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Page 2.

External ballistics.-Ditriyeuskiy, A. J.* H.,

Rbachine-building", 1972, Fage 584.

In the took are set forth the ,thecetical tases of external

rocket ballistics and artillery shblls. Is Sives the basic

infcroation about forces a~d the mcments, tkicb act in flight on

rocket and projectile, is give# the sethod cf the compilation of the

equatAcns cf motiog of rockets and Lprojectl]es, is examined the

integration of these eqguaticns by aqal)tical and numerical methods

bltb the application/use of electrcqic coumites.

are proposed the methods of investigatics cf trajectories and

aEe gAven the concepts cf tke oEtiaua sclticas of the problems of

e.termal ballistics. Is estimated the effect c different

perturkation factors on the stability of flight. scattering of

tzajeetcries and exror for firing.

Are given the bases of the theory cf ccrrections and are set

forth the methods of the ccajilaticn cf the correcting formulas of

epternal ballistics and calculation of kallistic derivatives.
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Ate give4 the conc*FtE Of the exiecineUtI methods of external

tallistics.

the book is t~xtbock fcr the students ct schools of higher

technical education, and a]ic it caq be useful for

tecbn~cal-engineering Ncrkqrs. Table 31, jilust 188, the list cf

lit. 92 title.

Fags 3.

PREFACE.

in the book are prese4ted fundamentals of external rocKet

kallistics and prpjectilesi driving/mciing in the field of gravity

(skace flight to other Flanets here it is ,ct examined. This is

iadependeat large and ccallEx tbese).

Icr a period of many years, exterqal tallistics was occupied by

the sjudy Cf motio min and of the Frojectules ef barrel artillery

|jqces. With the develolment of rccket eqytieering and the

Ferfection/isprovement of tie theory cf rocket flight and

Fejeetiles, the series of question of ex-teina] tallistics

considerably was expanded. Aipeared uoks ccncezning external

balliltics of coatrcllakle tockets, the including special questions
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cf cptimigation and selecticn of the prcgraz of the motica of rocket.

Considerable development receimed the d*signed kallistic calculaticns

ct scattering trajectoies bith the firiqg icckets and artillery

shells. The application/use of comEater tech4nolcgy considerably

expanded the possibilities cf ballistic i svestigations.

the material, presented in the bcck, can te broken into ten

thematic sections, which illuminate the bas*s cf external ballistics.

Ia intrcduction is given detiniticr cf the -ubject and are formulated

the basic problems, solved in the course of external ballistics, they

at* bscught informaticn fzca the histccl of the development of the

thecrj of flight and external ballistics, aze 4cted the special

featus/peculiarities ci the flight cf different types of rockets and

pkcjectiles cf artillery Fieces-

In Chapters I and 11 are examiqed the cv" all theory of the

sctica of rockets and pxojectiles: tthe forces acd the moments. which

act ca Locket and projectile ip flight, tra;ectcries and motion

characteristics. The ccxmc;/genera1/total theory, presented in these

chajtots, det.rmises ccmmuaicaticn/ccnmectifV cf ballistics with

aerodynamics and b4eoretical mechanics. In (hakters III, 1V and V is

examined solution cf one ct the basic ksoblems cf external ballistics

- ccsEilation of toe differential equatioas of action of rockets and

cf ;r9jectiles. Chapters VI and VII are dedjcated to the methods of
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iat-egrating the equaticns of motion. In Chalter VIII is examined

statility of motion and the stabilizatica at rcckets and projectiles,

in chapter IX - effect of tbe methcds .of ccrtrcl on rocket ballistics

and puojectiles. Chapter X is dedicated to tie study of trajectcries.

Fsge 4.

