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YBaxaemble yntatenu!

Bawemy BHUMaHWO npeanaraeTcs HOBbIM XypHan — «BecTHuk BO3-
AYLUHO-KOCMNYECKON 0BOPOHbIY.

Ha3sBaHue xypHana BO3HWKIIO He cryyaiHo. OHO NOMHOCTbI0 OTBEYaeT
Lenu ero u3gaHus — nybnukauum akTyarbHOM HayYHO-TEXHUYECKON WHAOp-
MaLu no npobnemHbIM BOMpocaM MepCnekTUBHbLIX HanpaBneHuit uccneno-
BaHUI B pamkax peanusaLuy BOEHHO-TEXHUYECKOW MOMUTUKW rocyaapcTsa B
obnactu cospaHus Haykoemkux cuctem MBO-MPO 1 Bo3ayLLIHO-KOCMUYECKOM
0BOpOHbI B LiENoM.

Mwuccws xypHana 3akmioyaeTcs B (hopMUpOBaHAN NMOLLAAKK AN aua-
nora, obmeHa uHopmaLuuen, 06CyxaeHUs LMPOKOrO Kpyra akTyarbHbIX 3a-
[ay B 3aaHHOM npeameTHON obnacTy.

«BeCTHMK BO3AYLIHO-KOCMMYECKON OBOPOHbLI» SBNSIETCS peLieH3npye-
MbIM XypHanoM, No3ToMy K nybnukauuy ctateil B HEM Halla pefakuws byaet
NoAXoauTb BeCbMa OTBETCTBEHHO. JTO HaMpaBneHo Ha obecneyeHne BbICo-
KOro kayecTBa MaTepuarios, KotTopble ByayT NpeacTaBneHbl YuTaTensm.

B nepByto oyepeab XypHan agpecoBaH yYeHbIM 1 creuuanucTam, Cas-
3aHHbIM C CO3[aHWeM CMOXHbIX 06OPOHUTENBHBIX CUCTEM, NPEACTaBUTENSM
BoopyxeHHbix Cun. Hageemcs, 4to matepuansl xypHana byayT UHTepecHbI
CaMOMY LUMPOKOMY Kpyry CrieLuanmcTos.

Mpurnaluaem Bcex 3alHTEPECOBaHHbIX YMTATENEN K COTPYAHUYECTBY.

C yBaxeHuem,

rMaBHbIA PeaaKkTop XypHana

«BeCTHMK BO3AYLIHO-KOCMNYECKON 0BOPOHbI»

LOKTOP TEXHUYECKMX HayK, Npodeccop MM.A. CosnHoB




YBaxaemblie ymtatenu!

Pefnakums Hay4yHOro XypHana «BeCTHMK BO3[YLIHO-KOCMUYECKON
060pOoHbI» Npurnawaet Bac k cotpyaHuyecTBy. HayyHoe HanpaBneHue
KypHana — nybnukaums mMaTtepuanoB BOEHHO-TEOPETUYECKUX, Hay4HO-
TEXHUYECKMUX M KOHCTPYKTOPCKO-TEXHOMOMMYECKMX BOMPOCOB CO3MaHMs,
pa3BepTbIBaHNS M (DYHKUMOHUPOBAHWUS CUCTEMbI U CPEACTB BO3AYLUHO-
KocMudyeckoir 060poHbl Poccuinckon degepauuni, UMEKOLWNX OTKPbITbINA
XapakTep.

Mol nogaepxuBaemM CBA3b CO MHOMMMU BeAYLMMW Hay4YHbIMU Opra-
HWU3aUMsIMM  0BOPOHHO-NPOMBILLNIEHHOTO KOMMMEKCA, BbICLUEN LLKOSb,
MuHucTepcTBa 060pOHbI Poccum, NpuHUMatOLWMMK yyacTe B peanusa-
UMM BOEHHO-TEXHWYECKOM MONWUTUKM rocygapctBa. JTo obecneumsaeTt
BbICOKWI1 HAy4HbIN YPOBEHb NMYBIMKYeMbIX MaTepuanos.

YKOoem oT Bac akTyanbHbIX cTaTen ans nybnvkawum.

TpeboBaHKs K 0POPMITEHMIO PYKOMNMUCEN Bbl HaAeTe Ha CTp. 4.
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B cmambe npednoxeHbl 803MOXHbIE MemoOb! peweHUs crieyuanbHol MamemMamuyeckol 3adayu cmoxacmu4ecko2o
npozpamMmuposaHus, noseonsrowel cghopmuposams onmumasibHoe pacrpedeneHue uUHaHCO8bIX PECypPcos, Hanpaessie-
MbIX Ha pasgumue rnepcrekmueHbIX CUCMEeM 800PYKEHUS.

Knro4deesnbie crioga: 8eposimHOCMb, MamemMamu4ecKkoe oxudaHue, pacnpedeneHue pecypcos, yeneeasi hyHKUUS.

The paper presents the possible solution methods of special stochastic programming mathematical problem allowing to
form the optimal fund distribution designed for the promising weapon system development.
Keywords: probability, mathematical expectation, fund distribution, objective function.

Benymue oOopoHHBIE TPEATIPUATHS HAIMPABIAIOT CBOM YCWIHS Ha pealn3alliio HAyYHO-TEXHUYECKON
CTpaTETUy UCXOMS U3 ONMTUMH3AINH 110 KOMIUIEKCHOMY KPUTEpHIO «3(h(hEeKTHBHOCTH-CTOMMOCTEY COOTHOIICHHS
MEXIly HapallMBaHWEM TEXHHYECKHX XapaKTePHCTHUK CO3[aBAEMBIX CIIOKHBIX 00pa3I[OB BOOPYKECHHUS W CTOH-
MOCTHBIMH OTPaHUYCHUSIMHU.

Pemas cxoxyro npoGiemy, IpeAaokKeH eUHCTBEHHBIN MoKa3aTenb W TeXHUYEeCKOTO YPOBHS CUCTEMBI BO-
OpY>KEHUS, SBIAIONINICA MEepoil BaXXHOCTH MPOBOAUMBIX Ha MpeAnpusTHH padoT. CyliecTByeT OAHO3HAUHAs
3aBHCHMOCTB W(X) 3TOTO TIOKa3aTessi OT COBOKYITHOCTH TEXHUYECKIX TapaMeTPOB, ONpeerisieMasi BEKTOPOM X.

B memsix moucka pemeHus 3a1aun pacnpeneiaeHns (GUHAHCOBBIX PECYpPCOB MO CO3/IaHUIO CIOKHBIX 00pas-
LIOB BOOPY>KEHHUSI TIOJOXKUIH 3aJaHHBIMU:

a) BEKTOP X MapaMeTPOB MOJCHCTEM CO3/1aBaeMbIX 00pa3LOB BOOPY KEHHUS;

6) npuparuexue nenesoii Gpyukuun: OW(0X) = a,0x, + a,0x, +...+a,_0x, , +a OX,,
e X; — KOMIIOHEHTBI BEKTOPA X, YKCJI0 KOTOPBIX PABHO 71;
0L, — MOJUIEKAIINE ONPEICNICHUIO HEOTPHLIATENIbHBIC CITyYaifHbIe TapaMeTphl LIeNeBOH (HyHKIUH:

o =W;

dx;
B) NuHEHHas (opma, ompeaesnsionas (GyHKIHIO 3aTpaT Ha COBEPIICHCTBOBAHHE OOPA3I[OB BOOPYIKEHHUS:
C(6x) =B,0x, +B,0x, +...+ B, ,0x,_, +B,0X,,

e 3; — MONOKUTEILHO ONPECTCHHBIC CTyYaiHbIe BETMYHUHBI C 33 JAHHBIMU 3aKOHAMU PACIIPECICHNS;
r) Cy — BemunHa 00IEr0 CTOMMOCTHOTO OTPaHIUYCHUS.



TpeboBanock ONpeaeauTh:

1) MaTeMaTH4ECKOE OKUIaHHE MAaKCHMAaIbHOTO IPUPAIICHNUS 11eNIeBOH (yHKIHH:

8W, = M{8W"} = M{max 8W} = M{Z}C,,T/i€ Z — clly4aiiHas BEIMYUHA CIIEYIOUIETO BUAA: Z = max{a, /B, }.
X 1

2) BepositHocTr P{o; /B)o B, Vi=j} peanusanmm pasnudHbIX i KaK HanOomee BaXHEIX (IPHOpHTET-

HBIX). [IpH 9TOM 3aKOH pachpeeCHUs CIyYailHOW BENMYHMHBI Z; OyIET ONpEACNsaTh paloHAbHbIC 10T (u-
HAaHCHPOBAHMS padOT 10 CO3aHUIO HOBOT'O BOOPYKEHUS TIpH 0011eM 00beMe BEIICIIEHHBIX acCuTHOBaHMMA Cy.
JaHHas 3aa4a IPUHAIIICKUT K KIIaccy 3aJ1ad JIMHEHHOTO CTOXaCTHYECKOTO MPOrPaMMHUPOBAHHSI.
B cTatbe npuBeicHbI BO3MOXKHBIE METOIbI PEIICHHS TOH 33a4u.
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SOLUTION METHODS OF A SPECIAL STOCHASTIC PROGRAMMING
MATHEMATICAL PROBLEM TO DISTRIBUT COMPLEX WEAPON
SYSTEM DEVELOPMENT RESOURCES

V.M. Aldoshin, P.A. Sozinov, D.A. Lemansky

The leading defense companies aim their efforts at the accomplishment of scientific and technical strategy according to
the optimization by an integrated «cost-effectiveness» criterion of a correlation between the performance attribute improve-
ment of the created sophisticated weapons and their constraints.

Solving a similar problem, there was offered an index W of the weapon system technical level, which is an importance
measure of the work carried out at the enterprise. There exists a unique dependence W (x) of this index from the engineer-
ing data totality determined by the vector x.

With the aim of seeking problem analysis of the complex weapon system development resource distribution we set as
defined:

a) a vector x of subsystem parameters of developed weapon models;

b) the increment of the objective function:

OW(OX) = 0x; + 0%, +...+ 10X, + &,0X,,
where x; —is vector x components, the number of which is equal to n;
a; —is the non-negative objective function random parameters to be determined:
dx;
c) a linear form defining the cost function to improve the weapon models:
C(0x) = iox; + B,0x, +...+ B,_,0x,_ + B,0x,,
where ﬂ, — is the positive definite random variables with the defined distribution laws;

d) Co — is the total cost restriction value.
It took to define:

1) the maximum increment mathematical expectation of the objective function:

Wy =M{SW"} = M{max W} =M{Z}C,, where Z —is a random variable of a following form: Z = max{e; / 3;}.
X i

2) the probabilities F{a; / f;)a;B; Vi= j}of implementation of different i as the most important. The distribution

law of the random variable z; will determine rational parts of financing of operations on the new weapon development under
the total volume of appropriations made available ¢, .

This task belongs to the linear stochastic programming class.
This article describes some possible problem-solving procedures.
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O JIETHO-KOCMUYECKUX SKCIIEPUMEHTAX
10 COINMPOBOXAOEHUIO KOCMUYECKUX ATITAPATOB
N HABEJEHUKO HA HUX JTASEPHOIO U3JTYYEHUA
C bOPTA CAMOJIETA
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PaccmompeHb! iemHO-KOCMUYeCKUE 3KCrepumMeHmsi o COﬂpOSO)KaeHUiO KOoCmMu4YecKux arinapamos u HaseOleHUIo Ha
HUX J1a3epHO20 U3/1y4eHus ¢ 6opma camosiema, 8bIrofIHEHHbIE C 3KCrepuMeHmarsbHoU annapamypoa 8 paMKax obecneyve-
HUsl co30aHuUsi 0meYyecmeeHHO20 Jla3epHoc0 KoMmriyieKca asuayuoHHO20 683UPOGaHUH.

Knro4deenbie crioea: kocmuyeckul annapam, fa3epHoe usriydeHue, J1a3epHbIl KOMIIeKe asuayUuoHHO20 6a3upoeaHu;7,
JIemHo-KocMuYecKkul SKCriepuMeHm, sKcriepumMmeHmaribHas arnapamypa.

The article deals with space-flight experiments on spacecraft tracking and laser emission pointing from aircraft. The ex-
periments were performed by experimental equipment within the native airborne laser complex development.
Keywords: spacecraft, laser emission, the airborne laser, space-flight experiment, experimental equipment.

Co3aHre 0TEeYEeCTBEHHOI'O JIa3ePHOro KOMILIEKCa aBUallMOHHOTO 0a3MpOBaHMsI OPUEHTUPOBAHO Ha PEIICHUE
3a7a4 (DYHKIMOHAIBHOTO BO3AEHCTBHS J1a3€pPHOIO M3Iy4€HHMsS Ha ONTHKO-3JIEKTPOHHBIE CHCTEMBI, KOTOPBIMU
ocHaaeTcs OOJBIIOE KOJIMYECTBO BOOPYKEHUH, pa3MeIlacMbIX Ha 3eMIIe, Ha MOpe, B BO3AyXe U B KocMoce. BbI-
TIOJIHEHHBIE MCCIIEIOBaHMS TIOKa3ajlk NEPCIEKTUBHOCTh HAIlpaBlIeHHsl pa3paboTOK W JIOCTATOYHOCTh HAay4HO-
TEXHUYECKOTO 3ajieN1a JIsl peleHus 3a1a4 (yHKIMOHAIBHOTO OAABIEHHS ONTUKO-3JIEKTPOHHBIX CUCTEM.

B craTthe paccMOTpeHBI JIETHO-KOCMUYECKHE SKCIIEPUMEHTHI 110 COMPOBOXKICHUIO KOCMUYECKHX allapaToB U
HaBEJICHUIO HA HUX JIA3E€PHOT0 U3Ty4eHHs C OOpTa camMoJieTa, BBIMOJHEHHBIE C SKCIEPUMEHTAILHON annapaTypox,
B paMKax 00ecIeueHHUs CO31aHUs OTEYECTBEHHOIO JIA3EPHOI0 KOMIUIEKCa aBHALMIOHHOIO 0a3UpPOBaHMSI.

B pesyinbrare [JUIMTEBPHOTO YKCIIEPUMEHTAIBHOTO TIOMCKA U UCCIIEIOBAHUI Pa3iIMYHBIX METOIOB COIIPOBOXK-
JICHUs] KOCMUYECKHX anmaparoB ObUl pa3paboTaH M BIEPBBIE alpOOMPOBAH METOJ KOMIUIEKCHOTO YIPaBICHHUS
9KCIEPUMEHTAIILHOM anmnapaTypoil, O3BOJIAIONIMI BECTH YCTOMUMUBOE COMPOBOXKICHHE KOCMUYECKUX allapaToB
B YCJIOBUSIX TIOJICTHBIX BO3MYILIEHHUH C HCIIOJIB30BaHMEM HMH(POpMALUHU OT BBICOKOTOYHON acCTPOMHEPLUAILHOM
CHCTEMBI OIpeIeNICHNs] TPOCTPAHCTBEHHON OPUEHTALIUH.

Pazpabotan MeTos pacyera MapIIpyTHOH MOJIETHOW MH(OpMALUK Il CAMOJIETHOTO ONITHYECKOTO KOMILICK-
ca, MO3BOJISIOILHUI ONEPAaTHBHO 10 UCXOIHBIM JAaHHBIM Ha IapaMeTpbl OpOUT KOCMHUUYECKUX aIlapaToB, HOJIyYeH-
HBIM OT IyHKTOB KOHTPOJISI KOCMHYECKOTO IMPOCTPaHCTBA, ONPENENSATh TPeOyeMble KOOPAWHATHI TPAacKTOPUH
HaOMIOAeHNsI, BpeMsI BBIBOJIA M OPHEHTALMH CaMoJieTa C 3aaHHbIM KypCOM IPH COMPOBOXKACHHH KOCMHUYECKHX
anmnaparos.



PA3/AEJI: TPOBJTIEMHBIE BOITPOCHI [TOCTPOEHNA CUCTEM U CPEACTB BKO

JIUTEPATYPA

1. Accoumauma «MexgyHapogHbin O6beanHeHHbI Bruorpadumyeckuii LieHTp». MeHepanbHbin koHCTpykTop B.B. ByHknH — M., 2012, —
C. 456.

2. XopapeHok, M. lNasep Bo3aylwHoro 6a3vpoBaHus: 3a n npotus. Monemuka // ObLiepoccuiickas exeHeaenbHas raseta. — 2010. — Ne 33.
-C.9.

3. KapauyHckui, B.B. MogenunpoBaHune criegsiuero BbIBOAHOMO yCTPOMCTBA CaMOMETHOro ONMTUYECKOro KOMMMEeKca B aspoavHammye-
ckow Tpybe / B.B. KapauyHckuia, B.IN. BopoHuos, B.1O. 3aiiues // Bonpockl o6opoHHoM TexHukn. — 2010. — Cep. 3 (1/236). — C. 31-42.

4. KapauyHckun, B.B. MeTog nsmepeHusi nynbcauui gaBneHnst OT BO34YLLHOro NoToka B palioHe Crneasiiero BbIBOAHOMO YCTPOMCTBA
camoneTHoI onTu4eckon annapatypsbl / B.B. KapauyHckuii, B.W. Knenuos // Bonpockl 06opoHHo TexHuku. — 2010. — Cep. 3 (1/236). — C.
43-48.

5. KapauyHckun, B.B. ABTomaTnyeckaa cuctema ynpasrneHus cnesliyM BblBOAHbIM YCTPOWCTBOM CaMOMNETHOro ONTUYECKOro KOM-
nnekca / .. Mapkosuuy, O.A. lenoxe, E.A. BoHaapeHko, C.A. Byraes // Bonpockl o6opoHHomn TexHuku. — 2010. Bein. 3 (1/236). — C.
49-57.

