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Problems and Challenges for the Development of Exterior Ballistics
Arising from Theory and Technology of Intelligent Ballistics
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Abstract ; Ballistics is one of the foundational disciplines in weapons science and technology, closely
related to the development of weapons technology. With the rise and development of intelligent projectiles
and rockets, the theory and technology of intelligent ballistics will be a major direction for the future
development of exterior ballistics. Nevertheless,how to understand the concept, connotation ,and functions
of intelligent ballistics, as well as its differences from existing projectiles and rockets in terms of flight
trajectories, the key technologies it relies on, the challenges involved, and the issues that should be
considered for the subsequent development, are still under discussion. Based on the theory and technology
of exterior ballistics and focusing on the future development of exterior ballistics, this article tends to
analyze and organize the aforementioned issues with the aim of providing assistance for the future
development of intelligent ballistics theory and technology. It should be noted that the development of
intelligent ballistics theory and technology has introduced numerous new problems, concepts , terminologies
and technologies for exterior ballistics, which require continuous exploration, refinement, and gradual
perfection by researchers in the field of exterior ballistics through ongoing research. This article merely

serves as a starting point, hoping to inspire more researchers in the field of exterior ballistics to engage in
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this area of study and gradually develop a theoretical framework.

Key words: conventional weapons; exterior ballistics; intelligent projectiles and rockets; intelligent

ballistics ; collaborative ballistics

X RIS AR AT, P R DR — B2
THERSEH I o R B SuEERE, EAEARRY
K JEBT B, KW Y ARSIl N A AT e
(AR BT SRR/ 48 AR R

B itbaE 80 ARAR AT, L A B A% 2R o i
i, X AT GE Dy o RS E  HFFEN B T e i
WFTE A A (R ko RS e AR RS E S R 3 AR
TEWLTEE B AR ) (2% FEHE AR AR (RN A R iR
JE TR JEE HE R B R HE 55 KR R A 3 R A ), A
B e M e S e (A v KT A S AL A w2
R0) SFRORIRAE , R S v SR (4 S P S B Ui BE 5 3l
T B PR A5 2R 1R 5 ik Ak SR A AR i
(EAE RATRRE BT BT IR W A M 55 ) |
Wl N SRR U BN Wi S BT 5T, o A 5 T 1) <3l
TIRFPERE SR 5 I TR IO ) A L A A
X — I A S E e Be S EOR R R B ERAFTEA
7, BB N O AT

ToAE ST I B SRS TE T I LA 4R R AT
TEA W R EANTRAL , (6 T RAT PERESR TH C XA o
(RER PR BEE B A SO0 i B R R AN B e
HoEE , WFFEN G RABAET , 20 40 4FRTHR I 4 KoY
P B AR B T A 5 S 1 2% B 59 P AR 4
SEPEAT RATR ] AR S PR AT HUE , X0 A SR SIE
AL B RS Ak, 5 B A1 5 AR B BT AY
BRUM PR IR B AT AT G 42 0 e Ak
STE S5 HOR R LN AR DT A AR5 i £ 1R
R, JE T KM A S R A A R 5 A AT
Pl e O PE M 2 S I ] SR (e REh S
TRATHERSIE ) 25 AR A R O A B R AT AR R R A
A SR 55 07 vk | S SRR HROR A A
PR EETHBRATPERE AV KB AR S HUE B S R
KJEGIGUT BT Lk A BT AR B B, A
L4 S0 5E BLIE 5 R K 1 E R TE A
ZEBOL T, 25 A B AT R I B A
LIRS U C BN B, % R R TE PSR K
AL T 98, 88 T7 AT 58 B8 T i, B
DU T, 5 B T 42 ) S e 255 3T CR B
TR BORER TE T OH E BAC S R A

&

b
B

and

(EL B S AT P S BRE 5 BRI R A
WA, LKA 2815 0 A mT 42 ] 55 107 FH 9 A i
L2, B B AR TS AU UK TR e PR AR - A1 A P 42
i SR 5, e SR S T S S HOR DLERROR
i B2 TSR L RE 5 2% A PR 5 | 45K R SR A R Y
HMERIEZE N

AR, N TR BERLE S HOR 5 Bl RS i 7
PR A BB KR ARy 185 K [l Bk S
FARE GBI S AL -5 2 i A 1 BB e VAR . A I
GBS NN S P $ B i IR PR GE- S
SR SR BEFAT R R, LRG0T R
KBV AR5 A 55 X ST PERE O R ORI BR K
JEAG SRR T LTI RE ST AR AT T 2
AR AT U T A B PR DT 1), RS AR
(R SEILINE B & NVWSERUR Py AL
BEE S HOR KR ERM TN . A SCOORE fE
SHTE T A — S R R A T o A R 0 254
RE B 18 Y AIF5E 48 FF — Bt T AL

X RE AT S T A RESRE , 7 2 M
AIREEE LA )R MR8 | AR R 45 1 8 A T s
SR R IO T AR OE R AR 28 5 AR AT
i8R PIRE , MOHMKATHOAR R Y T2 2O R 5 4
MR, TR RETIE PR ) HLA DT R OT SRS T,
AT R B SR (], R AT R SO R BESIE Y
EREOR RO R A XA R B R B A
Kty E . mtl , ARSCRASM A PE S HOR |
ZAFR AT B S AR DL g 5t X4 Je m] RE S|
AN 7 K JRE ) — A T U —— A RESIE A AT
FERBLHEAT B X 5| ) ) —Se SRl [R]85
YR Hir S B0, LUYI O 4 ) 48 e HHUE 1A e R R 4
HE%,

1 FeeREN LS5

55 T HE MME R AT 5 ) SR A T SE A
Lo, B RETUE B A2k I I T AR B AL R — L8
B HGEDIRE . B BETUE SN 2 R A A
AFFHARRI s H, 2RI AT 5 IE g



