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

JBYD>KEHHME paKeThl OT B3PbIBAHUA B IIYCTOTE U B CpeAe cBOOOmMHOM
OT TsKeCTU. XOTsA U He BBITOFHO JaBaTh OTOPOCY OTHOCHUTENIBHYIO CKO-
pOCTb, OOJIBLIYI0 MIIM MEHBIIYIO aOCOMIOTHOM CKOPOCTH CHApsiAa, HO
IIPH YIOTPEOICHUN B3PHIBYATHIX BELIECTB OTHOCUTEIBHAS UX CKOPOCTb,
II0 HEBOJIE, ocToAHHA. JeM oHa, Boobe, bosble, TeM OOJIBIIYIO CKO-
pOCThb mosydaeT ammapar. Eciu Tak, TO CHadanza CKOPOCTb YACTHI OT-
6poca 6osble CKOPOCTH PAKETHI U UCIOIB30BAHKE OYCHb MAJIO, 3ATEM
obe CKOpoCTH paBHBI, UCHOIB30BaHME HOMHOE. Jlamee, cKOpoOCTh OT-
Opoca MeHblIe U UCIIOIB30BAHUE YKIOHAETCA OT mmosHoro. Kopoue, uc-
ITOJIb30BAHKE SHEPTUHU UM IIEPEXOL €€ B ABMKCHIE PAKEThI HAYUHACTCS
C HYJIA, IOCTENEHHO BO3pacTaeT, foxoauT fo 100%, sateM HepephIBHO

YMCHBIIACTCA, CITYCKaACh B Hpe,uene 10 HYJIA.

ITpu B3priBaHMM MBI HMeeM ABe oTepu. IIpesxe Bcero He Bes aHepruA
TEIJIa [peBpalaeTcs B ABrkenne orbpoca. Ho vem punnee tpyba n
yeM razoobpasHee MPOFyKTs OTOpOCA, TeM 9Ta IOTeps MeHsble. B mpe-
niesie oHa HyJib. Ha npaxruke ucrnosb3oBaHue He JODKHO OBITh MEHBIIIE
75%. Bropas moteps saBUCHUT OT TOTO, 4TO OTOPOC MMEET OFHY H Ty JKe
OTHOCHUTEJIBHYIO HaHOOJIBLIYI0 CKOPOCTh, HE PABHYIO YCKOPSIOIIEMYCS
ABYDKEHUIO cHapapa. Kak yBupuM, sta morteps, Ipu KOCMUYECKUX CKO-
POCTAX, COCTABIIAECT HE MeHee 35%, a ucrnomb3oBaHne — He boisee 65%.
B cpepe TArorenus, B KOTOpoil Mbl >KMBEM Ha 3eMJ€, OHO MEHBIIE,
Ecm npunare BropuyHoe ucnonb3oBanue B 50%, To paxera mpespa-
aer B CBOe aBrokeHre okoso 37% (0,75%0,5) Bceil MOTEHIIUAIbHOM

SHepI‘I/II/I B3prBUIEl_TbIX BCIICCTB.

meeMm B mycTOTE U B cpefie CBOOOTHOM OT TSHKECTH

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

Ho (Mp) cocrour us mocrosuHoi maccel (Mq) (T.-e. U3 cHapsza, jmo-

JIEM, 3aIacoB U PA3HBIX anHanﬂemHOCTef/i) U INEPEMEHHOM MaCChI
B3PBIBYATHIX BEIECTB, KOTOPBIE, CrOpas, BHIOPACBIBAIOTCA U3 PAKETHL

3uauut, Mp=Mp{+Mo. Teneps, BMecTo 32, momydmnm:

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

dMo

Orcrooga 34... — Cko. Mp; + Mo

= dCxkp.

HuTerpupys, HaiigeM:

35... Cxp = —Cko.Le(Mp; + Mo) + ITocr.

