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Fage 2.

External ballistics. .Deitriyevskiy, A. A., M.,

"Sachine-building®, 1972, fpage 584.

In the took are set forth the .thecretical tases of external

2

rocket ballistics and artillery shells. Is cives the basic

infcrmation about forces apd the mcments, skich act in £flight cn

rocket and projectile, is givep the sethod cf the compilation of the

equaticns ¢f motion of rockets and projectiles, is examined the
integration of these eguaticns by agaljtical and numerical methods

»ith the application/use of electrcgic comfpiters.

Are proposed the methods of investigaticn cf trajectories aand
ar€ given the concepts ¢f thke optisuvam scluticps of the problems of
extersal ballistics. Is estimated the effact cf different
perturktation factors on the stability cf flight, scattering of

trajeetcries and error for firing.

4re given the bases of the thecry cf ccrrections and are set
torth the methods of the¢ coapilaticn c¢f the correcting formulas of

extermnal ballistics and calculation of kallistic derivatives.
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Mre given the conceéfrts of the exgerimertal sethods of external

tallistics.

the book is textbock fcr the studenmts ¢f schools of higher
technjcal education, acnd alsc it cas be useful for

technical-engineering wcrkers. Takle 31, jllust. 188, the list cf
lit. 92 title.

Fage 3.

PREFACE.

In the book are presented fundaamentals of external rocket
tallistics and prpjectiles, driving/mcving in the field of gravity
(space flight to other planets here¢ it is .act ¢xamined. This is

iadependeat large and ccrplex thenme).

Bcr a period cf many jears, exterpal ltallistics was occupied by
tke sgudy cf motiop min and cf the frojectiles ¢f barrel artillery
[jeces. iith the develogment of rccket engyireering and the
fertection/inprovement cf tle thecry cf rocket flight and
jrejectiles, the series of questiop of exteinal Ltallistics
copsiderably was expanded. Appeared wcrks ccncerning external

ballistics of coatrcllatle tockets, the iacludipng special questions
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¢t cptimization and selecticn of the prcgras of the moticn of rocket.

Censiderable development received the desicned tallistic calculaticnas
cf scattering trajectories sith the firing 1cckets and artillery
shells. The application/use of coaputer technolcgy considerably

€¢xpande¢d the possibilities ¢f ballistic imvestigations.

The material, presented in theé bcck, can ke broken into ten
thematic sections, shich illuminate the bases cf external ballistics.
Ia intrcduction is given definiticr cf the subject and are formulated
the tasic probleas, solved in the course of external ballistics, they
are bscught informaticn frcas the histcxy of the development of the
tbecry of flight and externel ballistics, aire octed the special
feature/peculiarities cf the f£light cf different types of rockets and

[fcjectiles cf artillery picces.

Jn Chapters I and 11 are examined the cverall theory cf the
soticn of rockets aund projectiles: tte forces ard the moments, which
act cn rocket and projectile ip flight, tra ectcries and motion
characteristics. The ccsncg/general/total theory, presented in these
chagteérs, determipes ccmaunicaticnsccnoecticn ¢f ballistics vith
aercdynamics and theoretical mechanics. In Chapters III, IV and V is
examiped solution c¢f one cf the basic fproblems cf external ballistics
- ccagilation of the differential equationg cof smotion of rockets and

cf projectiles. Chapters VI and VII are deéicated to the methods of
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integrating the equaticns of motion. In Chefter VIII is exawmined
statility of motion and the stabilizaticn of rcckets and projectiles,
in chagpter IX - effect ot the methcds .0f ccrtrcl on rocket ballistics

and projectiles. Chapter X is dedicated to thke study of trajectcries.

Fage A,

In Chapter XI is examined the effect cf difterent perturbation
factoEs on the deviaticrs cf trajectcry elesents from their values,
calculated for initial data, which corresgcrd tg technical
specificaticns for rocket ard to tke characteristics of standard
ata¢csghere, are given the ccnclusicg/derivaticcs of correcting

g fcreulas and the prccedceres of calculation cf corrections into

trajectory elements. In Chapters XII and XI1l ate examined the

|

1 special features/peculiarities of the acticr cf the rockets during
laewpnching/starting, the erxcrs for firing, the sissile dispersion and
[rcjectiles. Last XIV Chapter acquaints the r¢ader with the

experimental methods of external tallistics.
L Bxternal ballistics is based ¢p tie lass of mechanics, it is
clcsely related with aercdyramics, by gravisetry and the thecry cf

the fjgure of EBarth, by metecrclogy.