6. MorunuH, B.C. K Bonpocy pacyeta noneTHon MapLUpyTHOM MHdOpMaLMM AN CaMONETHOrO ONTUYECKOro KOMMMeKca CrexeHust 3a
KocMmnyeckmMu obbektamu // COOpPHVK [OKMagoB NepBOW HAaYYHO-TEXHUYECKOW KOHMbepeHLuUn MOMoAbIX YYeHbIX M CheuuanvcToB
«HanpaBneHus co3ganusa cpeacts BKO». — M.: OAO «I'CKB «Anmas-AHTei», 2010. — C. 96-100.

7. UrhatbeB, A.B. Kak 3710 6biro. O nepBbix HaTypHbIX paboTax komnnekcoB nasepHoro opyxus / A.b. UrHatbes, HO.A. KoHsieB // Bo-
npochbl BO3ayLLUHO-KocMu4eckon obopoHbl Poccuiickon ®egepaumm. Ne 2. — M.: KoHuepH MBO «Anmas-AHteiy, 2012. — C. 47.

8. Nanbuukos, H.B. «['vnep6onova» ctpaHbl coBeToB / H.B. Manbumkos // Maseta «KpacHas 3sespa». — 2012. — Bein. 69 (26144). — C.
14-15.

ABOUT SPACE-FLIGHT EXPERIMENTS ON SPACECRAFT
TRACKING AND LASER EMISSION POINTING FROM AIRCRAFT

A.B. Ignatyev, V.V. Karachunsky, Yu.A. Konyaev, P.A. Sozinov

The native airborne laser development is designed to solve a problem of functional laser emission impact on the optoe-
lectronic systems which are in service with a lot of weapon located on the ground, at sea, in air and in space. The article
deals with the space-flight experiments on spacecraft tracking and laser emission pointing to them from aircraft. The experi-
ments were performed by experimental equipment within the native airborne laser complex development.

As a result of a durable research the complex control method of experimental equipment was developed. This ap-
proach enables to carry out stable spacecraft targeting under the flight disturbance conditions, when using data from the
highly-precise stellar inertial guidance system.

There has been developed a computational technique of route —flight data for the aircraft optic complex. This method
allows determining the required observation coordinates as well as aircraft positioning time with a designated path, when
tracking the spacecraft.
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Uccnedyemcsi nopsidok pabomsi U aHanu3upyromcs rMosyyeHHbIe 8bipaXeHUsi eposimHocmell COCmosiHUSI 0OHOKaHalb-
Holi cucmeMbl MaccoB80o20 OBCIIyKUBaHUS «a2PeCCUBHbIX» 3as80K C MOMePsMU 8 HecmauyUuoHapHOM PexXuUMe byHKUUOHU-
pogaHusl.

Knioyeenle crioea: 8eposmHoCMb, 3asi8Ka, MameMamuy4eckoe oxudaHue, HecmayuoHapHbIl pexumM, obcryxuearouwuli
anmnapam, oOHOKaHallbHasi cucmema, oMok 3asi80K, 0mKa3, cucmema Maccogo20 06CyXUBaHUSI, COCMOSIHUE CUCMEeMbI.

The article deals with the work order investigation and the analysis of the obtained state probability expressions of a sin-
gle-channel queuing system of «aggressive» requests with losses under the unsteady-state conditions of functioning.

Keywords: probability, request, mathematical expectation, unsteady-state condition, single-channel system, flow of re-
quests, failure, queuing system, system condition.

B crathe paccmarpuBaeTcsi ccTeMa MaccOBOrO 0OCITY)KMBaHUsSI, B KOTOPOH 3asBKH MBITAIOTCS YHUUTOXXUTh
oOciry>kuBaroIuil annapar. Takue «arpecCHBHBIE» 3asiBKM OCOOCHHO XapaKTepHBI AJSl CHCTEM MaccoBOro 00-
CIIy’)KUBaHMS, CBA3AHHBIX C JEATEIBHOCTbIO B BOGHHOH cdepe (3asBKa — JeTaTelIbHbIM ammnapar MIpOTUBHUKA,
00CITy>KMBAIOIUH anmnapar — 3eHUTHBIA PaKEeTHBIH KOMILIEKC).

[IpoBeneHs! nccienoBanus MOpsAAKa pabOThl U IPOAHATM3UPOBAHBI MIOJyYCHHBIE BBIPAKECHUS BEPOSITHOCTEH
COCTOSIHUS OIHOKAHAJIbHOM CHCTEMBbI MACCOBOTO OOCIIY>KHBaHHS «arpPECCHBHBIX» 3asBOK C IIOTEpSIMH B HEcTa-
[IUOHAPHOM peXuMe QyHKIIMOHUPOBAHHS.

[Tomydensl aHanUTUYECKUE BBIPAXKEHUS I HECTAIIMOHAPHBIX BEPOATHOCTEH COCTOSIHUM OJHOIMHENHON CH-
CTEMbI MacCOBOI'0 OOCITY)KMBaHHsI «arpecCHUBHBIX» 3asBOK KaK U CIydas BO3AECHCTBHSA Ha OOCIY>KHBAIOLIUHA
anmapar TOJIBKO CO CTOPOHBI 0OCITYKUBAaEMbIX 3asIBOK, TaK M JUIS CIy4dasi COBMECTHOTO BO3JCHCTBHSI ITUMH 3a-
SBKaMH U 3asBKaMH, MOJTYYMBLIIMMHU OTKa3 B 00CITYy)KMBaHMH. DTH BBIPAKCHUS OMPEICISIOT 3aBUCUMOCTh YUCIIa
00CITy’)KUBaeMbIX 3a8BOK, a TAK)KE BEPOSTHOCTU OOCITY KHUBAIOIIETO anrapara OT HECKOJIbKUX ITapaMeTpoB: Bpe-
MEHM, MTHTEHCUBHOCTH IOCTYIUICHUS 3a5BOK, HHTEHCUBHOCTH OOCIIy>KUBaHHUS, BEPOSTHOCTH OOHapy>keHHUs 00-
CITy’)KUBaHHS, BEPOATHOCTH MOPAKEHHS 3asSBKOM 00CITyKUBAIOILIETO arlapara.

[loka3zano, yTo Ha3HaYeHUE AJIsl OOCTYKMBAHUS OJHOM 3asIBKM HECKOJIBKUX aIlllapaToB CYLIECTBEHHO YBEJU-
YMBAET YUCIIO OOCIIY>KEHHBIX 3a5BOK M YMEHBIIAET BEPOATHOCTh YHUUTOKEHHS 00CITY>KHUBAIOLLETO alapara.

Pe3ynbTathl HccneaoBaHUS MOTYT OBITh TOJIE3HBI [ aHAJIN3a XaPaKTEPUCTHK (DYHKIIMOHUPOBAHUS CUCTEM,
HUMEIOLINX «IIPOTHBOOOPCTBYIOLINE» CTOPOHBL. MaremMaTnyeckuil ammapaT MO3BOJISIET MOJIyYUTh MOKa3aTelH
IUISl «HAaJaromei» 1 «000pOHSIOLIEHCs) CTOPOH.
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THE FEATURES OF A SINGLE-CHANNEL QUEUEING SYSTEM
OF «<AGGRESSIVE» REQUESTS WITH LOSSES

V.M. Aldoshin, V.V. Kuznetsov, A.Y. Shatrakov

The paper considers a queuing system in which requests are trying to destroy a service device. Such «aggressive» re-
quests are especially common for the queuing systems connected with military sphere (request - enemy aircraft, service
device - anti-aircraft missile system).

There were performed the work order researches and the obtained state probability expressions of the single-channel
queuing system of «aggressive» requests with losses under the unsteady-state conditions of functioning were analyzed.

There were obtained the analytical expressions for the unsteady-state probabilities of the single-line queuing system of
«aggressive» requests as in case of the impact on the service device from the operated requests only, and as well as in
case of the joint impact by these requests and the ones have been denied service. These expressions determined the de-
pendence of the service request number, as well as the service device probability dependence on several parameters: time,
arrival intensity of requests, service rate, the service detection probability, a suppression probability by a service device re-
quest.
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Paccmampusaromes cucmeMbl Maccogo20 0b6Cy)uUBaHUsI C 3asiekaMu, peazupyrouwumu Ha Havdaswulics rnpoyecc 06-
CITyXKUBaHUSI U 3ameM YKITOHSIOUUECST OM HEeo.

Knrodeenble cnoea: cucmema, 3asieka, 8epOSIMHOCMb, CUCMeMa Maccog8oeo 0bCyXusaHUsl C 3asi8Kkamu, OMK/IOHEHUE
npouecca obcnyxueaHusl.

We consider a quering system with requests responding to the started service process and then deviating from it.
Keywords: system, application, possibility, a quering system with requests, service process deviation.

B Hacrosiee BpeMs CHCTEMbl MAacCOBOTO OOCTYXKHBaHHUS C 3asBKaMH, PEardpyroldMH Ha HAYayo
0o0CITy’)KUBaHHS W 3aT€M YKIOHSIONIMMHUCS OT OOCITY)KUBaHUsI, PAaCHpPOCTPAaHEHBI JIOCTATOYHO INHPOKO. B
BOCHHBIX KOMILJIEKCaxX TMOTeps OOCIyXMBaHHs 3asiBOK (JIETATENbHBIM ammapar) MOXKET HAcTyINaTh BBUIY
MOCTaHOBKY MOMEX WJIM I'PaMOTHOTO MaHEBpa JICTATEIBHOTO aniapaTa, YXOASIIEero oT 0030pa JIokaTopa Wid U3
30HBI MOPAXKEHUS TOTO WJIK HHOTO CPE/ICTBA.

HpOHCCCI)I 06CHy)KI/IBaHI/I$I 3as4BOK C OIrpaHN4YC€HHBIM BPEMCHEM HpeGbIBaHI/IH B CUCTEME MOT'YT CyILIECTBOBATH
OJIHOBPEMEHHO C TPOLIECCOM PEaKIMK 3asBOK HA HadaBIIMCs mporecc oOciyxuBanus. CHCTEMbI MaCCOBOTO
00CITy>)KUBaHHS C 3aABKaMU, YKJIOHSIOIUMHUCSA OT OOCITY)KUBAHHS, NPEACTABISIOT CO00N 0COOBIA THIT CUCTEM,
UCCIIEIOBAHUIO XapaKTEPUCTHK KOTOPBIX M MOCBSIIEHA HACTOSINAS CTAThS.

B cratee pemieHa 3ajaua ONPENCICHHUS BEPOSITHOCTCH COCTOSHUN M XapakTEPUCTHK 3S(P(EKTUBHOCTH
(GYHKIMOHUPOBAHUST CHUCTEMbI MAacCOBOTO OOCIY)KUBAHUS C 3asABKaMH, pPEardpyrolUMH Ha HavyaBIIUiCS
nporecc OOCITyKUBaHHS M YKIOHSIOIIUMUCS OT Hero. PaccMOTpeHbl OJHOKAaHANBHAs CHCTEMa C 3asBKaMH,
YKJIOHSIFOIIUMHUCS OT 00CITYKUBaHMUsI, C MOTEPSIMU (OTKa3aMi) U aHAJIOTMYHAsi MHOTOKaHaJIbHasl CHCTEMA.

B pesynbTare OlEHKH XapaKTEPUCTUK CUCTEM MacCOBOTO OOCIY)KUBAHUS C 3asBKaMH, YKJIOHSIOIIMMUCS OT
00CITy)KUBaHHUS, MOJYYCHBI AHATMTUYCCKUE BBIPAKEHUS I ONPEACICHUS BEPOATHOCTEH COCTOSIHUM TaKhX
CHCTEM, YYUTHIBAIOIIMX BO3MOXKHOCTh BBIXOJIA 3asBOK M3 CHCTEMBI IIOCIE Hadaia HMX OOCIYyXHBaHUS.
Omnpe/iesieHbl OCHOBHBIE TMMOKa3zaTend 3((EKTUBHOCTA (DYHKIIMOHUPOBAHUS 3TUX CHCTEM, OTHOCSIIMXCS K
KJIacCy CHUCTEeM C ToTepsiMu (0TKazamu). B psje ciaydyaeB paccCMOTpEHHAs CHCTEMa MacCOBOTO OOCITY KUBaHUS
OKa3bIBaeTcs 0oJiee aficKBaTHON peallbHOM (GM3NUIECKOM cucTeMe u Ma€T O60siee TOTHBIC PE3yIbTATHI.
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PROBABILISTIC CHARACTERISTICS OF A QUEUEING SYSTEM
WITH REQURSTS DEVIATING FROM SERVICE

V.M. Aldoshin, V.V. Kuznetsov, Y.G. Shatrakov

Currently the queueing systems with requests responding to the beginning of service and then deviating from it are fair-
ly widespread. In military complexes the request service loss (aircraft) may occur due to jamming or a skilled maneuver of
the aircraft avoiding a hitting area or a radar scan.

The request service processes with a limited residence time in the system can exist simultaneously with the reaction of
requests in response to the started servicing. The queueing systems with requests deviating from the service process are a
special type of the systems. This paper was dedicated to investigate the performance of these systems. The article solved
the problem of determining the state probabilities and the efficiency performance of a queuing system with requests re-
sponding to the started service process but deviating from it. We considered a single-channel system with requests deviating
from the service with losses (failures) and as well as a similar multi-channel system.

As a result of performance evaluation of the queuing systems with requests deviating from service there were defined
the analytical expressions for probability determining of such system states taking into account the possibility of entering
requests from the system since the beginning of their service. The main efficiency indicators of these systems belonging to
the class of systems with losses (failures) were determined. In a number of cases the considered queuing system is more
appropriate to a real physical system and gives more accurate results.



PA3/AEJI: TPOBJTIEMHBIE BOITPOCHI [TOCTPOEHNA CUCTEM U CPEACTB BKO

YOK 519.2
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Cmasumcs u pewaemcsi 3ada4a cuHmesa onmumasbHO20 ajlzopumma HagedeHUs rnepexsamyuka Ha MaHespupyuyHo
uenb. YcKkopeHue MaHespa uesnu Serissemcs CcrydalHbiM MPOUEeCcCOM C HEeroTHOCMbHK U38ECMHbIMU KOPPEeIsUUOHHBIMU
ceolicmeamu. M13gecmHo nuwib oepaHudYeHue rno ducrniepcuu. Cucmema yrnpaesneHus sensemcs nuHeliHol. Ha ynpaeneHue
rnepexeamuyuka HasloXeHbl cmamucmu4yeckue MOMeHmMHble oegpaHuyeHus. Kpumepuli cuHme3a keadpamuyHbili mepmu-
HanbHbIl. [Mpu peweHuu 3adayqu ucrnonb3yemcsi ugpogoli Nodxod Ona obecriedeHUs: MUHUMAKCHOZ0 3HaqyeHUusi UCX0OHO20
kpumepus. [lpednoxeHa npouedypa mnoucka cedro8oll MOYKU U2Pbl C UCMOMb308aHUeM ¢hakmopusayuu UcKomou
«Hauxyowel» KoppesnsyuoHHOU Mampuubl CrlyHaliHo20 MaHespa uesu.

Knrouesble crnoea: nepexeam4yuk, yesb, cugHarn yrnpaesieHusl rnepexeamyukoMm (CKassip), yCKopeHue maHespa uesnu
(ckansp), uepa 08yx nuu, cednosas moyka, cedrogoe peweHue, KOppPesnsyuoHHas HeornpeodeneHHOCmb, MUHUMAaKCHbIE
cmpameauu, cmpyKmypa onmumMalibHO20 afi2opumma ynpasneHusi, MUHUMAaKCHbIU aneopumm yrpasneHus rnepexeam4u-
KOM, «HauxyoOwasi» KOppensyuoHHas Mampuua criyqaliHoeo MaHespa uenu, ghakmopu3ayus criydaliHoeo rpoyecca, Mam-
puua chakmopu3zayuu cryyalHo20 rnpouecca, paclupeHHbIl 86KMOp COCMOSIHUSI cUCMeMbl, NUHEUHbIU onmumarbHbIl
unbmp, MakcuMu3upyrowasi KoppensayuoHHas Mampuua, kea3udemepMUHUPO8aHHbIU CriyYalHbil npouecc.

In this work the synthesis task of optimal algorithm of the interceptor guidance to a maneuvering target is put and solved.
The target maneuver acceleration is a random process with the incompletely known correlation properties. A dispersion re-
striction is the only known parameter. The control system is linear. The statistical moment constraints were imposed on the
interceptor control. The criterion of synthesis is square-law terminal. The game approach is used to provide a minimax value
of the initial criterion in problem solving. There was offered a search procedure of a game saddle point, using a factorization
of the «worst» required correlation matrix of a target random maneuver.

Keywords: interceptor, target, interceptor control signal, target maneuver acceleration, two-person game, saddle point,
saddle solution, minimax strategies, correlation ambiguity, structure of optimal control algorithm, minimax interceptor control algo-
rithm, the «worst» correlation matrix of random maneuver, random process factorization.

B crarpe cTaBuTCS U pemnraercs 3aa4a CHHTE3a ONTHMAaJIBHOTO ajJropyuTMa HaBeICHHUS MepexBaTInKa Ha Ma-
HEBPUPYIOIIYIO LIeTh. Y CKOpPEHHE MaHEBpa LENHU SBISIETCS CIIy4YailHBIM MPOIIECCOM C HETONHOCTHIO U3BECTHBI-
MU KOPPESLIUOHHBIMUA CBOMCTBaMU. I3BECTHO JMILIb OTPAaHUYCHUE 110 JUCTIEPCHUU.

VYnpapnsiemble ABMKEHUS TEpeXBaTUYMKa W IENIM PACCMATPUBAIOTCA B IIOCKOCTH, OPTOTOHAIBLHOW JMHHUU
COMMKEHNs, BIOJh OJTHOW M3 IBYX Ocell KOOpAWHAT. YKa3aHHBIC MBIKCHUS OMUCHIBAIOTCS JIHHEHHON CHCTEMOM
ypaBHEHUI B IHUCKPETHOM BpeMeHH. Ha ympaBieHue nepexBaTUMKa HAJIOXKEHBI CTATUCTHUECKHE MOMEHTHBIC
OTpaHHYeHHs. YTPaBICHHE CTPOUTCS 10 MPUHIUITY OOpaTHOW CBSI3W Ha OCHOBE M3MEPEHUI MOJIOKEHUH Tepe-
XBaT4MKa U 1eNu. VI3MepuTenp SBIsieTCS TMHEHHBIM, COIEPKUT CIydaiHble OMMOKN N3MEPEHUSI.

