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Konstantin Tsiolkovsky

Kaluga, 1926, pages 36 to 43: the motion of the rocket in empty space, free from gravity

i paxeTsi ot B ITyCTOTE M B CPEJiE CBOGOIHOM OT TA-

T

skecTH. XOTs 1 He BHITOJIHO JaBaTh OTOPOCY OTHOCHTENBHYIO CKOPOCTB, 60Ib-
LIIyI0 MJIM MEHbIIIYIO aBCOMOTHOM CKOPOCTH CHAPANA, HO IIPH yOTPebIeHru
B3PBIBYATBIX BEIIECTB OTHOCHTENbHAS UX CKOPOCTh, IO HEBOJIE, MOCTOSHHA.
Yem ona, BooGme, Goxbiue, Tem Gorbiyio cKOpocTs mosyyaer armapar. Eciu
TaK, TO CHayaJia CKOPOCTh YacTui, 0T6poca Gosbiie CKOPOCTH PAKEThI M HC-
I10JIb30BAHUE OYECHD MAJIO, 3aTEM 06E CKOPOCTH PaBHbI, MCHIOJIb30BAHME TOJI-
Hoe. Jlasiee, ckopocTh 0TOpPOCa MEHbIIE M HMCIIOIb30BAHUE YKIOHACTCA OT
nomsoro. Kopoue, ucrosissoBanme sHEprum MM NEPEXOf e B ABHIKEHHE Pa-
KEThI HAYMHACTCA C HyJIs, OCTENEHHO BO3PACTAeT, 10X0HT 10 100%, 3aTem
HEMPEPHIBHO YMEHBIIAETCS, CITYCKAACh B IPEJENIE 10 HyJIA.

le/l B3phlBaHl/lH MBI MMEEM JIBE nOTCpl/L Hpc)l(,uc BCEro HE BCA 3H€pl'l4ﬁ
TeIIa IPeBPaIacTcs B prxenue orbpoca. Ho uem jmmnnee Tpyba 1 yem ra-
3006pasHee mpopykThl 0T6poca, TeM 5Ta moTeps MeHbine. B mpenene ona
sy, Ha npakruke ncnonmsoBame He JommkHO ObiTh Menbime 75%. Bropas
ﬂOTCpﬂ 3aBUCHUT OT TOrO, 4TO OT6POC HMEET O}llly u Ty Ke OT"OCHTS,’H:"YIO
Hﬁl/l60ﬂbmy|0 CKOPOCTB, HE PHBH)’K) chopnk)u.(eMycﬂ JABUIKEHUIO CHRPHQB.
Kax )’BH/:[HM, ara HOTEPK, HPH KOCMHUYECKUX CKOPOCTEX, COCTABJIAECT HE MEHEE
35%, a ucnionpsosanne — He Gomee 65%. B cpenie TAroTeHMA, B KOTOPOI1 MbI
JKHABEM Ha 3CMJ'IC, oHo MeHbe. Eciu HPHHﬂTb BTOPH'“IHOC HCIIOJIb30BAHME B
50%, To pakera mpeBpamaeT B cBoe gBrKeHme 0kono 37% (0,75%0,5) Beeii mo-

TEHLMILHOM SHEPTUHU B3PBIBYATHIX BELIECTE.
WmeeM B mycToTe U B Cpejie CBOGOIHON OT TAKECTH

32... Cko.dMo + Mp.dCxp =

Ho (Mp) cocrout u3 nocrosuHoit maccst (M) (

. M3 CHApA/IA, JUOJIEH, 3a-
T14COB M PasHBIX MPMHAUIEKHOCTEH) U MIEPEMEHHOM MACChI B3PHIBYATHIX Be-
IIECTB, ~ KOTOpbIE, ~ Cropas, 3Hauur,

BHIOPACHIBAIOTCA M3 PaKeTHl.

