. B. KoHapaTioka,
X04 1 1OCHTb rpy0o, ane 3aBXJH 3 NOXUOKOI B HEBUTigHY L4
KOHCTPYKTOpa CTOPOHY.



HaBiTb Take muUTaHHs, K 6yA0Ba MPOMiXKHOI 643U NOMiX
CTAauyaHH#, SIKe B iHUIMX aBTOPIiB MEXye 3 4MCTOIO ¢haHTasicw, y
FO. B. KoHapaTiok nmOCTaBJAeHO PO3BaXJMBO, 3 TJIHOOKUM Te-
peafayeHHsIM TEXHIYHOI CTOpOHW CnpasM; i camy 6a3y MUCJIMTH
BiH, IK cCynyTHUK He 3emai (SK y BCix iHwmMx aBtopiB), a Micsius,
U0 3HAYyHO OiNbLIOK Mipolo rapaHTye 0a3dy BiJl yTpaTH WIBHA-
KOCTH BHACJiA0K TPWBAJOrO rajbMyBaHHSI XO4u OU Mi3epHUMH
pewTkamu 3eMHol aTMmocdepy i Bix naaiHHs Ha 3eMao.

[anGoko npoiyMaHMM € TakoxX OCTaHHiii naparpad mnpo
MiAroToBYi poOOTH HAL 3AIACHCHHAM “MIXMISHETHHX MNOLOPO-
xeid”. 1 pani: “Bepyuu nig yBary, wo H). B. KonapaTtiok He mae
BUCOKO! OCBITH 1 LiHIIOB yChOr0 CaAMOTYIXKKH, MOXHA TIMbKU AU~
BYBaTHCS TaNaHOBUTOCTI H LWIKMPOYHMHI MOTJSALIB MeXaHikiB-camo-
YKiB”.

Cain BinsHauuTH, 1110 inei aBTopa B CBiTJi Cy4acHOro pos-
BUTKY PaKeTHOT TeXHiKM ayxe OAM3bKI 10 3AIACHEHHS, KyAH
Onunxui, gk ue MoxHa 6yao npunyckaTtu 18 pokis Tomy. CnpaBpai
60, NosiBa peakTMBHHUX anaparip, fKi nepeniTalTh COTHI KiJJOMET-
PiB, i pO3BUTOK paKkeTHOI aBislLl MOKa3yl0Th, 110 paKeTHA TEeXHiKa
CTOITb Ha MOPO3i PO3B’A3aHHS MPOHJIEMH MIXKIIISIHETHUX MOJBOTIB.
3 uiei Touku 3opy kHuxka H). KoHnapaTioka Ge3ayMOBHO mae iH-
Tepec, 60 oGCsr AOCHiIAXEHb, NMPOBEAEHUX aBTOpOM, 3bepirae
CBO€ 3HAUEHHA W HMHI.

OcHoBHY yBary MM npuainuau nepeBipui cdopmya, 6o
aBTOP OMYCTHUB iX BHBEJEHHS, HABIBIUM TiIbKH KIHLEBI pe3y/ib-
TaTH. BuBegenuq aesaxux (popMya MM NojaeMO B MiApSAKOBUX
3aBBarax. [lani, mu 3amiHMAM TEpMIHOJOri0 aBTOpa HalGinbLW
YXUBAHOW B CydacHiil mitepatypi 3 uboro nurtaHHsi. 30Kkpema,
JyXe 3arajJbHUil TepMiH aBTopa “BUAINEHHN” MU 3aMIHWIK 3TiJHO
3 AediHiTHBHMM 3HauenHaM. TepmiH “pakeTHHi 3apsa” MM BBa-
Xaju 3a Jinue 3amMiHUTH TepMiHOM ‘““3amac najauBa” i T. 4., B
IHLIOMY BC€ 3aJIMLICHO.

[1lo6 patu aedaxe ysasaenHs npo ocoOy H). KonapaTioka,
HaBOAWMO BUTArH 3 Horo JuctiB a0 npod. H. A. Punina.

I1. IraHoB



3 JUCTA ABTOPA 10 IPO®. H. A. PHHIHA

10. B. KouapaTiok
(*7. 1X. 1900 - $1942)

[11anoBHuit Mukosno OnekciitoBuyy!

Baxarwuu, Lo 4uCcTO 0COOUCTI CTOPOHM MOTO KHUTTS He
MawTb 0COOJUBOIO IHTEpecy, NocTapalch NOLATH B LOCHUTb MOB-
Hilt Mipi mepeBa)XHO Te, LU0 Mac CTOCYHOK A0 MOiX JLOC/LIKEHb
i3 Teopii MiKNIAHETHOTrO CIMOJYYeHHS.

Cnepluy HalITOBXHYJO MO AYMKY Ha poGOTY B CTOPOHY
OTaHyBaHHS CBITOBHX MpOCTOPIiB, alo, BipHille, B3arali B cTOpO~
HY I'PAHAiO3HUX | HE3BUYANHUX MPOEKTIB, PiAKe LIOA0 CHIM Bpa-
EeHHS, Ke CIpaBU/a HAa MeHe NMPOoYUTaHa B I0HOCTI TaJaHOBUTA
inaycrpiaabHa noema Keanepmana “TyHensp”

Ha To# uac miii HaykoBu# i TexHIYHMH 0ara) CKJazascs
3 HE3aKIHYEHOT CepeaHbOl OCBITH IJIIOC JEKibKAa HECUCTEMaTHY-
HUX JONOBHEHb, 3POOJEHHMX CaMOCTIHHO 3 BMLIOI MAaTeMAaTHKH,
¢$i3UKH i 3araJbHOTEOPETHYHMX OCHOB TEXHIKM i3 HaXWIoM 10
BHHaXiJHULUTBA Ta CaMOCTIHHUX AOCJifXeHb Oijblle, K A0 je-
TaJbHOTO BUBYEHHN BIKE€ BHMHANAEHOro H BIAKPUTOTO.

S “BunailioB”: BoasHy TypOiHy Tuny [leabTOHOBOrO KO-
Jieca 3aMicTb MJIMHOBHMX BOJASIHMX KOJI, L0 IX BBaxaB f 3a €AUHi
BOASIHI pyuiii, I'yCeHMYHHUH aBTOMOOiJAb, 10 i3AUTb NO M'SIKMX
i CUMKMX I'PyHTaX, 0e3anpy:HHOBI BigjocepenHi pecopn, nHeBMa-
THUYHI pecopH, aBTOMOOIMb, WO 13AMThL MO HEpIBHiit MicueBOCTI,
BaKyyMmrnomny oco0/uBOI KOHCTpykKuii, 0apomeTp, TOAHHHHK i3
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AOBrOTPUBANUM HAKPYTOM, €NEKTPHYHY MALUHHY 3MIHHOTO CTpY-
My BHCOKOi MOTYXHOCTH, MOPTaTHBHY TYpOiHy i faraTo JIe4yoro

iHWOro, — peui, NOYaCTH TEXHIYHO 30BCIM HEMPAKTHYHI, MOYaCTH
BX€ BijOMi, MmoyacTu # HOBi, W0 3aCJAYTOBYKOTb Ha LaJbile ONpa-
IloBaHHS i 3iificHenHs. B mMaremMaTHii — peTesbHI LOC/IIXKEHHS

3 reOMeTPUYHOI akciomMaTHki (MEepeBaKHO NOCTYJSATH piBHO-
OiHUX), “BiaKpuTTS” OCHOBHMX (OpMyJ] TEOpii KiHLEBHUX pi3-
HHULb, AesiKi HepO3BHHEHi, oaHaue, jasi Bil y3arajbHeHHS Teopil
KiHUIEBUX Pi3HMUB TA aHami3n i 6araTo MeHW 3HAYHUX pedelt, wo
Mmafixke MoCNijib € BIAKPUTTAM yxe Bigomoro. ¥ xemii i TeXHiui
— OCHOBHI eJIeMeHTapHi yaBJeHHd. ¥ ¢i3uli — Hamaradus cnpo-
CTYBaTH APYTUH MPUHUUN TEePMOJUHAMIKM (XapaKTepUCTHUYHO,
o 1e, 31aeThcs, cninbHa pucka 3 K. E. LlionkoBCbKKUM) i HaBiTh
y ¢inocodii — cnpoba noOyayBaTH JOTIYHI CHCTEMM, WO 3aKiH-
upancs pasom i3 99/100 camoro 3ainTepecyBaHHS 10 iaocodii .
“BIAKPUTTAM” TSHKKO COPUHHSTOrO NPUHLUUNY AETEPMiHIZMY.

Bpaxenns Bix kemnepmaniscbkoro “TyHeno” 0yao Taxe,
L0 HeraHo Mo HOro NpovYMTaHHIO 8 3aX0AUBCA 00pOOIATH, CKiJb-
KW JO3BOJSIM MOT CWJM, Maiixe OJHOYACHO JBi TeMU: mpoOHBaH-
HA TAn00KOT WaxTH, 1106 LOCHIAXKYBATH 3eMHI Haipa Ta BHUKO-
PUCTOBYBaTH TeIIOTY fipa i — nodaitT nosa mexi 3emui. Likaso,
IO YMTaHi MHOW padiwe danracTuuni nosicti 2Kwoaa Bepha
i I'. Bensa, namucani Ge3anocepeaHbo Ha TeMM MiXMJAAHETHUX
JALOTiB, HE CTIPaBUJIM Ha MEHE BEJMKOTO BPaMeHHS — MPUUUHOIO
LLbOMY, JMOOHL, OyJ0 Te, WO Ui MOBICTi, HAaNUCaHi He TaK TaJja-
HOBHUTO i ACKpaBo, sK NMOBicTh KennepmaHa, 6yau aisg meHe 30BCIM
HeNMepeKOHJIMBUMH 3 HAYKOBO-TEXHIUHOI TOYKM 30pY.

Tema npo randoKy WaxTy N0 ONPalOBAHHI OCHOB JesIKUX
NPUOJHU3HHX BapisHTIB AYXKe CKOPO HATpanuia Ha HeMOXKJHUBICTh
AJI1 MeHe TMPOBECTH BIANOBiAHY eKCIepUMeHTaJbLHYy pobOoTy; Te-
Ma K NMPOo MIKIJISHETHUI NOMIT BUABUAACH KYAM BISUHILIOW, J1O-
MYCKAaWUH 3HAUHI TEOPeTHUYHi AOCHJIMCHHS, i 3aXonuaa MeHe Ha
JOBTMH 4ac, NpPOTATOM AKOTO $t HC pa3 /0 Hei noBepTaBcs, ax
MOKK He AHILLOB 10 Mexi, 03a 9K010 aaJjelia Naoi10TBopUa npaud
HEMOXJIMBA 0e3 PIBHOOIMHOI0 CKCMCPUMCHTYBAHHS.

[Mepwmii nepiox npaui TpuBap Oiabule SIK MIBPOKY i BKJO-
YUB y ce0e 3HAXOJMKCHHS Maiixc BCIX OCHOBHUX 3aCaj PaKeTHOro
MOJLOTY, WO BBIAUIM Y BUJAAHY KHMIKKY, ajc €3 JAOKJAAHILOTO
OMpauloBaHHs i yacTto 6e3 TOUHOT maremaTduHol aprymerTanii. 3
BUJAHOrO 3rojlOM y uUeil nepioa 30Bcim He GyaM namiuycHi posi.
V, VIHII i auuie B npudaumni HakpecmoBanuen posn. 1V 11X, a B
po3a. VII uepes cradxe 03HAHOMACHHS 3 XCMIEK) po3rasianock
JIM1lIEe 3anac KUCHIO i BOLHIO.

4



OCHOBHMM MaTepisiioM mpaui uporo nepiony Oyao BuBe-
JIEHHS1 TFOJIOBHOT (hopmynn paxkeTtu [dopmyna (4)], 3HaXONKCHHS
HafipurigHimoi rpaekropii (posn. VI) i peski aarannni nojoxeH-
HS 3 IHLUKX PO3AiniB.

[MocTaBuBiiK CO0i TEMY TOALOTY B MINKIWISAHCTHI MPOCTO-
pH, S BiIpa3y K CIMHHUBCS Ha pakeTHiil meTtoal, — “pakeruiit” B
3arajJbHOMY 3HAYEHHI UBLOrO CJOBA 3CiAHO 3 BH3HAUCHHIM, ULO
floro nam g B po3A. I, BIAKMHYBIIM apTUIEPIACLKY, SIK OUCBUJAYKH
TeXHIYHO 3aHAATO CKJAajiHy, a TOJOBHO Taky, WO I¢ odinge mo-
BOpPOTY Ha 3em/aio i ToMy 0e3raysiy.

llle 10 BuUBeieHHS OCHOBHOI dopmyan & npubdausiio o6-
YHC/INB JeKilbKa MEXaHIYHUX BapigHTIB, 3 AKMX OCTANHIM i 1OCKO-
Haa1um OyB oOepToBHuil ODapabaH 3 HAMOTAHOIO HA HLOMY CTAJICBOIO
JUHBOIO, 110 MA€ PO3MOTYBATUCY 3 IHEPLIEO B OAUH OiK, HAAAIOYH
O6apaGaHoBi MPUCKOPEHHS B NPOTHAeHUi. Opepxasuu, 3po3ymi-
Ja piu, Bigpasy K HeliMOBipHO BesiMKi 3HaueHHSl AJsl HCOOXingHON
Baru paxketu (“n’’), st nepefioB 10 KOMGIHOBAHUX PAKCTO-apTH-
JepiiCbKMX BapisSHTIB: rapmarta BUCTpiae 3 celdc AaApo, WO
CBOEIO 4E€Proo € rapMaTolo, ika BUCTPIM0E 9apo, i T. i. — 1 3HOB
Ojlep:KaB BeJawve3dHi poamipu mnepricHoi rapmartu. [licag mnoro
. Apyry rapmaty (To0TO mepuwe iApo) oOepHYB XKepJaoM Hasal,
3poOUBIUM 3 Hei MOCTIHHOrO 4jeHa pakeTH, i 3MycuB il CTPINATH
B 3BOPOTHUH OiK MalnMMHU siapamu, TOOTO 301JbUIMB aKTUBHY Ma-
cy Ha0O0I0 KOWITOM NMacHBHUX MAaC — i 3HOB OJlep:KaB CTpPaxiTauBe
3HAYEHHA JJ9 MacH pakeTHOI rapmaTH, aje TyT 3aBBaXHUB YXKe,
o Yum Oiblie MiABMLIYID MACy aKTHUBHOI YACTHHU HabOl0 KOLI-
TOM MNMAaCHUBHUX Mac (Aaep), TUM BHTiAHilI BUXOASTH (OPMYJIH
JJIT Macu uiel pakeTH.

3BIACH HETSHKKO JOTiYHO O0ya0 nmepeiTH A0 uuCcTol TepmMo-
XEMIYHOT paKeTH, SKYy MOXKHA pO3rasiaT sk rapmary, uo Ges-
nepectanb CTpiiase cainumd HaGosimu. Chaigom 3a uum i 6ysna BH-
BejcHa OCHOBHA opmynaa (4) pakeTH, Npd HOMY BHACJilOK
3po0JIEHOr0 MHOI0 Mijf 4ac MepBiCHUX OOYHUC/IEHb CHOPOLULEHHS i
notim 3a0yTOro Ta BUMYLIEHOrO 3 yBaru, B oCHOBI uiei dopmyan
JesKuil yac ctosiyio He “17, a “2” 1 pesyiabTaTH 3aBASAKH LiH NO-
MWIL Biipasy BHHILUAM HAA3BHUAHHO 3a0XiTJUBI.

HesaGapom 3naitluoB s i NpUHUMNM HAWBUrigHILIOrO BH-
KOPHCTOBYBAHHSl paKeTHO! peakuii — Mpo HaJaBaHHA NPUCKO-
peHHSl B HMKUift Toyli TpaekTopii. BUunpaBuBLUIM NOMUJIKY B OCHO-
Bi hopmysn (4), S oLepkKaB y pe3yabTaTi BXKE HE Take CnpH-
SITNIMBE 3HAYEHHS N (BiAHOLICHHA MAacH PaKeTH 10 KOPUCHOro Ts-
rapy), a came n=-55 Ge3 o0paxyHKy HEMUHYYUX YyTpaT Ha KO-
eilieHTt KOpUCHOT il i MPUCYTHOCTiI NMPONOPUIHHUX TaCUBHUX
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mac. s undpa 55 MeHe Bike ayKe Hemnokoina, ajxe npuBabau-
BicTb nopylueHoi TeMd 6yna Taka, 1o, cam cebe oOMaHIOWUH, A
HaCUJbHO BBAXaB 110 LUGPY 3a CTIPHITHATAMBY, aX MOKH 3HAHLIOR
KiHeUb-KiHUEM TMPOTHOTPYTY uum “55” y Burasai ¢isuko-marte-
MaTUYHOTO OOrPYHTYBAHHSI MOXKJIMBOCTH I1ACAHMBOTO CIYCKY Ha
3eM0 KOUITOM OMOpy atMmoccgepH, a noTiM B pO3BMHEHHI WTy4-
HUM CcnocoOOM MepBiCHOT WBUAKOCTH, OpraHisauii MiXKNJIAHETHOT
0asH Ta i pakeTo-apTUaepiicbKOMY nocTtadaHHi. Jpyrum nurtaH-
HAM, siKe HOBIMi uyac MeHe Henokoino, Oyna HeoOxigHa 3a nep-
IIMM YUCTO PAKeTHHM BapiIHTOM BIAJbOTY JAYXe BeldKa CHJA
peakuii — He MeHLIA K MojBoeHa cuna Ttarapy. Lleit Hecnokii
00JUIIMB MeHe Mi3Hille — micas 3HaACHOI MOXJHBOCTH 3 BH-
rojl0l0 BUKOPUCTOBYBATH MijJl 4ac BiAJAbOTY aBisiLiiiHi KpuJaa, npu
YoMy MiHiMaJbHAa JAONyCKalbHA CUJIa peakuii 3MeHWYeETbCS B
Aekiabka pasiB. Hapewrri, ocTaHHiM nUTaHHSIM, SKe 1YyXKe MeHe
Henokoino, 6yna HeGe3neka 36oky meteopis. LlloitHo Kiabka gHIB
TOMY, oaepxaswu Bixg S. I. Tlepeanmana ftoro kHUXKy “Mixnas-
HeTHI NOAOPOXKI”, S A0BIAABCHA, U0 YYXKO3eMHi aBTOpH, AKi Ma-
TEMATHYHO AOCAIAMIN 1€ NHTAHHA, NPUALLIH A0 CIAPUATIMBHX
BHCHOBKIB.

Hocarnyswm 1917 p. y cBoifl mpaui neplimx nO3UTHUBHHUX
HaCJiAKIB i He migo3piBaUM B TOH yac, O S HE € MEePLUUM i 1~
HUM JOCJTiAHUKOM y Uit ranysi, 1 Ha SIKMHACH yac HiOM “crnioyuB HA
JaBpax’”’, YeKaruy Ha MOXKJMBICTb PO3NOYATH NOCIiAH, SIKY CMO-
AiBaBCA OJeprKaTH yepes peasnidallito BUHaxoliB, i BOgHOYAC TPH-
Mawy¥ CBOJO Mmpalo B HalcyBopiwiil Taemuadui. bepyun nig ysary
3 CaMOro NOYaTKY BEJAMYE3HICTb i HEMEBHICTbh MOXXJMBHUX HACHijl-
KIB BUXOAY JIOAMHH B MIXKMJASIHETHI OPOCTOPH, o pasom i3 THM
HA{BHO BBAXaB, IO BUCTAUUTHL OMPUMOAHUTH 3HAMLeHI OCHOBHi
MPUHLUMIH 1 HeraiHo XTOCh, MAaluM 10CTATHI MAaTEPis/bHI 3aCO0H,
3MIHCHUTL MIXKIVIAHETHUH MOJIT.

Poxy 1918-ro B ogHomy i3 ctapux uucen “Husu” g Bunan-
KOBO HaTpanuB Ha HOTaTKy mnpo pakety LliosxkoBchbkoro, ane
“BectHuka BosayxonnaBanus”, 110 Ha HbOI'O NOCHNABCA aBTOP
HOTATKH, S lle LOBrUi yac He MIr BiALUyKaTH.

Lls HOoTaTKa i HOTATKM, WLO TPAMJSVIMCS MeHi Mmi3Hille B
nepiofnyHiil nmpeci Npo 3aKOpAOHHI AOCJTiIAH, CITOHYKAJU MeHe 10
JAaJbLION0, TOYHILIONO W JOKJAAHILIOrO ONpaUioBaHHs Teopil
noJbOTYy, MO0 NMepedTH Bif 3arajbHUX (I3UYHUX MPUHIMUMIB 10
OOMIpPKYBAHHS TEXHIYHOT MOKJMBOCTH X peabHOro 3acTOCyBaH-
Hs. Bepyumnce 10 npaui Kiibka pasiB, 3 nepepBamMu MiXK peneTH-
TOPCTBOM, pyOaHHSIM ApOB 1 poOOTOK MACTHALHMKA, MCHI BLA-
aoca 10 1925 p. 10noBHUTH ii mMaie A0 TCNCpilIHLOrO BUIIALY:

6



B yCiX pO31ifnax MpOBeLEHO I'PYHTOBHille MAaTCMATHYHC YMOTH-
BOBaHHA, Nifi0paHo AOCHTb MOBHUA XeMiuHMA matepisa, poapol-
JgeHo posx. VII npo onip atmocdepu nig yac Biaanorty, oOrpyH-
TOBAHO OGUMCJEHHIMM MOXJIMBICTh MIASHYIOUOIO CHYCKY i MOo-
poGaeHO iHLI JONOBHEHHS.

Poxy 1925-ro, koau mnpaug Bxe 30avuanacs a0 KiHug
i KoM MeHi nowacTHI0, HapewTi, BixwykaTn “Becrunk Bosayxo-
naaBanusi” 3a 1911 pik 3 wactuiow npaui K. E. Llioakoschkoro,
1 Xou i OyB TpPOXM pO3HapOBAHHWIl THM, L0 OCHOBHi 3aCaau BiR-
KPUB 51 BApYyre, al¢ pasoMm i3 THM 3 MPUEMHICTIO NOGAUMB, LULO HE
TiZLKKM MOBTOPUB NMONEPeIHE ACCAIIKEHHS, X0U | IHHMH MCTOAA-
MU, ajie 3po0MB TAKOXK i AesiKi BaxJMBI BKAAAH B TCOPIIO NOJALOTY.
FosoBua BigMiHa y MmeToai Moix oGuncaeHb Bij meroan K. E.
LlionkoBcbkoro noasrana B tomy, wo LlioakoBcbkuii y ayxe 6a-
raTbOX BMIIAAKAX BUXOJIUTb 3 poGOTH, a 8 BCIOAM — JaUWIC i3
WBUAKOCTeH Ta MPUCKOpPeHb. 3 OrasfAy Ha Te, wo podora cun
Yy pPakeTHOMY NMUTAaHHi 3aJeXUTb Bij 6araTtb0X YMOBHH i BHABJA-
€TbCA TAKOX TNO-pi3HOMY, HANaBaHi X HUMH MNPUCKOPCHHHA, a
' 3HAYUTH i WBHAKOCTI AaneKo NeBHiwi, 9 i BBaxalo WBHAKICHY Me-
TOAY OOUMCJIEHHS JIErwow i NpoayKTHBHILIOW.

Poky 1925-ro npod. B. [l. BeTuinkin npocTo npurosom-
IIMB MEHC BMCOKOIO OLIHKOKI MO€I mpari.

...Poky 1927-ro 3a nopaznow B. Il. BeTuinkina 9 3amiHuB
3BUYAHHILLOIO i 3pO3yMIILIOI0 CHCTEMY MO3HAaYeHb i MOYacTH Tep-
MiHOJIOTi10, BCTABMB He MOJaHe MHOIO paHille BUBeleHHs popMy-
au (4) i BunpaBuB noMuaky B cdopmyani (6) (Bnaue mac nponop-
iiiHoro nacuBy). BiH e 3BepHYB MO0  yBAry Ha BeJMY€3HC 3Ha-
YEHHS KOHCTPYKTHBHOIO OMPALOBAHHA “‘NajJibHUKA” — BHKUAHOI
pypH, YoMy g # Hanucae Ta BcTaBuB po3n. IV. Janbuie naopo-
TBOpYe po3poOMIeHHSI TeMH NMPO MiXIVISHETHUH NMONIT YHUCTO TEOo-
pPeTHUHMMH METOAAMH, OUEBHJIHO, HEMONJHUBE, 1JS MEHe TIpHU-
HaiiMHi: HeOOXiAHI eKCepruMeHTalbHI aochaifxenHs. Yac i rpolui
AJS HUX 51 ! cniofiBaloCch OLE€PXKaTH BMHAXOJAaMH B pPi3HMX Ai-
JSIHKaX, 30KpeMa 3a poAOM Moei npaii Ternep — B rajaysi enesa-
TOPHOT MexaHiku. TTokuuo maw mepuli ycnixu y BUFASILI HexaB-
HbOTO TMPH3HAHHSI MOTO HOBOIO THUMY €/]€BaTOPHOro KiBwa i ca-
MOTHTiB, 10 3100y COOi BixKe Micle CynpoTH Mailke He3MiHHO-
ro 3aaBHa TUNY.

3 nourarow a0 Bac FOp. KonxgpaTiok.

1.1V. 1929 p. .



MEPEIMOBA ABTOPA 10 IMNEPLIOIrO BHUJIAHHS

Lo npauto B il OCHOBHMX 4aCTHHAaX HanucaHo 1916 poky,
onic/si TpUui JOMOBHIOBAHO i JOKOPiIHHO mepepobaioBaHo. ABTOp
CHoAiBaeTHCs, U0 HOMY BAANOCS MOAATH 3aBALaHHA 3100yTTS CO-
HSYHOT CUCTEMHU HEe Y BUCASLI TEOPETUYHUX OCHOB, PO3BUTOK SIKUX
i npakTHyHe 3aCTOCYBAaHHA Hake)XaTb Hayui W TexHiui manlyT-
HbOTO, a4 ¥ BUFAAAI MPOEKTY, X04 i He JAeTaJi30BAHOrO, ane BXxe
3 KOHKPCTHUMH uudpamu, 3LifiCHEHHS $KOro LIJIKOM MOXJHBE
i B TenepiliHii wac ANf Hawoi CYyacHOi TexHiKM micag cepii
eKCMePUMEHTIB, 110 He CTAHOBJAATH OY1b-IKUX OCOONUBUX TPYAHO-
uriB. 3niliCHEHHS Ue A0 TOrO X, Bil MONEPeAHIX eKCMePUMEHTIB
NOYMHAIOUM 1 KiH4al4Yu nmoaboTamMu HA Micsiub, 3a6pano 6, CKilb-
KU NPO L€ MOXHa CYAUTH 3a3jpajeriib, MeHIle MaTepisabHUX 3a-
co6iB, Hixk MOOYA0Ba KiMbKOX BeMMKUX BiiCHKOBMX KopabJiB.

[Ipo icHyBanHs Ha Wi Temy npaui iHx. LlioJKOBCbKOro
aBTOpP NOBiAaBCH JHWE 3roA0M i TiJbLKWM HCLABHO MaB 3MOry 3a-
Ni3HATHUCH 3 YACTHHOIO CTaTTi “JloCAifKeHHS CBITOBUX NMPOCTOPIB
pPeakTUBHUM npuaanom’”, BMmilleHoi B xypHani “BectHuk Boaxny-
xonuaBauus” 3a 1911 p., npy YoMy nepekoHaecs B npiopuTeTi
inx. LlionkoBCbKOro y po3B’sizaHHi 6araThbOX OCHOBHMX MHTAaHb.
Oanak, i3 3ragaHoi cTaTTi He ycyHneno naparpadiB, ki HaneBHO
BXK€ He Aal0Tb HiYOro HOBOro, 3 OAHOro G0KY, W00 He Mopywy-
BATH LIJLHOCTH BHKJIAAY i He BiICHJIaTH 3aLliKABJIEHUX YHUTAYIB
JO Ay:Ke PIIKUX Tenep I TPyAHO po3wyKyBaHUX uucen “BecTHuka
BosayxonmnasaHusa”; 3 apyroro x GOKy, TOMY, WO iHOAi Ti cami
TEOPeTHUHi 3acaau i dhopmyau, JUe TPOXHW iHaKLIe HACBiT/EHI,
KMAAITb iHIle CBITJO i Ha BCe nmuTaHHs. [lonpH Bce e aBTOp
npaui Tak i He MaB MOXJMBOCTH 3aMi3HATHCA HE TO 3 YYKO3EM-
HOI0 JITEPATYPOIO 3 JAHOTO MUTAHHS, aje HaBiTh i 3 APYrolo ya-
CTHHOW cTaTTi iHx. LliosKoBCcbKOro, BMilleHOT B KypHasi 3a
1912 pik.

barato 3 HaBepenux y uiit npaui dopmyn i malixe Bci
UugpU faHO 31 CMPOLICHHSAMM i 320KPYFACHHSIMH, 4acTO HaBiTh
AOCUTL TPYyOUMM; MPHUMHA [LOIO B TOMY, ULO KOHCYHHA /s
LOKJMAJHOrO ONpAaLIOBAHHA NPOOJICMM JOCAIHUIH MaTepisa e
BiACYTHi{, & TOMY AJIs HAC HCMAE CCHCY MOPNAaTHCH B COTHX 4acT-
Kax, MOKM MU HE MOXKEMO OYTH NCBHI i HL0J0 TOYHOCTH JECATHX.
Llinmo pesikux oduncaeHb wiel npaii OyJo JMIIC AaTH ySBAEHHS
npo MopsioK (PisMYHMX BeJMYMH, L0 3 HUMHU HaM JAOBELEThCH
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MaTH CNIpaBy, i Mpo 3araibHUiA xapakTep X 3MiHu, 60 00YMCACHHA
iX TOYHMX 3HAUY€HbL A0 BIAMOBITHUX CKCNCPHUMCHTAABHUX AOCHI-
AXEeHb HeMOXJAKBe, 3 aHAJOTIYHOI NPUYMHM B NPAILT HCMAC | KOH-
CTPYKTUBHUX PUCYHKIB Ta KPECJAEHHKIB: 3arajibii NPUHIMOH KOH-
CTPYKLT JIErKO MOXYTb OYTH BUpAXEHi I CJAOBCCHO, A JICTAM MH
NOKHUILO PO3POOAATH HE MOXKEMO; TUM TO BCHKHUH KPCCICHUK,
OCKiJIbKM Mae BiH y co0i 3 KOHEYHOCTH JesiKi wacTKoBi ¢opmuy,
3amicTb NMOCIOHMKA CTaB OM pajlle NEPCLIKOAOID A0 HAYKOBOTO
3PO3YMiHHS.

3 oragay Ha BilHOCHY HOBUHY MPCAMCTY aBTOPOBi A0BC-
JIOCSl BBECTU JIOCHTh 0AaraTo BJACHUX TCPMIHIB, 3aMIHCHHX 3400
CTUCJOCTH Maflxe BCIOLU JiTEPHHMU O3HAYCHHAMM, 3aCTOCYBAHHS
AKAX Take: Ti cami JiTepH, ki B ¢opmyaax 1 0OOUHCACHHAX MO-
3HAYalTh YUCENbHI 3HAUYEHHS (I3UYHMX BEJAMUYMH, Y TEKCTi 3ami-
HATh COO00 BiANOBIARI 3arajJbHOBXKHUBAHI Qi3uuHi ado cneiisiib-
Hi Tepminn panoi npaui. ILlo0 nosermwmTH YMTaHHS, AAETHCH
OKpEeMHUH TepeqiK yCiX JiTePHUX MO3HaYeHb, BXUBAHUX MOBTOPHO
B KiIbKOX Micusix ctaTTti. B ycix Bunagkax, KOam He aaHo ocoOau-
BUX BKA3IBOK, JITEpHM 03HAYAIOTh (Pi3HWUYHi BEJHYMHM, BUPAXEHi B
abcomoTHUX (CM.r.Cek.) OJMHHUUSIX.



3 IPYIrol NIEPEIMOBH ABTOPA 10 INEPINOrO BUIAHHS

TOpKHYCSl OCHOBHOIO 3arajlbHOro nuTaHHa uiei npaudi,
30BCIM He HACBITJEHOr0 B MEPBICHOMY BHKJaAi, — MOUTaAHHA MPO
CNoAiBaHI HACAIAKHM AJS JOACTBA BijJ BUXORY HOro B MiXKNJisHeET-
HI MPOCTOPH.

[Tionep pocnipxenns paHoro npexmery, npod. Lioaxkos-
CbKHH, BOauae 3HayeHHS HOro B TOMY, 11O JIOACTBO 3MOXeE 3ace-
JUTU CBOIMH KOJIOHIAIMM BCJAMYE3HI TPOCTOPH COHSILIHOI CUCTEMH,
a KOJM COHLE TPOCTHIHe, BWJIETUTb Ha paxeTax, ol 3aceauTH
e He NPOCTUrAL CBITH.

[TopiGHI MOXKJAMBOCTI, 3BM4YAfiHO, a)K HiIK He BHKJIOYEHI,
ajie BCe Le NPUNYLLIEHHA JaNeKkoro Main0yTHbOro, NO4acTH 3aHal-
TO BaKe RajdeKkoro. bes CymHiBY, Hie 10BrMi 4ac BKA2AaHHA 3a4C0-
OiB y MoJineHHst X)XUTTHOBUX YMOB Ha Hawii niasHeTi Oyae peH-
TaGe/NbHILMM, HiX 3aCHOBYBaHHSl KOJIOHIi Mo3a HeK; He CJix
3a0yBaTu, 110 B MOPIBHSAHHI i3 3aralbHOK NOBEPXHEI0 HAWIOT IIs-
HeTH JiMlIe He3HauHa il YaCTHHA fK CJAif 3aJ0jJHeHa 1 eKcryary-
eTbcq. IlorasHemo Ha npobaemMy BUXOALY JIOJMHU B MiXNJISHETHI
NMpoCcTOpH 3 “CobOroAHIWHLOI" TOYKU 30pY: HOr0 MM MOXeMO KOH-
KPeTHO CNOAIBATUCS B HAlOMMKUi — MaKCHMMyM — JeCATHpiYus,
paxyiuu Big Nepwioro nojboTy 3 3emii.

Slkwo He BpaBaTucs B GlibLI-MEHII HEOOr pYHTOBAaHI ¢aH-
Tasii, TO Hawi CNOAIBAHHA NMOJAraTUMYTh OCbh Y HOMY:

1. be3acymHIBHO BeJuue3He 30araycHHg HalUX HayKOBHX
3HaHb i3 BiATIOBIIHUM BiJJ3ePKANEHHSAM LLIbOTO i B TeXHIL.

2. Moxauge, 6inbul a60 MEHLI iMOBipHe, XO4 i He LIIKOM
neBHe, 30arayeHHs HaWoOl TEXHIKM LIHHUMH PEYOBUHAMH, LILO MO-
KYTb OYTM 3HAAACHI HA HWHUX TiNaxX COHSIHO! CUCTEMM 1 UIO
Bi/ICYTHI a00 HajaTO piaki HA 3eMHil MOBCPXHI.

3. MO®HBI [HII AapH COHALIHOT CHCTEMH, L0 X MU Tenep
He MOXeMo i nepeadadyuTH i ulo Moxyrh OyTH i He OyTH, K,
HanpyuKJaal, HaCJAiAKM B3a€MHCHHS i3 3jlOTa/lHUM OPraHiyHMM CBi-

ToM Mapca.

4. BC3CYMHIBHA MOXAUBICTHL JUIS JII0ICTBA 3aBOJNOLITH pe-
CypcaMu, 3 10MOMOI0IO SKMX MOMKHA JIOKOPIHIO MOJINUWKWTH YMOBH
ICHYBAHHY HA 3CMHI NOBCPXHI: NCPCBOAMTH MeATOParLiio 11 B rpaH-
LIO3HUX po3Mipax, 3AIACHIOIONN B HCJAJACKOMY Maildy THLOMY 3a-

XOAW 1 TAKOrO MOPAAKY, K, HANMPHUKAAA, 3MIHA KAIMATY HIJIHX
KOHTHHEHTIB.

10



91 kaxy, 3BHYailiHO, HE NpPO WO iHWE, IK NP0 BHKOPHCTO-
BYBaHHS HEBUUEPIHMUX 3anaciB eHeprii COHAWHOro CBiT/A, SIKAa TaK
YTPYAHEHA B yYMOBAX 3€MHOI MOBepPXHi, WO poOUTH i1 MCHII peH-
tadenbHO00, 9K eKCIyaTauis najvsa, BOAM Ta BiTPY, i sika, HaB-
naku, 6yjne peHTabeJbHIIOI B MPOCTOPAX, AC HeMae aTMmochepH
i Baromoctu. Came y MOXKIAMBOCTI B HAHOAMMKUOMY x MallyT-
HbOMY FOYATH MO-CNPAaBXHbOMY TFOCMOJAAPIOBATH HA HAWIH nas-
HeTi i TpebGa BOauaTH BeqMUye3He 3HAYEHHS AJA HAC Y 3aBOIOBaHHI
NPOCTOPIB COHAWHOT CUCTEMM.

