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In April 2019, VOLATAVTO JSC was tasked
with developing a prototype of an analogue of
the Grad multiple launch rocket system. Dur-
ing the R&D project, it was required to develop
a package of design documentation for the man-
ufacture of a prototype launch vehicle.

At a meeting of the company's technical
council, the participants finalised the prototype
concept. To improve performance specifications
of an analogue of the BM-21 launch vehicle, it
was decided to fit the vehicle with a hydraulic
drive for guiding a launch tubes cluster, as well
as equip the vehicle with appropriate aids to
automate the firing data preparation process.

During the development of design documen-
tation, the company had to face problems in the
technology of manufacturing guidance drives
and launch tubes. In terms of key technical spec-
ifications, the company's calculations confirmed
the identity of the prototype to the baseline
design. However, there were concerns that the
calculations might not be confirmed during the
tests. Looking ahead, I must note that the con-
cerns were not in vain. The company had to
modify some components and mechanisms at
the stage of assembling a prototype. =
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BbICOKME BOEBBIE
XAPAKTEPHCTHKM U3TENH,
JANNONKEHHBIE KOHCTPYKTOPAMA,
NOATBEPXTEHDI HA NOJUIOHE

Wropb LWUAMWLKNIA

B ampene 2019 roga KOHCTpPYKTOpaM
OAO «BOJIATABTO» 6bl1a mocTaB/IeHa
3a/jaua CO3[aTh OMBITHLINM obpasel| aHa-
JIOTa PeakTHBHOM CHCTEMBI 3aJITOBOTO
orHs «['pazi». B cooTBeTCTBUM C TaKTHKO-
TeXHUYeCKHUM 3afaHHeM B XOfe OIBITHO-
KOHCTPYKTOPCKO# paboTel TpeboBamoch
pa3paboTaTh KOMIUIEKT KOHCTPYKTOP-
CKO¥ [IOKYMEHTAI[MH HA M3TOTOBJIEHHE
OMBITHOTO 06pasua 60eBoi MallIUHEL

Ha 3acemaHuMM TeXHHYECKOIO COBe-
Ta MPeANpUSITUS ONPENe/IWINCh C KOH-
Lenunueil paspaboTku 06JIMKA OIMBITHO-
ro obpasua. [jist yAy4IIeHUs] TeXHUYe-
CKUX XapaKTEPUCTUK ¥ TIOATBEPKACHUS
TaKTHUKO-TeXHUUYECKUX NAaHHBIX aHajora
6oeBoit mamnubl BM-21 Gputo perreHo
cOenaTh ee C THAPABIUYECKUM IMPUBO-
LOM HaBe[eHUsl TaKeTa HAMPABIISOIIUX,
a [ pellleHus 3afay MOJTOTOBKHU [aH-
HBIX IS CTPE/IbObI pEaKTUBHBIMH CHaPS-
IAaMM YKOMITIEKTOBATH G0EBYI0 MaIIUHY
COOTBETCTBYIOLIMM 000PYIOBaHUEM /I
aBTOMAaTH3aI[UU 3TOTO MPOLIECCa.

Bo Bpems paspaboTKu KOHCTPYKTOP-
CKOM [OKYMEHTAaLM¥ MPHUILIOCH CTOJI-
KHYTbHCS € IPOGIeMaMu B TEXHOTIOTHH M3~
TOTOBJIEHUSI TPUBOMIOB HABEIEHUS U TPYD
Hanpas/siioux. [loNyyeHHbIEe pacyeTsl
[0 OCHOBHBIM TE€XHHUECKUM XapaKTepH-
CTUKaM TOATBEPKATU HUIEHTUYHOCTh
ONIBITHOTO o6pasua aHaaory, OFLHAKO
OCTaBa/IMCh OIACEHMS, UTO B XO[e UCIIbI-
TaHWii pACCYMTAHHBIE TIOKA3ATETU MOTYT
He TIOATBepAUThLCS. U, 3aberas Bmepep,
3aMeuy, TPEBOTH OKAa3a/INCh HEHAIpac-
HBIMU. YKe Ha 3Tane cOOPKU OMBITHOTO
obpasiia MpUXOAUIOCh fOpabaThIBaTh OT-
[leJIbHBIE Y3JIbl U MEXaHU3MBL

[TapatesibHO C CO3[AHUEM OIBITHO-
ro o6pasia paspabaTsiBaach KOHCTPYK-
TOpCKasi IOKYMEHTalus Ha TPyOy make-
Ta HAMpaBIAIINX. 3[eCh TOXKe He 000-
1utock 6e3 cropripu3oB. TeXHOIOrnYecKon
cry>k6e MpeIpUSTHS BO ITIaBe C Hauallb-
HukoM CepreeM AHMKEEBBIM MPUIIOCH
MPWJIOKUTL GOMBIINE YCUIIUSI B YACTH
paspaboTKu TEeXHOJIOTUW USTOTOBJIEHUS
TPyOBL, & KOHCTPYKTOPCKOMY OTHENTy Me-
XaHUKU II07, pyKoBojACTBOM AHppesi Be-
peMeeHKO — B pa3paboTke TPUBOLA Ha-
Be[[eHUs ITaKeTa HAIPABJISAIOIIUX B TOPH-
30HTa/JIbHOM IJIOCKOCTH.