Mp=Mp;+Mo. Tcncpb, BMECTO 32, Oy mMm:
33... Cxo.dMo + (Mp; + Mo) .dCxp = 0

dMo

Orciopa 34... — Cxo. —————
Mp; + Mo

dCxp.

Wurerpupys, Haiiem:
35... Cxp = —Cxko. Le(Mp; + Mo) + ITocr.

(Le) osnauaer HarypasbHbiit iorapudm. JlomycTim, YTo pyu Hadasie B3phiBa-
HUs PaKeTa He JiBurasack, T.-¢ Ckp=0 u Mo=Mo. Torga us (35):

36... ITocr = Cxo. Le(Mp; -+ Moy)

Mp; + Mm)

Creposarensio: 37... Ckp = Cro Le ( Mp; + Mo

HauGonbmyio ckopocTh MojyyaeT pakera, KOIA M3PACXOYeT BECh 3arac
B3PBIBYATHIX BEM[ECTB, Wik Korna Mo = 0.
Moy
B raxom cryuae 38.. Cxp; = Cro.Le (1 + — ).
Mp,
Ws nocienueit popmyter Bupo: 1) Makcumansras ckopocts cuapsza (Ckp)
Tem Gonbie, yem Gombmyio ckopocts umeer otopoc (Cko). 2) (Cxp) moxker
GecripesiebBHO  BOBPACTATh C YBEIMYCHHEM OTHOCHTEIBHOTO KOJIMYECTBA
M
(M—;‘) orbpoca. Ho Bospacranue a0, cHauasia JoBOIBHO GBICTPOE, TIOTOM
Mp,
nenaercs Bee Gonee u Gomee mepmernbiM. Ecm orsomenne (Mo : Mpy)
OYEHb MAJIO, TO MATEMATHKH JIETKO JoKaxyT, uro Ckp; = Cko. ]t%‘ 3Ha-
1
aur, B 9ToM cydae (Ckpy) nponopuyonansha sanacy (Moy). Hanporus, B

~ Moy
npezene, Korga otHomenye (cm. 38) ouens Bemio Ckp; = Cko Le (Mp.)’

T.-¢. BospacTanue ckopoctu Gyser upespbruaiino memennoe. 3) Cxopocts
pakersi He u3Mensiercs, ecmi otHomenne (Mo : Mp;) ocraercs mocross-
ubmv. OTCI01a BUJHO, YTO KOCMEYECKAs CKOPOCTh He 32BUCHT OT abCOMOTHOIM
BEIMUMHBI MACCH CHAPAAA. MIHBIMM CITOBaMM, Macca CHAPAA M €O HArpysKa
IIPOM3BONILHO BETMKA, CCIIM HE CIMTATHCA C MHBIMU yCoBusMH. 4) Oxorua-
temsras (Ckpy) He 3aBUCHT OT mops/Ka B3pbiBarus. [Ipoxogut 11 oHO pas-
HOMEPHO M/ HET, CEKyH/BI MM THICAYENETHA—STO Bee pasHO. Jlaxe mepe-
PBIBBI HIYETO HE SHAYAT.

+dCxp Crxo dMo

Vs 34 naimgesc: 39... = &5
2 e dBp  Mp; + Mo dBp

Tlepsas uacTh BHIPQOXAET CEKyHTHOE YCKOPEHHE B JBH)KCHUM DAaKETBI, T.-€.
CHITy POKICHHOM B Hell OTHOCHMTEIBHOM TSUKECTH (XOTA KPYTOM, MO HalleMy
ycmosuio, Taecty Her). Kak Buao (39), oHa nponopuuoHaibHa HHTEHCHB-

Hoct B pacxone matepuana (dMo : dBp). Kpome Toro, mo mepe ero (Mo)
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HCP&CXOJJ,OB&HH)I, Ka}kyu{ucﬂ TAKECTh yBC]‘lK‘{l/IBaETCX, TAaK KaK (MO) )’MCle
LIaeTcs. LI'[‘()Glzl OTHOCUTENBbHAA TAXKECTb OCTABAJIACh HEH3MEHHDI;I, HeDSXO»
IUMO TIOCTENIEHHOE OCTabeHre HHTEHCHBHOCTH B3PBIBA. Torma us 39
HOJ])"IHMZ

