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B. CBetnoB — resepanbHbiit KoHCTpyKTOp MKB “®aken”

MALUINHOCTPOUTENBHOE KOHCTPYKTOPCKOE BHOPO “®AKEN” UMEHW AKALEMUKA N.4. TPYLUNHA
FAKEL ENGINEERING DESIGN BUREAU NAMED AFTER ACADEMICIAN PYOTR D. GRUSHIN

AWMHOCTPOUTENBHOE KOHCTPYKTOP-
ckoe 6iopo “®aken” BOWNO B UCTO-
PHIO PAKETHOM TEXHUKU HE TONLKO
KaK co3parens Nydwux 8 Mupe 3e-
HUTHBIX ynpasnsembix paker (3YP), koto-
pble NEpBLIMM B MUPE YHUUTOXWAW BO3-
AYWHOTO NPOTMBHMKA B PeanbHbix 60eBbiX
YCNOBUAX, HO U KaK NPeANpUATHE, KOTOpOe

— NPeTBOPUAO B XW3Hb KOHLENLUIo ra-
PaHTUPOBAHHOW HAAKHOCTU NPH KCNAY-
arauuu paxer.

MawuHocTpoUTensHOE KOHCTPYKTOP-
ckoe Giopo “®aken” (no 1967 r. — Ocoboe
KOHCTpyKTOpCKOe Giopo Ne 2) 6bino cospa-
HO 20 HoA6pA 1953 ropa MoctaHosnenuem
Cosera Munucrpos CCCP  cTano nepssiM B

akel Engineering Design Bureau has

become a part of the missile engi-

neering history not only due to its

best in the world AD missiles, which

were the first to destroy flying targets in

real combat conditions, but also due to the

fact that it is the first in the world enter-
prise to:

- apply the AD missile production

ies using the most popular and

nepBbiM B MUpe: Hawel CTpaHe CMeUManu3upoBaHHbIM
- CO3[aN0 TEXHONOTMM NPOM3IBOACTBA nem, pa 3ewuT-  technol

paker, Hble paketsl. C MOMeHTa oc-

€CA Ha UCNONb30BaHWe Haubonee OCBOGH-  HOBAHUA NPEANPUATHA U B TeyeHue 38 ner

n Ha ) ACA PYCCKUit MH-

HBIX KOHC

BbICOKONPOU3BOAUTENbHbIE METOALl WX
o6pabotku;

~ BHEAPUNO B BOWCKA PAA yHUdULMPO-
BaHHbIX 06Pa3U0B PaKETHOTO OPYXMMS,
MAEHTUYHBIX NO KOHCTPYKUMHU;

Bnapumup Mpuropbesuy Ceetnos

Poauncs 16 anpena 1935 r. & Mockse. 3axonun MBTY uw. Baywana (1958 r.), MucturyT yn-
PaBNeHMA HADOAHBIM XO3ARICTBOM AKAEMMM HAPOAHOTO X03siCTB CCCP (1981 1.).

€ 1958 r., nocne okowuanwa MBTY un. Baywana, paGoraer s MKE “Daken” & ROMKHOCTH Mac-
Tepa, WHIKEHEPa, CTAPLIEro  BEAYIErD WHAEHEDA-KOHCTPYKTOPA , HANGNLHAKA UeXa, MaBHO-

10 WHeHEDa, aBHOTD C1991r.

HEHEp, YYeHbli, aKajeMuK, ocHosaTenh
WKONbI 3EHUTHOrO pakerocTpoeHus Metp
[iMuTpuesuy TpylnH, Ybf rMraHTCKas no-

cs

tested structural materials and highly effi-
cient methods of their treatment;

- introduce into service several unified
types of similarly designed missile
weapons;

— put into practice the concept of guar-

bl Kas pabora -
npumep cayxenus OTevecrsy.

i KOHCTPYKTOp —

MKB “®axen”. Mocne

8 OTKpBITOR
0AD “Mawmroc

obuwecrso ~
10-

po “Gaken” uw. axanemuka 1.0, pywnka’.

KOHCTYKTOP PaKeTHOR TEXHMKM, Y4eHsiil, CeUMaNuCT B OGNACTH MEXaHHKM CELMansHOrO
W MCNBITaHWii PAKETHHIX KOMNNEKCOB.
ABTOP HayuHbIX TPYAOB W W306pETEHMi NO NPOBAEMAM CO3AAHNA W COBEPUIEHCTBOBANNA Pa-
KETHO/i TeXHMKW, 2BTOD MOHOTpadWii # y4eGHbIX NOCOGHI ATA BY308, YNeH BBTOPCKORO KOA-
71eKTHBa M PEAGKTOP y4eGHMKa ;A BY30B “IIDOBKTHDOBaHHE JEHHTHSIX yTPABAAEMBIX PaKeT”,

W yHaCTHAK

BLINYIEHHOTO ABYMSA U3AAHMAMM.

TloKTop Texsmueckx Hayk (1995 r.), npocpeccop (2000 r.), naypear focyaapcTaeHHoR npe-
i CCCP (1980 r.), focyaapcraennoi npemin PO (1997 r.).

Beepenue

anteed reliability in operation of missiles.
The Fakel Engineering Design Bureau

Vladimir Svetlov, General Designer

was set up on November 20, 1953, under a
Decree of the Council of Ministers of the
USSR and became the first special-purpose
enterprise in our country dealing with the
development of AD missiles. Within the
first 38 years of its existence Fakel was
headed by Pyotr D. Grushin, an outstand-
ing engineer, scientist, academician, a
founder of a school of AD missile engi-
neering, whose arduous and selfless work
became a bright example of a man’s
service to his Motherland.

P. Grushin formed the collective of the
enterprise, which in no time became the
world leader in the development of AD
missile systems. Nontraditional approach
to achieving the most complicated R&D
and engineering tasks, courageous and

\)ladimir Svetlov

Viadimir G. Svetlov was born on April 16, 1935 in Moscow. He graduated from the Bauman
Moscow State Technical University (Russian acronym MVTU) in 1958, and from the Institute
for National Economy Management of the USSR Academy of National Economy, in 1981.
Upon graduating from the Bauman University in 1958, Viadimir Svetlov worked at the Fakel
Engineering Design Bureau as a supervisor, engineer, senior and leading design engineer,
shop manager, chief engineer, chief designer. Since 1991, Vladimir Svetlov has been the
General Designer and the Head of Fakel. Since the time when the Design Bureau became an
open joint stock company, Viadimir Svetlov’s official title has been General Designer of the
Fakel Engineering Design Bureau named after Academician Pyotr D. Grushin.

Viadimir Svetlov s a missile designer and a scientist conducting research in the field of
mechanics of special weapons. He supervised and personally participated in developing and
testing several missile systems. Vladimir Svetlov is an author of publications and inventions
related to the issues of developing and upgrading missiles, an author of monographs and
textbooks for higher education institutions.

Professor Vladimir Svetlov is a Doctor of Engineering (1995), a Laureate of the State Prize
of the USSR (1980) and State Prize of the Russian Federation (1997).
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Moa pykosoacteom M.[l. MpywuHa 6bin
copmup KoneKTUs s,

CTaBWero B KpaTyaie CPOKM MMPOBLIM
NnAepom B CO3AAHUN i i

HucTaHa, benopyccuw, bonrapuu, bochnu n
Tepuerosunbi, Benrpuu, BoetHama, lepma-
Huw, Tpeuwn, fpysuu, Erunta, 3am6um, Uu-

TexHUKU. HeTpaanumMoHHsie Noxozs! K pe-
ANM3aUMK CNOKHEAWNX HAYYHO-TEXHUYEC-
KIX 1 KOHCTPYKTOPCKUX 333y, CMENocTb 1
OPUTUHANLHOCTE NPUHMMAEMBIX PEUIEHMi,
060CHOBAHHOCTb U NPOAYMAHHOCTb BCeX
3NEMEHTOB paKeT — BOT CTUNL PaboTl co-
TpyAHUKoB “Gakena”.

MpakTuyecky Kaxpaas u3 paspaboras-
HbIX 3EHUTHBIX PaKeT SBARNACH 3NOXOM B
Pa3BUTUM M COBEPWEHCTBOBAHMM 3TOTO BU-
A3 TEXHUKK.

Bcero 3a Bpems cyuecTeosaHus npea-
npuaTua ana BoWcK NpoOTUBOBO3AYWHOI
060poHbl, CyxonyTHbix BoWcK ¥ BoeHHO-
Mopckoro dnota 6bino cospano 23 Tuna
PAKETHOTO OPYKWMA M NPOBEAEHO CBbiwe
30-Tv Ux MOAEPHU3ALNIA.

Paeram, co3paHHbiM “Dakenom”, npu-
HaANeKUT MUPOBOW MPUOPHTET B YHUUTO-
KEHMU nepBbix npo-

avu, Wi P Wpaka, Wpa-
Ha, Memena, Kasaxcrawa, Kamnyuuu, Kun-
pa, Kuprusuu, Kutas, KHAP, Ky6bi,
Kyseiita, Jlaoca, Nlateuu, Jiuuu, Nlutesi,
Manu, W

Mowronuw, Makucraua, Mepy, Nonbwm, Py-
mbiHvy, Cepbun u YepHoropuw, Cupum,
Cnosaxuu, Cnosenuu, Comanu, Cynana, Tap-
KuKuCTana, Tausanum, Typkmennn, Yabeku-
cTaHa, Ykpausl, Ouunauguu, Xopsartuu,
Yexuu, IcTonunn, Ipuonum.

B BOItHaX ¥ NOKanbHbIX KOHMAMKTAX B
t0ro-BocTouHoit Asuu u Ha Bauxkem Boc-
Toke, B Adpuke u EBpone 3Tumu paketamu
6bi10 CGUTO HECKONBKO THICAY CaMoneTos,
4TO COXPAHUNO KM3Hb COTHAM THICRY MUP-
HbIX KuTENei.

Buipatowmiica sknag MKB “®aken” 8
CO3aHue BLICOKO3I(PeKTHBHBIX 06pa3Los
PaKeTHOro OPYXUA OTMEYEH BhICLIMMM FO-

TUBHUKOB. MU CTany BLICOTHbIA camoner-
pa3sepunk, cbuTeiit 7 okabps 1959 ropa B
Hebe wap Kuraew, u nepsas Goeronosxa
GannucTuyeckoi pakeTbl AanbHero AeicT-
BUA, YHUYTOXEHHan 4 Maprta 1961 ropa.
TPOMKYI0 U3BECTHOCTB NONYYMAO YHUYTO-
JKeHue paketoi “®akena” amepuKaHcKoro
camonera-passepumuka “Slokxup” U-2
(c nunotom ®paucucom MNayapcom) 1 mas
1960 ropa 8 paitoHe CeepanoBcka.
Pa3paGoTaHHbie Ha NpeanpuaTMM 3e-
HUTHbIE YNPaBAAEMBIE PAKETbi HAXOAUNUCH
W HAaXOAATCA Ha BOOPYXeHuM 60-Tu rocy-
papcre mupa: Poccuu, Asepbairgkana, An-
6aHum, Anxmpa, Aurons, Apmennn, Adra-

Paxersl “®akena”

cynapc HarpagaMu — opaieHoM
Nenuna (1958 rop) u opaeHom OKTAGPL-
cKoit Pesoniouun (1981 rog).
B HacToswee Bpema K uucny Haubonee

3 deKTUBHBIX 3eHUTHBIX CPeacTs Poccuii-
CKOW apMuu U (noTa OTHOCATCA CO3AaH-
Hble “DakenoM” pakersl:

~ ANSl 3EHUTHBIX PaKeTHbIX CUCTEM
(3PC) soiick MBO - C-300, C-300MM u ux
moAudUKaymu;

~ ANS CUCTEMbI NPOTUBOPAKETHON 060-
POHbI MOCKOBCKOrO NPOMBILAEHHOTO paii-
OHa — A-135 BOACK PaKeTHO-KOCMUYECKOM
o6oposl (PKO);

~ BNA 3EHWTHO-PAKETHbIX KOMNNEKCOB
CyxonyTHbix Boiick — “Top” u “Top-M1";

nontraditional concepts, perfect substan-
tiation for all elements of missiles - this is
the style of work of the Fakel personnel.

Almost every AD missile developed by
the enterprise symbolized a new era in
development and modernization of this
type of weapons.

During the period of its operation, the
Fakel Engineering Design Bureau has
developed 23 types of missile weapons
and carried out more than 30 moderniza-
tions of missiles for the Air Defense, the
Army and the Navy.

The Fakel-developed missiles were the
first ones in the world to engage real air
targets: a high-altitude spy aircraft was
downed on October 7, 1959, in the airspace
of China, and the first long-range ballistic
missile warhead was destroyed on March 4,
1961. The destruction of the American
Lockheed U-2 spy aircraft (piloted by
Francis Powers) by a Fakel-designed mis-
sile on May 1, 1960, in the area of
Sverdlovsk became a well-known event.

The AD missiles developed at the
enterprise were and still are in service with
the armies of 60 countries worldwide,
including Russia, Azerbaijan, Albania,
Armenia, Belarus, Georgia, Kazakhstan,
Kirghizia, Latvia, Lithuania, Moldova,

% i \ .

Ukraine, Estonia, Albania, Hungary,
Bulgaria, Bosnia and Herzegovina, Greece,
Germany, Cyprus, Macedonia, Poland,
Romania, Serbia and Montenegro, Slovakia,
Slovenia, Finland, Croatia, the Czech
Republic, Afghanistan, Vietnam, India,
Indonesia, Yemen, Jordan, Irag, Iran,
Kampuchea, China, People’s Democratic

Republic of Korea, Kuwait, Laos, Mongolia,
Pakistan, Syria, Algeria, Angola, Egypt,
Zambia, Libya, Mali, Mozambique, Sudan,
Somalia, Tanzania, Ethiopia, Cuba and
Peru. These missiles have been employed
in wars and local conflicts in the Middle
East, South-East Asia, Africa and Europe;
they have destroyed several thousand air-
craft, thus saving the lives of hundreds
thousand peaceful inhabitants.

For its great contribution to the devel-
opment of highly efficient missile
weapons, the Fakel Engineering Design
Bureau was awarded the highest state
awards — the Order of Lenin (1958) and the
Order of the October Revolution (1981).

Nowadays, the following Fakel-devel

oped missiles are among the most effi-
cient AD means in service with the Russian
Army and the Navy:

- S-300P, S-300PM and their modifica-
tions — designed for AD missile systems of
the Air Defense Forces;

- A-135 antiballistic missiles of the
Aerospace Defense Missile Forces for the
ABM system of the Moscow industrial
region;

- missiles for Tor and Tor-M1 AD sys-
tems in service with the Army;

- missiles for Rif, Rif-M and Klinok AD
missile systems in service with the Navy.

These missiles embody the advanced
achievements of missile engineering, as
well as the principle of combination of
research and top design concepts with
modern technologies and achievements in
the sphere of science of materials that is
typical of the Fakel Engineering Design
Bureau.

Fakel's Missiles |



— ana kopabensHbix 3PC v 3PK - “Puch”,
“Pucp-M” u “Knunok”.

B 37X paKerax BONNoUieHs! Haubonee
nepefoBbie JOCTHKEHUA PaKeTOCTPOBHMS,
peanu3osaH xapakTepHblit ana MKB “®a-
Ken” NPUHLMN COYETAaHUA HayuHbIX MCCne-
JI0BAHUI M MHXEHEPHBIX PEWEHUid BbICO-
Haillero ypoBHA C WCNONb30BaHWEM CO-
BPEMEHHBIX TEXHONOTMA W AOCTUNEHWH
MaTepuanoBefeHma.

Ceitvac 8 MKb “®aken” nposopsatcsa
Hay4HO-UCCNeA0BATENbCKUE W ONBITHO-
KOHCTPYKTOpCKME PaboTel NO CO3AAHUI0
3YP HOBOTO NOKONEHWS, B TOM YuCne U AnA
cuctemst C-400, koTopele GyayT BecTH 3¢-
dekTuBHyl0 60pbBY CO BCEMU CyulecTByi0-
WHMM U NEPCNEKTUBHLIMU BUAAMU CPEACTB
BO3AYWHOO HanageHNs.

PHOIA YEPTOi CTUAR CEroAHAW-
Heit pa&cru MKB “®aken” ssnsetcs obec-
neyeHue rapaHTMPOBAHHOW HAAEKHOCTH
NPOAYKUMK. PaKeTbl, CO3AaHHbIE HA npea-
npusTuK, He TpebyioT o6CnyKuBaHUA B
TeYeHWe BCErO rapaHTUAHOrO CPOKa npu
IKC 8 N106bIX KX yC-
NOBUSAX. 3TO AOCTUHYTO 33 CYET UCNONB30-
B8aHUA HauBosee NPOrpecCUBHbIX TEXHONO-

—

lrwklkm 1801 reconne
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NPEeANpUATUR 3aHWMaeT ONbITHOE NPOM3-
BO/\CTBO, KOTOPOE OCHaL{EHO BCeM Heobxo-
AuMbIM 060pyROBaHUEM, CTaHKaMK, nabo-
patopusmMM, a TaKxe Bnajeloiee PAAOM

" BCeC

it u p i Hazem-

TexHONOr it CPeav HUX TexHo-

HO/ 0TPaBoTKW paker c np
YHUKaNbHbIX METOAUK Ha MHOTOGYHKUMO-

noruu: nony TOHKOCTEHHBIX KpYNHO-
rabapuTHLIX KOHCTPYKUMA NP noMowy

HanbHOM Mkl e.

pi HaHeCeHMA MEeTOAOM

CpepacTsa 3100 KOMNAEKCA, Cep
BaHHoro focctaHpaprom PO v “O6opox-
CepTUUKOi”, NO3BONAKT NPOBOAUTL
19 BUAOB MCMbITAHMIA: CTATUYECKNUX, AUHA-
MMYECKUX, TENNONPOYHOCTHBIX, PaaUoTex-
HUYECKUX, KNMMATUYECKUX 1 NPOYMX, B TOM
4MCNE U B YCKOPEHHOM PexuMe.
3HauuTeNbHOE MECTO B CTPYKType

‘Beepenue

OKC YHUKanb-
HBIX 10 M3HOCOCTORKOCT 3aUWMTHBIX 10-
KPBITUiA; BLICOKOTOYHOTO (hAaCOHHOTO NUTHA
13 YEPHBIX ¥ LUBETHBIX META//IOB U CNAABOB,
B TOM YUCE ¥ U3 TUTAHOBLIX CNAIABOB; Na-
3epHoil cBapku, obecneunsaloueit co3na-
HHe BbICOKOHAIEXHBIX CNIOXKHBIX KOHCTPYK-
Wil M3 Pa3NUYHBIX METANNos W CNNasos;

Currently, the Fakel Engineering
Design Bureau experts are engaged in R&D
work aimed at the development of a new
generation of AD missiles (including the
ones for the S-400 system), which will be
very efficient against all existing and per-
spective types of air attack means.

Guaranteed reliability of products is a
characteristic feature of the Fakel
Engineering Design Bureau’s current
activities. The missiles that are designed
and developed at the enterprise do not
require maintenance throughout their
entire service life in any climatic condi-
tions. Such reliability is achieved due to
the implementation of the advanced tech-

nologies, application of the unique me-
thods at versatile ground testing facilities
when manufacturing and comprehensively
testing the missiles. This testing system
has been certified by Russia’s State
Standards and the Oboronsertifika agency;
it allows carrying out 19 types of tests
such as static, dynamic, heat-resistant,
radio engineering, climatic and others,
including the accelerated ones.

The pilot production facilities occupy
an important place in the structure of the
enterprise comprising all necessary equip-
ment, machines and laboratories. The
advanced technologies that are imple-
mented there include: manufacture of
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Npus “3a kasecmeo”
(Napux, 1996 2.)
Golden International
Europe Award

for Quality

(Paris, 1996)

p i BBITAXKKM ANA U3T

TOHKOCTEHHBIX LIMAMHAPUYECKHX i KOHHYe-

CKUX AeTaneit 3 BbICOKONPOUHBIX CTanei i
Cnasos; u ne-

Mlpus “3a Kommepseckud
npecmux”

(Madpud, 1996 2.)
International Award

for Commercial Prestige
(Madrid, 1996)

TenbcTso PO, Toproo-npoMbiwneHHas na-
nara PO, PoCCUACKMi COIO3 NPOMBILINEHHM-
KOB M NpeanpuHumarenei, GoHA pa3sutus

Mlpus “Poccudickuii

| Hayuowanssid Onumn”
(Mockea, 2003 2.)

Russian National

Olympus Award

(Moscow, 2003)

thin-wall large-size constructions by explo-
sive forming; employment of microarc oxi-
dation technology for producing unique

“Tpetbe ThicAyenetue” 3a )

Tanei u3 Kux P {4
NOMOUIBIO NPECCOBAHMS, NMThA 1 aBTOKNAB-
HOrO BaKyyMHOrO hOPMUPOBAHHUS.
Kpome Toro, 8 nocneaHue rogsi Ha
CO3aHbi, U uc-
NbiTaHbl ONbITHbIE 06pa3ubl Pa3NuyHOl
NPOAYKUMM TPAXAAHCKOTO Ha3HAYEHMA.
370 M yHUBEPCaNbHbIE GbITOBbIE AEPeBO06-
pabari CTaHKM, ¥ Koe

BKNaj B C Koe pas3-
BuTME PoccuM NPUCYAUNM NpeanpUATUIO
npu3 “Poccuicknit HaunonansHbiin Onumn”
3a 2002 rop.

3a BbICOKME AOCTHKEHUA NPEANPUATHE
TaKKe 0TMEYEHO MeX/YHapOAHLIMM Harpa-
pamu. Ot Kny6a nupepos Toproenu 310 —
npu3 “3a kavectso” (Mapux, 1996 rog) u

npu3 “3a pueckuit npectux” (Mag-

obopyaosanue. Ocobyio M3BECTHOCTL No-
NY4UNN BBINYCKAEMbIE CEPUIHO MaWMHbI
ANA GUHUAWHOW OTAENKW TKaHel B TeKc-
TUNBHOM NPOMBILNEHHOCTH.

Poccuitckan akapemus Hayk, Mpasu-

Pakertb! “®akena”

pua, 1996 rop). Ot Accoymaumu copencr-
BUA NPOMBIWNEHHOCTU NosyyeHa “3onotas
megans” (Mapux, 2000 rog), ot Beicwero
Henesckoro UkcTutyTa busneca — “3ono-
Toit meganbon” (Menesa, 2001 rop).

istant protective coatings; high-
precision ferrous, nonferrous and alloy
shape castings, including the titanium
alloys shape casting; laser welding, which
allows producing highly reliable complex
constructions out of various metals and
alloys; rotary drawing for manufacturing
thin-wall cylindrical and conical compo-
nents from high-strength steel and alu-
minum alloys; manufacture of components
from nonmetal materials by extrusion, cast-
ing and autoclave vacuum moulding.
Besides, the enterprise has currently
developed, manufactured and tested pilot
items of civil-purpose products, including

versatile household wood-working machi-
nes and medical equipment. The mass-
produced fabrics finishing machines for
the textile industry have become excep-
tionally popular.

For its major achievements, the Fakel
Engineering Design Bureau was awarded
several prizes. They include the Award for
Quality (Paris, 1996) and Award for
Commercial Prestige (Madrid, 1996) from
the Trade Leaders Club, the Gold Medal
(Paris, 2000) from the Industry Assistance
Association (Societe d'Encouragement pour
I'Industrie Nationale — SPI), Gold Medallion
(Geneva, 2001) from the Graduate Institute
of Business and Management in Geneva
(INSAM) and Russian National Olympus
Award (Moscow, 2003).

Fakel's Missiles
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yTb Metpa pywnHa K KOHCTPYKTOp-

CKOIf cnase Gbin AONTUM U HENerKuM.

HeGonbwoi BONKCKUA  rOPOROK

BOﬂbCK, B KOTOPOM OH pogunca
15 axBapsa 1906 ropa, Hu4uem He 6bin 3Ha-
MeHuT. B Hayane seka B HEM, U3BECTHOM
NNWL CYAOCTPOUTENbHBIM, UEMEHTHLIM U
NUBOBAPEHHbIMK 33BOAAMM, 06 asmayum u
He cnbixusanu. Jluws & wione 1911 ropa
npubein 8 Bonbck Ha “ractponn” nobeau-
Tenb nepsoro nepenera Metep6ypr-Mockea
Anekcauap Bacunbes, asponnaH Kotoporo
HECKONbKO MUMHYT MOKPYXWN B BO3Ayxe
“pna nouteHHeiwen ny6auku”. Bnpouem,
racrponbnuﬁ NONET He OCTaBMN B NAMATH
[pyWwnHa HUKAKUX BOCNOMUHAHMIA. A BOT O
Apyroi BcTpeye ¢ “Gonblwoi” asuaumeil,
cocTonBweica B cepeaune 1920-x, Mpywnn
BCNOMMHAN YacTo.

~ B mom Oexb 5 6038pawyancs sevepom
€ 3aHsmud, conHye ewe He ckpbinoc. M
80pye, 2pemum 4mo-mo 8 03dyxe. Husko,
HaQ cambIMu Kpbiwamu AoMos, nponemenu
mpu camonema u cenu 3a 20podom, — pac-
ckasvigan Netp [imutpuesuy. — He 7 00uH —
BCe MoI0d0e HaceneHue 20p00a HaNPAMUK,
yepe3 3a60pbI u 020p0dbl, PBAHYNOCH K Mec-
my nocadku. lpubewanu, nodownu K Ma-
wuram. Hukmo Hac He 3apyean. Hao6opom,
nlemyukam Gbino 3a6asHo Budems Hawe

ymo )
“nompozams” ux camonemei...

Jra BCTpeva okasanace Ana pywuHa
pewatoweii. K Tomy Bpemeni 3a ero nneva-
MU yxe bina yyeba B wkone, Bonbckom ro-
POACKOM yuuauue, npogrexwkone uMeHn
Wnbuya. K ceoum geapuat rogam o 8 co-
BEPWEHCTBE 0B/lajen ClecapHbiM AenoM,
paboTan Ha pasnMuHbIX CTaHKax, BOAUN

m:Panem “®akena”

Temp [pywur, cmydenm MAM, 1932 2.
Pyotr Grushin, a student of MAL, 1932

TpakTop. U 8 Bonbcke, U B COCRAHMX C HUM
Mapkcwrapre v Jurensce emy 6bino rge
NPUMEHUTL CBOM 3HAHWUA U YMEHMS, HO Mpy-
WHH y)Ke He npeacTaBnsn AanbHenwen
CBOEH XU3HH Ge3 camoneros.

Hauas c npocreilwmx asmamopeneil,
IpywwH Bckope cran cpeau Apysei npu-
3HaHHbIM aBTOPUTETOM B BONpPOCAax asua-
UM ¥ asuamopenv3ama. Bo spema coctaza-
HWA MOAENM, CO3AaHHBIE ero pyKamu, yne-
Tanu panbue fpyrux.

OpHako npeanpuHaTas MpywnHbiM no-

he future academician’s path to the

state-of-the-art design work was

similar to that of the majority of mis-

sile specialists of his generation.
The delight with the first plane that he
saw in the skies made him an enthusiast of
aircraft and drove him to the model air-
craft construction... For the first time in
his life, Pyotr Grushin saw an aircraft not
far from his home town of Volsk. A twenty-
year-old youth, he had already become a
good mechanic, fitter and tractor driver. He
was conscious of his sudden passion to air-
craft, and this passion remained with
Grushin throughout his life. Therefore it
was quite natural that he entered the
Leningrad Polytechnical Institute in 1928,
and two years later transferred to the
Aviation Institute (MAI) that had just been
set up in Moscow. He was an excellent stu-
dent, a winner of numerous study contests
that were quite popular in higher schools
those days. His fellow students (later many
of them became famous aircraft and mis-
silery designers) got sometimes stunned
by the sedulity and diligence of “the guy
from the Volga”. In fact, he got acquainted
with the “sine - cosine” only at the age of
21, just before entering the institute.

At that time we flocked after the promi-
nent scientists and designers: we were
extremely anxious to learn as much as possi-
ble about our favorite research field, Pyotr
Grushin recollected. A famous aircraft
designer D. Grigorovich, a young but steadi-
ly growing designer S. Ilyushin and a well-
known scientist B. Yuriev were among his
instructors. They were the ones who turned
their attention to Grushin's extraordinary

research abilities, nonstandard thinking,
gift for analysis and generalization, as well
as his ability to make courageous decisions
even contrary to the opinion of the promi-
nent scientists. Persistence, energy, great
diligence, complete self-devotion and
faithfulness allowed Pyotr Grushin to
become a designer of the most complex
equipment within just a few years.

In the prewar years, Grushin’s original
concepts for test and experimental aircraft
brought him popularity. Among them were:
the record-breaking Stal-MAI plane made
of stainless steel, aerodynamic tandem-
design planes (the Oktyabryonok light-
motor aircraft and Sh-Tandem attack air-
craft), the first aircraft in the country
equipped with retracting tricycle landing
gear with nose strut (the BB-MAI bomber),
and the Gr-1 twin-engine fighter. However,
when the war was unleashed, Grushin had
to abandon this sphere of research.

His new assignment was the Lavoch-
kin Design Bureau in the city of Gorky. In
the summer of 1942, the specialists of this
bureau were putting the La-5 fighter into
mass production. This time, Grushin's task
was formulated in a precise military way:
he had to ensure the series production of
the fighter in no time. Already in the
autumn of 1942, the first La-5 fighters
were employed in the battles near
Stalingrad, and on December 5, 1942, the
Gorky Aircraft Manufacturing Plant report-
ed about the beginning of mass produc-
tion of the new fighters. In June 1943,
Grushin was awarded the Order of Lenin for
his participation in this work.

In the spring of 1943, Grushin was

Fakel's Missiles -I




NbITKA CTaTh NETYMKOM OKa3anach Heypay-
HO¥t — B (aMapcKoe yumnuie BoeHHbIX nert-
YUKOB €ro He nponycTuna MeAKOMMCCHA.
Ho sckope MpywwuH nonyuun wanpaeneue
pailkoMa KoMcoMona Ha yueby B JleHuH-
rpaa - 8 MonutexHUYeCKMt MHCTUTYT, rae
8 Te rofbl 6bIN0 OTACNEHME NOATOTOBKY UH-
EHepoB AnA ruapoasuauuu. Ha atot pas
OCEYKM HE CY4MNOCh, U oceHbio 1928 ropa
TpywnH cran crypextom. Yepes asa ropa,
netom 1930-ro, BCe OTAENEHUE, HA KOTOPOM
yuunca lpywus, nepesenu 8 Mocksy, B
TONbKO 4TO CO3AaHHbIN MoCKOBCKuiA aBua-
LMOHHBIA MHCTUTYT.

B Te Bpemena GonbwMHCTBO Byaylmx

y4mMnoCh ¢

— aBMAUMA He NpUHWMAna Niofei paBHo-
AywHbix u Ge3paznuynbix. Ho gaxe cpean
CBOMX CaMbiX YBNEYEHHbIX COKYPCHUKOB
[pywuH Bbipenanca pyaonioGuem u my6u-
HOW M3y4eHun npeametos. “B me 200! Mbi
mabyHKamu Ge2anu 3a MacmMUmbIMU y4eHsl-
MU U KOHCMpYKMOPaMu, Cmpemach y3Hame

He3aypsaHbiM 0Ka3anca u ero gunnom-
Hbl/l NPOEKT NerkoMOTOPHOro camoneta,
Haj KoTOpbIM C Havana 1932 roga oH pabo-
Tan BMECTe C APY3bAMM-COKYPCHUKAMMU
[Amutpuem babapom u Adaxacuem Mapa-
Ka308biM. [poekT nop Hazsanuem “Bpu-
rafHbii” 6bin NPeaCcTaBneH UMK Ha BCECO-
103Hblit KOHKYPC, npoBoauswmiica LIK Oco-
asuaxuma. 13 oktabps 1932 ropa 06 uto-
rax KOHKypca Hanucana rasera “Ussec-
™a". B yucne nobeputeneit 3naunmnuce
Tpywun, babap v Mapakasos. WM 6bina
npucyxpexa nepsas npemus. Bropyio Ha
TOM KOHKypce nonyuun uexenep Cepreit
Kopones, paspa6otaswuii camonet u3 ner-
KOO CNaBa 3/1eKTPoH.

pywuH, okoHuuswwit MocKosckmii
ABMAUMOHHBIA MHCTUTYT B Mae 1932 ropa,
BCKOpe Gbin NPUHAT Ha pabory B Biopo Ho-
BbIX KOHCTPyKuuit (BHK) BcecoisHoro
aBMaUnoHHOro o6beauHeHus. B ato opra-
HU3aUMK, KOTOPYIO BO3MABAAN (paHuy3
AHpu JiaBunb, B TO Bpems cospasanca

KaK MOXHO Gonbuie 0 A HaM
dene”, — BcnomuHan [pywnH CBOU CTyReH-
yeckue ropbl. Ero yyuTensMu u HactasHu-
Kamm 61U U3BECTHEMWIMI aBUAKOHCTPYK-
vop A.N. Tpuroposuy, MONOZOH, HO yBe-
peHHo Habupasuwmit Toraa cuny C.B. Unb-
townH, yyeublit B.H. lOpees... Onupasce
Ha ux onwiT, MpywmH cymen obpectu csoit
COBCTBEHHBIM TBOPYECKM NOYepK — Ha-
YYWACA CMENO OTKa3biBaTbCA OT NPUBLIY-
HbIX PeWeHHi, NPeAnaran B3aMeH Xopowo
npofyManHbie Hosbie, nyuwme. W He cay-
YaitHo amunua cTyfenTa fpywmHa, nepe-
ROBMKa y4ebbl U3 rpynnbl 182 NOCTOAHHO
YNOMUHANACh B WHCTUTYTCKOI MHOTOTH-
paxke “lponennep”.

KWA [IBYXMECTHbIA UC-
Tpebutens [IN-4. 0aHaKo panbie ONbITHO-
ro 06pasya Aeno He nowno, u B cepeauHe
cnepyouiero roga BHK 6bino 3akpsito. B
nione 1933 ropa, nocne Heponroi pabotsi
Ha 3asope 39 Mockosckoro LIKB, Mpywus
BepHynca 8 MAW. B “anbma-marep” ero
NPUINACKUA Ha AOMKHOCTL CBOETO 3aMecT-
TENA  3HAMeHWTLI  aBUAKOHCTPYKTOP
A.N. Tpuroposuy, kotopomy fpywmH npu-
rnaHyncs, Gyayuu euje cryaexTom. Mpuropo-
BUY TOrAa Gbin neperpymeH cepx BCAKOW
Mepbi: PYKOBOAWN KOHCTPYKTOPCKUM 6iopo,
c nuerp! B
MAMW kacbeapy KOHCTPYKUMM U NPOEKTMPO-
BAHWA CaMONETOB, a Takie PyKOBOAUN

appointed chief engineer to the Aircraft
Manufacturing Plant #381 in Moscow,
where the production of Lavochkin fight-
ers (the La-7) began. Due to Grushin's ini-
tiatives, a number of innovations were
applied to the La-7 fighter that increased
combat efficiency of this aircraft. The
innovations included enforcement of the
armament, cockpit hermetic sealing, etc.

After World War II, the specialists of
the plant began preparatory works for
series manufacture of the 1-250 fighter
(A. Mikoyan's and M. Gurevich's design)
and pilot models of the La-150 jet fighter
(S. Lavochkin Design Bureau).

In October 1946, Grushin started to
work at the Ministry of Aircraft Building
Industry, followed by his work at the
Special Committee for Jet Engineering. In
September 1948, Grushin returned to the
Moscow Aircraft Institute (MAI) being
appointed dean of the faculty for aircraft
building, and later on, deputy head of the
institute for research.

In the 1950s, Pyotr Grushin, who had
been dreaming of aircraft designi

quite another task: now he was to develop
air defense guided missiles intended for
the destruction of aircraft. World War IT
had demonstrated the great combat power
of the aircraft. The fight against aircraft
required the employment of qualitatively
new measures, the guided missiles being
among them. During WWII, similar work
aimed at the development of missiles
started in Germany, the USA and a number
of other countries. However, the first
results of that work were rather modest,
and Grushin found himself at the cradle of
one of the most complex weapons of the
20th century.
In June 1951, Grushin was appointed
S. Lavochkin’s deputy. At that time the
Lavochkin Design Bureau was dealing with
an extremely difficult and important task.
The specialists of the bureau had to devel-
op a missile for the first domestic
S$-25 Berkut AD missile system intended for
the defense of Moscow. That work was
carried out in no time, as it had taken
place during the war. Joseph Stalin, who
set the task, d ded that the

throughout all his life, had to go in for

AD missile should be ready in a year. The

Modens camonema “Bpuzadusiii” ~ noGedumens Konkypca UK Ocoasuaxuma, 1932 2.
Model of Brigadny aircraft - winner of the Osoaviakhim Central Committee competition, 1932
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TPYNNOiA CTYAGHTOB ¥ AMNIOMHUKOB, NPO-
ektuposaswux B8 MAW uenbHoCTanbHoM
camonet. B 31oi rpynne, BbipocLueii co Bpe-
meHem 8 Kb MAW, u Hauan paborars Ipy-
wuH, a cosgasaswuiics 8 Kb camoner cran
€ro NepBoil CaMoCToATeNbHOM PaboToit.

OpuruHanbHOCTL Camoneta, KoTopblit
npeaHasHavanca Ana 0TpaboTku cBepx-
AanbHUX nepenetos W Gbin CBOEro poaa
ny6nepom  pPeKOpAHOro  TYnonescKoro
AHT-25, 3aKnio4anacb npexge BCero 8 Ma-
Tepuane KOHCTPYKUMM — UM Gbina Hepka-
Bewan cranb. OHa u onpeaenuna Hassa-
Hue 31or0 camoneta — “Crans-MAW umenu
Alkosa Ankchuca”. OfHaKO K MOMEHTY Ha-
4ana pekopaHbix nonetos AHT-25 camoner
He ycnen. lepsbiit nonet Ha Hem 6bin co-
BepweH nuuwb 19 centabpsa 1934 roga, Kor-
Aa Ha AHT-25 yie Gbin ycTaHoBNEH NepBblit
peKops AanbHocTu nonera. EcrectsewHo,
uT0 notpe6HocTh B “Crans-MAW” otnana, k
TOMY Xe nNpu ero NATOM nonete npousowna
aBapus — Ha B3nete 3arnox morop, u yxe
Pa30rHaBWwMicA camoner NpUWAOCh Ha-
NPaBuTh K HAXOAMBIWENACA HA rpaHule as-
poApoMa Kyye necka. 3kunax, B cocrase
Kotoporo Gbin u fpywmH, He nocTpaaan, Ho
camoner 6bin 0CHOBATeNbHO NOBPEXAEH U
Gonbuwe He netan.

Cneayioweit paboroit lpywuna 8 MAW
CTana MOAEpHU3auMUs Camoro Maccosoro
camonera Toro BpemeHu — Y-2, 3aKnioyas-
WanAca B yNy4lWeEHUN ero aapoauHamMukm, s
yCTaHOBKe AONOAHUTENbHbIX GeH3obakos.
B pesynerate, ocospemeHeHHblit Y-2 npu-
6aBun 15-20 KM/4ac B CKOPOCTM U He-
CKONbKO COTEH KWNOMETPOB B AaNbHOCTH
nonera. Ho npogomkenus ata pabora He
noAy4YuNa, Kak 1 paf APYrux NONbITOK: 3a-

EPBKETM “®akena”

Pexopdnsiti camonem “Cmane-MAN", 1934 2.
Stal-MAI record-breaking aircraft, 1934

TPaThl Ha BLINONHEHMe nepeAenok Y-2 sce-
/id OKa3blBaNUCh 3HAYUTENIBHO BbIWE OXMN-
AABLErocsA 3KOHoMUYeckoro 3dexTa.

[lipyraa pa6ora, nposegexHas pyww-
HbIM Ha Y-2, 3aKnioyanack B yCTaHOBKe Ha
camoner manorabapuTHow naposo Typ6u-
Hbl. TO[AE WM, COBMECTHO C ABUrarenucra-
Mu MAW, 6bin co3pan uccneposatenbckuil
CTEHA, Ha KOTOPOM NpoBoAMNachy oTpabor-
Ka OCHOBHbIX 3N1€MEHTOB KOHCTPYKUMU HO-
BOW 1BUraTeNbHOM YCTAHOBKM.

Hﬂ(TOﬂLﬂaﬂ JK€ W3BECTHOCTb Npuwna K
pywuny Bmecte ¢ “OktabpeHkom”. 3toT
Hebonbwoi camonet 6bin noctpoen 8 MAU
netom 1936 ropa. Ho eule o ero nocTpoii-

missile appeared within the designated
term, and its tests began. However, the
development of its guidance and control
system by the experts from the Design
Bureau #1 (it was the parent enterprise
for the S-25 system) took much more
time. Actually, the Design Bureau #1 had
to solve problems of a qualitatively dif-
ferent level. In fact, it required the cre-
ation of a practically new industry. Only
on November 2, 1952, the first launch of
the AD missile guided by commands from
a ground guidance station took place at
the Kapustin Yar range. On April 26,
1953, the first interception of a flying

target (a Tu-4 bomber) was executed.

In late 1953, Pyotr Grushin got his
next assignment, which turned out to be
the last one. The Special Design Bureau #2
(later named the Fakel Engineering Design
Bureau) became his new place of work and
he was appointed chief designer. The site
allocated for the new enterprise was situ-
ated in the outskirts of Khimki, a town in
the suburbs of Moscow. This place was
familiar to Grushin. It was the place where
his Oktyabryonok light-motor aircraft had
been tested before WWII, and at that site
Grushin had been trained to fly aircraft at
the MAT aeroclub.

Fakel's Missiles [
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KW pasropenuce Kapkue cnopsl BOKpYr
CXeMbl “TaHpem”, npepnoxeHHoi lpywm-
HbiM Ans “OkTa6penka”. Basswucs ycosep-
LWeHCTBOBATb NONYNAPHYIO B TE oAbl “neTa-
fowyio 6n10xy” dpariysa AHpu Munbe, fpy-
WHH NPEeANOXMN ANA CBOEro camonera
MMEHHO cxemy “TaHiem”. PaccyauTs, npa-
BUNLHO N1 BLIGPAHO peLIeHUe, MOT TONLKO
noner. U 23 oktabpa 1936 roga “OkTa6-
peHKa” noAHAN B BO3AYX OAMH U3 U3BECT-
HeWWNX NeTYUKOB-UCTbITATeNel TOTO Bpe-
MeHu — Anekcanap Hykos. A yepes Hepe-
N0 “OkTAGpeHoK” nobeaHo npoxyxokan
CBOMM 27-CUNbHBIM MOTOPOM B Hebe Haj
MAW. Cnopei 0 HeathdekTusHOCTM nopo6-
HOTO “TaHpemMa” CTUxnu camu coboii.
Heckonbko net “Oktabpexok” 6bin
csoero poaa cumsonom MAMW, ero Ha rpyso-
BUKE BO3MNU B COCTAaBe KONOHHbBI MHCTUTY-
Ta BO BpEMA NPa3AHUYHBIX AEMOHCTPALMil
Ha KpacHoii nnouany, a 8 1938 roy oauH
3 €ro noneTos Ha TyWHHCKOM

ca MAW-3 u “lli-Tanpem”) 6awks ctpenka,
KoTopas obecnedunsana 060poHy Bceit 3aj-
Heit nonycgepsl. 0TAMYANCA camoneT U Bbl-
COKOW TEXHONOTUYHOCTbIO, Gnarofaps ko-
TOPO# OH 6bin B KpaTuaillue CPOKU M3ro-
TOBNEH B MacTepckux MAU.

Mepsblit Bbinet “TaHaema-MAU” cocto-
Anca 5 pekabps 1937 ropa, U B Teyeue
cnepylowero roga camoner npowen BCKO
NONOKEHHYIO NPOrPaMMy UCTbITAHWIA, NOA-
TBEPAMB NPU ITOM BbICOKUE XaPaKTEPUCTU-
Ku. ODHEKO UcnbITaTenn OTMETUAKM W paa
HeAoCTaTKoB WTYpMOBUKA-TaHAEMA. Bro-
poit 3k3emnnsp “Tanpema-MAN”, Ha koto-
pom GONLWUHCTBO M3 HEAOCTATKOB NepBoit
MawuHel 6bIN0 yCTpaHeHO W, KpoMe Toro,
npeanonaranock ycTaHoBuTL y6uparowyio-
€l HOCOBYIO CTOIKY Waccu, TaK U He 6bin
NOCTPOEH.

OnbiT, nonyyeHHbIit B X0Ae pabot Hapg
wryp , Gbin BCKOpe Ml

HOM NpasgHyKe Gbin Cneunanbio CHAT s
KMHOXPOHUKM.

Yenex “Okrabpenka” nossonun Mpywm-
HY NPUCTYNUTL K CO3aaHMI0 Goesoro camo-
n1eTa nopo6Ho cxembl. Mo 3amMbicny KOHCT-
PYKTOPa, OH AoMKeH Gbin npeactasnath co-
6010 CKOPOCTHO HEBPOHMPOBaHHBIii WTYpP-
MOBUK. TaKas AEONOruA BRONHE COOTBET-
CTBOBana BpemeHu. B Te rogbl y MHOrmx
BOEHHbIX CNeyManucTos Nonb3oBanack no-
NYNAPHOCTBIO TeopUs 0 GezonacHocTu atak
Ha HasemHble uenu ¢ 60blLoi CKOPOCTbIO,
Ha Manoil BbICOTE, C NUKNUPOBaHUs. Kpome
TaHAGMHOM CXEMbl, OTIMYUTENbHOW OCO-
GEHHOCTBIO rPYWMHCKOrO  WTYpPMOBMKaA
CTana pasMeljeHHan B XBOCTOBO 4acTi
“Tanpema-MAWN” (camoner Take HasbiBan-

Ip NpU CO3AAHUM C ca-
moneta — BB-MAW. Ow npepHasHauancs
ANA UCNONB30BAHMA B KayecTse GHM)KHGFO
6o umen
HYI0 KOHCTPYKLMIO U y6upalowlyioca HoCo-
BYI0 CTOIKY waccy. Yebl, Bb-MAU okasanca
Ha PeKoCTb HeBe3yyuM. 3aTAHyBlwascs
MOCTPOitka NpuBena K TOMy, 4YTO ero nep-
Bblii NONET coCTOANCA Nuwb B Aekabpe
1940 ropa, korna y BBC untepec k atomy
camonery 6bin yTpayeH. Camoro MpywuHa
TOMY BPEMEHW HAa3HAYNUNU MMABHLIM KOHCT-
pyktopom KB XapbkoBckoro asuasa-
80Aa 135, a Kb MAW, suinonussuee B Teve-
HUE HECKONbKMX NeT ponb “nuToMHuka”
GYAyWHX MHKEHEPOB M KOHCTPYKTOPOB,
6bin0 3aKpbITO.

OcHoBHO# 3apaueid, cTosBlWweil nepes

Temp [pywut (cnpasa) oxono camonema “OkmaGpenok”, 1936 2.

Pyotr Grushin (right) beside his Oktyabryonok airplane, 1936

The new assignment had a reverse
side — Grushin virtually disappeared from
sight of aircraft specialists and aviation
experts. The cause entrusted to Grushin

required incredible secrecy. Even his
name became one of the country’s top
secrets and was no longer associated with
progress in science and technology. Till

i KoHCTpyKTOp MN.J. MpywuH

General Designer Pyotr D. Grushin




TpywuHeiM B Xapbkose, 6bin0 obecneyenme
Ha 135-M 3aBope cepuitHOro Bhinycka ca-
monetoB bb-1 — Gyaywux GammHux Gom-

Cy-2. 0, p ero
Hosoe KB B3anock 3a co3panue panbHero
OIHOMECTHOTO MCTpebUTens ConpoBoNaAe-
Hus ANC-135 (Mp-1). AHanorudHele pabotbl
BENMCh TOMA LENbIM PAAOM OpraHu3aLuii,
8 ToM yucne Kb H.H. N u

A.N. MukosHa. bnaropapa npeanoxexHoi
IpywnHbIM hopMe opranu3auuu pabor, Ha-
NoMUHaIoWen NoNynapHLIA MHOMO No3xe
X03pacyer, XapbKOBYaHe OKa3anuch B Yuc-
ne nuaepos. Wx camoner B cepeauHe UIoHA
1941 ropa Gbin roTOB K NEpeoMy nonety.
Ho u3-3a HauasLWeicA BOVHLI ero nepeses-
W ANA UCTILITAHWUIA B NOAMOCKOBHBbIA JleT-

HO-HUCC! Kuit uHcTuTyT (JIUN).

TMemp [pyuwun Ha TyWUHCKOM a3p0dpOME neped noKasamensHeim nonemon “OkmsGpenka”, 1938 2.
Pyotr Grushin at the Tushino aerodrome before demonstration flight of the Oktyabryonok airplane, 1938

Paketb! “®akena”

the late 1980s, all articles about Grushin
published in encyclopedias and diction-
aries had the same ending: further on he
carried out independent and very success-
ful work.

Certainly, Grushin possessed a good
basis for forming his collective. Its back-
bone comprised the missile engineering
experts from the Moscow Engineering

Bureau #1 (it became the main “cus-
tomer” for missiles from Grushin’s Design
Bureau), and the personnel of M.
Bisnovat Special Design Bureau #293 that
had occupied that site in Khimki till
1953. Among the experts who were the
first to develop missiles in the new
design bureau there were many promi-
nent designers, engineers, managers,
such as D. Tomashevich, N. Zyrin,
Ye. Krinetsky, V. Yelagin and G. Bolotov.
There also were such experts as
Ye. Afanasyev, G. Bondzik, whose talent
and abilities began to flourish during
their work in Grushin's bureau. Every
year, young experts who graduated from
the best institutes of our country that
specialized in training missile engineers
came to this top secret organization.
Actually, from its first day, the Special
Design Bureau #2 became very popular
among the graduates being their prior
choice for future work, and only the best
and the most talented ones were invited
to work there. Later on, many young spe-
cialists became colleagues of their
teacher and supervisor. Together with
Pyotr Grushin they devoted themselves to
the chosen path. The future chief design-
er V. Kolyaskin and general designer
V. Svetlov began their missile engineer-
ing career in Grushin's “school”.

The development of the 1D missile for
the mobile S-75 AD missile system of the
Design Bureau #1 became the starting
point for the Special Design Bureau #2.
Later, these missiles became a kind of a
symbol for Grushin’s Design Bureau. The
following factors predetermined the future
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Tam, npu 3anycke OAHOMO U3 €ro MOTOPOB,
camoner Gl NOBPEKACH M €ro NpUWIOCh
3BaKyuposatb Ha Ypan, B Mepmb, Kyaa K T0-
My BpeMeHU yie Gbin nepesefeH Xapbkos-
ckuit asuasason. Ho u 8 Mepmu nogroto-
8uTb [p-1 K NoneTam He yaanoch — B AHBa-
pe 1942 ropa 3asop pacdopmuposani.

HoseiM Ha3Hayenuem lpywuHa crano
KB C.A. JlaBoukuHa, pabotasiee 8 [opb-
Kom. Tam neTom 1942 ropa HauuHany 3any-
cKatb B cepuio uctpebutens Ja-5. 3agava,
nocrasnenHas nepen pywwHbIM Ha 3TOT
pa3, 6bina chopmynupoBaHa no-BOEHHOMY
yetko — obecneyntb CKOpewwmit cepuii-
HbIW BBINYCK 3TMX UcTpebuTeneir. N ywxe
oceHblo 1942 roga nepebie Jla-5 npuHam
yuactue 8 6osx nog Cranunrpagom, a 5 pe-
Kabps 1942 ropa opbKOBCKMit aBuasasog
0TPanopToBan 0 Hayane MaccoBOro Bbinyc-
Ka HOBbIX UcTpebuteneit. Pons MpywuHa B
370l pabore & uioHe 1943 roaa Gbina oTMe-
YyeHa opaeHoM JleHuHa.

Becoil 1943 roga lpywuHa nepesenn
B MoCKBY MaBHbIM MHXeHepoM Ha 381-it
aBUAUMOHHbIV 33BOJL, TAie TalKe Pa3Bopayn-
Banca Buinyck uctpebueneit Jlasoukuna —
Na-7. 3peck no uHuumatmse lpywuHa Ha
uctpebutensix Jla-7 6bin BHeAPeH psij HOB-
WeCTs, 4TO N0O3BOAUNO yBENUYUTH oesyio
3(heKTUBHOCTL 3TUX camonetos: 6bino
YCUNEHO BOOPYXKEHWUE, NPOBEAEHbl paboTbl
no repmeTusayun KabuHb! nunorta, cpena-
Hbl U ipyryue yCcoBepleHCTBOBaHUA.

B nepeble nocnesoeHHble roasl Ha 381-m
3aB0fie Pa3BEPHYNACh NOAFOTOBKA K CEPUiA-
HOMY U3roToBneHuio uctpebutens W-250
(koHcTpykuumn AWM. MukosHa v M.W. Type-
BW{H) W ONbITHBIX 06p33L\DB peaxkTusHoro
uctpebutens Kb C.A. Nlasoukuta — Ja-150.

“OkmaGpenok” 8 MAM, 1940 2.
Oktyabryonok airplane in Moscow Aircraft Institute, 1940

B okta6pe 1946 ropa MpywuH nepewen
Ha paboty 8 MUHUCTEPCTBO aBUALMOHHOM
NPOMBLIWAEHHOCTH, MOTOM TPYAUACA B
CneukomMuTeTe NO PEaKTUBHON TexHuke. B
cenTabpe 1948 roga [pywuH BHOBbL Bep-
Hynca 8 MAW, cTas iekaHoM camoneTocTpo-
UTeNbHOro (hakynsTeTa, a 3aTeM U Npopek-
TOPOM MHCTUTYTA N0 Hay4Ho# paGoTe.

B naTupecaTsie rogbl [pywuHy, scio
KU3Hb MEYTaBUEMY O CO3JAaHUM Camone-
TOB, NPUWAOCH 3aHATLCA AENOM COBEPUIEH-
HO NMPOTUBONONCKHLIM — pa3paboTkoi 3e-
HUTHbIX ynpaBafeMblX paker, npefHasHa-
YABIWUXCA ANA YHUUTOMEHUS CaMONETOB.

[ i KoHCTpykTOp M.J. MpywunH

versatile employment of Grushin’s mis-
siles: maximum efficiency of missiles at
their minimal cost and simplicity in opera-
tion; reasonable amalgamation of the new
and traditional creative ideas; employ-
ment of production technologies on the
basis of the most popular and tested con-
struction materials as well as highly effi-
cient methods of their treatment.

The first AD missile of the Special
Design Bureau #2 was adopted for service
in December, 1957. In a year, its design-
ers received high awards: Grushin was
honored as a Hero of Socialist Labor, the

Special Design Bureau #2 was awarded
the Order of Lenin, and dozens of em-
ployees received orders and medals. On
December 30, 1958, the USSR highest
officials N. Khrushchev and L. Brezhnev
visited the enterprise for the presenta-
tion of awards.

Unlike many other missiles that
“received awards” during those years, the
1D missile and its modifications remained
in service for a long time. The missile’s
first combat launch took place on Octo-
ber 7, 1959, when it downed a high-alti-
tude spy aircraft in the airspace of China.

General Designer Pyotr D. Grushin




Temp loywun, 1940-¢ 2.
Pyotr Grushin, 19405

Bropas MMpOBas BOIHA NPOAEMOHCTPUPO-
Bana OrpoMHyio 6oesyio Moujb aBuaLuu.
Bops6a c camonetamu notpe6osana npu-
MEHEHMA KAYecTBEHHO HOBBIX CPEACTS,
B TOM YUCAE W ynpaBnAeMbix paker. Torga
e pa3sepHyuck paboTel Mo Ux CO3AaHMI0
8 lepmanuy, CLIA, pape apyrux ctpad. Oa-
HaKo nepBble pesynsTarel Gbinu BecbMa
CKPOMHbIMM, @ noToMy [pyliMH oka3sancs
NPaKTUYECKU Y UCTOKOB CO3AAHMA 3TOFO
BMAa 0pyKuA XX Beka — 0AHOTO U3 Hanbo-
nee CNOKHbIX.

B uioHe 1951 ropa lpywuHa HasHaym-
nu nepebiM 3amectutenem C.A. Jlasouku-
Ha. B To spema KB JlaBoukuHa 3aHumMa-

[eNoM: CO3/aBano paKety AnA nepeoit
OTEYEeCTBEHHOM 3eHUTHON PaKeTHON cuc-
Tembi C-25 “BepkyT”, npeHa3Hayaswencsa
ans 06opoHbl Mocksbl. Pabora senach B
Temne, efBa nu He 6onee BbICOKOM, YeMm B
BOEHHbIE roAbl. CranuH, NMYHO nocTaBus-
wuit 3agavy netom 1950 ropa, notpe6o-
san, 4ToGel “paketa ana NBO Gbina cpena-
Ha 3a ron”. Ml paketa nofsunack UMEHHO 8
3TH cpoku. Hayanuce ee ucnwitanus. 0g-
HaKo CO3jaTenam CUCTeMbl ee HaBeaeHUA
v ynpasnexus u3 Kb-1 — ronosHoit opra-
Huszauun C-25 — notpe6oBanoch 3Hayu-
TensHo 6Gonbwe BpemeHu. [Mpobnembl,
BCTaswWwue nepej KB-1, okasanuce Kavecr-
BEHHO WHOrO YpOBHA W ﬂOTpEﬁDBaI\M, no
CyTU fena, CO3[aHuA NpaKTUYecKu HOBOI
0TpacA1 NPOMbIWNEHHOCTH. JTnwb 2 HOAG-
pa 1952 ropa Ha nonurove Kanyctuw Ap
COCTOANCA NepBbIit MYCK 3eHUTHOI pake-
Thi, YNPABARBUIEACSH N0 KOMAHAAM Ha3eM-
HOW CTaHUMM HasefeHus, a 26 anpens
1953 roaa 6bin ocywecTeneH nepebiit ne-
pexsar uenu — Gombapanposuiuka Ty-4.

Csoe oyepefHoe W OKa3asleecs no-
cnepHuM HasHayenve Metp MpywuH nony-
4yun B KoHue 1953 ropa. HoBelM MecTom pa-
6otbl cTano Oco6oe KOHCTpyKTOpCKOe Gio-
po Ne 2 (noawe - MKB “®aken”). [lomx-
HOCTb: MNaBHbIA KOHCTPYKTOP — Ha4yanbHUK
OKB. MecTo, BbiaeneHHoe HOBOW OpraHu3a-
LM Ha OKpauHe NOAMOCKOBHbIX XMMOK, [py-
WwHy 65710 XOPOWO 3HaKoMO. 3aeck ewe A0
BOWHbI netan ero “OktabpeHok”, 3pece u
CaM OH y4unca netarb B aspoknybe MAU.

Y HOBOTO Ha3HayeHun uMenacs U 06o-
POTHAaA CTOPOHA — OTHbIHE OH NPaKTUYeCKn
UCYe3 U3 NONA 3peHns aBUaUUOHHbLIX cne-

As for the first target in the skies of our
country destroyed by the missile (on
November 16, 1959, near Volgograd), it was
one of the American spy balloons flying at
a height of 28 km. However, these episodes
were not so popular as the incident that
took place near Sverdlovsk on May 1, 1960.

Suddenly I heard a sound of indis-
tinct explosion and saw an orange light.
The plane suddenly bent its nose forward
and, as it seemed to me, its wings and tail
unit broke off. Oh my God, my plane was
hit! I do not know in what position my
plane was falling, but the only thing T

could see was the sky, recollected Francis
Powers, the pilot of the American
Lockheed U-2 spy aircraft, describing his
encounter with the missile.

And this is how Pyotr Grushin com-
mented on the incident: Actually, Powers
was lucky. The missile was launched in pur-
suit of his aircraft, not towards it.
Therefore, upon reaching the target it
exploded, and the fragments of its war-
head damaged the plane. But the engine
served as a shield and protected the cock-
pit, which was in the front part of the air-
craft, so the pilot was able to stay alive.

Mlemp Ipywun ¢ ewol Junaudo 3axaposwol Keaaaurol
Pyotr Grushin with his wife Zinaida Z. Zhevagina

NOCb KpaitHe CNOXHbIM U OTBETCTBEHHBIM  LMANUCTOB W 3HAaTOKOB aBuauuy. fleno, no-
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pyyentoe [pywmHy, Tpe6osanc npuHaTUa
WMeHHO TaKux Mep cekpeTHocTu. [laxe ero
MMA CTano OAHUM U3 cambix 6ONbLWMX CeK-
peToB CTPaHbl u Gonee He CBA3LIBANOCH C
ycnexamu ee Haykv v TexHuku. Bnnots ao
KoHua 1980-x uHdopmauus o lpywute B
SHUMKNONEANAX M CNOBApAX 3aKaHuuBa-
Nlack COBaMM O TOM, YTO “Aanee oH pabotan
CaMOCTOATENbHO U € GonblmMm ycnexom”.
Co3pasas konnektus csoero Kb, Ipy-
WHH HAaYMHan, KOHEUHO, He C uenuHsl. Ero
0CHOBY COCTABMIM CMIEUMANMCThI-PAKET M-
Ku u3 Mockosckoro Kb-1, cTaswero ocHoB-
HbiM “33KA34MKOM” PaKET HOBOTO KOHCT-
pyKTOpCKOrO 610po, a Takme PaboTHUKK
OKB-293 M.P. bucHosara, pacnonaraswe-
rOCA Ha 3TOW XUMKUHCKOI TeppUTOpHU A0
3umbl 1953 ropa. Cpeau cneumanucros,
CAenaswux Nepebie War 8 Aene Co3paHNa
paket 8 HoBom KB, Gbino MHOrO yie u3se-
CTHbIX KOHCTPYKTOPOB, MHXEHEPOB, opra-
HU3aTOPOB NPOU3BOACTBA — TaKMX, Kak
A.N. Tomawesuy, H.I. 3bipun, E.W. Kpu-
Heukwit, B.H. Enarun, I.E. Bonotos. Hema-
no 6bino U Takux, kak E.N. AdaHacbes,
I.®. BoHA3MK, bW TanauTel 1 cNOcoBbHOCTH
NOAHOCTBIO PacKpsinuch B pabote 3pecs. U
Ka¥Abilt rOf} B COBEPWEHHO CEKPETHYIO Op-
raHM3auMIo NPUXOAUAM MONOAbIE Cheuna-
ANCTHI, 3aKaHUMBABIIME NYYWINE UHCTUTYTHI
CTpaHbl, rae B Te rofbl BeNach NoAroToBKa
pOB-paKeTynkos. b c
nepsoro gxa pabotel OKB-2 nonyuuno
npuoputet B ux sbibope, no3tomy nonaga-
AW CIOAA NWWb CaMble NyYWwMe U TanaHTM-
Bble. O4eHb MHOTME MONOABIE Creunanuc-
Thl CTaNu CO BPEMEHeM COpaTHUKaMM CBOe-
10 yuutens W pykosoautens. Kak u
M.1L. TpywuH, oHn nonHocTbio oTaaBany cebs

Grushin’s missiles had to encounter
the U-2 aircraft several times - in the air-
space of Cuba, China and Vietnam. As a
rule, the victories were won by the missiles.

In Vietnam they had to encounter
not only the U-2 aircraft. According to
the plans of the transatlantic strategists,
the war that was unleashed there in the
summer of 1964, was supposed to become
one of the triumphs of the American
weapons, the Air Force in particular.
American pilots were designated the task
“to bomb the Vietnamese till they were
back to the Stone Age.” And they were
successfully carrying out that task, at
least until the Soviet AD missiles
appeared in Vietnam. The first duel of the
S-75 missile system with the American
Phantom aircraft on July 24, 1965, start-
ed the unprecedented military competi-
tion. It was the competition that result-
ed in over a thousand downed American
planes, as well as in the consent of
America to give up massive bombings in
Vietnam and start the negotiating
process.

By the end of that war, the new $-125
missile system equipped with missiles
developed by Grushin’s Design Bureau
appeared in Vietnam. Featuring small size
and weight, they were not only adopted for
service with the ground AD units, but also
became one of the basic means of the
ship-based AD systems. Grushin used to
strive for increasing the number of cus-
tomers for his missiles. Developing any
type of missiles he estimated the
possibilities for their employment with
the naval or ground forces. That is why

I reuepqnhﬂhlﬁ KoHcTpykrop M.J. rpyETui

Temp Ipywun u aguayuonHsii KoHcmpykmop Apmem Mukosw, 1968 2.
Pyotr Grushin and aircraft designer Artyom Mikoyan, 1968

General Designer Pyotr D. Grushin

s



nopyyeHHoMy aeny. UMeHHO B rpywmHCKOM
“wKone” HauuHanu CcBOW NyTh B pa-
KeTOCTpoeHUM Byayuinit masHbli KOHCT-
pyktop B.B. Konackux W renepanbHblit
KoHcTpykTop B.T. Ceetnos.

Nepsoit “npo6oit nepa” ana OKB-2 cra-
na paspabotka paketsl 1] ans co3pasas-
weica B Kb-1 nepeaBUKHON 3eHUTHOW pa-
KeTHoW cuctemsl C-75. 3T pakeTsl O Bpe-
MEHeM CTanu CBOero POjja BU3UTHOM Kap-
Toukoit Kb TpywuHa. MakcumansHo Bbico-
Kan HEKTUBHOCTb PakeT Npu UX MUHM-
ManbHo CTOMMOCTM W NPOCTOTE B 3KCNAYa-
Taywy; pasyMHOE COYETaHUE OPUrMHANbHbIX
PewWeHHii C yXKe XOpouwo 3apeKoMeH0Bas-
wuMmu cebs; peannusaums TeXHONOrUi U3ro-
TOBNEHMA C OMOPOIl Ha Haubonee xopoBble,
0CBOEHHbIE KOHCTPYKUWOHHbIE Matepuansl
W BLICOKOMPON3BOANTENbHEIE METORLI X
o6pabotku ~ Bce 370 npeponpeaentno Gy-
AyULYI0 MHOTOTUPAXHOCTL pakeT pywuHa.