1921 poky s npuillioB A0 HECNOAIBAHOTO PO3B’A3aHHS
npoOJieMH BJAWITYBAHHS MOCTIAHOT JiHIT criosyucHus 3 3emaetro
B NMpPOCTOPH 1 Ha3aAx, AJas 3LIHCHEHHS AKO1 3aCTOCYBaHHS Takol
paKeTH, SIK po3rjsfjaHa B Lid KHMXKLI, HEOOXiJJHC TiIbKM OAMH
pa3. 1926 poky # NpUALIOB 00 AHANOriyHOro po3s’si3aHHs npol-
JIEMH PO3BUHEHHS pakeTolo nouaTkosoi 1500-2000 m/cex 1i wBHa-
KOCTHM BUJIbOTY, He BUTPAyaluM HACHaru i B TOH e yac He 3a-
CTOCOBYIOUH I'PAHAIO3HOT apTUAEpPIHCbKOT FapMaTH-TYHCAO, Hal-
MOTYXHUX pyLiiB abo B3arani 0yAb-iKMX BEJETECHCbKHUX CMOPYA.
3a3naueHi po3ainy He BBIHWIM B L0 KHUXKKY: BOHHM BXKe 3aHALTO
On3bKi A0 po0OYOro NPOEKTY ONAaHyBaHHA CBiTOBMX NMPOCTOPIB,
— 3aHajATo 6JaM3bKi A1 TOro, wob X MoxHa Oyno nyOaikyBaTH,
He 3HAIUW Hanepen, XTO i K UMMU JaHUMH CKOPHUCTYETHCSH.

HaocTanky myuwy BUCAOBUTH raHGOKy noaaxky npog. B. I1.
BeTuinkiny — pejakTopoBi uiei npaui i nepwomy ii UiHATeJEBI.

AKosrenp 1928 p. 10. Konapariok
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NMEPEJ/IIK O3HAYEHDb

Ctop. <Popmyan

[ =TIéBHA AIMILHUUY TPAEKTOPIi pakeTy;
9K IHIEKC — 03Hauae BiJHOWEHHS NERHOI
BEeJIMUMHHU HE 10 BCbOrO I0JbOTY, & A0 IeB-
HO! HOro JiJIbHULL;
caMocTiiiHo B GopMynax — A0BXKHWHA AiMbHHL]
R =pagiioc 3emai
r =BIACTAaHb Bil LUEeHTPY 3eMai 10 pakeTu B

NAHUA MOMEHT .

T=R

h =BHMCOTa NEBHOT TOYKH TPAEKTOPIi HAJ
piBHEM MoOps

Jj =AIMbHKLSL TPAEKTOPIi, HA SIKIH pakeTa Cro-
BIIbHIOE a00 NPUCKOPIOE NOJIT 30BHILIHLO
NPUKJALCHUMA CUJAMHU (pakeTHa peakuis,
onip atmocgepn)

M=Maca pakeTu B LaHUil MOMEHT

Mo =Maca pakeTH Mo4aTKOBa 15
Mx =Maca pakeTH KiHieBa 15
m =a0COMOTHUA MacHB 26
™ =NIPONOPUIIHUIT NAaCHB 26
4 = 3amnac rajuBa B pakeTi 15
po =TNaMHBO PAKeTH, BUTpPAYCHE Ha
JIMBHUL 2 15
q= %'—KoeclﬁuieHT NponopuifHOro nacuBy 27

m = MOJICKYJIIpHa Bara (nepeciuHa) cepejoBHILA
Mo

n= HAaBAHTAXEHICTb MOALOTY 15

K
V= WBUAKICTL pakeTH B JAAHUH MOMEHT

(BiTHOCHO LEeHTPY 3emJi) 62, 63
V, = Te caMe BiJJTHOCHO 3€MHOI NMOBEPXHI
U= WIBWAKICTL OOCPTAHHS 3CMHOT NMOBEPXHi

¢ = WIBUJIKICTH BUIJIMBAHHA , 14
V optim =naiiBUrijHilna WBMAKICTh paxkeTH
B AaHiil Toyui TpaexkTopii 95
g = NPUCKOPEHHS CUJH TSHHIHHA HA 3CMHIA
MOBEPXHi

Jo = BIACHE MPHUCKOPEHHSI PAKCTH
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6, 7
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Jp = CTIOBUIbHEHHS, HaJlaBaHe
onopom atmocdepu 46, 48 16, 18
19, 20
[=jo + jp-MeXaHi{uHe MPUCKOPEHHS 38
J=jo +Jp +g nificHe TPUCKOPEHHS
j  KoediliedT nepeBaru

=5

g  MEeXaHiYHOro NMPHUCKOPEHH$ 38, 41, 42 12,13, 14
W= fio dtf paKkeTHa LIBUJKICTH 10
Wj, Wya Web, Wnob 11B. BignosigHo i, Ty,Tec,Th 36
JI = TepeBUTpaTa pakeTHO! LWIBUAKOCTH 35, 36 9, 10

Jdo, JIg, Ja, Jc, Jg= AUB. BIANOBIIHO i, 8,¢,cu 28, 33
g =iHaeKkc ykasye Micus (i) abo npuuuHy
BUHUKHEHHS JI, iIKe TaK CaMO BilHOCHUTbLCSH
JO CroBiAbHeHHd, 9K W 10 j,

W=+/2gR =11185 M/cex — mnapaloJiuHa WBUJKICThH

Wy = WIBUAKICTb BiAJbOTY 32 8
Wg = WIBUAKICTL MOBOPOTY 32 8
o = KyT TiIHECeHHS TpaekTopii BiZHOCHO
LEHTPY 3emJi — BiJNOBiAHO ¥V
0= KYT MiJAHECEHHS TPAEKTOPIi BiAHOCHO
nosepxHi 3emsai ~— BiAMOBigHO V,

8= KyT BIIXWIEHHS HaNpsiMy CHJIU
peakuii Bijn TpaexTopii A=g¢ + g
@ = KYT aTakd NiATpUMyBajabHOT

NOBEPXHI
¢ optim = HAUBUMJHIWMA KYT NijHECEHHS 31, 56 23, 30
Z=Jlcu (0, =90°) TNEpeBUTpaTa npu
BePTHKAJBLHOMY TMiJHECeHH] 14 1
C = xoediuient dopmu 45 15
P = nonepeyHe HABAHTAXKCHHS pPaKeTH 45, 46 16
P = HABAHTAXCHHS MNiJTPUMYBaJbHUX
NOBEpPXCHb 52
A:J;Dh BilHOLIEHHS T'YCTHMH MOBIiTPSl HA
Po  BucoTax 46, 47 17,18
p = TYCTHHA MOBITPS; HAGKC yKasye
BHUCOTY 48

Ko K,, K2, K3, K4 = KOe®IIIEHTH nponopuiiHOCTH
B dopmyaax (15), (16), (18), (19), (20)
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PO3OIJT 1
JAHI PAKETH. OCHOBHI O3HAYEHHS

MexaniuHe BM3HAUEHHS pAKETH K PEAKTHUBHOIO MPUNALY
Take: “llpunan, gxuii, MOCAILOBHO BijAKMAAIOYM 3 MEBHOI LB -
KiCTIO YaCTHHKM CBOEI MAacH, caM pO3BMBAae WIBUAKICTh Yy MPOTH-
JIEXKHOMY Hanpsmi KOWTOM ix peakTuBHOi Aii”. [lpuiimimo Taki
TEPMiHM 1 O3HAUEHHS AJS1 PAKETH:
M — Mmaca pakeTH B LaHUH MOMEHT;
Mo — maca pakeTH NMOYaTKOBA;
Mx — maca pakeTrH B MOMEHT, KOJM BOHA 3aKiHUye (YHKIiOHY-
BaTU SIK Taka — ‘“‘KiHUeBa maca’’;
Mio — Maca pakeTH B-MOMEHT, KOJH BOHA NMPOXOJIUTh MOYATKOBY
TOYKY AaHoi AinbHUUI (Z) 11 TpaekTOpii;
Mix —maca pakeTd B MOMCHT, KOJM BOHAa NMPOXOAMUTH KiHLEBY
TOYKY AaHoi AiAbHMLUI (i) 11 TpaekTOpil.

“BUnavBaHHA” — CYKYMHICTb YAaCTHHOK, BiAKMJAHUX pa-
KETOI0, peakliss AKMX i Hajaae pakeTi WBUIKOCTH.
u — “LIBWAKICTh BUIUIMBAHHS — WBHMAKICTb BiIKHIAHUX

YACTUHOK BIAHOCHO paKeTH B TOH MOMCHT, KOJM BOHU MOUMHAIOTD
pyXaTucs HesaJlexHOo BijJ Hel, fKLL0 HC paxyBaTH MPaKTUYHO Mi-
3CPHOT CHJIM TSIKIHHS 10 pakeTH. Mu Oyaemo BBaxaTH, 1o npo-
TATOM KOXXHOTO AAHOTr0O MPOMIXKKY 4Uacy u MOCTiiHA.

SIkulo pi3Hi YaCTHUHKU NMPOAYKTIB 3ropsiHHs 3 BiiKHIaHUX
OJHOYACHO MAalOTb PI3HI WBUAKOCTI, BiJJOKPCMJIOIOYUCH Bij pa-
KeTH, TO 32 u MM OyleMO NMPUHAMATH TAaKy CCPCJHIO LWIBUAKICTB,
fika morsa 0 3amiHuTH coboio Bci aificHi pi3ni UIBMAKOCTI YaCTH-
HOK, He 3MIHMBIUM CyMM iX peakTUBHOT Aiil Ha pakery. Lle Oyae
IUBUAKICTh LIEHTPY Baru BigKMHEHOT mMacH 3a Ge3KOHEeYHO Masuii
NPOMIXKOK uacy, W0 AOPIBHIOE:

2a
A€ ¢ i wae — BIANOBIIHO Macyu i WBHJAKOCTI OKpeMH YaCTHHOK.
He TsxKo no6aqum U0 NpH TIH caMid CyMi XUBHX CHJ, LLO
LOPiBHIOE 1 Z(au?) , u Oyne naiiGinbwoio ([popmyna (1)]

B TOMY pasi, KOJII/I HIBUAKOCTI BCiX OKPCMUX 4aCTHHOK O6yayTb
piBHI Mix co0o10;

jo — ‘“BAACHe mpuUCKOpCHHSA pakeTu”, siKke KO-
PiBHIOE MPUCKOPEHHIO, WO Horo paxcera mana O nMpu HasIBHOCTI
OXHOT JHIe AII0YOT Ha Hel CHIAM PeaKllii; HC TSKKO 0auuTH, wo

14



. dM .
liol = dor & Ae dM — Maca BIIKHHEHHX YaCTUHOK;

p—3anac najuBa — 4yaCTHHA (MacH) pakeTH, Hio Miaasrae
BUTPaue€HHIO, TOOTO NepeTBOPEHHI) Ha “NpojyKTH 3ro-
PSIHHSA"; M
n - “HaBaHTaXEHICTb MOJLOTY”; n = Mo‘__,, :
3BiAKK ¥
Mo = Mgn, (2)
ni- “HaBaHTAXEHICTb AIMBHULI” — Te came BijnomcHns, Basi-
TE¢ JAJS1 NeBHOI AiAbHHULI, TOOTO Mio
= Mix
3BiAKY Mio = niMix (2a)

He Tsxk0 6ayuTH, 110 3aBKIH

Mo = Mx + u; Mio = Mix + ui;u = Me(n 1); 1
g N (26)
i = Mik(ni—1); J

n=nnn .n.n, (3)
a b ¢

F4

ke a, b, c... i, z — CyTb BCi LiMBbHHLI TPaeKTOPil pakeTH.
k

W “pakeTHa WBUAKICTL”, W0 AOPIBHIOE Ih dt,

Jie tk — MOMEHT KiHLS TOpiHHA. [HaKe Ka)XyuH, “pakeTHa IBU-
KiCTb” — Lle Ta WBHUAKICTDb, Ky O po3BHHYyJa pakera, KoJm 6 Ha
Hel He AisW HisIKi 30BHIUIHI CUAM, 1 KA HajAae cobi npucKopenns
B OXHOMY i TOMY CaMOMYy HampsiMi.
Ilig j, MH po3ymieMo, OTKe, B JaHOMY BUNAAKy Jauuic ald-
CO/HOTHY BeJIMYMHY NPUCKOPCHHS HE3aJEXHO Bij H0ro Hanpsmy.
W, — “pakeTHa WBHAKICTb AiAbHULI, O AOPIBHIOE t
fjudl ;
l

BIAMOBiAHO RO NOMNEPEJHbOTO O3HAYEHHS, AKILO ¢, i t, —
MOMEHTU NMOYATKY i KiHUS MPOXOMXKEHHS AaHOT AiMbHHLL.

PO3AOI1J 11

$®OPMYJIA HABAHTAXKEHOCTH (BLAHOUIEHHSA
ITOYATKOBOI I KIHHEBOI MAC PAKETH)

OcHoBHy dopmyay Teopii pakeTH, 10 3B’A3ye BeJUUHHH

W, u i n, wme paniwe paB iHx. LlionkoBCbKUE (JHWIE B jeiio
iHWii dopmi): Wi
Mio . _ u

Mix Tm=e (4)
AC € — OCHOBa HATYpPaJbHHX JIOTAPUTMIB.

15



[Mix iHAEKCOM i MM MOXEMO TYT PO3YMITH SIK KOX-
HY 3 AiMIbHUIL TPAEKTOPil pakeTH, TaK i BCIO TPAEKTOPIIO.

Ocb enemeHTapHe BUBeieHHA Liel popmyan. Hexal pakera
no4yatkoBoi macu Mo Biakujae 3i WBHMAKICTIO u B OJHOMY U TOMY
CaMOMYy HampsIMi MOCAiZOBHO YACTHUHKK CBOEi MacH, 1O AOpPiBHIO-
10Th Mo My M2 M;

Ko K" K2 Ki~
ae M,, M, ..Mi— BiinoBiiHO A0 Ti MacH mnicjasi KOXKHOTO Bi,ll,l(ld,ll,y
Mu byaemo matu: @_( _1) M. ' 1\, M+l _ (1 )
Mo\ Ko/ Ml——( _E)" ~Ki
[TepeMrOXUBLIM BCi ! PIBHAHHS, MATHMEMO:

(%) (&) (14%2)---(1*7%)

Mexa oCTaHHboro Bupasy npu K., K,, K.... Ki...= = 0Oyne , 2 I—<_¢, ,

a00, IK MU MOXXEMO MpeACTABUTH, - uX KL U
€ i
Tomy, WO WBHJAKOCTI BUIBHMX TiJ, fKi B3a€MHO BiALUTOB-
XYIOTbCS, PO3NOAIIAIOTLCE OGCPHCHO NPONOPILIAHO 10 1X Mac, NpH
KOXHOMY BiakuaoBi pakcTta HaOysaTume WBHIKOCTH, 1O BIA-

|

\ . 1 I
nogi iBHIOBATUMYTh o o U . 3arafibHa
AHO 1OpIBHIOBA y Ko K Ki
HalyTa pakeTol WWBHJIKICTL OyAe, oTxe, W = uzkl— ; 3ami-
[
!
. M uX— .
HUBIUM B OJE€PXKAHOMY HAMH BHPasl i, = ¢ Ki®
0

WBUAKICTD U I—é—; yeped W, mu it ogepiumo dopmyay (4),
Juiie B OOepHEHMX BCJAHWYMHAX.

dopmyna (4) p03Bonsie Ham Bu3HauuTH M, 1 4 3a 3aBaa-
HUMH My, Wiu, W;
3 ¢popmyan (4) mu SaunuMo, UlO NP BiJIHOLICHHI o 61M3b-

KOMy 10 HyJas, ni crae OAM3LKMUM JO OJUHULI, NpPH 4HOMY
(ne—1), no plBHI/IILI SIKOT npnnc)pmmmn ui . Popmyana (26)
3MIHIOETLCSA MPUOJHUIHO NPONOPILIITHO O BIAHOUWCHHS WBUAKOCTEH
Wi W . .
— . Orxe, npu 7< %) KijankicTh noTpidHoro na-
JMBa He3HauHa, NpuOAM3HO Nponopiiiina 1o noTpidHOT pakeTHOI
WBUAKOCTH i 00EPHEHO NponopuiiiHa 0 WBHAKOCTH BUIVIMBAHHY.
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Wi . )
[Tpu —Z¢_>lm 3poCTae K NoKAZKONA PYHKIs Bij-

HOCHO Wi**) 1 WIBHAKO MOXKE JOCAUHY I JHaqcHn, skl yie-
MOXJIMBUJIH 6 TMpakTU4YHE 3LIACHEHHS NOJLOTY JIOANHH B MiX-
NJISHETHI NpocTOpH. SKOM, HAnpuKJIag, ulod spodirr noair, no-

TpiOHe Oya0 0 Wi BaecaTepo OGiablIC BiA Tici w, KO HAM Bja-
JOCS Ha MOpaKTHLi AOOMTHUCS, TO ni  MaJo O 3HAMCHHI KOJO

22000; npu Mx =1000 (Kr) aas BCIi€T MACH pake T norpiono
Oyn0 6 cTpaxiTauBe B AJaHOMY BUTNAAKY 3Hauchnst i 22000 1. Or-
Xe, MPaKTHYyHA MOXKJAUBICTBE MOJABOTY B MDXKINIIHCTIN HPOCTOPH
i 3aBOIOBAHHA IHLWMX T COHAIMHOT CHCTEMHM 3aJCKHTL B 1000,

HACKINbKH BEJAMKO! u HAM MOLLACTHTH OCHATHYTH i HACKUILKI M-
J010 W Ham ypacTbes o0ifiTHCH A9 BiAOYBaHHSA NMOJLOTIB.

w-
Wt . Ml
*) CrpaBai, sikmo — <f | T0 i —e*  MOXHa
NpeiCTABUTH ABOMA TIEPLIMMU 4WieHAMH PSLY, TOGTO
Wi

ni=e " =1 +ivi
n

Toni, nincTaBasiioun y BUpa3 u =Mx (ni — 1) 3HAYeHHA =ni ABO-
YJEHOM PO3KJaLy, MATUMEMO u :MK%}"'-

**) Bpaxatoun u 3a nocrifiny. (Ilpum. pexn.)
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PO3A1J 111
IIBUIKICTH BUIVIMBAHHS. XEMIMHHM MATEPBI

3anac eneprii, o6 HagzaBaTH WBUAKOCTH PAKeTi, MOXe
OyTH B3ATHH Ha pakeTy B Pi3HOMaHITHMX BUIJISIAaX, aje 3 HHUX
TiIbKM TIPUXOBaHA XeMiuHa eHepris CrnoJydyyBaHHS IesKMX Hai-
OibL JIEMKUX i aKTUBHUX €JIEMEHTIiB Ta eHeprisg poskaaly CTOSTb
y TakOMy BijlHOLIEHHI JIO MaCH PEYOBHHH, fKa iX MIiCTHUTh, IO
BUXOJAUTh u, AOCTATHA AJS 3LIHCHCHHS MOJLOTY Ha npakTuui. Mu
MaeMO 3aHaATO Mi3epHi 3anacu panilo i A0 TOro X He BMieMO
KCpyBaTH BUJIMIOBAHHAM HOro MpuUxoBaHO! eHeprii, nio BinlOyBa-
€TbCS 3aHAATO MOBIILHO A8 HAUIMX LiJeH.

TuM TO 3 yCIX MOXKJUBUX BUAIB “pakeTy’” MU MYCUMO CriH-
HUTHCS Ha “pakeTi”’ B 3BUUAWHOMY 3HA4YeHHi LLbOTO CJI0Ba, TOOTO
Ha pakeTi TepMOXeMiuHii, fxa mae ule ¥ Ty AyXKe BeJUKy cne-
LiSIIbHY TlepeBary, o B Hill mpuxoBaHa eHepriga moxe OyTu nepe-
TBOp€HA HA XHUBY CUJIY MPOAYKTIB BUIUVIABAHHS Y BEJUKHUX KiJb-
KOCTHX 1 3 BeJIMKUM KoedilieHTOM KOPHUCHOT i1 Npy po3MipHO He-
BEJUKIH Basi Ta HECKIAAHOCTI BCIX MPUMIANLIB, LLO CAYXKATb LbOMY
NEePETBOPEHHIO.

TeopeTHYHO MOXKJIMBHIL LWE OAMH OCOOJMBUH BHJ paKeTH
— pakeTta, Ul0 4Yeprnac eHepriro i330BHi, BiJ COHAWHOrO CBiTJA.
Ha npakTtuui, ogHaue, Takuil Crocid AisTHHS PAKeTH AN HAC Tenep
HeCNpUHHATHUH abo Mailke HECNPUUHSATHUIR 3 Orasiay Ha HHUCTO
TeXHIYHI TPYAHOLUI:

1) TPpYAHICTb HAZATH HABITL i APU HASBHOCTI NOTPiOGHOrO
3anacy eHeprii 4YaCTHMHKAM BUAIMEHHS OlMbWOT WBHIKOCTH, SK 1M
MOXKE HAaJ1aTH PO3LWHPEHHS MPOAYKTIB 3rOpsiHHS B T€PMOXeMiyHii
pakeri,

2) TpyaHicTe noOyayBaTty HeoOXiiHi A3epKaia 3 TakUM
BiAHOWEHHS X MmJaouli A0 MacH, 00 CXOMIIOBAHOT HMMM COHSILL-
HO1 eHeprii BUCTA4aN0 AJA HAZAHHS AOCTATHbLOI LUBUAKOCTH BH-

IJIMBAHHS NPH JJOCTATHLOMY BiAHOCHOMY BUTpaudanHi ( am-
JuB. crop. 15). Mdt

3 ornsay Ha Ui TPYAHOUL pakeTy, uio (pYHKUioHye KO-
TOM eHeprii COHSIUHOrO BUMPOMIHIOBAHHA, MM TaKOX 3aJIMIIAEMO
MMOKMILO OCTOPOHD.

[TepeTBOpPeHHS TCIIOTH XCMIYHOT peaxilii Ha KHUBY CHJIY
MPOAYKTIB BUNJIMBAHHS 3aCHOBAHC HA PO3WHMpCHHI rasis. OTxe,
rasu B CKJaji BUJIIJIEHHS TEPMOXCMIYHOT pakeTH KoHCeuHi. OxHa-
ye, MM He 3000B’S13aHi OOMeXyBaTu CBOro BUOOpPY XeMIiYHOIrO

’
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CKJIAJYy MPOAYKTIB 3rOPsAHHA CAMUMH JMIE ra3dyBaTHMH CrojqyKa-
M. Pakera mMoxe p00pe YHKUIOHYBATH i B TOMY BHMAJKY, KOAH
TIIbKY 4YacTHHa NPOAYKTIB 3rOpsiHHSI rasyparta, a Apyra sBjse
co0010 po3nopolieHi B rasi rycriii peyoBHHU. ["a3m, po3umps-
I0UKCh B PYpPi pakeTH BHACAIAOK CBOET MPYHHOCTH Ta HAOKMPAIOUH
NpU 1bOMY LWBHIAKICTL, 3aXOMMOBATUMYTh i3 CO00I0 YUCTHHKH
LLIJIbHUX pevOBHH, YepNawul BOAHOYAC Bil LHX OCTaHHIX TCIJIOTY
B3aMiHy TeIVOTH, BTPa4yBaHOI HUMH [iJ Yac posumpenus™,
LIoG uef npouec 3akiHUMBCS 3 HARKOPUCHIWNM edekTom, noTpil-
Hi: 1) gKHARMOBHIile 3aXOMJEHHS LILIJLHUMX YACTUHOK 'a3amH, 2)
SIKHANMOBHILUE NepelaBaHHd Tenaa Bif WALHUX 4aCTUHOK 0 ra-
3iB. | Te,. H apyre BHMarae AOCTaTHbO TOHKOTO i pPiBHOMipHOTO
pO3NopouUlyBaHHY B rasi WIJILHUX PEUOBHH i JOCTATHLOIO 4acy,
MPOTAroM $IKOr0 BOHH CTHKAaTHMYThCs, TOOTO JLOCTATHLOI JOB-
KMHM comsta pakerd. Po3B’d3aTtv MMTAHHS ApPO Te, Ki MAaiOTh
OyTH CTyMiHb PO3MNOPOUICHHS, JOBXHHA COMJIA Ta BIJICOTKOBHH
BMICT ULINBHUX PEYOBHH Y MPOAYKTAX 3rOpsiHHs, 00 3310BINBHO
dhyHKUiOHYyBANa paKkeTa, MOXKHA JIMIUE Cepield TI'PYHTOBHUX J10-
caigiB. OTixe, BUOIp peyOBHMH HA MAJAMBO 3BOAMTLCS B OCHOBI CBOTi
L0 BUOOPY Takoi rpymu, WoOO0 KiMbKiCTh TENNOTH, KA BUB'A3Y-
€TbCSl Mif 4Yac XeMiuHOT peakuil mix ii ujaeHamu, Oyna Haldinb-
IO MPH PO3PAXYHKY Ha | © BUTBOPIOBAHOI CIMOJYKH, BHACMILOK
4Yoro MM MOrJaM © MaTy Hailbdinbwy u. AKO6M NpH LLOMY BUSBUIOCS,
IO MPOAYKTH peakllii cCKkpamaoioTbcs abo TBEpAHYTh NpPHU TeMIe-
paTtypax 1e Aajlekux Big a0COMIOTHOrO HyJSl i MpU TOMY BTpa-
4alTh MOTPIOHY HaM MPYKHICTb, TO MW MOBUHHI Oyan G 10 BHU-
OpaHoi rpynu pPe4yoBHH AOAATH lIe i iHWY, MiXK eJeMeHTaMN SIKO1
NPOAYKTH peakilii 30epiraioTh rasyBaTHil CTAaH MPU HUKUUX TeM-
repatypax i TOMy 34i0Hi Ha MepeTBOPEHHA TEIWJIOTH BHUAIICHHSA
B HOro xMBy cuay B Oiabluiil Mipi. ¥ HaWnmpocTilmoMy BUNALKY,
3aMiCTh Jpyroi ra3zoBoi rpynu MoxHa 3aCTOCYBATHU HAWJErlUUi i3
rasiB — BOJ€Hb.

Jlani MM HABOAUMO TAOULIO XEMIiYHMX CMOJAYK, L0 MalThb
HAOIMbLWY TEMAONPOAYKTUBHICTL HA | T TX Mmacu.

* [TutaHHs, MOCTABNAEHE aBTOPOM, BHAAETBCS 3 TEPLIOrO MOTASRY pa-
UioHambuuM. AJe B AIHCHOCTI MPUMIlLyBaHHA A0 TasyBaTUX TPOAYKTIB Bu-
TIMBaHHST TBEPAMX ab0 PIIKMX PEUOBMH CIPUYHHAEC 3MEHIIEHHS WIBHAKOCTH
BHIIMBAHHA KOIITOM YTpaT Ha omip. A mio npouec obminy Terua Bixbysa-
€TbCA B 4aCi, HABPSA YW MOXHA CHOAIBATHCA NPOTATOM TAKOLO KOPOTKOIO
yacy, SKMit nepeﬁyBa}OTb MPOAYKTH BUIUIMBAHHS B COT, 1MOG BOHM MOrAH
MaTH KOMIEHCAUi}0 HAaBiTh HA BiAHOBJEHHs BTpauenoi weuikocTu. HasiTb
PO3TONAEHNMHA METas, PyXaloyuCh Pa3oM i3 NMOTOKOM rasiB, maThme Oiibuui
IWBUAKOCTI | TOMY CITPHMHMHATHME MeXaHiYHe pyHHYBaHHS Coria.

(TTpum. pepmaxiii).
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[Mepwa kononka undp mae B cobi TENJOTH CNOAYK y Be-
JUIKHX KaJabopiax Ha | r, Bxe no BigApaxyBaHHI NPUXOBAHUX TeM-
JIOT BUMApOBYBaHuA piakux O,, O,, H,, CH,, C,, H, i nMHHOrO N0-
MOBITPS. i

Jpyra KoJOHKa MiCTUTb WBUAKOCTI BUAIIEHH B MeTpax
Ha CeKyH1y, Lo BiAMOBi1AalOTb JAHUM TNEpPUIOi KOJOHKH, TOOTO
Taki wBHUAKoCTi, 9ki Mana 60 Maca 1 r, 9kdu i1 xKuBa cuaa A0-
piBHIOBala eHeprii TEMJOTH, NMOKa3aHo! B Nepuliil KOJOHLUI.

TpeTs KOJOHKA MICTHTb 3HAYEHHA n, AJ4

Wi ==22370=2 ,11 185 m/cek, */

yeTBepTa — 3HAYEHHA n, QN4

W2 = 14460 =(2 —"%) 11 185 M/cek,
obyncneni 3a dopmyaow (4) BiAMOBIAHO L0 JaHUX APYroi Ko-
noHkHu. [Tpo 3nauenHs wpuakocted 22 370 i 14 460 m/cex MoBa
Oyne B posa. VI, IX i XIL

Uepes Te, ulo KMCeHb (epe yyacTh B KOXKHIill i3 CMOAVYK,
9Ki HAC WiKaBJSITb, BIANOBIAHO A0 ABOX BMIIB KUCHIO — O, 1 Oy,
KOXHY i3 CMOJYK HABEACHO B JBOX pPSAax: Yy ropiliHbOMYy AaHi 3
PO3PAaxyHKy Ha KHCEHb, y A0JAILIHLOMY — HA 030H, L0 Ma€ 3Hau-
HO OiablMi 3anac eHeprii. Jdaai mu Oyaemo iMenHyBaTH rpynu
AKTHBY 3a IX HEKHCHEBUMH HJACHAMH.

* ABTop mia W, posymie nojaBocHy napadoJiuHy LIBHI~-
KicTb W BiiHOCHO moBepxHi 3eMai, BRAXKAIOUH, LU0 WBHAKICTH Ha
NoBepXHi 3emJi L1OPIBHIOE HYJACBI i TPAEKTOPIS PAKCTH MA€ CBOIM

0

dorycom 3emmo. B ubomy sunaaxy W=+24p, 1e R — paaitoc
3emii, g — NMPUCKOPEHHST CUJIM BarH.

[TligcTaBadgoyd 3HaycHHs R i g MaTUMEMO:

W—=11 185 m/ceK.

ITix W, aBTop po3dymie pizuuiio mixk W, i KpyroBow LWIBKHI~
KicTio Wkp= 7910 m/cek.

Koediuient nepea uucnom 11 185 oxepikyeThCs 3 Takux
MIpKYBaHb:

Tomy, wo W

Wi =2W, « Wkp =+/aR :\/;“'v

TO

W1 — Wkp :2W——\L/V; = W(Z—\/I/T):

=(2—+/"% )11 185 M/cek.

[lpnmiTka pepakuii
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Mu Gauumo 3 Tabauui, o HalGiLIKIT TenaoBHil edekT
JAalTh AiTieBi Ta GOpHI rpynu. 3acTtocyBannus JiTiio sk naavsa
Bianajac 3 OrJsiAy Ha Te, U0 BiH HE3PIBHSHHO AOPOXUNil gk 60p,
JIMIIE TPOXHM MNEPEBULLYIOUM HOro CBOEIO TCIJONPOJLYK THBHICTIO.
Hani ipyTb MalxKe HaApiBHI OJAMH 3 OJTHUM I'PYyNH AJIOMINIEBA, CH-

JillieBa, MarnieBa i BOAHEBAa, SKUIO PO3PAXOBYRATH HA CKpan-
JIEHHS BOASHOI MapH, ajge Mpu PO3PAXYHKY M 1'a3yBaTHil cTaH
BOJIM BOJAHEBA rpyna ACIO NOCTYNAETLCH NCPL METAJICBOIO, TIPH
PO3paxXyHKY 2K HA CKPANIIOBAHHY BOASHOI NapH OJIOMACHO i3
3aCTOCYBaHHSIM O0O30HY — jgewio nepesuuyc ix. [lorim inyTh
BYTJIEBOLHCBI I'PYNH, LLO AAI0Tbh CYMILI BYTJCILIO 3 BOJOIO: (GOM0T-

Ha, aleTUJICHOBA | HA(PTOBA; HIE MEHWUH CPCKT Aa¢ YICTO By-
rinbHa rpyna i, HapeuwrTi, rpyna 3 HadgTd Ta nosirps. 3 orasgy
Ha ACLICBUHY 3PYUHILIOT AAS HAC HA(TH, KA 1a€ JoO T0ro W Oilb-
WU edekT, 3aCTOCYBaHHS BYyTiMbHOT rpynu Bianagae. lllogo
BOAHEBOI rpynu, TO MUTAHHSA MPO it BaCTocyBaHHﬂ HPUXOJUTLCS
BBAXKATH BILKPUTUM 3 OISV Ha pr,zuﬂc:Tb goepiranust i JLOpoOxK-
HEUy MIMHHOTO BOIHIO. Hy:xe BAMOBiIpHO, WO 3aCTOCYBANHSL KPC-
MIHHO — i OOPOBOJAHEBHUX TpyMN BUSIBUTHCH KpaulMMm B yCiX Bil-
HOUIEHHSAX, THM TMade, WO A00WTHCHA KOHAEHCAILi BOJSINOT nmapH
B COmi pakeTH, TOoOTO yTuJisauii il OpuXoOBaHOT TEmJIOTH BUMNAa-
POBYBaHHSI, HAM GE3yMOBHO He BJACTbCS, KOJH paKkeTa pPO3BHBA-
TUMe OifbUIY YaCTUHY 11 WIBHAKOCTH { MM HE 3MOXKEMO 3aL0BOJb-

: ., aM .
HATHCS CKIMbKU-Oyab MalMMH jo i —; » & fimoBipro, He

B1AaCTbCA 1 B3arafi, 60 aas KOHJ@HCYBaHHSl BOASHOT MapH no-
TpibHe 6yno O po3wHpeHHd Ii Bil BMXOAY 3 KaMEPHU 3ropsiHHA 10
BUXOAY 3 COMJSI Y COTHI THUCAY pasiB i Giblie. 3aCTOCYBaHHSA Me-
TajfeBUx ado GOPHOT rpyrn BUMarae Ajst HasiBHOCTU B NMPOAYKTAX
SrOPSIHHA OAHOYACHO 3aCTOCYBAHHSI BOJHEBOT, 60pOBOILHEBOT abo
OIHOT 3 BYTJIeBOIHEBHX rpym, a00 XK HAsIBHOCTH 3aHBUHHOTO BOJ-
H10. YKo 3a KleTeplI/I NpM BU3HAYEHHI ManuBa NpaBUTHME Hail-
MeH1la HOoro BapTiCTh, TO KEPiBHMM NPUHUKNOM Mae OYTH TaKUMH:
3aCTOCYBaHHS HafjeleBWHX rpyn (ToOTO TAKKUX, L0 AA0Th HaH-
JIELICBLUIY peakTHBHY [il0: BApTICTh Ppeakllii BU3HAYAETLCA A0-
1

oyTkoMm Llg —m Z , ne L[ — BaprticTh nmanauBa, m
— #oro Bara i ¢ — iforo renioBuii edekT) AJAS YACTUH NAJIHBA,
BUTpauyBaHUX MeplUUMH, i nepexii Bix HUX a0 rpyn Oilbll Ten-

-4
2

JOMPOAYKIIHHHX (%:max) JJIS1 YaCTHH najiMBa, BUTpa-

YyBAHMX HACTYNHUMH. 3riHO 3 UMM MPUHUUINOM i HaBELEHOW
HMXKUE TaOMMUEKD, NajJMBO paKeTH Mae€ CKIaAaTHCHd 3 TPy, 10
H1YyTb B TAKOMY MOPHALKY:
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Cxnan Manbuntt K cal y - n, n;
BUAiNEHHS maTepian 2 cek. |W,=22370W,=14460
co. | ... .. 2,1 4200 205 31
CO. | ...... 2,7 4760 110 21
HO | . ... .. 3,7 5570 55) 13
HO | ... ... 4.4 6080 40 11
CO,+2H.0 CH, . 3,3 5250 60 15
Co,+2H,0 | . ... .. H,O | 39 | 5720 49 12
CO.+H.0+ Byrnesoani ! nmauH
ON. (nadra) 2,6 | 4670 120 | 22
ByraesoaHi 3,2 5160 73 16
(Hadgpra i nauH-
He TIOBITPA ) 0,8 2590 5600 250
2C0O. +2H,0 C.H, 3,0 5020 86 18
3,5 5420 62 14
HO | ... ... 3,2 5160 73 16
o | ...... 3,9 5120 49 12
CO,+42H.0 | . .. . .. 3,1 5070 77 17
CO,+2H,0 | . .. . .. 3,7 5570 55 13
ByrneBoHi
CO. +H,0 (nada) 2,5 | 4580 | 130 | 23
CO.+H.0 Te came 3,1 5070 7 17
CO.+H.0+ | Tecame i nauu- f
+ 9N, He MOBITpSA 0,7 2430 9000 300
2C0.+H.0 C.H. 2,9 4040 95 20
2CO. + H.0 C.H. 34 | 5340 65 15
Li,O | ... ... 4,6 6220 36 10
Li.O | ... .. 5,0 6480 32 9,3
LOH ' . ... .. 4.6 6220 36 10
LiOoH | . ..... HO | 51| 6540 30 9,1
B0, | ... .. napa| 4,5 6150 38 11
B.O, | .. .. .. 9,0 64380 32 9,3
Bo), | .. .. .. 4,2 | 5940 43 12
B(OH), | . .. . .. 5,0 6180 32 9,3
B(OH}); BH, ? ? ? ?
AlLO; | ... L. 3.8 5650 o2 13
ALO, ... 4,1 2870 45 12
Al(OH), | . ... .. 3,7 | 5570 55 13
Al(OH), | . . . . .. 4,2 5940 43 12
510, ... L. 3,6 5500 28 14
Si0, | ... . L. 4,0 3300 47 13
MgO | ... .. 34 | 5340 65 15
MgO | ... .. 3,7 3570 55 13
Mg(OH), | . .. . .. 3,7 5570 55 13
Mg(OH), | ... ... 4,1 | 5870 45 12
Si0, 4+ 2H.0 SiH, . ? ? ? ?
TaodaHusa XeMiYHUX CIIOJIYK



1. HadrToBa rpyna; sxwo MIMHHUH KHUCCHBH BHSABUTBHCA
3HAYHO JLOPOXKUMUM BiJ IVIMHHOTO NOBITPH, TO Liii rpyni mae nepe-
AyBaTH rpyna 3 HadTH i NOBITPS.