5 4 4]

Trps, A CRRENIE IS S BOR” B 2R A1 HIUE 2 R Rl R B ) PR 3

o B REARE, xhF H o — SR (], T BT
N DL IERTF4R 4 0155 T3 OO T, Thi AT — 25 ]
RN 5 HCFEAH 2 B N B3 B IE S R, TR A 7
SRR PREE T AR OV . RESHE A — S5 D RE B
S, 5 A AT 19— LE PR IE AR TR LA A CHK
R, TR SCET X RE SLIE B b i) — 26 Sh i TE i A

TEMESE U,
1.1 FaeBEk —EMEERERS
ORI GE,

WG —E5h a3 )5 R AR 4L
(i SR, SR B R A Tk H R B AT 3
e TR RIE

@it il

A B E BACR S A T PR RES B PR 4%
PERMTE S5 SR A B Al LU AT 55 2R Y
QAT HIE B S R RR 7 SR E

@S PRHIHE

ST A S S, S BRTRAT B NS N Y L S S PR
ISTE
@R IE
BRI ) ST AR — B SE PR E Y18
SNSRI, il A BRI, ARG I SRR AR
SIEZECENTIR LSRR N S EOR 25 |, JF
G I 2 AT B AT ST, R A SLE
Tl AT A

SFRIETITE

Xt TR s B A ST, HEOARPERRAR DL kAT
RS AT RE M TR0 , T AR ISR 94 55 ZhBe Je &
ZHE R REZOR BV E  7E—E ARRAF T il
VEFEA R K8 057 58 SRR DT 38 B A Jy S 454 7
F g AT SR A DU H BRI T RE AL
HESGA R RAE R J7 56, 9 a7 R R,
WL IRTETT S R B HA T 5 D siaE T R

OpCEISE

Xt 25 22 S B, A% W L A e E
SR LRI SR B[R] AT 5 R TR RI R Y 7 SR
18, DUYIZRAS B S A SOR

@F AEIE

ARG XS ST CATARDL R A AT 55 20K B
2 AR sh S5 B AR R BHR, A 0 ik
He ATANBEOLAL T B SR E A SR /AT IS, 55
TIPRFHE A AT RS 2 R o o S it R AT T 7,
N RENUE

R R TR AR /AT IE 3l SR IR AL
8 AT AT DRSS A R AR L T L sl
AR A 56 R RE B M R AR IR
1.2 AREBESMAEERTESESR

AT SR BELIE AT RS A R RE TR AT . AR
B3 3 e A s 20 A K B A B Ak T s o T, B
B4 I () RE ST , X6 I ) SO R BT AR [R]

1) i Jo4a T

VB TO4a ST, AR T 1 BRI S AR
PR BER A R ST TE T H AT LS8 BT 55 1 B
WRATHUEEAE e i R Ik SRR
R CATIRAET , T AR A iR 22 ki
5 SEBRaRE IR AEAE 25 S BRI ) o 45 TR
S Ui ~S T S vty et 1 I (1 () DRI ¢ 22T 4 N e o
B UE 5 SEPROIE B 3R 25 S | S JO AR SR A i
2R — A T 1],

2) 17 BRI il 5T

5T I, A5 8 A AT 4 il 5 A o N AT
BV SE A S PRl (H N AT RE TR X5
ST ST AR S AR A PR AR AR
55 SR TFNHA E W4 SRS Oy 2855, AT e A
W] LSE AT 55 A B AR BRIS RATIRE , S Hse e
T R A AT . AR 25 TRAT ISR AT
TR AR B AT LA [R5 5 B H AR S B
22 5, AR AR50 0 A4 i SRS 7 52, AT DA S8 52
R ST A T4 R A A 1 L sl H R,
HLRATSUE R {7 B A AT A T R Y SEBRERE

G5 o i ET AR L A5 S A AT o T —
AV S BR G |, & AT B R it
FEILAHAML, U5 B Ak vT 4 il 590 A7 i o 180 T i
FONE S R A T A N AR, H S PR
TE DU AT DL il R | R — N KR i BT
Pl BT A A MR REA T R

3) B BETHET

B Be ST R AT R T E A PR IE . A T
A Al B AT ] S — A, PSR iy 28 e Of
PR St AR R S R il 6 AT iE R O I AR A
B B DL RO 552K | B AR s 805 Bk
WA AT LA H F 5ok, IF R 2Lz i $E T
b SEse L S SEBR R AT ILE AL O G
AR | B I AR O R R T 1Y 1 A AT
PR R RE ST 7 ZE S

AW R RECE bR e it A s H



4 o E

¥

5536 4

PriE B 225, A EVERRIE I i PSR 7 555, iR
LA ) T Bl b i OB B, AT SRE D
B BT A L PR HIE

Xt FEAN [ 59U (8 i 5T | SEPR S A TR, B AE
SR Y SOE R AE 2 BN

O BETHT YBT3 IE , 76 R AT A LIRS
ZHEATII A BRSNS, Sebs b e
SR A BT SR AT — AT LA BT B —
Pt —iot e il e,

QB REFETTE AT A] MR YE S2Prafks (15 5h
RO TR, B e | DEFCA A 42 i SR 7 5%
(LRI SEC I € RN Ty aa il B AR E A

2 HeeMENIEDRRIER AR

B RE U R R A5 T mT 42 T SERL R X g AR Y
JIT A DIRERFIESL , I8 A LA EZLHE e X se )
REXA & A AR BB AR B AR5 7 1n Sy B A
M SRR BEAE S A e BRI A TR A T T
S AE T TR A FE I 228 s, B2 fe o
IS S5EAR Iz W H A Z AT
2.1 GHREINEEANINGE

FERATHE L TH IS SR IR B A R &
AR, EE A — SRR AT 55 B ER AR AL, B e S
B SIZ Fsf e 1 % A 0T 1 S B ELA R BOE A
1) S I BRI R 25 R E S B0 T B, 2 g i
EH F o SUR AL Z R 5 BT
il 3 FR R A AT SRR A3 iz s R, I
JE RS (B SR RETNE { £ YR i BN iz 3
ST S5 FRR A R B E RS B RE T AR L,
ARZE

I RE XTI H AR B AL 3 O RR
wr .

