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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 CPEiE CBOGOIHOM OT TA-

T
skecTH. XOTs 1 He BHITOJIHO JaBaTh OTOPOCY OTHOCHTENBHYIO CKOPOCTb, 601b-

l.llyIO nim Melel.l!le 26C0][[0THO[:[ CKOPOCTH cHap}ma, HO HPH ynorpeG:leHnu
BSPHB‘{QTHX BCILIECTB OTHOCUTEJIbHAA UX CKOPOCT]:, 10 HEBOJIE, MOCTOSHHA.
Yem ona, Boobme, Gombme, Tem GOJIMII)'IO CKOPOCTB IOJTY4aeT anmapar. Ecmu
TAK, TO CHayaJia CKOPOCTh YacTuiy 0T6poca Gosbiie CKOPOCTH PAKEThI M HC-
I0JIb30BAHUE OYEHD MAJIO, 3aTeM 06E CKOPOCTH PaBHbI, CHIOJIb30BAHME TOJI-
Hoe. Jlaniee, ckopocTh 0T6POCa MEHbIIE M HMCIIOIb30BAHUE YKIOHACTCA OT
nomsoro. Kopoue, ncrosns3oBanne sHEPrum MM NEPEXOf e B ABHIKEHHE Pa-
KEThl HAYMHACTCA C HyJIs, TOCTENEHHO BO3PACTAeT, 10X0uT 10 100%, 3aTem

HEMPEPHIBHO YMEHBIIAETCS, CITYCKAACh B IPEEIIE 10 HyJIA.

le’l B3phlBaHl/lH MBI MMEEM JIBE nOTCpl/L Hpcme BCEro HeE BCA 3H€pl'l4ﬂ
TeIIa IpeBpaIacTcs B prxenue orbpoca. Ho uem jimnnee Tpy6a 1 yem ra-
3006pasHee mpopykThl 0T6poca, TeM 5Ta moTeps MeHbie. B mpenene ona
sy, Ha npakruke ncnonmsosanme He JommkHO ObiTh Menbie 75%. Bropas
ﬂOTCpﬂ 3aBUCHUT OT TOTrO, 4TO OT6POC HUMEET Oﬂlly u Ty Ke OTHOCHTS,’H:HYIO
Hﬁl/l60ﬂlﬂ.ﬂy|0 CKOPOCTB, HE PHBH)’K) chopnk)u.{eMycﬂ JABUIKEHUIO CHQPHQB.
Kax )’BH/:[HM, ara HOTEPK, np[/l KOCMHUYECKUX CKOPOCTHX, COCTABJIAECT HE MEHEE
35%, a ucnionpsosanne — He Gomee 65%. B cpene TAroTeHMA, B KOTOPOI1 MbI
JKMBEM Ha 3CMJ'IC, oHo MeHbme. Eciu HPHH}IT]: BTDPH'“IHOC HCIIOJIb30BAHMUE B
50%, To paKera mpeBpamaeT B cBoOE ABHOKeHME 0K00 37% (0,75%0,5) Beeii mo-

TEHLMAILHOM SHEPTUHU B3PBIBYATHIX BELIECTE.
HmeeM B mycToTe U B cpejie CBOGOIHON OT TAKECTH

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

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

. M3 CHAPAJIA, JIOJIEH, 3a-
T1aCOB M PasHBIX NPMHAUIEKHOCTEH) U MEPEMEHHOM MACChI B3PHIBYATHIX Be-
IIECTB, ~ KOTOpbIE, ~ Cropas, SHauur,

BHIOPACHIBAIOTCA M3 PAKeTHI.

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

dMo

Orciopa 34... — Cxo. —————
Mp; + Mo

dCxp.

Hurerpupys, Haigem:
35... Cxp = —Cko.Le(Mp; 4+ Mo) + ITocr.
(Le) osnauaer HarypasbHbiit orapudm. Jlomycrim, 9To npu Hadasie B3pbiBa-
HUs PaKeTa He JiBuranack, T.-¢ Ckp=0 u Mo=Mo. Torga us (35):
36... ITocr = Cxo. Le(Mp; -+ Moy)