I[I. BonoTdaHa rpyna; siIKUO BUSIBUTHCS MOXJIUBUM MaTH 1€~
wIeBUil i OeaneyHuil alleTHaeH, TO iM MOXe MNCPC/YBATH allecTHAE-
HOBA rpyna.

IlI. BoaxeBa rpyna; 3acToCyBaHHA 1i CTOITH B 3aJCXHHOCTI
BiJ, BapTOCTH npoiayKuii i 36epiraHHs MIMHHOTO BOJHIO; JLYKE
MOXJIMBO, 11O BOJHEBA Ipyna BHIABUTLCS HEC3PYUHOIO TAa HCBHTIA-
HOIO i Ha 1i micui 6yAyTh Pa3oM yKUBaHi rpynu GoJoTsIHA, MeTa-
neBa (A4l Si, Mg) xpeMiHHOBOJIHeBa.

IV. Bopna rpyna; pasom 3 Hewo BogHeBa abo 60poBOAHCBA.

[Ipo sacTocyBaHHA MeTaneBUX rpym Oyjie MOBa ule i gaai
— B posuinax Vi VI

Uu Oyne yxXUBATUCH O30H i MOYMHAKYU 3 KOTPOi IPYMH,
3aMeXUTh BijJ TOT0, HACKINILKY JelleBHii, a roJIOBHO — OC3NCYHUI
MAMHHKWA O30H MNOWACTMTL OJepxkaTH. Bif mporo x BEJMKOIO
MipOK0 3aJIeKMTh i BAKMBAHHS BOJAHEBOI rpynd, 60 AJs Hel pi3HU-
1 Mi2K KMCHEM i 030HOM HalbiJbpll BifuyTHA.

H, 0,0,CH, C,H, H,BH, MoxxHa B3TH Ha paxkeTy, po3y-
Mi€eThCH, JMlle B NMJAMHHOMY BUrJjsjii, 60 B rasayBaTOMy BOHH NO-
TpebyBanu 6 MOCYIUH BeAuuesHoro pos3mipy i Baru: Gop Tpeba
Opatu y BUrastii amop¢HOro Mopouika, SKHil pO3NOPOLIYETHCH B
Kamepy 3ropsiHHS CTPYMEHEM BOJHIO 4d 0O0JOTAHOro rasy ato
AOMILIYyeTbCA A0 HadTH nepen il HAAXOJIMKEHHAM B Kamepy 3ro-
panua. B,, Si i H, moxHa B3gtv y Burasai BH,, B.H, i SiH,, a ra-
KOX Yy BurJasai 6opo- i xpemMeHeByr/eBOLiB. ABTOp, Ha XaJb, HE
MaB 3MOrM pO3UIYKATH TEPMOXEMiUHMX JaHMX MNpPO i, HaA3BU-
YaiHO WiKaBi AJs1 LBOTO MUTAHHS, CMOAYKHA. MeTam MoXyTh OyTH
BXXHBaHi B po3TomieHoMy Burasaii a6o, gk i 6op, y BUrJIsAi mo-
POLUKIB.

[Mpo koediuieHT kKopucHoi nii paketu, TOo6TO mNpo Bii-
HOCHY KIJIbKiCTb TEIMJOTH, KA MEePETBOPKBATHUMETLCH HA MKHUBY
CUJy BHIWIMBAHHS, TSXKKO CKJAacTH co0i 3a3paneriib TOYHE YSB-
JeHHs. BiH 3anexuTh Haitbisblie Bij CTYMEHs PO3LIMPEHHS rasiB
y comai pakeTH, TOOGTO Bil CHiBBiAHOIICHHS MOYaTKOBOI i KiHue-
Bo1 npy:xHocTel. OCTaHHS XK 3a7eXKUThb Bijl BilHOIIEHHS MacH Bil-

KHAY o JIO NOTepeyHoro nepekpolo comaa i, KpiM toro,

He MOKe OyTH MEHIUOI, SIK NPYKHICTb HABKOJHWIHLOI aTmocde-
pu. Tomy koedyinieHT KopucHoi nii pakeTu Oyae OGinbluui B Ti
nepiogu MoJbOTY, KOJU paxkera 6yle BilbHUM KOCMIYHUM TiloM
y 0e3noBiTPSHOMY MpoCcTOpi, Koau aas Hel GyAyTb AOCTATHIMH
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CKIIbKMOYAb Made jo i %4 , 1 MEHWHUH y Ti nepiogu noJboTH,
KON pakeTa nepefyBaTuMe B Mexax aTtMmocdepu 3HayHOI ryctu-
HY i Koau it Oyjpe HeoOXiaHe J, He MeHIUE Bij MEeBHOI BeJUUYUHU
(poax. VI i VIII). Ipu ocranxix yMoBax koedilieHT KOpPUCHOT Aii,
fiMOBipHO, MaTume BeauuuHy Bia 50 no 75%. 111o6 nigBUILUTH
KOPUCHY ik, MM TIOBMHHI MaTH SIKHAHGIMblie NOYATKOBE THUCHEH-
Hfl B Kamepi 3ropsHHs, i sikHafiMeHlle KiHleBe, B KiHui comaa*,
106 OCArHYTH OCTAHHLOTO, He 30iMbIUYIOUM MOMEepeyHoro mnepe-
KpOI0 COMJa i BOLHOYAC MOMNEePeyHOro Nnepekpolo BCiel pakeTd Ta
onopy atmocdepu. Moxe BUSBUTUCHA BUTiHILIOW 3amiHa OLHOTO
comyla KiJbKOMA, MOCJHiZOBHO PO3MiLleHUMHU 1 BHCTAIOUHMH Tij
HeBeMMKUM KYyTOM 10 GiyHOT MOBepXHi pakeTH; 3a1HiH KiHeub pa-
KeTH B TAKOMY pasi MOxHa 3po0UTH 3arocTpeHUM, 00TiuHOT dop-
mu. KuButuca ui consa mMoxyTh 3 0JHOT a00 3 KIIBKOX Kamep
3rOpsIHHA — SIK BUABUTLCA KOHCTPYKTHBHO 3PYUYHILIMM.

Bracainoxk HemoBHOT yTHJAi3alii TEMIOTH XeMiuyHOi peak-
il xificHi 3HaueHHA uw OyAyTh MEHUIMMH, HiXK OO4MCIeHi B Tab-
auui. Axou Koecpiuiem KOPHCHOT At AOPIBHIOBAB Bi,ILrIOBi,[LHO 50
i 75%, TO AificHe 3HAYeHHS u BiAMOBiAHO LOPIBHIOBAJIO © 6 koJio 3
i 7 #floro oGuucaeHOro 3HaueHH$, BiAMOBiAHO 1O uvoro n mano O
3HaueHHd p 44, i , %, Biax obumcnenux 3sHaueHs.

PO3A1J IV

IMPOLEC 3roPsHHSI, KOHCTPYKUISA KAMEPH
3IrorPsiHHA I COILVIA

Jlyke iCTOTHMM € MUTaHHA NpO TeMnepaTypud B kamepi
3ropsgHHs i comdi. SIkGM MOBHe 3’¢/lHAHHY KOMIIOHEHTIB NaJuBa
MOTJIO CTAaTHCS Bixpasy, TO B KaMepi 3ropsiHHS TemrepaTtypa Ma-
Ja 6 migHeCTUCS A0

T=208 Qm, (3)
Je Q K xan/r — cepeaHs TernIoTROpYa 31aTHICTh rpaMa ChoJykH,

*V npunnuni asTopoBa AyMKa Bipna, 60 cnpaeai koedilieHT KO-
pucuoi aii pywis 6yae mniaBumyBaTHcs i3 36iAbIIEHHSM THCKY B Kamepi
sropsuus. OjJnaue, BpaxyBaBIIM Bal'y KaMmepH 3rOPsHHS TPH BHCOKHX
TUCHEHHSX, & TAKOX Bary arperatopis, uio o6CAyroByioTh MOAAUYY MAJHBA,
ITM HA TiABULIEHHS THCKY B Kamepi 3ropsiHHs HABPSJL YM Mae CEHC. Pospa-
XYHOK aBTOpa Ha TiApaTH OKCUAIB HenpaBHIbHUH, 60 BOHM HE MOXYTh
YTBOPUTHCH B Kamepi 3ropfinnas. Bunymeno Gepnmu — HanbubL Kaabo-
pifinnit metan. (Ilpum. pen.).
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a m — CepeiHs MOJIEKYJspHA Bara MPOAYKTIB 3rOpAHHSA, SKULO
BBaXXaTH 1x 3a rasysarti. [Ipu TBepaux ado NAMHHUX NMPOAYKTAX
Temnepatypa manaa 6 6yTu ule BULLOKW. Jucouisauis MoJCKyhL, U10
BinOyBaeTbCsl NMPU BUCOKHUX TeMIEpaTypax, He J1acth, OAHaye,
BiAOYyTHUCS XeMiuHiit peakuil Bigpasy MOBHICTIO; NPHU NCBHIA TeM-
nepartypi (Buwiit Bin 3000°) nas BCiX peakiiil HacTaHce XCMmiyHa
piBHOBara, micjsg yoro aagapliuuii iX nepedir MoxIHBHIl Gyae e
B Mipy TOr0, §IK a3y BTPa4aTUMYTh TEMJIO, PO3WUPSAIOUUCH B COM-
i. Takum 4YMHOM TeIJOBA €Heprisl peaxiliid pcani3yBaTHUMCThHCH
Creplly He aaisfaTUYHMM NPOLECOM, a MPOoLecoM, OJUMKUUM J10
isoTepmiuHoro. AxisdaTHuHuMil npolec HAacTaHe, KOJAW rasu, pos-
IIMPSAIOYNChL ¥ COMAi, BTPATATL CTIMBKM TEMm1a, U0 PCaKLLil MO-
KYTb BiAOYTUCH N0 KiHUS, He MiABMILYIOUM TEMOEpPATYPH CYMII ..
JIO TEeMIepaTypu 3HAYHOT AUCOLUSILIT 1T KOMITOHEHTIB.

Js1 KOHCTPYKIIT pakeTH 1i SBUILA MAKTh TaKe 3HAUCHHS:
1106 3peanizyBaTH Ty CaMy KiJbKiCTh TEMJIOTH CHOJYK Iia yac no-
CTYTOBOr0 3rOopsHHSA, MU MOBMHHI MaTH Oijblu¢ BiIHOLICHHS KiH-
11eBoro o6’emMy rasiB 0 NMOYATKOBOrG, TOOTO OLILLIMX PO3MIpIB
conyia. 3 Apyroro GOKy, B KAMEDPi 3rOpsiHHA i B NOYATKY COMJIa MH
MATUMEMO MEHWY TEMNEpaTypy, Hixk Ta, gka OyJa npud nNoBHOMY
3ropsHHi B Kamepi. 3 dopmyau (5) BUAHO, 10, NOCTAaBUBIUK COOI
3 KOHCTPYKTHBHUX MipKYBaHb ME€BHY TpPaHHUYHy TeMMEpaTypy B
Kamepi 3ropsiHHS, MH MaTHUMeMO 3HayHO TMOBHIiIUe TMOYaTKOBe
3rOPSHHA 1 MEHIWY TPUBANICTh INPOIECY AOrOPAHHS AJ4 CIMOo-
JYK 3 MeHLIOI MOJEKYAdpHOI0 Barow. 3 uiei TOYKH 30py
"Hahspyuniumu ¢ rpynu 3 H,, CH,, C.H,, HadTow 1 Li, newo
meHwe SiH,, BH, i HaliMeHll 3pyYHUMM YHCTO MeTanesi rpynu Si,
Mg, 6opHa i 0co6AMBO — aMOMiHieBA.

KoHncTpyoBaTH Kamepy B3ropsHHS i COMJIO NPUHAETHCH
TAaKMM YMHOM: Ti NMOBePXHi, IO 3a3HABATUMYTb AISIHHS Temrepa-
TYP BULIMX, HIXX MOXe BUTPUMATH HAil0iibll BOCHETPHUBKHH M-
Tepisa, Tpeda 3pobuTn meraneBUMH (MiaHMmMH afo 3 OAHOrO i3
TSAXKKOTOMHUX MCTaJMiB, IK XpoM abo BaHanift) i miggaTH iHTEH-
CUBHOMY OXOJOJXYBaHHIO i330BHi IJIMHHUMHM rasaMi, W0 HaAXxo-
AATL Y KaMepy 3ropsHHsi. IMepeBecTH PO3PaxXyHOK IBOIO 0XOJIO-
JKYBAHHS Mepej BiAMOBIIHUMU LOCJILaMH LOAO KibKOCTH TeM-
Ja, sike OJIepKYBATUMYTh MOBEPXHI KaMepH BHUIPOMIHIOBAHHSIM
i TenONpOBiAHICTIO ropYol cymili, — HeMOXJauBo. PewTty no-
BepXeHb MOXHA OGJMUKYBATH 3CEPCAMHH BOTHETPUBKMUMM MaTe-
pistiamMu, 1o 3mo3i i30/110BaBUIM iX BiJ 30BHIWIHBOT KOHCTPYKUI,
SIKIE MoHA J1aTH, B pasdi norpedH, NoOMipHE OXOAXOIKEHHS.
STKILO BUSBHUTBLCS HE3PYUYHUM ab0 HEMOXKJIWBUM LOBOAMTH TEMIe-
paTypy B KaMepi 3ropsiHHs i B MOYaTKy comia A0 Tiei, npu axii
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BifOyBaeThC BiKe 3HAYHA AUCOLiALiS KOMMOHEHTIB MPOAYKTIB
3rOpsIHHA, MM MOXEMO WITYYHO MiATPUMYBaTH il Ha NEBHOMY BU-
3HauUE€HOMY PiBHi, MoAa04YM OAWH i3 KOMMOHCHTIB MaiWBa (MeTanu
abo KHUCeHb) He 3pasy BCi 10 KaMepH 3ropsiHHA, a TilbKU YacTH-
Hy, pPelTy MNiABOAMTH B Pi3HUX MICUSIX COTIa B MIpYy TOro, $iK
NOYaTKOBO 3aBAaHa CyMill BTpayae TemJo.

PO3O1IJ V
NPOMOPUNHHY ITACHB

Y nacMBHMX Macax pakeTH, TOOTO B Macax, LLO He BilHO-
CATBLCA A0 NajJUBa u, MU MOXEMO BiAPi3HUTH ABI iCTOTHO BiAMiH-
Hi YACTHHHU:

1) aGCconOTHUIT acUB m, A0 SIKOrO BiHOCATBHCS JIOAM 3
yCiM MOTPiOHUM A4 IX XKUTTA Ta BHKOHYBAHHSI MOCTAaBJIeHO! iM
onepauii i WACAMBOro CNyCcKy Ha 3eMHY NMOBEpPXHIO MO 3aKiHUeHHi
(PYHKLIOHYBaHHS pakeTH $IK TakKoi.

2) nponopuidHuil MacuB m, — MacH BCiX NMPeAMETiB, U0
06CAyroBy0Th (PYHKIIOHYBAHHS PAKeTH: a) TMOCYAHHU Ha naJju-
BO, 0) Kamepu 3ropsiHHHS, B) COMJOC, I') NPUAAAM i MALIMWHH, LIO
NEPEMIlLYIOTh TEMAO 10 KaMepu 3ropdHHS, i I') BCi 4acTUHU, LIO
3B’3YIOTb MPEIMETU [MepluX YOTHPHOX KaTeropid i HamzawTb
MiLHOCTH BCift KOHCTpyKUiT pakeTH. Llio yacTUHY Macu MU Ha30-
BeMO “riponopuiilHum nacusom’, 60 3a KOHCTPYKTHBHUMH 3aKOHA-
MHU BiH HasarajJ mae OyTH CBOEK MAacol MpUOJXM3HO nponopiiift-
HUH 10 macu 00CAyroByBaHOro HMM MaJiMBa, 110KH Lle OCTaHHE He
nepeBULLYE NMEeBHOT BEJIMUMHU; IPK OiNbLLIMX 3HAUECHHAM u BigHO-

LIEHH$ —"% 3pocTac. BuXiiHOIO TOYKOI0 KOHCTPYIOBaHHS pa-

KeTH € 11 Hanepej BCTAHOBJEHUN m, & 3 HUM VXK€ Y3riZHIOITbCH

u i m;; m 3aNMUIAETHCS MOCTIHHMM YBECb 4ac MOJbOTY; g NOCTY-
MOBO BUTPA4acTbCHl, a4 m,; MoOxe OyTH 3MIHIOBaHMH Ha Hawe Oa-
XKAHHS, BIAMOBIIHO IO 1IOpAa3 MEHIUMX 3anaciB maaMBa p i BU-

TpavyaHHS dM
dt mi
. . i . .
[TosHauimo BigHOLIEHHS —— =q 1 mpunycrimo, wo

BBECb 4YAC Y HAC (YHKIIOHYE TOH CamMMil He3MiHHUR nponopuii-
Huit macug mi . Toni mi= uq; Mk =m +mi=m+ uq. IlincTaBus-
K 1e 3HaueHHs1 Mx B ¢opmyay (26), maTumeMo:
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u=(m+qu)Mm-1),

3BiAKH y= _MmMm—1 (6)
1—gq(n—1) "’

TOAl 9K Npu m,=0 MU Maau 6 w =m (2 — 1) Mu Ganumo 3 popmy-

MM, WO, NOKU qL 77 , MU OICPKUMO AN JHACCIHIISE, HLO JH-
e TPOXH BIAPISHAETHCH BiX THX, SAKi Maan O npin m--0O%
ane, B Mipy 30i/blIeHHS ¢, # 3POCTAE, NEPETBOPIOIOUNCH HA HC-
CKiHYeHHICTb npH g < — , 0 O03HA4ae TCOPCTHHHY HC-

MOXJIMBICTh NoOyayBaTH pakeTy npd MopibHux aanux. [Ipaxriy-
!

HO XK MOXJMBICTb HACTYNa€ pauile; Mpu q= —— - MH BIKC
2(n 1
oaepxanu 6 moaBoeHHst g **. las Toro x, wo6 maca pakeri ue
30i/blIYBaNachk 3HAYHO uyepe3 BIACYTHICTb y HiIH Mmac m,, i Heob-
XiAHOCTH HajaBaTH iM WBUAKICTL HAPIBHI 3 m, 6axano MaTi Ri-
HOLIEHHSA
£ 1 ¥ 3% % (7)
< ——
17 Stmu-1

Jeni— HaBaHTaXeHicTb Tiel LiMBbHUUI, HA MPOTA3i AKOT HE3MIHHO
dbyHkuionye Toit camuit mi i no 3akiHUeHHI gKOro BiH Moxe OyTH

* CnpaBai ¢popmyay (6) MOXKHa NOAATH Y BUTJISLA
m .

M = ’
1
n—l—q

OTXKe, AKo q < , TO  Oyne 6;M3bKOWO 10 m(n-1). [Tpn

n—1

30i/bLUEHHI g Pi3HULSA 7;—1_—1 Oyae MParHyTH A0 HYAS i  p— oo

npu ymoBi QYHKUIOHYBAHHS TOr0 ¥ CAMOT0 m,; HA BCbOMY MOJBO-
Ti.
** Tyt ineTbcst po NMOJBOEHE u B MOPIBHAHHI u  TIpH
. 1
¥*%* Ymoa Q< —5(—7 nokasye, uo npu Bubopi g
nig —
y 3rofi 3 1iel0 YMOBOIO MM MATUMEMO 3HAYE€HHA u , MPONOPLIiHHE
JO po =m (n — 1) Takidl NMOC/AiILOBHOCTI:
5 6 7 K+1
T T uel H=—""ug, M= —mup, M=——"—""ug
4 o 5 6 ’ K

i 10 BHille 3HAYeHHA K, TO OGauxKue p 10k, (NpHUM. pen.)

m,=0
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BilKMHEHNH, w00 He O0TSKYBATHU PAKETY CBOEK 3ailBOI0 Macolo,
MiCAY 4Oro I NoOYMHae (PyHKUWIOHYBATH APYTUil KOMIUIEKC m; MEH-
IUMX PO3MipiB i MEHIIOT MAacH, BIANOBIAHO A0 3MEHIIEHUX Mac mna-
aBa i ButpaTH, OOMABI CTOPOHH HepiBHOCTU (7) HEOAHAKOBO
3]aTHI NiiaaBaTUCS HAWMM 3YCHJJSIM WOA0 1X 3miHH. Bennuuna
g BU3HAYaeThCs CTYMEHEM TEXHiYyHO! JOCKOHAJOCTH B NMoOyAOBi
npeaMeTiB mi i Xxou i Moxke 6yTH GisblIOK a00 MEHLIOK, 3aJEKHO
BiJ pi3HMX YMOBHMH, aje Mae€ BCe X JAEAKUI TBEpAUH MiHIMyM,
SKOTO MW NPU JaHUX HAasIBHMX Yy HALLOMY pPO3NOPHAKEHHI maTe-
pisiax i npy AaHOMY PO3BUTKY OYLiBHOI TeXHiKM nepedOpoTH He-
CNPOMOXKHI. BeqMunHy ni MM MOXeMO 3MEHIUYBATH JLOBIJILHO aX
10 1% nijgsiun TpaekTOpilo pakeTH Ha Oinblle YKUCAO JINAHOK 3

meHwow Wi ang koxHoi. Yucao ningHoOK i BigNoOBigHO YUCJIO KOM-
MJCKTIB m, BU3HAYAETLCS 3a/€KHO Bil Tiei BiZHOCHOI BeJUYUHHU
BUTPauyBaHOro NanuBa, Ky MM 3Haiiiemo 3a notpidHe, w06 00-
CIYroByBaTH OAHMM HE3MIHHUM KOMIUIEKTOM m;, a caMe — L€
YUCJAO Mae JOpiBHIOBATH In 75, Je ni — HaBAaHTaXEHICTb
KOXHOT 3 AlMbHMUB TpaekTopii. JAxkOM MM 3axo0TiaM 3acTocyBaTH
OJHOKOMILIEKTHY CHCTEMY A BCbOro MOJLOTY, TO Manun 6 3a-
HaaTO Mi3epHy abCOMIOTHY Mexy AAs BeJUYMHU q. TeopeTHuHui
MiHIMYM W, HeoOXifHWI 1/ NOJALOTY YUCTO PAKETHHUM COCOGOM,
JOpiBHIOE, IK MM moOauumo apani, 22 370 m/cek: BianoBiaHi 3Ha-
YeHHS n,;, o0uuciedi B npunyuiedHi 100% xoedinicHTa KOPUCHOT
Aii pakeTu, 1aHO B TpeTiit KoaoHUi 1P HA cTOp. 22.
Bepyun nix yBary Bci yOyTKH eHeprii i HeLOCKOHAJIOCTI,
MU MOXEMO TBEPAMTH, 10 LidCHe 3HauenHs n npu W =22 370
M/cek Oyae ue MeHiue ak 100, a KO 3aX04eMO BUKOPHUCTATH
najuBo jJeweBwe i 3aCTOCYEMO YACTHHHO BYTJIEBOAHEBi TI'DYIH,
T0 it monaa 100. OTxe, npu 9 = lgg maca namuBa 3a copmy-
a0 (6) yxe nepeTBoploBanacs 6 y HeckiHueHnicTs, dpuq= 1200
NojBOOBaNACH O, THM Yacom  lsppg, — Le BesnuuHa AyKe H
AYy¥e TiCHa, TOUHille — 30BCIM HEMOXJUBA JJ5I MacH BChOrO
KOMIUIEKTY m,. HaBiTb skuio MM BisbmeMo W =14460 m/cek i
npuiiMeMO BiANOBIIHO n,=20 (cTOp. 22), TO i TO OAEPIKYEMO
MOJBOEHHAM p NPH TAKKO peasi3oBaHOMY BiaHOUIEHH] my=1/40,
ToMmy npakTH4HO HaWJAINUIOW CcHCTeMolw Oyae ABOKOM-
naeTHa 45 MalUH Ta NMPUAaiiB i TPUKOMIJIEKTHA AJS MOCYIMH,
AK CYOTeNbHIlIMX YACTHH m,. SIKUIO0 MH 3HOB Bi3bMeMO n=100,

TO a0COMOTHA MeXa g NiAHOCUTLCS 3 1/99 (pH OAHOKOMMJIEKT-

. Mo
* Tomy, wo m=gZ= a M« BKIOuae B Cebe p AJ9
i+ 1 pinbHUUE, ni =) He no30asnaeHe ceHcy. (IMpum. pen.)
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1
Hill cucTemi) A0 1/9 npy ABOKOMIVICKTHIN i 10 3¢ Tnpu TpH-

KOMMIEKTHIR cuctemax.** KinbkakoMmniceTna cucTema Xou i jaae
GinblUMii NpPOCTiP B KOHCTPYIOBAHHI nmpeaMeTiB m, nos3Ganas eHac
MOXXJUBOCTH NPOBANy BCiel COpaBM uepe3 HCMOWAUBICTL CKOH-
CTPYIOBATH JAOCTATHLO JeEerKHM m,, BCE X i HC 30BCIM JIKBIYE
WIKiJIHBUI BIJIMB MAC m, HA BEJIUYUHY MACH PAKCTH: JHAUCHNS 4
3a topmynoto (6) BUXOAMTL BCe ¥ OinblIMm Bij TOro, sike 6 mMu
MaJii TIPU TOBHIH BIACYTHOCTI m,.

AKIO MU 3aCTOCYEMO KiMBKAKOMIIEKTHY CHCTCMY, MOMLi~
JUBLUK TPAEKTOPII0 HA KilbKa AIMSAHOK 3 PIBHUM W; AL KOXKHOI
3 HUX, TO AJ BCbOro MNoJbLOTYy MATUMeMO 30iJbLUCHHSI MAaCH B

k

[l — g(ii — 1) ] (62)

k pasiB (ae k —uucno LiNbHHLB) NOPIiBHAHO 3 MaCOI0, 1O ii pakeTa
noBUHHA OyJja 6 MAaTH NpU BiACYTHOCTI m,.

** 11lo6 matv uudpu, BrkazaHi KowapatiokoMm, aas nBo-

. "

— i AJ5 TPUKOMIIEKTHOI

g ATTP 5,9
Tpeba nam’dTaTH, 10 aBTOP KOXHifl pingHui nae xkommiaekT, a
KOXHa JinsgHKa mMac Te came W; , OTXke, 1] OJHOKOMNIETHOI

cucTeMu Maemo W, nas 1IBOKOMNJAETHOT CUCTEMH MAaeEMO % W= Wi

KOMIUVIEKTHO! CUCTEMH q =

w
i A7 TPUKOMIIIETHO1 wi=3zw o . Yepes te, w0 n=¢ ¥ , TO
. . 1w . - w
AJSl ABOKOMIIETHOT ni=e >~ i ANl TPUKOMIIETHOT ni = e]3— .
. M
TakMuM YMHOM MOXKHa MOJLATH ni  — MHOTIOKOMINIETHY

CUCTEMY HEpe3 A OJHOKOMIUVIETHHUX CHCTEM TdK!:

n’ W n
T’li-f € U = vn
1

JInsl TPUKOMIIEKTHOI CHCTEMHM aBTOp A€ 3HAYeHHs — , a Tpeda
_1 . (Tpum. pexn.) 3,9
3,65
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IpumiTka. OcHOBY cTyneHs uiei OpMYJIH MH O1EPXKYEMO,
AIKLLO 10 MpaBdi yacTUHM PiBHAHHS (6) aomamo m-+m, i NOTIM
BUHECEMO mn; no3a AyxkKu.*

[IpyumiTKa pefakTopa neplioro BMAaHHA. B npakTuli npu
K=c JApid y copMmyni (6) HaOyBae 3HaAUEHHS:

W
E.Qx:eq% i A_/Ig:e u. e9du =e U 1+

Mo:>xHa nponoHyBaTH Taky po3B’S3Ky NUTAHHY NPO m;, MPH
AKifl WKigAMBUH BIVIMB MNPUCYTHOCTH Mac m, yCyBaE€TbCsl Maif-
Xe UinKoBuTO. PO3B'S3Ka LS TaKa: K i MPU HU3bKOKOMIJIEK THii
CUCTEMi, KOHCTPYIOETbCH JeKillbKka KOMIJIEKTIB m; LOpa3 MeH-
of BENMYUHM; 3a MaTepian I KOHCTPYKUIl NpasBiagTh Mnepe-
BAXHO aJIOMIiHIH, KpeMHiil, Marsiil; 4acTUHM, ULO BUMAarawTb
0CO0JMBOT BOCHETPUBKOCTH (BHYTPILIHA NOBEPXHSA KaMEpH 3ro-
PSIHHST), BUFOTOBJSIETHCSA 3 BIANOBIAHUX TaTyHKiB rpadiry, Kap-
Gopynay, kopyHay. KomnuekTH, ki CBOEI BeJMUYMHOIO CTAIOTh
3aHBMMM BHACJiJOK 10Opa3 MEHLIOi MacH pakeTH, He Biikuila-
I0THCS, & pO30HPAIOTHCS 1 MEPEeXoAsiTh 10 KaMepH MIJIOTa Ha nepe-

* 3anac naauBa npu m,;=0 3a dopmynot (6) Gyue:
- mn-1)
I —q(n—1)
OTxe, noBHa Bara Oyie u + m, aje TOMy, WO NpH m; = O
p=m(n—1), TO u+ m= mn.
3HauuTh, NOPIBHIOIOUN BAry pakeTM npu m,<$0 i3 m =0
MaeMo:

wtmtm - m(n - 1) +m+ oy
I—qn—1)
ale
R (1 (el VN
My =g u, #"1__q(n__1),
TOMY MA€EMO:
mn— 1) mn—1)

I gm—1) " I—g(n—1)

i micnst MepeTBOPEHHS OLEPKYEMO:

mmn {
- abo mn —————
1- g 1) I g 1)
.o . k
3 apyroro GOKy MpU MHOrOKOMMJIEKTHill cucTemi n=mn.,
TOMY MOXHA HanucCaTH:
1 K

mn; lI——*f o :T) ’
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TOMIEHHS i pO3pOoOAeHHS, W00 onicas 6yTH BXKUTUMH SIK XeMiuHi
KOMIMOHEHTH nanuBa. Taka poss’f3ka € incannnoio, 60 npu Hilt
AK WKIAAMBI MacH m, 3aJMWIAETHLCS TIALKK ocranniit, Hafimenuui
KOMIWICKT, a BCi MonepeiHi € KOMNOHEHTAMU NaaIBA, UL THMUA-
COBO BUKOHYIOTb (yHKUIT m, ToMy, wo posdupanus i paasuie
MePeTBOPEHHA NpeiMeTiB m, BUMAarae AESKoro uacy, npH Taxii
CUCTeMi MOAIM TpaekTopil pakeTy Ha aiabHUIL, o6GcayroByBaHi
HE3MIHHUMH KOMILJIEKTAMM m,, BXe He € LOBUILHUM: Nepuia 3mina
KOMIJIEKTIB He MOXe OYTH nepeBejeHa paHillie, SK pakeTa OCsurHe.
CTaH BIIbHOTO CYNYTHHUKA 3eMJli; OCTaHHA 3MiHA HC MOXe OYTH
nepeseieHa MiCJad TOro, fK pakeTa MiJ yac MoBOpOTYy BTPATHTL
WBUAKICTb A0 Takoi MipH, 110 HE 3MOXE BXKe OYTH BIALHHUM Cy-
nyTHUKOM 3emai. LlumyM aBoMa 3miHaMHM Hal3pyusiwe i 0OMeKH-
THCSl, TUM Oinblle, 110 BOHW BiANOBINAOTh MOAINOBI TpackTopil
Ha TPH AiAbHULI 3 NpubausHo pisHumu W, 1ag koxHoi. [Laa pos-
poOJieHHs1 TIpeMeTiB m, B 0e3NoBiTPSHOMY mpocTopi i nepeTRo-
peHHsl iX Ha KOMIIOHEHTH najuBa notpidHi GyayTh jaesiki aopart-
KOBI MpUCTPOI. A npoTe, CAifl AOKJAACTH BCiX 3yCWUIbL caMe A Ta-
KOT pO3B’S3KU MUTAHHS NP0 m,, 60 BOHA OOJEriye OCHOBHY TpYJL-
HiCTb BCi€l CNpaBH, 3MEHIIYIOUM HEOOXIAHY Macy pakeT, 1o 1
Jyxe BEeIMKUN po3Mip Jullle i € MPakTHUYHO TPYAHO mnepebopio-
BAHOK MATEPIiAJbHOIO MEPELIKOL0I0 A0 3aBOIOBAHHS MiXIIAHCT-
HUX NPOCTOPIB i TiJ COHAWHOT CUCTEMHU, LWLO TECOPETHYHO HE SIBJSE
Oyab-KHX OCOOJHMBHUX TPYLHOMIIB.