In Chapter XI is examined the effect ct ditlerent perturbation

factors oq the dew.iaticrs cf trajectcr.y eleaenta from their values,

calculated for initial data, which ccrrescLd to technical

splciticaticns for rocket aEd to ttq characteristics of standard

atmasfhere, are given the ccnclusicq/derivaticzs of correcting

fcrmulas and the prccedcres of calculation ct corrections into

trajectory elements. In Cha~ters XII and Xlll ar examined the

special feature/peculiarities of the mcticr cf the rockets during

laupching/starting, the exrcrs for fixing, the sissile dispersion anid

lxcjectiles. Last XIV Chapter acquaints the reader with the

experibental methods of external tallistics.

Ixternal ballistics is based cq tke labs ,of mechanics, it is

clcsely related with aezodyzasics, ky gzavtaetry and the thecry cf

the figure of Earth, by metecrology.

Ballistic calculatica Sives all the bamic data on trajectories
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aad mqtioe characteristics ca the kasis of bhich it is possible to

jwdge the necessary parameters cf missile cz attillery coaplex as a

bbCeO,

St goes without saying that ccnteGts Ct the book by no means

ephausts entire diversity cf the Fzcbless, cc4frOnting external

tallistics. %he conteaFcrary state of the sciemce of the action cf

rcckets and artillery ste]l cf different t)pes is such, that many of

the e~aoined in the book questions ccnceraJmg its value can serve as

the okject/subject cf irdeFerdent tbectetical aqd experimental

it i;dies.

the author expresses sincere gratitude to dcctors of technical

sciences Prof. D. A. Pogcce]cv and Frcf. Tm. V. Chuyev for the

baluatle councils, expr'sssed by tel during irefaration of the

aaguscript for publicaticn, and is ex~ressec gratitude to the dcctcr

of technical 4cieqces N. P. Mazurov and Cando cf tech. sciences

docent Sh. Penalty-lary-Ii4zov, that made a series of the useful

cbservations which were taken into acccunt bith the modification of

the lasuscrijt.

the author thanks tke scientific edi.tcL evgineer S. F. Kol'tsova

icr work on the editing of the manuEcrijt, ind also all ccmrades, who

tcak part in the discus&icn of the aanuscrijt.
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the designaticns of ph)sical quantities are given in the book ini

acccxdance with the project of theGcst Ouility cf physical

All observations and wishes atcut contents of the book the

atbtox xe'uests to guide tc: !loscow, E 66, 1st Easmannyy per., 3,

fuklisbing hcuse "Machime-ktldig".

Ease S.

Frinci~al desigpations.

- cuentum vector of the body cf vaiiable mass.

-vector of the mcment of mcmentum of the body of variable mass.

T,. - kinetic energy of the lody of variable mass.

a - mass of the driving/moving body Irccket, jFrcjectile).

v- velocity of the center of mass of kody in aksolute motion.
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a- acceleration of the center ot mass cf tedy in absolute moticn.

v, - velocity of the center of mass of misail* body in translational

aSctica.

- acceleration of the center of mass of housing in translaticnal

mctica.

- the velocity of the center of mass of system huusin -

tuel/Eropellant - gases relative tc missilq tcdy.

a. - the acceleration at tke center of mass of system housing -

taeql/propellant - gases relative tc missile tody.

- resultant external force.

MF- - resultaqt reaction horce.

F f~ - Coriolis force.

Z - angular velocity vector of the cctaticn of missile body.

M, - total moMent of 42trtal fOrCeS telative to center of inertia.
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-total moment of reaction for-cqs .relative to center of inertia.

JJI',Z t, the moments of t~ke inertia cf rockcet relative to the axes

c~erd~nate system Oxivizi.j

JI~,*J1 ~1 J~ -products of inertia.

Q. - generalized force.

a - pitch angle.

V - yaw angle.

- Qll attitude.

9-flight path a~gle.

'P- angle of rotation of trajectcry.

v,- attitude of roll of the high-nse~d/ve~ocjity coordinate system.

-projection of tke velocity of bhC center of mass on axis

CjpA oA the startin~g coordinate system.
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-qlevation of the veiccity cf the cetr of 3ais.

a-angle of attack.