(Le) osmasaer Hatypanpubiii norapudm. [omycTuMm, 4ro mpu Hadase

B3PBIBAHUA paKeTa He ABuranacek, T.-e Cxp=0 u Mo=Mo;. Torma us
(35):
36 ... ITocr = Cxo.Le(Mp; + Moy).

Mp; + Mo,
Mpl -+ MO '

Crneposarensro: 37... Ckp = Cko Le (

HaI/I6OIII)H.IYIO CKOPOCTDb ITOJIYIACT PAKCTA, KOIJd M3PACXOAYET BCCh 3a-

T1aC B3PBIBYATHIX BEIIECTB, UK Koraa Mo = 0.

M
B raxom ciygae 38.. Cxp; = Cko.Le (1 + 01) :

3 nocnepgneit popmysibl BULHO: 1) MaxcumasnbHas CKOPOCTb CHApAza
(Cxp) Tem 6obire, ueM 6ombiyio ckopocTs umeer otbpoc (Cko). 2)

(Cxp) Moxer becripesiesIbHO BO3PACTATh C YBEJIUYCHUEM OTHOCHUTEJID-

Mo
HOIro KOJIMNYECTBA M—pl) OT6pOC3.. HO B03paCTaHI/IC 9TO, CHa4YaJId OO-
1

BOJIBHO OBICTPOE, ITIOTOM JieIaeTcs Bee Oosee u Oosee MeayieHHbIM. Eciu

oraomenue (Mog : Mpq) odeHb Majio, TO MaTEMaTHUKH JIETKO JOKKYT,

aro Cxp; = Cko. ﬁ;i 3Hauut, B 5ToM caydae (Ckpy) mpomopuuo-

HanpHa 3amacy (Mog). Hanporus, B mpenene, xorma otHomenue (cm.

Moy
Mp,

38) ouens Bemuxo Cxp; = Cxo Le ( ), T.-€. BO3PACTaHUE CKOPO-

CTU 6y;1eT YPE3BBIYAMHO MEJJIEHHOE. 3) CKOpOCTbh paKeThl He U3MEHSA-
ercst, ecu otHomenue (Moy : Mpy) ocraercst mocrosuusiM. OTtciona
BUJHO, YTO KOCMUYECKas CKOPOCTh HE 3aBUCUT OT aOCOIIOTHOM BEJIU-
YMHBI Macchl cHapsaga. VIHpIMM citoBaMH, Macca CHapAJa U €ro Harpyska
IIPOU3BOJIBHO BEJIMKA, €CIM HE CYUTATHCS C WHBIMU YCIOBHSMHU. 4)

Oxonuarensrast (CKp;) He 3aBUCUT OT IIOPAAKA B3pbiBaHuA. [IpoxoguT

JIU OHO PABHOMCPHO MJIM HCT, CCKYHJBI HMJIK TBICAICIICTUA—ITO BCC

PpaBHO. 'ZLQQKC IIEPCPBIBbI HUYICTO HC 3HAYAT.

+dCxp B Cko dMo

3 34 gan : 39... = . .
3 34 naitpenm dBp Mp; + Mo dBp

ITepBas yacTh BHIPKAET CEKYHAHOE YCKOPEHUE B IBUYKEHUU PAKETHI, T.-
€. CHUIy POKIAEHHOU B HEH OTHOCHUTEIBHOM TSDKECTU (XOTS KPYroM, IO

HameMy ycaosuio, Tspkectu Her). Kax Bupno (39), ona mpomopiuo-
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HaJIbHA MHTEHCHUBHOCTU B pacxoge marepuana (dMo : dBp). Kpome
TOTO, 10 Mepe ero (Mo) ucpacxomoBaHus, KOKYIAACA TSHKECTh YBEIIU-
qiBaeTcs, Tak Kak (Mo) ymensimaercsa. YToOb1 oTHOCHUTEIBHAS TAXKECTD
OCTaBaJIaCh HEM3MEHHOM, HEOOXOOUMO ITOCTENEHHOE OCTabIeHUe UH-

TEHCUBHOCTH B3PbIBA. Torma us 39 TIOJTYIMM:

Cxko dMo

39 ... , —
Mp; + Mo dBp

To,

rie (To) ecTs mocTostHHASt OTHOCUTENBHAA TsKeCTh. OTCIONA:

Cko. dMo
" Mp; + Mo

39,.. = To . dBp.

urerpupys, nomydnm:

39;3... Cxo.Le(Mp; + Mo) = To.Bp + ITocr.