Beutn paspaboTaHbl [Be TEXHOJIOTUU
MIPOU3BOJCTBA TPYOLI 1715 TaKeTa HaIpas-
naomux BM. IlepBasg — WHHOBaIMOH-
Hasi, ¢ GOPMHMPOBAHUEM Ma3a U TPYOBI
Y3 CTAJIBHOTO JIUCTA C €QUHBIM CBAPHBIM
IIBOM K3 MeTa/Ia IOBBIIIEHHBIX MeXa-
HUYECKUX CBOMCTB. Ml BTOpas Tpaguuu-
OHHAasl, «COBETCKasi». mp
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m) [lepen yCTAHOBKOM 3TUX HeTajIei Ha ONBITHBIN 00pasel; ObIIH IpoBege-
HBI MX CTPeJIb0OBbIE HCIIBITAHYS Ha IIEPEHOCHOM ycTaHoBke YIIN-122B. Ouu
[TOKA3aJIX IPUTOJHOCTE TPYO [JIst MOHTUPOBAHHUS B [TAKET HAIIPABISIOLINX
M [IOITYCK KX K CTPEIIEOOBBIM UCIIBITAHUSIM B COCTaBe ONBITHOTO 00pasma.

K OKOHYAHHIO CTPe/lbOOBBIX HCIBITAHWM TPYObI OBUI COOpPAH OMBIT-
HEBIN 06paser; BM, IOArOTOB/IEHBI COOTBETCTBYIOIINE CIelHaaicThL. Ilep-
Bble [IPOBEPKH [I0Ka3ajIy, YTO pacyeThl okasaTeneil QyHKINOHUPOBaHHUS
THUAPaBINYECKON CHCTEMbI IIPUBOAOB, CAE/IaHHble KOHCTPYKTOPCKUM OT-
[leJIOM TUJAPABIMKY 107, PyKOBOACTBOM HayaJbHUKA OTHea AjlekcaHapa
JleBuyKa, IOATBEPIAUINCE.

Maxker EM PC30 ranubpa 122 MM BriepBbIe ObUT IPOJEMOHCTPHUPOBAH Ha
VI Me>xnyHapoqHOM BOEHHO-TeXHHYecKoM ¢opyme «Apmusi-2020», mpoxo-
nmusineM 22-28 aBrycra 2020 roga B nogMockoBHoM KybuHKe, a ciycTst He-
[IPOJOJKUTEIbHOE BPEMsI OIBITHBIM 06paser] YCIIeNIHO IPOIIesl CTPenb6o-
Bble ucrbiTanuss. OHu mpoBoawIuch ¢ 30 ceHTsa6ps mo 2 okTs6pst 2020 roma
Ha nonurone OCHUIIOBUYCKHI IO IPOrpaMMe, YTBePKAEeHHON JUPEKTOPOM
OAO «BOJIATABTO» Eprennem BabapbikunbiM. CTpenbba Benach U3 Kpaii-
HUX IOJIOKEHHH [IakeTa HANpPaBIISIONINX, & TAKKe Yepe3 KabHHY aBTOMO-
6wibHOrO Hraccy. Vi3 ofHO HaIpaBisiollel ObUT IPOU3BEZeH OTCTpes 6o-
nee cotHH PC — [j1s mpoBepky pecypca TpPyOBI IaKeTa HarpaBIsiOIInX.
Wzpenuve ycnelnHo BhIAepsKaio HellerKHil sK3aMeH. Bo BpeMsl MCTIBITaHUN
ombiTHOro obpasua, cosganuoro OAO «BOJIATABTO», 6butM IpPOBEPEHBI
BCe COCTaBHbIE YAaCTH, Y3/Ibl U MeXaHU3MbL. 3a/I0’KeHHbIe XapaKTepUCTUKHU
BM noaTBepauinch.

BHOBB pa3paboTaHHasi peaKTHBHAs CHCTeMa 3a/I0Boro orast «IIIkBam» oc-
Hall[eHa TPy0aMy OTEUeCTBEHHOTO MPOU3BOACTBA, 3¢ deKTHBHOM aBTOMATH-
3MPOBAHHOM CHCTEMOH YIIpaB/IeHHsI OTHEM, CUCTeMOM CITyTHUKOBOY HaBUTa-
LIMY, MeTeOCTaHIIMeH, COBPeMeHHBIM KOMIUIEKCOM CBSI3U U ITepeflauy JaHHbIX,
aBTOMAaTH3UPOBAHHOM CHCTEMOM HaBeeHu st s paboThI B cocTaBe GaTapen
(mMBH3MOHA) C ITOTyUeHHeM IleIeyKa3aHUsI C PA3/IMYHbBIX ITYHKTOB YIIPABIECHHS.

=) In parallel with the creation of the proto-
type, the company was developing the design
documentation for the launch tube. There were
some difficulties too. The company's process
engineering department, headed by Sergei Ani-
keev, had to make great efforts in developing
the technology for manufacturing the tube. The
mechanics design department, led by Andrei
Veremeenko, made great efforts in developing
a drive for guiding the cluster of tubes in the
horizontal plane.

The company developed two technologies
for the production of a tube for the vehi-
cle’s guiding tubes cluster. The first one is
an innovative technology with the forma-
tion of a groove and tube from a steel sheet
with a single welded seam, from a metal of
increased mechanical properties. And the sec-
ond one is the traditional Soviet technology.

Before mounting these components on the
prototype, the company carried out firing tests
on a portable UPI-122B system. The tests
showed that the tubes were suitable for install-
ing in a tube cluster and could be approved for
firing tests of the prototype model.