-slip angle.

n.< - potential of the ±czcE of gravity.

nl. - potential of centrifugal inertial force.

r] - gravitational Fotertial.

g,- accelera~tion frcm, gravity force.

g acceleration frcu gravitational force.

9 angular rate of rotaticr of the Eath.

r,- geographic latitude.

qprx - geocentric latitude.

Eage 6.
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- 19zgitude.

n- cgitude of Acdal linE.

- total flying time.

*- azimuth.

a8 - angle of elevaticv.

- geopotential height.

9 - altitude.

p- air pressure (kg/c,2).

- mass air density.

h - air pressure in an Eg.

- ViZtual tqaperature.

Hl) - the function of a change in the air cEnsity with

height/altitude.
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q -velocity head.

s - asea of maximum cross 44ct iom.

a - Mach quaker.

X - drag.

I - 14ft.

I - literal force.

CR - aerodynamic c9efficiemt of tctal asrctynamic force.

C. Cy,.CZ - aerodyanic ccetficients dur.4mg drag, lift and lateral

fences.

-pitc king- mosept coefficient.

inandm 1  rolling-someqt coefficientq anmd Cf yaw.

-stabilizing mcment.
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M, - damping moment.

liv) ,6v).K(v/a) - the force function o aiL resistance.

c - ballistic coefficient.

a - Bleed cf sound.

oil) the function of FrEssure change witb beigbt/altitude.

r - torque/mouent of surtice frictiop.

P- bench thrust.

Xv,, p,,zp, - ccntrol forces, %bicb act Iu the direction of oody axes.

- velocity of the c¢ntex cf mass ct tatet/Furpose.

V,, - velocity of the center cf mass of reciet.

xC - horizontal range.
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'4 MI - trajectory height.

L- 14near distance ovX tOf surface of thq Earth.

ol - crbital velocity.

V-1 - escape velocity.

2v_ - range angle.

S- eaight of projqctile.

Q... -fuel consumption Fpr second.

fagq

IBIDCDOCIOIN.

S1. SUBJECT AID PROBLEMS CI |zzSI zI 1LLZTICS.

the qcience Qf thq action of zcckets ard ;rojectiles is called

tllistics. By the study of the motica cf Flojectile in the bore of

artillery instrument is cccFled ittetigr kallistics. The sections of

Ister4cr ballistics, dedicated to the ezas;atJh; of the actiori of
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ItCjectile immediately after output tram bcze in the associated jet

ct that escaping fcllowing ky the 1rcjectile of gas, it is accepted

tc call iqtesediate ballistics.

the scieqce of rocket flight and projectiles after the cessation

ct their pcver interactica bith lauuching igatallation is called

estermal ballistics.

*crd "ballistics" symkethetic Greek wctd &throu ("AXw") ; from

the latter also occurred the name of tte first heavy projectile

installaticas which in cld times mere called kallists. The complex of

the questicons by which is cccutied external kallistics, trequently

they began at present tc call the thecry of flight. For example, name

"theoxy of rocket flight" kcth is comc. &and pale "external rocket

ballistics". Subsequently me will utilize kctb these names.

furtbdrmore, with the Fresectatics cf questicas of the overall theory

ct flight under term "projectile" be will understand controlled and

naguided rockets, the rctatiny artilleL)isbell, the spin-stabilized

missile, rifle bullet, finned mine and the irojictile of smooth-bore

system.

The projectile of can n-tyFe artillezy we mill call projectile

cc body of coastaqt mass, and rocket - projectile or body of variable

mass.
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4n spite of tho specific differOCe .a4u the ballistic problems

fcz different classes of rcckets and projectiles the setting of these

Erckless and their subsequent sclutict in many respects remain

ccoacetgeqeral/total. The action of rockels and projectiles is

sakordina ed one and the same las .cf aechatics and is described by

cae-type differential equations.

Eagg 8.

scat frequently are distingsished tte rigbt sides of the equations,

ubich contain the concrete/specific/actual ccaplex of the acting

fcaces and torgue/acuents. The differectial equations. which describe

the aqtion of the guided missiles aid 1zojectiles, connect

ccasunicaticn/coanections, 1laced ky tie ccjtxcl system.