Nepsas 3eHutHas pakera OKB-2 6bina
NPUHATA Ha BOOPY)XeHue B lekabpe 1957 ro-
fa. A uepes roj ee co3paTenu NoAy4YUnu
BbICOKME Harpagbl: [pywuHy 6bino npucso-
eHo 3BaHue [epos Coumanuctuyeckoro
Tpyaa, OKB-2 Harpagunn opaeHom JleHuna,
[eCATKU PabOTHUKOB NPeanpUATUA nony-
yunm opaeHa u mepanu. Cneuwansho ans
Bpyyenus Harpaa 30 gekabpa 1958 roaa Ha
npeanpuATHE npuexanu pPyKOBOAMTENH
crpaHbl H.C. Xpyuies u J1.W. BpexHes.

B oTMuMe OT MHOTMX Apyrux paker,
“HarpaxpeHHbIx" B Te rogpl, pakere 1/1 u ee
MmoauduKaumam Gbina yrotoBaHa MHoro-
netHas 6oesas caymba. Ee nepseiit 6oesoi
nyck coctosancs 7 okta6pa 1959 roga — B
HeGe Hap Kutaem et 6bin COUT BBICOTHBIR
camonet-pa3sefuuk. A nepsyio uenb B

Pakersl “®akena”

Tempa pywura ¢ 75-nemuem no3dpasnaem mapwan apmunnepuu flasen Kynewos , 1981 2.
Marshal of Artillery Pavel Kuleshov congratulating Pyotr Grushin on his 75th anniversary, 1981
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Patosee cosewanue, flemp [pywus 8mopoii cresa, 1993 .
Working meeting. Pyotr Grushin is the second on the left, 1993

Hebe cBOeW CTpaHbl pakera HacTurna
16 Hos6psa 1959 ropa okono Bonrorpaga —
€10 0KA3anCA OAMH U3 aMePUKAHCKUX Pa3-
BeAblBaTe/IbHbIX BO3AYWHbIX WAPOB, NeTes-
wni Ha BbicoTe 28 kM. OaHaKo 3Ti 3nu3o-
Abl, NPy BCeV CBOH U3BECTHOCTH, KOHEYHO
HU B KaK0e CpaBHeHue He uayT ¢ cobbiTu-
em, kotopoe npousowno 1 maa 1960 ropa
y Ceepanoscka.

“HeowudanHo A ycabiwan enyxoi
83psI8 U yBuden oparxesoe cusHue. Camo-
Jlem 8Apye HAaKNOHUACA Bneped HOCOM U,
Kaemcs, y He2o OmaOMUnuch Kpelnsa u
xgocmosoe onepenue. [ocnodu, 8 MeHs no-
nanu!.. To4YHO A He 3HAKD, 8 KAKOM NONOXe-
Huu nadan moll camonem, 5 8udesn 80 8peMA
nadexus monbKo Hedo...”, - Tak 06 3ToM
BCTpeYe C paKeToil paccKasbiBan nUAOTU-
posaswui camonet-wnuon “flokxup” U-2
amepuKaHckuit netyuk ®pancuc Mayapc.

A Tak rosopun 06 3Tom cayuyae Metp
[Amutpuesny Mpywun:

- lay3pcy 8 o6uwem-mo nose3sno. Paxe-

- reﬂepanbnhlﬁ Kunc;pymop M.A. Tpywun

ma 6bina nyueHa 830204, a He Hagcmpedy.
Mo3amomy, Ko20a OHa HACMU2AA Uenb U 830-
pBanace, 0CKO/IKU ee 6oesol yacmu nospe-
dunu camonem, Ho dsu2amens, C108HO
wum, 3aCNOHUn KaGuWy nunoma, pasme-
UWeHHYI0 8 HOCOBOU YaCMU MALLUHbI, U fem-
YUK OCMAICA XKUB.

C passeguukamu U-2 rpylimHckum pa-
KETaM NpUWAOCh CTONKHYTLCA ellie He pas —
B Hebe Hap Kyboii, Kutaem, BoetHamom. Mo-
6epa, Kak Npasuno, 0CTaBanack 3a pakeToi.

Ho 8o BberHame UM foBENOCH CTONK-
HyTbCA He TonbKo ¢ U-2. Hauaswasca Tam
netoM 1964 ropa BOWHa, NO 3ambicny 3a-
OKeaHCKUX CTpaTeros, JONKHa Gbina cTath
ouepefHbiM TPUyMOM aMepuKaHCcKoro
OpYXUSA, U Npexae Bcero — asuauuu. Me-
pen aMepuKaHCKUMU neTyukamu Geina no-
cTasfieHa 3ajjaya “B6OMOMTL BbETHAMUEB B
KameHHbIA BeK”. Wl OHa yCnewHo BLINOAHA-
nace, BO BCAKOM CAly4ae, 40 Tex nop, Noka
Ha BbETHAMCKOI 3eMne He NOABUAUCH CO-
BETCKME 3EHWUTHbIe paKeTbl. Yie nepsblit

the history of his missiles includes their
employment in several “hot spots”,
including the countries of the Middle
East, South-East Asia, Africa and Europe.
It was in the airspace of Yugoslavia that
Grushin’s missile destroyed one of the
notorious American F-117A Stealth air-
craft in March, 1999.

Having a great talent of a designer and
engineer Grushin also possessed a unique
intuition. It allowed him to confidently
counter the traditional points of view, to
advance and lead the employees of his own
and some other design bureaus towards the
implementation of original ideas.

Grushin’s achievements in the develop-
ment of missile weapons were constantly

marked with the highest awards. In the
winter of 1966, he was elected a member
of the CPSU Central Committee; in July
1966, he became a Full Member of the
Academy of Sciences of the USSR. Within
those years he turned out to be the only
designer of military equipment who was
promoted to such a high rank. This high
recognition of his personal contribution
gave him considerable advantages, and
Grushin used them for achieving higher
results in his work. His missiles designed
in the 1960s for the S-200 AD system, Osa
self-propelled system and Shtorm and
0sa-M ship-based systems became impor-
tant components of the Army, the Navy
and the Air Defense of the country for

Temp pywun cpedu Kokcmpyxkmopos MKB “axen”, 1993 2.
Pyotr Grushin with the Fakel’s designers, 1993

General Designer Pyotr D. Grushin




noeputok C-75 ¢ amepukanckumm “®anto-
Mamu”, cocTonBwMiAcA 24 uions 1965 roaa,
NONOXMA HAaYaNo HeBUAAHHOMY AOCENe BO-
eHHOMy copeBHoBaHmio. CopesHOBaHuio,
[MaBHLIM PE3YNLTaTOM KOTOPOTO CTany e
TONBKO THICAYM COMTBIX aMEPUKAHCKUX Ca-

Yenexu [pywuHa B CO3AaHNM PaKeTHO-
10 OPYXKMA NOCTOAHHO OTMEYANNC CAMbIMU
BbICOKMMM Harpapamu. 3umoit 1966 ropa
oH 6bin u36paH unerom LK KNCC, 8 nione
TOro e roaa cran akapemukom AH CCCP. B
Te rOflbl OH OKA3aNCA €AMHCTBEHHBIM M3

MOJIETOB, HO U TO, YTO Gbinu
BLIHYK/EHbl OTKA3aTbCA OT MACCUPOBaH-
Hbix 6oMGapAnpoBok BbetHama u cecth 3a
CTON Neperosopos.

K KOHUy TOit BOiiHbI Ha BbETHAMCKOWN
3emnie NOABMACA HOBBII PaKeTHbI/ KOMNNEKC
C-125, TaKiKe OCHAWEHHbIA paKeTamu, co-
3panHbiMin 8 KB TpywuHa. Otanyaswuecs
HeBONbWUMN Pa3MepaMi M Maccoi, OHu
CTanu He TONILKO YaCTbIO Ha3eMHbIX CUCTEM
MBO, HO 1 OAHUM M3 OCHOBHbIX CPE/ACTB KO-
pabenbHoit NPOTUBOBO3AYLWHONA 06OPOHLI.
TpylwmH BCeraa CTpeMUNCS PacimpuTh Kpyr
3aKa3umKkoB cBoux paker. Cospasas niobyio
M3 PaKeT, OH OLEHWBAN BO3MOKHOCTH X
MCNONL30BaHUA Ha kopabaax unm 8 Cyxo-
NyTHBIX BOICKaX. IMEHHO NoaTomy cTonb
HacblujeHHbl Guorpacum ero paket, Koto-
PbiM BCErAa XBatano “ropauux Touyek”: B
Oro-BocTouHoit Asum, Ha BauxHem Bocto-
Ke, B Adpuke unu Espone. MimenHo B Hebe
tOrocnasuu B mapte 1999 roaa pakera lpy-
WWHa NOCTaBUANa TOUKY B CyAbGE OAHOTO U3
NPec/ioByTHIX aMepUKaHCKUX CaMoneTos-
"Hesupnmok” — F-117A.

VMes OrpoMHelil TanaHT KOHCTPYKTOpa
 uHxeHepa, [pywwH obnapan ewe v yHu-
KanbHOR MHTyUyued. OHa nossonana emy
YBEPEHHO WATM NPOTUB YCTAHOBUBWIMXCA
BO33PEHUIA, CMENO ABUTATLCA BMEPEA U Ha-
NpaensTh KONNEKTUB CBOETO (U HE TONbKO
CBOEro) KOHCTPYKTOPCKOro 6iopo Ha pea-
NU3AUMI0 OPUTUHANBHBIX MACH.

Pakerbl “®akena”

pasp: 0B BOEHHOM TEXHUKM, AOCTHI-
WUM CTONb BHICOKOTO 3BaHMs. Bbicokoe
NpU3HaKWe ero NMYHOTO BKAaja [asano
Hemanble NpeuMylecTsa, Kotopsie IpywuH
MaKCUMabHO MCNONb30BAN ANS AOCTUNE-
HUs ycnexos B cBoem aene. Ero pakeTsl Ans
Komnnekcos MBO C-200, camoxosHOro KoM-
nnekca “Oca” u KopabenbHblx KOMNIEKCOB
“IWropm” 1 “Oca-M", cozpaHHbie B 60-x ro-
[ax, B TeYeHue HEeCKONbKUX AECATUNETHiA
6binu BaXHBIMU cocTaenaowumu MBO crpa-
Hbl, ee apMun v droTa. B Te xe roasl pake-
bl [pyWMHa CTaNM YacTbIo CUCTEMbI NPOTH-
BOpaKeTHO# 060poHbl Mocksbl U Mockos-
CKOTO MPOMBIWNEHHOTO paioHa. Wx yHu-
KanbHbie KayecTsa BO MHOTOM npegonpese-
nMnM Hanpaenekus pabot no  copaHuio
HOBOTO MNOKONEHWUSA 3EHUTHBIX PaKeT.

0T HoBOrO NoKoNeHWs paker IpywnHa,
pa3paboTka KOTOpbIX Ha4Yanack BO BTOPOM
nonosuHe 60-x rofos, notpe6osanuce He
npocto Gonee BbICOKME XapaKTEPUCTUKY,
HO W HOBbIE BO3MOXHOCTU. 3Ta pabota, Ha
KOTOPYIO YUINO NOYTH NATHAAUATb NET HKU3-
HM KOHCTPYKTOPa, CTana MOMCTUHE BbICO-
yaiwum B3netom [pywuHa, B 04epefHOR

pas 3ac 3amMepets B U
BECb “paKeTHbI MUp”.
Pakera, nonyuuswas o6o3HaueHue

5B55, npepHa3HaYanacb ANA MCNONb30Ba-
HWA B COCTaBe Ha3eMHbIX ¥ KopaBenbHbix 3e-
HUTHBIX PaKETHbIX CUCTEM HOBOTO MOKone-
Hus, o6beanHeHHbix 0603HadyeHunem C-300.

Nemp Ipywun, 1986 2.
Pyotr Grushin, 1986

several decades. In the same years,
Grushin's missiles became a part of the
ABM system of Moscow and the Moscow
industrial region. Their unique features
have to a large extent predetermined the
main trends of activities in the develop-
ment of AD missiles of the new generation.

There was a strong demand that the
new generation of Grushin’s missiles,
which were under development in the sec-
ond half of the 1960s, had to feature not
only better characteristics, but the new
capabilities as well. This work took almost
fifteen years of Grushin’s life and became
his highest achievement, which amazed

the entire “missile world” once again.

The 5V55 missile was designed for
employment with the ground and ship-
based AD missile systems of the new gen-
eration, designated S-300. Along with the
solution of technical questions, the
development of such missile put forward
the unprecedented requirements con-
cerning the missile maintenance by the
minimum number of personnel and
equipment, depreciation of its in-service
period. Missiles were supposed to become
real “cartridges” for the AD systems in
the true sense of the word — without any
privileges such as scheduled mainte-
nance, special storage conditions, stor-
age temperature and humidity, which
previously had been provided for the mis-
siles regarded as special and complicated
technical items.

Once again, Grushin refused the tradi-
tional approaches and made a brave deci-
sion. By that time, he had already formed
his own “school” - the team of the like-
minded experts possessing unique experi-
ence in missile engineering. The work of
that team could result only in a victory. In
fact, Grushin was not entitled to any other
results.

The missile for the $-300 system has
incorporated the most perspective con-
cepts, technologies of designing and man-
ufacture. Due to this missile, the employ-
ment of modern computers has become
the usual practice in the process of missile
designing. Grushin was very much inter-
ested in the computers and paid constant
attention to them. He used all possible
ways to provide the designers and engi-
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Ee co3panve BbiBeno Ha nepsbiii NnaH He
TONbKO TeXHUYECKME XapaKTePUCTUKM, HO U

paket. Eule OHUM NPUHLUNUANLHO HOBLIM
Hanpasnexvem B pabote “@akena” crano

paHee no ee 06-
CNYKUBaAHUIO MUHUMaNbHONW YMCNEHHOC-
TbIO NepcoHana u Konu4ecTsom 060pyao-
BAHUA, N0 CHUKEHUIO CTOMMOCTU ee Xu3-
HEHHOro yuKna. PakeTbl He TONIbKO Ha cno-
Bax AOMKHbI Gbinn CTaTh “natpoHamu” B co-
cTase Komnnekcos. OHW AOMKHBI Bbinn
CTaTb NaTpoOHaMu B NPAMOM CMbiCNe 3TOrO
cnosa — He Tpebylowmumn ans cebs Huka-
KNX NI6TOT B BUAAE PETIaMEHTHbIX NPOBEPOK,
KOMOPTHbIX YCNIOBUI XpaHEeHUs, TeMnepa-
TYP, BNAXHOCTK, KOTOPbIE Npexae nonara-
JIUCb UM KaK 0C0B0 CROXKHBIM TeXHUYECKUM
U3enuaM.

3peck BHOBL NOTPeGOBaNUCH OTKA3 oT
NPUBLIYHOTO U CMENOCTL B BbiGOpe pelwe-
Huit. Ho K aToMy BpemeHu y IpywnHa yxe
Gbina “wkona” — KOMaHaa eguHOMbILNEH-
HUKOB, BNajfieBIIAA YHUKANbHBIM ONBITOM
pakeTHbix pen. W pesynstatom pa6otel
3T0i KOMaHAbl Morna GbiTh TONbKO NoGe-
na. Ha ppyroit pesynetat MpywuH npasa
He umen.

Paketa gns C-300 Bo6pana & ceba ca-
Mble NepCneKTUBHbIE peWeHUs, TexXHoNo-
MU NPOEKTUPOBAHUA U NPOU3BOACTBA.
WMeHHO C Hee B NpaKTUKY NpoeKkTMpoBa-
HUsA paKeT Bownu cospemenHbie IBM. py-
wuH Gbin ByKBanbHO yBAEYEH UMK, yaenan
WM NOCTOAHHOE BHUMaHue. Bcemu Aocrtyn-
HbIMU N7 Hero cnocoGamm oH o6bIBan He-
06XOAMMBIE NPOEKTUPOBLUMKAM U KOHCT-
pykTopam 3BM, KoTopsle co BpemeHem cTa-
NM OCHOBOW ANA CUCTEM aBTOMATU3MPOBAH-
HOTO MpOEKTUPOBAHUA W NO3BONUAN B

y OW KOMNNEKCHOM CH-

CTeMbl Ha3eMHOW 0TPaboTKK paKer...
3a co3panue paketsi ana C-300 fpy-
wuH B 1981 ropy 6bin BO BTOPOA pas yAo-
croeH 3BaHua lepos Coumanuctuyeckoro
TpyAa. A cBol nocneawiolo Harpagy —
cepbMoit opaeH Jlenuta — Mpywun noayuun

neers with necessary computers that in
the course of time formed the basis for the
automated design systems and enabled
designers “to estimate” thousands
of options of missile development
within the shortest period of time. An
introduction of a unique comprehensive
system of missile ground testing
became another fundamentally new aspect

of the Fakel Engineering Design Bureau
activities...

In 1981, for the development of the
$-300 missile Grushin was honored as a
Hero of Socialist Labor for the second time.
In 1986, for the development of the 9M330
missile he received his last award - his
seventh Order of Lenin. This missile is
employed by the Tor self-propelled missile

|

KpaTyaiwme CPOKM “NpoCcynTbIBaTL” ThiCA-
41 PasNUYHbIX BAPUAHTOB CO3/1aBaABIIMXCH

/o 104020 mexuKa & nOOMOCKOBHIx Xumkax, 1990 2.
House of Young Technicians in the town of Khimki, 1990

- TeHepanbHbiit KoHCTPYKTOP M.J. MPpywuH General Designer Pyotr D. Grushin
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B 1986 rogy 3a co3panue paketsi 9M330.
Wcnonb3youue ee CaMOXOAHBI Komn-
nekc “Top” CyxonyTHbiX BOWCK M Kopa-
6GenbHblit “KnuHOK” M ceropHs He umeror
aHanoros 8 Mupe.

3a cBoto u3Hb MeTp iMutpuesny py-
WHH CAlenan HeBeposTHO MHOTO ANs COXpa-
HeHua GesonacHocT Heba Haweit CTpaHb! U
WeCTUAeCATH APYruX CTpaH mupa. Mo mep-
Kam GypHoro XX Beka pywuH npoxun He-
BEPOATHO AONTYIO XM3Hb — NoyTH 88 net. U
COpOK U3 Hux Bbino oTAaHo “Gakeny”, cTas-
wemy nog ero pykoBOACTBOM OAHOI U3 Be-
AYULMX PAKeTHbIX MPM MUpa.

Llenukom norpyxentbii 8 paboty, oH
BCE e OCTAaBa/CA NPU 3TOM YenoBeKOM
3EMHBIM — C YPE3BLIYAIHO WHPOKMM KpY-
TOM WHTEPECOB, OYEHb HYTKUM W PaHUMBIM,
YMeIolWMM BUAETH BOKPYr Ce6A MuBbIX N0~
peit. imenHo noatomy nocne fpywmHa oc-
Tancs He Tonbko “Paken”. Euje B cepegune
80-x rofj0B BCeil CTpaHe CTan U3BeCTeH He-
OpAvHapHeIi nocTynok pywuHa, KoTopbii
0TAaN HAKOMJEHHbIE MM B TeYeHue He-
CKONbKMX AECATMNeTUI “akapemuyeckue”
cbepexeHns Ha NocTpoitky B Xumkax floma
IOHbIX TEXHUKOB. “Imum 7 omdan daHb C8o-
eMy I0HOWeCKOMY YBAiedeHulo — aBuamode-
JU3MY, U O4eHb XoYy, 4mobbl y MOA0ObIX
XUM4GH NosBuUnoCs GocmoliHoe mecmo 0N
no0o6HbIX 3aHAMUL”, — TaK NPOKOMMEHTH-
posan [pywuH ceoe peweHue. N ceropHs
uMa [pylwnHa HEOTLEMNEMO He TONbKO OT
Ha3BaHUA BO3MABNABLWETOCA UM NPeANpU-
ATUA, Ho 1 oT “MetpogBopua”, Kak Hedop-
ManbHO HapeKNN HUTenu Xumok [lom 1oHbIX
TEXHUKOB B NaMATb O BLIAAIOWEMCA KOHCT-
pyKTOpe M HesaypapHoM yenoseke [erpe
[Limutpuesuye Mpywmne.

system (the Army) and the Klinok ship-
based missile system that still have no
analogs in the world.

Throughout his life Pyotr Grushin made
an incredible contribution to the air pro-
tection of our country and sixty other
countries of the world. Under the standards
of the rough 20th century, Grushin’s life
was incredibly long — almost 88 years. Out
of them, 40 years were given to the Fakel
Engineering Design Bureau that under his
guidance became one of the leading mis-
sile designing enterprises of the world.

Even being entirely absorbed in his
work, Grushin remained a person with
extremely broad interests; he was a very
sensitive and vulnerable person able to
notice the people who surrounded him.
That is why the Fakel Engineering Design
Bureau is not the only enterprise that
remained after Grushin. In the middle of
the 1980s, the whole country became
aware of Grushin’s golden deed - he gave
all his “academic” savings (earned during
several decades) for the construction of
the House of Young Technicians in the
town of Khimki. That was my tribute to the
hobby I had when I was a young man - air-
craft modeling, and I want the youth of the
town of Khimki to have a proper place for
similar activities, Grushin commented on
his decision. Today Grushin’s name is
inseparable not only from the title of his
design bureau, but also from that of the
House of Young Technicians informally
named by the inhabitants of Khimki as
Petrodvorets (Peter’s Palace) in memory of
Pyotr Dmitriyevich Grushin, an outstand-
ing designer and an exceptional person.

Fakel's Niissiles;-




Camoners! Metpa imutpuesunya Mpywmnna Aircraft designed by Pyotr Grushin

JlezKomomopwsil camonem “OKmsGpeno”
Oktyabryonok light-motor airplane

I- TeHepanbHbiit KoHcTpykTOp M1.[. Tpywiuu General Designer Pyotr D. Grushim
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Camonem-wimypwosux “Il-manden”
Sh-Tandem attack aircraft

Pexopdreii camonem “Cmans-MAN"

Stal-MAI record-breaking aircraft

Paketbl “®akena” - Fakel's Missim




Janshui ucmpeGumens conposoxdenu “Ip-1"

-1 long-range escort fighter

Buxnuil Gombapduposuiu B6-MAU
BB-MAI short-range bomber

- TeHepanbHblit KoHcTpykTOp M.J. FpywnH General Designer Pyotr D. Grushin m




XapaKTepuCTMKM CaMoneToB, pa3paboTaHHbIX € y4acTuem 1 nof pykosoacteom M.Ji. fpywuHa

Aircraft Designed with Participation and Under Supervision of Pyotr D. Grushin (Basic Characteristics)

Hassanne Aircraft [ camonera, Paswax kpsinbes, u | Mownocts aewrarens, kBT | Banerwan wacca, kr CropocTs nonera, kw/4 |  Banswocts noners, km
Overall length, m Wing span, m Engine power, kW Takeoff weight, kg Flight speed, km/h Max flight range, km
Cranb-MAN Stal-MAI 11.3 18.0 610 320 no/up to 5000
OKTABpeHOK Oktyabryonok 6.0 4.12 33 400 115 340
LW-TaHgem Sh-Tandem 8.5 11.0 685 3150 448
Bb-MAU BB-MAI 10.0 9.6 770 3500 550 500
p-1 Gr-1 11.8 16.8 2x1030 7700 645

Modenu camonemos: U-mandem, 65-MAM, Ip-1
Models of aircraft: Sh-Tandem, BB-MAL Gr-1

Paketbl “®akena”
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MKB “®aken”: nonseka
Ha nepeaoBbIx py6exax

Fakel Engineering Design
Bureau: At the Front Line
for Half a Century




o3panHoe nonseka Hasaa MKB “®a-
Ken” ¢ camoro Hayana Gbino copueH-
TMPOBAHO Ha CO3AaHMe PA3NUuHbIX
BUJ0B PAKETHON TEXHUKM W, B NEPBYIO
oyepenb, 3eHUTHbIX NAEMbIX paKer.

CA 3KCNEPUMEHTaMK, HaYYHBIMU W KOHCT-
PYKTOPCKMMU MCCRefoBaHuaMY, Gepet Ha
cebs ponb NuAepa BO MHOTMX HanpaseHy-
AX Pa3BUTMA paKkeTHON TexHuku. Pabotas B
C KOHCTPYKTOPCKMMHU Glopo 1

Bce 3T roAbl NPeAnpUATUE BeAeT UHTeH-
CUBHBII NOMCK HOBBIX PeleHNit, 3aHMaeT-

NPeAnpUATUAMK, NPOU3BOAALMMA PaAHO-
NIOKUMOHHYIO TEXHUKY U CHCTEMbl ynpas-

MawuocmpoumensHoe KoHcmpyKkmopckoe 610po “®aken”, nasHoe 30aHue

Fakel Engineering Design Bureau, main building

Paketbl “®akena”

rom the moment it was set up half a
century ago, the Fakel Engineering
Design Bureau was oriented at the
development of versatile missiles and
rocketry, primarily the air defense guided
missiles. Within all these years, the enter-
prise has intensively been working at the

new design concepts, carrying out experi-
ments, R&D work, playing a leading part in
many spheres of the missiles and rocketry
development. Working in close cooperation
with design offices and enterprises that
produce radar equipment and control sys-
tems, the Fakel Engineering Design Bureau
has created several generations of AD mis-
sile systems recognized all over the world as
the best ones in this field.

Currently, Fakel is a unique enterprise
because it amalgamates such spheres as
design, development of special technolo-
gies, manufacture and testing, which
allows the enterprise to create missiles
and provide their full-scale testing fol-
lowed by the series manufacture at mini-
mum costs within the shortest period.

Solving the most complicated scien-
tific and technical problems of AD missile
systems design became possible due to
the successful work of highly skilled per-
sonnel of the Fakel Engineering Design
Bureau. The basis of the enterprise’s via-
bility was formed at the initial stage of its
activities. At that very time, the head of
the enterprise Pyotr Dmitriyevich Grushin
began to carry out an effective personnel
policy, which allowed him to unite quali-
fied experts within the structure of his
enterprise: missile specialists from Design
Bureau #1, experts from the Experimental
Aircraft Plant #293 and young experts,
who graduated from the Moscow higher
schools — Bauman Moscow State Technical
University, Moscow Aviation Institute and
a number of others.

The combination of experience, tradi-
tions of aircraft design offices and modern

Fakel’s Missiles 7-




nexus, MKB “®aken” cospano Heckonbko

NOKONEHNA 3EHUTHBIX PaKETHBIX CPeACTS,

NPU3HAHHBIX BO BCEM MUpe B KauecTse

nyuswmnx 06pasyos.
H

CTb
TUA 3aKNI04ATCsA B TOM, 4TO 3/1€Ch B Opra-

cp c ToB :
— K [OCTXEHWIO MaKCHMANbHO BbICO-
KOW 3HEKTUBHOCTU PaKeT Npu MX MUHMU-
MankHOI CTOUMOCTU M NPOCTOTe B IKCNNY-
aTauuu;
— K MaKCMManbHo BO3MOXHOMY yAOB/e-

HUYECKOM C A KOHCT-
PYKTOpPCKOE, CneuuanbHoe TexHonoruyec-

= K PasyMHOMY COYETaHMi0 OpUruHanb-

KO, NPOM3BOACTBEHHOE U MCNbI

310 paer Tb CO-
3AaBaTb paKeThl M obecnieynsars UXx KoM-
nAeKcHylo 0TpaboTky U nocneaylouee ce-
PUHOE WM3TOTOBAGHUE C MUHMMANbHBIMU
(bMHAHCOBbIMM 3aTpaTamu W B KpaTyailme
CpoKu.

HbIX KOHC W TeXHONOTMYeCKUX
PeweHuii ¢ yxe oTpabotaHHbIMM.
Cneposanve 3tomy cTunio npeanona-
rano He NpocTo McnonHeHue Tpe6osakuii
TEXHUYECKOrO 3alaHua, a (opMUpoBaHUe
KOHUENUMIt W HanpasneHuii Co3panuA
COBEPIIEHCTBOBAHUSA PAKETHOR TEXHUKM Ha

Pewenue c HY
Yeckux npobnem 3eHUTHOI paKeTNOM Tex-
HUKM CTaN0 BOIMOXHbIM Gnaropaps ycnew-
Ho¥i pabote BbiCOKOKBaNNDUUMPOBAHHOTO
Konnektuea cneynanucros MKE “Daken”.
OcHoBbl ero xu3HecnocobHocTH Gbinm 3a-
NIOKeHb! ele Ha HauanbHoM 3Tane ges-
TELHOCTM  KOHCTPYKTOPCKOro  610po.
WmenHo Toraa ero pykosoautens — Merp
Amutpuesuy MpywmH cran nposoauTs at-
(eKTUBHYIO KaapoBylD NOAWTHMKY, NO38O-

0CHOBE nOC u Bcectop
M3y4YeHUR OTEYECTBEHHOTO M MMPOBOTO
ONbiTa PaKETOCTPORHMUS, €r0 PALUOHANLHO-
O y4era M NpeABOCXUUEHUR TeHAeHUMi
UCNONb30BAHMA B CO3AABACMBIX KOHCTPYK-
UMAX paKeT Haubonee NepCNeKTMBHLIX pe-
weHmiA. Mpu 3tom cneynanucros “Dakena”
BCErAa OTINYANU CaMOBLITHOCT, HETpaau-
UMOHHbIE MOAXOALI K PEUEHMIO CNOKHBIX
KOHCTPYKTOPCKUX 3apay, NPUBEPKEHHOCTb
K NPUHATIO CMENbIX M HOBATOPCKWX pelue-

NuBLLYI0 06 B COCTaBe
™a T08-
pakeryuKkos u3 Kb-1, paﬁornuuos ONBITHO-
o aBMauMoHHOro 3asopa N 293 u mMo-

HWiA, np Tb ¥ 060c T

NpY CO3AaHMM KAXN/IOTO 3neMeHTa paKerT.
Mepssie rogsi npeanpusTHe B OCHOB-

HOM 3aHUMAnoCh CO3JAHUEM 3EHUTHBIX

NOAbIX CNeUUanucTos, Moc-
KoBCKue By3bl — MBTY, MAU, MIY, MUOU u
PAA APYrUX.

Cnnas u3 onbiTa, Tpanuumit camonero-
CTPOMTENIbHBIX KOHCTPYKTOPCKUX GIopo ¥
COBPEMEHHBIX 3HaHWil B Cdepe paketo-
CTPOEHUS Aan KONNEKTMBY BO3MOXKHOCTb
co3pate dupmenHblit cTunb MKB “Gaken”,
BaXHeliWwei 0CO6EHHOCTBIO KOTOPOTO CTaNo

p paket ana soitck MBO crpa-
Hbl M 3BUALMOHHBIX YNPaBAAEMbIX paKeT
Knacca “so3fyx-803ayx”. B pansHeitwem
PaboTl N0 aBMAUMOHHBIM paKeTam Gbinn
3HAUNTENbHO COKpaWeHbl, W HanpoTus,
OHM WHPOKO Pa3BepHYIMCL NO pakeTam
ANA 3EHUTHBIX KoMnnekcos Bowck [BO,
Boiick MBO CyxonyTHbix Boick, kopabens-
Hbix cpeacts B0, a Takxe ans cucrem

in the sphere of missile engi-
neering allowed the personnel to create
the enterprise style of the Fakel Engineer-
ing Design Bureau. Its main feature is the
aspiration of the personnel for:

- achievement of maximum efficiency
of missiles at their minimal cost and sim-
plicity in operation;

~ maximum compliance with the cus-
tomer's requests;

- reasonable combination of the
newest design and technological decisions
with those previously elaborated.

This style featured not merely follow-
ing the requirements of the request for pro-
posal, but forming the concepts and direc-
tions in building and modernizing the mis-
siles and rocketry on the basis of perma-
nent and comprehensive investigation of
the domestic and world experience in mis-
sile engineering, the rational consideration
of this experience and anticipation of new
trends, application of the most perspective
concepts when designing the new types of
missiles. At the same time, the Fakel experts
were noted for their original nontraditional
approaches to solving complex design
tasks, for their courageous and innovative
decisions, as well as for reasonable and

attitude to the developi
of each element of the missile.

During the first years of its existence,
the Fakel Engineering Design Bureau was
mainly engaged in the development of AD
missiles for our country’s Air Defense
Forces and the air-to-air guided missiles.
Later on, the works on the air-to-air mis-
siles were considerably reduced, and the
Fakel specialists focused on the develop-

ment of missiles for AD missile systems of
the domestic Air Defense Forces, for the
Army AD units, for ship-based AD systems
as well as for the ABM systems. Significant
increase of the enterprise’s activity
required the expansion of its structure.
That is why in the 1960s, the branch
design offices were set up at series pro-
duction plants in Moscow and Kirov, and
technological, manufacturing and testing
services were developed at a high rate.

All these facts made for the develop-
ment of an original design school at the
enterprise that had not been typical for
the domestic missile engineering. The
basic purpose of this school was the devel-
opment of missiles surpassing the existing
world analogs.

The characteristic features of this
school include:

- systemic approach, which means that
every missile is developed as a part of a
missile system; in this connection, maxi-
mum attention is paid to the requirements
of the specialists who are developing the
missile system. With this aim, the specific
features of the future system are thor-
oughly studied and close coordination
with the missile system engineers takes
place at all stages;

~ development of missiles at the high-
est scientific and technological level that is
achieved through the forestalling research
works associated with solving both the
fundamental and the secondary questions.
In this respect, the advanced achievements
in missile engineering are studied and put
into practice, and constant cooperation
with the organizations representing

‘ MKB “®aken”: Ha nep
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NpPOTUBOPAKETHO! 06OPOHBI. 3HauuTenb-
HOe pacwupeHue Manpaaneﬂuﬁ AeATens-
HOCTW NpeanpuaTUa notpe6osano pacuwm-
PEHUs ero CTPyKTyphl. Bot nouemy 8
1960-x rofax 611 06pa3zoBaHbl KOHCTPYK-
Topckue Gilopo-dunuansl, 6asmposasime-
CA Ha cepuitHbix 3aBoaax 8 Mockee u Kupo-
B€, MOWHOE pa3BUTHe NONYYUNU TEXHONO-
rM4YecKkue, NpoM3BOACTBEHHbIE M MCNbITa-
TeNbHble Cﬂy)KﬁblA
Bce 310 obycnosuno ¢opi

~ 0coboe BHUMaHUE yAeNSeTCA NPOCTO-
Te 1 ypo6CTBy 06CNYKUBAHUA PaKeT B BOW-
ckax. C 310i uenbio opMuUpylTCA COOT-
BeTCTBYIOWMHE Tpeﬁoaanun K cucrtemam
KOHTPONA, K MAKCUManbHO BO3MOXHOW Ha-
DeXHOCTH, K pa3paboTke MeToAMK GbiCTpo-
r0 YCTPaHEHUs HeMCnpasHoCTeit. B KoHey-
HOM CyeTe NOAOGHBI NOAXOA N03BOAMA
CchopMUPOBaTL M PEaNM308aTh Ha NPeANpU-
ATUM KOHLENUMIO AOCTUKEHUS FapaHTUPO-

Ha NPeAnpuATMM paHee He CBOWCTBEHHOM
OTEYECTBEHHOM MPOMBIWNGHHOCTH KOHCT-
PYKTOPCKO#A WKOAbI, OCHOBHOM Lenbio Ko-
TOPO# 66110 CO3AaHUE paKeT, NPeBoCXoAA-
WUX N0 CBOMM KayecTsam A8

BAHHOM TH PaKeTHON TeXHUKM;

~ CO3AaHMe KONNEKTMBA efUHOMbIl-
NeHHUKOB, COCTOAWEro U3 BeICOKONpodec-
CUOHANbHbLIX U OTBETCTBEHHbLIX Cneynanmnc-
TOB, OPraHu3auna ux ApYKHOM U ueneycr-

MUpe aHanoru.

K 0co6eHHOCTAM 3TOif WKONbI OTHOCATCA:

— CUCTEMHbIIA MOAXOA, NPU KOTOPOM
KaMpan paketa paspabaTbiBaeTca Kak eau-
HOE Lesioe C KOMMNIEKCOM PaKeTHOro Opy-
HUR, NPUYEM NIPU ITOM MAKCHMANLHO YuM-
THIBAIOTCA TPe6OBaHMA Co3aaTeneil KoM-
nnexca. C 370/ yenbio BeAeTCA camMoe Tuja-
TeNbHoe U3yueHHe ocobenHoCTeil byayuiero
KOMNAeKca, Ha BCex 3Tanax ocyujecr-
BNSETCA TECHOe B3auMOjeNcTBMe C ero
paspa6oTumkamu;

— BbINOAHEHWe Pa3paboTku paKeTsl Ha
CaMoOM  BLICOKOM Hay4YHO-TeXHU4YECKOM
YPOBHE, 4TO [OCTUraeTCcs nposeeHuemM

Y4HO-UCC KX
paboT, CBA3aHHBIX C PeWeHUEM KaK NpuH-
UMUNUANbHbBIX, TAK U YaCTHBIX BONPOCOB. an
3TOM He TONbKO U3Y4AIOTCA U peanusyloTca
Haubonee nepeaosbie AOCTUKEHUA PaKeTo-
CTPOEHMA, HO U BEieTCA NOCTOAHHARA COBMEe-
CTHas paﬁura C OpraHu3auuamMm U3 pasnuy-
HbIX OTPAC/EH HayKU U NPOMbIWNEHHOCTH;

“ Paketsl “®akena”

p i pabotbl, i TONbKO
Ha focTuxieHue Tpebyemoro pesynbrara;
- o K TeNAM

Cmapm nepeod sexumnodi paxems: MK6 “Gaken”
Launch of Fakels first AD missile

various scientific and industrial branches
is simultaneously exercised;

- special attention is paid to ensuring
simple and convenient maintenance of the
missiles. With this purpose, certain require-
ments are elaborated towards the monitor-
ing systems, maximum reliability and tech-
niques of quick correction of malfunctions.
Such approach has finally enabled the
enterprise experts to develop and put into
practice the concept of achieving the guar-
anteed reliability of missile systems;

- setting up the collective of like-
minded colleagues including highly pro-
fessional and responsible experts; the
arrangement of their concerted and pur-
poseful activity aimed at the achit

- exacting attitude to managers and
executors of all levels, development and
support of their reasonable initiatives.

This school of the Fakel Engineering
Design Bureau was founded and further
developed by the head of the enterprise
Pyotr D. Grushin; by the talented scientists
and product engineers D. Tomashevich,
N. Zyrin, Ye. Krinetsky, V. Yelagin, G. Bolo-
tov. There also were such experts as
1. Arkhangelsky, Ye. Afanasyev, B. Baldin,
G. Bondzik, A. Dvoretsky, V. Zhestkov,
G. Gnesin, A. Guzikov, N. Guzikov, F. Izmai-
lov, V. Isaev, Ye. Iofinov, I. Karamyshev,
A. Karaulov, V. Kolyaskin, B. Korablev,
V.Sem. Kotov, V.Serg. Kotov, V. Krapivin,

K il

of the required result;

Yu. K ich, Yu.
A. Kruglov, N. Kulagin, N. Kurbatov, F. Ku-
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W UCNONHUTENAM BCeX YPOBHeH, passutue
¥ NOAAEPIKKA UX Pa3yMHOR MHULMATUBI.
Y MCTOKOB CO3AAHMA M BCECTOPOHHETO
pasBuTUA Ha “Dakene” TOM WKONbI CTOANM
pyKosoauTens npeanpuatua Metp AMutpu-
eBuY [pywnH, U3BeCTHble YYeHble, KOH-
CTPYKTOPbI, WHXKEHEPLl W OpraHu3atopsl
NpOU3BOACTBA, Takue, Kak [1./1. Tomawesny,
H.T. 3bipun, E.N. Kpuseukui, B.H. Enaru,
I.E. BonoOTOB, a TaKKe Te, YoM TanaHTbl U
CNOCOGHOCTM MONHOCTLIO PAaCKPLINUCH B
pa6ote Ha “®akene” - W.W. ApxaHrens-
ckuit, E.M. Adanacwes, B.M. bangu,
I.®. bonasuk, P.b. Baunukos, B.I. Bacer-
yeHkos, [LJ1. THecun, A.M. lysukos, H.J. Ty-
3ukos, A.C. [lsopeukuit, B.A. Yectkos,
.9, U3maiinos, B.MN. Ucaes, E.C. NoduHos,
W.A. Kapambiwes, A.B. Kapaynos, B.B. Ko-
nackuy, b.A. Kopabnes, B. Cem. Kortos,
B. Cepr. Kotos, B.K. Kpanusu, 10.9. Kpa-
caHTosuy, 10.B. Kpecrewnukos, A.M. Kpyr-
nos, H.T. Kynarun, H.I. Kyp6aros, 9.C. Ky-
newos, B.O. Kynewos, M.A. Jlo6omyapos,
B.B. Manuesny, B.fl. Muspoxu, M.H. Mopo-
308, B.H. O3epunun, A.B. Mennxosckui,
6.A. Nynkos, N.E. Cadporos, B.I. Cser-
nos, A.W. Ceprees, B.E. Cno6opa, A.M. Co-
Gecckuit, I.A. Cranesckui, H.W. Crenakos,
B.A. Cronspos, [I.I. Tetepun, B.W. Ywakos,
0.M. Xumanbiy, C.I. Xutenkos, H.I. Wep-
criok, A.T. Winanak u MHorue, MHOTUe Apy-
rme. Bnamnapn Ux camoor "

Mysedi MKB “Oaken”
Fakel’s Museum

CKas M AMHAMMYECKAA NPOYHOCTb nera-
TeNbHbIX annaparos, NPUKNAAHas MaTema-

NOABUKHNYECKOMY TPYAY, CETOAHA MOXKHO
yBEpeHHO YTBEPIKAATS, 4TO pe3ynbrarsi, no-
NyYeHHble B XOAe CaMOBLITHBIX U OpUri-
HanbHbIX UCCNEA0BAHMIA B TaKuX 06nacTax,
Kak nonera, aspora:

6annuctuka, 3pdekTBHOCTb, GopTOBLIE
CUCTeMbl yNPABAEHUS U NPUBOALI, CTaTHYe-

KA W C nporp
cneyuanbHuie MaTepuansi, HaseMHas oTpa-
60TKa neTatenbHbIX anNnaparos, HaXOAATCH
He TONbKO Ha YPOBHE MMPOBBLIX AOCTHXE-
HHiA, HO M NPEBOCXOAAT UX NO MHOTUM Na-
paMeTpam U KpUTEpUAM.

Teopueckuit nouck cneuuanuctos MKB
“®aken” no pagy Hanpasnexui npuobperan

Py

leshov, V. Kuleshov, 0. Khimanytch, S. Khi-
tenkov, M. Lyubomudrov, V.Mantcevich,
V. Mizrokhi, P. Morozov, V. Ozerinin, A. Pe-
lihovsky, B. Pupkov, P. Safronov, V. Svetlov,
A. Sergeev, V. Sloboda, A. Sobessky,
G. Stanevsky, N. Stepanov, V. Stolyarov,
N. Sherstyuk, A. Schlapak, D. Teterin,
V. Ushakov, R. Vannikov, V. Vasetchenkov,
whose talent and abilities began to flour-
ish during their work in Grushin’s bureau.

Due to their self-sacrifice and selfless
work, today we may confidently state that
the results received during the original
research work in such areas as flight
dynamics, aerogasdynamics, ballistics,
operational efficiency, onboard control
systems and drives, static and dynamic
strength of aircraft, applied mathematics
and special-purpose programming, special
materials and ground tests of aircraft are

Fakel: At the Front Line for Half a Century ".




xapakrep nupepcrea. Tak, 8 06nactv auHa-

~ KOHCTPYKUMOHHbIE pewenus, obec-

MWKM noneta — 370 nepc

UMbl HABEIEHUA Ha LeNb U yNpaBneHus no-
NIETOM 3eHUTHBIX paKeT. B asporasopuHamu-
Ke — pa3BUTHe OCTUKEHMIA OTEYECTBEHHON

¥ MUPOBOIA Hayku B Chepe

yi0 3heKTUBHOCTL
AeACTBUA a3POAMHAMUYECKUX pyneit pa-
KeTbl NPU Pa3NU4HbIX BHICOTAX M CKOPO-
CTAX € NofeTa — MexaHu3Ma U3MeHeHus

W opur

Yeckux cxeM. B Gannuctuke — peannsauma
OpUriHanbHbIX TpaekTopuil noneta. B asu-
rateectpoeHun — NpUMeHeHue paKeTHo-
NPAMOTONHBIX BUraTeNeil ANA 3eHUTHbIX
paKet, CUCTEM “XONIOAHOT0” BEPTUKANLHOMO
| cTapra. B npou3soACTBe PaKeTHOI TeXHUKM
| W MaTepuanoBeaeHiny — NpUMEHeHHe TexHo-
NOTWi, PACCYUTAHHBIX HA KPYNHOCEpHAHOE
W MaccoBoe NPOM3BOACTBO PaKeT, CO3AaHue

| "

p
TeXHONOr it ux 06paboTKU.

B MKb "maxen snepebie Guinm npume-

HeHbl

0 uucna, Mexa-
HU3MOB U Pa3pe3HbiX a3POANHAMUYECKUX

pyneit;
-a Kue ™,
packpbiBaemble N0OCAe CTapTa pakersl, 4To
ra6a-

not just on a par with the world achieve-
ments, but surpass them by many parame-
ters and criteria.

Due to the creative research of its
experts, the Fakel Engineering Design
Bureau began to become a leader in a
number of spheres. For instance, in the
field of flight dynamics, we should men-
tion the perspective principles of target-
ing and flight control of AD missiles. In

ics, it is the d of

PHTBI paKeT B npoyecce P XpaHeHus U Ha-
XOKACHHA Ha NYCKOBO# YeTaHoBKe;

~ a3poAnHaMUYeckylo cxeMy “yTka” co
cB060AHO

domestic and world science achievements
in application of traditional and original
aerodynamic schemes. In ballistics, it is

610KOM, 4TO [an0 BO3MOKHOCTb 3HAY-
TENbHO YMEHbWUTL napa-

the i ion of nontraditional fly-
ing paths. In engine building, it is the

3UTHBIE MOMEHTbI OT a3IPOAMHAMUYECKUX
CHA, @ TAKKe YMEHBWHUTL Maccy CUCTeMbl

CTHOTO aHanu3a v ONTUMM3AUNM XapaKTe-
PUCTMK pa3pabaTbiBaeMbix paker, YTo no3-
BOAUNO 06ECNEUUTH CO3AAHUE MAKCHManb-
HO IQMEKTUBHLIX CUCTEM NPU MUHUMANb-
HbIX 3aTpaTax. B pesynerate, Kk cepepue
1970-x roA0B CTano BO3MOXHBIM BHeppe-
HUe Ha NPEANpUSTAM CUCTEMbI aBTOMATH-
3UPOBAHHOrO NPOEKTUPOBAHMSA
ofecneunslueii 3HauuTeNbHOe yCKOpeHve

3Tux pabor.

MKB “®aken” nepsbiM BHepUNO:

— NPUHUUNB YHUDUKALUM PaKeT, N03B0-
NUBLIME WCNONB3OBATL YHUDUUNPOBAHHBIE
PaKeTbl B CMCTEMAX W KOMnaekcax opyXusa
MBO pa3nu4Hbix BUAOB BOOPYIKEHHBIX CUA;

- G paker ¢
PaAMONOKALUMOHHOW NONYAKTUBHOM roN0-

npy ¢ ee 3pdex-

THBHOCTH;

~ XpaHeHWe paKeT B TPaHCMOPTHO-NyC-
KOBbIX KOHTEifHepax, B KOTOPbIX NPOXOAUT
BECh UMKA UX CYUECTBOBAHMA — OT COOPKN
Ha 3aBoie 10 NycKa;

~ NpPUMEHEHWE Pa3NUuHbIX BUAOB “X0-
NOAHOTO” BEPTUKANLHOTO CTapTa paKersi
3 TPaHCMOPTHO-NYCKOBOTO KOHTeliHepa;

~ CUCTEMbI ra30AUHAMUYECKOrO ynpas-
NeHusi: ra3osbix pyneit-31epoHos, raso-
CTpyiiHBIX CUCTEM, KOTOPbIE 0BecneynsaioT
6bICTDbI/ BLIBOA PAKET Ha TPAEKTOPHIO NO-
NeTa K UeNM U AOCTHKEHHE MUHUMANbHOR
6AMKHER rPaHULILI 30HBI NOPAKEHNS;

~ NPUHUUN rapaHTUPOBAHHOW HapeK-
HOCTH PaKeT, 40 06ecneunno 3TM TexHu-
YECKN CNOXKHBIM BMAAM OPYXUA NPOAON-

BKM, 4TO v
HOCTb AeHCTBUA paKeT;

rapaHTHitHbie CpoKM ux Gec-
poBep! 7 BOACKOBOW 3KC

of ramjet motors for AD mis-
siles and cold vertical launch systems. In
the spheres of missiles manufacture and
science of materials, it is the application
of technologies designed for large-scale
and series production of missiles, develop-
ment and application of unique materials
and technologies for their processing.

The Fakel Engineering Design Bureau
became the first enterprise to use the
principles of the function and cost analy-
sis and optimization of characteristics of
the developed missiles. It allowed the
enterprise to develop highly efficient mis-
sile systems at minimum costs. As a result,
by the mid-1970s, it became possible to
introduce the missiles’ automated design
system that resulted in significant accel-
eration of the design process at the enter-
prise.

The Fakel Engineering Design Bureau
was the first to introduce:

- principles of the missiles unification

that has made it possible to employ the uni-
fied missiles in AD weapon systems of vari-
ous armed services of the Armed Forces;

— homing of missiles with the use of
semiactive radar homing head that has
considerably increased the range of the
missiles;

~ missile design specifications provid-
ing required efficiency of the missile aero-
dynamic control surfaces at different alti-
tudes and speeds, i.e. the gear ratio con-
trol mechanism, spring mechanisms and
split aerodynamic control surfaces;

~ aerodynamic control surfaces unfold-
ed after launch that allowed considerable
reduction of missiles” dimensions during
storage and when fixed on a launcher;

- canard aerodynamic configuration
with free-rotating wing unit that result-
ed in considerable reduction of para-
sitic moments from the aerodynamic
forces, as well as in weight reduction of
the system control unit while retaining
its efficiency;

- missile storage in transporting-
launching containers where the missile’s
complete cycle takes place - from its
assembly at a plant to the launch;

- different types of cold vertical launch
from the transporting-launching container;

- gas-dynamic control system: gas
vanes (ailerons), jet systems that quickly
put the missile to a guidance path and
ensure reaching the nearest range of the
effective area;

- principle of guaranteed reliability of
missiles that provided this sophisticated
type of weapons with long periods of gua-
ranteed service life without maintenance.

Fakel's Missiles -




3eHuTHbIE paKeTbl
Aans soick MNBO
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Kb “®aken” (OKb-2) obpasosako &
cootsercTeumM C MMocTaHoBneHUEM
Coseta Munucrpoe CCCP ot 20 Hos-
6ps 1953 roga Ne 2838-1201 “O co-
3paHumn nepenavl»(uoﬁ CUCTEMbl 3@HUTHOrO
YNPaBAAEMOro PakeTHOrO OPYXUA AN
6opbbbl C aBuayuen npotusHmuka” (“Cucre-
Mbi-75"). IMEHHO 3TUM LOKYMEHTOM Ha No-
crepyiome fecaTUneTMA 6bino onpeaene-

3EHUTHbIX paKeTHbiX cpeacts ans MBO
ctpaHbl, MKB “®aken” TecHo B3aumopeicr-
Bosano ¢ Kb-1 (Kb “Crpena” — LKB “An-
Ma3” — HNO “Anma3s” um. A. Pacnnetuna),

he Fakel Engineering Design Bureau
was set up in compliance with
Resolution #2838-1201 of the
Council of Ministers of the USSR of

cTaswero pasp: cuc-
Tem MBO.

Pakera 1/1 pns “Cuctemsi-75” ctana
CBOEr0 POA3 BU3UTHOW  KApPTOYKOWM
MKBE “®aken”. Ecnu ycnexy B CO3AaHuM
6

HO MecTo TUA KaK T pas-
PaboTuMKa 3eHUTHBIX YNPABAREMBIX PaKeT
Ans soick NBO.

B npouecce pabotei Hap “Cucremoit-75",
a TakKe M B JanbHeRleM, NPy CO3AaHMM

Paxema 1/] wa nonuzone, anpens 1955 2.
10 missile at a firing range, April 1955

“ ~ Pakertn “®akena”

T8a cUCTeMbl Cnoco6-
CTBOBANO WHPOKOE MCMONb30BAHHE MHO-
TUX TEXHUYECKUX PelleHHil, paHee oTpabo-
TaHHbIX Ha cucteme C-25, T Ans TOro, 4T~
61 cosparb pakery 1/1, 8 MKB “®aken” 6bin

20, 1953, On the Development of
a Mobile Surface-to-Air Guided Weapons
System Intended for Combating Enemy
Aircraft (Sistema-75). It was this docu-
ment that determined the role of the
Design Bureau as the leading designer of
surface-to-air missiles for the national AD
Forces for decades to come.

In the process of working on Siste-
ma-75, as well as in the course of develop-

ing other AD missile weapons for the
national AD Forces, the Fakel Bureau
worked in close cooperation with the
Design Bureau #1 (Strela Design Bureau —
Almaz Central Design Bureau - Almaz
Research and Production Association
named after A. Raspletin,) which has
become the leading designer of AD sys-
tems.

The 1D missile intended for the
Sistema-75 has become some sort of a rep-
resentative product of the Fakel Bureau. It
was the extensive use of many technical
solutions earlier tested in the S-25 system
that facilitated the successful develop-
ment of the majority of the system’s com-
ponents; but in order to create the 1D mis-
sile, the Fakel engineers developed and
later successfully implemented a series of
breakthrough technologies. They includ-
ed: a two-stage missile scheme with a
solid-propellant booster and a sustainer
stage fitted with a liquid-propellant
engine, an upgraded method of guiding a
missile to a target, firing a missile at an
angle from a launcher laid in the direction
of a target, use of a normal aerodynamic
configuration of the missile, etc. As a
result, the missile made by Fakel turned
out to be half as heavy as the missiles used
in the 5-25 system, while retaining practi-
cally the same kill zone against aerial tar-
gets as the S-25 missiles, both in terms of
range and altitude.

In December 1957, the first AD missile
made by the Fakel Engineering Design
Bureau designated 1D (NATO reporting
name SA-2 Guideline), was adopted by the
national AD Forces and the Army Air
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Beicomusill camonem-pasaedsux RB-570, cumid paxemanu 3PK C-75 & oxmatipe 1959 2.
RB-57D high-altitude spy aircraft downed by 5-75 AD system in October 1959

NPUHAT U B ANbHEALEM YCNEWHO peanu-
30BaH PAA NEpefoBbIX ANA TOTO BPeMeHW
TeXHUYECKUX pewenuit. B Tom yucne geyx-
CTyNeH4YaTaa Cxema paKeTtbl C TBepaoTon-
NIMBHLIM YCKOPUTENEM W MaplieBoit cTyne-
Hblo ¢ XP[l, ycoBepuweHCcTBOBaHHbI# MeTOA
HaBeleHNA PaKeTbl Ha UeNb, HAKNOHHbIA
CTapT C HAaBOAMMBIX B HanpaBneHuu uenu
NYCKOBbIX YCTAHOBOK, HOPMaNbHas a3poam-
HaMuyeckas cxema u T.1. B pesynerare, pa-
keta MKB “Daken”, npu npakTuyecku opu-
HaKoBOW C paketoi cuctembl C-25 30HOM
NOPaXeHUA BO3AYWHBIX L\Eﬂeﬁ no AanbHO-
CTU W BbICOTE, MOAYYUANACh NOYTH BABOE
nerve.

B pekabpe 1957 ropa nepsas 3eHuT-
Haa paketa MKB “@aken” nog o6o3Haue-
Huem 1]] (SA-2 “Guideline” - no knaccu-
tukayuu HATO) 6bina npuHaTa Ha BOOpY-
xewue soiick NBO ctpausl u NBO CyxonyT-
HbiX BOWCK. [103)Ke Ha NpeANpUATUM U B ero

370 paketsl (1171, 13/}, 20} u 7.4.), KoTO-
pbie HaXOAUAMUCL U HAXOARTCA Ha BOOPYKe-
HUM [4eCATKOB rOCYAApCT8 MUpa. B HekoTo-
pbix ctpaHax — Kutae, Erunte, Upane u
APYruX — Takye NPOBOAMAACH €€ MOAEPHH-
3auua.

Paketsl komnnekca C-75 nepsbiMu 8
MUDEe NOPasuaM Peanshoro BO3AYWHOrO
npoTuenuka. Bnepssie 310 npousowno
7 oktabpa 1959 rofa e Hebe Hap Kutaem,
KorAa 6bin cOMT BLICOTHBIA camoneT-pas-
Bepumnk RB-57D.

A 1 mas 1960 ropa okono ropopa
Csepanoscka Gbin COUT aMepUKaHCKHiA ca-
MoneTt-passefumk “Slokxup” U-2 ¢ nunotom
®.T. Nayapcom.

fipkoit cTpaHuuei B Guorpadmm paker
Kkomnaekca C-75 cTano ux Mcnonb3osaue
BO BpeMs BOWHbI BO BbeTHame. Tam, HaunHaa
€ 24 wiona 1965 roa, MMu Gbiu yHUYTOXE-
Hbl THICAYM KnX

Defense. Later, a series of modifications of
the missile were developed by the Fakel
Bureau and its subsidiaries; the 11D, 13D,
20D and other versions have been in serv-
ice with dozens of countries worldwide.
Some countries, such as China, Egypt, Iran,
etc. have also upgraded this missile.

The S-75 system missiles were the first
missiles in the world to have engaged a
real enemy aerial target. It first happened
on October 7, 1959, in the airspace of
China, when a RB-57D high-altitude spy
aircraft was downed.

On May 1, 1960, the Lockheed U-2 spy
aircraft piloted by F. Powers was downed in
the Sverdlovsk area.

Another bright chapter in the history
of the S-75 system missiles was their per-
formance during the war in Vietnam.
Starting from July 24, 1965, these missiles
destroyed over a thousand US bombers,
fighters and attack aircraft i m Vietnam.

The 5V24 two-stag |

famed. Originally, the missile was designed
for the M-1 shipborne AD missile system.
However, later a decision was made to use
the missile as a prototype for a unified AD
missile intended both for the M-1 ship-
borne system and for the S-125 mobile AD
missile system used by the AD Forces.
Attaining such a complex objective
became possible due to the use of exclu-
sively solid-propellant engines for this
missile, as well as to a significant downsiz-
ing of the missile itself. The latter was
obtained by mounting on the missile
booster the stabilizing fins that would
unfold after launch. Simultaneously, the
Fakel designers managed to make the mis-
sile compatible with shipboard and ground
guidance and control systems, with launch
mounts, as well as with other types of
equipment and support devices.
The 5V24 missile that entered opera-
tional service in June 1961, was later
dl ded. Its different ver-

short-range missile (NATO repnmng name
SA-3 Goa), the development of which
began in 1956, has become equally far-

C 9

dunuanax cospanu pag
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. 3eHuTHbIe paKeTbl AnA BoicK MBO

sions were successfully used during the
hostilities in Vietnam and in the Middle
East. They have been very highly praised

“Nokxud” U-2, cbumsid 8 mae 1960 2., u e20 06noMKu Ha ssicmaske 8 Mockee

Lockheed U-2 spy airraft downed in May, 1960, and is fragments exhibited in Moscow
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CTonb e WHPOKYIO M3BECTHOCTb NoAy-
4Mna ABYXCTyneHuatas TBEPAOTONAMBHAA
pakera Manoi fansHocti 5824 (SA-3 “Goa"-
no knaccucpmkaumu HATO), cospamue Ko-
TOpoit HaYanock B 1956 roay. N3nayansHo
37a pakera pa3spaGateiBanace AnA Kopa-
6ensHoro 3PK M-1, ogHako no3xe 6bino
NPUHATO peweHne 0 CO3JaHuK Ha ee oc-
HOBE YHU(UUMPOBAHHON 3EHUTHON pake-
Tbl, KOTOPas MONa Gbl NPUMEHATLCA KaK B

6

A0B TOW BOWHbI GbINO YHUNTOXEHUE paKe-
Toi 3T0ro TMna uctpebutens F-117A, co-
30aHHOTO C UCNONb30BAHMEM TEXHONOTUN
“Crenc”.

Pakerta 5B24 (kak 1 ee moguduKaumu),
CO3aHHas Ha 6a3e TeXHUYECKUX PelleHuH,
oTpaBoTaHHbIX AR NEPBBIX OTEYECTBEHHBIX
3EHUTHBIX PaKeT, IKCMAYATUPYeTCH yxe B
TEeYeHne HecKONbKUx pecatunetuin. U tem
He MeHee, N0 CBOWM 3KCNNyaTauWUOHHbIM

cocrase Kop a M-1,
TaK u 8 cocTase nepeasuxHoro 3PK C-125
soiick NBO.

PeweHue CTONL CNOXKHO! 3apa4n CTano
BO3MOXHbIM 6I|EI'OABDR WUCNONb30BAHMIO HA
370l paKeTe TONbKO P

oHa np ANA ucnonb-

30BaHMA B COCTaBE COBPEMEHHbIX CPEACTB
MBO. 370 06CTOATENLCTBO NO3BONAET B Ha-
cTosilee BpeMA BeCTH paboTel No ee Mo-
AepHM3aUMK ANA NOAAEPKaHUS Goesbix
Teit 3PK C-125 Ha ypoBHe, Ko-

ABMraTeNbHbIX YCTAHOBOK, @ TAKKe — 3Ha4U-
TeNbHOMY YMeHbleHunio rabapuTos camoi
paKeThl, ANA Yero Gbinv NpUMEHeHbl pac-
KpbiBaeMble nocne CTapra CTabunusartopsl,
YCTAaHOBEHHBIE HA YCKOpUTENe paKeTbl.
Mpu 3tom KoHcTpykTopam MKB “®aken”
yAanoce 0becneyuTh COBMECTUMOCTb pake-
Tol C Ha3eMHBIMU W KOpabenbHbIMU cuCTe-
MaMM HaBe\CHUA W YNPaBNEHMS, NYCKOBbI-
[TRY: p
HUEM U BCOMOTATeNbHbIMI CPEACTBAMM.
NpUHATAA Ha BOOPYXeHWe B MiOHe
1961 ropa pakera 5B24 B panbHeiiwem He-
O/\HOKPAaTHO MOAEpHU3UpOBanack. Paznuy-
Hble €€ BapUaHTbl C YCNexXoM NpUMEHANNCH
8 6oesbix AeicTeuAX BO BbetHame u Ha
Bawxnem Boctoke. Ouu nonyuunm camyio
BLICOKYIO OLEHKY BOGHHBbIX, TEXHMYECKMX
CNeunanucTos, 4a M MUpHbIX xuTenei. Mo-
CNIeAHMM N0 BPEMEHW CTao UCNONIb30Ba-
HUE 3TUX PaKeT NPH OTPAKEHUH BOIAYWHOH
arpeccuu npotus Krocnasuu 8 1999 roay.
OANMM M3 CambiX 3aNOMHUBLIWXCA 3NU30-

Pakersl “®akena”

Paxems! 3PK (-125
Missiles for 5-125 AD missile system

by military and technical experts, as well as
by the civilians. The latest employment of
these missiles took place in 1999 when
repelling the air aggression against
Yugoslavia. One of the most memorable mo-
ments of that war was the downing of a
F-117A Stealth fighter by this type of missile.

Just as its modifications, the 5V24
missile, based on the engineering solu-
tions that had been tested in the first
Soviet-made AD missiles, has been in oper-
ation for several decades. Nevertheless, its
performance characteristics make the mis-
sile quite acceptable for use with the AD
Forces. This has made it possible to con-
tinue upgrading the missile even nowa-

days, thus maintaining the S-125 AD mis-
sile system’s kill potential at a level that
conforms to the present-day requirements
of combating air attack weapons. Today,
Fakel implements a program aimed at
upgrading this type of missiles, which will
make it possible to increase the efficiency
of their use against aircraft, helicopters
and high-precision missile weapons, both
modern and the ones currently under
development.

Research into the implementation of
ramjets for the 17D, 18D and 22D AD mis-
siles conducted in the 1950s and 1960s,
has left a noticeable mark in Fakel’s histo-
ry. The Engineering Design Bureau became
a trailblazer in using ramjets for the
abovementioned type of missiles.

The first launch of the 17D two-stage
missile fitted with a solid-propellant sus-
tainer ram rocket engine designed by the
Fakel specialists, took place on January 23,
1960. In the course of flight tests, the
missile with a working sustainer achieved
a maximum speed of Mach 3.7.

A number of innovative - for that
period of time - configuration solutions
were implemented in the design of the
18D. In particular, its rocket-assisted
take-off motors, made of magnesium
alloys, were housed inside the rocket-
motor tube and served as supplementary
propellant for the engine.

The subsequent work along these lines
resulted in the creation of the 22D three-
stage missile. The missile was fitted with
an engine pack consisting of four ramjets,
including both the solid-propellant
(designed by Fakel) and the liquid-propel-
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TOpbili OTBEYAET COBPEMEHHbIM TPEGOBaHM-
siM 60pb6BI CO CPEACTBAMU BO3AYWHOTO Ha-
napenus. Ceitvac 8 MKB “®aken” sbinon-
HAETCA NPOrpaMMa MOAEPHU3aUMM paKeT
3T0r0 TUNA, 4YTO NO3BOAUT NOBBICHTL 3¢~
(HEKTUBHOCTb WX MCNONL3OBAHMA NPOTUB
COBPEMEHHbIX M NepCneKTUBHBLIX caMone-
TOB, BEPTONETOB M BHLICOKOTOYHBIX paKeT-
HbIX CPeACTB.