PO3 A1J VI
THIIM TPAEKTOPII I MOTPIBHI PAKETHI UIBUJAKOCTI

[Tpuitmemo Taki o3HaueHHS:

Jj-— ALMbHULI TPAEKTOPIl pakeTH, HA IKUX BOHA (yHKLUiO-
Hye, TOOTO Hasae co0i MPUCKOPEHHS;

y — “WBHAKICTb BHILOTY” AJA LAHOr0 CTAHY paKeTH —
Ta WBWAKICTb, HA 9Ky Tpeda 30IMbLIMTH HASBHY WIBHMAKICTL pa-
KeTH, 1106 BoHa Habpana pyxy no napadoJiuHii op6iTi BiZHOCHO
LUeHTpY 3emai;

Wb — “lIBMAKICTb MOBOPOTY” AJS 13aHOrO CTaHY pakeTH
-—— Ta WBHWAKICTb, 10 ii pakeTa mMana 0, KOJMH, NPOJLOBKYIOUH Jie-
TiTH no CBOiiA opOiTi, mocsiraa 3e¢MHOT MOBEpXHi (piBHS MOps);

W — “noBHa wWIBUAKICTL BHALOTY” i “HACTYNHA LWUBMAKICTD
MOBOPOTY”, 110 AOPiBHIOE Wy, O0UUCICHOT A/ CTAHY HCPYXOMOCTH
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Ha PIBHI 3eMHOT NOBEPXHI, KA ALOPIBHIOE Wb, obuncjenoi ing
CTAHY HEPYXOMOCTH B HECKIHUEHHOMY BigaajeHHi Bin 3emni, abo
AJIS PAKeTH, 110 PyXaeTbCs NO napadoniudiil opdiTi, 10 A0PIB-
HIoe “napadofiuHa WBHAKICTL” =+/,qgp , A& R — paailoc 3ema,
a g MPUCKOPEHHS CHJM TSKIHHS Ha 3emai = 11 185 m/cek;

V — WBUIKICTb pakeTH BiZHOCHO ueHTpY 3emsai (a He
3EMHOT NOBepxHi) B AaHWik MOMEHT;

r — Bigganb Bif pakeTH B 1aHHUII MOMEHT J0 UGHTPY 3eM-
Ji; -

R

[Min “noaborom” mu OyaeMo po3yMiTH PYX paKeTH 10 MEB-
HOT TOUKH, Oe3KOHEeYHO Bignaneroi Bix 3emai, i moBopoT 11 Haszand,
NPy YOMY WBHAKOCTI pakeTh OIS TOUKW NMpPH3HAYEHHS i Oins 3eM-
HOT MOBepXHI MAlOTh AOPIBHIOBATH HyJaeBi. Mu OyaeMo MOKHLLO
irHopyBaTH onip armocdepn i NPUCYTHICTL y MAPOCTOPI IHWIUX
Tin, kpim 3emai. OTKe HAWi BUCHOBKYU 3 LbOI0 naparpadgy OyayThb
NPHOJU3HO BipHI auuie AJS LiAbHUILL TPAEKTOpPIl no3a atMmocde-
pOI0 BiAUYTHOT TYCTHMHH, 1O HE HaO/MDKawThea Ao Micsug, i aas
TPAEKTOPIi, pO3MipH SIKUX 3HAYHI B MOPIBHAHHI 3 PALIOCOM 3€MHO]
opOiTH. |

Jlerko nodaunTy, WO A9 KOMKHOTO CTAHY pakeTH MU Ma-
TUMEMO:

) (8)*

Jdnag paketH B cTaHi cynyTHuka 3emai 3 kpyraow opOi-

TOIO Wy:\/(ﬂf 5 _“1)_\/_2”%:" v 2-1 )

Wy =Vl = —w () 1T oF

* dopmyJaa, 9Ky HaBOAHThL aBTOp Wy =V 2 —1), Moxe OyTH
OAepiaHa nopu yMOBi, w0 napadoaiuda WBUAKICTh 30iraethed 3
HanpAMOM Kpyrosoi weuakocTu. [Tix ¥ Tpeba posyMiTHWEp =v/gR
B unx ymoBax Wy anopiBHIOBATHME HaBejiCHIll aBTOPOM IUBHAKO-
cti. ¥ Bunaaky, gxkiuo napadoliyHa WBUAKICTE He 30iraerTbcs

1

Wy:\/Lr_——-V i W, =V Viiwr( o

y

3 HaNMpPAMOM KPYroBoi WBUAKOCTH, TO Wy=Wkp v 3_ 7 2 cos Y
(s ¥ — KYT MiX Hanpsimamu napadoJiiyHol i Kpyrosoi

wBnAKoCcTH.  LIBMAKICTH MOBOPOTY WI;:‘/W_TW

1
nepeTBoproeThcs W=y 1 T

SKLLO TNMOKAACTHv =+/ gR ¢ W=+/29R (Ilpum. pen.)
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B tomy BHMnanky, koam opGiTa He TOPKAeTbCA i HE mepe-
THHAe 3eMHOI OopOiTH, 5K, HANPHUKAAA, BCAKa KpyroBa opdita, Ha-
1€ BUSHAYEHHS RCANUYKHKM Wb € (hiKTHBHUM. ¥ noaidnHX BUNaLKax
nig, Wb MM MOBHHHI PO3YMITH TY IIBHAKICTB, UL0 ii pakera mana 0,
IKOU 10 XHBOI cuaM ii pyxy OyJja pojaHa eHepris, 3ymoBJeHa ii
Maco 1 PI3HUIEID MOTCHILISIIB CUAM 3¢MHOTO TSDKIHHS MOMIXK
TOUKaMH 1T nepeOyBaHHA B AaHWH MOMEHT i TOUYKOIO H& PiBHI 3CM-
HOT MOBEPXHI, HE3a/MeKHO BiL TOTO, UM MOXKeE L& MiACYMOBYBAHHS
eHepriff craTvcsl B AICHOCTI NiA yac pyxy paxkeru no jadii i
op6iTi, ud Hi. HeTsxxko notim GaunTi, wo Wy mae pisHi 3HaUCHHSA
AJIS1 PI3HUX BigaaieHnX Big 3emai TOUOK Tiei camoi opOiTn (SIKULO
TiIbKK opOiTa He mapabosiuHa, Aag kol Wy =0); Hasnakn, Wb
Mae MoCTiHHe 3HAYeHHS JJ5 BCiX TOYOK Tiei camoi ophitn. Bean-
yuun Wy i Wb MaioTh A/ HAC Take 3HAYEHHS:

1) Wy B3sTa aas nepurero (HaidaMKYol 10 HCHTPY 3emdi
TOYKM OpOiTH), € TeopeTHUHMH MiHimym W (TOoOTO ObunCaCcHUE
JUIIEe HA OCHOBI 3aKOHY 30epexeHHs eHepril), HeoOXiauuit pas
TOro, o6 pakera, sKa JeTUTb MO AaHiit opbiTi, Ha0yna pyxy no
napaboniuniii opOiTi, iiayun no skiit paketa Moxe BUKOHATH MCp-
WY MOJOBHHY “NONLOTY” — PYX N0 HECKIHUEHHO BiafajeHoi Tou-
KU.

2) Wb e Teopernunuii Minimym W, KOHeYHHH 111 TOrO,
o0 pakeTa, K& JeTHUTb NO Aawii opbiTi, LOCATAA 3eMHOI NO-
BEPXHi 3 HY/IbOBOKO LWIBWAKICTIO i TUM 3aBepwinaa APYyry MOJOBUHY
MoJBbOTY.

[Ilo6 mokaszaTu nepuie MOJOXKEHHS, MH MOPIBHAEMO Mix
cobow Wyii Wy., oGunucieHi ajaa JBOX TOYOK a; i @, Tiei camol
opGiTH, B IKMX PI3HUUA MiK MOTEHLIVIAMU CHJIM 3EMHOT O TSIKIHHA
JLOPiBHIOE HECKiHUCHHO Madii e . SKWO Ang jgan’buici 3 TOYOK
— TOYKHU a@; — MW Maemo 3a ¢dopmyaown (8).

[ 1 _
Wy1=w T v,

TO AJ9 OJMHXKYOT TOYKH @, MATHMEMO:

ajne ‘/ —= — V2 20

lim +2a — VV? + 24
_ w'/ 1 1 VA
_( 7V (\/ w ) -
=Wy1 — a( 'ﬁ: )
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pumiTka penaxTopa nepworo BuaaHHs. Tomy, WO npH

eNINTHYHUX ILIBHJIKOCTAX

w
T
VT

1
V w

V<

TO

i LYyXKa MO3UTUBHA.

TakuMm urHOM alCOJNIOTHOW BEIMYMHO0, KA Hac 3apas
TinbkY # nikaButh, Wy: < Wy, Orxe, Wy mae MiHiMym y
ToHli nepurelo paHoi opOiTH, SIKMI 1 € TCOPETHUUHHUM MiHIMYyMOM
pakeTHO! LWBMAKOCTH, KOHCUHOI JJs Mepexoay Ha mnapalboJiuny
opdiTy, wo i Tpeba Gyno JOBECTH.

LHIo6 moBecTu apyre nNOJMOMEHHS, MU NOPIBHAEMO MIX
co6010 Wby i Wh,, 1110 01epKYyIOTHCA B ABOX BUMNAJKAX; B MepLlio-
My pakera, pyxamyuch NMeBHOW opOiTOl0, Ha0pana WBHAKOCTH u
B TOYlI a,; B JPYroMy, pyxalouuch Tieio camolo opdiTo1o 3 Tiew-
camoI0 IIBMJIKICTIO, pakeTa mana Tiel camoi BeJMUYMHH BilL’eMHE
MPUPOLLEHHS WIBUAKOCTH B P Tifi TOYUi @,, MPU UYOMY Pi3HULS
NOTEHILIANIB CHAM 3EMHOT0O TSIIKIH.'S MOMIXK TOUKAMU a, | a, AOPiB-
HIOE HECKIHYUEHHO Malii e . SIKULO B MEepUIOMY BUNAAKY MM 3a

dhopmyaoo (8) Oyaemo maTtu 3
W, :WV w)?2 + w2 (1 - ),
!

¥
TO B APYrOMy MaTHUMEMO

sz_—'/(\/ V2420 u)? 4+ w? (lﬁ*%m)q2a;

ane

lim (W, ) a ()2‘/(1/ 11)2+w2(1*—_17“)—au:
, ¥

. | B BN __ar
1

Takum uMHOM Wb, < Wb, , OTKE MU MATHMEMO THUM
MeHWy Wi , ynm Ganxde 10 3emii GyayTh 3HAXOIUTHCA TOYKH,
B SIKMX pakeTa Hajgae cobi cnopinbuenus. Minimym Wi MM matu-
MEMO, Hajgaloud pakeTi Bif’EMHUX TpPUPOUIEHb WBHIKOCTH HA
piBHi 3emHOT moBepxui. L1106 pakera saBepmmia noJiT, MU Mo-
BUHHI NMOracHTH HA PiBHI 3¢MHOT NOBepXHi BCI WBUAKICTD, 10 11
pakera matume i no Gyae jpopiBHoBaTH Wb 1aHOi OpOITH, WO #
TpeGa Oysn0 10BECTH.
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O6uaBa nonepeani MOJOMKEHHS MOXKHA MOSACHUTH Tak:

[leBHa BuUTpaTa HaCHaru pakeTH -jgac iH.neBpe A0JAATHE

abo0 Bil’€éMHE NMPUPOULEHHS WIBUJKOCTH HE3ANCHKHO Bijl CTally Crno-
KOW abo pyxy camoi pakeTH, aje TOMY, LLO CHCPIIS PakeTw Biji-
HOCHO 3emai — 1i xuBa Ccujaa — nponopuiiina jpo kBajpary i

HIBUAKOCTH BilHOCHO 3eMJli X TaKM, TO ACSKC AAHC NPUPOILLCHIS
LIBUAKOCTHU € Oiibllle A0AATHIM UM BiJI'€MHUM NMPUPOILCHHSIM JKH=

BOI CHUJIM, TOAi, KOJM BOHO BiIOYBAE€ThLCS NpK Oianiniit nouarko-
Bifl WUBMAKOCTI pakeTH; HAMPUKIAA, NPUPOLLCHHS HIBILKOCTH, 110
JOPiBHIOE 4, MpUKJaLeHe 10 WBUAKOCTH, L0 JOPIBHIOE 2, ABASIE
cOB0I0 MPUPOLILEHHST KUBOT CHUJM 2 2
6 — 2% =16,
2

TOLI SIK Te came NMPUPOIUIEHHS CUJM, L0 L0PIBHIOE 4, NPUKIAJLCHE
A0 WBMAKOCTH, IO LoPiBHIOE 20, BJjsge OG0 NPUPOLLEHHA XKH-
BOI CUIU 24% —20? = 88,

2

TakuM UMHOM, 3 TOUKH 30py eHeprii pakeTH Bianocho 3em-
Ji, peakuisi BUiJIeHHS Ji€ Ha pakeTy TUM CHJbHiWe, uum Gianlna
LWIBKJIKICTL CaMOi pakeTn. Ajie IIBKJIKICTE PAKETH, KA BIILHO Py=
Xa€Thes, Oyae Halbinbow B TOYlll HAWOIIBIIOro HaOJMHKCHIS
il go 3emai, oTxe, i aisHHS peakuii B will Touni Oyae HalbiALL
BUTiZHUM $IK y TUX BUMAakKax, Koau tpefa Hajxatu paxcri ao-
CTaTHLOT eHeprii aag BUALOTY 3 3emai, Tak i B TUX, Koau Tpeda
no3faBUTH 11 eHepril Aas CyCKy Ha 3emiio.

Orxe, Mu 0auumo, 1o W MoXke JOCATHYTU MIHIMAALHOTO
3HAYCHHS 2w Juule npu Tili 000B'sI3KOBI ymoBi (anae uwie Heao-
CTaTHIfl), wod yci MPUCKOpeHHS Ta CMOBiMbHEHHS BiaOyBanucs
Ha PiBHi 3eMHOT MOBEPXHIi: a 10 e piy HeMoxXJauBa, W Oyaxe Tam
MEHLIOW, YUM OJMKUe 10 piBHA 3eMHOT MoBepxHi OyayTh po3mi-
uteHi Jj. 3naunThb, GAM3BLKICTH 10 3eMHOT MOBepPXHi BCIX AiMbHULL
BJACHOTO NPUCKOpPEHHS1 pakeTH [Jj € NMEPIIO BHMOIO, SKy MH
MYCHMO CTaBHUTH A0 TPAEKTOPil pakeTH, OO YHUKHYTH 3aiiBOTO
3pOCTaHHA HeoOXinHOT pakeTHOT WBHAKOCTU — W. Pignuuo W—2
MH Ha30BEMO “NepeBUTPATON0 pPaKeTHO! LIBUAKOCTH” i MO3HAYMMO
uepes JI. Iig JIi — “nmepeButpaTtoid 1aHoi AidbHULI” — Oy1eMO
pO3YyMiTH Ty uacTUHY Bciei mepesutTpatu Jli, fKa crajna HemH-
HYYHM HACJAIIKOM YMOBWH TMPOXOJKEHHS PaKeTOl 1aHOT AiNbHH-
ui ii TpaekTopii. B 3aransbHOMy BUNALKY

Mi=Wet [vr Vite (VI -y )], (9)
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ne V., Vs, r, r, — Aani BIINOBIAHO A/ MOYATKY i KiHUSA AVIbHULI .
lopiwniit 3Hak caip Opatd npu “eAinTHYHUX” WBHAKOCTIAX pa-

KeTH -
V<w“/7_-

AJS mepuIoi MoJoBMHM “moaboTy’”; B yCix iHWIMX BUnaakax tpeba
OpaTh AOJIIUHIA 3HAK. JKUIO pI3HULS MOTEHUIAMIB CHIM 3¢MHOI0
TSOKIHHS B KIHUSX AAHOT AIMbHULI AOPIBHIOE HECKIHYEHHO MaJii
a , TO TIpU NMoJaboTi Oe3 onopy cepefoBUllla MaTHMEMO:
(o YT (10)
.Hzg V w
[opiwkiit 3HaK cain 6paTé OpU eNNTUYHUX LWIBUAKOCTAX, LOJiL-
Hil — npu rinepbogaiynux. llapaboaiyHa TpaekTopist cama CO-
O0I0 MepeBUTPATH He nae, 60 NPU Hill 3aBKAU
wef = =v.
-

Inzexc npu nitepi JI o3HauaTtume Toit disnunuil pakrop, HaCTIA-
KOM fIKOro crajacst meperurpara. Hanpuknaa, y dopmyai (10)
MU Mmaemo Jlig: mepeBUTpaTa € HACJAIKOM TPHCKOPEHHH CHJH
TSXKIHHS; [HACKC s 03HAYATHME TiICYMOK BTUIMEIB ycix (aKkTOpiB;
¢ — BMJAMB onopy atmocdeny 3 ABOMA niaposainamu ch i ¢b, npo
siki MoBa Oyne B poan. VIII. 3rizHo 3 BUKJIafeHUM, 3 YCix GopM Tpa-
eKTOpiil 060B’93K0BO Aal0Th JI Ti, ¥y Ki BXOAATHL SIK €JICMEHTH —
eJIEMCHTH BiAbHUX OpOIT, U0 HC TOPKAITHCH 1 HE MEPETHHAIOTH
3eMHOT moBepXxHi, 00 NMPU HASIBHOCTI B TpaexkTopii nogidHoro ede-
MeHTy “nepuma BUMOro” (AMB. BHLLE) € $IBHO HEBUKOHAJILHOIO.
HaitGinbumii J1 1ae npucyTHICTh Y TPAEKTOPIT eJIeMEHTY KPyroBoi
opOiTH MEBHOT0 KiHUEBOTO pajiloca.

JApPyrow BHMOIOI, 110 i1 MM NMOBUHHI CTaBUTH A0 TPaek-

TOPIi pakeTH, U108 OCATHYTH siKHaiiMmeHwe JI, € aKHaMeHLIHH KyT

f TMOMIiXK HampsgMamu CWJIM peakiii i AOTHYHOT L0 TPAEKTOPIi.

A6commorHe 3HaueHHs V 3MIHIOETLCH 3adeXHO He Big yCbOTo

BJACHOTO MPUCKOPEHHS! pakeTH Jo, a Julle Bifl HOro TaHreHLisIb-
HOIO CKJIAJHHKA, WO AOPIBHIOE [, cosp ; OTHKE, MU OJLEPKYEMO

Jlig = W; (1 — cos 8). (11)
TpaekTopilo BCLOro noahLOTy MU NMOAIIMMO YMOBHO Ha TPH
JIIBHULL.
1) Ty — “TpaekTopis BiAab0Ty” — JIINBHULSA TPAEKTOPIT,
10 TTOYMHAETHCS HA 3€MHIi NOBEPXHi | 3aKiHUYETHCA B NeBHil 6es-
KOHEYHO BipjpaJeHill TOYLL;
2) Tc — “3B’si3aHa TpaekTopis” — AINbHUUA TPAEKTOPIi,
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1110 MOYMHAETHLCA B KiHUi Ty | 3akiHUYeTHLCS B NCBHiil, 0€3KOHEYHO
BiggajeHii ToOuli;

3) Tb— ‘“rpaexTopist MOBOPOTY” —- AiALHULS, 1110 NOYU-
HaechCq B KiHUi T'c¢ i 3akiHUyeTbCS B TOYLUi HA 3CMHIll MOBCPXHI.

BignoBigHo n0 BKa3aHux O3HAUe€Hb MPUAMEMO i o3HaucHust WyJ,
Web , Whos.

O3naunmo:
6 — KYT TMOMIXK TpaeKTOpicd B paHid TOYWI i MJIOLLH-
HOWo 006piio;

g — KYT TOMIiX HanpsMoOM BJACHOT0O TNPUCKOPCHHS Jo
i TpaekTopiclo B AaHii 11 Touui;

A=0 + g — KyT MOMiK HANPSMOM Jo i naouiMHo o6piio.
Kytt o i B BBaXarwThCs J0AATHIMH, KOJAU AO-
TUYHA A0 TPAEKTOpil CKepoBaHa Bropy Bix mio-
IIMHKA 00pilo, a Jo CKepoBaHe Bropy Bif AOTHYHOI
L0 TpaekTopii.

CeHc Hamoro noainy TpaekTopii Takuit: y HeCKIHUCHHOMY
BigrasneHHi Bijg 3eMJi CUa 3eMHOTO TSIXKiHHA mi3epHa, a omnip 3cM-
Hoi aTtMmocdepu BiacyTHIA. BHacnigok uboro Te, OCKiNbKM BOHA
3HaXOAUTLCH B HECKIHYEHHOMY BiAdaneHHi Bin 3emJi, MOXC MaTH
JLOBiJIbHY opmy 1 npu Bcskiid dopmi i1 moxe OyTu nepeijeHa
PaKkeTol i3 CKiNbKU-0yab maaumu Jo, V i Web. MNpakTnuno po Te
MOJKHa NPUPIBHATHU AIMSHKY TPAEKTOpii, L0 CcaMe 3HAXOAUTHCH
Big 3emui Ha BiJani KiIbKOX AeCATKIB 3eMHUX AismeTpiB. Web
Ha TIPaKTHL] BU3HAYAETHCH Y BEJMKIM MIpl KiMBKICTIO vacy, AKy
MW BBAXAa€EMO 34 BUTIAHY MNPU3HAUUTH AJS1 NpOoXojxeHHd Te.
HaBnaku, Ty i Th 3Haxoa9ThCs CBOIMM YaCTHHAMK B Mexax cde-
PH CHJILHOTO TSAKIHHA 1 MOYACTH B MEKAaX OMipPHOTO cepeaoBUuLA
— aTtMocdgepu; TOMy Ta 4M iHlIa BeanuuHa W, a 3naunts i JI wija-
KOM 3aJIeXKUTh Bif Tiel reomeTpHuHOl QOPMH i THX LIBUAKOCTEH,
ki Mu BuGepemo 1as1 Ty i Tc B panbuiomy. Tomy, posOuparouu
pi3Hi TUNK TpaeKTOPil, MM MAaTUMEMO HA yBa3si 3 HUX JHLIe AiNgH-
kM Ty 1 Th, 3anuwaoyy OCTOPOHb BiIHOCHO JJist HAC HEBAXKJHBY
Te. Tomy, WO NPy BiACYTHOCT] ONOPY CeperoBHLLA TOTOXKHI ¢op-
MOI0 1 abCOMIOTHOI BEJIMYMHOK WIBUAKOCTEH y BiANOBiZHUX TOY-
Kax I'y i Th BuMarawoTb 119 CBOr0 BUKOHAHHSA PiBHUX NPUCKOPEHD
y BiAMOBiAHUX TOYKaX, TO i Wy i Wbo3 ansg unx Ty i Th 6yaytb
Mix coboto pisHi. Tum TO HaBejgCHI HMXKUE OOUYUCIHEHHS CTOCY-
10TbCS 0AHAKOBO 10 Ty i Th, OCKiNLKW BOHM JI€KATh N03a MEXa-
MU aTMoCdepH BiLUYYTHOI T'yCTHHM.

HeTaxko noGauuTH HEMOXKJAWBICTb MOOYALOBHM TaKoi Tpa-
€KTOP{, 9Ka OLHOYACHO ILIJJKOM BiamoBifaja 6 o6OM 3a3HaYCHUM
BUule BUMoram (ctop. 36 i 37), w06 OCArHYTH HaifiMeHLy nepe-
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BUTPATY WBHAKOCTH JI. TUNOM TpaeKTOPii, O LiZIKOM BiAMOBiLA€E
“ppyriii BuMo3i”, ¢ “panisasuuii”, Ty i Th KOro SBJASIOTL CO0010
MPOLOBKEHHS 3eMHMX paaiociB. 3rigHo 3 “nepuoio BHMOrow”,
B palisiibHii TpaexTopii MM NMOBUHHI NO 3MO3i CKOPOTUTH Jj, HA~
Aaoyu paketi Jo SKHARGINLIWIOT BEJIHYUHHM, MOUYMHAIOYM Bif TOYKH
BUXOAy i OeanmepepBHO A0 Tiel TOUKHM, A€ paKeTa MaTUME BXKe

napaBoaiyHy WBUAKICTL V = w‘/ L ; mpu noBOpPOTi 3 BiANOBiA-
¥

HOI TOYKU Mae nouuHartucsa fo — “BlacHe CMOBINbHEHHA” paxe-
Ti. [IpHnycriMo aasd CNpouLCHHS, 110 MPUCKOPEHHS CUAM BarMv Ha
BCbOMY NpoTa3i Jj Take came, 9K i Ha 3eMHill MOBepxHi g.

O3nauumo: jo +jo =] i L = i,
g
ae Jo -— BJAaCHe NPUCKOPEHHA, 4 jp — CNOBIJIbHEHHS, CIIPHYHHIO-

BaHe CWJ010 onopy atmocdepu, i J — BekTopisibHAa cyma ix (B
JAHOMY pasi npu panisabHiil TpaekTopii BOHA 1OPiBHIOE anbred-
pUYHil pizuuiLli), siKy MM Oy 1CMO HA3MBATH “MeXaHIYHUM MPUCKO~
peHHAM”, BiAMOBiAHO A0 woro 5 — KoediuieHT mepeBaru me-
XaHIYHOTO NPUCKOPEHHS HAJL MPUCKOPeHHsIM CUau Baru. Ilpu no-
RiGHUX AOMYLIEHHSX i O3HAYCHHSX MaTHMeMo 3 dopmyan (9):

_ ‘/_7_ -1 (12)%)
Jg=W ]___1

*) dopmyna (12) 3 dopmyan (9) BUXOAUTH TaK:
[punyckawuu j=j,+jp i g==gs , MOXHa HamMMcaTH

dV . Vdv .
-a— :]—g abo dr =]_g,
d v .
Tomy, mo =d—tr , MAEMO - = jdr ~gdr.

[HTerpytoud npu noyaTKkoBUX ymoBax ¥ =0 i r=R. maemo:

'2—‘- =jr- jR+ gR—-gr,
ane tomy, wo W?=2gR,
TO, 3amidowun V yepes W, maTumeMmo:
3BiACH jr— jR — gr=0;
]
F—R -
-8

Ane Tomy, wo  W; =\/ 2gr,

TO, 3aMiHI0I0UM TYT r yepes R 7z Maemo

-_\/—‘/;L_ '/_L
Vi =VIRY 7 =W Y L
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j >>1
a0o, CIpoLLyIoYH TNpH To— W —L
& 2 -1

LLi 3HauenHs, aeuto Gisblui 32 AifCHI MPH KiHUCBHUX 3HAUCHHAX |
MU {i mpuiimemo 3a npuéﬂnsﬂi 3HAUECHHA MECPEBUTPATH BLL ASHHSA
CUM Bark mpyu paiiffbHiil TPaeKTOPIi NOMBOTY PaAKLTH, npiiima-
oYd > 5 (A8 MEHLIMX 3HAuYeHb j PaiisiLla TPACKTOPIA
30BCIM HENpHAaTHA).

Tunom TpaekTopii, Wo Bignosigae ‘‘mepuwiii BUMO3Q", €
“raHreHuisiibHuil” (dir. 1): BiL TOUKH BUXOAY 0 L0 TOHKH b
paKeTa JeTUTb PIiBHOOIXHO 3 3¢MHOI NOBEPXHEIo No Ay3i Bejl-
KOFO K0J1a, NMO3eMHI PYX PaKkeTH JLOCATAETLCS HANpPAMOM jo Mij
TaKUM KyTOM g A0 00plio 1 TpaekTopii, wod cuna  Atjo siu g
3piBHOBaxKyBasa Co0O0I 3ailBUHY CWJIM Baru pakeTw Hap ii BilLo-
CEPEAHbOIO CUJOKD; A0 TOYKK d; KyT £ Mae OyTH A0AATHIN, A

. - e 1 . -
nicast wiel TOYKH, B SAKiH V=w VE’ B cTac Bix'eMHUM, GO

Tenep 3Bepuemocst 10 dopmyan (9) i BusHaunmo Jlg.
Tomy, w0 Jo HazaeThCs pakeTi Ge3nocepearbo nMpH 3emni, g=go,
V2 — wBHAKICTb pakeTH B HECKIHYCHHOCTI i, 3pauuTh, V,=0:
V,— WBUAKICTb MpH 3emai Tak caMo 10PIBHIOE HYJEB], T, =,
r=1,60 r,=R BCUAY TOTO, IO WBHIKICTh HALAETHCH NP 3emai.
Takum YMHOM 13 3pOOJCHIX TEPEIyMOB MAaEMO

Jg—=W, —w are W; =w .j
o= i SR
, /
Wi—w =W ‘/.——-1
I—8

a0o0, BBOASIYH O3HAYEHHS é —j , MATUMEMO:

. J—1

TOOTO oaepxanu opmyay (12). _
Poskyaa B psaa MiAKOPEHOro BHPAa3y NnpH ymoBr j > > 1

OTXKE,

MPUBOIUTL 10 BUpA3y TAKOro Burasay:Jlg= 2_1 T a He 0 Ta-
] —

KOro, IKMii HaBoAMTb KoHapaTtok, To0TO Jlg= W——,]‘—-’

(Mpum. pex.) 2(j—1)

39



®ir. 1. Tumu TpaekTtopiii. ['pyOumu ninissmu nokasana Ty, ToY-

KOBaHUMH — JiJbHHULI BIIbHOTO MOJBOTY €NINTHYHMMU H napa-
OOJIIYHUMH OpOiTaMy.

BiLoOCepesHs CHJa BiXKe MepeBuulyBaTMme cuay Baru. Pyx mo koJi
TPUBA€ ZOTH, ax NMOKU HeOOXiAHWIl AJs HOro miATPUMYBaHHS KYT

§ , AKMI Wopa3 30lbWYETLCA (32 a0COMOTHOK BEJWYHMHOIO) i3
3pOCTOM IWBUAKOCTH Ta BILOCEPEAHLOT CUJIM, HE JOCArHE TaKol Be-
avuund, wo JIg [dopmyna (II)] crane BiguyTHO LWIKiAJAUBOIO
4acTHHOW nepeBUTpaTu. [1o gocArHeHHi kytom 5 (BiAnoBiZHO
A0 UWIBMAKOCTH )TAKOI'0 3HAYCHHSl paKera pyXaeTbCd AKMHACH HaC
NpH MOCTiMHOMY 6, BXe BiIAaJSIOYUCh Bil 3€MHOI MOBEpPXHi
3 wopas Oinbwum kytom O . Koau B TOuul b, cTae NPaKTHYHO
IIKiIJMBOIO BeJIMUYMHOW 1 Jlg BHACAILOK 3poCTalouoi pisHULI no-
TEHLLIAIIB CUJIM Baru MOMIX TOUYKOIO 3HAXOLKECHHA pakeTHu B Aa-
HUIl MOMCHT i mepurcem Tiel op0OiTn, no skiil pakera nadyna ©
pyxy, sikOu Jo Oynao npunuHeHe (npo BHJIMB Liei pisHuui HA Wy
(ZuB. cTOp. 34), (pyHKUIOHYBAHHS pakeTH NMPUNUHSAETHCSH, i Bif
TOUKH b, A0 TOYKM b, paxeTa BINLHO PYyXaeTbCsl MO eAiNTHYHIA
opditi. B Touui b,, cuMeTpuuHiil Touli b, (BIZHOCHO BeJHKOI OCi
eqincy), Jo 3HOB BifHOBAWOETLC NpU < 0, w00 Jj neperiuoB
SKHai0aMKue 10 3emai, i NPOJOBKYETHCA JO TOUYKH ¢;, WO Bil-
noBigae Till e yMoBi, wo W TOUKa b,; 32 TOUKOIO ¢, 3HOBY iLe
BiJIbHA eJiNnTHYyHa opliTa ¢; — ¢z, NOTIM 3HOBY PO3MilLEHUI MO-
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613y 3eMHOT OpOiTH Jj=c, — ¢, 1 T. JI., TOKKM MM 1O MPOXO LK CHHI
OCTaHHbLOro Jj HE MaTuMeMO NOTPiOHMX napadoaitnux IWBUJIKO-
cTh | opOiTu. Ilpu TaurcHuisasHid Tpaektopii  Jlgs , wo Oyae
OLEPKYBATHCS MICJAS NPOXOJMEHHS PAKETOK TOukH d,, Teope-
THYHO MOKe OyTHU 3pobJieHuil CKiAbKU-OyAb MMM Yepes Jlo-
CTaTHe 30aM:KeHHS M Co0010 TOouoK d i by, b1 b, by 1 ¢y, cg i
¢; 1 T. A., npyu 4oMy Juute Oyae 36iIIbIWYBATHCA YHCIO TIPOMIHHUX
eJINCiB i TpUBaNiCTh NoaboTy. Licto yactunow  Jlgh | K 3anci-
HOIO y 3HauHil Mipi Bij Hawoi BoJi, MM OyAeMO MOKHIILY HCXTYyBa-
TH; HaBnaku, JIg, WO OAEPKYETHCH A0 TOUKH d,, Ma€ MOBHHI
TeOpeTHYHHA MIHIMyM, WO AOPIBHIOE NMPHGAH3HO (npu | >> 1
| 1

= 13
Js = W G2 (13)
e npudausne 3sHayeHHs MU {1 TIpUAMAEMO JUIs  JLadn-
woro. Kpim meHwo? Gibwie gk y 3 7 pasu NEPCBUTPATH, TaH-

FeHUIfAIpHA TPAEKTOPIA Mae LIe W Ty BEJUKY mepesary, 1o, BH-
CUJIAI0UH i nosep*rafow PaKeTy B eKBaToOPiAIbHIA moulnui i3 3a-
XOLy Ha CXil, MM, BHacC/IiiOK oGepTanHs 3em/i L0BKo/Ia CBOEi
0Cl, OCAAraeMo /51 BCbLOIO NONLOTY EKOHOMIIO PaKeTHOT UIBHI-
KocTH W, 10 LOPIBHIOE MOABOEHIH LWIBUAKOCTI pPyxy 3CMHOT 1o-
BepxHi: 2 U=920 m/cex.

KpiMm TpyaHOCTH NMOTPIOHOrO NpH TAHTEHLISALHIL Tpack-
TOpii TOYHOIO KEpPYBaHHd, BOHA Mae€ W€ OJHY HEAOCTauy, sika
poOUTb 3aCTOCYBaHHSA i B UNCTOMY BUIISILI NPH BiANMPABACHHI He-
MOXANBOI Ty TAHrEHUIILHOrO TUMY BHMAaramTb TOYKH BiAnNpas-
JeHHsl rno3a aTtMoceporo BifuyTHOI ryCTHHH, OO [HAKLI¢, BHA-
CIAiLOK BeJUKOT AOBXKHHH IiIbHHLL, PO3MILLEHHX HA PiBHI TOUYKH
BHXOAY 1 Aeu0 BMLWMKM Bij Heil, HeliMoBipHO 3pic Ou Jlc, y Garato
pasiB mepeBUILUBLIK COOOIO eKOHOMi0 W, 10 mocTae Bil MeHWO]
NPH TaHTEeHIsSVIBHIA TpaekTOpii nepeBuTpaTd Jlg i BiL yTHaisa-
il WBHAKOCTH OOEPTAHHS 3E€MHOT NOBepxHi. ToMy NpakTH4YHO
HaWBurigHilwMmM TMnoM T Oyjie He TAHICHUIAIbHUI, a NeBHHI KOM-
NPOMICOBHH, 110 MOYMHAETLCA AYrolo cnipadi, npuOJM3HO NnoKkasa-
HUil Ha oOkaaauHii. KyT @ ang uiei cnipaji mae O6YTH THM MeH-
WdH, 4yuM MeHWOoW Oyie MOXKJAMBA BeanuyuHa Jfo (1 TOMY YHM
Oinblue AJS HAC MaTHMe 3HayeHHs  Jgg ) 1 4MM MeHWHM Oyne
CMOBWIbHEHHS [p, CIPUUHMHIOBAHE onopoM armocdepu. Jdas uboro
CepPeIHbOTO TUNMY TPAEKTOpid Jgs  MaTuMe 3HAYEHHS, CepeiHeE
MLK 1 . 1

w

-1 ' e

w

B nanbuiomy mu 0yaemo BBaXaTH, Wo npu 6 < 30°
i Npyu >3 |, 9KULO PaKeTa He KOPUCTYEThCA aBigLifiHHMK KpH-

41



namu, abo npu j>1 , SKWO paKeTa HAMH KOPUCTYETHCH,

Jlgs = 22 (14)

31

npu 00OB’SI3KOBifl YMOBI 3aCTOCYBaHHs MNiATPUMYBA/JbHUX TMOBEP-
XeHb aBisuiiiHoro Tumy, gxio Tirbkun O6yre  7<2 . Ldoxo Tb
TAHT€HUISILHOrO THIY, TO 11 3aCTOCOBYBATM MOXHA B MaHie
YUCTOMY BUIJISIAi, i BOHA MOXeE€ AAaTH JYykKe BEJIMKY EKOHOMII0
Wbo3 3aBASIKM KOPUCHOMY [Js1 HAC MiJA 4ac MOBOPOTY ONOPOBI
atmocdepH, SKHH jJOMOMaraTMMe racuTH WBUAKICTH MOBOPOTY
pakeTu. [1po e moBa Oyae gati — B posn. [X.