The flight of unguided rockets, ain au Fxcjectiles of barrel

artillery pieces reFresents by itself a special case of tire

ccssca/gereral/total task at the aechanics cf ccntrclled flight.

Ixternal ballistics is occupied by the solution of four basic

prokidus.
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the first task consists of tka trajectccy calculation of the

motion of projectiles alcng irevicsl) knobt data. For the solution

Ct tkis problem, it is necessary first of all ccrrectly to determine,

which forces act on projectile in flight aqd kncw, which will be

tbeir value at each moment cf time. lacthz c*G should comprise the

differential equations cf actico cf iLojectile taking into dccount

all adting forces. as a result of the scluticp cf differential

equat4ons, are obtained all the sctico characteristics: velocity,

a"celaration. the fliyht time and ccordinatt of the center of sass on

bhich can be constructed tte trajectcx]. the first task occasionally

teferxed to as basic or direct Erocles cf extermal ballistics. The

mumbet of forces, which act cn Frojoctile dering motion, the

charaeter of their change in the Fzccoss of lotion, and also the

combe of equations, wbich describe notion, and their form they

depead on the designaticv/irjcse ci fzcjectile, its construction,

metbod of stabilizatiop in flight old the iled,acted trajectory of

motion.

The second, or the so-called zoeverse/iverse, task consists of

determining of the desisned ballistic data Ci action alony the

assigned tactical and tachrical data cf rocket cc artillery piece.

Ihe secoank task is direct-cannecteO with the tallistic design cf

system, isjortant stage of bhich in findinS tht optimum states cf

ectiom and flight trajectcres.
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The calculation of the attitude ceamrcl of different

dosigoatiou/purpose and the deterairaticq cl thG conditicas of their

ccqtrgllability is the third task cf estezszl tallistics. If rocket

cz fKrjectile are unstatle in Ilight, then, ctviously, it cdnnot be

it Vill be expected that they correctl) will flj in the assigned

dizecticn.

Isually ballistic calculations are cc|iucted in several

afcrotch/approximations. First during tallirtic design dre determined

the characteristics of the ideal trajectory ci the center of mass of

projectile taking into account the weight cl warhead and predicted

fiting distances Isaxizvu atd sLniaus). As a result of these

calculations, is establish/installfd tke advisakility of the selected

method of control, the form of trajectcry, its curvature, the values

ct taSenDtial and normal acceleraticrs. Are deteraiied the motion

characteristics of projectile upon its rendezvcvs for target/purpose

and th, characteristics of scattering.

Ig4 Io

Is the process of desigt and manufacture ot missile (artillery)

ccsjlsm ballistic calculations are rektat4c uith introduction in
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them the 4ew specified data ca projectile..the system of contrcl and

stakilization. The applicaticn cf the selected methods of control and

stakilization of rockets and projectiles, uick ensure the high

accuracy of firing, is the Eart of ccamcn/SinEral/tctal staLility

irakles of motion, in mkich external ballistics most closely comes

iatc acntact with questions of contrcl cf fligkt. Furthermore,

external ballistics gives kasic infcroatio* for developing of rules

amd receiticn/procadures of aiming and fir lcg.

Designed trajectory calculaticqs are ccnducted, as a rule, for

the ideally carried out Frc-ectile ordex the average/mean

neteozclogical co~ditiols. accepted as nomizal However, appears in

actuality a number Of factors, calling the ceviation of prcjectile in

fllight from calculated tra-ectcry. Scatterirg the trajectories of

seearAte shots can depend kcth on structural/design and technological

reascas (for example, from caused ly tiem iC the rockets eccentricity

of thzustj and on tie deviatices of flight ccditions on the

calculated, for example, trcm a change in tie weather factors, the

ncmunlforn erosion/clisax cl nczzle thxca.t and cf the jet vanes,

inadequacy of the system cf control, etc. Ike study of the factcrs,

vhich affect scattering cf the trajectcries of projectiles, and the

eoamination of the uethcds cf decrqazimg of scattering and increase

c the accuracy of firing they are the foutth task of external

tallistics.

