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AHAJATHYECKHANA METO], PEHIEHASA OCHOBHOII 3AJAYH BHENIHEN
BAJIVINCTHRH U1 ABHABOMBBI

B. C. IYTAYEB

(Mocksa)

B macrosmeit crathe mamaraercsi NpUOMWKEHHHN aHAaJARTHYECKAH METON
peleHns OCHOBHOI 3a7a4YM BHemmHell OamImeTmrm Aaa aBmaGoMOE. ITOT MeTON
OCHOBAH HA PABJIOMEHAH DIIeMEHTOB TPAeKTOPDHM B Ielble CTeNeHHEIE PARE OT-
HocHTenbHO Gammmermieckoro Kosdmmuenta GomOm[Yl. Orpamwumsasch mepBoit
crenmennio Ganmmermaeckoro Koafdumrumenta, ME moxydaeM DpuOIMIKEHHHE aHA-
ARTHUeCKIe (OPMYIH OIA 2JeMeHTOB TPaeKTODHH, [aiOmMe HOCTATOYHYH TO9-
HOCTH [JIA NpaKTMIeCRUX meieil. ;

1, Kar maeecrao [*1) [*]) pemenme oCHOBHOIl 3afadm BHemHeH 6GalIuCTHRR
AnA apnaboMOK TPUBOANTCA K MHTerPHPOBAHMI0 CHCTEMEl ypaBHeHMI
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3nech vepes u m w 000BHAYEHH COOTBETCTBEHHO TOPH3OHTAJbHAS M BepPTH-
KajbHafg COCTABIAIINWE CKOPOCTH IeHTpa MacCH OoMOEH, Wepe3 T, I T— COOTBET-
CTBEHHO BHUPTyaJpHad TeMIEpaTypa BOBAyXa HAa HAYaldbHOM YPOBHE W BHPTYAalb-
HAag TeMmIepatypa BO3Ayxa HA BHcoOTe H —y Hajg HAYAIBHLIM ypPOBHeM, Yepes 7
u z— BpeMda NMajeHna OomOm m abemmeca neHTpa MacCH 00MOH, COOTBETCTBYIOMINE
opaunate y, H. m G — masectHnie Gamamermdeckme ¢yukmum. Cmerema KOOpAH-
HAT — leKapToBa, MMeIOMAA HAYaJo B TOYKe cOpachBaHHUA, 0Ch afcmuce HAIpaB-
lIeHa IO TOPH30HTAJBHON DPOEKIAM BeKTOpAa HA9aJbHOW CKODOCTH IEHTPA MACCEHI
GoMOH, a OCch OpPAMHAT — IO BePTHKAJHW BHUB.

IIpennomoxnm, aro Pymrnoua G ApIgeTcs aHaduNTAYecKOil mpm mOOHX feii-
CTBUTEIBHHX BHAYEHMAX apryMEeHTOB, KOTOpDHE HAM BCTPETATCA B fajbHelimem.
Torpa ma ocHoBanmm mspecTHOl TeopeMmr Poincaré [*1 Mm MoskeM pasiomuTh
upTerpasx cuereMu (1.1), ymomieTBopARmMEH HAYANBHEM YCIOBHAM

y=03 uU=1u,, w=ww, (13)

B DAfH, PAcHONOKEHHEE MO HEeIHM MOJORHTEIbHHM CTENeHAM ¢, CXOAALIAECHT
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TpI JI0CTATOYHO MANIOM | ¢|. OTH pa3ioAieHHsA MOryT OHTH MOIydeHsl (opMasnbHOIT
TI0/ICTAHOBKOM pANOB

(o) [ae)
u= Z u(Wet, w= 2 W (1.4)
p=0 r=0

B ypaBHerus (1.1) u cpasmenmem Koo(QuUMUEeHTOB NpH OAMHAKOBHIX CTENEHSX C
B 00CHMX 9aCTAX YpaBHEHHIA.