PO3 AL VII
MAKCUMYM INIPUCKOPEHHA

3 dopmya (12), (13), (14) mu 6auynmo, wo JI, a 3HAYUTH
i W in 3MeHwyoThes i3 30inbuieHusim J i 7 ; OTXKe, HAM BaXJH-
BO BHUSICHUTH, SIKMM € MaKCUMaJibHe MeXaHiuHe MPUCKOpeHHd J.
HIO HOIO0 MM MOXKEMO Hajxatu pakeri. MexaHiuHe NPpUCKOPEHHS —
1le TPUCKOPEHHS, CMNPUYHHIOBAHe PIBHOAIMHOKW CMJ, L0 Ail0Th
JUIle HA 30BHilIHi YaCTHHU paKeTH, sike i Oyae BijuyBaTuCs BCe-
PeAUHI paKeTH, TOAl IK NMPUCKOPEHHS CHJH TSKIHHA, NPUKAaLeHe
He Oyae. Beauuuni J/ rpaHuu MOXyThb BU3HAUWTHU HOTHpH ak-
TOpPU: 1) NMPUCTOCOBAHICTL i MINHICTH KOHCTPYKUIl pakeTu; 2)
BUTPUBAJICTbL OpraHismy nimora; 3) onip atmocdepu, 110 3po-
CTa€ pas3oM i3 36iJbLICHHAM LIBUAKOCTH i MOXe 3pOOMTH BHliI-
HilIMM 3aCTOCYBAaHHA MCHIIOrO J 10 MPOXOJXKEeHHST BEpPCTB aT-
mocdepH 3HaUHOT T'YCTHHHU, He 3Baxawun Ha dopmyau (12), (13)
i (14); 4) KOHCTPYKTHBHI TpyiHOWi B noOy 0B AOCTATHLO Jer-
KUX i MOpTAaTHBHUX NOpeAMeTiB nponopuifiHoro mnacuBy (0aku,
MOMIH, GOPCYHKH TOLLO), sIKi Maad 6 AOCTATHIO NPOAYKTHBHICTS,
ol HagaBaTH pakeTi Ginbuwioro npuckopenus. TpeTiit dakTop
MOXE MAaTH ICTOTHE 3HAYeHHS JuuIe AJs1 PO3MIPHO HEBEJIHKOl
AIALHULL NOOAU3Y 3eMHOI MOBEpXHi —— MpO HbOro Oyie MoBa B
posa. VIII. MiunicTh pakeTu 3aJexdTb Bif TOro, fK0H MillHOIO
MU 3axouemo 11 noOyayBatu. Tomy dakTopamy, siKi MOXKYTH MO-
CTaBUTH ropilwHi rpanduo J aas dinbwoi yactuuu Ty, € BUTpU-
BaJIiCTh /IOACBKOTrO QpraHiamy, sika HalimeHuie 31i0Ha migjaBa-
THCS HAWIUM 3YCHAASM LOAO ii MiABHULLEHHS, i po3mipu npeame-
TIB m;, SIKi MU HEe MOXEMO 3pOOMTH JerWHMMH H NMOPTATHBHILIMMU
[IOHaJ MEeBHY I'PaHuIo, 010 11 BU3HAYAE CydyacHAa MalIMHOOYyAIBHA
TeXHiKa.
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3ananTo Beauke J Moxe GyTH LUKILJAMBUM i HABITL CMeEp-
TEJNLHUM AJSl NIJIOTA TOMY, L0 BCi PIAMHU MHUBOIO Opravizmy i
HacaMmnepej KpPoB 3BEpPTalOTbCA A0 THUX YaCTHH Tila, sIKi PO3MI-
IEeHI CYNPOTH HaNpaAMy MO3ipHOT Baru, TBOPCHOT NPUCKOPCHHAM [.
A6y, HanpukAajL, MoAWHI 3aBBUIIKKM 200 CM HajaJH HA JOCHUTb
JOBrHil 4ac NPUCKOPEHHS J=10g B HanpsiMi B3J0BX 11 Tija BiJ
ST A0 FOJMOBM, B TUCHEHHI KPOBM Ha nijouiBax i TiMcHi nmocra-
Na 6 pisHULS KOJO j = 10g,iMOBIpHO, ILITKOM JIOCTATHS HAa Te, W00
roJIoBa 30BCIM 3HEKPOBMJIACK, & HA HOTax MOTpicKaanucs 6 KpoBO-
HOCHI CYAMHH, KO TIJIbKY NMPOTH LMX SABUILL HE BXKHUTH CIICILisIb-
HUX 3axoAiB. Tlepwow ymMoBOIO AJS TOro, W00 OpraHiam siKHail-
JErie rnepeHOCHB MeXaHiuHe NPUCKOpeHHs J, € no 3mo3i McHua
BUCOTA CTOBMNA KPOBM B HanpsMmi Horo, ToOTO Modema nNoO3uLLis
TiJa y BiAHOLIEHHI 10 YABHOI BepTHKaJi, o 30iraeThcsl 3 Hampsi-
mom J. HabpsaxoBi podimHix (TOOTO TUX, LIO JEXAaTh NPOTH Ha-
npsaMy J 4aCcTUH Tina i BiANJAMBY KPOBU Bix rOpilIHIX MOXHA me-
PELIKOANTH, MPOTUCTABUBLIA BHYTPIWIHIA Pi3HULI THCHEHb KpO-
BH TaKy CaMy pi3HHULIO 30BHILIHIX THCHeHb 300Ky PIJMHM, OAHA-
KOBOI 3 KpOB'I0 MUTOMOI Baru, B 9Ky TiO mae OyTH 3aHYpeHe.
[HakuIle MoXHA NEPeuIKOAUTH MEPECYHEHHI0 Mac KPOBH, BMiCTHB-
K OroJIeHe TiNO B TJAajKy, TBeply ¢dopmy, Ul0 ULi1bHO BCIOAU
itforo obasrae. 1 Tofi i apyruit cnocid, 01HAKOBO paiUKa/IbHO PSi-
TYI4HM Bij HaOpskiB ( B pasi 3aCTOCYBaHHS BEJIUKOrO MPUCKO-
PEHHSI) 3O0BHILIHI MOBEPXHi Tijla, HE MOXKHA 3aCTOCOBYBATU 10
BHYTPIlIHbOT NMOBEpXHi JercHb. A mpoTe, came Ha BHYTPIilUHIA
NOBEpPXHi JiereHb HalOIIbI TeHAITHI KPOBOHOCHI CYAMHU MigXo-
JSITh YOPUTYJ A0 TMOBITPAHUX [IPOMIXKKIB, He BiIAIJMIeHI Bif HHUX
HISIKOIO CKiNbKU-Oy/Jb MIIIHOK TKaHWHOW. Tomy, wo alco/oTHa
rYCTHHA NOBITPS, SIKE BUMOBHIOE JIeTeHi, He3HAYHA CYyNPOTH I'yCTH~
HM KpPOBH, PI3HULA THCHEHb MOMiX TOPILIHBOI i JAOJJIIUHLOK MO~
BePXHSMU JIereHb, 10 j1opiBHI0E dhj, ne d — abCcoawTHA ryCTUHA
KPOBM, a h — BHUCOTA JEreHb y HampsiMi j, Hiuum i330BHi, T0OTO
3 NIPOCTOPY JereHeBUX MiXypiliB, 3piBHOBaxena He Oyae. fAkuio
U pisHUUS MEepecTYNHTh FPaHUID OTIPHOCTH KAMIASPHUX CYAMH
i TKAHWHM JIECEHEBHX MIXYpILiB, TO BHHUKHe Crepuy Hadpsk, a
NMOTIM KPOBOBUJIWB 3 J10JILIHLO] MOBEPXHi Nereus. I'pyana nopox-
HMHA CTAHOBUTHL CBOEW OyILOBOW 1 Lle OAHY OCOOJHMBY MEpelKo-
Ay AJs PO3BHTKY BEJMKOTO MPUCKOPEHHS: B HIl MICTATHCA NO-
py4 OpraHM 3Ha4yHO BIAMIHHOI MUTOMOI Baru — cepue i Jerexi.
[Tin yac HapaBaHHS TiNy NPUCKOPEHHS] Ba)ue ceple B TPYyAHIH
KJITUI MepeMilllyBATUMEThCS B TMPOTHACKHY CTOPOHY, WO NpH
MeBHIH IHTEHCUBHOCTI LbOrO $4BHILA MOXE HEraTUBHO TO3HAYM-
TUCA HA JI4JLHOCTI cepus 1 HA CYCiAHIiH JiBiil JiereHi, ska 3a3Ha-
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BaTume jedopmanii. TaKUM YMHOM TpaHMIS JLONYCKAMbHOTO AJIs
JIOJCbKOrO OpPraHiaMy npHCKOpeHHS 0yJAe MOCTaBAeHa OMipHICTIO
NPOTH HAOPAKY BHYTPILIHLOT MOBEPXHi JIereHb i ONipHICTIO NPOTH
3MiULEHHS TNPUKpinaeHnsa cepus. TuM, Yy KOTPYy CTOPOHY CepLe
Kpaule 3HOCHTUME HanpyXeHHd -— Brepejl i Hasaly — BH3HA-
YUTHCA, YU OyTH JIOJHUHI FPyJbMH a00 CNHUHOIO J0 HANpsIMy MNpHU-
CKOpeHHs. BuTpupagicth JereHb MOXKHA BeJMKOIO Mipow mnif-
HeCTH, ofbepTaouu Tyayd JIOAUHM AOBKOJA HOro MOB3L0BXKHBOT
oci, sika Oyjae NepeneHAUKYAsgpHAa A0 Hanpamy npuckopenHs. I[1pu
TakoMy oGepTaHHi MM, MaOyTh, JOCATHYIX O TOrO, L0 KPOB HE
BCTUrana 6 NMpuUAMBATU 10 KAJAHOT 3 YaCTHH JereHb, 00 BCi BOHH
no 4yepsi MiHsaucs 6 CBOTMM MO3MULISIMM CYNPOTH HANpsSMYy M03ip-
1ol Baru. [1pu Takomy oGepTanHi Tizra cepue 3azHasano 0, oiHa-
ye, BixKe He OJHOOGIYHOrO MOCTIHHOr0O 3MIilICHHS, 4 KOJOBOro, L0
HeBiloMO sk BiaGuBanocss O Ha HLOMY i Ha CyCiaHiil NiBifA Jereni.
BceGiyHe rpyHTOBHC BUBUCHHS BUTPUBAJIOCTH JIOACHKOrO opra-
Hi3My V BigHOWEHH] 10 J LIJTKOM MOXKJMBO NMEPEBECTH HA BeNMKiH
BiALEHTPOBINl MauuHi, HafispyuHiwow i HaijieweBuIow ¢opmoi
SIKOT ANl AaHOoro BUNaaky 6yna 6 nopoba “riraHTCbKHUX KPOKiB”
3 JIBOMA JIMHBAMH, HA OJIHIf 3 AKUX MicTHJacd 6 pochaigHa kamepa
JJIS1 MinoTa, a Ha apyriit — npoTuBara. Jeski BKa3iBKM Ha BeJH-
YUHY A0MYCKaJbLHOrO J MU MOXEMO 3auYeprHyTH 3 JLOCBily rou-
JaHHS Ha “TiraHTCLKUMX Kpokax” i gpocdinis cywacHoi asisuii. Ha
“riraHTCbKUX KpOKax’ MPUCKOPEHHS A0CArac He3piiKa 3HAYeHHS
j=2 1 OyBae 10 TOro X [1OCUTb TPUBaMMM. JIeTyHU XK TIiJ
yac QirypHux nodbOTIB BUTPHUMYIOTh KOPOTKOUYACHI MPUCKOPEH-
HS 10 j=8 ,a jgocurtb TpuBaai — g0 J=2.1B Tomy, i B 1py-
roMy BUMAAKY KAAHUX NOMITHO WIKiAJMBUX HACJiAKIB HE BUSABJIS-
eThCca*). bepyuu min yBary, wo nix yac roijiaHHs Ha “riraHrt-
CbKMX KpOKax i mijg 4ac noJnOTIB Ha JiTaKy NnoctaBa JIoAChbKOro
Tina BiAHOCHO Hamnpsimy J GyBae MOB3J0BKHS, TOOTO sikpa3 Hai-
OiJblU HEBUTIHA, GO PO3MIpH JereHs y Hanpsmi Bijx maeueil 10
MHCKHM € HanOiMbLIUMMHA, MM MaemoO NiACTaBH NPUNYCKATH, U0 B
COPUSATAMBUX YMOBUHAX, 4 CAME — NepeLyCimM Npy nonepeyHii no-
CTaBi Tina, JOAWHA 3MorJga O nepeHecTH NPOTAroM 3 XBUJMUH
(Ginbiue it He noTpitHO) Ge3 ocobauBoi WKOAM A cebe  [=5 .
Koay 3 BHSIBUTHCS MOXJMBUM 3aCTOCYyBaTH 00epTaHHS Tina LOB-
KOJIO HOTO MOB3L0BXHbOI 0Ci, TO BEJIMYUHA JONMYCKAIbHOTO i
MepeBUILNTb, MOXJKBO, i 10. BigmoBigni 10 3HaueHHS j=5
sHaueHHs Jlgg OyayTb: AJA pafisibHOI TPaeKTOpiiJgs ~0,111w

* Mocnigxenuss oCTAHHIX POKIB MMOKA3ylOTh, L0 JIOAMHA MOXE B MO-
3uLil Jexaud Ha CIUHI BUTPHUMYBATH IIPHCKOPEHHS MANeKO BHINE, AK Ha-
BoauTh aBtop. ([Ipum. pen.)
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i A9 TaHreHUiAAbLHOT JIg 8~ 0,007 W. 3HAUEHHIO Jlgg = 0,111 W
npu 2w; u=>J5, AKe TO CHiBBigHOWeEHHS MU I OyaeMo NpUOAU3HO
MaTu B AaificHocTi, BianoBinae 30inbuieHHo n B 1,87 pasa. oxo
KOHCTPYKTHBHUX MOXJMBOCTet Yy noGyaoBi mpeameris nponop-
IIRHOrO NMacHBy AOCTATHLO MOPTATUBHUMH NpPU BCJAHKiil MPOLYK-
TUBHOCTI 1 AJ9 OCATHEHHS BiAMORBRILHO BeJHKOTro Ja, TO NUTAHHA
e A0 BiANOBiIHUX TEXHIYHUX AOCHiAXKEeHb JOBOAMTLCS 3aaHMIIATH
BiAKpUTUM. IMOBipHO, came uell KOHCTPYKTHBHUI dakTop i no-
CTaBUTh MPAaKTUYHO TOPILHI rpanuuio aasa Jo.

PO3 OI1Jd VIII
JITHHA ATMOC®EPHU HA PAKETY NIJ YAC Il BUITYCKY

[Tin wac BUNYCKY Ba:KJIMBUM UYHHHUKOM FepeBUTPATH pa-
KeTHOT wBuakocTu JI Oyae onip armocdepH, SKUA, noncpuie,
cam co0o01 OOHMU3WTL AificHe TNMPUCKOPEHHS J pakeTH CynpoTH
LLeHTPY 3emJi

(I =jotg+ip =jt+8g)

i TM Oyae smMcHILyBaTH V i, noApyTe, 3MyCUTh HAC HALATH KYTOBI

3HaueHHs Oiablue Bil HyAd, 100 YHUKHYTH 3aHALTO BEJHKO]
IUBHAKOCTH B MeXXax aTtMmocdepH 3HAYHOT M'YCTHHHM i, BIATIOBiAHO,
1100]0] YHHKHYTH 3aHATO BEMKOrO Jlc. 36iabuieHHs K o MO~
TArHE 332 00010, 3rifHo 3 dopmydot (14) i 3GinvieHHs Jlgs
Kpim Toro, mu moxemo Gytu 3myu1em HA NEBHill AlMgHUI HA MOo-
yaTky Ty sMeHWUTH J Ta V, wod yHHKHYTH KaTacTpodiuHoro ne-
perpiBy pakeTw.

JBruIEe OMOpPY CepelOBUUIA | HATPIBAHHA PYXOMHX MOBep-

XeHb TEOPEeTHUHMHO BHMBYEHI Ayxe MaJjo, a AOC/iIHOTO Mmarepidany
NS WBHAKOCTEH, 110 BM3HAYAIOTbLCH KiJOMETpaMH HA CEKYHAY,
Hemae abo maiixe HeMmae. TUM TO Bce, IO MU MOXEMO 3HATH 3a-
31ajerigb NMpo BKasaHi gBuuLA, Ue MpUOAU3HA X BejMYMHA, BH-
3HaueHA Ha MiJACTaBi CNPOLLEHUX 3aKOHIB 3aJEXKHOCTH Onopy i
HarpiBaHHsl pyXOMHX TOBepXeHb Bil 1X (opMm, KyTa Haxuay Ta
WBUAKOCTH PYXY i Bil I'yCTHHM, XE€MIYHOIO CKJaly Ta Temnepa-
Typu cepenoBuiia. [Ipo TouHe OOUMCAEHHS IMX SIBULL TEMep He
Moxe OyTu fi MOBH, 00 BOHU OOUUCJCHHIO He MiANaIOTHCS HABITh
i o WIBUAKOCTEH, MPU SIKMX MOXHA HEXTYBATH 3MIHOK T'YCTHHH
cepenoBuila MoGAM3Y PYXOMOro Tina. 3a OCHOBY Hawux o0-
YUCIEHb Bi3bMeMO NPUOAN3HO BipHY dopMyay:

Q = SkV: A 10™e, (15)
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Je Q — CwIa Onopy B Kr; § — mionia MonepeyHoro nepekporo
Tina B m?; k — xoediuieHT nponopuiiHOCTH, WO AOPIBHIOE
k=025 32 eKCMEPUMEHTANLRUMH LAHUMN A1 WBUAKOCTEH, ONU3b-
KAX 10 INBUJKOCTH 3BYKY, NpM AKUX BiH Mae Makcumym; ¥V, —

WBMAKICTL TiJla BijJlHOCHO NOBITPST B CM/CeK; ¢ — KoediuieHT,

ILLO 3aJIeKUTh BiJg GOPMHU Tijla i AOPIBHIOE OJAMHUI AN HOPMaJb-

HO MOCTAaBJEHOT MJIOWHUHH, i =§@ — BIJAHOLICHHA I'YCTUHHU aT-
(4]

MocdepH B TOULi 3HAXOKEHHS pPakeTH B AaHMH MOMEHT J10-Ty-
CTUHM 11 Ha piBHI MOpA.

Tomy, 10 HA NPOoTA3i BCiel uiel npaui Ham 6yao0 3pyuHiue
ONnepyBaTH 3 NPUCKOPEHHSIMH, HIK 3 CHJIAMH, 11O 1X BUKJUKAIOTD,
TO § B JaHOMY BHNAIKy MH Tepeiiiemo Big onopy.aTtmocdepy 10
CNPUUUHIOBAHOI'0 HUM CNOBIMLHEHHS PYXY pakeTH, SKWH MM TO-
3HaUMMO yepe3 jg . BupasuBlM aBi BenMuMHM B a0COMOTHUX
OAMHULSX, MIACTABUBWHU k=0,25 i BIBWIM 3amiCTb S mnonepeuyHe
HaBaHTaXeHHA pakeTu P, mu 3 dopmyau (15) maTumemo:

jp=2,5.10"" _l% V2 A =K1 Vi a, (16)
Ae Ki=2,5107° % jp= (cM/CEK?): P = Q) CM?);

Vi = (CM/CEK).

INMpumiTka. B Hawomy BUNamzKy, HEXTYWOUH BiTpoM V=
V ~U. ne U — wBHAKICTL 00epPTaHHA 3eMHOI MOBEpPXHi.

S1x B omopi NoBiTps, Tak i B HarpiBaHHi pyXomoi noBepxHi
MOXHA BiJpI3HUTH ABI iCTOTHO Pi3HI YACTHHHU, L0 € HACAIAKOM
Pi3HUX YMHHHUKIB: 1) ONMOpy Ta HarpiBaHHA, 3yMOBJEHUX HATHCKOM
CepeNoBHlLAa HA TMOBEPXHi, MOXMAUX 10 TX TpaekTopii, i 2) onopy
Ta HArpiBaHH$, 3YMOBJCHHX B'S3KICTIO CepeioBULla, L0 KOB3a-
€ETbCH B3LOBX PYXOMHMX noepxenb. [lepmi aBa siBMLLa € HaCJil-
Kamu agisibaTHYHOrO CTHCHEHHS MOBITPS Mepej 3BEPHEHUMH Bhe-
pel NOBepXHSIMM Tina i agiibaTHYHOrO PO3IUMPEHHS MOBITPs 3a
3BEPHCHUMHU Ha3aj nosepxHsmd. Jpyri iBa sBMIa € HacaigKaMH
BHYTPILHLOIO TCPTS B CCPCAOBUULI, 110 KOB3AETLCS B3ILOBXK T0-
BEpXHi Tina. [las nepuiMx ABOX SIBMUL BXKHUBATHMEMO O3HAUYEHHS
ch i hh, png npyrux — cb i hb. dopmyna (16) cTocyeTbCs cne-
LiSIBHO J1O ch, IKe Hasaraj nponopiliinde xo KBaapaTy IUBHIKO-
CTH i MepuIoro CTyneHs rycTuHu, TOAl 9K cb y THX BepCTBax arT-
MocdepH, 1e cepejHiit BIALHUI LIISIX MOJEKYIb Mi3epHUR CYyNPOTH
pO3MipiB PyXOMOro Tijid, MPOMNOPIIAHO MONYTOPHOMY CTYTEHeBi
WIBUAKOCTH PyXy Tila i KBaApaTHOMY KOPEHeBi 3 TYCTHHH cepe-
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JoBHma. A mo agas Tija, 9Ki He MaloTb 0COGAMBO BHIOBXKEHOI

dopmu™*), npu WBHAKOCTIX KilbKa MeTpiB Ha CCKYHA1y i B ar-

mocdepi piBHSA MOps, 3a LOCHIIHUMH RAHUMHU, ch BUSIBUIOCH OiJib-

WM, HiX cb, TO NpH WBHAKOCTAX y COTHI I THCsIMI MeTpiB Ha

CEeKYHAY, IKi pakeTa mMaTuMe lLle B JOJIIHHIX BePCTRAX aTMOCHe-

pY, MeHLIE 3aJ1eXKHE Bil WBHAKOCTH ch CTa€ MI3CPHUM CYNPOTH ch
1

. b - -
(Ha MOYaTKy WASXY BiAHOILCHHS 571=KV 2Pp? Oyac XyTKO

cnaaatH). Ha BucoTax y xekiiabka aeCsTKiB KiaoMCTpiB cbh, MCH-
ule 3aJeXHe Big rYCTUHU MOBITPY, HiXK ch, MOxKe i cTaHe BiAHOCHO
3HAYHOW BEJHUUHOIO, aje Ha TaKWX BUCOTaxX BHACJJIOK 30BCiM
Manol TYCTUHU AOBITPSA | ch 1 ¢b OyayTh yke Mi3epHi CBoeln abh-
COMIOTHON BEJAMYHHOW, HE 3BAXKAWUYM HABITb Ha wopas Oinabuwy
INBUAKICTH. TOMY TOJIOBHOW YAaCTHHOIO 3arajbHOro onopy Cs=
ch-+¢b € ch Ha npoTa3i nepwuux 30-40 kM Hax piBHeM Mops. L1106
CKJIACTH €00l 3aranbHe npuOAM3He ySBJAeHHS npo ¢ i Jp, MM 3aii-
MEMOCS TEOPETHYHHM LOCJILKEHHAM OAHOrO Julle ch.

OCHOBHOIO YMOBOW Oyab-IKMX BIVIMBIB aTmocdepH € ii
ryctuHa. SKio '‘BBa)kaTH MNPHUCKOPEHHS CUJAM Baru, XeMidHUH
CKJajg arMmocdgepu Ta il TeMnepaTypy OAHaKOBMMHM Ha BCiX BH-
COTax, TO T'YCTHHA ii Oyae yOyBaluo NokasoBoto ¢yHKuiew Bij
BUCOTH, SIKYy MH MO€MO JOCHUTb TOUHO B 3PYUHiil 118 MpUOJN3HUX
o0uncaeHb hopMi BUpa3UTH TaK: h

—_— —

Ph=Po2 (17)

IlpumiTka. BBaxkatoun Temnepartypy 3a nNoCTiHHY ¢ =507, gKa
H cnocTepiraeTbCsl Ha BUcoTax Bia 10 KM i Buie.

[Ipo cxkaan atmocdepu Ha BEJMKHX BHCOTAX eMNipHUHUX
TOYHUX JAHUX HEMA, aJje, 3riHO 3 HAafiBHUMH JaHUMH, TeMnepa-
Typa i| NMPYXHICTh MOBITpsS 3 MiAHECEHHSIM Yropy He BianoBizae
alisi0aTHYHOMY 34KOHOBi, 4 Came: CnajalwTb MOBUIbHIilLE, AK
caip Oyno O 3rizHo 3 MM 3akoHoM. Llel dakT nae BKasiBky Ha
Te, U0 B atMocdepi € Mexa, MOHAL SIKY He MOXYTb NPOHHKHYTH
BUCXiJHI Ta HM3XigHi Teuil noBiTpsa, wo i nepemiwyoTb. Hax
L€ TOPIlUHBOK MeXew aTmocdepd MOCTIHHONO BiJCOTKOBOTO

*) NMpumiTka. Monepeunnii nepekpiii pakeTH MOBUHEH BMi-
CTUTH B ceDe Kamepy A MiJOTa, BHACAILOK HOro Mae TeBHHH
MiHIMYM KOJIO 4 m?*: TOMy GOopMyJa pakeTH He Moxee OyTH 0Co6-
JIMBO BUIOBXEHOI.
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CKJIa]y NMapuisibHi T'YCTHHU BCiX rasiB 3 jJajbliUM PYyXOM yropy
MaloTb CNafaTH BXKe He pasoMm, a AJS KOXHOIO rasy 3ajexHO Bil
ioro mosekynapuoi Baru. [Ipu 1bomy BincoTKOBHA BMicT, a 3a
HalHOBIlIMMH A0CHiZaMH — i aOCOMIOTHA MapuisibHa T'YCTHHA Ha
NEBHUX BHUCOTAX HAWJETLWIOro i3 MOMITHUX CKJAaAHUKIB aTMocde-
pH — renil0 MamTbh MiABUILYBATHCA MaiKe Ha KOXHi 5 KM BHU-
cotu. Llelt pakTOp nmpn BUNYCKY pakeTH AJs HAC CHNpUATINBUI,
AKILO POOUTH HOro 3 JONOMOrOK KpHWJ, I HECHPHUSTAUBHH, FKULO0
KPUJAaMHi JOBIIMH 4ac KOPUCTYBATUCS He Oyaemo. B nepuiomy Bu-
najpky us rycTuHa jaja Kpujam oneptsd (NMUTAaHHS XK PO nepe-
rpiB MOBEpPXeHb MOXE CTOATH TOCTPO JHMLIE WOJX0 a30TO-KUCHe-
BOi aTtMmocdepy, npo uo mopa 6yae gani), a B apyromy pana 0
Julie 3aiBUil OMip pyXOBi pakeTH, 110 BXKe pPO3BHUHYJA 3HAUYHY
IWBUAKICTL. OpHAaK, el onip He MOXKHA NMOPIBHIOBATH BEJHUHUHOIO
3 OMOPOM JHOJILIHIX I'YCTUX a30TO-KUCHEBUX BEpCTB aTMoCdepH.

IMpumiTka peraxkropa 1-ro Bux. dPopmyay (17) 3BHUUaiiHO
MUY Th __h __h
Ph_ . 72 _qq 165

Po

Ae h — BHUCOTA B KiJIoMeTpax Haj piBHeM Mopd, a Po — ryctuna
atmocdgepu Ha piBHI Mopsi.

[Ilo6 ckmacTH 3arasbHe ysBaIeHHS Mpo nepeGir 3min Jp
NpH BUNYCKY, NMPUNYCTUMO: 0,* = const i J = const,

. 2 ,
Toxi vi=2. 105]’%% . V,cm/cek; J cm/cek?; h km,

BigHouieHHs ghzg HaMm aaHo B gopmyni (17). Mig-
0
. 2 .
CTaBUBUIM 3 nonepejanboi ¢opmynn Bupas mast Vi , 1 3 dop-

myau (17) 3naueHHs a B dopmyay (16), maTumemo:

p=F () =K2.10°

5= (nicas mizctaBiaeHHs K,)=

—;pfSOO _o h2 =K.h2 5 (18)

Psin 94 B

cJ

Psin @

A€ =500

s c¢dyukuis i O6yne xapaxktupusyBaty Jp 3a BHUCOTOIO
Haj piBHEM MODS, SKILO BBAXKATH, 110 TOUYKA BUXOLY 3HAXOMUTHCS
Ha piexi Mopa. I'padiuno BoHa 300paxena npu K,—10 na ¢ir. 2;
apocTaiouu Big O npu h=0, Jp npubupae MakCuMajbHi 3HAYEHHS
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npu 9 >k > 6 inoTim y6yBae, CTaUM CBOIM XapaxkTepom
CX0XO010 3 ynkuicio 27 5 . [NpoinTerpyBaBwu F(h), M1 MaTH-

MeMO BEeJMUMHY BiJf €MHOT poGOT'n aTmocdepr HaJL PAKECTOK B
JLIH-KiJIoMeTpax Ha | © Macu pakeTu:

h
25 5 -t s
f F(h) dh = K; | (g 2)2 ~ g2 2 (h lg2 )]

o

o0

ff'(h) dh = K> (122)2 = 50K, (105 epr. 2 -1 ).
14

IlpumiTtka. Kyt 61 BianosinHo o mBuakocTdH ¥, € KyT
NOMINK WBKHAKICTIO V', | NnownHow 06pilo; NpH BUNYCKY B HANpAMi
Bropy i Ha cxig ¢ >0 (IIpum. aBTopa).

3aminuBut B F(h) MHOXHUK h uepe3 h-h, i Oepyun
ho+h )
[ F(h)dh , w0 BiimoBinaso 6 NepeHeCeHHI TOUYKH BUMYCKY
ho h
Ha h KM Bropy Bia piBH‘il MOpS, MH MATHMEMO 3HauyeHHs B 2%

pasiB MeHlIe, 0TXe, Big'emHa poGoTa armocdepn, a pasom 3 Hew
JcH nponopumm 10 TYCTHHH aTmoccpepn B TOULI BUMYCKY.
Lleit 3akoH aificHmil A9 BCix TpaekTopiil, wo TOTOXHI dopmoio
Ta WBUAKOCTAMH i BilMiHHI JMille BHCOTOIO TOYKM BUMYCKY pa-
KeTH.

F(h) = 10h 2°

25

20

15

10 7

o * v v = v
5 10 15 20 25 30 35 40 45 50 55 hmMm

&ir. 2

3 uiei (i TIAbKK 3 Wiel )TOUKM 30pY Mae 3HAYEHHS BUCOTA TOUKH
Bunycky. Hast Beawunuu x Wy BucOTa 1 ¥ MOKJIMBUX IJ HAC
Mexax 11 3MiHM Ma€ MOPiBHAHO 30BCIM MaJjie 3HAYEHHS; TaK, Ha-
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NPUKAAN, TepeHEeCeHHS! TOYKM BUMYCKY Ha 10 KM yropy 3MeHIIye
Wy BCchoro auiie npubansHo Ha 35 m/cex.

LL106 3naiitn Bemmunny  JIcr , My noBuHHi npoinTerpysa-
™ Jp 3a uvacom. [liacrasusmus dopmyay (16) Jt samicts V,,
BUpasuBum A yepe3d h, a h CBO€ ueprow ueped ¢ i Jo, SIK

h=10". %—jtzsin 0 , MATHMEMO:
]'p:F(t)=2,5.10‘3 Egtzz_lo ]'tz Sin 61 —

— K, 22710 it sin 6y, (19)
g2
e K; =25-10 —31{)_

[TpuiimiMmo THMUYACORO AOBIMBHI AaHi, 3py4yHi AJA9 06YUCTEH-
HA: J=5000 cm/cex i 6, =90° Toni

Jjp=62500 % (22 000stE =K, 2 0.0081%, (20)

ae K,=62500 %. byukuia Jp=F(t) npu K,=15 rpadiyso 30-
OpaxeHa Ha ¢ir. 3.

oo

3HaueHHs [F(E)dt 3a cdopmymaoe (20) (abo, iHakme,

Jdcu npu J=5000 cm/cex® i npu sind; =1) ) JLOPiBHIOE

Koao 2000 K,. Hetstxkko Gawnry, wo JIcu mae 6ytu nponopuiiine
10

I(t) :—;—r 2,5 200

35

30

0 v a2 v v L4 hd v ¥ v ¥ v o
5 10 IS5 20 25 30 35 40 45 50 55 60 lcek

dir. 3.
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1. . %
73 i sinT % 9, . OTxe, 219 BCAKNX sHaueHb [ {6,

MH MATHUMEMO:
3

J oy =2000K, \/ J:5000 .sin * ©,=1.75x (21)
1 3
x10° -—;-— J? sin~

1

fe Z=175.10° $J F=Jlcu npu ©,=90"
HaiBurifHilunm kyToM O, € Takui KYT, NpH sIKOMY

Jgpe =J1gp + Jle =min, (22)

IlpumiTka. Jla — nepeBUTpaTy pakKeTHO! ULIBHKOCTH,
10 3aJIeXKUTh BijJl 3BOPOTHOI JAii NMiATPUMYBaJbHUX MOBCPXEHb,
MOXW/IEHNUX MiJ KYTOM a A0 TPAEKTOPI, MU CIOJU HE BKJIIOUAEMO,
60 BOHa Big kyTa O, Mmailxke He 3aN€KUTS.

Mu BizbMeMO 1181 CIpOeHHss =06, TOOTO 3HEXTYEMO
obepranns 3emai poBxoaa il oci. Toai Kyt ©, Mae BiAnNOBiAATH
PIBHSIHHIO : 3 :

ZsinT 20,tw Sm?IE min.
7

3BifCH 3HAXOIUMO = \2
A A sin O, optim = (%)5 (23)

Tomy, 110 B AiffCHOCTi MU He 3000B’43aHi naBatn ©O,=
const Ha MpoTA3i BCbOro Jj, ane, 3 npyroro GOKy, HE MOXKeMO H
3MiHIOBATH HOro pisko, 0COOJMBO NpU BeIMKHUX LWBUAKOCTAX; TO-
My, LIO Le BUMarajo 6 BeqMKOro kyra g i Beaukoro Jlg, sin ©,
optim 3a ¢opmoro (23) mae OyTH JUlle CEPeIHbOI BeJUUHUHOIO
IS LIISIHKKA Jj, 110 3HAXOJAMTBHCS B Mexax atmocdepd 3HA4HOI
ryctunu. Ha noyaTtky uiei ainsHku purighiwe B3sth 6, > O,
optim, a MOTIM, NOCTYMOBO 3MEHLIYIOUH, NEepeiTH HAa 6, L O,
optim, OCKiTbKM 1ILOI'0 3MEHLICHHS MOXHA OCATHYTH CHiJIbHOIO
Li€ CUJIM Baru i HEBeJWKMM BiiXWJeHHSM OCi pakeTH Bix Tpa-
ektopii (o6 He Gyao Beaukoro JI, Tpeba, mob < 5--10°). 11106
Jerwe NPOHUKATH Kpi3s aTtmocdepy i matu sxHaimeHue Jlc,
pakera mae 6yTu nogoBracTtoi i 3aroctpeHoi ¢dopmu, B Hanpsimi
MOB3A0BKHBLOT OCi, IKOT TiJbKK H MOxe OyTH BCTAHOBJIEHE COIMJIO.
Orxe, Ha 7Tifi pinguui Ty, Ha sKiid JIC Moxe AOCANTH 3HAUHHMX
BeJIMUKH, a CaMe — TMOYHMHAIOUY 3 TOUKH, B IKiH WIBUAKICTb paKkeTH
V, 10CArHe 3HAueHHsS! KiJIbKOX COT M/CeK, i 3aKiH4ylOUuHu BUCOTOIO
KoJ0 60 KM, MO3TOBXKHS BiCb PAKeTH, & pa30M 3 Hew i Bicb comia
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Ta Hanpsm peakxuii, mo0 yHUKHYTH 3aHAATO BEJIMKOro omopy ar-
moccepH, MaloThb 3b6iraTucd 3 HanpsMoM TpaekTopil. Tum TO
HOPMAJILHUHA A0 TPAEeKTOPIl CKAAXHUK PEAKTUBHOI CHJH, WO A0-
piBHwe  jMsing i Kyr g MawTb OyTU GIM3bKI 10 HyJs; npH
Uil YMOBI, AKILO TiIbKW HA pakeTy He BrimBaTume Oyab-sika iHiia
HOpMaJlbHa CUJa, TPAEKTOpisd OyAe BUKPHBJIASTUCH Mii BNJIMBOM
HOPMAJBHOTO CKJAALHUKA CUJ Bary, 1O JOPIBHIOE Mg cos O,
V2

g cos O
90°, 1le BUKPHUBJEHHS TpaekTopii Morao O NpU3BECTH paKeTy 1O
WBHAKOCTAX F =2000 m/cek i npu O, He 3aHaATO OJU3bKOMY A0
3BOPOTHOrO MajiHug Ha 3em/w padile, HiX BoHa BcTUrJa O
BUOpATHCSH y BepCcTBU aTMoctepu 30BCiM MaJol rYCTHHH, 1€ MOXK-
H4 AaBaTH KYTOBI g JAOBiJIbHE 3HAYEHHS, HE CTBOPIOIOYU BeJH-
koro onopy armocdepu. Cuiow, U0 NPOTULIE HOPMATLHOMY
CKJA&JHUKOBI CWUJIM Baru, Moxe OyTH THUCHEHHS MOBIiTPs HA Mil-
TPUMYBaJbHI NOBEPXHi, IKMMKM MM NOBUHHI 3a0e3MeunTH pakeTy.
Lle mMatoTh 6YTH MOBepXHi i3 cTasi, BKPHTOI TEIIOBOIO i30/151Ui€10
(amoMiniit, MabyTb, HEe NPUAACTLCH SK 3aHAATO JIETKOTOMHHUHA),
BUTATHEH] B3J0BXK TiZla pakeTH i 3 Takow mniouielo, uro6 HaBaH-
Ta)eHHs iX gopiBHIOBanoch npudanaHo 200 kr/me.