L.
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the ccmplex questicns, which require separate examination, they

are the theory cf rccket flight as elastic Lod) and the theory of

iccket flight taking into account the acticr of liquid filler

(feel/propellant). In tbese sectiors tke tbecr) of flight closely

ccmes into contact with vikraticn tbeory [1, 32].

During the solutiop of the prchleas of the theory of rocket

flight and projectiles, tke larger .cuuber cl acting factors with

smaller number of assumpticns can te taken intc account when

conducting of calculaticns in the electronic calculating and analog

ccmpE.ters. Is sufficiently bidely utilized *eisc the universal, but

very laborious method of nuserical ittegration %ith the

aElication/use of manual calculating automatic machines and only

small class of comparativel) simple tasks it can be solved by tabular

and analytical methods. Furely kinematic methedE are applied in

essence for the qualitative studies cf guided-missile control,

intended for dealing with mcving targets ox which start frcm mobile

unitsn

§ 2. Irom the history of the develciment of the theory ot flight.

By its contemporar) highly developed state jet-propulsion and
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artillery technology is due to a coqsiderakle eltent to Russian

science.

1ag9 IC.

the first generalized informaticn about r.cckets and projectiles

cf cammon-type artillery it is Ecssible to find in the Dook the

mregulations of the military, canncq and otter kodies, which ccncern

with military science", uritte; to Caisia lakha)lov and final in

162C.

At the time of the appkarance of tbe first scientitic works in

the region of rocket enSivEering eiteLual kallistics of th'e

pzcjeatiles of barrel artillery piEces was lccated on the

sufficiently high level of develcient. The first theoretically

substantiated work accordinS to the trajectcry calculaticn the freely

iroje¢tile is written by G. Galilec (1564-U42) and it is Frinted in

Eolcgea in 1638. From this bork it kecame it is known that if we do

nct cQcsider the air resistacce, bct tke acceleration ot gravity to

take ccnstant on value and directicn, then the trajectory, described

ty Fr9jectile, will be jarakola.

At is obvious that tc %se Farabclic theory is possible only when

the adcpted during her conclusion/deriwat.ic; assumptions
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-igni~icdAtly do not affect tke results of calculations. First Cf cdl

this As related to the Fossibility of inEglect cf the air rEsistance.

Ind of the XVI1 century and beginning XV11] signify themselves

ty the increased interest iE the study cf tke effect of the air

Kesistance on the flight of the rapidly flying tcdies. The first

works ca the study of tte effect cf IEdium cn tkose moving in it it

is thabed they belong tc E4lish schclarly i. bewton (1b43-1727).

lebton's works were related to the lcw spEces cf the motion of bodies

ard were partially confirmed by later investigations.

Ite experiments, ccnnected bith the measurement of th-e initial

velcc~ty of projectile, were conducted for tke first time in Russia

in 1727, and the first description cf experiments regarding air

rE$istance to motics of spherical gut bullets fcr considerable for

thcse times velocities (!2C m/s) can te fourd i; the book of the

Englishman of B. Robinsa, uwkc left in 1742.

Ite first solution cf the jrchlel cf tke Kction of projectile

taking into account the air resistaqce was made in 1753 by a member

ct the russian Academy cf Sciences ty 1. Euler and it is published in

1755 [63]. Later, in 1375, to them in famoua mcrk the

"ccmamn/general/total principles of the acticn cf liquidsu was placed

the teginning tc aerchydrcdramics.
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the first scientific investigaticvs in the field of rocketry

telcng to Bussian artilleryman to General 9. 1. Konstantincv

11818-l187), who headed since 1849. FeterskLrg rocket institution and

such made for an inrovement in the orgaaivatict of production and

technglogy of the manufacture of rcckets. Ccnstantine is described

the physical essence of tIe moticn cf xccket acd is noted equality

iscreAses in the momentim of rocket and cseatuy of the

tscape/ensuing from it Sasi

.4

Fase 11.