Ballistic calculaticn ¢ives all tte bazic data on trajectories

B ey

g -y ey
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and m¢tion characteristics cn the Lasis of shich it is possible to
judge the necessary parameters cf sissile c¢1 artillery coaplex as a

shcle,

It goes without saying that ccptepts ¢t the book by no means
€xbausts entire diversity cf the fpickless, ccyfronting external
tallistics. 1he conteapcrary state of the sciesnce of the mction cf
rcckets and artillery sltells cf different types is such, that many of
the ezyasined in the book questions ccncerning its value can serve as
the okject/subject cf indeperdent thecretical apd experimental

stidies.

fhe author expresses sincere gratitude to dcctors of technical
sciences Prof. D. A. Pogcrelcy and Frcf. ¥Ys. V. Chuyev for the
valuatle ccuncils, expr«sseé¢ by tlem during fregaration of the
saguscript for publicaticn, and is exfresseé gratitude to the dcctcr
ot technical gciences N. P. Mazurov apd Cand. cf tech. sciences
dccent Sh. Penalty—Kary-Nildazov, that sade a series of the useful
cbservations which were taken into account sith the modificaticn of

the macuscrigt.

fhe author thanks tte scientific editci engineer S. F. Kol'tsova
fct werk op the editing of the manuscrigbt, énd also all ccmrades, who

tcak part in the discussicn of the sapnsscrigt.
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I the designaticns of physical quantities are givem 1in the book 1in
é1 acccrdance with the project of the Gecst "upity cf physical
[ gquagtities®.
A1l observations and wishes akcut contents of the book the
. asvthor requests to guide tc: Moscow, E 66, 1st Basmannyy per., 3,
J‘ fuklishing hcuse "Machipe-ktilding".
'
Fage %.

Frincifal deeigpations.
(s - mcmentum vector of the body cf variable mass.
¥ - vector of the mcment cf mcmentus of the body of variable mass.
T. = kinetic energy of the Lody of variable mass.

s - mass of the drivingsmoving body (rccket, gprcjectile).

v - velocity of the center of mass .0f tody in atsolute motion.
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a - agcaleration of the center ot mass cf tcdy in absolute moticn.

v» - velocity of the center of mass of missile body im translational

acticao.

a. - acceleration of the c¢nter of wass of bousing in translaticnal

sctics.

v =~ the velocity of tke center of sass of syster housing -

tuel/prcpellant - gases relative tc missil¢ Lcdy.

. - the acceleration of thke centeér of mass of system housing -

fuel/propellant - gases relative tc sissile Lody.

resultant external force.

14
-
[}

14
]

R resultant reaction f$orce.

Fuop

Coriolis force.

amgular velocity vectorxr of the rctatica of amissile body-

Mr - total sqaent of exterral forces relative to center of inertia.
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M, - taotal moment of reaction forces relative to center of inertia.

Jepdup Iy = the moments of tie inertia cf rocket relative o the axes

cosrdinate system Oxwy.

Jrpwp dsgapdy:; = products of inertia.

Q. - generalized force.

4 - pitch angle.

¥ = yaw angle.

Y - £Gll attitude.

é - flight path aggle.

¥ - angle of rotation of trajectcry.

v+ = attitude of roll of the high-speed/velocity coordinate systenm.

Oe=Y - projection of thke velocity cof the cent¢r of mass on axis

Cas of the starting cocrdinate systea.

Ll
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vy, =" - elevation of the velccity cf the center of mass.
a - amgle of attack.
g - slifp angle.

nY

potential of the fcxrce cof grawity.

Mg

potential of centrifwcal inertiad force.

