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

JIBHOKEHHUE PAKEThI OT B3PHIBAHMA B IIyCTOTE U B Cpefie CBOOO.-
HOI OT TsDKeCTH. XOTA UM He BBITOJHO JaBaTh OTOPOCY OTHOCH-
TEJIBHYIO CKOPOCTH, GOIBIIYIO MM MEHBIIYIO a0COMOTHOM CKOPO-
CTHU CHAPSIA, HO NIPH YIOTPEOICHAN B3PHIBIATIX BEILECTB OTHOCH-
TeJIbHAA HX CKOPOCTD, IO HEBOJIE, IIOCTOSAHHA. JeM oHa, Boobuje,
Goublie, TeM GOMBIIYIO CKOPOCTH TOMy4aeT anmapar. Eciu rax, To
CHAYaJ1a CKOPOCTH 9acTHL, 0TOpoca GOoJIbIIE CKOPOCTH PAKETHI U HC-
IIOJIb30BAHKE OYEHb MAJIO, 3aTeM 06e CKOPOCTH PABHEI, MCIIONb30-
BaHue nosHoe. Jlaree, CKOpOCTh 0TOPOCA MEHBIIE M HUCIIOIb30BA-
HUe YKJIOHseTcA oT nomoro. Kopode, mcronbsoBanue sSHeprun
HUIM TIEPEXOf, €€ B [BIDKEHHE PAKETHl HAYMHACTCA C HYJIA, IOCTe-
MIEHHO BO3PACTAET, AOXOAUT 10 100%, 3aTeM HEMPEPBIBHO yMEHb-

MIACTCs, CITyCKAsCh B IIPEIEIIC O HYIIA.

IIpu BspeiBanum MbI uMeeMm aBe moTepu. IIpexae Bcero He BCA
SHEPIUs TEIIA IPEBPAAETCA B iBrKeHue otbpoca. Ho yem mmun-
Hee Tpyba 1 yeM rasoobpasHee MPOFyKThl 0TOPOCA, TEM 9Ta OTEPA
MeHsbire. B npegene ona myms. Ha npaxruke ucrnonssoBaHue He
JOIDKHO ObITh MeHsbIIe 75%. Bropas morepst saBycUT OT TOrO, 4TO
0TOpOC ¥MeeT OfHY M Ty YK€ OTHOCHUTENIBHYIO HAUOOJIBLIYIO CKO-
POCTH, HE PABHYIO YCKOPAIOLEMYCA ABIDKeHMIO cHapsia. Kax yBu-
A¥IM, 3Ta [OTEPSl, IPH KOCMUYECKUX CKOPOCTSX, COCTABIISIET HE Me-
Hee 35%, a ucnonp3oBanue — He bonee 65%. B cpepe TaroTenus, B
KOTOPOM MBI )KHBEM Ha 3emiie, OHO MeHbie. Ecim mpusATh BTO-
pudHOE HCoNb30BaHUE B 50%, TO paKeTa IpeBpaLiaeT B CBOE JIBH-
xenue okono 37% (0,75x0,5) Bcell MOTEHUMATBHON SHEPrUn

B3PBIBYATBIX BCIICCTB.

VmeeMm B IycTOTE U B Cpefie CBOOOIHOM OT TAXKECTH

32... Cxo.dMo + Mp.dCxkp = 0.

Ho (Mp) cocrour us nocrosuuoit Maccst (M) (r.-e. u3 cHapsza,
JIOMIEN, 3aTACOB U Pa3HbBIX nana;meMHOCTeﬁ) U TIEPEMEHHOMU
MaCChl B3PBIBYATBIX BELIECTB, KOTOPbIE, CrOPas, BHIOPACHIBAIOTCS 13

paxersr. 3Haunt, Mp=Mp+Mo. Teneps, BMecTo 32, momyunm:

33... Cxo.dMo + (Mp; + Mo) .dCkp = 0

dMo

Orciopa 34... —Cxo. ——
MPl ar Mo

= dCxkp.

Wurerpupys, Haitnem:
35... Cxkp = —Cko.Le(Mp; + Mo) + ITocr.