Bumonuas stn omepammm, Ges TpyAa NOTyYaeM yPABHEHHS JJIA OIpe[eTeHHA
woo(ppunuenToB pasnomxenuii (1.4)

du(0) dw(0)
w(0) e =0, W(O)Ty =g (1.5)
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pmp{2eCV (Gueys (Foo))],

Narerpanst ypaseenmit (1.5), ypoeaxersopawomune HavanbHEM yeaoBuaM (1.3),
AIMEIOT BHJ

2®=uy, wO=) w42y (1.8)

Mocne sroro cucrema ypaBHemnwmit (1.6) pacmapjaerca Ha [ABA dIEMEHTAPHEBIX
ypapHeHNs IePBOr0 IOPAAKA, HHTErPaJbl KOTOPHX BhIpasmaoTes (Gopmyrmavu
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MOHieM HanmuCaThb

mies 2L A bl e W
V_f)g D(y 1] 0) (1'12)

wl) = — ]/

AHAJTOTHIHO MOSKHO BEYHCINTD OCTAXBHEE Koofpuiments pasmossenmit (1.4).

Hopcrasus pasmossenmsa (1.4) B gopmyant (1.2), momuo pasmomurs Bean-
auanl ¢ @ z mo cremensam ¢. OrpaHMIMBasCh YIEHAMHI He BHIIE MepBOIl cTemeH: ¢,
TOAYINM TpubImKeHHbe (OPMYIIB
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Herpyamo Bmpmers, uro ¢ymrnum 7 m X BmpamawnTcea wepes Qymrmum A,
B camom peme, mpumenas (OpMyIy HHTEIPEDPOBAHUA IO YacTAM ¥ NPHHI-
wmasg Bo sumMmanme (1.11), merxo momyumm

1=t (oY)

Upp
_ 1 M up Sl v | VE (1'1‘5)
s A V2gA° s AJ
riae
v Vel gy ,
p i VT (1.16)

IIpm mpomssoxbuux (Qysrnuax H., G m A (3aJaHHEIX X0Ta OB TabaMIHO)
dynroquun A,, T mw X Moryr OHTH BHYHCIEHEl METOMAMU YHCIEHHOTO HHTETPHPO-
BannAg (Pymrumit m TabymupoBausl. OpHaxko BBHAY TOr0 9To 9TH (yHKRONN 3a-
BIICAT OT YeTHpeX apryMmenToB, Tabnauner oTHX (yHEUWE OyRyT IpoMO3IKHMU
1 HeynoOuEME B oGpamemuu. IT109TOMY HMeeT CMEIC BBECTH HEKOTOPH YIIPO-
MAI0Mue AOMYIIeHI.

Bo-mepseix, yemosuMea mnpeneOperars 3aBHCHMOCTBIO CKOPOCTH 3ByKa OT
BLICOTEl, YTO PABHOCHIBHO NONYIIeHUO (3]

G (M) =G (v) (1.17)
Torpa, momapayach OGHYHEIM 0003HATCHEEM
H (y) =)H: (y) (1.18)

mropyio dopmyry (1.41) Mommmo mpejcTaBuTH B BHIE
=

Yy ]
— 2 T - n
a={BE-y 6 /572 (5 +y) " dy (1.19)
0




44 B. C. IYTAYEB

Bo-BTOpHIX, ¢ [OCTAaTOYHOI AAA NPAKTHKH TOYHOCTBI0 MOKHO HpPHHATB, YTo-
INIOTHOCTH BO3AYXa HM3MEHACTCA B 3aBHCHMOCTH OT BHCOTH M0 IIOKa3aTeJbHOMY

33KOHy, M 2 T HpﬂHﬁTh
H (y) =e—Hv (1.20)

Torpga gopmyna (1.19) mpmmer Bmp

G “/bo + 2gy)
Ay, Hy uy, ) =H (H) 5 s +y) iy
=H (H) 4, (y, 1y, w,) (1.21)
Mogerasnsas sTo BEHpakenme QyHRIHH A\. B (1.14), monywum
Y
. H (I ) =i
T (y, H, u,, w,) +y A, dy=
b5 +0)
=H (H) T( Ly, W,)

(/1:

() [
) X (3, 10 90,

Tarmm ob6pasoM pemmenme sajadyd MOMHO cBecTH K Ta0ynupoBaHHM0 (yHKINIT
rTpex aprymentoB. Ilma cayuas cOpacmbanus OoMOHI ¢ caMojieTa, JeTAMIETO IO-
pHBOHTANBHO, w,=0, U pemenne 3agady cBojWTcA K GYHEIMAM [BYX apry-
MEHTOB.