M ~ gravitatiocnal fpotertial.

g acceleration frcm gravity force.

g - aéceleration frcm gravitational force.
¢ - angular rate of rotaticr cf the Eaxth.
¢r = geographic latitude.

¢ - geocentric latitude.

Fage 6.
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A = lgrgitude.
A* - Acngitude of ncdal lige.
te = total flying time.

4 - azimuth.

¢ - angle of elevaticn.

® .- geopotential height.
B - altitude.

P - ajr pressure (kg/cs?).
¢ - sass air density.

b - ajr pressure in mam Eg.

* - virtual teaperature.

H{y) - the function of a change in the eir censity with
beightsaltitude.
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Fj q - velocity bead.

S - asea of maximsum Ccross section.

8 - Mach pumter.

X - drag.

4 - lateral force.

‘¢ =~ aerodynamic coefficient of tctal aercéysasic force.

CaCy € - aerodynamic ccefficients during diag, 1lift and lateral

fonces.

m,, =~ pitching-momept coetfficient.

m, amd m, - rolling-mcment coefficients .apd cf yav.

M. - stabilizing mcaent.
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M, - damping moment.

F(v) ,8(v)oK(vsa) - the force fumction ¢f ai1 resistance,

€ =~ ballistic coefficient.

a - sgeed cf sound.

»{y)) - the function of fressure chapge withr heigbht/altitude.

r - torquesmoment of surtice frictios.

P - bench thrust.

Xor. Yo Znn = ccntxol forces, wkich act in the direction of nody axes.

tw = velocity of the center cf mass cf tar¢etypurpose.

v» = velocity of the center cf mass of roclhat.

s+ = horizontal range.

e A R m— s L e
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m - trajectory height.

L - linear distance over the surface of vth¢ Rarth.
ve1 = crbital velocity.

vu - egcage velocity.

N - range angle.

C - weight of projectile.

Q.x - fuel consumption fper second.

Fage d.

INTRCDUCTION.

§ 1. SUBJECT AND PROBLEANS CF EXTERDAL EALLISTICS.

the gcience qf the scticn of rcckets atd projectiles is called
tallistics. By the study of the soticn cf frojectile in the bore of
artillery instrument if cccrpied irtericr tallistics. The sections of

isterjcr ballistics, dedicated to the examigpaticnm of the mction of
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4/
[rcjectile immediately after output frem bcte in the associated jet
cf that escaping fcllowing Lty the jrcjectile of gas, it is accepted

tc call igtermediate ballistics.

the science of rocket tlight and frojectiles after the cessation
cf their pcver interacticp sith laupching igstallation is called

extersal ballistics.

Scrd "ballistics™ syspéethetic Greek vcrd “throw® ("pairw®); from
the latter also occurred the nase ctf tke first heavy projectile
installaticns which in cld times were callé¢d kallists. The complex of
tbe guesticns by which is cccupied external tallistics, freguently
they began at present tc call the thecry of flight. Por example, name
"theoky of rocket flight® kcth is ccamcn and gpase "external rocket
ballistics®™. Subsequently we will wstilize lcth these names.
Furthermore, with the presertatica cf quasticns of the overall theory
cf flight under tera "projectile™ we will understand controlled and
eaguided rockets, the rctating artillery shell, the spin-stabilized
sisegile, rifle bullet, finneéd mine and the frojeéctile of smooth-bore

systes.

Ste projectile of canacon-tyre artiller) we will call projectile
¢t body of constant mass, and rocket - projectile or body of variable

e e
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}n spite of the specific difference iv the ballistic problenms
fcr different classes ¢f rcckets and projectiles the setting of these
pockless and their subseguent scluticr in many respects repmain
ccapcoygeneral/total. The mction of rockets and projectiles is
sulkordinated one and the =sase laws cf mecharics and is described by

che~type ditferential equatiocns.

Fage 8.

Bcst freguently are distinguished tbhe right sides of the equations,
which contain the concretesspecificyectual ccaplex of tiae acting
fcxces and torque/scments. The differecstial equations, which describe
the mgtion of the guided missiles 23d frojectiles, connect

ccssunicaticn/connecticns, placed Lty tle ccptrcl systen.