A [ HE [ Bz g FREE KA 1 R FEE
PRI SE R S HFRE R |

FAETAFT 2 PR T2 22T SH PO
EE NN R A AT AN A O R
(R 5) IVERTH #2801 REFMIES L, Ina X
By SR A A RS AT LE A
BRI, A AT SR LA R R B | 45
Tl SEPR AT LA 1 R BARE , R RFE I LR,
AT SR 43T TN I AR SO NS
(T A R HE — S A g 5L T I 1 2 L S8 A T
S B o R A WY — AT A SR B

PO T EE T R AR I R RS R Tk, R e
SHE P DR SR RS R RE S A S HEEAR
SRR REHE BN 5 HOR B B A AT, RO ME AR
T SR R AR S 2 2 RO S R A 5EE
B EPIRSAR B BRI AR A 2 E R SR

BExt bR SCBERAR B L, T LA AT HUE Y
IERGHAR 7y Bt 2 R0k G I IR S 500
P FHUE S Y A VLS BRI AR TS

@) & AT 5RIE FRE A% 1F T A S IR 00 52 I TR
£5 %N

ST AT R AP SIRBL AR, IR AR
J1Z GE b S E AR A X TRAT A | 5 R
S TARRBCA TR, J& [ s Semt
e BENSSETR AU WESIER SEYSE ST
i I HER S R E K AR R R A REIE S
B, i Se SR SRS TR TG MER AR EUTY ,
X6 07 14 5 T U 5 552 PR s T A BB 22 S R, 5 S
AR o835 TR, AR A1 AT 55 5 H AR AR BL Y
AR, SRR X SR AT FHTE A — 2B SR B0 s
L, HE 8832 Zly 5 Bl g 2 AR Y 5 E 2R 8 A
it

O IR B Y 32 O S O &R A
RAIE SR, ST B T Hh e 2 )T il e
AR B RETAHET [ BT PRI S SE BT HUE
T3l BE P i) 7 58 A T ARl J ) AR LB 75 A D
HOR-2 T

ERIME AT T I i AT B o Or R S
BB Z2 SR E R AE SR, A TR A R T PR | TRy
HOESTERTTE e 2

(S5 K a2 Wy 5 DR SR AL R

TESRAT 9 CAT IR P A I 2 A AR T AN s A,
IR i {5 S PR sl o B A
EAE S SR A O B SE PR AT BOE B
W AR A 2R R 22 5 R A S PR vl 5 i e
ZI 2SR, KRGO — B A AT RES N B 5 i
MGG G R T ST A% 3 g S
W ARG AT JORE N ) 5 B (R R T4 i 54 7
FEBCT AT REZS RS 13X Ty 1 () AL, L DAL R0 5 SR
SR S RFHERE 1585, AL BEE A R, Ab# 5 5C
(AU

AR REUE bk A EIATE B, ST AT LR
PR HER I B IZ SARBL AT R FHIES B K
TR BARDURY 22 545, A BERATRES 5 0



5 4 4]

Trps, A CRRENIE IS S BOR” B 2R A1 HIUE 2 R Rl R B ) PR 5

BT R 5o S5 6 AT W B o026 0 4, DR IE R AN
IO FR A RTS8, A e R 5HR T A A A P PR
ANRHESEE

SHOXE AT T < 0] I S 6 L A e 32
9, AL A SRTE RS A, SRIE SRR A B, 4N
B M2 A

ARG B, S IR R BE SR A AR BT ] R e
T f H A ML TIIIRE  JFARYE D BEZOR , 0P L A
BRETE BT,
2.2 38 FCEEREIN, TIRIESE L R A H

SHEXES

ZLC U RETLE /AT, ST AT 5 A E
SEIFE ET SRR RE S, X ST IS SR
DU FRERIRBL, SRIBUE 55 25K 5 H AR sl S RO B
AFIZEPE TR RAT B AR DT BRI R A
ZA IR TS T L 3 U BT A B M N €7
i IHAL BRI RE , sl B A AN R A PF T AT BE R s
AR SRS A DT L e

ZIBEX AR AL DUT EESCHER

On] A RA BHE B2 AL P 5 e i 3 TR A%
Uk % NRVP S5 % SUFNTIET N SUS: 5 g Ty 181 104
ISR ERUY A 2605 8, AT LGRS B e I 2 TR AR
i, R RESRIE A AT SRS IE B AR B
IR AF R B, DT 0 PR S R i R Ak B
AR DI R I 30 TRV i 2 /N TR R X A

(2 A T 5L T8 o7 AIE DT JE RS B A SRS 25 1R 4
Ao KA H AL A R S IE IR 5 Rk
SHRCALSZOR A ARRDL 7 RS R R R
AT SRR T MR Bt S AR SEABE A | B RE B
FI 320 M DR SR DR o i 3k P ) ST 7 SR AR R
o AN R 2R PF R B RAT SE Rk DT S R K
FHORAAZS A L Ak BRLS F/N B O R A P iz
AR

I 45 Y, EIRSCHEE AR T B VF 2 SE N, B
EHEARSC 2RI IE ST R , S0 ST 2 52N B3 32 24T
XX BEAITTE R AE KM A5 B S AT IR T A L
FIOF BT, I BETIRATAYHAR 32 20 B e s iE
LA
2.3 BEWRESH ORFRIBIEHEINEE

