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

JIBr>KeHME paKeTsl OT B3PBIBAHUA B IYCTOTE M B cpeae cBobos-
HOM OT TsDKeCTH. XOTA U HE BHITOFHO JaBaTh OTOPOCY OTHOCHUTEIID-
HYIO CKOPOCTb, OOJIBIIYIO UIM MEHBLIYIO ADCOIIOTHOM CKOPOCTH CHa-
pAfa, HO NPH YHOTPeOJIEHUH B3PhIBUATHIX BEIIECTB OTHOCHUTEIbHAS
HX CKOPOCTb, II0 HEBOJIE, ITOCTOSHHA. deM oHa, Boobmie, Hosblue,
TeM OOJIBLIYI0 CKOPOCTh MOJydYaeT ammapar. Eciau Tak, To cHagama
CKOPOCTb 4acTUL, 0TOpoca Hosble CKOPOCTU PAKEThI U UCIIOIb30BA-
HME OYEHb MAJIO, 3aTeM 00€e CKOPOCTH PaBHBI, UCIIOIb30BAHUE IIOJI-
Hoe. [lanee, ckopocTb 0TOpOCA MEHBIIE U HCIIOIb3OBAHUE YKIOHS-
eTcst oT mosHoro. Kopode, UCII01530BaHNE SHEPTUU HIIH [EPEXOT, €€
B [JBIDKCHHE PAKETHI HAYMHACTCSA C HYJLL, TOCTEIIEHHO BO3PACTAET,
poxoput o 100%, 3aTeM HENPEPHIBHO YMEHBIIAETCH, CIYCKAACh B

Ipeiesie 10 HyJIA.

IIpu B3peBaHuH MBI UMeeM ABe nortepu. IIpexpe Bcero He BcA
SHEPTH TeIlIa IIpeBpalaercs B ABroKeHue orbpoca. Ho yem pnun-
Hee TPyDa U 4eM razoobpasHee MPOJYKTHI OTOpOCA, TEM 3Ta MOTEPS
Menbie. B npenene ona Hyns. Ha npaxTtuxe ucrnonb3oBaHue He
IO/DKHO ObITh MeHbIIe 75%. Bropas morepst 3aBUCHT OT TOTO, 4TO
OTOPOC MMeEET OFZHY U Ty >X€ OTHOCHUTEIBHYIO HaWOOJBIIYIO CKO-
POCTb, HE PAaBHYIO YCKOPSIOIIEMYCA ABMKEHMIO cHapana. Kax ysu-
VM, 3T IOTEPA, IPU KOCMHYECKUX CKOPOCTSX, COCTABJIAET HE Me-
Hee 35%, a ucrosnpsoBanue — He b6osee 65%. B cpepe Tarorenus, B
KOTOPOM MBI )KHBEM Ha 3eMJle, OHO MeHblue. Ecau npunATs BTOpmy-
HOe rcnonp3oBaHue B 50%, TO pakeTa MPeBPaIaeT B CBOE JBUYKEHUE
okoso 37% (0,75%0,5) Bceit MOTEHIMANBHOM SHEPTUU B3PBIBYATHIX

BEIL[ECTB.

Imeem B mycToTe U B cpefie CBOOOIHOM OT TAXKECTHU

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

Ho (Mp) cocrour us nocrosuuoi maccel (My) (T.-e. u3 cHapspa,

JIOJIEM, 3aI1ACOB U PA3HbIX HpHH&ﬂHG)KHOCTCﬁ) Y IIEPEMEHHOM MACCHI
B3PbIBYATHIX BELIECTB, KOTOPLIE, Cropa, BbI6paCbIBaIOTC}I U3 PAKETHI.

3uaunut, Mp=Mp;+Mo. Teneps, BmMecTo 32, monyaum:

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

dMo

Orcroga 34... — Cko. Mp, + Mo

= dCxkp.

WuTerpupys, Hanpem:

35... Cxkp = —Cxko.Le(Mp; + Mo) + Iocr.