Mp, +M01>

Creposarensuo: 37... Ckp = Cwo Le ( Mp; + Mo

HauGonbuyio ckopocTs Mosyyaer pakera, KOIJA M3PACXOJYeT BECh 3arac
B3PBIBYATHIX BEMIECTB, Wik Korna Mo = 0.
Moy
B raxom ciryuae 38.. Cxp; = Crko.Le (1 +—-
Mp,
s mocnepmeit popmysisr BUIHO: 1) MakcumanbHas CKOPOCTb CHapsAna (CKP)
Tem Gonbie, yem Gombmyio ckopocts umeer ot6poc (Cko). 2) (Cxp) moxker

GecripesiebBHO  BO3PACTAaTh C YBEIMYCHHEM OTHOCHTEIBHOTO KOJMYECTBA

o
nenaercs Bee Gonee u Gomee meanenHbiM. Ecmn orsomenne (Mo : Mpy)

M
(—"‘) orbpoca. Ho Bospacranue a10, cHauasia JoBONBHO GpICTPOE, TIOTOM

M
OYEHb MAJIO, TO MATEMATHKH JIETKO JoKaxyT, uro Ckp; = Cko. ﬁ‘ 3Ha-
1

aur, B 9ToM cydae (Ckpy) nponopuyonansha samacy (Moy). Hanporus, B

— Mo,
npezene, korga otHomenue (cm. 38) ouens Bemio Ckp; = Cko Le (Mp.)’

T.-¢. BospacTanue ckopoctu Gymer upespbruaiino memennoe. 3) Cxopocts
pakersi He u3Mensiercs, ecmi otHomenne (Moj : Mp;) ocraercs mocross-
ubmv. OTCI02 BUJHO, YTO KOCMIYECKAs CKOPOCTh He 32BUCHT OT abCOMOTHOI
BEMUMHBI MACCH CHAPAAA. VIHBIMM CITOBaMM, Macca CHAPAA U €rO HArpysKa
IIPOM3BONILHO BETMKA, CCIIM HE CIMTATHCA C MHBIMU yCIoBusMH. 4) Oxorda-
temras (Ckpy) He 3aBUCHT OT mops/Ka B3pbiBarus. [Ipoxogut mu oHO pas-
HOMEPHO MJI HET, CEeKyH/BI MM THICAYENETHA—3TO Bee pasHo. Jlaxe mepe-
PBIBbI HIYETO HE SHAYAT.

+dCxp Crxo dMo

s 34 naitgesc: 39... SR
2 e dBp  Mp;, + Mo dBp

Tlepsas uacTh BHIPOKAET CEKyHHOE YCKOPEHHME B JBH)KCHUM DAaKETBI, T.-€.
CHITy POKICHHOI B Hell OTHOCHTEIHOM TSKECTH (XOTA KPYTOM, 1O HalleMy
ycnosuio, Taectu Het). Kak Buao (39), oHa npornopuuoHaibHa HHTEHCHB-

Hoct B pacxofe 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/lBQETCX, TAaK KaK (MO) )’MCle
mIaercs. LI'[‘()Glzl OTHOCUTEIbHAA TAXKECTb OCTABAJIACh HEH3MEHHOﬁ, HeDSXO»
IUMO TIOCTENEHHOE OCTabIeHre HHTEHCHBHOCTH B3PBIBA. Torma us 39
l'[OJ]y‘H/lMZ

Cko dMo
Mp, + Mo ~ dBp

39, ... = To,

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

39... —————
Mp; + Mo

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

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

@
39;... Bp = T—':’.Le(

Eciiu Mo = 0, T.-e. Bech B3phIBYATBIN MaTEPHUI MCYEPIIAH, TO

Cko Moy
395...Bpy = — Le(1+ —
To Mp,
3HauuT, BPEMs BCErO B3PHIBAHMSA OGPATHO MOJY4aeMON OTHOCHTEBHOM Tsi-
JKECTH M YBEJTMIMBACTCA C Maccoi otbpoca.
dMo

Mp; + Mo
dBp |

Crko + To

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

OTCIQZ[Q BHUJIHO, YTO HAMMEHBIIAA UHTEHCUBHOCTh B3PblBaHMH WJIM HAUMEHb-
1mas MX oTeps ObiBaeT IpU KoHUE B3pbiBanus, kora (Mo) ocranocs maso, a
Haubonbiias — BHaane, Korga Mo = M.