The flight of unguided rockets, ain an¢ prcjectiles of barrel
artildery pieces regresents by itself a sgecial case of the

ccascasgeneral/total task af the mechanics <f ccentrclled flight.

Bxternal ballistics is occupi€d by the sclution of four basic

protless.
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the first task consists of the trajectcry calculation of the
sotion of projectiles alcng previctsly knosg data. Por the solution
¢t this problem, it is necessary first of .all ccrrectly to deterasine,
ubich torces act on projectile in flight apd kacw, which will be
their valewe at each mosent cf time. Burthe¢r cpe should comprise the §
diftecential eyuaticns ctf amcticn cf jrojectile taking into account
al) aating forces. As a result of the scluticyp cf ditferential
cquatjons, are obtained all the mcticr characteristics: velocity,
acceleration, the fliyht tise and coordinat¢ cf the center of sass on
shich can ke comstructed tte trajectcry. The first task uccasionally
t1eferxed 8¢ as basic or direct grotles ¢f €aternal ballistics. The
susber of forces, which act cuo grojectile during motion, the
charagter of their change ia the prccess of moticn, and also the
cusbexr of equations, which describe motion, apé their forms they
depend on the designaticrn/prrpcse ¢f ficjectile, its construction,
setbod of stabilizatiop ip fligbt apd the fredicted trajectory of

sctica.

the second, or the sc-called reverse/inverse, task consists of

e b e oA

detersininy of the designed ballistic data cf action alony the

assigned tactical and techcrical data cf rochket cr artillery piece. ;
The second task is direct-cctnnected with ddhe lallistic desiygn cf é
f
J

systes, important stage of which is tinding thke optimum states cf

sctios and flight trajectcries.
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The calculation of the attitude ceadbrcl of different
desigsation/purpose and the determinpaticn ct the conditicans of their
ccgtrgllability is the third task cf extermal tallistics. If rocket
¢t prejectile are unstakle in fligbt, .tben, ckviocusly, it cannot be
it vildl be expected that they correctly will £1y in the assigned

ditecticn.

Ssuvally ballistic calculations are ccpéucted in several
apfrodch/approximations. First duripg tallistic design are determined
the characteristics of the ideal trajectory cf the center of mass of
prejectile taking into account the weight cf warbead and predicted
tiring distances (saxisus ard sininus). As a regult of these
calculations, is establishyinstalled tle advisaltility of the selected
sethod of control, the form of trajectcry, its curvature, tae values
ct tamgential and mcrsaid acceleraticrs. Are deteraited the motion
characteristics of projectile upon its rendezvcus for targjet/purpose

and the characteristics of scattering.

Fage 9.

Ia the process of desigc and mapufacture of missile (actillery)

ccagles, ballistic calculations are repeatec with introduction in

e
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thes the gew specified cata cn projectile, the systeam of contrcl and
statilization. The applicaticn cf the selected methods of control and
statilization of rockets and projectiles, wiliclt ensure the high
accuracy of firing, is the part of ccsmcns/ceéneralstctal stability
psektles of motion, in whtich eaternal ballistics most closely coaes
imtc acntact with questions of contrcl cf fligkt. Purtheraocre,
external ballistics gives tasic infcrsatiog for developing of rules

atd recepticn/procedures of aiming and firirge.

Designed trajectory calculaticps are ccnducted, as a rule, for
the ideally carried out fprc-:ectile wrder the average/mean
meteciclogical copditiops, accepted as nosisal. Hovwever, appears in
actuality a number ¢of factors, calling the ceviation of prcjectile in
fdight froas calculated traiectcry. Scatterirg the trajectories of
tejarate shots can depemnd Lcth on structurals/desiyn and techamological
reascns (for example, from caused Ly tkem ifp the rockets eccentricity
of thrust) and on tie deviaticons of flight ccgditions on the
calculated, for example, frca a change in tie weather factors, the
ncaunjfora erosion/clisax c¢f nczzle thrcat and cf the jet vanes,
ipadeguacy of the systems cf controcl, etc. Tte study of the factcrs,
which atfect scattering cf the trajectcries of frojectiles, and the
epdnination of the metbcds cf decreasimg of scattering and increase
cf the accuracy of firiang they are tbe foutth tassk of external

Ltallistics.