LT3 Iy S RE S 1A% D BE L mT LA
BRETE AR . IZIREXS I BOARTEAL S AR K
AR,

1) S & BC YRR BT s E LB

B RE SR R A S M B Ty S e
I TT 58 3 S ¥ (X a5 5515 8 A T 42 ) 5 A
[Fl) B R AT Hh 2 AR 4R S 1 S B iz B PR EE 2% A
155 5 H AR AR B A5, X B e B 3158 3 i 3l
SR e AR LU AT 5 RAS 5
BRBATRRCR

LI P 0 A T2 AL 455 - A 8 0 R BRI
SRIE_EiE sl 1R RO BRI A, sk A
155 R B FRIRBLAERT B T, PR Bt A R
A 2 RAT BT, A D 42 ) S B il 19 5 A
i BREORAME S A

FE X 5T A [F]az 3 X AR D & | iaE 3R 95
FEAE M (KT ) PERE AR AT 55, AARIRZS SRR
O, BB S O 58 s BT S LS G R Sl i
EISEDIE S| 7 W el RN

QAFAESS BACH AR B S s AT & (5
TEFRFEAF R A R PR SE TR, S B
ERATTIESE

RIS AR RETHUE (1 P JE AL

2) LA AT AR PR L R R E A

SR BT R X L A R B 0 AT SIE A AR
S [  ST S BIPR DL | SR E PR AR R A 1Bl
NIVEREA B, BIS b SE AR R s A
Jey (B8N sl A TR PG 45 ) B2 Bl SRR B0 722 £k
A AHSEBR A S fi] (S UL | 3 <l A Jey e e
J2 [ E AN B (F T BT P — BRI 4 5 Y 43
BPEIROR ), R AT A el R A A
PRSI, 18 B Bl AIMIES 38 B A R 28 0 b 3 A i
EPERER TR REMLAR 7 3

TR WA RN , B BEUH 185K 42 A7 i
iE_EAEAEVERE , D PR AT SE L SR s A
FERTIZRAL, LA R i AR R R B e e kAT JF
AT R LR R

LT S B R ) T BEME i AE T« AE AN [ L a8
SPROCIIREEZRAE T, PR A F2 20 H 3 € AR IS
BB SIME  IF St AL AR BSME A5
IFi e LA Jo 225 A (L 495 T R LA A S 29 SR0) 14 DL ]
PG AR T B4

IR TER RESRIE K R , nT AR MR T Bh 2
a5 RUBEJE L 58 LRI B B A A AT AT FR
(ERT L S P BE $ T AN R O — R,
AT SERIPEREA Ty RER, XA fiE
SRIERE YT A EOR LAY, 5 45 D BEL H4 A R



L

B

¥

5536 4

G T AR A DGR PR

3) AT B SRR

X T A 3 RAT AR 0 A T A A S A I
SEWIME T A 8h 1 SO TR E BT R S
TR . 7R IE RO 5 B T R A e SRR A
S IEOLT , RS ANE AR, 7R3 i TR
NBHOHRRDAT] DR,

I OCHER AR Y = ZEME . A AE B RS R R
TP HERR AT RS I SO R IR I
TG AR B e L ) e LAl . N 3 s A
F RS i B A TR T A T RE
BABBEARIER,

4) B i 3 SC S PR R E R ROR

B R SUE IR T E AR AT R A AR A AR
b, A REHGE X CATIOE MR ER B R A AR
PO STEN IR WA N A = (1K = SN T o e ]
FORBR, TEX R R ENAME B BN [R5
T PRBER G SR AR ST 3 E 45 ] SR Al
AIREANIR], ARV | ) O e AR A FH AR
MR E S AT, =R B TR A H A Y
HEJ o

W G BB AR 1) 3 M A L B T T 8 A g
TE LA RIAEE A4 SRS e pe bl A 3
PR R Ry 22, R RE TRE R ATRR R M AR
PEFRIS S, XL 22 B RE UE Y Fe 5 EOR 3
fitlh, 55305 WO 8 7 2 S PR A AT AR S R 5 4 ) 2
RERBIF Y K AR AR SCHK

5) % fig 9 1E X Y 3 E A S 15 B 1k
HAR,

X FATAT 5T 7 52, 6 2 FSE R iy FH 22 A, #45
FETEAR D A SR TE AL B B A BB 5 oA 191
Ah SR TR RETRIE 1 B 4k AR A R S 5 1
Bt A AR 7 BEEE R A 3 S b B
HRATHUE AR

AR TC 1 L AT S A T 42 T 5L, R R R
FEFE PR G HER | A RS R SR
SENEPEINAL NN Y i SERS IR ot i
J7 T RE I B sR , HAEA AR, e e T R

B0 S % ARME 8 52 19 — B S Bl — 4> AT
SR TEAS TR AL RE o B M AU 0 EU RE LR, WA A X
B REHIE I DI RE EOR KRR DR ST O AL
B R B g8 Y SUE BT B S it O ik R

TR e Hf0E i MBI WT 5T, 5 AR B A BR3¢
TEORER, I ph MRS 46 RE LI 19385 1V BE 7 , DL AL HE
YE S

X RESIE HYBLDLS B, AT L5 IR B IFIE i Ae
B A AT R ER AT R HE AN TR] B BEER T, o6 1V AN )
APRIE MR R R IE 2 S A0 T B A SC 19 R
A o TEAR TR 5 4 T SR AR S S g, FE AN R 2K
WPREEFRMT IR AR 50E 5 5B AT H
SRIE, F RGOV T AT IE T S, (R AR
LIRS puR LI Ly LIPS Sl
D7 BRI A, 328 W 1) RO A 7 1) AR

T IR R A B T M A AT P AR Y ER AT
SRIE T BER T R AT BB SE M R EE A R R R  R
ARAL S SR EAR AL i B S R AL R AR SR T Y i
AU | FL 45 29 SO P BRI 5 R I 2 M D e A%
1 RE 5 R R | P L AR 5 7 ] SR
A D A O R AT HUE (1 HOR AR