Lenbto ympaBieHus sBISETCS MUHUMM3ALNA KBaJPaTUYHOTO TEPMUHAIBHOTO KPUTEpHs KadecTBa (TOKaza-
TEJsl TOYHOCTU HABE/ICHU ):

J=M{|| L-x(V)|*}, 0]
rae x— (nx1) —BEKTOp NapaMeTpOB ABHKEHH NTepeXBaTUNKA U LEINIH;

M {} — 0003HaueHNE OIepaLuy OCPEIHEHUS 110 CiIydailHbIM (paKTopaM, ICHCTBYIOLIM B CUCTEME yIpaBiie-

HUS;

L —Bekrop-ctpoka (1x7).

[Ipu 3TOM TONaraeTcs, YTO HEM3BECTHBIE KOPPEJAIMOHHBIE CBOMCTBA IMpollecca yCKOPEHHUsST MaHeBpa IIeNn
SIBJISTEOTCST HAUXY MM 110 Kputepwio (1).

Takum 00pa3om, CHHTE3 YIIPaBJICHHUS CBOAUTCS K UTPE ABYX JHIl ¢ QyHKIMEH Beurpbima (1).

Urpox 1 npou3BOANUT CUHTE3 YIPABIEHUS UCXOAS U3 MUHUMYyMa KpuTepus (1).

Urpok 2 ocymiecTBiIseT BEIOOP KOPPEISAIMOHHBIX CBOWCTB IMPOIEcca YCKOPEHUSI MaHEBPa eI IPU OTPaHU-
YEHUSIX Ha JUCTIEPCHIO, UCXOS U3 MakcuMyMa kputepus (1).
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. 0o 0
B nmanHoi urpe cymectByer ceanoBasi Touka Urpel — mapa {U ", g}, Xapaktepusylomas MUHUMAKCHBIE

CTpaTEeruu UTPOKOB.
U — MUHUMAKCHBIH aITOPUTM YTIPABIICHHUS [ICPEXBATUHKOM.
4’ — «HaMXy[aumas» KOppelsalUuOHHAs MaTpHLa CIIy4alHOro Mpolecca yCKOPEHHs MaHeBpa LM IpH IpH-

MEHEHUH anroput™a U°.
Jis cnHTe3a MUHUMAKCHBIX CTpATEeTUi NpeUIoKeHa MPOoIeAypa MOUCKA CEIIIOBON TOYKUA UIPhI C UCIIONB30-
BaHHEM (DaKTOpH3AIMH HCKOMOU «HAMXYAIICH» KOPPEISIITMOHHON MaTPHIIBI CIIYIaifHOTO MaHEBpa IIEIIH.
I[aHHaSI npoucaypa ABIACTCA UACOJIOTHUCCKU SICHOM U KOHCprKTHBHOﬁ, OHa IIO3BOJIICT BBIABUTH MHUHU-
MaJIBHO JIOCTaTOYHYH Pa3MEPHOCTh MUHHUMAKCHOTO ajrOpuUTMa, MOCTPOUTH 3PQPEKTUBHBIC YIPOIICHHBIC €ro
aHAJIOTH, YTO WLTIOCTPUPYETCS MPUBEICHHBIM B paboTe YHCIEHHBIM IPUMEPOM.
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CORRELATION SYNTHESIS
OF THE MANEUVERING TARGET GUIDANCE ALGORITHM

I.P. Gridasov

The target maneuver acceleration is a random process with the incompletely known correlation properties.

In this work the synthesis task of optimal algorithm of an interceptor guidance to a maneuvering target is put and solved.
The target maneuver acceleration is a random process with the incompletely known correlation properties.

A dispersion restriction is the only known parameter.

The controlled movements of an interceptor and a target are considered in a plane that is orthogonal to a convergence
line along one of two of coordinate axis. The specified movements are described by a linear system in discrete time. The
statistical moment constraints were imposed on the interceptor control. Controlling is carried out by a feedback principle ac-
cording to the position measurements of an interceptor and a target. A measuring set is linear and contains random meas-
urement errors.

The control purpose is minimizing a quality square-law terminal criterion accuracy guidance parameter

J=M{|| L-x(N)|P} (1

x— (nx1) - is a vector of parameters of the interceptor and target movement,

M {-} - is an averaging operation designation on the control system random factors,

L - isavector-line (I1xn)

It is understood that the unknown correlation properties of the target maneuver acceleration process are the worst by
the criterion (1).

Thus, the control synthesis comes to a two-person game with a payoff functional (1).

The player 1 conducts the control synthesis, based upon a minimum of criterion (1).

The player 2 carries out a choice of correlation properties of a target maneuver acceleration process at restrictions on a
dispersion, based upon a maximum of criterion (1).

In the presented game there is saddle game point — a pair {U 0, ,uO } describing the minimax strategy of the players.

U° —is a minimax interceptor control algorithm.

. yo — is the «worst» correlation matrix of the random target maneuver acceleration process, when using an algorithm
U".

A search procedure of a game saddle point, using a factorization of the «worst» required correlation matrix of a target
random maneuver is offered.

For the minimax strategy synthesis the saddle point search procedure of a game, using a factorization of the «worst»
required correlation matrix of a target random maneuver is offered.

The procedure in question is ideologically clear and constructive, it allows finding out the sufficient minimum dimension
of a minimax algorithm and constructing its effective simplified analogues. The given paper has illustrated the above men-
tioned facts by a numerical example.
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B pabome npedcmasneHbl Mamepuarbl uccredosaHull o acmepoudHO-KOMemHoU ornacHocmu npu nadeHuu Ha rno-
gepxHocmb 3emnu HebecHbIX mer.
Knroyeenble crnoea: acmepoud, kKomema, KOCMUYecKul 06 bekm, Memeopum, 060POHUMENbHLIE MePOnpPUSIMUS.

In the article there were proposed the research materials on the asteroid-comet threat, when falling the celestial objects
on the Earth surface.
Keywords: asteroid, comet, space object, meteorite, defensive actions.

B Hacrosimiee BpeMs MHpPOKO 00CyXmaeTcs MpobiieMa BO3MOXKHBIX CTOJKHOBEHHH KPYITHOPa3MEpPHBIX
HEOECHBIX TeJl ¢ 3eMJIel, UTO MpeACTaBIseT coO0H MOTEHIIHABHBIN NCTOYHUK onacHOCTH. VccnenoBanus Cod-
HEYHOI CHCTEMBI C TIOMOIIBI0 KOCMHYECKHX aIlapaToB MOKa3allu, 4To IIaHeThl COMHEYHOW CUCTEMBI TIOKPBITHI
KpaTepamu, IMEIOLIIMH yAapHOE MPOUCXOKICHHE.

ITo pacueram acrepous, pazmepom nopsaka 0,5 kM ¥ ABUraronuiics co CKopocThio 30 kM/c, 00Ia1aeT Ku-
HETUYECKOH SHEepruei, CON3MEpPUMOii ¢ B3PBIBOM SAEPHBIX 00€3aps0B, HAKOIICHHBIX YEIOBEUYECTBOM K HACTO-
AIEMY BPEMEHH, YTO MOXKET IPUBECTH 3EMITIO K TII00aIbHON KaTacTpode.

IIpobnema acTeponIHO-KOMETHOM OITACHOCTH SIBIIICTCS PEaTbHOM U TpeOyeT CBOETO peIIeHHs. Y Ka3aHHas
mpolJieMa JIOJHKHA pelaTbCss KOMIUIEKCHBIM METOJIOM, MPEAYyCMATPUBAIONIMM UHTETPALUIO YCUIHHA CIICIIHATH-
CTOB CaMBIX Pa3HBIX CTPaH M OTpaciiell 3HAHW.

Kpome mocTossHHOTO MOHHTOPHHTA OKOJIO3EMHOTO IMPOCTPAHCTBA TpedyeTcs: pa3paboTka pealbHBIX U (-
(EKTHBHBIX CMOCOOOB CBEICHHS K MHHHUMYMY AacCTEpOMAHO-KOMETHOW ONAacHOCTH, NpeayCMaTPUBAIOIINX
NPEOTBpAIIEHNE BO3MOXKHBIX CTOJIKHOBEHUH KOCMHYECKHX O0BEKTOB ¢ 3emiiel (MpUHYIUTEIbHOE U3MEHEHHUE
TPACKTOPHA KOCMHIECKHX 00BEKTOB MIIN MX (DU3UIECKOE pa3pyIIcHUe).
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ASTEROID AND COMET THREAT

A.V.Gorish, |.S.Rubtsov, Y.G.Shatrakov

Currently the problem of possible collisions of large-size celestial bodies with Earth is widely discussed. The events of
this nature represent a potential hazard. The Solar system explorations by means of spacecraft systems showed that Solar
system planets are covered with the craters having a shock origin.

By calculations an about 0,5 km- size asteroid moving with the speed of 30 km/s has kinetic energy commensurable
with the nuclear warhead explosion that can lead Earth to global disaster.

The problem of the asteroid and comet danger is a real one and demands a decision. The specified problem has to be
solved by a complex method providing the effort integration of both experts and branches of knowledge all over the world.

Besides the continuous near-earth space monitoring, it is necessary to develop the real and effective ways of minimiz-
ing the asteroid and comet threat, forecasting the prevention of possible space object collisions with Earth (compulsory tra-
jectory changing of space objects or their physical destruction).
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PaccmompeHa Mamemamuyeckas Modesib rnpomugodelicmeusi UHhOPMaUUOHHbIM y2po3aM, KOmopbiM nodeepaaromcs
eblqucnumernbsHble cucmembl. OcHogy Modesnu cocmasssiem cucmema OughghepeHyuarnbHbIX ypasHeHUU.
Knrodesnbie criosa: modenuposaHue, UHGOPMayUOHHbIE y2po3bl, OugghepeHyuarbHbie ypagHeHUs.

A mathematical model of computer information threat countering is considered. The model is based on the differential
equation system.
Keywords: modeling, information threats, differential equations.

K HacTosimemy BpeMeHHM pa3pabOTaHO M MCCIIEAOBAHO MHOXKECTBO MOJIEJNICH, OMMCHIBAIOIIUX CUCTEMbI MH-
(dopmanmoHHON 0e30MacHOCTH BBIYHCIUTENBHBIX KoMmIuiekcoB (BK). B aTux Monensx yureHsl MHOTHE (akTo-
PBI, BIUSIOIIME HA COCTOSTHIE HHPOPMAMOHHOH Oe3omnacHocTd. OJHAKO TOKa HEAOCTATOUYHO N3yUeHBI MOJIEIH,
CBSI3aHHBIE C BOCIPOM3BEICHUEM B3aUMOACHCTBUN Pa3IMYHbIX IPOLIECCOB, BIMSIOMINX HA COCTOSIHUE JUHAMHUKH
nHpOopMaoHHO# 6e3omacHoctu BK.

B crathe paccmarpuBaeTcs HOBas MaTeMaTH4ecKas MOJENb, ONMCHIBAIOUIAs CHCTEMY WH(POPMAaMOHHON
6e3omacHoctu BK.

OCHOBHBIMM ITapaMETPaMU MaTEeMAaTUUYECKOW MOAEIM CHCTEeMbl MH(OPMALMOHHONW 0€30I1aCHOCTH BBIUUCIIH-
tenbHbIX KomiuiekcoB (CUBBK) sBnstoTes:

— obmmit pecypc obecrieuenus nHhpopmarmonHoi 6ezomacuoctu (POUB) BK (R);

— pecypcHBIC TTOTEPH U3-3a PEATH30BAaHHBIX HH(HOPMAIIMOHHBIX yTPo3 (R7);

—uactb POUB, 3atpaunBaemas Ha co3nanue u gpynkinuonuposanrne CUBBK (Ry);

— MHOecTBO nH(popMaunoHHbiX yrpo3 POUB (7);

— MHOXecTBO ys3BumocTeir POUB (0);

— (paKkTOpHI BHEIIHEH CPEIbI, ONPEACIIAIONINE, COOTBETCTBEHHO, cocTossHne n AuHamuky POUDB, ys3Bumo-
crert BK u cocrostane nosnst uHGopMaunoHHbIX yrpos (Fr, Fo, Fr).

OCHOBY MaTeMaTH4eCKOW MOJAEIH COCTABISIET CUCTEMa YPaBHEHMH, ONMCHIBAIOIIAS B3aMMOJECHCTBUS yKa-
3aHHBIX IIapaMETPOB:

R= R(Rr, Rs, Fr), Rs= Rs(R7), Rr= R(T), T= T(O, Rs, Fr), O= O(Rs, F).

Jns vccnenoBaHusl CUCTEMBl YPaBHEHHUSI OCYIIECTBISIEM MEepexo] K JUHAMHYECKOW (opMe IMpeacTaBiIeHuUs
B3aUMO/JICUCTBUH MTapaMeTPOB MO/IEIH.

HarnsimHoe B3amMoJieiicTBUE MapaMeTpoOB OTpakaeTcs B rpadMuecKoi WHTEPIPETAUN MOJEIH, TAe BCe 3a-
BUCSILKE OT BpeMeHH Koadduuuentsl a,(f); i=1, 2, 3, ... 8§ — monoxwurensHsl (puc. 1).
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Puc. 1. Mooens e3aumodeiicmeuil 6 cucmeme uHdopmayuonnoi d6ezonacnocmu BK

[Ipon3BoayMbIE UCCIEAOBAHUSA MOJAEIH MO3BOJAIOT MOJMYYUTh BBIPAXKEHUS JUISI aHATUTHUYECKUX 3aBUCHUMO-
CTell I3MEHEHHS pecypca, pacXxoayeMoro Ha HH(pOpMaIMOHHYI0 0€301aCHOCTh, OT TMHAMUKH MHOXECTB YIPO3
U ySI3BUMOCTEH, a TakKe I COOTBETCTBYIOIMX YHCIEHHBIX OLEHOK B IpOIECCE YIPABICHUS CUCTEMOM HH-
¢dopmanmonHoii 6e3onacHoctr BK. Pemienus, momydeHHble Asi pa3iMuHOTO COOTHOLIEHHUS KO3()QULUEHTOB,
JTAt0T BO3MOKHOCTh “TIPOWTPBIBAHMS Pa3IMIHBIX CIICHAPHEB HHPOPMAITMOHHOM 3amuThl BK.

Kpome Toro, npennoxxeHHass MareMaTHuecKass MOJIENb IMO3BOJISIET HAWTH YyBCTBUTEIHHOCTh OCHOBHBIX II€-
pemenHbIX R, T, O K Bo31eicTBUIO pa3HO0Opa3HbIX AecTabunu3upyomux dakropoB Ha CUBBK.
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INFORMATION THREAT COUNTERMEASURE SYSTEM MODELING

V.A. Minaev, A.S. Garbuzov, O.D. Nikiforov

By now a variety of models describing information security systems of data processing systems (DPS) have been devel-
oped and investigated. A lot of factors having an influence on information security state were taken into account in these
models. However, the models connected with the representation of interoperations of different processes having an influ-
ence on a dynamic state of the DPS information security are under-investigated yet.

The article deals with a new mathematical model describing the DPS information security system.

The main parameters of the DPS information security system mathematical model are the following:

— common resource of DPS information security (CRIS) (R);
— resource loss due to performed information threat;
— a part of CRIS expended for DPS developing and functioning (Ry ) ;

— a totality of CRIS information threats (7T) ;
— a totality of CRIS vulnerabilities (O) environmental factors defining the CRIS state and dynamic of the DPS vulnerabili-
ties and a field state of information threats ((£')| R, Fy, F|T).



The mathematical model base is the set of equations describing the interactions of specified parameters
R=R(R;,Rg,Fy), Ry =Rs(Ry), Rp =Ry (T), T =T(O,Rg. ), O=0(Rg,[p) .

We perform a transition to the dynamic mode of the model parameter interaction presentation to investigate the set of

equations.
A demonstrable parameter interaction is shown in a graphical interpretation of a model where all time-depended coeffi-

cients a;(¢); i=1, 2, 3, ... 8 are positive (Fig.1).

F:

Fo

Fig. 1. Interaction model in the DPS information security system

The performed model investigations enable to deduce equations for analytic dependences of resource change ex-
pended on information security from dynamics of the threat and vulnerability sets, and also for appropriate numerical evalua-
tions in the control process of the DPS information security system. The solutions obtained for various coefficient relation
give an opportunity to play different scenarios of DPS information security.

Besides, the proposed mathematical model allows finding out a sensitivity of block variables R, T, O to the impact of
different destabilizing facts on DPS.
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Paccmampusaemcsi dsyxpybexxHasi npomueogo3dywiHasi 06opoHa kopabneli BM® ¢ ucrnonb3o8aHuemM coomeemcmeeH-
Ho 3YP ¢ bonbwol u manol danbHocmbio Oelicmausi. Onpedensemcs nopssdok cmpenbbbl munamu 3YP Ha kaxdom pybe-
XKe, 8 MOM Yucrie ¢ y4emom rpuopumemos yesned.

Haemcs obocHosaHue akoHomuYeckol uenecoobpasHocmu cmpernbbbl pakemamu Kax0020 mura ucxo0si u3 Kpume-
pusi, «riopaxeHue yenel Kak MOXHO MEHbLWUMU 3ampamamuy.

Knroyeenie croea: npomueogo3dyuwHass 0b0poHa, cucmema Macco8oz2o 0b6CnyxueaHus, 3eHUMHbIU pakemHbIl KOM-
rnekc, npomusokopabesibHbie pakemsl, cmpameausi obcmperna.

The article deals with the two-line anti-aircraft ship defense, using antiaircraft missiles of both long and short ranges corre-
spondingly. The antiaircraft missile type firing order at each attack line on a target priority basis is defined.

The economic efficiency foundation of missile firing of both types on the basis of a «target kill by the lowest expense» cri-
terion is presented.