ITpu wBuAKOCTAX, nounHawouu Big ¥V, =100 m/cek, pocUTH

IPpU 4YOMY paiiloc KPUBUHU JOPIBHIOBATHME p— . Mpn

Oyne HECBRJAMKOro KyTa artaku®* (sing < -1-16 , o6 po3BHUBaHA

RiATPUMYBaJLHIMY NOBEPXHAMU NililiMalbpHA CHJIA 3PIBHOBAXKUA
HOPMaNbHUI CKJIAXHWK CUJIM Baru i THMM He 1paBaja TpPaeKTopil
paKkeTH BUKPUBJSATHUCS BHU3 Oijblle, IK MU LbOro nobaxaemo.
3BopoTHa Aif** noBepxeHb Oyne OpM LBOMY TaKOX BiIHOCHO
HeBEJIMKOI0, a caMe — Mg cos B tga - BOHA Oyjae 3MeHwyBaTH Mo-
CTYTIHE TIPUCKOPEHHS pakeTH Ha BeJUYHHY

gcos Otga= -LE(E-Q (24)

jctga
NMpH YOMYy B Mipy 36iJblueHHS LIBUIKOCTH KYT @ MOxHa Oyle
3MeHIIYBaTH (/10 BXOAY pakeTH B po3pileHi BepcTen). Paxyio-
gl a =const i sin © << 1 (Jlg MOxe MaTH iCTOTHe 3HAueHHS
TIIbKKW TIPU MaJUX Haxuaax TpaeckTopii, ToOGTO NpPU TPUBAJOMY

* Kytom ataku a mu GyjeMo Ha3MBATH KYT MiX MATPHMYBaMbHHUMU
MOBEPXHAMU 1 TPAEKTOPICI0 paKeTH.

** JIpumiTka. “3BopoTHOIO Ai€l0” noBepxeHb MM GyREMO Ha3MBATH
NPOEKUIE€I0 CUAM THCHEHHS NMOBITPA Ha TPAEKTOPIIO pPaKeru.

52



noJaboTi B atmocdepi), MM MaTUMEMO NPUGIH3HO
Mg tga® a*** (24a)
3y cos cos O

npu yMOBI, w10 (no3ipHa) Bara pakeTH rapanizyBanach yBecCh 4ac
TIMLKM [AISHHSM MiITPUMYBAJbHUX TMoBepXeHb. [TigTpuMyRaanHi
MoBepxHi nobaxaHi AJs MOYaTKOBOrO PO3BUHCHHS UIBHAKOCTH,
AKWLO MU MaeMo 2 <jo< 3 , HeoOXiaAHUMU, npH  jo< 2, (o npw
jo=2 HaBiTb AJA YUCTO TAHICHUISIBHOrO MOJLOTY ﬂn CTAa-
HOBUTb KoJI0 600 m/cek, a npu jo= 1JIg neperBopuaacs 6u y
HEeCKiHYEeHHICTb, AKOM MH Ba3i pakeTH NMPOTUCTABMAM TiALKW pe-
AKTHBHY CHJy. A mpoTe, LyXe MOXMJIMBO, WO BHABHUTHLCH KOH-
CTPYKTHBHO TSXKKHM JATH MOYATKOBE 3HAYEHHA jo=> 2 ; OTHe,
B TAKOMY BUNALKY TpUBaJe 3acTOCYBaHHS KpuJa KoHeuHe. Cnpu-
STJANBOI0 OGCTABMHOW JJI HAC y JAHOMY pasi € Te, WO BijHO-

0 . -
LLIEHHS Jéf , e gk — TPHUCKOPEHHS MO3ipHOI Baru paxeTH

(Baru 1i MiHYC BigocepeaHs cuaa) Oe3nepepBHO H A0BOJI LUBHAKO
3poCTaTHMe, 3 OLHOro 0OKY, BHACHiIOK CnajlaHHs gk B Mmipy
36IIbLIEHHS Bi1OCEPEAHbO] CUMM, a 3 APYrOro — BHACALLOK MOX-
JAUBOrO 30iJAbLICHHA jo B Mipy TOro, ik 3MEHIIYBATHMEThCH
maca paxketd. Tomy, WO AedkUil yac micasg BUNYCKY (YHKUIOHY-
BaTHMe OJMH i TOH CaMMI NMOYATKOBUHA KOMIVIEKT m,;, MiATPUMY-
I0uM #oro aGCoMOTHY MPOLYKTUBHICTH HA OJHOMY DiBHi, MH 3MO-

HEMO OCSATHYTH Wopas Oilbiuy BiAHOCHY BUTpaTy U i Bi1-
NOBiJHO 3pocTawye jfo . Tak, Hanmpukaaja, B MOMEHT, KOJH

pakera po3BHHe WBMAKICTL ¥ =5000 m/cek (V, ~ 4500 m/cek),
NPUCKOPEHHS MO3ipHOT Baru ii cnazue y % pasy, & Mmaca npHOau3-

5
HO B <5~ PasH i, TaKUM YMHOM, MPH HE3MIHHIA cuii peakuii jo
3p0CTae BilHOCHO gk B 4 pasu. lle ayxe CKopouye peueHeup
notpeodu KopMCTyBaTMCb KPHJIAMH, 60 BOHM THM NOTPiOHil, YUM

OnnxKue JO OAMHULL, & NIPH 9>2 $e3 HUX MOXKHA BiKe
g P

BibHO i 0OifTHCA, napaniayrouud Bary pakeTH BepTHKAJbHOIO
CKJIaL0OBOK CHJIOID peakuii.

+** TlpumiTka. ¥ wuiit hopmyni, ax i B popmynax (13) i (14), MHOXHMK
3 B 3HAMEHHHKY 3YMOBNEHMH OCb 4um: 1) nepeBuTpara Bl,I],ﬁyBaeTbCﬂ Ha
npoTa3i po3BHHEHHS pakeTow Javiwe nepwnx 8000 m/cek T WIBMAKOCTH, 6o
MmicAs PO3BUHEHHS Liei MIBUAKOCTH pakeTa CTac BibHMM TinoM, i 2) B mipy
pozsuHenHs mBuUaKocTH O 2O 8000 m/cex BCi onopu CHafalTh A0 HYAA,
60 BoHM OeanocepeiHbo 3R'93aHI 3 MNO3IPHOI Barole pakeTH, a OCTaHHA
nepersopocThed Ha 0 npy V=7900 M/cex Ha piBHi MOPS NpH NO3EMOMY
HanpsaMmi V.
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TeopeTnuHe poCHAiLXKEeHHS NpoOAEMH 3aCTOCYBAHHS KPWUJ
ana weuakocteit ¥V, <1000 m/cex yTpyaHeHe 10 BiAMOBiAHHMX
EKCMEPUMEHTIB | AOCHIAMKCHb K 3aKOHIB OMOpYy Ta HarpiBaHHS
PYXOMHUX T/l MPH BeJMKHMX LIBUAKOCTAX, TaK i CKJAaly aTMocdepH
Ha BHCOTax y JeKinbka aecqaTkiB kinomeTpiB. SkOu Mu B3s1aH
Jani cyyacHoi aBiguii, ToO Manan 6 ayxe CNPUSTAMBI MepCrneKTHBU
3aCTOCYBaHHS Kpua. Ane, iMOBipHO, MpH LUBHJAKOCTAX, SKi Mepe-
CTYyNamoTh Y IEKiAbKa pasiB WIBUAKICTH 3BYKY, (YHKILiA onopy
Bil KyTa aTakd HaOAMKAETLCA 10  HBIOTOHOBOT  (hOpMyJH

F . PR .
?: Ksmza, OTKe MigiiMaabHa CHUJIa MATPUMYBAJbHUX TIOBEPXECHbL

Oyie B JAeKinbKa pas3iB McHLIA, K 32 BXKMBAHUMU B aBisuii dop-
MyJIaMH, IPH YOMY CHJIbLHO cnajae i iXHs asisuiiiHa skictb. Bua-
CNIOK 3MeHWEHHS KoedillieHTy nigiiManbHOT CWIM NPU BEAMKHX
IBMAKOCTAX pakeTH 3 JOTOMOIOI0 KpUJa TH He BAAJOCS nepiue,
Ik Ha0paTH WBKHAKICTh 0a13bko 7000 M/cek (KOJU BxKe MOYMHAE
CUABHO CMajgaTH MOo3ipHa Bara), BUOPATHCS 3 PO3MIpHO TYCTHX
BepcTB armocdepu. OTxe, Tpeda OKPEMO PO3TJASHYTH NHUTaHHA
Npo L0AAaTKOBHUI onip B’93KOCTH aTmocdepu cb i HarpiBaHHa K
J00OBMX YACTUH paKeTH BHACMAILOK ajisfaTUYHOro CTUCHEHHS
TIOBITPS Mepej HWMM, TaK | MOXUIUX MOBEPXEHb BHACALLOK pobO-
TU CHAM B'I3KOCTH. TUM TO, 3aMMUIAIOUM MOKULLO BiAKPHUTHM
MUTAHHA NPO MOXKJHBI MEXi 3aCTOCYBAHHSl MOMLOTY HA KpHJAaX,
OyaeMO BBaXaTH, LIO paKeTa MATUMC B MOMEHT, KOJM JLOCHTrHe

WBUAKICTL ¥ ¥V, =4500 M/cex, BiAHOLICILIHHS 15;% >2

B camoMy mouaTky, KOJM pakeTa pO3BUBAE LWIBUAKICThH A0
100 m/cek, MU MOBHUHHI jaaTH g > O, FKWO MaTUMEMO j> 2 ,
a B IPOTHBHOMY pasi NOYATKOBHIT PO3riH pakeTH nepeBecTy Oyib-
SIKUM MeXaHiyHMM cnocoGomM. B nepwomy BUMAIKYy BiCh pakeTH
jajeko He 30iraacs 6 AOTHMYHOIO J1O0 TPAEKTOPil, anae npu Mananx
WBHIKOCTAX AesiKe BIAXMACHHA Ule HE COPHYUHWUTbL 3aHALTO Be-
JUKOTO CIOBIALHEHHS ONOpy aTmocdepH.

HaifiBurigniuwiow wBUAKICTIO pakeTH B jadii Touwui ii Tpa-
eKTOpil, TOOTO Npy 1auuxX © i h , € Taka WBHAKICTb, KOJH OCsira-
eTbecst MiHiMym JIg  asa HafiGaMKYOro Ao 1iei TOYKU eNCMEHTY
TpaekTopii. OTXe, MU MAEMO PIBHAHHA

JIs=Jlg + Jlc 4+ Jla = min, (25)

npu yomy B pyukuiax JAg Jc Ja vam TpebGa npHitHATH 3a 3MiHHY
WBHAKICTL V,, paxywoun ©O =const.
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NMpumiTka. Taxki oGuncaenns, gk i camo NOHATTA NpPo Hak-
BUTIIHIWY WIBUAKICTh, MOXHA 3aCTOCOBYBATH JIMUIC OCTIJIbKH,
OCKIILKY MU MaeMo © >a , TOOTO OCKIMbKH 3BOPOTHA it CUJH
Baru B HaHiil Toutli TpaekTopil (MPOEKLid BATM HA TPAEKTOPIIO)
Oinbwa Big 3BOPOTHOT Ail MiATpUMyBaJbHUX MOOBCPXCHL (UB.
NMPUMITKY 10 CTOp. 55), 60 npH KyTi O, ManOMy B NOPIBHAHHI
3 KYTOM aTakM a, BUCOTA 3HAXOJKEHHS pakeTH B JaHuil Mo-
MEHT 0€3MocCepe/IHbO 3aJMeXKUTh Bil 11 WBHAKOCTU B JIAHUIT TAKH
MOMEHT | HaBMAaKH, a KyT MiAHECEHH © BH3HAYAETLCH XOAOM
3POCTAaHHS WBHAKOCTHU i, TAKUM YMHOM, MUTAHHA NP0 BUOIP Hail-
BUMAHI{IOT WBUIKOCTY NMPU AAHKX BUCOTI i KYTi MIAHCCCHHS Bin-
najae.

3rigzHo 3 dopmyaoo (10), (26)
|
ﬂigZigsin ] TTlV_ — ig sin O —
wr
(6o a B topmyai (10) popiBHIOBATHUME a =ig sin O % ).

[Tutanus npo Haf/’IBnri,rlHimy WBHUAKICTh MAE NPaKTHUYHE 3HAYEHHS

Jave aast AibHALI n00Au3y 3eMHOT I‘lOBerHI B cepejloBULLi TycToi

atMocdepH, a TOMY MH 3 MaJoOK NOXUOKOW mpuiiMaemo T =1,
: : _ ' 2 .

3riano 3 popmysnow (16), Jic = tjp _ T"/- K1 V] 4 MixCTaBUBLUH

CHOIM 3HAYEHHS v = V2 4 U+ 2VU cos O, MaTuMeMo:

1
2

Jlic =iVK1a +i%“‘K,A+2iUK,Acose (27)
3rizHo 3 dopmynow (24) maemo:

ﬂza——g cos© tga (28)

Tperiit unen dopmyan (27), tak camo, 9K i ApPYrui uneH
dopmyau (26), He mae B cobi ¥, OTKe, BOHM € B 1aHOMY BUMAJKY
nocTtifinnmu. ligctasusiwm B dopmyay (25) sHauenus Jlig, Jlici
Jlia 3 BuKJ/IOUEHHAM NOCTIAHVX YJIEHIB, OLEPIKYEMO:

57 gsin6+% U‘ZK,A+LV gcos Otga+ VK, A =minim.
Po3p’a3youn e piBHAHHS | nigcTaBagioud 3HAYeHHS A 3a dop-
mynoto (17) i 3raueHns K, 3 ¢popmyau (16), maemo:

. '3 1. (29)
V optim = 2% -400° Pg—= (sin B +cos O tg a) - UZ
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V optim -— e Take 3Hauenns WBMAKOCTH, fKe He NOBUHHE BYTH
nepeBHILEHe Mif 4ac NOJAbOTY, B KOXHOMY pa3i He NMOBUHHe 6YyTH
NepesuIleHe HA 3HAUYHY BeJIUYMHY. SIKOW BUSIBUIOCH, UL0 MPH BU-
6Gpanux Hamu [ i © Ha neBHiil aiabHUIG 1 WBHAKICTL pakeTH Gy-
Ja 0 3Ha4yHo Ginbwol, K HafiBUrigHiwe i1 3HAYeHHS NMPU AaHUX
h 1 ©, To cain Oya0o 6 HA NoYATKY 1€l AINLHUIL 1el10 3MEeHIUUTH

J, noku pakera He focCsirHe GiAbLIMX BUCOT, HA SIKUX CTae
Ginbwiow i Foptim [dopmyna (29)]. TliacraBuBIIM 3HAYEHHS
Z 3 dopmyau (21) B dopmyay (23) i HeXTywuM pi3HMLLIO MiX

jo 1 J (MU Moxemo poOHTH Ge3 0COGJHMBO BeJIMKOI MOXHOKH,
00 moJiT B3araai MOXJMBUIl NPAKTHYHO JIMILE TOAI, KOJMH MiK jo
i J pi3HHLS He ayxe BeauKa, T06To KOJIM He ay:Ke Beaukuii Jls ),
MaTHUMEMO: 2

stn @ optim = 0,14 ( ) 5 (30)

[TixcTaBuBiuy weit Bupas ana sin ¢ B dopmyay (21), Mmaemo:

2 3
1 = . =f—=
Jen=175-10° 5% [0,14 (-;—) 5153] 2 =

2

=34.10° (p%) 5. (31)
IMigcTaBuUBLIM 3HA4EHHS sin @ 3 cdopmyau (30) B dopmyay
(14) i 3HOB HEeXTyI0uM PI3HULEI MiXK jo i J , MaTumemo:
= 2 2
5oy, —c107 € \°®

Ngo= 2% 014( p) 17 -981 = 510 (7)7) . (32)

JIim/cek
11004 Sin © = 0.03
1000
900
300 Sin © = 0.07
700 Sin © = 0.106
600 |
500 Sin O =0.16
4001 } NP
oo | Sin © = 0.29 Sin © — 0.42
200 1
100 { E

7 S

1250 s00 1000 2000 3000 10000 Jemicek?

2
: _ — 84108 __1_._)? :
dir. 4. a=Jlgpc = 8410 (62500] ;
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b =Jla=

1120000 tga
3] ’

JI=mMm/cex; | = cm/cex?; tga = 0,l.

CxaaBwm pisHsanHs (31) i (32), oaepxumo Jgpe y
dyHKUiT Bia NpUCKOpeHHs 1 MpM yMOBI, 1o pakera iiae no tpa-
EKTOPIl 3 KYTOM NigHECEHH$H © =arc (sin©opt) =const i npH

J = const 5
Jg gc = 84:10° (_Pc_J.) B (33)

Ha ¢ir. 4 nogaetocs rpadik uiei pyukuii [dpopmyna (33)]

C 1 . _
npu = = = 0,04 = 2500; ye . H HO
pu Sis00 (€=0.04, P 500; Li 3HAYEHHA € NpUlan3

iiMOBipHUMU faHumMH. B ubomy K rpaqaixy AaHo | DYHKLIIO

Jla=F(J) = 3] wsa [popmyna (24a)],

NPH YOMY B OCTAHHIA MM HEXTYEMO AIIbHUKOM cos© (AKHII npH
TPUBAJOMY KOPHCTYBaHHI KpuiaMu O0GOB'S3KOBO Oyae ayKe
OMU3bKUH 10 OAMHHULI) i, IK i B nonepeaHix ¢gopmynax, BBAKAEMO
]=Jjo-
Beanunuu A gge 3a dopmyaoro (33) i Ja 3a dopmynoio
(242) cymyBaTH OAHY 3 OJHOI0 HE€ MOXHA, 00 NPUMNYLLEHHS, LILO
JIEXXaTb B OCHOBI BHBELEHHS LHMX (OpMyJa, B3aEMHO BHKAIOUYA-
TbCA. SIKIO MaEeMO TpUBA/e KOPUCTYBaHHA Kpuaamu  Ja
KOHEYHe BHACJiJO0K MaJoro jo (auB. cTop. 54), TO He MoXe
OyTH O = const ; SKULO XK € BeAUKe i BIANOBiAHO He AyXKe Maaui
© = const ,TO KOPUCTYBAHHS KPW/JIaMH HeTpUBaje i He MOXe
O6yTH a = const . B nepuiomy BHNaaKy HaM C/iL Opi€HTYBaTHCH
Oinbwe 3a dopmyaow (24a), a B gpyromy — 3a dopmyqaow (33);
IrpaHuLEI0 € TPUCKOPEHHS [~ 1.
B upomy po3pizi MM A0NyCTHAM LiAUA pai CNPOLLEHb
(npy 1bOMY BCe B CTOPOHY 30i/MblIEHHSI OMOPiB; 30Kpema, npu-
piBHABWIM © n0 GinbuIOro, HiXK BiH, KyTa Oy, MW 3011bLIUJIH
pPO3pPaxyHKOBY BTpaTy LIBMAKOCTH Jgp , a B3SBIUM MaKCHMaJ/bHE
3HaueHHa KoediuieHTa K B dopmyai (15), MU 30iAbWIHIAX po3pa~
XYHKOBY BTpaTty WBUAKOCTH Jlcy), a B popmyay (33) (aus.
¢ir. 4) BBeau, xou i OibUI-MeHWI iMOBIpHI, a/je BCe XK AOBILIbHI
nani (¢=0,04; P=2500) i B dopmyai (24) (a =0,1 ) Takox.
Bepyun nix yBary ue, a Takox i Te€, L0 MPU BilJbOTI 3 KyTOM
0:1<30 (cyasuu 3 yceoro ©, Ginbuwe gax 30° He Gyne Hi B
IKOMY pasi), eKoHOMis Wya Bif yTuaisauii WBMAKOCTH o0ep-

57



TaHHa 3emai poBKoJa ii oci craHoBuTUME Koo 450 M/cek. Obe-
pe>XHHUM BHCHOBKOM 3 OOUMCJIEHb LILOTO PO3AiAy MOXHA BBAXATH
Take: HeoOXiiHA 3 ypaxyBaHHSAM BCIX OMOpIB paxkeTa WBUAKICTD
Wys ne nepeBuwutb 1200 M/cek, a, imoBipHO, Oyle TpPOXH
MEHLLOIO.
[Hlopo HarpiBaHHd NoBepxeHb PaKeTH, TO, OYEBUIHO, NMHU-
TaHH{ NpPO 1@ NpPH BiANPABJCHHI HE CTOATHME TOCTPO, WO MH
BUCHOBYEMO 3 TaKUX MipKYBAaHb.
[MTpuiimemo:
Pv — TUCHEHHS B atMocdepi Ha IO~
HY, L0 PYXaeTbCsd B MepneH UKy~
JSIPHOMY N0 Hel HanpsiMi i3 wWBUA-
P, = 0,02pV* (34) KicTio ¥V M/cek;
p— rycTHHa atMmocdepu B r/cm?;
V — WBMAKICTE B M/CEK;
0,02 — koediuieHT onopy A HaHbiNb-
WX i3 AOCTIAXKEeHUX IBHAKO-
cTe;
P, — npyxHicTb aT™MOChepu B am;
oT T — aGcomoTHa TeMneparypa;
Py =80 — (35) p — AuB. dopmyny (34);
m
m — MOJeKynspHa Bara (cepejHs) ra-
3iB, L0 CKJIANA0TL aTMOCdepy.
ka
I :(.P_) (36) dopmyna aniadaTHUHOrO CTUCHEHHS, 1€
T \Py k=141
Posraspaiouu HarpiBaHHsi 9K BMCJAiA ais0aTHYHOrQ CTH-
CHEHHSl, MaTUMeMO Aas WBHAKocTel V' > 700 m/cek, npu 9KUX

Pv >>Po
MpumiTka. Y KucHeBo-a30THit aTMocdepi; Ais iHMX rasip LOMIMHS
rpasulsl 3aCTOCyBaHHA Takoi GOopMyau MnponopuidHa A0 1X MOJEKYASPHO]
UIBHAKOCTH.
1 2(k-1) k-1

T,=009T%y kK o007 possypo, (37)

3a uiewo dopmyaow npu m=29,3 cknaneHo rpadik (dir.
5). dopmyaa aae Temn. nNOBITPSA nepej NOBEPXHEK, HOPMAJbLHOK
JO TPaeKTOpil; Taka TemnepaTtypa Oyae TiIbKM nepen JA00OBUMU
YaCTHHAMM PAKETH — HOCOM i NepejHbol0 OKpalKow KpuJa, a Gis
NOBEpXeHb MOXWJIMX 10 TUCHEHHS 1 BLAMOBIAHO TeMmnepartypa Oyae
HIKYA. JKLI0 MM 1000Bi YacTHHU y0e3Nneyumo BOrHETPUBKUM Ma-
TEPISNIOM, TO BCi iHLI 30BHIWHI MNOBEPXHI pakeTH, SIKIUIO BOHHU
OyayTb BUTOTOBJCHI 3i CTati, MamOTb BUTPUMYBATU WIBUAKOCTI
A0 4500 m/cek HaBiTb i 6e3 HaLAHHA IM OCOGJMBOI BOrHETpPUB-

58



KocTd. OGUHCTIeHHS TeMIepaTypHu WBHAKOPYXOMHUX Tia LaeMO MU
rani B po3n. IX. TyT 3acrocyeMo apyruil cnoci6é oOUMCAeHHS ~—
3a opmynow (37), ane 3 ypaxyBaHHSIM Ti€l CNpUATAUBOI 00-
CTaBUHH, LII0 MW B JAHOMY BHMNAAKy OepeMO NOBCPXHI HE HOp-
MaJbHI TPAEKTOPIi, a 3 HEBEJUKUM KYTOM aTakH, BHAC/AILOK 4YOTO
CTUCHEHHY MNOBITPS Mepe] HUMHU, a 3HAUUTHL 1 X TCMICpaTypa,
OyayTb 3HauHO HMxkui. Komu pakera HaGepe wBukoctH 4500
M/cCeK, BoHa Oyjae 3HAXOAUTHUCS yxKe B PO3PILAMCHHUX BCpCTBax
atmocdepd, i, kpim Toro (auB. cTop. 54), Bianaaae Bxce norpeda
B KpUJiax.

He menme cnpusiTanBi gaHi MaTUMEMO, SKULO0 CTAHCMO BU-
XOJUTH 3 TOro hakTy, WO HAYHHEHI IPUMYYOI0 PTYTTIO PO3PHUBHI
KyJi CaMOBIIbHO B TOBITPI He PO3PHBAIOTHCHA, MAIOUU MOUYATKOBY
WBUAKICTE 10 700 M/cek i Oyayyd TAKUMH MAJMMH, 110 3a Yac
MoJAbOTY BOHW WIJAKOM ycTurau © mporpitucsi. Temnepatypa Bd-
OyxanHs rpumydoi pryTti 185° LI, oT:xxe MoxHa npunyckartu, 110
KyJi B KOXKHOMY pasi He HarpiBaoTbcs Oinbuie, 9k Ha 150° noHan
Temnepartypy nositpd. [IpunyctiMo, o abCcoMoTHa TemMneparypa
NOBCPXCHb PYXOMOI'0 TiJIa MPONOPLiiiHA 10 NMEBHOrO CTeneHs (X)
ceperHbOi (KBaLpaTHUHOI) WBUAKOCTU MOJIEKYJ/b d30BOro ce-
peaoBHLIA BIIHOCHO ILOro Tijga. ToAi, 3HAOuH, WO NepeciyHa
WIBHMAKICTH MOJieKkyJsb nosiTpa npu 0° L = 460 m/cex, BUsHaya-
EMO TEpeciuyHy WIBUAKICTb THX CaMHX MOJEKYyJb BiZHOCHO KyJi,
Wo AeTUTh i3 wBHAKicTIO 700 m/cek:

CknajgaeMo piBHSIHHA: V = ‘/4602 + 700* = 837 MCEK.

837y _ T

460/ T °

[Tincrapasoun T=300° i T, > 450°, maemo x > T. Takum
YHUHOM OJepKYEMO DOpPMYay: 2, 2
T1 <T (‘%)

U

ITpumiTKa, U — cepefHs WBHMAKICTE MOJEKYJb, a V -— IUBHAKICTb py-
XOMOro Tina.

3a wicwo dopmynow npu ¥V =4500 M/cek MM MATHMEMO A4
T=220°=-53° 1, T, <800° Ll
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PO3AIJN IX

FAHIEHHA HIBUJKOCTH NTOBOPOTY
OIMOPOM ATMOCPEPH

[ToBepTaouncy Ha 3eMi0, HaM NOBEeIETbCS 3MEHIUUTH
UIBMAKICTH pakeTH A0 Hyas — onip atmocdepu, OTKe, BBECh
yac JisiTHMe Ha Hally KOPHUCTh, 1| Haule 3aBJAHHS JMlle SIKHAl-
Kpaule HOro BUKOPUCTATH i HE AATH pakeTi 3ropiTH Bil pyXy B
atMmocdepi Npy WBUAKOCTAX Y KinbKa KM/ceK. Onopom aTtmocde-
P MOXHA CKOpPUCTATHU MOABIHHO: 1) MOXKHA MOramiaTH OMNnopoM
aTtMmocgepH BCIO WBHAKICTb NOBOPOTY

Wb =11 185m/cEK
abo X 2) TifbKK “KOJIOBY LIBHAKICTBH”, TOOTO OCTaHHI

72

7909 M/CEK + a = + q,

A€ a 3a BiACYTHICTIO BiporigHux BinomocTell npo ropiwHi Bep-
CTBM aTMmocgepH Tenep TOYHO He O3HAYEHA BEJMUMHA B KilbKa
JeCATKIB M/CeK; OCTAHHE TeXHIYHO jAeulo npocTiwe; CHeply MH
M pO3risgHeMO MOorameHHA oCTaHHix 7909 M/CeKk + e . 3a BUXiaHE
Bi3bMEMO TAaKe MOJOXKCHHS: pakeTa pyxaeThcs napaboniyHow ado
BUTATHEHOK eNINTHUYHOK OpliTOl, BEepLIOK $KOI JICXKHUTh Ha
Birgani 400-600 km Bix 3eMHOI MOBEPXHi 3aJ€XHO Bif TOro, fK
TOYHO MM 3YyMIEMO CKepyBaTH MOJIT pakeTH: MH MYCHMMO OyTH
LIJIKOM rapaHTOBaHi He JWlIe Bil NMajiHHS paKeTH Ha 3€MHY Mo~
BEpXHIO, ajie # BiJ 3apuMBaHHA 11 ¥ BiluyTHI BEpCTBH aTMoCdepH.
Janblie nepeTBOPeHHS TPAEKTOPii MepPeBOAUTHCA CTOCOBHO A0
TaHI eHWIAJILHOTO THMY 11 - JIMLIE B 3BOPOTHOMY TMOPSIKY, K TO
noka3aHo Ha d¢ir. 1. [lJopasy Ha ainbHUUI HalGiMbWIOro HabGAM-
’KE€HHS paKeTa CHOBIMbHIOE CBilt pYX, 3MEHIIYIOUX THUM eKCUEHTpH-
cuTeT OpOITH i 3aMMUIaloyM NPUOAM3HO Ha Micui i1 Touky Hal-
Oinbworo HadaukenHs. KoJM eKkCUeHTPUCHTET 3MEHUIMTbCS 10
Takoi MipH, 1o Bxe Oyae BHMALaTH 3-Mif yBaru mijiota, pakeTa
H nani HapaaBaTuMe COOi HEBEJIMKMX CMOBIIbHEHb HA JOBIJbLHHUX
ANIBHALAX CBOET Maiike KoJ0BOi opdiTH. KoXKHe CnoBibHEHHS Ma€
OyTH Takum Maaum, uob ekueHTpucuteT OYB JejiBe TMOMITHUI;
MiCJas KOXHOTO CHoBiJbHEHH opfiTa 3HOB nepeBipseTbcsi (yac
odepTaHHs aoBkosa 3emai 1145 roauuu) i, B pasi BHUSIBJEHHS
CKiIJIbKH-0yAb NOMITHOIO €KCUEHTPUCUTETY, UEeH OCTaHHIH BH-
MPaBJASETLCH HEBEJUKHUM CNOBiMILHEHHSIM HA AiMbHULI HARGINBIIOTO
HaOauxeHHsl. TakuM 4YMHOM OpdiTa pakeTH yBeCb 4aC 3BYXKYBa-
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TUMETbCS, NPU YOMY BBECH 4yac MiIATPUMYEThCH il KoJoBa ¢opma
B MEXAaX MOXJUBOI TOYHOCTH cnocTtepexceHn. lle anyxenus tpu-
Bae [10TH, MOKK opbiTa HE OMMHUTBLCH Y BepcTBax armoctepu
TAKOI TYCTHHY, 11O jp [AOCHTHE BeauuyuHu xoua 6 0,1 cm/cex?. Big
LbOr0 MOMEHTY (PYHKUIOHYBAHHA PaKETH, SIK TAKOT, NPHUITHHA-
€ETLCHA 1 BCi mpeameTH NPONOPUIHHOTNO MNACUBY BUIKIULAIOTLCH.
KoHcTpykuiss pakeTy Ha uei yac MOBMHHA MAaTH TAKY CXCMY

,/# CraGiaiayioua nonepxus

[MoB3goBKHIH po3pi3

\L

( ‘
/ 1 Migrpumysaanua NOBEPXHA
1 Kamepa ninora

XBicT XBOCTOBMIILE
\ '
f
\ jle——
|
Ilnau '1

dir. 6. Cxema npuiany racuTH WBHIKICTL MOBOPOTY
OMOpOM aTMOCpepHu

(gir. 6): 1) kamepa ninoTa; 2) niaATpUMyBaJbHa MOBEPXHS €M~
THYHOT hOopMH, MPO KOHCTPYKLilO SIKOT MOBa Oyjle nani; BeJHMKA
BiCh eJiificy mae OyTH NEprieHIUKYJASPHOIO 10 TPAEKTOpil, a Maaa
— MOXWJeHow mig kyTom @ (koo 40°), mo pae Hainbiabwy mni-
AifimanbHy cuay; 3) AOBre XBOCTOBHILE, L0 BiAXOAWTbL Bix Ka-
MEpHU NijsioTa Hasaj NiLl KyTom a 10 Maaoi fiBoci ejincy mix-
TPUMYBaAbHOI MOBEpXHi; Ha KiHNi — XBICT y BUrJAsRi JABOX
NJacKUX MOBEepXeHb, IO CTAaHOBJAATH LBOTPAHHUEI KYT KoJo 60°,
peGpo SIKOro napaJjesbHe A0 BeJUKOi OCi eJincy, miZTpuMyBaJjb-
HOI rnoBepxHi, a 6icekTOp MapaJsenbHUil 10 TPaeKkTopii; 4) noBepx-
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HSl, 1110 aBTOMATHYHO NigTpumye OiuHy CTIHKICTb y BUIVISIAI KyTa,
NMOAIGHOr0 /0 XBOCTA, aje 3 MCHUWHUM po3xuwiom (kojao 45°),
PO3MILLEHOro HAaX KaMmepolo misora i 3 pe6poMm, nepreHauKyasp-
HHUM 10 TpaekTopii i peOpa xBocTa. st noBepxHs aBTOMATHYHO
MigiTpuMye OidyHy piBHOBary pakeTH, o0epTaiouMch HampaBo W
HaJiBO LOBKOJIA CBOro pedpa, i KepyeThCs ripOCKONOM, L0 3HAXO-
IMTbCA B Kamepi nminora. Bick ripockona 3asnaneriib BCTaHOBIIO-
€TbCA NapaJjesbHo 10 oci o0epraHng 3emai. OCArHyTH GiyHy piB-
HOBAry pakeTH MpH AyXKe BeJIMKUX WBHAKOCTSX Y PO3PiAKEHUX
BEpCTBAX aTMocdepu YHUCTO aepoiMHAMIYHUM LUASXOM, MalyTb,
He BLACTbhCS, a TOMY NOTPIOHMA SIKMACHh ABTOMATHYHO KepOBaHMWit
NPUCTPIl Ha 3pasoK BKa3aHOI'o BHLIE.

Bci 3a3naueHi 30BHilIHI 4WacTHHM Tpeda B3ATH HA PaKeTy
NpH BiAJMLOTI ¥ po3i0OpaHOMy BUIJIAAL | MOTIM CKAACTH A0 TOTO
MOMEHTY, sIK opdiTa npoiijle xoua 6 CBOEK HaAROMDKYOW 10 3emi
YacTUHOW Kpisb aTtmocdepy BinuyTHOi ryctund. [lopi6uuit no
lWMpsaKa (IJisHepa) onuMcaHoi KOHCTpPYKUii npuaan (Bix nasHepa
BiH BipI3HAETHCH HANOIMBUIC AYHKC BEJUKUM KYTOM aTaku, Oy-
JJOBOI0 XBOCTa i NPUCTPOEM aasa OiyHOT crTalinisauii) maTume
BJACTHUBICTb 3aBXKAM TPUMATHCH Y BepcTBax armocdepu Takoi
T'YCTUHHM, 1O NPHU AAaHIA HOro WBUAKOCTI BEPTHKAJALHUH CKAAXHUK
TUCHEHHS MOBITPS HA MiATPUMYBAJLHY MOBEPXHIO AOpPiBHIOBATHME
no3ipHiit Basi npuaany, ToOTO 3ailBHHI iloro Baru Hajy po3BHUBa-
HOI0 HUM Bil0CepeaHbOI0 CUJ0I0, L0 CTAHOBHUTL:

2v?
K=gm(l- =) (38)
w
Ipumitka. My npunyckaemMo nodemuii pyx no nysi BeJHKOTO KOJa.

Y mipy TOro, ik WBUAKICTh PAaKETH 3MEHWYBATUMETbCA
BHACJiA0K CMOBIMLHIOBAALHOT Aii aTMocgepH, BoHa 6yjie CrnycKa-
THCS B rycTilli BepcTBr armocdepu i uuM Oyne nigTpUMyBaTHCS
PIBHICTB NMOMIXK MO3IPHOKD BArow pakeTH i migifiMajbHOIO CHJIOID,
1o i1 po3BHMBa€ MiATPUMYyBa/AbHA MOBEPXHA. JKIIO MW MPUNYCTH-
MO, 110 MOBOPOT paKeTH BinOyBaeTbCsl B €KBATOPISAbHIH MIOLIH-
Hi B Hanpsmi Ha ¢xig (V,=V - U), 1110 HaBaHTara nigTpumMyBaih-
HOi MOBepxHi AOpiBHIOE KI/M? TO 3rizHo 3 copmynamu (15)
i (38) O6yaemo maTu:

2
p(1— 2—\/2)=K(VU)2 ACa, (39)
w
Ae Ca — (pyHKUIA KyTa HAXUJY NiATPUMYBaJbHOT NOBepxHi. JliBa

YaCTHHA LbOro PIBHSIHHS $IBJsie CO0OI0 MO3ipHY Bary paxkeTH, 10
npunagae Ha 1 M* NiATPUMyBaJabHOI NMOBEPXHi, a NnpaBa — BePTH-
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KalbHUil CKJIALHUK onopy atMmocdepn, To6TO nidifimanbny cuay
Tak caMmo 1 m®. 3a UMM PIBHAHHSM MPU p= 200 KI'/M*, Ca= 0,7(a= 40°)
i K=0,1 (0epeMO MeHIUE 3 €KCNEPUMEHTANLHO 3HAllLCHUX 3Ha-
yeHb K sIK MeHill BUTiIHE 3 OMJIAAY HA BIACYTHICThL JAIIX MPO TaKi
BeMKI IIBMAKOCTI) 1 ykaareno rpadik (dir. 7), o sgBiage
3oOpaxeHHst ¢punkuii h=F(V,) 3a dopmynoio (39) i (17). Uud-
Ph

— 10 BiAMOBifac
Po

pHM HAa KpPUBiHl 03HAYAKOThb BIAHOWIEHHS A =

3HauYeHHsIM V' ,, HAaHEeCEHUM Ha mo3eMiil oci.
hKM

9() o

VR TTRL

&0
70
60
50

40 4

30 v . .
0 1 2 3 4 5 6 7V tkm/fcek=1"0

+* o - P
®ir. 7. Unudpu Ha KpUBIH 03HAYAKOTH BIAHOLIEHHA A = -1% , LLO
BIAMOBINAOThL 3HAYEHHAM V';,, HAaHEeCEHMM Ha no3eMii oci; h 00-

YUCJCHO 3a 3HAYCHHSAMU A 3riaHo 3 dopmyno (17).