2. Ilna Toro 4rofsl mOAYYNTh UPUOMIKEHHHE aHAINTHICCKHE BHIPAKEHUA
DA DIEMEeHTOB TpaeKTOpMH, NIpHMEM KBAJpPATHYHHIL 3aKOH COIPOTHBIICHIIA
BO3[yXa M JIWHEHHHI 3aKOH H3MeHEHWA IIOTHOCTH BO3OyXa ¢ BHICOTOM.

X (y, H, u,, wu):

Torga
G (v) =av, H(y)=1—ky (2.1)
n gopmyna (1.19) pacr
A H s 2(111,0 1—kH kv__*_n ‘sza ] 2‘)
¥ (y7 ] ug: WO)—-,+ ( ) pﬂpo)—l_ ‘J+[l ‘.g V+~ py po } ( "")
rhe
P
: v+ 2
@ (P, P =5 ﬂ "VA+ptdp (2.3)
AP
% ;V: (2.4)

H=H+% .
a p ompepexasiercsa Qopmynoi (1.16). :

Oynrnun a, (p, p,) AE€TKO BHYACIAAITCH

L2tV i+7
B Po +V1+ Po (2_5)

o= {@+p)— ()" (+p, -2}

(V—.L, 2, ...)

6=V 1+p— 2y T4p’ +2
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i
Moncrasnss B Popmyan (1.15) eBmectro A, mx Bupamenna (2.2), mocme me-
CHA0RHEX TpeoOpazoBaHmit MOJIydnM

Ty, H, u, w) 1”3;’{ —kH) e, (7, 2 (s P } oz
X (g, H, vy, w,) =a o { (A—kH,) d, (p, p))+F ;’0{,’ 4, (p, P }
3necy
¢y (Py Po) = 4a,(p,p,) — 3a,(p, p,)
ca(pvpo): 6"33 (p’po)" 50‘ (pvpn) (27)
dy (P, po) = 6a, (P, ) — 8a,(p, po)+ 3a, (P, p,)
d, (p, p,) = 15a, (p, p,) — 24a, (p, p,) + 10a, (p, p,)

3amensas B Qopmynax (1.13) ¢ysemwm T m X mx Bupamenmamm (2.6)
11 BBOfA 0603HAYEHHE

i C=cua, (2.8)

nosyd9nM (GopMyJIH [IA BpeMeHH NafeHud OoMO6s m afcmuecesl TPaeKkTopHH:

W R L T 3,2 28
s YOl 2%y —w, , oulp [(1_“1 Ye, + k2L cn]
g 12g° o8

x=uo{‘£&%y———ﬂ—0u:,;_ [ ki) d,+ K52 4, ]J»

(2.9)

Jlna mpaxTmueckKoro mpuMeHeHMs 5Tmx (Gopmya yaoGHO coCTABATH TAGIMIEL
koadpunuentos c,, ¢,, d, 1 d, B 3aBUCAMOCTH OT p HU p,.
~ Herpymmo mmpers, wro mpm p-—> co BCe BeNMYMHH d,— P, ¢,—Pp H dy—p
cTpeMATcad K Hyaow. B camoM jexe, mycrs P —uoGoe dumesmo, Gosbmnee, deMm
max {1, p,}; Torpma

{Sl/1+p dp+g (H—;;ﬁ ---)dp}-;

P

=ptoInf 4o (2\1/1+p’dp P+ ...

e
P

(2.10)

ay=v:2{§p V 1+ p*dp+ S ’+1<1+§?—{—-.. .)dp}:
»