Cko dMo
Mp, + Mo * dBp

39, ... = To,

rae (TO) €CTh ITOCTOSAHHAA OTHOCUTENIbHASA TAXKECTb. OTC]OH&Z
Cro. dMo

3%... —— —
Mp; + Mo

= To.dBp.
HWurerpupys, momyamm:
393... Cxo.Le(Mp; + Mo) = To. Bp + ITocr.

Eciiu Mo = Moy, To Bp = 0, ciieoatensno:

@
39;... Bp = T—":.Le(

Eciiu Mo = 0, T.-¢. Bech B3phIBYATBIN MaTEPHI HCYEPIIAH, TO

395... Bp; = %.Le(l#»&)
To Mp,
3HauuT, BpEMs BCErO B3PHIBAHMSA OGPATHO MOJy4aeMON OTHOCHTETBHOM Tsi-
JKECTH M YBEJTMIMBACTCSA C Maccoit otbpoca.
dMo _ Mp; + Mo
dBp Cro+ To

W3 (39;) maipem: 39%. ..

OTCIOE[Q BHUJIHO, YTO HAMMEHBLIAA UHTEHCUBHOCTh B3PhlBaH“H WJIK HAUMEHb-
1as MX 1oTeps ObiBaeT pU KoHue B3pbiBanus, korga (Mo) ocranocs maso, a
Haubonbiias — BHayane, Korga Mo = M.

dMo  Mp,;

dBp  Cxo+To’

dMo _ Mp,; + Mo,

dBp Cko + To

B nepsom ciryuae 397..

280 BTOpoM 39g.. . .

Orxomenye HanbobIIEro pacxosa (B Havase) K HauMeHbIIeMY (B KOHLE) 6y-
ner: 399 ... 1+ %“ Yem Gombme orromenue (Mo; : Mpy), Tem cumbhee
MBMEHSETCS PACXO| B3PHIBYATOTO MATEPHasa U, OBPATHO, OH MOYTH TOCTOs-
HEH ﬂpl/l Masom oTHomeHun. Ha HPQKTHKC Cl/l]'ly BSPB[B&HM M3MCHATDH HE-
yA06HO, TpOIIe NEPEHOCHTH HEMOCTOAHHYIO TSYKECTh, OTPYSHBIIH JIOACH 1

JIPyTHE HEXKHBIE PEIMEThI B KUJIKOCT.

BPEMSI BSPHBHHM BCEro 3armaca, l'[pl/l €ro pﬂBHOMepHOCTH, Korga yCKOPeHHE
paKETH W OTHOCHUTEJIbHAA TAXKECTh Bospacralo'r, HO pacxo,u BSPHB‘laTHX BE-
LIECTB OVH U TOT K€, MOXXHO Bblpalﬂ/ﬂ'b €IIe TaK:

dMo

391... Bp; = Mo; : ——

dBp
Ty']' npouaso,uuylo MOXXHO 3aMCHUTh CCK)’HJJHHM paCXOJlDM EBPHE‘IBTOFO BE-
mjectBa. To ke BpeMs, IPH PABHOMEPHOM YCKOPEHHMH PAKETEI U TOCTOAHHOM
OTHOCHTEIPHOM TSDKECTU B CHapsiie (391), HO HEPaBHOMEPHOM pacxofie OT-
6poca, Gyner pasHo:

39 Bp; = C =G <P
11... Bp; = Ckp; : ¥p = Ckp; : 5
8 8 8 in

TIpownsBogHas TyT BRIPaXAET MOCTOAHHOE MPUbaB/IEHIE CKOPOCTH CHAPAA B

CeKyHy.