Keywords: anti-aircraft defence, queueing system, air defence missile system, anti-ship missiles, engagement strategy.

PaccmatpuBaercs nmpotuBoBo3nymHas obopona (IIBO) xopabneli BM®. IlokazaHo, 4To mpH MOBBILICHUU
CKOpOCTEH MPOTUBOKOPAOETbHBIX pakeT 00eCHeUUTh HAJCKHYIO 3aIUTy KOpaOis BO3MOXKHO TOJNBKO 3a CUET
smenonnpoBanHoi [IBO 3¢HUTHBIME pakeTHBIMU KOMITIEKCAMHU C 36HUTHBIMH yTIpaBIsIieMbIMU pakeTamu (3YP)
Pa3IMYHON JIaJIbHOCTH JEUCTBUSL.

Omnpenensercst ctparerus crpensosl Tunamu 3YP Ha kaxaoM pyOexe, a TakKe ¢ y4eTOM NPUOPUTETOB Iie-
neii. OnpeneneHo, 4To Hanboee MPeAOUTUTEIBHOM SBIACTCS CTpaTerus, Korjaa Ha AajbHeM pyOeske UCIIOJIb-
3yercs ogna 3YP, a Ha 6mkHeM pyoexe — nse 3YP no nenu.

Haetcst 000cHOBaHNE YKOHOMUYECKOMH 11e7Ieco00pa3HOCTH cTpenbObl 3YP Kakaoro THma, UCX0MAs U3 KpHUTe-
pHsl «IOpa’KeHUE LeIU — HANMEHBIIVMH 3aTPATaMm».

B kadecTBe MaTEMaTHUECKOI0O anmapaTa UCIIOJIb3YOTCA JIEMEHTh TEOPUH MAaCCOBOTO OOCITYKHBAHUSI.
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TWO-LINE ANTIAIRCRAFT SHIP DEFENCE

N.S. Shcherbakov

The anti-aircraft defence of Navy ships is considered. It is shown, when increasing the anti-aircraft missile speed, to provide the
reliable ship defence is possible only by means of echeloned anti-aircraft missiles of different range.

At each line the firing strategy by anti-aircraft missile types is defined on a target priority basis. There was concluded the most
preferred target destruction strategy: using one anti-aircraft missile at far line and two missiles at close line.

The economic efficiency foundation of missile firing of both types on the basis of a «target kill by the lowest expense» cri-
terion is presented.

The queuing theory elements are used as the mathematical tools.
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lpedcmasneHa 0bobuweHHass cmpykmypa u codepxxaHue MoOesiu agemomMamu3upog8aHHoU oueHKU dessmesibHocmu crie-
yuanucmos, 3KCrayamupyruwux ap2amudyecKue CrI0XHbIE MEeXHUYeCcKUe cucmeMbl pasfiudHoeo Ha3HavyeHusl. Paspabomka
moOlenu eefiacb C MPUMEHEHUEM CUCmeMbl KOMMbomepHoao modenuposaHusi MATLAB Ha ocHoge nakemoe Simulink u
Fuzzy Logic Toolbox 8 uHmepecax ee uCroOnMbL308aHUs 8 MPoepaMMHOM obecrieyeHuu cucmeM asmomamu3upogaHHoU
OUEHKU CITOXHBIX MEeXHUYECKUX CUCMEeM C Uerlbio Mo8bIWeHUs Kadecmea OueHKU dessmesibHOCmuU U ypO8HS o020moerieH-
HOCMU 3KCIyamupyrouux ux creyuanucmos 8 pamMkax creyuanusupogaHHol cucmeMbl NPUHIMUs pelweHud.

Knrouesnle cnoea: y4ebHo-mpeHUpo8oyHoe cpedcmeo, cmpensba, 8030yWHas Uerb, cucmemMa asmomMamu3uposaHHoU
OUEHKU, MOOeslb OUEHKU, crieyuanucm, yposeHb Mo020moesieHHocmu, cucmema rnod0ep KU NPUHSMUS PELIEHUS.

In the given work a generalized structure and a substance of the automated activity evaluation model of the experts utiliz-
ing the ergatic complex technical systems of different purpose are presented. The model development was conducted by the
MATLAB computer modeling system application on the basis of Simulink and Fuzzy Logic Toolbox packages in the interests
of its using in the automated estimation system software of the complex technical systems to upgrade quality of the expert
activity estimation and a level of expertise, within the specialized decision support system.

This work deals with the generalized structure and substance of the automated activity evaluation model of the experts
utilizing the ergatic complex technical systems of different purpose.

The model development was conducted with MATLAB computer modeling system application on the basis of Simulink
and Fuzzy Logic Toolbox packages in the interests of its using in the automated estimation system software of the compli-
cated technical systems to upgrade quality of the expert activity estimation and a level of expertise, within the specialized
decision support system.

Keywords: educational and training facilities (ETF), fighting, air target, automated estimation system, estimation model,
expert, level of expertise, decision support system.

Ha coBpemenHOM 3Tarne peopMHUpOBaHUs Y4eOHOTO Mpoliecca B YUSOHBIX YUPEKACHUAX PAIUIHOTO THIIA
MPOOJIEMHBIM aCIIEKTOM IPOIECCa MOATOTOBKH CIICUAIMCTOR CIOXKHBIX TexHUueckux cuctem (CTC) smisercs
OpraHu3anus JTOCTOBEPHOHN OIECHKH ACHCTBHI OOyYarOIIMXCS B XOJ€ MPOBEACHUS PAa3IMYHBIX BHIIOB 3aHSITHIA.
AHanm3 cpencts o0yueHus u otieHKH spratudeckux CTC cnenmanbHOro Ha3HAYSHHS MTOKAa3all, YTo JTa amnmnapa-
Typa He CrocoOHa y4ecTh BECh KOMILIEKC OIICHOYHBIX MTOKa3aTesel 3a BHITIOTHEHHE MPOoLeAyp (oneparuii) nes-
TEIBHOCTH MPH BBIMOJIHCHUH CIICIUAIIMCTAMH CBOMX (D)YHKIIMOHAIBHBIX O00S3aHHOCTEH, a, 3HAYUT, OHa (hOpMHU-
pPYyET OLIEHKY, HE COOTBETCTBYIOIIYIO PEATHPHOMY YPOBHIO MOATOTOBICHHOCTH TMocihenHux. Mcxoms u3 »TOro
BO3HUKAET HEOOXOIUMOCTh IMOBBINICHUS KauecTBa orieHku crneruanuctoB CTC B messx nosblimeHust 3ddek-
TUBHOCTH MPUMEHEHHS 3TUX CUCTEM I10 MpeTHA3HAYCHHUIO.

OpHUM U3 TyTel pemeHus TaHHOW 3a7a9i MOYKET BBICTYIHTH MCIIOIh30BAHNE METOAMKH OIICHUBAHUS JIes-
tenpHOCTH crnienmanuctoB CTC ¢ ompeneneHneM ypoBHS MOATOTOBICHHOCTH, KOTOpasi MMO3BOJISIET OICHUBATH
TaKhe XapaKTCPUCTHKH UX JEATECIHLHOCTH, KaK IMOJIHOTA ((PYHKIIMOHMPOBAHHUE IO OIPEICICHHOHN Mporpamme,
BBITIOJIHCHUE 33JIaHHOW COBOKYITHOCTH JICHCTBHIA), OBICTpOEeHCTBHE ((PYHKIIMOHMPOBAHUE, IIPU KOTOPOM OCY-
IIECTBIISIEMBIC OIEpallii PabOThl BBIMIOJHSIOTCS B NIpEIeiiaX 33aJaHHOr0 HMHTEpBaJla BPEMEHH), HaJC)KHOCTD
(byHKIIMOHMpPOBAHUE, TIPH KOTOPOM OItepalis 00eBol pabOTHI BBIMOIHACTCS C 33JaHHOM MOTPEIIHOCTHIO; Be-
POSITHOCTB MTPABHIILHOTO PEIIEHU 3a/1a4).
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Heo0xoauMo y4uTHIBaTh, YTO CIIOMKHBIE TEXHUYECKUE CHCTEMBI SKCIUTyaTUPYIOTCS C BBICOKMM YPOBHEM y4a-
CTHS YellOBeKa, a 3HAYMT, JIJIs OpraHn3anud 3()p(QEeKTHBHOTO Mpolecca MOArOTOBKH CHEIHATUCTOB HEOOX0IUMO
OTIpeAETATh MHOXKECTBA ONTHMAIBHBIX 33/1a4 ¥ YIPAKHEHUHA W3 CIICUAIN3UPOBAHHON 0a3bl TaHHBIX, SBIIIO-
[IMecs BapHaHTaMH YNPaBISIOMIMX BO3ACHUCTBHIA. B 3Toi cBsA3M o4yeBHIHA HEOOXOJIUMOCTh Pa3paboOTKH MeXxa-
HU3Ma QOPMHUPOBAHMUS YIPABISIOMIMX BO3ACHCTBUI HAa 00YYarOIIUXCS CIIEHUATUCTOB C UCIIOIb30BaHHMEM WHHO-
BALIMOHHBIX NOJIXOJI0B.

Mertouka TOBBIIIEHUs] YPOBHS noAroroBieHHocTr cnennanuctoB CTC, mponecca popMupoBaHUs yIpas-
JSFOIMX BO3JACHCTBUI Ha CHELMAIMCTOB BO BCEM IUKIJIE MX MOJATOTOBKM MOKET OBITH pealu30oBaHa CHelua-
3UpOBaHHOUN cuctemMoi momnepkku npuHsaTus pemenuit (CIIIIP) mo dbopMupoBaHuio ympaBisONIMX BO3IEH-
CTBUi1 Ha y4eOHO-TPEHNPOBOYHBIX CPEACTBAX B MPOIECCE TOATOTOBKH 00y9YaeMbIX CIEHATUCTOB, UCTIOIh30Ba-
HUE KOTOPOH MO3BOJIMUT CYIIECTBEHHO MOBBICUTH 3HAUEHNE YPOBHS NOAroToBIeHHOCTH crienuanuctoB CTC, uto
B KOHEYHOM HTOTE TIPUBEAET K POCTY 3HaUeHHS 3((HEKTUBHOCTH UX JESATEIHFHOCTH B IIETIOM.

[Ipennaraemas CIIIIP o cBoeMy MPUHIMITY SBJSIETCS CTPATETMUECKOM, T.K. OPHEHTHPOBAHA Ha aHAIM3 3HAYH-
TENBHBIX 00BEMOB Pa3HOPOJHON MH(OPMAMK — MHOXKECTB Pa3JIMYHBIX THUTIOB OLIEHOK JIESITEIbHOCTH CIEeLUalIH-
croB CTC mpu BBINOTHEHUHM MMH Pa3IMYHOTO poja onepanuii mo npodeccHoHaIbHOMY NpenHasHaueHuio. EE
Ba)XHEHIIIEH IIETbIO SIBIISIETCS TIOMCK MHOXKECTBA HanOoOJlee pallMOHAJBHBIX BapUAHTOB YIPABISIONINX BO3JEH-
CTBUH Ha 00YYaIOIIUXCS B TIPOLIECCE HX MOATOTOBKH C YYETOM BIIUSIHUS Pa3IMYHBIX (DAKTOPOB, XapaKTePHBIX JJIst
cepun IpoueccoB B npodeccronansHoil aesitensHocTd. Takue CIIIIP mpeamonaraioT JOCTaTOYHO TNIyOOKYIO
MPOpabOTKy MaHHBIX — OTepaIyii MPoheCCHOHAIBHON NEATENFHOCTH, CIIEIUAIBHO MPe0OpPa30BaHHBIX TaK, YTOOKI
X OBUIO yIOOHO MCITONIB30BaTh B XOJ€ Mporiecca NpuHATHS perreHnii. HeorbemempiM kommonenTom CIITTP
3TOTO YPOBHS SBJISIOTCS MPaBUiIa MPUHATHUS PEIISHUI — NPOAYKIHMOHHBIE PAaBUIIa, pealn3yeMble B MOJETH (TIpH
HEOOXOMMOCTH OHH MOTYT OBITh JIETKO CKOPPEKTUPOBAHBI), KOTOPHIE HA OCHOBE arperupOBaHHBIX JTAHHBIX JAf0T
BO3MOXXHOCTB JIUITY, PHHUMAIOIIEMY PEIIeHNs, 000CHOBHIBATH JaHHBIE PEIICHHS.

31O SBNSETCS MPEANOCHUIKON A1l 3PPEKTUBHOTO MCIOIB30BaHMsI CPEACTB 00YUYEHHUs B Mpoliecce 00ydeHUs
cneunanuctoB CTC, ciocoOHBIX aBTOMATU3UPOBAHO U HA HOBOM KaueCTBEHHOM YPOBHE OLIEHUBATH PE3yIbTAThI
poheCCHOHANBHON AEATEIHLHOCTH 00yJaeMbIX B XOJIe BCETO IIUKJIA MOATOTOBKH, ONPEIEISATh OIIEHKY UX yPOB-
HSl TIOATOTOBJICHHOCTH M CO3JaBaTh ycHoBHS s Au(pepeHImpoBaHHOTO W THOKOTO MOAX0Ja K OJAWHOYHOM
MOATrOTOBKE KaXJ0Tro o0yyaromerocs, GopMupys 3pQPeKTHBHBIC YIPABISIOMINE BO3ICHCTBUS HA 00y4alOIIUXCS
CIIELIHAJIUCTOB C TTOMOMLILI0 HeoOxomuMbrx CIIIIP.
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A MODEL VERSION OF EXPERT ACTIVITY ESTIMATION
OF THE COMPLICATED TECHNICAL SYSTEMS WITHIN
THE SPECIALIZED DECISION SUPPORT SYSTEM

S.G. Andreev, E.G. Golov

At the present stage of educational process reforming at the educational institutions of various type a proble-matic aspect
of the expert preparation process of the complicated technical systems (CTS) is organizing the proper leaner action evalua-
tion in the course of learning activity of different kinds. The analysis of training aids and the estimation of the special purpose
ergatic CTSs showed that this equipment is not capable to take into account the whole complex of estimated figures over the
fulfillment of activity procedures (operations) by the experts performed their roles. This means that this equipment forms an
estimation which is not corresponding to a real level of the expert readiness. Reasoning from this fact, there is a necessity to
upgrade the estimation quality of the CTS experts in order to increase the operational system application effectiveness as
intended.

One way around this problem is to use the CTS expert activity estimation method of with the readiness level definition. It
is this method allows estimating such characteristics of activity as completeness (functioning under the certain program, a
fulfillment of a range of actions), a high-speed response (functioning at which executed operations of activity are performed
within the set interval of time), reliability (functioning at which the battle activity operation is executed with the specified error;
the probability of the correct solution of problems

The following shall be observed that the complicated engineering systems are maintained with a high level of person par-
ticipation which means to organize the effective process of expert preparation it is necessary to determine the optimum prob-
lem and exercise sets and of the specific database being the versions of control activation. In this regard, it is obvious that
the necessity of working out the formation mechanism of the control activations on the trained experts with using the innova-
tive approaches.

The technique of readiness level increase of the CTS experts and the process of forming control activations on the ex-
perts during the all cycle of their preparation, can be realized by the special decision support system (DSS) on forming con-
trol activations on the training aids in the course of preparation of the trained experts.

The offered DSS is strategic by its principle because it is designed for analyzing significant volumes of the diverse infor-
mation - sets of various types of estimations of CTS expert activity, when fulfilling any professional mission operations. Its major
purpose is to search the sets of the most rational versions of control activations to the trained experts.

Such DSSs assume data mining - operations of the professional activity. The DSS integral component of this level are
decision-making rules realized in a model (if necessary they can be easily corrected) which on the basis of the aggregated
data give a chance for a decision-maker to prove the solutions.

It is a precondition to use the tutorials effectively in the course of training of DTS experts.
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AHAJIN3 MAHEBPEHHbIX CBOUCTB COBPEMEHHbBIX
W INEPCIIEKTUBHBIX OBPA3LjOB bOEBOU ABUALINU
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AHanusupyromcsi MaHespeHHble ceolicmea cospeMeHHbIX U repcrekmueaHbix 06pa3syos 6oesoli aguayuu, npueodsmces
OCHO8HbIE HarpaesneHusi CO8EPLIEHCMB08aHUS asuayuu U 8bICOKOMOYHO20 opyxusi cmpaH HATO u aHanusupyemcs
cywecmayioujue KOMIIeKChl npomugogo30yuwHOlU 060POHI.

Knroueeble cnosa: cpedcmea 8030yWHO20 HanadeHUsl, C8ePXMaHEBPEHHbIE flemameribHbIe annapamel, MaHesp, fe-
mamerbHbIl annapam, ghueypa ebICLe20 MuIomaxa, co8epueHcmMeogaHUe caMoriemHo20 napka, 1emHo-mexHUYecKue
XapaKkmepucmuku

The following article presents the analysis of maneuver features of modern and advanced combat aircraft, the basic lines
for improvement of NATO-operated aircraft and high-precision weapon as well as analysis of currently available air defense
systems.

Keywords: means of air attack, supermaneuverable aircraft, maneuver, aircraft, stunt, aircraft fleet improvement, aircraft
performance.

Pa3Butne Teopun U MpakTUKK aBHALIMOHHON HAayKH, OCHOBAaHHOE HAa HUCIOJB30BAaHUM JAOCTIHKEHUI HECTalu-
OHApHOM a’POIMHAMUKH, IUHAMUKY I0JI€Ta B HEYCTAaHOBHUBLIEMCS ABWKCHUHU M IPUMEHEHUH OoJiee COBEpILICH-
HBIX QITOPUTMOB U CUCTEM aBTOMATHYECKOTO YIIPaBJIEeHHUs, 00JIaJar0IuX CYIIECTBEHHO Oosee BBICOKOH aznarl-
TalMel K yCIOBHIM IOJIeTa, MPUBEIH K CO3JaHUIO HOBOTO THIIA JIETATENIbHBIX allapaToB, TaK Ha3bIBAEMbIX
CBEPX MaHEBPEHHBIX JIETATEIbHBIX AllapaTOB.