0
P
5 v+2 Py 1 e e
=Et {1~ (;) }4—){)u—+1 {(v+2) S PV Itpdp—P L }
Po
OTEYJA W CJIEAyeT CHPaBeJINBOCTh BLICKABAHHOTO YTEEPIKICHIA,
Taxam ofpasoM mpm Gompmmx p MomHO ¢, ¢,, d, u d, B dopmymax (2.9)
3aMEeHWTh BEJIUYHHON p.

i
Ecam p, marsxe BeJmKO, HO HpPH DTOM BEJIHYUHEL ;ln£ m p~! mamm Tmo
Po

CPaBHEHHIO ¢ p—p,, T0 B (2.10) MoxHO mosmomuTs P=p, W npmHATH npmban-

YHEeHHO

te p— ] (2.11)
p"+1 »

Torma ¢opmyam (2.7) pamyr
3 5
comp—(ﬂ’) (4p —3p), c,»wp—<p°> (6p —5p,)

(2.12)
Gy~ p—F (6p* —8p,p+3p,*), dy~p— — * (15p* — 24p,p+10p,*)
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JaMeTun emle, 4TO, KAK MOKA3HIBAIOT BLIUNCACHNA, OPH JMOOHX p BeIUUNHER
Cyy €4y 0, W d, MOTYT OHITH € NOCTATOYHGI TOTHOCTHIO IPEACTABICHE PO ieH-
HEIMII ()0 pMyIa Mix

vmdum TP = 2V TR {
= By Tops (2.13)
&=V 65 7 20/ T pyt

3. Pacemorpum memepbh nanGoiee BasRHEIN NPAKTHICCKN YACTHBIA caydaii,
rorja Oom0a cOpaceiaeTca ¢ caMoaera, JETADICrO TOPH3OHTAIBHO, B oToM

ciaydae
2: \

wa:po:07 i, =0y, p:_T’ H0:H (31}‘
[}
n dopmyar (2.9) npmHAMAOT BHA {
1=/ 2 L1402 (e, + 2 hye, ] }
: ; - (3.2)
L 2y | Cov 2y : ky 1 /
z=0, I/E 11*}_»"1/3 [(pw)dﬁ ﬁ_d.z]j
DopmyEl (2.5) pusa BEUNCHEAWA @, NPHHEMAIT B DTOM CJydae BUJ
——— 1 T T
4=V 1+p'+- In(1+1/ 1+p?)
a, =5 {(14-p)t— 1} (3.3}

p
1 v—1 1
——;{ 14+ p% =———‘a,_~f (V=208 20 )

Ilpn manmx p puaAd BHYWCIEHHA d,, ¢, ¥ d, YIOGHO HOJB30BATLCA PaBIOEE-
HIIMA STHX BeJHUNH IO CTEHeHAM p

2 gl g A i
ao=2—}—§p‘«}—..., & =7+’ Ph s gy=g+zp+. .
B 5.4 6% RN
Gy=3 TP v g 0’«;;?,4“7*}‘*‘ )
b B
e Rl g (3-4)
:!)—i_mp_']_"', il::T+T,{p o I
d DS
Go=4rb=pt .., dy=24=p"Hn
IIpu Gompmnx p, KAK MEI BUACHI, MOKHO IPUHATH
. 28y S
co:Cz:dozdzz :1%)__ (3.9)
Torpa dopmynst (3.2) MORHO B3aMEHHTH ClIeYION{NMI .
" 2y 2 1
oV E g [0 (5=30)])
A (3.6)

B 1= -k (=)}

It POPMYIBl AT XOPONIYI0 TOYHOCTH OPH MANHX v, (v, < 70 M/ceR), Tak
KaK B OTOM CJIydYae p BEIUKO HA BHAYATENILHON YAcTH TPAEKTOPHH.

»
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®opmyan (3.6), momysennrie asropom B 1933 r. [, apnsiorca ob6obmenuex
dopwya Wimperis 61, xoropeie momyuatorea ms (3.6) mpm k=0.

IIpn mamerx y, Korja p Maxo, MOKHO OrpaBmdmThCA B (opmynax (3.4) on-
HEMHE TepBHMHA 4jeHaMu. Kpome TOro, MOKHO TpeHeOpedYbh BEJHIMHONE Ky 110
CPABHEHUIO C eJUHHIeH.