LIRS B B AR B RE LI O HAR I HI SRR
2.4 ZEDETITHEEMRK SEH

XTI REER , X T RIS B Z R (AP T 2
K ) BT , 4% F N R4 TR B i A 5 o LT P [
RATR AR BT s S5 HH 205 BT 55 2R &
B STz SR UE PR K A PR ARGL S | S Al
F 30T RO AT M R 58 5 A& H B R] AT
SIE T4 T S PR U A B R R S8 e AR AT E
SEELZ SRl DR HIUE P R QAT O AR S S
BATHAT 55147

55 i SCA 4 B4 RE LIS 4% T D) BE 5 O SRR AH
H, B RE A AT PR R R AT B B S L
BN T EORZ S s B s PR SRR PR R
TES T

IO 25 i R BE AT 1 P R] AT R R i B
ERONIVAEPE SN §l ZE N S T [ 2 2 S TE VAR 3
DIfe. IR ST, H AT A R R AR R
PenT P 3 | 32 Al HEAT PR 30E R AT R B H
25 EUWS I AN RAT 22 5, B Y DI ] i /AT 7R
TG TEREKF LWARKZES:, EERBMT .

I AT PR H0E R AT, X TR PR 5 E
FE-SWE-€ I EUE iR IN PSR agy
THE, PR TLA S S S A o0t , S B b ) i
’AT, XA, Al DL B R AT B T B AR
AR, BrlE ATRCR —

QfF B AT b FH b ) 90 AT, 0P TR



5 4 4]

Trps, A CRRENIE IS S BOR” B 2R A1 HIUE 2 R Rl R B ) PR 7

[Fl ¥ AT BRI 22 A A% A T R 5E
AR RI BT (AN AT 355 S i) sl 45, 2R R
TS H I B 7 SR SHRGE ) | i 22 e 3 T SR BB fiE
SEBLESR A PR HGE AT IIRE, KA A% K AT A%
1) X IO 4 77 S E B B RAT

QR REFFT P A HUE AT, ER& THEEMLA
P ST P R SE AT R T A SR BE D O HA 2
I X 22 A BT SR E AR R R PR AT G
ZA S BLE R H0E /AT, X i AE I S RS R n]
Pl s R R

(ELAR S A T 4 ol 9504 DG 9L 9 B BB A
SYRTE BOTE , RS E A AR, B DU B AT £
] B 7 A DA SR P R ) SHE BT, S O 4% A
S A A AT 1S IR T S BT, T A i
FRAAET 25 TR bipR] 9308 B T ULE S Rif 2t
FPpsr et A B b ade 2 5 5 A1 3ifE /AT
Mg 53T,

T FIE SFL 7 X 17 A9 e T B, £ /AT A P AT
MG ZEBEATI AR LA, I 2R A BB s
PRAFREAN PR RATOC AR, I 51 H A AR AT A 58 ) Pl
[F) AT, DA% e s A B I R 2 A T SR
BT, B4 A SR BT HUERR 1 — e 2 2 A,
WA R (E R AR PR, X SEPr LR
T 2R R FEERATSRIE R, 5 A E e
PRK AR T B, 4%, i TR e E iy Bt
ST BEAE 55 20K | A ARIRAS IR AL A | AT Ll
SEFIE T SEBRAR B0, A IHG ) B LI AY i 18] P
[ei) S QAT AE BRI 1 BE T K5 SR A
TARRSETE, R RETUE B B R LR U

B REFRE PE AT RO S i R 2
KB

OWpE CATHE A & R A BB HOR
RIAS [RIAT: 55 2R B 3R BE 26 18 (AN [R1JE 58 S AT
55 FREEAE) X P [ 59 TR AT RE T 5 R B AR DA
AHT BT, SR A AL AR L, XSG
SRR AHERUTE TR 200 ’AT AR R 26 1F R it
SHLTE PR A A B R 3 T BRI U AT BRI

QFRFEA AR RSN IE RIS SHOR, T
BREHET e AT e, it e n] REAE AR B HL
X PRI AT AF AR R, 4% 8] 3 T 50 77 7R
BN, IXALAT 75 AL P RE ST AY P [R) 380 K
AT, 5 X 2 S SRAE AN TR 26 AF CIR BT PR FE R A2
FESE I HEAT AR TE TR S B, £ 2 T P I

QAT R RIS AT AR RE T 5 PR 5 RL
Lo PR, 756 22 S i [ 25 S T AR 45 52 Wil T 19
HPSRTETH AL, 1AL o3 5 %k B AT Ak
SRIE T, X7 AT ST A A AL AR 2 O AT g P
BHEA,

TS S e 5 HOR AT 45 A ot i A
SRIE T AR B HAT PR SRE O 5 S 2 R R
AT, I R R A A S B B 5 T
I SRR BUEIL T | R R AR GE PR K
PEHIAE MG 5 22 % s R IR] AT AR R M B e DI A
B s ARV A SR A5 X IO b R 54 KA T RE
T3 A 5 385 E 22 5 P R] TRAT B SR RSB ME TR

sH ] iy )R A T HUE B S P B 5 IO ek
i A SPIROL AT 55 ZOR ARG, B RESLIE R 19 Py
Al RATEA, A o 52 2% ) B A B, 478 5 ) 3
TR IO 24 AT e T a2 ) D A S R TS

3 RE

G S 1 A JR R R LA 1) A R B RO
JE ST L0 A0 LAl AT i 28 ST A 0F T
o7 B2 A, RS AN T AH X I ) A1 il PHE 5 BOR
Y SCHRE R RE ST 1 A S L TR At