Ey bin is also made imj;rtart the ccrolcscr that eccentricity of

reactjcu force is the tasic reascn , which 4Eflects rocket from the

initiAl uirection of moticn, and is shcun tie advisability of the

cranking of fiO-statilied rockets fcr |uricse of an improvement in

the adcuracy of fire.

The greatest develcpment rocket artillery cf that time achieved

in the first half the XIX century. Slbsequettly the poor closely

grcuped fire of rockets and the successes Is this respect of barrel

tirearEs led to the fact that tor a jr4lontd .time the coatat

iissiles were completely zmoved fezt the axnanent of the armies of
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all cquntries.. The thecry cl flight is develc~ed in essence in

aiFlicatioa to the projectiles of cancan-tyle artillery, but it is

later, from eqdilead the XIX century, and ir application tc the

demands of the begun viclectly tc te develcied aviation.

in 1820 in Russia, was institrted the artillery school,

ccavezted in 1855 into artillery academy. Ike development ct external

tallistics in many respects is connected with these educational

* iaqtitutions. In particular, by the Excfessscr of the artillery school

V. A. Ankudovichem was britten the first tE*tkcck on external

tallistics, published in 1836. In artillery academy from 1855 through

1858 ;f lecture o4 external kallistics. neac noted Russian

mathematician M. V.. Ostzogradskiy, for the first time in general fcrm

hbb solved the complex rcb]eI of the ictict cf the spherical

LctatAng projectile in air.

Since 1858 the schcol cf bussian tallistics headed by talented

scientist designer N. V. Ma)evskiy, bkc m.uch made for developinq the

Bussian artillery and, in particular, in .ttc field of study of the

air resistance at high rates cf the action cf Frojectiles, and also

the study of the rotary uction of cklcog pzrjectiles. in his wcrk

"atout the effect cf rctary mcticn cn the flight of oblong

I.rcjeotiles iq air", pu.lished in 1865, N. 1. Payevskiy demonstrated

fcr the first time the existence of the ascillatcry motion of the
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lcngitudinal axis qf projectile in flight ard he investigated the

[roFerties of this zoticn. Under bis marageuent were created many

Scviet artillery pieces. very aoderq for tbcse times. N. V.

La.yevskiygs works continued his student, well-k;cvn scholar N. A.

2abudskiy (1853-1917).

in 1881 revolutionary and seater of the "Naxodnaya Volya", N. 1.

Bibal~chick, being located in the Friscn belore execution, created

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

historical izterest represent the borki of the Petersburg

inventcr of A. P. Fedoxov and the FuLlished ty it article the "new

method of flight, which eliuinates tte ataospbere as

suporting/reference nediuu". Article a&peazed in the eightieth years

cf East century and drew researchers's attexticq to questions cf the

thecry cf rocket flight.

the bases of contemporary rocket dynamics mere laid in the works

cf Sussian scholar 1. V. neshcberskiy ard 1. S. Tsiolkovskiy.

Fage 12.

[he outstanding teacber-scientist, fzofessci Ivan Vsevolodovich

neshcherskiy (1859-1935) in his works cn theoretical mechanics formed
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an equation of the moticn ct the kcdie$ of lie variable mass to which

cee should relate rocket. Ie compiled te *SuatJcn of the vertical

sptica of rocket.

the bases of the tiecry of ccsacnautics aud rocket engineering

ilaced our great compatrict Constantine Bduardcvich Tsiolkcvskiy. In

hjs early works K. E. siclkcvskiy figuratiiel) explained the essence

cf reactive motion based on the examFle of the displacement/movement

of shhF under the acticn cf recoil fcrco tkat stand on besides the

rapid-firing, continuously shooting quo. After the science fiction

nazatives "o4 moon, "dreams about the eaxti/grcund and the sky and

the e4fects of gravitaticnal attractici" K' E. lsiolkovskiy published

in 1903 work the "investigation of euter ajac* ty reactive

imstrumentso. rn this wcrk is given kncun fcraula for determining the

maximu velocity ot the nction of recket ot the assumption that air

resistance and gravitaticnal force are abset.