HacTuny kpuBoi aaga ¥V, < 1000 m/cex He HaHeCeHO, OO 3 MPUYKH,
npo ki moBa Oyje faaJji, BOHa He mae st Hac ocoOJMBOro 3Ha-
yeHHs. [loraweHHs IWBUAKOCTH MOBOPOTY OMOPOM aTMocdepH
MOXJMBE OCTIJMbKH, OCKIJbKY paKeTa He 3ropurtb y MOBITpi moxio-
HO 10 MeTeopa NMpu TUX V i h, 9Ki MATUMyTb MICLE MiA 4aC CNYCKY
3rigHo 3 gopmyaow (39). PosBrHEeMO 1110 YMOBY: OCKIMIbKH KiJib-
KiCTb TCIIOTH, BiagsaBaHol (TroJIOBHO 4Yepe3 BUNPOMIHIOBAHHS )
NiATPUMYBaJLHOK MOBEPXHEI pAKeTH MpU BULLIH 3 TeMmepaTyp,
SIKy BOHA 3/1i0Ha mepeHeCTH, He OyJie MEHLLIOK BiJ Ti€l KiAbKOCTH
TeMa, o HOro BOHA OjlepKyBaTHME Bil PO3:KaPEHHUX MNMepels Hel
BHACAi 10K aaisidaTHUHOro CTUCHEHHS o0’eMiB MOBIiTPA TpH pis-
HUX KomOiHauisx V¥ i k, wo BianoeiaawTbs dopmyai (39). Mu He
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MOXEMO CKJACTH CoBi TOYHOrO yABJIEHHA NP0 BKa3aHi ABvlLA 3a
BiICYTHICTIO TOUHHMX 3HaHb MPO SBUUIA B NMPYKHOMY CeperOBHUII
nob/aU3y Tila, sIKe PYXAEThCS, i MPO BUNPOMIHIOBAILHY 31i0HICTD
rasis mpu TemnepaTtypax y Kiibka THcau cTtyneHis. Tomy, wo
IHTEHCUBHICTH BUAPOMIHIOBAHHS 3pOCTAE MPONOPUIAHO A0 4-r0
CTYNeHd abCoJIOTHOT TeMmnepaTypH, NMOBEePXHi paKeTH, WO Nil-
najalTh AiSHHIO atmocdepn, a came — nepeiycim migTpumy-
Ba/bHa 11 MOBEPXHS, MOBHHHI MAaTH MaKCHMaJbHY BOCHETPUBKICTS,
IKY CJia oCATHYTH xoua O i3 30iAblIeHHSIM BarM iX KBaapaTHOro
MeTpa 1, 3HauWuTb, i3 3MEHWCHHAM MJOLL NIATPUMYBAJbLHOI MO-
BepXxHi i 30iAblIEHHSM HaBaHTaru ii KkBaapaTHoro mertpa p. Hai-
OiNbLI palioHaNbHOI KOHCTPYKILEW NiATPUMYBAJILHOI XBOCTOBOT
i crabinisaiiiitHol MOBEPXeHb € TaKa: MeTaJjeBa CHACTh, MLLIJIBHO
BKPHUTA J1aXiBKOW 3 SIKOIHeOYlb PEYOBMHM MAaKCUMAJbHOT BOTHE-
TPUBKOCTH, SIK, Hamnpukaaja, rpadit, peTOpHUH BYriib, BaMHSK,
nopuensHa. [laxiBka Mae JexaTH 300Ky MOBEpXeHb, 3BEPHEHHMX
ynepej, i 3axviaTy co6010 MeTaNCBy CHACTbL. YACTUHU CHACTI, WO
6e3nocepeHbO CTHKAKTHCHA 3 1aXiBKOW, MaOTh GYTH BUTOTOBJIEHI
3 OAHOrO i3 HaWOiNbW TYroTOMHMX MeTaliB, a OCHOBAa il MoOXe
OyTH 3 pypuacToi cTani, 0X0J01KYyBaHO! 3CepeiuHn BoaoK abo
BOASHOI Napow i 3aXUUICHOT Bid BUMNPOMIHIOBAHHS 3aTUABLHOI
CTOPOHU JaxiBKM 00JMYKOBaHHSAM 3 nopueasind. HeOesneku sHay-
HOro OOropsiHHS 1aXiBKY, 10 Ma€ B Co0i ByTJ/elb, OYeBUAHO, He-
Mae, 60 npu WBUAKOCTI PAKETH B KiJbKa KM/CeK (e3mocepeiHbo
CTUKATUCA 3 1l MTOBEPXHEID BCTUFATUMYThL MOJEKYJI JuUuIe 3 AyxKe
TOHKOrO MPUJErJoro L0 Hei wapy nosiTpsa. Bce Taku KinbkicTb
MOBiTPS, AKa JMeXKATHME B OMUCYBAHOMY KOHTYPOM pakeTu 00’eMi
nia yac cnoBinbHeHHst Bix V,=7000 m/cex i no po ¥,=2000
M/cek (HeOe3neuHWil NPOMIXKOK), JiMlIe B KiJbKa pasiB nepesBu-
myBatuMe Mmacy paxketH. Jo Toro ik Ayxe HMOBIPHO, IIO HA
sucotax 100 >h > 50 km atmocdepa ayxe 0ilHa Ha KMCEHb,
MOJIEKYJsIpHA Bara sikoro Oilbliia 3a MOJIEKYJISIpHY Bary asoTy; He-
Oe3neyvHi XK LWIBUAKOCTI MaTUMYTh Micue Ha Bucotax 100>k >50.

Mpumitka., HeGesaneunuil nepiog cnycky TtpuBaTime MeHme sx 20
XBaJHH.

3 orasiay Ha Te, U0 HeGeaneyHi WBKHAKOCTI ¥ Kinbka pasiB
NepeBULLYIOTh WIBWAKICTh 3BYKY B MOBITpi, IHTEHCUBHOMY RiSIHHIO
aTmocdepu OyayTh MigAaHi JMlle MNOBEPXHI pPaKeTH, 3BepHeHi
BMepes, a KOJO NOBepXeHb, 3BePHEHUX Haszan, Oyne maiixe abco-
JIOTHA MOPOXKHEe4a B MOPIiBHAHHI 3 TYCTHHOIO JOBKOJHIIHBLOT aT-
mocdepn. 3okpema, B Uil MOPOXKHeYi GYAyTh 3HAXOAUTHCS MeTa~
JieBa CHACTb MOBEPXEHb 1 BCA Kamepa MijoTa, AKWLO if BIANOBiAHO
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PO3MICTHUTH; OCTaHHS Julle Mae OyTH 3axXHuULeHA Bin neperpiBy
BUMPOMIHIOBAHHSM 3aTUJIBHOI CTOPOHU AAaXiBKH.

[MTprOAM3HO MOPIBHSHHS MOXJMUBHUX KiIbKOCTeH BiflaBaHOI
i oJepKYBaHOI MiATPUMYBaAbHOI MNOBEPXHEW TEMJIOTH MPOMOB-
Jsi€ 3a Te, UL0 LIAKOM MOXJHMBHUH LWACJAHUBHA CNYCK paxeTH Ha

3eMa:0 3 norauleHHsIM LUBMAKOCTH MNOBOPOTY, NOYMHAIOUYM 3

w - e
V=7909 m/cex= N :MOTYXKHICTL poBOTH, BUKOHYBaHO! pa-

KeTol Hajg atMmocdeporo [HesanexHo Big HeTOUHUX dopmya (17)
i (15)], nocsirae makcumymy @ koso 3 p. 10** epr/cex Ha 1 M?
NiATPUMYBaabHOT noBepxHi npu ¥, xonao 4500 m/cex. 3 uiei no-
TYHHOCTH B CTOPOHY NiATPUMYBaJbHOI MOBEpxXHi O6yne BUNpPOMi-
HIOBATUCS MeHlIe gK noJjioBuHa @ < 1,5 p. 10 epr/cek, Tomi K
apyra, OGiabia yacTthHa Oyjae BUIPOMIHIOBATHCH CTHCHEHUMH
00’éMaMu MOBITPST B APYTY CTOPOHY — B MPOCTip, KLU0 MpH-
NYCTHUTH, U0 3& YacC, KOJM NMOBIiTpA nNpoiiLe NoB3 NoBepxHi pakeTtH
(B HaiiGiabw Hede3neyHuil nepiog MoALOTY 1ieit yac Oyae He
Ginbwui sik 0,002 cek.), BOHO BUNPOMIHIOE YACTHHY CBOTO TeMJa,
110 1OPiBHIOE ¢Q, Ae ¢ — 3aranbHa KiJlbKiCTh HAOYTOrO HUM MiJ,
Yyac CTHUCKAHHA TeMJa, TO Ha MiJTPUMYyBalbHY MOBEPXHIO Mpunaje
He Oinblle §K
qQ, < 1,5pq10!* epr/cex (40)

NMOTYXKHOCTH BHUIPOMiHIOBAHHY.

3a dopmorw Credan-boasumana, {HTEHCHBHICTB BHIPO-
MiHIOBaHHSl aGCOMOTHO 4YopHOro Ttima jpopiBuwoe 0,57 T+ epr/cex
Ha 1 m? moBepxHi. Mu Gepemo TyT abCcoMOTHO YOopHe TiNno, 60 B
nonepeiHbOMY BUMAJKY MPUNYCKaAX MOBHE MOTJMHEHHS MPOMEHIB
MiATPUMYBalbLHOK NOBEPXHEW; BMAWBAIOYX OJHAKOBO Ha IO-
IVIMHEHHS 1 BUIIPOMIHIOBaHHS, Koedili€eHT NOrJAMHEHHS AJa8 Hac
Tenep poJi He Binirpae. fxuo npunyctimo p=200 kr/m?, uio €
NMpUGAU3HUM, AOCUTHL IMOBIpHMM paHuM, i T=3000°=2730° L|
(3HaYeHHs1, OJM3bKE 10 MOKJWBOIO I'PAHUYHOIO MaKCMMyMY), TO
BUSIBUTBLCS, 10 MOTYXHICTh BUNPOMiHIOBAHHA 1 M? miaTpUMyBalb-
HOT TMOBepXHi B O0OWABI CTOpOHM Morda O JOCATTH 3HAYEHHS
9,2:10'* erp/ceK, Toli 9K NOTYXHICTb BOUpaHOI eHeprii Oyxe He
Ginbia sk 3-10'%q epr/cex [dopmyna (40)]. Cyasiuu 3 ToOro, mo
rasu B UMJIHIPAX PYLIiiB BHYTPIWHOrO 3rOpsAHHA 32 Uac MOpSiKy
0,1 cek. BCTUIralOTh BigaaBaTH CTIHKAM TilbKU MOJOBUHY CBOE€I
TeNM0TH, MM MOXeMO OYTH MEBHi, WO BeJUUUHA ¢ Ma€ 3HAYEHHS,
BUpaxeHe He Giapliue ik COTMMM YaCcTHHaMM OAMHMLI. Takum uu-
HOM MM OJEpPIKYEMO LY¥Ke BeJuKHii 3amac, o0 3MeHWUTH T =
3000 i 30iabWIATH HaBaHTaXxXeHHS noBepxHi p=200.
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Ocb apyre oOYUCAEHHS TeMnepaTypH NiATPUMYBAJILHOI
nogepxui: 3a gopmyaoto (37) nas wBUAKOCTH 4,5 kM/cek (Oe-
PEMO L0 WBHIKICTb, K Taky, U0 1a€ MaKCHMyM polOTH Onopy)
Temaepartypa ajaisitarnyHo CTHCHEHOrO MpPH MOYaTKOBIH Temre-
patypi 0° Ll nogiTps T,=1800°. Tomy, 10 MiATPUMYyBaJbHA TO-
BePXHA LIJIKOM BOMpaTHMe TEMJIOBHIPOMIHIOBAHHS 3 OJHOro 6o-
Ky, & Cama BUNPOMIHIOBATHME — 000Ma CBOIMU CTOPOHAMH, i TO-
MY, I10 KiJIBKiCTb BUMPOMIHEHOIO Temaa mMae LO0PiBHIOBATH KiJb-
KOCTI YBiOpaHOTO, MH MAa€MO PIBHIHHS aT‘l‘ o T g’

a1e e i b — KoediuienTH, nponopuiiini 10 KoedilieHTIB moOriau-
HCHHY PO3:KapeHHX rasie Ta NiATpHUMyBaabHOI noBepxHi, i T, —
UIyKaHa temneparypa uici nosepxui. [lpunycTusBid a=»5b i nig-
ctasuBwn T,=1800°, snaxoaumo T,=1500° =1227° 1l. B nii-
CHOCTI KoedillieHT MOrJaMHeHHd y TBepioro Tina Oyae Ginbwmi,
HiX y rasyBaroro, a tomy T, Gyie me MeHWHM. 3 TONepegHix
ofuKc/leHb BUXOIWTbL, 1O OGJMYKOBAHHS NiATPUMYyBalbHOI MO-
BepXHi Moxe OyTH BUTOTOBJEHE 3 MOPLESHOBOT al0 KOPYHA0BOI
AaxiBKH,

[licag roro, sik WBUAKICTL pakeTH cnajgae io V,=2000
M/ceK, Bcska HeOesnieka neperpiBy Bignamae [auB. dopmyay
(33) 1 ¢ir. 4]. Jlasbwa BTpaTa HWBHAKOCTH BiaOyBaeTbCs TakK
CaMO ax A0 TOTO MOMEHTY, KOJH pakeTa ONMHWUTLCS Ha BUCOTI
1-2 kM Han piBHeM 3eMHOi nmoBepxHi. A ul0 3a3faneriib TOUHO
OOYMCINTU MICLIE CNYCKY He BAACTHCS, i MpU Mepliux MoAb0oTaX
He MoxkHa Oyje CKasaTH Hanepei, 4d CNYCTUTHLCH paKeTa Ha
Mope, 4d Ha CYXOoXiJa, To OesrnocepejHe MPU3EMICHHS TPU LWIBHJI-
KocTi V', KilbKOX JecATKIB M/ceK 3B'93aHe Oyno 6 3 Hele3nexomw
A KUTTS NIA0TA; TOMY pakeTa MOBMHHA MATH AJS 3aBepLUEeHHS
CNYCKY nmapawyT. JKuo MoXHAa Matu 3 cof010 napawyT LOCHTb
BEJAUKOT NMJOLLI, HA HLOMY CNYCKAEThCH BCH paKeTa, a AKILo na-
palyT He 3aHAATO BEJUKHI, TO HHM KOPUCTYETLCSA JULIE MiNOT, a
paxkeTa npH3emIeThCa cama. Koan Micue Cnycky MpHXOIHTHLCH
HA MOpe, TO PAaKeTy MOXHA CAIUTH Ha BOAY 0e3nocepeiHbo 3
A60Ty. B TakomMy pasi, 1100 3MeHIUTH CTPIMKICTb CIYCKY, a 3HA-
YUTb i MOWTOBRX Mij) yac NMpHUBOAHEHHY, 3a3laferiib Ha BUCOTAX
10-20 kM Tpefa 3MCHUIUTH KYT ATAKU MiJTPUMYBAILHOT MOBEPXHI,
NMOBEPTAOUM XBOCTOBHILE HA MeBHUH KyT ponusy. llIBuakicTs
NpUBOIHeHHs (mo3ema) MM Oyne 306inblueHa, aje MOWTOBX 3MeH-

ILIEHHH. ¥ BUMAAKy MaHeBPYBAaHHA B MOBITPi, SKe € KOHEUHUM NPH
CMyCKY Ha MOpe, XBOCTOBMILE abo camuil XBiCT Tpeda KOHCTpYIO-
BaTU Tak, U100 HUMH MOXKHa OyJ0 KepyBaTH 3 KaMepH nijora.
3 orag4y Ha MOXJMBICTh CNyCKy Ha Mope pakera Mae OyTu 3a-
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GesneyeHa BCiM 151 yCMILIHOrO IMJaBaHHA: HAa Hiil Mae 6yTH BiT-
pusio, wWo Hazasamo 6 iff CTifikocTH Ha BOAI, SIKWO TOTPiIOHO,
HEBCJMKMIl 3anmac najuBa y BHUIASLI CKpanaeHoro OOJOTSHOrO
rady i JErkuid MajonoTyXHWil moTop. 3 uMmu 3aco6amu, KOpH-
CTYOUHCh nacaTamMd, pakeTa MOXKe JiCTaTHCA 10 HaHOJHXKuol
3eMJli 3a He AyKe LOBruil uac, Ko padiwe ii He nmigdepe AKuii-
HeOyab kopabenn. 1106 oOmerwMTH naaBaHHs, MiITPUMYBAaNbHY
NMOBepXHIO TA iH. Tpeda BigkuaaTH ado K po3CHpaTH # CKJIALATH
B Kamepy.

[[1o6 noracuTu onopom aTMmochepy BCIO WBUIKICTL MOBO-
pOTY, BUXiJHe MOJOKEHHS Mae OyTH TAKUM CaMHUM, K i B mep-
oMy Bunaiky (AuB. cTop. 61). bynoBa pakeT -— TakoX, 3rij-
HO 3 MONEepPesHiM, 3 A0LATKOM TOr0, WO ii MiTpUMyBa/JbHa NO-
BEPXHA Mae 3MIHMTH KyT ataku Bia +40° n0o -40° i 3a0esneyena
ABTOMATUYHUM MEXAHI3MOM, 110 CTAaBUTb Ii MIA AOAATHIM KyTOM
aTaky, KOJH PAKeTa 3aHYPIOETLCY B raUOWI BepCTBU aTmMocdepy,
Mij HYJbOBHM, KOJH PAaKeTa JeTHTh napajdenbHO 3 3emrero, i Bij
BiJ€MHUM — KOJIM, BiAAanaslouHuCh Bif 3emdi, ONMHAETLCS B pill-
wnx BepcTBax atmocdepn. Llefi mexaniam Moxe KepyBaTUCH
TATJIOM Bijl CNelidAbHOT HeBeJHKOi MOBepXHi, BUCTABJECHOT Ha30B-
Hi NepPHeHINKYAAPHO 10 pyXy pakeru. Komu 3ycTpiuHe THCHEHHS
atmocdepd Ha L0 MOBEPXHIO 3POCTAE, MEXAHI3M TOBHHEH MiSAATH
B OJHY CTOPOHY — RABATHU MiATPUMYBAJbHIA NMOBEPXHi AOAATHIA
KYT aTakHl; KOJH K 1€ TUCHEHHS Crajaae, BiH NMOBUHEH AiATH B
3BOPOTHY CcTOpoHy. Lllo® He migzaBatH MiHHIO aTtmocdepn 3a-
TH/IbHY CTOPOHY NiATPMMYBaJbHOI MOBepXHi, MOXKHA 3aMiCTb ja-
BaTH 1i Bil’€eMHHMH KyT aTakH, 3MYLIyBaTH MNepeBEPTaTHCH BCIO
pakeTy AO0BKOJA il MOB3JOBXHbLOI OCI.

O0epeXHO, HEeBEJMKHMMH CIOBU/IbHEHHSMH B TO4YLi Haii-
OinpUIOro BigaaseHHsl BUXiZHOro ejincy, opdita pakeTH 3BYXKY-
€ThCA, IPU YUOMY TOYKA HANRGIALWOrO 30JMKEHHS BCTYNAE Hapeul-
Ti B Mexi armocgepu BiauyTHOI ryctunu. Lleit BcTynm mae Bil-
6yTHCA HA Takiil Bixmani Bia 3emMHOi moBepxHi, ol pakera OyJa
LITKOBUTO rapaHTOBAHA 3 ypPaXyBaHHAM MOXJHMBHUX HETOUHOCTEH
B KepyBaHHi Helo i y BM3HauyeHHi paHUX 11 opOiTH Bij neperpiBy
npy WBUAKOCTI i 10 11 xkm/cek. Bix wiei BUMOrM 3a/jeXuTh 1 BU-
Oip oceft BuxigHoro ejincy (uMm Oilblla BiCh MCHLUA, THUM TOY-
Hillle Moxe 0yTH ofYMCIeHa i TOHWA nepecyBaHa A0 3emii Touka
HalOMMKUOro 36JMKEHHST — 30KpeMa TOMY, L0 THM MeHLie Oyae
BUSBJIATUCS 30yprotode JistHHg Micdug, sate TMM Oilblly yacTH-
HY Wk  JLOBeleTbCs 3azjajeriib MOracHTH HUCTO PAKETHUM
cnocoGoM). Bixn MOMeHTY BCTYIUVIEHHS [IiAbHMLI HaHOinbWIOro
30JMXKEHHA B PO3piAeHi BepCTBH arMocgepH paxkeTa MOYyMHaE
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MPOXOAUTH TPAEKTOPIIO, LiNKOM aHaNOTiuHy 3 TpaekTopielo mo-
nepeaHboi (30BHIWHLOT y BigHOWeHH] 10 atmocdepu) ¢asu no-

BOPOTY NpPH noralleHHi onopy atmocdepu + a J0 nepe-

w
V2
X04y Ha KoJioBy opGity (auB. cTop. 67), 3 Tiew pisHULelO, 10
CMOBiNbHIOBAYEM HA JiAbHUUI HAGiAbIIOro 30aMkKeHHS Oyle He
pakeTHe JIisiHHSI, & OMnip pOo3pijlKEHUX BEpPCTB aTmocdepy, o iX
pakera rnepeTruHaTHMe MOBTOPHO KiJlbKa pasiB NpH yMMpas MeH-
Wit BesMKiil oci 11 opGiTH. ABTOMAaTHMUHO-3MIHHUI KYT aTaky mijl-
TPUMYBaJbHOI MOBEPXHI BiairpaBaTHMe TYT Taky poJio: NpH 3a-
raudaenHi B atmocepy, KOMM TUCHEHHS Ha KOHTPOJBHY MOBEpX-
HIO 3pOoCTaTHMe, KYT aTaku A0AAaTHiN, i migTpuMyBajibHa NOBEPX-
HS CBOIM iSIHHSIM MepellKo1Kae pakeri 3dmmxatncs 10 3emali —
cTpHMye 11 B Oifbll PO3PilxKeHUX BepcTBax aTMmocdepH, Hix Ti,
y siki 6 pakera B NMpOTHUBHOMY pasi nmpoHukaa. KoJH pakera no-
YMHAaEe BUXOAUTH 3 aTMOC(epH i TUCHEHHS Ha KOHTPOJbLHY MO-
BePXHIO CMANa€, KYT aTaKW Bil'€eMHUIA i MiaTpUMYyBaJ/bHA MOBEPXHSA
NnepewkoayKae paketi Bignansitucs Bia 3emai -— UMM jocdra-
€ThCH BUXil i3 aTMOCGEpPHUX BEPCTB Mijl MEHWHM KYTOM i BCTYN
y HUX | He Take rauboke 3apuUBaHHSA B atMmocdepy miji yac Ha-
CTYMHOTO NPOXO0JKeHHS AiMbHUIL Hafbinbloro 30auKeHHs. Takum
YMHOM 3MiHHMM KyTOM aTaKu MNiATPUMYBasbHOI MOBepxHi L0CA-
raeThCs BiggajseHHs Big 3emai B HalOLIbl pO3pijJXKEHi BEPCTBH
aTMocepy AiNbHULLE HAHOGIIBLIIOro 30JUMKEHHS, TMOUKMHAIOUM BiX
nepworo Bctyny opbiTh B Mexi aTmocdepn Bif4yTHOI I'YCTHHH
i 10 mepexoiy pakeTH BHACJAILO0K CHOBIIbHIOBaJbHOTO JisTHHSA
aTmocdepy Ha KOJOBY (BJAaCHe cripajbHy) OopdiTy, WO BXe LLiJ-
KOM JIEXKHTh y MexXax atmocdepu, Micas 4oro ALajblIMA CNycCK
BiAOYBAETHLCH IIIKOM TOTOXHbLO 3i CMYCKOM MpH NOTallEHHI
WBHAKOCTH MOBOPOTY OMOPOM aTMoCgepH 3a nepluM crocodoM.
Takum YMHOM 3a APYrHM CHOCOGOM MH MOTAlWyEMO OMOPOM aT-
mocepu He 7909 m/cek +a ,a 1l 185 m/cek — g, e 8 —
paKeTHEe CMOBiMbHEHHs, BUTpauyBaHe 1as nepexoay 3 Tc Ha
BUXiAHMI eninc i HA BBELEHHS TOYKM HaHOIAbLIOro 30JMXKeHHS
BUXiZHOro enincy B Mexi armocdepu. § — BeJWUYMHA, 9Ka Te-
OpETHYHO MOxe OYTH CKiMbKM-0yAb Manolo, NMPakTHUYHO BHM3HA-
YAaEThCH TOUYHICTIO KEPYBAHHA PAKeTOK i TOUHICTIO OOUMCIEHHS
JaHux 1i opdity. IpudansHo, BBaxawyu rpy0uHy atmocgepu 3a
Mi3epHY B MOPIBHSIHHI 3 pafilocoM 3emii

_'/ R _'/_..__r
g = Z?Rg (1 I‘+I‘1) +
'/ R '/ Ty _'/R )
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Ae R — panioc 3emni, r, — Bigjganb Bija ueHTpa 3eMJi TOYKH
Haio0iNbWIOro 30.MMXKEHHSA (Tepurer) BUXiTHOTO enincy, r — Bif-
NoBifHA BiACTAHL TOYKHM HAROIALLWIOrO BiggajeHHs (anoremw).
[Mepwmii ynen aBasie co60W pakeTHE CMOBiNbHEHHA, NOTPIOHE AJA
nepexoay 3 Tc Ha Buxianuil eninc, Apyruf ujeH — CrnoBifb-
HEHHS, MOTPidHe A4S BBELCHHS B MEXi aTmoCthepH nepHrerd BH-
xigHoro eaincy. Akuio, npunycTumo, NpUOAN3HI AaHi r,=2R i r=
20R, To oaepxumo g Koao 0,05 \/ 2Rg =0,05w=xon0 550
Mm/ceK. TakiuM YHHOM MM 3MOKEMO NMOTACUTH ONMOPOM aTMOCGHEPH
3 WpuacTuny, wo aopisHioe 10630 m/cex, i W Toai nopiBHIOE
12550 m/cex (nuB. cTop. 61).

PO3AOITJ X

MDKIIVISIHETHA BA3A 1 PAKETO-APTH/IEPIMCHKE
NNOCTAYAHHA*

LIsuaxocTi, MeHuUi 3a MOJOBHHY WBUAKOCTH BHUIUIMBAHHA
u 3aCTOCOBYBaHOI XeMiuyHoi rpyn#, T00TO, npubGAu3HO, WBHA-
kocTi 10 2500 m/ceK, SKWO BUK/IIOYUTH HAa(TO-NIOBITPAHY rpymny
(auB. cTtop 24), €KOHOMHiWI UI0A0 BHTpPAayaHHS PEYOBHMHH i Ma-
TepisiNiB (Ha NMpeimMeTH m,) MOXHA PO3BUBATH APTUJEPIIICHKUM
CrMoco00M, aje /0 1MHa He3Li0Ha NMePeHOCUTH apTUIepPilHChKi MpU-
CKopeHHd. TuM 1O 0axano 0yn0o 0 BCTAaHOBUTH JOCTaBY 3apary
I BCiX NpeAMeTIB MacCUBY, SIKi MOXYTb NEPEHOCUTH 0€3 KON AJS
cebe NPUCKOPEHHS B Kinbka THCSY M/Cek (npH BiANOBiZHOMY yna-
KOBaHHI — BCe, KpiM Mpeuu3HuX NpuaaLiB), y MDKIUISIHETHUH
NPOCTIP PaKeTHO-APTUIAEPIHCLKHM CNIOCOGOM OKPEMO Bij JOAUHM.
PakeTHO-apTHAEPIHCEKMM TPAHCNOPTYBAHHSAM BaHTaXiB y MiX-
TMIAHETHUH MpOCTip MU 3aouiaixyBaiu 6 1o 50% pe4oBUHH 3a-
psaay. Tpyaricte noaiGHoro cnoco0y NOCTa4YaHHA TMOJArae B
TPYAHOCTI pO3WYKATH B MPOCTOpi Take BiLIHOCHO Mi3epHe TiJo,
K BUNylLleHa 3 3emai HaOiii-pakera. Ha To#l yac, xoan noaboTH
Bl,&ﬁyBaTHMYTbCH OibLI-MEHLL peryJIsipHO, MOXHa 3aNpOnoHyBa-
TH OMUCAHMH HUXKYe Croci0 Tx opranizauii i nocTayaHHiy, wWo Aae
3HA4YHY €KOHOMIil0 MaTepisJibHMX 3aco0iB.

* ABTOp, Ha XKanb, HE MaB Mif pyKamH JOBIOK NpPo 30pOBy CMpo-
MOXHICTb CYHACHHX TEJECKONIB | NMTAHHA NPO CHIHAN3aUil0 Npu “paKeTHo-
apTHiepiicbKoMy rnocravanni” MyciB ONpaubOBYBAaTH HAa OCHOBi He 30BCIM
BIPOTiAHHX AaHHX, AKi HoMy 36Geperia nam’aThb.
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I3 3emni BuUCUMaEThtA pakeTa BeJUKOT Macu 3 3amacoM ak-
THUBY, W06 po3BuHyTH W Koao 12000 m/cek. KiHnesa maca Mk
1iei pakeTw BHACAifOK mMeHIWOT Bumaradoi W 6yae B \/#n1 pasis
Oinblua Bij Tiei KiHUEBOT MacH, Ky mMoraa 0 martu pakera Tiel X
macu M,, ane obuMcieHa A9 MOALOTY 3 MOBOPOTOM Ha 3emtio
0e3 norauweHHsl UWBUAKOCTH MOBOPOTY CHOPOTHBOM aTmocdepH
(auB. ctop. 21). lg pakera crtae cynyTHUKOM Micausi 3 Taxkomw
no 3mo3i Gibwolo opditor, Wod TiNbLKU He miglaBaTHCH Hebes-
neui OyTH HA3a4 NPUTIACHEHOO 10 cefe 3emJelo, Micas YOro BOHA
pO3ropTac BeJMKY CHI'HAJbLHY IJIOLLY 3 MaTepisnom, L0 MaE AK-
Hafibinblle BiAHOWIEHHS BiAOMBHOT 3JaTHOCTH BUAMMHUX NPOMEHIB
JLO Baru Horo kBajapatHoro merpa. Po3ropHeHa mnaouia Moxe po-
CATraTH COTEHb TUCAUY KRAAPATHUX MeTpiB, 60 npu rpyOuHi maTe-
piaay 0,1 MM i a0COMOTHIA WIMBHOCTI, WO AOPIBHIOE OAMHHULL,
I T fioro nae 10000 M*; 110 MIoWYy JErko 3MOXKYTh BLIPIZHATH
i poswykyBaTu 3emHi odcepparopii, Koo uiei curnaabHoi naouti
i Mae OyTH CTBOpeHAa MiXILISHETHA 6a3a JJSl NoJbOTIB MO COHSY-
Hili cuctemi. HasBHicTs $a3M, He3asneHO BiJ pakeTo-apTuiepiii-
CbKOT0 NOCTAaYaHH{, AaCTh TY BEJIMKY BUIOJAY, 110 MU HE MOBHHHI
OyLeMO TMig 4ac KOXHOro NoJbOTY TPAaHCNOPTYBATH 3 3emai y
MDKIVISHeTHUH NPOCTip i Ha3aj MmaTepidnd, iIHCTPYMEHTH, MallH-
HHM i JIofell 3 KaMepamu AJS HUX, a TaK0X He MOBHHHI Oyjemo
i xugatn Oyib-ne mpeiAMeTH MepunxX KaTeropiil, uod He BUTpa-
YaTHCS Ha 3BOPOTHY iX A0CTAaBy Ha 3em0. Marasud 3 yciM uum
Oyae Ha 6asi, a momboTu 3 0asu Gyab-KYyAM i Ha3zaj BUMaraTH-
MYTb MaTepisibHUX BUTPAT y +/#, PasiB MCHWMX, HiX TaKHit
camMMid nojiTt i3 3emai. Paketn 3 3emni B MIXKMISHETHUH NpPoOCTip
OYAyTb BUCHJAATHCS JHLIC JJISl 1OCTAa4aHHd 6asu i 3MiHM uepe3
OlnblIi YW MEHLII MPOMiXKH 4acy oaHici Opuraau Jjiei 1pyroio.
Ko x ypacTbcsl HaJTaAHATH paKeTO-apTHIAEPifichKe MOCTayaHH4,
TO MOHaL Te MM 3aowaixyemo kojao 50% BUTpaT Ha JLOCTABY
MaTepPIIiB ¥y MiXKIASHETHUI npocTip Ha 6asy.

Cnepwy Ha 6a3i maioTh OyTH:

1) moxm — miHiMmyM 3 oco0M 3 KaMepolo Jil HUX i BCIM
KOHCYHUM AJ iX ICHYBaHHS;

2) noTyxHuit Teseckon (pedaexTop, WO MOKe OYTH Jer-
UMM [IPH TOMY CaMOMYy RisiMeTpi);

3) HeBesqMka pakeTta Ha 2 oco0M i3 3anacoMm mnajuBa Ha
W =2000 m/ceK i 3 1BOMAa TeJECKOMAaMH TMOCAiOBHO MEHILOT CHJH,
asie OIILLWIOrO MOJIA 30py, SIK BeJIUMKUI Teaeckon 6asu.

HIo6 3anobirty XuUTaHHaM ©6a3d, SKi MOXYTb MEpeuiKo-
JUKATH CMOCTEPEKEHHSIM Y BeJUKHIT aCTPOHOMIUHUI IHCTPYMEHT,
Mmacy ii Tpeba MOAIIMTY HA YOTHUPW YACTHHH, PO3MICTHBLIM IX 1O
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BepIUKaxX TeTpaejnpa i 3JyuUBIIM MK cOO0K0 amoMiHieBUMH cep-
MaMH (BEeJMKOI MIILHOCTH, a 3HAauyuThb i BEJMKOT MacH Big uUuX
depm He moTpidHO, 00 HiAKiI 30BHiWIHI CMAM Ha 6a3y He IiATH-
MyTb | CHJA TSXKiHHS B Hill He BiguyBaTHMeTbCsl). CKOHCTpYyHio-
BaHa TAaKUM CroCOOOM 0a3a MaTUME HE3PIBHAHHO OiJbIUMA MOMEHT
iHepuii CynpoTd KOXHOT oci i BignoBigHo Oiabliy CTiAKiCTb y
npoctopi. Akmo Ha moasx 6yae TIKKO MO3HAYATHUCH TpHUBaa
BIACYTHICTL MO3ipHOT Baru, TO 3rojOM 3 OMNUCAHUM TeTpaeipoM
MoOxe OyTH 3B’Si3aHa JMLIe KaMmepa AAS CIIOCTEpPeMmCeHb Yy TeJe-
CKOM; XUTJIOBE X TPHUMIilleHHSI MOxe OyTH BJALUTOBAHE OKPEMO
i 31yueHe JMHBOW 3aBAOBXKKH HA KiJlbKa LECATKIB MeTpPIiB 3 NPOTH-
Baroio. Ko wii cuctemi HajgaTyd o0epTajbHUIl pyxX AOBKOJA
CNiJILHOTO LLeHTPY Baru, To 3’IBUTLCS A00CEpPeIHE MPHUCKOPEHHS,
sike Oyle BiguyBaTHCS TaK CaMo, SK CWJa MPUTACAHHA Ha 3eMii.
LIo6 HazaTh XKUTJIOBOMY IMPUMILLEHHIO SKHANGIIBLING 06'eM npH
Tiif camiii maci, Tpeb6a no 3mo3i 0OHU3UTH THCHEHHA NMOBITPSA BCe-
penuHi itoro. Jas ub0ro ¢Aif nepeBecTu A0CAiaH 3 nepe0yBaHHAM
JIOAEH y TOBITPI MEHLIOT F'yCTUHM, HIXK Te, AKMUM MM AMXAEMO,
aje 3 OifblIMM BiZCOTKOBHUM BMICTOM KHUCHIO.

