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

JBr>KeHMEe paKeTsI OT B3PhIBAHHA B IYCTOTE U B Cpefe CBOOOJHOM OT
TSDKECTH. XOTS U He BBIFOSHO JIaBaTh OTOPOCY OTHOCUTENIBHYIO CKOPOCTS,
OOJIBIITYIO MM MEHBIIYIO ADCOMTIOTHON CKOPOCTH CHAPSZIA, HO IIPU YIOTPEO-
JIEHUU B3PBIBYATHIX BEIECTB OTHOCUTENIBHAS UX CKOPOCTb, 11O HEBOJIE, II0-
crosiuaa. Yem oHa, BooOuie, 6obiie, TeM OOMIBLIYI0 CKOPOCTH IOTYYaET all-
napar. Eciu Tak, To cHavasma ckopocTh dacTuy, oTbpoca bosblie CKOpoCcTH
PaKeTbl U HCIOIb3OBAHUE OYECHb MAJIO, 3aTeM O0Oe CKOPOCTU PAaBHBI, HC-
11071630BaHue mosHoe. Jlaee, CKOPOCTh OTOPOCA MEHbIIE U UCIIOIB30BAHUE
yKJIoHseTcst oT nonHoro. Kopoude, ncnonssoBaHye SHEPIruu MM HEPEXOf ee
B JIBIDKEHHE PAKEThl HAUHAETCS C HYJIA, HOCTEIICHHO BO3PACTAET, JOXOLUT

10 100%, 3aTeM HENPEPHIBHO YMEHBIIAETCA, CITYCKAACh B IIPEJEIIE O HYJIA.

ITpu B3peiBaHKE MBI UMeeM fBe moTepu. IIpexpe Bcero He Bes aHeprus
TeIUIa IpeBpaIgaeTcs B ABrkenue otbpoca. Ho uem pmuuee Tpyba u vem
razoobpasHee IPOAYKTHI OTOPOCA, TEM 3Ta IOTEPs MeHsIle. B npegene oxa
Hys1s. Ha mpaxruxe ucrmonssoBanue He JODKHO ObITh MeHbIre 75%. Bropas
IIOTEPsI 3aBUCHUT OT TOTO, YTO OTOPOC MMEET OfHY U Ty K€ OTHOCHTEIIBHYIO
HauOOJIBIIYIO CKOPOCTh, HE PABHYIO YCKOPSIOMEMYCA ABIDKCHUIO CHAPSA.
Kak yBugnm, sTa moteps, Ipu KOCMUYECKHX CKOPOCTSX, COCTABIISET HE Me-
Hee 35%, a ucnonpsoBanue — He bonee 65%. B cpene tarorenus, B koro-
PO MBI XXHBEM Ha 3eMJIe, OHO MEHbIIE. Ecu mpuHATE BTOPHIHOE UCIIOIb-
soBarre B 50%, TO paKeTa IPEBPAIACT B CBOE [BIDKCHHE OKOTO 37%

(0,75%0,5) BCeit moTeHIUaTBHOM SHEPTUHU B3PbIBYATHIX BEIIECTB.

Mmeem B ycToTe U B cpefie CBOOOTHON OT TAKECTH

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

Ho (Mp) cocrout us nocrosirroit maccer (My) (T.-e. us cHapsipa, mogert,
3aI1aCOB U PA3HBIX an/IHa,unemHOCTeI?I) U NIEPEMEHHOM MAaCChI B3PbIBYATHIX

BEICCTB, KOTOpPhbIE, Cropas, BbIOPACHIBAIOTCA M3 PAKETBL. JHAYMT,

Mp=Mp;+Mo. Teneps, BMecTo 32, momydum:

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

dMo

Orcioga 34... — Cxko. ———
Mp; + Mo

= dCxkp.

WMurerpupys, Haiigem:
35... Cxp = —Cxo.Le(Mp; + Mo) + ITocr.

(Le) osmagaer HaTypaspHblit qorapudm. Jlomyctim, 4to mpu Havase B3PhI-

BaHUS PAKETA HE BUraIach, T.-¢ Cxp=0 u Mo=Mo;. Toraa us (35):
36... ITocr = Cxo.Le(Mp; + Moy).

Mpl = MOl)

Crneposarenpro: 37... Cxkp = Cko Le <
Mp; + Mo

HaI/I6OJIbIHy10 CKOPOCTb IOJYIdCT PAKETd, KOITd HM3PACXOAYCT BCCh 3aI1ac

B3PbIBYATHIX BEIIECTB, WK Korga Mo = 0.