after foreseeing development ot jet/reactive technology and

relyimg on his theoretical studiesj A. 1. 7ziclkcvskiy introduced a

sexies cf the valuable pzoositiocs, rtalized ccmsiderably later on

the higher level of develcksent of %crld scjeQce and technology. this

is related to his ideas of the use cf a ligjid fuel for the jet

engines of the rockets during flights up tc large distances, a[Flying

the jet vanes for rccket ccmtcl, %bicb act, also, in the vacuum
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where usual aircraft air vares dc Xct give tecefsary effect.

Tsiolovskiy also Froposed far cbtaining high velocities to utilize

ccm~curd/cosEosite multi stage rockfts. Witkcut the realization cf

this idea. wculd be at 1resert urthickable the flight of nose cone up

tp lasge distances. Is widely utilized during car days the idea of

the autcoation of ccntrcl ct ectict cf kigbapead aircraft and

rockets, proposed to Tsiclkovskiy.

At preseqt the intLoduction of autcaatac flight contrcl of

rpckets made it possible tc attain the high accuracy of firing.

Beginning to extreme scluticns in tbe .tieot) ci flight, iq

paxti4ular, to setting the cptimum states at action of rockets, was

ilaced by the solution cf the so-callEd seccad task of Tsiolkcvskiy.

cpnsisting of the determination of suck laws of a change in the mass

cf rocket and its velocity In time, at bhicb it is possible to expect

greatest climbing range cf rocket.

Daring the study of the effect of air aesistance on the

driving/moving body K. 1. Isiclkcvskij foorsed attention on the

licblel of heating the Lcdies, flyjs In alr with high rates, known

nov by the name problems at aerodyctaic heatiog and having enocrecus

lage 33.
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Among Soviet researchers, bhc wcrked it the tield of rocket

emgin*eriag i4 the period of its oxigim/coqception/initiation, one

shculd call/name ope of the first students A. E. Tsiolkovskiy gifted

Engineer F. A. lsander I1E67-1933) ard iE#4.rtor of Yu. V. Kondratyuk.

PPE the FopulariZation of tte Jet/leactiVe IriSciple of motion, such

made 1. A. Byqin, who Futlished during tke jeats 1928-1932 works

"UIteflaretary flights". Va. I. Perellman, 1. .. Tsander.

4t is logical that under conditicza of tsaiist Russia, and what

is nore during the weak devElcjment cf techtclcgy of idea of K. E.

siclkcvskiy and his students did nct cbtahi the development. but his

transactions - proper acknowledgement. CqrlJ mitt the Soviet regise,

which jays enormous attention to new technelcgyj and to the guide the

wcrk 9f many scientists, design and Flant ccllectives to the solution

c4 fosemost scientific-technical prctless, it was possible to attain

eacimqus and known to entire peace/world results.

In 1918 on the initiative of Vladimir Ilyich Lenin, was

initiated the organizatica of central aeroh)drcdynamic institute

(2sAGS [Central Institute of Aereh)drcdynamics is. N. Ye

Zbukouskiy]). The founder of TsJGI was .the largest Russian

sqiuntlist-aerodynasmicist Iichclas Yegotcvicb Zhukovskiy, who
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develqped the bases of the aerodynamic desihns cf flight vehicles and

flight dynamics.

The first exprimental works €q aezodytasicist by N. Ye.

lbkovskiy conducted in Moscow University aid acscow hianestest

tecbn4cal school (NVTU (fcsccv 4.igter lechnical School])

ncwn to entire world schclar academicians A. N. Tupolev, B. N.

Yurlydwv A. A. &rhangql'skiy, B. i. Stechkin, %. V. Golubyov and a

"h4b1e series of the designers and scientist* weze the students of N.