(Le) osnavaer HaTypanbHblil torapudm. Jomycrum, 4To mpu Hadase

B3PBIBAHUS PaKETa HE ABUTaIach, T.-¢ Cxp=0 u Mo=Mo;. Torna us
(35):
36 ... ITocr = Cxo . Le(Mp; + Moy).

Mpl + MOl
Mp; + Mo /

Crneposatensro: 37... Cxkp = Cko Le (

HaI/I6OJIbHIYIO CKOPOCTD ITOJIY4ACT PAKETd, KOImd HM3PACXOAYCT BECH

3aI1ac B3PhIBYATHIX BEWIECTB, Uu korga Mo = 0.

MOl
B rakom cirygae 38.. Cxkp; = Cxo.Le | 1 + .
Mp;,

3 mociepueit gopmysl BuaHO: 1) MaxcumanpHas CKOPOCTb CHa-
paga (Cxp) Tem 6osbire, yeM OOMBIIYIO CKOPOCTh UMEET OTOPOC

(Cxo). 2) (Cxp) moxer becrpefieIbBHO BO3PACTATh C YBEJIUYCHUEM

M01

Mp ) 0T6poca. Ho BO3PACTAHHC
1

OTHOCHUTCIIBHOTO KOJIMYECTBA (

9TO, CHAYaJIa JOBOJIbHO OBICTPOE, IIOTOM festaercs Bee boee u boiee

mepnenssiM. Eciu otHomenue (Mog : Mp;) odens maso, To Mare-

Moq
Mp,

cyaae (Cxp;) nponopunonansHa sanacy (Mog). Hanporus, B mpe-

MAaTHKH JIETKO JOKaxyT, uto Ckp; = Cko. . 3HAYUT, B 3TOM

nene, xorga orHomenue (cM. 38) ouens Bemuko Cxp; =

Cko Le [ MO ) 1-e. BospacTaHme cKOPOCTH GVIET UDE3BHMANHO
Mp1 oS p p Y'u p

MCIOJICHHOC. 3) CKOpOCTb paKGTI)I HC U3MCHACTCA, CCJIM OTHOIICHHUC

(Moq : Mpq) ocraercs nmocrossaabiM. OTCIOfa BUZHO, YTO KOCMUYE-

CKaA CKOPOCTb HEC 3aBHCHT OT a6COHIOTHOﬁ BCJIMYMHDbI MACCbl CHA-
pAAa. Mupimu CJIOBAMH, MaACCa CHap}I,ILa U €ro HaFPYSKa IIPON3-
BOJIPHO BCJIMKA, €CJIKM HC CIHUTATHCA C MHBIMH YCJIOBHUAMMU. 4) Oxon-

qarenpHas (CKpy) He 3aBUCUT OT mopszpka B3peiBaHus. [Ipoxogut

JIX OHO PABHOMCPHO WJIM HCT, CCKYHIIbI MJIM THICAYC/ICTHA—ITO BCC

PaBHO. ,ZL&)KC HEPCPBIBBI HUIECTO HE 3HAYAT.

+dCxkp B Cko dMo
dBp  Mp;+Mo dBp’

M3 34 gangem: 39...

HepBaﬂ 9aCTh BBIPAXKACT CCKYHAHOC YCKOPCHHUC B IBMOXKXCHHUHN Pa-

KETBI, T.-€. CUJIy POXXIEHHOU B HEM OTHOCUTEJILHOMU TAXKECTU (xoTs

Text: K. HHuonkosckuit, Hccredosanme muposux npocmpancmes peakxmusnuomu npubopamu (nepeusdanue pabom
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KPYyroM, IO HaIleMy YCJIOBHIO, TsDkecTd Het). Kax Buano (39), ona
IIPOIIOPLIMOHATIbHA UHTCHCUBHOCTH B pacxope Marepuana (dMo :
dBp). Kpome toro, o mepe ero (Mo) ucpacxogoBaHus, Kaxymasics
TSAXKECTh YBEJIMYMBAETCA, TaK KaK (Mo) ymenpmaercsa. YTo0s1 oTHO-
CUTEJIbHAA TAXKECTh OCTABAIACh HEU3MEHHOM, HEOOXOmUMO IMOCTe-

IIEHHOE OCJ1a07IEHUE MHTEHCUBHOCTHU B3PbIBA. Torma us 39 TIOJIYYUIM:

Cxko dMo
" Mp,; + Mo dBp

391 .. == TO,

rae (To) ectb mocTosHHAA OTHOCUTEBHAA TsKeCTh, OTCIOMA:

Cxko. dMo

392...
? Mp; + Mo

= To . dBp.