(Le) osmagaer HaTypambHbit sorapudm. JOmycTuM, 4ro IpH Ha-

yaJie B3PHIBAHMSA PAKETA He JBUTaach, T.-¢ Ckp=0 1 Mo=Mo;. To-
roa us (35):
36. .. ITocr = Cxo . Le(Mp; + Moy).

Mp; + Moy )

Crepoatensro: 37... Cxp = Cko Le <
Mpl + Mo

Haubosnpmyio cKopocTh MOJyYaeT pakeTa, KOrja H3PacxofyeT Bech

3aITaC B3PBIBYATHIX BEINECTB, MK Koraa Mo = 0.

M
B taxom ciyuae 38.. Cxp; = Crko.Le (1 + 01) .
Mp;
s nocnepueit popmysist BugHO: 1) MaxcuManpHas cKOpoCTb CHa-
psna (Ckp) tem Gosbine, yem GOJBLIYIO CKOPOCTh MMEET OTOPOC
(Cxo). 2) (Cxp) mosxer becripe/iebHO BO3PACTAT C YBEIMYEHUEM

Mo
OTHOCHUTEJIBHOIO KOJIMYECTBA (M_pl> 0T6p0ca. Ho BOSpaCTaHI/IC
1

3TO, CHaYaJIa JOBOJIBHO OBICTpOE, ITOTOM JesaeTcs Bee bomee u 6o-
nee MegneHbM. Ecu orHomenue (Mo : Mpy) odens maio, T0
MaTteMmaTHKH Jerko pokaxyrt, uro Cxp; = Cxo. ﬁ—: 3HauuT, B
srom ciyuae (Ckpy) nponopuuonansHa sarmacy (Moq). Hanporus,
B mpepese, korga orHomrenue (cMm. 38) ouens Bemuko Ckp; =

Cko Le x—;i), T.-€. BO3PACTAHME CKOPOCTH OyAeT YPEe3BHIYANHO
MegienHoe. 3) CKOPOCTb PAKETHI He H3MEHAETCS, €C/IH OTHOLICHHE
(Moj : Mp;) ocraercst nocrosuusiM. OTciofa BUJHO, 9TO KOCMU-
9ecKas CKOPOCTh HE 3aBHCHT OT abCOMIOTHON BEIMMMHBI MACChI
cHapsia. VIHsIMU CI10BaMU, Macca CHAPSIAA U €rO HArpysKa IPOus-
BOJILHO BEJIMKA, €CJI HE CIMTAThCS C UHBIMK YCIOBUAMHE. 4) OkoH-
gatenbHas (CKpp) He 8aBHCUT OT HOPAAKA B3pbIBaHUA. IIpoxoput
JI1 OHO PABHOMEPHO WJIM HET, CEKYH/bl MM THICSYEIICTHA—ITO

BCE PaBHO. ,ZLS.)KC IEPEPHIBbI HAYCTIO HC 3HAYAT.

+dCxp  Cxo dMo
dBp  Mp; +Mo dBp’

s 34 maigem: 39...

TlepBast 9acTh BHIPOKACT CEKYHJHOE YCKOPCHHUE B ABIDKCHHH pa-
KETBI, T.-€. CUJIy POXKACHHOM B Hell OTHOCHTENLHON TKECTH (XOTs
KPyroM, [0 HalleMy YCIOBHIO, Tsokecty Her). Kak BugHo (39), oHa

HpOl’IOpLLI/IOHQJIbHa HUHTCHCUBHOCTU B pacxo,uc MaTCpHSJIa (dMO :

Text: K. Ilnonkoscxuit, Hccaedosarnne muposwx npocmpancms peaxmusnvmu npubopamu (nepeusdanue pabom
1903 u 1911 2. ¢ nexomopumu usmenenusmu u donosnenusnn), Kanyra, 1-1 Tocrunorpa¢pus TCHX, 1926, pp.