1. Joskowski, but many of tem - ty semner& of the scientific student

small circle. orgapized by 9. le. Zhukovskij it MV'Z. On the

initittive of N. 1q. Zbukciskiy it 1919, sai organized the Roscow

izatittte cf the enginqers cf the air fleet, cc;verted in 1922 into

the a~r force academy, sow kearing his name.

the ccntempozary science cf flight dynamics in many respects is

due tq scientists of N. le. 2hukcvskil jrotfsscrs V. P. Vetchinkin,

1. 1. Catoslavskil, V. S. Vedeov, V. S. Pyskmov9 the professors cf

the az force engiaeeritg acadeny D; A. Ve'ttsell, G. F. Burago,

academician V. S. Pugaciev and maPy ctitrs.

tc the pen of N. te. 4ukovskiy heloaces the work "about the

strength of xotio4" , writte - by him it 1812. Ibis investijation

together with noted Russia; mathenatician A. M. Lyapunovts work
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-ccomn/general/total task cf stability of noticn, written in 1892,

thae imitiated to the develc(aent cf the Sciiet science of stability

cf actics and stabilizaticn of flight vehicles.

in 1918 by the decisicr of Soviet government, was dlsc created

the cpcstartly acting tcard cf sFecial artillerj experiments

#ECSAI!OP), which charged the solutico of tke Frcblems, connected

bith the creation vt artillery Fieces.

EaSe 14.

In the commission truitfull) worked the greatest

scbclazz-artillerymen V. n. Trofimcv, U. 1. Erczdov, G. P.

Iispeaskiy, academicians b. Ye. Zhukovskiy, 1. V. Krylov, S. A.

Cha.1 in. Sc, by acadesician 1. N. Ptylov during the years 1917-1918

was developed the method of the numerical irteration of the

diftetential equations cf acticn cf itojectiles, utilized at present,

alsc, for the case of deteraining the moticL characteristics of the

rockets of different disigzaticn/purIcse.

By the founder of tke ieV brarch .cf aetzcdyunaics - gas dynamics

r ight~ully is couqtted academician Sergey Alikseyevich Cdaplygin

(1169-1942) one of the most talented studerts ,cf N. Te. Zhukovskiy.

Headed by S. A. CkaFlygin acre than 10 years central aerohydrodynamic
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isstitcte raFidly exceecad the one-tyFe scijntitic research

isititutes of ZuroFe and America cp the spttadiscoFe of works, tc

*qviujEalt and their sciettitic sigjiticaIce. Ic the end/lead of his

life, S. A. Chaplygin remained the sciettilic leader of Soviet gas

aetcdyndmics. its many FCkless, ccomucted bith the theory of flight,

arq svlved by the sciettists ct S. A. .Chapl)git's school, by

academicians N. V. Keld)sb, H. A. Lavrentye,. L. I. Seduv, S. A.

Jthristiauovich and ky many cthers.

The development of external tallistics is inseparauly connected

bith *be solution cf practical Suestict& qf the creation of rocket

aid astillery pieces. the teginninS cf planted theoretical and

eczerimental investigaticnas in the USSR in Locket engineering were

voiks gas-dynamic of the latoratoxy, organized in 1921 in Poscow. In

152) the laboratory was reiccated iipto Lenl.zcgrad and is was been

called name GDL. During tke years 1S31-193; are created the groups of

the study of the reactive oction (GIOD), iq which worked the

estbusiasts cf rocketry F. J. Tsander, S. f. Kcrciev, M. K.

Iibomravov, Tu. k. Pobtdcocstsev et al. It GIIr were designed,

c.cnststcted, made and tested in fligbt the iirst Soviet rockets. In

1933 GDL and GIRD were united into the first i the world state

]st/rsactive scientific research irstitute 411). In the 30's

eagineer-scholar V. 1. lik.csirov, I. A. AttmsOyev, B. S.

fetzopavlovsiy. G. E. Langenak. etc. desigaid the first Soviet combat