3ametHbiit cnep B uctopun MKB “®a-
ken” 8 1950-e — 1960-e rofbl OCTaBUAM UC-
CNefoBaHUA NO UCNONL30BAHUIO B 3EHUT-
Hbix pakerax 17[l, 18], 22[] paketHo-npsa-
MOTOYHBIX  [ABUraTeNbHbIX YCTAHOBOK.
MpepnpuaTUe crano nuoHepom B obnacti
MCNONb30BaHNA NOA0GHBIX ABUraTeNei Ans
PaKeT flaHHOro Knacca.

23 anBapa 1960 ropa cocToanca nep-
BbIl MYCK ABYXCTynewyatoi pakets 17[,
oc i P! TBepA
HbIM PaKETHO-NDPAMOTOUHBIM ABUTaTeNEM,
pa3paGoTaHHeiM Cneunanuctamu “Oaxe-
na”. B npouecce neTHbIX UCMbITAHUIA paKe-
Ta ¢ paboTalowmum MapuwessiM ABUraTenem
pocTura ckopoctu 3,7M.

B paxere 18]] 6bin peanu3osaH pAa Ho-
BATOPCKUX — NO TOMY BPEMEHW — KOMNOHO-
BOYHbIX PeLeHnit. B yacTHoCTH, ee cTapTosbie
YCKOPHTENM, U3rOTABAUBABIUMECA U3 MarHUe-
BOrO CMNaBa, Pa3Mellanics BHYTPU Kamepsl
PaKETHO-NPAMOTOUYHOTO ABUTATENA U CAYMKU-
W AONONHUTENbHBIM FOPIOYUM AANA HEro.

Npogomkenue pabor 8 3TOM Hanpas-
NeHWU NPUBENO K CO3AAHUI0 TpexcTynex-
yaroit paketsl 22[], koTopas Gbina ocHaule-
Ha 6/10KOM U3 YeTbIpPexX PaKeTHO-NPAMOTOY-
HbIX naurarenel‘«, KaK TBepAOTONAUBHbLIX
(paspabotanueix B8 MKB “®aken”), Tak u
HUAKOCTHBIX (pa3pabotku KB M. Bowpa-

Paxema 3PC C-200 8 Mysee Poccuiickoll Apuuu
Missile for S-200 AD missile system in the Russian Army Museum

pioka). Ha ucneiTaHuax, NPOBOAUBLINXCA B
cepeaute 60-x rogos, pakera 22[] poctur-
na CKopocTH 4,8M, 4T0 AnA TOro BpeMeHu
ABNANOCH 3HAYUTENbHBIM JOCTUKEHUEM.
Eule 0Ha BaXHas BeXa B UCTOPUN Npefi-
NPUATMA — CO3AAHME PAKET ANA CHCTEMbI

3eHuTHbIe paKeTbl AnA Boick MBO

lant ones (designed by the M. Bondaryuk
Design Bureau). In the course of the test-
ing held in the mid-1960s, the 22D missile
achieved a maximum speed of Mach 4.8,
which was a considerable achievement at
the time.

Another important milestone in the
history of the Fakel enterprise is the devel-
opment of missiles for the S-200 long-
range system. A pressing demand for such
system arose in the late 1950s, with the
advent of thermonuclear weapons and
intensive development of missiles and
supersonic aircraft. First of all, the
research into the missile intended for the
$-175 mobile system was carried out. The
study made it possible to establish the
core technical prerequisites that allowed
solving the complex scientific-technical
and engineering tasks posed by the devel-
opment of a long-range AD missile. These
tasks were carried out in full in the 5V21
missile designed for the S-200 system.

In compliance with the original speci-
fications, the missile was supposed to
engage aerial targets beyond the range of
150 km and moving at a speed of up to
3,500 km/h at altitudes of up to 35 km. To
make it able to engage targets at such dis-
tances, it was decided, for the first time in
the history of national missilery, to use
semiactive radar homing guidance. A num-
ber of other innovative technologies were
also used.

The 5V21 (SA-5 Gammon) missile that
entered operational service in February
1967, allowed the national AD Forces to
reach a qualitatively new level. The devel-
opment of the long-range missile and its
later modifications with the effective range
of up to 300 km became one of the main
factors that brought about changes in aeri-
al operations tactics, which was vividly
demonstrated in the military conflicts of
the 1970s and 1980s.

Missiles for the Air Defense Forces -



6onbuwoit pansHocTu C-200. MotpebHocTs B
TaKol cuCTEMe BO3HUKNA U Npuobpena oco-
6yio aKTyanbHOCTb B KOHUe 1950-x rogos, ¢
NOABNEHUEM TEPMOAALPHOTO OPYKMA U MH-
TEHCMBHBIM Pa3BUTMEM CBEPX3BYKOBOM
aBMauMM M ynpaensembix paket. Mpexae
Bcero GblIM NpoBeaeHbl UCCNeaoBaHuA no
pakeTe anA nepeasuKHoM cuctemsl C-175.
OHM NO3BOAMAY BLIABUTH OCHOBHBIE TEXHM-
yeckue MpeAnockkM, Ha Gase KOTOpbIX
cran nepexoa K

CNOXKHBIX HAY4HO-TEXHUYECKHUX M KOHCTPYK-
TOPCKMX 33/1a4, CBA3AHHBIX C CO3AAHMEM 3e-
HUTHOW paKeTbl 6oNbWOit AanbHoCTH. B non-
HOM O6beme 3T 3aa4m Gbinu peanu3oBaHbl
8 pakete 5B21 ans cucrems C-200.

B cootsercTeumn c nepBoHaYanbHbiMK
Tpe6oBaHNAMY, paKeTa AoMKHa Gbina no-
paxarb BO3AyWHbIE Uenu, Haxoaswuecs Ha
RanbHOCTAX cBblwe 150 KM 1 ABurawmecs
€O cKOpoCTAMM A0 3500 KM/4ac Ha BbICO-
Tax Ao 35 kM. [InA nopaxeHus uenew Ha Ta-
KO AANbHOCTU BNepBbie B NPakTUKe ore-
YEeCTBEHHOTO PaKeToCTpoeHus Gbino npu-
MEHEHO CamoHaBefieHue C MoMouUlbIo pa-
AVONOKALMOHHON NONYaKTUBHOM rONOBKM.
0aHOBPEMEHHO 6bin MCNONB30BAH U PAA
APYTUX HOBWECTB.

MpuHaTan Ha BoOOpyXeHue B despane
1967 ropa pakera 5821 (SA-5 “Gammon”)
no3sonuna soiickam MBO cTpaubl pocTuyb
KayecTBeHHO HOBOrO ypoBhs. Co3panue

#HOI paKeTbl 1 ee
MOAM(UKALMIA, UMEBLIMX JANbHOCTb AEWCT-
8uA A0 300 KM, — OAUH U3 MaBHbIX (aKTo-
POB, 3aCTaBUBIWNX UIMEHUTL TAKTUKY BO3-
AYWHbIX ONepauui, 4To HarmmagHO npope-
MOHCTPUPOBANU BOEHHbIE KOH(AMKTHI
1970-x — 1980-x rofos.

Paketbi “Oan%na"

Nyckosas ycmanoexa 3PC C-300MY ¢ paxemamu 48H6
$-300PMU AD missile system launcher with 48N6 missiles

B Hosbpe 1991 ropa OAuUH U3 BapuaH-
TOB 3TOi PaKeThl CTan Nepsoil B MUPe paKe-
Toit-naboparopueit, Ha 6opty KoTopo# Gbin
UCNBITaH NepBbiiA B MUPE BOAOPOAHLIA M1~

i np: 80: P

AKTUBHbIA ABUraTeNb, CO3AAHHBIA Cneyua-
nuctamu LieHTpanbHOro MHCTUTYTa aBuaum-
OHHOro MoTOpocTpoenus (LIMAM).

In November 1991, one of the missile’s
versions became the first in the world
laboratory missile used to test the world’s
first hydrogen scramjet designed by the
Central Institute of Aviation Motors
(Russian acronym TsIAM) specialists.

The 1970s and 1980s became the time
when Fakel conquered new heights in

technology. It was then, that the Fakel
Bureau developed a series of unified AD
missiles intended for use with the S-300P
(SA-10 Grumble) and the Rif shipborne AD
missile systems, as well as with their later
modifications. These missiles are the most
outstanding representatives of a new gen-
eration of AD missile weapons.

Fakel's Missiles —-



1970-e - 1980-e rogsl ans MKB “®a-
Ken” — BpEMA WTYpMa HOBLIX BEPUMH.
MMeHHO TOrAa Ha NpeAnpusTMM CO3AaHa

CepUsi YHUGUUAPOBAHHBIX 3EHUTHBIX pa-

BaMHEMWNX AOCTIKEHNUA CTano Cco3gaHue
TPaHCNOPTHO-NYCKoBOro KoHTeitHepa (TMK)
ANA PaKeThl, B KOTOPOM NPOXOAUT BeCh
YMKN €e CYWecTBOBaHMA — OT C6OPKM Ha 3a-

Ker, AR e BOAe A0 nycka. Wccneposas Bce Buabl
Hua B coctase cuctems MBO C-300M  crapra u3 TMK, “®aken” npossun cebs
(SA-10  “Grumble”), 0 p Kara-
3PK “Pud” 1 ux noc o y YCTpOiicTBO Ansi obecneve-

uui. 3TM paketsl — Haubonee Apkue npea-
CTaBUTEAM HOBOTO NOKONEHUS 3EHUTHOTO
PaKeTHOTO OPYXKMS.

B npouecce co3panus pakets 5855 —
nepBoil B 3TOA CEPUM — HA NPeANnpUATHM
y60KO NPOaHaNU3MPOBanu BeCh Npeabi-
AYWHIA ONBIT, Y4AW TEHAGHUMN PA3BUTUA

HUA BEPTUKANLHOIO CTapTa PaKeTsl U3 KOH-
TeitHepa. MenHo Takoi cnoco6 nycka Gein
BbibpaH Ana 5B55 1 ee nocneayiouux Mo-
AndUKauui.

Ocobo cnegyer OTMETHTh Bnepsbie
Peanu30BaHHbIil B OTEYECTBEHHOM paKer-
HO TexHuKe NpuHuUMn obecneyeHus ra-

paKeTHO! TexHuku B mupe. [

obbema U # no-
Tpe6osanock AnA Toro, 4Tobel Co3aaTL pa-
KeTy, MMelowyIo: MUHUMANLHOe BpeMs pe-
aKUMK; NOBBLIULIEHHYIO GOErOTOBHOCTD; MU~
HUManNbHYIO GAMIKHIOK rPaHMLLy NycKa; Bbi-
COKYIO NOMEeX03alMUeHHOCTb; Cnocob-
HOCTb BBINONHATE CBOW (YHKUMM B NI0GBIX
NOTOAHBIX U KAMMATUYECKUX YCNOBUAX;
MaKCUMaflbHYI0 CKOPOCTPENbHOCTb; BbICO-

panT TH paKeTsl B
TeyeHue BCero cpoka GecnposepouHoil
JKCAYaTauuu 8 BOMCKAX U Ha dnoTe.

B 1979 ropy 5B55 npuata Ha Boopy-
KeHue. 370 CoBbITUE CTaNo Hauanom paau-
KaneHoro nepesoopyxexus soick MBO
cTpaubl. BosmoxHoctu soitck MBO ewe
Gonblue BO3POCAM NOCE NPUHATUS Ha BO-
opyxeHue B Hayane 1990-x rofos caeayio-
weit 3eHUTHOI yNpaBNAEMON paKeTsl, pa3-

KY10 3KC Tb; Npo-
CTylo cucTemy nepesapaaku. 06nagan sce-
MY 3TUMM Ka4ecTBamM, paketa 10/KHa Gbi-
na TaKKe ONTMManbHO oTBEYaTh Tpebosa-
HMAM KPYNHOCEPUIAHOTO NPOM3BOACTBA.

p it 8 MK “®aken”, — 48H6. Mo
CBOEH KOHCTPYKuuu 48H6 aHanoruyHa
5B55, UMeeT NpaKTUYeCKW paBHble C Heil
rabaputel ¥ Maccy. [locTaToqHO CKa3atb,
4TO ANA ee IKCNAyaTauMu MCMonb3yetca

Co3paHue pakersl, i cTonb

kuit TNK Tex e pa3mepos.

Pa3HOPOAHBIMK, @ 334aCTYIO M NP
4MBLIMU CBOICTBAMMU, noTpe6oBano nepe-
CMOTPa y)Ke YCTOABLIMXCSA NO/AXOA08 K Npo-
€KTUPOBAHUIO 3EHUTHBIX PaKer, BCECTO-
POHHEro KpUTMYECKOro aHanu3a 3Tux noa-
X008, UCMONb30BAHUS

OaHako TUKM 48H6

HO BbilE, YeM Y NPeAUECTBEHHMLbI: NOYTH
BABOE BO3POCAA AANLHOCTb N0NETA, YBeNn-
yunack IQHEKTUBHOCTL NOPAKEHUA CAMbIX
Pa3Ho0GpPa3HeIX Lened, B TOM YMCAe TaKTH-
HeCKHX U Kux Gannm-

HOBbIX TEXHUYECKUX, KOHCTPYKTOPCKMX W
TeXHONOTUYECKUX peweHuit. OHuM U3

CTUYECKMX paKeT.

In the course of creating the 5V55
missile — the first one in this series - the
Fakel specialists carried out a thorough
analysis of all previous experience and
took into account the current trends in

For the first time in the national missilery
this principle was incorporated in the
design of the 5V55.

In 1979, the 5V55 was adopted for
service. This marked the beginning of a

the missilery devel Considerabl
research was required to develop a missile
featuring minimum response time, advance
readiness, minimum close launch zone
limit, high jamming immunity, all-weather
and all-climate operability, maximum rate
of fire, high operational dependability, and
simple reload procedure. Besides, the mis-
sile was supposed to be perfectly suited for
mass serial production.

The development of a missile possess-
ing such dissimilar, and even conflicting
characteristics required that traditional
approaches to designing AD missiles be
subjected to a comprehensive critical
analysis and revised. Fundamentally new
technical, design and engineering solu-
tions were to be used. One of the most sig-
nificant achievements was the develop-
ment of the transporting-launching con-
tainer in which the missile is kept
throughout its entire life cycle - from the
assembly to the launch. Fakel proved to be
a genuine trailblazer, once it was decided
to use a catapult to accomplish a vertical
launch of a missile from the container.
This is the launch technique that was cho-
sen for the 5V55 and its later modifica-
tions.

One should specially note the princi-
ple of guaranteed reliability of the missile
throughout the entire period of its service
life in the Army and the Navy, when the
missile does not require any maintenance.

major of the national AD
Forces. The potential of the AD Forces
increased even more, when another AD
missile designed by Fakel, the 48N6,
became operational in the early 1990s. In
terms of design, the 48N6 is similar to the
5V55: overall dimensions and weight of
the two missiles are virtually the same.
Suffice it to say that the 48N6 uses a cylin-
drical transporting-launching container
with similar dimensions. At the same time,
the 48N6 can boast of much better per-
formance characteristics than its prede-
cessor: its flight range has expanded
almost twofold, and its kill effectiveness
against various types of targets, including
the tactical and theater ballistic missiles,
has also increased.

Aans souck NBO

Missiles for the Air Def
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3PK C-75. 3eHuTHan ynpasnaemasn paketa 1]

$-75 AD missile system. 1D guided missile

eHWTHas ynpasnsemas pakerta cpea-
Heil panbHocTM 1]l npepHasHayeHa
ANA NOPAXEHNA Pa3NMUHbIX CPEACTB
c
CTPATeruyeckoil v TaKTUYECKOM aBuaumum —
B WIMPOKOM AMaNasoHe yCoBHit ux 6oeso-
0 NPUMEHEHMS.
1]] npepcraenser co6oit ABYXCTyNeH-

no KoMakge paauos3pwisatens nubo no
KOMaHge, NoCTynaluein OT Ha3eMHOW
CTaHUUU HaBeAeHUA.

Nepsas ctynexs 1/} - TBEpaOTONAMB-
Hblil paKeTHbiii BUraTent C yYCTaHOBNeH-
HbIMU Ha HeM CTabunu3atopamu, BTOpas
CTyneHb OCHalUjeHa KWAKOCTHOW ABMra-
TeNbHOM YCTAHOBKOW C HACOCHOH CUCTEMOT

aryio pakery, no Hop

HOW a3POAIMHAMMYECKON CXEME, C YCTaHOB-
NeHHbIMK B NEPEefiHel YaCTH paKeThl AecTa-
6unusaropamu.

CTapT paKeThl — HaKNOHHBIH, C NYCKO-
BOW YCTAHOBKM, HABOAUMOW NO Yy U a3n-
MyTy MecTa. YnpasneHue noneTom u Hase-
AeHME Ha Lenb OCYUeCTBARIOTCA N0 PaAuo-
KOMaHAaM, KOTOpbE NOCTYNAIoOT OT Ha3eM-
HO#A CTaHuum Hasepenus. Moapsis Goesoi
4acTV NPOM3BOATCA NPU NOANETE K Lenn

nopauu TonnMBa B ABUra-
Tenb. KOHCTPYKTMBHO Mapwesas CTyneHb
1/l COCTOMT M3 PAAA OTCEKOB, B KOTOPbIX
PaCNONOKEHbI: PaAMOB3IPbIBATENb, OCKO-
nouHo-dyrackas 6oesas uact, Gnoku
60opToBO# annapartypbl, 6aku C KOMNOHEeH-
TaMM TONAMBA, MWAKOCTHBIA PaKeTHbIi
ABUraTenb, arperarbl ynpasneHus pynsmu
PaKeThl, NPUEMHUK KOMaHA yNpaBeHus.

he 1D medium-range missile is

intended to engage various air

attack weapons including strategic

and tactical aircraft in a wide range
of their combat use.

The 1D is a two-stage missile employ-
ing a normal aerodynamic scheme with
canard surfaces mounted in the fore part
of the missile.

The missile is fired at an angle from a
launcher laid in elevation and azimuth.
Missile flight control and guidance are
accomplished via radio commands from a
ground guidance radar. The warhead is det-
onated in proximity to the target either by
a command from a radar fuze or by a com-
mand from a ground guidance radar.

The first stage of the 1D is a solid-
propellant rocket engine with stabilizing

fins; the second stage is fitted with
a liquid-propellant pump-feed engine.

Structurally, the sustainer stage of the
1D missile consists of a number of sections
housing a radar fuze, a HE fragmentation
warhead, onboard equipment units, pro-
pellant tanks, a liquid-propellant rocket
engine, missile control surface actuators,
and a control command receiver.

f '7 Fakel's | ﬁissileéj



Paxema 1] neped nepssim nycxom, anpens 1955 2.
10 missile before its first launch, April 1955
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Paketbl “®akena”

. Modzomoara paxems! 1] k ucnsimanusm
10 missile prepared for tests

110020m08Ka K 3aPAXGHUI nyYCKOBOT yemanoBKy
Launcher ready for loading

»

Mlozpy3a pakems! 1/] a mpancnopmmuyio mawiuny
Loading 1D missile on the transportation vehicle

»

Pakema 1] wa nonuzone
10 missile at a firing range

5,6,7. Cmapm paxemsi 1
Launch of 10 missile

Fakel's Missiles
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_3-PK C-75. 3enuTHan ynpasnsemas pakera 11]]

S-75 AD missile system. 11D guided missile

ansbHeliwee passutve paketsl 1[].
OCHOBHbIM HanpasnieHuem MoAEPHU-
3aUUK paKeThl CTano yBenuyeHme Ta-
™ee i i ycTa-

60 no KomaHpe, noctynaiouein o1 Hasem-
HOW CTaHUMM HaBefeHuA.
Nepsas ctynens 11[] - TBepAOTONAUB-

HOBKM. 3TO NO3BONUNO YBENUYUTH
30HY NOPAaXEHWs BO3AYWHBIX Ueneid no
AanbHOCTH U BbICOTE.

11/ npepcTasnser coboi ABYXCTYNeH-
4aTylo paKeTy, BLINOAHEHHYIO N0 HOPMaNb-
HOIl 33POAUHAMUYECKO CXEME, C YCTaHOB-
NeHHbIMU B NEPeAHet YacTH paKeTsl fecTa-
6unuaaropamu. CTapT pakeTbl — HaKNOHHbIi,
C NYCKOBO# YCTaHOBKM, HABOAUMON NO yrny
W a3uMyTy MecTa. YnpasneHue nonetom u
HaBefeHne Ha uenb OCYWeCTBARIOTCA NO
PajAMOKOMAHAAM, KOTOPbIE MOCTYNaKT OT
Ha3emHOW CTaHuuu Hasepenus. Moapsis
6oeBoil YacTu NPOU3BOAUTCA NpU noanete
K Uenu no KoMaHfe paaMoB3pbisarens nu-

WTEE oo omen

HbIA i pBUratens c yc

MU Ha Hem cTabunusatopamu, sTopas Cry-
NeHb OCHAWeHa KMAKOCTHOW ABMraTens-
HOW YCTaHOBKOW C HACOCHOW CUCTEMOI NO-
Aayn KOMNOHEHTOB TONAUBA B ABUraTEND.
KoHctpyktueHo Mapwesas cryneds 11[]
COCTOMT U3 PAAA OTCEKOB, B KOTOPbIX pac-
NONOXEHbI: PafuoB3pbIBATENL, OCKONOY-
Ho-dyracHas Goesas vactb, 6n0ku 6opro-

he 11D is a modernized version of
the 1D missile. It featured the sus-
tainer engine thrust augmentation
that allowed increasing the kill zone

of air targets in range and altitude.
The 11D is a two-stage missile

fins; the second stage is fitted with
a liquid-propellant pump-feed engine.
Structurally, the sustainer stage of the
11D missile consists of a number of sec-
tions housing a radar fuze, a HE fragmen-
tation warhead, onboard equipment units,

ploying a normal scheme
with canard surfaces mounted in the fore
part of the missile.

The missile is fired at an angle from a
launcher laid in elevation and azimuth.
Missile flight control and guidance are
acc i via radio c from a

BOi annaparypel, Gaku c
TONAMBA, KMAKOCTHBIA PaKeTHbIA ABUra-
Tenb, arperael yNpasneHus pynamu paxe-
Thl, NPUEMHUK KOMAH[ ynpasneHus.

Pakera BbinyCKanack 8 panuyHbIx MO-
Avdukauusx, 8 Tom uucne 117A, 117Y,
1M,

ground guidance radar. The warhead is det-
onated in proximity to the target either by
a command from a radar fuze or by a com-
mand from a ground guidance radar.

The first stage of the 11D is a solid-
propellant rocket engine with stabilizing

propellant tanks, a liquid rock-
et engine, missile control surface actua-
tors, and a control command receiver.

There were several modifications of
the missile, including the 11DA, 11DU,
11DM versions.

Fakel’s Missiles
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Lol

pakems! 11/] K mpaKc
110 missile being prepared for transportation

. Modzomoska paxemi 11/] K 661803y Ha CMAPMOBYI0 NOUYUIO

110 missile prepared for moving to a launcher

. 3aepyska pakem 11/ 8 sepmonem MH-6

Loading 11D missiles into MI-6 helicopter

. 3azpyaka pakem 11/] 6 camonem AH-12

Loading 11D missiles into An-12 airctraft
Paxema 11/ 80 Bsemuane

11D missile in Vietnam

Cmapm paxemsi 11/]

Launch of 11D missile

. Namamuuk paxeme 11/3 wa nonuzowe “Auyny”

11D missile memorial at Ashuluk firing range

3eHuTHbIE paKeTbl ana Boiick MBO

Missiles for the Air Defense Forces



3PK C-75. 3ennTHan ynpasnsemas paketa 13]]

S-75 AD missile system. 13D guided missile

aseuTue cepuu paket 171 u 11]1. Oc-
HOBHbIM HanpasneHueM MogepHu3a-
UMK CTano UCNONb30BaHME Ha paKeTe
6oproBoit paguoannaparypsi Apyroro

110 KOMaHAe paguoB3peIBaTens NM60 No Ko-
MaHfe, NOCTyNaloweit OT Ha3eMHOM CTaH-
UMM HaBepeHMs.

MNepsas ctyneks 13/] - TBepAOTONMB-

4acToTHoro uTo

o6ecneyuTs ee Gonbuwylo noMexo3aiu-
WEHHOCTH.
13]] npeacrasnser coboit ABYXCTyneH-

HblK cyc

MU Ha HeM CTabunusatopamu, BTopas cry-
NeHb OCHalWeHa KWAKOCTHON ABMraTens-
HOW YCTAHOBKOM C HACOCHOM CUCTEMOIA N0~

uatylo pakery, no Hop

HOIt a3POANHAMMYECKOI CXEME, C YCTaHOB-
NEHHbIMU B NEPeHeil YacTH pakeTsl AecTa-
6unuzaropamu.

CTapT pakeTsl — HaKNOHHbIiA, C NycKo-
B0/ YCTAHOBKM, HABOAUMOIA NO YNy U a3~
MYTy MecTa. Ynpasnenue noneTom u Hase-
[AieHWe Ha Lenb OCYWeCTBARIOTCS N0 Paano-
KOMaHAaM, KOTOpbIE MOCTYNAKT OT Ha3eM-
HO# CTaHuMM HasepeHus. Moapbis 6oesoi
4acTU NPOU3BOAMTCA NPU NOANETE K Uenu

WO oo

Aawm TOnAMBa B ABUraTeNs.
Kowctpyktueho mapwesas cryneds 13]]
COCTOUT U3 PAAA OTCEKOB, B KOTOPbIX Pac-
NONOKEHbI: PafAuOB3IPbIBATENb, OCKONOY-
Ho-(yracHan 6oesas actb, 6noku Gopro-

he 13D is a d version of

the 1D and 11D missiles. It featured
the use of different frequency band
with the onboard electronic equip-
ment that allowed increasing its jamming
immunity.
The 13D is a two-stage missile

prop: rocket engine with stabilizing
fins; the second stage is fitted with
a liquid-propellant pump-feed engine.
Structurally, the sustainer stage of the
13D missile consists of a number of sec-
tions housing a radar fuze, a HE fragmen-
tation warhead, onboard equipment units,

L a normal d scheme
with canard surfaces mounted in the fore
part of the missile.

The missile is fired at an angle from a
launcher laid in elevation and azimuth.
Missile flight control and guidance are

BOI patypel, 6aku c

TONAUBA, XKMAKOCTHbIA DaKETHbI ABura-

Tenb, arperatsi YNPasAeHUA PynAMM pake-

Tbl, NPUEMHUK KOMaHA ynpaBReHus.
Pakera Bbinyckanace B pasauuHbix Mo-

Andukauuax.

acc i via radio ds from a
ground guidance radar. The warhead is det-
onated in proximity to the target by a com-
mand either from a radar fuze or from a
ground guidance radar.

The first stage of the 13D is a solid-

prop: tanks, a liquid-prop rock-
et engine, missile control surface actua-
tors, and a control command receiver.

There were several modifications of
the missile.

ke mises B
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. ModzomosKa pakemer 134 k nycry

130 missile being prepared for launch

. Mpuemnux 8030ywino20 daanenus

Pressure head

Kpbinbesod Gnox mapusesod cmynenu
Sustainer control surface unit

. Aspodunamuseckue pynu

Aerodynamic control surfaces

Cmapmoseid yckopumens
Booster

Paxemsi 13/] wa napade a Kpachoii nnowadu
130 missiles at a parade (Red Square, Moscow)

Fakel’s Missiles



7,8,9. Paxems! 13/] 80 8pems Goessix delicmeud Ha BruxHem
Bocmoke (Ezunem, 1973 2.). Ha chomo 8 & uewmpe paxemi 5824

13D missiles’ combat employment in the Middle East
(Egypt, 1973). Photo 8, center: 524 missiles
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3PK C-75. 3enuTHan ynpaenseman pakera 20/}

S-75 AD missile system. 20D guided missile

ny6okaa mopepHu3auua pakets 13[1.
MopepHusaums nposogunace C Mc-

K Uenu no KOMaae paguos3peiBarens nu-
60 no KoMaHae, NOCTynaiowe OT HaseM-

6Gonee HOW CTaHUMM HaBEAEHUA.
6Goprosoit paguoannaparypsi, 60eso- Nepsas crynexs 20/ - TeepaoTONANE-
o ¢ CTapToBOi it HbiiA P i pBUraTens C yc

[ABMraTenbHbIX YCTaHOBOK. 370 N0380AKNO
YBENMYUTD 30HY NOPaMEHUsi BOAYWHBIX
ueneil o AanbHOCTH U BbICOTE, 0becnedmTs
Gonbuyio NOMEX03aWMUEHHOCTb paKeTsi,
N0BLICHTH AHEKTUBHOCTb MOPAKEHUA HU3-

KONETAUIMX U BEICOKOCKOPOCTHBIX Uenei.
20[] npepcraensier coboit ABYXCTYNeH-
4aTyIo PaKery, BLINONHEHHYIO N0 HOPManb-
HOI 33PO/IMHAMUYECKO/ CXEME, C YCTaHOB-
NIeHHbIMM B NePe/Heit YacTh pakeTsl fecTa-
6unu3atopamu. YnpasneHue noneToM u Ha-
BefieHne Ha Lenb OCYUecTBAAIOTCA No pa-
[AMOKOMaHAaM, KOTOpble NoCTynaiT ot
i cTanuun Moppeis

MU Ha HeM CTabunu3aTopamm, BTOpas Cry-
neHb OCHAWEHa KWAKOCTHON ABMraren-
HOW YCTaHOBKOW C HACOCHOW CUCTEMO# NO-
LAy KOMMOHEHTOB TONAWBA B ABMraTens.
KoHcTpykTMBHO Mapwesas ctyneds 20[]
COCTOMT M3 PAiAA OTCEKOB, B KOTOPBIX pac-

he 20D is a radically modernized ver-
sion of the 13D missile. It featured
the use of upgraded onboard elec-
tronic equipment and armament,
booster and sustainer propulsion plants
that allowed increasing the kill zone of air
targets in range and altitude, the missile’s
jamming immunity and its effectiveness
against low-altitude and high-speed
targets.
The 20D is a two-stage missile

0CKON0Y-

Ho-thyracHas Goesas vacts, 6noku 6opro-

BOW patypel, Gaku c

TONAMBA, KUAKOCTHBIA PAKETHbIA ABUra-

TeNlb, arperarsl yNpasneHus pynsMu paxe-

Thl, NPUEMHUK KOMaHJ yNpaBneHus.
PaKeta BbinyCKanack B PasfiuyHbIX MO-

6oeso# YacT NPOM3BOAUTCA NpU noanete

B8 ToM yucne 20[1A, 204N,
2001y, 20AC, 20ACY.

ploying a normal scheme
with canard surfaces mounted in the fore
part of the missile. The missile is fired at
an angle from a launcher laid in elevation
and azimuth. Missile flight control and
guidance are accomplished via radio
commands from a ground guidance radar.
The warhead is detonated in proximity
to the target by a command either from

a radar fuze or from a ground guidance
radar.

The first stage of the 20D is a solid-
propellant rocket engine with stabilizing
fins; the second stage is fitted with
a liquid-propellant pump-feed engine.

Structurally, the sustainer stage of the
20D missile consists of a number of sec-
tions housing a radar fuze, a HE fragmen-
tation warhead, onboard equipment units,
propellant tanks, a liquid-prop: rock-
et engine, missile control surface actua-
tors, and a control command receiver.

There were several modifications of
the missile, including the 20DA, 20DP,
20DU, 20DS, 20DSU versions.

Fakel's Mfssilei j
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Paxema 20/] so Beemname
200 missile in Vietnam

. Todzomosa paxemsi 20/ k nycky

200 missite being prepared for launch

Pakema 2041 #a mpancnopmwo-3apaxaoued Mawune (Apmus C108aKuu)
20D missile on the transporting-loading vehicle (Army of Slovakia)

Fakel’s Missiles
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3PK C-75. 3eHuTHas ynpasnaemasn pakera 5823

S-75 AD missile system. 5Ya23 guided missile

opepHu3auma pakersi 20[]. Mopep-
HM3aUMA NPOBOAMNACE C MCNONB3O0-
BaHuem Gonee cosepuweHHoi Gop-
TOBOW papoannaparypsi, 60esoro

CTYNAIOT OT HAa3eMHOM CTAHUUN HABEAECHUA.
Moapeis 60eBoit YacTH NPOU3BOAUTCA NpH
noAneTe K Uenm o Komanae

onboard electronic

Tena nubo no Komauge, noctynaiujen ot

CHapAXeHUs, CTapToBOi U i peu-
raTenbHbIX YCTaHOBOK. 3T0 N03BOAMAO yBe-
NMYUTL 30HY NOPAXKEHUS BOAYWHBIX Le-
nei N0 AaNLHOCTH, CHU3UTL MUHMMANbHYIO
BLICOTY MOPAKEHWS, @ TAKIKE NOBBICHTL 3~

i CTaHuun
Mepsas crynexs 5823 - TBEppoTON-
NMBHBIA PaKEeTHbIA ABUTaTeNb C YCTaHOB-
NeHHbIMU Ha Hem cTabunusatopamu, BTO-
Pas CTyneHb OCHaUleHa MUAKOCTHOW ABM-
i yc i C HacoCHO# cucTe-

(eKTMBHOCTL pi p
HU3KONETALMX M MAaHEBPUPYIOLUX Leneit.
523 npepcrasnser coboi AByXCTy-
MEeHYaTYI0 PaKety, BHINONHEHHYIO N0 HOp-
ManbHOM a3POAUHAMMUYECKOI CXeMe, C yC-
TaHOBNEHHBIMU B NEPeJHe 4acTh paKeTbl
nAecrabunusaropamm. CTapT paKetsl — Ha-
KNOHHBbIA, C NYCKOBOW YCTaHOBKM, HAaBOAM-
MO#A 110 YTy ¥ a3uMyTy MecTa. Ynpasienmne
10/IeTOM U HaBeeHue Ha Uenb ocylecTs-
NAIOTCA NO PAAMOKOMAHAAM, KOTOpbie no-

MO#i NOAAYM KOMNOHEHTOB TONAMBA B ABM-

of

he 5Ya23 is a modernized version of
the 20D missile. It featured the use

and booster

a radar fuze or from a ground guidance
radar.

The first stage of the 5Ya23 is a solid-

llant rocket engine with stabilizing

and sustainer propulsion plants that
allowed increasing the kill zone of air tar-
gets in range, decreasing the minimal
effective altitude and increasing the mis-
sile’s effectiveness against small-size
low-altitude evading targets.

fins; the second stage is fitted with
a liquid-propellant pump-feed engine.
Structurally, the sustainer stage of the
5Ya23 missile consists of a number of sec-
tions housing a radar fuze, a HE fragmen-
tation warhead, onboard equipment units,

The 5Ya23 is a t tage missile

ratens. KoHCTpyKTUBHO cTynexs
5f123 coCTOUT U3 PAAA OTCEKOB, B KOTOPbIX
PacnoNoKeHsi: PaanoB3pbiBaTeNb, OCKO-
nouHo-@yracHas Goesas 4actb, 6n0oKK
6opToBo# annaparypel, 6aku C KOMNOHeH-
TaMM TONAWBA, KMAKOCTHBIA DaKeTHBbIM

loying a normal scheme
with canard surfaces mounted in the fore
part of the missile. The missile is fired at
an angle from a launcher laid in elevation
and azimuth. Missile flight control and
guidance are accomplished via radio

ABMratens, arperatsi pynamm
PaKeThl, NPUEMHUK KOMAHA yNpaBAeHUs.

C ds from a ground quidance radar.
The warhead is detonated in proximity
to the target by a command either from

propellant tanks, a liquid-prop: rock-
et engine, missile control surface actua-
tors, and a control command receiver.

m Paketbi “®akena”

Fakel's Missiles  [JIIF



({Z L

- 3eHuTHbIe paKeTbl ans Bonck NBO Missiles for the Air Defense Forces



Pakersl “®akena”

Bapuanms! paxem A1 Komnnexca C-75 3apyGexHo20 npou3Bodcmaa:

Foreign-made versions of missiles designed for $-75 AD missile system:

1,2. Pakeme! “Xynusi-28", Kumad

>

HQ-2V missiles, China
Paxems: “Caiiad-1A", Hpaw
Sayad-1A missiles, Ira

. Mpou3sodcmso paem “Xywusi-2B” & Kumae

HQ-2V missiles production in China

Fakel's Missiles
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3PK C-75. OnbiTHan 3eHuTHaA ynpaBnaemas pakera 17]1

S-75 AD missile system. 17D experimental guided missile

aspabotky 3YP 17[1 Havanu 8 MKB
“®aKen” B COOTBETCTBUM C BbINYLEH-
HbIM B MioHe 1958 ropa nocraHosne-
HMeM PYKOBOACTBA CTPaHbi, B KOTO-
POM [aBanoch 3afaHue no MOAEPHU3aUMM
3PK C-75. Hosas paketa gomkHa 6bina no-
paxarb BO3AyWHbIe UeNn Ha AANbHOCTAX
A0 40 KM 1 BbICOTAX A0 25 KM, NETAWUX CO
cKopocTAmMA Ao 2300 KM/4.
Cneuuanuctsl NpeanpusTUA pewmnu
MCNONb30BATH B KAYECTBE MApWeBOW ABM-
ratebHOi YCTaHOBKM PaKeTbl TBep,

AYWHBIM NOTOKOM, KOTOPBIA NONaaan B Ka-
Mepy Yepe3 8o3ayxo3abopHuk. Mo npeasa-
PUTENbHBIM OUEHKaM, NOA0GHEIA ABMraTens
RONKEH bl 06713aTh BLICOKUM YACNLHBIM
umnynscom (Gonee yem sasoe Gonbuwum,
yeM npuMeHsBwmecs B Te rogsl XPA) u
Tbio pabotarb B WP Ava-

Na3oHe BbICOT M CKOPOCTEH, AOCTATOMHO
BbICOKWUM yAENbHBIM UMNYNBCOM NPU ManbixX
CKOPOCTAX NO/IETa 1 Ha GONbWMX BLICOTAX.
[Byxcrynenyaras paketa 17/] ewinon-

nusHbiit MBPA. Mpuxuun ero pabotsl 3a-
Knioyancs B cnepyiouem. fas, obpasyio-
WWACA NPU CrOPaHWU CNELManbHOrO Teep-
JIOTO TONAMBA B ra3orexeparope u copep-
AUt 3HaYUTENbHOE KONMYECTBO He-
CropesuwmMx 4acTuiy, noctynan 8 Kamepy
[ABMraTens u Oropan, CMEWWBaACh C 803~

B Pacers “Oavena”

HeHa no Hop KoW

he Fakel Engineering Design Bureau
began to develop the 17D AD missile
in compliance with the govern-
mental resolution of June 1958 on
upgrading the S-75 AD missile system. The
new missile was to engage aerial targets
moving at a speed of up to 2,300 km/h at
ranges of up to 40 km and altitudes of up
to 25 km.
Fakel's specialists decided to use a
solid-propellant ramjet engine as the mis-
sile’s sustainer. The ramjet featured the

cxeme. Ha kopnyce map psuratens
pa3smeliensl Kpbinbs U pynu. Bropas cry-
NeHb COCTORNA U3 NATH OTCEKOB, a ee Kop-
nyc Gbin BLINONHEH aHANOTUYHBIM KOPYCY
paker “cemedictea” 1J]. MNepepHas yactb

i cTynenn C pa-
Keto# 20/1. B 3aaHeil YacTu Mapwesoii cTy-

following operation principle. The gas
generated in the process of burning of
special solid fuel in a gas generator con-
tained a considerable amount of unburned
particles. When in the engine chamber,
the gas finished burning being mixed with
the air drawn into the engine through an

inlet. According to the preliminary esti-
mates, such engine was bound to feature a
high specific impulse (twice exceeding
the one of the liquid-propellant engines
used at that time). The engine was also
expected to function within a wide range
of altitudes and speeds, and have a rather
high specific impulse at low flight speeds
and high altitudes.

The 17D two-stage missile employed a
normal aerodynamic configuration with
wings and fins fixed on the sustainer
engine’s body. The second stage com-
prised five sections and its body construc-
tion was similar to that of the 1D missile
family. The fore part of the sustainer was
unified with the 20D missile. The rear part
of the sustainer housed a gas generator
with fuel and control surface actuators.

Fakel's Missiles [




NEeHM pacnonarancs rasoreHeparop ¢ Ton-
NMBOM W MEXaHU3MbI YNIPABNGHUA PYNAMM.
B nepepmeit u 3agHei yacTax pakerbl Ha
BHewHem kopnyce MBP[] pasmewanucey aH-
TeHHbI. YckopuTens 17/} cocTosn u3 paket-
Horo Aeurarens Teepaoro Tonamea (PATT),
ueTbipex cTabunu3atopos, ynopHoro KoHy-
€a W XBOCTOBOIO OTCEKa.

B 1960-1962 rogax nposenu oKono
copoka nyckos 17[, BKnioyas 6pockosbie,
ABTOHOMHbIE M NYCKU B 3aMKHYTOM KOHTYpe
ynpasnexus. [ns 6pocKoBbIX nycKos, nep-
Bblil M3 KOTOpLIX COCTOANCA 23 sHBaps
1960 ropa, U3roTOBMAM CneunansHbie Ma-
KeTHble 06pa3ubl, KOHCTPYKUMA M COCTaB
60pT0BOrO 060PYAOBAHUA KOTOPLIX 3HAUM-
TeNIbHO OTAMYaNUCh OT 060pyAOBaHUA pa-
KT, UCNOb30BAHHbIX NPU AANbHEMILUX UC-
nbiTanuAx. C 4eTBepTOro nycka, cocToss-
werocs 22 anpena 1960 ropa, Hawancs
37an aBTOHOMHbIX UCNbITaHUiA. Ha 3ToM
3Tane Takxe 6b10 NPOBEACHO AECATDL Nyc-
KOB B 3aMKHYTOM KOHType ynpasnexus.

Bo Bpema ucnuitanuit 17[1, nposoaus-
wWMxcs Ao neta 1962 ropa, 6bina AOCTUrHY-
Ta MaKCUManbHas ckopocTh monera 3,7M,
CPeAHAR CKOPOCTb NP AANLHOCTH aKTUBHO-
TO y4acTka noneta 40 km — 820-860 m/cek,
MaKcuManbHas Bbicota - 23 kM. Macca
MCNbITHIBABWMXCA  PaKeT — COCTaBAANa
ot 2635 po 3045 Kr.

Pesynbtathi, nonyuewHsie 8 npouecce
STUX NYCKOB, OKA3anu 3HauuTenbHoe BAMA-
Hue Ha nposefieHue 8 MKb “Daken” u 8 ero
MOCKOBCKOM hunuane panbeitumx pabor 8
AAHHOM HanpaBNeHuu, a TakKe Ha NOMCKM
HOBbIX MYTEH W KOHCTPYKTUBHBIX PelweHuit

B Havane 1960-x rogos senuck pabotsl no
UCCNEAOBAHMIO BOMOXKHOCTEI UMCNONb30-
Banua 3YP 17[] B coctase MopepHU3upo-
BanHoro 3PK (-75, a Takxe napannenso
PaccMaTpUBanuCh BO3MOKHOCTH ee UCMofb-
308aHua B coctase 3PK CyxonyTHbix BOWCK
“Kpyr” u kopa6ensHoro 3PK M-31. Ogtako
0 PARY NPUYMH 3T PaBOTHI He HaWAM Npo-

ANR BOCTUKEHUSA MAKC i
HocTu ucnonb3osawus NBPL 8 coctase 3YP.

n netom 1963 roga Bce uccneno-
BaHuA no 3YP 17[] 6111 Npekpawiens.

.7 3eHuTHbIE paKeTsl AnA BOACK NBO

Antennas were fixed in the fore and rear
parts of the missile, on the ramjet’s outer
body. The 17D booster comprised a solid-
propellant engine, four stabilizing fins, a
thrust cone, and a tail section.

In 1960-1962, about forty launches of
the 17D took place, including drop launch-
es, self-sustained and closed control loop
launches. The design and configuration of
the onboard equipment used in the models

built for the first drop launches (the first
one took place on January 23, 1960) sig-
nificantly differed from those of the mis-
siles used in the subsequent tests. The
self-sustained tests began with the fourth
launch on April 22, 1960. Ten closed con-
trol loop launches were also held at this
stage.

In the course of the 17D testing, which
lasted till the summer of 1962, the missile
achieved a maximum speed of Mach 3.7, an
average speed of 820-860 m/s given the
powered range of 40 km, and reached a
maximum altitude of 23 km. The tested
missiles weighted 2,635-3,045 kg.

The results of these launches consid-
erably influenced the subsequent work of
Fakel and its Moscow division in this direc-
tion and facilitated the search for new
trends and constructive solutions to
achieve the maximum effectiveness of
ramjets in the AD missiles.

In the early 1960s, the possibility of
using the 17D missile in the upgraded
S-75 AD missile system was studied
simultaneously with the possibility of
using the 17D both with the Krug AD mis-
sile system for the Army and the M-31
shipborne AD missile system. However,
due to some reasons the work was discon-
tinued, and in the summer of 1963 all
research activities on the 17D missile were
stopped.

¥ ﬁissilei for the ﬂf Defense ForcteEW 7“



3PK C-75. OnbiTHan 3eHUTHAA yNpaBiseMas pakera 2217

S-75 AD missile system. 22D experimental guided missile

aspaborka 3YP 22[l, npegHa3Hayas-
WeiCs ANA MCNONb3OBAHUA B MOAEP-
Hu3MposaHHoM Bapuaute 3PK C-75,
6bina Havata 8 MKB “aken” B coor-

BETCTBUM C TBEHHOM

NeTAUMe Ha BbICOTaxX A0 35 KM CO CKOpO-
cTbio A0 3000 KM/y.

B ocHosy pa3spabotku 3YP 22[] 6uinu
NONOKEHbI NONYYEHHbIE K TOMY BpEMeH!
ucnbitannit 17/1. OpHako, 8

KOMUCCHU NO Boennompomumnennun 80-
npocam, NpuHaTLIM B anpene 1961 ropa.
Ho, u3-3a 3apiepieK B MOAEPHU3ALUMM ApY-
rux 3nementos 3PK, Tpe6oBaHuA K HOBOW
3YP B nonHom obbeme Gbinu yTBEPHACH
TonbKO B MioHe 1963 ropa. B cootseTcTeMN
c Humu 3YP 22[] ponkHa Geina

he development of the 22D missile
for an upgraded version of the S-75
AD missile system began at the Fakel
Engineering Design Bureau in com-
pliance with a resolution of the govern-

cBA3N C Tbi0
yny PUCTUE,
HYIO CXeMy, npmmyn ana 17)1, npuwnock

HOM BUAe paKeTa 22[] cTana 1pexcrynew4a-
TO#, 4TO N03BOARNO OCYWECTBAATH Pa3Nuy-

BO3AYWHbIE UMK HA AanbHOCTAX A0 60 KM,

BT Paerw Oavens”

Hble Bap Tak, npu nonete
K Uenu, HaxopAwWencs Ha MaKCUManbHo

mental Commission on military-technical
affairs adopted in April 1961. However,

aerial targets flying at a speed of up to
3,000 km/h at ranges of up to 60 km and
altitudes of up to 35 km.

The 17D missile’s test data that was
available at that time became the basis for
the development of the 22D missile.
Hawever, due to the need of considerable

due to the delays in other com-
ponents of the AD missile system, the
technical requirements of the proposed AD
missile were finally approved as late as in
June 1963. According to these specifica-
tions, the 22D missile was to engage

of the missile’s performance
charactensncs, the 17D layout had to be
radically revised. In its final version, the
22D missile comprised three stages, which
made it possible to apply various intercep-
tion modes. Thus, when approaching the

Fakel's Missiles I




AANLHOCTH aKTUBHOTO NOJIETa PaKeTbl U Ha
BbICOTax MeHee 20 KM, TONAUBO PaKeTHO-
NPAMOTONHbIX ABMraTened AOMKHO 6bino
WCNONbL30BATLCA NONHOCTBLIO, NOCne Yero
OHM CGpaCNBBﬂMCb C NOMOWbIO NUpPOUU-
nuHAPOB. Mpyu nonete K uenw, Haxoaswen-
cA Ha BbicoTe Gonee 20 KM, Mapuwesbie pa-
KeTHO-NPAMOTOYHbBIE ABUraTenn Mormu
c6pacsiBaTbCA B 11060/ MOMEHT MxX paboTsl.
HenocpeacteexHo nepesy c6pocom AoMKEH
6bin 3aNyCKaTbCA TBEPAOTONNMBHLIN ABU-
ratenb TpeTbeil CTyneHy.

MNepsas ctynexb 22[] Bknioyana 8 cebs
YCKOpUTENb CO CTabunM3aTopamu, UCnosnb-
30BaBWWIACA TaKke U Ana 17[]. OcHosHoe
BHeWHee 0TnYMe pakeTsl oT 17/] coctoano
B YCTAHOBKE Ha KOHUAX Kpbinbes 22[] yeTbi-
pex TBeppotonausHeix MBPL sTopoil cty-
nexu. Tonnuso ANA HUX, NOYTH HA TPETL CO-
CToABWEE M3 anlOMUHUEBO-MarHUeBoro
nopowka, 06nafanc BLICOKUMU IHepreTH-
YeCKUMU XapaKTEPUCTUKAMMU.

Tpetba cTyneHb 22[] coctoana u3 natTn
oTceKos. B nepeBoM Haxoauncs paauo-
83pbIBaTENb, BO BTOPOM — OCKONO4HO-(y-
racHas 60esas YacTe, B TPETbEM — annapary-
pa ] pTOM — TBep)
NMBHbIA PAKETHbIA ABMraTeNb U B NATOM —
ra300TBoAHasR Tpy6a C connosbiM 610KOM U
NPUBOAOM CHCTEMBI yNPABNEHHA.

Nepsuiit nyck 22[] coctosncs 27 pe-
kabps 1963 ropa. McnbiTanua paketsl
npogomkanuce ao aerycra 1966 ropa.
B 1966 ropy TaKke cOCTOANOCH HECKONBKO
nyckos 22[], OCHAWEHHOW XWAKOCTHBIMU
NBPO, paspabotanubimu 8 OKB-670 nog
pykosoacTsom M.M. Bonpapioka.

Ha ucneiranusx 221 npu pabote Tpe-
Theit cTyneHu Gbina AOCTUrHYTA MaKCH-

ManbHas ckopocTb 4,8M (c pabotalouwumu
MBP paketa pasroHanacs A0 CKOPOCTH
3,9M), BbicoTa ee noneta npesbiwana
30 km. CTapToBan Macca UCNbITLIBABLUMXCA
paker coctasnana 3110-3260 kr.

B cepeguHe 60-x rogos pesynbrarsl,
nony4eHHble B npouyecce ucnuitaHui 22f},
AEMOHCTPUPOBANU 3HAYUTENbHBIA Npo-
rPecc B Pa3BUTMM 3eHUTHBIX paKeT. OfHako
K MOMEHTY NPUHATUA PEWEHUA O AanbHei-
weit cyabbe 22[] Ha BOOPYMEHUH yxe Ha-
xoaunuch 3YP 20[], xapaKTepucTuku Koto-
PbiX NOAHOCTBIO COOTBETCTBOBANM BO3MONK-
HocTam cpeacts 3PK C-75, u noatomy npo-

pabot no uci B CO-
crase  3Toro  komnnekca 3YP ¢
DPaKeTHO-NPAMOTOYHBIMU AABUTATENSMH Gbi-
N0 NPU3HAHO HeuenecoobpasHuiM.

3eHuTHbIE paKeTbl Ans Boiick MBO

targets located at the missile’s powered
flight range limit and at altitudes below
20 km, the ramjet engines fuel was to be
completely used up followed by the sepa-
ration of the engines by means of pyro
devices. When heading to the targets
located above 20 km, the running ramjet
sustainers could be separated at any
moment. The solid-propellant engine of
the third stage was to be activated just
before the separation.

The first stage of the 22D comprised a
booster with stabilizing fins (used also in
the 17D). By appearance, the 22D differed
from the 17D in four solid-propellant ram-
jet engines of the second stage fixed on
its wing tips. The engines ran on high-
energy fuel that almost by one third con-

sisted of aluminum-magnesium powder.

The third stage of the 22D comprised
five sections. A radio fuze was fixed in the
first section, a HE fragmentation warhead -
in the second, control equipment - in the
third, a solid-propellant engine - in the
fourth, and an exhaust-gas duct with a
nozzle cluster and a control actuator
assembly — in the fifth one.

The 22D was first launched on
December 27, 1963. The missile’s testing
continued until August 1966. In 1966,
several launches of the 22D fitted with
liquid-propellant ramjet engines were
held. The engines were designed at the
Experimental Design Bureau #670
(0KB-670) headed by M. Bondaryuk.

In the course of testing the 22D with
the running engines of the third stage,
amaximum speed of Mach 4.8 was achieved
(with the running ramjets, the missile accel-
erated to Mach 3.9). Its flight altitude
exceeded 30 km. The tested missiles’ launch
weight amounted to 3,110-3,260 kg.

In the mid-1960s, the results of the
22D testing signified a considerable
progress in the development of the AD
missiles. However, when the decision on
the future of the 22D was to be taken, the
20D AD missile had already been adopted
for service. Its performance characteris-
tics fully suited the S-75 AD missile sys-
tem. That is why the further employment
of ramjet-powered missiles in this missile
system was deemed inexpedient.

Missiles for the Air Defense Forces



3PK C-125. 3eHuTHan ynpaenaemas pakera 5824

S-125 AD missile system. 5V24 guided missile

eHWTHaA ynpasnsemas paketa Manoi
pansHocTh 5B24 npepHasHayeHa ans
NOPAKEHUA Pa3NUYHbLIX CPEACTB BO3-

HOW cTaHuMK Hasepenus. Moapsis 6oesoil
4aCTH OCYWeCTBASETCA NP NOANETe K Ue-
M N0 KOMaHAe PaaMoB3pLIBaTeNs.

Mepsas crynens 5B24 - TeeppoTon-
NMBHbIIA YCKOPUTENb C YCTAHOBNEHHbIMM HA

AYWHOTO HanafeHus: CamoneTos
CTPATernyecKoi M TaKTUYECKo aBuaunu, a
TaKKe paker -8

WHPOKOM AMaNa3oHe ycnosuit ux 6oesoro
NPUMEHEHUA.

5B24 npepcrasnser coboit ABYXCTy-
NEHYATYI0 PaKeTy, BLINOMHEHHYIO NO a3po-
[AMHAMUYecKoil cxeme “yTka”.

CTapT paKetsl — HaKNOHHBIR, C NYCKO-
BOW YCTAHOBKM, HABOAMMOA NO yrAy U asun-
MyTY MecTa. YnpasneHue noneToM U Hase-
AeHMe Ha LeNb OCYWECTBARIOTCA NO Paano-
KOMaHAaM, KOTOpbE MOCTYNAKT OT Ha3eM-

HeM pac nocne crapra ue-
THIPbMA C P cry-

he 5V24 short-range AD missile is
intended to engage various air
attack weapons such as strategic and
tactical aircraft and airborne mis-
siles, in a wide range of their combat use.
The 5V24 is a two-stage missile

MeHb PaKeThl TakiKe oCHaleHa TBepaoTon-
NIMBHOI ABUraTeNbHO ycTaHoBkow. KoHeT-
PYKTUBHO Mapluesas cTyneHs 5B24 coctout
3 PAAA OTCEKOB, B KOTOPbIX PACMONOKEHbI:

ploying a canard ic configu-
ration.

The missile is fired at an angle from a
launcher laid in elevation and azimuth.
Missile flight control and guidance are
acc ished via radio ds from a

arperarsl
PYNAMU PaKeTbl, OCKONOYHO-yracHas Goe-
Bas vactb, 6nok Goproso# annapartypsl,
TBEPAOTON/IMBHbIA PAKETHbIA ABMraTeNs,
NPUEMHUKN KOMaHA yNpaBneHua.

ground guidance radar. The warhead is ini-
tiated by commands from a radar fuze in
the proximity to the target.

The first stage of the 5V24 is a solid-

BT oo v

propellant booster with four stabilizing
fins unfolded after launch. The sustainer
stage of the missile is also fitted with a
solid-propellant engine.

Structurally, the 5V24 sustainer stage
comprises a number of sections housing a
radar fuze, control surface actuators, a HE
fragmentation warhead, an onboard equip-
ment unit, a solid-propellant engine, and
control command receivers.

Fakel's Missiles [}




. 3eHuTHbIe paKeTbl Ana Boiick NBO Missiles for the Air Defense Forces




1. Pakema 5824 80 pems ucnsimanui, 1958 2.
/ 5V24 missile during tests, 1958
2,3. Modzomosxa pakems: 5824  nycky
5V24 missile being prepared for launch
4. 3azpy3xa paxem 5824 & camonem AH-12
Loading 5V24 missiles into An-12 aircraft
5,6. Camonems), c6umsie paxemamu 5824 80 8pems Goesbix deiicmaudl & E2unme
Aircraft downed by 5V24 missiles during combat actions in Eqypt
7. Paxemst 5824 8 E2unme
5124 missiles in Eqypt
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3PK C-125. 3eHuTHan ynpaBnaemas pakera 5B27

S-125 AD missile system. 5V27 guided missile

ny6oKas MOAEPHU3AUMA  paKeTsl  ThIpbMA CTaGMAM3aTOpamMu U AByMA TOp-
5B24. Oci TAMM, KOTOpbIe Chy-

cTanu: uc Hat ana AankHoCTH nonera
Hue Gonee 0 Map yeKop: nocne ero Mapue-

Asuratens, 6oeBoOro CHapAKeHWs W papa
JnemeHToB 6opToBO# annaparypsl. Beinon-
HeHWe MOJEPHU3aUMM NO3BOAKNO YBENH-
4NTb 30HY NOPAKEHUA BOAYWHLIX Lenei
N0 AanbHOCTM M BhICOTE, Y 3¢-

BaA CTyNeHb PaKeThl TaKke OCHaUeHa
TBEPAOTONNMBHOW ABUTATENbHOM YCTaHOB-
Koit. KOHCTPYKTMBHO MapweBas CTyneb
5B27 cOCTOUT U3 PAAA OTCEKOB, B KOTOPbIX

(EeKTMBHOCTL NOPaKEHUA BLICOKOCKOPOCT-
HbIX Uenei.

YnpasneHue noneTom U HaseaeHue Ha
UeNb OCYWeCTBARIOTCA N0 PAAMOKOMAHAAM,
KOTOpBIE NOCTYNAIOT OT HA3EMHOM CTaHLMM
Hasepenus. Moapeis Goesoit yacTy ocyue-
CTBARETCS NPU NOANETE K LN N0 KOMaKAe
paauos3psisatens.

Nepsas cTyneHs 5B27 — TBepgoton-
JWMBHBII YCKOPUTEND C YCTAHOBNEHHBIMU Ha
HEM pacKpbiBaeMbiMM nocie CTapra ye-

B P “Onens” ;

pac arpera-
Tbl YNPABNEHUR PYNAMM PaKeTsl, OCKONOY-
Ho-hyracHas Goesas 4acte, 6nok Gopro-
BOWi annapatypel, TBEPAOTONAMBHbIA pa-
KETHbIi ABUTATENb, NPUEMHUKM KOMAHA yN-
paBneHus.

he 5V27 is a radically modernized
version of the 5V24 missile. It fea-
tures an upgraded sustainer, arma-
ment and some units of onboard
electronic equipment. The modernization
allows increasing the kill zone of air tar-
gets in range and altitude, and speed of
the targets to be engaged.
Missile ﬂlght control and guidance
are acc d via radio c
from a ground guidance radar. The war-
head is initiated by commands from a
radar fuze in the proximity to the target.
The first stage of the 5V27 is a solid-

Pakera Bbl Mo-
ANUKaUnAX, B TOM uncne 5827!’ 58271,
5B27IMC, 5B27INY, 58271,

booster with four stabilizing
ﬁns unfolded after launch and two braking
surfaces fixed on the booster. The braking
surfaces serve to reduce the booster's
flight range after its separation from
the missile. The sustainer stage of

the missile is also fitted with a solid-
propellant engine.

Structurally, the 5V27 sustainer stage
comprises a number of sections housing a
radar fuze, control surface actuators, a HE
fragmentation warhead, an onboard equip-
ment unit, a solid-propellant engine, and
control command receivers.

There have been several modifications
of the missile, including the 5V276,
5V27GP, 5V27GPS, 5V27GPU, 5V27D ver-
sions.

e Fakel's Missiles [l
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1,3. Pakemer 5B27 Ha nyckosol ycmakosKe
5V27 missiles on the launcher

2. 3apaxanue pakemanu 5B27 nycKo8od ycmanosKu
Launcher being loaded with 5V27 missiles

o

Nlyck pakeme! 5827

Launch of 5V27 missile

. Pakemsi 5627 Apmuu K020cnasu, cbuswuue 27 wapma 1999 2000 camonem-Hesudunky F-117A (6,7)
5V27 missiles of the Army of Yugoslavia that downed F-117A Stealth aircraft (6,7) on March 27, 1999
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3PK C-125. 3enntHan ynpasnaemas paketa 5B27/1E E e

opepHu3auma paketsl 5B27[. Oc-
HOBHbIMU HanpaBNeHUAMW Moaep-
HU3AUMK CTaNU: MCNONb3OBaHWe B
craproBoM asurarene Gonee 3¢-
(DEKTMBHOTO TBEPAOTO TONAUBA, HCNONL3O-
BaHue IhdeKTBHOro 60EBOrO CHapsme-

CTBNAGTCA NPM NOA/IETE K LieNH N0 KOMaHAe
paauoB3peiBaTens.
Nepsas ctynexsb 5B27[1E - TBeppoTon-

he 5V27DE is a modernized version
of the 5V27D missile. It features
employment of more effective solid

NMBHBIA YCKOPHTENb C YC Ha
HEM pacKpLIBaeMbIMU NoCAE CTapra ye-
ThipbMA CTabUAK3ATOPaMM W ABYMA TOp-

HUA, 3aMeHa pama p TAMM, KOTOpble CAy-
parypsi. B Kar pns y AanbHOCTH noneta
30HY  YCKOP! nocne ero Mapuwe-

y
NOpPaXeHUs BO3AYWHLIX Leneit No AanbHO-
CTH ¥ BLICOTE (HWKHAA rPaHMLA 30HBI NO-
paxenus cocrasnser 20 M), obecneyuts
3 deKTBHOE NOpaXeHUe CyWecTBylowmux
W NepCNeKTUBHbLIX CPEACTB Ha-

Ban CTyNeHb paKeThl TaKie OCHalleHa
TBEPAOTONAMBHO! [BUraTeNbHOM YCTaHOB-
KoW. KOHCTPYKTMBHO MapuweBas CTyneHb
5B27/1E COCTOMT U3 pPAAA OTCEKOB, B KOTO-

najienus, BKNI0YaA PasnuyHbIe BUAbI BbICO-
KOTOYHOTO OPYMKHS.

YnpaeneHue noneTom U HaseaeHue Ha
Uenb 0CYWeECTBAAIOTCA NO P:

pbix pac ar-
peratel ynpasneHus pyARMH PakeTs, 0CKO-
nouHo-yracHas 6oesas yacts, 6nok 6op-
TOBO/ annaparypel, TBEPAOTONUBHBIIA pa-

KOTOpbIE NOCTYNAIOT OT HA3EMHOM CTaHLUMH
HasepeHus. Mogpuis 6oesoit yacTh ocyuje-

KeTHbIi pi KOMaHA yn-
pasneHus.

llant for the booster, use of
upgraded armament, and replacement of
some units of the onboard electronic
equipment. The modernization allows
increasing the kill zone of air targets in
range and altitude (lower limit is 20 m),
ensuring the effective engagement of the
in-service air attack means and those
under development, including different
types of high-precision weapons.

Missile flight control and guidance are
accomplished via radio commands from a
ground guidance radar. The warhead is ini-
tiated by commands from a radar fuze in
the proximity to the target.

The first stage of the 5V27DE is a
solid-propellant booster with four stabiliz-

ing fins unfolded after launch and two
braking surfaces fixed on the booster. The
braking surfaces serve to reduce the
booster’s flight range after its separation
from the missile. The sustainer stage of
the missile is also fitted with a solid-
propellant engine.

Structurally, the 5V27DE sustainer
stage comprises a number of sections
housing a radar fuze, control surface actu-
ators, a HE fragmentation warhead,
an onboard equipment unit, a solid-
propellant engine, and control command
receivers.

Fakel's Missiles [l
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. Pakemsi 5827/JE
5V27DE missiles

. Paxems! 5827/1E Ha nyckosoll ycmanosKe
5V27DE missiles on the launcher

Paxetsl “®akena” Fakel's Missiles -
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3PK C-175. 3enntHan ynpasnsemas pakera B-850 (npoekr)

S-175 AD missile system. V-850 guided missile (project)

1956-1957 rogax 8 MKB “®aken”
nposefeHs pa6oTsl N0 M3yueHuio
BO3MOXHOCTH co3panua 3YP B-850
ANA NepefBUIKHON 3EHUTHON paKeT-

Hoit cuctemsl C-175, o6napasweir 6onbiuei
RANbHOCTIO [eACTBUS, YeM C K

€e Ha Uenb OCYUeCTBAAETCA N0 PaAMOKO-
MaHJaM, KOTOpbIe NOCTYNAIOT OT Ha3eMHOM
CTaHUMM HaBefeHus.

Mepsas crynexb B-850 npepcrasnser
co60ii YeTbipe TBEPAOTONIMBHLIX ABMraTe-

ToMy Bpemenu cucrema C-75.