A prototype launch vehicle was assembled,
and appropriate specialists were trained by
the end of the tube testing stage. The first
checks proved that the calculations of the per-
formance indicators of the hydraulic drive sys-
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Bce 5TO 3HAUUTENIFHO YMEHBIIAET BpeMsi HaXOKIeH!sT 60eBOM MalIUHBL HA
OTHEBO1 [IO3UIIVH U IIOBBIIIAET €€ JKUBYUECTh B YC/IOBUSIX COBPEMEHHOI'0 601

PeakTuBHas cHCTeMa CMOYKET UCIIOJIb30BATh HE TOJIBKO BCIO JINHEHKY Ooe-
IIPUITACOB, IPUMEHSIEMBIX Pa3IUYHBIMU Mopudukanusamu PC30 «['pan», HO
u 122-MM peakTUBHBIE CHapsiAbl, MogepHusupoBaHHble Ha PITYII «3aBop
TOYHOM BJIEKTPOMEXaHUKI.

B pesynbrare ciaskeHHOM paboThI BCEro KOJUIEKTHBA II0[] pyKOBOLCTBOM
ITIaBHOTO KOHCTPYKTOpa 6oeBoit Mammmubl IOpus HukonaeBa momyuwmics
OIBITHBIM 0Opaser, 110 MHOTMM CBOMM XapakTepPUCTHKAM [IPEBOCXOLSIIHIA
aHasior — 6oeByto Maurray PC30 BM-21.

YiydineHre XapaKTePUCTHK OCYILECTBIISIIOCH 33 CUET IOBBIIIEHHS TOY-
HOCTH pacyeTa JaHHbBIX AJIs1 CTPeIb0bl PeaKTUBHBIMY CHApsIaMH Ha OCHO-
Be II0JIHO# TIOATOTOBKY JAHHBIX [JIST CTPEIBObI, P YCIOBUY IIPHMEHEHHUST
aBTOMATHU3MPOBAHHOI CUCTEMEI YIIPABIEHHS OTHEM. YUET MeTEOpOJIOTH-
YEeCKHX YCJIOBUI Ha ONBITHOM 06pasiie 00ecreyrnBaeT METEOPOIOTHIeCKast
CTAHLHS C OIIpefesieHHeM MeTeOPOIOTHUECKUX YCIOBHI CTPEIbOBL:

— MTHOBEHHO# cKopocTd BeTpa: 1,5-40 M/c ¢ JONyCTUMOM MOrpPEIIHo-
cteio 0,35 £ 0,05 M/c;

— MTHOBEHHOTO HaIlpaBileHHus: BeTpa 360 rpagycoB ¢ HOIYCTHMOMH IIO-
TPELIHOCTEI0 +1°%

— TeMmeparypsl Bozgyxa: oT Munyc 40 °C mo + 45 °C;

— OTHOCUTENBHOH BiakHOCTH Bozmyxa: 30-100 % c momycTuMol Io-
IPeLIHOCThI0 5 %;

— armocdepHoro pasnenus: 400-800 MM pT. CT. C HOIYCTUMOM ITO-
rperrHoCThI0 (morperuHocts mpu +20 °C — 3,4 mm pr. ct, npu +40 °C —
4,2 MM pT. cT., ipu MuHyc 40 °C — 3,6 MM PT. CT.).

DIIeKTPOIUTAHIE METEOPOJIOTMYECKOI CTAHI[UY 0HECIIeUnBAETCS OT 6Op-
TOBOY CETH ONBbITHOTro 06pasiia BM. Bpemst pa3BepThIBaHNST METEOPOIIOTH-
4YeCKOH CTaHIMM OJHUM UeJIOBEKOM He IIpeBHIIIAeT 2 MHUHYT C PacueToM
OrojuteTeHss «MeTeo-pubnuskeHHbI» Ha APM. Uspenue crmocobHo pabo-
TaTh IIPU TeMIlepaTypax Bosayxa oT Munyc 45 °C go +50 °C, oTHOCHTEb-
HOM BJI&JKHOCTH 95 MPOILIeHTOB IIpu TeMiepaType +25 °C.

MeTeoposorruyueckast CTaHIKSA 06ecrieyuBaeT HeIIPepHIBHOE HU3MEPEHHE,
00paboTky u mepemauy maHHeix HAa APM BM (MBY) B uHTepBamax BpeMe-
Hu 1, 3, 5, 10 MuH.

tem were correct. The calculations were made
by the hydraulics design department headed
by Alexander Levchuk.

A mock-up of a 122 mm launch vehicle
was unveiled at the VI international military-
technical forum Army 2020, held from 22 to
28 August in Kubinka near Moscow. A short
time after the exhibition, the prototype was
successfully test-fired. Firing tests took place
from 30 September to 2 October 2020 at
the Osipovichsky training ground under the
programme approved by Yevgeny Babarykin,
director of VOLATAVTO JSC. Shooting was
carried out from the extreme positions of the
launch tubes cluster, as well as from the chas-
sis cab. More than a hundred RS were shot
from one of the launch tubes to check their
resource. The system passed the test success-
fully. All components, units and mechanisms
were checked during the tests of the proto-
type, which was developed by VOLATAVTO
JSC. The tests confirmed all the characteris-
tics incorporated into the launch vehicle by
the designers.