MHTepecHo 3HaTh, Kakas 4acTh IOMHOI PabOTHI JIBMXKYIIMXCS YacTHI| OT-
6poca nepenaercs pakere. Fimeem:

40... Po = 0,5.Mo;.Cxo®  41... Pp = 0,5.Mp,.Cxp?.

2
Mp; ([ Cxpy
Mo; ~ \ Ckoy ) '

2
Pp  Mp,; Moy
Po = 7M01 Le(1+ Mp, .

Orcrona MOYKHO BBIYMCIIUTH, YTO MCIOJIb30BAHUE HE MOXKET ObITH Gosbiie

Orcioga: 42... Pp; : Po =
WJTH, Ha OCHOBaHUH 389:

43.

65%, a U1 TIOJTyYEHHA KOCMMYECKMX CKOPOCTEl OHO MOYET GBITh IPUHATO B
50% ECJ"/‘ 3arac ESPMB'-IQTOI‘O BELIECTBA CpaBHH'I'C]IbHO HE BEJIMK, TO llpl/l6]"/l<
3UTEIBHO IOJYIMM BMECTO (43):

45....Pp: Po = Moy . Mp; wmm, Tounee:

M M
46... Pp:Po= —— (121,
Mp, Mp,

1926, in its

First printed in Hayunoe o6ospenue, 1903, No.
S; the text here is the author’s revised text of
spelling.

Mosxso nomyauts eme Goee TOUHYIO HOPMYITY, 3HAS, 4TO

4. Le(l+a)=2— — +

zz 13
2 "3

e

4
s dopmyn BuHO, YTO CHAYasIA, KOTAA 3amMaC MaJl, MOJIE3HOCTh BO3PACTAET
MPOIOPIMOHAIIHO 3aIIacy, 3aTeM MEJUICHHee, JOCTUraeT Haubobieit Bem-

YHMHBI, TOTOM ME/ITIEHHO YMEHBIIAETCSA U, B IIPEJieNe, JOCTUTAET HyIA.

Ornomenne (Mp; : Moy = x), coorsercryiomee Haubobimeii moIE3HOCTH,
OIpEfIENAETCA ypaBHEHUEM:

2:
Le(l+z) = Hiz’ (x) 6msKo K 4

(T.-e. 3arac npeBbIIACT BEC PAKETHI B 4 Pasa), a UCTIOMb3OBAHME 65%.

KPOMC TOTO, YTO Mbl BBIBCJIH AHATUTHYCCKH U3 TaGﬂHL\bl, BHUM, 4YTO Hau-
Gombimee ncronb3osanue (10 65%) sueprum or6poca HriBact Torma, KOrIA BeC
ero B 4 pasa Gosbue Beca pakersl. Ho nmpouenT ucnoznbsosanus, BooGme, He
Mt (00710 50%), KOT/Ia OTHOCHTEJIBHOE KOMMYECTBO 0TOpoca Konebercst ot
1 10 20, a coorsercrByiomue ckopocts ot 3000 M. 1o 15000. 1o BrionHe fr0-
CTAaTOYHBIE KOCMHYECKUE BEJIUYUHBL. Hﬁﬂ CKOPOCTH T3.6f"’”-lbl OTHOCATCA K
pﬂBllblM BSPB!B'{QTI;!M MZTCPHZJ'IZM. Bosnpmas — x ‘[HCTB!M—BONOPOﬂy Y KUC-
J'lDPO,[ly. Memnbmas — k )’I‘J[CBOI[OPOJIBM M 9HJIOTEHHBIM COEIMHEHUAM KUCIIO-
pona. [Ty HarsHOCTH, 51 npuGammo TATHIH cToNbel, KOTOPBI TOKA3bIBAET
B KUJIO HaHGOﬂbLﬂCC TIOAHATHE TeJIa HPH 3EMHOM ¥ IOCTOSTHHOM TSKECTH.