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

Mp; + Mo '

(@)

394... Bp:T—O.Le<

Ecmu Mo = 0, T.-e. Bech B3pBIBYATHIM MaTEPUAJI UCYEPIIAH, TO

C M
395... Bpy = — Le <1+MI(:)

SHQHI/IT, BPpEMA BCCI'O B3PbIBAHHWA O6paTHO HOJIY‘{aeMOfI OTHOCHUTCJIb-

HOU TSHDKECTHU U YBCJIMIHBACTCA C Maccou 0T6poca.

dMo  Mp; + Mo
M3 (39 % 1 = )
3 1) HARACM 6 dBp Cko + To

OTcrofa BUFHO, YTO HAMMEHbIIAS UHTEHCUBHOCTD B3PBIBAHMA HJIH HaU-
MEHBIIIAsA UX MoTepst ObIBAET ITPpU KOHIE B3pbIBaHMA, Korga (Mo) ocra-

JIOCh MaJIO, 2 HanbosblIass — BHavase, Korga Mo = M.

dMo  Mp,
dBp ~ Cxo+To’

dM Mp, + M
a Bo BTOpoM 39g... e o1

dBp Cko + To

B nepsom ciryuae 397..

OtHomenue Haubombinero pacxopa (B Havane) K HauMEHbLIEMY (B

koHue) Oymer: 399... 1+ l\l\j[[—}‘;l. Yem 6ompime ornomenue (Moy
1

MP1)> TEM CHJIPHCC M3MCHACTCA PACXOJ B3PbIBYATOIO MATCpHUAJIA U,

o6paTHo, OH ITOYTH IOCTOAHEH NPU MajioM oTHomeHuu. Ha npakruke
CHJIY B3PbIBAHUA M3MEHATD Hey,u06Ho, IPOILE IEPEHOCUTD HEMOCTOSH-
HYIO TA)KECTb, IOTPYSUBIIM JIIOLEU U JPYTUE HEXHBIE HPEIMETHI B

KHUIKOCTD.

BpeM}I BSpI)IBaHI/I}I BCCTO 3aI14C4a, IIPU €TO paBHOMepHOCTI/I, KOrzma yCKoO-
peHI/IC paKCTbI N OTHOCHUTC/IIbHAA TAXECTDb BOSpaCTaIOT, HO pacxo,u

B3prB‘IaTbIX BCIIECTB OJUH U TOT K€, MOXHO BprélSI/ITb CIIEC TaK:

dMo
dBp .

3910... Bp; = Moy :

TyT mporsBOAHYI0O MOXXHO 3aMEHHUTbH CEKYH[JHBIM PACXOLOM B3pbIBYA-
TOTO BelecTBa. 10 5ke BpeMs, IIPU PABHOMEPHOM YCKOPEHUHU PAKEThI U
IIOCTOSIHHOM OTHOCHUTEIBHOM TSDKeCTH B cHapsiae (397), HO HepaBHO-
MEePHOM pacxogie oTbpoca, byzer paBHO:

dCxkp

3911...B = Ck :y = Ck o T ¢
P1 P1-7YP P1 dBp

HpOI/ISBO,HHa}I TYT BBIPOKAET IIOCTOAHHOE HpI/I621BII€HI/I€ CKOPOCTH CHa-

pAsia B CEKYHJY.