Torga dopmynsr (3.2) TpEMYT BHJ

=y {1+ 5y G-} v
—o )/ 2 1=/ - } o3

9t POPMyIH RAT XOPOIIYId TOYHOCTH mpm Mauxwx ¥y (y << 500 m).
Ecam npuusaTs mpu aio0ux p mnpubnmixenHne gopmyan (2.13), roropme
B JAHHOM CIydYae NIPMHUMAIOT BHJ :
5 1/41/0 + 2 s, V 90, + 83y Jact 1 1602 + 22

0= 1, ‘] 3 2 v, ? 0

(3.8)

(2N
TO HONyIHM TpubiamsxeHHEEE (OPMYJIBL

l/“’{ +1>l/b [(1—kH )V G+ 2ey+ Y/ %, —*—Sg_/:lj-
x:uol/"yh g ‘Z"[(1—kH)Vm+—V'Zw_T2m]J

Jru GopMyaBl AT BEICOKYIO TOYHOCTH IPAKTHYCCKH BO BCEX CAydYadx.

3.9)

ITocTynuna B pefgaruio b Boenno-sosgymsasa axagemus
26 VI 1942 M. JHYKOBCKOro

TOE GENERAL PROBLEM OF EXTERIOR BALLISTICS FOR AVIATION
BOMBS

V. S. PUGACHEY
(Summary)

The author takes the motion'equations of the centre of mass of a bomh
(1.1) and seeks the solution of these equations in the form of series (1.4).
Substituting these series in equations (1.1) and comparing the coefficients at
identical powers of ¢ in both parts of the equations, he obtains equations
(1.5) and (1.6) for determining the coefficients of expansion (1.4), where [, is
given by equation (1.7). The solution of equations (1.5) and (1.6) satisfying
the initial conditions (1.3) is given by formulae (1.8) and (1.9). In par-
ticular, formulae (1.9) give the expressions (1.11) and (1.12) for the coef-
ficients ¢ of the first power.

The author determines u and w and calculates further, with formulae (1.2),
the time taken in falling and the abscissa of the bomb trajectory. Expand-
ing ¢ and x inlo series, with respect to integer positive powers of the ballistic
coefficient ¢, and confining himself with the terms ¢ not higher than the
first power, he get the approximate formulae (1.13) where the functions 7" and X
are determined by formulae (1.14) or (1.15) and (1.16).

Neglecting the dependence of the sound velocity upon altitude, which is
equivalent to the admission of approximate formula (1.17), we shall reduce
the second formula (1.11) to the form {1.19) where H (y) is determined by
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formula (1.18). Further for simplifying the tabulation of the funections T
and X it is accepted formula (1.12). Therefore 7' and X will be expressed by
formulae (1.21) and (1.22).

To obtain approximate analytical formulae for ¢ and z a' quadratic
law for the air resistance and a linear law for the change of the air density with
altitude are adopted. Then G and H are expressed by formulae (2.1), and further
A, T and H are defined by formulae (2.2)—(2.7). Introducing the notation
(2.8) we obtain the approximate formulae (2.9).

Further on the author demonstrates thatfor large p may be takena, =¢,=d, =

=e¢,=d,=p- If p, is also large, and the values of —1% In ;)’i are small as
0

compared with p—p,, then can be used the approximate formulae (2.11),
(2.12). Finally, as the calculations show, for any p the approximate formulae
(2.13) are acceptable.

In a particular case, when an airplane, dropping the bomb, is flying hori-
zontally p,=w,=0 and formulae (2.9) take the form (3.2).

For small values of p it is more convenient to apply formulae (3.1). For
large values of p, i. e. for small v, formulae (3.2) may be substituted by appro-
ximate formulae (3.6). For small values of y, i. e. for small p, formulae (3.2)
are substituted by approximate formulae (3.7). Finally, for anyone y and », for-
mulae (3.2) may be replaced, in virtue of (2.13), by approximate formulae (3.9).
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