M
B raxom ciryqae 38.. Cxp; = Cko.Le (1 F Ol) .
Mp,

M3 nocnepneit popmyssl BUSHO: 1) MakcumanbHas CKOPOCTb CHapsja
(Cxp) tem bompmie, vem Hombiryio ckopocTs uMeeT otopoc (Cxo). 2) (Ckp)

MOXCT GCCHPCHCHLHO BO3PACTATh C YBETMICHUEM OTHOCHUTCIBHOI'O KOJIH1IC-

M
CTBa (M—gl) otbpoca. Ho Bospacranue 210, cHauana JOBOJIBHO OBICTPOE,
1

IIOTOM OCJIACTCA BCC bosee u H6omnee MCEIJICHHDBIM. Eciu ornomenue (MOl g

M
Mp) odeHs Mas0, TO MATEMATUKH JIETKO JOKXKyYT, uto Ckp; = Cxo. M—gl
1

. 3HauuT, B aToM cirydae (Ckp;) mponoprmonansha samacy (Moq). Hampo-

TUB, B Tpepeine, Korja orHourenue (cm. 38) ouens Bemuko CKp; =

M v
Cko Le ( 7722 ), T.-e. BO3pacTaHue ckopocTy OyAeT YpesBbIYaiiHO MEATICH-
Mp,

Hoe. 3) CKOpOCTh pakeTsl He UaMeHsercs, ecau oTHourenue (Moq : Mpq)
ocraercs noctostHubM. OTCIOfa BUIHO, 9TO KOCMHYECKas CKOPOCTh He 3a-
BUCHUT OT aOCOJIIOTHOM BEIMYMHbBI MACChI CHApsifa. MHbiMu cnoBamu, Macca
CHApSIJA ¥ €TO HATPY3Ka [IPOUSBOJIBHO BEJIMKA, €CTU HE CIUTATHCA C MHBIMU
ycnosusami. 4) Oxondarenstast (CKpy) He 3aBUCHT OT MOPAZKA B3PbIBAHML.
ITpoxopuT J1v OHO PAaBHOMEPHO MJIU HET, CEKYH/IbI MU THICAIEIIETHA—9TO
BCe paBHO. Jlake IepephIBbI HUYErO HE 3HAYAT.

+dCxp Cko dMo

W3 34 nan : 39... — . .
3 34 natigem dBp Mp, +Mo dBp

ITepBast 4acThb BBIPAXKAET CEKYHJHOE YCKOPEHUE B JIBUXKCHUM PAKETSHI, T.-€.
CHJTy POXK[ICHHOM B HEMl OTHOCHUTETIBHOH TSKECTH (XOTA KPYroM, Mo Ha-
LIeMy yCIOBUIO, TsDkecTH HeT). Kak BugHo (39), OHa mpormopuuoHaibHa UH-
TEHCHBHOCTH B pacxofe Matepuana (dMo : dBp). Kpome Toro, mo mepe ero

(Mo) ucpacxofoBaHus, KOKYIAACA TKECTh YBEIHIMUBACTCS, TaK Kak (Mo)
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yMeHbInaeTca. IToObl OTHOCHTENBHAS TAXKECTh OCTABANIACH HEHM3MEHHOI,
HEOOXOZMMO MOCTEIEHHOE OCIabyieHre MHTEHCUBHOCTH B3pbIBA. lorma ns
39 nomyuum:

Cxko dMo
" Mp; + Mo ~ dBp B

39 ..

To,

rae (To) ects mocTosiHHAs OTHOCUTENBHAA TsKECTh. OTCIOMA:

Cxko. dMo

39 ... —————
Mp; + Mo

= To . dBp.

WMurerpupys, nomyaum:

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

Ecmu Mo = Moy, To Bp = 0, ciegosaresnsHo:

C M M

Ecmu Mo = 0, T.-e. Bech B3pbIBYATHIN MaTEPUAJI UCUEPIIAH, TO

C M
39 ... Bplzg.Le(l—l—M—:)

3Ha4uT, BpeMsA BCETO B3PHIBAHUA OOPATHO MOTYIaeMOM OTHOCHTEIbHOM T5-

JKCCTHU M YBCIIMIUBACTCA C Maccou OT6pOC2l.

dMo  Mp; + Mo
% : 3% ... = .
s (39, ) Haitnem 6 dBp Cro T To

Orciofa BUAHO, 9TO HAMMEHbIIAS MHTCHCUBHOCTh B3PBHIBAHMS HJIA HAM-
MEHBIIASA UX [OTeps OBIBAaCT MpHU KOHIlEe B3pbiBaHuA, Korga (Mo) ocranocs

MaJ10, a Haubosbas — BHavase, korga Mo = M.

dMo  Mp,

dBp ~ Crko—+To’
dMo  Mp; + Moy
dBp " Cro+To ’

B nepsom ciryqae 395..

a Bo BTOpoM 39g . ..