I/IHTepGCHO 3HATbh, KaKad 4YaCTb IIOJHOU pa6OTbI ABYDKYIUXCSA YaCTHILL

0T6poca HNEPEAACTCA PAKCTE. Mmeem:

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

Mp1 CKp1 2
O : 42 ... Pp; : Po = )
Terond P - %0 Mo, (CKOl ’

WJIM, HA OCHOBaHMH 389:

Pp Mp, Mo, ’
43... =4+ = :
v < ()

OTCIO,ILa MOJXHO BbIYMCIIMTb, 4YTO HMCIIOJIb3OBAHHME HE MOXXCET 6I)ITb

6ombine 65%, a AJIA TOMydEeHUA KOCMHYECKUX CKOPOCTEH OHO MOJXKET
6biTh mpuHATO B 50%. Eciu samac B3phIBYATOrO BELIECTBA CPaBHU-

TEJIBHO HE BEJIUK, TO IPUOIU3UTEIBHO MOTyIHM BMECTO (43):

45....Pp : Po = Mo; . Mp; wm, TouyHee:

46... Pp : Po = Mo 1— Mo; .
Mp, Mp,

MoskHo nosyuurts eme 6osiee TOUHYIO GOPMYITY, 3HASA, YTO

33‘2 333 334
T ts

44 ... Le(l+x) =z —

13 popmyn BUAHO, YTO CHAYAJIA, KOIZA 3a11aC MaJl, TOJIESHOCTh BO3Pac-
TaeT IPONOPLUMOHAILHO 3aI1aCY, 3aTEM MEJIEHHEE, JOCTUTAET HanOOJIb-
IIEW BEJIMYMHBI, IIOTOM MEIJIEHHO YMEHBIIAETCA U, B IIPEJEIIE, JOCTH-

racT HYJLA.

Otromenue (Mpg : Moj = x), cOOTBETCTByIOLIEe HAUDOOIIbIIEH [TOTIE3-
HOCTH, OIIPEJEIIAETCA YPABHEHUEM:

2
1+ x

Le(l14+z) =

, (x) bnmsko k 4

(T.-e. 3aITac IPEBBIMIAET BEC PAKETHI B 4 pasa), a UCIOIb30BaHUE 65%.

Kpome TOro, 9To MBI BBIBEJI aHATUTHIECKU U3 TaOIUIIBI, BUSUM, YTO
Hanbosblee ucronb3oBanue (Jo 65%) sHeprun ordpoca bviBaer Torxa,
KOI7Z]a BEC €ro B 4 pasa Ooubiue Beca pakersl. Ho mporeHT ncnosnbsosa-
HUsA, BoobIe, He Mas (oxomo 50%), Korma OTHOCUTENBHOE KOJTUYECTBO
0T6poca xosiebnercs ot 1 go 20, a COOTBETCTBYyIOmME cKopoctu ot 3000
M. 1o 15000. ITo BHoMHE JOCTATOYHbIE KOCMUYECKHE BeIUIUHBL. JIBe
CKOPOCTU TaOJIMIBI OTHOCATCA K PasHbIM B3PBIBYATBIM MATEpPHUATIAM.
bonpmias — x uucTeiIM—Bogopoay U Kuciopony. Mensimas — K yrie-
BOZIOPOJAM U SHJIOTEHHBIM COEIMHEHMAM Kucnopopa. [l HarragHo-
CTH, 1 IPUOABJLAIO IIATHINA CTOJIOEL, KOTOPBII IIOKA3bIBAET B KHJIO HAU-

OoJIblee TTOTHATHE TEA IIPY 3€MHOM U IIOCTOAHHOM TAXKECTH.