CBepXMaHEBPEHHOCTh, paccMaTpruBaeMasl Kak OJHA M3 OCHOB KOHLEIIMH ITOCTPOCHHS NEPCHEKTHBHBIX MHO-
ro(QyHKIMOHAJIBHBIX CaMOJIETOB, OKa3bIBACT CYIIECTBEHHOE BIMSHUE HA TAKTHKY MX IIPUMEHEHUs. B Toi mim uHoi
CTEIEHH SJIEeMEHTaMH CBEPXMAaHEBPEHHOCTH 00J1aJal0T BCe HCTPEOUTENN 1 MHOTO(YHKIMOHATIBHBIE CAMOJIETHI YeT-
BepToro mokoseHus, HaunHasg ¢ F-15, F-16, F-18A, Mul-29, Cy-27, J-10, J-11 n ux mogudukanuu. B HanGonee
TTOJTHOHM hopMe CBEpXMaHEBPEHHOCTHIO 00anatoT camoneTsl F-22, Cy-35 u ocobenno Cy-37, F-35, J-15.

B nacrosimiee BpeMsi ra3o0AMHaMHU4ECKOE yNpPaBJICHHE MOCPEACTBOM OTKIJIOHAEMOTO BEKTOpa TATU IPH COB-
MECTHOW padoTe C TPaJULHUOHHBIM a3POJMHAMUYECKUM YIPABICHUEM MTO3BOJISIET CYLIECTBEHHO PAaCIIUPUTh Ma-
HEBPEHHbIE BO3MOKHOCTH CaMOJIETa, IPEJOTBPATUTh CBAIMBAHUE U YBEPEHHO MIJIOTUPOBATh CaMOJIET HAa Ma-
JIBIX, BIJIOTh 0 OKOJIOHYJIEBBIX, CKOPOCTEH IoJIeTa, Jake Ha CBEPXKPUTHUECKUX YIJIaX aTaku.

Ocob6eHHO 3 PeKTUBHO MHOTOOCEBOE MJIM BCEPAKyPCHOE OTKIOHEHHE BEKTOpa TATH. B aToM ciryuae obec-
NIEYMBAETCSl HE3aBUCHMOE yIpaBJICHHUE 110 KaHajJaM TaHraka U PhICKaHMs, a B CIIydae ABYXIBUraTEIbHOMN CHIIO-
BOM YCTaHOBKHM CaMoJjieTa — ¥ IO KaHaly KpeHa. UTo IO3BOJIIET HE TOJIBKO «pa3Bsi3aTh» OCU IBIKEHMS IIPU
yIpaBJICHUH, HO U MPH BBIIOIHEHUH (PUTYP BBICIIETO MUJIOTaXKa MM BO3AYLIHON akKpoOaTUKU COXPaHUTh TLIOC-
KOCTb YIIPaBJICHHUSI HEM3MEHHOM, a, CIEeI0BATENILHO, MTOJYYUTh IIOJIHOCTHIO YIPaBIISIEMbIl CaMOJIET, YTO MO3BO-
JSIET YBEPEHHO T'OBOPUTH O AajbHEHIEM ero 00eBOM IPUMEHEHUH.

Hcnonp3oBaHue opraHoB HEMOCPEICTBEHHOTO YIIPABICHUS a3pOJUHAMUYECKUMHU CUIIaMH, C OJJTHOW CTOPOHBI,
JaeT BO3MOXKHOCTB JIETAaTEIbHOMY ammapaTy MPakTUYEeCKH CKaukooOpa3HO U3MEHATH CBOE IMOJO0KEHHE B MPO-
CTpaHCTBe 03 M3MEHEHHs OPUEHTAIMU CTPOUTeNbHBIX oceil. C npyroii cropoHsl, CMJIA MOTYT W3MEHSTH I10-
JIO’KEHUE CTPOUTEIBHBIX OCEH B MPOCTpaHCTBEe Oe3 M3MEHEeHUs Hanpapienus noiera. Kpome toro, CMJIA cno-
COOHBI COBEpLIATH YNPABISIEMbIH MOJIET ¢ yriaamu ataku 10 60-90° 6e3 cBajavBaHus B LITONOP, UTPast POJIb BO3-
OYUIHOTO TOPMO3a. DTO JI€JIAeT BO3MOXHBIM Pa3BOPOTHI C OUYEHb MaJbIM PaauycoM. BrIicokas TSIroBoopy»KeH-
HOCTb I103BOJISIET JIETATEIbHBIM amaparaM 3THX TUIOB OBICTPO HaOMpaTh CKOPOCTh MPH JIH00OM HPOCTpaH-
CTBEHHOM TOJIOKEHHH.

COBOKYIHOCTB 3JIEMEHTAPHBIX COCTaBJIIOLINX, Aa€T BO3MOXKHOCTh PEaIM30BaTh OONBLIOE YHCIO MAaHEBPOB
C OYEHb CIIOKHBIMU IIPOCTPAHCTBEHHBIMH IBOJIIOLIUAMHU.
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B TakTHyeckoM ITaHE CBEPXMAaHEBPEHHOCTH ITO3BOJIECT CYHICCTBEHHO MOBBICHTH COOCTBEHHYHO Oe3omac-
HOCTB, B TOM YHCIIE 1 32 CUET BBITOJIHEHHS CYIIECTBEHHO OoJiee () (PEeKTHBHBIX MaHEBPOB YKIOHEHHS OT YIIPaB-
JISIEMBIX CPEICTB MOPAKEHUSI.

B texumueckom mmane CMIJIA TpeOyroT pacmidpeHHs COCTaBa OILEHWBAEMBIX KOOPIAMHAT COCTOSHHUS U
MPEIBSBIISIOT CYIIECTBEHHO 0OJiee MKECTKHE TPEOOBaHUS K TOYHOCTHU, OBICTPOJCHCTBUIO U YCTOHYHMBOCTH UX
COTIPOBOX/IEHNSI OOPTOBBIMU CIICSIINMHU CHCTEMaMHU.

[o oleHKaM OTEUECTBEHHBIX aHAJTUTHUKOB, B pAMKaX COBEPIICHCTBOBAHHS CAMOJICTHOTO IMapKa TAKTUYCCKON
aBUanMy HauOOJIbIIEe pA3BUTHE IOJy4YaT MHOTOIENIEBBIC UCTPEOMTENM U TAIyOHBIE UCTPEOUTEIIH-
MITYPMOBUKH, TIPH 3TOM HanOoJiee BEHICOKUMHU TaKTUKO-TEXHHYECKUMHU XapaKTEPUCTUKAMU OyIyT 00JaiaTs HO-
BeIe camornieTsl F-22A, EF2000, Padans u F/A-18E,F (cpexcTBam BO3AYNTHOTO HAMAACHHUS IIATOTO TTOKOJICHUS
OyIyT mpHCYIId Mallo3aMETHOCTh, BO3MOXKHOCTh MCIOJb30BaHus Bceld HoMeHKIaTypsl BTO, cBepx3BykoBas
CKOPOCTb TIOJIETa Ha KPEHCEPCKOM peXXHMeE, ITOBBIIIICHHAsT MAHEBPEHHOCTh, HE3aBUCUMOCTh OT METEOPOJIOTHYE-
CKHX YCIIOBUH M BPEMEHH CyTOK).

OpHuM U3 croco0oB OOpPHOBI ¢ CYIIECTBYIOIMMHU U HepcrekTUBHbIMU oOpa3namu CBH sBisercs ycomep-
IICHCTBOBAHUE 3CHUTHBIX YIpaBIsieMbIX pakeT. CriocoOOM YBEIWYEHUs JATbHOCTH MOPAXKCHUS, YBEINYCHUS
yucna neperpy3ok 3YP sBisercs nmprMeHeHHe KOMOWHHPOBAHHOTO CIIOCO0a HaBEJCHHS, B YaCTHOCTH, Ha
HaYaJbHOM JTalle — TeJIEHaBeeHNEe, HA KOHEYHOM — CAMOHAaBE/ICHHE.
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ANALYSIS OF MANEUVER FEATURES OF MORDEN
AND ADVANCED COMBAT AIRCRAFT

E.A. Egorov

The theory and practice development of the Aeronautical science based on using the achievements of non-steady aero-
dynamics, the flight dynamics in an unsteady motion as well as the application of more perfect algorithms and the automat-
ic control systems possessing essentially higher adaptation to flight conditions has led to the creation of a new type of flight
vehicles, so-called , supermaneuverable flight vehicles.

Supermaneuverability considered as one of the construction concept bases of the perspective multipurpose planes,
makes an essential impact on the tactics of their application. To some extent the supermaneuverability elements have both
all fighters and multipurpose planes of the fourth generation such as the F-15, F-16, F-18A, MiG-29, Su-27, J-10, J-11aircraft
and their modifications. The F-22, the Su-35 and especially the Su-37, F-35, J-15 aircraft possess super maneuverability in
the fullest extent.

Now the gas-dynamic control by means of a turned down a thrust vector at teamwork with conventional aerodynamic
control allows to expand essentially mobile capabilities of the plane to prevent stalling and then to fly a plane confidently at
low, up to near-zero, speeds even at the supercritical angles of attack.

Multiaxial or all aspect capability of a thrust vector deviation is especially effective. In this case the independent control
on pitch and yaw channels is provided, and in case of the twin-engine power plant the flight is performed on a roll channel.
These facts allow not only «untying» motion axes, while controlling, but also at the aerobatic maneuvering fulfillment or aer-
obatics to save the control surface invariable and to attain a fully-controllable aircraft.
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Using the controls by aerodynamic forces, on the one hand, gives the aircraft a chance to change its position in steps in space
without changing the X axe orientation. On the other hand, flight vehicles can change the X axe position without changing a flight
direction in space. Besides, supermaneuverable flight vehicles are capable to make a controlled flight with angles of attack up to
60—90° without drop in a spin, exercising a function of an air brake. It enables to turn at very small range. A high thrust-to-weight
ratio allows speeding up the flight vehicles of these types at any attitude.

A totality of elementary components gives a chance to perform a great number of maneuvers with the hardest aircraft at-
titude space changes.

From the tactical point of view the supermaneuverability allows raising aircraft's own safety essentially due to more effec-
tive evasive maneuver fulfillment.

Technically, the supermaneuverable flight vehicles require expanding a constitution of positioning data under consideration
and demand to increase accuracy, speed-of-response, their tracking stability. By estimations of domestic analysts the greatest
development will be received by multi-purpose fighters and by the carrier-based attack aircraft. The highest performance aircraft
will be new airplanes such as the F-22A, EF2000, Rafal and F/A-18E, F aircraft.
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OO0HOU u3 akmyaribHbIX Hay4HbIX 3adadq paduosiokayuu sienisemcs 3adaqa paspelieHus omoerbHbIX pacceusarowjux arne-
MeHmMo8 (UCMOYHUKO8 U3/Tly4eHUs]) 8 cocmase 2pyrrnoso2o cocpedomoyYeHHO20 pacceusarouie2o arieMeHma, Harpumep, om-
OerbHbIX 8030YLWHbIX yenel, pacriofoxXeHHbIX 8 cocpedomoYeHHbIXx 6oeabix nopsidkax. YMeHbweHUe uHmepeasa coanaco-
8aHHO20 pa3pelweHus1 cuaHanog 8030yWHbIX yenel rno 0ansHOCMU rpu UCrob308aHUU 8 paduorioKayUOHHbIX CmaHUyusix cue-
Hasos ¢ nuHeliHoU YyacmomHoU mModyrnsiyuel He ecezda obecriedusaem docmuxeHue mpebyemoli paspewarouieli criocobHo-
cmu. B cmambe npednoxeH crnocob paspeweHusi 8030yWHbIX yernel, Uucronb3yrowull MpOeKUUOHHbIU Memo0d peweHus 06-
pamHoli 3adayu paccesiHusi Ot MpeodoreHUs1 UHMepeara co2/1aco8aHHO20 Pa3peuieHus.

Knroyesnie crnosa: ceepxpaspeweHue, cusHan ¢ nuHelHolU YacmomHou moodynsayued, epyrnogas cocpedomoyeHHasi
uero.

One of the actual radar-location scientific tasks is the resolution problem of the separate scattering elements (radiation
sources) as a part of the group concentrated scattering element such as the separate air targets located in the concentrated
combat dispositions. The interval reduction of the coordinated range resolution of air target signals by using the linear fre-
quency modulation signals in radars doesn’t not always provide the demanded resolution achievement. The article presents
the air target resolution way using a projection method of the inverse scattering problem decision to overcome the coordi-
nated resolution interval.

Keywords: super resolution, linear frequency modulation signal, concentrated multiple target.

OiHO¥ U3 aKTyaJbHBIX 3aJ]1a4 PaJMOJIOKAIIMY SBISICTCS MOBBIIICHUE pa3pellaroleii CloCOOHOCTH PaInoJIoKa-
IUOHHBIX CTaHIMHK. Pa3peraromniasi CrtocOOHOCTH ompeesieT HHPOPMAIMOHHbBIE ¥ (PYHKIIMOHAILHBIE BO3MOXKHO-
CTH PaJuOJIOKAIMOHHBIX Cpe/cTB. Hampumep, HepocTaTouHas pa3pelaronias ClioCOOHOCTh PaJMoI0OKAIMOHHBIX
CTaHIIMI TPUBOAUT K HEBO3MOXKHOCTH DPa3pelIeHHs BO3AYIIHBIX IIeJie B COMKHYTBIX OOEBBIX TOPSIKAX, YTO
cHIKaeT A(PGEKTHBHOCTh CHCTEM, HCITOJB3YIONINX PaIUOJIOKAITMOHHYI0 HH(pOpMauio. YKa3aHHBIE (aKTOPHI
CBUJICTEIILCTBYIOT O HEOOXOAMMOCTH TOBBIIIICHHS PAa3pEIIatoNiel ClIOCOOHOCTH PaIMOI0KAIIMOHHBIX CTAHIIHIA.

Bo MHOTHX pajiMOIIOKAIMOHHBIX CTAHIUAX B LENSIX MOBBIIICHUS Pa3pelaronieid ClioCOOHOCTH 110 JallbHOCTH
HCTIOJB3YIOTCA CUTHAJIBI C JIMHEWHOW YaCTOTHOW MOJYJISIUMEN. YBEJIMUYEHUE IIUPUHBI CIIEKTPAa CUTHAJIa UMEET
MPAKTHYECKUE OIPAHUYCHUS M HE BCEr/ia 00ecreunBacT TpeOyeMyro pa3peliaonyr0 ClIOCOOHOCTh PalnoJIoKa-
LIUOHHBIX CTaHIMKA MO JanbHOCTH. [I0ATOMY COBMECTHO C JIMHEHHON YaCTOTHON MOJYJISIMEN 30HAUPYIOIIETO
CUTHAaJIa 11eJIeCO00pa3HbIM SABJISICTCS MPUMEHEHUE METOJIOB PAIUOJIOKAIIMOHHOTO CBEpXpa3pelieHus], 00eCIeyr-
BAIOIIMX IPEOJOJICHUE UHTEPBAJIa COTJIACOBAHHOIO PA3PEIICHUSI 9XOCUTHAJIOB.

OnauM 13 3PPEKTUBHBIX METOAOB 00ECIECUYHBAIONINX BO3MOXHOCTh CBEPXPa3pPEIICHUs BO3YIIHBIX IIeNIeH
SBIISICTCSl TPOSKIMOHHBI METOJ pPelIeHus] oOpaTHOW 3aJauyM pPacCesHUs, MO3BOJIONIMNA TOIYYUTh OICHKY
MOpTpeTa PaHoIOKAIMOHHON LIEIH M0 HA0JII0JaeMOMY 3XOCUTHAY.
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B cnyuae peanuzanny MpoeKIMOHHOTO METOAA B PAAMOIOKAIMOHHBIX CTAHIIMAX, UCTIOJIB3YIOLINX CUTHAJIBI C
JMHEHHON YaCTOTHOM MOMyIIsiel, Ha OCHOBE allpHOpHON MH(POPMAIMH 3aJaf0TCsl BO3MOKHBIE KOHQHUTYpaluu
noptperta, GopmMbl PYHKIHMI OTKIMKOB BO3AYIIHBIX LIEJICH U CTPOSITCSA CETKH, y3JIbl KOTOPBIX PAcIoiaratorcs B
TOYKaX CBOMX YCTOWYMBBIX OlleHOK. Ha ocHoBe ampropHoii nHpopManmuy o KOHPUrypaluu nopTpeTa Tpymnmo-
BO# 1enn popmupyercs Mmatpuiia ['pama npoOHBIX CUTHAJIOB (MaTpHiia KO3 (UIIMESHTOB PacCcorjiaCOBaHUs CUT-
HAJIOB, TTapaMeTphl KOTOPBIX M3BECTHHI allpHoOpHO). Martpuima ['pama nmpoOHBIX CHTHAJIOB W PE3yJIbTAThI COTIIa-
COBaHHOW 00pabOTKH IXOCUTHAJIA HCIIONB3YIOTCS JIS pacdyeTa KOMIUIEKCHBIX KO3((DHUITMEHTOB OTpaKEHHUS BO3-
IYITHBIX 1enell. Moaynu MpoeKIHOHHBIX OIEHOK K0d()(HUIIMEHTOB OTpaKeHHUS CPaBHUBAIOTCS C TOPOTOBBIMHU
3HAYCHHUSMH, PACCUUTHIBAEMBIMU HUCXOS M3 YPOBHS IIYMOB OLIEHKH JUIA KaXKI0W KOH(UTYpaluu MmopTpera u
JUTSL 33/IaHHOTO YPOBHS JIOXKHBIX TPEBOT. PerieHne o KOMMYECTBE OTHENBHBIX BO3AYIIHBIX IIEJE€H B COCTaBe
TPYNIIOBOM [EIH MPUHUMAETCS TI0 MaKCHMalIbHOMY CpEeIr aHAIM3HPYEMbIX BapHAHTOB KOJIUYECTBY MOIYJICH,
MPEBBICUBIINX COOTBETCTBYIOIIME TOpord. IIpoekimoHHas olleHKa MOpTpeTa LEeNH paBHa CyMMe IMPOOHBIX
¢byHKUMI 13 BHIOpaHHON KOH(UIYpaluH, YMHOKEHHBIX Ha COOTBETCTBYIOLIME MPOECKIMOHHBIE OLCHKH KO-
(ULMEHTOB OTPAKECHUSL.