dMo  Mp,;
B nepsom crryuae 397.. Bp = ol To
dMo _ Mp, + Moy

280 BTOpoM 39g.. . . dBp = i To
Oruomenye HanbosbIIEro pacxosa (B Havase) K HauMeHbIIeMY (B KOHLE) 6y-
ner: 399 ... 1+ %;“ Yem Gobme ornomenne (Mo : Mpy), Tem cuibhee
MU3MEHACTCA pacxo}J BSPE[B‘IQTDFO MaTepl/laﬂﬂ u, OGPQTHO, OH IIOYTH MOCTOA-
HEH ﬂpl/l Masom oTHomeHun. Ha npaKTHKC Cl/l]'ly BSPblBaHm H3MCHATDH HE-
yA06HO, TPOIIE NIEPEHOCHTH HEMOCTOSHHYIO TAYKECTh, TOTPYSHBIIH JIOACH 1

JIPyTHE HEXKHBIE IPEJIMEThI B KUJIKOCT.

BPEMSI BprlBaHl/l}l BCEro 3armaca, l'[pl/l €ro pﬂBHOMEpHOCTH, Korga ycknpel-me
paKETH ¥ OTHOCHUTEJIbHASA TAXKECTH Bospacralo'r, HO pacxo,u BSPHB‘laTle BE-
LIECTB OWH U TOT K€, MOXXHO BblpﬂSHTb €IIe TaK:
dMo
391... Bp; = Mo; : ——
dBp
Ty']' HPDHBBOJIHYIO MOXXHO 3aMCHUTH CCK)’HJJHHM pacxoqu EBPHB‘{BTOFO BE-
mjectBa. To ke BpeMs, IPH PABHOMEPHOM YCKOPEHHMH PAKETEI U TOCTOAHHOM
OTHOCHTEILHOM TSDKECTH B CHapsiie (391), HO HEPAaBHOMEPHOM pacxofie OT-

6poca, Gyner pasHo:

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

TIpownsBoaHas TyT BRIPaXAET MOCTOAHHOE MpUbaB/IeHIe CKOPOCTH CHAPA/A B
CeKyHy.

MHTepecHo 3HaTh, Kakas 4acTh IOJHOM PabOTHI JIBMKYIIMXCS YacTHL| OT-
6poca nepenaercs pakere. Fimeem:

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

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

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

Orcrona MOYKHO BBIYMCIIUTH, YTO MCIOJNb30BAHUE HE MOXKET ObITh Goblie

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

43.

65%, a U1 TIOJTyYEHMA KOCMMYECKHX CKOPOCTE OHO MOYET GBITh IPUHATO B
50% Ecnu sanac B3PBIBYATOTO BELICCTBA CPABHUTEILHO HE BEJIUK, TO llpl/l6]"/l<

3UTEIBHO MIOJYIMM BMECTO (43):

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

46... Pp:Po:@(lf%?).
1

Mp,;

1926, in its

Mosxso nomyuuts emte Goee TOUHYI0 GOPMYITY, 3HAS, 4TO

4. Le(l+z)=2— — +

zz Iz
2 "3

t

4
s dopmyn BuHO, YTO CHAYasIa, KOTAA 3a1aC MaJl, MOJE3HOCTh BO3PACTAET
MPOIOPIMOHAIIHO 3aIIacy, 3aTeM MEJLICHHee, JOCTUraeT Haubobieit Bem-

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

Ornomenne (Mp; : Mo; = x), coorsercryomee Haubobimeii moIe3HOCTH,

OIpEfIeNAETCA ypaBHEHUEM:

2:
Le(1+z) = Hiz’ (x) 6msKo K 4

(T.-e. 3arac npeBbIIACT BEC PAKETHI B 4 Pasa), a HCTIOMb30BaHME 65%.

KPOMC TOrO, YTO Mbl BBIBCJIH AHATUTHYCCKH U3 TaGﬂHL\bl, BHUM, 4YTO Hau-
Gombimee ncronb3osanue (10 65%) sueprum or6poca GriBact Torxa, KOrKA BeC
ero B 4 pasa Gosbue Beca pakerst. Ho npouenT ucronsosanus, BooGme, He
Mt (00710 50%), KOT/Ia OTHOCHTEJIBHOE KOMMYECTBO 0TOpoca Konebrercst ot
1 0 20, a coorsercrByiomue ckopocts ot 3000 M. 1o 15000. o BrionHe f0-
CTAaTOYHBIE KOCMHYECKUE BEJIUYUHBL. Hﬁﬂ CKOPOCTH Ta6}'ﬂ/ﬂ.lbl OTHOCATCA K
pﬂﬁllblM BSPB!B'{QTI;!M MZTCPHZJ'IZM. Bosnpmas — x ‘[HCTE!M—BONOPOﬂy Y KUC-
J'IOPO,[ly. Menpmas — k )’I‘J[CBOI[OPOJIHM M 9HJIOTEHHBIM COE€IMHEHUAM KUCJIO-
pona. [Ty HarsHOCTH, 51 npu6am5uo TATHIH cTONbeL, KOTOPBI TOKA3bIBAET
B KUJIO HaHGOﬂbLﬂCC TIOAHATHE TeJIa ﬂpl/l 3EMHOM ¥ IOCTOSTHHOM TSKECTH.