The Shkval multiple launch rocket system is
equipped with domestically produced tubes, an
automated fire control system, satellite naviga-
tion system, weather station, communications
and data transmission system, automated guid-
ance system for operating as part of a battery
(battalion) with receiving target designation
from various control posts. This significantly
reduces the time spent by the launch vehicle in
a firing position and increases its survivability
in modern combat.
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CpenyHHBIE OLIMOKY, BO3HHUKAIOIIME KU3-32 TOUYHOCTH ONpPEeMIe/IeHUsT Me-
TEOPOJIOTMYECKHX YCIIOBHI CTPebObI [JIs ONMBITHOrO obpasiia U aHaiora
BM-21, npencraBnens! B Tabnure 1.

PacueTel MoKkaspIBalOT, YTO 3a CUET IOBBIIIEHWS TOYHOCTH H3MepeHHH
METEOPOJIOTHYECKHX YCIIOBUM CTPEIbObI B COBOKYITHOCTH MOJKHO CHU3UTh
CPeNUHHYI0 OLIMOKY B masbHOCTH Ha 130-150 m:

1o TeMIeparype 3apsanaa Ha [1YT npu MUHHUMaIbHOHU AaIbHOCTU CTPEIb-
651 — 0,5 x 0,1 x (358-231) = 179-1,6 m;

II0 TeMIleparype 3apsaa Ha [TYT nmpu MaKCHUMaIbHON JaJIbHOCTH CTPEJIb-
661 — 0,5 x 0,1 x (111-20) = 5,5-1,0 »;

110 HazeMHOMY faBjeHuio Ha [TY T npu MakcHMaIbHON JalbHOCTH CTPesIb-
661 —1x01%x9=10mMm;

10 HazeMHOMY fAaBieHuIo Ha [1YT npu MakcHMaibHOM JaIbHOCTH CTPEIb-
661 —1x 0,1 x 160 = 16 M;

Tabnuya 1./ Table 1.

CWUCTEMA CPEAUHHbBIX OLLUNBOK, BOSHUKAIOLLUX N3-3A
TOYHOCTU ONPEAENEHWUA METEOPONIOrMYECKMX YCTIOBUIA
CTPENbBbI BM-21 1 OMbITHOI0 O6PA3LIA

THE SYSTEM OF PROBABLE ERRORS ARISING FROM THE
ACCURACY OF DETERMINING THE METEOROLOGICAL CONDITIONS
OF FIRING THE BM-21 VEHICLE AND THE PROTOTYPE VEHICLE

3HaueHue cpeauHHbIX oWwnbok /
Probable error value

WcTounmk owubok / Source of error
cyLiecTsytowwas OnbITHbINA 06pase /

BM-21/BM-21vehicle{ Prototype vehicle

1. OnpepeneHve TeMnepatypbl 3apspa Ha AYT, E.
°C / Determination of the charge temperature 15/15 1,0/1.0

during the powered flight phase, E;, °C

2. OnpepeneHne Ha3eMHOr0 AaBNEHNS aTMoCde-
pbl Ha AYT, E,,, Mm pT. cT. / Determination of the
ground atmospheric pressure during the powered
flight phase, E,, mm Hg

Hr

3. Onpepenexne 6anaMCTMUECKOr0 OTKNOHEHUS
Temnepatypbl Ha AYT, ., °C / Determination of
the ballistic temperature deviation during the 15/15 1,0/10
powered flight phase, E._, °C

Te!

4. OnpepeneHue NpopoNbHON 1 HOKOBOI COCTaB-
nsowen 6annuctTuueckoro Betpa Ha AYT, Ene
E,y,» M/c / Determination of the longitudinal and 1,7/17 1,0/1.0
lateral components of the ballistic wind during

the powered flight phase, E Ewy, m/s

5. Onpepenetve Temnepatypbl 3apsaa Ha MyT, E.,
°C / Determination of the charge temperature 15/15 1,0/10
during the free flight phase, E._, °C

Ts!

6. OnpefeneHm1e HA3eMHOr0 AaBneHus aTMocde-
poi Ha YT, E,, MM pT. cT. / Determination of the
ground atmospheric pressure during the free 2 1
flight phase, EH, mm Hg

7. Onpepenexue 6annncTMYECKOr0 OTKNOHEHUS
Temnepatypbl Ha MYT, E. , °C/ Determination of
the ballistic temperature deviation during the 15715 10710

free flight phase, E;, °C

8. OnpegeneHne NpoaosibHoi 1 6OKOBON COCTaB-
naoLwen bannuctuueckoro Betpa Ha MyT, EWX'
EM/c/ Determination of the'lopgit'udinal a!nd 17/17 1,0/10
lateral components of the ballistic wind during

the free flight phase, E, , E,,,, m/s

The MLRS will be able to use not only the entire
line of ammunition used by various modifications
of the Grad MLRS, but also 122 mm rockets
upgraded by Precise Electromechanics Plant.

The well-coordinated work of the entire
team under the leadership of chief designer
Yuri Nikolaev resulted in a prototype that is
superior to the baseline design — the BM-21
launch vehicle.

The improvement in performance has been
achieved by increasing the accuracy of calculat-
ing the data for firing based on the full prepara-
tion of firing data, provided that an automated
fire control system is used. The meteorological
conditions are taken into account with the aid
of a meteorological station with the determina-
tion of meteorological conditions:

— instantaneous wind speed: 1.5-40 m/s with
an acceptable error of 0.35 + 0.05 m/s;

— instantaneous wind direction: 360 degrees
with an acceptable error of *1°

— air temperature: from -40 °C to +45 °C;

— relative air humidity: 30-100% with an
acceptable error of +5%;

— atmospheric pressure: 400-800 mm Hg
with an acceptable error (error at +20 °C is 3.4
mm Hg; at +40 °C — 4.2 mm Hg; at -40 °C —
3.6 mm Hg).