B-850 npepcrasnana coboi ABYXCTy-
NEHYATYI0 PaKeTy, BLINONHEHHYIO MO HOP-
ManbHOA a3POAMHAMMYECKOH CXeMe, C yC-
TaHOBNEHHBIMU B NEPEAHEi 4acTH paKeTbl
pectabunusatop c p Tpe-

6 YANMHe-

s, yC Ha i cTynexu
paKeThi Mexay KpeinbAMu. Bropas crynews
OCHall{eHa JUAKOCTHOM ABUTATeNIbHOM yCTa-
HOBKOW C HACOCHO# CUCTEMOI NOAAYM KOM-
NOHEHTOB ToNAMBa B Asuratens. KoHcTpyk-
TWBHO Mapwesas cTyneHb B-850 cocTouT u3
pAja OTCEKOB, B KOTOPbIX PACMONOKEHbI:

y P
HWA, pynAMUM W ctabunusatopamu. Crapt
PaKeThl — HaKNOHHBIH, C NYCKOBOW YCTaHOB-
Ki, HABOAMMOI MO YTy W a3UMyTY MecTa.

Goesas yactb, 6noku

P i patypi, 6aku ¢
MY TONAMBA, KMAKOCTHBII PaKETHI ABHra-
TeNb, arperaTsl YNPaBneHus pynsimu PaKer,

YnpasneHue NoneToM paKetsl v

p KOMaHp

n 1956-1957, the Fakel Engineering

Design Bureau studied the possibility

of creating the V-850 missile for the

$-175 mobile AD missile system, which
featured a longer operating range com-
pared to the earlier created S-75 system.

The V-850 was a two-stage missile
employing a normal aerodynamic configu-
ration with destabilizers mounted in the
fore part of the missile, four high-aspect
delta wings, control surfaces and stabiliz-
ing fins. The missile is launched at an
angle from a launcher laid in elevation and
azimuth. Missile flight control and guid-
ance are accomplished via radio com-
mands from a ground guidance radar.

The first stage of the V-850 consists of

four solid-propellant engines arranged in
the sustainer stage of the missile, between
its wings. The second stage is fitted with a
liquid-propellant pump-feed engine.
Structurally, the sustainer stage of the
V-850 consists of a number of sections
housing a radar fuze, a warhead, onboard
equipment units, propellant tanks,
a liquid-propellant rocket engine, missile
control surface actuators and a control
command receiver.

Ans Boiick MBO

Missiles for the Air Def

Forcm



B Pacersi “Gavena”

3}!(7(:200. 3eHuTHan ynpaensemas pakera 5821

S$-200 AD missile system. 5V21 guided missile

eHWTHaA ynpasnaemas paketa 6onb-
woi aanbHocTH 5B21 npeaHasHaveHa
ANS NOPAXEHUA Pa3NUYHBIX CPEACTB

CTpaTeruyeckoil M TaKTHYECKoii aBuauun, a
TakKe KpiNaTbix PaKeT BO3AYWHOTO M Ha-
3eMHOr0 6a3upoBaHMA — B WMPOKOM Ana-
na3oHe ycnoBMiA MX 60EBOTO NPUMEHEHHS.

5B21 npepcrasnser coboit AByXCTy-
NeHuaTyio paKeTy, BLINONHEHHYIO N0 HOp-
MaNbHOW a3POAMHAMUYECKOW CXEME, C Ye-
ThIPbMA TPEYroNbHbIMU KPbiNbAMU 60NbLO-
O YAMMHEHNA.

Crapr paKeTsl — HaKNOHHBIW, C NOCTO-
AHHBIM YINOM BO3BbIEHUSA, C NYCKOBOW yC-
TaHOBKM, HaBOAUMOWA N0 a3uMyTy Mecta.
YnpasneHue noneToM U HaBeieHme Ha uenb
0CYWecTsAReTCA ¢ ye

HOW Ha paKeTe NONYaKTUBHOW PaanoNoKa-
UMOHHOI rONI0BKM CaMOHaBefeHHs.
Nepsas crynexb 5B21 npeacrasnser
060t YeTbipe TBEPAOTONMBHLIX ABUTaTE-
N5, YCTAHOBNIEHHBIX HA MapLEBOIA CTyneHn
paKeTsl Mexay kpeinbAmu. Bropas crynews
OCHaleHa MUAKOCTHOM ABMraTentHOM yc-
TaHOBKOI C HAcoCHOW CUCTEMOW nopaun
KOMNOHEHTOB TONAuBa 8 Asurarens. Kow-
CTPYKTUBHO Maplesas ctynenb 5B21 co-
CTOMT U3 PAAA OTCEKOB, B KOTOPLIX Pacno-
NOXKeHbI: NONYaKTMBHAR PafMONOKALMOH-
Haf ronoBKa camoHasepeHus, 610ku 6op-
TOBO/ annapatypel yNpasAeHus noneTom
PpaKeTsl, OCKONO4HO-(yrackas 6oesasn
YacTb, 6akM C KOMNOHEHTaMM TONAUBA,
KUAKOCTHBIA PaKEeTHBII ABUraTeNs, arpera-

ol PYAAMU paKeTsi.

he 5V21 AD long-range missile is

intended to engage various air

attack weapons: strategic and tacti-

cal aircraft, as well as air-launched
and ground-launched cruise missiles in
a wide range of their combat use.

The 5V21 is a two-stage missile

its wings. The second stage is fitted with a
liquid-propellant pump-feed engine.
Structurally, the 5V21 sustainer stage
consists of a number of sections housing
a semiactive radar homing head, onboard
flight control equipment units, a HE frag-
mentation warhead, propellant tanks, a

ploying a normal d: ic configu-
ration with four high-aspect delta wings.

The missile is fired from an oblique
constant elevation launcher laid in
azimuth. Missile flight control and guid-
ance are accomplished via a semiactive
radar homing head mounted on the
missile.

The first stage of the 5V21 consists of
four solid-propellant engines mounted on
the sustainer stage of the missile, between

liquid-propellant rocket engine, and con-
trol surface actuators.

Fakel's Missiles I
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1. Paxema 5621 na nycxosoi ycmanoske
5V21 missile on the launcher

2,3. Cmapm paxeme! 58214
Launch of 5V21A missile
4,5. Omdenenue ycxopumenedi
Separation of boosters
6. Mopaxenue yenu
Hitting the target
7. Paxema 56218 Ha asmomamuseckoil 3apaxalouwed ycmanoske
5V21V missile on the automatic loader

BEC  Pakers: “dakena” i i =z ~ Fakels Missites [l
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3PK C-200. 3eHuTHaA ynpasnseman pakera 5828

S-200 AD missile system. 5V28 guided missile

ny6okaa MOAEpHU3AUMA  paKeTsl
5B21. OcHOBHble HanpasneHus Mo-
AEpPHM3aUNKM: YCTaHOBKA 6onee co-
BepLWeHHbIX 3nemeHToB 6opToBo# an-
naparypsi, 60pTOBOrO MCTOYHUKA NUTaHUA,
aMNyNM3MPOBaHHOM MaplWeBoi ABuraTeNb-
HO YCTaHOBKM.

Mepsas cryneHs 5B28 npepcrasnser
co60ii YeTbipe TBEPAOTONMBHBIX ABUTaTE-
NR, YCTAHOBNEGHHBIX HAa MapLeBO CTyNeHn
paKeThl MeXAy KpbinbaMu. Bropas cTynexs
OCHaleHa KUAKOCTHOM ABUTaTeNbHOM YC-
TaHOBKOW C HACOCHOW CMCTEMOW nopayu

3HAYUTENBHO YBENIUYUTL 30HY NOPAXEHWUA
BO3AYWHBIX LENeii N0 JaNbHOCTH U BbICOTE,
noBLICUTL  3HEKTUBHOCTL NOPAXKEHUA
BbICOKOCKOPOCTHBIX Leneit.

Crapt pakertsl — HaKNOHHBIMA, C NOCTO-
AHHBIM YTIOM BO3BbILIEHNS, C NYCKOBOW yC-
TaHOBKK, HABOAUMOW MO a3uMyTy MecTa.
YnpasneHue NoNeToM 1 HaBeeHue Ha uenb

Tonnuea B psurarens. Kow-
CTPYKTUBHO MapweBas cTyneHs 5B28 co-
CTOMT U3 PAA OTCEKOB, B KOTOPBIX Pacno-
NOXEHbI: NONYAaKTUBHAA PafWONOKAUWUOH-
HaA ronoBKa camoHasepeHus, 6noku Gop-
TOBOW annaparypel ynpasfeHus Nonetom
pakeThl, 0CKONO4HO-(yracHas Goesas
yactb, 6aku C KOMNOHEHTaMU TOMAMBA,
JKMAKOCTHBI PaKeTHbIH ABUraTeNs, arpera-

OCYWECTBARETCA C ye

HOW Ha paKeTe NoAyaKTUBHOM paauonoKa-

THl PYNAMM paKeTbl.
PaKera BbinycKanach 8 pa3nuuHbix Mo~

LUMOHHO# rONOBKM Ci

Pakerbl “®akena”

8 TOM yucne 5B28M.

he 5V28 is a radically modernized

version of 5V21 missile. It features

the use of upgraded onboard equip-

ment units, onboard power source
and sustainer propulsion plant capsule
that allowed the designers to substantial-
ly increase the kill zone of air targets in
range and altitude, as well as the speed of
the targets to be engaged.

The missile is launched at an angle
with a fixed elevation from a launcher laid
in azimuth. Missile flight control and
guidance are accomplished via a semi-
active radar homing head mounted on the
missile.

The first stage of the 5V28 consists of
four solid-propellant engines mounted in
the sustainer stage of the missile, between

its wings. The second stage is fitted with
a liquid-propellant pump-feed engine.
Structurally, the sustainer stage of the
5V28 consists of a number of sections
housing a semiactive radar homing head,
onboard flight control equipment units, a
HE fragmentation warhead, propellant
tanks, a liquid-propellant rocket engine,
and missile control surface actuators.
There were several modifications of
the missile, including the 5V28M version.

; Fakel's Missiles -
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Paketsl “®akena”

1,3. Paxema 5828 Ha nonueone
5V28 missile at a firing range

>

»

*

Cmapm paxemsi 5828
Launch of 5V28 missile

. BA0K cmiapmossix ycopumened

Boost cluster
Aspodunamuvecwui pyns
Aerodynamic control surface
Paxema 5828

5V28 missile
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3PC C-3000. 3eHuTHan ynpasnseman pakera 5B55K

S-300P AD missile system. 5V55K guided missile

€HUTHaA ynpaBnseMan paketa cpep-
Hel pansHocTu 5B55K npepHasHave-
Ha /A NOPAKEHMA KaK COBPEMEHHBIX,
TaK U NEPCneKTUBHBIX CPEACTB BO3-
AYWHOTO HANAHMA: CAMONETOB CTpaTert-
YeCKOW, TaKTUYECKOH U MOPCKO aBuaumy,
CTpaTeruyeckux Kpbinateix paker, asuaum-
OHHBIX PaKeT, TAKTUYECKUX U

6e3 npejBapuTeNbHOTO Pa3BopoTa NycKo-
BOW YCTaHOBKM B CTOPOHY yenu. Mocne 3a-
nycKa ABUraTeNns pakeTa CKNOHAETCA B Tpe-
GyeMoM HanpasieHMu B 3aBUCMMOCTH OT
NONOXEHUA LN NPU NOMOLY ra30BbiX py-
neii-3nepoHoB.

[Ans HaBefeHus paKeTsl Ha Uenb MC-

TaKTHYeCKuX GannucTuyeckux paker, Gec-
NUNOTHBIX NETaTEeNbHbIX aNNapaTos — B WH-
POKOM AuanasoHe ycnosuit ux 6Goesoro

A P metop. Oc-
KonouHo-gyracHas 6oesas yactb 60nbWON
MOLWHOCTH B COYETAHWUM C BLICOKUMU nepe-
rpy3Kamm, KOTOpbie CNOCOGHA BbiACPHKU-
BaTb pakera, obecneynsaiot 3 hekTUBHOE

uenei, B TOM Yucne U MHTeH-

npUMEHEHUs.
Paketa 3kcnnyatupyetcs 8 rep
HOM TPaHCNOPTHO-NYCKOBOM iiHep CUBHO

(TNK) u He Tpebyet npoBepok u perynupo-
BOK 8 TeYEHMe BCero Cpoka cymbel.
5B55K - opHOCTynenyatas pakera,
no Hop ]
MUYECKO# CXeMe, C PAaCKPbiBaeMbiMU NoCNE
cTapra pynsmu.
Crapt pakeTbl — BEPTMKaNbHbIM, C NO-
Moubio ycTaHosneHHoi B TMNK katanynstel,

WVPaxeru “®akena”

Pakera 5B55K ocHauweHa BbicOKO3(-
(eKTUBHbIM TBEPAOTONAMBHLIM ABMUraTe-
nem. KOHCTPYKTUBHO OHa COCTOMT U3 paaa
OTCEKOB, B KOTOPbIX PACNONOXKEHbI: BLINOA-
HeHHas B Buae MoHo6n0Ka GopTosas anna-
patypa, OCKOnouHo-dyracHas Goesas
4acTb, TBEPAOTONNMBHbIA PaKeTHBIM ABUra-
Tenb, arperarel yNpasNeHuA pynaMu.

he 5V55K medium-range missile is

intended to engage the in-service air

attack weapons as well as those

under  development, including
strategic, tactical, and naval aircraft,
strategic cruise missiles, air-launched
missiles, tactical and theater ballistic mis-
siles and UAVs in a wide range of their
combat use.

The missile is operated in a sealed
transporting-launching container and
requires no maintenance or check-ups
throughout its entire service life.

The 5V55K is a single-stage missile

ing on the position of the target, the mis-
sile is deflected in the desired direction by
means of gas vanes (ailerons).

The missile is guided by radio com-
mands. A powerful fragmentation warhead
coupled with the missile’s ability to with-
stand high g-loads ensures efficient
destruction of targets, including the
intensively evading ones.

The 5V55K missile is fitted with a
powerful solid-propellant engine. Struc-
turally, it consists of a number of sections
housing onboard equipment (as a mono-
block unit), a HE fragmentation warhead, a

ploying a normal ic configu-
ration with control surfaces that are
unfolded after launch.

The missile is launched vertically with
an aid of a catapult mounted in the trans-
porting-launching container, without
prior laying the launcher in the direction
of the target. After the blast-off, depend-

lid-propell rocket engine, and con-
trol surface actuators.



Annapamyphsiii MoHo670K u Goesas 4acme
Equipment monoblock & warhead

~

. 70K ynpasnenus pyramu
Control surfaces unit

w

. fa308sie u a3poduHamuYECKue pynu-3nepons
Gas vanes and ailerons

S

. IlycKosas ycmanogka pakemi 5B55K
5V55K missile launcher

. Cmapm pakems! 5B55K
Launch of 5V55K missile

«
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3PC C-30001. 3eHuTHas ynpaenseman pakera 5B55P

i S-300P AD missile system. 5V55R guided missile

€HWTHaA ynpasnseMan paketa cpefi-
HeW panbHocTv 5B55P npepHasHave-
Ha [U1A NOPAKEHUA KAK COBPEMEHHBIX,
TaK W NepCneKTUBHbIX CPEACTB BO3-
AYWHOTO HanajieHus: caMoneTos CTpareru-
4eCKO#, TAKTMYECKO! W MOPCKOW asnaumu,
CTpaTeruyeckux Kpbinarbix paker, asuauu-
OHHBIX PaKeT, TAKTUYECKUX U Onep

Pa3BopoTa NYCKOBOH YCTAHOBKM B CTOPOHY
uenu. Mocne 3anycka ABuratens pakera
CKNOHSAETCA B TpebyeMoM Hanpaenexun s
3aBUCMMOCTY OT NONOXKEHMUA LN NPU No-
MOUIM ra308BbiX pyneii-31epoHoB.

Mpy HaBEACHUM PAKETbl UCNONb3YETCA
NPUHUUN CONPOBOXAGHUA LN Yepe3 pa-

Kery. Oc Has 6oesas 4acTb

TaKTMYeCKUX BannucTieckux paker, bec-
NUNOTHBIX fIETaTe/NbHbIX ANNaparos — 8 WH-
POKOM fAuana3soHe ycnoswit ux 6oesoro
npUMeHeHUs.

PaKeTa 3KCnAyaTMpyeTcs B repMeTHy-
HOM TpaHcnop YCKOBOM AHep!
(TNK) u He Tpebyer npoBepok i perynupo-
BOK B TEYEHMe BCEro Cpoka Cymbel.

5B55P — oaHOCTYneH4aran pakera, Bbi-

60NbUWON MOUHOCTH B COYETAHUM C BLICO-
KUMU Neperpy3kami, KoTopble CnocobHa

paketa, obec -
(eKTMBHOE NOpaxeHHe uenei, B TOM Yucne
W MHTEHCUBHO MaHEBPUPYIOLLMX.

Pakera 5B55P ocHauweHa BbICOKO3(-
EKTUBHLIM TBEPAOTONAMBHLIM ABUTaTe-
nem. KOHCTPYKTMBHO OHa COCTOMT M3 papa
0TCEKOB, B KOTOPbIX PaCcMoNONKeHs!: Paano-

no Hop

YeCKO# CXeMe, C PacKpbiBaeMbiMM nocne
crapra pynamu. CTapr pakeTsl — Bepru-
KanbHblil, ¢ ¥ i B

P patypHbiit otcek (6opro-
83 annaparypa BLINONHEHa B BUAE MOHO-
6noka), ockonouHo-tyracHas 60esas yacts,

TNK , 6e3

i pBUraTens, ar-

perarsi PYNAMU paKeTs.

B Pacersi “Gakena”

he 5V55R medium-range missile is

intended to engage the in-service air

attack weapons as well as those

under development, including
strategic, tactical, and naval aircraft,
strategic cruise missiles, air-launched
missiles, tactical and theater ballistic mis-
siles and UAVs in a wide range of their
combat use.

The missile is operated in a sealed
transporting-launching container and
requires no maintenance or check-ups
throughout its entire service life.

The 5V55R is a single-stage missile

ing on the position of the target, the mis-
sile is deflected in the desired direction by
means of gas vanes (ailerons).

The missile is guided by radio com-
mands. A powerful fragmentation warhead
coupled with the missile’s ability to with-
stand high g-loads ensures efficient
destruction of targets, including the
intensively evading ones.

The 5V55R missile is fitted with a pow-
erful solid-propellant engine. Structurally,
it consists of a number of sections housing
onboard equipment (as a monoblock unit),
a HE fragmentation warhead, a solid-

ploying a normal d ic configu-
ration with control surfaces that are
unfolded after launch.

The missile is launched vertically with
an aid of a catapult mounted in the trans-
porting-launching container, without
prior laying the launcher in the direction
of the target. After the blast-off, depend-

prop rocket engine, and control
surface actuators.

Fakel's Missiles [l
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Pakernl “®akena”

1. [Myckosas ycmawosKa ¢ paxemamu 5855P
(Apmus Crosaruu)
Launcher fitted with 5V55R missiles
(Army of Slovakia)
2,3,4. Cmapm paxem! 5855P
Launch of 5V55R missile

Fakel’s Missiles
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3PC C-300MM. 3eHuTHas ynpasnaemas pakera 48H6

S-300PM AD missile system. 48N6 guided missile

eHWTHaA ynpasnseman paketa 6onb-
woi panbHocTu 48H6 npepHasHave-
Ha A4 NOPAKEHUA KaK COBPEMEHHBIX,
TaK W NepCneKTMBHBIX CPEACTB BO3-
AYWHOTO HanaaeHus: CaMoNeTos cTpareru-
YeCKOW, TAKTUYECKOIH U MOPCKOW aBuauum,
CTPaTernyeckux Kpbinatbix paker, asuaum-
OHHBbIX PAKeT, TAKTUYECKUX ¥ ONepaTUBHO-
TaKTU4eckux Ganauctuueckux paker, 6ec-

KOW CxeMe, C pacKpbiBaeMbiMu nocne
cTapTa pynsmm.

Crapr paKeTbl — BEPTUKANbHbIM, C N0~
Mouybio ycTaHosneHHoi 8 TMK karanynsrei,
6e3 npeasapuTeNbHOTO Pa3BopoTa nycko-
BOiA YCTaHOBKM B CTOPOHY uenu. Mocne 3a-
nycka ABUraTens pakera CKIOHAETCA B Tpe-
GyeMoM HanpasneHMM B 3aBUCHMOCTH OT
NO/IOKEHWA UMW NPU NOMOLL{Y ra30BbIX Py-

BCEM AUanasoHe ycnosuit ux 6oesoro npu-

MeHeHUs.

Paketa 3KcnayaTupyetcs 8 repMeTuy-
HOM TPaHCNOPTHO-NYCKOBOM KOHTEiiHepe
(TNK) u e TpeGyet nposepok u perynu-
POBOK B TeYeHMe BCEro CPOKA CRyMGbi.
48H6 — opHOCTYNeHYaTan pakera, BbINOA-
HEHHaA N0 HOPMaNbHOI a3POAUHaMUYeC-

BICTI  Pavers “Gakena”

he 48N6 long-range missile is
intended to engage the in-service air
attack weapons as well as those
under  development, including
strategic, tactical and naval aircraft,
strategic cruise missiles, air-launched mis-
siles, tactical and theater ballistic mis-
siles, and UAVs in the complete range of
their combat use.
The missile is operated in a sealed

Mpu paKeTbl UCl ']
NPUHUMN CONPOBOXACHMA LENY Yepes ca-
My pakety. OckonouHo-tyracHas Goesas

transporting-l hing i and
requires no maintenance or check-ups
throughout its entire service life. The

4acTb 6ONLIWON MOWHOCTH B C c
BLICOKUMM Neperpy3kamu, KoTopble Cno-
cobHa BbiaepKMBaTL pakera, obecneunsa-
10T 3hheKTMBHOE NOpaxeHue uenei, B Tom
4MCNe U MHTEHCUBHO MaHEBPUPYIOWMX.

48N6 is a single-stage missile a
normal aerodynamic configuration with
control surfaces that are unfolded after
launch.

The missile is launched vertically with

an aid of a catapult mounted in the trans-
porting-launching container, without
prior laying the launcher in the direction
of the target. After the blast-off, depend-
ing on the position of the target, the mis-
sile is deflected in the desired direction by
means of gas vanes (ailerons).

Missile guidance is of the missile-
tracking type. A powerful fragmentation
warhead coupled with the missile’s ability
to withstand high g-loads ensures effi-
cient destruction of targets, including the
intensively evading ones.

Fakel's Missiles [
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. Cmapm pakems: 48H6E Ha asicmaske IDEX'93 & A6y-Jabu
48NGE missile launched at IDEX'93 in Abu Dhabi

. [lycKosas ycmarosKa ¢ pakemamu 48H6
48N6 missile launcher

~

w

. Paxema 48H6 & mpancnopmHo-nyckosom konmeiepe
48N6 missile in transporting-launching container

>

. [a308s1e U 3DOBUHTNLYECKUE PYnL-3nepOHbI
Gas vanes and ailerons

5,6. Cmapm pakemi 48H6
Launch of 48N6 missile

m Paxersl “®akena” Fakel’s Missiles -
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XapaKTepuCTMKM 3eHUTHbIX ynpaBnaembix paket ana 3PK soick MBO
Missiles for the Air Defense Missile Systems (Basic Characteristics)

30Ha nopaxeHHs, ku Maxcuwanswas | - Macca pakers, ur | Macca Goeso sacru Pa3mep pakers, M
Target engagement zone, km e Laic Overall dimensions, m
Hassanwe Designation N0 AanbHOCTH 10 BicoTe AnuHa AMameTp pasmax Kpbinbes
Max target speed, | Missile weight, kg | Warhead weight, kg (cra6wnu3aropos)
range altitude 'l length diameter wing (fins) span
14 1D 7 -29 3 - 22 1500 2165 190 10.47 0.5 2.57
114 11D 7 =184 3 - 27 1500 2281 190 10.58 0.5 2.57
131 13D 7 - 34 3 - 27 1500 2281 190 10.58 0.5 2357,
200 20D 7 -43 0.5 - 30 3700 2375 196 19.79 0.5 2.57
523 5Ya23 6 - 56 0.1 - 30 3700 2400 190 10.8 0.5 2.57
5B24 5V24 3.5- 15 01 -10 1500 912 60 5.89 0.375 (2.2)
5B27 5V27 3.5- 24 0.1 - 18 2000 953 70 6.09 0.375 (2.2)
5B27)AE 5V27DE 3 -38 0.02 - 20 2500 980 72.5 6.09 0.375 (2.2)
B-850 V-850 a0/up to 60 3 - 30 3000 5000 250 10.0 0.84 3.5
5B21 5V21 17 -160 03 -20 4300 6700 220 10.5 0.75 2.5
5B28 5V28 ao/up to 240 0.3, = 35 4300 7100 220 10.76 0.75 2.5
5B55K 5V55K 5 - 47 0.025- 25 4300 1665 130 752 0.514 1.133
5B55P 5V55R b= 75 0.025- 25 4300 1665 130 7.2 0.514 1,133
48H6 48N6 5 -150 0.01 - 27 10000 1800 143 2.5 0.515 1.133

BT P Omens”  rakets isstes [



PakeTbl gns BOMCKOBbIX
cuctem NBO

Missiles for the Army
AD Systems



nbiT pa3paboTkm U IKC

HUTHbIX PaKETHbIX CPEACTB, HaKon-
NeHHbI K KoHuy 1950-x rofos, nos-
BONUA NOCTaBUTL NEpes KOHCTPYKTO-

paMu HOBYIO 3ajayy: CO3AaTb PaKeTHbie

cpepctea B0, npeaHasHayeHHble Ans uc-
n0/1b30BaHMUsA B COCTaBE BOWCKOBbIX COBAM-

HeHW. VIHTEHCMBHOCTL 3TMX paboT 3Ha-

YUTENbHO BO3POCNA NOCNE TOrO Kak B as-

rycte 1958 ropa u3 coctasa apTuanepuu

CyxonyTHbIX BOUCK UCKNIOYMUNM 3EHUTHbIE

HOTO 3PK Boick MNBO C-75. Oa-
HaKo netom 1963 ropa pabotsl no 17 u
19/ 6binu NpeKpaileHsl U3-3a Ype3sbiuaii-
HOWM C/IOKHOCTM ROBOAKM ABMraTeNbHOR
YCTAHOBKK.

B Hauane 1960-x ronos 8 MKb “®aken”
TaKKe paccMaTpuBanach BO3MOKHOCTb
npumenenus B coctase 3PK “Kpyr” 3enut-
Hoil pakeTbl 4K60, co3pasaswenca Ana Ko-
pabenbtoro 3PK M-11. B omiuume ot kopa-
6enbHOro, HOBbIM BApUaHT Gbin ABYXCTY-

apTunnepuiickue M papl

yact. Ha ux ocHose 6biin 06pasoBaHsl
camocrosTenbHele Boicka MBO Cyxonyt-

HbIX BOWCK.

MNepsas pa6ora MKB “®aken” pns
BOWCKOBbIX cuctem MBO — 3enuTHas yn-
pasnseman pakera 19/1 ana 3PK cpegueit
pansHoctv “Kpyr”, KoTopeiit co3pasancs 8
HWN-20 (HayyHo-uccnepoBaTenbekuii anexT-
pomexaHuyeckuit uHcTutyt — HUIMK). Ha-
Yano 37oi pa6otsl 6bino nonoxero Mocra-
Hosnennem LK KNCC u Cosera muHucTpos
CCCP ot 4 wniona 1959 ropa Ne 735-338.
HeckonbKo paHble CBO BapUaHT paKeTsi
ana 3PK “Kpyr” npepnoxuno csepa-
nosckoe OKB-8 nog pykosoacTBOM

J1.B. Jlionvesa.

Pewenne o napannensHoi paspabor-
Ke Asyx paket ans opHoro 3PK npecnepo-
Bano ABOAKYIO LeNb: KpOMe “NoACTpaxos-
KW” CBEPANOBCKMX KOHCTPYKTOPOB, ONpoO-
Gosanace Mpes yHUMKAUUM PaKETHOro
opyxua. Pa3pabotka paketsl 171, B KoTO-
poit npeanonaranoch MCNoNb30BaTh Map-
WeBbIit TBEPAOTONNUBHBIA PaKeTHO-NpA-
MOTONHBIW ABUraTeNb, @ TaKxe U Apyrve
LEHHbIE JOCTUIKEHUA HAYKM U TEXHUKK, Be-
Nack B TO BPEMA U ANA MOAEPHU3UPOBAH-

‘I- Paketsl “®akena”

, OC AT
HbIMM YCKOPUTENAMM.

Cnepyiouas pabora MKb “Daken” 8
obnactu Boitckosbix cpeacte MBO — yHu-
uumposanHan pakera 9IM33 ana cospa-
saswerocs 8 HUN-20 camoxopHoro asro-
HomHoro 3PK “Oca”, a Takwe pns Kopa-
6enbHoro 3PK “Oca-M". Mowavany cypsba
370/ — HeGOonbWMX Pa3Mepos W Macchl —
paKeTsl CKnajbiBanach KpaiHe COXHO
Aaxe ApaMaTMyHO. 3aMEHANUCH He TONbKO
PYKOBOAWTENW MNPOEKT3, HO W OpraHu3a-
UMKU-paspaboTymkm.

Pa6ora, Hauaras oceHbio 1960 roga B
KOHCTpyKTOpCKoM 6lopo Mockosckoro 3a-
Bofa N 82, okaszanacb besycnewHoi, n B
centabpe 1964 roga cneuuanbHbiM pee-
Huew MpasutenscTea cTpanbl Gbina nepena-
Ha 8 MKB “®aken”. OnbiT, KoTOpbIM 06n1aAa-
N1 K TOMY BpeMeHu cneynanucrsl “Gakena”,
MX TBOPYECKAA HALUENEHHOCTb Ha MOMCK
NepCNeKTUBHbIX KOHCTPYKTOPCKMX U TeXHO-
NIOTUYECKUX PeweHUit N03BONMNY B KpaiiHe
CKaTble CPOKM [OBMTBCA BneYatnAUMUX
pe3synbratos. Ye secHoit 1965 ropa Hava-
NUCh NIETHbIE UCMILITAHWA BHOBL CNPOGKTH-
POBAHHO# PAKETL, YTO N0O3BONMNO BEPHYTH-
cA K nnaHosomy Temny pabot no 3PK “Oca”.

he experience in development and
operation of the AD missile systems
acquired by the end of 1950s
enabled the missile designers to turn
to a new task: the development of the AD
missile systems intended for the Army
units. The work was considerably intensi-
fied after August 1958 when the AD
artillery and radiotechnical units were
excluded from the Army artillery. Those
units became the basis for an independent
branch, i.e. the Army Air Defense.
The first product of the Fakel
Engineering Design Bureau intended for
the Army AD was the 19D missile designed

for the medium-range Krug AD missile
system developed in the Research
Institute #20 (Moscow Electromecha-
nical Research Institute, NIEMI). The work
was launched by the Decree #735-338 of
the Central Committee of the Communist
Party of the Soviet Union and the USSR
Council of Ministers of July 4, 1959.
Earlier, the Sverdlovsk-based Design
Bureau #8 headed by L. Lulyev proposed
its own version of a missile for the Krug
AD missile system.

The decision on the simultaneous
development of two versions of missiles
for the same AD missile system had double

3PK “Oca-AKM"
0sa-AKM AD missile system

Fakel's Missiles -




MpuHATaA Ha BOOPYXKEHUEe oOCeHblo

purpose: apart from “securing” the

1971 ropa pakera 9M33 HO
MOAEPHM3MPOBANACh, PN 3TOM NOCTOAH-
HO yAy4Wanuco ee XxapaKTepuCTUKN W

there was an idea

to unify the missile weapons. The 17D

missile, which was supposed to feature
lid

IKC Nocnep-
Hue apuanTsl 3PK “Oca” ocHaweHbl pa-
Ketamu 9M33 B TPaHCMOPTHO-NYCKOBbIX
KOHTeiHepax.

Bnepssie B 60esbix AeiiCTBUAX paKe-
ol 3PK “Oca” npuHsnu yyactue secHoit
1981 roga npu OTPaMEHUM M3PaUNbCKUX
6oMBOBbIX YAapoB NO CHPUICKUM BOIA-
ckam 8 Jlusane.

OnbiT, HakonMeHHbIA Ha pakere 9M33
ana 3PK “Oca”, oveHb npuroguncs, korpa
€03AaBanach pakera HOBOTO MOKONEHMS
9M330 ana camoxopworo 3PK “Top” (rono-
BHas opranusauma — HUIMK).

Pa3pa6otka 9M330 Hauanacs & 1976 ro-
Ay. Cneynanucrsl MKB “Daken” Hawnv pag
NPUHUMNUANLHO HOBBIX PElIEHMH, aHano-
r0B KOTOPbIM B TO BPEMA He 6bi0 HM B OTe-
YECTBEHHOW, HU B 3apybexHOi npakTuke.
OHU NPeANOKMAM COBEPWEHHO HOBYIO
KOHLENUMIO TaKTUYECKO 3eHUTHO! ynpas-
nsemoit paketsl. OHa fomKHa Gbina BepTu-
KanbHo CTapToBaTh C NOMOWBIO KaTanysib-

PYIOLLEro YCTPOHCTBa U3 yC

r0 Ha CaMOXOAHOM YCTAHOBKE AW Ha KO-
pabne (9M330 npegHasHayeHa TakKe
AR uCt B cocTaBe 6
Horo 3PK “KnuHok”) TpaHcnoprHo-nycko-
BOTO KOHTelHepa, pa3Bopayusarbes cne-
UManbHoM rasofuHaMU4eckoi cUcTeMoil B
TpeGyemoM Hanpaenexun u 3atem, nocne
3anycka Mapwesoro ABUraTens, BbIXOAUTH
Ha TPaeKTOPUIO HaBeAEHMA Ha Lienb.

AspopuHamuyeckas cxema 9M330
aHanoruyHa cxeme 9M33, yto nossonuno

propellant ramjet i as well
as to implement other valuable scientific
and technological achievements, was
also being developed for the modernized
version of the S-75 AD missile system of
the AD Forces. However, in the summer of
1963, the work on 17D and 19D missiles
was stopped due to the baffling complex-
ity of the power plant operational
adjustment.

In the early 1960, the Fakel Engine-
ering Design Bureau was considering the
idea of employing the 4K60 AD missile in
the Krug AD missile system. This missile had
been designed for the shipborne M-11 AD
missile system. Unlike the shipborne ver-
sion, the new system featured a two-stage
scheme with solid-propellant boosters.

The next item elaborated by the Fakel
Engineering Design Bureau for the Army
AD systems was a unified 9M33 missile for
the Osa self-propelled autonomous AD
missile system developed in the Research
Institute #20, and for the Osa-M shipborne
AD missile system. At first, the destiny of
these small-size and low-weight missiles
was quite complicated and even dramatic:
not only the heads of the projects, but
even the developing organizations were
changed.

The project that was launched in the
autumn of 1960 in the design office of
Moscow Plant #82 turned out to be
unsuccessful, and under a special
decision of our country’s government the

3YP 9M331 8 koumedinepe u 3PK “Top-M1"
9M331 missiles in container & Tor-M1 AD missile system

rPaKem ANA BOWCKOBBIX cuctem MBO

Missiles for the Army AD Sy
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3PK “Top-M1”
Tor-M1 AD missile system

obecneyntb HEOGXOAUMYIO NpeeMcTBeH-
HOCTb pa3paboTku. Tak xe, Kak u Ha 9M33,
Ha 9M330 wucnonb3osaH BpawaWUica
OTHOCHTENLHO NPOJIONLHOA OCH paKeTbl
Kpbinbesoi 610K AnA HeWTpanuzauuu
BO3/leiCTBUA MOMEHTa “Kocoi 06ayBku”,
XapaKTepHOro ANA a3pofMHAMMYECKOM
cxembl “yTKa”.

Kak 1 B cnyyae ¢ ApyruMmu 3eHUTHbIMHU
PaKeTaMu HOBOTO NOKONEHUA, NpW co3pa-

Hum 9M330 peann3osana KoHuenyus obec-

work was transferred to Fakel in
September 1964. The experience that the
Fakel's experts possessed at that time,
their creative intention to find perspec-
tive design and technological decisions
enabled them to achieve impressive
results within an extremely short period
of time. As early as in the spring of 1965,
they started flying tests of a newly
designed missile that allowed returning
to the scheduled timing for the develop-
ment of the Osa AD missile system.

The 9M33 missile adopted for service
in the autumn of 1971 has been modern-
ized several times, and its characteristics
and operational parameters have been con-
tinuously improving. The latest versions of
the Osa AD missile system have been
equipped with the 9M33 missiles placed in
transporting-launching containers.

The first combat employment of the
0Osa AD system’s missiles took place in the
spring of 1981, when repelling the Israeli
bomb strikes at Syrian troops in Lebanon.

The experience of the Osa AD sys-
tem’s combat employment was very use-
ful for the development of a new-genera-
tion 9M330 missile intended for the self-
propelled Tor AD missile system (designed
by NIEMI).

neyexus " ee Gecnposep
3KCnAayaTtauuu B BoMckax U Ha note B Te-
YeHWe BCero rapaHTUMHOTO CPoKa.

C npuHATUEM HA BOOpYKEHHE paKeTbl
9M330 1 ee MOAEPHU3UPOBAHHBIX BApUaH-
T0B Gbina 3an0XeHa NPoYHas OCHOBA ANA
3hdekTuBHOI 6opsbbl M Ha none 605, U Ha
MOpe C CaMbiMM COBEPLEHHbIMI CPeACTBa-
MU BO3AYWHOrO HanageHus.

The d of the 9M330 began
in 1976. The Fakel's experts found a number
of absolutely new designs that at that time
had no analogs either in the domestic prac-
tice or abroad. They developed an entirely
new concept of combat employment of the
tactical AD missile. It was supposed to be
vertically launched by means of a catapult
placed in a transporting-launching con-

tainer installed on a self-propelled AD mis-
sile system or aboard a ship (the 9M330
missile is designed for employment with
the Klinok shipborne AD missile system, as
well), to be deflected by a special gas-
dynamic system in a required direction and
then, after the start of the sustainer, to
enter the target guidance path.

The 9M330 missile’s aerodynamic con-
figuration is similar to that of the 9M33
providing for the necessary continuity in
their development. Similar to the 9M33,
the 9M330 missile features a rotating con-
trol surface unit that spins along the mis-
sile’s longitudinal axis for the neutraliza-
tion of the “slanting flow”, which is typical
for the canard aerodynamic configuration.

Like in the cases of other new-genera-
tion AD missiles, during the development
of the 9M330 missile the specialists
employed the concept of guaranteed relia-
bility of its operation in the Army and in
the Navy without any maintenance during
the entire service life.

Adopting the 9M330 missile and its
modifications for service formed a solid
basis for the effective struggle both on
land and at sea against the most advanced
air attack means.

Paketsl “®akena”
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3PK “Kpyr”. OnbiTHas 3eHuTHaA ynpasnaemas pakera 19]

Krug AD missile system. 19D experimental guided missile

aspabotky 3YP 19/1 Havanu B MKB

4acTAX paKeTsl Ha BHewHem kopnyce MBPA

“®aken” B COOTBETCTBUM C VL1

HeIM B uione 1959 ropa nocraHosne-

HUEM PYKOBOACTBA CTPaHbi.
Asyxcrynenyaras pakera 19/] sbinonHexa
N0 HOPManbHOM a3POANHAMUYECKON Cxe-
me. Ha Kopnyce Mapliesoro TeepaoTonAMB-

p b aHTeHHbI. YcKopl 191

COCTOAN M3 PaKETHOTO ABUTATeNs TBEPAOTO
Tonnumsa (PATT), yeTbipex crabunusaropos,
YNOPHOTO KOHYCa U XBOCTOBOTO OTCeKa.
B 1961-1962 ropax npoBenu HECKONb-
Ko nyckos 19/1.
P

HOro KTHB-
Horo peuratens (MBP) pa3meweHbl Kpbi-
nbA ¥ pynu. BTopaa cTyneHs coctosna u3
NATU OTCEKOB, a ee KOpNYC Gbin BHINONHEH
aHanorMuHLIM KOpNYCY pakeT “cemedictsa”
1. MepepHas YacTb MaplweBoil CTyneHn
yHuduumposana c pakeroit 20[]. B 3agHen
4aCTH MapWeBoi CTyneHu pacnonarancs
ra3oreHepatop C TON/IMBOM U MeXaHU3Mbi
ynpasnenus pynamu. B nepeaHeit u 3agHen

y 8 npouecce
3TUX NYCKOB, OKA3a/IM 3HAYUTENLHOE BAMA-
Hue Ha nposefienve 8 MKB “Daken” v B ero
MOCKOBCKOM unuane panbHeiwmx pabor
B [JAHHOM HanpasneHuw, a Takke Ha Nouc-
KM HOBBIX NYTei U KOHCTPYKTMBHBIX pele-
HUI ANA ROCTUKEHWUA MAKCUMANbHOR -
dekTuHoCTM Mcnonb3osauusa MBPL & co-
crase 3YP.

he Fakel Engineering Design Bureau
began to develop the 19D AD missile
in compliance with the governmen-
tal resolution of July 1959.
The 19D two-stage missile employed a nor-
mal aerodynamic configuration with wings
and fins fixed on the ramjet engine’s body.
The second stage comprised five sections
and its body construction was similar to
that of the 1D missile family. The fore part
of the sustainer was unified with the 20D
missile. The rear part of the sustainer
housed a gas generator with fuel and con-
trol surface actuators. Antennas were
fixed in the fore and rear parts of the mis-
sile, on the ramjet’s outer body. The 17D
booster comprised a solid-propellant

engine, four stabilizing fins, a thrust cone,
and a tail section.

In 1961-1962, a number of launches
of the 19D took place.

The results of these launches consid-
erably influenced the subsequent work of
Fakel and its Moscow division in this direc-
tion and facilitated the search for new
trends and constructive solutions to
achieve the maximum effectiveness of
ramjets used in the AD missiles.
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3PK “Kpyr”. 3enuTHan ynpaBnsemas pakera 4K60

Krug AD missile system. 4K60 guided missile

Hayane 1960-x ronos 8 MKb “®aken”

6bina paccMoTpeHa BO3MOMHOCTb

npumeHenun B coctase 3PK “Kpyr”

3eHuUTHOM paketbl 4K60, co3pasas-
weiica Ana kopabensHoro 3PK M-11.

[laHHbiii BapUaHT pakeTsl Gein AByX-

TH paKeThl OCYLIECTBARETCA NPH NOANETE K
LNk Ha Heo6X0AMMOe PacCTORHME NO KO-
MaHfe paanos3psisatens 60 No KoMaH-
i€ OT CTAHUWK HaBEACHMA.
KoHctpykTneHo mapwesas cTyneHs
PaKeTbl COCTOUT U3 PAAA OTCEKOB, B KOTO-

cry ., 0C T pbix pac oc-
NUBHBIMU YCKOP! cry- Has 6oesas vactb, 610K
neHb paketsl no Hop 7 p i annapatypel, ABYXpEeXUMHbIR

23POANHAMUYECKO CXEMe.

Crapt paKeTbl — HaKNOHHbIM, C NYCKO-
BOW YCTAHOBKM, HABOAUMOW NO YNy U a3u-
MyTy MecTa. YnpasneHue noneTom paKetsl
W HaBefieHHe ee Ha Uenb OCYWeCTBARIOTCA
no paguokomanaam. Moppsis Goesoi yac-

TBEPAOTON/IMBHbIA PAKETHbI ABMraTens,
arperatsl ynNpasfeHus PyNAMM paKeTs,
NPUEMHUKA KOMaHA yNPaBAEHMA.

arly in the 1960s, the Fakel
Engineering Design Bureau was con-
sidering the idea of employing in the
Krug AD missile system the 4K60
missile, which had been developed for the
shipborne M-11 AD missile system.

This missile modification featured two
stages fitted with solid-propellant boost-
ers; the sustainer employed normal aero-
dynamic configuration.

The missile is fired at an angle from a
launcher laid in elevation and azimuth.
Missile flight control and guidance are
accomplished via radio commands. The
warhead is detonated in the required prox-

imity to the target either by a command
from a radar fuze or from a guidance radar.

Structurally, the 4K60 missile compris-
es a number of sections housing a radar
fuze, a HE fragmentation warhead,
onboard equipment units, a dual-mode
solid-propellant rocket engine, missile
control surface actuators and control com-
mand receivers.

Pakersl “®akena”
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3PK “Oca”. 3eHuTHas ynpaBnaemas pakera 9M33

0sa AD missile system. 9M33 guided missile

eHWTHAsA ynpasisemas paketa Manoi
pansHoctv 9M33 npepHasHayeHa ans
NOPAKEHUA Pa3NUYHBIX CPEACTB BO3-
AYWHOTO HaNaACHUA: CAMONETOB TaK-
TUYECKOV aBUaUNK, BEPTONETOB M paKer
Pa3nMyHbIX KNACCOB — B WMPOKOM AWana-
30He ycnoBuit ux 6oesoro npi

HaBefieHns, PacnonoXeHHoi Ha 6oesoit
mawune. Moapeis 60eBoA 4YacTM pakeTbi
OCYWeECTBAAETCA NPU NOANETE K Uenu
no KoMaHage paauos3peiBatens AM6o
N0 KOMaHge, NoCTynaloueil o1 CTaHuuK
HaBefieHus.

9M33 - opHOCTyneHyaTan paKera, Bbi-
NO/HEHHas N0 a3POAMHAMUMUECKOI Cxeme
“yTKa", co cBOGOAHO BPAWAKOWMMCSH XBOC-
TOBBIM KPbI/IbEBLIM GNOKOM.

Crapr pakeTbl — HaKNOHHbIW, C NOCTO-
AHHBIM YINIOM BO3BBIWEHUS, C NYCKOBOW yC-
TaHOBKM, HABOAUMOW NO a3uMyTy MecTa.
YnpasneHue NoONETOM PaKeTsl U HasefeHHe
€e Ha UeNlb OCYWECTBARIOTCA N0 PaAnoKo-
MaH{aM, KOTOpble NOCTYNaloT OT CTaHUHM

KoHc paketa 9M33 coctout
M3 pAfa OTCEKOB, B KOTOPbIX pacnonoxe-
Hbl: arperatsl ynp

HUSL PYNAMU PaKeTsl, 0CKONOYHO-dyracHas
6oesan yacrs, 6noku Goprosoi annapary-
Pbl, ABYXPEXUMHBII TBEPAOTONANBHBIN pa-
KETHBIA IBUTATENb, NPUEMHUKN KOMaHA YN~
pasnemus.

Paketa BbinycKanach B PasfuuHbIX
moauduKauusx, B Tom uyucne 9M33M,
9M33M2, 9M33M3.

he 9M33 short-range missile is

intended to engage various air

attack weapons: tactical and naval

aircraft, helicopters and various
types of missiles in a wide range of their
combat use.

The 9M33 is a single-stage missile
employing a canard aerodynamic configu-
ration with a freely-rotating aft wing unit.

The missile is launched at an angle
with a fixed elevation from a launcher laid
in azimuth. Missile flight control and guid-
ance are accomplished via radio commands
from a guidance radar mounted on a com-
bat vehicle. The warhead is detonated in
proximity to the target by a command from
a radar fuze or from a guidance radar.

Structurally, the 9M33 missile consists
of a number of sections housing a radar
fuze, missile control surface actuators, a
HE fragmentation warhead, onboard
equipment units, a dual-mode solid-
propellant rocket engine, and control com-
mand receivers.

There were several modifications of
the missile, including the 9M33M,
9M33M2, 9M33M3 versions.

Paketbl “®akena”
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. Paxema 9M33 neped nepasim nyckow, mapm 1965 2.
9M33 missile before its first launch, March 1965

2. Mepasiil nyck pakems! IM33

First launch of 9M33 missile

. Modeomosra pakems: 9M33 K ucnsimanusm
9M33 missile being prepared for tests

=

Jemorcmpayus 3PK “Oca” wa napade, Kpacwas Mnowads, 1973 2.
0Osa AD missile system at the parade (Red Square, Moscow, 1973)
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. Pakema 9M33M3 u mparcnopmmo-nyckosoii Kowmednep
9M33M3 missile & transporting-launching container

o

. Aspodunamuveckue pynu paxemsi IM33
Aerodynamic control surfaces (9M33)

Kpsinsesoli 670K pakeme: IM33

Control surface unit (9M33)

3PK “Oca-AKM" Ha yuenusx

Osa-AKM AD missile system at the exercises

”»
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Tyck paxeme: IM33, Apmus Ipeyuu

Launch of 9M33 missile (Army of Greece)

. 3PK “Oca-AKM”, Apmus Mosuuu

0sa-AKM AD missile system (Army of Poland)
3PK “Oca-AKM", Apwenun

0Osa-AKM AD missile system (Armenia)
3apaxanue 3PK “Oca-AKM”

Loading the Osa-AKM AD missile system

. 3PK “Oca-AKM”

0Osa-AKM AD missile system

~

»

w

Fakel's




»
=
@

2
1
>

wv

a

<
>
=
=

<
@
=
=
s

&
»n

2

]

2

-

neo

r PakeTbl AnA BONCKOBBIX CUCTEM




3PK “Top”. 3eHuTHas ynpaBnsemas pakera 9M330

Tor AD missile system. 9M330 guided missile

eHWTHasA ynpasRemMan paketa Manoi
panbHocTM 9M330 npepHasHaueHa
ANA NOPAXEHUSA PA3NUUHbIX CPEACTB
c
TaKTMYeCKOW asuauuu, sep yn-

c c i raso-
ANHAMUYECKOW CUCTEMBI.
YnpasneHue noneToM paKeTsl U Hase-

AeHUe ee Ha Lenb OCyLecTBARETCA NO pa-

A KoTOpble NOCTynaioT of

pasnaembix 6oM6 ¥ paker p
KNaccos — B WHPOKOM AUanasoHe ycioBuit
1x 60eBOro NPUMEHEHNS.

PakeTa JKCNNYaTUPYeTCA B repMeTmy-
HOM TPaHCMOPTHO-NYCKOBOM KOHTelHepe
(TNK), He TpebyeT nposepok u peryaupo-
BOK B TEYEHWe BCero CPOKa CAybbl.

9M330 - opHocTyneHyaras pakera,

no KOW Cxe-
me “yTKa”, C pacKpbiBaeMbiM nocne crapra
€B060AHO BPALAIOWMUMCA XBOCTOBBIM KPbi-
nbesbim 6nokoM. CTapT pakersl — BepTu-

CTaHuuu pac i Ha
6oesoit MawmHe. Moapsis Goesoit yacTu
PaKeThl NPOU3BOAMTCA NPH NOANETE K Lenu
no KoMaupe paagvos3puisatens nuGo
no KOMaHfje, MocTynaiweil OT CTaHUuu
HaBefieHuA.

KoncTpykTueso pakera 9M330 cocto-
WT U3 PAAA OTCEKOB, B KOTOPLIX Pacnono-
KEHbI: PaMOB3pbIBATEND, Arperarbi ynpas-
NeHUs PYNAiMU PaKeTbi, CUCTEMA ra30ANHa-
MUYECKOTO CKNOHEHMA PaKeTbl, OCKONOY-
Ho-yracHas Goesas 4actb, 6noku Gopro-

KanbHblil, C B
K Ge3

BOI patypsl, i TBEpAO-

Pa3sBopoTa NycKOBOI YCTAHOBKM B CTOPOHY
uenu. Mocne Bbixoga pakers u3 TNK, ne-
PeA 3anyckoM PasroHHO-Mapuesoro ABH-
ratens, OHa CKNOHAETCA B TpebyeMoM Ha-

i ABMraTens, npuem-
HUKN KOMAHA ynpaBneHus.

Pakera Takoke BbinycKaetcs 8 Moaudu-
Kauum 9M331.

he 9M330 short-range missile is

intended to destroy various air

attack weapons: tactical and naval

aircraft, helicopters, guided bombs
and various types of missiles in a wide
range of their combat use.

The missile is operated in a sealed
transporting-launching container and does
not require any maintenance and check-
ups throughout its entire service life.

The 9M330 is a single-stage missile
employing a canard aerodynamic configu-
ration with a freely-rotating aft wing unit
that unfolds after the blast-off. The missile
is launched vertically from its transport-
ing-launching container by means of a cat-
apult mounted in the container, without
prior laying the launcher in the direction of
the target. After the missile leaves the
transporting-launching container and
before the sustainer booster is started, the
missile is deflected in the desired direction
by means of a special gas dynamic system.

Missile flight control and guidance
are ac i via radio ¢ d
from a guidance radar mounted on a com-
bat vehicle. The warhead is detonated in
proximity to the target by a command
from a radar fuze or from a guidance sta-
tion.

Structurally, the 9M330 missile con-
sists of a number of sections housing a
radar fuze, missile control surface actua-
tors, a gas dynamic missile deflection sys-
tem, a HE fragmentation warhead, onboard
equipment units, a dual-mode solid-
propellant rocket engine, and control com-
mand receivers.

The modified version of the 9M330
missile is the 9M331.

Pakersl “®akena”
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. 3PK “Top” ¢ paxemamu 9330
Tor AD missile system fitted with 9M330 missiles
. Hocosas uacme pakemei IM330
9M330 missile’s fore section
. Kpsinesoil 6ok pakemsi 9M330
9M330 missile’s control surface unit

~

IS

. 3apamanue 3PK “Top”
Loading Tor AD missile system
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XapaKTepuCTUKN 3eHUTHBIX YNpPaBAAEeMbIX PaKeT AnA BONCKOBbIX cuctem MBO

Missiles for the Army Air Defense Systems (Basic Characteristics)

Jowa nopaxens, K Maxcumanswas Macca paxers, kr | Macca Goesoit wacru Pa3ep pakers, u
Target engagement zone, km ‘““p";::"’f:}'f""" ol Overall dimensions, m
Hasaainse Designation 10 AANLHOCTH no sbicore BMHa Avamerp pa3Max Kpbinbes
Max target speed, | Missile weight, kg | Warhead weight, kg (crabunu3aropos)
range altitude 0] length diameter wing (fins) span
191 19D 7 - 40 0.1 -30 2300 3000 196 9.7 0.5 2.57
4K60 4K60 7 = 33 0.1 -30 2300 2400 125 6.1 0.655 2.2
9M33 9M33 1.5- 10 0.025- 5 1800 127 14.5 3:155 0.208 0.65
9M330 9M330 1.5- 12 0.01 - 6 2500 165 14.5 2.895 0.23 0.65
9M331 9M331 1.5- 12 0.01 - 6 2500 165 14.5 2.895 0.23 0.65

Paketsl “®akena”
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auano npoueccy ocHaweHua 6oesbix

MU P 6bino 850-¢

Mycku 13/IM, HayaTbie oceHbio 1958 ro-
Aa ¢ “[13epKUHCKOr0”, NOKasanu NpUHUN-

roAbl MUHyBWeEro Beka. BbiCTpbii
nporpecc aBualyy, nosBneHue ynpasnse-
MbIX PaKeT ¥ CaMo/IeTOB-CHapAAOB Ha BO-
OpyXeHun Kopabneit u caMmoneTos He oc-
TaBAANM NPAKTUYECKM HUKAKUX WAHCOB Ha
nobeay B Mopckom 6ot Kopabnsm, KoTo-
Pbie OT HaNaeHs C BO3AYXa MOTM 3aWm-
WaThCA NNWb 3EHUTHOR apTunnepueit. Mo
CyTH Aena HaaBoAHbI GNOT (M He TONbKO
COBETCKMUiA) B Te rofsl Gbin nocTasneH ne-
peA HenpocTbiM BbIGOpOM: NGO OH GypeT B
COCTOAHWM OTPAX@Tb aTaku CamoneTos U
paKer, iM6o eMy NPeaCTOMT COMTH CO Cue-
Hbl KaK CaMoCToRTeNbHOH 60esoit cune.
PaboTbl N0 CO3JAHMIO 3EHUTHBIX yN-
paensembix paket Ans 3PK cosetckux Goe-
BbIX KOpabneil HayanuCch B CepeuHe NATH-
AecaTbiX rofos. U nepeoit 8 3TomM paay Gbi-
na yctaHosneHHas 8 1958 rogy Ha Gopty
Kpeiicepa YepHomopckoro ¢nota “fisep-
KUHCKUA” 3eHUTHAR paKeTHas cucrema
M-2 “Bonxos-M” (SA-N-2 — no knaccudm-
kauun HATO), ucnonb3osaswas paketsl
cpepHen pansHoctw 13[IM. 3PK “Bon-
x0B-M” 6bin KOpabenbHbIM aHANOrOM KOM-
nnekca C-75 sotick NBO. CneunansHo ans
“Bonxosa-M” B MKE “®aken” moguduum-
posanu pakety 1/l BXOAMBWYIO B COCTaB
C-75. Ee kopabenbHas Mopudukaums -
AByxCTyneHuaras paketa 13[IM sHewwe
BECbMA HE3HAYUTENLHO OTMYANACH OT Ha-
3eMHOr0 BapuaHTa. Bbiu U3MeHeHs Wb
y3nbl NOABECKYM K CTAPTOBOW HanpasnAio-
Lt ¥ 3aMeHeH PAA KOHCTPYKUMOHHBIX Ma-
TEpPUaNoB C yYeToM IKCN/yaTaunn paKeTsl
Ha Kopabnax.

CTb ee wc
HUA B KayectBe KOpaBenbHoro opyxua.
0pHako npuHATHIA B Havane 1960-x ropos
Ha BoopyxeHue dnota “Bonxos-M” no pa-
Ay NPUYMH HE NOAYYMN WHPOKOTO pacnpo-
C He snonxe p 3a-
Ka3uukos u paketsl 13[IM — npexpe scero
“3-33 CBOMX pa3MepoB (OHM 3aHMMany
MHOTO MECTa, 4TO 3HAYUTENbHO CHUXKANo UX
6oe3anac Ha kopaGne), a Takxe u3-3a Ha-
NMYUA HA UX MApWEBOA CTYNEHU TOKCHY-
HbIX M arPeCCUBHBIX KOMNOHEHTOB TONAMBa
(pa6oTa c HUMU OKa3anack BeCbMa cepbes-
Hoi npobnemoit ans Mopakos). W xota
csou uenu “Bonxos-M” nopaxan npumep-
HO C TOM e 3HHEKTUBHOCTLIO, 4TO U ero
HaseMHblil co6paT, BONPOC O MOAHOMAC-
wrabHom pasmeweHnn Ha kopabnaax 3PK
cpefHeii AanbHOCTH OCTANCA OTKPHITHIM.
NapannensHo ¢ pabotamu no M-2 8
HWM-10 (HUW “Anstamp”), KoTOpbIi CTan
6

he practice of equipping combatant

ships with AD missiles dates back to

the 1950s. The rapid development

of aircraft along with the arming of
ships and aircraft with missiles and flying
bombs left almost no chance to win a
naval battle for ships relying only on AD
artillery to defend themselves from air
attacks. As a matter of fact, at that time,
the surface fleet — and not only in the
Soviet Union alone - was facing a dilem-
ma that was anything but simple: either
it would be capable of repelling air
attacks of aircraft and missiles, or it
would cease to exist as an independent
combat force.

The work on creating missiles for the
Soviet combatants’ AD systems began in
the mid-1950s. The M-2 Volkhov-M AD
missile system (NATO reporting name
SA-N-2) became the first one to be
installed on board the Dzerzhinsky Black
Sea Fleet cruiser in 1958. The M-2 sys-

TONIOBHBIM P
3PK, BennCb paboTbl N0 CO3AAHMIO 3eHUTHON

tem employed the 13DM medi g
missiles.

The Volkhov-M AD missile system was
a shipborne analog of the S-75 system
used by the AD Forces. The 1D missile,
originally intended for the S-75 system,
was specially modified at the Fakel
Engineering Design Bureau to meet the
requirements of the Volkhov-M. Its ship-
borne modification - the two-stage 130M
missile — barely differed in its appearance
from the ground-based version. The few
things that were changed included the
launcher hold-down lugs and a number of
engineering materials that were replaced
to tailor the missile to naval operations.

The first launches of the 13DM that
were made off the Dzerzhinsky in the
autumn of 1958 demonstrated that in gen-
eral, the missile could be used as a naval
weapon. However, for a number of reasons,
the Volkhov-M, which became operational
with the Navy in the early 1960s, was never
employed on a large scale. The 13DM mis-
siles did not quite satisfy the customers
either, mainly because of their size: these
missiles took up much space, which con-

Kpeilcep npoexma 63 ¢ 3PK M-1 u M-3 (npoexm 1957 2.

)
Project 63 cruiser fitted with M-1 and M-3 AD missile systems (1957)
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pakeTHo# cuctemsl M-1 “Bonxa” (SA-N-1).
Paketsl 370t cucTembl — 4K90 Gbinn yHu-
(UUMPOBAHbI C PaKETaMM 3EHUTHOI paKeT-
Hoit cuctemsl C-125 soiick MBO crpamsi.
[naBHoe OTAMYME 3TUX PaKeT COCTOANO B
MCNIONb3OBAHMM HA WX NEPBOV U BTOPOA
CTYNEHAX TONKO TBEPAOTONAMBHbIX ABHUTa-

Heit ganbHocT M-11 v HOBOI pakeTsl gnA
Hero. 31a paKeta, npu COXpaHeHWM BCex
6Goesbix Kavects 13[M, 8 To e BpemMa
ROMKHA Gbina CTath OAHOCTYNeHuaToi,
T uMeTh B pa-p
Ppasa MeHblHe Maccy U rabaputs.
Yenewwoe pewenne 8 MKE “®aken”

siderably reduced the ammunition reserve
that a single ship could carry. Also, the
sustainer stage of the 13DM contained
toxic and deleterious propellants, which
turned handling them into a rather serious
problem for the seamen. And although the
target kill effectiveness of the Volkhov-M

Teneit. bnarogapa atomy Gbina
HO yNpOWeHa MX IKCNNYaTauMa Ha Kopab-
nax. Cpean Apyrux HOBWECTB, NpUMeHeH-
Hbix B 4K90, MOXHO Ha3satb packpbiBae-
Mble MOCNe CTapTa paKeTl CTabunusaropsl
Ha YCKOpUTeNe — 3a CYET 3ITOT0 yMeHbla-
nuch rabapuTel PakeTsl Npy ee Haxompe-
HUM B 60eBOM OTCEKe KOpabns u Ha nycKo-
BOW YCTaHOBKe.

B Hayane 60-x rofos 3Ta 3eHUTHas Cu-
cTeMa Gbina UCNbITaHA Ha ICMUHLE “bpa-
BbliA" 1 B 1962 rofly npuHATa Ha BOOPYKe-
Hue Cosetckoro BM®.

Cnepyiowmm 3tanom ans “®akena” cra-
na paspabotka pakersl 4K91 ana MOAIePHMU-
3upoBaHHoro BapuakTa 3PK “BonuHa-M”. Ee
OCHOBHbIM OTAM4MEM OT 4K90 crano uc-
noNb30BaHue 3HauuTensHo Gonee addek-
TUBHBIX ABUTaTeNbHBIX YCTAHOBOK. 370 3Ha-
HUTENBHO YNYYWHNO ee XapaKTepucTUKu.
Brewwe Hosas pakera oTiuyanacs ot cso-
€l NPEAWECTBRHHMLbI Wb TEM, 4TO Ha yC-

noc 3apayu crano

3a cyer KoMnnekca Meponpf

was y the same as of its

ATWIA, B YUCNO KOTOPHIX BXOAMAU: BBIGOD

meTofa A
HaBeeHUA paKeTbl Ha Lenb; BbiGop ee a3-
POAVHAaMUYECKON CxeMbi; pa3paboTka ner-
KOi M NPOYHOM KOHCTPYKUMM W, eCTECTBEH-
HO, CO3AaHNe MaKcUManbHo IdeKTBHOM
ABHUraTeNbHOM YCTAHOBKY C ABYMA PeXMMa-
MU TArM. MIMeHHO co3paanue Takoro gsura-
Tens — C BbICOKUM MaCCOBbIM COBEPIIEHCT-
BOM KOHCTPYKLMH, CHAPAXKEHHOTO BbICOKO-
IPGEKTUBHBIM TONMBOM — M CTano or-
NPaBHOM TOUKOM, OCHOBOW ANA yCnewHoi
Pa3paboTku 31O paKertsi.

Jletom 1964 ropa Hauanuce ee netHle
McnbiTaHus, 3aKoHyuBwHeca B 1967 roay
Ha kopabnsax YepHomopckoro dnora. Mep-
BbIM KOPabnem, OCHaUeHHbIM HOBOI CHCTe-
MOW, CTan 8 1967 ropy NPOTMBONOROYHBIIA
Kpevicep “Mocksa”.

Pakerbi, cospanHbie gna M-11 (SA-N-3),

b AiBe TOp nno-

4K60, cnoco6-

y
CKOCTH, KOTOpbie b ANA  Hble nep: BbICOKOCKOPOCTHbIE
YMEHbWEHMA Pa3MepoB 30HbI €r0 NAJEHUA LW B WMPOKOM CMEKTPe BBICOT, Bbinn
nocne paborsl. Ha bl Ha Gonbwux npot A

kopabneit BM® 31a pakera Gbina npumsTa 8
cepeavHe 60-x ropos.

B cBAa3u c Tem, yto cuctema M-2 He no-
Ny4MNa WHPOKOTO PacnpocTpaHeHus, B
KOHUe 50-X rop0B Havanuce paboTsl no co-
3paHunio Hosoro KopabensHoro 3PK cpep-

HbIX KOPABAAX M Ha TAKENbIX aBUAHECYWUX
Kpevicepax. Mo cpasHeHuio ¢ cucremoit M-1,
HoBas obnapana pspoM ocobeHHocTeil,
CBA3aHHbIX C Ny4wWei cnocobHOCTbIO nopa-
HaTb HU3KONETAWME MaHeBpUpyIOLMe Le-
AW B YCNOBUAX NPUMEHEHUS CPeACTB

d-based prototype, the issue of the
full-scale deployment of medium-range
AD systems on ships remained open.