Tabauya 6.
Omomenie vaccsi (Cp), ecn copoers | (Cxpy): B —
6 poca=5i poca=4 Tp=TLns (B npoueHTax) B KWIO HPH HOCTORH.
paxerst Moy : Mpy popa. 38, opat. 38 opat. 43, aeMH. TAECTH,

0,1 472,5 378 8,87 114
02 910 728 16,55 42
03 1310 1048 22,9 92
04 1680 1344 28,2 138
05 2025 1620 328 204
0,6 2345 1876 367 280
07 2645 2116 40,0 357
08 2930 2344 42,9 440
0,9 3210 2568 45,8 520
1 3465 2772 48,0
15 4575 3660 55,8
2 5490 4392 60,3
3 6900 5520 63,5
& 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 E
30 17170 13736 39,3 2
50 22400 17920 31,0 i
100 26280 21040 21,0
193 30038 24032 144
o0 o o 0 £

Haue nccrejoBanue npumeHseTcs B ciejyiomux cyyasx: 1) B cpesie 6es -
JKECTH, HATIP., MEXKJTY CONHIAMM MJTM MJICYHBIMU Ty TAMH, T7ie TSOKeCTh GinaKa
K HyJ10; 2) Ha MaJIbIX 4CTEPOMIAX, Ma/IbIX JIyHax (myHer Mapca) u Ha Beex ma-
JbIX HeOeCHBIX Tenax, Hamp., Ha Kombuax CaTypHa, Ie TSDKECTBIO TOXKE
MOXKHO nperebpeus; 3) Ha opbuTe 3emmm; 4) B KakmOM MecTe 060 comHey-
HOJI CHCTeMBI, Ha KAKOM YTOJHO PACCTOAHMM OT HeGeCHOTo Tena, eci CHaps
BHE aTMOC(EpbI 1 IPHOGPEN M He TPHOBPEN CKOPOCTB, MPENATCTBYIONIYIO

eMy 3ajieBaTh HeGecHOE TeNIo MK ero aTMochepy.

TToTom yBuiM, 4TO /171 M30EKAHUA TOTEPH SHEPTUH, HATIPABIICHHE B3PBIBA-

HUS JIOJKHO GBITh HOPMAJIBHO K PABHOJIEHCTBY IO CHJIE TATOTEHHUA.

Orciofa BUHO, 4TO JIOCTATOYHO TOJNBKO OCBOBOJMTHCS OT ILIAHETHON aTMO-
CcepBI M CIeIaThCs CIYTHUKOM STOM IUIAHETHI, XOTs Obl Ha OYeHb GIM3KOM OT
Hee PaCCTOAHMH, 4TOOBI JabHeEMIIICE JIBUYKEHHE 1 TIEPEMEIIIEHHE 10 BCeil BCe-
JIeHHO#1 BBUIO coBepiIeHHO ObecriedeHo. JleficTBUTEIBHO, B3PhIBAHKE TOT/A
MOJKeT ObiTh OdeHb C1abBIM, 4 SHEPrUA, MOTpebHAs st ATOrO, MOXKET GBITH
sanmcTBoBana or suepruu Comuua. OmOpHbI MaTepuan JafyT YacTHLb!
anbda u Gera, MOBCIOTy paccesHHbIe, M GOTMbL, KOCMUYECKAS IBLTb H APY-

ras HeGecHas MEIOUb.

TTepBblit BEIMKMIA IIAT YETOBEYECTBA COCTOMT B TOM, YTOObI BBIIETETH 32 aT-
Mocdepy u crenarses crytTHHKOM 3emin. OCTaibHOE CPABHUTETBHO JIETKO,
BILIOTh /IO yJIATIEHHs OT Hameit CoMHeuHoi cuctembl. Ho s, Komeuno, e

MMEIO B BUJLy CITyCK HA MaCCHBHBIE TIIAHETBL.

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