The meteorological station is powered from
the on-board network of the prototype vehicle.
The station can be deployed by one person in
2 minutes with drawing up an approximate
meteorological report for an automated work-
station. The product is capable of operating at
air temperatures from -45 °C to +50 °C, relative
air humidity of 95% at a temperature of +25 °C.

The meteorological station provides continu-
ous measurement, processing and transmission
of data to automated workstations of the launch
vehicle (battle command vehicle) in time inter-
vals of one, three, five, and ten minutes.

Probable errors arising from the accuracy of
determining the meteorological conditions for
the prototype and the BM-21 vehicle are pre-
sented in Table 1.

Calculations show that by increasing the accu-
racy of measuring the meteorological conditions
of firing, it is possible to reduce the probable
range error by 130-150 m:

charge temperature in the free flight phase
at the minimum firing range —

0.5 x 0.1 x (358-231) = 17.9-1.6 m;

charge temperature in the free flight phase
at the maximum firing range —

0.5 x 0.1 x (111-20) = 5.5-1.0 m;

ground pressure in the free flight phase at
the maximum firing range —1 x 0.1 x 9 = 1.0 m;

ground pressure in the free flight phase at the
maximum firing range — 1 x 0.1 x 160 = 16 m;

air temperature in the free flight phase at
the maximum firing range —1x 0.1 x 7 = 1.0 m;
air temperature in the free flight phase at the
maximum firing range — 1 x 0.1 x 252 = 25 m;
longitudinal component in the free flight phase
at the minimum firing range —
07x01x4=0m

longitudinal component in the free flight

phase at the maximum firing range —
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II0 TeMIlepaType Bo3ayxa Ha ITYT npu MakcHMaspHOM OabHOCTH CTPeIIb-
661 —1x 0,1 x7 =10 m;

II0 TeMIlepaType Bo3ayxa Ha [TYT npu MakcHMasbHOM HaIbHOCTH CTPeJlb-
661 —1x 0,1 x 252 = 25 m;

10 IIPOJOIBHOM ciararomieid Ha [IYT npu MUHMManbHOHW HalbHOCTH
cTpensber — 0,7 x 01 x 4 = 0 m;

II0 MpOXOoNbHOU ciarapomieii Ha [TYT mpu MakcHUMaJIbHON HalbHOCTH
crpenbber — 0,7 x 0,1 x 496 = 35 m;

IO MIPOJOIBHOMY Ga/uTUCTHYeCcKOMY BeTpy Ha AYT HmpH MUHUMAaIBHOM
manbHOCTH cTpennbdbr — 0,5 X 0,1 x 4 x 82 = 16 m;

IO TIPOLOJIBHOMY GaUTUCTHYecKOMY BeTpy Ha AYT mpy MakCUMasIbHOM
manbHocTu cTpensber — 0,5 x 0,1 x 159 x 3 = 2 wm;

110 60K0BOMY basnucTryeckoMy BeTpy Ha AY T mpyu MUHUMAIILHOM Jajlb-
HocTH cTpesibOb — 0,5 x 0,1 x 7,3 x 82 = 30 Mm;

110 60K0BOMY basuTHcTHYecKOoMy BeTpy Ha AY T npy MakCHMaIbHOM [Aalb-
HocTH cTpenibbbr — 0,5 x 0,1 x 3,3 x 3 = 0,5 m;

cyMMapHas omwubka B gansHoctd (% = 130-150 m).

B HampaBneHuu:

o 60K0BOMY baymucTHYeckoMy BeTpy Ha I1Y T npu MUHUMAIILHOM Jajib-
HocTH cTpensber — 0,5 x 0,1 x 1 = 00-00 genenwust yriioMmepa;

110 6oKoBoMy baymucTryeckoMy BeTpy Ha ITY T py MakcHMaIbHOM Aaib-
HocTH cTpesibbbl — 0,5 x 0,1 x 16 = 00-01 geeHus yriaomepa;

o 6oxkoBoMY baynucTHyeckoMy BeTpy Ha AY T nmpyu MUHUMAIILHOM JajTb-
HocTtH crpenbber — 0,5 x 0,1 x 50 = 00-02,5 meseHvist yriaomepa;

o 6oKoBOMYy bayrcTHYecKoMy BeTpy Ha AY T mpy MakCHMaIbHOM Hailb-
HocTH cTpenbbbl — 0,5 X 0,1 x 75 = 00-04 fmeneHus: yriioMeps;

I10 IIPOJOIBHOMY OajUTuCcTHYecKoMy BeTpy Ha AYT Ipy MUHUMAaIbHON
ImanbHocTu cTpensbsr — 0,5 x 0,1 x 1 = 00-00 penenust yriuomepa;

I10 IPOJOJIbHOMY bayuncTiHyeckoMy BeTpy Ha AYT mpy MakCHMaibHON
manbHOCTH cTpenbdbr — 0,5 X 0,1 x 9 = 00-00,5 menenust yriuomMepa;

cyMMapHasi OIIn6Ka B HanpaeneHuu (X = 2,5-8 mesteHui yIiaoMepa).