Simultaneously with the work on the
M-2 system, the Research Institute #10
(currently, the Altair Research Institute),
which became the leading designer of the
naval AD systems, continued working on
the M-1 Volna AD missile system (SA-N-1).
The 4K90 missiles employed in this system
were unified with the ones of the S-125 AD
missile system in service with the national
AD Forces. These two missiles featured
only solid-propellant engines in both first
and second stages. This allowed simplify-
ing their operation on ships. Among other
improvements used in the 4K90, we may
mention the booster fins unfolding after
launch, which allowed minimizing the
dimensions of the missile when inside the
ammunition compartment of a ship and on
a launcher.

In the early 1960s, this AD system
was tested on the destroyer Bravy and in
1962 was adopted for service with the
Soviet Navy.

Elaboration of the 4K91 missile for the
upgraded Volna-M AD missile system
became the next task for Fakel. The 4k91
differed from the 4K90 mainly in the
employment of much more efficient

engines that considerably improved the
missile’s performance. The only difference
in the new missile’s appearance compared
to its predecessor was the emergence of
two braking surfaces on the booster for
reducing the size of its post-operation
impact zone. The missile was adopted for
service with the Navy in the mid-1960s.

Since the M-2 system was never used
on a large scale, the elaboration of the new
M-11 medium-range shipborne AD missile
system and a new missile for it began in
the late 1950s. The new missile was sup-
posed to retain all combat characteristics
of the 13DM, at the same time being single-
staged, liquid-propellant and about two
times lighter and smaller in size.

Fakel managed to successfully solve
the task only due to carrying out a number
of measures that included: choosing an
efficient method of guiding a missile to a
target via radio commands; choosing the
missile’s aerodynamic scheme; designing
a light yet sturdy airframe; and, naturally,
elaborating the most efficient engine. It
was the weight perfection of the engine
running on high-performance fuel that
became the starting point and a keystone
of the successful work on the missile.

In the summer of 1964, the missile’s
flight tests began, which ended in 1967 on
board the Black Sea Fleet ships. The ASW
cruiser Moskva became the first ship
equipped with the new system in 1967.

The missiles developed for the M-11
(SA-N-3) were designated 4K60; they
were capable of intercepting high-speed
targets within a wide range of altitudes
and were installed on the large ASW

.; 3eHuTHbIE paKeTbl AnA Kopab
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Paketsl “®akena”

PaAMO3NEKTPOHHOTO NPOTUBOAEHCTBUA. B
TeyeHue nocnepylouux 15-20 ner cucrema
M-11 ¢ paketamu 4K60 Bxoamuna B 4ucno
cambix 3HEKTUBHBIX KOPabenbHbIX pakeT-
HbIX CPEACTB.

ManorabapuTHan 3eHWTHas pakeTHas
cuctema “Oca-M" (SA-N-4), BBefieHHan B
cTpoit B 1971 ropy, — kopabenbHblit Bapu-
aHT camoxofHoM cuctembl “Oca” CyxonyT-
HbiX BOACK. VX paKeTbl MAaKCUMANbHO YHU-
duumposansl. [lae pa3spabarbiBanuce
OHM NO €AMHOMY 33aHHI0, B KOTOPOM CO-
oTeetcTByloWuUM 06pa3om Bbina oTpaxeHa
KopabensHas cneuuduka Gyayuwero uc-
nonb30BaHUA.

Co3paxue 9M33 notpe6osano npose-
AeHUA WHPOKOTO Kpyra UCCNep0BaHuiA, no-
CKONbKY, KaK OKa3anock, HeGonbwue pas-
Mepbl PaKeThl BOBCE He rapaHTMpoBany co-
OTBETCTBYIOUETO CHWKEHMA TPYAO3aTpar.
Ckopee Haobopot. B npoyecce 3tux pabot
Ha “Oakene” 6bin NpoaHanNu3MpoBaH BeCh
MMEBLNACS K TOMY BPEMEHM OMBIT OTeYecT-
BEHHOTO 1 3apyBeKHOT0 PaKeTOCTPORHMS B
yacTw, Kacaswenca paspaboTku paket no-
pobHoro knacca. buinu caenanbl 8 Kb u co-
OTBETCTBYIOWME BIBOAYI, NO3BOAMBWME B
OYepeAHoit pa3 AOBMTBCA BHICOKOO pe-
3ynerata. 9M33 oTamuaeTcs OT paker-aHa-
1N0TOB, NpexAe Bcero, CBOGOAHO Bpaujalo-
WHMCA KpbinbeBbiM 6nokoM. MpumeHenne
TaKoro 610Ka NOMOINO 3aMETHO PACWIMPHTL
BO3MOXHOCTU MCNONb30BAHHOW ANA paKe-
Tl @3POAUHAMUYECKONH CXxeMmbl “yTka”, no-
CKONbKY OH CHU3UN HEraTMBHOE BAMAHME
Ha NONeT PaKeTbl BO3HUKAIOWMX NapasuT-
HbIX a3POAMHAMMYECKIUX MOMEHTOB U CUN.
Pe3ynbTatoM ero npuUMEHeHUs CTano W
YMEHbIUIEHNE MACChi CUCTEMbI yNpaBneHus

Paxems: 4K60 Ha nycKosol ycmanoare
4K60 missiles on the launcher

paKeTbi, COXpaHusweit npu 3ToM 3pdek-

TUBHOCTb CBOEH PaGOTSI.
MpuenekarensHoOi 0COGEHHOCTbIO CUC-

Tembl “Oca-M” cTanu fgBe cTrapToBble Ha-

ships and heavy aircraft-carrying cruis-
ers. Compared to the M-1 system, the
new weapon system featured character-
istics providing an improved ability to

engage low-flying evading targets in the
ECM environment. Within the next 15-20
years, the M-11 system fitted with the
4K60 missiles ranked among the most

Fakel's Missiles .




NpaBnfioWMe NycKOBOW YCTAHOBKM, KOTO-
peie ybupaiotca nog nany6y Bo BpeMs 48U~
KeHUA Kopabnis, KOTAa OH HAXOAUTCA BHE
6oesoit 06cTaHoOBKM. Brarogaps cBOUM Bbi-
COKUM XapaKTepucTukam 1 yno6crey B IKc-
nnyarayum, “Oca-M" - ogHa u3 Haubonee
MaccoBbix KOPEGeﬂthIX 3EHUTHBIX CUCTEM.

K koHuy 60-x rogos co Bceit ovesua-
HOCTbIO 0603HaYMNOCH KayecTBeHHOe W3-
MEHeHWe PacCTaHOBKM CUA Ha Mope, CBSi-
3aHHOe, NPeX/e BCero, C NOSBAEHUEM HO-
BbiX, ewe 6onee 3hdeKTUBHLIX BUAOB pa-
KETHOTO OPY)WUS, C WHPOKUM OCHALLEHUEM
3TMM OPYXMeM CaMONeTOB, HaABOAHbIX KO-
pabneit u nopBoAHbIX NOJOK. Bbicokas
csep CKOPOCTH ¥
BbICOTHI NONETA, MAHEBPEHHOCTb, Manas pa-
AWONOKAUMOHHAA 33aMETHOCTb, YBENUYEeH-
Hoe ReWcTaue, b
MacCUpOBAHHOIO NPUMEHEHWUA U OpraHu3a-
UMM aTaK C Pa3fiuyHbIX HanpPaBaeHnui — BOT
AAneKo He NOMHbIA nepeyeHb 0CoBeHHoC-
Teit HOBOrO NOKONEHUA OPYXKMA BO3AYWHO-
ro HanajeHus. ECTECTBENHO, YT0 ero noas-
NeHUe MEHANO He TONbKO XapaKTep 6opb6bl
Ha Mope, HO u ee MacwTabsl.

K paﬁoTaM NO CO3/3HMI0 3€HUTHBIX pa-
KeT HOBOTO NOKONEHMS, CNOCOBHBIX Ipdek-
TUBHO NPOTUBOCTOAT CaMbIM UHTEHCHBHBIM
803/1yWHbIM atakam, 8 MKB “®aken” npucry-
NWUNW elye B cepeamnHe WeCcTUAECATLIX TOAoB.
Mepeoii B 3TOM PAAY CTana 3eHUTHaA pakera
cpepHeit gansHoctn 5B55PM s kopabens-
Horo 3PK C-3000 “Pudy”. Itum komnnekcom
ROMKHbI BbiM OCHAWaTLCA GoeBble Kopabnu
BOAOM3MeEL|eHUeM cabiwe 5000 TOHH.

Mpo6nembl, BCTaBwMe Npu CO3AAHUM
5B55PM, CyliecTBeHHO OTIMYANUCL OT BCex
Tex, C KOTOPbIMM NPEXAE NPUXOANNOCH CTan-

KMBaTbCA Cneumanucram “®axena”. Hosblit
KOMNNEKC AOMKEH 6bin GbiTh MHOTOKaHanb-
HbiM, 0Becneynsarb 3P HeKTUBHYIO KpYroByio
060poHy coeanHeHuit kopabnei u o6napats
BbICOKOW CKOPOCTPeNbHOCTLIO. He uMen aHa-
NOroB 1 cnoco6 PasMeleHuns ero paker u ux
3anycka — U3 NOANany6HbIX NYCKOBbIX ycTa-
HOBOK-6apabaHos. Co0TBETCTBEHHO, OT HO-
BOW paKeTbl NOTPE6OBANUCH HE TONBKO BbICO-
KMe TaKTUKO-TEXHWYECKMe XapaKTepuc-
TUKM, HO M BBICOKAA CEPUIHOCNOCOBHOCTS,

Tyck 3YP 9M33
Launch of 9M33 missile

efficient shipborne missile systems.

The small-size Osa-M (SA-N-4) AD mis-
sile system, adopted for service in 1971, is
a shipborne version of a self-propelled Osa
system used by the ground forces. The
missiles used by Osa and Osa-M have been
unified to the maximum extent. They were
originally designed within the framework
of the unified request for proposal that
adequately reflected the naval specifics of
their future employment.

The creation of the 9M33 missile
required carrying out extensive research,
since it had turned out that the small
dimensions of the missile by no means
guaranteed the corresponding reduction
in labor costs. It happened to be just the
contrary. When creating these missiles,
the Fakel engineers analyzed all available
domestic and foreign experience in the
field of designing this type of missiles.
The Fakel specialists drew appropriate con-
clusions that allowed them to once again
attain good results.

The 9M33 differs from similar missiles
primarily by its freely rotating wing unit.
Employment of this unit allowed the spe-
cialists to considerably expand the capac-
ity of the canard aerodynamic scheme
used in the missile. The wing unit has
reduced the negative impact of stray
forces and torques on the missile flight
performance. It resulted in weight reduc-
tion of the missile control system, while
the overall efficiency of the latter
remained unaltered.

The 0sa-M system features two
launcher guides that are retracted under
the deck when the ship is on the move
being out of combat. The system’s perfect
performance and easy handling have made
0sa-M one of the most mass-produced
shipborne AD systems.

By the late 1960s, the qualitative
change in the alignment of forces at sea
became apparent. This change resulted,
first and foremost, from the emergence of
new, even more efficient types of missile
weaponry, with aircraft, surface ships and
submarines being extensively armed with

3PK
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MaKCMManbHas HajeKHOCTb W NPOCTOTa B
3Kcnayarayum.

B ocHosy paspabotku 5B55PM, nocty-
nuBlWeil Ha BOOpyxeHue Kopabneit BMO 8
Hayane 80-x ropos, 6biN0 NONOKEHO WH-
POKOE MCNONb30BaHHE NPUHUMAUANLHO
HOBbIX KOHCTPYKTOPCKMX PeweHuil, mare-
PUanos v NepepoBbIX TEXHONOMiA, NpUMe-
HEHUE UHTErpanbHbIX CXeM U INeKTPOHHON
UMPPOBOA TEXHUKM HOBOTO NoKoneHus.
cneyunanuctsl “®akena” cospanu, 6es co-
MHEHMA, BbIAAIOWYIOCA paKeTy. B Helt Ha-
Wnn OTpaXeHue cambie NepeaosLIe TeXHU-
Yeckue JOCTWHEHWS B AaHHOW obnactw,
6binM NPEABOCXULEHbI NPAKTMYECKH BCe
OCHOBHbIe HanpaBneHus, NO KOTOPbIM NO-
wna B NoCNeyloUMe AECATUNETUA pa3pa-
6oTKa HOBbIX 3eHUTHBLIX paKeT B Mupe. He-
OTbLEMNEMON YaCTbl0 3EHUTHOW paKeTbl
CTan repMeTUyHblA TPaHCNOPTHO-NYCKO-
BoW KoHTelHep (TNK), B kotopom oHa Ha-
XOAMTCA BCE BPeMA CBOeW CnykObl. U3 He-
O )€ OHa CTapTyeT C NoMowbio Karanyne-
TUPYIOWEro yCTPOHCTBA. 3TO CBENO K MU-
HUMYMY KONWYECTBO M NPOAOMKUTENL-
HOCTb NPeACTapTOBLIX ONEpaumit u, CooT-
BETCTBEHHO, obecneynno BLICOKWIA Temn
cTpensbbl. 3anyck Mapwesoro gsurarens
PaKeTbl NpU TaKOM CTapTe NPOU3BOAUTCA
nocne ee nogbema Ha BbLICOTY OKONO
20 meTpos Hap nany6oil kopabas. Bce 3to
NO3BONMNO 3HAYUTENBHO NOBLICUTL CKOPO-
CTPENbHOCTL KoMnaeKca (MOCKonbky Bce
PaKeTbl HaxOAATCA HENOCPEACTBEHHO Ha
NYCKOBOW YCTAaHOBKE W rOTOBbI K HEMeA-
NEHHOMY NyCKy); Aano BO3MOXKHOCTH
obecneunts 3 GexTUBHYIO Kpyrosyko 060-
POHY OT CaMONIeTOB U PaKeT, NeTAWMX C

Tlyck 3PK 5855PM
Launch of 5V55RM missile

Pa3oM MCNONb30BaTh XKECTKO OFpaHuyeH-
Hble 06vemsl 60esoro kopabna (v cooTser-
CTBEHHO, YBEAMYUTL pacnofaraembliit Ha
Hem 60eKOMNNEKT); YMEHBWHAO “30HbI 3a-
npeta” npu nyckax paker, Tak Kak npu Ha-
KNOHHOM CTapTe UX MONeT JOMKEH NPOX0-
AWTh, MUHYA KOpaBenbHble HaACTPOIKM.
Bbicokas TOMHOCTL nonagaHua B uenb
B WWMPOKOM AWanasoHe BbICOT M AanbHOC-
Tl noneTa AOCTUrHyTa 3a CYeT MCNoNb30-
BAHWA HOBOTO METOAA HABEAEGHMA PaKeTsl
Ha uens, npeactasnsiowero coboit opra-
HUYHOE COYeTaHue TPaAULMOHHOMO paguo-

Nio6bix i 06-
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these weapon systems. High supersonic
speed and lowest possible flight levels,
high maneuver capability, low detectabil-
ity, enhanced kill capacity, suitability for
delivering massive strikes and attacks
from different directions - this the far
from complete list of characteristics of
the new generation of air attack weapons.
Naturally, their advent altered not only
the nature of the naval warfare, but also
its scale.

As far back as in the mid-1960s, the
Fakel Engineering Design Bureau began
developing the new-generation AD missiles
capable of efficiently repelling the most
intensive air attacks. The first one in this
series was the 5V55RM medium-range mis-

.sile intended for the shipborne Rif

S$-300F AD missile system. This system was
supposed to be installed on the combatants
with a displacement of over 5,000 tons.

The problems that arose during the
elaboration of the 5V55RM fundamentally
differed from all those that the Fakel spe-
cialists had encountered earlier. The new
missile system had to be multichannel,
provide effective all-round defense of the
naval forces and possess a high rate of
fire. The system location and the method
of missile launch from the under-deck
drum-type launchers had no analogs
either. Therefore, the new missile was
expected to possess not only high per-
formance characteristics, but also be high-
ly suitable for mass production, reliable
and easy to operate.

The development of the 5V55RM that
was adopted for service with the naval
ships in the early 1980s was based on an

extensive use of fundamentally new
design concepts, materials and advanced
know-how, as well as the use of new-
generation integrated circuits and digital
equipment.

No doubt, the Fakel specialists creat-
ed an outstanding missile. It incorporat-
ed the state-of-the-art technical achieve-
ments in the given field and anticipated
virtually all major world trends in the AD
missile engineering for decades to come.
A sealed transporting-launching contain-
er in which the missile is kept during the
entire service life, has become an integral
part of the AD missile. The missile is
launched from this container with the aid
of a catapult. It has resulted in minimiz-
ing the number and duration of the pre-
launch operations and, as a result,
ensured a high firing rate. Such launch
allows starting the sustainer engine when
the missile rises to about 20 m above the
ship’s deck. All this has made it possible
to considerably increase the system’s fir-
ing rate, since all missiles are kept direct-
ly on the launcher and are ready for
immediate launching. It has also made it
possible to provide effective all-round
defense against aircraft and missiles
approaching from any direction, as well as
to rationally use the limited space on
board a combatant and, consequently,
increase the number of missiles carried by
the ship. Finally, it has reduced the “no-
launch” zone, since when missiles are
launched at an angle, their flight trajecto-
ry should avoid the ship’s topside.

The high target hit probability within
a wide range of flight altitudes and

Paketbl “®akena”
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ANA BCeX NPeAblAYUIMX KopabenbHeix paker
“(akena”) c NONYaKTUBHLIM PAAUONOKALM-
OHHbIM CaMOHaBeeHHeM.

B 90-e roasl WHMPOKYID W3BECTHOCTH
noNYYMNa 3eHUTHAA paKeTa Manoi AanbHO-
cTv 9M330, Takoke pa Ha “Oa-

CyWMX Kpeicepos, aTOMHbIX PaKeTHbIX
Kpeicepos v Apyrux kopabneit.
Mocnearum no BpeMeHy KopabenbHbiM
OpyKHEM, CO3AaHHbIM Ha “Dakene”, cranu
PaKeTbl ANR MHOTOKaHANLHOTO 3EHUTHOTO

Kene”. OHa MCNONb3YeTCA B COCTaBe KOM-

Komnnekca “Pucp-M". 3tot Kom-
nneKE npeaHasHasien Ana o6opoHsl opaepa

nnekca “Knunok”, Ans
camooBopoHbl Goesbix kopabneit pa3nmy-
HBIX KNaccoB BOAOM3MEWeEHWeM CBbile
800 ToHH. Kak u “Pud”, a1oT KOmMnnexc
TaKIKe OTHOCUTCA K YUCNY MHOTOKAHANbHBIX
~ €ro paKeTbl MOTYT OAHOBPEMEHHO Nopa-
aTh 10 YETLIPEX yeneil.

Paketa 9M330 komnnekca “Knunok”,
KaK 1 ee npepwec no

i oT Macc araK pa3nuy-
HbiX CPEACTB BO3AYWHOTO HanageHus: ca-
MO/IETOB, aBUALMOHHBIX KPbINATBIX paKer,
NpoTMBOKOPaGenbHbIX KPLINATLIX pakeT, B
TOM YWCNe COBEPWAIOUMX MAHEBD U NeTA-
WX Ha NPEAENbHO MaNbiX BLICOTAX.

B omuuMe OT CO3JaHHOTO paHee
3PK “Pucp”, komnnexc “Puc-M” cnocoben

23pOAMHAMMYECKON CXeMe “yTKa", OHa TaK-
e ucnonb3ayer c806OAHO BpawaWMiCA
Kpbinbesoit 610K. Ee Kpbinbsi BLINOAHEHSI
CKNaAHbIMK, YTO [an0 BO3MOKHOCTb pas-
mectuts 9M330 8 TMK ksappatHoro ceve-
HUA, pa3Mepsl KOTOPOTO NMILb HEHAMHOTO
NpeBbIWAloT pa3mepsi camoit paketsl. Crapt
9M330, kak u 5B55PM, ocywectenserca
BEPTUKANbHO M3 noananyGHoi nyckoBoi
THna ¢ 1y
KaranynbThl, @ 3anyck ABMraTens pakersl
NPOUCXOANT Ha Ge3onacHoi BeicoTe Hap
Kopabnem. MopoGHuiit BMA cTapTa ctan
€BOEro popa (UPMeHHBIM 3HaKOM paKeT
MKB “®aken”. Ho B pakete 9M330 oH po-

ofic 10 6-Tv ueneit,
naxowiuunxcn Ha paccToaHuu Ao 120 km, u
yenewHo 60poTes ¢ NPOTUBOKOPaBenbHeI-
MW paKeTamu Ha BbicoTax Ao 10 mertpos.
3eHuTHas ynpasnaemas pakera 48H6 s co-
CTaBe 37070 KOMNAEKCA TakKe UCnonb3yer
NPUHUMN  “XONOAHOTO”  BEPTUKANLHOTO
CTapTa, UMEET YNYHIWEHHYIO ABUTaTeNbHYI0
YCTAHOBKY U YBENIUHEHHYIO OCKONOUHO-y-
racHyio 60esyio YacTb.

PakeTsl HOBOTO NOKONEHWA, pa3pabo-
TaHHele Ha “Dakene”, POAHUT He TONbKO
BLICOKWi YPOBEHb AOCTUFHYTHIX XapaKTe-
PUCTUK M BO3MOKHOCTb NPUMEHEHUA B
PasnuuHBIX POAAx BOACK. Bnepsbie B MU-
POBOIi NPaKTMKE Ha BOOpYXKeHMe Goesbix

nonHeH He i aHa
MUYECKOW CUCTEMO CKAOHEHUA, C No-
MOL|BIO KOTOPOiA MEHEE YeM 33 OfAHY CeKYH-
Ay, B Npoyecce NoAbeMa Ha BbICOTY 3anyc-
Ka MapleBoro ABUraTens, paketa passopa-
4MBAETCA B CTOPOHY LenH.

B HacTosiwee Bpema pakera IM330 Ha-
XOAUTCA Ha BOOPYKEHMHU TAKENbIX aBUaHE-

/i nocTynunu paketel, obnagaio-

distances has been achieved due to the
employment of a new method of guiding
the missile to a target — an organic combi-
nation of the traditional radio-command
quidance (used in all previous shipborne
missiles manufactured by Fakel) with
semiactive radar homing.

In the 1990s, the 9M330 short-range
AD missile (also designed by Fakel)
became widely known. It is used in the
Klinok weapon system intended for provid-
ing self-defense of various types of com-
batants with a displacement exceeding
800 tons. Similar to Rif, the Klinok is also
a multichannel system: its missiles are
capable of simultaneously engaging up to
4 targets.

Just like its predecessor, the 9M330
missile used in the Klinok system has a
canard configuration and a freely rotating
wing unit. It has folding wings, which has
enabled the specialists to place the
9M330 in a square-section transporting-
launching container with dimensions only
slightly bigger than the actual missile.
Just like the 5V55RM, the 9M330 missile is
catapulted vertically from an under-deck
drum-type launcher, with its engine start-
ing at a safe altitude above the ship’s
deck. This kind of launching technique has
become a kind of a trademark for Fakel's
missiles. But in the 9M330 it has been

wue THIO UX A7 i (po
10 v 6onee net) GecnposepoyHoi IKCANY-
atayuu. B Teyexue Bcero 3TOro Cpoka pa-
KeTbl, HAaXOAACh B CaMbIX CYPOBBIX KNUMa-
TUYECKUX YCNOBMAX, B MHOTOMECAYHbIX
OKEaHCKWUX NOXOAAX, He TPeBYIOT Hikakoro
o6cnyKuBanua.

L d with a unique gas dynamic
control system, which turns the missile in
the direction of the target in less than a
second, while the missile is moving up to
an altitude where the sustainer is started.

The 9M330 missile is currently in serv-
ice with heavy aircraft-carrying cruisers,

nuclear-powered missile cruisers and
other types of ships.

Missiles for the Rif-M multichannel
AD missile system have become the latest
shipborne weapon developed by Fakel.
The system is intended for defending an
order of ships against massive attacks of
various air attack weapons, i.e. aircraft,
air-borne cruise missiles, antiship cruise
missiles, including the ones maneuvering
and flying at extremely low altitudes.

Unlike the earlier-created Rif AD mis-
sile system, the Rif-M system is capable of
simultaneously engaging up to 6 targets
located at a distance of up to 120 km, as
well as to successfully fight against anti-
ship missiles flying at altitudes lower than
10 m above the sea level. The 48N6 missile
used in this system also employs the prin-
ciple of a cold vertical start being fitted
with an upgraded engine and a larger frag-
mentation warhead.

All Fakel-developed missiles of the
new generation feature not only good
performance characteristics and the pos-
sibility of employment in different armed
services. For the first time in the world,
the combatant ships have been armed
with missiles that can remain in service
without maintenance for a long time
(10 years and more). Within all this peri-
od, the missiles require no maintenance
even in the most severe climatic condi-
tions, including the months-long ocean
cruises.

3PK

. 3eHuTHbIE PaKeTbl Ans Kopab
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3PK M-1. 3enuTHas ynpasnsemas paketa 4K90

M-1 AD missile system. 4K90 guided missile

€HUTHAA ynpasnseMas paketa Manoi
AanbHocTi 4K90 npepHasHaveHa ana
NOPAXEHUA Pa3NUYHbIX CPEACTB BO3-
AYWHOTO  HanafeHus: camoneros
CTPATern4eckoi, TaKTUYECKOH U MOPCKON
ABMAUMK, A TAKXKE PaKeT — B WMPOKOM Ana-
nasoHe ycnosuit ux 60esoro NpuMeHeHus.
4K90 npepcrasnser coboi gsyxcry-
NEHYaTyIo paKeTy, BLINONHEHHYIO N0 a3po-
AMHaMUYecKoi cxeme “yTka”. Crapr pake-
Tbl — HaKNOHHbIM, C NYCKOBOI YCTaHOBKY,
HaBOAUMO# NO yry U asumyty Mecta. Yn-
PaBneHue NoNETOM M HaBefeHue Ha uenb
OCYWECTBARIOTCA N0 PafMOKOMAHAAM, KO-
TOpbIe NOCTYNaioT oT KopabensHoit cTaH-
uuu  Hasepenus. [loppeis  Goesowt

4acTM OCyWecTBASeTCA npu nopnere

he 4K90 short-range AD missile is

K Lenu no komauge

Nepsas crynews 4K90 — Tnepnomn-
AMBHBIA YCKOPUTENb C YCTaHOBAGHHBIMU
Ha HeM pacKpbiBaeMbiMU NoCAe CTapTa Ye-
ThipbMA  cTabunusatopamu. Mapwesas
CTYNeHb PaKeTs TakKe OCHaleHa Teepao-

ABUr ye

KoHcTpykTueHO Mapwesas ctynens 4K90
COCTOMT M3 PAAA OTCEKOB, B KOTOPbIX pac-
NONOXEHbI: PaAMOB3PLIBATENb, arperaTsi
YNPaBNEHUA PYNAMM PAaKeTbl, OCKONOYHO-
dyracHas Goesas yact, 6nok 60pToBOiA
annaparypel, TBEPAOTONAMBHbIA paKeT-
Hblil ABUraTeNb, NPUEMHUKN KOMAHA yn-
paBneHus.

ded to engage various air

attack weapons such as strategic,
tactical and naval aircraft and mis-
siles, in a wide range of their combat use.
The 4K90 is a two-stage missile

g a canard configu-

fins unfolded after launch. The sustainer
stage of the missile is also fitted with a
solid-propellant engine.

Structurally, the 4K90 sustainer stage
comprises a number of sections housing a
radar fuze, control surface actuators, a HE

ration. The missile is fired at an angle from
a launcher laid in elevation and azimuth.
Missile flight control and guidance are
accomplished via radio commands from a
shipboard guidance radar. The warhead is
initiated by commands from a radar fuze in
the proximity to the target.

The first stage of the 4K90 is a solid-
propellant booster with four stabilizing

ion warhead, an onboard equip-
ment unit, a solid-propellant engine, and
control command receivers.

m:«erul “®akena”
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1. Paxemsi 4K90
4K90 missiles

~

. Pakema 4K90 neped nepasim nyckom,
anpens 1958 .
4K90 missile before its first launch,
April 1958
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3PK M-1. 3eHuTHan ynpaBnsemas paketa 4K91

M-1 AD missile system. 4K91 guided missile

nybokas MOAEpHM3aUMA  pakeTbl Mepsaa crynexs 4K91 — TBeppoton-
4K90. Oc NMBHBI yCKOP cyc Ha
cranu: ucl HeM paci nocne crapra ve-

Hue Gonee ahheKTMBHOrO Map TeIpbMA cTabunm3atop: W #ByMA TOp-

a , 60esoro v papa TAMM, KOTOpble Ciy-

anemeHTo8 60pTOBOI annaparypel. Beinon-
HEHWE MOJEPHU3aLMM N03BONMNO yBeU-
YT 30HY NOPAaKEHUS BOAYWHBIX Leneit
N0 AansHOCTH U BbiCOTe, IDEKTUBHOCTL
NOPaKEHUA BbICOKOCKOPOCTHBIX Leneit.
4K91 npepcrasnser coboi AByxcTy-
NEHYATYIo PaKeTy, BLINONHEHHYIO N0 a3po-
AMHaMU4ecKoil cxeme “yTka”.

CrapT paKeTtsl — HaKNOHHBIMA, C MycKo-
BOJA YCTAaHOBKY, HABOAMMONA NO YINY M a3n-
MyTY MecTa. YnpasneHue noneTom u Hase-
JA€HVe Ha LieNb OCYWeCTBARIOTCA N0 Paao-
KOMaHAaM, KOTOpble MOCTYNaloT OT Kopa-
BenbHoi cTaHumMK HaseaeHus. Moapbis 60-
€BO 4aCTH OCYIWECTBAAETCA NPU NOANeTe
K UeNW N0 KOMaHAE PaanoB3psisatens.

AT ANA YMeHbWEHUA AanbHOCTU noneta
ycKopuTens nocne ero otaenexus. Mapuwe-
Baf CTyNeHb PakeTbl TaKKe OCHalleHa
TBEPAOTONNUBHOI ABUTraTENbHON YCTaHOB-
Koit. KOHCTPYKTUBHO MapweBsas CTyneHb
4K91 cocTouT M3 PAAA OTCEKOB, B KOTOPbIX
PacnonoXeHsl: PauoB3IpLIBaTeNt, arpera-
Tbl YNPaBNEHUA PYAAMU PaKeTbl, OCKONON-
Ho-tyracHas 6oesas 4acts, 610k 6opro-

he 4K91 is a radically modernized
version of the 4K90 missile. It fea-
tures an upgraded sustainer, arma-
ment and some units of onboard
electronic equipment. The modernization
allows increasing the kill zone of air tar-
gets in range and altitude, and speed of
the targets to be engaged.
The 4K91 is a two-stage missile

surfaces mounted on the booster. The
braking surfaces serve to reduce the
booster’s flight range after its separation
from the missile. The sustainer stage of
the missile is also fitted with a solid-
propellant engine.

Structurally, the 4K91 sustainer stage
comprises a number of sections housing a
radar fuze, control surface actuators, a HE

ploying a canard d ic configu-
ration.

The missile is fired at an angle from a
launcher laid in elevation and azimuth.
Missile flight control and guidance are

BOW annapatypsi, PA i pa-
KeTHbI ABUTaTeNb, NPUEMHUKN KOMaHA

ynpasnexus.

acc i via radio c from a
shipboard guidance radar. The warhead is
initiated by commands from a radar fuze in
the proximity to the target.

The first stage of the 4K91 is a solid-
propellant booster with four stabilizing
fins unfolded after launch and two braking

ion warhead, an onboard equip-
ment unit, a solid-propellant engine, and
control command receivers.
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Paketbl “®akena”
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. Mlyck pakemss 4K91

Launch of 4K91 missile

Aspodunamuveckue pynu
Aerodynamic control surfaces

. TopMO3Hsie N0BepXHOCMU Ha CMAPMOBOM yckopumene

Braking surfaces fixed on the booster

Cono cmapmosozo yckopumens
Booster nozzle

. Pakema 4K91 6 My3ee MKb “®axen”

4K91 missile in Fakel’s Museum
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3PK M-2. 3eHutHan ynpaBnsemas pakera 13[IM

M-2 AD missile system. 13DM guided missile

aboThl N0 NepeoMy OTEYECTBEHHOMY
Kopa6enbHomy 3PK M-2 6binm Hauats
B COOTBETCTBUW C pEUeHHeM pyKo-
BOACTBA CTpaHbl OT 13 asrycra 1955
ropa. 3PK M-2 npegHasxavancs gns NBO

NYCKOBOW YCTaHOBKYW, @ TakiKe 3aMeHTb
PAR KOHCTPYKUMOHHbIX MAaTePUaNoB, C yye-
TOM UX MCNONL30BAHNA B MOPCKUX YCNIOBU-
AX. ICKM3HbII NPOeKT Ha M-2 Tpe6osanock
BbINYCTUTL B despane 1957 ropa, a cpady

Kopabns, AnA 3aumTel OT camo-
NeTOB W ynpasnsembix paker. B kavectse
OrHeBOro CPejiCTBa NOpaxeHs KoMnaeKca
M-2 ponxHa Gbina UCNONL30BATLCA 3EHUT-
Has ynpaenaeman paketa 13]1M, copanue
KoTopoit nopyuunu MKB “®aken”. Janb-
HOCTb [IeACTBMA NEPBOI OTEYeCTBEHHON
KopabensHoit 3YP gomkHa 6bina coctas-

3Kcnep npou3sec-
T! B KoHUe 1957 ropa.

he development of the M-2, the first
shipborne AD missile system in our
country, began in compliance with a
governmental resolution of August
13, 1955. The M-2 system was intended to
defend ships against attack aircraft and
guided missiles. The 13DM AD missile, the

Nep! xoTenu py

Komnnekcamu M-2 kopabnu, cnpoexTupo-
BaHHble Ha Gase Kpeficepos npoekra
686uc. CHayana npepnonaranock CHATL C
HUX veTbipe GawHu 152-MM apTuanepuii-
CKMX OPYAWi ¥ B3aMeH YCTaHOBMUTb YeTbipe

NATb 29 KM, BbICOTA
ueneit — ot 3 §o 22 Km.

Hosas pakera npeacraensna co6oit
AOPabOTaHHYI0 ANA NPUMEHEHUS B KOpa-

c [& nycKoBble
YCTaHOBKY Komnaekca M-2 u pse paauono-
KauuOHHbIe CTaHUMKN HaBeAeHUA paKeT.

B koHue 1956 ropa LIKB-34 crano pas-

GenbHbiX YCIOBMAX ABYXCTY yio pa- 6: b 6 NyCKOBYIO yCTa-
Kety 13[] 3eHMTHO-pakeTHoro Komnnekca  Hoeky 3YP CM-64. OWa npeactasnana co-
soiick MBO C-75. fina uc Ha  Go# ci c nyc-
KOpabnax HyKHO GbI0 U3MEHUTH HA 3TOA  KOBYIO YCTAHOBKY C YCTPOICTBAMM NOAAYY
paKeTe y3nel NoaBecku K " b ROMKEH Bbin

of which was entrusted to
the Fakel Engineering Design Bureau, was
to become the weapon used in the M-2
system. The range of the first shipborne
AD missile made in our country was sup-
posed to be 29 km, and its aerial target
attack altitude - 3 to 22 km.

The new missile was an upgraded
shipborne version of the 13D two-stage
missile used by the AD Forces with the
S-75 system. To tailor the missile to naval
use, it was necessary to change the design
of the launcher hold-down lugs and to
replace a number of engineering materi-
als. The M-2 draft design was to be com-

pleted by February 1957, while its test
models were to be ready in late 1957.

Originally, it was planned to install the
M-2 systems on the ships designed on the
basis of Project 68bis light cruisers. It was
initially proposed to dismount four turrets
of 152mm artillery pieces from these cruis-
ers and to install four M-2 stabilized twin
launchers and two missile-guidance
radars, instead.

In late 1956, the Central Design
Bureau #34 (TsKB-34) began to develop
the SM-64 shipboard missile launcher. The
SM-64 was a stabilized twin launcher with
feeding and loading devices. The launcher
was to feature an ammunition load of 44
missiles. Furthering the trend, the devel-
opment of the M-2bis shipborne AD missile
system was started. It was planned to use
in this system the 20D missiles tailored to
the naval needs.

However, in August 1957, all work on

m Paketsl “®akena”
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Kpeiicep “/jsepwunckuil” ¢ paxemmbin Komnnencom M-2
Dzerzhinsky cruiser equipped with M-2 AD missile system
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COCTOATL U3 44 pakeT. B pa3suTve 3T0ro
HanpasneHus Hayanuce Takke paGotsl no
kopabenbHomy 3PK M-26uc, B KoTOpOM
NpeAnonaranock MCnonL3oBat MoAudM-
LMpOBaHHbIE ANA HYKA (noTa pakeTsl 20/

Opwako 8 asrycte 1957 roga pabotel
N0 PasnuyHbIM sapuaman M-2 cBepHynv,

6e nepepi nofjayeit Ha NYCKOBYIO YCTAHOBKY.

B KoHue 1958 rofa “[l3epKuHCKUA”
nposen nepesie Gpockosbie nycku 13AM,
nokasaswwe paboTocnoco6HOCTL nycKo-
BOiA YCTAHOBKU W YCTPOICTB NOAAUYM pakeT
3 norpe6a, a Takie 6e30MacHoCTb ANA KO-
pabenbHbix HaACTPOEK BO3AEHCTBUA CTPYM

orp: TONb-
Ko opHoro Kupaﬁnn - Kpeiicepa “3ep-
KUHCKUA” (npoekT 703), nonyumswero
cTaTyc IKCnepUMeHTanbHoro. 31oT kopabnb
B CBOEM UCXOAHOM BMfE, TO €CTh TOMBKO C
apTuAnepuitCKuM BOOpyXeHueM, Gin BBe-
AeH 8 cTpoit B8 1952 rogy. PykosoauTs ero
MO[iepHU3ALMEN, OKOHYATeNbHbIA NPOEKT
KOTOPO# yTBepAunY B cenTaGpe 1956 roaa,
6bin0 NOpYYEHO MaBHOMY KOHCTPYKTOPY
C.T. 3aiiuesy.

W3-3a 6onbwux rabapuTtos paket oka-
3anMCb HEAOCTATOMHBIMM Pa3Mepbl apTua-
nepuitckux norpe6os kopabna. Bot nove-
My Ha “[l3epPKMHCKOM” NPUWNOCH COOPY-
AWTH CNEUManbHylo HapCTPoMKy BbICOTON
3,3 metpa.

Mepectpoiika kopabns Geina ocyuie-
cTBneHa B TeyeHne 1958 ropa 8 Cesactono-
ne. B okoHuarensHoM Bapuaute “[l3ep-
KUHCKOTO” OCHaCTUAW OAHOA KOPMOBO#
nyckosoi ycraHoskoit CM-64 ¢ Goekomn-
NeKTOM B 10 PaKeT 1 3NeMeHTaMM 3EHUTHO-
10 pi
MU M CUCTEMOI yNpaBneHus.

Npu co3panum komnnekca M-2 ypanocs
peanu308ath He BCe A pe-

C Ve paketsl. B 1959
roay 66100 OCyWecTBACHO 0KONO 20 NYCKOB
PaKeT, B TOM YACNE M MO BO3AYWHBIM Le-
nam. Mepeoit peansHoil uensio ana M- 2
cTan Wn-28,

Ha sbicoTe 10 kM. OH Gbin COMT nepeoit e
paKeToit.

Pe3aynbTarsi, Noy4eHHbIe B XOAE MCbi-
TaHwi M-2, 0Ka3anuch B OCHOBHOM 61M3KM
3apaHHbIM Tpe6osannam. Ho He 6bin ocTas-
neH 663 BHUMaHUA U PAA HEOCTATKOB HO-
BOTO OPYXUA, U B NEPBYIO O4EPefb, TO, YTO
M-2 oka3zanca uanuwHe TAxensiM u Gonb-
wium no rabapuram. [ipyrum hakTopom, Ko-
TOpbIA OTPaHUYNBAN BOIMOKHOCTH KOM-
nneKca, Cran HesbiCOKUA Temn CTpenbOsi,

various versions of the M-2 was stopped,
but for the reequipment of the Dzerzhin-
sky cruiser (Project 70E), which gained a
status of an experimental ship. In its
unmodified version, i.e. armed only with
artillery, the ship was commissioned in
1952. Chief designer S. Zaitsev was put in
charge of modernizing the ship, and the
final draft upgrade was approved in

about 20 launches took place, including
the ones at aerial targets. An Ilyushin
11-28 bomber flying at an altitude of 10 km
became the first real target for the M-2. It
was downed by the very first missile.

The results obtained in the course of
the M-2 testing were quite close to the
preset requirements. However, a number of
disadvantages of the new weapon were not
ignored either. First and foremost, the M-2
turned out to be excessively heavy and
d. Another factor that

September 1956.
Since the dimensions of the missiles
were large, the ship’s ines turned

out to be too small to accommodate the
missiles. That's why it was necessary to
equip the Dzerzhinsky with a special super-
structure 3.3 meters high.

The reequipping of the ship was car-
ried out in 1958 in Sevastopol. Finally, the
Dzerzhinsky was fitted with an aft SM-64
launcher with a load of 10 missiles and
some AD missile system’s components:
radars and a control system.

Inthe course of developmg the M-2, it

nocKoNbKy.
BpeMA Ha Nepe3apaaKy NyCKOBbIX YCTaHO-
BOK. OKa3anca Hesenmk v 6oesanac paker.

W Bce-Taku, yuuTHIBAaA IKCMEPUMEH-
TankHbiil XapakTep nepsoro KopabensHoro
3PK, 371 HEROCTATKN He OTHOCUAUCH K pa3-
PAAY KpuTMyeckux. Bonee Toro, OCHaueH-
Hblii 3TUM KOMNNEKCOM KOPabAb BONHE ro-
[MACA ANA UCNONb3OBAHWA €10 B KayecTse
nnaayueu “naprel”, rae MoK npuoGperaTe

weHuA. Tak, HECMOTPA Ha NONBITKM BHEA-
PUTb aBTOMATUYECKYIO CUCTeMy 3anpasku
Mapwesoil CTyneHW pakeT TONNUBOM, B

p
Ha WX py4HOI1 3anpasKke B PaKeTHOM norpe-

" Goesble HaBLIKM pacueTsl
ﬁyuyuunx KopabensHbix 3PK.

3 asrycra 1961 ropa, nocne 3asepuwe-
HUA NporpaMmbl UcnbiTanuin M-2, “Asep-
JKMHCKOrO” nepesenu B Pa3pas yueGHeIx
Kopabne#.

proved i all pro-
posed eng\neenng solutions. Thus,
despite all attempts to introduce an auto-
mated fueling system for the missile’s sus-
tainer stage, in the final version it was
decided to stick to manual fueling of mis-
siles in their stowage before feeding them
onto a launcher.

In late 1958, the first drop launches of
the 13DM missiles were carried out by the
Dzerzhinsky. The launches demonstrated
that the launcher itself, as well as the
feeding and loading devices were opera-
ble, and the exposure of the ship’s super-
structures to a stream from the missile’s
launching booster was also safe. In 1959,

l\m1ted the capabilities of the system was
its low firing rate, since much time was
required to reload the launchers. The mis-
sile load was also insufficient.

And yet, taking into account the fact
that the fist shipborne AD missile system
was experimental, these disadvantages
were not critical. Moreover, a ship fitted
with this missile system was quite suitable
for being used as a “floating classroom”
where the crews of future shipborne AD
missile systems could acquire and master
their combat skills.

On August 3, 1961, upon completing
the M-2 test program, the Dzerzhinsky was
redesignated as a training ship.

m Paketsl “®akena”
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1,2. Pakemsi 131 Ha nyckosod ycmanoske
130M missiles on the launcher
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3PK M-3. 3enuTHas ynpaensemas pakera B-800 (npoekr)

M-3 AD missile system. V-800 guided missile (project)

1956-57 ropax 8 MKb “®aken” npo-
BOAUNNCH PaBOTHI NO M3Y4EHMIO BO3-
MOXHOCTM co3panus 3YP B-800 ana
KopabenbHoit 3eHUTHOM paKeTHO#
cuctembl M-3, obnapasweii 6onbuweit gans-
HOCTbIO AEACTBUS, YeM cucTemb M-1 1 M-2.
B-800 npepcrasnsna coboit psyxcry-
NEHYaTYI0 PaKery, BLINONHEHHYIO N0 HOp-
ManbHoOR aspoauHamuyeckoi cxeme. Crapt

Mepsas ctynexs B-800 npepcrasnser
060t 4eTbipe TBEPAOTON/IMBHLIX ABUTaTE-
N5, YCTAHOBNEHHBIX B NEPe/Heil 4acTh Map-
WeBoW CTyneHu paketbl. Mapwesas cry-
neHb ocHawWeHa KWAKOCTHOR ABMraTens-
HOW YCTAHOBKOM C HACOCHOM CUCTEMOIA No-
Aa4M KOMNOHEHTOB TONNUBA B ABMraTeNb.
KoHcTpykTiBHO Mapwesas ctynexs B-800
COCTOMT U3 PAAA OTCEKOB, B KOTOPLIX pac-

paKeTbl — i nyc-
KOBOW YCTAaHOBKM, HAaBOAMMOW NO yry
a3uMyTy MecTa. YnpasneHue noneToM pake-
Thi M HaBEAEHHE ee Ha LeNb OCyUlecTBAReT-
5l N0 PaANOKOMaHAAM, KOTOPBIE NOCTynaloT
or 6 7 CTaHyum

paauos boesas
yacs, 6n0ku 6opTosoit annaparypsl, 6aku
C KOMNOHEHTAMU TONAMBA, MUAKOCTHbIA
PaKeTHbiii ABUraTens, arperatsi ynpasne-
HUA PYNAMMU PaKeTbl, NPUEMHUK KOMaHA yn-

n 1956-1957, the Fakel Engineering

Design Bureau studied the possibility

of creating the V-800 missile for the

naval M-3 AD missile system, which
could boast of a longer operating range
compared to the earlier created M-1 and
M-2 systems.

The V-800 was a two-stage missile

The first stage of the V-800 consists of
four solid-propellant engines arranged in
the fore part of the missile’s sustainer
stage. The sustainer stage is fitted with a
liquid-propellant pump-feed engine.
Structurally, the sustainer stage of the
V-800 consists of a number of sections
housing a radar fuze, a warhead, onboard

ploying a normal d ic configu-
ration. The missile is launched at an angle
from a shipboard launcher laid in eleva-
tion and azimuth. Missile flight control
and guidance are accomplished via radio
commands from a shipboard guidance
radar.

units, propell tanks,
a liquid-propellant engine, missile control
surface actuators and a control command
receiver.
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Pakema B-800 Ha nyckosod ycmaroske (npoexm)
V-800 missile on the launcher (project)
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3PK M-11. 3eHuTHas ynpasnaeman pakera 4K60

M-11 AD missile system. 4K60 guided missile

eHWTHaA ynpasnAeMas paketa cpep-
Hew pansHocTh 4K60 npeaHasHaveHa
ANA NOPAMEHUS Pa3NMHBIX CPEACTB
c

CTpaTernyeckom, TaKTMYECKOH MU MOPCKOM
aBuaUMM, BEPTONETOB W PAKeT PasNuyHbIX
KNAccos — B WUPOKOM AuanasoHe yciosui
ux 60eBOro NpuMeHeHUs, a Takxe Mano-

pa3sMepHbIX HAABOAHBIX Lenei.
4K60 — opHOCTYneHyaTas pakera, Bbi-

HuA. Moapeis 60eBoi YacTv pakeTsl ocylie-
CTBNAETCA NPU NOANETE K LUEAM MO KOMaHae
paauoB3peisatens n1M6o No Komawae, Nocty-
NAoWeR OT CTAHLUN HABEGHMA.
KouctpyktusHo pakera 4K60 coctout
W3 pAAA OTCEKOB, B KOTOPLIX pacnonoxe-

he 4K60 medium-range missile is

intended to engage various air attack

weapons: tactical and naval aircraft,

helicopters and various types of mis-
siles in a wide range of their combat use, as
well as small surface targets.

Hbi: ocl dyrac- The 4K60 is a single-stage missile
Has Goesas vacte, 6noku Gop i anna- ploying a normal d\ ic configu-
paTypel, ABYXPEXWMHbIA TBepaoTonaus-  ration.

Hblii PaKeTHbIi ABUraTeNb, NPUEMHNKN KO-

no Hop
4ecKoit cxeme.

CTapT paKeTbl — HAKNOHHBIA, C NYCKOBOW
YCTAHOBKYW, HABOAWMOW MO Yy M a3umyTy
MecTa. Ynpas/ieHue NoNeToM PaKeTsl 1 Hage-
[eHue ee Ha UeNib OCYUECTBARIOTCA NO pa-
/AMOKOMaHJaM, KOTOpble MOCTYNaloT OT pac-
NONIOXKEHHO Ha Kopabne CTaHUuN Hasefe-

MaHg arperarbl
PYNAMU PaKeTbl.

The missile is fired at an angle from
a launcher laid in elevation and azimuth.
Missile flight control and guidance are

Mocne MogepHu3auum Gop  anna-
paTypbl U COBEPWEHCTBOBAHUA METOAA Ha-

acc ished via radio ds from

a shipborne guidance radar. The warhead

BejeHNs paKeThl CTano nopa-
HeHWe Manopa3MepHbix Uenei Ha ceepx-
MajibiX BbICOTaX.

is inp ity to the target by
command from a radar fuze or from a guid-
ance radar.

Structurally, the 4K60 missile consists

of a number of sections housing a radar
fuze, missile control surface actuators,
a HE fragmentation warhead, onboard
equipment units, a dual-mode solid-
propellant rocket engine, and control com-
mand receivers.

The modernization of onboard equip-
ment units as well as the perfection of the
missile’s guidance allow engaging small-
size targets at extra low altitudes.

Paketsl “®akena”
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3. Aspodunamu

Aerodynamic

rol surfaces an

ntennas (4K60 missile)

b1 4K60
Launch of 4K60 missile
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3PK “Oca-M". 3eHuTtHas ynpaBnaemas pakera 9M33

0sa-M AD missile system. 9M33 guided missile

€HWTHAA ynpasfsemMas pakera Manoi

AanbHocTh 9M33 s

AieH1e ee Ha Uenb OCYWecTBAAITCA No pa-

NOPaKEHUA Pa3NUIHBIX CPEACTS BO3-
AYWHOTO HANAAEHUA: CaMONIETOB TaK-
TUYECKOV U MOPCKO# aBMaLK, BEPTONETOB
W PaKeT Pa3nuYHbIX KNACCOB - B WMPOKOM
AManasoHe ycnosui ux 60esoro npumee-
HUA, @ TAKIKE Manopa3MepHbIX HaABOAHbIX
uenen.
9M33 - opHOCTYNeHyaTan paKera, Bbi-
NoAHEHHas NO a3POAUHAMUYECKOH CXxeme
“yTKa", co CBOGOAHO BPAWAIOWNMCA XBOC-
TOBbIM KpbibeBbIM GNOKOM.
Crapr paKeTbl — HaKNIOHHbIM, C NYCKOBOW
YCTAHOBKY, HABOAWMOM MO YIY M a3uMyTy
MecTa. Ynpas/ieHue noNeTom paKeTsl U Hase-

KOTOpble MOCTynakoT oT pac-
NONOXKEHHOW Ha Kopabnie CTaHUMK Hasene-
Hus. Moppbie 60EBOA YACTH paKeTsbl ocyle-
CTBARETCA NPY MOANETE K LN N0 KOMaHAe
PaavoB3pbIBaTeNs NGO N0 KOMaHAE, NOCTy-
nalweit oT CTaHUMK HaBEAEHUA.
KoHcTpykTuBHO pakera 9M33 coctout
W3 PAAA OTCEKOB, B KOTOPbIX Pacnooxe-
Hbl: arperarsl ynp:
HUA PYNSIMA PaKeTb, OCKONOYHO-(yracHas
6oesas yacrb, 6noku Goprosoi annapary-
Pbl, ABYXPEKUMHbIA TBEPAOTONAMBHBII pa-
KeTHbIVi ABUraTesb, NPUEMHUKI KOMAHA yn-
pasneHus.

he 9M33 short-range missile is

intended to engage various air

attack weapons: tactical and naval

aircraft, helicopters and various
types of missiles in a wide range of their
combat use, as well as small surface
targets.

The 9M33 is a single-stage missile
employing a canard aerodynamic configu-
ration with a freely-rotating aft wing unit.

The missile is fired at an angle from
a launcher laid in elevation and azimuth.
Missile flight control and guidance are
acc i via radio c ds from
a shipborne guidance radar. The warhead
is detonated in proximity to the target

by command from a radar fuze or from a
guidance radar.

Structurally, the 9M33 missile consists
of a number of sections housing a radar
fuze, missile control surface actuators, a
HE fragmentation warhead, onboard
equipment units, a dual-mode solid-
propellant rocket engine, and control com-
mand receivers.

mnem “®axena”
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1. lyck paxeme: 9M33 ¢ paremHo2o Kopatns a 803dywkoii nodywke “6opa”
9M33 missile launched from air-cushion missile ship Bora

2. Cmapm paxems: 9M33 ¢ Gonbwo20 NPomus0004H020 KOPaGHA
9M33 missile launched from a large ASW ship

w

. 3apaxanue nycoso( ycmanosKu pakemanu IM33
Launcher being loaded with 9M33 missiles
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3PK C-300 “Puc”. 3eHuTHan ynpaBnaeman pakera 5B55PM

Rif S-300F AD missile system. 5V55RM guided missile

€HUTHAA ynpasnaeMan paketa cpep-
Heit panbHocT 5B55PM npepHasHa-

BOIA YCTAaHOBKY B CTOPOHY yenu. Mocne 3a-
nycKka ABUrarens pakera CKNOHAETCA B Tpe-

yeHa ana KaK cosp
HbIX, TaK W nepc cpeacTs

Gyemom B 3aBMCUMOCTH OT

Uenu NPU NOMOULM ra3oBbiX py-

c cTpa-
TernyecKoi, TaKTU4ECKO 1 MOPCKOW aBna-
UMK, CTPATerHyeckux Kpbinatbix paKer,
ABMaUMOHHBIX PAKeT, TAKTUYECKUX W One-
PaTUBHO-TaKTUYECKMX 6anMCTUYECKUX Pa-
Ker, ec p

- 8 WWPOKOM AMana3oHe ycnoswii ux Goe-
BOFO NPUMEHEHUS.

Paketa aKcnnyatupyetcs B repMetuy-
HOM TPAHCNOPTHO-NYCKOBOM KOHTEiHepe
(TNK) u He TpebyeT npoBepoK U peryanpo-
BOK B TEYeHMe BCero Cpoka cyxGel.

5B55PM - opHocTyneHyatas pakerta,

Mpy HaBeeHMN PaKeTsl UCNONb3YeTCA
NPUHUUN CONPOBOMXAEGHUA UeNU Yepe3 pa-
Kety. OckonouHo-GyracHas Goesas yach
6onbIWON MOWHOCTM B COYETAHMM C BBICO-
KAMW neperpy3kami, KOTOpbie CnocobHa

pakera, obec 3p-
heKTUBHOE NopaKeHue Leneil, 8 ToM Yucne
W MHTEHCUBHO MaHeBPUPYIOLLUX.

Pakera 5B55PM ocHaleHa BbICOKOI(-
(eKTUBHBIM TBEDAOTONAUBHBIM ABMraTe-
nem. KOHCTPYKTUBHO OHa COCTOMT U3 psfa
0TCEKOB, B KOTOPbIX PAaCMONOKeHbI: Paano-

no Hop P paryp! orcek (6opro-

MUYECKOiA CXeMe, C paci nocne  Bas patyp: B BUAE MOHO-

CTapTa pynsmu. 6n10Ka), ocKonouHo-(yracHas 60esan YacTb,

Crapt paketsl - Bep i, ¢ no- DA i i pBurarens, ar-
MOWBIO YC i s TNK perarbi PYNAMK paKeTbl.

6e3 npensapuTeNLHOTO Pa3BopoTa NycKo-

he 5V55RM medium-range missile is
intended to engage the in-service
air attack weapons as well as those

under development, including
strategic, tactical and naval aircraft,
strategic cruise missiles, air-launched
missiles, tactical and theater ballistic
missiles and UAVs in a wide range of their
combat use.

The missile is operated in a sealed
transporting-launching container and
requires no maintenance or check-ups
throughout its entire service life.

The 5V55RM is a single-stage missile
employing a normal aerodynamic configu-
ration with control surfaces that are
unfolded after launch.

The missile is launched vertically with
an aid of a catapult mounted in the trans-
porting-launching container, without
prior laying the launcher in the direction
of the target. After the blast-off, depend-
ing on the position of the target, the mis-

sile is deflected in the desired direction by
means of gas vanes (ailerons).

Missile guidance is of the missile-
tracking type. A powerful fragmentation
warhead coupled with the missile’s ability
to withstand high g-loads ensures effi-
cient destruction of targets, including the
intensively evading ones.

The 5V55RM missile is fitted with a
powerful solid-propellant engine. Struc-
turally, it consists of a number of sections
housing a radio direction finder, an equip-
ment section (the onboard equipment fea-
tures a monoblock unit), a HE fragmenta-
tion warhead, a solid-propellant rocket
engine, and missile control surface actua-
tors.

Paxetbl “®akena”
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3PK C-300® “Puch-M”. 3eHutHan ynpaBnaeman pakera 48H6

Rif-M S-300F AD missile system. 48N6 guided missile

eHUTHaR ynpassemas paketa Gonb-
woW panbHoctu 48H6 npegHasHave-
Ha ANA NOPAXKEHUA KAK COBPEMEHHbIX,
TaK W NepcneKTHBHLIX CPEACTB BO3-
AYWHOTO HANaAEHUA: CaMONIETOB CTpaTert-
YECKOM, TAKTUHECKON U MOPCKOM aBuaLuu,
CTpaTernyeckux Kphinateix paker, aBuaum-

OHHBbIX PaKeT, TAKTU4ECKUX U

KoM CXeMe, C PacKpbIBAEMbIMM NOCNE CTap-
Ta pynsmu.

CTapT paKeThl — BEpTMKanbHBIl, C N0~
Moubio ycTaHosneHHoi B TMNK katanynersl,
6e3 npeaBapuTENLHOTO Pa3sopoTa Nycko-
BOI YCTaHOBKM B CTOPOHY uenu. Mocne 3a-
nycka ABUrarens pakera CKNOHAETCA B Tpe-

TaKTH4ecKux GannucTueckux pakert, Gec-

Gyemom B 3aBMCAMOCTM OT
NONOXKEHUA UeNU NPU NOMOLLN Fa30BbIX Py-

- 80
BCEM AManasoHe ycnosuit ux 6oesoro npu-
MeHeHMA.

PaKeTa JKCNNYaTUPYeTCA B repmeTyy-
HOM TpaHC i i
(TNK) u He TpebyeT npoBepoK # peryanpo-
BOK B TeyeHue BCEro CPOKa CAYMObi.
48H6 — opHOCTyNeHYaTas pakeTta, BbINOA-
HEHHas N0 HOPMankHOM aspoAMHaMUyec-

Mpu paKeTsl Ucl )

he 48N6 long-range missile is
intended to engage the in-service air
attack weapons as well as those
under development, including
strategic, tactical and naval aircraft,
strategic cruise missiles, air-launched mis-
siles, tactical and theater ballistic mis-
siles, and UAVs in the complete range of
their combat use.
The missile is operated in a sealed

NPMHUAN CONPOBOXAEHHA LN Yepes ca-
My pakety. OckonouHo-dyracHas 6oesas
4acTh 6ONbWOIA MOUHOCTH B COYETAHMM C
BLICOKUMU Meperpy3kamm, Kotopsie cno-
co6Ha BbiepKMBaTL paKeta, obecneynsa-
10T 3 heKTUBHOE NOpaXeHue Luene, B TOM
HMCNE U UHTEHCHBHO MaHEBPUPYIOUIMX.

transporting-L hing container and
requires no maintenance or check-ups
throughout its entire service life.

The 48N6 is a single-stage missile
employing a normal aerodynamic configu-
ration with control surfaces that are
unfolded after launch.

The missile is launched vertically with

an aid of a catapult mounted in the trans-
porting-launching container, without
prior laying the launcher in the direction
of the target. After the blast-off, depend-
ing on the position of the target, the mis-
sile is deflected in the desired direction by
means of gas vanes (ailerons).

Missile guidance is of the missile-
tracking type. A powerful fragmentation
warhead coupled with the missile’s ability
to withstand high g-loads ensures effi-
cient destruction of targets, including the
intensively evading ones.

Paketsl “®akena”
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1. Tawensid amomwsid paxemusii kpedcep “Mlemp Benukud”
C pakemubin Komnnexcom “Pug-M”
Heavy nuclear-powered missile cruiser Pyotr Veliky
equipped with Rif-M AD missile system

»

Toancnopmro-nyckossie konmedinepsi  pakemanu 48HG
8 n0dnanyGHom npocmparcmse Kpelicepa
Transporting-launching containers with 48N6

missiles under deck of the cruiser

»

lyck 3VP c kpeiicepa “Mlemp Benuxuil”
Guided missile launched from cruiser Pyotr Veliky

L3euu‘ruble paketbl Ans KopabenbHbix 3PK Missiles for the Naval Air Defense Systems




3PK “KnuHok”. 3eHuTHas ynpasnaemas pakera 9M330

Klinok AD missile system. 9M330 guided missile

eHWUTHaA ynpasnseMan paketa Manoi
panbHocT 9M330 npeaHasHaveHa
ANA NOPAXEHUA Pa3NUyHbIX CPeAcTs

PeA 3anycKoM pasroHHO-Mapwesoro Asw-
ratens, OHa CKNOHseTca B TpeGyeMoM Ha-
c c i raso-

c 8
TaKTUYECKOA W MOPCKOW aBuauuu, BepTo-
neTos, ynpasnsembix 60M6 M paker pas-
NMYHBIX KNACCOB — B WWPOKOM AUanasoHe
ycnosuit ux Goesoro np a TakKe

KOW CUCTeMbl.

YnpassieHue noNETOM paKeTsl U Hase-
[eHVe ee Ha LeNlb OCYU|eCTBAAETCA N0 pa-
AVOKOMaHAAM, KOTOPbIE NOCTYNaloT OT pac-
il Ha Kopabnie CTaHuMK Hasepe-

ManopasmepHsIX HaBOAHBIX Leneil.
PaKeTa JKCNNyaTMpyeTCcs B repMeTHy-

HuA. Moapsis 60eBOM YaCTH paKeTs NPOU3-
BOAMTCA NPU NMOANETE K LENH No KoMaHae

HOM TpaHC YCKOBOM

(TNK), He TpeGyer nposepok u perynupo-

BOK B TEYEHME BCEro CPOKa CAYKEI.
9M330 - opHocTyneHyatas pakera,

Ambo no Komawge, no-

CTynaiouieit OT CTaHUMM HaBeaeHHUs.
KowctpyktueHo paketa 9M330 cocro-

T U3 PAAA OTCEKOB, B KOTOPbIX Pacnono-

no a KoM cxe-
Me “yTka", C packpeiBaeMbiM noce crapra
cBOBOAHO BPALAIOWMMCH XBOCTOBBIM KPbi-
nbesbiM 6710koM. CTapT paketsl — Bepri-

KEHbI: arperarsl ynpas-
NEHUA PYAAMU PaKeThl, CUCTeMa ra3ofuHa-
MUYECKOTO CKNOHEHUS PaKeThl, OCKONO0Y-
Ho-hyracHas 6oesas vacTe, 6n0ku Gopro-

KanbHbli, C yC B
TNK b, Ges

BOW partypsi, i TBEpAO-

Pa3BopOTa NYCKOBOI YCTAHOBKM B CTOPOHY
uenu. Mocne Bbixopa pakers u3 TIK, ne-

npuem-
HUKM KOMaHA ynpasneHus.

he 9M330 short-range missile is

intended to destroy various air

attack weapons: tactical and naval

aircraft, helicopters, guided bombs
and various types of missiles in a wide
range of their combat use, as well as small
surface targets.

The missile is operated in a sealed
transporting-launching container and
does not require any maintenance and
check-ups throughout its entire service
life.

The 9M330 is a single-stage missile
employing a canard aerodynamic configu-
ration with a freely-rotating aft wing unit
that unfolds after the blast-off. The mis-
sile is launched vertically from its trans-
porting-launching container by means of a
catapult mounted in the container, with-
out prior laying the launcher in the direc-
tion of the target. After the missile leaves
the transporting-launching container and

before the sustainer booster is started, the
missile is deflected in the desired direc-
tion by means of a special gas dynamic
system.

Missile flight control and guidance are
accomplished via radio commands from a
guidance radar mounted aboard a ship.
The warhead is detonated in proximity to
the target by a command from a radar fuze
or from a guidance radar.

Structurally, the 9M330 missile con-
sists of a number of sections housing a
radar fuze, missile control surface actua-
tors, a gas dynamic missile deflection sys-
tem, a HE fragmentation warhead, onboard
equipment units, a dual-mode solid-
propellant rocket engine, and control
command receivers.