VuTerpupys, noaydum:

393... Cko.Le(Mp; + Mo) = To . Bp + Iocr.

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

M M
394...Bp:—CKO.Le Py + Vo1 )
To Mp; + Mo

Ecmu Mo = 0, T.-e. Becb B3pbIBYaTBII MATEPUAIT UCYEPIIAH, TO

C M
395 ... BplzT—KOO.Le (1+ °1>

3HAYUT, BPEMS BCET'O B3PBIBAHIA OOPATHO IOIY4a€MOU OTHOCUTEb-
HOM TSDKECTH U YBEJIMYUBACTCS C MACCOM 0TOpOCa.

dMo  Mp; + Mo

dBp - Cxo+To’

s (39, ) naitzem: 39 . ..

Orcioga BUAHO, YTO HAMMEHbIIAS UHTEHCUBHOCTh B3PBIBAHUA HJIU
HAVMEHbIIIAA UX ITOTEPS ObIBacT IIPY KOHLIE B3PhIBAHMA, KOIA (Mo)

OCTAJIOCh MaJIO, 2 HanboJIbIIas — BHavyaste, Korga Mo = M.

dMo  Mp,;
dBp ~ Cko+ To’

dMo  Mp; + Moy
dBp  Cxo+To

B nepsom ciryuae 397..

a Bo BTOpoM 39s . . .

OrtHormenne Hanbosbiero pacxoga (B Hadasre) K HauMeEHbIIeMy (B

koHne) bymer: 399 ... 1+ 1\1\;11—;1 Yem 60mpie orHomenue (Moy :
1

Mpq), TeM cusbHEE UBMEHAETCA PACXOJ, B3PBIBIATOTO MATEPUAIIA U,

O6paTHO, OH ITIOYTH ITIOCTOAHCH IIPH MaJIOM OTHOIICHHMH. Ha IIPaK-
THUKC CUJIY B3PbIBAHWA U3MCHATD H€Y,HO6HO, pomce INEpCHOCUTDb HE-
IIOCTOAHHYIO TAXKCECTD, HOFPYSI/IBH.II/I HIOHGﬁ 151 ,ILPYI‘I/IG HCI)XKHBIC npen—

MCTHBI B JKUJKOCTb.

Bpems B3ppiBaHMA BCero samaca, IPU €ro paBHOMEPHOCTHU, KOTfa
YCKOPEHHUE PAKETBI M OTHOCUTENIbHAA TAXKECTh BO3PACTAIOT, HO Pac-

X0 BSPBIBanbIX BCIICCTB OOWH M TOT K€, MOXXHO Bpr&BI/ITI) ClIc TaK:

dMo
dBp '

3910 cee Bpl — M01 .

TYT HpOI/ISBOI[HYIO MOXKHO 3dMCHUTD CCKYHIHBIM paCXO,I[OM BSPI)IB—
9aTOTrO BCIICCTBA. To xe Bperl, HpI/I paBHOMCpHOM YCKOPCHI/II/I pa—

KEThl U [TOCTOSIHHOM OTHOCHUTEIBPHOM TDKeCTH B cHapsge (39;), HO

HEPaBHOMEPHOM pacxofe oTopoca, byzer paBHO:

dCxp
dBp '

3911 ... Bp; = Ckpy : ¥p = Cxpy :

HpOI/ISBO‘HHa}I TYT BBIPKACT IMOCTOAHHOC HpI/IGaBJIeHI/IC CKOPOCTH

CHApAJA B CEKYHTY.

nTepecHo 3HaTh, KaKasd 4acTh MOJHOU pa60Tb1 JBYOKYIIMXCA Ya-

CTHUI], 0T6poca HEPEHACTCA PAKETC. Mmeem:

40... Po = 0,5.Mo;.Cko? 41... Pp = O,5.Mp1.CKp%.