Crnef0BaTeIbHO, ONBITHBIN 00pa3el] B YaCTH YTy UIlIeHHs TOUHOCTH OIIpe-
Ie/IeHNsI MEeTEOPOJIOTHYEeCKUX YCIOBHI CTPEIbObI B CpefHEM I03BOJISIET
YIIy4IIXTh [TOKa3aTesX MOJIHOW MOJTOTOBKU:

B masbHOCTH 0 150 M;

B HaIlpaBJIeHUU A0 8 AelleHHuH yIioMepa.

Pacuer maHHBIX IJIS1 CTPEIBOBI OCYIIECTBISIETCS B aBTOMATH3HPOBAHHOM
PEKUME C YUETOM METEOPOJIOTMYECKUX YCIIOBHY cTpenibObl Ha APM BM c uc-
II0JIb30BaHKEM TIPUKIIAHOTO IPOrpaMMHOro obecrneuenus (nanee — I[1I10).

0.7 x 0.1 x 496 = 35 m;

longitudinal ballistic wind in the powered
flight phase at the minimum firing range —
0.5x0.1x4x82=16m;

longitudinal ballistic wind in the powered
flight phase at the maximum firing range —
0.5x0.1x159 % 3=2m;

lateral ballistic wind in the powered flight
phase at the minimum firing range —

0.5 % 0.1 x73x%82=30m;

lateral ballistic wind in the powered flight
phase at the maximum firing range —

0.5%x0.1x33%x3=0.5m;

total error in range (% = 130-150 m).

Direction:

lateral ballistic wind in the free flight phase
at the minimum firing range —

0.5 x 0.1 x1=00-00

lateral ballistic wind in the free flight phase
at the maximum firing range —

0.5 x 0.1 x 16 = 00-01

lateral ballistic wind in the powered flight
phase at the minimum firing range —

0.5 x 0.1 x 50 = 00-02.5

lateral ballistic wind in the powered flight
phase at the maximum firing range —

0.5 x 0.1 x 75 = 00-04

longitudinal ballistic wind in the powered
flight phase at the minimum firing range —
0.5 x 0.1 x1=00-00

longitudinal ballistic wind in the powered
flight phase at the maximum firing range —
0.5 x 0.1 x 9 = 00-00.5

total error in direction (3 = 2.5-8 mil).

Consequently, in terms of improving the
accuracy of determining the meteorological
conditions, the prototype makes it possible to
improve the indicators of full preparation of fire:

Range — up to 150 m

Direction — up to 8 mil

Firing data is calculated in an automated
mode, taking into account the meteorological
conditions, at an automated workstation of the
launch vehicle using application software.

The absence of the need to calculate firing
data using a fire control device allows troops to
improve the characteristics of full preparation
of firing data (Table 2):

Range — up to 5-6 m

Direction — 0-01

The use of an analytical method for calculat-
ing firing data at automated workstations for
each launch vehicle allows troops to complete-
ly eliminate probable errors in battery firing
and probable errors in battalion firing, which
in aggregate can reach the following values:

In range — up to 100 m

In direction — 0-02 (Figure 1)

The automated system for guiding the launch
tubes cluster allows it to be aimed at a target
with accuracy in elevation and azimuth of no
more than +4 arc minutes.

The automated system enables troops to:

take up unprepared firing positions;

prepare the launch vehicle within 6 minutes,
excluding the time of transmitting target data
to the vehicle and the time of arrival at the fir-
ing position;
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Tabnuya 2./ Table 2.

CUCTEMA CPEAVHHDIX OLLUNBOK, BOSHNKAIOLIWX U3-3A PYYHOI0
CNOCOBA ONPEAENEHNA AAHHDbIX N1 CTPENbBbI BM-21
B CPABHEHUU C OMbITHbIM OBPA3LIOM

THE SYSTEM OF PROBABLE ERRORS ARISING FROM THE MANUAL
METHOD OF FIRING DATA PREPARATION FOR THE BM-21 VEHICLE IN
COMPARISON WITH THE PROTOTYPE VEHICLE

3HaueHue cpeavHHbIX OWMBOK /
Probable error value

WcTounuk owmbok / Source of error CyluecTBylowas OMbITHbIIA 06pa-

bM-21/BM-21 3ey / prototype
vehicle vehicle

1. OnpepeneHue faHHbIX Ans cTpenbbbl Ha MYO, EX,
E , m/c/ Firing data production using a fire control 5 HeT/ no
device, Eg Ey, m/s

2. 0npepeneHne MCUMCNEHHbIX YCTAHOBOK C NOMOLLbI
rPn, E,, E, %, n.y. / Determination of predicted firing 02/0.2 HeT/ no
data using a graph of calculated corrections, EW Ev' %, mil 1

OTcyTcTBHE HEOOXOAUMOCTH PacyueTa YCTAHOBOK C MCIIOIb30BAHUEM IIPH-
6opa ymnpasnenus orueM (nanee — [1YO) mo3BoASIET YIYUIINTL XapaKTEpPH-
CTHKY TIOJIHOM TIOATOTOBKY (Tabiuma 2):

10 JAJIbHOCTH Ha 5-6 M;

o HanpabieHuio — 0-01 meneHus yriomepa.

[TpyMeHeHHe aHATUTHYECKOrO CIIocoba pacyera yCTaHOBOK [JIS CTPEJIb-
ObI Ha aBTOMaTH3HPOBaHHBIX pabounx MecTax (namee — APM) myist kaxkmoit
BM m03BO/ISIET MOIHOCTHI0 UCK/IIOYUTH CPeIUHHbBIE OLIHOKK CTpPeIs0bI Oa-
Taped ¥ CpefUHHbIE OLIMOKU CTPEIbObI JUBH3HOHA, KOTOPhIE B COBOKYII-
HOCTH MOT'YT AOCTUTaTh 3HAUEHHI:

o manbHocTH o 100 M;

o HanpapieHuio — 0-02 menenus yrioMepa (pUCyHOK 1).