5 RS X I A R, T RE SR A
TEFIE X PR AE 55 FoR AR AL R B T 550 Y
FI IS AR RE T, A LS E PR REAT T B RER S
K SRR MGESR “IE i R R PERE KR AE
A E R R IR RAE R 28

B RESUE P I i AT S 2R PR I 2 AR, F
Z M 25| 2SR BT ST, T A TR,
HAEPEIE LR BRI 27 BBl K J 45 D7 T
Ze A1 E BE S EOR B R AR e B Bk, (EAE
AR FFT PERESE T B BESILE B R R A5 14T, A
SRIE AT I BT T X LE Bk, B 4 | 2 i LA
FER RE S TE Y R A [R) R, 57 4 R U 1Y 2 BES
SEOR, R RESLAET OOTTE SR S S EOAR
FHEER

B BEFHUE B 5 BORAE S5 SR TR A SR v
BN RA:

OFEANRE S EIMRER KA

TEHIT o3 B i RE 59 18 25 T E AR IV ARFE A4 5%
FEROR A7 L B AR TILE RS R AR, A7 L
) Je8 TR RE S RE D AR, B O B K
JEEIR I, TR RESIE AY A R R o N A



8 I |

g3

Eird 536 &

e ST RIBEM L ek e & TERIEFEA T fiE
SCHLAEERS b JESR YR IIRE

QOMERHKR,

TER BESLIE 1 Z I RE T, A L8 D RE AR B
AR SRR AR AE I M | #E A EARTE , 70 RE
EBE S BRI TS K e v IO T Rk SEAH LG

OEFFERERIITFE R KRR

TR BETLE BE 5 ORI AR 2 1 2
) i T o U, L SR B AR U P 7 R
RESRIE AT ST 5 A R 4 Al — Bt mi ol , A 2445 5 i
IR A5 TG R Z W i e, B RE LA BG4
ARAREZEH S &, 0 Z N, HATE GE s iE B
WHBORMIFE R IT R, 7E & SR E AT L,
JO7 T TG e i el L O T F T, AL O LK
TH HGERAE S U IR 5 A G 0 90 R S
REFLE AHSCHIE A5 BT 4 HUOT RAHSCE A
PR BE (UL U2k J7 AT 5, IF 32 i ik 5 8 1o
H, TR IS N A — SE IR 5 H R 5 KO 5
(0 S B AR ) 5B

BRETLET AR S KR, R B RESRIE B
S EORWRE A J5 AN FTE 7 R B — A T 1]
SEAPIRIE AN B TR R IR G, Bl
HWFTRITRA G 5235 , B RE S L7 2208 i SE AR
TR AN PR SO R (07 4 1) , T RE LS S B
RIS AT LR A T 2 B AL A R AT A R S
HH AL AT B2y, ARG T S I — BL
WIPALRE 5| U S E S 1 K R

£ 3Lk

[1] Wik, shssE2E] M. dest, =7 Tl 4 ikt 1980.
PU Fa. Exterior ballistics| M ]. Beijing: National Defense Industry
Press, 1980. (in Chinese)

(2] 8. WA BRI [M]. JEat: K48 Tk i i
#1,1997.
GUO Xifu. Modern projectile range extension technology [ M ].
Beijing: Ordnance Industry Press,1997. (in Chinese)

(3] fhWIA. mrashfiE [ M]. JEAT. &5 80E it , 2003,
XU Mingyou. Advanced exterior ballistics [ M ]. Beijing: High
Education Press,2003. (in Chinese)

[4] RAEW. M5 KEFSM B S IM]. JEaT: IS8 Tolk Hh iR
#t,1993.
SONG Piji. Exterior ballistics of guns and rockets[ M ]. Beijing:
Ordnance Industry Press,1993. (in Chinese)

[10]

[11]

[12]

[13]

[14]

[16]

[20]

Erp s, s, WL, A5 BURANIE [ M]. s Rl
Jikt:,2024.

WANG Zhongyuan, SHI Jinguang, CHANG Sijiang, et al. Modern
exterior ballistics[ M ]. Beijing; Science Press,2024. (in Chinese)
Frpsl, AP SRE BT R 5 U5 [ M. JE B R
1,2004.

WANG Zhongyuan,ZHOU Weiping. Theory and method of exterior
ballistic design[ M ]. Beijing:Science Press,2004. (in Chinese)
Frh. Boe R AR B AL T[], =R e
#4%,1993,11(3) :270-277.

WANG Zhongyuan. The optimum design of aerodynamic and
exterior ballistics for sabot-discarding penetrators [ J ]. Acta
Aerodynamica Sinica,1993,11(3) :270-277. (in Chinese)

VINH N X. Optimal trajectories in atmospheric flight[ M ]. New
York : Elsevier Scientific Publishing Company, 1981.

KNOCHE H G, GREGORIOU G. Aeroballistic optimization of
unguided artillery rockets; AIAA 1978-114[ R]. 1978.

HAGER W W, MOORE F G.
minimum total drag: NSWC/TR-3597[ R]. 1977.

LEONARD C H, COSTELLO M. In flight projectile impact point
prediction|[ C]//ATAA Atmospheric Flight Mechanics Conference
and Exhibit. Providence , Rhode Island,US:AIAA 2004 ;1-40.

Optimal projectile shapes for

IIG M D. Guidance, navigation, and control for munitions [ D ].
Philadelphia, Pennsylvania, US ; Drexel University,2008.

REGAN F J, SMITH J. Aeroballistics of a terminally corrected
spinning projectile ( TCSP ) [ J]. Journal of Spacecraft and
Rockets,1975,12(12) .733-738.

WERNERT P,LEOPOLD F,LEHMANN L. Wind tunnel tests and
open-loop trajectory simulations for a 155mm canards guided spin
stabilized projectile; AIAA 2008-6881[ R]. 2008.