P 2
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fhe ccmplex questicns, which require separate examination, they
are the theory cf rccket flight as elastic Lody and the theory of
rccket flight taking into account the mcticr of liquid filler
(fwelypropellant). In tkese sectiors tle thecry of flight closely

ccmes into contact with vilraticn theory [1, 3Z].

Buring the salutiop of the prckleams of the theory of rocket
flight and prejectiles, tte larger .ruzber ¢t acting factors with
ssaller number of assumpticns can ke takeun intc account when
copducting of calculaticns in the €lectronic calculating and analog
ccafuters. Is sufficiently »idely uvtilized élsc the universal, but
very laborious method cf puserical integraticm sith the
agirlication/use of manual calculating autosetic machines and only
ss3ll class of comparatively simgple tasks it can be solved by tabular
and analytical methods. EFurely kinesatic metheds are applied in
essence for the qualitative studies c¢f guided-missile control,
intended for dealing with mcving targets or which start trcm mcbile

upnitsg

§ 2. lroa the history of the develcpment of the theory ot flight.’

By its contemporary bighly develoged state jet-propulsion and
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axtillery technology is due to a cogsideratle extent to Russian

science. -

Fage 1C.

The first gyeneralized informaticn about rcckets and projectiles
ct canpon-tyfe artillery it is pcssible to find in the book the
“regulations of the military, canncpy asd otter lodies, vhich ccncern
with military sciepce™, writtep to Cpnisim Pikhaylov and final in

162C.

At the time of the appearance cf tte first scientitic works in
the region of rocket engineering eaxternal tellistics of the
jrcjeatiles of barrel artillery pieces was lccated on the
sufficiently high level of develcpsept. Phe first theoretically
substantiated work according¢ to the trajectcry calculaticn the freely
jrojeétile is writtem by G. Galilec (1564-1tdz) and it is printed in
Bolcgea in 1638. From this work it kecame it is known that if we do
nct corsider the air resistacce, but tle acceleration of yravity to
take ccnstant on value and directicn, tben the trajectory, described

ty rreojectile, will be jaratola.

Jt is obvious that tc tse parabclic the¢ory is possible only when

the adcpted during her conclusions/derivaticg assumptions
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significantly do not aftect tke results of calculaticns. First cf all

this is related to the fossitility cf meglect cf the air resistance.

End of the XVII century and beginning XVI11 signify themselves
ty the increased interest it the study cf tie effect of the air
resistance on the flight of the rapidly flying tcdies. The first
vorks cn the study cf tte effect cf medium cn those moving in it it
is thawed they belong tc Egglish schclarly 1. Newton (1643-1727).
bevton's works were related to the lcw spe€cs c¢f the motion of bodies

ard vere partially confirsed by later irvestigatioms.

Tte experiments, ccnnected sith the measurement of the initial
velccjty of projectile, were ccnducted for tke first time in Russia
in 1727, and the first description cf experiments regarding air
regisgance to moticm of spherical gur bullets fcr considerable for
thcse times velocities (S22 B/s) can Le fourd iy the book cf the

Fnglishman of B. Rokinsa, wikc left in 1742,

Tte first solution cf the prckles cf tle Ection of projectile
taking intc account the air resistapce was wmade in 1753 by a member
ct the russian Academy cf Sciences ky L. Evler and it is published in
1755 [63 ]« Later, in 1775, to them in famous wcrk the
"ccamgn/general/total principles of the mcticn cf liguids¥ was placed

the teginning tc aerchyércdyranmics.

e~ e R A T T AT
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the first scientific investigaticps ip tte field of rocketry
kelcng to BRussian artillerysan to General &. I. Konstautincv
{(1818-1871), who headed sigce 1849. Feterskirgy rocket institution and
such sade for an ismprovement in the crganigzeticu of producticn and
technglogy of the sanufactvre of rcckets. Ccnstantine is descrited
tbhe physical essepce of the moticn cf rccket acd is noted equality
increases in the momentum of rocket and mcrentus of the

€scapesensuing from it cas:

Fage 11.