38’930k 3emai 3 0a3010 3AiACHIOETLCS Yepe3 CBITAOBI CHUr-
HaMM — pedeKTOpa BeIUKOl CHJIM 3 MajJUM KYTOM PO3CisIHHH,
BCTAHOBJEHOr0 HA 3emJi B MiClli, Bitomomy 0asi; CUrHanu LbOTO
pedaekTopa MawTh OYTH MOMITHUMM Y BeJIMKMI Teneckon 0asu.
3B’s130K .6a3u 3 3emaeid Moxe OyTH 3TIHCHIOBAHHHA 3 AOMOMOTrOK0
JIErKOI0 METaJIeBOro jA3epkasa BeauKol MJouli, CKepOBaHOro Ta-
KAM YHHOM, 100 COHSILUHE MPOMIHHS BiAOHMBAJOCS B HaMNpsMi
O6yab-sikoi 3 obcepBatopiit 3emnai. [laouma muporo p3epkana He
NMoOBUHHA OYTH 3aHAATO BEJMKOW, 1100 CUrHaau OyJau MOMITHI Y
BEMMKUH TeJIECKOT.

anMlTl(a. paLLIOHaJIbHa KOHCTpYKI],ISI A3€epKaJa: TOHKHH ,H,BepKaﬂbHHH
MeTaJeBui apKyi, HAaTATHEHWN Ha JIEFKY MeETaleBy lepaﬂ}OMlHIEBy CHACTD.

Paketo-aprunepiiicbka pocTaBa BaHTaxiB Ha 0a3y nepe-
BOLMTLCS TAKHM CNOCOOOM:

Y nosiaomaenuit abo 3azjaneriib YMOBJEHHH 4ac 3 rap-
MaTH, npo Ky MoBa Oyae pani, poOuTbes 3 3emai nocTpin HAboeM-
pakeTol i3 3anacoM nocrtadaHus jaasg 0asu. [loaitT nHadog-pakeTH
0GUUCOETHLCS Tak, ulod BoHa Bayuyuaa B 0asy. Tomy, uio B aiii-
CHOCTI Taka TOYHICTb HEMOXKJNBA, WIIAX pakeTH nepeijie Ha
Bigaani TMcsiy abo W COTEHb KITOMETPIB Big 0asH. BixHoCHA wWBHA-
KiCTh pakeTH i 0a3u B MOMEH?T iX HaAfi0i1bwIoro 30/JUIKCHHS Mae
6y TH HalIMEHLLIOW, OTXKe, MOMEHT HaHOIbLIOro 30/MKEeHHSI pake-
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TH 10 0a3u Mae 30iraTUCst 3 MOMEHTOM HaASINLWOro BigLaNeHHS
fa3u Bij 3emni. OpdiTa pakerTH BiiHocHO Micsius mae 6yTH rinep-
OOJMIYHOIO 3 SIKHANMEHWHNM KYTOM PO3XMJY aCMMITOT. 3 MOMEH-
TY BHCJAHHA pakeTH yac Bij yacy aBTOMATHYHO NMOJLAETbCH CBIT-
JOBI CHIHAJM, 32 SAKi MOXYTb MPaBUTH BUOYXH CYyMILIKM MarHiwo
i caniTpu. Ilepiox Bix curuany no curxany mae 6yTd Takuii, 1,00
3a el yac pakera He MorJa BUITH 3 MOJS 30py BEJUKOro TeJje-
ckona 6asu, 60 B pasi yrpaTu HUM pakeTH 3HailTH il 3HOBY 6yn0 6
HEMOXKJUBO IHAKILIE, K 3 ACOMOMOro0 uiacadsore Bunaiaky. Ile-
peidwoBlH Jj HaOiil-pakeTa aBTOMATUYHO PO3TrOPTAE CUIHAbLHY
NOBCPXHIO 3 Jerkoi 0ifM0i TKAHUHM, AHAJNOTIYHY A0 TaKOoi Camoi
NoBepXHi 0a3u. 3 MOMEHTY MOCTPiNY BeauKuil Teseckon 0asu, 3a-
3JaJeTilb CKePOBAHUI B TOYKY, 3Bi1KM Mae OyTH 3podaeHuit no-
CTPiJ, HE BUNYCKAE 31 CBOI'O NOJSA 30PY PaKeTy, CAiLKYIOUM 3a Helo
no if curuajax Ha npoTaA3i Jj, a Aani — no curuagbHii naowi. 3a
IESIKHI vyac nepel HaHOiMbuIMM 30/MXKEHHSM Halos-pakeTH RO
0asu, KoJau nepmwy BxKe Oyjie BUPA3HO BUJAHO Yy GiJbLIMIA 3 ABOX
iHCTpYMEHTIB, 110 € Ha 0a3i pakeTH, U5l OCTaHHS CKePOBYETLCH
Ha3yCcTpid HA0OSI-pakeTH, 36MIKAETHLCA 10 Hel i, 3BiBIIM BiIHOCHY
WBUAKICTh A0 HyJS, 3akpinasie i Bege g0 6asH, KOPHUCTYIOUUCH,
SIKLIO MOTPIOHO, HAsiBHUMM HA HaOOI-pakeTi 3anacamu NaJjausa.

Tomy, wo Ha Haboi-paxkeTi MawTb OyTH HLesKi npuaaiu
Ta MeXaHi3Md, B CKJAAHOMYy BUIVIAAI HE3LAaTHi NEePEHOCHUTH NpPH-
CKOPEeHH# B KiJIbKa 1eCATKIB TUCSY M/CeK?, rapmaTa AJs BUCTpileH-
Hs Ha0Of-paKkeTH MOBMHHA MAaTH BEJHKY LOBXHHY, NpUOJIM3HO Ha
2 kM. Ilpy Takiil 10BKHHI HEOOXiAHA BeJMYMHA NPUCKOPEHHS Cna-
npae npudoansHo go 100 g. CrneuisiibHO OOYMCACHI MeXaHi3MH Ta-
KOro NPUCKOPEeHHS BUTPHUMATH HE MOXYTb. 3a rapMarty Moxe
NpaBUTH TYHeAb Y TBepAill kam’aHilt mopojai; mod HagaTth py-
X0Bi Halos-pakeTH CTPOroi MNPAMOJIHIAHOCTH B3L0BXK BCbOI'O
TYHEJNIO MO KBaiPaHTax MawTb OYyTU MPOKIAJNEHI 4OTUPHU CTa-
paHHO BHBipeHi cnpsMOBYyioui MeTanesi wradu, a o6pobka npo-
MIKHUX NPOCTOpiB MOxe OyTu i pocuTh rpydo. 3aBAsKu Be-
JUKid BOBXKMWHI rapmMaTy i BiINOBiAHO MEHLIOMY THCHEHHIO ra3iB
y HiH, HIXX Yy CyYaCHHX apmnepiﬁc‘bxnx rapmarax, i 3aBASIKH
BeJMKOMY MONEPEYHOMY NEepeKPOERi MPOPUB rasiB Kpisb WiMMHY
1-2 MM, MiX CTiHKaMH TYHENIO i rapmartolo, He Oyjae 3HaAUHUM
Yy NOPIBHAHHI 13 3aranbHOI0 iX KiMbKICTIO.
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PO3OIJ X1

KEPYBAHHSI PAKETOIO,
BUMIPIOBAJILHI TA OPIEHTYBAJILHI TPUNAIU

[y kepyBaHHfl pakeTOl Ta OPIEHTYBAaHHS KOMAaHAM Ma-
I0Te OyTH Taki npuaaiu:

1. Tlokax4uK NO3ipHOrO BCEPEAMHI pakeTH TAXiHHA, MO-
6yn0BaHWi 33 NPUHLUUNOM MPYXKMHOBOT Baru 3 NOYENAeHHM TArap-
LeM; BKasiBHa CTpiika 0e3nocepeiHbO MOKa3yBaTHME BeJHYHMHY
no3ipHoro TsKiHus. Jo nokaxkdyuka mae OYTH NPUIALWITOBaHMH
obepToBuit 6apadaH 3anucyBaTH #Horo nokasanus. [liowa, 00-
MeXeHa BUTBOPEHOI KPUBOW, BUpPaXaTHME

t
S Go —jpyde =w —Jlc.

3 UMM MOKaXKUYMKOM Mae OyTH 3B’s13aHe aBTOMATHYHE KepyBaHHA
BUTPATO MajnuBa, wod npotarom Jj npruckopenHs J, Tpumasocs
BUMAaraHoro 3Hau€HHs, 1o A0pPiBHIOE J max. TaKux MOKAXKUYHUKIB
mae OyTH ABa: ONMH HA BeJMKi NMPUCKOpPEHHS N0 J max BKJIOUHO,
Apyruit — Ha mani Bijg 0,01 1o 10 cm/cex?. Tlepiuunit NOKaxuuK cay-
XKUTHME Ha Jj nig yac BUNyCKy i nix yac nojsoTy, APYrud — KOJH
opOiTa pakeTH BCTYNUTb B aTtMocdepy nig yac nosopoty. Bumi-
PIOBAaHHA TUM CaMHMM Tpuiaaom npuckopers y 1000 cm/cex?
i cnoBiabHednb 0,01 cm/cek® 6yao O HeLOUIIBHUM.

2. Mokaxuuk onopy atmocdepu y BUMISAI BHUCTaBJEHO!
3 paKeTH Ha30BHI MJATIBKM, 3Jy4eHOI TArJaMH 3 BHYTPILHbLOI
YaCTHHOW paxkeTH. BHACAiLOK TepTd B WapHipax Takui npuaaj
A1 BU3HAUYEHHS ONMOpy artMocgepd Ha noyaTky BCTyny B Hel
pPaKeTH 3aMICThb MOKAaXKUMKA MEPLIOTO 3aCTOCOBAHUH OYyTH HEe MO-
xe, 60 B HIM He MOXKe MAaTH A0CTaTHLOI YYTIMBOCTH.

3. INMokax4uk macu pakeTH, 1O Aa€ CBOI MOKa3aHHA 3a-
JIeXKHO BijJ NOKasaHb Npuaaiis, aki 0o0UUCTIOITL BUTPATY NajuBa.
3AYUMBIUM NOKAXKUYUKH APYIWil i TpeTil, MK MAaTHMEMO TOKAXKYUK
CNOBIJIbHEHHA CHJ0I ONOPY aTMoCdepH. 3AyunBLIM UeH OCTaHHIMH
MOKAXYUK 3 MepUIUM, MU MATUMEMO MOKAXYUK BJAACHOIO TMpU-
CKOpEeHHs1 pakeTu f,; i iHTerpan 3amucy OCTaHHbOI'O [aCTh Be-
JUYUHY BHUTpaueHoi W.

Llo6 aBTomaTHuHO 3anobirTy o6epTaHHIO pakeTH LOBKOJA
1 MOB3LOB¥HbLOT OCI, SIKe MOX€e NOCTaBaTH BHACIJOK HANMEHILHUX,
BMNAKOBUX HENpPaBWJILHOCTEH Yy KOHCTPYKUIl pakeTH, B Hifl My-
CUTb OYTU rOPOCKOM 3 BiCClO, MEPNEHAUKYASIPHOIO 10 OCi paKeTH.
Bice uporo ropockona mae 6yTH BiJbHOIO i CBOIMM pyXaMmu Bijl-
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HOCHO TiJla pakeTH KepyBaTH 00epTOBMMM IOBEPXHSMH, MOCTAaB-
JEHUMH Yy ras3oBuii cTpyminb. L1106 HamaTu aBTOMATHUYHOI CTiM-
KOCTH a0 aBTOMATHYHOTO HAMepeji 3aBAAHOr0 O0epTaHHS TMOB-
3/10BXKHIH OCi pakeTu, mae OyTH APYruil rOpocKon 3 BicCio, piBHO-
OIXHOIO IO OCi pakeTH, L0 Kepye {HUIKUMHU MOBEPXHIAMU, Ki o0ep-
TAlOThCS B ra30BOMY CTPYMEHI.

Jdas opientyBanHs ninora mawTe OyTH OnpalboBaHi cne-
LifIbHI THITM aCTPOHOMIUHUX NIPUAALIB | METOAM sSIKHARCKOpille Ta
AKHAHTOUHIIEC BU3HAUATU MiCUC 3HAXOMXKEHHS pakeTw i aaHi ii
opbiTi BigHOCHO 3emai. Lli BuaHaueHHs maioTh HafbiIbUIy Bary
i BUMaramwTb HaHGIALWOT TOUHOCTH Mepej MNOTALICHHSIM LIBH-
KOCTH noBopoty onopom atmocepu. Hlo6 ragaTn ocam pakeTH
O1Mb1I0T CTIiKOCTH Mif Yac 11 BIILHOTO MOJbOTY B O€3MOBITPSIHO-
MY MPOCTOpPi, MOXKHA BXWTH 3aXONiB, aHAJAOTUHMX A0 BKa3aHUX
Ha cTop. 73.

PO3AI1JI XII

3ATrAJIbHI ITEPCIIEKTUBH

OCHOBHMM YMHHMKOM, 1110 BU3HAyae NEPCHEKTHBM 3aBOIO-
BaHHSl CBITOBUX MPOCTOPIB, NPUHAWMHI B nepuuiil AocjaigHid Horo
drasi, e BeaMuMHa HABAHTAXKEHOCTHU Macupy, ToOTO n, 60 LiEO Be-
JUUHHOIO BU3HAYAETHCA €KOHOMIYHA CTOpPOHA CMpaBH, sKa Teope-
TUYHO OCOOJMBUX TPYAHOULB He CTAaHOBMTL. KiJbKiCTb BUTpauy-
BAHOrO TijJ 4ac MOJbOTIB NajWBa, OTXe N NpHOJM3HA BapTiCThb
NoJaLOTIB (MpH yTuJi3aLil npeiMeTiB NponOPLIHHOro NacuBy, AUB.
crop. 24) nponopuiiiHi 10 BeAUuuHU (n-1). ¥ Tabauui (cTop.
22) nojaHO 3HAYEHHS n, IO BiANOBiAaIOTL TMOBHIH TEMIONPOLYK-
THUBHOCT] Pi3HMX XeMiYHMX Ipyn i pakeTHUM LWBUAKOCTAM W ,=
22 370 m/cex i W,=14 460 m/cek. INepuia WBHIKICTL BiaMmOBigae
MOJLOTOBI 3 3eMai B MiXKIVHETHHI npocrip i Hasaxy 6e3 nora-
IIEHH] IUBMAKOCTH MOBOPOTY ONOpoM aTtmocdepH, apyra — To-
MY X Tak¥ NoJbOTOBI 3 NMOraweHHsMm octanHix 7900 m/cek wBui-
KOCTH MOBOPOTYy onopom atmocdepu. o BiAMOBiAHUX AOCHiLiB
MH He 3HAaeMO 3HAaueHb KoediuieHTa KOPUCHOT Ai1 pakeTu i He
3HAEMO TOro, sIKi came XeMiuyHi rpyiid i B gKOMY BifCOTKOBOMY
BiAHOWIEHHI HaliBurignilue sacrTocoByBaTH. [lokuiulo npuitMemo
A NpUbAN3HUX 0OUYNCTeHb 3a CepeliHE AJs1 BChOroO MOJLOTY 3Ha-
YeHHS KoediuienTa KopucHoi iii pakeru 0,8, o € poBoai MMo-
BIpHMM, 3rifHO 3 NPUOIU3HUMH OOUYMCJCHHSIMHU, AKHX MH TYT Ha-
BOAUTH He OyleMo, i JaHUM TIpo poOOTYy PO3KapeHHX rasiB y
pPyWwisaX BHYTPIilUHbOrO 3TOpPsHHA. 3a CepeiHE 3HA4YeHHS IOBHOI
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TEMJIONPOAYKTHBHOCTH mnpuiimemo 3,3 kkaja/r. [lpy uMx paHux
oyaemo matH u=4700 M/cek*; uio NpUOAM3HY BEJUUYUHY LIBHJI-
KOCTH BHUIIMBAHHA 334 BIACYTHICTIO MOKMUUIO MOXJHBOCTH MATHU
BiporigHiwi ii 3HayeHHss MM H Bi3bMEMO 3a OCHOBHY HACTYMHHX
00YHMC/IEHD, MPUNYCKAIOUH, O TTIOMUJIKA NMPU OOUYUCICHHI n HE me-
PEBUILUTL Y TOR 4K iHWHMI GiK MHOXHHKA n:i= . 3 OTASLy Ha
BHsICHeHY HaMH B po3d. VIII BiiHOCHY HE3HAYHICTb LWUBUAKOCTH Jls
MH OyieMO MNpPUNYCKATH Wy =12 000 m/ceK, HEXTYHOUH pi3-
HUI11e10, TOYHE 3HAUEHHS | HABiTh 3HAK AKOi HaM LIe HeBioOMi i aKa,
MalyTb, Oyae Ha Hawy Kopucthb. (JuB. poza. VII).

[Mpu takux nauux i npu 0OGOB'SAI3KOBil yMOBi yTHai3auii
npeaMeTiB m, (B TOMYy pasi, SKUI0 A0BEAETHLCA 3aCTOCYBaTH
KiIbKAKOMILWICKTHY CUCTEMY — JHUB PO3A. V') AJs UUCTO pAKET-
HOTO MOJLOTY 3 3eMJi B MIXKIUITHCTHHIT MPOCTip 3 MOBOPOTOM HA
3emiio Ge3 rnoraliaHis WBUAKOCTH IIOBOPOTY ONOpPoM aTtMmocdepu
mu Oyremo 3a copmynow (4) maTt n=120, To6To KoJo 120
BaroBMX OJIMHUIL MNaJIMBAa Ha OJHY BaroBy OJMHHUIIO KOPHCHOI
Barv, NMPH 4OMY 3HayHa 4YacTHHA MEpPLIOi — Yy BHUIJSAI NJIMKHOrO
KUCHIO ad0 030HY, Apyra 4acTuHa -— y Burasai nianHuaux CH,,
C.H,, Sill,, BH,ioaHa He pyxe MaJja 4aCTUHA, 110 LOPIBHIOE qu,
y BUDJISIAI MeTaneBMX (TOJIOBHO AYpajioMiHOBHUX) BUpPOOIB Hal-
BUUIOI SIKOCTHU: ue npeameTd m,. HalpewesBwa nadgrtoBa rpyna
3apsily MaTHMe 3aCTOCYBAaHHS TAKOXK, afe 3aCTOCYBaHHA L€, BU-
riiHe, He 3BAXalOUWd HA BUMAraHe INpHU Hbomy 30iMbILIEHHS MacH
najnBa, 3HAYHO CKOPUYETHCS THUM, LIO BiIMOBiZHO A0 3POCTaHHA
MacH naJjuBa Mae 3poCTaTh H Maca HalLOpPOKY01 3 BUTPAUYBaHUX
YaCTUH pakeTu m, — {1 nponopuiitHuit nacus. Has noavoty tupu
THUX CaMMX yMoBax i agaHux i3 3ynuukow Ha Micaui n=1000;
Te came i3 3ynuHKow Ha Mapci n=3000 (rpu 3acTOCYBaHHI TaH-
reHLIgABHOTO THNY TPAEKTOPIl, MNPOLOBXKEHOTO L0 OCATHEHHS
noTpidHoT rineposiuHol WRUAKOCTU BiaHocHO 3emui). OcCTaHHi
MG PU MOXKYTH OYTH 3 NEBHOK BUIOJ0K0 3MCHIUEHI MEPEBaXKKHHUM
3aCTOCYBAHHAM AOPOKYMX 1 TEIWIONPOAYKTUBHILIUX rpyn — Gop-
HOi Ta 60poBOAHeROI. Taki nepcrneKTHBU He MOXKHa Oyno 6 Ha3Ba-
TH 3a10BIIBHUMM: KOXKHHUIA MOJT BUMaras OM BeJIHUYE3HUX MaTe-
PiSIbHUX BUTPAT, 10 TOrO X 30BCIM BigcyTHs Oyaa 6 3 Tiel x
eKOHOMIYHOT NPHUYMHU MOKJIMBICTL OpaTH 3 C060I0 CKiTbKHU-OYIb
BeJqUKi BaHTaxi, MaTepisad, MawuHu. HasiTh TpaHCNOpTyBaHHA
BEJIUKOrO CY4aCHOTO ACTPOHOMIUHOro iHCTpyMeHTa BUMaranio 0
KOJOCANLHUX BUTpAT.

* UlBuakicts BumimBanua U= 4700 m/cex cnabno nepebiabiiena cy-
nportu zidcHo moxaupoi. (Ilpum. pen.).
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KawoueM 10 cipasKHbOro ONaHyBaHHs CBITOBHX NPOCTOPIB
€: Crnepuwy — TMOTalleHHs WBUAKOCTH MOBOPOTY OMOPOM aATMO-
chepu (posa. IX), a morTim — BAAWITYBAHHA MiXKIJISHETHOT 6asH
(po3a. X) i, 9KWO BRACTHCA HeOOXiAHA CBiT/AOBA CHrHanisauis —
pakeTo-apTHJAepilicbKke MocTayaHHd MixnasHeTHoi ©Oasu. Tlora-
IIeHHS LWBUAKOCTU MOBOPOTY OMOPOM aTMocdepu 3a neplinMm
cnocobom, 3menwyioun W no 14 460 m/cex, y wicth pasiB 00-
HMXKYE n JUIS BCiX NMOALOTIB: i3 3emMsi B MDKNJISIHETHUH OPOCTIP
i Hazax n=20; Te came i3 3ynuHKo© Ha Micaui n=160 i Te came
i3 3ynuHKoio Ha Mapci n=500 t B 12 pasiB 3ameHwye n, Npu nora-
IIeHHI 3a ApPYruMm cnocoGom, koan Matumemo W =12 500 m/cex
1 BIIMOBIAHO n,= 10, n;=2380; ny =250*. 3MeHLIeHHS n NpH
LbOMY MOXe OYTH 3 BUIOJ0K CMONYYYyBaHE i3 3aCTOCYBAHHSIM Y
Oinbwiit BiZHOCHINA KiAbKOCTI AeweBol HadTOROT rpyny naiusa i3
MEHILOW BUTPATOIO K NajuBa MpPeIMETIB NPONOpLIRHOro NacHey.

Jast TUX Ke TaKu MoJbOTIB 3 MiXKMAAHETHO! 6a3H MU ma-
a1 O 3HaueHHs n we B 11 pasiB meHlle 9K n,=2 (noBopoT 3 6asu
Ha 3eMJ10); NpH 3HAYEHHI n, TAKOMY OJU3bKOMY 10 OAWHHLI, MH
BXKe He NOBHHHI HEXTYBAaTH PIi3HMLE MIXK n i (n-1); n-1=1
B 1AHOMY BUNAaIKy, TOOTO OJLMHMIA NMAJHUBa HA OJMHHUIIO KOPUCHOT
Baru.

IMpumiTka. Lle npu norawesni WBUAKOCTH MOBOPOTY 3a NEPIIHM CHO-
coGoM; npu Apyromy x cnoco6i noramienns MOBOPOT Ha 3€MJ0 BUMarae
30BCiM He3HAYHOI KiIJBKOCTH Ia/IMBa.

ny;=15; ny=45; nrocrtaBa BaHTaxiB 3 6a3n 0€3 NOBOPOTY
Ha3aja euxoiunaa 6: Ha Micsub n=4 i Ha Mapc n=T.

HocTaBa BaHTaxXiB i3 3eMai HA 6a3y YUCTO PAKETHHM CNoO-
cobom n=11; paxeto-apruaepifickkum n=7; Npy 3HAYEHHI
n < 20, iMOBIpHO, 3 GifblUOK €KOHOMIYHOK BHIOA0K MH MOIJK 6
KOPUCTYBATHUCA JHlIe JeleBol HAGTOBOI TpPYNoK; NpPH n=
10 - 15 ycyBaeThCsl KOHEUHICTH BUTPAuaTH MPEAMETH MpOnop-
1ifHOr O MacuBy. I'lpn TAKUX YMOBAaX 1iHHI BAHTAXi — Ma'replsmn
BUCOKOT SIKOCTH | MallMHH — 3 J0CTaBow Ha Micaup i HaBiTh
Mapc kowtyBanu 6 Tpoxu aopoxue, 9k Ha 3emai. Mu BBech uac
NpUINyCKaau, U0 npuyamoBaHusg Ha Mapc BinbyBaeTbcsi Ge3 ro-
raueHHs WBHUAKOCTH NOBOPOTY OMOPOM itoro atmocdepu. OpHak,
Ha Mapci €, maOyTb, a0ocUThH rycTa atmocdepa, onip skoi Moxe
OyTH BMKOPUCTAHHH pakeTOw /s MJISHEPYHUYoro CHycKy Tak
camo, Ak i B posx. IX Bkazano aag 3emni. Cuia THAXKIHHA Ha

*TyT ng ne n, BeanuuHu n aaa 3emni, Micsus i Mapca
(Mpum. pen.).
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noeepxni Mapca BTpoe MeHWIa, a WBUAKICTB Wy ~— BABOE 3
JULLIKOM MeHLIa, sIK y 3emii; OTXe, MOTYKHICTh po0oTU MVsgHE-
pYIOUol pakeTH Haj atMocdepoo Mapca B MOMEHT, KOJH JOCArac
BOHA MaKCUMyMy, Oyje B WICTh pa3iB MEHUIOW, SK MpHU TJISHEPY-
BaHHi B 3eMHiii aTmocdepi, BHACAIAOK 4oro HelGesneka HarpiBy
NOBepXeHb PaKeTH 30BCIM BUKMOYAETHLCHA. 3aJUUIAETLCH TIAbKH
HeGesrneka 300Ky HeBinomol Ham OynoBH nosepxHi Mapca i 36oky
eBeHTyaJibHUX #Horo mewkanuis. Ilpn cnycky na Mapc 3 nora-
LIEHHSIM LIBWJIIKOCTH NOBOPOTY ONOPOM HOro atmocdepH pocTaBa
BaHTaxiB Ha Mapc kowTyBana 6 npudAU3HO CTIiMIbKH XK, SIK 1 HA
Micaup, sikuii rycToi atmocdepyu He Mae.

PO3AIJ XIII
EKCIIEPUMHTH 1 JOC/ILIKEHHS

3 OrIsiAy HA HEAOCTATHICTh HALUMX 3HAHb Y JIESKUX AiNSH-
Kax i BiACYTHICTh JOCBILY B KOHCTPYIOBAHHI pakeT AJAA BEJHKHX
IWIBUAKOCTENH, Neplue, ik MOYMHATH OyAOBY YK MPOECKTYBAHHS pa-
KeT JJIS MOJLOTIB Yy MiXKIJIAHeTHHH mnpocTip, Tpeda NpoOBECTH
JESIKi HAYKOBI /i TeXHIYHi MOCAiJKEHHS. 3 HUX TOJIOBHI:

I. JocaifxkeHHs GyHKLUiOHYBAHHA KaMepu 3rOpsSHHA i con-
Ja pakKeTu B CepeloBHUIAX pPI3HOI I'YCTHHM 1 TIPYXKHOCTH; BU-
HaHJECHHS HaWMINIMX KOHCTPYKUIH KaMepu 3ropsHHs i conaa;
BUHALeHHs HaHBHUrigHiwnx ¢hopM i JOBXMHM COMAa; CnocobiB
BBCACHHS NajMBa B KaMepy 3TOpsiHHS, CIIBBILHOILEHHS Mix ce-
KYHAHOI BUTPATOK, PO3MipaMH KamMepH 3rOopsiHHA 1 MONnepeyHuM
NEPEKPOEM COomJIa.

Jocninkenns GyHKIIOHYBAHHS paKkeTH B aTmMocdepi masol
MPYKHOCTH MOXKHA poOWTH, BUBIBIIM COIJIO HEBEJHMKOrO MOJAENIO
B Kamepy, 3 SIKOi a3y BUCMOKTYETBCS MOMMNOIO BEJIHKOT 00’€MHOI
Bugalinocti. L1o6 sMeHwyMTH THCHEHHA Oe3 paabilioro 30iJblies-
HS pO3MIpiB eBakyloBa/bHOT MOMIMU B KaMmepi, Tpe6a BaAawITyBaTH
ryCTY BOLSIHY AYLI, KA 3ryllyBATHMe BCi CKJaL0Bi 4YaCTUHH NpoO-
LYKTIB 3rOpsIHES, KPiM ByrJeuto, a ek oCTaHHIlk Oyne 0X0NM0AKYy-
BaTH, OOJIerwymyd UMM B 3HAyHiit Mipi BunmomnoByBanHs. s
e OiMbIINX PO3pilKeHb MOKHA BXKUBATH XEMIUHMX TIpym, AKi
30BCIM He JAl0Th ByIVIEIID B MPOAYKTAX 3ropsiHHY; a BTiM, Npu
NPYKHOCTI B Kamepi, wo popisaioe 0,01 aT, ¢pyHKUiOHYBaHHS pa-
KeTH BXKC MaJIO Pi3HUTHMETLCS Bil PYHKIIOHYBAHHS B MOPOXKHEHI.
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[I. BunaiineHnsi HalninIMX KOHCTPYKUIA AA9 BCiX mpej-
MOHCHTIB NaJuBa.

HI. JocaigxeHHs i HANaro/KeHHs NMPOAYKILii KOMIMOHEHTIB
najauBa, wWo ix aoci ¢abpuyHuM cnoco0OM HE NMPOLYKOBAHO, 4K,
HanpukaazL, MJIMHHUX.

[V. Bunailjenns Halainmux KOHCTPYKLIA KaMepy A4 Jio-
Jeil 1 Bcix npunanaiB aasg ii o6cayroByBaHHs.

V. Bunaiigenss HaiJinuux KOHCTPYKUIA NMpuiaanis aBToO-
MaTHYHOr0 KepyBaHHS i OpleHTYBaHHS.

VI. JocaipxeHHa BUTPUBANOCTH JIOACBKOIO OpPraHiamMy
CYyNpPOTH MEXaHIYHOTO MPUCKOPIOBAHHSA i y BiLHOUWEHHI 10 XUTTH
B NMOBITPI 3 MEHIUMM TUCHEHHSM, aje 3 OlJbIIMM BMIiCTOM KHUCHIO.

VII. BunaiigeHds kpawux METOA i THMIB aCTPOHOMIUHHUX
iHCTpYMEHTIB, [0 IIBUAKO Opi€eHTYyBasu O NiOTa WIOAO TOYKH
3HAXOAXKEHHS pakeTH i aanux ii opbitu. CTapanHe BNpaBJsHHS B
TAaKOr0 POJAY BHM3HAYYBAHHAX MUMIOTIB y WITYYHUX YMOBHMHaX. 3a-
MicTh 3emai ado iHmoro HebeCcHOro Tina Tpeda COPYAUTH BEIUKY
NiBKyJ10, 6ijst SIKOT Mo CMoKifAHiA BOAl HA CTIHKOMY ILIOTY, WO TMO-
BiJIbHO PYXa€ThCsl, MAIOTh MJaBaTH MIJIOTU B KaMepi TakUX CaMHX
po3MipiB i OynoBy, sika Oyie Ha pakeri.

VIII. Hochaipxkenna atmocdepun Ha Bucorax no 100 km
MOXHA NEPEBOJUTH 3 JOINOMOIrOK pakeT, BUCTPLIIOBAHUX 13 3BU-
YalHUX BeJUWKOro po3Mipy (MOpPCBKHMX) apTUAEepifChKUX rapMmar.
Ho pocsirHeHHi HAUBUILOT TOYKH pakeTta Ma€ aBTOMATHUYHO BUKU-
HYTH BeNMMKHH, mo 3M03i, mapawyT 3 Jerkoi 01101 TKaHMHHU i3 He-
BEJIMKHM MOYETVICHUM 10 HbOTO TsrapueM. Cnocrepiraioyn 3 3em-
Jdi, 9K WBHAKO COAajae el nmapamyT, MU 3MOXMKEMO BU3HAUUTH
TYCTHHY aTMOCepU Ha Pi3HUX BUCOTAX. JKILO MPUJAALITYEMO A0
nmapawyTa 3aMmicTh TArapus nNpuaaj, U0 aBTOMAaTHUYHO Halupae
npoly TNOBITPd, TO 3MOXKEMO 3 KOXHOrO MNOTJASAAY TOYHO BH-
3HAYUTH CKJAL aTMOCQepPHU Ha PI3HUX BUCOTAX.

[X. JocaigxeHHs HAarpiBy noBepxeHb PYXOMHUX Tl i omip
aTMocgepy 3HAUHOT TyCTUHR (p = po). Lle nociiKeHHs I MeH-
IUMX WBHUAKOCTEH MOXKHA FPOBECTH 3 AOMOMOrol HaboiB, a AJs
6ibIIMX — 3 J0MOMOrol HAGOIB-paKeT, BUCTPIIOBAHHUX 3 apTH-
JepifichKMX rapMaT MijJ HEBCJMKUM KYTOM 10 o0pilo 3 TaKUM po3-
paxyHKOM, 1100 BOHM Maxadu y BOAY, 3BiikM MoxHa Oyno 0 ix
BUIOBUTH. [loBepxHi0O uuMx paker Tpeda BKPHBATH PEYOBMHAMH
Pi3HOT TYrOTONKOCTH, i30/I0BABIIM 1X Bil METaNeBOro Tila pakeTH
LWAPOM TMOPLUEAAHK. 3 BUIJSLY Li€i MOBEPXHI paKeTu Micnd Bix-
OyTOro Hew MOJALOTY MM MOXKEMO CYAMTH MPO MAKCUMAJIbHY TeM-

nepaTypy HarpiBy.
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X. HJochainyeHHS HArpiBy MNOBEPXHI TiA npu BeJUKUX
WBUAKOCTAX PyXy B po3pipxediit atmocdepi (a0 posa. IX), a
TAaKOX JOCAILXKEHHS onopy aTmocdepu NPU BEJAMKUX UIBHIKOCTSIX
I AOCAILXKEHHS BUTPUBAJIOCTH PI3HUX KOHCTPYKILIA, MiATpUMY-
BaJIbHMX NOBEPXEHb, NPOBAAWTLCH 3 JLONOMOrow NOJLOTIB Npood-
HUX HeBeankux — o 10 T mozeniB pakeTu. [Touatok TpaekTopii
THX TMPOOHHUX MOJALOTIB OOUUCASETBLCH, K Ty 18 MOJBOTY B
MIXTIUISHE THAR NIPOCTIP, ale o a0CiIrHeHHi BucoTH Big 60 1o 100
KM (3a/€XKHO Bij MeTeopoJoriyHux jganux pocaigxenas VIII)
TPAEKTOPIS MA€ aBTOMATUYHO MPUIHATH HAMPSAM, i M0 BUTPAYeHH]
najuBa pakera poOUTh TJISHEPYIOUUH CMYCK Ha CBOIH MiiTpUMYy-
BaJbHIf MOBEPXHI.

[lix yac nigHeCceHHst KyT aTaku NiATPHMYyBaJabHOI MOBepX-
Hi -—— KyT MOMiX i1 MaJ010 BICCK 1 XBOCTHUIEM — Mae OyTH
HeBeJMKHUiIl 1 TOCTYNOBO 3pOCTATH A0 NOBHOT BeMUUHHN (KoJso 40°)
nepea BHuepnaHHaM pakeTd. L11o0 BU3HAYMTH MaKCHUMaJbHY TeM-
nepaTypy HarpiBy noBepxHi pakeTH, MOXHa 3aCTOCYBATH Ty CaMy
meTony, wo i y pocaijxkenni posa. IX. Ina aBromaTtusauii xe-
PYBaHHSI B NMPOOHUX pakeTax MawTh OyTH 00WIBa TipOCKOMH, K
i B cnipasxHiit pakeri (auB .po3n. X). LIi npoOHi nosboTH MawoTb
BiZOYBATHCS 3 MOCTYIOBO 3pPOCTAUMM Makcumymom ¥V, nepej
BUTPAYEHHSIM MAJAMBA; A HUX MOXKE CAYXKHTH Ta CaMa pakera.
SIK manuBo MoOXHa BXKUMBATH Jadlie HacgToBY rpyny npu n < 6.
[licng Toro, 9k Maxkcumym ¥ pocsirHe 3HauyeHHsi 7500 m/cex i
npoOHMIT MOJeNb CIYCKaTUMeTLCS B JOJILIHI BepCcTBH aTrMocdepH,
MO2KHA, BUNPOOYBABIWIM NpeaMeTH NMpOonopuiiHoro nacuBy Biamno-
BilHUX PO3MIpiB, nepeiTu Ge3nocepeinbo L0 MOALOTY 3 JI0AbMH
B MIXIUISHETHUIl npocTip 3 obaiTaHHaM, Hanpukaaxn, Micaug i3
HeBiZOMO1 HaM 00epHeHOT foro CTOPOHH.
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