CpefuHHbie owwmbKu cTpenb6bl
([ ) amBu3unoHa / Probable errors of
artillery battalion firing

[JaneHocms / Range

CpeavHHbie oWwMbKN cTpenb6bl
] 6atapeu / Probable errors of artillery
battery firing

CpepuHHbie ownbky cTpenbbbl BM /
[ ) Probable errors of the launch vehicle
firing

HanpaeneHue / Direction

PucyHok 1. CpeanHHbIE OLIMGKN, CONMPOBOXXAaloLWme cTpenbby auBu3noHa M-21.
Figure 1. Probable errors accompanying the BM-21 battalion firing.

ABTOMaTH3MPOBaHHAS CUCTeMa HaBe[eHHs NTaKeTa HAMPABJISIOIINX C pe-
aKTHUBHBIMU CHapsiiaMH II03BOJIsIeT HABECTHU ero Ha IiejIb ¢ TOUHOCTHIO 110
YIJIy MecTa ¥ asuMyTy Liefii He Oosee + 4 yIiIoBble MHHYTHL

B COBOKYIHOCTH aBTOMAaTH3HUPOBAaHHAs CHCTEMA OIBITHOr0 00pasiia Io-
3BOJISIET:

3aHMMAaTh HEIIOATOTOBJI€HHbIe OTHEBbIe [IO3UIUY;

OCYILIECTBISATH OATOTOBKY CTPeb0bl BM 3a 6 MUHYT Ge3 yueTa BpeMeHH
Tepefjadyy JaHHBIX 110 LieisiM Ha EM 11 BpeMeHU 3ae3/1a Ha OTHEBYIO II03UIIHUIO;

28 BOEHHO-MPOMBILLIEHHBI KOMMJIEKC. BEMTAPYCh | MILITARY-INDUSTRIAL GOMPLEX. BELARUS

set up/tear down the launch vehicle in no
more than 2 minutes.

It takes 6-8 minutes to prepare the prototype
vehicle for firing at an unprepared firing position
(currently it takes about 17-18 minutes with fire
positions survey using a portable gyrocompass
from the 1V-110 system).

There is a possibility of providing interoper-
ability with command and staff vehicles of for-
eign customers. The automated control system
of complex 9K51 can be integrated into the gen-
eral artillery control system.

The launch vehicle developed during the Shkval
R&D project will have the following advantages
over the available BM-21 vehicle:

at least a 1.5-fold increase in the accuracy of
full data preparation and launch unit guidance;

possibility of reducing the crew of the launch
vehicle (the V-50/40A vehicle is manned by
a crew of three);

there is no need to deploy a battery (battal-
ion) weather station;

elimination of random errors in battery and
battalion firing;

reduction in time needed for compiling a mete-
orological report;

reduction in time for calculating data for fir-
ing rockets;

reduction in the accounting interval for mete-
orological and ballistic conditions (the current
interval is 15 minutes);

improvement in the accuracy of measuring
the charge temperature;

improvement in the accuracy of measuring
meteorological conditions;

reduction in the readiness time due to the
automation of control processes in subunits, as
well as the automation of preparation and fir-
ing processes.

The V-50/40A design provides for the instal-
lation of rocket pods that can fire multi-calibre
rockets. The rotary support can accommodate
122 mm and 220 mm launch tubes. Depending on
the mission assigned, the automated fire control
system calculates firing data for different cali-
bres and sets the sequence of rockets for firing,
depending on the type of a target and degree
of target protection.

As a result of the R&D project, customers are
offered the V-50/40 vehicle (without an auto-
mation system) and the V-50/40A vehicle (with
an automation system) from the line of MLRS
developed by VOLATAVTO JSC (V-200 and
V-300 under the Polonez project). The V-50/40A
launch vehicle with the V-200 MLRS and the
V-300 rocket system allow troops to hit various
enemy targets in the affected area from the line
of contact at a distance of up to 300 km. The
automated system of V-50/40A, V-200 and V-300
ensures their use in a unified engagement system.

In the future, it is planned to extend this
line of MLRS with the upgraded 9K57MB sys-
tem (consisting of the 9P140MB launch vehicle
and the 9T452MB transporter-loader vehicle)
and the upgraded 9K58MB system (consisting
of the 9A52MB and 9T234MB vehicle), which
will ensure the effective target engagement in
modern combat.
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OCYILECTBISTh pasBepThIBaHUE B 60€BOe I0JI0KeHHe (CBepThIBAHHE B I10-
Xo[Hoe noroxkeHne) BM He 6oiee ueM 3a 2 MUHYTEL

Ha HemofroToBIeHHOM OTHEBOM MO3UIIMK BPEMSI IIOATOTOBKY CTPEIbOBI
6-8 MHUHYT (B HacTosilllee BpeMsi OKOJIO 17-18 MUHYT IIpu TOIOTreone3unye-
CKOH IIPUBSI3Ke OTHEBOM IO3UIINH C IPMMeHeHHeM IIePeHOCHOTO TMPOKOM-
maca us cocrasa 1B-110).