Pakersl “®akena”
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Paketbl “®akena”

1. 3annossiii nyck pakem 9M330 ¢ Gopma Gonsuiozo
npomusonodoyHozo kopaGna “Admupan YaGanewko”
9M330 missiles launched in salvo from large ASW ship Admiral Chabanenko
2. KpbiwKu nycKoBsx YCMaHOBOK PakemHOZ0 KoMnAeKca “Knuok”
Klinok AD missile system launchers’ covers
3. Pakema 9M330 & mpancnopmHo-nyckosom Kowmednepe
9M330 missile in transporting-launching container

Cmapm paxems: 9M330 c Gopma mawenozo asuarecyue2o
Kpedicepa “Admupan chnoma Cosemckozo Cowo3a H.I-. Kyaweuos'
9M330 missile launched from heavy aircraft-carrying cruiser
Admiral of the Fleet ot the Soviet Union N.G. Kuznetsov
4. Cnowenue pakems:

Missile deflecting in the required direcrtion

5. 3anyck Mapuwesozo deu:
Sustainer starting

~ Fakel's Missiles
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XapaKTepuCTUKM 3eHUTHBIX YNPaBAAEMbIX PaKeT Ans KopabenbHbix 3PK

Missiles for Naval Air Defense Systems (Basic Characteristics)

3oua nopaxeHn, ki Maxcumanswan | - Macca paers, kr | Macca Goeao wacru Pasmep paers, u
Target engagement zone, km e e il gt Overall dimensions, m
Haseanve Designation N0 AaNLHOCTH no BbicOTE ANMHa Anamerp pa3max Kpeinses
Max target speed, | Missile weight, kg | Warhead weight, kg (cra6uaw3aropos)
range altitude s length diameter wing (fins) span
4K90 4K90 3.5- 15 0.1 - 10 1500 912 60 5.89 0.375 (2.2)
4K91 4K91 3.5- 24 0.1 - 18 2000 953 70 6.093 0.375 (2.2)
134M 13DM 7 -34 3 - 27 1500 2281 190 10.58 0.5 2:57
B-800 V-800 8 -55 2 -~ 25 2000 4250 200 10.0 0.6 2.9
4K60 4K60 6 - 335 01 - 25 2000 1839 125 6.165 0.655 157
9M33 9M33 1.5- 10 0.025- 5 1800 127 14.5 3.153 0.208 0.65
5B55PM 5V55RM 5 =75 0.025- 25 4300 1665 130 7.25 0.514 11133
48H6 48N6 5 -120 0.01 - 27 10000 1800 143 7.5 0.519 1.133
9M330 9M330 1.5- 12 0.01 - 6 2500 165 14.5 2.895 0.23 0.65

Paketsl “®akena”
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ABMaUMOHHbIe paKeTbl
Knacca BO3AyX-BO3AyX

Air-to-Air Missiles




YuCne Nepsbix 3aaay, NOCTaBNEHHbIX
nepea MKB “®aken”, 66110 BbiNONHe-
HUE UCNBITaHMI M asuaum-

YNPaBAAEMOro PakeTHOro BOOPYKEHUs
nossoamnu MKB “®aken” npuctynuts K

OHHOI ynpasnAeMoit pakeTsl Knacca
“Bo3pyx-80o3ayx” PC-1Y. Co3pasars 31y pa-
KeTy Hayanu & 1951 roay 8 KB-1. K pabore
Hap Heit Gbin NPUBNEUEH PAA BEAYUUX Ha-
Y4HO-UCCNE0BATENLCKUX M KOHCTPYKTOP-
CKMX OpraHu3auuit cTpausi. Mepepaya
PC-1Y 8 Bepexne MKB “Gaken” npaktuyec-
KW He nosnekna 3a coboit M3MEHeHWit B
CpoKax nposeaeHus pabor.

Qs BLINONHEHUA NOCTaBNEHHOM 3aaa-
un B MKB “®aken” Gbinu 3apeiicTBOBaHb!
ONbITHOE NPOU3BOACTBO W UCbI

HOBOTO 3aaHUA — CO3AAHNI0
asuauynonHoi pakets K-6. PaspaGotka
370/ paKeThl, NpeAHa3Ha4aBWeNCs ANS UC-
NONb30BaHMA NEPCNEKTUBHBIMU CaMoneTa-
mu-nepexsaruukamu (U-3, E-150 u papom
Apyrux), Benacs ¢ gexabps 1954 ropa. B
xope pa6oTel 6bin NPOAEMOHCTPUPOBAH
BLICOKWI MOTEHUUAN CNEUManicTos npea-
npuATUA. OHU NPEANOKUNN PAR KOHCTPYK-
TOPCKUX PelleHuid, peanu3auns KoTopbix
AOMKHA Bbina 3aMETHO YNYYWHTL XapaKTe-
PUCTUKM PaKeTl, yNPOCTUTS ee NPOU3BOA-
CTBO U 3KC 0aHaKo u3-3a 3Ha-

cnyK6bi NpeanpuATUs. CeunanucTsl KoH-
cTpyKTopcKoro 6iopo obecneyusan u npo-
BefieHne Nepsbix B Haweil CTpaHe NycKos
ABMALMOHHBIX YNPaBAAEMbIX PaKeT no ca-
MoneTam-muweHsM. Mepsbiit 3 HUX cocTo-

YMTENLHOI 3arpy3kit NPEANPUATUS 3EHUT-
HOIl PaKeTHoit TeMaTnkoi, paboTel no K-6 u
ee MoAepHU3NpoBaHHoMy BapuanTy K-6B 8
anpene 1958 ropa Gbinu npexpatiens.

B cepeaute 1960-x rogos — B 3n0Xy pe-

anca 8 mapra 1955 roa no camonerty-6om-
6apavposuuky Ty-4.
B 1956 ropy pakera PC-1Y 6bina npu-

pi i U paKeToCcTpou-
TenbHo# npomblwneHHocTH — 8 MKB “Daken”
6bino paspaboTaHo eue A18a NPOEKTa aBUaLM-

HATa Ha ucTp P
xBaryukos Mur-17MoY u Ax-25K.

NanbHeiwnm passuTUEM ITOA paKeTsl
crana PC-2Y, paspaboTka KOTOpOil Hauanac
B KOHLe 1954 roga. Ee 0CHOBHbIMU OTAMYM-
amMu o1 PC-1Y 6binn 6onbluan AanbHOCTb ny-
cKa v Gonblwiit AMANa3oH CKOpOCTe U Bbi-
COT NPUMEHEHHS, YTO NO3BOAANO UCNONB3IO-
BaTh €€ B COCTAaBE KOMNNIEKCOB BOOPYKEHUA
6onee CKOPOCTHbIX 1 BLICOTHbIX UCTPeBUTE-
neit-nepexsarunkos. PC-2Y Geina npuxata
Ha BOOpyXeHue B Hosbpe 1957 rofa u 8
fAanbHeiiluem NPUMEHANACh B Kayectse oc-
HOBHOrO BUAA OPYXHA UCTpeBUTeneii-nepe-
xBaT4yukos Mul-19MM u Cy-9.

YenewHble nepsble Wark B CO3AAHMK

OHHBIX paxer. 06e panbHero
AeiictenA. OHW NpepHasHavanuch AnA Mc-

HC |+
Kamu Ty-148 u E-155 (Mur-25). Ognako gans-
Heilluero pa3suTUs 31U PaGoTbl He NONYUMNM.
Hecmotps Ha T, 40 co3panHbie MKB
“®aken” aBUALMOHHbIE yNpaBNAeMble paKe-
Tl GbUIM NPUHATHI HA BOOPYKEHME B KOHLE
1950-x ro0B, NPOAOMKMUTENLHOCTb UX IKC-
nnyarauuu B paje CTpaH npessicuna 40 ner.
B Hayane 1960-x ropos Ux NpOM3BOACTBO
no nuuensum Geino ocsoero B Kutae nog
o6o3HayeHnem PL-1, a B koHue 1990-x ro-
pos 8 Monbuwe Ha ocHose PC-2Y Geina co-
3/1aHa paKeTa-MuLeHb, NpeHa3HayaBwan-

CA Ans TpeHMpoBKU pacyetos 3PK.

mong the first tasks assigned to the

Fakel Engineering Design Bureau was

testing of the RS-1U air-to-air mis-

sile. The development of the missile
began at the Design Bureau #1 (KB-1) in
1951. A number of leading research and
design bureaus of our country were
involved in this project. The RS-1U project
handover to Fakel entailed practically no
changes in the work schedule.

To accomplish the task, the Fakel
Engineering Design Bureau used its own
test production and testing facilities and
services. The Design Bureau's specialists
were also in charge of conducting the first
in our country launches of airborne guided
missiles at target aircraft. The first launch
was carried out on March 8, 1955, with a
Tupolev Tu-4 bomber being the target.

In 1956, the RS-1U missile was adopt-
ed for service with Mikoyan MiG-17PFU
and Yakovlev Yak-25K fighter-interceptor
aircraft.

The development of the follow-on ver-
sion, the RS-2U, started in late 1954. The
missile differed from the RS-1U by a
greater firing range, wider flight speed and
altitude range. This made it possible to
use the RS-2U with weapon systems
mounted on higher-speed and higher-
altitude fighter-interceptor aircraft. The
RS-2U was adopted for service in
November 1957 and was subsequently
used as the main weapon of MiG-19PM and
Sukhoi Su-9 fighter-interceptor aircraft.

The first successful steps towards
developing guided weapons allowed Fakel
to start a new project - designing the K-6
air-launched missile. The development of

this missile that was intended for
advanced interceptor aircraft (the I-3,
E-150 and a number of others) began in
December 1954.

In the course of work, the Bureau spe-
cialists demonstrated their high engineer-
ing potential. They offered a number of
engineering solutions the implementation
of which was to considerably improve the
missile’s performance characteristics, as
well as to streamline its production and
operation. However, since Fakel had con-
siderable amounts of work to do on the AD
missiles, all work on the K-6 and its
upgraded version, the K-6V, was discontin-
ued in April 1958.

In the mid-1960s — the time when air-
craft and missile production industries
were being restructured — two more proj-
ects of the air-launched missiles were
developed at Fakel. Both were long-range
missiles intended for Tu-148 and E-155
(MiG-25) fighter-interceptor aircraft.
However, these projects had no further
development.

Regardless of the fact that the air-
launched missiles designed by Fakel were
adopted for service in the late 1950s, in
some countries they remained in opera-
tion for more than 40 years. In the early
1960s, their license production was mas-
tered in China, with the missiles designat-
ed PL-1. And in the late 1990s, a target-
missile intended for training crews of the
AD missile systems was developed in
Poland on the basis of the RS-2U.
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mpeGumens-nepexaamuux Mul-19/TM  paxemamu PC-2Y
G-19PM fighter-interceptor equipped with RS-2| es
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ABuauuoHHas ynpaeBnaemas pakera PC-1Y

RS-1U air-to-air guided missile

BMAUMOHHAA ynpasisemas paketa
PC-1Y npepHa3sHayena ans nopaxe-

KoB: 60€BOW YaCTH C PaAMONOKALNOHHBIM
B3pbiBaTeNeM, OTCEKa C PYNAMU U pynesbi-

HUA P cpeacts

HanageHus, KOTopbie BKIOYaIoT B Ce-
65 camoneTsl CTpaTernyeckoil U TakTuyec-
KOl aBMaumm.

Paketa PC-1Y - opHoCTyneHyaras, bi-

Mi p ABura-
Tens C ABYMA GOKOBBIMM CONNAMK, OTCEKa C
"
3NeMeHTaMM annapatypsl U oTceka ¢ 610-
KOM PaaMoynpasneHus.

nonHeHa no a KOil Cxeme
“yTKa", ¢ KPecTo06Pa3Ho PacnoNOKEHHbI-
MU KpBIBAMA W pynsiMu. CTapT pakeTsl — C
HanpasnAioueil 6ankin CaMoNeTHoM nycKo-
BOiA YCTAaHOBKY. YNpaBeHHe ee NoneToM
HaBefleHWe Ha UeNb OCYUeCTBAAETCA N0
PajMOKOMaHAaM CaMONIETHOM CTAHUMM Ha-
sefieHus. Moapeis 60eB0oi YacTH NPouCxo-
AMT NpU NOANETE K UEAM N0 KOMaHae
paauos3puisatens.

Paketa PC-1Y cocTout u3 natu otce-

he RS-1U air-to-air guided missile is
intended to engage various air
attack means, including strategic
and tactical aircraft.
The RS-1U is a single-stage missile
employing a canard aerodynamic configu-
ration with cruciform arrangement of

Pakema PC-1Y & noneme (PUCYHOK U3 MeXHUYECK020 OnUCaHUS 1955 2.)
RS-1U missile in flight (a picture from technical description, 1955)

wings and fins. The missile is fired from an
aircraft’s missile launcher guide. The mis-
sile’s flight path control and guidance are
accomplished via commands from an air-
craft guidance radar. The warhead is deto-
nated in proximity to the target by a com-
mand from a radio fuze.

The RS-1U comprises five sections: a
warhead with a radar fuze, a section with
fins and wing actuator assembly, a solid-
propellant engine with two side nozzles, a
section with an air-propellant gas genera-
tor and equipment components, and a sec-
tion with a radio control unit.
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Paxemsi PC-1Y Ha ucmpeGumensx-nepexsamuuax Mul-17110Y
RS-1U missiles on MiG-17PFU fighter-interceptors
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A HHasA ynpas

paketa PC-2Y

RS-2U air-to-air guided missile

opepHu3ayua paketsl PC-1Y. Mpea-
Ha3HaueHa ANA NOPAKEHUS Pasnuy-
HbIX CPEACTB BO3AYWHOO Hanape-

PaaMOKOMAH/1aM CaMONIETHOM CTAHUMM Ha-
sefierus. Moapsis 60eBoit YacTH Npoucxo-
AMT K MOANIETE K LMW N0 KOMaHAe pa-

HMA, KOTOpblE 8 cebs ca-
MONeTbl CTPAaTeruyeckoit W TaKTYecKo#
asuaumm.

Paketa PC-2Y - opHocTyneH4aras, sbl-
NONHEHa N0 a3POAMHAMUYECKOH Cxeme
“yTKa”, C KPecToo06pas’HO PacnoNOMKeHHbI-
MU KpbINbAMM U pynamu. CTapT paketsl — C
Hanpasnalowei 6anku camoneTHoil nycko-
BOW YCTAHOBKM. Ynpasnexue ee noneTom u
HaBefieHNe Ha Ueb OCYUWECTBARETCA NO

Paxera PC-2Y coctout u3 nath otce-
K0B: 60€BO/ YaCTH C PAAMONOKALMOHHbIM
83DbiBaTe/IeM, OTCEKA C PYNAMU W PyNeBbl-
MU MalWWHKaMK, TBEPAOTONAMBHOTO ABMra-
Tens C ABYMA GOKOBBIMM CONNaMK, OTCEKa C
y P! [
3NeMeHTaMM annapaTypsl U otceka ¢ 610-
KOM pajMoynpasneHus.

he RS-2U air-to-air guided missile (a
modernized version of the RS-1U) is
intended to engage various air
attack means, including strategic

and tactical aircraft.
The RS-2U is a single-stage missile
employing a canard aerodynamic conﬁgu-
ration with cruciform

detonated in proximity to the target by a
command from a radio fuze.

The RS-2U missile comprises five sec-
tions: a warhead with a radar fuze, a sec-
tion with fins and wing actuator assembly,
a solid-propellant engine with two side
nozzles, a section mth an air-propellant

wings and fins. The missile is fired from
the aircraft’s missile launcher guide. The
missile’s flight path control and guidance
are accomplished via commands from an
aircraft guidance radar. The warhead is

gas and [G
and a section with a radio control unit.
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Paxeme! PC-2Y Ha ucmpeGumensx-nepexsamuunax Muf-191M u Gy-9
RS-2U missiles on MiG-19PM and Su-9 fighter-interceptors
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ema PC-2Y nod Kpbinom ucmpeGumens Mul-2111
J under wing of MiG-21P fighter
. Xeocmosod omcex paxeml PC-2Y
Tail section of RS-2U missile
. Paduos3psisamens pakemsi PC-2Y
Radio fuze of RS-2U missile
Paxemel PC-2Y, KomopsiMu 800pywanuc
ucmpe6umenu-nepexsamyuku Mul-19M

RS-2U missiles for MiG-19PM fighter-interceptors
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ABMaUUOHHAA ynpasnsemasn paketa K-6

K-6 air-to-air guided missile

BMAUMOHHAA ynpaBnseMas pakera
K-6 npeaHasnaveHa Ans nopamenusa
Pa3NMyHbIX CPEACTB BO3AYWHOTO Ha-
NajeHus, Npexae BCero CamoneTos

CTpaTernyeckoil 1 TaKTMYECKOi aBuaLmm.
Paketa K-6 — opHocTyneuartas, Bbl

PajMOKOMaHAaM CaMONETHOM CTAHUMM Ha-
sepiekus. Mopsis 60eBOiA YacTH NPOUCXO-
AMT NPU NOANETE K UMW N0 KOMaHAe pa-
[AMOB3pLIBATENS.

Paketa K-6 cocTouT U3 paja 0TCeKos, B
KOTOpbIX PacnonoxeHsi: 6oesas 4acte €

nonHeHa no Hop!

p T8ep-
i pBurarens ¢ aByMs 60K0BbI-

KO# CxeMe, € Kpec: paci

HbIMU KPBINbAMM M pyAAMU. CTapT paKeTsl —
€ Hanpasnsiowei 6anku camoneTHoi nyc-
KOBOW YCTaHOBKM. YnpasneHue ee noneTom
W HaBefieHe Ha Leb OCYWeCTBARETCA No

MU CONAGMM, PyNK, Pynesbie MaWMHKM, BO3-
AYWHbIA 3KKyMyNATOP AQBNEHWS M annapa-
Typa ynpasnenus.

he K-6 air-to-air guided missile is
intended to engage various air
attack means, primarily strategic and
tactical aircraft.
The K-6 is a single-stage missile employ-
ing a normal aerodynamic configuration
with cruciform arrangement of wings and
fins. The missile is fired from an aircraft's
missile launcher guide. The missile’s flight
path control and guidance are accom-
plished via commands from an aircraft
guidance radar. The warhead is detonated

in proximity to the target by a command
from a radio fuze.

The K-6 consists of a number of sec-
tions housing a warhead with a radar fuze,
a solid-propellant engine with two side
nozzles, fins, a wing actuator assembly, an
air-propellant gas generator and control
equipment.
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1,2. HcmpeGumens Mul-19 ¢ paxemanu K-6
MiG-19 fighter equipped with K-6 missiles
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ABnauuoHHas ynpasnaemas pakera K-6B

K-6V air-to-air guided missile

ofepHusauma paketbl K-6. OcHos-
HOe HanpasneHue MOAEPHU3ALMM —
pacwupeHue AWanasoHa BeicOT
npUMeHeHus.

Pakera K-6B — opHocTynenyaras, Bbinon-

Aenus. Moapeis 60eBo# YaCTH NPOUCXOAUT
npyU NOANETE K WeAM N0 KOMaHAe paguo-
B3pLIBaTENA.

Pakera K-6B coctout u3 psipa otcekos,
B KOTOPbIX PacnonoxeHsi: 60esas Yacts ¢

HeHa no Hop KOW

cxemMe, € Kpec pac

p Teep-
i pBUrarent ¢ AByMs 60KOBbI-

KpbUIbAMU M pynsmu. CTapT pakeTsl — C Ha-

MU CONNAMK, PYNH, PYNEBbIe MALNHKY, BO3-

7 6anky c:
YCTaHOBKW. Ynpasnienue ee NoNeToM u Ha-
BeJleHMe Ha UeNb OCYWeCTBARIOTCA NO pa-
AMOKOMaH/aM CaMONETHON CTaHUUM Hase-

AYWHbIA aKKYMy; P v annapa-
Typa ynpasneHus.

he K-6V is a modernized version of
the K-6 missile. The modernization
was aimed at widening the altitude
range.
The K-6V is a single-stage missile employ-
ing a normal aerodynamic configuration
with cruciform arrangement of wings and
fins. The missile is fired from an aircraft’s
missile launcher guide. The missile’s flight
path control and guidance are accom-
plished via commands from an aircraft
guidance radar. The warhead is detonated

in proximity to the target by a command
from a radio fuze.

The K-6V consists of a number of sec-
tions housing a warhead with a radar fuze,
a solid-propellant engine with two side
nozzles, fins, a wing actuator assembly, an
air-propellant gas generator and control
equipment.

Pakersl “®akena”

Fakel’s Missiles -




1. Pakema K-68 & mysee MKE “axen”
K-6V missile in Fakel’s Museum

2. Kpsinsesoii Grox pakemsi K-6B
Wings unit (K-6V missile)

3. MempeSumens-nepexsamuux H-75 ¢ pakemanmu K-68
175 fighter-interceptor equipped with K-6V missiles
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ABWauvnoHHble ynpasasemble pakeTb B-148 u B-155 (npoekr)

V-148 and V-155 air-to-air guided missiles (project)

BUAUMOHHBIE YNpaBAAEMble PaKeTbl
B-148 u B-155 npepHa3HaueHb ans
NOPaKEHUA Pa3nuyHbIX CPEACTB BO3-
AYWHOrO HanageHus, B TOM Yucne ca-

MONETOB CTPAaTernyeckoil M TaKTUYecKo#

aBMauyK, a TakKe pakeT BO3AYWHOro 6asn-

POBaHMA — B WMPOKOM AUANa3oHe yCIoBHi

1x 60€BOr0 NpUMEHEHUA.

Paketsi B-148 u B-155 — opgHocTyneH-
yarsle, BLINOAHEHB N0 HOPMANbHO a3po-
AMHAMUYECKOR CXxeMe, C KpecToobpasHo
PacnoNOMKEHHLIMU KDbINLAMU U PYyNAMM.
Crapt paket - ¢ Hanpaensiouiei 6anku ca-
MO/IETHOI NYCKOBOW YCTaHOBKMW. Ynpasne-

HUe NONETOM M HaBeAeHue Ha LieNb ocyle-
CTBNAGTCA C NOMOLWbIO ﬂOﬂyBKTMBHOﬁ ro-
NOBKN CAMOHaBEAleHUA.

Paketsl B-148, B-155 ocHaleHbl Xua-
KOCTHOW iBUraTe/IbHO YCTaHOBKOM, BKIO-
yaioweit B ce6s OAWH MapLIeBbIit 1 YeTbipe
pynesbix JP/. KoHCTpyKTHBHO KaXpaas pa-
KETa COCTOMT M3 PAAA OTCEKOB, B KOTOPBIX
pacnonoxensi: nonyaktuetas CH, 6oesas
yacre, 6noku 6opToBoil annaparypsl, 6aku
C KOMNOHEHTaMKU TONNWBA, XKMAKOCTHbIE
PaKeTHbie ABuratenu, arperartel ynpasne-
HUA PyNsiMu pakeTsl U pynesbimu P,

he V-148 and V-155 air-to-air mis-

siles are intended to engage various

air attack means, including strategic

and tactical aircraft, as well as air-
based missiles in a wide range of their
combat use.

The V-148 and V-155 are single-stage
missiles employing a normal aerodynamic
configuration with cruciform arrangement
of wings and fins. The missiles are fired
from the aircraft’s missile launcher guide.
The missiles’ flight path control and guid-
ance are accomplished by a semiactive
homing head.

The V-148 and V-155 missiles are fit-
ted with a liquid-propellant rocket engine
assembly that includes one cruising
engine and four control liquid-propellant
rocket engines. The missiles consist of a
number of sections housing a semiactive
homing head, a warhead, onboard equip-
ment units, tanks with fuel components,
liquid-propellant rocket engines, wing
actuator control units and liquid-
propellant rocket engine control units.
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Pakems! B-148 u B-155 Ha ucmpeGumensx-nepexaamuuax Ty-148 (ssepxy) u Mur-25
V-148 and V-155 missiles on Tu-148 (top) and MiG-25 fighter-interceptors
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XapaKTepuCTMKM aBUALMOHHBIX PAKeT Knacca “Bo3ayx-Bo3ayx”
Air-to-Air Missiles (Basic Characteristics)

304a nopawens, ki Mawcumansnan | - Macca paversi ke | Macca Goesof vacrn Pasmep paxers, u
Target engagement zone, km ("Wo:;;:f’f:;fem g Overall dimensions, m
Hazsane Designation N0 AanbHOCTH 1o Beicore AnnHa Auamerp pa3max Kpsinbes
Max target speed, | Missile weight, kg [ Warhead weight. kg (crabunusaropos)
range altitude Ko/ length diameter wing (fins) span
PC-1y RS-1U 2 - 3 5 =10 1600 74.3 9.25 2.35 0.2 0.55
PC-2y RS-2U 2 - 5.2 0.7 - 16 1600 82.6 13 2.45 0.2 0.65
K-6 K-6 2 - 6 ao/upto 16 2000 150 23 3.5 0.22 0.786
K-6B K-6V 2 - 6 fo/up to 22 2000 150 23 3.5 0.22 0.786
B-148 V-148 no/upto 250 0.05 - 45 4000 650 60 5.0 0.42 1.02
B-155 V-155 ao/upto 120 0.05 - 45 4000 480 60 4.3 0.42 1.02
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ana cucrtem NMPO
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for the ABM Systems




pa MCnonb3oBaHMs GanaucTUyeckux
PaKeT lanbHero AeiCTBUA B BORHHBIX
Lenax, HauasWwasncs C Nepebix 3anyc-

Hauano nonHoMacwrabHeix pabor o Tema-
TUKE NPOTUBOPAKETHON 0GOPOHSI U Onpe-
RENANO MCNOAHUTENEH, @ TAKXKe CPOKH CO-

KOB ykux GAY-2,
Ha JIOHA0H, OAHOBPEMEHHO BbiBeNa B pa3-
PAA aKTyanbHbIX ¥ 3apady 6opubul ¢ 3TMM
HOBbIM BUAOM opyxms. fina CCCP oTnpas-
HOIl TOYKO# B 310N paboTe cTano nossne-
HMe NePBbIX 3eHUTHbIX PaKeT U COOTBETCT-
BYIOWMX HAY4HbIX M KOHCTPYKTOPCKMX Op-
raHU3alWii, KOTOPbIM MO0 GbiTe NOpyYe-
HO peuwenue TaKoi 3agayn. Crumynom ans
Hayana paboT MOCAYWUNO HanpasneHHoe
PYKOBOACTBY CTpaHbl B asrycte 1953 ropa
nuceMo cemu mapuanos Coserckoro Coio3a,
8 KOTOOM Gbina M3noxeHa npockba pac-
CMOTPETb BO3MOXHOCTb CO3AAHNA B CTPaHe
CPEACTB NPOTHBOPAKETHOH 0GOPOHSI.

HecMoTps Ha BCIO HOBM3HY M CIIOXK-

3AaHNA 3KCnepl Komnnekca

he era of employment of the long-
range ballistic missiles for military
purposes, which began with the first
launches of the German V-2 targeted

NPO - cucremsl “A” u np HOTO
nonuroHa. K atomy MOMEHTY cneumanvctsi
yKe NpoBenu NOMCK MEecta BO3MOKHOTO
PacnonoXeHus MOAUIOHa, HaYanoch Npo-
eKTMpoBaHue ero o6bekTos. Mectom ans
0TPaboTKM CPeAcT8 NpOTUBOPAKETHOM
060poHsl cTana nycTeina bernak-flana, 3a-
napHee o3epa banxaw.

B cocras cuctemsl “A” Bownu cnepyio-
ljMe OCHOBHbIE CPEACTBa: PaaMoNoKatop
AanbHero o6HapyKeHus GanaucTuyeckux
ueneit (“flynaii-2"); TpU paguonokaropa
TOYHOTO HABEAEHUS, KAXAbIA U3 KOTOPBIX
COCTOSN M3 PapnoNOKAUMOHHBIX KaHanos
u3mep! uenu u

HOCTb 327124, CKenTUYecKoe K
Heil MHOTMX BUAHBIX yueHblX (“CTpensTs
paKeToi no pakere — 370 TaKas e ry-
nOCTh, KaK CTPENATH CHAPAAOM NO CHapsi-
Ay"), 3a ee peweHue B3anacs 8 1953 ropy
rpynna MONOALIX Y4eHbIX-pa3paboTumkos
KB-1 B0 mase C JOKTOPOM TeXHWYECKMX
Hayk .B. KucyHbko. Onu nposenu psp oc-
HOBONONAraloOWMX TEOPETUYECKUX WcChe-
[l0BaHWH, CBA3AHHBIX C (OPMUPOBaHMEM
Heo6xoAuMoro obbema cpeacTs u obavka
IKCNEPUMEHTANLHOM NONMIOHHOM CHCTEMbI

p B CTaH-
Uus BLIBOAA NPOTMBOPAKETHI; CTAHUMA ne-
Pepaym KOMaHa ynpasneHus Ha 6opt npo-

; rnaBHblit 3
NUTENbHBIA NYHKT, COCTOAWNA M3 KOMaHA-
HOTO NYHKTa W 3NEKTPOHHOW UMPPOBOIA
BbIYUCUTENbHOM MaWWHBI ynpasneHusa.
Bce 311 Cpe/iCTBa, PacnoNOXeHHbIe Ha 3Ha-
YNTENbHBIX PACCTOAHUAX APYr OT Apyra B
PasnuyHbIX TOYKAX nycTeivk bernak-flana,
6binu cBA3aHb MeXAY coGoi papuopenei-
HOW CUCTEMOW CBA3M U Nepepayn AaHHbIX,

MPO, npenta ans np
HaTypHOA OTPaBoTKM NMOPaXEHUA BXOAA-
WHX B arMocdiepy OAMHOYHbIX FONOBHbIX
yactei 6annMCTUYECKUX PaKeT NPOTHBOPa-
KeTaMu C 0CKON04HOM 60eBoi yacTbio.

17 asrycra 1956 roga 6bino

uT0 06ec Tb ynpasne-
HUA BCEMU CPECTBaMM IKCMEPUMEHTaNb-
HOro KoMnnekca ¢ nomowbio 3BM ¢ ko-
MaHAHO-BLIYUCAUTENBHOTO NYHKTA B €A~
Hom Goesom uukne.

B-1000, B

passepHyToe MocraHosnenne Cosera Mu-
Hucrpos CCCP, KoTOpoe caHKUMOHMpPOBano

MKB “®aken” gns ucnonb3oBaHus B cocTa-
Be cuctembl “A’, oTI4anacs 0co60i TexHu-

at London, si ly put forward the
important task to engage such types of
weapons. As for the USSR, the elaboration
of the first AD missiles and the setting up
of related research and design institutions
capable of solving this problem became a
starting point in this field. In August
1953, seven Marshals of the Soviet Union
sent a letter to the Soviet Government
requesting to consider the perspectives
for the development of ABM systems in the
USSR. It gave an impetus to the activities
in this field.

Despite the novelty and complexity of
the task as well as the skeptical attitude of
many outstanding scientists towards it
(“launching a missile at a missile is the
same nonsense as firing a shell at a shell”),
a group of young scientists-designers of
the Design Bureau #1 (KB-1) headed by
G. Kissunko, Doctor of Sciences (Techno-
logy), took up the solution of the problem
in 1953. They carried out several funda-
mental analytical investigations to esti-
mate the necessary volume of equipment
and the layout of an experimental ABM
range system intended for field tests on
the engagement of single warheads of bal-
listic missiles entering the atmosphere by
anti-missiles  equipped  with a
fragmentation warhead.

On August 17, 1956, the USSR Council
of Ministers issued a detailed resolution
authorizing the beginning of full-scale
activities in the field of the ABM defense

and appointing the executors. The resolu-
tion also set the terms for the
development of the experimental “A” ABM
system and antimissile testing ground. By
that time, the experts had already found a
place for the proposed testing ground, and
began designing its installations. The
Betpak-Dala desert to the west of the
Balkhash lake became the place for testing
the ABM means.

The ‘A" system comprised the
following main components: an ABM long-
range acquisition radar (Dunai-2); three
precision guidance radars, each comprising
radar channels for measuring the coordi-
nates of the target and antimissile; an
antimissile guidance radar; an antimissile
control radar station; main command and
computation center consisting of a com-
mand post and a digital control computer.
All these assets located at significant dis-
tances from each other in different parts
of the Betpak-Dala desert were intercon-
nected by a radio-relay communication
and data transmission system that ensured
computerized control of the entire experi-
mental system from the command and
computation center in a unified combat
cycle.

The Fakel-developed V-1000 ABM mis-
sile intended for employment with the “A”
system was exceptionally sophisticated
from the point of view of technology. It
was a two-stage missile with a solid-
propellant engine and a guided second
stage with a liquid-propellant engine. The
anti-missile had an average flight speed of
1000 m/s, and its control system allowed
intercepting targets at an altitude of up to
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Pakems! 5B61 Ha napade 7 HoA6ps 1974 2.
5V61 missiles at the parade on November 7, 1974

yeckoi HoBW3HOW. B-1000 npepcrasnana
co6oit ABYXCTYNEHYATYIO PaKeTy C TBepAO-

YCKOP! " it
BTopoit ctynebio ¢ XPI. Cpepuss cko-
POCTb noneta NpoTUBOPaKeTsl COCTaBAANA
1000 m/cek, a ee cucTeMma ynpaeneHus
NO3BOAANA OCYWeECTBAATL nepexsar uenu

[Insi NpOBEAEHUA HATYPHBIX MCNbITa-
HUIA CHCTEMbl HABEleHWA NPOTUBOPAKeTbl
B-1000 8 coctase cpeacts cuctems “A’
6bina paspabotaHa HOBas TEXHONOTUA, OT-
Bevamwan 60nbWOA CAOKHOCTH 3TOMO
Komnnekca. Tak, noMumo TPAANLMOHHBIX
ANS 3@HNTHBIX PaKeT aBTOHOMHBIX NYCKOB c

Ha BbiCOTax A0 25 kM. Buay ckop 23
TW npouecca nepexsara 60eBbIX roN0BOK
BannucTuyeckux PakeT, HeBO3MOXHOCTH
BMEWaTeNbCTBa B ITOT NPOLECC YenoBeKa,
a TaKKe 13-3a BBICOKMX TpeGoBaHMit K TO4-
HOCTH HABE/IGHUA BECH NPOLECC Nepexsara
6bi1 NOAHOCTBIO ABTOMATU3NPOBAH U 6a3u-
poBanca Ha MCNonb3oBaHuu UMdpPoBOi
3."eKTpUHHQ-BbNMCﬂVITeﬂbNDﬁ TeXHUKH.

uc KOMaHp, nocty or
60pTOBOrO NPOrpaMMHOrO YCTPOMCTBA, W
NYCKOB B 3aMKHYTOM KOHTYpe ynpasnexus
N0 YCNOBHOW W peanbHbiM Uenam, Guinn
npeaycMoTpeHbl U nycku B-1000:

— B Pa30OMKHYTOM KOHTYpe ynpaBneHus
no cry
Ha 6opT pakeTbl N0 paguonuHmMu ot 3BM;

~ B 3aMKHYTOM KOHType ynpasnexus no

25 km. Due to the highest speed of inter-
ception of ballistic missiles’ warheads,
impossibility of human interference in this
process, as well as to high requirements
set for the guidance accuracy, the whole
interception process was entirely auto-
mated and employed digital computer
facilities.

To execute field tests of the V-1000
antimissile’s guidance system
incorporated with the “A” system, a new
technology matching the complexity of
the entire “A” ABM system was developed.
Thus, along with the standard autonomous
launches of the AD missiles via commands
from the onboard program device and the

closed-circuit launches against hypotheti-
cal and real targets, the following
provisions were made for the V-1000
launches:

- open-circuit control via radio step
commands transmitted by the computer to
the missile;

— closed-circuit control via the preset
aiming and guidance paths, simulated
launches of a computer-imitated ABM mis-
sile against a real target in the system’s
combat cycle.

Inclusion of the additional intermedi-
ate phases in the field tests allowed the
specialists to fully implement the princi-
ple “from simple to complex”, which is a
characteristic feature of the most effec-
tive methods aimed at the improvement of
sophisticated engineering systems.

Experiments on engaging the ballistic
missiles’ warheads began in November
1960. An outstanding result was achieved
on March 4, 1961, when for the first time in
the world a V-1000 missile’s fragmentation
warhead destroyed a R-12 long-range
ballistic missile’s warhead. This is the mes-
sage sent by the test experts to the head of
the C ist Party and the g

CIPHERED TELEGRAM. TOP SECRET.
COSMIC. Moscow, Presidium of the Central
Committee of the CPSU, to comrade
Khrushchev N.S.

We are reporting that on March 4, 1961,
the R-12 ballistic missile fitted with a test
mockup (a steel plate weighing 500 kg)
instead of its organic warhead was launched
from the State central testing range of the
Ministry of Defense to the “A” testing range
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(UKCUPOBaHHbIM TPAEKTOPUAM BHIBOAA W
HaBefieHns, MOJeNbHbIE NYCKU NpOrpam-
MHO peanu3osaHHoro Ha IBM umutatopa

no i uenu 8 Goe-

8610010 HA NYCKOBbIE YCMAHOBKU Y2nbl
npedcmapmosbix pa3sopomos, paccyuma-
n1a momenm nycka. o komande IBM Gbin

p
BOM LMK KoMnneKca.

BBOA AONONHUTENBHBIX NPOMEXKYTOY-
HbIX 3TAnOB HATYPHBIX MCMbITAHWHA N03B0-
NUN B NOAHO MEPe Peanu3oBaTh NPUHUUN
“OT NPOCTOrO K CAOXHOMY”, NPUCYWUit Han-
Gonee IPeKTMBHON METOAONOTUM OTPa-
BOTKM CNOKHBIX TEXHUYECKUX CUCTEM.

IKCnepUMeHTHI N0 nopaxeHuio Goero-
NOBOK 6anAMCTUYECKUX PAKeT Hauanuch B
Hoa6pe 1960 ropa. A yxe 4 mapra 1961 ro-
/A BnepBble B MUpe OCKONI04HOM 60eBoi Ya-
CTbio pakeTsl B-1000 6bin yHuuTOKEH Goe-
BOIA 610K BaNMCTUECKOI paKeTbl AanbHe-
ro peiicTeuA P-12. BoT Kakoe nocnaHue Ha-
NPaeunN rMase NapTun U NPaBUTeNbCTBA UC-
nuiTateny:

LUNDPOTENIETPAMMA. COB. CEKPETHO
0CO50/ BAXKHOCTH. Mocksa,

nyck B-1000
¢ nyckosoli ycmarosku Nel. Ha ssicome
25 KM no Komakde ¢ 3emnu om 3BM Gbin
npou3sedex nodpsi8 OCKONOYHO-Gy2acHol
6oesoll yacmu npomusopakemsl, nocae Ye-
20, N0 OaHHLIM KUHOGOMOpeauCmpayuy,
20/108HaA Yacmb Ganaucmuyeckol pakems!
HAYana paseanusamsCa Ha Kycku. Takum
06pa3om, Bnepabie 8 0meyecmseHHoU u Mu-
posoil npakmuxe npodeMOHCMPUPOBAHO
nopaxetue cpedcmsamu PO 20n08HoU 4a-
cmu Gannucmudeckoli paxems! Ha Mpaex-
mopuu ee nosema.

B panbHeiiuiem euie 8 AECATH nyckax
6610 OCYUECTBAEHO aHANOTUYHOe Nopa-
wenve Goesbix Gnokos GanaucTuyeckux
paker P-5 u P-12.

YenewHsle pe3ynbTathl UCNLITAHMIA CU-

UK KNCC, mos. Xpywesy H.C.
Jloknadsisaem, ymo 4 mapma 1961 zo-
da 8 pation nonuzoxa “A” ¢ locydapcmeeH-

crembl “A” ye B uioHe 1961 ro-
/A2 3aBepWHTL Pa3paboTKy U BHINYCTUTb 3C-
KM3HbIi NpoeKT 60eBoit OAHO3WENOHHO
cuctemsl NP0 A-35. Ee paspaboTka senach

HO20 P
Hbl Bbi1a 3aNyWeHa 6annucmuyeckas paxe-
ma P-12, oc smecmo ]

A 13 KB-1 konnektusom OKB
“Buimnen” (8 pansHeitwem HAWU papuonpo-

Goesoli yacmu ee 8eCo8bIM MAKeMOM 8 8U-
de cmansHoli naumsi secom 500 Ke. Cped-
cmsamu cucmenms “A” yens 6bina o6Hapy-
JKeHa Ha dansHocmu 1500 KM nocne 8bixo-
Oa ee Had paduozopu3oHmoM. [lo daHHbIM
“fynai-2"

BbIYUCAIUMENLHAR MAWUHA nocmpouna u

£ ye-

nu, 610
mopam mo4Ho20 HasedeHus, paccyumana u

TH) NOA PYKOBOACTBOM reHe-
pansHoro koHctpyktopa I.B. KucyHbko, a
Ha JTane ee MOAEPHNU3aLUN — NOA PYKOBOA-
CTBOM rasHOro KoHCTpykTopa U.[1. Omens-
yeHKo. A-35 npeaHasHayanace ANA 3aum-
Tol MOCKBbI OT OAHOM-ABYX MOHOBNOUHBIX
MEXKOHTUHEHTaNbHbIX BanauctTuyeckux
paker Tuna “Tutan-2" u “MunnTMen-2" - B
BEPXHUX CNOAX aTMOCHEPLI U BHE ee.
Pa6oTbl N0 NPOEKTUPOBAHUIO CPEACTE
cuctemsl A-35 Gbin Hauatel B anpene

lepexaam Goezonosku pakeml P-12 npomusopakemoil B-1000. Hkmepsan mexdy Kadpanu 5 Mcex.
Interception of R-12 ballistic missile's warhead by V-1000 ABM missile. Time lag between shots is 5 msec

area. The target was detected by the A"
system means at a distance of 1500 km
after emerging above the radio horizon.
Basing on the Dunai-2 radar data, the cen-
tral computer detected and continuously
tracked the target’s path, transmitted target

designation data to precision guidance
radars, calculated and laid pre-launch
angles of the launchers, and computed the
launching moment. Upon the computer
command, the V-1000 ABM missile was fired
from the launcher #1. Upon the ground
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1958 rofia U Ha KXIOM U3 3TaN0B BLINOHE-
HUA OTPaKank GLICTPO MEHABLIMECA B NPO-
L{ecce IKCNePUMEHTOB C cucTemoit “A’ B3ms-
bl CEUHANMCTOB Ha ee Tpebyembiit CoCTas U
XapaKTepucTvku. OfiHUM M3 TaKux 31anos
CTana 3auuTa CKMIHOTO NPOEKTA Ha CHCTe-
My A-35 oceHbio 1962 ropa. B cootsercrauu
C HUM B COCTAB CUCTEMBI OMKHBI BbiNN BOV-
TH KOMaH[HBIiA NYHKT, BOCEMb PAAMONOKaLN-
OHHBIX CTaHUWit, 06pasyiouux Kpyrosoe no-
ne u 32 crpensb KOM-

NPUHUMNEI NOCTPOGHUA TPAeKTOpMM none-
Ta, NPU KOTOPBIX 3HAYUTENBHO CHUIKANOCh
Koe Cf Npu-
MeHeHue B cucTeme A-35 AA€PHOTO CHaps-
KEHUA NO3BOMANO OCYWECTBAATS Nepexsar
uenieit NPOTMBOPAKeTaMi He TONbKO Ha
BCTPeYHbIX Kypcax (kak 8 cucteme “A”), Ho
W Ha BCTpeuyHo-nepecekaloumxcs. B pe-
3ynerare 5B61 nonyuunace abconiotHo He-
NOXOXKeil Ha CBOIO NPeAWECTBEHHMLY.

nneKca c npotusopakeramu 5B61.

ITM NPOTUBOPAKETL, CO3AABABUWIMECH,
Kak u B-1000, 8 MKB “®aken”, 3Hauutens-
HO OTAMYANUCh U N0 BHEWHEMY BUAY, ¥ N0
cBoUM GoeBbIM BO3MOXHOCTAM OT B-1000.
0aHUM W3 OCHOBHBIX OTAMYMit 5B61 cTano
UCNONb30BaHMe B MX COCTaBe sAepHON 6o-
€BOi YacTu.

27 okrabps 1961 ropa, 22, 28 okTAGpa
v 1 Hosbps 1962 ropa C uenbio U3yyeHus

™ WMCl 61

6oeBbix 3apAA0B B COCTaBe NPOTMBOP:

Ha uens np

5B61 oCyWecTBNANOCh KOMAHAHbIM MeTO-
nom. Komawpa Ha noppeie 6oesow YacTu
BbipabaTbiBanack Ha 3emne ¥ nepepasa-
nace Ha 6opT pakersl. Bnepssie Ana pewe-
HWA 33ja44 NePexBara CToflb CAOKHBIX Lie-
nei 6bina co3aHa U peau3oBaHa cucTeMa
pa-
KeTbl, 470 06ECNeYNIo ee Npunet B TouKy
nepexsara C MMHWUManbHbiMM pasbpocamm
OTHOCUTENIbHO 33JaHHOTO BPEMEHW BCTpe-
un. [inn 3toro 6bin CO3AaH CneuuanbHbii

bl 6b110 NPOBEAEHO NATH IKCNEPUMEHTOB
nop obo3navennem “K”, B npoyecce koto-
Ppbix Ha BbicoTax oT 80 ao 300 kunomeTpoB
Haji MOJIMTOHOM OCYWECTBAANCA NOAPHIE
ANEPHBIX 3aPAR0B. B 3TUX 3KCnepuMenHTax
BLIACHUAOCH, YTO BLICOTHBIE AAEPHbIE
B3DbIBbI HE BbI3BANM KAKUX-TMGO Hapywe-
Huit B paboTe cpeacts cuctembl “A’.

B MKB “®aken”, npucTynus K npoexkTi-
poBaHuio paketsl 5B61, GbICTPO NpuwAM K
BLIBOY O TOM, YTO HOBYIO PaKeTy Heso3-
MOXHO CO3/aTh, MCNONb3YA TE XKe TexHUYe-
CKUe MPeAnochIKM, YTO M NpU CO3AaHMM
B-1000. [inst HOBO# NPOTMBOPaKeTh! Tpe6o-
BaNuCh HOBbIE ABMTATeN — C MeHblei
Maccoit M nyyuweid 3IHEPreTUKoW, HOBble

KOHTYp per TATM pBMraTens
NpOTMBOpaKeTsl, pa3paboTaksi COOTBETCT-
BYlOU|Me ANTOPUTMbI YNPaBAEHHA.

B pamkax co3gaxus cuctembl A-35 6bin
nposefie pap pabot no cuHTely onTu-
ManbHbIX CUCTEM Te/leHaBeiHUA NPOTHBO-
paKeTsi, N0 anropuTMam GUALTPALMM U Me-
TOAAM HABEIGHNSA. YCUNUAMU HECKONbKUX
MHCTUTYTOB GbiNa CO3AaHa CROXHAA MaTe-
MaTUueckas mogens ctpens6oBoro kawana
cuctembl A-35 (“aneKTpOHHBIA BeiCTpen”)
ANS MCCNIEA0BAHUA XapaKTePUCTUK OTAeNb-
HbIX NOACKCTEM W OLUEHKH IDPEKTUBHOCTH
cTpensbbl B Uenom.

K 1967 ropy Ha noauroHe 6bin passep-
HYT 3KCNepUMeHTanbHbIi o6pasey cucte-
mbl A-35 - “Anfan”, MCNbITAHUA KOTOPOTo

computer command, the HE fragmentation
warhead of the antimissile was initiated at
an altitude of 25 km, and after that, accord-
ing to the film recording data, the ballistic
missile’s warhead began to disintegrate.
Thus, for the first time in our country’s and
world practice, an ABM missile destroyed a
warhead of a ballistic missile within its
flight path.

During the subsequent ten launches,
the warheads of the R-5 and R-12 ballistic
missiles were similarly destroyed.

Successful results of the “A” system
tests allowed the experts to complete the
d phase and to the
conceptual design of the A-35 ABM
monoechelon combat system by June
1961. The development of the A-35 system
was carried out by the Vlympel Experimen-

the autumn of 1962 became one of such
stages. According to this conceptual
design, the system was supposed to com-
prise a command post, eight radar station-
s generating circle-type detection field,
and 32 system launchers equipped with
£ h e
5V61 ABM missiles.

Like the V-1000, the 5V61 ABM
missiles had been developed by the Fakel
Engineering Design Bureau. They
considerably differed from the V-1000
both in exterior and in combat
capabilities. One of the main differences
was the possibility to fit the 5V61 with
nuclear warheads.

In 1961 (on October 27) and in 1962
(on October 22, October 28 and November
1), five code-named “K” tests were carried
out to estimate the possibility of

tal Design Bureau (: ly, the

ploying similar warheads in the ABM

Radio Industry Research Institute) that
had separated from the Design Bureau #1.
It was supervised by chief designer G. Kis-
sunko, and later, during the modernization
period, by chief designer I. Omelchenko.
The A-35 system was intended for
protecting Moscow from one or two single-
block intercontinental ballistic missiles,
such as the Titan-2 and Minuteman-2, in
the upper atmosphere and outside of it.
Project works on the A-35 system
facilities began in April 1958, and every
stage of the system’s development and
testing brought about quick changes of
views of the experts concerning the opti-
mal composition and characteristics of the
“A" system. The competition for a
conceptual design of the A-35 system in

missile. During the tests, the nuclear
charges were initiated at the altitudes of
80 to 300 km over the testing ground. The
tests showed that high-altitude nuclear
explosions did not adversely effect the “A”
system facilities operation.

Shortly after the works on the 5V61
missile had begun, the Fakel experts came
to a conclusion that it was impossible to
create a new missile using the engineering
solutions that had been employed for the
development of the V-1000. The new ABM
missile required new engines (featuring
smaller weight and increased power) and
new principles of flight path design to
considerably reduce the d: i
drag. The use of nuclear components in
the A-35 system allowed intercepting

- Paketb! pna cucrem NPO

Missiles for the ABM Systemsm




Paxema 5861 #a napade 7 HoAGps 1974 2.
5V61 missile at the parade on November 7, 1974

3aBepWUANCL “yCNOBHBIMUY nepexsatamun
rON0BHbIX YacTei paket P-12 u apyrux, 6o-
nee coBepWeHHbIX BaNNUCTUYECKUX paKeT.

WcnbiTaHA NONUIOHHOMO KOMNnekca
cuctemsl A-35 T

owune Temnbl CO3AAHUA 6anaucTuyeckux
paKeT Ha3eMHOTO W MOpCKOro 6a3uposa-
Hus “Munutmen-3", “Nonapuc-A-3T7, “No-
ceitpoH C-3", OCHAWABWNXCA MHOTO3aPAA-

NPUHATBIX HAYYHO-TEXHUYECKUX pelweHuil,
KoTopsle obecneunnu 6oesoe (yHKUMOHM-
poBaHue 3TOM NONHOCTbIO ABTOMaTU3UPO-
BaHHOW CUCTEMb NMPU MOPAKEHUN MOHO-
6n04HOI GannucTUieckoi pakesi. Bnepssie
6oesas 3ajaya C peanbHeIMU Nyckamu npo-
TUBOpAKeT WTaTHbiM 60eBbiM pacyeTom Geina
sbinonHeHa 9 uioka 1970 ropa, a 8 1971 ro-
Ay TONOBHOI KOMANEKC cucTeMbi A-35 6bin
NPUHAT B ONBITHYIO 3KCNAYATaUMIO.
0pHako K Havany 70-x roA0B onepexa-

HbIMM 4acTAMM, No
NPOBEGHUA CNEUUANbHOTo aHanusa Bo3-
MoxHoCTeR cuctemsl A-35. Kak nokasanu
€ro pe3ynsTarel, nopaxeHue noao6HeIx ue-
Neit B YCNOBUAX NOMEX U NPUMEHEHUA KOM-
nnekca cpeacts npeogonexus MPO (6onb-
Woe KONUYECTBO NOKHBIX NErKux U TAxe-
NbIX Uenei, CTaHUMi aKTUBHLIX NOMEX, Mac-
Kupylouux 6oessie GNOKN Ha TpaekTopuM
WX noneta) cpeAcTBaMu cuctemsl A-35 6bi-
110 HeBO3MOXHO. Beuay 3toro 8 1977 roay
Ha BOOPYXeHUe Bbin NPUHAT TONLKO MO-

targets by ABM missiles not only on the
meeting course (as in the “A” system), but
on the collision course as well. As a result,
the 5V61 ABM missile was absolutely dif-
ferent in comparison to its predecessor.
The 5V61 was guided by commands.
The warhead initiation command was gen-
erated on the ground and transmitted to
the missile. For the first time in the world
practice, for intercepting such complicat-
ed targets the missile longitudinal flight
control system was developed and put into
practice, ensuring the missile’s arrival to
the interception point with minimum
delay with regard to the preset time. To
achieve such efficiency the specialists

developed a special circuit of the ABM mis-
sile’s engine thrust control and the
corresponding control algorithms.

Within the framework of the A-35 sys-
tem development, works were carried out
on the synthesis of optimal systems for
the ABM missile TV guidance, on filtering
algorithms, and guidance methods. Efforts
of several research institutes resulted in a
complex mathematic model of the A-35
system’s firing channel (“an electronic
shot”) applied for the performance analy-
sis of some subsystems and general esti-
mation of the shooting efficiency.

By 1967, the Aldan experimental
prototype of the A-35 system was
deployed at the testing ground, and the
tests resulted in successful simulated
interceptions of warheads of the R-12 mis-
siles and other advanced ballistic missiles.

The tests of the A-35 system prototype
confirmed the accuracy of applied scien-
tific and technological solutions that
ensured combat efficiency of the entirely
automated system in a monoblock ballistic
missile engagement. The first operational
launch of the ABM missiles was executed
by the organic crew on June 9, 1970, and in
1971 the first complex of the A-35 system
was commissioned for operation testing.

However, by the early 1970s, a high
development rate of shipborne and
ground-based ballistic missiles such as
Minuteman-3, Polaris-A-3T, Poseidon S-3
equipped with multiple warheads necessi-
tated the special analysis of the A-35
system capabilities. The results showed
that the A-35 system assets were inca-
pable of engaging such targets in condi-
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AEPHU3NPOBAHHBIA BaPUAHT CUCTEMbI —
A-35M, kotopas nonysuna cnoco6HoCTh
NOpaXars — C OnpeaeneHHbIMU OrpaHuye-
HUAMU — NOAOGHbIE CAOXKHbIE GannucTuye-
ckue yenu. C 1978 ropa oHa noctasneHa Ha
60eBoe AexypcTeo.

B 1962 ropy pyKOBOACTBO CTPaHbl UHU-
4MMPOBANO PaGOThI N0 CO3AAHMIO CHCTEMBI
(-225, paspa6oTka KOTOpO# Benachb Kon-
nektusom KB-1 nop pyKOBOACTBOM reHe-
pansHoro KoHcTpykTopa A.A. PacnnetuHa
(a nocne ero cmepTu B 1967 roay — noa py-
KosoacTeomM b.B. bynkuna). OHa npepnas-
Hayanace ANA 3aWUTHl MAnOPasMepHbIX
06beKTOB OT Haneta ofHOR-ABYX Gannuc-
THYECKMX Leneil U BKNloYana B CBOM cocTas
PaAMONOKALUMOHHYIO CTaHUMIO C (a3upo-
BAHHOW aHTEHHOW peweTkoi AnA cnexe-
HUSA 33 UENbIo U ANA HABEACHUA NPOTHBO-
PaKeT, a Takie CTaHUMIO nepefayn Ko-

C yyerom onepexaiowero pa3suTus
CPEACTB HaNaACHMA U COBEPUIEHCTBOBAHMA
GannucTuyeckux paket B Hawane 70-x ro-
108 6binu passepHyTsl paboTsl no co3pa-
HUIO cucTeMbl BTOpOro nokonewus PO
Mockesl (aByx3wenonHas cuctema A-135).
Haswauenvem 370/ cuctembi 6bina rapau-
TMpOBaHHaA 3awuta MocKoBCKOrO npo-
MbIWNEHHOTO paioHa OT rpynnbl Gannuc-
TUYECKUX paKeT u ux 6oesbix 6nokos. OHa
NONHOCTBIO BNMCHIBANACH B NONOMKEHMS
BAorosopa no MPO, noanucanHoro mexay
CCCP u CWA B 1972 ropy. 17 ¢espans
1995 ropa cucrema MPO Mockosckoro
NpOMbIWAEHHOTO paitoHa A-135 npuHata
Ha BOOpYXeHHe.

B cocras cucrembl A-135 BxopuT co-
3panHan 8 MKB “Gaken” npotusopaketa
3aaTMOC(EpPHOrO nepexsara, npefHasHa-
HeHHas ANA YHUYTOXEHUA Goesbix 610K08

MaHa. B MKB “®aken” ¢ b NPOTH-
Bopaketa 5A27 ANA MCNONb30BaHUA B CO-
crase cuctemsi (-225.

B paketax cucremsl C-225 6bino npu-
MEHEHO HEMAlno TEXHHHECKHX HOBLECTS.
[ina wux nposenu pag i an-

MEMKOH Gannucruyeckmux
PaKeT 0 UX BX0AA B aTMoChepy.

CoBepueHCTBOBaHME PAKETHBIX CPEACTB
Ans cuctem MPO Bepetca B Hanpasnenuu
CO3AaHMA BLICOKOTOUHBIX NPOTUBOPAKET,
e

TOPUTMOB aTMOCIEPHOI Cenekumu uenei,
ANropUTMOB BHLIBOAA W YNPABNEHWA, anro-
PUTMOB ONTUManbHOM dunsTpauun. OgHo-

c
1 6e3bagepHoro nopaxenus. C 3Toi yensio
8 nIoC/1eAHUe roAbl Gbin NposeaeH Gonblwoi
06beM NpoeKTHbIX PaboT No cucTeMam ca-

C 3TUM b Hanps-
XeHHas paboTa M Ha NoUroHe no cospa-
HWI0 KOMNNEKCa MaTemaTuyeckux Mope-
Neit, NpeAHa3HayeHHbIX ANA NPeanyCcKoBo-

NepCneKTMBHLIX NPOTUBOPa-
KeT, N0 onpefenexuio Tpe6oBaHuit K AuHa-
MMYECKUM XaPaKTEPUCTUKAM UX 3NIEMEHTOB
W CUCTEM CaMOHaBEAEHUS, N0 OLEHKE TOY-

0O ¥ nocnenycKkosoro
OUEHKM TOYHOCTH HaBeAeHWs, obecneye-
Hua GesonacHocTu NpoBeAeHUA NeTHbIX
vcnbiTaHuit. OAHAKO N0 PAAY NPUYKH B ce-
peauHe 70-x ropos paspabortka cuctembl
C-225 6bina npekpaena.

HOCTH [ ] nopaxe-
HuA Goesbix 610K0B Gannuctyeckux pa-
KeT. PeweH pAA CNOKHbIX NPoGnem U yHu-
KanbHbIX 3aay Hayku, TEXHWKM W NpOM3-
BOACTBA, HE MMEIOU|MX aHANOTOB B NPaKTH-
Ke 60eBOit PaKeTHOM TeXHUKN.

tions of interference and employment of
various anti-ABM means (numerous light
and heavy decoys, active jamming
facilities that concealed the warheads on
their flight paths). That is why only a
modernized version, the A-35M system,
was adopted for service; it was capable of
destroying, with some limitations, the
complex ballistic targets. Since 1978, this
system has remained on combat duty.

In 1962, our country’s government
initiated the works on the S-225 system,
which was developed by the experts of the
Design Bureau #1 headed by general
designer A. Raspletin (after his death in
1967, headed by B. Bunkm) The system
was intended for 1L

Taking into consideration the quick
development of attack means and the
modernization of ballistic missiles, in the
early 1970s, the work on the Moscow ABM
second-generation system (two-echelon
A-135 system) was initiated. This system
was intended for ensuring the defense of
the Moscow industrial region against a
group of ballistic missiles and their
payload units. The system fully complied
with the ABM Treaty signed by the USSR
and the USA in 1972. On February 17,
1995, the
A-135 ABM system of the Moscow industri-
al region was adopted for service.

The A-135 system comprises a Fakel-

installations against the stnkes of one or
two ballistic targets and comprised a
phased-array radar for target tracking and
ABM missile guidance, and a command
transmission radar. The Fakel Engineering
Design Bureau developed the 5Ya27 ABM
missile for employment with the S-225
system.

Missiles of the S-225 system boasted
of many technological improvements. The
experts studied the algorithms of atmos-
pheric selection of the targets, steering
and control algorithms, and optimal
filtering algorithms. Simultaneously, the
intensive work was carried out at the test-
ing range to develop mathematical pat-
terns for pre-launch and post-launch sim-
ulation, estimation of guidance accuracy,
as well as for providing the flight tests
safety. However, in the mid-1970s, the
development of the $-225 system was
stopped due to some reasons.

developed exoat: ic ABM missile
intended for engaging warheads of inter-
continental ballistic missiles before they
reenter the atmosphere.

Perfection of the ABM missiles is
aimed at the development of the high-
precision antimissiles employing the
homing and conventional destruction
principles. For this, several projects have
recently been carried out dealing with
homing systems for the ABM missiles;
estimation of the necessary dynamic
parameters for the missile components
and homing systems; estimation of guid-
ance precision and probability of engaging
the ballistic missiles’ warheads. The
experts have managed to solve a number
of complex problems and unique scientific,
technological and production tasks that
have no analogs in combat missilery.

.;Panem Ana cucrem NPO
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Cucrema “A”. NpoTusopakera B-1000

“A” ABM system. V-1000 ABM missile

p B-1000
ans nopaxeus 6oeronosok Gannmc-
TUYECKUX PaKeT AaNbHEro [edcTeus.
B-1000 npepctasnser coboit aAsyx-

CTyneHuaTylo paKeTy, BINONHEHHYIO NO

HOPMaNIbHOR a3POANHAMUYECKOH CXeMe.

Crapr pakeThl — HaKNOHHbIA, C NYCKOBOW

YCTaHOBKY, HABOAUMOHA MO YINY U a3umyTy

MecTa. YnpaenieHue nosieToM  HasefeHue

Ha Uenb OCYWeECTBAAIOTCA NO PajuoKo-

MaHAaM, KOTOpbIE NOCTYNAIoT OT Ha3eMHO#

cTaHuuu Hasepenus. Moppwie Goesoi

4acTM NPOM3BOAUTCA NPU NOANETE K Lenu
no KoMaHpe, nocTynaiowed oT Ha3eMHo

cTaHuuu HasepeHus. fepsas cTyneHs
B-1000 - TBEpAOTONAMBHBLIA pPaKeTHbIA
ABUTaTENb C YCTAHOBNCHHBLIMM Ha HEM CTa-
6unu3aTopamu, BTOPas CTyneHb OCHaljeHa

he V-1000 ABM missile is intended to
engage warheads of long-range
ballistic missiles. The V-1000 is a
two-stage missile employing a

KWAKOCTHON ABUT yC c
HACOCHOH CUCTEMOI NOAAYN KOMNOHEHTOB
Tonnuea 8 geuratens. KoHCTpYKTUBHO
mapwesas cryneHs B-1000 coctout u3
PAAA OTCEKOB, B KOTOPBIX Pac

normal ic configuration.

The missile is fired at an angle from a
launcher laid in elevation and azimuth.
Missile flight control and guidance are
acc i via radio ds from a

6oesas yactb, 6n0ku bopTosoi annapary-
Pbi, 6aKn C KOMNOHEHTaMU TONAMBA, XKNA-
KOCTHbIIA PaKeTHbI ABUraTeNb, arperarsl
YNpaBneHus PynAaMU PaKeTbl, NPUEMHUK
KOMaH[ ynpasnexus.

ground guidance radar. The warhead s ini-
tiated in the proximity to the target by
command from a ground guidance radar.
The first stage of the V-1000 consists
of a solid-propellant rocket engine with

externally mounted stabilizing fins. The
second stage is fitted with a liquid-
propellant pump-feed engine.
Structurally, the V-1000 sustainer
stage comprises a number of sections
housing a warhead, onboard equipment
units, prop tanks, a liquid
engine, control surface actuators, and con-
trol command receiver.

maxem “®akena”
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1. Mpomusopaxema B-1000 neped nyckow, okmsGps 1958 2.
V-1000 ABM missile before launch, October 1958

2,3,4.

5,6.

Cmapm npomusopaxems! B-1000

Launch of V-1000 ABM missile
TNamsmuux pakeme B-1000 wa noauzone
V-1000 missile memorial at a firing range

Pakersl “®akena”
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Cucrema CATYPH. NMpotueopakera 20[1”C” (npoekr)

Saturn ABM system. 20D”S” ABM missile (project)

KoHue 1950-x rogos 8 MKB “®aken”

HasefleHua. Ha KoHeYHoM yyacTke nonera

b pabotel No U3y anoch MC b G -
T CO3AaHUA neHve.
HOTO KOMMNIeKCa NpOTUBOPAKETHO! Nepsas crynens 20[1"C” npeacrasnser system.
o6opoHbl “CatypH”. B pesynerate npeg-  co6oii Teep, i it pBura-

npuATME NPENIOKMAO UCNONL30BATL ANA
0TpaboTKM CPeACTs AaHHOrO KoMniekca
pakety 20A"C".

Nporusopakera 201"C” npeacrasnsna
C060ii ABYXCTYNEHYaTyi0 paKeTy, BbINOA-
HEHHYIO N0 HOPMAbHOW a3POAUHaMMYeC-
KO# Cxeme, C yc B i

n the late 1950s, the Fakel Engineering
Design Bureau studied the possibility
of creating the mobile Saturn ABM
Finally, the enterprise

TeNlb C YCTaHOBNGHHBIMU Ha HeM CTabunm-
3aTOpamMu; BTOPas OCHAUWEHa XUAKOCTHOM
ABUraTenbHOM YCTaHOBKOI C HACOCHOM CH-
CTEMOt NOAAYM KOMMOHEHTOB TONAMBA B
nAswratens. KOHCTPYKTMBHO Mapuiesas CTy-
netb 20/1"C” COCTOMT U3 psifa OTCEKOB, B

yacTu paketwl fectabunusatopamu. Crapr
PaKeTsl — HaK/IOHHBI, C NYCKOBO# YCTaHOB-
KM, HABOAMMOM MO Yy U a3uMyTy MecTa.
YnpasneHue No/ETOM PaKeTbl U HaBefieHmne
€e Ha Uenb NPeAnonaranoc OCyWecTensTs
N0 PaAMOKOMaHAAM OT Ha3EMHOM CTaHUU

KOTOPbIX pac : rON0BKA CaMOHa-
BepeHus, 6oesasn yactb, 6noku Goprosoi
annaparypel, 6aki ¢ KOMNOHEHTaMM TONAK-
B3, WUAKOCTHBIA PAKETHbIA ABMraTenb, ar-
peratel ynpaBneHus pynsMu paketsi, npu-
EMHUK KOMaH ynpasneHus.

that the 20D"S" missile be used
for testing the system.
The 20D"S" is a two-stage antiballistic

propellant rocket engine with arranged
stabilizing fins. The second stage is fitted
with a liquid-propellant pump-feed
engine. Structurally, the sustainer stage of
the 20D"S” consists of a number of sec-
tions housing a homing head, a warhead,
onboard equipment units, propellant

missile a normal

configuration with destabilizers arranged
in the fore part of the missile. The missile
is launched at an angle from a launcher
laid in elevation and azimuth. The mis-
sile’s flight path control and guidance
were supposed to be accomplished via
radio commands from a ground guidance
radar. It was planned to use homing guid-
ance at the final leg of the trajectory.