2
Mpl CKpl
O : 42 ... Ppy : Po = i
TCIOMA p1 : Po o (CK01 ,

WJIU, Ha OCHOBaHUU 38:

Pp M M 2
43, PP (g o)L
Po Moy Mp,

OTCIO,I[Q, MOJXHO BbBIYMC/IIWUTDb, YTO HMCIIOJIbSOBAHHMEC HC MOXKCT 6I)ITI)

6osbiie 65%, a AJIA HONTYYeHUS KOCMUYECKUX CKOPOCTEN OHO MOYKET
6biTh mpuHATO B 50%. Eciu samac B3pbIBUaTOro BeljecTBa CPaBHU-

TEJIBHO HE BEJIMK, TO IPUOIUSUTEIBHO MOTyIUM BMECTO (43):

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

M
46... Pp: Do — o (y _ Mory
Mp, Mp;,

MoskHo nosy4uuTs etre 6osee TOUHYIO0 GOPMYILY, 3HAS, 9TO

4... Le(l+z) =z —

3 ¢opmyn BUZHO, 4TO CHAYasIa, KOIZA 3a1aC MaJl, OJIE3HOCTh BO3-
pacTaeT NMPONOPLMOHAIBHO 3aIACy, 3aTEM MEJJIEHHEE, JOCTUIAET
HauOOJIbIIEN BEJIMYMHBI, IOTOM MEJJICHHO YMEHBIIAETCA U, B IIpe-

ACJIC, HOCTUTIACT HYJIA.

Ortnomenue (Mpg : Moy = x), cooTBeTCTByMOMmee HAUOOMBILIEH IT0-

JICBHOCTH, OHpeﬂeﬂﬂeTC}I ypaBHCHI/IGM:

2x
1+ x

Le(l14+x) =

, (x) biusko x 4

(T.-e. 3armac IIPEBBIIIAET BEC PAKETHI B 4 Pasa), a UCIIOIb30BAHUE 65%.

Kpome TOro, 4to Msl BBIBEIN AHATUTHIECKU U3 TaOIUIIbI, BUAUM,
4TO HanbosblIee HCIOoMb30BaHUE (J0 65%) sHeprun oTbpoca OpiBaeT
TOT7, KOIa BEC €ro B 4 pasa OoJbire Beca pakersl. Ho mpoueHT uc-
OJIb30BaHKA, BoobIe, He Man (oxomo 50%), KOrma OTHOCUTEIBHOE
KOIN4eCTBO 0Tbpoca xosebnercss or 1 go 20, a COOTBETCTBYIOLIHE
ckopoctu oT 3000 M. o 15000. DTO BrIOTHE JOCTATOUHBIE KOCMUYE-
cKue BeauduHbl. J[Be CKOpOCTH TabaMLBI OTHOCATCA K Pa3HBIM
B3PBIBYATBIM MaTepuaiaM. bosblias — K 4HCTBIM—BOZOPOXY U
KUCTIOpoAy. MeHsInas — K yIieBOgoOpO#aM U SHJOTCHHBIM COCUHE-
HUAM Kucnopoga. [y HarmagHocTy, s npubasiio maTeiil cronbel,
KOTOPBIH [TOKA3bIBAET B KUJIO HAUOOJIbIIIEE TOFHATHE TEJIA IIPH 3EM-

HOM U IMMOCTOAHHOM TIKECTU.