D¢ PeKTUBHOCTD MPEASIOKEHHOTO CHOC00a MOATBEPKIAIOT aHAINTHYECKHE OLICHKH, a TaKKe Pe3yJIbTaThl
MaTEMaTUYECKOTO MOJICITMPOBAHHS.
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A METHOD OF THE PROJECTION RANGE SUPERRESOLUTION
OF AIR TARGETS IN THE RADARS USING THE PROBING SIGNALS
WITH LINEAR FREQUENCY MODULATION

D.V. Panov, A.N. Kurochkin, I.N. Kostomarov

One of the urgent radiolocation tasks is to increase the radar resolution. The resolution defines the radar data and func-
tional capabilities. For example, the radar resolution lack leads to the disability to resolve air targets in the close combat for-
mations. This fact reduces the efficiency of systems using radar data. The above mentioned information indicates to in-
crease the radar resolution.

In order to increase the range resolution, the linear frequency modulation signals are used in many radar types. Increas-
ing the signal bandwidth has practical constraints and does not always provide the desired radar range resolution. For this
reason it seems appropriate to apply the radar super-resolution methods providing overcoming the matching resolution in-
terval of echoes together with a linear frequency modulation of a probing signal.

One of the effective methods providing an air target super-resolution capability is a projection method to solve the in-
verse scattering problem enabling to get an estimation of radar target portrait according to a signal under observation.

In case of the projection method implementing in the radars using the linear frequency modulation signals, on the basis of a
priori information both the possible portrait configurations and the air target response function forms are specified and also the
grids are constructed, the nods of which are located in the points of their robust estimates. On the basis of a priori information
about the group target portrait configuration the Gram matrix of the trial signals (matrix of signal mismatch coefficients, parame-
ters of which are known a priori) is formed. The trial signal Matrix Grama and the results of matching processing of echoes are
used to calculate the complex reflection coefficients of air targets. The reflectivity projection estimate modules are compared
with the threshold values which are calculated on the basis of estimation noise level for each portrait configuration and for the
preset level of false alarms. A decision of separate air target number within a group target is accepted by the maximum number
of modules have exceeded the corresponding thresholds among the analyzed versions. A projection assessment of the target
portrait is equal to the sum of testing functions of a selected configuration multiplied by the corresponding projection estimations
of reflectivity.

The proposed method efficiency is confirmed by the analytical estimations and the mathematical modeling results.
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PaccmompeHb! eonpock! co3daHusi CBY npuemHukoe duana3oHHbix MPJIC. [MokasaHo, Ymo npuMeHeHUe HOB8bIX Muros
CBY ycunumenel u 3awumHbiX ycmpolcme pacuiupuniu 803MOXHOCMU 10 yryHWeHUr Ouana3oHHbIX Xapakmepucmuk
PJIC o HeckonbkuM Hauboree 8axHbIM napamempam.

lpueedeHa munosas amnnumyOHO-4acmomHas Xapakmepucmuka UUKIOMPOHHO20 3aujumHoego ycmpoticmea LI3Y e
wupokom OQuanasoHe Yacmom, obecrieqyuswas mpebyemoe rnodasneHue napasumideix CBY cueHanos. [aHbl dpyeue cxe-
MomexHu4yeckue peweHus. [NpednoxeHa paboyasi cxema aHmeHHo-rpuemo-nepedarou,e2o nocma MPJIC ¢ OAP.

Knrouesnle cnoea: akmueHasi ¢hasupyemasi aHmeHHass pewemka A®AP, anekmpocmamuydeckuli ycunumersns 3CY,
UUKITOMPOHHOE 3awjumHoe ycmpoticmeo LI{3Y, UUKIOMPOHHO 3auwUWeHHbIU KOMIIIeKcUuposaHHbil ycunumerns LI3KY,
anekmpocmamuy4eckull KoMrinieKkcuposaHHbIl ycunumerns OCKY, asmokomneHcamop nomex AKTI.

The article deals with the ultra-high frequency (UHF) receiver construction of the band multifunction radars.

There was shown that application of new UHF amplifiers: an electrostatic amplifier (EA), an UHF electronic integrated
amplifier (UEIA), a cyclotron protected interconnected amplifier (CPIA) as well as the antijamming devices: a cyclotron pro-
tective device (CPD), electronic protection equipment (EPE) have enhanced the ability to improve radar band performance
on several parameters.

There was presented a CPD typical amplitude-frequency characteristic in a wide frequency band providing the required
suppression of UHF parasitic signals. Some other circuit solutions were proposed.

Keywords: active phased array (APA), electrostatic amplifier (EA), cyclotron protective device (CPD), interference auto-
canceler (IA), cyclotron protective integrated amplifier (CPIA).

B cratbe paccmotpensl Bonpockl noctpoeHust CBY npueMuukoB auana3onHsix PJIC, koTopblie TOKHBI OTBE-
4aTh PSIY HOBBIX CEphe3HBIX TpeOoBanuid. I1Inpokuii 9aCTOTHBIN AUAaIia30H COBMECTHOTO JEHCTBHS B TPYIIITUPOB-
K€, 3alllUTy CBOMX BXOJOB OT CHJIbHBIX IIPOHHUKAIOLIMX BO3AECHCTBUIL, OBICTPYIO AIIEKTPHUYECKYIO TIEPECTPOHKY IO
YaCTOTHOMY [MAalna3oHy, MOAABICHUE MPEIHAMEPECHHBIX U HEMPEIHAMEPEHHBIX 3JIEKTPOMArHUTHBIX MOMEX, MO-
CTyMNAroIKX Kak [0 OCHOBHOMY, TaK M 10 BHEMOJIOCHBIM KaHallaM, CKOOPAMHUPOBAHHOE YIIPABJICHUE AUHAMHYE-
CKUM JMaNa30HOM YCHUJIEHUS, a TaKXkKe APYrre KOHKpPETHBIE 3a1aul, ucxoasd u3 kinacca PJIC. DnexTtpomarautHast
coBmectuMocTh PJIC, paGoTaronux B IrpynnupoBKe, TpeOyeT IOMOIHUTEIBHBIX MEp [IOMEX03aIlUThI C COXpaHe-
HHEM HX PabOTOCIIOCOOHOCTH MO OCTANbHBIM (DyHKIMSIM. B cTaThe paccMaTpuBaroTCs 3TH MEPHI.

[Toka3zanel paznuuHbie cxemHble pewmieHuss B CBU-npueMHukax, yayuimiaromue xapakrepuctuku OMC.
[Mpumenenue nocnenuux pazpadorok MIIY CBY u ObICTpOASHCTBYONIMX 3alIUTHBIX YCTPOUCTB Ha 6asze DCY,
OCKY, II3KY, 23V, 113V 3HaunTeNbHO paciiupuin BO3MOKHOCTH MpueMHUKOB PJIC pa3nu4HOro Ha3HaueHUs.

PaccMmoTpeHbl u Ipyrue CXeMHbIE PELICHUS, YIydlIAloUIMe XapaKTePUCTUKU IUAla30HHbIX HNPUEMHUKOB,
BBEJIEHHE KOTOPBIX B CTPYKTYpHYIO CXE€MY MHOTOKaHaJbHOTo nuamnazoHHoro CBY mpueMHHKa ONTHMH3HPYET
padoty MPIJIC. IIpennaratorcst BApHaHThl HOCTPOEHUS, BEIOOP CETKM PabOYMX YacTOT U IFeTEpOIMHOB, BBICOKOM
Y TIOCJIEYIOIINX HOMHHAJIOB ITPOMEKYTOYHBIX YacTOT.

B 3akmtoueHne nokazaHa cxeMa CEMHUKaHAIBHOTO JUANa30HHOIO aHTEHHO-IIPHUEMO-TIEPEJAIOIIETo O0CTa MO-
HommmybcHO# PJIC.
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SPECIAL CONSTRUCTION FEATURES OF BAND MICROWAVE
RECEIVERS OF MULTI-FUNCTION RADAR WITH A PHASED ARRAY
AND AN ACTIVE PHASED ARRAY

V.l. Pleshivtsev

The paper describes questions of the UHF receiver construction of band multifunction radars which have to possess a
number of significant requirements -

— a wide frequency band of joint action in a group;

— input defence from strong penetration action;

— quick electrical hopping on a frequency band;

— suppression of intended and unintended electromagnetic interference coming from both basic and outband channels;

— a coordinated control of the dynamic range of amplifying, and other particular tasks, depending on a radar type.

Electromagnetic compatibility of radars operating in a group requires the additional anti-jam actions, remaining their ca-
pacity for work on other functions. The article presents these actions.

There have been demonstrated different UHF receiver circuit solutions improving the electromagnetic compatibility per-
formance.

Using the latest developments of a UHF low-noise amplifier and the fast-acting protection systems on the base of EA,
UEIA, CPIA, EPE, CPD have increased greatly the opportunities of radar receivers of various applications.

Also there have been considered some other circuit solutions improving the band receiver performance to optimize the
multifunction radar operation.

There have been proposed some construction versions, the selection of the operational frequency array and an oscilla-
tor of high and intermediate frequencies.

In conclusion the paper introduced a circuit of the seven-channel band transmit-receive station of a monopulse radar.
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OnpedeneHbl mpebosaHusi K xapakmepucmuke Kadyecmea usMepeHuli KOHMporbHOU U duazHocmupyrowel annapamy-
pbl, pabomaroweli 8 pearibHOM Macwmabe epeMeHuU, ¢ UCMonb3oe8aHUeM rpeobpaszosamernell HanpsXeHue — yacmoma.
MaHa oueHka ucnpasHocmu annapamypbl U aneopumm pabombel KOHMPOsbHOU U GuazHocmupyrowel annapamypst. [Npu-
gedeH npumep peanusayuu KOHmMpPosbHoU u QuazHocmupyrowel annapamypbl Ha OCHO8e MUKPOCXeMbI rpeobpasosamerns
HanpsixeHue — 4yacmoma AD654.

Knrouyesnbie cnosa: koHmporns, QuaeHocmuka, lMTHY, cucmema, mexHudyeckoe cocmosiHue, Ka4ecmeo u3MepeHud.

The requirements were defined to measurement quality characteristics of real time control and diagnostic equipment us-
ing the voltage — to — frequency converters. The equipment readiness estimation was given as well as the control and diag-
nostic equipment operation algorithm. An example was provided for the control and diagnostic equipment implementation
based on the AD654 voltage — to — frequency converter chip.

Keywords: control, diagnostics, voltage—to—frequency converter, system, technical position, quality of measurement

CoBpeMeHHBIE HOCTHKEHHUSI B O0JIACTH HAYKHM M TEXHHMKH MPEIyCMaTpHBAlOT BHeIpeHUe OoJiee COBEpILECH-
HBIX TEXHUYECKHUX CPEICTB. VX BHEApEeHNE OCHOBBIBACTCS HA MIMPOKOM UCTIONH30BAHUN CIOXKHBIX aBTOMATH3H-
POBaHHBIX CHCTEM M KOMIUIEKCOB. IIpm 3ToM cTaBHTCA 3aada 00ECTIEUYNTh CO3/IaHNE W OCBOCHHE CEPUUHOTO
BBIITYCKAa HE TOJIbKO CaMUX TCXHUYCCKHUX CUCTEM, HO U aBTOMATUYCCKUX CPEACTB UX KOHTPOJIA U AUATrHOCTUPO-
BaHMS. B cBsI3M ¢ 3TUM pa3pabOTKa TEOPETHUECKUX OCHOB MIOCTPOEHHSI M KOHTPOJIS CIIOKHBIX TEXHUYECKUX CHU-
CTeM MPHOOpEeTaeT 0COO0YI0 aKTyaIbHOCTh M MPAKTUYECKYIO 3HAYNMOCTD.

HCCHCI{OB&HI/IC BOIIPOCOB KOHTPOJIA TEXHUYCCKOI'0 COCTOSAHNA U JUArHOCTUKH CIIOKHBIX CUCTEM HMMCET P
METO/I0JIOTHUECKUX 0COOEHHOCTEH, O0YCIIOBIICHHBIX TJIaBHBIM 00pa30oM TEM, YTO TEOPHUsSl CUCTEM M TEOPHsI KOH-
TPOJISl Pa3BUBAIKCH KaK CaMOCTOSATEIbHBIE HAyYHBIC HANIpaBiIeHUs. B maHHOI cTaThe onpeneieHbl TpeOOBaHHS
K XapaKTEepPUCTHKE KadyeCcTBa M3MEPCHUN KOHTPOJIHLHON M AMATHOCTHPYIONIEH ammaparypsl, paboTaromieit B pe-
anpHOM Maciutabe BpeMEHH, C HCIOJb30BaHUEM NpeoOpa3oBaTelieii «HanpshkeHue — JacToTay. JlaHa orneHka
WCIPAaBHOCTH ammapaTypbl U allTOPUTM padOTHl KOHTPOJBHOW W AMAarHOCTHpYIOIIel ammapaTypsl. lIpuBenen
MIpUMEp peau3aliyi KOHTPOIBHON M AMarHOCTHPYIOMIEH anmapaTypbl HA OCHOBE MUKPOCXEMBI ITpeoOpazoBaTe-
75 «HampspKeHne — yactoray AD654.

B crarbe npeniokeH HOBBI METO/ OLIEHKH pabOTOCIIOCOOHOTO COCTOSIHUS aHAJIOTOBBIX YCTPOMCTB HA OCHO-
Be [THY. B kauectBe nmpuMepa nmpuBeaeHa cxemMa KOHTPOIBHOTO M JIUAarHOCTHPYIOIIETO YCTPOWCTBa HCTOYHUKA
MUTaHUs. DTOT METOJ] TUATHOCTUKUA M KOHTPOJISI OCYIIECTBISCTCS IIyTEM BBEICHHUS IIpeoOpa3oBaress u3Mepsie-
MOTO TapaMeTpa B YacTOTY, KOTOpas MEePeacTCsl B BHIUUCIUTENBHYIO cpery. JlaHHBI METOA MO3BOJIIECT HpU
MUHUMAITFHBIX alllapaTHBIX 3aTpaTaX KOHTPOJIMPOBAThH UCIPABHOCTh PAIHOAIEKTPOHHOM aImaparyphbl.

Mo3xHO Tonararh, YTO MPUMEHEHHE 3TOTO METOA ITO3BOJIUT MIPH KOHCTPYHPOBAHUH HOBBIX aHAIOTOBBIX U3-
JICJIAH 1oJTydaTh HanboJiee MH(POPMATUBHBIC U3MEPEHHUS O COCTOSHUU 00beKTa. B TO e BpeMsi HOBbIE BO3MOXK-
HOCTH MPEIOCTABISIOTCA 0€3 KaKUX-THO0 CYIIECTBEHHBIX 10pabOTOK.
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REAL TIME CONTROL AND DIAGNOSTICS
OF ANALOGUE DEVICES

A.V. Petrakov, V.P. Sharov, V.l. Mkhatrishvili

The requirements are defined to measurement quality of real time control and diagnostic equipment using voltage — to —
frequency converters(VFC). The equipment readiness estimation is given as well as control and diagnostic operation equipment
algorithm. An example was provided for control and diagnostic equipment based on the AD654 VFC.

The new method based on VFC is offered for estimation of analogue device readiness. As an example, a circuit of con-
trol and diagnosing device is given for a power supply. This method assumed the measured parameter to be converted into
frequency and then introduced into computing environment. It allows supervising the electronic equipment serviceability with
minimum hardware used.

Application of this method should allow more informative measurements of object condition while designing new ana-
logue products, but requires minimum additional equipment.
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Haemcsi nodpobHoe onucaHue ecex napaduasM npoepaMMUpO8aHUsi, UCMOb3yeMblX Npu pa3pabomke npospaMmmMHO20
obecrieyeHus cucmem yrnpasneHus. OmmeyveHbl docmouHcmea u Hedocmamku Kaxdoeo nodxoda. B ces3u co 3Haqyumerns-
HbIM COKpaWeHUeM CPOKO8 U320moesieHUsi 0bpa3yo8 80eHHOU MEeXHUKU, a makxe pacmyuweli KoHKypeHuuel Ha pbIHKe
soopyxxeHusi Oaémcsi o6ocHosaHue Heobxodumocmu repexoda om MpoyedypHO20 Mpo2pamMMUpPO8aHUs K MpoeKmuposa-
HUK, OCHOBaHHOMY Ha Modersu.

Knroueenle cnoea: npoepammHoe obecrnedyeHue, napaduema npospaMmMupo8aHus], MPOEKMUpPoO8aHUe Ha 0CHo8e MoOe-
11U, ModesIbHO-0pUEeHMUPOB8aHHbIU Modxo0 K pa3pabomke, cemelicmeo npozpamMMHbIX MPOOYKMOs.

In this paper all programming paradigms, which are used in software development of control systems, are presented.
Advantages and disadvantages of every approach are pointed out. In connection with significant reduction of production time
of defense technology specimen, and also increasing competition at arms market, an explanation of necessity of transition
from structural programming to model driven engineering, is provided.

Keywords: software, programming paradigm, model driven engineering, Model driven architecture, software product
line.

PazBuTHE S3BIKOB MPOrPaMMHUPOBAHHS ¥ COBEPIICHCTBOBAHUE TEXHOJIOTUH Pa3pabOTKH MPOrpaMMHBIX IPO-
JIYKTOB BHECIIM CYIIECTBEHHBIN BKJaJ B 3(dekTuBHOCT pa3padboTku mnporpamMuoro odecreuenus (I10). Io-
CTOSTHHO BO3PACTAIOMIAs CIIO)KHOCTh U MAcIITa0bl CO3/1aBAEMbIX CHCTEM TPEOYIOT BHEIPEHHS HOBBIX Mapajurm
B 00s1acTH MHGOPMAITMOHHBIX TEXHOJIOTHH.