36-43. Scan: Belinsky Library, Yekaterinburg.
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dBp). Kpome Toro, o mepe ero (Mo) ncpacxogoBanust, Kaxymya-
SACS TAKECTh YBETMUMBACTCA, TaK Kak (Mo) ymensmaercs. YTo6sr
OTHOCHUTENbHAS TSAYXKECTh OCTABANACh HEU3MEHHOM, HeOobXOmuMo
IIOCTEIIEHHOE OC/Ia0IeHne MHTEHCUBHOCTH B3phiBa. Torma us 39
TIOJIyYHM:

Cxo dMo

= To,
rne (To) ectb mocTosHHAs OTHOCHTEMbHAA TsDKecTh. OTCIoHa:
Cxo. dMo

= To . dBp.

Wurerpupys, momydmm:

39;... Cxo.Le(Mp; + Mo) = To.Bp + ITocr.

Ecmz Mo = Moy, To Bp = 0, ciegosarensuo:

Cxo (Mpl-i-Mol)
el ——— .

coo WP = ==
3% P Mp; + Mo

Ecou Mo = 0, T.-€. BECb BBPBIB‘IaTbeI Marepual uCICpPIIaH, TO

Cxo Moz
..Bpp = Le|ll4+ —
5% b1 To e( - MPl)
3H3.‘{I/IT, BpCMﬂ BCETO BSPBIBS.HI/I}I 06p3.THO HO]Iy‘{Q.CMOﬁ OTHOCH-
TEJIbHOM TAYKECTH U YBETMIMBAETCS C MACCOM 0TOpOCa.
dMo  Mp; + Mo
dBp  Cko+To’

s (39;) naitnem: 3% . ..

OTCIO,E[Q. BUIHO, YTO HAMMCHbBINASA MHTCHCUBHOCTD B3PbIBAHUA W
HaMMCHbBIIAA HUX TIOTCPSA 6bIBaeT Opy KOHIIC B3PBIBAHWA, KOITIA

(Mo) ocranoce Masno, a Haubospmas — BHadase, Korga Mo = M.
dMo  Mp;
dBp  Cxo+To’

dMo _ Mp; + Moy
dBp " Crxo+To

B neppom ciywae 397..

aBo BTOpoM 39g. . .

Ornowenne Haubosbinero pacxopa (B Hayase) K HauMeHsleMy (B
xoHuge) byger: 399 ... 1+ x—gi. Yem 6ompe oraomenue (Moy :
Mpj ), TeM CHIIbHEE UBMEHACTCA PACXOF, B3PHIBIATOTO MATEPUATIA U,
06paTHO, OH IOYTH MOCTOSIHEH PK MaoM oTHomeHuu. Ha mpax-
TUKe CUJTy B3PBIBAHUS H3MEHSATh HEY00HO, IPOLIE IEPEHOCUTD He-
IIOCTOSHHYIO TsDKECTb, NOTPYSHMBIIM JIOKEH U JiPyTHE HEXKHbIC

HPEIMETDI B )KUJIKOCTb.

Bpems BaprrBanmA Bcero samaca, IpU €ro paBHOMEPHOCTH, KOT/ia
YCKOPEHME PAKETBI U OTHOCUTETIbHAA TSKECTh BO3PACTAIOT, HO pac-
XOJ| B3PHIBYATBIX BEWIECTB OfIMH U TOT K€, MOYKHO BBIPA3UTh €IIE

TaK:

dMo
3910...B =M012—.
P1 dBp

TyT TIPOU3BOJIHYIO MOYXHO 3aMECHHUTD CCKYHITHBIM PACXOIOM B3PbIB-
YaTOTO BEIECTBA. To xe BpEM, TPU PABHOMEPHOM YCKOPCHUH pa-

KETbI U [OCTOHHOM OTHOCHTENIbHOM TKECTH B cHapsne (391), Ho
HEPaBHOMEPHOM pacxofie 0Tbpoca, byaer paBHO:

dCxp

3911 ... Bp; = Ckp; : ¥p = Ckp; : E

IIpoussopHas TyT BEIpaXKaeT MOCTOAHHOE l'IpI/I63.BJ'ICHI/IC CKOpOCTU
CHApANa B CEKYHL.

WuTepecHo 3HaTh, KaKas 9acTh IOTHOM paGOTLI JBYDKYIIUXCA Ya-

CTHULL 0T6p0ca NEpPefacTCs paKere. Nwmeem:

40... Po = 0,5.Mo0;.Cxo®>  41... Pp = 0,5.Mp;.Cxp;.