Tabauya 6.
OTH60LH6HHC Maceat (Ckp), ecu (Ckpy), ecm HcnonbsoBanue [Tpubmusuren.
oTbpoca I;/l[“ac'ce CKOPOCTb CKOPOCTb Ip=ITxs (8 IOAHATHE B KUJIO [IPH
parerbt 0y : orbpoca=5000 m. oTbpoca=4000 m npoLeHTax) GOpM. IIOCTOSIH. 3¢MH.
Mp;. popm. 38. dopm. 38. 43 TAKECTH.
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
5 8960 7168 64,1 5
=
6 9730 7784 63,0 5
7 10395 8316 61,7 k
8 10985 8788 60,5 :
9 11515 9212 58,9 z
&
10 11990 9592 57,6 5
ts)
15 13865 11092 51,2 i
20 15220 12176 46,3 :
m
30 17170 13736 39,3 E
50 22400 17920 31,0 E
100 26280 21040 21,0 %
=
193 30038 24032 14,4 =y
~
00 o0 00 0 s

Hame wnccnegoBanue mpuMeHseTcss B CICAYIOIUX CIydaix: 1) B
cpene 6e3 TSOKECTH, HAp., MEXAY COTHIAMU WIM MJICYHBIMHU IIy-
TAMH, T7€ TSOKECTDb OJIM8KA K HyJTI0; 2) Ha MJIBIX ACTEPOH/AX, MAJIbIX
nyHax (ayHsl Mapca) 1 Ha Bcex MajibIx HEOECHBIX Tesax, HAIp., Ha
kosbliax CaTypHa, Ifie TSKECTBIO TOXKE MOXKHO TpeHebpeds; 3) Ha
opbure 3emity; 4) B KOKFOM MeCTe JII0O0H COMHEYHOM CHCTEMBI, Ha
KaKOM YTOFHO PACCTOSIHUU OT HeOECHOrO Tea, eCIy CHAPsLI BHE aT-
Mocdepsl U IPpUOOpesT UK He MPHOOpes CKOPOCTh, IPEIATCTBYIO-

VIO EMY 33/1€BATh HebecHOE TENo UM ero atMocdepy.

IToToMm yBUAMM, YTO [ n3be>xaHus IIOTEPU SHEPTUH, HAIIPaBJe-
HUE B3PbIBAHUA [OJDKHO OBITB HOPMAJIbHO K PaBHOJEUCTBYIOLIEH

CHJIC TATOTCHMUA.

Orcroga BUAHO, 9YTO JOCTATOYHO TOJIBKO OCBOOOIUTHCS OT IJIAHET-
HOM aTMOCQEPBI U CAEIATHCS CIYTHUKOM 3TOMU IJIAHETHI, XOTS ObI Ha
OuYeHb OJIMBKOM OT Hee PACCTOSHUMU, YTOOBI JaJIbHENIICE IBUIKEHHE U
IIepeMeELIECHNE [I0 BCEH BCEJIEHHOM OBLIO COBEPIIEHHO 0OeCIEYeHO.
JleficTBUTEIBHO, B3PBIBAHUE TOTAA MOXKET OBITH OYeHb CIa0BIM, a
SHEPTH, HOTPEOHAS AL 9TOTO, MOXKET OBITh 3aIMCTBOBAHA OT SHEP-
ruu CosnHna. OnopHbI MaTepHa JafyT YacTULb aabda u beTa, 1mo-
BCIOAY PACCESIHHBIE, WM OOIHIbI, KOCMUYECKAs MbUIb U SPYras He-

OecHas MeJIOYb.

HepBbH?I BEJIMKWM AT YEJIOBEYECTBA COCTOUT B TOM, YTOOBI BbLJIE-
TeThb 32 arMocdepy U cpemaTbcs cnyTHUKOM Jemun. OcrampHoe
CPaBHUTENBHO JIETKO, BILJIOTh O YAAJEHUA OT HAIEU COJTHEYHOMU CH-
crembl. Ho 4, xoHeuHo, He uMMEIO B BUJy CIYCK Ha MAacCCUBHbIE

ITJTAHCTHI.

Fz'rstprz’nted in Hayuwnoe obospenue, 1903, No.
S; the text here is the author’s revised text of
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1926, in its spelling.