Ey bim is also made imp¢rtart the ccroltsjcr that eccentricity of
reacticn force is the tasic reason, which de¢flects rocket from the
initial direction of moticm, and is shcun tle advisability of the
crankjng of fin-statilized xcckets fcr jurjcse of an improvement in

the adcuracy of fire.

The greatest develcrment rocket artikllery cf that time achieved
in the first half the XIX century. Subsequently the poor closely
grcuped fire of rockets and the successes ig this respect of barrel
tirearss led to the fact that for a grelomnge¢d time the contat

sissiles were completely resoved frcs the armament of the armies of

PERY & NP
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all ceuntries. The thecry ct flight is devélcged in essence in
agpplication to the projectiles of carnco-tyje artillery, but it is
later, from end lead the XIX century, and ir agplication tc the

desands of the begup viclently tc Le develcfed aviation.

In 1820 in Russia, was instituted the artillery school,
ccnvexted in 1855 into artillery academy. 1ie development cf external
tallistics in many respects is conneécted with these educational
ingtigutions. In particular, by the frcfesscr of the artillery school
V. A. Ankudovichem was written the first teatkcck on external
tallistics, published in 1836. In artillery academy from 1855 through
18%8 ¢f lecture on external rallistics, neaé notecd Russian
sathematician M. V. Osticogradskiy, for the tirst time in general fcro
who solved the complex frckbles cf the szcticr cf the spherical

rctating projectile in air.

Since 1858 the schcol cf bussian talligtics headed by talented
scientist designer N. V. Majewskiy, whc muck made for developing the
Fussian artillery and, in particularx, ,in tte field of study of the
air resistance at high rates cf the sction ¢f frojectiles, amnd also
the study of the rotary mction cf cklcpg pr¢jectiles. In his wcrk
ratout the effect cf rctary mcticn c¢n the flight of oblony
frtcjeatiles in air®, published in 1865, N. V. rayevskiy demonstrated

fcr the first time the existence of the oscillatcry motion of the
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lengitudinal axis @f projectile in flight erd be investigated the
grerexties of this soticn. Under his sanagesent sere created many
Scviet artillery pieces, very modergp for thcse times. N. V.
¥ayevskiy's works continued his student, vell-kgcwn scholar N. A.

zabudskiy (1853-1917).

In 1881 revolutionary end memter of tbe "Narodnaya Volya™, N. 1l.
kibal®chich, beiny located in the griscn beiore execution, created

the first in the wcrld jrcject cf rccket craft for a manned flight.

historical interest represent the sorks of the Petersburg
inventcr of A. P, Fedorov apd the putlisheé Lty it article the "new
sethod of flight, which eliwvinates the ataocsphéere as
sugporting/reference mediva". Article agpeaired in the eightieth years
cf past century and drew researchers®s atterticy to questions cf the

thecry cf rocket £1light.

the bases of contemporary rocket dynanics were laid in the works

cf bussian scholar I. V. Meéshcherskiy ard R. E. Tsiolkovskiy.
Fage 12.

The outstanding teacher-scientist, frofesscr Ivan Vsevolodovich

Beshcherskiy (1859-1935) in his works cn theéoretical mechanics forsed
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an equation of the moticn ¢t the tcdies of tle variable mass tc which
cae should relate rocket. fe coapiled tite €guaticn of the vertical

ictica cf rocket.

the bases of the tlecry cf ccsscnausics agd rocket engineering
flaced our great compatrict Copstantine Bduzrdcvich Tsiolkcvskiy. In
bjs early works K. BE. Tsiclkovskiy figuratively explained the essence
cf reactive sotion based on the example of the displacement/movesent
ct shir under the acticn cf recoil fcrce thkét £tand on besides the
capid-firing, continuously shooting gua. After the science fiction
narratives "on moon®, "“dreans atbtout the earthb/gqrcund and the sky and
the effects of gravitaticnal attractics® K: E. 3siolkovskiy published
in 1903 work the “"investigation of .euter Sjace Lty reactive
ingtruments®, In this wcrk is giver kncwn fcravla for determining the
saxinus velocity of the sction cf recket ot the assuaption that air

tesistance and gravitaticnal force are absert.