PETTERSSON T,BURETTA R,COOK D. Aerodynamics and flight
stability for a course corrected artillery round [ C ]//23rd
International Symposium on Ballistics. Tarragona, Spain: IBC,
2007 :647-653.

PARK J H,BAE J H,SONG M S, et al. Aerodynamic design of a
canard controlled 2D course correction fuze for smart munition[ J .
Journal of the Korean Society for Aeronautical & Space Sciences,
2015,43(3) :187-194.

LIU X D,WU X S,YIN J T. Aerodynamic characteristics of a dual-
spin projectile with canards[ J]. Proceedings of the Institution of
Mechanical Engineers Part G: Journal of Aerospace Engineering,
2019,233(12) :4541-4553.

SAHU J, HEAVEY K, BURETTA R. Numerical computations of
transonic flow over a course corrected spinning projectile: AIAA
2008-6740[ R]. 2008.

COSTELLO M, PETERSON A. Linear theory of a dual-spin
projectile in atmospheric flight[ J]. Journal of Guidance, Control
and Dynamic,2012,23(5) :789-797.

WERNERT P, THEODOULIS S. Modeling and stability analysis
for a class of 155 mm spin-stabilized projectiles with course

correction fuse( CCF) [ C]//AIAA Atmospheric Flight Mechanics



41 T, &

R RETHLIE TS HOR” I MR 25 S 2 e JR T R I AR B 9

[22]

[23]

[24]

[27]

[28]

[29]

[30]

[31]

Conference and Exhibit. Portland,OR,US;ATAA,2011:1-13.
ZHU D L,TANG S J,GUO ], et al. Flight stability of a dual-spin
projectile with canards [ J ]. Proceedings of the Institute of
Mechanical Engineers, Part G: Journal of Aerospace Engineering,
2015,229(4) :703-716.

SEVE F, THEODOULIS S, WERNERT P, et al. Flight dynamics
modeling of dual-spin guided projectiles[ J]. IEEE Transactions on
Aerospace and Electronic Systems,2017,53(4) :1625-1641.
FErps, A0, B, AF. BB B B AR K RERIR[ ], Hh
T2 ,2021,33(2) :1-12.

WANG Zhongyuan, SHI Jinguang, CHANG Sijiang, et al. Review
on development of technology of trajectory correction projectile[ J].
Journal of Ballistics,2021,33(2) :1-12. (in Chinese)
THRAEE, Frp s SEALE A IE R RE R AT T (1], SRR,
2002,23(1) :10-13.

DING Songbin, WANG Zhongyuan. Energy analysis method for the
gliding trajectory of a projectile [ J]. Acta Armamentarii, 2002,
23(1) :10-13. (in Chinese)

PREKER, H BT, P Fs O AR BREE O A B [T ] &R
4 TS5 FHR,2018,40(6) :1212-1220.

XU Qiuping, CHANG Sijiang, WANG Zhongyuan. Design of
adaptive mesh tracking differentiator[ J]. System Engineering and
Electronics,2018,40(6) :1212-1220. (in Chinese)

S, ErhJalL FE AR E SRR BRSNS [T]). SE
#%,2014,26(2) :29-33.

SHI Jinguang, WANG Zhongyuan. Research on method of falling
point prediction for trajectory correction projectile[ J]. Journal of
Ballistics,2014,26(2) :29-33. (in Chinese)

Z/NT6, ErPJE BT fELsIE S BRI S BT A
[J]. #3241 ,2020,32(2) :29-34.

LI Xiaoyuan, WANG Zhongyuan, CHANG Sijiang. Online
trajectory parameter filtering and method analysis[ J]. Journal of
Ballistics,2020,32(2) :29-34. (in Chinese)
WL, E R A AR ST R R IR IR TR AT R A
Ik L)), #aleE,2010,22(3) :94-98.

CHANG Sijiang, WANG Zhongyuan, NIU Chunfeng. Estimation
approach of flight state for guided projectiles based on Kalman
filter[ J]. Journal of Ballistics,2010,22(3) ;:94-98. (in Chinese)
Frbs H L. B A I R — A PRk (D] BT
274 ,2014,35(6) :940-944.

WANG Zhongyuan, CHANG Sijiang. An approximated calculation
method for lateral trajectory correction [ J]. Acta Armamentarii,
2014,35(6) :940-944. (in Chinese)

. KRS IERTE U E R SR P R R HI[T]. o
124 41%,2008,20(3) :41-43.

SHI Jinguang. Application of Kalman filtering in calculation of
trajectory falling point of trajectory correction projectiles [ J .
Journal of Ballistics,2008,20(3) :41-43. (in Chinese)
T, L, E b L JE T O R A Y R R R & BRI R M
R ZBOPHR ()], #aE"#4,2017,29(1) :28-33.

YANG Jing, CHANG Sijiang, WANG Zhongyuan. Drag coefficient

[32]

[33]

[35]

[36]

[37]

[38]

[40]

[41]

estimation for projectiles based on improved hybrid extended
Kalman filter [ J ]. Journal of Ballistics, 2017,29 (1) :28 - 33.
(in Chinese)

FHOR, s, R s S SR R B[], pa
TR41,2011,35(3) :304-308.

WANG Xugang, WANG Zhongyuan. Guidance and control system
design for gliding extended range projectile[ J]. Journal of Nanjing
University of Science and Technology, 2011, 35 (3) : 304 - 308.
(in Chinese)

CHEN Q, WANG Z Y, CHANG S J, et al. Multiphase trajectory
optimization for gun-launched glide guided projectiles [ J ].
Proceedings of the Institution of Mechanical Engineers, Part G:
Journal of Aerospace Engineering,2016,230(6) :995-1010.