2

P1 Cxp,

Orcioma: 42... Ppy : Po = MP1 ((Sxpy
reond P15 Vo, (CK01 ’

WJIH, HA OCHOBaHUM 389:

2
Pp  Mp, Moy
43... — = —{Le|(1 5
o gy Mol{e<+Mpl>}

OTCIOIla MOXXHO BBIYUCIIUTH, YTO HCIIOJIbSBOBAHUEC HE MOXKET OBITH

Goublre 65%, a JIs HOMyYeHHsE KOCMIYECKUX CKOPOCTEH OHO MO-
xer Ot npusaATO B 50%. Ecm samac B3phIBYATOrO BemiecTBA
CPABHUTENIPHO HE BEJIMK, TO NPHOIMUSUTENBHO IIONYYUM BMECTO

(43):
45....Pp: Po = Moy . Mp; wm, Tounee:

Mo Mo
46... Pp: Po = 1-— .
6 e Mp, < MPl)

MooxHO moyauTs eme 6ornee TOYHYIO GOPMYITY, 3HAS, YTO

5; the text here is the author's revised text of

2 1173 1134

=

T
44. .. Le(1 —— —
e(l+z)== 3 5=

Ws popmyn BupHO, 4TO CHayama, KOTZa 3amac Majl, HOJE3HOCTh
BO3PACTAET NPOHOPIHOHAIBHO 3aIacy, 3aTEM MeEJIEHHEE, JOCTH-
raeT HanbOJIbIIE BEIMYHMHEI, [IOTOM MEJJICHHO YMEHBIIACTCS U, B

npeziesnie, JOCTUTAET HYJIA.

Ornowenne (Mpy : Moy = x), coorBercTByomee HauOOMbIIE 110-

JIE3H U, ONIPEAECTLA >4 BHCHUECM:
€3HOCTHU, ONIPEAEIIACTC. ABHCHUE

2
Le(l+z) = ?ww, (x) 6amsKo K 4

(T.—C. 3ar1ac IPEBBIACT BEC paKCTLI B 4 pasa), 4 HUCITIOJIb3OBAHUC

65%.

Kpome Toro, 4To MbI BbIBE/IM AHATUTUYECKU M3 TAOTUIIBL, BUFUM,
4TO Haubosbluee ucnonb3oBaHue (5o 65%) sHeprum orbpoca Obi-
Ba€T TOI/A, KOIZJA BeC €ro B 4 pasa Gossie Beca pakerst. Ho mpo-
LEHT MCIIOMb30BaHMsA, BOobme, He Ma (0koo 50%), Korga OTHO-
CHTEIIBHOE KOJIM4ecTBO 0Tbpoca konebnercs or 1 o 20, a cootser-
creyfomue ckopoctu or 3000 m. 1o 15000. Ato BriomHe KOCTATOY-
HbIe KOCMUYECKUE BEIMYUHEL. JIBE CKOPOCTH TaOMULBI OTHOCATCA K
PA3HBIM B3PBIBIATHIM MaTepuasaM. Dobas — K 9MCTHIM—BOJIO-
pony u xucmopogy. Menpmas — K yriaeBogoposaM 1 SHOTEHHBIM
COEMIMHEHMAM KUCTOPOaa. [l HALAHOCTH, 5 IPUOABIIAIO TLATHIA
cronbery, KOTOPBII IIOKA3bIBACT B KMIJIO HAMOOJIbLIIEE TTOFHATHE TeNla

HpU 3eMHOM U MMOCTOAHHOM TSXKECTH.

Tabanya 6.

Orxoutene (Cxp), ecmn (Cpy), ccm Vicnomssosanie [puGmanren.
Macent oT6poca K

CKOPOCTh CKOpOCTh TIp=ITxs (8 TOJHATHE B KWJIO IPH
macee paketst MOy 1650ca=5000 . | 016poca=4000m | npouerrrax) dopu. TOCTOAH. 3eMH.
:Mpy. dopa. 38. dop. 38. 43. TKECTH.