After foreseeing develcpaent ct jet/resctive technology and
relyiag on his theoretical studies} K. E. Isiclkcvskiy introduced a
se1ies cf the valuable fpropcsitiocs, r€alized ccasidecably later on
the hjgher level of develcpzent of wcrld sciegce and technology. This
is related to his ideas of the use ¢f a liguid fuel for the jet
engines of the rockets during flights up tc laxce distances, afgglying

the jet vanes for rccket ccrtrcl, shich act, also, in the vacuum




where usual aircraft air vares
Tsiollicvskiy also proposed fcr
ccspcurd/confosite multi stage

this jdea, wcuwld be at gresent

rockets pade it possible tc at

Beginaing to extreme scluticns

Boring the study of the e

frckles of heating the kcéies,

values

Fage 13.
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tc lasge distances. Is widely utilized during cur days the idea of

~Le

dc rct give recessary effect.
cbtainiang high velocities to utilize
rockets. Witlcut the realization cf

urthickable the flight of nose cone up

the amtcmation of ccntrcl cf scticr ¢f highspeed aircraft and

tcckets, progosed to Tsiclkovskiye.

At presept the introduction of autscmatic flight contrcl of

tain thke bigbh accuracy of firing.

in the theory ct flight, in

pazticular, to setting tke cptimus states ot sction of rockets, was
Flaced by the solution ¢f the so-called seccnd task of Tsiolkcvskiy,
ccnsisting of the detersination of suck laws of a change in the mass
ct rocket and its velocity in tise, at shich it is possible to expect

greatest climbing range cf 1ccket.

ffect of air i1esistance on the

driving/moving body K. E. Tsiclkcvekiy footszed attention on the

flyinpg in aigr with bigh rates, knowvn

pov by the name problems of aserodytesic hesting and having enorrcus
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Among Soviet researcters, swhc wcrked it the field of rocket
eagineering in the pericd ¢f its crigiwm/copception/initiation, one
skculd call/name ope of the first students k. E. Tsiolkovskiy gifted
engineer P. A. Tsander (1E€7-1933) ard inwvecrtor of Yu. V. Kondratyuk.
For the popularization of tle jet/resctive jrisciple of motiom, much
sade 3. A. Bygin, who puklished during the jears 1928-1932 works

migtegplaretary flights", Ya. I. Perel®man, }. M. Tsander.

It is logicak that under conditicos of tsarist Russia, and wvhat
is moxe during the weak develciment cf techiclcgy of idea of K. E.
Tsicllcvskiy and his students did nct cttaig the development, but his
trapsactions - proper acknousledgemept. Cnly with the Soviet regise,
shich pays enormous attention to nev technolcgy and to the guide the
werk of mapy scientists, desiyn and plant ccllectives to the solution
cf tozemost scientific-technical prcileéms, it ¥zs possible to attain

encragus and known to entire peacesworld results.

In 1918 on the initiative of Vladimir 1llyich Lenin, was
initiated the organizatice of central aerch)drcdynamic institute
(152G} [Central Institute of Aerohydrcdynamics im. N. Ye
2bukovskiy)). The founder of TsAGI was the lergest Russian

sciengist-aerodynamicist ¥ichclas Yegortcvich Zhukovskiy, who
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develgped the bases of the aerodynasic desiyns cf flight vehicles and

flight dynamics.

the first experimental works ¢§ aerodyrasicist by N. Ye.