1abauya 6.
(Ckp), ecrmu (Cxpy), ecm [pubnusures.
Ornomenue macct CKOPOCTb CKOPOCTb WcnonpzoBanue HOHATHE B KMJIO IPU
orfpoca k macce oTbpoca=5000 M. orbpoca=4000 m ITp=ITxs (8 MIOCTOSIH. 3€MH.
paxerst Moy : Mp;. popm. 38. dopm. 38. npouenTax) Gpopm. 43. TSDKECTH.
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
() 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
5 8960 7168 64,1 5
6 9730 7784 63,0 g
7 10395 8316 61,7 S
8 10985 8788 60,5 2
9 11515 9212 58,9 g
10 11990 9592 57,6 §
15 13865 11092 51,2 \%
20 15220 12176 46,3 :
30 17170 13736 39,3 QE)
50 22400 17920 31,0 a
100 26280 21040 21,0 =
193 30038 24032 14,4 %
o0 o0 o0 0 T

Hamre ncciefoBanue npuMeHsaercs B CIEAyOMNX Caydasx: 1) B cpene
6e3 TSHKECTH, HAIP., MEXK/Y COMHLIAMU FJIM MJICIHBIMHU Iy TAMU, ITe Ts-
YKeCTb OIM3Ka K HyJII0; 2) Ha MAJIbIX ACTEPOU/AX, MAJIBIX JIyHaX (JIYHBL
Mapca) u Ha Bcex MaJIbIX HeOECHBIX TeJIaX, HAIIP., Ha Komblax CarypHa,
I7ie TSDKECTBIO TOYKE MOXKHO TIpeHeOpedn; 3) Ha opbute Semuy; 4) B Kak-
[OM MecTe JTI000M COMHEIHOM CUCTEMBI, Ha KAKOM YTOFHO PACCTOSHUN
OT HEDECHOTO Tesa, €CJIU CHAPSA BHE aTMOChEPh U MPHOOpes wiu He
PUOOpes CKOPOCTD, MPEISTCTBYIOMYIO €My 3a/ieBaTh HebeCHOE Teso

WJIH €TI0 aTMoccl)epy.

[ToroM yBUAMM, YTO AU U3DEKAHUA TOTEPU SHEPIUU, HAIPABICHUE
B3PbIBAHUA JJOJDKHO OBITBH HOPMAJIbHO K PaBHOJEUCTBYIOLIEM CHUJIE

TATOTCHUA.

OrTcroma BUIHO, YTO JOCTATOYHO TOJIBKO OCBOOOJUTHCS OT IIJIAHETHOM
aTMOCEPDI U CLETAThCA CIIyTHUKOM 9TOY IUIAHETHI, XOTS OBl HA OYEHb
OJIBKOM OT Hee PACCTOAHUH, YTOOBI JaIbHEFIIEE ABHKCHHIE U [IEpeMe-
LIEHUE TI0 BCEH BCEJIEHHOU ObLTO coBeplueHHO obecredeno. [JericTBu-
TEJIBHO, B3PbIBAHUE TOTZA MOXKET OBITH OYEHb CIAOBIM, 4 SHEPIHA, HO-
TpebHas 711 9TOro, MOXKET ObITh 3aMMCTBOBaHA OT sHeprun CosHia.
OmnopHelil MaTepyuan AafyT 4acTULBI anbPa U Oera, TIOBCIOZly PaccesaH-

HBIE, WJIU OOJIHIBI, KOCMUYECKAs IIbUIb U APYTas HEDECHAS MEJIOYb.

[TepBblil BEIUKHI LIAT Y€IOBEIECTBA COCTOUT B TOM, YTOOBI BBLIETETD 32
aTMocdepy U caenaTbca cnyTHUKoM 3emtn. OcTaibHOE CPaBHUTENIHLHO
JIETKO, BIUIOTH JIO YAAJIEHUA OT Hamel conmHedHoH cuctemsl. Ho 1, ko-

HCYHO, HC UMCIO B BI/I,I[y CHYCK Ha MAaCCHUBHDBIC IIJTAHCTDI.

Fz'mtprz'nted in Hayunoe 0503])67—[%6‘, 1903, No.
S; the text here is the author’s revised text of
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1926, in its spelling.