ViMeeTcsi BO3BMOXKHOCTh MH(GOPMALIOHHO-TEXHUYECKOTO CONPSDKEHUS
c KIIIMY wuHo3akas4yuka. To eCTh aBTOMaTHU3UPOBAHHYIO CHCTEMY YIIpaB-
serust kKoMmiurekcoM 9K51 coBMecTUTh ¢ 001Iei CHCTEMOM YIIpaBIeHus ap-
TUJIJIEpUE.

BoeBas maminHa, pa3paboTaHHAasi B XOJe BBIIOJIHEHHUS OIBITHO-
KOHCTPYKTOPCKO# paboTs! «IIIkBam» OymeT UMeTh CIeAyIoliye IpernMyiie-
CTBa Iepef CyLIecTBYoLIei 60eBoit MauriHoi BM-21:

MOBBILIIEHNEe TOYHOCTH IIOJIHOM IIOATOTOBKH HAHHBIX UM HaBemeHHs AY
IUIs1 CTpenb0bl He MeHee yeM B 1,5 pasa;

BO3MOJKHOCTh COKpaiienus pacuera BM (pacuer BM B-50/40A — Tpu
YeJI0BeKa);

OTCYTCTBYeT HeoOXOAUMOCTh pa3BepTHIBAHKSI METeolocTa baTapen (mu-
BU3HOHA);

HCKITIOUEHME CITyYaiHbIX OUIMOOK CTpebbbl OaTaper, JUBU3HOHA;

CcoKpalljeHHe BPEMEHH COCTaBIIEHUsT METEONPHUOIHKEHHOTO;

COKpallleHHe BpeMeHH pacyeTa YCTaHOBOK Ajsi cTpensbs PC;

COKpallleHHe WHTepBaJla yueTa MeTeOpOJIOTHYECKUX U Ba//THCTHYECKUX
VCJIOBHIA CTPENBOEI (B HAacTosIIee BpeMs 15 MUHYT);

MOBBIIIIEHNe TOYHOCTHU U3MepeHus TeMiepaTypsl PC;

NIOBBIIIIEHHe TOYHOCTY U3MepeHUsI METeOPOJIOTMYECKUX YCIIOBUH CTPeIb-
651 PC;

COKpallleHHe BPEMEHHU TOTOBHOCTH K CTpejib0e 3a CUeT aBTOMAaTH3aI[UK
IIPOLIECCOB yIIpaB/IeHUs B II0Jpa3fe/leHusX, a TaK)Ke IOATOTOBKYU U CTPeIb-
651 PC.

Koncrpykuueit BM B-50/40A npeycMOTpeHa YCTaHOBKA [TAKETOB HAIPAB-
JISIIOIIKX ¢ 6U-KamubepHbIM cocTaBoM. Ha 0mopHO-TIOBOPOTHOE YCTPOMCTBO

MOJKET YCTaHAB/IMBAThCS] OHOBPEMEHHO HAIIPAB-
nsrompe kamubpa 122, 220 M. B 3aBucuMocTH
OT II0CTABJIEHHOM 3aa4H, aBTOMATU3NPOBAHHAS
CHCTeMa YIIPaBJIEHUsI OTHEM OCYILECTBIISIET pac-
YeT YCTAHOBOK [I/isl CTPEIbObI pa3HOro Kanubpa
U YCTaHABIMBAET OUEPESHOCTh CTPEIbObl peak-
THUBHBIMH CHapsifiaMHi B 3aBHCHMOCTH OT THIIA
U CTENIeHH YKPbITOCTH LIEJIH.

B pesynerate BhImonHeHuss OKP moreHun-
aJIbHBIM IIOKYIIaTeIsIM IpensaraeTcsl Usfenue
B-50/40 (6e3 cucTeMbl aBTOMAaTH3ALWMU), U3[E-
nve B-50/40A (c crcTeMoi aBTOMaTH3AI[UN) U3
nuHerky paspaboranabix OAO «BOJIATABTO»
PC30 (B-200 u B-300 mo mpoekTy «IlooHes»).
BM PC30 B-50/40A ¢ PC30 B-200 u pakeTHbIM
xoMIuiekcoM B-300 mo3BoISIOT IOpakaTh pas-
JIMYHBIE 10 HA3HAUYEHHUI0 0OBHEKTHI IPOTHBHUKA
B 30HE IIOPayKeHUs OT JINHUHK HOEBOT0 COMIPUKOC-
HOBeHHUs Ha ypaaneHuu o 300 KM, a aBTOMAaTH-
supoBaHHas cucteMa B-50/40A, B-200 u B-300
obecrieynBaeT UX MPUMEHEHNE B e[IUHOMN CUCTe-
Me OTHEBOTO IOPaKeHUsI IIPOTUBHUKA.

B nepcnekTuBe B faHHy0 1uHeliky PC30 na-
HUPYeTCsI BBECTU MOJI€ PHU3UPOBAHHBINA KOMITIEKC
9K57ME (B cocTaBe 60eBoit Mamuubl 911140MB
Y TPAHCIIOPTHO-3apsbKaroieit Mamuabl 9TA52MB)
¥ MOfiepHU3HpOBaHHbIi KoMmiutekc 9K58MB (g co-
craBe OoeBoit MamuHbl 9A52MB u 9T234MBE),
yTo 0becrneunT 3¢eKTHBHOCTL OTHEBOTO IIOPa-
SKeHHsI IPOTUBHUKA B IIPOBOAVMBIX COBPEMEH-
HBIX OIlepalysX.
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