2hekowskiy conducted in Moscow University ard #8cscov highestest
technjcal school (MVTU {Mcsccw Higter 1Technical Schoollk
Kncwn to eptire world schclar acadesicians 2. M. Tupolev, B. N,
Yur®yav, A. A. Arkhangel’skiy, B. £. Stechkin, V. V. Golubyov and a
shole series of the designers and scientists were the students of N.
E. Joskouski, but many of tkem - Lty meskers cof the scientific student
ssall circle, orgapized by K. Ye. 2hukovskiy ixr MVEU. On the
ipitidtive of N. Yq¢. Zhukcvskiy ir 1919, sas organized the Moscow
institite cf the engineers cf the air fleet, ccgverted in 1922 into

the air force acadenmy, now Learing hiz pame.

the ccnteaporary sciepce cf flight dynemics in many respects is
due tg scientists of M. Ye. Zhukcvekiy prof¢sscrs V. P. Vetchinkin,
I. V. Cstoslavskiy, V. S. Vedrov, V. S. Pysknov, the protessors cf
the ajr force epngipeerivg academy D: A. Venttsel', G. F. Burago,

academician V. S. Pugactev and mapy ctlers.
®c the pen of M. Ye. ZLukovskiy belomcs the work M™about the

strength of motiop"™, writte:r by hiw in 18£2. 1tbis investigjation

together vwith noted Russiag mathematiciam 4. M. Lyapunov's work

e o auke 2 1
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nceanghsgeneral/total task cf stability of soticn®, vwritten in 1892,
they ipitiated to the develcrment cf the Scviet science of stability

cf acticn and stabilizaticn of flight vehicles.

§n 1918 by the decisicr of Soviet governmerot, vwas alsc created
the cgrstartly acting Lcard cf special artillery experimeats
(KCSARICP) , which charged tte soluticn cf tite froblems, connected

vith bbhe creation ¢f artillery fpieces.
Eage 34.

In the commission fruitfully wocrked the greatest
schclars-artillerymen V. M. Trofiscv, N. ¥. Lrczdov, G. P.
Kiepeaskiy, academicians k. Ye. Zhukovskiy, A. ¥. Krylov, S. A.
Charlycin. Sc, by acadesiciap A. N. Krylov during the years 1917-1918
vas developed the methcd of the numerical irtegration of the
differential equaticns cf scticn cf jrojectiles, utilized at present,
alsc, for the case of deteraining the motict characteristics of the

rockets of different desigraticn/psrpcse.

By the founder of the tew brarch .¢f a€¢rcdynamics - gas dynamics
rightfully is counted acadesician Sergey Alekseyevich Chaplygin
(1669-1942) cne of the sost talented studerts cf N. Ye. Zhukovskiy.

Headed by S. A. Chaplygin scre thas 10 years central aerchydrodynamic
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iamstitute rapidly exceeoc&d the one-tyfre scigntitic research
iastitctes of Europe and America cp the spreadyscope of works, tc
equigsent and their sciectitic sigyriticagce. Tc the end/lead of his
life, S« A. Chaplygin remained the sciertitic leader of soviet gas
aertcdynamics. lts many frclless, ccmmécted sith the theory of tlighe,
ace¢ sclved by the sciertists cf S. A. Chaplygir's school, by
acadesicians M. V. Keldysb, M. A. lavrentyev, L. I. Sedov, 5. A.

Rhristianovich and ky sany cthers.

the development of external kallistice is inseparaouly conrected
sith sbe sclution cf practical guesticos qf the creation of rocket
amd astillery pieces. Tthe Lteginning cf planced theoretical and
€xfperjsental investigaticns in the USSR im i1cocket engineering wvere
wckks gas-dynamic of the latoratory, otgamized im 1921 18 Poscow. In
1927 the labcratory vas relccated ipto lenirgred and is was been
called name GDL. During tte years 1931-193:7 are¢ created the groups of
the study of the reactive smction (GIRD), ip which worked the
eatbhusiasts cf rocketry F. ). Tsander, S. F. Kcrclev, M. K.
Tikshosravov, Yu. A. Pobedcpcstsev et al. It GI§L were designed,
ccpstgvcted, made and tested in fligbt the tirgt Soviet rockets. In
1933 &DL and GIBD were united into the first ip the world state
jes/reactive scientific research irstitvte (BNli). In the 30's
etgineer-scholar M. I. Tikkcmirov, V. M. Artea®yev, B. S.

Fetrogavlovsiy, G« E. Langemak, etc. desigpg¢c the first Soviet cambat