The first stage of 20D0”S” is a solid-

tanks, a liquid-prop rocket engine,
missile control surface actuators and a
control command receiver.

m Paxkersl “®akena”
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Cucrema CATYPH. Mpotusopakera 5B21”C” (npoekr)

Saturn ABM system. 5V21”S” ABM missile (project)

KoHue 1950-x ropos B MKB “®aken”
NPOBOAMAMCL PaBOTLl NO M3yyeHUio

Nepsas cTyneub 5821"C” npepcrasna-
€1 c060i YeTbipe TBEPAOTONAMBHLIX ABHra-

™ CO3haHMA Np
KET AN MepeABUKHOTO KoMniekca
npoTuBopaketHoit o6opoHbl “Catyph”. B

Tens, yc Ha i cTyne-
HU PaKeThl MeXAY KpbinbaMu. Bropas cry-
neHb OCHAWEHa KMAKOCTHOR ABMrarens-

MC-  HOW yC it C HACOCHOM CUCTEMOA No-
N0/1b30BATh B COCTaBe AAHHOTO KOMMJIEKCa a4l KOMNOHEHTOB TONAMBA B ABUTATeNb.
pakery 5821"C". KoHCTpykTMBHO  Mapwesas  CTyneb
Npotueopakera 5B21"C” npeactasns-  5B21"C” cocTOMT U3 PAJA OTCEKOB, B KOTO-

na coBoit ABYXCTYNEHYaTyl0 paKeTy, Bbl-  PbiX pac roNnoBKa C: it

no

YECKO CXeMe, C YeTbipbMA TPeYroNbHbIMU
Kpbinbsimu 6onbuworo yanuHenus. Crapt pa-
KEeTbl — HAaKNIOHHBIH, C NYCKOBOW YCTaHOBKY,
HaBOAUMO# NO yray U asumyTy Mecra. Ha-
BefleHue pakeThl Ha LeNb Npeanonaranochy
OCYWECTBAATL C UCNONb30BAHUEM CHCTEMbI
CaMoHaBefeHus.

Hus, Gnoku GopToBOi annaparypsl ynpas-
NeHuA nonetom paketsi, Goesas yacts, 6a-
Ki C KOMNOHEHTaMy TONMBA, MUAKOCTHBIA
paKeTHbifi fBuraTens, arperarsi ynpasne-
HUA PYNAMU PaKeThi.

n the late 19505, the Fakel Engineering

Bureau studied the possibility of creat-

ing antiballistic missiles for the mobile

Saturn ABM system. Finally, the
enterprise suggested that the 5V21"S”
missile be used as part of this system.

The 5V21"S” was a two-stage missile
employing a normal aerodynamic configu-
ration, with four high-aspect delta wings.
The missile is launched at an angle from a
launcher laid in elevation and azimuth.
The missile guidance was supposed to
be accomplished via homing guidance
system.

The first stage of the 5V21"S” consist-
s of four solid-propellant engines arranged
in the sustainer stage of the missile,
between its wings. The second stage is fit-

ted with a liquid-propellant pump-feed
engine. Structurally, the sustainer stage
of the 5V21”S” consists of a number of
sections housing a homing head, onboard
missile flight control equipment units,
a warhead, propellant tanks, a liquid-
propellant engine and missile control sur-
face actuators.

Eauﬂu Ana cucrem NPO
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A-35. NpoTusBopakera 3aatmocepHoro nepexsara 5861

A-35 ABM system. 5V61 exoatmospheric ABM missile

B - e

poTUBOpaKeTa 3aaTMoCepHOro ne-
pexsata 5B61 npepHasHayewa ans
YHUUTOXKeHUs Goesbix 610K0B MeX-
KOHTUHEHTaNbHbIX BannucTUYecKux
PaKeT A0 Ux BX0Aa B aTMocdepy.
NpoTusopakeTa BLINONAHEHA NO ABYX-

noseTom np bl
Ha aTMOC(HEPHOM yyacTKe TPaeKTOpuM no-
NeTa OCyWeCTBNACTCA a3POAMHAMMYECKH-
MU pyNAMM, @ BHe atMoChepsl ynpasnenue
NONETOM BTOPO# CTYNEHM OCYWECTBARETCA
KUAKOCTHOW PAKETHON [BMraTenbHoi yc-

cry cxeme, C TBEepA(
ABUraTenbHOI YCTaHOBKOW Ha Nepeoit CTy-
NEHN M KMAKOCTHOWM PaKeTHOM ABMUraTent-
HOW YCTaHOBKOW Ha BTOPO# cTynexu. Crapt
PaKeTbl — HAaKNOHHBIi, U3 TPAHCNOPTHO-NY-
CKOBOTO KOHTeHepa.

np 5B61 obec
BbICOKYIO BEPORTHOCTb YHUYTOXEHNUA Goe-
BbiX 6710KOB MEXKKOHTMHEHTaNbHbIX Ganau-
CTUYECKUX PaKeT Ha BONbUWIMX AANBHOCTAX
W BbICOTax.

he 5V61 exoatmospheric ABM missile
is intended to engage warheads of
intercontinental ballistic missiles
before they reenter the atmosphere.
The missile employs a two-stage scheme
with a solid-propellant engine for the first
stage and a liquid-propellant rocket
engine for the second stage. The missile is
fired at an angle from a transporting-
launching container.
Missile flight control on the endoat-
mospheric leg of the flight trajectory is

accomplished with an aid of aerodynamic
rudders. Outside the Earth’s atmosphere,
flight control of the second stage is
effected by the liquid-propellant rocket
engine.

The 5V61 antiballistic missile ensures
a high probability of destroying warheads
of intercontinental ballistic missiles at
long ranges and high altitudes.

muem “®akena”
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1. 5861 Ha mpancnopmHo-3apAXaK el MauiuHe
5V61 ABM missile on the transporting-loading vehicle

2. YcmaKo8Ka paxems! Ha nyCKOBYI0 YCMaHOBKY
Loading a launcher

3. PaKema Ha nycko8O ycmanoske
5V61 ABM missile on the launcher

4. [Myckosas ycmaroska
5V61 ABM missile launcher

5. Cmapm npomusopakeme: 5861
Launch of 561 ABM missile

6. Mamsmuux npomusopaxeme 5861 Ha nonuzone
561 ABM missile memorial at a firing range
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C-225. MpoTtusopakera 3aatMochepHoro nepexsara 5827

S-225 ABM system. 5Ya27 exoatmospheric ABM missile

poTMBOpaKeTa 3aatmocd)epHoro ne-
pexsata 5f27 npepHasHayeHa ans
YHUYTOXEHUA 60eBbix 610KOB MeX-
KOHTUHEHTaNIbHBIX GanMCTUYecKuX
PaKeT A0 ux BXOAa B aTMOCepy.
MpotusopakeTa BbINONHEHA MO ABYX-
cry i cxeme, C PA i
ABUraTenbHOM YCTaHOBKOW Ha NepBoit CTy-
NeHU U KNAKOCTHOW PaKeTHO! ABUraTens-
HOW YCTAHOBKO# Ha BTOPO# cTynexu. Crapt
PaKeTbl — BePTUKaNbHLIA, U3 TPAHCNOPTHO-
NyCKOBOTO KOHTelHepa.
noneTom np bl
Ha aTMOC(hepHOM y4acTKe TpaeKTopuu no-
NeTa 0CYWeCTBNACTCA aIPOAMHAMUYECKN-
MU PYNAiMU, @ BHE aTMOC(hepbl ynpasnenme
NONETOM BTOPO# CTYNEH! OCYWeCTBAReTCA
JKMAKOCTHOW PaKeTHOR ABUraTenbHoOM yc-
TaHOBKO.

he 5Ya27 exoatmospheric ABM

missile is intended to engage war-

heads of intercontinental ballistic

missiles before they reenter the
atmosphere.

The ABM missile employs a two-stage
configuration with a solid-propellant
engine for the first stage and a liquid-
propellant rocket engine for the second
stage. The missile is fired vertically from a
transporting-launching container.

Missile flight control on the endoat-
mospheric leg of the flight trajectory is
accomplished with an aid of aerodynamic
rudders. Outside the Earth’s atmosphere,
flight control of the second stage is
effected by the liquid-propellant rocket
engine.

Paketsl “®akena”

Fakel's Missiles -




.jjanem Aana cuctem NPO Missiles for the ABM Systems 187




A-135. NpoTtusopakera 3aatmocthepHoro nepexeara 5176

A-135 ABM system. 51T6 exoatmospheric ABM missile

poTMBOpaKeTa 3aaTMocdiepHoro ne-
pexgara 51T6 npepHasHayeHa ans
YHUHTOXEHUA 6oesbix 6"0)(05 Mex-
KOHTHHEHTaNbHbIX BannncTyeckux
PpaKeT 0 Ux BX0Aa B aTMochepy.
MpoTuBopaKeTa BuINONHEHA C NpuMe-
HEHUEM HOBEIWNX AOCTUIKEHMIA OTevecT-
BEHHOI HayKi ¥ TeXHUKH, NPOrPECCHBHBIX
TEXHONOTMMA, HOBbIX METANNIMYeCKUX U He-
METanAMYeCKUX MaTepuancs, no ABYXCTY-

CTOIKOCTH 6OPTOBOI BBIYUCAUTENBHOM Ma-
wuHbl. KOHCTPYKUus pakeTsi u ee Gopro-
80ii annaparypel obecneyvsaet, npy Heob-
XOAMMOCTH, NPOAOMKUTENLHBIA ABTOHOM-
Hblil NONIET 6€3 KOMAH[ OT Ha3eMHOM CUC-
Tembl HasefieHuA. Mo KOMaHAaM OT HazeM-
HOWM cuCTeMbl HaBejeHus npoTuBopakeTa
MOXeT nepeHauenusaTbCs B nonere. Boe-
Bble Nporpammel 60PTOBOI UUGDPOBOIA BbI-
YMCAMTENBHOA MaWWHLI M KOHCTPYKUUSA

he 51T6 exoatmospheric

antiballistic missile is intended to

engage warheads of intercontinental

ballistic missiles before they reenter
the atmosphere.

The missile incorporates our country’s
latest achievements in the fields of sci-
ence and technology, development of the
innovative know-how, as well as metallic
and nonmetallic materials. It employs a

i cxeme — C TBEp, pa- UAKOCTHOM ye-
KETHbIM ABUrATENEM Ha NEPBOI CTYNEHW U TAaHOBKW YNPABARIOT NPOAONLHLIM ABHKE-
KUAKOCTHOI P i pBur: i yc-  HUeM npi , Aap:

TaHOBKO# Ha BTOpoit. CTapT pakersl — Bep-
TUKaNbHbIA, U3 WAXTHOW NYCKOBOW ycTa-
HOBKM.

yemy
OCYWeCTBNAETCA NpUNeT NPOTUBOpaKeT B
3ajaHHbIe TOYKM BCTPEYM C LUeNAMM C MM~
HUManbHLIMM Pa3bpocamu OTHOCUTENLHO

p ocHaujeHa

i cuctemoit c
p 7 BBIYMC) i Ma-
WHHO, BNepBbie NPUMEHEHHOM ANA pakeT
TaKoro Knacca. YnpasaeHue noneTom nep-
BOW CTYNEHW Ha aTMOCGEpPHOM y4acTke
TPAeKTOPUM N0IETa OCYWECTBARETCA a3po-
[AMHAMUYECKUMI DYNAMMU, @ BHe aTMocte-
pbi yNpasAeHue NoneToM BTOPOIl CTyneHH
OCYWECTBARETCA HUAKOCTHOW PaKeTHO#
ABUraTeNbHON YCTAaHOBKOW, COCTOAWEN U3
UEHTPaNbHOro 610Ka TATYM M YeTbipex Noso-
POTHBIX ABUraTenei 6Gnoka

BpeMeHn BCTpeyu. YTobbi pea-
NU30BaTh 3TOT PEXKMM, B KUAKOCTHOM pa-
KETHOW ABMUraTeNbHOM YCTaHOBKE MCNONb-
308aHa OPUrMHaNbHaA cxema 3abopa KoM-
NOHeHTOB TonnuBa u3 6akos, obecneyvsa-
oWas NOBTOPHLIA 3anyck 6aoka TArM U
NoNHyIo BLIPaGOTKY KOMNOHEHTOB.

fpor 51T6 obec

t tage scheme with a solid-propellant
rocket engine for the first stage and
a liquid-propellant rocket engine for the
second stage. The missile is launched
vertically from a silo.

The missile is fitted with a com-
mand/inertial guidance system with a dig-
ital onboard computer; the latter has been
used in this type of missiles for the first
time. Flight control of the first stage on
the endoatmospheric leg of the flight tra-
jectory is accomplished by the
aerodynamic rudders. Outside the Earth’s

BbICOKYIO BEPOATHOCTL YHUYTOMEHUA Goe-
BbiX 6710KOB MEXKOHTUHEHTANbHBIX GanIu-
CTMYECKUX PaKeT Ha GoNbMX AaNbHOCTAX
¥ BBICOTAX.

KOTOpble KOHCTPYKTMBHO CBA3aHbI C a3po-
AMHaMUYECKUMU DYNAMU W UX PYNeBbiMU
npuBOAaMH.

P parypa np!

B TOWKOM UC-
NOAHEHMH. BbiM NPUHATE CneunanbHeie
Mepel AnA o6ecneyeHus PaaMaUMoHHOM

Mp 51T6 He uMeeT aHano-
TOB B MUPOBOM PaKETOCTPOEHUM.

at flight control of the second
stage is effected by a liquid-propellant
rocket engine consisting of a main pro-
pelling unit and four control unit thruster-
s that are structurally linked to the aero-
dynamic rudders and their actuators.

The missile’s onboard equipment is
radiation-resistant. Special measures to
ensure the radiation resistance of the
onboard computer have been taken. If
necessary, the missile’s design and its
onboard equipment configuration can
ensure the missile’s long-duration free

flight without any commands from a
ground guidance radar. The missile is
capable of in-flight retargeting via com-
mands from a ground guidance radar. The
combat operational software of the digital
onboard computer, as well as the design of
the liquid-propellant rocket engine con-
trol the missile’s pitch, which allows the
missile to get to a missile-target encoun-
ter point with a minimum time spread in
relation to the estimated time. In order to
ensure this mode, a unique scheme of
drawing fuel from tanks has been imple-
mented in the liquid-propellant rocket
engine. The scheme provides for a pro-
pelling unit restart and complete fuel
exhaustion.

The 51T6 missile ensures a high kill
probability of the intercontinental ballis-
tic missiles’ warheads at long ranges and
high altitudes.

The 5176 antiballistic missile still has
no analogs in the world missilery.
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1. /lyckosas waxma ¢ npomusopaxemod 5176
Silo with 5176 ABM missile inside
2,3. Kpsuurky nyckossix waxm paxem 5176
Covers of silos for 5176 ABM missiles
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Paduonokamop “fon-2H" cucme
Don-21 135 ABM system)

Fakel's Missiles
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JKCnepumeHTanbHble
paKeTbl U NPOEKTbI

Experimental Missiles
and Projects
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OnbiTHaA 3eHUTHaA ynpaenseman pakerta WWB-32 (326)

ShB-32 (32B) experimental AD guided missile

akerta WB-32 co3pasanach Kak nep-
cnekTuBHbI BapuaHt 3YP ana uc-
nonb3osanus 8 cucreme MBO C-25
Mockesi. Ee pa3pa6oTka 6bina Hauata
8 KBb-1 8 1951 rogy noa pyKOBOACTBOM
[1.)1. Tomawesuya u H.I. 3bipuHa.
WWB-32 npepcTanAna co6oit ABYXCTY-
Vi0 pakety ¢ TBep; ye-
koputenem MPA-10 v MaplweBo# CTyNeHbI0
¢ JPA. Wcnonb3osaune — Bnepsbie Ans
oTeyecTseHHbix 3YP — NOA06HON ABYXCTY-
newuyaroii cxemsl no3sonnno pakere Wb-32

10 paKeTe TpeGyemyio MaHeBPEHHOCTb (A0
9 e[UHMUL) U a3POANHAMUYECKYIO YCTONYU-
BOCTb NPU Pa3NuuHbIX Pexumax nosera.
[lnA cTabunu3aumm pakeTsl No KpeHy — no-
Cnle ee CX0Aa C HanpasnAiowei 6anku u Ao

MOMEHTa Hayana PagoynpaBneHua — Uc-
b INEPOHBI, YC
Ha ABYX KPbIbAX.

Pa3p yeKop b
B KB-2 3asopa N 81 noa pyKOBOACTBOM
W.W. Kapry . P[] c sbiTec ] 1L

he ShB-32 missile was originally cre-
ated as an advanced version of an AD
missile to be used with the $-25
Moscow AD system. Its development
began in 1951 at the Design Bureau #1
under the supervision of D. Tomashevich
and N. Zyrin.
The ShB-32 was a two-stage missile
with a PRD-10 solid-propellant booster
and a sustainer stage with a liquid-

CHCTeMOiA NOAAYM TONNUBA, B KOTOPOM UC~

crap C

6anku NyCKOBOV YCTAHOBKM, 3HAYUTENLHO
COKpaTUTL BpEMA, HEOBXOAUMOe ANA pas-
rOHa paKeTsl A0 CBEPX3BYKOBOA CKOPOCTH,
a TakKe 06ecneuuTh BbICOKYIO CPeAHiolo
CKOPOCTb NONIETA NO TPAEKTOPUM.

WWB-32 6bina BbINOAHEHA NO a3POAN-
HaMU4ecKoii cxeme “yTka”, € KpecToo6pas-
HO PACNONOKEHHBIMU KPITLAMM M PYNAMH.
MpumeHeHne NOA0GHOM Cxembl obecneun-

MCb CaMoBOC|
KOMNOHeHTSI Tonamsa AK-200 u Tr-02, 6un
paspabortan 8 Kb-2 HUW-88 nop pykosoa-
creom A.M. Ucaesa.
Mapuwesas CTyneHb BKnioyana B ce6s
NATb OTCEKOB: C PAaAMONOKALUMOHHBIM
p c H
annapatHo-pyneBoii C KyMyNATUBHOM 6oe-

p engine. The use of a two-stage
scheme — for the first time in the Soviet-
made AD missiles - made it possible to
launch the ShB-32 from an inclined
launching ramp, to significantly reduce
the time required to accelerate the missile
to the supersonic speed, and to ensure a
high average line-of-flight velocity.

The ShB-32 employed a canard aero-
dynamic configuration with cruciform

BOW 4acTbio ¥
paavos3pbiBaTens; 6akoswiit — ANA ropio-

of wings and fins. The use of
this scheme gave the missile the requisite

maneuverability (up to 9 units) and aero-
dynamic stability in different flight
modes. In order to stabilize the missile in
roll after it leaves the ramp and before the
radio control is enabled, the ailerons
mounted on two wings were employed.

The booster was developed at the
Design Bureau #2 of the Plant #81 under
the supervision of I. Kartukov. The liquid-
propellant gas-pressurized rocket engine
employing the AK-20F and TG-02 hyper-
golic propellants was developed at the
Design Bureau #2 of the Research
Institute #88 under the supervision of
A. Isayev.

The sustainer stage comprised five
sections: a section housing a radar fuze
and receiving antennas; instrument and
control section with a shaped-charge war-
head and radar fuze transmitting anten-
nas; tank section for fuel and oxidizer with
a high-pressure air tank; a section housing

Fakel's
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Yero u okucautens C 6annoHoM Cxaroro
B03Ayxa; orcek ¢ JP/ u pynesbiMu Mawm-
HaMmu ynpasneHus 3NepoHaMu Kpbina v
crabunuaaropa; obrekarens YPJ ¢ konb-
{eBO# aHTEHHOI paguoynpasnexus. Ynop-
Hblll KOHYC ycKopuTeNA Gl CBA3AH C Map-
WeBO CTYyNeHbI0 NpXU NOMOWM YeTbipex
3amkoB. C 60KOB 3T0r0 KOHyca Gbinu pac-
nonoXeHsl “okHa” Ans BbixoAa rasos XPL.

Mepsbie 6pocKoBbie UCMBITAHNA paKe-
o LWB-32 npoBoauauCh B KoHue 1952 ro-
pa. 3arem B xof1e MCNbITaHNA

31a TeMa He . Pa3p

WWB-32 u3 KB-1 nepesenu 8 MKB “®aken”.
3peck nop pykosopacteom M.A. lpywwHa
Wncnonb3oBanu pavee W3roTOBNEHHbIE pa-
ketsl WB pna nposeaenus paaa Kkcnepu-
MenTo8. Miccneposanack B nonere pa6ota
MexaHW3Ma M3MEeHeHWs nepepaToyHoro
yucna (MWUNY), cornacosbiBaswero seav-
YUHBI OTKNOHEHUA pyneit C BENUYMHAMM
CKOPOCTHOTO Hanopa BO3fyxa; NPOBOAM-
NMCh MCCNEAOBAaHUA NOBEAGHUA PaKeTbl C

W3yyanoch NoBejeHue pakeTl BO BpeMsA
CTapTa i B aBTOHOMHOM NONeTe, HCCeAO-
BaNUCh NPOLECCH Pa3fieNienms CTyneHed u

yC (no Hop-
ManbHOM Cxeme) pyNAMM; U3y4anuch
C NOMOWbIO CNEeYManbHoro yCTpoicTsa
(“rpywy”) BO3MOKHOCTU PErynupoBaHua

KOMaHA

B KoHue 1953 ropa WB-32 ykomnaex-
TOBaNM BCel HEo6XOAMMON annapatypoil 1
NOAFOTOBMAM K NYCKaM B 3aMKHYTOM KOHTY-
pe ynpasnenns cuctemsl C-25. OpHako
8BMY W3MEHEHUs NPUOPUTETOB B pa3pa-
6otke cucrem MBO, panbHeiwero passuTua

l 73KCI'IEPMM€H,Taﬂlef|e PalfeTbl MLPOE!(TM’

KpUTHU4eCKoro ceyeHus conna
yckoputens.

3a spems ucnbitanmit WB-32, po anpe-
ns 1955 roaa, 6bi10 ocyujecTeneHo 74 nyc-
Ka, Npu6au3uTENBHO B 20-TH U3 HUX pake-
Thl MCMONb30BANWCL B KayecTse “neraio-
wux naboparopuin”.

the liquid-propell rocket engine and
wing and stabilizer aileron control actua-
tors; liquid-propellant rocket engine fair-
ing with a circular radio control antenna.
The booster thrust cone was fixed to the
sustainer section by four locks. The sides
of the cone had special holes for extract-
ing gases from the liquid-propellant rocket
engine.

The first drop tests of the ShB-32
missile were held in late 1952. Later on,
the missile’s behavior during the launch
and in free flight, as well as its staging and
guidance command execution were stud-
ied during the autonomous tests.

In late 1953, the ShB-32 was fur-
nished with all necessary equipment and
readied for the closed control loop
launches with the S-25 system. However,
due to the changed priorities in the AD
systems development, this trend has never
been further explored.

The ShB-32 designers were transferred
from the Design Bureau #1 to the Fakel
Engineering Design Bureau; the earlier
manufactured ShB missiles were used to
canry out a series of experiments under the
supervision of Pyotr Grushin. The studies
included the in-flight performance of the
power-ratio changing mechanism that
interfaced control surface deflection rates
with airflow rates; the missile’s behavior
with extra control surfaces arranged in a
conventional configuration; the possibili-
ties for adjusting the booster's nozzle
throat diameter. For studying the latter, a
special device was used.

In the course of tests, which lasted
until April 1955, the ShB-32 was launched
74 times. In about 20 of these launches, the
missile was used as a “flying laboratory.”

Experimenta Wissesand Prjecs [EEED
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. Mapusessiii dauzamens pakems L6-32
Sustainer (ShB-32 missile)

. Hocosan yacme pakemsi lB-32
Fore part (ShB-32 missile)

. Cmapmossid dsuzamens pakemsi WE-32
Booster engine (ShB-32 missile)

. Cmapmosas cmynens paxemes LW6-32
Booster stage (ShB-32 missile)
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Jletaiowas na6oparopus KM

KM flying laboratory

cepegute 1950-x ropos Bce 6onb-

4aTylo paKeTy, BLINONHEHHYID Ha OCHOBE

wee cranu
3aja4M YBENMYEHUA AANLHOCTH, Bbi-
COTbl M CKOPOCTM NONETa 3eHUTHbIX
ynpaenaembix paket. Cpeu BapuanTos pe-
WeHus 37oM Npobnembl pa3paboTunku ABu-

paHee pa i 8 OKB-670 He-
ynpasnaemoi paketsl “025”, Ha KOTOPOIt
yc Kpec

onepexue u opraHsl ynpasnenus. KM oc-
uamanach TBEPAOTONAMBHBIM CTAPTOBLIM

r YCTaHoBOK ue-

N0/1b30BaTh PaKETHO-NPAMOTONHBIE MY
NPAMOTOYHbIE BO3/YWWIHO-PEAKTUBHBIE ABY-
rarenu (NBPA). K cepepune 1950-x ropos
B MX CO3aHMU BbiNM AOCTUTHYTE ONpeae-
NIeHHbIe YCNeXy U B Halweil CTpaHe, U 3a py-
Gexom. Nccnenosanua no MCNonb3oBaHuio
Ans 3YP pBUratenbHbix YCTaHOBOK TaKoro
THna 6uink Havatel B8 MKB “Gaken” 8 1955
rogy. Mepayio paboty B 3T0M HanpasneHun
NpeanpuATHE BLINONHANO COBMECTHO C
0KB-670 M.M. Boxpapioka. OHa 6bina ces-
3aHa C CO3AaHUEM M MCNBITAHUAMM IKCNe-
PUMEHTaNbHON pakeTsl KM.

KM npepncrasnana coboit asyxcryneH-

" MNBPJ, paboras-
wum Ha beHsute. B MKB “®aken” gns KM
6binu CO3AaHI CrieuManbHbie YCTPoiCTBa
NpOrpaMMHOro ynpasneHus noneTom, cny-
Kuswwue ana obecneyenus nonera paketsl
N0 TPAEKTOPUAM, 6aU3KUM K TeM, KoTopbie
XapaKTepHbl ANA 3EHUTHbIX paKeT. B AHBa-
pe 1956 roga mopens KM npowna nonHbiit
uukn npoaysok 8 LATW. C seckbl 1956 ro-
Aa fo ocenu 1957 ropa Ha nonuroxe Kany-
ctuH Aip Gbino Beinonkero 10 nyckos KM, 8
npouyecce KOTOPbIX NPOAOAKANUCL UCCne-
AOBAHMA paﬁmu NPAMOTOYHOrO ABUraTens
B WWPOKOM AWanasoHe BbICOT, CKOpDCYeﬁ "
ReACTBYIOWMX Neperpy3oK.

-E’- Paketbl “®akena”

n the mid-1950s, as air attack weapon-
s were becoming more and more
advanced, the increased range, flight
altitude and speed of the AD mlSSllES

The KM was a two-stage missile based
on the 0KB-670-developed 025 unguided
missile that was fitted with a fore
cruciform fin kit and contmls The KM fea-

began to gain an g g
significance. Among various options of
solving this problem, the engine designer-
s suggested using ram rocket or ramjet
engines. By the mid-1950s, considerable
advance had been achieved in developing
this type of engines, both in our country
and abroad.

In 1955, the Fakel Engineering Design
Bureau began research on the
implementation of such engines in AD
missiles. The first project along these lines
was carried out by the Fakel Bureau in
cooperation with the M. Bondaryuk's
Experimental Design Bureau # 670 (OKB-
670). The project involved developing and
testing the KM experimental missile.

tured a solid-p: hing booster
and a ramjet sustainer that ran on
gasoline.

Special flight preprogram control
devices intended for guiding missiles
along flight paths typical to those of the
AD missiles were designed at the Fakel
Bureau specifically for the KM missile.

In January 1956, the KM model was
put through a complete set of wind-tunnel
tests at the TsAGI Central Aerohydrody-
namic Institute. From the spring of 1956
to the autumn of 1957, the KM was
launched 10 times at the Kapustin Yar test
range. The launches made it possible to
study the ramjet performance in a wide
range of altitudes, speeds and g-loads.

Fakel's Missiles _.




Cucrema “Tpoc” ans 60pb6bl € MaNOBLICOTHBIMMU LENAMU

Tros system against low-altitude targets

KoHue 1960-x ropos B MKb “®aken”

Gbina nposeaeHa uccnefosarenscas

pabota No M3yyeHio BO3MOXHOCTH

CO3AAHMA CHCTEMb HEYNPaBAAEMOro
PaKeTHOro OpyXUA Ans 60pbBbI C HU3KONE-
TAWMMIA BO3AYWHBIMM LENAMM.

KoHCTpyKTMBHO cUCTeMa, nonyumBwan
Ha3eaHue “Tpoc”, pomkHa 6bina npeacras-
NaTh co6oi Ha3eMHblit 610K Heynpasnse-
MblX aBUAUMOHHbIX pakeT C-5M, KoTopsie
N0 KOMaH/ie BEPTMKANLHO BLICTPENUBANUCH
¥ MOAHMMANY Ha BLICOTY HECKONIbKMX COTEH
METPOB NpPUKPENAEHHBI/i K HUM TpOC.
Mpeanonaranoc, 4To co3aasaemoe Noao6-
HbiM 06Pa3oM KpaTKoBpEMEHHOE 3arpax-
[eHWe MOMO OKA3aThCA AOCTAaTONHO (-
ektuHbiM B Gopbbe ¢ camonetamu, co-
BEPWAIOWMMU NOSET HA MANOiA BbICOTE.
B npouecce ucnbiTaHuit  cuctembl

“Tpoc” 6bin0 NPOBEAEHO HECKONBKO CEpHil
nyckos paket C-5M.

n the late 1960s, the Fakel Engineering

Design Bureau studied the possibility

of creating unguided missiles that

could engage low-flying targets.
Structurally, the Tros code-named system
was supposed to be a land-based unit of
S-5M unguided antiaircraft missiles that
were vertically fired on command, raising
cables attached to them to an altitude of
several hundred meters. It was believed
that this short-term obstacle would be
quite efficient for fighting low-flying
aircraft.

Several series of the S-5M missile
launches were made within the framework
of the Tros system testing.

PaKeTbl U NPOeKTbI

Experimental Missiles and Projects
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TMnep3syKkoBas netatowas naboparopus “Xonop”

Kholod hypersonic flying laboratory

_ A T

1980-90-x ropax MKb “®aken” npu-
HANO y4acTHe B CO3AHMM W MCMbITa-
HuAX netaioweit naboparopun “Xo-
N0A" € IKCNEPUMEHTANbHBIM runep-

y P
TuBHbIM ABuratenem (IMBPA).

OCHOBHbIM 3/IEMEHTOM fleTalowel na-
6oparopuu “Xonop” ABAANCA CO3AAHHBIA
LUMAM ocecummeTpuynbiit TTIBPA 5811, yc-

[OM, arperaTbi CHCTEMbI MOAAYN XKUAKOTO
BOAOPOAA K ABUraTENIO, Wap-6annoHsl Bbi-
COKOTO AAaBAEHUA C TEXHONOTMYECKUMM ra-
3aMM, CUCTEMa U3MEDEHUiA C paguoTeneme-
TPUYECKO# CTaHUWel ¥ aBToNUnoT.

B Teuenve 1991-1998 rogos N1 “Xo-
noa”  “Xonoa-2” BLINOAHUAK NATL none-
TOB, BO BPEMA KOTOPLIX NPOU3BOAMNOCH
HeopHokpatHoe BKaloyenue [MBPA, uto

TaHOBNEHHbII B HOCOBOW YacT
ynpaensemoi paketsi 5B28. [ina ucnons-
30BaHWA B KauecTse i neta-

y Aoc P AaH-
Hble N0 napameTpam ero paboyero npouec-

foweit naboparopun ([NN1) pakera 5828
6bina MopepHu3uposaHa — emecto MCH u
60eB0it YacTH B ee HOCOBOW YacTu Gbin yc-
TaHosneH [MBPf, 6ak c Xuakum BOAOPO-

ca, COCTOSHMA KOHCTPYKUMH,
ocobeHHocTelt coBMecTHOW pabotsl 3ne-
MEHTOB U CHCTEM.

Pakersl “®akena”

n the 1980-90s, the Fakel Engineering

Design Bureau took part in designing

and testing the Kholod flying laborato-

ry with an experimental scramjet
engine.

The main element of the Kholod flying
lab was a 58L axisymmetric scramjet
engine designed by Central Institute of
Aviation Motors (TSIAM). The engine was
fixed in the fore part of the 5V28 AD
guided missile. The 5V28 missile was mod-
ified to be used as a hypersonic flying lab:
a scramjet engine, a liquid hydrogen pro-
pellant tank, units feeding liquid hydrogen
to the engine, high-pressure spherical bot-
tles with process gases, an instrumenta-

tion system with a radio telemetry station
and a gyropilot were installed in the fore
part of the missile instead of a homing
head and a warhead.

In 1991-1998, the Kholod and Kholod-2
hypersonic flying laboratories made five
test flights during which the scramjet was
activated several times. This allowed
obtaining reliable data on the engine per-
formance parameters, thermal condition of
the entire experimental unit, as well as
specifics of its components’ and systems’
joint performance.

Fakel’s Missiles j



fu 08as nemarnowas nabopamopus “Xon0d” (sapuarm 1)

hypersonic flying laboratory (Version 1)
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TaKTUYECKMe U OnepaTUBHO-TAKTUYECKME PaKeTbl

Tactical and Theater missiles

cepenute 1960-x ropoe 8 MKB “®a-
Ken” 6biny pa3paboTarbl 4Ba npoexTa
TaKTUYecKux GannMCTUHeCKUX paker,
nNpeAHa3HaYaBWMXCA ANA MCNONb30-
BaHUA B COCTABE TAaKTUYECKUX KOMNNEKCOB
“fictpe6” u “Touka”. 3a OcHOBY ANA ITUX
pakert 6bina npunaATa pakera 4K60, koTopas
C03paBanack B TO BPEMA ANA NpUMEHeHUA
ee B COCTaBe yHUBEPCANLHOO KopabenbHo-
ro komnnekca M-11. 3to npea-

B 1963 rogy 8 MKB “®aken” Gbin pas-
paboTaH nNpoEKT TaKTUYECKOW paKeTbl
B-612 pna BoiickoBoro Komnnekca “fict-

pe6”, npeaa Ans
Manopa3MepHbiX Ha3eMHbIX yenei Ha aanb-
HOCTAX OT 8 A0 35 KM.

B 1965 rogy 8 MK “@aken” 6bin pas-
pa6oTaH nNpoEKT TaKTUYECKOW paKeTbi
B-614 Ans BoiickoBoro komnnekca “Touka”,

NIOXUTb AOCTATOYHO NEPCNEKTUBHYIO KOHCT-
PYKUMIO OAHOCTYNEHYaTO! TaKTUYecKow
BannuCTUYECKOH PaKeThl, OCHAWEeHHOR

Ans Mano-

Pa3MepHbIX HA3EMHBIX Ueneit Ha AanbHoC-

Tax 0T 8 40 70 kM. Pakery npegnonaranocs

OCHACTUTb MHEPUMANbHOR CUCTEMOR yn-
6

P. p Al

PAA TEXHUYECKUX PeleHMi, NPUHATHIX
B npouecce paboTbl Haj 3TUMMU NPOEKTaMH,
6bin B AanbHeiLIeM peanu3oBar npu co3na-
HWAM B HaWweW CTpaHe APYrux TaKTUHeCKux
BannucTuyeckux paker.

p c BHIYUC]]
YCTPOICTBOM M MOWHO# 60€BOI YacThio.

[InA TPAHCNOPTMPOBKM PaKeT npeano-
nlaranoch MCNONb30BATH NNABAIOWME CAMO~
XOAHblE YCTAHOBKM C KOMECHBIMM Wacch
BbICOKOW NPOXOAUMOCTH.

n the mid-1960s, the Fakel Engineering

Design Bureau developed two projects

of theater ballistic missiles intended

for use with the Yastreb and Tochka
tactical missile systems. These missiles
were developed on the basis of the 4K60
missile being designed at that time for use
with the M-11 versatile shipborne missile
system. This enabled the designers to offer
a rather promising design of a single-stage
tactical ballistic missile fitted with a solid-
propellant rocket engine.

A number of engineering solutions
adopted in the course of work on these
projects were later implemented in other
tactical ballistic missiles designed in our
country.

In 1963, the Fakel Engineering Design
Bureau elaborated the V-612 tactical

missile for the Yastreb system intended to
engage pin-point ground targets at a
distance of 8 to 35 km.

In 1965, the Fakel Engineering Design
Bureau elaborated the V-614 tactical
missile for the Tochka system intended to
engage pin-point ground targets at a
distance of 8 to 70 km. The missile was
supposed to be fitted with an inertial
guidance system with an onboard
computer and a powerful warhead.

To transport the missiles, it was
planned to employ amphibious self-
propelled carriers on cross-country
wheeled chassis.

Fakel's Missiles j




Tlyckosas ycmanosKa makmuveckozo paxemozo koMnexca “Sicmpe6” (npoexm)
Launcher of Yastreb tactical missile system (project)
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IlycKo8as ycmaHO8Ka MAKMUNeCKo2o pakemHo20 Komnexca “Touxa™ (npoexm)
Launcher of Tochka tactical missile system (project)
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3eHUTHbIe ynpaBsiseéMble paKeTbl
HOBOro NOKoJieHUuA

New Generation
of Air Defense
Guided Missiles




HTEHCUBHOE Pa3BUTUE U C -

NeTYUKOB, 6akos, cucrem yn-

CTBOBaHMeE CPeacTs 0 Ha-

NajeHuA, NOBbIWEHUE UX KaYeCTBeH-
HbIX W KOMMYECTBEHHbIX MOKa3aTe-
nelt, U3MEHEeHUA B CTpateruu u TakTuke ux
6oesoro NPpUMEHEHUA B NoCnegHue aeca-
TMNETUA 3HAYUTENILHO YCIOXKHIAW 3apaum,
croswue nepea cpeactsamu MNBO. AHanu3s

u T.0.). Haub: i xe npo-
TPecc B pa3suTUU CPEACTB BO3AYWHOTO Ha-
napenus 8 6nuxanwue rosl Gyaer ceazan
C BLICOKOTOUHBIM OpyXHeM (BTO), TakTuye-
CKUMM GANIMCTUHECKUMU PAKETaMU U W~
POKUM pacnpocTpaHeHuem GecnunoTHbix
neTaTenbHbiX annaparos.

BOEHHBIX KOH(!

T08 U 60EBLIX CTONKHOBEHMI CPEACTB BO3-
AywHoro Hanapexus u cpeacts MBO yxe
npuBen K TOMy, YTO B PAAE NEPefoBbIX B
BOEHHO-TEXHUYECKOM OTHOWEHUM CTpaH
NPUHUMNGI NOCTPOEHUA NEPCNeKTUBHBIX
cpeacts MBO 1 pa3paboTku AnA HUX 3eHUT-
HbIX PAKETHBIX CPEACTB HAYanu paccMaTpu-
BaTb C HOBbIX NO3ULMIA.

B HacToAwee BpeMa 06Kk nepcnek-
TuBHbIX cpeacts MBO 1 BXOAAWMX B UX CO-
CTaB 3eHUTHbIX ynpasnsembix paket (3YP)
(opMupyeTcs, MCXOAR, Npexae BCero, U3
OLEHOK NepCneKTMB AaNbHeidlero passu-
TUA CPEACTB BO3AYIIHOTO HanajeHus. Ume-
IOWAACA B HACTOAUEE BPEMA CTATUCTMKA,
KaK no CyWeCcTBYIOUUM, Tak U N0 nepcnex-
TUBHBIM NMNOTHPYEMBIM aBUALMOHHbBIM
CPeACTBaM, CBUAETENLCTBYET O TOM, 4YTO B
Ganxaitwue 10-15 et KpaitHe Manosepo-
ATHbI KaKue-nu6o PesoniouMoHHbIe U3Me-
HeHUA B XapaKTePUCTUKAX aBUALMOHHBIX
CPEACT8 BO3AYWHOTO HanageHus. OcHoB-
HO# BEKTOP WX Pa3BUTHA ByaeT HanpasneH,
npexje BCero, B CTOPOHY MOAEPHU3ALMM
YXKe CyU|ecTByioWmuxX CaMONeToB U BepTone-
TOB: AaNbHeWwWero yMeHbWweHna ux addex-
TMBHOA Nnowaau paccensanus (3MP) u pa-
Ano3ameTHoctn (TexHonoruu “Crenc”),
YBEMYEHNS MAHEBPEHHBIX CBOWCTB U CHU-
KeHUA yA3BUMocTH (6poHMpoBaHme KabuH

p # NPOpLIB B PAAE TeXHM-
yeckux obnacteit, 1 Npexpe BCero — 8 MU-
KPOINEKTPOHHKe, B NOCNEAHUE roAsl N03-
BOMA CO3/aTh 06Pa3Ubl OPYXKHS, KoTopoe
MOXHO 3anycKkaTb C HOCuTenei, Haxoas-

3PC C-300NMY-2 “®asopum”™
5-300PMU-2 Favorit AD missile system

he intensive development and mod-
ernization of air attack means,
improvement of their qualitative and
quantitative parameters, changes in
the strategy and tactics of their combat
employment during the last decades have
considerably complicated the present
tasks of the Air Defense. The analysis of
the recent armed conflicts and results of
combat use of the AD systems against air
attack means have already given impetus
for working out new approaches towards
developing the perspective AD systems

with corresponding AD missiles in a num-
ber of militarily and technologically
advanced countries.

Currently, the configuration of the pro-
posed AD systems and their structural com-
ponent, the AD guided missiles, is mainly
estimated with regard to the further devel-
opment of air attack means. According to
the available statistics concerning both
the existing and perspective manned air
means, the revolutionary changes in the
characteristics of air attack means are
scarcely probable in the 10-15 years to
come. Development of the air attack means
will mainly be aimed at upgrading the
already existing aircraft and helicopters,
i.e. at further decrease of effective area of
dispersion and radio detectability (stealth
technology), improvement of maneuvering
capabilities and vulnerability reduction
(armoring of cockpits, fuel tanks, control
systems, etc.). However, the coming years
will feature the biggest progress in the
development of high-precision weapons,
tactical ballistic missiles, as well as wide
use of unmanned air vehicles.

Breakthroughs of the recent years in a
number of engineering areas, and particu-
larly in microelectronics, have allowed
designing and developing weapons that
can be launched from carriers located
beyond the range of the existing AD mis-
sile systems. These breakthroughs have
primarily resulted in the wide employment
of high-precision weapons used for strik-
ing at the most important targets: control
and communications centers, ground AD
facilities, nuclear and hydroelectric power
stations, airports, railway bridges, etc., as

Pakersl “®akena”
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WHXCA BHE Npefenos 30H [OCAraeMoCTH
AN CYWecTBYIOUNX 3EHUTHLIX PaKeTHbIX
KOMNNEKCoB. OHNMM W3 rNasHbiX pesynbra-
TOB 3TOrO NPOPbLIBA CTAaNo WHPOKOE MC-
nonb30BaHWe B NOCNeAHWe rofbl CpeacTs
BTO ans HaHeceHUs UMM yaapos no Haubo-
nee BaXHbIM LUENAM — NYHKTaM ynpasne-
HUA, CBA3W, HaseMmHbiM cpepacteam [BO,
aTOMHBIM U FUAPO3NEKTPOCTAHUUAM, 33P0~
ApOMaM, XKeNne3HOROPOKHLIM MOCTaM W
T.M., @ TAKKE IR YHUUTOKEHHUS IKOHOMM-
4ECKOIH M BOEHHOW MH(PACTPYKTYpLl npo-
TMBHUKA B XOfe nonHoMacwrabheix Goe-
BbIX AEACTBUIA. A noTomy 60NbWHHCTBO
CMEUManuCToB, M3y4aloWnx CerogHs pe-
3ynbTaThl UCNONb30BaHNA B Goesoit obcra-
Hoeke cpeacts BTO, kak npaBuno, eauHo 8
CBOWX BbIBOAAX: B GAMXKaiiMe roabl Hau-
Gonee coctoaTensHoi hopmynoit nobeasl 8
GonbWHHCTBE BOBHHBIX KOHDAMKTOB AONNK-
HO cTath coyetanue “BTO naioc uHdopma-
unoHHoe obecneyenne”. B cBoio ovepess,
He c 4T0 B a
robl HaubonblWwKi nporpecc B 06nacT co-
sepwencTsosanua cpeacts MBO ponmeH
GbiTh CBA3AH € yBenMYeHnem I heKTHBHO-
CTH ux geictems npotus BTO.

[pyroii, He MeHee aKTyanbHON 3aja-
ueil pna cospareneir cpeacts NBO Ha 6au-
Kailwne ropel octaHetcs npobnema obec-
neyennn addekTBHON 6opsBbl € TakTUYe-
Ckumu Gannuctuyeckummu pakeramu (TBP)
W 0ONepaTUBHO-TaKTUYECKUMU Bananctuye-
Ckumm paketamu (OTBP).

Ha done 3Tux TeHpeHumit BegeTcA nog-
rOTOBKa K cMeHe nokonexui 3YP 6onbuwoit
¥ CPefiHeit fanbHOCTH, KOTOPLIM NPEACTOMT
ChirpaTh 3HauMTENbHYIO POnb B ByAyLUX BO-
EHHbIX KoHdNuKTax. PakeTsl 3Toro Knacca

Tyckosas ycmanosxa 3PC C-3001IMY-2 ¢ paxemamu 48H6E2

5-300PMU-2 AD missile system launcher with 48N6E2 missiles

AOMKHBI CTaTb YHUBEPCANIbHBIMMU, CNOCOG-
HbIMM 3P HEKTUBHO NOPAXKATh KaK BCe BUASI
py # Gec
HbIX CPE/CTB, TaK ¥ GannucTuyeckue pake-
Tbl M pa3nuuHble Buabl BTO, HecmoTpa Ha
MMEIOUMECR MEXAY TUMU LUENAMM CylLecT-
BeHHble paznuuua. Hanpumep, Ans addek-
TUBHOTO NOPAXeHWs 6GanIucTudeckux pa-
ket TpebyioTcA BbICOKOCKOPOCTHbIe 3YP,

well as for destruction of the enemy eco-
nomic and military infrastructure during
large-scale combat operations. Thus, the
majority of experts currently studying the
results of high-precision weapons employ-
ment in combat conditions share a single
conclusion: in the nearest future, the most
effective victory formula for the majority
of military conflicts should feature the

“high-precision weapons plus data sup-
port” combination. There is also no doubt
that in the coming years the greatest
progress in upgrading the AD weapons
should be directly connected with
their increased efficiency against high-
precision weapons.

Another important issue for the AD
weapons designers for the coming years is
ensuring effective countermeasures against
tactical and theater ballistic missiles.

These trends constitute the back-
ground for the change of the current gen-
eration of long- and medium-range AD
missiles that will play significant role in
the future military conflicts. Such missiles
should be versatile, capable of effectively
engaging all types of manned and
unmanned air vehicles as well as ballistic
missiles and different types of high-
precision weapons, despite significant dis-
tinctions between those targets. For
instance, the effective destruction of bal-
listic missiles requires high-speed AD mis-
siles featuring an average flight speed of
up to several km/s and providing target
interception and destruction at safe alti-
tudes and distances from the protected
installation. These are exactly the quali-
ties of the 48N6E2 long-range missile
designed in the Fakel Engineering Design
Bureau for the S-300PMU2 Favorit missile
system. During the tests carried out in
August 1995, this guided missile repeated-
ly engaged the SCUD-type ballistic mis-
siles’ warheads on their trajectory.

Simultaneously, the demands for
performance characteristics of the AD
missiles intended for engaging relatively
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MMeloUue CPefHiolo CKOpOCTL noneta Ao
HeCKOnbKMX KM/ceK u obecneyusaioume 8
npouecce nepexsara YHUUTOXeHWe uenu
KaK N1eTatensHoro annapara — Ha 6esonac-
HbIX ANA 060pOHAEMOro oGbeKTa paccTos-
HUAX W BLICOTAX. VIMEHHO TaKMMM KauecT-
BaMmK, Hanpumep, obnapaer paketa Gonb-
woit aansHocTh 48H6E2, paspaboTanHas B
MKB “®axen” ana 3PC C-300MMY-2 “®aso-
put”. B npouecce ucnbiTanui 3toi 3YP,
nposefeHHbIx B asrycre 1995 ropa, 6bin

low-altitude and low-speed high-precision
weapons may be considerably reduced in
regard to the missiles’ average flight
speed. In this case, however, a number of
other demands for their characteristics
become more important.

It is common knowledge that onboard
equipment of the perspective high-
precision weapons developed on the basis
of modern achievements in electronic
engmeermg is minimized in weight and

HO nog-
pbiB Ha rpaenopum 60eBOro CHapAXeHUA
6annucTuyeckux paker Tuna “Ckap”.

Hapsgy ¢ 37um, yposeHb TpeGoBaHuit k
3YP, HEOGXOAMMBIX ANA NOPAMEHUA OTHO-
CUTENLHO HU3KOBBICOTHBIX U MANOCKOPOCT-
Hbix cpeacts BTO, no cpepwedt ckopocT
noNeTa MOXET BbiTb 3HAYUTENLHO CHUKEH.
0aHaKo 8 3TOM CAlyyae Ha NepBbiil NNaH Bbi-
XOAUT PAA APYrUX TPeBGOBaHMNA.

W3sectHo, yTo Goprosas annaparypa
nepcnekTusHeix cpeacte BTO, cospasae-
Mas Ha 6ase COBPEMEHHbIX AOCTHEHUI
3NEKTPOHUKM, MAHUMU3MPOBAHA NO CBOMM
Macco-raGapuTHbIM XapaKTepucTUkam A0
npefentHo Manoro ypoBHA M 3aHMMaer
CpaBHUTENbHO HeBONbWOW 06bem B kopny-
ce opyxus. Macca e u rabaputHbie xa-
paktepuctukn cpeacte BTO B ocHoBHOM

€A ux 60eBbIM Ci "

to the mini possible level
to occupy a rather small space inside the
weapon’s body. But the weight and dimen-
sions of high-precision weapons are basi-
cally determined by their payload and
propulsion system. This fact, especially in
the conditions of an AD missile’s high
closing speed and serious guidance errors,
impedes the destruction of high-precision
weapons’ payload, as it requires adequate
data support for the AD missiles. Besides,
an AD missile should be capable of inten-
sive maneuvering in the target intercep-
tion area and be fitted with a “smart” pay-
load, which can produce an optimum frag-
ment spread zone for engaging a particu-
lar target.
Currently, the rational consideration
of lhese issues has become the basis for

ABUraTeNbHOM YCTaHOBKOW. 3T0 06CTOR-
TeNbCTBO, 0COBEHHO NPU GonbIWMX CKOPO-
crax conmmenns 3YP ¢ uenbio u 6onbwmnx
owmbKax HaBeeHus, 3aTpYAHAET YHUUTO-
KeHue Goesoro cHapsmenua BTO, no-
ckonbKy Tpebyer Hanuuua ana 3YP coor-
BETCTBYIOWEro MHAOPMAUUOHHOrO obec-
neyexus. Kpome Toro, 3YP pomkHa obna-

devel g the medi ge AD missiles
of new generatwn and for employing a
large number of key technologies in the
missile design. In particular, the foreign
designers of similar AD missiles focus pri-
marily on ensuring the direct hit of the
target by a missile (or by its separating
interception stages) for maximum use of
the kinetic energy of impact for the target

Paketsl “®akena”
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AaTb CUOCO6HDCY§IO K BbINONHEHWUIO MHTEH-
CUBHbIX MaHEBPOB B 30HE Nepexsara uenu,
a ee 60eBoe CHapsKEHMe AOMKHO 6biTb
“WHTENNEKTYaNbHBIM", TO eCTb CNOCOBHbBIM
[¢0pM‘ADDBaTh ONTUManbHOE ANA KOHKpeT-
HbIX yCﬂOEMﬁ nepexsara none OCKONKOB,
nopaxalwmx uens.

CeropHs paynoHanbHbIi y4eT 3Tx 0co-
GeHHOCTe NONOMKEH B OCHOBY BLINONHEHNA
pa3spabotok 3YP cpegHeit AanbHOCTH HOBO-
r0 NOKONEHWUA W peanu3aunumn B UX KOHCT-
PYKUAM UENOro PAAa KNIOYEBBIX TexHono-
ruit. B yactHocTw, 3a pyGexom cosparenu
nopobHeix 3YP opueHTUpyioTcs, npexae
BCero, Ha obecneyeHne NpAMOro nonaga-
HUA PaKeT (UM OTANAEMBIX OT HUX CTyne-
Heil Nepexsara) B UeNlb ¢ TeM, 4To6bl MakcH-
ManbHO UCNONL30BATL ANA €€ YHUUTOKEHUA
KWHETUYeCKyIo 3Hepruio coyaapenus. 0p-
HOBPEMEHHO AnA ysenuyeHus ddexTus-
HOCTW peicTBuA nepcnekTusHble 3YP ocHa-
WaAlTCA TaKKe 6oesbiM 3apAaAoM, HO ero
Macca W pasmepbl CYWECTBEHHO MeHblue,
Yem Goesble 3apsfbl, yCTaHaBAUBABWNECH
Ha 3YP npepbiayLIero noKoneHus.

Cnepyer oTMeTuTh 1 T0, 4T0 A4n5 3YP Ho-
BOMO NOKONMEHUA XapaKTepeH nepexoj ot
NONYaKTUBHOrO PaAMoONOKaUNOHHOIO Camo-
HaBeAeHUA K KOMGUHMPOBaHHOMY cnocoby

destruction. Simultaneously, to increase
the efficiency, the perspective AD missiles
are also equipped with combat payload,
but it is lighter and smaller than that of
the previous-generation AD missiles.

It is also necessary to mention that
the new-generation AD missiles feature
the transition from semiactive radar hom-
ing to the combined control incorporating
the inertial guidance with radio-correc-
tion (at the initial and middle legs of the
trajectory), and active radar homing with-
in shorter than previously waveband (at
the final leg). This transition allows, first-
ly, increasing the number of simultaneous-
ly engaged targets as there is no necessity
for continuous transmission of guidance
commands or target illumination till the
moment of interception, and secondly,
increasing the homing accuracy by using
shorter waveband simultaneously with
reducing the antenna diameter of the
homing head.

During the interception when an AD
missile is approaching a target at a high
speed (up to 3-4 km/s), the time of high-
precision guidance is usually limited to
several seconds. It sets special require-
ments to the response time of the onboard
i and the AD missile maneuver-

c y
HaseaeHue C pagvoKoppekuuen (Ha Ha-
YaNbHOM U CpeAHeM y4acTKax TpaeKTopuu)
W aKTUBHOE PaiMONOKALMOHHOE CaMOHaBe-
AeHue B Gonee KOPOTKOM, YeMm paHee, Aua-
Na30He BONH (Ha KOHEYHOM YYacTKe TpaeK-
Topuu). Mopo6Hbiit nepexoa no3sonser,
BO-nepsbIx, YBENNUYUTL YUCNO OAHOBPEMEH-
HO o6cTpenuBaembix Leneil, NOCKONbKY OT-
nagaer Heo6XOAUMOCTb B HENpepbiBHOM

ability. In this connection, the employ-
ment of combined modes of generating
control forces and moments that incorpo-
rate aerodynamic and gas dynamic modes
becomes increasingly typical for the new
generation of AD missiles. For this, the
missiles are fitted with special propulsion
systems of control in roll. Employment of
such systems at the final stage of homing

)
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nepepaye KOMaHp ynpasieHua Wan nop-
CBETa UeNW 0 MOMEHTa nepexsara, a Bo-
BTOPbIX, UCNONb30BaHWE Gonee KOPOTKOrO
BONH NPY OAHOBP CHit-
WeHun guametpa autens [CH nossonser
YBEAMYUTH TOYHOCTB CAMOHABEABHMA.
Npyu nepexsare Ha 60nbLWMX CKOPOCTAX
cbnuxenns 3YP ¢ uensio (no 3-4 kM/cex)
Bpemsa Ans BbICOKOTOYHOrO HaBEAEHUA, KaK

BateneM, MCNONb3yWUM ANA afANTAUNK K
YCNOBUAM BCTPEYU C UENBIO BCIO MMelouy-
10cA Ha 6opTy pakeTsl MHdopMauuio (Tun u
pasMep Uenu, BEAUYUHA OTHOCUTENbHOW
CKOPOCTH, YIbl BCTPEYM PaKeTbl C Lenbio,
asa npoMaxa U OPUEHTALUA PaKeTsl U ee
60eBOr0 CHAPANEHUA OTHOCUTENBHO Lenn
B MOMEHT nponeta). [lononHUTeNbHO MO-
WeT 6biTb MCNONb30BAHA U UH(DOPMAUMA O

npasuno, orp:

s Hecl npomaxa, camum
cekyHaamu. 310 npebABAAET 0COGble Tpe-  PapuoB3pbIBaTeNeM.
Bosanua Kk GeicTpopencTamio 6op i an- t i BbIGpOC

naparypsl  MaHespenHocty 3YP. B cassu ¢
3Tum, Ans 3YP HoBOro nokonexus sce 6o-

3NEeMEHTOB OCYILECTBARETCA YNPaBNAEMbIM
0CKONOYHO-(yracksiM 60eBbIM CHapsXe-

Nee XapaKTepHbIM CTaHOBUTCA NP

KOMBMHMPOBaHHbIX CNOCOGOB CO3AaHNA
YNpasnAlowWux cun u MOMEHTOB, KOTOpbie
coyerawrt B cebe A3poANHaAMUYecKue U ra-
3o0auHamuyeckue cnocobel. C 310l Lenbio

HUeM, o cucremoi

4EYHOrO WHMUMUPOBAHWA, KOTOPas — MO
KOMaHfe paavoB3peiBaTens Ha cpabarbisa-
HUe — B yNpaBnsemMom pexume (npu Hanm-
4nn MHOPMaLWK 0 dhase NpoMaxa), Bbi3bi-

Ha paKeTax yc A C

Baer ero B COOTBETCTBYIO-

Hble BUT YCTaHOBKM P
ro ynpasneuus. Wx ucnonb3osaxue ana yn-
paBneHus Ha 3asepuwaiolieil hase camoHa-
BE/IEHNA NO3BONAET yMEHbWWUTL BPEMA pe-
akuum 3YP B 10-15 pa3 u noayuuTs Gonee
BbICOKYIO TOYHOCT CAMOHABEAIGHHA.
ApyruM NepcneKTUBHLIM HanpaBneHun-
em nossiweHns apdexTusHocTy 3YP aBna-

wux Tpeby y TOYKax
noapsisa, obecneunsas nepepacnpepene-
HUe IHEPTUN B3PbIBA M METaHUe OCHOBHOM
4acTM OCKONOYHOro nona ¢ NOBbIWEHHOM
CKOPOCTbIO B CTOPOHY enn. B T0 e Bpems,
NpU OTCYTCTBUM HeOBXOAUMOI UH(pOpMa-
UMK 0 dhase Npomaxa, PaKeToil MoXKeT GuiTh
peanu3oBaH LUeHTpanbHbiit NoApsis 6oeso-

eTCA CO3AaHUe ANA HUX MHGOP
obecneyeHHoro ynpasnsemoro 6oesoro
CHapsKeHUs, OPUEHTUPOBAHHOTO Ha Nopa-
WeHue uenen “oc " pencr-

rocl ccl p paanetom
0CKONKOB. Takum 06pasom, coueranve pa-
UMOHANbHbLIX anropuTMoOB HasefeHUA,

Mensimamensel cmend dns 3YP IMIGE
Test bench for IMIGE missile

allows reducing the AD missiles’ response
by 10-15 times and reaching higher hom-
ing accuracy.

Another perspective direction of
increasing the AD missiles’ efficiency is

BueM (pa3pyleHneM KOHCTPYKUMM) — Npu
nepexsare NUNOTUPYEMbIX LieNeil, U Ha no-
paxeHue (HedTpanu3aumio) Goesoi Ha-
rpy3KM — NPy nepexsare GeCnUNOTHbIX Le-
neit, 8 Tom yucne bP u BT0. Ynpasnenue
6Goesbim cHapsxenvem 3YP npu 3tom ocy-
WeCTBARETCA [ONNEPOBCKUM PAAMOB3PbI-

no: ROCTUYD i TOY-

HOCTYU HaBeeHus, C obecneyeHmnem Bbico-
Koit Bep T HaKpbITUA OCH

nonem 3YP 6Goesoro cHapsienus BTO n
Gannuctuyeckux uenein AaeT Hausbicwee
Kayectso WUX NOPaMeHUA — YHU4TOXeHue
6oesoro CHapsXeHUs uenn Henocpeacr-
BEHHO B MOMEHT nepexsara, 3a cCYeT ero

of software controlled pay-
load for destroying the targets by “stop-
ping” action (destructive effect on con-
struction) when intercepting the manned
targets, and for payload destruction (neu-
tralization) when intercepting the
unmanned targets, including the ballistic
missiles and high-precision weapons. The

AD missiles’ payload is controlled by the
radar Doppler-operated fuze that uses all
onboard information (target's type and
dimensions, relative speed values, angles
of missile collision course, misfire phase,
and orientation of the missile and its pay-
load towards the target at the bypass
moment) for adjustment to meeting the
target. Besides, the interception error
information generated by the radar fuze
may also be used.

Directed ejection of the killing ele-
ments is exercised by the guided HE frag-
mentation warhead fitted with a multipoint
initiation system. Upon the radio fuze com-
mand in guidance mode (in case misfire
phase information is available), the system
initiates the fuze in the explosion points
depending on the required direction, which
provides redistribution of the explosion
power and directs main part of the frag-
mentation field with increased speed
towards the target. At the same time, when
the necessary misfire phase information is
not available, the central initiation of the
payload with symmetrical separation of
fragments can take place. Thus, the combi-
nation of rational guidance algorithms
allows the designers to achieve enhanced
quidance accuracy with high probability of
engaging the high-precision weapon’s pay-
load as well as the ballistic targets with AD
missile’s fragmentation field. It brings
about the highest kill quality with the tar-
get's payload engaged at the interception
moment, by its detonation or by explosive
demolition.

Most of these technologies have been
used in the medium-range 9M96E and

m?al(eﬂal “®akena”
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Bonbwas 4acte 3TMX TEXHONOTWiA Ha-
wna cBoe BONAOWEHUE B Pa3paboTaHHbIX
“GakenoM” B nocnegHue rogsl 3YP cpepn-
Heil pansHocTh 9MIGE u IMIGE2. B 6nm-
Kaliwne roAbl OHW BOWAYT B COCTAB HOBbIX
mogudukauui cucrem MBO Kak HazemHOro,

nneKcax NpefycMaTpuBaeTca HEcKONbKo
KaHanoB CONPOBONACHUA LENH, 4TO ROMK-
Ho obecneynts 3ddekTusHyio 6opbby C
MaccupoBaHHbIM yaapom BTO.

B nepcnekTuse 0c06Or0 BHUMaHUS 3a-
CNYXKUBACT MAIEA UCNONIb30BAHNUS B COCTaBE
3EHUTHBIX paKeTHbIX komnnekcos 3YP ¢ ko-

9MI6E2 AD missiles recently developed by
the Fakel Engineering Design Bureau. In a
few years these missiles will be integrated
with new modifications of both ground-
based and ship-based AD systems.

In the nearest future, several perspec-
nve technolugms will also influence the

Tak
PSp NepcneKTMBHLIX TEXHONOTHA B

A Ha
yuacrke u ¢ 8

Gyayuem u 06amK
3YP manoit gansHocTy. CeropHs nopasnsaio-
uee GONbWMHCTBO 3EHUTHBIX PAKETHBIX
KOMN/EKCOB Manoil AANbHOCTH, HaXOAs-

W ONTUYECKOM Auana-

30He Na KOHeyHbix 3Tanax noneta. 3YP c
6

TAMA B
weit CTeneHu CMOryT COOTBETCTBOBATb Tpe-

WUXCA Ha el Ko-
MaHpHble cnocobel HasegeHus. Mpu atom,
KaK NpaBuno, Hapajy C PaaMoNOKaUMOH-

3alMTl BaKHbIX 06BEKTOB OT
MaccupoBaHHLIX YAApoB Nio6biX CpeacTs
BTO, nockosbKy OHM NpakTu4ecky He GyayT

HbIM, UCi A KaHanbl ¢

MMeTb orp # N0 CKOPOCTPeNbHOCTH,

HUSA LN B BUAUMOM U MHD HOM An-
ana3oHax. Takum o6pasom obecneuusaiot-
€A NOMEX03AWMIUEHHOCTb U BCeNOroA-
HOCTb, AOCTATONHbIE ANA YCNEWHO! 60eBoil
pabotsl 3PK B niobbix yenosuax. OgHako
6onbwuHcTBO cywecteyiowmux 3PK manoit

asc c

“BbICTPENUN-326bin" NO3BONAT OPraHM30-
Barb BLICOKYIO MIOTHOCTL OTHA N0 YHUYTO-
weHuio cpeacts BTO. Eue opHMM UeHHBIM
KauecTsoM 3TMx 3YP MOXET CTaTb BO3MOX-
HOCTb MX NPUMEHEHUA BO BCEX BUAAX BO-

AanbHOCTH — a notomy
OHHU He MOTyT 3hdeKTHBHO GOPOTHCA Aaxe
C OrpaHMYeHHbIM MAaCCUPOBAHHBIM YAAPOM
cpeacreamu BTO. MMo3tomy, HecMoTps Ha
CBOI0 OTHOCHTENbHYIO NPOCTOTY U fewe-

cun - BBC, Cyxony 8O-

ckax v BMO.
B 6nmmaiime rofbl peanusauua no-
AOGHOH YHUGUMKAUMK CTaHET OAHUM W3
npuupmemux Hanpasnewit pa6otsl ans

su3Hy, 3PK ¢ 3yP
Ha yenn MoryT 3hdeKTUBHO MCNONL30BATH-
CA TONLKO NPY 3aluTe 06BEKTOB, NO KOTO-
PbiM MaNOBEPOATO NPUMEHeHWe Maccupo-
BaHHOro yaapa cpeactsamu BTO.