Tabauya 6.
Omomenie vacc(Cp), ecn cxopoers (Cipy)s T —
6 poca=5H poca=4 Tp=TLns (B npoueHTax) B KWIO MPH HOCTOAH.
paxert Moy : Mpy popn. 38, $opu. 38 $opu. 43, aEMH. THRECTH,

0,1 472,5 378 8,87 11,4
0,2 910 728 16,55 42
03 1310 1048 22,9 92
04 1680 1344 28,2 &
05 2025 1620 328 204
0,6 2345 1876 367 280
07 2645 2116 40,0 357
0,8 2930 2344 42,9 440
0,9 3210 2568 45,8 520
1 3465 2772 48,0
15 4575 3660 558
2 5490 4392 60,3
3 6900 5520 63,5
4 8045 6436 64,7
5 8960 7168 64,1
6 9730 7784 63,0
7 10395 8316 617

10985 8788 60,5
9 11515 9212 58,9
10 11990 9592 57,6
15 13865 11092 512
20 15220 12176 46,3 g
30 17170 13736 393 :’
50 22400 17920 31,0 H
100 26280 21040 21,0
193 30038 24032 14,4
o0 I o0 0 2

Haue nccrejoBanue npumeHsercs B cieyiomux cyyasx: 1) B cpepie 6es -
JKECTH, HATIP., MEXK/TY CONHIAMM MJTM MJICYHBIMU Ty TAMH, T/ie TSOKECTh GrnaKa
K HyJ10; 2) Ha MaJbIX 4CTEPOMIAX, Ma/IbIX JyHax (myHbr Mapca) u Ha Beex ma-
I HeOEeCHBIX Tenax, Hamp., Ha Kombuax CaTypHa, Ie TSDKECTBIO TOXKE
MOKHO nperebpeus; 3) Ha opbute 3emmu; 4) B KakmOM MecTe 060 conHed-
HOJI CHCTEMBI, Ha KAKOM YTOJHO PACCTOAHMM OT HeGecHOTo Tena, eci CHaps
BHE aTMOC(epbI 1 IPHOGPEN M He NTPHOBPEN CKOPOCTS, MPENATCTBYIONIYIO
eMy 3azieBaTh HeBECHOE TEJIO MK ero aTMocepy.

TTorom yBuiM, 9TO /1715 M30EKAHUA TOTEPH SHEPTUH, HATIPABIICHHE B3PbIBA-

HUS JIOJIKHO GBITh HOPMAJIBHO K PABHOJCHCTBYIOMIEH CHJIE TATOTCHHS.

Orciofa BUJHO, 4TO JIOCTATOYHO TOJNBKO OCBOBOJMTHCS OT ILIAHETHON aTMO-
CepBI M CIeNIaThCs CIYTHUKOM STOM IUIAHETHI, XOTs Obl Ha OYeHb GIM3KOM OT
Hee PacCTOAHMH, 4TOOBI JabHEMIIICE JIBUYKEHHE 1 TIEPEMEIIIEHHE 10 BCeil BCe-
JIeHHO#1 GBUIO coBepmIeHHO obecriedeHo. JleficTBUTENBHO, B3PIBAHKE TOI/A
MOJKeT ObiTh OdeHb C1abBIM, 4 SHEPrUA, MOTpebHAs st ATOrO, MOXKET GBITH
sanmcTBoBana or suepruu Comuua. OmOpHbIA MaTepuan JafyT YacTHIb!
anbda u Gera, MOBCIOTy paccesHHbIe, M GOTMbL, KOCMUYECKAS IBLTb 1 JPY-
ras HebecHas Mesoub.

TTepBbrit BEIMKMIA AT YETIOBEYECTBA COCTOMT B TOM, YTODbI BBIIETETH 32 aT-
Mocdepy u crenatses cryTHHKOM 3emin. OCTaibHOE CPaBHHTETBHO JIETKO,
BIUIOTh /IO YJIATIEHUs OT Hameil CoMHeuHoi cucTembl. Ho s, Koeuno, e

MMEIO B BUJLy CITyCK HA MaCCHBHBIE TIIAHETHL.
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