[ox mapamurmMoit mporpaMMUpPOBaHUs TOHMUMAIOT CIIOCOO HAMMCaHHUs KOMIBIOTEPHOH MPOrpaMMBbl, OCHOBaH-
HBIIl HA MaTeMaTUYECKOW TEOPUH HJIM Ha JIOTHYECKH CBS3aHHOM Habope npuHimnoB. [llupokuii kpyr 3anay, pe-
[IAEMBIX C MOMOIIBIO BBIYMCIUTEIHHOW TEXHUKH, MMPUBEN K MOSBICHHIO PA3IMYHBIX MApaiurM MporpaMMHUpOBa-
Hust. Camble M3BECTHBIC M3 HUX: UMIIEpAaTHBHAS, (YHKIHMOHAIbHAS, JIOTHUECKas U O0BEKTHO-OPUEHTUPOBAHHASI.
Jo 80-x rogoB mpouwioro croneTus (HopMaIu30BaHHBIM M ITOBCEMECTHO MPHUMEHSEMBIM CIOCOO0M pa3paboTKu
MPOrPAaMMHBIX TPOAYKTOB OCTaBaJIOCh CTPYKTYPHOE MPOTrPaMMHUPOBAHUE, SBISIFOLICECS YACThIO MMIICPATHBHOM
napagurmMel U MPOLETyPHON TEXHOJIOTWHU. B mporienypHbIX sS3bIKaxX MporpaMmMa COCTOUT U3 MOCIEI0BATEILHOCTH
npoLeayp, KOTOpbIE TPECTABISIIOT co00l HAOOp NelCTBUIN, HEOOXOAUMBIX ISl TIOyYSHUs] KOHEYHOTO Pe3yJIbTa-
ta. [IpouenypHble SA3bIKH MPOrPAMMHUPOBAHUS CTaM IIMPOKO HCIIOIb30BATHCS NPH HAIMCAHUM MPOTPaMM ISt
cucteM yrpasiieHus. Ho, TabHERIINIA pOCT CIIOXKHOCTH M pa3MepoB pa3padaThiBaeMOro MporpaMMHOro obdecre-
YeHUsI TOTpeOOBaNl pa3BUTHUS CTPYKTYPHUPOBaHUS AaHHBIX. CTaly MOCTENEHHO BBISIBISITHCS HEOCTATKH CTPYK-
TypHOTO ToaxoAa. [lepBblif 3aKIF0OUaeTCsl B HEOrPAHUUCHHOCTH JIOCTYNa (BYHKIMH K TII00ATBHBIM JaHHBIM. BTO-
POl COCTOHT B TOM, UTO paszieieHHe JIAHHBIX U (QYHKIHH, SBIISIOIIEECS OCHOBOM CTPYKTYPHOTO TIOAXO0/1a, TIOXO
0TOOpakaeT KapTUHY peajbHOTO MUPA - OT/eNICHHE JaHHBIX OT (DYHKIMI OKa3bIBACTCS MAJIOTIPUTOTHBIM.

B 90-¢ ropI mpoNnuioro CTONICTHS HAYAIH TOSABISATHCS MyOJUKAIIMKA C KPUTHKON CTPYKTYPHOTO MOAXOAa U
OIMCAHUEM JIOCTOMHCTB O0bEKTHOH JiekoMITo3uini. C TOSBICHUEM SI3BIKOB BHICOKOTO YPOBHSI, Takux Kak C+t,
Java, SmallTalk, y pa3paOoTYMKOB MOSBWICS aJIbTCPHATUBHBIA MNOAX0a K HamucaHuio [10 — oObekTHO-
opuentupoBanHoe nporpammuposanue (OOII). OOIIl u mpucyume emy S3bIKM 00€cIeunBalOT OOJBIINI Ypo-
BEHb a0CTPAKIINK, YEM NPOLICAYPHBIC, a TaKKe OHU AP (PEKTHUBHEE MPOIETYPHBIX.



PA3JEJT: TPUKITALHBIE 3A[AYH [TPUMEHEHNSA HHOOPMALNOHHbIX TEXHOJIOMMH

I'maBueIM noctonHcTBoM OOII siBNsieTcst cOKpalieHue KOJIMYecTBa MEKMOIYJIBHBIX BBI30BOB U 00bEMa Tepe-
JlaBaeMoil WH(POPMAITUH 110 CPABHEHHUIO CO CTPYKTYPHBIM IIPOTPaMMHUPOBAHHEM. DTO JIOCTHUTAETCS TIOCPEACTBOM
OTJENIeHHs JAHHBIX OT IMOATIPOTPaMM MX 00PaOOTKH, YTO TIO3BOJISIET BECTH MPAKTHIECKH HE3ABUCUMYIO pa3padoT-
Ky OTHENIbHBIX YacTel (KiaccoB) mporpaMmbl. MHOTHE KoMIaHuu B obiactu paspadorku [10 mist cucteM ympas-
JICHUsI, B YACTHOCTH JJ1s1 BOGHHOM TEXHUKH, CTAIN IPUMEHATh OOBEKTHO-OPUEHTUPOBAHHBIN MTOAXOI.

[Ipu Hanmmcanuy poOrpaMM IS CHCTEM yIpaBieHus KomiuiekcamMu [1BO 00BeKTHO-OpHEHTHPOBAHHEIHN T101-
X0/ TaKke MMeeT mpeumyniecTBa nepes npouenypHsiM. OOIT MoxeT IposIBUTh TOCTOWHCTBA NPW HAITUCAHUH
MOJNPOrPaMMBbl, UMUTUPYIOIIEH BO3AYIIHYIO OOCTaHOBKY, HJIH IIPH PELICHUH 3aJaull LielepacinpeaeIcHusl.

Hecmortps Ha Bce nocronnctBa OOII nepen nmpoueaypHbIM ITOAX00M, U 3Ta TEXHOJIOTHUS TTOABEPKEHA KPH-
THKE Ha CETONHANIHMU AeHb. B mporiecce pa3pabOTKH CIOKHBIX MPOTPAMMHBIX CHCTEM BO3HUKAeT HEOOXOIH-
MOCTh BBIIYCKaTh CEpUH MPOTPAMMHBIX MPOAYKTOB, I/Ie KaXKIOE CIEAyIollee TeXHMYECKOE YCTPOHCTBO MM
CIIOKHASI CHCTEMa YIIPaBIIEHUS 00NaaeT yIy4IIeHHBIMH CBOMCTBAMH, JIMOO MPHUCIIOCOOJICHA MO TPeOOBaHUS
KOHKPETHOTO 3aka3unka. OOBeKTHO-OPMEHTHPOBAHHBIN MOIX0A He AaéT BO3MOXKHOCTH COOpaTh BOSIMHO BCE
Bepcuu 10 1 ocymiecTBIATH yIpaBieHHe pa3paboTKON BCeX MPOEKTOB.

Camoii ycnemHo pa3BHUBaIOMICHCs apaJurMoi IporpaMMHUPOBaHUsI HA CETOJHAIIHUN ACHb SBJIETCS MPOEK-
TupoBaHue Ha ocHoBe Monenmu MDE (cokp. ot anrn. model-driven engineering). I'TaBHOHM menbio moaxona siB-
JIISTCSI OpraHu3aius mnpoiecca paspadotku [10 B Buae cemelicTBa mporpaMMHbIX poaykToB PLA (cokp. ot
anri. product line architecture). PazpaboTka mpuiaokeHus: Ipy TaKOM MOAXO0JE OCYIIECTBISIETCS] KOMIIOHOBKOM
MTOCTOSTHHO UCTOJIh3yEeMbIX KOMIIOHEHTOB CO CIICUAIN3UPOBAHHBIMY, CO3/IaHHBIMH IO M3MEHEHHBIM TpeOoBa-
HUSM 3aKa39MKa, WM B COOTBETCTBUH C MHBIM allapaTHBIM 00ecTieYeHreM KOMIIOHEHTaMH.

MHorue opraHu3aiiy, 3aHAMAIOIINECs BBITYCKOM CEpPHi POTPaMMHBIX MPOJIYKTOB, YCHEITHO NPUMEHSIOT
3TOT moaxox. llpumepom SBISAIOTCS KaHAJACKHA MPOU3BOAMUTENH TEICKOMMYHHKAIIMOHHOTO OOOPY/IOBaHUS
Nortel, amepruKaHCKHI MOCTABITUK OOOPOHHBIX 3aka30B BoeHHOTO BemomcTBa CIIIA xommanus Raytheon, mpo-
W3BOJIUTENh BOCHHBIX M TPAKAAHCKUX camoyETOoB Boeing, KOTopble CyIecTBEHHO YIYHIIIIN Mpolecc paspa-
6otku. [TonoOHbBIE pabOTHI MOSABIAIOTCS M HA MPOMBIIIJICHHBIX MIPEANPHUATHAX, a Takxke B HUM B Hateli crpane.

[IpoextupoBanue [10 Ha ocHoBe Monenu (MDE) MoxeT cymiecTBeHHO YIy4IIUTh MPOIEcC pa3padOTKu HO-
BBIX CHCTEM YIPABIICHUS Ha 0OOPOHHBIX MPEANPUATHIX, B 9aCTHOCTH, B cepe [1BO.
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EVOLUTION OF SOFTWARE PRODUCT
DEVELOPMENT METHODS IN CONTROL SYSTEMS

I.S. Kovalis

Evolution of programming languages and improvement of software product development technologies made significant
contribution to effectiveness of software development. Constantly increasing complexity and rates of developing systems
require adoption of new paradigms in information technologies sphere.

Programming paradigm usually means a way of development of a computer program, which is based on mathematic
theory and logically related number of concerns. Wide range of problems, which are solving by the instrumentality of com-
puter engineering, led to emergence of different programming paradigms. The most famous: imperative, functional, logical,
object-oriented paradigms. Prior to the 80s of last century, structural programming had been a formalized and widespread
way of development of software products; it is also a part of imperative paradigm and procedural technology. In procedural
languages a program consists of a sequence of procedures, which correspond to set of operations, needed for final result.
Procedural programming languages had been extensively used for development programs for control systems. But, further
expanding complexity and sizes of developed software, required evolution of data structuring. Shortcomings of procedural
approach have been gradually emerged. The first shortcoming consists of unlimited access of functions to global data. The
second one points out that, separation of concerns and functions, presented the basis of structural approach, badly ex-
presses the representation of real world — separation data from functions turn to be not really usable.

In 90s of the last century published works with criticism of structural approach and description of object decomposition
began to emerge. With the appearance of high level languages, such as C++, Java, SmallTalk, developers have acquired an
alternative approach for software development — object-oriented programming (OOP). OOP and concern languages provide
greater abstraction level, than procedural’s, and also they are more effective.

The main advantage of OOP is reduction of number of intermodal calls and transinformation content in comparison with
structural programming. It's gained by separation of data from their processing subprograms; this fact allows leading practi-
cally independent development of separate parts (classes) of a program. Many software companies, working at controls
systems, particularly in military sphere, have begun to apply object-oriented approach.

Object-oriented approach has also advantages before procedural one in development of software for control systems. OOP
could express its benefits in development of a subprogram, modeling an air situation, or in solving a target assignment task.

Despite all advantages of OOP before procedural approach, this technology is being criticized nowadays. During de-
velopment of complex programming systems it's necessary to bring out series of programming products, in which every next
technical device or complex control system possesses improved properties, or is complied with customer requirements. Ob-
ject-oriented approach doesn’t provide an opportunity to assemble together all software versions and to control the project
development process.

These days the most success programming paradigm is model-driven engineering (MDE). The main purpose of the
approach is to organize the software development process in product line architecture (PLA). In this way the development is
carried out by arranging constantly used components with specialized, dedicated to changed customer requirements, or
developed in accordance with other hardware components.

Many organizations, which produce series of program products, successfully apply this approach. The examples are
Canadian telecommunications and data networking equipment manufacturer Nortel, major American defense contractor
Raytheon, global military and civil aircraft manufacturer Boeing. These companies significantly improved their development
process. Similar works are emerging in manufacturing enterprise and research institute in our country.

Model-driven engineering could significantly improve new control systems development process in defensive enterpris-
es, particularly in anti-aircraft sphere.
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Paccmampusaemcsi cocmosiHue pabom, nposodumbix AzeHmcmeom MPO CLLUA, no npozspamme co3daHusi u passep-
mbleaHUsI HOBbIX KOMIIIeKcos rpomusopakemHoli 06opoHbl AEGIS ASHORE HasemHozo (bepezosozo) basuposaHusi Ha
asuabase [lesecerny 8 PyMbiHUU, Ha Meppumopuu pakemHoeao UcrbimamerbHo20 rnofueoHa Barking Sands (wm. [asatiu)
u 8 nepcriekmuse Ha asuabase Ped3ukoeo 8 lNonblie.

Knroyesnie cnoea: npomusopakemHasi obopoHa (NPO), nosmanHas adanmueHasi npoepamma, esporelickasi cucmema
PO, eepxHuUl 3WersioH.

The article views the program status of the new ground-based AEGIS ASHORE BMD system which Missile Defense
Agency (MDA) develops for deploying on Deveselu air force base in Romania, on Barking Sands missile test range, Hawaii
and in prospect on the Redzikovo air force base in Poland.

Keywords: ballistic missile defense (BMD), phased adaptive approach (PAA), European BMD, upper layer.

B pamkax peanuzanuu mo3TanHOW aJanTUBHOW MPOTpaMMbl pa3BEPTHIBAHUS 3IIETOHUPOBAHHON CHCTEMBI
ITPO B EBpone EPAA (European Phased Adaptive Approach), npeanoxennoii B 2009 rony agMuHUCTpaLuei
npe3unenta CIIA b. O6amel, ArearctBo [IPO muanCcTepcTBa 000poHB! CIIA TpeacTaBuio oT4eT O COCTOS-
HUW pabOT U CKOPPEKTHPOBAHHBIN Ipaduk 1o coznanuio komiuiekcoB [IPO AEGIS ASHORE nazemnoro (6e-
peroBoro) 6a3upoBaHus, KOTOPbIE, KaK MPEINoIaraercsi, CTaHyT KII0Y€BbIM KOMIIOHEHTOM BEPXHETO 3IIeI0OHA
eBponeiickoil cuctemsl [1PO k 2018 roxy.

B nacrosimiee Bpems BexyTcsi pabOTHI IO CTPOUTENIBCTBY CTAPTOBBIX MO3ULMH U MOATOTOBKE 000pY10BaHUs
st aByx komiuiekcoB AEGIS ASHORE, oaus U3 KOTOphIX NpeaHa3HayeH uid pa3BepTeiBanus B 2015 romy B
PyMBIHUYM U BBINOJIHEHHUS ONEPaTUBHBIX 337a4d B cocTaBe eBponeiickoi cucteMsl [IPO. CtpoutenscTBo 1 pas-
BepThiBaHue BToporo komiuiekca AEGIS ASHORE Arenrcto I1PO Bener Ha ["aBaiickux ocTpoBax (Teppuro-
pHUs paKeTHOTO HCHBITaTeabHOTO MonmroHa Barking Sands, mr. ['aBaiin) ¢ 1ensio IpoBeneHUs CTPEILOOBBIX
UCTIBITAHUI U IPOBEPKH OOEBBIX BO3MOXHOCTEH HOBOM co3faBaemoli cuctemsl [1PO.

[Tnansr coznanus Tpersero 6eperoBoro komruiekca [IPO AEGIS ASHORE, npennaznadeHHOTO 171s pa3Bep-
THIBaHUS Ha aBuabaze PemsukoBo B [lompmre k 2018 roxdy, erne A0 KOHIIA HE COTIACOBAHBI, B CBS3H C YEM TIPE/I-
0JIaraeTcsi, YTO CTPOUTENBCTBO JAHHOTO KOMILIEKCca HauHeTcs1 He panee 2015 roga, oHaKo 3aKymka o0opyio-
BaHUsA AJIS €r0 CTPOUTENBCTBA 3aIlNIaHUpOBaHa yxe Ha stHBapb 2014 roxa.

[Inanupyercs, uro cucrema [IPO AEGIS ASHORE craner Ha3eMHBIM KOMIIOHEHTOM M COCTaBHOW 4aCTbIO
pernoHansHOU smenoHupoBanHoi cuctemsl [IPO B EBpone, mpenHazHaueHHOM i MepexBaTa TaKTHYECKUX
Oammctnyeckux paket (bP) u BP cpenneli nanpHOCTH Ha cpelHEM yUaCTKe TPASKTOPHHU UX IOJIETA.
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AEGIS ASHORE PROGRAM CURRENT STATUS:
DEVELOPMENT, PRODUCTION AND DEPLOYMENT

M V. Zhestev, V.l. Schastny, V.A. Kozyarovskaya

According to the «European Phased Adaptive Approach» program which was offered by the Obama administration in 2009,
Missile Defense Agency (MDA) issued a report on program status of the ground-based missile defense AEGIS ASHORE weapon
system that is expected to become a key component of the European BMD upper layer by 2018.

Currently two sites for AEGIS ASHORE systems are being built, one of which is for deployment in Romania by 2015 as
part of the European BMD. MDA has started to build the second AEGIS ASHORE site at the missile test range Barking
Sands, Hawaii to hold flight tests there and to check system performance.

The plans to start building the third AEGIS ASHORE BMD system assigned for deployment on Redzikovo air force base
in Poland by 2018 are not approved yet. The building is expected to start not earlier than in 2015, but the delivery of the sys-
tem components is planned on January 2014.

AEGIS ASHORE BMD system is expected to become the ground-based component and the upper layer of the European
BMD system which is designed to intercept short and medium range ballistic missiles in the midcourse phase of their trajec-
tory.
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Paccmampusaemcsi cocmosiHue pabom o npogpamme co3daHusi CLUA cosmecmHo ¢ epmaHuel u Umanued nep-
criekmueHoz2o komrnekca lNNBO MEADS, ocHosHbie komrioHeHMbl 3PK, a makxe nepcriekmusn! e2o danbHeliuezo 60e8020
UCrnosib308aHuUsI.