B HacTosiuee Bpems B psae CTpaH ocy-
wecrensnetca paspaborka 3PK manoit gans-
HOCTH, OcHawaemblx 3YP ¢ KOMaHAHbIM Ha-
BEjIeHHeM Ha HaYa/lbHOM YYacTKe M camo-

i HoBbix TMnoB 3YP — Manoi,
cpepHeit u Gonbwoi gansHocTH. Pewenne
370/ 3aa4u NO3BOAUT PaAUKANLHO COKpa-
TUTL CYWECTBYIOUMI B HacToAlee BPeMa
Tunax 3YP, BbiABUTL U 0BecneyuTs peanu-
3auuio Haubonee NepCeKTUBHLIX Hanpas-
NeHuit B Mx pa3paboTke, pe3Ko COKPaTUTL
3aTpaThl M CPOKM MX CO3AAHMA U B MTOre
obecneyuT nosbilueHHe yHKUMOHANbHOR

Ha JTane
nonera. B Takux 3eHUTHbIX PaKeTHbIX KOM-

[ KO
HbIX PaKeTHbIX KOMNNEKCOB.

TH 3eHUT-

of short-range AD missiles.
Currently, the overwhelming majority of
the in-service short-range AD missile sys-
tems employ the command guidance
mode. As a rule, the visible and infra-red
target tracking channels are used along
with radar target tracking. It allows
achieving electronic immunity and all-
weather capability sufficient for effective
combat employment of AD missiles sys-
tems in any conditions. However, most of
the existing short-range AD missile sys-
tems feature one channel thus being inca-
pable of effectively counteracting even
limited concentrated strike of high-preci-
sion weapons. Therefore, despite being
relatively simple and cheap, the AD missile
systems with command guidance of AD
missiles can be effectively employed only
for protecting installations that are
unlikely to become targets for massive
strikes of high-precision weapons.

Currently, a number of countries are
developing short-range AD missile systems
employing AD missiles with command
guidance at the initial leg and homing at
the final leg of the trajectory. Such AD
missile systems feature several target
tracking channels, which provides for
effective counteraction to massive strikes
of high-precision weapons.

In future, special attention should be

paid to the idea of employing in the AD
missile systems the missiles featuring
command-inertial guidance at the initial
leg and homing in radar and optical ranges
at the terminal legs. Such AD missiles are
likely to fully comply with the require-
ments set for protection of important
objects and installations from massive
strikes of any high-precision weapons as
they will practically lack limits in the rate
of fire. When combined with the “fire-and-
forget” principle they will allow achieving
high density of fire to destroy high-preci-
sion weapons. Another valuable feature of
these AD missiles is their possible employ-
ment in all armed services - in the Air
Force, the Army and the Navy.

In the years to come, this unification
will become a priority for the designers
elaborating new types of AD missiles - the
short-, medium- and long-range ones.
Solving this problem will allow them to
considerably reduce the existing AD mis-
siles’ variety, determine and provide the
realization of the most promising trends in
missile design, cut the expenditures and
terms of their development, and finally
provide the increase of functional and
economic efficiency of the AD missile
systems.
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3PC C-300MMY-2. 3eHuTHas ynpaenaemas paketa 48H6E2

5-300PMU-2 AD missile system. 48N6E2 guided missile

eHUTHas ynpasasemasn pakera Gonb-
woit pansHocTu 48H6E2 npegHasHa-
4eHa ANA NOPAKEHUR KaK COBPeMeH-
HbIX, TaK W NEPCNeKTMBHbIX CPeACTB

c crpa-
TernyecKoi, TaKTM4eCKOM M MOPCKOI aBa-
UMK, CTPATeruyecKux KpbINaThix paker,
aBUALMOHHBIX PaKET, TAKTMYECKUX U One-
PaTUBHO-TAKTUYECKUX GannncTuieckux pa-

YecKoil CxeMe, C pacKpbiBaembiMM nocne
cTapTa pynsmu.

Crapr pakeTsl — BepTUKanbHbli, € N0-
Moo ycTaHosnerHow 8 TNK katanyneTel,
6e3 npeABapUTENbHOMD Pa3BoPOTa MYCKO-
BOi1 YCTaHOBKY B CTOPOHY Uenw. Mocne 3a-
nycKa ABUTaTeNs pakeTa CKNOHAGTCA B Tpe-
GyemomM HanpaBneHuu B 3aBUCMMOCTH OT
NONOKEHNUA LN NPU NOMOLLY Fa308bIX Py-

Ker, Gec p
— 80 BCEM AMana3oHe ycnosuit ux 6oesoro
npUMeHeHns.

PakeTa KCNNYaTMPYeTCA B repMeThy-
HOM TPaHC HO-NYCKOBOM ]
(TNK) u He TpeGyeT NpoBepOK U perynupo-
BOK B TeueWMe BCErO CPOKa CRyKObi.
48H6E2 — opHOCTyneHuyaTan pakera, Bbi-

no

P!

he 48N6E2 long-range AD missile is
intended to engage the in-service air
attack weapons as well as those
under development, including
strategic, tactical and naval aircraft,
strategic cruise missiles, air-launched mis-
siles, tactical and theater ballistic mis-
siles, and UAVs in the complete range of
their combat use.
The missile is operated in a sealed

Npu PpaKeTsl ucl A
NPUHLMN CONPOBOXAGHNA LW Yepes ca-
My pakery. OckonouHo-dyracHas Goesas
yacts 6oNbWOI MOWHOCTH B COMETaHUM C
BLICOKUMU Neperpy3kamm, KoTopbie Cno-
cobHa BbiAepXMBaTL paKera, obecneunsa-
10T 3hheKTHBHOE NOPaXeHHe Lenei, B TOM
4MCne M UHTEHCHBHO MaHEBPUPYIOWWX.

transporting-1 hing container and
requires no maintenance or check-ups
throughout its entire service life. The
48NGE? is a single-stage missile employ-
ing a normal aerodynamic configuration
with control surfaces that are unfolded
after launch.

The missile is launched vertically with

an aid of a catapult mounted in the trans-
porting-launching container, without a
preliminery turn of the launcher in the
direction of the target. After the ignition
of engine, depending on the position of
the target, the missile is deflected in the
required direction by means of gas vanes
(ailerons).

Missile guidance is of the missile-
tracking type. A powerful HE fragmenta-
tion warhead coupled with the missile’s
ability to withstand high g-loads ensures
efficient destruction of targets, including
the intensively evading ones.

mnnm “®akena”
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1,2. fyckosas yemaroska 3PC C-3001IMY-2 “@asopum

$-300PMU-2 Favorit AD missile system
3. 3YP 48HGE2 8 TIIK
48N6E2 missile in transporting-launching container
4. Nyck 3YP 48H6E2
Launch of 48NGEZ missile

uncher
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3eHuTHbIe ynpaBnsembie paketsl IMIGE, IMIGE2

9M96E and IMIGE2 AD guided missiles

aketsl 9MI6E u IMIGE2 — opHoOCTY-
neHyaTble TBEPAOTONAUBHbIE. Bbi-
NONHEHbI N0 a3POAUHAMMHECKOH CXe-
Me “yTKa”, C pacKpbiBaeMbiM nocne
cTapra cB060AHO BPAWAWUMCA XBOCTO-
BbIM KpbinbeBbiM GnoKoM. PakeTsi nonHo-
CTbio yHMULMPOBaHLI N0 cocTasy Gopro-
BOro 06opyAoBaHus, GoesoMy cHapse-
HUIO, KOHCTPYKUMM U OTAMYAIOTCA TONBKO
pa3Mepamy ABUraTeNibHbIX YCTAHOBOK.
Crapt pakeTsl — BEpTUKanbHbli, € N0-
MOWbIO FAa30AUHAMUYECKOTO YCTPOACTBA,
6e3 NpeaBapuTENLHOTO Pa3BopoTa Nycko-
B8OV YCTAHOBKM B CTOPOHY Ueny. Mocne Bbi-
xopa pakerts! u3 TIK, nepen 3anyckom pa3-
OHHO-MapIEBOro ABUraTeNs, oHa pa3so-

y4acTKax TPAeKTOPUM NoNeTa OCyWecTsNs-
€TCA C NOMOWbIO UHEPUNANBHO-KOPPEKTH-
PyeMoil cucTeMBl. B npouecce p

he 9M96E and 9MIG6E2 are single-
stage solid-propellant m|ss|les

ployi g a canard d

uenu uc

newue. Npu HEOGXOAMMOCTM MHTEHCUBHO-

O MaHeBpUPOBAHWA NepeA TOUKOM BCTpe-

4K C Uenbio pakera cnocobHa BIATH Ha pe-

KMM “CBEPXMAHEBPEHHOCTH", ANS Yero uc-
A C -

Kas cUCTeMa ynpaseHus.

KonctpyktneHo paketsl 9M9GE u
9MIEE2 COCTOAT M3 HECKONbKIUX OTCEKOB, B
KOTOPbIX PACMONIOKEHBI: CHCTEMA aKTUBHO-
10 C arperarsi
PYNAMU PaKeThl, CUCTEMA ra30AuHaMuyec-
KOTO ynpaBnewus, “uHTennektyansHoe”

5 B Tpeby c

nonomm ra30ANHaMMYECKOM CUCTEMbI.
YnpaeneHue noneToM pakeTsl U ee Ha-

BeleHue Ha UeNlb Ha HauanbHOM U CpeaHeM

6oesoe 6noku 6op i an-
napaTypi, ABYXPEXUMHBIA TBEPAOTONANB-
Hblil PAKeTHbIA ABUTaTENb, NPUEMHUKM KO-
MaHA KOPPEKIUY HaBECHUS.

ion with a freely-rotating
aft wmg unit that unfolds after launch.
The missiles are completely identical to
each other in terms of the configuration of
the onboard equipment, payload and
design. They differ only in the size of their
engines.

The missile is launched vertically by
means of a gas dynamic system, without a
preliminary turn of the launcher in the
direction of the target. After the missile
leaves its transporting-launching contain-
er and before the sustainer booster is start-
ed, the missile is deflected in the required
direction by a gas dynamic system.

Missile flight control and guidance at
the initial and midcourse legs of the flight

path are accomplished via an inertial cor-
rection guidance system. In the target
interception phase, the missile switches
over to active self-guidance. Whenever the
missile has to perform a maneuver to get
to its rendezvous point, the missile can
activate its “superagility” mode. For the
latter, a special gas dynamic control sys-
tem is employed.

Structurally, the 9MIGE and 9IMIGE2
missiles consist of a number of sections
housing an active radar homing system,
missile control surface actuators, a gas
dynamic system, “intellectual” payload,
onboard equipment units, a dual-mode
solid-propellant rocket engine and guid-
ance correction command receivers.

mauem “®akena”
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1. 3YP 9MIGE

9IMIGE missile

3YP 9MIGE2 u TIK

9MIGE2 missile and transporting-launching container
Nlyck 3YP IMIGE2

Launch of IMIGE2 missile

“
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1,2. Paxemst 9MIGE, IMIGE2 u 48HEE2 6 Kacceme-Konmeilepe u Ha BbiCMaBKe
9MY6E, IMIGE2 and 48NGE2 missiles in cassette-container and at an exhibition

w

. Nyckosas yemanoaxa ¢ pakemanu IMIGE, IMIGEZ u 48HGE2
9MIGE, IMIGE2 and 48NGE2 missile launcher

Tlyck 3VP IMIGE

Launch of IMIGE missile

Cmend dna ucnsimanuil paxem IMIGE, IMIGE2

Test bench for MIGE and IMIGE2 missiles

>
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HOBbBIM
em B pabore MKB “Daken” crano sHe-
ApeHue B NPaKTUKY CO3AAHUA HOBBIX
PaKeT KOMNAIEKCHOI CUCTEMbl Ha3em-
Hoii 0TpaboTKu.

OnbIT, HAaKONNEHHbI NpeAnpUATUEM
YKe Ha HauaNbHbIX 3Tanax CO3AaHMA pa-
KETHOW TEXHWKW, nokasan: Tpebyemasn Ha-
IeXHOCTb paKeT i ux 6oprosoro o6opyno-
BaHUA MOXeT GbiTh 06eCneyeHa He ToNbKo
nytem BAKHBIX

BMAX NPAKTUYECKM BCEX BUAOB HArpy3ok
Ha paketsl 8 MKB “Daken” Gbinv co3panbl v
BBEfeHbl B CTPO CMIeUManu3upoBaHHbie
(B TOM YMCne U yHUKanbHele) cTeHasl. Mpu-
4em BCe 3T0 060PYAOBaHNE CKOHLEHTPHPO-
BaHO B OHOM U3 HaMBONEE MOWHBIX MCNbI-
TaTenbHbIX LeHTPOB Mupa. Moxanyi, mas-
HbIM PE3yNLTaToM AEATENbHOCTM LEHTPa
CTano 1o, 410 HeoBXoAMMOE ANS Nposeae-
HUA NETHBIX UCNBITAHWIA KONMYECTBO paKeT

KOMNOHEHTOB, UX TI{ATENbHbIM OTGOPOM, HO
W KECTKUMW YCNOBUAMKU CTEHAOBLIX U na-
60paTopHbix MCbITaHMil. Mpu ITOM NeTHble
MCNBITAHUA AOMKHbI NPOBOAMTLCA NMWb B
Tex CAy4anx, KOrAa Harpyskw, AeicTeyio-
e Ha pakety 8 nonete, He MOryT GuiTb
BOCNPOU3BE/CHS! B HA3EMHBIX YCIOBHAX.

y b B NATb — NATHAAUATb pa3.
TPy 3TOM MX Hafi@XKHOCTb K Hauany NeTHbIX
WCNbITaHUA YBEAMYMAACH B YeTbipe pasa.

B HacToslee BpeMA MCNbITAaTeNbHbI
ueHTp MKB “®aken” no3sonser NpoOBOANTL
cnefylome UCnbITaHus:

~ TeNNONpPOYHOCTHbIE;
~ cTaTuyeckue;

Ha
oTpaboTke paKer, Ha NpeAnpUATHM PyKo-
BOACTBOBANUCh CMIAYIOWNM:

~ NPOrpecc pakeTHOH TeXHWKM, conpo-

- Al Kue;
~ MMMTaUMOHHbIE TPAHCNOPTUPOBOY-
Hble, B TOM YUCNE U YCKOPEHHbIE;
~ N0 U3MEPEHMIO, PerucTpaumnn u ana-

onbiTa, N0380NAET 06ECNeYUTs MaKCUMaNb-
HYI0 HafIeKHOCTb CO34aBaeMO MPOAYK-
umMu. 3ta HagexHocTh Gasupyetca Ha pe-
3ynbTartax, NoAy4YeHHbIX B NPoLecce Hasem-
HOIt 0TpaboTku paket;

~ CyWecTBeHHoe y cTouMoc-

nm3y npoueccos;

~ KAUMaTMYecKue — Ha Tenno- u xono-
BOYCTOYNBOCTD;

~ Ha 6pbI3ro-BAAroyCTOAYMBOCTS, C
UMUTaLME HHEs, BPbI3T, MOPCKOTO TyMaHa,
TPONMYECKOTO KIMMATa, NbINK, CONHEYHO

TH PaKeT U UX OTAENIbHbIX INEMEHTOB Orpa-

~ BaKyyMHble — Ha NOHIKeHHoe AaBne-

™ W
60nbWOrO KONMYECTBA ONBITHBIX 06Pa3L0B
ANA NETHBIX UCABITAHHUIA;

~ B Npouyecce NPOBEAEHUA Ha3eMHbIX
MCNbITAHWH 3HAYUTENLHO 0BNeryaeTcs Bbi-
nonHeHue u3MepeHuit HeoBGXoaMMbIX Napa-

Hue unu i BaKyyM;
~ KpuoreHHble — A0 Temneparypsl 4 K;
~ Ha YCKOPEHHOE AIUTENbHOE XPaHeHHe;
~ KOMIEKCHbIE — MDY OFiHOBPEMEHHbIX B~
6PaUMOHHBIX ¥ KNMATUHECKUX BO3ASACTBIAX;
~ YAGpHble — UMUTALMA NAAEHUA;

METPOB M aHaNU3 COCTOAHWUA WC
MbiX 06BEKTOB.
C uenbio MMUTAUUM B HA3EMHbIX YCNO-

Paxetn! “®akena”

- no p TaHoB-
Ku 1 u3mepennio CBY xapaktepucTuk aH-
TeHH u obTeKateneil;

he use of diversified ground testing

facilities in the process of develop-

ing new missiles has become a fun-

damentally new practice adopted by
the Fakel Engineering Design Bureau.

The experience accumulated by Fakel
at the early dawn of the missilery age
showed that the required dependability of
missiles and their onboard equipment
could be ensured not only by duplication
of the most crucial elements and their
careful selection, but also by conducting
rigorous bench and laboratory tests. In
this case, flight tests are required only
when missile flight loads cannot be simu-
lated on the ground.

Focusing on the ground testing of
missiles, the Fakel's specialists were moti-
vated by the following considerations:

~ the progress in missile engineering
coupled with the continuous accumula-
tion of experience makes it possible to
ensure maximum dependability of prod-
ucts. The dependability is based on the
data obtained in the process of testing
missiles on the ground;

- a considerable increase in the cost of
missiles and their separate elements limits
the possibility of manufacturing a large
number of test models for flight testing;

- ground tests make the

result of the center's activities is that
there has been a five- to fifteenfold reduc-
tion in the number of missiles necessary
for conducting flight tests. At the same
time, their dependability rate has grown
fourfold by the beginning of the flight
tests.
Today, the Fakel's testing center allows

conducting the following tests:

— thermal strength tests;

- static tests;

- dynamic tests;

- transportation simulation
including the accelerated ones;

— vibration data measurement, record-
ing and analysis;

~ climatic tests (low-temperature and
high-temperature stability);

~ spray- and moisture-resistance tests
with hoarfrost, spray, sea fog, tropical cli-
mate, dust, solar radiation simulation;

~ vacuum tests (low-pressure or high-
vacuum);

~ cryogenic tests (up to a temperature
of 4K);

— accelerated long-term storage tests;

~ combined tests including vibration
and climatic effects;

~ shock/impact tests with drop simula-
tion;

tests,

of requisite parameters considerably easier.

To simulate practically all types of
missile loads in ground conditions Fakel
has designed and put in operation special-
purpose test benches (some of them are
unique). All this equipment has been
brought together in one of the world's
largest test centers. Probably, the main

- radio simulation tests
with measurement of UHF characteristics
of antennas and fairings;

~ electromagnetic compatibility tests;

~ electric and functional tests to check
electrical safety and insulation strength;

- fire and environmental safety tests;

- physical-chemical analysis of the
properties of various materials.

Fakel's Missiles I



~ Ha 3NEKTPOMArHUTHYIO COBMECTUMOCTb;

— 3NeKTpoTexHuyeckue, GyHKUUOHaNL-
Hble, Ha NPOBEPKY 3/1eKTPO6E30MacHOCTH U
NPOYHOCTH M30NAUNK;

~ Ha NoXapobe3onacHocTb U 3KONOTH-
yecKylo 6e3onacHocTb;

- N0 PUINKO-XUMUYECKOMY aHanu3y
CBOWCTB PasnnyHbIX Matepuanos.

Cnenyer 0c060 OTMETUTD, YTO CTeHAbl 1

naﬁopavopw UCNbITAaTeNbHOrO  UEeHTpa

TA pac B C -

HbIX 3KPaHUPOBAHHBIX NOMEWEHUAX, 4TO

obecneunTs Ge-

30NaCHOCTb U KONm‘AﬂEHuMaI\bNOCTb nenbl-
TaHuiA.

WcnbitatenbHblit UeHTp npeanpuaTua
pacnonaraer KoMmnnekcom camoit cospe-
MEHHOW PerucTpupyiowein u uMeputens-
Hoi annaparypsl. OHa paGotaer B asToma-
TUYECKOM peXuMe U PEerucTpupyer Bce He-
06Xx0AMMbIE NAPaMeTPbl UCMbIThIBAEMbIX
06bEKTOB, NPOBOAUT KOMNbIOTEPHBIN aHa-
U3 NONYYaeMbIX Pe3yNLTaToOB M NpeacTas-
NAET MX CNeuManucTam-ucCnefoBaTenim
nio6oit Tpebyemoit hopme.

0pHa 13 mMasHbIX 0COBEHHOCTEN UCNbl-
TarenbHOro UEHTpa COCTOMT B TOM, 4TO
3peco obecneyeHa BO3MOXHOCTb nonyHa-
TYPHOrO MOAENUPOBAHUA B peanbHOM Mac-
wrabe BpeMeHU BCex MPOLEccos, KOTOpbIe
MCNBITLIBAET paKeTa B PeanbHOM nonete.
Umelowmecs 8 naboparopusx LeHTpa cTeH-
Abl U UcnbiTatenbHoe 060pyAoBaHUe No3-
BONIAIOT UCNbITLIBATL PaKeTbl U UX OTAGNb-
Hble 31eMEeHTbI B YCNOBUAX, KOTOPbIE Npak-
TUYECKM ajieKBaTHbI YCNOBUAM XpaHeHus,
TPaHCNOPTUPOBKY U 60EBOTO NPUMEHEHMS.
Mpyu 3TOM C UeNbl0 COKPALEHNA ANUTENb-
HOCTW MCNbITAHUiA HEeKOTOpble UX BUAbI

Komnnekc HazemHoit 0TPaboTku

Cmamuvyeckoe ucnsimanue
Static test

COBMEUAIOTCA M NPOBOAATCA MO eAMHO
nporpamme. B npouecce ucnbitanuit anna-
paTtypel B pamKax Takoi nporpammbl MOryT
BOCMPOM3BOAUTLCA TeMNeparypHble, BUG-
PauMOHHbIE, BLICOTHbIE U ApPYyrUe YCNOBUA,
COOTBETCTBYIOUME IKCNNYATAUMOHHBIM W
AeiCTBYIOWME B TOW e NOCNef0BaTeNbHO-
CTH (MM COBMECTHO), 4TO M B peanbHoi
obcraHoBKe.

MNoao6HbI# NOAXOA UMEET PAA CywecT-
BEHHbIX NPEMMYLECTB N0 CPaBHEHUIo ¢

T A

Of special notice is the fact that the
test center’s test benches and laboratories
are located in special shielded rooms which
makes it possible to ensure a necessary
level of safety and confidentiality of tests.

Fakels's test center possesses a variety
of state-of-the-art data recording and
measuring equipment. Operated automat-
ically, it records all necessary parameters
of the tested items, analyzes the received
data and submits it to the research spe-
cialists in any required form.

One of the main distinctive features of
the test center is that it provides for a pos-
sibility to carry out real-time half-scale
modeling of all processes that affect a
missile in actual flight. The test benches
installed at the center's laboratories and
testing facilities allow testing missiles
and their separate elements in conditions
that are virtually identical to those of
storage, transporting and combat employ-
ment. Moreover, in order to reduce the
duration of tests, some of them are com-
bined and conducted within a single pro-
gram. In the process of testing the devices
within such a program it is possible to sim-
ulate temperature, vibration, altitude and
other conditions matching those of the
actual use and affecting a missile - either
in the same sequence or simultaneously —
as in actual operation.

Such approach offers a number of con-
siderable advantages over traditional test-
ing techniques. Thus, for instance, it
allows detecting faults caused by com-
bined exposure to vibration and climatic
conditions.

Fakel’s specialists have elaborated
unique techniques of accelerated
endurance, transporting and climatic test-
ing, which allow reducing the duration of
tests and cutting the tests’ cost by dozens
of times. A distinctive feature of these
techniques is their use for testing sophis-
ticated devices with multiple constituent
elements.

The ground testing facilities devel-
oped by the Fakel Engineering Design
Bureau have helped to implement the sys-
tem of ensuring guaranteed dependability

Ground Testing Facilities
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ucnbiTaHuid. Hanpumep, B CBA3U C BO3MOX-
HOCTbIO OGHApyeHUA OTKAa30B, Bbi3BAH-
HbIX COBMECTHbIM EOSAE!‘ACTEMEM Kanmaru-
Yeckux v BUGPaLMOHHbBIX HaKTOpPOB.

CneyuanucTsl NpeanpusTUA paspato-
Tanu He UMelLue aHanoros MeTOAUKH yC-
KOPEHHBIX PECYPCHbIX, TPAHCMOPTHBIX U
KAMMATUYECKUX WUCNBITAHWA, npuMeHeHue
KOTOPbIX NO3BONAET COKPATUTL NPOAOKM-
TeNbHOCTb MCMBITAHWIA, @ TaKKe B RECATKN
Pa3 COKPaTHTL MX CTOUMOCTb. OTAUUMTENb-
Has 0cO6EHHOCTb 3TUX METOAMK 3aKnioya-
€TCA B UX NPUMEHUMOCTH AnA 0TpaboTku
CNOXHOWM annapartypel C MHOXECTBOM KOM-
NNGKTYIOWMUX INEMEHTOB.

C noMouybio CO3AaHHOIO Ha NPeAnpus-
THW KOMNAEKCa Ha3eMHOW 0TpaboTku pea-
NW30BaHa cucrema obecneyeHns rapaiTu-
POBaHHOW HaAeKHOCTH 063108 BOBHHOI
W rpaXpaHcko#t npoaykuuu. B ux uucne
pa3paboratHbie 8 MKb “Daken” 3eHnTHbIe
ynpaensaemble paketsl 48H6 u 9IM330, paa
APYrMX 06pa3uos PaKeTHOW M aBUaUMOH-
HOW TeXHUKM (B TOM YuCne WU ApYruX npea-
NPUATUATUR), 3@ TaKKe pasnnyHbie BUAbI
NPOAYKUMN rPAKAAHCKOTO HA3HAYeHMS.

Ucnbitatenshbiii yeHtp MKB “®aken”
arTecToBaH, NPU3HAH M aKKPeaUTOBaH Kak
Ne A ueHTp AnA
CepTU(UKALMOHHBIX WCNBITAHMA M3fenuit
a3POKOCMUYECKOTO HanpasneHus, Mawu-
HOCTPOUTENBHON M 3NEKTPOTEXHUYECKOM
NPOMBIWAGHHOCTH, PA3NMYHbIX BUAOB Gbi-
TOBOW TexHuku. OpraHom cepTudmMKauum
Toccranpapra Poccuu u “06oporcepTudm-
KOW” aTTecToBaHbl CTEHAbl, METOAUKM UC-
nbITaHWA U KBanudMKauua nepcoHana Ha
MX COOTBETCTBME KaK pecnybauKkaHckum,
TaK ¥ MEXAYHAPOAHLIM CTaHAapTaM.

of military- and civil-purpose products.
They include the 48N6 and 9M330 AD mis-
siles developed by Fakel, several other
types of missiles and aircraft (including
those built by other companies), as well as
various types of civil-purpose products.

Fakel's testing center has been certi-
fied, recognized and accredited as the
Testing Center for conducting certification
tests of aerospace products, machine-
building and electrical products and vari-
ous types of household appliances. The
State Committee of the Russian Federation
for Standardization and Metrology (Gos-
standart) and Oboronsertifika (National
Classification Authority) have certified
the conformity of the test benches, test-
ing techniques, and the qualification of
the personnel to both national and inter-
national standards.

Fakel’s Missiles



KpuorenHsie ucnbiranus

UcnbiTauna npoBoasTCA B AUanasoHe Tem-
neparyp ot 10 K, usmenenne pasnenns —
Ao 107 mm pr.ct. Macca ucnbiTbiBaeMbix
06beKToB — 40 5000 Kr, MaKcMManbHble ra-
6apuTbl 06bekTOB — 2 x 2 X 10 M.

Cryogenic tests

The tests are conducted within the temper-
ature range starting at 10 K; the pressure
variation is down to 107 mm Hg. The test-
ed items’ weight is up to 5,000 kg; their
maximum dimensions are 2 x 2 x 10 m.

Komnnexkc HazemHoit oTpaboTku Ground Testing Facilities
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UcnbiTaHus Ha TPacnopTUpoBaHue
WcnbiTaHua Ha MMUTALMIO TPaHCNOPTUPOBA-
HUA NPOBOAATCA NO YHUKaNbHbIM meroau-
KaM, KOTOpbIe NO3BOAAIOT COKPATUTL UX NPO-
RomKUTENbHOCTL B 5-50 pas. Wcnbitanus
NPOBOAATCA B AManasoHe 4actor oOT
0 go 400 [, makcumanbHoe nepemelieHue
+ 125 MM, MaKCUManbHbie rabapuTel 06bek-
108 - 30 X 10 X 15 M, Macca — A0 100 TOHH.

MowHocTb McnbiTaTensHoro 060pyao-
BaHWA NO3BONAET NPOBOAWUTL MCNbITAHUA
KaK OTAENbHbIX arperaros, Tak M Uenbix
TPAHCNOPTHBIX CUCTEM.

Transportation tests
Transportation simulation tests are con-
ducted according to the unique tech-
niques that allow a five- to fiftyfold reduc-
tion of the duration of tests. The tests
are conducted within a frequency range of
0 to 400 Hz; maximum displacement is
+ 125 mm; maximum dimensions of items
are 30 x 10 x 15 m, weight — up to 100 t.
The testing equipment capacity of the
testing gear allows testing both separate
assemblies and entire transportation sys-
tems.

Fakel's Missiles




INEKTPOMArHUTHbIE BLICOKOUACTOTHbIE
MCNBITAHUA

BbinBeHUe Hanuuus papMonomex y Guiro-
BbIX 3NEKTPONPUBOPOB, H3MEPEHHE MX Xa-
PaKTEPUCTHK, NPOBEACHME WCMbITAHWI Ha
3NeKTPOMATHUTHYIO COBMECTUMOCTS, M3Me-
PeHue PapMOTEXHUYECKUX NaPaMETPOB aH-
TeHHbIX YCTPOWCTB (AMarpamma Hanpas-
NEHHOCTH U KOI(DMUUUEHT yCunenms) —
BOT L€/b 3TUX UCNBITAHWA.

W3mMepeHue napaMeTpoB aHTEHHbIX yC-
TDOIZCYB NPOM3BOAUTCA B AManasoHe Yac-
ToT 0T 200 A0 10000 MIy B Ge33x0BOI Ka-
Mepe pa3mepom 50 x 20 x 25 M. HacToTHblIi
AManas’oH U3MepAEeMbIX PAAMONOMeX COOT-
BETCTBYET MEXAYHAPOAHLIM CTaHAapTaM.
IKpaHMpoBaHue NoMeleHns ¢ Koadduum-
€HTOM 3KPaHUPOBAHWA B AMaNasoHe yac-
ToT 0,2-10,0 rly > 100 [16 obecneuusaer
KOH(UACHUMANLHOCTb NPOBOAUMBIX PaboT.

High-frequency electromagnetic tests
The purpose of these tests is to detect
radio interference in household electric
appliances, measure their performance
characteristics, test them for electromag-
netic compatibility, measure the radio
parameters of antenna assemblies (direc-
tional pattern and gain power).

Measurements of the antenna assem-
bly parameters are taken in the 200 to
10,000 MHz frequency range, in an anechoic
chamber with dimensions of 50 x 20 x 25 m.
The frequency range of measured radio
interference complies with the interna-
tional standards. Shielding the rooms with
a factor within the frequency range of
0.2-10.0 GHz > 100 dB ensures confiden-
tiality of the conducted tests.

Komnnekc HasemHoii oTpabotkn
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Knumaruyeckue ucnbitanus
OcywecTnAIOTCA UCNBITAHUA Ha Tenno-,
XONOA0- U BNAroyCTOMYMBOCTb C UMUTALN-
eil BO3AeNCTBUA Ha 0BBEKT KMMATUYECKUX
(aKTopos, NOHWKEHHOro aTtMocdepHoro
[aBNeHUA, UMUTUDYETCA ANUTENbHOE Xpa-
HeHue 06BEKTOB Ha OTKPLITOM BO3/yXe UAN
Ha CKAage, B Pa3fMyHbIX KAMMaTMYECKUX
30Hax. MicnbiTaHua NPOBOAATCA B AMaNa3o-
He Temnepatyp ot -90°C go +300°C, guana-
30H M3MeHeHWA BnaxHoctM — ot 10 po
98%, noHwxeHue pasnexus — Ao 107 mm
pr.cT. Macca ucnbiTbiBaeMbix 06beKToB —
A0 1000 Kr, MakcuManbHble rabaputbl 06b-
ektoB —1x1x75M.

MpumMeHseMbie CneynanbHbie MeToau-
KM NO3BONRIOT COKPATUTL BPEMA NpoBepe-
HUA UCNBITAHUA HA ANUTENBHOCTL XpaHe-
HUA npoAykuuu Gonee yem B 20 pas.

Climatic tests

Items are tested for high-temperature,
low-temperature and moisture resistance
with a simulation of various climatic fac-
tors and low atmospheric pressure. Long-
term open-air or indoor storage conditions
of various climatic zones are simulated.

Tests are conducted within the tem-
perature range of -90 to +300°C. The
moisture range is between 10 to 98%. The
pressure reduction level is down to
10* mm Hg. The weight of the tested items
is up to 1,000 kg. Their maximum dimen-
sionsare 1x1x7.5m.

The special techniques used in these
tests allow for more than a twentyfold
reduction in the duration of tests for long-
term storage of products.

Fakel’s Missiles



TennonpoYHOCTHbIE UCNbITAHUA
WcneiTaHns npoBOAATCA C Uenbio onpepe-
NEHUA NPOYHOCTM W PacnonaraeMoro pe-
Cypca 06BeKTOB — NPU MMUTALUM HATPY30K
¥ Temnepatyp B peanbHom Macwrabe spe-
MeHM, a TaKKe annapatypsl — Npu NOHM-
KEHHbIX M MOBLIWEHHBIX TeMnepatypax.
Wcnbitanua ocywecTsnaloTca npu Harpys-
Kax go 1 mfa, 8 guanasoHe Temnepatyp
-30°C o +2000°C, npu MaKCUManbHOM Ko-
NMYECTBE KaHANoB HarpyxeHus — 32 u Ha-
rpesa - 20.

WHdopmaunoHHo-perucTpupyiouas
cUcTeMa NO3BONAET NOAYYaTh CBEAEHUA O
napamerpax ucnbitaius no 1000 kaHanos.
MakcumaneHble rabapuTbi MCNbITHIBAEMbIX
06beKkToB — 30 X 18 M, BO3MOXHO OAHOBpE-
MEHHOE MCNbITaHue ABYX 06BEKTOB AaHHBIX
pasmepos.

Komnnekc HazemHoit 0TPaboTku

Thermal strength tests

Tests are conducted with a purpose to
determine the strength and fatigue level
of items by real-time simulation of loads
and temperatures, and of equipment sets
by exposing them to low and high temper-
atures.

Tests are conducted at loads up to
1 MPa, within the temperature range
of -30 to +2,000°C, with 32 loading chan-
nels and 20 thermal channels maximum.

A data recording system makes it pos-
sible to acquire test parameters data from
1,000 channels. The maximum dimensions
of tested items are 30 x 18 m. It is possi-
ble to simultaneously test two items of
this size.

Ground Testing Facil




Paketsl “®akena”

[MHaMuuecKue UcnbITaHUA
MexaHuyeckue (gUHaMu4eckue) ucnbita-
HUA 06BEKTOB NPOBOAATCA C LeNblo onpe-
AeNeHUs XapaKTepucTMK X BUGpONpoYHo-
CTU M BUBPOYCTOMYMBOCTH, ANS MOAANBHO-
rO aHanu3a KOHCTPYKUUKM U aHanusa guHa-
MUYECKMX NPOLECCOB B PeantHoM MacuwTa-
6e Bpemenn.

Wenbitanus OCyWecTBAAITCA B gUana-
30He yacrort ot 0,1 go 20000 iy c maKcu-
ManbHbIM yckopeHuem fo 2000 M/cek’,
MaKCUManbHbie rabapuTbl MCMbITHIBAEMBIX
06bekToB — 2 x 2 x 10 M. Mapametpsl 3apa-
BaeMbiX CUHYCOMAANbHLIX BUGpaumit cooT-
sercreylor Tpe6osanuam IEC 68-2-6, wu-

Hble C i co-
orsetcTeyioT TpeGosanuam IEC 68-2-34.

p ci AMKN
NO3BONAT NPOBOAUTL UCMBITAHUA B YCKO-
PEHHOM pexuMe, 683 CHUKEHUA KayecTsa
[AOCTOBEPHOCTH NONYYaeMOi UHDOPMALUK.

Dynamic tests

Mechanical (dynamic) testing of items is
conducted with a purpose to determine
their vibration strength and vibration
resistance characteristics, to perform their
structural modal analysis and analyze
dynamic processes in real-time mode.

The tests are conducted within the
frequency range of 0.1 to 20,000 Hz
with a maximum acceleration of up to
2,000 m/s*. The maximum dimensions of
the tested items are 2 x 2 x 10 m. The sinu-
soidal vibration settings comply with the
IEC 68-2-6 standards. The broadband ran-
dom vibration settings comply with the
IEC 68-2-34 standards.

The special techniques applied in
these tests allow conducting tests in an
accelerated mode without any detriment
to quality and test data adequacy.

Fakel’s Missiles
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pou3soacTBeHHas 6a3a, KoOTOpOiA

pacnonarano MKB “®aken” B nep-

Bble roAbl CBOEro CyulecTBOBAHMA,

npeactasnana  Co6o#  ONbITHbIA
aBUALMOHHbIA 3aBOJ, MOWHOCTH KOTOPOro
no3sonsnu obecneunsath M3roToBneHue
ONbITHBIX 06Pa3L0B PaKeT U UX OTACNbHbBIX
3nemeHToB. OCHOBHBIMU KOHCTPYKUNOHHbI-
MM Marepuanamu, KOTopbie B NepuoA Cra-
HOBNEHWA NPEANPUATUA NPUMEHANUCE NPU
W3roTOBNEHMN PaKeT, Gblnn KOHCTPYKUMOH-
Hble U Hepxaselolue cTany, aepopmupye-
Mble U NUTeiHble anloMUHWEBbIE CMNasbl,
HeMeTananyecKkue marepuansl, WUPoKo Uc-
nonb3yemble BO BCeX 0TpacnfxX HapoaHoro
X03AiCTBa. B TeueHue nocneayowmx geca-
TUNETHIA TeXHONOTM U PaBOTHUKK Npeanpu-
ATUA B COAPYKECTBE C BEAYUWUMHU MaTepua-
NOBEAYECKUMU OpraHu3aumuamu CTpaHbl
BENN HenpepbiBHbIA NOUCK CaMblx COBEP-
WeHHbIX MaTepuanos, paspabatbisanu u
0CBanBann HOBbIE, 3a4aCTyl0 YHUKANbHbIE,
TeXHONOrn4ecKkne npoueccsl, npegHasHa-
YaBWMWECA ANA W3rOTOBNEHUA PA3NUYHBIX
[eTanei u arperaros paker.

B uncno Hanbonee copeMeHHbIX Tex-
HONOrM4ECKUX NPOLEccos, KOTopbie B Ha-
CTOAWEe BPEMA WCMONb3YIOTCA NpU U3ro-
TOBNEHWW PaKeT W WX arperaros, BXOAAT
WTaMNOBKa B3PbIBOM, WTAMNOBKA METoAOM
o6paTHOro npeccosanms, hacoHHoe NuTbe,
nasepHaa csapka, WU3rOTOBNEHNE KOHCT-
PYKUMI M3 NONMMEPHbIX MaTepuanos, po-
TaUMOHHAA BLITAXKKA, HaHeceHWe 3awmT-
HbIX M3HOCOCTOMKMX NOKPLITUA METOAOM
MUKPOAYrOBOr0 OKCUAMPOBAHMA.

Paxketbl “®akena”

uring the initial period of its exis-

tence, the Fakel Engineering Design

Bureau possessed an aviation pilot-

production plant as its own produc-
tion base capable of producing prototypes
of missiles and their separate elements.
During this period, the primary structural
materials to manufacture missiles com-
prised structural and stainless steels,
wrought and cast aluminum alloys, non-
metallic materials widely used in all
spheres of the national economy. Within
the subsequent decades, in cooperation
with the leading material research organi-
zations of our country the Fakel’s technol-
ogists and workers continuously searched
for the best materials, developed and
brought new and quite often unique tech-
nological processes, meant for manufac-
turing various details and units of mis-
siles, to a serial production level.

The most up-to-date technological
processes that are nowadays used for man-
ufacturing missiles and their units include
explosive forming, inverse extrusion form-
ing, shape casting, laser welding, making
constructions out of polymeric materials,
rotary drawing, applying wear-resistant
protective coatings by microarc oxidation.

Fakel's Missiles



lWramnoska MeTogoM

06paTHOro NpeccosaHus

IT0T METOA NPUMEHAETCA ANA U3TOTOBNE-
HUA B CEPUIHOM NPOU3BOACTBE KOPNYCOB
[ABUTaTeNIbHLIX YCTAHOBOK U3 BLICOKONPOY-
HbIX aNIOMUHUEBbIX CNNABOB.

litaMnoBKa B3pbIBOM

DDMMGHRETCR ANA U3rOTOBNEHWUA B eau-
HUYHOM, ONLITHOM U MENKOCEePUItHOM Npo-
M3BOACTBE TOHKOCTEHHbIX KpynHorabaput-
HbIX [€Taneil U KOHCTPYKUMiA, Hanpumep,
AHUW TONAUBHBIX 6aKos, napabonuyeckux
aHTeHH. lpouecc xapaktepu3syetcs Bbico-
KOt IKOHOMMYECKOM IDDEKTUBHOCTBIO W3-
3a He3HaYMUTeNbHOro 06beMa KanuTanbHbIX
3arpar u HeGoNbWMX CPOKOB, @ TAKKe HU3-
KO CTOUMOCTH NOArOTOBKM NPOU3BOACTBA.
Haubonee 3ddektusHo ucnonbiosaHue
3TOro Npouecca nNpu W3rotToBNeHUK 3epkan
AHTEHH CNYTHUKOBOW CBA3M, Npu Gopmo-
06pa3oBaHmi 06eyaek KOHUYECKONH U OXKU-
BasnbHOI opmbl. MakcumansHblilt Auametp
obpabarbiBaemoit petanu — ao 3-3,5 m, Ton-
wuHa petanu — o1 2 fo 20 MM, TOYHOCTH
BbINONHEHMA FEOMETPUYECKNX pa3mepos —
9-12 ksanurer.

- TexHONOruM U NPOU3BOACTBO

Inverse extrusion forming

This method is used in serial production to
manufacture the power plants bodies out
of highly resistant aluminum alloys.

Explosive forming

It is used in individual, pilot-scale and
small-batch production to manufacture
thin-wall large-size details and construc-
tions — for example, fuel tanks bottoms
and parabolic antennas. This process is
characterized by high economic effective-
ness (due to an insignificant volume of
capital expenditures and modest terms),
as well as by low cost of the preparation of
production. It is highly effective for man-
ufacturing reflectors of the satellite com-
munication antennas, for moulding conic
and ogive shells. The maximum diameter
of a workpiece amounts up to 3-3.5 m,
thickness of a workpiece varies from 2 to
20 mm, dimensional accuracy is 9-12
qualitet.

Technologies and Production




Pakernl “®akena”

POTauMOHHaA BbITAXKKA

TpUMEHAETCA ANA U3rOTOBNEHUA UMAMHA-
PUYECKUX U KOHUYECKHMX AeTaneit ¢ Manoii
BbLICOTOM MMKPOHEPOBHOCTEH M TOYHBIMM
pasMepamu — u3 pa3Ho0bpa3HbIX Marepua-
NOB: OT HU3KOYINEPOANCTIX CTaNei A0 Bbi-
COKOMPOUHBIX M HEPXABEWUX CNAaBos,
aNOMUHUA 1 TUTaHa. [abapuTsl 3rotasnn-
BaeMbix aetanedi: Auametp — or 5 Ao
600 MM, AnuHa — po 1500 mm. C nomowsio
3TOr0 METOAa MOXHO M3rOTaBAMBaThL 0CO-
6oTOHKOCTEHHbIE TPy6yaTble geTanu Mano-
ro guamerpa, ¢ TonwuHoin ao 0,05-0,1 Mm.
MpumeHenve aanHoro npouecca Hanbonee
3QGHEKTUBHO NpPU M3rOTOBAEHUM TOHKO-
CTeHHbIX KOPMYCOB, paboTalouux noa Aas-
NEHUeM, TOWHBIX 3aroTOBOK Koney, Tpy6,
UMAMHAPOB TUAPONHEBMOANNapaTypbl.

NasepHan ceapka
[N CO3AaHNUA BLICOKOHAAEKHBIX CAOKHbIX
KOHCTPYKUMM, CUNOBLIX NAHENe# U3 CaMbix
COBpEMeHHbIX METaNN08 U CNABOB, NPH MX
MUHUMaNbHbIX aedopMaunax, Mcnonb3ayer-
CAl NasepHan ceapka.
ABTOMaTU3MPOBAHHBIA Na3epHBbIil Tex-
HONOTUYECKMIA KOMNNEKC, AerCTBYIOWMIA
Ha NPeANpUATUM, BKNIOYAET B Ce6A TexHo-
NOTMYECKWA ra30Bbii Nasep, ynpasnsembli
IBM, TexHONOTUYECKMiA MOAYNb U CReuna-
NM3NPOBAHHYIO OCHAcTKy. HomuHanbHas
MOWHOCTb ra3oBoro nasepa — 3 kBT, Mak-
cumansbHan — 5 KBT. Pexum uanyyenus —
HenpepbIBHbIA U UMNYALCHBIA. MakcuMans-
Has TONWMHA CBApUBAEMbIX TUTAHOBBIX
CNNABOB W CTaneil — 4 MM, CKOpPOCTb nepe-
MeUWeHNS — 0 4 M/MUH, TOYHOCTb NO3NLY-
OHUpOoBaHuA — 0,1 MM.

Rotary drawing

It is used to make cylindrical and conic
details with low height of roughness and
precise dimensions, out of various materi-
als: from low-carbon steels to high-resist-
ant and stainless alloys, aluminum and
titan. Dimensions of manufactured
details: diameter — from 5 to 600 mm,
length — up to 1,500 mm. This method
makes it possible to produce extremely
thin-wall tube details of small diameter
with a thickness of up to 0.05-0.1 mm. The
process is particularly effective when used
to make thin-wall bodies working under
pressure, precise ring, tube and cylinder
billets for hydropneumatic equipment.

Laser welding

Laser welding is used to build highly reli-
able complex constructions, to manufac-
ture power panels out of the most up-to-
date metals and alloys with minimum
deformation.

Automated laser technological com-
plex operating at the enterprise includes a
computer-controlled technological gas
laser, a technological module and special-
ized attachments. The gas laser rated
power is 3 kW, maximum output is 5 kW.
Mode of radiation - continuous and pulse.
Maximum thickness of titanium alloys and
steels to be welded is 4 mm, rate of move-
ment - up to 4 m/min, positioning accura-
cy - 0.1 mm.

Fakel's Missiles



HaneceHue 3aWuTHBIX W3HOCOCTOMKMUX
NOKPLITH HA ACTaNU U3 ANIOMUHKEBbIX
CNNaBoB  MeTOAOM  MWKPOAYrOBOro
OKCHAUPOBAHUA

3Jror MeTo[ NPUMEHATCA ANA CO3AaHUA
NOKPLITUA Ha BHEWHUX U BHYTPEHHUX No-
BEPXHOCTAX N1060/ CNOKHOCTH W KOHGUrY-
pauuu. OH NO3BONAET NONYYaTh KEpaMuye-
CKWe NOKpLITUA C BbICOKOH W3HOCO- ¥ Ten-
NOCTORKOCTbIO, C NOBbIWEHHOM Hapex-
HOCTBIO NPOTUBOKOPPO3UOHHOM 3ALUNTI, C

Application of wear-resistant protective
coatings onto aluminum alloy details by
microarc oxidation

This method is used to make coatings on
external and internal surfaces of any com-
plexity and configuration. It makes it pos-
sible to create ceramic coatings with high
wear resistance and high heat stability,
increased reliability of rust protection,
and increased dielectric constant.
Thickness of applied coating is

NOBbIWEHHOW AUINEKTPUYECKON NPOHML
eMOCTbI0. ToNWMUHA HAHOCUMOTO NOKPbITUA —
5-300 MKM, MUKPOTBEPAOCTb MOKPBLITUA —
10 2000 krc/mm’, agresus — 0,8 npoyHOCTH
OCHOBHOTO MaTepuana, U3HOCOCTORKOCTb B
8 pa3 sbiwe, yem y cnnasa BK8, makcu-
ManbHaa NOKpLIBaeMas NOBEPXHOCTb AeTa-
nei npu 3arpyske B BaHHy — 50 AM?.

®DacoHHoe nuTbe

MCﬂOﬂbSyBT[ﬂ ANA BbLINONHEHUA OTNUBOK
U3 aNIOMUHMEBLIX U MarHWeBbIX CNNasos B
necyabie KI)ODMM,' TUTAHOBBIX U CTaNbHbIX
OTAUBOK — B 060N10YKOBbIE Q)UDMN, Wu3ro-
TOBNAEMbIE METOAOM BbiNNABNAEMbIX MOAE-
nei. Yucrota nosepxHOCTeM, KaYecTso u
TOYHOCTb OTNIMBOK COOTBETCTBYIOT CylecT-
BYlOUMM TPeBOBAHUAM MALIUHOCTPOCHHA M
ApYrux oTpacneit HapoAHOTo X03ANCTBA.

- TexHONOTMM U NPOM3BOACTEO

5-300 y, microhard; of coating - up to
2000 kg/mm?, adhesion - 0.8 related to
main material, wear resistance is 8 times
higher than that of the VK8 alloy, maxi-
mum coated surface of details when
charging a bath - 50 dm*.

Shape casting

It is used to cast aluminum and magne-
sium alloys into sand moulds; titanium
and steel alloys - into shell moulds made
as investment moulds. Surface finish,
quality and accuracy of castings comply
with the present standards of the engi-
neering industry and other branches of
the national economy.

Technologies and Production
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Paketsl “®akena”

W3rotoBnieHne KOHCTPYKUMIA

3 NONUMEPHbIX MaTepUanos

W3rotosnenue petaneit U3 Hemetannuyec-
KUX MaTepUasnos C NOMOWWbIO NPECCOBaHMS,
NWTBA U ABTOKNABHOTO BaKYYMHOTO GopMu-
poBaHuA WHpoKo wucnonblyetcs B MKB
“®aken”. Takum obpaszom obecneumsaerca
hopmosaHue 06bEMHbIX KpynHorabapuT-
HbIX AieTaneil AMameTpoM A0 2 M U ANUHOM
po 6 M npu Temneparypax Ao +300°C u
Aasnennn po 3 mMa. Ocywecrenexue Tex-
HONOTMYECKUX NPOLECCOB MO BaKyyMy,
AABGHMIO ¥ TeMnepatype NoHOCTBIO aB-
TOMaTM3MpoBaHo. Mmetoweeca Ha npea-
NPUATUM ABTOKNABHOE, BAKYYMHOE U npec-
cosoe 060pyAOBaHME C yCUAMEM MPecco-
BaHusA ot 10 ao 4500 T no3sonseT U3rotas-
NMBaTh NPaKTUYECKM NioBbIe AeTanu U3 nio-
6bix BUAOB NPECCKOMNO3NLNA.

Making constructions

out of polymeric materials
Manufacturing details out of nonmetallic
materials by means of moulding, casting
and autoclave vacuum moulding is widely
used in the Fakel Engineering Design
Bureau. Thus, it is possible to ensure
moulding of bulky large-size details with a
diameter of up to 2 m and a length of up
to 6 m under temperatures of up to
+300°C and a pressure of up to 3 MPa.
Execution of the technological processes
as far as vacuum, pressure and tempera-
ture are concerned, is fully automated.
Fakel possesses autoclave, vacuum and
moulding plants and equipment with a
moulding force of 10 to 4,500 t that make
it possible to produce practically any
detail out of any moulding composition
type.

Fakel's Missiles







Kanenpapb namatHbix aatr MKB “®aken”

20 Hoabpa 1953 ropa obpasosaxo Ocoboe KoHCTPyKTOpCKOE Biopo Ne 2
(c 1967 ropa MKB “®aken”)

8 mapra 1955 roga cocTosnca nepeblit nepexear camonera-6ombapan-
poBUMKa ynpasnsemoi paketoit PC-1Y

26 anpens 1955 roaa cocToANCA Nepsbiit Nyck paketsl 1]
13 okTa6pa 1957 roaa cOCTOANCA Nepsbiii Nyck npoTusopakets B-1000

7 Hoabps 1957 ropa 8o Bpems napaja Ha Kpackoit nnowaay 8 Mockse
snepsbie NPOAEMOHCTPUPOBaHa pakeTa 1]}

11 gexabps 1957 roaa Ha BoOpy)eHue npukaTa paketa 1/}
25 anpens 1958 ropa cocToAncs nepssiit nyck paketsl 4K90

25 wiona 1958 ropa npeAnpuATHe HarpaxzeHo opaeHoM JleHuHa

28 Honbpsa 1958 roaa Ha npuHaTa
paxera PC-2Y

30 pexabpsa 1958 ropa npeanpuaATUE NOCETUNA FPyNNa pyKoBOAUTENei
crpanel Bo mase ¢ H.C. Xpywessim u JI.U. BpexHesbim

22 man 1959 ropa Ha Boopyxerue 6bin npuHAT komnaekc C-75 “flecHa”
C paketoit 13}

7 oktabpa 1959 ropa 8 Hebe Haj Kutaem Gbin COUT BbICOTHBII camoneT-
passepunk P6-57[]

23 auBapa 1960 ropa coctoancs nepesiit nyck pakets 17/}

1 mas 1960 roga okono Ceepanoscka 6bin COUT camoneT-passeaunk
“Nokxua” U-2 ¢ netunkom .. Nayapcom

PR Faveru WHG “Oncer” e

History of the Fakel Engineering Design Bureau

November 20, 1953 — Special Design Bureau #2 (since 1967, the Fakel
Engineering Design Bureau) was set up

March 8, 1955 - First interception of a bomber by a RS-1U missile

April 26, 1955 — First launch of the 1D missile
October 13, 1957 - First launch of the V-1000 ABM missile

November 7, 1957 - First demonstration of the 1D missile at the parade in the
Red Square in Moscow

December 11, 1957 — The 1D missile was adopted for service
April 25, 1958 - First launch of the 4K90 missile

July 25, 1958 - The Fakel Engineering Design Bureau was awarded the Order of
Lenin

November 28, 1958 - The RS-2U air-launched missile was adopted for service
December 30, 1958 — The enterprise was visited by a group of the USSR
political leaders headed by N. Khrushchev and L. Brezhnev

May 22, 1959 - The S-75 Desna system fitted with the 13D missile was adopted
for service

October 7, 1959 - The RB-57D high-altitude spy aircraft was downed in the
airspace of China

January 23, 1960 - First launch of the 17D missile

May 1, 1960 - The Lockheed U-2 spy aircraft piloted by F. Powers was downed
in the Sverdlovsk area

3 faielTsiissi}ei -



27 wiona 1960 ropa — cocToANCA Nepsbiit Nyck pakets 5821 July 27, 1960 - First launch of the 5V21 missile

10 okTa6pa 1960 roaa Ha BOOPYXEHWE NPUHAT aBUALMOHHBIA KOMMNEKC October 10, 1960 - The Su-9-51 aircraft interception system fitted with the
nepexsara Cy-9-51 ¢ paketamu PC-2YC RS-2US missiles was adopted for service

4 mapra 1961 ropa pakeroit B-1000 snepesie 8 Mupe Gbina nopaxea March 4, 1961 - For the first time in the world, the V-1000 missile destroyed a
roN0BHaA YacTb HaNAUCTUYECKON PaKeTbl AaNbHEro AeHCTBUA long-range ballistic missile warhead

20 anpens 1961 ropa Ha BOOpyXeHue NPUHAT komnaekc C-75M “Bonxos” ¢ April 20, 1961 - The S-75M Volkhov system fitted with the 20D missile was
paxeroit 2041 adopted for service.

21 wioHa 1961 roaa Ha BOOPYKeHUe NPUHAT komnaekc C-125 ¢ June 21, 1961 - The 5-125 system fitted with the 5V24 missile was adopted
paketoi 5824 for service

9 uions 1961 ropa Ha napape 8 TyWwuHO Bnepeble Nokasana pakera PC-2Y July 9, 1961 ~ First demonstration of the RS-2U missile at the parade in Tushino
27 okTabpa 1962 ropa s Hebe Hap Ky6oit cut camoner-passepumk October 27, 1962 - The Lockheed U-2 spy aircraft was downed in the airspace
“Nokxup” U-2 of Cuba

24 aerycra 1962 roaa Ha BOOPYXeHUe NPUHAT kopabenbHbiit 3PK M-1 August 24, 1962 - The ship-based M-1 Volna AD missile system fitted with the
“Bonua” ¢ paketoi 4K90 4K90 missile was adopted for service

27 pexabpa 1963 ropa cOCTORNCA NepsbIil NYCK pakeTsl 22/} December 27, 1963 - First launch of the 22D missile

29 man 1964 ropa Ha BoopyxeHue Gbina npuHsTa pakera 5827 May 29, 1964 — The 5V27 missile was adopted for service

7 Hoa6pa 1964 ropa 8o Bpema napapa Ha Kpacxoi nnowaau e Mockse November 7, 1964 — First demonstration of the 5V61 ABM missile at the
Bepsble np npot 5B61 parade in the Red Square in Moscow

27 mapra 1965 ropa cocToANCA nepsbiit Nyck pakersi IM33 March 27, 1965 - First launch of the 9M33 missile

24 wiona 1965 roaa 8 Hebe Hap BoeTHamom nepssie cHUT komnaekcom C-75 July 24, 1965 - The first American aircraft was downed by the S-75 system in
aMepUKaHCKui camoner the airspace of Vietnam

31 wiona 1965 ropa pakeroit 22/} npu paboTe PaKeTHO-NPAMOTOYHOM July 31, 1965 - The 22D missile equipped with the direct-flow power plant
QBMraTenbHOM YCTaHOBKM AOCTUTHYTA CKOPOCTb M=3.9 achieved the flight speed of M=3.9

1 wions 1966 ropa — renepansHeiit KoHCTpykTop MKB “®aken” M1.A. Mpywu July 1, 1966 - Pyotr D. Grushin, General Designer of the Fakel Engineering
136paH feicTBUTENbHbIM YneHoM Akaaemum Hayk CCCP Design Bureau, was elected Full Member of the Academy of Sciences of the USSR

W Kanewaape namaTHix aar MKB “®aken” i History of the Fakel Engineering Design Bureau [P
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22 1967 ropa Ha
paspabotantoi 8 MKb “®aken”

npuHsaTa 3PC C-200 c paketoit 5821,

4 mapra 1970 ropa - nepabiit nyck pakeTsl 5855

9 uions 1970 ropa pakeroit 5B61 nonuronHoro o6pasua cuctemsi MPO A-35
B WTaTHOM pexume Gblna nepexsayeHa 60eronosKa 6anuCTUYECKoM pakeTs!

30 uioHa 1970 ropa 8 Hebe Hag Eruntom Bnepsbie c6UT komnaekcom C-125
M3pauNbCKMil camoner

4 okTAGpPA 1971 ropa Ha BOOPYXeHUe NPUHAT CAMOXOAHBII Komnnekc “Oca”
30 mapra 1978 roga — nepssiit nyck pakets 9IM330

3 man 1978 ropa Ha Boopyxenue npuHaT 3PK C-125M-1 ¢ pakeroi 5B27[}

30 Hoabpa 1979 roaa ocywecTBieH NepBbiil KaTanynbTHbIA CTapT paketsl 5855

20 anpens 1981 roaa npeanpuATUe HarpaxaeHo opAeHoM OKTAGPLCKO
Pesonioyumn

Anpenb 1981 ropa - 8 He6e Hap JlusaHom snepssle cout 3PK “Oca”
M3paunbCKuit camoner

20 despans 1984 roga coctosnca nepsbiit nyck 3YP 48H6

19 mapra 1986 roaa Ha Boopyxenue npuHaT 3PK “Top” ¢ paketoi 9IM330
20 mapra 1986 roaa y nobepexsa Jiusum 3PC C-200 c6uto Tpu
aMepUKaHCKUX camoneTa.

25 cenTabpa 1991 ropa rexepanbHbiM KoHCTpykTopoM MKB “®aken”
Ha3HaueH Bnapumup lpuropbesuy Ceetnos

27 Hoabpa 1991 ropa COCTOANOCH NEPBOE UCNbITAHUE MUNEP3BYKOBOM
i patopuu “Xonop”, ¢ # Ha Gase pakeTsl 5828

February 22, 1967 - The 5-200 AD missile system fitted with the 5V21 missile
designed by the Fakel Engineering Design Bureau was adopted for service

March 4, 1970 - First launch of the 5V55 missile

June 9, 1970 - The 5V61 missile, a test range sample of the A-35 ABM
system, intercepted a ballistic missile warhead in a regular mode

June 30, 1970 - The first Israeli aircraft was downed by the S-125 system in
the airspace of Egypt

October 4, 1971 - The Osa self-propelled system was adopted for service
March 30, 1978 - First launch of the 9M330 missile

May 3, 1978 - The S-125M-1 AD missile system fitted with the 5V27D missile
was adopted for service

November 30, 1979 - First self-eject launch of the 5V55 missile

April 20, 1981 - The Fakel Engineering Design Bureau was awarded the Order
of the October Revolution

April 1981 - The first Israeli aircraft was downed by the Osa AD missile system
in the airspace of Lebanon

February 20, 1984 - First launch of the 48N6 AD missile

March 19, 1986 — The Tor AD missile system fitted with the 9M330 missile was
adopted for service

March 20, 1986 — Three American aircraft were downed by the S-200 AD
missile system close to the Libyan coast

September 25, 1991 - Vladimir G. Svetlov was appointed General Designer of
the Fakel Engineering Design Bureau

November 27, 1991 - First test of the Kholod hypersonic flying laboratory
created on the basis of the 5V28 missile

Fakel's Missiles



Asrycr 1992 ropa — Ha BbicTaske “Moca3powoy” Bnepsbie NoKasaHbl pakeTsl
MKB “®aken”

17 despansa 1993 roga - Ha seictaske IDEX (A6y-flabu) 8o spems
nokasarenbHeix cTpenb6 paketamu 48HG6E (3PC C-300 MMY1) u paketamu
9M330 (3PK “Top”) 66110 CEUTO HECKONBKO BO3AYWHBIX MULLEHE

23 pekabps 1993 roaa — NPeANpPUATUIO NPUCBOEHO UMA aKAAEMUKA
Metpa Amutpuesuya lpywuxa

17 1995 ropa Ha npuHaTa cuctema MPO Mockosckoro
NPOMBILAGHHOTO paitoHa A-135, B COCTaB KOTOPOI! BXOAAT PaKeTbl, CO3AaHHbIe
8 MKb “®aken”

10 asrycra 1995 ropa & npouecce ucneitanuit 3PC C-300MMY-2 “®asoput”
pakeToi 48H6E2 yHuuTONKEHa Goesasn ronoBKa TaKTHYECKOW paKeTbl

Mapt 1999 roaa - Ha sbictaske IDEX (A6y-/labu) Gbina Bnepesie nokasaxa
paxera 9MIGE

27 mapra 1999 ropa & HeGe napn tOrocnasueit 3PK C-125 c6ut camoner
F-117A (“Crenc”)

Asrycr 1999 ropa - Ha sbictaBke MAKC-99 Bnepsbie nokasaHa pakera
5B27[E

30 2002 ropa ne B OTKP!
aKuynoHepHoe obuiecTso

August, 1992 - First demonstration of the Fakel Engineering Design Bureau’s
missiles at the Moscow Aero Show

February 17, 1993 - Several air targets were downed by the 48N6E
(5-300PMU1 AD missile system) and 9M330 (Tor AD missile system) missiles
during the demonstration launch at IDEX exhibition in Abu-Dhabi

December 23, 1993 - The enterprise was named after Academician
Pyotr D. Grushin

February 17, 1995 - The A-135 ABM system of the Moscow industrial region
fitted with missiles designed by the Fakel Engineering Design Bureau was
adopted for service

August 10, 1995 - The 48N6E2 missile destroyed a tactical missile warhead
during the test of the S-300PMU-2 Favorit AD missile system

March, 1999 - First demonstration of the 9M96E missile at IDEX exhibition in
Abu-Dhabi

March 27, 1999 - An F-117A Stealth aircraft was downed by the S-125 AD
missile system in the airspace of Yugoslavia

August, 1999 - First demonstration of the 5V27DE missile at MAKS-99 exhibi-
tion in Moscow

September 30, 2002 - The enterprise was reorganized into an open joint stock
company

History of the Fakel E;gineeﬁh! Design Bureau m
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