MA S,WANG Z Y,WANG X G, et al. Consensus-based finite-time
cooperative guidance with field-of-view constraint[ J |. International
Journal of Aeronautical and Space Sciences,2022,23:966-979.
WANG Z Y, CHANG S J. Impact point prediction and lateral
correction analysis of two-dimensional trajectory [ J ]. Defence
Technology,2013,9(3) :64-69

CHANG S J,WANG Z Y,LIU T Z. Analysis of spin-rate property
for dual-spin-stabilized projectiles with canards [ J]. Journal of
Spacecraft and Rockets,2014,51(3) :958-966.

MA S,WANG Z Y, WANG X G, et al. Three-dimensional impact
time control guidance considering field-of-view constraint and
velocity variation[ J |. Aerospace,2022,9(4) ;202.

SAHU J, HEAVEY K, BURETTA R. Numerical computations of
transonic flow over a course corrected spinning projectile: AIAA
2008-6740[ R]. 2008.

B, R RS A R ROCHER R R [ T]. R
3 ,2016(8) :56-58,70.
HUANG Wei, GAO Min. Overview of precision guidance
component development and key technologies [ J ]. Aerodynamic
Missile Journal ,2016(8) :56—58,70. (in Chinese)

W, k%, AEE B BN T R 58 IR S 4
W] il 5P, 2019,34(8) 1 1577-1588.

LEI Xiaoyun, ZHANG Zhian. Overview of correction mechanism
scheme and control algorithm of two dimensional trajectory
correction projectile [ J ]. Control and Decision, 2019, 34 (8) ;
1577-1588. (in Chinese)

B A= SR 3E XIATIW, 45 AR AT AEIE R R R
BCHFOCHEBOR BT HE [ J]. iz 24k ,2024,45(6) :629595.
CHEN Shusheng, JIA Muliang, LIU Yanxu, et al. Deformation
modes and key technologies of aerodynamic layout design for
morphing aircraft: review [ J |. Acta Aeronautica et Astronautica
Sinica,2024,45(6) :629595. (in Chinese)

RFK, e, TR B4 BUE A AT 8 BT e BoR ik
JELT]. FARGHHA ,2020(4) :29-40.

WU Yufei, LONG Teng, MAO Nengfeng. Review of trans-media
morphing flight vehicle design optimization techniques[ J]. Tactical
Missile Technology,2020(4) :29-40. (in Chinese)

R TR AR AT R R G sA 1] Aia £ 41,2009,



10 #MoooHE FE R 55 36

30(10) :1906-1911. ], ARSI A ,2019(5) :77-85.
LU Yuping, HE Zhen. A survey of morphing aircraft control HUAI Zepeng, LIANG Xuechao, WANG Hongbo, et al. Research
systems [ J ]. Acta Aeronautica et Astronautica Sinica, 2009, on multi-missile collaborative and its intelligence development[ ] ].
30(10) :1906-1911. (in Chinese) Tactical Missile Technology,2019(5) :77-85. (in Chinese)

[44] XUFKHH, 0400, 08T, 5. 28 SME i Ml S i < 3h AME [49] B A, B4, £ B 908 S 00 £ 000 1) 4 O R 3
ZHMIAL)]. FiiEAH,2024,36(2) :29-36. A1 KIS 46¥EER,2020,45(7) :88-92.
LIU Tianxiang,SHI Jinguang, ZHAO Xinxin, et al. Multi-objective HUAN Guoyang, XUE Xinhua, WANG Zhengwei. Research on
optimization on aerodynamic shape of morphing gliding guided cooperative  engagement  application of multiple Dballistic
projectiles [ J ]. Journal of Ballistics, 2024, 36 (2): 29 - 36. missiles[ J]. Fire Control & Command Control ,2020,45(7) : 88—
(in Chinese) 92. (in Chinese)

[45] 3K38, 3KWE, BIR T, 45, BRI RITa It Sk 5 & St 3 [50] B, R, 2= 00, A% S0 0 22 s ) - 4 2805 07
SrprlJ]. TR, 2021(6) :14-23. BERAIEL ], ’IPF 3, 2021(9) :53-58.
ZHANG Yao,ZHANG Wan, BIE Dawei,et al. A review of research CHEN Shichao, LU Fugang, LI Yang, et al. Research on the
on intelligent variant aircraft and analysis of trends [ J ]. configuration and application mode of multi-bomb cooperative
Aerodynamic Missile Journal ,2021(6) :14-23. (in Chinese) guidance with radio-frequency homing [ J]. Aerodynamic Missile

[46] Tf#, MR, R4 55, L TARKS BRI 1Y AR SME AT 4% Journal ,2021(9) :53-58. (in Chinese)
PO ALLT]. PEAE T RS2 4R ,2022,40(3) :618-627. [51] Shib. A3 e R o i S 51 H 5 S g s il — e it I ik
WANG Jianlei, CHEN Xiaoyu, HONG Houquan, et al. Trajectory WFFE[D]. M B R BT K2, 2023,
optimization of morphing aircraft based on multi-fidelity model[ J]. MA Shuai. Research on the integrated design method of guided
Journal of Northwestern Polytechnical University, 2022,40(3) . artillery shell coordinated attack guidance law and guidance control
618-627. (in Chinese) [ D]. Nanjing: Nanjing University of Science and Technology,

[47] BAETF. s TR 7 Rt 588 s ik 2023. (in Chinese)
BE[D]. KU EBRH R, 2019. [52] PRI S A 90 00 e - L L AL R 5 3 5 4 il

[48]

PENG Wuyu. Research on aerodynamic morphing scheme design
and shape optimization method of hypersonic vehicle [ D ].
Changsha: National University of Defense Technology, 2019.
(in Chinese)

M, ST, b, 5. £ T b IR R e Ak K SR AT

BEF[D]. MiAt: B AUELT R, 2024

WANG Qinghai. Trajectory planning and guidance control law
design for rocket-boosted glide extended-range guided projectiles
[ D]. Nanjing: Nanjing University of Science and Technology,

2024. (in Chinese)