Ornomenre HaubobIIEroO pacxofa (B Hayasie) K HAUMEHbIIEMY (B KOHIIE)

byner: 399 ... 1+ ﬁ—gi Yem 6osmbire orHomenue (Mo : Mpq), Tem crb-

HEEC UBMCEHACTCA pacxo;[ B3pI>IB‘IaTOI'O Ma.TCpI/IaIIa u, O6paTHO, OH IIOYTH IIO-
CTOAHEH l'IpI/I MajioMm oTHomeHuu. Ha HpaKTI/IKC CI/IJIy BSPI)IBaHI/I}I HU3MCHATH
Hey,[[O6HO, l'IpOI_HC HCpCHOCI/ITb HCIIOCTOAHHYIO TAXKCCTD, HOFPYSI/IBIHI/I JIXO-

TN U IPYTHE HEXXHBIE IPEJIMETBI B KUJIKOCT.

Bper:[ B3PBIBAHMA BCCTO 3aI1dCa, ITPHU €ro paBHOMECPHOCTH, KOTId YCKOPC-
HHC PAKEThI 1 OTHOCUTCIbHAA TAXKCCTh BO3PACTAIOT, HO PACXOJ B3PhIBIAThIX

BEILIECTB OFMH U TOT 5K€, MOYXHO BBIPA3UTD EIIE TAK:

dMo
dBp ’

3910 ... Bp; = Moq :

TYT IIPOM3BOJHYIO MOXXHO 3aMCHHUTDH CCKYHJHBIM PACXOJTOM B3PbIBIATOIO
BCIIICCTBA. To xe BpEMA, ITPU PABHOMEPHOM YCKOPEHHM PAKETDI U ITIOCTOAH-

HOU OTHOCHTEJIBHON TSDKECTH B cHapsige (391), HO HepaBHOMEPHOM pac-

xozie oTOpoca, OyzeT paBHO:

d
3911 ... Bp; = Ckp; : ¥p = Ckp; : .
1 1 1 dBp

ITpoussogHas TyT BEIPaXKaeT HOCTOAHHOE HpI/I6aBJICHI/I€ CKOPOCTH CHapsza
B CEKYH[TY.

Murepecno 3HaTh, KaKas 4acTh IOJHOMN pa6OTbI ABYDKYIIMXCA 9aCTHUL] OT-
6poca nepepaerca paxere. Fimeem:

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

Mp, Cxpq 2
Orciona: 42... Ppy : Po = —22 | :
reona P15 Mo, (cKol

WJIU, Ha OCHOBaHUHU 38:

2
43, P2 _Mpy [y oy, Mo |
PO MO]_ Mp].

OTCIOIIa MOJXXHO BBIYUCIIMTD, YTO HCIIOJIb3OBAHHWEC HE MOXKET ObITH OOJIBIIE

65%, a 4711 OTyYeHNs KOCMUYECKUX CKOPOCTEHM OHO MOYKET OBITh IIPUHATO
B 50%. Ecytu 3amac B3ppIBIATOrO BEmECTBA CPABHUTENIBHO HE BEUK, TO MPU-

OIMBUTETBHO TTOTYINM BMECTO (43):

45....Pp : Po = Mo; . Mp; wum, Tounee:

M M
46... Pp:Po= —2 (1— L),
Mpl Mpl

MokHO mosy4auTs eme bomee TOUHYI0 POPMYITY, 38HAA, ITO

2 z ot
ks

273

44... Le(l1+2) =2z —

M3 ¢opmyn BupiHO, YTO CHAYaIa, KOIZA 3aI1aC MaJl, TIOJIE3HOCTh BO3PACTAET
IPOIIOPIIMOHATIBHO 3aI1ACY, 3aTEM MEJICHHEE, JOCTUTAeT HauOOIbIIEl Be-

JIMIHUHBI, IOTOM MEAJICHHO YMCHBIIACTCA U, B IIPEACIIC, TOCTUTACT HYJIA.

Ornomenue (Mpy : Mo; = x), cooTBeTcTByIOLIee HAHOOIBIIEI TTOTE3HO-

CTH, OIIPCAC/ACTCA YPABHCHUCM:

, (x) 6mmsko K 4

2z
Le(l+x) = T2

(T.-e. 3aITac MpEBBIIAET BEC PAKETHI B 4 pasa), a HCIomb3oBaHue 65%.