Knroyeenbie cnoea: 3eHUMHbIU pakemHbil kommnekc (3PK), Hay4yHo-uccriedogamesibCKue U OrbIMHO-KOHCMPYKMOPCKUE
pabombi (HNOKP), ucnibimaHusi, npomugogo3dywHasi o6opoHa (M1BO).

This article views the current program status of the new MEADS weapon system which is co-developed by the US, Ger-
many and ltaly, its characteristics, architecture and prospects of deployment.
Keywords: surface-to-air missile system (SAMS), research and development (R&D), tests, antiair warfare (AAW).

Konrpecc CIIIA nonHoro coctaBa 0Jo0pul 3aKOHONPOEKT, rapaHTUpytomuii Beinenenue B 2013 ¢unanco-
BoM roxy 380 MiH josutapoB Ha rporpaMmmy MEADS, uto mo3Bonut 3aBepmuTh pa3paboTKy CUCTEMBI U TIPO-
JEeMOHCTPHPOBaTh OOeBbIe BO3MOKHOCTeH HOBOro 3PK B xozie nmpoBeneHus uclbiTaHu, H30€KaTh aHHYJIHPO-
BaHMS YK€ 3aKIIOUYECHHBIX C MOAPAJYMKAMH KOHTPAKTOB, & TaK)KE HE JOIYCTUTh HETaTUBHBIX IOCICACTBUMA B
OTHOIIEHUAX CO CBOUMHM coro3HuKamu 1o 010ky HATO u 5KOHOMHYECKHX CaHKLUH, CBA3aHHBIX C ILIAHUPO-
BaBIIMMCs paHee BbixogoM CIIA u3 naHHOTrO NMpoeKTa.

lonoBHpiMM moOApsiAuMKamMu B peanuzauuu nporpammbl MEADS sBisitoTcs amepUKaHCKas KOMIIAHUS
Lockheed Martin u repmano-utanbsHckuii koHiepH MBDA.

B otnuuue ot ycrapesaromeit cuctemsl PATRIOT, 3PK MEADS Gyner ciocoOen obecrieunBaTh KpyroByIo
000pOHY BOMCK M 00BEKTOB MEHBIIMMU cuiIaMH. Kpome Toro, 3Ha4uTEIbHO BO3PACTET CKOPOCTh €T0 OIEepaTuB-
HOT'O pa3BEepTHIBAHUS B 30HE OOEBBIX JCHCTBHM.

[Ipu 3TOM, 10 OTIeHKaM I TaBHOTO OFOKETHO-KOHTPOJILHOTO yrpasieHus npaBurenbeTtBa CIIIA GAO (Govern-
ment Accountability Office), obmas crommocts nporpammsel MEADS mo cocrosiauto Ha Mapt 2013 roaa yxke mo-
cTuraa cyMmsl 3325,5 MIIH 10/11apoB, B KOTOPYIO BKIIIOYEHBI CPECTBA, BeleneHHbIe coBMecTHO CHIA, I'epmanueit
u Uranmmeii. Panee mumanupyemMsiii 00beM (GHHAHCHPOBAHUS Pa3pabOTKH OIICHUBAJICS B 4,2 MIIPJI T0JIIapOB.

Kommieke MEADS Bxirouaer B ce0s I1ecTh OCHOBHBIX KOMIIOHEHTOB: MOOWIBHYIO 0030pHYI0 PJIC, MoOumb-
Hyto MHOro¢yHKIHoHaIpHY0 PJIC (M®DPJIC), MmoOmsHbI iyHKT 60eBoro ynpasinenus (IIBY), ocHamieHnsIi cu-
CTEMOI1 OIepaTHBHOTO yrpaBieHus, cBi3n u uHpopmanmn BMC4Il (Battle Management, Command, Control,
Communications, Computers, and Intelligence), ceprudunmposannyto nporuBopaxery (ITP) PAC-3 MSE (Missile
Segment Enhancement), mmyckosbie yctanoBku (I1Y) u TparcniopTHO-3apspKaromye MamuHb! (T3M).
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MEADS - NEW SURFACE-TO-AIR MISSILE SYSTEM:
DEVELOPMENT AND PROSPECTS

V.V. Zhestkov, V.l. Schastny, V.A. Kozyarovskaya

The US Congress has approved 380 million dollars for MEADS program in 2013. This will allow finishing the develop-
ment of the weapon system and demonstrating its characteristics during flight tests. Also the funding will maintain signed
agreements with contractors, will help to keep good relationship with NATO allies and avoid economic sanctions, which are
provisioned if the US abandons the project.

The American Lockheed Martine Corp. and German-Italian MBDA group are the prime contractors in the MEADS pro-
gram.

Comparing to the legacy PATRIOT antiair warfare system SAMS MEADS will provide 360 degree coverage to defend
troops while taking less fire units. Furthermore, it will be able to deploy faster in the operation area.

According to the GAO (Government Accountability Office) assessment the total cost of MEADS program amounts to 3,325 billion
dollars which include funds from the US, Germany and ltaly. Earlier the cost was estimated to achieve 4,2 billion dollars.

MEADS SAMS includes 7 main components: Multifunction Fire Control Radar; Surveillance Radar; Battle Manage-
ment, Command, Control, Communications, Computers, and Intelligence (BMC4l) Tactical Operations Center; Certified Mis-
sile Round (PAC-3 Missile and canister); Launcher; and Reloader.
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Paccmampuearomesi nnaHbl MuHucmepcmea 060poHbl CLUA o obecrieyeHuto 00rnonHUMEensHOU UHGOPMayUOHHOU
noddepikKe cyujecmesyrouux U niaHupyemMbIx K pazsepmsigaHuto cucmem MPO — kak MOpCKO20, mak U Ha3eMHo20 6a3upo-
eaHusi nymem ucrionb3osaHusi PIIC AN/TPY-2 e pexume rnepedogozo b6a3uposaHusi.

Knrouesnblie cnosa: paduonokayuoHHass cmaHyus (PJIC), npomusopakemHasi obopoHa (IPO), conposoxdeHue yesnu.

The article views the Department of Defense plans on providing additional information support to the current and future
sea-based and ground-based BMD systems by using AN/TPY-2 radar in forward based mode.
Keywords: radar, ballistic missile defense (BMD), tracking.

B Hactosimiee Bpems crenuanuctsl ArentctBa [IPO MunucrepcrBa oboponbl CIIA u komMmnaHwii-
pa3paboTUUKOB cTpaTerndeckoi u pernonanbHeix cucteM [1PO CLIA crankuBaroTcs co 3HAUUTEIBHBIMU TPY II-
HOCTSIMU TIPY OPTaHU3alNU HHPOPMAIIMOHHOTO 00EeCTIeYeHHsI OTHEBBIX CPEJICTB JJAaHHBIX CUCTEM.

B aroii cBssu ArentcrBo [TPO CIIA B kadecTBe IOMOIHUTEIBHONH WH(MOPMAIIMOHHOW MOJIEPKKU CYyIIe-
CTBYIOIIMX U IUIAHUPYEMBIX K Pa3BEPTHIBAHUIO CTPATETHYECKHX U pernoHaibHbIX cucteM [1PO kak mopckoro,
TaK 1 Ha3eMHOT0 (OeperoBoro) 6azupoBaHus NpeIoKuiIo ncnoab3oBarh PJIC AN/TPY-2 B pexxume nepenoBo-
ro 6asupoBanns FBM (Forward Based Mode), canras 3Ty cucreMy HanOoliee ONTUMAIBLHOM M TEXHUYECKH CO-
OTBETCTBYIOIIEH BhIMONHEHUIO 337a4 [IPO Ha Oimkaiiiyro MepCcreKTHBY.

MpuorodyskunonaneHas PJIC AN/TPY-2, pa3spaboranHas kommanuei Raytheon, MoxkeT M3roraBmmBarhCcs B
nByx BapuanTtax ucromHeHus: AN/TPY-2 TBM (Terminal-Based Mode) — mist paboTsI TI0 1IEsIM Ha KOHEYHOM
y4JacTke TpaeKTOpuH mojera B cocraBe komiuiekca THAAD, wmu B Bapuante AN/TPY-2 FBM (Forward-Based
Mode), npeaHazHaueHHOM JUTs1 HHPOPMALIMOHHOH MOJIEPKKH KaK CTpaTerniecKkol HaluoHanbHOH cuctemsl [TPO
CIIIA, Tak u peruoHanbHBIX (00bekTOBBIX) cucteM [IPO Mopckoro u HazemHoro (OeperoBoro) 0a3upoBaHusI.

Pagnonokaropet AN/TPY-2 B 06oux Bapuanrax ucnonuenus (TBM u FBM) oGecrieunBaioT pemieHne Takux
3a7a4 Kak 0030p BO3AYLIHO-KOCMHYECKOTO MPOCTPAHCTBA, MOUCK, OOHAPYKECHUE U COMPOBOXKIICHHUE LieJICH, BbI-
Jlada KOOPJUHAT IIETH B COOTBETCTBUH C MOCTOSIHHO YTOYHSIFOIIMMUCS JAaHHBIMH O TPACKTOPHH TOJETa LEH
JUTST HaBeJIeHUs] TIPOTHBOPAKETHI, KiIaccuukanus (orpeneieHrne TUIa IeN) U MepBUYHAs CEIeKIHs Ieleil, a
TaK)Ke OIIEHKa Pe3yJIbTaTOB IMepexBaTa AJIs MPUHIATHUS PEIIeHUs O 3a1eHCTBOBAHUN TOTIOJHUTENBHBIX MPOTHUBO-
pakeT Wi dUIeIOHOB UHTErpUpoBaHHOM cuctemsl I1PO 11 rapaHTHPOBAHHOTO YHUUYTOXKEHUS LEIH.

Tak kKak KOHIIETIINS CETEBOM CHCTEMBI OOHApPY)KEHHUS M COTMPOBOXKACHUS IIeJICH MpenaronaraeT pa3BepThiBa-
nue PJIC nepenoBoro 0a3upoBaHus B HEMOCPEACTBEHHOM 0JIM30CTH OT paiioHOB 3amycka bP, Arenrcteo [1PO
CLLA BcsiuecKd MHULIMUPYET NOJNHMCAaHNE HOBBIX KOHTPAKTOB Ha MOCTaBKY U pa3BepThiBanue cucteM AN/TPY-
2 B coro3nble CIIA rocynapctsa.

Takum oOpa3om, BoeHHO-TIoNUTHYIECKOe pykoBoacTBO CIIIA B3suto Kypc Ha pa3BepThiBaHHe B EBpore u B
JIpYy>KeCTBeHHBIX BammHrrony crpanax mo Bcemy Mupy cetd MoOwibHbBIX PJIC mepenoBoro GasmpoBaHus
AN/TPY-2 FBM c nenpio uX WHTErPally C IPYTUMH PAJIHOJIOKAIMOHHBIMHA CPEICTBAMHU B EIMHYIO CETEBYIO
cUCTeMy OOHapy>KEHUS ¥ COMPOBOXKICHUS IIeeH.
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THAAD RADARS ARE TO BE USED FOR THE US STRATEGIC
AND REGIONAL BALLISTIC MISSILE SYSTEMS SUPPORT

V.V. Zhestkov, V.I. Schastny, V.A. Kozyarovskaya

Missile Defense Agency (MDA) and development contractors of the strategic and regional BMD systems now face serious
difficulties in providing information support for their interceptors.

Therefore MDA has offered to use AN/TPY-2 radar in forward based mode for additional information support to the current
and future BMD systems. MDA specialists consider this radar to be appropriate for BMD missions in the nearest future.

Raytheon AN/TPY-2 multifunctional radar has two primary modes: AN/TPY-2 TBM (Terminal-Based Mode) for BMD mis-
sions at terminal phase as part of THAAD system and AN/TPY-2 FBM (Forward-Based Mode) for information support as part
of national GMD system or sea-based and ground-based regional AEGIS systems.

AN/TPY-2 radars in both modes (TBM and FBM) provide air and space surveillance, search, detecting and tracking. The
radar also provides continuous data update on target’s trajectory for cueing an interceptor, targets identification and dis-
crimination. It enables the kill assessment for making a decision if any more interceptors or system are needed to engage a
target.

Since the netting sensor system concept implies forward based radar deployment in close proximity to the missile launch
area MDA encourage signing new contracts for AN/TPY-2 radars delivery and deployment on the territory of the allied na-
tions.

Thus, Department of Defense takes steps to deploy of AN/TPY-2 FBM mobile radars in all the key regions and integrate
them with other sensor systems within the common global sensor network.
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Paccmampusaromes nnaHbl MuHucmepcmea 060poHbl CLUA o paspabomke HO8bIX mexHoro2uli co30aHusi opyxusi
HanpaeieHHoU SHepauu, 8KIYas npospammy paspabomku npomomurna KOMIakmHoU na3epHol yCcmaHO8KU Ha C8060OHbIX
anekmpoxax FEL u npozpammy co3daHusi npomomuros 6oesbix cucmem Ha OcHoge meepdomersibHbIx slazepos SSL.

Knroyesnie cnoga: boesasi nasepHasi cucmema, opyxue HarnpaeneHHol sHepeuu (OH3), meepdomernbHble na3epbl,
nasepbl Ha C80OOOHbLIX 3/1€KMPOHaXx.

The article views the Department of Defense plans to develop new direct energy weapon technologies including the
weapon system programs that are based on FEL (Free Electron Laser) and SSL (Solid State Laser) technologies.
Keywords: laser weapon system, direct energy weapon, solid state laser (SSL), free electron laser (FEL).

CormnacHo 010KeTHBIM ToKyMeHTaM MuHuctepcTBa o6oponsl CILIA, B 2014 ¢huHancoBoM rofy riaHupyer-
cs BblmeneHHEe B oOmed ciuoxHocTh 364,0 MIH [0/UIapOB HA HAY4YHO-HCCIIEAOBATEIbCKHE M OIBITHO-
KOHCTPYKTOPCKHE pabOTHI 10 BCEM IpOrpaMMaM, B paMKax KOTOPBIX CO3/AIOTCS Ja3€pHBIC CUCTEMBI C LIETIbIO
pelIeHus MUPOKOTo Kpyra 3aaad.

W3 mannbpix cpenctB 3ampoc BMC CIIIA Ha pa3pa®oTKy TEXHOJOTHI CO3aHHUS OpYXKUS HaIpaBlIEHHON
sueprun (OHD), BKiIIO9as mporpaMmy pa3padOTKH MPOTOTHIA KOMIIAKTHOHM Ja3epHON YCTAaHOBKHA Ha CBOOO-
Heix 2nekrpoHax FEL (Free Electron Laser) m mporpamMMy co3faHusi IPOTOTUIIOB OOEBBIX CHCTEM Ha OCHOBE
nosrynpoBogHUKOBBIX Ja3epoB SSL (Solid State Laser) ¢ menbio ux JajbHEHIIEr0 pa3BepTHIBAHUS Ha OOEBBIX
HAJBOJHBIX KOpabisix, coctasmi 40,4 MITH JOJIIApOB.

OdunancoBsie cpenctBa B 2014 roxy Takke OyayT BIIEICHBI HAa pa3paboTKy KOMITOHEHTOB, HEOOXOMMMBIX
JUTS IPOBEJIEHMSI YCIEIIHBIX MCIIBITaHuM JazepHoi ycraHoBkM FEL momuocTtsio 100 kBT, uro B nanbHelimem
MO3BONIUT MacTabupoBaTh ycraHOBKY FEL B 60eBoii J1azep ¢ MOIHOCTBIO, H3MEPSEMO B MEraBaTTax, a TAKKe
YMEHBITUTEL TabapuTel ycraHoBku FEL, 9T0, B CBOIO OYepenb, MO3BOIUT YCTAHOBHUTDH JAHHBIN THIT JIazepa HA
pa3iauuHbIX 00€BBIX HAABOMHBIX Kopadisix BMC CIIIA.

Kpome Toro, Oymer mpomoinkeHa pa3pabOTKa TaKMX TEXHOJIOTHH, KaK TEXHOJIOTHS CO3IAaHUSl CHCTEMBI
YIPaBJICHUS JIA3€PHBIM IIyYKOM B MOPCKUX YCJIOBHSIX, CUCTEM LEJICYKAa3aHUSI U APYI'HX IOACUCTEM Ja3epHOM
YCTaHOBKH, KOTOpas OyneT crnocoOHa pemath 3aaaun BMC no 6opsbe ¢ HEOOIbIIMMH CyiaMU, TPYIIIaMy Ma-
norabaputHbeix BJIA, a Takke OpyrumMu cpeAcTBaMH pa3BelKd, HAOMIOACHUS U PEKOTHOCLUPOBKH, HCIIONb3ye-
MBbI€ IPOTUBHUKOM. Llesblo TaHHBIX padoT sBiIsieTcs pa3paboTKa MPOTOTHIIOB OOEBBIX CHCTEM, OCHOBAHHBIX Ha
TBEPIOTEIbHBIX JIa3epax.
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LASER WEAPON SYSTEM DEVELOPMENT FOR THE US NAVY

V.V. Zhestkov, V.l. Schastny, V.A. Kozyarovskaya

In the fiscal year 2014 budget The Department of defense requested $364.0 million for high energy laser research and devel-
opment programs under which military laser systems are developed for wide range of missions.

The Navy's proposed FY2014 budget requests $40.4 million for research and development work on directed energy
technologies, including the FEL (Free Electron Laser) Prototype program and SSL systems for further deployment on the US
Navy surface combat ships.

The funding will be emitted for the development of components which are needed for successful testing of the 100 kW
FEL, to support the scale up of the 100 kW FEL into a megawatt class weapon, and to reduce the overall footprint of the
system to support the eventual ship integration of the FEL weapon system.

In addition, there will be continued the development of technologies for maritime beam director, targeting and laser sub-
systems, which are capable of supporting future Navy missions to defeat small boat swarms, UAV swarms, and provide po-
tential Intelligence, Surveillance and Reconnaissance means disruption and/or defeat. This work supports future prototype
developments which are based on solid staty laser technologies.