0,1 472,5 378 8,87 11,4
0,2 910 728 16,55 42
0,3 1310 1048 22,9 92
0,4 1680 1344 28,2 138
0,5 2025 1620 32,8 204
0,6 2345 1876 36,7 280
0,7 2645 2116 40,0 357
0,8 2930 2344 42,9 440
0,9 3210 2568 45,8 520

1 3465 2772 48,0 607
1,5 4575 3660 55,8 650

2 5490 4392 60,3 1520

3 6900 5520 63,5 2430

4 8045 6436 64,7 3300

S 8960 7168 64,1 5

6 9730 7784 63,0 g

7 10395 8316 61,7 g

8 10985 8788 60,5 E

9 11515 9212 58,9 g
10 11990 9592 57,6 E
15 13865 11092 Sl \%
20 15220 12176 46,3 g
30 17170 13736 39,3 E
S0 22400 17920 31,0 E(
100 26280 21040 21,0 £
193 30038 24032 14,4 E
[o%) (o] (e ] 0 E

Hame wnccnegoBanie OpuMeHseTcs B CIeAyIOIMX Clydasx: 1) B
cpene 6es TOKECTH, HAIP., MEKAY COMHLIAMU MM MICIHBIMH Iy-
TAMM, If§e TOKECTb OIM3Ka K HyJIo; 2) Ha MasIblX aCTEPOM/AX, Ma-
b1 JiyHax (JryEsl Mapca) 1 Ha Bcex Maibix HeOeCHBIX TeJIax, Hamp.,
Ha xombuax CaTypHa, Iiie TAKECTBIO TOXKE MOXKHO npeHebpeds; 3)
Ha opbuTe 3emuy; 4) B KKFOM MeCTe 060 CONTHETHOM CHCTEMBL,
Ha KAKOM YTOJHO PACCTOSHUM OT HeBECHOTO Tela, eC/Ii CHAPSI BHE
aTMocheps! 1 IpHObpe Ui He NPUOGPes CKOPOCTh, IPEIATCTBY-

IOLIYIO0 CMY 3aJICBATH HC6CCHOC TEJIO UJIU €TO aTMOC(l)pr.

ITorom yBumuM, 9TO AU nsbexxaHus HOTEPU SHEPTUH, HATIPABJIE-
HUE B3PbIBAHUA [IOJDKHO 6bITh HOPMaJIbHO K PaBHOJIEUCTBYIOMEN

CUJIE TATOTECHUA.

Orciona BUHO, 9TO JOCTATOYHO TOJBKO OCBODOIUTHLCA OT IJIAHET-
HOM aTMOCQEPEI U CIEIAThCA CITYTHUKOM STOH IJIAHETHI, XOTA 651
Ha O4eHb OJIMBKOM OT Hee paccrosHuy, 94TOOBI aTIbHEMITEE TBUIKE-
HUE U EPEMEIIEHUE 11O BCEU BCEJEHHON 65110 COBEPIIEHHO obec-
nedeHo. JleficTBUTEbHO, B3PEIBAHIE TOTA MOYKET 6bITH OUEHD CI1a-
6bI1M, 2 SHEPTHU, HOTpeGHaﬂ LIS 3TOTO, MOYKET ObITh 3aMMCTBOBaHA
ot sneprun Comuna. OmopHsIi MaTEpPUA JAflyT YaCTUII aTbda K
6era, TOBCIONY PACCEAHHBIE, WK 60mubl, KOCMUYECKAS MBUIb U

Apyras HebecHAs MEJIOYb.

HCpBbIﬁ BEJTMKHH IIal' YeJIOBEYECTBA COCTOUT B TOM, 4TO6BI BBLIE-
TETH 34 aTMoc(l)epy U CHC/IATHCA CITYTHUKOM 3emmu. OcranpHoe
CPaBHUTECJIPHO JICTKO, BILJIOTH IO YAAJICHUA OT HAIIed COTHEYHOMN
cucremsl. Ho A, KOHECYHO, HE MMCI0O B BUNY CITyCK Ha MaCCHBHBIC

IIJTAaHETHI.
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1926, in its spelling.