Kpome Toro, 4To MbI BBIBEIM aHATUTUYECKU U3 TAOIHIIbI, BUFHUM, YTO HAU-
bosbiee ncmomp3oBanue (o 65%) sHepruu oTbpoca ObBaeT TOrMA, KOrga
BeC ero B 4 pasa Oosmbure Beca pakersl. Ho mpomuent ucmonssoBanis, Bo-
obmre, He Ma (0kom0 50%), KOrAa OTHOCHTEIBHOE KOJIIMYECTBO OTOpOCa Ko-
nebnercs ot 1 go 20, a cootsercTByomue ckopoctu ot 3000 m. mo 15000.
OTO BHOJNHE [OCTATOYHBIE KOCMUYECKHE BelM4MHBL J[Be ckopocTH Ta-
GBI OTHOCSTCS K PasHbIM B3PBIBYATHIM MaTepuaiaM. bompimas — K 4u-
CTBIM—BOJOPOJY U KUCIOPOAY. MeHblIas — K yrIeBOFOPOAAM U SH/OTeH-
HBIM COE[MHEHHAM Kucaopoga. JIis HamsaHOCTH, 8 MpUOAaBIsIO IATHI
crosnberl, KOTOPBIH MOKA3BIBAET B KMUJIO HAUOOJIBIIEE MOFHATHE TEJIA HPH

3eMHOU ¥ IIOCTOAHHOM TA)KECTH.

Tabauya 6.
(Cxpy), ecmn
Orromenne maccet (Ckp), ecnu ckopocTs CKOPOCTh Hcnonb3oBanue Ipubmusuren.
orfpocakmMacce  o16p0ca=5000 M. 016poca=4000 m TTp=TTus (s NOHATHE B KUJIO TPU
paxerst Moy : Mpy. popm. 38. ¢popm. 38. 1npouenTax) GopM. 43. | [OCTOAH. 3EMH. TAXKECTH.
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 A\
15 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 E
7 10395 8316 61,7 g
8 10985 8788 60,5 ;
9 11515 9212 58,9 g
10 11990 9592 57,6 2
15 13865 11092 51,2 %
20 15220 12176 46,3 :
30 17170 13736 39,3 :E)
50 22400 17920 31,0 2
100 26280 21040 21,0 :
193 30038 24032 14,4 L:)(
00 00 00 0 ﬁ

Harme mccnenoBanue mpuMeHseTcs B Cefyomux cuydaix: 1) B cpege 6e3
TSDKECTH, HAIIP., MEXJY CONHI[AMU WM MJICYHBIMH IyTSAMH, II€ TAKECTh
013K K HYJTIO; 2) Ha MaJIbIX ACTEPOUAX, MATIbIX JTyHaX (1yHs! Mapca) u Ha
BCEX MaJIbIX HeOECHBIX Tesax, Hamp., Ha Kombuax CaTypHa, Ifie TAKECTBIO
TOYXKE MOXXHO IpeHebpeds; 3) Ha opbute 3emin; 4) B KOKEOM MecTe mob0it
COJIHEYHOM CHCTEMbI, Ha KAKOM YIOJHO PACCTOSHUH OT HeOECHOTO Tela,
ec/ CHapsiJ BHe arMocdepsl U MpHoOpes uiu He HPHOOpes CKOPOCTS,

OPEIATCTBYIONYIO €EMY 3dJICBATH HeDeCHOE TeJI0 MU €T0 aTMOC(l)pr.

ITorom yBupum, 9To 15 nsbexaHua NIOTEPH SHEPTUU, HATIPABJIEHUE B3PbI-

BAHUA JOJDKHO OBITH HOPMAaJIbHO K PaBHOJIEMCTBYIOIIEN CUJIE TATOTEHMS.

Orciofa BUAHO, YTO JOCTATOYHO TOJIBKO OCBOOOIMTHCS OT IUIAHETHOM at-
MOC(EpPBI ¥ CAEIATHCS CIIyTHUKOM 9TOM IIJIAHETSHI, XOTA Obl Ha O4eHb Ouins-
KOM OT Hee PACCTOSIHUMU, YTOOBI JjajIbHENMIIEE IBIDKEHHE U [IEPEMEILECHHE T10
BCEH BCEJICHHOM ObUIO coBepineHHO obecreueHo. [leiicTBUTENBHO, B3PHIBA-
HHE TOTZia MOXKET OBITh OYeHb CJIAOBIM, 4 SHEPTHsL, MOTPeOHAs A 9TOTO,
ModkeT ObITh 3amMcTBOBaHA OT sHeprun Connna. OmoOpHLIT MaTepuan ja-
AyT YacTUus! anbda U OeTa, IOBCIOAY PaCCesHHBIE, WM OOIU/BI, KOCMUYE-

CKas1 IIbLJIb M JPYTas HC6€CH&H MCJIOYb.

ITepBblit BETUKHIA AT YEIOBEYECTBA COCTOUT B TOM, YTOOBI BBUICTET 32 aT-
Mocdepy u caenarbes cnyTHuKoM 3eman. OcTaabHOe CPAaBHUTENIBHO JIETKO,
BILJIOTH JO YHAJICHUA OT Hamel comHeyHoH cucrembl. Ho s, koHeyHo, He

MMCIO B BUy CITYCK Ha MadCCHBHBIC IIJIAHCTBI.
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1926, in its spelling.




